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Response to Rule 312 Communication 

Application No. 

16/562,450 

Examiner 

RASHEED GI DADO 

Applicant(s) 

Konda, Venkat 

Art Unit AIA (FITF) Status 

2464 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. ~The amendment filed on 21 January 2021 under 37 CFR 1.312 has been considered, and has been: 

a) ~ entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) D entered in part. See explanation below. 

/RASHEED GIDADO/ 
Primary Examiner, Art Unit 2464 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20210202 
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Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312 

In 'Ine Vnitetf States <Patent .JI.ntf 'I'ratfemar{ Office 

Application Number: 16/562,450 

Application Filed: 9/6/2019 

5 Applicant(s): Venkat Konda 

Title: Fast Scheduling and Optimization of Multi-stage Hierarchical Networks 

Examiner/ Art Unit: Rasheed Gidado / 2464 

San Jose, 2020 February 3, Wed 

10 AMENDMENT AFTER ALLOWANCE UNDER RULE 312 

Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

15 Alexandria, Virginia, 22313-1450 

Dear Sir/Madam: 

This replies to the Notice of Allowance and Fee(s) Due from the United States 

Patent and Trademark Office mailed on November 18, 2020 in connection with the 

20 above-identified patent application. Pursuant to Rule 312, applicant respectfully requests 

that the above application be amended as follows: 
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Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Amendments to the Claims: 

Applicant sincerely acknowledges the allowance of claims 1 - 20 with appreciation. 

Claims: Claims 1 - 20 are amended to clarify and they do not change the scope of the 

5 previously allowed claims: 

-2-
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Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Claims 

What is claimed is: 

1. (Currently Amended): A multi-stage hierarchical network comprisinK 

a plurality of partial multi-stage networks, each partia-1 multi stage network of said 

5 plurality of partia-1 multi stage netv10rks comprising a plurality of inlet links and a 

plurality of outlet links.,_;-and said plurality of partial multi-stage networks arranged in a 

two-dimensional grid efhaving a plurality of rows and a plurality of columns; and 

each partial multi-stage network of said plurality of partial multi-stage networks .further 

comprising one or more slices, each slice of said one or more slices .further comprising 

10 one or more rings, each ring of said one or more rings .further comprising y stages, where 

y 2 2; and 

each stage of said y stages comprising at least one switch of size d, x d0 , where d, 2 2 

and d
0 

2 2 .,_ and each switch of said at least one switch of size d, x d0 having d, 

incoming links and d0 outgoing links;-and.,_ each switch of said at least one switch of size 

15 d, x d0 .further comprising a plurality of multiplexers of size d 2 2 with each multiplexer 

of said plurality of multiplexers comprising d inputs and one output; and 

wherein said at least one switch of size d, x d0 comprises either only one of a) a forward 

switch, or only a backward switch, or hl both a forward switch and a bachvard U-tum 

switch, Bf f) a forward switch, a backward switch and£!: U-tum switch, or a fonvard 

20 switch, a bachvard switch and a U turn switch without 180 degree tum paths or ill. a 

forward switch, a backward switch, a U-tum switch and a reverse U-tum switch Bf~ a 

forward switch, a backward switch, a U-tum switch and a reverse U-tum switch without 

+w 180-degree tum paths, or an integrated switch of a forward switch, a bachvard 

s1tvitch and U tum switch, or an integrated switch of a forward switch, a backward switch 

25 and a U tum switch without 180 degree tum paths or an integrated switch of a forward 

switch, a backward switch, a U tum switch and a reverse U turn switch or and f) an 

-3-
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Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

integrated switch et'comprising a forward switch, a backward switch, a U-tum switch and 

a reverse U-tum switch without-l-&G 180-degree tum paths; and 

wherein said d, incoming links and said d0 outgoing links comprise comprises a 

plurality of one or more internal connections and a plurality of one or more hop wires; 

5 M€l where said pllH'ality of one or more hop wires further comprising comprise a pllH'ality 

et' one or more internal hop wires or a plurality of one or more external hop wires; and 

wherein each outlet link of said plurality of outlet links is connected to the output of£!: 

first multiplexer ene of said plurality of multiplexers of a first ene switch of said at least 

one switch of size d, x d0 of a first ene stage of said y stages of a first ene partial multi-

10 stage network of said plurality of partial multi-stage networks, and each inlet link of said 

plurality of inlet links is connected to one of the a first input of said d inputs of one or 

15 

more multiplexers of said plurality of multiplexers of one or more -saHi switches of said at 

least one switch of size d, x d0 of one or more -saHi stages of said y stages of one or 

more partial multi-stage networks of said plurality of partial multi-stage networks; and 

wherein a first partial multi-stage network of said plurality of partial multi-stage networks 

comprising comprises one of a) a the same number Bf and b) a different number of said 

plurality of inlet links as a second partial multi-stage network of said plurality of partial 

multi-stage networks~ and a first partial multi-stage network of said plurality of partial 

multi-stage networks comprising comprises one of a) a the same number Bf and b) a 

20 different number of said plurality of outlet links as a second partial multi-stage network 

of said plurality of partial multi-stage networks; a first partial multi-stage network of said 

plurality of partial multi-stage networks comprising comprises one of a) a the same 

number Bf and b) a different number of said one or more slices as a second partial multi­

stage network of said plurality of partial multi-stage networks; a first slice of said one or 

25 more slices comprising comprises one of a) a the same number Bf and b) a different 

number of said one or more rings as a second slice of said one or more slices; a first ring 

of said one or more rings comprising comprises one of a) a the same number Bf and b) a 

different number of said y stages as a second ring of said one or more rings; and a first 

stage of said y stages comprising comprises one of a) a the same number Bf and b) a 
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different number of said at least one switch of size d, x d0 as a second stage of said y 

stages; a first switch of said at least one switch of size d, x d0 is one of a) a the same size 

Bf and b) a different size as a second switch of said at least one switch of size d, x d0 ; and 

a first multiplexer in said plurality of multiplexers of size d 2 2 is one of a) a the same 

5 size Bf and b) a different size as a second multiplexer in said plurality of multiplexers of 

size d 2 2 ; and 

wherein each internal connection of said plurality of one or more internal connections 

connected from the output of a first multiplexer of said plurality of multiplexers of a first 

switch of said at least one switch of size d, x d0 of a first stage of said y stages of a first 

10 ring of said one or more rings to a first input of said d inputs of a second multiplexer of 

said plurality of multiplexers of a second switch of said at least one switch of size d, x d0 

of a second stage of said y stages of the first ring of said one or more rings; and 

wherein each internal hop wire of said plurality of one or more internal hop wires is 

connected from the output of a multiplexer of said plurality of multiplexers of a switch of 

15 said at least one switch of size d, x d0 of a stage of said y stages of a first ring of said 

one or more rings of a first slice of said one or more slices to a first input of said d inputs 

of one or more multiplexers of said plurality of multiplexers of one or more switches of 

said at least one switch of size d, x d0 of one or more stages of said y stages of one or 

more rings different from the first ring of said one or more rings of the -same first slice of 

20 said one or more slices; and 

wherein each external hop wire of said pllH'ality of one or more external hop wires is 

connected from the output a multiplexer of said plurality of multiplexers of a switch of 

said at least one switch of size d, x d0 of a stage of said y stages of a ring of said one or 

more rings of a slice of said one or more slices of a first partial multi-stage network of 

25 said plurality of partial multi-stage networks to an input of said d inputs of one or more 

multiplexers of said plurality of multiplexers of one or more switches of said at least one 

switch of size d, x d0 of one or more stages of said y stages of said one or more rings of 

a slice of said one or more slices of one or more partial multi-stage networks different 
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from the first partial multi-stage network of said plurality of partial multi-stage networks; 

and 

wherein one or more external hop wires of said pllH'a-lity of one or more external hop 

wires are eithef one of a) connected between one or more multiplexers of said plurality of 

5 multiplexers of one or more switches of said at least one switch of size d, x d0 in same 

numbered stages of said y stages in three or more partial multi-stage networks of said 

plurality of partial multi-stage networks (hereinafter "multi-drop hop wires") Bf and b) 

connected between one or more multiplexers of said plurality of multiplexers of one or 

more switches of said at least one switch of size d, x d0 in different numbered stages of 

10 said y stages, in three or more partial multi-stage networks of said plurality of partial 

multi-stage networks (hereinafter "multi-drop hop wires"). 

2. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein 

said plurality of one or more external hop wires are connected vertically (hereinafter 

"vertical wires" or "vertical external hop wires"), or horizontally (hereinafter "horizontal 

15 wires" or "horizontal external hop wires"); and 

each partial multi-stage network of said plurality of partial multi-stage networks 

comprising said one or more slices is replicated in either said plurality of rows or said 

plurality of columns of the two-dimensional grid, or 

each partial multi-stage network of said plurality of partial multi-stage networks 

20 comprising said horizontal wires and said vertical wires is replicated in either said 

plurality of rows or said plurality of columns of the two-dimensional grid, or 

each partial multi-stage network of said plurality of partial multi-stage networks 

comprising both said one or more slices, and said horizontal wires and said vertical wires 

is replicated in either said plurality of rows or said plurality of columns of the two-

25 dimensional grid. 

3. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein said 

pllH'ality of one or more external hop wires are cascaded interconnected through only 
-6-
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one multiplexer of said plurality of multiplexers at each switch of said at least one 

switch of size d, x d0 . 

4. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein said 

one or more external hop wires of said plurality of one or more external hop wires are 

5 connected between at least one same numbered stage in all said plurality of partial 

multi-stage networks, or 

one or more external hop wires of said plurality of one or more external hop wires are 

connected between at least two not same different numbered stages of said y stages in all 

said plurality of partial multi-stage networks; or 

10 said plurality of one or more external hop wires are all connected between same 

numbered stages of said y stages in all stages of said y stages of all said plurality of 

partial multi-stage networks. 

5. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein each 

multiplexer of said plurality of multiplexers of size d 2 2 is of sized= 4 or~ g 

15 ~ 4. 

20 

6. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein ene 

or more of mctemal hop wires of said plurality of one or more external hop wires are 

implemented in two or more metal layers, or 

each multiplexer of said plurality of multiplexers of size d 2 2 is configurable by 

Static Random Address Memory SRAM cells or Flash memory Cells, or 

said plurality of one or more external hop wires use a plurality of buffers to amplify 

signals driven through them; and said plurality of buffers are either inverting or non­

inverting buffers, or 
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one or more stages of sa-id * stages in one partia-l HR1lti stage nehvork of sa-id 

plurality of partia-l HR1lti stage networks comprising a s1tvitch of size 

(d, I m) )( (d
0 

I n), where d, 2 2, d
0 

2 2, ~,~-Bf 

one or more of said y stages in ene a first partial multi-stage network of said plurality 

5 of partial multi-stage networks comprising comprise one of a) six 2: 1 multiplexers, er 

hl eight 2: 1 multiplexers, or four 3: 1 multiplexers, or and c) four 4: 1 multiplexers. 

7. (Currently Amended): The multi-stage hierarchical network of claim 1, wherein said 

at least one switch of size d, x d0 of said y stages are either fully populated or 

partially populated, or 

10 said plurality of partial multi-stage networks are implemented in a 3D-FPGAs 

integrated circuit de1trice. 

8. (Currently Amended): A programmable integrated circuit comprisinK 

a plurality of programmable logic blocks and a multi-stage hierarchical network, each 

programmable logic block of said plurality of programmable logic blocks comprising a 

15 plurality of inlet links and a plurality of outlet links.,.;-and said multi-stage hierarchical 

network comprising a plurality of partial multi-stage networks wherein each 

programmable logic block of said plurality of programmable logic blocks is coupled with 

at least one partial multi-stage network of said plurality of partial multi-stage networks.,.; 

and said plurality of programmable logic blocks coupled with said plurality of partial 

20 multi-stage networks arranged in a two-dimensional grid efhaving a plurality of rows and 

a plurality of columns; and 

each partial multi-stage network of said plurality of partial multi-stage networks .further 

comprising one or more slices, each slice of said one or more slices .further comprising 

one or more rings, each ring of said one or more rings .further comprising y stages, where 

25 y 2 2; and 
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each stage of said y stages comprising at least one switch of size d, x d0 , where d, 2 2 

and d
0 

2 2 ~ aaa each switch of said at least one switch of size d, x d0 having d, 

incoming links and d0 outgoing links;-B:fl€l~ each switch of said at least one switch of size 

d, x d0 .f.m:thef comprising a plurality of multiplexers of size d 2 2 with each multiplexer 

5 of said plurality of multiplexers comprising d inputs and one output; and 

wherein said at least one switch of size d, x d0 comprises either only one of a) a forward 

switch, or only a bachvard switch, or hl both a forward switch and a bachvard U-turn 

switch, Bf f) a forward switch, a backward switch and£!: U-turn switch, or a fonvard 

switch, a bachvard switch and a U tum switch without 180 degree tum paths or d) a an 

10 integrated switch of a forward switch, a backward switch, U-turn switch, and a reverse U­

tum switch, Bf e) a an integrated switch of a forward switch, a backward switch, U-turn 

switch, and a reverse U-turn switch without -l-8G 180-degree tum paths;, or an integrated 

s1tvitch of a forward switch, a backward switch and U tum switch, or an integrated switch 

of a forward switch, a backward switch and a U tum switch without 180 degree tum 

15 paths or an integrated sv.-itch of a forward sv,itch, a backward switch, a U tum switch and 

a reverse U tum switch or and f) an integrated switch ef comprising a forward switch, a 

backward switch, a U-tum switch and a reverse U-turn switch without -l-8G 180-degree 

tum paths; and 

wherein said d, incoming links and said d0 outgoing links comprise comprises either a 

20 plurality of one or more internal connections~ and a plurality of hop v.-ires; and said 

plurality of hop wires further comprising a plurality of one or more internal hop wires~ or 

a plurality of one or more external hop wires; and 

wherein each inlet link of said plurality of inlet links is connected to the output of a first 

multiplexer ene of said plurality of multiplexers of a first ene switch of said at least one 

25 switch of size d, x d0 of a first ene stage of said y stages of a first ene partial multi-stage 

network of said plurality of partial multi-stage networks, and each outlet link of said 

plurality of outlet links is connected to one of the a first input of said d inputs of one or 

more multiplexers of said plurality of multiplexers of one or more s-aia switches of said at 
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least one switch of size d, x d0 of one or more said stages of said y stages of one or 

more partial multi-stage networks of said plurality of partial multi-stage networks; and 

wherein a first partial multi-stage network of said plurality of partial multi-stage networks 

comprising comprises one of a) a the same number Bf and b) a different number of said 

plurality of inlet links as a second partial multi-stage network of said plurality of partial 

multi-stage networks~ and a first partial multi-stage network of said plurality of partial 

multi-stage networks comprising comprises one of a) a the same number Bf and b) a 

different number of said plurality of outlet links as a second partial multi-stage network 

of said plurality of partial multi-stage networks; a first partial multi-stage network of said 

10 plurality of partial multi-stage networks comprising comprises one of a) a the same 

number Bf and b) a different number of said one or more slices as a second partial multi­

stage network of said plurality of partial multi-stage networks; a first slice of said one or 

more slices comprising comprises one of a) a the same number Bf and b) a different 

number of said one or more rings as a second slice of said one or more slices; a first ring 

15 of said one or more rings comprising comprises one of a) a the same number Bf and b) a 

different number of said y stages as a second ring of said one or more rings; and a first 

stage of said y stages comprising comprises one of a) a the same number Bf and b) a 

different number of said at least one switch of size d, x d0 as a second stage of said y 

stages; a first switch of said at least one switch of size d, x d0 is one of a) a the same size 

20 Bf and b) a different size as a second switch of said at least one switch of size d, x d0 ; and 

a first multiplexer in said plurality of multiplexers of size d 2 2 is one of a) a the same 

size Bf and b) a different size as a second multiplexer in said plurality of multiplexers of 

size d 2 2 ; and 

25 

wherein each internal connection of said plurality of one or more internal connections 

connected from the output of a first multiplexer of said plurality of multiplexers of a first 

switch of said at least one switch of size d, x d0 of a first stage of said y stages of a first 

ring of said one or more rings to a first input of said d inputs of a second multiplexer of 

said plurality of multiplexers of a second switch of said at least one switch of size d, x d0 

of a second stage of said y stages of the first ring of said one or more rings; and 
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wherein each internal hop wire of said plurality of one or more internal hop wires is 

connected from the output of a multiplexer of said plurality of multiplexers of a switch of 

said at least one switch of size d, x d0 of a stage of said y stages of a first ring of said 

one or more rings of a first slice of said one or more slices to a first input of said d inputs 

5 of one or more multiplexers of said plurality of multiplexers of one or more switches of 

said at least one switch of size d, x d0 of one or more stages of said y stages of one or 

more rings different from the first ring of said one or more rings of the same first slice of 

said one or more slices; and 

wherein each external hop wire of said pllH'a-lity of one or more external hop wires is 

10 connected from the output a multiplexer of said plurality of multiplexers of a switch of 

said at least one switch of size d, x d0 of a stage of said y stages of a ring of said one or 

more rings of a slice of said one or more slices of a first partial multi-stage network of 

said plurality of partial multi-stage networks to an input of said d inputs of one or more 

multiplexers of said plurality of multiplexers of one or more switches of said at least one 

15 switch of size d, x d0 of one or more stages of said y stages of said one or more rings of 

a slice of said one or more slices of one or more partial multi-stage networks different 

from the first partial multi-stage network of said plurality of partial multi-stage networks; 

and 

wherein one or more external hop wires of said pllH'a-lity of one or more external hop 

20 wires are eithef one of a) connected between multiplexers of said plurality of multiplexers 

of switches of said at least one switch of size d, x d0 in same numbered stages of said y 

stages in three or more partial multi-stage networks of said plurality of partial multi-stage 

networks (hereinafter "multi-drop hop wires") Bf and b) connected between multiplexers 

of said plurality of multiplexers of switches of said at least one switch of size d, x d0 in 

25 different numbered stages of said y stages, vihen y 2 2 , in three or more partial multi­

stage networks of said plurality of partial multi-stage networks (hereinafter "multi-drop 

hop wires"). 
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9. (Currently Amended): The programmable integrated circuit of claim 8 wherein said 

plurality of one or more external hop wires are connected vertically (hereinafter 

"vertical wires" or "vertical external hop wires"), or horizontally (hereinafter 

"horizontal wires" or "horizontal external hop wires"); and 

5 each partial multi-stage network of said plurality of partial multi-stage networks 

comprising said one or more slices is replicated in either said plurality of rows or said 

plurality of columns of the two-dimensional grid, or 

each partial multi-stage network of said plurality of partial multi-stage networks 

comprising said horizontal wires and said vertical wires is replicated in either said 

10 plurality of rows or said plurality of columns of the two-dimensional grid, or 

each partial multi-stage network of said plurality of partial multi-stage networks 

comprising both said one or more slices, and said horizontal wires and said vertical wires 

is replicated in either said plurality of rows or said plurality of columns of the two­

dimensional grid. 

15 10. (Currently Amended): The programmable integrated circuit of claim 8, wherein said 

plurality of one or more external hop wires are cascaded interconnected through only 

one multiplexer of said plurality of multiplexers at each switch of said at least one 

switch of size d, x d0 . 

11. (Currently Amended): The programmable integrated circuit of claim 8, wherein said 

20 one or more external hop wires of said plurality of one or more external hop wires are 

connected between at least one same numbered stage in all said plurality of partial 

multi-stage networks, or 

one or more external hop wires of said plurality of one or more external hop wires are 

connected between at least two not same different numbered stages of said y stages in all 

25 said plurality of partial multi-stage networks; or 
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said plurality of one or more external hop wires are all connected between same 

numbered stages of said y stages in all stages of said y stages of all said plurality of 

partial multi-stage networks. 

12. (Currently Amended): The programmable integrated circuit of claim 8, wherein each 

5 multiplexer of said plurality of multiplexers of size d 2 2 is of sized= 4 or~ g 

~4. 

13. (Currently Amended): The programmable integrated circuit of claim 8, wherein one 

or more ef external hop wires of said pllH'a-lity of one or more external hop wires are 

implemented in two or more metal layers, or 

10 each multiplexer of said plurality of multiplexers of size d 2 2 is configurable by 

Static Random Address Memory SRM4 cells or Flash memory Cells, or 

15 

said pllH'a-lity of one or more external hop wires use a plurality of buffers to amplify 

signals driven through them; and said plurality of buffers are either inverting or non­

inverting buffers, or 

one or more stages of sa-id * stages in one partia-1 multi stage netvlOrk of sa-id 

pllH'ality of partia-1 multi stage networks comprising a switch of size 

(d, I m) )( (d
0 

I n), where d, 2 2, d
0 

2 2, ~,~-Bf 

one or more of said y stages in ene a first partial multi-stage network of said plurality 

of partial multi-stage networks comprising comprise one of a) six 2: 1 multiplexers, er 

20 hl eight 2: 1 multiplexers, or folH' 3: 1 multipleJ,ers, or and c) four 4: 1 multiplexers. 

14. (Currently Amended): The programmable integrated circuit of claim 8, wherein said 

at least one switch of size d, x d0 of said y stages are either fully populated or 

partially populated, or 

said plurality of partial multi-stage networks are implemented in a 3D-FPGAs 

25 integrated circuit device. 
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15. (Currently Amended): A programmable integrated circuit comprisinK 

a plurality of programmable logic blocks and a multi-stage hierarchical network, each 

programmable logic block of said plurality of programmable logic blocks comprising a 

plurality of inlet links and a plurality of outlet links.,_-;-ffilEl said multi-stage hierarchical 

5 network comprising a plurality of partial multi-stage networks wherein each 

programmable logic block of said plurality of programmable logic blocks is coupled with 

at least one partial multi-stage network of said plurality of partial multi-stage networks.,_; 

-and said plurality of programmable logic blocks coupled with said plurality of partial 

multi-stage networks arranged in a two-dimensional grid efhaving a plurality of rows and 

10 a plurality of columns; and 

each partial multi-stage network of said plurality of partial multi-stage networks .f.m:thef 

comprising one or more slices, each slice of said one or more slices .f.m:thef comprising 

one or more rings, each ring of said one or more rings .f.m:thef comprising y stages, where 

y22; and 

15 each stage of said y stages comprising at least one switch of size d, x d 0 , where d, 2 2 

and d
0 

2 2 .,_ -and each switch of said at least one switch of size d, x d0 having d, 

incoming links and d0 outgoing links-;-ffilEl.,_ each switch of said at least one switch of size 

d, x d0 .f.m:thef comprising a plurality of multiplexers of size d 2 2 with each multiplexer 

of said plurality of multiplexers comprising d inputs and one output; and 

20 wherein said d, incoming links and said d0 outgoing links comprise comprises a 

plurality of one or more internal connections and a plurality of one or more hop wires; 

-and where said plurality of one or more hop wires further comprising comprise a plurality 

ef one or more internal hop wires or a plurality of one or more external hop wires; and 

wherein each inlet link of 8-~aid plurality of inlet links is connected to the output of a first 

25 multiplexer ene of said plurality of multiplexers of a first ene switch of said at least one 

switch of size d, x d0 of a first ene stage of said y stages of a first ene partial multi-stage 

network of said plurality of partial multi-stage networks, and each outlet link of said 
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plurality of outlet links is connected to one of the a first input of said d inputs of one or 

more multiplexers of said plurality of multiplexers of one or more s-atti switches of said at 

least one switch of size d, x d0 of one or more s-atti stages of said y stages of one or 

more partial multi-stage networks of said plurality of partial multi-stage networks; and 

5 a first programmable logic block of sa-id plurality of programmable logic blocks 

comprising the same or different number of sa-id plurality of inlet links as a second 

programmable logic block of sa-id plurality of programmable logic blocks and a first 

programmable logic block of sa-id plurality of programmable logic blocks comprising the 

same or different number of sa-id plurality of outlet links as a second programmable logic 

10 block of said plurality of programmable logic blocks; a first partial multi stage net>.vork of 

sa-id plurality of partial multi stage networks comprising the same or different number of 

sa-id one or more slices as a second partial multi stage network of sa-id plurality of partial 

multi stage networks; a first slice of sa-id one or more slices comprising the same or 

different number of said one or more rings as a second slice of sa-id one or more slices; a 

15 first ring of sa-id one or more rings comprising the same or different number of sa-id * 
stages as a second ring of sa-id one or more rings; and a first stage of sa-id *-stages. 

comprising the same or different number of sa-id at least one s1tvitch of size d, )< d0 as a 

second stage of sa-id * stages; a first S'.vitch of said at least one S'.vitch of size d, )< d0 is 

the same or different size as a second sv.-itch of sa-id at least one switch of size d, )< d0 ; a 

20 first multiplmrnr in sa-id plurality of multiplmrnrs of size ~ is the same or different 

size as a second multiplexer in sa-id plurality of multiplexers of size ~;-ana 

wherein each internal connection of said plurality of one or more internal connections 

connected from the output of a first multiplexer of said plurality of multiplexers of a first 

switch of said at least one switch of size d, x d0 of a first stage of said y stages of a first 

25 ring of said one or more rings to a first input of said d inputs of a second multiplexer of 

said plurality of multiplexers of a second switch of said at least one switch of size d, x d0 

of a second stage of said y stages of the first ring of said one or more rings; and 
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wherein each internal hop wire of said plurality of one or more internal hop wires is 

connected from the output of a multiplexer of said plurality of multiplexers of a switch of 

said at least one switch of size d, x d0 of a stage of said y stages of a first ring of said 

one or more rings of a first slice of said one or more slices to a first input of said d inputs 

5 of one or more multiplexers of said plurality of multiplexers of one or more switches of 

said at least one switch of size d, x d0 of one or more stages of said y stages of one or 

more rings different from the first ring of said one or more rings of the same first slice of 

said one or more slices; and 

wherein each external hop wire of said pllH'a-lity of one or more external hop wires is 

10 connected from the output a multiplexer of said plurality of multiplexers of a switch of 

said at least one switch of size d, x d0 of a stage of said y stages of a ring of said one or 

more rings of a slice of said one or more slices of a first partial multi-stage network of 

said plurality of partial multi-stage networks to an input of said d inputs of one or more 

multiplexers of said plurality of multiplexers of one or more switches of said at least one 

15 switch of size d, x d0 of one or more stages of said y stages of said one or more rings of 

a slice of said one or more slices of one or more partial multi-stage networks different 

from the first partial multi-stage network of said plurality of partial multi-stage networks; 

and 

wherein one or more external hop wires of said pllH'a-lity of one or more external hop 

20 wires are eithef one of a) connected between multiplexers of said plurality of multiplexers 

of switches of said at least one switch of size d, x d0 in same numbered stages of said y 

stages in three or more partial multi-stage networks of said plurality of partial multi-stage 

networks (hereinafter "multi-drop hop wires") Bf and b) connected between multiplexers 

of said plurality of multiplexers of switches of said at least one switch of size d, x d0 in 

25 different numbered stages of said y stages, in three or more partial multi-stage networks 

of said plurality of partial multi-stage networks (hereinafter "multi-drop hop wires"). 

16. (Currently Amended): The programmable integrated circuit of claim 15, The 

programmable integrated circuit of claim 8 wherein said pllH'a-lity of one or more 
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external hop wires are connected vertically (hereinafter "vertical wires" or "vertical 

external hop wires"), or horizontally (hereinafter "horizontal wires" or "horizontal 

external hop wires"); and 

each partial multi-stage network of said plurality of partial multi-stage networks 

5 comprising said one or more slices is replicated in either said plurality of rows or said 

plurality of columns of the two-dimensional grid, or 

each partial multi-stage network of said plurality of partial multi-stage networks 

comprising said horizontal wires and said vertical wires is replicated in either said 

plurality of rows or said plurality of columns of the two-dimensional grid, or 

10 each partial multi-stage network of said plurality of partial multi-stage networks 

comprising both said one or more slices, and said horizontal wires and said vertical wires 

is replicated in either said plurality of rows or said plurality of columns of the two­

dimensional grid. 

17. (Currently Amended): The programmable integrated circuit of claim 15, wherein said 

15 plurality of one or more external hop wires are cascaded interconnected through only 

one multiplexer of said plurality of multiplexers at each switch of said at least one 

switch of size d, x d0 . 

18. (Currently Amended): The programmable integrated circuit of claim 15, wherein said 

one or more external hop wires of said plurality of one or more external hop wires are 

20 connected between at least one same numbered stage in all said plurality of partial 

multi-stage networks, or 

one or more external hop wires of said plurality of one or more external hop wires are 

connected between at least two not same different numbered stages of said y stages in all 

said plurality of partial multi-stage networks; or 

-17-

Page 28 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

said plurality of one or more external hop wires are all connected between same 

numbered stages of said y stages in all stages of said y stages of all said plurality of 

partial multi-stage networks. 

19. (Currently Amended): The programmable integrated circuit of claim 15, wherein each 

5 multiplexer of said plurality of multiplexers of size d 2 2 is of sized= 4 or~ g 

~4. 

20. (Currently Amended): The programmable integrated circuit of claim 15, wherein one 

or more ef external hop wires of said pllH'a-lity of one or more external hop wires are 

implemented in two or more metal layers, or 

10 each multiplexer of said plurality of multiplexers of size d 2 2 is configurable by 

Static Random Address Memory SRM4 cells or Flash memory Cells, or 

15 

said pllH'a-lity of one or more external hop wires use a plurality of buffers to amplify 

signals driven through them; and said plurality of buffers are either inverting or non­

inverting buffers, or 

one or more stages of sa-id * stages in one partia-1 multi stage netvlOrk of sa-id 

pllH'ality of partia-1 multi stage networks comprising a switch of size 

(d, I m) )( (d
0 

I n), where d, 2 2, d
0 

2 2, ~,~-Bf 

one or more of said y stages in ene a first partial multi-stage network of said plurality 

of partial multi-stage networks comprising comprise one of a) six 2: 1 multiplexers, er 

20 hl eight 2: 1 multiplexers, or folH' 3: 1 multipleJ,ers, or and c) four 4: 1 multiplexers, or 

25 

said at least one switch of size d, x d0 of said y stages are either fully populated or 

partially populated, or 

said plurality of partial multi-stage networks are implemented in a 3D-FPGAs 

integrated circuit device~ 

-18-
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REMARKS 

Applicant respectfully submits that entry of the foregoing Amendment pursuant to 

37 CFR § 1.121 does not raise any new issues. 

The amended claims do not change the scope of the previously allowed claims, 

and will not require a further search or substantial additional work on the part of the 

Office. 

Consequently, pursuant to Rule 312, it is requested that the foregoing Amendment 

be entered. 

CONCLUSION 

For all of the above reasons, applicant submits that the Claims are now in proper 

form, and that the Claims all define patentably over the prior art. Therefore applicant 

submits that this application is now in condition for allowance, which action he 

15 respectfully solicits. 

Conditional request for Constructive Assistance 

Applicant has amended the claims of this application so that they are proper, definite, 

and define novel structure which is also unobvious. If, for any reason this application 

is not believed to be in full condition for allowance, applicant respectfully request the 

20 constructive assistance and suggestions of the Examiner pursuant to M.P.E.P § 

2173.02 and§ 707.07(j) in order that the undersigned can place this application in 

allowable condition as soon as possible and without the need for further proceedings. 

Respectfully Submitted, 

25 N enkat Konda/ 
-19-
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In 'Ine Vnitetf States <Patent .JI.ntf 'I'ratfemar{ Office 

Application Number: 16/562,450 

Application Filed: 9/6/2019 

Applicant(s): Venkat Konda 

5 Title: Fast Scheduling and Optimization of Multi-stage Hierarchical Networks 

Examiner/ Art Unit: Rasheed Gidado / 2464 

San Jose, 2021 January 21, Thu 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312 

10 (37 C.F.R. § 1.312) 

Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, Virginia, 22313-1450 

15 Dear Sir/Madam: 

This replies to the Notice of Allowance and Fee(s) Due from the United States 

Patent and Trademark Office mailed on November 18, 2020 in connection with the 

above-identified patent application. Pursuant to Rule 312, applicant respectfully requests 

that the above application be amended as follows: 

20 For the sake of clarity in the amendment to the abstract of disclosure, amendment 

to Cross Reference to Related applications, amendment to Summary of Invention, and 

amendments to the specification submitted on November 9, 2020 in response to the office 

action August 7, 2020, Applicant is further submitting the following: 
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Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

1) Unedited and substitute Abstract of Disclosure in page 3. 

2) Unedited and substitute Cross Reference to Related Applications in page 4. 

3) Unedited and substitute Summary of Invention in page 6. 

4) Complete Specification (Detailed Description of the Invention) with the all 

amendments to specification begin on page 8 and continues to page 110. 

5) Unedited and complete substitute specification (Detailed Description of the 

Invention) begin on page 111 and continues to page 213. 

-2-
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I. UNEDITED AND SUSTITUTE ABSTRACT OF THE DISCLOSURE: 

An unedited and substitute Abstract of the Disclosure appears below: 

Significantly optimized multi-stage networks including scheduling methods for 

faster scheduling of connections, useful in wide target applications, with VLSI layouts 

5 using only horizontal wires and vertical wires to route large scale partial multi-stage 

hierarchical networks having inlet and outlet links, and laid out in an integrated circuit 

device in a two-dimensional grid arrangement of blocks are disclosed. The optimized 

multi-stage networks in each block employ one or more slices of rings of stages of 

switches with inlet and outlet links of partial multi-stage hierarchical networks connecting 

10 to rings from either left-hand side or right-hand side; and employ hop wires or multi-drop 

hop wires wherein hop wires or multi-drop wires are connected from switches of stages 

of rings of slices of a first partial multi-stage hierarchical network to switches of stages of 

rings of slices of the first or a second partial multi-stage hierarchical network. 

Applicant submits that the above amended abstract is within 150 words. 

15 

-3-
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II. UNEDITED AND SUBSTITUTE CROSS REFERENCE TO RELATED 
APPLICATIONS 

An unedited and substitute Cross Reference to Related Applications appears below: 

5 This application is Continuation Application and claims priority to US 

Application Serial No. 15/884,911 entitled "FAST SCHEDULING AND 

OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS" by Venkat 

Konda assigned to the same assignee as the current application, filed January 31, 2018, 

which is Continuation Application and claims priority to US Application Serial No. 

10 15/331,855 entitled "FAST SCHEDULING AND OPTIMIZATION OF MULTI-STAGE 

HIERARCHICAL NETWORKS" by Venkat Konda assigned to the same assignee as the 

current application, filed October 22, 2016, issued as US Patent No. 9,929,977 on March 

27, 2018, which is Continuation Application and claims priority to US Application Serial 

No. 14/329,876 entitled "FAST SCHEDULING AND OPTIMIZATION OF MULTI-

15 STAGE HIERARCHICAL NETWORKS" by Venkat Konda assigned to the same 

assignee as the current application, filed July 11, 2014, issued as US Patent No. 9,509,634 

on November 29, 2016, which claims priority to U.S. Provisional Patent Application 

Serial No. 61/846,083 entitled "FAST SCHEDULING AND OPTIMIZATION OF 

MULTI-ST AGE HIERARCHICAL NETWORKS" by Venkat Konda assigned to the 

20 same assignee as the current application, filed July 15, 2013, and also Continuation-in­

Part Application and claims priority to US Application Serial No. US14/199,168 entitled 

"OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS FOR 

PRACTICAL ROUTING APPLICATIONS" by Venkat Konda assigned to the same 

assignee as the current application, filed March 6, 2014, issued as US Patent No. 

25 9,374,322 on June 21, 2016, which in turn is bypass continuation application and claims 

priority to PCT Application Serial No. PCT/US12/53814 entitled "OPTIMIZATION OF 

MULTI-ST AGE HIERARCHICAL NETWORKS FOR PRACTICAL ROUTING 

APPLICATIONS" by Venkat Konda assigned to the same assignee as the current 

application, filed September 6, 2012, which is Continuation-in-Part application and 

30 claims priority to U.S. Provisional Patent Application Serial No. 61/531,615 entitled 

"OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS FOR 

-4-
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PRACTICAL ROUTING APPLICATIONS" by Venkat Konda assigned to the same 

assignee as the current application, filed September 7, 2011. 

-5-
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III. UNEDITED AND SUBSTITUTE SUMMARY OF INVENTION 

An unedited and substitute Summary oflnvention appears below: 

5 Significantly optimized multi-stage networks for faster scheduling of connections, 

useful in wide target applications, with VLSI layouts (or floor plans) using only 

horizontal wires and vertical wires to route large scale partial multi-stage hierarchical 

networks having inlet and outlet links, and laid out in an integrated circuit device in a 

two-dimensional grid arrangement of blocks, (for example in an FPGA where the partial 

10 multi-stage hierarchical networks to route Lookup Tables, or memory blocks, or DSP 

blocks) are disclosed. The optimized multi-stage networks in each block employ one or 

more slices of rings of stages of switches with inlet and outlet links of partial multi-stage 

hierarchical networks connecting to rings from either left-hand side or right-hand side. 

The optimized multi-stage networks employ hop wires or multi-drop hop wires 

15 wherein hop wires or multi-drop wires are connected from switches of stages of rings of 

slices of a first partial multi-stage hierarchical network to switches of stages of rings of 

slices of a second partial multi-stage hierarchical network or switches of stages of rings of 

slices of the first partial multi-stage hierarchical network so that said hop wires or multi­

drop hop wires are either vertical wires or horizontal wires. 

20 The VLSI layouts exploit spatial locality so that partial multi-stage hierarchical 

networks that are spatially nearer are connected with shorter hop wires compared to the 

hop wires between spatially farther partial multi-stage hierarchical networks. The 

optimized multi-stage networks provide high routability for broadcast, unicast and 

multicast connections, yet with the benefits of significantly lower cross points hence 

25 smaller area, lower signal latency, lower power and with significant fast compilation or 

routing time. Various scheduling methods are also disclosed to schedule a set of multicast 

connections in the multi-stage hierarchical network. 

The optimized multi-stage networks VComb (N1'N2 ,d, s) & VD-Comb (N1'N2 ,d, s) 

according to the current invention inherit the properties of one or more generalized multi-

-6-

Page 42 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

stage and pyramid networks V(N1,N2,d,s) & VP (N1,N2,d,s), generalized folded 

multi-stage and pyramid networks V101d (N1, N 2,d, s) & V101d-p (N1, N 2 ,d, s), generalized 

butterfly fat tree and butterfly fat pyramid networks Vi,11 (N1 , N 2 , d, s) & 

Vi,1P (N1 ,N2 ,d, s), generalized multi-link multi-stage and pyramid networks 

5 vmlmk (N1,N2 ,d,s) & vmlink-p (NI ,N2,d, s), generalized folded multi-link multi-stage and 

pyramid networks vfold-mlink(N1,N2,d, s) & vfold-mlink-p (NI ,N2,d, s), generalized multi­

link butterfly fat tree and butterfly fat pyramid networks Vmlink-bfi(N1,N2 ,d,s) & 

Vmunk-bfp (N1,N2 ,d, s), generalized hypercube networks Vhcube (N1,N2,d,s), and 

generalized cube connected cycles networks VcccCN1,N2,d,s) for s = 1,2,3 or any 

10 number in general. 

-7-
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IV. COMPLETE SPECIFICATION WITH ALL THE AMENDMENTS TO THE 

SPECIFICATION 

Complete Specification with the all amendments to specification appears below: 

Fully connected multi-stage hierarchical networks are an over kill in every 

5 dimension such as area, power, and performance for certain practical routing applications 

and need to be optimized to significantly improve savings in area, power and 

performance of the routing network. The present invention discloses several embodiments 

of the optimized multi-stage hierarchical networks for practical routing applications along 

with their VLSI layout (floor plan) feasibility and simplicity. 

10 The multi-stage hierarchical networks considered for optimization in the current 

invention include: generalized multi-stage networks V(N1 ,N2 ,d, s), generalized folded 

multi-stage networks V101d (N1 ,N2 ,d,s), generalized butterfly fat tree networks 

Vb1/Ni,N2 ,d,s), generalized multi-link multi-stage networks Vmtmk(N1,N2 ,d,s), 

generalized folded multi-link multi-stage networks Vfotd-mlink ( N 1 , N 2 , d, s) , generalized 

15 multi-link butterfly fat tree networks Vmlink-bft(N1 ,N2 ,d,s), generalized hypercube 

networks Vhcube ( N 1 , N 2 , d, s) , and generalized cube connected cycles networks 

Vccc (Ni,N2 ,d, s) for s = 1,2,3 or any number in general. Alternatively the optimized 

multi-stage hierarchical networks disclosed in this invention inherit the properties of one 

or more of these networks, in addition to additional properties that may not be exhibited 

20 these networks. 

The optimized multi-stage hierarchical networks disclosed are applicable for 

practical routing applications, with several goals such as: 1) all the signals in the design 

starting from an inlet link of the network to an outlet link of the network need to be setup 

without blocking. These signals may consist of broadcast, unicast and multicast 

25 connections; Each routing resource may need to be used by only one signal or 

connection; 2) physical area consumed by the routing network to setup all the signals 

needs to be small; 3) power consumption of the network needs to be small, after the 

signals are setup. Power may be both static power and dynamic power; 4) Delay of the 

signal or a connection needs to be small after it is setup through a path using several 

-8-
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routing resources in the path. The smaller the delay of the connections will lead to faster 

performance of the design. Typically delay of the critical connections determines the 

performance of the design on a given network; 5) Designs need to be not only routed 

through the network (i.e., all the signals need to be setup from inlet links of the network 

5 to the outlet links of the network.), but also the routing needs to be in faster time using 

efficient routing algorithms; 6) Efficient VLSI layout of the network is also critical and 

can greatly influence all the other parameters including the area taken up by the network 

on the chip, total number of wires, length of the wires, delay through the signal paths and 

hence the maximum clock speed of operation. 

10 The different varieties of multi-stage networks described in various embodiments 

in the current invention have not been implemented previously on the semiconductor 

chips. The practical application of these networks includes Field Programmable Gate 

Array (FPGA) chips. Current commercial FPGA products such as Xilinx's Vertex, 

Altera's Stratix, Lattice's ECPx implement island-style architecture using mesh and 

15 segmented mesh routing interconnects using either full crossbars or sparse crossbars. 

These routing interconnects consume large silicon area for crosspoints, long wires, large 

signal propagation delay and hence consume lot of power. 

The current invention discloses the optimization and scheduling methods of multi­

stage hierarchical networks with fast scheduling of connections, for practical routing 

20 applications of numerous types of multi-stage networks also using multi-drop links. The 

optimizations disclosed in the current invention are applicable to including the numerous 

generalized multi-stage networks disclosed in the following patent applications: 

1) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-stage networks V(N1,N2 ,d,s) with numerous connection 

25 topologies and the scheduling methods are described in detail in the US Patent No. 

8,270,400 that is incorporated by reference above. 

2) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized butterfly fat tree networks Vbft (N1 , N 2 ,d, s) with numerous 

connection topologies and the scheduling methods are described in detail in the US Patent 

30 No. 8,170,040 that is incorporated by reference above. 

-9-
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3) Rearrangeably nonblocking for arbitrary fan-out multicast and unicast, and 

strictly nonblocking for unicast for generalized multi-link multi-stage networks 

Vmtmk (N1,N2 ,d,s) and generalized folded multi-link multi-stage networks 

V101d-mlink(Ni,N2 ,d,s) with numerous connection topologies and the scheduling methods 

5 are described in detail in the US Patent No. 8,363,649 that is incorporated by reference 

above. 

4) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-link butterfly fat tree networks Vmlink-bft (N1 , N 2 , d, s) with 

numerous connection topologies and the scheduling methods are described in detail in the 

10 US Patent No. 8,170,040 that is incorporated by reference above. 

15 

5) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized folded multi-stage networks V101d (N1 , N 2 , d, s) with numerous 

connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8,363,649 that is incorporated by reference above. 

6) Strictly nonblocking for arbitrary fan-out multicast and unicast for generalized 

multi-link multi-stage networks Vmhnk (N1,N2 ,d, s) and generalized folded multi-link 

multi-stage networks V101d-mtmk (N1 , N 2 , d, s) with numerous connection topologies and 

the scheduling methods are described in detail in the US Patent No. 8,363,649 that is 

incorporated by reference above. 

20 7) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,269,523 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

NETWORKS" that is incorporated by reference above. 

8) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,898,611 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

25 GENERALIZED AND PYRAMID NETWORKS WITH LOCALITY EXPLOITATION" 

that is incorporated by reference above. 

-10-
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In addition the optimization with the VLSI layouts disclosed in the current 

invention are also applicable to generalized multi-stage pyramid networks 

VP (N1 , N 2 ,d,s), generalized folded multi-stage pyramid networks V101d-p (N1,N2 ,d, s), 

generalized butterfly fat pyramid networks Vbffi (N1 , N 2 , d, s), generalized multi-link 

5 multi-stage pyramid networks Vmhnk-p (N1,N2 ,d,s), generalized folded multi-link multi­

stage pyramid networks Vfotd-mtmk-p (N1 ,N2 ,d,s), generalized multi-link butterfly fat 

pyramid networks Vmtmk-bfp ( N 1 , N 2 , d, s) , generalized hypercube networks 

Vhcube(N1,N2 ,d,s) and generalized cube connected cycles networks Vccc(N1,N2 ,d,s) 

for s = 1,2,3 or any number in general. 

10 Finally the current invention discloses the optimizations and VLSI layouts of 

multi-stage hierarchical networks Vcamb (Ni, N 2 , d, s) and the optimizations and VLSI 

layouts of multi-stage hierarchical networks VD-comb (N1 , N 2 , d, s) for practical routing 

applications (particularly to set up broadcast, unicast and multicast connections), where 

"Comb" denotes the combination of and "D-Comb" denotes the delay optimized 

15 combination of any of the generalized multi-stage networks V(N1,N2 ,d, s), generalized 

folded multi-stage networks V101d (N1 ,N2 ,d,s), generalized butterfly fat tree networks 

Vbft (N1 ,N2 ,d, s), generalized multi-link multi-stage networks Vmhnk (N1,N2 ,d,s), 

generalized folded multi-link multi-stage networks Vfotd-mtmk ( N 1 , N 2 , d, s) , generalized 

multi-link butterfly fat tree networks Vmtmk-bft (N1 , N 2 , d, s), generalized multi-stage 

20 pyramid networks VP (N1,N2 ,d, s), generalized folded multi-stage pyramid networks 

V101d-p (N1 , N 2 ,d,s), generalized butterfly fat pyramid networks Vbfp (N1 ,N2 ,d, s), 

generalized multi-link multi-stage pyramid networks Vmlink-p ( N 1 , N 2 , d, s) , generalized 

folded multi-link multi-stage pyramid networks Vfotd-mlink-p (Ni,N2 ,d,s), generalized 

multi-link butterfly fat pyramid networks Vmlink-bfp ( N 1 , N 2 , d, s) , generalized hypercube 

25 networks Vhcube ( N 1 , N 2 , d, s) , and generalized cube connected cycles networks 

Vccc(N1,N2 ,d, s) for s = 1,2,3 or any number in general. 
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Multi-stage hierarchical network Vcamb (N1,N2 ,d,s): 

Referring to diagram 1 OOA in FIG. IA, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 200; N2 = 400; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

5 having 4 inlet links namely 11, 12, 13, and 14; and 2 outlet links namely 01 and 02. And 

for each computational block the corresponding partial multi-stage hierarchical network 

Vcamb(Ni,N2 ,d,s) lOOA consists of two rings 110 and 120, where ring 110 consists of 

"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, stage "m-1"), and 

(ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 2, stage 0), (ring 

10 2, stage 1 ), ... (ring 2, stage "n-1 "), and (ring 2, stage "n"), where "m" and "n" are 

positive integers. 

Ring 110 has inlet links Ri(l,l) and Ri(l,2), and has outlet links Bo(l,1) and 

Bo(l,2). Ring 120 has inlet links Fi(2,1) and Fi(2,2), and outlet links Bo(2,1) and Bo(2,2). 

And hence the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOA consists 

15 of 4 inlet links and 4 outlet links corresponding to the two rings 110 and 120. Outlet link 

01 of the computational block is connected to inlet link Ri(l,1) of ring 110 and also inlet 

link of Fi(2, 1) of ring 120. Similarly outlet link 02 of the computational block is 

connected to inlet link Ri(l,2) of Ring 110 and also inlet link ofFi(2,2) of Ring 120. And 

outlet link Bo(l,1) of Ring 110 is connected to inlet link 11 of the computational block. 

20 Outlet link Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. 

Similarly outlet link Bo(2,1) of Ring 120 is connected to inlet link 13 of the 

computational block. Outlet link Bo(2,2) of Ring 120 is connected to inlet link 14 of the 

computational block. Since in this embodiment outlet link 01 of the computational block 

is connected to both inlet link Ri(l,1) of ring 110 and inlet link Fi(2,1) ofring 120; and 

25 outlet link 02 of the computational block is connected to both inlet link Ri(l ,2) of ring 

110 and inlet link Fi(2,2) of ring 120, the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) lOOA consists of 2 inlet links and 4 outlet links. 

The two dimensional grid 800 in FIG. 8 illustrates an exemplary arrangement of 

100 blocks arranged in 10 rows and 10 columns, in an embodiment. Each row of 2D-grid 

30 consisting of 10 block numbers namely the first row consists of the blocks (1,1), (1,2), 
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(1,3), ... , (1,9), and (1,10). The second row consists of the blocks (2,1), (2,2), (2,3), ... , 

(2,9), and (2, 10). Similarly 2D-grid 800 consists of 10 rows of each with 10 blocks and 

finally the tenth row consists of the blocks (10,1), (10,2), (10,3), ... , (10,9), and (10,10). 

Each block of 2D-grid 800, in one embodiment, is part of the die area of a semiconductor 

5 integrated circuit (hereinafter alternatively referred to as "integrated circuit device" or "IC 

device"), so that the complete 2D-grid 800 of 100 blocks represents the complete die of 

the semiconductor integrated circuit. In one embodiment, each block of 2D-grid 800 

consists of one of the partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) 1 OOA 

with 2 inlet links and 4 outlet links and the corresponding computational block with 4 

10 inlet links and 2 outlet links. For example block (1,1) of 2D-grid 800 consists of one of 

the partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOA with 2 inlet links and 

4 outlet links and the corresponding computational block with 4 inlet links and 2 outlet 

links. Similarly each of the 100 blocks of 2D-grid 800 has a separate partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOA with 2 inlet links and 4 outlet links and the 

15 corresponding computational block with 4 inlet links and 2 outlet links. Hence the 

complete multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) corresponding to 2D-grid 

800 has N 1 = 200 inlet links and N2 = 400 outlet links. And there are 100 computational 

blocks each one corresponding to one of the blocks with each computational block having 

4 inlet links and 2 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of 

20 the 2D-Plane. In other embodiments the 2D-grid 800 may be organized as either first 

quadrant, or second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOA in 

FIG. IA, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,1), Ri(l,2), Ui(l,1), 

and Ui(l,2); and 4 outputs Bo(l,1), Bo(l,2), Fo(l,1), and Fo(l,2). The stage (ring 1, stage 

25 0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,1), R(l,2), F(l,1), F(l,2), U(l,1), U(l,2), B(l,1), and B(l,2). The 2:1 Mux 

R(l,1) has two inputs namely Ri(l,1) and Bo(l,1) and has one output Ro(l,1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2: 1 Mux F(l,1) has two inputs namely Ro(l,1) and Ro(l,2) and has one output Fo(l,1). 

30 The 2: 1 Mux F(l,2) has two inputs namely Ro(l,1) and Ro(l,2) and has one output 

Fo(l,2). 
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The 2: 1 Mux U(l,1) has two inputs namely Ui(l,1) and Fo(l,1) and has one 

output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l,1) has two inputs namely Uo(l,l) and Uo(l,2) and 

has one output Bo(l,1). The 2: 1 Mux B(l,2) has two inputs namely Uo(l,1) and Uo(l,2) 

5 and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

10 has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

15 output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

and has one output Bo(l,4). 

The output Fo(l,1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

20 of the stage (ring 1, stage 1) which is called hereinafter an internal connection (hereinafter 

alternatively referred to as "straight link" or "straight middle link") between two 

successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,1) of the stage (ring 1, stage 0), is another internal connection 

between stage O and stage 1 of the ring 1. 

25 The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1 ') also consists of six 2: 1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(1,2m-l), and B(1,2m). The 2: 1 Mux F(l,2m-l) has 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2:1 Mux 

30 F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 
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The 2:1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2:1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

Fo(l,2m) and has one output Uo(l,2m). The 2:1 Mux B(1,2m-l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(1,2m) has two 

5 inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(1,2m+ 1), and B(1,2m+2). The 2: 1 

10 Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+ 1). The 2: 1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

15 and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2: 1 Mux B(1,2m+ 1) has two inputs 

namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output Bo(l,2m+ 1). The 2: 1 Mux 

B(1,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output F o(l ,2m-l) of the stage (ring 1, stage "m-1 ") is connected to the input 

20 Fi(l ,2m+ 1) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo(l,2m+ 1) of the stage (ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

25 stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram 1 OOA. Just the same way the two successive stages 

(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

before, any two successive stages have similar internal connections. For example (ring 1, 
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stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and ( ring 1, stage "m-1 ") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

5 to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2,1), Fi(2,2), Ui(2,1), 

and Ui(2,2); and 4 outputs Bo(2,1), Bo(2,2), Fo(2,1), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2: 1 Muxes namely F(2,1 ), F(2,2), U(2,1 ), U(2,2), B(2,1 ), and 

10 B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2,1). The 2: 1 Mux F(2,2) has two inputs namely Fi(2,1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2,1) has two inputs namely Ui(2,1) and Fo(2,1) and has one 

output Uo(2,1). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

15 one output Uo(2,2). The 2: 1 Mux B(2,1) has two inputs namely Uo(2,l) and Uo(2,2) and 

has one output Bo(2,1). The 2: 1 Mux B(2,2) has two inputs namely Uo(2,1) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

20 1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output Fo(2,4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

25 output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 
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The output Fo(2, 1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2,1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

5 stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1 ") consists of 4 inputs namely Ri(2,2n- l ), Ri(2,2n), 

Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n- l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(1,2n-l), and B(1,2n). The 2:1 Mux 

10 R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2: 1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

Ro(2,2n). The 2: 1 Mux F(2,2n- l) has two inputs namely Ro(2,2n- l) and Ro(2,2n) and has 

one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

15 The 2: 1 Mux U(2,2n- l) has two inputs namely Ui(2,2n- l) and Fo(2,2n- l) and has 

one output Uo(2,2n-l). The 2:1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

Fo(2,2n) and has one output Uo(2,2n). The 2:1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

20 The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1), Ri(2,2n+2), 

Ui(2,2n+ 1), and Ui(2,2n+2); and 4 outputs Bo(2,2n+ 1), Bo(2,2n+2), Fo(2,2n+ 1), and 

Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

25 and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 
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The 2: 1 Mux U(2,2n+ 1) has two inputs namely Ui(2,2n+ 1) and Fo(2,2n+ 1) and 

has one output Uo(2,2n+l). The 2:1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1). The 2: 1 Mux 

5 B(2,2n+2) has two inputs namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n- l) of the stage (ring 2, stage "n-1 ") is connected to the input 

Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

10 connected to the input Ui(2,2n- l) of the stage (ring 2, stage "n-1 "), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOA consists of 4 inputs and 2 * d = 4 outputs. Even though the 

stages (ring 1, stage 0), (ring 1, stage 1), (ring 2, stage "n-1"), and (ring 2, stage "n") 

15 each have eight 2: 1 muxes, and the stages (ring 2, stage 0), (ring 2, stage 1), (ring 1, 

stage "m-1 "), and (ring 1, stage "m") each have six 2: 1 muxes, in other embodiments any 

of these stages can be one of the four by four switch diagrams namely 200A of FIG. 2A, 

200B of PIG. 2B, 200C of PIG. 2C, and one of the eight by four switch diagrams namely 

200E of PIG. 2E, 200F of FIG. 2F. 

20 Referring to diagram 1 OOB in FIG. lB, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 400; N2 = 800; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 8 inlet links namely 11, 12, 13, 14, 15, 16, 17, and 18; and 4 outlet links namely 01, 

02, 03, and 04. And for each computational block the corresponding partial multi-stage 

25 hierarchical network Vcamb(N1,N2 ,d,s) lOOB consists of two rings 110 and 120, where 

ring 110 consists of"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, 

stage "m-1 "), and (ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 

2, stage 0), (ring 2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" 

and "n" are positive integers. 
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Ring 110 has inlet links Ri(l,l) and Ri(l,2) from the left-hand side, and has outlet 

links Bo(l,1) and Bo(l,2) from left-hand side. Ring 110 also has inlet links Ui(l,2m+ 1) 

and Ui(l,2m+2) from the right-hand side, and has outlet links Fo(l,2m+ 1) and 

Fo(l,2m+2) from right-hand side. Ring 120 has inlet links Fi(2,1) and Fi(2,2) from left-

s hand side, and outlet links Bo(2,1) and Bo(2,2) from left-hand side. Ring 120 also has 

inlet links Ui(2,2n+ 1) and Ui(2,2n+2) from the right-hand side, and has outlet links 

Fo(2,2n+ 1) and Fo(2,2n+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcamb (Ni, N 2 , d, s) lOOB consists 

of 8 inlet links and 4 outlet links corresponding to the two rings 110 and 120. From left-

10 hand side, outlet link O 1 of the computational block is connected to inlet link Ri(l, 1) of 

ring 110 and also inlet link of Fi(2,1) of ring 120. Similarly from left-hand side, outlet 

link 02 of the computational block is connected to inlet link Ri(l,2) of Ring 110 and also 

inlet link of Fi(2,2) of Ring 120. And from left-hand side, outlet link Bo(l,1) of Ring 110 

is connected to inlet link 11 of the computational block. From left-hand side, Outlet link 

15 Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. Similarly 

from left-hand side, outlet link Bo(2, 1) of Ring 120 is connected to inlet link 13 of the 

computational block. From left-hand side, outlet link Bo(2,2) of Ring 120 is connected to 

inlet link 14 of the computational block. 

From right-hand side, outlet link 03 of the computational block is connected to 

20 inlet link Ui(l ,2m+ 1) of ring 110 and also inlet link of Ui(2,2n+ 1) ofring 120. Similarly 

from right-hand side, outlet link 04 of the computational block is connected to inlet link 

Ui(l,2m+2) of Ring 110 and also inlet link of Ui(2,2n+2) of Ring 120. And from right­

hand side, outlet link Fo(l,2m+ 1) of Ring 110 is connected to inlet link 15 of the 

computational block. From right-hand side, outlet link Fo(l,2m+2) of Ring 110 is 

25 connected to inlet link 16 of the computational block. Similarly from right-hand side, 

outlet link F o(2,2n+ 1) of Ring 120 is connected to inlet link 17 of the computational 

block. From right-hand side, outlet link Fo(2,2n+2) of Ring 120 is connected to inlet link 

18 of the computational block. 

Since in this embodiment outlet link 01 of the computational block is connected 

30 to both inlet link Ri(l,1) of ring 110 and inlet link Fi(2,1) of ring 120; outlet link 02 of 

the computational block is connected to both inlet link Ri(l,2) of ring 110 and inlet link 
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Fi(2,2) of ring 120; outlet link 03 of the computational block is connected to both inlet 

link Ui(l ,2m+ 1) of ring 110 and inlet link Ui(2,2n+ 1) of ring 120; and outlet link 04 of 

the computational block is connected to both inlet link Ui(l,2m+2) ofring 110 and inlet 

link Ui(2,2n+2) of ring 120, the partial multi-stage hierarchical network 

5 Vcamb (N1 , N 2 , d, s) 1 OOB consists of 4 inlet links and 8 outlet links. 

Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the 

corresponding computational block with 8 inlet links and 4 outlet links. For example 

10 block (1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB with 4 inlet links and 8 outlet links and the corresponding 

computational block with 8 inlet links and 4 outlet links. Similarly each of the 100 blocks 

of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB with 4 inlet links and 8 outlet links and the corresponding 

15 computational block with 8 inlet links and 4 outlet links. Hence the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 

links and N2 = 800 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 8 inlet links and 

4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-Plane. 

20 In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOB in 

FIG. lB, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,1), Ri(l,2), Ui(l,1), 

and Ui(l,2); and 4 outputs Bo(l,1), Bo(l,2), Fo(l,1), and Fo(l,2). The stage (ring 1, stage 

25 0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,1), R(l,2), F(l,1), F(l,2), U(l,1), U(l,2), B(l,1), and B(l,2). The 2:1 Mux 

R(l,1) has two inputs namely Ri(l,1) and Bo(l,1) and has one output Ro(l,1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2: 1 Mux F(l,1) has two inputs namely Ro(l,1) and Ro(l,2) and has one output Fo(l,1). 
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The 2: 1 Mux F(l,2) has two inputs namely Ro(l,1) and Ro(l,2) and has one output 

Fo(l,2). 

The 2: 1 Mux U(l,1) has two inputs namely Ui(l,1) and Fo(l,1) and has one 

output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

5 one output Uo(l,2). The 2: 1 Mux B(l,1) has two inputs namely Uo(l,l) and Uo(l,2) and 

has one output Bo(l,1). The 2: 1 Mux B(l,2) has two inputs namely Uo(l,1) and Uo(l,2) 

and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

10 1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

15 and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

20 and has one output Bo(l,4). 

The output Fo(l, 1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection between 

two successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,1) of the stage (ring 1, stage 0), is another internal connection 

25 between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1 ') also consists of six 2: 1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(1,2m-l), and B(1,2m). The 2: 1 Mux F(l,2m-l) has 
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two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2:1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

The 2:1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2:1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

5 Fo(l,2m) and has one output Uo(l,2m). The 2:1 Mux B(1,2m-l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(1,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

10 Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(1,2m+ 1), and B(1,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

15 The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+l). The 2:1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2: 1 Mux B(1,2m+ 1) has two inputs 

namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output Bo(l,2m+ 1). The 2: 1 Mux 

B(1,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

20 Bo(l,2m+2). 

The output F o(l ,2m-l) of the stage (ring 1, stage "m-1 ") is connected to the input 

Fi(l ,2m+ 1) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo(l,2m+ 1) of the stage (ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

25 internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram 1 OOB. Just the same way the two successive stages 

30 (ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 
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before, any two successive stages have similar internal connections. For example (ring 1, 

stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and ( ring 1, stage "m-1 ") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

5 ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2,1), Fi(2,2), Ui(2,1), 

and Ui(2,2); and 4 outputs Bo(2,1), Bo(2,2), Fo(2,1), and Fo(2,2). The stage (ring 2, stage 

10 0) also consists of six 2: 1 Muxes namely F(2,1), F(2,2), U(2,1), U(2,2), B(2,1), and 

B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2,1). The 2: 1 Mux F(2,2) has two inputs namely Fi(2,1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2,l) has two inputs namely Ui(2,l) and Fo(2,l) and has one 

15 output Uo(2,1). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

one output Uo(2,2). The 2: 1 Mux B(2,1) has two inputs namely Uo(2,l) and Uo(2,2) and 

has one output Bo(2,1). The 2: 1 Mux B(2,2) has two inputs namely Uo(2,1) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

20 and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output Fo(2,4). 

25 The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 
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The output Fo(2,1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2,1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

5 stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1 ") consists of 4 inputs namely Ri(2,2n- l ), Ri(2,2n), 

Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n- l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(1,2n-l), and B(1,2n). The 2:1 Mux 

10 R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2: 1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

Ro(2,2n). The 2: 1 Mux F(2,2n- l) has two inputs namely Ro(2,2n- l) and Ro(2,2n) and has 

one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

15 The 2: 1 Mux U(2,2n- l) has two inputs namely Ui(2,2n- l) and Fo(2,2n- l) and has 

one output Uo(2,2n-l). The 2:1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

Fo(2,2n) and has one output Uo(2,2n). The 2:1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

20 The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1), Ri(2,2n+2), 

Ui(2,2n+ 1), and Ui(2,2n+2); and 4 outputs Bo(2,2n+ 1), Bo(2,2n+2), Fo(2,2n+ 1), and 

Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

25 and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 
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The 2: 1 Mux U(2,2n+ 1) has two inputs namely Ui(2,2n+ 1) and Fo(2,2n+ 1) and 

has one output Uo(2,2n+l). The 2:1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1). The 2: 1 Mux 

5 B(2,2n+2) has two inputs namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n- l) of the stage (ring 2, stage "n-1 ") is connected to the input 

Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

10 connected to the input Ui(2,2n- l) of the stage (ring 2, stage "n-1 "), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB consists of 2 * d = 4 outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

15 switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) may have inputs and outputs connected from computational block 

from either only from left-hand side as in the partial multi-stage hierarchical network 

20 Vcamb (N1 , N 2 , d, s) 1 OOA; or only from right-hand side; or from both left-hand and right-

hand sides as in the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOB. 

Referring to diagram lOOC in FIG. IC, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 400; N2 = 1600; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

25 having 16 inlet links namely 11, 12, 13, 14, 15, 16, 17, 18, 19,110,111, 112, 113, 114, 115, 

and 116; and 4 outlet links namely 01, 02, 03, and 04. And for each computational 

block the corresponding partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) 1 OOC 

consists of two slices namely slice 1 and slice 2. Slice 1 consists of two rings namely 
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(slice 1, ring 1) and (slice 1, ring 2). Similarly slice 2 consists of two rings namely (slice 

2, ring 1) and (slice 2, ring 2). 

The ring (slice 1, ring 1) consists of "m+ l" stages namely (slice 1, ring 1, stage 0), 

(slice 1, ring 1, stage 1), ... (slice 1, ring 1, stage "m-1"), and (slice 1, ring 1, stage "m"). 

5 And the ring (slice 1, ring 2) consists of "n+ l" stages namely (slice 1, ring 2, stage 0), 

(slice 1, ring 2, stage 1), ... (slice 1, ring 2, stage "n-1"), and (slice 1, ring 2, stage "n"), 

where "m" and "n" are positive integers. 

Similarly the ring (slice 2, ring 1) consists of "x+ l" stages namely (slice 2, ring 1, 

stage 0), (slice 2, ring 1, stage 1), ... (slice 2, ring 1, stage "x-1"), and (slice 2, ring 1, 

10 stage "x"). And the ring (slice 2, ring 2) consists of "y+ l" stages namely (slice 2, ring 2, 

stage 0), (slice 2, ring 2, stage 1 ), ... (slice 2, ring 2, stage "y-1 "), and (slice 2, ring 2, 

stage "y"), where "x" and "y" are positive integers. 

In general "m" may be or may not be equal to "x" and "n" may be or may not be 

equal to "y". Also in general, "m" may be or may not be equal to "n" and "x" may be or 

15 may not be equal to "y". 

Ring (slice 1, ring 1) has inlet links Ri(l,1,1) and Ri(l,1,2) from the left-hand 

side, and has outlet links Bo(l,1,1) and Bo(l,1,2) from left-hand side. Ring (slice 1, ring 

1) also has inlet links Ui(l,1,2m+ 1) and Ui(l,1,2m+2) from the right-hand side, and has 

outlet links Fo(l,1,2m+ 1) and Fo(l,1,2m+2) from right-hand side. Ring (slice 1, ring 2) 

20 has inlet links Ri(l,2,1) and Ri(l,2,2) from left-hand side, and outlet links Bo(l,2,1) and 

Bo(l,2,2) from left-hand side. Ring (slice 1, ring 2) also has inlet links Ui(l,2,2n+ 1) and 

Ui(l,2,2n+2) from the right-hand side, and has outlet links Fo(l,2,2n+ 1) and 

Fo(l,2,2n+2) from right-hand side. 

Ring (slice 2, ring 1) has inlet links Ri(2,1,1) and Ri(2,1,2) from the left-hand 

25 side, and has outlet links Bo(2, 1, 1) and Bo(2, 1,2) from left-hand side. Ring (slice 2, ring 

1) also has inlet links Ui(2,1,2x+ 1) and Ui(2,1,2x+2) from the right-hand side, and has 

outlet links Fo(2,1,2x+ 1) and Fo(2,1,2x+2) from right-hand side. Ring (slice 2, ring 2) 

has inlet links Ri(2,2,1) and Ri(2,2,2) from left-hand side, and outlet links Bo(2,2,l) and 

Bo(2,2,2) from left-hand side. Ring (slice 2, ring 2) also has inlet links Ui(2,2,2y+ 1) and 
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Ui(2,2,2y+2) from the right-hand side, and has outlet links Fo(2,2,2y+ 1) and 

Fo(2,2,2y+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) lOOC consists 

of 16 inlet links and 4 outlet links corresponding to the two slices slice 1 and slice 2. 

5 From left-hand side, outlet link 01 of the computational block is connected to inlet link 

Ri(l,1,1) ofring (slice 1, ring 1) and also inlet link ofRi(l,2,1) of ring (slice 1, ring 2). 

Similarly from left-hand side, outlet link 02 of the computational block is connected to 

inlet link Ri(l,1,2) of Ring (slice 1, ring 1) and also inlet link ofRi(l,2,2) of Ring (slice 

1, ring 2). And from left-hand side, outlet link Bo(l,1,1) of Ring (slice 1, ring 1) is 

10 connected to inlet link 11 of the computational block. From left-hand side, Outlet link 

Bo(l,1,2) of Ring (slice 1, ring 1) is connected to inlet link 12 of the computational block. 

Similarly from left-hand side, outlet link Bo(l,2,1) of Ring (slice 1, ring 2) is connected 

to inlet link 13 of the computational block. From left-hand side, outlet link Bo(l,2,2) of 

Ring (slice 1, ring 2) is connected to inlet link 14 of the computational block. 

15 From right-hand side, outlet link 01 of the computational block is connected to 

inlet link Ui(l,1,2m+ 1) ofring (slice 1, ring 1) and also inlet link of Ui(l,2,2n+ 1) of ring 

(slice 1, ring 2). Similarly from right-hand side, outlet link 02 of the computational block 

is connected to inlet link Ui(l,1,2m+2) of Ring (slice 1, ring 1) and also inlet link of 

Ui(l,2,2n+2) of Ring (slice 1, ring 2). And from right-hand side, outlet link Fo(l,1,2m+ 1) 

20 of Ring (slice 1, ring 1) is connected to inlet link 15 of the computational block. From 

right-hand side, outlet link Fo(l,1,2m+2) of Ring (slice 1, ring 1) is connected to inlet 

link 16 of the computational block. Similarly from right-hand side, outlet link 

Fo(l,2,2n+ 1) of Ring (slice 1, ring 2) is connected to inlet link 17 of the computational 

block. From right-hand side, outlet link Fo(l,2,2n+2) of Ring (slice 1, ring 2) is 

25 connected to inlet link 18 of the computational block. 

From left-hand side, outlet link 03 of the computational block is connected to 

inlet link Ri(2,1,l) ofring (slice 2, ring 1) and also inlet link ofRi(2,2,1) of ring (slice 2, 

ring 2). Similarly from left-hand side, outlet link 04 of the computational block is 

connected to inlet link Ri(2,1,2) of Ring (slice 2, ring 1) and also inlet link of Ri(2,2,2) of 

30 Ring (slice 2, ring 2). And from left-hand side, outlet link Bo(2,1,1) of Ring (slice 2, ring 

1) is connected to inlet link 19 of the computational block. From left-hand side, Outlet 
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link Bo(2,1,2) of Ring (slice 2, ring 1) is connected to inlet link IlO of the computational 

block. Similarly from left-hand side, outlet link Bo(2,2,l) of Ring (slice 2, ring 2) is 

connected to inlet link Il 1 of the computational block. From left-hand side, outlet link 

Bo(2,2,2) of Ring (slice 2, ring 2) is connected to inlet link Il2 of the computational 

5 block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui(2,1,2x+ 1) of ring (slice 2, ring 1) and also inlet link of Ui(2,2,2y+ 1) ofring 

(slice 2, ring 2). Similarly from right-hand side, outlet link 04 of the computational block 

is connected to inlet link Ui(2,1,2x+2) of Ring (slice 2, ring 1) and also inlet link of 

10 Ui(2,2,2y+2) of Ring (slice 2, ring 2). And from right-hand side, outlet link Fo(2,1,2x+ 1) 

of Ring (slice 2, ring 1) is connected to inlet link Il3 of the computational block. From 

right-hand side, outlet link Fo(2,1,2x+2) of Ring (slice 2, ring 1) is connected to inlet link 

Il4 of the computational block. Similarly from right-hand side, outlet link Fo(2,2,2y+ 1) 

of Ring (slice 2, ring 2) is connected to inlet link Il5 of the computational block. From 

15 right-hand side, outlet link Fo(2,2,2y+2) of Ring (slice 2, ring 2) is connected to inlet link 

Il 6 of the computational block. 

In this embodiment outlet links O 1 and 02 of the computational block are 

connected only to slice 1. Similarly outlet links 03 and 04 of the computational block are 

connected only to slice 2. 

20 Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and 

the corresponding computational block with 16 inlet links and 4 outlet links. For example 

block (1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

25 Vcamb (N1 , N 2 , d, s) 1 OOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Similarly each of the 100 

blocks of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Hence the complete multi-stage 

30 hierarchical network Vcamb (N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 
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links and N2 = 1600 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 16 inlet links 

and 4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D­

Plane. In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

5 second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1, N 2 ,d,s) lOOC in 

FIG. IC, the stage (slice 1, ring 1, stage 0) consists of 8 inputs namely Ri(l,1,1), 

Ri(l,1,2), Ui(l,1,1), Ui(l,1,2), J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1); and 4 outputs 

Bo(l,1,1), Bo(l,1,2), Fo(l,1,1), and Fo(l,1,2). The stage (slice 1, ring "l", stage "O") also 

10 consists of four 4: 1 Muxes namely F(l,1,1), F(l,1,2), B(l,1,1), and B(l,1,2). The 4: 1 

Mux F(l,1,1) has four inputs namely Ri(l,1,1), Ri(l,1,2), Ui(l,1,2), and J(l,1,1), and has 

one output Fo(l,1,1). The 4: 1 Mux F(l,1,2) has four inputs namely Ri(l,1,1), Ri(l,1,2), 

Ui(l,1,1), and K(l,1,1), and has one output Fo(l,1,2). 

The 4:1 Mux B(l,1,1) has four inputs namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2), and 

15 L(l,1,1), and has one output Bo(l,1,1). The 4: 1 Mux B(l,1,2) has four inputs namely 

Ui(l,1,1), Ui(l,1,2), Ri(l,1,1) and M(l,1,1), and has one output Bo(l,1,2). In different 

embodiments the inputs J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

20 The stage (slice 1, ring 1, stage "m") consists of 8 inputs namely Ri(l, l ,2m+ 1 ), 

Ri(l,1,2m+2), Ui(l,1,2m+ 1), Ui(l,1,2m+2), J(l,l,m+ 1), K(l,1,m+ 1), L(l,1,m+ 1), and 

M(l,l,m+ l); and 4 outputs Bo(l,1,2m+ 1), Bo(l,1,2m+2), Fo(l,1,2m+ 1), and 

Fo(l,1,2m+2). The stage (slice 1, ring 1, stage "m") also consists of four 4: 1 Muxes 

namely F(l,1,2m+ 1), F(l,1,2m+2), B(1,1,2m+ 1), and B(1,1,2m+2). The 4: 1 Mux 

25 F(l,l,2m+ 1) has four inputs namely Ri(l,1,2m+ 1), Ri(l,1,2m+2), Ui(l,1,2m+2), and 

J(l,1,m+ 1), and has one output Fo(l,1,2m+ 1). The 4: 1 Mux F(l,1,2m+2) has four inputs 

namely Ri(l,1,2m+ 1), Ri(l,1,2m+2), Ui(l,1,2m+ 1), and K(l,1,m+ 1), and has one output 

Fo(l,1,2m+2). 

The 4: 1 Mux B(1,1,2m+ 1) has four inputs namely Ui(l,1,2m+ 1), Ui(l,1,2m+2), 

30 Ri(l,1,2m+2), and L(l,1,m+ 1), and has one output Bo(l,1,2m+ 1). The 4: 1 Mux 
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B(1,1,2m+2) has four inputs namely Ui(l,1,2m+ 1), Ui(l,1,2m+2), Ri(l,1,2m+ 1) and 

M(l,l,m+ 1), and has one output Bo(l,1,2m+2). In different embodiments the inputs 

J(l,1,m+ 1), K(l,1,m+ 1), L(l,1,m+ 1), and M(l,1,m+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

5 network VComb(N1,N2,d,s). 

Just the same way the stage (slice 1, ring 1, stage 0), there are also stages (slice 1, 

ring 1, stage 1), (slice 1, ring 1, stage 2), (slice 1, ring 1, stage 3), ... (slice 1, ring 1, stage 

"m-1 "), (slice 1, ring 1, stage "m") in that order, where the stages from (slice 1, ring 1, 

stage 1), (slice 1, ring 1, stage 2), ... , (slice 1, ring 1, stage "m-1") are not shown in the 

10 diagram lOOC. 

Referring to diagram 1 OOC5 in FIG. 1 CS illustrates specific details of partial 

multi-stage hierarchical network Vcamb(N1,N2,d,s) lOOC in FIG. IC, particularly the 

internal connections between two successive stages of any ring of any slice, in one 

embodiment. The stage (slice "c", ring "d", stage "e") consists of 8 inputs namely 

15 Ri(c,d,2e+ 1), Ri(c,d,2e+2), Ui(c,d,2e+ 1), Ui(c,d,2e+2), J(c,d,e+ 1), K(c,d,e+ 1), 

L(c,d,e+ 1), and M(c,d,e+ l); and 4 outputs Bo(c,d,2e+ 1), Bo(c,d,2e+2), Fo(c,d,2e+ 1), and 

Fo( c,d,2e+2). The stage (slice "c", ring "d", stage "e") also consists of four 4: 1 Muxes 

namely F(c,d,2e+ 1), F(c,d,2e+2), B(c,d,2e+ 1), and B(c,d,2e+2). The 4: 1 Mux F(c,d,2e+ 1) 

has four inputs namely Ri(c,d,2e+ 1), Ri(c,d,2e+2), Ui(c,d,2e+2), and J(c,d,e+ 1), and has 

20 one output Fo(c,d,2e+ 1). The 4: 1 Mux F(c,d,2e+2) has four inputs namely Ri(c,d,2e+ 1), 

Ri(c,d,2e+2), Ui(c,d,2e+ 1), and K(c,d,e+ 1), and has one output Fo(c,d,2e+2). 

The 4: 1 Mux B(c,d,2e+ 1) has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), 

Ri(c,d,2e+2), and L(c,d,e+ 1), and has one output Bo(c,d,2e+ 1). The 4: 1 Mux B(c,d,2e+2) 

has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), Ri(c,d,2e+ 1) and M(c,d,e+ 1), and has 

25 one output Bo(c,d,2e+2). In different embodiments the inputs J(c,d,e+ 1), K(c,d,e+ 1), 

L(c,d,e+ 1), and M(c,d,e+ 1) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The stage (slice "c", ring "d", stage "e+ l ") consists of 8 inputs namely 

Ri(c,d,2e+3), Ri(c,d,2e+4), Ui(c,d,2e+3), Ui(c,d,2e+4), J(c,d,e+2), K(c,d,e+2), 

30 L(c,d,e+2), and M(c,d,e+2); and 4 outputs Bo(c,d,2e+3), Bo(c,d,2e+4), Fo(c,d,2e+3), and 
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Fo(c,d,2e+4). The stage (slice "c", ring "d", stage "e+l") also consists of four 4:1 Muxes 

namely F(c,d,2e+3), F(c,d,2e+4), B(c,d,2e+3), and B(c,d,2e+4). The 4:1 Mux F(c,d,2e+3) 

has four inputs namely Ri(c,d,2e+3), Ri(c,d,2e+4), Ui(c,d,2e+4), and J(c,d,e+2), and has 

one output Fo(c,d,2e+3). The 4: 1 Mux F(c,d,2e+4) has four inputs namely Ri(c,d,2e+3), 

5 Ri(c,d,2e+4), Ui(c,d,2e+3), and K(c,d,e+2), and has one output Fo(c,d,2e+4). 

The 4: 1 Mux B(c,d,2e+3) has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), 

Ri(c,d,2e+4), and L(c,d,e+2), and has one output Bo(c,d,2e+3). The 4: 1 Mux B(c,d,2e+4) 

has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), Ri(c,d,2e+3) and M(c,d,e+2), and has 

one output Bo(c,d,2e+4). In different embodiments the inputs J(c,d,e+2), K(c,d,e+2), 

10 L( c,d,e+2), and M( c,d,e+2) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The output Fo(c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e") is connected 

to the input Ri( c,d,2e+ 3) of the stage (slice "c", ring "d", stage "e+ l ") which is called 

hereinafter an internal connection between two successive stages of a ring. And the 

15 output Bo( c,d,2e+ 3) of the stage (slice "c", ring "d", stage "e+ l ") is connected to the 

input Ui(c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e"), is another internal 

connection between stage "e" and stage "e+ l" of the ring (slice "c", ring "d"). 

Just the same way the two successive stages (slice "c', ring "d", stage "e") and 

(slice 'c", ring "d", stage "e+ l ") have internal connections between them as described 

20 above, any two successive stages have similar internal connections for any values of "c", 

"d", "e" of the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC in FIG. 

IC belonging to any block of the two dimensional grid 800 in FIG. 8, in some 

embodiments. For example stage (slice 1, ring 1, stage 0) and stage (slice 1, ring 1, stage 

1) have similar internal connections; and stage (slice 1, ring 1, stage "m-1") and stage 

25 (slice 1, ring 1, stage "m") have similar internal connections. 

Stage (slice 1, ring 1, stage 0) is also called hereinafter the "entry stage" or "first 

stage" of (slice 1, ring 1), since inlet links and outlet links of the computational block are 

directly connected to stage (slice 1, ring 1, stage 0). Also stage (slice 1, ring 1, stage "m") 

is hereinafter the "last stage" or "root stage" of (slice 1, ring 1 ). 
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The stage (slice 1, ring 2, stage 0) consists of 8 inputs namely Ri(l,2,1), Ri(l,2,2), 

Ui(l,2,1), Ui(l,2,2), J(l,2,1), K(l,2,1), L(l,2,1), and M(l,2,1); and 4 outputs Bo(l,2,1), 

Bo(l,2,2), Fo(l,2,1), and Fo(l,2,2). The stage (slice 1, ring "2", stage "O") also consists 

of four 4: 1 Muxes namely F(l,2,1), F(l,2,2), B(l,2,1), and B(l,2,2). The 4: 1 Mux 

5 F(l,2,1) has four inputs namely Ri(l,2,1), Ri(l,2,2), Ui(l,2,2), and J(l,2,1), and has one 

output Fo(l,2,1). The 4: 1 Mux F(l,2,2) has four inputs namely Ri(l,2,1), Ri(l,2,2), 

Ui(l,2,1), and K(l,2,1), and has one output Fo(l,2,2). 

The 4:1 Mux B(l,2,1) has four inputs namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2), and 

L(l,2, 1), and has one output Bo(l,2,1). The 4: 1 Mux B(l,2,2) has four inputs namely 

10 Ui(l,2,1), Ui(l,2,2), Ri(l,2,1) and M(l,2,1), and has one output Bo(l,2,2). In different 

embodiments the inputs J(l,2,1), K(l,2,1), L(l,2,1), and M(l,2,1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (slice 1, ring 2, stage "n") consists of 8 inputs namely Ri(l ,2,2n+ 1 ), 

15 Ri(l,2,2n+2), Ui(l,2,2n+ 1), Ui(l,2,2n+2), J(l,2,n+ 1), K(l,2,n+ 1), L(l,2,n+ 1), and 

M(l,2,n+ l); and 4 outputs Bo(l,2,2n+ 1), Bo(l,2,2n+2), Fo(l,2,2n+ 1), and Fo(l,2,2n+2). 

The stage (slice 1, ring 2, stage "n") also consists of four 4: 1 Muxes namely F(l,2,2n+ 1), 

F(l,2,2n+2), B(1,2,2n+ 1), and B(1,2,2n+2). The 4: 1 Mux F(l,2,2n+ 1) has four inputs 

namely Ri(l,2,2n+ 1), Ri(l,2,2n+2), Ui(l,2,2n+2), and J(l,2,n+ 1), and has one output 

20 Fo(l,2,2n+ 1). The 4: 1 Mux F(l,2,2n+2) has four inputs namely Ri(l,2,2n+ 1), 

Ri(l,2,2n+2), Ui(l,2,2n+ 1), and K(l,2,n+ 1), and has one output Fo(l,2,2n+2). 

The 4: 1 Mux B(1,2,2n+ 1) has four inputs namely Ui(l,2,n+ 1), Ui(l,2,2n+2), 

Ri(l,2,2n+2), and L(l,2,n+ 1), and has one output Bo(l,2,2n+ 1). The 4: 1 Mux 

B(1,2,2n+2) has four inputs namely Ui(l,2,2n+ 1), Ui(l,2,2n+2), Ri(l,2,2n+ 1) and 

25 M(l,2,n+ 1), and has one output Bo(l,2,2n+2). In different embodiments the inputs 

J(l,2,n+ 1), K(l,2,n+ 1), L(l,2,n+ 1), and M(l,2,n+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 1, ring 2, stage 0), there are also stages (slice 1, 

30 ring 2, stage 1), (slice 1, ring 2, stage 2), (slice 1, ring 2, stage 3), ... (slice 1, ring 2, stage 
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"n-1"), (slice 1, ring 2, stage "n") in that order, where the stages from (slice 1, ring 2, 

stage 1), (slice 1, ring 2, stage 2), ... , (slice 1, ring 2, stage "n-1") are not shown in the 

diagram lOOC. 

The stage (slice 2, ring 1, stage 0) consists of 8 inputs namely Ri(2,1,1), Ri(2,1,2), 

5 Ui(2,1,1), Ui(2,1,2), J(2,1,1), K(2,1,1), L(2,l,1), and M(2,1,1); and 4 outputs Bo(2,1,1), 

Bo(2,1,2), Fo(2,1,1), and Fo(2,1,2). The stage (slice 2, ring "l", stage "O") also consists 

of four 4: 1 Muxes namely F(2,1,1), F(2,1,2), B(2,l,1), and B(2,1,2). The 4: 1 Mux 

F(2,l,1) has four inputs namely Ri(2,1,1), Ri(2,1,2), Ui(2,1,2), and J(2,1,1), and has one 

output Fo(2,l,1). The 4: 1 Mux F(2,l,2) has four inputs namely Ri(2,1,1), Ri(2,1,2), 

10 Ui(2,1,1), and K(2,1,1), and has one output Fo(2,1,2). 

The 4:1 Mux B(2,1,1) has four inputs namely Ui(2,1,1), Ui(2,1,2), Ri(2,1,2), and 

L(2,l, 1), and has one output Bo(2,l,l). The 4: 1 Mux B(2,l,2) has four inputs namely 

Ui(2,1,1), Ui(2,1,2), Ri(2,1,1) and M(2,1,1), and has one output Bo(2,1,2). In different 

embodiments the inputs J(2,1,1), K(2,1,1), L(2,1,l), and M(2,1,1) are connected from any 

15 of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (slice 2, ring 1, stage "x") consists of 8 inputs namely Ri(2,1,2x+ 1 ), 

Ri(2,1,2x+2), Ui(2,1,2x+ 1), Ui(2,1,2x+2), J(2,l,x+ 1), K(2,1,x+ 1), L(2,1,x+ 1), and 

M(2,l,x+ l); and 4 outputs Bo(2,1,2x+ 1), Bo(2,1,2x+2), Fo(2,1,2x+ 1), and Fo(2,1,2x+2). 

20 The stage (slice 2, ring 1, stage "x") also consists of four 4: 1 Muxes namely F(2,1,2x+ 1 ), 

F(2,l,2x+2), B(2, l,2x+ 1), and B(2,l,2x+2). The 4: 1 Mux F(2,l,2x+ 1) has four inputs 

namely Ri(2, l,2x+ 1), Ri(2,l,2x+2), Ui(2, l,2x+2), and J(2,l,x+ 1), and has one output 

Fo(2,1,2x+ 1). The 4: 1 Mux F(2,1,2x+2) has four inputs namely Ri(2,1,2x+ 1), 

Ri(2,1,2x+2), Ui(2,1,2x+ 1), and K(2,1,x+ 1), and has one output Fo(2,1,2x+2). 

25 The 4: 1 Mux B(2,1,2x+ 1) has four inputs namely Ui(2,1,2x+ 1), Ui(2,1,2x+2), 

Ri(2, l,2x+2), and L(2, l,x+ 1), and has one output Bo(2, l,2x+ 1). The 4: 1 Mux 

B(2,1,2x+2) has four inputs namely Ui(2,1,2x+ 1), Ui(2,1,2x+2), Ri(2,1,2x+ 1) and 

M(2,l,x+ 1), and has one output Bo(2,1,2x+2). In different embodiments the inputs 

J(2,l,x+ 1), K(2, l,x+ 1), L(2,l,x+ 1), and M(2, l,x+ 1) are connected from any of the 
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outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 2, ring 1, stage 0), there are also stages (slice 2, 

ring 1, stage 1), (slice 2, ring 1, stage 2), (slice 2, ring 1, stage 3), ... (slice 2, ring 1, stage 

5 "m-1 "), (slice 2, ring 1, stage "x") in that order, where the stages from (slice 2, ring 1, 

stage 1), (slice 2, ring 1, stage 2), ... , (slice 2, ring 1, stage "x-1") are not shown in the 

diagram lOOC. 

The stage (slice 2, ring 2, stage 0) consists of 8 inputs namely Ri(2,2,1), Ri(2,2,2), 

Ui(2,2,1), Ui(2,2,2), J(2,2,1), K(2,2,1), L(2,2,1), and M(2,2,1); and 4 outputs Bo(2,2,1), 

10 Bo(2,2,2), Fo(2,2,1), and Fo(2,2,2). The stage (slice 2, ring "2", stage "O") also consists 

of four 4: 1 Muxes namely F(2,2, 1 ), F(2,2,2), B(2,2, 1 ), and B(2,2,2). The 4: 1 Mux 

F(2,2, 1) has four inputs namely Ri(2,2, 1 ), Ri(2,2,2), Ui(2,2,2), and J(2,2, 1 ), and has one 

output Fo(2,2,1). The 4: 1 Mux F(2,2,2) has four inputs namely Ri(2,2,1), Ri(2,2,2), 

Ui(2,2,1), and K(2,2,1), and has one output Fo(2,2,2). 

15 The 4: 1 Mux B(2,2,1) has four inputs namely Ui(2,2,1), Ui(2,2,2), Ri(2,2,2), and 

L(2,2, 1 ), and has one output Bo(2,2, 1 ). The 4: 1 Mux B(2,2,2) has four inputs namely 

Ui(2,2,l), Ui(2,2,2), Ri(2,2,l) and M(2,2,l), and has one output Bo(2,2,2). In different 

embodiments the inputs J(2,2, 1 ), K(2,2, 1 ), L(2,2, 1 ), and M(2,2, 1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

20 network VComb(N1,N2,d,s). 

The stage (slice 2, ring 2, stage "x") consists of 8 inputs namely Ri(2,2,2x+ 1 ), 

Ri(2,2,2x+2), Ui(2,2,2x+ 1), Ui(2,2,2x+2), J(2,2,x+ 1), K(2,2,x+ 1), L(2,2,x+ 1), and 

M(2,2,x+ l); and 4 outputs Bo(2,2,2x+ 1), Bo(2,2,2x+2), Fo(2,2,2x+ 1), and Fo(2,2,2x+2). 

The stage (slice 2, ring 2, stage "y") also consists of four 4: 1 Muxes namely F(2,2,2y+ 1 ), 

25 F(2,2,2y+2), B(2,2,2y+ 1 ), and B(2,2,2y+2). The 4: 1 Mux F(2,2,2y+ 1) has four inputs 

namely Ri(2,2,2y+ 1), Ri(2,2,2y+2), Ui(2,2,2y+2), and J(2,2,y+ 1), and has one output 

Fo(2,2,2y+ 1). The 4: 1 Mux F(2,2,2y+2) has four inputs namely Ri(2,2,2y+ 1), 

Ri(2,2,2y+2), Ui(2,2,2y+ 1), and K(2,2,y+ 1), and has one output Fo(2,2,2y+2). 
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The 4: 1 Mux B(2,2,2y+ 1) has four inputs namely Ui(2,2,2y+ 1), Ui(2,2,2y+2), 

Ri(2,2,2y+2), and L(2,2,y+ 1), and has one output Bo(2,2,2y+ 1). The 4: 1 Mux 

B(2,2,2y+2) has four inputs namely Ui(2,2,2y+ 1), Ui(2,2,2y+2), Ri(2,2,2y+ 1) and 

M(2,2,y+ 1), and has one output Bo(2,2,2y+2). In different embodiments the inputs 

5 J(2,2,y+ 1), K(2,2,y+ 1), L(2,2,y+ 1), and M(2,2,y+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 2, ring 2, stage 0), there are also stages (slice 2, 

ring 2, stage 1), (slice 2, ring 2, stage 2), (slice 2, ring 2, stage 3), ... (slice 2, ring 2, stage 

10 ''y-1"), (slice 2, ring 2, stage "y") in that order, where the stages from (slice 2, ring 2, 

stage 1), (slice 2, ring 2, stage 2), ... , (slice 2, ring 2, stage "y-1") are not shown in the 

diagram lOOC. 

As illustrated in diagram 100C5 in FIG. 1C5, the similar internal connections 

between two successive stages of any ring of any slice of partial multi-stage hierarchical 

15 network Vcamb(N1,N2,d,s) lOOC in FIG. IC, in some embodiments are provided for all 

the slices c = 1, 2; for all the rings in each of the slices d = 1, 2; and for all the stages 

namely when c = 1, d = 1, e = [l,m]; when c=l, d=2, e=[l,n]; when c=2, d=l, e=[l,x]; 

and when c=2, d=2; e=[l,y]. 

Each stage of any ring of the partial multi-stage hierarchical network 

20 Vcamb (N1, N 2, d, s) 1 OOB consists of 2 * d = 4 outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

25 Vcamb (N1, N 2, d, s) illustrated in 1 OOC also may have inputs and outputs connected from 

computational block from either only from left-hand side as in the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOA; or only from right-hand side; or from both 

left-hand and right-hand sides as in the partial multi-stage hierarchical network 

VComb (NI, N2, d, S) lOOB. 
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Applicant now notes a few aspects of the diagram lOOC in FIG. IC an exemplary 

partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) corresponding to one 

computational block, with each computational block having 16 inlet links and 4 outlet 

links as follows: (Also these aspects are helpful in more optimization of the partial multi-

5 stage hierarchical network Vcamb (N1,N2 ,d,s) as well as faster scheduling of the 

connections between outlet links of the computational blocks and the inlet links of the 

computational blocks.) 

1) The partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC in FIG. 

IC is divided into two slices namely slice 1 and slice 2. The outlet links of the 

10 computational block namely 01 and 02 are connected to only one slice i.e. slice 1. In 

other words outlet links 01 and 02 are absolutely not connected to slice 2. Similarly the 

outlet links of the computational block namely 03 and 04 are connected to only one slice 

i.e. slice 2. In other words outlet links 03 and 04 are absolutely not connected to slice 1. 

2) The second aspect is all the hop wires and multi-drop hop wires originating from slice 

15 1 from any block will be terminating only in the slice 1 of any other block. Similarly all 

the hop wires and multi-drop hop wires originating from slice 2 from any block will be 

terminating only in the slice 2 of any other block. 3) The third aspect is the mux whose 

output is directly connected to each inlet link of the computational block must have at 

least one input connected from each slice of the partial multi-stage hierarchical network 

20 Vcamb(N1,N2 ,d,s) lOOC. That is for example since the 4:1 mux B(l,1,1), belonging to 

slice 1, and having its output Bo(l,1,1) directly connected to inlet link 11 must have at 

least one of its inputs connecting from an output of a mux of a stage of a ring of slice 2 as 

well. This property must be satisfied for all the inlet links of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC. 

25 Referring to diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 

100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 illustrate the details of the foregoing 

third aspect of the partial multi-stage hierarchical network Vcamb (Ni,N2 ,d,s) lOOC of 

FIG. IC. Applicant notes that diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, 

diagram 100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 are all actually part of the 

-36-

Page 72 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOC of FIG. IC and these 

separate diagrams are necessary only to avoid the clutter in the diagram 1 OOC of FIG. 1 C. 

The connections illustrated between different slices in diagram lOOCl in FIG. 

lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, and diagram 100C4 in 

5 FIG. 1 C4 are the only connections between different slices, in some exemplary 

embodiments. In general the connections between different slices are given only at the 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block. 

Referring to diagram lOOCl in FIG. lCl illustrate the connections between the 

10 stage (slice 1, ring 1, stage 0) and between the stage (slice 2, ring 1, stage 0). The same 

connection that is given to the input Ui(l,1,1) is also connected to the input L(2,1,1). The 

same connection that is given to the input Ui(l,1,2) is also connected to the input 

M(2,l,1). Similarly the same connection that is given to the input Ui(2,1,1) is also 

connected to the input L(l,1,1). The same connection that is given to the input Ui(2,1,2) 

15 is also connected to the input M(l,1,1). 

Therefore inlet link 11 can be essentially connected through the 4: 1 mux B(l,1,1) 

with three of its inputs connecting from slice 1 namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2) and 

one input L(l,1,1) connecting from slice 2. The inlet link 12 can be essentially connected 

through the 4:1 mux B(l,1,2) with three of its inputs connecting from slice 1 namely 

20 Ui(l,1,1), Ui(l,1,2), Ri(l,1,1) and one input M(l,1,1) connecting from slice 2. The inlet 

link 19 can be essentially connected through the 4: 1 mux B(l,2,1) with three of its inputs 

connecting from slice 2 namely Ui(2, 1, 1 ), Ui(2, 1,2), Ri(2, 1,2) and one input L(2, 1, 1) 

connecting from slice 1. The inlet link 110 can be essentially connected through the 4: 1 

mux B(2,l,2) with three of its inputs connecting from slice 2 namely Ui(2,1,1), Ui(2,1,2), 

25 Ri(2, 1, 1) and one input M(2, 1, 1) connecting from slice 1. Hence all the inlet links I 1, 12, 

19 and 110 are all independently reachable from both slice 1 and slice2. 

Referring to diagram 100C2 in FIG. 1C2 illustrate the connections between the 

stage (slice 1, ring 2, stage 0) and between the stage (slice 2, ring 2, stage 0). The same 

connection that is given to the input Ui(l,2,1) is also connected to the input M(2,2,1). The 

30 same connection that is given to the input Ui(l,2,2) is also connected to the input 
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L(2,2, 1 ). Similarly the same connection that is given to the input Ui(2,2, 1) is also 

connected to the input M(l,2,1). The same connection that is given to the input Ui(2,2,2) 

is also connected to the input L(l,2,1). 

Therefore inlet link 13 can be essentially connected through the 4: 1 mux B(l ,2, 1) 

5 with three of its inputs connecting from slice 1 namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2) and 

one input M(2,2, 1) connecting from slice 2. The inlet link 14 can be essentially connected 

through the 4: 1 mux B(l,2,2) with three of its inputs connecting from slice 1 namely 

Ui(l,2,1), Ui(l,2,2), Ri(l,2,1) and one input M(l,2,1) connecting from slice 2. The inlet 

link 111 can be essentially connected through the 4: 1 mux B(2,2,1) with three of its inputs 

10 connecting from slice 2 namely Ui(2,2, 1 ), Ui(2,2,2), Ri(2,2,2) and one input L(2,2, 1) 

connecting from slice 1. The inlet link 112 can be essentially connected through the 4: 1 

mux B(2,2,2) with three of its inputs connecting from slice 2 namely Ui(2,2,l), Ui(2,2,2), 

Ri(2,2,l) and one input M(2,2,1) connecting from slice 1. Hence all the inlet links 13, 14, 

111 and 112 are all independently reachable from both slice 1 and slice2. 

15 Referring to diagram 100C3 in FIG. 1C3 illustrate the connections between the 

stage (slice 1, ring 1, stage "m") and between the stage (slice 2, ring 2, stage "y"). The 

same connection that is given to the input Ri(l,1,2m+ 1) is also connected to the input 

J(2,2,y+ 1). The same connection that is given to the input Ri(l,1,2m+2) is also connected 

to the input K(2,2,y+ 1). Similarly the same connection that is given to the input 

20 Ri(2,2,2y+ 1) is also connected to the input J(l,1,m+ 1). The same connection that is given 

to the input Ri(2,2,2y+2) is also connected to the input K(l,1,m+ 1). 

Therefore inlet link 15 can be essentially connected through the 4: 1 mux 

F(l,l,2m+ 1) with three of its inputs connecting from slice 1 namely Ri(l,1,2m+ 1), 

Ri(l,1,2m+2), Ui(l,1,2m+2) and one input J(l,1,m+ 1) connecting from slice 2. The inlet 

25 link 16 can be essentially connected through the 4: 1 mux F(l, l,2m+2) with three of its 

inputs connecting from slice 1 namely Ri(l,1,2m+ 1), Ri(l,1,2m+2),Ui(l,1,2m+ 1) and 

one input K(l, l ,m+ 1) connecting from slice 2. The inlet link I 15 can be essentially 

connected through the 4: 1 mux F(2,2,2y+ 1) with three of its inputs connecting from slice 

2 namely Ri(2,2,2y+ 1), Ri(2,2,2y+2), Ui(2,2,2y+2) and one input J(2,2,y+ 1) connecting 

30 from slice 1. The inlet link 116 can be essentially connected through the 4: 1 mux 

F(2,2,2y+2) with three of its inputs connecting from slice 2 namely Ri(2,2,2y+ 1 ), 
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Ri(2,2,2y+2), Ui(2,2,2y+ 1) and one input K(2,2,y+ 1) connecting from slice 1. Hence all 

the inlet links 15, 16, 115 and 116 are all independently reachable from both slice 1 and 

slice2. 

Referring to diagram 100C4 in FIG. 1C4 illustrate the connections between the 

5 stage (slice 1, ring 2, stage "n") and between the stage (slice 2, ring 1, stage "x"). The 

same connection that is given to the input Ri(l,2,2n+ 1) is also connected to the input 

K(2,l,x+ 1). The same connection that is given to the input Ri(l,2,2n+2) is also connected 

to the input J(2,1,x+ 1). Similarly the same connection that is given to the input 

Ri(2, l,2x+ 1) is also connected to the input K(l,2,n+ 1). The same connection that is given 

10 to the input Ri(2,1,2x+2) is also connected to the input J(l,2,n+ 1). 

Therefore inlet link 17 can be essentially connected through the 4: 1 mux 

F(l ,2,2n+ 1) with three of its inputs connecting from slice 1 namely Ri(l ,2,2n+ 1 ), 

Ri(l,2,2n+2), Ui(l,2,2n+2) and one input J(l,2,n+ 1) connecting from slice 2. The inlet 

link 18 can be essentially connected through the 4: 1 mux F(l,2,2n+2) with three of its 

15 inputs connecting from slice 1 namely Ri(l,2,2n+ 1), Ri(l,2,2n+2),Ui(l,2,2n+ 1) and one 

input K(l,2,n+ 1) connecting from slice 2. The inlet link 113 can be essentially connected 

through the 4: 1 mux F(2,1,2x+ 1) with three of its inputs connecting from slice 2 namely 

Ri(2, l,2x+ 1 ), Ri(2, l,2x+2), Ui(2, l ,2x+2) and one input J(2, l,x+ 1) connecting from slice 

1. The inlet link 114 can be essentially connected through the 4: 1 mux F(2,1,2x+2) with 

20 three of its inputs connecting from slice 2 namely Ri(2,1,2x+ 1), Ri(2,1,2x+2), 

Ui(2, l ,2x+ 1) and one input K(2, l ,x+ 1) connecting from slice 1. Hence all the inlet links 

17, 18, 113 and 114 are all independently reachable from both slice 1 and slice2. 

The connections illustrated between different slices, in several embodiments, in 

diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, 

25 and diagram 1 OOC4 in FIG. 1 C4 are the only connections between different slices. And 

also the terminating muxes i.e. whose outputs are directly connected to one of the inlet 

links of the computational block have three inputs coming from one slice and one input 

coming from another slice. In other embodiments it is also possible so that the 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

30 computational block have two inputs coming from one slice and two inputs coming from 

another slice. 
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Also in general the number of slices in the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC of FIG. 1 C may be more than or equal to two. In such a case 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block will have at least one input coming from each slice. And the outlet 

5 links of the computational block will be divided and connected to each slice; however 

each outlet link of the computational block will be connected to only one slice. Also in 

general the hop wires and multi-drop hop wires are connected to only between the 

corresponding slices of different blocks, in some embodiments some of the hop wires 

and multi-drop hop wires may be connected between different slices of different blocks 

10 even if it is done partially. 

FIG. 2A illustrates a stage (ring "k", stage "m") 200A consists of 4 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1 ), 

Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of six 2: 1 Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward 

15 switch), U(k,2m+ 1), U(k,2m+2) (comprising in combination a U-turn switch), 

B(k,2m+ 1 ), and B(k,2m+2) (comprising in combination a backward switch). The 2: 1 

Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) 

and has one output Fo(k,2m+2). 

20 The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

25 Bo(k,2m+2). 

FIG. 2B illustrates a stage (ring "k", stage "m") 200B consists of 4 inputs namely 

Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1), 

Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of eight 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2) (comprising in combination a Reverse 

30 U-tum switch), F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward switch), 

U(k,2m+ 1), U(k,2m+2) (comprising in combination a U-tum switch), B(k,2m+ 1), and 
-40-

Page 76 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

B(k,2m+2) (comprising in combination a backward switch). The 2: 1 Mux R(k,2m+ 1) has 

two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 

Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

5 Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

10 namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

15 

FIG. 2C illustrates a stage (ring "k", stage "m") 200C consists of 4 inputs 

namely Fi(k,2m+ 1), Fi(k,2m+2), .LB-i(k,2m+ 1), and .LHi(k,2m+2); and 4 outputs 

()Ho(k,2m+ 1), rho(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of four 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2) 

(comprising in combination a forward switch), L.B{k,2m+ 1), and L.H(k,2m+2) 

(comprising in combination a U-turn switch). The 2: 1 Mux F(k,2m+ 1) has two 

inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 

20 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 

output Fo(k,2m+2). 

The 2: 1 Mux LB-(k,2m+ 1) has two inputs namely .LHi(k,2m+ 1) and LJ}i(k,2m+2) 

and has one output .LHo(k,2m+ 1 ). The 2: 1 Mux L.H(k,2m+2) has two inputs namely 

LB-i(k,2m+ 1) and 1)-bi(k,2m+2) and has one output 1)-bo(k,2m+2). 

25 However the stage "m#m" of ring "k" with "m#m" stages of the partial multi-

stage hierarchical network Vcamb (N1,N2 ,d,s), in another embodiment, may have 2 inputs 

and 2 outputs as shown in diagram 200D in FIG. 2D. FIG. 2D illustrates a stage (ring "k", 

stage "m") 200D consists of 2 inputs namely Fi(k,2m+ 1) and Fi(k,2m+2); and 2 outputs 

Fo(k,2m+ 1) and Fo(k,2m+2). The stage (ring "k", stage "m") also consists of two 2: 1 

30 Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward switch). The 

-41-

Page 77 of 818



5 

10 

15 

20 

25 

Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 

output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+2). A stage with 2 inputs and 2 outputs is, in one 

embodiment, the "last stage" or "root stage" of ring. 

The stage "m" of ring "k" with "m" stages of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s), in another embodiment, may have 8 

inputs and 4 outputs as shown in diagram 200E in FIG. 2E. FIG. 2E illustrates a 

stage (ring "k", stage "m") 200E consists of 8 inputs namely E.R.i(k,2m+ 1), 

fRi(k,2m+2), JWi(k,2m+ 1), nt'i(k,2m+2), J, K, L, and M; and 4 outputs 

.UEo(k,2m+ 1), l)Bo(k,2m+2), }'.Fo(k,2m+ 1), and YFo(k,2m+2). The stage (ring 

"k", stage "m") also consists of eight 2: 1 Muxes namely ER(k,2m+ 1), LR(k,2m+2) 

(comprising in combination a forward switch), gr(k,2m+ 1 ), F§{k,2m+2) 

(comprising in combination a Reverse U-tum switch), .frU{k,2m+ 1), EfXk,2m+2) 

(comprising in combination a backward switch), .VH(k,2m+ 1), and .LE{k,2m+2) 

(comprising in combination a U-tum switch). The 2: 1 Mux R(k,2m+ 1) has two 

inputs namely E,Ri(k,2m+ 1) and J, and has one output fRo(k,2m+ 1 ). The 2: 1 Mux 

fR(k,2m+2) has two inputs namely fRi(k,2m+2) and K, and has one output 

fRo(k,2m+2). The 2: 1 Mux RF(k,2m+ 1) has two inputs namely fRo(k,2m+ 1) and 

k}Uo(k,2m+2), and has one output f3Fo(k,2m+ 1). The 2: 1 Mux L\F(k,2m+2) has two 

inputs namely IJ-lo(k,2m+2) and nuo(k,2m+ 1), and has one output J~fo(k,2m+2). 

T1+i'·;r.,; .. ;\f::,frfaU(k,2m+ 1) has two inputs namely I;P/i(k,2m+ 1) and L, and 

has one output f3Lo(k,2m+ 1 ). The 2: 1 Mux i}U(k,2m+2) has two inputs namely 

f;}T)i(k,2m+2) and M, and has one output I)Uo(k,2m+2). The 2: 1 Mux _LB{k,2m+ 1) 

has two inputs namely DUo(k,2m+ 1) and {Ro(k,2m+2), and has one output 

.LHo(k,2m+ 1 ). The 2: 1 Mux T)ft(k,2m+2) has two inputs namely I)Fo(k,2m+2) and 

fRo(k,2m+ 1), and has one output .V-Ho(k,2m+2). In different embodiments the 

inputs J, K, L, and M are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The diagram 200E of FIG 2E eliminates the 180-degree tum paths from the 

30 internal connection Fi(k,2m+ 1) to the internal connection Uo(k,2m+ 1). Similarly the 
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diagram 200E of FIG 2E eliminates the 180-degree turn paths from the connection 

Fi(k,2m+2) to the connection Uo(k,2m+2). The diagram 200E of FIG 2E eliminates the 

180-degree turn paths from the internal connection Bi(k,2m+ 1) to the internal connection 

Ro(k,2m+ 1). Similarly the diagram 200E of FIG 2E eliminates the 180-degree tum paths 

5 from the connection Bi(k,2m+2) to the connection Ro(k,2m+2). Hence diagram 200E of 

FIG. 2E comprises a forward switch, a backward switch, U-turn switch and reverse U­

turn switch without 180-degree U-tum paths. 

In contrast to diagram 200E of FIG. 2E, the diagram 200A of FIG. 2A, diagram 

200B of FIG. 2B, and diagram 200C of FIG. 2C provide 180-degree U-tum paths. Two 

10 exemplary 180-degree U-turn paths in diagram 200A of FIG. 2A are shown (by two types 

of dotted lines) in the attached replacement diagram of FIG. 2A. One of the 180-degree 

turn path shown in the replacement diagram of FIG. 2A starts at the internal connection 

Fi(k,2m+ 1) through the Mux F(k,2m+ 1) to Fo(k,2m+ 1) through the Mux U(k,2m+ 1) to 

Uo(k,2m+ 1) through the Mux B(k,2m+ 1) to the internal connection Bo(k,2m+ 1). The 

15 second of the 180-degree tum path shown in the replacement diagram of FIG. 2A starts at 

the hop wire Fi(k,2m+2) through the Mux F(k,2m+2) to Fo(k,2m+2) through the Mux 

U(k,2m+2) to Uo(k,2m+2) through the Mux B(k, 2m+2) to the hop wire Bo(k,2m+2). 

The stage "m" of ring "k" with "m" stages of the partial multi-stage hierarchical 

network Vcamb ( N 1 , N 2 , d, s) , in another embodiment, may have 8 inputs and 4 outputs as 

20 shown in diagram 200F in FIG. 2F. FIG. 2F illustrates a stage (ring "k", stage "m") 200F 

consists of 8 inputs namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), J, K, L, 

and M; and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage 

(ring "k", stage "m") also consists of four 4: 1 Muxes namely F(k,2m+ 1), F(k,2m+2), 

B(k,2m+ 1), and B(k,2m+2). The 4: 1 Mux F(k,2m+ 1) has four inputs namely Ri(k,2m+ 1), 

25 Ri(k,2m+2), Ui(k,2m+2), and J, and has one output Fo(k,2m+ 1). The 4: 1 Mux F(k,2m+2) 

has four inputs namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), and K, and has one output 

Fo(k,2m+2). 

The 4: 1 Mux B(k,2m+ 1) has four inputs namely Ui(k,2m+ 1), Ui(k,2m+2), 

Ri(k,2m+2), and L, and has one output Bo(k,2m+ 1). The 4: 1 Mux B(k,2m+2) has four 

30 inputs namely Ui(k,2m+ 1 ), Ui(k,2m+2), Ri(k,2m+ 1) and M, and has one output 

Bo(k,2m+2). In different embodiments the inputs J, K, L, and M are connected from any 
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of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The diagram 200F of FIG 2F eliminates the 180-degree tum paths from the 

internal connection Ri(k,2m+ 1) to the internal connection Bo(k,2m+ 1). Similarly the 

5 diagram 200F of FIG 2F eliminates the 180-degree tum paths from the connection 

Ri(k,2m+2) to the connection Bo(k,2m+2). The diagram 200F of FIG 2F eliminates the 

180-degree tum paths from the internal connection Ui(k,2m+ 1) to the internal connection 

Fo(k,2m+ 1). Similarly the diagram 200F of FIG 2F eliminates the 180-degree tum paths 

from the connection Ui(k,2m+2) to the connection Fo(k,2m+2). Hence diagram 200F of 

10 FIG. 2F comprises an integrated switch of a forward switch, a backward switch, a U-tum 

switch and a reverse U-tum switch without 180-degree U-tum paths. 

The number of stages in a ring of any block may not be equal to the number of 

stages in any other ring of the same of block or any ring of any other block of the multi­

stage hierarchical network Vcamb (N1,N2 ,d,s). For example the number of stages in ring 

15 1 of the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOA or of the partial 

multi-stage hierarchical network Vcamb (N1, N 2, d, s) lOOB or of the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOC is denoted by "m" and the number of stages 

in ring 2 of the partial multi-stage hierarchical network is denoted by "n", and so "m" 

may or may not be equal to "n". Similarly the number of stages in ring 2 corresponding to 

20 block (3,3) of 2D-grid 800 may not be equal to the number of stages in ring 2 

corresponding to block ( 6,9) of 2D-grid 800. Similarly in the partial multi-stage 

hierarchical network Vcamb(Ni,N2,d,s) lOOC the number of stages in (slice 1, ring 2) 

corresponding to block (3,3) of 2D-grid 800 may not be equal to the number of stages in 

(slice 1, ring 2) corresponding to block (6,9) of 2D-grid 800. 

25 Even though the number of inlet links to the computational block is four and the 

number of outlet links to the computational block is two in the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOA, the number of inlet links to the 

computational block is eight and the number of outlet links to the computational block is 

four in the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOB, and the 
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number of inlet links to the computational block is sixteen and the number of outlet links 

to the computational block is four in the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC, in other embodiments the number of inlet links to the 

computational block may be any arbitrary number and the number of outlet links to the 

5 computational block may also be another arbitrary number. However the total number of 

rings of all the slices corresponding to the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) of a block is generally equal to the number of inlet links to the 

computational block divided by d = 2ifthe inputs and outputs are connected either only 

from left-hand side or only from right-hand side, if the number of inlet links to the 

10 computational block is greater than or equal to the number of outlet links to the 

computational block. In such a case one or more of the outlet links to the computational 

block are connected to more than one inlet links of the partial multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s) corresponding to a block. Similarly the total number of rings 

of all the slices corresponding to the partial multi-stage hierarchical network 

15 Vcamb (N1 , N 2 , d, s) of a block is generally equal to the number of inlet links to the 

computational block divided by 2 * d = 4 if the inputs and outputs are connected from 

both left-hand side and from right-hand side, if the number of inlet links to the 

computational block is greater than or equal to the number of outlet links to the 

computational block. 

20 Otherwise the total number of rings of all the slices corresponding to the partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) of a block is generally equal to the 

number of outlet links to the computational block divided by d = 2 if the inputs and 

outputs are connected either only from left-hand side or only from right-hand side, if the 

number of outlet links to the computational block is greater than the number of inlet links 

25 to the computational block. In such a case one or more of the outlet links of the partial 

multi-stage hierarchical network Vcamb (Ni,N2 ,d,s) corresponding to a block are 

connected to more than one inlet link of the computational block. Similarly the total 

number of rings of all the slices corresponding to the partial multi-stage hierarchical 

network Vcamb(N1,N2 ,d,s) of a block is generally equal to the number of outlet links to 

30 the computational block divided by 2 * d = 4 if the inputs and outputs are connected from 
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both left-hand side and from right-hand side, if the number of outlet links to the 

computational block is greater than or equal to the number of inlet links to the 

computational block. 

In another embodiment, the number of inlet links to the computational block 

5 corresponding to a block of 2D-grid of blocks may or may not be equal to the number of 

inlet links to the computational block corresponding to another block. Similarly the 

number of outlet links to the computational block corresponding to a block of 2D-grid of 

blocks may or may not be equal to the number of outlet links to the computational block 

corresponding to another block. Hence the total number of rings of the partial multi-stage 

10 hierarchical network Vcamb (N1,N2 ,d,s) corresponding to a block of 2D-grid of blocks 

may or may not be equal to the partial multi-stage hierarchical network 

Vcamb (N1,N2 ,d,s) corresponding to another block. For example the total number of rings 

corresponding to block ( 4,5) of 2D-grid 800 may be two and the total number of rings in 

block (5,4) of 2D-grid 800 may be three. 

15 A multi-stage hierarchical network can be represented with the notation 

Vcamb (N1,N2 ,d,s), where N 1 represents the total number of inlet links of the complete 

multi-stage hierarchical network and N 2 represents the total number of outlet links of the 

complete multi-stage hierarchical network, d represents the number of inlet links of any 

ring in any block of the complete multi-stage hierarchical network either from only left-

20 hand side or only right-hand side, or equivalently the number of outlet links of any ring in 

any block of the complete multi-stage hierarchical network either from only left-hand 

side or only right-hand side, and when the inputs and outputs are connected from left­

hand side, s is the ratio of number of outgoing links from each stage O of any ring in any 

block to the number of inlet links of any ring in any block of the complete multi-stage 

25 hierarchical network (for example the complete multi-stage hierarchical network 

correspondingto Vcomb(N1,N2 ,d,s)lOOAinFIG. lA, N 1 =200, N 2 =400, d=2, 

s = 1 ). Also a multi-stage hierarchical network where N 1 = N 2 = N is represented as 

VComb(N,d,s). 
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The diagram 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 

3D, and 300E of FIG. 3E are different embodiments of all the connections between two 

arbitrary successive stages in two different rings of the same block or two different rings 

of different blocks of 2D-grid 800. Referring to diagram 300A in FIG. 3A illustrates all 

5 the connections between two arbitrary successive stages of a ring namely the stages (ring 

"x", stage "p") and (ring "x", stage "p+ l") and two other arbitrary successive stages of 

any other ring namely the stages (ring "y", stage "q") and (ring "y", stage "q+ l "), of the 

complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Ri(x,2p+ 1), 

10 Ri(x,2p+2), Ui(x,2p+ 1 ), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1 ), Bo(x,2p+2), 

Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of eight 2: 1 

Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), 

B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) 

and Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

15 namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

20 has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

25 The stage (ring "x", stage "p+ l ") consists of 4 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of eight 2: 1 

Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) 

30 and Bo(x,2p+ 3) and has one output Ro(x,2p+ 3). The 2: 1 Mux R(x,2p+4) has two inputs 

namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 
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F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

5 has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

10 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+ 3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+ 3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Ri(y,2q+ 1), 

15 Ri(y,2q+2), Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), 

Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of eight 2: 1 

Muxes namely R(y,2q+l), R(y,2q+2), F(y,2q+l), F(y,2q+2), U(y,2q+l), U(y,2q+2), 

B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely Ri(y,2q+ 1) 

and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two inputs 

20 namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

25 has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 
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The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists of eight 2: 1 

Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

5 B(y,2q+3), and B(y,2q+4). The 2: 1 Mux R(y,2q+3) has two inputs namely Ri(y,2q+3) 

and Bo(y,2q+3) and has one output Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two inputs 

namely Ri(y,2q+4) and Bo(y,2q+4) and has one output Ro(y,2q+4). The 2: 1 Mux 

F(y,2q+3) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output 

Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) 

10 and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

15 B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

20 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

25 The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 
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Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1, N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

the wires Hop(l,1), Hop(l,2), Hop(2,l), and Hop(2,2) are hereinafter called "internal hop 

5 wires". For example if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the 

same block (9,9) of 2D-grid 800, then the wires Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb(N1,N2,d,s), then the wires Hop(l,1), Hop(l,2), Hop(2,1), 

10 and Hop(2,2) are hereinafter called "external hop wires". The external hop wires 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) may be horizontal wires or vertical wires. 

The length of the external hop wires is manhattan distance between the corresponding 

blocks, hereinafter "hop length". For example ifring "x" belongs to block (1,1) and ring 

''y" belongs to block (1,6) of 2D-grid 800 then the external hop wires are hereinafter 

15 called "horizontal external hop wires". And the hop length of the horizontal hop wires 

Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) is given by 6 - 1 = 5. Similarly if ring "x" 

and ring "y" belong to two blocks in the same horizontal row of 2D-grid 800, then the 

wires Hop(l,1), Hop(l,2), Hop(2,l), and Hop(2,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

20 of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) is given by 9 - 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in 

the same vertical column of 2D-grid 800, then the wires Hop(l,1), Hop(l,2), Hop(2,1), 

and Hop(2,2) are vertical external hop wires. External hop wires are typically horizontal 

25 or vertical according to the current invention. 

Referring to diagram 300B in FIG. 3B illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

30 network VComb(N1,N2,d,s). 
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The stage (ring "x", stage "p") consists of 8 inputs namely fRi(x,2p+ 1), 

fRi(x,2p+2), l}Li(x,2p+ 1), i}Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs 

_LHo(x,2p+ 1), l)Bo(x,2p+2), }<J:o(x,2p+ 1), and EFo(x,2p+2). The stage (ring "x", 

stage "p') also consists of eight 2: 1 Muxes namely ER{x,2p+ 1 ), f)Vx,2p+2), 

BY(x,2p+ 1 ), }:,F(x,2p+2), J}U(x,2p+ 1 ), HT/(x,2p+2), .L·B(x,2p+ 1 ), and L.B(x,2p+2). 

The 2: 1 Mux FR(x,2p+ 1) has two inputs namely fRi(x,2p+ 1) and Jl, and has one 

output ER.o(x,2p+ 1). The 2: 1 Mux ER(x,2p+2) has two inputs namely iR.i(x,2p+2) 

and Kl, and has one output {Ro(x,2p+2). The 2: 1 Mux RF(x,2p+ 1) has two inputs 

namely F·Ro(x,2p+ 1) and A}t'o(x,2p+2), and has one output \·Fo(x,2p+ 1 ). The 2: 1 

Mux fF(x,2p+2) has two inputs namely f·Ro(x,2p+2) and frUo(x,2p+ 1), and has 

one output .EFo(x,2p+2). 

The 2: 1 Mux DU(x,2p+ 1) has two inputs namely k}-Ui(x,2p+ 1) and Ll, and 

has one output IF'o(x,2p+ 1 ). The 2: 1 Mux I1U{x,2p+2) has two inputs namely 

i}Ui(x,2p+2) and Ml, and has one output A}t'o(x,2p+2). The 2: 1 Mux ()_h(x,2p+ 1) 

has two inputs namely 1;}Uo(x,2p+ 1) and fRo(x,2p+2), and has one output 

.LBo(x,2p+l). The 2:1 Mux _LB(x,2p+2) has two inputs namely nuo(x,2p+2) and 

fRo(x,2p+ 1 ), and has one output Ll.H·o(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 8 inputs namely f.Ri(x,2p+ 3), 

FRi(x 2p+4) Bbi(x 2p+3) HT)i(x 2p+4) J2 K2 L2 and M2· and 4 outputs 
... ' '.... ' '-.... ' ' ' ' ' ' 

_LHo(x,2p+3), l)Bo(x,2p+4), }<J:o(x,2p+3), and EFo(x,2p+4). The stage (ring "x", 

stage "p+ l ") also consists of eight 2: 1 Muxes namely fR(x,2p+3), lJ~(x,2p+4), 

BY(x,2p+3), }:,F(x,2p+4), J}U(x,2p+3), HT/(x,2p+4), .L·B(x,2p+3), and L.B(x,2p+4). 

The 2: 1 Mux FR(x,2p+ 3) has two inputs namely fRi(x,2p+ 3) and J2, and has one 

output ER.o(x,2p+3). The 2:1 Mux ER(x,2p+4) has two inputs namely iRi(x,2p+4) 

and K2, and has one output {Ro(x,2p+4). The 2: 1 Mux RF(x,2p+3) has two inputs 

namely F·Ro(x,2p+3) and A}t'o(x,2p+4), and has one output \·Fo(x,2p+3). The 2: 1 

Mux fF(x,2p+4) has two inputs namely f·Ro(x,2p+4) and frUo(x,2p+3), and has 

one output .EFo(x,2p+4). 

The 2:1 Mux DU(x,2p+3) has two inputs namely k}-Ui(x,2p+3) and L2, and 

has one output I)T/o(x,2p+ 3). The 2: 1 Mux IW{x,2p+4) has two inputs namely 

i}Ui(x,2p+4) and M2, and has one output A}t'o(x,2p+4). The 2:1 Mux ()_h(x,2p+3) 
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has two inputs namely I)Uo(x,2p+3) and fRo(x,2p+4), and has one output 

.UEo(x,2p+3). The 2: 1 Mux .Vb(x,2p+4) has two inputs namely A}t'o(x,2p+4) and 

fRo(x,2p+3), and has one output LHo(x,2p+4). 

The output i_<,Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the 

input fRi(x,2p+ 3) of the stage (ring "x", stage "p+ l "). And the output LBo(x,2p+ 3) 

of the stage (ring "x", stage "p+ l ") is connected to the input faUi(x,2p+ 1) of the 

stage (ring "x", stage "p"). 

The stage (ring "y", stage "q") consists of 8 inputs namely F-Ri(y,2q+ 1), 

fRi(y,2q+2), j)Ui(y,2q+ 1), i}Ui(y,2q+2), J3, K.3, L3, and M3; and 4 outputs 

UBo(y,2q+ 1), l]Ho(y,2q+2), HFo(y,2q+ 1), and FFo(y,2q+2). The stage (ring "y", 

stage "q') also consists of eight 2: 1 Muxes namely FR(y,2q+ 1), (R(y,2q+2), 

L~J:(y,2q+ 1), EF(y,2q+2), IF-i-(y,2q+ 1), i}U(y,2q+2), LH-(y,2q+ 1), and LB(y,2q+2). 

The 2: 1 Mux f:R.(y,2q+ 1) has two inputs namely fRi(y,2q+ 1) and J3, and has one 

output fRo(y,2q+ 1). The 2: 1 Mux f.k(y,2q+2) has two inputs namely {Ri(y,2q+2) 

and K3, and has one output FRo(y,2q+2). The 2: 1 Mux HF(y,2q+ 1) has two inputs 

namely fRo(y,2q+ 1) and Eto(y,2q+2), and has one output ETo(y,2q+ 1). The 2: 1 

Mux Bf(y,2q+2) has two inputs namely LRo(y,2q+2) and J}Uo(y,2q+ 1) and has one 

output !\fo(y,2q+2). 

The 2: 1 Mux A)t,(y,2q+ 1) has two inputs namely .frUi(y,2q+ 1) and L3, and 

has one output !}Uo(y,2q+l). The 2:1 Mux fll/(y,2q+2) has two inputs namely 

D·Ui(y,2q+2) and M3, and has one output EU·o(y,2q+2). The 2: 1 Mux (JB(y,2q+ 1) 

has two inputs namely k}Uo(y,2q+ 1) and fRo(y,2q+2), and has one output 

(1Ho(y,2q+ 1). The 2: 1 Mux IJ.H .. (y,2q+2) has two inputs namely i}Uo(y,2q+2) and 

FRo(y,2q+ 1), and has one output .V·bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 8 inputs namely fRi(y,2q+ 3), 

fRi(y,2q+4), j)Ui(y,2q+3), i}Ui(y,2q+4), J4, K4, L4, and M4; and 4 outputs 

UBo(y,2q+3), l]Ho(y,2q+4), HFo(y,2q+3), and FFo(y,2q+4). The stage (ring "y", 

stage "q+ l ") also consists of eight 2: 1 Muxes namely fR(y,2q+3), (R(y,2q+4), 

L~J:(y,2q+3), EF(y,2q+4), IF-i-(y,2q+3), i}U(y,2q+4), LH-(y,2q+3), and LB(y,2q+4). 

The 2: 1 Mux f:,R(y,2q+3) has two inputs namely fRi(y,2q+3) and J4, and has one 
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output [Ro(y,2q+3). The 2: 1 Mux fR(y,2q+4) has two inputs namely fRi(y,2q+4) 

and K4, and has one output fko(y,2q+4). The 2:1 Mux EF(y,2q+3) has two inputs 

namely [Ro(y,2q+3) and i}Uo(y,2q+4), and has one output L~J:o(y,2q+3). The 2: 1 

Mux EF(y,2q+4) has two inputs namely ERo(y,2q+4) and i}Uo(y,2q+3), and has 

one output .f,Fo(y,2q+4). 

The 2: 1 Mux faU(y,2q+3) has two inputs namely !}Ui(y,2q+3) and L4, and 

has one output fb-o(y,2q+3). The 2: 1 Mux frU(y,2q+4) has two inputs namely 

J;}Ui(y,2q+4) and M4, and has one output J2_Uo(y,2q+4). The 2:1 Mux 1JB(y,2q+3) 

has two inputs namely I)Uo(y,2q+3) and f}t,o(y,2q+4), and has one output 

UEo(y,2q+3). The 2:1 Mux lh(y,2q+4) has two inputs namely flZ.'o(y,2q+4) and 

fRo(y,2q+3), and has one output LH-o(y,2q+4). 

The output i_<,Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the 

input fFi(y,2q+ 3) of the stage (ring "y", stage "q+ l "). And the output _LBo(y,2q+ 3) 

of the stage (ring "y", stage "q+ l ") is connected to the input faUi(y,2q+ 1) of the 

stage (ring "y", stage "q"). 

The output}).Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via 

the wire Hop(l, 1) to the input n-Ri(y,2q+}4) of the stage (ring "y", stage "q·'-·1"). 

The output EHo(:\'",2q?+)<i') of the stage (ring'\'°"", stage "qr,000-V') is connected via 

the wire Hop(l,2) to the input EZ-'i(;\"',2_tyi+2) of the stage (ring"::::;,:", stage "pq"). 

20 The output (1J,o(S'<',2IN+J?) of the stage (ring "y,,", stage "r,q::..\.") is connected 

via the wire Hop(2,l) to the input H-Ri(;,_'<,2;n:+4) of the stage (ring '\'s.", stage '\tr+ l"). 

The output B,Bo(y,2q+4) of the stage (ring "y", stage "q+ l ") is connected via the wire 

Hop(2,2) to the input LUi(x,2p+:H) of the stage (ring "x", stage "p:,:)"). 

In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

25 the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s). Similarly the inputs J2, K2, L2, and M2 are connected from 

any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). Similarly the inputs J3, K3, L3, and M3 are 

connected from any of the outputs of any other stages of any ring of any block of the 
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multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

M4 are connected from any of the outputs of any other stages of any ring of any block of 

the multi-stage hierarchical network Vcamb(N1,N2,d,s). 

Referring to diagram 300C in FIG. 3C, illustrates all the connections between two 

5 arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

10 Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

15 and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2:1 Mux 

20 B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 4 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+l") also consists of six 2:1 

25 Muxes namely F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), B(x,2p+3), and B(x,2p+4). 

The 2: 1 Mux F(x,2p+3) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one 

output Fo(x,2p+3). The 2: 1 Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and 

Fi(x,2p+4) and has one output Fo(x,2p+4). 
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The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

5 B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+ 3) of the stage (ring "x", stage "p+l "). And the output Bo(x,2p+ 3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

10 "p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

15 F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

20 and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

25 Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

30 Fi(y,2q+4) and has one output Fo(y,2q+4). 
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The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

5 B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

10 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

15 The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+ l"). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300D in FIG. 3D, illustrates all the connections between two 

20 arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

25 Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 
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Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

5 and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 2 inputs namely Fi(x,2p+ 3), 

10 Fi(x,2p+4); and 2 outputs Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

also consists of two 2: 1 Muxes namely F(x,2p+3) and F(x,2p+4). The 2: 1 Mux F(x,2p+3) 

has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2: 1 

Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output 

Fo(x,2p+4). 

15 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Fo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

20 Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

25 and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 
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B(y,2q+2) has two inputs namely Uo(y,2q+l) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

5 Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

10 The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

15 Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

20 The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Fo(x,2p+4) of the stage (ring "x", stage "p+ l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

25 Hop(2, 1) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300E in FIG. 3E, illustrates all the connections between root 

stage of a ring namely the stage (ring "x", stage "p") and two other arbitrary successive 
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stages of any other ring namely the stages (ring "y", stage "q") and (ring "y", stage 

"q+ l"), of the complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

5 Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

10 The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

15 Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

20 F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

25 and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 
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The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

5 The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

10 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

15 Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,2) to the input Ui(y,2q+2) of the stage (ring "y", stage "q"). The output Fo(x,2p+2) 

20 of the stage (ring "x", stage "p") is connected via the wire Hop(l,1) to the input 

Fi(y,2q+4) of the stage (ring "y", stage "q+l"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ui(x,2p+ 1) of the stage (ring "x", stage "p"). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

25 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Just like in diagram 300A of PIG. 3A, in diagram 300B of FIG. 3B, in diagram 

300C of PIG. 3C, diagram 300D of FIG. 3D, and in diagram 300E of FIG. 3E, the wires 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) are either internal hop wires or horizontal 

external hop wires or vertical external hop wires (hereinafter alternatively referred to as 

30 "cross links" or "cross middle links"). 
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The diagram 400A of FIG. 4A and 400B of PIG. 4B are different embodiments of 

all the connections between two arbitrary stages in two different rings of the same block 

or two different rings of different blocks of 2D-grid 800. Referring to diagram 400A in 

FIG. 4A illustrates all the connections between an arbitrary stage of a ring namely the 

5 stages (ring "x", stage "p"), and another arbitrary stage of any other ring namely the 

stages (ring "y", stage "q") of the complete multi-stage hierarchical network 

VComb (Np N2, d, S) · 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

10 Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

15 F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1) 

and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

20 and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has 

two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

25 Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y,2q+l). The 2:1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

30 F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 
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Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

5 and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

10 Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

15 the wires Hop(l,1) and Hop(l,2) are hereinafter called "internal hop wires". For example 

if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s), then the wires Hop(l,1) and Hop(l,2) are 

20 hereinafter called "external hop wires". The external hop wires Hop(l,1) and Hop(l,2) 

may be horizontal wires or vertical wires. The length of the external hop wires is 

Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example ifring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of 2D-grid 

800 then the external hop wires are hereinafter called "horizontal external hop wires". 

25 And the hop length of the horizontal hop wires Hop(l,1) and Hop(l,2) is given by 6 - 1 = 

5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 
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wires". And the hop length of the vertical hop wires Hop(l,1) and Hop(l,2) is given by 9 

- 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

column of 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are vertical external hop 

wires. External hop wires are typically horizontal or vertical according to the current 

5 invention. 

Referring to diagram 400B in FIG. 4B illustrates all the connections between an 

arbitrary stage of a ring namely the stages (ring "x", stage "p"), and another arbitrary 

stage of any other ring namely the stages (ring "y", stage "q") of the complete multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

10 The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

four 4: 1 Muxes namely F(x,2p+ 1), F(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 4: 1 Mux 

F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

15 output Fo(x,2p+ 1). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

The 4: 1 Mux B(x,2p+ 1) has four inputs namely Ui(x,2p+ 1), Ui(x,2p+2), 

Ri(x,2p+2), and Ll and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two 

inputs namely Ui(x,2p+ 1), Ui(x,2p+2), Ri(x,2p+ 1), and Ml and has one output 

20 Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

four 4: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 4: 1 Mux 

25 F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+ 1). The 4: 1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+ 1), 

Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 
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inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

5 Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

10 the wires Hop(l,1) and Hop(l,2) are hereinafter called "internal hop wires". For example 

if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s), then the wires Hop(l,1) and Hop(l,2) are 

15 hereinafter called "external hop wires". The external hop wires Hop(l,1) and Hop(l,2) 

may be horizontal wires or vertical wires. The length of the external hop wires is 

Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example ifring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of 2D-grid 

800 then the external hop wires are hereinafter called "horizontal external hop wires". 

20 And the hop length of the horizontal hop wires Hop(l,1) and Hop(l,2) is given by 6 - 1 = 

5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

25 wires". And the hop length of the vertical hop wires Hop(l,1) and Hop(l,2) is given by 9 

- 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

column of 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are vertical external hop 

wires. External hop wires are typically horizontal or vertical according to the current 

invention. 
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The diagram 500A of FIG. SA is an embodiments of all the connections with 

multi-drop hop wires, between two arbitrary successive stages in two different rings of 

different blocks of 2D-grid 800. Referring to diagram 500A in FIG. SA illustrates all the 

connections with multi-drop hop wires, between two arbitrary successive stages of a ring 

5 namely the stages (ring "x", stage "p") and (ring "x", stage "p+ l ") and two other arbitrary 

successive stages of any other ring namely the stages (ring "y", stage "q") and (ring "y", 

stage "q+ l "), of the complete multi-stage hierarchical network Vcamb (Ni,N2 ,d, s). The 

multi-drop hop wires are also connected to two other stages (ring "a", stage "s") and (ring 

"b", stage "t") belonging to a third block. 

10 The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

15 Ri(x,2p+ 1) and Jl, and has one output Ro(x,2p+ 1). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl, and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2), and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1), 

and has one output Fo(x,2p+2). 

20 The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll, and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml, 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2), and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has 

two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1), and has one output Bo(x,2p+2). 

25 The stage (ring "x", stage "p+ l ") consists of 8 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), Ui(x,2p+3), Ui(x,2p+4), J2, K2, L2, and M2; and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of eight 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), 

U(x,2p+4), B(x,2p+3), and B(x,2p+4). The 2:1 Mux R(x,2p+3) has two inputs namely 

30 Ri(x,2p+3) and J2, and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two 

inputs namely Ri(x,2p+4) and K2, and has one output Ro(x,2p+4). The 2: 1 Mux 
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F(x,2p+3) has two inputs namely Ro(x,2p+3) and Uo(x,2p+4), and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+4) and Uo(x,2p+3), 

and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and L2, and has one 

5 output Uo(x,2p+3). The 2:1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) and M2, 

and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs namely 

Uo(x,2p+3) and Ro(x,2p+4), and has one output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has 

two inputs namely Uo(x,2p+4) and Ro(x,2p+3), and has one output Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

10 Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K.3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

15 Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3, and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K.3, and has one output Ro(y,2q+2). The 2: 1 Mux 

20 F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2), and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

25 and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2), and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1), and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 8 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), Ui(y,2q+3), Ui(y,2q+4), J4, K4, L4, and M4; and 4 outputs Bo(y,2q+3), 

30 Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 
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of eight 2: 1 Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), 

U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2:1 Mux R(y,2q+3) has two inputs namely 

Ri(y,2q+3) and J4, and has one output Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two 

inputs namely Ri(y,2q+4) and K4, and has one output Ro(y,2q+4). The 2: 1 Mux 

5 F(y,2q+3) has two inputs namely Ro(y,2q+3) and Uo(y,2q+4), and has one output 

Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+4) and Uo(y,2q+3), 

and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and L4, and has one 

output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) and M4, 

10 and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs namely 

Uo(y,2q+3) and Ro(y,2q+4), and has one output Bo(y,2q+3). The 2: 1 Mux B(y,2q+4) has 

two inputs namely Uo(y,2q+4) and Ro(y,2q+3), and has one output Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

15 (ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

20 input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

25 In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (Ni,N2 ,d,s). Similarly the inputs J2, K2, L2, and M2 are connected from 

any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). Similarly the inputs J3, K3, L3, and M3 are 
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connected from any of the outputs of any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

M4 are connected from any of the outputs of any other stages of any ring of any block of 

the multi-stage hierarchical network Vcamb(N1,N2 ,d,s). 

5 The stage (ring "a", stage "s") consists of 8 inputs namely Ri(a,2s+ 1), Ri(a,2s+2), 

Ui(a,2s+ 1), Ui(a,2s+2), JS, KS, LS, and MS; and 4 outputs Bo(a,2s+ 1), Bo(a,2s+2), 

Fo(a,2s+ 1), and Fo(a,2s+2). The stage (ring "a", stage "s') also consists of eight 2: 1 

Muxes namely R(a,2s+ 1), R(a,2s+2), F(a,2s+ 1), F(a,2s+2), U(a,2s+ 1), U(a,2s+2), 

B(a,2s+ 1), and B(a,2s+2). The 2: 1 Mux R(a,2s+ 1) has two inputs namely Ri(a,2s+ 1) and 

10 JS, and has one output Ro(a,2s+ 1). The 2: 1 Mux R(a,2s+2) has two inputs namely 

Ri(a,2s+2) and KS, and has one output Ro(a,2s+2). The 2: 1 Mux F(a,2s+ 1) has two inputs 

namely Ro(a,2s+ 1) and Uo(a,2s+2), and has one output Fo(a,2s+ 1). The 2: 1 Mux 

F(a,2s+2) has two inputs namely Ro(a,2s+2) and Uo(a,2s+ 1), and has one output 

Fo(a,2s+2). 

15 The 2: 1 Mux U(a,2s+ 1) has two inputs namely Ui(a,2s+ 1) and LS, and has one 

output Uo(a,2s+ 1). The 2: 1 Mux U(a,2s+2) has two inputs namely Ui(a,2s+2) and MS, 

and has one output Uo(a,2s+2). The 2: 1 Mux B(a,2s+ 1) has two inputs namely 

Uo(a,2s+ 1) and Ro(a,2s+2), and has one output Bo(a,2s+ 1). The 2: 1 Mux B(a,2s+2) has 

two inputs namely Uo(a,2s+2) and Ro(a,2s+ 1), and has one output Bo(a,2s+2). 

20 The stage (ring "b", stage "t") consists of 8 inputs namely Ri(b,2t+ 1), Ri(b,2t+2), 

Ui(b,2t+ 1), Ui(b,2t+2), J6, K6, L6, and M6; and 4 outputs Bo(b,2t+ 1), Bo(b,2t+2), 

Fo(b,2t+ 1), and Fo(b,2t+2). The stage (ring "b", stage "t') also consists of eight 2: 1 

Muxes namely R(b,2t+ 1), R(b,2t+2), F(b,2t+ 1), F(b,2t+2), U(b,2t+ 1), U(b,2t+2), 

B(b,2t+ 1 ), and B(b,2t+2). The 2: 1 Mux R(b,2t+ 1) has two inputs namely Ri(b,2t+ 1) and 

25 J6, and has one output Ro(b,2t+ 1 ). The 2: 1 Mux R(b,2t+2) has two inputs namely 

Ri(b,2t+2) and K6, and has one output Ro(b,2t+2). The 2: 1 Mux F(b,2t+ 1) has two inputs 

namely Ro(b,2t+ 1) and Uo(b,2t+2), and has one output Fo(b,2t+ 1). The 2: 1 Mux 

F(b,2t+2) has two inputs namely Ro(b,2t+2) and Uo(b,2t+ 1), and has one output 

Fo(b,2t+2). 
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The 2: 1 Mux U(b,2t+ 1) has two inputs namely Ui(b,2t+ 1) and L6, and has one 

output Uo(b,2t+ 1). The 2: 1 Mux U(b,2t+2) has two inputs namely Ui(b,2t+2) and M6, 

and has one output Uo(b,2t+2). The 2: 1 Mux B(b,2t+ 1) has two inputs namely 

Uo(b,2t+ 1) and Ro(b,2t+2), and has one output Bo(b,2t+ 1). The 2: 1 Mux B(b,2t+2) has 

5 two inputs namely Uo(b,2t+2) and Ro(b,2t+ 1), and has one output Bo(b,2t+2). 

The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to LS of the stage (ring "a", stage "s"), in addition to the 

input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q+ l ") may belong to three 

10 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q+ l "). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

15 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y+ l ") may be two. In such a 

case the wire Hop(l,1) is called hereinafter a "multi-drop hop wire". The wire Hop(l,1) 

may be either horizontal hop wire or vertical hop wire. Also multi-drop hop wires are 

either horizontal external hop wires or vertical external hop wires. Similarly the hop 

20 length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be any number greater than or equal to one, and also the hop length 

between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring "q", 

stage "y+ l ") may be any number greater or equal to one. 

In general a multi-drop hop wire may be dropping or terminating in more than one 

25 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). For example 

a multi-drop hop wire starting from one block of the multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) may be terminating at three different blocks or four different blocks, 

etc. 

The wire Hop(l,2) starting from the output Bo(x,2p+4) of the stage (ring "x", 

30 stage "p+ l ") is also connected to J6 of the stage (ring "b", stage "t"), in addition to the 
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input Ui(y,2q+2) of the stage (ring "y", stage "q"). The wire Hop(l,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring "b", stage 

"t") and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

5 The wire Hop(2,1) starting from the output Fo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to MS of the stage (ring "a", stage "s"), in addition to the 

input Ri(x,2p+4) of the stage (ring "x", stage "p+ l"). The wire Hop(2,1) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring 

"a", stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the 

10 multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The wire Hop(2,2) starting from the output Bo(y,2q+4) of the stage (ring "y", 

stage "q+ l ") is also connected to K6 of the stage (ring "b", stage "t"), in addition to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(2,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "b", stage "t") 

15 and the stage (ring "y", stage "q+ l ") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

In various embodiments, the inputs JS, KS, LS, and MS are connected from any of 

the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Also the inputs J6, K6, L6, and M6 

20 are connected from any of the multi-drop hop wires starting from any other stages of any 

ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The diagram 600A of FIG. 6A and 600B of PIG. 6B are different embodiments of 

all the connections with multi-drop hop wires, between two arbitrary stages in two 

different rings of different blocks of 2D-grid 800. Referring to diagram 600A in FIG. 6A 

25 illustrates all the connections with multi-drop hop wires, between an arbitrary stage of a 

ring namely the stages (ring "x", stage "p"), and another arbitrary stage of any other ring 

namely the stages (ring ''y", stage "q") of the complete multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s). The multi-drop hop wires are also connected to another stage (ring 

"a", stage "s") belonging to a third block. 
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The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

5 U(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1) 

10 and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has 

15 two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

20 U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y,2q+l). The 2:1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

25 and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

30 two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 
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The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

5 The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 of the stage (ring "a", stage "s"), in addition to the 

input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

10 hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be one where as the hop length between the blocks consisting of the 

15 stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,1) is a multi-drop hop wire. Also the wire Hop(l,1) is either horizontal external 

hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

number greater than or equal to one, and also the hop length between the blocks 

20 consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage ''y") may be any 

number greater or equal to one. 

The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 of the stage (ring "a", stage "s"), in addition to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an example 

25 of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", stage "s") 

and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

the multi-drop hop wires starting from any other stages of any ring of any block of the 

30 multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 
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Referring to diagram 600B in FIG. 6B illustrates all the connections with multi­

drop hop wires, between an arbitrary stage of a ring namely the stages (ring "x", stage 

"p"), and another arbitrary stage of any other ring namely the stages (ring "y", stage "q") 

of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s). The multi-drop hop 

5 wires are also connected to another stage (ring "a", stage "s") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

four 4: 1 Muxes namely F(x,2p+ 1), F(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 4: 1 Mux 

10 F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1 ), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

output Fo(x,2p+ 1). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

The 4: 1 Mux B(x,2p+ 1) has four inputs namely Ui(x,2p+ 1), Ui(x,2p+2), 

Ri(x,2p+2), and Ll and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two 

15 inputs namely Ui(x,2p+ 1), Ui(x,2p+2), Ri(x,2p+ 1), and Ml and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

20 four 4: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 4: 1 Mux 

F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+ 1). The 4: 1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+ 1), 

Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

25 Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 

inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 
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Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 and J2 of the stage (ring "a", stage "s"), in addition to 

5 the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

10 the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,1) is a multi-drop hop wire. Also the wire Hop(l,1) is either horizontal external 

15 hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

number greater than or equal to one, and also the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage ''y") may be any 

number greater or equal to one. 

20 The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 and M2 of the stage (ring "a", stage "s"), in addition to 

the input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", 

stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the multi-

25 stage hierarchical network Vcamb (N1,N2 ,d,s). 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

Referring to diagram 700A in FIG. 7 A, illustrates, in one embodiment, the hop 

30 wire connections chart of a partial multi-stage hierarchical network 
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Vcamb (N1 , N 2 , d, s) 1 OOA or a partial multi-stage hierarchical network 

Vcamb (N1,N2 ,d,s) lOOB, or a partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOC, with m = 6 and n = 7. The hop wire connections chart shows 

two rings namely ring 1 and ring 2. And there are m+ 1 = 7 stages in ring 1 and n+ 1 = 8 

5 stages in ring 2. 

The hop wire connections chart 700A illustrates how the hop wires are connected 

between any two successive stages of all the rings corresponding to a block of 2D-grid 

800. "Lx" denotes an internal hop wire connection, where symbol "L" denotes internal 

hop wire and "x" is an integer. For example "Ll" between the stages (ring 1, stage 0) and 

10 (ring 1, stage 1) denotes that the corresponding hop wires Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), 

and Hop(2,2) are connected to two successive stages of another ring in the same block or 

alternatively hop wires Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) are internal hop 

wires. Since there is also "L l" between the stages (ring 2, stage 0) and (ring 2, stage 1 ), 

there are internal hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) 

15 connected between the stages (ring 1, stage 0) and (ring 1, stage 1) and the stages (ring 2, 

stage 0) and (ring 2, stage 1). Hence there can be only two "Ll" labels in the hop wire 

connection chart 700A. 

Similarly there are two "L2" labels in the hop wire connections chart 700A. Since 

the label "L2" is given between the stages (ring 1, stage 5) and (ring 1, stage 6) and also 

20 the label "L2" is given between the stages (ring 2, stage 3) and (ring 2, stage 4), there are 

corresponding internal hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) 

connected between the stages (ring 1, stage 5) and (ring 1, stage 6) and the stages (ring 2, 

stage 3) and (ring 2, stage 4). 

"Vx" denotes an external vertical hop wire, where symbol "V" denotes vertical 

25 external hop wire connections from blocks of the topmost row of 2D-grid 800 (i.e., row 

of blocks consisting of block (1,1), block (1,2), .... , and block (1,10)) to the same 

corresponding stages of the same numbered ring of another block that is directly down 

south, with "x" vertical hop length, where "x" is a positive integer. For example "Vl" 

between the stages (ring 1, stage 1) and (ring 1, stage 2) denote that from block (1,1) of 

30 2D-grid 800 to another block directly below it, which is block (2,1), since "Vl" denotes 
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hop length of 1, there are external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), 

and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (1,1) to (ring 1, stage 1) 

and (ring 1, stage 2) of block (2,1). It also means there are external hop wire connections 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of 

5 block (3,1) to (ring 1, stage 1) and (ring 1, stage 2) of block (4,1). This pattern continues 

and finally there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,l), and 

Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (9,1) to (ring 1, stage 1) and 

(ring 1, stage 2) of block (10,1). The same pattern continues for all the columns starting 

from the block in the topmost row of each column. 

10 Similarly "V3" between the stages (ring 2, stage 1) and (ring 2, stage 2) denote 

that from block (1, 1) of 2D-grid 800 to another block below it and at a hop length of 3 

which is block (4,1), there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (1,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (4,1). It also means there are external hop wire 

15 connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 2, stage 1) and (ring 

2, stage 2) of block (2,1) to (ring 2, stage 1) and (ring 2, stage 2) of block (5,1). This 

pattern continues and finally there are external hop wire connections Hop(l ,1 ), Hop(l ,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (7,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (10,1). The same pattern continues for all the 

20 columns starting from the block in the topmost row of each column. 

If there is no block that is directly below a block with hop length equal to 3 then 

there is no vertical external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (8,1) does not have any block that is 

directly below and with hop length equal to 3 then none of the vertical external hop wires 

25 are connected from (ring 2, stage 1) and (ring 2, stage 2) of block (8,1). Similarly from 

(ring 2, stage 1) and (ring 2, stage 2) of block (9,1) and from (ring 2, stage 1) and (ring 2, 

stage 2) of block (10,1), none of the vertical external hop wires are connected. Similarly 

vertical external hop wires are connected corresponding to "VS", "V7'' etc., labels given 

in the hop wire connections chart 700A. 

30 "Ux" denotes an external vertical hop wire, where symbol "U" denotes vertical 

external hop wire connections starting from blocks that are "x" hop length below the 
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topmost row of 2D-grid 800 (i.e., row of blocks consisting of block (l+x,1), block 

(1 +x,2), .... , and block (l+x,10)) to the same corresponding stages of the same numbered 

ring of another block that is directly down below, with "x" vertical hop length, where "x" 

is a positive integer. For example "Ul" between the stages (ring 1, stage 2) and (ring 1, 

5 stage 3) denote that from block (2,1) of 2D-grid 800 to another block directly below it, 

which is block (3,1), since "Ul" denotes hop length of 1, there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 2) and (ring 

1, stage 3) of block (2,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (3,1). It also 

means there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

10 Hop(2,2) from (ring 1, stage 2) and (ring 1, stage 3) of block (4,1) to (ring 1, stage 2) and 

(ring 1, stage 3) of block (5,1). This pattern continues and finally there are external hop 

wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 2) and 

(ring 1, stage 3) of block (8,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (9,1). The 

same pattern continues for all the columns starting from the block in the topmost row of 

15 each column. 

If there is no block that is directly below a block with hop length equal to 1 then 

no vertical external hop wire connections is given corresponding to those two successive 

stages of the blocks. For example block (10,1) does not have any block that is directly 

below and with hop length equal to 1 then none of the vertical external hop wires are 

20 connected from (ring 1, stage 2) and (ring 1, stage 3) of block (10,1). Similarly for all the 

blocks in each column from the topmost row up to the row "x", no vertical external hop 

wires are connected to the corresponding (ring 1, stage 2) and (ring 1, stage 3). 

Similarly "U3" between the stages (ring 2, stage 2) and (ring 2, stage 3) denote 

that starting from blocks that are 3 hop length below the topmost row of 2D-grid 800 (i.e., 

25 row of blocks consisting of block (4,1), block (4,2), .... , and block (4,10)) to the same 

corresponding stages of the same numbered ring of another block that is directly down 

below, with vertical hop length of 3, there are external hop wire connections Hop(l,1), 

Hop(l,2), Hop(2,1), and Hop(2,2) connected. For example from block (4,1) of 2D-grid 

800 to another block below it and at a hop length of 3 which is block (7,1), there are 

30 external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 2, 

stage 2) and (ring 2, stage 3) of block (4,1) to (ring 2, stage 1) and (ring 2, stage 2) of 

-77-

Page 113 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

block (7,1). It also means there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 2) and (ring 2, stage 3) of block (5,1) to (ring 

2, stage 2) and (ring 2, stage 3) of block (8,1). This pattern continues and finally there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 2, 

5 stage 2) and (ring 2, stage 3) of block (7,1) to (ring 2, stage 2) and (ring 2, stage 3) of 

block (10,1). The same pattern continues for all the columns starting from the block in the 

topmost row of each column. 

If there is no block that is directly below a block with hop length equal to 3 then 

no vertical external hop wire connections is given corresponding to those two successive 

10 stages of the blocks. For example block (8,1) does not have any block that is directly 

below and with hop length equal to 3 then none of the vertical external hop wires are 

connected from (ring 2, stage 2) and (ring 2, stage 3) of block (8,1). Similarly from (ring 

2, stage 2) and (ring 2, stage 3) of block (9,1) and from (ring 2, stage 2) and (ring 2, stage 

3) of block (10,1), none of the vertical external hop wires are connected. Similarly 

15 vertical external hop wires are connected corresponding to "US", "U7'' etc. labels given 

in the hop wire connections chart 700A. 

"Hx" denotes an external horizontal hop wire, where symbol "H'' denotes 

horizontal external hop wire connections from blocks of the leftmost column of 2D-grid 

800 (i.e., column of blocks consisting of block (1,1), block (2,1), .... , and block (10,1)) to 

20 the same corresponding stages of the same numbered ring of another block that is directly 

to the right, with "x" horizontal hop length, where "x" is a positive integer. For example 

"Hl" between the stages (ring 1, stage 3) and (ring 1, stage 4) denote that from block 

(1, 1) of 2D-grid 800 to another block directly to the right, which is block (1,2), since 

"Hl" denotes hop length of 1, there are external hop wire connections Hop(l,1), 

25 Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) of block 

(1,1) to (ring 1, stage 3) and (ring 1, stage 4) of block (1,2). It also means there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 

stage 3) and (ring 1, stage 4) of block (1,3) to (ring 1, stage 3) and (ring 1, stage 4) of 

block (1,4). This pattern continues and finally there are external hop wire connections 

30 Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) of 
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block (9,1) to (ring 1, stage 3) and (ring 1, stage 4) of block (10,1). The same pattern 

continues for all the rows starting from the block in the leftmost block of each row. 

Similarly "H3" between the stages (ring 2, stage 4) and (ring 2, stage 5) denote 

that from block (1, 1) of 2D-grid 800 to another block to the right and at a hop length of 3 

5 which is block (1,4), there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) of block (1,1) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,4). It also means there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 2, stage 4) and (ring 

2, stage 5) of block (1,2) to (ring 2, stage 4) and (ring 2, stage 5) of block (1,5). This 

10 pattern continues and finally there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) of block (1,7) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,10). The same pattern continues for all the 

columns starting from the block in the leftmost column of each row. 

If there is no block that is directly to the right with hop length equal to 3 then 

15 there is no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,8) does not have any block that is 

directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 4) and (ring 2, stage 5) of block (1,8). 

Similarly from (ring 2, stage 4) and (ring 2, stage 5) of block (1,9) and from (ring 2, stage 

20 4) and (ring 2, stage 5) of block (1,10), none of the horizontal external hop wires are 

connected. Similarly horizontal external hop wires are connected corresponding to "HS", 

"HT' etc., labels given in the hop wire connections chart 700A. 

"Kx" denotes an external horizontal hop wire, where symbol "K" denotes 

horizontal external hop wire connections starting from blocks that are "x" hop length 

25 below the leftmost column of 2D-grid 800 (i.e., column of blocks consisting of block (1, 

1 +x), block (2, 1 +x), .... , and block (10, 1 +x)) to the same corresponding stages of the 

same numbered ring of another block that is directly to the right, with "x" horizontal hop 

length, where "x" is a positive integer. For example "Kl" between the stages (ring 1, 

stage 4) and (ring 1, stage 5) denote that from block (1,2) of 2D-grid 800 to another block 

30 directly to the right, which is block (1,3), since "Kl" denotes hop length of 1, there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 
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stage 4) and (ring 1, stage 5) of block (1,2) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,3). It also means there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 1, stage 4) and (ring 1, stage 4) of block (1,4) to (ring 

1, stage 4) and (ring 1, stage 5) of block (1,5). This pattern continues and finally there are 

5 external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 

stage 4) and (ring 1, stage 5) of block (1,8) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,9). The same pattern continues for all the rows starting from the block in the 

leftmost column of each row. 

If there is no block that is directly to the right of a block with hop length equal to 

10 1 then no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,10) does not have any block that is 

directly to the right and with hop length equal to 1 then none of the horizontal external 

hop wires are connected from (ring 1, stage 4) and (ring 1, stage 5) of block (1,10). 

Similarly for all the blocks in each row from the leftmost column up to the column "x", 

15 no horizontal external hop wires are connected to the corresponding (ring 1, stage 4) and 

(ring 1, stage 5). 

Similarly "K3" between the stages (ring 2, stage 5) and (ring 2, stage 6) denote 

that starting from blocks that are 3 hop length to the right of the leftmost column of 2D­

grid 800 (i.e., column of blocks consisting of block (1,4), block (2,4), .... , and block 

20 (10,4)) to the same corresponding stages of the same numbered ring of another block that 

is directly to the right, with horizontal hop length of 3, there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) connected. For example from 

block (1,4) of 2D-grid 800 to another block to the right and at a hop length of 3 which is 

block (1,7), there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

25 Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1,4) to (ring 2, stage 5) and 

(ring 2, stage 6) of block (1,7). It also means there are external hop wire connections 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of 

block (1,5) to (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). This pattern continues 

and finally there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

30 Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1, 7) to (ring 2, stage 5) and 
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(ring 2, stage 6) of block (1,10). The same pattern continues for all the rows starting from 

the block in the leftmost block of each row. 

If there is no block that is directly to the right of a block with hop length equal to 

3 then no horizontal external hop wire connections is given corresponding to those two 

5 successive stages of the blocks. For example block (1,8) does not have any block that is 

directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). 

Similarly from (ring 2, stage 5) and (ring 2, stage 6) of block (1,9) and from (ring 2, stage 

5) and (ring 2, stage 6) of block (1,10), none of the horizontal external hop wires are 

10 connected. Similarly horizontal external hop wires are connected corresponding to "KS", 

"KT' etc. labels given in the hop wire connections chart 700A. 

In general the hop length of an external vertical hop wire can be any positive 

number. Similarly the hop length of an external horizontal hop wire can be any positive 

number. The hop wire connections between two arbitrary successive stages in two 

15 different rings of the same block or two different rings of different blocks described in 

diagram 700A of FIG. 7 A may be any one of the embodiments of either the diagrams 

300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, and 300E of 

FIG. 3E. Similarly the multi-drop hop wire connections between two arbitrary successive 

stages in two different rings of different blocks described in diagram 700A of FIG. 7 A 

20 may be any one of the embodiments of either the diagrams 500A of FIG. SA. 

In accordance with the invention, the hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

may also be any one of the embodiments of either the diagrams 400A of FIG. 4A and 

400B of FIG. 4B. Similarly the multi-drop hop wire connections between two arbitrary 

25 stages in two different rings of different blocks may also be any one of the embodiments 

of either the diagrams 600A of FIG. 6A or 600B of FIG. 6B. 

In accordance with the current invention, either partial multi-stage hierarchical 

network Vcamb(N1,N2 ,d,s) lOOA of FIG. IA or partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOB of FIG. lB, or partial multi-stage hierarchical network 

30 Vcamb(N1,N2 ,d,s) lOOC of FIG. IC, corresponding to a block of2D-grid of blocks 800 
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of FIG. 8, using any one of the embodiments of 200A-200E ofFIGs. 2A-2E to implement 

a stage of a ring of the multi-stage hierarchical network, either by using the hop wire 

connections or multi-drop hop wire connections between two arbitrary stages in two 

different rings of the same block or two different rings of different blocks described in 

5 diagram 700A of FIG. 7 A may be any one of the embodiments of either the diagrams 

300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of PIG. 3D, 300E of PIG. 

3E, 500A of FIG. SA, or by using the hop wire connections or multi-drop hop wire 

connections between two arbitrary stages in two different rings of the same block or two 

different rings of different blocks may be any one of the embodiments of either the 

10 diagrams 400A of FIG. 4A, 400B of PIG. 4B, 600A of FIG. 6A, or 600B of FIG. 6B is 

very efficient in the reduction of the die size, power consumption, and for lower wire/path 

delay for higher performance for practical routing applications to particularly to set up 

broadcast, unicast and multicast connections. In general in accordance with the current 

invention, where N 1 and N2 of the complete multi-stage hierarchical network 

15 Vcomb (N1 , N 2 , d, s) may be arbitrarily large in size and also the 2D-grid size 800 may also 

be arbitrarily large in size in terms of both the number of rows and number of columns. 

Delay Optimizations in Multi-stage hierarchical network VD-Comb (Ni, N 2 , d, s) : 

The multi-stage hierarchical network Vcomb (N1 , N 2 , d, s) according to the current 

20 invention can further be optimized to reduce the delay in the routed path of the 

connection. The delay optimized multi-stage hierarchical network Vcomb (N1 , N 2 , d, s) is 

hereinafter denoted by VD-Comb (N1 , N 2 ,d, s). The delay optimizing embodiments of the 

stages of a ring are one of the diagrams namely 900A-900E ofFIGs. 9A-9D, lOOOA­

lOOOF of FIGs. lOA-lOF, and l lOOA-1 lOOC of FIGs. l lA-1 lC. The diagram 1200 of 

25 FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 1500 of FIG. 15 are different 

embodiments for the implementation of delay optimizations with all the connections 

between two arbitrary successive stages in two different rings of the same block or two 

different rings of different blocks of 2D-grid 800. 
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FIG. 9A illustrates a stage (ring "k", stage "m") 900A consists of 5 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YFi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely YF(k,2m+ 1 ), F(k,2m+ 1 ), F(k,2m+2), 

5 U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The 2: 1 Mux YF(k,2m+ 1) has two 

inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output YFo(k,2m+ 1). The 2: 1 

Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+2). 

10 The 2:1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+l) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

15 Bo(k,2m+2). 

FIG. 9B illustrates a stage (ring "k", stage "m") 900B consists of 5 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YUi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

20 U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two 

inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

25 and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and 

30 Uo(k,2m+2) and has one output Bo(k,2m+2). 

-83-

Page 119 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

FIG. 9C illustrates a stage (ring "k", stage "m") 900C consists of 5 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), UYi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of five 2: 1 Muxes namely F(k,2m+ 1), F(k,2m+2), U(k,2m+2), B(k,2m+ 1), 

5 and B(k,2m+2). The stage (ring "k", stage "m") also consists of one 3: 1 Mux namely 

UY(k,2m+ 1 ). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1) 

10 and Fo(k,2m+ 1) and has one output UYo(k,2m+ 1). The 2:1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

15 FIG. 9D illustrates a stage (ring "k", stage "m") 900D consists of 6 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YFi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and YUi(k,2m+ l); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of eight 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

U(k,2m+ 1 ), U(k,2m+2), YU(k,2m+ 1 ), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux 

20 YF(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output 

YFo(k,2m+ 1). The 2: 1 Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

25 and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

30 Uo(k,2m+2) and has one output Bo(k,2m+2). 
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FIG. 9E illustrates a stage (ring "k", stage "m") 900E consists of 6 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YFi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and UYi(k,2m+ l); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of six 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

5 U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also consists of 

one 3: 1 Mux namely UY(k,2m+ 1). The 2: 1 Mux YF(k,2m+ 1) has two inputs namely 

Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output YFo(k,2m+ 1). The 2: 1 Mux F(k,2m+ 1) 

has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). 

The 2: 1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has 

10 one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1) 

and Fo(k,2m+ 1) and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

15 output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 OA illustrates a stage (ring "k", stage "m") 1 OOOA consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), YRi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

20 stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), YR(k,2m+ 1 ), 

F(k,2m+ 1 ), F(k,2m+2), U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 

Mux YR(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one 

output YRo(k,2m+ 1 ). The 2: 1 Mux R(k,2m+ 1) has two inputs namely YRo(k,2m+ 1) and 

Bo(k,2m+ 1) and has one output Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs 

25 namely Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux 

F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

30 has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 
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namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

FIG. lOB illustrates a stage (ring "k", stage "m") 1000B consists of 5 inputs 

5 namely Ri(k,2m+ 1), Ri(k,2m+2), RYi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+2), F(k,2m+ 1 ), F(k,2m+2), 

U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely RY(k,2m+ 1). The 3: 1 Mux RY(k,2m+ 1) has three inputs 

10 namely Ri(k,2m+ 1), RYi(k,2m+ 1), and Bo(k,2m+ 1), and has one output RYo(k,2m+ 1). 

The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one 

output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely RYo(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

15 The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

20 Bo(k,2m+2). 

FIG. lOC illustrates a stage (ring "k", stage "m") lOOOC consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and YUi(k,2m+ l); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

25 F(k,2m+2), YU(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The 2: 1 

Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

30 F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 
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The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

5 2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. lOD illustrates a stage (ring "k", stage "m") 1000D consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and UYi(k,2m+ l); and 4 

10 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely UY(k,2m+ 1 ). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1 ). The 2: 1 Mux 

15 R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1 ), 

20 and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

25 FIG. 1 OE illustrates a stage (ring "k", stage "m") 1 OOOE consists of 6 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), YRi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and 

YUi(k,2m+ l); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of ten 2: 1 Muxes namely YR(k,2m+ 1 ), 

R(k,2m+ 1), R(k,2m+2), F(k,2m+ 1), F(k,2m+2), YU(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), 

30 B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux YR(k,2m+ 1) has two inputs namely 

Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one output YRo(k,2m+ 1 ). The 2: 1 Mux 
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R(k,2m+ 1) has two inputs namely YRo(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

5 F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

10 has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 OF illustrates a stage (ring "k", stage "m") 1 OOOF consists of 6 inputs 

15 namely Ri(k,2m+ 1), Ri(k,2m+2), RYi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and 

UYi(k,2m+ l); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+2), 

F(k,2m+ 1), F(k,2m+2), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", 

stage "m") also consists of two 3: 1 Mux namely RY(k,2m+ 1) and UY(k,2m+ 1). The 3: 1 

20 Mux RY(k,2m+ 1) has three inputs namely Ri(k,2m+ 1), RYi(k,2m+ 1), and Bo(k,2m+ 1) 

and has one output RY o(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely 

Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) 

has two inputs namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). 

The 2: 1 Mux F(k,2m+2) has two inputs namely RYo(k,2m+ 1) and Ro(k,2m+2) and has 

25 one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1 ), 

and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

3 0 output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 
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FIG. l lA illustrates a stage (ring "k", stage "m") 11 OOA consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

5 U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely FY(k,2m+2). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

10 Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 3: 1 Mux FY(k,2m+2) has three inputs 

namely Ro(k,2m+ 1), Ro(k,2m+2), and FYi(k,2m+2), and has one output FYo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 Mux B(k,2m+ 1) has two 

15 inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 

Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

FIG. l 1B illustrates a stage (ring "k", stage "m") 11 OOB consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and BYi(k,2m+2); and 4 

20 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+ 1), U(k,2m+2), and B(k,2m+ 1). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely BY(k,2m+2). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

25 R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1), and Ro(k,2m+2), and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

30 has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 
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namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 3: 1 Mux 

BY(k,2m+2) has three inputs namely Uo(k,2m+ 1), Uo(k,2m+2), and BYi(k,2m+2), and 

has one output BY o(k,2m+2). 

FIG. l lC illustrates a stage (ring "k", stage "m") l lOOC consists of 6 inputs 

5 namely Ri(k,2m+ 1), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and 

BYi(k,2m+2); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+ 1 ), 

R(k,2m+2), F(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), and B(k,2m+ 1). The stage (ring "k", 

stage "m") also consists of two 3: 1 Muxes namely FY(k,2m+2) and BY(k,2m+2). The 2: 1 

10 Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 3: 1 Mux 

FY(k,2m+2) has three inputs namely Ro(k,2m+l), Ro(k,2m+2), and FYi(k,2m+2), and 

15 has one output FYo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 Mux B(k,2m+ 1) has two 

inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 3: 1 

20 Mux BY(k,2m+2) has three inputs namely Uo(k,2m+ 1), Uo(k,2m+2), and BYi(k,2m+2) 

and has one output BY o(k,2m+2). 

Referring to diagram 1200 in FIG. 12, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

25 (ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), and UYi(x,2p+ l); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

30 seven 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+2), 
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B(x,2p+ 1 ), and B(x,2p+2). The stage (ring "x", stage "p") also consists of one 3: 1 Mux 

namely UY(x,2p+ 1 ). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) and 

Bo(x,2p+ 1) and has one output Ro(x,2p+ 1). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

5 F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

The 3: 1 Mux UY(x,2p+ 1) has three inputs namely Ui(x,2p+ 1), UYi(x,2p+ 1), and 

Fo(x,2p+ 1), and has one output UYo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs 

10 namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux 

B(x,2p+ 1) has two inputs namely UYo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+ 1 ). The 2: 1 Mux B(x,2p+2) has two inputs namely UY o(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Ri(x,2p+ 3), 

15 Ri(x,2p+4), RYi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of seven 2: 1 Muxes namely R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of one 3: 1 Mux 

namely RY(x,2p+3). The 3: 1 Mux RY(x,2p+3) has three inputs namely Ri(x,2p+3), 

20 RYi(x,2p+3), and Bo(x,2p+3), and has one output RYo(x,2p+3). The 2: 1 Mux R(x,2p+4) 

has two inputs namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 

2:1 Mux F(x,2p+3) has two inputs namely RYo(x,2p+3) and Ro(x,2p+4) and has one 

output Fo(x,2p+3). The 2: 1 Mux F(x,2p+4) has two inputs namely RYo(x,2p+3) and 

Ro(x,2p+4) and has one output Fo(x,2p+4). 

25 The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

30 Bo(x,2p+4). 
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The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

5 The stage (ring "y", stage "q") consists of 5 inputs namely Ri(y,2q+ 1), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), and YUi(y,2q+ l); and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

nine 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), YU(y,2q+ 1), 

U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs 

10 namely Ri(y,2q+ 1) and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux 

R(y,2q+2) has two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output 

Ro(y,2q+2). The 2: 1 Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

and has one output Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely 

Ro(y,2q+ 1) and Ro(y,2q+2) and has one output Fo(y,2q+2). 

15 The 2: 1 Mux YU(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and YUi(y,2q+ 1) 

and has one output YUo(y,2q+ 1). The 2: 1 Mux U(y,2q+ 1) has two inputs namely 

YUo(y,2q+ 1) and Fo(y,2q+ 1) and has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) 

has two inputs namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 

2: 1 Mux B(y,2q+ 1) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one 

20 output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), YRi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

25 of nine 2:1 Muxes namely R(y,2q+3), R(y,2q+4), YR(y,2q+3), F(y,2q+3), F(y,2q+4), 

U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2: 1 Mux YR(y,2q+3) has two 

inputs namely Ri(y,2q+3) and YRi(y,2q+3) and has one output YRo(y,2q+3). The 2: 1 

Mux R(y,2q+3) has two inputs namely YRo(y,2q+3) and Bo(y,2q+3) and has one output 

Ro(y,2q+3). The 2:1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) 

30 and has one output Ro(y,2q+4). The 2: 1 Mux F(y,2q+3) has two inputs namely 
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Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has 

two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

5 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

10 Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y ,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l") and 

15 input YUi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YRi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

20 Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input UYi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input RYi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

25 Referring to diagram 1300 in FIG. 13, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 
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The stage (ring "x", stage "p") consists of 6 inputs namely Fi(x,2p+ 1 ), Fi(x,2p+2), 

YFi(x,2p+ 1), Ui(x,2p+ 1), Ui(x,2p+2), and YUi(x,2p+ l); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

eight 2: 1 Muxes namely F(x,2p+ 1 ), F(x,2p+2), YF(x,2p+ 1 ), U(x,2p+ 1 ), U(x,2p+2), 

5 YU(x,2p+ 1 ), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux YF(x,2p+ 1) has two inputs namely 

Fi(x,2p+ 1) and YFi(x,2p+ 1) and has one output YFo(x,2p+ 1). The 2: 1 Mux F(x,2p+ 1) 

has two inputs namely YFo(x,2p+ 1) and Fi(x,2p+2) and has one output Fo(x,2p+ 1 ). The 

2: 1 Mux F(x,2p+2) has two inputs namely YFo(x,2p+ 1) and Fi(x,2p+2) and has one 

output Fo(x,2p+2). 

10 The 2: 1 Mux YU(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and YUi(x,2p+ 1) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+ 1) and Fo(x,2p+ 1) and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) 

has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

2: 1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 

15 output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 6 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), YRi(x,2p+3), Ui(x,2p+3), Ui(x,2p+4), and YUi(x,2p+3); and 4 outputs 

Bo(x,2p+3), Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

20 also consists of ten 2: 1 Muxes namely YR(x,2p+ 3), R(x,2p+ 3), R(x,2p+4), F(x,2p+ 3), 

F(x,2p+4), YU(x,2p+3), U(x,2p+3), U(x,2p+4), B(x,2p+3), and B(x,2p+4). The 2: 1 Mux 

YR(x,2p+3) has two inputs namely Ri(x,2p+3) and YRi(x,2p+3) and has one output 

YRo(x,2p+3). The 2:1 Mux R(x,2p+3) has two inputs namely YRo(x,2p+3) and 

Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

25 namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

The 2:1 Mux YU(x,2p+3) has two inputs namely Ui(x,2p+3) and YUi(x,2p+3) 

30 and has one output YUo(x,2p+3). The 2: 1 Mux U(x,2p+3) has two inputs namely 

YUo(x,2p+3) and Fo(x,2p+3) and has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) 
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has two inputs namely Ui(x,2p+4) and Fo(x,2p+4) and has one output Uo(x,2p+4). The 

2:1 Mux B(x,2p+3) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one 

output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has two inputs namely Uo(x,2p+3) and 

Uo(x,2p+4) and has one output Bo(x,2p+4). 

5 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 6 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

10 YFi(y,2q+ 1), Ui(y,2q+ 1), Ui(y,2q+2), and UYi(y,2q+ l); and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

six 2: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), YF(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and 

B(y,2q+2). The stage (ring "y", stage "q") also consists of one 3: 1 Mux namely 

UY(y,2q+ 1). The 2: 1 Mux YF(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and 

15 YFi(y,2q+ 1) and has one output YFo(y,2q+ 1). The 2: 1 Mux F(y,2q+ 1) has two inputs 

namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output Fo(y,2q+ 1). The 2: 1 Mux 

F(y,2q+2) has two inputs namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+2). 

The 3: 1 Mux UY(y,2q+ 1) has three inputs namely Ui(y,2q+ 1), UYi(y,2q+ 1) and 

20 Fo(y,2q+ 1) and has one output UY o(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs 

namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+ 1) has two inputs namely UYo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

25 The stage (ring "y", stage "q+ l ") consists of 6 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), RYi(y,2q+3), Ui(y,2q+3), Ui(y,2q+4), and UYi(y,2q+3); and 4 outputs 

Bo(y,2q+3), Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "2q+ l ") 

also consists of six 2: 1 Muxes namely R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The stage (ring "y", stage "2q+ l ") also consists of two 3: 1 

30 Mux namely RY(y,2q+3) and UY(y,2q+3). The 3:1 Mux RY(y,2q+3) has three inputs 
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namely Ri(y,2q+3), RYi(y,2q+3), and Bo(y,2q+3) and has one output RYo(y,2q+3). The 

2: 1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) and has one 

output Ro(y,2q+4). The 2:1 Mux F(y,2q+3) has two inputs namely RYo(y,2q+3) and 

Ro(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs 

5 namely RYo(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+4). 

The 3:1 Mux UY(y,2q+3) has three inputs namely Ui(y,2q+3), UYi(y,2q+3), and 

Fo(y,2q+3), and has one output UYo(y,2q+3). The 2: 1 Mux U(y,2q+4) has two inputs 

namely Ui(y,2q+4) and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux 

B(y,2q+3) has two inputs namely UYo(y,2q+3) and Uo(y,2q+4) and has one output 

10 Bo(y,2q+3). The 2:1 Mux B(y,2q+4) has two inputs namely UYo(y,2q+3) and 

Uo(y,2q+4) and has one output Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

15 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l") and 

input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

20 Ui(y,2q+2) of the stage (ring "y", stage "q") and input RYi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

25 (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YRi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

Referring to diagram 1400 in FIG. 14, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

30 stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 
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(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

YUi(x,2p+ 1), Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), 

5 Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of seven 2: 1 

Muxes namely F(x,2p+ 1 ), F(x,2p+2), YF(x,2p+ 1 ), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and 

B(x,2p+2). The 2: 1 Mux F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and 

has one output Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) 

and Fi(x,2p+2) and has one output Fo(x,2p+2). 

10 The 2: 1 Mux YU(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and YUi(x,2p+ 1) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+ 1) and Fo(x,2p+ 1) and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) 

has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

2: 1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 

15 output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4), YFi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

20 of seven 2: 1 Muxes namely YF(x,2p+3), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2:1 Mux YF(x,2p+3) has two inputs namely Fi(x,2p+3) 

and YFi(x,2p+3) and has one output YFo(x,2p+3). The 2: 1 Mux F(x,2p+3) has two inputs 

namely YFo(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2: 1 Mux 

F(x,2p+4) has two inputs namely YFo(x,2p+3) and Fi(x,2p+4) and has one output 

25 Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 
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B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+ 3) of the stage (ring "x", stage "p+l "). And the output Bo(x,2p+ 3) of the stage 

5 (ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 5 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

UYi(y,2q+ 1), Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), 

Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of five 2: 1 

10 Muxes namely F(y,2q+ 1), F(y,2q+2), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The stage 

(ring "y", stage "q") also consists of one 3: 1 Mux namely UY(y,2q+ 1). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

15 The 3: 1 Mux UY(y,2q+ 1) has three inputs namely Ui(y,2q+ 1), UYi(y,2q+ 1) and 

Fo(y,2q+ 1) and has one output UY o(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs 

namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+ 1) has two inputs namely UYo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

20 Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

of seven 2: 1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

25 B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2: 1 Mux F(y,2q+3) has two inputs 

namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux 

F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

Fo(y,2q+4). 
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The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

5 B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

10 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+ l ") and 

input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

15 Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to two inputs namely input Fi(x,2p+4) of the stage (ring "x", stage "p+ l ") and 

input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

20 (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

Referring to diagram 1500 in FIG. 15, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

25 stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), and BYi(x,2p+2); and 4 outputs Bo(x,2p+ 1), 
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Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

seven 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), and B(x,2p+ 1). The stage (ring "x", stage "p") also consists of one 3: 1 Mux 

namely BY(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) and 

5 Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1), and Ro(x,2p+2), 

and has one output Fo(x,2p+2). 

10 The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 3: 1 Mux 

BY(x,2p+2) has three inputs namely Uo(x,2p+ 1), Uo(x,2p+2), and BYi(x,2p+2), and has 

15 oneoutputBYo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), FYi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of seven 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), U(x,2p+3), U(x,2p+4), 

20 B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of one 3: 1 Mux 

namely FY(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) and 

Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

25 Fo(x,2p+3). The 3:1 Mux FY(x,2p+4) has three inputs namely Ro(x,2p+3), Ro(x,2p+4), 

and FYi(x,2p+4), and has one output FYo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and FYo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

30 namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 
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B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

5 (ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 6 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), FYi(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), and BYi(y,2q+2); and 4 outputs 

Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") 

10 also consists of six 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), U(y,2q+ 1), 

U(y,2q+2), and B(y,2q+ 1). The stage (ring "y", stage "q") also consists of two 3: 1 Muxes 

namely FY(y,2q+2) and BY(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has 

two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 

15 Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+l). The 3:1 Mux FY(y,2q+2) has three inputs namely Ro(y,2q+l), Ro(y,2q+2), 

and FYi(y,2q+2), and has one output FYo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

20 and FYo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 3: 1 Mux 

BY(y,2q+2) has three inputs namely Uo(y,2q+ 1), Uo(y,2q+2), and BYi(y,2q+2) and has 

one output BYo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Fi(y,2q+3), 

25 Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

of seven 2: 1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2: 1 Mux F(y,2q+3) has two inputs 

30 namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux 
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F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

5 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

10 Fi(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+ l ") and 

15 input BYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

20 Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input BYi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+4) of the stage (ring "x", 

stage "p+ l "). 

25 In accordance with the current invention, either partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) 1 OOA of FIG. IA, or partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) 1 OOB of FIG. lB, or partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) lOOC of FIG. 1 C, corresponding to a block of 2D-grid of 

blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F of FI Gs. 2A-2F, 
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900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF ofFIGs. lOA-lOF, l lOOA-1 lOOC ofFIGs. 

l lA-1 lC to implement a stage of a ring of the multi-stage hierarchical network, either by 

using the hop wire connections or multi-drop hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

5 described in diagram 700A of FIG. 7 A may be any one of the embodiments of either the 

diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, 300E 

of FIG. 3E, 500A of FIG. SA, 1200 of FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 

1500 of FIG. 15 or by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

10 rings of different blocks may be any one of the embodiments of either the diagrams 400A 

of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of FIG. 6B is very efficient in 

the reduction of the die size, power consumption, and highly optimized for lower 

wire/path delay for higher performance for practical routing applications to particularly to 

set up broadcast, unicast and multicast connections. In general in accordance with the 

15 current invention, where N 1 and N2 of the complete multi-stage hierarchical network 

VD-Comb (N1 , N 2 , d, s) may be arbitrarily large in size and also the 2D-grid size 800 may 

also be arbitrarily large in size in terms of both the number of rows and number of 

columns. 

1) Programmable Integrated Circuit Embodiments: 

20 All the embodiments disclosed in the current invention are useful in 

programmable integrated circuit applications. FIG. 16A2 illustrates the detailed diagram 

1600A2 for the implementation of the diagram 1600Al in programmable integrated 

circuit embodiments. Each crosspoint is implemented by a transistor coupled between the 

corresponding inlet link and outlet link, and a programmable cell in programmable 

25 integrated circuit embodiments. Specifically crosspoint CP(l,1) is implemented by 

transistor C(l,1) coupled between inlet link ILl and outlet link OLl, and programmable 

cell P(l,l); crosspoint CP(l,2) is implemented by transistor C(l,2) coupled between inlet 

link ILl and outlet link OL2, and programmable cell P(l,2); crosspoint CP(2,1) is 

implemented by transistor C(2,l) coupled between inlet link IL2 and outlet link OLl, and 

30 programmable cell P(2,l); and crosspoint CP(2,2) is implemented by transistor C(2,2) 

coupled between inlet link IL2 and outlet link OL2, and programmable cell P(2,2). 
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If the programmable cell is programmed ON, the corresponding transistor couples 

the corresponding inlet link and outlet link. If the programmable cell is programmed 

OFF, the corresponding inlet link and outlet link are not connected. For example if the 

programmable cell P(l,1) is programmed ON, the corresponding transistor C(l,1) couples 

5 the corresponding inlet link ILl and outlet link OLl. If the programmable cell P(l,1) is 

programmed OFF, the corresponding inlet link ILl and outlet link OLl are not connected. 

In volatile programmable integrated circuit embodiments the programmable cell may be 

an SRAM (Static Random Address Memory) cell. In non-volatile programmable 

integrated circuit embodiments the programmable cell may be a Flash memory cell. Also 

10 the programmable integrated circuit embodiments may implement field programmable 

logic arrays (FPGA) devices, or programmable Logic devices (PLD), or Application 

Specific Integrated Circuits (ASIC) embedded with programmable logic circuits or 3D­

FPGAs. 

FIG. 16A2 also illustrates a buffer Bl on inlet link IL2. The signals driven along 

15 inlet link IL2 are amplified by buffer B 1. Buffer B 1 can be inverting or non-inverting 

buffer. Buffers such as Bl are used to amplify the signal in links which are usually long. 

In other embodiments all the d * d switches described in the current invention are 

also implemented using muxes of different sizes controlled by SRAM cells or flash cells 

etc. 

20 2) One-time Programmable Integrated Circuit Embodiments: 

All the embodiments disclosed in the current invention are useful in one-time 

programmable integrated circuit applications. FIG. 16A3 illustrates the detailed diagram 

1600A3 for the implementation of the diagram 1600Al in one-time programmable 

integrated circuit embodiments. Each crosspoint is implemented by a via coupled 

25 between the corresponding inlet link and outlet link in one-time programmable integrated 

circuit embodiments. Specifically crosspoint CP(l,1) is implemented by via V(l,1) 

coupled between inlet link ILl and outlet link OLl; crosspoint CP(l,2) is implemented 

by via V(l,2) coupled between inlet link ILl and outlet link OL2; crosspoint CP(2,1) is 

implemented by via V(2,l) coupled between inlet link IL2 and outlet link OLl; and 
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crosspoint CP(2,2) is implemented by via V(2,2) coupled between inlet link IL2 and 

outlet link OL2. 

If the via is programmed ON, the corresponding inlet link and outlet link are 

permanently connected which is denoted by thick circle at the intersection of inlet link 

5 and outlet link. If the via is programmed OFF, the corresponding inlet link and outlet link 

are not connected which is denoted by the absence of thick circle at the intersection of 

inlet link and outlet link. For example in the diagram 1600A3 the via V(l,1) is 

programmed ON, and the corresponding inlet link ILl and outlet link OLl are connected 

as denoted by thick circle at the intersection of inlet link ILl and outlet link OLl; the via 

10 V(2,2) is programmed ON, and the corresponding inlet link IL2 and outlet link OL2 are 

connected as denoted by thick circle at the intersection of inlet link IL2 and outlet link 

OL2; the via V(l,2) is programmed OFF, and the corresponding inlet link ILl and outlet 

link OL2 are not connected as denoted by the absence of thick circle at the intersection of 

inlet link ILl and outlet link OL2; the via V(2,1) is programmed OFF, and the 

15 corresponding inlet link IL2 and outlet link OLl are not connected as denoted by the 

absence of thick circle at the intersection of inlet link IL2 and outlet link OLl. One-time 

programmable integrated circuit embodiments may be anti-fuse based programmable 

integrated circuit devices or mask programmable structured ASIC devices. 

3) Integrated Circuit Placement and Route Embodiments: 

20 All the embodiments disclosed in the current invention are useful in Integrated 

Circuit Placement and Route applications, for example in ASIC backend Placement and 

Route tools. FIG. 16A4 illustrates the detailed diagram 1600A4 for the implementation of 

the diagram 1600Al in Integrated Circuit Placement and Route embodiments. In an 

integrated circuit since the connections are known a-priori, the switch and crosspoints are 

25 actually virtual. However the concept of virtual switch and virtual crosspoint using the 

embodiments disclosed in the current invention reduces the number of required wires, 

wire length needed to connect the inputs and outputs of different netlists and the time 

required by the tool for placement and route of netlists in the integrated circuit. 

Each virtual crosspoint is used to either to hardwire or provide no connectivity 

30 between the corresponding inlet link and outlet link. Specifically crosspoint CP(l,1) is 
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implemented by direct connect point DCP(l,1) to hardwire (i.e., to permanently connect) 

inlet link ILl and outlet link OLl which is denoted by the thick circle at the intersection 

of inlet link IL1 and outlet link OLl; crosspoint CP(2,2) is implemented by direct 

connect point DCP(2,2) to hardwire inlet link IL2 and outlet link OL2 which is denoted 

5 by the thick circle at the intersection of inlet link IL2 and outlet link OL2. The diagram 

1600A4 does not show direct connect point DCP(l,2) and direct connect point DCP(l,3) 

since they are not needed and in the hardware implementation they are eliminated. 

Alternatively inlet link IL1 needs to be connected to outlet link OLl and inlet link IL1 

does not need to be connected to outlet link OL2. Also inlet link IL2 needs to be 

10 connected to outlet link OL2 and inlet link IL2 does not need to be connected to outlet 

link OLl. Furthermore in the example of the diagram 1600A4, there is no need to drive 

the signal of inlet link IL1 horizontally beyond outlet link OLl and hence the inlet link 

ILl is not even extended horizontally until the outlet link OL2. Also the absence of direct 

connect point DCP(2,l) illustrates there is no need to connect inlet link IL2 and outlet 

15 link OLl. 

In summary in integrated circuit placement and route tools, the concept of virtual 

switches and virtual cross points is used during the implementation of the placement & 

routing algorithmically in software, however during the hardware implementation cross 

points in the cross state are implemented as hardwired connections between the 

20 corresponding inlet link and outlet link, and in the bar state are implemented as no 

connection between inlet link and outlet link. 

25 

3) More Application Embodiments: 

All the embodiments disclosed in the current invention are also useful in the 

design of SoC interconnects, Field programmable interconnect chips, parallel computer 

systems and in time-space-time switches. 
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Scheduling Method Embodiments the multi-stage hierarchical network 

VComb(N1,N2,d,s): 

FIG. 17 shows a high-level flowchart of a scheduling method 1700, in one 

embodiment executed to setup multicast and unicast connections in the multi-stage 

5 hierarchical network Vcamb(N1,N2,d,s) disclosed in this invention. According to this 

embodiment, the set of multicast connections are initialized to the beginning of the set in 

act 1710. Then the control goes to act 1720. In act 1720, next multicast connection is 

selected in sequence form the set of multicast connections. Then the control goes to act 

1730. 

10 In act 1730 it is checked if this is the next multicast connection in sequence is 

NULL or i.e. all the multicast connections are scheduled. If act 1730 results "no", that is 

there are more multicast connections to be scheduled the control goes to act 1740. In act 

17 40 it is checked if this multicast connection is being scheduled for the first time. Or if it 

is not scheduled for the first time, it is checked if any one of the links taken by this 

15 multicast connection is oversubscribed by any other multicast connection is checked. If 

either the multicast connection is being scheduled for the first time or if any one of the 

links taken by this multicast connection is oversubscribed the control goes to act 1750. 

Otherwise control goes to act 1 720 where the next multicast connection will be selected. 

So act 1720, act 1730, and act 1740 are executed in a loop. 

20 In act 1750 the multicast connection is not being scheduled for the first time and 

since at least one of the links taken by this multicast connection is oversubscribed, the 

complete path taken this multicast connection is cleared or the multicast connection's 

path is ripped. Then the control goes to act 1760. In act 1760, using the well-known A* 

search algorithm the least cost path from its source outlet link of the computational block 

25 to all the target inlet links of the corresponding computational blocks are found out one 

after another target inlet links. The cost function used is based on the Manhattan distance 

between the target inlet link's block and source outlet link's block by taking the delays on 

each wire is considered in the cost function and also that longest wires are chosen first in 

the A* search algorithm. 
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According to the current invention, before scheduling the set of multicast 

connections in the scheduling method 1700, first a set of static cost tables will be 

prepared with the least cost paths from each link of the partial multistage network 

Vcamb (N1 , N 2 , d, s) to each outgoing hop wire from that partial multistage network as well 

5 as to each inlet link of the computational block connected form that partial multistage 

network. So there will be as many cost tables created equal to the sum of the total number 

of outgoing hop wires from the partial multistage network and the inlet links of the 

computational block connected form that partial multistage network. Each cost table will 

also have as many entries as there are internal links of that partial multistage network. 

10 And the value at each entry of these cost tables is equal to the total delay from the 

corresponding internal link to the corresponding outgoing hop wire or to the inlet link of 

the computational block. 

In act 1760, according to the current invention, for the look-ahead cost 

computation during the A* search algorithm both the cost from the static cost tables from 

15 the current internal link in the current partial multistage network and the cost value 

computed based on the Manhattan distance between the target inlet link's block and the 

current link's corresponding block by taking the delays on each wire into consideration 

are added. Also the least of the cost values from all the cost tables corresponding to the 

current link and all the outgoing wires in the right direction of the target block, is selected 

20 before it is added to the Manhattan distance based cost. Finally in act 1760, the multicast 

connection is scheduled as for the A* search algorithm. Then the control goes to act 1770. 

In act 1770, the demand cost and history cost of each link used by the current 

multicast connection are updated. And the control goes to act 1720. Thus act 1 720, act 

1730, act 1740, act 1750, act 1760, and act 1770 are executed in a loop to schedule the 

25 multicast connections by going through the list of all multicast connections which will be 

one pass or iteration. 

In act 1730 results "yes", i.e. all the required multicast connections in the list are 

scheduled in this pass or iteration, then the control goes to act 1780. In act 1780, the total 

number of links in the complete multistage network that are taken by more than one 

30 multicast connection are counted, hereinafter "OSN" or "Over Subscription nodes". Then 

the control goes to act 1790. In act 1790 it will be checked and if OSN is not equal to zero 
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then the act 1790 results in "no" and the control goes to act 1710 to start the next iteration 

or pass to schedule all the required multicast connections in the list of all multicast 

connections. Thus act 1710, act 1720, act 1730, act 1740, act 1750, act 1760, act 1770, 

act 1780, and act 1790 are executed in a loop to implement different passes or iterations 

5 of scheduling the set of all multicast connections. If the act 1790 results in "yes", that 

means no link in the complete multistage network is taken by more than one multicast 

connection and hence the scheduling is successfully completed. 

Each multicast connection of the type described above in reference to method 

1700 of FIG. 17 can be unicast connection, a multicast connection or a broadcast 

10 connection, depending on the example. 

Inter-block and Intra-block Scheduling Method Embodiments the multi-stage 

hierarchical network Vcomb ( N 1 , N 2 , d, s) : 

FIG. 18 shows a high-level flowchart of a scheduling method 1800, in one 

15 embodiment executed to setup multicast connections in the multi-stage hierarchical 

network Vcamb (Ni,N2 ,d,s) disclosed in this invention in two steps (one for each act 1810 

and act 1820 as shown in FIG. 18) namely: 1) scheduling the set of multicast connections 

outside the blocks of 2D-grid of blocks with each block corresponding to a partial multi­

stage network, or in between the blocks of the complete multi-stage network, or 

20 alternatively on the external wires of the complete multi-stage network hereinafter "inter­

block scheduling". Inter-block scheduling is implemented in act 1810 so that there are no 

OSN nodes. During inter-block scheduling the partial multi-stage hierarchical network 

corresponding to each block is considered as a single stage network or alternatively each 

internal wire of the partial multi-stage hierarchical network is directly connected to each 

25 outgoing wire or external wire of the partial multi-stage hierarchical network, and 2) 

scheduling the set of multicast connections inside the blocks of 2D-grid of blocks with 

each block corresponding to a partial multi-stage network or alternatively on the internal 

wires of the complete multi-stage network hereinafter "intra-block scheduling". The act 

1820 implements intra-block scheduling for each block so that there are no OSN nodes. 
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The act 1810 may be implemented by the scheduling method 1700 of FIG. 1 7. 

Similarly in act 1820 for each block of the multi-stage hierarchical network, the inter­

block scheduling may be implemented by the scheduling method 1700 of FIG. 17. 

In accordance with the current invention, the scheduling method 1700 of FIG. 17 

5 and the scheduling method 1800 of FIG. 18 are applicable to either partial multi-stage 

hierarchical network Vn-camb(N1,N2 ,d,s) lOOA of FIG. IA, or partial multi-stage 

hierarchical network Vn-camb(N1,N2 ,d,s) lOOB of FIG. lB, or partial multi-stage 

hierarchical network Vn-camb(N1,N2 ,d,s) lOOC of FIG. IC, corresponding to a block of 

2D-grid of blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F of 

10 FIGs. 2A-2F, 900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF of FIGs. lOA-lOF, l lOOA-

1 lOOC of FI Gs. l lA-1 lC to implement a stage of a ring of the multi-stage hierarchical 

network, either by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

rings of different blocks described in diagram 700A of FIG. 7 A may be any one of the 

15 embodiments of either the diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 

3C, 300D of FIG. 3D, 300E of FIG. 3E, 500A of FIG. SA, 1200 of FIG. 12, 1300 of FIG. 

13, 1400 of FIG. 14, and 1500 of FIG. 15 or by using the hop wire connections or multi­

drop hop wire connections between two arbitrary stages in two different rings of the same 

block or two different rings of different blocks may be any one of the embodiments of 

20 either the diagrams 400A of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of 

FIG. 6B is very efficient in the reduction of the die size, power consumption, and highly 

optimized for lower wire/path delay for higher performance for practical routing 

applications to particularly to set up broadcast, unicast and multicast connections. 

Numerous modifications and adaptations of the embodiments, implementations, 

25 and examples described herein will be apparent to the skilled artisan in view of the 

disclosure. 
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V. UNEDITED AND COMPLETE SUSTITUTE SPECIFICATION 

Unedited and complete substitute specification appears below: 

Fully connected multi-stage hierarchical networks are an over kill in every 

5 dimension such as area, power, and performance for certain practical routing applications 

and need to be optimized to significantly improve savings in area, power and 

performance of the routing network. The present invention discloses several embodiments 

of the optimized multi-stage hierarchical networks for practical routing applications along 

with their VLSI layout (floor plan) feasibility and simplicity. 

10 The multi-stage hierarchical networks considered for optimization in the current 

invention include: generalized multi-stage networks V(N1 ,N2 ,d, s), generalized folded 

multi-stage networks V101d (N1 ,N2 ,d,s), generalized butterfly fat tree networks 

Vb11 (N1 ,N2 ,d,s), generalized multi-link multi-stage networks Vmtmk(N1,N2 ,d,s), 

generalized folded multi-link multi-stage networks Vfotd-mlink ( Ni, N 2 , d, s) , generalized 

15 multi-link butterfly fat tree networks Vmlink-bft(N1 ,N2 ,d,s), generalized hypercube 

networks Vhcube ( N 1 , N 2 , d, s) , and generalized cube connected cycles networks 

Vccc(N1,N2 ,d,s) for s = 1,2,3 or any number in general. Alternatively the optimized 

multi-stage hierarchical networks disclosed in this invention inherit the properties of one 

or more of these networks, in addition to additional properties that may not be exhibited 

20 these networks. 

The optimized multi-stage hierarchical networks disclosed are applicable for 

practical routing applications, with several goals such as: 1) all the signals in the design 

starting from an inlet link of the network to an outlet link of the network need to be setup 

without blocking. These signals may consist of broadcast, unicast and multicast 

25 connections; Each routing resource may need to be used by only one signal or 

connection; 2) physical area consumed by the routing network to setup all the signals 

needs to be small; 3) power consumption of the network needs to be small, after the 

signals are setup. Power may be both static power and dynamic power; 4) Delay of the 
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signal or a connection needs to be small after it is setup through a path using several 

routing resources in the path. The smaller the delay of the connections will lead to faster 

performance of the design. Typically delay of the critical connections determines the 

performance of the design on a given network; 5) Designs need to be not only routed 

5 through the network (i.e., all the signals need to be setup from inlet links of the network 

to the outlet links of the network.), but also the routing needs to be in faster time using 

efficient routing algorithms; 6) Efficient VLSI layout of the network is also critical and 

can greatly influence all the other parameters including the area taken up by the network 

on the chip, total number of wires, length of the wires, delay through the signal paths and 

10 hence the maximum clock speed of operation. 

The different varieties of multi-stage networks described in various embodiments 

in the current invention have not been implemented previously on the semiconductor 

chips. The practical application of these networks includes Field Programmable Gate 

Array (FPGA) chips. Current commercial FPGA products such as Xilinx's Vertex, 

15 Altera's Stratix, Lattice's ECPx implement island-style architecture using mesh and 

segmented mesh routing interconnects using either full crossbars or sparse crossbars. 

These routing interconnects consume large silicon area for crosspoints, long wires, large 

signal propagation delay and hence consume lot of power. 

The current invention discloses the optimization and scheduling methods of multi-

20 stage hierarchical networks with fast scheduling of connections, for practical routing 

applications of numerous types of multi-stage networks also using multi-drop links. The 

optimizations disclosed in the current invention are applicable to including the numerous 

generalized multi-stage networks disclosed in the following patent applications: 

1) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

25 unicast for generalized multi-stage networks V(N1,N2 ,d,s) with numerous connection 

topologies and the scheduling methods are described in detail in the US Patent No. 

8,270,400 that is incorporated by reference above. 

2) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized butterfly fat tree networks Vbft (N1 , N 2 ,d, s) with numerous 
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connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8,170,040 that is incorporated by reference above. 

3) Rearrangeably nonblocking for arbitrary fan-out multicast and unicast, and 

strictly nonblocking for unicast for generalized multi-link multi-stage networks 

5 Vmhnk (N1,N2 ,d,s) and generalized folded multi-link multi-stage networks 

V101d-mlink(Ni,N2 ,d,s) with numerous connection topologies and the scheduling methods 

are described in detail in the US Patent No. 8,363,649 that is incorporated by reference 

above. 

4) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

10 unicast for generalized multi-link butterfly fat tree networks Vmlink-bft (N1 , N 2 , d, s) with 

numerous connection topologies and the scheduling methods are described in detail in the 

US Patent No. 8,170,040 that is incorporated by reference above. 

5) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized folded multi-stage networks V101d (N1 , N 2 , d, s) with numerous 

15 connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8,363,649 that is incorporated by reference above. 

6) Strictly nonblocking for arbitrary fan-out multicast and unicast for generalized 

multi-link multi-stage networks Vmhnk (N1,N2 ,d, s) and generalized folded multi-link 

multi-stage networks V101d-mlink (N1,N2 ,d, s) with numerous connection topologies and 

20 the scheduling methods are described in detail in the US Patent No. 8,363,649 that is 

incorporated by reference above. 

7) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,269,523 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

NETWORKS" that is incorporated by reference above. 

25 8) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,898,611 entitled "VLSI LAYOUTS OF FULLY CONNECTED 
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GENERALIZED AND PYRAMID NETWORKS WITH LOCALITY EXPLOITATION" 

that is incorporated by reference above. 

In addition the optimization with the VLSI layouts disclosed in the current 

invention are also applicable to generalized multi-stage pyramid networks 

5 VP (N1 , N 2 ,d,s), generalized folded multi-stage pyramid networks V101d-p (N1,N2 ,d, s), 

generalized butterfly fat pyramid networks Vbfp (N1 , N 2 , d, s), generalized multi-link 

multi-stage pyramid networks Vmhnk-p (N1 , N 2 , d, s) , generalized folded multi-link multi­

stage pyramid networks Vfotd-mtmk-p (N1 ,N2 ,d,s), generalized multi-link butterfly fat 

pyramid networks Vmtmk-bfp ( N 1 , N 2 , d, s) , generalized hypercube networks 

10 Vhcube(Ni,N2 ,d,s) and generalized cube connected cycles networks Vccc(Ni,N2 ,d,s) 

for s = 1,2,3 or any number in general. 

Finally the current invention discloses the optimizations and VLSI layouts of 

multi-stage hierarchical networks Vcamb (N1 , N 2 , d, s) and the optimizations and VLSI 

layouts of multi-stage hierarchical networks VD-comb (N1 , N 2 , d, s) for practical routing 

15 applications (particularly to set up broadcast, unicast and multicast connections), where 

"Comb" denotes the combination of and "D-Comb" denotes the delay optimized 

combination of any of the generalized multi-stage networks V(N1,N2 ,d, s), generalized 

folded multi-stage networks V101d (N1 ,N2 ,d,s), generalized butterfly fat tree networks 

Vb11 (N1 ,N2 ,d,s), generalized multi-link multi-stage networks Vmhnk(N1,N2 ,d,s), 

20 generalized folded multi-link multi-stage networks V101d-mlink(Ni,N2 ,d,s), generalized 

multi-link butterfly fat tree networks Vmlink-bft (N1 , N 2 , d, s), generalized multi-stage 

pyramid networks VP (N1,N2 ,d, s), generalized folded multi-stage pyramid networks 

V101d-p (N1 , N 2 ,d,s), generalized butterfly fat pyramid networks Vbfp (N1 ,N2 ,d, s), 

generalized multi-link multi-stage pyramid networks Vmlink-p ( N 1 , N 2 , d, s) , generalized 

25 folded multi-link multi-stage pyramid networks Vfotd-mlink-p (N1 ,N2 ,d,s), generalized 

multi-link butterfly fat pyramid networks Vmlink-bfp ( N 1 , N 2 , d, s) , generalized hypercube 
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networks Vhcube ( N 1 , N 2 , d, s) , and generalized cube connected cycles networks 

Vccc(N1,N2 ,d, s) for s = 1,2,3 or any number in general. 

Multi-stage hierarchical network Vcamb (N1,N2 ,d,s): 

Referring to diagram 1 OOA in FIG. IA, in one embodiment, an exemplary partial 

5 multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 200; N2 = 400; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 4 inlet links namely 11, 12, 13, and 14; and 2 outlet links namely 01 and 02. And 

for each computational block the corresponding partial multi-stage hierarchical network 

Vcamb(Ni,N2 ,d,s) lOOA consists of two rings 110 and 120, where ring 110 consists of 

10 "m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, stage "m-1"), and 

(ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 2, stage 0), (ring 

2, stage 1 ), ... (ring 2, stage "n-1 "), and (ring 2, stage "n"), where "m" and "n" are 

positive integers. 

Ring 110 has inlet links Ri(l,l) and Ri(l,2), and has outlet links Bo(l,1) and 

15 Bo(l,2). Ring 120 has inlet links Fi(2,1) and Fi(2,2), and outlet links Bo(2,1) and Bo(2,2). 

And hence the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOA consists 

of 4 inlet links and 4 outlet links corresponding to the two rings 110 and 120. Outlet link 

01 of the computational block is connected to inlet link Ri(l,1) of ring 110 and also inlet 

link of Fi(2, 1) of ring 120. Similarly outlet link 02 of the computational block is 

20 connected to inlet link Ri(l,2) of Ring 110 and also inlet link ofFi(2,2) of Ring 120. And 

outlet link Bo(l,1) of Ring 110 is connected to inlet link 11 of the computational block. 

Outlet link Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. 

Similarly outlet link Bo(2,1) of Ring 120 is connected to inlet link 13 of the 

computational block. Outlet link Bo(2,2) of Ring 120 is connected to inlet link 14 of the 

25 computational block. Since in this embodiment outlet link 01 of the computational block 

is connected to both inlet link Ri(l,1) of ring 110 and inlet link Fi(2,1) ofring 120; and 

outlet link 02 of the computational block is connected to both inlet link Ri(l ,2) of ring 

110 and inlet link Fi(2,2) of ring 120, the partial multi-stage hierarchical network 

Vcamb (N1,N2 ,d,s) lOOA consists of 2 inlet links and 4 outlet links. 
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The two dimensional grid 800 in FIG. 8 illustrates an exemplary arrangement of 

100 blocks arranged in 10 rows and 10 columns, in an embodiment. Each row of 2D-grid 

consisting of 10 block numbers namely the first row consists of the blocks (1,1), (1,2), 

(1,3), ... , (1,9), and (1,10). The second row consists of the blocks (2,1), (2,2), (2,3), ... , 

5 (2,9), and (2, 10). Similarly 2D-grid 800 consists of 10 rows of each with 10 blocks and 

finally the tenth row consists of the blocks (10,1), (10,2), (10,3), ... , (10,9), and (10,10). 

Each block of 2D-grid 800, in one embodiment, is part of the die area of a semiconductor 

integrated circuit (hereinafter alternatively referred to as "integrated circuit device" or "IC 

device"), so that the complete 2D-grid 800 of 100 blocks represents the complete die of 

10 the semiconductor integrated circuit. In one embodiment, each block of 2D-grid 800 

consists of one of the partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) 1 OOA 

with 2 inlet links and 4 outlet links and the corresponding computational block with 4 

inlet links and 2 outlet links. For example block (1,1) of 2D-grid 800 consists of one of 

the partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOA with 2 inlet links and 

15 4 outlet links and the corresponding computational block with 4 inlet links and 2 outlet 

links. Similarly each of the 100 blocks of 2D-grid 800 has a separate partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOA with 2 inlet links and 4 outlet links and the 

corresponding computational block with 4 inlet links and 2 outlet links. Hence the 

complete multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) corresponding to 2D-grid 

20 800 has N 1 = 200 inlet links and N2 = 400 outlet links. And there are 100 computational 

blocks each one corresponding to one of the blocks with each computational block having 

4 inlet links and 2 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of 

the 2D-Plane. In other embodiments the 2D-grid 800 may be organized as either first 

quadrant, or second quadrant or third quadrant of the 2D-Plane. 

25 Referring to partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOA in 

FIG. IA, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,1), Ri(l,2), Ui(l,1), 

and Ui(l,2); and 4 outputs Bo(l,1), Bo(l,2), Fo(l,1), and Fo(l,2). The stage (ring 1, stage 

0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,1), R(l,2), F(l,1), F(l,2), U(l,1), U(l,2), B(l,1), and B(l,2). The 2:1 Mux 

30 R(l,1) has two inputs namely Ri(l,1) and Bo(l,1) and has one output Ro(l,1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 
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2: 1 Mux F(l,l) has two inputs namely Ro(l,1) and Ro(l,2) and has one output Fo(l,1). 

The 2: 1 Mux F(l,2) has two inputs namely Ro(l,1) and Ro(l,2) and has one output 

Fo(l,2). 

The 2: 1 Mux U(l,1) has two inputs namely Ui(l,1) and Fo(l,1) and has one 

5 output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l,1) has two inputs namely Uo(l,l) and Uo(l,2) and 

has one output Bo(l,1). The 2: 1 Mux B(l,2) has two inputs namely Uo(l,1) and Uo(l,2) 

and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

10 and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

15 Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

20 has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

and has one output Bo(l,4). 

The output Fo(l,1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection (hereinafter 

alternatively referred to as "straight link" or "straight middle link") between two 

25 successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,1) of the stage (ring 1, stage 0), is another internal connection 

between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1 ") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

30 Fo(l,2m). The stage (ring 1, stage "m-1') also consists of six 2:1 Muxes namely F(l,2m-
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1), F(l,2m), U(l,2m-l), U(l,2m), B(1,2m-l), and B(1,2m). The 2: 1 Mux F(l,2m-l) has 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2:1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

The 2:1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

5 has one output Uo(l,2m-l). The 2:1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

Fo(l,2m) and has one output Uo(l,2m). The 2:1 Mux B(1,2m-l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(1,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

10 Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(1,2m+ 1), and B(1,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

15 and has one output Fo(l,2m+2). 

The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+l). The 2:1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2: 1 Mux B(1,2m+ 1) has two inputs 

namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output Bo(l,2m+ 1). The 2: 1 Mux 

20 B(1,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output F o(l ,2m-l) of the stage (ring 1, stage "m-1 ") is connected to the input 

Fi(l ,2m+ 1) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo(l,2m+ 1) of the stage (ring 1, stage 

25 "m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

30 "m-2") are not shown in the diagram 1 OOA. Just the same way the two successive stages 
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(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

before, any two successive stages have similar internal connections. For example (ring 1, 

stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and ( ring 1, stage "m-1 ") have similar internal connections. 

5 Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2,1), Fi(2,2), Ui(2,1), 

10 and Ui(2,2); and 4 outputs Bo(2,1), Bo(2,2), Fo(2,1), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2: 1 Muxes namely F(2,1 ), F(2,2), U(2,1 ), U(2,2), B(2,1 ), and 

B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2,1). The 2: 1 Mux F(2,2) has two inputs namely Fi(2,1) and Fi(2,2) and has one 

output Fo(2,2). 

15 The 2: 1 Mux U(2,1) has two inputs namely Ui(2,1) and Fo(2,1) and has one 

output Uo(2,1). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

one output Uo(2,2). The 2: 1 Mux B(2,1) has two inputs namely Uo(2,l) and Uo(2,2) and 

has one output Bo(2,1). The 2: 1 Mux B(2,2) has two inputs namely Uo(2,1) and Uo(2,2) 

and has one output Bo(2,2). 

20 The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

25 output Fo(2,4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

30 and has one output Bo(2,4). 
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The output Fo(2,1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

of the stage (ring 2, stage 1 ), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2,1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

5 stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1 ") consists of 4 inputs namely Ri(2,2n- l ), Ri(2,2n), 

Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n- l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(1,2n-l), and B(1,2n). The 2:1 Mux 

10 R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2: 1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

Ro(2,2n). The 2: 1 Mux F(2,2n- l) has two inputs namely Ro(2,2n- l) and Ro(2,2n) and has 

one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

15 The 2: 1 Mux U(2,2n- l) has two inputs namely Ui(2,2n- l) and Fo(2,2n- l) and has 

one output Uo(2,2n-l). The 2:1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

Fo(2,2n) and has one output Uo(2,2n). The 2:1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

20 The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1), Ri(2,2n+2), 

Ui(2,2n+ 1), and Ui(2,2n+2); and 4 outputs Bo(2,2n+ 1), Bo(2,2n+2), Fo(2,2n+ 1), and 

Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

25 and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 

-120-

Page 156 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

The 2: 1 Mux U(2,2n+ 1) has two inputs namely Ui(2,2n+ 1) and Fo(2,2n+ 1) and 

has one output Uo(2,2n+l). The 2:1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1). The 2: 1 Mux 

5 B(2,2n+2) has two inputs namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output F o(2,2n- l) of the stage (ring 2, stage "n-1 ") is connected to the input 

Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

10 connected to the input Ui(2,2n-l) of the stage (ring 2, stage "n-1"), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOA consists of 4 inputs and 2 * d = 4 outputs. Even though the 

stages (ring 1, stage 0), (ring 1, stage 1), (ring 2, stage "n-1"), and (ring 2, stage "n") 

15 each have eight 2: 1 muxes, and the stages (ring 2, stage 0), (ring 2, stage 1), (ring 1, 

stage "m-1 "), and (ring 1, stage "m") each have six 2: 1 muxes, in other embodiments any 

of these stages can be one of the four by four switch diagrams namely 200A of FIG. 2A, 

200B of PIG. 2B, 200C of PIG. 2C, and one of the eight by four switch diagrams namely 

200E of PIG. 2E, 200F of FIG. 2F. 

20 Referring to diagram 1 OOB in FIG. lB, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 400; N2 = 800; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 8 inlet links namely 11, 12, 13, 14, 15, 16, 17, and 18; and 4 outlet links namely 01, 

02, 03, and 04. And for each computational block the corresponding partial multi-stage 

25 hierarchical network Vcamb(N1,N2 ,d,s) lOOB consists of two rings 110 and 120, where 

ring 110 consists of"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, 

stage "m-1 "), and (ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 

2, stage 0), (ring 2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" 

and "n" are positive integers. 

-121-

Page 157 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Ring 110 has inlet links Ri(l,l) and Ri(l,2) from the left-hand side, and has outlet 

links Bo(l,1) and Bo(l,2) from left-hand side. Ring 110 also has inlet links Ui(l,2m+ 1) 

and Ui(l,2m+2) from the right-hand side, and has outlet links Fo(l,2m+ 1) and 

Fo(l,2m+2) from right-hand side. Ring 120 has inlet links Fi(2,1) and Fi(2,2) from left-

s hand side, and outlet links Bo(2,1) and Bo(2,2) from left-hand side. Ring 120 also has 

inlet links Ui(2,2n+ 1) and Ui(2,2n+2) from the right-hand side, and has outlet links 

Fo(2,2n+ 1) and Fo(2,2n+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcamb (Ni, N 2 , d, s) lOOB consists 

of 8 inlet links and 4 outlet links corresponding to the two rings 110 and 120. From left-

10 hand side, outlet link O 1 of the computational block is connected to inlet link Ri(l, 1) of 

ring 110 and also inlet link of Fi(2,1) of ring 120. Similarly from left-hand side, outlet 

link 02 of the computational block is connected to inlet link Ri(l,2) of Ring 110 and also 

inlet link of Fi(2,2) of Ring 120. And from left-hand side, outlet link Bo(l,1) of Ring 110 

is connected to inlet link 11 of the computational block. From left-hand side, Outlet link 

15 Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. Similarly 

from left-hand side, outlet link Bo(2, 1) of Ring 120 is connected to inlet link 13 of the 

computational block. From left-hand side, outlet link Bo(2,2) of Ring 120 is connected to 

inlet link 14 of the computational block. 

From right-hand side, outlet link 03 of the computational block is connected to 

20 inlet link Ui(l ,2m+ 1) of ring 110 and also inlet link of Ui(2,2n+ 1) ofring 120. Similarly 

from right-hand side, outlet link 04 of the computational block is connected to inlet link 

Ui(l,2m+2) of Ring 110 and also inlet link of Ui(2,2n+2) of Ring 120. And from right­

hand side, outlet link Fo(l,2m+ 1) of Ring 110 is connected to inlet link 15 of the 

computational block. From right-hand side, outlet link Fo(l,2m+2) of Ring 110 is 

25 connected to inlet link 16 of the computational block. Similarly from right-hand side, 

outlet link F o(2,2n+ 1) of Ring 120 is connected to inlet link 17 of the computational 

block. From right-hand side, outlet link Fo(2,2n+2) of Ring 120 is connected to inlet link 

18 of the computational block. 

Since in this embodiment outlet link 01 of the computational block is connected 

30 to both inlet link Ri(l,1) of ring 110 and inlet link Fi(2,1) of ring 120; outlet link 02 of 

the computational block is connected to both inlet link Ri(l,2) of ring 110 and inlet link 
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Fi(2,2) of ring 120; outlet link 03 of the computational block is connected to both inlet 

link Ui(l ,2m+ 1) of ring 110 and inlet link Ui(2,2n+ 1) of ring 120; and outlet link 04 of 

the computational block is connected to both inlet link Ui(l,2m+2) ofring 110 and inlet 

link Ui(2,2n+2) of ring 120, the partial multi-stage hierarchical network 

5 Vcamb (N1 , N 2 , d, s) 1 OOB consists of 4 inlet links and 8 outlet links. 

Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the 

corresponding computational block with 8 inlet links and 4 outlet links. For example 

10 block (1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB with 4 inlet links and 8 outlet links and the corresponding 

computational block with 8 inlet links and 4 outlet links. Similarly each of the 100 blocks 

of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB with 4 inlet links and 8 outlet links and the corresponding 

15 computational block with 8 inlet links and 4 outlet links. Hence the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 

links and N2 = 800 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 8 inlet links and 

4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-Plane. 

20 In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) lOOB in 

FIG. lB, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,1), Ri(l,2), Ui(l,1), 

and Ui(l,2); and 4 outputs Bo(l,l), Bo(l,2), Fo(l,1), and Fo(l,2). The stage (ring 1, stage 

25 0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,1), R(l,2), F(l,1), F(l,2), U(l,1), U(l,2), B(l,1), and B(l,2). The 2:1 Mux 

R(l,1) has two inputs namely Ri(l,1) and Bo(l,1) and has one output Ro(l,1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2: 1 Mux F(l,1) has two inputs namely Ro(l,1) and Ro(l,2) and has one output Fo(l,1). 
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The 2: 1 Mux F(l,2) has two inputs namely Ro(l,1) and Ro(l,2) and has one output 

Fo(l,2). 

The 2: 1 Mux U(l,1) has two inputs namely Ui(l,1) and Fo(l,1) and has one 

output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

5 one output Uo(l,2). The 2: 1 Mux B(l,1) has two inputs namely Uo(l,l) and Uo(l,2) and 

has one output Bo(l,1). The 2: 1 Mux B(l,2) has two inputs namely Uo(l,1) and Uo(l,2) 

and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

10 1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

15 and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

20 and has one output Bo(l,4). 

The output Fo(l,1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection between 

two successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,1) of the stage (ring 1, stage 0), is another internal connection 

25 between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1 ') also consists of six 2: 1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(1,2m-l), and B(1,2m). The 2: 1 Mux F(l,2m-l) has 

-124-

Page 160 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2:1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

The 2:1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2:1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

5 Fo(l,2m) and has one output Uo(l,2m). The 2:1 Mux B(1,2m-l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(1,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

10 Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(1,2m+ 1), and B(1,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

15 The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+ 1). The 2: 1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2: 1 Mux B(1,2m+ 1) has two inputs 

namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output Bo(l,2m+ 1). The 2: 1 Mux 

B(1,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

20 Bo(l,2m+2). 

The output F o(l ,2m-l) of the stage (ring 1, stage "m-1 ") is connected to the input 

Fi(l ,2m+ 1) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo(l,2m+ 1) of the stage (ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

25 internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram 1 OOB. Just the same way the two successive stages 

30 (ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 
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before, any two successive stages have similar internal connections. For example (ring 1, 

stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and ( ring 1, stage "m-1 ") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

5 ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2,1), Fi(2,2), Ui(2,1), 

and Ui(2,2); and 4 outputs Bo(2,1), Bo(2,2), Fo(2,1), and Fo(2,2). The stage (ring 2, stage 

10 0) also consists of six 2: 1 Muxes namely F(2,1 ), F(2,2), U(2,1 ), U(2,2), B(2,1 ), and 

B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2,1). The 2: 1 Mux F(2,2) has two inputs namely Fi(2,1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2,1) has two inputs namely Ui(2,1) and Fo(2,1) and has one 

15 output Uo(2,1). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

one output Uo(2,2). The 2: 1 Mux B(2,1) has two inputs namely Uo(2,l) and Uo(2,2) and 

has one output Bo(2,1). The 2: 1 Mux B(2,2) has two inputs namely Uo(2,1) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

20 and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output Fo(2,4). 

25 The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 
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The output Fo(2, 1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2,1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

5 stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1 ") consists of 4 inputs namely Ri(2,2n- l ), Ri(2,2n), 

Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n- l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(1,2n-l), and B(1,2n). The 2:1 Mux 

10 R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2: 1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

Ro(2,2n). The 2: 1 Mux F(2,2n- l) has two inputs namely Ro(2,2n- l) and Ro(2,2n) and has 

one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

15 The 2: 1 Mux U(2,2n- l) has two inputs namely Ui(2,2n- l) and Fo(2,2n- l) and has 

one output Uo(2,2n-l). The 2:1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

Fo(2,2n) and has one output Uo(2,2n). The 2:1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

20 The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1), Ri(2,2n+2), 

Ui(2,2n+ 1), and Ui(2,2n+2); and 4 outputs Bo(2,2n+ 1), Bo(2,2n+2), Fo(2,2n+ 1), and 

Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

25 and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 
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The 2: 1 Mux U(2,2n+ 1) has two inputs namely Ui(2,2n+ 1) and Fo(2,2n+ 1) and 

has one output Uo(2,2n+l). The 2:1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1). The 2: 1 Mux 

5 B(2,2n+2) has two inputs namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n- l) of the stage (ring 2, stage "n-1 ") is connected to the input 

Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

10 connected to the input Ui(2,2n- l) of the stage (ring 2, stage "n-1 "), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOB consists of 2 * d = 4 outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

15 switch diagrams namely 200A of FIG. 2A, 200B of PIG. 2B, 200C of PIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) may have inputs and outputs connected from computational block 

from either only from left-hand side as in the partial multi-stage hierarchical network 

20 Vcamb (N1 , N 2 , d, s) 1 OOA; or only from right-hand side; or from both left-hand and right-

hand sides as in the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOB. 

Referring to diagram lOOC in FIG. IC, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) where N1 = 400; N2 = 1600; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

25 having 16 inlet links namely 11, 12, 13, 14, 15, 16, 17, 18, 19,110,111, 112, 113, 114, 115, 

and 116; and 4 outlet links namely 01, 02, 03, and 04. And for each computational 

block the corresponding partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) 1 OOC 

consists of two slices namely slice 1 and slice 2. Slice 1 consists of two rings namely 
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(slice 1, ring 1) and (slice 1, ring 2). Similarly slice 2 consists of two rings namely (slice 

2, ring 1) and (slice 2, ring 2). 

The ring (slice 1, ring 1) consists of "m+ l" stages namely (slice 1, ring 1, stage 0), 

(slice 1, ring 1, stage 1), ... (slice 1, ring 1, stage "m-1"), and (slice 1, ring 1, stage "m"). 

5 And the ring (slice 1, ring 2) consists of "n+ l" stages namely (slice 1, ring 2, stage 0), 

(slice 1, ring 2, stage 1), ... (slice 1, ring 2, stage "n-1"), and (slice 1, ring 2, stage "n"), 

where "m" and "n" are positive integers. 

Similarly the ring (slice 2, ring 1) consists of "x+ l" stages namely (slice 2, ring 1, 

stage 0), (slice 2, ring 1, stage 1), ... (slice 2, ring 1, stage "x-1"), and (slice 2, ring 1, 

10 stage "x"). And the ring (slice 2, ring 2) consists of "y+ l" stages namely (slice 2, ring 2, 

stage 0), (slice 2, ring 2, stage 1 ), ... (slice 2, ring 2, stage "y-1 "), and (slice 2, ring 2, 

stage "y"), where "x" and "y" are positive integers. 

In general "m" may be or may not be equal to "x" and "n" may be or may not be 

equal to "y". Also in general, "m" may be or may not be equal to "n" and "x" may be or 

15 may not be equal to "y". 

Ring (slice 1, ring 1) has inlet links Ri(l,1,1) and Ri(l,1,2) from the left-hand 

side, and has outlet links Bo(l,1,1) and Bo(l,1,2) from left-hand side. Ring (slice 1, ring 

1) also has inlet links Ui(l,1,2m+ 1) and Ui(l,1,2m+2) from the right-hand side, and has 

outlet links Fo(l,1,2m+ 1) and Fo(l,1,2m+2) from right-hand side. Ring (slice 1, ring 2) 

20 has inlet links Ri(l,2,1) and Ri(l,2,2) from left-hand side, and outlet links Bo(l,2,1) and 

Bo(l,2,2) from left-hand side. Ring (slice 1, ring 2) also has inlet links Ui(l,2,2n+ 1) and 

Ui(l,2,2n+2) from the right-hand side, and has outlet links Fo(l,2,2n+ 1) and 

Fo(l,2,2n+2) from right-hand side. 

Ring (slice 2, ring 1) has inlet links Ri(2,1,1) and Ri(2,1,2) from the left-hand 

25 side, and has outlet links Bo(2,1,1) and Bo(2,l,2) from left-hand side. Ring (slice 2, ring 

1) also has inlet links Ui(2,1,2x+ 1) and Ui(2,1,2x+2) from the right-hand side, and has 

outlet links Fo(2,1,2x+ 1) and Fo(2,1,2x+2) from right-hand side. Ring (slice 2, ring 2) 

has inlet links Ri(2,2,1) and Ri(2,2,2) from left-hand side, and outlet links Bo(2,2,1) and 

Bo(2,2,2) from left-hand side. Ring (slice 2, ring 2) also has inlet links Ui(2,2,2y+ 1) and 
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Ui(2,2,2y+2) from the right-hand side, and has outlet links Fo(2,2,2y+ 1) and 

Fo(2,2,2y+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) lOOC consists 

of 16 inlet links and 4 outlet links corresponding to the two slices slice 1 and slice 2. 

5 From left-hand side, outlet link 01 of the computational block is connected to inlet link 

Ri(l,1,1) ofring (slice 1, ring 1) and also inlet link ofRi(l,2,1) of ring (slice 1, ring 2). 

Similarly from left-hand side, outlet link 02 of the computational block is connected to 

inlet link Ri(l,1,2) of Ring (slice 1, ring 1) and also inlet link ofRi(l,2,2) of Ring (slice 

1, ring 2). And from left-hand side, outlet link Bo(l,1,1) of Ring (slice 1, ring 1) is 

10 connected to inlet link 11 of the computational block. From left-hand side, Outlet link 

Bo(l,1,2) of Ring (slice 1, ring 1) is connected to inlet link 12 of the computational block. 

Similarly from left-hand side, outlet link Bo(l,2,1) of Ring (slice 1, ring 2) is connected 

to inlet link 13 of the computational block. From left-hand side, outlet link Bo(l,2,2) of 

Ring (slice 1, ring 2) is connected to inlet link 14 of the computational block. 

15 From right-hand side, outlet link 01 of the computational block is connected to 

inlet link Ui(l,1,2m+ 1) ofring (slice 1, ring 1) and also inlet link of Ui(l,2,2n+ 1) of ring 

(slice 1, ring 2). Similarly from right-hand side, outlet link 02 of the computational block 

is connected to inlet link Ui(l,1,2m+2) of Ring (slice 1, ring 1) and also inlet link of 

Ui(l,2,2n+2) of Ring (slice 1, ring 2). And from right-hand side, outlet link Fo(l,1,2m+ 1) 

20 of Ring (slice 1, ring 1) is connected to inlet link 15 of the computational block. From 

right-hand side, outlet link Fo(l,1,2m+2) of Ring (slice 1, ring 1) is connected to inlet 

link 16 of the computational block. Similarly from right-hand side, outlet link 

Fo(l,2,2n+ 1) of Ring (slice 1, ring 2) is connected to inlet link 17 of the computational 

block. From right-hand side, outlet link Fo(l,2,2n+2) of Ring (slice 1, ring 2) is 

25 connected to inlet link 18 of the computational block. 

From left-hand side, outlet link 03 of the computational block is connected to 

inlet link Ri(2,1,l) ofring (slice 2, ring 1) and also inlet link of Ri(2,2,l) of ring (slice 2, 

ring 2). Similarly from left-hand side, outlet link 04 of the computational block is 

connected to inlet link Ri(2,1,2) of Ring (slice 2, ring 1) and also inlet link of Ri(2,2,2) of 

30 Ring (slice 2, ring 2). And from left-hand side, outlet link Bo(2,1,1) of Ring (slice 2, ring 

1) is connected to inlet link 19 of the computational block. From left-hand side, Outlet 
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link Bo(2,1,2) of Ring (slice 2, ring 1) is connected to inlet link IlO of the computational 

block. Similarly from left-hand side, outlet link Bo(2,2,l) of Ring (slice 2, ring 2) is 

connected to inlet link Il 1 of the computational block. From left-hand side, outlet link 

Bo(2,2,2) of Ring (slice 2, ring 2) is connected to inlet link Il2 of the computational 

5 block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui(2,1,2x+ 1) of ring (slice 2, ring 1) and also inlet link of Ui(2,2,2y+ 1) ofring 

(slice 2, ring 2). Similarly from right-hand side, outlet link 04 of the computational block 

is connected to inlet link Ui(2,1,2x+2) of Ring (slice 2, ring 1) and also inlet link of 

10 Ui(2,2,2y+2) of Ring (slice 2, ring 2). And from right-hand side, outlet link Fo(2,1,2x+ 1) 

of Ring (slice 2, ring 1) is connected to inlet link Il3 of the computational block. From 

right-hand side, outlet link Fo(2,1,2x+2) of Ring (slice 2, ring 1) is connected to inlet link 

Il4 of the computational block. Similarly from right-hand side, outlet link Fo(2,2,2y+ 1) 

of Ring (slice 2, ring 2) is connected to inlet link Il5 of the computational block. From 

15 right-hand side, outlet link Fo(2,2,2y+2) of Ring (slice 2, ring 2) is connected to inlet link 

Il 6 of the computational block. 

In this embodiment outlet links 01 and 02 of the computational block are 

connected only to slice 1. Similarly outlet links 03 and 04 of the computational block are 

connected only to slice 2. 

20 Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and 

the corresponding computational block with 16 inlet links and 4 outlet links. For example 

block (1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

25 Vcamb (N1 , N 2 , d, s) 1 OOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Similarly each of the 100 

blocks of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Hence the complete multi-stage 

30 hierarchical network Vcamb (N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 
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links and N2 = 1600 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 16 inlet links 

and 4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D­

Plane. In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

5 second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1, N 2 ,d,s) lOOC in 

FIG. IC, the stage (slice 1, ring 1, stage 0) consists of 8 inputs namely Ri(l,1,1), 

Ri(l,1,2), Ui(l,1,1), Ui(l,1,2), J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1); and 4 outputs 

Bo(l,1,1), Bo(l,1,2), Fo(l,1,1), and Fo(l,1,2). The stage (slice 1, ring "l", stage "O") also 

10 consists of four 4: 1 Muxes namely F(l,1,1), F(l,1,2), B(l,1,1), and B(l,1,2). The 4: 1 

Mux F(l,1,1) has four inputs namely Ri(l,1,1), Ri(l,1,2), Ui(l,1,2), and J(l,1,1), and has 

one output Fo(l,1,1). The 4: 1 Mux F(l,1,2) has four inputs namely Ri(l,1,1), Ri(l,1,2), 

Ui(l,1,1), and K(l,1,1), and has one output Fo(l,1,2). 

The 4:1 Mux B(l,1,1) has four inputs namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2), and 

15 L(l,1,1), and has one output Bo(l,1,1). The 4: 1 Mux B(l,1,2) has four inputs namely 

Ui(l,1,1), Ui(l,1,2), Ri(l,1,1) and M(l,1,1), and has one output Bo(l,1,2). In different 

embodiments the inputs J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

20 The stage (slice 1, ring 1, stage "m") consists of 8 inputs namely Ri(l, l ,2m+ 1 ), 

Ri(l,1,2m+2), Ui(l,1,2m+ 1), Ui(l,1,2m+2), J(l,l,m+ 1), K(l,1,m+ 1), L(l,1,m+ 1), and 

M(l,l,m+ l); and 4 outputs Bo(l,1,2m+ 1), Bo(l,1,2m+2), Fo(l,1,2m+ 1), and 

Fo(l,1,2m+2). The stage (slice 1, ring 1, stage "m") also consists of four 4: 1 Muxes 

namely F(l,1,2m+ 1), F(l,1,2m+2), B(1,1,2m+ 1), and B(1,1,2m+2). The 4: 1 Mux 

25 F(l,l,2m+ 1) has four inputs namely Ri(l,1,2m+ 1), Ri(l,1,2m+2), Ui(l,1,2m+2), and 

J(l,1,m+ 1), and has one output Fo(l,1,2m+ 1). The 4: 1 Mux F(l,1,2m+2) has four inputs 

namely Ri(l,1,2m+ 1), Ri(l,1,2m+2), Ui(l,1,2m+ 1), and K(l,1,m+ 1), and has one output 

Fo(l,1,2m+2). 

The 4: 1 Mux B(1,1,2m+ 1) has four inputs namely Ui(l,1,2m+ 1), Ui(l,1,2m+2), 

30 Ri(l,1,2m+2), and L(l,1,m+ 1), and has one output Bo(l,1,2m+ 1). The 4: 1 Mux 
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B(1,1,2m+2) has four inputs namely Ui(l,1,2m+ 1), Ui(l,1,2m+2), Ri(l,1,2m+ 1) and 

M(l,l,m+ 1), and has one output Bo(l,1,2m+2). In different embodiments the inputs 

J(l,1,m+ 1), K(l,1,m+ 1), L(l,1,m+ 1), and M(l,1,m+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

5 network VComb(N1,N2,d,s). 

Just the same way the stage (slice 1, ring 1, stage 0), there are also stages (slice 1, 

ring 1, stage 1), (slice 1, ring 1, stage 2), (slice 1, ring 1, stage 3), ... (slice 1, ring 1, stage 

"m-1 "), (slice 1, ring 1, stage "m") in that order, where the stages from (slice 1, ring 1, 

stage 1), (slice 1, ring 1, stage 2), ... , (slice 1, ring 1, stage "m-1") are not shown in the 

10 diagram lOOC. 

Referring to diagram 100C5 in FIG. 1C5 illustrates specific details of partial 

multi-stage hierarchical network Vcamb(N1,N2,d,s) lOOC in FIG. IC, particularly the 

internal connections between two successive stages of any ring of any slice, in one 

embodiment. The stage (slice "c", ring "d", stage "e") consists of 8 inputs namely 

15 Ri(c,d,2e+ 1), Ri(c,d,2e+2), Ui(c,d,2e+ 1), Ui(c,d,2e+2), J(c,d,e+ 1), K(c,d,e+ 1), 

L(c,d,e+ 1), and M(c,d,e+ l); and 4 outputs Bo(c,d,2e+ 1), Bo(c,d,2e+2), Fo(c,d,2e+ 1), and 

Fo( c,d,2e+2). The stage (slice "c", ring "d", stage "e") also consists of four 4: 1 Muxes 

namely F(c,d,2e+ 1), F(c,d,2e+2), B(c,d,2e+ 1), and B(c,d,2e+2). The 4: 1 Mux F(c,d,2e+ 1) 

has four inputs namely Ri(c,d,2e+ 1), Ri(c,d,2e+2), Ui(c,d,2e+2), and J(c,d,e+ 1), and has 

20 one output Fo(c,d,2e+ 1). The 4: 1 Mux F(c,d,2e+2) has four inputs namely Ri(c,d,2e+ 1), 

Ri(c,d,2e+2), Ui(c,d,2e+ 1), and K(c,d,e+ 1), and has one output Fo(c,d,2e+2). 

The 4: 1 Mux B(c,d,2e+ 1) has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), 

Ri(c,d,2e+2), and L(c,d,e+ 1), and has one output Bo(c,d,2e+ 1). The 4: 1 Mux B(c,d,2e+2) 

has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), Ri(c,d,2e+ 1) and M(c,d,e+ 1), and has 

25 one output Bo(c,d,2e+2). In different embodiments the inputs J(c,d,e+ 1), K(c,d,e+ 1), 

L(c,d,e+ 1), and M(c,d,e+ 1) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The stage (slice "c", ring "d", stage "e+ l ") consists of 8 inputs namely 

Ri(c,d,2e+3), Ri(c,d,2e+4), Ui(c,d,2e+3), Ui(c,d,2e+4), J(c,d,e+2), K(c,d,e+2), 

30 L(c,d,e+2), and M(c,d,e+2); and 4 outputs Bo(c,d,2e+3), Bo(c,d,2e+4), Fo(c,d,2e+3), and 
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Fo(c,d,2e+4). The stage (slice "c", ring "d", stage "e+l") also consists of four 4:1 Muxes 

namely F(c,d,2e+3), F(c,d,2e+4), B(c,d,2e+3), and B(c,d,2e+4). The 4:1 Mux F(c,d,2e+3) 

has four inputs namely Ri(c,d,2e+3), Ri(c,d,2e+4), Ui(c,d,2e+4), and J(c,d,e+2), and has 

one output Fo(c,d,2e+3). The 4: 1 Mux F(c,d,2e+4) has four inputs namely Ri(c,d,2e+3), 

5 Ri(c,d,2e+4), Ui(c,d,2e+3), and K(c,d,e+2), and has one output Fo(c,d,2e+4). 

The 4: 1 Mux B(c,d,2e+3) has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), 

Ri(c,d,2e+4), and L(c,d,e+2), and has one output Bo(c,d,2e+3). The 4: 1 Mux B(c,d,2e+4) 

has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), Ri(c,d,2e+3) and M(c,d,e+2), and has 

one output Bo(c,d,2e+4). In different embodiments the inputs J(c,d,e+2), K(c,d,e+2), 

10 L( c,d,e+2), and M( c,d,e+2) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The output Fo(c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e") is connected 

to the input Ri( c,d,2e+ 3) of the stage (slice "c", ring "d", stage "e+ l ") which is called 

hereinafter an internal connection between two successive stages of a ring. And the 

15 output Bo( c,d,2e+ 3) of the stage (slice "c", ring "d", stage "e+ l ") is connected to the 

input Ui(c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e"), is another internal 

connection between stage "e" and stage "e+ l" of the ring (slice "c", ring "d"). 

Just the same way the two successive stages (slice "c', ring "d", stage "e") and 

(slice 'c", ring "d", stage "e+ l ") have internal connections between them as described 

20 above, any two successive stages have similar internal connections for any values of "c", 

"d", "e" of the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC in FIG. 

IC belonging to any block of the two dimensional grid 800 in FIG. 8, in some 

embodiments. For example stage (slice 1, ring 1, stage 0) and stage (slice 1, ring 1, stage 

1) have similar internal connections; and stage (slice 1, ring 1, stage "m-1") and stage 

25 (slice 1, ring 1, stage "m") have similar internal connections. 

Stage (slice 1, ring 1, stage 0) is also called hereinafter the "entry stage" or "first 

stage" of (slice 1, ring 1), since inlet links and outlet links of the computational block are 

directly connected to stage (slice 1, ring 1, stage 0). Also stage (slice 1, ring 1, stage "m") 

is hereinafter the "last stage" or "root stage" of (slice 1, ring 1 ). 
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The stage (slice 1, ring 2, stage 0) consists of 8 inputs namely Ri(l,2,1), Ri(l,2,2), 

Ui(l,2,1), Ui(l,2,2), J(l,2,1), K(l,2,1), L(l,2,1), and M(l,2,1); and 4 outputs Bo(l,2,1), 

Bo(l,2,2), Fo(l,2,1), and Fo(l,2,2). The stage (slice 1, ring "2", stage "O") also consists 

of four 4: 1 Muxes namely F(l,2,1), F(l,2,2), B(l,2,1), and B(l,2,2). The 4: 1 Mux 

5 F(l,2,1) has four inputs namely Ri(l,2,1), Ri(l,2,2), Ui(l,2,2), and J(l,2,1), and has one 

output Fo(l,2,1). The 4: 1 Mux F(l,2,2) has four inputs namely Ri(l,2,1), Ri(l,2,2), 

Ui(l,2,1), and K(l,2,1), and has one output Fo(l,2,2). 

The 4:1 Mux B(l,2,1) has four inputs namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2), and 

L(l,2, 1), and has one output Bo(l,2,1). The 4: 1 Mux B(l,2,2) has four inputs namely 

10 Ui(l,2,1), Ui(l,2,2), Ri(l,2,1) and M(l,2,1), and has one output Bo(l,2,2). In different 

embodiments the inputs J(l,2,1), K(l,2,1), L(l,2,1), and M(l,2,1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (slice 1, ring 2, stage "n") consists of 8 inputs namely Ri(l,2,2n+ 1), 

15 Ri(l,2,2n+2), Ui(l,2,2n+ 1), Ui(l,2,2n+2), J(l,2,n+ 1), K(l,2,n+ 1), L(l,2,n+ 1), and 

M(l,2,n+ l); and 4 outputs Bo(l,2,2n+ 1), Bo(l,2,2n+2), Fo(l,2,2n+ 1), and Fo(l,2,2n+2). 

The stage (slice 1, ring 2, stage "n") also consists of four 4: 1 Muxes namely F(l,2,2n+ 1), 

F(l,2,2n+2), B(1,2,2n+ 1), and B(1,2,2n+2). The 4: 1 Mux F(l,2,2n+ 1) has four inputs 

namely Ri(l,2,2n+ 1), Ri(l,2,2n+2), Ui(l,2,2n+2), and J(l,2,n+ 1), and has one output 

20 Fo(l,2,2n+ 1). The 4: 1 Mux F(l,2,2n+2) has four inputs namely Ri(l,2,2n+ 1), 

Ri(l,2,2n+2), Ui(l,2,2n+ 1), and K(l,2,n+ 1), and has one output Fo(l,2,2n+2). 

The 4: 1 Mux B(1,2,2n+ 1) has four inputs namely Ui(l,2,n+ 1), Ui(l,2,2n+2), 

Ri(l,2,2n+2), and L(l,2,n+ 1), and has one output Bo(l,2,2n+ 1). The 4: 1 Mux 

B(1,2,2n+2) has four inputs namely Ui(l,2,2n+ 1), Ui(l,2,2n+2), Ri(l,2,2n+ 1) and 

25 M(l,2,n+ 1), and has one output Bo(l,2,2n+2). In different embodiments the inputs 

J(l,2,n+ 1), K(l,2,n+ 1), L(l,2,n+ 1), and M(l,2,n+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 1, ring 2, stage 0), there are also stages (slice 1, 

30 ring 2, stage 1), (slice 1, ring 2, stage 2), (slice 1, ring 2, stage 3), ... (slice 1, ring 2, stage 
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"n-1"), (slice 1, ring 2, stage "n") in that order, where the stages from (slice 1, ring 2, 

stage 1), (slice 1, ring 2, stage 2), ... , (slice 1, ring 2, stage "n-1") are not shown in the 

diagram lOOC. 

The stage (slice 2, ring 1, stage 0) consists of 8 inputs namely Ri(2,1,1), Ri(2,1,2), 

5 Ui(2,1,1), Ui(2,1,2), J(2,1,1), K(2,1,1), L(2,l,1), and M(2,1,1); and 4 outputs Bo(2,1,1), 

Bo(2,1,2), Fo(2,1,1), and Fo(2,1,2). The stage (slice 2, ring "l", stage "O") also consists 

of four 4: 1 Muxes namely F(2,1,1), F(2,1,2), B(2,l,1), and B(2,1,2). The 4: 1 Mux 

F(2,l,1) has four inputs namely Ri(2,1,1), Ri(2,1,2), Ui(2,1,2), and J(2,1,1), and has one 

output Fo(2,l,1). The 4: 1 Mux F(2,1,2) has four inputs namely Ri(2,1,1), Ri(2,1,2), 

10 Ui(2,1,1), and K(2,1,1), and has one output Fo(2,1,2). 

The 4:1 Mux B(2,1,1) has four inputs namely Ui(2,1,1), Ui(2,1,2), Ri(2,1,2), and 

L(2,l, 1), and has one output Bo(2,l,l). The 4: 1 Mux B(2,l,2) has four inputs namely 

Ui(2,1,1), Ui(2,1,2), Ri(2,1,1) and M(2,1,1), and has one output Bo(2,1,2). In different 

embodiments the inputs J(2,1,1), K(2,1,1), L(2,1,l), and M(2,1,1) are connected from any 

15 of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (slice 2, ring 1, stage "x") consists of 8 inputs namely Ri(2,1,2x+ 1), 

Ri(2,1,2x+2), Ui(2,1,2x+ 1), Ui(2,1,2x+2), J(2,l,x+ 1), K(2,1,x+ 1), L(2,1,x+ 1), and 

M(2,l,x+ l); and 4 outputs Bo(2,1,2x+ 1), Bo(2,1,2x+2), Fo(2,1,2x+ 1), and Fo(2,1,2x+2). 

20 The stage (slice 2, ring 1, stage "x") also consists of four 4: 1 Muxes namely F(2,1,2x+ 1 ), 

F(2,l,2x+2), B(2, l,2x+ 1), and B(2,l,2x+2). The 4: 1 Mux F(2,l,2x+ 1) has four inputs 

namely Ri(2, l,2x+ 1 ), Ri(2, l,2x+2), Ui(2, l,2x+2), and J(2, l,x+ 1 ), and has one output 

Fo(2,1,2x+ 1). The 4: 1 Mux F(2,1,2x+2) has four inputs namely Ri(2,1,2x+ 1), 

Ri(2,1,2x+2), Ui(2,1,2x+ 1), and K(2,1,x+ 1), and has one output Fo(2,1,2x+2). 

25 The 4: 1 Mux B(2,l,2x+ 1) has four inputs namely Ui(2,l,2x+ 1), Ui(2,l,2x+2), 

Ri(2, l,2x+2), and L(2, l,x+ 1), and has one output Bo(2, l,2x+ 1). The 4: 1 Mux 

B(2, l,2x+2) has four inputs namely Ui(2,l,2x+ 1), Ui(2,l,2x+2), Ri(2,l,2x+ 1) and 

M(2,l,x+ 1), and has one output Bo(2,1,2x+2). In different embodiments the inputs 

J(2,l,x+ 1), K(2, l,x+ 1), L(2,l,x+ 1), and M(2, l,x+ 1) are connected from any of the 
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outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 2, ring 1, stage 0), there are also stages (slice 2, 

ring 1, stage 1), (slice 2, ring 1, stage 2), (slice 2, ring 1, stage 3), ... (slice 2, ring 1, stage 

5 "m-1 "), (slice 2, ring 1, stage "x") in that order, where the stages from (slice 2, ring 1, 

stage 1), (slice 2, ring 1, stage 2), ... , (slice 2, ring 1, stage "x-1") are not shown in the 

diagram lOOC. 

The stage (slice 2, ring 2, stage 0) consists of 8 inputs namely Ri(2,2,1), Ri(2,2,2), 

Ui(2,2,1), Ui(2,2,2), J(2,2,1), K(2,2,1), L(2,2,1), and M(2,2,1); and 4 outputs Bo(2,2,1), 

10 Bo(2,2,2), Fo(2,2,1), and Fo(2,2,2). The stage (slice 2, ring "2", stage "O") also consists 

of four 4: 1 Muxes namely F(2,2, 1 ), F(2,2,2), B(2,2, 1 ), and B(2,2,2). The 4: 1 Mux 

F(2,2, 1) has four inputs namely Ri(2,2, 1 ), Ri(2,2,2), Ui(2,2,2), and J(2,2, 1 ), and has one 

output Fo(2,2,1). The 4: 1 Mux F(2,2,2) has four inputs namely Ri(2,2,1), Ri(2,2,2), 

Ui(2,2,1), and K(2,2,1), and has one output Fo(2,2,2). 

15 The 4: 1 Mux B(2,2,1) has four inputs namely Ui(2,2,1), Ui(2,2,2), Ri(2,2,2), and 

L(2,2, 1 ), and has one output Bo(2,2, 1 ). The 4: 1 Mux B(2,2,2) has four inputs namely 

Ui(2,2,l), Ui(2,2,2), Ri(2,2,l) and M(2,2,l), and has one output Bo(2,2,2). In different 

embodiments the inputs J(2,2, 1 ), K(2,2, 1 ), L(2,2, 1 ), and M(2,2, 1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

20 network VComb(N1,N2,d,s). 

The stage (slice 2, ring 2, stage "x") consists of 8 inputs namely Ri(2,2,2x+ 1 ), 

Ri(2,2,2x+2), Ui(2,2,2x+ 1), Ui(2,2,2x+2), J(2,2,x+ 1), K(2,2,x+ 1), L(2,2,x+ 1), and 

M(2,2,x+ l); and 4 outputs Bo(2,2,2x+ 1), Bo(2,2,2x+2), Fo(2,2,2x+ 1), and Fo(2,2,2x+2). 

The stage (slice 2, ring 2, stage "y") also consists of four 4: 1 Muxes namely F(2,2,2y+ 1 ), 

25 F(2,2,2y+2), B(2,2,2y+ 1), and B(2,2,2y+2). The 4:1 Mux F(2,2,2y+ 1) has four inputs 

namely Ri(2,2,2y+ 1), Ri(2,2,2y+2), Ui(2,2,2y+2), and J(2,2,y+ 1), and has one output 

Fo(2,2,2y+ 1). The 4: 1 Mux F(2,2,2y+2) has four inputs namely Ri(2,2,2y+ 1), 

Ri(2,2,2y+2), Ui(2,2,2y+ 1), and K(2,2,y+ 1), and has one output Fo(2,2,2y+2). 
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The 4: 1 Mux B(2,2,2y+ 1) has four inputs namely Ui(2,2,2y+ 1), Ui(2,2,2y+2), 

Ri(2,2,2y+2), and L(2,2,y+ 1), and has one output Bo(2,2,2y+ 1). The 4: 1 Mux 

B(2,2,2y+2) has four inputs namely Ui(2,2,2y+ 1), Ui(2,2,2y+2), Ri(2,2,2y+ 1) and 

M(2,2,y+ 1), and has one output Bo(2,2,2y+2). In different embodiments the inputs 

5 J(2,2,y+ 1), K(2,2,y+ 1), L(2,2,y+ 1), and M(2,2,y+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

Just the same way the stage (slice 2, ring 2, stage 0), there are also stages (slice 2, 

ring 2, stage 1), (slice 2, ring 2, stage 2), (slice 2, ring 2, stage 3), ... (slice 2, ring 2, stage 

10 ''y-1"), (slice 2, ring 2, stage "y") in that order, where the stages from (slice 2, ring 2, 

stage 1), (slice 2, ring 2, stage 2), ... , (slice 2, ring 2, stage "y-1") are not shown in the 

diagram lOOC. 

As illustrated in diagram 100C5 in FIG. 1C5, the similar internal connections 

between two successive stages of any ring of any slice of partial multi-stage hierarchical 

15 network Vcamb(N1,N2,d,s) lOOC in FIG. IC, in some embodiments are provided for all 

the slices c = 1, 2; for all the rings in each of the slices d = 1, 2; and for all the stages 

namely when c = 1, d = 1, e = [l,m]; when c=l, d=2, e=[l,n]; when c=2, d=l, e=[l,x]; 

and when c=2, d=2; e=[l,y]. 

Each stage of any ring of the partial multi-stage hierarchical network 

20 Vcamb (N1, N 2, d, s) 1 OOB consists of 2 * d = 4 outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

25 Vcamb (N1, N 2, d, s) illustrated in 1 OOC also may have inputs and outputs connected from 

computational block from either only from left-hand side as in the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOA; or only from right-hand side; or from both 

left-hand and right-hand sides as in the partial multi-stage hierarchical network 

VComb (NI, N2, d, S) lOOB. 
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Applicant now notes a few aspects of the diagram lOOC in FIG. IC an exemplary 

partial multi-stage hierarchical network Vcamb (N1 , N 2 , d, s) corresponding to one 

computational block, with each computational block having 16 inlet links and 4 outlet 

links as follows: (Also these aspects are helpful in more optimization of the partial multi-

5 stage hierarchical network Vcamb (N1,N2 ,d,s) as well as faster scheduling of the 

connections between outlet links of the computational blocks and the inlet links of the 

computational blocks.) 

1) The partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC in FIG. 

IC is divided into two slices namely slice 1 and slice 2. The outlet links of the 

10 computational block namely 01 and 02 are connected to only one slice i.e. slice 1. In 

other words outlet links O 1 and 02 are absolutely not connected to slice 2. Similarly the 

outlet links of the computational block namely 03 and 04 are connected to only one slice 

i.e. slice 2. In other words outlet links 03 and 04 are absolutely not connected to slice 1. 

2) The second aspect is all the hop wires and multi-drop hop wires originating from slice 

15 1 from any block will be terminating only in the slice 1 of any other block. Similarly all 

the hop wires and multi-drop hop wires originating from slice 2 from any block will be 

terminating only in the slice 2 of any other block. 3) The third aspect is the mux whose 

output is directly connected to each inlet link of the computational block must have at 

least one input connected from each slice of the partial multi-stage hierarchical network 

20 Vcamb(N1,N2 ,d,s) lOOC. That is for example since the 4:1 mux B(l,1,1), belonging to 

slice 1, and having its output Bo(l,1,1) directly connected to inlet link 11 must have at 

least one of its inputs connecting from an output of a mux of a stage of a ring of slice 2 as 

well. This property must be satisfied for all the inlet links of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC. 

25 Referring to diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 

100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 illustrate the details of the foregoing 

third aspect of the partial multi-stage hierarchical network Vcamb (Ni,N2 ,d,s) lOOC of 

FIG. IC. Applicant notes that diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, 

diagram 100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 are all actually part of the 
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partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOC of FIG. IC and these 

separate diagrams are necessary only to avoid the clutter in the diagram 1 OOC of FIG. 1 C. 

The connections illustrated between different slices in diagram lOOCl in FIG. 

lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, and diagram 100C4 in 

5 FIG. 1 C4 are the only connections between different slices, in some exemplary 

embodiments. In general the connections between different slices are given only at the 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block. 

Referring to diagram lOOCl in FIG. lCl illustrate the connections between the 

10 stage (slice 1, ring 1, stage 0) and between the stage (slice 2, ring 1, stage 0). The same 

connection that is given to the input Ui(l,1,1) is also connected to the input L(2,1,1). The 

same connection that is given to the input Ui(l,1,2) is also connected to the input 

M(2,l,1). Similarly the same connection that is given to the input Ui(2,1,1) is also 

connected to the input L(l,1,1). The same connection that is given to the input Ui(2,1,2) 

15 is also connected to the input M(l,1,1). 

Therefore inlet link 11 can be essentially connected through the 4: 1 mux B(l,1,1) 

with three of its inputs connecting from slice 1 namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2) and 

one input L(l,1,1) connecting from slice 2. The inlet link 12 can be essentially connected 

through the 4:1 mux B(l,1,2) with three of its inputs connecting from slice 1 namely 

20 Ui(l,1,1), Ui(l,1,2), Ri(l,1,1) and one input M(l,1,1) connecting from slice 2. The inlet 

link 19 can be essentially connected through the 4: 1 mux B(l,2, 1) with three of its inputs 

connecting from slice 2 namely Ui(2, 1, 1 ), Ui(2, 1,2), Ri(2, 1,2) and one input L(2, 1, 1) 

connecting from slice 1. The inlet link 110 can be essentially connected through the 4: 1 

mux B(2,l,2) with three of its inputs connecting from slice 2 namely Ui(2,1,1), Ui(2,1,2), 

25 Ri(2, 1, 1) and one input M(2, 1, 1) connecting from slice 1. Hence all the inlet links I 1, 12, 

19 and 110 are all independently reachable from both slice 1 and slice2. 

Referring to diagram 100C2 in FIG. 1C2 illustrate the connections between the 

stage (slice 1, ring 2, stage 0) and between the stage (slice 2, ring 2, stage 0). The same 

connection that is given to the input Ui(l,2,1) is also connected to the input M(2,2,1). The 

30 same connection that is given to the input Ui(l,2,2) is also connected to the input 
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L(2,2, 1 ). Similarly the same connection that is given to the input Ui(2,2, 1) is also 

connected to the input M(l,2,1). The same connection that is given to the input Ui(2,2,2) 

is also connected to the input L(l,2,1). 

Therefore inlet link 13 can be essentially connected through the 4: 1 mux B(l,2,1) 

5 with three of its inputs connecting from slice 1 namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2) and 

one input M(2,2, 1) connecting from slice 2. The inlet link 14 can be essentially connected 

through the 4: 1 mux B(l,2,2) with three of its inputs connecting from slice 1 namely 

Ui(l,2,1), Ui(l,2,2), Ri(l,2,1) and one input M(l,2,1) connecting from slice 2. The inlet 

link I 11 can be essentially connected through the 4: 1 mux B(2,2, 1) with three of its inputs 

10 connecting from slice 2 namely Ui(2,2, 1 ), Ui(2,2,2), Ri(2,2,2) and one input L(2,2, 1) 

connecting from slice 1. The inlet link 112 can be essentially connected through the 4: 1 

mux B(2,2,2) with three of its inputs connecting from slice 2 namely Ui(2,2, 1 ), Ui(2,2,2), 

Ri(2,2,l) and one input M(2,2,1) connecting from slice 1. Hence all the inlet links 13, 14, 

111 and 112 are all independently reachable from both slice 1 and slice2. 

15 Referring to diagram 100C3 in FIG. 1C3 illustrate the connections between the 

stage (slice 1, ring 1, stage "m") and between the stage (slice 2, ring 2, stage "y"). The 

same connection that is given to the input Ri(l,1,2m+ 1) is also connected to the input 

J(2,2,y+ 1). The same connection that is given to the input Ri(l,1,2m+2) is also connected 

to the input K(2,2,y+ 1). Similarly the same connection that is given to the input 

20 Ri(2,2,2y+ 1) is also connected to the input J(l,1,m+ 1). The same connection that is given 

to the input Ri(2,2,2y+2) is also connected to the input K(l,1,m+ 1). 

Therefore inlet link 15 can be essentially connected through the 4: 1 mux 

F(l,l,2m+ 1) with three of its inputs connecting from slice 1 namely Ri(l,1,2m+ 1), 

Ri(l,1,2m+2), Ui(l,1,2m+2) and one input J(l,1,m+ 1) connecting from slice 2. The inlet 

25 link 16 can be essentially connected through the 4: 1 mux F(l, l,2m+2) with three of its 

inputs connecting from slice 1 namely Ri(l,1,2m+ 1), Ri(l,1,2m+2),Ui(l,1,2m+ 1) and 

one input K(l, l ,m+ 1) connecting from slice 2. The inlet link I 15 can be essentially 

connected through the 4: 1 mux F(2,2,2y+ 1) with three of its inputs connecting from slice 

2 namely Ri(2,2,2y+ 1), Ri(2,2,2y+2), Ui(2,2,2y+2) and one input J(2,2,y+ 1) connecting 

30 from slice 1. The inlet link 116 can be essentially connected through the 4: 1 mux 

F(2,2,2y+2) with three of its inputs connecting from slice 2 namely Ri(2,2,2y+ 1 ), 
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Ri(2,2,2y+2), Ui(2,2,2y+ 1) and one input K(2,2,y+ 1) connecting from slice 1. Hence all 

the inlet links 15, 16, 115 and 116 are all independently reachable from both slice 1 and 

slice2. 

Referring to diagram 100C4 in FIG. 1C4 illustrate the connections between the 

5 stage (slice 1, ring 2, stage "n") and between the stage (slice 2, ring 1, stage "x"). The 

same connection that is given to the input Ri(l,2,2n+ 1) is also connected to the input 

K(2,l,x+ 1). The same connection that is given to the input Ri(l,2,2n+2) is also connected 

to the input J(2,1,x+ 1). Similarly the same connection that is given to the input 

Ri(2, l,2x+ 1) is also connected to the input K(l,2,n+ 1). The same connection that is given 

10 to the input Ri(2,1,2x+2) is also connected to the input J(l,2,n+ 1). 

Therefore inlet link 17 can be essentially connected through the 4: 1 mux 

F(l ,2,2n+ 1) with three of its inputs connecting from slice 1 namely Ri(l ,2,2n+ 1 ), 

Ri(l,2,2n+2), Ui(l,2,2n+2) and one input J(l,2,n+ 1) connecting from slice 2. The inlet 

link 18 can be essentially connected through the 4: 1 mux F(l,2,2n+2) with three of its 

15 inputs connecting from slice 1 namely Ri(l,2,2n+ 1), Ri(l,2,2n+2),Ui(l,2,2n+ 1) and one 

input K(l,2,n+ 1) connecting from slice 2. The inlet link 113 can be essentially connected 

through the 4: 1 mux F(2,1,2x+ 1) with three of its inputs connecting from slice 2 namely 

Ri(2, l,2x+ 1 ), Ri(2, l,2x+2), Ui(2, l ,2x+2) and one input J(2, l,x+ 1) connecting from slice 

1. The inlet link 114 can be essentially connected through the 4: 1 mux F(2,1,2x+2) with 

20 three of its inputs connecting from slice 2 namely Ri(2,1,2x+ 1), Ri(2,1,2x+2), 

Ui(2, l ,2x+ 1) and one input K(2, l ,x+ 1) connecting from slice 1. Hence all the inlet links 

17, 18, 113 and 114 are all independently reachable from both slice 1 and slice2. 

The connections illustrated between different slices, in several embodiments, in 

diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, 

25 and diagram 1 OOC4 in FIG. 1 C4 are the only connections between different slices. And 

also the terminating muxes i.e. whose outputs are directly connected to one of the inlet 

links of the computational block have three inputs coming from one slice and one input 

coming from another slice. In other embodiments it is also possible so that the 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

30 computational block have two inputs coming from one slice and two inputs coming from 

another slice. 
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Also in general the number of slices in the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC of FIG. 1 C may be more than or equal to two. In such a case 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block will have at least one input coming from each slice. And the outlet 

5 links of the computational block will be divided and connected to each slice; however 

each outlet link of the computational block will be connected to only one slice. Also in 

general the hop wires and multi-drop hop wires are connected to only between the 

corresponding slices of different blocks, in some embodiments some of the hop wires 

and multi-drop hop wires may be connected between different slices of different blocks 

10 even if it is done partially. 

FIG. 2A illustrates a stage (ring "k", stage "m") 200A consists of 4 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1 ), 

Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of six 2: 1 Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward 

15 switch), U(k,2m+ 1), U(k,2m+2) (comprising in combination a U-turn switch), 

B(k,2m+ 1 ), and B(k,2m+2) ( comprising in combination a backward switch). The 2: 1 

Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) 

and has one output Fo(k,2m+2). 

20 The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

25 Bo(k,2m+2). 

FIG. 2B illustrates a stage (ring "k", stage "m") 200B consists of 4 inputs namely 

Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1), 

Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of eight 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2) ( comprising in combination a Reverse 

30 U-tum switch), F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward switch), 

U(k,2m+ 1), U(k,2m+2) (comprising in combination a U-tum switch), B(k,2m+ 1), and 
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B(k,2m+2) ( comprising in combination a backward switch). The 2: 1 Mux R(k,2m+ 1) has 

two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 

Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

5 Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

10 namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

FIG. 2C illustrates a stage (ring "k", stage "m") 200C consists of 4 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs Uo(k,2m+ 1), 

15 Uo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of four 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2) ( comprising in combination a forward 

switch), U(k,2m+ 1), and U(k,2m+2) (comprising in combination a U-tum switch). The 

2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 

output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and 

20 Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Ui(k,2m+2) and 

has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+ 1) 

and Ui(k,2m+2) and has one output Uo(k,2m+2). 

However the stage "m" of ring "k" with "m" stages of the partial multi-stage 

25 hierarchical network Vcamb(N1,N2 ,d,s), in another embodiment, may have 2 inputs and 

2 outputs as shown in diagram 200D in FIG. 2D. FIG. 2D illustrates a stage (ring "k", 

stage "m") 200D consists of 2 inputs namely Fi(k,2m+ 1) and Fi(k,2m+2); and 2 outputs 

Fo(k,2m+ 1) and Fo(k,2m+2). The stage (ring "k", stage "m") also consists of two 2: 1 

Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward switch). The 

30 2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 
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output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+2). A stage with 2 inputs and 2 outputs is, in one 

embodiment, the "last stage" or "root stage" of ring. 

The stage "m" of ring "k" with "m" stages of the partial multi-stage hierarchical 

5 network Vcamb ( N 1, N 2 , d, s) , in another embodiment, may have 8 inputs and 4 outputs as 

shown in diagram 200E in FIG. 2E. FIG. 2E illustrates a stage (ring "k", stage "m") 200E 

consists of 8 inputs namely Fi(k,2m+ 1 ), Fi(k,2m+2), Bi(k,2m+ 1 ), Bi(k,2m+2), J, K, L, 

and M; and 4 outputs Uo(k,2m+ 1), Uo(k,2m+2), Ro(k,2m+ 1), and Ro(k,2m+2). The 

stage (ring "k", stage "m") also consists of eight 2: 1 Muxes namely F(k,2m+ 1 ), 

10 F(k,2m+2) ( comprising in combination a forward switch), R(k,2m+ 1 ), R(k,2m+2) 

(comprising in combination a Reverse U-tum switch), B(k,2m+ 1), B(k,2m+2) 

(comprising in combination a backward switch), U(k,2m+ 1), and U(k,2m+2) (comprising 

in combination a U-tum switch). The 2: 1 Mux R(k,2m+ 1) has two inputs namely 

Fi(k,2m+ 1) and J, and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two 

15 inputs namely Fi(k,2m+2) and K, and has one output Fo(k,2m+2). The 2: 1 Mux 

R(k,2m+ 1) has two inputs namely Fo(k,2m+ 1) and Bo(k,2m+2), and has one output 

Ro(k,2m+ 1). The 2: 1 Mux R(k,2m+2) has two inputs namely Fo(k,2m+2) and 

Bo(k,2m+ 1), and has one output Ro(k,2m+2). 

The 2: 1 Mux B(k,2m+ 1) has two inputs namely Bi(k,2m+ 1) and L, and has one 

20 output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely Bi (k,2m+ 2) and M, 

and has one output Bo(k,2m+2). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

Bo(k,2m+ 1) and Fo(k,2m+2), and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Bo(k,2m+2) and Fo(k,2m+ 1), and has one output Uo(k,2m+2). In 

different embodiments the inputs J, K, L, and Mare connected from any of the outputs of 

25 any other stages of any ring of any block of the multi-stage hierarchical network 

VComb(N1,N2,d,s) · 

The diagram 200E of FIG 2E eliminates the 180-degree tum paths from the 

internal connection Fi(k,2m+ 1) to the internal connection Uo(k,2m+ 1). Similarly the 

diagram 200E of FIG 2E eliminates the 180-degree tum paths from the connection 

30 Fi(k,2m+2) to the connection Uo(k,2m+2). The diagram 200E of FIG 2E eliminates the 
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180-degree turn paths from the internal connection Bi(k,2m+ 1) to the internal connection 

Ro(k,2m+ 1). Similarly the diagram 200E of FIG 2E eliminates the 180-degree tum paths 

from the connection Bi(k,2m+2) to the connection Ro(k,2m+2). Hence diagram 200E of 

FIG. 2E comprises a forward switch, a backward switch, U-turn switch and reverse U-

5 turn switch without 180-degree U-tum paths. 

In contrast to diagram 200E of FIG. 2E, the diagram 200A of FIG. 2A, diagram 

200B of FIG. 2B, and diagram 200C of FIG. 2C provide 180-degree U-tum paths. Two 

exemplary 180-degree U-turn paths in diagram 200A of FIG. 2A are shown (by two types 

of dotted lines) in the attached replacement diagram of FIG. 2A. One of the 180-degree 

10 turn path shown in the replacement diagram of FIG. 2A starts at the internal connection 

Fi(k,2m+ 1) through the Mux F(k,2m+ 1) to Fo(k,2m+ 1) through the Mux U(k,2m+ 1) to 

Uo(k,2m+ 1) through the Mux B(k,2m+ 1) to the internal connection Bo(k,2m+ 1). The 

second of the 180-degree tum path shown in the replacement diagram of FIG. 2A starts at 

the hop wire Fi(k,2m+2) through the Mux F(k,2m+2) to Fo(k,2m+2) through the Mux 

15 U(k,2m+2) to Uo(k,2m+2) through the Mux B(k, 2m+2) to the hop wire Bo(k,2m+2). 

The stage "m" of ring "k" with "m" stages of the partial multi-stage hierarchical 

network Vcamb ( N 1 , N 2 , d, s) , in another embodiment, may have 8 inputs and 4 outputs as 

shown in diagram 200F in FIG. 2F. FIG. 2F illustrates a stage (ring "k", stage "m") 200F 

consists of 8 inputs namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), J, K, L, 

20 and M; and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage 

(ring "k", stage "m") also consists of four 4: 1 Muxes namely F(k,2m+ 1), F(k,2m+2), 

B(k,2m+ 1), and B(k,2m+2). The 4: 1 Mux F(k,2m+ 1) has four inputs namely Ri(k,2m+ 1), 

Ri(k,2m+2), Ui(k,2m+2), and J, and has one output Fo(k,2m+ 1). The 4: 1 Mux F(k,2m+2) 

has four inputs namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), and K, and has one output 

25 Fo(k,2m+2). 

The 4: 1 Mux B(k,2m+ 1) has four inputs namely Ui(k,2m+ 1), Ui(k,2m+2), 

Ri(k,2m+2), and L, and has one output Bo(k,2m+ 1). The 4: 1 Mux B(k,2m+2) has four 

inputs namely Ui(k,2m+ 1 ), Ui(k,2m+2), Ri(k,2m+ 1) and M, and has one output 

Bo(k,2m+2). In different embodiments the inputs J, K, L, and Mare connected from any 
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of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The diagram 200F of FIG 2F eliminates the 180-degree tum paths from the 

internal connection Ri(k,2m+ 1) to the internal connection Bo(k,2m+ 1). Similarly the 

5 diagram 200F of FIG 2F eliminates the 180-degree tum paths from the connection 

Ri(k,2m+2) to the connection Bo(k,2m+2). The diagram 200F of FIG 2F eliminates the 

180-degree tum paths from the internal connection Ui(k,2m+ 1) to the internal connection 

Fo(k,2m+ 1). Similarly the diagram 200F of FIG 2F eliminates the 180-degree tum paths 

from the connection Ui(k,2m+2) to the connection Fo(k,2m+2). Hence diagram 200F of 

10 FIG. 2F comprises an integrated switch of a forward switch, a backward switch, a U-tum 

switch and a reverse U-tum switch without 180-degree U-tum paths. 

The number of stages in a ring of any block may not be equal to the number of 

stages in any other ring of the same of block or any ring of any other block of the multi­

stage hierarchical network Vcamb (N1,N2 ,d,s). For example the number of stages in ring 

15 1 of the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOA or of the partial 

multi-stage hierarchical network Vcamb (N1, N 2, d, s) lOOB or of the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOC is denoted by "m" and the number of stages 

in ring 2 of the partial multi-stage hierarchical network is denoted by "n", and so "m" 

may or may not be equal to "n". Similarly the number of stages in ring 2 corresponding to 

20 block (3,3) of 2D-grid 800 may not be equal to the number of stages in ring 2 

corresponding to block ( 6,9) of 2D-grid 800. Similarly in the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOC the number of stages in (slice 1, ring 2) 

corresponding to block (3,3) of 2D-grid 800 may not be equal to the number of stages in 

(slice 1, ring 2) corresponding to block (6,9) of 2D-grid 800. 

25 Even though the number of inlet links to the computational block is four and the 

number of outlet links to the computational block is two in the partial multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s) lOOA, the number of inlet links to the 

computational block is eight and the number of outlet links to the computational block is 

four in the partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOB, and the 
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number of inlet links to the computational block is sixteen and the number of outlet links 

to the computational block is four in the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOC, in other embodiments the number of inlet links to the 

computational block may be any arbitrary number and the number of outlet links to the 

5 computational block may also be another arbitrary number. However the total number of 

rings of all the slices corresponding to the partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) of a block is generally equal to the number of inlet links to the 

computational block divided by d = 2ifthe inputs and outputs are connected either only 

from left-hand side or only from right-hand side, if the number of inlet links to the 

10 computational block is greater than or equal to the number of outlet links to the 

computational block. In such a case one or more of the outlet links to the computational 

block are connected to more than one inlet links of the partial multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s) corresponding to a block. Similarly the total number of rings 

of all the slices corresponding to the partial multi-stage hierarchical network 

15 Vcamb (N1 , N 2 , d, s) of a block is generally equal to the number of inlet links to the 

computational block divided by 2 * d = 4 if the inputs and outputs are connected from 

both left-hand side and from right-hand side, if the number of inlet links to the 

computational block is greater than or equal to the number of outlet links to the 

computational block. 

20 Otherwise the total number of rings of all the slices corresponding to the partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) of a block is generally equal to the 

number of outlet links to the computational block divided by d = 2 if the inputs and 

outputs are connected either only from left-hand side or only from right-hand side, if the 

number of outlet links to the computational block is greater than the number of inlet links 

25 to the computational block. In such a case one or more of the outlet links of the partial 

multi-stage hierarchical network Vcamb (Ni,N2 ,d,s) corresponding to a block are 

connected to more than one inlet link of the computational block. Similarly the total 

number of rings of all the slices corresponding to the partial multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s) of a block is generally equal to the number of outlet links to 

30 the computational block divided by 2 * d = 4 if the inputs and outputs are connected from 
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both left-hand side and from right-hand side, if the number of outlet links to the 

computational block is greater than or equal to the number of inlet links to the 

computational block. 

In another embodiment, the number of inlet links to the computational block 

5 corresponding to a block of 2D-grid of blocks may or may not be equal to the number of 

inlet links to the computational block corresponding to another block. Similarly the 

number of outlet links to the computational block corresponding to a block of 2D-grid of 

blocks may or may not be equal to the number of outlet links to the computational block 

corresponding to another block. Hence the total number of rings of the partial multi-stage 

10 hierarchical network Vcamb (N1,N2 ,d,s) corresponding to a block of 2D-grid of blocks 

may or may not be equal to the partial multi-stage hierarchical network 

Vcamb (N1,N2 ,d,s) corresponding to another block. For example the total number of rings 

corresponding to block ( 4,5) of 2D-grid 800 may be two and the total number of rings in 

block (5,4) of 2D-grid 800 may be three. 

15 A multi-stage hierarchical network can be represented with the notation 

Vcamb (N1,N2 ,d,s), where N 1 represents the total number of inlet links of the complete 

multi-stage hierarchical network and N 2 represents the total number of outlet links of the 

complete multi-stage hierarchical network, d represents the number of inlet links of any 

ring in any block of the complete multi-stage hierarchical network either from only left-

20 hand side or only right-hand side, or equivalently the number of outlet links of any ring in 

any block of the complete multi-stage hierarchical network either from only left-hand 

side or only right-hand side, and when the inputs and outputs are connected from left­

hand side, s is the ratio of number of outgoing links from each stage O of any ring in any 

block to the number of inlet links of any ring in any block of the complete multi-stage 

25 hierarchical network (for example the complete multi-stage hierarchical network 

correspondingto Vcomb(N1,N2 ,d,s)lOOAinFIG. lA, N 1 =200, N 2 =400, d=2, 

s = 1 ). Also a multi-stage hierarchical network where N 1 = N 2 = N is represented as 

VComb(N,d,s). 
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The diagram 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 

3D, and 300E of FIG. 3E are different embodiments of all the connections between two 

arbitrary successive stages in two different rings of the same block or two different rings 

of different blocks of 2D-grid 800. Referring to diagram 300A in FIG. 3A illustrates all 

5 the connections between two arbitrary successive stages of a ring namely the stages (ring 

"x", stage "p") and (ring "x", stage "p+ l ") and two other arbitrary successive stages of 

any other ring namely the stages (ring "y", stage "q") and (ring "y", stage "q+ l "), of the 

complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Ri(x,2p+ 1), 

10 Ri(x,2p+2), Ui(x,2p+ 1 ), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1 ), Bo(x,2p+2), 

Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of eight 2: 1 

Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), 

B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) 

and Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

15 namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

20 has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

25 The stage (ring "x", stage "p+ l ") consists of 4 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") also consists of eight 2: 1 

Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) 

30 and Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 
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F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

5 has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

10 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Ri(y,2q+ 1), 

15 Ri(y,2q+2), Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), 

Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of eight 2: 1 

Muxes namely R(y,2q+l), R(y,2q+2), F(y,2q+l), F(y,2q+2), U(y,2q+l), U(y,2q+2), 

B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely Ri(y,2q+ 1) 

and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two inputs 

20 namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

25 has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 
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The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of eight 2: 1 

Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

5 B(y,2q+3), and B(y,2q+4). The 2: 1 Mux R(y,2q+3) has two inputs namely Ri(y,2q+3) 

and Bo(y,2q+3) and has one output Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two inputs 

namely Ri(y,2q+4) and Bo(y,2q+4) and has one output Ro(y,2q+4). The 2: 1 Mux 

F(y,2q+3) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output 

Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) 

10 and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

15 B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

20 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

25 The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 
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Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1, N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

the wires Hop(l,1), Hop(l,2), Hop(2,l), and Hop(2,2) are hereinafter called "internal hop 

5 wires". For example if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the 

same block (9,9) of 2D-grid 800, then the wires Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb(N1,N2,d,s), then the wires Hop(l,1), Hop(l,2), Hop(2,1), 

10 and Hop(2,2) are hereinafter called "external hop wires". The external hop wires 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) may be horizontal wires or vertical wires. 

The length of the external hop wires is manhattan distance between the corresponding 

blocks, hereinafter "hop length". For example ifring "x" belongs to block (1,1) and ring 

''y" belongs to block (1,6) of 2D-grid 800 then the external hop wires are hereinafter 

15 called "horizontal external hop wires". And the hop length of the horizontal hop wires 

Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) is given by 6 - 1 = 5. Similarly if ring "x" 

and ring "y" belong to two blocks in the same horizontal row of 2D-grid 800, then the 

wires Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

20 of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) is given by 9 - 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in 

the same vertical column of 2D-grid 800, then the wires Hop(l,1), Hop(l,2), Hop(2,1), 

and Hop(2,2) are vertical external hop wires. External hop wires are typically horizontal 

25 or vertical according to the current invention. 

Referring to diagram 300B in FIG. 3B illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

30 network VComb(N1,N2,d,s). 
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The stage (ring "x", stage "p") consists of 8 inputs namely Fi(x,2p+ 1 ), Fi(x,2p+2), 

Bi(x,2p+ 1), Bi(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Uo(x,2p+ 1), Uo(x,2p+2), 

Ro(x,2p+ 1 ), and Ro(x,2p+2). The stage (ring "x", stage "p') also consists of eight 2: 1 

Muxes namely F(x,2p+ 1), F(x,2p+2), R(x,2p+ 1), R(x,2p+2), B(x,2p+ 1), B(x,2p+2), 

5 U(x,2p+ 1 ), and U(x,2p+2). The 2: 1 Mux F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) 

and Jl, and has one output Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely 

Fi(x,2p+2) and Kl, and has one output Fo(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two 

inputs namely Fo(x,2p+ 1) and Bo(x,2p+2), and has one output Ro(x,2p+ 1 ). The 2: 1 Mux 

R(x,2p+2) has two inputs namely Fo(x,2p+2) and Bo(x,2p+ 1), and has one output 

10 Ro(x,2p+2). 

The 2: 1 Mux B(x,2p+ 1) has two inputs namely Bi(x,2p+ 1) and L 1, and has one 

output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Bi(x,2p+2) and Ml, 

and has one output Bo(x,2p+2). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

Bo(x,2p+ 1) and Fo(x,2p+2), and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has 

15 two inputs namely Bo(x,2p+2) and Fo(x,2p+ 1), and has one output Uo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 8 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4), Bi(x,2p+3), Bi(x,2p+4), J2, K2, L2, and M2; and 4 outputs Uo(x,2p+3), 

Uo(x,2p+4), Ro(x,2p+3), and Ro(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of eight 2: 1 Muxes namely F(x,2p+ 3), F(x,2p+4), R(x,2p+ 3), R(x,2p+4), B(x,2p+ 3), 

20 B(x,2p+4), U(x,2p+3), and U(x,2p+4). The 2: 1 Mux F(x,2p+3) has two inputs namely 

Fi(x,2p+3) and J2, and has one output Fo(x,2p+3). The 2: 1 Mux F(x,2p+4) has two inputs 

namely Fi(x,2p+4) and K2, and has one output Fo(x,2p+4). The 2: 1 Mux R(x,2p+3) has 

two inputs namely Fo(x,2p+3) and Bo(x,2p+4), and has one output Ro(x,2p+3). The 2:1 

Mux R(x,2p+4) has two inputs namely Fo(x,2p+4) and Bo(x,2p+3), and has one output 

25 Ro(x,2p+4). 

The 2: 1 Mux B(x,2p+3) has two inputs namely Bi(x,2p+3) and L2, and has one 

output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has two inputs namely Bi(x,2p+4) and M2, 

and has one output Bo(x,2p+4). The 2: 1 Mux U(x,2p+3) has two inputs namely 

Bo(x,2p+3) and Fo(x,2p+4), and has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has 

30 two inputs namely Bo(x,2p+4) and Fo(x,2p+3), and has one output Uo(x,2p+4). 
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The output Ro(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+3) of the stage (ring "x", stage "p+l"). And the output Uo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Bi(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

5 The stage (ring "y", stage "q") consists of 8 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

Bi(y,2q+ 1), Bi(y,2q+2), J3, K.3, L3, and M3; and 4 outputs Uo(y,2q+ 1), Uo(y,2q+2), 

Ro(y,2q+ 1), and Ro(y,2q+2). The stage (ring "y", stage "q') also consists of eight 2: 1 

Muxes namely F(y,2q+ 1), F(y,2q+2), R(y,2q+ 1), R(y,2q+2), B(y,2q+ 1), B(y,2q+2), 

U(y,2q+ 1), and U(y,2q+2). The 2: 1 Mux F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) 

10 and J3, and has one output Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely 

Fi(y,2q+2) and K.3, and has one output Fo(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two 

inputs namely Fo(y,2q+ 1) and Bo(y,2q+2), and has one output Ro(y,2q+ 1). The 2: 1 Mux 

R(y,2q+2) has two inputs namely Fo(y,2q+2) and Bo(y,2q+ 1) and has one output 

Ro(y,2q+2). 

15 The 2: 1 Mux B(y,2q+ 1) has two inputs namely Bi(y,2q+ 1) and L3, and has one 

output Bo(y,2q+l). The 2:1 Mux B(y,2q+2) has two inputs namely Bi(y,2q+2) and M3, 

and has one output Bo(y,2q+2). The 2: 1 Mux U(y,2q+ 1) has two inputs namely 

Bo(y,2q+ 1) and Fo(y,2q+2), and has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has 

two inputs namely Bo(y,2q+2) and Fo(y,2q+ 1), and has one output Uo(y,2q+2). 

20 The stage (ring "y", stage "q+ l ") consists of 8 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Bi(y,2q+3), Bi(y,2q+4), J4, K4, L4, and M4; and 4 outputs Uo(y,2q+3), 

Uo(y,2q+4), Ro(y,2q+3), and Ro(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

of eight 2: 1 Muxes namely F(y,2q+3), F(y,2q+4), R(y,2q+3), R(y,2q+4), B(y,2q+3), 

B(y,2q+4), U(y,2q+3), and U(y,2q+4). The 2: 1 Mux F(y,2q+3) has two inputs namely 

25 Fi(y,2q+3) and J4, and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs 

namely Fi(y,2q+4) and K4, and has one output Fo(y,2q+4). The 2: 1 Mux R(y,2q+3) has 

two inputs namely Fo(y,2q+3) and Bo(y,2q+4), and has one output Ro(y,2q+3). The 2:1 

Mux R(y,2q+4) has two inputs namely Fo(y,2q+4) and Bo(y,2q+3), and has one output 

Ro(y,2q+4). 
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The 2: 1 Mux B(y,2q+3) has two inputs namely Bi(y,2q+3) and L4, and has one 

output Bo(y,2q+3). The 2: 1 Mux B(y,2q+4) has two inputs namely Bi(y,2q+4) and M4, 

and has one output Bo(y,2q+4). The 2: 1 Mux U(y,2q+3) has two inputs namely 

Bo(y,2q+3) and Fo(y,2q+4), and has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has 

5 two inputs namely Bo(y,2q+4) and Fo(y,2q+3), and has one output Uo(y,2q+4). 

The output Ro(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Uo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Bi(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

10 The output Uo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Bi(y,2q+2) of the stage (ring "y", stage "q"). The output 

Ro(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Fi(x,2p+2) of the stage (ring "x", stage "p"). 

The output Uo(x,2p+4) of the stage (ring "x", stage "p+ l ") is connected via the 

15 wire Hop(2,1) to the input Bi(y,2q+4) of the stage (ring "y", stage "q+ l "). The output 

Ro(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Fi(x,2p+4) of the stage (ring "x", stage "p+ l "). 

In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

20 network Vcamb(N1,N2 ,d,s). Similarly the inputs J2, K2, L2, and M2 are connected from 

any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s). Similarly the inputs J3, K3, L3, and M3 are 

connected from any of the outputs of any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

25 M4 are connected from any of the outputs of any other stages of any ring of any block of 

the multi-stage hierarchical network Vcamb(N1,N2 ,d,s). 

Referring to diagram 300C in FIG. 3C, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 
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(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

5 Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

10 The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

15 Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 4 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of six 2: 1 

Muxes namely F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), B(x,2p+3), and B(x,2p+4). 

20 The 2: 1 Mux F(x,2p+3) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one 

output Fo(x,2p+3). The 2: 1 Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and 

Fi(x,2p+4) and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

25 and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 
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The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+ 3) of the stage (ring "x", stage "p+l "). And the output Bo(x,2p+ 3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

5 The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

10 Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

15 namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

20 Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

25 The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

30 Bo(y,2q+4). 
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The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

5 The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

10 Hop(2, 1) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300D in FIG. 3D, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

15 stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

20 Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

25 The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

-159-

Page 195 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 2 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4); and 2 outputs Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

5 also consists of two 2: 1 Muxes namely F(x,2p+3) and F(x,2p+4). The 2: 1 Mux F(x,2p+3) 

has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2: 1 

Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output 

Fo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

10 Fi(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Fo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

15 Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

20 The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

25 Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

30 The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 
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output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

5 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

10 Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

15 Fo(x,2p+4) of the stage (ring "x", stage "p+ l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

20 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300E in FIG. 3E, illustrates all the connections between root 

stage of a ring namely the stage (ring "x", stage "p") and two other arbitrary successive 

stages of any other ring namely the stages (ring "y", stage "q") and (ring "y", stage 

"q+ l"), of the complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s). 

25 The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), Fo(x,2p+ 1), and 

Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

-161-

Page 197 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

5 and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

10 Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

15 and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux 

20 B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of six 2: 1 

25 Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

30 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 
-162-

Page 198 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

5 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected via the wire 

10 Hop(l,2) to the input Ui(y,2q+2) of the stage (ring "y", stage "q"). The output Fo(x,2p+2) 

of the stage (ring "x", stage "p") is connected via the wire Hop(l,1) to the input 

Fi(y,2q+4) of the stage (ring "y", stage "q+l"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ui(x,2p+ 1) of the stage (ring "x", stage "p"). The output 

15 Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Just like in diagram 300A of PIG. 3A, in diagram 300B of FIG. 3B, in diagram 

300C of PIG. 3C, diagram 300D of FIG. 3D, and in diagram 300E of FIG. 3E, the wires 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) are either internal hop wires or horizontal 

20 external hop wires or vertical external hop wires (hereinafter alternatively referred to as 

"cross links" or "cross middle links"). 

The diagram 400A of FIG. 4A and 400B of PIG. 4B are different embodiments of 

all the connections between two arbitrary stages in two different rings of the same block 

or two different rings of different blocks of 2D-grid 800. Referring to diagram 400A in 

25 FIG. 4A illustrates all the connections between an arbitrary stage of a ring namely the 

stages (ring "x", stage "p"), and another arbitrary stage of any other ring namely the 

stages (ring "y", stage "q") of the complete multi-stage hierarchical network 

VComb(N1,N2,d,s) · 
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The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

5 U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1) 

10 and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2) and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has 

15 two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

20 U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y,2q+l). The 2:1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

25 and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

30 two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 
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The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

5 Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

the wires Hop(l,1) and Hop(l,2) are hereinafter called "internal hop wires". For example 

if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

10 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s), then the wires Hop(l,1) and Hop(l,2) are 

hereinafter called "external hop wires". The external hop wires Hop(l,1) and Hop(l,2) 

may be horizontal wires or vertical wires. The length of the external hop wires is 

15 Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example ifring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of 2D-grid 

800 then the external hop wires are hereinafter called "horizontal external hop wires". 

And the hop length of the horizontal hop wires Hop(l,1) and Hop(l,2) is given by 6 - 1 = 

5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

20 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,1) and Hop(l,2) is given by 9 

- 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

25 column of 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are vertical external hop 

wires. External hop wires are typically horizontal or vertical according to the current 

invention. 

Referring to diagram 400B in FIG. 4B illustrates all the connections between an 

arbitrary stage of a ring namely the stages (ring "x", stage "p"), and another arbitrary 
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stage of any other ring namely the stages (ring "y", stage "q") of the complete multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

5 Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

four 4: 1 Muxes namely F(x,2p+ 1), F(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 4: 1 Mux 

F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

output Fo(x,2p+ 1). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

10 The 4: 1 Mux B(x,2p+ 1) has four inputs namely Ui(x,2p+ 1), Ui(x,2p+2), 

Ri(x,2p+2), and Ll and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two 

inputs namely Ui(x,2p+ 1), Ui(x,2p+2), Ri(x,2p+ 1), and Ml and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

15 Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

four 4: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 4: 1 Mux 

F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+ 1). The 4: 1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+ 1), 

20 Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 

inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

25 The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 
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Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s), then 

the wires Hop(l,1) and Hop(l,2) are hereinafter called "internal hop wires". For example 

5 if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcamb (N1,N2 ,d,s), then the wires Hop(l,1) and Hop(l,2) are 

hereinafter called "external hop wires". The external hop wires Hop(l,1) and Hop(l,2) 

10 may be horizontal wires or vertical wires. The length of the external hop wires is 

Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example ifring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of 2D-grid 

800 then the external hop wires are hereinafter called "horizontal external hop wires". 

And the hop length of the horizontal hop wires Hop(l,1) and Hop(l,2) is given by 6 - 1 = 

15 5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are horizontal external hop wires. 

For example ifring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,1) and Hop(l,2) is given by 9 

20 - 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

column of 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are vertical external hop 

wires. External hop wires are typically horizontal or vertical according to the current 

invention. 

The diagram 500A of FIG. SA is an embodiments of all the connections with 

25 multi-drop hop wires, between two arbitrary successive stages in two different rings of 

different blocks of 2D-grid 800. Referring to diagram 500A in FIG. SA illustrates all the 

connections with multi-drop hop wires, between two arbitrary successive stages of a ring 

namely the stages (ring "x", stage "p") and (ring "x", stage "p+ l ") and two other arbitrary 

successive stages of any other ring namely the stages (ring "y", stage "q") and (ring "y", 

30 stage "q+ l "), of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s). The 
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multi-drop hop wires are also connected to two other stages (ring "a", stage "s") and (ring 

"b", stage "t") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

5 Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl, and has one output Ro(x,2p+ 1). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl, and has one output Ro(x,2p+2). The 2: 1 Mux 

10 F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2), and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1), 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Ll, and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml, 

15 and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2), and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has 

two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1), and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 8 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), Ui(x,2p+3), Ui(x,2p+4), J2, K2, L2, and M2; and 4 outputs Bo(x,2p+3), 

20 Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of eight 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), 

U(x,2p+4), B(x,2p+3), and B(x,2p+4). The 2:1 Mux R(x,2p+3) has two inputs namely 

Ri(x,2p+3) and J2, and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two 

inputs namely Ri(x,2p+4) and K2, and has one output Ro(x,2p+4). The 2: 1 Mux 

25 F(x,2p+3) has two inputs namely Ro(x,2p+3) and Uo(x,2p+4), and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+4) and Uo(x,2p+3), 

and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and L2, and has one 

output Uo(x,2p+3). The 2:1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) and M2, 

30 and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs namely 
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Uo(x,2p+3) and Ro(x,2p+4), and has one output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has 

two inputs namely Uo(x,2p+4) and Ro(x,2p+3), and has one output Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

5 (ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K.3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

10 eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3, and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K.3, and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2), and has one output 

15 Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

20 Uo(y,2q+ 1) and Ro(y,2q+2), and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1), and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 8 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), Ui(y,2q+3), Ui(y,2q+4), J4, K4, L4, and M4; and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

25 of eight 2: 1 Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), 

U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2:1 Mux R(y,2q+3) has two inputs namely 

Ri(y,2q+3) and J4, and has one output Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two 

inputs namely Ri(y,2q+4) and K4, and has one output Ro(y,2q+4). The 2: 1 Mux 

F(y,2q+3) has two inputs namely Ro(y,2q+3) and Uo(y,2q+4), and has one output 
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Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+4) and Uo(y,2q+3), 

and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and L4, and has one 

output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) and M4, 

5 and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs namely 

Uo(y,2q+3) and Ro(y,2q+4), and has one output Bo(y,2q+3). The 2: 1 Mux B(y,2q+4) has 

two inputs namely Uo(y,2q+4) and Ro(y,2q+3), and has one output Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

10 (ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

15 input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

20 In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (Ni,N2 ,d,s). Similarly the inputs J2, K2, L2, and M2 are connected from 

any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). Similarly the inputs J3, K3, L3, and M3 are 

25 connected from any of the outputs of any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

M4 are connected from any of the outputs of any other stages of any ring of any block of 

the multi-stage hierarchical network Vcamb(N1,N2 ,d,s). 
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The stage (ring "a", stage "s") consists of 8 inputs namely Ri(a,2s+ 1), Ri(a,2s+2), 

Ui(a,2s+ 1), Ui(a,2s+2), JS, KS, LS, and MS; and 4 outputs Bo(a,2s+ 1), Bo(a,2s+2), 

Fo(a,2s+ 1), and Fo(a,2s+2). The stage (ring "a", stage "s') also consists of eight 2: 1 

Muxes namely R(a,2s+ 1), R(a,2s+2), F(a,2s+ 1), F(a,2s+2), U(a,2s+ 1), U(a,2s+2), 

5 B(a,2s+ 1), and B(a,2s+2). The 2: 1 Mux R(a,2s+ 1) has two inputs namely Ri(a,2s+ 1) and 

JS, and has one output Ro(a,2s+ 1). The 2: 1 Mux R(a,2s+2) has two inputs namely 

Ri(a,2s+2) and KS, and has one output Ro(a,2s+2). The 2: 1 Mux F(a,2s+ 1) has two inputs 

namely Ro(a,2s+ 1) and Uo(a,2s+2), and has one output Fo(a,2s+ 1). The 2: 1 Mux 

F(a,2s+2) has two inputs namely Ro(a,2s+2) and Uo(a,2s+ 1), and has one output 

10 Fo(a,2s+2). 

The 2: 1 Mux U(a,2s+ 1) has two inputs namely Ui(a,2s+ 1) and LS, and has one 

output Uo(a,2s+ 1). The 2: 1 Mux U(a,2s+2) has two inputs namely Ui(a,2s+2) and MS, 

and has one output Uo(a,2s+2). The 2: 1 Mux B(a,2s+ 1) has two inputs namely 

Uo(a,2s+ 1) and Ro(a,2s+2), and has one output Bo(a,2s+ 1). The 2: 1 Mux B(a,2s+2) has 

15 two inputs namely Uo(a,2s+2) and Ro(a,2s+ 1), and has one output Bo(a,2s+2). 

The stage (ring "b", stage "t") consists of 8 inputs namely Ri(b,2t+ 1), Ri(b,2t+2), 

Ui(b,2t+ 1), Ui(b,2t+2), J6, K6, L6, and M6; and 4 outputs Bo(b,2t+ 1), Bo(b,2t+2), 

Fo(b,2t+ 1), and Fo(b,2t+2). The stage (ring "b", stage "t') also consists of eight 2: 1 

Muxes namely R(b,2t+ 1), R(b,2t+2), F(b,2t+ 1), F(b,2t+2), U(b,2t+ 1), U(b,2t+2), 

20 B(b,2t+ 1 ), and B(b,2t+2). The 2: 1 Mux R(b,2t+ 1) has two inputs namely Ri(b,2t+ 1) and 

J6, and has one output Ro(b,2t+ 1). The 2: 1 Mux R(b,2t+2) has two inputs namely 

Ri(b,2t+2) and K6, and has one output Ro(b,2t+2). The 2: 1 Mux F(b,2t+ 1) has two inputs 

namely Ro(b,2t+ 1) and Uo(b,2t+2), and has one output Fo(b,2t+ 1). The 2: 1 Mux 

F(b,2t+2) has two inputs namely Ro(b,2t+2) and Uo(b,2t+ 1), and has one output 

25 Fo(b,2t+2). 

The 2: 1 Mux U(b,2t+ 1) has two inputs namely Ui(b,2t+ 1) and L6, and has one 

output Uo(b,2t+ 1). The 2: 1 Mux U(b,2t+2) has two inputs namely Ui(b,2t+2) and M6, 

and has one output Uo(b,2t+2). The 2: 1 Mux B(b,2t+ 1) has two inputs namely 

Uo(b,2t+ 1) and Ro(b,2t+2), and has one output Bo(b,2t+ 1). The 2: 1 Mux B(b,2t+2) has 

30 two inputs namely Uo(b,2t+2) and Ro(b,2t+ 1), and has one output Bo(b,2t+2). 
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The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to LS of the stage (ring "a", stage "s"), in addition to the 

input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q+ l ") may belong to three 

5 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q+ l "). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

10 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y+ l ") may be two. In such a 

case the wire Hop(l,1) is called hereinafter a "multi-drop hop wire". The wire Hop(l,1) 

may be either horizontal hop wire or vertical hop wire. Also multi-drop hop wires are 

either horizontal external hop wires or vertical external hop wires. Similarly the hop 

15 length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be any number greater than or equal to one, and also the hop length 

between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring "q", 

stage "y+ l ") may be any number greater or equal to one. 

In general a multi-drop hop wire may be dropping or terminating in more than one 

20 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). For example 

a multi-drop hop wire starting from one block of the multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) may be terminating at three different blocks or four different blocks, 

etc. 

The wire Hop(l,2) starting from the output Bo(x,2p+4) of the stage (ring "x", 

25 stage "p+ l ") is also connected to J6 of the stage (ring "b", stage "t"), in addition to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). The wire Hop(l,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring "b", stage 

"t") and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 
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The wire Hop(2,1) starting from the output Fo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to MS of the stage (ring "a", stage "s"), in addition to the 

input Ri(x,2p+4) of the stage (ring "x", stage "p+ l"). The wire Hop(2,1) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring 

5 "a", stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The wire Hop(2,2) starting from the output Bo(y,2q+4) of the stage (ring "y", 

stage "q+ l ") is also connected to K6 of the stage (ring "b", stage "t"), in addition to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(2,2) is also an example 

10 of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "b", stage "t") 

and the stage (ring "y", stage "q+ l ") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

In various embodiments, the inputs JS, KS, LS, and MS are connected from any of 

the multi-drop hop wires starting from any other stages of any ring of any block of the 

15 multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Also the inputs J6, K6, L6, and M6 

are connected from any of the multi-drop hop wires starting from any other stages of any 

ring of any block of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The diagram 600A of FIG. 6A and 600B of PIG. 6B are different embodiments of 

all the connections with multi-drop hop wires, between two arbitrary stages in two 

20 different rings of different blocks of 2D-grid 800. Referring to diagram 600A in FIG. 6A 

illustrates all the connections with multi-drop hop wires, between an arbitrary stage of a 

ring namely the stages (ring "x", stage "p"), and another arbitrary stage of any other ring 

namely the stages (ring ''y", stage "q") of the complete multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s). The multi-drop hop wires are also connected to another stage (ring 

25 "a", stage "s") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 
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U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2) and has one output 

5 Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1) 

and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

10 Uo(x,2p+ 1) and Ro(x,2p+2) and has one output Bo(x,2p+ 1). The 2:1 Mux B(x,2p+2) has 

two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

15 eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 

20 Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

25 Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

30 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 
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The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 of the stage (ring "a", stage "s"), in addition to the 

input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

5 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

10 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,1) is a multi-drop hop wire. Also the wire Hop(l,1) is either horizontal external 

hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

15 number greater than or equal to one, and also the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage ''y") may be any 

number greater or equal to one. 

The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 of the stage (ring "a", stage "s"), in addition to the 

20 input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", stage "s") 

and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(Ni,N2 ,d,s). 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

25 the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

Referring to diagram 600B in FIG. 6B illustrates all the connections with multi­

drop hop wires, between an arbitrary stage of a ring namely the stages (ring "x", stage 

"p"), and another arbitrary stage of any other ring namely the stages (ring "y", stage "q") 
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of the complete multi-stage hierarchical network Vcamb (N1,N2 ,d,s). The multi-drop hop 

wires are also connected to another stage (ring "a", stage "s") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

5 Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

four 4: 1 Muxes namely F(x,2p+ 1), F(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 4: 1 Mux 

F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

output Fo(x,2p+ 1). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

10 The 4: 1 Mux B(x,2p+ 1) has four inputs namely Ui(x,2p+ 1), Ui(x,2p+2), 

Ri(x,2p+2), and Ll and has one output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two 

inputs namely Ui(x,2p+ 1), Ui(x,2p+2), Ri(x,2p+ 1), and Ml and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

15 Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

four 4: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 4: 1 Mux 

F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+ 1). The 4: 1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+ 1), 

20 Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 

inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

25 The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 
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The wire Hop(l,1) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 and J2 of the stage (ring "a", stage "s"), in addition to 

the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

5 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

10 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,1) is a multi-drop hop wire. Also the wire Hop(l,1) is either horizontal external 

hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

15 number greater than or equal to one, and also the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage ''y") may be any 

number greater or equal to one. 

The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 and M2 of the stage (ring "a", stage "s"), in addition to 

20 the input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", 

stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the multi­

stage hierarchical network Vcamb (N1,N2 ,d,s). 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

25 the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

Referring to diagram 700A in FIG. 7 A, illustrates, in one embodiment, the hop 

wire connections chart of a partial multi-stage hierarchical network 

Vcamb (N1 , N 2 , d, s) 1 OOA or a partial multi-stage hierarchical network 

30 Vcamb(N1,N2 ,d,s) lOOB, or a partial multi-stage hierarchical network 
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Vcamb(N1,N2 ,d,s) lOOC, with m = 6 and n = 7. The hop wire connections chart shows 

two rings namely ring 1 and ring 2. And there are m+ 1 = 7 stages in ring 1 and n+ 1 = 8 

stages in ring 2. 

The hop wire connections chart 700A illustrates how the hop wires are connected 

5 between any two successive stages of all the rings corresponding to a block of 2D-grid 

800. "Lx" denotes an internal hop wire connection, where symbol "L" denotes internal 

hop wire and "x" is an integer. For example "Ll" between the stages (ring 1, stage 0) and 

(ring 1, stage 1) denotes that the corresponding hop wires Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), 

and Hop(2,2) are connected to two successive stages of another ring in the same block or 

10 alternatively hop wires Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) are internal hop 

wires. Since there is also "L l" between the stages (ring 2, stage 0) and (ring 2, stage 1 ), 

there are internal hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) 

connected between the stages (ring 1, stage 0) and (ring 1, stage 1) and the stages (ring 2, 

stage 0) and (ring 2, stage 1). Hence there can be only two "Ll" labels in the hop wire 

15 connection chart 700A. 

Similarly there are two "L2" labels in the hop wire connections chart 700A. Since 

the label "L2" is given between the stages (ring 1, stage 5) and (ring 1, stage 6) and also 

the label "L2" is given between the stages (ring 2, stage 3) and (ring 2, stage 4), there are 

corresponding internal hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) 

20 connected between the stages (ring 1, stage 5) and (ring 1, stage 6) and the stages (ring 2, 

stage 3) and (ring 2, stage 4). 

"Vx" denotes an external vertical hop wire, where symbol "V" denotes vertical 

external hop wire connections from blocks of the topmost row of 2D-grid 800 (i.e., row 

of blocks consisting of block (1,1), block (1,2), .... , and block (1,10)) to the same 

25 corresponding stages of the same numbered ring of another block that is directly down 

south, with "x" vertical hop length, where "x" is a positive integer. For example "Vl" 

between the stages (ring 1, stage 1) and (ring 1, stage 2) denote that from block (1,1) of 

2D-grid 800 to another block directly below it, which is block (2,1), since "Vl" denotes 

hop length of 1, there are external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), 

30 and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (1,1) to (ring 1, stage 1) 

and (ring 1, stage 2) of block (2,1). It also means there are external hop wire connections 
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Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of 

block (3,1) to (ring 1, stage 1) and (ring 1, stage 2) of block (4,1). This pattern continues 

and finally there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,l), and 

Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (9,1) to (ring 1, stage 1) and 

5 (ring 1, stage 2) of block (10,1). The same pattern continues for all the columns starting 

from the block in the topmost row of each column. 

Similarly "V3" between the stages (ring 2, stage 1) and (ring 2, stage 2) denote 

that from block (1, 1) of 2D-grid 800 to another block below it and at a hop length of 3 

which is block (4,1), there are external hop wire connections Hop(l,1), Hop(l,2), 

10 Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (1,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (4,1). It also means there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 2, stage 1) and (ring 

2, stage 2) of block (2,1) to (ring 2, stage 1) and (ring 2, stage 2) of block (5,1). This 

pattern continues and finally there are external hop wire connections Hop(l ,1 ), Hop(l ,2), 

15 Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (7,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (10,1). The same pattern continues for all the 

columns starting from the block in the topmost row of each column. 

If there is no block that is directly below a block with hop length equal to 3 then 

there is no vertical external hop wire connections is given corresponding to those two 

20 successive stages of the blocks. For example block (8,1) does not have any block that is 

directly below and with hop length equal to 3 then none of the vertical external hop wires 

are connected from (ring 2, stage 1) and (ring 2, stage 2) of block (8,1 ). Similarly from 

(ring 2, stage 1) and (ring 2, stage 2) of block (9,1) and from (ring 2, stage 1) and (ring 2, 

stage 2) of block (10,1), none of the vertical external hop wires are connected. Similarly 

25 vertical external hop wires are connected corresponding to "VS", "V7'' etc., labels given 

in the hop wire connections chart 700A. 

"Ux" denotes an external vertical hop wire, where symbol "U" denotes vertical 

external hop wire connections starting from blocks that are "x" hop length below the 

topmost row of 2D-grid 800 (i.e., row of blocks consisting of block (l+x,1), block 

30 (1 +x,2), .... , and block (l+x,10)) to the same corresponding stages of the same numbered 

ring of another block that is directly down below, with "x" vertical hop length, where "x" 
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is a positive integer. For example "Ul" between the stages (ring 1, stage 2) and (ring 1, 

stage 3) denote that from block (2,1) of 2D-grid 800 to another block directly below it, 

which is block (3,1), since "Ul" denotes hop length of 1, there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 2) and (ring 

5 1, stage 3) of block (2,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (3,1). It also 

means there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) from (ring 1, stage 2) and (ring 1, stage 3) of block (4,1) to (ring 1, stage 2) and 

(ring 1, stage 3) of block (5,1). This pattern continues and finally there are external hop 

wire connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 2) and 

10 (ring 1, stage 3) of block (8,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (9,1). The 

same pattern continues for all the columns starting from the block in the topmost row of 

each column. 

If there is no block that is directly below a block with hop length equal to 1 then 

no vertical external hop wire connections is given corresponding to those two successive 

15 stages of the blocks. For example block (10,1) does not have any block that is directly 

below and with hop length equal to 1 then none of the vertical external hop wires are 

connected from (ring 1, stage 2) and (ring 1, stage 3) of block (10,1). Similarly for all the 

blocks in each column from the topmost row up to the row "x", no vertical external hop 

wires are connected to the corresponding (ring 1, stage 2) and (ring 1, stage 3). 

20 Similarly "U3" between the stages (ring 2, stage 2) and (ring 2, stage 3) denote 

that starting from blocks that are 3 hop length below the topmost row of 2D-grid 800 (i.e., 

row of blocks consisting of block (4,1), block (4,2), .... , and block (4,10)) to the same 

corresponding stages of the same numbered ring of another block that is directly down 

below, with vertical hop length of 3, there are external hop wire connections Hop(l,1), 

25 Hop(l,2), Hop(2,1), and Hop(2,2) connected. For example from block (4,1) of 2D-grid 

800 to another block below it and at a hop length of 3 which is block (7,1), there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 2, 

stage 2) and (ring 2, stage 3) of block (4,1) to (ring 2, stage 1) and (ring 2, stage 2) of 

block (7,1). It also means there are external hop wire connections Hop(l,1), Hop(l,2), 

30 Hop(2,l), and Hop(2,2) from (ring 2, stage 2) and (ring 2, stage 3) of block (5,1) to (ring 

2, stage 2) and (ring 2, stage 3) of block (8,1). This pattern continues and finally there are 
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external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 2, 

stage 2) and (ring 2, stage 3) of block (7,1) to (ring 2, stage 2) and (ring 2, stage 3) of 

block (10,1). The same pattern continues for all the columns starting from the block in the 

topmost row of each column. 

5 If there is no block that is directly below a block with hop length equal to 3 then 

no vertical external hop wire connections is given corresponding to those two successive 

stages of the blocks. For example block (8,1) does not have any block that is directly 

below and with hop length equal to 3 then none of the vertical external hop wires are 

connected from (ring 2, stage 2) and (ring 2, stage 3) of block (8,1). Similarly from (ring 

10 2, stage 2) and (ring 2, stage 3) of block (9,1) and from (ring 2, stage 2) and (ring 2, stage 

3) of block (10,1), none of the vertical external hop wires are connected. Similarly 

vertical external hop wires are connected corresponding to "US", "U7'' etc. labels given 

in the hop wire connections chart 700A. 

"Hx" denotes an external horizontal hop wire, where symbol "H'' denotes 

15 horizontal external hop wire connections from blocks of the leftmost column of 2D-grid 

800 (i.e., column of blocks consisting of block (1,1), block (2,1), .... , and block (10,1)) to 

the same corresponding stages of the same numbered ring of another block that is directly 

to the right, with "x" horizontal hop length, where "x" is a positive integer. For example 

"Hl" between the stages (ring 1, stage 3) and (ring 1, stage 4) denote that from block 

20 (1, 1) of 2D-grid 800 to another block directly to the right, which is block (1,2), since 

"Hl" denotes hop length of 1, there are external hop wire connections Hop(l,1), 

Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) of block 

(1,1) to (ring 1, stage 3) and (ring 1, stage 4) of block (1,2). It also means there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 

25 stage 3) and (ring 1, stage 4) of block (1,3) to (ring 1, stage 3) and (ring 1, stage 4) of 

block (1,4). This pattern continues and finally there are external hop wire connections 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) of 

block (9,1) to (ring 1, stage 3) and (ring 1, stage 4) of block (10,1). The same pattern 

continues for all the rows starting from the block in the leftmost block of each row. 

30 Similarly "H3" between the stages (ring 2, stage 4) and (ring 2, stage 5) denote 

that from block (1, 1) of 2D-grid 800 to another block to the right and at a hop length of 3 
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which is block (1,4), there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) of block (1,1) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,4). It also means there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 2, stage 4) and (ring 

5 2, stage 5) of block (1,2) to (ring 2, stage 4) and (ring 2, stage 5) of block (1,5). This 

pattern continues and finally there are external hop wire connections Hop(l ,1 ), Hop(l ,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) of block (1,7) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,10). The same pattern continues for all the 

columns starting from the block in the leftmost column of each row. 

10 If there is no block that is directly to the right with hop length equal to 3 then 

there is no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,8) does not have any block that is 

directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 4) and (ring 2, stage 5) of block (1,8). 

15 Similarly from (ring 2, stage 4) and (ring 2, stage 5) of block (1,9) and from (ring 2, stage 

4) and (ring 2, stage 5) of block (1,10), none of the horizontal external hop wires are 

connected. Similarly horizontal external hop wires are connected corresponding to "HS", 

"HT' etc., labels given in the hop wire connections chart 700A. 

"Kx" denotes an external horizontal hop wire, where symbol "K" denotes 

20 horizontal external hop wire connections starting from blocks that are "x" hop length 

below the leftmost column of 2D-grid 800 (i.e., column of blocks consisting of block (1, 

1 +x), block (2, 1 +x), .... , and block (10, 1 +x)) to the same corresponding stages of the 

same numbered ring of another block that is directly to the right, with "x" horizontal hop 

length, where "x" is a positive integer. For example "Kl" between the stages (ring 1, 

25 stage 4) and (ring 1, stage 5) denote that from block (1,2) of 2D-grid 800 to another block 

directly to the right, which is block (1,3), since "Kl" denotes hop length of 1, there are 

external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 

stage 4) and (ring 1, stage 5) of block (1,2) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,3). It also means there are external hop wire connections Hop(l,1), Hop(l,2), 

30 Hop(2,l), and Hop(2,2) from (ring 1, stage 4) and (ring 1, stage 4) of block (1,4) to (ring 

1, stage 4) and (ring 1, stage 5) of block (1,5). This pattern continues and finally there are 
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external hop wire connections Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) from (ring 1, 

stage 4) and (ring 1, stage 5) of block (1,8) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,9). The same pattern continues for all the rows starting from the block in the 

leftmost column of each row. 

5 If there is no block that is directly to the right of a block with hop length equal to 

1 then no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,10) does not have any block that is 

directly to the right and with hop length equal to 1 then none of the horizontal external 

hop wires are connected from (ring 1, stage 4) and (ring 1, stage 5) of block (1,10). 

10 Similarly for all the blocks in each row from the leftmost column up to the column "x", 

no horizontal external hop wires are connected to the corresponding (ring 1, stage 4) and 

(ring 1, stage 5). 

Similarly "K3" between the stages (ring 2, stage 5) and (ring 2, stage 6) denote 

that starting from blocks that are 3 hop length to the right of the leftmost column of 2D-

l 5 grid 800 (i.e., column of blocks consisting of block (1,4), block (2,4), .... , and block 

(10,4)) to the same corresponding stages of the same numbered ring of another block that 

is directly to the right, with horizontal hop length of 3, there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,1), and Hop(2,2) connected. For example from 

block (1,4) of 2D-grid 800 to another block to the right and at a hop length of 3 which is 

20 block (1,7), there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1,4) to (ring 2, stage 5) and 

(ring 2, stage 6) of block (1,7). It also means there are external hop wire connections 

Hop(l,1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of 

block (1,5) to (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). This pattern continues 

25 and finally there are external hop wire connections Hop(l,1), Hop(l,2), Hop(2,1), and 

Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1, 7) to (ring 2, stage 5) and 

(ring 2, stage 6) of block (1,10). The same pattern continues for all the rows starting from 

the block in the leftmost block of each row. 

If there is no block that is directly to the right of a block with hop length equal to 

30 3 then no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,8) does not have any block that is 
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directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). 

Similarly from (ring 2, stage 5) and (ring 2, stage 6) of block (1,9) and from (ring 2, stage 

5) and (ring 2, stage 6) of block (1,10), none of the horizontal external hop wires are 

5 connected. Similarly horizontal external hop wires are connected corresponding to "KS", 

"KT' etc. labels given in the hop wire connections chart 700A. 

In general the hop length of an external vertical hop wire can be any positive 

number. Similarly the hop length of an external horizontal hop wire can be any positive 

number. The hop wire connections between two arbitrary successive stages in two 

10 different rings of the same block or two different rings of different blocks described in 

diagram 700A of FIG. 7 A may be any one of the embodiments of either the diagrams 

300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, and 300E of 

FIG. 3E. Similarly the multi-drop hop wire connections between two arbitrary successive 

stages in two different rings of different blocks described in diagram 700A of FIG. 7 A 

15 may be any one of the embodiments of either the diagrams 500A of FIG. SA 

In accordance with the invention, the hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

may also be any one of the embodiments of either the diagrams 400A of FIG. 4A and 

400B of FIG. 4B. Similarly the multi-drop hop wire connections between two arbitrary 

20 stages in two different rings of different blocks may also be any one of the embodiments 

of either the diagrams 600A of FIG. 6A or 600B of FIG. 6B. 

In accordance with the current invention, either partial multi-stage hierarchical 

network Vcamb(N1,N2 ,d,s) lOOA of FIG. IA or partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOB of FIG. lB, or partial multi-stage hierarchical network 

25 Vcamb(N1,N2 ,d,s) lOOC of FIG. IC, corresponding to a block of2D-grid of blocks 800 

of FIG. 8, using any one of the embodiments of 200A-200E ofFIGs. 2A-2E to implement 

a stage of a ring of the multi-stage hierarchical network, either by using the hop wire 

connections or multi-drop hop wire connections between two arbitrary stages in two 

different rings of the same block or two different rings of different blocks described in 

30 diagram 700A of FIG. 7 A may be any one of the embodiments of either the diagrams 
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300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, 300E of FIG. 

3E, 500A of FIG. SA, or by using the hop wire connections or multi-drop hop wire 

connections between two arbitrary stages in two different rings of the same block or two 

different rings of different blocks may be any one of the embodiments of either the 

5 diagrams 400A of FIG. 4A, 400B of FIG. 4B, 600A of PIG. 6A, or 600B of FIG. 6B is 

very efficient in the reduction of the die size, power consumption, and for lower wire/path 

delay for higher performance for practical routing applications to particularly to set up 

broadcast, unicast and multicast connections. In general in accordance with the current 

invention, where N 1 and N2 of the complete multi-stage hierarchical network 

10 Vcomb (N1 , N 2 , d, s) may be arbitrarily large in size and also the 2D-grid size 800 may also 

be arbitrarily large in size in terms of both the number of rows and number of columns. 

Delay Optimizations in Multi-stage hierarchical network VD-Comb (Ni, N 2 , d, s) : 

The multi-stage hierarchical network Vcomb (N1 , N 2 , d, s) according to the current 

15 invention can further be optimized to reduce the delay in the routed path of the 

connection. The delay optimized multi-stage hierarchical network Vcomb (N1 , N 2 , d, s) is 

hereinafter denoted by VD-Comb (N1 , N 2 ,d, s). The delay optimizing embodiments of the 

stages of a ring are one of the diagrams namely 900A-900E ofFIGs. 9A-9D, lOOOA­

lOOOF of FIGs. lOA-lOF, and l lOOA-1 lOOC of FIGs. l lA-1 lC. The diagram 1200 of 

20 FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 1500 of FIG. 15 are different 

embodiments for the implementation of delay optimizations with all the connections 

between two arbitrary successive stages in two different rings of the same block or two 

different rings of different blocks of 2D-grid 800. 

FIG. 9A illustrates a stage (ring "k", stage "m") 900A consists of 5 inputs namely 

25 Fi(k,2m+ 1), Fi(k,2m+2), YFi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely YF(k,2m+ 1 ), F(k,2m+ 1 ), F(k,2m+2), 

U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux YF(k,2m+ 1) has two 

inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output YFo(k,2m+ 1). The 2: 1 
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Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

5 has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

10 FIG. 9B illustrates a stage (ring "k", stage "m") 900B consists of 5 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YUi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two 

15 inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

20 YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

25 FIG. 9C illustrates a stage (ring "k", stage "m") 900C consists of 5 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), UYi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of five 2: 1 Muxes namely F(k,2m+ 1), F(k,2m+2), U(k,2m+2), B(k,2m+ 1), 

and B(k,2m+2). The stage (ring "k", stage "m") also consists of one 3: 1 Mux namely 

30 UY(k,2m+ 1 ). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and 
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Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1) 

and Fo(k,2m+ 1) and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

5 inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 9D illustrates a stage (ring "k", stage "m") 900D consists of 6 inputs namely 

10 Fi(k,2m+ 1 ), Fi(k,2m+2), YFi(k,2m+ 1 ), Ui(k,2m+ 1 ), Ui(k,2m+2), and YUi(k,2m+ 1 ); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of eight 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

U(k,2m+ 1 ), U(k,2m+2), YU(k,2m+ 1 ), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux 

YF(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output 

15 YFo(k,2m+ 1). The 2: 1 Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

20 YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

25 FIG. 9E illustrates a stage (ring "k", stage "m") 900E consists of 6 inputs namely 

Fi(k,2m+ 1), Fi(k,2m+2), YFi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and UYi(k,2m+ l); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of six 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also consists of 

30 one 3: 1 Mux namely UY(k,2m+ 1). The 2: 1 Mux YF(k,2m+ 1) has two inputs namely 
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Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output YFo(k,2m+ 1 ). The 2: 1 Mux F(k,2m+ 1) 

has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). 

The 2: 1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has 

one output Fo(k,2m+2). 

5 The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1) 

and Fo(k,2m+ 1) and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

10 Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 OA illustrates a stage (ring "k", stage "m") 1 OOOA consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), YRi(k,2m+ 1), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), YR(k,2m+ 1 ), 

15 F(k,2m+ 1 ), F(k,2m+2), U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 

Mux YR(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one 

output YRo(k,2m+ 1 ). The 2: 1 Mux R(k,2m+ 1) has two inputs namely YRo(k,2m+ 1) and 

Bo(k,2m+ 1) and has one output Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs 

namely Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux 

20 F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

25 and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

FIG. lOB illustrates a stage (ring "k", stage "m") 1000B consists of 5 inputs 

30 namely Ri(k,2m+ 1 ), Ri(k,2m+2), RYi(k,2m+ 1 ), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 
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outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+2), F(k,2m+ 1 ), F(k,2m+2), 

U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely RY(k,2m+ 1). The 3: 1 Mux RY(k,2m+ 1) has three inputs 

5 namely Ri(k,2m+ 1), RYi(k,2m+ 1), and Bo(k,2m+ 1), and has one output RYo(k,2m+ 1). 

The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one 

output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely RYo(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

10 The 2:1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+l) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

15 Bo(k,2m+2). 

FIG. lOC illustrates a stage (ring "k", stage "m") lOOOC consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and YUi(k,2m+ l); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

20 F(k,2m+2), YU(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The 2: 1 

Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

25 F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

30 has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 
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output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 OD illustrates a stage (ring "k", stage "m") 1 OOOD consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and UYi(k,2m+ l); and 4 

5 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely UY(k,2m+ 1 ). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1 ). The 2: 1 Mux 

10 R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1 ), 

15 and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely UY o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

20 FIG. 1 OE illustrates a stage (ring "k", stage "m") 1 OOOE consists of 6 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), YRi(k,2m+ 1 ), Ui(k,2m+ 1 ), Ui(k,2m+2), and 

YUi(k,2m+ l); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of ten 2: 1 Muxes namely YR(k,2m+ 1 ), 

R(k,2m+ 1), R(k,2m+2), F(k,2m+ 1), F(k,2m+2), YU(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), 

25 B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux YR(k,2m+ 1) has two inputs namely 

Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one output YRo(k,2m+ 1 ). The 2: 1 Mux 

R(k,2m+ 1) has two inputs namely YRo(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

30 namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 
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F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+ 1). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

5 YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+ 2) has two inputs namely U o(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

10 FIG. 1 OF illustrates a stage (ring "k", stage "m") 1 OOOF consists of 6 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), RYi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and 

UYi(k,2m+ l); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+2), 

F(k,2m+ 1), F(k,2m+2), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", 

15 stage "m") also consists of two 3: 1 Mux namely RY(k,2m+ 1) and UY(k,2m+ 1). The 3: 1 

Mux RY(k,2m+ 1) has three inputs namely Ri(k,2m+ 1), RYi(k,2m+ 1), and Bo(k,2m+ 1) 

and has one output RY o(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely 

Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) 

has two inputs namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). 

20 The 2: 1 Mux F(k,2m+2) has two inputs namely RY o(k,2m+ 1) and Ro(k,2m+2) and has 

one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1 ), 

and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

25 Mux B(k,2m+ 1) has two inputs namely UYo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+2) has two inputs namely UYo(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. l lA illustrates a stage (ring "k", stage "m") 11 OOA consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1), and Ui(k,2m+2); and 4 

30 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 
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stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely FY(k,2m+2). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

5 R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 3: 1 Mux FY(k,2m+2) has three inputs 

namely Ro(k,2m+ 1), Ro(k,2m+2), and FYi(k,2m+2), and has one output FYo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

10 has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 Mux B(k,2m+ 1) has two 

inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 

Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

15 FIG. l 1B illustrates a stage (ring "k", stage "m") l 100B consists of 5 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and BYi(k,2m+2); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+ 1), U(k,2m+2), and B(k,2m+ 1). The stage (ring "k", stage "m") also 

20 consists of one 3: 1 Mux namely BY(k,2m+2). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

25 namely Ro(k,2m+ 1), and Ro(k,2m+2), and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 3: 1 Mux 

30 BY(k,2m+2) has three inputs namely Uo(k,2m+ 1), Uo(k,2m+2), and BYi(k,2m+2), and 

has one output BY o(k,2m+2). 
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FIG. l lC illustrates a stage (ring "k", stage "m") l lOOC consists of 6 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1), Ui(k,2m+2), and 

BYi(k,2m+2); and 4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). 

The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+ 1 ), 

5 R(k,2m+2), F(k,2m+ 1), U(k,2m+ 1), U(k,2m+2), and B(k,2m+ 1). The stage (ring "k", 

stage "m") also consists of two 3: 1 Muxes namely FY(k,2m+2) and BY(k,2m+2). The 2: 1 

Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

10 namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 3: 1 Mux 

FY(k,2m+2) has three inputs namely Ro(k,2m+l), Ro(k,2m+2), and FYi(k,2m+2), and 

has one output FY o(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

15 and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 Mux B(k,2m+ 1) has two 

inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 3: 1 

Mux BY(k,2m+2) has three inputs namely Uo(k,2m+ 1), Uo(k,2m+2), and BYi(k,2m+2) 

and has one output BY o(k,2m+2). 

Referring to diagram 1200 in FIG. 12, illustrates all the connections between two 

20 arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1), 

25 Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), and UYi(x,2p+ l); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

seven 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+2), 

B(x,2p+ 1 ), and B(x,2p+2). The stage (ring "x", stage "p") also consists of one 3: 1 Mux 

namely UY(x,2p+ 1 ). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) and 

30 Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 
-193-

Page 229 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

The 3: 1 Mux UY(x,2p+ 1) has three inputs namely Ui(x,2p+ 1), UYi(x,2p+ 1), and 

5 Fo(x,2p+ 1), and has one output UYo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs 

namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux 

B(x,2p+ 1) has two inputs namely UYo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+ 1 ). The 2: 1 Mux B(x,2p+2) has two inputs namely UY o(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

10 The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), RYi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of seven 2: 1 Muxes namely R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of one 3: 1 Mux 

15 namely RY(x,2p+3). The 3: 1 Mux RY(x,2p+3) has three inputs namely Ri(x,2p+3), 

RYi(x,2p+3), and Bo(x,2p+3), and has one output RYo(x,2p+3). The 2: 1 Mux R(x,2p+4) 

has two inputs namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 

2:1 Mux F(x,2p+3) has two inputs namely RYo(x,2p+3) and Ro(x,2p+4) and has one 

output Fo(x,2p+3). The 2: 1 Mux F(x,2p+4) has two inputs namely RYo(x,2p+3) and 

20 Ro(x,2p+4) and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

25 B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

30 "p"). 
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The stage (ring "y", stage "q") consists of 5 inputs namely Ri(y,2q+ 1), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), and YUi(y,2q+ l); and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

nine 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), YU(y,2q+ 1), 

5 U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs 

namely Ri(y,2q+ 1) and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux 

R(y,2q+2) has two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output 

Ro(y,2q+2). The 2: 1 Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

and has one output Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely 

10 Ro(y,2q+ 1) and Ro(y,2q+2) and has one output Fo(y,2q+2). 

The 2: 1 Mux YU(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and YUi(y,2q+ 1) 

and has one output YUo(y,2q+ 1). The 2: 1 Mux U(y,2q+ 1) has two inputs namely 

YUo(y,2q+ 1) and Fo(y,2q+ 1) and has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) 

has two inputs namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 

15 2: 1 Mux B(y,2q+ 1) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one 

output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), YRi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

20 Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

of nine 2:1 Muxes namely R(y,2q+3), R(y,2q+4), YR(y,2q+3), F(y,2q+3), F(y,2q+4), 

U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2: 1 Mux YR(y,2q+3) has two 

inputs namely Ri(y,2q+3) and YRi(y,2q+3) and has one output YRo(y,2q+3). The 2: 1 

Mux R(y,2q+3) has two inputs namely YRo(y,2q+3) and Bo(y,2q+3) and has one output 

25 Ro(y,2q+3). The 2:1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) 

and has one output Ro(y,2q+4). The 2: 1 Mux F(y,2q+3) has two inputs namely 

Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has 

two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

30 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 
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namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

5 Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l") and 

10 input YUi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YRi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

15 Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input UYi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input RYi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

20 Referring to diagram 1300 in FIG. 13, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

25 The stage (ring "x", stage "p") consists of 6 inputs namely Fi(x,2p+ 1 ), Fi(x,2p+2), 

YFi(x,2p+ 1), Ui(x,2p+ 1), Ui(x,2p+2), and YUi(x,2p+ l); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

eight 2: 1 Muxes namely F(x,2p+ 1 ), F(x,2p+2), YF(x,2p+ 1 ), U(x,2p+ 1 ), U(x,2p+2), 

YU(x,2p+ 1 ), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux YF(x,2p+ 1) has two inputs namely 
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Fi(x,2p+ 1) and YFi(x,2p+ 1) and has one output YFo(x,2p+ 1). The 2: 1 Mux F(x,2p+ 1) 

has two inputs namely YFo(x,2p+ 1) and Fi(x,2p+2) and has one output Fo(x,2p+ 1). The 

2: 1 Mux F(x,2p+2) has two inputs namely YFo(x,2p+ 1) and Fi(x,2p+2) and has one 

output Fo(x,2p+2). 

5 The 2: 1 Mux YU(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and YUi(x,2p+ 1) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+ 1) and Fo(x,2p+ 1) and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) 

has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

2: 1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 

10 output Bo(x,2p+ 1). The 2:1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 6 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), YRi(x,2p+3), Ui(x,2p+3), Ui(x,2p+4), and YUi(x,2p+3); and 4 outputs 

Bo(x,2p+3), Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

15 also consists of ten 2: 1 Muxes namely YR(x,2p+ 3), R(x,2p+ 3), R(x,2p+4), F(x,2p+ 3), 

F(x,2p+4), YU(x,2p+3), U(x,2p+3), U(x,2p+4), B(x,2p+3), and B(x,2p+4). The 2: 1 Mux 

YR(x,2p+3) has two inputs namely Ri(x,2p+3) and YRi(x,2p+3) and has one output 

YRo(x,2p+3). The 2:1 Mux R(x,2p+3) has two inputs namely YRo(x,2p+3) and 

Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

20 namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

The 2:1 Mux YU(x,2p+3) has two inputs namely Ui(x,2p+3) and YUi(x,2p+3) 

25 and has one output YUo(x,2p+3). The 2: 1 Mux U(x,2p+3) has two inputs namely 

YUo(x,2p+3) and Fo(x,2p+3) and has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) 

has two inputs namely Ui(x,2p+4) and Fo(x,2p+4) and has one output Uo(x,2p+4). The 

2:1 Mux B(x,2p+3) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one 

output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has two inputs namely Uo(x,2p+3) and 

30 Uo(x,2p+4) and has one output Bo(x,2p+4). 
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The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

5 The stage (ring "y", stage "q") consists of 6 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

YFi(y,2q+ 1), Ui(y,2q+ 1), Ui(y,2q+2), and UYi(y,2q+ l); and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

six 2: 1 Muxes namely F(y,2q+ 1), F(y,2q+2), YF(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and 

B(y,2q+2). The stage (ring "y", stage "q") also consists of one 3: 1 Mux namely 

10 UY(y,2q+ 1). The 2: 1 Mux YF(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and 

YFi(y,2q+ 1) and has one output YFo(y,2q+ 1). The 2: 1 Mux F(y,2q+ 1) has two inputs 

namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output Fo(y,2q+ 1). The 2: 1 Mux 

F(y,2q+2) has two inputs namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+2). 

15 The 3: 1 Mux UY(y,2q+ 1) has three inputs namely Ui(y,2q+ 1), UYi(y,2q+ 1) and 

Fo(y,2q+ 1) and has one output UY o(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs 

namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+ 1) has two inputs namely UYo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

20 Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 6 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), RYi(y,2q+3), Ui(y,2q+3), Ui(y,2q+4), and UYi(y,2q+3); and 4 outputs 

Bo(y,2q+3), Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "2q+ l ") 

also consists of six 2: 1 Muxes namely R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+4), 

25 B(y ,2q+ 3), and B(y ,2q+4 ). The stage (ring "y", stage "2q+ l ") also consists of two 3: 1 

Mux namely RY(y,2q+3) and UY(y,2q+3). The 3:1 Mux RY(y,2q+3) has three inputs 

namely Ri(y,2q+3), RYi(y,2q+3), and Bo(y,2q+3) and has one output RYo(y,2q+3). The 

2: 1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) and has one 

output Ro(y,2q+4). The 2:1 Mux F(y,2q+3) has two inputs namely RYo(y,2q+3) and 

30 Ro(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs 

namely RY o(y ,2q+ 3) and Ro(y ,2q+4) and has one output F o(y ,2q+4). 
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The 3:1 Mux UY(y,2q+3) has three inputs namely Ui(y,2q+3), UYi(y,2q+3), and 

Fo(y,2q+3), and has one output UYo(y,2q+3). The 2: 1 Mux U(y,2q+4) has two inputs 

namely Ui(y,2q+4) and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux 

B(y,2q+3) has two inputs namely UYo(y,2q+3) and Uo(y,2q+4) and has one output 

5 Bo(y,2q+3). The 2:1 Mux B(y,2q+4) has two inputs namely UYo(y,2q+3) and 

Uo(y,2q+4) and has one output Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

10 "q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l") and 

input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

15 Ui(y,2q+2) of the stage (ring "y", stage "q") and input RYi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

20 (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YRi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

Referring to diagram 1400 in FIG. 14, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

25 stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

YUi(x,2p+ 1), Ui(x,2p+ 1), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1), Bo(x,2p+2), 
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Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of seven 2: 1 

Muxes namely F(x,2p+ 1 ), F(x,2p+2), YF(x,2p+ 1 ), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and 

B(x,2p+2). The 2: 1 Mux F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and 

has one output Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) 

5 and Fi(x,2p+2) and has one output Fo(x,2p+2). 

The 2: 1 Mux YU(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and YUi(x,2p+ 1) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+ 1) and Fo(x,2p+ 1) and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) 

has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

10 2: 1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 

output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4), YFi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

15 Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

of seven 2: 1 Muxes namely YF(x,2p+3), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2:1 Mux YF(x,2p+3) has two inputs namely Fi(x,2p+3) 

and YFi(x,2p+3) and has one output YFo(x,2p+3). The 2: 1 Mux F(x,2p+3) has two inputs 

namely YFo(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2: 1 Mux 

20 F(x,2p+4) has two inputs namely YFo(x,2p+3) and Fi(x,2p+4) and has one output 

Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

25 namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+ 3) of the stage (ring "x", stage "p+l "). And the output Bo(x,2p+ 3) of the stage 
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(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 5 inputs namely Fi(y,2q+ 1), Fi(y,2q+2), 

UYi(y,2q+ 1), Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), 

5 Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of five 2: 1 

Muxes namely F(y,2q+ 1), F(y,2q+2), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The stage 

(ring "y", stage "q") also consists of one 3: 1 Mux namely UY(y,2q+ 1). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

10 and has one output Fo(y,2q+2). 

The 3: 1 Mux UY(y,2q+ 1) has three inputs namely Ui(y,2q+ 1), UYi(y,2q+ 1) and 

Fo(y,2q+ 1) and has one output UYo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs 

namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+ 1) has two inputs namely UYo(y,2q+ 1) and Uo(y,2q+2) and has one output 

15 Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

20 of seven 2: 1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2: 1 Mux F(y,2q+3) has two inputs 

namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux 

F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

25 Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 
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B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+l"). And the output Bo(y,2q+3) of the stage 

5 (ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,1) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+ l ") and 

input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

10 (ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to two inputs namely input Fi(x,2p+4) of the stage (ring "x", stage "p+ l ") and 

15 input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

Referring to diagram 1500 in FIG. 15, illustrates all the connections between two 

20 arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb (NI, N2, d, S). 

The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1), 

25 Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), and BYi(x,2p+2); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

seven 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), and B(x,2p+ 1 ). The stage (ring "x", stage "p") also consists of one 3: 1 Mux 

namely BY(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) and 

-202-

Page 238 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1), and Ro(x,2p+2), 

5 and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+l) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1). The 3: 1 Mux 

10 BY(x,2p+2) has three inputs namely Uo(x,2p+ 1), Uo(x,2p+2), and BYi(x,2p+2), and has 

one output BY o(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), FYi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists 

15 of seven 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of one 3: 1 Mux 

namely FY(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) and 

Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

20 F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 3:1 Mux FY(x,2p+4) has three inputs namely Ro(x,2p+3), Ro(x,2p+4), 

and FYi(x,2p+4), and has one output FYo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

25 and FYo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

30 Ri(x,2p+3) of the stage (ring "x", stage "p+ l "). And the output Bo(x,2p+3) of the stage 
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(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 6 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), FYi(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), and BYi(y,2q+2); and 4 outputs 

5 Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") 

also consists of six 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), U(y,2q+ 1), 

U(y,2q+2), and B(y,2q+ 1). The stage (ring "y", stage "q") also consists of two 3: 1 Muxes 

namely FY(y,2q+2) and BY(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has 

10 two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 

Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+l). The 3:1 Mux FY(y,2q+2) has three inputs namely Ro(y,2q+l), Ro(y,2q+2), 

and FYi(y,2q+2), and has one output FYo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

15 has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and FYo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1). The 3: 1 Mux 

BY(y,2q+2) has three inputs namely Uo(y,2q+ 1), Uo(y,2q+2), and BYi(y,2q+2) and has 

one output BYo(y,2q+2). 

20 The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Fi(y,2q+3), 

Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists 

of seven 2: 1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

25 and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2: 1 Mux F(y,2q+3) has two inputs 

namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux 

F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

Fo(y,2q+4). 

The 2:1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

30 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 
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and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

5 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

10 Hop(l,1) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+ l ") and 

input BYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

15 The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input BYi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+4) of the stage (ring "x", 

20 stage "p+ l "). 

In accordance with the current invention, either partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) 1 OOA of FIG. IA, or partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) 1 OOB of FIG. lB, or partial multi-stage hierarchical 

network VD-Comb (N1 , N 2 , d, s) lOOC of FIG. 1 C, corresponding to a block of 2D-grid of 

25 blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F of FI Gs. 2A-2F, 

900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF ofFIGs. lOA-lOF, l lOOA-1 lOOC ofFIGs. 

l lA-1 lC to implement a stage of a ring of the multi-stage hierarchical network, either by 

using the hop wire connections or multi-drop hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

30 described in diagram 700A of FIG. 7 A may be any one of the embodiments of either the 
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diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, 300E 

of FIG. 3E, 500A of FIG. SA, 1200 of FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 

1500 of FIG. 15 or by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

5 rings of different blocks may be any one of the embodiments of either the diagrams 400A 

of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of FIG. 6B is very efficient in 

the reduction of the die size, power consumption, and highly optimized for lower 

wire/path delay for higher performance for practical routing applications to particularly to 

set up broadcast, unicast and multicast connections. In general in accordance with the 

10 current invention, where N1 and N2 of the complete multi-stage hierarchical network 

VD-Comb (N1 , N 2 , d, s) may be arbitrarily large in size and also the 2D-grid size 800 may 

also be arbitrarily large in size in terms of both the number of rows and number of 

columns. 

1) Programmable Integrated Circuit Embodiments: 

15 All the embodiments disclosed in the current invention are useful in 

programmable integrated circuit applications. FIG. 16A2 illustrates the detailed diagram 

1600A2 for the implementation of the diagram 1600Al in programmable integrated 

circuit embodiments. Each crosspoint is implemented by a transistor coupled between the 

corresponding inlet link and outlet link, and a programmable cell in programmable 

20 integrated circuit embodiments. Specifically crosspoint CP(l,1) is implemented by 

transistor C(l,1) coupled between inlet link ILl and outlet link OLl, and programmable 

cell P(l,l); crosspoint CP(l,2) is implemented by transistor C(l,2) coupled between inlet 

link ILl and outlet link OL2, and programmable cell P(l,2); crosspoint CP(2,1) is 

implemented by transistor C(2,l) coupled between inlet link IL2 and outlet link OLl, and 

25 programmable cell P(2,l); and crosspoint CP(2,2) is implemented by transistor C(2,2) 

coupled between inlet link IL2 and outlet link OL2, and programmable cell P(2,2). 

If the programmable cell is programmed ON, the corresponding transistor couples 

the corresponding inlet link and outlet link. If the programmable cell is programmed 

OFF, the corresponding inlet link and outlet link are not connected. For example if the 

30 programmable cell P(l,1) is programmed ON, the corresponding transistor C(l,1) couples 

the corresponding inlet link ILl and outlet link OLl. If the programmable cell P(l,1) is 
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programmed OFF, the corresponding inlet link ILl and outlet link OLl are not connected. 

In volatile programmable integrated circuit embodiments the programmable cell may be 

an SRAM (Static Random Address Memory) cell. In non-volatile programmable 

integrated circuit embodiments the programmable cell may be a Flash memory cell. Also 

5 the programmable integrated circuit embodiments may implement field programmable 

logic arrays (FPGA) devices, or programmable Logic devices (PLD), or Application 

Specific Integrated Circuits (ASIC) embedded with programmable logic circuits or 3D­

FPGAs. 

FIG. 16A2 also illustrates a buffer Bl on inlet link IL2. The signals driven along 

10 inlet link IL2 are amplified by buffer B 1. Buffer B 1 can be inverting or non-inverting 

buffer. Buffers such as Bl are used to amplify the signal in links which are usually long. 

In other embodiments all the d * d switches described in the current invention are 

also implemented using muxes of different sizes controlled by SRAM cells or flash cells 

etc. 

15 2) One-time Programmable Integrated Circuit Embodiments: 

All the embodiments disclosed in the current invention are useful in one-time 

programmable integrated circuit applications. FIG. 16A3 illustrates the detailed diagram 

1600A3 for the implementation of the diagram 1600Al in one-time programmable 

integrated circuit embodiments. Each crosspoint is implemented by a via coupled 

20 between the corresponding inlet link and outlet link in one-time programmable integrated 

circuit embodiments. Specifically crosspoint CP(l,1) is implemented by via V(l,1) 

coupled between inlet link ILl and outlet link OLl; crosspoint CP(l,2) is implemented 

by via V(l,2) coupled between inlet link ILl and outlet link OL2; crosspoint CP(2,1) is 

implemented by via V(2,l) coupled between inlet link IL2 and outlet link OLl; and 

25 crosspoint CP(2,2) is implemented by via V(2,2) coupled between inlet link IL2 and 

outlet link OL2. 

If the via is programmed ON, the corresponding inlet link and outlet link are 

permanently connected which is denoted by thick circle at the intersection of inlet link 

and outlet link. If the via is programmed OFF, the corresponding inlet link and outlet link 

30 are not connected which is denoted by the absence of thick circle at the intersection of 
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inlet link and outlet link. For example in the diagram 1600A3 the via V(l,1) is 

programmed ON, and the corresponding inlet link ILl and outlet link OLl are connected 

as denoted by thick circle at the intersection of inlet link ILl and outlet link OLl; the via 

V(2,2) is programmed ON, and the corresponding inlet link IL2 and outlet link OL2 are 

5 connected as denoted by thick circle at the intersection of inlet link IL2 and outlet link 

OL2; the via V(l,2) is programmed OFF, and the corresponding inlet link ILl and outlet 

link OL2 are not connected as denoted by the absence of thick circle at the intersection of 

inlet link ILl and outlet link OL2; the via V(2,1) is programmed OFF, and the 

corresponding inlet link IL2 and outlet link OLl are not connected as denoted by the 

10 absence of thick circle at the intersection of inlet link IL2 and outlet link OLl. One-time 

programmable integrated circuit embodiments may be anti-fuse based programmable 

integrated circuit devices or mask programmable structured ASIC devices. 

3) Integrated Circuit Placement and Route Embodiments: 

All the embodiments disclosed in the current invention are useful in Integrated 

15 Circuit Placement and Route applications, for example in ASIC backend Placement and 

Route tools. FIG. 16A4 illustrates the detailed diagram 1600A4 for the implementation of 

the diagram 1600Al in Integrated Circuit Placement and Route embodiments. In an 

integrated circuit since the connections are known a-priori, the switch and crosspoints are 

actually virtual. However the concept of virtual switch and virtual crosspoint using the 

20 embodiments disclosed in the current invention reduces the number of required wires, 

wire length needed to connect the inputs and outputs of different netlists and the time 

required by the tool for placement and route of netlists in the integrated circuit. 

Each virtual crosspoint is used to either to hardwire or provide no connectivity 

between the corresponding inlet link and outlet link. Specifically crosspoint CP(l,1) is 

25 implemented by direct connect point DCP(l,1) to hardwire (i.e., to permanently connect) 

inlet link ILl and outlet link OLl which is denoted by the thick circle at the intersection 

of inlet link ILl and outlet link OLl; crosspoint CP(2,2) is implemented by direct 

connect point DCP(2,2) to hardwire inlet link IL2 and outlet link OL2 which is denoted 

by the thick circle at the intersection of inlet link IL2 and outlet link OL2. The diagram 

30 1600A4 does not show direct connect point DCP(l,2) and direct connect point DCP(l,3) 

since they are not needed and in the hardware implementation they are eliminated. 
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Alternatively inlet link ILl needs to be connected to outlet link OLl and inlet link ILl 

does not need to be connected to outlet link OL2. Also inlet link IL2 needs to be 

connected to outlet link OL2 and inlet link IL2 does not need to be connected to outlet 

link OLl. Furthermore in the example of the diagram 1600A4, there is no need to drive 

5 the signal of inlet link ILl horizontally beyond outlet link OLl and hence the inlet link 

ILl is not even extended horizontally until the outlet link OL2. Also the absence of direct 

connect point DCP(2,l) illustrates there is no need to connect inlet link IL2 and outlet 

link OLl. 

In summary in integrated circuit placement and route tools, the concept of virtual 

10 switches and virtual cross points is used during the implementation of the placement & 

routing algorithmically in software, however during the hardware implementation cross 

points in the cross state are implemented as hardwired connections between the 

corresponding inlet link and outlet link, and in the bar state are implemented as no 

connection between inlet link and outlet link. 

15 

3) More Application Embodiments: 

All the embodiments disclosed in the current invention are also useful in the 

design of SoC interconnects, Field programmable interconnect chips, parallel computer 

20 systems and in time-space-time switches. 

Scheduling Method Embodiments the multi-stage hierarchical network 

VComb(N1,N2,d,s): 

FIG. 17 shows a high-level flowchart of a scheduling method 1700, in one 

25 embodiment executed to setup multicast and unicast connections in the multi-stage 

hierarchical network Vcamb(N1,N2,d,s) disclosed in this invention. According to this 

embodiment, the set of multicast connections are initialized to the beginning of the set in 
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act 1710. Then the control goes to act 1720. In act 1720, next multicast connection is 

selected in sequence form the set of multicast connections. Then the control goes to act 

1730. 

In act 1730 it is checked if this is the next multicast connection in sequence is 

5 NULL or i.e. all the multicast connections are scheduled. If act 1730 results "no", that is 

there are more multicast connections to be scheduled the control goes to act 1740. In act 

17 40 it is checked if this multicast connection is being scheduled for the first time. Or if it 

is not scheduled for the first time, it is checked if any one of the links taken by this 

multicast connection is oversubscribed by any other multicast connection is checked. If 

10 either the multicast connection is being scheduled for the first time or if any one of the 

links taken by this multicast connection is oversubscribed the control goes to act 1750. 

Otherwise control goes to act 1 720 where the next multicast connection will be selected. 

So act 1720, act 1730, and act 1740 are executed in a loop. 

In act 1750 the multicast connection is not being scheduled for the first time and 

15 since at least one of the links taken by this multicast connection is oversubscribed, the 

complete path taken this multicast connection is cleared or the multicast connection's 

path is ripped. Then the control goes to act 1760. In act 1760, using the well-known A* 

search algorithm the least cost path from its source outlet link of the computational block 

to all the target inlet links of the corresponding computational blocks are found out one 

20 after another target inlet links. The cost function used is based on the Manhattan distance 

between the target inlet link's block and source outlet link's block by taking the delays on 

each wire is considered in the cost function and also that longest wires are chosen first in 

the A* search algorithm. 

According to the current invention, before scheduling the set of multicast 

25 connections in the scheduling method 1700, first a set of static cost tables will be 

prepared with the least cost paths from each link of the partial multistage network 

Vcamb (N1 , N 2 , d, s) to each outgoing hop wire from that partial multistage network as well 

as to each inlet link of the computational block connected form that partial multistage 

network. So there will be as many cost tables created equal to the sum of the total number 

30 of outgoing hop wires from the partial multistage network and the inlet links of the 

computational block connected form that partial multistage network. Each cost table will 
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also have as many entries as there are internal links of that partial multistage network. 

And the value at each entry of these cost tables is equal to the total delay from the 

corresponding internal link to the corresponding outgoing hop wire or to the inlet link of 

the computational block. 

5 In act 1760, according to the current invention, for the look-ahead cost 

computation during the A* search algorithm both the cost from the static cost tables from 

the current internal link in the current partial multistage network and the cost value 

computed based on the Manhattan distance between the target inlet link's block and the 

current link's corresponding block by taking the delays on each wire into consideration 

10 are added. Also the least of the cost values from all the cost tables corresponding to the 

current link and all the outgoing wires in the right direction of the target block, is selected 

before it is added to the Manhattan distance based cost. Finally in act 1760, the multicast 

connection is scheduled as for the A* search algorithm. Then the control goes to act 1770. 

In act 1770, the demand cost and history cost of each link used by the current 

15 multicast connection are updated. And the control goes to act 1720. Thus act 1 720, act 

1730, act 1740, act 1750, act 1760, and act 1770 are executed in a loop to schedule the 

multicast connections by going through the list of all multicast connections which will be 

one pass or iteration. 

In act 1730 results "yes", i.e. all the required multicast connections in the list are 

20 scheduled in this pass or iteration, then the control goes to act 1780. In act 1780, the total 

number of links in the complete multistage network that are taken by more than one 

multicast connection are counted, hereinafter "OSN" or "Over Subscription nodes". Then 

the control goes to act 1790. In act 1790 it will be checked and if OSN is not equal to zero 

then the act 1790 results in "no" and the control goes to act 1710 to start the next iteration 

25 or pass to schedule all the required multicast connections in the list of all multicast 

connections. Thus act 1710, act 1720, act 1730, act 1740, act 1750, act 1760, act 1770, 

act 1780, and act 1790 are executed in a loop to implement different passes or iterations 

of scheduling the set of all multicast connections. If the act 1790 results in "yes", that 

means no link in the complete multistage network is taken by more than one multicast 

30 connection and hence the scheduling is successfully completed. 

-211-

Page 247 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

Each multicast connection of the type described above in reference to method 

1700 of FIG. 17 can be unicast connection, a multicast connection or a broadcast 

connection, depending on the example. 

5 Inter-block and Intra-block Scheduling Method Embodiments the multi-stage 

hierarchical network Vcomb ( N 1 , N 2 , d, s) : 

FIG. 18 shows a high-level flowchart of a scheduling method 1800, in one 

embodiment executed to setup multicast connections in the multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s) disclosed in this invention in two steps (one for each act 1810 

10 and act 1820 as shown in FIG. 18) namely: 1) scheduling the set of multicast connections 

outside the blocks of 2D-grid of blocks with each block corresponding to a partial multi­

stage network, or in between the blocks of the complete multi-stage network, or 

alternatively on the external wires of the complete multi-stage network hereinafter "inter­

block scheduling". Inter-block scheduling is implemented in act 1810 so that there are no 

15 OSN nodes. During inter-block scheduling the partial multi-stage hierarchical network 

corresponding to each block is considered as a single stage network or alternatively each 

internal wire of the partial multi-stage hierarchical network is directly connected to each 

outgoing wire or external wire of the partial multi-stage hierarchical network, and 2) 

scheduling the set of multicast connections inside the blocks of 2D-grid of blocks with 

20 each block corresponding to a partial multi-stage network or alternatively on the internal 

wires of the complete multi-stage network hereinafter "intra-block scheduling". The act 

1820 implements intra-block scheduling for each block so that there are no OSN nodes. 

The act 1810 may be implemented by the scheduling method 1700 of FIG. 1 7. 

Similarly in act 1820 for each block of the multi-stage hierarchical network, the inter-

25 block scheduling may be implemented by the scheduling method 1700 of FIG. 17. 

In accordance with the current invention, the scheduling method 1700 of FIG. 17 

and the scheduling method 1800 of FIG. 18 are applicable to either partial multi-stage 

hierarchical network Vn-camb(N1,N2 ,d,s) lOOA of FIG. IA, or partial multi-stage 

hierarchical network Vn-camb(N1,N2 ,d,s) lOOB of FIG. lB, or partial multi-stage 
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hierarchical network Vn-camb(N1,N2 ,d,s) lOOC of FIG. IC, corresponding to a block of 

2D-grid of blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F of 

FIGs. 2A-2F, 900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF of FIGs. lOA-lOF, l lOOA-

1 lOOC of FI Gs. l lA-1 lC to implement a stage of a ring of the multi-stage hierarchical 

5 network, either by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

rings of different blocks described in diagram 700A of FIG. 7 A may be any one of the 

embodiments of either the diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 

3C, 300D of FIG. 3D, 300E of FIG. 3E, 500A of FIG. SA, 1200 of FIG. 12, 1300 of FIG. 

10 13, 1400 of FIG. 14, and 1500 of FIG. 15 or by using the hop wire connections or multi­

drop hop wire connections between two arbitrary stages in two different rings of the same 

block or two different rings of different blocks may be any one of the embodiments of 

either the diagrams 400A of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of 

FIG. 6B is very efficient in the reduction of the die size, power consumption, and highly 

15 optimized for lower wire/path delay for higher performance for practical routing 

applications to particularly to set up broadcast, unicast and multicast connections. 

20 

Numerous modifications and adaptations of the embodiments, implementations, 

and examples described herein will be apparent to the skilled artisan in view of the 

disclosure. 
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REMARKS 

Applicant respectfully submits that entry of the foregoing Amendment pursuant to 

Rule 312 (37 C.F.R. § 1.312) does not raise any new issues. Consequently, pursuant to 

Rule 312, it is requested that the foregoing Amendment be entered. 

CONCLUSION 

For all of the above reasons, applicant submits that the amendments to abstract, cross 

reference to related applications, summary of invention, and amendments to specification 

are now in proper form. Therefore applicant submits that this application is now in 

10 condition for allowance, which action he respectfully solicits. 

Conditional request for Constructive Assistance 

Applicant has amended the claims of this application so that they are proper, definite, and 

define novel structure which is also unobvious. If, for any reason this application is not 

believed to be in full condition for allowance, applicant respectfully request the 

15 constructive assistance and suggestions of the Examiner pursuant to M.P.E.P § 2173.02 

and§ 707.07(j) in order that the undersigned can place this application in allowable 

condition as soon as possible and without the need for further proceedings. 

Very respectfully, 

N enkat Konda/ 

20 Venkat Konda 

Konda Technologies, Inc. (USPTO Customer Number: 38139) 

6278 Grand Oak Way 

San Jose, CA 95135 

Phone: 408-472-3273 
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Application Number: 16/562,450 

Application Filed: 9/6/2019 

Applicant(s): Venkat Konda 

Title: Fast Scheduling and Optimization of Multi-stage Hierarchical Networks 

Examiner/ Art Unit: Rasheed Gidado / 2464 

San Jose, 2020 December 28, Mon 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312 

(37 C.F.R. § 1.312) 

Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, Virginia, 22313-1450 

15 Dear Sir/Madam: 

20 

This replies to the Notice of Allowance and Fee(s) Due from the United States 

Patent and Trademark Office mailed on November 18, 2020 in connection with the 

above-identified patent application. Pursuant to Rule 312, applicant respectfully requests 

that the above application be amended as follows: 

For the sake of clarity in the amendment to the abstract of disclosure, amendment 

to Cross Reference to Related applications, amendment to Summary of Invention, and 

amendments to the specification submitted on November 9, 2020 in response to the office 

action August 7, 2020, Applicant is further submitting the following: 
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1) Unedited and substitute Abstract of Disclosure in page 2 

2) Unedited and substitute Cross Reference to Related Applications in page 3 

3) Unedited and substitute Summary of Invention in page 4 

4) Complete Specification (Detailed Description of the Invention) with the all 

amendments to specification begin on page 5 and continues to page 108 

5) Unedited and complete substitute specification (Detailed Description of the 

Invention) begin on page 108 and continues to page 210 

I. UNEDITED AND SUSTITUTE ABSTRACT OF THE DISCLOSURE: 

10 An unedited and substitute Abstract of the Disclosure appears below: 

Significantly optimized multi-stage networks including scheduling methods for 

faster scheduling of connections, useful in wide target applications, with VLSI layouts 

using only horizontal wires and vertical wires to route large scale partial multi-stage 

hierarchical networks having inlet and outlet links, and laid out in an integrated circuit 

15 device in a two-dimensional grid arrangement of blocks are disclosed. The optimized 

multi-stage networks in each block employ one or more slices of rings of stages of 

switches with inlet and outlet links of partial multi-stage hierarchical networks connecting 

to rings from either left-hand side or right-hand side; and employ hop wires or multi-drop 

hop wires wherein hop wires or multi-drop wires are connected from switches of stages 

20 of rings of slices of a first partial multi-stage hierarchical network to switches of stages of 

rings of slices of the first or a second partial multi-stage hierarchical network. 

Applicant submits that the above amended abstract is within 150 words. 

25 
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II. UNEDITED AND SUBSTITUTE CROSS REFERENCE TO RELATED 
APPLICATIONS 

An unedited and substitute Cross Reference to Related Applications appears below: 

5 This application is Continuation Application and claims priority to US 

Application Serial No. 15/884,911 entitled "FAST SCHEDULING AND 

OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS" by Venkat 

Konda assigned to the same assignee as the current application, filed January 31, 2018, 

which is Continuation Application and claims priority to US Application Serial No. 

10 15/331,855 entitled "FAST SCHEDULING AND OPTIMIZATION OF MULTI-STAGE 

HIERARCHICAL NETWORKS" by Venkat Konda assigned to the same assignee as the 

current application, filed October 22, 2016, issued as US Patent No. 9,929,977 on March 

27, 2018, which is Continuation Application and claims priority to US Application Serial 

No. 14/329,876 entitled "FAST SCHEDULING AND OPTIMIZATION OF MULTI-

15 STAGE HIERARCHICAL NETWORKS" by Venkat Konda assigned to the same 

assignee as the current application, filed July 11, 2014, issued as US Patent No. 9,509,634 

on November 29, 2016, which claims priority to U.S. Provisional Patent Application 

Serial No. 61/846,083 entitled "FAST SCHEDULING AND OPTIMIZATION OF 

MULTI-STAGE HIERARCHICAL NETWORKS" by Venkat Konda assigned to the 

20 same assignee as the current application, filed July 15, 2013, and also Continuation-in­

Part Application and claims priority to US Application Serial No. US14/199,168 entitled 

"OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS FOR 

PRACTICAL ROUTING APPLICATIONS" by Venkat Konda assigned to the same 

assignee as the current application, filed March 6, 2014, issued as US Patent No. 

25 9,374,322 on June 21, 2016, which in turn is bypass continuation application and claims 

priority to PCT Application Serial No. PCT/US12/53814 entitled "OPTIMIZATION OF 

MULTI-STAGE HIERARCHICAL NETWORKS FOR PRACTICAL ROUTING 

APPLICATIONS" by Venkat Konda assigned to the same assignee as the current 

application, filed September 6, 2012, which is Continuation-in-Part application and 

30 claims priority to U.S. Provisional Patent Application Serial No. 61/531,615 entitled 

"OPTIMIZATION OF MULTI-STAGE HIERARCHICAL NETWORKS FOR 
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PRACTICAL ROUTING APPLICATIONS" by Venkat Konda assigned to the same 

assignee as the current application, filed September 7, 2011. 

III. UNEDITED AND SUBSTITUTE SUMMARY OF INVENTION 

An unedited and substitute Summary of Invention appears below: 

Significantly optimized multi-stage networks for faster scheduling of connections, 

useful in wide target applications, with VLSI layouts ( or floor plans) using only 

10 horizontal wires and vertical wires to route large scale partial multi-stage hierarchical 

networks having inlet and outlet links, and laid out in an integrated circuit device in a 

two-dimensional grid arrangement of blocks, (for example in an FPGA where the partial 

multi-stage hierarchical networks to route Lookup Tables, or memory blocks, or DSP 

blocks) are disclosed. The optimized multi-stage networks in each block employ one or 

15 more slices of rings of stages of switches with inlet and outlet links of partial multi-stage 

hierarchical networks connecting to rings from either left-hand side or right-hand side. 

The optimized multi-stage networks employ hop wires or multi-drop hop wires 

wherein hop wires or multi-drop wires are connected from switches of stages of rings of 

slices of a first partial multi-stage hierarchical network to switches of stages of rings of 

20 slices of a second partial multi-stage hierarchical network or switches of stages of rings of 

slices of the first partial multi-stage hierarchical network so that said hop wires or multi­

drop hop wires are either vertical wires or horizontal wires. 

The VLSI layouts exploit spatial locality so that partial multi-stage hierarchical 

networks that are spatially nearer are connected with shorter hop wires compared to the 

25 hop wires between spatially farther partial multi-stage hierarchical networks. The 

optimized multi-stage networks provide high routability for broadcast, unicast and 

multicast connections, yet with the benefits of significantly lower cross points hence 

smaller area, lower signal latency, lower power and with significant fast compilation or 
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routing time. Various scheduling methods are also disclosed to schedule a set of multicast 

connections in the multi-stage hierarchical network. 

The optimized multi-stage networks Vcmnb(N1,N2,d,s) & VD-Comb(Ni,N2,d,s) 

according to the current invention inherit the properties of one or more generalized multi-

5 stage and pyramid networks V(N1 , N 2 ,d,s) & VP (N1 ,N2 ,d,s), generalized folded 

multi-stage and pyramid networks vfolAN1,N2,d,s) & vfo/d-p(N1,N2,d,s), generalized 

butterfly fat tree and butterfly fat pyramid networks Vbft(N1,N2 ,d,s) & 

V1,_,1p(N1,N2,d,s), generalized multi-link multi-stage and pyramid networks 

Vmlink(N1,N2,d,s) & Vmlink-p(N1,N2 ,d,s), generalized folded multi-link multi-stage and 

10 pyramid networks Vrald-mlink(N1,N2 ,d,s) & Vfo/d-mlink-p(N1,N2 ,d,s), generalized multi­

link butterfly fat tree and butterfly fat pyramid networks V,nlink-bft(N1,N2 ,d,s) & 

Vmlink-bffi (N1,N2 ,d,s), generalized hypercube networks Vhcube (N1, N 2 ,d, s), and 

generalized cube connected cycles networks Vccc (N1,N2 ,d,s) for s = 1,2,3 or any 

number in general. 

15 

IV. COMPLETE SPECIFICATION WITH ALL THE AMENDMENTS TO THE 

SPECIFICATION 

Complete Specification with the all amendments to specification appears below: 

Fully connected multi-stage hierarchical networks are an over kill in every 

20 dimension such as area, power, and performance for certain practical routing applications 

and need to be optimized to significantly improve savings in area, power and 

performance of the routing network. The present invention discloses several embodiments 

of the optimized multi-stage hierarchical networks for practical routing applications along 

with their VLSI layout (floor plan) feasibility and simplicity. 

25 The multi-stage hierarchical networks considered for optimization in the current 

invention include: generalized multi-stage networks V(N1 , N 2 , d, s), generalized folded 
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multi-stage networks Vfoia (Ni, N 2 , d, s), generalized butterfly fat tree networks 

Vbfl (Ni, N 2 ,d, s), generalized multi-link multi-stage networks Vmlink (N1 , N 2 ,d, s), 

generalized folded multi-link multi-stage networks Vfold-mlink (N1 , N 2 , d, s) , generalized 

multi-link butterfly fat tree networks Vmlink-bfl ( N 1 , N 2 , d, s) , generalized hypercube 

5 networks Vhcube(N1,N2 ,d,s), and generalized cube connected cycles networks 

10 

Vccc (N1 ,N2 ,d, s) for s = 1,2,3 or any number in general. Alternatively the optimized 

multi-stage hierarchical networks disclosed in this invention inherit the properties of one 

or more of these networks, in addition to additional properties that may not be exhibited 

these networks. 

The optimized multi-stage hierarchical networks disclosed are applicable for 

practical routing applications, with several goals such as: 1) all the signals in the design 

starting from an inlet link of the network to an outlet link of the network need to be setup 

without blocking. These signals may consist of broadcast, unicast and multicast 

connections; Each routing resource may need to be used by only one signal or 

15 connection; 2) physical area consumed by the routing network to setup all the signals 

needs to be small; 3) power consumption of the network needs to be small, after the 

signals are setup. Power may be both static power and dynamic power; 4) Delay of the 

signal or a connection needs to be small after it is setup through a path using several 

routing resources in the path. The smaller the delay of the connections will lead to faster 

20 performance of the design. Typically delay of the critical connections determines the 

performance of the design on a given network; 5) Designs need to be not only routed 

through the network (i.e., all the signals need to be setup from inlet links of the network 

to the outlet links of the network.), but also the routing needs to be in faster time using 

efficient routing algorithms; 6) Efficient VLSI layout of the network is also critical and 

25 can greatly influence all the other parameters including the area taken up by the network 

on the chip, total number of wires, length of the wires, delay through the signal paths and 

hence the maximum clock speed of operation. 

The different varieties of multi-stage networks described in various embodiments 

in the current invention have not been implemented previously on the semiconductor 

30 chips. The practical application of these networks includes Field Programmable Gate 
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Array (FPGA) chips. Current commercial FPGA products such as Xilinx's Vertex, 

Altera's Stratix, Lattice's ECPx implement island-style architecture using mesh and 

segmented mesh routing interconnects using either full crossbars or sparse crossbars. 

These routing interconnects consume large silicon area for crosspoints, long wires, large 

5 signal propagation delay and hence consume lot of power. 

The current invention discloses the optimization and scheduling methods of multi­

stage hierarchical networks with fast scheduling of connections, for practical routing 

applications of numerous types of multi-stage networks also using multi-drop links. The 

optimizations disclosed in the current invention are applicable to including the numerous 

10 generalized multi-stage networks disclosed in the following patent applications: 

15 

1) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-stage networks V(N1 ,N2 ,d,s) with numerous connection 

topologies and the scheduling methods are described in detail in the US Patent No. 

8f270AOO that is incorporated by reference above. 

2) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized butterfly fat tree networks Vbft(N1 ,N2 ,d,s) with numerous 

connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8,170,040 that is incorporated by reference above. 

3) Rearrangeably nonblocking for arbitrary fan-out multicast and unicast, and 

20 strictly nonblocking for unicast for generalized multi-link multi-stage networks 

Vmlink(N1,N2 ,d,s) and generalized folded multi-link multi-stage networks 

25 

Vfold-mlink (N1 , N 2 , d, s) with numerous connection topologies and the scheduling methods 

are described in detail in the US Patent No. 8f363f649 that is incorporated by reference 

above. 

4) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-link butterfly fat tree networks Vmlink-bft (N1 , N 2 , d, s) with 

numerous connection topologies and the scheduling methods are described in detail in the 

US Patent No. 8,170,040 that is incorporated by reference above. 
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5) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized folded multi-stage networks Vfaza (NI, N 2 , d, s) with numerous 

connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8,363,649 that is incorporated by reference above. 

5 6) Strictly nonblocking for arbitrary fan-out multicast and unicast for generalized 

multi-link multi-stage networks Vmlink ( N 1 , N 2 , d, s) and generalized folded multi-link 

multi-stage networks Vr
0
za-mlink(NI,N2 ,d,s) with numerous connection topologies and 

the scheduling methods are described in detail in the US Patent No. 8,363,649 that is 

incorporated by reference above. 

10 7) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,269,523 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

NETWORKS" that is incorporated by reference above. 

8) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,898,611 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

15 GENERALIZED AND PYRAMID NETWORKS WITH LOCALITY EXPLOITATION" 

that is incorporated by reference above. 

In addition the optimization with the VLSI layouts disclosed in the current 

invention are also applicable to generalized multi-stage pyramid networks 

VP (NI,N2 ,d, s), generalized folded multi-stage pyramid networks Vfoia-p(NI, N 2 , d, s), 

20 generalized butterfly fat pyramid networks Vbfp (NI, N 2 , d, s) , generalized multi-link 

multi-stage pyramid networks Vmlink-p(NI,N2 ,d,s), generalized folded multi-link multi­

stage pyramid networks Vfold-mlink-p(N1,N2 ,d,s), generalized multi-link butterfly fat 

pyramid networks Vmlink-bffi (NI, N 2 , d, s), generalized hypercube networks 

T,,~,cube(N1 ,N2 ,d,s) and generalized cube connected cycles networks Vccc(N1 ,N2 ,d,s) 

25 for s = 1,2,3 or any number in general. 

Finally the current invention discloses the optimizations and VLSI layouts of 

multi-stage hierarchical networks Vcomb(N1,N2 ,d,s) and the optimizations and VLSI 
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layouts of multi-stage hierarchical networks VD-comb (N1 , N 2 , d, s) for practical routing 

applications (particularly to set up broadcast, unicast and multicast connections), where 

"Comb" denotes the combination of and "D-Comb" denotes the delay optimized 

combination of any of the generalized multi-stage networks V(N1 , N 2 , d, s), generalized 

5 folded multi-stage networks Vfald (N1 , N 2 , d, s), generalized butterfly fat tree networks 

vbfl (NI, N2,d, s), generalized multi-link multi-stage networks vmlink (Ni, Nz ,d, s), 

generalized folded multi-link multi-stage networks Vfald-mlink (N1 , N 2 , d, s) , generalized 

multi-link butterfly fat tree networks Vmlink-bfl ( N 1 , N 2 , d, s) , generalized multi-stage 

pyramid networks VP(N1 ,N2 ,d,s), generalized folded multi-stage pyramid networks 

10 Vfa/d-p (Ni, N 2 , d, s), generalized butterfly fat pyramid networks Vbffi (Ni, N 2 , d, s), 

generalized multi-link multi-stage pyramid networks Vmlink-p (N1 , N 2 , d, s), generalized 

folded multi-link multi-stage pyramid networks vfo/d-mlink-p (NI, N2, d, s), generalized 

multi-link butterfly fat pyramid networks Vmlink-bffi (Ni, N 2 , d, s) , generalized hypercube 

networks V;,cube(N1,N2 ,d,s), and generalized cube connected cycles networks 

15 Vccc(Ni,N2 ,d,s) fors= 1,2,3 oranynumberingeneral. 

Multi-stage hierarchical network Vcomb (N1 , N 2 , d, s): 

Referring to diagram 1 OOA in FIG. IA, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcamb (N1,N2,d,s) where N 1 = 200; N 2 = 400; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

20 having 4 inlet links namely Il, I2, I3, and I4; and 2 outlet links namely 01 and 02. And 

for each computational block the corresponding partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOA consists of two rings 110 and 120, where ring 110 consists of 

"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, stage "m-1"), and 

(ring 1, stage "m"), and ring 120 consists of"n+ l" stages namely (ring 2, stage 0), (ring 

25 2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" and "n" are 

positive integers. 
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Ring 110 has inlet links Ri(l,l) and Ri(l,2), and has outlet links Bo(l,l) and 

Bo(l,2). Ring 120 has inlet links Fi(2,l) and Fi(2,2), and outlet links Bo(2, 1) and Bo(2,2). 

And hence the partial multi-stage hierarchical network Vcamb(Nt,N2 ,d,s) lOOA consists 

of 4 inlet links and 4 outlet links corresponding to the two rings 110 and 120. Outlet link 

5 01 of the computational block is connected to inlet link Ri( 1, 1) of ring 110 and also inlet 

link ofFi(2,l) of ring 120. Similarly outlet link 02 of the computational block is 

connected to inlet link Ri(l,2) of Ring 110 and also inlet link ofFi(2,2) of Ring 120. And 

outlet link Bo(l, 1) of Ring 110 is connected to inlet link Il of the computational block. 

Outlet link Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. 

10 Similarly outlet link Bo(2, 1) of Ring 120 is connected to inlet link 13 of the 

computational block. Outlet link Bo(2,2) of Ring 120 is connected to inlet link 14 of the 

computational block. Since in this embodiment outlet link 01 of the computational block 

is connected to both inlet link Ri(l, 1) of ring 110 and inlet link Fi(2, 1) of ring 120; and 

outlet link 02 of the computational block is connected to both inlet link Ri(l,2) of ring 

15 110 and inlet link Fi(2,2) of ring 120, the partial multi-stage hierarchical network 

Vcamb (Nt, N 2 ,d,s) lOOA consists of 2 inlet links and 4 outlet links. 

The two dimensional grid 800 in FIG. 8 illustrates an exemplary arrangement of 

100 blocks arranged in 10 rows and 10 columns, in an embodiment. Each row of 2D-grid 

consisting of 10 block numbers namely the first row consists of the blocks (1, 1), (1,2), 

20 (1,3), ... , (1,9), and (1,10). The second row consists of the blocks (2,1), (2,2), (2,3), ... , 

(2,9), and (2, 10). Similarly 2D-grid 800 consists of 10 rows of each with 10 blocks and 

finally the tenth row consists of the blocks (10, 1), (10,2), (10,3), ... , (10,9), and (10,10). 

Each block of 2D-grid 800, in one embodiment, is part of the die area of a semiconductor 

integrated circuit (hereinafter alternatively referred to as "integrated circuit device" or "IC 

25 device"), so that the complete 2D-grid 800 of 100 blocks represents the complete die of 

the semiconductor integrated circuit. In one embodiment, each block of 2D-grid 800 

consists of one of the partial multi-stage hierarchical network Vcamb(Nt,N2 ,d,s) lOOA 

with 2 inlet links and 4 outlet links and the corresponding computational block with 4 

inlet links and 2 outlet links. For example block (1,1) of2D-grid 800 consists of one of 

30 the partial multi-stage hierarchical network Vcomb (Nt, N 2 ,d,s) lOOA with 2 inlet links and 

4 outlet links and the corresponding computational block with 4 inlet links and 2 outlet 
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links. Similarly each of the 100 blocks of 2D-grid 800 has a separate partial multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) lOOA with 2 inlet links and 4 outlet links and the 

corresponding computational block with 4 inlet links and 2 outlet links. Hence the 

complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d,s) corresponding to 2D-grid 

5 800 has N 1 = 200 inlet links and N 2 = 400 outlet links. And there are 100 computational 

blocks each one corresponding to one of the blocks with each computational block having 

4 inlet links and 2 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of 

the 2D-Plane. In other embodiments the 2D-grid 800 may be organized as either first 

quadrant, or second quadrant or third quadrant of the 2D-Plane. 

10 Referring to partial multi-stage hierarchical network Vcomb (N1,N2 ,d,s) lOOA in 

FIG. IA, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,l), Ri(l,2), Ui(l,l), 

and Ui(l,2); and 4 outputs Bo(l, 1), Bo(l,2), Fo(l, 1), and Fo(l,2). The stage (ring 1, stage 

0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l, 1), R(l,2), F(l,1), F(l,2), U(l, 1), U(l,2), B(l, 1), and B(l,2). The 2: 1 Mux 

15 R(l, 1) has two inputs namely Ri(l, 1) and Bo(l,1) and has one output Ro(l, 1). The 2: I 

20 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2:1 Mux F(l,l) has two inputs namely Ro(l, 1) and Ro(l,2) and has one output Fo(l,l). 

The 2:1 Mux F(l,2) has two inputs namely Ro(l,l) and Ro(l,2) and has one output 

Fo(l,2). 

The 2:1 Mux U(l,l) has two inputs namely Ui(l,l) and Fo(l,1) and has one 

output Uo(l,l). The 2:1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l, 1) has two inputs namely Uo(l,1) and Uo(l,2) and 

has one output Bo(l, 1). The 2: 1 Mux B(l,2) has two inputs namely Uo(l, 1) and Uo(l,2) 

and has one output Bo(l,2). 

25 The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

30 and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 
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Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

5 one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

and has one output Bo(l,4). 

The output Fo(l,l) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection (hereinafter 

10 alternatively referred to as "straight link" or "straight middle link") between two 

successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,l) of the stage (ring 1, stage 0), is another internal connection 

between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

15 Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1') also consists of six 2:1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(l,2m-l), and B(l,2m). The 2: 1 Mux F(l,2m-l) has 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2: 1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

20 The 2: 1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2: 1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

F o( 1,2m) and has one output U o( 1,2m). The 2: 1 Mux B( l ,2m- l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(l,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

25 The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+l), and Ui(l,2m+2); and 4 outputs Bo(l,2m+l), Bo(l,2m+2), Fo(l,2m+l), and 

Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(l,2m+ 1), and B(l,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 
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Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+l). The 2:1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

5 and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2:1 Mux B(l,2m+l) has two inputs 

namely Uo(l,2m+l) and Uo(l,2m+2) and has one output Bo(l,2m+l). The 2:1 Mux 

B(l,2m+2) has two inputs namely Uo(l,2m+l) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output Fo(l,2m-l) of the stage (ring 1, stage "m-1") is connected to the input 

10 Fi(l,2m+l) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo( l ,2m+ 1) of the stage ( ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1 ), there are also 

15 stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram lOOA. Just the same way the two successive stages 

(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

before, any two successive stages have similar internal connections. For example (ring 1, 

20 stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and (ring 1, stage "m-1") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

25 "root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2, 1 ), Fi(2,2), Ui(2, 1 ), 

and Ui(2,2); and 4 outputs Bo(2, 1), Bo(2,2), Fo(2, 1), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2: 1 Muxes namely F(2, 1 ), F(2,2), U(2, 1 ), U(2,2), B(2, 1 ), and 

B(2,2). The 2: 1 Mux F(2,1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 
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Fo(2, 1 ). The 2: 1 Mux F(2,2) has two inputs namely Fi(2, 1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2, 1) has two inputs namely Ui(2, 1) and Fo(2, 1) and has one 

output Uo(2, 1 ). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

5 one output Uo(2,2). The 2: 1 Mux B(2, 1) has two inputs namely Uo(2, 1) and Uo(2,2) and 

has one outputBo(2,1). The 2:1 Mux B(2,2) has two inputs namely Uo(2,l) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

10 1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output F o(2, 4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

15 output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 

The output Fo(2,l) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

20 of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2,1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1") consists of 4 inputs namely Ri(2,2n-l), Ri(2,2n), 

25 Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n-l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(l,2n-l), and B(l,2n). The 2:1 Mux 

R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2:1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

30 Ro(2,2n). The 2: 1 Mux F(2,2n-l) has two inputs namely Ro(2,2n-l) and Ro(2,2n) and has 
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one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

The 2: 1 Mux U(2,2n-l) has two inputs namely Ui(2,2n-l) and Fo(2,2n-l) and has 

one output Uo(2,2n-l). The 2: 1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

5 Fo(2,2n) and has one output Uo(2,2n). The 2: 1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1 ), Ri(2,2n+2), 

Ui(2,2n+l), and Ui(2,2n+2); and 4 outputs Bo(2,2n+l), Bo(2,2n+2), Fo(2,2n+l), and 

10 Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

15 two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 

The 2:1 Mux U(2,2n+l) has two inputs namely Ui(2,2n+l) and Fo(2,2n+l) and 

has one output Uo(2,2n+ 1 ). The 2: 1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

20 and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1 ). The 2: 1 Mux 

B(2,2n+2) has two inputs namely Uo(2,2n+l) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n-l) of the stage (ring 2, stage "n-1") is connected to the input 

25 Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

connected to the input Ui(2,2n-l) of the stage (ring 2, stage "n-1"), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 
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Each stage of any ring of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOA consists of 4 inputs and 2 * d = 4 outputs. Even though the 

stages (ring 1, stage 0), (ring 1, stage 1), (ring 2, stage "n-1"), and (ring 2, stage "n") 

each have eight 2:1 muxes, and the stages (ring 2, stage 0), (ring 2, stage 1), (ring 1, 

5 stage "m-1"), and (ring 1, stage "m") each have six 2:1 muxes, in other embodiments any 

of these stages can be one of the four by four switch diagrams namely 200A of FIG. 2A, 

200B of FIG. 2B, 200C of FIG. 2C, and one of the eight by four switch diagrams namely 

200E of FIG. 2E, 200F of FIG. 2F. 

Referring to diagram 1 OOB in FIG. lB, in one embodiment, an exemplary partial 

10 multi-stage hierarchical network Vcomb (N1,N2 ,d,s) where N 1 = 400; N 2 = 800; d = 2; 

ands= 1 corresponding to one computational block, with each computational block 

having 8 inlet links namely 11, 12, 13, 14, 15, 16, 17, and 18; and 4 outlet links namely 01, 

02, 03, and 04. And for each computational block the corresponding partial multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) lOOB consists of two rings 110 and 120, where 

15 ring 110 consists of"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, 

stage "m-1"), and (ring 1, stage "m"), and ring 120 consists of"n+l" stages namely (ring 

2, stage 0), (ring 2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" 

and "n" are positive integers. 

Ring 110 has inlet links Ri(l,l) and Ri(l,2) from the left-hand side, and has outlet 

20 links Bo(l,1) and Bo(l,2) from left-hand side. Ring 110 also has inlet links Ui(l,2m+l) 

and Ui(l,2m+2) from the right-hand side, and has outlet links Fo(l,2m+ 1) and 

Fo(l,2m+2) from right-hand side. Ring 120 has inlet links Fi(2,1) and Fi(2,2) from left­

hand side, and outlet links Bo(2, 1) and Bo(2,2) from left-hand side. Ring 120 also has 

inlet links Ui(2,2n+ 1) and Ui(2,2n+2) from the right-hand side, and has outlet links 

25 Fo(2,2n+ 1) and Fo(2,2n+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcomb (N1 , N 2 , d, s) lOOB consists 

of 8 inlet links and 4 outlet links corresponding to the two rings 110 and 120. From left­

hand side, outlet link 01 of the computational block is connected to inlet link Ri(l,1) of 

ring 110 and also inlet link ofFi(2,1) of ring 120. Similarly from left-hand side, outlet 

30 link 02 of the computational block is connected to inlet link Ri(l,2) of Ring 110 and also 
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inlet link of Fi(2,2) of Ring 120. And from left-hand side, outlet link Bo(l,1) of Ring 110 

is connected to inlet link 11 of the computational block. From left-hand side, Outlet link 

Bo(l,2) of Ring 110 is connected to inlet link I2 of the computational block. Similarly 

from left-hand side, outlet link Bo(2, 1) of Ring 120 is connected to inlet link D of the 

5 computational block. From left-hand side, outlet link Bo(2,2) of Ring 120 is connected to 

inlet link I4 of the computational block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui(l,2m+ 1) of ring 110 and also inlet link ofUi(2,2n+ 1) of ring 120. Similarly 

from right-hand side, outlet link 04 of the computational block is connected to inlet link 

10 Ui(l,2m+2) of Ring 110 and also inlet link of Ui(2,2n+2) of Ring 120. And from right­

hand side, outlet link Fo(l,2m+ 1) of Ring 110 is connected to inlet link 15 of the 

computational block. From right-hand side, outlet link Fo(l,2m+2) of Ring 110 is 

connected to inlet link 16 of the computational block. Similarly from right-hand side, 

outlet link Fo(2,2n+ 1) of Ring 120 is connected to inlet link I7 of the computational 

15 block. From right-hand side, outlet link Fo(2,2n+2) of Ring 120 is connected to inlet link 

I8 of the computational block. 

Since in this embodiment outlet link 01 of the computational block is connected 

to both inlet link Ri(l, 1) of ring 110 and inlet link Fi(2,l) of ring 120; outlet link 02 of 

the computational block is connected to both inlet link Ri(l,2) of ring 110 and inlet link 

20 Fi(2,2) of ring 120; outlet link 03 of the computational block is connected to both inlet 

link Ui(l,2m+ 1) of ring 110 and inlet link Ui(2,2n+ 1) of ring 120; and outlet link 04 of 

the computational block is connected to both inlet link Ui(l,2m+2) of ring 110 and inlet 

link Ui(2,2n+2) of ring 120, the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOB consists of 4 inlet links and 8 outlet links. 

25 Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the 

corresponding computational block with 8 inlet links and 4 outlet links. For example 

block ( 1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

30 Vcomb (N1, N 2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the corresponding 
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computational block with 8 inlet links and 4 outlet links. Similarly each of the 100 blocks 

of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the corresponding 

computational block with 8 inlet links and 4 outlet links. Hence the complete multi-stage 

5 hierarchical network Vcomb(N1,N2 ,d,s) corresponding to 2D-grid 800 has N 1 = 400 inlet 

links and N 2 = 800 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 8 inlet links and 

4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-Plane. 

In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

10 second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcomb (N1,N2 ,d,s) lOOB in 

FIG. lB, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l, 1 ), Ri(l,2), Ui(l, 1 ), 

and Ui(l,2); and 4 outputs Bo(l,l), Bo(l,2), Fo(l,1), and Fo(l,2). The stage (ring 1, stage 

0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

15 namely R(l,1), R(l,2), F(l,l), F(l,2), U(l,1), U(l,2), B(l,l), and B(l,2). The 2:1 Mux 

R(l, 1) has two inputs namely Ri(l, 1) and Bo(l, 1) and has one output Ro(l, 1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2:1 Mux F(l,l) has two inputs namely Ro(l,l) and Ro(l,2) and has one output Fo(l,l). 

The 2:1 Mux F(l,2) has two inputs namely Ro(l,l) and Ro(l,2) and has one output 

20 Fo(l,2). 

The 2:1 Mux U(l,l) has two inputs namely Ui(l,l) and Fo(l,l) and has one 

output Uo(l,l). The 2:1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l, 1) has two inputs namely Uo(l, 1) and Uo(l,2) and 

has one outputBo(l,1). The 2:1 Mux B(l,2) has two inputs namely Uo(l,l) and Uo(l,2) 

25 and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

30 has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 
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and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 

The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

5 output Uo(l,3). The 2:1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

and has one output Bo(l,4). 

The output Fo(l,l) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

10 of the stage (ring 1, stage 1) which is called hereinafter an internal connection between 

two successive stages of a ring. And the outputBo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,l) of the stage (ring 1, stage 0), is another internal connection 

between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

15 Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1') also consists of six 2:1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(l,2m-l), and B(l,2m). The 2: 1 Mux F(l,2m-l) has 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2: 1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

20 The 2: 1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2: 1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

F o( 1,2m) and has one output U o( 1,2m). The 2: 1 Mux B( l ,2m- l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(l,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

25 The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+l), and Ui(l,2m+2); and 4 outputs Bo(l,2m+l), Bo(l,2m+2), Fo(l,2m+l), and 

Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(l,2m+ 1), and B(l,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 
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Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

has one output Uo(l,2m+l). The 2:1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

5 and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2:1 Mux B(l,2m+l) has two inputs 

namely Uo(l,2m+l) and Uo(l,2m+2) and has one output Bo(l,2m+l). The 2:1 Mux 

B(l,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output Fo(l,2m-l) of the stage (ring 1, stage "m-1") is connected to the input 

10 Fi(l,2m+l) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo( l ,2m+ 1) of the stage ( ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

15 stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram lOOB. Just the same way the two successive stages 

(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

before, any two successive stages have similar internal connections. For example (ring 1, 

20 stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and (ring 1, stage "m-1") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

25 "root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2, 1 ), Fi(2,2), Ui(2, 1 ), 

and Ui(2,2); and 4 outputs Bo(2, 1), Bo(2,2), Fo(2, 1), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2: 1 Muxes namely F(2, 1 ), F(2,2), U(2, 1 ), U(2,2), B(2, 1 ), and 

B(2,2). The 2: 1 Mux F(2,1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 
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Fo(2, 1 ). The 2: 1 Mux F(2,2) has two inputs namely Fi(2, 1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2, 1) has two inputs namely Ui(2,l) and Fo(2,l) and has one 

output Uo(2, 1 ). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

5 one output Uo(2,2). The 2: 1 Mux B(2, 1) has two inputs namely Uo(2, 1) and Uo(2,2) and 

has one outputBo(2,1). The 2:1 Mux B(2,2) has two inputs namely Uo(2,l) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

10 1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output F o(2, 4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

15 output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 

The output Fo(2,l) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

20 of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2, 1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1") consists of 4 inputs namely Ri(2,2n-l), Ri(2,2n), 

25 Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n-l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(l,2n-l), and B(l,2n). The 2:1 Mux 

R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2:1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

30 Ro(2,2n). The 2: 1 Mux F(2,2n-l) has two inputs namely Ro(2,2n-l) and Ro(2,2n) and has 
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one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

The 2: 1 Mux U(2,2n-l) has two inputs namely Ui(2,2n-l) and Fo(2,2n-l) and has 

one output Uo(2,2n-l). The 2: 1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

5 Fo(2,2n) and has one output Uo(2,2n). The 2: 1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2:1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1 ), Ri(2,2n+2), 

Ui(2,2n+l), and Ui(2,2n+2); and 4 outputs Bo(2,2n+l), Bo(2,2n+2), Fo(2,2n+l), and 

10 Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

15 two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 

The 2:1 Mux U(2,2n+l) has two inputs namely Ui(2,2n+l) and Fo(2,2n+l) and 

has one output Uo(2,2n+ 1 ). The 2: 1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

20 and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1 ). The 2: 1 Mux 

B(2,2n+2) has two inputs namely Uo(2,2n+l) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n-l) of the stage (ring 2, stage "n-1") is connected to the input 

25 Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

connected to the input Ui(2,2n-l) of the stage (ring 2, stage "n-1"), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 
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Each stage of any ring of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOB consists of 2 * d = 4 outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

5 of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

Vcomb(N1 ,N2 ,d,s) may have inputs and outputs connected from computational block 

from either only from left-hand side as in the partial multi-stage hierarchical network 

Vcomb (N1, N 2 ,d,s) lOOA; or only from right-hand side; or from both left-hand and right-

10 hand sides as in the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOB. 

Referring to diagram 1 OOC in FIG. 1 C, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s) where N 1 = 400; N 2 = 1600; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 16 inlet links namely 11, 12, 13, 14, 15, 16, 17, 18, 19,110,111, 112, 113, 114, 115, 

15 and 116; and 4 outlet links namely 01, 02, 03, and 04. And for each computational 

block the corresponding partial multi-stage hierarchical network Vcomb(N1,N2 ,d,s) lOOC 

consists of two slices namely slice 1 and slice 2. Slice 1 consists of two rings namely 

(slice 1, ring 1) and (slice 1, ring 2). Similarly slice 2 consists of two rings namely (slice 

2, ring 1) and (slice 2, ring 2). 

20 The ring (slice 1, ring 1) consists of"m+l" stages namely (slice 1, ring 1, stage 0), 

(slice 1, ring 1, stage 1), ... (slice 1, ring 1, stage "m-1"), and (slice 1, ring 1, stage "m"). 

And the ring (slice 1, ring 2) consists of"n+l" stages namely (slice 1, ring 2, stage 0), 

(slice 1, ring 2, stage 1), ... (slice 1, ring 2, stage "n-1"), and (slice 1, ring 2, stage "n"), 

where "m" and "n" are positive integers. 

25 Similarly the ring (slice 2, ring 1) consists of"x+ l" stages namely (slice 2, ring 1, 

stage 0), (slice 2, ring 1, stage 1), ... (slice 2, ring 1, stage "x-1"), and (slice 2, ring 1, 

stage "x"). And the ring (slice 2, ring 2) consists of "y+ l" stages namely (slice 2, ring 2, 

stage 0), (slice 2, ring 2, stage 1), ... (slice 2, ring 2, stage "y-1"), and (slice 2, ring 2, 

stage "y"), where "x" and "y" are positive integers. 
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In general "m" may be or may not be equal to "x" and "n" may be or may not be 

equal to "y". Also in general, "m" may be or may not be equal to "n" and "x" may be or 

may not be equal to "y". 

Ring (slice 1, ring 1) has inlet links Ri(l,1,1) and Ri(l,1,2) from the left-hand 

5 side, and has outlet links Bo(l,1,1) and Bo(l,1,2) from left-hand side. Ring (slice 1, ring 

1) also has inlet links Ui(l,1,2m+l) and Ui(l,1,2m+2) from the right-hand side, and has 

outlet links Fo(l, l,2m+ 1) and Fo(l, 1,2m+2) from right-hand side. Ring (slice 1, ring 2) 

has inlet links Ri(l,2,1) and Ri(l,2,2) from left-hand side, and outlet links Bo(l,2,1) and 

Bo(l,2,2) from left-hand side. Ring (slice 1, ring 2) also has inlet links Ui(l,2,2n+l) and 

10 Ui(l,2,2n+2) from the right-hand side, and has outlet links Fo(l,2,2n+ 1) and 

Fo(l,2,2n+2) from right-hand side. 

Ring (slice 2, ring 1) has inlet links Ri(2,1,1) and Ri(2,1,2) from the left-hand 

side, and has outlet links Bo(2,1,1) and Bo(2,l,2) from left-hand side. Ring (slice 2, ring 

1) also has inlet links Ui(2, 1,2x+ 1) and Ui(2, 1,2x+2) from the right-hand side, and has 

15 outlet links Fo(2,1,2x+ 1) and Fo(2, l,2x+2) from right-hand side. Ring (slice 2, ring 2) 

has inlet links Ri(2,2,1) and Ri(2,2,2) from left-hand side, and outlet links Bo(2,2,1) and 

Bo(2,2,2) from left-hand side. Ring (slice 2, ring 2) also has inlet links Ui(2,2,2y+ 1) and 

Ui(2,2,2y+2) from the right-hand side, and has outlet links Fo(2,2,2y+ 1) and 

Fo(2,2,2y+2) from right-hand side. 

20 And the partial multi-stage hierarchical network Vcorr,b(N1 ,N2 ,d,s) lOOC consists 

of 16 inlet links and 4 outlet links corresponding to the two slices slice 1 and slice 2. 

From left-hand side, outlet link 01 of the computational block is connected to inlet link 

Ri(l,1,1) of ring (slice 1, ring 1) and also inlet link ofRi(l,2,1) of ring (slice 1, ring 2). 

Similarly from left-hand side, outlet link 02 of the computational block is connected to 

25 inlet link Ri(l,1,2) of Ring (slice 1, ring 1) and also inlet link of Ri(l,2,2) of Ring (slice 

1, ring 2). And from left-hand side, outlet link Bo(l,1,1) of Ring (slice 1, ring 1) is 

connected to inlet link II of the computational block. From left-hand side, Outlet link 

Bo(l, 1,2) of Ring (slice 1, ring 1) is connected to inlet link 12 of the computational block. 

Similarly from left-hand side, outlet link Bo(l,2,1) of Ring (slice 1, ring 2) is connected 

30 to inlet link 13 of the computational block. From left-hand side, outlet link Bo(l,2,2) of 

Ring (slice 1, ring 2) is connected to inlet link 14 of the computational block. 
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From right-hand side, outlet link 01 of the computational block is connected to 

inlet link Ui(l,1,2m+ 1) of ring (slice 1, ring 1) and also inlet link of Ui(l,2,2n+ 1) of ring 

(slice 1, ring 2). Similarly from right-hand side, outlet link 02 of the computational block 

is connected to inlet link Ui(l,l,2m+2) of Ring (slice 1, ring 1) and also inlet link of 

5 Ui(l,2,2n+2) of Ring (slice 1, ring 2). And from right-hand side, outlet link Fo(l, l,2m+ 1) 

of Ring (slice 1, ring 1) is connected to inlet link 15 of the computational block. From 

right-hand side, outlet link Fo(l,1,2m+2) of Ring (slice 1, ring 1) is connected to inlet 

link 16 of the computational block. Similarly from right-hand side, outlet link 

Fo(l,2,2n+ 1) of Ring (slice 1, ring 2) is connected to inlet link 17 of the computational 

10 block. From right-hand side, outlet link Fo(l,2,2n+2) of Ring (slice 1, ring 2) is 

connected to inlet link 18 of the computational block. 

From left-hand side, outlet link 03 of the computational block is connected to 

inlet link Ri(2, 1, 1) of ring (slice 2, ring 1) and also inlet link of Ri(2,2, 1) of ring (slice 2, 

ring 2). Similarly from left-hand side, outlet link 04 of the computational block is 

15 connected to inlet link Ri(2,l,2) of Ring (slice 2, ring 1) and also inlet link ofRi(2,2,2) of 

Ring (slice 2, ring 2). And from left-hand side, outlet link Bo(2, 1, 1) of Ring (slice 2, ring 

1) is connected to inlet link 19 of the computational block. From left-hand side, Outlet 

link Bo(2,1,2) of Ring (slice 2, ring 1) is connected to inlet link 110 of the computational 

block. Similarly from left-hand side, outlet link Bo(2,2,l) of Ring (slice 2, ring 2) is 

20 connected to inlet link 11 1 of the computational block. From left-hand side, outlet link 

Bo(2,2,2) of Ring (slice 2, ring 2) is connected to inlet link 112 of the computational 

block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui(2, l,2x+ 1) of ring (slice 2, ring 1) and also inlet link of Ui(2,2,2y+ 1) of ring 

25 (slice 2, ring 2). Similarly from right-hand side, outlet link 04 of the computational block 

is connected to inlet link Ui(2, l,2x+2) of Ring (slice 2, ring 1) and also inlet link of 

Ui(2,2,2y+2) of Ring (slice 2, ring 2). And from right-hand side, outlet link Fo(2, l,2x+ 1) 

of Ring (slice 2, ring 1) is connected to inlet link 113 of the computational block. From 

right-hand side, outlet link Fo(2, l,2x+2) of Ring (slice 2, ring 1) is connected to inlet link 

30 114 of the computational block. Similarly from right-hand side, outlet link F o(2,2,2y+ 1) 

of Ring (slice 2, ring 2) is connected to inlet link 115 of the computational block. From 
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right-hand side, outlet link Fo(2,2,2y+2) of Ring (slice 2, ring 2) is connected to inlet link 

Il 6 of the computational block. 

In this embodiment outlet links 01 and 02 of the computational block are 

connected only to slice 1. Similarly outlet links 03 and 04 of the computational block are 

5 connected only to slice 2. 

Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcomb (N1, N 2 ,d, s) lOOC with 4 inlet links and 16 outlet links and 

the corresponding computational block with 16 inlet links and 4 outlet links. For example 

10 block (1,1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Similarly each of the 100 

blocks of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and the corresponding 

15 computational block with 16 inlet links and 4 outlet links. Hence the complete multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 

links and N 2 = 1600 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 16 inlet links 

and 4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-

20 Plane. In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcomb (N1,N2 ,d,s) lOOC in 

FIG. IC, the stage (slice 1, ring 1, stage 0) consists of 8 inputs namely Ri(l,1,1), 

Ri(l,1,2), Ui(l,1,1), Ui(l,1,2), J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1); and 4 outputs 

25 Bo(l,1,1), Bo(l,1,2), Fo(l,1,1), and Fo(l,1,2). The stage (slice 1, ring "l", stage "O") also 

consists of four 4: 1 Muxes namely F(l,1,1), F(l, 1,2), B(l, 1, 1), and B(l, 1,2). The 4: 1 

Mux F(l,1,1) has four inputs namely Ri(l, 1,1), Ri(l, 1,2), Ui(l, 1,2), and J(l, 1, 1), and has 

one output Fo(l, 1, 1). The 4: 1 Mux F(l, 1,2) has four inputs namely Ri(l, 1, 1), Ri(l, 1,2), 

Ui(l, 1, 1), and K(l,l, 1), and has one output Fo(l, 1,2). 

-26-

Page 280 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

The 4: 1 Mux B(l, 1,1) has four inputs namely Ui(l, 1,1), Ui(l, 1,2), Ri(l, 1,2), and 

L(l,1, 1), and has one output Bo(l,l, 1). The 4: 1 Mux B(l,1,2) has four inputs namely 

Ui(l, 1, 1), Ui(l, 1,2), Ri(l,l, 1) and M(l, 1, 1), and has one output Bo(l,1,2). In different 

embodiments the inputs J(l,l, 1), K(l, 1, 1), L(l, 1, 1), and M(l, 1, 1) are connected from any 

5 of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s). 

The stage (slice 1, ring 1, stage "m") consists of 8 inputs namely Ri(l, l,2m+ 1 ), 

Ri(l,l,2m+2), Ui(l,l,2m+l), Ui(l,l,2m+2), J(l,l,m+l), K(l,l,m+l), L(l,l,m+l), and 

M(l,l,m+ l); and 4 outputs Bo(l, l,2m+ 1), Bo(l, l,2m+2), Fo(l, l,2m+ 1), and 

10 Fo(l,l,2m+2). The stage (slice 1, ring 1, stage "m") also consists of four 4:1 Muxes 

namely F(l,l,2m+l), F(l,l,2m+2), B(l,l,2m+l), and B(l,l,2m+2). The 4:1 Mux 

F(l,l,2m+l) has four inputs namely Ri(l,l,2m+l), Ri(l,l,2m+2), Ui(l,l,2m+2), and 

J(l, l,m+ 1), and has one output Fo(l,l,2m+ 1). The 4: 1 Mux F(l, l,2m+2) has four inputs 

namely Ri(l,l,2m+l), Ri(l,l,2m+2), Ui(l,l,2m+l), and K(l,l,m+l), and has one output 

15 Fo(l,l,2m+2). 

The 4:1 Mux B(l,l,2m+l) has four inputs namely Ui(l,l,2m+l), Ui(l,l,2m+2), 

Ri(l,l,2m+2), and L(l,l,m+l), and has one output Bo(l,l,2m+l). The 4:1 Mux 

B(l, l,2m+2) has four inputs namely Ui(l, l,2m+ 1), Ui(l,l,2m+2), Ri(l, l,2m+ 1) and 

M(l,l,m+ 1), and has one output Bo(l, l,2m+2). In different embodiments the inputs 

20 J(l, l,m+ 1), K(l, l,m+ 1), L(l,1,m+ 1), and M(l,l,m+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb (N1,N2,d, s). 

Just the same way the stage (slice 1, ring 1, stage 0), there are also stages (slice 1, 

ring 1, stage 1), (slice 1, ring 1, stage 2), (slice 1, ring 1, stage 3), ... (slice 1, ring 1, stage 

25 "m-1"), (slice 1, ring 1, stage "m") in that order, where the stages from (slice 1, ring 1, 

stage 1), (slice 1, ring 1, stage 2), ... , (slice 1, ring 1, stage "m-1") are not shown in the 

diagram 1 OOC. 

Referring to diagram 100C5 in FIG. 1C5 illustrates specific details of partial 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOC in FIG. IC, particularly the 

30 internal connections between two successive stages of any ring of any slice, in one 
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embodiment. The stage (slice "c", ring "d", stage "e") consists of 8 inputs namely 

Ri(c,d,2e+l), Ri(c,d,2e+2), Ui(c,d,2e+l), Ui(c,d,2e+2), J(c,d,e+l), K(c,d,e+l), 

L(c,d,e+l), and M(c,d,e+l); and 4 outputs Bo(c,d,2e+l), Bo(c,d,2e+2), Fo(c,d,2e+l), and 

Fo(c,d,2e+2). The stage (slice "c", ring "d", stage "e") also consists of four 4:1 Muxes 

5 namely F(c,d,2e+ 1), F(c,d,2e+2), B(c,d,2e+ 1), and B(c,d,2e+2). The 4: 1 Mux F(c,d,2e+ 1) 

has four inputs namely Ri(c,d,2e+l), Ri(c,d,2e+2), Ui(c,d,2e+2), and J(c,d,e+l), and has 

one output Fo(c,d,2e+ 1). The 4:1 Mux F(c,d,2e+2) has four inputs namely Ri(c,d,2e+ 1), 

Ri(c,d,2e+2), Ui(c,d,2e+l), and K(c,d,e+l), and has one output Fo(c,d,2e+2). 

The 4: 1 Mux B(c,d,2e+ 1) has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), 

10 Ri(c,d,2e+2), and L(c,d,e+ 1), and has one output Bo(c,d,2e+l). The 4: 1 Mux B(c,d,2e+2) 

has four inputs namely Ui(c,d,2e+ 1), Ui(c,d,2e+2), Ri(c,d,2e+ 1) and M(c,d,e+ 1), and has 

one output Bo(c,d,2e+2). In different embodiments the inputs J(c,d,e+ 1), K(c,d,e+ 1), 

15 

L( c,d,e+ 1 ), and M( c,d,e+ 1) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcomb(N1,N2 ,d,s). 

The stage (slice "c", ring "d", stage "e+ l") consists of 8 inputs namely 

Ri( c,d,2e+3), Ri( c,d,2e+4), Ui( c,d,2e+ 3), Ui( c,d,2e+4), J( c,d,e+2), K( c,d,e+2), 

L(c,d,e+2), and M(c,d,e+2); and 4 outputs Bo(c,d,2e+3), Bo(c,d,2e+4), Fo(c,d,2e+3), and 

Fo(c,d,2e+4). The stage (slice "c", ring "d", stage "e+l") also consists of four 4:1 Muxes 

namely F(c,d,2e+3), F(c,d,2e+4), B(c,d,2e+3), and B(c,d,2e+4). The 4:1 Mux F(c,d,2e+3) 

20 has four inputs namely Ri(c,d,2e+3), Ri(c,d,2e+4), Ui(c,d,2e+4), and J(c,d,e+2), and has 

one output Fo(c,d,2e+3). The 4: 1 Mux F(c,d,2e+4) has four inputs namely Ri(c,d,2e+3), 

Ri(c,d,2e+4), Ui(c,d,2e+3), and K(c,d,e+2), and has one output Fo(c,d,2e+4). 

The 4: 1 Mux B(c,d,2e+3) has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), 

Ri(c,d,2e+4), and L(c,d,e+2), and has one output Bo(c,d,2e+3). The 4: 1 Mux B(c,d,2e+4) 

25 has four inputs namely Ui(c,d,2e+3), Ui(c,d,2e+4), Ri(c,d,2e+3) and M(c,d,e+2), and has 

one outputBo(c,d,2e+4). In different embodiments the inputs J(c,d,e+2), K(c,d,e+2), 

L( c,d,e+2), and M( c,d,e+2) are connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcomb(N1,N2 ,d,s). 

The output Fo( c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e") is connected 

30 to the input Ri(c,d,2e+3) of the stage (slice "c", ring "d", stage "e+ l") which is called 
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hereinafter an internal connection between two successive stages of a ring. And the 

output Bo(c,d,2e+3) of the stage (slice "c", ring "d", stage "e+l") is connected to the 

input Ui(c,d,2e+ 1) of the stage (slice "c", ring "d", stage "e"), is another internal 

connection between stage "e" and stage "e+ l" of the ring (slice "c", ring "d"). 

Just the same way the two successive stages (slice "c', ring "d", stage "e") and 

(slice 'c", ring "d", stage "e+l") have internal connections between them as described 

above, any two successive stages have similar internal connections for any values of "c", 

"d", "e" of the partial multi-stage hierarchical network Vcomb (Ni, N 2 ,d,s) lOOC in FIG. 

IC belonging to any block of the two dimensional grid 800 in FIG. 8, in some 

10 embodiments. For example stage (slice 1, ring 1, stage 0) and stage (slice 1, ring 1, stage 

1) have similar internal connections; and stage (slice 1, ring 1, stage "m-1 ") and stage 

(slice 1, ring 1, stage "m") have similar internal connections. 

Stage (slice 1, ring 1, stage 0) is also called hereinafter the "entry stage" or "first 

stage" of (slice 1, ring 1), since inlet links and outlet links of the computational block are 

15 directly connected to stage (slice 1, ring 1, stage 0). Also stage (slice 1, ring 1, stage "m") 

is hereinafter the "last stage" or "root stage" of (slice 1, ring 1 ). 

The stage (slice 1, ring 2, stage 0) consists of 8 inputs namely Ri(l,2,1), Ri(l,2,2), 

Ui(l,2,1), Ui(l,2,2), J(l,2,1), K(l,2,1), L(l,2,1), and M(l,2,1); and 4 outputs Bo(l,2,1), 

Bo(l,2,2), Fo(l,2,1), and Fo(l,2,2). The stage (slice 1, ring "2", stage "O") also consists 

20 of four 4:1 Muxes namely F(l,2,1), F(l,2,2), B(l,2,1), and B(l,2,2). The 4:1 Mux 

F(l,2,1) has four inputs namely Ri(l,2,1), Ri(l,2,2), Ui(l,2,2), and J(l,2,1), and has one 

output Fo(l,2, 1 ). The 4: 1 Mux F(l,2,2) has four inputs namely Ri(l,2, 1 ), Ri(l,2,2), 

Ui(l,2, 1), and K(l,2, 1), and has one output Fo(l,2,2). 

The 4: 1 Mux B(l,2,1) has four inputs namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2), and 

25 L(l,2,1), and has one output Bo(l,2, 1). The 4: 1 Mux B(l,2,2) has four inputs namely 

Ui(l,2, 1), Ui(l,2,2), Ri(l,2, 1) and M(l,2, 1), and has one output Bo(l,2,2). In different 

embodiments the inputs J(l,2, 1), K(l,2, 1), L(l,2, 1), and M(l,2, 1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcomb (Ni, N 2 , d, s). 
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The stage (slice 1, ring 2, stage "n") consists of 8 inputs namely Ri(l,2,2n+ 1), 

Ri(l,2,2n+2), Ui(l,2,2n+ 1), Ui(l,2,2n+2), J(l,2,n+ 1), K(l,2,n+ 1), L(l,2,n+ 1), and 

M(l,2,n+ l); and 4 outputs Bo(l,2,2n+ 1), Bo(l,2,2n+2), Fo(l,2,2n+ 1), and Fo(l,2,2n+2). 

The stage (slice 1, ring 2, stage "n") also consists of four 4: 1 Muxes namely F(l,2,2n+ 1 ), 

5 F(l,2,2n+2), B(l,2,2n+ 1), and B(l,2,2n+2). The 4: 1 Mux F(l,2,2n+ 1) has four inputs 

namely Ri(l,2,2n+l), Ri(l,2,2n+2), Ui(l,2,2n+2), and J(l,2,n+l), and has one output 

Fo(l,2,2n+ 1). The 4: 1 Mux F(l,2,2n+2) has four inputs namely Ri(l,2,2n+ 1), 

Ri(l,2,2n+2), Ui(l,2,2n+ 1), and K(l,2,n+ 1), and has one output Fo(l,2,2n+2). 

The 4:1 Mux B(l,2,2n+l) has four inputs namely Ui(l,2,n+l), Ui(l,2,2n+2), 

10 Ri(l,2,2n+2), and L(l,2,n+ 1), and has one output Bo(l,2,2n+ 1). The 4: 1 Mux 

B(l,2,2n+2) has four inputs namely Ui(l,2,2n+ 1), Ui(l,2,2n+2), Ri(l,2,2n+ 1) and 

M(l,2,n+ 1), and has one output Bo(l,2,2n+2). In different embodiments the inputs 

J(l,2,n+l), K(l,2,n+l), L(l,2,n+l), and M(l,2,n+l) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

15 network VComb(Ni,N2,d,s). 

Just the same way the stage (slice 1, ring 2, stage 0), there are also stages (slice 1, 

ring 2, stage 1), (slice 1, ring 2, stage 2), (slice 1, ring 2, stage 3), ... (slice 1, ring 2, stage 

"n-1"), (slice 1, ring 2, stage "n") in that order, where the stages from (slice 1, ring 2, 

stage 1), (slice 1, ring 2, stage 2), ... , (slice 1, ring 2, stage "n-1") are not shown in the 

20 diagram 1 OOC. 

The stage ( slice 2, ring 1, stage O) consists of 8 inputs namely Ri (2, 1, 1 ), Ri (2, 1,2 ), 

Ui(2,1, 1), Ui(2, 1,2), J(2,1, 1), K(2, 1,1), L(2, 1, 1), and M(2, 1,1); and 4 outputs Bo(2, 1, 1), 

Bo(2,l,2), Fo(2,l,l), and Fo(2,l,2). The stage (slice 2, ring "l", stage "O") also consists 

of four 4:1 Muxes namely F(2,l,l), F(2,l,2), B(2,l,l), and B(2,1,2). The 4:1 Mux 

25 F(2,1,l) has four inputs namely Ri(2,1,l), Ri(2,1,2), Ui(2,1,2), and J(2,l,1), and has one 

output Fo(2,l,l). The 4:1 Mux F(2,l,2) has four inputs namely Ri(2,l,l), Ri(2,l,2), 

Ui(2, 1, 1), and K(2,1, 1), and has one output Fo(2, 1,2). 

The 4: 1 Mux B(2, 1,1) has four inputs namely Ui(2, 1, 1), Ui(2, 1,2), Ri(2,1,2), and 

L(2, 1, 1), and has one output Bo(2,l, 1). The 4: 1 Mux B(2,l,2) has four inputs namely 

30 Ui(2,1, 1), Ui(2, 1,2), Ri(2, 1, 1) and M(2, 1, 1), and has one output Bo(2, 1,2). In different 
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embodiments the inputs J(2, 1, 1), K(2, 1, 1), L(2,l, 1), and M(2, 1, 1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb(N1,N2,d,s). 

The stage ( slice 2, ring 1, stage "x") consists of 8 inputs namely Ri (2, l ,2x+ 1 ), 

5 Ri(2, l,2x+2), Ui(2, l,2x+ 1), Ui(2, l,2x+2), J(2, l,x+ 1), K(2, l,x+ 1), L(2, l,x+ 1), and 

M(2,l,x+l); and 4 outputs Bo(2,l,2x+l), Bo(2,l,2x+2), Fo(2,l,2x+l), and Fo(2,l,2x+2). 

The stage (slice 2, ring 1, stage "x") also consists of four 4: 1 Muxes namely F(2, l,2x+ 1 ), 

F(2, l,2x+2), B(2, l,2x+ 1 ), and B(2, l,2x+2). The 4: 1 Mux F(2, l,2x+ 1) has four inputs 

namely Ri(2,l,2x+l), Ri(2,l,2x+2), Ui(2,l,2x+2), and J(2,1,x+l), and has one output 

10 Fo(2,l,2x+l). The 4:1 Mux F(2,l,2x+2) has four inputs namely Ri(2,l,2x+l), 

Ri(2,l,2x+2), Ui(2, l,2x+ 1), and K(2, l,x+ 1), and has one output Fo(2, l,2x+2). 

The 4: 1 Mux B(2, l,2x+ 1) has four inputs namely Ui(2, l,2x+ 1 ), Ui(2, l,2x+2), 

Ri(2, l ,2x+2), and L(2, l ,x+ 1 ), and has one output Bo(2, l ,2x+ 1 ). The 4: 1 Mux 

B(2, l ,2x+2) has four inputs namely Ui(2, l ,2x+ 1 ), Ui(2, l ,2x+2), Ri(2, l ,2x+ 1) and 

15 M(2, l ,x+ 1 ), and has one output Bo(2, l ,2x+2). In different embodiments the inputs 

J(2, l,x+ 1), K(2, l,x+ 1), L(2,1,x+ 1), and M(2, l,x+ 1) are connected from any of the 

outputs of any other stages of any ring of any block of the multi-stage hierarchical 

Just the same way the stage (slice 2, ring 1, stage 0), there are also stages (slice 2, 

20 ring 1, stage 1), (slice 2, ring 1, stage 2), (slice 2, ring 1, stage 3), ... (slice 2, ring 1, stage 

"m-1"), (slice 2, ring 1, stage "x") in that order, where the stages from (slice 2, ring 1, 

stage 1), (slice 2, ring 1, stage 2), ... , (slice 2, ring 1, stage "x-1") are not shown in the 

diagram 1 OOC. 

The stage ( slice 2, ring 2, stage O) consists of 8 inputs namely Ri (2,2, 1 ), Ri (2,2,2 ), 

25 Ui(2,2, 1 ), Ui(2,2,2), J(2,2, 1 ), K(2,2, 1 ), L(2,2, 1 ), and M(2,2, 1 ); and 4 outputs Bo(2,2, 1 ), 

Bo(2,2,2), Fo(2,2, 1 ), and Fo(2,2,2). The stage (slice 2, ring "2", stage "O") also consists 

of four 4:1 Muxes namely F(2,2,l), F(2,2,2), B(2,2,l), and B(2,2,2). The 4:1 Mux 

F(2,2, 1) has four inputs namely Ri(2,2, 1 ), Ri(2,2,2), Ui(2,2,2), and J(2,2, 1 ), and has one 

output Fo(2,2, 1). The 4: 1 Mux F(2,2,2) has four inputs namely Ri(2,2,l), Ri(2,2,2), 

30 Ui(2,2, 1 ), and K(2,2, 1 ), and has one output Fo(2,2,2). 
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The 4: 1 Mux B(2,2, 1) has four inputs namely Ui(2,2, 1 ), Ui(2,2,2), Ri(2,2,2), and 

L(2,2, 1 ), and has one output Bo(2,2, 1 ). The 4: 1 Mux B(2,2,2) has four inputs namely 

Ui(2,2, 1 ), Ui(2,2,2), Ri(2,2, 1) and M(2,2, 1 ), and has one output Bo(2,2,2). In different 

embodiments the inputs J(2,2, 1 ), K(2,2, 1 ), L(2,2, 1 ), and M(2,2, 1) are connected from any 

5 of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (N1 ,N2 ,d,s). 

The stage (slice 2, ring 2, stage "x") consists of 8 inputs namely Ri(2,2,2x+ 1 ), 

Ri(2,2,2x+2), Ui(2,2,2x+ 1 ), Ui(2,2,2x+2), J(2,2,x+ 1 ), K(2,2,x+ 1 ), L(2,2,x+ 1 ), and 

M(2,2,x+ l); and 4 outputs Bo(2,2,2x+ 1), Bo(2,2,2x+2), Fo(2,2,2x+ 1), and Fo(2,2,2x+2). 

10 The stage (slice 2, ring 2, stage "y") also consists of four 4: 1 Muxes namely F(2,2,2y+ 1), 

F(2,2,2y+2), B(2,2,2y+ 1), and B(2,2,2y+2). The 4: 1 Mux F(2,2,2y+ 1) has four inputs 

namely Ri(2,2,2y+ 1 ), Ri(2,2,2y+2), Ui(2,2,2y+2), and J(2,2,y+ 1 ), and has one output 

Fo(2,2,2y+ 1 ). The 4: 1 Mux F(2,2,2y+2) has four inputs namely Ri(2,2,2y+ 1 ), 

Ri(2,2,2y+2), Ui(2,2,2y+ 1 ), and K(2,2,y+ 1 ), and has one output Fo(2,2,2y+2). 

15 The 4: 1 Mux B(2,2,2y+ 1) has four inputs namely Ui(2,2,2y+ 1), Ui(2,2,2y+2), 

Ri(2,2,2y+2), and L(2,2,y+ 1), and has one output Bo(2,2,2y+ 1). The 4: 1 Mux 

B(2,2,2y+2) has four inputs namely Ui(2,2,2y+ 1 ), Ui(2,2,2y+2), Ri(2,2,2y+ 1) and 

M(2,2,y+ 1 ), and has one output Bo(2,2,2y+2). In different embodiments the inputs 

J(2,2,y+ 1 ), K(2,2,y+ 1 ), L(2,2,y+ 1 ), and M(2,2,y+ 1) are connected from any of the 

20 outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network VComb (NI, N2, d, s). 

Just the same way the stage (slice 2, ring 2, stage 0), there are also stages (slice 2, 

ring 2, stage 1), (slice 2, ring 2, stage 2), (slice 2, ring 2, stage 3), ... (slice 2, ring 2, stage 

"y-1"), (slice 2, ring 2, stage "y") in that order, where the stages from (slice 2, ring 2, 

25 stage 1 ), (slice 2, ring 2, stage 2), ... , (slice 2, ring 2, stage "y-1") are not shown in the 

diagram 1 OOC. 

As illustrated in diagram 100C5 in FIG. 1 C5, the similar internal connections 

between two successive stages of any ring of any slice of partial multi-stage hierarchical 

network Vcamb (N1,N2 ,d, s) lOOC in FIG. IC, in some embodiments are provided for all 

30 the slices c = 1, 2; for all the rings in each of the slices d = 1, 2; and for all the stages 
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namely when c = 1 d = 1 e = [l m]· when c=l d=2 e=[l n]· when c=2 d=l e=[l x]· 
' ' ' ' ' ' ' ' ' ' ' ' 

and when c=2, d=2; e=[l,y]. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcomb (N1,N2 ,d,s) lOOB consists of 2 * d = 4 outputs. Even though each stage has four 

5 4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 

In general, any ring of the partial multi-stage hierarchical network 

Vcomb (Ni,N2 ,d,s) illustrated in lOOC also may have inputs and outputs connected from 

10 computational block from either only from left-hand side as in the partial multi-stage 

hierarchical network Vcomb (N1,N2 ,d, s) lOOA; or only from right-hand side; or from both 

left-hand and right-hand sides as in the partial multi-stage hierarchical network 

VComb(Ni,N2,d,s) lOOB. 

Applicant now notes a few aspects of the diagram 1 OOC in FIG. 1 C an exemplary 

15 partial multi-stage hierarchical network Vcomb (Ni, N 2, d, s) corresponding to one 

computational block, with each computational block having 16 inlet links and 4 outlet 

links as follows: (Also these aspects are helpful in more optimization of the partial multi­

stage hierarchical network Vcamb ( N 1 , N 2 , d, s) as well as faster scheduling of the 

connections between outlet links of the computational blocks and the inlet links of the 

20 computational blocks.) 

1) The partial multi-stage hierarchical network Vcomb (Ni, N 2 ,d, s) lOOC in FIG. 

IC is divided into two slices namely slice 1 and slice 2. The outlet links of the 

computational block namely 01 and 02 are connected to only one slice i.e. slice 1. In 

other words outlet links O 1 and 02 are absolutely not connected to slice 2. Similarly the 

25 outlet links of the computational block namely 03 and 04 are connected to only one slice 

i.e. slice 2. In other words outlet links 03 and 04 are absolutely not connected to slice 1. 

2) The second aspect is all the hop wires and multi-drop hop wires originating from slice 

1 from any block will be terminating only in the slice 1 of any other block. Similarly all 

the hop wires and multi-drop hop wires originating from slice 2 from any block will be 
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terminating only in the slice 2 of any other block. 3) The third aspect is the mux whose 

output is directly connected to each inlet link of the computational block must have at 

least one input connected from each slice of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOC. That is for example since the 4:1 mux B(l,1,1), belonging to 

5 slice 1, and having its output Bo(l, 1, 1) directly connected to inlet link Il must have at 

least one of its inputs connecting from an output of a mux of a stage of a ring of slice 2 as 

well. This property must be satisfied for all the inlet links of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC. 

Referring to diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 

10 100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 illustrate the details of the foregoing 

third aspect of the partial multi-stage hierarchical network Vcomb(N1,N2 ,d,s) lOOC of 

FIG. IC. Applicant notes that diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, 

diagram 100C3 in FIG. 1C3, and diagram 100C4 in FIG. 1C4 are all actually part of the 

partial multi-stage hierarchical network Vcomb(N1 ,N2 ,d,s) lOOC of FIG. IC and these 

15 separate diagrams are necessary only to avoid the clutter in the diagram lOOC of FIG. IC. 

The connections illustrated between different slices in diagram lOOCl in FIG. 

lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, and diagram 100C4 in 

FIG. 1 C4 are the only connections between different slices, in some exemplary 

embodiments. In general the connections between different slices are given only at the 

20 terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block. 

Referring to diagram 1 OOC 1 in FIG. 1 C 1 illustrate the connections between the 

stage (slice 1, ring 1, stage 0) and between the stage (slice 2, ring 1, stage 0). The same 

connection that is given to the input Ui(l, 1,1) is also connected to the input L(2, 1,1). The 

25 same connection that is given to the input Ui(l, 1,2) is also connected to the input 

M(2, 1, 1 ). Similarly the same connection that is given to the input Ui(2, 1, 1) is also 

connected to the input L(l,l, 1). The same connection that is given to the input Ui(2,l,2) 

is also connected to the input M(l,1,1). 
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Therefore inlet link Il can be essentially connected through the 4: 1 mux B( 1, 1, 1) 

with three of its inputs connecting from slice 1 namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2) and 

one input L(l, 1, 1) connecting from slice 2. The inlet link I2 can be essentially connected 

through the 4: 1 mux B( 1, 1,2) with three of its inputs connecting from slice 1 namely 

5 Ui(l, 1, 1 ), Ui(l, 1,2), Ri(l, 1,1) and one input M(l, 1, 1) connecting from slice 2. The inlet 

link 19 can be essentially connected through the 4:1 mux B(l,2,1) with three of its inputs 

connecting from slice 2 namely Ui(2, 1, 1), Ui(2,l,2), Ri(2,1,2) and one input L(2, 1,1) 

connecting from slice 1. The inlet link IlO can be essentially connected through the 4:1 

mux B(2, 1,2) with three of its inputs connecting from slice 2 namely Ui(2, 1, 1 ), Ui(2, 1,2), 

10 Ri(2, 1, 1) and one input M(2, 1, 1) connecting from slice 1. Hence all the inlet links 11, 12, 

19 and Il O are all independently reachable from both slice 1 and slice2. 

Referring to diagram 100C2 in FIG. 1C2 illustrate the connections between the 

stage (slice 1, ring 2, stage 0) and between the stage (slice 2, ring 2, stage 0). The same 

connection that is given to the input Ui(l,2,1) is also connected to the input M(2,2,l). The 

15 same connection that is given to the input Ui(l,2,2) is also connected to the input 

L(2,2, 1). Similarly the same connection that is given to the input Ui(2,2, 1) is also 

connected to the input M(l,2,1). The same connection that is given to the input Ui(2,2,2) 

is also connected to the input L(l,2, 1 ). 

Therefore inlet link 13 can be essentially connected through the 4: 1 mux B( 1,2,1) 

20 with three of its inputs connecting from slice 1 namely Ui(l,2,1), Ui(l,2,2), Ri(l,2,2) and 

one input M(2,2, 1) connecting from slice 2. The inlet link 14 can be essentially connected 

through the 4:1 mux B(l,2,2) with three of its inputs connecting from slice 1 namely 

Ui(l,2, 1), Ui(l,2,2), Ri(l,2, 1) and one input M(l,2, 1) connecting from slice 2. The inlet 

link 111 can be essentially connected through the 4: 1 mux B(2,2, 1) with three of its inputs 

25 connecting from slice 2 namely Ui(2,2, 1 ), Ui(2,2,2), Ri(2,2,2) and one input L(2,2, 1) 

connecting from slice 1. The inlet link Il2 can be essentially connected through the 4: 1 

mux B(2,2,2) with three of its inputs connecting from slice 2 namely Ui(2,2,l), Ui(2,2,2), 

Ri(2,2,1) and one input M(2,2,1) connecting from slice 1. Hence all the inlet links 13, 14, 

Il 1 and 112 are all independently reachable from both slice 1 and slice2. 

30 Referring to diagram 100C3 in FIG. 1C3 illustrate the connections between the 

stage (slice 1, ring 1, stage "m") and between the stage (slice 2, ring 2, stage "y"). The 
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same connection that is given to the inputRi(l,l,2m+l) is also connected to the input 

J(2,2,y+ 1). The same connection that is given to the input Ri(l, l,2m+2) is also connected 

to the input K(2,2,y+ 1 ). Similarly the same connection that is given to the input 

Ri(2,2,2y+l) is also connected to the input J(l,l,m+l). The same connection that is given 

5 to the input Ri(2,2,2y+2) is also connected to the input K(l, l ,m+ 1 ). 

Therefore inlet link I5 can be essentially connected through the 4: 1 mux 

F(l,l,2m+l) with three of its inputs connecting from slice 1 namely Ri(l,1,2m+l), 

Ri(l,l,2m+2), Ui(l,l,2m+2) and one input J(l, l,m+ 1) connecting from slice 2. The inlet 

link I6 can be essentially connected through the 4:1 mux F(l,l,2m+2) with three of its 

10 inputs connecting from slice 1 namely Ri(l, l,2m+ 1), Ri(l, l,2m+2),Ui(l, l,2m+ 1) and 

one input K(l, l ,m+ 1) connecting from slice 2. The inlet link Il 5 can be essentially 

connected through the 4:1 mux F(2,2,2y+l) with three of its inputs connecting from slice 

2 namely Ri(2,2,2y+ 1 ), Ri(2,2,2y+2), Ui(2,2,2y+2) and one input J(2,2,y+ 1) connecting 

from slice 1. The inlet link Il6 can be essentially connected through the 4:1 mux 

15 F(2,2,2y+2) with three of its inputs connecting from slice 2 namely Ri(2,2,2y+ 1 ), 

Ri(2,2,2y+2), Ui(2,2,2y+ 1) and one input K(2,2,y+ 1) connecting from slice 1. Hence all 

the inlet links I5, I6, Il5 and Il6 are all independently reachable from both slice 1 and 

slice2. 

Referring to diagram 1 OOC4 in FIG. 1 C4 illustrate the connections between the 

20 stage (slice 1, ring 2, stage "n") and between the stage (slice 2, ring 1, stage "x"). The 

same connection that is given to the input Ri(l,2,2n+ 1) is also connected to the input 

K(2,l,x+l). The same connection that is given to the inputRi(l,2,2n+2) is also connected 

to the input J(2, l,x+ 1 ). Similarly the same connection that is given to the input 

Ri(2,l,2x+l) is also connected to the input K(l,2,n+l). The same connection that is given 

25 to the input Ri(2, l,2x+2) is also connected to the input J(l,2,n+ 1). 

Therefore inlet link I7 can be essentially connected through the 4: 1 mux 

F(l,2,2n+ 1) with three of its inputs connecting from slice 1 namely Ri(l,2,2n+ 1), 

Ri(l,2,2n+2), Ui(l,2,2n+2) and one input J(l,2,n+l) connecting from slice 2. The inlet 

link I8 can be essentially connected through the 4:1 mux F(l,2,2n+2) with three of its 

30 inputs connecting from slice 1 namely Ri(l,2,2n+ 1), Ri(l,2,2n+2),Ui(l,2,2n+ 1) and one 

input K(l,2,n+ 1) connecting from slice 2. The inlet link Il3 can be essentially connected 
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through the 4:1 mux F(2,l,2x+l) with three of its inputs connecting from slice 2 namely 

Ri(2, l ,2x+ 1 ), Ri(2, l,2x+2), Ui(2, l ,2x+2) and one input J(2, l ,x+ 1) connecting from slice 

1. The inlet link 114 can be essentially connected through the 4:1 mux F(2,l,2x+2) with 

three of its inputs connecting from slice 2 namely Ri(2, l,2x+ 1 ), Ri(2, l,2x+2), 

5 Ui(2, l ,2x+ 1) and one input K(2, l ,x+ 1) connecting from slice 1. Hence all the inlet links 

I7, I8, Il3 and 114 are all independently reachable from both slice 1 and slice2. 

The connections illustrated between different slices, in several embodiments, in 

diagram lOOCl in FIG. lCl, diagram 100C2 in FIG. 1C2, diagram 100C3 in FIG. 1C3, 

and diagram 100C4 in FIG. 1C4 are the only connections between different slices. And 

10 also the terminating muxes i.e. whose outputs are directly connected to one of the inlet 

links of the computational block have three inputs coming from one slice and one input 

coming from another slice. In other embodiments it is also possible so that the 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block have two inputs coming from one slice and two inputs coming from 

15 another slice. 

Also in general the number of slices in the partial multi-stage hierarchical network 

Vcomb(N1 ,N2 ,d,s) lOOC of FIG. IC may be more than or equal to two. In such a case 

terminating muxes i.e. whose outputs are directly connected to one of the inlet links of the 

computational block will have at least one input coming from each slice. And the outlet 

20 links of the computational block will be divided and connected to each slice; however 

each outlet link of the computational block will be connected to only one slice. Also in 

general the hop wires and multi-drop hop wires are connected to only between the 

corresponding slices of different blocks, in some embodiments some of the hop wires 

and multi-drop hop wires may be connected between different slices of different blocks 

25 even if it is done partially. 

30 

FIG. 2A illustrates a stage (ring "k", stage "m") 200A consists of 4 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1 ), 

Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of six 2: 1 Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward 

switch), U(k,2m+ 1 ), U(k,2m+2) (comprising in combination a U-tum switch), 

B(k,2m+ 1 ), and B(k,2m+2) (comprising in combination a backward switch). The 2: 1 
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Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) 

and has one output Fo(k,2m+2). 

The 2:1 Mux U(k,2m+l) has two inputs namely Ui(k,2m+l) and Fo(k,2m+l) and 

5 has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+l) and Uo(k,2m+2) and has one output Bo(k,2m+l). The 2:1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

10 FIG. 2B illustrates a stage (ring "k", stage "m") 200B consists of 4 inputs namely 

Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 outputs Bo(k,2m+ 1 ), 

Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", stage "m") also consists 

of eight 2: 1 Muxes namely R(k,2m+ 1), R(k,2m+2) (comprising in combination a Reverse 

U-turn switch), F(k,2m+l), F(k,2m+2) (comprising in combination a forward switch), 

15 U(k,2m+ I), U(k,2m+2) (comprising in combination a U-turn switch), B(k,2m+ 1), and 

B(k,2m+2) (comprising in combination a backward switch). The 2:1 Mux R(k,2m+l) has 

two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 

Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

20 Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and F o(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

25 namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1 ). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

30 

FIG. 2C illustrates a stage (ring "k", stage "m") 200C consists of 4 inputs 

namely Fi(k,2m+ 1 ), Fi(k,2m+2), LBi(k,2m+ 1 ), and L·Ri(k,2m+2); and 4 outputs 

LEo(k,2m+l), ()Eo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 
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stage "m") also consists of four 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2) 

(comprising in combination a forward switch), LE{k,2m+ 1 ), and LB{k,2m+2) 

(comprising in combination a U-turn switch). The 2:1 Mux F(k,2m+l) has two 

inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1 ). The 2: 1 

5 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 

output Fo(k,2m+2). 

10 

The 2: 1 Mux })H(k,2m+ 1) has two inputs namely \}Hi(k,2m+ 1) and \Jli(k,2m+2) 

and has one output LHo(k,2m+ 1 ). The 2: 1 Mux 1IB{k,2m+2) has two inputs namely 

VRi(k,2m+ 1) and \JJi(k,2m+2) and has one output ;xno(k,2m+2). 

However the stage "m#m" of ring "k" with "m#m" stages of the partial multi­

stage hierarchical network Vcamb (N1 , N 2 , d, s), in another embodiment, may have 2 inputs 

and 2 outputs as shown in diagram 200D in FIG. 2D. FIG. 2D illustrates a stage (ring "k", 

stage "m") 200D consists of 2 inputs namely Fi(k,2m+ 1) and Fi(k,2m+2); and 2 outputs 

Fo(k,2m+l) and Fo(k,2m+2). The stage (ring "k", stage "m") also consists of two 2:1 

15 Muxes namely F(k,2m+ 1), F(k,2m+2) (comprising in combination a forward switch). The 

2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one 

output F o(k,2m+ 1 ). The 2: 1 Mux F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and 

20 

25 

Fi(k,2m+2) and has one output Fo(k,2m+2). A stage with 2 inputs and 2 outputs is, in one 

embodiment, the "last stage" or "root stage" of ring. 

The stage "m" of ring "k" with "m" stages of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s), in another embodiment, may have 8 

inputs and 4 outputs as shown in diagram 200E in FIG. 2E. FIG. 2E illustrates a 

stage (ring "k", stage "m") 200E consists of 8 inputs namely [-H:i(k,2m+l), 

fRi(k,2m+2), nlJi(k,2m+ 1 ), nt+i(k,2m+2), J, K, L, and M; and 4 outputs 

L)_Ho(k,2m+ 1 ), Lno(k,2m+2), _gr,o(k,2m+ 1 ), and _EFo(k,2m+2). The stage (ring 

"k", stage "m") also consists of eight 2: 1 Muxes namely fR(k,2m+ 1 ), I:.R:(k,2m+2) 

(comprising in combination a forward switch), EF(k,2m+ 1 ), .EF(k,2m+2) 

(comprising in combination a Reverse U-turn switch), 1:i·U{k,2m+ 1), kF·.-i(k,2m+2) 

(comprising in combination a backward switch), LB{k,2m+ 1 ), and EB{k,2m+2) 

30 (comprising in combination a U-turn switch). The 2:1 Mux R(k,2m+l) has two 

-39-

Page 293 of 818



5 

10 

Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

inputs namely fRi(k,2m+ 1) and J, and has one output ;\:_Ro(k,2m+ 1 ). The 2: 1 Mux 

fR{k,2m+2) has two inputs namely fR-i(k,2m+2) and K, and has one output 

f:}(o(k,2m+2). The 2: 1 Mux _EJ,(k,2m+ 1) has two inputs namely f·Ro(k,2m+ 1) and 

l}{Jo(k,2m+2), and has one output E,Fo(k,2m+ 1 ). The 2: 1 Mux h,F(k,2m+2) has two 

inputs namely [Ro(k,2m+2) and I}Uo(k,2m+ 1), and has one output l\-Fo(k,2m+2). 

Tl+1,,.),,.} .. J\,fu-;;:jFJ(k,2m+ 1) has two inputs namely j}_th(k,2m+ 1) and L, and 

has one output Ulfo(k,2m+ 1 ). The 2: 1 Mux JI1:+(k,2m+2) has two inputs namely 

i}Ui(k,2m+2) and M, and has one output frl}o(k,2m+2). The 2: 1 Mux LJJ(k,2m+ 1) 

has two inputs namely D_{)o(k,2m+ 1) and fR-o(k,2m+2), and has one output 

1)B-o(k,2m+l). The 2:1 Mux t!E{k,2m+2) has two inputs namely !F·Jo(k,2m+2) and 

fRo(k,2m+ 1 ), and has one output J.UJo(k,2m+2). In different embodiments the 

inputs J, K, L, and Mare connected from any of the outputs of any other stages of 

any ring of any block of the multi-stage hierarchical network Vcamb(N1 ,N2 ,d,s). 

The diagram 200E of FIG 2E eliminates the 180-degree turn paths from the 

15 internal connection Fi(k,2m+ 1) to the internal connection Uo(k,2m+ 1). Similarly the 

diagram 200E of FIG 2E eliminates the 180-degree tum paths from the connection 

Fi(k,2m+2) to the connection Uo(k,2m+2). The diagram 200E of FIG 2E eliminates the 

180-degree tum paths from the internal connection Bi(k,2m+ 1) to the internal connection 

Ro(k,2m+l). Similarly the diagram 200E of FIG 2E eliminates the 180-degree turn paths 

20 from the connection Bi(k,2m+2) to the connection Ro(k,2m+2). Hence diagram 200E of 

FIG. 2E comprises a forward switch, a backward switch, U-turn switch and reverse U­

turn switch without 180-degree U-turn paths. 

25 

30 

In contrast to diagram 200E of FIG. 2E, the diagram 200A of FIG. 2A, diagram 

200B of FIG. 2B, and diagram 200C of FIG. 2C provide 180-degree U-turn paths. Two 

exemplary 180-degree U-turn paths in diagram 200A of FIG. 2A are shown (by two types 

of dotted lines) in the attached replacement diagram of FIG. 2A. One of the 180-degree 

turn path shown in the replacement diagram of FIG. 2A starts at the internal connection 

Fi(k,2m+ 1) through the Mux F(k,2m+ 1) to Fo(k,2m+ 1) through the Mux U(k,2m+ 1) to 

Uo(k,2m+ 1) through the Mux B(k,2m+ 1) to the internal connection Bo(k,2m+ 1). The 

second of the 180-degree turn path shown in the replacement diagram of FIG. 2A starts at 
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the hop wire Fi(k,2m+2) through the Mux F(k,2m+2) to Fo(k,2m+2) through the Mux 

U(k,2m+2) to Uo(k,2m+2) through the Mux B(k, 2m+2) to the hop wire Bo(k,2m+2). 

The stage "m" of ring "k" with "m" stages of the partial multi-stage hierarchical 

network Vcamb (N1 , N 2 , d, s), in another embodiment, may have 8 inputs and 4 outputs as 

5 shown in diagram 200F in FIG. 2F. FIG. 2F illustrates a stage (ring "k", stage "m") 200F 

consists of 8 inputs namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), J, K, L, 

and M; and 4 outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage 

(ring "k", stage "m") also consists of four 4: 1 Muxes namely F(k,2m+ 1), F(k,2m+2), 

B(k,2m+ 1), and B(k,2m+2). The 4: 1 Mux F(k,2m+ 1) has four inputs namely Ri(k,2m+ 1), 

10 Ri(k,2m+2), Ui(k,2m+2), and J, and has one output Fo(k,2m+ 1). The 4: 1 Mux F(k,2m+2) 

has four inputs namely Ri(k,2m+ 1), Ri(k,2m+2), Ui(k,2m+ 1), and K, and has one output 

Fo(k,2m+2). 

The 4: 1 Mux B(k,2m+ 1) has four inputs namely Ui(k,2m+ 1), Ui(k,2m+2), 

Ri(k,2m+2), and L, and has one output Bo(k,2m+ 1). The 4: 1 Mux B(k,2m+2) has four 

15 inputs namely Ui(k,2m+ 1), Ui(k,2m+2), Ri(k,2m+ 1) and M, and has one output 

Bo(k,2m+2). In different embodiments the inputs J, K, L, and Mare connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

The diagram 200F of FIG 2F eliminates the 180-degree tum paths from the 

20 internal connection Ri(k,2m+ 1) to the internal connection Bo(k,2m+ l}. Similarly the 

diagram 200F of FIG 2F eliminates the 180-degree tum paths from the connection 

Ri(k,2m+2) to the connection Bo(k,2m+2). The diagram 200F of FIG 2F eliminates the 

180-degree turn paths from the internal connection Ui(k,2m+ 1) to the internal connection 

F o(k,2m+ 1 ). Similarly the diagram 200F of FIG 2F eliminates the 180-degree turn paths 

25 from the connection Ui(k,2m+2) to the connection Fo(k,2m+2). Hence diagram 200F of 

FIG. 2F comprises an integrated switch of a backward switch, U-turn switch and reverse 

U-turn switch without 180-degree U-turn paths. 

The number of stages in a ring of any block may not be equal to the number of 

stages in any other ring of the same of block or any ring of any other block of the multi-

30 stage hierarchical network Vcamb(N1 ,N2 ,d,s). For example the number of stages in ring 
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1 of the partial multi-stage hierarchical network Vcomb(N1,N2 ,d,s) lOOA or of the partial 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s) lOOB or of the partial multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) lOOC is denoted by "m" and the number of stages 

in ring 2 of the partial multi-stage hierarchical network is denoted by "n", and so "m" 

5 may or may not be equal to "n". Similarly the number of stages in ring 2 corresponding to 

block (3,3) of 2D-grid 800 may not be equal to the number of stages in ring 2 

corresponding to block (6,9) of 2D-grid 800. Similarly in the partial multi-stage 

hierarchical network T,'camb (N1 , N 2 ,d, s) lOOC the number of stages in (slice 1, ring 2) 

corresponding to block (3,3) of 2D-grid 800 may not be equal to the number of stages in 

10 (slice 1, ring 2) corresponding to block (6,9) of 2D-grid 800. 

Even though the number of inlet links to the computational block is four and the 

number of outlet links to the computational block is two in the partial multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s) lOOA, the number of inlet links to the 

computational block is eight and the number of outlet links to the computational block is 

15 four in the partial multi-stage hierarchical network Vcomb (N1, N 2 ,d, s) lOOB, and the 

number of inlet links to the computational block is sixteen and the number of outlet links 

to the computational block is four in the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOC, in other embodiments the number of inlet links to the 

computational block may be any arbitrary number and the number of outlet links to the 

20 computational block may also be another arbitrary number. However the total number of 

rings of all the slices corresponding to the partial multi-stage hierarchical network 

Vcomb (N1 , N 2 ,d,s) of a block is generally equal to the number of inlet links to the 

computational block divided by d = 2 if the inputs and outputs are connected either only 

from left-hand side or only from right-hand side, if the number of inlet links to the 

25 computational block is greater than or equal to the number of outlet links to the 

computational block. In such a case one or more of the outlet links to the computational 

block are connected to more than one inlet links of the partial multi-stage hierarchical 

network Vcomb (N1 , N 2 , d, s) corresponding to a block. Similarly the total number of rings 

of all the slices corresponding to the partial multi-stage hierarchical network 

30 Vcomb (N1, N 2 ,d,s) of a block is generally equal to the number of inlet links to the 
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computational block divided by 2 * d = 4 if the inputs and outputs are connected from 

both left-hand side and from right-hand side, if the number of inlet links to the 

computational block is greater than or equal to the number of outlet links to the 

computational block. 

Otherwise the total number of rings of all the slices corresponding to the partial 

multi-stage hierarchical network Vcomb (Ni,N2 ,d, s) of a block is generally equal to the 

number of outlet links to the computational block divided by d = 2 if the inputs and 

outputs are connected either only from left-hand side or only from right-hand side, if the 

number of outlet links to the computational block is greater than the number of inlet links 

10 to the computational block. In such a case one or more of the outlet links of the partial 

multi-stage hierarchical network Vcomb (Ni, N 2 , d, s) corresponding to a block are 

connected to more than one inlet link of the computational block. Similarly the total 

number of rings of all the slices corresponding to the partial multi-stage hierarchical 

network Vcamb (Ni, N 2 ,d, s) of a block is generally equal to the number of outlet links to 

15 the computational block divided by 2 * d = 4 if the inputs and outputs are connected from 

both left-hand side and from right-hand side, if the number of outlet links to the 

computational block is greater than or equal to the number of inlet links to the 

computational block. 

In another embodiment, the number of inlet links to the computational block 

20 corresponding to a block of 2D-grid of blocks may or may not be equal to the number of 

inlet links to the computational block corresponding to another block. Similarly the 

number of outlet links to the computational block corresponding to a block of 2D-grid of 

blocks may or may not be equal to the number of outlet links to the computational block 

corresponding to another block. Hence the total number of rings of the partial multi-stage 

25 hierarchical network Vcamb (Ni,N2 ,d, s) corresponding to a block of 2D-grid of blocks 

may or may not be equal to the partial multi-stage hierarchical network 

Vcomb (Ni, N 2 ,d,s) corresponding to another block. For example the total number of rings 

corresponding to block ( 4,5) of 2D-grid 800 may be two and the total number of rings in 

block (5,4) of 2D-grid 800 may be three. 

-43-

Page 297 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

A multi-stage hierarchical network can be represented with the notation 

Vcomb(N1,N2 ,d,s), where N 1 represents the total number of inlet links of the complete 

multi-stage hierarchical network and N 2 represents the total number of outlet links of the 

complete multi-stage hierarchical network, d represents the number of inlet links of any 

5 ring in any block of the complete multi-stage hierarchical network either from only left­

hand side or only right-hand side, or equivalently the number of outlet links of any ring in 

any block of the complete multi-stage hierarchical network either from only left-hand 

side or only right-hand side, and when the inputs and outputs are connected from left­

hand side, s is the ratio of number of outgoing links from each stage O of any ring in any 

10 block to the number of inlet links of any ring in any block of the complete multi-stage 

hierarchical network (for example the complete multi-stage hierarchical network 

correspondingto Vcomb(N1,N2 ,d,s)IOOAinFIG. IA, N 1 =200, N 2 =400, d=2, 

15 

s = 1 ). Also a multi-stage hierarchical network where N 1 = N 2 = N is represented as 

Vcamb (N,d,s). 

The diagram 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 

3D, and 300E of FIG. 3E are different embodiments of all the connections between two 

arbitrary successive stages in two different rings of the same block or two different rings 

of different blocks of 2D-grid 800. Referring to diagram 300A in FIG. 3A illustrates all 

the connections between two arbitrary successive stages of a ring namely the stages (ring 

20 "x", stage "p") and (ring "x", stage "p+ l ") and two other arbitrary successive stages of 

any other ring namely the stages (ring "y", stage "q") and (ring "y", stage "q+ l"), of the 

complete multi-stage hierarchical network Vcomb(N1 ,N2 ,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1 ), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1 ), Bo(x,2p+2), 

25 Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of eight 2: 1 

Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), 

B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) 

and Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

30 F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 
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Fo(x,2p+l). The 2:1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+l) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+ 1 ). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

5 and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+l) and Uo(x,2p+2) and has one output Bo(x,2p+l). The 2:1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+l) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "x", stage "p+ l") consists of 4 inputs namely Ri(x,2p+3), 

10 Ri(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l ") also consists of eight 2: 1 

Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2:1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) 

and Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

15 namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: I Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

The 2: 1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

20 has one output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

25 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+l"). And the outputBo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Ri(y,2q+ 1 ), 

30 Ri(y,2q+2), Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), 
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Fo(y,2q+ 1 ), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of eight 2: 1 

Muxes namely R(y,2q+l), R(y,2q+2), F(y,2q+l), F(y,2q+2), U(y,2q+l), U(y,2q+2), 

B(y,2q+l), and B(y,2q+2). The 2:1 Mux R(y,2q+l) has two inputs namely Ri(y,2q+l) 

and Bo(y,2q+ 1) and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two inputs 

5 namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

10 has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1 ). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+l) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

15 The stage (ring "y", stage "q+ I") consists of 4 inputs namely Ri(y,2q+ 3), 

Ri(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists of eight 2: 1 

Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The 2: 1 Mux R(y,2q+3) has two inputs namely Ri(y,2q+3) 

20 and Bo(y,2q+3) and has one output Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two inputs 

namely Ri(y,2q+4) and Bo(y,2q+4) and has one output Ro(y,2q+4). The 2: 1 Mux 

F(y,2q+3) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output 

Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+3) and Ro(y,2q+4) 

and has one output Fo(y,2q+4). 

25 The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2: 1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

30 Bo(y,2q+4). 
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The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

5 The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,l) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

10 Hop(2, 1) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l"). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcomb (Ni, N 2 , d, s). If ring "x" and ring "y" belong to 

15 the same block of the complete multi-stage hierarchical network v'comb (Ni, N 2 ,d,s), then 

the wires Hop(l, 1), Hop(l,2), Hop(2,1), and Hop(2,2) are hereinafter called "internal hop 

wires". For example if"x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the 

same block (9,9) of 2D-grid 800, then the wires Hop(l,l), Hop(l,2), Hop(2,l), and 

Hop(2,2) are "internal hop wires". 

20 If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcomb(Ni,N2 ,d,s), then the wires Hop(l,1), Hop(l,2), Hop(2,l), 

and Hop(2,2) are hereinafter called "external hop wires". The external hop wires 

Hop(l, 1 ), Hop(l ,2), Hop(2, 1 ), and Hop(2,2) may be horizontal wires or vertical wires. 

The length of the external hop wires is manhattan distance between the corresponding 

25 blocks, hereinafter "hop length". For example if ring "x" belongs to block (1,1) and ring 

"y" belongs to block (1,6) of 2D-grid 800 then the external hop wires are hereinafter 

called "horizontal external hop wires". And the hop length of the horizontal hop wires 

Hop(l,l), Hop(l,2), Hop(2,1), and Hop(2,2) is given by 6- 1 = 5. Similarly if ring "x" 

and ring "y" belong to two blocks in the same horizontal row of 2D-grid 800, then the 

30 wires Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) are horizontal external hop wires. 
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For example if ring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,l), Hop(l,2), Hop(2, 1), and 

Hop(2,2) is given by 9 - 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in 

5 the same vertical column of 2D-grid 800, then the wires Hop(l, 1), Hop(l,2), Hop(2,1), 

and Hop(2,2) are vertical external hop wires. External hop wires are typically horizontal 

or vertical according to the current invention. 

Referring to diagram 300B in FIG. 3B illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

10 stage "p+ l") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb(N1,N2,d,s). 

15 

20 

25 

The stage (ring "x", stage "p") consists of 8 inputs namely JJ{i(x,2p+ 1 ), 

I_Ri(x,2p+2), i}Ui(x,2p+l), fr{}i(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs 

t'.Eo(x,2p+ 1), L_Bo(x,2p+2), RFo(x,2p+ 1), and EFo(x,2p+2). The stage (ring "x", 

stage "p') also consists of eight 2: 1 Muxes namely fR(x,2p+ 1 ), fR(x,2p+2), 

RF(x,2p+ 1), E,F(x,2p+2), Lri-J:(x,2p+ 1), U~J(x,2p+2), UH(x,2p+ 1), and L,E(x,2p+2). 

The 2:1 Mux LR{x,2p+l) has two inputs namely fRi(x,2p+l) and Jl, and has one 

output LR,o(x,2p+ 1 ). The 2: 1 Mux fR(x,2p+2) has two inputs namely f}:zi(x,2p+2) 

and Kl, and has one output lJlo(x,2p+2). The 2:1 Mux l:::F(x,2p+l) has two inputs 

namely fRo(x,2p+ 1) and fa·\.Jo(x,2p+2), and has one output E,Fo(x,2p+ 1 ). The 2: 1 

Mux l:::F(x,2p+2) has two inputs namely fRo(x,2p+2) and }}Fo(x,2p+ 1 ), and has 

one output J\-F·o(x,2p+2). 

The 2: 1 Mux .i}ti{x,2p+ 1) has two inputs namely IFJi(x,2p+ 1) and Ll, and 

has one output j}Uo(x,2p+ 1). The 2: 1 Mux J}U{x,2p+2) has two inputs namely 

l}{Ji(x,2p+2) and Ml, and has one output .D.~>-o(x,2p+2). The 2: 1 Mux :U.,B{x,2p+ 1) 

has two inputs namely [F-/o(x,2p+ 1) and I_Ro(x,2p+2), and has one output 

})P.o(x,2p+ 1 ). The 2: 1 Mux })H(x,2p+2) has two inputs namely l}Uo(x,2p+2) and 

E-Ro(x,2p+ 1), and has one output tiB-o(x,2p+2). 
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The stage (ring "x", stage "p+l") consists of8 inputs namely I.Ri(x,2p+3), 

fRi(x,2p+4), J;i-Ui(x,2p+3), 1F}i(x,2p+4), J2, K2, L2, and M2; and 4 outputs 

VB-o(x,2p+3), JJHo(x,2p+4), KFo(x,2p+3), and _RFo(x,2p+4). The stage (ring "x", 

stage "p+l") also consists of eight 2:1 Muxes namely fR(x,2p+3), LR{x,2p+4), 

rzr.::.(x 2p+3) R-F(x 2p+4) Bl:i(x 2p+3) B-l-J(x 2p+4) UB(x 2p+3) and U-H(x 2p+4). 
.;,..... ' ' -····. ' ' ..... ' ' .... ' ' ..... ' ' ...... ' 

The 2:1 Mux fR{x,2p+3) has two inputs namely _ERi(x,2p+3) and J2, and has one 

output fRo(x,2p+3). The 2: 1 Mux fR(x,2p+4) has two inputs namely _ERi(x,2p+4) 

and K2, and has one output FR-o(x,2p+4). The 2: 1 Mux j\F(x,2p+3) has two inputs 

namely fRo(x,2p+3) and l}Uo(x,2p+4), and has one output EFo(x,2p+3). The 2: 1 

Mux RF(x,2p+4) has two inputs namely I_Ro(x,2p+4) and IF,co(x,2p+3), and has 

one output J\Fo(x,2p+4). 

The 2:1 Mux ijt!{x,2p+3) has two inputs namely fr1Ji(x,2p+3) and L2, and 

has one output i}l-Jo(x,2p+3). The 2:1 Mux U4)(x,2p+4) has two inputs namely 

IFJi(x,2p+4) and M2, and has one output _n_-U-o(x,2p+4). The 2: 1 Mux \j_B{x,2p+3) 

has two inputs namely f,_{-/o(x,2p+3) and _ERo(x,2p+4), and has one output 

})Ho(x,2p+3). The 2:1 Mux UH(x,2p+4) has two inputs namely U-U-o(x,2p+4) and 

E-Ro(x,2p+3), and has one output tiB-o(x,2p+4). 

The output E:f-'o(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the 

input fHci(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output ~)Ro(x,2p+3) 

of the stage (ring "x", stage "p+ l ") is connected to the input H{Ji(x,2p+ 1) of the 

stage (ring "x", stage "p"). 

The stage (ring "y", stage "q") consists of8 inputs namely .f:_Ri(y,2q+l), 

}):Zi(y,2q+2), U-U-i(y,2q+ 1), IF}i(y,2q+2), J3, K3, L3, and M3; and 4 outputs 

U-Eo(y,2q+l), L-Ho(y,2q+2), lt-Fo(y,2q+l), and E,Fo(y,2q+2). The stage (ring "y", 

stage "q') also consists of eight 2: 1 Muxes namely [R(y,2q+ 1 ), }3-\(y,2q+2), 

RF(y 2q+ 1) RJ:'(y 2q+2) Bl}(y 2q+ 1) H-U(y 2q+2) UH(y 2q+ 1) and U,B(y 2q+2) . .... - ' ' ~--·· ' ' ..;:... ' ' :.... ' ' ..... ' ' ... .;,.. ' 

The 2:1 Mux LR{y,2q+l) has two inputs namely fRi(y,2q+l) and J3, and has one 

output LH-o(y,2q+l). The 2:1 Mux f:R{y,2q+2) has two inputs namely _ERi(y,2q+2) 

and K3, and has one output fRo(y,2q+2). The 2: 1 Mux i\F(y,2q+ 1) has two inputs 

namely fRo(y,2q+l) and faJJo(y,2q+2), and has one output EFo(y,2q+l). The 2:1 
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Mux RF(y,2q+2) has two inputs namely I.Ro(y,2q+2) and IF,co(y,2q+ 1) and has one 

output EFo(y,2q+2). 

The 2: 1 Mux ijt!{y,2q+ 1) has two inputs namely frlJi(y,2q+ 1) and L3, and 

has one output i}{}o(y,2q+ 1 ). The 2: 1 Mux j}b{y,2q+2) has two inputs namely 

fFJi(y,2q+2) and M3, and has one output j}U-o(y,2q+2). The 2: 1 Mux \IB{y,2q+ 1) 

has two inputs namely 1Jl)o(y,2q+ 1) and f_Ro(y,2q+2), and has one output 

})Ho(y,2q+ 1 ). The 2: 1 Mux })H(y,2q+2) has two inputs namely l}U-o(y,2q+2) and 

fRo(y,2q+ 1 ), and has one output ~JB·o(y,2q+2). 

The stage (ring "y", stage "q+ l") consists of 8 inputs namely .fR.i(y,2q+3), 

fR1(y,2q+4), I}lc'j(y,2q+3), D_Ui(y,2q+4), J4, K4, L4, and M4; and 4 outputs 

LHo(y,2q+3), 1JB·o(y,2q+4), ;EFo(y,2q+3), and EF·o(y,2q+4). The stage (ring "y", 

stage "q+l") also consists of eight 2:1 Muxes namely JJ{{y,2q+3), YH{y,2q+4), 

H.J:(y 2q+ 3) RF(y 2q+4) Dt.!(y 2q+ 3) ElJ(y 2q+4) UB(y 2q+ 3) and UH-(y 2q+4). 
:~--, ' ' . .;:.. ' ' ..... ' ' .... ' ' ..... ' ' ...... ' 

The 2:1 Mux [R(y,2q+3) has two inputs namely E-Ri(y,2q+3) and J4, and has one 

output ERo(y,2q+3). The 2:1 Mux I.R(y,2q+4) has two inputs namely [Ri(y,2q+4) 

and K4, and has one output ERo(y,2q+4). The 2: 1 Mux J[·F(y,2q+ 3) has two inputs 

namely I_Ro(y,2q+3) and )}Uo(y,2q+4), and has one output;Ef0o(y,2q+3). The 2:1 

Mux EF(y,2q+4) has two inputs namely fRo(y,2q+4) and nt,o(y,2q+3), and has 

one output E,Fo(y,2q+4). 

The 2: 1 Mux U·U{y,2q+3) has two inputs namely _Ftii(y,2q+3) and L4, and 

has one output H-l.Jo(y,2q+3). The 2: 1 Mux l}t)(y,2q+4) has two inputs namely 

IFJi(y,2q+4) and M4, and has one output l}-l)o(y,2q+4). The 2: 1 Mux LB{y,2q+3) 

has two inputs namely frL,o(y,2q+3) and fR-o(y,2q+4), and has one output 

U-Bo(y,2q+3). The 2:1 Mux UB{y,2q+4) has two inputs namely ElJo(y,2q+4) and 

J;:Ro(y,2q+3), and has one output Lno(y,2q+4). 

The output .!{Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the 

input fRi(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output LB-o(y,2q+3) 

of the stage (ring "y", stage "q+ l") is connected to the input I;HJi(y,2q+ 1) of the 

stage ( ring "y", stage "q"). 
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The output Ll~o(x,2p+2) of the stage (ring "x", stage "p") is connected via 

the wire Hop(l,l) to the input fi.Ri(y,2q+,;;t) of the stage (ring "y", stage "q.q·"). 

Th ., .. ( · 2 · .. .., ., ) f h ( . " · " " · · . ' ") . d . e output }.',,Ho y:~·, Ht"'+/-+ o t e stage nng :(''' , stage 1JfH0·+ 1s connecte via 

the wire Hop(l,2) to the input fUi('Sy,2Jt'l+2) of the stage (ring "ty", stage "w/'). 

Th '·n·, ( 2 + .•: ·") f h ( • " " " • . ") • d e output \J):'·O :f)', .Eff .:ti= o t e stage nng s .. '{ , stage D(t:::.L 1s connecte 

via the wire Hop(2, 1) to the input _fa.Ri(:.L"",2.rnc.,+4) of the stage (ring "yx", stage "gp+ l"). 

The output Kg.o(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire 

Hop(2,2) to the input L1-}i(x,2p+J2) of the stage (ring "x", stage "p:!:L''). 

In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

10 the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (N1 , N 2 , d, s). Similarly the inputs J2, K2, L2, and M2 are connected from 

any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network T,'camb (N1, N 2 ,d, s). Similarly the inputs J3, K3, L3, and M3 are 

connected from any of the outputs of any other stages of any ring of any block of the 

15 multi-stage hierarchical network Vcomb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

M4 are connected from any of the outputs of any other stages of any ring of any block of 

the multi-stage hierarchical network Vcomb(N1,N2 ,d,s). 

Referring to diagram 300C in FIG. 3C, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

20 stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network Vcamb (N1,N2 ,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+l), and Ui(x,2p+2); and 4 outputs Bo(x,2p+l), Bo(x,2p+2), Fo(x,2p+l), and 

25 Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 
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The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+ 1 ). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+l) and Uo(x,2p+2) and has one output Bo(x,2p+l). The 2:1 Mux 

5 B(x,2p+2) has two inputs namely Uo(x,2p+l) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "x", stage "p+ l") consists of 4 inputs namely Fi(x,2p+3), 

Fi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), Bo(x,2p+4), 

Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+l") also consists of six 2:1 

10 Muxes namely F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), B(x,2p+3), and B(x,2p+4). 

The 2: 1 Mux F(x,2p+3) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one 

output Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and 

Fi(x,2p+4) and has one output Fo(x,2p+4). 

The 2: 1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

15 has one output Uo(x,2p+3). The 2: I Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2:1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

20 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1 ), Fi(y,2q+2), 

25 Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1 ), F(y,2q+2), U(y,2q+ 1 ), U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

30 and has one output Fo(y,2q+2). 
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The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1 ). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1 ). The 2: 1 Mux 

5 B(y,2q+2) has two inputs namely Uo(y,2q+l) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l") consists of 4 inputs namely Fi(y,2q+ 3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+l") also consists of six 2:1 

10 Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

15 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2:1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

20 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

25 Hop(l, 1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2, 1) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+ l "). The output 
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Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300D in FIG. 3D, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

5 stage "p+ l") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VComb (N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1 ), Fi(x,2p+2), 

Ui(x,2p+l), and Ui(x,2p+2); and 4 outputs Bo(x,2p+l), Bo(x,2p+2), Fo(x,2p+l), and 

10 Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2:1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

15 The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+ 1 ). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+l) and Uo(x,2p+2) and has one output Bo(x,2p+l). The 2:1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+l) and Uo(x,2p+2) and has one output 

20 Bo(x,2p+2). 

The stage (ring "x", stage "p+ l") consists of 2 inputs namely Fi(x,2p+ 3), 

Fi(x,2p+4); and 2 outputs Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

also consists of two 2: 1 Muxes namely F(x,2p+3) and F(x,2p+4). The 2: 1 Mux F(x,2p+3) 

has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2: 1 

25 Mux F(x,2p+4) has two inputs namely Fi(x,2p+3) and Fi(x,2p+4) and has one output 

Fo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Fo(x,2p+3) of the stage 
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(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1 ), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 

5 Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1 ), F(y,2q+2), U(y,2q+ 1 ), U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

10 The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+ 1 ). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one output Bo(y,2q+ 1 ). The 2: 1 Mux 

B(y,2q+2) has two inputs namely Uo(y,2q+l) and Uo(y,2q+2) and has one output 

15 Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+ 3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+ 3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists of six 2: 1 

Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

20 The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+ 3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2: 1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

25 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2:1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

30 Fi(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 
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(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to the input Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 

5 Fo(x,2p+4) of the stage (ring "x", stage "p+ l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2,l) to the input Fi(x,2p+4) of the stage (ring "x", stage "p+l"). The output 

Bo(y,2q+4) of the stage (ring "y", stage "q+l") is connected via the wire Hop(2,2) to the 

10 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Referring to diagram 300E in FIG. 3E, illustrates all the connections between root 

stage of a ring namely the stage (ring "x", stage "p") and two other arbitrary successive 

stages of any other ring namely the stages ( ring "y", stage "q") and ( ring "y", stage 

"q+ l"), of the complete multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). 

15 The stage (ring "x", stage "p") consists of 4 inputs namely Fi(x,2p+ 1), Fi(x,2p+2), 

Ui(x,2p+l), and Ui(x,2p+2); and 4 outputs Bo(x,2p+l), Bo(x,2p+2), Fo(x,2p+l), and 

Fo(x,2p+2). The stage (ring "x", stage "p') also consists of six 2: 1 Muxes namely 

F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), U(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and has one output 

20 Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) 

and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+ 1 ). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

25 namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one output Bo(x,2p+ 1 ). The 2: 1 Mux 

B(x,2p+2) has two inputs namely Uo(x,2p+l) and Uo(x,2p+2) and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 4 inputs namely Fi(y,2q+ 1 ), Fi(y,2q+2), 

Ui(y,2q+ 1), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1), Bo(y,2q+2), Fo(y,2q+ 1), and 
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Fo(y,2q+2). The stage (ring "y", stage "q') also consists of six 2: 1 Muxes namely 

F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), U(y,2q+2), B(y,2q+ 1), and B(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 

Fo(y,2q+ 1 ). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

5 and has one output Fo(y,2q+2). 

The 2: 1 Mux U(y,2q+ 1) has two inputs namely Ui(y,2q+ 1) and Fo(y,2q+ 1) and 

has one output Uo(y,2q+l). The 2:1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs 

namely Uo(y,2q+l) and Uo(y,2q+2) and has one output Bo(y,2q+l). The 2:1 Mux 

10 B(y,2q+2) has two inputs namely Uo(y,2q+l) and Uo(y,2q+2) and has one output 

Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 4 inputs namely Fi(y,2q+ 3), 

Fi(y,2q+4), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), Bo(y,2q+4), 

Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l ") also consists of six 2: 1 

15 Muxes namely F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). 

The 2: 1 Mux F(y,2q+3) has two inputs namely Fi(y,2q+3) and Fi(y,2q+4) and has one 

output Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Fi(y,2q+3) and 

Fi(y,2q+4) and has one output Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

20 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

25 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+ 3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+ 3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output F o( x,2p+ 1) of the stage ( ring "x", stage "p") is connected via the wire 

30 Hop(l,2) to the input Ui(y,2q+2) of the stage (ring "y", stage "q"). The output Fo(x,2p+2) 
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of the stage (ring "x", stage "p") is connected via the wire Hop(l,l) to the input 

Fi(y,2q+4) of the stage (ring "y", stage "q+ l"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2, 1) to the input Ui(x,2p+ 1) of the stage (ring "x", stage "p"). The output 

5 Bo(y,2q+4) of the stage (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Just like in diagram 300A of FIG. 3A, in diagram 300B of FIG. 3B, in diagram 

300C of FIG. 3C, diagram 300D of FIG. 3D, and in diagram 300E of FIG. 3E, the wires 

Hop(l, 1), Hop(l,2), Hop(2,1), and Hop(2,2) are either internal hop wires or horizontal 

10 external hop wires or vertical external hop wires (hereinafter alternatively referred to as 

"cross links" or "cross middle links"). 

The diagram 400A of FIG. 4A and 400B of FIG. 4B are different embodiments of 

all the connections between two arbitrary stages in two different rings of the same block 

or two different rings of different blocks of 2D-grid 800. Referring to diagram 400A in 

15 FIG. 4A illustrates all the connections between an arbitrary stage of a ring namely the 

stages (ring "x", stage "p"), and another arbitrary stage of any other ring namely the 

stages (ring "y", stage "q") of the complete multi-stage hierarchical network 

VComb(N1,N2,d,s) · 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

20 Ri(x,2p+2), Ui(x,2p+l), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+l), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1), R(x,2p+2), F(x,2p+ 1), F(x,2p+2), U(x,2p+ 1), 

U(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+l) and Jl and has one output Ro(x,2p+l). The 2:1 Mux R(x,2p+2) has two 

25 inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+l) has two inputs namely Ro(x,2p+l) and Uo(x,2p+2) and has one output 

Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1) 

and has one output Fo(x,2p+2). 
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The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Ll and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+ 1) and Ro(x,2p+2) and has one output Bo(x,2p+ 1 ). The 2: 1 Mux B(x,2p+2) has 

5 two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+l), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+l), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2: 1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), F(y,2q+2), U(y,2q+ 1), 

10 U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y,2q+ 1). The 2: 1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 

Fo(y,2q+ 1 ). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

15 and has one output Fo(y,2q+2). 

The 2:1 Mux U(y,2q+l) has two inputs namely Ui(y,2q+l) and L3, and has one 

output Uo(y,2q+l). The 2:1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

20 two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 

25 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcomb (Ni, N 2 , d, s). If ring "x" and ring "y" belong to 

the same block of the complete multi-stage hierarchical network Vcamb (Ni, N 2 ,d,s), then 

the wires Hop(l, 1) and Hop(l,2) are hereinafter called "internal hop wires". For example 

if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

30 2D-grid 800, then the wires Hop(l,1) and Hop(l,2) are "internal hop wires". 
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If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s), then the wires Hop(l,l) and Hop(l,2) are 

hereinafter called "external hop wires". The external hop wires Hop(l,1) and Hop(l,2) 

may be horizontal wires or vertical wires. The length of the external hop wires is 

5 Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example if ring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of2D-grid 

800 then the external hop wires are hereinafter called "horizontal external hop wires". 

And the hop length of the horizontal hop wires Hop(l,l) and Hop(l,2) is given by 6 - 1 = 

5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

10 2D-grid 800, then the wires Hop(l,l) and Hop(l,2) are horizontal external hop wires. 

For example if ring "x" belongs to block (1,1) and ring "y" belongs to block (9,1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l,l) and Hop(l,2) is given by 9 

- 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

15 column of2D-grid 800, then the wires Hop(l,l) and Hop(l,2) are vertical external hop 

wires. External hop wires are typically horizontal or vertical according to the current 

invention. 

Referring to diagram 400B in FIG. 4B illustrates all the connections between an 

arbitrary stage of a ring namely the stages (ring "x", stage "p"), and another arbitrary 

20 stage of any other ring namely the stages (ring "y", stage "q") of the complete multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s). 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

25 four 4: 1 Muxes namely F(x,2p+ 1), F(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 4: 1 Mux 

F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

output Fo(x,2p+ 1). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

The 4:1 Mux B(x,2p+l) has four inputs namely Ui(x,2p+l), Ui(x,2p+2), 

30 Ri(x,2p+2), and Ll and has one output Bo(x,2p+l). The 2:1 Mux B(x,2p+2) has two 
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inputs namely Ui(x,2p+ 1 ), Ui(x,2p+2), Ri(x,2p+ 1 ), and Ml and has one output 

Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

5 Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

four 4:1 Muxes namely F(y,2q+l), F(y,2q+2), B(y,2q+l), and B(y,2q+2). The 4:1 Mux 

F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+ 1). The 4: 1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+ 1), 

Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

10 The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 

inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

15 Hop(l, 1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

Ring "x" and ring "y" may or may not belong to the same block of the complete 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s). If ring "x" and ring "y" belong to 

20 the same block of the complete multi-stage hierarchical network Vcomb (N1, N 2 ,d,s), then 

the wires Hop(l,l) and Hop(l,2) are hereinafter called "internal hop wires". For example 

if "x = 2" and "y = 3" and both the ring 2 and ring 3 belong to the same block (9,9) of 

2D-grid 800, then the wires Hop(l,l) and Hop(l,2) are "internal hop wires". 

If ring "x" and ring "y" belong to the different blocks of the complete multi-stage 

25 hierarchical network Vcamb (N1,N2 ,d, s), then the wires Hop(l, 1) and Hop(l,2) are 

hereinafter called "external hop wires". The external hop wires Hop( 1, 1) and Hop( 1,2) 

may be horizontal wires or vertical wires. The length of the external hop wires is 

Manhattan distance between the corresponding blocks, hereinafter "hop length". For 

example if ring "x" belongs to block (1,1) and ring "y" belongs to block (1,6) of2D-grid 
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800 then the external hop wires are hereinafter called "horizontal external hop wires". 

And the hop length of the horizontal hop wires Hop(l,l) and Hop(l,2) is given by 6 - 1 = 

5. Similarly if ring "x" and ring "y" belong to two blocks in the same horizontal row of 

2D-grid 800, then the wires Hop(l, 1) and Hop(l,2) are horizontal external hop wires. 

For example if ring "x" belongs to block (1, 1) and ring "y" belongs to block (9, 1) 

of 2D-grid 800 then the external hop wires are hereinafter called "vertical external hop 

wires". And the hop length of the vertical hop wires Hop(l, 1) and Hop(l ,2) is given by 9 

- 1 = 8. Similarly if ring "x" and ring "y" belong to two blocks in the same vertical 

column of2D-grid 800, then the wires Hop(l,l) and Hop(l,2) are vertical external hop 

10 wires. External hop wires are typically horizontal or vertical according to the current 

invention. 

The diagram 500A of FIG. 5A is an embodiments of all the connections with 

multi-drop hop wires, between two arbitrary successive stages in two different rings of 

different blocks of 2D-grid 800. Referring to diagram 500A in FIG. 5A illustrates all the 

15 connections with multi-drop hop wires, between two arbitrary successive stages of a ring 

namely the stages (ring "x", stage "p") and (ring "x", stage "p+ l") and two other arbitrary 

successive stages of any other ring namely the stages ( ring "y", stage "q") and (ring "y", 

stage "q+ l"), of the complete multi-stage hierarchical network Vcamb (N1,N2 , d, s). The 

multi-drop hop wires are also connected to two other stages (ring "a", stage "s") and (ring 

20 "b", stage "t") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

eight 2: 1 Muxes namely R(x,2p+ 1), R(x,2p+2), F(x,2p+ 1), F(x,2p+2), U(x,2p+ 1), 

25 U(x,2p+2), B(x,2p+ 1), and B(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely 

Ri(x,2p+ 1) and Jl, and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl, and has one output Ro(x,2p+2). The 2:1 Mux 

F(x,2p+l) has two inputs namely Ro(x,2p+l) and Uo(x,2p+2), and has one output 

Fo(x,2p+ 1 ). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+ 1 ), 

30 and has one output Fo(x,2p+2). 
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The 2:1 Mux U(x,2p+l) has two inputs namely Ui(x,2p+l) and Ll, and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml, 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

Uo(x,2p+l) and Ro(x,2p+2), and has one output Bo(x,2p+l). The 2:1 Mux B(x,2p+2) has 

5 two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1), and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 8 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), Ui(x,2p+3), Ui(x,2p+4), J2, K2, L2, and M2; and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") also consists 

of eight 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+ 3), F(x,2p+4), U(x,2p+3), 

10 U(x,2p+4), B(x,2p+3), and B(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely 

Ri(x,2p+3) and 12, and has one output Ro(x,2p+3). The 2:1 Mux R(x,2p+4) has two 

inputs namely Ri(x,2p+4) and K2, and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Uo(x,2p+4), and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+4) and Uo(x,2p+3), 

15 and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and L2, and has one 

output Uo(x,2p+3). The 2: 1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) and M2, 

and has one output Uo(x,2p+4). The 2:1 Mux B(x,2p+3) has two inputs namely 

Uo(x,2p+3) and Ro(x,2p+4), and has one output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has 

20 two inputs namely Uo(x,2p+4) and Ro(x,2p+3), and has one output Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

25 The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+ 1), Ui(y,2q+2), 13, K3, L3, and M3; and 4 outputs Bo(y,2q+ 1), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

eight 2:1 Muxes namely R(y,2q+l), R(y,2q+2), F(y,2q+l), F(y,2q+2), U(y,2q+l), 

U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

30 Ri(y,2q+ 1) and 13, and has one output Ro(y,2q+ 1). The 2:1 Mux R(y,2q+2) has two 
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inputs namely Ri(y,2q+2) and K3, and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2), and has one output 

Fo(y,2q+ 1 ). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

5 The 2:1 Mux U(y,2q+l) has two inputs namely Ui(y,2q+l) and L3, and has one 

output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

Uo(y,2q+ 1) and Ro(y,2q+2), and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1), and has one output Bo(y,2q+2). 

10 The stage (ring "y", stage "q+ l ") consists of 8 inputs namely Ri(y,2q+ 3), 

Ri(y,2q+4), Ui(y,2q+3), Ui(y,2q+4), J4, K4, L4, and M4; and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists 

of eight 2: 1 Muxes namely R(y,2q+3), R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+3), 

U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2:1 Mux R(y,2q+3) has two inputs namely 

15 Ri(y,2q+3) and J4, and has one output Ro(y,2q+3). The 2:1 Mux R(y,2q+4) has two 

inputs namely Ri(y,2q+4) and K4, and has one output Ro(y,2q+4). The 2: 1 Mux 

F(y,2q+3) has two inputs namely Ro(y,2q+3) and Uo(y,2q+4), and has one output 

Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has two inputs namely Ro(y,2q+4) and Uo(y,2q+3), 

and has one output Fo(y,2q+4). 

20 The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and L4, and has one 

output Uo(y,2q+3). The 2: 1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) and M4, 

and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs namely 

Uo(y,2q+3) and Ro(y,2q+4), and has one output Bo(y,2q+3). The 2: 1 Mux B(y,2q+4) has 

two inputs namely Uo(y,2q+4) and Ro(y,2q+3), and has one output Bo(y,2q+4). 

25 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+l"). And the outputBo(y,2q+3) of the stage 

(ring "y", stage "q+l") is connected to the input Ui(y,2q+l) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

30 Hop(l, 1) to the input Ri(y,2q+4) of the stage (ring "y", stage "q+ l"). The output 
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Bo(x,2p+4) of the stage (ring "x", stage "p+l") is connected via the wire Hop(l,2) to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2, 1) to the input Ri(x,2p+4) of the stage (ring "x", stage "p+ l"). The output 

5 Bo(y,2q+4) of the stage (ring "y", stage "q+ l ") is connected via the wire Hop(2,2) to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

In various embodiments, the inputs Jl, Kl, Ll, and Ml are connected from any of 

the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

network Vcamb (N1 , N 2 , d, s). Similarly the inputs J2, K2, L2, and M2 are connected from 

10 any of the outputs of any other stages of any ring of any block of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). Similarly the inputs J3, K3, L3, and M3 are 

connected from any of the outputs of any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). Finally the inputs J4, K4, L4, and 

M4 are connected from any of the outputs of any other stages of any ring of any block of 

15 the multi-stage hierarchical network Vcamb(N1,N2 ,d,s). 

The stage (ring "a", stage "s") consists of 8 inputs namely Ri(a,2s+l), Ri(a,2s+2), 

Ui(a,2s+l), Ui(a,2s+2), J5, K5, L5, and M5; and 4 outputs Bo(a,2s+l), Bo(a,2s+2), 

Fo(a,2s+ 1), and Fo(a,2s+2). The stage (ring "a", stage "s') also consists of eight 2: 1 

Muxes namely R(a,2s+l), R(a,2s+2), F(a,2s+l), F(a,2s+2), U(a,2s+l), U(a,2s+2), 

20 B(a,2s+l), and B(a,2s+2). The 2:1 Mux R(a,2s+l) has two inputs namely Ri(a,2s+l) and 

J5, and has one output Ro(a,2s+ 1). The 2: 1 Mux R(a,2s+2) has two inputs namely 

Ri(a,2s+2) and K5, and has one output Ro(a,2s+2). The 2:1 Mux F(a,2s+ 1) has two inputs 

namely Ro(a,2s+l) and Uo(a,2s+2), and has one output Fo(a,2s+l). The 2:1 Mux 

F(a,2s+2) has two inputs namely Ro(a,2s+2) and Uo(a,2s+l), and has one output 

25 Fo(a,2s+2). 

The 2:1 Mux U(a,2s+ 1) has two inputs namely Ui(a,2s+ 1) and L5, and has one 

output Uo(a,2s+l). The 2:1 Mux U(a,2s+2) has two inputs namely Ui(a,2s+2) and M5, 

and has one output Uo(a,2s+2). The 2: 1 Mux B(a,2s+ 1) has two inputs namely 
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Uo(a,2s+ 1) and Ro(a,2s+2), and has one output Bo(a,2s+ 1). The 2: 1 Mux B(a,2s+2) has 

two inputs namely Uo(a,2s+2) and Ro(a,2s+ 1), and has one output Bo(a,2s+2). 

The stage (ring "b", stage "t") consists of 8 inputs namely Ri(b,2t+ 1 ), Ri(b,2t+2), 

Ui(b,2t+l), Ui(b,2t+2), J6, K6, L6, and M6; and 4 outputs Bo(b,2t+l), Bo(b,2t+2), 

5 Fo(b,2t+ 1 ), and Fo(b,2t+2). The stage (ring "b", stage "t') also consists of eight 2: 1 

Muxes namely R(b,2t+ 1 ), R(b,2t+2), F(b,2t+ 1 ), F(b,2t+2), U(b,2t+ 1 ), U(b,2t+2), 

B(b,2t+ 1 ), and B(b,2t+2). The 2: 1 Mux R(b,2t+ 1) has two inputs namely Ri(b,2t+ 1) and 

J6, and has one output Ro(b,2t+ 1). The 2: 1 Mux R(b,2t+2) has two inputs namely 

Ri(b,2t+2) and K6, and has one output Ro(b,2t+2). The 2: 1 Mux F(b,2t+ 1) has two inputs 

10 namely Ro(b,2t+ 1) and Uo(b,2t+2), and has one output Fo(b,2t+ 1). The 2: 1 Mux 

F(b,2t+2) has two inputs namely Ro(b,2t+2) and Uo(b,2t+ 1 ), and has one output 

Fo(b,2t+2). 

The 2: 1 Mux U(b,2t+ 1) has two inputs namely Ui(b,2t+ 1) and L6, and has one 

output Uo(b,2t+ 1). The 2: 1 Mux U(b,2t+2) has two inputs namely Ui(b,2t+2) and M6, 

15 and has one output Uo(b,2t+2). The 2: I Mux B(b,2t+ I) has two inputs namely 

Uo(b,2t+l) and Ro(b,2t+2), and has one output Bo(b,2t+l). The 2:1 Mux B(b,2t+2) has 

two inputs namely Uo(b,2t+2) and Ro(b,2t+ 1), and has one output Bo(b,2t+2). 

The wire Hop(l,l) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L5 of the stage (ring "a", stage "s"), in addition to the 

20 input Ri(y,2q+4) of the stage (ring "y", stage "q+l"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q+ l ") may belong to three 

different blocks of the multi-stage hierarchical network Vcamb (N1, N 2 ,d, s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

25 the stage (ring "x", stage "p") and the stage (ring "y", stage "q+ l"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y+ l") may be two. In such a 

case the wire Hop(l,l) is called hereinafter a "multi-drop hop wire". The wire Hop(l, 1) 

30 may be either horizontal hop wire or vertical hop wire. Also multi-drop hop wires are 

either horizontal external hop wires or vertical external hop wires. Similarly the hop 
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length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

"a", stage "s") may be any number greater than or equal to one, and also the hop length 

between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring "q", 

stage "y+ l ") may be any number greater or equal to one. 

5 In general a multi-drop hop wire may be dropping or terminating in more than one 

10 

different blocks of the multi-stage hierarchical network Vcamb (N1 , N 2 ,d, s). For example 

a multi-drop hop wire starting from one block of the multi-stage hierarchical network 

Vcamb (N1, N 2 ,d,s) may be terminating at three different blocks or four different blocks, 

etc. 

The wire Hop(l,2) starting from the output Bo(x,2p+4) of the stage (ring "x", 

stage "p+ l") is also connected to J6 of the stage (ring "b", stage "t"), in addition to the 

input Ui(y,2q+2) of the stage (ring "y", stage "q"). The wire Hop(l,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring "b", stage 

"t'') and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

15 hierarchical network Vcamb(N1,N2 ,d,s). 

The wire Hop(2,l) starting from the output Fo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to M5 of the stage (ring "a", stage "s"), in addition to the 

input Ri(x,2p+4) of the stage (ring "x", stage "p+l"). The wire Hop(2,l) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p+ l "), the stage (ring 

20 "a", stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

The wire Hop(2,2) starting from the output Bo(y,2q+4) of the stage (ring "y", 

stage "q+ l") is also connected to K6 of the stage (ring "b", stage "t''), in addition to the 

input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(2,2) is also an example 

25 of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "b", stage "t") 

and the stage (ring "y", stage "q+ l") belong to three different blocks of the multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s). 

In various embodiments, the inputs J5, K5, L5, and M5 are connected from any of 

the multi-drop hop wires starting from any other stages of any ring of any block of the 
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multi-stage hierarchical network Vcomb (N1,N2 ,d,s). Also the inputs J6, K6, L6, and M6 

are connected from any of the multi-drop hop wires starting from any other stages of any 

ring of any block of the multi-stage hierarchical network Vcomb (N1,N2 ,d,s). 

The diagram 600A of FIG. 6A and 600B of FIG. 6B are different embodiments of 

5 all the connections with multi-drop hop wires, between two arbitrary stages in two 

different rings of different blocks of 2D-grid 800. Referring to diagram 600A in FIG. 6A 

illustrates all the connections with multi-drop hop wires, between an arbitrary stage of a 

ring namely the stages (ring "x", stage "p"), and another arbitrary stage of any other ring 

namely the stages (ring "y", stage "q") of the complete multi-stage hierarchical network 

10 Vcomb(N1,N2 ,d,s). The multi-drop hop wires are also connected to another stage (ring 

"a", stage "s") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

15 eight 2: 1 Muxes namely R(x,2p+ 1 ), R(x,2p+2), F(x,2p+ 1 ), F(x,2p+2), U(x,2p+ 1 ), 

U(x,2p+2), B(x,2p+l), and B(x,2p+2). The 2:1 Mux R(x,2p+l) has two inputs namely 

Ri(x,2p+ 1) and Jl and has one output Ro(x,2p+ 1). The 2: 1 Mux R(x,2p+2) has two 

inputs namely Ri(x,2p+2) and Kl and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Uo(x,2p+2) and has one output 

20 Fo(x,2p+l). The 2:1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+2) and Uo(x,2p+l) 

and has one output Fo(x,2p+2). 

The 2:1 Mux U(x,2p+l) has two inputs namely Ui(x,2p+l) and LI and has one 

output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) and Ml 

and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs namely 

25 Uo(x,2p+l) and Ro(x,2p+2) and has one outputBo(x,2p+l). The 2:1 Mux B(x,2p+2) has 

two inputs namely Uo(x,2p+2) and Ro(x,2p+ 1) and has one output Bo(x,2p+2). 

The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+l), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+l), 

Bo(y,2q+2), Fo(y,2q+ 1 ), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

30 eight 2:1 Muxes namely R(y,2q+l), R(y,2q+2), F(y,2q+l), F(y,2q+2), U(y,2q+l), 
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U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

Ri(y,2q+ 1) and J3 and has one output Ro(y ,2q+ 1 ). The 2: 1 Mux R(y,2q+2) has two 

inputs namely Ri(y,2q+2) and K3 and has one output Ro(y,2q+2). The 2: 1 Mux 

F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Uo(y,2q+2) and has one output 

5 Fo(y,2q+ 1 ). The 2: 1 Mux F(y,2q+2) has two inputs namely Ro(y,2q+2) and Uo(y,2q+ 1) 

and has one output Fo(y,2q+2). 

The 2:1 Mux U(y,2q+l) has two inputs namely Ui(y,2q+l) and L3, and has one 

output Uo(y,2q+l). The 2:1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) and M3, 

and has one output Uo(y,2q+2). The 2: 1 Mux B(y,2q+ 1) has two inputs namely 

10 Uo(y,2q+ 1) and Ro(y,2q+2) and has one output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has 

two inputs namely Uo(y,2q+2) and Ro(y,2q+ 1) and has one output Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

15 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

The wire Hop(l,l) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 of the stage (ring "a", stage "s"), in addition to the 

input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

20 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d, s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

25 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,l) is a multi-drop hop wire. Also the wire Hop(l,l) is either horizontal external 

hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

30 number greater than or equal to one, and also the hop length between the blocks 
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consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be any 

number greater or equal to one. 

The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 of the stage (ring "a", stage "s"), in addition to the 

5 input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an example 

of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", stage "s") 

and the stage (ring "y", stage "q") belong to three different blocks of the multi-stage 

hierarchical network Vcomb(N1,N2 ,d,s). 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

10 the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s). 

Referring to diagram 600B in FIG. 6B illustrates all the connections with multi­

drop hop wires, between an arbitrary stage of a ring namely the stages (ring "x", stage 

"p"), and another arbitrary stage of any other ring namely the stages (ring "y", stage "q") 

15 of the complete multi-stage hierarchical network Vcomb(N1,N2 ,d,s). The multi-drop hop 

wires are also connected to another stage (ring "a", stage "s") belonging to a third block. 

The stage (ring "x", stage "p") consists of 8 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+l), Ui(x,2p+2), Jl, Kl, Ll, and Ml; and 4 outputs Bo(x,2p+l), 

Bo(x,2p+2), Fo(x,2p+ 1 ), and Fo(x,2p+2). The stage (ring "x", stage "p') also consists of 

20 four 4: 1 Muxes namely F(x,2p+ 1 ), F(x,2p+2), B(x,2p+ 1 ), and B(x,2p+2). The 4: 1 Mux 

F(x,2p+ 1) has four inputs namely Ri(x,2p+ 1 ), Ri(x,2p+2), Ui(x,2p+2), and Jl and has one 

output Fo(x,2p+ 1 ). The 4: 1 Mux F(x,2p+2) has four inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), and Kl and has one output Fo(x,2p+2). 

The 4:1 Mux B(x,2p+l) has four inputs namely Ui(x,2p+l), Ui(x,2p+2), 

25 Ri(x,2p+2), and Ll and has one output Bo(x,2p+ 1 ). The 2: 1 Mux B(x,2p+2) has two 

inputs namely Ui(x,2p+ 1 ), Ui(x,2p+2), Ri(x,2p+ 1 ), and Ml and has one output 

Bo(x,2p+2). 
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The stage (ring "y", stage "q") consists of 8 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+l), Ui(y,2q+2), J3, K3, L3, and M3; and 4 outputs Bo(y,2q+l), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q') also consists of 

four 4:1 Muxes namely F(y,2q+l), F(y,2q+2), B(y,2q+l), and B(y,2q+2). The 4:1 Mux 

5 F(y,2q+ 1) has four inputs namely Ri(y,2q+ 1 ), Ri(y,2q+2), Ui(y,2q+2), and J3 and has one 

output Fo(y,2q+l). The 4:1 Mux F(y,2q+2) has four inputs namely Ri(y,2q+l), 

Ri(y,2q+2), Ui(y,2q+ 1), and K3 and has one output Fo(y,2q+2). 

The 4: 1 Mux B(y,2q+ 1) has four inputs namely Ui(y,2q+ 1), Ui(y,2q+2), 

Ri(y,2q+2), and L3, and has one output Bo(y,2q+ 1). The 4: 1 Mux B(y,2q+2) has four 

10 inputs namely Ui(y,2q+ 1), Ui(y,2q+2), Ri(y,2q+ 1), and M3, and has one output 

Bo(y,2q+2). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The output 

Bo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire Hop(l,2) to the 

15 input Ui(x,2p+2) of the stage (ring "x", stage "p"). 

The wire Hop(l,l) starting from the output Fo(x,2p+2) of the stage (ring "x", 

stage "p") is also connected to L2 and J2 of the stage (ring "a", stage "s"), in addition to 

the input Ri(y,2q+2) of the stage (ring "y", stage "q"). The stage (ring "x", stage "p"), the 

stage (ring "a", stage "s"), and the stage (ring "y", stage "q") may belong to three 

20 different blocks of the multi-stage hierarchical network Vcamb (N1,N2 ,d, s). Therefore the 

hop length between the blocks consisting of the stage (ring "x", stage "p") and the stage 

(ring "a", stage "s") may not be equal to the hop length between the blocks consisting of 

the stage (ring "x", stage "p") and the stage (ring "y", stage "q"). For example the hop 

length between the blocks consisting of the stage (ring "x", stage "p") and the stage (ring 

25 "a", stage "s") may be one where as the hop length between the blocks consisting of the 

stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be two. Hence the wire 

Hop(l,l) is a multi-drop hop wire. Also the wire Hop(l,l) is either horizontal external 

hop wire or vertical external hop wire. Similarly the hop length between the blocks 

consisting of the stage (ring "x", stage "p") and the stage (ring "a", stage "s") may be any 

30 number greater than or equal to one, and also the hop length between the blocks 
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consisting of the stage (ring "x", stage "p") and the stage (ring "q", stage "y") may be any 

number greater or equal to one. 

The wire Hop(l,2) starting from the output Bo(y,2q+2) of the stage (ring "y", 

stage "q") is also connected to K2 and M2 of the stage (ring "a", stage "s"), in addition to 

5 the input Ui(x,2p+2) of the stage (ring "x", stage "p"). The wire Hop(l,2) is also an 

example of multi-drop hop wire when the stage (ring "x", stage "p"), the stage (ring "a", 

stage "s") and the stage (ring "y", stage "q") belong to three different blocks of the multi­

stage hierarchical network Vcamb (Ni, N 2 , d, s) . 

In various embodiments, the inputs J2, K2, L2, and M2 are connected from any of 

10 the multi-drop hop wires starting from any other stages of any ring of any block of the 

multi-stage hierarchical network Vcamb (N1,N2 ,d,s). 

Referring to diagram 700A in FIG. 7 A, illustrates, in one embodiment, the hop 

wire connections chart of a partial multi-stage hierarchical network 

Vcomb (Ni,N2 ,d,s) lOOA or a partial multi-stage hierarchical network 

15 Vcomb (Ni,N2 ,d,s) lOOB, or a partial multi-stage hierarchical network 

Vcomb(Ni,N2 ,d,s) lOOC, with m = 6 and n = 7. The hop wire connections chart shows 

two rings namely ring 1 and ring 2. And there are m+ 1 = 7 stages in ring 1 and n+ 1 = 8 

stages in ring 2. 

The hop wire connections chart 700A illustrates how the hop wires are connected 

20 between any two successive stages of all the rings corresponding to a block of 2D-grid 

800. "Lx" denotes an internal hop wire connection, where symbol "L" denotes internal 

hop wire and "x" is an integer. For example "Ll" between the stages (ring 1, stage 0) and 

(ring 1, stage 1) denotes that the corresponding hop wires Hop(l,1), Hop(l,2), Hop(2,l), 

and Hop(2,2) are connected to two successive stages of another ring in the same block or 

25 alternatively hop wires Hop(l,l), Hop(l,2), Hop(2,1), and Hop(2,2) are internal hop 

wires. Since there is also "Ll" between the stages (ring 2, stage 0) and (ring 2, stage 1 ), 

there are internal hop wire connections Hop(l, 1), Hop(l,2), Hop(2, 1), and Hop(2,2) 

connected between the stages (ring 1, stage 0) and (ring 1, stage 1) and the stages (ring 2, 
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stage 0) and (ring 2, stage 1). Hence there can be only two "Ll" labels in the hop wire 

connection chart 700A. 

Similarly there are two "L2" labels in the hop wire connections chart 700A. Since 

the label "L2" is given between the stages (ring 1, stage 5) and (ring 1, stage 6) and also 

5 the label "L2" is given between the stages (ring 2, stage 3) and (ring 2, stage 4), there are 

corresponding internal hop wire connections Hop(l, 1), Hop(l,2), Hop(2, 1), and Hop(2,2) 

connected between the stages (ring 1, stage 5) and (ring 1, stage 6) and the stages (ring 2, 

stage 3) and (ring 2, stage 4). 

"Vx" denotes an external vertical hop wire, where symbol "V" denotes vertical 

10 external hop wire connections from blocks of the topmost row of 2D-grid 800 (i.e., row 

of blocks consisting of block (1,1), block (1,2), .... , and block (1,10)) to the same 

corresponding stages of the same numbered ring of another block that is directly down 

south, with "x" vertical hop length, where "x" is a positive integer. For example "Vl" 

between the stages (ring 1, stage 1) and (ring 1, stage 2) denote that from block (1,1) of 

15 2D-grid 800 to another block directly below it, which is block (2,1), since "VI" denotes 

hop length of 1, there are external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), 

and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (1,1) to (ring 1, stage 1) 

and (ring 1, stage 2) of block (2, 1). It also means there are external hop wire connections 

Hop(l,l), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of 

20 block (3,1) to (ring 1, stage 1) and (ring 1, stage 2) of block (4,1). This pattern continues 

and finally there are external hop wire connections Hop(l,l), Hop(l,2), Hop(2,1), and 

Hop(2,2) from (ring 1, stage 1) and (ring 1, stage 2) of block (9,1) to (ring 1, stage 1) and 

(ring 1, stage 2) of block (10,1). The same pattern continues for all the columns starting 

from the block in the topmost row of each column. 

25 Similarly "V3" between the stages (ring 2, stage 1) and (ring 2, stage 2) denote 

that from block (1, 1) of 2D-grid 800 to another block below it and at a hop length of 3 

which is block (4,1), there are external hop wire connections Hop(l,l), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (1,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (4,1). It also means there are external hop wire 

30 connections Hop(l,1), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 

2, stage 2) of block (2, 1) to (ring 2, stage 1) and (ring 2, stage 2) of block (5, 1). This 
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pattern continues and finally there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 1) and (ring 2, stage 2) of block (7,1) to (ring 

2, stage 1) and (ring 2, stage 2) of block (10, 1 ). The same pattern continues for all the 

columns starting from the block in the topmost row of each column. 

If there is no block that is directly below a block with hop length equal to 3 then 

there is no vertical external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (8,1) does not have any block that is 

directly below and with hop length equal to 3 then none of the vertical external hop wires 

are connected from (ring 2, stage 1) and (ring 2, stage 2) of block (8,1). Similarly from 

10 (ring 2, stage 1) and (ring 2, stage 2) of block (9,1) and from (ring 2, stage 1) and (ring 2, 

stage 2) of block (10, 1), none of the vertical external hop wires are connected. Similarly 

vertical external hop wires are connected corresponding to "V5", "V7'' etc., labels given 

in the hop wire connections chart 700A. 

"Ux" denotes an external vertical hop wire, where symbol "U'' denotes vertical 

15 external hop wire connections starting from blocks that are "x" hop length below the 

topmost row of2D-grid 800 (i.e., row of blocks consisting of block (l+x,l), block 

(l+x,2), .... , and block (l+x,10)) to the same corresponding stages of the same numbered 

ring of another block that is directly down below, with "x" vertical hop length, where "x" 

is a positive integer. For example "Ul" between the stages (ring 1, stage 2) and (ring 1, 

20 stage 3) denote that from block (2, 1) of 2D-grid 800 to another block directly below it, 

which is block (3,1), since "Ul" denotes hop length of 1, there are external hop wire 

connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 1, stage 2) and (ring 

1, stage 3) of block (2,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (3,1). It also 

means there are external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and 

25 Hop(2,2) from (ring 1, stage 2) and (ring 1, stage 3) of block (4,1) to (ring 1, stage 2) and 

(ring 1, stage 3) of block (5,1). This pattern continues and finally there are external hop 

wire connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 1, stage 2) and 

(ring 1, stage 3) of block (8,1) to (ring 1, stage 2) and (ring 1, stage 3) of block (9,1). The 

same pattern continues for all the columns starting from the block in the topmost row of 

30 each column. 
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If there is no block that is directly below a block with hop length equal to 1 then 

no vertical external hop wire connections is given corresponding to those two successive 

stages of the blocks. For example block (10,1) does not have any block that is directly 

below and with hop length equal to 1 then none of the vertical external hop wires are 

5 connected from (ring 1, stage 2) and (ring 1, stage 3) of block (10, 1). Similarly for all the 

blocks in each column from the topmost row up to the row "x", no vertical external hop 

wires are connected to the corresponding (ring 1, stage 2) and (ring 1, stage 3). 

Similarly "U3" between the stages (ring 2, stage 2) and (ring 2, stage 3) denote 

that starting from blocks that are 3 hop length below the topmost row of 2D-grid 800 (i.e., 

10 row of blocks consisting of block (4,1), block (4,2), .... , and block (4,10)) to the same 

corresponding stages of the same numbered ring of another block that is directly down 

below, with vertical hop length of 3, there are external hop wire connections Hop(l, 1 ), 

Hop(l,2), Hop(2,l), and Hop(2,2) connected. For example from block (4,1) of2D-grid 

800 to another block below it and at a hop length of 3 which is block (7, 1 ), there are 

15 external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 2, 

stage 2) and (ring 2, stage 3) of block ( 4, 1) to (ring 2, stage 1) and (ring 2, stage 2) of 

block (7,1). It also means there are external hop wire connections Hop(l, 1), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 2) and (ring 2, stage 3) ofblock (5,1) to (ring 

2, stage 2) and (ring 2, stage 3) of block (8,1). This pattern continues and finally there are 

20 external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 2, 

stage 2) and (ring 2, stage 3) of block (7,1) to (ring 2, stage 2) and (ring 2, stage 3) of 

block (10,1). The same pattern continues for all the columns starting from the block in the 

topmost row of each column. 

If there is no block that is directly below a block with hop length equal to 3 then 

25 no vertical external hop wire connections is given corresponding to those two successive 

stages of the blocks. For example block (8,1) does not have any block that is directly 

below and with hop length equal to 3 then none of the vertical external hop wires are 

connected from (ring 2, stage 2) and (ring 2, stage 3) of block (8, 1). Similarly from (ring 

2, stage 2) and (ring 2, stage 3) of block (9,1) and from (ring 2, stage 2) and (ring 2, stage 

30 3) of block (10,1), none of the vertical external hop wires are connected. Similarly 
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vertical external hop wires are connected corresponding to "U5", "U7'' etc. labels given 

in the hop wire connections chart 700A. 

"Hx" denotes an external horizontal hop wire, where symbol "H'' denotes 

horizontal external hop wire connections from blocks of the leftmost column of 2D-grid 

5 800 (i.e., column ofblocks consisting of block (1,1), block (2,1), .... , and block (10,1)) to 

the same corresponding stages of the same numbered ring of another block that is directly 

to the right, with "x" horizontal hop length, where "x" is a positive integer. For example 

"Hl" between the stages (ring 1, stage 3) and (ring 1, stage 4) denote that from block 

(1,1) of2D-grid 800 to another block directly to the right, which is block (1,2), since 

10 "Hl" denotes hop length of 1, there are external hop wire connections Hop(l, 1), 

Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) ofblock 

(1, 1) to (ring 1, stage 3) and (ring 1, stage 4) of block (1,2). It also means there are 

external hop wire connections Hop(l, 1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 1, 

stage 3) and (ring 1, stage 4) of block (1,3) to (ring 1, stage 3) and (ring 1, stage 4) of 

15 block (1,4). This pattern continues and finally there are external hop wire connections 

Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 1, stage 3) and (ring 1, stage 4) of 

block (9,1) to (ring 1, stage 3) and (ring 1, stage 4) ofblock (10,1). The same pattern 

continues for all the rows starting from the block in the leftmost block of each row. 

Similarly "H3" between the stages (ring 2, stage 4) and (ring 2, stage 5) denote 

20 that from block (1, 1) of 2D-grid 800 to another block to the right and at a hop length of 3 

which is block (1,4), there are external hop wire connections Hop(l,l), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) of block (1,1) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,4). It also means there are external hop wire 

connections Hop(l, 1), Hop(l,2), Hop(2, 1), and Hop(2,2) from (ring 2, stage 4) and (ring 

25 2, stage 5) of block (1,2) to (ring 2, stage 4) and (ring 2, stage 5) of block (1,5). This 

pattern continues and finally there are external hop wire connections Hop(l,l), Hop(l,2), 

Hop(2,l), and Hop(2,2) from (ring 2, stage 4) and (ring 2, stage 5) ofblock (1,7) to (ring 

2, stage 4) and (ring 2, stage 5) of block (1,10). The same pattern continues for all the 

columns starting from the block in the leftmost column of each row. 

30 If there is no block that is directly to the right with hop length equal to 3 then 

there is no horizontal external hop wire connections is given corresponding to those two 
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successive stages of the blocks. For example block (1,8) does not have any block that is 

directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 4) and (ring 2, stage 5) of block (1,8). 

Similarly from (ring 2, stage 4) and (ring 2, stage 5) of block (1,9) and from (ring 2, stage 

5 4) and (ring 2, stage 5) of block (1,10), none of the horizontal external hop wires are 

connected. Similarly horizontal external hop wires are connected corresponding to "H5", 

"H7'' etc., labels given in the hop wire connections chart 700A. 

"Kx" denotes an external horizontal hop wire, where symbol "K" denotes 

horizontal external hop wire connections starting from blocks that are "x" hop length 

10 below the leftmost column of2D-grid 800 (i.e., column of blocks consisting of block (1, 

1 +x), block (2, 1 +x), .... , and block (10, 1 +x)) to the same corresponding stages of the 

same numbered ring of another block that is directly to the right, with "x" horizontal hop 

length, where "x" is a positive integer. For example "Kl" between the stages (ring 1, 

stage 4) and (ring 1, stage 5) denote that from block (1,2) of 2D-grid 800 to another block 

15 directly to the right, which is block (1,3), since "Kl" denotes hop length of 1, there are 

external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 1, 

stage 4) and (ring 1, stage 5) of block (1,2) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,3). It also means there are external hop wire connections Hop(l,1), Hop(l,2), 

Hop(2, 1), and Hop(2,2) from (ring 1, stage 4) and (ring 1, stage 4) of block (1,4) to (ring 

20 1, stage 4) and (ring 1, stage 5) of block (1,5). This pattern continues and finally there are 

external hop wire connections Hop(l,l), Hop(l,2), Hop(2,1), and Hop(2,2) from (ring 1, 

stage 4) and (ring 1, stage 5) of block (1,8) to (ring 1, stage 4) and (ring 1, stage 5) of 

block (1,9). The same pattern continues for all the rows starting from the block in the 

leftmost column of each row. 

25 If there is no block that is directly to the right of a block with hop length equal to 

1 then no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1, 10) does not have any block that is 

directly to the right and with hop length equal to 1 then none of the horizontal external 

hop wires are connected from (ring 1, stage 4) and (ring 1, stage 5) of block (1,10). 

30 Similarly for all the blocks in each row from the leftmost column up to the column "x", 

-77-

Page 331 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

no horizontal external hop wires are connected to the corresponding (ring 1, stage 4) and 

(ring 1, stage 5). 

Similarly "K3" between the stages (ring 2, stage 5) and (ring 2, stage 6) denote 

that starting from blocks that are 3 hop length to the right of the leftmost column of 2D-

5 grid 800 (i.e., column of blocks consisting of block (1,4), block (2,4), .... , and block 

(10,4)) to the same corresponding stages of the same numbered ring of another block that 

is directly to the right, with horizontal hop length of 3, there are external hop wire 

connections Hop(l,1), Hop(l,2), Hop(2,l), and Hop(2,2) connected. For example from 

block (1,4) of 2D-grid 800 to another block to the right and at a hop length of 3 which is 

10 block (1,7), there are external hop wire connections Hop(l,l), Hop(l,2), Hop(2,l), and 

Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1,4) to (ring 2, stage 5) and 

(ring 2, stage 6) of block (1,7). It also means there are external hop wire connections 

Hop(l,l), Hop(l,2), Hop(2,l), and Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of 

block (1,5) to (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). This pattern continues 

15 and finally there are external hop wire connections Hop(l,l), Hop(l,2), Hop(2,1), and 

Hop(2,2) from (ring 2, stage 5) and (ring 2, stage 6) of block (1,7) to (ring 2, stage 5) and 

(ring 2, stage 6) of block (1, 10). The same pattern continues for all the rows starting from 

the block in the leftmost block of each row. 

If there is no block that is directly to the right of a block with hop length equal to 

20 3 then no horizontal external hop wire connections is given corresponding to those two 

successive stages of the blocks. For example block (1,8) does not have any block that is 

directly to the right and with hop length equal to 3 then none of the horizontal external 

hop wires are connected from (ring 2, stage 5) and (ring 2, stage 6) of block (1,8). 

Similarly from (ring 2, stage 5) and (ring 2, stage 6) of block (1,9) and from (ring 2, stage 

25 5) and (ring 2, stage 6) of block (1, 10), none of the horizontal external hop wires are 

connected. Similarly horizontal external hop wires are connected corresponding to "K5", 

"K7'' etc. labels given in the hop wire connections chart 700A. 

In general the hop length of an external vertical hop wire can be any positive 

number. Similarly the hop length of an external horizontal hop wire can be any positive 

30 number. The hop wire connections between two arbitrary successive stages in two 

different rings of the same block or two different rings of different blocks described in 
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diagram 700A of FIG. 7A may be any one of the embodiments of either the diagrams 

300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, and 300E of 

FIG. 3E. Similarly the multi-drop hop wire connections between two arbitrary successive 

stages in two different rings of different blocks described in diagram 700A of FIG. 7 A 

5 may be any one of the embodiments of either the diagrams 500A of FIG. 5A. 

In accordance with the invention, the hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

may also be any one of the embodiments of either the diagrams 400A of FIG. 4A and 

400B of FIG. 4B. Similarly the multi-drop hop wire connections between two arbitrary 

10 stages in two different rings of different blocks may also be any one of the embodiments 

of either the diagrams 600A of FIG. 6A or 600B of FIG. 6B. 

In accordance with the current invention, either partial multi-stage hierarchical 

network Vcamb (N1 ,N2 ,d,s) lOOA of FIG. IA or partial multi-stage hierarchical network 

Vcamb(N1,N2 ,d,s) lOOB ofFIG. lB, or partial multi-stage hierarchical network 

15 Vcomb (N1, N 2 ,d,s) lOOC of FIG. IC, corresponding to a block of 2D-grid of blocks 800 

of FIG. 8, using any one of the embodiments of 200A-200E of FIGs. 2A-2E to implement 

a stage of a ring of the multi-stage hierarchical network, either by using the hop wire 

connections or multi-drop hop wire connections between two arbitrary stages in two 

different rings of the same block or two different rings of different blocks described in 

20 diagram 700A of FIG. 7A may be any one of the embodiments of either the diagrams 

300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, 300E of FIG. 

3E, 500A of FIG. 5A, or by using the hop wire connections or multi-drop hop wire 

connections between two arbitrary stages in two different rings of the same block or two 

different rings of different blocks may be any one of the embodiments of either the 

25 diagrams 400A of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of FIG. 6B is 

very efficient in the reduction of the die size, power consumption, and for lower wire/path 

delay for higher performance for practical routing applications to particularly to set up 

broadcast, unicast and multicast connections. In general in accordance with the current 

invention, where N 1 and N 2 of the complete multi-stage hierarchical network 
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Vcomb(Ni, N 2 ,d,s) may be arbitrarily large in size and also the 2D-grid size 800 may also 

be arbitrarily large in size in terms of both the number of rows and number of columns. 

Delay Optimizations in Multi-stage hierarchical network VD-Comb (Ni, N 2 , d, s): 

The multi-stage hierarchical network Vcomb (Ni, N 2 , d, s) according to the current 

invention can further be optimized to reduce the delay in the routed path of the 

connection. The delay optimized multi-stage hierarchical network Vcomb (N1,N2 ,d,s) is 

hereinafter denoted by VD-Comb (Ni, N 2 , d, s) . The delay optimizing embodiments of the 

stages of a ring are one of the diagrams namely 900A-900E of FIGs. 9A-9D, lOOOA-

10 lOOOF ofFIGs. lOA-lOF, and l lOOA-1 lOOC ofFIGs. l lA-1 lC. The diagram 1200 of 

FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 1500 of FIG. 15 are different 

embodiments for the implementation of delay optimizations with all the connections 

between two arbitrary successive stages in two different rings of the same block or two 

different rings of different blocks of 2D-grid 800. 

15 FIG. 9 A illustrates a stage (ring "k", stage "m") 900A consists of 5 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), YFi(k,2m+ 1 ), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely YF(k,2m+ 1 ), F(k,2m+ 1 ), F(k,2m+2), 

U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 Mux YF(k,2m+ 1) has two 

20 inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output YFo(k,2m+ 1). The 2: 1 

Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+l). The 2:1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+l) and 

Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

25 has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and F o(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1 ). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 
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FIG. 9B illustrates a stage (ring "k", stage "m") 900B consists of 5 inputs namely 

Fi(k,2m+l), Fi(k,2m+2), YUi(k,2m+l), Ui(k,2m+l), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of seven 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

5 U(k,2m+l), U(k,2m+2), B(k,2m+l), and B(k,2m+2). The 2:1 Mux F(k,2m+l) has two 

inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2:1 Mux 

F(k,2m+2) has two inputs namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

10 and has one output YUo(k,2m+l). The 2:1 Mux U(k,2m+l) has two inputs namely 

YUo(k,2m+l) and Fo(k,2m+l) and has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2:1 Mux B(k,2m+l) has two inputs namely Uo(k,2m+l) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1 ). The 2: 1 Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and 

15 Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 9C illustrates a stage (ring "k", stage "m") 900C consists of 5 inputs namely 

Fi(k,2m+l), Fi(k,2m+2), UYi(k,2m+l), Ui(k,2m+l), and Ui(k,2m+2); and 4 outputs 

Bo(k,2m+ 1 ), Bo(k,2m+2), Fo(k,2m+ 1 ), and Fo(k,2m+2). The stage (ring "k", stage "m") 

also consists of five 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), U(k,2m+2), B(k,2m+ 1 ), 

20 and B(k,2m+2). The stage (ring "k", stage "m") also consists of one 3: 1 Mux namely 

UY(k,2m+ 1 ). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+ 1 ). The 2: 1 Mux F(k,2m+2) has two inputs 

namely Fi(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1), UYi(k,2m+ 1) 

25 and Fo(k,2m+ 1) and has one output UYo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

Mux B(k,2m+ 1) has two inputs namely UY o(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+l). The 2:1 Mux B(k,2m+2) has two inputs namely UYo(k,2m+l) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 
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FIG. 9D illustrates a stage (ring "k", stage "m") 900D consists of 6 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), YFi(k,2m+ 1 ), Ui(k,2m+ 1 ), Ui(k,2m+2), and YUi(k,2m+ 1 ); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of eight 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

5 U(k,2m+1), U(k,2m+2), YU(k,2m+l), B(k,2m+1), and B(k,2m+2). The 2:1 Mux 

YF(k,2m+ 1) has two inputs namely Fi(k,2m+ 1) and YFi(k,2m+ 1) and has one output 

YFo(k,2m+ 1). The 2: 1 Mux F(k,2m+ 1) has two inputs namely YFo(k,2m+ 1) and 

Fi(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+2). 

10 The 2: 1 Mux YU(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and YUi(k,2m+ 1) 

and has one output YUo(k,2m+1). The 2:1 Mux U(k,2m+1) has two inputs namely 

YUo(k,2m+1) and Fo(k,2m+1) and has one output Uo(k,2m+1). The 2:1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2:1 Mux B(k,2m+1) has two inputs namely Uo(k,2m+1) and Uo(k,2m+2) and has one 

15 output Bo(k,2m+ 1). The 2: 1 Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 9E illustrates a stage (ring "k", stage "m") 900E consists of 6 inputs namely 

Fi(k,2m+ 1 ), Fi(k,2m+2), YFi(k,2m+ 1 ), Ui(k,2m+ 1 ), Ui(k,2m+2), and UYi(k,2m+ 1 ); and 

4 outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

20 stage "m") also consists of six 2: 1 Muxes namely F(k,2m+ 1 ), F(k,2m+2), YF(k,2m+ 1 ), 

U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The stage (ring "k", stage "m") also consists of 

one 3: 1 Mux namely UY(k,2m+ 1 ). The 2: 1 Mux YF(k,2m+ 1) has two inputs namely 

Fi(k,2m+1) and YFi(k,2m+1) and has one output YFo(k,2m+1). The 2:1 Mux F(k,2m+l) 

has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has one output Fo(k,2m+ 1). 

25 The 2: 1 Mux F(k,2m+2) has two inputs namely YFo(k,2m+ 1) and Fi(k,2m+2) and has 

one output Fo(k,2m+2). 

The 3:1 Mux UY(k,2m+1) has three inputs namely Ui(k,2m+l), UYi(k,2m+1) 

and F o(k,2m+ 1) and has one output UYo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 

30 Mux B(k,2m+1) has two inputs namely UYo(k,2m+1) and Uo(k,2m+2) and has one 
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output Bo(k,2m+l). The 2:1 Mux B(k,2m+2) has two inputs namely UYo(k,2m+l) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 OA illustrates a stage (ring "k", stage "m") 1 OOOA consists of 5 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), YRi(k,2m+ 1 ), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 

5 outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), YR(k,2m+ 1 ), 

F(k,2m+ 1 ), F(k,2m+2), U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 

Mux YR(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one 

output YRo(k,2m+l). The 2:1 Mux R(k,2m+l) has two inputs namely YRo(k,2m+l) and 

10 Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux R(k,2m+2) has two inputs 

namely Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux 

F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+ 1 ). The 2: 1 Mux F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+2). 

15 The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1 ). The 2: 1 Mux 

B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output 

20 Bo(k,2m+2). 

FIG. 1 OB illustrates a stage (ring "k", stage "m") 1 OOOB consists of 5 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), RYi(k,2m+ 1 ), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+2), F(k,2m+ 1 ), F(k,2m+2), 

25 U(k,2m+ 1), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3: 1 Mux namely R Y(k,2m+ 1 ). The 3: 1 Mux RY(k,2m+ 1) has three inputs 

namely Ri(k,2m+ 1 ), RYi(k,2m+ 1 ), and Bo(k,2m+ 1 ), and has one output R Yo(k,2m+ 1 ). 

The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one 

output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely RYo(k,2m+ 1) and 

30 Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux F(k,2m+2) has two inputs 

namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 
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The 2:1 Mux U(k,2m+l) has two inputs namely Ui(k,2m+l) and Fo(k,2m+l) and 

has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+l) and Uo(k,2m+2) and has one output Bo(k,2m+l). The 2:1 Mux 

5 B(k,2m+2) has two inputs namely Uo(k,2m+l) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

FIG. 1 OC illustrates a stage (ring "k", stage "m") lOOOC consists of 5 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), and YUi(k,2m+ 1 ); and 4 

outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 

10 stage "m") also consists of nine 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), YU(k,2m+ 1 ), U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The 2: 1 

Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

15 namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 2: 1 Mux 

F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2:1 Mux YU(k,2m+l) has two inputs namely Ui(k,2m+l) and YUi(k,2m+l) 

and has one output YUo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

20 YUo(k,2m+ 1) and Fo(k,2m+ 1) and has one output Uo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2:1 Mux B(k,2m+l) has two inputs namely Uo(k,2m+l) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1 ). The 2: 1 Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

25 FIG. 1 OD illustrates a stage (ring "k", stage "m") 1 OOOD consists of 5 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), and UYi(k,2m+ 1 ); and 4 

outputs Bo(k,2m+ 1), Bo(k,2m+2), Fo(k,2m+ 1), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The stage (ring "k", stage "m") also 

30 consists of one 3: 1 Mux namely UY(k,2m+ 1). The 2:1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 
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R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one outputFo(k,2m+l). The 2:1 Mux F(k,2m+2) has two inputs 

namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1), UYi(k,2m+ 1), 

and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 

Mux B(k,2m+l) has two inputs namely UYo(k,2m+l) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1 ). The 2: 1 Mux B(k,2m+2) has two inputs namely UYo(k,2m+ 1) and 

10 Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. lOE illustrates a stage (ring "k", stage "m") lOOOE consists of 6 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), YRi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and 

YUi(k,2m+ 1 ); and 4 outputs Bo(k,2m+ 1 ), Bo(k,2m+2), F o(k,2m+ 1 ), and F o(k,2m+2). 

The stage (ring "k", stage "m") also consists often 2: 1 Muxes namely YR(k,2m+ 1), 

15 R(k,2m+ I), R(k,2m+2), F(k,2m+ I), F(k,2m+2), YU(k,2m+ I), U(k,2m+ I), U(k,2m+2), 

B(k,2m+l), and B(k,2m+2). The 2:1 Mux YR(k,2m+l) has two inputs namely 

Ri(k,2m+ 1) and YRi(k,2m+ 1) and has one output YRo(k,2m+ 1). The 2: 1 Mux 

R(k,2m+ 1) has two inputs namely YRo(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

20 Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+l) and Ro(k,2m+2) and has one output Fo(k,2m+l). The 2:1 Mux 

F(k,2m+2) has two inputs namely Ro(k,2m+ 1) and Ro(k,2m+2) and has one output 

Fo(k,2m+2). 

The 2:1 Mux YU(k,2m+l) has two inputs namely Ui(k,2m+l) and YUi(k,2m+l) 

25 and has one output YUo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+ 1) has two inputs namely 

YUo(k,2m+l) and Fo(k,2m+l) and has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) 

has two inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 

2: 1 Mux B(k,2m+ 1) has two inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1 ). The 2: 1 Mux B(k,2m+2) has two inputs namely Uo(k,2m+ 1) and 

30 Uo(k,2m+2) and has one output Bo(k,2m+2). 
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FIG. 1 OF illustrates a stage (ring "k", stage "m") 1 OOOF consists of 6 inputs 

namely Ri(k,2m+ 1), Ri(k,2m+2), RYi(k,2m+ 1), Ui(k,2m+ 1), Ui(k,2m+2), and 

UYi(k,2m+ 1 ); and 4 outputs Bo(k,2m+ 1 ), Bo(k,2m+2), F o(k,2m+ 1 ), and F o(k,2m+2). 

The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+2), 

5 F(k,2m+ 1), F(k,2m+2), U(k,2m+2), B(k,2m+ 1), and B(k,2m+2). The stage (ring "k", 

stage "m") also consists of two 3:1 Mux namely RY(k,2m+ 1) and UY(k,2m+ 1). The 3: 1 

Mux RY(k,2m+ 1) has three inputs namely Ri(k,2m+ 1), RYi(k,2m+ 1), and Bo(k,2m+ 1) 

and has one output RYo(k,2m+ 1). The 2: 1 Mux R(k,2m+2) has two inputs namely 

Ri(k,2m+2) and Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) 

10 has two inputs namely RYo(k,2m+ 1) and Ro(k,2m+2) and has one output Fo(k,2m+ 1). 

The 2: 1 Mux F(k,2m+2) has two inputs namely RYo(k,2m+ 1) and Ro(k,2m+2) and has 

one output Fo(k,2m+2). 

The 3: 1 Mux UY(k,2m+ 1) has three inputs namely Ui(k,2m+ 1 ), UYi(k,2m+ 1 ), 

and Fo(k,2m+ 1), and has one output UYo(k,2m+ 1). The 2: 1 Mux U(k,2m+2) has two 

15 inputs namely Ui(k,2m+2) and Fo(k,2m+2) and has one output Uo(k,2m+2). The 2:1 

Mux B(k,2m+ 1) has two inputs namely UY o(k,2m+ 1) and Uo(k,2m+2) and has one 

output Bo(k,2m+ 1 ). The 2: 1 Mux B(k,2m+2) has two inputs namely UYo(k,2m+ 1) and 

Uo(k,2m+2) and has one output Bo(k,2m+2). 

FIG. 1 lA illustrates a stage (ring "k", stage "m") 11 OOA consists of 5 inputs 

20 namely Ri(k,2m+ 1 ), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1 ), and Ui(k,2m+2); and 4 

outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

U(k,2m+ 1 ), U(k,2m+2), B(k,2m+ 1 ), and B(k,2m+2). The stage (ring "k", stage "m") also 

consists of one 3:1 Mux namely FY(k,2m+2). The 2:1 Mux R(k,2m+l) has two inputs 

25 namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1). The 3: 1 Mux FY(k,2m+2) has three inputs 

namely Ro(k,2m+ 1 ), Ro(k,2m+2), and FYi(k,2m+2), and has one output FYo(k,2m+2). 

30 The 2:1 Mux U(k,2m+l) has two inputs namely Ui(k,2m+l) and Fo(k,2m+l) and 

has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 
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and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two 

inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 2: 1 

Mux B(k,2m+2) has two inputs namely Uo(k,2m+l) and Uo(k,2m+2) and has one output 

Bo(k,2m+2). 

5 FIG. l lB illustrates a stage (ring "k", stage "m") 11 OOB consists of 5 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), and BYi(k,2m+2); and 4 

outputs Bo(k,2m+l), Bo(k,2m+2), Fo(k,2m+l), and Fo(k,2m+2). The stage (ring "k", 

stage "m") also consists of seven 2: 1 Muxes namely R(k,2m+ 1 ), R(k,2m+2), F(k,2m+ 1 ), 

F(k,2m+2), U(k,2m+ 1 ), U(k,2m+2), and B(k,2m+ 1 ). The stage (ring "k", stage "m") also 

10 consists of one 3: 1 Mux namely BY(k,2m+2). The 2: 1 Mux R(k,2m+ 1) has two inputs 

namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output Ro(k,2m+ 1). The 2: 1 Mux 

R(k,2m+2) has two inputs namely Ri(k,2m+2) and Bo(k,2m+2) and has one output 

Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs namely Ro(k,2m+ 1) and 

Ro(k,2m+2) and has one output Fo(k,2m+ 1 ). The 2: 1 Mux F(k,2m+2) has two inputs 

15 namely Ro(k,2m+ 1 ), and Ro(k,2m+2), and has one output Fo(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+ 1 ). The 2: 1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

and F o(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two inputs 

namely Uo(k,2m+l) and Uo(k,2m+2) and has one output Bo(k,2m+l). The 3:1 Mux 

20 BY(k,2m+2) has three inputs namely Uo(k,2m+ 1), Uo(k,2m+2), and BYi(k,2m+2), and 

has one output BYo(k,2m+2). 

FIG. 11 C illustrates a stage (ring "k", stage "m") 11 OOC consists of 6 inputs 

namely Ri(k,2m+ 1 ), Ri(k,2m+2), FYi(k,2m+2), Ui(k,2m+ 1 ), Ui(k,2m+2), and 

BYi(k,2m+2); and 4 outputs Bo(k,2m+ 1 ), Bo(k,2m+2), Fo(k,2m+ 1 ), and Fo(k,2m+2). 

25 The stage (ring "k", stage "m") also consists of six 2: 1 Muxes namely R(k,2m+ 1 ), 

R(k,2m+2), F(k,2m+ 1 ), U(k,2m+ 1 ), U(k,2m+2), and B(k,2m+ 1 ). The stage (ring "k", 

stage "m") also consists of two 3:1 Muxes namely FY(k,2m+2) and BY(k,2m+2). The 2: 1 

Mux R(k,2m+ 1) has two inputs namely Ri(k,2m+ 1) and Bo(k,2m+ 1) and has one output 

Ro(k,2m+ 1 ). The 2: 1 Mux R(k,2m+2) has two inputs namely Ri(k,2m+2) and 

30 Bo(k,2m+2) and has one output Ro(k,2m+2). The 2: 1 Mux F(k,2m+ 1) has two inputs 

namely Ro(k,2m+l) and Ro(k,2m+2) and has one output Fo(k,2m+l). The 3:1 Mux 
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FY(k,2m+2) has three inputs namely Ro(k,2m+ 1 ), Ro(k,2m+2), and FYi(k,2m+2), and 

has one output FY o(k,2m+2). 

The 2: 1 Mux U(k,2m+ 1) has two inputs namely Ui(k,2m+ 1) and Fo(k,2m+ 1) and 

has one output Uo(k,2m+l). The 2:1 Mux U(k,2m+2) has two inputs namely Ui(k,2m+2) 

5 and FYo(k,2m+2) and has one output Uo(k,2m+2). The 2: 1 Mux B(k,2m+ 1) has two 

inputs namely Uo(k,2m+ 1) and Uo(k,2m+2) and has one output Bo(k,2m+ 1). The 3: 1 

Mux BY(k,2m+2) has three inputs namely Uo(k,2m+l), Uo(k,2m+2), and BYi(k,2m+2) 

and has one output BYo(k,2m+2). 

Referring to diagram 1200 in FIG. 12, illustrates all the connections between two 

10 arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1 ), 

15 Ri(x,2p+2), Ui(x,2p+ 1 ), Ui(x,2p+2), and UYi(x,2p+ 1 ); and 4 outputs Bo(x,2p+ 1 ), 

Bo(x,2p+2), Fo(x,2p+ 1), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

seven 2:1 Muxes namely R(x,2p+l), R(x,2p+2), F(x,2p+l), F(x,2p+2), U(x,2p+2), 

B(x,2p+ 1 ), and B(x,2p+2). The stage (ring "x", stage "p") also consists of one 3: 1 Mux 

namely UY(x,2p+l). The 2:1 Mux R(x,2p+l) has two inputs namely Ri(x,2p+l) and 

20 Bo(x,2p+ 1) and has one output Ro(x,2p+ 1 ). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+l). The 2:1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+l) and Ro(x,2p+2) 

and has one output Fo(x,2p+2). 

25 The 3:1 Mux UY(x,2p+l) has three inputs namely Ui(x,2p+l), UYi(x,2p+l), and 

Fo(x,2p+ 1 ), and has one output UY o(x,2p+ 1 ). The 2: 1 Mux U(x,2p+2) has two inputs 

namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux 

B(x,2p+ 1) has two inputs namely UYo(x,2p+ 1) and Uo(x,2p+2) and has one output 

Bo(x,2p+ 1 ). The 2: 1 Mux B(x,2p+2) has two inputs namely UY o(x,2p+ 1) and 

30 Uo(x,2p+2) and has one output Bo(x,2p+2). 
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The stage (ring "x", stage "p+ l") consists of 5 inputs namely Ri(x,2p+3), 

Ri(x,2p+4), RYi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+l") also consists 

of seven 2: 1 Muxes namely R(x,2p+4), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

5 B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+l") also consists of one 3:1 Mux 

namely RY(x,2p+3). The 3: 1 Mux RY(x,2p+3) has three inputs namely Ri(x,2p+3), 

RYi(x,2p+3), and Bo(x,2p+3), and has one outputRYo(x,2p+3). The 2:1 Mux R(x,2p+4) 

has two inputs namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 

2:1 Mux F(x,2p+3) has two inputs namely RYo(x,2p+3) and Ro(x,2p+4) and has one 

10 output Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely RYo(x,2p+3) and 

Ro(x,2p+4) and has one output Fo(x,2p+4). 

The 2:1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

has one output Uo(x,2p+3). The 2:1 Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

15 namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2: 1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

20 (ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 5 inputs namely Ri(y,2q+ 1 ), 

Ri(y,2q+2), Ui(y,2q+l), Ui(y,2q+2), and YUi(y,2q+l); and 4 outputs Bo(y,2q+l), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

25 nine 2: 1 Muxes namely R(y,2q+ 1 ), R(y,2q+2), F(y,2q+ 1 ), F(y,2q+2), YU(y,2q+ 1 ), 

U(y,2q+ 1 ), U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs 

namely Ri(y,2q+l) and Bo(y,2q+l) and has one outputRo(y,2q+l). The 2:1 Mux 

R(y,2q+2) has two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output 

Ro(y,2q+2). The 2: 1 Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) 

30 and has one outputFo(y,2q+l). The 2:1 Mux F(y,2q+2) has two inputs namely 

Ro(y,2q+ 1) and Ro(y,2q+2) and has one output Fo(y,2q+2). 

-89-

Page 343 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

The 2:1 Mux YU(y,2q+l) has two inputs namely Ui(y,2q+l) and YUi(y,2q+l) 

and has one output YUo(y,2q+ 1 ). The 2: 1 Mux U(y,2q+ 1) has two inputs namely 

YUo(y,2q+ 1) and Fo(y,2q+ 1) and has one output Uo(y,2q+ 1). The 2: 1 Mux U(y,2q+2) 

has two inputs namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 

5 2:1 Mux B(y,2q+ 1) has two inputs namely Uo(y,2q+ 1) and Uo(y,2q+2) and has one 

output Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely Uo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l") consists of 5 inputs namely Ri(y,2q+3), 

Ri(y,2q+4), YRi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

10 Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists 

of nine 2: 1 Muxes namely R(y,2q+3), R(y,2q+4), YR(y,2q+3), F(y,2q+3), F(y,2q+4), 

U(y,2q+3), U(y,2q+4), B(y,2q+3), and B(y,2q+4). The 2:1 Mux YR(y,2q+3) has two 

inputs namely Ri(y,2q+3) and YRi(y,2q+3) and has one output YRo(y,2q+3). The 2: 1 

Mux R(y,2q+3) has two inputs namely YRo(y,2q+3) and Bo(y,2q+3) and has one output 

15 Ro(y,2q+3). The 2: 1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) 

and has one output Ro(y,2q+4). The 2:1 Mux F(y,2q+3) has two inputs namely 

Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+3). The 2:1 Mux F(y,2q+4) has 

two inputs namely Ro(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

20 has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2: 1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

25 The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Ri(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+l") is connected to the input Ui(y,2q+l) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

30 Hop(l, 1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l") and 
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input YUi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l") is connected via the wire Hop(l,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YRi(y,2q+3) of the stage (ring "y", 

stage "q+ l"). 

5 The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2, 1) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input UYi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input RYi(x,2p+3) of the stage (ring "x", 

10 stage "p+ l "). 

Referring to diagram 1300 in FIG. 13, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l ") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l"), of the complete multi-stage hierarchical 

15 network VD-Comb(N1,N2,d,s). 

The stage (ring "x", stage "p") consists of 6 inputs namely Fi(x,2p+ 1 ), Fi(x,2p+2), 

YFi(x,2p+l), Ui(x,2p+l), Ui(x,2p+2), and YUi(x,2p+l); and 4 outputs Bo(x,2p+l), 

Bo(x,2p+2), Fo(x,2p+l), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

eight 2:1 Muxes namely F(x,2p+l), F(x,2p+2), YF(x,2p+l), U(x,2p+l), U(x,2p+2), 

20 YU(x,2p+ 1 ), B(x,2p+ 1 ), and B(x,2p+2). The 2: 1 Mux YF(x,2p+ 1) has two inputs namely 

Fi(x,2p+l) and YFi(x,2p+l) and has one output YFo(x,2p+l). The 2:1 Mux F(x,2p+l) 

has two inputs namely YFo(x,2p+ 1) and Fi(x,2p+2) and has one output Fo(x,2p+ 1). The 

2:1 Mux F(x,2p+2) has two inputs namely YFo(x,2p+l) and Fi(x,2p+2) and has one 

output Fo(x,2p+2). 

25 The 2:1 Mux YU(x,2p+l) has two inputs namely Ui(x,2p+l) and YUi(x,2p+l) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+ 1) and Fo(x,2p+ 1) and has one output Uo(x,2p+ 1). The 2: 1 Mux U(x,2p+2) 

has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

2:1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 
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output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 6 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), YRi(x,2p+3), Ui(x,2p+3), Ui(x,2p+4), and YUi(x,2p+3); and 4 outputs 

5 Bo(x,2p+3), Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") 

also consists often 2: 1 Muxes namely YR(x,2p+3), R(x,2p+3), R(x,2p+4), F(x,2p+3), 

F(x,2p+4), YU(x,2p+3), U(x,2p+3), U(x,2p+4), B(x,2p+ 3), and B(x,2p+4). The 2: 1 Mux 

YR(x,2p+3) has two inputs namely Ri(x,2p+3) and YRi(x,2p+3) and has one output 

YRo(x,2p+3). The 2: 1 Mux R(x,2p+3) has two inputs namely YRo(x,2p+3) and 

10 Bo(x,2p+3) and has one output Ro(x,2p+3). The 2: 1 Mux R(x,2p+4) has two inputs 

namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 2:1 Mux F(x,2p+4) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) 

and has one output Fo(x,2p+4). 

15 The 2: 1 Mux YU(x,2p+3) has two inputs namely Ui(x,2p+3) and YUi(x,2p+3) 

and has one output YUo(x,2p+3). The 2: 1 Mux U(x,2p+3) has two inputs namely 

YUo(x,2p+3) and Fo(x,2p+3) and has one output Uo(x,2p+3). The 2:1 Mux U(x,2p+4) 

has two inputs namely Ui(x,2p+4) and Fo(x,2p+4) and has one output Uo(x,2p+4). The 

2: 1 Mux B(x,2p+3) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one 

20 output Bo(x,2p+3). The 2: 1 Mux B(x,2p+4) has two inputs namely Uo(x,2p+3) and 

Uo(x,2p+4) and has one output Bo(x,2p+4). 

The output F o( x,2p+ 1) of the stage ( ring "x", stage "p") is connected to the input 

Ri(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l ") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

25 "p"). 

The stage (ring "y", stage "q") consists of 6 inputs namely Fi(y,2q+ 1 ), Fi(y,2q+2), 

YFi(y,2q+ 1 ), Ui(y,2q+ 1 ), Ui(y,2q+2), and UYi(y,2q+ 1 ); and 4 outputs Bo(y,2q+ 1 ), 

Bo(y,2q+2), Fo(y,2q+ 1), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of 

six 2:1 Muxes namely F(y,2q+l), F(y,2q+2), YF(y,2q+l), U(y,2q+2), B(y,2q+l), and 

30 B(y,2q+2). The stage (ring "y", stage "q") also consists of one 3: 1 Mux namely 
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UY(y,2q+l). The 2:1 Mux YF(y,2q+l) has two inputs namely Fi(y,2q+l) and 

YFi(y,2q+ 1) and has one output YFo(y,2q+ 1). The 2: 1 Mux F(y,2q+ 1) has two inputs 

namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output Fo(y,2q+ 1). The 2: 1 Mux 

F(y,2q+2) has two inputs namely YFo(y,2q+ 1) and Fi(y,2q+2) and has one output 

5 Fo(y,2q+2). 

The 3: 1 Mux UY(y,2q+ 1) has three inputs namely Ui(y,2q+ 1), UYi(y,2q+ 1) and 

Fo(y,2q+l) and has one output UYo(y,2q+l). The 2:1 Mux U(y,2q+2) has two inputs 

namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+l) has two inputs namely UYo(y,2q+l) and Uo(y,2q+2) and has one output 

10 Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 6 inputs namely Ri(y,2q+ 3 ), 

Ri(y,2q+4), RYi(y,2q+3), Ui(y,2q+3), Ui(y,2q+4), and UYi(y,2q+3); and 4 outputs 

Bo(y,2q+3), Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "2q+ l") 

15 also consists of six 2:1 Muxes namely R(y,2q+4), F(y,2q+3), F(y,2q+4), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The stage (ring "y", stage "2q+l") also consists of two 3:1 

Mux namely RY(y,2q+3) and UY(y,2q+3). The 3:1 Mux RY(y,2q+3) has three inputs 

namely Ri(y,2q+3), RYi(y,2q+3), and Bo(y,2q+3) and has one outputRYo(y,2q+3). The 

2: 1 Mux R(y,2q+4) has two inputs namely Ri(y,2q+4) and Bo(y,2q+4) and has one 

20 output Ro(y,2q+4). The 2:1 Mux F(y,2q+3) has two inputs namely RYo(y,2q+3) and 

Ro(y,2q+4) and has one output Fo(y,2q+3). The 2: 1 Mux F(y,2q+4) has two inputs 

namely RYo(y,2q+3) and Ro(y,2q+4) and has one output Fo(y,2q+4). 

The 3: 1 Mux UY(y,2q+3) has three inputs namely Ui(y,2q+3), UYi(y,2q+3), and 

Fo(y,2q+3), and has one output UYo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs 

25 namely Ui(y,2q+4) and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux 

B(y,2q+3) has two inputs namely UYo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+3). The 2:1 Mux B(y,2q+4) has two inputs namely UYo(y,2q+3) and 

Uo(y,2q+4) and has one output Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

30 Ri(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 
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(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to two inputs namely input Ri(y,2q+4) of the stage (ring "y", stage "q+ l ") and 

5 input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l") is connected via the wire Hop(l,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input RYi(y,2q+3) of the stage (ring "y", 

stage "q+ l"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

10 Hop(2, 1) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YRi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

15 Referring to diagram 1400 in FIG. 14, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb(N1,N2,d,s). 

20 The stage (ring "x", stage "p") consists of 5 inputs namely Fi(x,2p+l), Fi(x,2p+2), 

YUi(x,2p+ 1 ), Ui(x,2p+ 1 ), and Ui(x,2p+2); and 4 outputs Bo(x,2p+ 1 ), Bo(x,2p+2), 

Fo(x,2p+l), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of seven 2:1 

Muxes namely F(x,2p+ 1), F(x,2p+2), YF(x,2p+ 1), U(x,2p+ 1), U(x,2p+2), B(x,2p+ 1), and 

B(x,2p+2). The 2: 1 Mux F(x,2p+ 1) has two inputs namely Fi(x,2p+ 1) and Fi(x,2p+2) and 

25 has one output Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Fi(x,2p+ 1) 

and Fi(x,2p+2) and has one output Fo(x,2p+2). 

The 2:1 Mux YU(x,2p+l) has two inputs namely Ui(x,2p+l) and YUi(x,2p+l) 

and has one output YUo(x,2p+ 1). The 2: 1 Mux U(x,2p+ 1) has two inputs namely 

YUo(x,2p+l) and Fo(x,2p+l) and has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) 
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has two inputs namely Ui(x,2p+2) and Fo(x,2p+2) and has one output Uo(x,2p+2). The 

2: 1 Mux B(x,2p+ 1) has two inputs namely Uo(x,2p+ 1) and Uo(x,2p+2) and has one 

output Bo(x,2p+ 1). The 2: 1 Mux B(x,2p+2) has two inputs namely Uo(x,2p+ 1) and 

Uo(x,2p+2) and has one output Bo(x,2p+2). 

5 The stage (ring "x", stage "p+ l") consists of 5 inputs namely Fi(x,2p+3), 

Fi(x,2p+4), YFi(x,2p+3), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+ l") also consists 

of seven 2:1 Muxes namely YF(x,2p+3), F(x,2p+3), F(x,2p+4), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The 2: 1 Mux YF(x,2p+3) has two inputs namely Fi(x,2p+3) 

10 and YFi(x,2p+3) and has one output YFo(x,2p+3). The 2:1 Mux F(x,2p+3) has two inputs 

namely YFo(x,2p+3) and Fi(x,2p+4) and has one output Fo(x,2p+3). The 2:1 Mux 

F(x,2p+4) has two inputs namely YFo(x,2p+3) and Fi(x,2p+4) and has one output 

Fo(x,2p+4). 

The 2: 1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

15 has one output Uo(x,2p+ 3). The 2: I Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and Fo(x,2p+4) and has one output Uo(x,2p+4). The 2: 1 Mux B(x,2p+3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2:1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

20 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Fi(x,2p+3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 5 inputs namely Fi(y,2q+ 1 ), Fi(y,2q+2), 

25 UYi(y,2q+ 1 ), Ui(y,2q+ 1 ), and Ui(y,2q+2); and 4 outputs Bo(y,2q+ 1 ), Bo(y,2q+2), 

Fo(y,2q+l), and Fo(y,2q+2). The stage (ring "y", stage "q") also consists of five 2:1 

Muxes namely F(y,2q+ 1 ), F(y,2q+2), U(y,2q+2), B(y,2q+ 1 ), and B(y,2q+2). The stage 

(ring "y", stage "q") also consists of one 3:1 Mux namely UY(y,2q+l). The 2:1 Mux 

F(y,2q+ 1) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) and has one output 
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Fo(y,2q+ 1). The 2: 1 Mux F(y,2q+2) has two inputs namely Fi(y,2q+ 1) and Fi(y,2q+2) 

and has one output Fo(y,2q+2). 

The 3:1 Mux UY(y,2q+l) has three inputs namely Ui(y,2q+l), UYi(y,2q+l) and 

Fo(y,2q+ 1) and has one output UYo(y,2q+ 1 ). The 2: 1 Mux U(y,2q+2) has two inputs 

5 namely Ui(y,2q+2) and Fo(y,2q+2) and has one output Uo(y,2q+2). The 2: 1 Mux 

B(y,2q+ 1) has two inputs namely UYo(y,2q+ 1) and Uo(y,2q+2) and has one output 

Bo(y,2q+ 1). The 2: 1 Mux B(y,2q+2) has two inputs namely UYo(y,2q+ 1) and 

Uo(y,2q+2) and has one output Bo(y,2q+2). 

The stage (ring "y", stage "q+ l") consists of 5 inputs namely Fi(y,2q+3), 

10 Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+ l") also consists 

of seven 2:1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2: 1 Mux F(y,2q+3) has two inputs 

15 namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2: I Mux 

F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

Fo(y,2q+4). 

The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

20 and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2:1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

25 Fi(y,2q+3) of the stage (ring "y", stage "q+ l"). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 

The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l,l) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+l") and 

30 input UYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 
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(ring "x", stage "p+ l") is connected via the wire Hop(l,2) to two inputs namely input 

Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l"). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

5 Hop(2, 1) to two inputs namely input Fi(x,2p+4) of the stage (ring "x", stage "p+ l ") and 

input YUi(x,2p+ 1) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

(ring "y", stage "q+ l") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+3) of the stage (ring "x", 

stage "p+ l "). 

10 Referring to diagram 1500 in FIG. 15, illustrates all the connections between two 

arbitrary successive stages of a ring namely the stages (ring "x", stage "p") and (ring "x", 

stage "p+ l") and two other arbitrary successive stages of any other ring namely the stages 

(ring "y", stage "q") and (ring "y", stage "q+ l "), of the complete multi-stage hierarchical 

network VD-Comb(N1,N2,d,s). 

15 The stage (ring "x", stage "p") consists of 5 inputs namely Ri(x,2p+ 1 ), 

Ri(x,2p+2), Ui(x,2p+ 1), Ui(x,2p+2), and BYi(x,2p+2); and 4 outputs Bo(x,2p+ 1), 

Bo(x,2p+2), Fo(x,2p+l), and Fo(x,2p+2). The stage (ring "x", stage "p") also consists of 

seven 2:1 Muxes namely R(x,2p+l), R(x,2p+2), F(x,2p+l), F(x,2p+2), U(x,2p+l), 

U(x,2p+2), and B(x,2p+l). The stage (ring "x", stage "p") also consists of one 3:1 Mux 

20 namely BY(x,2p+2). The 2: 1 Mux R(x,2p+ 1) has two inputs namely Ri(x,2p+ 1) and 

Bo(x,2p+ 1) and has one output Ro(x,2p+ 1). The 2: 1 Mux R(x,2p+2) has two inputs 

namely Ri(x,2p+2) and Bo(x,2p+2) and has one output Ro(x,2p+2). The 2: 1 Mux 

F(x,2p+ 1) has two inputs namely Ro(x,2p+ 1) and Ro(x,2p+2) and has one output 

Fo(x,2p+ 1). The 2: 1 Mux F(x,2p+2) has two inputs namely Ro(x,2p+ 1), and Ro(x,2p+2), 

25 and has one output Fo(x,2p+2). 

The 2: 1 Mux U(x,2p+ 1) has two inputs namely Ui(x,2p+ 1) and Fo(x,2p+ 1) and 

has one output Uo(x,2p+l). The 2:1 Mux U(x,2p+2) has two inputs namely Ui(x,2p+2) 

and Fo(x,2p+2) and has one output Uo(x,2p+2). The 2: 1 Mux B(x,2p+ 1) has two inputs 

namely Uo(x,2p+l) and Uo(x,2p+2) and has one output Bo(x,2p+l). The 3:1 Mux 
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BY(x,2p+2) has three inputs namely Uo(x,2p+ 1 ), Uo(x,2p+2), and BYi(x,2p+2), and has 

one output BYo(x,2p+2). 

The stage (ring "x", stage "p+ l ") consists of 5 inputs namely Ri(x,2p+ 3), 

Ri(x,2p+4), FYi(x,2p+4), Ui(x,2p+3), and Ui(x,2p+4); and 4 outputs Bo(x,2p+3), 

5 Bo(x,2p+4), Fo(x,2p+3), and Fo(x,2p+4). The stage (ring "x", stage "p+l") also consists 

of seven 2: 1 Muxes namely R(x,2p+3), R(x,2p+4), F(x,2p+3), U(x,2p+3), U(x,2p+4), 

B(x,2p+3), and B(x,2p+4). The stage (ring "x", stage "p+l") also consists of one 3:1 Mux 

namely FY(x,2p+4). The 2: 1 Mux R(x,2p+3) has two inputs namely Ri(x,2p+3) and 

Bo(x,2p+3) and has one outputRo(x,2p+3). The 2:1 Mux R(x,2p+4) has two inputs 

10 namely Ri(x,2p+4) and Bo(x,2p+4) and has one output Ro(x,2p+4). The 2: 1 Mux 

F(x,2p+3) has two inputs namely Ro(x,2p+3) and Ro(x,2p+4) and has one output 

Fo(x,2p+3). The 3:1 Mux FY(x,2p+4) has three inputs namely Ro(x,2p+3), Ro(x,2p+4), 

and FYi(x,2p+4), and has one output FYo(x,2p+4). 

The 2: 1 Mux U(x,2p+3) has two inputs namely Ui(x,2p+3) and Fo(x,2p+3) and 

15 has one output Uo(x,2p+3). The 2: I Mux U(x,2p+4) has two inputs namely Ui(x,2p+4) 

and FY o( x,2p+4) and has one output U o( x,2p+4). The 2: 1 Mux B( x,2p+ 3) has two inputs 

namely Uo(x,2p+3) and Uo(x,2p+4) and has one output Bo(x,2p+3). The 2:1 Mux 

B(x,2p+4) has two inputs namely Uo(x,2p+3) and Uo(x,2p+4) and has one output 

Bo(x,2p+4). 

20 The output Fo(x,2p+ 1) of the stage (ring "x", stage "p") is connected to the input 

Ri(x,2p+ 3) of the stage (ring "x", stage "p+ l"). And the output Bo(x,2p+3) of the stage 

(ring "x", stage "p+ l") is connected to the input Ui(x,2p+ 1) of the stage (ring "x", stage 

"p"). 

The stage (ring "y", stage "q") consists of 6 inputs namely Ri(y,2q+ 1 ), 

25 Ri(y,2q+2), FYi(y,2q+2), Ui(y,2q+ 1 ), Ui(y,2q+2), and BYi(y,2q+2); and 4 outputs 

Bo(y,2q+l), Bo(y,2q+2), Fo(y,2q+l), and Fo(y,2q+2). The stage (ring "y", stage "q") 

also consists of six 2:1 Muxes namely R(y,2q+ 1), R(y,2q+2), F(y,2q+ 1), U(y,2q+ 1), 

U(y,2q+2), and B(y,2q+l). The stage (ring "y", stage "q") also consists of two 3:1 Muxes 

namely FY(y,2q+2) and BY(y,2q+2). The 2: 1 Mux R(y,2q+ 1) has two inputs namely 

30 Ri(y,2q+l) and Bo(y,2q+l) and has one output Ro(y,2q+l). The 2:1 Mux R(y,2q+2) has 
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two inputs namely Ri(y,2q+2) and Bo(y,2q+2) and has one output Ro(y,2q+2). The 2: 1 

Mux F(y,2q+ 1) has two inputs namely Ro(y,2q+ 1) and Ro(y,2q+2) and has one output 

Fo(y,2q+ 1 ). The 3: 1 Mux FY(y,2q+2) has three inputs namely Ro(y,2q+ 1 ), Ro(y,2q+2), 

and FYi(y,2q+2), and has one output FYo(y,2q+2). 

The 2:1 Mux U(y,2q+l) has two inputs namely Ui(y,2q+l) and Fo(y,2q+l) and 

has one output Uo(y,2q+ 1 ). The 2: 1 Mux U(y,2q+2) has two inputs namely Ui(y,2q+2) 

and FYo(y,2q+2) and has one output Uo(y,2q+2). The 2:1 Mux B(y,2q+l) has two inputs 

namely Uo(y,2q+l) and Uo(y,2q+2) and has one output Bo(y,2q+l). The 3:1 Mux 

BY(y,2q+2) has three inputs namely Uo(y,2q+ 1), Uo(y,2q+2), and BYi(y,2q+2) and has 

10 one output BYo(y,2q+2). 

The stage (ring "y", stage "q+ l ") consists of 5 inputs namely Fi(y,2q+ 3), 

Fi(y,2q+4), YFi(y,2q+3), Ui(y,2q+3), and Ui(y,2q+4); and 4 outputs Bo(y,2q+3), 

Bo(y,2q+4), Fo(y,2q+3), and Fo(y,2q+4). The stage (ring "y", stage "q+l") also consists 

of seven 2: 1 Muxes namely YF(y,2q+3), F(y,2q+3), F(y,2q+4), U(y,2q+3), U(y,2q+4), 

15 B(y,2q+3), and B(y,2q+4). The 2:1 Mux YF(y,2q+3) has two inputs namely Fi(y,2q+3) 

and YFi(y,2q+3) and has one output YFo(y,2q+3). The 2:1 Mux F(y,2q+3) has two inputs 

namely YFo(y,2q+3) and Fi(y,2q+4) and has one output Fo(y,2q+3). The 2:1 Mux 

F(y,2q+4) has two inputs namely YFo(y,2q+3) and Fi(y,2q+4) and has one output 

Fo(y,2q+4). 

20 The 2: 1 Mux U(y,2q+3) has two inputs namely Ui(y,2q+3) and Fo(y,2q+3) and 

has one output Uo(y,2q+3). The 2:1 Mux U(y,2q+4) has two inputs namely Ui(y,2q+4) 

and Fo(y,2q+4) and has one output Uo(y,2q+4). The 2: 1 Mux B(y,2q+3) has two inputs 

namely Uo(y,2q+3) and Uo(y,2q+4) and has one output Bo(y,2q+3). The 2:1 Mux 

B(y,2q+4) has two inputs namely Uo(y,2q+3) and Uo(y,2q+4) and has one output 

25 Bo(y,2q+4). 

The output Fo(y,2q+ 1) of the stage (ring "y", stage "q") is connected to the input 

Fi(y,2q+3) of the stage (ring "y", stage "q+ l "). And the output Bo(y,2q+3) of the stage 

(ring "y", stage "q+ l ") is connected to the input Ui(y,2q+ 1) of the stage (ring "y", stage 

"q"). 
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The output Fo(x,2p+2) of the stage (ring "x", stage "p") is connected via the wire 

Hop(l, 1) to two inputs namely input Fi(y,2q+4) of the stage (ring "y", stage "q+ l") and 

input BYi(y,2q+ 1) of the stage (ring "y", stage "q"). The output Bo(x,2p+4) of the stage 

(ring "x", stage "p+ l ") is connected via the wire Hop(l ,2) to two inputs namely input 

5 Ui(y,2q+2) of the stage (ring "y", stage "q") and input YFi(y,2q+3) of the stage (ring "y", 

stage "q+ l "). 

The output Fo(y,2q+2) of the stage (ring "y", stage "q") is connected via the wire 

Hop(2, 1) to two inputs namely input Ri(x,2p+4) of the stage (ring "x", stage "p+ l") and 

input BYi(x,2p+l) of the stage (ring "x", stage "p"). The output Bo(y,2q+4) of the stage 

10 (ring "y", stage "q+ l") is connected via the wire Hop(2,2) to two inputs namely input 

Ui(x,2p+2) of the stage (ring "x", stage "p") and input YFi(x,2p+4) of the stage (ring "x", 

stage "p+ l "). 

In accordance with the current invention, either partial multi-stage hierarchical 

network Vn-camb(N1 ,N2 ,d,s) lOOA of FIG. IA, or partial multi-stage hierarchical 

15 network Vn-camb(N1 ,N2 ,d,s) IOOB of FIG. IB, or partial multi-stage hierarchical 

network VD-camb(N1 ,N2 ,d,s) lOOC of FIG. IC, corresponding to a block of2D-grid of 

blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F ofFIGs. 2A-2F, 

900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF ofFIGs. lOA-lOF, l lOOA-1 lOOC ofFIGs. 

l lA-1 lC to implement a stage of a ring of the multi-stage hierarchical network, either by 

20 using the hop wire connections or multi-drop hop wire connections between two arbitrary 

stages in two different rings of the same block or two different rings of different blocks 

described in diagram 700A of FIG. 7 A may be any one of the embodiments of either the 

diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 3C, 300D of FIG. 3D, 300E 

of FIG. 3E, 500A of FIG. 5A, 1200 of FIG. 12, 1300 of FIG. 13, 1400 of FIG. 14, and 

25 1500 of FIG. 15 or by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

rings of different blocks may be any one of the embodiments of either the diagrams 400A 

of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of FIG. 6B is very efficient in 

the reduction of the die size, power consumption, and highly optimized for lower 

30 wire/path delay for higher performance for practical routing applications to particularly to 

set up broadcast, unicast and multicast connections. In general in accordance with the 
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current invention, where N 1 and N 2 of the complete multi-stage hierarchical network 

Vn-camb (N1 , N 2 ,d, s) may be arbitrarily large in size and also the 2D-grid size 800 may 

also be arbitrarily large in size in terms of both the number of rows and number of 

columns. 

5 1) Programmable Integrated Circuit Embodiments: 

All the embodiments disclosed in the current invention are useful in 

programmable integrated circuit applications. FIG. 16A2 illustrates the detailed diagram 

1600A2 for the implementation of the diagram 1600Al in programmable integrated 

circuit embodiments. Each crosspoint is implemented by a transistor coupled between the 

10 corresponding inlet link and outlet link, and a programmable cell in programmable 

integrated circuit embodiments. Specifically crosspoint CP(l,l) is implemented by 

transistor C(l,l) coupled between inlet link ILl and outlet link OLl, and programmable 

cell P(l,l); crosspoint CP(l,2) is implemented by transistor C(l,2) coupled between inlet 

link IL1 and outlet link OL2, and programmable cell P(l,2); crosspoint CP(2,l) is 

15 implemented by transistor C(2,1) coupled between inlet link IL2 and outlet link OLl, and 

programmable cell P(2, 1 ); and crosspoint CP(2,2) is implemented by transistor C(2,2) 

coupled between inlet link IL2 and outlet link OL2, and programmable cell P(2,2). 

If the programmable cell is programmed ON, the corresponding transistor couples 

the corresponding inlet link and outlet link. If the programmable cell is programmed 

20 OFF, the corresponding inlet link and outlet link are not connected. For example if the 

programmable cell P(l, 1) is programmed ON, the corresponding transistor C(l, 1) couples 

the corresponding inlet link IL1 and outlet link OLl. If the programmable cell P(l, 1) is 

programmed OFF, the corresponding inlet link IL1 and outlet link OLl are not connected. 

In volatile programmable integrated circuit embodiments the programmable cell may be 

25 an SRAM (Static Random Address Memory) cell. In non-volatile programmable 

integrated circuit embodiments the programmable cell may be a Flash memory cell. Also 

the programmable integrated circuit embodiments may implement field programmable 

logic arrays (FPGA) devices, or programmable Logic devices (PLD), or Application 

Specific Integrated Circuits (ASIC) embedded with programmable logic circuits or 3D-

30 FPGAs. 
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FIG. 16A2 also illustrates a buffer B 1 on inlet link IL2. The signals driven along 

inlet link IL2 are amplified by buffer B 1. Buffer B 1 can be inverting or non-inverting 

buffer. Buffers such as B 1 are used to amplify the signal in links which are usually long. 

In other embodiments all the d * d switches described in the current invention are 

5 also implemented using muxes of different sizes controlled by SRAM cells or flash cells 

etc. 

2) One-time Programmable Integrated Circuit Embodiments: 

All the embodiments disclosed in the current invention are useful in one-time 

programmable integrated circuit applications. FIG. 16A3 illustrates the detailed diagram 

10 l 600A3 for the implementation of the diagram 1600A 1 in one-time programmable 

integrated circuit embodiments. Each crosspoint is implemented by a via coupled 

between the corresponding inlet link and outlet link in one-time programmable integrated 

circuit embodiments. Specifically crosspoint CP(l, 1) is implemented by via V(l,1) 

coupled between inlet link IL1 and outlet link OLl; crosspoint CP(l,2) is implemented 

15 by via V(l,2) coupled between inlet link ILl and outlet link OL2; crosspoint CP(2,1) is 

implemented by via V(2,l) coupled between inlet link IL2 and outlet link OLl; and 

crosspoint CP(2,2) is implemented by via V(2,2) coupled between inlet link IL2 and 

outlet link OL2. 

If the via is programmed ON, the corresponding inlet link and outlet link are 

20 permanently connected which is denoted by thick circle at the intersection of inlet link 

and outlet link. If the via is programmed OFF, the corresponding inlet link and outlet link 

are not connected which is denoted by the absence of thick circle at the intersection of 

inlet link and outlet link. For example in the diagram 1600A3 the via V(l, 1) is 

programmed ON, and the corresponding inlet link ILl and outlet link OLl are connected 

25 as denoted by thick circle at the intersection of inlet link IL1 and outlet link OLl; the via 

V(2,2) is programmed ON, and the corresponding inlet link IL2 and outlet link OL2 are 

connected as denoted by thick circle at the intersection of inlet link IL2 and outlet link 

OL2; the via V(l,2) is programmed OFF, and the corresponding inlet link ILl and outlet 

link OL2 are not connected as denoted by the absence of thick circle at the intersection of 

30 inlet link IL1 and outlet link OL2; the via V(2,1) is programmed OFF, and the 
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corresponding inlet link IL2 and outlet link OL 1 are not connected as denoted by the 

absence of thick circle at the intersection of inlet link IL2 and outlet link OLl. One-time 

programmable integrated circuit embodiments may be anti-fuse based programmable 

integrated circuit devices or mask programmable structured ASIC devices. 

5 3) Integrated Circuit Placement and Route Embodiments: 

All the embodiments disclosed in the current invention are useful in Integrated 

Circuit Placement and Route applications, for example in ASIC backend Placement and 

Route tools. FIG. 16A4 illustrates the detailed diagram 1600A4 for the implementation of 

the diagram 1600A 1 in Integrated Circuit Placement and Route embodiments. In an 

10 integrated circuit since the connections are known a-priori, the switch and crosspoints are 

actually virtual. However the concept of virtual switch and virtual crosspoint using the 

embodiments disclosed in the current invention reduces the number of required wires, 

wire length needed to connect the inputs and outputs of different netlists and the time 

required by the tool for placement and route of netlists in the integrated circuit. 

15 Each virtual crosspoint is used to either to hardwire or provide no connectivity 

between the corresponding inlet link and outlet link. Specifically crosspoint CP(l, 1) is 

implemented by direct connect point DCP(l, 1) to hardwire (i.e., to permanently connect) 

inlet link IL1 and outlet link OLl which is denoted by the thick circle at the intersection 

of inlet link IL1 and outlet link OLl; crosspoint CP(2,2) is implemented by direct 

20 connect point DCP(2,2) to hardwire inlet link IL2 and outlet link OL2 which is denoted 

by the thick circle at the intersection of inlet link IL2 and outlet link OL2. The diagram 

1600A4 does not show direct connect point DCP(l,2) and direct connect point DCP(l,3) 

since they are not needed and in the hardware implementation they are eliminated. 

Alternatively inlet link IL1 needs to be connected to outlet link OLl and inlet link IL1 

25 does not need to be connected to outlet link OL2. Also inlet link IL2 needs to be 

connected to outlet link OL2 and inlet link IL2 does not need to be connected to outlet 

link OLl. Furthermore in the example of the diagram 1600A4, there is no need to drive 

the signal of inlet link ILl horizontally beyond outlet link OLl and hence the inlet link 

IL1 is not even extended horizontally until the outlet link OL2. Also the absence of direct 

30 connect point DCP(2, 1) illustrates there is no need to connect inlet link IL2 and outlet 

link OLl. 
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In summary in integrated circuit placement and route tools, the concept of virtual 

switches and virtual cross points is used during the implementation of the placement & 

routing algorithmically in software, however during the hardware implementation cross 

points in the cross state are implemented as hardwired connections between the 

5 corresponding inlet link and outlet link, and in the bar state are implemented as no 

connection between inlet link and outlet link. 

10 

3) More Application Embodiments: 

All the embodiments disclosed in the current invention are also useful in the 

design of SoC interconnects, Field programmable interconnect chips, parallel computer 

systems and in time-space-time switches. 

Scheduling Method Embodiments the multi-stage hierarchical network 

15 VComb(N1,N2,d,s): 

FIG. 17 shows a high-level flowchart of a scheduling method 1700, in one 

embodiment executed to setup multicast and unicast connections in the multi-stage 

hierarchical network Vcomb (N1,N2 ,d, s) disclosed in this invention. According to this 

embodiment, the set of multicast connections are initialized to the beginning of the set in 

20 act 1710. Then the control goes to act 1720. In act 1720, next multicast connection is 

selected in sequence form the set of multicast connections. Then the control goes to act 

1730. 

In act 1730 it is checked if this is the next multicast connection in sequence is 

NULL or i.e. all the multicast connections are scheduled. If act 1730 results "no", that is 

25 there are more multicast connections to be scheduled the control goes to act 1740. In act 

1740 it is checked if this multicast connection is being scheduled for the first time. Or if it 

is not scheduled for the first time, it is checked if any one of the links taken by this 
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multicast connection is oversubscribed by any other multicast connection is checked. If 

either the multicast connection is being scheduled for the first time or if any one of the 

links taken by this multicast connection is oversubscribed the control goes to act 1750. 

Otherwise control goes to act 1720 where the next multicast connection will be selected. 

5 So act 1720, act 1730, and act 1740 are executed in a loop. 

In act 1750 the multicast connection is not being scheduled for the first time and 

since at least one of the links taken by this multicast connection is oversubscribed, the 

complete path taken this multicast connection is cleared or the multicast connection's 

path is ripped. Then the control goes to act 1760. In act 1760, using the well-known A* 

10 search algorithm the least cost path from its source outlet link of the computational block 

to all the target inlet links of the corresponding computational blocks are found out one 

after another target inlet links. The cost function used is based on the Manhattan distance 

between the target inlet link's block and source outlet link's block by taking the delays on 

each wire is considered in the cost function and also that longest wires are chosen first in 

15 the A* search algorithm. 

According to the current invention, before scheduling the set of multicast 

connections in the scheduling method 1700, first a set of static cost tables will be 

prepared with the least cost paths from each link of the partial multistage network 

Vcamb (N1,N2 ,d,s) to each outgoing hop wire from that partial multistage network as well 

20 as to each inlet link of the computational block connected form that partial multistage 

network. So there will be as many cost tables created equal to the sum of the total number 

of outgoing hop wires from the partial multistage network and the inlet links of the 

computational block connected form that partial multistage network. Each cost table will 

also have as many entries as there are internal links of that partial multistage network. 

25 And the value at each entry of these cost tables is equal to the total delay from the 

corresponding internal link to the corresponding outgoing hop wire or to the inlet link of 

the computational block. 

In act 1760, according to the current invention, for the look-ahead cost 

computation during the A* search algorithm both the cost from the static cost tables from 

30 the current internal link in the current partial multistage network and the cost value 

computed based on the Manhattan distance between the target inlet link's block and the 
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current link's corresponding block by taking the delays on each wire into consideration 

are added. Also the least of the cost values from all the cost tables corresponding to the 

current link and all the outgoing wires in the right direction of the target block, is selected 

before it is added to the Manhattan distance based cost. Finally in act 1760, the multicast 

5 connection is scheduled as for the A* search algorithm. Then the control goes to act 1770. 

In act 1770, the demand cost and history cost of each link used by the current 

multicast connection are updated. And the control goes to act 1720. Thus act 1720, act 

1730, act 1740, act 1750, act 1760, and act 1770 are executed in a loop to schedule the 

multicast connections by going through the list of all multicast connections which will be 

10 one pass or iteration. 

In act 1730 results "yes", i.e. all the required multicast connections in the list are 

scheduled in this pass or iteration, then the control goes to act 1780. In act 1780, the total 

number oflinks in the complete multistage network that are taken by more than one 

multicast connection are counted, hereinafter "OSN" or "Over Subscription nodes". Then 

15 the control goes to act 1790. In act 1790 it will be checked and if OSN is not equal to zero 

then the act 1790 results in "no" and the control goes to act 1710 to start the next iteration 

or pass to schedule all the required multicast connections in the list of all multicast 

connections. Thus act 1710, act 1720, act 1730, act 1740, act 1750, act 1760, act 1770, 

act 1780, and act 1790 are executed in a loop to implement different passes or iterations 

20 of scheduling the set of all multicast connections. If the act 1 790 results in "yes", that 

means no link in the complete multistage network is taken by more than one multicast 

connection and hence the scheduling is successfully completed. 

Each multicast connection of the type described above in reference to method 

1700 of FIG. 17 can be unicast connection, a multicast connection or a broadcast 

25 connection, depending on the example. 

Inter-block and Intra-block Scheduling Method Embodiments the multi-stage 

hierarchical network Vcamh(N1,N2 ,d,s): 
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FIG. 18 shows a high-level flowchart of a scheduling method 1800, in one 

embodiment executed to setup multicast connections in the multi-stage hierarchical 

network Vcamb (Ni, N 2 ,d, s) disclosed in this invention in two steps (one for each act 1810 

and act 1820 as shown in FIG. 18) namely: 1) scheduling the set of multicast connections 

5 outside the blocks of 2D-grid of blocks with each block corresponding to a partial multi­

stage network, or in between the blocks of the complete multi-stage network, or 

alternatively on the external wires of the complete multi-stage network hereinafter "inter­

block scheduling". Inter-block scheduling is implemented in act 1810 so that there are no 

OSN nodes. During inter-block scheduling the partial multi-stage hierarchical network 

10 corresponding to each block is considered as a single stage network or alternatively each 

internal wire of the partial multi-stage hierarchical network is directly connected to each 

outgoing wire or external wire of the partial multi-stage hierarchical network, and 2) 

scheduling the set of multicast connections inside the blocks of 2D-grid of blocks with 

each block corresponding to a partial multi-stage network or alternatively on the internal 

15 wires of the complete multi-stage network hereinafter "intra-block scheduling". The act 

1820 implements intra-block scheduling for each block so that there are no OSN nodes. 

The act 1810 may be implemented by the scheduling method 1700 of FIG. 17. 

Similarly in act 1820 for each block of the multi-stage hierarchical network, the inter­

block scheduling may be implemented by the scheduling method 1700 of FIG. 17. 

20 In accordance with the current invention, the scheduling method 1700 of FIG. 17 

and the scheduling method 1800 of FIG. 18 are applicable to either partial multi-stage 

hierarchical network VD-Comb (Ni, N 2 ,d, s) IOOA of FIG. IA, or partial multi-stage 

hierarchical network VD-Comb (Ni, N 2 ,d, s) IOOB of FIG. IB, or partial multi-stage 

hierarchical network VD-Comb (Ni, N 2 ,d, s) IOOC of FIG. IC, corresponding to a block of 

25 2D-grid of blocks 800 of FIG. 8, using any one of the embodiments of 200A-200F of 

FIGs. 2A-2F, 900A-900E ofFIGs. 9A-9E, lOOOA-lOOOF of FIGs. lOA-lOF, 1 lOOA-

l lOOC ofFIGs. 1 IA-1 IC to implement a stage of a ring of the multi-stage hierarchical 

network, either by using the hop wire connections or multi-drop hop wire connections 

between two arbitrary stages in two different rings of the same block or two different 

30 rings of different blocks described in diagram 700A of FIG. 7 A may be any one of the 
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embodiments of either the diagrams 300A of FIG. 3A, 300B of FIG. 3B, 300C of FIG. 

3C, 300D of FIG. 3D, 300E of FIG. 3E, 500A of FIG. 5A, 1200 of FIG. 12, 1300 of FIG. 

13, 1400 of FIG. 14, and 1500 of FIG. 15 or by using the hop wire connections or multi­

drop hop wire connections between two arbitrary stages in two different rings of the same 

5 block or two different rings of different blocks may be any one of the embodiments of 

either the diagrams 400A of FIG. 4A, 400B of FIG. 4B, 600A of FIG. 6A, or 600B of 

FIG. 6B is very efficient in the reduction of the die size, power consumption, and highly 

optimized for lower wire/path delay for higher performance for practical routing 

applications to particularly to set up broadcast, unicast and multicast connections. 

10 Numerous modifications and adaptations of the embodiments, implementations, 

and examples described herein will be apparent to the skilled artisan in view of the 

disclosure. 

V. UNEDITED AND COMPLETE SUSTITUTE SPECIFICATION 

15 Unedited and complete substitute specification appears below: 

Fully connected multi-stage hierarchical networks are an over kill in every 

dimension such as area, power, and performance for certain practical routing applications 

and need to be optimized to significantly improve savings in area, power and 

20 performance of the routing network. The present invention discloses several embodiments 

of the optimized multi-stage hierarchical networks for practical routing applications along 

with their VLSI layout (floor plan) feasibility and simplicity. 

The multi-stage hierarchical networks considered for optimization in the current 

invention include: generalized multi-stage networks V(Ni, N 2 , d, s), generalized folded 

25 multi-stage networks Vfold (Ni, N 2 , d, s), generalized butterfly fat tree networks 

Vbfl (Ni, N 2 ,d, s), generalized multi-link multi-stage networks Vmlink (Ni, N 2 ,d, s), 

generalized folded multi-link multi-stage networks Vfold-munk(Ni,N2 ,d,s), generalized 
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multi-link butterfly fat tree networks Vmlink-bft(N1 ,N2 ,d,s), generalized hypercube 

networks V;,cube(N1,N2 ,d,s), and generalized cube connected cycles networks 

Vccc (N1,N2 ,d, s) for s = 1,2,3 or any number in general. Alternatively the optimized 

multi-stage hierarchical networks disclosed in this invention inherit the properties of one 

5 or more of these networks, in addition to additional properties that may not be exhibited 

these networks. 

The optimized multi-stage hierarchical networks disclosed are applicable for 

practical routing applications, with several goals such as: 1) all the signals in the design 

starting from an inlet link of the network to an outlet link of the network need to be setup 

10 without blocking. These signals may consist of broadcast, unicast and multicast 

connections; Each routing resource may need to be used by only one signal or 

connection; 2) physical area consumed by the routing network to setup all the signals 

needs to be small; 3) power consumption of the network needs to be small, after the 

signals are setup. Power may be both static power and dynamic power; 4) Delay of the 

15 signal or a connection needs to be small after it is setup through a path using several 

routing resources in the path. The smaller the delay of the connections will lead to faster 

performance of the design. Typically delay of the critical connections determines the 

performance of the design on a given network; 5) Designs need to be not only routed 

through the network (i.e., all the signals need to be setup from inlet links of the network 

20 to the outlet links of the network.), but also the routing needs to be in faster time using 

efficient routing algorithms; 6) Efficient VLSI layout of the network is also critical and 

can greatly influence all the other parameters including the area taken up by the network 

on the chip, total number of wires, length of the wires, delay through the signal paths and 

hence the maximum clock speed of operation. 

25 The different varieties of multi-stage networks described in various embodiments 

in the current invention have not been implemented previously on the semiconductor 

chips. The practical application of these networks includes Field Programmable Gate 

Array (FPGA) chips. Current commercial FPGA products such as Xilinx's Vertex, 

Altera's Stratix, Lattice's ECPx implement island-style architecture using mesh and 

30 segmented mesh routing interconnects using either full crossbars or sparse crossbars. 
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These routing interconnects consume large silicon area for crosspoints, long wires, large 

signal propagation delay and hence consume lot of power. 

The current invention discloses the optimization and scheduling methods of multi­

stage hierarchical networks with fast scheduling of connections, for practical routing 

5 applications of numerous types of multi-stage networks also using multi-drop links. The 

optimizations disclosed in the current invention are applicable to including the numerous 

generalized multi-stage networks disclosed in the following patent applications: 

1) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-stage networks V(N1,N2 ,d,s) with numerous connection 

10 topologies and the scheduling methods are described in detail in the US Patent No. 

8f270AOO that is incorporated by reference above. 

2) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized butterfly fat tree networks Vbft(N1 ,N2 ,d,s) with numerous 

connection topologies and the scheduling methods are described in detail in the US Patent 

15 No. 8,170,040 that is incorporated by reference above. 

3) Rearrangeably nonblocking for arbitrary fan-out multicast and unicast, and 

strictly nonblocking for unicast for generalized multi-link multi-stage networks 

Vmlink(N1,N2 ,d,s) and generalized folded multi-link multi-stage networks 

Vfold-mlink (Ni, N 2 , d, s) with numerous connection topologies and the scheduling methods 

20 are described in detail in the US Patent No. 8f363f649 that is incorporated by reference 

above. 

4) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized multi-link butterfly fat tree networks Vmlink-bft (N1 , N 2 ,d, s) with 

numerous connection topologies and the scheduling methods are described in detail in the 

25 US Patent No. 8,170,040 that is incorporated by reference above. 

5) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and 

unicast for generalized folded multi-stage networks Vfotd (N1 , N 2 , d, s) with numerous 

-110-

Page 364 of 818



Application Number: 16/562,450 Art Unit: 2464 

AMENDMENT AFTER ALLOWANCE UNDER RULE 312, Contd. 

connection topologies and the scheduling methods are described in detail in the US Patent 

No. 8f363f649 that is incorporated by reference above. 

6) Strictly nonblocking for arbitrary fan-out multicast and unicast for generalized 

multi-link multi-stage networks Vmlink ( N 1 , N 2 , d, s) and generalized folded multi-link 

5 multi-stage networks Vfold-mlink(N1 ,N2 ,d,s) with numerous connection topologies and 

the scheduling methods are described in detail in the US Patent No. 8f363f649 that is 

incorporated by reference above. 

7) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8,269,523 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

10 NETWORKS" that is incorporated by reference above. 

15 

8) VLSI layouts of numerous types of multi-stage networks are described in the 

US Patent No. 8f898f611 entitled "VLSI LAYOUTS OF FULLY CONNECTED 

GENERALIZED AND PYRAMID NETWORKS WITH LOCALITY EXPLOITATION" 

that is incorporated by reference above. 

In addition the optimization with the VLSI layouts disclosed in the current 

invention are also applicable to generalized multi-stage pyramid networks 

VP (N1 ,N2 ,d, s), generalized folded multi-stage pyramid networks Vfald-p(N1 , N 2 , d, s), 

generalized butterfly fat pyramid networks VbiP(N1 , N 2 , d, s), generalized multi-link 

multi-stage pyramid networks Vmlink-p (Ni, N 2 , d, s), generalized folded multi-link multi-

20 stage pyramid networks T,~fold-mlink-p(NI,N2 ,d,s), generalized multi-link butterfly fat 

pyramid networks V,nlink-bffi ( Ni, N 2 , d, s), generalized hypercube networks 

Vhcube (N1,N2 ,d,s) and generalized cube connected cycles networks Vccc (NI, N 2 ,d, s) 

for s = 1,2,3 or any number in general. 

Finally the current invention discloses the optimizations and VLSI layouts of 

25 multi-stage hierarchical networks Vcomb (N1 , N 2 , d, s) and the optimizations and VLSI 

layouts of multi-stage hierarchical networks VD-comb (NI, N 2 , d, s) for practical routing 

applications (particularly to set up broadcast, unicast and multicast connections), where 
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"Comb" denotes the combination of and "D-Comb" denotes the delay optimized 

combination of any of the generalized multi-stage networks V(N1 , N 2, d, s), generalized 

folded multi-stage networks Vfald (N1 , N 2, d, s), generalized butterfly fat tree networks 

vbft(NI, N2,d, s), generalized multi-link multi-stage networks vmlink (Ni, N2 ,d, s), 

5 generalized folded multi-link multi-stage networks Vfald-mlink (N1 , N 2 , d, s), generalized 

multi-link butterfly fat tree networks Vmlink-bft(N1 ,N2 ,d,s), generalized multi-stage 

pyramid networks VP (N1,N2 ,d, s), generalized folded multi-stage pyramid networks 

vfo/d-p (Ni, N2,d, s), generalized butterfly fat pyramid networks vbjp (NI, N2,d, s), 

generalized multi-link multi-stage pyramid networks V,nlink-p (NI, N 2 , d, s), generalized 

10 folded multi-link multi-stage pyramid networks vfo/d-mlink- p (NI' N 2' d, s) ' generalized 

multi-link butterfly fat pyramid networks Vmlink-bffi (NI, N 2 ,d, s), generalized hypercube 

networks T~,cubeC N 1 , N 2 , d, s) , and generalized cube connected cycles networks 

Vccc ( N 1 , N 2 , d, s) for s = 1,2,3 or any number in general. 

Multi-stage hierarchical network Vcomb (N1,N2,d,s): 

15 Referring to diagram 1 OOA in FIG. IA, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s) where N1 = 200; N2 = 400; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 4 inlet links namely Il, I2, I3, and I4; and 2 outlet links namely 01 and 02. And 

for each computational block the corresponding partial multi-stage hierarchical network 

20 Vcomb(N1,N2 ,d,s) lOOA consists of two rings 110 and 120, where ring 110 consists of 

"m+l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, stage "m-1"), and 

(ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 2, stage 0), (ring 

2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" and "n" are 

positive integers. 

25 Ring 110 has inlet links Ri(l, 1) and Ri(l,2), and has outlet links Bo(l, 1) and 

Bo(l,2). Ring 120 has inlet links Fi(2, 1) and Fi(2,2), and outlet links Bo(2, 1) and Bo(2,2). 

And hence the partial multi-stage hierarchical network Vcamb (N1, N 2 ,d,s) lOOA consists 
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of 4 inlet links and 4 outlet links corresponding to the two rings 110 and 120. Outlet link 

01 of the computational block is connected to inlet link Ri(l,l) of ring 110 and also inlet 

link ofFi(2,l) of ring 120. Similarly outlet link 02 of the computational block is 

connected to inlet link Ri(l,2) of Ring 110 and also inlet link of Fi(2,2) of Ring 120. And 

5 outlet link Bo(l,l) of Ring 110 is connected to inlet link Il of the computational block. 

Outlet link Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. 

Similarly outlet link Bo(2,l) of Ring 120 is connected to inlet link 13 of the 

computational block. Outlet link Bo(2,2) of Ring 120 is connected to inlet link 14 of the 

computational block. Since in this embodiment outlet link 01 of the computational block 

10 is connected to both inlet link Ri( 1, 1) of ring 110 and inlet link Fi(2, 1) of ring 120; and 

outlet link 02 of the computational block is connected to both inlet link Ri(l,2) of ring 

110 and inlet link Fi(2,2) of ring 120, the partial multi-stage hierarchical network 

Vcomb (N1,N2 ,d,s) lOOA consists of 2 inlet links and 4 outlet links. 

The two dimensional grid 800 in FIG. 8 illustrates an exemplary arrangement of 

15 100 blocks arranged in 10 rows and 10 columns, in an embodiment. Each row of 2D-grid 

consisting of 10 block numbers namely the first row consists of the blocks (1,1), (1,2), 

(1,3), ... , (1,9), and (1, 10). The second row consists of the blocks (2, 1), (2,2), (2,3), ... , 

(2,9), and (2, 10). Similarly 2D-grid 800 consists of 10 rows of each with 10 blocks and 

finally the tenth row consists of the blocks (10, 1), (10,2), (10,3), ... , (10,9), and (10,10). 

20 Each block of 2D-grid 800, in one embodiment, is part of the die area of a semiconductor 

integrated circuit (hereinafter alternatively referred to as "integrated circuit device" or "IC 

device"), so that the complete 2D-grid 800 of 100 blocks represents the complete die of 

the semiconductor integrated circuit. In one embodiment, each block of 2D-grid 800 

consists of one of the partial multi-stage hierarchical network Vcomb(N1,N2 ,d,s) lOOA 

25 with 2 inlet links and 4 outlet links and the corresponding computational block with 4 

inlet links and 2 outlet links. For example block (1,1) of2D-grid 800 consists of one of 

the partial multi-stage hierarchical network Vcomb (N1, N 2 ,d,s) lOOA with 2 inlet links and 

4 outlet links and the corresponding computational block with 4 inlet links and 2 outlet 

links. Similarly each of the 100 blocks of 2D-grid 800 has a separate partial multi-stage 

30 hierarchical network Vcomb(N1,N2 ,d,s) lOOA with 2 inlet links and 4 outlet links and the 

corresponding computational block with 4 inlet links and 2 outlet links. Hence the 
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complete multi-stage hierarchical network Vcamb(N1,N2 ,d,s) corresponding to 2D-grid 

800 has N 1 = 200 inlet links and N 2 = 400 outlet links. And there are 100 computational 

blocks each one corresponding to one of the blocks with each computational block having 

4 inlet links and 2 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of 

5 the 2D-Plane. In other embodiments the 2D-grid 800 may be organized as either first 

quadrant, or second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOA in 

FIG. IA, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l,l), Ri(l,2), Ui(l,l), 

and Ui(l,2); and 4 outputs Bo(l, 1), Bo(l,2), Fo(l, 1), and Fo(l,2). The stage (ring 1, stage 

10 0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,1), R(l,2), F(l,1), F(l,2), U(l,l), U(l,2), B(l,l), and B(l,2). The 2:1 Mux 

R(l, 1) has two inputs namely Ri(l,1) and Bo(l, 1) and has one output Ro(l, 1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2: 1 Mux F(l, 1) has two inputs namely Ro(l, 1) and Ro(l,2) and has one output Fo(l, 1). 

15 The 2:1 Mux F(l,2) has two inputs namely Ro(l,l) and Ro(l,2) and has one output 

Fo(l,2). 

The 2:1 Mux U(l,l) has two inputs namely Ui(l,l) and Fo(l,l) and has one 

output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l, 1) has two inputs namely Uo(l,1) and Uo(l,2) and 

20 has one outputBo(l,l). The 2:1 Mux B(l,2) has two inputs namely Uo(l,l) and Uo(l,2) 

and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

25 B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 
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The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

5 and has one output Bo(l,4). 

The output Fo(l, 1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection (hereinafter 

alternatively referred to as "straight link" or "straight middle link") between two 

successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

10 connected to the input Ui(l,l) of the stage (ring 1, stage 0), is another internal connection 

between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1') also consists of six 2:1 Muxes namely F(l,2m-

15 1), F(l,2m), U(l,2m-l), U(l,2m), B(l,2m-l), and B(l,2m). The 2: I Mux F(l,2m-l) has 

two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m-l). The 2: 1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

The 2: 1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2: 1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

20 Fo(l,2m) and has one output Uo(l,2m). The 2: 1 Mux B(l,2m-l) has two inputs namely 

Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(l,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

25 Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(l,2m+ 1), and B(l,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 
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The 2:1 Mux U(l,2m+l) has two inputs namely Ui(l,2m+l) and Fo(l,2m+l) and 

has one output Uo(l,2m+ 1). The 2: 1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 

and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2:1 Mux B(l,2m+l) has two inputs 

namely Uo(l,2m+l) and Uo(l,2m+2) and has one output Bo(l,2m+l). The 2:1 Mux 

5 B(l,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output Fo(l,2m-l) of the stage (ring 1, stage "m-1") is connected to the input 

Fi(l,2m+l) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo( l ,2m+ 1) of the stage ( ring 1, stage 

10 "m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

15 "m-2") are not shown in the diagram I OOA. Just the same way the two successive stages 

(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

before, any two successive stages have similar internal connections. For example (ring 1, 

stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and (ring 1, stage "m-1") have similar internal connections. 

20 Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2, 1 ), Fi(2,2), Ui(2, 1 ), 

25 and Ui(2,2); and 4 outputs Bo(2,l), Bo(2,2), Fo(2,l), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2: 1 Muxes namely F(2, 1 ), F(2,2), U(2, 1 ), U(2,2), B(2, 1 ), and 

B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2, 1 ). The 2: 1 Mux F(2,2) has two inputs namely Fi(2, 1) and Fi(2,2) and has one 

output F o(2,2). 
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The 2:1 Mux U(2,l) has two inputs namely Ui(2,l) and Fo(2,1) and has one 

output Uo(2,l). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

one output Uo(2,2). The 2: 1 Mux B(2, 1) has two inputs namely Uo(2, 1) and Uo(2,2) and 

has one output Bo(2, 1 ). The 2: 1 Mux B(2,2) has two inputs namely Uo(2, 1) and Uo(2,2) 

5 and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

10 Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output F o(2, 4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

15 has one output Bo(2,3). The 2: I Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 

The output Fo(2, 1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

20 Ui(2, 1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1") consists of 4 inputs namely Ri(2,2n-l), Ri(2,2n), 

Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n-l ), 

25 R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(l,2n-l), and B(l,2n). The 2:1 Mux 

R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2: 1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

Ro(2,2n). The 2: 1 Mux F(2,2n-l) has two inputs namely Ro(2,2n-l) and Ro(2,2n) and has 

one output Fo(2,2n-l). The 2: 1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

30 Ro(2,2n) and has one output Fo(2,2n). 
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The 2: 1 Mux U(2,2n-l) has two inputs namely Ui(2,2n-l) and Fo(2,2n-l) and has 

one output Uo(2,2n-l). The 2: 1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

Fo(2,2n) and has one output Uo(2,2n). The 2: 1 Mux B(2,2n-l) has two inputs namely 

Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l ). The 2: 1 Mux B(2,2n) has two 

5 inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1), Ri(2,2n+2), 

Ui(2,2n+ 1 ), and Ui(2,2n+2); and 4 outputs Bo(2,2n+ 1 ), Bo(2,2n+2), F o(2,2n+ 1 ), and 

Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

10 B(2,2n+2). The 2:1 Mux R(2,2n+l) has two inputs namely Ri(2,2n+l) and Bo(2,2n+l) 

and has one output Ro(2,2n+ 1 ). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

15 Fo(2,2n+2). 

The 2:1 Mux U(2,2n+l) has two inputs namely Ui(2,2n+l) and Fo(2,2n+l) and 

has one output Uo(2,2n+ 1 ). The 2: 1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: 1 Mux B(2,2n+ 1) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1 ). The 2: 1 Mux 

20 B(2,2n+2) has two inputs namely Uo(2,2n+l) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output Fo(2,2n-l) of the stage (ring 2, stage "n-1") is connected to the input 

Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

25 connected to the input Ui(2,2n-l) of the stage (ring 2, stage "n-1"), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

Vcomb (N1,N2 ,d,s) lOOA consists of 4 inputs and 2 * d = 4 outputs. Even though the 

stages (ring 1, stage 0), (ring 1, stage 1), (ring 2, stage "n-1 "), and (ring 2, stage "n") 

30 each have eight 2:1 muxes, and the stages (ring 2, stage 0), (ring 2, stage 1), (ring 1, 
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stage "m-1"), and (ring 1, stage "m") each have six 2: 1 muxes, in other embodiments any 

of these stages can be one of the four by four switch diagrams namely 200A of FIG. 2A, 

200B of FIG. 2B, 200C of FIG. 2C, and one of the eight by four switch diagrams namely 

200E of FIG. 2E, 200F of FIG. 2F. 

5 Referring to diagram 1 OOB in FIG. lB, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s) where N1 = 400; N2 = 800; d = 2; 

and s = 1 corresponding to one computational block, with each computational block 

having 8 inlet links namely Il, 12, I3, I4, I5, 16, I7, and I8; and 4 outlet links namely 01, 

02, 03, and 04. And for each computational block the corresponding partial multi-stage 

10 hierarchical network Vcomb(N1,N2 ,d,s) lOOB consists of two rings 110 and 120, where 

ring 110 consists of"m+ l" stages namely (ring 1, stage 0), (ring 1, stage 1), ... (ring 1, 

stage "m-1"), and (ring 1, stage "m"), and ring 120 consists of "n+ l" stages namely (ring 

2, stage 0), (ring 2, stage 1), ... (ring 2, stage "n-1"), and (ring 2, stage "n"), where "m" 

and "n" are positive integers. 

15 Ring 110 has inlet links Ri(l,l) and Ri(l,2) from the left-hand side, and has outlet 

links Bo(l,l) and Bo(l,2) from left-hand side. Ring 110 also has inlet links Ui(l,2m+l) 

and Ui(l,2m+2) from the right-hand side, and has outlet links Fo(l,2m+ 1) and 

Fo(l,2m+2) from right-hand side. Ring 120 has inlet links Fi(2,l) and Fi(2,2) from left­

hand side, and outlet links Bo(2, 1) and Bo(2,2) from left-hand side. Ring 120 also has 

20 inlet links Ui(2,2n+ 1) and Ui(2,2n+2) from the right-hand side, and has outlet links 

Fo(2,2n+ 1) and Fo(2,2n+2) from right-hand side. 

And the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOB consists 

of 8 inlet links and 4 outlet links corresponding to the two rings 110 and 120. From left­

hand side, outlet link 01 of the computational block is connected to inlet link Ri(l, 1) of 

25 ring 110 and also inlet link ofFi(2,l) of ring 120. Similarly from left-hand side, outlet 

link 02 of the computational block is connected to inlet link Ri(l,2) of Ring 110 and also 

inlet link ofFi(2,2) of Ring 120. And from left-hand side, outlet link Bo(l,1) of Ring 110 

is connected to inlet link Il of the computational block. From left-hand side, Outlet link 

Bo(l,2) of Ring 110 is connected to inlet link 12 of the computational block. Similarly 

30 from left-hand side, outlet link Bo(2, 1) of Ring 120 is connected to inlet link I3 of the 
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computational block. From left-hand side, outlet link Bo(2,2) of Ring 120 is connected to 

inlet link I4 of the computational block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui( l ,2m+ 1) of ring 110 and also inlet link of Ui(2,2n+ 1) of ring 120. Similarly 

5 from right-hand side, outlet link 04 of the computational block is connected to inlet link 

Ui(l,2m+2) of Ring 110 and also inlet link ofUi(2,2n+2) of Ring 120. And from right­

hand side, outlet link Fo(l,2m+ 1) of Ring 110 is connected to inlet link I5 of the 

computational block. From right-hand side, outlet link Fo(l,2m+2) of Ring 110 is 

connected to inlet link I6 of the computational block. Similarly from right-hand side, 

10 outlet link Fo(2,2n+ 1) of Ring 120 is connected to inlet link I7 of the computational 

block. From right-hand side, outlet link Fo(2,2n+2) of Ring 120 is connected to inlet link 

I8 of the computational block. 

Since in this embodiment outlet link 01 of the computational block is connected 

to both inlet link Ri(l, 1) of ring 110 and inlet link Fi(2,l) of ring 120; outlet link 02 of 

15 the computational block is connected to both inlet link Ri(l,2) of ring 110 and inlet link 

Fi(2,2) of ring 120; outlet link 03 of the computational block is connected to both inlet 

link Ui(l,2m+ 1) of ring 110 and inlet link Ui(2,2n+ 1) of ring 120; and outlet link 04 of 

the computational block is connected to both inlet link Ui(l,2m+2) of ring 110 and inlet 

link Ui(2,2n+2) of ring 120, the partial multi-stage hierarchical network 

20 Vcamb (N1, N 2 , d, s) 1 OOB consists of 4 inlet links and 8 outlet links. 

Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcomb (N1,N2 ,d, s) lOOB with 4 inlet links and 8 outlet links and the 

corresponding computational block with 8 inlet links and 4 outlet links. For example 

25 block (1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the corresponding 

computational block with 8 inlet links and 4 outlet links. Similarly each of the 100 blocks 

of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOB with 4 inlet links and 8 outlet links and the corresponding 

30 computational block with 8 inlet links and 4 outlet links. Hence the complete multi-stage 
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hierarchical network T,'camb(N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 

links and N 2 = 800 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 8 inlet links and 

4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-Plane. 

5 In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcomb (N1,N2 ,d,s) lOOB in 

FIG. lB, the stage (ring 1, stage 0) consists of 4 inputs namely Ri(l, 1 ), Ri(l,2), Ui(l, 1 ), 

and Ui(l,2); and 4 outputs Bo(l, 1), Bo(l,2), Fo(l, 1), and Fo(l,2). The stage (ring 1, stage 

10 0) also consists of eight 2: 1 multiplexers (A multiplexer is hereinafter called a "mux") 

namely R(l,l), R(l,2), F(l,1), F(l,2), U(l,l), U(l,2), B(l,l), and B(l,2). The 2:1 Mux 

R(l, 1) has two inputs namely Ri(l,1) and Bo(l, 1) and has one output Ro(l, 1). The 2: 1 

Mux R(l,2) has two inputs namely Ri(l,2) and Bo(l,2) and has one output Ro(l,2). The 

2: 1 Mux F(l, 1) has two inputs namely Ro(l, 1) and Ro(l,2) and has one output Fo(l, 1). 

15 The 2:1 Mux F(l,2) has two inputs namely Ro(l,l) and Ro(l,2) and has one output 

Fo(l,2). 

The 2:1 Mux U(l,l) has two inputs namely Ui(l,l) and Fo(l,l) and has one 

output Uo(l,1). The 2: 1 Mux U(l,2) has two inputs namely Ui(l,2) and Fo(l,2) and has 

one output Uo(l,2). The 2: 1 Mux B(l, 1) has two inputs namely Uo(l,1) and Uo(l,2) and 

20 has one outputBo(l,l). The 2:1 Mux B(l,2) has two inputs namely Uo(l,l) and Uo(l,2) 

and has one output Bo(l,2). 

The stage (ring 1, stage 1) consists of 4 inputs namely Ri(l,3), Ri(l,4), Ui(l,3), 

and Ui(l,4); and 4 outputs Bo(l,3), Bo(l,4), Fo(l,3), and Fo(l,4). The stage (ring 1, stage 

1) also consists of eight 2: 1 Muxes namely R(l,3), R(l,4), F(l,3), F(l,4), U(l,3), U(l,4), 

25 B(l,3), and B(l,4). The 2: 1 Mux R(l,3) has two inputs namely Ri(l,3) and Bo(l,3) and 

has one output Ro(l,3). The 2: 1 Mux R(l,4) has two inputs namely Ri(l,4) and Bo(l,4) 

and has one output Ro(l,4). The 2: 1 Mux F(l,3) has two inputs namely Ro(l,3) and 

Ro(l,4) and has one output Fo(l,3). The 2: 1 Mux F(l,4) has two inputs namely Ro(l,3) 

and Ro(l,4) and has one output Fo(l,4). 
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The 2: 1 Mux U(l,3) has two inputs namely Ui(l,3) and Fo(l,3) and has one 

output Uo(l,3). The 2: 1 Mux U(l,4) has two inputs namely Ui(l,4) and Fo(l,4) and has 

one output Uo(l,4). The 2: 1 Mux B(l,3) has two inputs namely Uo(l,3) and Uo(l,4) and 

has one output Bo(l,3). The 2: 1 Mux B(l,4) has two inputs namely Uo(l,3) and Uo(l,4) 

5 and has one output Bo(l,4). 

The output Fo(l, 1) of the stage (ring 1, stage 0) is connected to the input Ri(l,3) 

of the stage (ring 1, stage 1) which is called hereinafter an internal connection between 

two successive stages of a ring. And the output Bo(l,3) of the stage (ring 1, stage 1) is 

connected to the input Ui(l,l) of the stage (ring 1, stage 0), is another internal connection 

10 between stage O and stage 1 of the ring 1. 

The stage (ring 1, stage "m-1") consists of 4 inputs namely Fi(l,2m-l), Fi(l,2m), 

Ui(l,2m-l), and Ui(l,2m); and 4 outputs Bo(l,2m-l), Bo(l,2m), Fo(l,2m-l), and 

Fo(l,2m). The stage (ring 1, stage "m-1') also consists of six 2:1 Muxes namely F(l,2m­

l), F(l,2m), U(l,2m-l), U(l,2m), B(l,2m-l), and B(l,2m). The 2: 1 Mux F(l,2m-l) has 

15 two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one outputFo(l,2m-l). The 2:1 Mux 

F(l,2m) has two inputs namely Fi(l,2m-l) and Fi(l,2m) and has one output Fo(l,2m). 

The 2: 1 Mux U(l,2m-l) has two inputs namely Ui(l,2m-l) and Fo(l,2m-l) and 

has one output Uo(l,2m-l). The 2:1 Mux U(l,2m) has two inputs namely Ui(l,2m) and 

Fo(l,2m) and has one output Uo(l,2m). The 2: 1 Mux B(l,2m-l) has two inputs namely 

20 Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m-l). The 2:1 Mux B(l,2m) has two 

inputs namely Uo(l,2m-l) and Uo(l,2m) and has one output Bo(l,2m). 

The stage (ring 1, stage "m") consists of 4 inputs namely Fi(l,2m+ 1), Fi(l,2m+2), 

Ui(l,2m+ 1), and Ui(l,2m+2); and 4 outputs Bo(l,2m+ 1), Bo(l,2m+2), Fo(l,2m+ 1), and 

Fo(l,2m+2). The stage (ring 1, stage "m") also consists of six 2: 1 Muxes namely 

25 F(l,2m+ 1), F(l,2m+2), U(l,2m+ 1), U(l,2m+2), B(l,2m+ 1), and B(l,2m+2). The 2: 1 

Mux F(l,2m+ 1) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) and has one output 

Fo(l,2m+ 1). The 2: 1 Mux F(l,2m+2) has two inputs namely Fi(l,2m+ 1) and Fi(l,2m+2) 

and has one output Fo(l,2m+2). 

The 2: 1 Mux U(l,2m+ 1) has two inputs namely Ui(l,2m+ 1) and Fo(l,2m+ 1) and 

30 has one output Uo(l,2m+ 1). The 2: 1 Mux U(l,2m+2) has two inputs namely Ui(l,2m+2) 
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and Fo(l,2m+2) and has one output Uo(l,2m+2). The 2: 1 Mux B(l,2m+ 1) has two inputs 

namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output Bo(l,2m+ 1). The 2: 1 Mux 

B(l,2m+2) has two inputs namely Uo(l,2m+ 1) and Uo(l,2m+2) and has one output 

Bo(l,2m+2). 

The output Fo(l,2m-l) of the stage (ring 1, stage "m-1") is connected to the input 

Fi(l,2m+ 1) of the stage (ring 1, stage "m"), is an internal connection between stage "m­

l" and stage "m" of the ring 1. And the output Bo( l ,2m+ 1) of the stage ( ring 1, stage 

"m") is connected to the input Ui(l,2m-l) of the stage (ring 1, stage "m-1"), is another 

internal connection between stage "m-1" and stage "m" of the ring 1 

10 Just the same way the stages (ring 1, stage 0), (ring 1, stage 1), there are also 

stages (ring 1, stage 2), (ring 1, stage 3), ... (ring 1, stage "m-1"), (ring 1, stage "m") in 

that order, where the stages from (ring 1, stage 2), (ring 1, stage 3), ... , (ring 1, stage 

"m-2") are not shown in the diagram 1 OOB. Just the same way the two successive stages 

(ring 1, stage 0) and (ring 1, stage 1) have internal connections between them as described 

15 before, any two successive stages have similar internal connections. For example (ring 1, 

stage 1) and (ring 1, stage 2) have similar internal connections and (ring 1, stage "m-2") 

and (ring 1, stage "m-1") have similar internal connections. 

Stage (ring 1, stage 0) is also called hereinafter the "entry stage" or "first stage" of 

ring 1, since inlet links and outlet links of the computational block are directly connected 

20 to stage (ring 1, stage 0). Also stage (ring 1, stage "m") is hereinafter the "last stage" or 

"root stage" of ring 1. 

The stage (ring 2, stage 0) consists of 4 inputs namely Fi(2, 1 ), Fi(2,2), Ui(2, 1 ), 

and Ui(2,2); and 4 outputs Bo(2, 1 ), Bo(2,2), Fo(2,1 ), and Fo(2,2). The stage (ring 2, stage 

0) also consists of six 2:1 Muxes namely F(2,l), F(2,2), U(2,l), U(2,2), B(2,l), and 

25 B(2,2). The 2: 1 Mux F(2, 1) has two inputs namely Fi(2, 1) and Fi(2,2) and has one output 

Fo(2, 1 ). The 2: 1 Mux F(2,2) has two inputs namely Fi(2, 1) and Fi(2,2) and has one 

output Fo(2,2). 

The 2: 1 Mux U(2, 1) has two inputs namely Ui(2, 1) and Fo(2, 1) and has one 

output Uo(2,l). The 2: 1 Mux U(2,2) has two inputs namely Ui(2,2) and Fo(2,2) and has 

30 one output Uo(2,2). The 2:1 Mux B(2,l) has two inputs namely Uo(2,l) and Uo(2,2) and 
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has one output Bo(2, 1 ). The 2: 1 Mux B(2,2) has two inputs namely Uo(2, 1) and Uo(2,2) 

and has one output Bo(2,2). 

The stage (ring 2, stage 1) consists of 4 inputs namely Fi(2,3), Fi(2,4), Ui(2,3), 

and Ui(2,4); and 4 outputs Bo(2,3), Bo(2,4), Fo(2,3), and Fo(2,4). The stage (ring 2, stage 

5 1) also consists of six 2: 1 Muxes namely F(2,3), F(2,4), U(2,3), U(2,4), B(2,3), and 

B(2,4). The 2: 1 Mux F(2,3) has two inputs namely Fi(2,3) and Fi(2,4) and has one output 

Fo(2,3). The 2: 1 Mux F(2,4) has two inputs namely Fi(2,3) and Fi(2,4) and has one 

output Fo(2,4). 

The 2: 1 Mux U(2,3) has two inputs namely Ui(2,3) and Fo(2,3) and has one 

10 output Uo(2,3). The 2: 1 Mux U(2,4) has two inputs namely Ui(2,4) and Fo(2,4) and has 

one output Uo(2,4). The 2: 1 Mux B(2,3) has two inputs namely Uo(2,3) and Uo(2,4) and 

has one output Bo(2,3). The 2: 1 Mux B(2,4) has two inputs namely Uo(2,3) and Uo(2,4) 

and has one output Bo(2,4). 

The output Fo(2, 1) of the stage (ring 2, stage 0) is connected to the input Fi(2,3) 

15 of the stage (ring 2, stage 1), is an internal connection between stage O and stage 1 of the 

ring 2. And the output Bo(2,3) of the stage (ring 2, stage 1) is connected to the input 

Ui(2, 1) of the stage (ring 2, stage 0), is another internal connection between stage O and 

stage 1 of the ring 1 .. 

The stage (ring 2, stage "n-1") consists of 4 inputs namely Ri(2,2n-l), Ri(2,2n), 

20 Ui(l,2n-l), and Ui(l,2n); and 4 outputs Bo(l,2n-l), Bo(l,2n), Fo(l,2n-l), and Fo(l,2n). 

The stage (ring 2, stage "n-1 ') also consists of eight 2: 1 Muxes namely R(2,2n-l ), 

R(2,2n), F(2,2n-l), F(l,2n), U(l,2n-l), U(l,2n), B(l,2n-l), and B(l,2n). The 2: 1 Mux 

R(2,2n-l) has two inputs namely Ri(2,2n-l) and Bo(2,2n-l) and has one output Ro(2,2n­

l). The 2:1 Mux R(2,2n) has two inputs namely Ri(2,2n) and Bo(2,2n) and has one output 

25 Ro(2,2n). The 2: 1 Mux F(2,2n-l) has two inputs namely Ro(2,2n-l) and Ro(2,2n) and has 

one outputFo(2,2n-l). The 2:1 Mux F(2,2n) has two inputs namely Ro(2,2n-l) and 

Ro(2,2n) and has one output Fo(2,2n). 

The 2: 1 Mux U(2,2n-l) has two inputs namely Ui(2,2n-l) and Fo(2,2n-l) and has 

one output Uo(2,2n-l). The 2: 1 Mux U(2,2n) has two inputs namely Ui(2,2n) and 

30 Fo(2,2n) and has one output Uo(2,2n). The 2: 1 Mux B(2,2n-l) has two inputs namely 
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Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n-l). The 2: 1 Mux B(2,2n) has two 

inputs namely Uo(2,2n-l) and Uo(2,2n) and has one output Bo(2,2n). 

The stage (ring 2, stage "n") consists of 4 inputs namely Ri(2,2n+ 1 ), Ri(2,2n+2), 

Ui(2,2n+l), and Ui(2,2n+2); and 4 outputs Bo(2,2n+l), Bo(2,2n+2), Fo(2,2n+l), and 

5 Fo(2,2n+2). The stage (ring 2, stage "n") also consists of eight 2: 1 Muxes namely 

R(2,2n+ 1), R(2,2n+2), F(2,2n+ 1), F(2,2n+2), U(2,2n+ 1), U(2,2n+2), B(2,2n+ 1), and 

B(2,2n+2). The 2: 1 Mux R(2,2n+ 1) has two inputs namely Ri(2,2n+ 1) and Bo(2,2n+ 1) 

and has one output Ro(2,2n+ 1). The 2: 1 Mux R(2,2n+2) has two inputs namely 

Ri(2,2n+2) and Bo(2,2n+2) and has one output Ro(2,2n+2). The 2: 1 Mux F(2,2n+ 1) has 

10 two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output Fo(2,2n+ 1). The 2: 1 

Mux F(2,2n+2) has two inputs namely Ro(2,2n+ 1) and Ro(2,2n+2) and has one output 

Fo(2,2n+2). 

The 2:1 Mux U(2,2n+l) has two inputs namely Ui(2,2n+l) and Fo(2,2n+l) and 

has one output Uo(2,2n+ 1 ). The 2: 1 Mux U(2,2n+2) has two inputs namely Ui(2,2n+2) 

15 and Fo(2,2n+2) and has one output Uo(2,2n+2). The 2: I Mux B(2,2n+ I) has two inputs 

namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output Bo(2,2n+ 1 ). The 2: 1 Mux 

B(2,2n+2) has two inputs namely Uo(2,2n+ 1) and Uo(2,2n+2) and has one output 

Bo(2,2n+2). 

The output F o(2,2n-l) of the stage ( ring 2, stage "n-1 ") is connected to the input 

20 Ri(2,2n+ 1) of the stage (ring 2, stage "n"), is an internal connection between stage "n-1" 

and stage "n" of the ring 1. And the output Bo(2,2n+ 1) of the stage (ring 2, stage "n") is 

connected to the input Ui(2,2n-l) of the stage (ring 2, stage "n-1 "), is another internal 

connection between stage "n-1" and stage "n" of the ring 1. 

Each stage of any ring of the partial multi-stage hierarchical network 

25 Vcomb(N1,N2 ,d,s) lOOB consists of 2 *d = 4outputs. Even though each stage has four 

4: 1 muxes, in other embodiments any of these stages can be one of the four by four 

switch diagrams namely 200A of FIG. 2A, 200B of FIG. 2B, 200C of FIG. 2C, and one 

of the eight by four switch diagrams namely 200E of FIG. 2E, 200F of FIG. 2F. 
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In general, any ring of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) may have inputs and outputs connected from computational block 

from either only from left-hand side as in the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOA; or only from right-hand side; or from both left-hand and right-

5 hand sides as in the partial multi-stage hierarchical network Vcomb(N1,N2 ,d,s) lOOB. 

Referring to diagram 1 OOC in FIG. 1 C, in one embodiment, an exemplary partial 

multi-stage hierarchical network Vcomb (N1,N2 ,d,s) where N1 = 400; N2 = 1600; d = 2; 

ands= 1 corresponding to one computational block, with each computational block 

having 16 inlet links namely 11, 12, 13, 14, 15, 16, 17, 18, 19,110,111, 112, 113, 114, 115, 

10 and 116; and 4 outlet links namely 01, 02, 03, and 04. And for each computational 

block the corresponding partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC 

consists of two slices namely slice 1 and slice 2. Slice 1 consists of two rings namely 

(slice 1, ring 1) and (slice 1, ring 2). Similarly slice 2 consists of two rings namely (slice 

2, ring 1) and (slice 2, ring 2). 

15 The ring (slice 1, ring 1) consists of"m+l" stages namely (slice 1, ring 1, stage 0), 

(slice 1, ring 1, stage 1), ... (slice 1, ring 1, stage "m-1"), and (slice 1, ring 1, stage "m"). 

And the ring (slice 1, ring 2) consists of"n+l" stages namely (slice 1, ring 2, stage 0), 

(slice 1, ring 2, stage 1), ... (slice 1, ring 2, stage "n-1"), and (slice 1, ring 2, stage "n"), 

where "m" and "n" are positive integers. 

20 Similarly the ring (slice 2, ring 1) consists of"x+l" stages namely (slice 2, ring 1, 

25 

stage 0), (slice 2, ring 1, stage 1), ... (slice 2, ring 1, stage "x-1"), and (slice 2, ring 1, 

stage "x"). And the ring (slice 2, ring 2) consists of "y+ 1" stages namely (slice 2, ring 2, 

stage 0), (slice 2, ring 2, stage 1), ... (slice 2, ring 2, stage "y-1"), and (slice 2, ring 2, 

stage "y"), where "x" and "y" are positive integers. 

In general "m" may be or may not be equal to "x" and "n" may be or may not be 

equal to "y". Also in general, "m" may be or may not be equal to "n" and "x" may be or 

may not be equal to "y". 

Ring (slice 1, ring 1) has inlet links Ri(l, 1,1) and Ri(l,1,2) from the left-hand 

side, and has outlet links Bo(l,1,1) and Bo(l,1,2) from left-hand side. Ring (slice 1, ring 
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1) also has inlet links Ui(l,l,2m+l) and Ui(l,l,2m+2) from the right-hand side, and has 

outlet links Fo(l,l,2m+l) and Fo(l,l,2m+2) from right-hand side. Ring (slice 1, ring 2) 

has inlet links Ri(l,2,1) and Ri(l,2,2) from left-hand side, and outlet links Bo(l,2,1) and 

Bo(l,2,2) from left-hand side. Ring (slice 1, ring 2) also has inlet links Ui(l,2,2n+ 1) and 

5 Ui(l,2,2n+2) from the right-hand side, and has outlet links Fo(l,2,2n+ 1) and 

Fo(l,2,2n+2) from right-hand side. 

Ring (slice 2, ring 1) has inlet links Ri(2,l,l) and Ri(2,l,2) from the left-hand 

side, and has outlet links Bo(2,1,l) and Bo(2,1,2) from left-hand side. Ring (slice 2, ring 

1) also has inlet links Ui(2,l,2x+l) and Ui(2,l,2x+2) from the right-hand side, and has 

10 outlet links F o(2, l ,2x+ 1) and Fo(2, l ,2x+2) from right-hand side. Ring (slice 2, ring 2) 

has inlet links Ri(2,2, 1) and Ri(2,2,2) from left-hand side, and outlet links Bo(2,2, 1) and 

Bo(2,2,2) from left-hand side. Ring (slice 2, ring 2) also has inlet links Ui(2,2,2y+ 1) and 

Ui(2,2,2y+2) from the right-hand side, and has outlet links F o(2,2,2y+ 1) and 

Fo(2,2,2y+2) from right-hand side. 

15 And the partial multi-stage hierarchical network Vcamb(N1,N2 ,d,s) lOOC consists 

of 16 inlet links and 4 outlet links corresponding to the two slices slice 1 and slice 2. 

From left-hand side, outlet link 01 of the computational block is connected to inlet link 

Ri(l,1,1) of ring (slice 1, ring 1) and also inlet link ofRi(l,2,1) of ring (slice 1, ring 2). 

Similarly from left-hand side, outlet link 02 of the computational block is connected to 

20 inlet link Ri(l,1,2) of Ring (slice 1, ring 1) and also inlet link ofRi(l,2,2) of Ring (slice 

1, ring 2). And from left-hand side, outlet link Bo(l,1, 1) of Ring (slice 1, ring 1) is 

connected to inlet link Il of the computational block. From left-hand side, Outlet link 

Bo(l,1,2) of Ring (slice 1, ring 1) is connected to inlet link I2 of the computational block. 

Similarly from left-hand side, outlet link Bo(l,2,1) of Ring (slice 1, ring 2) is connected 

25 to inlet link I3 of the computational block. From left-hand side, outlet link Bo(l,2,2) of 

Ring (slice 1, ring 2) is connected to inlet link I4 of the computational block. 

From right-hand side, outlet link 01 of the computational block is connected to 

inlet link Ui(l, l ,2m+ 1) of ring (slice 1, ring 1) and also inlet link of Ui(l ,2,2n+ 1) of ring 

(slice 1, ring 2). Similarly from right-hand side, outlet link 02 of the computational block 

30 is connected to inlet link Ui(l,l,2m+2) of Ring (slice 1, ring 1) and also inlet link of 

Ui(l,2,2n+2) of Ring (slice 1, ring 2). And from right-hand side, outlet link Fo(l, l,2m+ 1) 
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of Ring (slice 1, ring 1) is connected to inlet link 15 of the computational block. From 

right-hand side, outlet link Fo(l,1,2m+2) of Ring (slice 1, ring 1) is connected to inlet 

link 16 of the computational block. Similarly from right-hand side, outlet link 

Fo(l,2,2n+ 1) of Ring (slice 1, ring 2) is connected to inlet link 17 of the computational 

5 block. From right-hand side, outlet link Fo(l,2,2n+2) of Ring (slice 1, ring 2) is 

connected to inlet link 18 of the computational block. 

From left-hand side, outlet link 03 of the computational block is connected to 

inlet link Ri(2,1, 1) of ring (slice 2, ring 1) and also inlet link ofRi(2,2,l) of ring (slice 2, 

ring 2). Similarly from left-hand side, outlet link 04 of the computational block is 

10 connected to inlet link Ri(2,l,2) of Ring (slice 2, ring 1) and also inlet link ofRi(2,2,2) of 

Ring (slice 2, ring 2). And from left-hand side, outlet link Bo(2, 1, 1) of Ring (slice 2, ring 

1) is connected to inlet link 19 of the computational block. From left-hand side, Outlet 

link Bo(2,1,2) of Ring (slice 2, ring 1) is connected to inlet link 110 of the computational 

block. Similarly from left-hand side, outlet link Bo(2,2, 1) of Ring (slice 2, ring 2) is 

15 connected to inlet link 11 1 of the computational block. From left-hand side, outlet link 

Bo(2,2,2) of Ring (slice 2, ring 2) is connected to inlet link 112 of the computational 

block. 

From right-hand side, outlet link 03 of the computational block is connected to 

inlet link Ui(2, l,2x+ 1) of ring (slice 2, ring 1) and also inlet link of Ui(2,2,2y+ 1) of ring 

20 (slice 2, ring 2). Similarly from right-hand side, outlet link 04 of the computational block 

is connected to inlet link Ui(2,l,2x+2) of Ring (slice 2, ring 1) and also inlet link of 

Ui(2,2,2y+2) of Ring (slice 2, ring 2). And from right-hand side, outlet link Fo(2, l,2x+ 1) 

of Ring (slice 2, ring 1) is connected to inlet link 113 of the computational block. From 

right-hand side, outlet link Fo(2,l,2x+2) of Ring (slice 2, ring 1) is connected to inlet link 

25 114 of the computational block. Similarly from right-hand side, outlet link F o(2,2,2y+ 1) 

of Ring (slice 2, ring 2) is connected to inlet link 115 of the computational block. From 

right-hand side, outlet link Fo(2,2,2y+2) of Ring (slice 2, ring 2) is connected to inlet link 

116 of the computational block. 

In this embodiment outlet links O 1 and 02 of the computational block are 

30 connected only to slice 1. Similarly outlet links 03 and 04 of the computational block are 

connected only to slice 2. 
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Referring to two dimensional grid 800 in FIG. 8 illustrates, in another 

embodiment, each block of 2D-grid 800 consists of one of the partial multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and 

the corresponding computational block with 16 inlet links and 4 outlet links. For example 

5 block ( 1, 1) of 2D-grid 800 consists of one of the partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and the corresponding 

computational block with 16 inlet links and 4 outlet links. Similarly each of the 100 

blocks of 2D-grid 800 has a separate partial multi-stage hierarchical network 

Vcomb(N1,N2 ,d,s) lOOC with 4 inlet links and 16 outlet links and the corresponding 

10 computational block with 16 inlet links and 4 outlet links. Hence the complete multi-stage 

hierarchical network Vcamb(N1,N2 ,d,s) corresponding to 2D-grid 800 has N1 = 400 inlet 

links and N 2 = 1600 outlet links. Since there are 100 computational blocks each one 

corresponding to one of the blocks with each computational block having 16 inlet links 

and 4 outlet links. Also the 2D-grid 800 is organized in the fourth quadrant of the 2D-

l 5 Plane. In other embodiments the 2D-grid 800 may be organized as either first quadrant, or 

second quadrant or third quadrant of the 2D-Plane. 

Referring to partial multi-stage hierarchical network Vcamb (N1,N2 ,d,s) lOOC in 

FIG. IC, the stage (slice 1, ring 1, stage 0) consists of 8 inputs namely Ri(l, 1,1), 

Ri(l,1,2), Ui(l,1,1), Ui(l,1,2), J(l,1,1), K(l,1,1), L(l,1,1), and M(l,1,1); and 4 outputs 

20 Bo(l,1,1), Bo(l,1,2), Fo(l,1,1), and Fo(l,1,2). The stage (slice 1, ring "l", stage "O") also 

consists of four 4:1 Muxes namely F(l,1,1), F(l,1,2), B(l,1,1), and B(l,1,2). The 4:1 

Mux F(l,1,1) has four inputs namely Ri(l,1,1), Ri(l,1,2), Ui(l,1,2), and J(l,1,1), and has 

one output Fo(l, 1,1). The 4: 1 Mux F(l,1,2) has four inputs namely Ri(l,1, 1), Ri(l,1,2), 

Ui(l,1, 1), and K(l, 1, 1), and has one output Fo(l,1,2). 

25 The 4:1 Mux B(l,1,1) has four inputs namely Ui(l,1,1), Ui(l,1,2), Ri(l,1,2), and 

L(l, 1, 1), and has one output Bo(l,l, 1). The 4: 1 Mux B(l,1,2) has four inputs namely 

Ui(l, 1, 1), Ui(l, 1,2), Ri(l,l, 1) and M(l, 1, 1), and has one output Bo(l, 1,2). In different 

embodiments the inputs J(l, 1, 1), K(l, 1, 1), L(l, 1, 1), and M(l, 1, 1) are connected from any 

of the outputs of any other stages of any ring of any block of the multi-stage hierarchical 

30 network VComb(N1,N2,d,s). 
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