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to the same assignee as the current application, filed concurrently.
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GENERALIZED REARRANGEABLY NONBLOCKING MULTI-LINK MULTI-

STAGE NETWORKS" by Venkat Konda assigned to the same assignee as the current

application, filed concurrently.

This application is related to and incorporates by reference in its entirety the U.S.

20 Provisional Patent Application Docket No. M-0040US entitled "FULLY CONNECTED

GENERALIZED MULTI-LINK BUTTERFLY FAT TREE NETWORKS" by Venkat

Konda assigned to the same assignee as the current application, filed concurrently.

This application is related to and incorporates by reference in its entirety the U.S.
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25 GENERALIZED STRICTLY NONBLOCKING MULTI—LINK MULTI-STAGE

NETWORKS" by Venkat Konda assigned to the same assignee as the current application,

filed concurrently.
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This application is related to and incorporates by reference in its entirety the US

Provisional Patent Application Docket No. M-0045US entitled ”VLSI LAYOUTS OF

FULLY CONNECTED GENERALIZED NETWORKS" by Venkat Konda assigned to

the same assignee as the current application, filed concurrently.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a diagram 100A of an exemplary symmetrical folded multi-stage

network Vfold (N,d , s) having inverse Benes connection topology of five stages with N =

8, d = 2 and s=2 with exemplary multicast connections, strictly nonblocking network for

unicast connections and rearrangeably nonblocking network for arbitrary fan-out

multicast connections, in accordance with the invention.

FIG. 1A1 is a diagram 100A1 of an exemplary symmetrical folded multi-stage

network anm (N,d ,2) having Omega connection topology of five stages with N = 8, d =

2 and s=2 with exemplary multicast connections, strictly nonblocking network for unicast

connections and rearrangeably nonblocking network for arbitrary fan-out multicast

connections, in accordance with the invention.

FIG. 1A2 is a diagram 100A2 of an exemplary symmetrical folded multi-stage

network Vfold (N,d ,2) having nearest neighbor connection topology of five stages with N

= 8, d = 2 and s=2 with exemplary multicast connections, strictly nonblocking network

for unicast connections and rearrangeably nonblocking network for arbitrary fan-out

multicast connections, in accordance with the invention.

FIG. 1B is a diagram 100B of a general symmetrical folded multi-stage network

V/UM (N,d,2) with (2Xlog d N )—1 stages strictly nonblocking network for unicast

connections and rearrangeably nonblocking network for arbitrary fan-out multicast

connections in accordance with the invention.

FlG. 1C is a diagram 100C of an exemplary asymmetrical folded multi-stage

network Vfold (N1, N2,d ,2) having inverse Benes connection topology of five stages with

N1 = 8, N2 = p* N1 = 24 where p = 3, and d = 2 with exemplary multicast connections,
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strictly nonblocking network for unicast connections and rearrangeably nonblocking

network for arbitrary fan-out multicast connections, in accordance with the invention.

FIG. 1C1 is a diagram 100C1 of an exemplary asymmetrical folded multi-stage

network Vfold (N1,N2,d ,2) having Omega connection topology of five stages with N1 =

8, N2 = p* N1 = 24 where p = 3, and d = 2 with exemplary multicast connections, strictly

nonblocking network for unicast connections and rearrangeably nonblocking network for

arbitrary fan-out multicast connections, in accordance with the invention.

FIG. 1C2 is a diagram 100C2 of an exemplary asymmetrical folded multi-stage

network VIM (N1,N2,d ,2) having nearest neighbor connection topology of five stages

with N1 = 8, N2 = p* N1 = 24 where p = 3, and d = 2 with exemplary multicast

connections, strictly nonblocking network for unicast connections and rearrangeably

nonblocking network for arbitrary fan-out multicast connections, in accordance with the

invention.

FIG. 1D is a diagram 100D of a general asymmetrical folded multi-stage network

Vfold (N1,N2,d,2) with N2 = p* N1 and with (2Xlogd N)—1 stages strictly nonblocking

network for unicast connections and rearrangeably nonblocking network for arbitrary fan-

out multicast connections in accordance with the invention.

FIG. 1B is a diagram 100E of an exemplary asymmetrical folded multi-stage

network Vfold (N1, N2,d ,2) having inverse Benes connection topology of five stages with

N2 = 8, N1 = p* N2 = 24, where p = 3, and d = 2 with exemplary multicast connections,

strictly nonblocking network for unicast connections and rearrangeably nonblocking

network for arbitrary fan-out multicast connections, in accordance with the invention.

FIG. 1E1 is a diagram 100E1 of an exemplary asymmetrical folded multi-stage

network anm (N1 ,N2,d ,2) having Omega connection topology of five stages with N2 =

8, N1 = p* N2 = 24, where p = 3, and d = 2 with exemplary multicast connections,

strictly nonblocking network for unicast connections and rearrangeably nonblocking

network for arbitrary fan-out multicast connections, in accordance with the invention.
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FIG. IE2 is a diagram 100E2 of an exemplary asymmetrical folded multi-stage

network Vfold (N1,N2,d ,2) having nearest neighbor connection topology of five stages

with N2 = 8, N1 = p* N2 = 24, where p = 3, and d = 2 with exemplary multicast

connections, strictly nonblocking network for unicast connections and rearrangeably

nonblocking network for arbitrary fan-out multicast connections, in accordance with the

invention.

FIG. 1F is a diagram 100F of a general asymmetrical folded multi-stage network

Vfold (N1,N2,d,2) with N1 = p* N2 and with (2Xlogd N)—l stages strictly nonblocking

network for unicast connections and rearrangeably nonblocking network for arbitrary fan-

out multicast connections in accordance with the invention.

FIG. 2A is a diagram 200A of an exemplary symmetrical folded multi-stage

network VIM (N,d , 5) having inverse Benes connection topology of five stages with N =

8, d = 2 and s=1 with exemplary unicast connections rearrangeably nonblocking network

for unicast connections, in accordance with the invention.

FIG. 2B is a diagram 200B of a general symmetrical folded multi-stage network

Vfold (N,d ,1) with (2Xlogd N)—1 stages rearrangeably nonblocking network for unicast

connections in accordance with the invention.

FIG. 2C is a diagram 200C of an exemplary asymmetrical folded multi-stage

network VIM (N1,N2,d,l) having inverse Benes connection topology of five stages with

N1 = 8, N2 = p* N1 = 24 where p = 3, and d = 2 with exemplary unicast connections

rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 2D is a diagram 200D of a general asymmetrical folded multi-stage network

Vfold(N1,N2,d,l) with N2 = p* N1 and with (2Xlogd N)—l stages rearrangeably

nonblocking network for unicast connections in accordance with the invention.

FIG. 2B is a diagram 200E of an exemplary asymmetrical folded multi-stage

network anld (N1,N2,al ,1) having inverse Benes connection topology of five stages with
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N2 = 8, N1 = p"< N2 = 24, where p = 3, and d = 2 with exemplary unicast connections

rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 2F is a diagram 200F of a general asymmetrical folded multi-stage network

Vf,,d(N1,N,,d,1) with N1 p* N2 and with (2Xlog d N )—1 stages rearrangeably

nonblocking network for unicast connections in accordance with the invention.

FIG. 3A is a diagram 300A of an exemplary symmetrical multi-stage network

V(N,d, 5) having inverse Benes connection topology of five stages with N = 8, d = 2 and

s = 1, rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 3B is a diagram 300B of an exemplary symmetrical multi-stage network

V(N,d, 5) (having a connection topology built using back-to-back Omega Networks) of

five stages with N = 8, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections.

FIG. 3C is a diagram 300C of an exemplary symmetrical multi-stage network

V(N,d, 3) having an exemplary connection topology of five stages with N = 8, d = 2 and

s=1, rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 3D is a diagram 300D of an exemplary symmetrical multi-stage network

V(N,d, s) having an exemplary connection topology of five stages with N = 8, d = 2 and

s = 1, rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 3E is a diagram 300E of an exemplary symmetrical multi—stage network

V(N,d, 5) (having a connection topology called flip network and also known as inverse

shuffle exchange network) of five stages with N = 8, d = 2 and s = 1, rearrangeably

nonblocking network for unicast connections.
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FIG. 3F is a diagram 300F of an exemplary symmetrical multi-stage network

V(N,d, 5) having Baseline connection topology of five stages with N = 8, d = 2 and s =

1, rearrangeably nonblocking network for unicast connections.

FIG. 3G is a diagram 300G of an exemplary symmetrical multi-stage network

V(N,d, 5) having an exemplary connection topology of five stages with N = 8, d = 2 and

s = 1, rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 3H is a diagram 300H of an exemplary symmetrical multi-stage network

V(N,d, 5) having an exemplary connection topology of five stages with N = 8, d = 2 and

s = 1, rearrangeably nonblocking network for unicast connections, in accordance with the

invention.

FIG. 31 is a diagram 3001 of an exemplary symmetrical multi-stage network

V(N,d, 5) (having a connection topology built using back-to-back Banyan Networks or

back-to-back Delta Networks or equivalently back-to-back Butterfly networks) of five

stages with N = 8, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections.

FIG. 3] is a diagram 300J of an exemplary symmetrical multi-stage network

V(N,d, s) having an exemplary connection topology of five stages with N = 8, d = 2 and

s = 1, rearrangeably nonblocking network for unicast connections.

FIG. 3K is a diagram 300K of a general symmetrical multi—stage network

V(N,d, s) with (2Xlogd N )—1 stages with s = 1, rearrangeably nonblocking network for

unicast connections in accordance with the invention.

FIG. 3A1 is a diagram 300A1 of an exemplary asymmetrical multi-stage network

V(N1, N2,al , s) having inverse Benes connection topology of five stages with N1 = 8, N2

= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections, in accordance with the invention.



Page 7 of 157

10

15

25

Page 7 of 157

M—0041 US

FIG. 3B1 is a diagram 300B1 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) (having a connection topology built using back-to-back Omega

Networks) of five stages with N1 = 8, N2 = p* N1 = 24 where p = 3, d = 2 and s = 1,

rearrangeably nonblocking network for unicast connections.

FIG. 3C1 is a diagram 300C1 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) having an exemplary connection topology of five stages with N1 = 8, N2

= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections, in accordance with the invention.

FIG. 3D] is a diagram 300D] of an exemplary asymmetrical multi-stage network

V(N1,N2,d ,5) having an exemplary connection topology of five stages with N1 = 8, N2

= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections, in accordance with the invention.

FIG. 3E1 is a diagram 300E1 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) (having a connection topology called flip network and also known as

inverse shuffle exchange network) of five stages with N1 = 8, N2 = p* N1 = 24 where p =

3, d = 2 and s = 1, rearrangeably nonblocking network for unicast connections.

FIG. 3F1 is a diagram 300F1 of an exemplary asymmetrical multi-stage network

V(N1, N2,d , 5) having Baseline connection topology of five stages with N1 = 8, N2 = p*

N1 = 24 where p = 3, d = ’7 and s = 1, rearrangeably nonblocking network for unicast

connections.

FIG. 3G1 is a diagram 300G1 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) having an exemplary connection topology of five stages with N1 = 8, N2

= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections, in accordance with the invention.

FIG. 3H1 is a diagram 300H1 of an exemplary asymmetrical multi-stage network

V(N1, N2,d ,5) having an exemplary connection topology of five stages with N1 = 8, N2
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= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections, in accordance with the invention.

FIG. 311 is a diagram 30011 of an exemplary asymmetrical multi-stage network

V(N1, N2 , d , 5) (having a connection topology built using back-to-back Banyan Networks

or back-to-back Delta Networks or equivalently back-to-back Butterfly networks) of five

stages with N1 = 8, N2 = p* N1 = 24 where p = 3, d = 2 and s = l, rearrangeably

nonblocking network for unicast connections.

FIG. 3] 1 is a diagram 300] 1 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) having an exemplary connection topology of five stages with N1 = 8, N2

= p* N1 = 24 where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections.

FIG. 3K1 is a diagram 300K1 of a general asymmetrical multi-stage network

V(N1,N2,d,s) with (2xlogd N)—1 stages with N1 = p* N2 and s = 1, rearrangeably

nonblocking network for unicast connections in accordance with the invention.

FIG. 3B2 is a diagram 300B2 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) (having a connection topology built using back-to-back Omega

Networks) of five stages with N2 = 8, N1 = p* N2: ’74, where p = 3, d = 2 and s = 1,

rearrangeably nonblocking network for unicast connections.

FIG. 3A2 is a diagram 300A2 of an exemplary asymmetrical multi-stage network

V(N1, N2,d , 5) having inverse Benes connection topology of five stages with N2 = 8, N1

= p* N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for

unicast connections, in accordance with the invention.

FIG. 3C2 is a diagram 300C2 of an exemplary asymmetrical multi-stage network

V(N1, N2,al , 5) having an exemplary connection topology of five stages with N2 = 8, N1

= p* N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for

unicast connections, in accordance with the invention.
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FIG. 3D2 is a diagram 300D2 of an exemplary asymmetrical multi-stage network

V(N1,N2,d ,s) having an exemplary connection topology of five stages with N2 = 8, N1

= p* N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for

unicast connections, in accordance with the invention.

FIG. 3E2 is a diagram 300E2 of an exemplary asymmetrical multi-stage network

V(N1,N2,d,s) (having a connection topology called flip network and also known as

inverse shuffle exchange network) of five stages with N2 = 8, N1 = p* N2 = 24, where p

= 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast connections.

FIG. 3F2 is a diagram 300F2 of an exemplary asymmetrical multi-stage network

V(Nl, N2,61, 5) having Baseline connection topology of five stages with N2 = 8, N1 = p*

N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for unicast

connections.

FIG. 3G2 is a diagram 300G2 of an exemplary asymmetrical multi-stage network

V(N1, N2,d, 5) having an exemplary connection topology of five stages with N2 = 8, N1

= p* N2 = 24, where p = 3, d = ’7 and s = 1, rearrangeably nonblocking network for

unicast connections, in accordance with the invention.

FIG. 3H2 is a diagram 300H2 of an exemplary asymmetrical multi-stage network

V(N1,N2,d ,5) having an exemplary connection topology of five stages with N2 = 8, N1

= p* N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for

unicast connections, in accordance with the invention.

FIG. 312 is a diagram 30012 of an exemplary asymmetrical multi-stage network

V(N1, N2,d , 5) (having a connection topology built using back-to-back Banyan Networks

or back-to-back Delta Networks or equivalently back-to-back Butterfly networks) of five

stages with N2 = 8, N1 = p* N2 = 24, where p = 3, d = 2 and s = 1, rearrangeably

nonblocking network for unicast connections.

FIG. 312 is a diagram 30012 of an exemplary asymmetrical multi-stage network

V(N1, N2,d , 5) having an exemplary connection topology of five stages with N2 = 8, N1

-9-
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= p* N; = 24, where p = 3, d = 2 and s = 1, rearrangeably nonblocking network for

unicast connections.

FIG. 3K2 is a diagram 300K2 of a general asymmetrical multi-stage network

V(N1,N2,d,s) with (leogd N)—1 stages with N2 = p* N1 and s = 1, rearrangeably

nonblocking network for unicast connections in accordance with the invention.

FIG. 4A is high-level flowchart of a scheduling method according to the

invention, used to set up the multicast connections in all the networks disclosed in this

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is concerned with the design and operation of large scale

crosspoint reduction using arbitrarily large folded multi-stage switching networks for

broadcast, unicast and multicast connections. Particularly folded multi-stage networks

with stages more than three and radices greater than or equal to two offer large scale

crosspoint reduction when configured with optimal links as disclosed in this invention.

When a transmitting device simultaneously sends information to more than one

receiving device, the one-to-many connection required between the transmitting device

and the receiving devices is called a multicast connection. A set of multicast connections

is referred to as a multicast assignment. When a transmitting device sends information to

one receiving device, the one-to-one connection required between the transmitting device

and the receiving device is called unicast connection. When a transmitting device

simultaneously sends information to all the available receiving devices, the one-to-all

connection required between the transmitting device and the receiving devices is called a

broadcast connection.

In general, a multicast connection is meant to be one-to-many connection, which

includes unicast and broadcast connections. A multicast assignment in a switching

network is nonblocking if any of the available inlet links can always be connected to any

of the available outlet links.

-10-
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In certain folded multi-stage networks of the type described herein, any

connection request of arbitrary fan-out, i.e. from an inlet link to an outlet link or to a set

of outlet links of the network, can be satisfied without blocking if necessary by

rearranging some of the previous connection requests. In certain other folded multi-stage

networks of the type described herein, any connection request of arbitrary fan-out, i.e.

from an inlet link to an outlet link or to a set of outlet links of the network, can be

satisfied without blocking with never needing to rearrange any of the previous connection

requests.

In certain folded multi—stage networks of the type described herein, any

connection request of unicast from an inlet link to an outlet link of the network, can be

satisfied without blocking if necessary by rearranging some of the previous connection

requests. In certain other folded multi-stage networks of the type described herein, any

connection request of unicast from an inlet link to an outlet link of the network, can be

satisfied without blocking with never needing to rearrange any of the previous connection

requests.

The folded multi-stage network Vfold (N1, N2, d, s) disclosed, in the current

invention, is topologically exactly the same as the multi-stage network V(N1, N2 , d, s) ,

disclosed in US. Provisional Patent Application Docket No. M-0037US that is

incorporated by reference above, excepting that in the illustrations folded network

Vfold (N1,N2 , cl, 5) is shown as it is folded at middle stage 130 +10 * (Long2 — 2) . This

is true for all the embodiments presented in the current invention.

Nonblocking configurations for other types of networks with numerous

connection topologies and scheduling methods are disclosed as follows:

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 US. Provisional Patent

Application, Attorney Docket No. M-0037 US that is incorporated by reference above.
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2) Strictly and rearrangeably nonblocking for arbitrary fan-out multicast and

unicast for generalized butterfly fat tree networks Vbfl (N1 , N2, d , s) with numerous

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

Provisional Patent Application, Attorney Docket No. M-0038 US 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

thnk (N1 ,N2 , d , s) and generalized folded multi—link multi—stage networks

Vfoldwlmk (N1 , N2 , d , s) with numerous connection topologies and the scheduling methods

are described in detail in US Provisional Patent Application, Attorney Docket No. M-

0039 US 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 thnk_bfi (Nl , N2 , d , s) with

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

US. Provisional Patent Application, Attorney Docket No. M-0040 US that is

incorporated by reference above.

5) Strictly nonblocking for arbitrary fan-out multicast for generalized multi-link

multi—stage networks leink (N1, N2 , d , s) and generalized folded multi—link multi—stage

networks V1.0,dwhnk (N1 , N2 , d , s) with numerous connection topologies and the scheduling

methods are described in detail in US. Provisional Patent Application, Attorney Docket

No. M—0042 US that is incorporated by reference above.

6) VLSI layouts of generalized multi-stage networks V(N1,N2,d, s) , generalized

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

Vbfi (N1, N2 , d , s) , generalized multi-link multi-stage networks leink (N1 , N2 , d , s) ,

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

multi-link butterfly fat tree networks Vm,inkibfi (N1 , N2 , d, s) , and generalized hypercube

networks thbe (N1, N2,d ,5) for s = 1,2,3 or any number in general, are described in

-12-



Page 13 of 157

10

15

20

25

Page 13 of 157

M—0041 US

detail in US Provisional Patent Application, Attorney Docket No. M-0045 US that is

incorporated by reference above.

Symmetric folded RNB Embodiments:

Referring to FIG. 1A, in one embodiment, an exemplary symmetrical folded

multi-stage network 100A with five stages of thirty two switches for satisfying

communication requests, such as setting up a telephone call or a data call, or a connection

between configurable logic blocks, between an input stage 110 and output stage 120 via

middle stages 130, 140, and 150 is shown where input stage 110 consists of four, two by

four switches 131-134 and output stage 120 consists of four, four by two switches 081-

034. And all the middle stages namely middle stage 130 consists of eight, two by two

switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by two switches

MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by two switches MS(3,l)

- MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size two by four, the

switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size four by two, and there are eight switches in each of middle stage 130, middle

stage 140 and middle stage 150.

In one embodiment of this network each of the input switches ISl-IS4 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable E , where N is the total
d

number of inlet links or outlet links. The number of middle switches in each middle stage

is denoted by 2X%. The size of each input switch ISl-IS4 can be denoted in general
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with the notation d * 2d and each output switch OSl-OS4 can be denoted in general with

the notation 2d >|< d . Likewise, the size of each switch in any of the middle stages can be

denoted as d * d . A switch as used herein can be either a crossbar switch, or a network

of switches each of which in turn may be a crossbar switch or a network of switches. A

symmetric folded multi-stage network can be represented with the notation Vfold (N, d, s),

where N represents the total number of inlet links of all input switches (for example the

links IL1-IL8), d represents the inlet links of each input switch or outlet links of each

output switch, and s is the ratio of number of outgoing links from each input switch to

the inlet links of each input switch. Although it is not necessary that there be the same

number of inlet links IL1-IL8 as there are outlet links OLl-OLS, in a symmetrical

network they are the same.

Each of the 3 input switches ISl — 134 are connected to exactly 2Xd switches

in middle stage 130 through 2x d links (for example input switch 131 is connected to

middle switches MS(1,1), MS(1,2), MS(1,5) and MS(1,6) through the links ML(1,1),

ML(1,2), ML(1,3) and ML(1,4) respectively).

Each of the 2X% middle switches MS(1,1) — MS(1,8) in the middle stage 130
are connected from exactly (1 input switches through (1 links (for example the links

ML(1,1) and ML(1,5) are connected to the middle switch MS(1,1) from input switch 131

and 132 respectively) and also are connected to exactly d switches in middle stage 140

through d links (for example the links ML(2,1) and ML(2,2) are connected from middle

switch MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).

Similarly each of the 2 X% middle switches MS(2,1) — MS(2,8) in the middle
stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,3) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)
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and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the 2X% middle switches MS(3,1) — MS(3,8) in the middle
stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

exactly (1 output switches in output stage 120 through (1 links (for example the links

ML(4,1) and ML(4,2) are connected to output switches 031 and 032 respectively from

middle switches MS(3, 1)).

Each of the % output switches OS] — 034 are connected from exactly 2X d
switches in middle stage 150 through 2 X (1 links (for example output switch 081 is

connected from middle switches MS(3,1), MS(3,2), MS(3,5) and MS(3,6) through the

links ML(4,1), ML(4,3), ML(4,9) and ML(4,11) respectively).

Finally the connection topology of the network 100A shown in FIG. 1A is known

to be back to back inverse Benes connection topology.

Referring to FIG. 1A1, in another embodiment of network Vfold (N, d, s), an

exemplary symmetrical folded multi-stage network 100A] with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or a

data call, or a connection between configurable logic blocks, between an input stage 110

and output stage 120 via middle stages 130, 140, and 150 is shown where input stage 110

consists of four, two by four switches 181-134 and output stage 120 consists of four, four

by two switches OSl-OS4. And all the middle stages namely middle stage 130 consists of

eight, two by two switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by

two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by two

switches MS(3,1) - MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size two by four, the
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switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size four by two, and there are eight switches in each of middle stage 130, middle

stage 140 and middle stage 150.

In one embodiment of this network each of the input switches 131-184 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable E , where N is the total

number of inlet links or outlet links. The number of middle switches in each middle stage

is denoted by Zxfl. The size of each input switch ISl-IS4 can be denoted in general
d

with the notation cl * 2d and each output switch OSl-OS4 can be denoted in general with

the notation 2d * d . Likewise, the size of each switch in any of the middle stages can be

denoted as d * d . A switch as used herein can be either a crossbar switch, or a network

of switches each of which in turn may be a crossbar switch or a network of switches. The

symmetric folded multi-stage network of FIG. 1A1 is also the network of the type

VJW (N, d, s), where N represents the total number of inlet links of all input switches

(for example the links ILl-ILS), d represents the inlet links of each input switch or outlet

links of each output switch, and s is the ratio of number of outgoing links from each

input switch to the inlet links of each input switch. Although it is not necessary that there

be the same number of inlet links ILl-ILS as there are outlet links OLl-OLS, in a

symmetrical network they are the same.

Each of the 5 input switches ISl — IS4 are connected to exactly 2Xd switches

in middle stage 130 through 2x (1 links (for example input switch 131 is connected to

middle switches MS(1,1), MS(1,2), MS(1,5) and MS(1,6) through the links ML(l,l),

ML(1,2), ML(1,3) and ML(1,4) respectively).
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Each of the ng middle switches MS(1,1) — MS(1,8) in the middle stage 130
are connected from exactly d input switches through d links (for example the links

ML(1,1) and ML(1,9) are connected to the middle switch MS(1,1) from input switch 131

and IS3 respectively) and also are connected to exactly d switches in middle stage 140

through d links (for example the links ML(2,1) and ML(2,2) are connected from middle

switch MS(1, 1) to middle switch MS(2,1) and MS(2,2) respectively).

Similarly each of the 2 X% middle switches MS(2,1) — MS(2,8) in the middle
stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,5) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,3) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

Similarly each of the 2X% middle switches MS(3,1) — MS(3,8) in the middle
stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,5) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

exactly d output switches in output stage 120 through d links (for example the links

ML(4,1) and ML(4,2) are connected to output switches 03] and 032 respectively from

middle switches MS(3,1)).

Each of the % output switches OS] — 084 are connected from exactly 2X d
switches in middle stage 150 through 2 Xd links (for example output switch 0S1 is

connected from middle switches MS(3,1), MS(3,3), MS(3,5) and MS(3,7) through the

links ML(4,1), ML(4,5), ML(4,9) and ML(4,13) respectively).

Finally the connection topology of the network 100Al shown in FIG. 1A1 is

known to be back to back Omega connection topology.
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Referring to FIG. 1A2, in another embodiment of network Vfold (N, d, s), an

exemplary symmetrical folded multi-stage network 100A2 with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or

a data call, or a connection between configurable logic blocks, between an input

stage 110 and output stage 120 Via middle stages 130, 140, and 150 is shown where input

stage 110 consists of four, two by four switches IS1-IS4 and output stage 120 consists of

four, four by two switches OSl-OS4. And all the middle stages namely middle stage 130

consists of eight, two by two switches MS(l,l) - MS(1,8), middle stage 140 consists of

eight, two by two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight,

two by two switches MS(3,1) — MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 1 10 are of size two by four, the

switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size four by two, and there are eight switches in each of middle stage 130, middle

stage 140 and middle stage 150.

In one embodiment of this network each of the input switches ISl—IS4 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable E , where N is the total

number of inlet links or outlet links. The number of middle switches in each middle stage

is denoted by ZXE. The size of each input switch ISl-IS4 can be denoted in general
(I

with the notation (I * 2d and each output switch OS l-OS4 can be denoted in general with

the notation 2d, >I< d . Likewise, the size of each switch in any of the middle stages can be

denoted as d * d . A switch as used herein can be either a crossbar switch, or a network

of switches each of which in turn may be a crossbar switch or a network of switches. The

symmetric folded multi-stage network of FIG. 1A2 is also the network of the type

Vfold (N, d, s), where N represents the total number of inlet links of all input switches
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(for example the links IL1-IL8), d represents the inlet links of each input switch or outlet

links of each output switch, and s is the ratio of number of outgoing links from each

input switch to the inlet links of each input switch. Although it is not necessary that there

be the same number of inlet links IL1-IL8 as there are outlet links OLl-OLS, in a

symmetrical network they are the same.

Each of the % input switches ISl — 134 are connected to exactly 2xd switches
in middle stage 130 through 2X d links (for example input switch 181 is connected to

middle switches MS(1,1), MS(1,2), MS(1,5) and MS(1,6) through the links ML(1,1),

ML(1,2), ML(1,3) and ML(1,4) respectively).

Each of the 2X% middle switches MS(1,1) — MS(1,8) in the middle stage 130
are connected from exactly (I input switches through (I links (for example the links

ML(1,1) and ML(1,14) are connected to the middle switch MS(1,1) from input switch 181

and 184 respectively) and also are connected to exactly (I switches in middle stage 140

through d links (for example the links ML(2,1) and ML(2,2) are connected from middle

switch MS(1,1) to middle switch MS(2,1) and MS(2,2) respectively).

Similarly each of the 2X% middle switches MS(2,1) — MS(2,8) in the middle
stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,8) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,4) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

Similarly each of the 2 Xfl middle switches MS(3,1) — MS(3,8) in the middle
d

stage 150 are connected from exactly (I switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,8) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,4) respectively) and also are connected to
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exactly d output switches in output stage 120 through d links (for example the links

ML(4,1) and ML(4,2) are connected to output switches OS] and 032 respectively from

middle switches MS(3,1)).

Each of the % output switches OS] — 034 are connected from exactly 2X d
switches in middle stage 150 through 2 xd links (for example output switch 081 is

connected from middle switches MS(3,1), MS(3,4), MS(3,5) and MS(3,8) through the

links ML(4,1), ML(4,2), ML(4,3) and ML(4,4) respectively).

Finally the connection topology of the network 100A2 shown in FIG. 1A2 is

hereinafter called nearest neighbor connection topology.

In the three embodiments of FIG. 1A, FIG. 1A1 and FIG. 1A2 the connection

topology is different. That is the way the links ML(1,1) - ML(1,16), ML(2,1) - ML(2,16),

ML(3,1) - ML(3,16), and ML(4,1) - ML(4,16) are connected between the respective

stages is different. Even though only three embodiments are illustrated, in general, the

network Vfold (N, d, s) can comprise any arbitrary type of connection topology. For

example the connection topology of the network Vfifld (N, d , 5) may be back to back

Benes networks, Delta Networks and many more combinations. The applicant notes that

the fundamental property of a valid connection topology of the Vfom (N, d , s) network is,

when no connections are setup from any input link all the output links should be

reachable. Based on this property numerous embodiments of the network Vfold (N, d, s)

can be built. The embodiments of FIG. 1A, FIG. 1A1, and FIG. 1A2 are only three

examples of network Vfold (N, d, s).

In the three embodiments of FIG. 1A, FIG. 1A1 and FIG. 1A2, each of the links

ML(1,1) — ML(1,16), ML(2,1) — ML(2,16), ML(3,1) — ML(3,16) and ML(4,1) —

ML(4,16) are either available for use by a new connection or not available if currently

used by an existing connection. The input switches ISl-IS4 are also referred to as the

network input ports. The input stage 110 is often referred to as the first stage. The output

switches OSl-OS4 are also referred to as the network output ports. The output stage 120

is often referred to as the last stage. The middle stage switches MS(1,1) — MS(1,8),
-20-
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MS(2,1) — MS(2,8), and MS(3,1) — MS(3,8) are referred to as middle switches or middle

ports.

In the example illustrated in FIG. 1A (or in FIG1A1, or in FIG. 1A2), a fan-out of

four is possible to satisfy a multicast connection request if input switch is IS2, but only

two switches in middle stage 130 will be used. Similarly, although a fan-out of three is

possible for a multicast connection request if the input switch is 131, again only a fan-out

of two is used. The specific middle switches that are chosen in middle stage 130 when

selecting a fan-out of two is irrelevant so long as at most two middle switches are selected

to ensure that the connection request is satisfied. In essence, limiting the fan—out from

input switch to no more than two middle switches permits the network 100A (or 100A1,

or 100A2), to be operated in rearrangeably nonblocking manner in accordance with the

invention.

The connection request of the type described above can be unicast connection

request, a multicast connection request or a broadcast connection request, depending on

the example. In case of a unicast connection request, a fan-out of one is used, i.e. a single

middle stage switch in middle stage 130 is used to satisfy the request. Moreover,

although in the above-described embodiment a limit of two has been placed on the fan-

out into the middle stage switches in middle stage 130, the limit can be greater depending

on the number of middle stage switches in a network (while maintaining the

rearrangeably nonblocking nature of operation of the network for multicast connections).

However any arbitrary fan-out may be used within any of the middle stage switches and

the output stage switches to satisfy the connection request.

Generalized Symmetric folded RNB Embodiments:

Network 100B of FIG. 1B is an example of general symmetrical folded multi-

stage network Vfold (N,d , s) with (leogd N)—1 stages. The general symmetrical folded

multi-stage network Vfold (N, d, s) can be operated in rearrangeably nonblocking manner

for multicast when s = 2 according to the current invention. Also the general

symmetrical folded multi-stage network VJW (N, d, s) can be operated in strictly

nonblocking manner for unicast if s = 2 according to the current invention. (And in the
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example of FIG. 1B, 5 = 2). The general symmetrical folded multi-stage network

VW (N,d,s) with (2Xlogd N)—1 stages has d inlet links for each of 5 input switches
d

ISl-IS(N/d) (for example the links IL1-IL(d) to the input switch 131) and 2X d outgoing

links for each of E input switches ISl-IS(N/d) (for example the links ML(1,1) -
d

ML(1,2d) to the input switch 131). There are (1 outlet links for each of % output
switches OSl-OS(N/d) (for example the links OL1-OL(d) to the output switch 081) and

2X d incoming links for each of E output switches OSl—OS(N/d) (for
d

example ML(2 X Long — 2,1) - ML(2 X Long — 2,2 X d) to the output switch OS 1).

Each of the E input switches ISl — IS(N/d) are connected to exactly 2 Xd
d

switches in middle stage 130 through 2 Xd links (for example input switch 131 is

connected to middle switches MS(1,1) - MS(1,d) through the links ML(1,1) - ML(1,d)

and to middle switches MS(1,N/d+1) — MS(1,{N/d}+d) through the links ML(1,d+1) —

ML(1,2d) respectively.

Each of the 2X£ middle switches MS(1,1) — MS(1,2N/d) in the middle stage
d

130 are connected from exactly d input switches through d links and also are connected

to exactly d switches in middle stage 140 through d links.

Similarly each of the 2X% middle switches MS (LogdN —1,1) -

MS(L0ng — 1,2 X%) in the middle stage 130 +10 * (Long — 2) are connected from
exactly d switches in middle stage 130 +10 * (Log dN —3) through d links and also are

connected to exactly d switches in middle stage 130 +10 * (Log dN — 1) through d links.
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Similarly each of the 2X% middle switches MS (2XLOgdN — 3,1) -

MS(2>< Long — 3,2X%) in the middle stage 130 +10 * (2 * Long — 4) are connected

from exactly (I switches in middle stage 130 + 10 * (2 * Long — 5) through d links and

also are connected to exactly (1 output switches in output stage 120 through d links.

Each of the % output switches 08] — OS(N/d) are connected from exactly 2>< d
switches in middle stage 130 + 10 * (2 * Long — 4) through 2 X d links.

As described before, again the connection topology of a general VM.1 (N, d , s)

may be any one of the connection topologies. For example the connection topology of the

network Vfom (N, d, 5) may be back to back inverse Benes networks, back to back Omega

networks, back to back Benes networks, Delta Networks and many more combinations.

The applicant notes that the fundamental property of a valid connection topology of the

general me (N, d , 5) network is, when no connections are setup from any input link if

any output link should be reachable. Based on this property numerous embodiments of

the network Vfold (N,d , s) can be built. The embodiments of FIG. 1A, FIG. 1A1, and

FIG. 1A2 are three examples of network Vfold (N,d , s) .

The general symmetrical folded multi-stage network V1.01d (N, d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 2 according to the

current invention. Also the general symmetrical folded multi-stage network Vfom (N, d, s)

can be operated in strictly nonblocking manner for unicast if s = 2 according to the

current invention.

Every switch in the folded multi-stage networks discussed herein has multicast

capability. In a Vfifld (N, d, 5) network, if a network inlet link is to be connected to more

than one outlet link on the same output switch, then it is only necessary for the

corresponding input switch to have one path to that output switch. This follows because

that path can be multicast within the output switch to as many outlet links as necessary.
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Multicast assignments can therefore be described in terms of connections between input

switches and output switches. An existing connection or a new connection from an input

switch to r' output switches is said to have fan-out r'. If all multicast assignments of a

first type, wherein any inlet link of an input switch is to be connected in an output switch

to at most one outlet link are realizable, then multicast assignments of a second type,

wherein any inlet link of each input switch is to be connected to more than one outlet link

in the same output switch, can also be realized. For this reason, the following discussion

is limited to general multicast connections of the first type (w1th fan-out r , 1: r S —)
d

although the same discussion is applicable to the second type.

. . . . . . N

To characterize a multicast ass1gnment, for each 1nlet11nk ze {IWZE} let

Il. = 0, where 0 C {1H2...,,%} denote the subset of output switches to which inlet link i
is to be connected in the multicast assignment. For example, the network of Fig. 1A

shows an exemplary five-stage network, namely an1,1 (8,2,2) , with the following

multicast assignment I1 = {2,3}and all other I j = ¢ for j = [2-8]. It should be noted that

the connection I1 fans out in the first stage switch 181 into middle switches MS(1,1) and

MS(1,5) in middle stage 130, and fans out in middle switches MS(1,1) and MS(1,5) only

once into middle switches MS(2, 1) and MS(2,5) respectively in middle stage 140.

The connection I1 also fans out in middle switches MS(2,1) and MS(2,5) only

once into middle switches MS(3, 1) and MS(3,7) respectively in middle stage 150. The

connection I1 also fans out in middle switches MS(3,1) and MS(3,7) only once into

output switches OS2 and 083 in output stage 120. Finally the connection I1 fans out

once in the output stage switch 082 into outlet link 0L3 and in the output stage switch

053 twice into the outlet links 0L5 and 0L6. In accordance with the invention, each

connection can fan out in the input stage switch into at most two middle stage switches in

middle stage 130.
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Asymmetric folded RNB (NZ > N1) Embodiments:

Referring to FIG. 1C, in one embodiment, an exemplary asymmetrical folded

Inulti-stage network 100C with five stages of thirty two switches for satisfying

communication requests, such as setting up a telephone call or a data call, or a connection

between configurable logic blocks, between an input stage 110 and output stage 120 Via

middle stages 130, 140, and 150 is shown where input stage 110 consists of four, two by

four switches 131-184 and output stage 120 consists of four, eight by six switches 081-

084. And all the middle stages namely middle stage 130 consists of eight, two by two

switches MS(1,1) — MS(1,8), middle stage 140 consists of eight, two by two switches

MS(2,1) — MS(2,8), and middle stage 150 consists of eight, two by four switches MS(3,1)

— MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size two by four, the

switches in output stage 120 are of size eight by six, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size eight by six, and there are eight switches of size two by two in each of middle

stage 130 and middle stage 140, and eight switches of size two by four in middle stage

150.

In one embodiment of this network each of the input switches 131-134 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

N

of output stage 120 can be denoted in general with the variable —1, where N1 is the total
d

number of inlet links or and N2 is the total number of outlet links and N2 > N1 and

N7 = p * N1 where p > 1. The number of middle switches in each middle stage is

denoted by 2 X% . The size of each input switch ISl-IS4 can be denoted in general with
the notation d >I< 2d and each output switch OS l-OS4 can be denoted in general with the
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notation (d + d2) >|< d , where d2 = N2 X1 = p x d . The size of each switch in any of
N1

the middle stages excepting the last middle stage can be denoted as d * d . The size of

(d+d2)

2
each switch in the last middle stage can be denoted as d * . A switch as used

 

herein can be either a crossbar switch, or a network of switches each of which in turn may

be a crossbar switch or a network of switches. An asymmetric folded multi-stage

network can be represented with the notation Vfgld (N1 , N2 , d , s) , where N1 represents the

total number of inlet links of all input switches (for example the links ILl-IL8), N2

represents the total number of outlet links of all output switches (for example the links

OLl-OL24), d represents the inlet links of each input switch where N2 > N1 , and s is

the ratio of number of outgoing links from each input switch to the inlet links of each

input switch.

N

Each of the 71 input switches [81 — 134 are connected to exactly 2X d switches

in middle stage 130 through 2X (1 links (for example input switch IS] is connected to

middle switches MS(1,1), MS(1,2), MS(1,5) and MS(1,6) through the links ML(1,1),

ML(1,2), ML(1,3) and ML(1,4) respectively).

N1

Each of the 2X7 middle switches MS(1,1) — MS(1,8) in the middle stage 130

are connected from exactly (1 input switches through (1 links (for example the links

ML(1,1) and ML(1,5) are connected to the middle switch MS(1,1) from input switch 181

and 1S2 respectively) and also are connected to exactly d switches in middle stage 140

through d links (for example the links ML(2,1) and ML(2,2) are connected from middle

switch MS(1,1) to middle switch MS(2,1) and MS(2,3) respectively).

N1

Similarly each of the 2 X7 middle switches MS(2, l) — MS(2,8) in the middle

stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,3) respectively) and also are connected to
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exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the 2X% middle switches MS(3,1) — MS(3,8) in the middle
stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

d + d2 output switches in output stage 120 through d + d29 9.1 .1

the links ML(4,1), ML(4,2), ML(4,3) and ML(4,4) are connected to output switches 031,

032, 033, and 034 respectively from middle switches MS(3,1)).

 

exactly

 

links (for example

Each of the % output switches OSl — 034 are connected from exactly d + d 2
switches in middle stage 150 through d + a!2 links (for example output switch OS] is

connected from middle switches MS(3,1), MS(3,2), MS(3,3), MS(3,4), MS(3,5),

MS(3,6), MS(3,7), and MS(3,8) through the links ML(4,1), ML(4,5), ML(4,9), ML(4,13),

ML(4,17), ML(4,21), ML(4,25) and ML(4,29) respectively).

Finally the connection topology of the network 100C shown in FIG. 1C is known

to be back to back inverse Benes connection topology.

Referring to FIG. 1C1, in another embodiment of network Vfold (N1 , N2 , d , s) , an

exemplary asymmetrical folded multi-stage network 100C1 with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or a

data call, or a connection between configurable logic blocks, between an input stage 110

and output stage 120 via middle stages 130, 140, and 150 is shown where input stage 110

consists of four, two by four switches 131-134 and output stage 120 consists of four, eight

by six switches OSl-OS4. And all the middle stages namely middle stage 130 consists of

eight, two by two switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by

two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by four

switches MS(3,1) - MS(3,8).
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Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size two by four, the

switches in output stage 120 are of size eight by six, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size eight by six, and there are eight switches of size two by two in each of middle

stage 130 and middle stage 140, and eight switches of size two by four in middle stage

150.

In one embodiment of this network each of the input switches 131—134 and output

switches OSl—OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable &, where N1 is the total
(1

number of inlet links or and N2 is the total number of outlet links and N2 > N1 and

N, = p * N1 where p > 1. The number of middle switches in each middle stage is

denoted by 2 X%. The size of each input switch ISl-IS4 can be denoted in general with
the notation d >I< 2d and each output switch OSl-OS4 can be denoted in general with the

notation (d + d2) * d , where d2 = N2 X1 = p x d . The size of each switch in any of
N1

the middle stages excepting the last middle stage can be denoted as d >I< d . The size of

(d+d2)

2
each switch in the last middle stage can be denoted as d * . A switch as used

herein can be either a crossbar switch, or a network of switches each of which in turn may

be a crossbar switch or a network of switches. The asymmetric folded multi-stage

network of FIG. 1C1 is also the network of the type Vfgld(N1,N2,d,S) , where N1

represents the total number of inlet links of all input switches (for example the links 1L1-

IL8), N2 represents the total number of outlet links of all output switches (for example

the links OL1-OL24), d represents the inlet links of each input switch where N2 > N1 ,

and s is the ratio of number of outgoing links from each input switch to the inlet links of

each input switch.
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N

Each of the 71 input switches [81 — IS4 are connected to exactly 2X d switches

in middle stage 130 through 2x d links (for example input switch 131 is connected to

middle switches MS(1,1), MS(l,2), MS(1,5) and MS(1,6) through the links ML(l,l),

ML(1,2), ML(1,3) and ML(l,4) respectively).

N1

Each of the 2X7 middle switches MS(l,l) — MS(1,8) in the middle stage 130

are connected from exactly (1 input switches through (1 links (for example the links

ML(1,l) and ML(1,9) are connected to the middle switch MS(1,1) from input switch 131

and 153 respectively) and also are connected to exactly (I switches in middle stage 140

through d links (for example the links ML(2,l) and ML(2,2) are connected from middle

switch MS(l, l) to middle switch MS(2,1) and MS(2,2) respectively).

N1

Similarly each of the 2X7 middle switches MS(2,1) — MS(2,8) in the middle

stage 140 are connected from exactly (1 switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,5) are connected to the middle switch MS(2,l)

from middle switches MS(1,1) and MS(l,3) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

N1

Similarly each of the 2 X7 middle switches MS(3,1) — MS(3,8) in the middle

stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,5) are connected to the middle switch MS(3, 1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

d :d2 output switches in output stage 120 through d :d2.1 .1

the links ML(4,1), ML(4,2), ML(4,3) and ML(4,4) are connected to output switches OSl,

OS2, OS3, and OS4 respectively from middle switches MS(3,l)).

  

exactly links (for example
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Each of the % output switches OSl — OS4 are connected from exactly d + d2
switches in middle stage 150 through d + d2 links (for example output switch OS] is

connected from middle switches MS(3,1), MS(3,2), MS(3,3), MS(3,4), MS(3,5),

MS(3,6), MS(3,7), and MS(3,8) through the links ML(4,1), ML(4,5), ML(4,9), ML(4,13),

ML(4,17), ML(4,21), ML(4,25) and ML(4,29) respectively).

Finally the connection topology of the network 100C1 shown in FIG. 1C1 is

known to be back to back Omega connection topology.

Referring to FIG. 1C2, in another embodiment of network me (N1 , N2 , d , s) , an

exemplary asymmetrical folded multi-stage network 100C2 with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or a

data call, or a connection between configurable logic blocks, between an input stage 110

and output stage 120 via middle stages 130, 140, and 150 is shown where input stage 110

consists of four, two by four switches 181-134 and output stage 120 consists of four, eight

by six switches OSl-OS4. And all the middle stages namely middle stage 130 consists of

eight, two by two switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by

two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by four

switches MS(3,1) - MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size two by four, the

switches in output stage 120 are of size eight by six, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size two by four, the switches in output stage 120

are of size eight by six, and there are eight switches of size two by two in each of middle

stage 130 and middle stage 140, and eight switches of size two by four in middle stage

150.

In one embodiment of this network each of the input switches 181—134 and output

switches OSl—OS4 are crossbar switches. The number of switches of input stage 110 and
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N

of output stage 120 can be denoted in general with the variable —1, where N1 is the total
(1

number of inlet links or and N2 is the total number of outlet links and N2 > N1 and

N9 = p * N1 where p > 1. The number of middle switches in each middle stage is

denoted by 2 x% . The size of each input switch ISl-IS4 can be denoted in general with
the notation d >I< 2d and each output switch OS l-OS4 can be denoted in general with the

notation (d + d2) * d , where d2 = N2 xi = p x d . The size of each switch in any of
N1

the middle stages excepting the last middle stage can be denoted as d * d . The size of

(d+d2)

2
each switch in the last middle stage can be denoted as d * . A switch as used

herein can be either a crossbar switch, or a network of switches each of which in turn may

be a crossbar switch or a network of switches. The asymmetric folded multi-stage

network of FIG. 1C2 is also the network of the type Vfgld(N1,N2,d,S) , where N1

represents the total number of inlet links of all input switches (for example the links 1L1-

ILS), N2 represents the total number of outlet links of all output switches (for example

the links OL1-OL24), d represents the inlet links of each input switch where N2 > N1 ,

and s is the ratio of number of outgoing links from each input switch to the inlet links of

each input switch.

Each of the % input switches [81 — 134 are connected to exactly 2X d switches
in middle stage 130 through 2X d links (for example input switch 181 is connected to

middle switches MS(1,1), MS(1,2), MS(1,5) and MS(1,6) through the links ML(1,1),

ML(1,2), ML(1,3) and ML(1,4) respectively).

N1

Each of the 2X7 middle switches MS(1,1) — MS(1,8) in the middle stage 130

are connected from exactly d input switches through d links (for example the links

ML(l,l) and ML(1,14) are connected to the middle switch MS(1,1) from input switch 131

and IS4 respectively) and also are connected to exactly (1 switches in middle stage 140

-31-



Page 32 of 157

10

15

25

Page 32 of 157

M—0041 US

through d links (for example the links ML(2,1) and ML(2,2) are connected from middle

switch MS(1, 1) to middle switch MS(2,1) and MS(2,2) respectively).

N1

Similarly each of the 2 X7 middle switches MS(2,1) — MS(2,8) in the middle

stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,8) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,4) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

Similarly each of the 2 X% middle switches MS(3,1) — MS(3,8) in the middle
stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,8) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,4) respectively) and also are connected to

d+d2 d+d.
9 output switches in output stage 120 through 9 ‘.1 .1

the links ML(4,1), ML(4,2), ML(4,3) and ML(4,4) are connected to output switches 031,

032, 033, and 034 respectively from middle switches MS(3,1)).

  

exactly links (for example

Each of the % output switches OSl — 034 are connected from exactly d + al2

switches in middle stage 150 through d + d2 links (for example output switch OS] is

connected from middle switches MS(3,1), MS(3,2), MS(3,3), MS(3,4), MS(3,5),

MS(3,6), MS(3,7), and MS(3,8) through the links ML(4,1), ML(4,5), ML(4,9), ML(4,13),

ML(4,17), ML(4,21), ML(4,25) and ML(4,29) respectively).

Finally the connection topology of the network 100C2 shown in FIG. 1C2 is

hereinafter called nearest neighbor connection topology.

In the three embodiments of FIG. 1C, FIG. 1C1 and FIG. 1C2 the connection

topology is different. That is the way the links ML(1,1) — ML(1,16), ML(2,1) — ML(2,16),
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ML(3,l) - ML(3,16), and ML(4,1) - ML(4,16) are connected between the respective

stages is different. Even though only three embodiments are illustrated, in general, the

network Vfold (N1 , N2 , d , s) can comprise any arbitrary type of connection topology. For

example the connection topology of the network Vfold (N1 , N2 , d , 5) may be back to back

Benes networks, Delta Networks and many more combinations. The applicant notes that

the fundamental property of a valid connection topology of the Vfold (N1 , N2 , d , 5)

network is, when no connections are setup from any input link all the output links should

be reachable. Based on this property numerous embodiments of the network

Vfold (N1,N2,(/,s) can be built. The embodiments of FIG. 1C, FIG. lCl, and FIG. 1C2

are only three examples of network Vfold (N1,N2,d, s).

In the three embodiments of FIG. 1C, FIG. 1C] and FIG. 1C2, each of the links

ML(1,l) — ML(1,32), ML(2,1) — ML(2,16), ML(3,1) — ML(3,16) and ML(4,1) —

ML(4,16) are either available for use by a new connection or not available if currently

used by an existing connection. The input switches ISl-IS4 are also referred to as the

network input ports. The input stage 110 is often referred to as the first stage. The output

switches OSl-OS4 are also referred to as the network output ports. The output stage 120

is often referred to as the last stage. The middle stage switches MS( 1,1) — MS(1,8),

MS(2,1) — MS(2,8), and MS(3,1) — MS(3,8) are referred to as middle switches or middle

ports.

In the example illustrated in FIG. 1C (or in FIGlCl, or in FIG. 1C2), a fan-out of

four is possible to satisfy a multicast connection request if input switch is 132, but only

two switches in middle stage 130 will be used. Similarly, although a fan-out of three is

possible for a multicast connection request if the input switch is 181, again only a fan-out

of two is used. The specific middle switches that are chosen in middle stage 130 when

selecting a fan-out of two is irrelevant so long as at most two middle switches are selected

to ensure that the connection request is satisfied. In essence, limiting the fan-out from

input switch to no more than two middle switches permits the network 100C (or 100C1,

or 100C2), to be operated in rearrangeably nonblocking manner in accordance with the

invention.
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The connection request of the type described above can be unicast connection

request, a multicast connection request or a broadcast connection request, depending on

the example. In case of a unicast connection request, a fan-out of one is used, i.e. a single

middle stage switch in middle stage 130 is used to satisfy the request. Moreover,

although in the above-described embodiment a limit of two has been placed on the fan-

out into the middle stage switches in middle stage 130, the limit can be greater depending

on the number of middle stage switches in a network (while maintaining the

rearrangeably nonblocking nature of operation of the network for multicast connections).

However any arbitrary fan-out may be used within any of the middle stage switches and

the output stage switches to satisfy the connection request.

Generalized Asymmetric folded RNB (NZ > N1) Embodiments:

Network 100D of FIG. 1D is an example of general asymmetrical folded multi-

stage network Vfold (N1,N2,d,s) with (2Xlogd N1)—1stages where N2 > N1 and

N, = p"‘N1 wherep> 1. In network 100D ofFIG. 1D, N1 =N andN2 = p*N. The

general asymmetrical folded multi-stage network Vfold (N1 , N2 , d , s) can be operated in

rearrangeably nonblocking manner for multicast when s = 2 according to the current

invention. Also the general asymmetrical folded multi-stage network Vfold (N1 , N2 , d , s)

can be operated in strictly nonblocking manner for unicast if s = 2 according to the

current invention. (And in the example of FIG. 1D, s = 2). The general asymmetrical

folded multi-stage network anm (N1 , N2 , d , s) with (2 X log d N1 )— 1 stages has d inlet

N

links for each of 71 input switches ISl—IS(N1/d) (for example the links IL1—IL(d) to the

input switch 131) and 2X d outgoing links for each of % input switches ISl-IS(N1/d)
(for example the links ML(1,1) — ML(1,2d) to the input switch 181). There are al2 (where

(12 = N2 X1 = p Xd ) outlet links for each of £ output switches OSl-OS(N1/d) (for
N1 d

example the links OL1-OL(p*d) to the output switch 031) and d + al2 (= d + pxd )
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incoming links for each of1—% output switches OS1-OS(N1/d) (for
exampleML(2X Long 2,1)- ML(2 X Long 2, d + d2) to the output switch 051).

Each of the % input switches [81 — IS(N1/d) are connected to exactly 2 x d
switches in middle stage 130 through 2 Xd links (for example in one embodiment the

input switch 1S1 is connected to middle switches MS(1,1) - MS(1,d) through the links

ML(1,1) — ML(1,d) and to middle switches MS(1,N1/d+1) 7 MS(1,{ N1/d}+d) through the

links ML(1,d+1) — ML(1,2d) respectively.

N1

Each of the 2X7 middle switches MS(1,1) — MS(1,2 N1/d) in the middle stage

130 are connected from exactly d input switches through d links and also are connected

to exactly d switches in middle stage 140 through d links.

Similarly each of the 2x% middle switches MS(Logd N—1,1-)
N

MS(Long1 — 1,2X71) in the middle stage 130 +10 * (Long1 — 2) are connected from

exactly d switchesin middle stage 130 +10 * (Long — 3) through d links and also are

connected to exactly d switches in middle stage 130+ 10 * (Long1 — I) through d

links.

Similarly each of the 2 X% middle switches MS (2X Long — 3,1—)

MS(ZXLOng—3,2><—) 1n the middle stage 130+10*(2*L0ng 4—) are

connected from exactly d switches1n middle stage 130 +10 * (2 * Long — 5) through

d links and also are connected to exactly d output switches in output stage 120 through

d links.
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Each of the % output switches OSl — OS(N1/d) are connected from exactly
(I + d2 switches in middle stage 130 +10 * (2* L0ng1 — 4) through d + (12 links.

As described before, again the connection topology of a general

Vfold (N1, N2 , d, s) may be any one of the connection topologies. For example the

connection topology of the network Vfold (N1 , N2 , d , 3) may be back to back inverse

Benes networks, back to back Omega networks, back to back Benes networks, Delta

Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the general Vfold (N1 , N2 , d , 5) network is,

when no connections are setup from any input link if any output link should be reachable.

Based on this property numerous embodiments of the network Vfifld (N1 , N2 , d, s) can be

built. The embodiments of FIG. 1C, FIG. 1C1, and FIG. 1C2 are three examples of

network Vfold (N1,N2,d,s) for s = 2 and N2 > N1.

The general symmetrical folded multi-stage network Vfold (N1 , N2 , d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 2 according to the

current invention. Also the general symmetrical folded multi-stage network

anm (N1 , N2 , d , s) can be operated in strictly nonblocking manner for unicast if

s = 2 according to the current invention.

For example, the network of Fig. 1C shows an exemplary five-stage network,

namely Vfuld (8,2422) , with the following multicast assignment I1 = {2,3}and all other

I j : ¢ for j = [2-8]. It should be noted that the connection I1 fans out in the first stage

switch 131 into middle switches MS(1,1) and MS(1,5) in middle stage 130, and fans out

in middle switches MS(1,1) and MS(1,5) only once into middle switches MS(2, 1) and

MS(2,5) respectively in middle stage 140.

The connection I1 also fans out in middle switches MS(2,1) and MS(2,5) only

once into middle switches MS(3, 1) and MS(3,7) respectively in middle stage 150. The

connection I1 also fans out in middle switches MS(3,1) and MS(3,7) only once into
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output switches 032 and 033 in output stage 120. Finally the connection I1 fans out

once in the output stage switch 032 into outlet link 0L7 and in the output stage switch

083 twice into the outlet links OL13 and OL16. In accordance with the invention, each

connection can fan out in the input stage switch into at most two middle stage switches in

middle stage 130.

Asymmetric folded RNB (N1 > N2) Embodiments:

Referring to FIG. 1E, in one embodiment, an exemplary asymmetrical folded

multi-stage network 100E with five stages of thirty two switches for satisfying

communication requests, such as setting up a telephone call or a data call, or a connection

between configurable logic blocks, between an input stage 110 and output stage 120 via

middle stages 130, 140, and 150 is shown where input stage 110 consists of four, six by

eight switches 131—184 and output stage 120 consists of four, four by two switches OSl—

OS4. And all the middle stages namely middle stage 130 consists of eight, four by two

switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by two switches

MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by two switches MS(3,1)

- MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size six by eight, the

switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the

switches in the input stage 110 are of size six by eight, the switches in output stage 120

are of size four by two, and there are eight switches of size four by two in middle stage

130, and eight switches of size two by two in middle stage 140 and middle stage 150.

In one embodiment of this network each of the input switches 131-184 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable fi , where N1 is the
d

total number of inlet links or and N2 is the total number of outlet links and N1 > N2 and
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N1 = p * N2 where p > 1. The number of middle switches in each middle stage is

denoted by 2 x%. The size of each input switch ISl-IS4 can be denoted in general with

the notation d >|< (d + d1) and each output switch OSl-OS4 can be denoted in general with

the notation (2X d * d), where d1 = N1 ><i : pxd . The size of each switch in any of
N2

the middle stages excepting the first middle stage can be denoted as d * d . The size of

(d+d1)
2

herein can be either a crossbar switch, or a network of switches each of which in turn may

each switch in the first middle stage can be denoted as * d . A switch as used

 

be a crossbar switch or a network of switches. An asymmetric folded multi-stage

network can be represented with the notation Vfgld (N1, N2, (1,5) , where N1 represents the

total number of inlet links of all input switches (for example the links ILl-IL24), N2

represents the total number of outlet links of all output switches (for example the links

OLl-OLS), d represents the inlet links of each input switch where N1 > N2 , and s is

the ratio of number of incoming links to each output switch to the outlet links of each

output switch.

Each of the % input switches ISl — 184 are connected to exactly d + (Z1
switches in middle stage 130 through d + ([1 links (for example input switch 181 is

connected to middle switches MS(1,1), MS(1,2), MS(1,3), MS(l,4), MS(1,5), MS(1,6),

MS(1,7), and MS(1,8) through the links ML(1,1), ML(1,2), ML(1,3), ML(1,4), ML(1,5),

ML(1,6), ML(1,7), and ML(1,8) respectively).

Each of the 2X£ middle switches MS(1,1) — MS(1,8) in the middle stage 130
d

((1 :dl) input switches through ((1 :dl)
the links ML(l ,1), ML(1,9), ML(1,17) and ML(1,25) are connected to the middle switch

are connected from exactly

  

links (for example

MS(1,1) from input switch IS], 182, 133, and 134 respectively) and also are connected to

exactly d switches in middle stage 140 through d links (for example the links ML(2,1)
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and ML(2,2) are connected from middle switch MS(1,1) to middle switch MS(2,1) and

MS(2,3) respectively).

Similarly each of the 2 X& middle switches MS(2,1) — MS(2,8) in the middle
d

stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,3) respectively) and also are connected to

exactly cl switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the 2 X£ middle switches MS(3,1) — MS(3,8) in the middle
d

stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

exactly d output switches in output stage 120 through d links (for example the links

ML(4,1) and ML(4,2) are connected to output switches 03] and 032 respectively from

middle switches MS(3,1)).

N

Each of the 72 output switches OSl — OS4 are connected from exactly 2x (1

switches in middle stage 150 through 2 Xd links (for example output switch 0S1 is

connected from middle switches MS(3,1), MS(3,2), MS(3,5), and MS(3,6) through the

links ML(4,1), ML(4,3), ML(4,9), and ML(4,11) respectively).

Finally the connection topology of the network 100E shown in FIG. 1E is known

to be back to back inverse Benes connection topology.

Referring to FIG. 1E1, in another embodiment of network Vfold (N1 , N2 , d , s) , an

exemplary asymmetrical folded multi-stage network 100E1 with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or a

data call, or a connection between configurable logic blocks, between an input stage 110
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and output stage 120 Via middle stages 130, 140, and 150 is shown where input stage 110

consists of four, six by eight switches 181-184 and output stage 120 consists of four, four

by two switches OS] -OS4. And all the middle stages namely middle stage 130 consists of

eight, four by two switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by

two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by two

switches MS(3,1) - MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size six by eight, the

switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non—blocking manner for multicast connections, because the

switches in the input stage 110 are of size six by eight, the switches in output stage 120

are of size four by two, and there are eight switches of size four by two in middle stage

130, and eight switches of size two by two in middle stage 140 and middle stage 150.

In one embodiment of this network each of the input switches 181-184 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable % , where N1 is the

total number of inlet links or and N2 is the total number of outlet links and N1 > N2 and

N1 = p * N2 where p > 1. The number of middle switches in each middle stage is

denoted by 2 X%. The size of each input switch ISl—IS4 can be denoted in general with
the notation d * (d + all) and each output switch OSl-OS4 can be denoted in general with

the notation (2X d * d), where d1 = Ni x1 = pxd . The size of each switch in any of
N2

the middle stages excepting the first middle stage can be denoted as d * d . The size of

(d+d1)

2
each switch in the first middle stage can be denoted as * d . A switch as used

 

herein can be either a crossbar switch, or a network of switches each of which in turn may

be a crossbar switch or a network of switches. The asymmetric folded multi-stage

network of FIG. 1E1 is also the network of the type Vfold(N1’N2’d’S) , where N1
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represents the total number of inlet links of all input switches (for example the links 1L1-

IL24), N2 represents the total number of outlet links of all output switches (for example

the links OLl-OL8), d represents the inlet links of each input switch where N1 > N2 ,

and s is the ratio of number of incoming links to each output switch to the outlet links of

each output switch.

 

Each of the AC]; input switches ISl — 184 are connected to exactly d + (11
switches in middle stage 130 through d + all links (for example input switch 131 is

connected to middle switches MS(1,1), MS(1,2), MS(1,3), MS(1,4), MS(1,5), MS(1,6),

MS(1,7), and MS(1,8) through the links ML(1,1), ML(1,2), ML(1,3), ML(1,4), ML(1,5),

ML(1,6), ML(1,7), and ML(1,8) respectively).

Each of the 2X£ middle switches MS(1,1) — MS(1,8) in the middle stage 130
d

  

(d :dl) input switches through (d :dl)are connected from exactly links (for example

the links ML(1,1), ML(1,9), ML(1,17) and ML(1,25) are connected to the middle switch

MS(l, 1) from input switch IS l, 182, IS3, and IS4 respectively) and also are connected to

exactly d switches in middle stage 140 through d links (for example the links ML(2,1)

and ML(2,2) are connected from middle switch MS(1,1) to middle switch MS(2,1) and

MS(2,2) respectively).

Similarly each of the 2 X£ middle switches MS(2,1) — MS(2,8) in the middle
d

stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,5) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,3) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

-41-



Page 42 of 157

10

15

20

25

Page 42 of 157

M—0041 US

Similarly each of the 2 X& middle switches MS(3,1) — MS(3,8) in the middle
d

stage 150 are connected from exactly (1 switches in middle stage 140 through (1 links

(for example the links ML(3,1) and ML(3,5) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,3) respectively) and also are connected to

exactly d output switches in output stage 120 through d links (for example the links

ML(4,1) and ML(4,2) are connected to output switches OS1 and OSZ respectively from

middle switches MS(3,1)).

Each of the % output switches OS1 — OS4 are connected from exactly 2>< d
switches in middle stage 150 through 2 xd links (for example output switch 0S1 is

connected from middle switches MS(3,1), MS(3,3), MS(3,5), and MS(3,7) through the

links ML(4,1), ML(4,5), ML(4,9), and ML(4,13) respectively).

Finally the connection topology of the network 100E1 shown in FIG. 1E1 is

known to be back to back Omega connection topology.

Referring to FIG. 1E2, in another embodiment of network Vfold (N1 , N2 , d , s) , an

exemplary asymmetrical folded multi-stage network 100E2 with five stages of thirty two

switches for satisfying communication requests, such as setting up a telephone call or a

data call, or a connection between configurable logic blocks, between an input stage 110

and output stage 120 via middle stages 130, 140, and 150 is shown where input stage 110

consists of four, six by eight switches IS1—IS4 and output stage 120 consists of four, four

by two switches OS1—OS4. And all the middle stages namely middle stage 130 consists of

eight, four by two switches MS(1,1) - MS(1,8), middle stage 140 consists of eight, two by

two switches MS(2,1) - MS(2,8), and middle stage 150 consists of eight, two by two

switches MS(3,1) - MS(3,8).

Such a network can be operated in strictly non-blocking manner for unicast

connections, because the switches in the input stage 110 are of size six by eight, the

switches in output stage 120 are of size four by two, and there are eight switches in each

of middle stage 130, middle stage 140 and middle stage 150. Such a network can be

operated in rearrangeably non-blocking manner for multicast connections, because the
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switches in the input stage 110 are of size six by eight, the switches in output stage 120

are of size four by two, and there are eight switches of size four by two in middle stage

130, and eight switches of size two by two in middle stage 140 and middle stage 150.

In one embodiment of this network each of the input switches 131-134 and output

switches OSl-OS4 are crossbar switches. The number of switches of input stage 110 and

of output stage 120 can be denoted in general with the variable % , where N1 is the
total number of inlet links or and N2 is the total number of outlet links and N1 > N2 and

N1 = p * N2 where p > 1. The number of middle switches in each middle stage is

denoted by 2 X%. The size of each input switch ISl-IS4 can be denoted in general with
the notation d * (d + all) and each output switch OSl-OS4 can be denoted in general with

the notation (2Xd *d), where d1 = N1 Xi = pxd. The size of each switch in any of
N2

the middle stages excepting the first middle stage can be denoted as d * d . The size of

(d+d1)

2
* d. A switch as used

 

each switch in the first middle stage can be denoted as

herein can be either a crossbar switch, or a network of switches each of which in turn may

be a crossbar switch or a network of switches. The asymmetric folded multi-stage

network of FIG. 1E1 is also the network of the type Vfold(N1’N2’d’S) , where N1

represents the total number of inlet links of all input switches (for example the links 1L1-

IL24), N2 represents the total number of outlet links of all output switches (for example

the links OLl-OLS), d represents the inlet links of each input switch where N1 > N2 ,

and s is the ratio of number of incoming links to each output switch to the outlet links of

each output switch.

Each of the % input switches ISl — 184 are connected to exactly d + d1
switches in middle stage 130 through d + (11 links (for example input switch 131 is

connected to middle switches MS(1,1), MS(1,2), MS(1,3), MS(1,4), MS(1,5), MS(1,6),
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MS(1,7), and MS(1,8) through the links ML(1,1), ML(1,2), ML(1,3), ML(1,4), ML(1,5),

ML(1,6), ML(1,7), and ML(1,8) respectively).

Each of the 2X£ middle switches MS(1,1) — MS(l,8) in the middle stage 130
d

  

(d :dl) input switches through (d :dl)
the links ML(1,1), ML(1,9), ML(1,17) and ML(1,25) are connected to the middle switch

are connected from exactly links (for example

MS(1, 1) from input switch IS], 182, 133, and 134 respectively) and also are connected to

exactly d switches in middle stage 140 through d links (for example the links ML(2,1)

and ML(2,2) are connected from middle switch MS(1,1) to middle switch MS(2,1) and

MS(2,2) respectively).

Similarly each of the 2 X& middle switches MS(2,1) — MS(2,8) in the middle
d

stage 140 are connected from exactly d switches in middle stage 130 through d links

(for example the links ML(2,1) and ML(2,8) are connected to the middle switch MS(2,1)

from middle switches MS(1,1) and MS(1,4) respectively) and also are connected to

exactly d switches in middle stage 150 through d links (for example the links ML(3,1)

and ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,2) respectively).

Similarly each of the 2 x& middle switches MS(3,1) — MS(3,8) in the middle
d

stage 150 are connected from exactly d switches in middle stage 140 through d links

(for example the links ML(3,1) and ML(3,8) are connected to the middle switch MS(3,1)

from middle switches MS(2,1) and MS(2,4) respectively) and also are connected to

exactly d output switches in output stage 120 through d links (for example the links

ML(4,1) and ML(4,2) are connected to output switches OS] and 032 respectively from

middle switches MS(3,1)).

Each of the —2 output switches OSl — 034 are connected from exactly 2>< d
d

switches in middle stage 150 through 2 Xd links (for example output switch 081 is
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connected from middle switches MS(3,1), MS(3,4), MS(3,5), and MS(3,8) through the

links ML(4,1), ML(4,8), ML(4,9), and ML(4,16) respectively).

Finally the connection topology of the network 100E2 shown in FIG. 1E2 is

hereinafter called nearest neighbor connection topology.

In the three embodiments of FIG. 1E, FIG. 1E1 and FIG. 1E2 the connection

topology is different. That is the way the links ML(1,1) - ML(1,32), ML(2,1) - ML(2,16),

ML(3,1) - ML(3,16), and ML(4,1) - ML(4,16) are connected between the respective

stages is different. Even though only three embodiments are illustrated, in general, the

network Vfold (N1 , N2 , d , s) can comprise any arbitrary type of connection topology. For

example the connection topology of the network Vfulu,’ (N1 , N2 , d , 5) may be back to back

Benes networks, Delta Networks and many more combinations. The applicant notes that

the fundamental property of a valid connection topology of the anm (N1 , N2 , d , 5)

network is, when no connections are setup from any input link all the output links should

be reachable. Based on this property numerous embodiments of the network

Vfold (N1,N2,d,s) can be built. The embodiments of FIG. 1E, FIG. 1E1, and FIG. 1E2

are only three examples of network Vfold (N1,N2,d, s).

In the three embodiments of FIG. 1E, FIG. 1E1 and FIG. 1E2, each of the links

ML(1,1) — ML(1,32), ML(2,1) — ML(2,16), ML(3,1) — ML(3,16) and ML(4,1) —

ML(4,16) are either available for use by a new connection or not available if currently

used by an existing connection. The input switches ISl-IS4 are also referred to as the

network input ports. The input stage 110 is often referred to as the first stage. The output

switches OSl-OS4 are also referred to as the network output ports. The output stage 120

is often referred to as the last stage. The middle stage switches MS(1,1) — MS(1,8),

MS(2,1) — MS(2,8), and MS(3,1) — MS(3,8) are referred to as middle switches or middle

ports.

In the example illustrated in FIG. 1B (or in FIG1E1, or in FIG. 1E2), a fan—out of

four is possible to satisfy a multicast connection request if input switch is ISZ, but only

two switches in middle stage 130 will be used. Similarly, although a fan-out of three is
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possible for a multicast connection request if the input switch is 181, again only a fan-out

of two is used. The specific middle switches that are chosen in middle stage 130 when

selecting a fan-out of two is irrelevant so long as at most two middle switches are selected

to ensure that the connection request is satisfied. In essence, limiting the fan-out from

input switch to no more than two middle switches permits the network 100E (or 100E1,

or 100E2), to be operated in rearrangeably nonblocking manner in accordance with the

invention.

The connection request of the type described above can be unicast connection

request, a multicast connection request or a broadcast connection request, depending on

the example. In case of a unicast connection request, a fan—out of one is used, i.e. a single

middle stage switch in middle stage 130 is used to satisfy the request. Moreover,

although in the above-described embodiment a limit of two has been placed on the fan-

out into the middle stage switches in middle stage 130, the limit can be greater depending

on the number of middle stage switches in a network (while maintaining the

rearrangeably nonblocking nature of operation of the network for multicast connections).

However any arbitrary fan-out may be used within any of the middle stage switches and

the output stage switches to satisfy the connection request.

Generalized Asymmetric folded RNB (N1 > N2) Embodiments:

Network 100F of FIG. 1F is an example of general asymmetrical folded multi-

stage network Vfold (N1,N2,d,s) with (2Xlogd N2)—1 stages where N1 > N2 and

N1: p*N2 where p > 1. ln network 100D ofFlG.1F, N2 = N andNl = p*N. The

general asymmetrical folded multi-stage network Vfold (N1 , N2 , d , s) can be operated in

rearrangeably nonblocking manner for multicast when s = 2 according to the current

invention. Also the general asymmetrical folded multi-stage network Vfbtd (N1 , N2 , d , s)

can be operated in strictly nonblocking manner for unicast if s = 2 according to the

current invention. (And in the example of FIG. 1F, s = 2 ). The general asymmetrical

folded multi-stage network Vfold (N1,N2,61 ,s) with (2Xlogd N2)—1 stages has d1

(where (11 = N1 xi = p xd inlet links for each of & input switches ISl-IS(N2/d) (for
N, d
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example the links IL1-IL(p*d) to the input switch 131) and d + d1 (= d + pxd ) outgoing

links for each of % input switches ISl-IS(N2/d) (for example the links ML(1,1) -

ML(1,(d+p*d)) to the input switch 181). There are d outlet links for each of % output
switches OSl-OS(N2/d) (for example the links OL1-OL(d) to the output switch 031) and

N

d

example ML(2X Long — 2,1) ML(2 >< Long2 —2,2><d) to the output switch 031).

2 X d incoming links for each 0       

Each of the % input switches ISl — IS(N2/d) are connected to exactly d + d1

switches in middle stage 130 through d + (11 links (for example in one embodiment the

input switch 131 is connected to middle switches MS(1,1) - MS(1, (d+d1)/2) through the

links ML(1,1) - ML(1,(d+d1)/2) and to middle switches MS(1,N1/d+1) — MS(1,{

Nl/d}+(d+d1)/2) through the links ML(1, ((d+d1)/2)+1) — ML(l, (d+d1)) respectively.

N

Each of the 2><—2 middle switches MS(1,1) — MS(1,2*N2/d) in the middle stage
d

130 are connected from exactly d input switches through d links and also are connected

to exactly d switches in middle stage 140 through d links.

N

Similarly each of the 2 X72 middle switches MS(Log dN2 — 1,1) —

N

MS(Logd 2—1, 2 x7) in the middle stage 130 +10 * (LogNd — 2) are connected

from exactly d switchesin middle stage 130 +10 * (Logd — 3) through d links and

also are connected to exactly d switchesin middle stage 130 + 10* (Long — 1) through

d links.

N2

Similarly each of the 22x7 middle switches MS(2 >< LogNd — 3,1-)

MS(2X LongN—3,2x%) in the middle stage 130 +10* (2 * Long — 4) are
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connected from exactly d switches in middle stage 130 +10 * (2 * Log d N2 — 5) through

d links and also are connected to exactly d output switches in output stage 120 through

d links.

Each of the —2 output switches OSl — OS(N3/d) are connected from exactly
(1

5 2x d switches in middle stage 130 +10 * (2 * Long2 — 4) through 2>< d links.

As described before, again the connection topology of a general

Vfold (N1 , N2 , d , s) may be any one of the connection topologies. For example the

connection topology of the network VMd (N1 , N2 , d , 5) may be back to back inverse

Benes networks, back to back Omega networks, back to back Benes networks, Delta

10 Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the general anm (N1 ,N2 , d , 5) network is,

when no connections are setup from any input link if any output link should be reachable.

Based on this property numerous embodiments of the network V1.01d (N1 , N2 , d , s) can be

built. The embodiments of FIG. 1B, FIG. 1E1, and FIG. 1E2 are three examples of

15 network Vfold (N1,N2,d,s) for s = 2 and N1> N2.

The general symmetrical folded multi-stage network VIM (N1,N2,d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 2 according to the

current invention. Also the general symmetrical folded multi-stage network

Vfold (N1 , N2 , d , s) can be operated in strictly nonblocking manner for unicast if

20 s = 2 according to the current invention.

For example, the network of Fig. 1B shows an exemplary five-stage network,

namely Vfold (24,8,2,2) , with the following multicast assignment I1 = {2,3}and all other

I j = (/j for j = [2-8]. It should be noted that the connection I1 fans out in the first stage

switch 131 into middle switches MS(1,1) and MS(1,5) in middle stage 130, and fans out

25 in middle switches MS(1,1) and MS(1,5) only once into middle switches MS(2,1) and

MS(2,5) respectively in middle stage 140.
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The connection I1 also fans out in middle switches MS(2,1) and MS(2,5) only

once into middle switches MS(3, 1) and MS(3,7) respectively in middle stage 150. The

connection I1 also fans out in middle switches MS(3,1) and MS(3,7) only once into

output switches OSZ and 033 in output stage 120. Finally the connection 11 fans out

once in the output stage switch 032 into outlet link 0L3 and in the output stage switch

OS3 twice into the outlet links 0L5 and 0L6. In accordance with the invention, each

connection can fan out in the input stage switch into at most two middle stage switches in

middle stage 130.

SNB Embodiments:

The folded multi-stage network anM (N1 , N2 , d , s) disclosed, in the current

invention, is topologically exactly the same as the multi-stage network Vfold (N1 , N2 ,d , s) ,

disclosed in U.S. Provisional Patent Application Docket No. M-0037US that is

incorporated by reference above, excepting that in the illustrations folded network

Vfold (N1,N2 , d, s) is shown as it is folded at middle stage 130 +10 * (Long2 — 2) .

The general symmetrical folded multi-stage network Vfold (N, d,s) can also be

operated in strictly nonblocking manner for multicast when s = 3 according to the current

invention. Similarly the general asymmetrical folded multi-stage network

Vfold (N1 , N2 , d , s) can also be operated in strictly nonblocking manner for multicast when

5 = 3 according to the current invention.

Symmetric folded RNB Unicast Embodiments:

Referring to FIG. 2A, an exemplary symmetrical folded multi-stage network

200A respectively with five stages of twenty switches for satisfying communication

requests, such as setting up a telephone call or a data call, or a connection between

configurable logic blocks, between an input stage 110 and output stage 120 via middle

stages 130, 140, and 150 is shown where input stage 110 consists of four, two by two

switches 131-134 and output stage 120 consists of four, two by two switches OSl-OS4.

And all the middle stages namely middle stage 130 consists of four, two by two switches
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MS(1,1) - MS(1,4), middle stage 140 consists of four, two by two switches MS(2,1) -

MS(2,4), and middle stage 150 consists of four, two by two switches MS(3,1) - MS(3,4).

Such a network can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size two by two, the

switches in output stage 120 are of size two by two, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.

The connection topology of the network 200A shown in FIG. 2A is known to be

back to back inverse Benes connection topology. In other embodiments the connection

topology is different. That is the way the links ML(l,l) - ML(1,8), ML(2,1) - ML(2,8),

ML(3,1) - ML(3,8), and ML(4,1) - ML(4,8) are connected between the respective stages

is different.

Even though only one embodiment is illustrated, in general, the network

Vfold (N, d, s) can comprise any arbitrary type of connection topology. For example the

connection topology of the network Vfold (N, d, s) may be back to back Benes networks,

Delta Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the Vf
0

[d (N,d,s) network is, when no

connections are setup from any input link all the output links should be reachable. Based

on this property numerous embodiments of the network Vfold (N, d, s) can be built. The

embodiment of FIG. 2A is only one example of network Vfold (N, d, s).

The network 200A of FIG. 2A is also rearrangeably nonblocking for unicast

according to the current invention. In one embodiment of these networks each of the

input switches 131-134 and output switches OSl-OS4 are crossbar switches. The number

of switches of input stage 110 and of output stage 120 can be denoted in general with the

variable %, where N is the total number of inlet links or outlet links. The number of

middle switches in each middle stage is denoted by E. The size of each input switch
d

ISl-IS4 can be denoted in general with the notation d * d and each output switch 031-

OS4 can be denoted in general with the notation d >|< d . Likewise, the size of each switch
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in any of the middle stages can be denoted as d >I< d . A switch as used herein can be

either a crossbar switch, or a network of switches each of which in turn may be a crossbar

switch or a network of switches. A symmetric folded multi-stage network can be

represented with the notation Vfold (N, d , s), where N represents the total number of inlet

links of all input switches (for example the links IL1-IL8), d represents the inlet links of

each input switch or outlet links of each output switch, and s is the ratio of number of

outgoing links from each input switch to the inlet links of each input switch. Although it

is not necessary that there be the same number of inlet links IL1-IL8 as there are outlet

links OLl-OLS, in a symmetrical network they are the same.

In network 200A of FIG. 2A, each of the l input switches ISl , 134 are
d

connected to exactly d switches in middle stage 130 through d links (for example input

switch 131 is connected to middle switches MS(1,1) and MS(1,2) through the links

ML(1,1) and ML(1,2) respectively).

Each of the E middle switches MS(1,1) — MS(1,4) in the middle stage 130 are
d

connected from exactly d input switches through d links (for example the links ML(1,1)

and ML(1,4) are connected to the middle switch MS(1,1) from input switch 181 and 182

respectively) and also are connected to exactly d switches in middle stage 140 through

d links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).

Similarly each of the E middle switches MS(2,1) — MS(2,4) in the middle stage
d

140 are connected from exactly (1 switches in middle stage 130 through d links (for

example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2, 1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d

switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).
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Similarly each of the E middle switches MS(3,1) — MS(3,4) in the middle stage
(I

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3, 1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d links (for example the links ML(4,1) and

ML(4,2) are connected to output switches OS] and 0S2 respectively from middle switch

MS(3,1)).

Each of the % output switches 0S1 — 0S4 are connected from exactly d
switches in middle stage 150 through d links (for example output switch 0S1 is

connected from middle switches MS(3,1) and MS(3,2) through the links ML(4, 1) and

ML(4,4) respectively).

Generalized Symmetric folded RNB Unicast Embodiments:

Network 200B of FIG. 2B is an example of general symmetrical folded multi-

stage network Vfold (N,d , s) with (2xlogd N)—1 stages. The general symmetrical folded

multi-stage network V1.01], (N, d, s) can be operated in rearrangeably nonblocking manner

for unicast when s :1 according to the current invention (and in the example of FIG. 2B,

5 = 1). The general symmetrical folded multi-stage network Vfold (N, d,s) with

(2Xlogd N)—1 stages has d inlet links for each of % input switches ISl-IS(N/d) (for

example the links IL1—IL(d) to the input switch 1S1) and d outgoing links for each of %
input switches IS1-IS(N/d) (for example the links ML(1,1) - ML(1,d) to the input switch

1S1). There are d outlet links for each of % output switches OS1-OS(N/d) (for example

OL1-OL(d) to the output switch OS1) and d incoming links for each of % output

switches OS1-OS(N/d) (for example ML(2X Long — 2,1) - ML(2 X Long — 2, d) to the

output switch 0S1).
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Each of the % input switches ISl — IS(N/d) are connected to exactly d switches
in middle stage 130 through d links.

Each of the E middle switches MS(1,1) , MS(1,N/d) in the middle stage 130 are
d

connected from exactly d input switches through d links and also are connected to

exactly d switches in middle stage 140 through d links.

Similarly each of the % middle switches MS(LogdN —1,1) - MS (Log dN — 1, %)
in the middle stage 130 +10 * (Long — 2) are connected from exactly d switches in

middle stage 130 +10 * (Long — 3) through d links and also are connected to exactly d

switches in middle stage 130 +10 * (Logd N — I) through (1 links.

Similarly each of the E middle switches MS(2XL0gdN —3,1) -
d

MS(2 >< Long — 3, %) in the middle stage 130 +10 * (2 * Long — 4) are connected from

exactly d switches in middle stage 130 +10 * (2 * Long —5) through d links and also

are connected to exactly d output switches in output stage 120 through d links.

Each of the % output switches 03] — OS(N/d) are connected from exactly d
switches in middle stage 130 +10 * (2 * Long — 4) through d links.

The general symmetrical folded multi-stage network V/UM (N, d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 1 according to the

current invention.

Asymmetric folded RNB (NZ > N1) Unicast Embodiments:

Referring to FIG. 2C, an exemplary symmetrical folded multi-stage network 200C

respectively with five stages of twenty switches for satisfying communication requests,

such as setting up a telephone call or a data call, or a connection between configurable
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logic blocks, between an input stage 110 and output stage 120 via middle stages 130, 140,

and 150 is shown where input stage 110 consists of four, two by two switches 131-184

and output stage 120 consists of four, six by six switches OS I -OS4. And all the middle

stages namely middle stage 130 consists of four, two by two switches MS(1,1) - MS(1,4),

middle stage 140 consists of four, two by two switches MS(2,1) - MS(2,4), and middle

stage 150 consists of four, two by six switches MS(3,1) - MS(3,4).

Such networks can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size two by two, the

switches in output stage 120 are of size six by six, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.

The connection topology of the network 200C shown in FIG. 2C is known to be

back to back inverse Benes connection topology. The connection topology of the

networks 200C is different in the other embodiments. That is the way the links ML(1,1) -

ML(1,8), ML(2,1) - ML(2,8), ML(3,1) - ML(3,8), and ML(4,1) - ML(4,8) are connected

between the respective stages is different.

Even though only one embodiment is illustrated, in general, the network

anld (N1 , N2 , d , s) can comprise any arbitrary type of connection topology. For example

the connection topology of the network Vfold (N1 , N2 , d , 5) may be back to back Benes

networks, Delta Networks and many more combinations. The applicant notes that the

fundamental property of a valid connection topology of the Vfold (N1 , N2 , d , s) network is,

when no connections are setup from any input link all the output links should be

reachable. Based on this property numerous embodiments of the network

Vfold (N1 , N2 , d , s) can be built. The embodiment of FIG. 2C is only one example of

network Vfold (N1,N2,d,s).

The networks 200C of FIG. 2C is also rearrangeably nonblocking for unicast

according to the current invention. In one embodiment of these networks each of the

input switches 131-134 and output switches OSl-OS4 are crossbar switches. The number

of switches of input stage 110 and of output stage 120 can be denoted in general with the
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N

variable —1, where N1 is the total number of inlet links or and N2 is the total number of
d

outlet links and N2 > N1 and N2 = p * N1 where p > 1. The number of middle switches

in each middle stage is denoted by %. The size of each input switch ISl—IS4 can be
denoted in general with the notation d * d and each output switch OSl-OS4 can be

denoted in general with the notation al2 * al2 , where d2 = N2 X1 = p x d . The size of
1

each switch in any of the middle stages excepting the last middle stage can be denoted as

d * d . The size of each switch in the last middle stage can be denoted as d * d2. A

switch as used herein can be either a crossbar switch, or a network of switches each of

which in turn may be a crossbar switch or a network of switches. An asymmetric folded

multi-stage network can be represented with the notation Vfold (N1 , N2 , d , s) , where N1

represents the total number of inlet links of all input switches (for example the links 1L1—

ILS), N2 represents the total number of outlet links of all output switches (for example

the links OLl-OL24), d represents the inlet links of each input switch where N2 > N1 ,

and s is the ratio of number of outgoing links from each input switch to the inlet links of

each input switch.

N

In network 200C of FIG. 2C, each of the 71 input switches [81 — 184 are

connected to exactly d switches in middle stage 130 through d links (for example input

switch 131 is connected to middle switches MS(1,1) and MS(1,2) through the links

ML(1,1) and ML(1,2) respectively).

Each of the fl middle switches MS(1,1) — MS(1,4) in the middle stage 130 are
(1

connected from exactly d input switches through d links (for example the links ML(1,1)

and ML(1,4) are connected to the middle switch MS(1,1) from input switch 181 and ISZ

respectively) and also are connected to exactly d switches in middle stage 140 through

d links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).
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Similarly each of the i middle switches MS(2,1) — MS(2,4) in the middle stage
d

140 are connected from exactly (1 switches in middle stage 130 through (1 links (for

example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2,1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d

switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the fi middle switches MS(3,1) — MS(3,4) in the middle stage
d

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3,1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d 2 links (for example the links ML(4,1) and

ML(4,2) are connected to output switches OS] from middle switch MS(3,1); the links

ML(4,3) and ML(4,4) are connected to output switches 0S2 from middle switch

MS(3,1); the link ML(4,5) is connected to output switches 083 from middle switch

MS(3, 1); and the link ML(4,6) is connected to output switches 084 from middle switch

MS(3,1)).

Each of the % output switches 0S1 — 034 are connected from exactly d

switches in middle stage 150 through d 2 links (for example output switch OSl is

connected from middle switch MS(3,1) through the links ML(4,1) and ML(4,2); output

switch OSl is connected from middle switch MS(3,2) through the links ML(4,7) and

ML(4,8); output switch 0S1 is connected from middle switch MS(3,3) through the link

ML(4,13); and output switch OSl is connected from middle switch MS(3,4) through the

links ML(4,19)).

-56-



Page 57 of 157

10

15

20

Page 57 of 157

M—0041 US

Generalized Asymmetric folded RNB (NZ > N) Unicast Embodiments:

Network 200D of FIG. 2D is an example of general asymmetrical folded multi-

stage network Vfold (N1,N2,d,s) with (2Xlogd N)—1stages where NZ > N1 and

N7 = p’kN1 Wherep> 1. In network200D ofFIG. 2D, N1 = N ansz 2 p*N. The

general symmetrical folded multi-stage network Vfold (N1 , N2 , d , s) can be operated in

rearrangeably nonblocking manner for unicast when 5 =1 according to the current

invention (and in the example of FIG. 2D, 5 :1). The general asymmetrical folded multi-

stage network Vfold (N1 , N2 , d , s) with (2X log d N )— 1 stages has d inlet links for each of

£ input switches ISl-IS(N1/d) (for example the links IL1-IL(d) to the input switch 131)
d

and d outgoing links for each of £ input switches ISl-IS(N1/d) (for example the links
d

ML(1,1) — ML(1,d) to the input switch 181). There are d2 (where d2 = N2 Xi = pxd)
N1

outlet links for each of % output switches OSl—OS(N1/d) (for example the links 0L1—

OL(p*d) to the output switch 031) and d 2 (= p X d) incoming links for each of %
output switches OSl—OS(N1/d) (for example ML(2 X Log d N1 — 2,1) —

ML(2>< Long1 — 2, d2) to the output switch 081).

Each of the % input switches [81 — IS(N1/d) are connected to exactly d
switches in middle stage 130 through d links.

Each of the & middle switches MS(1,1) — MS(1,N1/d) in the middle stage 130
d

are connected from exactly d input switches through d links and also are connected to

exactly d switches in middle stage 140 through d links.
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Similarly each of the i middle switches MS(Logd N—1,1)-
d

MS(L0ngN—1 N7) in the middle stage 130 +10 * (Long — 2) are connected from
exactly d switchesin middle stage 130 +10 * (Logd — 3) through d links and also are

connected to exactly d switches in middle stage 130 +10 * (Long1 — 1) through d

links.

Similarly each of the % middle switches MS(9 >< LogNd — 3,1-)

MS(2 >< Longl — 3%) in the middle stage 130 +10 * (2 * Long1 — 4) are connected
from exactly d switchesin middle stage 130 +10 * (2 * Logd — 5) through d links and

also are connected to exactly (1 output switches in output stage 120 through all links.

Each of the % output switches OSl — OS(N1/d) are connected from exactly d
switches in middle stage 130 +10 * (2 * Long — 4) through cl2 links.

The general symmetrical folded multi-stage network V1.0“ (N1 , N2 , d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 1 according to the

current invention.

Asymmetric folded RNB (N1 > N2) Unicast Embodiments:

Referring to FIG. 2E, an exemplary symmetrical folded multi-stage network 200E

with five stages of twenty switches for satisfying communication requests, such as setting

up a telephone call or a data call, or a connection between configurable logic blocks,

between an input stage 110 and output stage 120 Via middle stages 130, 140, and 150 is

shown where input stage 110 consists of four, six by six switches 131-184 and output

stage 120 consists of four, two by two switches OSl-OS4. And all the middle stages

namely middle stage 130 consists of four, six by two switches MS(1,1) - MS(1,4), middle

stage 140 consists of four, two by two switches MS(2,1) - MS(2,4), and middle stage 150

consists of four, two by two switches MS(3,1) - MS(3,4).
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Such a network can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size six by six, the

switches in output stage 120 are of size two by two, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.

The connection topology of the network 200E shown in FIG. 2E is known to be

back to back inverse Benes connection topology. The connection topology of the

networks 200E is different in the other embodiments. That is the way the links ML(1, l) -

ML(1,8), ML(2,1) - ML(2,8), ML(3,1) - ML(3,8), and ML(4,1) - ML(4,8) are connected

between the respective stages is different.

Even though only one embodiment is illustrated, in general, the network

Vfold (N1 , N2 , d , s) , comprise any arbitrary type of connection topology. For example the

connection topology of the network Vfald (N1 , N2 , d , 5) may be back to back Benes

networks, Delta Networks and many more combinations. The applicant notes that the

fundamental property of a valid connection topology of the Vfold (N1 , N2 , d , 5) network is,

when no connections are setup from any input link all the output links should be

reachable. Based on this property numerous embodiments of the network

Vfold (N1 , N2 , (I , s) can be built. The embodiment of FIG. 2E is only one example of

network Vfold (N1,N2,d,s).

The network 200E is rearrangeably nonblocking for unicast according to the

current invention. In one embodiment of these networks each of the input switches ISl-

IS4 and output switches OSl-OS4 are crossbar switches. The number of switches of input

stage 110 and of output stage 120 can be denoted in general with the variable &, where
d

N1 is the total number of inlet links or and N2 is the total number of outlet links and

N1 > N2 and N1 = p * N2 where p > 1. The number of middle switches in each middle

stage is denoted by % . The size of each input switch ISl-IS4 can be denoted in general
with the notation d1 * (Z1 and each output switch OSl-OS4 can be denoted in general with

-59-



Page 60 of 157

10

15

20

25

Page 60 of 157

M—0041 US

d

N»

 

the notation (d * d) , where d1 = N1 X = p Xd . The size of each switch in any of the

middle stages excepting the first middle stage can be denoted as d * d . The size of each

switch in the first middle stage can be denoted as d1 >I< d . A switch as used herein can be

either a crossbar switch, or a network of switches each of which in turn may be a crossbar

switch or a network of switches. An asymmetric folded multi-stage network can be

represented with the notation Vfold (N1 , N2 , d , 5) , where N1 represents the total number of

inlet links of all input switches (for example the links 1L1-1L24), N2 represents the total

number of outlet links of all output switches (for example the links OL1—OL8), d

represents the inlet links of each output switch where N1 > N2 , and s is the ratio of

number of outgoing links from each input switch to the inlet links of each input switch.

In network 200E of FIG. 2E, each of the % input switches ISl — IS4 are
connected to exactly d switches in middle stage 130 through (11 links (for example input

switch 131 is connected to middle switch MS(1,1) through the links ML(1,1) and

ML(1,2); input switch 131 is connected to middle switch MS(1,2) through the links

ML(1,3) and ML(1,4); input switch 181 is connected to middle switch MS(1,3) through

the link ML(1,5); and input switch 131 is connected to middle switch MS(1,4) through

the links ML(1,6)).

N2

Each of the 7 middle switches MS(1,1) — MS(1,4) in the middle stage 130 are

connected from exactly d1 input switches through d links (for example the links

ML( 1,1) and ML(1,2) are connected to the middle switch MS(1,1) from input switch 131;

the links ML(1,7) and ML(1,8) are connected to the middle switch MS(1, 1) from input

switch ISZ; the link ML(1,13) is connected to the middle switch MS(1,1) from input

switch IS3; and the link ML(1,19) is connected to the middle switch MS(1,1) from input

switch IS4), and also are connected to exactly 03 switches in middle stage 140 through d

links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).
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Similarly each of the i middle switches MS(2,1) — MS(2,4) in the middle stage
d

140 are connected from exactly (1 switches in middle stage 130 through (1 links (for

example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2, 1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d

switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the fi middle switches MS(3,1) — MS(3,4) in the middle stage
d

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3, 1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d 2 links (for example the links ML(4,1) and

ML(4,2) are connected to output switches OS] and 0S2 respectively from middle switch

MS(3,1)).

Each of the % output switches OS] — OS4 are connected from exactly d
switches in middle stage 150 through d2 links (for example output switch 0S1 is

connected from middle switches MS(3,1) and MS(3,2) through the links ML(4, 1) and

ML(4,4) respectively).

Generalized Asymmetric folded RNB (N1 > N2) Unicast Embodiments:

Network 200F of FIG. 2F is an example of general asymmetrical folded multi-

stage network Vfold (N1,N2,d,s) with (2xlogd N)— 1 stages where N1 > N2 and

N1: p*N2 where p > 1. In network 200F of FIG. 2F, N2 = N andN1= p*N.. The

general symmetrical folded multi-stage network Vfold (N1 , N2 , d , s) can be operated in

rearrangeably nonblocking manner for unicast when s =1 according to the current

invention (and in the example of FIG. 2F, 5 =1). The general asymmetrical folded multi-

stage network Vfold (N1,N2,d,s) with (2Xlogd N)—1stages has al1 (where
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N
d = p Xd inlet links for each of —2 input switches IS1-IS(N2/d) (for

NO d
(11:le

 

example the links IL1-lL(p*d) to the input switch 131) and a!1 (= p X d ) outgoing links

for each of % input switches lSl-IS(N2/d) (for example the links ML(1,1) -

ML(1,(d+p*d)) to the input switch 181). There are d outlet links for each of % output
switches OSl-OS(N2/d) (for example the links OLl-OL(d) to the output switch OS1) and

d incoming links for each of % output switches OSl-OS(N2/d) (for
example ML(2 X Long — 21-) ML(2 X Long2 — _,2d) to the output switch 0S1).

Each of the % input switches 1S1 — IS(N2/d) are connected to exactly (13
switches in middle stage 130 through al1 links.

Each of the % middle switches MS(1,1) — MS(1,N2/d) in the middle stage 130
are connected from exactly d input switches through all links and also are connected to

exactly d switches in middle stage 140 through d links.

N2

d

 

Similarly each of the middle switches MS(Logd — 1,1-)

MS(L0ng2— ,N272) in the middle stage 130 +10 * (1,0ng — 2) are connected from
exactly d switches1n middle stage 130 +10 * (LogNd — 3) through d links and also are

connected to exactly d switches1n middle stage 130 +10 * (LogNd — 1) through d

links.

N2

Similarly each of the d

 

middle switches MS (2 X LogNd — 3,1-)

MS(2 X Long — 32’N7) in the middle stage 130 +10 * (2 * Long — 4) are connected
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from exactly d switches in middle stage 130 +10 * (2 * Logsz — 5) through d links

and also are connected to exactly d output switches in output stage 120 through d links.

Each of the % output switches OSl — OS(N3/d) are connected from exactly d
switches in middle stage 130 +10 * (2 * Logd N2 — 4) through d links.

The general symmetrical folded multi—stage network Vfold (N1 , N2 , d , s) can be

operated in rearrangeably nonblocking manner for multicast when s = 1 according to the

current invention.

Symmetric RNB Unicast Embodiments:

Referring to FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, FIG. 3E, FIG. 3F, FIG. 3G,

FIG. 300H, FIG. 3001 and FIG. 3] with exemplary symmetrical multi-stage networks

300A, 300B, 300C, 300D, 300E, 300F, 300G, 300H, 3001, and 300] respectively with

five stages of twenty switches for satisfying communication requests, such as setting up a

telephone call or a data call, or a connection between configurable logic blocks, between

an input stage 110 and output stage 120 via middle stages 130, 140, and 150 is shown

where input stage 110 consists of four, two by two switches 131-134 and output stage 120

consists of four, two by two switches OSl-OS4. And all the middle stages namely middle

stage 130 consists of four, two by two switches MS(1,1) - MS(1,4), middle stage 140

consists of four, two by two switches MS(2,1) - MS(2,4), and middle stage 150 consists

of four, two by two switches MS(3,1) - MS(3,4).

Such networks can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size two by two, the

switches in output stage 120 are of size two by two, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.

In all the ten embodiments of FIG. 3A to FIG. 3] the connection topology is

different. That is the way the links ML(l,l) - ML(1,8), ML(2,1) - ML(2,8), ML(3,1) -

ML(3,8), and ML(4,1) - ML(4,8) are connected between the respective stages is different.

For example, the connection topology of the network 300A shown in FIG. 3A is known
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to be back to back inverse Benes connection topology; the connection topology of the

network 300B shown in FIG. 3B is known to be back to back Omega connection

topology; and the connection topology of the network 300C shown in FIG. 3C is

hereinafter called nearest neighbor connection topology.

Even though only ten embodiments are illustrated, in general, the network

V(N,d, s) can comprise any arbitrary type of connection topology. For example the

connection topology of the network V(N, d, s) may be back to back Benes networks,

Delta Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the V(N,d, s) network is, when no

connections are setup from any input link all the output links should be reachable. Based

on this property numerous embodiments of the network V(N, d, s) can be built. The ten

embodiments of FIG. 3A to FIG. 3] are only three examples of network V(N, d, s).

The networks 300A - 300J of FIG. 3A - FIG. 3] are also rearrangeably

nonblocking for unicast according to the current invention. In one embodiment of these

networks each of the input switches ISl-IS4 and output switches OSl-OS4 are crossbar

switches. The number of switches of input stage 110 and of output stage 120 can be

N

denoted in general with the variable E , where N is the total number of inlet links or

outlet links. The number of middle switches in each middle stage is denoted by %. The
size of each input switch ISl-IS4 can be denoted in general with the notation d * d and

each output switch OSl-OS4 can be denoted in general with the notation d >|< d .

Likewise, the size of each switch in any of the middle stages can be denoted as d >|< d . A

switch as used herein can be either a crossbar switch, or a network of switches each of

which in turn may be a crossbar switch or a network of switches. A symmetric multi-

stage network can be represented with the notation V(N, d , s), where N represents the

total number of inlet links of all input switches (for example the links IL1-IL8), d

represents the inlet links of each input switch or outlet links of each output switch, and s

is the ratio of number of outgoing links from each input switch to the inlet links of each
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input switch. Although it is not necessary that there be the same number of inlet links

ILl-ILS as there are outlet links OLl-OLS, in a symmetrical network they are the same.

In network 300A of FIG. 3A, each of the % input switches 1S1 — 1S4 are
connected to exactly d switches in middle stage 130 through d links (for example input

switch 1S1 is connected to middle switches MS(1,1) and MS(1,2) through the links

ML(1,1) and ML(1,2) respectively).

Each of the E middle switches MS(1,1) — MS(1,4) in the middle stage 130 are
d

connected from exactly d input switches through d links (for example the links ML(1,1)

and ML(1,4) are connected to the middle switch MS(1,1) from input switch 181 and 182

respectively) and also are connected to exactly d switches in middle stage 140 through

(1 links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).

Similarly each of the E middle switches MS(2,1) — MS(2,4) in the middle stage
d

140 are connected from exactly d switches in middle stage 130 through d links (for

example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2, 1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d

switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the E middle switches MS(3,1) — MS(3,4) in the middle stage
d

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3, 1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d links (for example the links ML(4,1) and

ML(4,2) are connected to output switches OS] and OSZ respectively from middle switch

MS(3,1)).

-65-



Page 66 of 157

10

15

20

Page 66 of 157

M—0041 US

Each of the % output switches OS1 — 0S4 are connected from exactly d
switches in middle stage 150 through d links (for example output switch 0S1 is

connected from middle switches MS(3,1) and MS(3,2) through the links ML(4, 1) and

ML(4,4) respectively).

Generalized Symmetric RNB Unicast Embodiments:

Network 300K of FIG. 3K is an example of general symmetrical multi-stage

network V(N,d, s) with (2Xlogd N )—1 stages. The general symmetrical multi-stage

network V(N,d , s) can be operated in rearrangeably nonblocking manner for unicast

when s :1 according to the current invention (and in the example of FIG. 3K, 5 :1).

The general symmetrical multi-stage network V(N, d, s) with (2 x log d N ) — 1 stages has

d inlet links for each of % input switches ISl-IS(N/d) (for example the links IL1-IL(d)

to the input switch ISl) and d outgoing links for each of E input switches IS1-IS(N/d)
d

(for example the links ML(1,1) - ML(1,d) to the input switch 1S1). There are d outlet

N

links for each of 3 output switches OSl-OS(N/d) (for example OLl-OL(d) to the output

switch OS1) and d incoming links for each of % output switches OS1-OS(N/d) (for

example ML(2 X Log dN — 2,1) - ML(2 X Log dN — 2, d) to the output switch 0S1).

Each of the % input switches 1S1 — IS(N/d) are connected to exactly d switches
in middle stage 130 through d links.

Each of the E middle switches MS(1,1) — MS(1,N/d) in the middle stage 130 are
d

connected from exactly d input switches through d links and also are connected to

exactly d switches in middle stage 140 through d links.
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Similarly each of the % middle switches MS(LogdN —1,1) - MS (Log dN — 1, %)
in the middle stage 130 +10 * (Long — 2) are connected from exactly d switches in

middle stage 130 +10 * (Log dN — 3) through d links and also are connected to exactly d

switches in middle stage 130 +10 * (Long — 1) through d links.

Similarly each of the E middle switches MS(2XL0gdN —3,l) -
d

MS(2 X Long — 3%) in the middle stage 130+ 10* (2* Long — 4) are connected from

exactly d switches in middle stage 130 +10 * (2 * Log dN —5) through d links and also

are connected to exactly d output switches in output stage 120 through d links.

Each of the % output switches OS] — OS(N/d) are connected from exactly d

switches in middle stage 130 +10 * (2 * Long — 4) through d links.

The general symmetrical multi-stage network V(N, d, s) can be operated in

rearrangeably nonblocking manner for multicast when s =1 according to the current

invention.

Asymmetric RNB (N2 > N1) Unicast Embodiments:

Referring to FIG. 3A1, FIG. 3B1, FIG. 3C1, FIG. 3D1, FIG. 3E1, FIG. 3F1, FIG.

3G1, FIG. 300H1, FIG. 30011 and FIG. 3J1 with exemplary symmetrical multi-stage

networks 300A1, 300B1, 300C], 300D1, 300E1, 300F1, 300G1, 300H1, 300I1, and

300] 1 respectively with five stages of twenty switches for satisfying communication

requests, such as setting up a telephone call or a data call, or a connection between

configurable logic blocks, between an input stage 110 and output stage 120 Via middle

stages 130, 140, and 150 is shown where input stage 110 consists of four, two by two

switches 131-134 and output stage 120 consists of four, six by six switches OSl-OS4.

And all the middle stages namely middle stage 130 consists of four, two by two switches

MS(1,1) - MS(1,4), middle stage 140 consists of four, two by two switches MS(2,1) -

MS(2,4), and middle stage 150 consists of four, two by six switches MS(3,1) - MS(3,4).

-67—



Page 68 of 157

10

15

20

Page 68 of 157

M—0041 US

Such networks can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size two by two, the

switches in output stage 120 are of size six by six, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.

In all the ten embodiments of FIG. 3A1 to FIG. 3] 1 the connection topology is

different. That is the way the links ML(1,1) - ML(1,8), ML(2,1) - ML(2,8), ML(3,1) -

ML(3,8), and ML(4,1) - ML(4,8) are connected between the respective stages is different.

For example, the connection topology of the network 300A1 shown in FIG. 3A1 is

known to be back to back inverse Benes connection topology; the connection topology of

the network 300B] shown in FIG. 3B1 is known to be back to back Omega connection

topology; and the connection topology of the network 300C1 shown in FIG. 3C1 is

hereinafter called nearest neighbor connection topology.

Even though only ten embodiments are illustrated, in general, the network

V(N1, N2,d , s) can comprise any arbitrary type of connection topology. For example the

connection topology of the network V(N1 , N2 , d , 5) may be back to back Benes networks,

Delta Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the V(N1, N2 , d , 5) network is, when no

connections are setup from any input link all the output links should be reachable. Based

on this property numerous embodiments of the network V(N1,N2 , d,s) can be built. The

ten embodiments of FIG. 3A1 to FIG. 3J1 are only three examples of network

V(N1,N2,d,s).

The networks 300A1 - 300J1 of FIG. 3A1 - FIG. 311 are also rearrangeably

nonblocking for unicast according to the current invention. In one embodiment of these

networks each of the input switches IS1—IS4 and output switches OS1—OS4 are crossbar

switches. The number of switches of input stage 110 and of output stage 120 can be

denoted in general with the variable £, where N1 is the total number of inlet links or
d

and N2 is the total number of outlet links and N2 > N1 and N2 = p * N1 where p > 1.

The number of middle switches in each middle stage is denoted by %. The size of each
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input switch ISl-IS4 can be denoted in general with the notation d >I< d and each output

switch OSl-OS4 can be denoted in general with the notation d2 * d2, where

d 2 = N2 Xi = p x d . The size of each switch in any of the middle stages excepting the
N1

last middle stage can be denoted as d >I< d . The size of each switch in the last middle stage

can be denoted as d * d2. A switch as used herein can be either a crossbar switch, or a

network of switches each of which in turn may be a crossbar switch or a network of

switches. An asymmetric multi-stage network can be represented with the notation

V(N1, N2,d, s) , where N1 represents the total number of inlet links of all input switches

(for example the links IL1-IL8), N2 represents the total number of outlet links of all

output switches (for example the links OL1-OL24), d represents the inlet links of each

input switch where N2 > N1 , and s is the ratio of number of outgoing links from each

input switch to the inlet links of each input switch.

In network 300A1 of FIG. 3A1, each of the % input switches ISl — 154 are
connected to exactly d switches in middle stage 130 through d links (for example input

switch 131 is connected to middle switches MS(1,1) and MS(1,2) through the links

ML(1,1) and ML(1,2) respectively).

Each of the fi middle switches MS(1, 1) — MS(1,4) in the middle stage 130 are
(I

connected from exactly d input switches through d links (for example the links ML(1,1)

and ML(1,4) are connected to the middle switch MS(1,1) from input switch 131 and 132

respectively) and also are connected to exactly d switches in middle stage 140 through

d links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).

N

Similarly each of the —1 middle switches MS(2,1) — MS(2,4) in the middle stage
d

140 are connected from exactly d switches in middle stage 130 through d links (for

example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(Z, 1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d
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switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the fl middle switches MS(3, 1) — MS(3,4) in the middle stage
d

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3, 1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d2 links (for example the links ML(4,1) and

ML(4,2) are connected to output switches OS] from middle switch MS(3,1); the links

ML(4,3) and ML(4,4) are connected to output switches 032 from middle switch

MS(3, 1); the link ML(4,5) is connected to output switches 083 from middle switch

MS(3, 1); and the link ML(4,6) is connected to output switches 0S4 from middle switch

MS(3,1)).

Each of the % output switches OSl , OS4 are connected from exactly d
switches in middle stage 150 through d2 links (for example output switch 031 is

connected from middle switch MS(3, I) through the links ML(4,1) and ML(4,2); output

switch 081 is connected from middle switch MS(3,2) through the links ML(4,7) and

ML(4,8); output switch 051 is connected from middle switch MS(3,3) through the link

ML(4,13); and output switch 051 is connected from middle switch MS(3,4) through the

links ML(4,19)).

Generalized Asymmetric RNB (NZ > N) Unicast Embodiments:

Network 300K] of FIG. 3K1 is an example of general asymmetrical multi—stage

network V(N1,N2,d,s) with (2xlogd N)—1stages where NZ > N1 and N2 = p *Nl

where p > 1. In network 100K1 of FIG. 1K1, N1 = N andN2 = p * N. The general

symmetrical multi-stage network V(N1 , N2 , d , s) can be operated in rearrangeably

nonblocking manner for unicast when s :1 according to the current invention (and in the

example of FIG. 3K1, s =1). The general asymmetrical multi-stage network
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N

V(N1,N2,d,s) with (2Xlogd N)—1stages has d inlet links for each of 71 input

switches ISl-IS(N1/d) (for example the links IL1-IL(d) to the input switch 131) and d

outgoing links for each of % input switches ISl-IS(N1/d) (for example the links

ML(1,1) — ML(1,d) to the input switch 181). There are a!2 (where d2 = N2 Xi = pxd)
N1

outlet links for each of % output switches OSl—OS(N1/d) (for example the links 0L1—

OL(p*d) to the output switch 031) and d 2 (= p x d) incoming links for each of %

output switches OSl-OS(N1/d) (for example ML(2 >< Logd N1 — 2,1) -

ML(2X Long1 — 2, d2) to the output switch 031).

Each of the % input switches [81 — IS(N1/d) are connected to exactly (1
switches in middle stage 130 through d links.

Each of the & middle switches MS(1,1) — MS(1,N1/d) in the middle stage 130
d

are connected from exactly d input switches through d links and also are connected to

exactly d switches in middle stage 140 through d links.

Similarly each of the fi middle switches MS (Log dN1 — 1,1) -
d

MS(Long1 —1,%) in the middle stage 130 +10 * (Long1 — 2) are connected from
exactly d switches in middle stage 130 +10 * (Long1 — 3) through d links and also are

connected to exactly d switches in middle stage 130 +10 * (Log dN1 — 1) through d

links.
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Similarly each of the % middle switches MS(2X Logle — 3,1) -

MS(2 X Long1 — 3%) in the middle stage 130 +10 * (2 * Long1 — 4) are connected
from exactly d switches in middle stage 130 +10 * (2 * Logle — 5) through d links and

also are connected to exactly d output switches in output stage 120 through d2 links.

N

Each of the 71 output switches 0S1 — OS(N1/d) are connected from exactly d

switches in middle stage 130 +10 * (2 * LogdN — 4) through cl2 links.

The general symmetrical multi-stage network V(N1,N2 ,d, s) can be operated in

rearrangeably nonblocking manner for multicast when s = 1 according to the current

invention.

Asymmetric RNB (N1 > N2) Unicast Embodiments:

Referring to FIG. 3A2, FIG. 3B2, FIG. 3C2, FIG. 3D2, FIG. 3E2, FIG. 3F2, FIG.

3G2, FIG. 300H2, FIG. 30012 and FIG. 3J2 with exemplary symmetrical multi—stage

networks 300A2, 300B2, 300C2, 300D2, 300E2, 300F2, 300G2, 300H2, 30012, and

300J2respectively with five stages of twenty switches for satisfying communication

requests, such as setting up a telephone call or a data call, or a connection between

configurable logic blocks, between an input stage 110 and output stage 120 Via middle

stages 130, 140, and 150 is shown where input stage 110 consists of four, six by six

switches 181-184 and output stage 120 consists of four, two by two switches OSl-OS4.

And all the middle stages namely middle stage 130 consists of four, six by two switches

MS(1,1) - MS(1,4), middle stage 140 consists of four, two by two switches MS(2,1) -

MS(2,4), and middle stage 150 consists of four, two by two switches MS(3,1) - MS(3,4).

Such networks can be operated in rearrangeably nonblocking manner for unicast

connections, because the switches in the input stage 110 are of size six by six, the

switches in output stage 120 are of size two by two, and there are four switches in each of

middle stage 130, middle stage 140 and middle stage 150.
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In all the ten embodiments of FIG. 3A2 to FIG. 3J2 he connection topology is

different. That is the way the links ML(1,1) - ML(1,8), ML(2,1) - ML(2,8), ML(3,1) -

ML(3,8), and ML(4,1) - ML(4,8) are connected between the respective stages is different.

For example, the connection topology of the network 300A2 shown in FIG. 3A2 is

known to be back to back inverse Benes connection topology; the connection topology of

the network 300B2 shown in FIG. 3B2 is known to be back to back Omega connection

topology; and the connection topology of the network 300C2 shown in FIG. 3C2 is

hereinafter called nearest neighbor connection topology.

Even though only ten embodiments are illustrated, in general, the network

V(N1, N2 , d, s) can comprise any arbitrary type of connection topology. For example the

connection topology of the network V(N1 , N2 , d , s) may be back to back Benes networks,

Delta Networks and many more combinations. The applicant notes that the fundamental

property of a valid connection topology of the V(N1, N2 , d, 3) network is, when no

connections are setup from any input link all the output links should be reachable. Based

on this property numerous embodiments of the network V(N1,N2 , d,s) can be built. The

ten embodiments of FIG. 3A2 to FIG. 3J2 are only three examples of network

V(N1, N2,d,s).

The networks 300A2 - 300J2 of FIG. 3A2 - FIG. 312 are also rearrangeably

nonblocking for unicast according to the current invention. In one embodiment of these

networks each of the input switches 131-154 and output switches OSl-OS4 are crossbar

switches. The number of switches of input stage 110 and of output stage 120 can be

denoted in general with the variable &, where N1 is the total number of inlet links or
d

and N2 is the total number of outlet links and N1 > N2 and N1 = p * N2 where p > 1.

The number of middle switches in each middle stage is denoted by %. The size of each

input switch ISl—IS4 can be denoted in general with the notation d1 * d1 and each output

switch OSl-OS4 can be denoted in general with the notation (d * d), where

(11 = N1 X = p X (l . The size of each switch in any of the middle stages excepting the
i

N.
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first middle stage can be denoted as d * d . The size of each switch in the first middle

stage can be denoted as al1 * d . A switch as used herein can be either a crossbar switch,

or a network of switches each of which in turn may be a crossbar switch or a network of

switches. An asymmetric multi-stage network can be represented with the notation

V(N1, N2 , d , s) , where N1 represents the total number of inlet links of all input switches

(for example the links ILl-IL24), N2 represents the total number of outlet links of all

output switches (for example the links OL1-OL8), d represents the inlet links of each

output switch where N1 > N2 , and s is the ratio of number of outgoing links from each

input switch to the inlet links of each input switch.

In network 300A2 of FIG. 3A2, each of the % input switches 1S1 — 134 are
connected to exactly d switches in middle stage 130 through d1 links (for example input

switch 131 is connected to middle switch MS(1,1) through the links ML(1,1) and

ML(1,2); input switch 131 is connected to middle switch MS(1,2) through the links

ML(1,3) and ML(1,4); input switch 181 is connected to middle switch MS(1,3) through

the link ML(1,5); and input switch 181 is connected to middle switch MS(1,4) through

the links ML(l ,6)).

N2

Each of the 7 middle switches MS(1,1) — MS(1,4) in the middle stage 130 are

connected from exactly al1 input switches through d links (for example the links

ML(1,1) and ML(1,2) are connected to the middle switch MS(1,1) from input switch 131;

the links ML(1,7) and ML(1,8) are connected to the middle switch MS(1, 1) from input

switch ISZ; the link ML(1,13) is connected to the middle switch MS(1,1) from input

switch IS3; and the link ML(1,19) is connected to the middle switch MS(1,1) from input

switch 1S4), and also are connected to exactly d switches in middle stage 140 through d

links (for example the links ML(2,1) and ML(2,2) are connected from middle switch

MS(1, 1) to middle switch MS(2,1) and MS(2,3) respectively).

Similarly each of the % middle switches MS(2,1) — MS(2,4) in the middle stage
140 are connected from exactly d switches in middle stage 130 through d links (for
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example the links ML(2,1) and ML(2,6) are connected to the middle switch MS(2, 1) from

middle switches MS(1,1) and MS(1,3) respectively) and also are connected to exactly d

switches in middle stage 150 through d links (for example the links ML(3,1) and

ML(3,2) are connected from middle switch MS(2,1) to middle switch MS(3,1) and

MS(3,3) respectively).

Similarly each of the fl middle switches MS(3,1) — MS(3,4) in the middle stage
d

150 are connected from exactly d switches in middle stage 140 through d links (for

example the links ML(3,1) and ML(3,6) are connected to the middle switch MS(3, 1) from

middle switches MS(2,1) and MS(2,3) respectively) and also are connected to exactly d

output switches in output stage 120 through d2 links (for example the links ML(4,1) and

ML(4,2) are connected to output switches 08] and 032 respectively from middle switch

MS(3,1)).

Each of the % output switches OSl — OS4 are connected from exactly d
switches in middle stage 150 through d 2 links (for example output switch 031 is

connected from middle switches MS(3,1) and MS(3,2) through the links ML(4, 1) and

ML(4,4) respectively).

Generalized Asymmetric RNB (N1 > N2) Unicast Embodiments:

Network 300K2 of FIG. 3K2 is an example of general asymmetrical multi—stage

network V(N1,N2,d,s) with (2Xlogd N)—1stages where N1> N2 and N1: 117*N2

where p > 1. In network 100K2 of FIG. 1K2, N2 = N and N1 = p * N .. The general

symmetrical multi-stage network V(N1 , N2 , d , s) can be operated in rearrangeably

nonblocking manner for unicast when s =1 according to the current invention (and in the

example of FIG. 3K2, 3 =1). The general asymmetrical multi-stage network

V(N1,N2,d,s) with (2Xlogd N)—1stages has d1 (where d1 = N1 xi = de inlet
No

links for each of % input switches ISl-IS(N2/d) (for example the links IL1-IL(p*d) to
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the input switch 131) and al1 (= p X d ) outgoing links for each of & input switches
d

ISl-IS(N2/d) (for example the links ML(1,1) - ML(1,(d+p*d)) to the input switch 181).

There are (1 outlet links for each of % output switches OSl-OS(N2/d) (for example the

links OL1-OL(d) to the output switch 031) and d incoming links for each of2% output
switches OSl -OS(N2/d) (for example ML(2>< Long 12) ML(2 XLong — 2, d) to

the output switch 031).

Each of the % input switches ISl — IS(N2/d) are connected to exactly d
switches in middle stage 130 through al1 links.

N2

d
Each of the

 

middle switches MS(1,1) — MS(1,N2/d) in the middle stage 130

are connected from exactly d input switches through d1 links and also are connected to

exactly d switches in middle stage 140 through d links.

N2

d

 

Similarly each of the middle switches MS(Logd — 1,1-)

MS(Logd N2 — 1,%) in the middle stage 130 +10 * (Logd N2 — 2) are connected from
exactly d switchesin middle stage 130 +10 * (LogNd — 3) through d links and also are

connected to exactly d switches in middle stage 130 +10 * (Logsz — 1) through d

links.

N2

d

 

Similarly each of the middle switches MS (2 X Logd — 3,1-)

MS(2 x Long — 3, N—) in the middle stage 130 +10 * (2 * Long — 4) are connected
from exactly d switchesin middle stage 130 +10 * (2 * LogNd — 5) through d links

and also are connected to exactly d output switches in output stage 120 through d links.
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Each of the % output switches OSl — OS(N2/d) are connected from exactly d
switches in middle stage 130 + 10 * (2 * Logd N2 — 4) through d links.

The general symmetrical multi-stage network V(N1 , N 2 ,d , s) can be operated in

rearrangeably nonblocking manner for multicast when s = 1 according to the current

invention.

Scheduling Method Embodiments:

FIG. 4A shows a high-level flowchart of a scheduling method 1000, in one

embodiment executed to setup multicast and unicast connections in network 100A of

FIG. 1A (or any of the networks Vf01d(N1,N2,d,s) and V(N1,N2,d,s) disclosed in this

invention) . According to this embodiment, a multicast connection request is received in

act 1010. Then the control goes to act 1020.

In act 1020, based on the inlet link and input switch of the multicast connection

received in act 1010, from each available outgoing middle link of the input switch of the

multicast connection, by traveling forward from middle stage 130 to middle stage

130+10* (Long — 2) , the lists of all reachable middle switches in each middle stage are

derived recursively. That is, first, by following each available outgoing middle link of the

input switch all the reachable middle switches in middle stage 130 are derived. Next,

starting from the selected middle switches in middle stage 130 traveling through all of

their available out going middle links to middle stage 140 all the available middle

switches in middle stage 140 are derived. This process is repeated recursively until all the

reachable middle switches, starting from the outgoing middle link of input switch, in

middle stage 130+ 10* (Long — 2) are derived. This process is repeated for each

available outgoing middle link from the input switch of the multicast connection and

separate reachable lists are derived in each middle stage from middle stage 130 to middle

stage 130 +10* (LogdN — 2) for all the available outgoing middle links from the input

switch. Then the control goes to act 1030.
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In act 1030, based on the destinations of the multicast connection received in act

1010, from the output switch of each destination, by traveling backward from output

stage 120 to middle stage 130 +10 * (LogdN — 2) , the lists of all middle switches in each

middle stage from which each destination output switch (and hence the destination outlet

links) is reachable, are derived recursively. That is, first, by following each available

incoming middle link of the output switch of each destination link of the multicast

connection, all the middle switches in middle stage 130 + 10 * (2 * Log, N — 4) from which

the output switch is reachable, are derived. Next, starting from the selected middle

switches in middle stage 130 + 10 * (2 * Long — 4) traveling backward through all of

their available incoming middle links from middle stage 130 + 10 * (2 * Logd N — 5) all

the available middle switches in middle stage 130 + 10 * (2 * Log dN — 5) from which the

output switch is reachable, are derived. This process is repeated recursively until all the

middle switches in middle stage 130 + 10 * (L0ng — 2) from which the output switch is

reachable, are derived. This process is repeated for each output switch of each destination

link of the multicast connection and separate lists in each middle stage from middle stage

l30+10*(2*L0ng —4) to middle stage 130+10*(L0ng —2) for all the output

switches of each destination link of the connection are derived. Then the control goes to

act 1040.

In act 1040, using the lists generated in acts 1020 and 1030, particularly list of

middle switches derived in middle stage 130 +10* (LogdN — 2) corresponding to each

outgoing link of the input switch of the multicast connection, and the list of middle

switches derived in middle stage 130 +10 * (LogdN — 2) corresponding to each output

switch of the destination links, the list of all the reachable destination links from each

outgoing link of the input switch are derived. Specifically if a middle switch in middle

stage 130 +10* (LogdN — 2) is reachable from an outgoing link of the input switch, say

“X”, and also from the same middle switch in middle stage 130 +10 * (Long — 2) if the
H 77

output switch of a destination link, say y , is reachable then using the outgoing link of

the input switch X, destination link y is reachable. Accordingly, the list of all the
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reachable destination links from each outgoing link of the input switch is derived. The

control then goes to act 1050.

In act 1050, among all the outgoing links of the input switch, it is checked if all

the destinations are reachable using only one outgoing link of the input switch. If one

outgoing link is available through which all the destinations of the multicast connection

are reachable (i.e., act 1050 results in “yes”), the control goes to act 1070. And in act

1070, the multicast connection is setup by traversing from the selected only one outgoing

middle link of the input switch in act 1050, to all the destinations. Then the control

transfers to act 1090.

If act 1050 results “no”, that is one outgoing link is not available through which

all the destinations of the multicast connection are reachable, then the control goes to act

1060. In act 1060, it is checked if all destination links of the multicast connection are

reachable using two outgoing middle links from the input switch. According to the

current invention, it is always possible to find at most two outgoing middle links from the

input switch through which all the destinations of a multicast connection are reachable.

So act 1060 always results in “yes”, and then the control transfers to act 1080. In act

1080, the multicast connection is setup by traversing from the selected only two outgoing

middle links of the input switch in act 1060, to all the destinations. Then the control

transfers to act 1090.

In act 1090, all the middle links between any two stages of the network used to

setup the connection in either act 1070 or act 1080 are marked unavailable so that these

middle links will be made unavailable to other multicast connections. The control then

returns to act 1010, so that acts 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, and

1090 are executed in a loop, for each connection request until the connections are set up.

In the example illustrated in FIG. 1A, four outgoing middle links are available to

satisfy a multicast connection request if input switch is 132, but only at most two

outgoing middle links of the input switch will be used in accordance with this method.

Similarly, although three outgoing middle links is available for a multicast connection

request if the input switch is 181, again only at most two outgoing middle links is used.

The specific outgoing middle links of the input switch that are chosen when selecting two
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outgoing middle links of the input switch is irrelevant to the method of FIG. 4A so long

as at most two outgoing middle links of the input switch are selected to ensure that the

connection request is satisfied, i.e. the destination switches identified by the connection

request can be reached from the outgoing middle links of the input switch that are

selected. In essence, limiting the outgoing middle links of the input switch to no more

than two permits the network Vfold (N1 , N2 , (I , s) to be operated in nonblocking manner in

accordance with the invention.

According to the current invention, using the method 1040 of FIG. 4A, the

network Vfold (N1 , N2 , d , s) is operated in rearrangeably nonblocking for unicast

connections when s 2 1, is operated in strictly nonblocking for unicast connections when

5 2 2, is operated in rearrangeably nonblocking for multicast connections when s 2 2,

and is operated in strictly nonblocking for multicast connections when s 2 3 . In addition

according to the current invention, using the method 1040 of FIG. 4A, the network

V(N1 , N2 , d , s) is also operated in rearrangeably nonblocking for unicast connections

when s21.

The connection request of the type described above in reference to method 1000

of FIG. 4A can be unicast connection request, a multicast connection request or a

broadcast connection request, depending on the example. In case of a unicast connection

request, only one outgoing middle link of the input switch is used to satisfy the request.

Moreover, in method 1000 described above in reference to FIG. 4A any number of

middle links may be used between any two stages excepting between the input stage and

middle stage 130, and also any arbitrary fan-out may be used within each output stage

switch, to satisfy the connection request.

As noted above method 1000 of FIG. 4A can be used to setup multicast

connections, unicast connections, or broadcast connection of all the networks

Vfold (N,d,s), Vfgld(N1,N2,d,s), V(N,d,s) , and V(N1,N2,d,s) disclosed in this

invention.
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Numerous modifications and adaptations of the embodiments, implementations,

and examples described herein Will be apparent to the skilled artisan in View of the

disclosure.

-81-

Page 81 of 157



Page 82 of 157

Electronic Patent Application Fee Transmittal

——
Filing Date: 

FULLY CONNECTED GENERALIZED FOLDED MULTI—STAGE

Title of Invention: NETWORKS

First Named Inventor/Applicant Name: Venkat Konda

Venkar Konda

Attorney Docket Number: M-0041US

Filed as Small Entity

Provisional Filing Fees 

Sub-Total in

USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals—and-Interference:

Description Quantity

 

POSt -A| Iowan ce-and -POSt-|SSU an CG:

Extension-of-Time:

 
Page 82 of 157



Page 83 of 157

Miscellaneous:

—-m $333 '"

 
Total in USD ($)

Page 83 of 157



Page 84 of 157

Electronic Acknowledgement Receipt

“—

International Application Number:

Confirmation Number: 7097

FULLY CONNECTED GENERALIZED FOLDED MULTI-STAGE
NETWORKS

 

Title of Invention:

First Named Inventor/Applicant Name:

——

Filing Date: 

Time Stamp: 23:22:05

Payment information:

Payment was successfully received in RAM $100

RAM confirmation Number 2881

File Listing:

Document .. . . Multi Pages

 
  
 

Page 84 of 157



Page 85 of 157

Specification M—OO41US—PPA.pdf 392536

Warnings:

Information:

Warnings:

Fee Worksheet (PTO-06) fee-info.pdf 8125

Total Files Size (in bytes): 772808

Information:

Warnings:

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see

37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions

of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary

components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the

International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.

 
Page 85 of 157



Page 86 of 157

FIG.1A“*5Page‘1of52  
Page 86 of 157



Page 87 of 157

 
 

['22
g
A

v A

LAM

 

 

  

' ‘2.
X

new
A ragaM" 3

=- _ ' /

 

K V

ly‘VV.
9w
2

Q"U) A
E V.

Ca)

8tNv
m
2

 
Pg2f52 FIG.1A1

Jig “ 2Il— '.'/“\\)l—" V] F ‘
 

Page 87 of 157



Page 88 of 157

Page3of52
N

<1
v-4

0'H

m

Page 88 of 157

 |L1|L20L10L2|L3|L40L30L4|L5|L60L50L6|L7|L80L70L8 _



Page 89 of 157

2+3&12&3x815
.V

asu53Iz‘mfixg:Q“Nn2@385:23032302:.3-2;€N302+30€~32+3:6:0308:.3.3%IzQSXNEE
628825............

OZL ’S’OLL

    
 "3N4.2F.:2 

0’1)*OI+0€I (v-NP3W*Z)*OI+O£I’9 08L

VamVNu..AflxmHR3;:a+MT2,$3,0:2x2+{“3533+>533:
Nm

m2:m2.DE

m:38.5.mucox.mx:m>uoEo>E
Nm“—0VGONn—mEoEmzmmmwwézfi820“.03:89.00cofioccoo>==u

Page 89 of 157



Page 90 of 157

|L7|L8 
‘ |L5|L6

ge50f52. FIG.1C A wA ’t. W \
- xvi/(459%P 2 v. ‘5!

II-’//M'<“u“ 3°
F‘ll—VWMI  fi/rw

”(Q r E as
'51,,4\¥I fié

’ 3‘

IA.“ I
”mgI

Egg-43a“! Q
was

to

U!
+5

3Q)
2
11)U)I!)..

- '9ED
S
'D(D
E0
LL
‘0a, .
.5
E .

-|L1|L2
\—/V-\/ W

OSL’SOSL ' OZL’SOLL

Page 90 of 157



Page 91 of 157

 

50?

% vuo
2 Vr €210

‘0 $48
oq O 0210— arm
(I) A
E :2

‘ iA ' _l
2

<-. \“H a".
5 V."‘V‘fikk 0" EH8D)II_' I‘

IE. “-1 V ’ %

—% ‘Mv

|L7|L8

|L5lL6

Page6of52 FIG.1C1   
04

|‘ML28 ‘‘ML(27)
X"muffinMMS(14MS(34'‘‘9V.\ “A lL1|L2

cm OGL’ROSL . ozmow "

Page 91 of 157



Page 92 of 157

rks .Page7of52'

Page 92 of 157

FIG.1C2

 
09L ‘8 08L

 
OZL ‘SOLL

|L7|L8

|L5|L6

|L3|L4

|L1|L2



Page 93 of 157

a+wxmXmfimIz‘mfixmvu:
    572vax~.N|z£3xN§<93$x~.~|z£3x§:.szre.0:+P.:o23:02.:6-2:6.93.66%.3+3:5.9.6:0a:S.mextmlznmfixmg. , A—w32vaEsz............NwoN960F92...... .A.ENE:u

0

EE.3'2u
0no

.$32;:fl..._ .., ..XN.:..0......Inn.A.tElan!WIE...........IEIEI§_...........lElgmu......-.a+l.m|2&3a:mz_.
mm

mmmNI nIBI»I ._Azxm23K:a+2_w
a

...........0
+m

2x2+2:33:, .,3+{.333m.
.N

m

02:.
A:05

m:58.2
, mucox«35>uoEm>ENW*0wmmmn—38502$89222quou35.8950382.502.3“.

Page 93 of 157



Page 94 of 157

Pg9f52 FIG.1E

Page 94 of 157

j
E

A 4E N
°°.- ('3A” V[\V (I)

._l

2 %

 
A‘_
nV
.1
E

 
2

'7'
9/F1754y PW:

h

A—YH g '
WW

'3
II:-

M

09L ’9 09L

‘%‘%%§\\

‘0.
‘8

A

W

OZL ‘90”

g0L50L6ggfiggg0L70L8.
0L30L4



Page 95 of 157

Page10of52

Page 95 of 157

FIG.1E1

 
09L ’808L

 
OZL’EOLL

0L50L6|L7|L8



Page 96 of 157

 Pg11f52 FIG.1E2

Page 96 of 157

09L ’8 09L OZL ’90”

£53.0L50L6335%»:0L70L8
:5!0L30L4



Page 97 of 157

2+3.N|2£Sx§25733:z‘mfixg:QSizQSxNEE6-23...3+.402:0A*3...52:33agoAPPNVJatpe:35So63:.S.............,‘ e    

  
 c4T2153x84:w

00.u0mno
9.5..U0+m

rim:*
Z

In:nun.*.W3N._S_mAV. Ma

. .mr.45—NAWXN.>1.3%:A~+N42m_z......z(w
H

...........0
+m)*

2x3+>535:3+{@513W,N
_

Q

"59—..
5:05

w:FVOOIE
.mucoxfixco>529:.Nm*0N—.GDNQ9:0szwm~.m-=_:s_nun—cu356$chueowccoo23".

Page 97 of 157



Page 98 of 157

30BO
:63:

va86::

8.9.3

w.=
<ocN

N.=

SO

30

0.:

m.:

<N.U—mmm”62mama.

 
m3300.2253.“35>uScm>E9.8362mosmész320“.3535508685033“.

OZL ‘80“.09L ‘8 08L07L

Page 98 of 157



Page 99 of 157

3+YaI233VANS:€|2&|2£3x9§~1N12£3xNEE2306.2302;€-z:_Humjocédamfiz2+3:6:0:08:.5.
OZL ‘80le

 
.32.:w...........,.7825

.‘N

~.+2.?2Q3x8:..

 
33

  

wam

I,Im+|.IQ.A2fl.....o.M:Ea2fl23:.mm.

2.12”Si:a._+2£3v§
N

_

hm

moon.ME.0;

94rvooé‘wucov.“25>uoEQE.
NOhoVFOmmn—wfoEcz33mins.EEO“.35.20508605002.3...

07)*01+021 (v—N”307*z)*01+051'80€L

Page 99 of 157



Page 100 of 157

#210
9210
22']
lZ'l
0210
GHO

|L5|L6
ZL'IO
H10
0 HQ
610
910
no

Page15of52

FullyConnectedGeneralizedFoldedMum-stageNetworks 910
910

.. 3%
g NOx no
‘6x

5
> ‘3
8 .— N
E 3 ._la: .—

5 E

 
OVL 09L?O€L OZL?0LL

Page 100 of 157



Page 101 of 157

Q+nx$m|2£3x3§~Qulzvxmfiuzgfixsq:€xm.~u2£3x~52EEK..o .:+P.:o23:02:.32:.53:063...26:.63:0:08:.S.mexfilzwwsxmiéhW,52.852.9...........Nmomm.505.9,a
0

  
...\Z.FvwlllllllllllIA.Em
A

3+2.m|z£3x8...--

 
.3...2We.:2

   
.u,w m3.R.I.IM+l.IVM. .AZHEWQHCSNAN2fl295%m5.ANAIZ3.5M:2.1%MES:3+2&3qu

Nm

DCON.
ONUmm

w:F395.

., .3:8.55>5252..Nm“—00—.men—mfoéwz38323.2320“.8535503.08502.3“.
07)*OI+0£I (v—N”307*z *OI+0€I’8 08L

Page 101 of 157



Page 102 of 157

Page17of52

FullyConnectedGeneralizedFoldedMulti-stageNetworks Inventor:VenkatKonda M-0041US

 
OVL 09L?0€L OZL'SOLL

Page 102 of 157



Page 103 of 157

2+Emnzumfixs‘i..IQxAVIZdIZumSXNVNE.N2385%$23..9+.._0.230Ah!Quireg. .58:059$:ng:35:063:.:_....................................h€m.~I2S3x84:,@2va525........... .Nmo.mm.50Pm.
OZL’S’OLL

  A2.~uz:3x~§<Im
mPL

Am......mII...........II*AN.+..N.mZQSXNV...7m
I~

2W
.mmo

“632ms.:2NAFT£qu3Aimfz‘mfivmu_zI2$391:w
c1.

...........0
+m*

2.12mean:3+z£§§m
(Z—N

".ch

.m—N.UHm

w:goons.
.«33.55>uoEo>ENDhow—.006n—mvtezozmonies:820”.82535085250as“.

Page 103 of 157



Page 104 of 157

30SOSO
m._OAl304|. 

8.3..8.9:m.__
vmo€922Vcud

.E
8.8m:

A3:‘.Av.5..v.__Nmo._m.,Eaems.3.892A3:ms.m.mm.A‘A‘m:aa.5...).N...  
w.=

mwO

 
m...

,I3503.9923.3222.5925.E.45.tn.5adj:€35.S.
\

<oom.
4mUH”—

w:3.8-5.3:3.“35>uoEo>E
NWhoGFODNQmfoéwz093.2225020“.nod—macawumfimccoobin

Page 104 of 157



Page 105 of 157

30500.53030BON._O:0

A'm.:
86:2

50$992exams.Av.:22vm.3:.E,.S:.lS.8%:Sims.‘8....fl.‘._..D.3_$0._a.a9w:.8%:8.:ms.‘c,mm.
B.

.2H3.8223.32,.3.322B5..2..3FN423.3.23. o—.onF03.omé‘0—.wm8”mm.Uum

w:$00.5.

. mucox«25>€295NmhoON006n—.mv:o>awz035-235.320”.53:96:008838023“.
Page 105 of 157



Page 106 of 157

w._O5.580BO30mu_ON40:0

V_3%:
a"d6.;

mwo

«mo'7

EaSaws.[

50

:V42

3.992
F 11733.0.5.'7

3.84.28.8428.545.w.:7exam:7Av.:ms.7‘vm.A ‘AN:
m;

8.:92mm.

A

 

3.S.

:69).EmES..C.Nv.._>_

2

,S_aims.7mm.2‘.ijI

\Deon

Um.Uum.mmhoR$me

w:550-5.mute!fixco>uoEmE.wvtoémzwww.méiz320“.35.29.00332.30:5
Page 106 of 157



Page 107 of 157

3050$15m._O.30m._O.N40:0,

 

 8%:a3.$0,Lexams.rvm..5.
3.

«momm.
3.v...

Nmo

N2

3.S.

505.
S.

r\@mF/k03o:02o:88. GM.0;

wD$00-2. mucox«8.5;”.852:
NmUFONNmomm—wfoéwzmam.m-_._=s_82385.22839:50as”.

Page 107 of 157



Page 108 of 157

SO5030mu_Ov.530N._OSO

.86::8.842«d._s_m.__50exams.A€692€4vav2«:23:2 .wars.5. 8.3a.o:«608.9m:Sums.m9.h._m.__.w.3_
«mo._

a:aems.@592Nm_.m.__
a...

602.8222.392Baims.E
3.

_‘.v£2fin._S__‘N.33.545.
\mcon

Hm.UE

m:38.5.3:3.«9...;”.252:
Nm*0MNmadn—mfoémz035-222awn—cu.353.8chuofiwccoo2.3“.

Page 108 of 157



Page 109 of 157

wAO~40040mAOVAC.MJO‘NJOVAC

863: .3.$0exam:exams.2..:ms.5..{3.2lIZ.8.:\we80'8.9923%:8.522mm..‘h

m:

..Es., 3.
a.5m::2mm.

m:
.a...

503.392:éms.Sim:5.fiv45.fin45.FN4.2$.54:. W: owomrovromwor?
moon

mm0:

m:38.2
. mucoxfixco>uoEo>£Nmu_.OVNwmmnu—9.83323.39522cmEouuw~__m._wcwwuwfimccoo23“.

Page 109 of 157



Page 110 of 157

wJODOSO9530.m._ON._O:0

8.5.3. ‘.3.«mo€992€8.922‘.:92v9535..S.66:.,, 3.8.9928.3m:8.:92my86::.m...
H

Av.vj.Av.5.5v.:Nmo..8%:aems.Saws.3:ms.8.32mm..3.I.
S.

aims.2.392:.:ws.5.3.E.3._s_K45.2.35.S.GoonGM.vam

w:250-5.mug!~mx:m>,u2cm>c_
Nm#0MNQDNQwfioéwz35.34225.EEO“.35.9550839.8023“.

Page 110 of 157



Page 111 of 157

95DOSOm._Ov._Om._ON40:0

 
fin42

3.va2

w...

l
N:o.=

i
m.__

\Iccn

In.Uummmhe8mama

3.

N9

2.N...

2.:ms.5.
2.5.33.

w:3.8.:
, «9.3.«8.55”SENSE9.82sz329225.82o“.356.650889.502.2“.

Page 111 of157



Page 112 of 157

30SOSO30v._Om._ON._O50

w...5.©.=m.__.3_

A‘A‘2.
S.

509.922:Nvms.2.:ms.2‘4.23.__23&3:2.3.23.
\Son

 
 

Hm.Gum

m:38.2mucov.«35>uoEm>£
NmhoNN000n—wwtozaozommgméé‘32o”.85.89.00unwoccoo2.3“—

Page 112 of 157



Page 113 of 157

  308.3.3mm._u:w.__50$.89).exam:€522vm.DOck:£632£845.»S.308.3...a.5...m.___308.9928&va8.:wz8.36:5.._.30.mEs.m.__30.‘:.-jvF45...v.__Nwo.. .A335.AN8m:339245.3cm:8.32mm.  30m.=N._.o@845.a.E _N:50:5va, 3&va:.5m:5.So342A22.3.2:_38mm0:

w:38.:

.. €ch“8...;5252..Nmho0NMUNQmvtozamz3925.28.20;85.9950cosmccooas...
Page 113 0f157



Page 114 of 157

2:06.2303309.6:.8:030

 
@2va

\

am

 

\

 

 

C.ml2.HSXN'43(\7KJMF/kflvuzwmsxnmreéfl‘x8».

3I>1?de.F\ZauszfircioflMm.U—mmm58$3  
 

m3$00-5.mucox«25>uoEmE.wvtoémz$39235.320...8559608.025023“.
Page 114 of157



Page 115 of 157

v3.mm...NNJ.FNJ:ON...m5.3...5....9...mp...VS.9...N:-:4.0:.3030:0BO30SO30N40:0

mmO,NwO50

S.5.m.__m.__

_.A3.“WWI@892»Gums.”V9aims.m.um.49%4.a
w.\

\N:u,aims.2.3922.5925.36:5. .in._5_2.8.59.3:fl:  
V

:38En6E

m:38.2

., mucox“25>“.252.—Nmu—OOm”ODNn—8:0szwmm.m-_=:_>_.820”.you—Emcmononmccouas“.
Page 115 of 157



Page 116 of 157

VN...”N40~30Fun—oom...m5.”5.:4.@5-m5.:4.2...N30:4.or...0.20@40>4030SOv.530N40:0

vammONmO50

m...N:0.:m.=3.m.:N.:

  Econ \.MM—m.Umm

w:$032«9.3.umxcm>”.252:
ND“*0PM.mmwm3.8362322.32320“.853350382.8025“.

Page 116 of 157



Page 117 of 157

¢N._oMN].-N30«N40cm;-3...or...#306:.ms.3...2...NF...:409....303050SO30qu30N40:0

Avgjzl

‘.65:28&3:3.3.2w.__50a7exams.r:3va'vm..E
m.=

 
mmO

 

m.=m:

\. 3.8.3$.35.S.50>:ems.:~va::22HI.:_$._s_34.22&3:2.35.5. NwO“kw“3.8.2.2""gaims.V9. FOccn.
#UmUfa

m:.332

. «9.3.«SE;uoEm>£Nmv.0Nmmama9:3523233282385355086280as“.
Page 117 of 157



Page 118 of 157

v3.MN...mm...a...9N4.m:-mp...53.w:-m:-3...n5.N50:40o50m._O30:0040m._03030N40:0

 $0«”5“8. S.
A«i

Nwo\M‘w‘fiS.
.....I.

 rims.:im:5.2:1IsH
 

26:5.3.._s_3.sz9.3.25.
\

58"flGm0E

w:3.8.:

.. mucov.«my—c0>£9.52:Nm*0mm00mm—wfosz0.63-235.quon.828050nutmccoo2.5...
Page 118 0f157



Page 119 of 157

v3.mm...NNJ.F3.0N4.22.ms.2...3...m5.v5.2....N:-:4-oF.—c$4030SOSO303030N40:0

?N.Vj_>_

vl8.845.36‘\exams.
mwO

mmo>>aims.50>:6va
 2”.=>_

Qm.=>_

Axum:

wars.

6a.8.392ISums.

 

A3va

FN4.2 

.2

Av.:ms.5 .
5.

a.\a...mm.

9

.B._.S.
a.:92m2

m.=.3.

2.5225.
2.3.2.2

\ruccn

“mm.UmmmmBto.mama.

w:vvocé.aucox«35>uoEm>E9:02.82meméSEEEO“.uw~=fiwaw0umUwccoo2.2...
Page 119 of 157



Page 120 of 157

VNJOMNJONNJ.FNAQ0N4.mw4.mw4.kwqowvAQmwgovvdoMpg.NFJoFranorg.mJO@40540040n40v40mAON40F40

3&632

V

m.=m.=

$00

X,.WQ‘
 ___\8.8.8228.3928.cm:'m9.‘.

v.=m.=

‘.S.
50\/:5va3.32,.:ims.EA335.32:2.3...).2.32S.Om:,OS.omrO:.

\[can

5.:.Uum

wDFVOQE. muccv.«35>uoEw>£
N0“—0mmwmwn—8:03.02£33.22)—320“.tau—Sago3.8580as“. $0<€sz€892€392v9. .5..

YxI
/

Page 120 of 157



Page 121 of 157

v3.n3.«N...3...ON;-m5.2...-:4.0:.m:-v5.m5.NS.2.4.o5o30305004030:0MACN._O:0

Avmidz

VIw.N1:2ml:50<swims.€sz€592vm.. .:84:S.0/E11
\\/mph

<<‘8.0m:6%:8%:mm.
,

80J3.$0VIWWI.$.89).3.5.5mm.
44w

<_50\>2.992

2+3:in45.,FN422.3.25_
\

0.:

 
m...3

3.3925.

 rmvocnflum.Uflm

w:3095.

.mucox“25>”.852:Nm"—0OM006n—miofimzmmSm-_=:_2uoEou.85::ngqumccoo>___E
Page 121 of157



Page 122 of 157

v.3.m3.NNA.F5.own—om5.NF...NF...m5.9....3...NB.NF...F:-o:0ago305004030VAC30N40F40

AvaEz

Am.95..8.N32Am.F:50/|_.\Avéms.:AvamE:A355.:.2I/7%.5_
W?.

Am.N5:7%..:A.WNmoWWIIAN.ems.rwmAN.N55..AN.:ms_p
«g .808.9m:

M‘Em.__.‘\\\/\/ANNE:AN.Es.N.__FmoAFcm:AFN65.AF.:92Fm.vA.|Fv32Fm._s_AF.NV.__>.AF.F32F.:
0.:

  

.m.=

 

Y:

Nw_

 (mm/k8Fo:02.OFF:38film.Uurfl

WDrvoonS—
. «23.55>uoEwE.NW*0NMwmmn—. mfoiwz$33-23).820“.85.96ch3805002.3“.

Page 122 of 157



Page 123 of 157

v3.n3.NNJ.rs.ON...24.m5.5....ms.9....v5.94.NP...:4.0:.3030:09.030v.530N4050

w.__

vw_

N:mu:

mmOmm.
m.:

NwO

 
3.

. mm.

B.

\S.5029w:2$92.2:ms.5.:63:tm4.22&3:3.3.2F.__
\,Soon

w:$60.5.

V mucox«25>:25»:—Nm“_.0mmGDNQ3:2523332::320”.umfifibcmw8328023".
Page 123 of 157



Page 124 of 157

v30MN];N3.rm...ON...m5.9....hr...mp...m5..3...9.40NS.5...0:.30$40>4020mJO.3030N40:0

VWO80

$0.IWI@8924%50\aims.26:5.

 

@635.vmlj

AEms.  :

\Eden

gm.Uurmmm6mmmoan.

m.__

«m.

5.

‘

8.38.mm.3:45.m.:v-2v1:
ANéva—8.545.Nw_

9.

AMP: .N.=
2.592E

2.325.
w:$60-5.

.2E3..355”55>...mfofimzmmSm-_=:_>_82°“.85.9950$69.502.5
Page 124 of 157



Page 125 of 157

A2.NI2&3*Q32hzmmfifiz23:02:
v-23.

W...ME

2u-zr&._o

   
 

 

$98.63:.A$+PQEO$3.:ASI2SSE:83:03:.SO. fl:.3xNm:3IzQSVE¥1A¢|2~m33r2+oflAmuz‘mfiroioflFar/Ko:5885:”.UE

m:58.5.

.«33.«38>uoEw>£NOu_.O0VOmmn—wéoéwz393:3:32°“.35.20508.03502.3”.
Page 125 of 157



Page 126 of 157

v3.anddeFun:cw]:3d

3035:5.vmoexams.V‘exams.VE,30a}::,Nwo..,rm3AN9m:»8.~va30A‘
So

503.9222.392 
DO

 

3.:Cd3.:2.:v5.22

a.:2

m8.822

30

mwO

30

NF...:1:05.m...3.n...w...m...3.m..—Ni5.

  
SO3‘._s_34:

2mGE

9..360-5.mucox«35>”.252:
NDhoTVmmmlmfioémz3395::.520”.353.650389.5023“.

Page 126 of 157



Page 127 of 157

vm...on...

¢‘\5fl
o3.m5.

'1.»mm’0‘E
1xxa“Ia!m.//‘/‘g.5.

  
308632

$0€992E
SO53

So,..'8.9m:E3.0,, ,SoQ‘. .
Nmo

u.

Bo

 
 

\\6.Es.‘
NI_O\.w;—

.m4.502:ms.‘5.m“
NJ:

30K._s_. E._s_5.r\me/g02o:02J7~88. «mm.OE

wD«wool—a

. mucoxfixco>”.252:ND*0NV@mmn—9.8252$39222EEO“.85?;ch359.802.3”.
Page 127 of 157



Page 128 of 157

308.3.28.2.58&3:vl.MM“vwoEr€3.927. €592l/\Efl
ON;—

50IN‘44

V A4'V3.;1:2 3.:So _a;d.Inflow,”VWm"80'r8.992V.»g!.832Ifl4‘.Wm“.302...N8V$2r57it!20f‘‘fl5.
x\8.5.5\/o\/N403.stS..a$622:dws.2.592\/Am"

xm]:.‘|NA—503._s_.34.2:.N:s_:35.V5. K\me/\o29:o?o:~88.
. anE

WD$00.5.

..aucoxfixcm>uoEmE.N0“—0WVwammwfoimzumflméas.320".uw~=fimcm088250:5“.
Page 128 of 157



Page 129 of 157

Avm.5...).
3038.3.386.3.2.ad:l3.$0L$.82).'L9&varL€592{\5mm"fi6.«a(4

6:32

.’so3a808.8923%:IIIImm.Mn"A.. ...3.;m._O<‘<‘2.:30NmO t,'F3..‘Nam:>. V»mm.mMun—O“I‘g“VN:.,I<N|_OAflv:\.0.:...m.=50cams.cams.:cm:W.5.z.
3.N4.

502‘.__>_tn._5_2.345.E45.:_ 
N:—

Amwas.»
  

 

«noonNam.Uuh

w:$09-5.
. «9.8.«SE;usage.ND*0VV00mmmfiofimzmmflmésiEEO“.cud—23mm9208.8025...

Page 129 of 157



Page 130 of 157

20N409.030v.5m._ON40:0

vammONwOva_

:éms.

. Nam.Ummmmho9Vmama ‘ 
Avw.54.2

a...nu..—NN.__"Nu:ON:

83::

m5.:4—05.m5.94.NT:2%:05.mg.m...A...3.m...vin.=N4.

3E:_
w:3275.3:3..mx:w>,:2cw>c_9:255:comings:83°“.uwufiacmonovmccoo33“.

m5. .v5..

Page 130 of 157



Page 131 of 157

g.3.2
30n86::I«2

mm]:

50$.82).€322swims.<E.mm“
ON...

N40€35. ,Ias...'”W2.:
5.:

©I—O.A0.V_llql$0‘1a.M;hv:—m._O’\‘n5.,'.a:5...).so. .k(ma
NwO

a,.:92iv.»-Nw_cm“.30. .,Z.    a3m:

  
84:2 

  N40m..._m50:ems.L"
m...Nu:

r\J\/\(\7\%F\</L(WE/ko2‘OEo2.oE«”88.
97:.my;

. m:F30:..«28.“25>:252:Nmu_.O0VMDNQ.3:03.02393%:820“.“Hwy—«5:005285602:.“—
Page 131 0f157



Page 132 of 157

.96~40$4030.1030N._O:0

‘Il

 

6635.

$0$0

34.3.2

Nwo

 

exams.£635._
3v:.

8.8m:

 

BoQ3652
2&szEMUM.GmmmmBSmama I

‘..xv’3Saw:a.:22Elm."0%..4,64“m"
'w,

AVN.CI__>_

.llVN|=
«Nu:

$.59).<lmm"
ON;—

om:—\/,\§_Ss_
~ww:—vllllFE.a.".v:—I"m:—‘I‘$.32

r

/8.35.
.

3.

.‘ m...3cm:\x5.n“vS.FFE5.
m3$60-5.mucoxExamsuoEoE.mutozawz$3953282°“.“55.2ng8885035“.

Page 132 of 157



Page 133 of 157

w._OSOBO30v.520N40:0

?~.54.28$45.a«is.884.21%"50{‘5:5va:€392:Avsms.mm“
/’/./\03.

m5.

\5Es.
”4‘.”MW,”M;80rb8.392rb.k8N5::8:2,.mm.Mm".‘ \v5...“n5. 

I‘MHal_‘.v._s_

EM3

ANNvmz

 

a2N65.
:42

 3.845.

WV;NS.
3.:

-KIa.0%..am"

\NIoon

NEM.UumNm..63moan.

Sims.\3.5.m"E45.3.
WD$60-5.mucoxExco>28:95méoEwZ323%:320....3555ch3203502.5“.

Page 133 of 157



Page 134 of 157

v3.nu...«N1:PS.0N4.m3.

30

va

 

540

an:5.:8.:9.4.v5.m5.

“a,. mm"

80A:

80rb.K8.8m:Sums.
Bo. ..So.. ,

NwO‘. . ._.mm.0%..Bo.4‘‘Nm"I‘5:So\.‘m"503.9222.322Sims.5.3.
«3.VIN4.

503é.E”3adj:3As.5.
\

N56”.
Nam.Umm

WDFED-S—
.mucox«SE;.LoEoE.NW“—0av006m.mfoémzunmarrasz$20”.35.9306889.5023“.

Page 134 of 157



Page 135 of 157

w._O:0040,BOv.530N40:0

66::

$0

£6:Se:

30

36:2:

Nwo

‘86:2
50(my/k

\chom

  
‘3.32mm._s_-u:vl .“w"9992$.39).. €592<vm.fl.on:An8.:2ANNE:I_/2:3:35.

_&.é.Drum,»a"sews.. 3%:C6%.).‘QMammm_.[gonaijg3.Q3.392 v .’_:_ 
mm.0%..m..-m"

[$649.32@845.2:éw:36w:3.:92m"‘rm.2
NI:

2IF.—.J:F4—F\Z(Zr\1\/\%03o:o?o:NHM.UHH.

7Upm

w:38.:5. 2E3.~mxc0>22:953NO5.0CO00mmwfoémz$35.53,.820“.“55.90ch389.5025“.mub
aD1



Page 136 of 157

9,3I2&3*NE:E.ZQSKE2:02b.:
@2va

6.2:0fizz:   
.----..---.

.u-o-coocu

 

 

6.98.:$934.9.3.:W:

QTz.Sxmm:2T2&3vaS/K(Z(Z<72?2£3*Nv*ofi+om_@IZJGSEZoS(WT/L0:.$88gm.UE

w:38-5.

.I . muse!«35>«.252:Nm*0Fmmoan—wfgzmzwages:82o“.v3.8.2.388880as...
Page 136 of 157



Page 137 of 157

   mimzumo.9mmcozmczmmu9:__m62;€325.52?Sag9:so:92:2.02:.9.69892E:

52:6SE9:Eot9E:mEEE9.69:092smack:3:02:009:a:flow

 

 

000—.

     
 

 

$39.08.9mmcozmczwmv__m503359.8520:2659.:E:mEEEmEomSo«:me.i-..

50:26:55m5:5:x5.mEEE9.69:0wcomm;.3325cozomccoo9:a:Em
 
 

omor

 

£835:559:hox5.93::9.69:0commE0:955%wcozmczmmu23239hoEm:m5993mm.23..$me2.92:.9:5$2836062E@3256mcficoammtoo9:a:mEchE>2.80592803059:Euwuflmcmmmm:m59%:
  
 

mcozomccoo$£o.8o_nm__m>m::95>9:65om60585805a:“mm93m:womflw05__m59239E:wEEE9:__m{22

 

ovor

 

2m3mmfiw22E:2moSw59:0Eo:352203mc__m>m:63%23:::08E@3282w_8:8530552:?Eat638:5miEEyo5:m59:m>_._wu29650960:23wacommB5:2639302:E8”.
 

omo_.
  

omow

   

2mo;mmSm222E2Fmmfimm_UU_EEatBEESmc=m>mb.mmflmmBEEcommE35:2623::2928233m:9:w>=wu2022300...525559:m5,6xc:23::96930commE8”.
 

0N9.

 

£83559:cmhoxc:3::cmEotcozowccoomE29$269m>m_owm. 
22

«G.0;

94360.5.

CCr,.aucox«wxcm>uofiw>c_Nm*0NflwDNQ9:95.023225.2.820“.85.9980389.5025“.
Page 137 of 157



Page 138 of 157

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS COIWLHSSIOB‘ER FOR PATENTSPO Box I450

1\1exund.r‘i:1,ViIgirIin 2231371450wwwusplogov

APPLICATION NUMBER FlL'NSAOT’E37l (Cl GRP ART UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

60/940,391 05/25/2007 100 M—0041 US

 

CONFIRMATION NO. 7097

38139 FILING RECEIPT

TEAK NETWORKS, INC.
6278 GRAND OAK WAY

SAN JOSE, CA95135

Date Mailed: 06/21/2007

Receipt is acknowledged of this provisional Patent Application. It will not be examined for patentability and
will become abandoned not later than twelve months after its filing date. Be sure to provide the US.
APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring
about this application. Fees transmitted by check or draft are subject to collection. Please verify the accuracy

of the data presented on this receipt. If an error is noted on this Filing Receipt, please mail to the
Commissioner for Patents P.O. Box 1450 Alexandria Va 22313-1450. Please provide a copy of this
Filing Receipt with the changes noted thereon. If you received a "Notice to File Missing Parts" for this

application, please submit any corrections to this Filing Receipt with your reply to the Notice. When
the USPTO processes the reply to the Notice, the USPTO will generate another Filing Receipt
incorporating the requested corrections (if appropriate).

Applicant(s)
Venkat Konda, Residence Not Provided;

Power of Attorney: None

If Required, Foreign Filing License Granted: 06/20/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is

U860/940,391

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

FULLY CONNECTED GENERALIZED FOLDED MULTl-STAGE NETWORKS

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application

generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
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additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent

enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999—4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of

current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the

Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

W

No license under 35 USC. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
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under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant

to 37 CFR 5.15(b).
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no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
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generally has the same effect as a regular national patent application in each PCT-member country. The
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additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent

enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999—4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of

current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the

Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

W

No license under 35 USC. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
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under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant

to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMJVIERCE
United States Patent and Trndcmnrk Office
Addnsr COM‘MISSIONER FOR PATENTSR0. Box I450

Alnxnndri: Virginia 27313-1450
 

wwwflnlptognv

60/940,391 05/25/2007 Venkat Konda M-004 I US

CONFIRMATION NO. 7097

38139 FORMALITIES
TEAK NETWORKS, INC. LETTER
6278 GRAND OAK WAY

SAN JOSE, CA 95135

Date Mailed: 06/22/2007

NOTICE TO FILE MISSING PARTS OF PROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(c)

Filing Date Granted

An application number and filing date have been accorded to this provisional application. The items indicated
below, however. are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all

required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by

filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The provisional application cover sheet under 37 CFR 151(c)(1). which may be an application data sheet
(37 CFR 1.76). is required identifying either city and state or city and foreign country of the residence of
each inventor and the name(s) of the inventor(s).

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

0 To avoid abandonment, a surcharge (for late submission of filing fee or cover sheet) as set forthIn 37 CFR

1. 16(9) of $25 for a small entityIn compliance with 37 CFR 1. 27, must be submitted with the missing items
identified in this letter.

SUMMARY OF FEES DUE:
 

Total additional fee(s) required for this application is $25 for a small entity

0 $25 Surcharge.

Replies should be mailed to: Mail Stop Missing Parts

Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450
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Registered users of EFS-Web may alternatively submit their reply to this notice via EFS—Web.

httgszllsportal.usgtogov/authenticate/AuthenticateUserLocalEPF.html
 

Formore information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or

visit our website at http: //wwwwww.u.sptogov/ebc

Ifyou are not using EFS- Web to submityour reply, you must include a copy ofthis notice.

 
Office of Initial Patent Examination (571 -4000, or 1-800—PTO—9199

' - PART 3 - OFFICE COPY
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PTO/SB/16 (02-07)
Approved for use through 02/28/2007. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PROVISIONAL APPLICATION FOR PATENT COVER SHEET — Page 1 of 2
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c).

Express Mail Label No.
 

INVENTOR(S)
Family Name or Surname Residence

Cit and either State or Forei-n Count
Given Name (first and middle [if any])

Venkat Konda San Jose, CA

Additional inventors are being named on the separately numbered sheets attached hereto

TITLE OF THE INVENTION (500 characters max):

FULLY CONNECTED GENERALIZED FOLDED MULTl-STAGE NETWORKS 
  

 
Direct all correspondence to: CORRESPONDENCE ADDRESS

The address corresponding to Customer Number: 38139
OR

Firm or

 
 

individual Name Teak Networks, Inc.

Address 6278, Grand Oak Way

”Wm 403472-3273 vi'l‘flimaknmmsmm
ENCLOSED APPLICATION PARTS (check all that apply)

El Application Data Sheet. See 37 CFR 1.76 [:1 CD(s), Number of CDs

I: Drawing(s) Number of Sheets [:1 Other (specify)

E] Specification (e.g. description of the invention) Number of Pages
Fees Due: Filing Fee of $200 ($100 for small entity). If the specification and drawings exceed 100 sheets of paper, an application size fee is
also due, which is $250 ($125 for small entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

METHOD OF PAYMENT OF THE FILING FEE AND APPLICATION SIZE FEE FOR THIS PROVISIONAL APPLICATION FOR PATENT

I: Applicant claims small entity status. See 37 CFR 1.27. :IE] A check or money order is enclosed to cover the filing fee and application size fee (if applicable).
[3 Payment by credit card. Form PTO-2038 is attached TOTAL FEE AMOUNT (3)
CI The Director is hereby authorized to charge the filing fee and application size fee (if applicable) or credit any overpayment to Deposit

   
  Account Number: A duplicative copy of this form is enclosed for fee processing.

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PA TENT
This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 use. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 8 hours to complete.
including gathering. preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief information Officer, US. Patent
and Trademark Office. US. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PROVISIONAL APPLICATION COVER SHEET
Page 2 of 2

PTO/$8116 (02-07)
Approved for use through 02/28/2007. 0MB 06510032

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

The invention was made by an agency of the United States Government or under a contract with an agency of the United States Government.

[3

No.

Yes, the name of the U.S. Government agency and the Government contract number are: 
WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO—2038 submitted for payment purposes) is never required by
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after
publication of the application (unless a nonspublication request in compliance with 37 CFR 1.213(3) is made in the appliwtion)
or issuance of a patent. Furthermore. the record from an abandoned application may also be available to the public if the
application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not
publicly available.

SIGNATURE \[LW logic Zeb & Date 8/1/2007 
 TYPED or PRINTED NAME Venkat Konda REGISTRATION NO.

(if appropriate)

TELEPHONE 408-472—3273 Docket Number: M—0041 US

AWPLIC/Hiomlif @0/7<LD/ 3?]
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Electronic Patent Application Fee Transmittal

Filing Date: 25-May-2007 

FULLY CONNECTED GENERALIZED FOLDED MULTI—STAGE

Title of Invention: NETWORKS

First Named Inventor/Applicant Name:

Provisional Filing Fees 

Sub-Total in

USD($)

Basic Filing:

Miscellaneous-Filing:

Description Quantity

 

Late provisional filing fee/cover sheet

Patent-Appeals—and-Interference: 

POSt -A| Iowan ce-and -POSt-|SSU an CG:

Extension-of-Time:
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Miscellaneous:

—-m $333 '"

 
Total in USD ($)
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Electronic Acknowledgement Receipt

“—

International Application Number:

Confirmation Number: 7097

FULLY CONNECTED GENERALIZED FOLDED MULTI-STAGE
NETWORKS

 

Title of Invention:

First Named Inventor/Applicant Name:

——

Filing Date: 25-MAY-2007 

Time Stamp: 21:42:04

Payment information:

Payment was successfully received in RAM $25

RAM confirmation Number 12353

File Listing:

Document . . FileSize(Bytes) Multi Pages
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146518

Application Data Sheet M—OO41US—CoverSheet.PDF 06151140220615.70818bb03be4lb0bc34a
9241114b

Information: 

This is not an USPTO supplied ADS fillable form

Fee Worksheet (PTO-06) fee-info.pdf 142111036d0474bad12402287616002190
828b994

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see

37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the

application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary

components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement

Receipt will establish the international filing date of the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS COD/ILHSSIOB‘ER FOR PATENTSPO Box I450

1\lexund.d:1,ViIgirIin 2231371450wwwusplogov

APPLICATION NUMBER FlL'NSAOT’E37llCl GRP ART UNIT FlL FEE REC D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

60/940,391 05/25/2007 M—0041 US

 

CONFIRMATION NO. 7097

38139 UPDATED FILING RECEIPT

TEAK NETWORKS, INC.
6278 GRAND OAK WAY

SAN JOSE, CA95135

Date Mailed: 09/24/2007

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and
will become abandoned not later than twelve months after its filing date. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to
collection. Please verify the accuracy of the data presented on this receipt. If an error is noted on this
Filing Receipt, please write to the Office of Initial Patent Examination's Filing Receipt Corrections.
Please provide a copy of this Filing Receipt with the changes noted thereon. If you received a "Notice

to File Missing Parts" for this application, please submit any corrections to this Filing Receipt with
your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate
another Filing Receipt incorporating the requested corrections

Applicant(s)
Venkat Konda, San Jose, CA;

Power of Attorney: None

If Required, Foreign Filing License Granted: 06/20/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is

U860/940,391

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

FULLY CONNECTED GENERALIZED FOLDED MULTl-STAGE NETWORKS

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application

generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
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additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent

enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999—4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of

current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the

Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

W

No license under 35 USC. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license

Page 153 of 157



Page 154 of 157

under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant

to 37 CFR 5.15(b).
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS COD/ILHSSIOB‘ER FOR PATENTSPO Box I450

1\lexund.d:1,ViIgirIin 2231371450wwwusplogov

APPLICATION NUMBER FlL'NSAOT’E37llCl GRP ART UNIT FlL FEE REC D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

60/940,391 05/25/2007 M—0041 US

 

CONFIRMATION NO. 7097

38139 UPDATED FILING RECEIPT

TEAK NETWORKS, INC.
6278 GRAND OAK WAY

SAN JOSE, CA95135

Date Mailed: 09/25/2007

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and
will become abandoned not later than twelve months after its filing date. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to
collection. Please verify the accuracy of the data presented on this receipt. If an error is noted on this
Filing Receipt, please write to the Office of Initial Patent Examination's Filing Receipt Corrections.
Please provide a copy of this Filing Receipt with the changes noted thereon. If you received a "Notice

to File Missing Parts" for this application, please submit any corrections to this Filing Receipt with
your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate
another Filing Receipt incorporating the requested corrections

Applicant(s)
Venkat Konda, San Jose, CA;

Power of Attorney: None

If Required, Foreign Filing License Granted: 06/20/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is

U860/940,391

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

FULLY CONNECTED GENERALIZED FOLDED MULTl-STAGE NETWORKS

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application

generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
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additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent

enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999—4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of

current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the

Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

W

No license under 35 USC. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
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under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant

to 37 CFR 5.15(b).
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