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(57) ABSTRACT 
VLSI layouts of generalized multi-stage and pyramid net 
works for broadcast, unicast and multicast connections are 
presented using only horizontal and vertical links with 
spacial locality exploitation. The VLSI layouts employ 
shuffle exchange links where outlet links of cross links from 
Switches in a stage in one Sub-integrated circuit block are 
connected to inlet links of Switches in the Succeeding stage 
in another Sub-integrated circuit block so that said cross 
links are either vertical links or horizontal and vice versa. 
Furthermore the shuffle exchange links are employed 
between different sub-integrated circuit blocks so that spa 
cially nearer Sub-integrated circuit blocks are connected 
with shorter links compared to the shuffle exchange links 
between spacially farther sub-integrated circuit blocks. In 
one embodiment the Sub-integrated circuit blocks are 
arranged in a hypercube arrangement in a two-dimensional 
plane. The VLSI layouts exploit the benefits of significantly 
lower cross points, lower signal latency, lower power and 
full connectivity with significantly fast compilation. The 
VLSI layouts with spacial locality exploitation presented are 
applicable to generalized multi-stage and pyramid networks, 
generalized folded multi-stage and pyramid networks, gen 
eralized butterfly fat tree and pyramid networks, generalized 
multi-link multi-stage and pyramid networks, generalized 
folded multi-link multi-stage and pyramid networks, gener 
alized multi-link butterfly fat tree and pyramid networks, 
generalized hypercube networks, and generalized cube con 
nected cycles networks for speedup of sa1. The embodi 
ments of VLSI layouts are useful in wide target applications 
such as FPGAs, CPLDs, pSoCs, ASIC placement and route 
tools, networking applications, parallel & distributed com 
puting, and reconfigurable computing. 

20 Claims, 43 Drawing Sheets 

s 
1010 

Recieve request to form a connection from an inlet link of an input switch 

From each outgoing middle link of the input switch, recursively derive the 12 
lists of reachable middle switches in each middle stage, traveling forward 

from middle stage 1 to middle stage Log N 

Mark all the middle 
links betwee all 

the stages used to 
set up the 1030 

connection, so that 

From the output switch of each destination, recursively derive the the list of 1030 
middle switches, from which the destination is reachable, in each middle 

stage, traveling backwards from output stage to middle stage Log N 
they are 

Urawailable for 
1040 

w 

other connections Using the lists generated in the previous two steps, by matching up the corresponding 
available middle switches in the middle stage LogN, generate the lists of reachable 

destinations starting from each outgoing middle link of the input switch 

one outgoing middle link from YEs 
the input switch, by taking the 

nearest U-turn for each 
destinatic 

Set up the connection through 
two outgoing middle links from 
the input switch, by taking the 

nearest U-turn for each 
destination 

input switch through which all destinations are 

150 
X hereasingle outgoing middle linkfor-the 

reachable 

Find two outgoing middle links from the 100 
input switch through which all the 

destinations are reachable 

  

    

  

Case 5:18-cv-07581-LHK   Document 31-6   Filed 03/04/19   Page 2 of 83

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 9,529,958 B2 
Page 2 

(58) Field of Classification Search 
USPC .................................................. 71.6/126 130 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

8,898,611 B2 * 1 1/2014 Konda .......................... T16,121 
2012/0269.190 A1* 10, 2012 Konda .................. GO6F 17,509 

370,388 
2014/031393.0 A1* 10, 2014 Konda ................ HO4L 49.1515 

370,254 
2015.0049768 A1 2/2015 Konda .................. HO4L 49,102 

370,411 

* cited by examiner 

Case 5:18-cv-07581-LHK   Document 31-6   Filed 03/04/19   Page 3 of 83

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Case 5:18-cv-07581-LHK   Document 31-6   Filed 03/04/19   Page 4 of 8318-cv-07581-LHK Document 31-6 Filed 03/04/19 Page 4 of 83Case 5

US 9,529,958 B2Sheet 1 of 43Dec. 27, 2016U.S. Patent

e210Le10of106210821022109210g710ve10€z102210bz10oz106110811044109110shoFHIehoZaHHIono610810210910s10m0e10Z1010

 

 

 
 

   

 
 

 

 
   

 

  

 
   
   

 

 

 
  eyore(enw(o'srW-(o'r(ro'znn-,asoOArasn&Hf(99sw(oVsiswgy“Honsn@“floresyaeo3——|i———Fxysog'ehW7o9'ZWfSLSOSe)IN};,(sr'9)swrsIsWgl|(ryswat(Se)swe_nOoF4(gg'a)Ws(as'vqW

Piso

+

es(29'S)23°PN+eLSO(cLPs(eL‘e)sin
et!

       (LEPSW
   

(ZLZ)sWi(L‘Dsw
\—rrey

a—7

 

‘ezcwAN>>camal

 

CESW

 

 
  

 
 

 
      

 

 

 

+-_-__«

(ora,mm-lov’WAor'zW< orsoRZ|lov-vewyX\(oLs)SWpX\(orsinosQene{/\oe(ge'9w/\(ge"zQWee"LAW+¥(6'9)SW(e's) ¢(eSW6sl6sO(esw6'S)SIN—
+es

 
 
 

cE‘aN5y

 (ze'ZnW=(Ze'9)TN,72

 
 

een- 
  

 
  

 
       

  
  

 

 
 

*SO

(rZsW 
  

{zie (e'a)SW(sZswIB(sw
VWFIA(22)»A];(VS>aa/\\Que(gzswa(SW

(oz*Z)0W—toeWW(oLsw¢ssl
  

 

   
 

 
 

th tt 44

 
VooL 

ellveloe6211821122119211gzveleelezveoz6Hsr4b91suFdehZuLLoi61141911alFlelZlLa

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Case 5:18-cv-07581-LHK   Document 31-6   Filed 03/04/19   Page 5 of 83Case 5:18-cv-07581-LHK Document 31-6 Filed 03/04/19 Page 5 of 83

US 9,529,958 B2Sheet 2 of 43Dec. 27, 2016U.S. Patent

(ol'r)SW(siv)sw

‘wnsF\\:l(i(i‘ipe1hSIS8(FLe)SINPhVISNexh
 

(cLrsw(Zi'vISWCFASW(ol'PsW@YyISW(s'v)SW(27)SIN(o'vISIN(s*rSW

 

(PPS(ersW

 

  
 

 (ve'sW8(a'r7(9g'2qW8(vo'Z)TN,(og'eyIw8(roLWA,xq(OL'siSI8(OL'e)SNi(91'g)sw8(9L‘Z)swaN.SiZAocovos|{\}, [tSYAYSs—|'}raeSHDW8(092)WSSSPoa)8(OSIi? <yy>=efx\(gi'sisws(gL'e)swfPowOLSZAoN$1808ISI   
Aho

pros8(ri'ZSW
 
 

 

  

\\\

x(eL‘g)Sw8(eL'Z):(ELLISW  R(ELSISW8(ELE)SWSIN(ELS (orZW8(er'2)aW‘

 

RO(ZL'S)SW8(ZL'€)S
 

  

Pe(LLS)SINS(LLS)SIN
\\VM\TLNYOb

 

(ol's)sw8(oLe)sw

 

   

 

  

SW

YS—LerDAW8(9¢°2)Wosweiesn46'sw3(6VSNWea8(227)(sz'e)IW8(ze'LW

s)sw8(ees

 

  
 

 

¢Ses
SSeBTW8(82"LWoN£808LSIA

(e'S)SW8(e'C)SW

 

G's)sweZe)si

 
Fr

 

9S08OSI

  
 lezizIN8(oz*ZWw—trz'a)1w8(ozLW 

SoS8(g'Z)SW‘IX(alsw8(r'Z)sN

¥is‘Zsw8(SSW;SSO8981fl

PSOBPS!

 

 
    
 

 

 

YN

tAKX(Few8(FA
7\

ft\‘sw8c"HHto(cO)Sw8(e'ZISW£S08€Sl(c'o)Sw8(Z!ZSO8ZSI
(sew8(FLW

(alsw8(VZISNfort|cpCTorn8(6AFor8(reyvTATAS(re)Tenishy ,SoeeeNeeerLe”NLeneeeNoOL8OSLOSL8OFLOGL8OELO¢LBOLLalo

aooL

cel8celLe108LETOETOFOET6Z10862118210B821142108£211921089771gZ108S211721087711e2108ETI2108cel-2108FZ021080216-10861181108811ZHO8ZEM91108ab$h108SLIPL1O8FhEOSEL21108Z11bL108FEAO108Ob6108611g10381A10821191089Tlg10851FIOB71£10BellZ108Z11108V1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


