
Ex AIS MultiMattab References

U.S Patent No 10333768 768 natent

MultiMaflab References

The MuhiMatiab References as defined below are proi art to as Iuior ad to U.S Patent No 10333 708 768 patent at least under

35 IS 102a and and alone or xxith other references renders obvious each and ex ery asserted claim as set forth below To

the extent the MultiMatlab References do not disclose one or more linutatrons of the claims it would have been obvious to eombrne

the teachings of the MultiMatlab References with the knowledge of one of ordinary skill in the art and with one or more of the

references below to render the claims at issue in the 708 patent invalid Additional exemplary combinatiuns anti reasons for

obsiousness are described in the coser pleading and are incorporated by reference herein

The Multi Matlab References include at least the following

Trfetlien et al 1VIuII1AIAIL4B 1VIAJI1AB onttJuItipI Jroes.or Technical Report 90-239 Cornell Theory Center 1996

ailable at tc rooI Ii.mjhnn4iIab ht Trefethen 1096
refethen Menon IvIülsiivIA ILl3 Inseg atitig MA7LAB With 1-ligh-Perfo uiancc Parallel Computing Proceedings of the

1097 AXMiIF conference on Supercomputing November 1997 Trefethen 1097

Trefethen 1996 describes the MuItiMATI .\B system as implemented by the named authors at Cornell Unis ersity Trefethen

paper is an extension of the stem described in Trefethen 19% In Trefethen et al present MultiMATLAB general extension

of the Matlab en ironment to distributed memory multiprocessors as first step in this direction.. In this paper we present new

MuItiMATLAB architecture redesigned to achex goals Trefethen 1997 at Accordirgl\ to the extent the Trefethen

1996 or Trefethen H97 does not expressly or inherently disclose limitation such limitation would hae been obious in view of the

other because both references include oserlapping named authors and describe the Multi MA LAB system person of ordinary skill

rn the art would have been motivated to combine the teachings of these two references because they describe the J1ultiMatlab system

and rnclude ox er-lapping authors

Further for the reasons below and as provided in these in alidity contentions the MultiMatlab reter ences in iew of one or more of

the following references renders obxious the asserted claims For example sexeral of the references below expressi\ describe the

MultiMatlab system and further describe implementations as MultiMatiablike See Choy Thesis at 34 fri eonunetiori with Parry

Husbands we developed prototype implementation of MultiMatlab-like distributed Matlab package in NIatiabP which we call

the PPbngine
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Ex A18 MulfiMaUab References

Long Yin hoy and Alan Edelman MA JLAI3P no/lied para/ki MA II 4B Technical Report Massachusetts Institute of

edinoiog January 2003 adahi at ho
Ron Choy and Alan Edeiman Parallel 7VL41L4B LoingltRight Proceedings of the IEEE \Tol 93 No February 200S

134I Cho 2l

ho\ ta al/el M4iIAP cm ye 20u1 adable at Lo
Long Yin Choy M4 TL48P 20 in/eractnc Snpercoinpntingivfade Prautcal Masters Thesis Massachusetts histitute of

Technology 2002 hoy Thesis

Interactive StarP ser Guide 200O StarP User Guide
U.S Pat No 7814462 Husbands
MPI Specification 1995

Cramer Board The eveloprnent and Integration oja Drstrthuted 3J JF/foi /nstet of fTorkstations Proceedings of the

Annual Linux Showcase and Conference USFJNIX 2000 Cramer
fW Users Manual Version 1.5 March 20fl fW

U.S Patent Application Publication No 2003/0l9598 filed on January 10 2003 issued on October 16 2003 Howard
FFT algorithms and their adaptation to riarailel processing by hu et at published in iricar Algebra and its Applications in

1998 Chu
\.garcaL et al High Performance Parallel Algorithm for -.1 FFT Supercomputing 04 1994 Agarwal
Maple PC Magazine August 1992 pp 419425 PC Magazine

Maple Looks Better With Improved Graphics PC Magaiine July 993 Magazine

U.S Patent No 16290 Pru\ost

MapUSoft AppliLation Demo

Pat No 7694158 Melpignano
Anshuman Nayak et al Libiary based compiler to execute MATIAB Programs on Heterogeneous Platform Navak
Systems and publications discussed in Distributed Maple claim charts

S\stems and publiLations discussed in LI claim charts

Systems and publications discussed in Intel Paragon Maple charts

Msertd Claim Prior Art Disclosure

pre computer To the extent the preamble is himitng the MultiMatlab References disclose coni puter cluster comprising

cluster comprising
MultiMatlab

Mu1tMaflah

discloses comp

was dcs.ribcd in

uter clustei

printcdpubl

for paralieliing Matlab computer algebra

icaLon an1aspubhc used btore the

system CAS kernels

arhcsta1kgedpriont\
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Ex AIS MultiMatlab References

Asserted Claim Prior Art Disclosure

dale of the patentsinsuit

Abstract

MATLAB commercial product of The Math Works 1nc has become one of the principal

languages of desktop scientific computing system is described that enables one to run

MATLAB conveniently on multiple processors Using short MATLABstyle commands like

Eval Send Recv Beast Mm and Sum the user operating within one MATLAB session can start

MATLAB processes on other machines and then pass commandc and data between between these

vanous processes fashion that niamtains MAt LABs traditional userfnendliness

Multiproeessor graphics is also supported The system currently runs under MPICH on an IBM
SP2 or network of Unix workstations and extensions are planned to networks of PUs

Mu1tiMATLAB is potentially useful for education in parallel programming for prototvping

parallel algorithms and for fast and convenient execution of easily paralleli able numerical

computations on trw luple processors

Trefethen 09 Abstract

User

Inter aCt% ye

Pruccssei
Pinc.t.ssr Prneessor

iA LAW MAFIABi MAFLAt3 MA AR

Pcrrcss Prcccs. .s Prcwysr

InteriMintutinv Neissoi

Fire Stli M.\1L th HI tie

Trefethen 997 at
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Asserted Claim Prior Art Disclosure

MultiMatlab could run on an IBM SP2 or Unix workstation network Trefethen 1996 at Abstract The SP2

consists of up to several hundred nodec which are all RISC 6000 superscalar processors Superscalar means

that more than one instruction per clock cycle can he performed The SP2 can he considered distributed

memory machine because each node has its own local memory
cotcc1U1 fLLc2%Vfc9f/PSiLX4 last isited August 2021 fhere Lan he to lb

processors per frame or cabinet and to frames per system Frames can consist of BOTH thin and wide

nodes The main difference between thin and wide nodes is that generally wide nodes ha\ the capacity for

larger memory and larger memory cache Standiird 5P2 systems could contain up to 25o nodes Up to 512

nodes can be ordered tromn IBM by special request ORNL has 16 node SP2 Maui has 400 node SP2 and

Cornell has 512 node machine An optional hirh performance switch BPS for interprocessor

communication is usuaily included on most systems Suuh switch can interconnect up to nodes with
tip to

16 other nodes This high performance switch has 40 MB/sec peak bi-dircctional bandwidth More than one

HPS may be included when the number of nodes in the 5P2 machine is greater than he IBM 5P2 is fairl\

robust in that it ha concurrent mnaintertarice which simply means cacti processor node can be removed

repaired and rebooted without interrupting operations on other nodes Id

Additional Evidence of Obviousness
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Asserted Claim Prior Art Disclosure

MMLABP 2A1 OvFRvww

MeViLABP 2fl is parallel MATLAB using the hackend

support approach aimed at widespread circulatum among

gcneial audience hi order to achieve this we look ideas

horn the approaches used by other software tound in the

survey For example the embarrassingly parallel approach

allow simplistic yet useful division of work into multiple

MATLAB sessions The message passing approach which is

superset of the ernbarrassinly parallel approach allows liner

control between the MATIAB sessions

In order to make MATLARP useful for wider range

of audience these other approaches are incorporated mto the

system as well

Choy at
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Asserted Claim Prior Art Disclosure

Server

--

Silociw ni 4AT Af3P fl

Choy at2
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Asserted Claim Prior Art Disclosure

Data ThnzI/eIFmbarass/rniv Meralei Optratiuns

One of the goals of the project is to make the software to he

useful to as wide an audience us possible In order to achieve

this we found that it wouid be fruitful to combtne other

parallel MATLAB approaches into MAILALtP to provide

unified parallel MATLAB framework

in con juction with Parry Husbands we developed pro

totype iniplenientat ion of MuItiMATLAI3iike distributed

MATLAB pacicage in MATLAI3tJ which we call the

PPEngine \Vth diR package and associated m4iles we can

run niuhiple MiVILAB processes on the backend and evaluate

MAILAB functions in parallel on dense matrices

Choy at2

C-
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Asserted Claim Prior Art Disclosure

The system works by starting up MATLAB engine instances

on ench node through calls to the MATLAB engine interfnce

From that point on MAItAB commands can he rnyed to

the MMLAB engine

Examples of the usage of the PPEngine system

Example

liOOp
bminchi2rnda

The first example creates distributed matrix of length OO
then hi it with random vaue from the chisquare distribution

through calls to the function chi2rnd from MATLAB statistics

toolbox

Example

randlOOiOOp
randlOOiOOp

rnmplusab

Choy at

l.a plurality of The MuidMatlab References disclose plurailty of nodes wh erein each of the plunility of nodes comprises

nodes hardware processor

wherein each of the

plurality of nodes MultiNlatlab comprised cluster with multiple computer nodes each with at least one hardware processor

comprises
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Asserted Claim Prior Art Disclosure

hardware processor
Lser

liiteractive

Pnxe\\or Processor Processor Proce.sor

MATLAB MATLAB MTLAB

Procss Pimess

Tote rconnectmg Network

\it \L .n dit urc

liefethen 1997 at

Additional Evidence of Obviousness
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Asserted Claim Prior Art Disclosure

Server JU

--

Silaciw ni 4AT Af3P fl

Choy at2
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Asserted Claim Prior Art Disclosure

Thxl Platform

Beowuft cluster with nodes nodes are used in the

tests

Duu1processor nodes each with two 533G1iz Athion

MP processors

108 iiR RAM on each node No swapping occurred

during benchmarks

Fast ethernet iYJhlbps/sec interconnect Intel Etherfast

410F switch

Linux 14J84smp

Choy at4
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Asserted Claim Prior Art Disclosure

Iisr Piteifinn

Beowuli cluster with 15 nodes

DuaJpmcessor nodes each with two inte Xeon

Gui with Hyperdireading

All tests are run with one process per processor

Also the minmunu number of nodes are used So if

test is using four processors two nodes are used

Thus iii this case we are using two sharcdrnemory

pairs of processors

Two gigabytes ot RAM per node No swapping 00-

eurred during the tests

Fast Ethernet 100 MhIs interconnect Intel Ether

fast 4101 switch

Chov at 337
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Asserted CJaim

Fig Message Pilssing

Prior Art DiscIosur

MAItAB

Choy at

wherein one or

more of the nodes

are configured to

recei command

to start cluster

lnlti all zati on

process for the

computer clustei

The MultiMatlab References disclose \vherein one or more of the nodes are configured to receive command

to start cluster initialization process for the computer cluster

Each MuitiMatlab cluster included at least one node that received user cmnmands to initialize the cluster

he cüniponeiit in Hill et iii he \l ut vii .\ in ei ldef tnoduh lhe ml er

ice ruodu Jiou or re is r-pku-J 11e 101 mit tizui.n an ii Ierkij.uu eoJ1w1unjctuon

cet n1j as 1PI 21 PVM $1 lC or ans ul hr paekau daidUj II the llaihrm

4nd xj ing to he it of the sttnu

Trefethen 197 at

MAILAB

MAF1.AF
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Asserted Claim Prior Art Disclosure

The MuItiMATLAB command builds P4 process group file of remote hosts which are either

exphcttiy specified by the user or taken from default list and then initializes MPICH MATLAB

processes are then started on the remote hosts Each process itcratts ows simple loop waiting for and

executing commands received from the users interactive MATLAB process The user may use

command to shut do the slaves and exit MuItiMATLAB \dditionally if the user quits MATLAB

during MuItiMATLAB session the slaves are automatically shut down

Irefethen 096 at 11

MAlI ts then started on Ii addu innal nessors taken Irma rredennnted list Or perhaps the

second author 35 sutmg at machnie connected to Cornells Cnnputer Science Depat intent network

He types

ct
Ness MATLAB ts started on the tive processors with the names indicated tSotr1e names could he

iepeated in whtch case multiple MA LAB processes would be statted on single prsees tin either

case when all the processes are started the message is returned

This total number of processors can subsequently he accessed by the MuILiMATLAB command

Tiefethen 996 at

Additional Evidence of Obviousness
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Asserted Claim Prior Art Disclosure

Mu1TiMATLAB MuItiMATLAB is perhaps one of the

most well known parallel MATLABs It was developed by

Trefeihen Menon Chang CL Czujkowski Myers

and Trefethen at Cornell University In MuItIMATLAB

MATLAB user can start MATLAL3 processes on other ma
chines and then pass commands and data between these var

tous processes The most important commands arc

Initinitializc the Multi MATLAB environmeni

Npi oci elm ns the number of in the envi

ronment equivalent of MM Comm sizeU

iDmturns the rank of the process equivalent of MPI

0mm rank
Send/Recvsends and receives data between

processes

Eva evaluates string in every process in the

CflV ironincnt

Chov at
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Ex AIS MuttiMattab References

In one embodiment when server solIware 105 is initiaL

iicd one processor mas be designated the head po cessorand

all or some of the remaininia processors may be designated

slave po cessors thai operate under the control of the head

processor The head processor inas sene as the eentra pro

cessor and may receiw the commands front the client Thus

in one emhodhnetu only the client ma nagn module 205 on

the head processor is used When the head processor receives

Command ti-nm the client the server manner 2fl1 on the

head pncessor may send messages to the slave processors

to perlhrm the desired operaiton The thrary managers 209

on each of the processors may call the appropriate routine in

libraries 215

Husbands at 11 IO22
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Asserted Claim Prior Art Disclosure

their are three different procedures lot starting up the servet for different ysrein

stup

Protedure 35 for ss tns where the ilienr chine can vountrt the server

mrcft3rte dnectiv

Procedure for 5% sterns whne the server exists en orivate network which

15 expoMY to the client only through frontend machine hi thissitnaton the

64n1tui mactone has no tmwall tvpiesd exMupie of this setup is server

tnnnn on ffeownh rhister on povan network and iL client machine outside

of th duster

Proeed ore is for .vsteins suntiar that in Pioredure ii oxerpi that firewall

exists on the frontend

Choy Thesis at

C-

If
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Asserted Claim Prior Art Disclosure

Starfing Star-P on Unux Client System

Your sy stern acln1nsAl ator dl nssaally hs installed the Stac sntwatc on

tlit ystera henh -zi and tvor3 coo wil be rttnning on in ad tance

dcno It lot ation of the oflware

Ateurning this tnstall location 25 in coot shell path then the following

eouence will qLxf the 5tari tiiCt31 ton tCtn niinccI and connect

to the StarI senor confign red by the adnnntstrat winch hapjxns
sstexn natneil .C1C va.

ztarp

Star-P User Gutde at 15

and sherein he MuluMadab References disclose and wherein each of the nodes is configured to access non-transitory

each of the nodes is computerreadable medium cornpn sing pt ogram code for singlenode kernel that when executed is capable

configured to access of causing the hardware processor to evaluate mathematical expressions

nontraits tory

compute -readable MultiMatlab reteiences disclose cluster with multiplc computer nodes each of which included at least one

Page 18 of 254
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Asserted CJaim Prior Art DiscIosur

medium comprising computerreadable medium such as disk and or RAM memory This at least one computerrcadable medium

program code for stoied the software components of Multi Matlab nodes including the kS Computer Algebra System single

single node kernel node kernel program code e.g LAB kernel and additional components described below In addition

that when the software could reside on ser er and/or shared directory in communication with the one or more

executed capable processors was common in the art MATLAB was singienode kernel because it was designed to execute

of causing the on single computer ikewise Maple and Mathematica kernels could be used with implementations of

hardware processor MultiMatlab g. the Star implementation These CAS kernels were singlenode kernels designed to execute

to eviluate on single computer AS kernels including M\i lAB Maple and \lathematica kernels were command

niathernatica interpreters and uinslatcd user instiuctions in high ie\ ci computational linguage g. Maple and

expressions and Mathematica commands into low leel code for execution by each processor in the cluster flie processor

executing the AS kernel code evaluated mathematical expressions presented by the user to the CAS kernel

through its user interface and translated the kern..-i into machine4cvcl code

Lker

hirtctive

Piocesor Pocsor P3ctsr

M\TLAB MATLABI MATLAB 1ATLAB

Prc Pr.xc

Itercom r.trn Network

\IH\ Mi .\ eh
Trefethen 1007 at
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Asserted Claim Prior Art Disclosure

Now MATLAB is sinned on the five pnoces\ors ith the name\ indicatcd Some names could be

cpeated in which case multiple
MATLAR processes would be started on %mgle proeessor In efiher

ease when all the processes are started the rnessa4e is returned

1r/ 7LAP ri irg

This total number of processors cart subsequently he accessed by the MuItIMATLAB command t.r

The standard MItICiMAITLAB command for Kecuting cormnands on one oi more processors is If

the user nusv types

then the MA1LAB conunand is esecuted sn all six processcos The resoRts ox repetitions of

which is not very interesting On the othe hand the command

calls the MuItIMATLAB command on each of the processors nanning This command returns the

numhei of the current process an mteger tii u-ti ito Yçt Running it on all nodes might give the

result

Trefethen 19O at
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Asserted Claim Prior Art Disclosure

.c1Lr ..1 ig
jI 100 AS vo.J li 0l lq jo

L1L.On Al ch Ici ccic c.ciiifli fi

he ik ij coicis Hi lO0 tIci jy jrcisrc
11 11 esd 33 21 104 ci4 0410 011 iii 10 1Pl5ctc .10k IIlc fl c1 1110

S.c c1 lfl

iiifl Sc ic 1140 5St cccl 55 F-c \i 511 /fl
V4 cc0 III 11404 lcJcilk. icI j.o 10 c-c 105c

54 jSfjc 35cflfl oil IIS cis 4k Jkc 441 11 IoJ cc iFlISl

cio vcic he 5c sc ci
cc jtj ci

ccl Ic c.4 1cc IFs ii Oo lc rhiricis ii
fl

l.ci is

ls IS Fci ceic 455- SS OkSWc5kci 115 rioic

5k 1I 151

Irefethen 097 at

On 110 04 io o5i rid 11i M%.Ii 13 vcnncn using h.M 11 issgc pn 1ihcintn in

1.1. .lciisojisl..jeles .13jiiJl1 cOc cj ktc1 s04 is rrjc 1c s1rsloio usrs -c sicisli 4i1 eioe

cSIII lic .1 wiinon proco.ol fI0 tcjiiJi noel cf so.cJj

prcsceecur is IIec 55c end lie osohis4 in \Uc04

.Hthc 11 110510 is cccijch.Losii WILE. U.ar ilo sfut1E1Iei List 114 .sailIc.ullo 14.31 ci 1024 jo .1.12-1

Ills III tElIc Xliil 1S liiIlOli 11 F1k21 4PSoc
ii up to pno issjre vhijsc

01 ic cllc iiii ii 54 clOcA.er so s4 N1 cli ci isO Tji0 Ic 0cc ii sos

liefetUen 1997 at 14

Additional Evidence of Obviousness
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Asserted Claim Prior Art Disclosure

MATLAB is one of the most widely used tools in

scientdic and technical computing It started in 970s as

an interactive interface to EISPACK and UNPACK
set of eigenvalue and linear system solution routines It

has since grown to feature rich product utilizing modern

numerical libraries like ATLAS RI and FFTW and with

toolboxes in number of application areas for example

financial mathematics neural netvorks and control theory It

has builtin interpreted language that is similar to and

FIPF and the flexible matrix indexing makes it very suitable

for programming matrix problems lt is very useful tool to

wide audience For example it comes in very handy as

matrix calculator for simple problems because of its easy4o

use command syntax Its strong graphical capabilities makes it

good data analysis tool Also researchers have been known

to build very complex systems using MAtLAB scripts

Because of its roots in serial numerical libraries MATLAB
has always been serial program Hovs ever as modern en

boy at
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Asserted Claim Prior Art Disclosure

Scientific computing software applieatons are widely used

iii the science and engineering community as computing and

modeling tools As used herein the term scientific computing

software application refers to software application capable

o.i soking computational problems that arc input by user

Examples of commercially asin lable scienti lie computing

software applications include MAR AI3JM produced and

sold by Math Works Natick Mass MapleM produced

and sold by Maplcsoft Waterloo Ontario anada and Nlath

ematicaT\ produced and sold by Wolfram Research Chani

paign Ill These software applications are useful in variety

of disciplines including thr example engineering math

carat ics physics lit sciences chemistry chemical gineer

ing social sciences finance economics and others It should

be appreciated that while referred to as scientilic computing

software application scientific software appl ieatioris are not

limited to solving problems or perfbrming calculations of

scientific nature as any suitable type ol problems or calcula

tions may he processed by the scientiltc computing software

appi icaflon

Husbands at 3.37-56

the kernel is the base of Mapis system It contains fundamental and primiti\ commands the Maple

language inteipreter uhich converts the commands you type into machine instructions your computer

processor can understand algorithms for numerical calculation and routines to display results and perform

other input and output operations The Maple kernel implements the most frequently used routines for integer

and rational arithmetic and simple polynomial calculations

Maple Guide at 88
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Asserted Claim Prior Art Disclosure

Sonic application pmgrams mcli ide an in ierpi eter that

executes instructions provided to the program by user

script tSr another source Sod an mtepreter is sometimes

called kenmel because Ihr example the interpreter can

manage at least some hardware cturees ola computer ys
tent andfor can manage eoinrntnucations between those

resources and soitware ka example the provided iastmue

Onus wliich can include high-level programming Ian

guage Some sohware programs inelode kernel that is

designed to communicate with single node ckn example

software ptkage that inelude kernel thai is designed to

eomniumeate with single tic de is Mathematica front \kol

tiarn Research Inc Mathemaucay Mathematics softv are

packages 1mm other vendors and oilier types ni software can

also include such kernel

289 13348

kernel irmodule 206 typically includes program code lhr

tntctpreting higltdevel code ci smntandc andor Instructions

supplied by user or script hut low din el code such as 1dm

example machine language or assembly language In one

28 23 14
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Asserted Claim Prior Art Disclosure

5.2 Embedding Mathematica

Thr use uf \latheruatiea in mat herr atiral cdurat iun sioJa twofold Ci Sec

tioii

suig he notebook facility lo hsplay mnatlremath al hypc rtext do urn ut

Oh screen preseul

Usine the it t.erpreter IC 11I11 prograri dnlolSLrat iCiis ul uppoi inteN

actiw exercises execu1.or

Buchherger at 28

mechamsni The MuluMatlab References disclose mechanism for the nodes to communicate results ofmathernaucal

for the nodes to expression evaluation with each other using peer-topeer architecture

communicate

results of \4ultiJ\latlab discloses mechanism for nodetouaode communication including peertopeer messaging of the

mathematical results of mathematical expression ealuation using the MPI messaging protocol and/or remote function calls

expression Implementations could use other protocols such as PVNl and LILACS The cluster node module components

evaluation with enabling and involved in the peer4oteer communication and scheduling mechanism comprised one or more

each other usmg intufaLe modules parallel server modules and communication libraiies \LPI libraries and enabled the

peer4opeer peertojeer architecture The rntertace modules comprised one or more of the distributed server client

arclutectuie modules and could further comprise specialized computational libraries such as BLAS and/or FFTW

One or more of these components comprise the claimed mechianism for the nodes to comrnuni care on each

node

lie kc con ipomiri iii this architect nrc is Ije Multi \I jr um iiii or Lice rno rile 1je inter

lace iriodule Won ii in Firurc repous hh lhr iiritieliiirrg clii uralerki ug coirunuwcation

layer such as 2j P\ Vij 131 VS or WV ul Ire uckage ava labk on he plat then

and exposi rig
it to lIre rest of the system

Trefethen 097 at
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Asserted CJaim Prior Art DiscIosur

Sequential

MFX Routtue

J\lutH\IA LAB
Iniciface vIodu Ic

Pat allel

MEX Routine

indir4 IIOfl

abk

oinmuuical ton ci

Nct ork

tn l3t1J 11 It

uidpuLdd1 Stud 14t4 fiot uoce to aru1 hu

Hccvt 1nd 114t t1I tOll uriut hut piot

Hat nor uI ht0it

1tLL d.dii 131 Oddol lila Puttt 01 pid all prot

ittrtdul \ilds tinta auto- pto u- ol to tot iii gluba ti itt

11101 4I1 IIl hoc tiato auçturttl utu dugo ehuba ow

Lttt Cd tulIfl4jtl ttj lt \liuhi jI ii tiit

liefethen 1997 at

Patio 26 of 24
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TrefŁihen at

Advanced Cluster Systems, Inc. Ex. 2023 
26 of 254



Ex A18 MuItiMaUab References

Asserted CJaim Prior Art DiscIosur

Pccs crte th aab1c wth ahe sw1s scss cs the

dubIe valuc of nd cnd it to coes anci on 11 herc ar ix poceor thci

omrnud .- produc- th output

The pr cesse run async hrnnously but drce each command is only execuied after he

cocicspundint has cxmplctcd hc prupe scxpicnce
of nputaium and final alue 32 are

uaTaffleed loaci as all of the nudes ae iunetioninu

liefethen 1996 at
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User

Interactue

Processor Processor Proeesor Processor

\IVIL\B MUL\B MMLAB MUL\B

Proces Prcess Prociss

Tnterconnecti rig Network

Mob MAl Vi .\.rdd we

Trefethen lro7 at

The teon mechanism for the nodes to communicate is goenied by 15 U.S.C 1126 The recited function

to comnmnicate user instiuctions and results of mathematical expression aluation with other computer cluster

nodes using peerto-peer architecture he corresponding stnicture is MessagePassing Interlace MPJT as

described at col 6.3-S RMQ received message queue and MRQ message receiving queue of cluster node

module as described at col 14 928 contiguredto execute the process described at col 2547

The function is disclosed by MultMatlab as described in this exfnbit With regard to structure for the reasons

stated ahoe it would ha\e been ob\ious to implement MultiMatlab with the MPI communication library not

least because NhdtiMadah supports MPL

Mu1tiMXFLAB is built upon MN Message Passing interfacej highl functional arid portable

messtgc passing stAndard l3 Here is bref descr ptiori of how the system is put together

Trefethen 996 at 11
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The MPI protocol defines the standard mpilRecs function that the 768 specification identifies with the MRQ
queue see col l4 1b

MPURECV but count datatype source tag cornm request

ur but uiUr ffq

count riic nriO iv ufIc iet

datitype bi or .i rb buik kn ni iaidc

sourre

tag iviriii

conirn ci5fi gJ

request icicw j.5 .ctu3

tnt NPiJrecvvcid but tnt count NPiiiatatype datatype tat source

.nt tag NP Coexs cix NH Neucect requissc

EPI LEECVaUF COUNT O4TATYPE SOURCE TAG CONE REQUEST TERROR

type EUF
TSTEGER COUNT PATATYPE SOURCE TAG COEN REQUEST TERROR

iri Oi

NIPJ Specification at 40

The standard mpiLRecv fiLnction includes receive buffer which comprises message receiving queue II

Ihe 768 specification associates the RMQ with the standard MPI mpiTest function see col l4l728 an

iniplernentation of which therefore discloses the RMQ

C-

If

IC

CM

Advanced Cluster Systems, Inc. Ex. 2023 
29 of 254



Ex AIS MuttiMattab References

Asserted Claim Prior Art Disclosure

PLTESTequest flag status

request tu ived ih5uJfrt

flag true ii ojsrM iut nq icu.d ihrd

status us S/I1tfr

mt NELTest MPLfiequest requast Inc lag MPIitatus status

NPI.TESTREQUEST FLAG STATUS TERRORTT VTLii2..ttL fa
INTEGER REQUEST STATUS MPLSTATUSSIzEt TERROR

lvi PLTEST ri uru- flag tfue ii th oti io thel In request row

i.dTh utk3U krti-thttU OU t- rfflt3Itti

cpca fc cI uu iiOi tI V- rtct1cd iy uutbtrLiag xAt4 rc bee

.- durib tm3 tct awl lu niutt ai tt MPLKEQU LNULL he rail r3 urn flag

false herwue Jo this ae he cahim ot tJe tffl 33011 lQO3Uu hi P1 TEST

ertr It Ut

l1tc tti ohh ebo cwrattu .aI rw ut lta au he ct.reôt

as thsrt Uwd in cci tu 32 bc Ci us objet for send opu ciOun 550 hs

MPI Specification at 42

Mor cover in essage recei vi rig queues were standard implementation of MPJ
Siri kich MP eomrnunii at or reprcserits 3111 intlepeiictitit common iclitioll space

the highest level of the users model is the comunu rator Within eomnniuni
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catol iliere are concept UaIIV ni least hree Ei5 met message qiFiies winch

represent the state of the EPT iibsysten These are

Send Queue teJresellt au of lie outs and lug send opratiolls

Receive Queue represents of the oust ai iding receive uperat ions

Unexpected Message Queue represents niessage that June been sent to

this process but have not yet been received

The send and receive queues store information ai all of the unfimshed

send and receive opeation that the process 1ra started nithm the comrnu

mncator Fhcse might iesult cit her iroimi hhn king operations si.tcJ as MPI.Send

and MPLB..ecv or mionbiocking operations such as MPI Jsend or MPI .Lrecv Each

entry on one of these queues contains the information dint was passed to the

functiomi call that imtiat.ed the operation Nonhlocking operations will remniain

on these queues until they have completed amid have been collected Iw suit

able MPI .Wait MFI Test or one of lie iclated mmmli pie comnpiel ion routuie

Cownie 199 at 12

As descrbed by ownie and known to POSJTA as standard MN operation and approach there is least

one receive queue associated with the mpdRec conniand and implementing at least an instance of the MRQ
ikewise entries in the MRQ are remo ed when the recei\e operation is complete and is collected when

corresponding mpTest routine returns true flag The removal is implemented by comparIng queue of

mpiTest results an instance of the R1\IQ with the MRO Sie e.g MPI Specification at 38-43 Cownie 1999 at

Additiona tvidence of Obviousness
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NIAILAB

MAILAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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IL 4mnIl fM ILA 1//MultiOch Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MAILAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MAIl AB tunenons in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Saner fl

3W1\

Fc Structure at MAJLABkP

Choy at2
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Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FIG
is hut one ccantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pflccssOrs 203ii

203b.. 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz

207n library managers 209i 209/i 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215/i

215c 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 Ihat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46-o7
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In one embodiment when server software 195 Is initiai

ized one processor may he designated the head processor and

all or me of the remaining ocessors may he designated

sIae processors that operate under the control of the head

processon ihe head processor ina serve as the central pro
cessor and way receive the commands from the client ftus

in one embodiment onl the client manager module 205 on

the head processor is used When the head processor receives

comnand from the client the server manager 207 on the

head processor may send messages to the slave processors

to pertorm the desired operation The library managers 209

on each of the processors may call the appropriate routine in

libraries 215

The server managers 297 on the roecso 203 masS coin

rnunieate with each other in any suitable way as the invention

is not limited in this respect one embodiment the message

passage interlace P1 application prograrrnrnng interlace

\M may he used Alternatively the parallel virtual machine

PVM API or any other suitable from communicauon may
he used

Husbands at II 10b
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lo the extent AC contends that this claim element is not expiessly or inherently disclosed or not ohiou in

view ofMultiNlath-ih and the knowledge of POSITA it woud have been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatiab and MatiabP

publications reference MPI and PVMbaed parallel processing systems as comparable cluster computing

ssLems motivating POSITA to look to such systems for niodtications relating to this claim element

eg Choy at 334 Accordingh it would have been obvious to modify MultiMatlab in \jCVv of the teachings

ofPV\L and MN publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MN As another example because MuitiMatlab is directed to cluster

hoy at 20
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computing it sourd have been obvious to combine with one or more of the pnor art references or systems

authored by the alleged ins entors of the patents in suit or their coliaboiators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code rncluding those

related to the Appleseed cluster Pooch MacMPJ and related projects are likewise directed to cluster

computing using an existing message passing library and cluster management tool Moreos er these prior art

publications teach peerto-peer communications berween cluster nodes and use of these cluster computmg tools

with LAS kernels Given the similarity of their teaching it would hare been obvious to combine one of more of

these systems or publications with MultiMatlab

in addition this claim is rendered obvious by Intel Paragon \Iape in view of ranier hoy IFTW Howard
and/or hu for the reasons stated in the over Pleading section IV

wherern the The MultiMatlab References disclose wiherein the plurality of nodes comprises for the reasons stated below

plurality of nodes

first node The MultiMatlab References disclose first node cumprising first hardware processor configured to access

comprising first first memory coniprising program code ICr user interface and program code for first singlenode kernel

hardware processor

configured to access MultiMatlab discloses root node cumputer with processor and memory sturing MA FL Ml or other AS
first meniory kernel and included user interface

comprising program

code for user

interface and

program code for

first sirrglenode

kernel
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User

lnteractne

Processor Processor Processor Processor

\IVIL\B MUL\B MMLAB MUL\B

Proccs Prcess Prociss

Tntereonnecti ng Network

s9 \rdd we

Trefethen at

th \3F7\5j I.F lic F4lteC 3U3ifl 31 UO5.431 pvaflr pkt

1J oh s13334 3O.. .5 333o4N L33 3ist 33i 1tO j3rç 393j d113

531333 3335 tx orj C1tjer s3 Ese\ 133333511 033133 1343.1 fl
er r1I3L FJ

ssthi href i1.1n35e135333 s4j 13 Fs.eVi 3351321 1O1 331 W11L 430

334 33 3313 sE tfle 343 SO 33331 33rs ee 511 333 3-

333031 P110 kFt 1.513 Jfrnes e3131 333113_331c3 cl0333 11033333 44 33 333s/3- J3323 id

..% s1. 3ç 3sF CT133r I- j3Fsl1 113310F -.1 S.UF 03.3333311311 .33333 3-c 3t333

0.111 i31s 11351 111 1.33133 ise 4U1

Trefelhen at

C-
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l1i LV OtO1utiflt in f1ii ttte tIi Mnlti\I r\ ji thie tnodule ihe ii1i

Ivn tnoduk I1OJ in igUI repooih1e ir titja1im an idet1vu iOjlliflWi ation

nh lP1 PV\I 1$ I3J\ cwy ltJRJ lVai dIh tlic Id1lJfl

unl xpoi jt to hi tbytn
Trefethen 1097

Scqucnual

MLX Rounne

MATLAB

Parallel

MEX Routine

MuI1iMA Fl AR Judrecion

lnterfdcc Module

Coiriniunication Layer

Net\ ork

Irefethen 997 at
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jai dlel un1nir Pot example ri MA Alls Partial itleientitl Lcjnat ion loolkri isri

nay jul ni act isHx neal and oRe aiher genc mal ci tins using he Ii nitc nit until

iiictllOl hr P11 loulLil piosikc an intuitive gr1phical iiil.ifocr Ilcusiac utI- to mpeci

get end ins tlilhuiil nil equal ions arid boundary ct intlil ions Fit e\ever the tlnlnitat.i nail

Trefethen 1097 at

Further the 768 patent admits that Matiab process includes sinlenode kernel

For purposes of illustratIon some embodiments are

described herein in the context ol cluster computing with

Mathematica software Ihe present disclosure is not limited

to singJe software program the sysenis and methods can

he used with other application software such as for

example MaplctE MA Aifl M.ath iADk Apple

ShakSt AppleR Compressor 111.2 other applications

employing an interpreter or kernel Microsoft FxcelY

Adobe tier Fffectsit Adobe PremiereR Adobe Photo

shopg Apple Final Cut Prott and Apple iMovie% Some

fIgures aitdor descriptions husever relate to embodiments

of computer clusters rumdng Mathematiea The system can

include variety of uses including but not limited to

students educators scientists engineers mathematicians

researchers and technicians It is also recognved that Ifi

other emlxdinlents the systems and methods can he irnple

tnented as single module and1or implemented in cunjunc
lion with variety of other modules Moreover the specific

implementations described herein are set forth in order to

illustrale and not to limit the disclosure12J
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MultiMatlab could run on an IBi\I SP2 or Unix woikstation network Trefethen 16 at Abstract Ihe SP2

cconsists of up to seeral hundred nodes whtch are all RISC 6000 superscalar processurs Superscaiar means

that more than one instruction per clock dc an he performed The SP2 can he considered distributed

memory machine because each node has its own local memory
last isitcd August 92021 1hcc can bc to 16

processors per frame or cabinet and Ito 16 frames per system Frames can consist of BOTH thin and wide

nodes The main difference between thin and wide nodes is that generally wide nodes have the capacity for

larger memory and larger memory cache Standard 5P2 systems could contain up to 256 nodes Up to 12
nodes can be ordered from IBM special request ORNL has 16 node SP2 Maui has 400 node SP2 and

Cornell has 512 node machine An optional high performance switch dIPS for interprocessor

communication is usually included on most systems Such switch can interconnect up to 16 nodes with up to

other nodes This high peifonuance switch has 40 MB/sec peak hidireetionai bandwidth Moie than one

lIPS may be included when the number ofriodes in die 5P2 machine is greater than 32 The IBM 5P2 is fairly

robust in that it has concurrent maintenance which simply means each processor node can be removed

repaired and rebooted without interrupting operations on other nodes Id

Additional Evidence of Obviousness
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IL 4mnIl fM ILA 1//MultiOch Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MAILAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MAIl AB tunenons in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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3W1\

Fz Strujture at MATLABP
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Server software 05 may operate in any suitable xs to

reeeie commands from the client and perform operations in

priral let as the in ention is not limited in this respect FIG
is hut one ecantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pttCeSSOrs 203ii

203b... 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz

207n librars managers 209i 209/i .. 209n and data

managers 2llrs 211h... 2111 Memory 213 of parallel

server 201 stores plurality otsoftware libraries 2lSa 215/i

215e.... 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee xxith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data betxxeen the processi rs of parallel sers er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46o7

The hardware processor on the first node e.g the MultiMatlab root node accesses the nodes memory

coinpri sing the user interface program code Each AS kernel e.g Maple Mathematica or Matlab further

includes program code hr the computational smglenode kernel ee .c

1g the fir st single The MultiMatlab Refeiences disclose the first singlenode kernel configured to interpret user instructions and

node kernel distribute calls to at least one of plurality of other nodes for execution

configured to
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nterpret user

instructions and

distribute calls to at

least one of

plurality of other

nodes for execution

and

Each CAS kernel for example MAI LAB kernel on the root node and remote nodes is command interpreter

and translate user instructionc in high level computational language e.g Maple and MathematiLa

cornmtind into low level code for execution by each processor in the cluster When configured in

MultiMatlab cluster the kernel distributes calls for example as MPI messages or remote calls to other nodes

for execution hs can he done in the MultiMAl LAB mode or in bachend support mode where the kernel

accepts Instructions and distributes them to remote kernels for execution Fach kernel is stored on disk and/or in

memory on each cluster node

Fiuuie llud rates pai al Lel MArt inipleinonLa ion of eoujneai radient that se

the 1MD inc cace pain cLeerild in Sctiun In t1ii case the mal ux and he dif

fircut ecto ace eat Ii ii $ril nited by over all roe se Fiu cc Tn each ittraton

proccs on does lie conj pit71 ion epured lot ii ornl d41 o1v eJ. nun uc1 on

remred loi two different opt rat iou the dotproduci ecled to eoinpitl rho ion a/p/In

and the Iriatri ve toe niultiply needed to coriipitto 71 lore dot roebet oii1 require

Trefethen at Il

The following code further illustrates the first MATLAB kernel interpreting user instructions and distributing

calls to cluster nodes for execution
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r_local h_local
rho Sumr_localr_local

whilek kmax
ki

if ft

p_local rlocal
else

beta rho/oldrho

p_local r_local betap_local
end

Gatherp_local
w_lucal A_local

alpha rho/SurnpJocalw_local
x_local x_local alpha p_local
r_J.ocal r_local alpha v_local
oldrho rho
rho SumrlocalrIocal

end

ft Message Passing M\TL\B

Trefethen -7 at II

SL%ID programs can be hudt eon and command TvpLaHy the peognim cuntatrfc and

cornnl4nds that peuly Wfferent actions 101 different prnceses For ccarnpk suppose the file

C-
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COOS.LSLS 01 tue ioItov.mg wrflaIn

.J/1

Ptoces eroSs the anabk with value and uds pi-aro Proeer recenes the message

douhle the solue of and seod
aftfrng

to pness and on 11 there are srx ponsoors the

eomn3and .ra grrrJuec UK

Toe pnceoes Tea OSVKIW0110tStY I3t SHWC ea%th coannand orth executed atier the

cotT3oE7ddng has completed tOe proper equence oi coinpuoi rens and find value 32 are

etrdmtee0 long aD ot the aQdes are tanc ta3nng

refethen 1996 at 6-7

Additional Evidence of Obviousness
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MATLAB is one of the most widely used tools in

scientdic and technical computing It started in 970s as

an interactive interface to EISPACK and UNPACK
set of eigenvalue and linear system solution routines It

has since grown to feature rich product utilizing modern

numerical libraries like ATLAS RI and FFTW and with

toolboxes in number of application areas for example

financial mathematics neural netvorks and control theory It

has builtin interpreted language that is similar to and

FIPF and the flexible matrix indexing makes it very suitable

for programming matrix problems lt is very useful tool to

wide audience For example it comes in very handy as

matrix calculator for simple problems because of its easy4o

use command syntax Its strong graphical capabilities makes it

good data analysis tool Also researchers have been known

to build very complex systems using MAtLAB scripts

Because of its roots in serial numerical libraries MATLAB
has always been serial program Hovs ever as modern en

boy at

The kernel is the base of Maples system contains fundamental and primiti\ commands the Maple

language interpreter hich converts the commands you type into machine instructjons your computer

processor can understand algorithms for numerical calculation and routines to dispia results and perfoni

other input and output operations The Maple kernel iniplements the most frequently used routines for integer

and rational arithmetic and snnpl polynomial calculation

Maple Guide at 88

C-
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Sonic application pmgrams mcli ide an in ierpi eter that

executes instructions provided to the program by user

script tSr another source Sod an mtepreter is sometimes

called kenmel because Ihr example the interpreter can

manage at least some hardware cturees ola computer ys
tent andfor can manage eoinrntnucations between those

resources and soitware ka example the provided iastmue

Onus wliich can include high-level programming Ian

guage Some sohware programs inelode kernel that is

designed to communicate with single node ckn example

software ptkage that inelude kernel thai is designed to

eomniumeate with single tic de is Mathematica front \kol

tiarn Research Inc Mathemaucay Mathematics softv are

packages 1mm other vendors and oilier types ni software can

also include such kernel

289 13348

kernel irmodule 206 typically includes program code lhr

tntctpreting higltdevel code ci smntandc andor Instructions

supplied by user or script hut low din el code such as 1dm

example machine language or assembly language In one

28 23 14
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5.2 Embedding MathennttIca

us of NI athenuuiea hi irjatherjatira1 ctucarjon esjoiIs woioicl cc

ion

sing hc facility to cIiia matlwmatieal li duuniuis

on vj pr .eui.ef

Li
iig

uh ul rpr1 rr to mu prngraun dei tunst rM on aii uj crt in Vt

ntive CXI IC xreuI or

Buchbcrger at 28

Mull jill/I TM BilviultiOch ye Mode

One of the goalc oF the project to make the software

to he usefu to as wkk an audknce as possible order to

achie\e this we FOLIIXI that it would be fruitSut Lu cnmhine

other parallel MAILAB approaches into MAILAB tu

pros ide urtitiod pumtld MAJ LAB iiamcwork

In cot inctiuri fib liNbands wc devdopcd prur

totype iniplemenlauon of MultiMAfl AB 135 luke di.s

trihuwd MATLAB package in MATLAR which call

the PPEngine With this package and assodated m.tdes we

can n.m multiple MAFLA procc scs on the hack end and

evaluate MAT IJAB functions in parallel on dense matricec

ihc system works by starting up MAFLAB engine in

sIance on each node thrnugh caBs In the MATLA 13 tugine

imerface From that point on MATLAR commands can be

clayed to the MATh\B engine The cornntuid is do thi is
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We present MATLAB 151 as an example of what could

he righC parallel MATLAB MATLAB is parallel

MATLAB using the hacLend support approach aimed at

widespread circulation among general audience In order

to achieve this we took ideas from the approaches used by

other soft are found in the survey For example the enihar

rassinglv parallel approach allox simple yet useful dix

sion of work into multiple MATLAB sessions The aicssaqe

pa.s.sing approach which is superset of the embarrassingly

parallel approach allows tiner control between the MATLAB
sessions

The main idea in MAltA 1-4 is that data exist on the par

allel server as distributed matriLes Any operauolb on dis

tributed matrix which exists in the MATLAB front end only

as handle will he relayed to the server transparently

server calls the appropriate routine trom paralld numerical

library e.g ScaLA PACK FF and the results stay on

the sci er until explicitly requested

Choy2 at336

The following code further illustrates the first MATLAB kernel interpreting user instructions and distributing

calls to cluster nodes for execution
_____________
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The sytcrn works by starting up MATLAB cngnc instances

on each node through caH 10 the MATLAB engJne interface

Fiom that point on MATLAB commands can he raed to

the MATLAB engine

Examples of the usage of the PPEngine system

Example

llOOp
rnmchi2rnda

The first example creates distributed matrix of length 100

then fill it with random values from the ehisquare distribution

through calls to the function ch2rnd from MATLAB statistics

toolbox

Choy at
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Server software 05 may operate in any suitable vs to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FIG
is hut one ecantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pftCcsSOrs 203ii

203/x. 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz 207Ji
207n library managers 209i 209/i 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsoftware libraries 2lSa 215/i

215c .. 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee vith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data betvseen the proceast rs of parallel sen er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46-o7

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob\ ions in

ira of Multi Matlab and the knowledge of POSITA it would have been ok ions to combine it with one or

moie of die other references in these invalidity contentions For example J\lnltiJ\ladab and Madab sP

publications reference MP1 and PVMhased parallel processing ss stems as comparable cluster computing

systems moOs ating POSIT1\ to look to such systems for modifications relating to this claim element See

og Choy at 334 Accordingly it would ha\ been ob\ ions to modify MultiMatlab in iew of the teachings
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implementing aspects otPVM or MN As another example because MuitiMailab is directed to cluster

computing it ould ha\ been ob\ bus to combine with one or more of the prior art references or syctems

authored the alleged ins entors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaurn and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects are Iikewie directed to cluster

computing using an existing message passing library arid cluster nianagernein tool Moreoei these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with CAS kernels i\ en the similarity of their teaching2 it would hive been obvious to combine one of more of

these systems or pub cati ons ti Mu LiMatlab

In addition this uiajni is rendered obvious by Intel Paragon Maple in iev of Cramer hoy FFTW Howard

and/or Chu for the reasons stated in th- Uo\ or Pleading section JV

second node Ihe MultiMatlab References disclose second node comprising second hardware processor with plurality

comprising of processing cures

second hard are

processor with

plurality of Uscr

processing cores

1uteracUe

Processor Prnussoc Pioccssn Prncsyor

1ATI MAT kB MAT AB MATI AB

PIUXe Pincc

Interconnecting Netvnk

C-
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Trefethen 197 at

MultMat1ab could run on an IBM SP2 or Unix workstation netvbork Trefethen 1996 at Abstract The SP2

consists of up to seeraI hundred nodes which are all RISC æ000 superscalar processors Superscalar means

that moie than one instruction per clock cycle can he perffirnied the SP2 can be considered distributed

memory machine because each node has its onn local memory
last isitcd August 2021 Thcrc an be to 16

processors per frame or cabInet and to lb frames per system Frames can consist otBOfl-1 thin and wcde

nodes The main difference between thin and wide nodes is that generally wide nodes have the capacity for

larger memory and larger memory cache Standard 5P2 systems could contain up to 256 nodes lip to 12

nodes can be ordered from IBM by special request ORN1 has 16 node 5P2 Maui has 400 node 5P2 and

Cornell has 512 node machine An optional high pcrformancc- switch IllS for interpiocessor

communication is usuail\ included on most systems Such switch can interconnect up to 16 nodes with up to

16 other nodes This high performance switch has 40 MB/sec peak bidirectionai bandwidth More than one

HPS may be included when the number ot nodes in the 5P2 machine is greater than 32 The IBM SP2 is fairly

robust in that it has concurrent maintenance which simply means each processor node can he remo\ed

repacred and rebooted without interruptmg operations on other nodes Id

Additional Evidence of Obviousness

Matiab tP was configured to run on computers including the computer comprising second node rhat

included multiple processing cores
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Server

--

-7-

Siuctw ni 4AT Af3P fl

Choy at2

C-

If
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Thxl Platform

Beowuif cluster with nodes nodes are used in the

tests

Dualprocessor nodes each with two 533G1iz Athlon

MP processors

108 iiR RAM on each node No swapping occurred

during benchmarks

Fast ethernet iOOMbps/sec interconnect Intel Ethcrfttst

410F switch

Linux 2AJ84sinp

Choy at4
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Iisr Piteifinn

Beowuli cluster with 15 nodes

DuaJpmcessor nodes each with two inte Xeon

Gui with Hyperdireading

All tests are run with one process per processor

Also the minmunu number of nodes are used So if

test is using four processors two nodes are used

Thus iii this case we are using two sharcdrnemory

pairs of processors

Two gigabytes ot RAM per node No swapping 00-

eurred during the tests

Fast Ethernet 100 MhIs interconnect Intel Ether

fast 4101 switch

Chov at 337
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Fig Message Pilssing

Prior Art DiscIosur

MAItAB

wherein the

second node is

configured to

receive calls fioni

Choy at

In addition2 during thi tirneframe multicore processors were pre alent in the marketplace and it would have

been matter of mere design choice to use computers that contained hardware processors with multiple

processing cores The 768 patent itself admits that dualeoie processors were cons entional in the prior alt as it

references the wellknown Intel Core Duo processors multi.core example See e.g. O32 it would

have been ob\ious to use Intel Core Duo processors with MultiMatlab In addition as established for claim

39 it was known to use hardware processors with apluralitv of processing cores comprising DSPs FPGAs and

other tpes of processors See claim 39

MAILAB

MAI1.AF

The MultiMailab References disclose wherein the second node is configured to receie calls from the first

node execute at least first mathematical expression aluation and communicate result of the first

mathematical expression evaluation to third node
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the first node MultiMatlab implemented peertopeer communications between nodes using MN message passing or iluough

execute at least distributed ser\ er process When configured in MultiMatlab cluster each CAS kernel or parallel compute

first mathematical library receives calls from the root process and executes code esaluating mathematical expressions hach node

expression sends computation results to other nodes including the second node communicating with the third node The

evaluation and third node accesses the results pro ided by the second node and performs further mathematical esaluations

communicate Fhentually the results are returned to the root process and user interface This can be done in the

result of the first MuItiMATLAB mode or in backend support mode

mathematical

expression

evaluation to third
User

node

interactive

Processor Proeesor Processor Processor

\I\ILAB MFL\B AILi3

Pc.s Frocss

Interconnecihig Network

\hth ii.Ls

Ii efeth en 997 at
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Figure lb iilu1 parallel MA1 LAB epic etitat ion of ouj igate gradients hat uses

the SP\1I nrc -age sinC dseri1xd in uctioii .2 In this ease the inatri and tin dii

fi cut cci are each distributed iw row uver all processes as in Figure Iii each ifrat OJ1

process enI clues he onil tat ion required for its luC al lata 1Tuweer cujnmwucaliun

is icquiied ml two diilei cut up rations the dot pruduc needed to coniptite rho and lfphl

awl the matrixvector nmlti1l\ needed to urupul wjoru/ he dot products unIv require

culrllmm niucation of single value over all prwcsscs Oii the othei ham lie ma Ii x-veclor

mu dicat ion in eded br ../o el req nires the global vector awl tl.ws more er.isi re

rum ii mm irat 1011

Irefethen 1997 at 11 13

The following code furthei illustrates the second MATLAB kernel receiiIIg calls from the first kernel

aluating an expression and communicating reu1ts to other nodes including third node
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r_local h_local
rho Sumr_localr_local

whilek kmax
ki

if ft

p_local rlocal
else

beta rho/oldrho

p_local r_local betap_local
end

Gatherp_local
w_lucal A_local

alpha rho/SurnpJocalw_local
x_local x_local alpha p_local
r_J.ocal r_local alpha v_local
oldrho rho
rho Sumrlocalrlocal

end

ft Message Passing MvcLB

Trefethen -07 at II
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Alocdl 1oca1

v1.rix ani icc iril pxor
Trefethen 1997 at 12

Mu1tiMATL\B implemented MPJ message passing that allowed any node to pass computation results to any

other node as further illustrated by the foiioing code
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CC 01 .1 1E CL

Process creates the satiable with value and sends it to process Process receives the message
doubles the value of and sends it along to process and so on If there are \1X processors the

command produces the output

The processes run asynchronousls but since each crç command is only executed after the

corresponthng has completed the proper sequence of computations and final value 32 are

2udrameed so long as all oldie nodes are functioning

liefethen 1996 at

Additional Evidence of Obviousness
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MATLAB is one of the most widely used tools in

scientdic and technical computing It started in 970s as

an interactive interface to EISPACK and UNPACK
set of eigenvalue and linear system solution routines It

has since grown to feature rich product utilizing modern

numerical libraries like ATLAS RI and FFTW and with

toolboxes in number of application areas for example

financial mathematics neural netvorks and control theory It

has builtin interpreted language that is similar to and

FIPF and the flexible matrix indexing makes it very suitable

for programming matrix problems lt is very useful tool to

wide audience For example it comes in very handy as

matrix calculator for simple problems because of its easy4o

use command syntax Its strong graphical capabilities makes it

good data analysis tool Also researchers have been known

to build very complex systems using MAtLAB scripts

Because of its roots in serial numerical libraries MATLAB
has always been serial program Hovs ever as modern en

boy at

C-
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NIAILAB

MAILAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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IL 4mnIl fM ILA 1//MultiOch Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MAILAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MAIl AB tunenons in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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We present MVlLAB 1151 as an example of what could

be 4nght parallel MM AU MATLAB is parallel

MAFLAB using the baeL-end support approach aimed at

widespicad circulation among general auchenee In order

to achieve this we took ideas ironi the approaches used by

other software found in the survey For example the enthur

iv.ssingiv parailet approach allow simple yet useful d1

5iOfl of Work into multiple MAE .AR Sessions The message

passing approarh wheh is superset of the embarrassingly

parallel approach all ass finer control between the MATI All

Sessions

rj maui idea in MATLAI3 is that data exist on the par

at Eel server as distributed matrices .Any operations on clis

tnhuted matrix which exists in the MATIAB front end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library et ScaLAPACK FFTW. and the results slav on

the sener until explicith requested

Choy 2at336

C-
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Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FIG
is hut one ccantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pflccssOrs 203ii

203b.. 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz

207n library managers 209i 209/i 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215/i

215c 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 Ihat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46-o7

C-

Page 71 of 254

CM

co

Advanced Cluster Systems, Inc. Ex. 2023 
71 of 254



Ex AIS MultiMaUab References

Asserted Claim Prior Art Disclosure

server itsuf es divided four setloonrained rarN

Client Ct3ruIec tion tlxiager

CJli3ejr 43ncteetiofl Manager is resjkr rce rnunications with the cuent

it inos Ides law cious IOU roathng erurnauds and arguments horn the client anti

stnding the results baA to the iient It is only used the head server process

Strver Connection Manaar

Sere Yonretn wu Manave t8kcs care of mnaentiou between server

ss It mnamty cent 015 brecicasting of ecanrnank and arginreuts irwe he4t1

C-
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piocYs to thE slave po nvsSes and col ketiun of results and error cc k-s Also it

pr nrks rani ml sco- ijrf at uatb the pi E551-s

Par-huge Manager

Package Manager usponsdle ha maintaining her of n-adable packages aru

hinctiuns pio\udtd by UKflb A1IeIE uitrdtEd liv liEu 5VC piocrss Packa_gc

lsietriig.r .vIl also perlorrn Lit actual rail tO the functions

-1 i\latrix anager

l4attix Manager contains all the functions needed to cLeate cIt-lute and change

the mat rIces on the MM-Vet processes maintauts inappi ng ruin tic-ut side

matrix idenuhers to actual matrices on the server It is also respcmsihle for

periorining garbage collection

Choy thesis at 26 28

The following additional example illustrates an FF1 calculation on Matlab cluster resulting in

communications of intermediate results between the nodes in the cluster

C-
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The following additional example further illustrates NIPI message passing bet\een Nlatlab cluster nodes

Ex AIS MultiMattab References
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To the extent ACS contends that this claim element is riot expressly or inherently disclosed or is not obvious in

view of MultiMatlab and the knowledge of POSJT it would have been obvious to combine it with one or

more ot the other references in these in\ahdity contentions For example MultiMatlab and Matiab

publications reference J\IPI and PVMbased parallel processing systems as comparable cluster computing

systems moti\ ating POSITA to look to such systems for modifiLations relating to this claim element See

e.g Choy at 334 Accordingly it would have been obvious to modfv MultiMatlab in view of the teachings

of PVM and MPT publications such as those referenced in these contentions as well as references and systems
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computing it would have been obvious to combine with one or more of the prior art references oi systems

authored by the alleged in entors of the patents in suit or their coliaboiators includini patents applicationc

articles and code by Messrs Dauger lannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPJ and related projects are likewise directed to cluster

computing using an existing message pas1ng library and clustei management tool Moreoer these prior art

publications teach peertopeer eommunication between cluster nodes and use of these clustei computing tools

with LAS kernels Gien the similarity of theii teaching it would ha\ been oh\ ious to combine one of more of

these systems or publications with MultiMatlab

in addrrion this claim is rendeied obvious by Intel Paragon Mape in view of ranier hoy IFTW Howard
and/or ho for the reasons stated in the oer Pleading section IV

wherein the The MultiMatlab References disclose vvherein th third no de comprises third hardware processor with

third node plurality of processing cores

comprises third

hardware processor MultiMatlab was configured to run on computers including the compute comprising the third node that

with pluiality of included multiple procesi.ng cores

processi rig cores
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User

Interactue

Processor Processor Processor Processor

\IVIL\B MUL\B MMLAB MUL\B

Proccs Prccss Prociss

Tmereonnecting Network

Mob \Lvi s9 .\rdd we

Trefethen 1007 at

MultiNlatlab could run on an IBM SP2 or Unix workstation network Trefethen 1996 at Abstract The SP2

consists of up to ses eral hundred nodes which are all RISC 6000 superscalar processors çSuperscalar means

that more than one instruction per clock cycle can he performed The P2 can he considered distrhuted

memory iriachine because each node has its own local memory
cru ecju Jje.cejiaflcJC ni last visited August 2021 here can be to 16

processors per frame or cabinet and to 16 frames per system Frames can consist of BOTH thin and wide

nodes The main diftbience between thin and wide nodes is that generally wide nodes have the capacity for

larger memory and larger memory cache Standard SP2 systems could contain up to 256 nodes Up to 12

nodes can he ordered from IBM by special request 0KM has 16 node 5P2 Maui has 400 node 5P2 and

Cornell has 512 node machine An optional high performance switch ftIPS for interprocessor

communication is usuall\ included on most systems Such switch can interconnect up to 16 nodes with up to

16 other nodes This high performance swmtch has 40 MB/sec peak bidirectionai bandwidth More than one

HPS may be included when the number of nodes in the SP2 machine is greater than 32 The IBM SP2 is fairly

C-

If
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repaired and rebooted without interrupting operations on other nodes Id

Additional Evidence of Obviousness

Srcr

fig Strwe of MAflAI3P 2IJ

boy at2
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Thxl Platform

Beowuif cluster with nodes nodes are used in the

tests

Dualprocessor nodes each with two 533GHz Athlon

MP processors

108 iiR RAM on each node No swapping occurred

during benchmarks

Fast ethernet iOOMbps/sec interconnect Intel Ethcrfttst

410F switch

Linux 2AJ84smp

Choy at4

C-
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Iisr Piteifinn

Beowuli cluster with 15 nodes

DuaJpmcessor nodes each with two inte Xeon

Gui with Hyperdireading

All tests are run with one process per processor

Also the minmunu number of nodes are used So if

test is using four processors two nodes are used

Thus iii this case we are using two sharcdrnemory

pairs of processors

Two gigabytes ot RAM per node No swapping 00-

eurred during the tests

Fast Ethernet 100 MhIs interconnect Intel Ether

fast 4101 switch

Chov at 337
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Fig Message Pilssing

Prior Art DiscIosur

MAItAB

wherein the

third node is

configured to

receive the iesult of

Choy at

In addition2 during thi timeframe multicore processors were pre alent in the marketplace and it would have

been matter of mere design choice to use computers that contained hardware processors with multiple

processing cores The 768 patent itself admits that dualeoie processors were cons entional in the prior art as it

references the ellknown Intel Core Duo processors multi.core example See e.g. O32 it would

have been ob\ious to use Intel Core Duo processors with MuitiMatlab In addition as established for claim

39 it was known to use hardware processors with apluralitv of processing cores comprising DSPs FPGAs and

other ipes of processors See claim 39

The MultiMailab References disclose wherein the third node is configured to receive the result of the first

mathematical expression C\ aluation from the second node execute at least second mathematical expression

aluation using the receied result and communicate the result of the second mathematical expression

evaluation to the Iii ci node

MAILAB

MAI1.AF
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the first

mathematical MultiMatlab discloses implementing peertopeer communications hets een nodes using MPI message passing

epresson or through distributed serer process When configured in NhdtMatlah cluster eich AS kernel or parallel

evaluation from the compute library recei es calls from the root process and executes code evaluating mathematical expressions

second node Each node sends computation results to other nodes including the second node communicating with the third

execute at least node The third node accesses the results provided by the second node and performs fbrlher mathematical

second evaluations Eventually the results are retuined to the root process and user interface This can he done in the

mathemadcal MultM All AB mode or in hackend support mode

expression

evaluation using the

recei\ ed result and

communicate the

result of the second

mathematical Interactive

expression Poesor lrkessor

evaluationtothe

first nodc M\TT AB MATI AR MAT MATI AR

Thocs

Intcrconncd nu Nctsork

\l L-1L\ \r

Irefethen 1997 at
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Fure lb li t1 at parallel Lt impLmrJI3 at ion ol conj at radamt that usr

the PM rear pang desci ilrd in Se tion In this ase he nne and he dif

131 loi are en dis.ri bit by on ovcj all proc esse iii hui In it rrat ion

prore oni does hr row put ation 1equi red it local data lluce et eo3n 010 wrat ion

-j3n 3rd ho di Herrot uperdtu ns hr dotpi 1w Is needed to o3x3p111 iJw awl iii jtha

dIOl the 11Idti tot 1iIiltipl\ needed to onipute loo/ Tth dot p30db univ uqiiie

0031 ietl ion nith vaho aH JO es 033 the otner lIabal ri\

t1nItipllcbbt ion 13edwt 31 Lu uL I1IW he 1obal tor u1 1330 31300

on 33111 tnical ion

TrefŁthen 197 at 11 13

The following code further illustrates the second MATI\B kernel receiving calls from the first kernel

aluating an expression and communicating results to other nodes including third node which can then

perform addttional computation and return result to the root piocess for display to the user
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Asserted Claim Prior Art Disclosure

r_local h_local
rho Sumr_localr_local

whilek kmax
ki

if ft

p_local rlocal
else

beta rho/oldrho

p_local r_local betap_local
end

Gatherp_local
w_lucal A_local

alpha rho/SurnpJocalw_local
x_local x_local alpha p_local
r_J.ocal r_local alpha v_local
oldrho rho
rho Sumrlocalrlocal

end

ft Message Passing MvcLB

Trefethen -7 at II
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Asserted CJaim Prior Art DiscIosur

Alocdl 1oca1

v1.rix ani icc iril pxor
Trefethen 1997 at 12

MultiMatlab implemented MPI messige passmg that allowed arry node to pass computation rcuit to any other

node and to return the final results to the root process for display to the user further i1lutrated by the

loilowing code
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Asserted Claim Prior Art Disclosure

Process creates the vai table with value and sends it to process lmcess receives the message

doubles the value of and sends it along to process and so on If thete are six processors the

cottittuttid produces the output

The processes run as nchronotrsly hut stnee each conmtand is only executed ader the

correspondtngc has cutnpleted the proper sequence
of computations and tnal value $2 are

guaranteed so lung as all of the nodes are functiontng

Trefethen l9Qo at

Additional Fvidence of Ohviousnecs
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Asserted Claim Prior Art Disclosure

MATLAB is one of the most widely used tools in

scientdw and technical computing It started in 970s as

an interactive interthee to EISPACK and UNPACK
set of cigenvaluc and linear system solution routines It

has since grown to feature rich product utilizing modern

numerical libraries like ATLAS RI and FFTW and with

toolboxes in number of application areas for example

financial mathematics neural iietvorks and control theory It

has bui1tin interpreted language that is similar to and

HPF and the flexible mrix indexing makes it very suitable

for programming matrix problems it is very useful tool to

wide audience For example it comes in very handy as

matrix calculator for simple problems because of its easy4o

use command syntax Its Mrong graphical capabthties makes it

good data analysis tool Also researchers have been known

to build very complex systems using MACLAB scripts

Because of its roots in serial numerical libraries MATLAB
has always been serial program FIo% ever as modern en

boy at
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NIAILAB

MAILAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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Asserted Claim Prior Art Disclosure

IL 4mnIl fM ILA 1//MultiOch Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MAILAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MAIl AB tunenons in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Asserted Claim Prior Art Disclosure

We present MVlLAB 1151 as an example of what could

be 4nght parallel MM AU MATLAB is parallel

MAFLAB using the baeL-end support approach aimed at

widespicad circulation among general auchenee In order

to achieve this we took ideas ironi the approaches used by

other software found in the survey For example the enthur

iv.ssingiv parailet approach allow simple yet useful d1

5iOfl of Work into multiple MAE .AR Sessions The message

passing approarh wheh is superset of the embarrassingly

parallel approach all ass finer control between the MATI All

Sessions

rj maui idea in MATLAI3 is that data exist on the par

at Eel server as distributed matrices .Any operations on clis

tnhuted matrix which exists in the MATIAB front end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library et ScaLAPACK FFTW. and the results slav on

the sener until explicith requested

Choy 2at336

C-
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Asserted Claim Prior Art Disclosure

Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FIG
is hut one ccantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pflccssOrs 203ii

203b.. 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz

207n library managers 209i 209/i 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215/i

215c 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 Ihat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46-o7

C-
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Asserted Claim Prior Art Disclosure

server itsuf es divided four setloonrained rarN

Client Ct3ruIec tion tlxiager

CJli3ejr 43ncteetiofl Mnnager is responsible kr rce rnunieations with the cuent

it inos Ides fuw cious for roathng erurunuds and arguments horn the client anti

stnding the results baA to the iient It is only used the head server process

Strver Connection Macsam

Sere Yonretn em Manave t8kcs care of mnnentiou between server

isse It mnamty cent 015 brecicasting of ecsnrnank and arginreuts frmn he4t1

C-
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piocrs to thE slave po nvsSes and col ketiun of results and error cc k-s Also it

pr nrks rani ml sun- lull at nath the pi E551-s

Par-huge Manager

Package Manager usponsdle lot maintaining her of nadabk packages am

hinctiuns pro\udtd by ttKflb A1IeIE nitrdtEd liv liEu 5VC piocrss Packa_gc

lsietriig.r vIl also pertorni the actual rail tO the functions

-1 i\latrix anager

l4attix Manager contains all the functions needed to cLeate cIt-lute and change

the mat rIces on the MM-Vet processes maintauts niappi ng cotn tic-ut side

matrix iderttihers to actual matrices on the server It is also mespcmsihle for

perionmng garbage collection

Choy thesis at 26 28

The following additional example illustrates an FF1 calculation on Matlab cluster resulting in

communications of intermediate results between the nodes in the cluster and the Lommunication of final results

from the cluster nodes to the root piOCeS5 for display to the user

C-
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The following additional example further illustrates NIPI message passing bet\een Nlatlab cluster nodes

Page 95 of 254
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To the extent ACS contends that this claim element is not expressly or inherently disclosed or Is flOt obvious in

view of MultiMatlab and the knoledge of P0511k it would have been ohious to combine it with one or

more ot the other references in these inxahdity contentions For example MultiMatlab and Matlab

publications reference MPI and PVMbased parallel processing systems as comparable cluster computing

S\ stems moth ating P0SITA to look to such systems for modifiLations relating to this claim element See

e.g Choy at 334 \ccordingl it would have been oh\ ious to modfv MultiMatlab in view of the teachings

of PVM and MPJ publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MPI ks another example because Multi 1Vlatlab is directed to cluster

Choy at49
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Asserted CJaim Prior Art DiscIosur

computing it would have been obvious to combine with one or more of the prior art references oi systems

authored by the alleged in entors of the patents in suit or their coliaboiators including patents applications

articles and code by Messrs Dauger Tannenhaum and Decyk These references rind code ncIuding those

related to the Appleseed cluster Pooch MacMPJ and related projects are likewise directed to cluster

computing using an existing message passing library and clustei management tool Moreoer these prior art

publications teach peertopeer eommunIcatIon between cluster nodes and use of these clustei computing tools

with LAS kernels Gien the similarity of theii teaching it would ha\ been ob\ ious to combine one of more of

these systems or publications with MultiMatlab

in addition this claim is rendeied obvious by Intel Paragon Maple in view of ranier hoy IFTW Howard
and/or ho for the reasons stated in the oer Pleading section IV

wherein the first The MultiMatlab References disclose wherein the first node is configured to return the result of the second

node is configured mathematical expression aluation to the user interface

to return the result

of the second MultiMatlab root process MATLAB kernel or client process on the root node returns the result

mathematical of the second mathematical aluation to the user interface where it can he displayed in numeric text oi

expressi oi graphical format

evaluation to the

user interface

Page 97 uf24
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Asserted Claim Prior Art Disclosure

User

lnteractne

Processor Processor Processor Processor

\IVIL\B MUL\B MMLAB MUL\B

Proccs Prcess Prociss

Tntereonnecti ng Network

\I4I s9 .\.rdd we

Trefethen 1007 at

C-
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Asserted Claim Prior Art Disclosure

Process creates the vai table with value and sends it to process lmcess receives the message

doubles the value of and sends it along to process and so on If thete are six processors the

cottittuttid produces the output

The processes run as nchronotrsly hut stnee each conmtand is only executed ader the

correspondtngc has cutnpleted the proper sequence
of computations and tnal value $2 are

guaranteed so lung as all of the nodes are functiontng

Trefethen 199o at

Additional Fvidence of Ohviousnecs

C-
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hoy at
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Asserted Claim Prior Art Disclosure

MATLAB is one of the most widely used tools in

scientdic and technical computing It started in 970s as

an interactive interface to EISPACK and UNPACK
set of eigenvalue and linear system solution routines It

has since grown to feature rich product utilizing modern

numerical libraries like ATLAS RI and FFTW and with

toolboxes in number of application areas for example

financial mathematics neural netvorks and control theory It

has builtin interpreted language that is similar to and

FIPF and the flexible matrix indexing makes it very suitable

for programming matrix problems lt is very useful tool to

wide audience For example it comes in very handy as

matrix calculator for simple problems because of its easy4o

use command syntax Its strong graphical capabilities makes it

good data analysis tool Also researchers have been known

to build very complex systems using MAtLAB scripts

Because of its roots in serial numerical libraries MATLAB
has always been serial program Hovs ever as modern en

boy at
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Asserted CJaim Prior Art DiscIosur

NIAILAB

MAILAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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Asserted CJaim Prior Art DiscIosur

ii

Fn Suctw oi 4A11 Af3P fl

Choy at2

To the extent ACS contends that this claim element is not expressl\ or inherently disclosed or not ohiou in

iew of MultiMatlab ind the knowledge ot POSIT\ it would ha\e been ok ions to combine it with one or

more of the other references in these invalidity contentions Foi example MultiMatlab and Matlab

publications refeience MPI and PVMhased parallel processing stems as comparable cluster computing

systems rnoti\ating POSITA to look to such systems for modifications relating to this claim clement See

e.g Chov at 334 Accordingly it would ha\ been ob\ ious to niodifv MultiMatlab in viCW of the teachings

of PVM and MPI publications such as those referenced in these contentions as wel as references and systems
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Asserted Claim Prior Art Disclosure

implementing aspects of PVM or MN As another example because MuluMatlab is directed to cluster

computing it would has been ob\ ious to combine with one or more of the
piior art references or systems

authored by the alleged ins entors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects are likewise directed to cluster

computing using an existing message passing library arid cluster management tool Moreosei these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with AS kernels Gi\ en the similarity of their teaching it would have been obvious to combine one of more of

these sy stems or publ cati oris with Mul LiMatlah

In addition this ulaini is rendered obvious by Intel Paragon Maple in siew of Cramer hoy FFTW Howard
and/or Chu for the rcasons stated in the Los er Plcading section IV

wherein one or Ihe MultiMatlab References disclose wherein one or more of the nodes are configured to for the reasons

more of the nodes below

are configured to

In accept user The MultiMatlab References disclose accept user Instructions

instructions

Each cluster node accepts instructlons from the user interface which may he pros ded by the root MATLAB
kernel or root client server process For example the node may receis MPT and/or MATLAB and other

commands from the user iuterface and send these comniauds to the local and remote nodes using the peer-to-

peer messaging mechanisiri remote cluster nodes accept these instructions upon receipt of the messages

containing the instructions and may send them to other nodes

Page 105 of 254
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Asserted CJaim Prior Art DiscIosur

In lull iI vii At it at ill asi ru in eeh rc snr in drallrl ilaI

1oin ii jttdtv ims \L tB toe Lieu proess is hen toided with lit ahility

eamu3illlinate with ot hei pJoeeses hroiih eojanmuaI ion hat vin over In

parallel liiOJ1 cectioij neT\VOrk I1Je i1SJ TeratS tUI uy WIt OJt IVrL

toess en lied hr nP-u it prx ess nod oprnt es ith in hat ru.esss IA tL.\ eiw rem

neIIt 01 ier \I 1LAU iose awno eo utan hem Pie mtetact i\ proc hese ot her

are nsd hei hv ox ph cii lv nniling it It eonnna.nds to man ot h- exoo it lag

rout TO5 Jail in urn iso Iari

liefethen 1997 at

User

iimteracthe

Processor Processor Proossor Processor

\RIL\B M\TI AB M\i1 \R MVJT tB

Pnxor Prcj.css Prss

Intereonnectng Network

\i\t ii \eic

TrefŁthen 197 at
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Asserted Claim Prior Art Disclosure

MATLAB is then started on live additional processors taken from predetermined list Or perhaps the

second author is
sitting at machine connected to Cornells Computer Science Department netuork

He types

fr j...c

Now MAFLAB is starred on the five processors with the names indicated Some names couki be

repeated in winch case multtple MAILAB processes would he started on single processor In either

case hen all the pi ocesses are started the message is returned

This total number of processors can ubsequcntly be accessed by the MuItiMATLAH command

liefethen 1996 at

Figure lb illusi rw parallel MAl LAI3 implemental ion of OUj igafe gradients hal uses

the SIThI message passine described in Sect ion 5. In this case the natrix and the ilif

lereni veci ors are ea Ii disl rihuted row over all plocesses as in Figure Tn each iteration

Jro ess only does the coroputal.iou required for its local data lloweser counirnntication

is required for Iwo different operations tIme dot prodw is needed lo couuiptie c/ia mmd if
Iu/i1

and the matrix-vector multi ply needed to compile Jocuf lie lot proiicts only reqnire

coinmo inicat ion of single value over all processe- On the om her hand the nuat rix-vector

unutli iphcation needd ha ucJtne/ reqnirN time global vector and thus nmou expensive

corrunun cat ion

liefethen 1997at11

The following code frirther illustrates the root node accepting usei instructions and passing user instructions to

root and remote kernels and/or computational 1braries for processing
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Asserted Claim Prior Art Disclosure

riocal h_local
rho Sumr_localr_local

whilek kmax
ki

if ft

p_local rlocal
else

beta rho/oldrho

p_local r_local betap_local
end

Gatherp_local
v_local A_local

alpha rho/SurnpJocalw_local
x_local x_local alpha p_local
r_J.ocal r_local alpha v_local
oldrho rho
rho Sumrlocalrlocal

end

ft Message Passing MvcLB

rrefethei- 997 at ii
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Asserted CJaim Prior Art DiscIosur

Alocdl 1oca1

v1.rix ani icc iril pxo..r

Trefethen 1997 at 12

MultiMatlab implemented MPI messige passmg that allowed arry node to pass computation rcuit to any other

node as further illustrated by the folloing code
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Asserted Claim Prior Art Disclosure

CC tC CL

Process creates the satiable with value and sends it to process Process receives the message
doubles the value of and sends it along to process and so on If there are \1X processors the

command produces the output

The processes run asynchronousls but since each crç command is only executed after the

corresponthng has completed the proper sequence of computations and final value 32 are

2udrameed so long as all oldie nodes are functioning

liefethen 1996 at

Additional Evidence of Obviousness
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hoy at
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NIAILAB

MAILAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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Asserted Claim Prior Art Disclosure

IL 4mnIl fM ILA 1//MultiOch Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MAILAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MAIl AB functions in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Asserted Claim Prior Art Disclosure

We present MVlLAB 1151 as an example of what could

be 4nght parallel MM AU MATLAB is parallel

MAFLAB using the bacLend support approach aimed at

widespicad circulation among general auchenee In order

to achieve this we took ideas ironi the approaches used by

other software found in the survey For example the enthur

iv.ssingiv parailet approach allow simple yet useful d1

5iOfl of Work into multiple MAE .AR sessions The message

passing approarh wheh is superset of the embarrassingly

parallel approach all ass finer control between the MATI All

Sessions

rj main idea in MATLAI3 is that data exist on the par

at Eel server as distributed matrices .Any operations on clis

tnhuted matrix which exists in the MATIAB front end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library et ScaLAPACK FFTW. and the results slav on

the sener until explicith requested

Choy 2at336
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Asserted Claim Prior Art Disclosure

Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FIG
is hut one ccantple oVa suitable configuration ofserver soft

ware 105 for at least some embodiments In FTC parallel

server 201 includes plurality of pflccssOrs 203ii

203b.. 203ti and memory 213 Each of processors

203t203n includes thur so liware modules client managers

205a 205/i 205n server managers 207rz

207n library managers 209i 209/i 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215/i

215c 215n that include routines perfbnning various

operati ns

Client managers 205 interfitee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between serser proS

eesses executing on different processors of parallel sen er

201 Ihat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Ibrary managers

Husbands at 10 46-o7
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Asserted Claim Prior Art Disclosure

server itsuf es divided four setloonrained rarN

Client Ct3ruIec tion tfxiager

CJli3ejr 43ncteetiofl Mnnager is responsible kr rce rnunieations with the cuent

it inos Ides fuw cious for nsv.h04 erurunuds ned arguments horn the client anti

stnding the results baA to the iient It is only used the head server process

Strver Connection Mannar

Sere Yonretn em Maaasre t8kcs enre of ol mnntastjou between server

isse It mnamty cent 015 brecicasting of ecnnrnank and arginreuts frmn he4t1
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Asserted Claim Prior Art Disclosure

piocus to thE slave po evsSes and col hetiun of results and error cc lea Also it

fli nrks rwa ml scw ijtf rt uatf the pi E5505

laekage Nianager

Package Manager usponsille ha maintaining bet of nadable packages ara

hinctiuns pio\udtd by ttKIU A1IeIE uutiAtAd liv liEu 5VC1 piocrss Packagc

lsietxiig.r vIl also periorni the actual rail tO the functions

i\latrix anager

l4auix Manager contains all the functions needed to cLeat.e clt4ete and change

the mat rices on the MMVra processes maintauts niappi ag cotn fleet side

nuitrix idenuhers to actual iuatrlcce on the server It is also respcmsihle for

periornung garbage collection

hoy Thesis at 26 28

The following additional example illustrates an FF1 calculation on Matlab clustei including the

acceptance of user instructions coinmuni can on of insiructi otis compulati on and return of results

C-

If
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Chov at 47

The following additional example further illustrates NIPI message passing bet\een Nlatlab cluster nodes
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To the extent ACS contends that this claim element is riot expressly or inherently disclosed or is not obvious itt

view of MultiMatlab and the knowledge of POSJT it would have been obvious to combine it with one or

more ot the other references itt these inxahdity contentions For example MultiMatlab and Matiab sP

publications reference J\IPI and PVMbased parallel processing systems as comparable cluster computing

systems moti\ ating POSITA to look to such systems for modifiLations relating to this claim element See

e.g Choy at 334 Accordingly it would have been obvious to modtfv MultiMatlab in view of the teachings

of PVM and MPT publications such as those referenced in these contentions as well as references and systems

If
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Asserted Claim Prior Art Disclosure

computing it ssouid have been obvious to combine with one or more of the pnor art references or systems

authored by the alleged ins entors of the patents in suit or their coliaboiators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references rind code rncluding those

related to the Appleseed cluster Pooch MacMPJ and related projects are likewise directed to cluster

computing using an existing message passing library and cluster management tool Moreoser these prior art

publications teach peerto-peer commumcatrons between cluster nodes and use of these cluster computing tools

with LAS kernels Gis en the sinriiaritv of their teaching it would has been obr ious to combine one of more of

these systems or publications with MultiMatlab

in addition this claim is rendered obvious by Intel Paragon \Iape in view of ranier hoy FF fW Howard
and/or hu for the reasons stated in the oer Pleading section IV

atler accepting The MultiMatlah References drsclose after accepting user instructions communicate at least some of the user

user instructions instructions using the mechanism for the nodes to communicate with each other

corn muni cate at

least some of the Each cluster node accepts instructions from the user interface which may be provided by the root MATLAB
user instructions kernel or root client server process For example the node may recei MPI and/or \4AlLAB and other

using the commands from the user interface and send these commands to the local and remote nodes using the peertofl

mechanism tor the peer messaging mechanism The remote cluster nodes accept these instructions upon receipt of the messages

nodes to containing the instructions and may communicate them to other nodes after accepting them tFonn the root node

corn rn uni cate with

each other and \lultiMAULAIs nrrhiiecture illustrated in Figure each proeesctr in parallel pial

HrTri judd itluall runs IAIi.AIi po et5 Rach proc ess is 1134 ii pr tvh led ii Ii he hi is

P1 1111331 tljratt with utliet lttTn ssOs tluotiglt coninin it at it lav4 that runs over he

pars Ilel plst.ft rnis rut erron ne pint nl si ork the user nil eracts inert Ls with one ii \B

iOC0s cal lec liC iutersct ye po es and operates win tin tat ness \1\ Ii Al3 03 tS ion

ii tent Ut her sI\ L.\ It processes dVt mu 013 inands born he ntt erati ive Ihesi ot

ttoceses ate ned either hs ivplicit ft sending NI ii .\It c4nrtilIaluls to Item om dv cmcmtt Hg

rouT bios rUn in urn net them

Trefethen 197 aLl
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Asserted Claim Prior Art Disclosure

2.2 Put Get

Sc far we haee mu communteated between
processes except to New Sc tCCfl output

to die maNter

p31eess Of course nonirivial MuItiMATLAB Nystem depends an such eorumwneatum

One form of eontmuuicauoii we have implemented puts and gets eseeutable Nolely by the maNtel

MA All process hr example the command

sends the matrix from the master process to processes through an opttona argument permits the

name of to be chanced at the destination The conunand

gets
the matrix hicL from process ito the master

Trefethen 1996 at

Matlab implemented MP message passing that allowed any node to pass computation instructions or results

to any other node as further illustrated by the followinu code

Page 121 of 254

Advanced Cluster Systems, Inc. Ex. 2023 
121 of 254



Ex AIS MultiMatlab References

Asserted Claim Prior Art Disclosure

y..

cc CC ic cc cc Ci cf

OCcc 3Y
/-CC

Piocess creates the anable with value and sends it to process Proecss receives the mesoige
doubles the value of and sends it along to process and sr cm It there arc six prncesors the

command piuduces the outpu

lhe processes run asvnchronousl but since each eninnunid is only esceuted after the

corresponding has completed the propei sequence of computations and final value 32 are

guaranteed so long as all of the nodes are iunctiornns

irefethen 1996 at
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Asned Calm PSr Art Dbdosure

User

Interactive

Processor

MAILAB5

Processor

MATLAB

Trefethen 1997 at

Interconnecting Network

igtue MuJt to

Figure lh june rates parallel MAri.An imlenwntavioii of conjugate gradients that uses

the SPMD message paning described in Section 3.2 In this case the matrix and the tilt

fesent vectors are each distributed by row over all processes as hi Figure In each iteration

process ouiy dues the computation required or ii local data Jloweve comnurnicatioji

is required for two difFerent operations the dotproducts needed to compute sIu an a/ph

and the matrix-vector multiply needed to compute wiocal The dot products only require

cominwneat ion oi MiugIt value over all pmcesses On the tlier hand the matrixvector

multiplication needed for w.Jocal requnes the global vector and hiss more expensise

stommiuiirat ion

Trefethenl997atll 13

The following code further illustrates the root node accepting user instructions and passing user instructions to

root and remote kernels and/or comoutational libraries for orocessing
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Asserted Claim

r_local b_local
rho Sumr_localr_local
k0
ihllek krnax

kkl
if

p_local r_local
else

beta rho/oldrho

p_local r_local betap_local
end

Gacherp_local
u_local A_local

alpha rhoSump_localw_localfl
i_local i_local alpha p_local
r_local r_local alpha u_local
old rho rho

rho Sumr_locair_local
end

Message Passing Viii 13

Trefetlien 997 at ii
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ttcs

Asserted Claim Prior Art Disclosure

local Pm locat

giire aud vcor disi ribute4J ruv OM nceu

Trefethen 1997 at 12

Additional Evidence of Obviousness

Pagc 125 of 254

Advanced Cluster Systems, Inc. Ex. 2023 
125 of 254



Ex AIS MuhiMaUab References

Choy at 3b
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Asserted CJaim

MATLAB

Prior Art DiscIosur

MAFLA8

MA J.A

1g Meuge Passing

Choy at
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Asserted Claim

MultiMitTLA /1/Mu itiOriai Mode

One of the uoals of the project is to make the softare

to he useful to as wide an audience as possible In order to

achieve this we found that it would be fruitful to combine

other parallel MMLAB approaches into MATI AR // to

provide unified parallel MAltA framework

In conjunction with Husbands we developed pro-

totype implementation of MuItiMATLAB dis

trihutcd MATLAB package in MAliAB which we call

the PPEngine With this package and associated m4ilcs we

can run multiple MAIIAB processes on the hack end and

evaluate MAUI AR functions in parallel on dunse matrices

The ssstem work.s hs startinui up MAFLAR engine in-V

stances on each node through calls to the ATLA 13 engine

inter-fare From that point on MATLAB commands can be

relayed to the MATI1AB engine The command is do this is

nun

toy at 336
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Asserted Claim

We present MAT11AB 151 as an example \1 what could

be 4nghr parallel MATI AB MATLAB is parallel

MAFLAB using the hack-end support approach aimed at

widespread circulation among general audience hi order

to achieve di we took ideas from the approaches used by

other soliware found in the sursey or example the emliar

rt.sxingiv parallel approach allow simple yet usefuL divi

sion of work into multiple MAT .A14 sessions The inexcae

fin snug approach which is superset of the emhanassmgly

parallel approach allows finer control between the MATI1AB

sessions

The main idea in MATLAB is that data exist on the par

allel server as distributed matrices Any operations on dis

tributed matrix which exists in the MATIAB trout end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library e.g ScaLA PACK PFTW and the resu1t stay on

the serser untIl explicitly requested

ChoyJat336

C-
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Asserted Claim

Server sottware 105 may operate in any suitable way to

receive commands from the client and perform operations in

parallel as the tnvent ion is not limited in this respect HG
is but one example eta suitable configuration of server soft

ware 105 br at least sonic embodiments In HG parallel

server 201 includes plurality of processors 203a

203h... 203n and memory 211 Each of processors

203a203n includes tour software modules client nunagers

205ri 205 205n server managers 207u 2071
207n library managers 209a 209b.. 209n and data

managers 2ila 21 th... tin Memory 2fl of parallel

server 201 stores plurality ofsoflware libraries 2iS 215k

lSrv... 215n that include routines For perbonmng various

operations

Client managers 205 interthce with clients and provides

routines for reading commands and arguments from client

and sending results and other data back to the client Server

managers 247 handle eommunieartons between server pro
cesses executing on different processors of parallel server

201 Fhat is server managers 2417 manage the transmission of

data het een the processors of parallel server 201 and collect

results and error codes from the processors 1ihrary managers

Husbands at to 4o-67
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Asserted Claim

ser%r il seQ is vided in Ibur seftcontaned units

Cijnt onnectinri Managet

Ciirit onitCtlnn Mar agci IS r4 ipensde Cdi cornicunkariciris with the client

it fumti ins na rending coxnnands and arguinfnts from the cheat and

snthng the results heck to the client Jt is roil used in the head server process

Strrcr 7mneetiou Manager

Srvtn Co ned iOn Manager takes rare of unacation 3etween server pro

ewes IL mainly controk droadrasting of roirrinands and argnneuur from head
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Asserted Claim Prior Art Disclosure

prorss 10 the slave protess8s arid noilercion 01 results nnd TTOT tories Also it

8Vjj5 rILuk and sizv uni at oa to the pe a-eases

lra huge Manager

Pkage Manager is iespvwsiih- icr maintaining list of available packages and

tunet ions prondek 1w ttiem When initiated by tiP TVi pi

Manager will also ptrfonn the retual vail to the funcriuns

Mairix Manager

Macux Manager contains all rho iunruotm needed to ereate delete and change

the matrices on the server processes It maintains Xiiii43iJi lrt3in i-bentside

matrix identiliets ro actual matrices on the sener It 1$ also responsible for

perforxnmg garbage collection

Choy Thesis cit 26 28

The following additiona example illustrates an FF1 calculation on Matlab 18 clustei including the

acceptance of user nsuuctions cominuni cation of instructions computau on and return of results
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Choy at 47

The foI1o\ing addilional example fur tlier illustrates MP1 message passing between MatIabP cluster nodes
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To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not obvious in

\ie\\ of MultiMatlab and the knoxsledge of POSJT\ it xould haxe been ob\ious to combine it iith one or

more of the other references in these ins alidicy coritenti ons or example MuitiM atlab and Mad ab

publications reference MPI arid PVM4ased parallel processing systems as comparable cluster computing

stems motivating POSIT\ to look to such stems for modifications relating to this claim element See

eg hoy at 334 ccomdingly it would ha\ been ok ious to modify MultiMatlab in ievc of the teachings

of PYM and MPT publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MPL As another example because MultiMatlab is directed to cluster

Choy at49
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Asserted Claim

computing it would ha\ been obvious to combine with one or niore of the pnoi an references or systems

authored by the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPT and related projects are likewise directed to cluster

computing using an existing message passing library and cluster management tool Moreover these prior art

publications teach peertopeer communications between cluster nodes and use of these cluster computing tools

wrth CAS kernels Given the similarity of their teachinu it would has been obvious to combine one of more of

these systems or publications with Multi Mat ab

lp atler

communicating at

least some of the

user Instructions

using the

niechani sin

communicate at

least some of the

user instructions to

one or more single

node kernels

In addition this claim is rendered obvious by Intel Paragon Maple in view of Cramer hoy FFIW Howard
and/or hti for the reasons stated in die Coser Pleading section IV

The MultiMatlab References disclose after communicating at least some of the user instructions using the

mechanism communicate at least some of the user instructions to one or more singlenode kernels

Each cluster node accepts instructions from the user interface which may be pro\ided by the root MAILAB
kernel or root client server process For example the node ma\ recers MPI andior MAILAB and other

commands from the user inteiface arid send these commands to the local arid reniote nodes using the peer-to

peer messaging mechanism The remote cluster nodes accept these instructions upon receipt of the messages

coritaimnng the iristnrctions and may send them to other nodes he node may accepi additional instructions for

example instructions for sequence of computations and communicate these instructions to the local or remote

CAS kernels and/or compute libraries after pre ious instructions were already communicated

MultiMatlab implemented MPT message passing that allowed any node to pass computation instructions or

results to any other node including passing sequence of such messages to diffeient nodes and/or kernels as

illustrated by the following code
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Asserted Claim Prior Art Disclosure

CC 01 .1 1e CL

Process creates the satiable with value and sends it to process Process receives the message
doubles the value of and sends it along to process and so on If there are \1X processors the

command produces the output

The processes run asynchronousls but since each crç command is only executed after the

corresponthng has completed the proper sequence of computations and final value 32 are

2udrameed so long as all oldie nodes are functioning

liefethen 1996 at
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Asserted Claim Prior Art Disclosure

User

Interactue

Processor Processor Processor Processor

\4VIL4B MUL\B MMLAB MUL\B

Procce Prccss Prociss

Tnlereonnecting Network

Mali \Lv sO \rdd0 we

Trefethen 1007 at

igu re lb ill astral es pa rallel MAT LAB npletnenlatiun of conj Ligate gradieTits hat uses

the SPM message passing desci ii nd in ecl ion i.2 in Ii is case the ma ix .1 and he dii

feterit yen or are each ditribtii ed by ow over all processes as in Figure ti In earl ilel hop

procebs only does the comput ati repiiired fri its 1o data Ilowevei con unuijication

is mgi Lire for tVO dilIererit opera ions he dot pro Fiats needed to eotulnhi c/to am nip/ia

and he niatrixsect.or Tnuitipl\ needed to compute irJoca/ The dot products only require

01111111 li itRYIi siTiale al ut over ilI processes On the ot uer hand the inal cix vector

mutt ipheation need for icJecei/ rejLiiis lie global sktOl ji and LIlIES 11104

conirn non ation

Trefethen 1007 at II 13

The following code further illustrates the root node accepting user instructions and passing user instructions as

____________________ sequence to root and remote kernels andor computational libraries for processing

Pagc 137 of 254

CM

co

Advanced Cluster Systems, Inc. Ex. 2023 
137 of 254



Ex A18 MuItiMaUab References

Asserted CJaim Prior Art DiscIosur

r_local b_local
rho Sumrlocalr_local

hilek kmax
k1

if

plocal r_local
else

beta rhofoldrho

p_local r_local betap_local
end

Gatherp_local
w_local A_local

alpha rho/Suntp_localw_local
x_local x_local alpha p_local
r_local r_local alpha w_local
oldrho rho

rho Sumr_localrlocal
end

\1i ssiflg \LVFJ\ 13

Irefethen 997 at
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Asserted CJaim Prior Art DiscIosur

Alocdl 1oca1

v1.rix ani icc iril pxor
Trefethen 1997 at 12

Additiona Evidence of Obviousness
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hoy at
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Asserted CJaim Prior Art DiscIosur

NIAILAB

MATLAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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Asserted Claim Prior Art Disclosure

IL 4mnIl fM ILA I//AlultiOrh Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MA1LAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MATI AB functions in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Asserted Claim Prior Art Disclosure

We present MVlLAB 1151 as an example of what could

be 4nght parallel MM AU MATLAB is parallel

MAFLAB using the baeL-end support approach aimed at

widespicad circulation among general autheuee In order

to achieve this we took ideas ironi the approaches used by

other software found in the survey For example the enthur

iv.ssingiv parailet approach allow simple yet useful di

5iOfl of work into multiple MAE AR sessions The message

passing approarh wheh is superset of the embarrassingly

parallel approach all ass finer control between the MATI All

Sessions

rj maui idea in MATLAI3 is that data exist on the par

at Eel server as distributed matrices .Any operations on dis

tnhuted matrix which exists in the MATIAB front end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library e.t ScaLAPACK FFTW and the results slav on

the sener until explicith requested

Choy 2at336
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Asserted Claim Prior Art Disclosure

Server oliwarc 05 rnas uperak in any suitable to

rcccic cominand from the ebent and perfurm operttons in

pira k1 the in ention is nut limited in this repdct FlU
is hut one ccautple oVa suItable ccmliguration of server tI
ware 105 for at kast some cinbodinems In FT paralkI

crver 201 includes plurality of p1OCCSSC3fS 2Olc
2ft3b.. 2On and memoty 213 Each of prJcessors

2U3t2O3n includes thur so iwaro modules client managers

205a 2055 2O5n server managers 207z

207n library rnanagrs 209i 209b 2O9n and data

managers 2t1s 2111 Mnitwy 213 of parallel

server 201 ctores plurality of so ftwarc libraries 215a 215/i

215e 215n that include routines Ibr pcrfbnning various

upcratii ms
Client managers 205 interface with clients ind pmvides

routines br reading conuninds and argunwuts 1mm client

arid sending results incI other dna bek to the client Server

managers 207 handle communications heween sener proS

cesses executing on differeni pmccsors of paraild sen er

201 Ihait is ervormanagcts 207 manage the thtflsrni.ssion of

data bjvteen the proeuss 1S of parallel sen cr201 arid colLect

results and error codes from the processors .ibrrv managers

Husbands at 10 46-o7
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Asserted Claim Prior Art Disclosure

server itsuf es divided four setloonrained rarN

Client Ct3ruIec tion tfxiager

CJli3ejr 43nneetion Mnnager is responsible kr rce rnunieations with the cuent

it inos Ides fuw cious for nsv.h04 erurunuds ned arguments horn the client anti

stnding the results baA to the iient It is only used the head server process

Strver Connection Mannar

Sere Yonretn em Maaasre t8kcs enre of ol mnntastjou between server

isse It mnamty cent 015 bncicasting of ecnnrnank and arginreuts frmn he4t1
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Asserted Claim Prior Art Disclosure

piocus to die slave po nvsSes and col ketiun of results and error cc k-s Also it

pr nrks rani awl sze ijrf rt uati in the pi E551-s

laekage Nianager

Package Manager usponsdk lot maintaining bet of -adable packages and

hinctiuns pio\uded by ttWflb Aheti uiitrated hr Ili tVCI piOcrSs PDAkagc

lsietriig.r vIl also pertorrn the actual call to the functions

-1 i\latrix anager

l4attix Manager contains all the functions nederI to eLeate clt4ete and change

the mat rIces on the server processes maintauts inappi ag cotn fleet side

matrix idenutters to actual tuatrlcce on the server It also responsible for

periorining garbage collection

hoy Thesis at 26 28

The following additional example illustrates an FFT calculation on Matlab cluster including the

acceptance of user instructions communication of instructions coniputati on and return of results
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The following additional example further illustrates NIPI message passing bet\een Nlatlab cluster nodes
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To the extent ACS contends that this claim element is riot expressly or inherently disclosed or is not obvious in

view of MultiMatlab and the knowledge of POSJT it would have been obvious to combine it with one or

more ot the other references in these inxahdity contentions For example MultiMatlab and Matiah sP

publications reference MPI and PVMbased parallel processing systems as comparable cluster computing

systems motrs ating POSITA to look to such systems for modifiLations relating to this claim element See

e.g Choy at 334 \ccordingls it would have been obvious to modfv MultiMatlab in view of the teachings

of PVM and MPT publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MPI As another example because Multi \Iatlab is directed to cluster

Choy at49
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Asserted CJaim Prior Art DiscIosur

computing it would have been obvious to combine with one or more of the prior art references oi systems

authored by the alleged in entors of the patents in suit or their coliaboiators includinti patents applications

articles and code by Messrs Dauger lannenbaum and Decyk These references rind code ncIuding those

related to the Appleseed cluster Pooch MacMPJ and related projects are likewise directed to cluster

computing using an existing message passing library and clustei management tool Moreoer these prior art

publications teach peertopeer communIcatIons between cluster nodes and use of these clustei computing tools

with LAS kernels Gien the similarity of theii teaching it would ha\ been ob\ ious to combine one of more of

these systems or publications with MultiMatlab

in addition this claim is rendeied obvious by Intel Paragon Mapie in view of ranier hoy fFTW Howard
and/or ho for the reasons stated in the oer Pleading section IV

4.pre The computer

cluster of claim

wherein each of

the nodes comprises

one or more cluster

node modules

The MultiMatlab Refcrences disclose this claim

The MultiMatlab References disclose whcrein each of the nodes comprises one or more cluster node

modules

MultiMatlab implemented mechanism for nodetonode communication inLluding peer4opeer messaging of

the results of mathematical expression esaluation using the MPI messaging protocol Implementations could

use other protocols such as PVM and BLACS The cluster node module components comprised one or more

interface modules parallel sen er modules and communication libraries e.g MPI lihruies and enabled the

pcer4opeer architecture The interface modules comprised one or more of the distributed sen cr/ client

modules and could further comprise specialized computational libraries such as BL AS and/or FFTW These

modules and libraries were stored on disk and/or in memory on each of the cluster nodes Each of the cluster

node modules enabled communication with other cluster node modules e.g through MPI om another message

protocol and/or throuc.li distiibuted client server architecture Moreover each of the cluster node modules

communicated with its local kernel and communicated \\ith remote kernels by sending conimumcations e.g
MPI messages to other cluster node modules which then passed the instructions to their associated keineis
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Asserted CJaim Prior Art DiscIosur

In Mu1iM ii AU IFnlfd in Fignrf oadi ro in parifle pini

Jon IivnhI1fl\ rnns VI pruc Ii pte hi pto ded w1 Ii .he nhh1

to J3tJiIi1r Wil li JW OflTUHTUL JO la\r thai OlIN 0\ er ij

1at Eon WtOl oi ITICtiu1 1101 nh The i-c ini na ts di ceth one I\I \TL.\ fl

afld he uthi and oates wP Jim Lhai piN f\IA 01i iron

mciii OiIjei MAJ pJceses \aiL mls frolu he nil ta ive poees These i.het

sei art used elI her by ep1ieil Is sent1ijp \i riaruk lu them or oxerifi lug

rines lint mu urn use luiu

lie ke fli iI0H ii his nfChI ti 1110 Lile iM \T .\ iii evince tnt mi he utei

hare mod mile shovn in Figure is ponsi ble init1alizing an ii ivkH conlmmlliitjoil

dO such MN 1t\ 131 BL\ ot dimy 01 her package t.Vildt1O 01 lie ph-mI Ioini

aud Xp0Ifl 10 lIt rest of the ss stem

Trefeihen 1H97 at
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Asserted CJaim Prior Art DiscIosur

Sequeatial

MEXRoutuie

MATI A3

Parallel

MFX Routine

iVlultiWtz\ILAB lnJicion

mien ae 1odu ic

onunwiieation Layer

Nctvork

Irefethen 1997 at
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Asserted CJaim Prior Art Dicun
SPM ouuitnnaI ion

pid di nd thi oi.te poc to nut cr

il lit II mol IRT

Bri ICE

13 ai jiLcIa

JIJFOfl 1/ J.U

Ja da hi jiiS1 to Ji prc
Si1i1 \d1 all tSSO1 frn goI inn

oIIr Cdat al dal grnL jut0 I3gJ 21o1

Tll Sd niink in the \Jifl\1vjj M3

Trefeihen at

3f

cat the vdrihle ih vahe elld it pre rx tctves the ee
dwbks the vaLue ol rnd ds akmg tc pies aid so on If her si process the

cciiimand produc the otpui

fhc
pr cs.cs .ynduoousv but srnc cnmad uniy ecctitcd after thc

.orrpondig has ipled the prpr squecc of onputions and final va1u 32 re

uardnted aH of th ar fuiicuoning

Trcfeilien I9 at
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Asserted CJaim Prior Art DiscIosur

User

Processor Processor Processor Processor

\IATI 4i3 MkTI kB MATLB MkTI

Procc Piocc Procs

Interconnecting Netvork

Trefethen 1097

Additional Evidence of Ob ionsness
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hoy at
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Asserted Claim Prior Art Disclosure

Scner fl //

t\

ci

Fz Strujture at MAfLABkP

Choy at2
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Asserted CJaim Prior Art DiscIosur

NIAILAB

MATLAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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Asserted Claim Prior Art Disclosure

IL 4mnIl fM ILA I//AlultiOrh Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MA1LAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MATI AB functions in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Asserted Claim Prior Art Disclosure

Server software 05 may operate in any suitable vs to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FlU
is hut one ecantple oVa suitable configuration of server soft

ware 105 for at least some embodiments In FIt parallel

server 201 includes plurality of pftCc553r5 203ii

203/x. 203ti and memory 213 Each of processors

203t203n includes four so Itware modules client managers

205a 2055 205n server managers 207rz 207Ji
207n librars managers 209i 209b 209n and data

managers 2llrs 2111 Memory 213 of parallel

server 201 stores plurality otsoftware libraries 2lSa 215b

215c .. 215n that include routines perfbnning various

operati ns

Client managers 205 interhtee vith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between senor proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data betvseen the proceast rs of parallel sen er 201 and collect

results and error codes from the processors Abrary managers

Husbands at 10 46-o7

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob\ ions in

iea of Multi Matlab and the knowledge of POSITA it would have been ok ions to combine it with one or

moie of the other references in these invalidity contentions For example J\lnltiJ\ladab and MatiabP

publications reference MP1 and PVMhased parallel processing ss stems as comparable cluster computing

systems moOs ating POSIT1\ to look to such systems for modifications relating to this claim element See

e.g Choy at 334 Accordingly it would ha\ been ob\ ions to modify MultiMatlab in iew of the teachings
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implementing aspects of PVM or MPI As another example because MuitiMatlab is directed to cluster

computing it would has been ob\ ious to combine with one or more of the
prior art references or systems

authored the alleged ins entors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects are likewise directed to cluster

computing using an existmg message passing library and cluster management tool Moreoser these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with AS kernels Gi\ en the similarity of their teaching it would have been obvious to combine one of mure of

these sy stems or publ cab oris Lb Mu tiMatlah

In addition this ulaini is rendered obvious by Intel Paragon Maple in siew of Cramer hoy FFTW Howard

and/or Chu for the rcasons stated in thc Uo\ er Pleading section IV

The MultiMatlab References disclose this claim

he MultiMatlab References disclose wherein each single-node kernel is stored in non-transitory computer-

readable medium and configured to accept and execute request See

Asserted Claim Prior Art Disclosure

computer

cluster of claim

wherein each

sing c-node kernel

is stoied in non-

transitory

computer-readable

medium and

configured to accept

and execute

request

C-

If

IC

CM

-4

computer

cluster of claim

The MultiMatlab References disclose this claim

wherein each of the

nodes comprises

one or more cluster

node modules

he MultiMatlab References disclose wherein each of the nodes comprises one or more cluster node modules

wherein each of the cluster node modules comprises instructions stored nontransitory computerreadable

medium and wherein the instructions when executed by the hardware processor cause the clustei node module

to communicate with the single-node kernel and with one or more other cluster node modules Vee claim
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Asserted Claim

wn erei each of the

cluster node

modules comprises

instructions stored

in nontransitory

corn puterreadabl

medium and

wherein the

instructions when

executed by the

hardware processor

cause the cluster

node module to

communicate with

the singlenode

kernel and with one

or rn ore other

cluster node

modules

Prior Art Disclosure

7.pre The computer

cluster of claim

The MultiMatlab References disclose this claim

wherein the The MuluMatlab References disclose wherein the piur ality of cluster node modules act as cluster

plurality of cluster

node modules act as The plurality of cluster node modules act as cluster by performing functions enabling cluster communications

cluster and scheduling ot parallel woikloads See claims

8.pre ihe coniputem

clu stem of claim

Ihe MuitiMatlab References disclose this claim

8.a wherein the

plurality of cluster

The MultiMatlab References disclose wherein the plurality of cluster node modules communicate with one

another to act as cluster
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Asserted Claim Prior Art Disclosure

node modules

communicate uith

one another to act

as cluster

The cluster node modules communicate with one another to act as cluster including the Lommunication of

\IPI messages and/or remote function calls for evaluating mathematical expressions on the cluster in parallel

See claims

IO.pre he

corn puter cluster of

claim

Ihe MuitiMatlah References disclose this claim

ba wherein each

cluster node module

accepts instructions

fiom the user

interface and

interprets one or

more of the

instructions

The MultiMatiab References disclose wherein each cluster node module accepts instructions from the user

interface and interprets one or more of the instructions

MultiMatlab cluster node module components Oil each node accept and interpret the user instructions e.g

parallel MultiMadab scripts and others For example the cluster node niodules may interpret these user

instructions as comniands to send or receive MPI messages and/or make reniote function calls relating to

parallel MX1LAB computations he root cluster node module may accept instructions directly from the user

interface \Ahde remote modules accept them when the root prucess communicates to the rernute nodes 5cc

claims

As further example the cluster node modules accept MP1 message instructions and MATLAB insuuctions

from the user interFace and interpret them in order to execute the instructions

9.pre he computer

cluster of claim

wherein the

computer clustem

includes the user

interface

Ihe MuitiMatlah References disclose this claim

The Multiv1atiah References disclose wherein the computer cluster includes the user interface.9 See claim
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Asserted CJaim Prior Art DiscIosur

SPM ouuitiinjeat on

pid di nd da lo oi.te poce to nut er

dt il lit II il aiol lRT

Bri CI

13 ai jiLda

JRAlrOJ 1/C 1.U eS
ioa Ica da frit pro soi to all proc

Sildial \d1 ala ano all cessoi irnt glohal sum

oIIr Cdata olert al dat egIrnnE into igJ 2lolcd one

Tahle Sel ted niaik in the \Juti\1jj M3 VsICifl

Trefethen l7 at

cf- V-t

Process creates the variable .- with same and sends it to roccs Proces receives the mes\age
doubles the value ot and sends it along to process and so on fl there aic six processors the

conirnand --. produces the output

Ibe processes run nchronouslv hut since each ---- coriuriand is only executed after the

rcesponding has nipleted the proper se4ucnce computal ns and final value are

guatauteed look all ut the nodes arc lunctionuig
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Asserted CJaim Prior Art DiscIosur

TrefŁthen 19% at

Additional Evidence of Obviousness

Ihe following additional example illustrates an FF1 calculation on Matlab cluster including the

acceptance and nterpretali on of user instructions communication of in truclion computation and return of

results

The following additional example further iilustrate MP message passing heiveen Matlah cluster nodes

ho at 47
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Asserted Claim Prior Art Disclosure

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob\ious in

siew of MultiMatlab and the knowledge of POSITA it \Aould Rave been ok ions to combine it with one or

more of the other references in these invalidity contentions br example J\luItiJ\latlab and MatlabMP

publications refeience MPI and PVMhased parallel processing stems as comparable cluster computing

systems motis ating POSIT1\ to look to such systems for modifications relating to this claim element See

e.g Chov at 334 Accordingly it would ha\ been ob\ ions to modify MultiMatlab in view of the teachings

of Ps and MPI pub1cations such as those ieferenced iii these contentions as well as references and stems

Choy at 49
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Asserted Claim Prior Art Disclosure

implementing aspects of PVM or MN As another example because MuluMatlab is directed to cluster

computing it would has been ob\ ious to combine with one or more of the
prior art references or systems

authored the alleged ins entors of the patents in suit or their collaborators including patents dpplications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMN and related projects are likewise directed to cluster

computing using an existing message passing library arid cluster management tool Moreoser these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with AS kernels Gi\ en the similarity of their teaching it would hrive been obvious to combine one of mcre of

these sy stems or publ cati oris with Mul LiMatlah

In addition this claim is rendered obvious by Intel Paragon Maple in siew of Cramer hoy FFIW Howard

and/or Chu for the rcasons stated in the Los er Plcading section IV

18 pre The

computer cluster of

claim

l8a sherein one

or more of the

nodes are

contigured to

communicate at

least sonic of the

user instructions

The MultiMatlab References disclose this claim

The NiultiMatlab References disclose wherein one or more of the nodes are configured to communicate at

least some of the user instructions

MultiMatlab cluster nodes accept and interpret the user instructions g. parallel MultiMatlab scripts and

others Ior erample the cluster node modules may interpret these user instructions as commands to send or

receive MPI messages and/or make remote function calls relating to parallel MA flAB coniputations The root

node may communicate user instructions to other nodes in the form of MPI messages and/or remote function

calls he receising nodes pass the user instructions to their corresponding kernels for esaluaton kSee claims

As further example the cluster node niodules accept MPI message instructions and MAT1.AB instructions

from the usei interface and communicate them to other nodes
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Asserted CJaim Prior Art DiscIosur

SPM ouuitiinjeat on

pid di nd da lo oi.te poce to nut er

dt il lit II il aiol lRT

Bri CI

13 ai jiLda

JRAlrOJ 1/C 1.U eS
ioa Ica da frit pro soi to all proc

Sildial \d1 ala ano all cessoi irnt glohal sum

oIIr Cdata olert al dat egIrnnE into igJ 2lolcd one

Tahle Sel ted niaik in the \Juti\1jj M3 VsICifl

Trefethen l7 at

cf- V-t

Process creates the variable .- with same and sends it to roccs Proces receives the mes\age
doubles the value ot and sends it along to process and so on fl there aic six processors the

conirnand --. produces the output

Ibe processes run nchronouslv hut since each ---- coriuriand is only executed after the

rcesponding has nipleted the proper se4ucnce computal ns and final value are

guatauteed look all ut the nodes arc lunctionuig
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Asserted CJaim Prior Art DiscIosur

TrefŁthen 19% at

Additional Evidence of Obviousness

Ihe following additional example illustrates an FF1 calculation on Matlab cluster including the

acceptance and nterpretali on of user instructions communication of in truclion to other nodes computation

and return of results

The following additional example furthei iilustrate MP message passing heiveen MatIahP cluster nodes

ho at 47
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Asserted Claim Prior Art Disclosure

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob\ious in

siew of MultiMatlab and the knowledge of POSITA it \Aould Rave been ok ions to combine it with one or

more of the other references in these invalidity contentions br example J\luItiJ\latlab and MatlabMP

publications refeience MPI and PVMhased parallel processing stems as comparable cluster computing

systems motis ating POSIT1\ to look to such systems for modifications relating to this claim element See

e.g Chov at 334 Accordingly it would ha\ been ob\ ions to modify MultiMatlab in view of the teachings

of Ps and MPI publications such as those ieferenced iii these contentions as well as references and stems

Choy at 49
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implementing aspects of PVM or MN As another example because MuluMatlab is directed to cluster

computing it would has been ob\ ious to combine with one or more of the
piior art references or systems

authored the alleged ins entors of the patents in suit or their collaborators including patents dpplications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMN and related projects are likewise directed to cluster

computing using an existing message passing library arid cluster management tool Moreosei these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with AS kernels Gi\ en the similarity of their teaching it would hive been obvious to combine one of mure of

these sy stems or publ cati oris with Mul tiMatlah

In addition this ulaini is rendered obvious by Intel Paragon Maple in siew of Cramer hoy FFIW Howard
and/or Chu for the rcasons stated in thc Los er Picading section IV

The NiultiMatlab References disclose wherein one or more of the nodes are configured to communicate at

least some of the user instructions to one or more single-node kernels See claims 18

Asserted Claim Prior Art Disclosure

19 pre The

computer cluster of

claim 18

The MultiMatlab References disclose this claim

19a sherein one

or more of the

nodes are

contigured to

communicate at

least sonic of the

user instructions to

one or more single-

node kernels

C-

If

IC

CM

co

20.pre lhe

coniputei clustei of

claim

The MultiMafiab References disclose this claim

20 wherein one

or more of die

The MultiMatlab References disclose wherein one or more of the nodes are configured to accept user

instructions one or more of the nodes See claims 18
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Asserted CJaim Prior Art DiscIosur

nodes are

confirured to accept

user rostructions sia

one or more of the

nodes

21 .pre he

computer cluster of

claim 20

Ihe MuitiMatlab References disclose this claim

l.a wherein one

or more of the

nodes are

configured to

communicate at

least some of the

user instructions

using the

mechanism for the

nodes to

communicate with

each other

The MultiMatlab References disclose \herein one or more of the nodes are configured to communicate at

least some of the user instructions using the mechanism for the nodes to communicate with each other See

claims 18

22.pre The

compute cluster of

claim

The MultiMailib References disclose this claim

22 herein one

or more of the

nodes are

configured to

transmit at least

some of the user

lnstructions that

The MultiMatlab References disclose wherein one or more of the nodes are configured to transmit at least

some of the user instructions that originate from user interface See claims 18
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Asserted Claim Prior Art Disclosure

onginate from

user interface

24 pre The

computer cluster of

claini

The MultiMatlab References disclose this claim

24 wherein one

or more or the

nodes are

configured to accept

user instructions

before

communicating at

least some of the

user rnstructions to

one or more single

node kernels

The MuluMatlab References disclose wherein one or more of the nodes are configured to accept user

instructions before communicating at least some of the user instructions to one or more singlenode kernels

See claims 18

computer cluster of

claim

25.a wherern the

plurality of nodes

are configured to

communicate with

one another to

Interpret and

translate commands

for execution by

plurality of single

node kernels

The MultiMatlab References disclose wherein the plurality of nodes are configured to cornniunicate with one

another to interpret and translate commands for execution by pluralrty of singienode kernels

The MultiMarlab cluster nodes may communicate commands to other nodes in the form of MPI messages

andior remote function calls he recei\ ing nodes pass the commands to their corresponding kernels for

evaluation In order to solve parallehzed computations the nodes communicate and each node interprets and

translates commands to other nodes in the form of MPT messages and/or remote function calls See claims

As ilirther example die cluster uncle niodules accept MPJ message instructions arid MATLAR instructions

from the user interface and communicate them to other nodes with each node translating and interpreting the

commands

C-

If

IC

CM

co
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SI \1 OJfJJltfltdI OJi

Slt LiHat 5fli dcita fioi üu IC dl1

1.1J.1 iit Jjoi iroLirproc
SvncL iY

3al pi t.dali atI dat Ito osoi to all ptcso
\I d-ita Ll to hI1I unj

uI Iet data o11e al data gnt uto to gIoia one

Asserted CJaim Prior Art DiscIosur

SeIcH tl eunTi in the Mull iM FL tejn

Trefethen 997 at
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Asserted Claim Prior Art Disclosure

1------ --.- -NA

Thoce\s creates the ariahk vuth value and sends it to pruces\ Thoces receve\ the message
douhie the value of and sends along piocess and so on It there are six procesor the

command .c- produces the output

The pwcesses run asynchronously hut since each command is oil exccmed after the

correspoiiding -.- has completed the proper sequcnce of computations and Imal aiue 32 are

guaranteed so long as all of the node are functioning

Irefethen 1996 at7

Additional Evidence of Obviousness

Ihe following additional example illustrates an FFT calculation on Matiab tP cluster including the

translation and interpretation of user instructions communication of instructions to other nodes computation

and return of results

C-
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The fo11owin additional example further illustrates NIPI message passing beteen Niatiab cluster nodes

which include interpretation and translation of high level code into low Ie\ el code and/or inteipretation and

translation from one data format to another

Chov at i7
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The foflowng example further illustrates the interpretation and translatIon of commands with Matlab

commands communicated to the cluster nodes as ser er calls and the commands interpreted and translated for

execution by the rele ant libraries ScaIPACK or FFTW

Choy at49
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Asserted Claim Prior Art Disclosure

We present MAFL\B YE 1151 as an example of what could

he right parallel MATLAB MAFL1AR is parallel

MAI LAB using the hackend support approach aimed at

widespread circulation among general audience In order

to achieve this we took ideas From the approaches used by

other sot ts are Found in the survey For example the embar

rascmgfy pam/let approach allo\V simple yet useful divi

sion or work into rnuftiple MAlIAB sessions The inescage

pmsng approach which is superset of the embarrassingly

parallel approach allows liner eon trot between the MATLAB

Sessions

the main idea in MATE All is that data exist on the par

allel server as distributed matrices Any operations on dis

tributed matrix which exists in the MATLAB front end only

as handle will be relayed to the server transpareniIy The

server calls the appropriate routine from parallel numerical

library eg ScaLAPACK PFTW and the results stay on

the server until exphcitlv requested

Clay at 33o

C-
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Asserted Claim Prior Art Disclosure

Tht coinniand coniptu es the elgeoval tns ot Lw calling

the appuii late SaLAPAtTK mutirie.s and stores the iesuh in

rnatd vhieh resules on the server The iesuit is not reS

tamed to the client unless explicitly requested to reduce data

ti atli An am the syntas ts the safl1c as srdinary MATLAB

This rommand returns the result to MAil ALL This is one

ot the levy nmnzncts rn MATLAI3 nut tound in ordtnai

Ni LAB nnatlal2pt is auothci.L

The use id the variable onn with overloaded ATLAB

ioutines enable cxv ting MAILAL3 seript\ te Ciised hot

sample

function fi

-i

ii

30501 3i

L/t Ji

The above is the bui loin NI All 1A8 nwtmne to construct

hI Ihert inaflI obtained ihruavli npe dij ticcan se the

upetators in the routine colon ones suhsasgn transpose

rdiside are overloaded to with typing

ci

IC
nilni f3.tb4

would create 16 .X4hy In i$4 ilbert maths on the

server By esplinting MATLABs ohiectsirtented features to

th uac nn3v tin uts un nwal l- ndcr
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Asserted CJaim Prior Art DiscIosur

Chov at 36

26.pre computer

Ltfi3phfi
To the extent the preamble is limiting the MultiMatlab References disclose it See pre

26.a plurality of

nodes wherein one

or more of the

nodes are

configured to

receive

The Multi\Iatlah References disclose plurality of nodes wherein one or more of the nodes are configured to

receive See .b

26 command to

start cluster

initialization

process for the

computer clustei

Ihe MultiMatlab References disclose command to start cluster initialization process for the computer

cluster See

26 wherein the

cluster initialization

process composes

establishing

communication

among two or more

of the nodes and

The MultiMatlab References disclose vherein the cluster initialization process comprises esthhlishing

communication among to or more of the nodes

MultiJ\lailab initiation process loads and initiates the communication components on each node e.g NIPI

libraries and/or parallel server libraries thereby establishing communications between the cluster nodes See

lb

26.d an instruction

from user

interface or script

and

The MultiMatlib References disclose an instruction from user interfbce or script See 26

26.e mechanism

for the nodes to

corn muni cafe

results of

mathematical

e\pression

The MultiMatlab References disclose mechanism for the nodes to communicate results of mathematical

expression evaluation with each other using asynchronous calls

MultiMatlab implemented mechanism Pr node4onode coirimunication induding peeropeer messaging of

the results of mathematical expression aluation using the I\IPI mescaging protocol and/or remote function

calls See .d
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Asserted CJaim Prior Art DiscIosur

aluation with

each other using This mechanism comprised asynchronous calls J\IPI and/or remote function Lalls including calls to send

asynchronous calls receie and otherwise process computation results The MultiMatlabcluster Lernels and/or compute libraries

performed continuous computations hiIe the nodes communicated with one another using the communication

mechanism

Process creates the variable with value and sends it to process Proees receives the ruessace

douhks the value of and sends it aluni to process and Sn Ofi It there are .i pucesors the

command produces the output

lhc processes run usynch onnuslv huL smee each commmd is only executed utter the

correspondmg has completed the proper sequence of computations and liard value 32 are

guaranteed so long as all of the nodes are tnnctionng

Trefethen 0% at

As funhei example MultiMaUab implemented MPI calls including calls that the 768 preferred embodiment

identifies as used for asynchronous Lommunication of computation results such as MPI Isend MP1 IRecv

MN IWait and others 768 .42-6
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23 Send Recv Probe Barrier

More general point -to-point communication is aceontphshed hr send and receive commands which can

he executed on an of the MATTLAF3 prOs esses For example the etuence

passes message containing 2vector from the master process to process leading to the output

4V

An optional aigument can he added in to specify the sowee Another optnnial argument may he

added in both and to specify message tag as io ensure that sends and receives are

properly matched and to aid in error checking The command

run on any process igin with optional source process number and message tag rerurns true it

messaue has arrived front the indeated source with the indicated tag otherwise false

Trefethen 1996 at

MuItiMATLAI3 is built upon MPI Message Passing lmei eet highl functional arid portable

message passing standard 13 Here is brief description of how the system is put together

The system is written using MPICH popular and freely available implementation of MPI developed at

Argonne National Laboratory and Mississippi State University In particular MuItiMATLAI1 uses

the P4 communication layer within MPICH allowing it to mu over heterogeneous network of

workstations In building upon MPICH we belie we hare developed portable and extensible system
in that anyone an freely get copy of the software and it will run on many systems Versions of

MPICH are beginning to become available that run on PCs running Windows and we expect soon to

experiment with MuIuMATLAB on those platfomis

Irefethen 1996 at 11
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Additional Evidence of Obviousness

This organization offers great advantages First of all tie-

bugging is made easier because bugs are localized and thus

are much easier to track down Also this compartmentized

approach allows easier extension of the server For example

the basic Server Connection Manager makes use of Ml
Message Passing Interface as the means of communication

between server processes However one could write Server

Connection Manager that uses PVM Parallel Virtual Machine

instead As long as the new version implements all the public

functions in the class no change is needed in any other part

of the code

Choy at2
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In addition because as demonstrated above the processes on each Matiab node operate asynchronously it

would ha\ been oh\ iou to implement asynchronous calls such MPL PVI\I or remote function calls to share

computation results between the nodes Such calls were known in the art and included in standard

communication libraries such as MPI and PVM MPI for example included the calls identified in the 7o8

preferred embodiment as comprising asynchronous calls and disclosed advantages of such calls

Choy at 4U
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Asned Calm Prior Art Dbclesure

3.7 Nonbiocking communication

the ran improve performance on many system by ovnrlapping enmmupicat ion and tom

itutation This especially true on systeTub where communication can he executed an

tononioussly by an intelllent comtaunication con trdller IJght.weight threadi are cue mccli

aisisw acltievw such overlap Au alternative mnluwisn tb4t often Leads to better

performance is to use noabloeking communication it vonhkcking send start call ini

hales the send operation bin does not complete it The send start call will relurn before

the inesage was copied out of the send buffer it tepsrate send complete call is needed

to complete the cotntuunication i.e. to verify that ihe data bat been copied out of the send

buffer Wit Li suitable hardware the trantbn of data out of the sendn memory may proceed

conrnvremdly wiili compaulaiinns done at the sender aftMr the send was Instiatnsl .ind hnture ii

completed Similasly aonblncking receive start call initiates 11w recehe operation but

does 1101 complete it The call will return before nicsssge stored into the receive buffer

separate receive complete rail nad..l to complete the receive operation anti verify

that the data has lwjs received into the receive buffer With tintable hardware the transfrr

MP Specification at 36 ________
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MPLJSENDbuf count datatyp dnt tag comm request

but id qI Hsffr

IX count dr ctewi

datatype p.4 vh HdF ilw jr It II

lest r4nh ic- 141 vii ijif

Tag g.- l4 iultx

Comm siltIt .iiIh

mequest -mwvn nl mr vwtl sdi

un NFl Isenlvnlk buf tnt ccuxut MEl i3atatvoe datatype tnt deat

tat tag MPI.Corcira comma MPIRequeat -request

MPl.ISENDBUF COUNT DATATYPE PEST TAG COMM REQUEST lESSOR

type BUF4
NTEGEI1 COUNT DATATYPE flEET TAG COLREQUEET ERROR

ml uda iud cim kii

MPI Specification at 38
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MP RECV huf count datatype source tag conirn requesi

hut tr.r .f 3cr3\c .J rbh

count 33W liu 33i l3f3

datatype a.c 1sultr ci .t.ll

source f.13 P.c cscc aTl

lag 33 333c

comm cc33u3sic.cr

Ut request 33ca3 cbric .cc.3 %cJe

r.t 4P1lrecvvci3 buf lot ount MP1Jatatype datatype lot source

lot tag MPI toaac coosa 421 thqaost nQuest

PIPI .IRECV kIUF COUNT DATA3YPE SOO1tCE TAO COI4N REQfJES tERROR

tyrc.a BtYFJ

FWIEOER COUNT SOURCE TAO COME REOUEST tERROR

33bVl333m 3.ce3v

MPT Specification at 40
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MN WMTrequest status

NU request rir l.iulk

Cit status sI .tl us Ajci Si tu

hit WI WaitPI.Raquest reuuit MPIStatua uitatua

MPIJàAITREQtJEST STATUS tERROR

INTEGER REQUEST STATUSMPI.STATUS.SIZE IERROR

call MN .WAIT ui ilYo whet he orrai id ai request nh if ho

iiij.t ci iiie 1th tPkj 4-1 va ctsj iillc kuc iie

cjio cafl tileIi tshjci iC.jj tlkuj lv 1i ts tAPl .tf1AlT aul he c-j i1iuclh

Yi to MPL.REOUI.S f.NUL hi Pl..WAIT in CR opctai ion

MU SpecifiLation at 41

The PVM library likewise supported similar calls The following is an example of PVM asynchronous call

pxm send

nh pv%IL rid nnt1l1i is throi us oinputntion cn the eridir iroe rHlriie

tnii lit rtgc 5t1 1k it tv.t.\
lie is Sj jC Iii if Ii iii 511 1-151

tfl nebroir tlI 01111 uni atiou during xduch olnpul ation oi wit lint lrcnssr 114

iirittl th rntfchinc It ti 0- -xi cult by tlu iv ing prsor

Gels at 252

lo the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ohxious in

xiew ofMuitiMatlah and the knowledge of P0511 it would hae been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlab and MatiahP

puh1catons reference NIP and PVMbased parallel processing systems as comparable cluster computing

systems motivating POSITA to look to such systems for modifications relating to this claim element See

e.g Choy at 334 Accordingly it would ha\e been oh\ious to modify MuitiMatlab in iexs of the teachings

ofPVM and MU publications such as those referenced in these contentions as well as references and systems
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26 wherein each

of the nodes is

configured to access

non-transitory

computerreadable

medium comprising

program code for

sing c-node kernel

that when

executed is capable

of causing

hardware processor

to esaluate

mathematical

epressi ons

inipleinenling aspects of PVM or MN As another example because MuitiMatlab is directed to cluster

computing it would has been ohs ious to combine with one or more of the prior art references or systems

authored the alleged ins entors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMN and related projects are likewise directed to cluster

computing using an existuig message passing library and cluster management tool Moreosem these prior art

publications teach peer-to-peer communications between cluster nodes and use of these cluster computing tools

with AS kernels Gi\ en the similarity of their teaching it would have been obvious to combine one of more of

these sy stems or publ cab oris Lb Mul LiMatlab

In addition this claini is rendered obvious by Intel Paragon Maple in siew of Cramer hoy FFTW Howard

and/or Chu for the rcasons stated in thc Uo\ er Pleading section IV

26g wherein the

plurality of nodes

comprises

he MultiMatlab References disclose wherein the plurality of nodes comprises for the reasons stated below

26.h first node Ihe MuitiMatlab References disclose first node comprising first hardware processor configured to access

Asserted Claim Prior Art Disclosure

Ihe MultiMatlab References disclose wherein each of the nodes is configured to access non-transitory

computerreadable medium comprising program code for singlenode kernel that when executed is capable

of causing hardware processor to usaluate maifemnatmcai expressions See

C-

If

IC

CM

Co
co
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____________________
Prior Art Disdotur

comprising first

hardware proLessor

configured to access

first niemorv

compu sing program

code for user

interface and

program code for

first smglenode

kern

first memory comprising program code for user interface and program code for first singienode kernel

Se ic I.f

26 the first singie

noUe ke nd

configured to

interpret user

instructions and

distribute calls to at

least one of

plurality of other

nodes for execution

and

The MultiMatlab Refeiences disclose 1he first inglenode kernel configured to interpret user instructions and

distribute Lalls to it least one of pluraiit of othe noUes for execution See

20.j second node

comprising

second hardware

processor with

plurality of

processing cores

The MultiMatlab References disclose second node comprising second hardware processor with plurality

of processing cores See lb

26k vherein the

second node is

configured to

receive calls from

the first node

execute at least

Ihe MuitiMatlab References disclose \.\herein the second node is configured to rece\ calls from the first

node execute at least first niatheinatical expression aluation and result of mathematical

expression evaluation to thud node 5cc I.i
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first mathematical

expression

ealuat1on and

communicate

result of

mathematical

expression

aluatlon to third

node

wherein the

third node

comprises thud

hardarc processor

with plurailty of

LJ2ie

The MuluMatlab References disclose wherein the third node comprises third hardware processor with

plurality of processing cores See 1.j

26.m wherein the

third node is

configured to

recei\ the result of

mathematical

expression

aluation from the

second node

execute at least

second

mathematical

e\pression

evaluation using the

recei\ ed result and

communicate the

result of tile second

mathematical

The MultiMatlab fteferences disclose wherein the third node is configured to recei\e the resuh of

mathematical expression evaluation from the second node execute at least second mathematical expression

aluation using the received result and communicate the result of the second mathematical expression

evaluation to the first node 5e .k
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Asserted CJaim Prior Art DiscIosur

expression

aluation to the

first node

26 wherein the

first node is

configured to return

the result of the

second

mathematical

expression

aluation to the

user interfaee the

script

The MultiMatlab References disclose vherein the first node is configured to return the result ot the second

mathematical expression evaluation to the user interface or the script 5ee 1.1

2o vvherein one

or more of the

node5 are

configured to

The MultiMatlab Refcrences disclose sherein one or more nithe nodes are configured to for the reasons

stated below

2o accelt user

instructions

The MultiMatlab References disclose accept user instructions See JI

26.q after accepting

user instructions

communicate it

least some of the

user instructions

using the

mechanism for the

nodeS to

communicate with

each other and

The MultiMatiab References disclose after accepting user instructions communicate at least some of the user

instructions using the mechanism for the nodes to communicate with each other ee

26.r after

comninunicatin at

Lleast some of the

Ihe MultiMatlab References disclose after Lommunicating at least some of the user instructions using the

mechanism communicate at least smne of the user instructions to one or more singlenode kernels See
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user nsLructions

using the

mechanism

communicate at

least oine of the

user nsLructions to

one or more singic

27 pre The

computer cluster of

claim 2c wherein

the asynchronous

calls comprise

first command to

create first packet

containing

The MultiMatlab References discIoe The computer cluster of claim 26 heren the asynchronous calls

compnse first command to create first packet containing See claims 26

As established for claim 26 the MultiMaflab References disclose number of asynchronous calls including

calls to send and receive payloads comprising expressions such as computation results
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r...c.c.

31..J

Process creates the xariable with value and sends it to process Process receives the niessane

doubles the value ot and sends it along to process and so on If there are six processors the

command produces the output

3.

The processes run asynchronously hut since each .c command is only esecuted alter de

corresponding has completed the proper sequence of computations and final value 32 are

guaranteed so long as all of the nodes are functioning

Trefethen I9u at

C-
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23 Send Recv Probe Barrier

More general pomutopoint communication i- acconiphhed hs send and receise commands which can

be cecuted on any of the MATLAI3 presses For esample the sequence

passes rncage containing 2-vector from the master process to
process leadIng to the output

An optional argument can he added in to specify the source Another opuonal argument may he

4dded iii 10th and to specify rnes\age tag so as to ensure that \ends and receives are

properly matched and to aid in etiot checking The command

run on any process again with optional source proces number and messane tag returns true if

message ha\ arrived from the indicated source with the indicated tag otherwise ft false

Trefethen 1096 at

MultiMatlab implemented MPI message passing that allowed any node to pass computation results to any other

node as further illustrated by the following code

C-
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CC ..Z 01 .1 10 0CL

..

Process creates the sanable with value and sends it to process Process receives the message
doubles the value of and sends it along to process and so on If there are \1X processors the

command produces the output

The processes run asynchronousls but since each rrc command is only executed after the

corresponthng has completed the proper sequence of computations and final value 32 are

ruaranteed so long as all oldie nodes are functioning

liefethen 1996 at

Figure lb i1lustrate parallel MA LAI3 implementation of ott tgate gradients that lisPs

he SIThil toessag passing described in Setion T.2 In this case time matrix and tire dii

hreut veclors arc each distributed row 0\ er all piocesses as in Figure In each iteration

process onk does the computation required fom its local data llowe\ em communication

is required for wio different operations the clot prodm Is rreeded to coi npule rho and afulia

an1 the mat rum vector multi pis needed to comnprmte Joeuf he dot products only require

conirurinicat ion of singlc ale over all processe On the or her hand tue matrix-vector

muhi phe atiort needed br er.ioeel eq ins he glcsba vector rid thus 11101 experlsism

rormi turin at ni
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TrefŁthen I97 at 11 13

r1ocal blocal
rho Sumr1ocalrlocal

hi1ek kax
k1

if

p1oca1 rloca1
else

beta rho/oldrho

ploca1 r1ocal betapIocal
nd

Gatherplocal
wlocal A1ocal

alpha rhoSumpiocal wlocal
xlocal xlocal alpha p.local
rlocai rioca1 alpha wlocai
oldrho rho
rho Sumr.1ocalr1ocal

end

Mcsge Pissing MXFLAF3

Irefethen 997 at
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Aocal xiocal

Hgue MJrix anJ cr OV Ott pie ASOr

Trefethen 1997 at 12

MPJ PVM and/or remote fUnction calls created packets as was common knowledge in the ait Ioi example

the 768 specification admits that MPI calls created packets and relies on the disclosure of standard MPI
functions to allegedly enah and describe the subject matter 768 14 L29 Moreover storing function

call parameters in packet structure is cons entionai and was known or ob ious to one of ordinary skill

MultiMatlab likewise used packets to communicate data including computation results beta een nodes and

between kernel and communication libraries within node

Gill ii 110115 liiilhrs of daLi nngiug frinu lwtes or double lo inrga Ni He P2
colriilninitare is dAt in paeket if roualilv 27k5 eY- over hiP.l1 vrktrmnnnce nvil cli

hut lie lateuciesar virtualli ideni ic.al for the MEN rout ink ano lie nat progriilu

iestdrs dku hat. oe le ivejp ad nelghIo

Irefethen 1997 at

Additional Evidence of Obviousness

C-

Page 196 of 254

CM

-4

Advanced Cluster Systems, Inc. Ex. 2023 
196 of 254



The fo1Ioving additional examples show asnchronous calls sending and receiving payloads comprising

computation results and other data and instructions

Ex AIS MuhiMaUab References

Choy at

C-

If

IC

CM

cc
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We present MVlLAB 1151 as an example of what could

be 4nght parallel MM AU MATLAB is parallel

MAFLAB using the baeL-end support approach aimed at

widespicad circulation among general authenee In order

to achieve this we took ideas ironi the approaches used by

other software found in the survey For example the enthur

iv.ssingiv parailet approach allow simple yet useful di

5iOfl of work into multiple MAE AR sessions The message

passing approarh wheh is superset of the embarrassingly

parallel approach all ass finer control between the MATI All

Sessions

rj maui idea in MATLAI3 is that data exist on the par

at Eel server as distributed matrices .Any operations on dis

tnhuted matrix which exists in the MATIAB front end only

as handle will he relayed to the server transparently The

server calls the appropriate routine from parallel numerical

library e.t ScaLAPACK FFTW and the results slav on

the sener until explicith requested

Choy 2at336

C-
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Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FlU
is hut one ecantple oVa suitable configuration of server soft

ware 105 for at least some embodiments In FIt parallel

server 201 includes plurality of pftCe55Or5 203ii

203/x. 203ti and memory 213 Each of processors

203t203n includes four so Itware modules client managers

205a 2055 205n server managers 207rz

207n library managers 209i 209b 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215b

215e .. 215n that include routines perfbnning various

operati ns

Client managers 205 interhtee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between senor proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data berteen the proceast rs of parallel sen er 201 and collect

results and error codes from the processors Abrary managers

Husbands at 10 46-o7

The following additional example illustrates an FYI calculation on Matiab cluster resulting in

communications ofintermedidte results between the nodes in the cluster

C-
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To the extent AS contends that this claim element is not expressly or inherently disclosed or is not obvious in

ie of\IuitiMatlah and the knox\ledge of POSI it would have been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlab nd MatlahP

publications reference MPI and PVv1based parallel processing systems as comparable cluster computing

systems motivating POSIFA to look to such systems for modifications relating to this claim element See

e.g Choy at 334 Accordingly it would hae been obous to modify MultiMatlab in ies of the teachings

of PVM and MPJ publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MPI As another example because Multi Matlab is directed to cluster

computing it ouid have been obvious to combine with one or more of the prior art references or systems

Chov at i7
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authored 1w the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger annenhaum and Decyk These references and code including those

related to the ppleseed cluster Pooch MacMPI and related projects are likenise directed to cluster

computina using an existing message passing library and cluster management tool Moreover these prior art

publications teach peer4opeer communications between cluster nodes and use of these cluster computing tools

with CAS kernels Given the siniilaritv of their teaching it would hare been obrious to combine one of more of

these systems or publications with MultiMatiab

In addition this ci aim is rendered obvious 1w Intel Par agon Maple in of Cramer Choy FFTW Howard

and/or hu for the reasons stated in the Cover Pleading section IV

27 an expression

to be sent as

fip

The MultiMatiab ReferenLes disclose can expression to be cut as payload See 27pre

27 target node

where the

expression should

be sent

The MultiMatlab References disclose target node here the expression should he sent

As established for claim 26 Multi Matlab implemented message passing protocols such as MN and PV\l

and/or remote call procedures that allowed node to pass computation results in message to another node See

claims 26 27 The calls implementing such protocols for example send and receise calls comprised

target node identifier

For example send and receive calls the calls below included process II specifying the target node
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12 Put

Si Ui ste ave in tt iomtoitni _aed twer ro..eocs uc
pt

cci ad serca hi the ri

pmeess it course ncntasiai MtdaMPfLAB svstin depends Ut inch ecnnntarucaaon

One tooi ol coannutleulton tee base implemented 15
pciia

und reis exeettithfr tidal by iic cnacet

MA Alt prcs Pot eaatupie the ccnnntand

sent the mu rem the master picicess to ft Sse tIrottrh an optional at punent pernt0 the

none cd to tn hanpastardir ciesmutaPon The esmsiancl

the mnattis anek tom tOJt mastit

13 Send Recs Probe Barrier

More penerat point tnpontt ecintaiunctttoa is awoaiplshed be Send arid teeeise commands whIch ear

he oar sited in ant sd iS 54\ilA
piiicctnn

Soc ecampia me scctimacc

noes tisessape ci tan up 2veeasr Icons the master po tens to
pi rsss leads ne to the

csaq ii

itt optit in punnitt c-an be adital in let ic the icc notben sjsnaoi cpunsent nuts he

added in both and -- to speets tiles sape tap sc as to me that sends and tece ice are

plopanly ontthad and to aid Ci mm eherktrp ha ennananti

Trefethen 1096 at

rem rirovfclrs Usct wit ii an Eva roni die br paral el cvajnat ion ihi otti toe allows

ro cXOc nit ccntymands ott he citlicr processes On tht iiiheraei jut pica ess tic Eval tout toe

is mpicme.utecl as- MEN routine hich epts cc tm of it IL All proc ess iI and

MA Ft comotaucl lit is rout tue sends the cornujaiid Oiiti tic uitidcrR iug cOtflhitiiiflCmtiiuTl

layer to lie prca casca corrcsponcting lo In spem-thcd ITs On vounni cract OCvSSctl
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Trefethen 197 at

Additional Evidence of Obviousness
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32.3 Message envelope

li ho dai nar rsacf vorrv jnfocmath3n ili ho so.l kouuui.h

llu 45rn oun- dlN
volho ivel cr Ii message envelope ltNr tiod.ar

Ii rn.go ji d2n3nkil i\ JclPnr1 Cd 1J icCti inr l1
hoc tkicl aci hs occ ipeni 3p .tjcp

rr1o.c tininki iN ilt dest urnuasui

MPI Specification at 19

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob1ious in

iew of MuitiMatlab and the knowledge of POSI1A it would have been ob\ious to combine it with one or

more of the other references in these invalidity contentions For ev.ample MultiMatlab and MatiahP

publications reference MPI arid PYM-hased parallel processing ss stems as comparable cluster computing

systems motivating POSEFA to look to such systems for modifications relating to this claim element See

e.g. hoy at 334 Accordingly it would hase been obsious to modify MultiMatlab in dew of the teachings

of PYM arid MPI publications such as those referenced in these contentions as well as ieferences and systems

implementing aspects of PVM or MPI As another example because MultiMatlab is directed to cluster

computmg it would have been obvious to combine with one or more of the prior art references or systems

authored by the alleged inxentors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenhaum and Decyk hese references anti code including those

related to the Appleseed cluster Pooch MacMPI and related projects are likewise directed to cluster

computin using an existing message passing library and cluster management tool Moreover these prior art

publications teach peer4opeer communications between cluster nodes and use of these cluster computing tools

with CAS kernels 3-hen the similarity of their teaching it would has been obsious to combine one of more of

these system i.c..pyTh ca i4b
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In addition this ciai ni is rendered ohviou by Intel Paragon Maple in view of Cramer Choy 11 loward

andior Chu for the reasons stated in the o\ er Pleading section

27 wherein the

first command is

configured to he

called from vithin

singlenodc kernel

The MultiMatlab References disclose herein the first command is configured to he called from within

snglenode kernel

MultiNlatlah commands such as the send and ieceive commands can be entered by user into user interface

of LAS kernel or be part of LAS kernel language script running within the singinode kernel
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12 Put

Pu ve Ii nmtmtcit _tted twer roees nt id screen ii
ipiit

to the to at

pmeess it course ntntnsttd MtthiMPfLAB system depends ut nub ecnnumtarucwton

tilts toot ol conttnutteulton we base imnpiansetaed Is
pctta

und ets exeettttde xidy by nanter

MA All prcs ss Pot eaatnpie the cciinntand

seritliltit in drix room the taster pisicess to p1550 drotth an optional at punent pernn the

nrne ct to ht hanpastardtr ctasruuain The etmai.tnct

the maattis reek totem prc mastt

13 Send Recs Probe Barrier

More tiererat point topont ecmnsniunetton is awonipNhed be end arid teeese cotnmauds whklt ear

he eser nied on arts art tb tt\it.A
piriecssus

hoc cCartiph hit sccttttOCc

nees mricsaye ci in tan ng 2seetor tin to the tnaiaev
pri eess to

pt otess tearh tie to the naqi

optti in ml ailment can be aclital in 1cm let the tic hnotber opnnot unsent tents he

added in hod cod -- to speets tries spec tap sc as to en mite that sends and tece ice are

pmopccty notched and to ad tm cot- etmeekop he ecnnnand

Trefethen I96 at
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CC ..Z 01 .1 1E oCL

..

Process creates the satiable with value and sends it to process Process receives the message
doubles the value of and sends it along to process and so on If there are \1X processors the

command produces the output

The processes run asynchronousls but since each crç command is only executed after the

corresponthng has completed the proper sequence of computations and final value 32 are

2udrameed so long as all oldie nodes are functioning

liefethen 1996 at

Additional Evidence of Obviousness

C-

Page 207 of 254

CM

co

Advanced Cluster Systems, Inc. Ex. 2023 
207 of 254



Ex A18 MuItiMaUab References
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To the extent AS contends that this claim element is not expressly or inherently disclosed or is not obvious in

ie of\IuitiMatlah and the knox\ledge of POSI it would have been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlab nd MatlahP

publications reference MPI and PVv1based parallel processing systems as comparable cluster computing

systems motivating POSIFA to look to such systems for modifications relating to this claim element See

e.g Choy at 334 Accordingly it would hae been obvious to modify MultiMatlab in ies of the teachings

of PYM and MPJ publications such as those referenced in these contentions as well as references and systems

implementing aspects of PVM or MPI As another example because Multi Matlab is directed to cluster

computing it ouid have been obvious to combine with one or more of the prior art references or systems

Chov at i7

Pagc 209 of 254

Advanced Cluster Systems, Inc. Ex. 2023 
209 of 254



Ex AIS MultiMattab References

Asserted Claim Prior Art Disclosure

authored 1w the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenhaum and Decyk These references and code including those

related to the ppleseed cluster Pooch MacMPI and related projects are likenise directed to cluster

computina using an existing message passing library and cluster management tool Moreover these prior art

publications teach peer4opeer communications between cluster nodes and use of these cluster computing tools

with CAS kernels Given the siniilaritv of their teaching it would hase been obsious to combine one of more of

these systems or publications with MultiMatiab

In addition this ci aim is rendered obvious 1w Intel Pai agon Maple in of Cramer Choy FFTW Howard

and/or hu for the reasons stated in the Cover Pleading section IV

27 wheieiit the The MultiMatiab References disclose cwherein the singleuode kernel is configured to send the first packet to

singlenode kernel local cluster node module

is configured to

send the first packet MultiMatlab commands such as the send arid receive commands are sent to the other nodes via the

to local cluster communication interface components one or both of which comprise the local cluster node module

node module and

hi the Molt M.s IL\t$ in ltile lure ihistratl to ligure ecu proesn in parallel pLo

forte tudivid uali ruia \I 11 üi kroce Each ess hcu pmvi4ll vitlt Gre abi it

so cot an to tk it wit It other prores-t hrongh Cut am rica inn tat rt us over the

pziral hi plot fern interco met tot net wet he t170 111101 at direci.lv win one MAT LAB

process cal ted the lit ract lwm cind opera e- wii lint hal troee.sss i\L\ LA 11 cttrirete

tukrtt Other vi LAB prot se av1ctil rntilctnds front t.ltt itt crat tive nicer ihre ot itt

tao res aie 111111 oh hxr by CNJllCii -Efiiliiii \EAI AB oittitiattds 10 510 it 01 111 EXttltl irig

tutttha th0t in mI ii tue them

Ihe hem component in this ro clttecI ne he tilti MA .A13 aPe-since modaL Ilie inter

late ntoltde Grown to Figure Jtoruihlk ftc ittitiaIiiitg alt underlvng OEflltttttlt alma

la\ u-li \IP hi PV \1 HI or an 01 her packapt availa hi on thi pin Grit1

0144
0\LtOSittP

it In the rct of 1114 S\ stem

Trefethen 997 at
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User

Processor Processor Processor Processor

\IATI 4i3 MkTI kB MATLB MkTI

Procc Piocc Procs

Interconnecting Netvork

Trefethen 1097
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Sequeatial

MEXRoutuie

MATI A3

Parallel

MFX Routine

iVlultiWtz\ILAB lnJicion

mien ae 1odu ic

onunwiieation Layer

Nctvork

Trefethen 197 at

Additional Evidence of Obviousness

Page 212 of 254

Advanced Cluster Systems, Inc. Ex. 2023 
212 of 254



Ex A18 MuItiMaUab References

Asserted CJaim Prior Art DiscIosur

NIAILAB

MATLAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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IL 4mnIl fM ILA I//AlultiOrh Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MA1LAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MATI AB functions in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Scner fl

1\
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Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FlU
is hut one ccantple oVa suitable configuration of server soft

ware 105 for at least some embodiments In FIt parallel

server 201 includes plurality of pflccs5Or5 203lc

203b.. 203ti and memory 213 Each of processors

203t203n includes four so Itware modules client managers

205a 2055 205n server managers 207rz

207n library managers 209i 209b 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215b

215e 215n that include routines perfbnning various

operati ns

Client managers 205 interhtee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between senor proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Abrary managers

Husbands at 10 46-o7
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Asserted Claim Prior Art Disclosure

In one embodiment when server software 105 is initiai

ized one processor may he designated the head processor and

all or nie of the remaining may he designated

slave processors that operate under the control of the head

processon lhe head processor rna serve as the central pro
cessor and way receive the commands from the client Thus

in one embodiment onl the client manager module 205 on

the head processor is used When the head processor receives

coimuand from the client the server manager 207 on the

head processor may send messages to the slave processors

to pertorm the desired operation The library managers 209 20

on each of the processors may call the appropriate routine in

libraries 215

The server managers 207 on the processors 203 may coinS

rnunicate with each other in any suitable way as the invention

is not lit rated in this respect In one embodiment the message

passage intcrlbce MN application programming interlace

\Plj may he used Alternatively the parallel virtual niachine

PVM API or any other suitable from eommunieauon may
he ustd

Husbandsatil 1OO

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not obvious in

view of\hiitiMatlah and the knowledge of POSI it would have been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlab and MatiahP

publications reference MPI and PVMbased parallel processing systems as comparable cluster computing

systems motivating POSIIA to look to such systems for modifications relating to this claim element See

e.g hoy at 334 Accordingly it would hase been obsrous to mnodify MultiMatlab in iew of the teachines

of PYM and MPT publications such as those referenced in these contentions as well as references and systems

implementing aspects of PWvL or MPI As another example because Multi Matlab is directed to cluster

___________________________ computing it ssouici have been obvious to combine with one or more of the poor art references or systems

C-
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authored 1w the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger annenhaun and Decyk These references and code including those

related to the ppleseed cluster Pooch MacMPL and related projects are likewise directed to cluster

computin using an existing message passing library and cluster management tool Moreover these prior art

publications teach peer4opeer communications between cluster nodes and use of these cluster computing tools

with AS kernels Given the similarity of their teaching it would hase been obsious to combine one olmore of

these systems or publications with MultiMatiab

In addition this ci aim is rendered cbvi ous hv Intel Pai agon Maple in ew of ranier hoy FFTW Howard

and/or hu for the reasons stated in the over Pleading section IV

27 wherein the The MultiMatiab References disclose cwherein the local cluster node niodule is configured to fot ward the

local cluster node expression to the
target

node
module is

configured to Multi Matlab cluster node module components forward the packet including the expression to be es aluated to

forward the one or more target nodes

expression to the

arnetnode
in tnt xi ml si.5 IL\ts ci en1ec lure nstrdta igure ecu procesor ut ldlUl
form individ uali ruin \I 11 Ui trorese Lath tio ess hen prvitll with Gre alilit

to coi flu tu ite wit It other procest lirough Cut ciii idea inn avel tat us over the

paral it plit mm intereon met uc net wor tI In n7ser inLet at directly wit Out MM L.\H

proees railed the lit met iso 1trottss opera e- sn liit hal troee.ssr ALi HAlt cnvirttll

ntnt Oilier \I VI LAB protese aulti ctirntuctcds front liii liii rat tiv core Ihre ot he

petsrs are ntd oil hxr by 1diei Is .tiiilin \lvl Alt eoncnamls 10 LIens or In exeen ing

ncctnc that ruIn tue them

Ihe her component in this cliuct ne he Multi MA tAll uiicriace inc4nte lle inter

Icee niutlHt Grown in haute mtsjttinililt
ftc initialiriug an underlvng Otflitliuit ator

la\ or nh as \IP PV \1 HI or ans ol her parkatit availa ls tin th pin loon

anti it to itt reP of lilt S\ slem

Trefethen 997 at
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User

Processor Processor Processor Processor

\IATI 4i3 MkTI kB MATLB MkTI

Procc Piocc Procs

Interconnecting Netvork

Trefethen 1097
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Sequeatial

MEXRoutuie

MATI A3

Parallel

MFX Routine

iVlultiWtz\ILAB lnJicion

mien ae 1odu ic

onunwiieation Layer

Nctvork

Irefethen 1997 at

Additional Evidence of Ob iousness
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NIAILAB

MATLAB

Fig Mes sage Pilssing

Choy at

MAF1.AF
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IL 4mnIl fM ILA I//AlultiOrh Mm/c

One of the goals ol the
pi ojeet ni to make the software

to he useful to as wide an audience as possible In order to

aehie\e this we found that it would he fruitful to combine

oilier parallel MA1LAR approaches into MAFLAB to

provide unified parallel MAlLA framework

In eoniunetion with Husbands we developed pro

totype implementation of Mu1tIMATLAB 135 khke dis

tributed MATLAB package in MXflAB whkh we call

the PPEngtne With this package and associated m4tles we

can run niuluple MA LA processes on the back end and

evaluate MATI AB functions in parallel on dense matrices

The System works by starting up MAE LAB engine in

stances on each node through calls to the MATLA engine

interface From that point on MATLAB commands can he

ielaycd to the MATLAB engine The command is do this is

Us/li

boy at 330
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Asserted Claim Prior Art Disclosure

Server software 05 may operate in any suitable to

reeeie commands from the client and perform operations in

pirai let as the in ention is not limited in this respect FlU
is hut one ccantple oVa suitable configuration of server soft

ware 105 for at least some embodiments In FIt parallel

server 201 includes plurality of pflccs5Or5 203lc

203b.. 203ti and memory 213 Each of processors

203t203n includes four so Itware modules client managers

205a 2055 205n server managers 207rz

207n library managers 209i 209b 209n and data

managers 2l1s 2111 Memory 213 of parallel

server 201 stores plurality otsohware libraries 2lSa 215b

215e 215n that include routines perfbnning various

operati ns

Client managers 205 interhtee ith clients and provides

routines br reading commands and argurneuts from client

and sending results and other data hack to the client Server

managers 207 handle communications between senor proS

eesses executing on different processors of parallel sen er

201 lhat is server managers 207 manage the transmission of

data berteen the processt rs of parallel sen er 201 and collect

results and error codes from the processors Abrary managers

Husbands at 10 46-o7
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In one embodiment when server software 105 is initiai

ized one processor may he designated the head processor and

all or me of the remaining may he designated

slave processors that operate under the control of the head

processon The head processor rna serve as the central pro
cessor and way receive the commands from the client Thus

in one embodiment ortl the client manager module 205 on

the head processor is used When the head processor receives

coimuand from the client the server manager 207 on the

head processor may send messages to the slave processors

to pertorm the desired operation The library managers 209 20

on each of the processors may call the appropriate routine in

libraries 215

The server managers 207 on the processors 203 masS coin

rnunieate with each other in any suitable way as the invention

is not thrilled in this respect In one embodiment the message

passage interlace P1 appheanon programming interlace

\Plj may he used Alternatively the parallel virtual nmchine

PVM API or any other suitable from of communieauon may
he used

Husbands at II 10k

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not obvious in

view of\hiitiMatlah and the knowledge of POSI it would have been obvious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlab and MatiahP

publications reference MPI and PVMbased parallel processing systenis as comparable cluster computing

systems motivating POSIFA to look to such systems for modifications relating to this claim element See

e.g hoy at 334 Accordingly it would hase been obsous to rnodify MultiMatlab in iew of the teachings

of PYM and MPT publications such as those referenced in these contentions as well as references and systems

implementing aspects of PWvL or MPI As another example because Multi Matlab is directed to cluster

computing it ssouici have been obvious to combine with one or more of the
prior art references or systems
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authored 1w the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger annenhaum and Decyk These references and code including those

related to the ppleseed cluster Pooch MacMPL and related projects are likenise directed to cluster

computina using an existing message passing library and cluster management tool Moreover these prior art

publications teach peer4opeer communications between cluster nodes and use of these cluster computing tools

with AS kernels Given the similarity of their teaching it would hase been obsious to combine one of more of

these systems or publications with MultiMatiab

In addition this ci aim is rendered cbvi ous by Intel Par agon Maple eu of ranier hoy FFTW Howard

and/or hu for the reasons stated in the over Pleading section IV

29 pre computer

cluster cornpri sing

the extent the preamble is limiting the J\hdtiNlatlah References disclose computer cluster comprising

See 2b pre

29.a plurality of

nodes wherein one

or more of the

nodes are

configured to

receive

The MultiMatlab References disclose plurality of nodes wherein one or more of the nodes are configured to

receive See 26.a

20 command to

start cluster

rnmtialization

process for the

computer cluster

The MultiMatlab Reterences disclose command to start ii cluster rnitialization process for the computer

cluster See 26.h

29 wherein the

cluster initialization

process com prises

establishing

communication

am ong two or more

of the nodes and

The MultiMatlab References disclose ssherein the cluster initialization process comprises establishing

communication among to or more of the nodes See 26.c
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29 art instruction

from user

rnrerfhce or script

and

The MuluMailab References disclose an insuuction from user interface or script See 26.d

29 mechanism

for the nodes to

communicate

results of

mathematical

expression

aluation with

each other

The MuluMatlab References disclose mechanism for the nodes to communicate results of mathernaucal

eKpression esaluation with each other See 26.e

29 wherein each

of the nodes is

configured to access

nontransitory

computer readable

medium compri sing

program code for

singlenode kernel

that when

executed is capable

ofcausinga

hardware processor

to esaluale

mathematical

eypressions

he MultiMadab References disclose wherein each of the nodes is configured to access non-transi tory

computerreadable medium comprising program code for singlenode kernel that when executed is capable

of causing hardw are processor to evaluate mathematical expressions See 26

29 wherein the

plurality of nodes

Lf2iP2Il2S5

he MultiMadab References disclose wherein the plurality of nodes comprises See 26.g

first node

LpjfrgJjL
Ihe MultiMatlab References disclose first node comprising first hardware processor configured to access

C-
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Asserted CJaim Prior Art DiscIosur

hardvvare processor

confiiured to access

first memory

comprising program

code for user

interface and

Program code for

first singlenode

kernel

2e

29 the first single

node kernel

configuied to

Interpret user

instructions and

distribute cabs to at

least one of

plurality of other

nodes for execution

and

The MuluMatlab References disclose the first singienode kernel configured to Interpret user instructions and

distribute calls to at least one of plurality of other nodes for execution See 261

29j second node

comprising

second hardware

processor with

plurality of

plocessing cores

vherein the second

nude is contigured

to recei\ calls

from the first node

The MultiMatlab References disclose second node comprising second hard are processor with plurality

of processing cores vherein the second node is configured to recei\ calls from the first node See 20.j 2o

29 execute at

least first

niatliematical

The MultiMatlab References disclose execute at least first mathematical expression aluation See 26
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expression

aluation

.l and

communicate

result of

mathematical

e\presson

evaluation to third

node

The MultiMatiab References disclose and communicate result of mathematical expression evaluation to

third node See 26

29 herem the

third node

corIlpise thud

hardware processor

with plurality of

The MultiMatlab References disclose herein the third node comprises third hardware processol ith

plui alitv of processing cores See 26

29 wherein the

third node is

conflgured to

receive the result of

mathematical

expression

evaluation from the

second node

execute at least

second

niathemnatica

expression

evaluation using the

recei\ ed result and

communicate the

result of the second

niatilematical

The MultiMatlab References disclose wherein the third node is configured to receive the result of

mathematical expression aluation from the second node execute least second mathematical expression

evaluation using the received result and communicate the result of the second mathematical expression

aluation to the first node See 26 in
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expression

aluation to the

first node and

20 wherein the

first node is

configured to return

the result of the

second

mathematical

expression

aluation to the

user interfaee the

script

The MultiMatlab References disclose vherein the first node is configured to return the result ot the second

mathematical expression evaluation to the user interface or the script 5cc 26.n

29 \herein one

or more of the

node5 are

configured to

The MultiMatlab Reicrences disclose sherein one or more oIthe nodes are configured to See 26.o

29 accept user

instructions

The MultiMatlab References disclose accept user instructions See 26

20.r after accepting

user instructions

communicate it

least some of the

user instructions

using the

mechanism for the

nodeS to

communicate with

each other and

The MultiMatiab References disclose after accepting user instructions communicate at least some of the user

instructions using the mechanism for the nodes to commun1cite with each other See 26

2.s after

corninunicatin at

Lieast some of the

Ihe MultiMatlab References disclose after Lommunicating at least some of the user instructions using the

mechanism communicate at least some of the user instructions to one or more singlenode kernels See 26
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user nsLructions

using the

mechanism

communicate at

least some of the

user nsLructions to

one or more singic

30 pre The

computer cluster of

claim

The MultiMatlab Reference disclose this claim

30 herein each

of the plurality of

nodes implements

asynchronous calls

that enable the

singienode kernel

to perform

computation tasks

vhilc the cluster

node niodules are

simultaneously

communicating

withoneanother

The MultiMatlab Refeienccs disclose heiein each of the piuialitv of nodes implements asynchronous calls

that enable the singlenode kernel to perform computation tasks hile the cluster node modules are

simultaneously communicating wLh one another See claim 27

pre The

computer cluster of

claim

The MultiMatlab References disclose this claim

wherein

intercommunication

among the pluralitv

The MultiMailab Ref erences disclose wherein intereommumeation among the plurality of singlenode kernels

during thread execution is enabled by the plurality of cluster node modules See .d
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of singlenode

kernels during

thread execution is

enabled by the

plurality of cluster

node modules

31 and wherein

the computer cluster

is configured to

permit exchange of

information

between nodes

during the course of

parallel

The Multiv1atiah References disclose and wherein the computer cluster is configured to permit exchange of

information between nodes during the course of parallel computation

MultiMatlab cluster opeiited so as to allow the kernels to compute while sending and recciing mcsages

MPI PV4 and/or remote fimction call communications between the nodes See claims 26

computer cluster of

claim

wherein the

plurality of nodes

arc configured 10

permit erchange of

information

between nodes

during the course of

parallel

computation

The MultiMatiab References disclose whcrein the plurality of nodes are configured to permit exchange of

information between nodes during the course of parallel computation ee claim 31

pie The

computer cluster of

claim

The MultiMatlab References disclose this claim
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wherein each The MultiMailab Ref eiences disclose wheiein each of the plurality of nodes comprises instructions executable

of the plurality of by the harctware processor and configured to implement asynchronous beha\ ior wherein the instructions

nodes comprises comprise See claims 2o 27

instructions

executable by the

hardvvare processor

and configured to

lmpl em cot

asynchronous

hehaior wherein

the insti uctions

ompris.

4.b first

instruction to

asynchronously

send payload to

another node

The MultiMatlab References disclose first instruction to asynchronously send payload to another node

he MultiMatlab References disclose asynchronous send instructions e.g NIPI PVM and/or remote function

call instructions that send data payloads such as instructions or iesults to other nodes See claims 2o 27

34.c second

instruction to

asynchronously

receive payload

from another node

and

Ihe MultiMatlab References disclose second instruction to asynchronously receive payload from another

node

The MultiMatiab References disclose asynchronous recei er instructions MPI P\ and/ru remote

function call instructions that receive data payloads such as instructions oi results from other nodes See

claims 26 27

34.d third

in stru cii on to search

for payload

matching message

specifier

The MultiMatlab References disclose third instruction to search for payload matching message

specifier

he MultiMatlab References disclose the MPI messaging protocol which includes instructions MP est

and/or MPI Wait that the 768 preferred embodiment identifies as allegedly performing the claimed

function I$3li4 20 Sec claims 26 27
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In the \IiiIti\IcVfl dO hiteeilrt\ iiI1l-Wialed Ficrprc eah pro -eor in pdrahel pat
Joi in indh ichialiv us L\IA 11 13 Pr1eS Each i3Ju c5 lli 31 provided wii he d1it

to 1111 iare we her pnieesse hnmgh ii lOti11113n1e4t1011 as or that ruin- over he

pan-die dat tin in nte connoel 3on 333 fi rk he in-er ritera hi Ally with one fri

pun oss caticd the ntcractlvo proees and operates irh hut hat proeis MATE tt envrolt

menl Ut her MATI.AB proee5s an ait 03i3 riiaiids ticiii ìhe Tit3tael lye pl5 Ii.0 lJtlieI

proeeses are usc either liv epflcitIv send lag MA L.\ it n- ininands ro then-i or hi exeeu lag

routines hal in turn use

Ih her ec11311cefdilt iii tIm iieHti.un llte MultiM UI AH ndeilaec nudi1e lie iatr

face wcn ide anai lii figure fl Sf30301 lie for lnitlai n-up 313 rlyn flj 333 1313 atini

layer sacli as MPI 1\ \l 31 I3hAi or aa other paeka.ee auailalie on if phd lorimi

and rxpeing it to the rest ol he sn 4euj

Trefethen 19Q7 at

Additional Evidence of Obviousness

3.7.3 Communicatmon Cornpletkn

Fh Inn ton- MPI WAIT and MPLTEST ar in-cit Ii ct3i14l.f ci iIOtltfICekit3g O3mliHiltiI

tioli lh coiriail ion sf .etit Ot atu 133 ndiva mba -enct in iS 1tO 11333 pdal

331 al 1333 13 tin 0id tiiifler tie send prai ion .eit leaves te oul eat he \3ll lnjtiel

3i3lCIlaimSed Ii 1005 30 mdirat hat lie tp ten- tioon euved rat ticr it II34Y 3ave

im ikrecl by he rou tmea .1 ii to ai em Iioneve if synchronous nod ncd iS 4Y

13343 i.ho c0..it3n1tn.t 03 tue c.1133 eralIoa indicate E.le1 uiatcuuiu teen-Sc tvii 1uiituatcl

llJfll that he nioc.ag vu1i vet llaIl la an vOO IS tn-s l3a5i.h13r

Un coimecton 103 3lic3at 313 33333 hai he Teejt lJifer isiitaw ti

ivcl ie 10 recPivr IN av free to e.ice it illid bat 30 ct 10 as os1t n- Ii

does nob ndicat Inat or n-al chiug nI opri ii has omp1n-ed bum madcatec c1 eonr.sc

bin ta _tcl wa hut atoP
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MPJ Specification at 41

V1uIIM/iiL1 8/Multi eta Marie

One of the goals of the project is to make the sohware

to he usellil to as wide an audience as possible In order to

achieve tlni we lound that it would he fruIt liii to combine

other parallel MATLAB approaches into MATIAB to

provide unified parallel MAll AB framework

In conjunction with lusbands ss developed pro

tots pe impkrnentation of MuItiMATLAI3 dis

tributed MATLAB package in MATLAB which we call

the PPEngine With this package and associated in-files we

can run multi pie Ni All All processes on the hack end and

evaluate MATLAB functions in parallel on dense matrices

The system works tw startine up Ni All All engine in

stauces on each node through calls to the MATI All engine

interface From that point on MATLAB commands can he

relayed to the MATLAB engine The coinmuid is do this is

iti tO

Choy 2at336

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not ob\ ious in

siew of Multi Matlab and the knowledge of POSITA it would have been ok ions to combine it with one or

moie of the other references in these invalidity contentions for example J\lultiJ\latlab and MatiabP

publications reference MP1 and PVM-based parallel processing sc stems as comparable cluster computing

systems motis ating POSIT1\ to look to such systems for modifications relating to this claim element See

eg Choy at 334 Accordingly it would ha\ been ob\ ious to modify MultiMatlab in iew of the teachings

of PYM and MPI publications such as those referenced these contentions as well as references and vs sterns

irnplenienting aspects of PVM or MPI As another example because MultiMatiab is directed to cluster

computing it would have been obvious to combine with one or more of the prior art meferences or systems
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articles and code by J\lessrs Dauger annenbaum and Decvk These references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects are likewise directed to cluster

computing using an existing message passing library and cluster management tool Moreover these pnor art

publications teach peerto-peer communications hetsseen cluster nodes and use of these cluster computina tools

with AS kernels Given the similarity of their teaching it would base been obious to combine one of more of

these systems or publications with NluhiJ\latlab

In addition this claim is rendered ohs ious by Intel Paragon Maple in view of Cramer hov FF1 llowiird

andoi hi for the reasons stated in the Cos ci Pleading section JY

.pre computer Jo the exrent the
pi

eamble is limiting the MultiMarlab Refei ences disclose computer clustei node foi

cluster node for esaluating expressions in parallel with other computer cluster nodes the computer cluster node coinpri sing

e\aluating See claims 126

expressions in

parallel \Aith other

computei cluster

nodes the conIputer

cluster node

risinu
hardware The MultiMatlab References disclose hardw are processor configured to access one or more non-transitory

processor memory des ices Lomprising program code for singlenode kernel that when executed causes the hardware

configured to access processor to Interpret user instructions to evaluate mathematical expressions and to produce results of

one or more non mathematical expression us aluation wherein the hardware processor comprises multiple processor cores See

transitory meniorv h. Lg Ii.

deyices comprising

program code for

single-node kernel

that when

executed causes the

hardware processoi

to interpret user
___________________________________________________
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nstruction tO

aluate

mathematical

expressions and to

produce iesults of

rn athematical

expression

aluatlon \herein

the hardwire

processor comprises

multiple processor

core

user The MultiMatlab References disclose user connection interface configured to receive command to start

connection interface cluster initialization process for computer clustei See

configured to

recei command

to start cluster

ml Li au iation

process for

35.c mechanism The MultiMatiab References discIoe mechanism to communicate reuit of ealuation ith other computer

to communicate cluster nodes using peertopeer architecture ee
results of aluation

with other computer

cluster nodes using

peertopeer

architecture and

35 program code he MuluMadab References disclose prograrn code that when executed is capable 01 causing the hard\\ are

that when processor to for the reasons stated beio

executed is capable

of causing tli

hardare processor ________________________________________________
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to

receie cafls

from second node

comprising

second hardware

processor

configured to access

second memory

comprising program

code for user

interface and

progam code fur

second singlenode

kernel the second

singlenode kernel

configured to

interpret usei

instructions and

distribute calls to at

least one of

pluialiiy of other

nodes for execution

The MultiMatlab References disclose receie calls from second node comprising second hardare

processor configured to access second memory comprising program code foi user interface and piogram

code for second singlenode kernel the second singlenode kernel configured to interpret user instructions and

distribute calls to at least one of plurality of other nodes foi exccut on See Ii .f .g

5.f execute using

the hardware

plocessor at least

first mathematiLal

e\presson

evaluation and

The MultiMatiab References disclose execute using the hardwaie processor at least first mathematical

expression eviluauon See

35 communicate

result of the first

mathematical

expression

The MultiMatlab References disclose communicate result of the first mathematical expression evaluation to

third node comprising third hardware processor itli plurality of processing cores Se Ii .j
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aluation to third

node comprising

thtrd hardware

processor with

piurahty of

processing cores

35 wherein the

third node is

configured to

receive the result of

natheniatical

e\presson

aluatton from the

computer cluster

node execute at

least second

mathematical

expression

evaluation using the

result of the first

mathematical

expression

ealuaton and

communicate

result of the seLond

mathematical

expression

aluaton to the

first node

The MultiMadab References disclose wherein the third node is configured to recei\e the result of

mathematical expression aluation from the computer cluster node execute at least second mathematical

expression evaluation using the result of the first mathematical expression aluanon and communicate result

of the second mathematical expression evaluation to the first node See

wherein the

user connection

interface is

The MuluMatlab Relerences disclose wherein the user connection interface is contigured to return at least one

result of mathematical expression ealuation to user interlace or script See
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configured to return

at least one result of

mathematical

expressi on

evaluation to user

interface or script

and

5.j wherein the

computer cluster

node is configured

to

The MultiMatiab References disclose wherein the computer cluster node is configured to for the reasons

stated below

5.k accept user

instructions

Ihe MuitiMatlab References disclose accepi usci instructions See 1.11

35 aftei accepting

user lnstructions

communicate at

least some of the

user instructions

using the

mechanism for the

nodes to

communicate with

each other arid

The MultiMatlab References disclose after accepting user instructions communicate at least some of the user

instructions using the niechanisrn for the nodes to communicate with each other See l.o

35 in alter

communicating at

least some of the

user instructions

using the

mechanism

communicate at

least some of the

user instructions to

The Multiv1atiah References disclose after communicating at least some of the user instructions using the

mechanism communicate at least some of the user instructions to the sing1enode kernel See I.p
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the singienode

kernel

6.pre The The MultiMatiab References disclose this claim

computer cluster

node ot claim 35

16.a vvherein the The MultiMaliab References disclose wherein the one or more non-1ransitory memory devices comprise

one or more non program code for performing paiallel fast Fourier transform

transitory memory

devices comprise The MultiMatlab References disclose computational library code for performing FFT in parallel e.g the

program code for EFTW or additional FE lihrarie

performing

parallel fast Fourier

transform
MATLAB is highlc el language and problemsolving environment for mathematical and

scientific calculations It onginated in the late 1970s with an attempt by Cleve Moler to provide

interactive access to the Fortran Iincaialgebra software packages EISPACK and UNPACK Soon

programming language emerged programs conventionally have the extension .c and are called

m4iles containing dozens ol highlevel commands such as vj singular value decomposition

last Fourier transformj and tpotynoimal aerotindine Graphical commands were built into the

language and company called The MathWorks Inc wa foimed in 1984 liv Miner and John Little

now based in Natick Massachusetts

rrefethen v9o at

See also Trefethen 1997 at 19

Additional Evidence of Obviousness
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The main idea in MAILAF is that data exist on the par

allel server as distributed matrices Any ciperations on dis

trthuted matrix which exists in the MATLAL3 front end only

as handle will he relayed tc the server transparently The

server calls the approprtate routine from parallel numerical

library eg ScaLAPACK EFTW and the results stay on

the server until explicitly requested

Choy 2at3$6

Moreover parallebration of FF1 across cluster was wellknown in the art Many references teach

parailelinng FFTs in cluster using MPh PVM or similarprotocols and it would have been ok ious to apply

these teachings to J\ladab Matlab kernels implemented an FF1 function and it would have been obvious

to combine l\Iatlah with an\ of number of references teaching FF1 parallelization in an MN or similar

cluster

One such reference is Cramer which teaches parallel FE implementation in cluster using MPI or PVVI with

each node recei\ ing data slice to operate upon
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Vjk rd
id

Cramer at

FFTW teaches similardata slicing approach which would hae been ohious to implement with Mailab

for the reasons established aboe
_______________
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L2.3 Mfl Data Layout

TIa tronsfunu data ntcd 1w MN FFlW oth mc is thuriwed duo inc portion

it 33ltS vi Im IJtS fri 1W Ril in the 3tistOimil llmn tlIwr IW 3tjlhfi 130 1i flt

nie iztt lot 39tiliph O31 j4er of svcrk tnti ow nh wo as own 3JlrJit O3O
that von sim omk laimt.ttc of the tOt%i t3icO3iOi of nil Jo pn ss ms oj ni m.r.d iiiziug

over

in 3m1 ieul.tr tIme nrinv is d3VmOert act or ume to he roy Ii.cst d3mvu3tith tO he data

eu1 pmosgtt siih.cmi of 3111 us ol 4231w Ms is smiuetJmlos cdhd shah dconm

jstsii ion ha nraqio mu of his is cat you nr .4w ahvaut.apm of no ii pan staO

FT IW at 43

The teachings of Cramer andor FFTW could be implemented by P0 SIT without undue expenmentation by

set of send and FF1 calls causing subset of data tohe processed by each of the cluster nodes In parallel

such that the Founer transform is evaluated across the cluster in parallel

Howard teaches similardistributed approach to ITT parallelization that would he ohs ious to implement in the

same manner See Iloward pars t42l47

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not obvious in

iew of MuitiMatlab and the knowledge of POSI1A it would have been obrious to combine it with one or

more of the other references in these invalidity contentions For example MultiMatlah and MatiahP

publications reference MN and PYM-hased parallel processing sv stems as comparable cluster computing

systems motivating PiSE1A to look to such systems for modifications relating to this claim element Sbe

e.g. hoy at 334 Accordingly it would have been obvious to modify MultiMatlab in view of the teachings

of PV\4 and MPI publications such as those referenced in these contentions as well as ieferences and systems

implementing aspects of PVM or MPI As another example because MultiMatlab is directed to cluster

computing it would have been obvious to combine with one or more of the prior au references or systems

authored by the alleged inventors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenhaum and Decyk These references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects9 are likewise directed to cluster

computing using an existing message passing library and cluster management tool Moi cover these prior art

publications teach peertopeer communications between cluster nodes and use of these cluster computing tools
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with CAS kernels Given the similarity of their teaching it would hare been obrious to combine one of more of

these systems or publications with MultiMatlab

In addition this claim is rendered obr ions by Jntel Paragon Maple in new of Cramer Choy FFTW Howard
and/or hu for the reasons stated in the over Pleading section IV

36 wherein the

progiam code

causes the hardnn are

piocessor to

en aluate

command to

perfonn Fourier

transfonn on an

array comprising

first data portion

that torea on the

computer clustei

node and second

data portion that is

not srored on the

computer cluster

node

The MultiMatiab References disclose cwherein the program code causes the hardware processor to evaluate

command to perform Fourier transform on an array comprising first data portion that is stored on the

computer cluster node and second data portion that is not stored on the computer cluster node

As established for element 36.a abon MuitiMatlab implemented parailelized Hi with each node operating

on portion of data toi ed locally followed by at least second transfii in on portion of data sent from

another node Breaking up the FIT dataset mm portions with each portion stoied and evaluated on given

cluster node was standard in the art of parailelizin IF on cluster This solution was implemented by

Cramer IFTW and Howard asjust some examples

MATLAB- high-level language and probleni-sohing environment br mathematical and

scientific calculations it originated in the late 970s with an attempt by Cleve Moler to provide

interacti aceLss to the Fortran linear algebra software packages FIS PACK and LINPACK Soon

programming language emerged programs conventionally have the extension and are called

mfnlesj containing dozens ol highlen ci commands such as --- ..i singular value decomposition

fast Fourier transform and ..t polynomial zeiofinding Graphical commands were built into the

language arid eompan called The Math Works Inc was formed in 194 by Moler and John Little

now based in Natick Massachusetts

Trefethen 19O at
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Rl Ii flloii tv IN iC 41H.J4 Mi\ roil ii i1i cP i4lilISi hlH 141101

bci 4%cl Mi TLA4 opeIiUiflhi Jv riJi \J\ ritii %ojliJ rnirrI 111i1 ii

rllflhtJ%I 1.i Af\ Jot ooVfl\aIrVi ruin irtJrr jiioi ut anl -v CO hi fCE

\J Fs fln%l iW 11141 OItivi4ieflu ilitOinl4 FI1Tli 41 14O1111u4rr CIIuOftti it it COIl

juJ Ji aii dir tar taiTd di-trIJulil- Jj f-o JJ rI tv- i-ji fl ltvlC iI1Ih ig

4c i2P 1.111 Ri4i l1 4uta RE aruI JjIR CRki Ilk e-i arC vr

refettien 1997 at 10

See also Trefethen 197 at

Additional Evidence of Obviousness

Moreoser parallelivation of Ill across cluster was selkcnown in the art Man references teach

parallelizing FFIs in cluster using MPh PVM or similarprotocolc and it would hae been ok ions to apply

these teachings to Matlab \iatlah kernels implemented an FE function and it would hae been okious

to combine Matlab with any of number of references teaching FFT parallelization in an MPT or similar

cluster

One such reference is Cramer which teaches parallel FF1 implementation in cluster using MPI or PYM with

C-
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Vjk rd
Jl

Cramer at

FFTW teaches similardata slicing approach which would hae been ohious implement with MultiMatlab

and Matlab foi the reasons established aho\
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L2.3 Mfl Data Layout

Tia tnulsfunu dntii iud ts hi MN FFIW oth mc thtzThweJ duo ioct portion

it iidts vi IJtS fri im iWt ur1 in tue 3tstoimim ilii thIWr IW 3tilhfi 130 1i flt

nie uont lot 19tiliph O31 J3 tter of svcrk tnti on. nb wu own lJlrJit O30
that von cim ak lwiimt.ttc of the tot%i iljOimiOl of nil Jo po ss ms oj ni m.r.d iiiziug

ovir

to ioul.tr the nrinv is 03V30er1 act or ume to Jo roy iirst iiim.i uioth tO he data

tinll pmo1lsgtu siih.ca of 1ii ws ol dJlma Ms is smxaetJ3miet cdld slab dconm

jstiSi ion ha nraqmo mice of Jib Is cat you isnr .tkn olvaot.npi of no 55035

FF IW at 43

The teachings of Cramer andor FFTW could be implemented by P0 SIT without undue expenmentation by

set of send and FbI calls causing subset of data to he processed by each of the cluster nodes parallel

such that the Founer transform is e\aluated across the cluster in parallel

howard teaches similardistributed approach to ITT parallelization that would he ohs ious to implement in the

same manner See Iloward pars t42l47 Likewise Agarxsai teaches an approach to split the FFT data set

such that each node performs FL on portion of the data and would he oh\ ious to combine with MultiMatlab

and Matlab for the same reasons See Agaiwal at 3O38

37 pie fhe The MultiMatlab Refeiences disclose this claim

computer cluster

node of claim 35 _____________________________________________________________________________________________
37 wherein the The MultiMatlab References disclose wherein the computer cluster node is configured to permit exchange of

computer cluster information with other computer cluster nodes during the course of parallel computation See 31

node is configured

to permit exchange

of information with

other computer

cluster nodes during

the course of

parallel ________________________________________________
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computation

pre The

computer cluster

node ot clini

The MultiMatlab References disclose this claim

39.a wherein the

hardware processol

comprises speLia

pul pose

microprocessor

The Multi\Iatlah References dkclose wherein the hardv are processor comprises special purpose

mi croprocessor

the extent processors disclosed by the MultiMatlab references do not including hardare processor

including special purpose microprocessor it vouId have been obvious to use special purpose

microprocesors such as math coprocesors for performing aiuation of mathematical expressions using

Matlab and MultiMatlab
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Scientific auputintz software applications are idely used

in ilic science and engineering community as computing and

niodetaig tools As used herein the tenu scientilk cornpuhng

software application rellir to 4h arc application capable

of solving coxnputath3nal pmhlems that are input by user

EMtmples of commercially aailahle scientific computing

software applications include MAll A141 roduced and

sold by The Math Warks Natick Mass MapkTM produced

and stld by Maplesoit Waterloo Ontario Canada and Math

emaiicM produced and sold by \Milfratn Research Uham
paign ill These software applications arc usethi in vader

of disciplines including ldr example engineering tnath

ematics physics ide sciences chemistrychenucal engineer

irtg social sciences finance economics and others ft should

he appreciated that while referred to as scientific compffling

so frwarc application scientific soltware applications arc not

limited to solving problems or pertbrmirw calculations of

scientijic nature as any suitable type of problemsor calcuha

t.tons may be processed by the scientific computing software

appi icati

Husbands at 3.37-56
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M$e Viso Ii

//////// 4194

/z/2 4// W4//V/ ////

//////j/ // /f /1 /4/ //

Pe
/5/ // //// 4/ /1-/

/fr// J///

/// // /////

/f //

///// ///

PC Magatine at 425

As another example it would have been obvious to run MultiMatlab and Matiab nodes on computers with

specIal furpose processors including DSPs as such processors were known to be athantageous for certain types

of computation including FF1 and matrix computations These and other use cases could be enhanced with

DSP processors as vas knosn in the art For eample MeIpgnano teaches that computer clusters can base

heterogeneous processors including DSPs See Meipignano 7293l 76585 see aIs e.g Pruvost

l422 4585 The 768 patent recites cons entional processors including special purpose processor

such as DSP confirming the obviousness of this limitatIon See 768 10 32

As another earnpie Nayak teaches the adantages of cluster computing on DSPs
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Ex AIS MuItiMaUab References

Asserted Claim Prior Art Disclosure

SP arci itecture has OflIO custom hardware

for multiply and orcimnntiitr type of operations winch

iuakc th rn tdeal for 514111% and unage prr ressiug ap
l4teaLnns in oT341a1151lr3 1.0 the gf-ncat porpcsr pio

cr551115 Ife11Ce ii iS WISP to iinjdeineiit coinpIll ato ii

uitenslVl matrix rljenil.ions on tht DSP ss the would

take longri lone on generai inirposc procesors

Nayak at

Nayak teaches cluster with combination of DSP and/or FPGA nodes in addition to other processor nodes It

uses Mallab kernel and MPI for pecr$opeer message passing making it obsjous to combine xvith

MultiMatlab and Matlab

L.Lj5SJ HOST PRUCTISSOR

\PPL It VI IC N5

\TH MII
11111 \RY JNi FRI \F

Pcu trPC fcwt PC
uticjns cl.cl

dsp2
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C.iIawf

ft PC Pun eriC

PEA LI SluR P1W ER rc CL 15 IER

Navak Fig
____________
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Ex AIS MultiMatlab References

Asserted Claim Prior Art Disclosure

It would have been obvious to combine MultiMatlab and Matlab with Nayak for implementing matrix and

FF1 computations as expressly motivated by Nayak Nayak pros ides disclosure of the software and hardware

implementation to make the combination without undue experimentation

Nayak teaches the use of 11 TMS3 20C40 cacti of which compn sed at least two processing cores Moreo\ Cr

Nayak taught that DSP processors could he used together as cluster node in heterogeneous cluster In

addition Nayak taught that FPGA processors could he used in cluster

lo the extent ACS contends that tIns claim element is not expressly or inherently disclosed or is not ohious in

view ofMultiMatlah and the knowledge of POSITA it would have been obvious to combine it isitli one or

more of the oth-r references in these invalidity contentions Fur example MultiMatlab and MatlabP

publications reference MN and PVMbased parallel processing systems as comparable cluster computing

systems motivating POSITA to look to such systems for modifications relating to tIns claim element .Se

e.g Choy at Accordingly it would have been obvious to modify MultiMatlab in iew of the teachings

of P\AL and MPI puhlicauons such as those referenced in these contentions as well as references and systems

implementing aspects ofPVM or MPI As another example because MultiMatlab is directed to cluster

computing it would hase been obsious to combine with one or more of the prior art references or systems

authored by the alleged in entors of the patents in suit or their collaborators including patents applications

articles and code by Messrs Dauger Tannenbaum and Decyk fhese references and code including those

related to the Appleseed cluster Pooch MacMPI and related projects are likewise direcred to cluster

computing using an existing message passing library arid cluster management tool Moreosei these prior an

publications teach peertopeer communications between cluster nodes and use of these cluster computing tools

with CAS kernels iien the similarity of their teaching it would have been obvious to combine one of more of

these systems or publications with Mul tiMatiab

In addition this claim is rendered obvious by Intel Paragon Maple in view of Cramer Choy 11W Iloward

and/or Chu for the reasons stated in the Cover Pleading section IV
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