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Ex. A18 - MultiMatliab References

.8, Patent No. 18,333,768 (768 patent”)

Multibatiab P References

The MultiMatlab References, as defined below, are prior art to as prior art to U8, Patent No. 10,333,768 (7768 patent”) at least under
35 U.8.C § 102(a) and {(b), and alone or with other references, renders obvious each and every asserted claim, as set forth below. To
the extent the MultiMatlab References do not disclose one or more himitations of the claims, it would have been obvious to combine
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 *7068 patent invalid. Additional exemplary combinations and reasons for
obviousness are described in the cover pleading, and are incorporated by reference herein.

The MultiMatlab References include at least the following:
e Trefethen et al wmm; 1ARB: MA;! AF o ’Wuz’[ij?jé’ F rocessors Tec‘m cal Report 96-239, Comell Theory Center, 1996,
available at & Y iz b {“Trefethen 199¢7).
e Trefethen, Mmm MultirdATLAB: 1}‘13[’237 ating | MATLAB With High-Performance Parailel Computing, Proceedings of the
1997 ACM/IEEE conference on Supercomputing, November 1997 (“Trefethen 19977).

P o

2 u‘,

Trefethen 1996 describes the MulttMATLAB sysiem as implemented by the named authors at Cornell University. The Trefethen
paper 18 an extension of the system described in Trefethen 1996 “In [1] Trefethen, et al. present MultiMATLAR, g general extension
of the Matlab environment to distributed memory multiprocessors, as a first step in this direction.... ln this paper, we present a new
MultiMATL AR architecture redesigned to achieve [further goals]” Trefethen 1997 at 2. Accordingly, 1o the extent the Trefethen
1996 or Trefethen 1997 does not expressly or inherently disclose a limitation, such 1!11’11'[&&10;1 would have been obvious in view of the
other because both references include overlapping named authors and describe the MultiMATLAB system. A person of ordinary skill
in the art would have been motivated to combine the teachings of these two references because they describe the MadiiMatlab system
and include overlapping authors.

Further, for the reasons below and as provided in these invalidity contentions, the MultiMatlab references in view of one or more of
the following references renders obvious the asserted claims. For example, several of the references below expressly describe the
MultiMatlab systers and further describe implementations as “MultiMatiab-like.” See Choy Thesis at 34 (“Tun conjunction with Party
Husbands, we developed a prototype implementation of a MultiMatlab-like, distributed Matlab package in Matlab*P, which we call

the PPEngine.”).
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e Long Yin Choy and Alan Edelman. MATLABYP 2.0:4 unified paralle]l MATILAB, Technical Report, Massachusetts Institute of
Technology, January 2003, available at % A{*Choy 17},

e Ron Choy and Alan Edelman, Parallel MATLAB: Domv ¥ KWI?I Prowcdmg.:s of the [EEE, Vol. 93, No. 2, February 2003,
31-341 ("Choy 27}

R. Choy, Parallel MATIAB survey, 2001, avatlable at: gty //thay o ot ("Choy 37).

Long Yin Choy, MATLAB*P 2.0: Interactive Supercomputing Mode Praciical, Masters Thesis, Massachusetts fnstitute of

Technology, 2002 (“Choy Thesig™).

Interactive Supercomputing Star-P User Guide, 2000 ("Star-P User Guide™).

U.S. Pat. No. 7,814,462 (“Husbands”}.

MP1 Specification, 1995,

Cramer, Board, “ The Development and Integration of a Distributed 3D FFT for a Cluster of Workstations,” Proceedings of the

4% Apnual Linux Showease and C onfcrume USENIX, 2000 {(“Cramer”)

FFTW User’s Manual, Version 2.1.5, March 2003 (“FFTW™)

s 1.8 Patent Application Publication No. 2003/0195938, filed on January 10, 2003, 1ssued on October 16, 2003 ("Howard”™}

“FFT algorithms and their adaptation to parallel processing,” by Chu et at., published in Linear Algebra and its Applications in

1998 (“*Chu™)

Agarwal, et al, “A High Performance Paraliel Algorithm for 1- FFT, Supercomputing "94, 1994 (“Agarwal”}

“Maple V,” PC Magazine, August 1992, pp. 419-425 (“PC Magazine 17).

“Maple V Looks Better With Improved Graphics,” PC Magazine, July 1993, p. 50 ("PC Magazine 27},

U.S. Patent Mo. 7,162,590 (“Pruvost™}.

MapleSoft Application Demo

U8, Pat. No. 7,694,158 (“Melpignano™).

Aunshuman Navak, et al., “A Library based compiler to execute MATLARB Prograros on a Heterogeneous Platfore” (“Nayak™)

Systems and publications discussed in Distributed Maple claim charts

Svstems and publications discussed in FFTW claim charts

Systems and publications discussed in Intel Paragon Maple charts

L] ® & €& B ®

L]

¢ ® B8 & B & & 8 & B

1 pre. A computer Re

cluster comprising:

To the extent the preamble is limiting, the MultiMatlab References disclose “a computer cluster comprising.

MultibMatlab discloses a computer cluster for parallelizing Matlab computer algebra system (CAS) keroels,
MultiMatlab was described in printed publications and was publicly used before the earliest alleged priority
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date of the patents-in-suit,

Abstract:

MATLABY 2 commercial product of The MathWerks, Inc., has become one of the principal
languages of deskiop scientific computing. A system is described that enables one to run
MATLAB conveniently on multiple processars. Using short, MATLAB-style commands like
Eval, Send, Recv. Beast. Min, and Sum. the aser operating within one MATLAB session can start
MATLAB processes on other machines and then pass commands and data between between these
various processes in a fashion that muntains MATLAR’s traditional user-friendliness.
Multi-processor graphics s also sapported. The system currently runs under MPICH on an IBM
SP2 or a network of Unix workstations, and extensions ave planned 0 setworks of PCs.
MoltiMATLAB is potentially useful for education in paralle] programuming, for prototyping
paratle] algorithms, and for fast and convenient execution of easily porallelizable numerical

computations on multiple processors.
Trefethen 1996, Absiract.

LUiser
&

¥

Isveracitve
Processor Pracessor Processor

JFUTTUTIUTTITITTII

MATLAB MATLAB MATLAR

i Process Process Progess

Interconnecting Network

Fignve 1 Aultidiarian Avchitectore

Trefethen 1997 at 3.

Prosessor

MATLAB

Provess
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MultiMatlab could run on an IBM SP2 or Unix workstation network. Trefethen 1996 at Abstract. The 3P2
“consists of up to several hundred nodes which are all RISC 6000 superscalar processors. (Superscalar means
that more than one instruction per clock cycle can be performed.) The SP2 can be considered a distributed
meraory machine because each node has its own local memory.”

ot v ey i S fe e (last visited August 9, 2021). “Therecanbe 4 to 10
processors per frame (or cabinet) and 1 {0 16 frames per systern. 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
farger memory and a larger memory cache. Standard SP2Z systems could contain up to 256 nodes. Up 6 512
nodes can be ordered from IBM by special request. {ORNL has a 16 node SPZ, Maut has a 400 node S§P2, and
Cornell has a 512 node machiney An optional high performance switch (HPS) for inter-processor
communication is usually inchided on most systems. Such a switch can interconnect up to 16 nodes with up to
16 other nodes. This high performance switch has a 40 MB/sec peak bi-directional bandwidih. More than one
HPFS may be included when the number of nodes in the SP2 machine is greater than 32, The IBM SPZ 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.” Jd.

o

Additional Evidence of Obviousness
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1. MATLABYP 2.0 OveERVIEW

MATLABAP 20 15 a porallel MATLAB wsmg the backend

support approach, aimed at widespread circulstion among a

general audience. In order to achieve this, we took ideas
from the approaches used by other sofiware found in the
survey. For example, the emburrassingly pavalle! approach
allow simplistic, vet useful, division of work to multiple
MATLAB sessions. The message passing approach, which is
a superset of the embarrassingly paralie] approach, allows finer
control between the MATLADB sessions.

I order to make MATLAB*P weful for o wider range
of mudience. these other approaches are incorporated into the
svsiem as well,

Choy T at 1.
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LA AT

Fig. 1. Buwucture of MATLABP 20

Choy 1 at 2.
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B. Duta ParalleliEmbarassingly Parallel Operations
One of the goals of the project is to make the software to be
useful to as wide an audience as possible. In order to aclueve

this, we found that it would be fruitful o combine other

paralle] MATLAB approaches ito MATLAB*P, 10 provide
a unified parallel MATLAB framework.

in conpuction with Parry Husbands, we developed a pro-
totype inplementation of a MultMATLAB-like, distributed
MATLAB package in MATLAB#P. which we call the
PPEngine. With thus package and associated mefiles, we can
run mudtiple MATLAB processes on the backend and evaluate
MATLAB functions in parallel on dense matrices.

Choy | at 2.
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The svstem works by starting up MATLAB engine instances
on each node through calls to the MATLAB engine interface.
From that point on, MATLAB commands can be relayed to
the MATLAB engine.

Examples of the usage of the PPEngine systeny

»>» % Example 1
>> a = 1:100%*p;
>» b = mm{ ' chi2rnd’ ,a});

The first example creates a distributed matrix of length 100,
then Al it with random values from the chi-square distribution
through calls to the function chiZmd from MATLAR statistics

toolhox.

>>» % Example 2

>>» a = rand{100,100%p};
>> b = rand{i00,100%p};
>> ¢ = mm{’ pilus’,a,b};

Choy 1 at3.

1.2 aplurality of
nodes,

wherein each of the
plurality of nodes
COMIPFISes a

The MultiMatiab References disclose “a plurality of nodes, wherein each of the plurality of nodes comprises a
hardware processor.”

MultiMatlab comprised a cluster with multiple computer nodes, each with at least one hardware processor:
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hardware processor,

User
i
fteractive 2
Processor Progessor 1 | Processor
MATLAR | MATLAB! | MATLAR, |
Process ! Process : Process

Interconnecting Network

Iarias Avchitecthure

Trefethen 1997 at 3.

Additional Evidence of Obvicusness

Privcessor
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LA AT

Sarver #3

Fig. 1. Buwucture of MATLABP 20

Choy 1 at 2.
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A, Test Plattorm

o Beowulf cluster with 9 nodes (2 nodes are used in the
festsy,

o Dual-processor nodes, cach with two 1.533GHz Athlon
MP processors.

« 1GB DDR RAM on each node. No swapping occurred
during benchmarks.

« Fast ethernet (100Mbps/secy mterconnect. Intel Etherfast
4107 switch.

» Linux 24.18-dsmp

Choy 1 at 4.
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A, Test Pluiform

. Beowalf cluster with 15 nodes.

* Dal-processor nodes, each with two Intel Xeon 2.4
Gtz with Hyperthreading,

» All tests are run with one process per processorn

Also, the minimum number of nodes are used. Soif
a test is using four processors, two nodes are used.
Thus, in this case we are using two shared-memaory
pairs of processors.

» Twao gigabyies of RAM per node. No swapping oc-
curred during the tests.
» Fast Ethernet (100 Mb/s) mterconnect, Intel Ether-

fast 4107 switch,

Chovy 2 at 337
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MATLAB O

®MATLAB 3
MATLAB 2
?vi,?’{i."iﬁﬁd% 1
Fig. 2. Moessage Passing.

Choy 2 at 333,

i.b. wherein one or
more of the nodes
are configured to
receive a command
o start a cluster
inifialization
process for the
computer chuster,

The MultiMatlab References disclose “wherein one or more of the nodes are covfigured to receive a command
to start a cluster initialization process for the computer cluster.”

Each MultiMatlab cluster included at least one node that teceived user commmands to initialize the cluster:

The key component in this architecture is the MultiMaTv AR interface module. The inter-
face yuodide, shown i Figure 2, i responsible for initializing an wndetdying conununication
sich as MPL 2], PVM (3], BLACS [4], or any other package available on the platform,
and exposing it to the rest of the systen.

Jayer,

{eh

Trefethen 1997 at 3.
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The MuliMATLAB svare command butlds 2 P4 process group file of remote hosts, which are either
exphicitdy specitfied by the user or taken from a defuult hist, and then intinhizes MPICH. MATLAB
processes are then statied on the remuote hosts. Each process iterates over a simple loop. waiting for .md
executing commands received from the user’s interactive MATLAB process. The user may use s Guis
command to shut down the slaves and exit MultiMATLAB, Additional Iy, if the user quits MATLAB
during a MuliMATLAB session, the slaves are awtomatically shut dowa.

Trefethen 1996 a1 11.

MATLAR s then started on {ive additional processars taken from a predewonined st Or perbaps the
second asthor is a sitting at a muchine connected to Cornell’s Computer Science Department petwork.
He types

MNow MATLAR {5 started on the five processors with the names indicated, (Somne pames copld be
repeated, in which case multiple MATLAB processes would be started on @ stogle processor.} b either
case, when all the processes are started the message is retumed,

This total number of processors can subsequently be accessed by the MulttATLAB command
Trefethen 1996 at 4.

Additional Evidence of Obviousness
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Page 14 of 234

Advanced Cluster Systems, Inc. Ex. 2023

14 of 254



9225900 SOV

% AL8 -~ MultiMatlab References

1) MultiMATLAB: MulitMATLAB s perhaps one of the

most well known parallel MATLABs. It was developed by

A Trefethen, V. Menon, C. Chang, G. Czajkowski, C. Myers,

and L. Trefethen at Cornell University. In MuluMATLAB. a

MATLAB user can start MATLAB processes on other ma-

chines and then pass commands and data between these var-

ous processes. The most important commands are:

¢ Init-—initiglize the MulttMATLAB environment;

« Nproc—rseturns the number of processes in the envi-
ronment; equivalent of MPL Comm size();

¢ ID—returns the rank of the process; equivalent of MPI
Comm rank();

* Send/Recv—-sends  and  receives data  between
Processes;

environment.
Choy 2 at 3.
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In one embodiment, when server soltware 103 15 mitial-
ized, one processor may bedesignated the head processor and
all or some of the repsning processors spay be designated
shave processors that operaste under the control of the head
processor. The head processor may serve as the contrad pro-
cessor and may receive the m’;}*ﬁmamu Trom the chent. Thus,
i one embodinent, only the chent manager module 208 op
the head processor is used. When the i’iﬁy. add PrOCESSOT Fereve
a command from the client, the server mapager 207 on ?ize
hesd processor may send mess: iges is: the “slave” provessors
0 per hsmi the desired operstion. The library mamagers 209
v each of the processors may call te approprigte rowling in
ibraries 215

Husbands at 11:10-22.
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There ave three differens provedures for starting up the server, for ditferent system

1. Provedure A s for systems where the client machine con vonneet i the server

2. Praocedore B B for systeans where the server exists on a private network which
i exposed 1o the cliont ondy thongh o froutend macldng. Tn this situation the

frntend mackine bas no frewall, A typlodd exsnipde of this setuy is 2 server

~4

paning on & Beowull chstey on g privabr network, aned 4 chient machine autside

of thot chuster.

24 i for systems dodlar to that o Proveds

re B, exrept that a Brewall

3

sxiis on the ontend,

Choy Thesis at 52.
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Starting Star-P on a Linux Client System
Yoy system administrator will usually have installed the Stae-F software on

the systens {(cliend{s) and seeverd vou will be roondng on inadvanee. The

def: fPveare 1s ¢ /

o vgrsiom,
Howing
7} and commect

<

f the Stae-P ser

T eonfiguesd by the s
gystem oamed Do 3

cagsricas . sglooon

el

starp

;o kwekkResEk

Star-P User Guide at 15,

1.c. and wherein The MultiMatial References disclose “and wherein each of the nodes is configured to access a non-transitory
each of the nodes 13 | computer-readable medium comprising program code for a single-node kernel that, when executed, is capable
configured to access | of causing the hardware processor to evaluate mathematical expressions.”

a non-transitory
computer-readable | MultiMatlab references disclose a cluster with multiple computer nodes, each of which included at least one
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SE

&

roedium comprising
program code for a
single-node kernel
that, when
executed, is capable
of causing the
hardware processor
o evaluate
mathematical
expressions; and

computer-readable medium such as a disk and / or RAM memory. This at least one computer-readable medium
stored the software components of MultiMatlab nodes, including the CAS (Computer Algebra System} single-
node kemel program code {e.g., a MATLAB kernel ) and additional components described below. In addition,
the software could reside on 4 server and/or a shared directory in communication with the one or more
processors, as was common in the art. MATLAB was a single-node kernel because it was designed to execute
on a single computer. Likewise, Maple and Mathematica kernels could be used with implementations of
MultiMatlab, e g, the Star P implementation. These CAS kernels were single-node kernels designed to execute
on a single computer. CAS kerpels, including MATEAB, Maple and Mathematica kernels, were command
interpreters, and translated nser instructions in a high level coruputational language {e. .. Maple and
Mathematica commands) into low level code for execution by each processor in the cluster. The processor
executing the CAS kernel code evaluated mathematical expressions presented by the user 1o the CAS kernel
through tts user interface and translated by the kernel into machine-level code.

¢ Interactive
Processor
MATLAB | MATLAB:
Process ;Pmcess 4

Processor

MATLAB!

Priscess

Trefethen 1997 at 3.

| MATLAB

i Process
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MNow MATLAB is started on the five processors with the nanses indicated. {Some names could be
repeated, in which case maltiple MATLAB processes would be started on 2 single processor ) In either
case, when all the processes are started the messare is retuined,

The standard MuliMATLAB command for executing cormpnands of 0ne OF more processors 15 zvat, B
th{’ EESCE 1% t}’pes

(23 is executed on all six processors, The result 18 six repetitions of
iz, witch is not vary interesting. On the other hand the conunand

Evai{ TID7
calls the MultiMATLAB command 7o oneach of the processors runming. This command returns the
number of the currerd process, an infeger fram O to wproo- 1. Running it on all nodes might give the
resuit

vz Wi

Trefethen 1996 at 4.
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YOrSTints

Trefethen 1997 at 14,

Additional Evidence of Obviousness
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MATLAB [?] 15 one of the most widely used fools in
scientific and techmical computing. It started in 19705 as
an inferactive interface to EISPACK [?7] and LINPACK [7],
a set of eigenvalue and linear system sohition routines. It
has since grown to a feature rich product utilizing modern
numerical libraries like ATLAS {77 and FFTW [?]. and with
toolboxes in a number of application areas, for example.
financial mathematics. neural networks, and control theory. It
has a built-in mterpreted language that is similar 0 C and
HPF, and the flexible matrix mdexing makes it very suttable
for programming matrix problems. It 1s a very usetul tool w
a wide audience. For example. it comes in very handy as a
matrix calculator for simple problems. because of its casy-to-
use comymand syntax. Its strong graphical capabilities makes o
a good data analysis tool. Also researchers have been known
to build very complex systems using MATLAB scripts,

Because of its roots n serial numerical libraries, MATLAB
has always been a serial program. However, as modern en-

Chby Latl, - . “ l
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in the seience and engineering community as computing and
modeling tools. As used herein, the term scientific computing
software application refers 1o a software application capable
of solving computational problems that are input by a user.
Examples of commercially available scienttfic computing
software applications include MATLARB™, produced and
sold by The MathWorks, Natick, Mass., Maple™, produced
and sold by Maplesoft, Waterloo, Ontario, Canada. and Math-
ematica™, produced and sold by Wollrm Research, Cham-
paign, HL These software applications are aseful in a variety
of disciplines, mcluding, for example, engineering, math-
ematics, physics, life sciences, chemistry, chemical engineer-
g, social sclences, finance, economics, and others, it should
be appreciated that while relerred 10 a3 a scientific computing
software application, scientific sofiware applications are not
limited to solviog problems or perfornming caleulations of a
scientific nature, as any suitable type of problems or caleula-
tions may be processed by the scientific computing software
application.
Husbands at 3:37-56.

“The kernel is the base of Maple's system. It contains fundamental and primitive commands: the Maple
fanguage interpreter {which converts the commands you type into machine instructions your computer
processor can understand), algonthms 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

Scientific computing software applications are widely vsed
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Seame applization programs nclude an interpreter thint
exeentes stroctions provided o the prograre by a user,
seript, or another source. Buch an biverpreter Is soametimes

catled a “herel” becanse, for exanple, the interprey
mansage at least some hardware resources of g compuiey
tem andfor can manage comypumications between those
resirces and software (r example, the provided Instrue-
vons, which can chude 2 bagh-level progrmoing lan-
page). Seme sofiware programs include a komned that is
designed o compmnicate with o single node. Anexample of
a software package thet includes a kernel that s designed o
coprrpmnicnie with g single node s Mathomatica® from Wol-
{eamn Research, Ine {“Mathemutics™). Muthemuatios software
packages from other vendors and other types of software can
also include such 2 kerned,
289, 1:33-48,

Y CAD
£Y5-

A kerel module 206 rypically includes program code for
inteypaeting high-devel code, conunands, and/or instraciions

supphizd by @ user or a script i low-level code, such a3, for
exampple, machine Ianguage or assenbly langusge. In one

g2

7289, 23:1-4,

GEZ5900 SOV
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5.2 Embedding Mathematica

The ase of Matherpatica in mathernatical education sessions 1s twolold see Seo-
tion 3

1. Using the notebook {acility to display mathermatical hypertext documents
on sereen { presenter”),

2. Using the interpreter to run progrant demounsivations and suppori juter-
active exercises {“exerntor” ),

Buchberger at 28,

1.d. a mechanism
for the nodes to
communicate
resufts of
mathematical
EXPression
evaluation with
each other using a
peer-to-peer
architecture;

The MuliiMatiab References disclose “a mechanism for the nodes to communicate results of mathematical
expression evaluation with gach other using a peer-to-peer architecture.”

MultiMailab discloses a mechanism for node-to-node communication, including peer-to-peer messaging of the
results of mathematical expression evaluation, using the MPI messaging protocol and/or remote function calls.
implementations could use other protocols, such as PVM and BLACS. The “cluster node module” components
enabling and involved in the peer-to-peer communication and scheduling mechanism comprised one or more
interface modules, parallel server modules, and communication libraries, e.g., MP1 libraries, and enabled the
peer-to-peer architecture. The interface modules comprised one or more of the distributed server / client
modules and could further comprise specialized computational libraries, such as BLAS and/or FFTW.

One or more of these components comprise the claimed “mechanism for the nodes to communicate” on each
node:

The key conrponent i this architecture is the MultiMa1raB iuterface module, The inter-

face module, shown in Flgure 2, 1s responsible for initinlizing an unde
layer, such as MPL[21, PVM 3], BLACS
and exposing it o the rest of the s
Trefethen 1997 at 3.

ving comummication
M1 or any other package available on the platform,
yater.
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Seguential
MEX Routine

MATLAB
Parallel
MEX Routine
MultiMATLAB U indirection |

Interface Module

Table

h

Communication Layer

A

¥

Network

Trefethen 1997 ai 4.

SPMD Commuuication

Send(pid, datia}

Send data from one process to another.

Recv{pid)

¢ data send from another process,

Barrier

huonize processes,

o

Beast{p

Jaial

Broadeasts data frons pro pid to all proc

Sum{data)

Adds data across sll proce to forro . global

.

Collect( Jata)

Collects local data segraents nto a single zlobal one.

Table 1: Selected commands ju the MoltiMATL A systemn

Trefethen 1997 at 9.
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Process § ereates the variable » with value 1 and seads 31w process §. Process | eeeives the messaze,

doubles the value of #
cosaneandg i

, and sends it slong to provess 2; and so on. 1 there are six processors the
25 produces the output

The processes yon asynchronousty, but since cach seompumd i ordy execuied afier the
cresponding racv bas completed, the proper sequence of computatioss and final value 32 are
guaranteed 3o long as ol of the nodes are fusctoning.

Trefethen 1996 at 7.
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User

%

{nteractive
Processior

| MATLAB. | MATLAB! - MATLAB

i Process i Process | Process

Interconnecting Network

Figure 1 Maltidarias Archiltecture

Trefethen 1997 at 3.

The term “a mechanism for the nodes to comrmunicate” is governed by 35 U.S.C. § 112(6). The recited function
to communicate user instructions and results of mathematical expression evaluation with other computer cluster
nodes using a peer-to-peer architecture. The corresponding structure is Message-Passing Interface ("MPI} as
described at col 6:3-8; RMQ received message queue and MRQ message receiving queue of a cluster node
module as described at col. 14:9-28 configured to execute the process described at col. 25:9-47

The function 1s disclosed by MultiMatlab as described in this exhubit. With regard to structure, for the reasons
stated above it would have been obvicus to implement MultiMatlab with the MPI comnumication library, not

feast because MuliiMatlab supports MPE

MulutMATLAB is built upon MPE (Message Passing lnterface), a highly functional and portable
message passing standard {7, 131, Here 15 a brief description of how the sysiem 15 put together.

Trefethen 1996 at 11,

! Process
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The MPI protocol defines the standard mpilRecv function that the “768 specification identifies with the MRQ
queue {see col. 14:9-16):

MAPLIRECY {bof, count. daltatyps, source. tag, comm, request}

T buf nitied addross of seorive bulfer {ohoton}
i count vk of ebunents iy v buffer {in

ffer sdeguent {handle)

1% datatype

i sotyne

i tay bag finteger )
N COnUn cogsyrynicaiog { b
[R5 yRquest COERTIE

4 ZI0F T  anpm b 3 ey sf 3 . 3 PR X = dp A e Py 3 -~ ~
int WPI lrecyiveld® tuf, int count, ¥PIL Datatype datatyps, int source,

int tag, BPl.Comn coum, MPI.Heyusst ¥requast)

HWPI IBECY(ZUF, COUBT, DSTATYPE, SOURCE, TAG, COMYM, BEQUEST, IEBROR)

IBTEGER CUUMY, DETATYRE, SOURCE, TAG, CUHM, REQUERT, IERROR

SLArt @t

MPI Specification at 40,

| ey,

The standard mpilRecv function includes a receive buffer, which comprises a message receiving quene. /d

The "768 specification associates the RMQ with the standard MPI mpiTest function (see col. 14:17-283 an
implementation of which therefore discloses the RM:
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MP] S;f»eciﬁcation at 42.

MPLTES T (request, flag, statns)

INOTY request LSRRy

fag

WDT Toavr {¥DT
int WPI Test{#PI RBequust

¥PT.TEST{REGUEST, FLA&G,

SO TS

LOGICAL FLAG

IYTEGER REQUEST, STATUS{MPISTATUS SIZE), IEREDR

> Gy ation 2% vequest is oome

& eall to MPLTEST returns flag = true i

. i.tE.'zi.»‘-: E.f; v obad i el m z‘f‘f’r':l.zz?z' information on the compleled

phete, ln ‘l‘:'»’{ii.'i}.?. 4o

Blocking sevd o7 receive, Then
4y N . o [E ot et “F H s sy B8
scated wud the reguest b seit Tt EQUEST NULL. The oall returns flag

2 false, otlorwi MPLTEST 3

wi for a send of

v 3 75 . PR ST ok oC athe oIl T RC ) B o T - s pwoen

Moreover, message receiving queues were a standard implementation of MPL
since each MPT communicator represents an independent comunumication space,
the highest level of the user’s model is the commuoicator. Within a comnuni-
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” which

cator there are, conceptually at least, three distinct “message queues,

represent the state of the MP1 subsystem. These are

Send Queue: represents all of the outstanding send operations.

Receive Quene: vepresents all of the custanding receive operations.

Unexpected Message Queue: represents messages that bave been sent to
this process, but have not yet been received.

The send and receive queues store information about all of the unfinished
send and receive operations that the process has started within the commu-
picator. These might result either from blocking operations such as MPI.Send
and MPI.Recv or nonblocking operations such as MPI Isend or MPI Irecv. Each
entry on one of these queues containg the information that was passed to the
function call that initiated the operation. Nonblocking operations will remain
on these queues until they have completed and have been collected by a guit-
able MPI Wait, MPI Test, or one of the related multiple completion routines.

Cownie 1999 at 1-2.

As described by Cownie and known to a POSITA as a standard MPI operation and approach, there is at least
one recetve queue associated with the mpilRecv command, and implementing at least an instance of the MR}
Likewise, entrigs in the MRQ are removed when the receive operation is complete and is collected when a
corresponding mpiTest routine returns a “true” flag. The removal is implemented by comparing a queus of
mpiTest results {(an instance of the RMQ) with the MRQ. See, e.g., MP1 Specification at 38-43; Cownie 1999 at
1-2, 6-8.

Additional Evidence of Obviousness
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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Regvey #3

Pig. 1. Structe of MATLABAF 20
Choy 1 at 2.
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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I one embodiment, when server software 185 is inttial
jzed, one processor may be designated the bead provessor and
alt or some of the remaining processors may be designated
slave processors that operate wnder the control of the head
provessor, The head provessor may serve a3 the ceniral pro-
cesser and may receive the commands from the chient. Thus,
m one embodiment, only the client manager modale 208 on
the head processor s used. When the bead processoy receives
a command fron the client, the server manager 287 on the
head processor may send messages to the “slave” processors
to pertorm the destred operation, The Library managers 209
on each of the processars may eall the appropriate routme i
fibraries 215,

The server managers 207 on the processors 203 may com-
muicate with each other w any stitable way, as the invention
15 not Himsted 1 this respect. In one embodiment, the message
pussape interface (MPD application progranuning interface
may be used. Alternatively, the parallel virtual machine
{PVMAPT orany other suitable from of compmunication may
be used.

Husbands at 11:10-30.
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_hﬁy 3 at 20

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab*P
publications reference MP1 and PVM-based parallel processing systems as comparable cluster computing
systers, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g, Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PV and MPI publications, such as those referenced in these contentions, as well as references and sysiems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
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computing, it would have been obvious to combine with one or more of the prior art references or systers
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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster managemient tool. Moreover, these prior art
publications teach peer-to~-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

e whersin the
plurality of nodes
comprises;

The MultiMatiab References disclose “wherein the plurality of nodes comprises,” for the reasons stated below,

1.f a first node
comprising a first
hardware processor
configured to access
a first nemory
comprising program
code for a user
interface and
program code for g
first single-node
kernel,

The MultiMatiab References disclose “a first node comprising a first hardware processor configured to access
a first mersory comprising program code for a user interface and program code for a first single-node kernel”

MultiMatlab discloses a root node computer with a processor and memory stoting a MATLAB or other CAS
kernel, and included a user interface:
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Interactive
Processor Processor Processor Processor

| MATLAB.

| MATLAB! O MATLABL | MATLAB

| Process i Process Process | i Process

Interconnecting Network

]

ure 1o MaltidATL AL Arvchitecture

R

redilines . U B

Trefethen 1997 at 3.
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The key component in this archibecture is the MaltiMATLAB interface module. The inter-
Tace modale, shown in Figure 2, is rexponsible for initializing an snderlving commumication
layer. such as MPI {21, PVM [3], BLACS [4], or any other package available on the platform.
and exposing it to the rest of the system.

Trefethen 1997 at 3.

Sequential
MEX Routine

MATLAB
Parallel

' MEX Routine

MultiMATLAB - udivecton |

interface Module {dbk ,,,,,,,,,

Commuunication Layer

3
Network

Trefethen 1997 at 4.
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parallel routines. For example, in MaTLAB s Partial [itleren ‘gquation Toolkit, users
may interactively create and solve rather general PDIE systems using the finite element

method. The PDE toolkit provides an intuitive graphical interface allowing nsers to specify

geometries, differential equations, and boundary conditions. However. the computationally

Trefethen 1997 at 6.

Further, the "768 patent admits that a Matlab process includes a single-node kernel.

For purposes of illustration, some embodiments are
described herein in the context of cluster computing with
Mathematica software. The present disclosure 1s not himited
to a single software program; the systems and methods can
be used with other application software such as, for
example, Maplel®, MATTARER, MathCAD®R,  Apple
Shake®, Apple® Compressor. {DER, other applications
employing an inderpreier or a kernel. Microsoft Excel®,
Adobe After Fffects®, Adobe Premiere®, Adobe Photo-
shop®, Apple Final Cut Pro®, and Apple iMovie®, Some
figures and/or descriptions, however, relate 1o embodiments
of computer clusters running Mathematica, The system can
inclode a vartety of uses, inclading but not lunited to
students. educators. scientists, engineers, mathematicians,
researchers, and techmicians, 1t 13 also recogmzed that in
other embodiments, the svstems and methods can be imple-
mented as a single module andfor nplemented 1 conjunc-
ton with a variety of other modules. Moreover, the specific
implementanons described herein are set forth m order 1o
Unstrate, and not to lanit, the disclosure,

*76% patent, 4:14-33.
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MultiMatlab could run on an IBM SP2 or Unix workstation network. Trefethen 1996 at Abstract. The 8P2
“consists of up to several hundred nodes which are all RISC 6000 superscalar processors. (Superscalar means
that more than one instruction per clock cycle can be parmrmed ) The SP2 can be considered a distributed
memory machme because each node has its own local memory.

- 7, smniide et (last visited August 9, 20213, “There can be 4 1o 16
prm £85018 pcr ﬁ ame {or fabmc‘(\; and 1 t@ 36 ffafms 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 a larger memory cache. Standard SP2 systems could contain up to 256 nodes. Up to 512
nodes can be ordered from IBM by special request. (ORNL has a 16 node SP2, Maui has a 400 node 8P2, and
Cornell has a 512 node machine ) An optional high performance switch (HPS) for inter-processor
communication is usually included on most systems. Such a switch can interconnect up to 16 nodes with up to
16 other nodes. This high performance switch has a 40 MB/sec peak bi-directional 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
robust in that it has concurrent maintenance, which simply means each procegsor node can be removed,
repaired, and rebooted without interrupting operations on other nodes.” /d.

Additional Evidence of Obviousness
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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Regvey #3

Pig. 1. Structe of MATLABAF 20
Choy 1 at 2.
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-

+oware 108 for at least some embodiments. In FIG. 2, parallel
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,

3 M7, lbrary managers 208q, 2095, . . ., 208 and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

o Chient managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server

s 2601, That is, server managers 207 manage the iransmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.

The hardware processor on the first node, e.g., the MultiMatlab root node, accesses the node’s memory
comprising the user interface program code. Each CAS kernel, e.g., Maple, Mathematica, or Matlab, further
includes program code for the computational single-node kernel. See 1.c.

1.g. the first single-
node kernel
configured to

The MultiMatiab References disclose “the first single-node kernel configured to interpret user instructions and
distribute calls to at least one of a plurality of other nodes for execution.”
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SE

interpret user

instructions and
distribute calls to at

least one of a

plurality of other
nodes for execution;

and

Each CAS kernel, for example a MATLARB kernel on the root node and remote nodes, ts a command interpreter
and translates user instructions in a high level computational language (e g, Maple and Mathematica
commands) into low level code for execution by each processor in the cluster. When configured in a
MultiMatlab cluster, the kernel distributes calls, for example as MPI messages or remote calls, to other nodes
for execution. This can be done in the MultMATLAB mode, or in backend support mode, where the kernel
accepts nstructions and distributes them to remote kernels for execution. Fach kernel is stored on disk and/or in
memory on each cluster node.

Figare 4h illusirates a parallel MATLAB implementation of conjugate gradients that uses
the SPMD rmessage passing described m Section 5.2, In this case, the matrix 4 and the dif-
ferent vectors are each distributed by row over all processes as in Figure 6. To each tteration,

a process only does the computation required for its local data. However, communication
is required for two different operations: the dot-products needed to compute rho and alpha
and the matrix-vector multiply needed to compute w local. The dot prodicis only require
Trefethen 1997 at 11,

The foliowing code further iltustrates the first MATL AB kemel interpreting user instructions and distributing
calls to cluster nodes for execution:
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r_ local = b_lecal;
tho = Sumi{r_local’*r_local);
k = 0
whila({k < kmax))

k= ktl;

if (k== 1)

p.lecal = r_leocal;
else

erd
b,

Trefethen 1997 at 11,

beta = rho/oldrho;
p.local = r_local + betasp_ local;
and

= Gathar{p_locall:
W 1aca1 4 local * p;

alpha = rho/{Sum(p_lecal’#w_local));
¥x.local = x_local + alpha * p_local;
rolocal = v_olocal ~ alpha * w_local;
oldrho = rho;

rho = Sum{r_leocal'#r_local);

Message Passing MATLAB

T CORtbains 1 F el

faapk,«umxﬁe e mfile
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Process {F crestes the varialbde » with valee § md.
doubles the qsia of 5, amd semls 1§ abong 10 pro
commmand sulncns the gmqmt

Additional Evidence of Obviousness
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- finat value 32 are
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MATLAB [?] 15 one of the most widely used fools in
scientific and techmical computing. It started in 19705 as
an inferactive interface to EISPACK [?7] and LINPACK [7],
a set of eigenvalue and linear system sohition routines. It
has since grown to a feature rich product utilizing modern
numerical libraries like ATLAS {77 and FFTW [?]. and with
toolboxes in a number of application areas, for example.
financial mathematics. neural networks, and control theory. It
has a built-in mterpreted language that is similar 0 C and
HPF, and the flexible matrix mdexing makes it very suttable
for programming matrix problems. It 1s a very usetul tool w
a wide audience. For example. it comes in very handy as a
matrix calculator for simple problems. because of its casy-to-
use comymand syntax. Its strong graphical capabilities makes o
a good data analysis tool. Also researchers have been known
to build very complex systems using MATLAB scripts,

Because of its roots n serial numerical libraries, MATLAB
has always been a serial program. However, as modern en-

Chby Latl, - . “ l

“The kernel 1s the base of Maple's system. It contains fundamental and primitive commands: the Maple
tanguage interpreter {which converts the comumands vou 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 arithrmetic and simple polynomial calculations.”

Maple Guide at 88
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Seame applization programs nclude an interpreter thint
exeentes stroctions provided o the prograre by a user,
seript, or another source. Buch an biverpreter Is soametimes

catled a “herel” becanse, for exanple, the interprey
mansage at least some hardware resources of g compuiey
tem andfor can manage comypumications between those
resirces and software (r example, the provided Instrue-
vons, which can chude 2 bagh-level progrmoing lan-
page). Seme sofiware programs include a komned that is
designed o compmnicate with o single node. Anexample of
a software package thet includes a kernel that s designed o
coprrpmnicnie with g single node s Mathomatica® from Wol-
{eamn Research, Ine {“Mathemutics™). Muthemuatios software
packages from other vendors and other types of software can
also include such 2 kerned,
289, 1:33-48,

Y CAD
£Y5-

A kerel module 206 rypically includes program code for
inteypaeting high-devel code, conunands, and/or instraciions

supphizd by @ user or a script i low-level code, such a3, for
exampple, machine Ianguage or assenbly langusge. In one

g2

7289, 23:1-4,

1925900 SOV
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5.2 Embhedding Mathematica

The ase of Mathematica in rmuathematical education sessions 1s twolold see Sec-
tion 3:

1. Using the notebook facility to display mathematical hypertext documeuis
o soreeny {“presenter” §,

2. Using the interpreter to run program demnonsirations and sapport intes-
active exercises {“executor” ).

Buchberger at Z8.

B, MudtiMATLABAMultiOctave Mode

One of the goals of the project i3 to make the software
to be usefol 10 a5 wide an audience as possible. In order 1o
achieve this, we found that it would be fraitful to coambine
ather parallel MATLAB approaches into MATLAR » P,
provide a vuitied parallel MATLAB framework.

In conpunction with P Husbands, we developed a pro-
totype implermentation of a MuliMATLAB [35]-like, dis-
wributed MATLAB package in MATLAB = P, which we call
the PPEngine. With this package and associated m-files, we
can un multiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel on dense matrices.

The system works by starting up MATLAB engine in-
stances on each node through calls to the MATLAB enpine
mterface. From that point on, MATLAB cormmands can be
relaved 1o the MATLAB engine. The command is do this is
FEAT,

Choy 2 at 336
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We present MATLAB 2P [ 151 as an example of what could
be o “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the buck-end suppost approach, aimed
widespread cirenlation among a general audience. In onder
to achieve this, we took ideas from the approaches used by
cther software found in the survey, For example, the embar-
rassingly parailel approach allow simple, yet usefud, divi-
sion of work mto multiple MATLAB sessions, The message
passing approach, which'is a superset of the embuarrassingly
parallel approach, allows finer control between the MATLAR
FEBSIONE.

The main idea in MATLAB =P i that data exist on the par-
atlel server as distribied imatrices. Any operations on a dis-
ributed matrix (which exists inthe MATLAB front end only
as a hagdiey will be relayed w the server transparently, The
server calls the appropriate routine from a parallel munerical
Hbrary (e.g. Scall APACK, FFTW, .. ) and the results stay on
the server tmtil exphicitly requested.

Chov 2 at 336

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

calls to cluster nodes for execution:
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The system works by starting up MATLAB eagine instances
on each node through calls to the MATLAB engine interface.
From that point on, MATLAB commpands can be relayed io
the MATLAB engine.

Esxamples of the usage of the PPEngine system:

»>» % Example 1
>> a = 1:100%p;
»» b o= mm{ 'chiZrnd’,a);

The first example creates o distriboted matddx of length 100,

then [l 1t with random values from the chi-sguare distribution
threugh calls to the function chi2rad from MATLAR statistics
toolbox,

Choy t at 3.
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.

To the extent ACS contends that this claim element 18 not expressly or inherently disclosed, or is not obvicus in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious 1o combine it with one or
maore of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MPI and PYM-based parallel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PYM and MPI1 publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PYM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art 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, Tanunenbaum 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 a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been cbvious to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

1.h. a second node
comprising a
second hardware
processor with a
plurality of
ProCessing cores,

The MultiMatiah References disclose “a second node comprising a second hardware processor with a plurality
of processing cores.”

User

Interactive .
Prescessar Processor Processor Prowessor
MATLAB MATLA MA"{“LABE MATLAB
Pracess Process Process Process

Interconnecting Netwink

s Maltidariab Avchiteche
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Trefethen 1997 at 3.

MultiMatlab could run on an IBM SP2 or Unix workstation network. Trefethen 1996 at Abstract. The SP2
“consists of up to several hundred nodes which are all RISC 6000 superscalar processors. (Superscalar means
that more than one instruction per clock cycle can be performed.} The SP2 can be considered a distributed
memory machine because each node has its own local memory”

; £ e L S {(last visited August 9, 2021). “There can be 4 t0 16
processors per frame {or cabinet) and 1 to 10 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 a larger memory cache. Standard SP2 systems could contain up to 256 nodes. Up to 512
nodes can be ordered from IBM by special request. {ORNL has a 16 node SP2, Maui has a 400 node SPZ, and
Cornell has a 512 node machine )} An optional high performance switch (HPS) for inter-processor
communication s usually included on most systems. Such a switch can interconnect up to 16 nodes with up to
16 other nodes. This high performance switch has a 40 MB/sec peak bi-directional 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
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.” /d.

%

Additional Evidence of Ohviousness

Matlab *P was configured to run on computers, including the computer comprising “a second node,” that
included multiple processing cores:
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LA AT

Sarver #3

Fig. 1. Buwucture of MATLABP 20

Choy 1 at 2.
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A, Test Plattorm

o Beowulf cluster with 9 nodes (2 nodes are used in the
festsy,

o Dual-processor nodes, cach with two 1.533GHz Athlon
MP processors.

« 1GB DDR RAM on each node. No swapping occurred
during benchmarks.

« Fast ethernet (100Mbps/secy mterconnect. Intel Etherfast
4107 switch.

» Linux 24.18-dsmp

Choy | at 4.
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A, Test Pluiform

. Beowalf cluster with 15 nodes.

* Dal-processor nodes, each with two Intel Xeon 2.4
Gtz with Hyperthreading,

» All tests are run with one process per processorn

Also, the minimum number of nodes are used. Soif
a test is using four processors, two nodes are used.
Thus, in this case we are using two shared-memaory
pairs of processors.

» Twao gigabyies of RAM per node. No swapping oc-
curred during the tests.
» Fast Ethernet (100 Mb/s) mterconnect, Intel Ether-

fast 4107 switch,

Chovy 2 at 337
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MATLAB O

S MATLAD 3
MATLAR 2

MATLAB 1

Fig. 2. Moessage Passing.

Choy 2 at 333,

In addition, during this imeframe, multi-core processors were prevalent in the marketplace, and it would have
been & maitter of mere design choice 10 use computers that contained hardware processors with multiple
processing cores. The 768 patent itself adimits that dual-core processors were conventional in the prior art, as it
references the well-known Intel Core 2 Duo processors as a multi-core example. See, e.g., 7:10-32. It would
have been obvicus to use Intet Core 2 Duo processors with MultiMatiab. In addition, as established for claim
39, it was known to use hardware processors with a plurality of processing cores comprising DSPs, FPGAs and
other types of processors. See claim 39,

1.1, wherein the
second node is
configured to
receive calls from

The MultiMaiiab References disclose “wherein the second node is configured to receive calls from the first
node, execute at least a first mathematical expression evaluation, and communicate a result of the first
mathematical expression evaluation to a third node”
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the first node,
execute at least a
first mathematical
expression
evaluation, and
cornmunicate g
result of the first
mathematical
exRpression
evaluation 1o a third
node;

MultiMatlab implemented peer-to-peer communications between nodes using MPI message passing or through
a distributed server process. When configured in a MultiMatlab cluster, each CAS kernel or parallel compute
library receives calls from the root process and executes code evaluating mathematical expressions. Hach node
sends computation results to other nodes, tncluding the second node communicating with the third node. The
third node accesses the results provided by the second node and performs further mathematical evaluations.
Eventually, the results are returned to the root process and user interface. This can be done in the
MultiMATLAB mode, or in backend support mode.

User

Tnteractive

Processor Processor Processor Processor
| MATLAB | MATLA MATLAB: MATLAB,
Provess Process Process : Process

Iterconnecting Network

Figare b dhdiidiatian Arcldieciure

Trefethen 1997 at 3.
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Figure 4h illustrates a parallel MATLAB Implementation of conjugate gradients that uses
the SPMD message passing described in Section 5.2, In this case, the matris A and the dif-
ferent vectors are each distributed by row over all processes as 1o Figure 6. In each iteration,
a process only does the computation required for its local data. However, communication
15 required for two different operations: the dot-products needed to compute rho and alpha

and the matrix-vector multiply needed to compute w.local. The dot products only require
comunmuication of a single value over all processes. On the other band, the matris-vector

mubtiplication needed for w.ilovel requires the global vector p. and, thus, more expensive
communication,
Trefethen 1997 at 11, 13.

The following code further iliustrates the second MATLAB kernel receiving calls from the first kernel,
evaluating an expression, and communicating results to other nedes, including a third node:
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r_ local = b_lecal;
tho = Sumi{r_local’*r_local);
k = 0
whila({k < kmax))
k= ktl;
if (k== 1)
p.lecal = r_leocal;
else
beta = rho/oldrho;
p.local = r_local + betaxp_local;
and

p = Gathar{p local);
w_local = 4 local * p;

alpha = rho/{Sum(p_lecal’#w_local));
¥x.local = x_local + alpha * p_local;
rolocal = v_olocal ~ alpha * w_local;
oldrho = rho;
rho = Sum{r_leocal'#r_local);

end

b. Message Passing MATLAB

Trefethen 1997 at 11,

¥125900 SOV
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A Jocal e Frocess B x_doga o

Proeess §

Fiuooss 2 2
Prowess P r
A %
Figure 6 Matrix A and vector o distributed by row over P processors

Trefethen 1997 at 12,

MualtiMATLAB implemented MPI message passing that allowed aoy node 1o pass computation results to any
other node, as further iHlustrated by the following code:
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=’ 3 produces the output

The processes run asynchronously, but since each
corsesponding

guaranteed 50 long as all of the nodes are fusctioning.

Trefethen 1996 at 7.

Additional Evidence of Obviousness

1 comymand s only execoted alter the
» B completed. the proper sequence of computations and final valoe 32 are
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Chov 3 at 36.
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MATLAB [?] 15 one of the most widely used fools in
scientific and techmical computing. It started in 19705 as
an inferactive interface to EISPACK [?7] and LINPACK [7],
a set of eigenvalue and linear system sohition routines. It
has since grown to a feature rich product utilizing modern
numerical libraries like ATLAS {77 and FFTW [?]. and with
toolboxes in a number of application areas, for example.
financial mathematics. neural networks, and control theory. It
has a built-in mterpreted language that is similar 0 C and
HPF, and the flexible matrix mdexing makes it very suttable
for programming matrix problems. It 1s a very usetul tool w
a wide audience. For example. it comes in very handy as a
matrix calculator for simple problems. because of its casy-to-
use comymand syntax. Its strong graphical capabilities makes o
a good data analysis tool. Also researchers have been known
to build very complex systems using MATLAB scripts,

Because of its roots n serial numerical libraries, MATLAB
has always been a serial program. However, as modern en-

Chby Latl, - . “ l
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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We present MATLAB #P [15] as an example of what could
be a “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the back-end support approach, aimed at
widespread cireulation amony a geperal andience. In order
t achieve thig, we took ideas from the approaches used by
other software found in the survey. For example, the embar
wussingly parallel approach allow sinyple, vet useful, divi-
ston of work into multiple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
paratlel approach, allows finer control between the MATLAB
SESHON,

The main idea in MATLAB P is that data exist on the par-
allel server as distributed matrices. Any operations on 4 dis-
wibuted matrix (which exists in the MATLAB front ead ooly
as a handle ) will be relayed to the server wansparently. The
server calls the appropriate routine frore a parallel nomerical
tihrary (e.g. Scal APACK, FFTW, .. ) and the results stay on
the server uutil explicitly requested.

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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The server isell s divided in four selfeontained parts

Client Counection Manager
Clisat Comnection Manager s responsible for vompumications with the clisnt.
b provides funciions for resding commends and argaments from the client and

sending the results back to the cliens. It &

only usedd in the head server process.

Server Connection Manager

Sepver Uonpectivm Manager

takes care of vornmusation betwesn server pro-

16 e mainly contyods b

ng of voromands and ayguments from hend
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&

sebion of vesulls and EEYOY 4

process o the slave provesses, and ool Jes. Alzo it

provides rank and size nfonmation 1o the proves

age Manger

o Managey 18 vexpons

ke for mapindaining a st of available packages and

Purtions provided by them Whes indtiated by the server process, Package

Manager will also perform the avtual call 1o the funetions.

S

4. Wiatrvix Manager

Matvo Manager rontoing ol the Dioctions nesded 1o create, delete and vhange

idde

the mmatrices ou the seyver processes, It maintaing o magpping from o

weatrin identif

3 to actusl mabrices ou the server. 1h % also vesponsibde for

>

riing garbage ooilection.

Chov Thesis at 26, 28

The following additional example illustrates an FFT calculation on a Matlab *P cluster, resulting in
communications of intermediate results between the nodes in the cluster:
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Choy 3 at 47

The following additional example furtber illustrates MPI message passing between Matlab*P cluster nodes:
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Choy 3 at 49,

To the extent ACS contends that this claim element is not expresaly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would bave been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MPI and PVM-based paraliel processing sysiems as comparable cluster computing
systems, motivating a POSITA to ook to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatiab in view of the teachings
of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PVM or MPL As ancther example, because MultiMatlab is directed to cluster
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computing, it would have been obvious to combine with one or more of the prior art references or systers
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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

1j. wherein the
third node
comprises a third
hardware processor
with a plurality of
Processing cores

The MultidMatiab References disclose “wherein the third node comprises a third bardware processor with a
plurality of processing cores.”

MultiMatlab was configured to run on computers, including the computer comprising “the third node,” that
included multiple processing cores:
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{nteractive

Processor Processior Processor

| MATLAB. | MATLA | MATLAB! : | MATLAB,
Process ! Process | Process | | Process

Interconnecting Network
Figure 1 Maltidarias Archiltecture

Trefethen 1997 at 3.

MultiMatlab could run on an IBM SP2 or Unix workstation network, Trefethen 1996 at Abstract. The SP2
“consists of up to several hundred nodes which are all RISC 6000 superscalar processors. {Superscalar means
that more than ong instruction per clock cycle can be performed.) The 5P2 can be considered a distributed
memory machine because each node has its own local memory”

s : / gz iinl (last visited August 9, 2021). “There can be 4 10 16
to 16 frames per system. Frames can consist of BOTH thin and wide
nodes. The mato difference between thin and wide nodes 13 that generally wide nodes bave the capacity for
larger memory and a larger memory cache. Standard SP2 systems could contain up to 256 nodes. Up to 512
nodes can be ordered from IBM by special request. (ORNL has a 16 node 8P2, Maui has a 400 node 8P2, and
Comell has a 512 node machine ) An optional high performance switch (HPS) for inter-processor
communication is usually inchuded on most systems. Such a switch can interconnect up to 16 nodes with up to
16 other nodes. This high performance switch has a 40 MB/sec peak bi-directional 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
robust in that it has concurrent maintenance, which simply means each processor node can be removed,
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Additional Evidence of Obviousuness

CHAMPACK Lo

repaired, and rebooted without interrupting operations on other nodes.” /d.

Fig. 1. Stroewme of MATLABRYP 24

Choy 1 at 2,
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A, Test Plattorm

o Beowulf cluster with 9 nodes (2 nodes are used in the
festsy,

o Dual-processor nodes, cach with two 1.533GHz Athlon
MP processors.

« 1GB DDR RAM on each node. No swapping occurred
during benchmarks.

« Fast ethernet (100Mbps/secy mterconnect. Intel Etherfast
4107 switch.

» Linux 24.18-dsmp

Choy | at 4.
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A, Test Pluiform

. Beowalf cluster with 15 nodes.

* Dal-processor nodes, each with two Intel Xeon 2.4
Gtz with Hyperthreading,

» All tests are run with one process per processorn

Also, the minimum number of nodes are used. Soif
a test is using four processors, two nodes are used.
Thus, in this case we are using two shared-memaory
pairs of processors.

» Twao gigabyies of RAM per node. No swapping oc-
curred during the tests.
» Fast Ethernet (100 Mb/s) mterconnect, Intel Ether-

fast 4107 switch,

Chovy 2 at 337
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MATLAB O

S MATLAD 3
MATLAR 2

MATLAD 1
Fig. 2. Moessage Passing.

Choy 2 at 333,

In addition, during this imeframe, multi-core processors were prevalent in the marketplace, and it would have
been & maitter of mere design choice 10 use computers that contained hardware processors with multiple
processing cores. The 768 patent itself admits that dual-core processors were conventional in the prior art, as it
references the well-known Intel Core 2 Duo processors as a multi-core example. See, e.g., 7:10-32. It would
have been obvicus to use Intet Core 2 Duo processors with MultiMatiab. In addition, as established for claim
39, it was known to use hardware processors with a plurality of processing cores comprising DSPs, FPGAs and
other types of processors. See claim 39,

1.k wherein the
third node is
configured to
receive the result of

The MultiMaiiab References disclose “wherein the third node is configured to receive the result of the first
mathematical expression evaluation from the second node, execute at least a second mathematical expression
evaluation using the received result, and communicate the result of the second mathematical expression
evaluation to the first node.”
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the first

mathematical MultiMatlab discloses implementing peer-to-peer communications between nodes using MPI message passing
expression or through a distributed server process. When configured in a MultiMatlab cluster, each CAS kernel or parallel
evaluation from the | compute hibrary receives 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 a node. The third node accesses the resulis provided by the second node and performs further mathematical
second evaluations. BEventually, the results are returned to the root process and user interface. This can be done in the
mathematical MultiMATLAB mode, or in backend support mode.

exRpression
evaluation using the
received result, and
communicate the
result of the second

User
£

mathematical Interactive ]

expression Processor Processor Processor

evaluationtothe | 1 [ L B

first node; | MATLAB MATLAR
Process Process Provess

Interconnecting MNetwork

Figure o Muoltiddarian Arch!

Trefethen 1997 at 3.
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Figure 4b Hustrates a parallel MaTLAS implementation of conjugate gradients that uses
the SPMD message passing described in Section 5.2, In this case, the mairix A and the dif-
ferent vectors are each distributed by row over all processes as in Figure 6. In each iteration,

a process oply does the computation required for its Jocal data. However, comuounication
is required for two different operations: the dot-products needed to compnte rho and alpha
and the matrix-vector onltiply needed to compute w focal. The dot products only require

commmnnication of a single value over all processes. On the other hand, the matricvector
multiplication needed

5

for w.local vequives the global vector p. and. thus. meve expensive
comnuuicaiion.

Trefethen 1997 at 11, 13

The foliowing code further iltustrates the second MATLAB kernel receiving calls from the first kernel,
evaluating an expression, and communicating resulis to other nodes, inclhuding a third node, which can then

perform additional computation and return result to the root process for display to the user:
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r_ local = b_lecal;
tho = Sumi{r_local’*r_local);
k = 0
whila({k < kmax))
k= ktl;
if (k== 1)
p.lecal = r_leocal;
else
beta = rho/oldrho;
p.local = r_local + betaxp_local;
and

p = Gathar{p local);
w_local = 4 local * p;

alpha = rho/{Sum(p_lecal’#w_local));
¥x.local = x_local + alpha * p_local;
rolocal = v_olocal ~ alpha * w_local;
oldrho = rho;
rho = Sum{r_leocal'#r_local);

end

b. Message Passing MATLAB

Trefethen 1997 at 11,

6625900 SOV
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A _Jocal e

Frovess

Proeess §

Fiuooss 2

Provess P

Figure 6 Matbrix A and vector # distributed by row over P processors

Trefethen 1997 at 12,

MultiMatlab implemented MPI message passing that allowed any node (o pass computation results to any other
node, and to return the final results to the root process for display to the user, as further itlustrated by the

following code:

A

K doeal e

X
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The processes run asynchronousiy. but since each commund s only executed after the
corresponting recy bas completed, the proper sequence of computations and final value 32 are
guaranteed so long us all of the nodes are functoning.

Trefethen 1996 at 7.

Additional Evidence of Obviousness
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Chov 3 at 36.
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MATLAB [?] 15 one of the most widely used fools in
scientific and techmical computing. It started in 19705 as
an inferactive interface to EISPACK [?7] and LINPACK [7],
a set of eigenvalue and linear system sohition routines. It
has since grown to a feature rich product utilizing modern
numerical libraries like ATLAS {77 and FFTW [?]. and with
toolboxes in a number of application areas, for example.
financial mathematics. neural networks, and control theory. It
has a built-in mterpreted language that is similar 0 C and
HPF, and the flexible matrix mdexing makes it very suttable
for programming matrix problems. It 1s a very usetul tool w
a wide audience. For example. it comes in very handy as a
matrix calculator for simple problems. because of its casy-to-
use comymand syntax. Its strong graphical capabilities makes o
a good data analysis tool. Also researchers have been known
to build very complex systems using MATLAB scripts,

Because of its roots n serial numerical libraries, MATLAB
has always been a serial program. However, as modern en-

Chby Latl, - . “ l
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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We present MATLAB #P [15] as an example of what could
be a “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the back-end support approach, aimed at
widespread cireulation amony a geperal andience. In order
t achieve thig, we took ideas from the approaches used by
other software found in the survey. For example, the embar
wussingly parallel approach allow sinyple, vet useful, divi-
ston of work into multiple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
paratlel approach, allows finer control between the MATLAB
SESHON,

The main idea in MATLAB P is that data exist on the par-
allel server as distributed matrices. Any operations on 4 dis-
wibuted matrix (which exists in the MATLAB front ead ooly
as a handle ) will be relayed to the server wansparently. The
server calls the appropriate routine frore a parallel nomerical
tihrary (e.g. Scal APACK, FFTW, .. ) and the results stay on
the server uutil explicitly requested.

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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The server isell s divided in four selfeontained parts

Client Counection Manager
Clisat Comnection Manager s responsible for vompumications with the clisnt.
b provides funciions for resding commends and argaments from the client and

sending the results back to the cliens. It &

only usedd in the head server process.

Server Connection Manager

Sepver Uonpectivm Manager

takes care of vornmusation betwesn server pro-

16 e mainly contyods b

ng of voromands and ayguments from hend
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&

process 1o the shave provesses, ad collection of vesulis and ervor vodes. Also it

provides rank and size nfonmation 1o the proves

age Manger

o Managey 18 vexpons

ke for mapindaining a st of available packages and

Purtions provided by them Whes indtiated by the server process, Package

Manager will also perform the avtual call 1o the funetions.

S

4. Wiatrvix Manager

Matvo Manager rontoing ol the Dioctions nesded 1o create, delete and vhange

idde

the mmatrices on the seyvey processes, It maintaing o mapping fram olise

weatrin identif

3 to actusl mabrices ou the server. 1h % also vesponsibde for

>

riing garbage ooilection.
Chov Thesis at 26, 28
The following additional example illustrates an FFT calculation on a Matlab *P cluster, resulting in

communications of intermediate results between the nodes in the cluster, and the communication of final results
from the cluster nodes to the root process for display to the user
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The following additional example furtber illustrates MPI message passing between Matlab*P cluster nodes:
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Choy 3 at 49,

To the extent ACS contends that this claim element i3 not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would bave been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MPI and PVM-based paraliel processing sysiems as comparable cluster computing
systems, motivating a POSITA to ook to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PVM or MPL As ancther example, because MultiMatlab is directed to cluster
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computing, it would have been obvious to combine with one or more of the prior art references or systers
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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

1.1, wherein the first
node 15 configured
1o return the result
of the second
mathematical
Sxpression
evaluation 1o the
user interface;

The MultiMatiab References disclose “wherein the first node is configured to return the result of the second
mathematical expression evaluation to the user interface.”

MultiMatlab root process, e.g., a MATLAB CAS kernel or a client process on the root node, retumns the result
of the second mathematical evaluation to the user interface, where it can be displayed in a numeric, text, or
graphical format:
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User

%

Interactive

| MATLAB.

i Process

Processior

| MATLAB!

{ Process

| MATLAR!

i Process

Trefethen 1997 at 3.

Interconnecting Network

Figure 1 Maltidarias Archiltecture

~
3

i Process

Page 98 of 254

Advanced Cluster Systems, Inc. Ex. 2023

98 of 254



01L£5900 SOV

Ex. A18 - MultiMatiab References

The processes run asynchronousiy. but since each commund s only executed after the
corresponting recy bas completed, the proper sequence of computations and final value 32 are
guaranteed so long us all of the nodes are functoning.

Trefethen 1996 at 7.

Additional Evidence of Obviousness
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Choy 3 at 36.
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Choy 3 at 53
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MATLAB [?] 15 one of the most widely used fools in
scientific and techmical computing. It started in 19705 as
an inferactive interface to EISPACK [?7] and LINPACK [7],
a set of eigenvalue and linear system sohition routines. It
has since grown to a feature rich product utilizing modern
numerical libraries like ATLAS {77 and FFTW [?]. and with
toolboxes in a number of application areas, for example.
financial mathematics. neural networks, and control theory. It
has a built-in mterpreted language that is similar 0 C and
HPF, and the flexible matrix mdexing makes it very suttable
for programming matrix problems. It 1s a very usetul tool w
a wide audience. For example. it comes in very handy as a
matrix calculator for simple problems. because of its casy-to-
use comymand syntax. Its strong graphical capabilities makes o
a good data analysis tool. Also researchers have been known
to build very complex systems using MATLAB scripts,

Because of its roots n serial numerical libraries, MATLAB
has always been a serial program. However, as modern en-

Chby Latl, - . “ l
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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Sarver #3

Fig. 1. Buwucture of MATLABP 20

Choy 1 at 2.

To the extent ACS contends that this claim element is not expressly or inherently disclosed or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or

more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MP! and FYM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to ook to such systems for modifications relating o this claim element. See,

e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PVM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art references or systems
authored by the alleged inventors of the patents in suit or their collaborators, including patents, applications,
articies 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 ruessage passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvigus to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

i.m. wherein one or
raore of the nodes
are configured to:

3

The MultiMatlab References disclose
below:

‘wherein one or more of the nodes are configured t0,” for the reasons

I.n. accept user
instructions;

The MultiMatiab References disclose “accept user instructions.”

Each cluster node accepts instructions from the user interface, which may be provided by the root MATLAB
kernel, or root client / server process. For example the node may receive MPI and/or MATLAB and other
commands from the user interface and send these commands to the local and remote nodes using the peer-to-
peer messaging mechanism. The remote cluster nodes accept these instructions upon receipt of the messages
containing the instructions and may send them to other nodes:

Page 165 of 254

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




L1€5900 SOV

Ex. A18 - MultiMatiab References

TultidMaTLAB architec
dually rans o MATLAR

I the
form j
to comumupicate with other proc
parallel platform’s interconnection network, The ey interacts dive
provess, called the interactive process, and operates within that pro
ment, Other MATLAB proce bcommands from the interactive process, The

are 1, each processor in a parallel plat-
s is then provided with the ability

ruedi ach proces

o5 throogh a communication layer ihat runs over the

36

LW
% splicitly sending MATUAR commands to them or by executing
routines that, m fum, gse them.

Trefethen 1997 at 3.

Processor Provessor Processior

MATLAB | MATLAB] MATLAR! “ L MATLAR

Process i Process | Provess | i Process

Interconnecting Network

Figure 1 Mueloifdarnas Architecture

Trefethen 1997 at 3.
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MATLAB is then started on five additdonal processors taken from a predetermined list. Or perhaps the
second author 1s a sitting at a machine connected to Cornell”s Compuier Science Department network.
He types

Now MATLAB s started on the five processors with the names indicated. {Some names could be
repeated, in which case multiple MATLAB processes would be started on a single processor. ) In either
case, when all the processes are startedd the message is returned,

This todal samber of processors can sebseguently be accessed by the MultiMATL AR conunand sproa,

Trefethen 1996 at 4.

Figure 4h illustrates a parallel MATLAB hplementation of conjugate gradients that uses
the SPMD message passing deseribed in Section 5.2, In this case

e matris A and the dif-
ioure 6. In each iteration,
a process only does the computation required for its local data. However, communication
is required for two different operations: the dot-products needed to compute rho and alpha
and the matrix-vector multiply needed to compute w local. The dot products only require

ferent vectors are each distributed by row over all processes as in F

commuication of a single vahie over all processes. On the other band, the matvis-vector
madtiphication needed for w loval reguives the global vector p, and, thas, move expensive
COMuIBLication.

Trefethen 1997 at 11, 13,

The foliowing code further illustrates the root node accepting user instructions, and passing user instructions to
root and remote kernels and/or computational libraries for processing:
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r_ local = b_lecal;
tho = Sumi{r_local’*r_local);
k = 0
whila({k < kmax))
k= ktl;
if (k== 1)
p.lecal = r_leocal;
else
beta = rho/oldrho;
p.local = r_local + betasp_ local;
and

p = Gathar{p local);
w_local = 4 local * p;

alpha = rho/{Sum(p_lecal’#w_local));
¥x.local = x_local + alpha * p_local;
rolocal = v_olocal ~ alpha * w_local;
oldrho = rho;
rho = Sum{r_leocal'#r_local);

end

b. Message Passing MATLAB

Trefethen 1997 at 11,

61LE£5900 SOV
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A Jocal e Fovess < doeal -
Process t
Fiuooss 2 2
Prowess P r
A X

Figure 6 Matbrix A and vector # distributed by row over P processors

Trefethen 1997 at 12.

MultiMatlab implemented MPI message passing that allowed any node (o pass computation results to any other
node, as further ithustrated by the following code:
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=’ 3 produces the output

The processes run asynchronously, but since each

corsesponding

Trefethen 1996 a1 7.

Additional Evidence of Obviousness

1 comymand s only execoted alter the
» B completed. the proper sequence of computations and final valoe 32 are
guaranteed 50 long as all of the nodes are fusctioning.
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Choy 3 at 36.
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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We present MATLAB #P [15] as an example of what could
be a “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the back-end support approach, aimed at
widespread cireulation amony a geperal andience. In order
t achieve thig, we took ideas from the approaches used by
other software found in the survey. For example, the embar
wussingly parallel approach allow sinyple, vet useful, divi-
ston of work into multiple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
paratlel approach, allows finer control between the MATLAB
SESHON,

The main idea in MATLAB P is that data exist on the par-
allel server as distributed matrices. Any operations on 4 dis-
wibuted matrix (which exists in the MATLAB front ead ooly
as a handle ) will be relayed to the server wansparently. The
server calls the appropriate routine frore a parallel nomerical
tihrary (e.g. Scal APACK, FFTW, .. ) and the results stay on
the server uutil explicitly requested.

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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The server isell s divided in four selfeontained parts

Client Counection Manager
Clisat Comnection Manager s responsible for vompumications with the clisnt.
b provides funciions for resding commends and argaments from the client and

sending the results back to the cliens. It &

only usedd in the head server process.

Server Connection Manager

Sepver Uonpectivm Manager

takes care of vornmusation betwesn server pro-

16 e mainly contyods b

ng of voromands and ayguments from hend

Page 116 of 254

Advanced Cluster Systems, Inc. Ex. 2023

116 of 254



92£5900 SOV

Ex. A18 - MultiMatiab References

&

process 1o the shave provesses, ad collection of vesulis and ervor vodes. Also it

provides rank and size nfonmation 1o the proves

age Manger

o Managey 18 vexpons

ke for mapindaining a st of available packages and

Purtions provided by them Whes indtiated by the server process, Package

Manager will also perform the avtual call 1o the funetions.

S

4. Wiatrvix Manager

Matvo Manager rontoing ol the Dioctions nesded 1o create, delete and vhange

idde

the mmatrices on the seyvey processes, It maintaing o mapping fram olise

weatrin identif

3 to actusl mabrices ou the server. 1h % also vesponsibde for

>

riing garbage ooilection.
Choy Thesis at 26, 28.

The foliowing additional example illustrates an FFT calculation on a Matlab *P cluster, including the
acceptance of user instructions, communication of instructions, computation and return of resulis:
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The following additional example furtber illustrates MPI message passing between Matlab®P cluster nodes:
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Choy 3 at 49,

To the extent ACS contends that this claim element i3 not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would bave been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MPI and PVM-based parallel processing systerns as comparable cluster computing
systems, motivating a POSITA to ook to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatiab in view of the teachings
of PVYM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PVM or MPL As ancther example, because MultiMatlab is directed to cluster
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&

computing, it would have been obvious to combine with one or more of the prior art 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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

1.0, after accepting
user instructions,
communicate at
ieast some of the
user mstruciions
using the
mechanism for the
nodes 1o
communicate with
each other; and

The Mult:Matlab References disclose “after accepting user instructions, coromurcate at least some of the user
instructions using the mechanism for the nodes to communicate with each other”

Hach cluster node accepts instructions from the user interface, which may be provided by the root MATLAB
kernel, or reot client / server process. For example the node may receive MPI and/or MATLAB and other
commands from the user interface and send these conmuvands to the local and remote nodes using the peer-to-
peer messaging mechanism. The remote cluster nodes accept these instructions upon receipt of the messages
containing the instructions and may communicate them 1o other nodes after accepting them from the root node:
Incthe MaltiMaroan architecture, Hlusirated in Figure 1, each processor in a parallel plat-
form wdividually runs 2 MATLAB proce fed with the ability
to comimnnicate with other processes through 2 cormmmmication laver that runs over the
wn network, The user Cywith one MATLAB
s, and operates within that provess’s MATLAB environ-

5. Fach process s then provie

interacts divectly

BIPNATEY

parallel platform’s interc

Pris called the interaciive proc
ment. Other MATLAR processes await commands from the interactive process. These other

Iy sending MATLAR coromands to them or by executing

processes are used elbher by explicii
routines that, in tovn, use them.
Trefethen 1997 at 3.

Page 128 of 254

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



2£€5900 SOV

Ex. A18 - MultiMatiab References

2.2, Put, Get

<

Sa far, we bave ool conumnunicated between processes escept 6 send screen output b the puaster
process. OF course, a sontnvinl MelMATLAB systear dependsomn such communication,

One form of commuaation we have Implanented is puts and gets, excewtalde solely by the master
MATLAB process. For exumple, the command

sends the matnix & from the master process 1o processes b through 4 an optional argament permits the
nane of 4 1o be changed at the destination. The command

zets the matry 2 back from process 3 1o the muster,

Trefethen 1996 at 6.

Matlab *P implemented MPI message passing that allowed any node to pass computation instructions or results

to any other node, as further illustrated by the following code:
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Process 0 creates the variuble » with valae T and sends it to process T Process | receives the message,
doubles the value of 5, and sends it along 1o process 2; and so on, If there are six processors the
comrgand £y =0y produces the oustput

The processes ran asynchronously, but since cach sun cotamand is only execoted afier the
correspoading me o has completed, the proper sequence of computations and final value 32 are
guiranteed w0 fong as all of the nodes are functoning.

Trefethen 1996 at 7.
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3

Interactive !
Processor | Processor

MATLAR MATLAR o MATLAB

Pracess Process i Process | Process

interconaecting Network

Ggure 10 Melibiavian Architectore

Trefethen 1997 at 3.

Figure 4b illustrates a parallel MATLAB implementation of conjugate gradients that nses
the SPMD message passing described in Section 5.2, ln this case, the matrix A and the dif-
ferent vectors arve each distributed by row over all processes as in Figure 6. In each iteration,
a process only does the computation required for its local data. However, commmnication
is required for fwo different operations: the dot-products needed to compute rho and alpha
and the matrix-vector multiply needed to compnte w.local. The dot products only require

comununication of a single value over all processes. On the other hand, the matrivvector
multiplication needed for w.focal requives the global vector p, and, thus, more expensive
cemmnnnivabion.

Trefethen 1997 at 11, 13

The following code further Hustrates the root node accepting user instructions, and passing user instructions to
root and remote kernels and/or computational hibraries for processing:
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r_local = b_local;
rho = Sum(r_local’sr_local);
k = 0;
while{{k < kmax})
k= k+1;
if (k == 1)
p.local = r_local;
else
beta = rho/foldrho;
p.local = r_local + beta*p_local;
end

p = Gather(p_ local);
w. lecal = A _local * p;

alpha = rhof/(Sum{p local’#w_local)};
x.local = x_local + alpha * p_local;
r_lecal = r_local -~ slpha * w_local;
oldrho = rho;
rhe = Sum{r_local’#*r_locall);

and

b. Message Passing MATLAB

Trefethen 1997 at 11,

GEES900 SOV
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A_local

fracess

x_tocal o

fracess

Provess 2

Provess B

A

X

Figure 6 Matrix A and vector » distributed by row over P processors

Trefethen 1997 at 12,

Additionzal Evidence of Obvicusness
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MATLAB O

& MATLAB 3
MATLAB 2
f»»z‘;s;‘i"z,z}ﬁ I
Fig. 2. Message Passing.

Choy 2 at 333,
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B MultiMATLAB MultiOviave Mode

One of the goals of the project s w make the software
to be useful o as wide an audience as possible, In order o
achieve this, we found that it would be fruitful 1o combine
uther parallel MATLAB approusches into MATLAB + P to
provide a wtied paraliel MATLAB framework.

In conjunction with P. Husbands, we developed g pro-
otype implementation of a MuldMATLAB [35]-1ike, dis-
sributed MATLAB package io MATLAB » P, which we call
the PPEngine. With this package and associated m-files, we
can run muftiple MATLAB processes on the back end and
evatuate MATLAB functions in paralie! on dense matrices.

The system works by starting up MATLAB engine iIn-
stances on each node through calls 1o the MATLAB engine
wnterface. From that point on, MATLAB commands can be
relaved 10 the MATLAB engine. The cominand 15 do this i
Y

Choy 2 at 336
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We present MATTLAB #P [15] as an example of what could
be a “right” parallel MATLADR. MATLAB # P is a parallel
MATLAB using the back-end support approach. abmed at
widespread circulation amony a peseral andience. In order
tis achieve this, we took ideas from the approaches used by
ather software found in the survey. For example, the embar-
russingly paratle! approach allow simple, vetr useful, divi-
ston of work into suuliple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
parallel approach, allows tiner control hetween the MATLAB
KeSHETONS,

The main idea 1o MATLAB + P is that data exist on the par-
atlel server as distributed matrices, Ay operations on a dis-
tributed matriz (which exists ju the MATLAB froat end osly
as a bandle) will be relayed 1o the server transparvently. The
server calls the appropriate voutine frorg o paraliel numerical
library {e.g. Scal, APACKL FFTW, . . ) and the results stay on
the server until explicitly reguested.

Choy 2 at 336,
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p

Server software 105 may operste in any suilable way ©
receive commands from the client and perform operations in

pam} fel, as the unention is not Himited in this respect. P 2
15 but ope example of ¢ suilable configuration ai oi«l“‘» er soft-
ware 103 for ot feast some embodiments. In FIG. 2, paralled
sepver 201 mncludes g plality  of processors, 203a.
2035, ., M3y, and 2 memory 213, Fach of processors
2030¢-203y includes tour software modules: client managers
208q. 2085, ., ., 208n; server managers 307q, 076, ...
2087n; bibrary managers 209, 2095, . . . 209 and daw
managers 21 2116, 0 L., 210n. Memory 213 of paralle!
server 201 stores a plurality of sofiware Hbraries 2154, 2156,
215¢.. .., 2180 thot include routines for perfonming various
operations.

Client Tmanagers 208 ipterfoce with clients, and provides
routies for reading comumands and arguments from a client
and sending resulis and other duta back 1o the client. Server
managers 207 handle communications between server pro-
cesses exectting on different processors of parallel server

201, That is, server managers 207 manage the transmission of

data between the processors of paratlel server 201 and collect
results and ervor codes from the processors. Library managers

Husbhands at 10:46-67.
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The server itsell s divided in o

2.

Cligng, Conneetion Managey

i Mansgsy

It provides Panctions for veading commmends and srgaments Dom the chient and

sending the results hack 1o the ohiens. 13 is only used in the head server provess.

Server Connaction Manager

5%

Servig Connection Manmgrr tebes care of commucation bHetween server pro-

spifecomtained

is responsible for commmricabions with the olient.

Iomainly condrols broadessting of covmands and arguments from head
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L axgt colloction of el

g

praeess b the slave o

Wdes rank and siee Inbermation b the pronosses.

ges and

functions provided by therm. When initiated by the server proce

Package

il eall to the fanctions,

Manager will alse perform the s

4. Matrix Manager

%A

Matrin Manager contuins gl the Dunetions needed to oreate, didets and changs

the mabrices on the server process

%o it maimtains 2 mapping o dlient-side

matrix Wemifiers to actual malrices on the server. It s also responsible for

pevforming garbage collection,

i

Choy Thesis at 26, 28

The following additional example illustrates an FFT calculation on a Matlab *P cluster, including the

acceptance of user instructions, communication of instructions, computation and return of results:
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Choy 3 at 47.

The following additional example further illusirates MP1 message passing between Matlab*P cluster nodes:
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To the extent ACS contends that this claim element is not expressly or inherently disclosed, or1s not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine 1t with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matlab *P
publications reference MPI and PV M-based parallel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingty, it would have been obvious to modify MultiMatlab in view of the teachings
of PVM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
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&

computing, it would have been obvious 1o combine with one or more of the prior art 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
comiputing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kemnels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatiab.

In addition, this claim is rendered chvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section 1V,

1.p. after
communicating at
izast some of the
user instructions
using the
mechanisio,
communicate at
izast some of the
user instructions o
one or more single-
node kernels.

The MultiMatiab References disclose “after comrounicating at least some of the user instructions using the
mechanism, communicate at least some of the user instructions 1o one or more single-node kernels.”

Each cluster node accepts instructions from the user interface, which may be provided by the root MATLAB
kernel, or root client / server process. For example the node may receive MPI and/or MATLAB and other
commands from the user interface and send these commands to the local and remote vodes using the peer-to-
peer messaging mechanism. The remote cluster nodes accept these instructions upon receipt of the messages
containing the instructions and may send them to other nodes. The node may accept additional instructions, for
example instructions for a sequence of computations, and communicate these instructions 1o the local or temote
CAS kernels and/or compute libraries after previous instructions were already communicated:

MultiMatlab implemented MPI message passing that allowed any node o pass computation instructions or
results to any other node, including passing a sequence of such messages to different nodes and/or kernels, as
tilustrated by the following code:
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=’ 3 produces the output

The processes run axyachronously, bot since each seod command 3 only executed afler the
corresponding » B completed. the proper sequence of computations and final valoe 32 are

guaranteed 50 long as all of the nodes are fusctioning.

Trefethen 1996 at 7.
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Interactive
Processor Processior Processor

| MATLAB | MATLA

| MATLAR! : | MATLAB

Process

i Process ! Process | i Process

Interconnecting Network

Figure 1 Maltidarias Archiltecture

Trefethen 1997 at 3.

Figure 4b iflnstrates a parallel MaTLAB implementation of conjugate gradients that nses
the SPMD message passing described in Section 5.2, In this case, the matrix A and the dil-
ferent vectors are each distributed by row over all processes as in Figure 6. In each iteration.
a process only does the computation required for 1ts local data, However, communication
is required for two different operations: the dot-products needed to compute rho and alpha
and the matrix-vector multiply needed to compuie w. local. The dot products only require
comymunication of a single valoe over all processes. On the other haud, the malrix-vector
pndtiplication needed for rw. {ocal vequires the global vector po and, flus, more expensive
comraunication.

Trefethen 1997 at 11, 13.

a sequence to root and remote kernels and/or computanional Tibraries for processing:

The following code further Hlustrates the root node accepting user instructions, and passing user instructions as
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r_ .local = b_local;
tho = Sum{r_local **r_locall);
k= 0;
while{(k < kmax)}
kR = k+1;
if (ke == 1)
p.local = r_local;
else
beta = rho/oldrho;
p.local = r_lecal + beta*p_local;
end

p = Gather{(p_ locall;
w. lecal = A local * p;

alpha = rho/(Sumi{p_local’sw_locall};
x.incal = x local + alpha * p_local;
r.lecal = r_local ~ alpha * w_local;
oldrhe = rho;
rhe = Sum{r_local’#r_local};

end

b. Message Passing MATLAB

Trefethen 1997 at 11,

67£5900 SOV
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A Jocal e Frocess B x_doga o

Proeess §

Fiuooss 2 2
Prowess P r
A %
Figure 6 Matrix A and vector o distributed by row over P processors

Trefethen 1997 at 12,

Additional Evidence of Obviousness
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Choy 3 at 36.
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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We present MATLAB #P [15] as an example of what could
be a “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the back-end support approach, aimed at
widespread cireulation amony a geperal andience. In order
t achieve thig, we took ideas from the approaches used by
other software found in the survey. For example, the embar
wussingly parallel approach allow sinyple, vet useful, divi-
ston of work into multiple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
paratlel approach, allows finer control between the MATLAB
SESHON,

The main idea in MATLAB P is that data exist on the par-
allel server as distributed matrices. Any operations on 4 dis-
wibuted matrix (which exists in the MATLAB front ead ooly
as a handle ) will be relayed to the server wansparently. The
server calls the appropriate routine frore a parallel nomerical
tihrary (e.g. Scal APACK, FFTW, .. ) and the results stay on
the server uutil explicitly requested.

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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The server isell s divided in four selfeontained parts

Client Counection Manager
Clisat Comnection Manager s responsible for vompumications with the clisnt.
b provides funciions for resding commends and argaments from the client and

sending the results back to the cliens. It &

only usedd in the head server process.

Server Connection Manager

Sepver Uonpectivm Manager

takes care of vornmusation betwesn server pro-

16 e mainly contyods b

ng of voromands and ayguments from hend

Page 145 of 254

Advanced Cluster Systems, Inc. Ex. 2023

145 of 254



16€5900 SOV

Ex. A18 - MultiMatiab References

&

e

process o the slave provesses, and ool

provides rank and size nfonmation 1o the proves

wewtions provided by them Whes initisted by the server prog

the aatrices on the server proos

weatrin identif

wetion of resnlis and evror codes. Also it

age Manger

o Managey 18 vexpons

ke for mapindaining a st of available packages and

s, Package

Manager will also perform the avtual call 1o the funetions.

Wiatri Manager

Matvo Manager rontoing ol the Dioctions nesded 1o create, delete and vhange

idde

sex, It mazintaing a mapping from of

3 to actusl mabrices ou the server. 1h % also vesponsibde for

>

riing garbage ooilection.

Choy Thesis at 26, 28

The following additional example illustrates an FFT calculation on a Matlab *P cluster, including the

acceptance of user instructions, communication of instructions, computation and return of results:
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The following additional example furtber illustrates MPI message passing between Matlab*P cluster nodes:
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Choy 3 at 49,

To the extent ACS contends that this claim element i3 not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would bave been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matiab *P
publications reference MPI and PVM-based paraliel processing sysiems as comparable cluster computing
systems, motivating a POSITA to ook to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatiab in view of the teachings
of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PVM or MPL As ancther example, because MultiMatlab is directed to cluster
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computing, it would have been obvious to combine with one or more of the prior art references or systers
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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

4.pre. The computer
cluster of claim 1,

The MuliiMatiab References disclose this claim.

4.a. wherein each of
the nodes comprises
one or more cluster
node modules.

The MultidMatiab References disclose “wherein each of the nodes comprises one or more cluster node
. ey 1
modules,

MultiMatlab implemented a mechanism for node-to-node communication, including peer-to-peer messaging of
the results of mathematical expression evaluation, using the MPI messaging protocol. Implementations could
use other protocols, such as PYM and BLACS. The “cluster node module” components comprised one or more
interface modules, parallel server modules, and communication libraries, e.g., MP1 libraries, and enabled the
peer-to-peer architecture. The interface modules comprised one or more of the distribuied server / client
modules and could turther comprise specialized computational libraries, such as BLAS 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 or ancther message
protocol, and/or through a distributed client / server architecture. Moreover, each of the cluster node modules
communicated with its local kemel, and communicated with remote kernels by sending communications, e.g.,
MP messages, to other cluster node rnodules, which then passed the instructions to their associated kernels.
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b the MultiMariae avchitecture, illustrated in Figare 1, each processor in o parallel plat-
form individually rons & MATLAR process. Fach process is then provided with the ability
te with other proc

Lo comTnicg s through a comrmunication laver that runs over the
parallel platform’s Wterconnection network. The nser interacts divectly with one MATLAB

process, called the interactive process, and operates within that process’s MATLAG environ-

ment. Other MATLAR processes awall comnands from the interactive process. These other
processes are used either by explicitly sending MaTvAB commands Lo them or by execnting
roudines thal, in torn, use them.

The kev component in this architecture is the Maltidatoan interface module. The inter-
face module, shown in Figure 2, is responsible for initializing an underlyving commuanication
fayer, such as MPT {2, PVM [3], BLACS |
and exposing it 1o the vest of the system.
Trefethen 1997 a1 3.

4], or any ather package available on the platform,

Page 158 of 254

Advanced Cluster Systems, Inc. Ex. 2023

150 of 254



29€5900 SOV

Ex. A18 - MultiMatiab References

Sequential
MEX Routine

MATLAB
Parallel
' MEX Routine
MuliMATLAB 3
Interface Module Fable
Communication Layer

7

Network

Trefethen 1997 at 4.
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5 SPMD Comumunication

Send(pid,data) Send data from one process to another.

Recv(pid) Receive data sent [rony another process,

Barrier Synchronize processes,

Beast{pid,data) Broadeasts data [romn processor pid to all processes.
Sum{data) Adds data across all processors to form a global s,
Collect({data) Collects loval data segiments into o single global one,

Talde 1o Selected conmmands in the MultiMaTLAR system
Trefethen 1997 at 9.

Process § creates the varisble 5 with value 1 and sends it to process 1. Process 1 receives the messaze,
doubles the value of 4, and sends 1t slony to provess 2; and so oo, B there are sy processors the
cormnmand { Soynie’ 1 produces the outpot

The processes tun asynclyonously, bat sinve each s2n0 command s mnly exceuted after the
corresponding v Bas corapleted, the proper seguence of computations and Hnal vidae 32 wre
suaranteed so long as all of the nodes are foncuoning.

Trefethen 1996 at 7.
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%

Interactive
Processor

| MATLA

i Process

Processor

| MATLAB.

i Process

i Process

Processor

| MATLAB!

Trefethen 1997 at 3.

Interconmecting Netwiwk

Figure 1 Muoltddarian Sdechiteciure

Additional Evidence of Obviousness

Processor

| MATLAB

| Process
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Choy 3 at 36.
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Regvey #3

et
3

Pig. 1. Structe of MATLABAF 20
Choy 1 at 2.
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.

To the extent ACS contends that this claim element 18 not expressly or inherently disclosed, or is not obvicus in
view of MultiMatlab and the knowledge of a2 POSITA, it would have been obvious 1o combine it with one or
maore of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MPI and PV M-based parallel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PYM and MPI1 publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PYM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art 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 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 ruessage passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been cbvicus to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

5. The computer
cluster of claim 1,

The MultiMartlab References disclose this claim.

wherein each
single-node kernel
is stored in a non-
fransiiory
computer-readable
medium and
configured {0 accept
and execute a
request.

The MultiMatiab References disclose “wherein each single-node kernel is stored in a non-transitory computer-
readable medium and configured to accept and execute a request.” See 1.g.

&. The computer
cluster of claim 5,

The MultidMatlab References disclose this claim.

wherein each of the
nodes comprises
one or more cluster
node modules,

The MultiMatiab References disclose “wherein each of the nodes comprises one or more cluster node modules,
wherein each of the cluster node modules comprises instructions stored in a nov-transitory computer-readable
medium, and wherein the instructions, when executed by the hardware processor, cause the cluster node module
to communicate with the single-node kermel and with one or more other cluster node modules. See claim 4.
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wherein sach of

chuster node
maodules comprises
instructions stored
in a non-transitory
computer-readable
medium, and
wherein: the
mstructions, when
executed by the
hardware processor,
cause the cluster
node module to
conununicate with
the single-node
kernel and with one
or more other
cluster node
modules.

the

7.pre. The computer
cluster of claim 6,

The MultiMatlab References disclose this claim.

7.a. wherein the
plurality of cluster
node modules act as
a cluster,

The MultiMaiiab References disclose “wherein the plurality of cluster node modules act as a cluster.”

The plurality of cluster node modules act as a cluster by performing functions enabling cluster communications
and scheduling of parallel workloads. See claims 1, 4.

§.pre. The computer
cluster of claim 6,

The MultiMatiab References disclose this ¢laim.

#.a. wherein the
murality of cluster

The MultiMatiab References disclose “wherein the plurality of cluster node modules communicate with one
another fo act as a cluster”
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node modules
communicate with
one another to act
as a cluster,

The cluster node modules communicate with one another to act as a cluster, including the communication of
MPI messages and/or remote function calls for evaluating mathematical expressions on the cluster in paraliel

See claims 1, 4.

9.pre. The computer
cluster of claim &,

The MultiMatlab References disclose this claim.

9.a. wherein the
computer cluster
includes the user
interface.

The MultiMatlab References disclose “wherein the computer cluster includes the user interface.” See claim 1.

tC.pre. The
computer cluster of
claim 9,

The MultiMatlab References disclose this claim.

10.a. wherein each
cluster node module
accepts instructions
from 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 on each node, accept and interpret the user instructions, €.g.,
parallel MultiMatlab scripts, and others. For example, the cluster node modules may interpret these user
instructions as commands io send or receive MPI messages and/or make remote function calls relating to
parallel MATLAB computations. The root cluster node module may accept instructions directly from the user
interface, while remote modules accept them when the root process communicates to the remote nodes. See
claims 1, 4.

As a further example, the cluster node roodules accept MPI message wnstructions and MATLAB nstructions
from the user interface and interpret them in order to execute the instructions:
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5 SPMD Comumunication

Send(pid,data) Send data from one process to another.

Recv(pid) Receive data sent [rony another process,

Barrier Synchronize processes,

Beast{pid,data) Broadeasts data [romn processor pid to all processes.
Sum{data) Adds data across all processors to form a global s,
Collect({data) Collects loval data segiments into o single global one,

Talde 1o Selected conmmands in the MultiMaTLAR system

Trefethen 1997 at 9.

Process O creates the variable 5 with valoe 1 and sends o provess 1 Provess | receives the message,
doubles the value of 2, and seads it along 1o process 2; and so on. H there ase six processors the
commpng L foyoiz 3 produces the output

The processes ron asynchronowsly, bat since each comurand ks only executed after the
corsespaniing 7oy has completed, the proper sequence of compatations and final vadue 32 are
guaranteed 5o ong as all of the nodes are functdonng.
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Trefethen 1996 a1 7.

Additional Evidence of Obviousuness

The following additional example illustrates an FFT calculation on a Matlab *P cluster, including the
acceptance and interpretation of user instructions, communication of tnstructions, computation and retumn of
results:

Choy 3 at 47,

The following additional example further tustrates MPI message passing between Matlab®P cluster nodes;
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Choy 3 at 49.

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or 15 not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MP1 and PYM-based parallel processing systems as comparable cluster computing
gvstems, motivating a POSITA 10 look 1o such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings

of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PVM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art references or systems
authored by the alleged inventors of the patents in suit or their collaborators, including patents, applications,
articies 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 ruessage passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvigus to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

18 pre. The
compuier cluster of
claim 1,

The MultiMartlab References disclose this claim.

18.a. wherein one
or more of the
nodes are
configured to
communicate at
feast some of the
user instructions.

The MultiMatlab 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, e g., parallel MultiMatlab scripts, and
others. For example, 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 parailel MATLAB computations. The root
node may communicate user instructions to other nodes in the form of MPI messages and/or remote function
calls. The receiving nodes pass the user instructions to their corresponding kernels for evaluation. See claims 1,
4.

As a further example, the cluster node modules accept MPI message instructions and MATLAB nstructions
from the user interface and communicate them to other nodes:
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5 SPMD Comumunication

Send(pid,data) Send data from one process to another.

Recv(pid) Receive data sent [rony another process,

Barrier Synchronize processes,

Beast{pid,data) Broadeasts data [romn processor pid to all processes.
Sum{data) Adds data across all processors to form a global s,
Collect({data) Collects loval data segiments into o single global one,

Talde 1o Selected conmmands in the MultiMaTLAR system

Trefethen 1997 at 9.

Process O creates the variable 5 with valoe 1 and sends o provess 1 Provess | receives the message,
doubles the value of 2, and seads it along 1o process 2; and so on. H there ase six processors the
commpng L foyoiz 3 produces the output

The processes ron asynchronowsly, bat since each comurand ks only executed after the
corsespaniing 7oy has completed, the proper sequence of compatations and final vadue 32 are
guaranteed 5o ong as all of the nodes are functdonng.
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Trefethen 1996 a1 7.

Additional Evidence of Obviousness

The foliowing additional example illustrates an FFT calculation on a Matlab *P cluster, including the
acceptance and interpretation of user instructions, communication of tnstructions to other nodes, computation
and return of results:

Choy 3 at 47,

The following additional example further tlustrates MPI message passing between Matlab®P cluster nodes;
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Choy 3 at 49.

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or 15 not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MP1 and PYM-based parallel processing systems as comparable cluster computing
gvstems, motivating a POSITA 10 look 1o such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings

of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PVM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art references or systems
authored by the alleged inventors of the patents in suit or their collaborators, including patents, applications,
articies 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 ruessage passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvigus to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

19 pre. The
compuier cluster of
claim 18,

The MultiMatlab References disclose this claim

19.a. wherein one
or more of the
nodes are
configured to
communicate at
feast some of the
user instructions to
one or more single-
node kernels.

The MultiMatlab 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 1, 18,

20.pre. The
computer cluster of
claim 1,

The MultiMatlab References disclose this claim.

20.a. wherein one
or more of the

The MultiMatlab References disclose “wherein one or more of the nodes are configured to accept user
instructions via one or more of the nodes.” See claims 1, 138,
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nodes are
configured to accept
user instructions via
one or more of the
nodes.

2ipre. The
computer cluster of
claim 20,

The MultiMatlab References disclose this claim.

21.a. whersin one
or more of the
nodes are
configured to
communicate at
feast soroe of the
user instructions
using the
mechanism for the
nodes o
communicate with
gach other.

The MultiMatiab References disclose “wherein one or more of the nodes are counfigured to communicate at
least some of the user instructions using the mechanism for the nodes to communicate with each other” See
claims 1, 18,

22 pre. The
computer cluster of
claim 1,

The MultiMatiab References disclose this claim.

22.a. wherein one
or more of the
nodes are
contigured to
transmit at least
some of the user
instruciions that

The MultiMatiab References disclose “wherein one or more of the nodes are configured to transmit at least
some of the user wstructions that onginate from a user interface.” See claims 1, 18
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originate from a
user interface.

24 pre. The
computer cluster of
claim 1,

The MultiMatlab References disclose this claim.

24 .a wherein one
or more of the
nodes are
configured 1o accept
user instructions
before
communicating at
ieast some of the
user instructions {o
one or more single-
node kernels.

The MultiMatiab References disclose “wherein one or more of the nodes are configured to accept user
tnstructions before communicating at least some of the user instructions to one or more single-node kernels.”
See claims 1, 18,

25.pre. The
computer cluster of
claim 1,

The MultiMatlab References disclose this claim.

Z25.a. wherein the
plurality of nodes
are configured to
communicate with
one another to
interpret and
fransiate commands
for execution by a
plurality of single-
node kernels.

The MultiMatiab References disclose “wherein the plurality of nodes are configured to communicate with one
another to interpret and translate commands for execution by a plarality of single-node kernels.”

The MultiMatlab cluster nodes may communicate commands to other nodes in the form of MPI messages
and/or remote function calls. The receiving nodes pass the commands to their corresponding kernels for
evaluation. ko order to solve parallelized computations, the nodes communicate, and each node interprets and
translates commands to other nodes in the form of MPE messages and/or remote function calls. See claims 1, 4.

As a further example, the cluster node modules accept MPI message instructions and MATLAB instructions
from the user interface and communicate them to other nodes, with each node translating and interpreting the
commands:
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SPMD Communication

wend(pid,data)

send data from one process to another.

Becv(pid)

Receive data sent from another process.

Barrier

sSvnchromize processes,

Beast(pid.data)

Broadeasts data from processor pid to all processes

Sumidata)

Adds data seross all processors Lo forim a global sum,

Collectidata)

Collects local data segments into a single global one,

Table

Trefethen 1997 a1 9.

L: Selecled commands in the MultiMaTLAB system
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e85

and sends 3 along 1o process 20 and 5o on I there are $ix processors the
3 produces the output

doubles the valise of 2
command ¥

The processes run asvachronousty, but since each s command 15 ondy executed afier the
corresponding has vompleted, the proper sequence of computations asd (Tl value 32 ane
gusranterd so g as all of the nodes are funciiming.

Trefethen 1996 at 7.

Additional Evidence of Obviousness

The following additional example illustrates an FFT calculation on a Matlab *P cluster, including the
transiation and interpretation of user instructions, communication of instructions to other nodes, computation
and return of results:
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Choy 3 at 47,

The following additional example furtber illustrates MPI message passing between Matlab™P cluster nodes,

which includes interpretation and translation of high level code into low level code and/or interpretation and

transiation from one data format to ancther
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Choy 3 at 49.

The following example further illustrates the interpretation and translation of commands, with Matlab *P

execution by the relevant libraries, e.g., ScalPACK or FFTW.

commands conununicated to the cluster nodes as server calls, and the commands interpreted and translated for
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We present MATLAB P [13] as an example of what could
be a “right” parallel MATLAB, MATLAB » P 15 a paralle}
MATLARB osing the back-end support approach, aimed at
widespread circulation among a general asdience. In order
to achieve this, we took ideas from the approaches vsed by
other software found in the sarvey. For example, the embar-
rassingly parallel approach allow straple, yet useful, divi-
sion of work into multiple MATLARB sossians. The message
passing approach, which is a supersel of the embarrassingly
paratiel approach, allows finer control between the MATLAB
5E$51005.

The main idea in MATLAB #P 15 that data exist on the par-
atlel server as distributed matrices. Any ovperations on a dis-
gributed matrix (which exists in the MATLAB front end only
as o handle) will be relaved 1o the server transparently, The
server calls the appropriate routine from a paraliel nurmerical
fibrary {e.g. ScaLAPACK, FFTW, . .y and the results stay on
the server until explicitly requesied.

Choy 2 ai 336.
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The command compues the eigenvalues of X by colling
the appropriste ScaL APACK routines wel stores the result in
a vaatrin 2, which resddes on the server. The vesalt i85 oot e
trmed 19 the client upless explioly requested, wreduce dada
wathic, Again thesyntax s he same a8 oedinary MATLAB

This command setuwns the result o MATLAD. This s one
o the Tew compnands in MATLAB » P not found i ordinmy
MATLAB fmatlablpy is apotherd,

The wse of the g variable slong vy overlomded MATLAR
roeatings ensble existing MATLAB s0ripts to be reusad, For
axanmlie

The above 15 the wilein MATLAR rovtine 10 construct
a Hithert manis (olained though rvpe il Beosuse the
ppergtors in the
ridivide, . -1 ane

winghd crente 3 16
sereer. By eaploiting

thiL way. TBnY PRIRRY s0ningE wineld

AAby-16384 Hilborr matris on the
MATLAR s oblect-orienied foatues in

viwp i vaealled under
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Choy

2at 336

26.pre. A computer
cluster comprising:

To the extent the preamble is limiting, the MultiMatlab References disclose it See 1 pre.

26.a. a plurality of
nodes, wherein one
or more of the
nodes are
configured to
receve:

The MultiMatlab References disclose “a plurality of nodes, wherein one or more of the nodes are configured to
receive.” See 1a, 1b.

26.b. a command to
start a cluster
nitialization
process for the
computer cluster,

The MultiMatiab References disclose “a command to start a cluster initialization process for the computer
cluster.” See 1.b.

26.¢. wherein the
cluster initialization
PIOCcess comprises
establishing
communication
among (wo of more
of the nodes: and

The MultiMatiab References disclose “wherein the cluster initialization process comprises establishing
communication among two or more of the nodes.”

MultiMatlab initiation process loads and initiates the communication coraponents on each node, e.g., MPI
libraries and/or parallel server libraries, thereby establishing communications between the cluster nodes. See
1hb.

2640 an instruction
from a user
interface or a script;
and

<

The MultiMatlab References disclose “an instruction from a user interface or & script.” See 26.¢.

26.e. a mechamsm
for the nodes to

The MultiMatlab References disclose “a mechanism for the nodes to communicate results of roathematical
expression evaluation with each other using asynchronous calls”

communicate

results of MultiMatlab implemented s mechanism for node-to-node communication, including peer-to-peer messaging of
mathematical the resuits of mathematical expression evaluation, using the MPY messaging protocol and/or remote function
expression calls. See 1.4
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evaluation with
each other using
asynchronous calls;

This mechanism comprised asynchronous calls, e.g., MP and/or remote function calls, including calls to send,
receive and otherwise process computation results. The MultiMatlabcluster kernels and/or compute libraries
performed continuous computations, while the nodes communicated with one another using the communication
mechanism:

arvet mand

Frocess 0 creates the variable » with value 1 and sends i 40 process 1. Process | receives the message,
doubles the valur of 2, and sends it along (o process 2 and so on, 17 there are six processors the
cornmand £ ¢y produces the outpot

The processes run asynchronously, bl since each sang command 15 ondy execnted after the
correspondmz reov has completed, the proper sequenc of compatations ond final value 32 are
guaranteed 5o long as all of the nodes are functioning.

Trefethen 1996 at 7.

As a further example, MultiMatlab implemented MPI calls, including calls that the "768 preferred embodiment
identifies as used for “asynchronous” communication of computation results, such as MPI Isend, MPL [Recv,
MEPI IWait and others, *768, 13:42-65.
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2.3, Send, Recy, Probe, Barrier

Muore generad point-to-point communication is accomplished by send and receive connands, which cun
be executed on any of the MATLAR processes. For examyple. the sequence

A optional argement can be added in mecy 1o specify the smuce. Another opticmal argument may b
added 1n both s20d and s 10 specify A smessage tay 2o ay 1o enswre that serds and receives are

D oD any process, again with optional saarree process nuinber and message tag, reurns | {oruei it a
message bas arrived from the indicated source with the indicated tag, otherwise O {false).

Trefethen 1996 at 6.

MulaMATLAB is built upon MP1 {Message Passing Interface), a highly functional and portable
message passing standard {7, 131, Here is a brief description of how the system is put together.

The system 15 written using MPICH, a popular and freely available unplementation of MPI developed at
Argonne National Laboratory and Mississippd State University {61, In particudar. MuldMATLAB uses
the P4 communication layer within MPICH, allowing it to run nver o heterogeneous network of
workstations. In boflding upon MPICH, we belizve we have developed & portable and extensible svstens,
in that anvene can freely get a copy of the software and it will ron on many systems. Versions of
MPICH are beginning to become available that run on PCs running Windows, and we expect soon {0
experimnent with MultiMATLAB on those platforms.

Trefethen 1996 at 11,
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Additional Evidence of Obviousness

This organization offers great advantages. First of all, de-
bugging s made easicr because bugs are localized and thus
are much easier to track down. Also. this compartmentized
approach allows ecasicr extension of the server. For example,
the basic Server Connection Manager makes use of MPI
{Message Passing Interface) as the means of communication
between server processes. However, one could write a Server
Connection Manager that uses PVYM (Parallel Virtual Machine)
instead. As long as the new version implements all the public
functions in the class, no change is needed m any other part
of the code.

Choy 1 at 2.
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‘hoy 3 at 49

In addition, because, as demonstrated above, the processes on each Matlab *P node operate asynchronously, it
would have been obvious to implement asynchronous calls, such as MPL PVM 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. MPL for example, included the calls identified in the "768
preferred embodiment as comprising “asynchronous” calls, and disclosed advantages of such calls;
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3.7 Nonblocking communication

) and rom-
; : rompmunication can be exeoded a
Hiront vormanivation controlier, Blgld-weinht threads are o meche
spch overlap., An al o s hanism
noublocking cﬁmmux‘r‘zcaiiew A nonhd

1, bat doss .sz

3 “34
w3 qaraid
il W

IW ORay e

fe'.'i anl iw'm it

<

! 'fE,;,,f: mi% W 335 rMn i.':«#f’{f'k}'ﬂ % 1
.ceik@ complete vall is nen

vk} inie the 1

MPI | pcczﬁ sation at 30,
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MPLISER D bid, count, datatype, dest, tag, comen, request)

I% but

inN count

1% datztype
3 dest

i tag
HA oMt

Oy FegLELY

5 opnuin GH i GFTOTRRC S] VYT S4ec) gy Re nn e a3 ny de o A . 4 N T
Jan AP Leand{voddy tud, int count, HPL Datavyps detetyps, inv dezt,
%

HPLISEAD(BUF, CUHT, R

<typar BUF{x)

IHTEGER COUHT, DATATYPE, DEST, 7405, COMM, REZQU

5% 713,

MPI Specification at 38.

APT Dome cown, ZPL Reunest 4request)

sseosden, o bedon b

suynbey of elements i send badhe

igshind Ak 4 baffer {ohoioe)

b wend bafier

yéssge ay (ke

[EOIEETRIEEY

sopnmnnieation regoest § by

THPE, DEST, TG, 0¥, REQUERT, 1EBBDR
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FAPLIRECY {buf, count, datatype, sowrce, tag, comim, request)

Y bat
% connt

e datatyps ¢

iN FOUT LR

Hh tag

i COMIM
Y rROrEsE sdle s

Tvoidr buf, int count, HPL . Da

tatype dataly
#PY Cowes comm, BPL Request #raguest)

<

WPL IRECYIBUY, (PR, BUURCK, Tal, COMM, ¥
Snypas B

wrtow nomble

MPI Specification at 40,

bayffon ¢

shepient (B

P&, int source,
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WP AT {request, status)

request

307 status 5%

iny BRI ¥alt{¥PI Rasyuest #reg

£ Ciydl, 1Y 5 e
: 1o WP BEQUEST
MPi S'g;éciﬁcation at 41,

The PVM library likewise supported similar calls. The following is an example of a PYM asynchronous call
pvm_send:

CESOU Fosunes

The pvimsend routine 18 asynchronous, Computation ou the sending proc

as soon as the wessage is safely on its way to Lhe receiving processor. This s in contrast

to synchronous corpmnnication, during which computation on the sending proce

by the receiving processor.

wntil the matching recelve is

(eist at 252

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MPI and PVM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
2.g, Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PVYM and MP1 publications, such as those referenced in these contentions, as well as references and systems
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implerenting aspects of PYM or MPL As another exaruple, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art 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, Tanunenbaum 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 a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been cbvious to combine one of more of
these systems or publications with MaltiMatlab.

in addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

26.f wherein each
of the nodes is
configured to access
a non-transitory
computer-readable
medium comprising
program code for a
single-node kernel
that, when
executed, is capable
of causing a
hardware processor
10 evaluate
mathematical
expressions;

3

The MultiMatlab References disclose “wherein each of the nodes is configured to access a non-fransitory
computer-readable medium comprising program code for a single-node kernel that, when executed, is capable
of causing a hardware processor to evaluate mathematical expressions.” See 1.¢.

26.g. wherein the
plurality of nodes
COMprises;

The MultiMatiab References disclose “wherein the plurality of nodes comprises” for the reasons stated below:

26.h. a first node

The MultiMatlab References disclose “a first node comprising a first hardware processor configured 1o access
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comprising a first
hardware processor
configured 1o access
a first memory
coniprising program
code for a user
intertace and
program code fora
first single-node
kernel,

a first memory comprising program code for a user interface and program code for a first single-node kernel ”
J o) > &

Seelc, 1f

261 the first single-
node kernel
configured to
interpret user
instructions and
distribute calls to at
feast one of &
plurality of other
nodes for execution;
and

The MultiMatiab References disclose “the first single-node kernel configured to interpret user instructions and
distsibute calls to at least one of a plurality of other nodes for execution.” See 1.g.

26.j. a second node
comprising 4
second hardware
processor with a
plurality of
processing cores,

The MultiMatiab References disclose “a second node comprising a second hardware processor with a plurality
of processing cores.” See 1.h

26 k. wherein the
second node is
configured to
receive calls from
the first nods,
execute af least

3

The MulttMatlab References disclose “wherein the second node is configured to receive calls from the first
node, execute at least a first mathematical expression evaluation, and communicate a result of mathematical
expression evaluation to a third node.” See 1.1
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first mathematical
expression
evaluation, and
communicate a
result of
rathematical
eXpression
evaluation 1o a third
node;

261 wherein the
third node
comprises a third
hardware processor
with a plurality of
processing cores,

The MuliiMatlab References disclose “wherein the third node comprises a third hardware processor with &
plurality of processing cores.” See 1.

26.m. wherein the
third node is
configured to
receive the result of
mathematical
expression
evaluation from the
second node,
execule at least a
second
mathematical
expression
evaluation using the
received result, and
cormmunicate the
result of the second
mathematical

The MultiMatiab References disclose “wherein the third node is configured to receive the resuit of
mathematical expression evaluation from the second node, execute at least a second mathematical expression
evaluation using the received result, and communicate the result of the second mathematical expression
evaluation to the first node.” See 1 k.
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expression
evaluation to the
first node;

261, wherein the
first node is
configured to return
the result of the
second
mathematical
expression
evaluation to the
user interface or the
scripts

The MultiMatiab References disclose “wherein the first node is configured to return the resuli of the second
mathersatical expression evaluation to the user interface or the script.” See 1.1

26.0. wherein one
or more of the
nodes are
configured to:

The MultiMatiab References disclose “wherein one or more of the nodes are configured to” for the reasons
stated below:

26.p. accept user
instructions;

The MuliiMatlab References disclose “accept user instructions.” See 1 n.

26.q. after accepting
user instructions,
cormmumicate at
ieast some of the
user instruckions
using the
mechanism for the
nodes to
communicate with
each other; and

The MultidMatiab 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” See 1.0,

26.r. after
comrounicating at
{east some of the

“

The MultiMatiah References disclose “after communicating at least some of the user instructions using the
mechanism, communicate at least some of the user instructions to ove or more single-node kernels.” See 1.p.
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user instructions
using the
mechanism,
communicate at
ieast some of the
user instructions to
one or more single-
node kernels.

27 pre. The
computer cluster of
claim 26, wherein
the asynchronous
calls comprise a
first command to
create a first packet
containing.

13

The MultiMatlab References disclose

As established for claim 26, the MultiMatlab References disclose a number of asynchronous calls, including
calls to send and receive payloads comprising expressions, such as computation results:

The computer cluster of claim 26, wherein the asvnchronous calls
comprise a first command to create a first packet containing.” See claims 1, 26
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2,
&My

Process & creates the varlable = with value © and sends 1o process 1 Process § recelves the messa
doubles the valoe of 5, and sends it slong o process 20 and so on, 1If there are six processors the
s produces the ouput

The provesses run asyachronously, bt since each zend commmand Is ondy execued after the
corresponding bas completed, the proper sequence of computations and {inal value 32 are
guaranterd so long a3 ol of the nodes wre functiuning,

Trefethen 1996 at 7.
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2.3, Bend, Recy, Probe, Barrier

Mose general pout-to-poist communication is accomplished by send und receive commuands, which can
be executed on any of the MATLAB processes. For example, the sequence

An optional srgument can be added in recv to specify the source. Apother opiional argument mxy be
added in both gend and 5eoy 10 specify & message g 3o as 1o enswre tut sends and recetves are
properly matched and 1w aid in evror chevking. The command

run on any process, apain with optional source process sumber and message tug. retoms | (o if 2
message has arrived from the indicated sowrce with the indicated tag, otherwise 0 {falsel

Trefethen 1996 at 6.

MultiMatlab implemented MPI message passing that allowed any node to pass computation results to any other
node, as further illustrated by the following code:
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=’ 3 produces the output

The processes run axyachronously, bot since each seod command 3 only executed afler the
corresponding » B completed. the proper sequence of computations and final valoe 32 are

guaranteed 50 long as all of the nodes are fusctioning.

Trefethen 1996 at 7.

Figure 4b illustrates a parallel MATLAB hmplementation of conjugate gradients that uses
the SPMD message passing described in Section 5.2, In this case, the matrix A and the dil
ferent vectors are each distributed by row over all processes as in Figure 6. In each iteration,
a process only does the computation required for its local data. However, communication
is reguirved for two different operations: the dot-products needed to compute rho and alpha
and the matrix-vector multiply needed to compute w local. The dot products only reguire
comrmnnication of a single value over all processes. On the other band, the matris-vector
muftiplication needed for w.foce! requires the global vector p. and, thas, more expensive
CoOmumBication.
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Trefethen 1997 af 11, 13

r.local = b_local;
rho = Sum{r_local’sr_local);
ko= 0
whilel(k < kmax))
k= k+1l;
if (k == 1)
p.local = v _local;
else
beta = rho/oldrho;
p.local = r local + betarp_local;
end

p = Gather{p_lecal);
w. local = A _local * p;

alpha = rho/{(Sum(p.local’+w_locall);
x.1vcal = x_local + alpha * p_local;
r.olecal = rolocal ~ alpha * w_local;
cldrho = rho;
rho = Sum{r_local’#r_local);

end

b. Message Passing MATLAB

Trefethen 1997 at 11,

90¥5900 SOV
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A Jocal e Frovess B < docal - g
Proeess § K
Fioeens 2 2
Provess P i3
A %
Figure 6 Matbrix A and vector # distributed by row over P processors

Trefethen 1997 at 12,

MPE, PVM and/or remote function calls created packets, as was common knowledge in the art. For example,
the "768 specification admits that MP1 calls created packets, and relies on the disclosure of standard MPI
functions to aliegedly enable and describe the claimed subject matter. *768, 14:1-29. Moreover, storing function
call parameters in & packet structure is conventional, and was known or obvious to ong of ordinary skill.
MultibMatlab likewise used packets to communicate data including computation results between nodes, and
between kernel and communication libraries within a node:

contiguous baffers of date ranging from 8 bytes {or 1 double) to 2 mega

communicaies this data in packels of roughly 256 byies over s high pertormance switch,

Note that the latencies ave virtually wdentical for the MEX voutine and the sative O progran,

These results demonstrate thab, as expected, e overlivad is negligible.
Trefethen 1997 at 7.

Additional Evidence of Obviousness
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Choy 3 at 49,

The following additional examples show asynchronous calls sending and receiving payvloads comprising
computation results and other data and instructions:
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We present MATLAB #P [15] as an example of what could
be a “right” parallel MATLAB. MATLAB # P is a parallel
MATLAB using the back-end support approach, aimed at
widespread cireulation amony a geperal andience. In order
t achieve thig, we took ideas from the approaches used by
other software found in the survey. For example, the embar
wussingly parallel approach allow sinyple, vet useful, divi-
ston of work into multiple MATLAB sessions. The message
passing approach, which is a superset of the embarrassingly
paratlel approach, allows finer control between the MATLAB
SESHON,

The main idea in MATLAB P is that data exist on the par-
allel server as distributed matrices. Any operations on 4 dis-
wibuted matrix (which exists in the MATLAB front ead ooly
as a handle ) will be relayed to the server wansparently. The
server calls the appropriate routine frore a parallel nomerical
tihrary (e.g. Scal APACK, FFTW, .. ) and the results stay on
the server uutil explicitly requested.

Choy 2 at 336
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-

+oware 108 for at least some embodiments. In FIG. 2, parallel
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,

3 M7, lbrary managers 208q, 2095, . . ., 208 and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

o Chient managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server

s 2601, That is, server managers 207 manage the iransmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.

The following additional example illustrates an FFT calculation on a Matlab *P cluster, resulting in
communications of intermediate results between the nodes in the cluster
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To the extent ACS contends that this claim element s not expressly or inberently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For exanmple, MultiMatlab and Matlab*P
publications reference MPI and PVM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
2.2, Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachiogs
of PYM and MPI publications, such as those referenced in these contendions, as well as references and systems
implementing aspects of PVYM or MPL As another example, because MultiMatlab is directed to cluster

computing, it would have been obvious to combine with one or more of the prior art references or systers
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authored by the alleged nventors of the patents in suit or their collaborators, including patents, applications,
articies and code by Messrs. Dauger, Tannenbaum and Decvk. These references and code, including those
related to the Appleseed cluster, Pooch, MacMPI and related projects, are Hkewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

27.a. an expression
to be sent a3
pavioad; and

The MultiMatiab References disclose “an expression to be sent as payload.” See 27[prel.

27b. atarget node
where the
expression should
be sent;

13

The MultuMatiab References disclose “a target node where the expression should be sent.”

As established for claim 26, MultiMatlab implemented message passing protocols such as MPI and PVM,
and/or remote call procedures that allowed a node to pass computation results in a message to another node. See
claims 1, 26, 27{pre]. The calls implementing such protocols, for example, send and receive calls, comprised a
target node identifier.

For example, send and receive calls {e.g., the calls below) included a process ID specifying the target node:
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2.2 Put, Gt

Sex fay, v have pot oovrnurdosiod Deiwoon ProUeses TRoep e seimd soreen omp 10 1he ey
grovess. 31 cotirse, 2 uontavial MulnbIATLAB system deponds on such commundation,

Due form of cosmwaiostion we have inglepemied i pots and gots, eaecuiable sokedy by de maser
MATLAB process, For example, the comnand

sendn the iy
sarpe of & 10 be

‘man ahe ey provess (o processes 1 through 4 an optéonal argumend pormits the

shanged ardhe desttintion. The command

gets the matox & back fm process 3 1o e master.
2.3 Send, Recvy, Probe, Barrier

More gonemd point-to-point countinicaton 135 accomplished by send and receive copumands. which can
be exeeuted onany of the MATLAR processes. For example, the sequence

s 30 sprenily the sonrce. AnodBer optionat arpuwnent may be
o specify o messaze tag o us fo ensure that sends and rocewes are
i greor checking, The comrmand

Trefethen 1996 at 8.

tem provides ssers with an Eval rontine for parvallel evaluation. This routine allows users

to execnte cormmands on the other processes. On the inferactive process, the Eval rontine

¢

s implemented as a MEX routine which aw
MAaTLAR command, This routine sends the commands over the underlving comununicaiion
laver to the processes corresponding to the specified s, On non-interactive processes

pts a vector of MATLAR process 1Ds and a

R
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Trefethen 1997 at 4.

Additional Evidence of Obviousness

Choy 3 at 49,
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3.2.3 Message envelops

Aivhon iv the

thems, This informs
fihe miessage envelope,

st il & FOray

7254

£

MPI Specification at 19.

To the extent ACS contends that this claim element s not expressly or inherently disclosed, or s not obvious in
view of MultiMatlab and the knowledge of a POSITA it would have been obvious to combine it with one or

wore of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MPI and PYM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PV M and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art 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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer comumunications between cluster nodes, and use of these cluster computing tools
with CAS kemnels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.
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In ad

dition, this claim is rendered obvious by lntel Paragon Maple in view of Cramer, Choy, FF

and/or Chu for the reasons stated in the Cover Pleading, section IV,

W, ‘ ‘}*iévy'ard,

27.¢. wherein the
first command is
configured 1o be
called from within a
single-node kernel;

The MultiMatiab References disclose “wherein the first command is configured to be called from within a
single-node kernel”

MultiMatlab commands, such as the send and receive commands, can be entered by a user inte a user interface

of a CAS kernel, or be part of a CAS kernel language script running within the singl-node kernel:

f254

U
<
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2.2 Put, Gt

Sex far, wie have pot oonenusdoated briweon proces
groess. 4 course, 2 uontavial MulnbIATLAB

508 CRERE W S SCme s omip o 1he wamer
3 depends o such conuaurdrason,

Dne formy of comunueication we have dnplonesied & pots and gots, executable solely by the mas
MATLAB pro ‘or erample, the command

‘man ahe ey provess (o processes 1 through 4 an optéonal argumend pormits the

gets the matox & back fm process 3 o the mast

2.5 Send, Recy, Probe, Barrier

Mot sonersd poind-1o- point cowantaicaton s accomptished by send and receive conunands. which can
Et

o
be exeeuted onany of the MATLAR processes. For example, the sequence

% a4 messane containing 4 Zovector fronm the master process fo process 3, feading to the output

X
e

property matched wd 1o wd i error checking, The comrmand

Trefethen 1996 at 8.
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=’ 3 produces the output

The processes run asynchronously, but since each
corsesponding

guaranteed 50 long as all of the nodes are fusctioning.

Trefethen 1996 at 7.

Additional Evidence of Obviousness

1 comymand s only execoted alter the
» B completed. the proper sequence of computations and final valoe 32 are
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To the extent ACS contends that this claim element s not expressly or inberently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For exanmple, MultiMatlab and Matlab*P
publications reference MPI and PVM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to wodify MultiMatlab in view of the teachings
of PYM and MPI publications, such as those referenced in these contendions, as well as references and systems
implementing aspects of PVYM or MPL As another example, because MultiMatlab is directed to cluster

computing, it would have been obvious to combine with one or more of the prior art references or systems
8.
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related to the Appleseed cluster, Pooch, MacMPI and related projects, are Hkewise directed to cluster

computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of

these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,

and/or Chu for the reasons stated in the Cover Pleading, section IV,

authored by the alleged nventors of the patents in suit or their collaborators, including patents, applications,
articies and code by Messrs. Dauger, Tannenbaum and Decvk. These references and code, including those

27 4. wherein the
single-node kernel
is configured to
send the first packet
10 a local cluster
node module; and

The MultiMatiab References disclose “wherein the single-node kernel is configured to send the first packet to a

tocal cluster node module”

MultiMatlab commands, such as the send and receive commands, are sent to the other nodes via the

comniunication interface components, one or both of which comprise the local “cluster node module?”

bnothe Moltidarras archivectore, tnstrated in Figure 1
form individually rons a MATLAB provess. F
5 through a communication laver

each processor iu a parallel pl

ol process is then provided with the ahilivy
bo communicate with other proce thad runs over the
parallel platform’s intervonnection network., The user inderacts divectly with one MAaTLAB

9547

v

procesa, called the interactive process, and operates within that process’s Maroan environ-

s. Thess obher

ment, Obher MATLAR processes awail commands from the ideractive proce:

processes are used sither by explicitly sending MATLAB conunands 1o them or by execating

ronstines that, by turn, uze them.
The kev component o this architecture i3 the Mali

farve modnle

IMATLAS interfnce module. The nter-
shown in Fignre 2, i responsible for initializing an underlving compmmnication
PVAM 3], BLACS ], ar any other package available on the platform,

of the systen

(22

layer

anil expos

Trefethen 1997 at 3.

1w it to the regt
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%

Interactive
Processor

| MATLA

i Process

Processor

| MATLAB.

i Process

i Process

Processor

| MATLAB!

Trefethen 1997 at 3.

Interconmecting Netwiwk

Figure 1 Muoltddarian Sdechiteciure

Processor

| MATLAB

| Process
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Sequential
MEX Routine

MATLAB

Parallel
MEX Routine

I & i A

MuliMATLAB
Interface Module

n

Table

Communication Layer

7

Network

Trefethen 1997 at 4.

Additional Evidence of Obviousness
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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Regvey #3

Pig. 1. Structe of MATLABAF 20

Choy 1 at 2.
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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I one embodiment, when server software 185 is inttial
jzed, one processor may be designated the bead provessor and
alt or some of the remaining processors may be designated
slave processors that operate wnder the control of the head
provessor, The head provessor may serve a3 the ceniral pro-
cesser and may receive the commands from the chient. Thus,
m one embodiment, only the client manager modale 208 on
the head processor s used. When the bead processoy receives
a command fron the client, the server manager 287 on the
head processor may send messages to the “slave” processors
to pertorm the destred operation, The Library managers 209
on each of the processars may eall the appropriate routme i
fibraries 215,

The server managers 207 on the processors 203 may com-
muicate with each other w any stitable way, as the invention
15 not Himsted 1 this respect. In one embodiment, the message
pussape interface (MPD application progranuning interface
may be used. Alternatively, the parallel virtual machine
{PVMAPT orany other suitable from of compmunication may
be used.

Husbands at 11:10-30.

To the extent ACS contends that this claim element s not expressly or inberently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For exanmple, MultiMatlab and Matlab*P
publications reference MPI and PVM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
2.2, Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachiogs
of PYM and MPI publications, such as those referenced in these contendions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior ant references or systems
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authored by the alleged nventors of the patents in suit or their collaborators, including patents, applications,
articles and code by Messrs. Dauger, Tannenbaum and Decvk. These references and code, including those
related to the Appleseed cluster, Pooch, MacMPI and related projects, are Hkewise directed to cluster
compuiing using an existing message passing library and a cluster ranagement tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

27 e whergin the
focal cluster node
module is
configured {o
forward the
expression to the
target node.

The MultiMatiab References disclose “wherein the local cluster node module is configured to forward the
expression to the target node.”

MultibMatlab cluster node module components forward the packet, including the expression to be evaluated, to
one or more target nodes:

bnothe Moltidarras archivectore, tnstrated in Figure 1 :
form individually runs a MATLAB provess, Bach process is then provided with the alahiny
bo cormmunicate with other processes through a comnnodcation lver thad rans over the
parallel platform’s intervonnection network., The user inderacts divectly with one MAaTLAB
w MATLAR envi
L proce:

each processor iu a parallel pl

9547

v

¥

RIS

procesa, called the interactive process, and operates within that proce

ment. Other MATLAR provesses aw

s. Thess obher

JATEAR conunands 1o ihem or by execating

ath commmands frony the ineractiv

processes are used sither by explicitly sending 7

ronstines that, by turn, uze them.
The kev component o this architecture i3 the Mali

farve modnle

IMATLAS interfnce module. The nter-
shown in Fignre 2, i responsible for initializing an underlving compmmnication
PVAM 3], BLACS ], ar any other package available on the platform,

of the systen

(22

layer

anil expos

Trefethen 1997 at 3.

1w it to the regt
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%

Interactive
Processor

| MATLA

i Process

Processor

| MATLAB.

i Process

i Process

Processor

| MATLAB!

Trefethen 1997 at 3.

Interconmecting Netwiwk

Figure 1 Muoltddarian Sdechiteciure

Processor

| MATLAB

| Process
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Sequential
MEX Routine

MATLAB

Parallel
MEX Routine

I & i A

MuliMATLAB
Interface Module

n

Table

Communication Layer

7

Network

Trefethen 1997 at 4.

Additional Evidence of Obvicusness
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Fig. 2.

Choy 2 at 333,

MATLAB O

MATLAB 1

Message Passing.

"’\’

N

S MATLAD 3

MATLAR 2
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B, MultiMATLABMultiOctave Mode

One of the goals of the project is to make the software
to be uselol 1o g5 wide an audience as possible. In order
achieve this, we found that it would be fruitful o combine
other parallel MATLAR approaches into MATLARB + P, w
provide a uuilled parallel MATLAB framework.

In conjunction with B Husbands, we developed a pro-
totype implementauon of a MulaMATLAB [35]-like, dis-
rituied MATLAB package in MATLAB » P, which we call
the PPEngine. With this package and assoviated mi-files, we
can run muiiple MATLAB processes on the back end and
evaluate MATLAB functions in parallel oo dense matrices.

The system works by starting up MATLAR engine -
stances on each node theongh calls to the MATLAD engine
interface. From that point on, MATLAB commands can be
relayed 1w the MATLAB engine. The command is do this is
feiEery

Choy 2 at 336
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Regvey #3

Pig. 1. Structe of MATLABAF 20
Choy 1 at 2.
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Server software 108 may operate in any suitable way ©
receive commands from the client and perform operations in
paratiel, as the iovertion is nof limited in this reapect. FUG. 2
15 but one example of 2 soitable conliguration of server soft-
vware 185 for at least some embodiments. 1o FIG. 2, paralle]
server 201 includes s plumlity of processors, 203q,
2035, . ., 203n, and a2 memory 213, Bach of processors
2030-20% includes four software modules: client managers
W05, 2055, . . ., 20%; server managers 2W7a, 2078, ...,
2070, Bbrary managers 209a, 2095, .. ., 2% and data
pranagers 21%a, 2116, .. L 24 Memory 213 of parallel
server 201 stores g plurality of seliware libraries 2154, 2155,
213¢, . ... 213n that inchude routines Tor perfonning various
Gperations.,

{“fienr managers 208 interface with clients, and provides
routines for reading commuands and argoments from o client
amd sending results and other data back 1o the chent. Server
maniagers 207 handle communications between server pro-
cesses execuring on different processors of parallel server
2601, That is, server managers 207 manage the transmission of
data hetween the processors of paralle] server 281 and collect
results and erroy codes from the processors, Library managers

Husbands at 10:46-67.
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I one embodiment, when server software 185 is inttial
jzed, one processor may be designated the bead provessor and
alt or some of the remaining processors may be designated
slave processors that operate wnder the control of the head
provessor, The head provessor may serve a3 the ceniral pro-
cesser and may receive the commands from the chient. Thus,
m one embodiment, only the client manager modale 208 on
the head processor s used. When the bead processoy receives
a command fron the client, the server manager 287 on the
head processor may send messages to the “slave” processors
to pertorm the destred operation, The Library managers 209
on each of the processars may eall the appropriate routme i
fibraries 215,

The server managers 207 on the processors 203 may com-
muicate with each other w any stitable way, as the invention
15 not Himsted 1 this respect. In one embodiment, the message
pussape interface (MPD application progranuning interface
may be used. Alternatively, the parallel virtual machine
{PVMAPT orany other suitable from of compmunication may
be used.

Husbands at 11:10-30.

To the extent ACS contends that this claim element s not expressly or inberently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For exanmple, MultiMatlab and Matlab*P
publications reference MPI and PVM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
2.2, Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachiogs
of PYM and MPI publications, such as those referenced in these contendions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior ant references or systems
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authored by the alleged nventors of the patents in suit or their collaborators, including patents, applications,
articles and code by Messrs. Dauger, Tannenbaum and Decvk. These references and code, including those
related to the Appleseed cluster, Pooch, MacMPI and related projects, are likewise directed 1o cluster
compuiing using an existing message passing library and a cluster ranagement tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

28 pre. A computer
cluster comprising

To the extent the preamble is limiting, the MultiMatlab References disclose “a computer cluster comprising”
See 26 pre.

29.a. a plurality of
nodes, wherein one
or mote of the
nodes are
configured to
receive:

The MultiMatiab References disclose “a plurality of nodes, wherein one or more of the nodes are configured 1o
receive.” dee 26.a.

295, a command to
start g cluster
initialization
process for the
computer cluster,

The MultiMatiab References disclose “a command 1o start a cluster initialization process for the computer
cluster” See 26b,

29.¢ whereio the
cluster initialization
PIOCess Comprises
establishing
communication
a4mong two or maore
of the nodes; and

The MultiMatiab References disclose “wherein the cluster initialization process comprises establishiog
communication among two or more of the nodes.” See 26.¢.

Page 226 of 254

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



9E¥5900 SOV

Ex. A18 - MultiMatiab References

29.4. aninstruction
from a user
interface or a script;
and

The MultiMatlab References disclose “an instruction from a user interface or a script.” See 26.4.

29.¢ amechanism
for the nodes to
communicate
resuits of
mathematical
expression
evaluation with
each other;

The MulitMatlab References disclose “a mechanism for the nodes to communicate results of mathemaiical
expression evaluation with each other.” See 26.¢.

29 f. wherein each
of the nodes 13
configured to access
a non-transitory
computer-readable
medium comprising
program cods for g
single-node kernel
that, when
executed, is capable
of causing a
hardware processor
1o evaluate
mathematical
expressions;

The MultiMatiab References disclose “wherein each of the nodes is configured to access a non-iransitory

computer-readable medium comprising program code for a single~-node kernel that, when executed, 15 capable

of causing a hardware processor to evaluate mathematical expressions.” See 261

29 . wherein the
plurality of nodes
COMmprises:

The MultiMatiab References disclose “wherein the plurality of nodes comprises.” See 26.g.

29k a first node
comprising a first

The MultiMatiab References disclose “a first node comprising a first hardware processor configured to access
a first memory comprising program code for a user interface and program code for a first single-node kernel”
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hardware processot
configured to access
a first memory
comprising program
code for a user
interface and
program code for a
first single-node
kernel,

See 26.h.

291 the first single~
node kernel
configured to
interpret user
instructions and
distribute calls to at
feast one of g
plurality of other
nodes for execution;
and

The MuliiMatiab References disclose “the first single-node kernel configured to interpret user insiructions and
distribute calls to at least one of a plurality of other nodes for execution” See 26 1.

29j. a second node
comprising a
second hardware
processor with a
plurality of
pProcessing cores,
wherein the second
node is configured
to receive calls
from the first node,

The MultidMatiab References disclose “a second node comprising a second hardware processor with a plurality
of processing cores, wherein the second node is configured to receive calls from the first node.” See 26 4, 20 k.

29 k. execute at
least a first
mathematical

The MultiMatiab References disclose “execute at least a first mathematical expression evaluation.” See 26 k.
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expression
evaluation,

291 and
communicate a
result of
mathematical
exprassion
evaluation to a third
node;

The Multibatiab References disclose “and communicate a result of mathematical expression evaluation to a
third node.” See 26 k.

29 m. wherein the
third node
comprises a third
hardware processor
with a plurality of
processing cores,

The MultiMatiab References disclose “wherein the third node comprises a third hardware processor with a
plurality of processing cores.” See 26 1.

29 n. wherein the
third node is
configured to
receive the result of
mathematical
expression
gvaluation from the
second node,
execute at least a
second
mathemaiical
expression
evaluation using the
received result, and
communicate the
result of the second
mathematical

The MultiMatiab References disclose “wherein the third node is configured to receive the result of
mathematical expression evaluation from the second node, execute at least a second mathematical expression
evaluation using the received result, and communicate the result of the second mathematical expression
evaluation to the first node.” See 26.m.
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expression
evaluation to the
first node; and

29.0. wherein the
first node is
configured to return
the result of the
second
mathematical
expression
evaluation 1o the
user interface or the
scripts

The MultiMatiab References disclose “wherein the first node is configured to return the resuli of the second
mathematical expression evaluation to the user interface or the seript.” See 260

29.p. wherein one
or more of the
nodes are
configured to:

The MultiMatiab References disclose “wherein one or more of the nodes are configured t0.” See 26.0.

29.q. accept user
instructions;

The MultiMatlab References disclose “accept user instructions.” See 26.p.

29y after accepting
user instructions,
cormmumicate at
ieast some of the
user instruckions
using the
mechanism for the
nodes to
communicate with
each other; and

The MultidMatiab References disclose “after accepting user instructions, communicate at least some of the user
tnstructions using the mechanism for the nodes to communicate with each other” See 26.q.

28 5. after
comrounicating at
{east some of the

“

The MultiMatiah References disclose “after communicating at least some of the user instructions using the
wechanism, communicate at least some of the user instructions to ove or more single-node kernels.” See 26.r,
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user instructions
using the
mechanism,
communicate at
ieast some of the
user instructions to
one or more single-
node kernels.

30 pre. The
computer cluster of
claim 4,

The MultiMatlab References disclose this claim.

30.a. wherein each
of the plurality of
nodes implenents
asynchronous calls
that enable the
single-node kernel
to perform
computation tasks
while the cluster
node modules are
simultaneously
communicating
with one another.

The MultiMatiab References disclose “wherein each of the plurality of nodes implements asynchronous calls
that enable the single-node kernel to perform computation tasks while the cluster node modules are
simultaneously communicating with one another.” See claim 27.

31.pre. The
computer cluster of
claim 4,

The MultidMatlab References disclose this claim.

31.a wherein
intercomimunication
among the plurality

The MultiMatlab References disclose “wherein intercommunication among the plurality of single-node kernels
during thread execution is enabled by the plurality of cluster node modules.” See 1.d.
o J
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of single-node
kernels during
thread execution is
enabled by the
plurality of cluster
node modules,

31b. and wherein
the computer cluster
18 configured to
perroit exchange of
information
hetween nodes
during the course of
a parallel
computation,

The MultiMatiab References disclose “and wherein the computer cluster is configured to permit exchange of

information between nodes during the course of a parallel computation”

MultiMatlab cluster operated so as to aliow the kernels to compute while sending and receiving messages, ¢.g.,

MPE, PVM and/or remote function call communications between the nodes. See claims 1, 26.

33.pre. The
computer cluster of
claim 1,

The MulitMatlab References disclose this claim.

]

33.a. wherein the
plurality of nodes
are configured to
permit exchange of
information
between nodes
during the course of
paraliel
computation.

The MultiMatiab References disclose “wherein the plurality of nodes are configured to permit exchange of
information between nodes during the course of parallel computation.” See claim 31

34 pre. The
computer cluster of
claim 1,

The MultiMatlab References disclose this claim.

Page 232 of 254

Advanced Cluster Systems, Inc. Ex. 2023

232 of 254



Y5900 SOV

Ex. A18 - MultiMatiab References

34.a. wherein each
of the plurality of
nodes comprises
mstructions
executable by the
hardware processot
and configured to
implement
asynchronous
behavior, wherein
the instructions

The MultiMatlab References disclose “wherein each of the plurality of nodes comprises instructions executable

by the hardware processor and configured to implement asynchronous behavior, wherein the instructions
comprise.” See claims 26, 27.

COmprise;
34b atirst The MultiMatiab References disclose “a first instruction to asynchronously send a payload to another node.”
instruction to

asynchronously
send a payload to
another node;

The MuliiMatlab References disclose asynchronous send instructions, e.g., MPL PVM and/or remote function

call instructions, that send data payloads, such as instructions or results, to other nodes. See claims 26, 27

34.¢. asecond
instruction (o
asynchronously
recetve a payioad
from another node;
and

3

The MultiMatlab References disclose
node.”

The MultiMatiab References disclose asynchronous receiver instructions, e.g., MPI, PVM and/or remote
function call mstructions, that receive data payloads, such as instructions or results, from other nodes. See
claims 26, 27.

‘a second instruction to asynchronously receive a payload from ancther

34.d. athird
instruction to search
for a payload
matching a message
specifier.

0

The MultiMatiab References disclose “a third instruction to search for a payload matching a message
specifier.”

The MultiMatial References disclose the MPI messaging protocol, which includes tnstructions MPIL Test
and/or MPL Wait that the “768 preferred embodiment identifies as allegedly performing the claimed
function. 768, 13:31-14:29. See claims 26, 27.
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fn the MultidMartian architecture, husiraied in Flgure 1, each processor in a parsllel plat-

form individually suns a MATLAB process. Each process Is then provided with the ability

0 CODVNGUG o obher process fha'c‘mr{'h a conununication laver that runs over the
s with one MatLag
15 MATLAS environ-

mentd, Other MATLAB processes await commands from the interactive process. These other

paratlel platiorn’s nterconuection nebwork, The user interacts dire

provess, called the tnteractive process, and operates withhn that proce

PEOE

routines that, m burn, use th
T kev cotpponent in th

face r,‘not,iv.vz}e shown n Flgure 2, 3s responsible for initializing an wnderlying conumunication

laver, such as MPLI21 PVM [3L BLAC

and exposing it fo the rest of the

ey
chifeciure is the MuladMaTLan inde

see nodnle, The nter-

S 4L or any other package available on the platferm,
syrtem,

Trefethen 1997 at 3

Additional Evidence of Obviousness

3.7.3  Compumcation {.'j.c}m;;ta@iicm

u simblocking

is gy §

g :
Gewatioms in content of the
o bwey pecetvesd, vaiher, ,i Ay have

% syn(hmnom spsehn o

e veei3E .
o il £

z

& ¥

Shaius o
34
1ir

(émc awi; w« ’ga(;? the ,‘,,‘m inie

s initiage

saes are nsed either by explicitly sending MaTean comroands to them or by executing
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MPI Specification at 41.

8. MulttMATLABAMultiChorave Mode

Che of the goals of the project s 10 make e sofiware
i be osefud 1o as wide an andience as possible. In order to
achivve this, we found that it would be fruithul 10 combine
other parallel MATLAB approaches into MATLAB » P o
provide a unified paraliel MATLAB framework

In conjuncion with P Husbands, we developed a pro-
etype imaplementation of a MolaMATLAB [35)-hike, dis
wibuted MATLAB package in MATLAB = P, which we call
the PPEngine. With this package and associated m-files, we
can ron multiple MATLAB processes on the back end and
evalpate MATLABR functions in parallel on dense matrices.

The systeny works by starting up MATLAB cagioe in-
stapces on each node duough calls w the MATLAB engine
meerface. From that point on, MATLAB commands can be
relaved to the MATLAB engine. The conunand is do this iy
(LS EEN

Choy 2 at 336

To the extent ACS contends that this claim element 18 not expressly or inherently disclosed, or is not obvicus in
view of MultiMatlab and the knowledge of a POSITA, 1t would have been obvious 1o combine it with one or
maore of the other references in these invalidity contentions. For example, MultiMatlab and Matiab*P
publications reference MP1 and PYM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PVM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
computing, it would have been obvious to combine with one or more of the prior art references or systems
authored by the atleged tnventors of the patents tn suit or their collaborators, including patents, applications,
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articles and code by Messrs. Daoger, 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 and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tools
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more of
these systems or publications with MultiMatlab.

Inv addition, this claim is rendered obvious bv Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

35.pre. A computer
cluster node for
evaluating
expressions in
parallel with other
computer cluster
nodes, the computer
cluster node

To the extent the preamble is limiting, the MuliMatlab References disclose “a computer cluster node for
evaluating expressions in parallel with other computer cluster nodes, the computer cluster node comprising.”
See claims 1, 26,

>

COMprising

35.a. g bardware The MultiMatlab References disclose “s hardware processor contigured to access one or more non~-transitory
i o

Processor memory devices comprising program code for a single-node kernel that, when executed, causes the hardware

configured to access
One Of MOTe noH-
iransitory memory
devices comprising
program code for a
single-node kemel
that, when
executed, causes the
hardware processor
to interpret user

processor to interpret user instructions, to evaluate mathematical expressions, and to produce results of
mathematical expression evaluation, wherein the hardware processor comprises multiple processor cores” See
1h,lg,1h, 11
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instroctions, (o
evaluate
mathematical
expressions, and to
produce results of
rpathematical
eXpression
evaluation, wherein
the hardware
Processor comprises
muitiple processor
cores;

353b auser
connection interface
configured {o
receive a command
to start a cluster
initialization
process for a
computer cluster;

The MultidMatiab References disclose “a user connection interface configured to receive a command {0 start a
cluster initialization process for a computer cluster.” See 1.b.

35.¢. amechanism
{0 communicate
results of evaluation
with other computer
cluster nodes using
a peer-to-peer
architecture; and

The MultiMatiab References disclose “a mechanism to communicate results of evaluation with other computer
cluster nodes using a peer-to-peer architecture.” See 1.d.

35.4. program code
that, when
executed, 1s capable
of causing the

hardware processor

The MultiMatiab References disclose “program code that, when executed, is capable of causing the hardware

processor 1o for the reasons stated below.
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-

10

1%
35.e receive calls
from a second node
comprising a
second hardware
Processor
configured 10 access
a second memory
comprising program
code for a user
interface and
program code for a
second single-node
kernel, the second
single-node kernel
configured to
interpret user
instructions and
distribute calls to at
ieast one of &
plurality of other
nodes for execution;

The Multidatiab References disclose “receive calls from a second node comprising a second hardware
processor configured to access a second memory comprising program code for a user interface and program
code for a second single-node kernel, the second single-node kernel configured to interpret user instructions and
distribute calls to at least one of a plurality of other nodes for execution” See 1h, 11, 1.6 L.g

35.f execute, using
the hardware
processor, at least a
first mathematical
expression
evaluation; and

The MultiMatiab References disclose “execute, using the hardware processor, at least a first mathematical
expression evaluation.” See 1.h, 1.1,

35.¢. communicate
a result of the first
mathematical
expression

The MultiMatlab References disclose “communicate a result of the first mathematical expression evaluation to
]

a third node comprising a third hardware processor with a plurality of processing cores.” See 1.4, 1]
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evaluation to a third
node comprising a
third hardware
processor with a
plurality of
ProCessing cores,

335 h wherein the
third node is
contigured 1o
receive the result of
mathematical
exprassion
evaluation from the
computer chuster
node, execute at
ieast a second
mathematical
Sxpression
evaluation using the
result of the first
mathematical
expression
evaluation, and
conununicate a
resuit of the second
mathematical
expression
evaluation 1o the
first node;

The MultiMatiab References disclose “wherein the third node is configured to receive the resuit of
mathematical expression evaluation from the computer cluster node, execute at least a second mathematical
expression evaluation using the result of the first mathematical expression evaluation, and communicate a result
of the second mathematical expression evaluation to the first node” See 1.k

351 wherein the
user connection
interface is

The MuliiMatlab References disclose “wherein the user connection interface is configured to return at least one
result of mathematical expression evaluation to a user tnterface or a script” See 1.1

Page 239 of 254

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



1675900 SOV

Ex. A18 - MultiMatiab References

SE

configured to return
at least one result of
mathematical
expression
evaluation 1o a user
interface or a script;
and

353, wherein the
computer chuster
node is configured
10!

The MultidMatiab References disclose “wherein the computer cluster node 1s configured 107 for the reasons
stated below.

35k accept user
instructions,

The MultidMatiab References disclose “accept user instructions.” See 1o

351 after accepting
yser instructions,
communicate at
izast some of the
user instructions
using the
mechanism for the
nodes to
communicate with
cach 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” See 1o

35 m. after
communicating at
teast some of the
user instructions
using the
mechanism,
comununicate at
ieast some of the
user instructions (o

The MultiMatiab References disclose “after commumicating at least some of the user instructions using the
mechanism, communicate at least some of the user instructions to the single-node kemel” See 1.p.
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the single-node
kernel.

36.pre. The
computer chuster
node of claim 35,

The MultiMatiab References disclose this claim.

36.a. wherein the
one Of More non-
transitory memory
devices comprise
program code for
performing a
parallel fast Fourier
transform,

The MultiMatiab References disclose “wherein the one or more non~-transitory memory devices comprise
program code for performing a parallel fast Fourier transform.”

The MultiMatlab References disclose computational library code for performing FFT in parallel, e g, the
FFTW or additional FFT libraries:

MATLAB® ix » high-level language, and a problem-solving environment. for mathematical and
svientific calenlations. It originated i the late 19705 with an atternpt by Cleve Muler to provide
interactive access to the Fortran lincar algebra software packages EISPACK and LINPACK. Soon a
programming language eraerged (programs conventionally have the exiension .m and are called
"m-files”y contaming dozens of bigh-level commands such as ¢{singular value decomposition), £5¢
{fast Fourier trunsform}, and rocts {polynomisl zerofinding). Graphical commands were built into the
language, and a compuany called The MathWorks. Inc. was formed in 1984 by Moler and John Little,
nonw based i Natick, Massachaseus.

Trefethen 1996 at 2.
See also Trefethen 1997 at 7, 10

Additional Evidence of Obviousness
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Choy 3 at 47
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¥

The main wea in MATLAB P 15 that data exist on the par-
allel server as distributed matrices, Any operations on g dig-
tributed matris (which exists in the MATLAR front end only
as g handley will be relayed to the server transparently. The
server calls the appropriate routine from a parallel numernical
hbrary (e.g. 5eal APACK, FFTW, .. Jand the resulis stay on
the server until eaplicitly requested,

Choy 2 at 336,

Moreover, parallelization of FFT across a cluster was well-known in the art. Many references teach
parallelizing FFTs in a cluster using MPL PVM or similar protocols, and it would have been obvious to apply
these teachings to Matlab *P. Matlab *P kervels implemented an FFT function, and it would have been obvious
to combine Matlab *P with any of a number of references teaching FFT parallelization in an MPI or similar
cluster.

One such reference is Cramer, which teaches parallel FFT implementation in a cluster using MPI or PVM, with
each node receiving a data “slice” {0 operate upon:
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SN i the 315 dsis
Loy 203 FE T and compaudeniion step,

Cramer at 2.

FFTW teaches a similar data slicing approach, which would have been obvious to implement with Matlab *P
for the reasons established above:
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4.2.3 MP1 Data Layvout
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FFTW atr 43.

The teachings of Cramer and/or FFTW could be implemented by a POSITA without undue experimentation by
a set of send and FFT calls, causing a subset of data to be processed by each of the chuster nodes in parallel,
such that the Fourier transform is evaluaied across the cluster in paraltel,

Howard teaches a similar distributed approach to FFT parallelization that would be obvious to implement in the
same manner. See, e.g., Howard pars. 142-147.

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or 18 not obvious in
view of MultiMatlab and the knowledge of a POSITA it would have been obvious to combine it with one or
1ore of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MPI and PYM-based paraliel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this claim element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab tn view of the teachings
of PYM and MPI publications, such as those referenced in these contentions, as well as references and systems
implementing aspects of PYM or MPL As another example, because MultiMatlab is directed to cluster
computing, it would have been cbvious to combine with one or more of the prior art 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, MacMPI and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool. Moreover, these prior art
publications teach peer-to-peer 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 have been obvious to combine one of more of
these systems or publications with MultiMatiab.

In addition, this claim is rendered obvious by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,
and/or Chu for the reasons stated in the Cover Pleading, section IV,

365 wherein the
program code
causes the hardware
PrOCessor 1o
evaluate a
command to
perform a Fourier
transform on an
array comprising a
first data portion
that is stored on the
compuier cluster
node and a second
data portion that is
not stored on the
computer cluster
node,

The MultiMatiab References disclose “wherein the program code causes the hardware processor to evaluate a
command to perform a Fourter fransform on an array comprising a first data portion that is stored on the
computer cluster node and a second data portion that is not stored on the computer cluster node”

As established for element 36.a above, MultiMatlab iroplemented a parallelized FFT with cach node operating
on a portion of data stored locally, followed by at least a second transform on a portion of data sent from
another node. Breaking up the FFT dataset into portioss, with each portion stored and evaluated on a given
cluster node was standard in the art of parallelizing FFT on a cluster. This solution was implemented by
Cramer, FFTW and Howard, as just some examples.

MATLABZ isu high-level lunguage. and a problem-solving environment, for mathematical and
sciemtitic caleulations. It originated in the tate 1970s with an attempt by Cleve Moler to provide
interactive access o the Fortran linear algebra software packages EISPACK and LINPACK. Soon a
programning language emerged (programs conventionally have the extension . » and are called
"m-files”) contaming dozens of high-level commands such as s+a (singular value decomposiiion). £7¢
¢fast Fourier transform}, and roor s {polynomial zerofinding), Graphical commands were built into the
language, and 2 company called The MathWorks, Inc. was formed in 1984 by Moler and lohn Litle,
now based in Natick, Massachusetts.

Trefethen 1996 at 2.
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See also Trefethen 1997 at 7.

Additional Evidence of Obviousness

Moreover, paralielization of FFT across a cluster was well-known in the art. Many references teach

paratielizing FFTs in a cluster using MPL PVYM or similar protocols, and it would have been obvious to apply
these teachings to Matlab *P. Matlab *P kernels imaplemented an FFT function, and it would have been obvious

to combine Matlab *P with any of @ number of references teaching FFT parallelization in an MPI or similar
cluster.

One such reference is Cramer, which teaches paralle]l FFT implementation in a cluster using MPI or PVM, with
i g ;

each node receiving a data portion {¢ operate upon;
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SN i the 315 dsis
Loy 203 FE T and compaudeniion step,

Cramer at 2.

FFTW teaches a similar data slicing approach, which would have been obvious to implement with MuliiMatlab
and Matlab *P for the reasons established above:
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4.2.3 MP1 Data Layvout
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FFTW atr 43.

The teachings of Cramer and/or FFTW could be implemented by a POSITA without undue experimentation by
a set of send and FFT calls, causing a subset of data to be processed by each of the cluster nodes in parallel,
such that the Fourier transform is evaluated across the cluster in parallel.

Howard teaches a similar distributed approach to FFT parallelization that would be obvious to implement in the
same manner. See, e.g., Howard pars. 142-147. Likewise, Agarwal teaches an approach to split the FFT data set
such that each node performs FFT on a portion of the data, and would be obvious to combine with MultiMatlab
and Matlab *P for the same reasons. See Agarwal at 36-38.

37 pre. The
computer cluster
node of claim 35,

The MultidMatlab References disclose this claim.

37 a. wherein the
computer cluster
node is configured
o permit exchange
of information with
other computer
cluster nodes during
the course of
parallel

The MuliiMatlab References disclose “wherein the computer cluster node is configured to permit exchange of
information with other computer cluster nodes during the course of parallel computation.” See 31b
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computation.

39 pre. The
computer cluster
node of claim 35,

The MultiMatiab References disclose this claim.

39.a. wherein the

hardware processor

comiprises a special
purpose
MCTOProcessor.

The MultiMatiab References disclose “wherein the hardware processor comprises a special purpose
microprocessor.”

To the extent processors disclosed by the MultiMatlab references do not including a hardware processor
including a special purpose microprocessor, it would have been obvious to use a special purpose
microprocessors, such as math co-processors, for performing evaluation of mathematical expressions using
Matlab and MultiMatiab..
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Scientific computing sottware applications sre widedy nsed

i the science and engineering comemunity as computing and
mesdehing 1oels As used heren, the werm seientiic compiting
software application refers to a solbware spplicalion capable
of solving compiational problenss that ave fnput by a user.
Fuamples of commercially available sclentific computing
software applications inchide MATLAR™, produced and
sold by The MathWorks, Natick, Mass., Maple™, produced
anst sold by Maplesoft, Waterlon, Optario, Canada, and Math-
ematica®™, produced and sold by Wolfram Research, Cham-
paign, HE These sofiware applications are usefd] in g variory
of disciphines, inchuding, for example, engineenyy, matl-
sophiysies, e, chemistry, chemical engineer-
ing, social sciences, finance, ecopomics, and others, 1t should
be apprecisted that while referred 1o a3 3 scientific computing
saftware apphication, sciantific software applications are not
Hmited w0 solving problemss or performing caloudations of o
seientific nature, 5 any suitable type of pie 5 o calenlas
tions may be processed by the scientific computing software
application.
Husbands at 3:37-56.
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S

R
R

PC Magazine 1 at 425,

As another example, it would have been obvicus to run MultiMatiab and Matlab *P nodes on computers with
special purpose processors including DSPs, as such processors were known to be advantageous for certain types
of computation, including FFT and matrix computations. These and other use cases could be erhanced with
DSP processors, as was known in the art. For example, Melpignano teaches that computer clusters can have
heterogeneous processors, including D8Ps. See, e.g., Melpignano, 7:29-31, 7:65-8:S; see also, e.g., Pruvost,
4:14-22 4:58-5:8. The "768 patent recites conventional processors, including a “special purpose processor”
such as a DEP, confirming the obviousness of this limitation. See, e.g., "768, 7.10-32.

As another example, Nayak teaches the advantages of cluster computing on DSPs:
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wi harbware
which

The DSP architeciure has some oust
for mubtiply and acenmulnte type of operat
make them ideal for signsl and image proves
piications in coreparizson fo the general purpose pro-
wise to impdernend compuiation

WS,

145 Xy e
g Ay

cessors. Henee, i
intensive madrix operations on the DEP as they wondd

take a louger tune on Zenersl pRIPOSE PrOUessors,

Nayak at 4.

Mayak teaches a cluster with a combination of DSP and/or FPGA nodes, in addition to other processor nodes. It
uses a Matlab keroel and MPI for peer-to-peer roessage passing, making it obvious to combine with
MultiMatlab and Matlab *P:

= HOST PROCESSOR

DSp CL

FJ?GA- '(l'":i STER POWER PC CLUSTER

MNayak, Fig 4.
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it would have been obvious to combine MultiMatiab and Matlab *P with Nayak for implementing matrix and
FFT computations, as expressly motivated by Nayak. Nayak provides disclosure of the software and hardware
imoplementation to make the combination without undue experimentation.

Nayak teaches the use of T1 TMS320C40, each of which comprised at least two processing cores. Moreover,
Navak taught that DSP processors could be used together as a cluster node in a heterogeneous cluster. In
addition, MNayak taught that FPGA processors could be used in a cluster.

To the extent ACS contends that this claim element is not expressly or inherently disclosed, or is not obvious in
view of MultiMatlab and the knowledge of a POSITA, it would have been obvious to combine it with one or
more of the other references in these invalidity contentions. For example, MultiMatlab and Matlab*P
publications reference MP and PVM-based parallel processing systems as comparable cluster computing
systems, motivating a POSITA to look to such systems for modifications relating to this clair element. See,
e.g., Choy 2 at 334, Accordingly, it would have been obvious to modify MultiMatlab in view of the teachings
of PVM and MPI publications, such as those referenced in these contentions, as well as references and systems
implerseoting aspects of PVM or MPL As another exarople, because MultiMatlab is directed to cluster
computing, it would have been obvious to contbine with one or more of the prior art 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 Decvk. These references and code, including those
related to the Appleseed cluster, Pooch, MacMPl and related projects, are likewise directed to cluster
computing using an existing message passing library and a cluster management tool, Moreover, these prior art
publications teach peer-to-peer communications between cluster nodes, and use of these cluster computing tool
with CAS kernels. Given the similarity of their teaching, it would have been obvious to combine one of more o
these systems or publications with MuoltiMatlab,

¢

In addition, this claim is rendered obvicus by Intel Paragon Maple in view of Cramer, Choy, FFTW, Howard,

and/or Chu for the reasons stated 1o the Cover Pleading, section IV,

D0
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