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LISTING OF CLAIMS

A compute node for use in a data processing system, the compute
comprising:

[1pre]

a communications link communicatively coupling the compute node tg
[1a] | or both of a host compute system and an adjacent compute node
execution pipeline;

[1b] | a data store comprising records associated with a data processing ope

a programmable logic component to execute the data processing ope

1 ) ) :
[1c] in cooperation with the data store;
a node memory comprising data and instructions to support operation
[1d.i] programmable logic component in connection with the data proces

operation and to facilitate interode data communications with t
adjacent node via the communications link,

wherein the node memory further comprises algorithm memory inclu
[1d.ii] | resourcespecific memory locations to support the data proces
operation;

a data mover component to facilitate iatrede data communication

[1e] between the programmable logic component and the node memory; @

a storage interface component to facilitate imoae data communication
between the programmable logic component and the data store;

[1f]

wherein the storage interface component utilizes a plurality
[1g] | communications channels to transfer data between the programmabile
component and the data store; and

wherein the data processing operation is associated with a computati
expensive algorithm and the compute node is deployed in a distril
processing compute environment to execute the computationally expé€
algorithm.

[1h]
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Claim 2

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The compute node of claim 1 wherein the communications link emplqg
serial communications protocol enabling -dmectional data
communication between the compute node and other compute nodes
execution pipeline.

Claim 3

The compute node of claim 2 wherein the compute nodsg
communicatively coupled to the adjacent compute node in series vi
communications link.

Claim 4

The compute node of claim 1 wherein the data comprise an Electron
Erasable Programmable Read Only Memory (EEPROM) device.

Claim 5

The compute node of claim 4 wherein the storage interface emplo}
Open NAND Flash Interface (ONFI) protocol.

Claim 6

The compute node of claim 1 wherein the programmable logic compq
comprises a field programmable gate array (FPGA).

Claim 7

The compute node of claim 1 wherein the compute node further comyj
a processor to manage operation of the data mover component.

Claim 8

The compute node of claim 7 wherein the data mover component com
a device controller.

[9]

The compute node of claim 1 wherein the communications link enabl
compute node to receive instructions from the host compute syste
instructions to influence operation of the compute node.
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Claim 10

The compute node of claim 1 wherein the compute node is combineg
[10] | a router module and integrated into an interface card communicat
coupled to the host compute system.

Claim 11

The compute node of claim 1 wherein the compute node execu
respective operation associated with the computationally expel
algorithm using information in a computexecutable code associated w
the computationally expensive algorithm and reswfsa respective
preceding operation, and passes respective additional results g
respective operation to a next compute node in the execution pipeline

[11]

The compute node of claim 11 wherein the compakercutable cod
[12] | associated with the computationally expensive algorithm is incorporat
a bit stream.

Xi
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I, Donald Alpert PhD,declareasfollows:
I NTRODUCTI ON

1. | have been retained as a technical expert by counsel on behalf of
Advanced Micro Devices, Ind. AMDO / A P e t i Kkunderstand maAMD is
requesting that the Patent Trial and Appeal Board institut@tan partesreview
(Al PRO) withoespeda tdU.SnRpatent No12,271,63q it @3@&p adt ent 0)
(AMD 1001).

2. | have been asked to pr ov6eBapaenmy i
in light of certainprior art publications, and | have done so based on my personal
knowledge and experience.

3. | am not, and never have been, an employe&hD. | reeived no
compensation for this €laration beyond my normal hourly compensation based on
my time actual | y63&patenh the mior art puldicatiogs citedh e
below, andrariousissues related theretbwill not receive any added compensation
based on the outcome of any 63@p&enor ot h

QUALI FI CATI ONS

4, In formulating my opinions, | have relied on my knowledge, training,
and experience in the relevant fiel#ly education and experience are described
more fully in the attached curriculum vitae (Appendix A). For ease of reference, |

have highlighted certain information below.

n

0

e
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5. | am an independent consultant with Camelback Computer
Architecture, LLC. My residence and place of business is at 7 Farm Road, Los Altos
CA, 94024. | am over the age of eighteen, and | am a citizen of the United States.

6. | have over 45 years of academic and industrial experience in applying,
designing, studying, teaching, and writing about microprocessors and computer
systems. | received an Electrical Engineering Ph.D. degree in 1984 from Stanford
University. | earlier eceived an Electrical Engineering B.S. degree from MIT in
1973 and an Electrical Engineering M.S. degree from Stanford University in 1978.
| have taught classes in computer architecture at Stanford, Tel Aviv, and Arizona
State Universities.

7. From 1976 to 1977, | worked at Burroughs Corporation, where |
designed peripheral interface controllers, including those for serial data
communications based on Intel 8080 microprocessor components. From 1980 to
1989, | was the lead architect for the dmesiof three higkperformance
microprocessors at Zilog and National Semiconductor. Later, at Intel, | was the lead
architect of the Pentium® Processor from 1989 to 1992 and of the 815 chipset from
1999 to 2000, both of which became the most widely usedd@ponents of their
time. The 815 chipset comprised two components: (1) a memory controller hub
(MCH) that included a graphics controller and memory controller with interfaces to

the CPU, 133 MHz SDRAM system memory modules, an optional, external graphics
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controller and (2) an I/O controller hub (ICH) that included various I/O controllers
(e.g., network, hard drive, USB) for system peripheral devices. Additionally, |
served as cmanager for the Itanium processor design from 1DSg/.

8. | am a Senior Member of the Institute of Electrical and Electronics
Engineers (IEEE), and served as the chair of the IEEE Technical Committee on
Microprocessors and Microcomputers from 1999 to 2000. | was the keynote speaker
at the first Cool Chips confence, dedicated to the study of lpawer
microprocessors and systems. | have given invited lectures at several universities,
and published ten papers in various professional journals and conference
proceedings. My ©paper etniturh | Pdo dieAs < diri
selected as best paper in IEEE Micro for 1993. | am a named inventor on over 30
U.S. patents that pertain to microprocessors, computer systems, and related
technology

9. | have reviewed thé&36p at ent , and | am famil i
subject matter, which is within the scope of my education and professional
experience. Based at least on my background in academia and industry, | am
familiar with the issues and technology relating to procaessbipsets, memory, and
peripheral devices for computer systems, including those for scalable,
multiprocessor systems and those with dedicated processing accelerators. | have

personally analyzed, developed, and tested such cemparnponents and systems
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10. A detailed list of my other professional activities, memberships, and
speaking engagements is included in@\y.
LEGAL PRI NCI PLES
11. In forming my analysis and conclusions expressed inDb™aration,
| have applied the legal principles described in the following paragraphs, which were
provided to me by counsel for the Petitioner.
A. Person of Ordinary Skill in the Art
12. | understand that the factors considered in determining the ordinary
level of skill in a field of art include: the level of education and experience of persons
working in the field; the types of problems encountered in the field; the teachings of
the priorart regarding solutions to such problems; and the sophistication of the
technology at the time of the alleged inventioh.understand that a person of
ordinary skil/ in the art (APOSITAO) i s
hypothetical idlividual having the qualities reflected by the factors above and
knowledge of all relevant prior art references, including the references | cite below.
B. Obviousness
13. I have been Iinformed that a patent
of one or more prior art references if it would have been obviouB@SATAat the
time of the alleged invention, taking into account (1) the scope and content of the

prior art, (2) the differences between the prior art and the claims, (3) the level of

4
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ordinary skil/ i n the art, and (4-) any
obviousness, w h i -felhbutiumresdtivedd e e d d i J oMl b hag
invention, (i) commercial success attributable to the claimed invention, (iii)
unexpected results of the c¢claimed i1inve
invention by others.

14. While I do not know the exact date that the alleged inverdfoime
®36pater was made, | 636poa tkennotwd st heaatr Itihees t6 c |
is February 6, 2019For purposes of my obviousness analysis, | have applied a date
of February 6, 2019s the date of the alleged inventiorii Cr i t i ,cashbughDat e 0
in many cases the same analysis would hold true even if the date of the alleged
invention were earlieor later!

15. | have been informed that a claim can be obvious in light of a single
prior art reference or multiple prior art referencé&s.be obvious in light of a single
prior art reference or multiple prior art references, there must be a reason that would
have prompted a POSITA to modify or supplement the single prior art reference, or
to combine two or more references, in a mannerghatides the elements of the

claimed invention. This reason may come from a teaching, suggestion, or

! Note, however, that | doot concede that thé 6 aient is entitled to its earliest

claimed priority date.
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motivation to combine, or may come from the reference(s) themselves, the
knowl edge or fAcommon senseo of a POSITA
be solved, and this reason may be explicit or implicit from the prior art as a whole.

| have been informed that, under the law, the combination of familiar elements
according to known methods is likely to be obvious when it does no more than yield
predictable resultsl also understand it is improper to rely on hindsight in making

the obviousness determirat.

16. | understand that an obviousness determination also requires that a
POSITA would have had a reasonable expectation of sucEkssconcept has been
explained tome as relating to the relativielihood or predictability from the
perspective of a POSITA of successfully modifying the prior art a manner that
would meett he <c¢cl ai med | imitations of 6Bthe pa
patent).] under stand that the expectation of
thus, does not require the absté certainty gleaned fromhysically creating the
proposed prior art modification.

C. Claim Interpretation

17. lunderstand that, for purposes of my analysis inities partesreview
proceeding, the terms appearing in the patent claims should be interpreted according
totheirnior di nary and ©uls tetermining thenoedimaryi amd) .

customary meaning, | understand that the words of a claim are first given their plain



Attorney Docket No547880026IP1
IPR of U.S. Patent Nd.2,271,636

meaning that those words would have had to a person of ordinary skill in the art at
the time of the alleged inventiori.also understand that the structure of the claims,
the specification and file history may be used to better construe a dléoneover,
| understand that even treatises and dictionaries may be used, albeit under limited
circumstances, to determine the meaning attributed by a person of ordinary skill in
the art to a claim term
IV. MATERI ALS CONSI DERED

18. My analysis in thisDeclaration is based on minowledge and
experience Based on my aboveéescribedgualificationsin Sectionll, the Patent
Trial and Appeal Board should consider tndoe an expert in the fieldAlso, based
on my experiences, | understand and know of the capabilities of persons of ordinary
skill in this field

19. As part of my independent analysis for thiseDlaration, | have
considered the followinghe 6 6 ®d&ent AMD1001) and its prosecution history
(AMD1002); the background knowledge/technologies that were commonly known
to persons of ordinary skill; my own knowledge and experience gained from my
work in the field; my experience in teaching and advising others in this field; and
my experience working with otherinvolved in this field. In addition, | have

analyzed the following publications and materials:

AMD1004 |U. S. Publication No. 2019/ 010 ¢
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AMD1005 |U. S Publ i cation No. 2019/ 0114
AMD1006 |U. S. Publ i cation No. 2019/ 010§
AMD1007 |U. S. Patent No. 6,731,649 (ASi
AMD1008 |U. S. Patent No. 9,043,526 (dAFrn
AMD1009 | U.S. Publication No. 2015/0301900A Whi t e he a d 0)
AMD1010 |U. S. Publ i cation No. US2016/ 03
AMD1011 |(Jun et al . ABl ueDBM: An Appl i @
(June 13,2006 ( AJuno)
AMD1012 |Li u et al . ABlueFlash : a recg¢
Massachusetts Institute of Teg¢
AMD1014 |Putnametal " A Reconfi gurabl e Fadiscalec
Datacenter Serviceso Microsoft
AMD1015 |Vi pi n et al A F P QRecoiguratom A Survaynof]
Architectures, Methods, an&olAjy
51, No. 4, Article 72 (July 2018)
AMD1016 |[U. S. Patent No. 7,606,362 (iASt
AMD1017 |[Kempahonnai ah AMul ti Boot and §
FPGAso XAPP1296 (v1.0) (June ¢
AMD1018 |[Ver ma et al d-dAet-RBU S e WA HRAOT
AMD1020 |[U. S. Patent No. 11,169,727 (Al
AMD1021 |U. S. Patent No. 10,802, 995 ( A S
AMD1022 |[Par k et al . APFFS: A Scalabl e
Hybrid Architecture of Phase hange RAM a n d2008A
AMD1023 |[Prasad et al. nADesign and Veri
3.0 and USB Gen 3.1 Weldng UVM
AMD1024 |[U. S. Patent No. 11,055,252 (id(¢(
AMD1025 [AAXI Centr al Direct Memory Ac Q¢
Guideo (April 4, 2018)

AMD1026 |\ PClI Express Base Specificati g
AMD1027 || EEE fl| EEE SS$ystamdanfigliratioroof Prdgrammable
Deviceso | EFRB02Std 1532
AMD1028 |U. S. Patent No. 10,831, 376 (il
AMD1030 || EEE AThe Authoritative dicti (

Editiono (2000)
AMD1032 |[Mc Cart hy et al . -dimgnsisnalddrus Katworg of t
the I BM Blue Gene/ Q0o (2014)
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AMD1033 (A Seri al ATA: Hi gh Speed Seri al
(January 7, 2003)

AMD1034 |U. S. Pat ent No. 6, 711, 701 ( AR
AMD1035 |U. S. Publication No. 2013/ 03158
AMD1037 |[OQuster hout et al . fnThe Case f ¢

i

Performance Storage Entirely
Review, Vol. 43, No. 4, December 2009, pp-195

AMD1038 |[Kang et al . n-PisnnfUsingNYRAM 8Vritd Buthed ¢
for FlashMemonBased Storage Deviceso
Computers, Vol. 58, No. une2009, pp.744758

AMD1039 |(Zazo et al . ARA PCle DMA engi ng
GbpsFPGAaccel erat ed n @lwlaternationap p |
Conference on ReConFigurable Computing and FPGAs (ReConFi
(2015)

AMD1040 |U. S. Patent No. 3,995,119 (APé

AMD1041 | AMD I/O Virtualization Technology (IOMMU) Specificatiof8882
Rev 2.62 (February 2015)

AMD1042 [Goossens et al. N RQ@ffsvia Re&dPiraer SDRAMTY
Command Schedulingo | EEE T56a&ao.s
6, June 2016, pp. 188IB%H

AMD1043 |U. S. Publication No. 2020/ 0233
AMD1045 |U. S. Patent No. 6,000, 019 (ADyY
AMD1046 |U. S. Patent No. 8,527,949 (APl
AMD1047 |Toul son et al . AFast and Eff ed

Applying the ARM mbed. 2nd ed.

AMD1048 | U.S. PublicatiorNo. 2017/0283671( i J un g 0 )

20. Note that my citations to nopatent literature throughout this
Declaration reference the absolute page number added to the exhibit (as opposed to
the original pagination of the document} o r patent | i1 teratur
column/line numbers or paragraph numbekiote alsothat unl ess | 6ve

otherwise all emphasis irany quoted texare ones | havadded.
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21. Althoughl cite and quote tgelected portions ofariousreferencesn
this Declarationthe reader shouldnderstandhat theseitationsarerepresentative
examples. A POSITA would have viewedeach referencén its entirety and in
combination with other reference#ccordingly, | intend theeferencesdentified

in this Declaration to beiewed as incorporated in their entireties.

V. THE6 IBATENT
A. Pertinent Disclosure
22. Theé&é36patent describes a fAdata proce
a plurality of nodes performing operations in an execution pipeline. AMD1001,
Title, 7:60/ 8:11, FIG. 1 (reproduced below). An execution pipeline can include a
plurality of nodes that are connected to each other in series, the first node being

connected to a router. AMD100114i 45, 43:36i 44:34.
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AMD1001, FIG. 1.
23. Every compute node (e.g., compute node 140n shown in Figure 4

bel ow) I n an executi on 63p ipgteatl imcludes ad es cr
programmable logic component, data store, storage interface component, data mover
component, node memory, and communications link, among other components.
AMD1001, 10:417' 11:45, 55:8:56:41; FIGS. 1, 4These components are depicted

below inFigure4 o f 63@patent. 6
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144 (450) g 452n E é E .
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AMD1001, FIG. 4 (annotated).
24. A compute node initiates the execution pipeline by executing its
operation for an algorithm and passing the result of the operation to the next node in
the execution pipeline. AMD10084:35/ 45:35, FIG. 22. Each of the additional

nodes in the execution pipeline execute respective operations on input data received
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from the preceding compute node and pass the respective results to the subsequent
compute node. AMD10Q44:35 45:35 FIG. 22.

B. Prosecution History

25. During prosecution of the 06636 pat
as anticipated by Whitehead (AMD1009) and found several terms indefinite.
AMD1002, PP.4671. In response, PO amended claim 1 to include Elefidnti]
and Elemen{ 1 h ] arguing Whitehead | acked a s
failed to disclose ficompiWtR®i ointagd yi Rixg
or artificial i ntelligence applicati ons
al gor ild Howevegas lhavedenonst r at ed b e bperatipnalnei t h
contextp Acomputationally expensive algorit
patentably distinct from the prior art
should have been allowed.

C. Interpretation of the 6636 Patent C

26. It is apparent that the Challenged Claims are obvious under any
reasonable interpretation advanced pursuant teliiiéps standard There is not a
need to resolve any express constructions to show that my analysis of Grounds 1A
2B demonstrates that the claims are obvious over the applied referehaes been
asked to consider one Il nterpretation |

componento as a filogic component progr
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har dware connections, such as an FPGA. ¢
intrinsic record and consistent with the ordinary meaniSge e.g, AMD1001,
15:55 56, 39:6064, 20:4350.

V. PERSON OF ORDI NARY SKILL I N THE ART

A. A POSI TAGs Ordinary Level of Skill

27. Basedon my knowledge and experience in the field and my review of
the 0636 patent and i ts fwouddavadinceideda vy, I
bachel ords degree in Computer Engineer
Science, or a comparable field and at least two years of experience related to
computer architectureAdditional experience could substitute for a formal degree
or formal training (andice versa.

28. My analysis and conclusions expressed in this Declaration are based on
the perspective of a POSITA having this level of knowledge and skill. My
education, technical expertise and personal knowledge discussed in Section Il shows
that | meet the qualificains of a POSITA.

Vi. OVERVI EW OF CONCLUSI ONS FORMED

29. This Declarationexplains the conclusions that | have formed based on

my independent analysis. To summarize those conclusions:
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1 Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Claims3, 61 2 o0 636pater aréobvious in
view of Dalal (AMD1004) and Ng (AMD1005)SeeGroundl1A at §VIII.

1 Based upon my knowledge and experience, and my review of the materials
| i sted above, I bel i ebBGpatdnthapetobviQus mi ms
view of Dalal (AMD1004), Ng (AMD1005), and Raghava (AMD100&ee
Ground1B at 8IX.

1 Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Clainmig4, 69, 11, and12o f 636 pmatend are
obvious in view of Heil (AMD1010) and Jun (AMD1011%eeGround2A at
8X.

1 Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Claims 5 alelo f 636 patend are obvious in
view of Heil (AMD1010), Jun (AMD1011), and Raghava (AMD100&ee
Ground2B at 8XI

VII.L. GROUNDB:DIAL AANING
A. Dalal (AMD 1004)

30. According to Dalal, servers can be connected to one another in a
di stri buted computing environment. A ML

be included in a network architecture to provide a heterogenous computing

14
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environment éthe computing el emense can
also, [0027][0048], FIGS. 12 C. For exampl e, Dal al 0 s
Ahardware accelerator modul eso that are
especially because each module incl udes:s
AMD1004, [e0dnauEng eldm@ritsican be formed on hardware accelerator

( hwa) m cseewalsg 2y ], [0032][0036], [0038][0048]. The hardware
accelerator modules receive packetgdatrocess this data, and output the processed

data using the computing elements. AMD1004, [0DE®)}36], [0040], [0042]

[0044], FIGS. 1, 2B2 C. Il n each of Dal al 6s serve|l
coupled to the hardware accelerator modulesaeghdh o st pr ocessor o s
processor is communicatively coupled to the hardware accelerator modules.

AMD1004, [0032], FIG. 1.
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AMD1004, FIG. 1 (annotated).

31. Dal al explains that AFI G. 2A to 2C
be particular versions of system 100 of
in FIGS. 2A to 2C represents a particular example of system 200D1004,

[0039] Speci fically, it i's clearOtbbad Dhe
FI G. 2B are particular exampl-@Qgo-nnfo t he

AMD1004, [0032], [0042], FIGS. 1, 2B. The below drawing is a combined figure
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that i ntegrates the system of Figure 1
this Is consistent with Dalal és discl os
210 in box 202A from FIG. 2B replace the hwa modules 11he combined figure

resulting from this substitution depicts an embodimentishexpressly disclosduy

Dal al , because FI G. 2B simply il lustrat
versiono of FI G. 16s system, namely a
accelerator mad| es ar e arranged. 10 oFla@G.d Ki,hw
module 1160n0 ar e joined with a dotted I|ine.

exactly how modules are connected to each other within a server.

32. Within one of Dal al 0s server s, t
process data sequentially, one after the other, and this processing is achieved in part
because the hardware accelerator modules are serially coupled to one another.
AMD1004, [0042], [0045][0047], FIGS. 2B2C. These serially coupled modules
are depicted belowhe combined figureAMD1004, [0042], [0045][0047], FIGS.
2Bi2C. Dalal refers to sequential processing by serially coupled hardware
accelerator modul es aBl0Gp[00p5E 00361,40042]p r o Cc e
[0045], [0047]. To communicate with other devices (e.g., other modules, server
switches, and the host processor), a hardware accelerator module includes a
Aswitching circuito that can00dq,Odé]ct t h

[0044], [0048], FIGS. 2A2C.
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AMD1004, FIGS. 1, 2BCombination Figuréannotated).
33. The fAcomputing elementso | ocated

modules each include several components that are used for processing data such as
processing circuits (e.g., programmable logic), a first memory, and a second
memory. AMD1004, [0075]J0088], FIG. 7. Programs stored by the first memory

can include fdAmachine | earning applicat
Amul tiple computing el ementso in the he
[0078] The second memory incdruydespdpesxsdetl
data used by the processing circuits to run the program. AMD1004, [0076], [0078],

[0080].
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AMD1004, FIGS. 2B, Tombination Figuréannotated).

B. Ng(AMD 1005)

34. Ng is similar to Dalal in many respects. For example, Ng describes a
Ahar dware acceleratoro having programma
processing operation. AMDZ1005, [0025)027], [0029] [0033]. Ng also describes
a fNhost C 0 m fhat tc@mmunisayes tvitn rthé hardware accelerator to
perform complex data processing operatioAMD1005, [0025] [0042], FIGS. 1
4. The hardware accelerator includes a programmable integrated circuit (IC) such
as a field programmable gate array (FB@#st can communicate with memory and
a host computer system. AMD1005, [0032], [0034], [ODE®]39], FIGS. 24. The
hardware accelerator processes data received from the host computer system and
outputs the processed data to the host computer system. AM0032], [0034],

[0035] [0039], FIGS. 24.
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system

35. The hardware accelerator can perform complex data processing
operations to execute multiple layers of a neural network sequentially, the output

from one neural network layer serving as the input to the next neural network layer.
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Programmable
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AMD1005, FIG. 2 (annotated).

AMDZ1005, [0007], [0008], §021] [0030], [0033], [0034], [0036][0039], [0042],

[0044]i1 [0046], FIGS. 14. This is similar to the system of Dalal, which can perform

machine learning operations using hardware accelerator modsiugsg SVIII.A.

One example of a machine learning @®n is when the hardware accelerator

performs convolution and matrix multiplication for each layer of the neural network
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using custom sets of input data. AMD1005, [0021024], [0039] [0041] [0044].

To perform these operations, the har dws:
Il ntegrated <circuit (I C)o having (1) a
transportdaa bet ween memory and programmabl e
regiono including a Aneural network acc

[0034], [0035], FIG. 3.
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B~ oo
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A
jer |1 Acceleration Circuit 230
| \Prog rammable | StticRegion23¢ | | Programmable

- e Region 236
logic — ?
it
Cirauts 240 Kemel(s) 238
FIG. 3

AMD1005, FIGS. 2, 3 (annotated).
C. The Dalal-Ng Combination
36. The Dal al and Ng references are an
| east the reasons | have provided bel ow
i a system and met hod empl oying a di s
cooperation with an attenrdad dat a structureo that Af a:

processing and anal ytics solutionso S
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i ntelligence. 0 AlBA) 2010, 48:36 34 p49:595@10.t In 1 : 3 &

t he s ame field of endeavor as t he 06 :

architectureo including Ahardware accel
perform complexopetai ons from a fimachine | earning
AMD1004, [0026],seealsp [ 003 2] , [ 0 0 4nardware pdedlera®r] .

modul es are therefore arranged to perf
|l earning, 0 whiarh tlo ntohtei cseyds tiesm sofmitlhe 0 ¢
machine learning operations using a similar architecture (e.g., TensorFlow).
AMD1004, [0032][0036], [0040] [0050], [0078], FIGS. 1, 2BC;supra 8VIII.A.

I n addition to Dal al|, Ng is within the
describes solutions relevant to one or
because Ng describes how a host computer system can provide tailorediamstruct

to a single hardware accelerator for executing evayerl of a neurahetwork

AMD1005, [00217[0022], [0024], [0039][0042], [0044] [0046], FIGS. 24.

37. Executing a machine learning network laypgrlayer with a hardware
accelerator is generally known in the art, as | describe below with respect to Dalal
and Ng, and this 1 s exac@36patentdessribdsiasnd o0
being optimal for an execution pipeline of compute nodes. AMD1083B6464

(N[ o]l]ne example of a Level 2 algorithr

inference algorithm for a neural network executing under TensoEFtoy , 594 9 :
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5010( expl aining that a Atier 10 compute
computations for the first | ayer in the

results or output data to the [next] C

operations atthea e x t | ayer in the neur al net wor Kk
motivated to modify Dal al by i ncorpor at
programmabl e Aneur al net wor k accel eratoa

storing records such as matricasd work requests. AMD1005, [0025][0051].
Dal al 6s host processors are implemented
Combinati on, and each one of Dal al 6s h
hardware accelerator of Ng in the Combination. Making these implenmergati
preserves Dal al 0s pi pelined architectu

aspects of the hosiccelerator cooperation described in Ng.
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lllustration of a Portion of the Daldg Combination.

38. The following reasons, taken separately or collectively, support the
DalakFNg Combination.

39. First, a POSITA would have mp | ement ed Dal al 6s ho
N g deaching of dhost computer systemthati t h Ngdés host compu
actively coordinates with &ardware acceleratdo effectively manage complex
machine learning operations. For example, Dalal explains that hardware
accel erators use Api pelined processing
AMD21004, [0035], [0036], [0042]. Ng describes an effective division of labo
between the host and hardware accelerator, whereby teéetor performs the
computations necessary for implementing each layer of a neural network using a
hardware accelerator and the host fdAneed
neur al net work accelerator. o6 AMihat05, [
Aprocessing circuitso of t he hwa modu
processor, 0 and Ng recognizes that conc
I n the neur al net work acceleratoro wil/l
the host to pvide instructions while reducing an amount of kastelerator
communication.AMD1004, [0063], [0077]; AMD1005, [0023].

40. Seconda POSI TA woul d have understood

system with one or more of NgoOs ndesi
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programming the hardware accelerators would have beneficdlywed a
devel oper to customize Dal al o6s pipeline
AMD1005, [0027] For example, Dalal and Ng both describe using TensorFlow to
cause a hardware accelerator to execute machine learning tasks. AMD1004, [0078];
AMD1005, [0028], [0043]. Hardware accelerators are programmable to perform
custom operations more efficientlyatth a general processor (e.g., a CPU or GPU)
could perform these tasks because hardware accelerators include programmable
logic that can be configured and reconfigured to perform custom tasks. AMD1005,

[ 0006] (Aan FPGA <circuiaGPUam copsumecless s d
power in tlhrplpegmnertsisog .Dal al 6s server w
by Ng, would have allowed a developer to tailor hardware accelerators to a specific
operation, which is more efficient and consumes less power than a general processor.
AMD1004, [0063], [0077].

41. Third, configuring programmabl e | ogic
modul es to perform computations such as
as described by Ng would have beneficially provided an effective way to execute
machine learning operationssinog these modules. AMD1005, [0021], [0039],

[0041], [0042]. A POSITA would have understood that matrix multiplication and
convolution are common operations in machine learning tasks such as executing a

deep neural network (e.g., a convolutional naéumetwork (CNN). Configuring
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Dal al 0s har dwar e accelerator modul es
multiplication would have positioned these modules to efficiently process data to
execute a neur al n et 686 patent, thereAwas & $treng t i me
motivation to optimize hardware accelerators for performing complex operations
such as machine learning because machine learning is a specialized task that can be
more efficiently handled by a hardware accelerator as compatecaviiPU or a

GPU.

42. Fourth memory interface circuits manage communication between
programmable | ogic and memory. | mpl en
modules with a memory interface circuit that operates according to a protocol of a
coupled memoryas taught by Ngyould havebeneficially allowedthe modules to
ensure that outgoing data is arranged to be received by the memory and received
data is identified and processed quickly.

43. Fifth, it would have been obvious for
hardware accelerators with a cooperative host, as described by Ng, because doing so
represents one of a finite number of predictable solutions for governing a data
processing operation perforoheby accelerators. A POSITA would have
appreciated, for example, that nAprogram
by a developer, and it would have been predictable to do so via a host computer

system. A POSITA would have understood that bechas#ware accelerators are
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often used in combination with other processors and computing elements under
direction from a host, it woulthave mades ens e t o i mpl ement D :
accelerators with a host that permits a developer to configure the modules to perform
a custom task.

44. As | explain below in my analysis of the DaMfi combination,
| mpl ementing Dal al s hardware accelerat

interfaces for communicating with memory merely incorporates well known features

that yield predictable resultst t 1 s apparent that suppl e
accelerator modules in this way woul d n
processing system, and in fact woul d hea

multi-step operations in a systematanner.

45. Dal al 6s hardware accelerator modul
Ngbébs hardware accelerator executes each
means that combining the teachings of Dalal and Ng would have been obvious and
a POSITA would have reamably expected succes®\MD1004, [0042][0047];
AMD1005, [0047]. A POSITA would have reasonably expected that using a
pipeline of hardware accelerator modules to execute the same multilayer neural
network described by Ng would have resulted in succesause both approaches

involve using the results of one layer as inputs to the next layer.
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D. Claim Element Analysis
1. Clam 1

() Element [1pre]: A compute node for use in a data processing
system, the compute node comprising:

46. The DalaiNg Combination renders obvious Element [1pre], even if the
preamble is limiting. Dalal describes aystemincludesia number of S
connected to each other via a switching laygtMD 1 0 0 4 , [4] SySteSn11DO ( i
can include a number of serverséwhich <c
swi t chi nspedlse]3082] [80a7], [0089] [0092], [0096] [0099], [0123]

[0125], [01707[0172], FIGS. 12 C, 8, 12, 18. Each ser v
hwa mo dconhpetsrodes t h a't can fNexecutdata wper af
indicating that the modules are part afata processing systerAMD1004, [0032],

[0033], see alsp[ 0 0 3 5] (Aser ver sdatadonbe proeessed )v,e p a
[ 0036] (Awithin ditacan beprocessdd 9@ P5h[@0R% EIG.

1. Each hwa module includes one or mo
represents aompute nodeat least because it performs computation operations on
received data. AMD1004, [0026], [0033], [0075], [008%) the data processing

system each server includes hardware accelerator modwespute nodes

connected to Aserver rsswi twvihaansiaare tesladds oh h o ¢

fexecut e oper datai @ nisn dnat the dencpatg nodesidoe use
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in adata processing systemAMD1004, [0031j[0038], [0040] [0047], FIGS. 1

2C.

Data processing system
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AMD1004, FIGS. 1, 2B Combination Figu(annotated¥

Switch | »*
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(i)  Element [1a]:a communications link communicatively coupling
the compute node to one or both of a host compute system and an
adjacent compute node in an execution pipeline;

47. The DalaiNg Combination renders obviousg]l Each server includes

-}

one olostpmoao ®@e s s or s 0 hastecpmpetes syste AMDG. 004
[0032], see alsp [0031] [0038], [00407[0042], [0046][0047], [0063], [0069]

[0070], [0073], [0077], [0099], [0101][0103], [0123][0125], [0170][0172],

2 Recall from §VI1.A that Dalal explains that FIG. 2B embodies a version of FIG.
1. AMD1004,[0039]. Thus, FIGS. 1 and 2B would have been combined in the

manner il lustrated here consi stent wi t h
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FIGS. 12C, 56, 12, 18, cl.1;supra Element][ 1 pr e ] . As shown
combination figure below, each server includes server switches 106 coupled to a
host processor 10&1i@st compute systenand hwa modules 21@dmpute nodes
via buses 112. AMD1004, [0031D038], [0040], [0042], [0046], [0048], FIGSIi 1
2C.

48. It is apparent in Dalal thdhe plurality of compute nodesireserially
connectedo one anothan anexecution pipelindbecause Dalal explains that within
every servei[ r ] ecei ved packet data <can- be p
OO[compute node éf or war ded t o a -@l@adjdcenthcongputemo d u l
nodd , where it can be further processed:¢
multiple hwa modules (2200 to-0n).0 AMD1004, [0042]seealsp [ 0045] ( fis
flow through multiple hwa modules (24Dto-0n) 0 ) , [ 0047] (Aproc
modul es in serieso), [ 02@ bhsisappdiedt3nGhp, [ O
combination figure below, which depiaachhardware accelerator modue being
serially coupledto one or moreadjacent hardware acceleratmodules Dalal
e x pl ai mipelingd Ipdessimy can be scaled up within a server by use of
additional hwa modul es, 0-0@@E@mdute nodpandg t h a
hwa module 21@1 (@djacent compute nodeare connected in apxecution
pipeline AMD1004, [0042]see alsp [ O @iBetned (pir ocessi ngéone

processing I s passed on topipelinede) nek D040 &
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AMD1004, FIGS. 1, 2B Combination Figufannotated)

49. Eacho f Dal al 6 s cbompate nodesinaludessa switching
circuit 220 €ommunications link that receives and outputs data. AMD1004,
[0040]i [0048], FIGS. 2A2C. The switching circuit is aommunications linkat
| east because it Acan be any suitable s
AMD1004, [0040]. Thiscommunications linkincludes the switching circuit and
any buses, fabrics, links, and interfaces connected thezedo data path 214).
AMD1004, [0043] The switching circuit gommunications link of hwa module
210-00 (compute nodgis communicatively copledto (1) the host processdrdst
compute systelm and ( 2) t h e -0 vdja¢emaaputeenod 2 0 1

AMD1004, [0032], [0035], [0040], [0042], [0048]
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'-I-— 210-0n
|

AMD1004, FIGS. 1, 2B Combination Figufannotated)

(i)  Element [1b]: a data store comprising records associated with a

data processing operation;

50. The DalaiNg Combination renders obvious [1bDalal explains that

every

collectively execute data processing operation

computing

hardwar e

accelerator

AMD1004,

modul e i

ncl

[ 0033]

u

(

el eme nt sgevationsorm receiveddatae x e c | 0 8 3 5

( A s pracéssingc an be

an operatiordo )see alsp [0026] [0029], [0034], [0036], [0040], [0042], [0046],

a

pi pel i ne dpropassorexecstiag n g 0 )

[0075]i [0087], FIG. 7, FIGS. 12C, 7;supra Element [1pre]. D a | digures’

(reproduced below) depicts an

example block diagram of

a single

computing/computation element 718 within a hardware acceleration module.

AMD21004, [0075]; suprg 8VIII.C. More than one of the computing elements
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within a hardware accelerator moduleofmpute nodg can have the architecture
depicted Iin Figure 7, and an example of
depicts more than one computing element having similar architectixd 008,

[0089]i1 [0095], FIG. 8 It is not required for an execution pipeline of a hardware
accelerator module to include more than one computing element, as Dalal explains

t h a pipeline can be configured to use as few as one computing element of a hwa
modul e. 0 EX1DakMUexplainsOtlabj@dl c o mput ati on el em
i nclude one or more processing <circuit
net wor ked applicat i oneacbhwa moduddnaeny yne orc onf i

more computing elementexecutes adata processing operation AMD1004,

[0076]
T
100
Lo
jmEmmR s s s oo a e aee s 214 [ 218 -Lzm_og
- AT
! e 216 |
| | SERVERSWITCHES | _4-" || —= mo—
/ 24 21001 F
A m N IEseselr i
A’ T ) |[1' o | ] D
’I' : BUS:"“HZ-O “ l [ ! |
. 1 HOST 114111241 “ LESP: g
S ,,” i Processor ‘||L| <2 L TMM" Wl 2 =
Layer (’ d m a2 % | - Data store
104 \\ i____________j()_s_____________[_f_i__-_ ——r PROCRAM 744

AMD 1004,FIGS. 1, 2B Combination Figure (annotated).
51. Dal al 06s pr oc e s srecords stated incpredetesnineal c ¢ e S

memory spaces of a second memory dHig stor¢ of each computing element to
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run the program AMD1004, [0081], see alsp [0075], [0080]j[0082], [0085],

[0094], cls.12. Each memory space provides a functional unit of memory for
storing packet data, which representseaord Id. A POSITA would have
understood that this packet data representés@d becausgacket data travels in

a unit (i .e., a packet) . AMD1030, 4 (a
treated as a unito). Collectively, the
data store comprising records associated with adata processing operation
AMD1004, [0075], [0080][0082], [0085], [0094].

52. Dal al expressly discloses that nad:
accelerator modules Iin one or more ANope
the compute nodeexecutes alata processing operation AMD1004, [ 00
processor executing an operationo), [ OC
within hwa module21® 00) , [ 0044] (fAdata processed
[ 0075] (Aexecute computati on ospseirmgad)o,n
[0119].

53. Every computing element within a hardware accelerator module
i ncludes fprocessing circuitso that Ar u
further confirming that the hardware accelerator module execul@#s grocessing
operation AMD1004,[0075]'[0078], FIG. 7 According to Dalal, this program

Acan be part of a machine | earning I|ibr
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| earning applications to runo and the
processeséperform computation actions,
accelerator modules executdata processing operationAMD1004, [0078]. This
Is similar to a preferred embodiment of tig86 patent whereby the execution
pipeline I mplements an fAinference algor
TensorFlolE. 6 AMD10048:7. 47 : 46

54, Dal al 6s procesgacordgstcarrecdui ity _Apgred
memory spaceso i n ddtahsweredf saehccomputingralennenttoy 0 (
run the program for the networked applicatid®@MD1004, [0081],see alsp[0075],
[0080], [0082], [0085], [0094], [0128],cl.1,c. Zach @A memory space
a functional unit of memory for storing dat@¢ord). AMD1004, [0075], [0080Q]
[0082], [0085], [0094]; As described above, according to an IEEE technical
definition, air ecoam 0i ncl ude nA[ a] set of rel at
whi ch describes t he dat a stored I n D
AMD1030, 4. A POSITA would have also understood that second memory
corresponds to the claimelhta storecomprisingrecordsbecause Dalal describes
the second memorngsa fi s e rdatasnogu racse s and si nk seeo AN

also, cl . 1 (nat | east one ccompdatato,oog el e

receivedataf r omét he second memory circuitso)
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circuits are configured tetore datafor processing by the at least one computing
el ement 0)

55. It is clear that the®36 patent does not limit ElementljLto any
particular kind of memor y 68patenfand®AMYy e mb
Is certainly not excluded from the scope of the Elemelit data store Multiple
references from before the Critical Dat
t hat data i s Astoredadlli n( iIRKAAM.a sANMDZE@?2
AMD1021, 121466 3 (fAndata was storedo within a
elements are ndimited to using RAM as the second memory. AMD1004, [0033]
(Avol atil eo or Anonvol atiled memory),
accelerator modul es #[00®6], FIGS.58f any suit

56. The Combination al so datacstorgpghatr at e s
comprisesecordsi ncl udi ng matrices and work req!
l nput activation matrices can be read d
be read from the RAMO), [ 004 4] (Awrite:s
layers of the neural networkt t h e d$eAadlsp[0007], [0008], [0024], [0032],

[0034], [0036][0038], FIGS. 35 . NbigpgrasnmablelC uses theseecordsto
perform adata processing operatignsuch peorming matrix multiplication for

each | ayer of a neur al net work wusing 0

RAM. AMD1005, [ 004 1] (explaining that
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matrix multiplication operations for i m

activation matrix and the weight matri:

multiplier 362 performs a matrix multip
5.

Records
Data sfore

configuration
registers 408 w28

formater
4

-

dispatch and
arldreesi

—
02

Data processing
operatio n --------------- _.‘- - F—-;Q -------------------

FIG.3

AMD1005, FIGS. 3, §annotated)
57, A POSI TA would have found it obvio
accelerator modules with tliata processing operatiodescribed by Ng by storing

records( e. g. , matrices, work requests) I n
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memory, in parbecausddbal al 6s second memory is a ¢

data that is received from a previous node inetkecution pipeling processed, and

passed to a next node in tegecution pipeline AMD1004, [0080j[0081], FIG.

2B; AMD1005, [0024], [0047], [0094]supra AV 1 I | . C. woultllgades r e c

beent ransmitted in the form of fApacket da
58. Ng expl ains that the results from

net work are used as inputs for the finex

which is strikingly similar to Dal al 6s

from a hardware aeleration module is input to the next module. AMD1004,

[0042], [0045], FIG. 2B; AMD1005, [0024], [0047], [00513uprg 8VIII.C. A

POSI TA would have been motivated to i m

system to perform thdata processing operationf Ng for this reason, as Dalal

offers serially coupled hardware accelerator modules for performing each step of a

multi-stage process in order using the output from one stage as the input to the next

stage.

59. The hardware accelerator of Ng is not limited to using volatile memory

such as RAM. AMD1005, [0032], [0034], [0080], FIGS. 2, 8. For example, Ng

di scl oses t hat t he har dwar e-volatkec c e |l e
me mo ragd RAMO i n some embodi nvelatiie smemarmpd t h
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Acan include any typeésuch a@eeal$pf0@B4,h me m
[0080], FIGS. 2, 8.

(iv) Element [1c]: a programmable logic component to execute the
data processing operation in cooperation with the data store;

60. The DalaliNg Combination renders obvious [1c]. The computing
el ements in Dalal s hardware accelerato
that collectively represent grogrammable logic componentAMD1004, [0075],
see alsp[0076) [0079],FIG.7For exampl e, these process
an ARM type processoro that Acan be i
fprogrammablelogic, which supports my position that the processing circuits are
a programmable logic component AMD1004, [00’7], see alsp [0085]
(Aprocessing <circuitseéecan b eréglaRmbblep r oc e
[logic] 0) . Dal al expl ains t hat t he- proc
programmable gate array (FPGA), which ipmgrammable logic component
AMD1004, [0065], [0070], [0087]. Also supporting my position that the processing
circuits are gprogrammable logic componemts t hat D acbnapbnerd @ s cr i
of the Ahwa modul edo as includingsdehe 0fAp

also, [0081], [0082], [0096].
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Data processing
Programmable  ©peration

logic component i 718
Cooperation
with data store
TER F/W 738 -
2@ . 716
\ f:— 752
750-3 ~—_] ] L >\750_4
> - 0 >
[ ) - o o - o s - "'\~_/750-2
11 750-1
750_0/ Records
PROC RAM 744
Data store
FIG. 7

AMD1004, FIG. 4 (annotated).
61l. I nter nal hardwar e connections of

(programmable logic component ar e configurable (or r e

program for a net wor ked application. o
circuit scéufiguredtboe r un a programo),. [007
Further mor e, Dal al explains that the fnap
I ncl udes Afconnectionso t hat ar e Aconf

programmable logicof the processing circuit idikewise programmable by
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reconfiguring its internal hardware connections. AMD1004, [0G&%H,alsp[0088]
(Asuch Il inking can be reconfigured as
opinion here iIs supported by tdomputé act
element718can be a single integrated circuit device, such as a computational
F P G Avbich has configurable hardware connectioA#1D1004,[0087].

62. Dal al explains that a program run
written on a frameworko that #Acan enabl
computation acti ons. 0 Acaowind t0 Dalal, exgcatidn 8 | ,
processes retrieveecords( i pac k et d adata sioyewhiler ronmng tthla e
program. AMD1004, [0078], [0081$upra Element [b]. It is apparent, therefore,
that the processing circuiexecutethe data processing operatiom cooperation
with thedata store AMD1004, [0078][0081]; supra Element [b]. In describing
il nteractions bet ween tdata stofgcoo ngBkugatend ar r a
explains that programmabl e | ogic manage
store. AMD1001, 16i17 . Dal al 6s cooperation S
e mb o di me 636 pateht bdcduse thé processing circuits read and write data
to the second memory. AMD1004, [008[@082], FIG. 7.

63. As an additional and alternative basis for finding obvious Element [1c],
the Combination also incorporates Ngos

accelerator including g@rogrammable logic component AMD1005, [0025]
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[0027], [0029] [0039], [0042][0044], [0047][0051], FIGS. 15. Ng6s har dwa
accelerator is similar to the hardware accelerator modules of Dalal, because in both
cases the accelerator includes programmable logic for performing a specialized task
such as a machine learning algorithm, which would have motivated alrRQ&I
I mpl ement Dal al 6s system with aspects ¢
[0076]i [0085]; AMD1005, [0025][0051]; supra §VIII.C.

64. ltisclearthaNg6s har dwar e a @rogammablat or |
i ntegrated circuits ( Ip©grammablé data tarrays a n i

( FPGAs) o I n S 0me e mb odi meenalss [0032] t(AeMD 1 00

-

har dwar e accelpeogranmablee Caoclt hédes n@an be

L |

0 0 3 4 ]progradmmabel Céi s configured with an a:

-

can be i mpl ement ed pregrammabla esgti aotnioc arnedg if
programmabler e gi onécan include one or mor e |
[0035], FIGS. 23. Ng explains that internal hardware connections of this
programmablelC can be configured (or reconfigured) to perform a specialized task,
and this would have motivated a POSITA
mo dul e s prdgrarhmablaldgis componenAMD1005, [0027](describing

Aprogramming t he h a r d ceefigueationabitstrearhseforat or 0

FPGAs 0) , prggfadrBabblgl Céfi s confi gured with an

[ 0 0 3redonfigurationsof the programmabler e g i 0 n 0 ) progranthal8e0 ] (n
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logicei ncl logcecese | | s ét h adanfigucedta imfement general logic

f unct suprg Elément [lbkuprg 8VIIILC.As depi cted bel ow i
5, this programmable IC performslata processing operationy retrievingrecords

(e.g, ATl nput 0 and fremadatagthrefod processing and dels/gring
processedecords(e.g, Aout put 0 rdatdstore ARBLO0G, [0041], t h e
[0050], [0053], FIGS. B5. Because Dalal and Ng both describe a hardware
accelerator includingrogrammable logic a POSITA would have been motivated

to I mpl ement Dal al 6 s e x e coortnectech conpputep e | i n
nodes widateh probegsing operatioso that the processing circuits are

programmed to perform the operation as sstgpeby Ng.Supra §VIII.C.

Cooperation

Records with data store Programmable logic component

Data store
°°'i‘sters on 28 Data processing
- / operation
form:
>
N 344 scaler
------ o --- - e e - - -ﬂ----.
dispatch and
= addressing
0 logic
L3
' ----- » - g I - - e - mmx mUIhpher
J ufr Poming Riu-ﬂ_ mﬁ%ler aay
362
- D oo ee e L------------------ﬂ

AMD1005, FIG. 5 (annotated).
65. A  POSI TA woul d have unG@Bepatenttitabad a't

programmable logic componensuch as DalaNg6s A FPGAO includ
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hardware connections that are reprogrammable by configuration data (e.g.,
bitstreams), and mul ti pl e 636gatentemiones fr
t his. AMD1027, 31 (A a] programmabl e |
holds the configuration data that determines the programmed function of the
deviceo); AMPQOB6] (6pgBhiIining that an
blocks 60 t hat having Aprogrammabl e i ntercon
(v) Element [1di]: a node memory comprising data and instructions
to support operation of the programmable logic component in
connection with the data processing operation and to facilitate

inter-node data communications with the adjacent node via the
communications link,

66. The DalaliNg Combination renders obvious [1d.i]. As | described
above in connection with my analysis of Elementsi[[la]], the processing circuits
as described by Dalal includa programmable logic componenthat runs
Apr ogr ams 0 data propessing aperaionAMD1004, [0075], [0080Q]
[0082], FIG. 7;supra Elements [1h][1c]. In each computing element of a hardware
accelerator module, the prograareii | o ad ed membrg/44a AMDSE 004,
[0075], [0079][0082], FIG. 7 It is apparent that the first memory of each
computing element within a hardware accelerator modglempute nodg
collectively represent aode memory AMD1004, [0075], [0079][0082], FIG. 7
As depicted bel owheipmograima suppodperatids ofgher e 7,

programmable logic componei connection withthe data processing operatign
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in part because the programsr e executed W@Aby processi:H
execution processes and computation actions. AMD1004, [0078], [&&8lsp

[ 0076] (Awritten on a frameworkeéfor exe
[ 0077], FI G. 7 (referring to execution
supra Element [1d]. My opinion that that the programs supppsration of a
programmable logic componenh connection with @ata processing operatiois

supported by the factthatDaklx pr essly di scl oses that a

the hardware accel erator modul e Acan ex

[0075].
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Data processing

Data and Programmable operation

instructions to logic component

support operation
of programmable

logic component |j T

[HETERFW 738_[0]]

[ haL 740 (1]
NI

I[_ 718

Node meniory Data store

FIG. 7
AMD1005, FIG. 7 (annotated).

67. The fir st store[shmstryctions $or ekxecution by the
processing cir cuiihssuctionsanesapportinggopetatioeof t h e ¢
the programmable logic componentAMD1004, cl. 11 Dalal also explains that a
data transfer fdatatirangflér ppatvhsedbetfiwe
including connections between the processing circuits and first memanyirming
thatdatais stored in the first memory and transferred over the data transfer paths.

AMD1004, [0082],see alspc | . a dhta tfansfer fabric configured to enable data
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transfers between the processing circuits and the first and second memoryocircuits
[0081], [0083], FIG. 7. 0t its datelardlanm st h
instructions from the first memory fode memory to the processing circuits
(programmable logic componeht. AMD1004, [ 007 9] (Apro
access first memoryeéthrough da®Oaodransf
68. Recall also that A[f]irst memorye]

fiprograms can be loaded into first men®dy or executi on by pr o«

and a Aframework can enabl e various exe

actionscalled by a programo A MD1 004, [Toeksyst@nintheD&ad 7 9] .

Ng Combinatiorrenders obvioua node memory comprising data and instructions
to support operation of the programmable logic component in connection with the
data processing operatioat least becausthe data and instructionsstored in the
first memory are used by the processing circyaitegrammable logic componehnt
to execute operationsI h &36 Patent acknowledges that storage of tredegtaand
instructionsi s figenerally known, 0 and this suj
would have been obvious over Dalal and Ng. AMD1001, 1186

69. | will now turn my analysis to theter-node communicationgaspect
of Elemenfld.il. As | descr i b Eigureademctsa singl®@mputing s
element located within an hwa module that includes one or more computing

elements. AMD1004, [0075]0033]; supra [1pre], [1b], FIG. 7. Figure8 depicts
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an hwa module having multiple computing elements@18-3 t hat each At
formo of the single computing element d

one of Dal al 6s computing el ements <can

elementofDa | 6 s FI G. 7. AMD100i8., [ 0089] , [ O
80—y
BI§~2 818-3
B R

y —| |—_T """" b‘| """"" |'— """" 1 jﬁ """"" L1 ]
PROC RAM HW RAM PROC RAM HW RAM PROC RAM
84 846 844 846 | 8w

1

7O 3 / TOME 7 i 814
. Compute 846
78
: node /-
$ TOMS+ HETER FAW 736
PROC 721
- v
804-0 804-1 KERNEL 1 KE?NEL
NWAPP_736 7420 N 7454
HETER FAW 738 | | ==%K£RNEL
X [Char 70 | P 716
) 75 752
~
750-3 % : 7504
> T HFE— N
H A H—750-2
4T —750-1
11 il 1)
750-0 — X ]
| o ” 748-1 H 7482
PROCRAM 744 HWRAM 746

AMD1004, FIGS. 78 (annotated).
70. FIG. 8 depicts the understanding a POSITA would have had of a
computing element 718, as shown in FIG. 7, in connection with other similar
computing elements, which is consistent with the connection of computing elements

shown i n Dal %e¢€8VIH.D, Elenéant [I? BDalal explains that the
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computing elements 81@to -3 of the hardware acceleration module are connected
to other parts of a system over a first connection layer08@4#at couples hwa

modulesofthe sameserver whi ch 1 s the same architec

an hwa module 2300 sends packet data to the next hwa moduled21i the same
server. AMD1004, [0042], [0091]. The first connection layer-804 ii ncl ude [ :

busét hennectchwwaamoduldso one anot heriner-madde A can

connect i on giect merkmodule rannections © whi ch suppo

opinion that Dalalds FI G. 8 describes t
That I s, FI G. 8 supports other parts
confirming thainter-node data communicationsccur between theompute nodes
and anadjacent compute noda the same serverAMD1004, [0042], FIG. 2B;
supra Elementdl1pre]i[1a]. Thesanter-node data communicationsccur via the
switching circuit communications link in each hwa modulecOompute nodg
AMD1004, [0040] [0045], FIGS. 1, 2Bsupra Element [1c].

7. I n Dalaldéds FI G. 8, t-0te-3ficompnt peagf
a fNpipelined operationodo having multipl
general description of pipelined processing. AMD1004, [008d¢ alsp [0027]
(Aprocessing pipelinesécan be physical
computing el emeh@36G]o (thppa mkett 0dat a can

destination hwa modul eéto an el ement écg
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pi pelined fashion, t r a Orelofithese stages insludéss e q u
Adata i n merYOOr yb esipnagc efi r84a8d out by execu
842-0 of computing element 810 a n d Aa result f0room e X
being Astored al imemMmayomnmd amemdBRDBM].846. 0
Next, Dalal explains tha& result of execution process 842s sent via switching

layer 8040 to another location (e.ganother appliance with computing elements

connected by an intermodufabric) according to Dalal. Execution process-842
Aoper at e[ s according t o a same net wo
Aprogramso of Dal al 6 sprogram@ableTogisxcbmponent a r e

and stored in theode memory AMD1004, [0095]see alsp[0076]i [0088], FIGS.

71 8.

72. A POSITA would have understood that execution processl84iRe
the execution processes 7@20-2 of FI G. 7, Aperform com
byé[a] programo which is Aperformed by

Just as prodriamsoarehél biadet memory 744
circuits 721,0 a POSITA would have unde
first memory (PROC RAM 844) of FIG. 8 for execution by processing circuits
(PROC 821). AMD1004, [0079]These prognasdefine a network applicatiahat
governsbothwhat data is generataad the data processing operation performed by

the hwa modulecdompute nodgand that such data must be forwarded to the next
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compute noden the execution pipeline Id. A POSITA would have understood
thatthe dataandinstructionss t or e d node nizmdry@adiliéats inter-node
data communicationsdby causing execution process 842o forward a result to

another hwa module¢mpute nodgin the same servéecause Dalal explains that

thefirst connection layer 868 i n c | u dirgesmodute icanmectibis t o0 h wa

mo d u lofe samé serveradd.

Programmable

logic component
Data processing
operation
% i 8 1-
ROC i u'r‘r‘ Al Y ki)

’
PROC HETRVY)
838

800 ™y

(e.g., Spine) (e.g., Ring) ,

(|18

PROGRAM v IRAY
| B i3

e e — — —

- S
8040 804-1 Inter-node data FIG. 8

communications

AMD1004, FIG. 8(annotated)
73. Furthermore, because running tbata and instructionsstored in
Dal al 6 s f nodesntemaryeause rugon processing, packet data to flow to
a next hwa module, a POSITA would have understood that the data and instructions
facilitate inter-node data communications via the switching circuit

(communications link. AMD1004, [00357[0036], [0042], [0045], [0075]0078],
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FIGS.1,2B2C,7.For exampl e ,proguasnmablg lodgcaléviat rdrs

the program stored in the node memory causes ddth ftow through multiple
computing elements within the hardware accelerator module, and (2) flow to a next
hardware accelerator module in thecution pipelinevia thecommunications link
AMD1004, [0035], [0036], [0042], [0045], [0079P078], FIGS. 1, 2B2C, 7. By

running the program stored in thede memorythe hardware accelerator module
processes received packet data and outputs the packet data to a subsequent hardware
accelerator compa@mt in the execution pipeline, thereby facilitatintgr-node data
communicationsvia thecommunications link Thedataandinstructionsstored in

t he Ahwa -h0rmddememogfdcibtateinter-node data communications

by advancing the packet data through the processing pipeline to be forwarded
because Dal al explains that packet dat a
inhwa module 22 00 and subsequently fAfor-warde:

0 1 .ARID1004, [0042.
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Data processing
Programmable operation

logic component

718
|[_

f’— Compute
21000  node
‘ s 2 3 716
21001 Vo T e
Gompute ., N 7504
node <
L 750-2
| L7501
T 210-0n
‘ PROCRAM 744 HWRAM 726
—J ORTELITRTIS Data store

FIG. 7

AMD1004, FIGS. 2B, 7 (annotated).
(vi) Element [1d.ii]: wherein the node memory further comprises

algorithm memory including resourcaspecific memory locations
to support the data processing operation;

74. The DalaliNg Combination renders obvious Elemdad.ii]. The

portion of Dalalds node memory that sto
circuitso algerphmeremonyinsludiray mesourcespecific memory
locations to support thedata processing operation AMD1004, [0076] [0079],
[0095], FIGS. 78;suprg Elemenf 1d. i ] . Dal al expl ai ns t
I nt orodetmbrneory s wr i tten on a framework that
processes...to perform computation actionscdllgdo t he progr am, wlt
t hat Dal al 6s n o dagorithem memornyfor storiogl amaldaithtm a n

that guides these computation actions. AMD1004, [00MBh e pr ogram Ac
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any suitable program, but in particular embodiments can be part of a machine

|l earning |ibraryld such as Tensor Fl ow. 0
75. Da |l adlgorshm memory includes resourcespecific memory

locations at least becaudealal explains that the programs are loaded into the first

memory fiode memoryto be accessed via a data path-B30at is programmable

to provide connections as needed, which indicates that a portion of the first memory

(node memory is preallocated to store these programs for access akin to the

algorithm memoryo f the 06636 patent. AMD1004, |

40:254 1 algaiithm memoryi841may be implemented as padocated

addresses, blocks, or sectormmotie memoryl 4 4 a&gorithm memoryi841may

generally comprise resourspecific data storage cells or memory logati s 0 )

Dal al expressly di s cl| oxmle memdrjhéad a nt hkee éraf

synchronous dynamic random access memor

POSITA would have understood that SDRAM comprises an array of cells having

independent, addressable memory banks that can ballgrated to serve as

resourcespecific memory AMD1 0 4 2, p.3 (nexplaining

contain aéstorage arrayé|[e]J]ach device ¢

can work in parallel é[ ay,dbdedikto roms,each st s

row containing a certain number of columns); AMD%08:64 4:9 (describing

techniques for fAallocatingo data among
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76. Furthermore, it would have been obvious for a POSITA to implement
Dal al 6 s f nodesnmemanevithgresllocétedresourcespecific memory
locationst o st ore the programs based on Ngos
t hat I s associated wAMDOOO:[A047], 0O4E]r[0D49 0 i n
[0065], [0066]. Buffers such as these that are allocated for specific data are
resourcespecific memory locationa ki n t o t h AMDAMB 60:2H44t e nt
(describing fAbufferlseds amfd -Siptescdidfierscazema sno
| ocat i othesDal@Ng Conbination Dal al 6 s rfoderm&moryme mo r
would have beemmplemented with one or more bufferegourcespecific memory
locationg) that are prallocated at given addresses to assist the processing circuits
i n accessing information relapirogr &mo i
stored in the first memoryAMD1006, [0078];supra 8VIII.C.

77. According to algothman@rBoBycap lzeta @arttof, t h e
thenode memorythat storeslata andinstructions for supportingoperationof the
programmable logic componemh connection with thelata processing operatign
which is similar to Dal al dawanflinstrustibns me mor
for supporting operation of the processing circuits pfogrammable logic
component. AMD1001, 40:2%4 1 (Aal gorithm memoryéme
operative to store dat a and Il nstruct.i

write/read/ execute operations in suppor
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(vi)  Element [1e]:a data mover component to facilitate intnaode data

communications between the programmable logic component and
the node memory; and

78. The DalaliNg Combination renders obviousg]1 Dalal explains that a
data transfer fabric 716 provides data transfer paths that represent the clatened
mover component AMD1004, [0082],see alsp [0033] [0036], [0040][0043],
[0075], [0079], [00811][0089], FIGS. 12C, 7, 8supra [1d.i]. ForexampleDa | al 0 s
processing circuitspfogrammable logic componehtan access the first memory
(node memorythrough the data transfer fabric via the path-@5ihdicating that
the part of the fabric providinthe path 75@ is acomponentthat movesdata
AMD1004, [0079], FIG. 7see alspcl.1, FIG. 7. It is apparent that path 7B0
provides adata mover componerihat facilitateslata communication®etween the
programmable logic componergnd thenode memonyby allowing the processing
circuits to access the programs in the first memory to run these progichni3alal
al so expl ains t hat t he Adat a
Aconf i gur e data transfere beawednethe processing circuits and the
firstémemory <circuits, o f u-0fatilieatesdatao nf i r
communicatiors. Id.

79. Thesedata communicationsareintra-nodebecause the first memory
and the processing circuits are located within the same hardware acceleration

module and therefore within the sag@mpute node AMD1004, [0034], [0075]
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[ 0088], FI G. 7. Dal al expressl yntratescr i
modul e fabric, o further c oimtrb-nodemdata g t h:

communicationswithin the sameompute node AMD1004, [0034].

Programmable logic Data processing
component operation

[- 718

Data mover
component |&

CETeR Fw 735 1T |(IR e e
2@ Mn|| el N

Intra-node data~_ '!H | f :—752

communications H

750- 3—\} | p— S~ 750-4
: v
‘ = — 750-2

- — 750-1
7 | 7.
750-0 /ﬂ-‘
748-0 7
PROC RAM 744 HWIRAM

746
Data store

h’iﬂt’ ?‘J iemory

FIG. 7
AMD1004, FIG. 7 (annotated).

80. Dal al explains that the data trans
Acan be formed by buses on a progr ammasa
AMD1004, [0084][0086], see alsp [0087] (explaining that the entire compute
el ement including the fabric can be fda

computational FPGAO) , FI G. 7. The fact
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in programmable logic provides further support that the fabric represetdtaa

mover component because the data mo63B@patentip par a

| ocated fully within the Aprogrammabl e

155516:17, 16:45/61. As | described aboveD a | adat® sansfer fabrigs

ficonfigured and operative to facilitate data communicatiods muc h | i ke t

mover componentofth@ 5 1 2 . AMD1604,8:5 25. It was well known by the

t i me @36patenhfer alata mover componenb be included in programmable

|l ogi c. AMD1025, p32 (A[t]lhe AXIl Dat aMo

provide a reduced resource utilization
(viii)  Element [1f]: a storage interface component to facilitate intra

node data communications between the programmable logic
component and the data store;

81. The DalaiNg Combinatior ender s [ 1f] obvious (
teachings alone, and (2) based on a combination of-Dalaas | have explained in
more detail below.

82. First, data communicationsoccur between therogrammable logic
componentand thedata storeof the samerespectivecompute node(i.e., the
communications arentra-node), as indicated by the fact th&@al al 6 s s ec
memory 746 (data stor@ is accessed by variousomputing circuits including the
processing circuits,721, 738 programmable logic component AMD1004,

[0078]i1 [0082], FIG.7. The computing element includes data transfer patbsage
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interface component that facilitate intra-node data communicationsthrough

Dal al 6s dat a betwaantkefpgrammable togiccconmpdnérand

the data store AMD1 00 4, [ 0082] , [ 0081] ( Amemor

connections bet weeili[08Q FIB.dnent so), [0078
83. As | described above in my analysis of Element [XHg second

memory 746data stor@ within each computing element of the hardware accelerator

modul e includes Apredet e recordsaecdssechbynao r y

programmable logic componenvhen executing a program. AMD1004, [0078],

[0080]i [0082]; supra Element [1d]. Thereforeto retrieve theecordsstored in the

data store it is apparenthatintra-node data communicationsccur between the

programmable logic componerdnd thedata store AMD1004, [0080],see alsp

[0078], [0081], [0082], FIG. 7
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Programmable Iogic Data processing
= operation S 718

Intra-node data

communications 8 Storage interface

component

PROC RAM 744

Data store
FIG. 7

AMD1004, FIG. 7 (annotated).

84. The Combination also incorporates
interfaces  AMDZ1005, [0035]1[0038], FIG. 3. Ng explains that the memory
interfaces are coupled toRAM and allow the neural network accelerator to read
from the RAM and writo to the RAM. A MI
[0041], FIG. 3. The memory interfaces therefore facilitate#a-node data
communications between the RAM and the neural network accelerator

(programmable logic componet Id.
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Intra-node data Storage interface
communications component Data store

Programmable
logic component

50

2t |

AMD1005, FIG. 3 (annotated).

85. To providededicated circuitry configured with one or more memory
protocols of the data store (e.g., DDR RAMPOSITA would have found it obvious
to I mpl ement Dal al 0s computing el ement
component to facilitatentra-nodedata communication® ver Dal al 6s dat
fabricc. AMD1 00 4, [ 0080] (Asecond memoryeéeacc
(FPGA), such as static RAM (SRAM)O), [O
supra 8VIII.C. Thecomputing element ithe DalaiNg Combinationwould have

included memory interfaces connected to the second memory (HW RAlsta (

stor§ , just as Ng discloses that A[t] he mi
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AMD1004,[0036] Thi s i s depicted below in a mo(

7.
Programmable logic pata processing
component operation S e
Intra-node data
communications
ER F/W 738 H
[ ]
E X ; \ ! 716
~ ; & /— 752
AN N [=t{lH N [
' Tl 1ol i
750-3 ——3 [ 750-4

o
"Wl
IIIIIIIII '
LHRL
Li

- Storage interface

ng’s memol y in"erfaces l:DI'I'IpOI'IEI"It
= IE[ NZHIE .
?50-0/
-1

PROC RAM 744 N RAM (46

Data store

FIG. 7
AMD1004, FIG. 7 (modified & annotated).
86. The @36 patent describesstorage interface componeiats including
components interchangeably referred to
i nterfaceo t hat faci | it aprogrammablenrogion i c at
componentand thedata store AMD1001, 24592 5: 17 (descri bi n:

i nterface componento incliddi (d ntmecho ny
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store interfaceo), and Ngo6s desogiphanr y i n
AMD1001, 550265 (descri bing Astorage i nterf :
Amemory | 844 iaceloyldi Ag fidata store int
87. The memory interfaces of Ng therefore provide the claistedage
interface componentto facilitate intra-node data communicationdetween a
programmable logic componerd&ind data store A POSITA would have been
motivated to i mplement Dalal ds hardwar €
interfaces between the processing circuits and the second memory as suggested by
Ng, because doing so woubhdveenablel the modules to manage communications
between programmable logic and memory efficiently accordingaimeols that are
compatible with the respective componenish &36 patent acknowledges that a

fdata store interfaceo0o t hagendiallykmowmre s ac

theart 0 whi ch supports migGomgnatiorerentlerstthe at t
storage interface componemtbvious. AMD1001, 11:19i 21, see alsp16:37i 44.
(ix) Element [1g]: wherein the storage interface component utilizes a

plurality of communications channels to transfer data between the
programmable logic component and the data store; and

88. The DalaiNg Combinatiorrenders [1j] obvious (1) base
teachings alone, and (2) based on a combination of Dglal
89. First,as | described above in connection with my analysis of Elements

[lefi[] 1 f ] , d&ia traasterbfabriprovidesdifferent data transfer paththat
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include ficonnectionsbetwee® processingcircuits 721 (programmable logic
component égnd second memory46(data stor¢ . AMD1004, [0082], see alsp

[ 0081] (Avarious p@&As ( b eovdodnmegct ¢ omg €
neededOo)suprafElerents [Ié]] 1 f ] . As depicted bel
7, these connections include at least fdarplurality) of data transfer paths
(communications channels that transfer data between theprocessing circuits
(programmable logic componepaind thesecond memoryd@ata storg, including

data transfer-lpat hsdihfagaré Dleld A 750
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ponent operation

[- 718

Plurality of
communications TV APP |
channels 88| Storage interface
2@ | component
716
\\ 752

8|
Via N 122 | /27 A7
750-0 S : :
A
PROC RAM 744 HWIRAM 746

Data store

FIG. 7

AMD1004, FIG. 7(annotated)

90. Figure 8of Dalal alsadepicts glurality of communications channels
thattransfer databetween memory spacesthe second memorfgata storg@ and
processing circuitgprogrammable logic componehtvithin a hardwareccelerator
module AMD1 00 4, [ 009 4] (Ala]t stag@®cahDM
be read out by execution process (e.g., kernehBdRcomputing element 813 é

[a]t stage TDM 4, execution process 842an read data from memory space-848
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10), [ 0095] , F | @plurality of cbmnsusieatioaschanoetsthat t o

transfer databetween thg@rogrammable logic componerand thedata store

Programmable

logic component

800

h / Data procM
operation

(e.g., Spine) (e.g., Ring) , 180 M \K . L .

K| [1e8

—_—— e — — P —— — — _———— e — — ey ——y—

» TOM5+ communications
804-0—  804-1— FIG. 8 channels

AMD1004, FIG. 8 (annotated).

91. Second,th&Combi nati on al so incorporate:
mul tipl e @A meoAMDNO05)[0036E[O0BEHNEOs di scl osur e
my opinion that thestorage interface componenutilizes a plurality of
communications channelsto transfer data between th@&ogrammable logic
componenandamemory because t he memofirstyo nierdot & rhfaa ¢
i s used to readsetonbmedbhehBAMIi andsadit o
to the RAM. AMD21005, [0038]see alsp [0035], [0036]. It is cleathat two
separate and distinct interfaces between a programmable logic component and a
memory represerglurality of communications channels In the combination, the

storage interface componenttilizes at least one communication channel for
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reading, and at least one communications channel for readiohgriting. Supra
S8VII.C. The modi fied wguesi,ormedfowDaldelmdan st r a
memory interfaces would have utilize@larality of communications channelghat

transfer databetween the processing circuits and the second memory

Programmable logic pata processing

component operation [_ AL
Plurality of
HETER F/W 738 . communications
2@ \ HAL 740 E S
\ ' o | f752
N : HIlH ) {;
]
750-3 ~= : Zs 7 >~ 1750-4
' V.0 y 4
: :E — o %
= Ay T——750-2
S ——— — i S
. 750 Storage interface
component
750-0/ ) X a
7480 748-1 748-2
PROC RAM 744
Data store
FIG. 7

AMD1004, FIG. 7 (modified & annotated).
92. Mul ti ple references d36patentréveaftltar e t h
a storage interface componemtcluding a plurality of communications channels

were well knownin the context of hardware accelerators. AMD1028; 344
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(describing a plurality of Alaneso to c
(describing multiple ANAND interfaceso
devices).

(x) Element [1h]:wherein the data processing operation is associated
with a computationally expensive algorithm and the compute node
Is deployed in a distributed processing compute environment to
execute the computationally expensive algorithm.

93. TheDalalNg Combi nati on render s dathvi ous
processing operation nvol ves MfAexecut i oncompputationes s e s
actions called by a program AMD1004, [0078],see alsp [ 00 3 3] (Aan
modul eécan I ncl ude a number of comput
operations on r eoputaigeemdnatl&can be diduded in (A
an hwa modul eéand can execute computat
el ement éc ecomputatiendl& P G A Suprag Elements [14][1d.ii]. This
program Acan be part of a machine | ear
applications t o run across mul tiple C
acknowledged iscomputationally expensivealuring original prosecution of the

application that wul ti maMD&d04, [0078&,sceadsp as t

[ 0115]-i (thiedrmdiave computingo); AMD100 2, 1
Aexampl eo of Acomputationally expensi v
artificial i nt edupra8yB8nce applicationso)
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94. Dal al 6s execut i odistrilpuiegppeocessmgcompatp r e s e
environment that executesa data processing operation associated with a
computationally expensive algorithm becausehadware accelerator module
(compute node) and an adjacent hardware accelerator module (adjacent compute
node) both perform computation actions corresponding to the operafitin 1004,
[0078],seealsp [ 004 2] (Api pelined processing
use of additional hwa modul eso), [ 004 ¢
communi cati on vi &urtreeranbr@ Dglah explas thelt daba) is
transferred in packet form, which is a characteristic alisdributed processing

compute environment AMD 1004, [0034j[0045]. Dalal expressly discloses that

a nNdistributed systemo includes Acompu
modul e connected to fAother deviceso | o0c¢
[0093],see alsp [ 0115], [ 0126] , [ 0174] . Ther

deployed in adistributed processing compute environment to execute the
computationally expensivegdrithm.
2. Claim 2
() Element [2]: The compute node of claim 1 wherein the
communications link employs a serial communications protocol

enabling bidirectional data communication between the compute
node and other compute nodes in the execution pipeline.
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95. The DalaiNg Combination renders obvious [2]. According to Dalal,
server switches and hardware accelerator modules are connected by buses that serve
as a fabric. AMD1004, [ 003 2] (A[s]erv
processor 108 and hwa modsil(11600 to-mn) by one or more buses 102/ 10 ) ,
[ 0033], [ 0 0 3L4hpt cdniiieats hivas moduleg (200 to 1100n) of a
same server 1608 can serve as a f apo4B]c[00G4]L 40 ) ,
[0089]i [0099], [0123], [0170]FIGS. 1, 2B, 812, 18;supra Elements [1h][1c].
Because the fabric is connected to the switching circoin(munications link of
each hwa module using the PCle standaacgerial communications protocdhat
enablesbi-directional data communicatiod it would have been obvious to a
POSITA that the switching circuitémmunications link of the hwa modulge.g.,
210-00) (compute nale) employs aserial communications protocdhat enablebi-
directional data communication AMD1004, [0032], [004Q][0048], FIGS. 1, 2B;
supra [1c].

96. Multiple references from before the Critical Date of tHh&86 patent
confirm that PCle is aerial communications protocahat enablesbi-directional
data communication AMD1018, p.1( A Per i pher al Componen
Express (PCle)isseriale x pansi on bus standardo), p. G

Express lane is about the 250MBiseach directioa ;) AMD1023, p.1( i PC1l e éi s

an industry standard serial bus protocol that offers high bandwidth communication
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| i n KAMD1026, p.27 ( A PCI Express Li nk-voltagen si st ¢
di fferentially driven signal ;AvMiOo0s : a
3:3055(d@ | ane that supportsés erbi-dadctiomhlat a c
communication b et we e n t he .P Qhiseis cbesistent gith omy
understanding of €36Ggatentby the time of th

97. Ngbs disclosure further r eserralf or c e
communications protocothat enablei-directional data communicatiorsuch as
PCle. AMD1005, [0030]0043], FIGS. 24; supra 8VIII.C. For example, the
combination also i ncorporates Ngoés sup
connected to a hardware accelerator tha
such aséPCle. o0 tMdsp00b03pDP0BdAdEscribing
of a hardware accelerator that Aprovide
[0043], FIGS. 24. Ng therefore describea hardware accelerator comprising
communications linkthat employs &erial communications protocdhat enables
bi-directional data communiation anda POSITAwould havebeenmotivated to
I mp | e me nswitchirg tirauitsyithh Ng #< |1 e endpoint to ens
hwa modules connestamlesslyvith thePCle busSupra 8VIII.C.

3. Claim 3
() Element [3]: The compute node of claim 2 wherein the compute

node is communicatively coupled to the adjacent compute node in
series via the communications link.
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98. The DalaliNg Combination renders obvious[3pa |l al 6 s fAhwa m

2100 0 gompute nodgis communicatively coupled o a finext hwa mc

0 1 adja¢ent compute nodein series AMD1004, [ 004 2] (Afc
hwa modul eo) , [ 0045] (Aseinseddd ) f, | d-Wwd)S,. |
2B; supra Elements [1pré] 1 a ] . As depicted bel ow i

communication occurs via the switching circ@bfnmunications link of the hwa

module 2160 0 @ompute node Id. This isevidenced by the fact that Dalal
expressly discloses communication between compute nodes. AMD1@32] [0
(A[r]eceived packet data cHdBhébeorwaodesdss
a next hwa module 210 1 é such processing can conti |
modul eso) , [ 004 3] (Ahardware accelerati
dat a patsée al@l 400 Ohdvd mmoduled of same server can be in
communi cation via a data patho), [ 0094
communicativelycoupled modules arein serieswith one another supports my
positonhere AMD1 004, [0045] (fiseri alnsdrié¢do)wo) ,
see alsp [0040] [0044], [0048], FIGS. 2A2B. My opinionis also supported by

D a |l #&igude&B, which plainly illustrates modules connectederies the output

from a first module 21@0 being passed to the next modules-@1Ghrough 210

On sequentially in orderAMD1004, FIG. 2B.
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200-B
7 202-A [

Communicatively
coupled to adjacent
compute node in series

FIG. 2B

- 210-On

Yol
O
&

AMD1004, FIG. 2B (annotated).
4. Claim 6
() Element [6]: The compute node of claim 1 wherein the
programmable logic component comprises a field programmable
gate array (FPGA).
99. Da | ahlvamoduleshave a series of computing elementsach
including processing circuits that comprisepeogrammable logic component
AMD1004,[ 00 7 7 ] (explaining that processin
f r o prégrammablec i r c wseetalspo )[,0 @BAPEaMMdbi® ogi ¢ ci r cui
[0076],[0077],FIG. 7;suprg Elemens [1pre], [1b{[1c]. Ng describes dardware

accel er at or pragtaanableintegrdted direwsts (ICs), such d=ld
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programmable gate arrays (FPGAs)0 and a POSI TA wothel d ha
processing circuitspfogrammable logic componehwith FPGAsas suggested by

Ng becausedoing so would beneficially enable a developer to custorthee
programmable logicomponent for specializeaperations AMD1005, [0026],see

also [0032] (A[ t ] he har dwar e a ¢ Eredraenmablie kCr 116
2 2 8 é [ progranemablelC 228 can be aRPGAO0 ,)[0058], [0081]( i &RGA
implementation of thggrogrammablel C,0[0082][0086], FIGS. 23, 9 supra

8V.A.3.

100. Thi s i s consistent with t hreludéact t
| ogi ¢ 0 de prograerdablécircaitgoand that the processing circuits are
part of a comput i ngintegtatedrogauit device, pucheas a nt i |
computationaFPGA. 6 AMD1 00 4, [e@ alsp[00d33], [0p66]0[@80], ,

[0096], [0104]. Furthermorethe second memory of each computing element

i ncl udes fAr el atadcessbleyy grogrammabiedagio (FRPGAD

which supports my position that it would hadvee en obvi ous to i mpl
processing circuits with an FPGA because the processing circuits access the second
memory. AMD1004, [0080] A POSITA would have understood that it is beneficial

to I mplement Dalal s processing circuit
because Ng expressly di scl oses t hat l

advantageous because an FPGA circuitcanpratess a f ast er 0 t han

74



Attorney Docket No547880026IP1
IPR of U.S. Patent Nd.2,271,636

processors fAdand consume | ess poswpEar | n
8VIII.C.
5. Claim 7
(i) Element [7]: The compute node of claim 1 wherein the compute
node further comprises a processor to manage operation of the
data mover component.
101. The DalaliNg Combination renders obvious [7As | described above

in my analysis of Element§, Dal al 6s pr oc e s sachhagdware r c ui
accelerator modulecOmpute nodg i nc | u pgrecessodRM contr ol S
fabric 716 pracessomhatmanagesroperatonf the path 75@ (data
mover componentby fAaccess|[ing] first memory 7/
7500. AAMD1004, [0079], [0085kee alsp [ 00 8 1] (Aa data tra
programmabl eéconnections are configurat
provide data transfer paths between <cor
be programmabl e, provi di mgupe &lanmmeertfEl i ons
The fact that Dalal describegpeocessoi s supported by fidal al 0 s
or more moduleprocessore t hat ar e Acapabl e of a (

components of the modul e over mubeei pl e x

alsoc | . 7 (Aprocessing cir cpwcesssd.)Compri se
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AMD1004, FIG. 7 (annotated).
102. The Combination also incorpor

read control circuit and a write control circutr¢cessoy within a programmable
logic componentthat facilitate communicatiofmetween aprogrammable logic
componentand a memoryia adata mover componentAMD1005, [0035] [0038],
[0040], [0041], [0080], FIGS.i&; supra Element [E]; supra 8VIII.C. A POSITA

would have integratedhesecircuitsi nt o Dal al 6s ARM
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dedicated logic that is customized to manage data mover operations required for a
data processing operatioid. The read control circuit anithe write control circuit
can include gorocessothatcanmanage operatiom f Ngdés memory con
provide the claimedata mover componenbecause Ng expressly discloses that the
neur al net wor k ac pedraanmable b € tWcahi nachlgé
RAMét hrough t he meAMDLOPS5, [0037, tee al$pl[0636]s . O
[0038], [0040], [0041], FIGS.i&B. Ng explains that thprogrammablelC of the
hardware accelerator can include mpnacessofs), meaning that Ng contemplates
aprocessoto manage operation of tidlata mover componentAMD1005, [0080]

6. Claim 8

(i) Element [8]: The compute node of claim 7 wherein the data mover
component comprises a device controller.

103. The DalaiNg Combination renders obvious[8[.h e por ti on of
Adat a t r a rmad neover dorapbrrejittondectiig the processing circuits
(programmable logic componehto the first memory rfode memoryis a device
controller. AMD1004, [0081][0082], see alsp[0084] [0086]; supra Elements
[1pre, [1€], [7]. The fact that the data transfer
pat hs bet we e n cootrolrdga mogemens i0 devicesupports my
opinionthaDal al 6 s @ dat datatmowenceripeaehin taatbhardware (

accelerator module representsi@vice controller AMD1004, [0082],see alsp
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[ 008 4] (Aproviding connections as need
pipelines to be constructedo)

104. Dal al 6s data transf er proaegsorofthe i s C
programmable logic componentvhich is similar to thedevice controlledescribed
by ®©3patbent which I s NHoperative to faci
Ai ndependentl yo or Ain cooperation wit
AMD1001, 16:45/61. BecauseDalal explains that the data transfer fabdata
mover componentoperates in cooperation with control signals from the ARM
processonf theprogrammable logic componenthis supports that the data transfer
fabric includes alevice controller Id.

105. The DalaiNg Combinationa |l s o Il ncorporates Ng «
teachi ng aontrollérede mdr ¥ he har compute aodeahick el er a
provide the claimedevice controller AMD1005, [0035][0037], [0043], FIG. 3;
supra 8VIIILC. Ng expl ains that a neural networ |
on devce 0 meani ng tconadllersidibttee opeeativasrogdevice
AMD1005, [0043]. A POSITA would have been motivated to implement the servers
of Dalal to include alevice controllerwithin each hardware accelerator module,
because this wouldavebeneficially provide a way to manage processaemory

communications in every module
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7. Claim 9
(i) Element [9]: The compute node of claim 1 wherein the
communications link enables the compute node to receive
instructions from the host compute system, the instructions to
influence operation of the compute node.
106. As | described above in my analysisBements[lpre [ 1 a ] , Dal al
host processorhfpst computer systemis connected to a switching circuit 220
(communications link of anhwa module 210 (compute nodethat enables the
hwa module to receive data from the host processor. AMD1004, [0832]a
Elements[1pre] [la]. The DalaiNg Combinationmplements the host processor
wi t h Ngos A hos to (hosb mompuiee systel tha tereoutes
instructions (e.g., input and weight matrices, and a work eegut ) f or a i
network accelerator to perform neural network operations of each layer of the neural
net wor k. o A D D @ @dt,conpute.syisttnd c o mmuni cat i v
coupl ed t o neur alintatestheumlrn&twoek opemtiors oratheo r é
neur al net wor k a c loost lwaits aurttilo thes ediral nefworlo 4 7 ]
accelerator signals completion of performing the operations before instructing the
neural network accelerator to commence performing the neural network operations
of t he nse«dsp[00@7y[@008) J0021][0024], [0029], [0041], [0043]

[0046], [0048][0050], FIGS. #5; AMD1004, [0032], P 070] (A[ a]

processor éscuaint abbel ea npyr o/@&3k [§0HI], [0678]v[00C7¢ O )
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would haveinfluencal operation of each hwa modulesfch respective compute

node i n

In the DalalNg Combination, thanstructions

&xecltian pipaing o

such as a neural network laydd.

ML framework
host 410

Instructions to influence
operation of compute node

402 KA interface
42

AMD1004, FIGS. 1, 2B Combination Figure (annotated); AMD1005, FIG. 4

107. Inthe DalaiNg Combination, a POSITA would have found it obvious

to

the host executasstructionsto influence operationof each hardware accelerator
modulecompute nodeén theexecution pipeline AMD1004, [0032], [0063], [0069],

[0073], [0077], [0099], [0101], [0103], [0123], [0135], [0170], [0172]; AMD1005,

Attorney Docket No547880026IP1
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[0007], [0008], [0021], [0024], [0029], [004i1[P047], [0049], [0050], FIGS. 2,i4
5. For example, Ng explains that the output from the hardware accelerator for one
later of the neural network can be used as the input for the next layer of the neural
netwok , which i1s strikingly similar to Dal
from one module Acan be further Pr oc e s
AMD1004, [0042]; AMD1005, [0047]. The hardware accelerator modules in
D a | axXeduson pipelinewould havebenefied from tailoredinstructions from
N g tast compute systertinat influence operationat that module. AMD1004,
[0045].
8. Claim 10
(i) Element [10]: The compute node of claim 1 wherein the compute
node is combined with a router module and integrated into an
interface card communicatively coupled to the host compute
system
108. The DalaiNg Combination renders obvious [10[Dal al 6 s sy s
includes server switchd€6 (router modulg that perfornrouting operations such
as Aforward[ing] packet dat eompute aodga h ar
Abased on informati on i A[00Ba) §0096],a@R3Et . O

[ 0170], FI G. 1. As shown in Dalal s F

(router module ar e i coomnmueiaativelydcouplddto the host processor
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(host compute systenvia a peripheral component interconnect express (PCle) bus.

AMD1004, [0032],see alsp[0033] [0036], [0123], [0170].

SERVER SWITCHES | _+-

I
! +
' R | 218 21001
141 106 [~ ol
/T ‘\}'\ || | 220
A \ |F 216 |
| , '
i
I
I
I
I
I

P BUSL—~112-0 || | . |
4 .
d HOST 14112 e
Switch ,’/ Processor \l | LI ) 'T-‘210—0n
Layer IT\} 220 |
R 108 | 216 &
104 % IR - .o I e o e

AMD1004, FIGS. 1, 2B Combination Figure (annotated).
109. Dalal discloses that each server includes server switches that provide
the claimedouter moduleand expl ains that the server
toéhwa modul es 0 maputh nodeeAMDI1O®! d0032]isee glspa
[0035], [0036], [0123], [0170], FIG. kupra Elements [fpre]i [1a] . Dal al 6s
switches106 (router modul9 ar e Aconnected to host pr

one or morenetwork switches hat enabl e packet data to

host processorhpst computer systemand the hwa modulesdmpute nodes
AMD1004, [0032],see alsp[0096], [0123], [0170], FIGS. 1, 12, 18
110. Dalal explains thaihe network switclis combined withandintegrated

into the same printed circuit board that also includes memory and processor cores of
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a hardware accelerator moduleoinpute nodg . AMD1004, [ 0096

componentso include fimemor yetwork swich;ogr a m

and/ or one or mor e p Thus aROSIGA woald maees 0 )

understood that this printed circuit board is iaterface card communicatively

coupled to thénost compute systemto which anetwork switch of aouter module

and acompute nodeare integrated and combined AMD1004, [0032], [0096],

[0123], [0170], FIGS. 1, 9, 12, 18. It was well known before the Critical Date of the

@36 patent for a card to include a router and hardware acceleraddi®1006,

[ 0038] (describing a ficardo comprising

Aroutero and fihardware acceleration uni
111. Dal al expl ains t hatfirst doreputp modecah e d c i

be connected to additional compute node

with othero hardware accelerator mo d u |

i nterface 952. D0097ANM® 9.0 0 4, [ 0096 ]
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Circuit elements on the PCB include network switches,
programmable logic component, and memory

910
954/ f— 034

950

'*L 210-00
|
|
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1
! 4+
' -7 218 7
’}/‘ 106 ‘\‘J\ : l | | % T21001
i DR | 220
o’ \ |F‘ 216 ’
! \
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/ BUSL~112-0 || | : |
& A )
4 HOST 14121 % —
Switch ,/, Processor " | |_|. o szm
Layer (’ ]N i|220 = ’
104 |, .

AMD1004, FIGS. 1, 2B Combination Figure; AMD1004, FIG. 9.

112. Dal al 6s printed circuit boa63@ i s s
patent, which is also described as a i
multiple different components. AMD10011:46i 61, 13471 14:8 Integrating a
switch and one or more hardware accelerator compute nodes into the same interface
card was wel |l k n 638patedt. yYAMD10O24, 8t4160{@escobing t h e

an interconnect switch and multiple hardware accelerator modules integrated on the

same printed circuit board The f ®H3I6patent lackriowleddes thabit is
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figenerally known f or a PCB to integrate a rout

Acooperate with structur al components ¢
opinion that Claim [10] is obvious over the DalNdj Combination. AMD1001,
1146/ 61.
9. Claim 11
(i) Element [11]: The compute node of claim 1 wherein the compute
node executes a respective operation associated with the
computationally expensive algorithm using information in a
computerexecutable code associated with the computationally
expensive algorithm and resultof a respective preceding
operation, and passes respective additional results of the respective
operation to a next compute node in the execution pipeline
113. TheDalalNg Combi nati on renders obviou
circuits (programmable logic componehtrun programs(computerexecutable
codg stored in the first memoryn¢de memory to support adata processing
operation AMD1004, [0076] [0079]; supra Elements [1k][1d.i]. Dalal explains
that these programs are Awritteno on a
include computerexecutable code AMD1004, [0076],see alsp[0078], FIG. 7
Likethe6 6 36 ,pat ah®s pr o ugsethesomputerexecutaldecodet s
of Dal al 6 snforpatiangtraa mBenabl e various exec
perform comput at i o nrespective operasicassdciated wahx e c u t

a computationally expensivalgorithrm. AMD1 0 0 4 , [ 0076], [ 007

machine | earning | ibrary, such83@dd Tens
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(Aalgorithm for a neural Eé)Daalmeiplairsx ec ut
that leceived packet datafiprocessed by one arore element218in hwa module

210000 resultsof arespective preceding operatipn, farwagdedito a nextwa

module 21001, whereit can be further processedexecutes a respective
operation , and A[s]J]uch processingécontinue]|
(passesespective additional resultsf therespective operatioto anext compute

nodein theexecution pipeling. AMD1004, P042],see alsp[0094], FIGS. 2B, 8

114. Becausde he program Acan be part of a
clear that running the program involves executopgrationsassociated with a
computationally expensivealgorithm becausecomputations (such as machine
learning) are done according to algorithms. AMD1004, [0078], FIG. 7
Computation actions are well known to be done according to algorithms in computer
code, and this is especially true for machine learning operatianghermore, Dalal
d e s c r i ppogrammiag niodel for processing large data sets with a parallel,
distributedalgorithm.0 AMD1004, [0115]

115. The Combination also incorporates
Ahar dwar e ecommee hoglg atttoato i(s part of a #dAcl
algorithms that uses multiple layers of nonlinear processing units for feature
extraction and transf caemspt i [o0n0. 007 ] A MDilpOelrE

neural networkoperation® ) |, [ 002 3] (Aneur al net wor k
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execution of theoperationso f the | ayers of t he NNO),
networkoperatonson t he newur al n.eSuehanadhinedearnirgl er a
algorithms involve operatonss uch as fAmatr i x mul tiplic

w h e r ehe yhostfinstructs to use the results data generated by the previous
layere as the input data matrix to the next laydr A MDODAM@®27], [
[0041]i [0047] suprg 8V.A.3.

116. Ng explains that the neural network accelerapwogrammable logic
component Areads [ a] work requestéand init
operations with the data referenced 1in
information in a computegxecutable code to executes a respective operation, akin
t o Dal al §drcupswhiah eeadspiograms to perform computation actions.
AMD1005, [0063],see alsp[0045] [0050]. These teachings reinforce that it would
have beerobvious to implement sespective compute node acceptesults of a
preceding operatiorand pass results of the respective operationnexa compute

node Id. According to Ng, machin&arningalgorithms can involveoperations

such as fimatrix multipl i cat iseealsp®0d22],c onv o
[ 004 1] (Anper for ms matri X mul tiplicatio
net worko), [0042] (Aconvolutions or mat

net wor ko) .
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117. For every layer in a neural network, thest compute systersends a
Awor k r e qcompute dodde.g., hartiware accelerator 116) that guides an
operationassociated with the respective layer of the neural network. AMD1005,
[0045], [0047], [0049], [0050], FIGSi4&. In addition, théhost compute systeoan
establish Aconfiguration parameterso
a c c el erogrammable fogic componentAMD1005, [0046]see alsp[0027],
[0035], [0047], [0050]. Theompute node(e.g., hardware accelerator 116) uses this
information to execute a respectiaperationassociated with the neural network
algorithm. AMD1005, [0027], [0042], [0045], [0046], [004.7]

118. To execute a given layer of the neural netwodspective operation

the host compute systerman instruct the hardware accelerator to perform matrix

mul tiplication using an Ainputo matri X

network layer esults of a respective preceding operafion t o gener at e
matrix that is used as the input for a subsequent neural network tegpective
additional resulty. AMD1005, [0007], [0008], [0022]0025], [0044], [0045],
[0047],[0066],cl.1,cl.11.nf t he Combi nation, one of
modules can execute a neural network layer using resultpretcading operation
generated by a previous module and pass this output to a subsequent madule (

compute nodgin theexecution pipeline Suprg 8VIII.C.
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119. A POSI TA woul d have been exsmutionvated
pipelinecomprising a plurality o$erially coupledof hardware accelerator modules
with a host compute systerthat issues work requests to each of the hardware
accelerator modules includingformation associated with a machine learning
algorithm for executing a respectigperationassociated with theomputationally
expensivaalgorithm, because doing so woulchveenablel the execution pipeline
to collectively perform a larger machine Ilegrg task. In this combination, the
information associated with thalgorithm for executing a respectiveperation
would havebeen part of acomputerexecutable codde.g., the program) that the
processing circuits execute to perform the machine leaaigogithm. AMD1004,
[0076] [0081], FIG. 7.
10. Claim 12
(i) Element [12]: The compute node of claim 11 wherein the
computerexecutable code associated with the computationally
expensive algorithm is incorporated in a bit stream
120. The DalaiNg Combination renders obvious [12]. Dalal discloses that
Aprograms can be | oaexecdtionbyt @roicestsi mg ma
and t hat A a programécaneéeenabl e mac hi n
AMD1004, [0078], [0079], FIG. 7.This confirms that every compute nodeq,

hwa modul e) I n Dal al 6s executcompuier pi pel

executable codeto execute acomputationally expensivemachine learning
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algorithm. It would have been obvious to a POSITA that tusputerexecutable

codeis incorporated in it streambecausdhe data path 750 is time division
multiplexed (TDM) and therefore usesb# stream divided into channels for
transferring data AMD1004, [0033]i [0034], [0078], [0083], [0094].It was well
known by t h@36pdatennteat atime divisien niultiplex (TDM) fabric

uses a continuousit streamto transport dataAMD1007, 1:233 0 ( A T DM, s h
for Time Division Multiplexing, is a type of multiplexing that combines data
Streams-®),[a Mmetitbd and system for processing one or more
TDMséincludes encapsul atingépacketseéto
fixed siAl04eIIl2d) (describing Ati me di
resulting in a latetof$8 JDrad aarh 0lsa Wdian @ g r iolriet

no different. Furthermore, in the Daldlg combination, thenformation includes

-1

configuration par ameter so whi ch ar e

-1

c onf i bitstream® indicating thathe computationally expensive algorithm
in the DalaiNg Combinationwould have beenncorporated in a bit stream
AMD1005, [0027], [0042][0043].

IX. GROUND 1A: DALAL, NG, AND RAGHAVA

A. Raghava(AMD 1006)
121. Raghava describes a system includi

programmabl e acceleration coprocessoro
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of functions, which may includeéconvol
[0017]1[0022], [0030] FIG.1 The coprocessor fnNAmay be ac¢
deviceo including AFPGAsO0O and fdAmay be
hardware (HW) accel er at d[0G33],doo38IM@D39), 0 6 , [
FIGS. 1, 34. Raghava explains that the coprocessoludesone or more hardware
acceleratorgshatc an i ncl ude -ofuetxptuetr n(all GAMDAQPRyIt 0 ¢ Kk s
[0033], FIGS. 84. One example of an interface tltain be used on the coprocessor

iI's an NOpen NAND Flash Interface (ONFI
Asuitabl eéefor communi cating wi t h me mo r

AMD1006, [0033], FIGS. B4.
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AMD1006, FIG. 4 (annotated).
B. The Dalal-Ng-Raghava Combination

122. Dal al , Ng, and Raghava are all|l ana
these describe distributed systems where a host communicates with compute nodes
having programmable logic to perform specialized operations. AMD1006, [0017]
[0022], [0030][0049], FIGS. 1, 34, supra 88VIILLATC. Dalal explains that
Amodul e memoriesodo on the hardware accel

type, i ncl udi ngAMDLO®4 HO067h e Raghawa .digcloses an
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embodiment where a hardware accelerator includes NAND fhasmory and
interfaces (i .e., AONFI 0)AMD®DOO6, [6083].Mect i n
POSITA would have been motivated to I m
with Raghavads suggestion to uskavef | ash
provided a convenient way to increase storage capacity and maintain storage in the
case of power loss.

123. Itis apparent that a POSITA would have found it obvious to combine
the teachings of Daldllg with the flash memory and ONFI storage interfaces of
Raghava because the combination merely involves the application of a known
technique to a known system to aste predictable results. Dalal and Ng both
disclose that hardware accelerators can usevotatile memory, and a POSITA
would have recognized that it woulthve beerbeneficial to implement these
accelerators with Raghavaok][0067],d0096], me mo
[0105]; AMD1005, [0032], [0034], [0080]. Becaubalal and Ng involve systems
involving (i) a host that communicates with hardware accelerators to perform a data
processing operation arfd) flash whichis a solid state memargombining the
teachingsof DalaNg wi t h Raghavads express teach
would have been obvious and a POSITA would have reasonably expected success.

AMD1004, [0032], [0078]; AMD1005, [0024].
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124. The following reasons, taken separately or collectively, support the
DalakNg-Raghava Combination.

125. First, a POSITA would have understood that +vatatile memory such
as flash provides multiple benefits including greater capacity and ability to maintain
storage in the case of power loss. This is confirmed by multiple references from
before the time of thé 6 d&ient AMD1 0 2 2, 1 ( ex pVolatieni n g
memoryo such as ffl asho -\halsatiinloittaypd ea r &
speed, 06 and explaining that aAafl ash memc
relati vely hiAgMD 1p0e3r8f,o rimamd eadr)g;e capaci ty
contempl ates that hardware accelerator
as fARAMO or Afl ash memory. o AMD1004,
increased memory capacity and removed poweemiggncy on continued storaige
implementDal al 6s hardware accelerators with
Raghava.

126. Second b ecause Raghava explains that
include memory controllers for supporting a wide variety of external memory
protocol so including AONFI, 0 a POSITA w
the storage interface component tok DalaiNg Combinationwith aspects of
Raghavaods | O blocks to ensure that any

Is paired with a compatible interface. AMD1006, [0Q38Jalal and Ng describe
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hwa modules having multiple different kinds of memory, and a POSITA would have
understood that Raghavaos teachings ar
AMD1004, [0067]; AMD1005, [0032].

127. Third, it would have been obvious for a POSITA to implement the
hardware accelerators of Daldhg with NAND flash memory and ONFI as
described by Raghava because doing so represents one of a finite number of
predictable solutions for configuring memory of adveare accelerator module. A
POSITA would have appreciated that narlatile memory is a viable option for
high capacity data storage, and it woblvebeenb e nef i ci all to i mpl
data store with flash memory. Indeed, Dalal and Ng describe hardware accelerator
modul es that include flash memory. AMD
be of any suitable type, i ncl bdi(nd éf] Iha
har dware accel ervaaloatéiilnec | medmecsr yab ntohnat
ofnronvol atile memory, such as fl ash memor

C. Claim Element Analysis
1. Claim 4
() Element [4]: The compute node of claim 1 wherein the data
comprise an Electronically Erasable Programmable Read Only
Memory (EEPROM) device.

128. The DalaiNg-Raghava Combination renders obvious [4lhed 6 3 6

patent explains that nal | FIl ash is EEPR
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any flash memory devicacludes arEEPROM device AMD1001, 10:6511:21.
Dal al 6s fAsecond memoryo datd#®orecRAMDIO0A Oor r e S
[0075], [0080] [0082], [0094], cb.1, 11; suprg Element[1b]; supra 8IX.B. For
the reasons noted above, in the DalgtRaghava combination, tliata storeof the
DalaktNg Combi nati on woul d have been i mpl e
FPGA, which includes an EEPROtMe data storeof eachrespective compute node
in theexecution pipelinevoul d have been i mplemented w
FPGA, which includes aBEPROM. Id.

129. Raghava discloses that an accelerator FP@Wgfammable logic
componen} can include external inpatutput (10) blocks that provide the claimed
storage interface componerdnd memory that provides the claimddta store
AMD1006, [0033], [0034], [0014], [0046], [0074], cl. 10, FIGS.53 Raghava
di scl oses that the | O blocks support t
protocol and expl ains t hat t hese | O
communicating with membhiys oméMbd 00b6at |
memory includes NAND flash memory in embodiments where the 10 blocks are
compatible with ONFI. Because Raghava discloses flash memory, Raghava

provides the claimeBEPROM device AMD1004, [0033], [0034], FIGS.i&.
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AMD1006, FIG. 4 (annotated).

2. Claim 5

(i) Element [5]: The compute node of claim 4 wherein the storage
interface employs an Open NAND Flash Interface (ONFI)
protocol.

130. TheDalalNg-Raghava Combination renders
transfer fabric, or the combination of
interfaces corresponds to tiséorage interface component AMD1004, [0075],

[0079] [0083], [0089], [0090], [0094], cls.1, 180; AMD1005, [0035], [0036],

97



Attorney Docket No547880026IP1
IPR of U.S. Patent Nd.2,271,636

[0038]; supra [1f]Ti[1g]. For the reasons noted above, in the DidiggRaghava
combination, thestorage interface componeif the DalaiNg Combination would

have been i mplemented with Raghav-ads a
output (I0) that emplo®NFI. AMD1006, [0033]see alsd0014], [0046], [0074],

cl.10, FIGS. 3, 5supra [4]; suprg 8IX.B. A POSITA would have understood that

ONFI is widely adopted in the computer hardware industry as a standard for
interfacing with Flash memory.

131. Raghava discloses that the external iputt p ut (1 0) bl o
provide the claimedstorage interface componenh each hardware accelerator
module €compute nodg c an e n@péenoNAND: Alash Inferface (ONFID
protocol, and a POSITA therefore would have found it obvious to implement each
compute nodén the DalalNg combination with atorage interface componeitiat
employsONFI as suggested by Raghava. AMD1006, [0038k alsp [0014],

[0046], [0074], cl. 10, FIGS. 3, Supra [4]. A POSITA woul have found it
obvious to make this combinatiorbecausedoing so would have provided
nonvolatile storage at increased capactypra 8IX.B.

X. GROUND HEAAND UN

A. Heil (AMD 1010)

132. Heil is directed to data processing systems for implementing -multi

component services. AMD1010, [0040see alsoAMD1010, [0003], [0040],
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[0053], [0218][ 02 48] , Abstract. Hei |l 6s data p
server unit components, each having a local host component paired with a local
acceleration component, likethe6 p&t ent 6 s mul ti pl e comput
a Aprocessing system 4300/ fAimemory 4500
AMD1010, [0053]; AMD1001, FIG. 4 supra 8V.A. Heil explains how these
ARserver unit component so ar e configu
communicatively connected to process a request #sopaa multtcomponent
service dAwithout Il nvol vement f jO@3), any
[0232], [0248];see alsd0040], [0053], [0218][0248]; infra Elements [#.i]i [1€].

133. Hei | 6s dat a pegqtO2mbBiguredand §02 in Eigure  (
8 bothshown below) can be conceptualized as having a first logical network forming
a software plane 104ith the host components and a second logical network forming
a hardware plane 106th the acceleration components. AMD1010, [004@058],
[0089], FIGS. 1, 8. In Figure 1 (shown below), the two logical networks share a

common network. AMD1010, [0048]0058], [0089], FIGS. 1, 8.
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Conceptualization of Data
Processing System 102
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COUPLING H=Tr=H AND S-TO=5
Common Network for
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SOFTWARE
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108

e 1
i I
] i
] i
] i
! | Derermmanion SERVICE MAPPING COMPONENT !
| | "~ component (SMC) o
i 124 128 |
] |
] i
] I
] ¥ 3 MAMAGEMENT FUNCTIONALITY (SEE Fi. 10) '
a 12 E
|_ _________________________________________________ 1

|E| ACCELERATION COMPOMENT

SOFTWARE-IMPLEMENTED HOST COMPONENT

AMD1010, FIG. 1(annotateyl
134. Hei |l 6s Figure 8 (shown below) is i
of FI G. 10 except it uses a second phys
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formed using dedicated links to couple neighboring acceleration components.
AMD1010, [0089], [0014], [0084]see also[0058], [0096]. For example, Heil
explains that dedicated | inks between i
established Afor connecting [them] toge
[0089]. | note that in Figure 8, an example of the second network that is, a torus

network. AMD1010, [0089].
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Conceptualization of Data
Processing System 802
~

o802
806
S
!
Network with acceleration @
components coupled with

neighboring components
via dedicated links R T TLILT s S22

ANY L -
Hardware @ } NV LOCALyTO

) LocaLs COUPLING
Acceleration Plane 114

i e e i e v R 104

Software Plane ﬁ

FirsT NETWORK FOR COUPLING S-TO-S
(E.G., A TORUS CONNECTION, ETC.)
804

AMD1010, FIG. 8(annotated)
135. 1 n both Figures 1 and 8, Heil 6s ac
by the boxes labeled witii HO i n t he hardware Seeccel e
AMD1010, FIGS. 1, 8 (both annotated above)rigure 25 (shown below) presents

an illustrative example of these acceleration components as illustrative acceleration
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component 2502. The acceleration component includes, among additional elements,
application logic 2506, memory controller 2520, memory 2522, host interface 2525,
router 2528, and transport component 2530. AMD1010, [0022], [DI(BHE8]. A
POSITA would lave understood or found obvious that at least tbésments are

common across acceleration components referenced in sysi@nasid 802
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ILLUSTRATIVE ACCELERATION COMPOMENT
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I M;Ezoaﬂ‘l' ::FIL?JS[L: I\
o ———— Common
Elements

AMD1010, FIG. 25annotated)
136. For example, while Heil states that Figure 25 is implemented for system

102, Hei | al so expl ai ns telygasysterm 802] mayr
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use acceleration components having arch
AMD1010, [01591[0162] In view of this disclosure, a POSITA would have
understood or found obvious h a t Heil 6s acceleration <c
forms the second network with dedicated links (e.g., at TOR interface Z51R)

would have still utilized the above identified common elements to implement core
capabilities. For example, a POSITA implementing the embodiment shown in
Hei |l 6s Fi davelookedo tive alsclbsdre of Figure 25 to implement the
application logic 2506 athe reconfigurable component for performing an assigned
operation, the memory controll er 2520
bet ween the acceleration component 250

i nterface as t he ¢ o mpeaemtondcomporert tb interact e n a |

with a | ocal host componento (including
messages between various internal comp
25300 to interface with remote aicceler

[0168]; see als?AMD1010,[0014], [0089], [0139], [0157]0158], [0171][0173]i
[0186], [0226], FIGS. 2&29.

137. Moreover and as an additional basis, a POSITA would have found
obvious to implement these common elements because utilizing the same elements
to fulfill the same core capabilities would have allowed system 802 to operate. A

POSITA would have understoodatibecause both embodiments in Figures 1 and 8
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utilize the same FPGAased acceleration component, it would have been a matter
of routine engineering for a POSITA to implement these internal FPGA components
with common functionality within the embodiment in FIG. 8.

138. A POSITA would have also been motivated to utilize common
components across systems 102 (From FIG. 1) and 802 (from FIG. 2) to reduce the
risk of altering the functionality of these common components in a manner that
causes problems and to avoid needingte cr eat e t hese commor
AMD1010, [01597[0162]. Specifically, Heil explainthat thecommon elements
are part of an Ainner shell 06 architectu
application scenariosAMD1010, [0161][0162]. For example, this architecture
Areduces the risk that a devel oper may
manner that causes problems within the
AMD1010, [0161][0162]. Heil al® explains that the inner and outer shell
architecture negates the need to firecre
[0159]1[0162]. To achieve the same benefits, a POSITA wbalkutilized these
components across different embodimemfeusing suclsomponent designs across
different system designs was a wiatlown design technique to minimize
development costs and ensure quality.

139. Turning now to Heil 6s disclosure o

processing systems above execute ragthponent services. AMD1010, [0218]
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[0223], [0229], FIGS. 36, 40. In one exampkferenced in Figure 36 (also shown

below) Heil describesamuti o mponent service for assig
pairing of a query and 7Tp22d].0lcthisrexample, a A M
Ahost component 36020 iIiqueXtest @a & efftve ek
3604. 0 A MD10220D ,Heil[expidsOtiat a network of server unit
components executes the invoked service using a processing pipeline with
communicatively coupled acceéion components (e.g., 3606, 3608, 3610, 3612,
3614, and 3616 in FI G. 36) to perform
Afgenerate a final r a n K022y, see alsoAM®1060, A MD:
[ 006 8] (Aprocessing pipelineod). AThe
components that are associated with the respective acceleration components shown

in FIG. 36.0 AMD1010, [0223]
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AMD1010, FIG. 36(annotated)

B. Jun (AMD 1011)

Server Unit

Components

140. Jun describes a data processing system that includes a collection of

FPGA-based compute nodes. AMD1011, p®,713,see also idli 5. Jun describes

an example 2Mode system that improves upon a previousode prototype.

AMD1011,

net wor k

pPp.

2, 4 .

topol ogy. o
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141. Jundés nodes integrate flash storac
order to execute analytics operations on large data egtsBig Data analytics).
AMD1011, pp.15, 12 13;5eeAMD1001,9:111 16; 10:6% 11:21, 27:3950; 48:26
31, FIG. 1 Jun explains that it is advantageous to use NAND Flash Storage in place
of DRAM memory to effectively handle tasks on large datasets. AMD1011, pp.2,

4 12. Junds NAND Fl ash Stor aglannels dep
hardware flash interte and connecter t o t he FPGA processor
AMD1011, pp.4, 8. The hardware interface and connectors on the flash board
facilitate communication between the FPGA processor and the NAND Flash
Storage. AMD1011, pp.4, 8 | note that in annotated Figure 10 below, the
programmabl e acceleration component C O
processor/ accelerator) that is pait of

8, FIG. 10.
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Hardware NAND Flash
Flash Interface Storage

Xilinx VC707

Flash

Board ——mm

Virtex7?
FPGA

PCle

AMD1011, FIG. 10 (annotated).

C. The Heil-Jun Combination

142. Heil and Jun like the claims of tlie 6 ®dient belong to the field of
endeavor of data processing systems employing reconfigurable hardware.
AMD1010, [0003], [0232], [0248]; AMD1011p.5; AMD1001, 2:31i 48, 3:8 28,

38:3243; FIG. 17 FIG. 17. Additionally, each reference are also reasonably
pertinent to a technical problem shared with thé 3pétent of accelerating
processing by offloading tasks to reconfigurable hardware. AMD21010, [0003],
[0051], [0224], [0232], [0248]; AMD101]gp.116 (st orage devi ces
network among themselseviahighpper f or mance seri al Il i nks

the storage devices, the integrated network ports removes the overhead of going to
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the host software to access a 28®B48ar at e
(Aindependent of éa hidbs3d7446% RB.U%T. e syst emo
143. | note that Jun references a paper AMD1014 describing a Microsoft
project Acall ed Catapult. o AMD1011, p

technology disclosed in Heil. AMD1014, FIGSs&AMD1010, FIGS. 3637;see

also generallyAMD1014. Both AMD1014 and Heil illustrate a similar figure for

I mpl ementi ng an-caampomrdarth ms g riviud & G ) I nc|
similar steps on in a ring flow structure. AMD21010, [0218223], FIG. 36;
AMD1014, 69, FIG. 5. There is also Bstantial overlap étween the authors of
AMD1014 and the inventors of Heil. AMD1010, Cover; AMD1014, 1. In fact all

of the inventors of Heil are listed as authors on AMD1014. AMD21010, Cover;

AMD1014, 1. Microsoft is both the Applicant for Heil and the listed entity for

AMD1014 on page 1. AMD1010, Cover; AM
similar goals in terms of reconfigurabl
project and t his al so appl i es t o He i
AMD1011, p.4.

144. As | di scussed above, Heil 06s dat a

of fiserver unit componentso each compri
component (FPGA device)Supra,8X.A (overview of Heil). In the context of

H e i dcaelsration component and as | will explain in more detail below, a POSITA

111



Attorney Docket No547880026IP1
IPR of U.S. Patent Nd.2,271,636

woul d have been moti vat edd ibhcluding ispNANDmMe n t
Flash Storage, and hardware flash interface, and conn@dtopgace of the DRAM

memory elements that Heil describes.

ILLUSTRATIVE ACCELERATION COMPONENT
Common Elements —~— [ Dwowosmo Reconoer ] .
= i
| |
I TRANS- -
e rouren | | oot | B Saren [
Elements replaced/modified to | - o " 2 ||
operate with Jun’s Flash Board I | |
| | —_
| 5
Jun’s Flash Board 1 —— oz
ilinx vC707 sama chips I " orenormon. |
ports | | Cowo, 100, e1c) |
-m TonTunl | T | Vo b S S—"— S—— D
Virtex? : 3 Compute Node
Pl FPGA EE x |:||:I
O |
I feasssrassssacssnsanssd

lllustration of the HeHJun Combination (based on AMD1011, FIG. 10 and

AMD1010, FIG. 25).

145. Based on my review, the following reasons, taken separately or
collectively, support the Hedun Combination.

146. First a POSI TA woul d have recogni zed
boardo el ements all ows Hei |l 6s-campdnent pr oc

services on larger datasets utilizing the same number of server unit components. Jun
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demonstrates that hosting large datasets on DbABEd acceleration components
requires a large cluster of compute nod&ee e gAMD1 01 1, p.4 (usi
devices to accelerate lower cost systems that do not have enough collective DRAM
to host t h e seenats)AMERLO1L.,pp.2a3s B2t Junexplains that
replacing DRAM with NAND Flash Storage enables hagtpacity data hosting on

fewer compute nodes, significantly reducing the required number of compute nodes

or expanding the capacity of a given collection of compute nodes. AMD1011, pp.3

4. A POSITA would have been motivated to implement the -Bieil combination

in order to accelerate services on datasets that exceed the DRAM capacity for the

coll ection of acceleration components i
147. Seconda POSITA would haveinderstood h a 't I mpl ement i
Afl ash boardo el ements within Heil ds ac

in architectural complexity by allowing implementations of services to require fewer
server unit components. For example, it would have beentoléiae POSITA that
replacing Heil 6s DRAM with Jundés NAND F
number of server unit components because each NAlBRbasedacceleration
component can handle a larger dataset loc&seAMD1011, Abstract (explaining

that a dataset requiring 100DRAMa s ed servers ficould be s
memory ofaracls i zed cl uster. o). Reducing the

provides at least the following benefits: simplifies the $ye més physi cal
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reduces operational latency and network traffic, reduces maintenance requirements
(e.g., because there would be less elements and components to maintain and/or
replace), and makes the system easier to implement andbee&MD1011, 23.

148. Third, a POSITA would have understoodnd obvious that
| mpl ementing Jundés Afl ash boar dwoukll e men
have facilitated a reduction in capital cost because NAND Flash is a more cost
effective memory medium than DRAM. As Jun explains, NAND Flash Storage is

A a order of magnitude cheaper priceco mpared to DRAM. 0 Al

Abstract, 4, 12see als)AMD1 0 3 7, 5 (AA RAMCI oud coul
flash memory as the primary storage technology instead of DREMshCloud),

and this would be cheaper and consume less energy than a hisdd
approach. o) .

149. Fourth a POSITA would haveinderstoodand found obvioughat
replacing MHaisle@ls sbRAMge with Jwoulls Af |
havefacilitated improved power efficiency and further resulting in lower operating
cost s, among other benefits. As Jun eX
order of magnitude I|-asdaltgnative AMD101bh, a3 t he
(explaining thaer PRAMOssdimpghoré!l i mits
except for extremely performance and latesepsitive wo k| oads 0) , 11

power hungry than a cloud based system with enough DRAM to accommodate 10TB
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to 20TB sedalsédMDl@3d ) ;5 (AA RAMCI oud coul d
flash memory as the primary storage technology instead of DRAMshCloud),

and this would be cheaper and consume less energy than a DiRagdd
approach. 0) .

150. Fifth, a POSITA would have found it obvious to combine the teachings
of Heil with Jun because the combination merely involves the application of a known
technique to a known system to achieve predictable res#ts example, Jun
recognized a problem with existing DRAbased acceleration components and
described a straightforward technique to address it using NAND Flash Storage. In
this context, combining the teachings of Heil and Jun would have been obvious, a
simple substitution of known elements thatPOSITA would have reasonably
expected to succeed.

151. | also note that a POSITA would have reasonably expected a successful
outcome from the abowveiscussed combination of teachings from Heil and Jun.

For example, a POSITA would have reasonably expected to succeed because both
systems utilize similarly networked compute nodes that, in both references, utilize
FPGAbased acceleration to perform similar processing tasks. Additionaiy, t
conclusion is supported by my prior discussion at 88X.A (Heil), X.B (Jun) and my
prior discussion on motivatieto-comline at 8X.C. As | have explained,

substituting DRAM with Flash storagewas well known by the critical dateSee
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AMD1011, AMD1022 AMD1037. A POSITA bringing this welknown
substitution with Heil, in the manner proposed above at 8X.C, would have been
reasonably certain that the result of the combination wbakk arrived at the
purported invention od 6 pdient (as outlined below). The POSITA would have
also understood that these integrated features are fully compatible andhageld
workedin combination in the same (or substantially the same way) that they work

individually.

D. Claim Element Analysis
1. Clam 1

(i) Element [1pre]: A compute node for use in a data processing
system, the compute node comprising:

152. The HeitJun Combination renders obvious Element [1pre] and Claim
1 as a whole.H e i degcsbesnultiple server unit componentg;ofnpute nodes
for use in adata processing systefor performing computations/data processing,
and thateach having a local host component paired with a local acceleration
component.Supra,8X.A; AMD1010,[0040],[0053], [0089], [0218][0223], FICS.
8, 36, 40;see alsd0003], [0232], [0248].

153. As just one example inFigure 36, the server unit componest
(acceleration component 3606 with S1, acceleration component 3608 with S2,

acceleration component 3610 with s3, acceleration component 3612 with s4,
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acceleration component 3614 with s5, and acceleration componentwg6156)

each represeft compute node AMD1010, [0218] [0223] (also indicating that the

S unites are local host components) 0 0 5 3 ] (A The host compor
component i's referred t o;seesalsoAMDA01O) | oc al

[0074], [0084], [0089], [0229], FIGS. 8, 40.

HosT
| COMPONENTQ 1
(S0)

HEAD
COMPONENT

316

FFE 1

acceeraon (| —" (compute nodes)

SCORING 2
CCELERATION

COMPONENT

l .

SULT NO
: ! ) COMPOMENT \

1 1

1

. 3614 :

ScomiNG y , COMPRESSION |4 \

1 \®\ ACCELERATION ACCELERATION [y ! |

1 COMPONENT COMPONENT [,

! iz (& /W

____________________________________

AMD1010, FIG. 36(annotated)

(i)  Element [1a]: a communications link communicatively coupling
the compute node to one or both of a host compute system and an
adjacent compute node in an execution pipeline;

154. The HeilJun Combination renders obvious Element [1a] and Claim 1

as a whole AMD1010, [0040], [0065][0069], [0073][0089], [0099] [0100];
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[0114]; [0160][0170]; [0192]; [0198][0205]; [0218][0225]; [0229][0236],
[0248]i [0251], FIGS. 15, 8, 10, 16, 30, 333, 36, 3840.

155. As | discussed forElement[lpre], Hei | 6 s ser ver uni t
(computenodeg each represert compute node In the example shown in Figure
36, Heil explains how ahost component 3602 hpst compute systemis
communicatively coupledwith the rest of thelata processing system oinvagke

the service by sending a reguest to a first acceleration component of the multi

component service 0 A MD 1 0110220], AIQ 265e2AMD1001, 9:17 46

(AHost compute system 199 maseagommputer al | vy
server o and fAimay be employed to initiat
processing operations t.o bHeielx@@cutiedstb
component ¢ompute nodg for example, acceleration component 3606 is
communicatively coupledql) to hostcomponent 3602hpst compute systenvia

head component 3604, and (2) &djacent server unit componentc@gmpute

nodds]) including acceleration component 3608 ind¢tecution pipeline Id., FIG.

36, [0218][ 022 3] . Each of Hei | cemmaricatigelyer at i
coupledto the neighboring acceleration components via dedicated links. AMD1010,
[0089], [0218]i[0223], [0229], FIGS. 8, 36, 40see also[0055] ( At h e | ocC e
acceleration component 110 communicates with the remote acceleration eotpon

116 via g I[i0o0kk 81 1 fipelpgd JO0O& si ng
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AMD1010, FIG. 36(annotated)

156. Heil discloses an example

component in Figure 25 (reproduced below).

implementation of an acceleration

AMD1010, [0022], [0160]. As

discussed at 84, a POSITA would have understood or found obvious that the

acceleration componeimcludedHe i | 6 s ,

pi pel i nedcomptev er

nodeg pictured in Figure 36 (abovejould haveincluded a transport component

2530 that is part of the example acceleration component sbelawin Figure 25

AMD1010, [0167][0168]( A T h e

transport

latesmpackets éon t

U

25

transmission to remote entities (such as remote acceleration components), and

receives packets from the remote acceleration components (such as remote
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accel erati on, [0t8&]mPG A%saet ssipra 8XA). The Atran
component 2530éprovide]| s] a register 1in
n o d e s owithaothekr remote components, anlus functions as part of a
communications linkfor communicating with adjacent acceleration components
including the acceleration component 3608 ofadjacentserver unit component
(compute nodesand to thehostcomponent 3602hst compute systenfvia the

head component 3604AMD1010, [0167][ 016 8] (fAThe transpor
formulates packets for transmission to remote entities (such as remote acceleration
components), and receives packets from the remote acceleration components (such

as remote accel ef0Bl)iFiGn25ss0soppa@Xte nt s) . 0) ,
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ILLUSTRATIVE AGCELERATION COMPONENT

Common Elements

mmmmmmmmmmmmes
- | OTHER OPTIONAL |
Xilinx VC707 MEMORY T I | FEATURES (SENSORS, E
CONTROLLER TERFAC : CONFIG. LOGIC, ETC.) 1
T
I '
7 _ _ J Compute Node
PCle FPGA
I —

lllustration of the He#Jun Combination (based on AMD1011, FIG. 10 and

AMD1010, FIG. 25).

157. Hei | explains that A[e]ach accel er
server unit component@mputenode) ¢ a wouptedto dast, west, north, and
south neighboring acceleration componen
inatwod i mensi onal torus networ k. AMD1010,

8 . These nAndedicated | i nks efnotrs ctoongneetchteir

h a v eny network topology and t hat Al o] ther types

alternatively be used havingny respective sizes and dimensiorns AMD1010

[0089], FIG. 8seeals MD1011, 5 (A[a]Jny network to
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158. Under Hei |l 6s broad disclosure cov
woul d have been obvious to a POSITA tha
(compute node® via their respective acceleration componénase
communicatively coupletb one or both of a host compute system and an adjacent
compute noden anexecution pipelindor several reasons

159. First, Heil 6s Figure 36 i1llustrates a
whereeachnode is connected only to two neighbors and the operations of the nodes
are conducted serially, one after another. AMD1010, [0089].

160. Second Hei | teaches using torus net.\
and a idimensional serial network topologg.§, ring with one node after another)
would have been exceedingly apparent and desirable for implementing the service
shown in Figure 36 (and other embodimentspAMD1010, [0089] see also
AMD1010, [ 00 8 4] (Athe principles set forth
systemso) . I n fact, the same inventor
I mpl emented on fAnone di memds ipoamp eaf ftolre Mic
project ACat apUHIG 5 AMDIALY 0216]0223], FIG. 36see
also supragX.C. | note that a 1D torus network topology is a linear arrangement of
nodes where each node is connected to its two immediate neighbors, and the two end

nodes are linked together to form a continuous ring.
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161. Third, a Xdimensional serial network topology would have direct
functional alignment with the sequential pipeline and return path as described with
the example in Heil 6s Fi gi{0218], FB5636 In AMD 1 (
fact, a Xdimensional serial network woulthvebeenan efficient physical layout to
support the example service shown in Figure 36.

162. Fourth the POSITA would have recognized that-dithensional serial
network topology wouldhavereducel the cabling complexity of the data processing
system. See AMD1014, 3 (demonstrating that there is a tradeoff between
Aroutability and cabling complexityo b
torus networks )).

163. Fifth, the POSITA would have appreciated that@irhensional serial
topology is one of a finite number of dimensional topologies for a torus network and
its implementation with the example shown in Figure 36 would have resulted in a
reasonable expectation aiccess. While theoretically, the maximum dimensions
for a torus network topology is unlimited, a POSITA would have understood that is
given the practical computing and networking constraints the number of dimensions
would havebeen limited to 5D or ®. AMD1032 (describing a fivéimensional
example for a super computer). In this context, a POSITA would have recognized
that the options were limited to 1[@.g., a single ringseeAMD1010, FIG. 36,

AMD1014), 2D (a grid/meskeeAMD1010, FIG. 8), 3D (cubseeAMD1010, FIG.
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34), or a complex super computer implementations with 4 to 6 dimensions
(AMD1032). From this finite number of options, it would have been obvious to a
POSITA to select the 1D topology and that such an arrangement would have a
reasonable expectation of success because it minimizes the coordination of different

systems and routing logic.

(i)  Element [1b]: a data store comprising records associated with a
data processing operation;

164. The HeilJun Combination renders obvious Element [1b] and Claim 1

as awholeAs | discussed at Section X.C,theHégiun Combi nati on i nt
teachings to wutilize NAND Flash Storag
Accordingl vy, i n the Combinati on, t he a
pipelined server unit compents Ccomputenodeg i ncl udes t data AT | a

store taught by Jun. AMD1011, p.4, FIGS.2 9, 11;see als”AMD1011 pp.2
4 . Il n more detail, Jundéds incorporated
in place of DRAM with a reconfigurableahdware acceleration node. AMD1011,

pp.4, 8, FIGS. 23, 9, 11.

124



Attorney Docket No547880026IP1
IPR of U.S. Patent Nd.2,271,636

lllustration of the HelJun Combination (based on AMD1011, FIG. 10 and

AMD1010, FIG. 25).

165. Jun also provides teachings regarding the claireedrds associated
with a data processing operation For exampl e, Judaias NAN
store i s shown as cont ai Records of FiAMDs10 1and
8. Jun teaches that this information is read and analyzed by an-B&sed
Ahar dwar e accelerator, o I i ke t he acce

AMD1011, 4, 78, 10, 12, FIG. 8. Also like Heil, the data stored in the NAND Flash

data (e.g., includinRpcodd)e NEFi d s dataiaatde @
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