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LISTING OF CLAIMS

[1pre]

A data processing system operative in cooperation with a host con
system, the data processing system comprising:

[1a]

a router module comprising a host interface and a node interface, wi
the router module is communicatively coupled to the host compute sy
via the host interface; and

[1b]

multiple parallel first tier compute nodes coupled to one or more addit
compute nodes in series, each compute node comprising:

[1c]

a communications link, wherein each first tier compute node
communicatively coupled to the node interface at the router module vi
communications link, at different successive tiers, each compute nod
series being communicatively coupled, w&aommunications link to ong
or more additional compute nodes connected at different successive

[1d]

a data store comprising records associated with a data processing ope

[1€]

a programmable logic component to execute the data processing ope
in cooperation with the data store;

[1f]

a node memory comprising data and instructions to support operation
programmable logic component in connection with the data proce!
operation and to facilitate data communications via the communica
link;

[19]

a data mover component to facilitate data communications betwee
programmable logic component and the node memory; and

[1h]

a storage interface component to facilitate data communications bet
the programmable logic component and the data store;

[11]

wherein the storage interface component utilizes a plurality
communications channels to transfer data between the programmablé
component and the data store.

viii
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Claim 2

The data processing systemctdim lwherein the communications lin
employs a serial communications protocol.

Claim 3

[2]

The data processing systemctdim 1wherein the data store comprises
Electronically Erasable Programmable Read Only Memory device.

Claim 4

[3]

The data processing system ctdim 3wherein the storage interfag
component employan] Open NAND Flash Interface protocol.

[4]

Claim 5

The data processing systemctdim 1wherein the programmable logi
component comprises a field programmable gate array.

[5]

Claim 6

[6] The data processing systemctdim 1further comprising a processor to
manage operation of the data mover component.

Claim 7

[7] The data processing systemctdim 6wherein the data mover compone
comprises a device controller.

Claim 8

8] The data processing systemctdim 1wherein the host compute syste
executes instructions to influence operation of the compute node.

The data processing systemctdim 1wherein the router module and th
[9] | compute node are integrated into an interface card communicat
coupled to the host compute system.
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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.SnRatent No11,886,75Q0 it #b@p adt ent 0 )
(AMD 1001).

2. | have been asked to pr ov/bOpaenmy 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 | y75@patenh the mior art puldicatiogs citedh e
below, andrariousissues related theretbwill not receive any added compensation
based on the outcome of any 75(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
2
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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/50p 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 proasssbipsets, 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

3



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

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
0/50paten was made, | 750poa 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 | dootc o n c e d e 750 patent is erhitled td itsagliest

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 76the 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

6
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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 following: h @50 patent AMD 1001) and its prosecution history
(AMD 1002);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 ¢
7
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AMD1005 |[U. S Publication No. 2019/ 0114
AMD1006 |[U. S Publication No. 2019/ 010 ¢
AMD1008 |U. S Patent No. 9,043,526 (AFT
AMD1010 |U. S Publication No. US2016/ 03

Jun et al . ABl ueDBM: An Appl i @
AMDIOLL | 5 ne 13,2006 (A Juno)

Liu et al. fABlueFl ash : a recg¢
AMD1012 Massachusetts Institute of Teg¢
AMD1014 Putnamet al. i A Reconfl_gura‘ble_z F a {5cale c

Datacenter Serviceso Microsoft

Vipin et al AFPGA Dynamic ang¢
AMD1015 |[Architectures, Met hods, SurvWol. Ay

51, No. 4, Article 72 (July 2018
AMD1018 |[Ver ma et al nd-tbdAet-RB M E e wA L8
AMD1020 |[U. S. Patent No. 11,169, 727 (Al
AMD1021 |U. S. Patent No. 10,802, 995 ( A S

Park et al. APFFS: A Scalabl e
AMD1022 Hybrid Architecture of Phase hange RAM an d2008A

Prasad et al. nADesign and Veri
AMD1023 3.0 and USB Gen 3.1 Welidng UVM
AMD1024 |[U. S. Patent No. 11,055,252 (Ac(

AAXI Centr al Direct Memory Ac(
AMDIO2S 1o i deo (April 4, 2018)

AMD1026 A PClI Express Base Specificati ¢
AMD1027 | EEE Al EEE S3ysteamdCanfiglratioroof Prdgrammable

Deviceso | EEB02Std 1532
AMD1028 |U. S. Patent No. 10,831, 376 (il

Jung et al . AHI OS: A Host | nt ¢
AMD1029 5 s kso (2014)

| EEE AThe Authoritative dicti ¢
AMD1030 | e i ti ono (2000)

AMD1031 |U. S. Patent No. 9,152,592 (G4
AMD1032 |[Mc Cart hy et al . -dimgnsisnalddrus Katworg of t
the I BM Blue Gene/ Qo (2014)

8
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nSerial ATA: Hi gh Speed Seri al

AMD1033 (January 7, 2003)

AMD1034 |U. S. Patent No. 6,711, 701 ( ARC

q
AMD1035 |U. S. Publ i cation No. 2013/ 03158
AMD1036 |U. S. Patent No. 9,678,842 (AZ}

OQusterhout et al. ARThe Case f ¢
AMD1037 |Per f or mance Storage Entirely i
Review, Vol. 43, No. 4, December 2009, pp-1915

Kang et al . f-B#isrnnfUsimgNYRAM 8Vritd Buthed ¢
AMD1038 |for FlashMemonBased St orage Deviceso
Computers, Vol. 58, No. une2009, pp.744758

Zazo et al . AA PCle DMA engi ng
GbpsFPGAaccel er at ed n €@lwloterrationap p |
Conference on ReConFigurable Computing and FPGAs (ReConFi
(2015)

AMD1039

AMD1043 |U. S. Publication No. 2020/ 0233

AMD1044 | Voluntary Search Disclosure Declaration of Kenneth Darby

AMD1046 |U. S. Patent No. 8,527,949

AMD1047

(AP
Toul son et al . nFast and Eff ec
Applying the ARM mbed. 2nd ed.

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)r o r patent l i teratur
column/line numbers or paragraph numbelote alsothat unl ess |1 dve
otherwise all emphasis irany quoted texare ones | havadded.

21. Althoughl cite and quote tgelected portions ofariousreferencesn
this Declarationthe reader shouldnderstandhat theseitationsarerepresentative

examples. A POSITA would have viewedeach referencén its entirety and in

9
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combination with other reference#ccordingly, | intend theeferencesdentified
in this Declaration to beiewed as incorporated in their entireties.
V. THE7 ®S®ATENT
A. Pertinent Disclosure

22. The 0750 patent describes a ndat a
multiple nodes performing operations. AMD1001, Title;i 22, FIG. 1.A first tier
compute nodexecutedts operation for an algorithm armmhsseghe result of the
operation to the node at the successive t&¥ID1001, 43:46 44:46, FIGS. 1, 4,
22. The nodes execute respective operations on input data received from the
preceding compute node and pass the respective results to the subsequent compute
node. Id. The architecture canincled f our fipar al |l el | anes:
compute nodes Aconnected I n s AMD1@S% (i . e

9:61110:3 ,FIGS. 1, 22.

10



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

100
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AMD1001, FIG. 1.

23. Every compute node (e.g., compute node 140n shown in Figure 4
bel ow) described by the 6750 patent 1inc
store, storage interface component, data mover component, node memory, and
communications link, among other coomgnts. AMD1001, 9:5410:58, 54:2157;

FI GS. 1, 4. These component s/50pateat. depi ct

11



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

140n
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Programmable
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FLASH 143

]
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40 142
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1462~ 1460 |nterface
~Data Mover
PROCESSING =
SYSTEM 4392 439 439 439
1 ] 1] ] )

MEMORY 5

144 (450, @ | 452
<T
=

AMD1001, FIG. 4.

24. A compute nodexecutests operation for an algorithm amésseshe
result of the operation to the next node. AMD10€3:46 44:46, FIG. 22. Each of
the additional nodesn the seriesexecute respective operations on input data
received from the preceding compute node and pass the respective results to the
subsequent compute node. AMD1003:46 44.46, FIG. 22.
B. Prosecution History
25. The Examiner allowed the claims without a prior art rejection and did
not consider any of the art applied in this Petition. AMD1002j 338, 352 356
As | will discuss below, the application never should have been allowed.
C. Interpretation of the 06750 Patent
26. It is apparent that the Challenged Claims are obvious under any

reasonable interpretation advanced pursuant teliéps standard There is not a
12
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need to resolve any express constructions to show that my analysis of Grounds 1A
2B demonstrates that the claims are obvious over the applied references. | have been
asked to consider one interpretation
componento as a #fAlogic component progr
hardware connections,uch as an FPGA. O This inter
intrinsic record and consistent with the ordinary meanigge e.g, AMD1001,
15:3'13, 39:59, 19:55 62.

PERSON OF ORDI NARY SKILL I N THE ART

A. A POSITAGs Ordinary Level of Skill

27. Basedon my knowledge and experience in the field and my review of
t h &0patent and its file history, | believe that a POSWAuld have included a
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 (andiice 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.

13
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OVERVI EW OF CONCLUSI ONS FORMED

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

my independent analysis. To summarize those conclusions:

1 Based upon my knowledge and experience, and my review of the materials

listed above, | believe that Clairis2, and 590 f  758patend are obvious

in view of Dalal (AMD1004) and Ng (AMD1005)SeeGroundl1A at §VIII.

Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Clainf3sand4 o f 750 matend are obvious in
view of Dalal (AMD1004), Ng (AMD1005), and Raghava (AMD100&ee
Groundl1B at 8IX.

Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Claiit3 and5i8o0 f 758 patend are obvious

in view of Heil (AMD1010) and Jun (AMD1011)SeeGround2A at 8X.

Based upon my knowledge and experience, and my review of the materials
listed above, | believe that Claidsand9 o f 750 matend are obvious in
view of Heil (AMD1010), Jun (AMD1011), and Raghava (AMD100&ee

Ground2B at 8XI.

14
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VIII. GROUNB:DIALAL AND NG
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
environment ét he <c¢omputnicng delde menn s&ee roveern
alsg [0027][0048], FIGS. 12 C. For exampl e, Dal al 0 s
Ahar dware accelerator miwWdatesbds hadtmpute
especially because each modhatlpcessdatal ud e s
AMD1004, [0026] (Athe computing el ement
( hwa) moseewlsgd0D2v]), [0032][0036], [0038][0048]. The hardware
accelerator modules receive packet data, process 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 modulesaiich o st pr ocessor o s
processor is communicatively coupled to the hardware accelerator modules.

AMD1004, [0032], FIG. 1.

15



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

Server

Server Switches

1 | SERVER SWITCHES | _+-
)
li-‘ 106 >

td ! T
P BUSL—~112:0

F . HOST
’ ! Processor

Switch | »*
Layer k*

104 * i

———————————————————————————————————

SERVER SWITCHES

| k- ! i

: 100 S\

E . il X hwa
2~ as~rizo ) Lo

1

HOST 114/112-1
Processor

AMD1004, FIG. 1 (annotated).

31. Dall aflRlsG. 2A to 2C show wvarious
particular versions of system 100 of FI
FIGS. 2A to 2C represents a particular example of system 100. AMD[(IIBY)].

Speci fically, it i s c¢l| ea-00td-ChradFigurd2B 1A mu |
ar e particul ar exampl es of Ohte-mif ®n e 0

AMD1004, [0032], [0042], FIGS. 1, 2B. The below drawing is a combined figure
16
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that i ntegrates the system of Figure 1
this is consistent with Dal al dhadwalte scl o
acceleratormodules 210 in box 202 from FIG. 2B replace thehardware
acceleratormodules 110.The combined figure resulting from this substitution
depicts an embodiment thatexpressly disclogkby Dalal, because FIG. 2B simply

Il lustrates a more detailed view of on
namely a more detailed view lbbw the hardware accelerator modules are arranged.

I n FI G. 1, ithOvMa amod ufi rewe@holmade | eoild®d wi t
line. FIG. 2B includes solid lines indicating 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 bel oAVIDIOM, (m42], @045[6047, FIGS. 2 B.
2Bi2C. Dalal refers to sequential processing by serially coupled hardware
accelerator modul es aBl0Gp[00p5E 00361,40042]p r o C e
[0045], [0047]. To communicate with other devices (e.g., other modules, server

switches, and the host processor), a hardware accelerator module includes a

17
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Aswitching circuito that can connect th

[0044], [0048], FIGS. 2A2C.

Computing elements
100

Pipelined processing — 202-A
______________________ oul —
! 214
! Server switches | -0 21000
1020~ \ .- |
1 "”ﬂ"
| | SERVER SWITCHES | _4%%
1, ‘:..l ! 0-01
/4' 106 R oll} Hardware
S i . % ; accelerator
S BUSL—~112-0 AN ||' | : modules
‘ I R )
A i IR ] ey
Switch l’ l Y 'l » oo .__. 9
Layer p* ! Host/ v b |
\\ " 108 l - - e Ll
104 ] ™, \Processor '——o—o_ - - T —— "
AMD1004, FIGS. 1, 2B (annotated).
33. The Acomputing el ementso | ocated

modules each include several components 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 includes fnpredete

data used by the processing circuits to run the program. AMD1004, [0076], [0078],

[0080].
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FIG. 7

AMD1004, FIGS. 2B, 7 (annotated).

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.

19



Host computer
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.

Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

Computer System 108
Software 206
][] [
m\
N Processing System 210 | |  system Hardware Accelerator 116
Memory 216

Storage 218

NVM 224 | | RAM 228

FIG. 2

Hardware
accelerator

Acceleration Circuit 230

Static Region 234

Support
Circuits 240

Programmable
Region 236

Kemel(s) 238

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

20
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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.

Hardware
4 accelerator™~a

B~ oo

i i Hardware Accelerator 116

| | Peripheral DMA L Memory Memory :

: Endpoint =t—m={ Controll Interconnect 308 [ Controters 310 fa—p{ Interface: 1

| 0 e w o NVM 224 (| RAM 226

I ]

[ I I -

| (R F‘mgrammableICZ_Zl}

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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intelligence. 0 ABBDZLINLD, 47,46 48:B, 49:422 dntthe 1 : 3 5
same field of endeavor as the 06750 pate
Il ncluding fAhardware accelerator ( hwa)
complex operati n s from a MAmachine |l earning | i
AMD1004, [0026],seealsp [ 003 2] , [ 0 0 4nardware pdedlera®r] .
modul es are therefore arranged to perf
|l earning, 0 which is similar to the syst
learning operations using a similar architecture (e.g., TensorFlow). &GD

[0032]i [0036], [0040] [0050], [0078], FIGS. 1, 2BC;suprg §VIII.A. In addition

to Dal al, Ng i s within the same field
solutions relevant to one or more probl
describes how a host computer system can provide tailored instructions to a single
hardware accelerator for executing every layer of a newgmlork AMDZ1005,

[0021]i [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 iIis exactly the kind o
being optimal fora seriesof compute nodes. AMD1001, 47468 : 7 (A o]
example of d.evel2 algorithm as contemplated herein is a common inference

algorithm for a neural network executing under TensorEléw) , 1229 : 4
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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 i mpl emente
N g deaching of dhost computer system that actively coordinates wilaraware
acceleratorto effectively manage complex machine learning operations. For
exampleDal @aladslware accelerators use fdpipel
process packet data. AMD1004, [0035], [0036], [0042]. Ng describes an effective
division of labor between the host and hardware accelerator, whereby the accelerator
performs the computatie necessary foimplementing each layer of a neural
net work using a hardware accelerator ar
parameters to the neAMDIAOS5, [DE&/]), @i23].kDalalc c e | ¢
acknowl edges that A p mardwars accetegatomodulesc ui t s
Aconsume | ess power than a host process
Afas much processing as possible in the
system performanceo0 by-acceemtarcommgnicaion a mo
AMD1004, [0063], [0077]; AMD1005, [0023].

40. Seconda POSI TA woul d have understood

system with Ngbés design tools such as a

accelerators would have beneficialyl | owed a developer t o
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pipelined processing to achieve specialized goals. AMD1005, [062rExample,

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
efficiently than a general processor (e.g., a CPU or GPU) pesftinese tasks

because hardware accelerators include programmable logic that can be configured
and reconfigured to perform custom tasksMD 1 0 0 5, [ 0006] (Aan
can process data faster than a GPU an:¢
| mpl ementing Dalal 6s server with desi g
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 operationsinog 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 nakuetwork (CNN). Configuring

Dal al 6 s har dwar e accelerator modul es
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multiplication would have positioned these modules to efficiently process data to
execute a neur al net wor k. At t he t i me
motivation to optimize hardware accelerators for performing complex operations
such as machine&rning because machine learning is a specialized task that can be
more efficiently handled by a hardware accelerator as compared with a CPU 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 havebeneficiallyallowedthe 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

often used in combination with other processors and computing elements under

26



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

direction from a host, it woulthavemades ense 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 Daldf§ 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 reasably expected success. AMD1004, [0G4@D47];
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 succesaulse 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 data processing system operative in
cooperation w@th a host compute system, the data processing
system comprising:

46. The DalaiNg Combination renders obvious Element [1pre], even if the
preamble is limiting.D a | a&ysténgncludesi a number of servers
each other via a fAswit cla)isystgm 10@careinclude A M
a number of serverséwhich can be networ
| avy egesabsd[Q032], [0034][0036], [0040], [0042], [0046], [0047], FIGS] 1
2 C. Dal al explains that hestperroyc essesrovresro |
represent éhost compute system AMD1004, [0032],see alsp [0031) [0038],

[0040]i [0042], [0046][0047], [0063], [0069][0070], [0073], PO77] [0099],

[0101]i [0103], [0123][0125], [01707[0172], FIGS. 12C, 56, 12, 18, cl.1.For
exampl e, piodessosi hcoast process data by per
meaning that host processors represdmsa compute systenid. As shown below,

each server includes server switches 106 coupled to the host processor 108 and

hardware acceleratano d ul e s 210 Vi a buses 212, as

Combination Figure. AMD1004, [0031P038], FIG. 1.
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Data processing system

. HOST
Switeh ’,’ Processor
Layer k“
s 108
104 \‘ e Em— T o T

AMD1004, FIGS. 1, 2BCombination Figuréannotated)

47. Dal al 6s hardware accelerator modul
data 0 1 ndi c attampoyentarte part of mdtagpo@essing systebecause
executing operations on data amounts to processing data. AMD1004, [6683],
also [ 0035] (fAservedam®d beprnocessadl e i [ OB &H G k € th
hwa modul dataqgamabepkoeessed ) , FDal@l expladins that the server

switches Aforward packet datao to the h

2 As | described irgVIIl .A, Dalal explains that FIG. 2B embodies a version of FIG.
1. AMD1004,[0039]. FIGS. 1 and 2Bherefore would have be@ombined in the

manner il lustrated here consi stent wi t h
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making it clear that t he hardwadam acce
processing system AMD1004, [0035], FIG. 1 | t I's cl eadatat hat
processing systens operative in cooperatiow i t h  ast campites system

because the host processsrconnected to the server switches via the bus
AMD1004, [0032],see alsp [ 00 3 6] (A p]lJ]acket data ca
(11000 to-nm) over bus 112 0 ) , FI G. 1.

48. Moreover, in the DalaNg combinationNg describes aostcomputer
system(host compute system. A MD 1 0 0dn exerhplay Aerirhl ngtwiork
processing systeméi ncl u,deealspd0028]0/@43], c 0o mp
[0047], [0049], FIGS. 2, 4. This host computer system includes a processing system
210, system memory 216, and storage 218
processor 108 in the Daidlg Combination. AMDZ1005, [002D]0034], [003],

[0043], [0047], [0049], FIGS. 2, &upra 8VIII.C. Thehostcomputesystem is

operative in cooperationvith adata proessing systethecause t he fdhos
the neur al net work acceleratoro of the
of the first | ayer, 0 and the next | ay e
AMD1005, [ 0024] (Athe host tomemer gnt o0é
neur al net work acceleratoro), [ 0030] (

data fl owo bet wehest computernsgstetarsd the thardivanee
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accelerator), [0031]0032], [0040] [0053], FIGS. 25; AMD1004, [0032] [0038],

FIG. 1;supra 8VIII.C.

Computer System 108
Softwere 200 v Aopicatons oo ®
' Sl '
He . .
. Data weights 0 bt ]
i work request weights
Lprocessing e ;B (] fftrictions kernel 0
system ML framework = 0 input data Socelorator '
host 8| RAM : 0
e 21 f 5 402 KA interface output d* 226 (]
: 412 < ) ou‘tput data ]
— configuration pdameters configuration
\ 9 pf > registers 408 :
Acceleration Circuit 230
1A - oo oo
Static Region 234 | | Programmable Opera tIVe_ In
Regon 28 cooperation Data processing system
FIG. 2 AR —

AMD1005, FIGS. 2, 4 (annotated).

49. The o 7 Ppdient explains that theost compute systeman fAi ni t i @
Il nstanti at e, or otherwise request data
data processing systenwhich is exactly the kind of cooperation that Ng describes
bet ween its Ahost computer systeimo anc
57. | mpl ement i ng Dmsticanpules sysednats@perativew i t h
in cooperationwith adata processing systewould have allowed the host to govern
a complex operation and delegate specialized operations to programmable logic.

(i)  Element [1a]:a router module comprising a host interface and a

node interface, wherein the router module is communicatively
coupled to the host compute system via the host interface; and

50. The DalaliNg Combination renders obviodementfla]. The Mnser ve
S wi t croutes modu(g of Datial paotedseg systerperform routing

operations such as nAforward[ing] packe:
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Abased on information | mseetltpe [pladc3k2et (A [
switches 106 can include one or more network switches that enable packet data to

be switched betweenéhost pr e00 ¢osmsnodr) ,1 0 8

[ 0036] , [ 0123], [ 0170], FI GS. 1, hda 2, 1 €
frouter modul® o f&/50ma&t ent | which #Amay be ope
packetséin cooperation with routing 1in

AMD1001, 9:436. Also supporting mymmi ni on t hat Dal al 6s
represent the claimed router module is the fact that Dalal describes the server
switches as configured tooute packet data to several different destinations

i ncluding Ahost processor so -0&todnmamy o
AMD1004, [0032], [0123], [0170].

51. Asldescri bed above, Dal al 6s FI G. 2 [
Asystemeof FIG. 1,0 and the hwa modul es
version of the hwa modules 110 of FIG.AMD1004,[0039]; supra 8VIII.C. The
server switches router modulg of Dalal can be connected and therefore
communicatively coupledto the host processohdst compute systemvia a
peripheral component interconnect express (PCle) bus as demonstrated by the
combined figure belfow].er VAéMID 190Wi4t, c H DDE 24
to host processor 108 and hwa modules {dQ.@-mn) by one or more buses 112

O/ 10 which Acan be any seaalspb[@099],4012BJus o0 s
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[ 0170], FI GS. 1, 1 2 , routeBmoduMig coranpunicativelyn t h a
coupledto thehost compute system supported by the fact that the server switches

I nc | end er midre network switches that enable packet data to be switched
bet weeno the HAhost processor o aernder hard
switches. AMD1004, [0032], see alsp [0033] [0035], [0096], [0123], [0170];

supra Element[lpre]. FIGS. 1 and 2B of Dalal clearly depict the host processor
(host compute systeimas beingcommunicatively coupledo the server switches

(router modulg. AMD1004, FIGS. 1, 2B.

52 A POSI TA woul d hawvestintenfat® r wbobd hhoa
been wused to connect the servemodes wit cl
interfaced woul d have been used to connect
compute nodes. AMD103G,( i ndi cating that an finterf
boundary between par.tBhiosf ias ccoompsuitsetre nst
method of using interfaces to connect various elements in its system, which Dalal
does in many different contextsA MD 1 0 0 4, [ 0040] (Aswitchi
i nclude aéwiimedatedhet WO O K Onteridcd e eptawor o f a
modul eo) , [ OQdeffdcec [ N Eh] eowoekted to a h
hwa modul eéby one or muonoecubesecnmgct [ ®@mMO:
network interface devi ces 0] 00 9[70109 6 imtpriageds)i,call 009 9

(Anet/wpa kt Hat i ncludes PCIle), [ 0100] .
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AMD1004, FIGS. 1, 2BCombination Figuréannotated).
53. Dal al 6 s s e router modalgvinctude hardvard, such as a
bus connection or bus interfadeét interfacg that couples to the PCle bus and is
compatible with the PCle protocol. AMD1004, [0032¢e alsp [0033) [0036],
FI G. 1. This 1 s apparent I n pl[slerver beca

S wi t ccanedbe gbnnectedtoost processoreéeand hwa mod

buseso, I ndicating that a bursutecnooduteect i o
as aninterface between the server gehes and the bus that connects to the host
processorh{ost compute system AMD1004, [0032],see alsp[0123], [0170]. As

depicted above ithe combined figurethe router moduleis connected to at least

four different components (e.qg., the switch layer, the host processor, and at least two
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hardware accelerator modules), which means that the router module includes
hardware for connecting to each of these components. AMD1004, FIGS. 1, 2B.
This allows the server switches to receive packet data and direct packet data to the
correct destination

54. Multiple references confirm that it was well known by the date of the
0750 patent for a router to include laost interfacefor connecting to a host.
AMD1029, p.1 (describing a Ahost interf
ot her components); AMD1030, 574 (defini
boundary between parts of a64ddesobimgaer sy
Ahost PCle interfaceo0 as&/5€patent desctibesnag t o
similar router having ahost interface th a t can be ARoperati v
withéPCleéhardware and associated comm
9:3853,see alsp11:821 (explaining that t he host

i nterfaceo) .

5. I ncluding an interface such as a T
PCle | ink was wel | 7kOpatemtn and this supparts myi me
opinion that i1t would have been obvious

switches with dost interface AMD1026, 33 (depicting s

and Adownstreamo ports t hat ar e each
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AMD1036, 711923 (descri bing a APCIE switch d
port@ connect to the HOST or the PCIE E
56. A POSITA would have understoodtiatal al 6 s s emweer s wi
module would also have included hardware interfageg,(a bus connection or bus
interface) flode interfacé to be connected to one or mdrardware accelerator
modules via the PCle bus. AMD1004, [0032¢e alsp[0035], [0036], [0123],
[0170]. As | explained above with respect to kst interface a POSITA would
have found it obvious to implement the server switches with sucdea interface
based on Dal al s di scl os uhostcompute systeme r f a C
The fact that switches were well known to include PCle interfaces (e.qg., pprts) b
t he t i rmi®0patent alsolswgpods my opinion hefdMD 1036, 7:1923. The
0750 patent also acknowledges that includingoale interfaceon arouter module
i's Agenerally known in the art, o which
by t he t750pateno AMDO100&, 420430.
(i)  Element [1b]:multiple parallel first tier compute nodes coupled
to one or more additional compute nodes in series, each compute
node comprising:

57. The DalaiNg Combination renders obviouBlement[1b]. The

hardware accelerator modulesofnpute nodesp f Dal al Nexecut e
received dat@® AMD1 0 0 4see dls@ [002& [0028], [0032][0037],

[0040]i [0046], [0089] [0092], [0096][0098], [0123][0125], [0170][0172],
36
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FIGS. 1, 2B, 8, 12, 18For example, every hardware accelerator module includes
Acomputing el ementso that fAcan be inclu
which therefore represengscompute nodeat least because it performs computation
operations on received datsAMD1004, [0033],see alsp[0026], [0033][0037],
[0075], [0089], FIG. 1.Dalal also explains that within the same server, a plurality
of hardware acceleration modules can b
processinguveshaprononessinsgiesagdhwa modpae
AMD1004, [0042], [0047]see alsd0035], [0036], [0046], [0049], FIGS. 1, 2B
2C. This provides further support for my opinion that elaafdware accelerator
module is a&compute nodehat performs processing operations.

58. The s e r v e 1B oifi Ralalincludes a firsthardware accelerator
mo d u |l eO Ofdidst fler compute node t hat i nitially rec:eé
before any othehardware acceleratanodule in the server 26B. AMD1004,
[0042], see alsq0045]i [0047] FIG. 2B. The fact that(1) hwa module 21@0
receives this packet data before any other hwa modul@afiucst hwa module 210
00 is able to process the packet data before any other hwa module supports my
position that hwa module 24@D represents frst tier compute node Id. Indeed,
Dalal explains that after the packet data is processed by hwa moduli® 2he
packetdatai s A f or war ded t 810Gl whera it carhbe éurthero d u | «

processed by elements in the next hwa madaed this next hwa module 201
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represents aadditional compute nodehat is coupled to the hwa module 200

(first tier compute nodg Id. Dalal explainsthati [ s] uch processing
through multiple hwa modules (240D to -0n) of a s andieating that v er , ¢
multiple additional compute nodesan be coupled to the hwa module ZAD(first

tier compute nodg Id.

59. Dal al expl ai ns 216&AQ érst (ferecomputemade mo d u |
initially processes packet data and then passes the packet data to hwa moedules 210
01 to-n (one or more additional compute node®r furtherprocessing in sequence
AMD1004, [0042], [0045][0047], [0050], FIG. 2B. The hwa module 2140 is
thereforecoupled tothe hwa modules (2101 to -On) in series This is supported
by the fact that Dalal expressly discloses that hardware accelerator modules process
d a tineseridss 0 A MD1 07),4epaldd000044 5], (Aprocessing
be deepened by a seri al f | lbisvalsb tleardchatg h  mu
the hwa module210-00 (irst tier compute nodeand the hwa modules 201 to-

n (one or more additional compute nodesarecoupled in seriesat least because
every hardware accelerator module is conneatederiesto adjacent hardware
accelerator modules. AMD1004, [0042], [0045], [0047], FIGS. 1, 2B. For example,
hardware accelerator module 200 is connecteth seriesto hardware accelerator

module 21601, which is connecteid seriesto a next hardware accelerator module
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(not illustrated), and so onld. This series connection continues until the final
hardware accelerator module 20Q. Id.

Data processing system

-0L~First tier
compute
node

4-21000
L~
|
218b 0O T 2°%L~Additional
|
-T-2100r|
/

SERVER SWITCHES

compute
node

BUSL~112:0 \

ol HOST a2 T ' ' B
Swion] Foeesser g% /Addltlm;ual
Layer p* compute
’ (‘ 108 216 E'
104 | ™ ! LN D /A e ——— node

Coupled in series

AMD1004, FIGS. 1, 2B Combination Figufannotated).

60. Dalal also explains that the hwa modules camdigpled in seriego
one another via a PCle bus. AMD1004, [0032], [0042], [0045], [0047], FIGS. 1,
2Bi2C. ForexampleDal al 6s hardware accel erator
anot her wvmad wlne fAfiankkreirc o t hat i ncludes a
would have understood is useddmuple devices togethein series AMD1004,
[0032]( uses 11D/ 1 can pe0eOP3@IdalEZ)@ecan i ncl-ude a
modul e f a[bOr0O 4aBi]X ¥(40 )ent hwa modul esécan b
dat a p asedals@0DAJ0[0045], [0047], FIGS. 1, 2RC. This is evidenced

by the fact that by the time of ti@50 patent a FOSITA would have understood
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that a PCle links provide direct connections between devieddD1026, p.29
(describing a APCI Express Linko as a
component so) .

61. Dal al explains that one server C a
pi pel i neo fiestatiercomputenodang one or moradditional compute
nodes AMD1004, [0040][0048], FIGS. 1, 2A2C. Accor di ng to Dal
2B shows a systerB00-B in which pipelined processing can be scaled up within a

serverby use of additional hwa modulesAMD 1004, [0042]. Dalal expressly

di scl oses that pr oc e ssiiahflpw tihcraonu gkhe mdid & p
hardware acceleratamodules AMD 1004, [0045]. Dalalalso discloses that

fiscaling up can occur iparallel, as well by sending packet d
accel erat oparaieb o ulIAMD 1 0 0 #ee al§d00a73 (processing

by hwa modulesn seriesand/orin parallel), [0050]( ia pi pel i ne need
each computing el enfeod,FieSnl, 2B2C.ARCGSITMo d ul e
would have understood that this disclosure of Delalescribean examplewhere

pipelined processingisscalediuypy use of addiihtwoodistandt h wa
ways namely (1) so that aser includegnultiple parallel first tier compute nodes

receiving packet data in parallel, and (2) that each of fimsséier compute nodes

are coupled tone or more additional compute nodes in serikek This architecture

is depicted belown a modified version of FIGS. 1 and 2Bhich illustratesnultiple
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parallel first tier compute node®ach havingone or more additional compute

nodescoupledin series

Switch | ~
Layer

104 | ™

62.
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AMD1004, FIGS. 1, 2B Modified Combination Figure.

(iv)

Element [1c]:a communications link, wherein each first tier

compute node is communicatively coupled to the node interface
at the router module via the communications link, at different

successive tiers, each compute node in a series being

communicatively coupled, vids communications link to one or
more additional compute nodes connected at different successive
tiers;

W i

t hin

each

modules ¢ompute nodesthat receives and outputs data.
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The DalaiNg Combination renders obvious [1c]. There is a switching
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switching circuit 2202&)Itiscledr that thg switching 0 4 8 ]
circuit represents @ommunications linkat least because Dalal explains that the
Aswitching circuit can bereecned sk &ta bd aet
and fAdatoutpuva m ksewi t ¢ hi hgThiscomnunidations8nR 0 . 0
includes the switching circuit and any buses, fabrics, links, and interfaces connected
thereto (e.g., data path 214). AMD1004, [0043].
63. Thefirst hardware accelerator mod@&0-00 f(irst tier compute node
in eachseriesof hardware acceleratonodulesis communicatively coupledo the
node interface of the server switchesufer modulg via the switching circuit
(communications link), and my opinion here is evid
FIG. 2B depicts the switching circuit of each hardware accelerator module as being
coupled to the switching circuit of another hardware accelerator module.
AMD1004, [0035] (A[s]erver switchécan f
[ 0040] (Al p] acket [d@&Q@4a2]ca(mi[bre] erced evievde ©
beéforwarded to a ned&itf fhewrae nmio dhuwae )mo d wWIO
communi cati on Vvi a psaprageElepentt(th. 2 140) , FI G.
64. In eachseriesof compute nodesvithin a server, every hwa module
(e.g., 21001 through 214n) that followsthe first hwa module 21@O0 f(irst tier
compute nodg represents aradditional compute noddocated at adifferent

successive tiefollowing thefirst tier. AMD21004, [0032][0036] [0042] [0047],
42
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FIGS 1, 2B. The first tier compute node and everyadditional compute node
located at alifferent successive tiefollowing the first tier includes a switching
circuit (communications link that iscommunicatively coupletb at least one other
hardware acceleratanodule @dditional compute nodelocated at adifferent

successive tier AMD1004, [0032][0036] [0042] [0047], FIGS 1, 2B.
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HOST 114/112-1“ .
Processor

7’
Switch /’
Layer 4

.................

Communicatively coupled

AMD1004, FIGS.1, 2B Modified Combinatioffrigure (annotated)

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

65. The DalaliNg Combination renders obvious [1dDalal explains that
every hardware accelerator module inclu
collectively execute data processing operation AMD1004, [ 0033] (
computing el ement sopevationsorhreceiveddatag X e c | 08 35
( Aspracéssingc an be a pipel i nedprogessorexecstisg n g o)

an operatiord )see alsp [0026] [0029], [0033], [0034], [0036], [0040], [0042],
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[0046], [0075] [0087], FIG. 7, FIGS.12C, 7;suprg Element [1a].D a | &ibudes

7 (reproduced below) depicts an example block diagram of a single
computing/computation element 718 within a hardware acceleration module.
AMD1004, [0075];suprg 8VIII.C. More than one of the computing elements
within a hardware accelerator moduleegpective compute nojlecan have the
architecture depicted in Figure 7, and
8 which depicts more than one computing element having similar architecture
EX1008, [0089][0095], FIG. 8 It is not required foran execution pipeline of a
hardware accelerator module to include more than one computing element, as Dalal

e X pl ai appelihehcantbe donfigured to use as few as one computing element

of a hwa modul e. o EX1004, ifa] corapoitatipn D
el ementécan include one or more process
for a networked appl i c adchhwampdulehavingoeea e by

or more computing elemenexecutes alata processing operation AMD1004,

[0076].
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AMD 1004,FIGS. 1, 2BModified Combination FigureAMD1004, FIG. 7
(annotated).

66.

Dal al

0s

pr oc e s srecords staced lincpredetesnineal c ¢ e s

memory spaces of a second memory HHig storg of each computing element to

run the program AMD1004, [0081], see alsp [0075], [0080j[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 represen¢s@d becauseacket data travels in

a unit (i.e., a packet). AMD1030, 4 (a record reprast s

treated

data store comprising records associated with adata processing operation

as

a

unit o) .

AMD1004, [0075], [0080][0082], [0085], [0094].
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the compute nodesxecutes alata processing operation AMD1004, [ 00
processor executing an operationodo), [ OC
within hwa module21® 060) , [ 0044] (Adata processed

[ 0075] (Aexecute computati on ospseirmgd)o,n
[0119].

68. Every computing element within a hardware accelerator module
i ncludes fiprocessing circuitso that fr.u
further confirming that the hardware accelerator module execula®s @rocessing
operation AMD1004,[0075]i [0078], FIG. 7 According to Dalal, this program
Acan be part of a machine | earning | ibr
| earning applications to runo and the
processeseéperform ¢ ompuitming that nhe laacdivareo n s , «
accelerator modules executdata processing operationAMD1004, [0078]. This
is similar to a preferred embodiment of &1®&0 patent whereby theompute nodes
implement a n Ainference algorithm for a n e
TensorFlolE. 0 AMD1004B:7. 47: 46

69. Dal al 6s procesgacordgstcarrecdui ity _Apgred
memory spaceso i n ddtaswréedf saechccomputingrelementtoy 0 (
run the program for the networked applicati®sMD1004, [0081],see alsp[0075],

[0080], [0082], [0085], [0094], [0128],cl.1,c.Zach Amemory space
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a functional unit of memory for storing dat@¢ord). AMD21004, [0075], [008Q]

[0082], [0085], [0094]; As described above, according to an IEEE technical
definition, ahr ecoam 60i 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 me mdatagoureesané s r ks i 0 g AMBEe0O0 4,
also, cl . 1 (fnat | east one Ccompdatato,,ogy el e
receivedataf r omét he second memory <circuitso)
circuits are configured tetore datafor processing by the at least one computing

el ement 0)

70. It is clear that thed/50 patent does not limit Element [1d] to any
particular kind of memory 78patehiandRAMYy e mb
is certainly not excluded from the scope of the Element diath store Multiple
references from before the Critical Dat
t hat data i1is fAstoreddlli n( ARKKAAM.a sSANDZRO?2
AMD1021, 12466 3 (fndata was storedo within a
elements are ndimited to using RAM as the second memory. AMD1004, [0033]
(Avol atil eo or Anonvolatiled memory),

accelerator modul es 0[00®6], FIGS.580f any suit
47



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

7. The Combinati on al s aatasto@oommisingat e s
recordsthat includemat ri ces and work requests. A
activation matrices can be read direct
read from the RAMO), [0044] (Awrites th
of the neur al heeasglok], [0008],{002¢], [(RIRXMO034],

[0036]i [0038], FIGS. 85; see8VIII.C. NarogrammablelC uses theseecords

to perform adata processing operatip such performingnatrix multiplication for

each layer of a neural network using input and weight matrices stored in the RAM.
AMD1005, [ 004 1] (explaining that At he
mul tiplication operations for @& inputl e men
activation matrix and the weight matr.i:
mul tiplier 362 performs a matrix multip

5.
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AMD1005, FIGS. 3, 5.

72 A POSITA would have found it obvio
accelerator modules with tliata processing operatiodescribed by Ng by storing
records( e. g . , matrices, work requests) I n
memory, in parbecausdbal al 6s second memory i s a ¢
data that is received from a previous nad¢he seriesprocessed, and passed to a

next node in theseries AMD1004, [0080j[0081], FIG. 2B; AMD1005, [0024],
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[0047], [0094] supra AVI 11 . C. Ngds records <can
Apacket datao as described by Dal al

73. Ng expl ains that the results from
net work are used as iIinputs for the Anex
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], [0051dipra, §VIII.C. A
POSITA would have been motivated to i m
system to perform theata processing operaton  Of 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.

74. 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 moragde RAMO i n some embodi nvelatie memartmd t h
Acan include any typeésuch a@eeal$pf0@B4,h me m

[0080], FIGS. 2, 8.
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(vi) Element [le]: a programmable logic component to execute the
data processing operation in cooperation with the data store;

75. The DalalNg Combination renders obvious [1le]. The computing
el ements in Dalal s hardware accelerato
721,73®% t hat col | e pragiamneablelogic eomporeat&MD1004
[0075],see alsp[0076] [0079], FIG.7TFor exampl e, these proc
i nclude an ARM type processoro that nca
fpprogrammablelogic, which supports my position that the processing circuits are
a programmable logic component AMD1004, [0077], 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 grogrammable logic componemts t hat D acbnapbnerd @ s cr i
of the Ahwa modul edo as includingsdehe #fAp

also, [0081], [0082], [0096].
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750_0/ Records
PROC RAM 744
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AMD1004, FIG. 4 (annotated).

76. I nternal har dwar e connections of
(programmable logic component ar e configurable (or r e
program for a net wor ked application. o
circuit s éonfigued thoe r un a p r7p[OO7H, MFAQ. ,7 [ 00 7
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 Awhich has configurable hardware connectiodsMD1004, [0087].
AMD1004,[0087[Fur t her mor e, Dal al explains tha
data transfer famsoct hatcl adesfidconNinget a
that the programmable logicof the processing circuit is programmable by
reconfiguring its internal hardware connections. AMD1004, [0G&H,alsp[0088]
(Asuch I inking can be reconfigured as n
77. 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 [1d]. Itis apparent, therefore,
that the processing circuiexecutethe data processing operatiom cooperation
with thedata store AMD1004, [0078], [0081]supra Element [1¢. In describing
i nteractions bet ween tdata stofgecoo nighlugatend ar r a
explains that programmable | ogic manage

store. AMD1001, 16il7 . Dal al 0s cooperation S
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e mbodi me n/50pateht becduse thé processing circuits read and write data
to the second memory. AMD1004, [008[1082], FIG. 7.

78. As an additional and alternative basis for finding obvious Element [1¢€],
the Combination also incorporates Ngos
accelerator including g@rogrammable logic component AMD1005, [0025]

[0027], [0029] [0039], [0042][0044], [0047]1[0051], FIGS. 15. Ngds 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, whiabuld have motivated a POSITA to

i mpl ement Dalal ds system with aspects c
[0076]i [0085]; AMD1005, [0025][0051]; supra 8VIII.C.

79. ltisclearthaNg6s har dwar e a @rogammablat or |
il ntegrated circuits ( Ip©grammablé data tarrays a n [
( FPGAs) o i n some embodi meenass[0032] (AeMD1 00
Ahar dwar e accelpogranmabied iCc It thdaes fiac a,n b e
[ 00 3 4 ]progrdmmabkel Céi s configured with an a
Acan 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,
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and this would have motivated a POSITA
mo d ul e s pagrarnmablelagis componenAMD1005, [0027] (describing

Aprogrammi ng t he h a r d cesfigueationabitstrearhseforat or O

FPGAs 0) , prggtadrBabblgl Céfi s confi gured with an

[ 0 0 3redonfigurationsof the programmabler e g i 0 n 0 ) progranthal8e0 ] (n
logicéi ncl logkes | | s ét h aanfigucedta imfeenent general logic

f unct isupna €lément [1d]suprg 8VIII . C. datgobsessing operation
involves retrievingrecordsfrom adata store AMD1005, [0041], [0050], [0053],

FIGS. 35. Because Dalal and Ng both describe a hardware accelerator including
programmable loggc a POSI TA woul d have been mot
seriesconnected ¢ ompu tdata pnocedseg opevdtideat thaNtged s
processing circuits are programmed to perform the operation as suggested by Ng.

Supra §VIII.C.

Cooperation

Records with data store Programmable logic component

Data store
i 238 L-Data processing
. = operation
form
H—>
344 scaler
------ 1 - - - e |- & Iﬂ----.
dispatch and
= addressing
0 logic
LI173
looeed - 4% : o - b « Matrix multiplier
J el PO niéu mﬂ@ler aay
362
L N N N N N N N N N N ] ‘------------------‘T
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AMD1005, FIG. 5 (annotated).

80. A POSI TA woul d have untbepatenttitabad a't
programmable logic componensuch as DalaNg6s A FPGAO i ncl ud
hardware connections that are reprogrammable by configuration data (e.g.,
bitstreams), and mul ti pl e v50gatentemfiiones f r
t his. AMD1027, 31 (A a] programmabl e |
holds the configuration data that determines the programmed function of the
deviceo); AMDQa30 EolainifgéhataBKPA i ncl udes Afu
bl ockso that having fAprogrammabl e inter

(vi)  Element [1f]: 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
data communications via the communications link;

81. The DalaiNg Combination renders obvious [1f]. As | described above
in connection with my analysis of Elemerjid]i[1le], the processing circuits as
described by Dalal includeprogrammable logic componerhat runs programs to
perform adata processing operationAMD1004, [0075][0082], FIG. 7. In each
computing el ement of a hardware acceler
into a firstmemory 744. AMD1004, [0075], [0079][0082], FIG. 7 It is apparent
that the first memory of each computietement within a hardware accelerator

module ¢compute nodgcollectively representaode memory AMD1004, [0075],
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[0079]1 [0082], FIG. 7 The programs suppanperationof the programmable logic
componentin connection withthe data processing operatignn part because the
programsar e executed Aby processing circuit
computation actions. AMD1004, [0078], [0078ke alsp [ 00 7 6] (Awr it
framewor kéfor execution across het er oc
(referring to execution pr ocaeggfementas ik
[1d]. My opinion that that the pgrams suppouperationof aprogrammable logic
componentin connection with alata processing operatiois supported by the fact

t hat Dal al expressly discloses that a

accelerator module fAcan execute comput a
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Data processing

Data and Programmable operation

instructions to logic component
support operation —
of programmable
logic component | '

I[_ 718

[HETERFW 738_[0]]

[ haL 740 (1]
NI

Node meniory Data store

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

82. Dal dirstinemory744 (hode memoryi s s} ibstuctiens for
execution by t he pr ocessi nngtrucionsraceu i t s ,
supporting operationof the programmable logic component AMD1004, cl. 11
Dal al al so explains that data trandfeast pathg a n s f
bet ween componentso including connecti c
first memory, confirming thatdatais stored in the first memory and transferred over

the data transfer paths. AMD1004, [00823¢e alspc | . a data frafsfer fabric
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configured to enable data transfers between the processing circuits and the first and
second memory circuids)[0081], [0083], FIG. 7. It is clear that one of these paths
A7H® t r datmantirstrustionsfrom the first memoryr{ode memoryto the
processing circuits pfogrammable logic component AMD1004, [0079]
(Aprocessing circuitsecan access first
(path shownas 750 ) 0 ) .

83. Recall also that A[f]irst memoryeé]

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, Th® DR 8Phesysiethd 7 9 |

the DalaliNg Combinationrenders obvious node memory comprising data and
instructions to supportoperation of the programmable logic component in
connection with the data processing operatiat least because thelata and
instructions stored in the first memory are used by the processing circuits
(programmable logic componeptto execute operationsT h e 750 ¢patent
acknowledges that storage of théls¢aandinstructionsi s fAgener all y kn
this supports my opinion that Element [1f] would have been obvious over Dalal and
Ng. AMD1001, 18:610.

84. The analysis will now turn to thdata communicationsaspect of

Element [1f]. As | descr i b enured epicte g singdeacbnaputitgs
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element located within an hwa module that includes one or more computing
elements. AMD1004, [0075kee alsp[0033]; suprag [1b], [1d], FIG. 7. FIG. 8

depicts an hwa module having multiple computing elements08b83 eachthat

each Atake the formod of the single com
Il ndi cates that each one of Dal al 6s com
single computing el ement of Dalal®bs FIl C

8.

80—y

818-0 818-1 816-2 818-3

HET. FW 838

842-1

7/ TOME 7 il 814
Compute 846
node

> TD%MultlpIe Computing

8040—  804-1— Elements (FIG. 8) PROG 721 HETER FW 738
HETER FW 738 | ||
EX; [CHAL__7a0 ] 6
. i e 752
Single Computing T~ >
Element (FIG. 7) 750.3—5 ::};?504
: u l —
H F— AH—750-2
H 9 TP —H— 7501

750-0 /U

PROCRAM 744

B K
zk

T46
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AMD1004, FIGS. 78 (annotated).

85. 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 1 n Dal %e8VIH.D, Elenént [12).B Dalal explains that the
computing elements 81@to-3 of the hardware acceleration module are connected
to other parts of a system over a first connection layer08@#at couples hwa

modulesof the same servewhich is the same architct ur e o f Dal al 6s

an hwa module 2200 sends packet data to the next hwa moduled21i@ the same
server. AMD1004, [0042], [0091]. The first connection layer-804 i ncl ude]| !

busét heonnectchawvamoduldso one anot heriner-madde A can

connect i on glieect merkmodule cannections © whi ch suppo

opinion that Dalaldés FI G. 8 describes t
That I s, FI G. 8 supports other parts
confirming thatdata communicationsoccur betweerompute nodesn the same
server.AMD1004, [0042], FIG. 2Bsupra [1b]i [1c]. Thesadata communications
occur via the switching circuitObmmunications link in each hwa module¢mpute
node. AMD1004, [00407 [0045], FIGS. 1, 2Bsuprg Element [1c].

86. I n Dalaldéds FI G. 8, t-0te-3ficompnt pagf

a fApipelined operationo having multipl
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general description of pipelined processing. AMD1004, [008d¢ alsp [0027]
(Aprocessing pipelinesécan be physical
computing el emehm@3ag]o (thpamkett 0dat a can
destination hwa modul eéto an el ement écrg
pi pelined fashion, t r a Orelofithese stages insludéss e q u
Adata 1 n menrdoor yb esipnagc eii r84a8d out by execu
842-0 of computing element 818 0 dmd result from ®@®xecut
being Astored al imenmoagyomnmdamemdBrdy8 846 . O
Next, Dalal explains tha& result of execution process 8244s sent via switching

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

connected by an intermodule fabric) according to Dalal. Execution procesls 842

-

operate] s] according t o a same net wo

-}

programso of Dal al 6 sprogrdam@ableTogisxcbmpeeht ar e
and stored in theode memory AMD1004, [0095]see alsp[0076]i [0088], FIGS.
71 8.

87. A POSITA would have understood that execution processl84iRe
the execution processes 7@20-2 of F I G. 7, Aperform com
byé[a] programo which is fAperformed by
Just as prodriamsoartethaél biadet memory 744

circuits 721,0 a POSITA would have unde
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first memory (PROC RAM 844) of FIG. 8 for execution by processing circuits
(PROC 821). AMD1004, [0079]These programdefine a network applicatiahat
governsbothwhat data is generated the data processing operation performed by
the hwa modulecgompute nodgand that such data must be forwarded to the next
compute noden the execution pipeline Id. A POSITA would have understood
that the data and instructions st or e d i nnde Deamorgfacilitate data
communicationsby causing execution process 8420 forward a result to another
hwa module ¢ompute nodgin the same servéecause Dalal explains that thest

connection layer 808 i n c | u dntesmodiute iconrectiois t o hwa mo dt

nof a same serverad.

Programmable
logic component
Data processing

800 —\

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

|18

PROCRAM! | [IEARAN
844 Bt

IR ) ‘

Bdb. |

846

8040 ﬁ o fG.8
Data communications

AMD1004, FIG. 8(annotated)
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88. Furthermore, because running tbata and instructionsstored in
Dal al 6 s f nodesniemaryeause rugon processing, packet data to flow to
a next hwa module, a POSITA would have understood that the data and instructions
facilitate data communicationsvia the switching circuit communications ling.
AMD1004, [0035] [0036], [0042], [0045], [0075]0078], FIGS. 1, 2B2C, 7. For
exampl e, upsograngnable dobi@devic® run the program stored in the
node memory causes data(19 flow through multiple computing elements within
the hardware acterator module, and (2) flow to a next hardware accelerator module
via thecommunications link AMD1004, [0035], [0036], [0042], [0045], [0075]
[0078], 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 component, thereby facihtatimgpde
data communicationsvia the communications link The data and instructions
stored I n t he -OfDlbeda maemordfacilitate infektndde data
communicationsoy advancing the packet data through the processing pipeline to be
forwardedbe cause Dal al explains that packet
elements 218 in hwa module 2000 0 and subsequently #Afor

module 2160 1 .ARMD1004, [0043.
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Data processing
Programmable operation

/-202-A logic component
[ _;__KCompute
Data 214 21000  node

communications , |
— 3
. 1 .

| 7 ix;) \ e II. 4 h_ Nl % 76
210-01 v E 752
Compute ;
750-3 ~3 :)‘ 7504
node N
— 750-2

| | pup | 750-1

18; %"E T2100n
216 I

I. s | Data store
FIG. 7

PROC RAM 744 HWIRAM I 746)

AMD1004, FIGS. 2B, 7 (annotated).
(vii)  Element [1g]: a data mover component to facilitate data

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

89. The DalaiNg Combination renders obvious [1dDalal explains that a
data transfer fabric 716 provides data transfer paths that represent the datened
mover component AMD1004, [0082],see alsp [0033][0036], [00407 [0043],
[0075], [0079], [0081i][0089], FIGS. 12C, 7, 8;supra [1f]. ForexampleDa | al 6 s
processing circuitspfogrammable logic componeptan access the first memory
(node memorythrough the data transfer fabric via the path-@5ihdicating that
the part of the fabric providing the path 760s acomponentthat movesdata
AMD1004, [0079], FIG. &ee alsp[0034], [0075][0088], cl.1 It is apparent that
path 7560 provides alata mover componerihat facilitatesdata comnanications

between th@rogrammable logic componernd thenode memoryy allowing the
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processing circuits to access the programs in the first memory to run these programs
Id. Dal al al so expl ains t hat t he
Aconf i gur e data transfere beawednethe processing circuits and the
firstémemory circuits, o f u-0fatililatesdatao nf i r

communications Id.

Programmable logic Data processing
component operation

I[_ 718

Data mover
component ‘

[ HETER Fw 738 Y]]

2@ \Mﬂy . fﬁﬁ

LAPP 736 4\]

(Ll r752
Data communlcatlons > =
750-3—\3 SE2 S~ 750-4
> ] >
: L 750-2
'#-—T 4TI __~750-1
750-0/“J ; y
Tae0 |l 7481 || 7482
PROCRAM 744
Node/:neﬂor%
ey Data store
FIG. 7
AMD1004, FIG. 7 (annotated).
90. Dal al explains that the data trans

Acan be formed by buses on a programmasa
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AMD1004, [0084][0086], see alsp[0087] (explaining that the entire compute

el ement i ncluding the fabric can be fia

computational FPGAO) , FI G. 7. The fact

in programmable logic provides further suppthat the fabric representsdata

mover component because the data mo7Ab@patentip par a

| ocated fully within the Aprogrammabl e

15:3'30, 15:5816:7. As | described aboveD a | adkté sransfer fabrids

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

mover componentofth@ 5 1 2 . pARID1604,8:5 25. It was well known by the

t i me ‘obOpatenhfer alata mover componerid be included in programmable

| ogi c. AMD1025, p32 (A[t] he AXI Dat aMo

provide a reduced resource utilization
(ix) Element [1h]:a storage interface component to facilitate data

communications between the programmable logic component
and the data store,

91. The DalaiNg Combinatiomr ender s [ 1 h] obvious (
teachings alone, and (2) based on a combination of-Diglahs | have explained in
more detail below.

92. First, data communicationsoccur between therogrammable logic
componentand thedata storeof the sameompute nodeas indicated by the fact

thatDal al 6s s e @46 rddta sto ns@ccgssed by variousomputing
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circuits including the processing circuits/21, 738 programmable logic
component. AMD1004, [0078][0082], FIG.7. The computing element includes

data transfer paths storage interface component that facilitate data
communications t hr ough Dal al 6s d at betweenrttensf er
programmable logic componerdnd the data store AMD1004, [0082], [0081]
(Aimemory spaceséserve to provide tTonnec
[0080], FIG. 7.

93. As | described above imy analysis of Element [1dlthe second
memory 746data stor@ within each computing element of the hardware accelerator
modul e includes #dApredet erecordsaecdssechbynao r y
programmable logic componenvhen executing a program. AMD1004, [0078],
[0080]i [0082]; supra Element [1d]. Therefordo retrieve theecordsstored in the
data store it is apparentthat data communications occur between the
programmable logic componerdnd thedata store AMD1004, [@D80], see alsp

[0078], [0081], [0082], FIG. 7
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Programmable |OgiC Data processing

component operation '[- 718
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iXi \ ' 716
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Tae.0 Il 7481 | 7482
PROC RAM 744
Data store
FIG. 7
AMD1004, FIG. 7 (annotated).
94. The Combination also incorporates

interfaces AMD1005, [0036], [0038]see alsp[0035], FIG. 3. Ng explains that

the memory interfaces are coupled toRAM and allow the neural network
accelerator to read from the RAM and wr |
[0038], [0040], [0041], FIG. 3. The memory interfaces therefore facildata
communications between the RAM and the neural network accelerator

(programmable logic componet Id.
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Storage interface
Data communications component Data store

Programmable
logic component

' R
| cache | c:,‘:‘
50

AMD1005, FIG. 3 (annotated).

95. To providededicated circuitry configured with one or more memory
protocols of the data store (e.g., DDR RAMg, POSITA would have found it
obvious to i mplement Dalal s computing
component to facilitatelata communicationso v e r Dal al 6s data t
AMD1004, [ 0080] (Asecond memoryéaccessi
such as static RAM (SRAM)O), [ Ou@sd ] ; AN
8VIII.C. Thecomputing element ithe DalaiNg Combinatiorwould haveincluded
memory interfaces connected to the second memory (HW RAbYe memory,

j ust as Ng discloses that A[t] he memor

AMD1004,[0036] Thi s i s depicted bel ow i n7.a moo
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AMD1004, FIG. 7 (modified & annotated).
96. Thedr50patent describesstorage interface componeiats including
components interchangeably referred to
i nterfaceo t hat faci | i t aprogrammablenrogion i ¢ at
componentand thedata store AMD1001, 245925: 17 (descri bi n:
i nterface componento incliBdi (g n@imewho ny

store interfaceo), and Ngo6s desoeipinanr y i n
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AMD1001, 24592 5: 17 (describing Astorage i
Amemory i nt&x7 a(ciemdgl,udlisngB lidata stor e
97. The memory interfaces of Ng therefore provide the claistedage

interface componento facilitatedata communicationdbetween gprogrammable

logic componentand data store A POSITA would have been motivated to

I mpl ement Dal al 6s hardware accelerator

between the processing circuits and the second memory as suggested by Ng, because

doing so wouldhave enablel the modules to manage communications between
programmable logic and memory efficiently according to protocodd #re
compatible with the respective componentsh &50 patent acknowledges that a

fdata store interfaceo0o t hagendiallykmamre s

theart 0 whi ch supports miXg Gomgnatiorerentlersithe a t
storage interface componemtbvious. AMD1001, 10:32 34, see alsp15:50 54.
(x) Element [1i]: wherein the storage interface component utilizes a

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

98. The DalalNg Combinationr ender s [ 11 ] obvious
teachings alone, and (2) based on a combination of Daglal

99. First,as | described above in connection with my analysis of Elements
[19]i[ 1 h ] , dBta traasfed fabriprovidesdifferent data transfer paththat

include ficonnectionsbetwee® processingcircuits 721 (programmable logic

72
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component égnd second memory46(data stor¢ . AMD1004, [0082], see alsp

[ 0081] (Avarious p@&As ( phreovdaodnmegct ¢ oms €
neededo)syprafElen@nts [Ig]] 1 h ] . As depicted bel
7, these connections include at least foarpfurality) of data transfer paths
(communications channels that transfer data between theprocessing circuits
(programmable logic componehtind thesecond memorydata store, including

data transfer-lpat hsdihfagaré Dleld A 750
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AMD1004, FIG. 7.

100. Figure 8of Dalal alsodepicts gplurality of communications channels
thattransfer databetween memory spacesthe second memorfgata storg@ and
processing circuitgprogrammable logic componejwithin a hardware accelerator
module AMD1004, [ 009 4] (A[la]t st-B@gae TDM
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), [ O 0 9TBese amduht @ pluraBity of communicationschannelsthat
transfer databetween thg@rogrammable logic componerand thedata store

101.

Programmable

800 — logic component
Data processing
operation
. ‘ 180 T
(e.g., Spine) (e.g., Ring) , y . . ry . x §
- 5 3 olo]

2 / E ’ FROGY Her AW | TS Shaear || HET

—_—— = = = P —— —— _—— == = = ey ——y—

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

AMD1004, FIG. 8 (annotated).

102. Second, th&Combi nati on al so i1 ncorporate:
mul tipl e @A meoMDNO05)[00B6E[OUBEHNEOs 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 readsetonbmedbhehBRAMIi andsadit o
to the RAM. AMD21005, [0038]see alsp [0035], [0036]. It is clear that two
separate and distinct interfaces between a programmable logic component and a

memory represerglurality of communications channels In the combination, the
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storage interface componenttilizes at least one communication channel for
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
:}@ \ HAL 740 : channgss.
\ \ i Te f_752
AY : R 4
' 2 V.
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o ‘HY —~~— 750-2
e 2
. 750 Storage interface
component
750-0/ ) X 2
748-0 748-1 748-2
PROC RAM 744
Data store
FIG. 7

AMD1004, FIG. 7 (modified & annotated).
103. Mul ti pl e references 7M0patentréveaftar e t h

a storage interface componemtcluding a plurality of communications channels
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were well knownin the context of hardware accelerators. AMD1028) 344

(describing a plurality of @Alaneso to c
(describing mul tiple ANAND interfaceso
devices).

1. Claim 2

(i) Element [2]: The data processing system of claim 1 wherein the
communications link employs a serial communications protocol.

104. 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, [ 0032] (Al s] er v
processor 108 and hwa modsil(11600 to-mn) by one or more buses 102/ 1 0 ) ,

[ 0033], [ 0 0 3L4hjt cdniiieets hivau moduled @020 to 1100n) of a

same server 168 can serve as a fabric 1140),
[0089]i [0090], [0094], [0099], [0123], [0170]FIGS. 1, 2B, 8, 12, 18suprg
Elements [1H][1c]. Because the fabric is connected to the switching circuit
(communications link of each hwa module using the PCle standaadserial
communications protocd it would have been obvious to a POSITA that the
Aswi tchi ncgmmanications ing of each hwa module employssarial
communications protocol AMD1004, [0032], [004Q][0041], [0044], [0045],

[0048], FIGS. 1, 2Bsupra [1c].
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105. Multiple references from before the Critical Date of G@&0 patent
confirm that PCle is aerial communications protocolAMD1018,p.i( i Per i pher
Component Interconnect Express (PCle) isesiale x pansi on bus st
AMD1023,p.1( APCl eéi s an industry standard s«
bandwi dt h c¢commAMO1L@e p.270n PCIi nEXpPress Link
two, low-voltage, differentially driven signal pairs: a transmit pair and a receive
p ai; AMD1008, 3:3055( ia | anertdsraéltd as wappr ommuni cat
This is consistent with my uf7b@patenst andi n
106. Ngb6s disclosure further r eserialf or c e

communications protocokuch as PCle. AMD1005, [00300043], FIGS. 24;

supra 8VIII.C. For example,the o mbi nat i on al so i ncorpor ;
teaching of a fAperipheral buso connect
I mpl ement an expansion bus st arseealspd, su

[ 0036] (describing a APCle endpointo o
physical i nterface t BI®GS.Z4hNgtherefora desaries a | b
a hardware accelerator comprisicgmmunications linkthat employs aserial
communications protocglanda POSITAwould havebeenmotivated to implement

Da |l aWitctheng circuitswi t h PNCgides endpoi nt to ensur e

modules connect seamlesshth thePCle busSupra, 8VIII.C.
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2. Claim 5

() Element [5]: The data processing system of claim 1 wherein the
programmable logic component comprises a field programmable
gate array.

107. The DalaiNg Combination renders obvioetement5]. Da | d@wad s
moduleshavea series of computing elemepgach including processing circuits that
comprise gorogrammable logic component AMD1004, [0077] (explaining that
processing circuits pragrarhmablee i r o gaetlspd i e r i
[ 00 3@dgraniniablel o gi ¢ ci r c [P077],$I&) 7; supfaCE®Mehy |,

[1b], [1e]. Ng describes ahar dwar e accel e preagtammableg h at
integrated circuits (ICs), such &sld programmable gate arrays (FPGA®)and a

POSITA would have implementeithe processing circuitspfogrammable logic
componen} with FPGAs as suggested by Ngecausealoing so would beneficially

enable a developer to customize pnegrammable logicomponent for specialized
operations AMD1005, [0026],see alsp[0032]( A [ t ] he har dwar e ac
includes gorogrammablel C 2 2 8 gr¢gtarhrhablelC 228 can be arRPGAO ,)

[0058], [0081]( A &MPGA implementation of thgorogrammablel C,0[0082)

[0086], FIGS.2i 3, 9 supra §V.A.3.

108. Thi s i s consistent with thneludkéact t
| ogi ¢ 0 de prograerdablécircaitgoand that the processing circuits are

part of a comput i ngintegtatedroaauit device, pucleas a nt i |
79



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

computationaFPGA. © AMD100 4, ke alsp[0033], [0p66]0[@&0], |

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

i nc | uedbtvely fdst memoryaccessible by programmable logic (FPGAD
which supports my position that 1t woul
processing circuits with an FPGA because the processing circuits access the second
memory. AMD1004, [0080] . A POSITA would have understood that it is
benefici al to I mpl e meswith alDRPGAads Suggested oyc e s s
Ng, in part because Ng expressly disclo
advantageous because an FPGA circuit =ca
processors fAdand consume | eGs[0O0@phswpear | n
8VIII.C.

3. Claim 6

(i) Element [6]: The data processing system of claim 1 further
comprising a processor to manage operation of the data mover
component.

109. The DalaliNg Combination renders obviouElement [6]. As |
described above in my analysis of Element [Ijh | groa@ssing circuits within
every hardware accelerator modulen ¢ | u d eprodegs®®ét o cont r ol S
fabric7 1 6 , 0 | rprodessathatmgnages operationf the path 75@ (data
mover componentby fAaccess|[ing] first memory 74

750:0. AAMD1004, [0079], [0085kee alsp [ 008 1] (Aha data tra
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programmabl eéconnections are configurat
provide data transfer paths between cor
be programmabl e, provi di n gupm@a &lemeet f1¢].i o n s
The fact thaDalal describea processoiis supported y D adésaribtidrsofione

or more moduleprocessore t hat ar e Acapabl e of a (
components of the module over multiplexed connectinEX1004, [0029],see

alspcl . 7 (Aprocessing ci r cpwcesssd )c.ompr i s e

Programmable logic component
(including processor) S 718

KERNEL 1 KEgNEL

Data mover TG | 74%:0
| N/WAPP 736 4\ ;
component [LNWAPP_736 4 7804
[HETER FW 738 W] KERNEL
2@ N HAL 740 [o]] S .-
D
e 752
7503~ s S~ 750-4
u L 750-2
I3 7501
\7 \/

Operation of data

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

110. The Combination also i ncorporates
read control circuit and a write control circyiir¢cessoy within aprogrammable
logic componentthat facilitate communicatiotetween aprogrammable logic
componentand a memoryia adata mover componenAMD1005, [0035][0038],
[0040], [0041], [0080], FIGS2i 3; supra Element [1g]supra 8VIII.C. A POSITA
would have integrated thesgrcuitsi nt o Dal al 6s ARM proce
dedicated logic that is customized to manage data nopesations required for a
data processing operatioid. The read control circuit anthe 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 pedraanmableb € Wwrcahi nacblgé
RAMét hrough the memory condgee aldp[0@36]s. 0 A
[0038], [0040], [0041], FIGS.iB. Ng explains that thprogrammablelC of the
hardware accelerator can include manacessofs), meaning that Ng contemplates

aprocessoto manage operation of tidata mover componentAMD1005, [0080].

82



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

4. Claim 7

(i) Element [7]: The data processing system of claim 6 wherein the
data mover component comprises a device controller.

111. The DalaiNg Combination renders obviougd[ T he porti on of
ARdat a t r adasafmever cdnmgpdnehin each h(va module¢mpute nodg
connecting the processing circuitsrggrammable logic componehto the first
memory ode memoryrepresents device controller AMD1004, [0081] [0086];
supra Elements [1b], [1g],4]. The fact that the data tr;
data transfer p at h scontroédater enevemert omrdeveen e nt s
supports my opinionthd&da | al 6 s @ dat aata moeencormhpenehinf abr i ¢
each hardware accelerator module representievéce controller AMD1004,

[0082], see alsp [ 0084 ndghipooawniedti ons as neede
(Aenabl e processing .pipelines to be con

112. Dal al 6s data transf er proaegsorofthe i s ¢ ¢
programmable logic component whi ch i s Z0pnat eadeticdso t h
controller which is operative to facilitatéata communications either independently
or in cooperation with control signals. AMD1004, [0085]; AMD1001, 1bi%87.
BecauseDalal explains that the data transfer fabrdat@ mover componeit

operates in cooperation with control signals from the ARMcessorof the
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programmable logic componenthis supports that the data transfer fabric includes
adevice controller Id.

113. IncorporatingN g 0 s suppl ement al cdnteobershi ng
within the hardware acceleratoompute nodewvhich provide the claimedevice
controller. AMD1005, [0035][0037], [0043], FIG. 3supra 8VIII.C. Ng explains
that a neur al net wor k ac ca@eliegroa tnoera nii cnagn t
the memorycontrollers dictate operations on device AMD1005, [0043]. A
POSITA would have been motivated to implement the servers of Dalal to include a
device controllewithin each hardware acceleratoodule, because this wouféve
beneficially providd a way to manage processoemory communications in every
module

5. Claim 8

(i) Element [8]: The data processing system of claim 1 wherein the
host compute system executes instructions to influence operation
of the compute node.

114. The DalaiNg Combination renders obvious [8]. As | described above,
Dal al di scl os e dosieconipliter systempt hbaés s sr coqnec
or more hwa modul es, 0 @lordlity of somputeeaodesf or e
AMD1004, [0032];supra [1lpref [1b]. Inthe DalaiNg Combi nat i on, D «

processor would have been i mpl eithestt ed v

computer systepnthat executemstructions (e.g., input and weight matrices, and a
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work requestf or every | ayer of a neur al net wo
neural network accelerator to perform neural network operations of each layer of the
neur al n et waoskcompute dydde@@dc2olmmuimi cati vel y ¢
neur al n et wo rirktiatea oaurll netwoakt operaéons on the neural

net wor k accel ehostwaits ustd the nedrad edv@rk acdelérator

signals completion of performing the operations before instructing the neural
network accelerator to commengerforming the neural network operations of the
next | sae alsp 0P07]i[0008], [0021][0024], [0029], [0041][0046],

[0048]i [0050], FIGS. 45; AMD1004, [0032],see alsp [0063], [0069], [0073],

[0077], [00997[0103]; supra 8VII.C. In the DalalNg Combination, the
instructionswould haveinfluencel operationof each hardware accelerator module
(compute nodg , as Dalal és architecture of se
havehandlal layers of the neural network in sequendd. As depicted below in

Ngb6s FI Gnstrudtionsit melsede dAi nput o and Awei gh
operation, and a fAwor k rndequeasetc@ Intsste dNig 10 «
compute systend Il nstructs t he comput e node t
operationso and controls these operati

Ng 6 s hioflseince oprationof the compute nodeld.
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Circuit elements on the PCB include network switches,
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AMD1004, FIGS. 1, 2B Combination Figure (annotated); AMD1005, FIG. 4

0]

115.

I mpl ement

(annotated).

Dal al 6s

In the DalaiNg Combination, a POSITA would have found it obvious

fndstacaniputesystend e s s ot hat

the host executdsastructionsto influence operationof each hardware accelerator

modulecompute node AMD1004, [0032], [0063], [0069], [0073], [0077], [0099],

[0101], [0103], [0123], [0135], [0170], [0172]; AMD1005, [0007], [0008], [0021],

[0024], [0029], [00411][0047], [0049], [0050], FIGS. 2,i%. For example, Ng

explains that the output from the hesate accelerator for one later of the neural

network can be used as the input for the next layer of the neural network, which is
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strikingly similar to Dalalds pipelined
Acan be further processed by el ementso
AMD1005, [0047]. The hardware accelerator modules wbakkbenefied from
tailoredinstructionsf r o m hiNsy @ompute systerhat influence operationat

that module. AMD1004, [0045]

6. Claim 9

(i) Element [9]: The data processing system of claim 1 wherein the
router module and the compute node are integrated into an
interface card communicatively coupled to the host compute
system.

116. The DalaiNg Combination renders obvious [9]. Dalal discloses that
each server includes @ser vm®uter moduleand h e s 0
explains that the server switches that
representing aompute node AMD1004, [0032],see alsp[0035], [0036], [0123],
[0170], FIG. 1;supra Elements [14]] 1 b ] . Dal al 6sroules er ver
module are ficonnected to host pr petwerksor
switches hat enabl e packet data to bdaosswitc
computersysteln and t he ficompate nodexl AMD20940 [0032]see
also, [0096], [0123], [0170], FIGS. 1, 12, 18

117. Dalal explains that a network switch canibtegrated intothe same

Aprinted circuit boardo that also incl
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hardware accelerator moduleompute nodg . AMD1004, [ 0096
componentso include fimemor yetwork swich;ogr a m
and/ or one or more processor coreso), F

that this printed circuit board is anterface cardcommunicatively coupled to the
host compute systeitnatintegratesthe network switch of aouter moduleand a
compute node AMD1004, [0032], [0096], [0123], [0170], FIGS. 1, 9, 12, 18. It
was well known before the Critical Date &f €750patent for a card to include a
router and hardware acceleratorsAMD1 00 6, [ 0038] (descr
comprising a Aprinted circuit boar do
acceleration unitso).

118. 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
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'*L 210-00
|
|

SERVER SWITCHES | _

1
! 4+
' -7 218 7
’}/‘ 106 ‘\‘J\ : l | | % T21001
i DR | 220
o’ \ |F‘ 216 ’
! \
|
|
|
|
|
|
|

/ 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.

119. Dal al 6s printed circuit boa7sd i s s
patent, which is also described as a i
multiple different components. AMD1001, 10i89:7, 13:523. Integrating a
switch and one or more hardware accelerator compute nodes into the same interface
card was wel |l k n dg59patedt. yAMD10O24, 8t460{eescaobing t h e

an interconnect switch and multiple hardware accelerator modules integrated on the

same printed circuit board The f &%0patent lackriowleddes thabit is

89



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd.1,886,750

figenerally known f or a PCB to integrate a rout

Acooperate with structur al components ¢
opinion that Claim [9] is obvious over the DaM§ Combination. AMD1001,
10:59 67.

GROUNDBDALAL, ANRAGHAVA

A. Raghava(AMD 1006)

1200 Raghava describes a system includi
programmabl e acceleration coprocessoro
of functi ons, which may includeéconvol
[0017]1[0022], [0030] FIG.1 The coprocessor fAmay be ac¢
deviceo including AFPGAsO0O and fdmay be
hardware (HW) accel er at d[0G33],qO03&8MOD39), 0 6 , [
FIGS. 1, 34. Raghava explains that the coprocessoludesone or more hardware
acceleratorgshatc an | ncl ude -ofuetxptuetr n(all GAMDAQDPKRIt 0 ¢ Kk s
[0033], FIGS. 34. One example of an interface that can be used on the coprocessor
I's an NOpen NAND Flash I nterface (ONFI
Asuitabl eéfor communi cating wi t h me mo r

AMD1006, [0033], FIGS. B4.
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Hardware accelerators

\ [PCleruPI CONTROLLER

. Tr
410 i 308~ LTy

Interfaces

[PCleruP CONTROLLER]

310

ACCELERATOR
FPGA

450

AMD1006, FIG. 4.
B. The Dalal-Ng-RaghavaCombination

121. Dal al , Ng, and Raghav @O0lecaase alllofl ana
these describe distributed systems where a host communicates with compute nodes
having programmable logic to perform specialized operations. AMD1006, [0017]
[0022], [0030][0033], [0038][0049], FIGS. 1, B4; supra §8VII.AiC. Dalal
explains that Amodul e memorieso on the
any suitable type, i AMDILQ0O4] i[006T]é Raghavah me n
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discloses an embodiment where a hardware accelerator includes NAND flash
memory a n d i nterfaces (1. e.., AONFI 0) for
AMD1006, [0033]. A POSITA would have |
hardware accelerators with Raghavads s
doing so wouldhaveprovided a convenient way to increase storage capacity and
maintain storage in the case of power loss.

122. 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]. Becaus&mlal and Ng both involve
systems involving(i) a host that communicates with hardware accelerators to
perform a data processing operation @ndflash, whichis a solid state memayry
combining the teachings of Dalllg wi t h Raghavads expres
memory and ONFI would have been obvious and a POSITA would have reasonably

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

124. First, a POSITA would have understood that +vaatile 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/50 patent 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
relatively high perf cer napacd )ty AMBEMNOI 8ne
contempl ates that hardware accelerator
as fARAMO or Afl ash memory. o AMD1004,
increased memory capacity and removed power dependency on edrdtotagéo
implementDal al 6s hardware accelerators with
Raghava.

125. 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, [0Q33palal and Ng both
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describe hwa modules having multiple different kinds of memory, and a POSITA
would have wunderstood that Raghavabds t
dynamic. AMD1004, [0067]; AMD1005, [0032].

126. 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 woblve bee e nef i ci al to i mpl
data store with flash memory. Indeed, both Dalal and Ngritbestardware
accel erator modul es t hat i nclude fl ash
memori esécan be of any suitable type,

[ 0032] (A[t] he hardwar-eolaatcielleer m¢ mo €y O
include any typ@fnonvol atil e memory, such as f 1l as
C. Claim Element Analysis

1. Claim 3

() Element [3]: The data processing system of claim 1 wherein the
data store comprises an Electronically Erasable Programmable
Read Only Memory device.

127. The DalaiNg-Raghava Combination renders obvious [J]he 6750

patent explains that nal | FIl ash is EEPR
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any flash memory device provides the clainleBPROM device AMD1001,
10:1734. Dal al 6s Asecond memoryo (athWtor AM) C
AMD1004, [0075], [0080][0082], [0094], cl. 1, cl. 11supra [1d]. For the reasons
noted above, in the Daldlg-Raghava combination, thdata storeof the DalaiNg
Combination would have been i mplemente
which includes an EEPROM tlikata storeof eachcompute nodevould have been
I mpl emented with Raghavaodos &ERR®Mdd at or
128. Raghava discl oses t h@magranamabledogic c el e
componenft can i ncl udceutipwt e(rin@)l Hingpawks 0 t ha
storage interface componedand fAmemor yo t hatdajstaeri des
AMD1006, [0033], [0034],see alsp [0014], [0046], [0074], cl. 10, FIGS.i 8.
Raghava discloses that the |1 O blocks s
( ONFI )o protocol and explains that t he
communicating with membhryg. medvMO1OBDEGL R
memory includes NAND flash memory in embodiments where the 10 blocks are
compatible with ONFI. Because Raghava discloses flash memory, Raghava

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

2. Claim 4
(i) Element [4]: The data processing system of claim 3 wherein the
storage interface component employs and Open NAND Flash
Interface protocol.

129. The DalaiNg-Raghava Combination renders

data transfer fabric, o or t he combi na

-}

-}

memory i nterf ac etwrage mterface eanpooentdMD1@04, t h e

[0075], [0079][0083], [0089], [0090], [0094], cls.1, 180; AMD1005, [0035],
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[0036], [0038];supra [1h]i[1i]. For the reasons noted above, in the Dhlgd

Raghava combination, thestorage interface componentof the DalaiNg
Combination would have been i mplemente
which include inpubutput (10) that employYODNFI. AMD1006, [0033],see also

[0014], [0046], [0074], cl.10, FIGS. 3, Supra [3]; supra 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.

130. 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 [3]. Doing so woull have provided
nonvolatile storage at increased capactypra 8IX.B.
X. GROUND HEAAND UN
A. Heil (AMD 1010)

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

component services. AMD1010, [0040ee alsoAMD1010, [0003], [0040],

[0053], [0218][ 024 8] , Abstract. Heil 6s data p
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server unit components, each having a local host component paired with a local
acceleration c7Oppadrreenntd,s Imukea itphe O omput
a Aprocessing system 4300/ fAimemory 4500
AMD1010,[ 005 3] ; AMD1001, FI G. 4 . Hei | e
component so are configured by the host
to process arequestas partofamulo mponent service fAwitho
any host ¢ omp o 1j0803t[0232], [02A8}id2d dsd0D40], [0053],
[0218]i [0248]; infra Elements [11] [1g].

132. Hei | 6s dat a peqgtO2mbBiguredand §02 in Eigare  (
8 shown 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.

98



Attorney Docket No5478800241P1
IPR of U.S. Patent Nd. 1,886,750

Conceptualization of Data
Processing System 102
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v e I
E ' : |
I i
I LoCATION ]
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] 1
: 122 :
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AMD1010, FIG. 1 (annotated).
133. 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. AMD21010, [0089].

Conceptualization of Data
Processing System 802
I

802
SEcoND NETWORK FOR CouPLING H-TO-H
80e
Network with acceleration ji
components coupled with

neighboring components

via dedicated links R e e T T BB
R P P e P T B W 8
R A A e e

Tt 106
ANY LOCALK-TO-
Hardware 1[ } LocaLs COUPLING
Acceleration Plane 114

P ot Bt W ot Wt Pl =
P Wl Wk Wk Wt St S L
e e e e e R 104

Software Plane ﬁ

(E.G., A TORUS CONNECTION, ETC.)
804

FirsT NETWORK FOR COUPLING S-T0-S ‘

AMD1010, FIG. 8(annotated)
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gures 1 and

| abel ed wi t h

8,

A HO

Hei |l 6s ac

iSee t he

AMD1010, FIGS. 1, 8 (both annotated above). Figure 25 (shown below) presents

an illustrative example of these acceleration components as illustrative acceleration

component 2502. The acceleration component includes, among additional elements,

applicationlogic 2506, memory controller 2520, memory 2522, host interface 2525,

router 2528, and transport componeb8@. AMD1010, [0022], [0159]0168]. A

POSITA would have understood or found obvious that at least &lesents are

common across acceleration components referenced in sysi@nasid 802

ILLUSTRATIVE ACCELERATION COMPONENT
2502
S i'.".'-..
DIAGNOSTIC RECORDER
TRANS- I
PORT 3-PoRT
Rggén Compo- SWITCH
MENT 2532
|
I I _— _—
APPLICATION LoGiC
2506
S -
¥ l I | O O A H
MEMORY Host | FEATURES (SENSORS, !
CONTROLLER INTERFACE I ! ConFic, Losic, ETC.) i
2524 i 2526 '
¥ ¥ 1
v I v
MEMORY Host
2522 CPU(s) I\
—_————— Common
Elements

AMD1010, FIG. 25 (annotated).
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135. For example, while Heil states that Figure 25 is implemented for system
102, Hei | al so expl ai ns telgasyster 80R)mayr d a't
use acceleration components having arch
AMD1010, [01591[0162] In view of this disclosure, a POSITA would have
appreciated that Hei | 6 s ac oensthersadondo n cC ¢
network with dedicated links (e.g., at TOR interface 2542 would have still
utilized the above identified common elemto implement core capabilities. For
example, a POSITA implementing the embo
havelookedto the disclosure of Figure 25 to implement the application logic 2506
asthe reconfigurable component for performing an assigned operation, the memory
controller 2520 as the component used
component 2502 and | ocal memory 2522, 0
t o enabletration doreponant t interact with a local hosh@o nent 0
(including host CPU(s)), the router 25
I nternal components, 0 and the Atranspor
acceleration components. AMD1010, [01dO[L68]; see alscAMD1010, [0014],

[0089], [0139], [0157][0158], [0171][0173]i [0186], [0226], FIGS. Zi&29.

136. 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
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POSITA would have understood that because both embodiments in Figures 1 and 8
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 fundbnality within the embodiment in FIG. 8.

137. 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, [01591[0162]. Specifically, Heil explainthat thecommon elements
are part of an Ainner shell 06 architectu
application scenariosAMD1010, [0161][0162]. For &ample, this architecture
Areduces the risk that a devel oper may
manner that causes problems within the
AMD1010, [0161][0162]. Heil also explains that the inner andtes shell
architecture negates the need to ANrecre
[0159]1[0162]. To achieve the same benefits, a POSITA wbalekutilized these
components across different embodimefsusing such component designs across
different system designs was a wiatlown design technique to minimize

development costs and ensure quality.
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invokes the service by sending a request to head component B608erver unit

ser vi
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c e for

assigning

ranki

o] ANDRZ2B]D RI®GS, 36, 40.2 A Bopt component 3602

components execute the invoked service in a processing pipeline with coupled

acceleration components.g¢, 3606 3616). Id., see alsq0068].

Data Processing

System

~

Server Unit
Components

SCORMNG 4
ACCELERATION
.

COMPOMNENT

CoMPONENT O

HosT

(S0}
2602

¢ %

HEAD
COMPOMENT

2604

QuEUE \@k

MaMNAGER AND

FE

ACCELERATION

SCORING 2
ACCELERATION
COMPONENT

Server Unit
Components

P——— COMPRESSION

ACCELERATION
COMPOMENT

ACCELERATION
COMPOMENT

AMD1010, FIG. 36.
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139. Heil explains that Figure 36 (above) utilizes a ring flow structure and
t hat fimany other fl ow str uctseerals0dJ6H,r e] p
[0073]i [0074], [0200]. Figure 33 (below) shows an example of one such other flow
structure featuring multiple parallel paths branching from head component 3304.
AMD1010, [0198][0203], [0216][0217], FIG. 33. In this example, one path
consists b acceleration components 3406/3408 and a second path comprises
components 3610/3612d.

140. | note that Heil discloses that each acceleration component is paired
with a fAl ocal host c¢compone WtoR53W008M i n a
FIGS. 6, 8. Accordingly, although not shown in Figure(B8low), each of the
acceleration components i n the <coll ect

componento as part old a server unit corm
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Example Flow Structure

/

First Parallel Path

Second Parallel Path

141. In more detail Hei | 06 's F abgve rsleows 3a3colldction of
acceleration components for performing a raattmponent service. AMD1010,
[0200]i [0203], [0216][0217], FIG. 33. A host component invokes the service by
sending a request to a head component 3304. AMD1010, jQ0es®], [0074],
[0198]i [0203], [0219][0220], [0223], [0236], [0251]. In this example, a network
of server unit components executes the invoked service via two parallel paths each
including acceleration components communicativelgupted in series (as
represented by acceleration components 3406 with 3408 in one parallel path and
3610 with 3612 in a second parallel path) to perform the roaiiponent service
AMD1010, [0198][0203], FIG. 33 see alsoAMD1010,[ 00 6 8 ] (Aproc

pi p e l[0221§[6223], FIG. 36.
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B. Jun (AMD 1011)

142. Jun describes a data processing system that includes a collection of
FPGAbased compute nodes. AMD1011, p®,713,see als;AMD1011,1i 5. Jun
describes an example -2@de system that improves upon a previousode
prototype. AMD1011, pp. 2, 4. Jun explains that the nodes can be implemented in
Ala]l]ny network topology. o AMD1011, 5,

143. Li ke t he Jourrb@0s pmadcenst ,i nt egrate f 1l a
processor device in order to execute analytics operations on large datagse3gy(
Data analytics). AMD1011, ppa.b, 12 13; seeAMD1001, 8:2227; 10:11 34,
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. J un 6 onjudaAich withF 1 a s h
a multrchannel hardware flash imface and connectors to the FPGA processor on
a fnflash board. o AMD1011, pp. 4, 8. Th
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 Ol
processor/ accelerator) that is pait of

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

Xilinx V€707

Flash

Board —/——mm

Virtex?
FPGA

PCle

AMD1011, FIG. 10 (annotated).

C. The Heil-Jun Combination

144. He i | and Jun I|li ke the claims of t
endeavor of data processing systems employing reconfigurable hardware.
AMD1010, [0003], [0232], [0248]; AMD1011p.5; AMD1001, 2:2850, 3:5 25,

37:44 55; FIG. 17 supra X.AiB; V.A. Additionally, each reference are also
reasonably pertinent to a {75 @dtenti of a | p
accelerating processing by offloading tasks to reconfigurable hardware. AMD1010,
[0003], [0051], [0224], [0232], [0248]; AMD101pp.1i6 (Ast orage devi
separate network among themselves viadpighr f or mance seri al I
between the storage devices, the integrated network ports removes the overhead of

going to the host software to access a separate network intedad&D1001,
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22845 (Aindependent of éai2B &64455cFGnp/ut e s
supraX.Ai1B; V.A.

145. | 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.

146. As di scussed above, Hei l 6s data pi

of fiserver unit componentsoO eachkasedmpr i
acceleration componentSupra,8X.A (overview of Heil) Il n the cont e

acceleration component, a POSITA woul d
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Af | as D inclodang itd NAND Flash Storage, and hardware flash interface, and

connectord in place ofthe DRAM memory elements that Heil describes.

lllustration of the HedJun Combinationased on AMD1011, FIG. 10 and
AMD1010, FIG. 25.
147. Based on my review, théollowing reasons, taken separately or
collectively, support the Hedun Combination.
148. First, a POSITA would haveecognized hat | mpl ementi ng
boardo el ements all ows Hei |l 6s-campdnent pr oc
services on larger datasetdizing the same number of server unit components. Jun

demonstratethat hosting large datasets on DRAJMsed acceleration components
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