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The Claims Are Invalid

« Claims 1 and 3 are anticipated by Frey
« Claims 1-8 and 11-14 are obvious over Divsalar and Frey

* Claims 15-17, 19-22, and 24-33 are Divsalar, Frey,
and Luby97
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Divsalar Discloses Every Aspect Except Irregularity

Divsalar Fig. 3
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Figure 3. Encoder for a (¢V, N) repeat and accumulate
code. The numbers above the input-output lines
indicate the length of the corresponding block, and
those below the lines indicate the weight of the block.

Ex. 1003 [Divsalar] at Fig. 3
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Frey Teaches Irregularity

Irregular Turbocodes

Abstract

B. J. Frey and D. J. C. MacKay (1999) In Proceadings of

on Comumumicaion, Control i Compuing 1998, Aleo Recently, several groups have increased the coding gain of iteratively decoded
Gallager codes (low density parity check codes) by varying the number of parity
check equations in which each codeword bit participates. In regular turbocodes,
cach “systematic bit” participates in exactly 2 trellis sections. We construct ir-
s ey | regujlar tul.'bocodes with systematic bits that particigate i1.1 varying n}lmbers of
Elsrkal nd Gomputr Bugoeing e}ﬁﬂ?? trellis sections. These codes can be decoded by the iterative application of the
© sum-product algorithm (a low-complexity, more general form of the turbodecoding
Depeatinent of P, vl algorithm). By making the original rate 1/2 turbocode of Berrou et al. slightly
i o irregular, we obtain a coding gain of 0.15 dB at a block length of N = 131,072,
bringing the irregular turbocode within 0.3 dB of capacity. Just like regular tur-

Abstract bocodes, irregular turbocodes arc linear-tinme encodable.

Irregular Turbocod

Recently, several groups have increassd the coding g
Callager codes (low density parity check oodes) by vary g e numoer o pary
check equations i which each codeword bit participates, Tn regular turbocodes, T
cach “systematic bit" partxdpates n exactly Z trellis & = co
remular turboomdes with systematic bits that participa
o algithon (s loommica, e geacel More generally, an irreqular lurbocode has the [orm shown in Fig. 2, which is a type ol
algorithm). By making the original > 1/2 furl 13 - . . . . - . - -
e ot o ot s e “trellis-constrained code” as described in [7]. We specily a degree profile, [4 € [0,1],d €
bringing the irregular turbocode within 03 dB ol capar - . - S ’ ’

Tk imnilit s bl S 1,2,...,D}. f;is the fraction of codeword bits that have degree d and D is the
+ &5 ; d 5

maximum degree. Each codeword bit with degree d 1s repeated o times before being fed

Rocent s o el Calluns s (oo e 1100° The permuter. Scveral classes of permiter lead to lincar-time encodable codes. In

by making the codeword bits participate in varying munb part]c]-ﬂa}],..’ TF the bltS m t'he COTIVOhlthTI&] co(le are partltloned n.lto “S}’Sl]e]ll&tlc blts1

significant coding gains can be achieved [1-3]. Although G-“

o perform better than turbocodes at BERs below 107> [4] ¢ - IR T - - - , -

|::1ﬂm:m oser 0. dB \\m;z:yulmn LlLl‘l.l‘::JdL:‘: for BERs alld ‘pa.l”] t.V b] ES’ . theTl bV connecuin g eac h paT'] tV b]t 1o a deg Tree 1 COdeW'O T'd b] tpj we can
in [3], Richardson ef ol found imegular Gallager codes tha - ¥ ¥

the ariginal turboeode at BERs greater than 107 [5] for a encocle i]'[ h Tnear ti] rne.

1 Introduction

1

r "WGallager vodes o nob exdabit devoding errors, ooy deosding £
N = 5,000,
i Ex. 1002 [Frey] at Title, Abstract

Pet. at 25-28, 43; Ex. 1006 [Davis Decl.] at 11 63-70, 128
IPR2017-00210 7



Frey Teaches Irregularity

Q
Q

B. J. Frey and D. J. C. MacKay (1999) In Proceadings of the 37" Allerton. Conference O_
om. Communication, Condrol and Computing 1999, Allerton House, Tllinois.

Permuter

Irregular Turbocodes

Brendan J. Frey
Computer Science, University of Waterloo
Electrical and Computer Engineering, University of Illinois at Urbana
http://www.cs.uwaterloo.ca/~frey

David J. C. MacKay
Department of Physics, Cavendish Laboratories
Cambridge University

TN
L
RAMARRN

http:/ /wol.ra.phy.cam.ac.uk/mackay '.
Abstract

Convolutional code

Recently, several groups have increased the coding gain of iteratively decoded
Gallager codes (low density parity check oodes) by varying the number of parity
check equations m which each codeward bit participates. Tn regular turbocodes,
cach “systematic bit" partdpates noexactly Z trellis soctions. We construc, -
regular turbomdes with systematic bits that participate in varying mumbers of R S i S S e e
trellis sections. These codes can be decoded by the iberative application of the
sum-procuct, algorithm (a low=complexity, more general form of the turbodemding
algorithm). By making the griginal rate 1/2 twbocode of Berrow ef al slightly
regular, we obtain a coding gain of 005 dB at a block length of N = 131,072,
bringing the irregular turbocode within 03 dB of capacity, Just like regular tu= Permuter
‘bocodes, irregular turbocodes ane linear-time encodable.

1 Introduction - vee

Reeent work on irregular Gallager codes (low density parity check endes) has shown that ‘ Hep 2 ‘ ‘ Hep 2 ‘ l Hep 3 ] I Hep 3 ‘ ‘ Rep D ‘ ‘ Rep D

by making the codeword biis participate in varying mmmbers of parity check equations,
significamt coding gains can be achieved [1-3]. Although Gallager eodes have been shown
tor perform better than turbocsdes at BERs below 107 [l}" until recently qu lager codes O O “er eeew s .ee
performed over 0.5 dB worse than turbocodes for BERs goeater than 107, Howewer,
in [3], Richardson et ol found irmegular Gallager eodes that. perform 0,16 dB betfer than | L | | | | |
the original turbocode at BERs greater than 107 [5] for a block length of NV &= 131,072,

/i /2 /3 Ip

"WGallager vodes o nob exlbit devsding errors, voly deouding failures, at long blods kngths with
N = 5,000,

Apple 1002
1 r Ex. 1002 [Frey] at Figs. 1, 2

Pet. at 25-28, 46, 58; Ex. 1006 [Davis Decl.] at 11 63-70, 133, 174-175
IPR2017-00210 8



Frey Provides Motivations to Combine Irregularity

B. J. Frey and D. J. C. MacKay (1999) In Proceadings of the 37" Allerton Conference
on. Comsnumication, Control and Compuding 1999, Allerton House, Hlinois.

In this paper, we show that by tweaking a turbocode so that it is irregular, we obtain a
Irregular Turbocod  Coding gain of 0.15 dB [or a block length of N = 131, 072. For example, an N = 131,072
irregular turbocode achicves E, /Ny = 0.48 dB at BER = 10~%, a performance similar to

Brendan J. Frey ; ¥ § i . e
Computer Science, University of the best irregular Gallager code published to date [3]. By further optimizing the degree
Hledrical and coﬁﬁ‘fiﬁ‘fﬁﬁfﬁim;’lﬂ? profile, the permuter and the trellis polynomials, we expect to find cven better irregular
Pavid 0. 0. Mackny  CUTDOCOdeS. Like their regular cousins, frregular turbocodes exhibit a BER flattening

Department of Physics, Cavendis 1 ue to low-weight codewords.

Cambridge University

http:/ /wol.ra.phy.canac.uk,/ Tcony '.
Abstract
W s e 8 sl o, The irregular turbocode clearly performs better than the regular turbocode for BER

check equations m which each codeword bit particpatc _ _ N N .

et st b i ety 2w s> 1075, At BER, = 107%, the N = 131, 072 irregular turbocode is 0.3 dB from capacity,
remubar turboomdes with systematic bits that participa 4

trellis sections. These codes can be decoded by the it 1

sum-prgeuct. algorithm (a low=complexity, more general a; 0. 15 dB llTlpI'OVelTlent OVE‘,‘I' the I'EgU.laI' tU_I'bOCOde.

algorithm). By making the original rate 1/2 twrbocods

mregular, we obtain a coding gaim of 05 dB at a bloe.

bringing the irregulr turbocode within 03 dB of capacity. Just like regular tur-

‘boeodes, irregular turbocodies are linear-time encodable. EX. 'I 002 [Frey] at 2, 6

1 Introduction

Reeent work on irregular Gallager codes (low density parity check endes) has shown that
by making the codeword biis participate in varying mmmbers of parity check equations,
significamt coding gains can be achieved [1-3]. Although Gallager eodes have been shown
o perform better than turbocsdes at BERs below 107 [4]1, wnbil recently Gallager codes
performed over 0.5 dB worse than tirbooodes for BERs greater than 107°, However,
in [3], Richardson ef af, found irmegular Gallager eodes that. perform 0,16 dB befer than
the original turboeode at BERs greater than 107 [5] for a block length of V = 131,072,

"WGallager vodes o nob exddbit devsding errors, voly deouding failures, at long bluds kngths with
N = 5,000,
Apple 1002

1

Pet. at 25-28, 42-43, 48; Ex. 1006 [Davis Decl.] at 11 69, 128-130
IPR2017-00210 9



The Modification Would Have Been Simple

|

131. Incorporating the irregular repetition of Frey into the RA codes of

UNITED STATES PATENT AND TRADEM

Divslar would have required only a minor change to the implementation of the

BEFORE THE PATENT TRIAL AND APP

Divsalar encoder. Irregularity could be introduced into the coding schemes of

otioner Divsalar simply by modifying the Divsalar repeater, which repeats every

"8

California Institute of Technolog)

st oF 76 information bit the same number of times, with the repeater of Frey, which repeats

Case TBD

pEcLARATION oF sanks o pav: d1fferent information bits different numbers of times. This would have been a

REGARDING U.S. PATENT NO. 7,1
CLAIMS 1-8.10-17, and 19-33

trivial modification for a person of ordinary skill in the art to make to an existing

RA coder.

Ex. 1006 [Davis Decl.] at T 131

Apple 1006

Pet. at 44-45
IPR2017-00210 10



The Modification Would Have Been Simple

Apple v. Cali

UNITED STATES PATENT AND TRAL

BEFORE THE PATENT TRIAL AND.

APPLE INC..
Petitioner,

Vs

CALIFORNIA INSTITUTE OF TEC

Patent Owner.

Case IPR2017-00210
Patent 7.116.710

PETITIONER'S REPLY TO PATENT OV

U.S. Patent No. 7.116.710 [ I

The Petition showed that POSAs would have had a reasonable expectation of
success because 1t was trivial to modity Divsalar to make it irregular by repeating
some of the information bits more than others, which meets the limitations of the
claimed invention. Pet., 44-47. Intelligent Bio-Sys., Inc. v. Illumina Cambridge
Ltd., 821 F.3d 1359, 1367 (Fed. Cir. 2016) (“The reasonable expectation of success
requirement refers to the likelithood of success in combining references to meet the
limitations of the claimed invention.”). Dr. Mitzenmacher agreed that simply

repeating the first two bits in Divsalar “q+10” times and the rest “*q” times would

make the code irregular. Ex. 1062, 153:11-154:8. Ex. 1065, 9935, 43.

IPR2017-00210

Reply at 9

Pet. at 44-45; Ex. 1006 [Davis Decl.] at T 131

11



The Modification Would Have Been Simple

Vi
X1
V2
=
2 X3
=
>
£
a
E L ] -
v .
$ <IN
| =
=
Vak
Parmuter Xak
= s
e .
o i e Tanner graph for Divsalar
1=
jﬁgﬁﬁz with all information bits
(| PPy [ P P P P having degree 3
Ex. 1002, Fig. 1 Ex. 1046

Reply at 9-10

Pet. at 46, 58; Ex. 1006 [Davis Decl] at 133, 174-175; Ex. 1065 [Frey Decl] at 144; Ex. 1062 [Mitzenmacher Deposition] at 417:16-418:5
IPR2017-00210 12



Frey Divsalar and Luby97 Render Claims
15-17, 19-22, and 24-33 Obvious

L}

(See generally Exs. 1003, 1011.) Specifically, a person of ordinary skill in the art

ontren stares patent ann e WOULd have had the motivation to modify the encoder of Divsalar, using the

teachings of Luby97, to receive a “stream” of bits, where the “stream” of bits

BEFORE THE PATENT TRIAL AND APP

comprises one or more blocks that are encoded separately.

Apple Inc_,
Petitioner

I

California Institute of Technolog)
Patent Owner.

186. Luby97 describes receiving data to be encoded 1n a stream of data

Case TBD

DECLARATION OF JAMES A. DAVI]

REGARDING Us. PATENTN0. 71 syinbols (which could be, for example, bits), where the “stream of data symbols []

CLAIMS 1-8.10-17, and 19-33

1s partitioned and transmitted in logical units of blocks.” (Ex. 1011, p. 150,

emphasis added.) One of ordinary skill in the art would have known that in

- ( Ex. 1006 [Davis Decl.] at 11 185-186
|

Pet. at 31-32, 61-64; Ex. 1006 [Davis Decl.] at 11 91, 185-187, 194-197; Reply at 13-14; Ex. 1065 [Frey Decl.] at 1 62
IPR2017-00210 13




} PO’s Failure to Cross-Examine

IPR2017-00210
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PO’s Failure to Cross-Examine

* PO chose to not depose Petitioner’s experts
—Dr. Frey (Reply Declarant)

—Dr. Davis (2nd Declaration)

* PO also chose to not depose Petitioner’s other declarants
—Stansbury
—Hajek
—Basar

—Sreenivas

IPR2017-00210

15



) Response to Surreplies

IPR2017-00210
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Response to Surreplies

CalTech Surreply Issue

Issue Addressed in Briefing

Frey is prior art

Petition at 25; Reply at 17

Frey's 2" coder has rate 2/3

Petition at 39-42; Reply at 5-6

Frey teaches partitioning

Petition at 36-37; Reply at 1-4

Frey discloses repetition of information bits

Petition at 9, 25-28, 46, 58; Reply at 1-4

Dr. Frey's experimental data is proper

Petition at 42-48; Reply at 9-11

The Tanner graphs are supported by the petitions

Petition at 19, 28-31, 8; Reply at 9-11

Testimony of Dr. Davis and Dr. Frey is proper

IPR2017-00210

Reply at 2; Ex. 1073 [Davis Decl.]

17



Frey Is Prior Art

Filed:

» United States Patent US 7116710 BI
in 4wl ]

O, 3, 2006

o

“Soe syplisae ke for gl seach e —

T

18, 2000.

—

May 18, 2001
— ; S
Provisional application No. 60/205,095, filed on May

a2 S 08

Ex. 1001 ['710 patent] at 1

IPR2017-00210

g IS,
e ek i S - ‘:v’
o }\\
'r; e _,_:.,_f*}g W R 9 0 70l {vf
B /
|: ' -/
\W-».... ,...»’/
; . Ex. 1015 [Conference Proceedings
Table of Contents] at 16

gy Uni lecass o Comell Vaiversiny, Hiaca, Mew Yok 148531 s faslin oith be

when these items were first made publicly available by the Library. Based upon my review of the
Library’s records and my knowledge of the Library’s standard procedures, Irregular turbocodes
/ by Brendan J. Frey and David J. C. MacKay and The Serial Concatenation of Rate-1
Codes Through Uniform Random Interleavers / by H. D. Pfister and P. H. Siegel were

publicly available at the Cornell University Library as of March 20, 2000. .~

1 Appie 1031 !

Ex. 1031 [Stansbury Decl] at T4

Pet. at 25; Ex. 1006 [Davis Decl.] at T 63

18



Frey is Prior Art

Source Caltech’s Last o
Code File Proposed Date Change Made Apple v. Califomia Institute of Technology
IRAcpp  March 10, 2000 Repﬁoa'lfizc:ﬂt,iﬂ 050 e
IRAh March 10, 2000 Rep|§°a“tﬁ2°(';’;i"_": o o mmg o
IRAsimu.cpp ~ March 20, 2000 Replc;/ oarlﬁzoz)e;rl‘ii?:osz Case PR201T-00210

GetlInter.cpp

March 12, 2000

. . PETITIONER’S REPLY TO PATENT OWNER'’S RESPONSE
Confidential

Reply at 20; Ex-1053

Exs. 1050 [IRA.cpp], 1051 [IRA.h], 1052 [IRAsimu.cpp], 1054 [GetInter.cpp];

IPR2017-00210

Reply at 17-21

and what was added later.®> Also, critically, these exhibits are agnostic as to
whether the code simulated by the software files 1s an RA code or an IRA
code. They rely on the undated parameter files—Exhibits 2025 and 2029—to

make this determmation. Ex. 1063, 189:7-9, 200:20-204:14. Therefore, these

Reply at 20-21

19



Dr. Frey's Unchallenged Declaration:
Frey’'s Convolutional Coder Shows a Rate of 2/3

U.S. Patent 1
Apple v. California Institute o

UNITED STATES PATENT AND TRADEMARK OFFI(

BEFORE THE PATENT TRIAL AND APPEAL BOARD

APPLE INC.,
Petitioner,

V.

CALIFORNIA INSTITUTE OF TECHNOLOGY,
Patent Owner.

Case IPR2017-00210
Patent 7,116,710

DECLARATION OF BRENDAN FREY, PH.D.
REGARDING U.S. PATENT NO. 7,116,710
CLAIMS 1-8, 11-17, 19-22, AND 24-33

Apple
IPR2

1002 at 245. Instead, the POR argues the rate should be calculated in an

unconventional manner that ignores the systematic bits. POR at 24-25. Caltech’s

|

systematic bits. Caltech admits that the rate is 2/3 if the systematic bits are
considered. POR at 26 (“The rate of the code 1s 2/3 only 1f the code is calculated in
systematic terms: R = (20/20+10)) = 2/3.”); Ex. 1062 at 394:9-18. A POSA would
have understood that the output of the second encoder 1n Frey mcludes both
systematic bits and parity bits because that is the only way to achieve the “rate of R’
= 2/3” expressly disclosed in Frey. Dr. Mitzenmacher concedes that convolutional
codes can be systematic. Ex. 2004 at 39, n.5. Had I intended the output to imclude

only the parity bits, I would not have stated that the rate 1s 2/3. A POSA would

[ Ex. 1065 [Frey Decl.] at 11 31-32

IPR2017-00210

Pet. at 39-40; Ex. 1006 [Davis Decl.] at 11 174-176, 120-122; Reply at 5-6

20



Dr. Frey's Unchallenged Declaration:
Frey’'s Convolutional Coder Shows a Rate of 2/3

\/

o o o O O

e

B. J. Frey and D. J. C. MacKay (1999) In Proceadings of the 37" Allerton. Conference Permuter
om. Communication, Condrol and Computing 1999, Allerton House, Tllinois.

Irregular Turbocodes

Brendan J. Frey
Computer Science, University of Waterloo
Electrical and Computer Engineering, University of Illinois at Urbana.
http://www.cs.uwaterloo.ca/~frey

, In Fig. 1, we show how to view a turbocode so that it can be made irregular. The first
David J. C. MacKay . . w . . . . . A
Department of Physics, Cavendish Laboratorie. - picture shows the set of gystematic bits (middle row of discs) being fed directly into

Cambridge University

bt folieaphy camicisls fninding one convolutional code (the chain at the top) and being permuted before being fed into
another convolutional code (the chain at the bottom). For a rate 1/2 turbocode, each
i constituent convolutional code should be rate 2/3 (which may, for example, be obtained

Hoseael. sevral s e s e ol sain o s DY pDCHITING a lower-rate convolutional code).

Gallager codes (low density parity check oodes) by varying the numb

check equations i which each codeword bit participates. Tn regular

cach “systematic bit" partdpates noexactly Z trellis soctions, We Clioume s

regular turbomdes with systematic bits that participate in varying mumbers of '
trellis sections. These codes can be decoded by the ierative applicz

sum-product algorithm (a low=complexity, more general form of the tur = = = ]

Ceins). B it 1 b b | 2 e hoaic e The results we report in this paper were obtained by making small changes to a block

oregular, we obtain a coding gaim of 05 dB at a block length of N

beinging the g wabosxde widin 6 O of i e e length NV = 10,000 version of the original rate i =1 /2 turbocode proposed by Berrou et
socodes, iregular turbocodes are linear-time encodable. ; B A .
al.. In this turbocode, f; = fo = 1/2 (see Fig. 2) and the convolutional code polynomials
1 Introduction are 37 and 21 (octal). The taps associated with polynomial 37 are connected to the
ezt work on irmegniar Gallager oodes (o densivy parity choik s degree 2 codeword bits, 1/2 of the taps associated with polynomial 21 are connected to

by making the eodeword bits participate in varying munbers of parity

significamt coding gains can be achieved [1-3]. Although Gallager eodes | the degree 1 bitS, and the remalning 1/2 Of the taps associated With polynomial 21 are

o perform better than turbocodes at BERs below 1073 [4]Y, until recent] . ) .

performed oser (L5 dB worse than turbooodes for BERs greater than punctured glVlIlg the I'Bqull'ed convolutlonal COde rate Of R" — 2/3
in [3], Richardson ef af found irmegular Gallager eodes that. perform 0.1 7 )
the original turboeode at. BERs greater than 107 [5] for a block length

"WGallager vodes o nob exddbit devsding errors, enly deouding failurs, at long blods lngths with

Ex. 1002 [Frey] at 3, 2, 5

1

Pet. at 39-40; Ex. 1006 [Davis Decl.] at 1 174-176, 120-122; Reply at 5-6; Ex. 1065 [Frey Decl.] at 171 31-32
IPR2017-00210 21



Dr. Frey’'s Unchallenged Declaration:
Frey Teaches Partitioning

U.S.
Apple v. California In:

UNITED STATES PATENT AND TRADEMAREK

BEFORE THE PATENT TRIAL AND APPEAIL

APPLE INC.,
Petitioner,

V.

CALIFORNIA INSTITUTE OF TECHNOLC
Patent Owner.

Case IPR2017-00210
Patent 7,116,710

DECLARATION OF BRENDAN FREY, P
REGARDING U.S. PATENT NO. 7,116,71v
CLAIMS 1-8, 11-17, 19-22, AND 24-33

Apple v. Caltech
IPR2017-00210

explains that “[e]ach codeword bit with degree d is repeated d times before being fed
into the permuter.” Id. (citing Frey at 2) (emphasis omitted). In other words, Frey

expressly discloses how input bits are fed into the encoder shown in Fig. 2. They are
partitioned into sub-blocks fi, f2, 3, ..., fp and then input into repeaters Rep 2, Rep 3,
... Rep D. Ex. 1002, 242, 245. Caltech’s expert Dr. Mitzenmacher does not dispute
this. He conceded at his deposition that Frey’s f> bits are repeated two times and the

fp bits are repeated D times. Ex. 1062 at 380:14-381:2.

[

through fp. Moreover, during his deposition, Dr. Mitzenmacher admitted that his

random number generator would output a sequence that 1s known 1n advance. Ex.

Tr

Apple 1065

IPR2017-00210

Ex. 1065 [Frey Decl.] at 11 26-27

Pet. at 36; Ex. 1006 [Davis Decl.] at 11 112-113

22



Dr. Frey’'s Unchallenged Declaration:
Frey Teaches Partitioning

Convolutional code

B. J. Frey and D J. C. MacKay (1999) In Proceadings of the 37 Allerton
on. Communicaiion, Condrol and Computing 1999, Allerton House, Tllinois. “ee e

Irregular Turbocodes

Brendan J. Frey oty LR .. .o
Computer Science, University of Waterloo
Electrical and Computer Engineering, University of [llinois at ‘ Rep 2 ‘ ‘ Rep 2‘ ‘ Rep 3 ‘ ‘ Rep 3 ‘ ‘ Rep D ‘ ‘ Rep D

http:/ /www.cs.uwaterloo.ca/~frey
David J. C. MacKay O O (g e é) é soe %) - é “es %)

Department of Physics, Cavendish Laboratories
Cambridge University
http://wol.ra.phy.cam.ac.uk/mackay f 1 f 2 f 3 f D

Abstract r

Recently, several groups have increased the coding gain of iteratively de
Gallager codes (low density parity check oodes) by varying the number of B . . . .
‘heck equations m which each codeward bi i 5. T IE 1 / . . - oY g v § e G . - . - a 3 r
e e " e o St 3 S st A ool More generally, an irreqular lurbocode has the [orm shown in Fig. 2, which is a type of
e e it e e s “trellis-constrained code” as described in [7]. We specily a degree profile, f; € [0,1],d €
-prgeluct algorithm (a low=complexity, = gemeral [i i the turbodec g - . . . 4 . , , . .
). T makine e il 2 nvsasie o v 9 11,2, ..., DY, fy is the fraction of codeword bits that have degree d and D is the
oregular, we obtain a coding gain of (W5 dB at a block length of N = 13] . ; ] . . . . 5 o .
brigiug the i bocore vithin 43 45 of apaci. s ek aximum degree. Each codeword bit with degree d is repeated d times before being fod

‘bocodes, irregular turboeodes ane linear-time encodable.
into the permuter. Several classes of permuter lead to lincar-time encodable codes. In
1 Introduction particular, if the bits in the convolutional code are partitioned into “systematic bits”
Reeent, work on irregular Gallager eodes (low density parity check eodes) has and “parity bits”j then by Connecting each par] t}r b]t EO a deg‘ree 'I Code“,'o‘rd bit’ we can

by making the codeword bifs participate in varying numbers of parity check

significant eoding gains can be achieved [1-3]. Although Gallager codes have | 111 1 R P

fo perforn better than turbocodes at BERs below 10> [4]1, until recently Gal en COd'e m ] mear t] me.
performed over (W dB worse than turbocodes for BERs greaier than 107,

in [3], Richardson ef af, found iregnlar Gallager eodes that. perform (0,16 dB eeter iy

the original turboeode at. BERs greater than 10— [5] for a block length of V = 131,072,
: — C Ex. 1002 [Frey] at 4, 2

"WGallager codes to nob extabit devoding errors, unly deouding failures, at long blods Tngths with
N = 5, (00

Apple 1002

Pet. at 36; Ex. 1006 [Davis Decl.] at 11 112-113; Ex. 1065 [Frey Decl.] at T 27; Ex. 1062 [Mitzenmacher Transcript] at 381:3-382:13
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22.  Caltech has argued that the nodes (shown as circles) at the bottom of
Frey’s Figure 2 represent output bits — not information or input bits. POR at 20.
Caltech goes on to argue that therefore partitioning of those circles does not meet the
“partitioning” limitation of claim 1 of the 710 patent. Jd. Caltech is incorrect. As
an imitial matter, the code disclosed in Frey 1s systematic. Ex. 1002 at Abstract
(disclosing Frey “construct[s] irregular turbocodes with systematic bits™); Ex. 2004,
90, 99, 112 (repeatedly confirming “Frey is a systematic code™). In a systematic
code, the information bits are part of the codeword. Ex. 1006, 31 (“In a systematic
code, both parity bits and the original information bits are included in the
codeword); Ex. 1062 at 28:8-11 (confirming that “in a systematic code, the input of
the code forms part of the code word™). That is, in a systematic code, the
information bits are the input to the code, and they also form part of the output of the
code. Therefore, the caption in Frey’s Figure 2, which refers to codeword bits,
merely identifies the circles at the bottom as information bits, which are part of the
codeword. The caption does not show that the bits at the bottom of the figure are not

input bits — they clearly are bits that are input to the code.

Ex. 1065 [Frey Decl.] at 1 22

Pet. at 9, 25-28, 46, 58; Ex. 1006 [Davis Decl.] at 11 174-176, 120-122
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Gallager codes (low density parity check oodes) by varying the number of

check equations in which each codeward bit partidpates. Tn regular turts

cach “systematic bit® partidpates in exactly 2 trellis soctions. We consic

regilar turboomdes with systematic bits that participate in varying mumocrs or

trellis sections. These codes can be decoded by the iberative application of the r

O
}
CX

sm-prgduct, algorithm (a low=complexity, more general form of the turbods
algorithm). By making the original rase 1,2 twrboeode of Berou ef al
mregular, we obtain a coding gaim of (W5 dB at a block length of & = L

pringogs the incar wborodo it 8 B of et hu et Bjgyre 1: The first 4 pictures show that a turbocode can be viewed as a code that

copies the systematic bits, permutes both sets of these bits and then feeds them into
a convolutional code. The 5th picture shows how a turbocode can be made irregular
Ly kit L oot i ntiogens e s sonons o . DY tying” some of the systematic bits together, d.e., by having some systematic bits

e bt e e o 1 1 et Teplicated more than once. Too keep the rate fixed, some extra parity bits must be
i 1 0.5 dB we the booodes for BERs gres than 10— u
B 3] Tichanton 2 ot e i Catlger ot ot o 06— punctured. Too keep the block length fixed, we must start with a longer turbocode.

the original turbocode at. BERs greater than 107 [5] for a block length of A

1 Introduction

"WGallager codes to nob exIabil deveding errors, unly deosding failures, at long blods s

N = 5,000, Apple 1002 EX. 1002 [Frey] at 3

1

Pet. at 9, 25-28, 46, 58; Ex. 1006 [Davis Decl.] at 11 174-176, 120-122; Ex. 1002 [Frey] at Fig. 2
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131. Incorporating the irregular repetition of Frey into the RA codes of
Divslar would have required only a minor change to the implementation of the
Divsalar encoder. Irregularity could be introduced into the coding schemes of
Divsalar simply by modifying the Divsalar repeater, which repeats every
information bit the same number of times, with the repeater of Frey, which repeats
different information bits different numbers of times. This would have been a
trivial modification for a person of ordinary skill in the art to make to an existing
RA coder.

132. Also, incorporating the irregular repetition of Frey into the RA codes
of Divsalar would have required only a minor change to the code itself. Below is a
Tanner graph of an RA code that was included 1in the thesis of Aamod Khandekar,

one of the named inventors on the patent at issue:

I
Ex. 1006 [Davis Decl.] at 11 131-132

Pet. at 42-48
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Experimental Data Is Proper

42. Caltech does not dispute that Divsalar could be made irregular by
modifying the repeater to repeat different information bits a different number of
times. Nor does it dispute that Divsalar could be made irregular by modifying its
Tanner graph by redistributing a few edges. Instead it argues that such
modifications were not sufficiently deseribed and would not necessarily result in

desired performance for particular applications or have a reasonable expectation of

success. POR at 41-50. I disagree.
I

45.  To demonstrate the ease with which a POSA could have added Frey’s
irregularity to Divsalar, I developed three software files in Matlab:

(1) Divsalar K1000 N5000 Q5 Simulate.m, Ex. 1068 at 1-2; (2)

Divsalar Plus Frey K1000 N5000 Q37 Simulate.m, id. at 3-4; and

(3) Divsalar K4096 N16384 Q4 Simulate.m, id. at 6-7.

T
Ex. 1065 [Frey Decl.] at 1142, 45

Pet. at 42-48
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Ex. 1068 [Divsalar Simulation] at 5

Pet. at 42-48; Reply at 10-11; Ex. 1065 [Frey Decl.] at 171 45-57
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PATENT: 7,116,710
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210 Pet. at 45

Ex. 1006 [Davis Decl.] at 1132
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57.  These two mathematical descriptions of linear codes — one using
matrices, one using Tanner graphs — are two different ways of describing the same
thing. Matrices and Tanner graphs are two different ways of describing the same

set of linear codes, in much the same way that “0.5” and “'4” are two different

ways of describing the same number. Every generator matrix corresponds to a

T

Tanner graph, and vice versa.

Ex. 1006 [Davis Decl.] at 1 57

IPR2017-00210

U.S. Patent No. 7,116,710
Apple v. California Institute of Technology

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

61.  Dr. Divsalar additionally confirmed at his deposition that RA codes in
Divsalar could be made nrregular by rearranging the edges for information nodes w;
to ug so that some nodes have different numbers of edges than other nodes. Id. at
95:7-101:22. This demonstrates it would have been simple for a POSA to modify
the RA code in Divsalar to arrive at the claimed IRA code. Moreover, not only
would it have been simple to obtain an IRA code, but such simple modifications
result in improved performance, as the simulation results above demonstrate. And, I
disagree with Dr. Divsalar’s suggestion that Tanner graphs were mnovative at the
tume of the claimed mvention. Ex. 2031, §15. Tanner graphs were a standard
technique for representing codes, meluding turbo-like codes. In fact, I used such

graphs in Frey to represent the irregular code I later suggested applying to Divsalar.

Ex. 1065 [Frey Decl.] at 1 61

Pet at 18-19; Reply at 9-10
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44, A Tanner graph representation of Divsalar’s RA code 1s shown below.
Ex. 1046. This graph graphically illustrates the reasonable expectation of success a

us.paet  POSA would have had when making Divsalar’s code uregular. All that 1s required
Apple v. California Institute ¢

UNITED STATES aTENT axp TRapeark orrr (0 Mmake Divsalar’s code wrregular 1s to rearrange the edges for information nodes w

BEFORE THE PATENT TRIAL AND APPEALBOA-  { 11 50 that some nodes have different numbers of edges than other nodes, just like

APPLE INC., _ _ )
Fetiiomcs the information nodes shown at the bottom of Fig. 1 of Frey.!

.

CALIFORNIA INSTITUTE OF TECHNOLOGY,

Patent Owner. v
I E 1
& Uy X1
“ase [PR2017-00210
Patent 7,116,710 a v2
S | =
\\\ .% X3
DECLARATION OF BRENDAN FREY, PH.D. y S
REGARDING U.S. PATENT NO. 7,116,710 ~ E
CLAIMS 1-8, 11-17, 19-22, AND 24-33 O :T & . .
E
\i . .
o 0 ) 3 M
. ]
P [+
S
] Ug 1 P Vak
| Parmuter ‘ O‘ - e
= HERS
-
%g¢ Tanner graph for Divsalar
’_ﬁ/:; with all information bits
I— — having degree 3
Apple
IPRzZ
Appie 1uoa
[ Ex. 1065 [Frey Decl.] at 144

Pet at 18-19; Ex. 1006 [Davis Decl.] at 1 57; Reply at 9-10

IPR2017-00210 31



Testimony of Dr. Davis and Dr. Frey Is Proper
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DECLARATION OF JAMES A. DAVIS, PH.D.

award, T have been in Europe from January 13, 2018, through to the present. Due
to the work I needed to do while still in the US to prepare for this European posting,
and the need to focus on Fulbright-related activities while outside of the US, I did
not have time to prepare another round of declarations, which I understand would

have been due with Replies in February. Petitioner’s counsel and I worked to see

. —

Ex. 1073 [Davis Decl.] at 1 2

IPR2017-00210

U.S. Patent No. 7,116,710
Apple v. California Institute of Technology
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REGARDING U.S. PATENT NO. 7,116,710
CTATMS 1-8. 11-17. 19-22. AND 2433

16. I have reviewed the Petition and the declaration of Dr. Davis and agree
with their explanation of why the instituted claims are invalid. [ have also reviewed
the institution decision and agree with the Board’s reasoning regarding the instituted
claims. I have also read Caltech’s POPR, its POR, the declaration of Dr. Jin, and the
declaration of Caltech’s experts, Drs. Mitzenmacher and Divsalar, and disagree with

their challenges to the invalidity of the instituted claims.

Ex. 1065 [Frey Decl.] at 1 16

Reply at 2
32



Dated: April 16, 2018

IPR2017-00210

Respectfully Submitted,

/Michael Smith/

Richard A. Goldenberg (No. 38,895)
Dominic A. Massa (No. 44,905)
Michael H. Smith (No. 71,190)
Mark D. Selwyn (pro hac vice)
James M. Dowd (pro hac vice)
Kelvin Chan (No. 71,433)

Attorneys for Petitioner



IPR2017-00210

CERTIFICATE OF SERVICE

I hereby certify that on April 16, 2018, a true and correct copy of the
following:

e Petitioner’s Demonstratives for Oral Argument

was served via electronic mail upon the following attorneys of record:

Michael Rosato (mrosato(@wsgr.com)

Matthew Argenti (margenti(@wsgr.com)

Richard Torczon (rtorczon@wsgr.com)

Kevin P.B. Johnson (kevinjohnson@quinnemanuel.com)
Todd M. Briggs (toddbriggs@quinnemanuel.com)

/Kelvin Chan/

Kelvin W. Chan (Reg. No. 71,433)



	210 Cover Page 1
	210 Slide
	210 sig

