Notice of Referernces Cited

Application/Control No.

Applicant(s)/Patent Under

15/808,201 Reexamination
Gorchetchnikov et al.

Examiner Art Unit

WILLIAM H WOOD 3992 Page 1 of 2

U.S. PATENT DOCUMENTS

* Coumgoggg;i:ﬁgbgjzi; Code MI\/ID- ?}iYY Name CPC Classification US Classification
* | A | US-5142665-A 08-1992 Bigus; Joseph P. GO6N3/04 706/16
* | B | US-20010010034-A1 07-2001 Burton, John Mark GO06F17/5022 703/17
* | ¢ | US-20060129506-A1 06-2006 Edelman; Gerald M. G05D1/0088 706/12
* D | US-7119810-B2 10-2006 Sumanaweera; Thilaka S. G06T15/005 345/506
* [ E | US-7219085-B2 05-2007 Buck; lan Andrew GOBN3/08 706/12
* [ F | US-7525547-B1 04-2009 Diard; Franck R. G06T1/20 345/502
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* 00untlrj;/ogg£i?:rr’:lbirlgii; Code MI\/ID- ?}?(YY Country Name CPC Classification
N
0]
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U Cornwall et al., "Automatically Translating a General Purpose C++ Image Processing Library for GPUs", IEEE, 2006-06, 8 pages. (
Year: 2006)
V | Montrym et al., "The GeForce 6800", IEEE, 2005, 11 pages. (Year: 2005)
Perumalla, Kalyan S., "Discrete-event Execution Alternatives on General Purpose Graphical Processing Units (GPGPUs)", IEEE, "
W | Proceedings of the 20th Workshop on Principles of Advanced and Distributed Simulation (PADS'06)", 2006-03, 8 pages. (Year:
2006)
X Setoain et al., "Parallel Hyperspectral Image Processing on Commodity Graphics Hardware", IEEE, "Proceedings of the 2006
International Conference on Parallel Processing Workshops (ICPPW'06)", 2006-03, 8 pages. (Year: 2006)

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20180911

NVIDIA Ex1002 Page 551 of 1081




Application/Control No. Applicant(s)/Patent Under
15/808,201 Reexamination
Notice of References Cited Exarminer fﬁrﬁ:imhmkov oral
WILLIAM H WOOD 3992 Page 2 of 2
U.S. PATENT DOCUMENTS
* Coumgoggg;i:ﬁgbgjzi; Code MI\/ID- ?}iYY Name CPC Classification US Classification
A
B
C
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* 00untlrj;/ogg£i?:rr’:lbirlgii; Code MI\/ID- ?}?(YY Country Name CPC Classification
N
0]
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U Luo et al., "Artificial Neural Network Computation on Graphic Process Unit", IEEE, "Proceedings of International Joint Conference
on Neural Networks, Montreal, Canada, July 31 - August 4, 2005", 2005-02, pp.622-626 (Year: 2005)
vV
W
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20180911

NVIDIA Ex1002 Page 552 of 1081



Application/Control No. Applicant(s)/Patent Under Reexamination
Index of Claims 15/808,201

v | Rejected - | Cancelled N | Non-Elected A Appeal

Gorchetchnikov et al.

““ Examiner Art Unit

WILLIAM H WOOD 3992

Allowed + | Restricted | | Interference O | Objected

CLAIMS

(] Claims renumbered in the same order as presented by applicant O cpPA O T.D. O R1.47

CLAIM DATE
Final Original | 10/10/2018

S RN NE NS R R N

SN ENENIN (NEN NN INENINEN N AN EN N ENEN INEN ENEN BN INEN ENEN BN (BN ENEN ENENEN N N ENENEN NN

U.S. Patent and Trademark Office Part of Paper No.: 20180911

Page 1 of 3
NVIDIA Ex1002 Page 553 of 1081



Index of Claims

Application/Control No.

15/808,201

Applicant(s)/Patent Under Reexamination

Gorchetchnikov et al.

Examiner

WILLIAM H WOOD

Art Unit

3992

CLAIM

DATE

Final

Original

10/10/2018

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

S INENINENEN NN INENENENEN INEN CNENEN ENEN ENEN BN LN BN EN N ENENEN N AN EN N EN ENEN ENEN N NN ENEN ESNENEN NN NN

U.S. Patent and Trademark Office

Page 2 of 3

Part of Paper No.: 20180911

NVIDIA Ex1002 Page 554 of 1081



Index of Claims

Application/Control No.

15/808,201

Applicant(s)/Patent Under Reexamination

Gorchetchnikov et al.

Examiner

WILLIAM H WOOD

Art Unit

3992

CLAIM

DATE

Final Original

10/10/2018

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

SNENENININEN NN (NN EN NN (N EN EN NN INEN EN ENEN EN AN ENENEN N N ENENEN INENEN BN ENENEN (NN

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20180911

NVIDIA Ex1002 Page 555 of 1081



Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 15/808,201 Gorchetchnikov et al.
H““H““ “H“‘ “ “H“‘ o o

WILLIAM H WOOD 3992
CPC - Searched*
Symbol Date Examiner
GO6F 9/5027 10/10/2018 IWHW/
GO06T 1/20 10/10/2018 IWHW/
GO06T 1/60 10/10/2018 /WHW/
GO6N 99/005 10/10/2018 IWHW/
GO6N 3/063 10/10/2018 IWHW/
GO6F 2209/509 10/10/2018 IWHW/
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

Search Notes

Search Notes Date Examiner
Prosecution History Review 10/10/2018 IWHW/
IDS Review 10/10/2018 IWHW/
Litigation Search 10/10/2018 IWHW/
EAST BRS Keyword Search 10/10/2018 IWHW/
NPL IEEE Search 10/10/2018 IWHW/

/William H. Wood/
Primary Examiner, Art Unit 3992

U.S. Patent and Trademark Office Part of Paper No.: 20180911

NVIDIA Ex1002 Page 556 of 1081

Page 1 of 2



Application/Control No.

Search Nofes 15/808.201

Applicant(s)/Patent Under Reexamination

Gorchetchnikov et al.

H““H““ “H“‘ “ “H“‘ o s
WILLIAM H WOOD 3992
Interference Search
US Class/CPC | ;g 5 nclass/cPC Group Date Examiner
Symbol

/William H. Wood/
Primary Examiner, Art Unit 3992

U.S. Patent and Trademark Office
Page 2 of 2

Part of Paper No.: 20180911

NVIDIA Ex1002 Page 557 of 1081



EAST Search History

EAST Search History

EAST Search History (Prior Art)

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IRDIAES FOAR Page 558 of 1081

Ref {Hits {Search Query DBs Default {iPlurals {iTime
# Operator Stamp
L1 1 ("9189828").PN. US-PGPUB; {OR OFF 2018/10/09
USPAT; 15:56
USOCR

L2 1 L1 and pointer US-PGPUB; {OR ON 2018/10/09
USPAT; 15:56
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S 1 ("9189828").PN. US-PGPUB; {OR OFF 2018/06/15
USPAT; 17:23
USOCR
S2 12 ("20020064314" | "20020168100" | US-PGPUB; {OR ON 2018/06/22
"20030026588" | "20090080695" | USPAT 16:39
"20090116688" | "20110279682" |
"20130126703" | "20130131985" |
"20150224648" | "5063603" | "6018696"
| "8583286").PN.
S3 {47 ("20020046271" | "20020050518" | US-PGPUB; {OR ON 2018/06/22
"20030078754" | "20040015334" | USPAT 16:48
"20050166042" | "20060184273" |
"20070052713" | "20070198222" |
"20070279429" | "20080033897" |
"20080066065" | "20080258880" |
"20090089030" | "20100048242" |
"20110004341" | "20110173015" |
"20120072215" | "20120089552" |
"20120197596" | "20120316786" |
"20140019392" | "20140032461" |
"20140052679" | "20140089232" |
"20150127149" | "20150134232" |
"20160075017" | "20160082597" |
"20160096270" | "20160198000" |
"20170024877" | "20170076194" |
"20170193298" | "5136687" | "5172253"
| "56388206" | "6336051" | "6647508" |
"7765029" | "7861060" | "7873650" |
"8392346" | "8510244" | "8648867" |
"9031692" | "9177246" |
"9626566").PN.
4 1 ("8648867").PN. US-PGPUB; {OR OFF 2018/09/07
USPAT; 11:39
USOCR

S5 1 ("9189828").PN. US-PGPUB; {OR OFF 2018/09/07
USPAT; 11:44
USOCR

S6 1 S5 and neuron US-PGPUB; {OR ON 2018/09/07
USPAT; 11:44
USOCR,;




EAST Search History

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S7 4 "20140192073" US-PGPUB; iOR ON 2018/09/11
USPAT; 15:53
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S9 1 ("20080117220").PN. US-PGPUB; {{OR OFF 2018/09/11
USPAT; 16:01
USOCR

S10 i1 ("9189828").PN. US-PGPUB; {OR OFF 2018/09/11
USPAT; 16:35
USOCR

S11 i1 S10 and cycle US-PGPUB; {OR ON 2018/09/11
USPAT; 16:35
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S12 i1 S10 and pointer US-PGPUB; {OR ON 2018/09/11
USPAT; 16:37
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S13 {1 S10 and intermediate US-PGPUB; iOR ON 2018/09/11
USPAT; 16:38
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S14 #4591 {GO6F9/5027 US-PGPUB; iOR ON 2018/09/12
USPAT; 14:13
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S15 {26814 {§G06T1/20 US-PGPUB; {OR ON 2018/09/12
USPAT; 14:13
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S16 19812 §G06T1/60 US-PGPUB; {OR ON 2018/09/12
USPAT; 14:13
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S17 15204 {{GO6N99/005 US-PGPUB; jOR ON 2018/09/12

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IBDIAZES FOAR Page 559 of 1081



EAST Search History

USPAT; 14:14
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S18 {5688 {GO6N3/063 US-PGPUB; {OR ON 2018/09/12
USPAT; 14:14
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S19 #1273 §{GO6F2209/509 US-PGPUB; {OR ON 2018/09/12
USPAT; 14:14
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S20 #0 anatoli.in. adj gorchetchnikov.in. US-PGPUB; {OR ON 2018/09/12
USPAT; 14:15
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S21 {0 (anatoli adj gorchetchnikov).in. US-PGPUB; {OR ON 2018/09/12
USPAT; 14:15
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S22 {0 (anatoli adj gorchetchnikov) US-PGPUB; {OR ON 2018/09/12
USPAT; 14:16
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S$23 {0 anatoli-gorchetchnikov.in. US-PGPUB; {OR ON 2018/09/12
USPAT; 14:17
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S24 0 heather-marie-ames.in. US-PGPUB; {{OR ON 2018/09/12
USPAT; 14:18
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S25 {0 heather-ames.in. US-PGPUB; iOR ON 2018/09/12
USPAT; 14:18
USOCR,;
FPRS;
EPO; JPO;
DERWENT;

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IRDIAZES FOAR Page 560 of 1081



EAST Search History

N
H
H
H
H
‘l

{iBM_TDB

S26

massimiliano-versace.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:18

S27

fabrizio-santini.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:19

S28

anatoli.in. and gorchetchnikov.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:19

S29

15

heather.in. and ames.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:20

S30

28

massimiliano.in. and versace.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:21

S31

23

fabrizio.in. and santini.in.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:22

S32

(814 or S15 or S16 or S17 or S18 or $19)
and (neural with simulation with
(graphic$4 adj processing adj unit))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:35

S33

53

(S14 or S15 or S16 or S17 or S18 or $19)
and (simulation with (graphic$4 adj
processing adj unit))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/12
14:37

S34

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IBDIAZES FOAR Page 561 of 1081

1432

(814 or S15 or S16 or S17 or S18 or $19)
and (artificial adj neural adj network)

US-PGPUB;
USPAT;
USOCR;
FPRS;

OR

ON

2018/09/12
15:12




EAST Search History

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IBDIAES FOAR Page 562 of 1081

EPO; JPO;
DERWENT;
IBM_TDB
S35 §j232 (S14 or S15 or 16 or S17 or S18 or S$19){jUS-PGPUB; §OR ON 2018/09/12
and (artificial adj neural adj network) USPAT; 15:13
and (GPU or (graphic$4 adj processing USOCR,;
adj unit)) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S36 {16 (S14 or S15 or 16 or S17 or S18 or S$19)jUS-PGPUB; {OR ON 2018/09/12
and (artificial adj neural adj network) USPAT; 15:14
and (GPU or (graphic$4 adj processing USOCR,;
adj unit)) and (accumulator) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
837 §21 (S14 or S15 or 16 or S17 or S18 or S$19){US-PGPUB; {OR ON 2018/09/12
and (artificial adj neural adj network) USPAT; 15:15
and (GPU or (graphic$4 adj processing USOCR;
adj unit)) and (summation) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S38 0 (S14 or S15 or 16 or S17 or S18 or S19){US-PGPUB; {OR ON 2018/09/12
and ((GPU or (graphic$4 adj processing {JUSPAT; 15:25
adj unit)) near3 (output$4 or result$4) USOCR;
near3 (neural or neuron)) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S39 {4 (S14 or S15 or S16 or S17 or S18 or S$19){jUS-PGPUB; {OR ON 2018/09/12
and ((GPU or (graphic$4 adj processing {jUSPAT; 15:26
adj unit)) with (output$4 or result$4) USOCR;
with (neural or neuron)) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S40 35 (S14 or S15 or 16 or S17 or S18 or $19)jUS-PGPUB; OR ON 2018/09/12
and ((GPU or (graphic$4 adj processing {JUSPAT; 15:31
adj unit)) and ((multip$4 or plural$4 or HUSOCR;
several or many) near3 memory) and FPRS;
((parallel or concurrent$4 or EPO; JPO;
simultaneous$4) near3 transfer$4)) DERWENT;
IBM_TDB
S$41 i1 (S14 or S15 or 16 or S17 or S18 or S$19){US-PGPUB;{OR ON 2018/09/12
and ((GPU or (graphic$4 adj processing {JUSPAT; 15:32
adj unit)) and (((multip$4 or plural$4 or FUSOCR;
several or many) near3 memory) with FPRS;
((parallel or concurrent$4 or EPO; JPO;
simultaneous$4) near3 transfer$4))) DERWENT;
IBM_TDB
S42 i1 (S14 or S15 or S16 or S17 or S18 or S19){jUS-PGPUB; {OR ON 2018/09/12
and ((GPU or (graphic$4 adj processing {JUSPAT; 15:32
adj unit)) and (((multip$4 or plural$4 or HUSOCR;
several or many) near3 memory) same FPRS;
((parallel or concurrent$4 or EPO; JPO;
simultaneous$4) near3 transfer$4))) DERWENT;
IBM_TDB
$43 {26 (S14 or S15 or 16 or S17 or S18 or S19){jUS-PGPUB; §OR ON 2018/09/12
and (((multip$4 or plural$4 or several or JUSPAT; 15:38




EAST Search History

many) near3 memory) with ((parallel or {USOCR,;
concurrent$4 or simultaneous$4) near3 {FPRS;
transfer$4)) EPO; JPO;
DERWENT;
IBM_TDB
S44 (S14 or S15 or 16 or S17 or S18 or S$19){US-PGPUB; {OR ON 2018/09/12
and (((multip$4 or plural$4 or several or {JUSPAT; 15:39
many) near3 (memory adj partition)) USOCR,;
with ((parallel or concurrent$4 or FPRS;
simultaneous$4) near3 transfer$4)) EPO; JPO;
DERWENT;
IBM_TDB
S$45 (S14 or S15 or 16 or S17 or S18 or S19){US-PGPUB; {OR ON 2018/09/12
and (((multip$4 or plural$4 or several or JUSPAT; 15:39
many) near3 (memory adj partition)) USOCR,;
same ((parallel or concurrent$4 or FPRS;
simultaneous$4) near3 transfer$4)) EPO; JPO;
DERWENT;
IBM_TDB
S46 (outsourc$4 or (handoff$4 or hand-off$4 {US-PGPUB; {OR ON 2018/09/12
or (hand adj off$4))) near3 simulation USPAT; 15:51
near3 ((graphic$4 adj processing ad;j USOCR,;
unit) or GPU) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S47 (outsourc$4 or (handoff$4 or hand-off$4 {jUS-PGPUB; iOR ON 2018/09/12
or (hand adj off$4))) with simulation USPAT; 15:52
with ((graphic$4 adj processing adj unit) {USOCR;
or GPU) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$48 (outsourc$4 or (handoff$4 or hand-off$4 {{US-PGPUB; {OR ON 2018/09/12
or (hand adj off$4))) with (neural or USPAT; 15:53
neuron) with ((graphic$4 adj processing {USOCR,;
adj unit) or GPU) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$49 (outsourc$4 or (handoff$4 or hand-off$4 {US-PGPUB; {{OR ON 2018/09/12
or (hand adj off$4))) same simulation USPAT; 16:46
same ((graphic$4 adj processing adj USOCR,;
unit) or GPU) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S50 (outsourc$4 or (handoff$4 or hand-off$4 {{US-PGPUB; i{OR ON 2018/09/12
or (hand adj off$4))) same (neural or USPAT; 16:46
neuron) same ((graphic$4 adj processing {USOCR,;
adj unit) or GPU) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S51 (((multip$4 or plural$4 or several or US-PGPUB; {{OR ON 2018/09/12
many) near3 (memory adj partition)) USPAT; 16:47
with ((parallel or concurrent$4 or USOCR;
simultaneous$4) near3 transfer$4)) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IRDIAZES FOAR Page 563 of 1081

W




EAST Search History

file:///C/Users/wwood/Documents/e-Red%20Folder/15808201/EASTSearchHistory.15808201_Accessible Version htm[ 10/ IRDIAES FOAR Page 564 of 1081

S52 0 (((multip$4 or plural$4 or several or US-PGPUB; iOR ON 2018/09/12
many) near3 (memory adj partition)) USPAT; 16:48
same ((parallel or concurrent$4 or USOCR,;
simultaneous$4) near3 transfer$4)) FPRS;

EPO; JPO;
DERWENT;
IBM_TDB
S53 584 (multip$4 or plural$4 or several or many){{US-PGPUB; {OR ON 2018/09/12
near3 (memory adj partition) USPAT; 16:48
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S54 {12747 {i(multip$4 or plural$4 or several or many)jUS-PGPUB; iOR ON 2018/09/12
near3 (memory adj (bank or partition or {USPAT; 16:49
section)) USOCR,;

FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S55 {30053 jj(multip$4 or plural$4 or several or many)jUS-PGPUB; jOR ON 2018/09/12
near3 (memory adj (bank or partition or JUSPAT; 16:50
section or module)) USOCR,;

FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S56 {165 (multip$4 or plural$4 or several or many){US-PGPUB; {{OR ON 2018/09/12
near3 (memory adj (bank or partition or JUSPAT; 16:51
section or module)) with ((graphic$4 adj jUSOCR,;
processing adj unit) or GPU) FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S57 12 ("20020064314" | "20020168100" | US-PGPUB; {iCR ON 2018/09/20
"20030026588" | "20090080695" | USPAT 12:54
"20090116688" | "20110279682" |
"20130126703" | "20130131985" |
"20150224648" | "5063603" | "6018696"
| "8583286").PN.

S58 47 ("20020046271" | "20020050518" | US-PGPUB; {{CR ON 2018/09/20
"20030078754" | "20040015334" | USPAT 12:54
"20050166042" | "20060184273" |
"20070052713" | "20070198222" |
"20070279429" | "20080033897" |
"20080066065" | "20080258880" |
"20090089030" | "20100048242" |
"20110004341" | "20110173015" |
"20120072215" | "20120089552" |
"20120197596" | "20120316786" |
"20140019392" | "20140032461" |
"20140052679" | "20140089232" |
"20150127149" | "20150134232" |
"20160075017" | "20160082597" |
"20160096270" | "20160198000" |
"20170024877" | "20170076194" |
"20170193298" | "5136687" | "5172253"
| "5388206" | "6336051" | "6647508" |
"7765029" | "7861060" | "7873650" |
"8392346" | "8510244" | "8648867" |
"9031692" | "9177246" |
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1"9626566").PN.

S59

(S57 or S58) and swap$4

US-PGPUB;

USPAT

OR

ON

2018/09/20
12:54

S60

1479

(general adj purpose adj computing)
near2 (graphics adj processing adj unit)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:47

S61

1055

S60 and simulation

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:48

S62

48

S61 and (neuron or neural)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:49

S63

S61 and ((parallel or simultaneous$4 or
concurrent$4) near3 (transfer$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:56

S64

53

S61 and ((parallel or simultaneous$4 or
concurrent$4) near3 (memory))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:57

S65

14

S61 and ((parallel or simultaneous$4 or
concurrent$4) near3 (input))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
13:59

S66

14

S61 and ((parallel or simultaneous$4 or
concurrent$4) near3 (input$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:00

S67

19

S61 and ((parallel or simultaneous$4 or
concurrent$4) near3 (output$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:00

S68
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1364

S60 and (parallel or simultaneous$4 or

US-PGPUB;

OR

ON

2018/09/20
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concurrent$4)

USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

14:01

S71

S68 and "2006".ay.

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:05

S72

1015

S68 and accelerator

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:11

S73

88

S68 and (accelerator with memory)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:11

S74

13

S68 and (dependent$4 with thread$4)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
14:16

S75

207

(accelerator adj memory) and (graphics
adj processing adj unit)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
16:07

S76

41750

(graphics adj processing adj unit) with
memory

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
16:29

S77

422

(graphics adj processing adj unit) with
memory with transfer$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/20
16:30

S78
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37

(graphics adj processing adj unit) with
memory with transfer$4 with (parallel or
simultaneous$4 or concurrent$4)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;

OR

ON

2018/09/20
16:30
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d1BM_TDB

S79

82

(graphics adj processing adj unit) with
swap$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:26

S80

397

(GPU) with swap$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:42

S81

(GPU) with swap$4 with pointer

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:42

S82

(GPGPU) with swap$4 with pointer

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:47

S83

22

(GPGPU) and (swap$4 with pointer)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:47

S84

3490

(GPGPU) and (during)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:49

S85

1070

(GPGPU) and (during adj (perform$4 or
operat$4 or process$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:50

S86

135

(GPGPU) and ((during adj (perform$4 or
operat$4 or process$4)) with memory)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/21
09:51

S87

("9189828").URPN.

USPAT

OR

ON

2018/09/21
09:52

S88
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("20020046271" | "20030078754" |

US-PGPUB;

OR

ON

2018/09/21
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"20040015334" | "20050166042" | USPAT; 09:52
"20070052713" | "20070198222" | USOCR
"20070279429" | "20080033897" |
"20080117220" | "20080258880" |
"20090089030" | "20100048242" |
"20110173015" | "20120316786" |
"20140192073" | "20160082597" |
"20160198000" | "5388206" | "6336051"
| "6647508" | "7861060" | "7873650" |
"8648867" | "9189828").PN.
S89 i3 ("2008/0117220").URPN. USPAT OR ON 2018/09/21
09:56
S90 314 (video near3 memory) same (GPU or US-PGPUB; iOR ON 2018/09/21
(graphics adj processing adj unit)) same JUSPAT; 10:20
(transfer$4 near3 data) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S91 {65 (video near3 memory) same (GPU or US-PGPUB; {OR ON 2018/09/21
(graphics adj processing adj unit)) same JUSPAT; 10:21
(transfer$4 near3 data) same (main adj {USOCR,;
memory) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S92 2404 §{(GPU or (graphics adj processing ad;j US-PGPUB; {OR ON 2018/09/21
unit)) with transfer$4 with (memory or USPAT; 11:03
buffer or cache) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S93 1264 (GPU or (graphics adj processing adj US-PGPUB; {OR ON 2018/09/21
unit)) with transfer$4 with (memory or USPAT; 11:04
buffer or cache) with (parallel or USOCR,;
simultaneous$4 or concurrent$4) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S94 {3723 {{GPU and ((parallel or simultaneous$4 or {JUS-PGPUB;{OR ON 2018/09/25
concurrent$4 or overlap$4) near3 USPAT; 16:25
(read$4 or writ$4)) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S95 1287 GPU with ((parallel or simultaneous$4 or jUS-PGPUB; {OR ON 2018/09/25
concurrent$4 or overlap$4) near3 USPAT; 16:25
(read$4 or writ$4)) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S96 it ("7219085").PN. US-PGPUB; {{OR OFF 2018/09/26
USPAT; 13:18
USOCR
S97 2 (("7477256") or ("8212831")).PN. US-PGPUB; {iCR OFF 2018/09/26
USPAT; 14:06
USOCR
| i i |
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S98

("7219085").PN.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2018/09/28
08:33

S99

S98 and simul$6

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/28
08:33

S100

S98 and pointer

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/28
08:51

S101

S98 and swap$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/28
08:51

S102

34

(GPU or (graphical adj processing adj
unit)) same (numerical adj simulation)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/01
12:19

S103

(numerical adj simulation) and (swap$4
with intermediate)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/02
14:00

S104

((GPU or (graphical adj processing adj
unit)) same (simulation)) and (swap$4
with intermediate)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/02
14:01

S105

153

(simulation) and (swap$4 with
intermediate)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/02
14:03

S106

348

(simulation) and (swap$4 with pointer)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/02
14:03

S107
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41

(US-20170102950-% or US-
20070124363-$ or US-20030152288-$ or

US-PGPUB;
USPAT;

OR

ON

2018/10/03
15:07
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US-20080238917-$ or US-20080001957- {{FPRS;
$ or US-20040207618-$ or US- DERWENT
20020190994-% or US-20070052713-$ or
US-20060106591-$ or US-20110035737-
$ or US-20090222572-$ or US-
20090027402-$ or US-20090027383-$ or
US-20080181081-$ or US-20060233525-
$ or US-20060114254-$ or US-
20010052123-$ or US-20070165035-$ or
US-20010010034-$).did. or (US-
7119810-$ or US-7746350-$ or US-
9349201-$ or US-8194085-$ or US-
7737984-% or US-7068278-$ or US-
7522167-$% or US-6999603-$ or US-
7526634-$ or US-7525547-$ or US-
6367122-$ or US-6146277-$ or US-
7219085-% or US-7477256-% or US-
6952827-$ or US-5977977-$ or US-
5099447-%).did. or (W0O-9316438-$ or
WO-0227658-%).did. or (US-
20050125369-$ or US-20050128206-
$).did.

S108 {10 S107 and (stor$4 near3 disk) and US-PGPUB; {iOR ON 2018/10/03
(parallel$4 or simultaneous$4 or USPAT; 15:08
concurrent$4) FPRS;

DERWENT

S109 {0 (sav$4 adj "to" adj disk) US-PGPUB; {{iOR ON 2018/10/04
USPAT; 15:07
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S110 {17260 §{(sav$4 near2 disk) US-PGPUB; {{OR ON 2018/10/04
USPAT; 15:07
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S111 {126 S110 with simulation US-PGPUB; {{OR ON 2018/10/04
USPAT; 15:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S112 42 S111 and GPU US-PGPUB; {{OR ON 2018/10/04
USPAT; 15:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S113 i1 ("7219085").PN. US-PGPUB; {{OR OFF 2018/10/05
USPAT; 12:10
USOCR

S114 {1 S$113 and logical US-PGPUB; {{OR ON 2018/10/05
USPAT; 12:10
USOCR;
FPRS;
EPO; JPO;
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DERWENT;
IBM_TDB
S115 {43 (US-20170102950-% or US- US-PGPUB; {OR ON 2018/10/05
20070124363-$ or US-20030152288-$ or {USPAT; 12:11
US-20080238917-$ or US-20080001957- {FPRS;
$ or US-20040207618-% or US- DERWENT
20020190994-$ or US-20070052713-$ or
US-20060106591-$ or US-20110035737-
$ or US-20090222572-% or US-
20090027402-$ or US-20090027383-$ or
US-20080181081-$ or US-20060233525-
$ or US-20060114254-% or US-
20010052123-$ or US-20070165035-$ or
US-20010010034-$ or US-20060129506-
$).did. or (US-7119810-$ or US
7746350-$ or US-9349201-$ or US-
8194085-% or US-7737984-% or US-
7068278-$ or US-7522167-$ or US-
6999603-$ or US-7526634-$ or US-
7525547-$ or US-6367122-$ or US-
6146277-$ or US-7219085-$ or US-
7477256-$ or US-6952827-$ or US-
5977977-$% or US-5099447-$ or US-
5987443-%).did. or (W0O-9316438-$ or
WO-0227658-$).did. or (US-
20050125369-% or US-20050128206-
$).did.
S116 {14 S$115 and logical US-PGPUB; {{OR ON 2018/10/05
USPAT; 12:11
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S117 {18 S$115 and shared US-PGPUB; {{OR ON 2018/10/05
USPAT; 12:14
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S118 1 ("20010010034").PN. US-PGPUB; {{OR OFF 2018/10/09
USPAT; 14:39
USOCR
S119 30 5118 and display$4 US-PGPUB; {{OR ON 2018/10/09
USPAT; 14:39
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$120 {j20725 Hdisplay$4 near3 simulation US-PGPUB; {{OR ON 2018/10/09
USPAT; 14:40
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S121 {934 video near3 display$4 near3 simulation {US-PGPUB; {OR ON 2018/10/09
USPAT; 14:40
USOCR;
FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB

S122

S$121 and UML

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/09
14:41

S123

38

S121 and GPU

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/09
14:41

S124

2546

neur$4 near3 simulation

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/09
14:43

S125

1269

S124 and display$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/09
14:43

S126

153

S124 and (display$4 near3 result)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/10/09
14:44

10/9/2018 4:13:41 PM
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country where published.

SHEET1OF 1
Complete if Known
Application Number 15/808,201
INFORMATION DISCLOSURE STATEMENT |- Due 11092017 .
LIST BY APPLICANT First Named Inventor Anatoli Gorchetchnikov
(Use as many sheets as necessary) Art Unit 3992
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U.S. PATENT DOCUMENTS
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pages.

14, WU, YAN & J. CAl, H. (2010). A Simulation Study of Deep Belief Network Combined with the
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Application Number 15/808,201
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INFORMATION DISCLOSURE STATEMENT ‘ - ;
LIST BY APPLICANT First Named Inventor Anatoli Gorchetchnikov
(Use as many sheets as necessary) Art Unit 3992
Examiner Name WOOD, WILLIAM H.
Attorney Docket Number NRLA-001/03US 320730-2040

NON PATENT LITERATURE DOCUMENTS

Examiner’s . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title ofthe item (book,
oe Cite Lo, N . A . .\ 2
Initials No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or T
i country where published.

L. AL-KAYSI, A. M. et al., A Multichannel Deep Belief Network for the Classification of EEG Data,
from Ontology-based Information Extraction for Residential Land Use Suitability: A Case Study
of the City of Regina, Canada, DOI 10.1007/978-3-319-26561-2_5, 8 pages (November 2015).

2. APOLLONI, B. et al., Training a network of mobile neurons, Proceedings of International Joint
Conference on Neural Networks, San Jose, CA, doi: 10.1109/1JCNN.2011.6033427, pp. 1683-
1691 (July 31-August 5, 2011).

3. BODDAPATI, V., Classifying Environmental Sounds with Image Networks, Thesis, Faculty of
Computing Blekinge Institute of Technology, 37 pages (February 2017).

4, KHALIGH-RAZAVI, S. -M. et al., Deep Supervised, but Not Unsupervised, Models May Explain IT
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US9189828B2

11/17/2015

Graphic processor based accelerator system and method

Granted

An accelerator system is implemented on an expansion card comprising a printed circuit board
having (a) one or more graphics processing units (GPUs), (b) two or more associated memory
banks (logically or physically partitioned), (c) a specialized controller, and (d) a local bus
providing signal coupling compatible with the PCI industry standards. The controller handles
most of the primitive operations to set up and control GPU computation. Thus, the computer's
central processing unit (CPU) can be dedicated to other tasks. In this case a few controls
(simulation start and stop signals from the CPU and the simulation completion signal back to
CPU), GPU programs and input/output data are exchanged between CPU and the expansion
card. Moreover, since on every time step of the simulation the results from the previous time step
are used but not changed, the results are preferably transferred back to CPU in parallel with the

computation.

Last viewed:
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Application US14147015 01/03/2014
Priority US14147015 01/03/2014
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ALEXANDRIA, Var United States Patent and Trademark Office nas graniad patent no. $,189,8238 on November 17, 2015, to Neuraia, inc

{Massachusstts) titled as "Graphic processer hased accelsrater system and methad”

taventors: Gorchetchaikov; Anateli (Bostan, MA), Amaes; Heather Marie (Soutn Beston, MAY, Ve

simili@no {South Boston, MA),

Assignoe: Neurala, inc. {Boston, MA) (Massachusatis)

According to the abstract released by the U demark Uifice: "An accelerator systam is implerented on an 2xpansion card

comprising a printed circuit board having {a) none or mor

g units {GPUs), (b)) twe or more associsted memory tanks

{logically or physically partitioned}, (2} a specialized cantraler, al bus providing signal coupling compatinle with the PGl industry

standards. The controller handies most of the primitive operations 0 set up and contral GPU computation. Thus, the compuier's central

procsssing unit {CPL) can he dedivatsd to otner tasks. In this case a few controls {siv

ation start and step signals trom the CPU and the

simutation compietion sl

al bask to CPU, GPU prograras and input/ culput data are exchanged between CPU and the expansion card.

Moreover, singe on svery time step of the simulation the resulis from the previous time step are used but not changed, the resuiis ars

preferably transierred back 16 CPU in paralie! with the computation.”

The patent was filed on January 3. 2414 Application Nao. 14/147

Clasgsification

Subject: PATENTS (30%); COM

Endustry: COMPUTES GRAPRICS {

Geographic: BOSTON, Ma, USA 95%}; VIRGINIA, USA (78%); UNITED 8TA
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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SHEET 1 OF 16
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Examiner Name Not Yet Assigned
Attorney Docket Number NRLA-001/03US 320730-2040
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12. 9,031,692 05-12-2015 Zhu
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22. 2007/0198222 08-23-2007 Schuster et al.
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considered. Include copy of this form with next communication to applicant.
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issued the document, by the two-letter code (WIPO Standard ST.3). ‘For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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/William H. Wood/ 03/18/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.
'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at W, usDio. gy or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). ‘For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Advances in Neuromorphic Memristor Science and Applications, Kozma, R.Pino,R., and
Pazienza, G. (eds), Springer Verlag.
56. Ames, H. Mingolla, E., Sohail, A., Chandler, B., Gorchetchnikov, A., Léveillé, J., Livitz, G. and
/WHW/ Versace, M. (2012) The Animat. IEEE Pulse, February 2012, 3(1), 47-50.
57. Artificial Intelligence As a Service. Invited talk, Defrag, Broomfield, CO, Nov 4-6 (2013).
/WHW/
58. Aryananda, L. (2006). Attending to learn and learning to attend for a social robot. Humanoids
/v / 06, pp. 618-623.
p— 59. Baraldi, A. and Alpaydin, E. (1998). Simplified ART: A new class of ART algorithms. International
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IEEE Transactions on Neural Networks 13(3), 645-661.
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In International Conference on Neural Networks, IEEE.
62. Baraldi, Andrea and Alpaydin, Ethem. Constructive feedforward ART clustering networks—part
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Attorney Docket No. NRLA-001USO03
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of: Anatoli Gorchechnikov
Application No. 15/808,201
Filed: 2017-11-09
Confirmation No. 1077
Art Unit: 3992
Examiner: William H WOOD

Title: GRAPHIC PROCESSOR BASED ACCELERATOR SYSTEM AND METHOD

AMENDMENT/RESPONSE TO OFFICE ACTION

In response to the Office Action dated November 20, 2018, to which the deadline for
responding is March 20, 2019, with a one-month extension of time, Applicant submits the
following Amendments and Remarks, and respectfully requests reconsideration of the
application in view thereof.

Amendments to the Claims are reflected in the listing of the claims which begins on
page 2 of this paper.

Remarks begin on page 23 of this paper.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
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A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
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an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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5. A record related to an Infermnational Application filed under the Patent Cooperation Trealy in
this system of records may be disclosed, as a routine use, (¢ the infemational Bureau of the
World Intellectual Property Organization, pursuant {o the Paterd Cooperation Treaty.

8. A record in this system of records may be disclosed, as a routine use, to anothar federal
agenvy for purposas of National Security review (35 1.5.Q. 181} and for review pursuani (o
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practices and programs, under authorily of 44 U5.C. 2604 and 2008. Such dinclosure shall
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referenced by either a published application, an application open o public Inspection or an
issuad palent.

9. A record frony this system of records may be disclosed, 2s 8 routine use, 1o a Federal, State,
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NVIDIA Ex1002 Page 627 of 1081




Doc Coder REIS.DECL

Documernt Description: Redssue Deglaration Filed in Accordance With MPEP 1414 PTOSIADS (0512,

Approved for use through D53 VRE13, OMB 0651-6033
S Patent and Trademark Offios; .6, DEPARTMENT OF COMMERCE

Under the Pagsavark Reductinn Act «f 1995, no persons awe required ta respond do a coltestion of information unfess it displays & valid OME sonvo sumbset

Docket Number {(Optional}

REISSUE APPLICATION DECLARATION BY THE INVENTOR NRLA-DOTUSOS

i hereby declare that

Each inventor's residence and matling address are stated balow naxi to their name.

| beliove | am the ariginal inventor or an originat joird invendor of the subject matter which is described and clalmed

in patent pumber 5190528 grantes Syebe 17, 201 and for which a
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requested because Applicant erred by claiming less than it had a right to claim in US
5,188,828, Claim 21, for example, corrects this error bacause # does not recife “a central
processing unit” as in claim 1. And claim 79, for example, corrects Applicant’s error by

- claiming the “user inferaction siream” that appears in the embodiment of FIG. 3of US

- 9,188,828 and has not been claimed {o date.
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thelt. Personal information such as sooisl security numbers, bank account numbers, or coredit card
numbers {other than a check or cradit card aithorization form PY0O-2038 subraitted for pay yenant puIposes; is nevar required by
if this type of personal information is included in documents submitied to
the USPTO, petitioners/applicants should consider redacting such persenal information from the documants before submiiting
the record of a patent application Is available to the public afiar
pufication of the apglication {unfess a non-publication requast in compiianca with 37 CFR 1.213a} is made in the applicalion)
Furthemmore, the record from an abandoned application may alsce be available to the public if the
ap p‘;cat,on fs referenced in a published spplication or an lssued patent tses 37 CFR 1.14)
authorizatioh fonms PTO-2038 submified for payment purposes a

{ contribute to identity th

the USPTO fo support & petition or an application,

them fo the USPTQ. Petitioneragplicant is advised that

1 or issuance of 3 patent.

pukdicly available.

are not retainad

Chetks and credit card
d in the application file and tharefore are nat

Legal name of sole or first inventor {(£.g., Given Name {first and middle §f any) and Family Namsa or Surmamie)

Anatoli Gorchelchnikov Wi
- Inventor's Signature i ,.f f / Date {Optional)
Pl / J/AF\L‘K ,-W"
- - _‘ i ’_P__,..-“
"><-'.’._~ A e" -
Residence; CRy L1 State 7 Country
Newton MA us
failing Address
15 Jefferson Bt
City Staie - Zip ' Couniry '
Newton MA 02458 Uus

I Addiionat jvint invemnos are named of the

.. supsemenial sheel(s) PTH,

s 5 ‘B attached hereta.

{Page 2 of 2}
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Privacy Act Statement

The Privacy Sct of 1974 {P.L. 83-§79) requires that you be given certaln information i conngciion
with vour submission of the attached form related to a patent application or patent. Accordingly,
pursuant {o the requiraments of the Adl, please be advisad that: {1} the general authority for the
collection of this information is 35 U.8.C. 2{b}2); () fumishing of the information solicited is voluntany,
and (3} the principal purpose for which the infornyation is used by the U 8. Patent and Trademark
Office is io process andior examine your submission related o a patent application or patent.  you do
not furnish the requested information, the U.S. Palent and Trademark Office may notba able to
process andfor examine your submission, which may result in termination of proceedings of
abandonment of the application or expiration of the patent.

‘The information provided by voui i this form will be subject 1o the following routina uses:

1. The information on this form wilf be treated confidentially to the axdent allowed under the

Freedom of information Act (5 U.8.C. 552} and the Privacy Act {5 U.8.C 552a). Records from
. this system of records may be disciosed o the Department of Justice 1o delerming whethar
disclosure of thess records Is required by the Freedom of Information Act.

2. A racord from this system of records may be disclosed, as a routine use, in the course of
presenting evidencs {0 a cowrt, magisirate, or administrative fribunal, including disclosures o
opposing counssl in the course of setilement negotiations.

3. Avrecord in this sysiem of recards may be disclosed, as a routing use, i a Member of
Congress submitting a request invoiving an individual, to whom the record partains, when tha
individual has reguested assistance from the Member with respect o the subject matter of the
record.

4. Avecord in this system of records may be disclosed, as a routine use, o & contraclor of the
Agency having naed for the information in ordaer fo perform a coniract. Recipients of
information shall be required o comply with the reguirements of the Privacy Act of 1874, as
amended, pursygant to 5 U.8.C. 552a{m}.

5. Avecord relatad fo an Intemational Application filed under the Patent Cooperstion Treaty in
this system of records may be disclosad, 25 a routine tse, to the intemational Bureau of the
World Inteliectual Propady Organization, pursuant to the Patent Cooperation Treaty.

8. Arscord in this sysiem of records may be disciosed, as a rouline use, 1o another federa!
ageney for purposes of MNational Securlty review {35 ULS.C. 181} and for raview pursuant to
the Alomic Energy Act (42 U.S.C. 218{c})).

7. - Arecord from this system of records may be disciosed, as a routing uss, fo the Administrator,
General Services, or histher designee, during an inspection of records conducted by G8A as
part of that agency's responsibiiity o recommend Improvemeants I records management
practices and programs, under authorily of 44 U.5.C, 2904 ang 2908, Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {ie., GSA or Commerce) directive. Such disclosure shall not
be used o make determinations about individuais.

8. Avrecord from this system of racords may be disclosed, a8 8 routine use, o the public after
aither publication of the apglication pursuant 1o 35 U .8.C. 123(b) or iasuance of g patent
pursuant o 35 1LS.C. 151, Further, a record may be disclosed, subject 1o the fimilalions of 37
CFR 1.14, as a routine use, {o the public if the record was filed in an application which
becarne abandoned or in which the procsedings were terminated and which application is
referencad by either a published application, an application opan to public inspaction or an
issued patent.

8. Arecord from this system of records may be disclosed, as a routine use, 1o a Fedaral, Slate,
or local law enforcement ‘agency, if the UISPTO becomes aware of a violation or polential
viclation of law or reguiation.
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Doc Code: REIS.DECL
13 o R s ieat e Pl syt q - . 5 Pf g g

Document Dascription: Relssue Declaration Flled in Accordanue With MPEP 1414 PTOAAIANS (08-12)
Approved foy use through 08312518, OIS 08510933

LS. Patent and Traasmark Offce; U5, DEPARTMENT OF COMMERTE
Under the Papenvork Reduction Act of 1985, a0 persons abe regisngd & respond o g ooliection of information untess # displavs & vaiid OME coniret number,
Dockat Number {Gptionaf

3

REISSUE APPLICATION DECLARATION BY THE INVENTOR I nmt A.001US03

| heraby declarg that

Each inventor's residence and malling address are stated beiow next to their name.

i betieva | am the original inventior or an ordginal joint inventor of the subject matter which is described and claimed
in patent numbar 5186828 granted Noswss 17,2046 and for which a
reissue patent is sought on the invention titled  _Grsphic Processor Basey Acceierator Sysm anc Mediod

5

 the specification:of which
{1 is attsched hereto.
S . e
was filed on 11/9/2017 as raissue application number 15/808,201

The above-identified application was made or authorized to be made by me.

| harehy acknowladge that any wilthst false staterment made in this declarstion is punishable under 18 U.S.C. 1001 by fine
or imprisonment of nol more than five {5) years. or both.

! balieve the original patent o be wholly or parily inoperative or invalid, for the reasons deseribed
- below, {Check all boxes that apply.}

i

i:} by reason of a defective specification or drawing.

@ by reascn of the patentes claiming more or less than he had the right o claim in the patent.
E’j by reason of other errors.

At lsast ong error upon which relssue is based is described below. i the relssue is a kicadening

reissue, a8 claim that the application sesks o broaden must be identifled:

Reissue is requesied because of antecedent basis syrors in issued claim 1 of US 5,188,828,
Specifically, claim 1 lacks antecedent basis for "the plurality of computations,” which is being
- amended to recite “the sequence of computations” to correct this error. Reissue is also
requested because Applicant erred by claiming less than & had a right to claim in US
2,188,828, Claim 21, for example, corrects this ervor because i does not recite “a central
processing unit” as in claim 1. And claim 78, for example, correcis Applicant’s ervor by
claiming the “user interaction stream” that appears in the smbodiment of FIG. 3 of USRS
9,188,828 and has not been ¢iaimed to date.

iPage 1 of 2}
This coflection of information is requinsd by 37 CFR 1,175, The information is required fo Obiain of retain & banefit by He public which is (v fle jand by the USPTT
0 process) an appication. Confidentiality is governed by 36 (LS.C. 122 and 97 CFR 111 and 1.14. This collection ik estimated to take 30 minues o compiete,
inctuding gathenng, praparing, ang submitting the completed gpplication form 1o the HSPTO. Time wifl vary depsnding upss the individust case. Ay comments on
the gmount Of thne You Yeguirs to complste this form andior stggestions For raduning s burdern, shoult be serd o the Chief Information Oificsr, U.S, Patent and
Tragémark Office, U8, Depariment of Commerce, PO, Box 1450, Alexandrig, WA 223131450, I NOT SERD FEES OR CQMPLETED FORMS TO THIS
ADDRESS. SERD TO: Commissionst for Patents, P.O. Box 1488, Alexandria, W4 22342-1488.

i you need asaistance in completing the form, cali 1-800-FTO-8152 and seiect opon 2.
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STOAIADE ({(8-134

Apgroved $or use through DBI3 U203 OMEB 2880833

U.S. Patent and Tradamark Ofos, 18, DEFARTMENT OF COMMERDE

Linder the Paperaork Reduction Act.of 1645, ha perzons 558 required 1o respond 3 @ coltection of INformatiog uniess ¥ dispdays 2 walid OME cootral numbter,

‘ Dockat Mumber {Optional
{REISSUIE APPLICATION DECLARATION BY THE INVENTOR, page 2) g@g{_ﬁ{}g@ U 3{}3

Mote: To appoint a power of atlorney, use form PTO/AIAGT

Cormespondence Addrass: Diract alf communications abowt {he apglication to:

149890

E{_E The address associated with Customer Number:
- O

) Fiom ar

— Individuz! Name

Address

| City State 1 Zip
Country

Telaphone - Email

WARNING:

Petiioner/applicant {8 cautiored 1o avoid submitting parsonal information in documents filed in 3 patent application that may
cantribute to wlendify theff. Personal information such as social security numbers, bank account numbers, or credit card
numbers {cther than 8 check or cradit card authorzation form PTO-2038 submitted for payment purposes) is never required by |
the UBPTO & support a petition or an application. 1 this type of persanal informaticn is included i doguments submited to
the USPTD, petitionersiapplicants should consider redacting such personal infonmation from the documents balore submitting
| ihem lo the USPTO. Petiiorerapplicant is advised that the record of @ patent application is availatie fo the public afier
publication of the application {unless 3 non-publication request in compliance with 37 CFR 1.213(a} s made in the apglication)
or issuance of a patent.  Furtharmore, the record from an abandonad applicstion may aiso ke available 1o the public if the
application is referenced in a published application or an issued pafent (ses 37 CFR 1.14). Checks and oredit card
. zuthorization forms FTO-2038 submitted for payment purposes are nol retained in the application fle and thersidre are not
‘publicly available.

- Legal name of sole or frst 'Ei}yentc:r {£.g., Given Name ffirst and middls (.ia" any} and Fanly Mame or Buritame}
Massimjiano Yergage

!nveﬂ'tor‘%’s\%nat re{‘(’ ,!' Date {Optionat} .
"/ {4 f P f‘f 3 {
fa Ty e | Z 114938
Residencs: C?i.'}; SANGEA T Sgafe ! {:‘,gun‘{r}r . 7
Milton MA Usg

Mailing Addmss

13 Myers Lane

City Siate Zip Country

{Milton A 02186 | us

sipplemental showet{s) PTOMRIANG attached hereio.

Vof Additional oint nventors are named on the

{Page 2 of 5
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-57%} requires that you be glven certain information in connaction
with your submission of the altached form related 1o a palent application or patent. Accordingly,
pursuant fo the requirements of the Act, please be adviged that: {1} the general authaority {or the
gollection of this information is 35 U.S.C. 2(b)}2}); (2) furnishing of the information solicited is voluntary;
and (3} the principal purposs for which the information is used by the U.S. Patent and Trademark
Office is to process andfor exaning your submission related © a patent application or patert. Hyou do
not furnish the requested information, the U.8. Patent and Trademark Office may notbe able o
procass andfor axamine your submission, which may result in termination of progeedings or
abandonment of the application or expiration of the patent,

The information provided by you in this form will e subject {o the following routine uses:

1. The information on this form will be freated confidentially to the extent aliowed umder the
Freedom of Information Act (5 U.S.C. 582} and the Privacy Act (5 U.8.C 552a). Racords from
this system of records may be disclosed 1o the Department of Justice to determine whether
disclosure of these records is required by the Freedom of information Act.

A record from this system of records may be disclosed, as a routine use, in the course of

presenting evidshes {0 a cowl, magistrale, or adminisirative fribunal, including disclosures 1o

ooposing caunsel in the course of settlement nagotiations.

3. Arecord in this sysiem of records may be disclosed, as a routine use, o0 a Member of
Congress submilting a request involving an individual, 1o whom the record pertaing, when the
individual has requested assistance from the Member with respect to the subject matter of the
record,

4. Arecord in this system of records may be disciosed, as a routine use, fo a sontracior of the
Agency having need for the information In order o parform a contract. Recipients of
information shall be reguired to comply with the reguirements of the Privacy Act of 1874, as
amended, pursuani to 5 U.S.C. 352a{m}.

5. Arecord related o an international Application Bled under the Patent Cooperation Treaty in
this systam of records may he disclosed, as a routine uss, o the intemational Bureau of the
World intellectual Property Organization, pursuant o the Patent Cooperation Treaty.

8. A vrecord in this system of records may be disclosed, &5 a rouline use, to anciher federal
agency for purposes of Nationa! Securily review (35 U.8.C. 181} and for review pursuard io
tha Ajomic Energy Act (42 US.C. 218{ch).

7. Arecord from this sysiem of records may be disclosed, as a routine use, 16 the Administrator,
General Services, or his/her designae, during an inspection of records conducted by GSA as
part of that agency's responsibilily 10 recommend improvements in racords managemant
practices and programs, under authority of 44 U.8.C. 2804 and 2908. Such disclosure shall
be mads in accordance with the G8A regulations governing inspection of records for this
parpose, and any other refevant (f.s., GSA or Commerce} directive. Such disciosure shall not
be used 1o make delermdnations abowt individuals.

8. A record from this system of records may bie disclosed, as a routing use, 1o the public after
gither publication of the application pursuant to 35 U.8.C. 122(b) or issuance of g patent
pursuant o 35 U.8.C. 151. Further, a record may be disclosed, subjent fo the fmitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
pecame abandoned of in which the proceedings were lerminated and which application is
referenced by either a pubiished application, an application open o public inspeation or an
fssued patent.

8. Arecord from this syste of records may be disclosed, a8 & routing use, 1¢ a Federal, State,
or focal law enforcement agancy, if the USPTO becomsas aware of a viclalion of poteniial
viplation of faw or reguiation.

]
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Electronic Patent Application Fee Transmittal

Application Number: 15808201

Filing Date: 09-Nov-2017

Title of Invention: GRAPHIC PROCESSOR BASED ACCELERATOR SYSTEM AND METHOD
First Named Inventor/Applicant Name: Anatoli Gorchetchnikov

Filer: Christopher M. Colice

Attorney Docket Number: NRLA-001US03

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 2202 3 50 150
INDEPENDENT CLAIMS IN EXCESS OF 3 2201 1 230 230

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 1 month with $0 paid 2251 1 100 100
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 35475257
Application Number: 15808201
International Application Number:
Confirmation Number: 1077
Title of Invention: GRAPHIC PROCESSOR BASED ACCELERATOR SYSTEM AND METHOD
First Named Inventor/Applicant Name: Anatoli Gorchetchnikov
Customer Number: 149890
Filer: Christopher M. Colice/Lindsey Lovato
Filer Authorized By: Christopher M. Colice
Attorney Docket Number: NRLA-001US03
Receipt Date: 20-MAR-2019
Filing Date: 09-NOV-2017
Time Stamp: 13:37:14
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $600
RAM confirmation Number 032019INTEFSW13385600
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
914939
1 NRLA-001 USOZ_fAmendment. yes 55
p 21e0b97a4e23f53376b61612154199ba686|
787b1
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 23 52
2 22
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Warnings:
Information:
1054067
Information Disclosure Statement (IDS) | NRLA001US03_SB08_03-19-20
2 Form (SB0S) 19.pdf no 4
orm ( p 5587b617031db8700636ae420b100f141f40)
e6d33
Warnings:
Information:
3806662
3 QOath or Declaration filed NRLA-001US03_DECS.pdf no 9
bf28dc0df24c2534a73d5%bc9b094a4ae50
647¢C
Warnings:
Information:
21467
4 Non Patent Literature BrainInspiredComputing_Bosto no 1
n2010.pdf
f8d229582ce1aca44408769b57c19a693e3]
e2e7
Warnings:
Information:
459911
5 Non Patent Literature Livitz_AdaptiveBrain- no 3

likeSystems.pdf

a7f8963c9c7e1b65e499f57e2e7f39bcddch)
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Warnings:

Information:
116888
6 Non Patent Literature SherbakovCogeyeYouTube.pdf no 1
6544ff61fc60018d29663519012a4599a5f3|
8eb
Warnings:
Information:
957468
7 Non Patent Literature SherbakovCogeyesystemDiagr no 1
am.pdf
e57f2887¢3939a4c3034dc7028fe73f5768d
2482
Warnings:
Information:
1623491
. Snider_IEEE_Computer_2011.
8 Non Patent Literature - o puter_. no 9
p 6251a15257c12738f74a717e3c3988e7de8
5451a
Warnings:
Information:
4455341
. Versace_TedX_Fulbright_2014.
9 Non Patent Literature - _df gnt_ no 30
p aba040ae40d2fSecd2790566960f7672849
8d775
Warnings:
Information:
553762
Salakhutdinov_Conference_on
10 Non Patent Literature _Artifical_Intelligence_and_Sta no 8
tistics 2009_pdf 284b18d7196f608448ca3d9496bf220b1dff|
- fcfS
Warnings:
Information:
35413
11 Fee Worksheet (SB06) fee-info.pdf no 2
13f0df72675fa9580d30f26f68780194b4e7
ddd
Warnings:
Information:
Total Files Size (in bytes): 13999409
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03
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U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

REMARKS

In response to the Office Action dated November 20, 2018, in the above-identified
application, Applicant respectfully requests reconsideration. All of the issues raised in the Office
Action have been carefully considered and are addressed in this response. The application as
now presented is believed to be in allowable condition.

For brevity, Applicant is presenting remarks with respect to the rejections of the
independent claims and certain representative dependent claims. This brevity should not be taken

as a waiver of any issue with respect to any claim or acquiescence to a rejection.

1 Status of the Claims and Summary of Amendments

Upon entry of this response, claims 1-141 will be pending in this application, of which
claims 1, 12, 21, 42, 56, 62, 68, 79, 90, 95, 101, 108, 112, 117, 128, and 137 are independent
claims.

Claim 1 is being amended to read “the at least one graphics processing unit” instead of
“the at least one graphic processing unit.” Support for this change appears elsewhere in claim 1.

Claim 11 is being amended to read “the central processing unit” instead of “the central
processor unit.” Antecedent basis and support for “the central processing unit” appears in
independent claim 1.

Claim 12 is being amended to provide proper antecedent basis for “the input data” and
“the output data” in claims 12—14 and 16-19.

Claim 21 is being amended to recite “computations in the sequence of computations
represent| | respective layers of neurons in an artificial neural network.” Support for these
amendments appears at least in column 5, lines 22-26 and 61-63 and column 9, lines 3—7 of U.S.
Patent No. 9,189,828 (“the *828 patent”).

Claim 55 is being amended to correct an informality (“from from” is being changed to
“from”).

Claim 56 is being amended to include claim 61.

Claim 61 is being canceled.

Claim 62 is being amended to include claim 67.

Claim 67 is being canceled.

25
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U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

Claim 68 is being amended to recite that the inputs are “inputs to the artificial neural
network.” Support for this amendment appears at least in column 8, lines 6—22 of the *828
patent.

Claim 79 is being amended to recite “a first memory partition” and “a second memory
partition” instead of “at least one memory” and to recite “inputs to the artificial neural network.”
Support for these amendments appears at least in FIG. 2, which shows a texture memory bank
250 with four partitions, and in column 8, lines 622 of the 828 patent.

Claim 88, which depends from claim 78, is being amended to conform to claim 78 as
amended.

Claim 90 is being amended to provide proper antecedent basis for “the output data” in
claims 90 and 94.

Claim 95 is being amended to provide proper antecedent basis for “the input data” and
“the output data” in claims 95 and 98—100.

Claim 101 is being amended to recite “a numerical simulation representing an artificial
neural network,” “a first computational cycle representing a first layer of neurons in the artificial
neural network,” “a second computational cycle representing a second layer of neurons in the
artificial neural network,” “first output data representing at least one output of the first layer of
neurons,” and “second output data representing at least one output of the second layer of
neurons.” Support for these amendments appears at least in the following sections of the 828
patent: column 1, lines 38—41; column 5, lines 22-26; column 5, lines 61-63; and column 9,
lines 3-7.

Claim 108 is being amended in a fashion similar to claim 101.

Claim 112 is also being amended in a fashion similar to claim 101.

Claim 115, which depends from claim 112, is being amended to read “the controller”
instead of “the accelerator controller” and to conform to claim 112 as amended. Antecedent basis
for “the controller” appears in claim 112.

Claim 116, which depends from claim 112, is being amended to claim 112 as amended.

Claim 117 is being amended to read “the at least one processing unit” instead of “the at
least one graphic processing unit.” Support for this change appears elsewhere in claim 117.

Claim 127 is being amended to read “the central processing unit” instead of “the central
processor unit.” Antecedent basis and support for “the central processing unit” appears in

independent claim 117.
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Claim 128 is being amended to provide proper antecedent basis for “the input data” and
“the output data” in claims 128—130 and 132-135.

Claims 137-141 are being added. Support for these claims appears at least in column 8,
lines 6 — 12; column 9, lines 8—13; and column 12, lines 54—67 of the 828 patent. These new
claims are patentable over the prior art of record at least because they require “a first processing
unit to receive input data in real time from a sensor” and “a controller ... to store a second
portion of the input data in the memory while the second processing unit generates the first
output data.” And they are not subject to recapture because they are materially narrower than the
issued claims, at least for reciting “a first processing unit to receive input data in real time from a

sensor.”

2  Summary of Interview with Examiner

Applicant’s representatives Christopher Max Colice and Andrew Baluch thank Examiner
Wood and his conferees for granting and conducting an interview on February 8, 2019. During
the interview, the participants discussed Applicant’s technology, the prior art, and the recapture
rejections. Examiner Wood also explained that several references listed in the Information
Disclosure Statement were not considered because no copies could be located in the file.

In particular, the participants discussed Applicant’s technology, claim 1, and the GPU-
based training phase in columns 11 and 12 and FIG. 5 of U.S. Patent No. 7,219,085 B2 to Buck.
Applicant’s representatives explained that, in Applicant’s technology, the sequence of
computations could represent an artificial neural network and each computation could represent
a layer of neurons. When implementing an artificial neural network, the controller of claim 1
would “transfer the at least a portion of the input data into the accelerator memory ... during
performance of the sequence of computations [the artificial neural network] by the at least one
graphics processing unit.” In contrast, the cited section of Buck only discloses transferring data
into GPU memory before the GPU performs any computations.

Examiner Wood then explained that each computation in claim 1 could be interpreted to
represent an entire pass through Buck’s training phase, in which case the sequence of
computations would be many passes through Buck’s training phase. Thus, a sequence of training
or testing phases could involve transferring data to the GPU memory many times. But, as
explained below, closer examination of Buck’s columns 11 and 12 and FIG. 5 reveals that, even

under this interpretation, Buck’s training phase still doesn’t include transferring data into the
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GPU memory while the GPU is performing any computations. Instead, the transfer and
computations occur in an alternating fashion as explained in Sections 9.1-9.3 starting on page 40

below.

3 Prior and Concurrent Proceedings

To Applicant’s knowledge, there are no prior or concurrent judicial proceedings

involving U.S. Patent No. 9,189,828

4 Information Disclosure Statement

Applicant is enclosing an information disclosure statement listing the documents that
were lined through in the Form 1449 attached to the Office Action. Copies of these documents
are also enclosed per 37 CF.R. § 1.98.

5 Rejections Under 35 U.S.C. § 112

Claims 1-20, 90—100, 115, and 117-136 were rejected as indefinite for lack of
antecedent basis. Applicant respectfully submits that the amendments above provide proper

antecedent basis so these rejections should be withdrawn.

6 Objection to Reissue Declaration

In page 3 of the Office Action, the reissue declaration was objected as defective because
it failed to indicate the antecedent basis errors of claim 1 or how claim 21 is broadened.
Applicant is enclosing revised reissue declaration to address this objection.

Applicant thanks Examiner Wood for his very helpful suggestions in revising the reissue

declaration.

7 Rejections under 35 U.S.C. § 251 — Reissue Declaration

Claims 1-136 were rejected because the error statement in the reissue declaration was
allegedly insufficient. Applicant submits that the revised reissue declaration overcomes this

rejection.

8 Rejections under 35 U.S.C. § 251 — Recapture

Applicant respectfully requests withdrawal of the recapture rejections of claims 21-117

for at least the following reasons. As explained below, recapture does not apply to the rejected
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claims for one or more of the following reasons: the rejected claims are materially narrower in
certain respects than the claims issued in U.S. Patent No. 9,189,828 (“the *828 patent”), the
rejected claims do not omit surrendered subject matter, or the rejected claims are directed to

overlooked aspects.

81 Claim 21

Claim 21 has been rejected for recapture with respect to claim 1. Applying the three-step
recapture test shows that recapture doesn’t apply to claim 21 because (1) it includes the
limitation (“the controller’”) added to define claim 1 over the art and (2) it is materially narrower
than claim 1 in certain respects.

First, amended claim 21 is broader than claim 1 because it doesn’t include all the
elements of claim 1. For instance, amended claim 21 doesn’t recite the “central processing unit,”
“main memory,” or “accelerator” of claim 1.

Second, the broader aspects of claim 21 do not relate to subject matter surrendered during
prosecution of claim 1. Per MPEP § 1412.02(I1)(B)(1)(A), subject matter is surrendered when it

is relied on to make the claims allowable over the prior art:

If an original patent claim limitation now being omitted or broadened in the
present reissue application was originally relied upon by applicant in the original
application to make the claims allowable over the art, the omitted limitation
relates to subject matter previously surrendered by applicant.

In this case, Applicant relied upon the “controller” to make claim 1 allowable over the prior art.
Specifically, Applicant amended claim 1 to recite “a controller ... to transfer at least a portion of
the output data from the accelerator memory to [a] main memory during performance of [a]
sequence of computations by [a] graphic processing unit” and argued that this limitation made
claim 1 allowable over the art.' (The “controller” in claim 21 is essentially the same as the
“controller” in claim 1.) There is no recapture because claim 21 includes the entirety of the

limitation (“the controller”) added to define claim 1 over the art.”

! Amendment and Response filed March 10, 2015 in U.S. Application No. 14/147,015, page 6 (“Applicants
respectfully submit that neither Chung nor Evans discloses or suggests “a controller ... to transfer at least a portion
of the output data from the accelerator memory to [a] main memory during performance of [a] sequence of
computations by [a] graphic processing unit” as recited in claim 1 as amended.”).

2 MPEP § 1412.02(II)(A)(2) (“If the reissue claims are narrower in scope than the claims canceled from the original
application by inclusion of the entirety of the limitation added to define the original application claims over the art,
there will be no recapture, even if the reissue claims are broader than the canceled claims in some other aspect (i.e.,
an aspect not related to the surrender made in the original application).”).
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Third, even if the broader aspects of claim 21 could be considered to relate to surrendered
subject matter, amended claim 21 is materially narrower than claim 1 in aspects related to the
limitations that made claim 1 allowable over the prior art. Per MPEP § 1412.02(11), “if the
reissue claims were materially narrowed in aspects related to the surrendered subject matter,
there is no recapture....” More specifically, claim 21 recites “a graphics processing unit (GPU)
to perform a sequence of computations on input data so as to generate output data, the sequence
of computations representing an artificial neural network, computations in the sequence of
computations representing respective layers of neurons in an artificial neural network.” This is a
modified version of the surrender-generating limitation of claim 1. The modification—limiting
the “sequence of computations” to represent “an artificial neural network,” with computations
representing respective layers of neurons—makes claim 21 narrower than claim 1 in a
meaningful way. That’s because an artificial neural network is a particular type of the sequence

of computations claimed broadly in claim 1:

The elements of computation (computational elements) are characterized by a
single output variable. Such computational elements often include one or more
equations. Computational elements are same or similar within a large population
and are computed in parallel. An example of such a population is a layer of
neurons in an artificial neural network (ANN), where all neurons are described
by the same equation.’

Because this materially narrower limitation is related to the limitations that made claim 1

allowable over the prior art, claim 21 avoids recapture.

8.2 Claim 42

Recapture does not apply to amended claim 42 with respect to claim 12 because amended
claim 42 is directed to a “separate species or embodiment” than claim 12.* Claim 42 is directed
to a separate species or embodiment because, as pointed out in page 6 of the Office Action, it
includes hardly any of the language of claim 12. In fact, claims 12 and 42 are so dissimilar that

they cannot be compared word-for-word.

3°828 patent, 5:20-25.

+ See MPEP 1412.01(11) (“Claims to separate inventions/embodiments/species that were disclosed but never covered
by the claims in the original application prosecution are claims to overlooked aspects. In other words, the reissue
claims are drawn to a separate invention or separate species or embodiment that was not covered by a claim (e.g., a
generic claim) at any point during the prosecution of the original application.... Recapture analysis would not need
to be continued for claims drawn to overlooked aspects.”™).
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If anything, amended claim 42 is probably more properly tested for recapture with

respect to claim 1 because claim 42 recites limitations more similar to those in claim 1 than

claim 12. Nevertheless, applying the three-step recapture test with respect to claim 1 shows that

recapture doesn’t apply to claim 42 with respect to claim 1 because (1) the broader aspects of

claim 42 don’t relate to surrendered subject matter and (2) claim 42 is materially narrower than

claim 1 in aspects that relate to the limitations that made claim 1 allowable over the art:

Claim 1

Claim 42

1. A computer system, comprising:

42. A method of performing a sequence of
computations representing an artificial neural
network, the method comprising:

a central processing unit to receive input data;

receiving, at a central processing unit (CPU),
first input data acquired from an external
system;

main memory, operably coupled to the central
processing unit via a bus, to store the input
data received by the central processing unit;

an accelerator, operably coupled to the central
processing unit and the [first] main memory
via the bus, to receive at least a portion of the
input data from the main memory, the
accelerator comprising;:

at least one graphics processing unit to
perform a sequence of computations on the at
least a portion of the input data so as to
generate output data, intermediate
computations in the sequence of computations
yielding intermediate results; and

performing, by a graphics processing unit
(GPU), a first computation in the sequence of
computations on the first input data to
generate first output data, computations in the
sequence of computations representing
respective layers of neurons in the artificial
neural network, an output of a computation in
the sequence of computations representing an
output of a neuron in the artificial neural
network;

accelerator memory, operably coupled to the
at least one graphics processing unit, to store
the results of the sequence of computations;
and

storing, in a memory operably coupled to the
GPU, the first input data and the first output
data; and

a controller, operably coupled to the at least
one graphics processing unit and the

accelerator memory, to transfer the at least a
portion of the input data into the accelerator

transferring second input data into the
memory during performance of the sequence
of computations by the GPU.
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memory and to transfer at least a portion of

the output data from the accelerator memory
to the main memory during performance of

the sequence of computations by the at least
one graphics processing unit.

First, amended claim 42 is broader than claim 1 because it doesn’t recite the main
memory or accelerator of claim 1.

Second, the broader aspects of amended claim 42 do not relate to subject matter
surrendered during prosecution of claim 1. As explained above with respect to claim 21, claim 1
was allowed because it was amended to recite “a controller ... to transfer at least a portion of the
output data from the accelerator memory to [a] main memory during performance of [a]
sequence of computations by [a] graphic processing unit.”’> Analogous method limitations appear
in claim 42.

Third, amended claim 42 is materially narrower than claim 1 in an aspect related to the
limitations that made claim 1 allowable over the art: it requires the sequence of computations
occurring during the transfer to “represent[] respective layers of neurons in the artificial neural
network” and “an output of a computation in the sequence of computations representing an
output of a neuron in the artificial neural network.” As explained above with respect to claim 21,
these limitations restrict amended claim 42 to specific types of computations rather than the

more generic computations recited in claim 1.

8.3 Claim 56

Like claim 21, claim 56 has been rejected for recapture with respect to claim 1. Claim 21

2 ¢

is broader than claim 1 because it doesn’t include the “central processing unit,” “main memory,”
or “accelerator” of claim 1. But like claim 21, claim 56 avoids recapture at step 2 because claim
56 recites the “controller” of claim 1, which was the only subject matter surrendered during
prosecution of claim 1. And like claim 21, claim 56 further avoids recapture at step 3 because
claim 56 is materially narrower than claim 1 in that it recites “a graphics processing unit (GPU)

to perform a sequence of computations on input data so as to generate output data, a computation

5 Amendment and Response filed March 10, 2015 in U.S. Application No. 14/147,015, page 6 (“Applicants
respectfully submit that neither Chung nor Evans discloses or suggests “a controller ... to transfer at least a portion
of the output data from the accelerator memory to [a] main memory during performance of [a] sequence of
computations by [a] graphic processing unit” as recited in claim 1 as amended.”).
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in the sequence of computations comprising a plurality of computational elements, the plurality
of computational elements representing a layer of neurons in an artificial neural network, an
output of the computation in the sequence of computations representing an output of a neuron in

the artificial neural network.”

8.4 Claim 62

Like claim 42, claim 62 has been rejected for recapture with respect to claim 12, but is
more properly compared to claim 1. Claim 62 is broader in some respects than claim 1 but
avoids recapture at step 3 of the recapture test because claim 62 is materially narrower than
claim 1 in a manner related to the allowable limitations of claim 1. In particular, claim 62 recites
“performing, with a graphics processing unit (GPU), a sequence of computations on the input
data to generate output data, a computation in the sequence of computations comprising a
plurality of computational elements, the plurality of computational elements representing a layer
of neurons in an artificial neural network, an output of the computation in the sequence of
computations representing an output of a neuron in the artificial neural network.” This

limitation makes claim 62 materially narrower than claim 1.

8.3 Claims 68 and 79

Recapture does not apply to claims 68 and 79 with respect to the *828 patent because
claims 68 and 79 are directed to a “separate species or embodiment” than the claims of the *828
patent.®

Claims 1 and 12 of the 828 patent are directed to the embodiments of FIGS. 1 and 2,
which illustrate a computer system including the GPU accelerator and an architecture for the
GPU accelerator, respectively. Claims 68 and 79, on the other hand, are directed to the
embodiment of FIG. 3, which shows top-level control of the GPU accelerator system. Claims 68
and 79 recite “a user interaction stream” and “a computational stream,” neither of which appear

in the claims of the *828 patent, FIGS. 1 or 2, or the descriptions of FIGS. 1 and 2.

6 See MPEP 1412.01(1I) (*Claims to separate inventions/embodiments/species that were disclosed but never covered
by the claims in the original application prosecution are claims to overlooked aspects. In other words, the reissue
claims are drawn to a separate invention or separate species or embodiment that was not covered by a claim (e.g., a
generic claim) at any point during the prosecution of the original application.... Recapture analysis would not need
to be continued for claims drawn to overlooked aspects.™).
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Although the embodiment of FIGS. 1 and 2 are related to the embodiment of FIG. 3,
these embodiments are distinct inventions. According to MPEP § 802.01,

[R]elated inventions are distinct if the inventions as claimed are not connected in
at least one of design, operation, or effect (e.g., can be made by, or used in, a
materially different process) and wherein at least one invention is PATENTABLE
(novel and nonobvious) OVER THE OTHER (though they may each be
unpatentable over the prior art).

In this case, although FIGS. 1, 2, and 3 relate to a GPU accelerator, FIGS. 1 and 2 illustrate the
architecture of a computer system that includes a GPU accelerator and the GPU accelerator
itself, respectively. Conversely, FIG. 3 shows top-level control of the GPU accelerator system.
Although this top-level control can be used with the hardware in FIGS. 1 and 2, it can be used
with other hardware as well. In addition, this top-level control involves execution streams and
the interaction between execution streams in the CPU and GPU in order to control computation
and process numerical techniques. These features make the embodiment of FIG. 3 patentably
distinct over the embodiments of FIGS. 1 and 2.

Assuming arguendo recapture did apply to claims 68 and 79, it would apply with respect
to claim 9 of the U.S. Patent No. 8,468 867 (“the *867 patent™), which is the parent of the *828
patent, because claims 68 and 79 are more similar to claim 9 of the 867 patent than to any other
issued claim in the 828 patent or the 867 patent. All of these claims recite a computational
stream, for example, and are supported by FIGS. 3 and 4 and the accompanying description.

Claim 9 of the 867 patent recites:

9. An accelerator system for a computer system performing a numerical
simulation, the accelerator system comprising:

at least one graphics processing unit to generate output data by performing
at least one computation during a first computational cycle of the numerical
simulation;

an accelerator memory, operably coupled to the at least one graphics
processing unit, to store data used to perform the at least one computation; and

an accelerator controller, operably coupled to the accelerator memory and
the at least one graphics processing unit, to execute:

(i) a computational stream controlling performance of the at least
one computation by the at least one graphics processing unit;

(i1) an output stream controlling transfer of the output data from
the at least one graphics processing unit to the accelerator memory during
the first computational cycle; and

(ii1) an input stream controlling transfer of input data to the
accelerator memory for use by the at least one graphics processing unit
during a second computational cycle of the numerical simulation.
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Nevertheless, applying the three-step recapture test shows that recapture doesn’t apply to
claims 68 and 79 with respect to claim 9 either:

First, claims 68 and 79 are broader than claim 9 because they don’t include all the
elements of claim 9 (for instance, neither claim 68 nor 79 recite “an output stream” or “an input
stream” as in claim 9).

Second, the broader aspects of claims 68 and 79 do relate to subject matter surrendered
during prosecution of claim 9, namely, the accelerator controller and the computational, output,
and input streams.’

But third, recapture does not apply at step 3 because claims 68 and 79 are materially
narrower than claim 9 in at least three respects: they each recite (1) “computations representing
an artificial neural network”; (2) “a user interaction stream” that controls “transfer of inputs to
the artificial neural network to the first memory partition and the second memory partition”; and
(3) “a computational stream” that controls “data exchange between the user interaction stream
and the computational stream during execution of the computations representing the artificial
neural network.” An artificial neural network is more specific than the computational cycles that
contributed to the patentability of claim 9 over the art. Likewise, the first and second memory
partitions in claims 68 and 79 are more specific than the accelerator memory in added portions of
claim 9. And the functions of the user interaction and computational streams in claims 68 and 79
are more specific than the functions of the computational, input, and output streams of claim 9.
All of these more specific features make claims 68 and 79 materially narrower than claim 9 of

the ’867 patent.

8.6 Claim 90

Claim 90 was rejected for recapture with respect to claim 1. However, claim 90 is more

properly compared to claim 12 (italics show the additional limitations in claim 90):

Claim 12 Claim 90

7 Amendment filed on July 31,2013 in U.S. Application No. 11/860,254 at page 14 (“Applicants respectfully submit
that Chung and Evans, alone or in combination, fail to disclose or suggest all of the elements recited in claim 10
[issued claim 9 in the *867 patent]. More specifically, nowhere does Chung or Evans disclose or suggest an
accelerator controller that executes a computational stream to control performance of a first computation, an output
stream to transfer data at the end of the first computational cycle, and an input stream to control the transfer of input
data into the accelerator memory. Therefore, no combination of Chung and Evans yields an accelerator system that
includes the accelerator controller of claim 10 as amended.”).
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12. A method of performing a sequence of
computations on a computer system
comprising a central processing unit (CPU), a
main memory operably coupled to the central
processing unit via a bus, an accelerator
operably coupled to the CPU and the main
memory via the bus, the accelerator
comprising a graphics processing unit (GPU)
and an accelerator memory, the method
comprising:

90. A method of performing a sequence of
computations with a processing unit, the
method comprising:

receiving input data,

(A) performing, by the GPU, the sequence of
computations on a first portion of input data
so as to generate a first portion of output data,
intermediate computations in the sequence of
computations yielding intermediate results;

performing, by the processing unit, the
sequence of computations on a first portion of
the input data so as to generate a first portion
of output data, intermediate computations in
the sequence of computations yielding
intermediate results, the first portion of the
output data representing an output of an
artificial neural network,

(B) in parallel with performing the sequence
of computations by the GPU in (A),
transferring a second portion of the input data
from the main memory to the accelerator via
the bus; and

in parallel with performing the sequence of
computations by the processing unit,
transferring a second portion of the input data
from a first memory partition to a second
memory partition; and

(C) in parallel with performing the sequence
of computations by the GPU in (A),
transferring a second portion of the output
data from the accelerator memory to the main
memory via the bus.

in parallel with performing the sequence of
computations by the processing unit,
transferring a second portion of the output
data from the second memory partition to the
first memory partition.

Although claim 90 has a shorter preamble than claim 12, it is narrower in every other

respect. Per MPEP § 1412.02(IT)(A), “[i]f the reissue claim is not broadened in any respect as

compared to the patent claims, the analysis ends; there is no recapture.” Therefore, recapture

does not apply to claim 90 per the first step of the three-step recapture analysis.

8.7 Claim 95

Claim 95 is an apparatus claim analogous to claim 90 and has been rejected for recapture

with respect to claim 1. Like claim 90, claim 95 is best compared with claim 12, not claim 1, and
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is narrower in just about every respect than claim 12. Therefore, recapture does not apply to

claim 95.

8.8 Claim 101

Claim 101 was rejected for recapture with respect to claim 1. However, claim 101 is

more properly compared to claim 16 of the 867 patent (italics show the additional limitations in

claim 90):
Claim 16, 867 patent Claim 101
16. A method for performing a numerical 101. A method for performing a numerical

simulation on input data in a computer system
including a central processing unit and an
accelerator, the method comprising:

simulation representing an artificial neural
network over a plurality of computational
cycles including at least a first computational
cycle representing a first layer of neurons in
the artificial neural network and a second
computational cycle representing a second
layer of neurons in the artificial neural
network, the method comprising:

receiving, by an accelerator, first input data
from the central processing unit;

transferring, by an accelerator controller, the
first input data into a first partition, referenced
by first pointer, of an accelerator memory
before a first computational cycle of the
numerical simulation,;

storing, in a first partition of a memory, first
output data during the second computational
cycle, the first output data generated during
the first computational cycle and being
referenced by a first pointer, the first output
data representing at least one output of the
first layer of neurons;

performing, by at least one graphics
processing unit during the first computational
cycle, at least one calculation on the first
portion of the input data as to generate first
output data;

performing, by a processing unit operably
coupled to the memory, at least one
calculation on the first output data during the
second computational cycle, the at least one
calculation yielding second output data, the
second output data representing at least one
output of the second layer of neurons;

storing, by the accelerator controller, the first
output data into a second partition, referenced
by a second pointer, of the accelerator

memory; and

storing, in a second partition of the memory,
the second output data, the second output data
being referenced by a second pointer; and
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swapping the first pointer with the second swapping the first pointer and the second
pointer at the end of the first computational pointer at the conclusion of the second
cycle, such that the first output data becomes | computational cycle such that the second
an input for a second computational cycle of | output data becomes an input for a third
the numerical simulation. computational cycle of the plurality of
computational cycles.

Recapture does not apply to claim 101 with respect to claim 16 of the 867 patent
because claim 101 is materially narrower than claim 16 with respect to subject matter that
Applicant used to distinguish claim 16 from the prior art.®

Under the first step of the three-step recapture analysis, claim 101 is broader in some
respects and narrower in other respects than claim 16.

Under the second step, the broader aspects of claim 101 relate to subject matter than
Applicant relied on to distinguish claim 16 from the prior art. This subject matter includes first
input data in a first partition referenced with a first pointer, first output data in a second partition
referenced by a second pointer, and swapping the first and second pointers.’

Under the third step, however, claim 101 is materially narrower than claim 16 because it
includes limitations that narrow the subject matter that Applicant used to distinguish claim 16
from the prior art. These narrower limitations include “first output data representing at least one
output of the first layer of neurons,” “a first memory partition” and “a second memory partition”

2% <

instead of “an accelerator memory,” “second output data representing at least one output of the
second layer of neurons,” and “swapping the first pointer and the second pointer at the
conclusion of the second computational cycle such that the second output data becomes an input
for a third computational cycle of the plurality of computational cycles.” Thus, recapture does

not apply to claim 101.

8 See MPEP § 1412.02(II) (“[T]f the reissue claims were materially narrowed in aspects related to the surrendered
subject matter, there is no recapture....”).

¥ Amendment filed on July 31, 2013 in U.S. Application No. 11/860,254 at page 13 (“Like claim 1 as amended,
independent claim 17 [issued as claim 16] as amended recites an accelerator controller that transfers ‘the first input
data into a first partition, referenced by first pointer, of an accelerator memory before a first computational cycle of
the numerical simulation’ and that loads first output data generated during the first computational cycle ‘into a
second partition, referenced by a second pointer, of the accelerator memory.” And Claim 17 as amended also recites
‘swapping the first pointer with the second pointer at the end of the first computational cycle, such that the first
output data becomes an input for a second computational cycle of the numerical simulation.” Thus, like the subject
matter of claim 1 as amended, the subject matter of claim 17 as amended is patentably distinct from Chung and
Evans.”)

38

NVIDIA Ex1002 Page 655 of 1081



U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

89 Claim 108

Claim 108 has been rejected for recapture with respect to claim 12. Applying the three-
step recapture test shows that recapture doesn’t apply to amended claim 21 with respect to claim
12 because the broader aspects of claim 108 don’t relate to surrendered subject matter and
because claim 108 is materially narrower than claim 12:

First, amended claim 108 is broader than claim 12 because it doesn’t include all the
elements of claim 12.

Second, the broader aspects of amended claim 108 do not relate to subject matter
surrendered during prosecution of claim 12 because no subject matter was surrendered in claim
12 during prosecution. This alone means that claim 108 is not subject to recapture at step 2.

Third, even if the broader aspects of amended claim 108 do relate to surrendered subject
matter, claim 108 is materially narrower than claim 12 because it includes several limitations that
don’t appear in claim 12. These limitations are related to the inventive aspects of claim 12 and
include “a first computational cycle ... representing a first layer of neurons in the artificial neural
network™ and ““ a second computational cycle ... representing a second layer of neurons in the

artificial neural network.” Thus, the recapture test fails at step 3.

810 Claim 112

Claim 112 was rejected for recapture with respect to claim 1. However, claim 112 is
more properly compared to claim 1 of the 867 patent because each of these claims recites a
controller that swap pointers, among other things. Again, applying the three-step recapture
analysis includes shows that recapture does not apply because claim 112 includes the limitation
(“the controller”) added to define claim 1 of the 867 patent over the art and is materially
narrower than claim 1 of the *867 patent.

First, claim 112 is broader because it does not include all the limitations of claim 1 of the
867 patent.

Second, the broader aspects of claim 112 relate to subject matter surrendered during
prosecution of claim 1 of the 867 patent. Claim 1 was allowed over the prior art because it

includes an accelerator controller.'°

10 Amendment filed on July 31, 2013 in U.S. Application No. 11/860,254 at pages 12 and 13 (“More specifically,
nowhere in the reference does Evans disclose or suggest an accelerator controller, operably coupled to the
accelerator memory and the central processing unit, to transfer the at least the portion of the input data into the
accelerator memory before the first computational cycle, to transfer the first output data from the accelerator
memory (o the main memory during the second computational cycle, (o direct the second output data into the second
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Third, claim 112 is materially narrower than claim 1 because it specifies computing
layers of neurons instead of more generic computational cycles and that “the first output data
becomes an input for a second layer of neurons of the artificial neural network.” These
limitations are related to the limitations that made claim 1 allowable over the art and restrict
claim 112 to specific applications instead of more general computation. Thus, claim 112 avoids

recapture under step 3.

9 Rejections under 35 U.S.C. § 102 over Buck

Claims 1-136 have been rejected as anticipated by Buck. Applicant respectfully requests

withdrawal of these rejections for at least the following reasons.

9.1 US. Patent No. 7,219,085 B2 to Buck

Buck discloses using a GPU to accelerate and optimize training and testing of a two-layer
neural network. In Buck’s system, a CPU transfers input data, programs, and parameters to the
GPU before the GPU performs any calculations. These programs can instruct the GPU to train or
test parameters for a neural network. The GPU executes the programs on the input data using the
parameters, then transfers output data to the CPU. If desired, the testing can be repeated for new
input data.

Buck’s FIG. 2 (reproduced below) illustrates a computer 110 that can be used to carry out
this acceleration and optimization. This computer 110 includes CPU 120 coupled to a CPU
memory 130. The CPU 120 is also coupled, via an accelerated bus 210, to a video interface 190,
which includes a GPU 220, GPU memory 230, and machine learning GPU execution engine 200.
This machine learning GPU execution engine 200 includes a training module 240 and a testing

module 250.

partition at the end of the second computational cycle, and to swap the first pointer and the second pointer at the
conclusion of the second computational cycle such that the second output data becomes an input for a third
computational cycle of the plurality of computational cycles as recited in independent clam 1.7)
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FIG. 2

Buck’s computer 110 performs machine learning in two phases: (1) a training phase,
carried out by the training module 240, in which the parameters of the algorithm are adjusted
using training data; and (2) a testing phase, carried out by the testing module 250, in which
machine learning parameters can be computed as a function of input data and training
parameters.'! One example of this machine learning is training a two-layer neural network using
backpropagation, where the machine learning parameters are weights for the layers in the neural
network.!?

Buck’s FIG. 5 (reproduced below) illustrates the training phase.!® In the first step of the
training phase, the CPU loads shaders programs (P), trainable parameters (W), and learning
parameters (L) into the GPU memory (arrow 505 in FIG. 5).1* For a neural network, the learning

parameters are weights for the layers in the neural network.!® The shaders programs are used for

1 Buck, 9:27-33.

12 Buck, 21:35-23:32; see also id. at 11:42—45 and 12:43-46.

13 Buck, 4:58-60 and 10:36-12:39.

14 Buck, 10:36-50.

15 Buck, 10:45-47 (“In a preferred implementation, the learning parameters (L) are the weights of each of the neural
network layers and the threshold of each unit.”).
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updating the weights and propagating the weights forward and backward through the layers in

the neural network 16
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FIG. 5

Next, the CPU loads batches of training data (X) into the GPU memory (arrow 525 in FIG.
5).17 For training a neural network, the input data is a training set, such as the MNIST set of

images of handwritten digits,'® and only needs to be loaded once, before training begins, because

16 Buck, 10:48-50.
7 Buck, 10:51-11:11.
¥ Buck, 21:54—64.
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it doesn’t change during training. The CPU doesn’t load anything into the GPU or GPU memory
when the GPU is carrying out the training.

“Once the training data (X’) has been loaded on the GPU, the CPU instructs the GPU to
run the various shaders needed to process the machine learning technique (box 540 [in FIG.
51).”'? For a neural network, this means simulating every layer of neurons in the neural
network.2® At the end of the training phase, the GPU sends the training parameters back to the
CPU (arrow 585 in FIG. 5).?! “Training typically takes a long time, but it can be done once and
for all.”%?

Buck is silent on transferring data from the CPU to the GPU while the GPU is executing
the shaders.

In the testing phase, shown in Buck’s FIG. 6 (reproduced below), the CPU loads shader
programs (P), trainable parameters (W), and input data (X’) onto the GPU memory (arrows 605
and 625 in FIG. 5).?3 Once the programs, parameters, and data have been loaded into the GPU
memory, the CPU instructs the GPU to use the shader programs.?* The GPU uses the shader
programs along with the trained function to compute the output.>> The GPU transfers results (Y)
of testing back to the CPU at the end of testing (arrow 665 in FIG. 6).2¢ If there is more data to
test, the testing phase repeats.?’

Buck is silent on transferring data from the CPU to the GPU while the GPU is executing

the shader programs in training phase.

1 Buck, 11:29-31.

20 See Buck, 21:35-23:32.
2L Buck, 12:24-26.

22 Buck, 8:63-65.

2 Buck, 12:40-63.

24 Buck, 13:4-6.

2> Buck, 13:6-13.

26 Buck, 13:13-17.

27 Buck, 13:19-22.
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FIG. 6

Buck also gives a working example of using GPU to update the weights of a two-layer
neural network using backpropagation.?® In this example, each pass through the training phase
comprises computing the outputs of both layers of the neural network (forward propagation),

computing the error at the output of the second layer, updating the weights for the second layer,

2 Buck, 21:35-23:32.
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backpropagating the error from the second layer to the first layer, and updating the weights of the
first layer.?® At the end of each pass, the GPU can copy the updated weights to CPU 3°

Again, Buck is silent on transferring data to the GPU while the GPU is training the neural
network.

9.2 Claim 1

Claim 1 as amended recites “a controller ... to transfer the at least a portion of the input
data into the accelerator memory ... during performance of the sequence of computations by the
at least one graphics processing unit.” As noted above, Buck is silent on transferring datato a
GPU or GPU memory while the GPU is performing a sequence of computations (executing
shaders programs). Although Buck discloses transferring shaders programs, learning parameters,
trainable parameters, and input data from the CPU to the GPU memory in both training and
testing phases, all of these transfers occur before the GPU begins executing the shaders
programs. Thus, they cannot be used to provide the controller of claim 1 as amended.

This holds true under the mapping of Buck to claim 1 proposed during the interview by
Examiner Wood. In this mapping, each pass through the training or testing phase counts as a
“computation” in a “sequence” of multiple passes through the training or testing phase. Thus, a
sequence of training or testing phases could involve transferring data to the GPU many times.
But even when the GPU repeats the training or testing phase, it does not execute the shaders
programs while the CPU is transferring data to the GPU. Thus, even under this mapping, Buck
still doesn’t disclose “a controller ... to transfer the at least a portion of the input data into the
accelerator memory ... during performance of the sequence of computations by the at least one

graphics processing unit” as in claim 1.

9.3 Claim 3

Claim 3 recites that “the central processing unit is configured to receive the input data at a
first rate; and the at least one graphics processing unit is configured to perform the sequence of
computations at a second rate different than the first rate.” It was rejected over three sections of

Buck:

2 Buck, 22:1-23:9.
3 Buck, 23:7-9 (“8. copy (matrix or vector) from CPU memory to GPU memory, or vice-versa (this is directly
supported by DirectX, and mentioned only for compleleness).”).
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(1) column 2, lines 55—67, which states just that “the GPU is typically more powerful than
the CPU”;

(2) column 9, lines 10—14, which states that “[a] GPU implementation increases the
machine learning processing speed, both for training and testing, by up to an order of
magnitude over CPU-only implementations™; and

(3) column 14, lines 40—44, which states “the training and use of these algorithms run an
order of magnitude faster on a GPU than on a CPU.”

None these sections say anything about the rate at which the CPU receives input data. In fact,
Buck is silent on the rate at which the CPU receives input data. Thus, Buck does not disclose a
CPU that “is configured to receive the input data at a first rate” and a GPU that “is configured to

perform the sequence of computations at a second rate different than the first rate” as in claim 3.

9.4 Claim 11

Claim 11 recites “at least one of a video camera, a microphone, or a cell recording
electrode, operably coupled to the central processing unit, to acquire the input data in real time.”
It was also rejected over three sections of Buck:

(1) column 7, line 51 to column 8, line 2, which states merely “[o]ther input devices ...

may include a microphone ... or the like”;

(2) column 9, lines 33—-36, which mentions “speech recognition”; and

(3) column 23, lines 2630, which says “there is no need to read back data from the

graphics memory to the CPU unless the programmer wishes to monitor progress.”
None these sections say anything about acquiring input data in real time with a video camera,
microphone or cell recording electrode. In fact, Buck is silent on acquiring input data in real

time. Thus, Buck does not disclose the system of claim 11.

9.5 Claim 12

Buck does not disclose “in parallel with performing the sequence of computations by the
GPU in (A), transferring a second portion of the input data from the main memory to the
accelerator via the bus.” In contrast, Buck discloses transferring input data to the GPU and
performing computations by the GPU in a sequential or interleaved fashion: first, the CPU
transfers the input data to the GPU memory; then, once the input data is loaded, the GPU

executes the shaders programs. These two steps do not occur at the same time—they occur one
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after the other. Thus, Buck does not disclose transferring input data in parallel with performance

of the sequence of computations by the GPU.

9.6 Claim 21

Like claim 1, claim 21 recites “a controller ... to transfer the input data into the memory
and to transfer at least a portion of the output data from the memory during performance of the
sequence of computations by the GPU.” And like claim 1, claim 21 is patentably distinct from
Buck because Buck is silent on transferring input data into memory during performance of a

sequence of computations by the GPU.

9.7  Claim 42

Claim 42 recites, among other things, “transferring second input data into the memory
[operably coupled to the GPU] during performance of the sequence of computations by the
GPU.” As explained above, Buck is silent on transferring input data into GPU memory while the

GPU is performing computations.

9.8 Claim 56

Claim 56 recites “a controller ... to transfer at least a portion of the input data into the
memory in parallel with performance of the sequence of computations by the GPU.” As
explained above, Buck is silent on transferring data to the GPU or GPU memory in parallel with
performing computations on the GPU. Rather, Buck discloses transferring input data, learning
parameters, trainable parameters, and shaders programs to the GPU in a sequential or

interleaved fashion with the GPU’s execution of the shaders programs.

9.9 Claim 62

Like claim 1, claim 62 recites “transferring the input data into the memory and at least a
portion of the output data from the memory during performance of the sequence of computations
by the GPU.” And like claim 1, claim 62 is patentably distinct from Buck because Buck is silent

on transferring input data into memory while the GPU 1s performing computations.

9.10 Claim 68

Claim 68 as amended recites “a user interaction stream” that “control[s] transfer of inputs

to the artificial neural network to the first memory partition and the second memory partition.”
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Buck fails to provide the user interaction stream of amended claim 68. Page 36 of the
Office Action maps the first and second memory partitions to the CPU and GPU memories,
respectively, and suggests that data transfer to the CPU and GPU memories provides the user
interaction stream of claim 68.3! More specifically, the Office Action implies that the transfer of
computation results from the GPU to CPU corresponds to the transfer of inputs to the first
memory partition. But the data transferred from the GPU to CPU is not an input to an artificial
neural network. Rather, it is the output of the training or testing phase. Thus, it cannot be used to

provide the user interaction stream of claim 68.

9.11 Claim 79

Like amended claim 68, amended claim 79 recites “a user interaction stream” that
“control[s] transfer of inputs to the artificial neural network to the first memory partition and the
second memory partition.” Amended claim 79 is therefore patentably distinct from Buck for at

least the same reasons as amended claim 68.

9.12 Claim 90

Claim 90 recites, among other things, “in parallel with performing the sequence of
computations by the processing unit, transferring a second portion of the input data from a first
memory partition to a second memory partition.” Claim 90 is therefore patentably distinct from

Buck for at least the reasons given above with respect to claim 12.

9.13 Claim 95

Buck does not disclose or suggest “a first memory partition ... configured to transfer a
second portion of the input data to the second memory partition in parallel with performance the

sequence of computations by the processing unit” as in claim 95,

31 At page 36, the Office Action cites two sections of Buck as providing the user interaction stream: column 9, lines
35-36 (“The results of the computation are transferred from the machine learning GPU execution engine 200 to the
CPU 120 for use in interactive use applications, such as speech recognition.”) and column 10, lines 41-43 (“Data
transfer from the CPU to the GPU is relatively expensive, so the CPU pre-loads as much as possible onto the GPU
before entering a training loop.”).
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914 Claim 117

Buck does not disclose “a controller ... transfer the at least a portion of the input data into
the accelerator memory ... during performance of the sequence of computations by the at least

one graphic processing unit.”

9.15 Claim 128

Buck does not teach “in parallel with performing the sequence of computations by the
processing unit in (A), transferring a second portion of the input data from the main memory to

the accelerator via the bus” as in claim 128.

10 Rejections under 35 U.S.C. § 102 over Burton

10.1 U.S. Pre-Grant Publication No. 2001/0010034 Al to Burton

Burton discloses a method of simulating pipelined hardware, such as microprocessors. The
hardware is simulated as circuit elements that read their inputs from a first data storage area and
write their outputs to a second data storage area during a first clock cycle.*? “At the end of each
simulated common clock signal cycle, pointers to the two data storage areas are swapped such
that the output values of the preceding cycle become the input values for the next stage in the

following cycle.”** Burton is silent on artificial neural networks.

10.2 Claim 101

Claim 101 is being amended to recite “a numerical simulation representing an artificial
neural network,” “a first computational cycle representing a first layer of neurons in the artificial
neural network,” “a second computational cycle representing a second layer of neurons in the
artificial neural network,” “first output data representing at least one output of the first layer of
neurons,” and “second output data representing at least one output of the second layer of
neurons.” Burton is silent on neural networks and therefore does not provide all the elements of

claim 101 as amended.

32 Burton, Abstract.
3 Burton, paragraph 50.
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10.3 Claim 108

Claim 108 is being amended to recite “a numerical simulation representing an artificial
neural network,” “a first computational cycle ... representing a first layer of neurons in the
artificial neural network,” and “a second computational cycle ... representing a second layer of
neurons in the artificial neural network.” Burton is silent on neural networks and therefore does

not provide all the elements of claim 108 as amended.
104 Claim 112

Claim 112 is being amended to recite “[a] system for executing an artificial neural
network” and a processing unit that “perform[s], during computation of the first layer of neurons,
at least one calculation on the first input data so as to generate first output data, the first output
data representing an output of at least one neuron in the first layer of neurons.” Burton is silent

on neural networks and therefore does not provide all the elements of claim 112 as amended.
11 Rejections under 35 U.S.C. § 103

Claims 8,9, 17, 18, 44-46, 96, 124, 125, 133, and 134 were rejected as obvious over
Buck in view of U.S. Patent No. 7,525,547 B1 to Diard.

Claims 73, 78, 84, and 89 were rejected as obvious over Buck in view of U.S. Pre-Grant
Publication No. 2006/0129506 A1 to Edelman ef al.

Claim 105 was rejected as obvious over Burton in view of U.S. Patent No. 5,142,665 to
Bigus.

Claims 110 and 113-116 were rejected as obvious over Burton in view of Buck.

Each of these claims depends from a patentable base claim, so Applicant believes that it
is unnecessary at this time to argue the patentability of each of these claims individually.
However, Applicant does not necessarily concur with the interpretation of the dependent claims
as set forth in the Office Action, nor does Applicant concur that the basis for the rejection of any
of these claims is proper. Therefore, Applicant reserves the right to specifically address the

patentability of these claims in the future.

12 General Comments on Dependent Claims

Since each of the dependent claims depends from a base claim that is believed to be in
condition for allowance, Applicant believes that it is unnecessary at this time to argue the
allowability of each of the dependent claims individually. However, Applicant does not
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necessarily concur with the interpretation of the dependent claims as set forth in the Office
Action, nor does Applicant concur that the basis for the rejection of any of the dependent claims
is proper. Therefore, Applicant reserves the right to specifically address the patentability of the

dependent claims in the future.
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CONCLUSION

It is respectfully believed that all of the rejections set forth in the Office Action have been
addressed. However, the absence of a reply to a specific rejection, objection, or comment set
forth in the Office Action does not signify agreement with or concession of that rejection,
objection, or comment. In addition, there may be reasons for patentability of any or all pending
claims (or other claims) that have not been expressed. Furthermore, nothing in this paper should
be construed as an intent to concede any issue with regard to any claim.

Applicant believes that the present application is now in condition for allowance.
Favorable reconsideration of the application as amended is respectfully requested.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

Dated: March 20, 2019 Respectfully submitted,
Smith Baluch LLP

376 Boylston St, Suite 401 By /Christopher Max Colice/
Boston MA 02116 Christopher Max Colice

Registration No. 65,634
Phone: 617-947-7280
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IN THE CLAIMS:

Set forth below in ascending order, with status identifiers, is a complete listing of all
claims currently under examination. Per 37 C.F.R. § 1.173, changes to any amended claims are
indicated by [brackets| and/or underlining. New claims are indicated by underlining. This listing

also reflects any cancellation and/or addition of claims.

1. (Twice Amended) A computer system, comprising:

a central processing unit to receive input data,

main memory, operably coupled to the central processing unit via a bus, to store the input
data received by the central processing unit;

an accelerator, operably coupled to the central processing unit and the [first] main
memory via the bus, to receive at least a portion of the input data from the main memory, the
accelerator comprising:

at least one graphics processing unit to perform a sequence of computations on
the at least a portion of the input data so as to generate output data, intermediate
computations in the sequence of computations yielding intermediate results; and

accelerator memory, operably coupled to the [graphic] at least one graphics

processing unit, to store the results of the [plurality of sequential] sequence of

computations; and

a controller, operably coupled to the at least one graphics processing unit and the
accelerator memory, to transfer the at least a portion of the input data into the accelerator
memory and to transfer at least a portion of the output data from the accelerator memory to the
main memory during performance of the sequence of computations by the at least one [graphic]

graphics processing unit.

2. The computer system of claim 1, wherein the central processing unit is configured to

receive the input data in response to a user interaction.

3: The computer system of claim 1, wherein:
the central processing unit is configured to receive the input data at a first rate; and
the at least one graphics processing unit is configured to perform the sequence of

computations at a second rate different than the first rate.
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4. The computer system of claim 1, wherein the main memory is configured to store a copy

of the output data stored in the accelerator memory.

5. The computer system of claim 1, wherein an output of at least one computation in the
sequence of computations represents an output of at least one neuron in an artificial neural

network.

6. The computer system of claim 1, wherein accelerator memory comprises:

a first memory bank to store parameters common to all of the computations in the
sequence of computations; and

a second memory bank to store data specific to at least one computation in the sequence

of computations.

7. The computer system of claim 1, wherein the controller is configured to transfer the
output data from the accelerator memory to the main memory without transferring any of the
intermediate results from the accelerator memory to the main memory so as to reduce data

transfer via the bus.

8. The computer system of claim 1, wherein the controller is configured to transfer at least a
portion of the output data from the accelerator memory to the main memory after the at least one

graphics processing unit has begun to perform another sequence of computations.

9. The computer system of claim 8, wherein the controller is configured to initiate transfer
of the at least a portion of the input data and to transfer the at least a portion of the output data in
parallel with performance of at least one computation in the other sequence of computations by

the at least one graphics processing unit.

10. The computer system of claim 1, wherein the controller is configured to control

execution of the sequence of computations by the at least one graphics processing unit.

11. (Amended) The computer system of claim 1, further comprising:
at least one of a video camera, a microphone, or a cell recording electrode, operably

coupled to the central [processor] processing unit, to acquire the input data in real time.

12. A method of performing a sequence of computations on a computer system comprising a
central processing unit (CPU), a main memory operably coupled to the central processing unit

3
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via a bus, an accelerator operably coupled to the CPU and the main memory via the bus, the
accelerator comprising a graphics processing unit (GPU) and an accelerator memory, the method
comprising:

(A) performing, by the GPU, the sequence of computations on a first portion of [the]
input data so as to generate a first portion of [the] output data, intermediate computations in the
sequence of computations yielding intermediate results;

(B) in parallel with performing the sequence of computations by the GPU in (A),
transferring a second portion of the input data from the main memory to the accelerator via the
bus; and

(C) in parallel with performing the sequence of computations by the GPU in (A),
transferring a second portion of the output data from the accelerator memory to the main

memory via the bus.

13. The method of claim 12, further comprising:

storing the input data in the main memory in response to a user interaction.

14. The method of claim 12, further comprising:
receiving the input data at a first rate; and
wherein (A) comprises performing the sequence of computations at a second rate

different than the first rate.

15. The method of claim 12, wherein (A) comprises:
generating an output representative of an output of at least one neuron in an artificial

neural network.

16. The method of claim 12, wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the
main memory without transferring any of the intermediate results of the plurality of sequential
computations from the accelerator memory to the main memory so as to reduce data transfer via

the bus.

17. The method of claim 12, wherein (C) comprises:
transferring the second portion of the output data from the accelerator memory to the

main memory after the GPU has begun to perform another sequence of computations.
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18. The method of claim 17, wherein (C) further comprises:
initiating transfer of the second portion of the output data in parallel with performance of

at least one computation in the other sequence of computations.

19. The method of claim 12, further comprising:
acquiring the input data in real time with at least one of a video camera, a microphone, or

a cell recording electrode operably coupled to the CPU.

20. The method of claim 12, further comprising:

storing parameters common to all of the computations in the sequence of computations in
a first memory bank in the accelerator memory; and

storing data specific to at least one computation in the sequence of computations in a

second memory bank in the accelerator memory.

21. (New. Amended) An accelerator system comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so

as to generate output data. the sequence of computations representing an artificial neural

network, computations in the sequence of computations representing respective layers of neurons

in an artificial neural network:

a memory. operably coupled to the GPU, to store the input data and the output data; and

a controller, operably coupled to the GPU and the memory. to transfer the input data into

the memory and to transfer at least a portion of the output data from the memory during

performance of the sequence of computations by the GPU.

22. (New) The accelerator system of claim 21. wherein the GPU is operably coupled to a

central processing unit (CPU) of a computer system.

23. (New) The accelerator system of claim 21. wherein the GPU is mounted on an expansion

card operably coupled to a motherboard of a computer system.

24 (New) The accelerator system of claim 21, further comprising:

a central processing unit (CPU). a system memory. and a non-volatile memory installed

on a motherboard.
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25. (New) The accelerator system of claim 24. wherein the GPU is operably coupled to the

CPU via a system bus on the motherboard.

26. (New) The accelerator system of claim 25, wherein the system bus has a bandwidth of
3.2 GB/sto 15 GB/s.

27. (New) The accelerator system of claim 25, wherein the controller is configured to

transfer the input data and the at least a portion of the output data via the system bus.

28. (New) The accelerator system of claim 25, further comprising:

a video card. operably coupled to the motherboard via a local bus, to transfer graphical

information to a display.

29. (New) The accelerator system of claim 28. wherein the local bus has a lower bandwidth

than the system bus.

30. (New) The accelerator system of claim 21. wherein the memory comprises:

a first memory partition to store parameters common to every computation in the

sequence of computations.

31. (New) The accelerator system of claim 30. wherein the memory further comprises:

a second memory partition to store data specific to the computation in the sequence of

computations.

32. (New) The accelerator system of claim 31. wherein the second memory partition

comprises:

a first partition to hold external input data patterns;

a second partition to hold representations of internal variables;

a third partition to hold an input of the computation in the sequence of computations: and

a fourth partition to hold the output of the computation in the sequence of computations.

33. (New) The accelerator system of claim 31, wherein the second memory partition is

configured to accumulate the output of the computation in the sequence of computations during

execution, by the GPU. of computational elements of the computation in the sequence of

computations.
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34. (New) The accelerator system of claim 31. wherein the second memory partition is

configured to store an output of a previous computation in the sequence of computations. the

output of the previous computation being accessible to computational elements executed by the

GPU during the computation in the sequence of computations.

35. (New) The accelerator system of claim 21. wherein the computation in the sequence of

computations performed by the GPU comprises a plurality of computational elements.

36. (New) The accelerator system of claim 35, wherein the plurality of computational

eclements represents a laver of neurons in an artificial neural network.

37. (New) The accelerator system of claim 36. wherein all neurons in the layer of neurons are

described by the same equation.

38. (New) The accelerator system of claim 21, wherein the memory is configured to store

intermediate results of the sequence of computations and the controller is configured to transfer

the output data from the memory to a main memory without transferring the intermediate results.

39. (New) The accelerator system of claim 21, wherein the controller is configured to initiate

transfer of at least a portion of the input data and to transfer the at least a portion of the output

data in parallel.

40. (New) The accelerator system of claim 21. wherein the input data is acquired by at least

one of a video camera, a microphone. or a cell recording electrode.

41. (New) The accelerator system of claim 21. wherein the input data is loaded from disk.

42. (New. Amended) A method of performing a sequence of computations representing an

artificial neural network, the method comprising:

receiving, at a central processing unit (CPU), first input data acquired from an external

system;
performing, by a graphics processing unit (GPU), a first computation in the sequence of

computations on the first input data to generate first output data. computations in the sequence of

computations representing respective layers of neurons in the artificial neural network, an output

of a computation in the sequence of computations representing an output of a neuron in the

artificial neural network:
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storing. in a memory operably coupled to the GPU. the first input data and the first output

data; and

transferring second input data into the memory during performance of the sequence of

computations by the GPU.

43. (New, Amended) The method of claim 42. wherein transferring the second input data

comprises transferring the second input data via a bus operably coupled to the central processing

unit (CPU).

44, (New) The method of claim 42, further comprising:

transferring the first output data from the memory to another memory during a second

computation in the sequence of computations.

45, (New) The method of claim 44, further comprising:

storing intermediate results of the sequence of computations in the memory. and

wherein transferring the first output data from the memory to the other memory occurs

without transferring the intermediate results of the sequence of computations.

46. (New) The method of claim 44. wherein transferring the second input data and

transferring the first output data occurs in parallel.

47. (New) The method of claim 42. further comprising:

storing. in a first memory partition of the memory, parameters common to all of the

computations in the sequence of computations.

48. (New) The method of claim 47. further comprising:

storing. in a second memory partition of the memory. data specific to the first

computation in the sequence of computations.

49, (New) The method of claim 48, further comprising:

storing. in the second memory partition, external input data patterns. representations of

internal variables. an input of the computation in the sequence of computations, and the output of

the computation in the sequence of computations.

50. (New) The method of claim 42. wherein storing the first output data comprises:
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accumulating, in the memory. outputs of computational elements executed by the GPU in

performing the first computation in the sequence of computations.

51. (New) The method of claim 42. further comprising:

storing. in the memory, an output of a previous computation in the sequence of

computations; and

accessing, by the GPU, the output of the previous computation during performance of the

computation in the sequence of computations.

52. (New) The method of claim 42, wherein performing the first computation comprises

executing a plurality of computational elements representing a layer of neurons in an artificial

neural network.

53. (New) The method of claim 52. wherein all neurons in the layer of neurons are described

by the same equation.

54. (New) The method of claim 42, further comprising:

acquiring the input data with at least one of a video camera, a microphone, or a cell

recording electrode.

55. (New. Amended) The method of claim 42, further comprising:

loading the input data from disk.

56. (New, Amended) An accelerator system comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so

as to generate output data, a computation in the sequence of computations comprising a plurality

of computational elements, the plurality of computational elements representing a layer of

neurons in an artificial neural network, an output of the computation in the sequence of

computations representing an output of a neuron in the artificial neural network:

a memory, operably coupled to the GPU. to store parameters common to all of the

computations in the sequence of computations and data specific to the computation in the

sequence of computations: and

a controller, operably coupled to the GPU and the memory. to transfer at least a portion

of the input data into the memory in parallel with performance of the sequence of computations
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by the GPU. and to transfer at least a portion of the output data from the memorv in parallel with

performance of the sequence of computations by the GPU.

57. (New) The accelerator system of claim 56. wherein all neurons in the laver of neurons are

described by the same equation.

58. (New) The accelerator system of claim 56. wherein the memory is configured to hold:

external input data patterns:

representations of internal variables:

an input to the computation in the sequence of computations; and

the output of the computation in the sequence of computations.

59. (New) The accelerator system of claim 56, wherein the memory is configured to

accumulate the output of the computation in the sequence of computations during execution of

the plurality of computational elements by the GPU.

60. (New) The accelerator system of claim 56. wherein the memory is configured to store an

output of a previous computation in the sequence of computations. the output of the previous

computation being accessible to the plurality of computational elements during the computation

in the sequence of computations.

61. Cancel claim 61.

62. (New, Amended) A method comprising:

receiving. at a central processing unit (CPU). input data acquired from an external

system;
performing, with a graphics processing unit (GPU), a sequence of computations on the

input data to generate output data. a computation in the sequence of computations comprising a

plurality of computational elements. the plurality of computational elements representing a layer

of neurons in an artificial neural network. an output of the computation in the sequence of

computations representing an output of a neuron in the artificial neural network:

storing, in a memory operably coupled to the GPU. parameters common to all of the

computations in the sequence of computations;

storing. in the memory. data specific to the computation in the sequence of computations:

and
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transferring the input data into the memory and at least a portion of the output data from

the memory during performance of the sequence of computations by the GPU.

63. (New) The method of claim 62. wherein all neurons in the laver of neurons are described

by the same equation.

64. (New) The method of claim 62. further comprising:

storing, in the memory, external input data patterns:

storing. in the memory, representations of internal variables: and

storing. in the memory. an input of the computation in the sequence of computations.

65. (New) The method of claim 62. further comprising:

accumulating, in the memory, the output of the computation in the sequence of

computations during execution of the plurality of computational elements by the GPU.

66. (New) The method of claim 62. further comprising:

storing, in the memory, an output of a previous computation in the sequence of

computations: and

accessing, by the GPU. the output of the previous computation during the computation in

the sequence of computations.

67. Cancel claim 67

68. (New. Amended) A method of executing computations representing an artificial neural

network on a computer system comprising at least one central processing unit (CPU), a

processing unit, a first memory partition, and a second memory partition, the method

comprising:

executing, by the at least one CPU, a user interaction stream, the user interaction stream

controlling transfer of inputs to the artificial neural network to the first memory partition and the

second memory partition;

executing, by the processing unit, a computational stream, the computational stream

controlling data exchange between the user interaction stream and the computational stream

during execution of the computations representing the artificial neural network.

11
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69. (New) The method of claim 68, wherein the user interaction stream controls data

exchange between the user interaction stream and the computational stream outside of execution

of the computations representing the artificial neural network.

70. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of computational elements of the computations

representing the artificial neural network.

71. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of parameters of the computations representing the

artificial neural network.

72. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of parameters of the inputs to the artificial neural network.

73. (New) The method of claim 68, wherein executing the user interaction stream comprises:

specifying an output to be saved to disk and/or displayed on a screen.

74. (New) The method of claim 68, wherein executing the user interaction stream comprises:

parsing elements to be used in the computations representing the artificial neural

network.

75. (New) The method of claim 74. wherein the processing unit comprises a graphics

processing unit (CPU) and executing the user interaction stream further comprises:

converting the elements into GPU programs.

76. (New) The method of claim 75, wherein executing the user interaction stream comprises:

compiling the GPU programs.

77. (New) The method of claim 76, wherein executing the user interaction stream comprises:

transferring the GPU programs to the second memory partition.

78. (New) The method of claim 68, further comprising:

executing, by the at least one CPU. a data output stream. the data output stream

controlling transfer of outputs of the computations representing the artificial neural network to

disk.

12
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79. (New. Amended) A system for executing computations representing an artificial neural

network. the system comprising:

a first memory partition;

a second memory partition:

at least one central processing unit (CPU), operably coupled to the at least one memory,

to execute a user interaction stream, the user interaction stream controlling transfer of inputs to

the artificial neural network to the first memory partition and the second memory partition; and

a processing unit, operably coupled to the at least one memory and the at least one CPU,

1o execute a computational stream, the computational stream controlling data exchange between

the user interaction stream and the computational stream during execution of the computations

representing the artificial neural network.

80. (New) The system of claim 79. wherein the user interaction stream controls data

exchange between the user interaction stream and the computational stream outside of execution

of the computations representing the artificial neural network.

81. (New) The system of claim 79, wherein the user interaction stream controls setting and

editing of computational elements of the computations representing the artificial neural network.

82. (New) The system of claim 79. wherein the user interaction stream controls setting and

editing of parameters of the computations representing the artificial neural network.

83. (New) The system of claim 79, wherein the user interaction stream controls setting and

editing of parameters of the inputs to the artificial neural network.

84. (New) The system of claim 79, wherein the user interaction stream specifies an output to

be saved to disk and/or displaved on a screen.

85. (New) The system of claim 79. wherein the user interaction stream parses elements to be

used in the computations representing the artificial neural network.

86. (New) The system of claim 85, wherein the processing unit comprises a graphics

processing unit (GPU) and the user interaction stream converts the elements into GPU programs.

87. (New) The system of claim 86, wherein the user interaction stream compiles the GPU
programs.
13
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88. (New. Amended) The system of claim 87. wherein the user interaction stream transfers

the GPU programs to at least one of the first memory partition or the second memory partition.

89. (New) The system of claim 68. wherein the at least one CPU is further configured to

execute a data output stream. the data output stream controlling transfer of outputs of the

computations representing the artificial neural network to disk.

90. (New. Amended) A method of performing a sequence of computations with a processing

unit, the method comprising:

receiving input data;

performing, by the processing unit, the sequence of computations on a first portion of the

input data so as to generate a first portion of output data, intermediate computations in the

sequence of computations vielding intermediate results, the first portion of the output data

representing an output of an artificial neural network:

in parallel with performing the sequence of computations by the processing unit,

transferring a second portion of the input data from a first memory partition to a second memory

partition; and
in parallel with performing the sequence of computations by the processing unit,

transferring a second portion of the output data from the second memory partition to the first

memory partition.

91. (New) The method of claim 90. wherein receiving the input data comprises loading the

input data from disk.

92. (New) The method of claim 90, wherein receiving the input data comprises receiving the

input data from at least one of a video camera, a microphone, or a cell recording electrode.

93. (New) The method of claim 90. wherein receiving the input data occurs at a first rate and

performing the sequence of computations occurs at a second rate different than the first rate.

94. (New) The method of claim 90, wherein transferring the second portion of the output data

comprises transferring the second portion of the output data from the second memory partition to

the first memory partition without transferring anv of the intermediate results from the second

memory partition to the first memory partition.
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95. (New. Amended) A system for performing a sequence of computations, the system
comprising:

a first memory partition;

a second memory partition operably coupled to the first memory partition; and

a processing unit, operably coupled to the first memory partition and the second memory

partition, to perform the sequence of computations on a first portion of input data so as to

generate a first portion of output data, intermediate computations in the sequence of

computations yielding intermediate results, the first portion of the output data representing an

output of an artificial neural network,

wherein the first memory partition is configured to transfer a second portion of the input

data to the second memory partition in parallel with performance the sequence of computations

by the processing unit, and

wherein the second memory partition is configured to transfer a second portion of the

output data to the first memory partition in parallel with performance the sequence of

computations by the processing unit.

96. (New) The system of claim 95, wherein the first memory partition and the second

memory partition are logical partitions.

97. (New) The system of claim 95, wherein the processing unit is comprises a graphics

processing unit (GPU).

98. (New) The system of claim 95, wherein the processing unit is configured to receive the

input data at a first rate and to perform the sequence of computations at a second rate is different

than the first rate.

99. (New) The system of claim 95, wherein the second memory partition is configured to

transfer the second portion of the output data to the first memory partition without transferring

any of the intermediate results to the first memory partition.

100. (New) The system of claim 95. further comprising

at least one of a video camera, a microphone. or a cell recording electrode to generate the

input data.
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101.  (New, Amended) A method for performing a numerical simulation representing an

artificial neural network over a plurality of computational cvcles including at least a first

computational cycle representing a first laver of neurons in the artificial neural network and a

second computational cycle representing a second laver of neurons in the artificial neural

network. the method comprising:

storing. in a first partition of a memory. first output data during the second computational

cycle, the first output data generated during the first computational cycle and being referenced by

a first pointer, the first output data representing at least one output of the first layer of neurons:

performing, by a processing unit operably coupled to the memory, at least one calculation

on the first output data during the second computational cycle, the at least one calculation

yielding second output data, the second output data representing at least one output of the second

layer of neurons:

storing. in a second partition of the memory. the second output data, the second output

data being referenced by a second pointer; and

swapping the first pointer and the second pointer at the conclusion of the second

computational cycle such that the second output data becomes an input for a third computational

cycle of the plurality of computational cycles.

102. (New) The method of claim 101, further comprising:

transferring input data into the memory from another memory coupled to a central

processing unit (CPU) before the first computational cycle.

103. (New) The method of claim 101, further comprising:

providing, to a central processing unit (CPU). first output data generated during the first

computational cycle after a conclusion of the first computational cvcle.

104.  (New) The method of claim 101, further comprising:

transferring the first output data from the memory to another memory during the second

computational cycle.

105. (New) The method of claim 101, further comprising:

displaving, with a video system, an indication of the numerical simulation.

106. (New) The method of claim 101, further comprising:
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dictating, to the processing unit. an order of execution of instructions.

107. (New) The method of claim 101. wherein performing the at least one calculation

comprises receiving. by the processing unit, at least the portion of the input data and a series of

instructions and executing. by the processing unit, the instructions on the at least the portion of

the input data.

108. (New. Amended) A method of performing a numerical simulation representing an

artificial neural network, the method comprising:

performing, by a processing unit, at least one computation during a first computational

cycle of the numerical simulation, the first computational cycle representing a first layer of

neurons in the artificial neural network:

storing, by a memory operably coupled to the processing unit. data used to perform the at

least one computation:

controlling performance of the at least one computation by the processing unit;

controlling transfer of the output data from the processing unit to the memory during the

first computational cycle: and

controlling transfer of input data to the memory for use by the processing unit during a

second computational cycle of the numerical simulation, the second computational cycle

representing a second layer of neurons in the artificial neural network.

109. (New) The method of claim 108. further comprising:

dictating an order of execution of instructions to the processing unit.

110. (New) The method of claim 108, further comprising:

transferring output data from the memory to a main memory while the processing unit

performs the at least one computation.

111. (New) The method of claim 108, further comprising:

perform successive computational cycles of the numerical simulation by feeding output

data generated by the processing unit from a previous computational cvcle and input data for a

next computational cycle into the processing unit.

112. (New. Amended) A system for executing an artificial neural network. the system

comprising:
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a central processing unit (CPU) to provide first input data;

a memory. operably coupled to the CPU. to store the first input data in a first partition,

referenced by a first pointer, before computing a first layer of neurons of the artificial neural

network:

a processing unit, operably coupled to the memory. to perform. during computation of the

first layer of neurons, at least one calculation on the first input data so as to generate first output

data. the first output data representing an output of at least one neuron in the first layer of

neurons: and

a controller, operably coupled to the processing unit and the memory. to store the first

output data in a second partition of the memory. the second partition referenced by a second

pointer. and to swap the first pointer with the second pointer at the end of the computation of the

first layer of neurons, such that the first output data becomes an input for a second layer of

neurons of the artificial neural network.

113. (New) The system of claim 112 wherein the processing unit comprises a graphics

processing unit.

114. (New) The system of claim 112, wherein the controller is configured to send instructions

for performing the at least one calculation to the processing unit.

115. (New. Amended) The system of claim 112. wherein the controller is further configured to

transfer the first output data to another memory during computation of the second layer of

neurons.

116. (New., Amended) The system of claim 112. wherein the memory further comprises:

a third partition to store internal variables: and

a fourth partition to store data used as input at a particular laver of neurons of the

artificial neural network.

117.  (New, Amended) A computer system, comprising:

a central processing unit to receive input data acquired from an external system:

main memory, operably coupled to the central processing unit via a bus, to store the input

data received by the central processing unit;
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an accelerator, operably coupled to the central processing unit and the main memory via

the bus. to receive at least a portion of the input data from the main memory. the accelerator

comprising:

at least one processing unit to perform a sequence of computations on the at least

a portion of the input data so as to generate output data, intermediate computations in the

sequence of computations vielding intermediate results; and

accelerator memory. operably coupled to the at least one processing unit, to store

the results of the sequence of computations:; and

a controller, operably coupled to the at least one processing unit and the accelerator

memory. to transfer the at least a portion of the input data into the accelerator memory and to

transfer at least a portion of the output data from the accelerator memory to the main memory

during performance of the sequence of computations by the at least one processing unit.

118. (New) The computer system of claim 117. wherein the central processing unit is

configured to receive the input data in response to a user interaction.

119. (New) The computer system of claim 117, wherein:

the central processing unit is configured to receive the input data at a first rate; and

the at least one processing unit is configured to perform the sequence of computations at

a second rate different than the first rate.

120. (New) The computer system of claim 117. wherein the main memory is configured to

store a copy of the output data stored in the accelerator memory.

121. (New) The computer system of claim 117. wherein an output of at least one computation

in the sequence of computations represents an output of at least one neuron in an artificial neural

network.

122. (New) The computer system of claim 117, wherein accelerator memory comprises:

a first memory partition to store parameters common to all of the computations in the

sequence of computations:; and

a second memory partition to store data specific to at least one computation in the

sequence of computations.
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123.  (New) The computer system of claim 117, wherein the controller is configured to transfer

the output data from the accelerator memory to the main memory without transferring any of the

intermediate results from the accelerator memory to the main memory so as to reduce data

transfer via the bus.

124.  (New) The computer system of claim 117, wherein the controller is configured to transfer

at least a portion of the output data from the accelerator memory to the main memory after the at

least one processing unit has begun to perform another sequence of computations.

125. (New) The computer system of claim 124, wherein the controller is configured to initiate

transfer of the at least a portion of the input data and to transfer the at least a portion of the

output data in parallel with performance of at least one computation in the other sequence of

computations by the at least one processing unit.

126. (New) The computer system of claim 117, wherein the controller is configured to control

execution of the sequence of computations by the at least one processing unit.

127.  (New, Amended) The computer system of claim 117, further comprising:

at least one of a video camera, a microphone. or a cell recording electrode, operably

coupled to the central processing unit., to acquire the input data in real time.

128. (New. Amended) A method of performing a sequence of computations on a computer

system comprising a central processing unit (CPU), a main memory operably coupled to the

central processing unit via a bus, an accelerator operably coupled to the CPU and the main

memory via the bus, the accelerator comprising a processing unit and an accelerator memory, the

method comprising:

(A) performing, by the processing unit, the sequence of computations on a first portion of

input data so as to generate a first portion of output data, intermediate computations in the

sequence of computations yielding intermediate results:
(B) in parallel with performing the sequence of computations by the processing unit in

(A), transferring a second portion of the input data from the main memory to the accelerator via

the bus: and
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(C) in parallel with performing the sequence of computations by the processing unit in

(A), transferring a second portion of the output data from the accelerator memory to the main

memory via the bus.

129.  (New) The method of claim 128, further comprising:

storing the input data in the main memory in response to a user interaction.

130. (New) The method of claim 128, further comprising:

receiving the input data at a first rate; and

wherein (A) comprises performing the sequence of computations at a second rate
different than the first rate.

131. (New) The method of claim 128. wherein (A) comprises:

generating an output representative of an output of at least one neuron in an artificial

neural network.

132.  (New) The method of claim 128. wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the

main memory without transferring any of the intermediate results of the plurality of sequential

computations from the accelerator memory to the main memory so as to reduce data transfer via

the bus.

133. (New) The method of claim 128, wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the

main memory after the processing unit has begun to perform another sequence of computations.

134. (New) The method of claim 133, wherein (C) further comprises:

initiating transfer of the second portion of the output data in parallel with performance of

at least one computation in the other sequence of computations.

135. (New) The method of claim 128 further comprising:

acquiring the input data in real time with at least one of a video camera, a microphone. or

a cell recording electrode operably coupled to the processing unit.

136. (New) The method of claim 128 further comprising:
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storing parameters common to all of the computations in the sequence of computations in

a first memory partition in the accelerator memory: and

storing data specific to at least one computation in the sequence of computations in a

second memory partition in the accelerator memory.

137. (New) A system for executing an artificial neural network. the system comprising:

a first processing unit to receive input data in real time from a sensor;

a memory. operably coupled to the first processing unit, to store a first portion of the

input data.

a second processing unit, operably coupled to the memory. to generate first output data

from the first portion of the input data. the first output data representing an output of at least one

neuron in a first laver of neurons in the artificial neural network:

a controller, operably coupled to the second processing unit and the memory. to store a

second portion of the input data in the memory while the second processing unit generates the

first output data.

138. (New) The system of claim 137. wherein the sensor is a microphone.

139. (New) The system of claim 137. wherein the sensor is a video camera.

140. (New) The system of claim 137, wherein the second processing unit is further configured

to generate second output data from the second portion of the input data, the second output data

representing an output of at least one neuron in a second laver of neurons in the artificial neural

network.

141. (New) The system of claim 140, further comprising:

a random access memory. operably coupled to the first processing unit, to receive the

first output data from the memory while the second processing unit generates the second output

data.
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REISSUE APPLICATION DECLARATION BY THE INVENTOR NRLA-001US03

I hereby declare that:

Each inventor’s residence and mailing address are stated below next to their name.

| believe | am the original inventor or an original joint inventor of the subject matter which is described and claimed

in patent number _S.189828 , granted Nevember 17, 2013 and for which a
reissue patent is sought on the invention titled _Graphic Processor Based Accelerator System and Method

¢

the specification of which

D is attached hereto.
was filed on 11/9/2017 as reissue application number 15/808,201

The above-identified application was made or authorized to be made by me.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by fine
or imprisonment of not more than five (5) years, or both.

| believe the original patent to be wholly or partly inoperative or invalid, for the reasons described
below. (Check all boxes that apply.)

D by reason of a defective specification or drawing.

by reason of the patentee claiming more or less than he had the right to claim in the patent.

by reason of other errors.

Atleast one error upon which reissue is based is described below. if the reissue is a broadening
reissue, a claim that the application seeks to broaden must be identified:

Reissue is requested because of antecedent basis errors in issued claim 1 of US 9,189,828.
Specifically, claim 1 lacks antecedent basis for “the plurality of computations,” which is being
amended to recite “the sequence of computations” to correct this error. Reissue is also
requested because Applicant erred by claiming less than it had a right to claim in US
9,189,828. Claim 21, for example, corrects this error because it does not recite “a central
processing unit” as in claim 1. And claim 79, for example, corrects Applicant's error by
claiming the “user interaction stream” that appears in the embodiment of FIG. 3 of US
9,189,828 and has not been claimed to date.

[Page 1 of 2)
This collection of information is required by 37 CFR 1.175. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 end 1.14. This collection is estimated to take 30 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timse will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. 8END TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

15/808,201 Gorchetchnikov et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
WILLIAM H WOOD 3992 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 03/20/2019.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)¥ This action is FINAL. 2b) (J This action is non-final.

3)OJ An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-60,62-66 and 68-141 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) [J Claim(s) ____ is/are allowed.
7) Claim(s) 1-60,62-66 and 68-141 is/are rejected.
8) [ Claim{(s) ____ is/are objected to.
9) [OJ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)(J The drawing(s) filedon ___is/are: a)(] accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)J All b)(J Some** ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) (] Notice of References Cited (PTO-892) 3) Interview Summary (PTO-413)
) ) Paper No(s)/Mail Date 20190418
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
Paper No(s)/Mail Date 03/20/2019, C—_—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190418
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The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION
For reissue applications filed before September 16, 2012, all references to 35 U.S.C. 251 and 37
CFR 1.172,1.175, and 3.73 are to the law and rules in effect on September 15, 2012. Where specifically
designated, these are “pre-AlA” provisions.
For reissue applications filed on or after September 16, 2012, all references to 35 U.S.C. 251 and

37CFR 1.172,1.175, and 3.73 are to the current provisions.

Claims 1-60, 62-66, and 68-141 are currently pending in the application. Claims 1-20 are original

claims to patent US 9,189,828 B2 and claims 21-60, 62-66, and 68-141 are newly added claims.

Reissue

Applicant is reminded of the continuing obligation under 37 CFR 1.178(b), to timely apprise the
Office of any prior or concurrent proceeding in which Patent No. 9,189,828 is or was involved. These
proceedings would include interferences, reissues, reexaminations, and litigation.

Applicant is further reminded of the continuing obligation under 37 CFR 1.56, to timely apprise
the Office of any information which is material to patentability of the claims under consideration in this
reissue application.

These obligations rest with each individual associated with the filing and prosecution of this
application for reissue. See also MPEP §§ 1404, 1442.01 and 1442.04.

Applicant is notified that any subsequent amendment to the specification and/or claims must

comply with 37 CFR 1.173(b).

Information Disclosure Statement
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The information disclosure statement (IDS) submitted on 03/20/2019 have been considered in
accordance with MPEP 609, including timing and content requirements (see also 37 C.F.R. 1.97 and
1.98). Documents not meeting a particular criteria are lined through and not considered. NOTE: ltem 1
of the Non-Patent Literature is titled “Brain-inspired computing”. No such document could be found.
However, one submitted document does not appear on the IDS and is titled “From Spikes to Inter-Areal
Synchrony: How attentive matching and resonance control learning and information processing by

laminar thalamocortical circuits”.

Claim Objections

Claim 12 is objected to because of the following informalities: the amendment (03/20/2019)
does not contain a parenthetical expression as required by 1.173(b)(2) or a status as required by CFR
1.173(c). Appropriate correction is required.

Claims 21-41 are objected to because of the following informalities: the amendment
(03/20/2019) does not provide support for the changes as required by CFR 1.173(c). The support
provided (on page 25 of the response) does not show computations represent layers. Appropriate
correction is required.

Claims 42-54 are objected to because of the following informalities: the amendment
(03/20/2019) does not provide support for the changes as required by CFR 1.173(c). No support is
provided in any manner. Appropriate correction is required.

Claims 42-54, 62-66, and 117-127 are objected to because of the following informalities: the
amendment (03/20/2019) does not provide support for the changes as required by CFR 1.173(c),
specifically the claim language “external system”. Appropriate correction is required.

Claims 101-116 and 137-141 are objected to because of the following informalities: the

amendment (03/20/2019) does not provide support for the changes as required by CFR 1.173(c),
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specifically the claim language relating computational cycles to first and second layers of neurons.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 62-66 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second paragraph,
as being indefinite for failing to particularly point out and distinctly claim the subject matter which the
inventor or a joint inventor, or for pre-AlA the applicant regards as the invention. In particular,
independent claim 62, upon which claims 63-66 depend, now states, “transferring the input data into
the memory ... during performance of the sequence of computations by the GPU”. This limitation is
treated as stating, “transferring at least a portion of the input data ...”. This interpretation is necessary in
order for at least a portion of the input data to have already been transferred so that in can be

performed upon by the GPU.

Claim Analysis — 35 USC § 251
Withdrawn are the rejections of claims 21-116 under 35 U.S.C. 251 as being an improper
recapture of broadened claimed subject matter surrendered in the application for the patent upon
which the present reissue is based.
It is noted that the following is the three step test for determining recapture in reissue

applications (see: MPEP 1412.02(11)): “(1) first, we determine whether, and in what respect, the reissue
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claims are broader in scope than the original patent claims; (2) next, we determine whether the broader
aspects of the reissue claims relate to subject matter surrendered in the original prosecution; and (3)
finally, we determine whether the reissue claims were materially narrowed in other respects, so that the
claims may not have been enlarged, and hence avoid the recapture rule.”

Claims directed toward separate inventions/embodiments/species that were disclosed but
never covered by the original prosecution claims may be to overlooked aspects. Claims to overlooked
aspects are not subject to recapture because the claims are, by definition, unrelated to subject matter
that was surrendered during the prosecution of the original application (see MPEP 1412.01 Il. and MPEP
1402.02).

Upon further consideration, including in view of Patent Owner’s response of 03/20/2019, the
following concise analysis is provided and supersedes the analysis of the preceding office action of

11/20/2018.

Analysis 1: The record of the prior proceedings 11/860,254 (US 8,648,867 B2) and 14/147,015
(US 9,189,828 B2) indicate:
a. Inapplication 14/147,015, the Amendment of 03/10/2015 added to claim 1 {issued as
claim 1in patent 9,189,828) the following limitations in order to overcome the cited
prior art (additions shown by underlining): a central processing unit to receive input

data; main memory, operably coupled to the central processing unit via a bus, to store

the input data received by the central processing unit; an accelerator, operably coupled

to the central processing unit and the first memory via the bus, to receive at least a

portion of the input data from the main memory, the accelerator comprising: at least

one graphics processing unit to perform a sequence of computations on the at least a

portion of the input data so as to generate output data, intermediate computations in
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the sequence of computations yielding intermediate results; and accelerator memory,

operably coupled to the graphic processing unit, to store the results of the plurality of

sequential computations; and a controller, operably coupled to the at least one graphics

processing unit and the accelerator memory, to transfer the at least a portion of the

input data into the accelerator memory and to transfer at least a portion of the output

data from the accelerator memory to the main memory during performance of the

sequence of computations by the at least one graphic processing unit. The

accompanying remarks of 03/10/2015, on page 8, further indicate the following
limitations overcome the cited prior art: “a controller ... to transfer at least a portion of
the output data from the accelerator memory to [a] main memory during performance
of [a] sequence of computations by [a] graphic processing unit”.

b. In application 14/147,015, the Amendment of 03/10/2015 added claim 12 (issued as
claim 12 in patent 9,189,828) with the following limitations in order to overcome the

cited prior art (additions shown by underlining): A method of performing a sequence of

computations on a computer system comprising a central processing unit (CPU), a main

memory operably coupled to the central processing unit via a bus, an accelerator

operably coupled to the CPU and the main memory via the bus, the accelerator

comprising a graphics processing unit (GPU) and an accelerator memory, the method

comprising: (A) performing, by the GPU, the sequence of computations on a first portion

of the input data so as to generate a first portion of the output data, intermediate

computations in the sequence of computations vielding intermediate results; (B) in

parallel with performing the sequence of computations by the GPU in (A), transferring a

second portion of the input data from the main memory to the accelerator via the bus;

and (C) in parallel with performing the sequence of computations by the GPU in (A),
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transferring a second portion of the output data from the accelerator memory to the

main memory via the bus.

c. Inapplication 11/860,254, the Amendment of 07/31/2013 added to claim 1 {issued as
claim 1in patent 8,648,867) the following limitations in order to overcome the cited

prior art (additions shown by underlining): A computer system for performing a

numerical simulation over a plurality of computational cycles including at least a first

computational cycle and a second computational cycle, the computer system

comprising: a central processing unit; a main memory, operably coupled to the central

processing unit, to store input data to be accessed by the central processing unit in

performing the numerical simulation; a video system, operably coupled to the central

processing unit, to drive a video monitor to display an indication of the nhumerical

simulation in response to the computer system performing the numerical simulation;

an accelerator, operably coupled to the central processing unit, to receive at least a

portion of the input data from the central processing unit and_to provide first output

data generated during the first computational cycle to the central processing unit after a

conclusion of the first computational cycle, the accelerator comprising: at least one

graphics processing unit to generate second output data, during the second

computational cycle, by performing at least one calculation on the first output data; and

an accelerator memory, operably coupled to the at least one graphic processing unit,

the accelerator memory comprising: a first partition, referenced by a first pointer, to

store the first output data during the second computational cycle; and a second

partition, referenced by a second pointer, to store the second output data generated

during the second computational cycle; and an accelerator controller, operably coupled

to the accelerator memory and the central processing unit, to transfer the at least the
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portion of the input data into the accelerator memory before the first computational

cycle, to transfer the first output data from the accelerator memory to the main

memory during the second computational cycle, to direct the second output data into

the second partition during the second computational cycle, and to swap the first

pointer and the second pointer at the conclusion of the second computational cycle

such that the second output data becomes an input for a third computational cycle of

the plurality of computational cycles. The accompanying remarks of 07/31/2013, on

pages 11-13, further indicate the following limitations overcome the cited prior art:
“accelerator controller, operably coupled to the accelerator memory and the central
processing unit, to transfer the at least the portion of the input data into the accelerator
memory before the first computational cycle, to transfer the first output data from the
accelerator memory to the main memory during the second computational cycle, to
direct the second output data into the second partition at the end of the second
computational cycle, and to swap the first pointer and the second pointer at the
conclusion of the second computational cycle such that the second output data
becomes an input for a third computational cycle of the plurality of computational
cycles”. The remarks argue claims 1 and 17 are similar in this regard.

d. In application 11/860,254, the Amendment of 07/31/2013 added to claim 10 (issued as
claim 9 in patent 8,648,867) the following limitations in order to overcome the cited
prior art (additions shown by underlining): An accelerator system for a computer system

performing a numerical simulation, the accelerator system comprising: at least one

graphics processing unit to generate output data by performing at least one

computation during a first computational cycle of the numerical simulation; an

accelerator memory, operably coupled to the at least one graphics processing unit, to
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store data used to perform the at least one computation; and an accelerator controller,

operably coupled to the accelerator memory and the at least one graphics processing

unit, to execute: (i) a computational stream controlling performance of the at least one

computation by the at least one graphics processing unit; (ii) an output stream

controlling transfer of the output data from the at least one graphics processing unit to

the accelerator memory during the first computational cycle; and (iii) an input stream

controlling transfer of input data to the accelerator memory for use by the at least one

graphics processing unit during a second computational cycle of the numerical

simulation. The accompanying remarks of 07/31/2013, on page 14, further indicate the
following limitations overcome the cited prior art: an accelerator controller that
executes a computational stream to control performance of a first computation, an
output stream to transfer data at the end of the first computational cycle, and an input
stream to control the transfer of input data into the accelerator memory.

e. Inapplication 11/860,254, the Amendment of 07/31/2013 added to claim 17 (issued as
claim 16 in patent 8,648,867) the following limitations in order to overcome the cited
prior art (additions shown by underlining): A method for performing a numerical

simulation on input data in a computer system including a central processing unit and

an accelerator, the method comprising: receiving, by an accelerator, first input data

from the central processing unit; transferring, by an accelerator controller, the first

input data into a first partition, referenced by first pointer, of an accelerator memory

before a first computational cycle of the numerical simulation; performing, by at least

one graphics processing unit during the first computational cycle, at least one

calculation on the first portion of the input data as to generate first output data;

storing, by the accelerator controller, the first output data into a second partition,
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referenced by a second pointer, of the accelerator memory; and swapping the first

pointer with the second pointer at the end of the first computational cycle, such that

the first output data becomes an input for a second computational cycle of the

numerical simulation.

Analysis 2: Claims directed toward separate inventions/embodiments/species that were
disclosed but never covered by the original prosecution claims may be to overlooked aspects. Claims to
overlooked aspects are not subject to recapture because the claims are, by definition, unrelated to
subject matter that was surrendered during the prosecution of the original application (see MPEP
1412.01 ll. and MPEP 1402.02). The following independent claims are subject to recapture analysis as
follows:

a. Claim 21: no recapture; the instant claim is directed toward an accelerator system with the
closest comparison being with claim 9 of USPN 8,648,867 (see above Analysis 1d), however that
claim is directed toward numerical simulation making use of various streams; though “numerical
simulation” is broad, the instant claim 21 is further narrowed by “the sequence of computations
representing an artificial neural network, computations in the sequence of computations
representing respective layers of neurons in an artificial neural network”; in summary the claim
is now constituted to different aspects as compared to the prosecution claims, and as such the
removed limitations are not to surrendered subject matter, and further the claim is materially
narrowed;

b. Claim 42: no recapture; the instant claim is directed toward “a method of performing a
sequence of computations representing an artificial neural network”, but does not state the
main memory found in claims 1 and 12 of USPN 9,189,828; the instant claim is further narrowed

to “computations in the sequence of computations representing respective layers of neurons in
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the artificial neural network”; in summary the claim is now constituted to different aspects as
compared to the prosecution claims, and as such the removed limitations are not to
surrendered subject matter, and further the claim is materially narrowed;

c. Claim 56: no recapture; the instant claim is directed toward an accelerator system, does not
have a main memory, and is not directed toward various “streams”; the instant claim is further
narrowed to “computations in the sequence of computational elements representing a layer of
neurons in an artificial neural network, an output of the computation in the sequence of
computations representing an output of a neuron in the artificial network”; in summary the
claim is now constituted to different aspects as compared to the prosecution claims, and as such
the removed limitations are not to surrendered subject matter, and further the claim is
materially narrowed;

d. Claim 62: no recapture for similar reasons as claim 42;

e. Claim 68: no recapture; the instant claim is directed toward “a method of executing
computations representing an artificial neural network on a computer system comprising at
least one central processing unit” with the closest comparison being with claim 16 of USPN
8,648,867 (see above Analysis 1e), however that claim is directed toward numerical simulation;
the instant claim 68 is narrowed by “an artificial neural network”; in summary the claim is now
constituted to different aspects as compared to the prosecution claims, and as such the
removed limitations are not to surrendered subject matter, and further the claim is materially
narrowed;

f. Claim 79: no recapture; the instant claim is directed toward “a system for executing
computations representing an artificial neural network” with the closest comparison being with
claim 9 of USPN 8,648,867 (see above Analysis 1d), however that claim is directed toward

numerical simulation; the instant claim 79 is narrowed by “an artificial neural network”; in
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summary the claim is now constituted to different aspects as compared to the prosecution
claims, and as such the removed limitations are not to surrendered subject matter, and further
the claim is materially narrowed;

g. Claim 90: no recapture; the instant claim is directed toward “a method of performing a
sequence of computations”, but does not state the CPU or main memory found in claims 1 and
12 of USPN 9,189,828; the instant claim is further materially narrowed by “the first portion of
the output data representing an output of an artificial neural network”; in summary the claim is
now constituted to different aspects as compared to the prosecution claims, and as such the
removed limitations are not to surrendered subject matter, and further the claim is materially
narrowed;

h. Claim 95: no recapture for similar reasons as to claim 90;

i. Claim 101: no recapture; the instant claim is directed toward a method for performing a
numerical simulation representing an artificial neural network with the closest comparison
being with claims 1 and 16 of USPN 8,648,867 (see above Analysis 1c and 1e); the instant claim
101 is further narrowed by “representing a first layer of neurons in the artificial neural network”
and “representing a second layer of neurons in the artificial neural network”; in summary the
claim is now constituted to different aspects as compared to the prosecution claims, and as such
the removed limitations are not to surrendered subject matter, and further the claim is
materially narrowed;

j.  Claim 108: no recapture for similar reasons as to claim 101;

k. Claim 112: no recapture; the instant claim is directed to a “system for executing an artificial
neural network” further limited such that first output data represents an output in a first layer
of neurons and then becomes an input for a second layer of neurons; the claimed “processing

unit” is in reference to an accelerator/gpu which previous prosecution claims did not add to
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overcome prior art (see above Analysis 1a, 1c and 1d); in summary the claim is now constituted
to different aspects as compared to the prosecution claims, and as such the removed limitations
are not to surrendered subject matter, and further the claim is materially narrowed;

I.  Claims 117 and 128: no recapture as indicated in the previous office action of 11/20/2018;

m. Claim 137: no recapture; the instant claim is directed to a “system for executing an artificial
neural network” further limited such that first output data represents an output in a first layer
of neurons; this further limitation negates the need for the previous prosecution added
limitations “intermediate computations in the sequence of computations yielding intermediate

results” and “to transfer the at least a portion of”.

Claim Rejections - 35 USC § 102 and § 103
In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.
The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102 that form

the basis for the rejections under this section made in this Office action:
A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
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only if the international application designated the United States and was published under Article
21(2) of such treaty in the English language.

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the
prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claim(s) 1-7, 10-16, 19-40, 42-43, 47-54, 56-60, 62-66, 68-72, 74-77, 79-83, 85-88, 90, 92-95, 97-
100, and 117-123, 126-132, 135-138, and 140-141 is/are rejected under pre-AIA 35 U.S.C. 102(e) as

being anticipated by US 7,219,085 B2 (herein Buck).

Claim 1
Buck discloses a computer system (Buck: figure 1), comprising:

a central processing unit to receive input data (Buck: figure 1, elements 120 and 160; figure 2,
element 120; column 9, lines 33-36);

main memory, operably coupled to the central processing unit via a bus, to store the input data
received by the central processing unit (Buck: figure 1, elements 121, 130, 141, 152, 156);

an accelerator, operably coupled to the central processing unit and the main memory via the
bus (Buck: figure 1, element 190), to receive at least a portion of the input data from the main memory
(Buck: column 21, lines 54-64), the accelerator comprising:

at least one graphics processing unit to perform a sequence of computations on the at
least a portion of the input data so as to generate output data (Buck: figure 2, element 220;

figure 5; figure 7; column 12, lines 16-26), intermediate computations in the sequence of
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computations yielding intermediate results (Buck: figure 5, elements 595, temporary data, or
565, intermediate versions of WJ; and

accelerator memory, operably coupled to the at least one graphics processing unit, to
store the results of the sequence of computations (Buck: figures 2 and 5, element 230); and

a controller, operably coupled to the at least one graphics processing unit and the
accelerator memory, to transfer the at least a portion of the input data into the accelerator
memory and to transfer at least a portion of the output data from the accelerator memory to
the main memory during performance of the sequence of computations by the at least one

graphics processing unit (Buck: column 11, line 12 to column 12, line 26).

Claim 2
Buck discloses the computer system of claim 1, wherein the central processing unit is configured to
receive the input data in response to a user interaction (Buck: column 7, lines 51-55; column 23, lines 13-

15).

Claim 3
Buck discloses the computer system of claim 1, wherein: the central processing unit is configured to

receive the input data at a first rate; and the at least one graphics processing unit is configured to
perform the sequence of computations at a second rate different than the first rate (Buck: column 2,

lines 55-67; column 9, lines 10-14; column 14, lines 40-44; CPU and GPU function at different rates).

Claim 4
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Buck discloses the computer system of claim 1, wherein the main memory is configured to store a

copy of the output data stored in the accelerator memory (Buck: column 7, lines 39-51; figure 5,

elements 580 and 585).

Claim 5

Buck discloses the computer system of claim 1, wherein an output of at least one computation in the
sequence of computations represents an output of at least one neuron in an artificial neural network
(Buck: figure 7; column 22, lines 26-27; output of a neural network is an output layer of

neurons).

Claim 6

Buck discloses the computer system of claim 1, wherein accelerator memory comprises: a first
memory bank to store parameters common to all of the computations in the sequence of computations;
and a second memory bank to store data specific to at least one computation in the sequence of

computations (Buck: figure 2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see

also column 20, lines 1-4).

Claim 7
Buck discloses the computer system of claim 1, wherein the controller is configured to transfer the

output data from the accelerator memory to the main memory without transferring any of the
intermediate results from the accelerator memory to the main memory so as to reduce data transfer via

the bus (Buck: figure 5, elements 595, temporary data, or 565, intermediate versions of W; figure 5,

NVIDIA Ex1002 Page 713 of 1081



Application/Control Number: 15/808,201 Page 17
Art Unit: 3992

temporary data is never sent back; and column 11, lines 12-41, some embodiments do not sent back the

intermediate versions of W).

Claim 10
Buck discloses the computer system of claim 1, wherein the controller is configured to control

execution of the sequence of computations by the at least one graphics processing unit (Buck: column

12, lines 16-26).

Claim 11

Buck discloses the computer system of claim 1, further comprising: at least one of a video camera, a
microphone, or a cell recording electrode, operably coupled to the central processing unit, to acquire
the input data in real time (Buck: column 7, line 51 to column 8, line 2; column 9, lines 33-36; column 23,

lines 26-30).

Claim 12

Buck discloses a method of performing a sequence of computations on a computer system
comprising a central processing unit (CPU), a main memory operably coupled to the central processing
unit via a bus, an accelerator operably coupled to the CPU and the main memory via the bus, the
accelerator comprising a graphics processing unit (GPU) and an accelerator memory (Buck: figure 1,
elements 120 and 160; figure 2, element 120; column 9, lines 33-36; figure 1, elements 121, 130, 141,
152, 156; figure 1, element 190; figure 2, elements 220 and 230), the method comprising:

(A) performing, by the GPU, the sequence of computations on a first portion of input data so as

to generate a first portion of output data (Buck: figure 2, element 220; figure 5; figure 7; column 12, lines
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16-26), intermediate computations in the sequence of computations yielding intermediate results (Buck:
figure 5, elements 595, temporary data, or 565, intermediate versions of W);

(B) in parallel with performing the sequence of computations by the GPU in (A), transferring a
second portion of the input data from the main memory to the accelerator via the bus (Buck: column 11,
line 12 to column 12, line 26); and

(C) in parallel with performing the sequence of computations by the GPU in (A), transferring a
second portion of the output data from the accelerator memory to the main memory via the bus (Buck:

column 11, line 12 to column 12, line 26).

Claims 13-16 and 19-20

The limitations of claims 13-16 and 19-20 correspond to the limitations of claims 2-7 and 10-11

and as such are rejected in a corresponding manner.

Claim 21
Buck discloses an accelerator system (Buck: figure 2, element 190) comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so as to
generate output data (Buck: figure 2, element 220; figure 5; figure 7; column 12, lines 16-26), the

sequence of computations representing an artificial neural network, computations in the sequence of

computations representing layers of neurons in an artificial neural network (Buck: figure 7; column 21,

lines 61-64; column 22, lines 26-27);

a memory, operably coupled to the GPU, to store the input data and the output data (Buck:
figure 5, element 230); and

a controller, operably coupled to the GPU and the memory, to transfer the input data into the

memory and to transfer at least a portion of the output data from the memory during performance of
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the sequence of computations by the GPU (Buck: figure 5, inputs and outputs; column 11, line 59 to

column 12, line 6).

Claim 22
Buck discloses the accelerator system of claim 21, wherein the GPU is operably coupled to a central

processing unit (CPU) of a computer system (Buck: figure 2).

Claim 23
Buck discloses the accelerator system of claim 21, wherein the GPU is mounted on an expansion card

operably coupled to a motherboard of a computer system (Buck: figure 2, element 210; column 9, lines

15-22, AGP and PCI Express busses are for expansion cards coupled to a motherboard).

Claim 24
Buck discloses the accelerator system of claim 21, further comprising: a central processing unit (CPU)

(Buck: figure 1, element 120), a system memory (Buck: figure 1, element 130), and a non-volatile
memory installed on a motherboard (Buck: figure 1, element 133; column 6, lines 27-40, at least ISA bus

indicates motherboard).

Claim 25
Buck discloses the accelerator system of claim 24, wherein the GPU is operably coupled to the CPU via

a system bus on the motherboard (Buck: figure 1, element 190 containing the GPU; figure 2, elements
190 and 210; column 8, lines 15-22, AGP and PCl Express busses are for expansion cards coupled to a

motherboard).
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Claim 26
Buck discloses the accelerator system of claim 25, wherein the system bus has a bandwidth of 3.2 GB/s

to 15 GB/s (Buck: column 9, lines 15-22, PCl Express bus has a bandwidth higher than 3.2GB/s).

Claim 27
Buck discloses the accelerator system of claim 25, wherein the controller is configured to transfer the

input data and the at least a portion of the output data via the system bus (Buck: figure 2, element

210).

Claim 28
Buck discloses the accelerator system of claim 25, further comprising: a video card, operably coupled

to the motherboard via a local bus, to transfer graphical information to a display (Buck: figure 1,

elements 190, 121, and 191; claim language “local bus” is reference language “system bus”).

Claim 29
Buck discloses the accelerator system of claim 28, wherein the local bus has a lower bandwidth than

the system bus (Buck: figure 1, element 121; column 6, lines 27-40, at least ISA bus; claim language
“local bus” is reference language “system bus”; figure 2, element 210; column 9, lines 15-22; ISA bus has

a lower bandwidth than a PCI Express bus).

Claim 30
Buck discloses the accelerator system of claim 21, wherein the memory comprises: a first memory

partition to store parameters common to every computation in the sequence of computations (Buck:
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figure 2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see also column 20, lines

1-4).

Claim 31

Buck discloses the accelerator system of claim 30, wherein the memory further comprises: a second
memory partition to store data specific to the computation in the sequence of computations (Buck:
figure 2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see also column 20, lines

1-4).

Claim 32

Buck discloses the accelerator system of claim 31, wherein the second memory partition comprises: a
first partition to hold external input data patterns (Buck: figure 5, element 530; column 10, lines 61-
62); a second partition to hold representations of internal variables (Buck: column 15, lines 49-60); a
third partition to hold an input of the computation in the sequence of computations (Buck: column 10,
lines 43-44); and a fourth partition to hold the output of the computation in the sequence of

computations (Buck: figure 5, element 510).

Claim 33
Buck discloses the accelerator system of claim 31, wherein the second memory partition is configured

to accumulate the output of the computation in the sequence of computations during execution, by the
GPU, of computational elements of the computation in the sequence of computations (Buck: column 11,

lines 50-52).
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Claim 34

Buck discloses the accelerator system of claim 31, wherein the second memory partition is configured
to store an output of a previous computation in the sequence of computations, the output of the
previous computation being accessible to computational elements executed by the GPU during the
computation in the sequence of computations (Buck: figure 5, at least element 510; column 11, line 12

to column 12, line 15).

Claim 35
Buck discloses the accelerator system of claim 21, wherein the computation in the sequence of
computations performed by the GPU comprises a plurality of computational elements (Buck: column 21,

lines 61-64).

Claim 36
Buck discloses the accelerator system of claim 35, wherein the plurality of computational elements
represents a layer of neurons in an artificial neural network (Buck: figure 7; column 21, lines 61-64;

column 22, lines 26-27; output of a neural network is an output layer of neurons).

Claim 37

Buck discloses the accelerator system of claim 36, wherein all neurons in the layer of neurons are

described by the same equation (Buck: figure 7, same neuron type divided by layer; column 13, lines 33-

55; and column 11, lines 33-36).

Claim 38
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Buck discloses the accelerator system of claim 21, wherein the memory is configured to store
intermediate results of the sequence of computations (Buck: figure 5, elements 595, temporary data, or
565, intermediate versions of W) and the controller is configured to transfer the output data from the
memory to a main memory without transferring the intermediate results (Buck: figure 5, temporary
data is never sent back; and column 11, lines 12-41, some embodiments do not sent back the

intermediate versions of W).

Claim 39

Buck discloses the accelerator system of claim 21, wherein the controller is configured to initiate
transfer of at least a portion of the input data (Buck: column 10, lines 36-43) and to transfer the at least
a portion of the output data in parallel (figure 5, element 585; and column 6, lines 35-40, at least ISA bus

is 8-bit wide indicating at least a portion of data is in parallel).

Claim 40
Buck discloses the accelerator system of claim 21, wherein the input data is acquired by at least one of a
video camera, a microphone, or a cell recording electrode (Buck: column 7, line 51 to column 8, line 2;

column 8, lines 33-36; column 21, lines 54-64).

Claim 42
Buck discloses a method of performing a sequence of computations representing an artificial neural
network (Buck: column 21, lines 61-64), the method comprising:

receiving, at a central processing unit (CPU), first input data acquired from an external system

(Buck: column 7, line 51 to column 8, line 2; column 9, lines 33-36; column 21, lines 54-64; and also

column 11, line 12 to column 12, line 15; external systems ranging from input devices to the GPU);
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performing, by a graphics processing unit (GPU), a first computation in the sequence of
computations on first input data to generate first output data (Buck: figure 2, element 220; figure 5;

figure 7; column 12, lines 16-26), computations in the sequence of computations representing respective

layers of neurons in the artificial neural network (Buck: figure 7; column 21, lines 61-64; column 22, lines

26-27), an output of a computation in the sequence of computations representing an output of a neuron
in the artificial neural network (Buck: figure 7; column 22, lines 26-27; output of a neural network is an
output layer of neurons);

storing, in a memory operably coupled to the GPU, the first input data and the first output data
(Buck: figure 5, element 230); and

transferring second input data into the memory during performance of the sequence of

computations by the GPU (Buck: figure 5, inputs and outputs; column 11, line 59 to column 12, line 6).

Claim 43
Buck discloses the method of claim 42, wherein transferring the second input data comprises

transferring the second input data via a bus operably coupled to the central processing unit (CPU) (Buck:

figure 2).

Claim 47

Buck discloses the method of claim 42, further comprising: storing, in a first memory partition of the

memory, parameters common to all of the computations in the sequence of computations (Buck: figure

2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see also column 20, lines 1-4).

Claim 48
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Buck discloses the method of claim 47, further comprising: storing, in a second memory partition of the
memory, data specific to the first computation in the sequence of computations (Buck: figure 2, 230;

figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see also column 20, lines 1-4).

Claim 49

Buck discloses the method of claim 48, further comprising: storing, in the second memory partition,
external input data patterns, representations of internal variables, an input of the computation in the
sequence of computations, and the output of the computation in the sequence of computations (Buck:
figure 5, element 530; column 10, lines 61-62; column 15, lines 49-60; column 10, lines 43-44; figure 5,

element 510).

Claim 50
Buck discloses the method of claim 42, wherein storing the first output data comprises: accumulating, in
the memory, outputs of computational elements executed by the GPU in performing the first

computation in the sequence of computations (Buck: column 11, lines 50-52).

Claim 51

Buck discloses the method of claim 42, further comprising: storing, in the memory, an output of a
previous computation in the sequence of computations; and accessing, by the GPU, the output of the
previous computation during performance of the computation in the sequence of computations (Buck:

figure 5, at least element 510; column 11, line 12 to column 12, line 15).

Claim 52
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Buck discloses the method of claim 42, wherein performing the first computation comprises executing a
plurality of computational elements representing a layer of neurons in an artificial neural network (Buck:
figure 7; column 21, lines 61-64; column 22, lines 26-27; output of a neural network is an output layer of

neurons).

Claim 53
Buck discloses the method of claim 52, wherein all neurons in the layer of neurons are described by the
same equation (Buck: figure 7, same neuron type divided by layer; column 13, lines 33-55; and column

11, lines 33-36).

Claim 54
Buck discloses the method of claim 42, further comprising: acquiring the input data with at least one of
a video camera, a microphone, or a cell recording electrode (Buck: column 7, line 51 to column 8, line 2;

column 8, lines 33-36; column 21, lines 54-64).

Claim 56
Buck discloses an accelerator system (Buck: figure 2, element 190) comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so as to
generate output data (Buck: figure 2, element 220; figure 5; figure 7; column 12, lines 16-26), a
computation in the sequence of computations comprising a plurality of computational elements, the
plurality of computational elements representing a layer of neurons in an artificial neural network (Buck:
column 21, lines 61-64), an output of the computation in the sequence of computations representing an
output of a neuron in the artificial neural network (Buck: figure 7; column 22, lines 26-27; output of a

neural network is an output layer of neurons); and
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a memory, operably coupled to the GPU, to store parameters common to all of the
computations in the sequence of computations and data specific to the computation in the sequence of
computations (Buck: figure 2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines 36-63; see also
column 20, lines 1-4); and

a controller, operably coupled to the GPU and the memory, to transfer at least a portion of the

input data into the memory in parallel with performance of the sequence of computations by the GPU,

and to transfer at least a portion of the output data from the memory in parallel with performance of

the sequence of computations by the GPU (Buck: column 11, line 12 to column 12, line 15).

Claim 57
Buck discloses the accelerator system of claim 56, wherein all neurons in the layer of neurons are

described by the same equation (Buck: figure 7, same neuron type divided by layer; column 13, lines 33-

55; and column 11, lines 33-36).

Claim 58
Buck discloses the accelerator system of claim 56, wherein the memory is configured to hold: external

input data patterns (Buck: figure 5, element 530; column 10, lines 61-62); representations of internal
variables (Buck: column 15, lines 49-60); an input to the computation in the sequence of computations
(Buck: column 10, lines 43-44); and the output of the computation in the sequence of computations

(Buck: figure 5, element 510).

Claim 59
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Buck discloses the accelerator system of claim 56, wherein the memory is configured to accumulate

the output of the computation in the sequence of computations during execution of the plurality of

computational elements by the GPU (Buck: column 11, lines 50-52).

Claim 60

Buck discloses the accelerator system of claim 56, wherein the memory is configured to store an
output of a previous computation in the sequence of computations, the output of the previous
computation being accessible to the plurality of computational elements during the computation in the

sequence of computations (Buck: figure 5, at least element 530; column 11, line 12 to column 12, line

15).

Claim 62
Buck discloses a method comprising:

receiving, at a central processing unit (CPU), input data acquired from an external system (Buck:

column 7, line 51 to column 8, line 2; column 8, lines 33-36; column 21, lines 54-64; and also column 11,
line 12 to column 12, line 15; external systems ranging from input devices to the GPU);

performing, with a graphics processing unit (GPU), a sequence of computations on input data to
generate output data (Buck: figure 2, element 220; figure 5; figure 7; column 12, lines 16-26), a
computation in the sequence of computations comprising a plurality of computational elements, the
plurality of computational elements representing a layer of neurons in an artificial neural network (Buck:
column 21, lines 61-64), an output of the computation in the sequence of computations representing an
output of a neuron in the artificial neural network (Buck: figure 7; column 22, lines 26-27; output of a

neural network is an output layer of neurons);
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storing, in a memory operably coupled to the GPU, parameters common to all of the
computations in the sequence of computations; in the memory, data specific to the computation in the
sequence of computations (Buck: figure 2, 230; figure 5, elements 530, 535, 595, 510; column 10, lines
36-63; see also column 20, lines 1-4); and

transferring the input data into the memory and at least a portion of the output data from the

memory during performance of the sequence of computations by the GPU (Buck: column 11, line 12 to

column 12, line 15).

Claim 63-66
The limitations of claims 63-66 correspond to the limitations of claims 57-61 and as such are

rejected in a corresponding manner.

Claim 68
Buck discloses a method of executing computations representing an artificial neural network (Buck:
column 21, lines 54-64) on a computer system comprising at least one central processing unit (CPU)
(Buck: figure 2, element 120), a processing unit (Buck: figure 2, element 220), a first memory partition
(Buck: figure 2, element 230; column 21, lines 46-49, multiple memory partitions/locations; see also
column 15, lines 46-60 and figure 9), and a second memory partition (Buck: figure 2, element 230;
column 21, lines 46-49, multiple memory partitions/locations; see also column 15, lines 46-60 and figure
9), the method comprising:

executing, by the at least one CPU, a user interaction stream (Buck: column 9, lines 35-36), the

user interaction stream controlling transfer of inputs to the artificial neural network to the first memory

partition and the second memory partition (Buck: figures 2 and 5; column 10, lines 41-43; column 23,

lines 13-20);
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executing, by the processing unit, a computational stream (Buck: column 2, lines 24-28; column
8, lines 39-44), the computational stream controlling data exchange between the user interaction
stream and the computational stream during execution of the computations representing the artificial

neural network (Buck: figure 5, elements 220 and 545).

Claim 69
Buck discloses the method of claim 68, wherein the user interaction stream controls data exchange

between the user interaction stream and the computational stream outside of execution of the
computations representing the artificial neural network (Buck: figure 2, element 130 separated by

element 120).

Claim 70
Buck discloses the method of claim 68, wherein executing the user interaction stream

comprises: controlling setting and editing of computational elements of the computations representing

the artificial neural network (Buck: figure 5, see at least ‘P’).

Claim 71
Buck discloses the method of claim 68, wherein executing the user interaction stream

comprises: controlling setting and editing of parameters of the computations representing the artificial

neural network (Buck: figure 5, see at least ‘W’, ‘L’, ‘ERRORS’).

Claim 72
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Buck discloses the method of claim 68, wherein executing the user interaction stream

comprises: controlling setting and editing of parameters of the inputs to the artificial neural network

(Buck: figure 5, see at least ‘X" and ‘T’).

Claim 74
Buck discloses the method of claim 68, wherein executing the user interaction stream

comprises: parsing elements to be used in the computations representing the artificial neural network
(Buck: column 2, lines 10-14; column 6, lines 10-16; column 10, lines 36-38; column 14, line 19 to column

15, line 18; programming and languages include parsing).

Claim 75
Buck discloses the method of claim 74, wherein the processing unit comprises a graphics processing

unit (CPU) and executing the user interaction stream further comprises: converting the elements into
GPU programs (Buck: column 2, lines 10-14; column 6, lines 10-16; column 10, lines 36-38; column 14,

line 19 to column 15, line 18; programming and languages include converting).

Claim 76
Buck discloses the method of claim 75, wherein executing the user interaction stream

comprises: compiling the GPU programs (Buck: column 2, lines 10-14; column 6, lines 10-16; column 10,

lines 36-38; column 14, line 19 to column 15, line 18; DirectX includes compilation).

Claim 77
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Buck discloses the method of claim 76, wherein executing the user interaction stream

comprises: transferring the GPU programs to the second memory partition (Buck: figure 5; and column

10, lines 36-41).

Claims 79-83 and 85-87

The limitations of claims 79-83 and 85-87 correspond to the limitations of claims 68-72 and 74-

77 and as such are rejected in a corresponding manner.

Claim 88
Buck discloses the system of claim 87, wherein the user interaction stream transfers the GPU programs

to at least one of the first memory partition or the second memory partition (Buck: figure 5; column 10,

lines 41-43; column 23, lines 13-20; figure 2, element 230; column 21, lines 46-49).

Claims 90, 92-94, 95, and 97-100

The limitations of claims 90, 92-94, 95, and 97-100 correspond to the limitations of claims 1-7, 10-16,

and 19-20 and as such are rejected in a corresponding manner.

Claims 117-123, 126-132, and 135-136

The limitations of claims 117-123, 126-132, and 135-136 correspond to the limitations of claims 1-7, 10-

16, 19-20, 42-43 and 47-54 and as such are rejected in a corresponding manner.

Claim 137

Buck discloses a system for executing an artificial neural network (Buck: figure 7; column 21, lines 61-64;

column 22, lines 26-27), the system comprising:
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a first processing unit to receive input data in real time from a sensor (Buck: column 7, line 51 to
column 8, line 2; column 9, lines 33-36; column 21, lines 54-64; and also column 11, line 12 to column 12,
line 15);

a memory, operably coupled to the first processing unit, to store a first portion of the input data
(Buck: figure 5, element 230);

a second processing unit, operably coupled to the memory, to generate first output data from
the first portion of the input data, the first output data representing an output of at least one neuron in
a first layer of neurons in the artificial neural network (Buck: figure 7; column 21, lines 61-64; column 22,
lines 26-27);

a controller, operably coupled to the second processing unit and the memory, to store a second
portion of the input data in the memory while the second processing unit generates the first output data

(Buck: figure 5, inputs and outputs; column 11, line 59 to column 12, line 6; column 23, lines 7-9).

Claim 138
Buck discloses the system of claim 137, wherein the sensor is a microphone (Buck: column 7,

lines 51-59).

Claim 140

Buck discloses the system of claim 137, wherein the second processing unit is further configured to
generate second output data from the second portion of the input data, the second output data
representing an output of at least one neuron in a second layer of neurons in the artificial neural
network (Buck: figure 5, inputs and outputs; column 11, line 59 to column 12, line 6; figure 7; column 21,

line 65 to column 22, line 27).
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Claim 141

Buck discloses the system of claim 140, further comprising: a random access memory, operably coupled
to the first processing unit, to receive the first output data from the memory while the second
processing unit generates the second output data (Buck: figure 1, element 132; column 6, lines 53-59;

column 7, lines 7-18; column 11, line 59 to column 12, line 6).

Claim 8-9, 17-18, 44-46, 96, 124-125, and 133-134 is/are rejected under pre-AlA 35 U.S.C. 103(a)

as being unpatentable over US 7,219,085 B2 (herein Buck) in view of US 7,525,547 B1 (herein Diard).

Claim 8

To the extent Buck does not explicitly state the computer system of claim 1, wherein the controller is
configured to transfer at least a portion of the output data from the accelerator memory to the main
memory after the at least one graphics processing unit has begun to perform another sequence of
computations, Diard demonstrates that it was known at the time of invention to transfer output from
an accelerator memory to the main memory while the GPU is performing other operations (Diard: figure
1, transfer arrows; column 5, lines 1-3; column 13, lines 4-25). It would have been obvious to one of
ordinary skill in the art at the time of invention to implement the CPU and GPU system of Buck with
output transferred from the accelerator memory to the main memory after the GPU has started other
computations as suggested by Diard’s teachings. This implementation would have been obvious
because one of ordinary skill in the art would have found: the implementation of is a substitution and
application of one known element and technique for another yielding a predictable result using an

acceptable piece of prior art; and both Buck and Diard are directed to CPU and GPU processing.

Claim 9
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To the extent Buck does not explicitly state the computer system of claim 8, wherein the controller is
configured to initiate transfer of the at least a portion of the input data and to transfer the at least a
portion of the output data in parallel with performance of at least one computation in the other
sequence of computations by the at least one graphics processing unit. Diard demonstrates that it was
known at the time of invention to transfer output from an accelerator memory to the main memory
while the GPU is performing other operations (Diard: figure 1, transfer arrows; column 5, lines 1-3;
column 13, lines 4-25). Diard further demonstrates simultaneous transfer of input data and output data
by an accelerator controller (Diard: column 6, lines 10-26; column 13, lines 4-25). It would have been
obvious to one of ordinary skill in the art at the time of invention to implement the CPU and GPU system
of Buck with initiating transfer of input data and transferring output data in parallel with a GPU’s
computation in another sequence of computations as suggested by Diard’s teachings. This
implementation would have been obvious because one of ordinary skill in the art would have found: the
implementation of is a substitution and application of one known element and technique for another
yielding a predictable result using an acceptable piece of prior art; and both Buck and Diard are directed

to CPU and GPU processing.

Claims 17-18
The limitations of claims 17-18 correspond to the limitations of claims 8-9 and as such are rejected in a

corresponding manner.

Claim 44
Buck discloses the method of claim 42, further comprising: transferring the first output data from the
memory to another memory during a second computation in the sequence of computations. Diard

demonstrates that it was known at the time of invention to transfer output from a memory to another
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memory during a computation (Diard: figure 1, transfer arrows; column 5, lines 1-3; column 13, lines 4-
25). It would have been obvious to one of ordinary skill in the art at the time of invention to implement
the CPU and GPU system of Buck with output transferred from the accelerator memory to the main
memory after the GPU has started other computations as suggested by Diard’s teachings. This
implementation would have been obvious because one of ordinary skill in the art would have found: the
implementation of is a substitution and application of one known element and technique for another
yielding a predictable result using an acceptable piece of prior art; and both Buck and Diard are directed

to CPU and GPU processing.

Claim 45

Buck discloses the method of claim 44, further comprising: storing intermediate results of the sequence
of computations in the memory, and wherein transferring the first output data from the memory to the
other memory occurs without transferring the intermediate results of the sequence of computations
(Buck: figure 5, elements 595, temporary data, or 565, intermediate versions of W; figure 5, temporary
data is never sent back; and column 11, lines 12-41, some embodiments do not sent back the

intermediate versions of W).

Claim 46

Buck discloses the method of claim 44, wherein transferring the second input data and transferring the
first output data occurs in parallel (Buck: figure 5, element 585; and column 6, lines 35-40, at least ISA
bus is 8-bit wide indicating at least a portion of data is in parallel). Also, Diard demonstrates that it was
known at the time of invention to transfer output from an accelerator memory to the main memory

while the GPU is performing other operations (Diard: figure 1, transfer arrows; column 5, lines 1-3;
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column 13, lines 4-25). Diard further demonstrates simultaneous transfer of input data and output data

by an accelerator controller (Diard: column 6, lines 10-26; column 13, lines 4-25).

Claim 96

To the extent Buck does not explicitly state the system of claim 95, wherein the first memory partition
and the second memory partition are logical partitions, Diard demonstrates that it was known at the
time of invention for various memory to be shared or logically partitioned between graphics units and
CPUs (Diard: column 4, lines 5-11). It would have been obvious to one of ordinary skill in the art at the
time of invention to implement the memory of Buck as logical partitions as suggested by Diard’s
teachings. This implementation would have been obvious because one of ordinary skill in the art would
have found: the implementation of is a substitution and application of one known element and
technique for another yielding a predictable result using an acceptable piece of prior art; and both Buck

and Diard are directed to CPU and GPU processing.

Claims 124-125 and 133-134

The limitations of claims 124-125 and 133-134 correspond to the limitations of claims 8-9 and 17-18 and

as such are rejected in a corresponding manner.

Claims 41, 55, and 91 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over

US 7,219,085 B2 (herein Buck) in view of US 7,119,810 B2 (herein Sumanaweera).

Claim 41

To the extent Buck does not explicitly state the accelerator system of claim 21, wherein the input data is

loaded from disk. Sumanaweera demonstrates that it was known at the time of invention to load GPUs
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from disk (Sumanaweera: column 1, lines 10-19). It would have been obvious to one of ordinary skill in
the art at the time of invention to implement Buck with input data loaded from disk as suggested by
Sumanaweera’s teachings. This implementation would have been obvious because one of ordinary skill
in the art would have found: the implementation of is a substitution and application of one known

element and technique for another yielding a predictable result using an acceptable piece of prior art.

Claims 55 and 91

The limitations of claims 55 and 91 correspond to the limitations of claim 41 and as such are rejected in

a corresponding manner.

Claims 73, 78, 84, 89, and 139 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over US 7,219,085 B2 (herein Buck) in view of US 2006/0129506 A1 (herein Edelman).

Claim 73

To the extent, Buck does not explicitly state the method of claim 68, wherein executing the user
interaction stream comprises: specifying an output to be saved to disk and/or displayed on a

screen. Edelman demonstrates that it was known at the time of invention to save computations of an
output stream to a disk (Edelman: paragraphs 0056, and 0079) and for the output stream to be related
to an artificial or simulated neural system (Edelman: paragraphs 0056, and 0079). Further, Buck
demonstrates CPU controlled outputs and disk memory disk (Buck: figures 1 and 2; column 3, lines 46-
51; column 9, lines 15-37). It would have been obvious to one of ordinary skill in the art at the time of
invention to implement the artificial neural network of Buck with saving output to disk as suggested by

Edelman’s teachings. This implementation would have been obvious because one of ordinary skill in the
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art would have found: the implementation of is a substitution and application of one known element

and technique for another yielding a predictable result using an acceptable piece of prior art.

Claim 78

To the extent Buck does not state the method of claim 68, further comprising: executing, by the at least
one CPU, a data output stream, the data output stream controlling transfer of outputs of the
computations representing the artificial neural network to disk. Edelman demonstrates that it was
known at the time of invention to save computations of an output stream to a disk (Edelman:
paragraphs 0056, and 0079) and for the output stream to be related to an artificial or simulated neural
system (Edelman: paragraphs 0056, and 0079). Further, Buck demonstrates CPU controlled outputs and
disk memory disk (Buck: figures 1 and 2; column 3, lines 46-51; column 9, lines 15-37). It would have
been obvious to one of ordinary skill in the art at the time of invention to implement the artificial neural
network of Buck with saving output to disk as suggested by Edelman’s teachings. This implementation
would have been obvious because one of ordinary skill in the art would have found: the implementation
of is a substitution and application of one known element and technique for another yielding a

predictable result using an acceptable piece of prior art.

Claims 84 and 89

The limitations of claims 84 and 89 correspond to the limitations of claims 73 and 78 and as such are

rejected in a corresponding manner.

Claim 139

Buck does not explicitly state wherein the sensor is a video camera. Edelman demonstrates that it was

known at the time of invention to make use of video camera input sensors (Edelman: paragraph 0049)
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in an environment related to artificial neural networks (Edelman: paragraph 0006). 1t would have been
obvious to one of ordinary skill in the art at the time of invention to implement an input sensor of Buck
with or as a video camera as suggested by Edelman’s teachings. This implementation would have been
obvious because one of ordinary skill in the art would have found: the implementation of is a
substitution and application of one known element and technique for another yielding a predictable
result using an acceptable piece of prior art; and both references are directed to artificial neural

networks.

Claims 101-104 and 106-116 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over US 2001/0010034 A1l (herein Burton) in view of US 7,219,085 B2 (herein Buck).

Claim 101
Burton discloses a method for performing a numerical simulation over a plurality of computational
cycles including at least a first computational cycle and a second computational cycle (Burton: figure 7;
paragraph 0075), the method comprising:

storing, in a first partition of a memory, first output data during the second computational cycle,
the first output data generated during the first computational cycle (Burton: figure 7; paragraph 0075;
the current cycle, which corresponds to the claimed second cycle, uses data that it is storing in memory
area A and which was previously generated in a first cycle) and being referenced by a first pointer
(Burton: figure 7, element 38);

performing, by a processing unit operably coupled to the memory, at least one calculation on
the first output data during the second computational cycle, the at least one calculation yielding second
output data (Burton: figure 7, elements 32-36; paragraph 0075; the current cycle generates new output

data);
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storing, in a second partition of the memory, the second output data, the second output data
being referenced by a second pointer (Burton: figure 7, elements 36 and 38; paragraph 0075; writing
output to memory area B); and

swapping the first pointer and the second pointer at the conclusion of the second computational
cycle such that the second output data becomes an input for a third computational cycle of the plurality
of computational cycles (Burton: figure 7, element 38; the new output data can now be used for another

future cycle, which corresponds to the claimed third cycle).

Burton does not explicitly state: “a numerical simulation representing an artificial neural network”; “a

first computational cycle representing a first layer of neurons in the artificial neural network”; “a second

computational cycle representing a second layer of neurons in the artificial neural network”; “the first

output data representing at least one output of the first layer of neurons”; and “the second output data

representing at least one output of the second layer of neurons”. As noted above, Burton discloses a

numerical simulation with first and second computational cycles. Buck demonstrates that it was known
at the time of invention to perform numerical simulations representing artificial neural networks (Buck:
column 10, lines 45-46; column 11, lines 42-43; column 21, lines 60-64); to represent layers of the
artificial neural network as a group of computations or a computational cycle (Buck: figure 7; column 21,
line 60 to column 22, line 27); and to pass outputs from one layer as inputs to another layer (Buck:
column 22, lines 1-7). It would have been obvious to one of ordinary skill in the art at the time of
invention to implement the first and second cycles of Burton’s numerical simulation as representing
layers of an artificial neural network, and thus the first and second cycles generating a respective first
and second output of a respective layer of neurons, as suggested by Buck’s teachings. This
implementation would have been obvious because one of ordinary skill in the art would have found: the

implementation of is a substitution and application of one known element and technique for another
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yielding a predictable result using an acceptable piece of prior art; and both are directed to simulated

environments.

Claim 102

Burton discloses the method of claim 101, further comprising: transferring input data into the memory
from another memory coupled to a central processing unit (CPU) before the first computational cycle
(Burton: figures 6-7; paragraphs 0074-0075; input data for the claim labeled “first cycle” coming from an

even earlier cycle of Burton’s loop).

Claim 103

Burton discloses the method of claim 101, further comprising: providing, to a central processing unit
(CPU), first output data generated during the first computational cycle after a conclusion of the first
computational cycle (Burton: figures 6-7; paragraphs 0074-0075; showing the CPU is the
controlling/executing everything and is thus provided with the output and adjusting/swapping the

pointers in all cycles).

Claim 104
Burton discloses the method of claim 101, further comprising: transferring the first output data from the

memory to another memory during the second computational cycle (Burton: figure 7, element 38).

Claim 106

Burton discloses the method of claim 101, further comprising: dictating, to the processing unit, an order

of execution of instructions (Burton: paragraph 0075, “compile time scheduling”).
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Claim 107

Burton discloses the method of claim 101, wherein performing the at least one calculation comprises
receiving, by the processing unit, at least the portion of the input data and a series of instructions and
executing, by the processing unit, the instructions on the at least the portion of the input data (Burton:
paragraph 0074-0075, 0078, and 0042; executing compiled instructions from memory describing the

simulation and the hardware, and including data of the simulation).

Claim 108
Burton discloses a method of performing a numerical simulation (Burton: figure 7; paragraph 0075), the
method comprising:

performing, by a processing unit, at least one computation during a first computational cycle of
the numerical simulation (Burton: figure 7; paragraph 0075; first iteration of the loop);

storing, by a memory operably coupled to the processing unit, data used to perform the at least
one computation (Burton: figure 7; paragraph 0075; memory area A storing inputs to the first iteration
of the loop);

controlling performance of the at least one computation by the processing unit (Burton: figure
7; paragraph 0075; executing generating output during the first iteration of the loop);

controlling transfer of the output data from the processing unit to the memory during the first
computational cycle (Burton: figure 7; paragraph 0075; writing output to memory area B during the first
iteration of the loop); and

controlling transfer of input data to the memory for use by the processing unit during a second
computational cycle of the numerical simulation (Burton: figure 7; paragraph 0075; swapping pointers
and then reading from memory area A the old output, which is now new input, during the second

iteration of the loop).
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Burton does not explicitly state: “a numerical simulation representing an artificial neural network”; “a

first computational cycle representing a first layer of neurons in the artificial neural network”; and “a

second computational cycle representing a second layer of neurons in the artificial neural network”. As

noted above, Burton discloses a numerical simulation with first and second computational cycles. Buck
demonstrates that it was known at the time of invention to perform numerical simulations representing
artificial neural networks (Buck: column 10, lines 45-46; column 11, lines 42-43; column 21, lines 60-64);
to represent layers of the artificial neural network as a group of computations or a computational cycle
(Buck: figure 7; column 21, line 60 to column 22, line 27); and to pass outputs from one layer as inputs to
another layer (Buck: column 22, lines 1-7). It would have been obvious to one of ordinary skill in the art
at the time of invention to implement the first and second cycles of Burton’s numerical simulation as
representing layers of an artificial neural network, and thus the first and second cycles generating a
respective first and second output of a respective layer of neurons, as suggested by Buck’s teachings.
This implementation would have been obvious because one of ordinary skill in the art would have
found: the implementation of is a substitution and application of one known element and technique for
another yielding a predictable result using an acceptable piece of prior art; and both are directed to

simulated environments.

Claim 109

Burton discloses the method of claim 108, further comprising: dictating an order of execution of

instructions to the processing unit (Burton: paragraph 0075, “compile time scheduling”).

Claim 111
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Burton discloses the method of claim 108, further comprising: perform successive computational cycles
of the numerical simulation by feeding output data generated by the processing unit from a previous
computational cycle and input data for a next computational cycle into the processing unit (Burton:

figure 7; paragraph 0075; output of the preceding cycle is input for the next cycle).

Claim 112
Burton discloses a system for performing a numerical simulation on input data (Burton: figure 7;
paragraph 0075), the system comprising:

a central processing unit (CPU) to provide first input data (Burton: figure 6, element 22);

a memory, operably coupled to the CPU, to store the first input data in a first partition,
referenced by first pointer, before a first computational cycle of the numerical simulation (Burton: figure
6, element 24);

a processing unit, operably coupled to the memory, to perform, during a first computational
cycle, at least one calculation on the first portion of the input data so as to generate first output data
(Burton: figure 6, CPU; figure 7; paragraph 0075; first iteration of the loop); and

a controller, operably coupled to the processing unit and the memory, to store the first output
data in a second partition of the memory (Burton: figure 7; paragraph 0075; memory area B), the
second partition referenced by a second pointer, and to swap the first pointer with the second pointer
at the end of the first computational cycle, such that the first output data becomes an input for a second

computational cycle of the numerical simulation (Burton: figure 7, element 38; paragraph 0075).

Burton does not explicitly state: “artificial neural network”; “a first layer of neurons in the artificial

neural network”; and “a second layer of neurons in the artificial neural network”. As noted above,

Burton discloses a numerical simulation with first and second computational cycles. Buck demonstrates
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that it was known at the time of invention to perform numerical simulations representing artificial
neural networks (Buck: column 10, lines 45-46; column 11, lines 42-43; column 21, lines 60-64); to
represent layers of the artificial neural network as a group of computations or a computational cycle
(Buck: figure 7; column 21, line 60 to column 22, line 27); and to pass outputs from one layer as inputs to
another layer (Buck: column 22, lines 1-7). It would have been obvious to one of ordinary skill in the art
at the time of invention to implement the first and second cycles of Burton’s numerical simulation as
representing layers of an artificial neural network, and thus the first and second cycles generating a
respective first and second output of a respective layer of neurons, as suggested by Buck’s teachings.
This implementation would have been obvious because one of ordinary skill in the art would have
found: the implementation of is a substitution and application of one known element and technique for
another yielding a predictable result using an acceptable piece of prior art; and both are directed to

simulated environments.

Claim 110

Burton does not explicitly state the method of claim 108, further comprising: transferring output data
from the memory to a main memory while the processing unit performs the at least one

computation. Buck demonstrates that it was known at the time of invention to transfer output data to
another memory, for example out to a main memory of a CPU, while the processing unit performs a
computation (Buck: column 11, line 12 to column 12, line 26; also figures 1 and 2). It would have been
obvious to one of ordinary skill in the art at the time of invention to implement the processing unit of
Burton as a CPU making use of a GPU with transferring output data to main memory during a
computation as suggested by Buck’s teachings. This implementation would have been obvious because

one of ordinary skill in the art would have found: the implementation of is a substitution and application
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of one known element and technique for another yielding a predictable result using an acceptable piece

of prior art.

Claim 113

Burton does not explicitly state the system of claim 112, wherein the processing unit comprises a
graphics processing unit. Buck demonstrates that it was known at the time of invention to off load
processing to a graphics processing unit (Buck: figure 5). It would have been obvious to one of ordinary
skill in the art at the time of invention to implement the processing unit of Burton as a CPU making use
of a GPU as suggested by Buck’s teachings. This implementation would have been obvious because one
of ordinary skill in the art would have found: the implementation of is a substitution and application of
one known element and technique for another yielding a predictable result using an acceptable piece of

prior art.

Claim 114

Burton does not explicitly state the system of claim 112, wherein the controller is configured to send
instructions for performing the at least one calculation to the processing unit. Buck demonstrates that it
was known at the time of invention for a controller to send instructions for performing a calculation to a
processing unit (Buck: column 10, lines 34 to column 12, line 26). It would have been obvious to one of
ordinary skill in the art at the time of invention to implement the processing unit of Burton as a GPU
with a controller to send instructions for performing a calculation as suggested by Buck’s teachings. This
implementation would have been obvious because one of ordinary skill in the art would have found: the
implementation of is a substitution and application of one known element and technique for another

yielding a predictable result using an acceptable piece of prior art.
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Claim 115
Burton does not explicitly state the system of claim 112, wherein the controller is further configured to

transfer the first output data to another memory during computation of the second layer of

neurons. Buck demonstrates that it was known at the time of invention to transfer output data to
another memory, for example out to a CPU, during a second computational cycle (Buck: column 11, line
12 to column 12, line 26). It would have been obvious to one of ordinary skill in the art at the time of
invention to implement the processing unit of Burton as a CPU making use of a GPU with a controller
transferring output data to another memory during a second computation cycle as suggested by Buck’s
teachings. This implementation would have been obvious because one of ordinary skill in the art would
have found: the implementation of is a substitution and application of one known element and

technique for another yielding a predictable result using an acceptable piece of prior art.

Claim 116
Burton does not explicitly state the system of claim 112, wherein the memory further comprises: a third
partition to store internal variables; and a fourth partition to store data used as input at a particular

layer of neurons of the artificial neural network. Buck demonstrates that it was known at the time of

invention for a memory to have a partition to store internal variables and a partition to store data used
as input at a computational cycle (Buck: figure 5, element 230). It would have been obvious to one of
ordinary skill in the art at the time of invention to implement the processing unit of Burton as a CPU
making use of a GPU with a memory partitioned with partitions for internal variables, data used as
inputs to a computational cycle, as well as input data and output data as suggested by Buck’s teachings.
This implementation would have been obvious because one of ordinary skill in the art would have
found: the implementation of is a substitution and application of one known element and technique for

another yielding a predictable result using an acceptable piece of prior art.
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Claim 105 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over US
2001/0010034 A1 (herein Burton) in view of US 7,219,085 B2 (herein Buck) in further view of US Patent

5,142,665 (herein Bigus).

Claim 105

Burton does not explicitly state the method of claim 101, further comprising: displaying, with a video
system, an indication of the numerical simulation. Bigus demonstrates that it was known at the time of
invention to display simulation results (Bigus: column 3, lines 32-34; column 6, lines 35-41; column 10,
lines 29-33). It would have been obvious to one of ordinary skill in the art at the time of invention to
implement the simulations of Burton with displaying an indication of the simulation as suggested by
Bigus’ teachings. This implementation would have been obvious because one of ordinary skill in the art
would have found: the implementation of is a substitution and application of one known element and

technique for another yielding a predictable result using an acceptable piece of prior art.

Response to Arguments
Patent Owner's arguments filed 03/20/2019 (herein: Remarks) have been fully considered but
they are not persuasive. Patent Owner argues: 1) various claims do not invoke 251 recapture (Remarks:
pages 28-40); 2) various claims are not anticipated under 35 USC 102 by Buck (Remarks: pages 40-49);

and 3) various claims are not anticipated by Burton (Remarks: pages 49-50).

First, Patent Owner’s arguments with regard to 251 recapture are addressed as follows and

taken in consideration with the above recapture analysis: 1) for claim 21, the arguments are persuasive

for the claim is at least materially narrowed; 2) for claim 42, the arguments are persuasive for the claim
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is at least materially narrowed; 3) for claim 56, the arguments are persuasive for the claim is at least
materially narrowed; 4) for claim 62, the arguments are persuasive for the claim is at least materially
narrowed; 5) for claim 68, the arguments are persuasive for the claim is at least materially narrowed; 6)
for claim 79, the arguments are persuasive for the claim is at least materially narrowed; 7) for claim 90,
the arguments are persuasive for the claim is at least materially narrowed; 8) for claim 95, the
arguments are persuasive for the claim is at least materially narrowed; 9) for claim 101, the arguments
are persuasive for the claim is at least materially narrowed; 10) for claim 108, the arguments are
persuasive for the claim is at least materially narrowed; and 11) for claim 112, the arguments are

persuasive for the claim is at least materially narrowed.

Second, with regard to Buck and in particular to claim 1, Patent Owner argues “Buck is silent on
transferring data to a GPU or GPU memory while the GPU is performing a sequence of computations”
(Remarks: page 45, section 9.2). The claim language requires, a controller to transfer at least a portion of
data “during performance of the sequence of computations”. The term “sequence of computations” is
not defined in the originally filed disclosure. Under the broadest reasonable interpretation of the claim
language by one of ordinary skill in the art at the time of invention, “sequence of computations”
includes every computation (or even operation) performed by the training phase in the GPU of Buck as
cited in the rejection (Buck: column 11, line 12 to column 12, line 36). Note, “the CPU can get feedback
from the GPU inside the training loop ... the GPU send the CPU the updated trainable parameters (W)
and the errors” (Buck: column 11, lines 60-64). At least a portion of data is therefore transmitted “during
performance of the sequence of computations”. Additionally, Buck shows parameters and errors being
transmitted to the CPU from the GPU (Buck: figure 5, element 565) and other data being transmitted to

the GPU from the CPU (Buck: figure 5, element 570). This happens before the training is completed and
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therefore at least a portion of input and output data is transferred “during performance of the sequence
of computations”. Patent Owner’s arguments are not persuasive.

With regard to Buck and in particular claim 3, Patent Owner argues the cited prior art does not
“say anything about the rate at which the CPU receives input data”. However, Buck does indicate a GPU
operates at a rate/speed that is faster than a CPU (Buck: column 14, lines 40-44, “algorithms run an
order of magnitude faster on a GPU than on a CPU”). Therefore, the processing of the CPU, including the
receiving of input data, is at a rate different than the processing of the GPU. Further, Buck gives an
example implementation using a CPU processor and a GPU processor with differing speeds (Buck:
column 21, lines 43-53). Patent Owner’s arguments are not persuasive.

With regard to Buck and in particular claim 11, Patent Owner argues the cited prior art does not
“say anything about acquiring input data in real time with a video camera, microphone or cell recording
electrode”. The claim language requires, “at least one of a video camera, a microphone, or a cell
recording electrode, operably coupled to the central processing unit, to acquire the input data in real
time”. The term “real time” is not defined in the originally filed disclosure. Under the broadest
reasonable interpretation of the claim language by one of ordinary skill in the art at the time of
invention, “real time” operations are those in which the machine’s activities match the human
perception of time or those in which computer operations proceed at the same rate as a physical or
external process. Buck discloses microphone (Buck: column 7, lines 56-57). Buck also discloses “in
interactive use applications, such as speech recognition” (Buck: column 9, lines 33-36). A microphone
matches the human perception of a machine acquiring input as it happens or in real time. Further, an
interactive application matches the human perception of a machine acquiring input as it happens or in
real time. Also, note the claim requires the input device, such as a microphone. The claim language, “to
acquire the input data in real time” is intended use and does not add significantly to the claim language

as microphones record as events are happening, or in other words in real time.
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With regard to Buck and in particular claim 12, Patent Owner argues Buck “in parallel with
performing the sequence of computations by the GPU in (A), transferring a second portion of the input
data” (Remarks: pages 46-47, section 9.5). Patent Owner further suggests the transfer is “interleaved”,
presumably to indicate an alternating pattern of transmitting and computing. However, as discussed
previously for claim 1, Buck shows transferring at least a portion of input and output data once the
“sequence of computations” have begun and before they have finished. The claim language requires “in
parallel with performing” the sequence of computations, not in parallel with any one particular
computation. Therefore, the arguments are not persuasive.

With regard to Buck and in particular claims 21, 42, 56, 62, 90, 95, 117, and 128, Patent Owner
argues the cited prior art does not disclose variations of transferring data during performance of a
sequence of computations. These arguments are not persuasive for the same reasons as discussed
above for claim 1.

With regard to Buck and in particular claims 68 and 79, Patent Owner argues Buck does not
disclose a “user interaction stream” because “the data transferred from the GPU to the CPU [of Buck] is
not an input to an artificial neural network”. Due to the amendment, the rejections of claims 68 and 79

has been altered and this argument is no longer applicable.

Third, with regard to claims 101, 108, and 112 and rejection under Burton, the arguments are
not persuasive. Upon review of the amended claims, the rejections are now rejected over Burton in view

of Buck. Buck does show a neural networks. The arguments are unpersuasive.

Finally, the obviousness rejections and the dependent claim rejections are maintained as

indicated and based upon the above analysis of Patent Owner’s arguments of 03/20/2019. The previous

112 rejections are withdrawn in view of the Patent Owner’s response of 03/20/2019. The objections and
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rejections concerning the Declaration are withdrawn in view of the Patent Owner’s response of
03/20/2019. Having addressed all the substantive issues, any objections and rejections are maintained

as above indicated.
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Conclusion

Patent Owner's amendment necessitated the new ground(s) of rejection presented in this Office
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Patent Owner is reminded of
the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
shortened statutory period, then the shortened statutory period will expire on the date the advisory
action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing
date of the advisory action. In no event, however, will the statutory period for reply expire later than

SIX MONTHS from the date of this final action.

Correspondence Information

Any inquiry concerning this communication or earlier communications from the examiner should be
directed to William H. Wood whose telephone number is (571)272-3736 and fax number is (571)273-3736. The
examiner can normally be reached on Monday-Friday 7:30am-4pm. If attempts to reach the examiner by
telephone are unsuccessful, the examiner’s supervisor, Alexander Kosowski can be reached on (571)272-3744. The
Central Reexamination Unit’s (CRU) fax number is (571)273-9900.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from either
Private PAIR or Public PAIR. Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR systems, see https://ppair.uspto.gov/epatent/portal/home. For questions
on access to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

/William H. Wood/
Primary Examiner, CRU 3992

Conferees:

/RSD/
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/ALEXANDER J KOSOWSKI/
Supervisory Patent Examiner, Art Unit 3992
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9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
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Attorney Docket No. NRLA-001USO03

Applicant: GORCHETCHNIKOV et. Al.

Title: GRAPHIC PROECESSOR BASED ACCELERATOR
SYSTEM AND METHOD

Appl. No.: 15/808,201

Filing Date: 11/09/2017

Examiner: WILLIAM H. WOOD

Art Unit: 3992

Confirmation Number: 1077

Proposed Interview Agenda

Examiner Wood,

Thank you again for granting an interview on February 8 at 11 am ET. Here is a list of suggested
topics for our discussion. If you have any questions about them before Friday, please feel free to

call me at (617) 947-7280.
Sincerely,
Max Colice

Reg. No. 65,634
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Attorney Docket No. NRLA-001USO03

1 Information Disclosure Statement (IDS)

Would you please tell us why several of the references were not considered? If you need legible

copies of the references that weren’t considered, we would be happy to provide them.
2 Reissue Declaration

Would you please explain the defects in the declaration? We based it on a declaration accepted in
another broadening reissue application, so we would appreciate your guidance on how it should

be revised.
3 Recapture Rejections under 35 U.S.C. § 251

Here is a brief analysis of the 3-step recapture analysis in MPEP 1412.02(1) for each independent
claim being added:

3.1 Claim21

Step 1 — Yes, claim 21 is broader than claim 1 of the original patent (US 9,189,828; “the *828
patent”)

Step 2 — Yes, the broader aspects relate to the “controller” in claim 1, which was relied upon to
make claim 1 allowable over the prior art. (Applicant made other amendments to claim 1, but did

not rely on those amendments to make claim 1 allowable over the prior art.)

Step 3 — Yes, claim 21 is narrower in a material respect than claim 1 because it recites “an output
of a computation in the sequence of computations representing an output of a neuron in an
artificial neural network.” Per column 5, lines 20 — 25, of the *828 patent, an artificial neural
network is a particular type of the sequence of computations claimed broadly in claim 1: “The
elements of computation (computational elements) are characterized by a single output variable.
Such computational elements often include one or more equations. Computational elements are
same or similar within a large population and are computed in parallel. An example of such a
population is a layer of neurons in an artificial neural network (ANN), where all neurons
are described by the same equation.” (Emphasis added.) This materially narrower limitation

causes claim 21 to avoid recapture.
3.2 Claim 42
Step 1 — Yes, claim 42 is broader than corresponding claim 12 in the *828 patent.

2
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Step 2 — No. Claim 12 in the 828 patent was not amended during prosecution, nor did Applicant
argue about its scope. (Issued claim 12 had only double patenting rejections.) Therefore,

Applicant did not surrender any subject matter related to claim 12 during prosecution.
Step 3 — Not applicable.

3.3 Claim 56

Step 1 — Yes, claim 56 is broader in at least some respects than claim 1 in the *828 patent.

Step 2 — Yes, although not every element was relied upon to distinguish prior art. See Section 3.1
(Claim 21) above.

Step 3 — Yes, claim 56 is narrower in a material respect than claim 1 because it recites “an output
of a computation in the sequence of computations representing an output of a neuron in an

artificial neural network.” See Section 3.1 (Claim 21) above.
34  Claim 62
Step 1 — Yes, claim 62 is broader than claim 12.

Step 2 — No. Claim 12 in the 828 patent was not amended during prosecution, nor did Applicant

argue about its scope. Issued claim 12 had only double patenting rejections.
Step 3 — Not applicable.
35  Claim 68

Recapture does not apply to claim 68 because claim 68 is direct to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
accelerator and an architecture for the GPU accelerator, respectively. Claim 68, on the other
hand, is directed to the embodiment of FIG. 3, which shows top-level control of the GPU

accelerator system.
3.6 Claim 79

Recapture does not apply to claim 79 because claim 79 is direct to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
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accelerator and an architecture for the GPU accelerator, respectively. Claim 79, on the other
hand, is directed to the embodiment of FIG. 3, which shows top-level control of the GPU

accelerator system.
3.7 Claim 90

Recapture does not apply to claim 90 because claim 90 is directed to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
accelerator and an architecture for the GPU accelerator, respectively. Claim 90, on the other
hand, is directed to the embodiment of FIG. 4, which shows the bottom level system and method

performed during the computation on the GPU accelerator.
3.8  Claim 95

Recapture does not apply to claim 90 because claim 90 is directed to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
accelerator and an architecture for the GPU accelerator, respectively. Claim 95, on the other
hand, is directed to the embodiment of FIG. 4, which shows the bottom level system and method

performed during the computation on the GPU accelerator.
3.9  Claim 101

Recapture does not apply to claim 90 because claim 90 is directed to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
accelerator and an architecture for the GPU accelerator, respectively. Claim 101, on the other
hand, is directed to the embodiment of FIG. 4, which shows the bottom level system and method

performed during the computation on the GPU accelerator.
3.10 Claim 108

Recapture does not apply to claim 90 because claim 90 is directed to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU

accelerator and an architecture for the GPU accelerator, respectively. Claim 108, on the other

4
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hand, is directed to the embodiment of FIG. 4, which shows the bottom level system and method

performed during the computation on the GPU accelerator.
311 Claim 112

Recapture does not apply to claim 90 because claim 90 is directed to a different embodiment/
invention than the claims of the 828 patent. Claims 1 and 12 of the *828 patent are directed to
the embodiments of FIGS. 1 and 2, which illustrate a computer system including the GPU
accelerator and an architecture for the GPU accelerator, respectively. Claim 112, on the other
hand, is directed to the embodiment of FIG. 4, which shows the bottom level system and method

performed during the computation on the GPU accelerator.
312 Claim 117

Step 1 — Yes, claim 117 is broader than claim 1 because it omits the word “graphic” in “graphic

processing unit.”

Step 2 — No, because the word “graphic” was not added or argued during prosecution. It was in

claim 1 as originally filed.
Step 3 — Not applicable.

3.13  Claim 128

Step 1 — Yes, claim 128 is broader than claim 12 because it omits the word “graphic” in “graphic

processing unit.”

Step 2 — No, because the word “graphic” was not added or argued during prosecution. It was in

the original version of claim 12.
Step 3 — Not applicable.

4 Prior-Art Rejections

4.1 Claim 1

Buck does not teach “a controller, operably coupled to the at least one graphics processing unit
and the accelerator memory, to transfer the at least a portion of the input data into the accelerator

memory and to transfer at least a portion of the output data from the accelerator memory to the
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main memory during performance of the sequence of computations by the at least one graphic

processing unit” as in claim 1.
There is no controller element in Buck (see FIGS. 1 and 2).

4.2 Claim 12

Buck does not teach “in parallel with performing the sequence of computations by the GPU
in (A), transferring a second portion of the input data from the main memory to the accelerator
via the bus; and in parallel with performing the sequence of computations by the GPU in
(A), transferring a second portion of the output data from the accelerator memory to the main
memory via the bus.” The training parameters are pre-loaded in the GPU and CPU in Buck. See

column 10, lines 40—45, column 10, lines 60—65, and column 11, lines 25-30.
4.3 Claim 21

Buck does not teach “a controller, operably coupled to the GPU and the memory, to transfer the
input data into the memory and to transfer at least a portion of the output data from the memory

during performance of the sequence of computations by the GPU.”
4.4  Claim 42

We propose overcoming the rejection by amending claim 42 to incorporate dependent claims 44

and 45.

4.5 Claim 56

We proposed overcoming the rejection by amending claim 56 to include dependent claim 61.
4.6  Claim 62

We propose amending claim 62 to include dependent claim 67

4.7 Claim 68

Buck does not teach “the user interaction stream controlling transfer of inputs to the first
memory partition and the second memory partition; executing, by the processing unit, a
computational stream, the computational stream controlling data exchange between the user

interaction stream and the computational stream during execution of the computations
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representing the artificial neural network.” The paragraphs of Buck cited in the Office Action

state only:

*  Buck, col. 9, lines 35-36: “The results of the computation are transferred from the
machine learning GPU execution engine 200 to the CPU 120 for use in interactive use
applications, such as speech recognition.”

*  Buck, col. 10, lines 41-43: “Data transfer from the CPU to the GPU is relatively
expensive, so the CPU pre-loads as much as possible onto the GPU before entering a
training loop.”

*  Buck, col. 8, lines 39-44: “The machine learning GPU execution engine and method
disclosed herein alleviates the computational constraints of CPUs by porting some of the
CPU processing to the GPU. More specifically, the present invention ports the machine
learning architecture, traditionally handled by the CPU, to the GPU.”

Buck is silent on a “user interaction stream” for controlling transfer of outputs or a
“computational stream controlling data exchange between the user interaction stream and the

computational stream.”
4.8  Claim 79

Buck does not disclose or suggest “at least one central processing unit (CPU), operably coupled
to the at least one memory, to execute a user interaction stream, the user interaction stream
controlling transfer of inputs to the at least one memory; and a processing unit, operably coupled
to the at least one memory and the at least one CPU, to execute a computational stream, the
computational stream controlling data exchange between the user interaction stream and the
computational stream during execution of the computations representing the artificial neural

network.”
4.9 Claim 90

Buck does not disclose or suggest “in parallel with performing the sequence of computations
by the processing unit, transferring a second portion of the input data from a first memory
partition to a second memory partition; and in parallel with performing the sequence of
computations by the processing unit, transferring a second portion of the output data from the

second memory partition to the first memory partition.” See Section 4.2 (Claim 12).
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4.10  Claim 95

Buck does not disclose or suggest “wherein the first memory partition is configured to transfer a
second portion of the input data to the second memory partition in parallel with performance the
sequence of computations by the processing unit, and wherein the second memory partition is
configured to transfer a second portion of the output data to the first memory partition in parallel
with performance the sequence of computations by the processing unit.” See Section 4.1

(Claim 1).
4.11  Claim 101

We propose overcoming the rejection by amending claim 101 to recite “wherein swapping the
first pointer and the second pointer includes synchronizing a user interaction stream and a

computational stream.”
4.12  Claim 108

Burton does not disclose or suggest “controlling performance of the at least one computation by
the processing unit; controlling transfer of the output data from the processing unit to the
memory during the first computational cycle; and controlling transfer of input data to the
memory for use by the processing unit during a second computational cycle of the numerical

simulation.”
4.13 Claim 112

Burton does not teach a “a controller, operably coupled to the processing unit and the memory, to
store the first output data in a second partition of the memory, the second partition referenced by
a second pointer, and to swap the first pointer with the second pointer at the end of the first
computational cycle, such that the first output data becomes an input for a second computational

cycle of the numerical simulation.”
4.14  Claim 117

Neither Buck nor Burton teaches “a controller, operably coupled to the at least one
processing unit and the accelerator memory, to transfer the at least a portion of the input data
into the accelerator memory and to transfer at least a portion of the output data from the
accelerator memory to the main memory during performance of the sequence of computations by

the at least one graphic processing unit.”
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4.15 Claim 128

Buck does not teach “(B) in parallel with performing the sequence of computations by the
processing unit in (A), transferring a second portion of the input data from the main memory to
the accelerator via the bus; and (C) in parallel with performing the sequence of computations
by the processing unit in (A), transferring a second portion of the output data from the

accelerator memory to the main memory via the bus.”
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IN THE CLAIMS:

Set forth below in ascending order, with status identifiers, is a complete listing of all claims
currently under examination. Changes to any amended claims are indicated by [[double
brackets] ], strikethrongh, and or underlining. This listing also reflects any cancellation and/or

addition of claims.

1. (Thrice Amended) A computer system, comprising:

a central processing unit to receive input data;

main memory, operably coupled to the central processing unit via a bus, to store the input
data received by the central processing unit;

an accelerator, operably coupled to the central processing unit and the [first] main
memory via the bus, to receive at least a portion of the input data from the main memory, the
accelerator comprising:

at least one graphics processing unit to perform a sequence of computations on
the at least a portion of the input data so as to generate output data, intermediate
computations in the sequence of computations yielding intermediate results; and

accelerator memory, operably coupled to the [graphic] at least one graphics

processing unit, to store the results of the [plurality of sequential] sequence of
computations; and
a controller, operably coupled to the at least one graphics processing unit and the

accelerator memory, to initialize textures and shaders in the accelerator memory for performing

the sequence of computations, to control performance of the sequence of computations by the at

least one graphics processing unit, to transfer the at least a portion of the input data into the

accelerator memory, and to transfer at least a portion of the output data from the accelerator
memory to the main memory during performance of the sequence of computations by the at least

one [graphic] graphics processing unit.

2. The computer system of claim 1, wherein the central processing unit is configured to

receive the input data in response to a user interaction.

3. The computer system of claim 1, wherein:

the central processing unit is configured to receive the input data at a first rate; and
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the at least one graphics processing unit is configured to perform the sequence of

computations at a second rate different than the first rate.

4, The computer system of claim 1, wherein the main memory is configured to store a copy

of the output data stored in the accelerator memory.

5. The computer system of claim 1, wherein an output of at least one computation in the
sequence of computations represents an output of at least one neuron in an artificial neural

network.

6. The computer system of claim 1, wherein accelerator memory comprises:

a first memory bank to store parameters common to all of the computations in the
sequence of computations; and

a second memory bank to store data specific to at least one computation in the sequence

of computations.

7. The computer system of claim 1, wherein the controller is configured to transfer the
output data from the accelerator memory to the main memory without transferring any of the
intermediate results from the accelerator memory to the main memory so as to reduce data

transfer via the bus.

8. The computer system of claim 1, wherein the controller is configured to transfer at least a
portion of the output data from the accelerator memory to the main memory after the at least one

graphics processing unit has begun to perform another sequence of computations.

9. The computer system of claim 8, wherein the controller is configured to initiate transfer
of the at least a portion of the input data and to transfer the at least a portion of the output data in
parallel with performance of at least one computation in the other sequence of computations by

the at least one graphics processing unit.

10. The computer system of claim 1, wherein the controller is configured to control

execution of the sequence of computations by the at least one graphics processing unit.

11. (Amended) The computer system of claim 1, further comprising:
at least one of a video camera, a microphone, or a cell recording electrode, operably
coupled to the central [processor] processing unit, to acquire the input data in real time.

3
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12. (Amended) A method of performing a sequence of computations on a computer system
comprising a central processing unit (CPU), a main memory operably coupled to the central
processing unit via a bus, an accelerator operably coupled to the CPU and the main memory via
the bus, the accelerator comprising a graphics processing unit (GPU) and an accelerator memory,
the method comprising:

(A) performing, by the GPU, the sequence of computations on a first portion of [the]
input data so as to generate a first portion of [the] output data, intermediate computations in the

sequence of computations yielding intermediate results, wherein performing the sequence of

computations on the first portion of the input data comprises (i) assigning an output variable to a

first texture and a second texture, the output variable being included in a first computational

element of a plurality of computational elements. the plurality of computational elements

representing the sequence of computations and (ii) accumulating a first value for the output

variable in the first texture during a first time step:

(B) in parallel with performing the sequence of computations by the GPU in (A),
transferring a second portion of the input data from the main memory to the accelerator via the
bus; [and]

(C) in parallel with performing the sequence of computations by the GPU in (A),
transferring a second portion of the output data from the accelerator memory to the main

memory via the bus; and

(D) performing, by the GPU, the sequence of computations on the second portion of the

input data. wherein performing the sequence of computations on the second portion of the input

data comprises (i) accumulating a second value for the output variable in the second texture
during a second time step and (ii) making the first value of the output variable in the first texture

accessible to other computational elements in the plurality of computational elements during the

second time step.

13. The method of claim 12, further comprising:

storing the input data in the main memory in response to a user interaction.

14. The method of claim 12, further comprising:
receiving the input data at a first rate; and
wherein (A) comprises performing the sequence of computations at a second rate

different than the first rate.
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15. The method of claim 12, wherein (A) comprises:
generating an output representative of an output of at least one neuron in an artificial

neural network.

16. The method of claim 12, wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the
main memory without transferring any of the intermediate results of the plurality of sequential
computations from the accelerator memory to the main memory so as to reduce data transfer via

the bus.

17. The method of claim 12, wherein (C) comprises:
transferring the second portion of the output data from the accelerator memory to the

main memory after the GPU has begun to perform another sequence of computations.

18. The method of claim 17, wherein (C) further comprises:
initiating transfer of the second portion of the output data in parallel with performance of

at least one computation in the other sequence of computations.

19. The method of claim 12, further comprising:
acquiring the input data in real time with at least one of a video camera, a microphone, or

a cell recording electrode operably coupled to the CPU.

20. The method of claim 12, further comprising:

storing parameters common to all of the computations in the sequence of computations in
a first memory bank in the accelerator memory; and

storing data specific to at least one computation in the sequence of computations in a

second memory bank in the accelerator memory.

21. (New. Twice Amended) An accelerator system comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so

as to generate output data, the sequence of computations representing an artificial neural

network, computations in the sequence of computations representing respective layers of neurons

in an artificial neural network:

a memory, operably coupled to the GPU. to store the input data and the output data; and
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a controller, operably coupled to the GPU and the memory, to transfer the input data into

the memory and to transfer at least a portion of the output data from the memory during

performance of the sequence of computations by the GPU.

wherein each neuron in the artificial neural network has an output variable assigned to a

first texture and a second texture in the memory. the first texture holding a first value computed

by the neuron during a previous time step of the sequence of computations and accessible to

other neurons in the neural network during a current time step of the sequence of computations

and the second texture holding a second value computed by the neuron during the current time

step of the sequence of computations.

22. (New) The accelerator system of claim 21. wherein the GPU is operably coupled to a

central processing unit (CPU) of a computer system.

23. (New) The accelerator system of claim 21. wherein the GPU is mounted on an expansion

card operably coupled to a motherboard of a computer system.

24. (New) The accelerator system of claim 21, further comprising:

a central processing unit (CPU). a system memory. and a non-volatile memory installed

on a motherboard.

25. (New) The accelerator system of claim 24. wherein the GPU is operably coupled to the

CPU via a system bus on the motherboard.

26. (New) The accelerator system of claim 25, wherein the system bus has a bandwidth of

3.2 GB/sto 15 GB/s.

27. (New) The accelerator system of claim 25, wherein the controller is configured to

transfer the input data and the at least a portion of the output data via the system bus.

28. (New) The accelerator system of claim 25, further comprising:

a video card, operably coupled to the motherboard via a local bus, to transfer graphical

information to a display.

29. (New) The accelerator system of claim 28. wherein the local bus has a lower bandwidth

than the system bus.
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30. (New) The accelerator system of claim 21. wherein the memory comprises:

a first memory partition to store parameters common to every computation in the

sequence of computations.

31. (New) The accelerator system of claim 30. wherein the memory further comprises:

a second memory partition to store data specific to the computation in the sequence of

computations.

32. (New) The accelerator system of claim 31. wherein the second memory partition

comprises:

a first partition to hold external input data patterns:

a second partition to hold representations of internal variables:

a third partition to hold an input of the computation in the sequence of computations: and

a fourth partition to hold the output of the computation in the sequence of computations.

33. (New) The accelerator system of claim 31. wherein the second memory partition is

configured to accumulate the output of the computation in the sequence of computations during

execution, by the GPU. of computational elements of the computation in the sequence of

computations.

34. (New) The accelerator system of claim 31. wherein the second memory partition is

configured to store an output of a previous computation in the sequence of computations, the

output of the previous computation being accessible to computational elements executed by the

GPU during the computation in the sequence of computations.

35. (New) The accelerator system of claim 21. wherein the computation in the sequence of

computations performed by the GPU comprises a plurality of computational elements.

36. (New) The accelerator system of claim 35. wherein the plurality of computational

elements represents a layer of neurons in an artificial neural network.

37. (New) The accelerator system of claim 36. wherein all neurons in the layer of neurons are

described by the same equation.
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38. (New) The accelerator system of claim 21, wherein the memory is configured to store

intermediate results of the sequence of computations and the controller is configured to transfer

the output data from the memory to a main memory without transferring the intermediate results.

39. (New) The accelerator system of claim 21. wherein the controller is configured to initiate

transfer of at least a portion of the input data and to transfer the at least a portion of the output

data in parallel.

40. (New) The accelerator system of claim 21. wherein the input data is acquired by at least

one of a video camera, a microphone, or a cell recording electrode.

41. (New) The accelerator system of claim 21. wherein the input data is loaded from disk.

42, (New. Twice Amended) A method of performing a sequence of computations

representing an artificial neural network, the method comprising:

receiving, at a central processing unit (CPU), first input data acquired from an external

system:
initializing, by a controller operably coupled to a graphics processing unit (GPU),

textures and shaders in a memory operably coupled to the GPU:

transferring the first input data received by the CPU to the memory operably coupled to
the GPU:

performing. by the graphics processing unit (GPU). a first computation in the sequence of

computations on the first input data based on the textures and shaders to generate first output

data. computations in the sequence of computations representing respective lavers of neurons in

the artificial neural network, an output of a computation in the sequence of computations

representing an output of a neuron in the artificial neural network;

storing. in the memory operably coupled to the GPU. the first input data and the first

output data; and

transferring second input data into the memory during performance of the sequence of

computations by the GPU.

43, (New. Amended) The method of claim 42, wherein transferring the second input data

comprises transferring the second input data via a bus operably coupled to the CPU.

44. (New) The method of claim 42. further comprising:

8
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transferring the first output data from the memory to another memory during a second

computation in the sequence of computations.

45. (New) The method of claim 44. further comprising:

storing intermediate results of the sequence of computations in the memory. and

wherein transferring the first output data from the memory to the other memory occurs

without transferring the intermediate results of the sequence of computations.

46. (New) The method of claim 44, wherein transferring the second input data and

transferring the first output data occurs in parallel.

47. (New) The method of claim 42. further comprising:

storing, in a first memory partition of the memory, parameters common to all of the

computations in the sequence of computations.

48. (New) The method of claim 47, further comprising:

storing, in a second memory partition of the memory. data specific to the first

computation in the sequence of computations.

49. (New) The method of claim 48. further comprising:

storing, in the second memory partition, external input data patterns. representations of

internal variables, an input of the computation in the sequence of computations, and the output of

the computation in the sequence of computations.

50. (New) The method of claim 42, wherein storing the first output data comprises:

accumulating, in the memory, outputs of computational elements executed by the GPU in

performing the first computation in the sequence of computations.

51. (New) The method of claim 42, further comprising:

storing, in the memory. an output of a previous computation in the sequence of

computations:; and

accessing, by the GPU, the output of the previous computation during performance of the

computation in the sequence of computations.
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52. (New) The method of claim 42, wherein performing the first computation comprises

executing a plurality of computational elements representing a laver of neurons in an artificial

neural network.

53. (New) The method of claim 52, wherein all neurons in the layer of neurons are described

by the same equation.

54. (New. Amended) The method of claim 42, further comprising:

acquiring the second input data with at least one of a video camera, a microphone, or a

cell recording electrode.

55. (New. Twice Amended) The method of claim 42, further comprising:

loading the second input data from disk.

56. (New. Twice Amended) An accelerator system comprising:

a graphics processing unit (GPU) to perform a sequence of computations on input data so

as to generate output data, a computation in the sequence of computations comprising a plurality

of computational elements. the plurality of computational elements representing a layer of

neurons in an artificial neural network. an output of the computation in the sequence of

computations representing an output of a neuron in the artificial neural network:

a memory, operably coupled to the GPU. to store parameters common to all of the

computations in the sequence of computations and data specific to the computation in the

sequence of computations; and

a controller, operably coupled to the GPU and the memory. to control performance of the

sequence of computations and data exchange by the GPU, to transfer at least a portion of the

input data into the memory in parallel with performance of the sequence of computations by the

GPU. and to transfer at least a portion of the output data from the memory in parallel with

performance of the sequence of computations by the GPU.

57. (New) The accelerator system of claim 56. wherein all neurons in the laver of neurons are

described by the same equation.

58. (New) The accelerator system of claim 56. wherein the memory is configured to hold:

external input data patterns:

representations of internal variables:

10
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an input to the computation in the sequence of computations: and

the output of the computation in the sequence of computations.

59. (New) The accelerator system of claim 56, wherein the memory is configured to

accumulate the output of the computation in the sequence of computations during execution of

the plurality of computational elements by the GPU.

60. (New) The accelerator system of claim 56. wherein the memory is configured to store an

output of a previous computation in the sequence of computations. the output of the previous

computation being accessible to the pluralitv of computational elements during the computation

in the sequence of computations.

61. Cancel claim 61.

62. (New. Twice Amended) A method comprising:

receiving, at a central processing unit (CPU). input data acquired from an external

system;
initializing, by a controller, graphics processing unit (GPU) programs for performing a

sequence of computations on the input data received by the CPU:

performing. with the GPU. the sequence of computations on the input data to generate

output data based on the textures and shaders, a computation in the sequence of computations

comprising a plurality of computational elements. the plurality of computational elements

representing a laver of neurons in an artificial neural network, an output of the computation in

the sequence of computations representing an output of a neuron in the artificial neural network:

controlling, by the controller, data exchange between the CPU and the GPU upon

initialization of the GPU programs:

storing, in the memory operably coupled to the GPU, parameters common to all of the

computations in the sequence of computations:

storing, in the memory. data specific to the computation in the sequence of computations:

and

transferring at least a portion of the input data into the memory and at least a portion of

the output data from the memory during performance of the sequence of computations by the

GPU.

11
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63. (New) The method of claim 62, wherein all neurons in the layer of neurons are described

by the same equation.

64. (New) The method of claim 62. further comprising:

storing. in the memory. external input data patterns:

storing. in the memory. representations of internal variables; and

storing. in the memory. an input of the computation in the sequence of computations.

65. (New) The method of claim 62. further comprising:

accumulating. in the memory. the output of the computation in the sequence of

computations during execution of the plurality of computational elements by the GPU.

66. (New) The method of claim 62, further comprising:

storing. in the memory. an output of a previous computation in the sequence of

computations: and

accessing, by the GPU. the output of the previous computation during the computation in

the sequence of computations.

67. Cancel claim 67

68. (New. Amended) A method of executing computations representing an artificial neural

network on a computer system comprising at least one central processing unit (CPU). a

processing unit., a first memory partition, and a second memory partition, the method

comprising:

executing, by the at least one CPU, a user interaction stream, the user interaction stream

controlling transfer of inputs to the artificial neural network to the first memory partition and the

second memory partition; and

executing, by the processing unit, a computational stream, the computational stream

controlling data exchange between the user interaction stream and the computational stream

during execution of the computations representing the artificial neural network.

69. (New) The method of claim 68, wherein the user interaction stream controls data

exchange between the user interaction stream and the computational stream outside of execution

of the computations representing the artificial neural network.

12
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70. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of computational elements of the computations

representing the artificial neural network.

71. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of parameters of the computations representing the

artificial neural network.

72. (New) The method of claim 68, wherein executing the user interaction stream comprises:

controlling setting and editing of parameters of the inputs to the artificial neural network.

73. (New) The method of claim 68, wherein executing the user interaction stream comprises:

specifyving an output to be saved to disk and/or displayed on a screen.

74. (New) The method of claim 68, wherein executing the user interaction stream comprises:

parsing elements to be used in the computations representing the artificial neural

network.

75. (New, Amended) The method of claim 74. wherein the processing unit comprises a

graphics processing unit (GPU) and executing the user interaction stream further comprises:

converting the elements into GPU programs.

76. (New) The method of claim 75. wherein executing the user interaction stream comprises:

compiling the GPU programs.

77. (New) The method of claim 76. wherein executing the user interaction stream comprises:

transferring the GPU programs to the second memory partition.

78. (New) The method of claim 68. further comprising:

executing, by the at least one CPU, a data output stream, the data output stream

controlling transfer of outputs of the computations representing the artificial neural network to

disk.

79. (New. Amended) A system for executing computations representing an artificial neural

network, the system comprising:

a first memory partition;

13
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a second memory partition;

at least one central processing unit (CPU). operably coupled to the at least one memory,

to execute a user interaction stream. the user interaction stream controlling transfer of inputs to

the artificial neural network to the first memory partition and the second memory partition: and

a processing unit, operably coupled to the at least one memory and the at least one CPU.

to execute a computational stream, the computational stream controlling data exchange between

the user interaction stream and the computational stream during execution of the computations

representing the artificial neural network.

80. (New) The system of claim 79. wherein the user interaction stream controls data

exchange between the user interaction stream and the computational stream outside of execution

of the computations representing the artificial neural network.

81. (New) The system of claim 79, wherein the user interaction stream controls setting and

editing of computational elements of the computations representing the artificial neural network.

82. (New) The system of claim 79. wherein the user interaction stream controls setting and

editing of parameters of the computations representing the artificial neural network.

83. (New) The system of claim 79. wherein the user interaction stream controls setting and

editing of parameters of the inputs to the artificial neural network.

84. (New) The system of claim 79. wherein the user interaction stream specifies an output to

be saved to disk and/or displayved on a screen.

85. (New) The system of claim 79, wherein the user interaction stream parses elements to be

used in the computations representing the artificial neural network.

86. (New) The system of claim 85, wherein the processing unit comprises a graphics

processing unit (GPU) and the user interaction stream converts the elements into GPU programs.

87. (New) The system of claim 86, wherein the user interaction stream compiles the GPU

programs.

88. (New. Amended) The system of claim 87. wherein the user interaction stream transfers

the GPU programs to at least one of the first memory partition or the second memory partition.

14
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89. (New) The system of claim 68, wherein the at least one CPU is further configured to

execute a data output stream. the data output stream controlling transfer of outputs of the

computations representing the artificial neural network to disk.

90. (New. Twice Amended) A method of performing a sequence of computations with a

processing unit, the method comprising:

receiving input data:

performing, by the processing unit, the sequence of computations on a first portion of the

input data so as to generate a first portion of output data, intermediate computations in the

sequence of computations vielding intermediate results, the first portion of the output data

representing an output of an artificial neural network, wherein performing the sequence of

computations on the first portion of the input data comprises accumulating a first value for an

output variable in a first texture by a first computational element;

in parallel with performing the sequence of computations on the first portion of the input

data by the processing unit. transferring a second portion of the input data from a first memory

partition to a second memory partition;

in parallel with performing the sequence of computations on the first portion of the input

data by the processing unit, transferring a second portion of the output data from the second

memory partition to the first memory partition: and

performing, by the processing unit, the sequence of computations on the second portion

of the input data so as to generate a third portion of output data. wherein performing the

sequence of computations on the second portion of the input data comprises accumulating a

second value for the output variable in the first texture by the first computational element and

accessing the first value of the output variable in the first texture by a second computational

clement.

91. (New) The method of claim 90, wherein receiving the input data comprises loading the

input data from disk.

92. (New) The method of claim 90. wherein receiving the input data comprises receiving the

input data from at least one of a video camera, a microphone, or a cell recording electrode.

93. (New) The method of claim 90. wherein receiving the input data occurs at a first rate and

performing the sequence of computations occurs at a second rate different than the first rate.

15
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94. (New) The method of claim 90, wherein transferring the second portion of the output data

comprises transferring the second portion of the output data from the second memory partition to

the first memory partition without transferring any of the intermediate results from the second

memory partition to the first memory partition.

95. (New, Twice Amended) A system for performing a sequence of computations, the system

comprising;

a first memory partition;

a second memory partition operably coupled to the first memory partition:; and

a processing unit, operably coupled to the first memory partition and the second memory

partition, to perform the sequence of computations on a first portion of input data so as to

generate a first portion of output data. intermediate computations in the sequence of

computations yielding intermediate results, the first portion of the output data representing an

output of an artificial neural network.

wherein the first memory partition is configured to transfer a second portion of the input

data to the second memory partition in parallel with performance the sequence of computations

by the processing unit,

wherein the second memory partition is configured to transfer a second portion of the

output data to the first memory partition in parallel with performance the sequence of

computations by the processing unit. and

wherein the sequence of computations represents an artificial neural network, each

neuron in the artificial neural network has an output variable assigned to a first texture and a

second texture in the memory, the first texture holds a first value of the output variable computed

during a previous time step of the sequence of computations and accessible to other neurons in

the neural network during a current time step of the sequence of computations and the second

texture accumulates a second value of the output variable computed during the current time step.

96. (New) The system of claim 95. wherein the first memory partition and the second

memory partition are logical partitions.

97. (New) The system of claim 95, wherein the processing unit is comprises a graphics

processing unit (GPU).

16

NVIDIA Ex1002 Page 790 of 1081



U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

98. (New) The system of claim 95, wherein the processing unit is configured to receive the

input data at a first rate and to perform the sequence of computations at a second rate is different

than the first rate.

99. (New) The system of claim 95, wherein the second memory partition is configured to

transfer the second portion of the output data to the first memory partition without transferring

any of the intermediate results to the first memory partition.

100. (New) The system of claim 95, further comprising

at least one of a video camera, a microphone, or a cell recording electrode to generate the

input data.

101. (New. Twice Amended) A method for performing a numerical simulation representing an

artificial neural network over a plurality of computational cvcles, the method comprising:

storing. in a first partition of a memory, first output data during the second computational

cycle, the first output data generated for a first variable during the first computational cycle and

being referenced by a first pointer, the first output data representing an output of a first neuron in

the artificial neural network:

performing. by a processing unit operably coupled to the memory. at least one calculation

on the first output data duning the second computational cycle, the at least one calculation

vielding second output data representing an output of the first neuron in the artificial neural

network:

making the first output data in the first partition of the memory accessible to other

neurons in the artificial neural network during the second computational cycle;

storing. in a second partition of the memory. the second output data, the second output

data being referenced by a second pointer: and

swapping the first pointer and the second pointer at the conclusion of the second

computational cycle such that the second output data becomes an input for a third computational

cycle of the plurality of computational cvcles.

102. (New) The method of claim 101, further comprising:

transferring input data into the memory from another memory coupled to a central

processing unit (CPU) before the first computational cycle.
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103. (New) The method of claim 101. further comprising:

providing. to a central processing unit (CPU). first output data generated during the first

computational cvcle after a conclusion of the first computational cycle.

104. (New) The method of claim 101, further comprising:

transferring the first output data from the memory to another memory during the second

computational cycle.

105. (New) The method of claim 101, further comprising:

displaying, with a video system. an indication of the numerical simulation.

106. (New) The method of claim 101, further comprising:

dictating. to the processing unit. an order of execution of instructions.

107. (New) The method of claim 101, wherein performing the at least one calculation

comprises receiving. by the processing unit. at least the portion of the input data and a series of

instructions and executing, by the processing unit, the instructions on the at least the portion of

the input data.

108. (New. Twice Amended) A method of performing a numerical simulation representing an

artificial neural network, the method comprising:

performing. by a processing unit. at least one computation during a first computational

cycle of the numerical simulation, the first computational cycle representing a first laver of

neurons in the artificial neural network:

storing, by a memory operably coupled to the processing unit, data used to perform the at

least one computation:

controlling performance of the at least one computation by the processing unit;

controlling transfer of the output data from the processing unit to the memory during the

first computational cycle;

while performing the at least one computation, acquiring input data with a central

processing unit and operably coupled to a main memory: and

controlling transfer of the input data to the memory from the main memory for use by the

processing unit during a second computational cycle of the numerical simulation, the second

computational cvcle representing a second layer of neurons in the artificial neural network.
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109. (New) The method of claim 108. further comprising:

dictating an order of execution of instructions to the processing unit.

110. (New. Amended) The method of claim 108. further comprising:

transferring output data from the memory to the main memory while the processing unit

performs the at least one computation.

111. (New. Amended) The method of claim 108. further comprising:

performing successive computational cycles of the numerical simulation by feeding

output data generated by the processing unit from a previous computational cycle and input data

for a next computational cycle into the processing unit.

112. (New. Twice Amended) A system for executing an artificial neural network, the system

comprising:
a central processing unit (CPU) to provide first input data;

a memory. operably coupled to the CPU. to store the first input data in a first partition,

referenced by a first pointer, before computing a first laver of neurons of the artificial neural

network:

a processing unit, operably coupled to the memory, to perform. during computation of the

first layer of neurons, at least one calculation on the first input data so as to generate first output

data, the first output data representing an output of at least one neuron in the first layer of

neurons: and

a controller, operably coupled to the processing unit and the memory. to:

store the first output data in a second partition of the memory. the second partition

referenced by a second pointer. and to swap the first pointer with the second pointer at

the end of the computation of the first laver of neurons. such that the first output data

becomes an input for a second layer of neurons of the artificial neural network, and

dictate an order of execution of instructions to the processing unit to perform the

computation of the first laver of neurons.

113. (New) The system of claim 112 wherein the processing unit comprises a graphics

processing unit.

19

NVIDIA Ex1002 Page 793 of 1081



U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

114. (New) The system of claim 112, wherein the controller is configured to send instructions

for performing the at least one calculation to the processing unit.

115. (New. Amended) The system of claim 112. wherein the controller is further configured to

transfer the first output data to another memory during computation of the second layer of

neurons.

116. (New. Amended) The system of claim 112. wherein the memory further comprises:

a third partition to store internal variables: and

a fourth partition to store data used as input at a particular layer of neurons of the

artificial neural network.

117. (New. Twice Amended) A computer system, comprising:

a central processing unit to receive input data acquired from an external system:

main memory, operably coupled to the central processing unit via a bus, to store the input

data received by the central processing unit:

an accelerator, operably coupled to the central processing unit and the main memory via

the bus. to receive at least a portion of the input data from the main memory. the accelerator

comprising:

at least one processing unit to perform a sequence of computations on the at least

a portion of the input data so as to generate output data, intermediate computations in the

sequence of computations yielding intermediate results; and

accelerator memory. operably coupled to the at least one processing unit, to store

the results of the sequence of computations: and

a controller. operably coupled to the at least one processing unit and the

accelerator memory. to control transfer of the at least a portion of the input data into the

accelerator memory. to control transfer at least a portion of the output data from the

accelerator memory to the main memory during performance of the sequence of

computations by the at least one processing unit. and to control performance of the

sequence of computations by the GPU.

118. (New) The computer system of claim 117. wherein the central processing unit is

configured to receive the input data in response to a user interaction.
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119. (New) The computer system of claim 117. wherein:

the central processing unit is configured to receive the input data at a first rate; and

the at least one processing unit is configured to perform the sequence of computations at

a second rate different than the first rate.

120. (New) The computer system of claim 117. wherein the main memory is configured to

store a copy of the output data stored in the accelerator memory.

121. (New) The computer system of claim 117. wherein an output of at least one computation

in the sequence of computations represents an output of at least one neuron in an artificial neural

network.

122.  (New) The computer system of claim 117, wherein accelerator memory comprises:

a first memory partition to store parameters common to all of the computations in the

sequence of computations: and

a second memory partition to store data specific to at least one computation in the

sequence of computations.

123.  (New) The computer system of claim 117, wherein the controller is configured to transfer

the output data from the accelerator memory to the main memory without transferring any of the

intermediate results from the accelerator memory to the main memory so as to reduce data

transfer via the bus.

124,  (New) The computer system of claim 117, wherein the controller is configured to transfer

at least a portion of the output data from the accelerator memoryv to the main memory after the at

least one processing unit has begun to perform another sequence of computations.

125. (New) The computer system of claim 124, wherein the controller is configured to initiate

transfer of the at least a portion of the input data and to transfer the at least a portion of the

output data in parallel with performance of at least one computation in the other sequence of

computations by the at least one processing unit.

126. (New) The computer system of claim 117. wherein the controller is configured to control

execution of the sequence of computations by the at least one processing unit.

127. (New. Amended) The computer system of claim 117 further comprising:
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at least one of a video camera, a microphone, or a cell recording electrode, operably

coupled to the central processing unit. to acquire the input data in real time.

128. (New. Twice Amended) A method of performing a sequence of computations on a

computer system comprising a central processing unit (CPU). a main memory operably coupled

to the central processing unit via a bus, an accelerator operably coupled to the CPU and the main

memory via the bus, the accelerator comprising a processing unit and an accelerator memory, the

method comprising:

executing a first stream with the CPU, the first stream acquiring input data for the

sequence of computations: and

executing a second stream with the processing unit, the second stream taking priority

over the first stream during the sequence of computations and comprising:

(A) performing, by the processing unit, the sequence of computations on a first

portion of the input data so as to generate a first portion of output data. intermediate

computations in the sequence of computations vielding intermediate results:

(B) in parallel with performing the sequence of computations by the processing

unit in (A), transferring a second portion of the input data from the main memory to the

accelerator via the bus: and

(C) in parallel with performing the sequence of computations by the processing

unit in (A). transferring a second portion of the output data from the accelerator memory

to the main memory via the bus.

129. (New) The method of claim 128, further comprising:

storing the input data in the main memory in response to a user interaction.

130. (New) The method of claim 128. further comprising:

receiving the input data at a first rate; and

wherein (A) comprises performing the sequence of computations at a second rate

different than the first rate.

131. (New) The method of claim 128. wherein (A) comprises:

generating an output representative of an output of at least one neuron in an artificial

neural network.
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132. (New) The method of claim 128, wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the

main memory without transferring any of the intermediate results of the plurality of sequential

computations from the accelerator memory to the main memory so as to reduce data transfer via

the bus.

133. (New) The method of claim 128, wherein (C) comprises:

transferring the second portion of the output data from the accelerator memory to the

main memory after the processing unit has begun to perform another sequence of computations.

134. (New) The method of claim 133. wherein (C) further comprises:

initiating transfer of the second portion of the output data in parallel with performance of

at least one computation in the other sequence of computations.

135.  (New) The method of claim 128. further comprising:

acquiring the input data in real time with at least one of a video camera, a microphone, or

a cell recording electrode operably coupled to the processing unit.

136. (New) The method of claim 128. further comprising:

storing parameters common to all of the computations in the sequence of computations in

a first memory partition in the accelerator memory: and

storing data specific to at least one computation in the sequence of computations in a

second memory partition in the accelerator memory.

137. (New, Amended) A system for executing an artificial neural network, the system

comprising:

a first processing unit to receive input data in real time from a sensor;

a memory. operably coupled to the first processing unit, to store a first portion of the

input data;

a second processing unit, operably coupled to the memory, to generate first output data

from the first portion of the input data. the first output data representing an output of at least one

neuron in a first layer of neurons in the artificial neural network:

a controller, operably coupled to the second processing unit and the memory. to

store a second portion of the input data in the memory while the second processing unit
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generates the first output data and to allow a user to change the input data on the fly

during the execution of the artificial neural network.

138. (New) The system of claim 137, wherein the sensor is a microphone.

139.  (New) The system of claim 137. wherein the sensor is a video camera.

140. (New) The system of claim 137. wherein the second processing unit is further configured

to generate second output data from the second portion of the input data. the second output data

representing an output of at least one neuron in a second layer of neurons in the artificial neural

network.

141. (New) The system of claim 140. further comprising:

a random access memory. operably coupled to the first processing unit. to receive the

first output data from the memory while the second processing unit generates the second output

data.

142,  (New) The computer system of claim 1. wherein the controller is configured to inform

the central processing unit that the sequence of computations is finished.

143. (New) The computer system of claim 1. wherein the controller is configured to reduce a

processing load on the central processing unit.

144. (New) The computer system of claim 1. wherein the controller is configured to reduce

interactions between the central processing unit and the accelerator.

145. (New) The method of claim 68. wherein the computational stream takes priority over the

user interaction stream during execution of the computations representing the artificial neural

network

146. (New) The method of claim 68, wherein the computational stream determines a timing of

a transfer of input data from the CPU to the processing unit and a timing of a transfer of output

data from the processing unit to the CPU during execution of the computations representing the

artificial neural network.
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147.  (New) The method of claim 108, wherein acquiring the input data comprises acquiring

the input data in real time with a video camera.

148. (New) The method of claim 128, wherein the sequence of computations represents an

artificial neural network. each neuron in the artificial neural network has an output variable

assigned to a first texture and a second texture in the memory, and wherein (A) further

comprises, during a current time step of the sequence of computations:

storing a first value of the output variable computed during a previous time step of the

sequence of computations in a first portion of the accelerator memory:

making the first value accessible to every neuron in the neural network during a current

time step of the sequence of computations: and

accumulating a second value of the output variable computed during the current time step

in a second portion of the accelerator memory.
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REMARKS

In response to the Office Action dated May 13, 2019, in the above-identified application,
Applicant respectfully requests reconsideration. All of the issues raised in the Office Action have
been carefully considered and are addressed in this response. The application as now presented is

believed to be in allowable condition.

| 13 Status of the Claims and Summary of Amendments

Upon entry of this response, claims 1-60, 62—66, and 68—148 will be pending in this
application, of which claims 1, 12, 21, 42, 56, 62, 68, 79, 90, 95, 101, 108, 112, 117, 128, and
137 are independent claims.

Claim 1 is being amended to recite “a controller ... to initialize textures and shaders in
the accelerator memory for performing the sequence of computations, to control performance of
the sequence of computations by the at least one graphics processing unit, to transfer the at least
a portion of the input data into the accelerator memory, and to transfer at least a portion of the
output data from the accelerator memory to the main memory during performance of the
sequence of computations by the at least one graphics processing unit.” Support for this
amendment appears at least in column 5, lines 1-18, and in column 8, lines 5-33 and lines 45—-60
of U.S. Patent No. 9,189,828 (“the 828 patent™).

Claim 12 is being amended to recite “performing the sequence of computations on the
first portion of the input data comprises (i) assigning an output variable to a first texture and a
second texture, the output variable being included in a first computational element of a plurality
of computational elements, the plurality of computational elements representing the sequence of
computations and (ii) accumulating a first value for the output variable in the first texture during
a first time step” and “performing, by the GPU, the sequence of computations on the second
portion of the input data, wherein performing the sequence of computations on the second
portion of the input data comprises (i) accumulating a second value for the output variable in the
second texture during a second time step and (ii) making the first value of the output variable in
the first texture accessible to other computational elements in the plurality of computational
elements, during the second time step.” Support for this amendment appears at least in column 6,
lines 3—17 of the 828 patent.

Claim 21 is being amended to recite “each neuron in the artificial neural network has an

output variable assigned to a first texture and a second texture in the memory, the first texture
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holding a first value computed by the neuron during a previous time step and accessible to other
neurons in the neural network during a current time step and the second texture holding a
second value computed by the neuron during the current time step.” Support for these
amendments appears at least in column 5, line 61, through column 6, line 17 of the 828 patent.

Claim 42 is being amended to recite “initializing, by a controller operably coupled to a
graphics processing unit (GPU), textures and shaders in a memory operably coupled to the
GPU, transferring the first input data received by the CPU to the memory operably coupled to
the GPU; [and] performing, by the graphics processing unit (GPU), a first computation in the
sequence of computations on the first input data based on the textures and shaders.” Support for
these amendments appears at least in column 5, line 61, through column 6, line 17 of the 828
patent.

Claim 56 is being amended to recite “a controller, operably coupled to the GPU and the
memory, to control performance of the sequence of computations and data exchange by the
GPU.” Support for these amendments appears at least in column 5, lines 1-12, and column 8,
lines 5-33 and lines 4560 of the 828 patent.

Claim 62 is being amended to recite “initializing, by a controller, graphics processing
unit (GPU) programs for performing a sequence of computations on the input data received by
the CPU” and “controlling, by the controller, data exchange between the CPU and the GPU upon
initialization of the GPU programs.” Support for these amendments appears at least in column 5,
lines 1-12, and column 8, lines 5—33 and lines 45—60 of the "828 patent.

Claim 90 is being amended to recite “each neuron in the artificial neural network has an
output variable assigned to a first texture and a second texture in the memory, the first texture
holds a first value of the output variable computed during a previous time step of the sequence of
computations and accessible to other neurons in the neural network during a current time step of
the sequence of computations and the second texture accumulates a second value of the output
variable computed during the current time step. Support for these amendments appears at least in
column 5, line 61, through column 6, line 17 of the *828 patent.

Claim 95 is being amended to recite “the sequence of computations represents an
artificial neural network, each neuron in the artificial neural network has an output variable
assigned to a first texture and a second texture in the memory, the first texture holds a first value
computed during a previous time step and accessible to other neurons in the neural network

during a current time step, and the second texture holds a second value computed during the
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current time step.” Support for this amendment appears at least in column 5, line 61, through
column 6, line 17 of the *828 patent.

Claim 101 is being amended for clarity and to recite, among other things, “storing, in a
first partition of a memory, first output data during the second computational cycle, the first
output data generated for a first variable during the first computational cycle and being
referenced by a first pointer, the first output data representing an output of a first neuron in the
artificial neural network” and “accessing, by a second neuron in the artificial neural network
during the second computational cycle, the first output data in the first partition of the memory.”
Support for this amendment appears at least in column 5, line 61, through column 6, line 17 of
the 828 patent.

Claim 108 is being amended to recite “while performing the at least one computation,
acquiring input data with a central processing unit and operably coupled to a main memory.”
Support for this amendment appears at least in column 9, lines 8—18 of the 828 patent.

Claim 112 is being amended to recite “a controller, operably coupled to the processing
unit and the memory, to ... dictate an order of execution of instructions to the processing unit to
perform the computation of the first layer of neurons.” Support for this amendment appears at
least in column 2, lines 47—52 of the *828 patent. Support for this amendment appears at least in
column 5, lines 1-18, and in column 8, lines 5-33 and lines 45-60 of the 828 patent.

Claim 117 is being amended to recite “a controller ... to control transfer of the at least a
portion of the input data into the accelerator memory, to control transfer at least a portion of the
output data from the accelerator memory to the main memory during performance of the
sequence of computations by the at least one processing unit, and to control performance of the
sequence of computations by the GPU.” Support for this amendment appears at least in column
5, lines 1-18, and in column 8, lines 5-33 and lines 45-60 of the 828 patent.

Claim 128 is being amended to recite “executing a first stream with the CPU, the first

99 &

stream acquiring input data for the sequence of computations,” “executing a second stream with
the processing unit,” and that the second stream “tak[es] priority over the first stream during the
sequence of computations.” Support for these amendments appears at least in column 7, line 31
Claim 137 is being amended to read “a controller, operably coupled to the second
processing unit and the memory, to store a second portion of the input data in the memory while

the second processing unit generates the first output data, and 7o allow a user to change the input

28

NVIDIA Ex1002 Page 802 of 1081



U.S. Application No. 15/808,201 Attorney Docket No. NRLA-001US03

data on the fly during the execution of the artificial neural network.” Support for this amendment
appears at least in column 9, lines 8—18 of the *828 patent.

Claim 142, which depends from independent claim 1 and recites that “the controller is
configured to inform the central processing unit that the sequence of computations is finished,” is
being added. Support for claim 142 appears at least in column 9, lines 19-21 of the 828 patent.

Claim 143, which depends from independent claim 1 and recites that “the controller is
configured to reduce a processing load on the central processing unit,” is being added. Support
for claim 143 appears at least in column 13, lines 35—42 of the *828 patent.

Claim 144, which depends from independent claim 1 and recites that “the controller is
configured to reduce interactions between the central processing unit and the accelerator,” is
being added. Support for claim 144 appears at least in column 13, lines 35-42 of the *828 patent.

Claim 145, which depends from independent claim 68 and recites that “the computational
stream takes priority over the user interaction stream during execution of the computations
representing the artificial neural network,” is being added. Support for claim 145 appears at least
in column 7, lines 45-55 of the *828 patent.

Claim 146, which depends from independent claim 68 and recites that the computational
stream controls timing of data transfers between the CPU and the processing unit during
execution of the computations representing the artificial neural network, is being added. Support
for claim 146 appears at least in column 13, lines 1-10 of the *828 patent.

Claim 147, which depends from independent claim 108 and recites that “acquiring the
input data comprises acquiring the input data in real time with a video camera,” is being added.
Support for claim 144 appears at least in column 9, lines 8—18 of the *828 patent.

Claim 148, which depends from claim 128, is being added. Support for claim 148 appears

at least in column 5, line 61, through column 6, line 17 of the *828 patent.

2. Information Disclosure Statement

According to page 3 of the Office Action, Item 1! cited in the information disclosure
statement (IDS) filed on March 20, 2019, could not be found. Applicant apologizes for this
mistake and is submitting a copy of Item 1 in the attached IDS. Applicant notes that Item 1 is the
abstract of a talk given by one of the inventors after the priority date of the 828 patent.

! “Brain-inspired computing: Invited keynote address,” Bionetics 2010, Boston MA, USA. 1 page.
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Page 3 of the Office Action states also that a document entitled “From Spikes to Inter-
Areal Synchrony: How attentive matching and resonance control learning and information
processing by laminar thalamocortical circuits” was included with the IDS filed March 20, 2019.
This one-page document is cumulative of a 2008 article submitted and considered as Item 96 on

the IDS filed December 8, 2017.

3. Objections to Claims

On page 3 of the Office Action, claim 12 was objected to because the amendment
submitted on March 20, 2019 (“the March 2019 amendment”) did not contain a parenthetical
expression as required by 37 C.F.R. 1.173(b)(2) or 1.173(c). Applicant is amending claim 12 to
include the parenthetical expression and address this objection.

Claims 21-54, 6266, 101-127, and 137-141 were objected to because the March 2019
amendment did not provide support for the changes as required by 37 C.F.R. 1.173(c).

In particular, claims 21-41 were objected to because the March 2019 amendment
allegedly does not show “computations represent layers.”? Applicant respectfully disagrees. The
March 2019 amendment states that support for “computations in the sequence of computations
represent respective layers of neurons in an artificial neural network™ can be found at least in
“column 5, lines 22—26 and 61-63 and column 9, lines 3—7"% of the 828 patent. Column 5, lines
22-26 of the 828 patent are reproduced below:

“The elements of computation (computational elements) are characterized by a
single output variable. Such computational elements often include one or more
equations. Computational elements are same or similar within a large population
and are computed in parallel. An example of such a population is a layer of
neurons in an artificial neural network (ANN), where all neurons are described by
the same equation.”

As described in the section of the *828 patent quoted above, computational elements can include
computations (e.g., equations) that are the same or similar within a large population. An example
of such a population is a layer of neurons in an artificial neural network. In other words,
computations can represent a layer of neurons in an artificial neur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>