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H8499 F#F= CNN(Convolutional Neural Network), LSTM(Long-Short
Term  Memory)s  X%3%  RNN(Recurrent  Neural  Network),
GAN(Generative Adversarial Network), 719™(GliER, Memory Network)
ol 2 ZoE dieta, ol& A & a(AlphaGo)ll Al L &40l
U5 7335 (Reinforcement Learning)©] ¥ AH8d ZO02 o 4H
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<1g 2-7> CNN2Q| 7H==9l 7=
HESIEA O 7|8 ASKs T 7HE EUsHA MREI UAE

CNNe| 7Hekdol ==, M & (convolution)Zt ¢€F
HFE5t0 o|o|X|e] EZ (feature)E ol o|E Sl OIDIII
£ E & (classification)3ll &

P =X: PARE, “Efficient mapping of the training of Convolutional Neural Networks to a CUDA-based cluster”
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P =A: https://www.slideshare.net/ microlife/ from-neural-networks-to-deep-learning
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Power Density (Wattslcmz)
»

Power Density and Future

Haswell38.72)
i Lynnfiled(32 09)
¢ BIpOIar 181 Es9000 @ P Prescott
L @ CMOS layhawk(dual) ¥
* Neuromorphic
T-Rex &
M ckin e,..
[~ Squadrons
Fujitsu VP2000 4
150 P @
IBM 30805 {}
NTT @ IBW RYS @ @ .,'. IBM Z9
i IBW RYT (_..”e"““r" 4
Fujitsu M-78" @
- Pulsar @ ﬂ‘_‘,auns.,‘aa
IBM 3090 8 o® " HEP v,
IBM RYE 4 + HICANN *
&
CDC Cyber 205 .
Bt 4381 O 1BM RY4 @ ;smfm - A
B J Neogrid
18M 3081 .' Apacg . g W e .
Fuitsy W3S0AP ® @ercedy SpiNNaker o
% BM 360 IBM 370 IBM 30337 o gy .. > ¥ 0 &"
" 1 & , 2 1 1 ..pqntium I DSE) % 4 & *

1960 1970 1980 1990 2000 fﬂ'fﬁ ===*3020
Year of Announcement

* R Dick U of Michigan

<3l 2-9> 7|& HE stEMoit w2Y HFE AL 7|8k =3xS ©EY

D FA

Zstgr8e2 FItstd U= HESt=EHAoe Mzd4i2of H|s|
wE2Y AFE A[AH J|dE ¢ =gt
SN EoOlE= Intelel 78] A< 100W/cm2ol Ol JHE=E

sl Yo MY 2@} Wy

P =4: R. Dick, University of Michigan, updated by J-H Lee
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Deep Belief Networks (DBN)

oholZ! =24
20|18 w7 U Recurrent Neural Networks (RNN)

HEzE i) Convolutional Neural Networks (CNN)
SIERIO] 7|t StES|O] 7| gt L2TEQN 7|E
3 0180 & 0180
21 0120 (I&F) (activation) -
kel = L O
2w T usomol A ofdo) el
= A2 0f2[0] (STDP.) | (Back propa.ga?tlon)
Analog, Digital Analog, Digital
(Reconfigurable) (G, G)
HYa2  3Izadg oFus S8 ofF £2
MaE o2 OFF g “g B

<33 2-10> 917k &, FEH AFE AAY B FE de 27 U 6D
H85t=9l0f Z|uk ABX|SOIA 1M, 2Mt) F2H HFE
Uk AlasoR T4 7|%0 tolTE BTkt #A 7K
JlE METE e e ool o2 S

P =4: ILSVRC(ImageNet Large Scale Visual Recognition Competition), 2014
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Synaptic Functionalities

STDP : Spike Timing Dependent Plasticity
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(Depression)
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1. 371 F= Z2AHE |3

BRAIN Initiative

Izt Eulo| N 8|2 7Y

- N7 B T o]

-5 E% 0|2, 2EY, S A7

c 7| ZH: 20164 ~20254
®2H|: £ 32.4,0009 &

HBP Project

- QIZHE x| 7|55 O] &
CNZA 7|EHT EUE S
w0 T3t | 2 Y
o177k 2013 ~2023
«HJH| 1 & 124,000 A

RobotRevolutionlnitiative

RRYABASIIEER

o ZHE, AHE|7|HEA| Mo 28
- HEE (I0T) ME

« HR7|Z: 20154 ~20204
c | 212209 Y

<3 3-1> o =7t XA ASK|s Al

1) ZRAE ARdge [Faxks 1] =

SyNAPSE

c A 2 QIR ARE A

* CMOS 7|2t Al A, R Y
cME2EEFE oY 1Y
 e17|2k: 2008 ~2016'

o« G| 201374 1,100 &

ChinaBrain Project
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(1 vl=

O Wx7hd g Z=A EQl BRAIN(Brain Research through Advancing
Innovative Neurotechnologies) InitiativeE &3 F¥H&F HAUS

Y 8 $871% A, s 1Y F

OBAMA'S BRAIN

The White House has set lofty

objectives for its BRAIN Initiative. uBJEC.”VES

INow itis up toithe participants * Provide the » Understand how

(purple) to develop a strategy knowledge for brain activity leads to

for the programme. addressing debilitating  perception, decision-
disorders. making and, ultimately,

) action.

FHWM[ H[SEAHEH ............................. * Develop new
imaging technologies * Produce a

# The Allen Institute for Brain Science and understand how sophisticated

$60 million annually information is stored understanding of the

and processed in brain, from individual

* Howard Hughes Medical Institute HELI(Z] networks. genes to neuronal

$30 million annually circuits to behaviour.

# Kavli Foundation
$4 million annually for 10 years

» Salk Institute for Biological Studies

$28 million ;
(First year funding) :
o Defense Advanced Research Projects Agency H[SH\HEH [:UMM”N”Y
$30 million e The National Science Foundation convened
* National Institutes of Health workshops to solicit ideas.
$40 million o The National Institiites of Health set up a
¢ National Science Foundation ‘dream team’' of 15 scientists that is producing
$20 million reports based on community feedback.

<1 3-2> BRAIN Initiative Z2HE z&H FX}
BRAIN Initiative= =2 &&& olslisty, M=Z2 olo|X| 7|&2
NstE SHEE 7HA0, 2lZioA & 129 20008 &2, AWH
FollM & 179 40002 &HHE T4t

P =*: Helen Shen, “Neurotechnology: BRAIN storm”, 2011.11.11.

— emml oEHel  EAR  AUeld  wWerwm ¥

78} 7] & A H A= (Office of Science and Technology Policy: OSTP)©]



Fdls 71 g Z2AEZ 201349 42 BRAIN InitiativeES @3

— 2016\1~2025'd 7HA] FEHEFO A A Jes A T Y
olE &I & Zle ME, AHEHE FAA JPs= BRAIN
Initiativeoll & 3% 4,000¢] Yo AFHE T

— BRAIN Initiative= 7]% 7o AZFSFAAE 7|99 HAE2 §E351q

—_
]

O wl= IR A4kst B9 al5 A7 A E = (Defense Advanced Research Project

oK

Agency: DARPA)= F¥H9 <QIFATE EHsY A=z TFF9Y
JAAAFEHE 7Esk=  SyNAPSE(Systems of Neuromorphic Adaptive

Plastic Scalable Electronics) ZZAHE 3] F

DARPA SyNAPSE Program Plan

Phase 0 Phase 1 Phase 2 Phase 3 ' Phase 4
e cTaR - : P
o H
o ! ~ =
5 H
° 1 )
= i} =
g — H Fa i
e T —— ! ~10% neuron single ! 2
Component Synapse | ey : CMES Process ip i i iz =10; netean
P L i Component Circuit E Integration ehipfmplamentation i muiti-chip robot

Development Development

| )
T

T

E::

Architecture
& Tools

Micracircuit E - i s

Architecture ; i 10°NeuronDesign |  10% neuron design

Devglopmanit Architecture + for Simulation and i for simulation and : Compratiangive Destgi

Development . Hardware Layout H hardware layout H P4 -
T T 1 apability
H H P "
e = | < H =
= = U - H
O o —r b i |
= E = 4:5: E E‘I : B '
o] =} H 1
E E = & H H
A i H
U o { ' i . { -
| Simulate Large Neural | ~10% neuron level H ~10° neuron level | “Human" level Design
| Subsystem Dynamics E Benchmark E Benchmark i (~10" neuron)

= H
)
£
c
=)
= c .
= I '
ﬁ Expand & Refine i Expand & Sustain 1 Sustain

<% 3-3> SyNAPSE =273 2=
CAMOR SIEHO R0l AlAS FAED, 3
2 AXA CMOS Satatze st Fol ool Y R
7

[=]
A+E ZIIMA 2BHoz He| 7 2RS UEE HO| BE

P =A: http://www.theregister.co.kr/2011/08/18/ibm_darpa_synapse_




¥ A9 AT e MEE 729 JAARFH LS FRE
A A7IEE A, AFE TE, AARAL S58A)S A7

o e 15dAT Ag=w (DARPA)Oﬂ A
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P =X: Peter Clarke, “IBM Seeks Customers For Neural Network Breakthrough”, 2014.08.7.
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— AA F=9 oAl REE  FEFHCl(Google  Today),
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TPU”, 2017.05.17.
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Moz = 4 J[JIEF2A9 OHlo|EE XzZ|5l 16HIE F 32
HE 5 25H Xe2lE X|s5te] 1858 Ys

P =4: https://www.movidius.com/




O Huawei : NPU(Neural Processing Unit)}= ®A3 =i

=

AP(Appliecation Processor)?l Kirin 970 3
— S HuaweidlAl& 8719 ZAE 717 CPU% 7]& Kirin 960E.Th
20%°] B85S FAI GPUS AT Zutd AP Kirin 9708 23
3], Kirin 97001 16¥1E 2E254< 1928 24E 5 2(TFLOPS) <)
Aso® A4t 7hed NPUE sAld "Aiste] QI3As #d A4HA

HUAWEI Kirin 970

<3Z 3-10> Huaweigl M2 ZHl Z 2 MM Kirin 970

P =4: https://www.digitaltrends.com/ mobile/ huawei-kirin-970-ai-news /
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o714 ErzE 9|5}
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. o 2 C A FES o8 3=, 7,
AHAT Q1E A5 T 2 ZTZAA, 7179 #HER
A2 7% (AB) 7%

A NN A aAsE #dsd]
(B) A2 2 sz, ulwe, WelsE o

(AQ) Iz 2kl #HEE e
; = D 2AAY  dEAS  dea
w enas - SAE0, TR 9Nl
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O WTe] A HYAE FHOE FEY FHY AxY BA AFYo)
AR ATE SA 37 Jo] AFAHe] g AOT 33

£ =7 BE 52 Fobe] mand A
s BMe] A4S T J#d wmage W gudes @Al AT
CIBMOl A9, 309 AEe uAE  dRde] #d  dAREs S
% (https:/ /resedit.watson.ibm.com/researcher/concepts.php). 4
Wmel, Wel s e AA vEY Ao FEATE HL s Y
o

1
o x23E. AAFE, AEFT, computational neuroscience I &

— Google
« TPU st=dlo] A o 100 W Axe| gt Aol st A+
718} ZF (The 44th International Symposium on Computer Architecture

(ISCA), 20179 69).

— Intel
« Intel CEO7} 2017350 F2Y HAFE A|xdlo] HF3H o
AFT Aoz Hop At qFre] A+ dgo] Fosta e AL
(£A: http:/ /www.pcworld.com/article/3168753 / components-processors/ intel

-researches-tech-to-prepare-for-a-future-beyond-todays-pcs.html).
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VAT =2 729 AFE Alz" Al did 7= wE
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1. 29 JAFAY B 7} FE TIAE

O BRAIN(Brain Research through Advancing Innovative Neurotechnologies)
Initiative (7]=7)
1) 97 2E

B e

Rn.mlmmm

<38 6-1> BRAIN Initiative MEHIE e
e ZEo|72te =Z2HEZ
Az ARE Sl T
P =3: http://sitn.hms.havard.edu
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2 #HH 1%

AYAF) =y BAY (National Institute of Health: NIH), ¢ il
A7 A¥=(Defense Advanced Research Project Agency: DARPA),
= ¢ %8 A& (National Science Foundation: NSF). 2% &of=
(US. Food and Drug Administration: FDA) 15 AXE A A=
(The Intelligence Advanced Research Projects Activity: IARPA)
(M17+&al) Boston University, Carnegie Mellon University, Pacific
Northwest Neuroscience Neighborhood, University of California
A 2", University of Pittsburgh, University of Texas AlZ=H,
University of Utah

(F17t7]3#) Allen Institute of Brain Science, Howard Hughes Medical Institute
(7194 GE, GlaxoSmithKline, Medtronic &

(XH ‘Er) Brain & Behavior Research Foundation, Kavli Foundation,

National Photonics Initiative &

NINDS NIMH NCBIB MIA NIAAA
NIDCD NIDA NICHD NEI NCCIH OSTP NSF FDA DARPA IARPA

MIT

Harvard
Google CalTech
GSK cmMu
GE Berkeley
Zeiss = UCSF
Inscopix ucso
Photonics Princeton
Industry Minnesota

ut

Pitt

BU

Utah

35 more
lanelia Allen Salk CSHL Kavii HHMI Simons CNS BBRF PNNM NAN

<12 6-2> BRAIN Initiative T2 E 7|y #of OF
|

{Private Research Centers) {Foundations, NGOs)

e FEe F7h AT V@ Y M, A S che 189

P =A: Scott Joy, “About the BRAIN Initiative”, 2015.06.23
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3) A7 7I1zF : 10d ==
— 2016 2020%: 7]<& 7
— 2020 20254 AEE 7)e

=)
=

HOIAE 91

==

 Brain Initiative

i GE Global Research Center

— N D1J.|.EAE

2 Egato] o] BH AL LA

+ GE- Brain Health Initiative
- GE Healthcare, GE venture % Efsalﬂwymaglnanon

- 0= AL == 2 ANF)T Oﬁ'ﬂ M izt

Goog N
SHH 2AH Petal:t)l\{te -scale datasets 242 gzt
- Howard Huahe Me%lcallnstltute S H HH

+ GlaxoSmithKline
- pAEA 0 =Y =85 ek A HA

+ Inscopix(F2AL0[ T A 2

22 7| Q)
- Smg AHYUS a3

+ Simons Foundation, Univ. of Pittsburgh, The
Carnegie Mellon Univ. & 117} CHEt & S22 20
A oEtE A =

» The Allen Institute for Brain Science '14~'154 ZtzF $60M E X}

BIZER

0|2 el

DARPA

Brain imtiat:va

<22 6-3> BRAIN Initiative ZE& E 9|

+ Howard Hughes Medical '14~'154 2t2¢ §70M Ex}
+ Kavli Foundation ‘134 2 & 1047+ $40M =X}

(=13 = =1
BRI+ . 0|44 2 Al(traumaticinjury) S & 28 67

* Brain-Computer Interface C|H}O[A W

72 9 QIR A[AE HA(MIT, Ideas LabsZ-&)

« Brain 2025 initiative: A Scientific Vision
- Oj= 1571 = 9 of2 EHE &off 5871 M EAY
Hles

@ The  Knowledge Neural
Tgstem(KRNS) program

e Stren Thenina_lHuman Adaptlve Reasoning and

Representation  in

T SHE 1A D]
i ]ARP—_,&LIH s Problem Solving(SHARP)
@ Machine Intelllgence from Cortlcal Networks(MICIONS)

program

AT A A
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.

E 6-1> BRAIN Initiative Z2HME FX} 314
=atst o Z|=dTol HSHe=
MEs st =7t £ Z2HE

FAtShE

=0
= —|

DARPA

The Allen Institute for Brain Science

$60 million annually

Howard Hughes Medical Institute

$30 million annually

Private Research

Kavli Foundation

$4 million annually

for 10 years

Salk Institute for Biological Studies $28 million
Defense  Advanced Research Projects . I
; 50 million
Federal Agencies Agency(DARPA)
(First year funding) | National Institutes of Health(INIH) $40 million
National Science Foundation(NSF) $20 million

OBAMA'S BRAIN

The White House has set lofty
objectives for its BRAIN Initiative.
Now it is up to the participants
(purple) to develop a strategy
for the programme.

PRIVATE RESEARCH

* The Allen Institute for Brain Science
$60 million annually

* Howard Hughes Medical Institute
$30 million annually

# Kavli Foundation
$4 million annually for 10 years

» Salk Institute for Biological Studies
$28 million

FEDERAL AGENCIES

(First year funding)

» Defense Advanced Research Projects Agency

$50 million

* National Institutes of Health
$40 million

* National Science Foundation
$20 million

<% 6-4> BRAIN Initiative ZZ4H
BRAIN Initiative= =2 &2
7FXl0q, private researcholl & 12 2000%!

= 2=
— =| L=

7N ets

OBJECTIVES

» Provide the
knowledge for
addressing debilitating
disorders.

» Develop new

imaging technologies
and understand how
information is stored
and processed in
neural networks.

e Understand how
brain activity leads to
perception, decision-
making and, ultimately,
action.

* Produce a
sophisticated
understanding of the
brain, from individual
genes to neuronal
circuits to behaviour.

RESEARCH EI]MMIJNIIY

e The National Science Foundation convened
workshops to solicit ideas.

¢ The National Institutes of Health set up a
‘dream team' of 15 scientists that is producing
reports based on community feedback.

bl ¥

—_ =

FXt

E
=) o|sl st

Mz2 olalx 7|&g
e

2], Ferderal agenciesdl= & 1799 40002t EH&HE FAl

P =A: Helen Shen, “Neurotechnology: BRAIN storm”, 2011.11.11
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O SyNAPSE(Systems of Neuromorphic Adaptive Plastic Scalable
Electronics) (H] =)
1) 47 B=

- A3 d (neocortex)d]  AA7T S TEY AMERE TEY

— (IBM Z&A) IBM, =®ix=ugist, 3doist, Fyujoldgsy, UW
H )<, UC HAE, iniLabs

— (HRL Z4&Al%) HRL labs, X 2Fthd, Neurosciences Institute,
oAz s, UC ofupel,  EA|dol&die, ZEMNE=FHUS

2ERZ =) 8}, Set Corporation
(3) A+ 71%t : 2008 ~ 2017

4) I+ W&
— 74 A9AY AT T MER T2Y AARFH MEe
ERE 379 A d4lres AFF
~ (Gt=dol) FERy AA=Z o

CMOS&A}, 7154 Agel 71N g Adaaal, wida Ase) 92 A7
A
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DARPA SyNAPSE Program Plan

Hardware

Component Synapse .

Phase 0 Phase 1 i Phase 2 i Phase 3 i Phase 4

: ' ~108 i
e : CMOS Process 10% neuron single S10% rauren

Component Circuit ' infegrstion : chip implementation ; multi-chip robot

Development Development

Architecture
& Tools

P
AL -

S

Mi ircuit i EH | fmi= £
Arl:;;:l‘.:;:]re System Level + 10° Neuron Design : 108 neuron design
DevEloBmant Architecture ¢ for Simulation and £ for simulation and e hiensive Dasi
p Development | Hardware Layout : hardware layout ¢ CDINpIEnensIve tesign
v T 1 Capability
i | o= P ’ '
c Sh : S i
55 :’{:? i e
s 8 = E
&3 =i i
S E = |
w .= H L
W oy ! ' ! | i ! =
{  Simulate Large Neural | ~105 neuron level H ~10° neuran level | "Human" level Design
| Subsystem Dynamics E Benchmark E Benchmark i (=107 neuron)
b= 0 —
= = = ]
E = = &=
g = =
g~ . A
= e 1 H i
ﬁ Build ! Expand & Refine ! Expand & Sustain ! Sustain
— va o
<% 6-5> SYyNAPSE =21# 2=

CAMOZ SE0f SHolM AlMAS TASD, B2 XES
XA CMOS SBnEe eMst ol ol FY Fao M
g Z7ANA 2EHoz el A 222 WUEE HO| BE

P =3: http://www.theregister.co.kr/2011/08/18/ibm_darpa_synapse_project/

(5) GAE AT &

'—

— (02A: 200811 2009.8) &% A= & 7hs A (feasibility) BRI H
AMEALE T3 UESA 3t 7HsAd B
c A HE Ao ARAE WstE A 793 dhgo] #
STDP (Spike Timing-Dependent Plasticity) 848 12/ Ad8/
Al 22 FE 7Fs3A B
<R A &azke) 545 wge 2l iR 9 olF o83 HEHA
3t 74 B
— (194: 2009.11 2011.7) AlH2 A4 759 st=go] 78 2 FERY
H AAE AT dndT

of
I

N
rr

Kl
> Ho

5]
]

o,
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c 9l 1em2d 101070 oldel AW g 10671 olde] wHE shAE

101470 ol4Fe] AWz 8l 101070 o] de] FRE sHAE 1 kwolah]
AYe 2udte FEEY F oA IWE 2 sk B
Kl

wyets wREg e Ba ABdold. AZHn

— 2Al: 2011.7 2012) ©9 1em®@ 1070 o]de] A~ L 10°7)
ol FAL NAE FEEY H AZ U FZAEA Fr

— @YA) 10719 FHoz FAHH 99U FERIY Foz FH FFo
AA75 &R

— @9A) A8 MY Fe AHEEt] 107 FHoE AATE 74435

aoke] e QA7 AY

2m'

<% 6-6> FEAIHE F0o (IBM)
e, Z2MA, sS4 7|50 MU= FTEAIHE IFOAE
Zldie2 ME2 oFIEHIME Sl wHel 7[s= 2Hstden,
262,144 7ie] ==zl do| 75t AMHAR 65536 7He =&
Jlsst AlHAE &

P =4: CICC, "A digital neurosynaptic core using embedded crossbar memory with 45p] per spike in 45nm", 2011
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6) A7 A=
— Compass A EHO|HE o] &3t dwo] 5 H A& ol A-F(09)
— W= ARG AlEEHIH (C2) 7N
<169 79 wHH 887 M AYAZ FAE UFE A3F AgoelE A
- 1474567012] CPU%t 144TB9] wWxEZ F4E EFW FIHFHE
o] g3ty AlEH oM
— OxE w22y Fo Jjd (IBM)
< 256709 wEd A 262144709 ANH2E FAHE 99 HAE wEEY ] o] A
* CMOSE ©|-&3 3= A|Y2 7FEA = SRAMO A7
— 1&/0H A RRAMZEE A F 2 ojgo] 7
« 71&9 SRAM<S tiAlste] @9 WHAG Ay £5 SUsE F A=
753 RRAM ojgo] 7§t w223 A" Ak
— TrueNorth 7] (IBM)

256709 FH Ag s olE
o

4096 cores
1 million neurons
256 million synapses
5.4 billion transistors

<12 6 7>TrueNorth =5 Z(IBM)

25671 2| ‘IT._'IJ-l' 65,536bite| === 7F%3._ 'rz*.'ﬁ M 22| S
7HXl= 4096 7Hel 7YY wFzAHE Zolz FHE0 UM

& i =l 72 mW 2oH|

P =4: CICC, "A digital neurosynaptic core using embedded crossbar memory with 45p] per spike in 45nm", 2011
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« (339 dA R&D AP AEF) 2"dEzz digk, Fhy] dWE gigke

<% 6-8> AEHZ = MZ|(Shelley)
20094 7t2 REFE 24 2ZgololAM TTS 7|8 ZHM EFlQl
Mz|7t XpgFdlol| AT

— HRL Lab& 90nm CMOS FAHE #A&3 16009712 EWMA2H,
73,72870 9] ] 2~E] (Memristor)7} HZH ojgo]E ¥ ®

6.5 mm 250 um
i 1 o i Y .....Axon Routing....

- “Pulse X MA

Control, 1 e

Array of
24 x 24
nodes

 Axon-Rotiting | Switches

Vertical
Hanowire

M6 Ma 16
Ve Horizontal
Nanowire
M M
1.2 M
M, B1

<13 6-9> HRL Lab Hz|AE & (2013)
STDP E4& Z= AHARZ FdE0 Y20, A|HA AEHEHA
U2 8 AR HeE|AH AME3S

(7) Q7H TR
— = 9 nEAT AT (DARPA)NA 20133d71A F 19 28
EA (g3 oF 1,1009 € ©]4)
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O = 7F= o] YA E H(National Robotics Initiative)

Co-Defender Co-Inhabitant

Logistics

Meonitoring Intelligent
Inspection Co-Robot

Intelligent
Transportation

& Automation
icro/Nano

Unmanned
Vehicles

Medical
Surgery

Rehab
Orthotics
Prosthetics

Co-Explorer Co-Worker
<32 6-10> ZIIZEEAO|UMEIE 7|2 o{Z2|HolMH U 2%
National Robotics Initiative2| S E&= ALESI 45 HSI=
ERo e JiEst E 483 AFl= AolM, Chfst

HolS(9 2, oHd, 27 S)ol XM8g 9 ZaNEY

P =XA: https://www.nsf.gov/pubs/2014/nsf14500/nsf14500.htm, National Science Foundation [US government]

(1) AT B
— elFe] A 2R ARE M
A F7k FEA A AL

o
>
of
filo

VA SRkl F

2 & IF
— 7= Y 78A &(National Science Foundation: NSF), P|= &&= (National
Aeronautics and Space Administration: NASA), = ¢ 271 ¢ (National Institutes of
Health: NIH), W=%§5F3(US. Department of Agriculture:  USDA),
A =y of| 1 2] F-(U S. Department of Energy: DOE), W=="4(US. Department of
Defense: DOD), & #8AT4(Air Force Office of Scientific Research),
9 15977418 =5 (Defense Advanced Research Projects Agency: DARPA)
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(3) A+ 71zt : 20161 ~ 2030 (15)
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S IEE
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il

bo

= ==
= [)

5o WY

AT A el 1A

AA Bl A o=,

71 A

A
o
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0

)
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Gl
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o

— 3370F 23070 =B 7

6) ATH TR

— 3,000+ Z(NSF) (g3} oF 3309 ¢ 9]
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Cognition: Learning, s

Knowledge representation, | Smartstructures and |
environments

Planning, Navigation Sensors &
perception
Intelligent Cognitive prosthetics
Co-Robot Human-robot interaction:

physical & social, language &
communication

e

Manipulation:
Haptics, Tactile

Networked
Multi-Agent

HW/SW Architecture
platforms - Mechanisms,
Contral, Modeling

Exo-skeleton Soft

Mobility: legged, wheeled, aquatic, aerial
augmentation  structures

<3% 6-11> JIIREEAOHMEIH Vs A7 Y E29
IRt Al  EHAMEE Tz, Ao olFUFol
olZ7|7ix| cieket ool Tt MMET Yo, X2,
He o Mg olsl HAE Zzado| ®3t

p ZXA: https: vww.nsf.gov pubs 2014 hsf14500 hsf14500.htm, National Science Foundation [US government]

- QWYBINE BAGTIIR

2 &4 1%
— Defense Advanced Research Projects Agency (DARPA), The National Aeronautics and
Space Administration (NASA), the US. Air Force, the US. Army, the US. Navy
— (3o 71%) Aurora Flight Sciences, Sikorsky Aircraft, Lockheed Martin
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(3) A7 7IZF : 201583~

- F37PE S8R voh YUY IR AL g6 WEse
FF/5 AR AW, viYY Fu 9 md 5 24
Ea

Environment) & &3%3}3('15.1), A&, X ¥ I 5 T Fok=

Hed A

6) 97 A=
— Diamond DA-42 fixed-wing &3 7|9} Sikorsky S-76 & ]FE oA
ALIAS 7]=9] 433 vd "= 4|

— E2FAE AR ARE Agelyd #2F dF AAA Hlojd B,

A28 A3l 59 Bl Bl dE YA ALIASY A&HR0 AlA
— £BF 5 AMse HEY AFHE T FF7) Y

(6) ATH TR
— 6005 2 (33} oF 609 9 ©|) / Aurora Flight Sciences, 8007t
2 (33t oF 859 9 ©]4) / Sikorsky Aircraft
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2= FHe SFS|=0tE AL 72| UASE
o A

A2Eel 452 EHAESHE20, =of 1100
necse EE x3 Jts

P =4: Jack Stewart, “Watch Darpa’s Creepy ‘Project Sidearm’ Pluck a Drone out of the air”, 2017.02.07
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O Human Brain Project(HBP) (+3)
1) a7 &=

— A MY Fx D /% BE dolE %, T FREF FF, JEA
HAG st X5H AA, Ho tig o|E2AA FHE A3l FHAFE
olgstel AWze 47 T AE A AA S FusA =4

<¥ 6-2> HBP =0}¥ HTFE

Hast Se| 7| =Fof ¥ ZFE Jjdhd &B
EATFE
ok | (29 AFEE
2)
U 201 |+ AAF, ot I AwE s1Eel o TREEQ
pplication 21003t 7}t
ICT 49 o AFAE B ddATY ThEe A I ICT
Platforms 56007+ ZAE 7H‘£
< o 2599 o] BAE Hofdte] oA wd
Theory | 7200% o ZE59d o] BAES Hotale
ks
39-]1 = = 5 =
Data 16005 o Uity HAEE 9 EFHQ HolHE A

<318 6-13> 7 & Human Brain Project(HBP) BrainScaleS ZE|-90|T A|AE
EUZ} X|¥st= FACETS ZZHEWAM FdE AFE J|HIS=Z
St= AlAHS=zZ 2F 202 7He] FHE T 4Mol Jfo] A|HAE
AS AASE 9Jo|HE ALESH= Aol §F Y

P =A: https://flagship.kip.uni-heidelberg.de/public/BrainScaleS/
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2 #HH 1%

— 292~ 22ZY, IBM

ol
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__)4‘_(2
ok
D
il
k
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el
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nﬂ‘
Hi
N
—l—l
=2

53¢ 804 7]ate] o

3) A7 71z : 2013 ~ 20234

# 6-3> HBP2| 671

Fxlof thet ALt of

_7|<__.C_I)_ EII'S OlE

HBP Al 52}HA) FoU&
AAARS e A AA AAASAEY] HolH- AL F H 2oy,
ZRE Z3e ZAE
o oF Hxol FAE @Yo HFH mdyel 7]E9] dlo]
w A g o)A . ) _
= HE 5%ty wd HelHE A¥ss Aol 7tsdt=
A % ucE B9E
aas Az | ° WOIE HeRAR AP AgHclde fd aw @
o sAgsHE FHAFE e AAHFAENA AT
cT = Z0E
oapgusr | ¢ Vel Sle s 3 dolRs ddeta, did Hd
zogx AESZ BAAE 7] AT 2L £ ETES A
- e FAE
TERY AFE | Bt S8 FEAFH 2 5 2de TE5e S
ZE =9 & HE g studo] AXE s FRE
o ANAIFE AFA Fo] B Z2AEA JfIE Fx zd
TRILE ZNE of oste] AojHE= JHY BRE AMEEI APE T 5
JE= 3 F= ZAE

— = AlEE ol
« 5 AlEFelA
Al EH O H &4
olsto] JitE A

2 L
T ‘1:‘

F

APE dolEeh /B UE AL AuolE WU

Ag3A 2 A
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*HBPY & DAE AT H AEHNH THAEF AVH Exs A
HA 2= X AFHY ¥, a8 T332
ATdsted 83 71<d AFsES A8 U
B BAE dolAe HFE g A4 AT 92 dlolHol o)
TEHH Hfe] H mdo AFF AFAHS st 2THE AZEH ]

AEA, AaE=25 5 dugse] e 239

A& olE o] &%

<N = AEW ] At Z2A2e] 2ALTbe WE ST (scalable

parallel reaction-diffusion) Al&# ol 7]&<| 7|

cHT 2 AR AeEE AlEdelddA EAE S A5AE

71% (description) WL AAEr] k] AgE £ Jdrv AESH
&

Z2ALE T

5)
5383} (reaction kinematics) = dZ3sl= EA

4% ¥ & EAF AEdeld & (molecular dynamics and other
molecular simulations tools)2] A&
c AESAFl 277 AAY BAH FEoE WEHZt HolHE Adsie

AAst BdAde A7l fsted H AlEE A

Mo mAEe A
EPES AT 5 AEF = B9 A

— Silicon Brain

8 7

AHFE EHFS FHY FACETS % BrainScaleS 24 ESL =9
SpiNNaker ZZA Eo A 72dd Agsd Yol +3

«dAAY AAEY E8 EF (Neuromorphic Physical Model; NM-PM)-2
180nm ZEMA 71&9 @Y 8-inch silicon wafer ol A 50106 ¢ %t
A2 8l 200000708 AETA Y 2de A9

e 7HdE tF Zo A"l (Neuromorphic Many-Core System; NM-MC)-2
UK SpiNNaker “LFolA 7123 202 AHEsHA 2

cTd HE IWE HE S ARt AAtom FAEE 8tk e #

AR 2~E 7HA+= 16,000 FHES Al EH A & F AL

4
e
4

-

ok

— Understanding cognition
« A7 AFKHE EFHPWE2 Allen Institute for Brain Science (Allen Institute)©l]

AR g2 FAHA Z2AEE oty AJFHE A AAAHRE
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d9 A4 (International Neuroinformatics Coordinating  Facility;

INCR)ol A 7jutsl B3t A% 9o 753
* HBP—= the US-based Neuroscience Information Framework (NIF),

the

Biomedical Informatics Research Network (BIRN), 18]3 Allen Institute2}

ALstA 49 A

.39 ol%E

—~

Crucial TIssues) : A|F7F#], dolgt AXEZFEHY

<
«HBPS| 5+ WA 4 =ix= doie 43 WHEs S -

=
EA4T A =2 3 7eF Hlo]E (e.g. electron microscopy,

massively parallel spike train data (MPSD) and local field potentials

(LFP)E EBA3l7] 98 A4ARGE 52 /asis Ao 2 A

«Ho a3 olsiE 7k Al WA FF 2 TARRNE 71ES HoHE
HE AW Jted HEES FEH e $EH wEHd AWEEY
E4e IAEE AF SAHsHA = AFEA A dS3 e W
(predictive neuroinformatics; 4178 A B &2 )& 7ds] W= A

— Medicine
« St RS ZPEFLS ZRAHEZS 9t o] JHE3 Hloly AT (F
7Hel BdEol olr HeolHE AFstAw)e 7HAL dTE5 A& 2 A
« JEYS sty 200l He FIASEFEHY HolHE AR
d=slolm Wl 671A] a9 E ol W ety FAATE Fld AgHd
w2l 713 EF34 ] (Hypercube toolS AH8-3ted) Aldd A
=& GAdAE, oSt RE FUEFS B dACA B Be 59
ol &A2ES dgste AMESHA 2 Ao, o yWe FrWeo el
g dT7ES T84 2 A
« SAOll, tiFo ALY AIA B2 dHolE HE et haslol| thete Huh
ZEd @ FARRRS AASHA 2 7 A

— Robots
cFHER FAEFS AROEA ARE a2 AY ZFHAZAd Yo
AEH= 3D Rdd 58S 2834 2 A<
«HBP 7H=EX ZHFL Ad7AS0] 7H 2&o] Bl Rdd A&
HPC Z3F34 wdd st=dol AolA &= #Hifd=z 29
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(closed-loop experiments)= & + UE=E 3
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— High performance computing

c IS AFY BAEL /12 FRAFY 5HS A8SA B A

* Forschungszentrum J{lich (Germany), [~ 6 petaflops peak performance]

* Swiss Center for Scientific Computing (CSCS), [~ 836 Teraflops ...]

* the Barcelona Supercomputing Center (BSC Spain), [~ 1 Petaflops ...]

* the Consorzio Interuniversitario del Nord Est italiano per il Calcolo
Automatico (CINECA Italy). [~ 2 Petaflops ...]

«10 Gigabits/s °]&2 WIZS 7HA= & HESNZ dA4d& Al&3shH
2akE 78, AlEdeld delH e S2WeA By dd AzHe
7FAl= HBP Al =4l

of
{

« Karlsruhe Institute of Technology (KIT)oll ¢]sle] A|F=+= 3 Pbytesd]

Ag AFEFL e FUASE A 5

<3% 6-14> & Human Brain Project(HBP) SpiNNaker ZE|-2 A|AHI (Y147 =
502t JHel =0 SpiNNaker oal2 25MEel 24 E= #HO|X
E31510] £ o 719 KEio] Ald YELIE SE AF|= o HEs

- rfu
TRE

P =3]: https://apt.cs.manchester.ac.uk/projects/SpiNNaker/ project/ Access/
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6) A7 d34=
— BrainScaleS E.#@|Q] AlE#H oA SHAE /T
- Wafer ol obd27 2R e A
« 207) Wafer 2EZ 9F 4,000,000 7] FA A& oA 7}%
— 9= wWAzEHOgwdAE 109 Y 0 wFHEE A=
[ &l dsta A HAZS FESY] 93 H 2ds fdster
EXEZ S 201195 E ‘SpiNNaker Z2HE'S =343 A3}, 187) 9
ARM968 ZZA A, 128MB SDRAM, Route HWXZZEZ A3
SpiNNaker 3 (1,00078 /3], 182/3) & /&

>
i

HEEH AN U R R L

- - -

A

L

3

<12 6-15> A AECH SpiNNaker Zl(2013)

SpiNNaker Ctol= 18 72| SUst Z=ZAMA MEA[AHQ|
xIStD Yo, ZZMM 2t BAS MA MHESstn [FASt
E28eol HE| HAE el=Z2lE J|HteZ 5 F

— SpiNNaker B Q] AlEd ol ZHF 7T
« 2% HE (4node) oA td 2 w2l (518400-node) HENZE ThF3HAl &
* (48-node H.E) °F 100,000 7] & A= £ A FASH

A& ol 7he

—~
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<2 6-16> SpiNNaker 48--E %
2ol Anmo|3 Ad UHEf3ZZE FHEO Yoo, Z[Cj
102t 7He| R (22 25 4o =)o Aehet

E(T108 70 w3H)
Z

P =*: Steve Fuurber, “The SpiNNaker project”, 2014.05

— AT ok f stalo] =R e 29
« 20143 H-H @A 7FA Nature Communications, Journal of Neuroscience %
— Neurorobotics / Massive Computing & & 7L

* Neurorobotics ZHEZ S 2T A ~E FJH

s
it
e
wn
=
7
73
Q)
[¢°]
=}
=4
[¢°]
H
_—
e}
=
W
o
[¢°]
=}
=
=
1)
Q)
O
3
o]
c
.
=}
a9

* Forschungszentrum Jiilic

(2912) 5 T #9AFY FAF o4

— 1093 F4F 39 oF 109 f2 ol (38 oF 12 40009 ¥ 1)
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P =X*|: Steve Furber, “The SpiNNaker project”, 2014.05

O China Brain Project (%)
1) 9+ 53

— WA e NEAT @ % AFAE 5 Roks Wekdhs
1

o &

447e BEE F

- %8 7% 5=
s Intelligent Human-Computer Interaction
* Big data analysis and Prediction
* Automatic Driving and Piloting tech.

* Robot Technology for military and civilian use
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<38 6-18> 3uatyje] =4 AHOo|EE J7IX|= FPGAE W &St Celoxica board
Celoxica board(Xilinx Virtex Il FPGA & =Z&hZ AIE35I0] 2=
MAY ZEo WMZ Ji&sr 2 SHEAIA 10T JHel AS
HE=H= EE2 0[FR0H US

» =4: Hugo de Garis, “The China-Brain Project : Building China’s Artificial Brain Using an
Evolved Neural Net Module Approach”, 2008

@ #el 1% : vl ¥

(3) A+ 71zt : 20161 ~ 2030 (15)

4) 97+ W&
— 8 R&D 99 Asd A-AFH FAE, HHoH 24 H
d%, AsFy Az=", Asd RGN z=H, Asd FUI7,

TE/NE 2RI &
— W FAge R HuolE (& HolH) B4 =T, A&FIx,
2PtE o8 e, AulE T E(FLIEE 7)) AN

— = Y T ublolF(HE)E 20123 ‘HE ZEAEE 29 HIy
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Bop MAAT AAA AEF S(Andrew Ng) A 28 =] w48
I

AR mholf BEJA(HEAM)Y IAE 3. o A9

o

HHolHE &8st 2~34] Fotd] Ase ztE AlE Ndste AY
Ho] QR 7S V|Eog = JE wAYSZ AT

Az 738 9 (cell type map), 92 i ¥ (connectivity map), &&
W (activity map) = T &3] ¥ 759 AABI=E VEE o]

d=slolr ¥, & W, AT 59 H A8 =7] I

BEE #d 7T EA Z2AA Hoiue AY=E

ZHom Wi st 9low olF o]&st JAFA T WEA TEo
N
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3.27 mm iBianhas: A
§ i ShiDianNao: S I?rrst
NBin |
NG s T 2, .EE l-tl!‘r:l E —all - _ " B
N | i Mok ® T | N e ¥ 0.88 mm NBout: 2 ™
g 7 e ¥4 - a W
§ e | : “HI NFU : e [
A Bast 17y -f; . L | R
IE' ISl | B: é _ mm
: o Pt ——— o B
Diannao pcr core 23 DabDiannao pcr.core 2015 ShiDiannao ot ooz 2013
Multiplier+Addertree+Shifier+ 2580 GOPS, 164 GOPS, 4 86 mm&(65 nm}),
Non-linear lookup (by instructions){ |68 mm2(26 nm) per node, 320 mw
Weights in off-chip DRAM 16 W
452 GOPS, 3.02mm2. 485 mW ) g )

<ZL%! 6-19> 3Hiat7|f 9 E"' HO|lEE JIX|= FPGAE UZEst Celoxica board
E= ICTA R AL oL Alg|=

off N off
A
ekt

Al
rlo

l

H  3BHEFEF2(PetaFLOPs)HY  AAl H1 459
FFH ®HIS2E X s o, o] AzH Hagt ZIEAMA =

= AAAHeE e Aom 4R Sle. olHdd NEA e
FF AEAT AxHe At 7le2 T A%
« T gl A4l k=AM LI ZX-D Z2AME 20179 SHEEY

e
&
}1
m

& ZRAMZ A4kl AFE oA

(2) Fo &
— Hitachi, Honda, IBM Japan, IDEC, Mitsubishi, Nikon, Nissan Motor,
Panasonic, SAP Japan, Softback Robotics & 29370¢] 7]¢, Japan
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Science and Technology Agency, National Institute of Advanced
Industrial Science and Technology & 14701¢] A+ 7|¥#, Japan
Association of Defense Industry, Japan Automobile Research

Institute 5 96712 A

METI
Ministry of Economy, Trade and Industry

m Robot Revolution Initiative EA’S l

WG1: Manufacturing Business SmM Reference-model
Revolution through loT Standardization Project

METI-Collected National Institute
for Industrie 4.0 for Research
some commeon participants
Industrial
il Bottom-up Association
Initiative ; ;
N\ for Practical Business
Connected | Manufacturing —O
<38 6-20> &9 FL ADIE HZE 7|2 mAT

P =3*]: Nakamura Michiharu, “STI Policy and Practices in Japan”, 2016.12.19

(3) AT 717k : 20159 ~ 20203

4 A7 W&

— Az g A2

“ = j=
CRE LT Y 2, AE ME 5 =T AoHHQ Aele) 28 =9
2R (BEfol/aZEd o)) ¥E RES ¥ £E TUAE 1as
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2. ZY QIFAE #AH IV} F2 Z2AE

O Exobrain Project
1) 97 5%
S o

l.- i a

N (P

Bl = AR T S ?E‘EFE-E- EI-“%%‘ Ay b LR S P i By ErgRAHE YRR Y YA

7|72} QiZke] o|AA S FofiHo]
AAAEO| THsE QB Y

Unstructured | Structured
Big Data | i

3% QAL (FHR, Exobrain): U 5 UF20) 91 918 Szt &

<% 6-21> dlaHg|(Exobrain) ZEHE 7|

P =A: exobrain.kr &2} &H o]X]

—AA ATAFAS e AEEE mde B4R Sskel

A7) dHAFAATYE (ETRI), HEESF2,  KAIST,
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POSTECH
(FA7lH):  IFFHAAFAATY (ETR), HEESFZ,  KAIST,
POSTECH, Z&Wistal, Addisty, Ys7]E,  Sensology,
olAlOFUIDT,  Interworks, iBsys, &KT, &  AlO|YHAIE,
EFTT, Aedsn, FAdstn, ALAH

o
ool o=, Zddisn, Solsamnet, <4k 52, Aol EH,

3) A+ 71zt : 20134 ~ 20234

194 (2013 ~ 20161d): A 7]& M — Ik X2 $HEY SW
29A (2017 ~ 20199): §8& 7 )
3THAl (20201 ~ 20233):. =W e Y - tF =M =29

A2 A A SW

4 A7 W&

1Al 5 HIFE7E Adole] ouE olsstal shEste, A&7 +F9
OAtAFo] THsdt HYSHEHE EAE AMEAL F e A
A& H(Wise Question Answering) SW 7]< 7|

2415 HlHlolE] o]sE FIF AUISEE A 4H|olx El stolHI =

34
22 e NS, ANEFZ 2EY ANz s <A8d

olaid 4 1+ Symbolic Approach 7|8He| A5 X7« 7|
32415 1AIF Ao Ado] HoZH Al2=El WiseQA H 24 %
A A XHol A~ FE A2H WiseKBol| A8EHE H|7|E2F 7|H
IR JIZERANEY ATEekE A A7 les AT

=
4% B olF By AM/NE B B
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— Al A= Al =9 =7 23 AWz 5 S d3Vs

N gHE

@) A7H FE E AFH 17049 9 (21,2789 9, WHED 4269 9)

AGSY WTHEINE | MBZANSS SHSWE | XSS 2ZEAN NS
QRIS 018 otg 2AE | - B (static) B ANt ¢ | - MBS (deep learning) 211
RV Tals N Jalﬂ:g HE 2 Sta ATERI0

=
» ANIZ WA/ME/BZIIE | - SH [dynamic) B2 XIS
e InEIEp) | - SIHI0IE IDHER AZEH0f

<O3 6-22> MY ZAP|ESIH LAY T2

P =X AT BAZENTAY] 718 B IA

- AFH AR gEF A7 2 s dueE  4RaT
NRRAREA opEA AW W AFY W THRL IHDZAA,

A ABAR B Al E 7S

m]IZ
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i
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e
(e
2
N
i
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e
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( |3): =A< (KIST)
— (FH71H): A r|ed T (KIST), S=3437|<d (KAIST)
( 13): A&tistal, POSTECH, = Rdistn, UC Irvine

— 3% eEee) S ABEA HEAL D AT AFY AA

(6) ATH TR F ATH 2250 9
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<1 6-23> F2 24T Lf-2/=2cl E5=AsE
L - 2] =2l ESEz2sES H M 5o

= —
AZ7|eyn RI|E oEzE FEE F US

. ol=2 E<9
W=el £ HlE20l =1, El=oMEZ FE e s,
S U= &8 HE % 22 FolMe &3 37t

- 99 <ad 323> Fo AT U gFee 5
o= =ds 4% AddE FA%EY dEd AY. 5sEd
=7Hs 53571 298 53 Ao &AstY de IUME Like o=
54 AZA A 25E Usie AxY

- 9 FHL2 o= AFel FHIEA Tl " 5 es
B3I e Ao AR, e Hig=s o

— 24 FHE U=dF IFYeR FEIPY EAEE, AT
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<¥ 6-4> &3¢l Landscape
QUALCOMM, IBM & o|= 3|AlS0| T 3t U200 FHZ ST
otzlo] £ 7
FAIP U= (AF,%) E3
gaq |2 ez [ ez [ ew | 49 ¥ [ IP e | FEAeRS
KIPO | USPTO | JPO EPO siP0 | ;% (H24d)
31 52 35 24 4 =
QUALCOMM | ®= 21%) (36%) (24%) (16%) (3%) ul= | 250% 4 (AB)
IBM u = (110/) (81;);) (680/) (3‘;) (340/) ul = 106% | °F71E1AH (AA)
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m o % Tl
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0 15 0 2 1
HRL o o 700% e (AB
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HEWLETT-PA 2 3 1 1 1 0 5
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ALLIANCE 2 0 7 0 0 0 e ) ol71EH (AA
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AFA 5 A" 7]& #oFe] 8 U] Top20s AWEH, w9

Qualcomm©] 146702 HA =¥ 192 veyen, O HE

o]o] m=2] IBM % BRAIN, $+=9] A A=}, w]=2] HRL 5°] 9]

ZleEEokollA oo EE Sdsta v AoE Ued. 59,

TFo=HUA Top + Hl==4e =HU<lo] 8HoE 7 wWkon,
o

As A z=" 7ol B3 A7

4

At YA QualcommE H|Fo] 5274 =3}
ol 3174, frgel 241 9 Fxel 41s &3}
E5Ed  FUHECl 250%E  EddavE SUbsta lemw,  wd™
3 2(AB)7} FH &R Aow yehg =3 O 29S 72

H =] IBM2 Pl=ell 10971, g8 84, FH I S0l 421—%, gk o]

=
S7Fsta oH, ol7lg A (AA)7E FE e Bkl AR yehd
At S9dL ofYAE, A FHAAY ESAFTE FUhsta e
Aoy YehyHw, £E3 VIA ALLIANCE SEMICONDUCTOR,
TSINGHUA UNIVERSITY ¢ Zd<le] F=3 Hl=d EIE

=98ty e Aoz E4HN, FF, v THAAAMY & TVle
okl thek <

Mol sl AWE Aoz BAH
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O FH 31(2015~2017d) 9] tt=d<d A%
of7|= A e Al A stz una|ISaA
(AA) (AB) (AC) (AD)
1 IBM QUALCOMM IBM IBM
(US, 17) (US, 10) (US, 14) (US, 3)
5 VIA ALLIANCE IBM QUALCOMM INTEL
| SEMICONDUCTOR (CN, 6) _ (Us, 7) (US, 6) (us, 2)
3 UNIV DAYTON MEZOstm SK 6|—O| =t PANASONIC
(US, 2) _ (KR, 3) _ (KR, 4) (P 2)
SHANHAI XINCHU SHENZHEN INST ADVAN e
4 INTEGRATED CIRCUIT (CN, TECHNOL, CHINESE é&& ;)):l- FU[()éNN %NIV
2) ACADEMY SCI (CN, 2) ! !
BAIDU USA THE CENTRAL CHINA TSINGHUA UNIV XIAN JIAOTONG UNIV
5 UNIV SCI & TECHNOL
(US, 2) (CN, 1) (CN, 2)
(CN, 2)
] Herjsa SEMICONDUCTOR FUDAN UNIV SEIES*ZLEECNH,Q%ON&%E
(KR, 2) MANUFACTURING (CN, 2) (CN, 1) €N, 1)
INST. COMPUTING SEMICONDUCTOR FUZHOU UNIV VIA ALLIANCE
7 TECHN. ACADEMIA ENERGY CN. 1) SEMICONDUCTOR (CN. 1)
SENICA (CN, 2) 0P 2) ’ | '
8 SHANGHAI UNIV FUZHOU UNIV UNIV FLORIDA TIANJIN UNIV
(CN, 2) (CN, 1) s, 1) (CN, 1)
5 olMCyst D INIT NATIONAL DE LA Metjsa IN2H2
(KR, 1) RECHERCHE SCI (CA, 1) (KR, 1) _ (s, 1)
WUHAN MEI TONG HARBIN INST TECHNOL
10 SCIENCE TECHNON LTD. KNO(\L/JVSMI-I;ECH SHENZHEN GRAD
7 (CN, 1) 7 ! SCHOOL (CN, 1)
<13 6-26> =2 34 clEaol §&)
HT 39 (20159~2017d) ko] trEdde 249 AR, v=e
IBM, Qualcomm®¢] 7} B& E3E &3l Y= Aoz yehy,
H )& Role] Q8 FUAYS & F AS
— FH 3@ B gEddds Ayr ZzTo E3 Zo] A9l
B JS & F 9, E3], VIA ALLIANCE SEMICONDUCTOR,
SHANGHAI XINCHU INTEGRATED CIRCUIT S S =99
E3EY A57F SUtsla e AR BEAH. HT TToAY B U=
Fofo] Tt #ATV} oS & F UoH, S nz gFo=
TIE THLE B 7IE ok e AoE 944
5) £900(299 =4, Y 71ERole] & 294%)
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IBM

QUALCOMM

BRAIN

» Symmetric dual electronic
neuron

+ Neuromorphic event-
driven neural computing
architecture

* Architecture using Multi-
Stage Crosshar

*» General Computing System

* Spiking Neural Network

« Parallel Processing

* CMOS implementation of
neuron synapse

* Hardware biologically
inspired networks

* Neuromorphic System

VIA ALLAINCE SEMICOND

Commissariat

HEWLETT-PACKARD

« NEURAL NETWORK UNIT

« Neuronal Systems
+ 154t Embodiments of
Artificial Neural Network

* Configurable Switches in
Crossbar

HRL Laboratories

Known Tech

PANASONIC

» Neuromorphic Architecture

« [&F Neuron, Synapses

* Neuromorphic Memory
Circuit

* Physical Neural Network

» Neural Network Circuit

o SHAL

ERER

i

!

JCH

ok

=zt

* Neuromorphic Chips

* Neural Network

« Neuromarphic Signal
Processing Device

* Neural Memory Device

« Synapse for function cell of
STDP (= 2&LH)

* Neuromorphic device

« \Vertical neuromorphic
device

* Floating body device

« Synaptic semiconductor
device

* Neuromorphic chip
* Vertical neuromorphic
device

<aE 6-27> F2 Sgold HASHZ B4
~ 7 FAEHTY Fa Ul

Panasonic,

HRL, Known Tech,
zegasanst 9
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O IBM

AU S B

IBM

« (2011.05~2015.08) Symmetric dual of an electronic neuron

+ (2011.09~2016.01) Neuromorphic event-driven neural computing architecture

« (2011.09~2016.02) Architecture for Event-driven universal neural network circuit
« (2012.01~2017.01) Architecture using Multi-Stage Crossbar

US 13/149733
(2011-05-31)

Structural plasticity
in spiking neural

. L. N '....f_ :
SR == Lot mia 8
ol : '
US 13/236341 US 137235342

(2011-09-16) (2011-09-16)

Unsupervised,
superdsed, and

MNeuromorphic
eyvent-driven neural

networks with computing reinforced
symmetric dual of architecture in a learning via
an electronic scalable neural apiking
neuron network computation

<13 6-28> IBM A S5 T 24

<¥#¥ 6-6> IBM 53T 5 2[2E

US 13/360614
(2012-01-27)

Hierarchical
scalable
neuromaorphic
synaptronic
system for
synaptic and
structural
plasticity

No. e Lk 2o B3 A<=
1 US 13/149733
(2011.05.31.)
) US 13/570087
(2012.08.08.) Structural plasticity in spiking neural | Symmetric dual
networks with symmetric dual of an | of an electronic
3 US 14/223886 electronic neuron neuron
(2014.03.24.)
4 US 14/823892
(2015.08.11.)
US 13/235341 . . Neuromorphic
5 Neuromorphic event-driven neural .
(2011.09.16.) computing architecture in a scalable eveg;l(tgllx/ en
6 | US 13/585010 neural network computing
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(2012.08.14.)

- US 14/989579 architecture
(2016.01.06.)
US 13/360614 Hierarchical scalable neuromorphic
8 (2012.01.27.) synaptronic S}tfsterln flortg,}{?aptlc and
Ll structural plasticity
9 US 13/434733
(2012.03.29.)
10 US 13/596278
(2012.08.28.) Multi-compartment neurons with
. US 14/491816 neural cores
(2014.09.19.)
12 US 15/003703
(2016.01.21.)
US 14/273487 Neuromorphic hardware for neuronal
13 computation and non-neuronal
(2014.05.08.) computation Architecture
14 US 13/434729 " tlltsné%
ulti-Stage
(2012.03.29.) Synaptic, dendritic, somatic, and axonal Crossba%
15 US 13/594069 | plasticity in a network of neural cores
(2012.08.24.) using a plastic multi-stage crossbar
1o | US 14/945284 switching
(2015.11.18))
US 14/289890 Scene understanding using a
17 ;
(2014.05.29.) neurosynaptic system
Implementing a neural network
18 US 14/662115 | algorithm on a neurosynaptic substrate
(2015.03.18) based on metadata associated with the
neural network algorithm
US 13/791505
19
(2013.03.08) Structural descriptions for
20 US 15/418609 neurosynaptic networks
(2017.01.27)
1 US 13/235342
(2011.09.16)
US 13/587424 Unsupervised, supervised, and
22 reinforced learning via spiking
(2012.08.16) computation Architecture for
23 US 14/494372 Event-driven
(2014.09.23) universal neural
5y US 13/594058 network circuit
(2012.08.24) Event-driven universal neural network
b5 | US 15/015990 cireuit
(2016.02.04)

- 144 -



O Qualcomm HAEF| T+ B4
QUALCOMM

+ (2010.07)
+ (2010.07)
« (2011.09~2014.03)
+ (2011.06~2014.09)
. (2014.04)

CMOS implementation of neuron synapse
Hardware for biologically inspired networks

Parallel Processing

General Computing System for NEUROMORPHIC MODEL

Spiking Neural Network

US 12/831675
(2010-07-07)

Methods and
systems for
CMOS
implementation
of neuron
synapse

<3 6-29> Qualcomm

US 12/831540
(2010-07-07)

Communication
and synapse
fraining method
and hardware for
inspired networks

US 13/166269
(2011-06-22)

hethod and
apparatus for a local
competitive learning
rule that leads to
sparze connectivity

= = = =
HAMESH M

— Qualcomm< Von Neumann <4!¢]

US 13/239123
(2011-09-21)

Elementary netwaork
description for
neuromorphic

systems - doublet

events rules are
execlUted in parallel

Us 14/260140
(2014-04-23)

Effecting
modulation by
global scalar
values in a spiking
neural network

st9lom, H Brain Corporation®] 7|

neuron

“NEUROMORPHIC MODEL” <

o} EH FAOR ATNLL

synapse <]

CMOSs T¥

ok

<X 6-7> Qualcomm Y S35 53 2LE
No. =9¥s g 84 7<=
US 13/166269 Method and apparatus for a local
1 competitive learning rule that leads to
(2011.06.22.) sparse connectivity
US 13/238088 Method and apparatus for strategic
2 synaptic failure and learning in spiking
(2011.09.21.) neural networks General
US 13/211091 Method and apparatus for neural Computing
3 20111019 temporal coding, learning and System for
( 1019,) recognition NEUROMORPHI
Method and apparatus for switching C MODEL
US 13/292161 the binary state of a location in
4 memory in a probabilistic manner to
(2011.11.09.) store synaptic weights of a neural
network
5 US 13/276812 Method and apparatus for neural
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(2011.10.19.)

learning of natural multi-spike trains in
spiking neural networks

US 13/292167

Methods and apparatus for
unsupervised neural component replay

(2011.11.09.) by referencing at pa;ctern in neuron
outputs
US 13/408134 Method and apparatus for modeling
7 (2012.02.29)) neural resource based synaptic
Lesd placticity
US 13,/468331 Method and apparatus for strategic
8 synaptic failure and learning in spiking
(2012.05.10.) neural networks
9 US 13/568782 Method and apparatus for adaptive
(2012.08.07.) bit-allocation in neural systems
Methods and apparatus for identifyin
US 13/669521 PP ymg
10 spectral peaks in neuronal spiking
(2012.11.06.) representation of a signal
1 US 14/065089 Methods and apparatus for tagging
(2013.10.28.) classes using supervised learning
Methods and apparatus for neural
US 137292175 component memory transfer of a
referenced pattern by including
12 (2011.11.09.) neurons to output a pattern
substantially the same as the
referenced pattern
13 U(goig/l%élgsz? Defining dynamics of multiple neurons
14 US 14/066599 Automated method for modifying
(2013.10.29.) neural dynamics
15 US 14/070652
(2013.11.04.) . N .
US 14/070679 Piecewise linear neuron modeling
16 (2013.11.04.)
17 | US 14/157143 | Implementing structural plasticity in an
(2014.01.16.) artificial nervous system
US 14/167727 Behavioral homeostasis in artificial
18 nervous systems using dynamical
(2014.01.29) spiking neuron models
US 14/485501 CONTEXTUAL REAL-TIME
19 FEEDBACK FOR NEUROMORPHIC
(2014.09.12) MODEL DEVELOPMENT
20 US 14/056856 Dynamically assigning and examining
(2013.10.17) synaptic delay
71 US 14/066570 Doppler effect processing in a neural
2013.10.29 network model
( )
oY) US 14/084326 Computed synapses for neuromorphic
(2013.11.19) systems
US 14/167752 -
23 (2014.01.29) Post ghost plasticity
24 US 14/228078 Plastic synapse management
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(2014.03.27)

25

US 14/267005

Efficient hardware implementation of

(2014.05.01) spiking networks
US 14/486757 COLD NEURON SPIKE TIMING
26 (2014.09.15) BACK-PROPAGATION
77 US 14/162646 Monitoring neural networks with
(2014.01.23) shadow networks
Method and apparatus for producing
28 US 14/195988 rogrammable probability distribution
prog p
(2014.03.04) function of pseudo-random numbers
79 US 14/260140 Effecting modulation by global scalar | Spiking Neural
(2014.04.23) values in a spiking neural network Network
Elementary network description for
30 US 13/239123 | neuromorphic systems with plurality of
(2011.09.21) doublets wherein doublet events rules
are executed in parallel
Event-based communication in spiking
31 US 13/868944 neuron networks communicating a P]iaicr:;;ierll
Vo : g
(2013.04.23) neural activity payload with an
efficacy update
US 14/198446 Apparatus and methods for
32 event-triggered updates in parallel
(2014.03.05) networks
CMOS
33 US 12/831675 Methods and systems for CMOS implementation
2010.07.07 implementation of neuron synapse of neuron
( ) P ynap
synapse
US 12/831540 Communication and synapse training H};g(:ll(x;vailzzufor
34 method and hardware for biologically ihs gire dy
(2010.07.07) inspired networks p
networks
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O Brain corporation &4 &5 4

BRAIN

* (2012.05~2014.08) Neuromorphic System

I 3] N e . = ]
¥ 5l ’7.0 ;I: . :-‘I'. :.
‘ ’—‘ II * * b 3 - J I
r E- == ,-'|".. WG M ML
o " Y I\: * % ; +
4 &l
i + I — i_.
US 13/465924 US 147466917
(2012-05-07) [ I j (2014-08-22)
- W
i Apparatus and
nestx?vlélrrllgfeneedut::lck TEMDOS T Tates
t d modulated
amr)'r?;?h%?:isn plasticity in a
neuron network
A=EH ‘ ‘ AzEd

<112 6-30> Brain corporation A ST =4

— BRAIN2 2 7Igt &<t o] FAF 53 s 2™, “Spiking
neural network  feedback  apparatus”olA] @ &3
“rate-modulated plasticity in a neuron network’= FTAOE
drAEst e Ae=E #4%F. BRAIN 53 T d¥E+=

Qualcomm?ol] 7]Eo|dE o= #4444

F 6-8> BRAIN corporation &M &5+ S35 2|AE

No. Z9HS gy 3% A<=

1 US 13/465924 Spiking neural network feedback
(2012.05.07.) apparatus and methods

) US 13/465903 Sensory input processing apparatus in
(2012.05.07.) a spiking neural network

3 US 13/488106 | Spiking neuron network apparatus and | [Neuromorphic
(2012.06.04.) methods System

4 Ug(&;/ 0563334;2 Retinal apparatus and methods

5 US 13/540429 Sensory processing apparatus and
(2012.07.02.) methods

6 US 13/541531 Conditional plasticity spiking neuron
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(2012.07.03.)

network apparatus and methods

US 13/548071

Spiking neuron network sensory

(2012.07.12.) processing apparatus and methods
US 13/560902 Apparatus and methods for generalized
8 2012.0 state-dependent learning in spiking
( 07.27.) neuron networks
US 13/623801 Modulated stochasticity spiking neuron
9 (2012.09.20.) network controllﬁr (?pparatus and
e methods
10 US 13/623842 Spiking neuron network adaptive
(2012.09.20.) control apparatus and methods
U Spiking neuron sensory processing
11 2012/1660982 apparatus and methods f}(;r saliency
( 10.25.) detection
12 US 13/660945 Modulated plasticity apparatus and
(2012.10.25.) methods for spiking neuron network
13 US 13/691554 Rate stabilization through plasticity in
(2012.11.30.) spiking neuron network
US 13/722769 Apparatus and methods for
14 (2012.12.20) state-dependent learning in spiking
et neuron networks
Spiking neuron classifier apparatus and
US 13/756372 piking pp
15 20130131 methods using conditionally
(2013.01.31.) independent subsets
16 US 13/895163 Multithreaded apparatus and methods
(2013.05.15.) for implementing parallel networks
1 US 14/054366 Apparatust.and ;nethods'for baqllzward
propagation of errors in a spiking
(2013.10.15.) neuron network
US 14/191383 Apparatus and methods for temporal
18 (2014.02.26) FP imity detecti F
.02. proximity detection
US 13/560891 Apparatus and methods for efficient
19 updates in spiking neuron network
(2012.07.27) (Qualcommoﬂ oO]:E,_)
Apparatus and methods for
20 US 13/588774 implementing event-based updates in
(2012.08.17) neuron networks
(Qualcomm?®l| 4=
Us 13 Spiking network gllzpa}‘at}ls and method
21 /763005 with bimodal spike-timing dependent
(2013.02.08) plasticit
(Qualcommoﬂy U5)
22 US 13/774934 Apparatus and methods for
(2013.02.22) rate-modulated plasticity in a neuron
53 US 14/466917 network
(2014.08.22) (Qualcommel] ¥x)
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O VIA ALLIANCE SEMICONDUCTOR A4 &3+ &4

VIA ALLIANCE SEMICONDUCTOR thSmlgfgilj?og
(2016 04) NEURAL NETWORK UNIT R
e F—{ R e ] WITH PLURALITY OF
o SRR ST SELECTABLE QUTPUT
| Family patent FUMCTIONS

MEDW REGISTERS
) 118

SEQUENCER | 133

jF. ]

N NEURAL PROCESSING UNTS By LN

ML\H? NNL‘_I

<:LEI 6-31> VIA ALLIANCE SEMICONDUCTOR of Al

|2 24

am
ol

— VIA ALLIANCE SEMICONDUCTOR-E 71# H 2o B 7|&Rofo )3t
AdTE AAste 9] Aoz EAMHW, “neural processing unit” ol
o3k 71ES ANl 2016 480l 6719 EFE A =Y

<¥ 6-9> VIA ALLIANCE SEMICONDUCTOR & & S35+

No. =4¥3 vk o] 4 EEMES
NEURAL PROCESSING UNIT THAT
1 US 15/090678 SELECTIVELY WRITES BACK TO NEURAL
(2016.04.05.) MEMORY EITHER ACTIVATION FUNCTION
OUTPUT OR ACCUMULATOR VALUE

Am
[o][]
Jm
_.°£
ITI

NEURAL NETWORK UNIT WITH
o | U5 15/090727 PLURALITY OF SELECTABLE OUTPUT
(2016.04.05.) FUNCTIONS
NEURAL NETWORK UNIT WITH
5 | US 15/090671 PLURALITY OF SELECTABLE OUTPUT NeuraL
uni
4 US 15/090669 PROCESSOR WITH ARCHITECTURAL
(2016.04.05.) NEURAL NETWORK EXECUTION UNIT
NEURAL NETWORK UNIT EMPLOYING
5 US 157090696 USER-SUPPLIED RECIPROCAL FOR

(2016.04.05.) | NORMALIZING AN ACCUMULATED VALUE
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NEURAL NETWORK UNIT WITH NEURAL
PROCESSING UNITS DYNAMICALLY

US 15/090672
CONFIGURABLE TO PROCESS MULTIPLE

(2016.04.05.)
DATA SIZES
O Commissariat W4 E& T 4

Commissariat

« (2012.06) 1st ~ 4Ath Embodiments of Artificial Neural

Network
+ (2014.09~2014.11) Neuronal Systems

Us 14/126410
(2012-06-27)

Metwork of artificial
neurons based on
complementary memristive

Us 14/910984
(2014-09-29)

ELECTROMIC CIRCUIT, IM
PARTICULAR CAPABLE OF
IMPLEMEMTIMNG A NEURAL

devices MNETWORK -
<112 6-32> Commissariat A S5+ &4
— Commissariate H|w 2 H o] B 7jeEoke]| thdt AFE AZ st @A ZAoE
A5, “Neuronal Systems”oll #3+ 7|€S A7/E A F2 202 £4¢
<#¥ 6-10> Commissariat A Es5| E35 B2|AE
No. ol g o] oA A 7=
ELECTRONIC CIRCUIT, IN
1 US 14/910894 PARTICULAR CAPABLE OF
(2014.09.29.) IMPLEMENTING A NEURAL
NETWORK, AND NEURAL SYSTEM Neuronal
SIGNAL PROCESSING MODULE, Systems
5 US 15/037569 ESPECIALLY FOR A NEURAL
(2014_11_27_) NETWORK AND A NEURONAL
CIRCUIT
1st ~ 4th
3 US 14/126410 Network of artificial neurons based on | Embodiments of
(2012.06.27.) complementary memristive devices Artificial Neural
Network
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O HEWLETT-PACKARD A EF T+ B2

HEWLETT-PACKARD

« (2010.10) Configurable Switches in Crossbar

INTEGRATOR Us 137813128
L \ $. 5 148 (2010-10-13)
—\j\,/\ / *— Systemns and
1412 methods for
maodeling binary
_ _ M /7 synapses
f (v"l}JU—U |_J" ®— __| }“ ‘ Family patent
£ UL ik
1404 —_| eval 1416 / 1410
[
o —— § pb— out = T
k*m'nI
iy T N\-1418
f) e sl ] _
<1 6-33> HEWLETT-PACKARD Al £3{2 24

— HEWLETT-PACKARD-2 “configurable switches in crossbar” el #3F

N% ATAYL WY Fol Ao HA

<i 6-11> HEWLETT-PACKARD Al &35 & 35 Z|AE
No. e Ll gy el HY ;A7) &
US 13/813128 Systems and methods for modeling Con-flgurak')le
! (2010.10.13.) binary synapses Switches in
- Y oynap Crossbar
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O HRL Laboratories A E3]| & EA

HRL Laboratories

« (2012.12) Neuromorphic Architecture
« (2012.12) I&F Neuron, Synapses and STDP Circuits
« (2013.05~2014.06) Neural Model
« (2015.06) Neuromorphic Memory Circuit
T T
= & = _T e 20
\ | HES T
US 13/708823 US 13/708823 US 13/896110 US 14/749413
(2012-12-07) (2012-12-07) (2013-05-16) (2015-06-24)
Cortical SCALABLE INTEGRATED PLASTIC ACTION-
neuromorphic CIRCUIT WITH SYNAPTIC SELECTION NEURCMORPH|
network, system ELECTROMICS AND CMOS NETWORKS FOR € MEMORY
and method INTEGRATED NEUROMORPHIC CIRCUIT
MEMRISTORS HARDWARE

<112 6-34> HRL Laboratories #{AE3 T =4

— HRL Laboratories 7] “Neuromorphic Architecture” % “I&F

Neuron, Synapses and STDP Circuits”oll #3F 7|&& A77)¢sto
74 FHZole  “Neuromorphic Memory Circuit’s FTAHOE
ATNLEE 1 T e A= EA4H
<E 6-12> HRL Laboratories i £33l §35 2|AE
No. e LA o ¥A A7 =
1 US 13/708823 | Cortical neuromorphic network, system | Neuromorphic
(2012.12.07.) and method Architecture
US 14/453154 | . SCALABLE INTEGRATED CIRCUIT | 1&F Neuron,
2 WITH SYNAPTIC ELECTRONICS AND Synapses and
(2014.08.06.) CMOS INTEGRATED MEMRISTORS | STDP Circuits
US 14/749413 Neuromorphic
3 2015.06.24. NEUROMORPHIC MEMORY CIRCUIT Memorv Circuit
( ) y
PLASTIC ACTION-SELECTION
4 U2012/085916210 NETWORKS FOR NEUROMORPHIC
( 0516 HARDWARE Neural Model
5 US 14/293928 Neural network for reinforcement
(2014.06.02.) learning
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O Known Tech SH#AIES#+ 4

Known Tech

« (2003.12~2012.02) Physical Neural Network

US 10/748631 US 137370569
(2003-12-30) (2012-02-10)
Application of hebbian and
ey anti-hebbian learning to PHYSICAL z|==
i nanotechnology-based NEURAL =
physical neural networks MNETWORK

<32 6-35> Known Tech A ES T+ &4

— Known Tech& %7]  “nanotechnology-based  physical neural
networks”oll #3 7ieg AFNLERI, 7HE HIZoe  “Physical

Neural Network” & FTAI 02 AL R Fof J= Ao 2 B3

<¥# 6-13> Known Tech {45352 53 2|AE
No. Z9Hs g ¥4 A=
Application of hebbian and
1 US 10/748631 anti-hebbian learning to
(2003.12.30.) nanotechnology-based physical neural
networks
) US 12/100552 High density synapse chip using
(2008.04.10.) nanoparticles

Physical Neural

Network
US 13/370569

(2012.02.10.) PHYSICAL NEURAL NETWORK

4 US 12/100586 Adaptive neural network utilizing
(2008.04.10.) nanotechnology-based components
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O PANASONIC #HAAME& 7+ 4

PANASONIC
« (2013.07) Neural Network Circuit
4
IS : >
P 21
541 ..l’ J
', 2
v G_'f‘*{ A 30 i Family patent
i, e o8 27 P 1 e e e
&0 26 W = |
22 zq 2 4 15 | .
% | w5 e
0 vi Lgp 45
Voosra | | Vrostt

US 13/951443 | US 13/951448
(2013-07-25) = (2013-07-25)

Leamning method of neural
network. circuit

<12l 6-36> PANASONIC sHAl

|2 24

Am
ol

o
of
bt
[o
fru
re
3
=
o

— PANASONICS “neural network circuit”

A8 Foll A= Aoz E44

<¥ 6-14> PANASONIC M EF+ E3 Z|AE
No. 9 s el §3 M7=

1 US 13/951443

(2013.07.25.) _
Learning method of neural network | Neural Network
circuit Circuit

) US 13/951448

(2013.07.25.)
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el FOR
(2012.08) Synapse for function cell of STOP (3ZZHZECH)
(2012.07) Neuromorphic Chips
(2012.07) Neural Working Memory Device
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