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High Performance Computing in the Viewpoint of Brain Research
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Abstract  High performance computing has become a vital means of brain research, which opens
up new research perspectives and patterns for it; In turn brain research gives rise to the emergence of
a modern computing pattern by putting forward new requirements for high performance computing.
Specifically: (1) in recent years, the performance of brain observation technology has steadily
increased, the multimodal observation has been widely used, and the joint research worldwide has
increasingly become the norm, thus “big data” and “cloud computing” become has been a new
research perspective and methods of brain research; (2) large-scale learning algorithms such as
large depth of deep neural network, spike neuron network, etc. were proposed by information
scientists. These methods have learned much form neuroscience and improved their power signifi-
cantly. The algorithms have high efficiency and lower power consumption characteristics of the
brain computing model and implemented some of the characteristics of the human brain intelligence.
And remarkable achievements have been made in many fields. The research and implementation
of these algorithms have put forward higher requirements for high performance computing, which

has brought almost insurmountable difficulties to the current computing platform based on the
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traditional microprocessor and computing architecture; (3) information scientists and neuroscientists

have jointly carried out a new type of exploratory studies at the level of the microprocessor and brain

computing architectures, and the progress has shown a promising future. Because of the above

three reasons, high performance computing and brain science are closely interweaving together

and being integrated into the development of each other. With the background of brain research,

this paper discussed present status and development trend of both high performance computing

technology support for brain research as well as the brain research’s inspire and promotion to the

high performance computing.
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B BR8N R0 4. BAOR U6 P A AR XA
QOES (PN EVHUE S ECE G T R
JC s NI 860 4245 (2) A M fil 28 76 I 4% o A7 7E
ORI BB I e o BT I B O I It i e B Y 2L
& BB X — BUXTE Hopfield #4878 4 2% | A
IR kR A R oy N LA 48 ot M 4% b A B 4 B
(3) N Jini B RE A IR AN BT B2 JZ Y B 5 &R U
R RA TR 28 45 e 1T
hy s N A 2850 W 468 0 3R BE X 1 10 05 B = itk
FREdths (4) ATRE AR A B 22 1) — a0 N LA &8 o0 M 4%
PV IR Ak B 25 05 S, 2n P15 Ak 355 i A A
B A R S B A b 2 B ) S A 1 AE B
IAY I B 4 B2 3l 215 B A L K A S 45 B Ab
P AL A7 7E 25 XL BT LN S RE A BEOR B P FD
P 2 A A 2 X Y. B L A B Y A4 B
WIEMZ T M A IF 85 B B, 4 Recurrent Neural
Networks (RNN) JF i #5 J SCAC B SCAS BPR 56 )7
5 B AL FE AR AR OR 48 TT W 48 K SR 32
M F#AGEEMARE. 25 ., BRF LA T T
2R AR N it 20T PO 2%, N M 22 T8 M 2% 0 R 58 4
PRI N Ao 22 G 0 2% 11 0 .
3.1 ERITEMRXNE

T SR AR BN I Bl 28 5T 9 2% L) S B RE X
—WF 5 R B R U BR L SRR 22— Bl AT 20 AR R AR Al
PRI RRE T Y T R R 1 A5 DR RSN T i 2 5T 1Y
28 DL B BE TR0 e B BLT T B B RS L AT
AE. X EEHF —Jr M TE R R A AKZ R B £
iR R N RN PO i o) 7 i =
B o I3 — 7 T AE R 28 RURE b o) NI 5%, | T4
FAY F18) 52 3 P 0 100 2% KA ) T 4 T A o 2% )
SR AN TR 2 m rE RE T R B E AL
— 7 TH 3 SE B 9 AT BE S A - AR = T B A,
N PERE T B R TR AL
3.1 1 AL R A S R B H bR 2 —

ISR S A R RE KT 1 65 B A H R
B8, —J7 T FEEE G KT NP 22 0T R0 2% 45+ 7 2 BE
f LA R (R I AR S HE S AH SS9 L AR 2 2 1
JBFE X M A 28 70 X 45 A8 BRI Bl ) 2F i i 9 DL
AN W AR IBORT B R AN T 28 BN @ B 5 5 — 5
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T2 1) FH o 1 B T 55 R 52 3 A 11y ) 446 2
SE YGRS FH . 43800 BIF 7 P BAAS L4 T 8 3 Fh L
B FE I S S I R 5 W B K 21k
il 7 G5 — VR g IS T4

K HBP 3% 1 — 4~ 25 22 H br gt 2 A K
RN il T e X5 N g o D At
T30 H FF N “Brain Simulation (R L3 7, I0 H ¥ 78
EHE IR RN Rl FZDv 2N S o O O SO 2
TR I A0 /0N B DX AR L R T 3l 25 V) 46 22 ) A R B AR
S22 A7 1 R TF R 4 A 8L 29, HBP 76 3 [
B I T BRI I X 4 A O 4% 45 2 T T B o
R J FF AR5 o 3 6 HF 5% 2 X6 i 4SS 481 300 A T
SCHE AT I 0 YA (S ASE 0L 1) 28 B o 3 . B T F
FE KM . HBP 1) 55 — A4~ 822 B 9 52 R K I B 52
FW A LR BE R Ak RS RE R TR R
T 2022 AEAETERF & ol AR 9 15 B 32 B
BT EFRY LA ACTRBYAT Y. £ EHE
B 0 5 R 58 3 %1 R (DARPA) 3 #5 1 “ vl 2B 25
FI 38 TS AT R R G E L 7R AL B
AR AR TTRO = Y A R E VN B R S DR PSS
AbFEHLAID . 2 [ e G A R B T
J2 W 25 1 HLAR A BE BT 9T 1R 1 W B L Bh L 9T
THATH A 38 1) R Y 1 2 A BN L A5 AR AL
FR2E 3] 7S 5 e R AT R R 4 R R AE
G2 ST J 000 1 B, B 3 BB T B SR 1Y 2 i BIL 2 2
TR DL X — U I7 A SRS M 11 S R 2 BIDRE 5 A
i FH B AR B AR B

1EE P, 2012 4R BOR2E B -+ LT A% &
BHBERFE BT S BT T I BE 2 B3 [l G137 oh0 7. 2015
AR AR R F ST T R B L H AR
VYN TN O Wi e s = R | Ty AR R =y S e iy
Qb BN 2 2] e ) 1 AR T RE BT BB R 4. 2015 4R
o B R B A S AT 5T BT B SL T 2 B R BE A 5T R
7 HFR ST BT 1 DA 0 R A TR S R 2K
T AL AR RE AL A N A S U S ik s
M. ETE ST NI S B2 )2 0 T 1] S B R 4
S XV AN R TRE VA €Y S W R LR R D TN
I i3 X AN [7) 2 0 o 22 S0 25 R T AR A 5 e e 5
B4l
30102 BRI A 2 X I e )2 A 58 4 A

TSI T B L AR A LRI 1 1 8 Ak By
R — A HA s Jr 2. )8 AT fe]
e TR AR b F A5 %NS M 7 58 4 K i
JEANTRERY LSS WA W E Y. B A A R B A

I £ JE A B A — R S U, R AE T v B T ]
17T S5 WA 3 A2 R 8 28 58 4 0 W] DAAR iR 552 B A7 100
e AR E 1.

15 S AL B AN B A SR s — A R R IR A
¥, Hierarchies” ", 55 — /AN J& “ ¢ 41 i , Sequence
Prediction” """ FF i “ R R 45 4 7 I 8 A i 48 5T
I 2 J2 0 JE A 3 ). )2 A5 A IT A B 3 I X
NG 2R AL ) ot 28 50 ) 4% S 30 ok — S ) B A i 20T
W 28 32 J2 28 AN A5 [R] ) TR IR . AN T[] DA 0 ) BE #Y
it 22 70 W 45, B4 A 2R L0 23 2 S5 SRR AL B
S AT B R W R R A ] R E T
B 15 5 i Az 3 B e 2 33 3 R J 2
F22 2] ROF/ . A DU UL 0 2 A (] J8% i a8 % 1Y) Bz 2
ol 225 1 2 A5 JE A R BIL ) S AR AL A B U AT AN
MG S SR IBUE B B A I ) AR [ 1. i LA A W)
SR B P22 10 255 2 AT LA 5ok Ak AN [ 40 3 9
ORISR 5 I BT - N R RN N
s EDULAS s BE A% DA B Hh B IO ] O S R AR
RIS TR S B O BB % ) 453X B 0 IS A 5, ST P i
“IRIREET I 2 a0 A RE A3 25 Y A 3 Hp RO
P S R Sk (0 A T . TE A 8 P 3 4 7 B 0 A
SRR 3 b DR A2 J 3 B o 25 0 2% . 43 2 O JBE b 22
P 2%” (Deep Learning Neural Network, DLNN) i}
ST T ARG SN R A ) Bk
(Cortical Learning Algorithm, CLA)™Y | Jik b #if 25
M4 (Spike Neuron Network, SNN)2 25 i ue
“ 73 FH 7 S0

R A A0 B A A T R0 Y 52 L T AE T
R ) P 28 IR LT ) 2R 1 B3 R 2 T DA
LR O 2 119, BT LATE (7 58 HoA AR RE X 1
F R IR ROk R 2 1 1 ET LS R
R M 0F R N = DN 5 N R E2
W 28 FLAR /N 22

TS5 HLAS B RE A0 e, FRATT AT LUK R fE
YERZ L ERE MR ELENS BB ERE]
IR RE MY H B A 258 S AN FTT N EE 1 1Y
564 S L T2 W] ATE 1 22 J7 T8 BN KR e nTE

e

SP11-Applications. https://www. humanbrainproject. eu/
applications

Human brain project — A report to the European Commis-
sion. http://www. human brainproject. eu

SP6-Brain Simulation. https://www. humanbrainproject.
eu/brain-simulation-platform

Neuroscience Programs at ARPA. http://www. iarpa.
gov/index. php. research-programs/neuroscience-programs-
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BEHE GO E & JRARE T ARG E A v & il
PESF TS 2 5 IS5 B N RE 0 R L b & T 2
DL 1/10° 0 0 3 BE A i Ak 5600 2L 1/10% 3
FEAE TAE EATRY 22 302 100 4% X k& e
RS R Ba TEAERET . By A H g2 AR
100 J5F51 . 08 25 FATT 1 A 3 e R AR Z2 A A] B Y
ORI A N = N1 /1 B2 F S RTRE VAR 1 2y NIl £ ) K
ICAL 75 B 2 AT DLt ik i M Ak . T LA S Ik T
S B bR AN 2 B A 2 BRI B e T AR T 1
2t S B ORI J7 AT 353 1 22 0 T 1k g
S RPN R =R N
3.2 KR IR 42 T M 4%

IR BE SR BT HOE AR L A % HUIR Y ph 42
T PO £ AL 3K A IO 24 i S BRI M B ) o AR i
Z— AE N RE S & JE 52 4 DL e K PUASE ) 2% 4 3t
SRS AT T X — L 2 B BOR B2 WE R
B EMN. HAT R T A A EE K
Je SR BB — A i e B R A AR B AL FR RN B
NN B 2 e R 1) AR 5 LS BN ik
RE » AR B P 22 50 IO 2% | R 222 o) B AL XS W 4%
FEEARANY b IEA 20 AN I 28 5T 9 4% 5 At AT
AR JE T N A& 0 487 1 W6 5 25 — A KR
SR R DB Bl 28 TG B T ) 9 2% 25 H RS T B I B
PN B 2 2 50 M 2%, G SNN 453X 28 il 48 5T 9
KR T MR KL IT N, A Bl o aE 7R
e PNED
3.2.1 IRIERNEITM LI Z IR A5 7

TR FBE 1 28 70 I 2% 2 — b 28 i 1153 07 k. 07 ML A
KFM Ng BED N 2B = K6 16 I N &)
W IR IBCE TR A B T TR BE B 2 T R 2% 1 1
BT TR Bl 28 0 I 45 RN IR B )2 bl 28 0T ) 2% AT
ARABLAL 13X Fb AR BLAL BRI 51 36 15 B2 5 ik 5
BB S MR B 2T N 2% vh i “ B B 20T
M % ( Convolutional Neural Networks, CNN)”, H
Hh i B FUZ AL 2 JZ (Pooling layer) 3 & % 2 L %
B2 )2 8 Bl 22 JC RN A A A 22 JC Y A K 5 T 0 445 1Y) R
A5 4 AL HE T B% LGN-V1-V2-VA-IT 1 25 #y 2%
AR BRI NI B2 )2 TR il 2 5 T 4% 1) A
L2 A A = 55— AR 2 AL 2 - TR 2 AT DT £
I vh 27 o] FER I RE T N 8 S 23 0 R A 2 AL
L AL 27 B T 7E AR ER I A b 3 O AR TR
FAT BN Y. TR BE P2 70 W 45 A 2 X R L B A% DB B a
HOR A BT S S N R 08 R 48 22 RO R AR £ LY
FALASFHE IR T HONN 45 8% CNN FIB

JE B 7 EURFAESS 5 5 75 32 BURTG J B AR AE A ] B $i
B 204 R R AR . 32 7F T CNN FE H bR iR 5
) ROR . 5 A AL 2 Ak S - TR i 48 00 I 2%
TG ot 228 T8 190 24 1S o 17 54 11 ol 22 1) 2% e 3 4 )2
SRR N B2 R4 58 LY 2 A Z
i A S L O L3 Ao il S5 7E AR 20 1 B0 #B 2
LR NERY. B JZ R EE I, 2 7 M 427 ) 15 3 A 4F
FEET X 3 283X — AT 55 R U e A1k 2k 458 14 7 R0 A AL il
GAEHRRG 2 Wm0 R B A A R 4 (Deep Belief
Nets (DBNs))P Deep Boltzmann Machines (DBMs)
SR A 28 T0 ) 45 L it 0l 3 — R ARl “Restricted
Boltzmann Machines, RBMs” [ f&] BA. i 28 JC W 2% &
J2 & M 3 R 1. YR TE B i HEATE X B sl
#E TR Z ALK TE T AR Z 1B RL RBMs
P2 RO PE R TE SR T SR KRB Z R &
AT DL B2 % i T A5 38 A A B 3K Y i b 4 i
FE. I LAUR BB b 28 50 M 45 58 B A A D B B8 1
e AE 23 (] 1] il G AR AE D 3 [ Y SR A ) T B
220 M 2% Jm T 0 MR 5 vk BRI Y Kk R AR ) 2%
SIAT R L OF HAEZ 808 g e w T RL ST A
B

TR B 1 222 70 ) 453X b R AIE e £ PE N G 1k 8 A0
S5 P Ao R S RN AL R £ R A K
IR, IN7E N B3 RGP fFTEH LGN-VI-V2-
VA-TT X A58 38 . 3X — 905 38 8% 76 17 3% 15 R
A I B 5E B T — > WIS 2 R AE 32 IR R AR Al 4
2 H AR A R LGN UM RO 1) £ B4
FH2 ok 3 700 R0 IR pl 2205 5L AEHE R
FRAEC 28 22 B R By e 4. VI X352 LGN f%
S 1R 0 S 11 ol 2 A o DA b R T TE R E A B
A E W 1) 1) 00 % R OO A R A 4R B 2
6 55 16 2 R I A X — il X AT 55, V2 X
O TR IR I 23 2 A o D) 2 I ) 45 48 AT S . V4 X
PR AR AL 26 58 P T il 5 A 0 — 20 1 0 L B 2 o 2 X
S0 Z WA A OB TN A € 1Y B SR
M EE R IT X G, #i 2 I8 0 8 A 75 F1H b 28
TP AIE | 25 TR 57 B A5G , T2 %A T S H AR #E AR B
EEEN A G R T R R R 77 LNV N A N
H Bl 28 0K B BT X 26 B 22 T I R 2 BF LT 2
HEASML Yy o P 28 TT 9 0T B AS AR T IR Ay LK 5 T
P 23 [ L8 X — R AR AR B A i b b gl
T

PR J2 i — il g sk B 6 T W i | i i S5 AR B
T [ A T YL TR B 22 00 N 5t B X A g AP
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TR FHAE A RE 7. LLA) TR B2 M 28 o0 M 2% 147 B bs
PN T2 e W) U2 A 1 28 0 R0 2% v 2 IR 2 1)
BARRAE  ANA [ 590 1] 1) 30 % 55 T B S 08 J2 il 2 T
25T LA B X 1T — )2 #2870 ) 45 45 3 10 R AE 1Y) 7
HE HFRHEGEIL E— 2 H G TS — 5
Z2TU Y RS2 B BN R — S, BB A8 PR B ORI IX
Il A BN A 2 1 4 ) 45 4 CH T B A 28 o0 M 4%
T 25 [R] 25 44 U A B 98 IR AR A B . 2 OB, RE
i YU 1) 25 ) A ) 52 2% BE 1 45 8] R/NER 2 42 7
[ W e RS A NI S R AR, s )11 (1
= R R Y A B A — B e &ad
KXW B EME SR ABTE &G — )2 AT M4 1
He gttt TS s A7 TR Ry H AR e — 2. JF HLBE
=B RE I HoAh 4 OR B RRAE X T B bR 9 X 43
A 7 0 2 0 T 5 1 I e R R Y B bR AR G
AR IEE R A R S B s e 2 T &
B I S5 — J2 Pl 22 I 45 1) i 0 R 45 2R X A 4
R R BIECE Z R 4 ok B R AE TS B A (IR 7T
REAZ AR LR PERY). 2 b a] 2 Y i e A I i B v AR e
HH B A R U AR ORI A BHE I A B, R A
FROE 98 2 308 2 08 58 L IR 4 3 S i Ok 1) R IR A A
J B 25 JRSE W) AN K B85 A 52 940 Y 0 v g
() B2 R 43 56 B AN L 4% 8055 R TR R R A — 350, £
Z G AA — T 53 8 I AR AT DL A 11 52 IR A
)P 3K R AT PR 28 3 A A 1Y T 1 ) B
R — ARG A ] . 2SR R 8 F AT )
RSB NG 7/ R =8 BTN S B e 12 L S 1
JE A JEL B B b i L SE R AE X T H AR U %
TR T IXAERY E AR R B2 T 0 2% Y A
SRS 22 HJE X T AN LE A BURR AR 22 0 A X 42, BK
AT X 43 K S 5 22 5 I 4 T LR R T LA
FHAE.
3.2.2  HBARUREEAN 4 T I 2% 1 i 4 ) i

RBMs [0 £% i 1 J1] 2 i 0 2t . 565 — > Fs 130 e
e e B AE 1996 4F B Olshausen fil Field™ #2 &
B, HE I 10 4EJ5 A 2005 A2 A 5E T 2 A EAR.
— AN EE Y SRR A 2 B TS B RBCRE A R
/N LSS 10 7 6 0 R A 30 0 S 2 R o ) I ], T
IRV X — Sk 2L A B G B AR R S A R
5% 7T.

2005 4E I BE ph 28 5T M) 4% 38T i A B 58 1 A
FE AR - (1) — AT 5 5 4 55 19 B AR 51
RETE— 101 28R4 70 28 Rl 0 17 B A7 H At /)

B GRET 420 MR B E (4 R IX — IR
EZBENT 80200 IXAHAF AR 5y 5 2% i TR BE
P22 TC R 2% 1Y 1R BE o3 W15 (2) I AR R Pk RE T
TR Y R R Ik R T B B A I AR AR L 1
TR TZ A 22 TT I 46 BT R I SE AR TS RE I AR 2 52 0
= i E ROk, 2006 4F, (Science) R R T —
R FH P 2870 D00 28 0 H00 B0 328 AT e A 1y SC R 8 A5 IR
JEE A 22 0 R 285 JRh W 5T AR R SO A IR e
(D BA Z R 2 1 ph 28 o0 W 28 B G 55 19 4 1R
] AR AE S $2 1 45 AR RE 0% S 0 A7 A% B
SRy A 5 %) 220 1 R o TR LA SE N A A8 St IS
FIHT (2) RER T M2 TR I 2R b i MERE , v] DL
HF“BZ WG (Layer-wise Pre-training) 3 5%
TS
3.2.3  TREBIZETC 0 45 L N AR KA S A v B 1

P 28 50 0 2% de w0 1 T B AR IR R
PR R HEAE RE H AR SR 1 & SISO 5 5 A 38 ol G 1
FEALSE H AR L o 00 A AR TR L R A
P4 Z2 GUS N A B T T O R T T AL BEACR
FEAS AT P9 R B HE AR R AR T T 30 26 A 1YL 2005
AR L R B P22 00 M 45 7 B JE IR AR 1SR B R R
AR L I B AR o B SR R SR A N O s
3 R I AR i A S A A AR 3 s TR
BALRIZA . C & A 20508 U8 B2 2 0 M 2%
07 FH T R S 4i 2 BE TR AR e 51 L 295 e TR L K% i H AR
5 4 B e i IR TR P R A 83 D0 i IR B
B FAE G D715 10 00 A2 4700 AERG P4 Z40E (1 e 825
IMRI £ 4 40 25 b, 1E #3350 %68 85. 8%, 1 H Hif
i FH 0 SR 1) AL VR AR B A TR R Ry 76, 7965,
FETHRORAE # W] .

BT i B AG B 00ER PN 45 LA T A B 27 >
T5 s o H A — R 58 BB 1 032K 7 SR TE R IE
LA B 5 . L R ST A T ML A ) O ik
AR A JB2 8 K30 v i BBCHS 50 ik 2R 5 R 5 78 R Ak 25 1)
SRR 2L T Y G Ak 2 0 2 A K TR AR X T i
 EICHIE ST TR B Jey T L AEHG R T T O3 SR BOR ™
AR T RRAE A 2 % . A0 SRR AR 2 UK 2 L 40 RACR
AT RBAR 22, BARBE TR AR 25 M) M ML 2% > 7 2K 07 i
AT T W A R L (LR S A oK R e % U 1Y
P& THERAE A ALK b AR, R FE 25 2] H 1 T 4R %
a5 300 2 ) 15 B0 B AL AR AE L JF 8 D K AR AR S 2R
. ZITVE SR T SRR AE Y A I 2R AR AR
PARTE N el = G INTE - S R R AR S Iy R
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WA PR S T B8 ol 8 TG 1) 4% B £ i I i — R AIL 8 o )
T3 BARMERS 31 (4 B P 1Y 1 4R R AR S5 48 L BT LA
Ty il e P 3 Pl iy 25 R) 24 25 LA B B HL AR 5 Xy
T IF1) 248 50 11 KAl
3.2.4  TREESH 200 W 2% S0 90 Y i S Al —— = vk
RETT5E

WEM A ITCM B SH L I 2 5 I 2%k
P AT AE o 2l R AR 1 IR B Bl 28 T8 I 2% 770 R B i
2 AH B RE B L I A I 2% 1 Y1 Gk B SR Y 30
i L BTG 9 A0 R0 45 45 1Y e IR pl 42
TCEBEE B S B0 46 (B E 2 > Z
B AE . TBRIN I — A AU i R X AR A
VTR e A T 0 BOR L m P RE TS L
TR PBE 1t 222 7 19 45 T i 1) A% 00 TR) R 22— il s H i AE
PG B AR TR 1) 45 o) i ep 3z i FH 1 45 AR A 22
TC 4, — el 10~20 R AL, #h & o A LA
AR BAC T B ALEE 2R B0 T I I R E
2 AR X RS I 2R R I ] i S R
{1 JE A il A5 3 — B[R] g 3 1 R/ BT ) R
XA 1 3% FE AR 50 NIl 3 A AN /DN Y B S L 42 0T
o 28 RILASE 14 TR s B 2 i R RE T SR R B Kk
Jre R i R K

N T T AR B R RO,
(D) i g 40 GPU (Graphic Process Units) £ i {4
THEBITHEAT . GPU RB & FH 11382805 1 J5 5 7
TR AL AR AR TE TR RIS 5 0 o L AR AR G
SR B — 48 S IR AT BRAE 2 AR LB L B LR 4
Uit 2 B T (SIMD) 1 g Rz 2. % 28 M50 10 5 0k
i BP, Auto-Encoder, CNN 4, & 7] UL B % 25 = 1k
I, SR, 7E B4 CPU AT, R s B 4
B TF G I e X A BT I 2 B AT BT BT A &K
REARIRZ . GPU By RAZAR R4 5 LT ik
PRAS  ADRE K i I8 5 R AT AR AT R R 4 T IS
). 1345 T GPU R AR R 454 . F2 P 7E GPU R 48
AT AR T CPU R L T 4575
2 ETH —_GPU RS TR HERZ AR
CPU 55 & 7155681 . L GPU & 2 il IR 1%
Pl 28 50 ) 25 A5 B I k5 T ) B R U T 565 (2) JF
FEVREES L 3 B AR R T AT AR IR AT B 0T
7 A 18 RN 858 0 20 [) >R Y 25 4 455 28 52 451 of
o3 B IEATIN . AR Rt F v, BB 2 BORH LA
e LA TH WS T . B B I AT 2 o A8 B o LA
ARRE 3857 B B G JLAS BT T AT U 455 (3) 5 4 CPU
T, M TR B AR 43 A =X 5 48 T 0 5 KT 5 R

J1 A AT o3 A A6 2 800] S5 20 A O AR
ROB BRIP4 Z A B 1. HRET45 S GPU
TFEMER R HOR W8 GPU R IELE By N
TR AR VR B i 28 T I 2% I I A R O T R
GPU M &/ CPU-GPU R4 I R TR
R 8 Infiniband %5 55 i PR 5 (Y W9 2% 58 15 &t DA )
BT A 0 25 32 B 0 245 0 I 4 R 7 R 4 Y B AR
FITERE RS L ez IR 2 B IS
a0 U ETH SRR s E— 25 R R I 24T 55

Xof T R R B TR A 2 0T M %, — R g
A8 3SR G R X LA AT 19 . B T DR B ol 8 T R 2%
P F) B A A7 S, 0 2 2 i) 2 R R RS 1) R B2 b 22
JC R 28 WF T AN A F ) ZE. 2012 4, Google 24 H
i) Google Brain Wi H, #| H — 14L& T 16 000 4~
CPU # Wi R B I — it 10 (2 M &
TC TR A 42 6 M 4%, Google 7618 & I 31 . B 46
R A A B DA ) R A AR 3K S TR B P 48 T I 48 A A TR
RV 2013 A E B RSL TR B AF S BT T R R
2N T8 & A EGOR R R DL )T
CTR #ifh (Click-Through-Rate Prediction, pPCTR).

A A 5 7 A B B B S TR i 28 T 2%
AR B AL 1 25 F . A ok E IR X A A5 B A A
AR TR B ok 22 o0 I 2% LA R B 3 A R L iH B &2
BRAMREE AN I 2 B RE ) o8 . A R R
AR KB A IR B P 20 M 4%, — 7 Tl 7 L HR G 2
Fh o B SO DA S AR 2% B U0 2, o5 — T T s A B
e PR BE TR A o8 S bR i AR
3.2.5 IR IH

J7 )2 2% 2] B 3 (Cortical Learning Algorithm,
CLA) & —Fp A T4 200 M 455, J& i Hawkins
AU % P BAAR M 9. Hawkins &8 )32 5200 1 1
“On Intelligence” % Z" B1E & X A X N T8
REM & AT T A M B 2% . CLA B K 3UE A
10 Bz J2 4t 28 0 ) 4% 1 370 I R DU oA R
JEMZTTM K — A P &I TH O R AR I
MG S LM INAL, 50 B X A MG 5 — i ei G
M CLA Wi f 22 o0 4 8 24wy ) Jg 2.l i
EALLZE fi , B 22 G (6] 7T AR ) 400 i 4 T ol 82 8 1)
AT LAE B T 1] 38 5 0l 2200, ] Lok B 70
] Rz (A 4 o000 O A R BR T2 ) A5 )
BEACAN B 2 038 a] L2 2 i A5 5 b B B ] A8

O BHHEEST BT SE AR, heep://djt. qq. com/article/
view/1245
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F7 ) P 3 2 I ] A5 2, ol 28 50 T RAOX oK R S A
RO AT e F A R T RE g . R 45 1Y RE
IR AR IR Ao 22 0 0 2% sl TT LA 22 36 PR TG 2 > I
PR B R L o DTG ol 75 X 2 5 i R 8 R 1Y
Ab FH S o ) 5L 1 E 7

Hawkins #5377 4 7 “Numenta” [ A &, &[]
N B JZ 2 2 R R HE )T I 8. 4 BT 2005 4
HENT B WA R R PR TP B L 2011 4R 7R IO SR
Jei o+ 25 w55 I i e 1 v . BRE H R AE A kT
P 7 4003 S B L A A WA T i AR
Frp A BN H R O IMRI S5 A B B A5
S TR b B AR B I X i R 2 b2 5T I 4% T 44
SRR W] DT A B2 )2 ) SR A 2 7 Tl
T 40488 PN A5 3
3.2.6  Jkuhh 2 M4

ik o 28 W % (Spike Neuron Networks, SNN)
TSI A A 2N T T e o ) = EZ T
% — AR IT M 4R S R, SNN I 5 5
R B . 3 o N T A 22 0 ) 4% 1 A A5 B N S 8K
PPk B T 2B 5 A5 1 5 T I B 2 40T
PO 28 (18 TR X B 28 G (8] 1 % 4 R i B AE B
1% 3 ok T L P22 T I b 2 ) I TR R L H B YRR AE
R 20 1) 8 25 25 AH X T At A B 28 98 9 2%, SNIN
T8 A JEAT T BERSE B R R A
7R RO

AR R DA EAE S G B S TERK Y
R TBOB 28 0 i T B () b TS 7E Jok o ) EAR DR I
B 2 4 22 0 ) 45 19 1 5 Ah LRI £ 3 o 7 3 80 A ok e
J7 A A A G230 [ b R S I TR) I A% 3k (AT
ol A R B D TE A S I R] B N e R A AR A% 3 ik
MO XA A R o BB E R (D A R
28 70 K WOWCR I AZ . — A 2 JU B0 - 3R A A
X T R A VI B Sk e TR R 1 o A v b A
XF T2 ar Pk A 22 0, A SR HE MR T 2 0 A
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Background

This paper discusses the relationship between high
performance computing and brain science researches. High
performance computing and brain science are two research
fields that are current rapidly developing and continuing to
make breakthroughs. In recent years, the areas of the two
studies begin to blend; they provide each other the research
inspiration and methods. High performance computing has
become a vital means of brain research, which opens up new
research perspectives and patterns for it, such as ‘Big data
theology”, Cloud computing theology’, ‘Supercomputing
theology”, et al.. In turn, brain research gives rise to the
emergence of a modern computing pattern by putting forward
new requirements for high performance computing, and
has inspired several promising theology which will improve
effect, of high

efficiency, power consumption, et al.
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performance computing to a brand new height. These
promising theologies include Deep learning, Cortical learning
algorithm, Brain-inspired CPU Chip, et al. This trend will
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