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Figure 1 (Color online) Manycore processor based on universal processing core. (a) Intel MIC; (b) Tilera TILE-GX

l
T =

ILIITITITEIIT
(a) (b)
2 (MEMFE) ETHERMARZLIERS
Figure 2 (Color online) Manycore processor based on computing cluster. (a) NVIDIA Kepler; (b) AMD GCN
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4) TILE-GxOverview. https://en.wikipedia.org/wiki/TILE-Gx.
5) AMD GPU architecture. http://developer.amd.com/gpu.

249



PR S TR RETH AR L 7 A% AR BELAS SR T 7T

Memary Conirler ”,' \ :Scalar processor core Stream processor core :
1 e A | e \ il H
fooodaood | .
gaoanody | 7 el esssrmheemessess
HRAOO0000 08 I (T e
| A |
£E0oaodooom’ | g @
| lagcidndeoe] || =0 8% i
gdggdoog PN -~
000000008 ||k ckdel | -
- ENTIT o i
—J =R vuany Y ;

(a) (b) ©

B 3 (MEMFE) E= RS IEER
Figure 3 (Color online) Domestic manycore processors. (a) Godson-T; (b) YHFT64-2; (c) SW

4 (MEMFE) FEEITERNRZLIER
Figure 4 (Color online) Manycore processors supporting intelligent computing. (a) NVIDIA V100; (b) Intel Knight Mill;
(¢) AMD VEGA

P GuE VR R ARG TE, S KBRS B, W ETHERE K. A B AE RH] “pi
B - Ko P ENLARSTH, R LG AR REH, RS IR R ARG, AN
RIS VRN RE, SEBLALC IR REDIAE LLAT TS5 L.

DAVRBE 2 51 AR RN TR R U O Ja R REE MBI AR (B 4). 280 N TR BER X 5 111
7 R DU BE R e PR FE IS K, AN 2012 A3 2017 FUHER R IG M 30 SifE, BifE 3.5 M HEI—
5. N TR EIE IR OTHEORRS FE RS, — B A R O8I I& R, mT DAHES Bk 2 403 55
— 7 - EA R RRER Y, 7T LLSZ 5 T8 T AR RE5 T

AL AL B A4 22 A5 R AN O B2 ARV BB A 80 0 B RS e (003 S, R ORGSR
FEBE A SCRF FIFERE S TE — e R B B N TR RE SRS T ok, DR, O A BE 88 Mk R A5 M6 A
TR A KRNI, FIR, DA% A E 38 ORI N TR Re T SRR 10 75 5K, AWk AT ook 52 3%,
o 38 I F At SR AZ O R R SRR IR AR TR SCRESE . NVIDIA 7E V100, Turing AAZ AR EE
A5 N B SR FHPERE I TensorCore, {3 N T2 BT S F 14 BB & XNURE B2 V7 s 4 17 £5. AMD 1
VEGA 228 [ AE 5 $ETH N LR BETHE M RE. Intel HEH A Knights Mill AZACEESS, B0 7 2 AN L
BRETHE IR R TR 4

250



HEB FERE B 49% 3

3 HMEEEITENE KRR KXERA

EARMFERE 2 B R THI % O AT, B B R RAT PR AN Bl = FH MRS R, i N 8 R
AT A A 2 5% 1 L AT o D S P AR AR AT PR AR S A BTt [ 7 A A B B L 0 o I R e v
BLRER, WAL AT RS KRR G R RIAR e T 5. [ A% A B 48 138 SA% Lo 5 22 B4 R (4%
I BE 7, R SEILAG BRI AR P fe v 35 2 AR AR P A A P vy 90cd 2 Al A Sl 5 DL s B B34S SRR
AR P A AN R AR 0 4 JR 55 e 48 4 S HIERR W (R B A AR AR, MRS A i 3 o
FUURLN SR SR RS, PRI HEERE; 8 R AR s A0 B AT R SEBLE AT
AR ) R e e, D/ Mt ELRETTAH; Fr B2 IRUOFAT AL, STRE s Fr B0 IFAT SR, $27H 5k
AT ML REFIRLE SR P R

MEEEE 5, B A A B A8 B 7 2L R AT 2 TATHT I R BOR AT R N TR RET S, &
T G R AR RGN BRI REENH] . R R R . RO S O A 5.

3.1 FhEFMBEREN

AZAFRZRAE [F] — 85 W RIS 78 70 #2488 TLP (1 <857 O E A T ILp ) <R #%
O, PRGN B R AN S SEB, Hemiir FITE AR RE, SeBLE0 (0 k BE DA LL AT =1 Y
TR

BEZL (B Rel) SO (B ) WESCRE AT E R TP AFRRMES. 5
ORI SIMD, Y N TR BeR SR (LB i (6 12 2 B RE 70, I8 B O ST R B B )R
FAEA, Rl m RO B2 S, SEBUER AR IIFAT, SRR F 8 M TR B RASE
L], BlanSkE kAl . Bl iy B3t MPMD B4R, 2% 0 4157 N LR BEAE S5 xE UFAT 40
R BTHERL, SEBR & R IHT, ML 2 9 Cache BN A5 (8] AN [8] R 1k, SO R AR B S 80M
o INZREAR HEdr &,

N R R N T R MIAE S5 E BE A . Fr ERIRI R A Bl — S DUAR B AT 3
BHESEPRAR, AL IR TR 0 2 (0] 7 BRI — 162 RGE 48— PUATHERY, SOHF 2 T il a3 1)
BIRAAEEEOR, SEHLA B A% D R L Rl

3.2 RBRELKH ELBENH

B O, BMZ O R S 18 52 IR, M %O RERS SRS AR BE ) AR SR BN, Xt
EAFVT R REAEIR TR OK, A TR BN 208 Ar S m R RN A PR I BAT = R %
O la) B8 AL K AR S, b N VA7 75 3K, S KPR BEEPRIE AR B8R H SERE 0 4. KM
R BB HLE], S S O 18] R SER = ifs 98 1 A 52 4, SR THiz SEA% L U A B AT 2L
R, BERGE A EHEEE R, AR OB TR Al

BEGUy EENURE XL P, S R B A AR B 2R A5 . PR Lo i IR N KA
i, RIBAR A RIAT 58, TR FTAREEAT; H AR oA B &, MRS e o R B 5CKH
N SE DL AR ) v O B SE L ARG a7, G P30 5 208 G 0y 1 S SIS AT R R IR T AP A
IR BB E M2 BT R AT, 54t i BB EILEIAI L, R gusEhlsseilis &
ol R ER R 2 2RI AR RS

B B EJOREHLE ST E A BRI E RN A, F SO AR AR | (RER
A B, HE R R RREESEE IR, B, W TR RN R LIs 5 EFESRIERIZH), RE

251



ZER S TR RETH AR [ 7 AR AL HELAS SR E T

FOBAETHRTT R 10 S 2 SRR,

3.3 FMMUBEEER

BEXT R RE TSI R o h S I Rk, A% AR PR 7 B SCHL RS B sh A EA R H]
L SR AR AR SRR I AR AR R R R 5 G 1 D7 ik, AR B B v R, Bl A%
WvEREIRAL, A R D TR RETE AT U8 52 IR A IR M AN B ME AR, SR T AL SR ) R A LT

(1) RAGHEIEA SRR _EAT R . I8 A% O AL RENE BLEEVS IR A7 22 (I, D9 SCHF i A7 Al IR i 2
PR AL I 5% O P i RGBS, 75 2505 RGBS AR EAG )R, SERFPEERE A% O A7 il AN 2
A7 18] B e R0 S A B A i, SRR SO IORAT. ARG N DR RE SRV AF R AL, AP LISl 1
BTN OTAT B A AN 2 R PR RE DAL S, A R T A A T A ACR.

PRIL IR SR 22 PR AT R . SCHF g SR O 2 TR, Tl AT IR U FRAS 5K
2 PR FORE A7 AR MO B0 T B IR SR 45 2 M IE B0 AT R SR 3R AT A S BT 4 EE TR A
I ATEAR S B A, AR U SE B AN SO O B A 4RSI 024 0 A1 Bt B e . A% OB
AT ORI R0 A5 2 [ I S5 A 01 o S 000 A o5 R0 J) #0848 8 A ey, LA oA S
A7 B = RO A i 2 7 17 A

FRAZALBE A5 1) 22 4R BRI AR S BOAR, W] AT R e B RE T MG O 2, i $R o N R e S
JMERE.

(2) W EAEARAAEEOR. TR R RE VIR K S LB R it v 2k, SR AT EE A R e A7
il SRR 18 FAZ O BB A7 T B R A I B OB W [F) Cache BYOR EAFAE SR, DASE BOAS [F)RFAE SR
RIZEAFE B, I AN ACE A 8 BT 3Cn] RN A7 AR T SR R R Bl SRy, T8 a5 & 1 REAF I e v A
BRI RAETE, BEARBETE T8 3 2 N 38 RE R XA il 1) 75 22

BAEFFPM R Cache 1 Cache 1THIEHEA Cache 1T tag (5 B RAFAE R B it de rp, BB —
AN 58 B A B RAFBEN Cache (W15 B BAFE B Cache MIREN SR, BEAFSRALHE 4 IId i o 2 i Al
Mok PR RE, T W R 5 BRAHE IO 22 A7 B, TR 00 5 A B AR ) v RO R 1) SR 1, LB
FROBEA T80 S IR i R VT A7 AR . AERCREAF B IR] Cache Hh, BT 57 51 A vh 2 0 S AN fir Hh S 9 B shigk
FRARBR A S BLRTT 8 (B ARSI o 26 AR 00 SCHISS). BRAF 05T 2 Cache IR A SR, TR 1L
IBATIFIA R Z AN Cache, FAF T TTANA Cache RS U7 1) 76 Ja) #8877 6k 5% Hh A0 R00% 1, 6t o T
.

3.4 BHTENEERORN

AR N B RE N 73 H, A SR TR ] 59 L PP K 2R gt ba), HL 0 R AR 8 VE AT it
FIA BRREEEEL . W VEHAT 1 32 2 H A2 D HEDN AT H R I B D Zh R T4, RN ] oo A7 R
B A HEDI AT 48 4 10 v B HEE e G b S e O BT 48 A IRARE I EL Y 4R 2 T S BT &
UL RS SRS, AT LAAT el — S KA IR F A (BB o0y In) A7) AORIIPERERTR. STLAP /K E4s
REJPE SO N 9L 7K e 1 RE PR R P A S8 S5 A R R P

K9 AL UK R G e 5% 0 BARBEAR 1 EPE R, T v A B e VHAR R Y, 22
RIUAE: 18 FAZ R AR THT 1A f7 32 SEAZ O (1 e R R TN AL A1, e 2 B 3 IO S I RS TN 4%
M PEon ANy SRl TR A5 Sems, AR/ SEBL T B i) TPC. X s SR I B RE T SR, 7E R
UEAR PR TERERT RIS, & 25 1 A St 18 T ML (0 1) R B e i i S0k, b I BUT ;B Be Tt

252



HEB FERE B 49% 3

SR RS T RN, AR BE F oK, 18 A% L SC LI B 4 2 BRI BOR AT BLR 2L
MK PRAL KA, BRI K2R 22T, 548 DG 18500 LR ) J5 B At A7 fik A b s
ERARALABOR, X EE U7 1R AT E (108 BE THEE AT AT RO B U IRV SEIER, R AR S v Ak
o R AR PEV R, PR T ARG Cache A7 1A 5 5 300 BUEGHE U 1) E JE AN RE BB RS

o AT RIS S S R A A5 R Py AT LA R 2 a8 SA% 0, FE DRAERT RETH SR AR B 2%
RT3 B F B 2 A 00 3RAG S e (1 AT AL BELPE RE.

4 ETEMFRZLCEFOEETEN A MRS

T P AL A B A SRR E B R AR A TS (I IR AR B EE Rl swBLAS IR BE %% 3] i
swDNN. SCRRERBEE SIHESE swCaffe &), SCRFVFZ UM N LR REL A (BIANEE 22528 B, 155
W), B v R

BRI EE R S A swDNN (19200 8 g JLHEAT Ak s A U L,
U BI04 HidiE 2 B OURE 16 LDM 23 1), AR IETHE AN U5 A7 AR T, st VA &, FIF R
W) B2 A2 il DMA BL], ORUEAS [F) 45 AR TS5 3038 S Co B B 1 v ROt s R A8 SA% 0 XU
IKEARFE, T8I s KA VI 4R 2 AT AR & S, b THE R IT R 8], 3R TH SR RE. A% b
M swDNN $ATERH5L, 55 R — I ) g I AR AL B4 NVIDIA ) K40m (] cuDNN ) #H
bt PERESETE 2~9 fi5 [19:20],

swCaffe 21 J& Caffe ¥R E 25 SIHESLTE AL AL B ES L HEAH, SE swDNN il swBLAS, LI IR
FERE E 0 RIAEAL, [FI R S8R S 21T 2 R SHOER, SCREH D@ (S 5 2 1 [R50 5.
BT swCaffe HIBIRTHEAE LA B HAZ OS] EIPERE 2 B0 Intel Xeon ALFRZRIN 3.5 % 7E AR
WAL RS T PERE R Kdom (1) 1.5 fiF; FRAT USRI SRAG U (0 B il ™ R M FD 55 T 7 e ik 121,

FIH 256 MAKZALERZR AT AR AR 7, HORFE 5 ST BORA4% 39 J& CNN %8, {1 2.4 12
ANNZRAEAR 22 R A 128 AN AAZACEERS, YIZRERYT MR AL B2 AT ) AL T AlexNet, VGG S5 2 Fh
W, IIZRERIE 1 TB P2 R AR AL B 28 58 i 1 I 10 TB Hods (1 28 R MR 4 R I 25 22),

5 B4

FENTRRE (IR 2]) HHES) T, A2 S A R C & mE B BTt E T I k. A
TERETH R AR M . FOEVE RGO FI RS [ 7= Oz AL B8 1R R G5 ASR AR BEAE & RE 5%
AR, R MATS, HEE A WA AW, 75 2R — Al AR A% A BE 48 3R IR
UERTRAEYE, DARIG Sk A ALE A BB 2 R IR R R B A A AE A BN, 87 E A
TR BN BB IE AL BIRAL, ST RE IR, A R U5 A7 55K A N R B O
B, AL T ] R INSEAZ o, BRI R VR AR A, SR v BE ARG M RN Ve it 753, SEBILaR B RE H AR

S

1 Jouppi N P, Young C, Patil N, et al. In-datacenter performance analysis of a tensor processing unit. In: Proceedings
of the 44th International Symposium on Computer Architecture (ISCA), Toronto, 2017
2 NVIDIA. Whitepaper-NVIDIA’s next generation CUDA compute architecture: Kepler GK110/210. https://www.

geforce.com/landing- page/graphics-cards-with-kepler-architecture

253



=
2

S THI [ R RETH S A0 [ 7 A A% A B BRI 7

10

11

12

13

14

15

16

17

18

19

20

21

22

254

Uijlings J R R, van de Sande K E A, Gevers T, et al. Selective search for object recognition. Int J Comput Vision,
2013, 104: 154-171

Chen D C, Rabaey J M. A reconfigurable multiprocessor IC for rapid prototyping of algorithmic-specific high-speed
DSP data paths. IEEE J Solid-State Circ, 1992, 27: 1895-1904

Yeung A K W, Rabaey J M. A reconfigurable data driven multi-processor architecture for rapid prototyping of high
throughput DSP algorithms. In: Proceedings of HICCS Conference, 1993. 169-178

Goldstein S C, Schmit H, Moe M, et al. PipeRench: a coprocessor for streaming multimedia acceleration. In:
Proceedings of the 26th International Symposium on Computer Architecture, 1999

Michael Bedford Taylor. The raw processor specification. http://groups.csail.mit.edu/cag/raw/

Du P, Weber R, Luszczek P, et al. From CUDA to OpenCL: towards a performance-portable solution for multi-platform
GPU programming. Parallel Comput, 2012, 38: 391-407

Denneau M. Computing at the speed of life: the blue gene/cyclops supercomputer. In: CITI Distinguished Lecture
Series. Huston: Rice University, 2002

Gschwind M, Hofstee H P, Flachs B, et al. Synergistic processing in Cell’s multicore architecture. IEEE Micro, 2006,
26: 10-24

Chrysos G. Intel Xeon Phi coprocessor (code name Knights Corner). In: Proceedings of the 24th Hot Chips Symposium,
2012

Seiler L, Carmean D, Sprangle E, et al. Larrabee: a many-core x86 architecture for visual computing. IEEE Micro,
2009, 29: 10-21

Lindholm E, Nickolls J, Oberman S, et al. NVIDIA Tesla: a unified graphics and computing architecture. IEEE Micro,
2008, 28: 39-55

NVIDIA. NVIDIA Kepler GK110 Architecture Whitepaper. 2012. https://www.nvidia.com/content/PDF /kepler/
NV_DS_Tesla_KCompute_Arch_May_2012_LR.pdf

Keckler S W, Dally W J, Khailany B, et al. GPUs and the future of parallel computing. IEEE Micro, 2011, 31: 7-17
Huang H, Liu L, Song F' L, et al. Architecture supported synchronization-based cache coherence protocol for many-core
processors. Chinese J Comput, 2009, 32: 1618-1630 [ﬁ{ﬂ, XN, R, 2. WL SCR T [FDD 1 s 2 47
— M. LR, 2009, 32: 1618-1630]

Zhou Y B, Zhang J C, Zhang S, et al. Software/hardware co-design for 1-D FFT optimization on many-core archi-
tecture. Chinese J Comput, 2008, 31: 2005-2014 [J&/KAMW, 5K 48, 5K, 55 FE T AEA: 1 b [B) SRR A% B xd
1-DFFT FE AT, THHEHLFHR, 2008, 31: 2005-2014]

Deng R'Y, Chen H Y, Dou Q, et al. A parallel stream memory architecture for heterogeneous multi-core processor.
Acta Electron Sin, 2009, 37: 312-317 [XSil4%, Brifg#E, 5208, 55 — MR 2B M HATRAAMEN. BT%
#, 2009, 37: 312-317]

Fang J R, Fu H H, Zhao W L, et al. swDNN: a library for accelerating deep learning applications on sun- way taihulight
supercomputer. In: Proceedings of the 31st IEEE International Parallel and Distributed Processing Symposium
(IPDPS), 2017

Zhao W L, Fu H H, Fang J R, et al. Optimizing convolutional neural networks on the sunway taihulight supercomputer.
ACM Trans Archit Code Optim, 2018, 15: 1-26

Li L D, Fang J R, Fu H H, et al. swCaffe: a parallel framework for accelerating deep learning applications on sunway
TaihuLight. In: Proceedings of IEEE International Conference on Cluster Computing (CLUSTER), 2018

Zhao W L. Deep learning platform on sunway TaihuLight supercomputer. 2017. http://lms.comp.nus.edu.sg/sites/
default/files/news-attachments/Industry3-ZhaoWenlai.pdf



HEB FERE B 49% 3

Research on homegrown manycore architecture for intelligent
computing

Hongliang LI", Fang ZHENG, Ziyu HAO, Hongguang GAO, Feng GUO, Yong TANG, Hui LV,
Xin LIU & Fangyuan CHEN

Jiangnan Institute of Computing Technology, Wuzi 214083, China
* Corresponding author. E-mail: hongliangli@263.net

Abstract Inrecent times, the demand for the computational capability of artificial intelligence (Al) is increasing
rapidly. It is well-known that high parallelism algorithm and strong reusability of data provide more design space
for processor architecture design. The manycore processor has a huge development space of Al with its strong
on-chip computing power, flexible on-chip architecture, efficient on-chip communication, and flexible optimized
storage. Based on the history of the development of manycore processors, this paper summarizes the main
technical routes and focuses on the requirements of Al applications for the architecture and critical features of

domestic manycore processors.
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