:.m-: é‘%‘:,ﬁé 2 A5 /ﬁ - \ oW »
HERRE FERE 20154 45 H 4] 523-534 ¢ CPERZEY Zedii
www.scichina.com info.scichina.com #~ SCIENCE CHINA PRESS

F[E CPU 5 DSP &7 - X

—MEES MR E R B E RS IEREN

KA, FFE, FRTY, WeEY, KAET®

O HEF LRSI E K E R R s, B 214125
@ EFIATH I TREBEAT L+ G, JE 100190
* J#{E1E#. E-mail: zheng.fang@meac-skl.cn

Wehs H #: 2014-10-09; #:3Z HIA: 2014-11-10
ExK Em A R R R (863 X)) (Jit#ES: 2014AA01A300) FIEZFEHEE KED M (S 20132X0102-8001-001-
001) #Hh

BE MELIEEARS ARAERE ERATFHEEH AR R EER w6 it
Q. BEE BEAETETEMLHT, REBEE AL OPU MHF L AT 0BUE T KZ# 5 Ax
ME—HEETE G ENE T A LR ARABE A, R84 RS, SRR R
HoH W EEET SARMBROHE RS AXEENET AREETH HRE .
fooTERE WRARAKR ZABREERERT 256 MEEROH 4 MEELHERY
Friit, Wb 6 483 1 TFlops.

KA AEAEE FALH TR R TEHK

1 3]

B SAREORIEED, AP as— EIE R /R AR, J Tk, i LR MR TR
HEREM T AELE Tx — M. H AT AC B3 1A% O B 36K AR, J0 I A2 1 ) s M R SR A B 88 1E
FEPL I ) AL AR AH EC T F IR I8 2 R MAL B, A2 AR B 2R AE v bR Al 1k H R R )
A% 0, T LASRBESE = TSR ) TR L AR RBE DIFE B, B N R AR SR = 1 BT R G
Ly B [,

TR, EEZ <8637 TRl Btk BERL ISR H MR T, REEBEHHEIL CPU. k5
#r MR EAL CPUL kA CPU FEH DSP S iAG | — RAU SR, #2271 7 K EALE CPU M1 DSP
AN I A e I RN SCEE S B PR R BIRE 7. AR SO AH BITH W) s PR BT AL A R 2R 454, 2
Forpb i s 2 5L CPU B — TR F R, 1245 M 4 se il 1 IR BSE i BT, XU BEVT i g is
FPEREREE 1 TFlops.

— AT SEILA A AZ AL B GRS BB I AR R E T IAR  PERE . ThAE. ATEEMESEZ U IR R
WP . E2 HARZAR T, oL fEEZ K IBEHUH] L AT SR Re 80k AR A 22 56 77 T AR 5 4%
G BRI R ARz R B AT IRG E MRS mITEE . MR AU AR AL B R, AR TR T
WA Z BN R a5k v R

il

SIE: #77, VrH, 2735, % M m s RS T E I B E AL AR . ERREE: (58 RE, 2015, 45: 523-534, doi:
10.1360/N112014-00299




T — P A P BE T SR B AL AL B GRS A

AT, 7 A m e RE AL AL B 3 — R F R A s 45 71 77 =X, 40 Intel /) MIC/Xeon Phi AbEEZE B4
F1 NVIDIA A &[] GPGPU 7= i B i S 0% hb 88 32 TR AT s 28 sl b ab #8811 7 U5 38 CPU
— M R E YRR THR R G, VR S AT SRR AR A AT . A S i — AN g CPU
AR IRARE G R R, AR BRI Ry nge & 75 #0 8m Fr (8] 58 LR TFE, ik 1 4 i) Bl 4%
BN, AR RS AWK T SR T R n e FE AR R Dh#ELL (671 55— D7,
{5 TR R R ARAZ AL B GRS ST AL R B8, 32 50 A% Lo e T BR 1), — R RERL T T4 7€ IO, 21 TILERA
AF ) Tile FRFAEHE FEH TN ZE R B 1 54 A% AL 21 28 e 8 IR 4h IR AN 2, il
E 7] — 85 Py A R R A R AR I AV BT RE  REE A /04248 ILP JRAT IR <357 A% 0o M8 1) 45 4 T B
FEHT TLP HIHATH B %O, FRUSFH I GF R AL R, SO A1 BE DhAE LU AN v i) v 5

L R RE T ST AR F SR 45 F 1) 2 Sony, Toshiba A1 IBM it CELL Ab¥E%%, H R
1 AMEAGEEEE PPE A 8 ANMIUTHAT M HEES SPEPL. H B & EZALELAR) 1 C AT IA F A
RZAC R T R B 7 AR, i AMD AR APUIY ., NVIDIA 2 7] 72k f] Echolen) T H | Intel
AW ZE L Runnemede JH 12 £, 33X 2000k b B 384 T RE 58 K (1) 52 4% Ab FEAZ o A0 FH T~ 2R AR I 11
THRRZ OB RAE — /O W, A RIRIRTHE M RE A RE S B RN, ORAE 18 A BN [F] TAR 4R & ()i
LA

T 7] v PR B TH R AR A AL B 25 T I P2 B AR A Phak. — 71, Az A B S e, (HY)
AT HCBUIR, VA7 9N T AR BEER 0 5 5 B U, B 7 204 e e A 38, JF s A7 A
785 Bauk, DLRAFE AL RS (5 AT AE 1. GPGPU AbFE %0 R ] T Share Memory FIZEH), H
A e A B AORE I A, 98D BRI Cache 3SR FH RS T R RS U7 A7 &, DATGE B0 iy TR 2%, JF
KA REFLFEWELR) SIMT BATHLHI, LBV E R FI T 5 78 /0B Bl Cell AbBREEHRA] T 3E
Cache FIFFEEEHE, JFBTT T 728 DMA WU, JFiE I ok 2 ge A e ik 5 5 VA7 ks 131 5
— 7, 32 R YRS R IR, A AZ AL EL S F T R AR R R R B SRS T, v R
) 2 AL A AR A AL B 25 A 2R G5 MBI 5 B SRR B vl f . —, P 2l = L) B0 4 L =y B A
Fr BilE Ay 20, B0, Intel MIC SR 7 3L L2 Cache HI%HE E HHLH]. Tile64, Intel SCC 25 4b 3
PRAEAT T BN AN A 2D Mesh JE{F 4% [14~16],

T 1) i PR B TS B0 A AZ AL B TR I P20 ) <D FERE Pk, ALBRER R RGRE R FEHAEE, HAE
FEPE IR SIA KB I H R G AL QR HRYEXT R B T2 e B 28 0 6] o 3 3k s P A 348 L
R0, 8 SR E % BT R 22 L2 AW T, (R R S AR 1Y) Rl 2010 PR 28 A Ui
BEA, T ) i M RE T B ) A A8 0 20U R B H A RN GBI FH 75 SREEAT 10 M AR T RE vt 7~190. il g,
KEME M E JOrH Nz S ERETHE (ubiquitous high performance computing, UHPC) 1%, % H
P A T T BB A A O BOR SRR R R AR TH R G RERL. 1% vHR) v i o) A0 B 2% BB 70095 Intel 2 7] 423k
i 7L/ Runnemede ZbFEES . B NVIDIA 2] A=k 5T () Echelon ARPEAN Sandia [H 5K 5058 = 42 5L )
X-Caliber AbFREE. FIFI RIS L5 BA B R SR A BN S50 | i — B
PAE 25 IR AR A, R 7S 0 BRI S 2 vk 9l B # 3 5 7 SRR AR v ThiAE.

T i) sy P2 e T AL PR A Ak B8 THT I U2 (1 < mT SE Pl Pk 181, Aokt Rt RIS Sk 10 /5
DL EAbIEES, RGO B BOE BUC RS, WIAE A BEAS 256 R 2 Fh AT SE MR R CRAIE RGeS A 1]
SEIBATRE. AL ALERER BT SR T, A AR T e, s R — B R T S, M
FEREM R RIS . A IE FRE . IKEAA R, DLE B RS R A SEVE B K.

HI 1) 3R = KBk, AR B B 7 — M a) E v Re v H SR A AR AZ AL B AR S . 2 H AR X

524



hEFRE FERE 455 4

T K BHE L IHISCR T, B8 T FPGA Bib Al RS fr it

JREREATHLRT: 55 2 WA A T IZARZAC PG ARG, 26 3 TN TR B g ) <A
B PUEOR; 55 4 R TIZACBER I © DIFERR BRI R, 5 5 14 Tz BEas T ) <nT
SEPER BRI AR, 5 6 TTREL T 400

2 KRN
2.1 EiRGEH

FEVERE T B, K& N N TSR A IR i K, RN A% 0 BURAT RAF I FAT AT 40 RFALE,
XA AR AL FE E HAT R i S A 5. (B2 e B B A B — @ 8 AT 8845, R4 Amdahl €,
TRy 71 F 5 B FHAE AR AR PR ES IS AT BN B AR SCBTH I ARAZ AL B2 R AN [R) 8 2R A% O B LA
=AW, 7 A BEAR A A A A ARG B R R B i K A B A O AT ORI 4R 2 AT R
SR P A TR, B RAR 2 THI 1) T ST R BN 18718 SEAZ O i AL BR AR R 9047« KRR =t By PR e

AW AL AR K 1 fs. S EEBZANME L (management processing ele-
ments, MPE) . I8 5 1% (2% (computing processing elements clusters, CPE cluster) /742 il #% (memory
controller, MC) FI R G H 1 (system interface, SI) 4%, —4 MPE. —~ CPE cluster fl—/> MC X
—AMEAL (group), AL EEER R, Ko DT 5 R/ R GATIER, 7TUCRHARAER
PCle 4 F 8 H 72 33 M. A% 2L B0 80 M iE AL O 7% N A% Co BURSE PT R 40 35 SR A P B S B e 22 R
TETS, HETERADE R R T R 4 M, B R OEEE 64 ML L.

H AL AL FLEE )8 FAZ O — K 64 bit K2 DIRE RISC #00, FIIBITER P SRS,
SCRE T8I T A R 2 R B R SR bR B AL R L AT REBIAT, AT A v Rk A EE S H
HIH AT B, I 00 P SR BEAR AE IR S5 AN IS AT 45

H = AAZ AR B2 (138 FAZ O & 1K 64 bit 1) RISC &4, REGIBITIEH A, KAELT RS
AL AT « B AL T B AT ML, AN SR rh Wb 3, 38 i B i 77 AUSEIRE S AR A ER 47 72
TRAESR RIS I HACR AR T, HORE B R g f e it

BRI RS J7 AT E L, SR IZ A2 0 Z AR AN NxN Mesh(A3CH
8x8) MFRIE(E M4 AT HERE. AR5 M 2 SR F B T8 F ) e f L oy, T %0 IR RE IR FR 38 R 3 AF
AR AHEIEAE . IR R T T 2 R DD R B A I &5, FEIhREA T

o VitARH I, TN AN BER B is B O B BEE TR a2

o T T AL BRI A% O KA AN R G ) T TS

o [T, STHPRIHE A B8 A% O BEAT PROs A [R] 21

e L2 ICache. I8 H X LR AL OILEM 20454 Cache;

o —EUMEALBIERAT. PRIEIE FAZ O VAT REW SR L O Cache W BB RIS

2.2 FEEERX

H EAMZACHL 2 0 BEAZ 0K — BB AIHE S Cache 7308 RIS HIRILZHIN Py A7
BER. BHZOIEL RGCRH TENEHZORAM L1 84 Cache Ml— M FAZOEILZER L2
g4 Cache 1T BHEAZ O FIEFEAL i ARG A (Scratch Pad Memory, SPM) K177 AL, B
SRAE TR, X PR T AL TAESE Cache SEILBYHEHITTAS, AT LLSCHL A AFE A A, 2> Cache 51

525



T — P A P BE T SR B AL AL B GRS A

Main memory Main memory
MC MC
—— CPE —— -~ CPE
—— cluster —— —— cluster ——
MPE MPE
Group Group
- J—
C/ NoC )— ST |—
\
Group Group
MPE MPE
—— CPE -1 —— CPE ]
—— cluster —— —— cluster —T—
MC MC
Main memory Main memory

1 BEAZKLIEERLS

Figure 1 Architecture of the homegrown many-core processor
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Figure 2 Memory space for heterogeneous computing
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Figure 3 Register level communication
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®1 BIREREWERR

Table 1 Patterns of data stream transfers

Pattern Direction Description
Single CPE MM. < SPM A CPE transfer data from/to memory
Broadcast MM. = SPM This pattern broadcasts data to all of the CPEs in a

CPE cluster while accessing the main memory
Row MM. < SPM This pattern can circularly arrange the data blocks in one row CPEs
Broadcast row MM.= SPM This pattern can circularly arrange the data blocks via row
dimension and broadcast to multi row CPEs
Column MM. < SPM This pattern can circularly arrange the data blocks in one column CPEs
Broadcast column MM.= SPM This pattern can circularly arrange the data blocks via row
dimension and broadcast to multi column CPEs
Array MM. < SPM This pattern can circularly arrange the data blocks in a

2-dimensional (2D) array
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A homegrown many-core processor architecture for high-
performance computing

ZHENG Fang!*, XU Yong?, LI HongLiang!, XIE XiangHui! & CHEN ZuoNing?

1 State Key Laboratory of Mathematical Engineering and Advanced Computing, Wuzxi 214125, China;
2 National Research Center of Parallel Computer Engineering and Technology, Beijing 100190, China
*E-mail: zheng.fang@meac-skl.cn

Abstract Owing to advances in semiconductor technology, many-core processors have been widely used for
high-performance computing. Through the support of the national 863 program and the national major project
of HeGaoJi, research and development in many-core processors has significantly progressed in China. In this
paper, we present a homegrown, many-core processor architecture for high-performance computing systems. The
processor is heterogeneous and supports different application features with a unified ISA architecture, a unified
execution model, and a share-memory that supports cache coherence. This paper illustrates techniques for solving
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“memory wall”, “power well”, and “reliability wall” problems in the processor. The prototype chip achieved a
peak performance of more than 1 TFlops with four MPEs and 256 CPEs during experimental tests.

Keywords many-core processor, heterogeneous chip, memory performance, power efficiency, reliability
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