B 2022 4F 5532 & 459 1#H.927-936

doi;10.3772/j. issn. 1002-0470. 2022. 09. 006

EEE - Kl Z XK B2 AthE R OpenCL HiFFHiE"Y

BN )

"
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(CHEMFRTERAARAITENERZENEREAEZEE  dLE 100190)
(" HERFRAFE 4L 100049)

i =

WER,BFIRA T R RNFRE B EG, a0 A O A 3 2L R Ay

WERIRINARES, REBEFAFNHER - K2 LHEEFa, XA T EFRHA
AL TR B SW26010, 44 ME 4 ERRER AW E FHH, h T ¥t G HE
M ARSCHR W Y W AR - K2 KB A [F %, IF 7 SWCL OpenCL 47 35 28 # 5
PTZZUE EF F ik, ZFEFAE OpenCL E LA A% B 5 45 K #4047 AT IR 50 F 8y
BB AEALE I 3 SW26010 By &8 LB HATIR A A x4 1M A5, 12 5 B8 A48 A O
B3 0 (MPL) $-4T 8 A 6 B 25 92U T, 7T WL B 20 #% — 4> OpenCL Kernel 2 7 3
ZF| LK L, ] SPEC ACCEL 1.2 H #7 OpenCL I i 1] 7 4 Bk ok 8] 2 % F & 1
IR U, AT Ry A R B AL T Sl MPL IR A,

FBid]  OpenCL; B = M A&, Fi; BF; BAR KB

A4S ARG A A AN R K
SBTLLFIAR S A4 SRk 2 4T v M BB TS
TR H 83w o W, BT T 5 R ) Lkl
ARG (510 GPU Fl Xeon Phi %5 5 F i &5 )
AR R R TR IS I, R IX BB T AE 5 R 1B 2T AL
Hr, T 2016 AEBAEFHAORIEL - RO
Pl B2 — I PERE T 100 PFlops HEE S
ARG, HARG RO H 2R R R
SW26010 5744 2 2 b B0 857, 15 BUAT 1 PR Ak 2
#% (graphic processing unit, GPU) F14E A% ( many
integrated core, MIC) 7EZRA 1T A H R KM 2
o P ZERIRL - 1 =200 b ot 32 3 S 44 0F
FIHRTEHESE (40 OpenCL'™ ) Y 324, % I 5 38 ]
PELL L 5y G R IR A 1 5 2 28 G H LAY

1E SW26010 AbFEES 57 LA KA A OpenCL i
PRGN A —IEZ APk, B SW26010 At
PRERAL T 4 DAL, (ERRE O IR AR (L 2 41 1Y)
RS, SW26010 18260 %L 2HE1E] 4 4
14 (core groups, CGs) H1, B4~ CG ¥ — A4 B
%> ( management processing element, MPE ) il 64 4~
4% 0> (computing processing element , CPE ) 41 Jii,
PR B 1 [R5 HReXSJE TR — G Mo
., X5 GPU AH, GPU By T A 52 B oC (il
Nvidia GPU [ xC 2 A0 #1245 SM) 24 ¢y [A] — 8 B A%
O (5HIE R PCIE #4219 38 AL FLES CPU) 45 71,
I LA [R) 25 X% SM i BT A B0 A R, Bk,
GPU A] L2 #A #0Kf OpenCL Kernel Ji 313 GPU fy
JRATHRRIC, [HIE, X T SW26010 1fi 7 , #AFIF
BN AT B A MR A CC E [ 2, k4
OpenCL Kernel #%& #]| £A4~ CG,

O HEZRESHLH (2016 YFB0200803 ) , 5 [H A3 41 B0 H (61872043 ) FE K [ SR B2 3 4 35 Rl 342 (61802368 ) BEH)
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BRI 20224E9 H 32 4% 9

PEAESE SR FUEE X )25 i R I AT T
WEFE, BT Al A R 1 8] 25 # R B[R] B, Sher-
Lock i Ff] JC 105 7B 4 7 ( unsupervised inference ) )
TEARVUN R 25 B Al FRS O B i s i a) 20 s
PETE B R IGH BT, 1T A S5 i I 31 45 F 2 Al
(WIE . {HE SherLock HAESMHT C#AE [RIFG TR, I
ANZHF OpenCL SF 5 FR Y o B0 A% 6] [R) 25 A A Ak
W58 TAEH, pLock ™ J& I I SW26010 f4 % ] 3 {75
BUHIRE FAEEe 4 oh S 20 A BT — A~ sl
JUAS CPE A g JIR 55 #5 138 3k 3 S5 A% 338 445 A ) i i
(8 SRR E AR A — IR 55 4%, A5 A7 7 5080 3 4 1Y
BRVETT LITERR 55 2% 1P 44k, {H2 pLock HEEALIH
AL N R AL B DA SRR 2 A% 2 B) 1 [F)
Ao SCER10] W23 2 GPU LAY 2 55 N4 (trans-
actional memory ) KPR F—EEFE M4 5 GPU L [A]
HARERTERE . BT HRALBRES Y 4 A AZAE
P FLAZ 2L [A) A B 1 [m] 25 ML DR IRGZBIE 5E 0E AN
T T A B R A% A ) ) 2

BEXFIX Ik K, A8 SO T S A0 fE il Az, A 3h
AL 8] [F] 25, T AE 24> 4% 20 2 6] 43 e — 4
OpenCL Kernel , 3 H i i3 %} 32 A% ( Host-Kernel ) [H]
BRI (4 347, 448 A [R5 B Mk, B
PREUE, T 2eR IBORS A% 4 1 =52 1) 0l D% 3 4 T 3
FEAL S N AEAS (0] SR 5 RIS 500 = 0 2 R 0] 43
BT R b 25 SE ML A B B RO G &R R o
PR AR A R BB O 8 e, A sh A g8
SEF 4 AN FRAZ O 1Y Host RS RO R 1 7 B 4% 13
#2110 (message passing interface, MPI) JEFE (1 4~ F
MPI FEFEH 3 DT MPL AL ) . IR, A Sl
T — OpenCL Kernel 23 # 5% 2| 214, I
HRTFERT B MPL X HE A7 = 4 1)

1 X I

1.1 #E - KMz XBRITEN

P - KOG P ENIR A A R
RS M AR A B8 - SW2601017) | kg &1 1 e
o BN SW26010 ZbFEESARYAAT 4 XL (CGs)

A S 1 NS HEZO (MPE) (1 D8
— 928 —

i[> ( computing processing element cluster, CPE clus-
ter) f1 1 /> DDR3 P 745 il #% ( memory controller,
MC), Hh BB B0 HEEE 64 Mz B L
(CPE) ,#ENHY CPE Z AR HI#R LGl 8 x 8 [
FIRIRERAR M8 EATIE 3, CG ] 7 B 2% 34 4%
R, RS SW26010 4b FRZR AR 4L — A RGLHE T
(system interface,SI) , FH &R AN R 4

910)

9)0)

DO

w2

CPE Cluster

?ﬁﬂEEEEE

BIEIRI6IG161R 1G]
GIEIRI6IA1GIA 1G]
IAIG1616IAIAIA]
BI61A1A1A1GTATA]

SPM

E1 SW26010 4bIE 28 2EF

&T

SW26010 i MPE I CPE #82& 7K 64 f A4
I HE K 1] 45 2 4E (reduced instruction set computer,
RISC) ¥, Ho MPE SR I 7 b A2t 2 R 25
1, G045 32 kB (1 — R EHE 247 (L1 data cache) Fil
256 kB 045 2B L 2 9247 (L2 instruction/ da-
ta cache) . 1M CPE RA1% 16 kB [ L1 #5422 47 Al
64 kB [fH 55 A7 %% (scratchpad memory, SPM) ,
CPE ) i+ I 77 fi5 SPM B4 Fx R J&) 77 (local data
memory , LDM) , #147 L1 $545 22 77 it o 2, {H 2 4L
PAEAHI S BT 4 T A, oy
T A G AT (A T8, W] LS B s (] Ao e ol
o SPM W] DL i B 5 A7 At % 15 7] ( direct memory
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access, DMA) 5 B/ 78 #5 3, 54> CPE clus-
ter FAF 55 K204 30 GB/s( SW26010 Ab B % Y 5 4
FEHE S84 136 GB/s) | 1 CPE (25 17 fa-th Al A3 i
2RI T 5 4 (gload/ gstore ) 1 EAEHEAT H b
ety AR R T ANA 177,278 IR RS 3ER e
Fh,SW26010 5l AT —F T B9 75 F7 f 8 5 LI, il
15 [F—478 R —5 Y CPE W LIAH EGEAS

FEGAREREE 5 T, R 280 B0 T B CG X
—A~ MPL #E /2 , 7ERES CG 1, #0T LAE A Sunway
OpenACC 5, Athread #EA7 MAZ N, Horr Athread /&
LU0 BRSO F  GUIR LR R e
Sunway OpenACC [ FERESZEL, 55 Pthread'" 25401,
Athread $24t T F A8/ A CPE cluster Fl DMA
&4 04 N FH AR 7 42 11 (application programming inter-
face, APL) ,JH T3 CPE cluster FJiHEFIIE .
1.2 SW26010 i OpenCL %1% 2% SWCL

OpenCL 1E24 1T 5 A4 22 ¥ 1 58 — 47 g FEHE
A0 PRAE T ST F T A R 4T & B AL ( platform
model) [T 51 0] LA T4 i SR BCHE 51 1Y
PATHEHY (execute model ) Fl N AFAEHY ( memory mod-
)

OpenCL V-5 581 1 it £ 4 2 1> OpenCL &% £
( Device) 1 ZEHL (Host ) 41 A, B4~ 75 0 40 H £
BB (compute unit, CU) |, 3X S8 353 1 Sk
X153 R 224~ kb BB C ( processing element, PE) o 7E
MR - K26, Z T8 TAERH R SE 0 T
SW26010 i) OpenCL 4% R 45 SWCL' ™" i 4 i3
ARG —A CG [l MPE B5F 4 Host, 345 41 b
CPE cluster B8 A OpenCL Device,,

OpenCL $UAT AL E LN AES (Kernel ) 7E £
A~ OpenCL ¥ 45 BT, 1M EHLARAS (Host Program)
WAE EHL BB AT, fEHE 38 Kemel DLAE AT BT,
OpenCL 5% 5E L —A~R 5|23 [8] (NDRange ) , H 14
™ Kernel £8 2 # J& 7€ — > PE |4z 17 1) T /F i
(work item) , A TAEIA] LAIgE 4141k — 4~ TAE
41 (work group) , B TAEAIERTE CU 13817, ARYE
SWCL H-~F- 5 A A W 5 OC 58, SWCL i — b 53 47
PAT TAELL BT A TAEWU )7 2UFE CPE cluster I
PATEA Kernel ¥, IFFE—4> CPE FHiT 24T

YE4H, B SWCL LT TAEH S B4 51 CPE,
WIS 75451~ CPE i ik B PR AY 7 X A7 AT
FIT oy EC i AR 2H 3 bk 108 B 0 7 V5 B 2 R
OpenCL % P R FH ) B I SWCL [l #4147 4b
PR[E) 20 D) 8 (barrier ) A1 T AE T4 ] 742 5 5] {5 1Y 2
fig

OpenCL WNAFREARLSE ST 2 AN A7 X, B ERL
AT (host memory ) Flli% £ N 17 ( device memory) , &
153 3 F Host AXHSFN Kernel A5, HH, device
memory [ 42 JR)/ ' 1 PIAF ( global/ constant memory ) |
JErB AT (local memory ) FIFAFT AT ( private memo-
ry) 2L A%, FLrft global/ constant memory 7E Fr A3 T AE 1
Z [ H 5 local memory 7 — A~ T AE 4 L= 1
private memory X H — 4~ T AE T {f FH, % F i,
SWCL #% host memory Fl global/constant memory Mt
SENFAF, B local memory BET ] CPE A ) SPM
I, 344 private memory BESS A CPE 2R /745 .

5§ Sunway OpenACC ZEfBl, SWCL #% OpenCL i
A4y V8 FH Athread N Z R E I C/C ++ 1K
Bt P PR - R 2 G A b G PR SWCC 15
EIRIE /AR E LN

2 AP AR T

W11 ARTIR, SW26010 AbFRES i 4 4SS
il AR A% 2H 20 B, B 2 EAG b ST Y P A k=S T
IF H AL I AT WA RS AL, PR, R 0 D a0 20
K “MPL + X7 BB AE — S Ab BEAS B X T A A%
HPATHRAR ' o MPL 2 T4 2 6] 4
A 5 A A A, X (Il 40 OpenMP ., OpenACC.,
OpenCL  Athread 55 ) W J T2 5 — AT 7E I 15
£ (BIZ4 N CPE cluster) Y Kernel fCHS

{2, OpenCL FTiE L AIREIRLZEAE 4 /) AT b 53
BCT A #3817 9K #b OpenCL #5% %L
SW26010 Ab L ERAH 22 [A] 1) 22 5, A SCHR R T 18T o)
PR - KW SRR AR [R5 AR T i, IR 3 T ik
T S BT A% A1) [R5 A R A, (L RE S
SW26010 4k F £+ | 1Y fir A #% 41 53 B — 4> OpenCL

Kernel ,
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A B ) [R5 2 SR B,
TET g, T B 0 g 3 2 A S A R 4L ) (Y [+
i), I AT B 2 B P A% 1) B 8R4 ok
RASITHEAANLE R L5, 2, 27 50
TAEGS OpenCL [RIAT A X0 5 MPIUAS, FL
AT REARGEAE TF 8, A SCHI U SW26010 4k 2 £+
Fﬁ%ﬁﬁ’)ﬁﬂ/\?—ﬂ\}ﬁ( R V‘]ﬁfiﬂfﬁ, memory in-
tersection ) PEATA% 40 [R5, DASKE BRAZ 41 18] 19 B4 1%
i

SW26010 &b P 5 7E K 10 P4 7 Ml ik 2 [R] e £2 1L
T3 AKEL, BVRRR L A, IR 2 dh =2 )
PIAE R A7 28 SUB, e A7 28 LB SW26010
AU B A ST B AL A4 R R X 35, T DA P A B iz
TT0 T A ik R L 52 2R SCOR A X 384 OpenCL

(ML

Kernel A= iiiZ 2H 0] 04 6] 25 18 4], I H7E AR GE 5 1R
T i figp RS 3 4 I R

WA R ) A5 A RS 0 T AR AR N 2 s, &
56, B A 5 AL A A BRI AR 3 BT A B A
RIS E DO AR 2R It & 5
TER T, DT 3l G V7 50 5 4 (< SR A
AL L T HERT 7R ) o HOR, SWCL 2 A 3l A2 1l
HFH Kemel 7ML 2 A RS, B S8 MPI
PERRLH 43 R —~ . MPT JEFRE A1 A A9 52 1 MPT 3F
o B MPL RS E B —1> MPE I ,aﬂBcK
Bt 1AM BC Kernel (1928006 42 (AR A2 1 AE fie
R o B, FREBR R A% AL R 25 A 4 A B AR
B 4 AR L

4&%14\61

{ AER T MPI R
i 1 JF 3l Kernel

FLRZ AR

Host IR

AT . 3T
; ﬁy%lﬁ%{iﬂavﬁ | HostIR Host IRs
e 5

Kernel IR — ‘}E TAEH N 4 Tﬁ\

4 Split
Kernel IRs

g S

WU T4l AL AL [ 22

| EEENLAXE

-+ if] TR AU T R 46 1 [ 3
SR A 4’{ PUE A B B 1] 25

B2 #ZAEESERFIERE

2.1 HBBENZARRES
2.1.1 ARG TE S (data race)

XJ T OpenCL F2 )5 1M 5 , AR AE A [A] 1Y TAE W
s BRI TP T & 1 2 BRI I R 41
FEARAETE R, SRR (1) — N REX S —
WA B AT TAB S, 0 55— R E R s e T
MFER AL E 5 (2) XA R B — R 2
JEFHRAE , B0 X L N A7 AR SN S A 35 R 1Y
(3) BX S AE S AW JE 42 JR) 64T % 2B (global-hap-
pens-before ) 3¢ 3 1942 JR VR , B 2 AN T A2 Jm) 0 5
17k "= (local-happens-before ) & Z& By Ja) &R 5 /E
BN 2 AN AE A R B, ISR A 24 R SE T R A
JFR AT K AET B B, BIRI/R A X4 )R/ 5 N A7
A A A S A HRAEXT B AT LAY
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OB BAESE 1Y OpenCL 274 & B 24
BHIF R IATIS AT RES T 2 FhR B BUIE 5 45t
(1) Kernel f85 H () Bt 56 4, BI il 24N 41 3 &
AT I AR 51 A9 808 52 45 (2) Host AUHS Al
Kernel 1QRS 22 [8] Y 8080 55 4, BV el OF % AT 19
MPL R FIHARRZ AL AT Kernel fCR 19 TARETIS]
R o 77 A BB R TG AR IE OpenCL Hp E 26 £ 4
HYJEAT % A2 18 X (happens-before semantic ) , i 411 Ji
FHEAEREAS memory  device B[R HEAE,
W AN clFinish () #1 clEnqueueNDRangeKernel ( ) 2 2
9 APL BRI, PRI, e SR I 15 0 4 2 1 4% 28 1)
AR, FH LA BRIV FE B s 5, SR ORIE TR E
TERAE R NAEIT

K3 (b)) Fl(e) T & 3 (a) Az k% 4 1] [A]

scope
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ABTRTRE I LR 2 FhBE s R, A AR A
XHF B JE AR e AT AR B HENTA K A 7 —
TARZH BRfR]— MPIBERE IR 2 25 5% SE A AL AN [A) /Y
B EPATEE TR I e R e T A AR R SR AR, B

AT, i SHE Kernel fUIES & A B dE 56 4, 24 3
MPI JEFE P N BRAERN n SRR M Bt P #21E
] A ERAT IS, D25 PR Host AT Kernel %65 22 1] (1) 54
s A ]

0 SREHATH M ARVER n S0 P HERAE R

Host AR MR 0 B TAET &7 Mol g WEHA T

s i felpes el Dl 4L
AT HAT
Kernel i SRR AL L Kernel i
Gl el LR
" wennn :
R :
K?ltrglj g | O real K}ejrklgl J

AT o
SRl SRR Kemelj — ~rAAfedlZb

(a) %4 (b) ZA

B3 4 Kernel 7 Z&GLETERZAM, ATFERT MINFI P FEEFANZENE/BEITEEXRRM S~ ENEIERE SR

(©) A

2.1.2 HaPRSEAT RAETE X

WSR OpenCL R 40 7% — LU RERE 1 PR Se A7 & AR
T SCHRAE IR ATERS Z2 1 %4 53 & OpenCL Kernel
I, T Z AR R LT 2 28

(1) ¥ 25 LY B2 AE (device-side actions) ,
£ OpenCL Kernel 1, {#i i memory _ scope _ device
A [R) AT ) el T 4R A R & T 2R et T KRR
o PRI A SO T 0 1 4 Ry [6) 20 #AE AE
BAE, LSE BT A A I 2R e AT R A R &R, Hr,
4 Jay [F) 20 PR A 2 it 2o A AZ 2L )15 5 AL 2 N [ 20
P2 pREL (athread  syn) RSZILMY, 4 Jm I F-#54F
A0 AN 74 ok S, SEBRAN n 254
2.2 /N,

(2) ¥4 (host-side commands) , TE Host
A% L AT s —4H OpenCL APT H 4% Ker-
nel A& FH R, £145 Kernel A BA/45 % ( enqueue/
finish ) FIEE T SFAFRPATIKBOC R . th TAFEZ D
RREH AR 5 i i G 03X S i 4 Y DI BE , LA TR] i 422
il Fr A A% 4L, I A BN API clEnqueueNDRangeK-
ernel ( ) 5 Z& [A] BB Kernel 43 % 25 I A & 41T ) 8
PAT , H P 54> Kernel #5175 0] 47 72 1Y A A7 X 3, T
S5 API clFinish () W75 B2 S5 RF A 4 1) Ker-

nel BEFFPRATEE T, LA, w] LU TR E AL AZ 1%
PRARAST 3 A A BRAS 0 B[R] 20 A 44
2.1.3 B ENLNAZ R BEARAS  A

BORSEAT A AR T SR B4 7 vk ) I 4 1 i Ay
¥4 OpenCL Kernel 19 SRS R, H)E, 42 K
Kernel #1722 [A1 A 0GR B, X FP 7 a5l A
ANLERFAEAF AR B I A SCR T 85 L
PR B RS ARRE 3 B7 73 , R T B AN a6 B2 4[] 28 25
FrRfE,

5 EHLAAZ 23 Bt 32 28 T $2 B Host A1 Kernel
R ZIE Y RAW \WAR I WAW IR 0C R . A
LRI R R RN (sre  bb, dst bb)
stc bb 5(# dst  bb & HA NAX R/ GHAER
FEHLIEABE (host basic block,, Host BB) , B{# Ji Ker-
nel Ji 3 5 A H (kernel launch BB) . HAAKSRH, W
e sre _bb Hl dst _ bb H1 A —A>JE Kenrel J5 3l
AT B A F I 85 EHLNAZIY A SO H A3
32 BI(1) B BAR A OC 3R (one-kernel depend-
ence) , B4 st bb F dst  bb J&[f—> Kernel J3
A X REIRE R AL TR IMKE T Y Kernel ;
(2) ZNEMAS K 2R (kernel-kernel dependence) , Bfl
Horfsre bbb Ffll dst  bb J&2A[A] ) Kernel J5 sl 3EA
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P (3) EHLN AR OC &R (host-kernel depend-
ence),Hl stc  bb Al dst  bb # A —J& Kernel
Ja shAEA

BiE L BN BT

: PROCEDURE HKDATADEP (KernelLaunchBB k)
kernel < k. callee( )

bits, ., < Ctx(k) & Sum(kernel). MOD

set,,, < CixLoc (k). get(bits,,, )

set,,,.<— Sum( kernel) . REF

set,, < bb. users( ) for YV bb e set,,,

Dep,. add(bb, k) for Y bb € set, (i =waw, raw, war)
:END PROCEDURE

oI e Y T S

T RINIX 3 R Y B AL AZARE G &R
ASCEEN T8 1,258 530 ) Host-Kernel fil & 5
B 8] 2% 7 (intermediate representation, IR) , Jf 4
B Kemel 1S5 A S OURSE A JFHEAIL T AL

WA A3 B ] FH Y A b BRI G R

WRIEAY k BLAFEXT AR &8 M2 sl
BEART bb HPATR M OB AR, 24 bb B M BYE (]
PLFIGA k, AR M R WAW/RAW #8854 (bb, k),

WRFEAY kA& T X A8 MO fl, FEAC B
bb HLALE X M EEHRAE , 24 7E bb H M XS (Y € (H
ATLAFIIE b, WIAFAE—> M (% WAR K38t (bb, k) .

F1RR T XA 4 AR AT E ML BRI
WA G AR . B ST A B B12, X Kernel
PREC K2 i 5, 7T LAFS 3] Workset(k2) = {T,S}, Sum
(k2).MOD =01 Fl Sum(k2). REF = 11, X JH 5
SUBI2 M5, AT AR S Cx(B12) =11 DL K CixLoc
(B12) = ||Bl16, B3, B19}, {B8} |, Hitk, A&7
PR DA 3] E BN AR OC R (Bl6, B12) DL
(B3, B12) , ZNEZIKIIICR (B19, B12),

cl mem A; h(void *y)
main () {

{ cl mem C;
cl mem B;

B1: (void *)p=(void *)&B;

B2: if(...) ()

B3: clEnqueueWriteBuffer(A,...);
B4: g(p);

B5: if(...) p=(void *)&A;
B6: h(p); J

B8: clEnqueueWriteBuffer(C,...);
B9: (void *)z=cond?y:(void*)&C;

B10: clSetKernelArg(k2,0.y);
else B11: clSetKernelArg(k2,1,&C);
B12: clEnqueueNDRangeKernel(k2);

B13: clSetKernelArg(k1,0,z);
B14: clSetKernelArg(kl,1,&A);
B15: clEnqueueNDRangeKernel(k1);

g(void *x)

S

1
B17: clSetKernelArg(k1,0,&A);
B18: clSetKernelArg(kl,1,x);

B19: cl[EnqueueNDRangeKernel(k1);

}

_ kernel k1(__global int *M,N)
L
if(...)
N[tid]=M[tid]...;

v
s

_ kernel k2(__global int *T.,S)

f
B7: clEnqueueReadBuffer(A,...); 0 {

!
;

. B16: clEnqueueWriteBuffer(A,...);

" S[tidj=S[tid}+T[tid]...;
}

4 OpenCL =R 5

®1 E4BIRKRBS T

Kernel 47 B19 BI2 B15
FEARP Kk (g— kl) (h—k2) (h—kl)
set,,, ) {BI16, B3, BI9} {Bl6, B3}
set,,, {B16, B3} {B16, B3, {B16, B3,
B19, B8} B19, B12}

set,,, (0] {B19} {B19}|

18 Bl 3 HL N A 8 BOHE 4080 0 A, 3k DT A4S
Kernel $0AT3EAIR k, R P 2E 2 & 75 ZE7E Kernel J3
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I (B kernel ; entry () Z A1 Fl kernel ; exit ( ) Z
J5) BEAT [E2EERAE . DR, RO E SR AR S 2 LA
SEAFIy , A D EAE R BN Z AT AT IR - (1) 47
TEMRABE R (bb, k) 5 (2) syne S HIBIFEM bb F k
BN AR ERE—[RE A L EAEN BT Z R
BEATFE RS - (1) FEAEMRIOE & (K, bb) 5 (2)
sync A& HELFE N k FFOR B B AR L el —[m] 2045
YE. 5 JER 1 X 3 R OC R 04T 70 T Ui 75
B LB R HARAE
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O @
0®‘

=B W ©

sync (1] B4 AF
() FELERIG (K, k)
(2) k->k B EME—
(a) HLNZ MRS

sync [FJAEEAAF:
(1) FFAERKIB (K, &)
(2) ky>k, HEME—

0 1

(b) Z WAL

sync [FJL 225 A

(1) FEAEARIB (b, k)

(2) b,->k B AEME—
() NI RZAR I

BE5 ETEINAZNKRRSTRIMNALENRSIRE

2.2 REBAERK

Xt T EHUCHD, T Z [ sh A0 3 #5531 EHLR
B, BV T U5 In) P AE A8 B A5 38 MPT a2 4
PR EAE RIS B, B, WEAEENL 0 5 MPI
FERTIAA el mem X AOEHE S FCERAE O BLA%
il HA 32 MPT JERR A BE U )ik B X 4 Hovk, Hofh
() MPT 3B 72 (B R2 1 MPT #E 22 ) [A] R 45 22 3 8%
M MPE ||, FZAPRTEA MZH N IZ B O
e LR hAT Kermel f0AS, )5, @it 2. 1 3515
BT, FEA R EHURED AR A B R A4, Ho,
OpenCL 1) Kernel Jii 21047 API A LU athread J
LR FLER S, 1E MPE iz 4744 MPI BER
AR 4 athread 2 v 01 2 2k #2 41 pR X (athread
spawn ) 14 Kernel 43 & FIAHN Y CPE L, [RI, 7653
M IR B A R 6 B AV A i S s B ZE S R R R 1
PREL (athread  join ) A% 41 [1] [ 25 pRi %K (athread
master _ sync ) RKPAT A4

Xt T Kernel {65, 48 T 41 46 36 o 17 %8 S 9%
O A TAE B S Mo A BT A AL 1, ok Xt
OpenCL Kernel 1 ] F 4b B J5{ F Fl barrier #4411y
memory _ scope _ device , 18 i A5 UL BS A2 4H 1Y 42 JRy iR
F 1 barrier #RVERSZI . HAKK UL, 4 /) IR 7 #4E
S A SR A R A8 B K B B ok S
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An inter-CG collaborative OpenCL compilation method on

the Sunway TaihuLight supercomputer

WU Mingchuan™ ™ | LIU Ying" , LI Limin", FENG Xiaobing * **
( " State Key Laboratory of Computer Architecture, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing 100190)
( ™ University of Chinese Academy of Sciences, Beijing 100049 )
Abstract
In recent years,demands for high performance computing has been increased significantly in various scientific
domains. How to effectively utilize the computing power of the new supercomputing architecture has become a re-
search focus. The homegrown Sunway TaihuLight supercomputer adopts the homegrown heterogeneous many-core
processor SW26010. In order to efficiently use the computing power of the four core groups on the SW26010 and re-
duce the difficulty of programming, an inter-CG ( core group) synchronization generation method on the Sunway
TaihuLight is proposed, and the inter-core synchronization generator based on SWCL OpenCL is designed and im-
plemented. This method proposes data dependency analysis across OpenCL host and kernel to identify the necessary
synchronization operation, and uses memory intersection of SW26010 to communicate between core groups, which
reduces communication overhead and ensures that programmers do not need to use the message passing interface
(MPI) for explicit control synchronization. In this case, one OpenCL Kernel program is automatically deployed to
multiple core groups. Experiments are carried out using the OpenCL test cases in SPEC ACCEL 1.2, and the re-
sults show that the acceleration effect of this method is significantly better than the traditional MPI implementation
version.
Key words: OpenCL, homegrown many-core processor, heterogeneous system, synchronization, data depend-

ency analysis
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