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Abstract In recent years, with the tremendous development of the integrated circuit technology, it is possible to
integrate multiple processor cores on a single chip to accomplish more complex and large computational tasks, and
the processor architecture has evolved from single-core to multi-core and many-core. However, there is also a
bottleneck in improving performance by means of blindly increasing the cores of same type processors. To further
enhance the computing power, there has been a trend towards heterogeneous system architecture, which can provide
more powerful computing power and better performance-to-power ratio. It has become the industry consensus that
the programming model is one of the bottlenecks restricting the development of heterogeneous systems. The Sunway
TaihuLight supercomputer is the world’s first system with a peak performance greater than 100 PFlops, equipped
with a homegrown heterogeneous many-core SW26010 CPU that includes both the management processing
elements and computing processing elements in one chip. With 260 processing elements in one processor, a single
SW26010 provides a peak performance of over 3 TFlops. On the other hand, large-scale scientific and engineering
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performance challenge. How to fully utilize the computing power of the homegrown heterogeneous platform to
achieve high performance of critical applications has important academic and practical value. In order to reduce the
difficulty of programming, while improving software portability, we design and implement an OpenCL Compiler for
the SW26010 processor. Based on the OpenCL programming framework and the microarchitecture of the
homegrown many-core processors, the compiler provides the mapping mechanism from OpenCL platform, memory
and execution model to the SW26010 many-core processor and implements thread coarsening, data layout and
vectorization optimizations for the homegrown many-core processor. This paper implements the source-to-source
compiler system based on Clang. The compiler translates OpenCL programs to the local low-level programming
language for the processor, and calls the local compiler to generate high-performance binaries ultimately. The results
of preliminary experiment have shown the correctness and effectiveness of our compiler. The performance of the
typical OpenCL application which is compiled by our compilation system is significantly better than the Intel Xeon
Phi and comparable with the NVIDIA GPU in the small and medium input size; it is slightly lower than the NVIDIA
GPU in the large input size, for the limitations of SPM.
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constant memory, H% SUZFTE CU #nT LE B0
A GEEHECRED FNAFXE, P 2] 17
local memory /& CU #AF, KLY 2] CPE (15
174#% SPM; private memory & PE FAf, HRER|
fiT7E OpenCL ¥ &S MWL, SRR 1 PE BUPIAH
WL 77 5, — MR e AR BT R R R
CPE, —FifE M ST K Hms Jy CPE 1Y
—/N SIMD lane, [t private memory 3 AH N fit ik
WA CPE WbrEZTAEa. BUH M8 2748 I —
Pa



R4 b id ke 5F 5¢ &, host memory . global
memory Al constant memory i i malloc 1] & 4t Hi i
LR B T AFE 2 H ;s local memory it
athread #1 Idm_malloc H1% 73 J= 77 2% [ private
memory NIl f1 4 % 28 0 L B B A fEde T, X4
TATARBTIEAS R B AT BRI, TEASCHR
FRY T 17 [E] P2 A AZ AR B 2% ) OpenCL Zmidasrf, A&
(R bk 23 B A7 ) A S B 302 s K __global S
FAMN AR AR /AR R, RNz A7
JAE host A1 device 7 #ER W] WK EAFEZF(A], host
memory 5 device memory 2 [a] (5L, @i
host Fil device P27 [FIR 5 %4 R AR & ScHl, AP
clEnqueueWriteBuffer # clEnqueueReadBuffer %%
host iy & EE I BE AL S, A4yl & R E
YEEVIH, ATHEZERERIES): ¥__local K
FAB AR B ARy thread local %8~ & i 1)
R, R ZEHREX A AL R A7, local
memory 5 global memory/constant memory 2 [#] ] %
Pttt BB A athread_get F1 athread put
B, UL DMA 77 S BOE E A7 A= S A4k
Z Wi #s); _ private (B E, {EZFE0H
B EA RS, midxt SPM ORI A E BT
load/store #{E, SZIL5 local memory A1 global
memory [ L5 .

3.3.1 SPM £ dfa At RifliAL
SW26010 4b ¥ %% I CPE FAfH I )& 35 47 it
(SPM), EARERM. % KHIMLA, SPM [
AR, RIREREF IR BRI R —.
I, ARGk RGTE NS LG I FE B STt
T SPM T FEM AL, BITE SPM 28 18] 78 2 [ 175
LR, ¥4 global memory H 1% HE i@t DMA 177 2
local memory 1.,

B, WiEX) kernel AATGH_ global J& 1 ik
PIVTAFAT AT, R H U7 ) AT vy LI e 4
i ] K, RSN DMA A4 21 5 47 105 5 5085 .
kernel A5 0] 7 24> 70 3 BB 9V In)
MR E BS80S e & T Ay B
Se MRS AT, WA E SO SR
KRBV R, A DMA A5 AR £V il
REA AR 2BV A PR . o, X F—A kernel
U ) B X P s U A EOE, 78 kernel ARG
AP R AE S 350 DMA T8 A5 AH B [ 2005 M global
memory X E] local memory, 7E £ 48 F (47 B SO
{4 local memory P4 FIAH RN s, TF5 5 RS 1S 0
DMA iEAJKE 1T 45 N local memroy f%[5 global
memory FIFHINAEH. I FE 6 (a) Fiw.

2 kernel PN 132/ 5 AR v I B B OK B T
SPM ZE T, FRATRIUEH LA 77 2020k s 2
FEAEN SPM. . FRIZHE. W FE 6 (b) AR,
FEFEREDT B =4 as by ¢, a ErdliAT i
W, b BTN, ¢ BAATE, HdEEEd
SPM K/ (SW26010 [ — M iFEAZ LI RGEN
64KB), 1X HU¥ b ZZH u R /- fitHhise A SPM J: 147
.

#define T 64

#define I 64

__thread local volatile unsigned long get_reply, put_reply:
__thread local int my_id:

__thread local float a_slavel[Il,b_slave[T1[1], c_slave[Il:
extern float alJ]1[1],bL7ll1]. c[11[1]:

void func()

|
\athread_get (FE_MODE, &b[0][0]. &b_slave[0] [0], J+I+sizeof (float), (void+)&get_reply.0.0.0): :
| while(get_reply!=2): !

for(j=0: j<1: j+)
{
for (i=0:1<1:i+)
¢_slave[j] += a_slave[il+#h_slavelil[jl:

g N
| put_raply=0: |
jathread put(PE_MODE, &c_slave[0], &clmy_id] [0], I*sizeof (float), (void=)kput_reply,0,0): |
| while{put_reply'=1) - |

pooTTTTTTTmm T LS oo e
(a) FERFRABIESPMAN (EEHHSPM)
#tdefine T 256
#define 1 256
#define gap 32

#define 1s (I/gap)

_ thread local volatile unsigned long get reply,put_reply:
__thread local int my_id:

_ thread local float a_slave[1*1g], b_slave[gap*I], ¢ slave[I#ls]:
extern float al[T1[IL. bIT1I1], c[T1[11:

void func()

{

get_reply = 0:
athread get (PE_MDE, &a[my_id*1<][0], &a_slave[0], I*¥ls+sizeof (float). (void*)kget_reply. 0,0,
R e

0):
r SHEBIFHETE
get_reply =0: T

while(get_reply'=1):
for (k=0:k< (I/gap) :k++)
{
- I
|athread get (PE_JDE, &b [k#gap] [0], &b_slave[0], Trgapssizeof (Float), (voids)&get_reply,0,0,0)
. I

______________________________________

for (7=0: j<I: j++)
for (11=0:11¢<gap: 11++)
{
i = k#gap + ii:

for (pp=0:pp<ls:pp+t) //here for is better than list
c_slave[T+ppt+j]l += a_slave[I+pp+il+h_slave [1i*1+j]:
}

}
1
put_reply=0:
athread_put (PE_MIE. &c_slave[0]. &c[ny_id*1s]1[0], I*ls*sizeof (float), (void*)&put_reply, 0. 0)

’ while(put_reply'=1):
}

(b) HEFRKTSPMAN CHefis 2 L HISPM)

6. SPM a1 R Ak 7~ 51

3.4 OpenCL $HUTHEEIE] SW26010 AbIE 28 A R%RST

1.3 /NAEATIR, OpenCL $hAT#E R & LT
work-item. work-group. NDRange, PLI&ZEA1Z 14
[FIZHZA% & Ho work-item /& OpenCL kernel 1
INPAT AL, MRS ZRFEEAL, work-item AT TE
PE I; work-group HIAI4RIAAS (HLAY{E 10%-10")
work-item F4 %, X L& work-item 2 [8] 38 A7 7E S
{5 5 R, work-group #4477 CU E; NDRange



HH A4~ work-group 4%, 1X £ work-group 2 [A]J 1T
AHE47E 15 5 A5, NDRange #4477 OpenCL
device F. FA1# Eik OpenCL AT R AL i i 31 1
SW26010 4bF & HTHELER AR, anlEl 5(c) .

£ 3.2 Wi/ 4HK) OpenCL ~“F AR g1, Fi
7K OpenCL device it £ SW26010 Zb3 &% — 4%
HARsHAZ O T, Hit NDRange 046 it 5 5]
CPE cluster F#47; CU BRi#izH k%0, Hit
4> work-group #U AT E CPE b PE BRI 4>
HNFFIETE, dArEPATH T 2] CPE L, &
PATIEA WS ] CPE BJ—> SIMD lane I,
W VEAA AR IX AP 5 B 5 6] B R P A T 55 28 e
SHLA .

R EHATIHF R, CU Ml PE #BILSH7E [ — 4
CPE I, [t work-group H'—> work-item $h47 7
i% CPE L}, work-group H i) At work-item #f4b
FEEFRRA, Wt &3, work-group )
work-item 1% PA— & PIF AR R BAT, i 6(b)
Fimo TEREHATE T, CU MU #E—4> CPE L,
PE i+ #E CPE fJ— SIMD lane L, g1 T4~ CPE
# C FF 256bit HE 1A & A4k, Bk 7E A
int/float/double %53 W& 488 AL AT U5, SIMD
AR R4 4 B 8 ANiEIE, B [F A 4 5k 8 > PE
Wi B[/ —A> CPE . fEIXFRHELL T, work-group
th i 4 85 8 > work-item [FF 44T, work-group
AR work-item Ab T EERPIRES, HiZ UL,
work-group F1) work-item ¥4 LA 4 5% 8 N A—4H %
HIAT, A work-item R AT, AR
work-item LL— & [P IR AT, WK 6(c)is.

work-item
/

work-group
HN NN

(a)OpenCL

work-
group

(0]

I

(b)br A

wor k-
group :I:”:”:”:‘ :4_' vector

(c)r R

Pl 6. $AT A H B4 work-group [ BIRLE

3.4.1 ARSI

WIRATFTE, fEArEPATH T, OpenCL #£/7
1] & /> work-group # i 17 7/£ — 4~ CPE L,
work-group W ¢ work-item & /X 047 7E 1% CPE L.
SR, SW26010 42 2% thaEMZ 4L 64 A~ CPE,
% 3] NDRange 7% £ % £ T 64 1~ work-group,
A work-group J& Bl — AN R FRR I AS T 1 AR
G BB, AN R Gk — P S
T —ANEREYRE — A CPE. 14T £ work-group 1]
Pefb . 25 R8BI B v, FRATT I Bk AH AR 1
work-group & HHAT, WK 7 Fros.

NDRange: SW26010:

B850 6080 6000006 | 28] = [ =1 [ sa] 22| sa | = [ 2
s siesi=sississi=sivsss|AE0 EE] B ENEIEI D
s aleswaj=siwatesi=afss|AE0 E B E EETEIE
s siesj=sississi=sissss|AC0 EED B ENENE D
B985 6080 6080606 | (28] =8 [ =1 [sa] == | sa [ =x [ a2
B85 6080 6080855 | 8] = [ =1 [ sa | 22| sa | =1 [ a2
= sf=sj=nlssissi==v=iss|AE0 EE] B ENEIEI
anjanianinsississis=is= i R L EHENEN

(@]
0
m

work-group

7. A EGHMNTREE
work-group & FHHAT, EWFE work-item A
RE IR 7 S AT 8RR AR AL R DG
1EF B & work-item 75 #7748 4 . 41 1.3 /)15 OpenCL
PATHERLFTIA, NDRange H1#) work-item J75 7] LA



KPR AT DU B ) 3Rk 7 X R RRIETT
5 work-group £iE 7. X FaRRETT, FAT
B H A work-group RiA 720, A 8-9 iR
XT T work-group 1A 77 3., AT group 1D WL £
F5 )9 0~63 ¥ CPE L, #nf& 10-11 Fiizr.

| _ workgroup_size[0] = globalSize[0]; . 15 group-size
| —_workgroup_size[1] = globalSize[1]; /
;__workgroup_size[Z] = globalSize[2]; |

if (__workgroup_size[0] * __workgroup_size[1] * _ workgroup_size[2] > N) {
__workgroup_athread = __workgroup_size[0] * __ workgroup_size[1] *
__workgroup_size[2] / N;
__athread_max = N;
Yelse {
__workgroup_athread = 1;
_athread_max = __workgroup_size[0] * __workgroup_size[1] *
__workgroup_size[2];

| athread_spawn(naive_kernel, 0); |/y R
i_athreadjoin(); I

| _thread_local int __athread_id; I—> Lk fEid
Extarn'size TylobalSTze[3]; —  ~
externsize_t__workgroup_size[3];

void naive_kernel() {

i+ Hgroup id

for (__this_group_id = __athread_id * __workgroup_athread;
__this_group_id < __this_group_max; __this_group_id++) {

- __group_id_y = ((__this_group_id - __group_id_x) / _ workgroup_size[0]) |
I % __ workgroup_size[1]; I
| _group_id_z = __this_group_id/__workgroup_size[0] / __workgroup_size[1];

1

.
}

K 9. 2 JRRIETT At SALRE WU R 1

[rm 1
- __workgroup_size[0] = globalSize[0] / localSize[0];:

! __workgroup_size[1] = globalSize[1] / IocaISize[l];!—V 15 group-size
| __workgroup_size[2] = globalSize[2] / localSize[2];]
if (__workgroup_size[0] * _ workgroup_size[1] * _ workgroup_size[2] > N) {
__workgroup_athread = __workgroup_size[0] * __ workgroup_size[1] *
__workgroup_size[2] / N;
__athread_max = N;
Yelse {
__workgroup_athread = 1;
_ athread_max = __workgroup_size[0] * __workgroup_size[1] *
__workgroup_size[2];

| athread_spawn(naive_kernel, 0); |/y AN
i_athreadjoin(); |

10. work-group ik J7 A2 Hl A% 2 7 4 7 4

extern size_t globalSize[3];
extern size_t __ workgroup_size[3];
extern size_t localSize[3];

void naive_kernel() {

i+ % group id

for (__this_group_id = __athread_id * __workgroup_athread;

__this_group_id < __this_group_max; __this_group_id++) {
|_group_id_x = __this_group_id % __workgroup_size[0]; T
i_group_id_y = ((__this_group_id - __group_id_x) / __workgroup_size[0]) I
. % __workgroup_size[1];
|__group_id_z = __this_group_id /__workgroup_size[0] / __workgroup_size[1]; I

for (__local_id_z = 0; __local_id_z < localSize[2]; __local_id_z++)
for (__local_id_y =0; __local_id_y < localSize[1]; _ local_id_y++)
for (__local_id_x =0; __local_id_x < localSize[0]; _ local_id_x++) {
! global_id x = __local_id_x + __group_id_x * localSize[0] ] e
| global_id_y =__local_id_y + __group_id_y * localSize[1] '1_>global id
| gtobal_id_z=_ local id z + _group_id z * localSize[2] ;;
kernel();
}
}
}

11. work-group ik J5 s AL R P WL 7R 4l
3.4.2 EAAL

WATTE, 7fEREPATHECT, OpenCL #£/7
&4 work-group #EHATE—/> CPE L, %
work-group 1] work-item ¥4 LL 4 5 8 N Ah—4H >
HAT, N work-item L SIMD 3 & 04T,
2z [ work-item BA— & BINFARIRIAT « H K
AT ) work-item B] LA 7 73 FIH CPE [ 1m) & 1+ 5350
fF, AR MRS T SR, XA R
PAT RIS LA, 75 229 3 48 18T 520t work-item
Z (A ) i A AR S

work-item 2 [8] ¥ ] EALARAL QN ] 12 B, W]
PAGr LA R AN D ER

e, AT work-item FEFE]. GOHTATA,
EREHATE R F, work-group H1 ) work-item R
A LL for. while-do % 1/ £ 45 ¥4 il )Y 44T . 1E
work-item A i FEH, ZEEA AT work-item JEHE
TE], KIS 4 5 8 MEIRIERK 0 ~—4L,
BIAHARIT 4 DN EL 8 4> work-item &3 —4H, FHE
2H N work-item ] local ID # #y index>4+x(x=0~3)
&Y, index>8+x (x=0~7).

A, 4 work-item WS, KR A RRES
RIF: 4l intva/floatv4/doubleva 45 [H 2K, [H]
B EZ M EERMNmirESE R AR BT
SWCC 1] SIMD Xf#5ifk C Wiz HAFHAT T 7,

Bln+, —= /S8 ST AT DU T 3Rom 3 i R 4

2 AR, bk, 2P RIS R BRI bR &
AR 5N e ELES ARS8 15 1 8 ) P e S5 45



VERR AL, Horpbs i 5 v 5 A) ) St $54F BR 5 4 «
THELE SIMD #1E 2 BTN simd_load 2535 A\ 4
VERRBEk % simd_set_floatv4 S5t {E 15 & H1E B3,
H AR SR A A B B 2k AR & by 7
SIMD #fE5E 2 J5, EFEZENIN simd_ store Z547
fig VB PR A B R AL AR B i [l AR R A AR

|

| global_size={256 / 4};

|
global_size={256}; | global_size={256 / 4};

I kernel code:

| float a_slave[256],
b_slave[256][256],
c_slave[256];

|
kernel code:
| float a_slave[256],
b_slave[256][256], |
¢_slave[256]; [
|
|

kernel code:

float a_slave[256],
b_slave[256][256],
c_slave[256];

intid = get_global_id(0); intid = get_row()*8+get_col(); | intid = get_row()*8+get_col();

o= | nE
|- floatvd vb,vc; - » %A
for (j=0;j<4; j++) { ve= (floatv4)0.0; | 7R

:fur(i:O;i<256;i++){

c_slave[id] += a_slave[i]
*b_slavel[i][id];

c_slave[id* 4 +j] += |
a_slave[i] | vc+=a_slave[i] * vb;
*b_slave[i][id * 4 +j]; |
} : } R BRAERM
} =i e 1.,
|Lsimdfstore(vc, &c_slave[id*4]);

................. ]

(c) R

[
|
|
|
|
|
|
|
|
for (i=0; i <256; i++) { : for (i =0; i <256;i++){
|
|
[
|
[
|
|
|
[

(a) FEFETRAZIL (b) work-item& F+in dexZE

12. [ EAAA R

3.5 JBEMEEHRIER

OpenCL-athread 1 S b Eeid ik i 77 3= 41
%8 %5 OpenCL fUHS ) AST 5 /45, K5 OpenCL ¥
f i) AST A5y athread ik i e % () AST .

WG, FEE ) OpenClL-based AST, 3k %
OpenCL APl 5%, OpenCL C <., A #EAFI
WK AL, @id TransformOpenCL Z5%F AST #4T
PRSI, Vi in) Decl (declaration, 78§ ). Stmt

(statement, i&%)) F1 Expr (expression, FiAz)

S RMBERT AL FRE S WIS AL DeclStmt A RR %L
P A CallExpr. £EXF CallExpr ¥ & 137 [l o,
it o AR T BR 0 bR 44 VL IRE OpenCL HJ AP AT
PR E. TR )T DeclStmt 15 fi b, X AR 2 A 2%
R SAE R EAT LR, #k3] OpenCL C ()58 T
TP G H A, IR FHAH N ) B 46 oR B3R AT AR He

HWK, NT 4K athread-based AST, A& RGix}
AST 1 mUHAT 79 &, A LARIX athread 7 .
P U 2 TR 410 athread B R IA A7
fitt = A J@ M, ARG VarDecl 22 & 75 mH
StorageClass J& 170 7' __thread_local. __thread
% athread 7t (A1 )@ M, JFAH N B9 SEBL T 1E
VarDecl 15 g HH5 B AIME 40X L6357 Ja 11 () 45/ R 2
Btxf athread [F) fE 2R, A R Geal i 4k K Y e ) 52K
A ExtVectorType , #it [ athread FEf[m] &4
SIMDType, FH$2ft T ExtVectorType 5 SIMDType
) 3% 46 o 25 DA B B1) 3 A IV ) 2 R R 1 ) PR # A 1R

. EXt athread FEf APl pREL, ARG T
CreateAthreadInit 55 &%, FT-H4i& athread_init 55
athread 22 B (1) CallExpr ¥ &5, 77 {5 5 4 Hfsi He o
AT

= 2. athread-based AST # &

i PSi=4 »H
athread_init _ thread intv4
athread_spawn _ thread_group floatv4
athread_join _ thread_local doublev4
athread_halt _ thread_local_fix uintv8
athread_get int256
athread_put uint256

B, FATRIFH B3R AST 75 151 athread 37 &,
¥ OpenCL-based AST ' OpenCL API 5% .OpenCL
C Ry, WERELL LN @R, iy
athread-based AST . 8N #2445 OpenCL 5 athread
I R e 8] (R 4 o BT R, Bk R A
7 3 . fEi ) AST JF4k % OpenCL o< HE DL
S APl R¥E, BRI transform BREL, X
OpenCL S8 A1 host-device 2 [ i) 53 A% 4 -
kernel RIS BUME AR ST . SRELCTAETR
S REIEAT AST B4, XFT athread JErh KA %
151 get_global_id. get_local_id %5 OpenCL % &
e, WAL workltem_size  /workGroup_size
/global_size /dim 550 G 56 e 4 .

%< 3. OpenCL %/ athread MNiRIRIZEERIEE R X R

OpenCL athread

clBuildProgram athread_init

athread_spawn 81 £ FE41

API clEnqueueNDRangeKernel
athread_join ZkF&$4T
clFinish athread_halt
__global/__constant 4R
Piea
__local __thread_local

MR | int4/floatd/doubled intv4/floatv4/doublev4

get_global_id/
X N 4E BE ) work-group

get_group_id/
fwork-item 2% 5| 45 i

get_local_id

W% | get_local_size/ workltem_size /

get_num_groups/ workGroup_size/
get_global_size/ global_size/

dim SEHHE N R

get_work_dim




4. LWEHH

41 XHFEEMRAH

N T BIEASC OpenCL 4k REHIA Bt &
MIAE - R 2 ot kAT 75236, 5 Intel
CPU(Xeon CPU). Intel MIC(Xeon Phi)fl NVIDIA
GPU(Tesla K40)i#t17 7 *fEt. HA1, Xeon CPU Al
Xeon Phi f§ ] Intel SDK for OpenCL™ Applications
XE 2013, Tesla K40 fii i CUDA 7.5, SW26010 i
FA A 3¢ OpenCL 4w ¥ & 4, SWCC WA 5K
5.421-sw-495. SEG - 65 BRI g 4
Fizs.

x4 LWTERER

ey i TR FH(GHz) W H OB D
(TFLOPS)
SW26010 260 core 1.45 3.06
Tesla K40 2880 CUDA 0.745 4.29
core
Xeon Phi 57 core 11 2.01
Xeon CPU 64 core 2.13 1.09

A6 TRk A 323 OpenCL Ml 4E parboil
H IR 1] sgemm, HLIhRE R RS, JREE
X NVIDIA GPU Ky, FH GPU shared
memory AT T/ Hit 5.
42 TWHERS 5

SEEG R, BRATTHIEGAIE T A OpenCL % i¥ R 4t
() IE R e A R

16 IE B 1 5 AT L sgemm A, H N
OpenCL 27, &id A9k RG A ET
athread 2 fIFE /UL 7E SW26010 AtZAbFESS Fig
ITE R 5 OpenCL f2/Fis /745 - —50, Ui A
BFERAMIEMTE B 13 45 H T ARG R Henl
JEARRS T EE, B 13 (a) M) OpenCL kernel
PR, 13 (b) - (d) NLAKHZF RSk
A BRI slave AR65, A =ANMEA: B 13 (b) NS
T 34 NTLREAASRI: B 13 (o) NTE(D)M
Behih BT T 3.3 /NI RAAAG: B 13(d)NTE(C)
ARl B T 3.4 NI R . 1ZSRERER
] OpenCL F& /7K H A % ¥ R Gt fig o 8% ia 1T 18
SW26010 Atz AbEE# L.

TEPERETT T, FRATEAT T WAL SEES, o oeiisk
ff) & 4 OpenCL % ¥ 5 4t Hh % 0 A0 A5 B 1) 1 e
(SWCC HI4PFIE I N-02) . AR 3.2 /N7 OpenCL
SPGB RN, 1 BB AT T SW26010 (17— A
AR T G755 . AVHAT T A

TR AR, 55 64>64, 128%128. 2565256,
512>612, 1024>1024, KRN T 3.4.1 PNTHIZE
RHGMA 3.3.1 MR 3.4.2 /N )
BRI R RERE M, HUCREMAL. HEE
A= B athread AR AE 21 g5 R w1l 14 Fow,
=AM IR T B TR g, ZE VYA TS
BT 23 I3RS 47%, 119%. 469x%, 433x, 2451k
Reinid. Hrb: 341 NTLREAGRIIRE T
1.27x%, 1.15%, 1.06x%, 0.99%. 0.96>fK]: fE i .
LR FRAH A A AL B SRR Tl T R 22 IR A B i)
TR, TREE ARG, — work-item P
MIVAE A I SRS R, ZRFR 3 S T8 o B ik
AT R E ek, DR el kR i ek . 3.3.1 71y
FT ) R AFARAAE LR FE A & () Bk b i JR A7 A A
BIEREINEIA S 34.8%, 61x, 288x%, 311x. 200,
JRAEARAC I & R IR T2 T global memory [FI15
15152 2 P /v L =y g R R S 7 | PR PS N 0
RN EE RO, (HIRATHE R R, S EIA
1024>1024 F, HELLFIEIRAG /N T, X5 &R
AT OB BRI N SPM 5%, iR ER N T
DMA FF843H8/> 7 SPM WINEHREH, X S8
AL 1] P 58 G T S5 B R R T SRR 5 /N T AH XS
AN BB SR . 3.4.2 NI R BAL R AL AE LR R
HE AR _Ehnig Lhik 3 47=, 118.8x,
468.7x, 432.8x%, 245.1x, Kz B floatvs
ff] SIMD 54, SIMD bt 7 itEReR. ¥k
M RE S s T OB RIIL 10241024 15, 572 SPM
BRI, SUEHEEE RN SPM, X5
B 5 mE B BE AT SIMD BN He .

S, AT A OpenCL ik R4 5 H
fth"F & 1) OpenCL % R G HIPEREIEAT T et A
% EG o [FIRE DL 64564128128, 256>056.512>512.
1024x1024 £ R+, AT TR ER T &
—_GPU “F4 (NVIDIA Tesla K401 Intel Xeon Phi
-4 (PHI3120%). Intel Xeon CPU (E7- 8830°) F
&, XSG EATH OpenCL FE 5t i2 k4T
THENENAL B RIS, 1 SW26010

! NVIDIA Tesla K40.
http://www.nvidia.com/content/tesla/pdf/NVIDIA-Tesla-Kepler-Family-Dat
asheet.pdf, 2017

2 Intel Xeon Phi. https://en.wikipedia.org/wiki/Xeon_Phi, 2017

8 Intel Xeon E7- 8830.

http://www.intel.com/content/dam/support/us/en/documents/processors/xeon

[sb/xeon_E7-8800.pdf, 2017
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#define] 64
#define | 64

__thread_local int my_id;

extern float a[J][1],b[I][11.c[I1[1];

__kernel void simpleMultiply
__global float* c_slave,
__global float* a_slave, intij;
__global float* b_slave ) float s=0;

{

void func()

intmRow = get_global_id(1);
intmCol = get_global_id(0);

my_id = get_row()*8+get_col();

for (int i=0;i<64;i++){ for(j=0;j<J;j+H){

for(i=0;i<l;i++){
}C[my,id][i] += a[my_id][iP*b[i][i];

}

c_slave[mCol*J+mRow]=c_slave[mCol*J+mRow]
+a_slave[mCol*J+i]* b_slave[i*J+mRow];

__thread_local volatile unsigned long get_reply;
__thread_local volatile unsigned long put_reply;

#defineJ 64
#definel 64

#defineJ 64
#definel 64

__thread_local volatile unsigned long get_reply;
__thread_local volatile unsigned long put_reply;
__thread_local int my_id;

__thread_local float a_slave[l],b_slave[J][1];
__thread_local float c_slave[l];

extern float a[J][1],b[J][1],c[J1[1];

__thread_local volatile unsigned long get_reply;
__thread_local volatile unsigned long put_reply;
__thread_local int my_id;

__thread_local float a_slave[l],b_slave[J][1];
__thread_local float c_slave[l];

extern float a[J][1],b[JI[1],c[31[1];

void func() void func()
intij; intij;
float s=0; float s=0;
floatv4 va,vb,vc;
float temp[4];
my_id = get_row()*8+get_col(); my_id = get_row()*8+get_col();
get_reply=0; get_reply=0;

athread_get(PE_MODE,&a[my_id][0],&a_slave[0],
I*sizeof(float),(void*)&get_reply,0,0,0);
athread_get(PE_MODE,&b[0][0],&b_slave[0][0],
J*I*sizeof(float),(void*)&get_reply,0,0,0);
while(get_reply!=2);

for(j=0;j<J;j++){

for(i=0;i<l;i++){
c_slave[j] += a_slave[i]*b_slave[i][j];

}

put_reply=0;
athread_put(PE_MODE, &c_slave[0], &c[my_id][0],
I*sizeof(float),(void*)&put_reply,0,0);
while(put_reply!=1);
}

athread_get(PE_MODE, &a[my_id][0],&a_slave[0],
I*sizeof(float),(void*)&get_reply,0,0,0);
athread_get(PE_MODE, &b[0][0],&b_slave[0][0],
J*I*sizeof(float),(void*)&get_reply,0,0,0);
while(get_reply!=2);

for(j=0;j<J;j++){
ve = (floatv4)0.0;
for(i=0;i<l;i+=4){
simd_load(va, &a_slave[i]);
vb=simd_set_floatv4(b_slave[i][j],b_slave[i+1][j],
b_slave[i+2][j],b_slave[i+3][j]);
Ve += va*vb;

simd_store(vc,temp);
c_slave[j] = temp[0]+ temp[1]+temp[2]+temp[3];

put_reply=0;
athread_put(PE_MODE, &c_slave[0],&c[my_id][0],
1*sizeof(float),(void*)&put_reply,0,0);
while(put_reply!=1);
}
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Background:

The Sunway TaihuLight supercomputer is developed by the
National Supercomputing Center in Wuxi, the first supercomputer
which provide a peak performance over 100 PFlops in the world,
ranking the first in the Top500 supercomputer in June this year.
To achieve the autonomy of the core processor, the Sunway
TaihuLight supercomputer equipped with the homegrown
heterogeneous many-core processor SW26010, which was
developed independently by China. How to reduce the
programmers' difficulty of programming and improve the
portability of the software has always been one of the main
challenges in high-performance computing. Some researches
OpenCL to C

source-to-source optimization, as well as runtime libraries for

provides translator  which  implement
OpenCL API functions. Some other researches designs the kernel
code compiler, which based on hardware features of the target
platform, to do thread merging, vectorization and other
compilation optimizations to kernel codes. But there are still
some flaws within these system, such as how to provide OpenCL
support for heterogeneous computers with new architectures. If
we use these compiling framework to support homegrown
heterogeneous many-core processors, we have to change the local

compiler on the domestic heterogeneous many-core processors
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and runtime libraries for platform’s specific.
To address those problems, this paper designs and
SW26010

heterogeneous many-core processor. The compiler provides the

implements an OpenCL Compiler for the
mapping and optimization mechanism from OpenCL platform,
memory and execution model to the SW26010 many-core
processor, and ultimately generates executables with excellent
performance. The results of preliminary experiment have shown
the correctness and effectiveness of our compiler. The
performance of the typical OpenCL application which is compiled
by our compilation system is significantly better than the Intel
Xeon Phi and comparable with the NVIDIA GPU in the small and
medium input size; it is slightly lower than the NVIDIA GPU in
the larger input size, because of the limitations of SPM.
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