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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
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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
calculations such as earth, ocean, atmospheric system modeling and other critical applications are
facing with the big performance challenge. How to fully utilize the computing power of the home-
grown 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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T /N B OT R CPE AR A — A ) & 3 18
(Single Instruction Multiple Data lane, SIMD lane).
I . OpenCL F & & 8 b (1) PE, BE AT DL B 332
SW26010 E#) CPE. s a] LIgtf Jy CPE L SIMD
lane. 7EAN [A] 9 B 5 75 20 - OpenCL A £7 45 B F1 A
A4 T 1y e 55 0 B 2 R AR A A AT AE 4.3 A
Ao NI VPR I 2E R
4.3 OpenCL H7EEEIZE] SW26010 &b I 25 A RR 5
an 2.2 /NYS TR . OpenCL PN 77155 ALK 72 7 $A
A7 AT DA B9 9 A7 23 181K 43 5 host memory il
device memory P HE43 , H A device memory A L
##— 4 %1 43 & global memory, constant memory.
local memory . private memory PUA4~EE 4. T84 1K
TR T ) FE 7 AR A AL BE AR Y OpenCL 4 R GE .
FATH F3& OpenCL N AFHEE YL S 2] T SW26010
ARSI NAEF R, i E 5(h) froi.

3. 1 /NS ik . SW26010 4k 34 h B A% 4
#him ik & B B9 DDR3 45 i 6 1% 5 3 47 A N
EHZEOSBABLOEEXEEFN LR B8R
O R CPE B0 FAA A9 A5 1t Fl ) o 2F
fidw s LA RRLA 19 Jm &8 47 i SPML A ot 647 4%
OpenCL P AE B /1 ) host memory Bk 5} | MPE
AL E V5 ) B A7 b device memory JUJ B St 5]
CPE cluster ] D) iJj [0] (4 %5 47 &  Jm) 38 47 it 0 32 £F
. B AR H#14%, device memory H1 #9 global memory
HI constant memory, X2 & Y& A CU #fn] L H 3
ViIR) (2 5 B0 H 30 19 A7 XL B O I 5 31 3 A7
local memory & CU FAf , N it e 5 3 CPE 19 JF
WBAFEfE SPM; private memory &% PE FAF . % & 3|
FATHE OpenCL - & 8 A i S 15, SR BT PE 9
it St 7 58 — S 7E b B AT B T R L e A
iy CPE, —FhJ& 76 ) i PAAT B T B H B i oy CPE
i —~ SIMD lane, [ it private memory 5 45 W
Wbt oy CPE Y b5 5 27 A7 e o 203 18] 5 25 A7 &% 19 —
whar.
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ARPE_E A m S 5 & L host memory ., global memory
1 constant memory i 33 malloc [ & 4t BG4 Bl 45
EF I ELHF 258 5 local memory i 1f athread 4%
M ldm_malloc H i 40 i Jj) 17 25
DU ey 2 5 0 TC B 3T AL Y AF AE A L 2 A AR A
PR AN AL B v B AR DR AR SCER 4 1 ) [
PR AL PR g% OpenCL 4 2% 2% . 728 & A9 Hb ik
3 BC A5 ) 19 52 307 50k < B __global ¢ & i
R 8 e 8 4 SRy 4 Jmy AR L RO I B X R AR TCAE
host il device F&FER AT W, 1 4725 [A] , host memory
Y device memory Z [H] # 45 1% % . 3 i host Al
device FEJF RIHE S Z 2 B2 & 52, B clEnqueue-
WriteBuffer #1 clEnqueueReadBuffer % host ¥i &
A P05 HE A% i A5 R R e Oy i 4 SRy B R A R
i)‘?l‘ﬁl A it B A% a1 ) 5 R __local G HE 5 4& i

)75 B AR ok thread_local 24 &1 ) 28 /. 36
m%ﬂ%ﬁ%ﬁﬂ&%ﬁaﬂ,
global memory/constant memory 2 [8] F) £ 35 15 i
i@ 3 2 U athread_get il athread_put pR%L, LA
DMA 1y 75 X 5 BB 75 35 A7 F1R) FR A7 A 22 1) 1 7%
)5 __private &M (1) 42 £ , 75 %5 A7 4 70 L I 2 A 48
B AL e 9, il XF SPM R 47 H 3 11 load/store
PAAE, S5 local memory £ global memory H) %%
I 1%

4.3.1  SPM Hifs fii Jmy e 1k

SW26010 4 ¥ 2% = CPE A& 1 J& ¥ 47 1%
(SPMD) , HAT S 3R I 7 58 K9 P SPM Y i 28R
LRGP YRR SR T R R Z —. ik, A&
i 1 R GEAE N AL A e S o A b R S T B X
SPM AL - B AE SPM %5 i) 78 2 5185 30 R %5
global memory H #) % #% 18 i DMA £F it 3] local
memory H1.

B B X kernel A0S __global J& 4 5 4
AU AEAT A8 BT R H 7 R0 A3 sy L R 0% 2
Vi 10) B B . B DMA A% S 21 J5) 77 19 X5 42 54
kernel fAHSH 7 a] 7 24> J0 R W B AR D Vs )
A3 1 T BRI S A 0T ik SE R 2H T R 1 1 1) Oy 2
Ml 3% 22 i E AT DU DR TR AT R A G T I X S B X
RV AF T 5 R T DMA A% i 1R A 5 7]
REA AU AR I 28 U A7 R . LR X F — 4 kernel
iﬁl‘ﬂ?ﬂ FRY 33X o e A3 U7 A7 08 L 7E kernel AR Hh

AT A& 2. B DMA 35 )R A R 9 804 A global
memory HU | local memory . 75 £ 40 {5 ] A4 7 B 2l

[a] ; private memory

local memory 5

ffi Fil local memory P B AH R B0 o 158 58 B 14
DMA &) #5185 45 3 M local memroy £ [\l global
memory [N A8 &, WK 6(a) Pris.

zdefine J 64

zdefine T 64

__thread_local volatile unsigned long get_reply,put_reply;
__thread_local int my_id;
_thread_local float a_slave[ 1], b_slave[J][1], c_slave[ I];

extern float a[ J|[ 1], b[J][ 1], c[J][T};

void func() - -
{ VEHRAEHOEN R A7
[ get 7rgp17y7; o

\
1athread_get(PE_MODE, ga[my_id][0], .a_slave[0], I*sizeof ({loat), !
‘(vmd*)Bget reply,0,0,0); :
| tthreadﬁet(Ph MODE, &.b[0][0], &-b_slave[0][0], J*T*sizeof (float), |
\ (void*)e.get_reply,0,0,0); !
whlle(gel _reply!=2); :

for(3=0; j<<J; j++)

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

‘ put_reply=0;

yathread_put(PE_MODE, g.c_slave[0], &.c[my_id][0], I*sizeof (float),
I (void*) g.put_reply,0,0);

while(put_reply!=1);

y L}
455 [l global memory H1

(a) Z¥E 7 RAHE L SPMK /N CE 3248 FH SPMD

zdefine J 256

zdefine 1256

=define gap 32

zdefine Is (1/gap)

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

__thread_local float a_slave[ I*ls], b_slave[gap*1], c_slave[ I*ls];
extern float a[J][ 1], b[J][ 1], c[J][T};

void func()

{

get_reply = 0;
athread_get(PE_MODE, g.a[my_id*Is][0], ga_slave[0],
T#ls*sizeof (float ), (void*) & get_reply,0,0,0);
while(get_reply!=1);
for(k=0;k<<(1/gap);k++)
¢ AL AbEALTE %
__getxeply=0, _ | ______________
lathread_get(PE_MODE, ¢.b[k*gap][0], & b_slave[0], T*gap*sizeof (float), |
:(void* eget_reply,0,0,0); I
_ _while(get_reply!=1) _ _____________________ J
for(3=0;j<<J;3++)
{
for(ii=0;ii<gap;ii++)
{
i=k*gap + ii;
for(pp=0;pp<ls;pp+-+) //here for is better than list.
c_slave[ I*pp+j] += a_slave[ I¥pp-+i]*b_slave[ii*1+j];
}
y
}
put_reply=0;
athread_put(PE_MODE, gc_slave[0],z.c[my_id*Is][0], *Is*sizeof (float ),
(void*)e.put_reply,0,0);
while(put_reply!=1);
;

(b) FEFRKTSPM A/ R34t FISPM)
P 6 SPM K A = G AL 7 4]
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e

4 kernel P32/ 5 A & 1B B R B SPM
25 i FRAT R BOUE BR 2% A A O 3K 4 ik bR £ s
fFA SPM L5 [l 25 58 40 & 6 (b)) Jr i, 4 B
Fe i viml B = AHH abocs a B ATV, b %X
HAHVi e AT Bl &8 SPM K/
I (SW26010 9 —A 3500 1R A7 64 KB) i
HURE b BT R s A SPM IR R
4.4 OpenCL HUITHEEI 2] SW26010 &b 32 25 A9 Bk &

2.3 /NS fir ik, OpenCL 047 B & T
work-item . work-group, NDRange, Uk X & 11 2 [8]
I 20 ¢ &, Hp work-item &2 OpenCL kernel f
H/NRAT AL RS 5 L AR KL, work-item $UAT1E
PE I ;work-group fHAH&B A (LAY 10° ~10")
work-item ¥ il , IX 8 work-item 2 [8] 38 H £F 1E i 25
#1558 4, work-group #4477 CU I ; NDRange
B 21> work-group ¥ %, iX #6 work-group Z [A] JL
P #4738 {5 5 8] 22 . NDRange #4417 7E OpenCL
device . FATH ik OpenCL P47 #58 w 55 5] T
SW26010 &b BH#% #9830, W&l 5 (o) FrR.

1E 4.2 A 431 OpenCL - 5 88 7Y e S b, 8
T8 OpenCL device W& 2] SW26010 4b P &% — 4~
R 938 5RO B o T I NDRange 0K Bt 55
#| CPE cluster E#47;CU i 2] iz 5.0 |
B A4~ work-group #K AT 7E CPE b PE fY 4t
I3 R PFREIE < b i AT B B 2 CPE | o)
HPATHLT B 2] CPE 9 —> SIMD lane b, T
TET K TR 40 A0 23X W RN - 15 i 55 07 =008 17 ) PR A7 A6 28
e SR AL .

FERR s PATRLCT . CU F1 PE BB S 7E 7] — 4
CPE I,/ it work-group 1 —> work-item 47 7E
% CPE L}, work-group H ) HAth work-item ¥ 4b
FERPRE B2 1 . work-group H1 %4> work-
item 3% LA — & [ IUF AR HRAT » A 7 (b) i 7.
1 ] g PAT LR . CU B 72—~ CPE |, PE
Y}4E CPE fy—> SIMD lane I, i F %4> CPE %5
SCRF 256 bit B BE Y [ AL R TE ] int/ float/
double 45 UL & 4f 28 B4 3 47 31 55 1 . SIMD #5844 7]
X5 2h 4 A~ E8 AN iEE , B[R A 4 8l 8 A PE Bt
3|7 — CPE k. fEX # 1% &L T » work-group
AYF 4 P EE 8 4 work-item [A] B #4447 » work-group
H ) HA work-item A FAERFARAS i /& 13 work-
group Y work-item ¥ DL 4 4~ 5l 8 A~ —41 7 4

PAT AN B work-item F & $AT . 41 Z ] 1) work-
item DL — 5 AL K R BT - 20 & 7 (o) fT .

work-item
work-group
N |
(a) OpenCL
work-group

|

(b) bRtz

O000 k—+veeer

HEnN

work-
group

(o) [AEHR
B 7 PATEERELH A work-group BB

4.4.1 LBEAI

W AT A ZEAR AT AT L OpenCL 2T 1Y
A~ work-group ##ATE—14 CPE I, work-group
W EB 1Y work-item &K X #4477 1% CPE . 4R,
SW26010 4b# 2% h B A4 KA 64 4~ CPE, % &
#|] NDRange # # & £ T 64 4> work-group, h %
A~ work-group Jii 3l — A4~ 28 B i A A Y £k 72
R B AN A R R G — ST —
MR E — A CPE, $i47 £ 1~ work-group i
k. % T B BOHE JR A v TR AT BN A 4B Y work-
group FIFHAT A& 8 FR.

NDRange: SW26010:

00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00
00 O 00 00 00 00 00 00

Paw | mw [ ww | om | ww | wm | mm | mm

CPE

work-group

K8 &REAla s EE
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o TR 1) B ) 2 o Y [ 7™ S A AR AZ A B 8 OpenCL % 1% R 58 2245

work-group )& AT . B FH work-item A fE
MR 75 AT 5 i ) BRI A pE Ak i DG B A T
fr & work-item J¥ 45 1A 4. 40 2.3 /N5 OpenCL
PATH B FF A , NDRange H ) work-item 5 7] L)
S FH W o m A B 5 4 1 258 U7 2 2 R Rk T 2
5 work-group ik I X T4 R KBTI KATH
HHeA g work-group k77 30, W 9. 10 7w,
X work-group ik 75 30, FATH group ID Wbt 3|
J¥5 5 0~63 1y CPE I, &l 11,18 12 iR,

| workgroup_size[0]=globalSize[0]; |
i __workgroup_size[1]=globalSize[1]; ! :
! __workgroup_size[2]=globalSize[ 2 ]

1T Hgroup-size

if (__workgroup_size[0]*__workgroup_size[1]*__workgroup_size[2]>N){
__workgroup_athread=__workgroup_size[0]* workgroupisize[ 1]*
__workgroup_size[2]/N
__athread_max=N;
}else{
__workgroup_athread=1;
__athread_max = __workgroup_size[0]*__workgroup_size[1]*
__workgroup_size[2];

77777777777777777777777777777777777 JA # ik H %
i dthredd _spawn(naive_kernel, 0 ); /
‘dthre ad_join(); 1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B9 AxJme s Jr AU AR I WS 7 1

i__thread_local int _athread_id;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, iy
extern size_t globalSize[3; \ 2T Zifid
extern size_t__workgroup_size[3];

void naive_kernel( ) {

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]; :
i _group_id_y=((__this_group_id—_ group_id_x)/_ workgroup_size[0])]
: % __workgroup_size[1]; :
i _group_id z=_this_group_id/__workgroup_size[0]/__workgroup_size[1]; i

} IS group id

K10 AR Rk T S AL AR T WSt 7R 4]

i __workgroup_size[ 0] =globalSize[ 0] /localSize[ 0]; :
{_Workgroup_sizc[l]:globHISizc[l]/localSizc[ ]; /_>l+ﬁgfou}) size
i __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;

}else {
__workgroup_athread=1;
__athread_max=__workgroup_size[0]*__workgroup_size[1]*

__workgroup_size[2];

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Mlhread _spawn(naive_kernel, 0); i
‘alhreadJom() V_’F'leﬁ'ﬁﬁ

Bl 11 work-group & ik J5 A4 il A% 2 I3 3 7 191

|__thread_local int __athreac
extern size_t globalSize[3 ]
extern size_t __workgroup_size[3];

extern size_t localSize[ 3];

v?%d naive_kernel( ){ i Hgroup id
for (__this_group_id=__athread_id*__workgroup_athread,; I

__this_group_id<___this_group_max; __this_group_id+-+){

\Jr()up id_x=__this_group_id %__workgroup_size[0]; i

_group_ld_y ((__this_group_id—__group_id_x)/__workgroup_s s1ze[0}
%__workgroup_size[ 1]; 1

‘ ! _group_id_z=__this_group_id/__workgroup_ size[0]/__ workgroup_size[ﬂ;{

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-+-+){
\ globdl id_x=__local_id_x+__group_id_x*localSize[0]; i
globdl id_y=__local_id_y+__group_id_y*localSize[1] ; ‘
\globdl id_z=__local_id_z+__group_id_z *local Size[ 2 ] \

kernel();
}
}

i Hglobal id

}

Kl 12 work-group % 155 ST AL R W 75

4.4.2  mEACTEAE

JH P IA S 7 ) AT R U L OpenCL 227 Y
4~ work-group #f AT 7E — 4 CPE I, % work-
group H Y work-item $ LI 4 4~ 5k 8 4y —4l 4l
HAT N A work-item L) SIMD #3833t & $i47. 41
Z 8] work-item LA — & [ 5 AR IR S0 AT, I &
F71 work-item A L)L 58 43 F) I CPE fy [a] 4 115338
ARSI B p PERE B TH. SR T, 3k B R A Y R
AR e St AL ] 7 2 G K 4% 38 3 SE i work-item
2Z 8] i 1] 8 Ak P Ak ok 52 BE.

work-item 2Z 8] (% 17 & A A5 Ak W 18 13 fr 7, /T
PLar LA WA 25 3R

B, 4T work-item 9§ 3843 E. WAL T IR, 7E
Pr = AT EL R P, work-group A7 ) work-item JF 24
LA for. while-do 43 1§ 25 45 #4 il J¥ $4 47. F work-
item A FEH L G R AR 4T work-item fif R E AT 43
ORISR 4 a8 DNE IR E AR Sy — 4L J
FAARIY 4 A~ 8 8 A work-item & 2 — 4, FF 440
N work-item ¥ local ID ##: 4 index X4+ x(x=
0~3)8k index X8+ x(x=0~7).

e fE— 2 work-item B W IR A A5 i A A
B o~ intvd/floatvd/doublevd ZE [a) 5 25 A, [a] Bf
W8 22 (A) A 4 28 B el AR R R A Ok ) A R T
SWCC #y SIMD Xf#5 e C iy iz AT UEAT 797 58,
B+, — . = /B R AT LU TR R IE A
Bl Z (B 38 53 T LA L 1200 B s AT B A 1 A
A5 ) B ) s 5 ELES bR fE 5 )R] ) e S 4




2246 it B

¥ 1 2018 4

global_size={256}; :

|

"kernel code:
(float a_slave[256],
b_slave[256][256], 1 b_slave[256]
c_slave[256]; : c_slave[256];
|

kernel code:
float a_slave[256],

global_size={256/4};

[256],

global_size=1{256/4};

kernel code:
float a_slave[256],
b_slave[256][256],

|
I
|
|
|
I
I
: c_slave[256];
|

int id=get_global_id(0); lintid = get_row()*8+get_col();! int id=get_row()*8+get_col();
| |

:for(j:();j(; 4 i+ {

|
iifloatvd vb, ve;
: : ve=({loatv4 )0.0; :_>

o A

|
for (i=0; 1<<256; i++){ for (i = 0;1 < 256; 1 ++) { 1 for (i=0; 1<2256; i++){
|

c_slave[id]+=a_slave[i]

|
|
|
I
:
*b_slave[i][id]; :
|
|
|
|
I

y
b

(a) HEFEIRAZ L

c_slave[id *4 + j] +=
a_slave[i]
*b_slaveli][id * 4 + j};

(b) work-item & I +index 25 it

| [simd_load(yb, &b _slavelid*4]):]

|

: ve+=a_slave[i]*vb; L

\ } ] R ARV N
|

|

:;rsimd_slore( ve, c_slave[id*4])

o
2

(o) rfLtife

B 13 AL AL 7R ]

VE R Hrh bR o 5 1o 18] 9 I SR A BR 0R 35 -
BAE SIMD #AE Z B N simd_load 45 2%¢ A #:4F
BRAEL & simd_set_floatvd 45 W {8 iz 53 4% 1 pR 40
H Y fE AR 2 2 2 i e S 3 7 e 2R S i |5 7R
SIMD #:4E 5 . 2 J5 » i 75 Z U i simd _store 5§ 4F
it 45 A R B 4 Je 28 R /A S e SPF (] s o S AR A2 5
4.5 iBNFEGER

OpenCL-athread 1 X % # A5 B 3 28 3 Py 3 #L
Uit /B 4% i OpenCL A% 9 AST 5 5. 4% OpenCL
PR i) AST 7284y athread Jin 4 A% 2 AST.

B5E, R ) OpenCL-based AST, % F| OpenCL
API B4, OpenCL C ¢85, Py 25 B Py 2 o
¥, 13 TransformOpenCL 28 %F AST gk 47 B B L
Seim Hi 5 1Ji ] Decl (declaration, 75 B ) . Stmt (state-
ment, 15 /7)) il Expr(expression, ik ) % & M5
R A HB A Y A DeclStmt F ek B0 T35 8
CallExpr. £ X%} CallExpr 7 & 1 U5 7] o, 38 4 9 3
JH R B R4 DT OpenCL 1) APT P £ o6 1.
P JJ7 DeclStmt 37 25 0, X6f 25 18 14 £ 4k 28 A0 DL K
W4T BE AT VCEC . 48 3] OpenCL C 1) 56 85 F P 2 41
PR IF 8 I AH L ) 2% $ ok B0 AT A8 4k

HWK N T A B athread-based AST, A& & 4t X%
AST 54T T J& i FowT LA 3R 38 athread 15 L.
PN NER 2 R, AT athread JCBES-3RIK 17
fit 23 () & 1%, AR RGEAE VarDecl 22 575 g ) Storage-
Class & 1 & fil T __thread_local., __thread %
athread f7fif 25 [a] J& P4 . 3 4 W A9 S 8L T 78 VarDecl
5 R R G Ik S T R T Y R AR R R BT

Xf athread [a] £ 28 B, A% 5 40 30 i 46 K P e [ £ 2
# ExtVectorType, % it T athread J&E [ [ & 2K B
SIMDType. 3 & fit T ExtVectorType 5 SIMD-
Type 14 %% 4 R LA N A AR I 1] S 45 1 35 4] 1) 2
VERREL. 51 %) athread JERY AP s A RGERTY T
CreateAthreadlInit 45 p& %%, F T # 3% athread _init

& athread JE R CallExpr 5 s, J7 i 16 5% # BE
Herp #E47 0 .
& 2 athread-based AST ¥ &

JE R KT B
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 WATHH & AST 75 & 1Y athread ¥~
J& ., % OpenCL-based AST At OpenCL API p& %4,
OpenCL C G5~ | P4 #E R LA B P el B4l 28 80, 4%
e &y athread-based AST. ¥4~ 2R OpenCL 5
athread JIl 38 2 72 4 22 0] F4) 6 48 G 28 AT i 6 o B 48
KAWL 3 Pron. el [ AST 34k 3] OpenCL K
LA K APT sREUS » J8 3 X Y transform bR %R
% OpenCL 4 7 Fll host-device 22 A B BX 4 15 %
kernel pF (1 2 B AR S IS 8l S04 T L 4R B AR T
KOS5 REHEAT AST Be4fe. Xf T athread JEPARSR
KK get_global_id.get_local_id Z& OpenCL P & R
0, 038 5o %S o workItem _size/workGroup _ size/
global_size/dim ZEHE X 52 58 B 5% e
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*x3

OpenCL Z| athread jif &

REFEHNERXR

OpenCL

athread

clBuildProgram

athread_init

athread_spawn f)] 2t 2k T2

API clEnqueueNDRangeKernel ‘ N
athread_join £8 F2 14T
clFinish athread_halt
e __global/__constant 4 JRy AR
P = -
__local __thread_local
NEEZEA  intd /floatd /doubled intv4d /floatv4 /doublevd
1/
getfglobalild/ XiF IV 4 BE 1Y) work-group/
get_group_id/ . R
N work-item 2 5| 45
get_local_id
P bR A get_local_size/ worklItem_size/

get_num_groups/
get_global_size/
get_work_dim

workGroup_size/
global_size/

dim 55 HHi xS 4

5 XBSHMH

5.1 ZWIE &S5 AG

KT B AEA S OpenCL 4413 R Gt 19 A &k, F
e« K206 B #4777 565, JF 55 Intel CPU
(Xeon CPU), Intel MIC (Xeon Phi) fil NVIDIA
GPU(Tesla K40) #47 T *f . H 1, Xeon CPU A
Xeon Phi f#i F§ Intel SDK for OpenCL™ Applica-
tions XE 2013, Tesla K40 f§i /§ CUDA 7. 5,SW26010
i F A 3 OpenCL 4% & 48 . SWCC fiiA 5y 5. 421-
sw-495. S Tl AT Y- B 5 B A ik 4 s,

£4 ZRTAEE

N 2y

w5 1 wm/GH, TR
SW26010 260 core 1. 45 3. 06
Tesla K40 2880 CUDA core 0. 745 4.29
Xeon Phi 57 core 1.1 2.01
Xeon CPU 64 core 2.13 1. 09

AL % A 3 3 OpenCL il i % parboil
b IR ) sgemm, D) BB HE BRI vk L OF A0 55 5
%} NVIDIA GPU 114k » #] B GPU shared memory
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442 /I AR AR, LR K W] OpenCL 2 7
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3248 OpenCL i 3% & 42 b 25 00 A6 B2 e i 1 B
(SWCC 2 PEiE 5 H-02) . #i4E 3. 2 /N OpenCL
- 5 ST B SR RN L 5 BLFRATHE SW26010 [ —A>
BN — At 7 & AT S 5. AT AT T AN A
FHEA AL Y 3 B8 L 64 X 64,128 X 128, 256 X
256.512X512.1024 X 1024 AR WM T 4. 4. 1 /N
LA G 4. 3. 1 /AN B RAE AL 4. 4.2 /)
R ) AR AL A R PR RE R L O DR Ak
FeAr 4 A U athread fS AR Oy FEvfE. 25 SR Q& 15
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TEEH 6 T 808 U7 0] 8 K 4] 58 ) PRt A R
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1024 IF Jm 2 b Y 3 8 4 /0 13X 5 I R S
H o AR E R S A SPM A G i R ESE n T DMA
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SO R, 4. 4. 2 /N Y 1) AR I TR FE kAR AL
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zdefine J 64 zdefine J 64 zdefine J 64
zdefine 164 #define 164 zdefine 164

__kernel void simpleMultiply (
__global float*c_slave,
__global float*a_slave,
__global float*b_slave )

{

int mRow=get_global_id(1);
int mCol=get_global _id(0);

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

c_slave[mCol*J+mRow|=
c_slave[mCol*J+mRow |+

__thread_local volatile unsigned long
get_reply;

__thread_local volatile unsigned long
put_reply;

__thread_local int my_id;

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

void func()

{
inti, j;
float s=0;

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

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

for (i=0; i<<L; i++){
} c[my_id][j]+=almy_id][i]*b[i][j}

__thread_local volatile unsigned long
get_reply;

__thread_local volatile unsigned long
put_reply;

__thread_local int my_id;

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

__thread_local float c_slave[ T];

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

void func()

{
inti, j
float s=0;

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

get_reply=0

athread_get(PE_MODE, ga[my_id][0],
za_slave[0], I*sizeof (float),
(void*®)g.get_reply,0,0,0);

athread_get(PE_MODE, &b[0][0],
¢b_slave[0][0], J*T*sizeof (float),
(void*)g.get_reply,0,0,0);

while(get_reply!=2);

for(j=0; j<_J; j++){
for(i=0; i<<I; i++){

c_slave[j]-+=a_slave[i]*b_slave[i][j];
;

__thread_local volatile unsigned long
get_reply;

__thread_local volatile unsigned long
put_reply;

__thread_local int my_id;

_ thread_local float a_slave[ 1],
b_slave[ J][T];

_thread_local float c_slave[ 1];

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

void func()
{
inti, j
float s=0;
floatv4 va, vb, vc;
float temp[4];
my_id=get_row () *8+get_col();
get_reply = 0;
athread_get(PE_MODE, &a[my_id][0],
2a_slave[0], T*sizeof (float ),
(void*)e.get_reply,0,0,0);
athread_get(PE_MODE,2.b[0][0],
eb_slave[0][0], J*T*sizeof (float ),
(void*)e.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, za_slave[i]);
vb=simd_set_floatv4(b_slave[i][j],

a_slave[mCol*J+i]* b_slave[i*] | } } b_slave[i+1][j], b_slave[i+2][],
+mRow ; b_slave[i+3][j]);
ve+=va%*vb;
} }
simd_store(ve, temp );
c_slave[j]=temp[0]+temp[1]+temp[2]
+temp[3];
}
put_reply=0; put_reply=0;
athread_put(PE_MODE, g.c_slave[0], | athread_put(PE_MODE, gc_slave[0],
2c[my_id][0], I*sizeof (float), gc[my_id][0], T*sizeof (float),
(void*)g.put_reply,0,0); (void*)eg.put_reply,0,0);
while(put_reply!=1); while(put_reply!=1);
} } } }
(a) Feifiil (b) HeH 5 AR5 (o) FeHatns (d) ¥t Ja AT
kernel SEEACAD (R A (R G+ R D) (FRAE + R+ 1=
K 14 OpenCL Y S 5 A g 3 28 46 19 i s A A
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SW26010 F1 K40 &M RE LR UF P>, 3£ 5 iR 1Y
A B TEX AT 1A bR bERE & 4% A g E M
REMY A 3 b X B UAHSHE 2R R R T A 451 &
5 AR RE W E 4 ELE AR X Xeon CPU I 4 R {H
RS A, SW26010 (1) W {5 1k & LA — > 4% 41 19 11
BN RS (64.128.256) K, SW26010 iy
A AR A 8 F K40, H Y315 B S 5121024

I K40 f o W {EL LG (B T SW26010. J R AE T I
i SPM [ 75 52 T SW26010 (1P fE , 4k B 17 1)
P18 5 B0 DRl i 00 5l R K AL SPML LA
P AT, XA BRI > T SPML A B4 1 T L (H ]
WA ) DMA 15 B2 9 0T B A A 208 55
b B A i A BB HE K cache A1 IR 742 1 » Xeon
CPU Al Xeon Phi i1 fE4 T+ . . ik ] T SPM
(15 K40 A1 SW26010 I iy F % 3 FR 1 . 4 6E 52 7+ A1
XF Mg, R 5 AR 512 1024 MR 5 g (E

NVIDIA Tesla K40. http://www. nvidia. com/content/
tesla/ pdf/ NVIDIA-Tesla-Kepler-Family-Datasheet. pdf, 2017
Intel Xeon Phi. https://en. wikipedia. org/wiki/Xeon_Phi,
2017

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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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 super-
computer in June 2016. To achieve the autonomy of the core
processor, the Sunway Taihul.ight supercomputer equipped with
the
SW26010. which was developed independently by China.

How to reduce the programmers’ difficulty of programming

homegrown  heterogeneous many-core  processor

and improve the portability of the software has always been
one of the main challenges in high-performance computing.
Some researches provides OpenCL to C translator which
implement source-to-source optimization, as well as runtime
libraries for OpenCL API functions. Some other researches
designs the kernel code compiler, which based on hardware
features of the target platform, to do thread merging. vectoriza-
tion and other compilation optimizations to kernel codes. But
there are still some flaws within these systems, 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 hetero-
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geneous many-core processors and runtime libraries for
platform’s specific.

To address those problems, this paper designs and
implements an OpenCL Compiler for the SW26010 heteroge-
the

mapping and optimizationmechanism from OpenCL platform,

neous many-core processor. The compiler provides
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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