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Abstract: With the rapid development of heterogeneous system, it’s important to enhance data locality and fully utilize on-chip cache
via compiler. However, classic reuse distance criteria exhibites platform-sensitive attribute in heterogeneous systems, therefore a unified
reused distance calculation framework is needed for compiler to describe and optimize data locality. This paper proposes relaxed reuse
distance with a unified calculation method in OpenCL programs as criteria for data layout optimization. Relaxed reuse distance is
calculated with heterogeneous execution models and statistical approximation. Experiments are conducted on Intel Xeon Phi, AMD
Opteron CPU, and Tilera Tile-GX36, and results show that this optimization can achieve at least 1.23x speedup on average.
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Fig.4 Impact on cache behavior and performance of data layout of an OpenCL reduction program



2172 Journal of Software M3 3R Vol.27, No.8, August 2016

4 JAZSRA OpenCL Ry $dli Al Jay X cache 47 24 S 1 e 1A 5%

76 4(a) %R AT LE Tilera TileGX-36 V- &5 b, 3 £ Bl A J&) FL AT B (R ) READ_MISS Fl: J 34,
AT AR 4(0)H %2R P AT 7E Intel Xeon Phi *F & b, & 3B dE 10 Rl B A 8K L1 cache # 2Kk 3R
AT BT 1]
M 4 s FRATAT LA H:
(1) Bl An J5 7 36 P A8 B AT B3 5% W 4E TileGX-36 Hl Xeon Phi PFANF-& b &S B A )5 5 5 4
I ARVEHE A J5 7 IR LA B TR fE 2 R

Q) B A =7 P RE IR S B AT B 28 7R TileGX-36 S & b4 I B4 A1 J=) H A5 BRI cache
miss A1 55 R AT IS 8] 15 7E Xeon Phi ~F &5 b, 3% LAY E5040 A1 J5 W EL A SE K Y cache miss 1B J A 44
AT I 1)

RIS BN I BAE AR R EEAR R & B R BE AR cache 7 4538 Bl — i i 52 1 EURE A1 =)
5 R OELL I a5 8, VEAE Z AT & R4 A = AT R0 R 75 7 7 cache B I ¥ 4% L3 AT —
X2 A OpenCL )7 I 4 P 4 5 ZEHEAT 227 & B0dli A JR PR AL P SR 7 T S RN 45 8 — 38 2 ) S IR 1P &
I cache AT 2y B8 4 1A B4 A1 Jm U7 2K, BASR AT BE i 1R PAAT 240

2 ETHHREREBMES FEBERRML

551 71X R AT R e ALK 43 AT R W AE OpenCL A2 )7, AN [70 1K 5508k A Jm3 5 =R A4 28 R 17D (V0 it = s vk
MR cache 4T A FVER 7 PE g 7= A2 AN [F 5% ;[ s Jd 35 1 e P 6 1) s iy LA S5 25 19 & 22 5k S OpenCL
FEI7 B AR R, S BTE T Al LA (R R B PR AN RSP & L BIR 45, - 0 i 1B 4 0 00 £ s A JRi 5 2L 7
Yoy AN, TP P A AT R SR M 1) T AR U, AR SCAE AR 4 T B R (0 B At L SL AT A BT R RO A
20 M 4k OpenCL F& 5 AN 6] B # MEAE AN A 6 A 25 RO bR UE. T K23 50 28 9 128 v S5 F5ORS 75 P B 3 A
S A SR ARAL R SR 16 U vk
2.1 MAERES

TE Y B8, T BE 22 cache 47 40 W7 1A B BEAR I, & Bl 8 SO0 FEB00H Bl T 0 U7 il I B G B R 7 ) 2
V) B 5 7 I (180 A7 8 AN [ ) 09 0 o AR 0 7 T B 2, 4 3 4 ) AT cache G2 F I BE 25 3 cache 748
BB 5 1), S8 cache B 2%, W1l 5 FTR.

ASO 100
Vi{E 1741 ‘Lo Ly Ly Lo Ly Ly Lo Ly E 25 'gg 50
T o w2 0211 2 2
0 0
i T 2 cache 5 &
(a) VifrFes 5 & (b) T B B4 (c) cache Kk F

Fig.5 Reuse distance and cache miss (calculated in cache line)

K5 FEAEES cache B2 (LA cache line Jy #47)

S 1 ) Sl BRI 7 U7 A7 1) (A 18] 5(a) 7 ) 8 B R R I F v 4 3 4 T DA o 5 2S8R 1 3 AT R B
VIAF 795 20 SRR A R 13 () O SR AT A 4505 47 e ) X LA 25 0 I 30 o S R Py AT I 3 s Wi O i
SKUTAE IR A, BA WK IS AT I T A8 A8 JFAT I mh RS R 1 v 2 O A AT B 4t OpenCL R/ 8 % A1 18
ETA work-item  [A] I $AT,H A2 15 22 2R I ) e 22 2355 I R B0AT AR 3K 2 24 (work-item) A Bt 2 A R



XA FMEMTATRRERNES W ST 6 H8EH kL 2173

(work-space) AT AL Z, TR AT I 15 G AH I 24 A DR b, FRATT 75 3K L2 0 J0) 60 240 S P ity b il DA B %) e g, B AT 7
P AS AR - HE P 1 75 A P L [R) B, OpenC L 2R 2 20 VIR MR B UL RN 240 oK, LA 1~ 6 22 S M 70 IR Y 35t
T, HE A R B ATRAAGE — AN B 518 P, TS AT S 6 A DG P A SO T — T RS B IR RS
STV N 2 T RS 6 BB AR T 20— 1 ) 30 4k 220 1 5 A A AT 4 L DG B AL 4

O Work-Item 3% X (work-item interleave):fR 4 OpenCL $WAT4#E %Y, [i]— work-group WK TH work-item
WA S B I B % B ] — AN AT IR A B ARAT SRR B BRAT S £ B AR 0 TR A 0 B 5 R AR, ORI X
work-item % J& A %€ (19 707 58 1. K B 7E work-group P 3, work-item DL 58 {H T £ AH ¢ R K7 A8 SCHAT AH B 1,
AR A T 6 2 R BR AT DO H ORI AR SO T — N2 5 % — 1 work-group PN L I FE 25
THEAESE IR NP & BE 2.

@ Work-Group A% X (work-group interleave): M ¥ OpenCL AT 2 A [ work-group [ 3 AT A& 4H B AL 11,
B ¥ A7 [l 5 (1 2 AR AN PR IE 5 03k 6 4 (R AT B 1 R A — 5 IR U 06 RSB AT 5, £ B work-group
g FEAS BT S e A BR B A 1R . DR E AN [H] work-group 2 [71] work-item PAAN [ 5 H AN BT E 2 F000 (R YR P A
AT AEXFE R T 50T, BRA T & T B 25 10 2 Ak 151 N & 3R B, AN GE 1 35 1) A1 8 %ot = P B8 28 1A ok 53 7
VEREATIE 2 J30k , RSO = F BE 2, F Tl B B0 A JR A0 Ak ek

R4 5% work-item AT X FIT work-group A2 SCI% AN S AR T VR4 R IR .
2.2 Work-item3Z X

7E OpenCL 1,55/~ work-item #B 2 WU AT 194 30 B 28 FE 727, I5] Uk, work-group P 3B #5048 11928 S U7 [l 57
1 work-item 34T IAT 5 A58 W AT BT IR work-item B 34T AT 5 L - 6 A S A, L 5 RSP 4 T I S
FEER 2 H B, &V 6 B B AT Uy 2O 1) B 2 EE AR Y R

6 Ui W1 T T FH IE 5 107 & AH e, BT work-item (1) 17 5 2R R0 AR 284 P AT I Xk 8 I8 088 7 A 1 S

B 384 HdE R TIE R €
t=0 T w0.00 | Jine0 t=0 1 w(i.oO line 0
t=1 Wa/.ol line 2 t=1 1 W;.OO line 0
t=2 .02 i t=2 1 w2.00 | Jine1l
[a0ofa10]azolazofao1]ar1]az1lazifaoz]arzlazzfasz v %O line 4 e
t=3 1 wl.00 | Jine0 t=3 T w3.00 | Jine1l
line0 linel line2 line3 line4 line5 t=4 w%ol line 2 t=4 1 w0.0l | Jine2
=51 wlo2| line4 t=5 1 wlol | line2
Work-item 0(id=0 -item 1(id=
ork-item 0(id=0) Work-item 1(id=1) =6 w200 | Jine1 t=6 + wXol | line3
op O:A[id][°]+ op 0: A[id] [0]"" =7 w%.ol line 3 t=7 1 w3ol| line3
op 1: Afid][1]++fa01| line 2 ]| op 1: Afid][1]++[a11] line 2 | =8 1 who2 | lines t=8 1 w02 | line4
op 2: A[id] [2]+ op 2: A[id] [2]++ t=9 W%.OO line 1 t=9 t wlo2| line4
t=10f w3.01 | line3 t=101 wZ2.02 | line5
Work-item 2(id=2) Work-item 3(id=3) 1 w%.oZ — =13}, wo2 | iines
op 0: A[id] [O]H op 0: A[id] [O]H Cache | Reuse Cache | Reuse
line | distance li dist:
op 1: Afid)[1]++21] fine3 || ~op 1: AL][1]++as] Tine3] lneo | 2 T
op 2: A[id] [2]++ op 2: A[id] [2]++ line 1 2 line 1 0
line 2 2 line 2 0
line 3 2 line 3 0
line 4 2 line 4 0
line 5 2 line 5 0

OpenCL F&JF ) —/> work-group % 4 4~ work-item
R4S work-item 73 V5 I FEXS R 4 1) 3 ML H
A MRFNAJEER (35— cache line

Work-Item & X 04T
1Jj 1) cache line 0-2-4-0...
&F line FHI 1 W08 2

(b) HEAHIAT

work-item # AT
j 1] cache line 0-0-1-1...
4 line FH 1 YLHEES O

(a) OpenCL kernel Y52 ¢ K $ 45 i i) (c) I ERHAT



2174 Journal of Software M3 3R Vol.27, No.8, August 2016

Fig.6 Work-Item interleave
Kl 6 Work-Item 22 X
ME AT LU A —A> OpenCL 27 (K 6(a)), 7F work-item FATHAT 75 2R F] (11 5 _E (B 6(b)F1 & 6(c))
B AR PR
I BE 1K1 6 AH DG HE K U5 T work-group P #8 work-item AT U A7 761 6 22 5.
o LI ) A AT HIR 1] 4 NVIDIA GPU ', work-group T AH48 T 32 4~ work-item 2H % —1~ warp,
AT AR ARAIE ) SIMD 77 34T ;51 4 Intel Xeon Phi -, work-group " AHAR ) 16 4~ work-item #%
By Ak, A8 ) A A
o MLFIHIERAPATEIR Fl i AMD CPU _I,work-group 1T work-item #F J 3 B A [ IEAR,
IR S7 40 AT
B2 AT 6 BA % BER M work-item 28 XHAT T, BATTH e EL (B! work-item interleave) K ik,
WA KPR,
order=WIP (tid,op) )
NRDERIENE p B EFE S A tid I work-item T I3 op £ edE #E 483 work-item 28 X &, {E work-
group &5 order 2 PAT I DI ERAE o 1id=0,1,2,.. . work_group_size,op=0,1,2,...num_of op,order=0,12,....
XY G p, WP A5 4 3 IR 20 52 [ 52 16, HOB 30t RGETT & B e il L B 6(b)I~F- & b, WIT® (tid,op)=
num_of op*tid+op; I 6(c)HIF-6 I, WII*(tid,op)=tid+work_group_size*op;7E NVIDIA GPU & b, W™ (tid,

op)= [%’} bop. it BHLIET 6 p b work-group 1 order AT Dy, JLTFRHATIM 21

i<order
"= lat! ()

i=0
Horp lat? REFF 6 B3 § SO0 AE R ER S AT IS T (LA cycle T1), 78 g B 2102 [F 58 1).
LA (1) 23(2)% 1 work-item 58 XA O A, FeAT 10T LIV AR RS & p B & FH A BE R
1) 5 work-item FA1G Ui 477 5l (work-item private trace).
X kernel FCRYBEAT HH 7S 73 B, SR EUBE 5% Oy 48 AE U 1) Hcd 000 424 08 2, T )l TRACE,,(op.data) 75 (L5 1), H:
W, line_op{! FoRFEG S N tid ) work-item HE kA op Ui 7 I ELHE BT o 4% B cache line.

Table 1 Work-Item private trace TRACE,,(op,data)
1 Work-Item FAH Vif7)¥ % TRACE,,(op,data)
op 0 1 k op_num

data line _op}*

. tid . tid . tid
line _op, line _op; line_op,,

2) AT work-item 28 X (work-item interleave).

i<order
W& p 1) work-item & XA order=WIP(tid,op)F1 1" = Y lat]!, ¥ work-item FA17 Vi 7751

)
TRACE,,(op.data)’8 4}y work-group FAH Vif#/7 4l (work-group private trace)TRACE, (time,data).RI%f T
TRACE,(op,data) ' ({15 — 35 ( k,line _op!™ ), 47 '€ 1E work-group H [ TF454ATIN %1 M 55 n A cycle (WIP(tid,k)y=m

k<m

H ZIatk =n), U] TRACE,(time,data) "¢ N [ 35 4y (n,line_t,), 3, line _t, = line_op}”, W3 2.
=0

Table 2 Work-Group private trace TRACE,,(time,data)
% 2 Work-Group FAH Vi f£)7 %1 TRACE,(time,data)

Time 0 1 n
Data line_ty line_t .. line t,




XA FMEMTATRRERNIES W ST 6 E8EH Bk 2175

3) $EHCF & T HERIE (platform reuse signature).

-6 AR 551 & 3 R SR & 3 ), b S & SR IS TR 4 1 work-group 7E P XU 8
Z BT HAT I cycle £ H . EMTRI/E TG 2 work-group W, N &G SIG, (rd_platform,rt_platform), 3 75 %
T work-group WRANEE— MR EHICEFEEREER rd_platform, 3§ N (1 & EH A re_platform.
SIG,(rd_private,rt_private) [\ R EE J7 722 42 T (B time t1 /2 X)) work-group FATS Vi 477 51] TRACE, 4(time,
data) AT @ A cycle Vil MEARTEL j A cycle(>)RAEHLA line_t=line_t;, ¥ & & H JE 1%
rd_platform 551524 {line, ,line, nsline, } RN G (RIAE A B AN D line 1%L H 7 & TR E r2_platform
ST ().
2.3 Work-group3 X

FESE 2.2 WA, AT T work-group W E HH FE BS (M TH 5 76, 8 BA VS CE R 8 & EHEE . AT,
BAVGAET- & T PR 2R Al F 18 A work-group X L 7= A2 (52 .

OpenCL F2 775 INTH B 4 b AT I 285 g e 4 b (0 SR L8 o S AL =2 cache, B4 AT 7EIX L8 T S50 14 -
] work-group H4 %J 1% Mh 147 °F & 3 H 85 85 7= A= g mi, an i 7 o AR IR E R & b, — A work-group [12H 7 17 A
cache line 0-line 0-line 1-line 1-line 2-line 2..., 4 cache line 0,line 1,line 2 -6 B IE &4 0HE Bk H
1% work-group P8 X E s Vi in) 2 8], 34T 47 10 FoAth work-group 04 B A E i v in) , Wi & 7 Rk Bror,
FECEE A B

rd_platform=0 | |rd | platform=0 | rd_platform=0 |
|<— rd_relax=? i rd_relax=? « rd_relax=? -

‘ line 0 V A line 0 V A lin;1 VA line 1 VA line2_ V A line 2 ‘

Kk H HAlwork-group I 44 7 7]

Fig.7 Work-Group interleave
7 Work-Group 3¢ X

HEAT work-group 28 XIS B 2, SR I IR B0 s 55 2 1) FoAth work-group U in] (A7 At A ' AN TR 1 20 ds B 5,
R[5 £ J4 B (footprint). 45 work-group [ AT $RAT A8 U5 47 I ER EL A5 R BL I 0 TEVE RS T 5, {H & OpenCL 2 /7
T E work-group fREEAHTE . work-group $AAT I o F (1 45 50 50t AH ] 14D I 2k, (R ASE FRATT T LAY work-group
BIAE SUAE TG HEAT — 52 JEOR 4 LA A 380 50 28 S, 3010 AN GE 11 389 10 g 5 4 HE R 36 A 8N TR 6 389 21 38 X
R I i o A 15 B

KT —> work-group, T AT H & £ FP(RI footprint) e ifi i L 17 in 14 77 it bl A [7) 17 5080 A 50 o 1 1) (1) 28 44
%A XEG) .

FP(t), 0<t<T

data _volume = 3)
- 0, t<Qort=T

b L8 Bl work-group T UG AT I8 21024 2 IR HRAT I8 Z0 (LA cycle 71),T 24 work-group 525 AT I [A) K¢
S, FRATTR: AR P IT 46 B0 AT 4 2 FR I BT I 21 7 SR 463 15 200,85 L work-group FF Ui BT I %1 g 2 18 1) 1 1)
S8 S AR I 1. 5 AR A 6t s 28] P AR S [ A2 [0, 7). data_volume 3R - AE AN I %) ¢,1% work-group 1EAE AT 5
A T ) B A7 e RS [ B B0 S (B cache line ). 24K, 7E OpenCL /5,5 work-group HIR% FP
AH TR

W 2 K (3), 45 work_group_id=k [¥) work-group 76 AH %I %1 ¢F Fl t;f ORI PRI 20T 18F 200 2 2 71 ¢) Vg ) T[] —
cache line, I8 4 75 W] [B] X 18] 2,1, N, Ho Al i 57 work-group T i 1 U 4 B Bk



2176 Journal of Software M3 3R Vol.27, No.8, August 2016

m#k,m<wg _num n<j

foowprint, = Y Y FP() (4)

m=0

Hp, el (n=1i,i+1i—j—1) £/~ work-group m(m=0,1,2,...,wg_num H. m=k)¥& 15 7] DX 8] (7,64 BIAHR I 2155
work-groupm fEIN Z ¢ H SHAT 58, M " = ¢ = =1 8L Z) ¢ )5 A THAG AT W ¢ = ¢ =T & 8 P,

. =1, _7=71
I WOrk gr«bup 2

to !
t i 1y
= work-group 0

k
[

work-group k

work-group 4

| work-group 9
i

]
]
I
I
I
:

9_
0
I
I
|
I
I
I

t
S
7

Fig.8 Tllustration of Active work-groups in time region [#;t]

8 IFIX ] [2;,4,] 9 7 K work-group 7 ik &

e () B LE FPAE AN A W JT 25Kk B 75 I A] DX [8] (£, ] 15 R (— BLAL T 808 £ 4b T AT IR ) K work-
group. % F& B I B % 1 I VF 5L 70 (compute unit, [ FR CU)AERE > 1R 3 AT N4 b AL AR RN 200 F R AT
1) work-group # H#5%F CU B EL A TIRH iﬁﬁf\‘ work-group JUAA 4514

FEURS 1. R ) X 8] Y 3 2K 1) work-group 2534 T CU_num A~ work-group 75 It 10— B AL T HATIRZ.

Hi . CU_num Fon Nk & &5 work_group_id=k T/t CU 3L cache f) CU R 30.3E Ths 1,8 ()7
S INEAL Y5 AT LA — A R
n<j[m¢k,m<wgmtm

Jootprinty =3 3, FP() J f(ZFPa'"j (5)

n=i m=0 n=i \

o, R S50 BR work-group 9 id, 3571 CU_num—1 ASFERAE h S B work_group_id=k 1] 1 /> work-group).
7 RN YEKT I Z ¢, 2F work-group i W AR I 20, BT A5 453 work-group (¥ £7 #4113 I Z1 ¢, (80 55 ROH 5 B
PUES2S

a6, (ZFP(I”’ j%% FP AEAT I 20 1, (155 B0 0 I 204 & b 10 B BB 2 R, m] LA s 4
Y. FP(t]))=(CU _num—1)* FP.,(t,) (6)

e, FP (1) R7s FP AELER IS 2 1, BS5BOMDRE I 24 5 F 10 oR B 48 K 2 SX(6) RN 2 5 (5), 1] work-group
(K305 A7 BV ED Dy

n<j
Jootprint ;, = (CU _num —1)* ZFPCU ) (7

n=i

AR, FP,(¢,) 55 I 204 DG AR AGEF - X (0 A B U, 70 R 10 8 AT R B op AT 3 I 20, BT 4530 work-
group ¥ BAT JE J8 0 /2 AR LB ST 1, T BAIA Ay 25 0RO I 0 A 45 T3 50 10 40 A AE [0, T) 9 5 T e, FRATT %
FP, (t,) I 514 A HEAT O I F

WS 2. FP 7EAT 40 I 21 1, B 2550 I %08 & E 10 BRSOl FP, (2,) SIMI%5,30 0 FP (1) .

HUAR 3. FP 7525 20 i 204 5 10 R SO ME FP, () 45T AE I 18] X 1R [0, 7Y 9 1) 66 504 1 FP ().

BT 2,8 (7 AT Lk — 2B AR 4k




XN FAMRMTATADERIES S F 6 HFEAH AR 2177

n<j
Sfootprint ;, =(CU _num —1)* ZFPCU t,)=(CU _num—-1)*(j—i)* FP,,(t) ®)

n=i

BT Bk 3, 3041177 A 3
5~ Zi;FP(t) _ data _volum _total

FPCU (tn) = F1)vycle (t) = : T T (9)
Hp data_volum_total Jy—A~ work-group Vi inl IR A£Gt (o7 55 AN [A] i) et i & o A 3K (9) i N A 5X(8), A :
—1)*
Jootprint,, = (j —i)* (CU _num —1)*data_volum _total (10)

T

ARA0)VP,G-) A 2.2 FihE21) work-groupk )il [F]— cache line [{1F& B INE] rt_platform;

(CU _num—1)*data _volum _total
T

fitg L AN [ TR 2808 7 1) J5 32, B - work-group 7 A= 15 A7 B EI I 3 5 2 341 50 1, work-group < [H]34) 5 48 X

7E BB 3 AN A, B ATTRA o] BATH SRR P (A T A BRI 42 & SIG(rd_relax): %55 2.2 715 work-item &8
XAFRN G =R T 5 SIG,(rd_platform,rt_platform) T {15k — 5 (rd_platform,rt_platform), % N [¢] JEURA 5
FHUET rd_relax 7] L 2 QA 1D)FEAT I

W) — A il 52 A, 2 9% U (CU_num—1)A~ work-group “F- ¥ % cycle = /E [#1 17

(CU _num—1)*data _volum _total

T an

rd _relax =rd _platform +rt_ platform*

2.4 BURBBMILRE
O T 25 7 AT R AT R A A D S LATSOR T T BE RS 8R4 SIG(rd_relax) hy M4 A5 75 A AL ¥ 9 A7 0T G0f
SV {4 A B B B b S 45 SIG(rd_relax)(¥) 145 SIG,,(rd_relax), I 33 26 P 77 % 52 (%) 21 ¥4 SO 55 FH I 85 O
rd _relax = lnziird_relaxi (12)
ni=o
e on M SIG,,(rd_relax) @ 70 HE REGrd_relax; Rz EA T i A0 ,i=0,1,2,...,n—1.
A I P A 34 8 RBOHE A1 S T ORI JF BB A Jd 75 3T i AR AT P9 A7 0 5 101 35 JSOR T R B 43 31

j"j }"d — relaxcont[nuous *D }"d — relaxcoalescing ’;E”z /A\ y%ﬁgi /Z“\ iﬁ ﬂ u /&i—\‘ j]
Sp b .
i&ﬁﬁﬁ _ ﬁéﬁjﬁ!’ lf }’d — relaxcant[nuous g Vd — relaxcoalescing (13)
A =
ﬁ},':g!’ lf }’d _relaxcantinuous > }"d — relaxcoalescing

L5 BT, B 9 45 HY T TN EE I BE 2 1) 22 7 B B AT S G 12 DA AE TR BB A o AR SR H R G 3 R
PR I KPR SR 2.2 L 56 2.3 WA4HIN work-item 28 X HI work-group A8 X 715V E OpenCL F2 )7 £ AN [H]
T & LR T B R AR A X (12)s ANANN AW F AT G B A I E0E SR AR J5 5 2,
JE58 JBAH G AT AR 4 A5 (R AQRS, 200 %% S K1 6 b A 1 G 3 2% 1) AR A e BB B A il T AT ARG

ALK > FTA]

openct. | 5 AL RivER | srran
N TN A e

REER > SFan

Fig.9 Compilation framework of cross-platform data layout optimization based on relaxed reuse distance

9 BT R TE R 1K) 221 & Hodia A g 1 DA AE ]



2178 Journal of Software M3 3R Vol.27, No.8, August 2016

3 KE5SMH

T IR AIE AR SR I 2 T RO BE B I 22 7 & B A R A T R B B, R ATITE Clang ESEIR T AR SC
P9 126 7 3k, TR A ok B3 2 AN IR 2 1) OpenCL 7€ Intel Xeon Phi A% 4t FESS . AMD Opteron £ % 4b
HEZS A Tilera TileGX-36 ARMZAL L EHIX 3 A1 & LBEAT T 5250,

3.1 KBFE5MXAG

A 5256 & g

@ Intel Xeon Phi A% PpabFE3% 57 M FEvHEAZ O B 4 NELFZFE, FAF L1 cache 32KB, L= L2 cache
512KB,cache line K/MAh 64B. A2 lIE PCIE #447E Intel Xeon E5-2670 AbFEZE I Xeon CPU fEN
OpenCL host,Xeon Phi $14T OpenCL kernel. F /A5 A il (1) 4 b 4 13 25 4 F Intel OpenCL SDK,work-item 48 X
B E A order = WIT™ (tid ,0p) = [%} +op; TEREA AT RG] T AN Intel Viune M35 L1 FH 4.

@ AMD Opteron % 1% &b H 8% 8 N5 AZ .0, FAFH L1 cache 32KB, 35 L2 cache 512KB,cache line K/N%J K
64B.iZ AL 38 1) — T 5% 0 AE A OpenCL host, T 5 11 51 A% AT OpenCL kernel. FAE ARG A 1 1) A b 4 13
24441l AMD APP SDK,work-item 28 R HUH order=WII®P“"°"(tid,op)=num_of opxtid+op;PEBE HT ML+ T A
1§ [ Oprofile, Wi {4 L2 H4F.

® Tilera TileGX-36 AIZALPE2S.36 N i H 4% .00, #AF L1 cache 8KB,JL % L2 cache 64KB,cache line K /M4y
%5 16B 1 64B.1Z AL 2% 1) — A8 4% O 24 OpenCL host, T A v &A% L3 AT OpenCL kernel H /EACHS 2E i,
() A s 2 3 25 4 F| SNU-SAMSUNG OpenCL Framework,work-item 3% X g6 %04 order=WII™"*(tid ,op)=num_of _
opxtid+op;VEfE /3 At M GE vk L R AFH] Perf, M 45 L2 4F.

FEUA R GPU )8 T35 cache NI K £, {H GPU ) |y 71 £ S s (memory  coalescing)
X} OpenCL &7 1 RE 1) 5 M 28 K T+ cache 47 24 0f 12k G 1) 5% 0, D51 b JBORA o FH B 19 A 2 008 AT SR AR Ak e s 1) e s
T P 5%

A SCAE T OpenCL 13 FH 491 i A4, 3% 3.

Table 3 OpenCL testing cases and input sets used in experiments

T3 LA OpenCL M H 1 2% i N 4E

IR 51 4 B Jit g kA ThigHik MAE
kmeans Rodinia!"*! Bz 819200 Hdfs fix34 HHE
lbm Parboil'®! VR ESTIPIES 120x120x150 3777 44
md sHoc!” STEN Y 12288 JEEx128 A
RecursiveGaussian AMD-APP-SDK!"#! o 0T B O A 512x512 (0 &4
oclSimpleMultiGPU ~ NVIDIA-GPU-Computing-SDK!"*) 14455k H1 67 108 864 L2
oclBlackScholes NVIDIA-GPU-Computing-SDK WIBGE 4000 000 15
oclDotProduct NVIDIA-GPU-Computing-SDK [E=9=¥ 2 1277944x1277944 L%
nw Rodinia FhAMKI 2048x2048x4 Ky i
reduction SHOC AL R0 8192x8192 7T
Matrix Transpose AMD-APP-SDK KPR 1024x1024 J& %

i OpenCL PR H 5] 7 kernel {3 F i I A7 5 % W3R 4,550 K X 5 work-item 47 /E — X 22 9% 2 i Y A7 Xt
S AT Bt A R
Table 4 OpenCL memory objects used in experiments

F4 LHALAM OpenCL WAFX %

work-item 5 A 17 X GO0V K FR X OES E2SESSES
Kimeans WX %4 | membership feature clusters
PAER K/ | 3.125MB 106.25MB 0.664KB
RecursiveGaussian | P75 % 44 % - input | output —




M RMBEMT AT ERNIES % T 6 54EH AR 2179
W AF X G R 4MB | 4MB
d A7 R % 44 Bk force neighList position
" RN SNAN 192KB 768MB 192KB
. . P AE R B A4 TR d_Result d_Input
oclSimpleMultiGPU W AR X2 64KB 256MB -
Table 4 OpenCL memory objects used in experiments (Contiuned)
R4 LI OpenCL 174 % (4E)
work-item 5 P 770 GO0 W K R —Xf— —XZ E2 R E 2 S
IBlackSchol R S d_Call d_Put ds d X dT
eSS et o B 153MB | 153MB | 15.3MB | 15.3MB | 15.3MB B
b M AERT B A4 FR dstGrid srcGrid
" WAER G - 164.8MB 164.8MB
oclDotProduct N {7 X 520 B < a b -
WA Z KN | 49MB 19.5MB 19.5MB
N AFR G475 reference d input_itemsets d
™ WIS RA | 16MB 16MB B
ducti R S g _idata g odata
reduetion waEdg ks | 256MB 2568
MatrixT, SRR A input output
AUTNTTANSPOSe Mpgtentg i | 4MB 4MB B

32 RWHERE5H
eI R FRAIAEEA OpenCL MK FH B, 2 AT 3R 4 AR —XF 2 WAEX B 5 AT 6 LT 387)
PAEIEE rd _relax 3¢ 5 4 T B 451,
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Table 6 Results of compiler optimization decision, cache behavior and performance on 3 platforms
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