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Abstract

Research on high-performance computing is actively. Among them,
GPGPU which parallelly executes general purpose computation making
use of the parallelism possessed by GPU has drawn attention in the field
of HPC. CUDA, which is the current mainstream development environ-
ment of GPGPU, requires low-level knowledge such as hardware memory
structure. For this reason, simplification framework and automatic opti-
mization research are being conducted. The GPU performs SIMD type
execution. SIMD type execution can efficiently perform parallel process-
ing on a large amount of data. However, when a conditional branch is in-
cluded in the GPU kernel which is a function to be executed by the GPU,
the execution path of the concurrently executed thread differs. A part
of the concurrently executed threads becomes idle due to the execution
path being different This problem is called branching divergence. In this
paper, we propose a method to optimize scheduling This scheduling im-
proves execution efficiency by suppressing the difference in the amount of
computation and execution path between concurrently executed threads.
For this reason, we investigate heterogeneity of computational complexity
and variance of execution path by input data. Next, based on the exam-
ined result, the correspondence of input data of each thread is changed.
However, sorting input data is expensive. Therefore, we create a data
access table called a thread ID sort table We change the correspondence
with the data of each thread by passing through the thread ID sort table
at the time of data access of each thread. As a result of applying the
proposed method to a program whose computational amount depends
on random data length, the execution time is reduced by 51% at the

maximuin.
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If(A[idx]>X){
if(B[idx]>X){

warp

threads

warp
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4.1 MEBEFT(M
R T IE DRl 247 - 7z.
BRET RO & 5B L2 B5iE T IR TR

#* 4.1: FHlEREL

| mib
GPU Geforce GTX 980
Memory 4GB
CPU Xeon E5-1620 3.6GHz
Memory 16GB

X UDIZN— TR T —ROEIIIMHKEFET H 707 T LEEKRL7-.
T — 213 GPU A — X VFEATRNZRRAN/ER S 1, —HRD A DEETED
SNTVWD., T—XEOHEHMET 0TI LMZHINZFEEL, EBED
5 GPU 7 — 2 VS & 1332 GPU A — 2V 2ER L T — R B2 HlE
LTWa., £ALY RiFERALNEZT—XDEZ ) GPU 71— )VNT
V—TU, 1HDOIV—TH7=0 DEFIFEEIL23 Lo TWn5.

MEF2MAT, PEXAN=V 2V ARRETEZ T T T L T—
REDHENS ALY NID Y — b T — TN OERES % EHE LU - IRET

HBIa o A0 200ETHRME]ERLUZ. ALY RIDY—hF—7 b
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DIEREIED Y — N 431E CUDA 54 75 ) @ Thrust[7] AL TW3.
T—REDRAMEIL2E TEE L R>TWEY, T—XEDRIKHEZZT)
IHBZELTRHIETAN=V 2V ADZEHEE2L#F I, lTar o
LDOFEITRER DL B % JE U 7=

FITROER 2 L NIRRT,

#* 4.2: B FHifGER-1
| FHEA RET X 1 [ 512 [ 1024 | 1536 | 2048 |
FHEEHRU (s) 17.92 | 17.29 | 17.20 | 17.94 | 17.26
FHEEHD Y (s) 8.81 | 9.32 | 9.47 | 10.05 | 10.53

rEMEEE (%) 50.83 | 46.10 | 44.97 | 43.96 | 38.97

4.3 FEhR 1 RS -2
| TR/ FIEY X | 2560 | 3072 | 3584 | 4096 |
FHEBEHRU (s) 18.16 | 17.41 | 18.07 | 17.40
FEEHD D (s) 10.88 | 11.35 | 11.77 | 12.01

FEHEE S (%) 40.12 | 34.84 | 34.85 | 30.94
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¥/, ALY RIDY— rF—7IVOERKKIZT—X2EIZE>TY— |
ZI1OM, V—bMORIE, BEIEIZ X 2ETRBIOZEREZHIE L.

F 4.4 FNEFENE -1
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EREREEE (%) 51.84 | 47.98 | 46.02 | 46.69 | 42.37
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# 4.6: EER 1 EfTHEHEES

TR | F=%RWE [ID YV — b 7 — 7V | E3H5 |
FATIREH (s) 0.16 0.42 8.05
FATREEEIE (%) 1.83 4.88 93.29

REFEOAMI L 2FETRMORL VIREFIHIC L 2R ITEFHEE

DK, BNDPHNTVWDIEENREZRIET L bR sb. SEOT
1277 L TldiK TR 50% D E TR FEN & 72 o 7z, 7 — X R D AN

21

SHEARFRER TE5ER



EIZ K B FEATHRF DEWE T — X EZBRIEIZ, DX DEREEO/NI VWA
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FT— X RORIICL > TEH T 2D IEHRBEDOEFHELRIDOATH D,
SEO T8 7T ATIEREFERS OWUHKFHRIZZFH L ew. SHEO T
077 LML CIFREFEOFETRMOEEIX 10% KL 2D, #RE
FHRIZKDAT YV a— ) UV ITEEILDRR DI - T2 L 785 7=

RIZ if-else XD L D RPIE R A N—=2 =V ZADRREDIK & < 72 W [HE
ZBWTEDOREDWIEDN D D L FIENAN O HFAEEIT- 7.

if XDEMBFEPEALV Y ROT—RNBIMATET 5 7075 LEMERK
U7z, ALy FEL 22 Lo TED, £AL Yy NEEZ 6N T—&XIZ
f o Tifelse XD ED 5PN ET 5. DIEOHRZETNETN1/2 &
o TW5., RIKOHTIEZNETNH DRI THONT WS, FHHEE
A2 5 &5 787 753N TW5S

5 o DOFHM B MR ICIREFEOMEH O A I L 2 F 70 E£ R %
FAE U7z, SEOFHETIEAENTORMAE 228 X1, ETRMNE
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4.7 FZBR 2 ARG -1
| FHEA /GRE ] 1 [ 1024 2048 | 3072 | 4096 |
FHE@EALLU (s) [ 0.13]0.89 | 1.24 | 1.81 | 2.25
FiE@EHD O (s) | 0.72 ] 1.09 | 1.27 | 1.57 | 1.80
FEiEEE (%) — | — | 13.,57]20.21

# 4.8: EBR 2 F17IRH-2
| FRE /) FIEY 1 X | 5120 | 6144 | 7168 | 8192 |
FHEEHZU (s) 18.16 | 17.41 | 18.07 | 17.40
FILREHD D (s) 10.88 | 11.35 | 11.77 | 12.01
Him#Ela (%) 25.65 | 28.30 | 31.09 | 32.91
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ERls727z®ZeFEZ6N5S. FHRED 3072 ML EOGE I IRE T HEEH
DETNEWEDORRD LE D, EFRHORMHEI RSN S, RATH
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DI TR EFHT 056 IEETH S, FREFIEO LI T FED WL FREH]
ZGPU =2 NV DRIBEDOEMX L ALy REUZHIFREREL TS D
DEZEZTWD. FMENBEOENTIE GPU 7 — XV OEHEX I, ALy K
ID Y — b7 —=TIWAERIEA L Y REE GPU 77— 3 )VOEMEX Ol 553
BELTWS., 2D, BT A D2 &> TIHUEEMAKE L 25

CEIEEETES. FHEICLDAFEIZGPU I — 2 VHNDODIEN D H &
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TWz. if-else UM U TIRFAIRETI NS AL Y REOD if-else D715 S
AU U CE B E L 5. 2HIRTH D0 AHOAREETL, iz
FIFTUALY RDABLV—T% 1 DD 5. DEIRTH 5 531K FH A D A
Ly REEFES, ZRIRICEDETRHOILTT A RILeRb ALy R
DEEGZFDIHETNVWS. —TIZHx A M I — T3 LTI Loop
Merging & W5 FEZRRELZ. EAL Y ROEZIL—TOKR THRHZAHD 2
Ly RO —T DT 273120 — 7O T LD S5k DIV — T DR
IR ZITS Z 2 TAL Y R2EDOILV—THETRELIZL 571 RIVIEHE
DIFD X7z, W. Fung 5 [13] 1% GPU A — 3 )VIND IR U TERITE
NBHALY ROAZEEDTIIL—Y v 72T\, Ry — FHER 24T
RoTWb, ULRULIZIDFIETIRHVIART 72 ZADBRIZHEADFEL
THEGFARAIZZ2 B AEEMA S 5. Vaidya, Aniruddha S 5 [12] i Intel D
HARA GPU T & B WMFNFEATRHTHEET B RIE XA N—T = v ADFE
BIRD7=DIZ, Y4707 —FF7F ¥ OEELDOWEZ 1772 > T\ =,
FRFZEITIND ALY FOBEAAIZL > TAVY RET)L—¥Y 7
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U, 7—F 727 F ¥y NTHIRFEITTEAL Y ROWMOFEZ 21778 ->TW
%. JABLIN, James A & [14] i LV —AAFT Y a—Y v 7% GPGPU 7
077 MMIEHAT S ETHRELLLMEEBEIL, GPGPU 7u s 7 A
DEHEETo7-. ZOFEEFABITH DH 5 Tur T LOREIC
FEEWTWBED, @Y DRNWTa s MU TIED E ORI SN

RNHEDD 5.
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6 BbHhIC

AR TIEDERAN=T 2V ADFET 5700 T Lk b s 5
ATV a—) VI FEERE L. FHEOKE, TR LRT—REI
AHEENKGETE 0TI LML, EASARFHERICE>TAL Y
REINV—Y V79 5ZLTAVY FOT A RIVKRZHIKCTE 2. 5
BOFEL LT, SEIEELZFEOHB L AEbicHhz b, FikiE

HD7=HD U EWMEQHERENRHIT 5N 5.
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AIFFRZAT DD, MHHE, HISTHE X U2 KEPHERHEM, WO
IZZ < DBIEZTHE X U 72 IHHRITHEANI R S L X9 £72, Bk~

IRRTEIC THMERZZ D X UZMREOERIZEH L& 0 E#H W2 £,
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