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Implementation and Evaluation of Built-in Functions
in SMYLE OpenCL

NORIKO ETANI"?  TAKUJI HIEDA'™
HIROYUKI TOMIYAMA?

As a model of high-level API for many-core architecture, an OpenCL environment has been developed in order to build a
heterogeneous parallel computing environment. In a program of “Extremely Low-power Circuits and Systems (Green IT
Project)” sponsored by New Energy and Industrial Technology Development Organization (NEDO), an environment using FPGA
in order to evaluate SMYLEref architecture for many-core processor was developed as result of the research by a project of
"many-core architecture for low energy consumption and its compiler technology". On this environment, high-level API based on
OpenCL specification for many-core architecture model in embedded system has been developed. Math functions, integer
functions, common functions, geometric functions, relational functions, and barrier function of synchronization functions in
built-in functions are developed for OpenCL version 1.2. And the routines for floating point emulation are developed in order to
compute the ranges of float and double on the core which OS is not installed in. This paper describes a design and its
implementation of built-in functions in SMYLE OpenCL for embedded system with many cores, and shows an evaluation result
of the parallel benchmark test.

Vol.2012-0S-123 No.7
Vol.2012-EMB-27 No.7

2012/12/5

1. [FLHIC

HLA IR AT KA O BN SIREERE /8 A =—
A7 VAT AOEREZAELT, DALY AT A EEik
L 723 72 AR S ALER D F2 8L, 2) K 72 BEREH B )
OHIE, 3)Y 7 b =T OAEEEOM L, ZEE/GREL
LTIAZTA], ~Tul=7Alara—F 4 78R
BEEHRT LD, &L~UL API £5 /1 & LT OpenCL
(Open Computing Language D) BrEZDOHELEIZHR Y fHA T
Va2,
A=m—a7T7—%77FvETN (K1) I, AT
UV, ZA N Fato¥, A=—ar7 ety d T LA05
RSN TWD. BEISNDEEL, KROBY THDH. &K
A R utyHClE, 0S OETEIOHIER 7 v 7 Z A
DEITEATS. A=—aT7 7oy V7 LA T, %

T1 SEA R A B A B AT e R

Research Organization of Science and Technology, Ritsumeikan University
T2 SEAEER SR T A

College of Science and Engineering, Ritsumeikan University

(©2012 Information Processing Society of Japan

PE(Processing Element)ix, B D70 7T L v Z &k
H, LD PE ICHEESNTICHMTHEAR Y 2 77 LD%E
TEATH. 20D, 1251 OO PE ZLICR RS0 s S
LEBESEDLZENARETHD. EAEYENLT
FA N TatyhEA=—aT7 ey YT LA HOT—
2O LY %47 5 [2].

AL I (28 3 -+
Zetss|  AICEEHE -

ESEsL s yreleelrelrelre

A=m—a7TFukvi
e

K1 A=—a77—%77F¥ET/V[2]



TR 2T IR E
IPSJ SIG Technical Report

ARBHFE T, MNATBUEAFT =L X — « EEERITRE
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B YZ2k9Hx7

AP TIE, £ 2 ORERE~Z—7 v 0S THD
mips-geyser-linux[1] /1 7 @ 2 =2 L 3 VEBREE A AL L T
5. F e, R Fv—r T A R THEGFE AT 5 POCL0.6.0
%, ZORBREIIA A F—LINTND.

£ 2 V7N TBRERE

PC Sony VAIO
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TX5%. ADMEEHR S HEIL, SANTOLFIHTS. isgreater O O
(6) EIHARE%K isgreaterequal O O
WEFIALEL API Z VTP BREE A IAD 5 K D 72 T A isless O O
77V LTCHRMTS. islessequal O O
islessgreater O O
# 3 SMYLE OpenCL H#AZPI%—& isordered @) )
X gEak- bitselect O O
BH%c4 BRAR | = | B4 BRAR | —xn select O O
acos ¥ floor P ] 391 B %k
acospi X Idexp X BEL | AA N | I—xL
asin RS log x barrier - O
asinpi X log10 X
atan 2 mad O @) 42 BEBMIRY I U FISalb—Y3Y
atan2 ZS nextafter @) @) F— RV I TG FE (double )0 BARE E (float Z) D
atanpi * pow ZS WENTED L DI, Apple A—TF v Y —ZDOEB/NEUS
ceil D] rsqrt ¥ V7 hyxzTxTIalb—yarras 7 Afloatlib.c)[13]%
copysign | 3% sin * RAL A F~JIETED LT L. 72, 10 7 A
cos * sinh * 77U ERCIZAWHIEL APL L [FERIZ, B —F L~
cosh P sinpi x HIANTHRIANRTE D, A= Iab—va VOBEREIZRO
cospi x sqrt DX WY THD.
expml x tan RS ® DUHuEE T+ - T*) [/
fabs P tanh DS e ki =] I<) I>]
fdim @) O 2L, T<) I>) IFZEDED ]
R o T —HAIDIH
BscA | AN | A= | BKL | AR N | =% RYAET — 2 EOIEE] TRV ET — 2 @O/
abs % ¥ mad_sat O O lint B~ 254 |
abs_diff O @) max O O o FEfIE ¥ (-0)DW A
add_sat O O min O O
clz O O mul24 O O 4.3 FHBEAK (N 7ER)
hadd O O rotate O O (1) £+
rhadd O O sub_sat O O FEHIEAEKIE, X8 TRT X D& I —F N EEENF5E
clamp O O popcount O O T3 28%6, QR T a7 A CTORBIEE AT 5 Bk
mad24 O O Thsb.
Bss | AA N | A= | BEH | AA N | A—F HeF H—FN2 H—FA3 H—FI0
degrees | O radians | O wma || wma || wma || wma
mix O step © © ‘ barrier() ‘ barrier() 1 barrier() A barrier() \
AT AL wsB || B || BB || amB |
B4 | AR N | =31 | B4 RAN | —FN

dot @) length @)

distance @) normalize @)
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NEMEEEZ 2 —A 4528 T, HEh2»bhHET5. &
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1 SOH—3xN T, RPEHEBEHEa—LT 52 &0
HEETHD. L-oT, B—NAMTTa s T LR E
ATH -0, [h—x v BoRBHIE] 3L M1-o0
A—RNVND T —0r o A BRETHD (K 9).

=N H—=FN2 I—FN3 TI—20

S—krua| ERA ALERA AVERA AERA | A
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JLEEB JLEEB JLEEB JLEEB
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JLERC WLEEB JLEEB pusi:}

9 [FHIHIE D TT ik

FHIHIEL, —x Ao e s T AFITORM ZE
B, 2U—FNEMEEE 2 — T2 F TR 2.
BH—F VBRI E -T2 &, 22— VIEFEH
BEEkTT 5.

= AT, 1 S0 h — 3N TTEERIBIE S =
=NV LSS, 1 DORMBETT 2 E TROEHEL =
—NVEREIED.

ZO2oDHIEITOED, INY Tz b IR
VI o5 WD, WA o2 OFIETFIE,
WOBEY ThHD.

NYTHhg oz,

A7 ZEOIHEIR 0
EHIRAsE a— T DL T v &g+l

N7 BEPEENT N AT L RE TR T
[EELZ 72 D F TR

NUTBE A T 2

AT ZEOYIMEL 0

@ HUUEEOPHEREE SN THRONGE
[EIIRAEA 1 O

R — T BB L RE, B0 o 2 EIT+1
ER@D%, NYTRHEI T oA EB LAY T
B EERE BITIRENT N 2R a7 L FfET
HIE, NV T IO EBLONY T D ¥
R

@O e

e e

® @

ZD2ODAY L Z~OEAEIX critical section & 725 D
T, ARIFSLER API TR & 40T 5 PR il B %
(pthread_mutex_lock, 351X, pthread_mutex_unlock) %z >
TIREEITD.

() RE
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HHAEYIZ, NY T H X global_barrier, /XU 7 il
HiH o > % global_escape # €31 5.

R DK TIE, 1 DI —FRILATT ST LD
I VAR EAT S oo, NY TR T X D%
Fxv7 L, QUSAOEEE, ol —Fn, #iEoFE
MBS = — A Bl LTy SHIBTL T, [AHT0ER
SALTIFHET D, NYTBHD 7203 0 1272,

(&l —x0id, REEEEa—1 Lo T, FYEE=
—VDREN DB L7z Sl L, IRD 2T T ~iEde.

FHIBIEA~AD &, RMEKE =2 — L Lz & il d
5729, HEhEE A 1TV, NU T BT > 2 OHNE (critical
section) 1795 . ZDt%, oh—x 2T, [FMEKE
=T 5 FE TRIET 2.

A=A NBNEMBEEE 2= LR BIE, Z OFRHE
BT 5. 22T, PEHbHIEZITY, NUTHRES T
& DA% (critical section)& 4T 5. ZOKE, NY T HTH
ENYTRH A D 2R EBIZEBIL TS T N, AT
HEFETHNE, TSEIORBIEHE = —VITRT Lz &
HIWT L, Pehil 21T, WAoo 2 a€a s )7
(critical section) 9~ 5. Z ZC, R OLIITR TI 5.

1) AiEORBER = - TRHD
while(global_escape != 0){
}

2) el e o o

3) NUTH UL X O critical section)
global_barrier +=1;

4)  HHbHET w7

5)  [FIIHIAE 0 7= D Ak
while(global_barrier < &7 /SA 2 27 #0){
}

6) HEfIE = v o

7)  NU TR v 2 Z N (critical section)
global_escape +=1;

8) NUTHULEBIONY TR Y ZRNEET A
A a7 H &R U THIUZHIHE (critical section)
global_escape = 0;
global_barrier = 0;

9) HEMRAET =y s

X 10 [FIIBE AL 7 v —

(4) BEbiERERE
OpenCL OfLERIE, K11 TR L 5= W37 a /T
VITETI) & T EZRTWRN T eI TR TIV) B
it LTV 5 [4].

F—HZWH T T I TET AL, 1 ODDOH—FL
FATH AT D, THAA ANOFEFE L= b C, [FRFICEIE
TEHLEOIBRETNTHS.
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TOEBDORIRD I —FNFETEATR, TN ZAND
BleDEFEa=y MZEIDV Y ToNT, BfETH LI E
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int barrier_app(){
printf("1¥n'");
barrier();
printf("'2¥n");
barrier();
printf("3¥n");
barrier();
printf("'4¥n");
barrier();
printf("'5¥n");

}
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