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Abstract OpenMP is an attractive parallel programming model for a chip multiprocessor because
there is no standard parallel programming method for a chip multiprocessor and it is easy to write
a parallel program in OpenMP. Then, chip multiprocessor systems can have various architectures
according to target application programs. So, we need to implement OpenMP in different way for each
system. In this paper, we propose the implementation and the effective translation of major OpenMP
directives for a chip multiprocessor without using OS to improve the performance without using
special hardware and without extending the OpenMP directives. We present the experimental results
on our target platform CT3400.

Key words : OpenMP, OpenMP implementation, OpenMP translation, Chip multiprocessor, synch-

ronization, reduction clause

M= 2 WA Age Bo ZANZ HoleE

145

nEH

&4

Ha zeaqdn 2de 37 oAz AP (message
passing) ‘$2lz FH F3(shared address
space) WAooz g £ Qith WAR A we =

2AATY BEd vEg 3R] Ak FxE AEe

Fa

CBQAZE BMEE 21 TRAE, SystemIC 2010 ZEHE, FREA
AZZANENLA, IT-SoC BALAINL P ol o8] D=
onf, o] ATE 3 AP G ALsa LG AT Meigw
AFEATAE, AUty BEAFsdTh, SEALA msAe

A=
t gy - ity Ar1HFEH I
wcjeun@iris.snu.ac.kr
o d A MEdda ArFEFESSE af
sha@iris.snu.ac.kr
=EAHT ¢ 20068 69 29Y
AArgR ¢ 20079 19 239

zZEaderl T2 A M7 288 Ho)
Z2aPe XS B &
A Z2age] oy 40| Utk w4
AHd/de]l ®F(de facto standard)3Hd

2% MPI (Message Passing Interface)(1]
7F glen EgjFog B4F v Za|(distributed memory)
TZ2E 718 ST2E oA Bl Agdt dgos
T 4 TR AL 2E ZEAM7L Z2H8E shy
9 Wze Fgo] e FXEF M FH d=
(shared memory) 8o HIE Tl ZEA ML
HolEE n@F) o] Wale drg AdAA(memory
consistency) A& $3 Wixa A9 2de B
2 BXg g aee] 43 Yt T2 oL ¥E =

o
ko

32



146 ARAEGS =T A

2uYoz HISIVE & B4 Utk TH A=
o] Abaate] ®ESE QEH0)A2ZE OpenMPl2]
7 Qlew EEHes Ff vimd F2E /A dAE
oA e (SMP: symmetric multiprocessing) 71 Al ofl 4]
F32 wo] AgFTH34). agn Zaadde] 4ve
A4 dEFe) dAF GFAE VA o)z F2H
9} A2E-2-3& vES o HEAY FHE(plat-
form)elXE ¥8 Z2ad% 292 OpenMPE AHE
e ARE 3tn QvHs5-8l

OpenMPE AHE-5}7] S13iMe thid ERZ A Y
7Fs8 OpenMP F-@(implementation)©] QoJoF 31 1
T $A T2 338 W¥(translation) 3= OpenMP
W& 7] (translator)7} ¥ &3tk OpenMP  QEIH o] 2
(interface)= ALY YA E B (compiler directives)E
ol gl =g oxE TP HAHWH(speci-
fication)ol W3t EFY ol oW WHAMF FPF
A A2 OpenMP TIHEIHE olgA FEE AU}
© A3 JA ¥t F FAFol 9E AT 7 FAE
A AHEE 4 Ue API(Application Programming
Interface)7} tt222 Z#YEd wg} OpenMP o)
2eixn 22 WIFAZ ZRFolzxe vE Pd w
& o8 71X M2 o OpenMP F3o] U& = A
o}, w&bA] OpenMP ZTZ 138 5% OpenMP +&
ol oA WEsly) JsAE HF OpenMP FHES Y5
OpenMP 7|7} BQ3je}

@ 3 thE =2 AA(Chip Multiprocessor)®] 2<%
A BE3E g a7 Yo gleng ==
aggo] 4% OpenMPE HWE Zz" 2Zd= A}
£3lie dTEC] URARMT-9], & HWHFAM EH
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2A42 4SS di 8 2o gt L9 A
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2 Fysiziy zZhzte] Fxd g OpenMP 7383}
OpenMP W#g "oz stx|vk olx zpzke] 7Lz m}t
£ OpenMP7& 3 #HEo| izt 771 &3tk I+
g PN LFAANZ dAY OEHY Ad g
E2F AMEEH POSIX 2H =8 AH8E F e &
ZodE 7I&9 dAE A ZAdA Ak
WHoZ OpenMP T3 W3e 4A & 4 SIeHEl
Xt a3 FFAAE ARSI ¥n 2HEE A
3A e TREFANM OpenMPE AME37] Asiae
7129 gAY dF5AE] JACA AMSste S
ttE OpenMP T@3 HES g g Fof

2 =EoNE £9A4E A8EA 2 B 3 o
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F ZEAXNE A% EAHY OpenMP 737 HEE
Agrsla WA ZHEQ] CT3400 @ H oF T 2N
A REd Hgdtd 1 FFg EA%Y 53] ud F
RAEL AMRE V12 QFEIT9] 28] &5+ =9
olo] 9)&3tx] g3t OpenMP THEIH ] F71AHQA &
A Qo] 4%e T AZ 4 e OpenMP TEH F
£ YYgEg HES A FR FIJE sHeAol
ANE 7IE F713 dHEr 1S dATS Az F
713} el FAE ALPch 2 A oA 22
< W@stn daAde=ZA AAIgE OpenMP 787 ¥
gol FHIA st AAE HE PTG FHo] o
A zzade g AR BAT.

=29 FAL thes Zrh 2%dMe wiAA AR
ATl AHggE 9 3 % TE2AAN B=9 OpenMP
o ik JMFAHA ANE ok 3FeAME AMFlE=
AQ3AT AP A A IAAS AR
%z 2= YA ge 9 J oE Z2AA
ZPEANMY aHHQA OpenMP T3 WIS F8
OHgEE FHo2 iy, 7oA AL dd
3 oF Z2MA BEQ CT34008 93 OpenMPT+3
I OpenMP ®#E AR 4FME CT34008 9
gk OpenMP WE71E MWy 48 AHE AAs
5ZMe BAGTE AASIE vlA T 6F e =%
o &g gosly AES UHa go2 ¥ #AE
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o} OpenMPT&# W&E AN 7] Aside 54
F HEAE FREL Fn 2 FAEANAN OpenMP
3 xdo] &} OpenMP YHEIHE oJEA FHI}
W % Aol 3tk OpenMPFEL HIX
HE) wgt 2EA" OpenMP ¥E-& OpenMP +
Holl mat GepA]7] o)tk

2.1 CT3400 B ¥ CIE T2AM BE

B =FoA AREE CT3400[10] R=% Cradle Tech-
nologies, Inc.olA Az Bd 3 o} T2MA HE
ojtt. TFHAE AHEIA ¥ EYFHoE Ff WL
g TZ2E JMAY =] AElEolg AFde Y
A 9% Z2A44 BE2 0g 18 o] BHE9 3RE
ZHepstAl R8T Aolth. ¥ o8 Jle] DSPE Zm
AAT DSPE & =FdA tFa A gL FEolm
2 =84 3Y g REES 43 2gojnk
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RISC &4 RISC &4 RISC 34 HIOHROf O HAI(32KB)
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HE HOHZO
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2 .8 (off-chip)
GIOIE MIZ2i(256MB)

09 1 S BRAR CT3400 29 R oF ZEAA BES Fx

olg zZtm ged e A=s Wl A9 230MHz
RISC #A(RISC-like) ZEAA, H= URd e 32
A9l A9 HrtEo], 32KBY HHo| A, 64KB9] &~
Z(on-chip) tlo|g} HlEFZ o|FFict 2-F W2z
9} o= WRyYE RE TS HZF F A

AR & FEE ‘for FZo] OpenMP HYHE|BE
Z7}8)4 OpenMP Z2agog ¥i=Es Cza e
dz, Wazxoz H3ygd R OpenMP TIHEIHE
F71% Folth

gog o)@A OpenMPE A3 2z alg A

v 2930 FH vRolth X o] FYPEME  IY] YsiME 5T OpenMP 78 we BE ==
HE AQE o ¥x] J9=S APFeEHA ¥ aPeZ wEstn Huwd sfof frh OpenMP ol
7t E2AE vRy AAE &-F =g ox- Uﬂ_-. & olelg W AL L3 OpenMP HEL FYshe

g FolM A 5 A 3tx, AFe] T/ dFE A
A & A 12 Ut 719=F AFEHA L& BS
Hege e=x-3 drd fA5Y AF Z2AMT =
HHe g HIE ¥ DS(private) 52 A€ &
7EA AlfAREE ZEOfA HArSR HAAF W
9 Z5 WS (shared variable)2 AAE = Jduhs Jo
2 EZZAMD FAE olHT FHEFE FIAM o)F
oA -3 wEle A A8 FdE diole A
(cache)® AT 5 YAT E =Fdr= dolg
NG 8312 F=g MdPect A MviEels 64
NE AL 4 ok ZAME f3 2o Qo
E2E CQAOE AEE £ AR gedsd FFAY
‘cragcc [111E AHEE 4= itk

2.2 OpenMP iR

OpenMP: &7} C/C++¢10j9} FORTRANI®] BA|
o da) Fostn Jon A t]HE H(compiler
directives)o] 71¥He Fi Jor ¥WE ZZaPs 4
A AAE 5 e FHE Uk 218 2= 0FH 9999

45 OpenMP W¥7)(translator)ghil 3}al, OpenMP
HEy) FE3 Aad AYE Fds Fiol AR
HelE OpenMP ATY3 ). OpenMP T8}
o 1 PE 2= #HE zzay-e AASE OpenMP
HE)7 gadteg o d7Ee] dYd FAFAA
OpenMP dge) disjA ohFx 31en(3-812] 4+ <
T4 A% A (parser)vt oYy ZEE 2t AHE
e WYE o8P 2e2M OpenMP HE7] Al =
£ Aztg =388 Zo)a gIrH363,12]

OpenMPi= X3/ZS(fork/ijoin) DL 438 Zd=E
g3ln gk 2238 A OpenMP UHERZ
AT HEgxeg G99 W Wrx e F 2E=
(master thread)2 $=3)3tn WEAZ FHoA F &
gz o MY A 2= BGT F T 2=
H2 A IS ol Mgtk ZE &dst #4
Zr g3 FHLS vlXn BEME 999 o =L}
W E7)8Hsynchronization) 33FE AN FH RE 24
EE oA F ez 3R agn F REY=e

{

#pragma omp parallel default(shared) private(i)

#ipragma omp for reduction(+:sum)

}

for(i=0;i<10000;i++) {
sum += i

—)

3% 2 O%E 999974 e Tk

for(i=0;i<10000;i++) {
sum “+= i,
}
}

for 329 OpenMP TIHEBE #7131t o
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OpenMP 787 W2 g SYF] F&HFolm
B =®dMe 29AA A= golrae glo]
OpenMP #&E& o & o mejsio} sl AEF 3
2L FQ OpenMP UHAEIRE F4oz AJsn
el A 270% CT34008 tidoe2 A4 OpenMP +3
3 {E-g B,

3.1 HEANZ| AHoAMQ W HE

‘parallel'# ‘for’ 52 OpenMP HYdEgrB Hee
FAE FdoA ARRdE Wge £48 AARse
=2 H(clause)& AMEE 4 glon] W4 &4
‘shared’ &4} ‘private’$Ado] ot
«‘shared’ &4 ¥ HEAY G A Z2ZAHMNE

e oo of

e

of EEHoz Faahe W
Cprivate $4 W4 9EAY G Al Z2AA
Bo) £YHoR FAAA B A A%

ol HAL Ul ZTHYEFNA P W AA A
Qo] FHWEFAR BEEFAR 9 FR glo
. EEHor BE ZRAAME HIF $

s
Sl W

cesus gYdoR shie ZuAY S3dez
428 & e ug

OpenMP Z2I3jolX AARE £4& vepdoh £
=M E EF5S Z7] 93 OpenMP &Aoo R
3 739 ‘shared' 49} ‘private HiFEte 808 A}
3t3, AA FAEAAY A wt Ej¥ez o
g ZaAMEe] AF A2T & dsA d%E el
T FEL FHES @5dfTgE £04F ARSI
w2bA OpenMPoJA £4E ‘shared 52 AAHeiet
= AA AL FRHSIE olg dEAHSRE 98 4
=3

H 12 OpenMP W5 &7 W9 da) Ml o
2 OpenMP A% I8 Ae)g Alolck ‘private’ 4
A W] A8 A6 Faglel HaA= 9449 Ul
FoA 2L olge ALE A2 AAshA "l W
& Ade wet AES

galsjol o} 53] $9AAN gl wd A dF =
EAAN BAEL Azte) Aol A onXE F
Asla HEATE FXRolE AR ‘sharedBHFELS
BEHFY 4ol AR olE AT UBY(consis-
tency) A WS o= ik
CT340091 M AYHSFE FHdss AAQd 5+ 9
282 ‘shared$4-€ Zv FHEF7 SAT £ AUk
o34 AFE Mdste e vixe g9y o
g AT AT T AL Jbesie 24z
A% W7t fA3te WE 99 Z2aYoAe
A9g dloleHglobal data) B9 H(heap) FYe 2 o}
2ok, AL ‘int data[100001'9} Zo] Aguis A
AL s WHez wige AY dolel 9ol 94X
o}, gtd BHEAFL ‘int xdata’$} Zo] A FE B
& AAstn YF9 ‘malloc)’® gL FFE o) 85
A AR E Fshe wgolt o] A% ZIHQ
‘data’s RS dlole} FGo Hx&}A|e HAA fiole}r}
JE $AE ‘malloc(y o2 8% e Fl(heap) FH
A F,
CT340091 M= ‘shared &4 FHETE 8 3HE
€ AHEshE R0 BHEFE AMEEE AR Ay
Y & 9tk PColME Ao wrng 937}
Sl gzl § JYPUXY mat & As zlolrt
Ae et AT CT340090M AH-sle Ande
‘cragec’s WG dlojgl P9 AT AQAFE
agFog AHYe 7% ALY EE oHT
71%& Aoy T3l My s 3 QA8 24
Hez A9uSE FAgF don 2E 4 T2
oA G A5 e VA E AL oyt A
AEHFE FAYTE AGASE Adus 4o
obd 3 dYo] WS AAANIA Hu2 FAmdHst
Aes NG F e 7187 ofd Qo =@ g
ZRENME o] FRE oliste AMYE AFF
A AeS L F de FFeHE AFI
02 CT3400014 A9g¥g= dEUFo|RR

‘shared 4 $4% 7H AGifels 2 Muidt
FYF c1Fe] BENSTL US Woth & ZaAME
‘shared HF=2] BANE-S o] @EWfo] AHFsn {3
gt weld OpenMP W& 7+ T2 AAMJ} 2 )
t 95HS B dBA4S FAE ste Aotk #

o oA o oft

g3 desid "ok

- EdE ¥ Bask) ¥ FHYYH F

- #F W] A4 (consistency) A ol
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- WEAY gy fFelx
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o Zt TEAAEC] e ¢u A WHos ZIZAA

Arolel ke HEerh

3.2 HEXa| ClYE|-Y

‘parallel Bl HE WA FJ9E veply HE
HEE 331 AL Z= BE(code block)o] ‘“#pragma
omp parallel'# 28 ‘:]‘QJE]H £ F7sle oz A}
43t =g Xdske dAY gSA Ad 9%
ANAE AH-ERE ZREolHH 7|E oY dFAE
7|1A A OpenMPE TH3= AT vldzlAz2 Ad=
APIE o]&3td Art sx|vt diFd tEAe Ad &
FAAN R 2H=E YA e ETRF] F$
oy T AN Z2aRe FY317) e g6t
Hog F XA M(master processor)7} A3 Y o]
HAE Wz ZZAA A (locad)dt FHNEE
sjof g}, o] W T2 Fo] R YA RE =
EAMEC] AFAFE T3] fEe 2209 &
AL AR o ZE ZI2AMNZ HAE AFEa Z2
ao] B W) BF o] FEIoF gt oy T3}
< 99#% OpenMP 3 Ed¥des v=22g ZIZ WS
AR o B Z2AMEC] Zo] Hdy & AFeta X
Zae] ¥ u Zo] BUEE BHExE ddgBy
A wiHol gt HA A & ZEZ W9 main
$+E appmainAy RFY ¢ oo vHETh ok
208 F EZZAMN/ OB Z2AME HAIPATE A
A AQ Z=9 app_maind 5EFE= Z=E P
A 2L mainFE G WHE AT U e B
A EAFAME T FRENMY 275 FAS
<& =2 A7 He Ay faiA o)A W

[ ‘parallel’T¥ElH A & ]

GAAE AHg3A e OpenMP 78 %

F8 YYgH HE 149

A& AHEHTHE79,12l. BE ZEAMEC| Z2aYs
AFsE 2 22N 22798 S5l g2 =
BANEL F Z2AAM7 BEAME d9d =23
AR 71gdtt. £ ZE2AAM7E HEA ] JHo] A
W R ZAAE B3AY AY9e UHA FRsa
Al F Z2 A7 oS WE@AE JFo e gzt
2 Urz] 225 ti713E36,12).
‘parallel A E] B8 OpenMP HEE o WHAT 3
42w g2 sl dal RN #

g IS TEIEE 9 OperMPZE13S WH3
th 2E=E YA P ZRENA oy FE7}

A FAL PAT 2H=E APz EYFLR
OpenMP B37)1E 3317 23 Aol Aok =&
71&2] OpenMP W37 1ES 2HU=F Adde EY
< % Aol B2 og HEVE AR F 3

org Nq2¢ OpenMP HE7E Ado] =& »=dE7
FiE 29 & J& AHl ok

CT34008] A$E BE T2ZAA7F T2al8 AlF
371 YsliMe F ZZ M)A (master processor)7} 413
B ool E A ZaAAdl AA(load)st 43
FEE dof 3ot a9 3L CT34002 9§ ‘parallel’t]
dE]B 9] W3l o ‘4pragma omp parallel’ 2 AAHZF
EE gidle} Eorte =g e 33 Rt
A2 ‘parallel AHE B UYE A= BES #HEd
Zoln olE&e WHAE F9E ZEad Foln
‘parallel VW E| B 7L A XAME WA BHEAHH J9
oA HZ3= ‘shared M ‘sum’o] Wi FRE 3
F Z2AN7 EFFer FIde -3 Rl F

22 9713, WaAe 998 FY3c ¥4 ‘thread_

o

thread_shared 0 _t_shared;
_t_shared._sh_sum = &sum;
parallelize(thread_main_0, &_t_shared);

/] Z2AA e X9 ‘sharedBF F2A] HA
/] ‘shared’®4 B AF
// BEAEYY & 9 P Ag

I

[ g€z 99 +3 &= |

[5249 &-7 =g |

= TZAM B )

beast(&_n_shared, sizeof(node_shared 0));
il & ZZ2HAIF OIS )

}

void thread_main_0(void *args) { \h ‘shared’ ¥ AR 85
thread_shared_0 *_t_shared = (thread_shared_0 *) data;
node_shared 0 _n_shared; !l Z2AAE Atole] ‘sharedF F2A A4

{_n_shared.sum = _t_shared->_sh_sum; } // ¥ ZZAH A7} ‘shared’dF FE A%
/} ZRAMZ ‘shared B¢ F2A AG

{ _t_shared->_sh_sum=_n_shared.sum; } // Z2 A X3} ‘shared¥$ AL 5

a3 3 CT34005 #1% ‘parallel JHEIH g of
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main_0'c -3 W22 HHE foigA S35
t} o] o ‘shared < ‘sum’o] P BEHSE HNAH
Fohd WHEAHE dHo] =FA37] A7A ZROWS
T3 AL F ZEAMo|2E FE3F ‘sharedHSF
Sz e AL F Z2AARolth gl gE
E2AXEC] ZEOYE AURZ P57 filMe F
ZZANZRE FEEG ‘sharedW4 g @Awolof
st old FAYPL F 2 AAY) OE ZZAME
oA W(broadcast)et= AF Hl&F FIAL JR=Z
O% 394 ‘beast'#BHe 01§ R AT F
AR o] HAo] FuH 7} Z2AME 5HAHY -
A Mu2gd FEF ‘shared ¥ S 24 H== 4
g HEdAe 49 F94E 4 YA "ok

3.3 713 ClEEg"g

‘critical’, ‘atomic’, ‘barrier’ TIHEBE F7)319} 4
T e AAE FYsis YHEBE Ypragma omp
critical’, ‘#pragma omp atomic’, ‘fpragma omp bar-
riers} £ FA o7 AMGEo ‘critical THERE B

(LI

Q== BEE BAd T ) olgel ZzAMYL AT
== 820 Fase 2L %n 54 APdE 23

o

el T2 AN HF 2= BES §
‘atomic’ I EJH & ‘critical’ TIHME| B9} TU3}A| g 5
= BEE dde2Z 1A gx 53 FHY At 2
(statement)?+ AFEE 4= 9ok ‘barrier THEHE A
#eHe = BEOY 4 E(statement)S flow =
€ ZZAM7L s AR} dE A =28 o
A A\ A FomM ZaAA Ao}l B 7)(synch-
ronization) & HFe 4&E ik olT F718 Ay
< ‘forJHE| By} ‘parallel I E] B9 nix|oz £A]
Aoz st Z2Z OpenMP HAlE AL ot
POSIX2H =g Adste A F gexz] AY %9
AAE At FREY A 2H= golr oA
Adshe FFES ol83A Fr13 ddEBE 44
FEE = Jok AT 2Y=F AQse RHY O
g Ad SIAAE AHBIA g EREY B9
W AntEoez s=go] MmlEolE AYslA Al

el 33 WA A BAE 2@t} ‘critical ©
AE) B9 ‘atomic’ HHE|HE AulEolE gock) HA
o AMgsteE Anem LA FHo| sissid. slAw
‘barrier’ HHE]RE T2 A Atolof] 4l&(signal) & F
i e AP 9oz gaA Fdsor 3o 7|23
ozz= wlglold £33 ZZAMEY =S Ae F
e ARSI ZEAMNE] wgeld) =3 dn}
o 3 FREFE 1Y FTHAAA BE Z2AA7L W)
gojo] =FAPEA gt ad 2 TEAHAE)
FHEF S UAY & 9 EE ArlEolE o) &)
Az WAAL oS o o Bl ui$ F Ao
oz IS e S St AniEeE F
A HATSE @S e FArde AFEA A=
£ FHF

CT340001 M= o) 3l 3l=go] AulxolEs ALE
8A 5713 AEHEE T wEle] FEL g
A Add Z1EA wjele] ¢aBlEE w2edy 2y
d@e CT3400& °l&% 71E 77919 w2l
(barrier) FHOITL 7 4(b) & EEIN AYSHE )
go] Fdolth. FFoX TFHLR PES'E WA ZZ
A2 AeE AviEY ‘my_peide ZIAARC B
o3 g MFE nfe TEAXIL Qe HS 0RE
n-17k419) M3 E zr=t) ‘done_pe’'s AA7A vlgo]
Fge 223 AN 2AE e THSF

71E AFAA AAG wige] FEL wiger e
Yroic} ‘done_pe’ #e Z71Ege A shie F§ W
F2 o8 djgle] gt A F AEE Hyoth A
o 28 4a)9] 7FEL wiglolE Al mixwez S8
gl ZEAHAY ‘my_peid gl 0ol obd A EA7t
g oA Z2AM7E & F ‘done_pe+t'E
F35}7] A7MA JHA 2 AE ‘while(done_pe <
PES) ¥HE & wji&o) di7|dch az)m wixg =24
27} ‘done_pe++'& FB3IH "R T2AAM7L &
7] Aol & Z2AMEL ‘while’ FZE WA UL
F UL T F 0 ZEAME AN B 5 e A
A% ‘done_pe'E Z713} sl EAL AT 4+ Uk

tlo wo

semaphore_lock(Sem.p);
done_pet+;
semaphoer_untock(Sem.p);
while(done_pe<(PES))
_pe_delay(1);
iflmy_peid == 0)
done_pe = 0;

semaphore_lock(Sem.p);

phase = (phase + 1) % 2;

if(done_pe[phase]+1 == PES)
done_pe[(phase+1)%2] = 0;

done_pe[phase}++;

semaphoer_unlock(Sem.p);

while(done_pe[phase}<(PES))
_pe_delay(1);

(a) 71¥ 479 wzlo] +d

(b) Aekste Hizo] 78

28 4 CT3400°149) wizlo] HH el 783 A@ 9 o
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HEAT SRFAA ZEANXNT HPBAE Fhse &
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gol7tA &gt o] FREAXE vpAe E2 A AL
‘while 2 #3317 Ao S Z=AMES] g
glojo] =AsiejElE ‘phase7t 2B Z 47 gHlEA
BRI AL BAE 4 g

3.4 Ze] 2 ClyEl=

for' O¥ElBE 2 Ewl(work sharing) THER
9 FE ‘for Fxo] BoJA AH3 ‘for FIZe] HEE
B (iteration) S A8 ZT2AAMGA UEFE A& &
o o] W ‘reduction @2 AAF WE= EZZAAEITH
gd W] oIk @YX (reduction) B4 I
HEHoz Z TaAAMe W e v ok
‘for A BN ST BES TIAMENA &)
e FAYe FAA AR ZRF] FERle]
Fxol 2713H FE 277G BolA Z ZIANN £
B E g wE N2 23 TR ZAS
ARste wygos FHo] shEdith

225 Adsle UAY deA" Ad LIA AL
ARESHE EAEAA YA Aikg Adste W
gg A3 FHHL gA wg HIske Aol
et 13% LFGAAE AMEEA g EYEAME
YA dert FRAF7E ofd sl A tE
UHE ge2 o 3 7R wEe 294 WS i
< A AZE FHHEFE AR= ez 22 O

T
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o
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2AY 9E2Ag NANN 2IY=F LT ) v)=d
BAol 7]E AF79]9 f94 FEAE MFHeR
v&ditt 2 Z2AME g8 Fa 89 FHdgd 2
g4 diks Y5k, BE ZZAAE] Y4 At
< A9 Y THERY e 4 Z2AAY 5H4
J FYH DR BARIEoEN YH Eg @
9o AR E Ak FAT o] WA dHL ¥ ZE
AX7E & Fn gga dde de T UE =g
AXMEL FE F7] 9814 7dEer stRE T2 AN
o S3o] A3} Frke Holth ©E WEHL TH
Hrgd ZAMuD e AFE f9XE AAse
WAooz T ehlg YD 94 RE Z2AME Z
Ze) YA SEHS e A" YA gg FA
23 A4 o2 wjo] diE FYHA EE Z2A
A7F e AT AL AP Lo 4 ZaAA
Eol T& WERIZHEH & ZZANEY FYH 4
&g 994 AFFHQ G994 A FI o)
e 2 FasEe e BEivsg ZPFA
AR AY g AHEshe A vlsd dhajog ¢
Al AR A FoE deoe e ZL davt g
22 g% Fe Ao HAIHT PH Q4 ¥E
oz £34% & Uvhes FHe] Uoh

29 5% 19 29 94 =2 A ‘¥pragma omp
for 2 B4 BES CT3400¢] 24 wgs Aoz Q
Aol tigA ‘sum'H49) YA A AHE 2D
Atk WA for FL WHE 45 Z2A|M Eujs}
W 2 TP P for FEY 2VIRH FE

£ o {r 1

27L& AR OE HolBE WFE A2 AdsA A
3t @A ‘static schedule'dr XQst=2z A ‘for
Fxo] 27|33 8 210 oM UHET = €
94 Axg AE 27aE AREn Usdd BEAg
PN £ AAGE BIAE FGe] B o

= Aol SRR o)E $3 WLHER HAE 2
71gg. 7t Z2AMe 99 for’ dd¥EEE =%
| 2=F s Lto'd uek RN FRstn mE
Z2AXEC] 78 RFEEE vigo] g TP
o) ek for’ TiHEIRS] HYH Aol UATHE wiE]o
T4 oldel fgH A AHeEdth 7 T2 AAbg
YA W4 AR F2AQ ‘reduction 0¥ WS
‘tred’ o] @A) TE2AAMI} ‘for FEZE FIYF ANE
AL ‘reduceF4E ZEIMA YA HE Bl
shute] #HF Aagioz wET. o7)A ‘reduce 0¥
= Aoy F4l 2 84 Ae S et

YA AE B ‘reduce’FrE Yol 2% F
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int sum=Q;

int_rd_sum=0;

for(i=_ti;i<_tm;i++){

sum +=1;
}
_rd_sum=0;
_rd_sum=_rd_sum + sum;
{ reduction_0 _t_red;

_t red._rd_sum=_rd_sum;

*_rdl_sum = _rdf_sum + _t_red._rd_sum;

}
barrier();

int_ti, tni // 2T 27, F8 Y, FT A
int *_rdl_sum = &(*(_t_shared->_sh_sum)); // 29@ ZFE EHF7] AT AF
int_rdf sum = (*(_t_shared->_sh_sum)); // YA HWPQ 273

[/ _t_i, _tnd] B4 Z2ANE A% Fx A A7
[/ AA for FX 8

/B84 dA d4 27138
/1 A 22X AN A A%

/] Z2ANZ shared Bl Ak A%
reduce(& _t_red, sizeof{reduction_0), reduce_0); // TRAAI A 48
// B84 AE ST

2% 5 CT3400¢ 913 ‘for’ TIHE B9} ‘reduction’ o] FHH HE

semaphore_lock(Sem.p);

phase = (phase + 1) % 2;

if( done_pe[phase] + 1 == PES )
done_pe[(phase + 1) % 2] = 0;

memepy(reduction_buffer, buf, size);

done_pe[phasel++;
/&g E9

semaphore_unlock(Sem.p);

_pe_delay(1);

}

void reduce(void *buf, int size, parade_reduce_function function) {
/1 & Z2AME Seck)E FTh
// BEHE AY ¥ A

if( done_pe[phase] ==0) // 3 A 2N 9 FHEF 278

else function(reduction_buffer, buf); // Wo X FHAso] 29 A4t 53

while(done_pe[phase] <PES) // §713: BE Z2AA7 #¢ W& 7103

memcpy(buf, reduction_buffer, size); // % YA AHE & T AHNZ A

a9 6 shiel AYM FHESS

Z2AME AutEAE olgsiM 2 Fx ey A
HBe AR Z98A FH A5 ‘reduction_buffer' kg
EMHog AT Ad AS Fe FE AN
Aol AEA Asge EA FHug gl AR
A 2718 sl 2 99 TEAMELS FL Fod g
94 FEseel] A7 A3gE function §E o] 85
A ALk ZE Z2HA7 o] AP vk gY-gA
FTadSsE AFHY 94 ddd AAEE 2A F
Bz & zAAE #HF ARge At 2 e
AY Wfgo] BAEA AHEE & A gk

ogoE 3y 7& 7+ Z2AARIT FH dEEd
AA AF AXE F3 dAA Fmessage queue) X H
ALg e ‘reduce’ @4 Z=o|t}h.  ‘reduction
buffergle YAl AF 9= ‘char@4je] 4KBFHS
2 A AsTE T4 vzdd F3en ZzAAN
WEE o83 I Z2 A AF YR HIetx

Bc})_q o

Fe-5h= #Halo) A 9] ‘reduce &4

2 g Z ZEAME ‘memcpy'E o834 AHale]
d94 233e 94 AR AR BARjY. 2 =2
A7 BALE shREA slEle]l Qg o]&sA] &<
3 T dA AF AAGA gE ZzAMEY YA
ARFES 9o AF A9 AAgS ALg

4. M8 9 AN

A4+ OpenMPH & R 73L& OpenMP ¥371E ©]
£ GA Zgradg wesa 9 ] oF Z2AA
BEQl CT340000 4 ABgch A Zhd 2 A A
F& Ee7FAA AAF OpenMP 7@ ¥ {9
RS BAMPT Z OpenMP YHElH B3Hover-
head)7} dvh H=A] WX w3 E o] &34 AT

4.1 48 83 ¥ 2

B =FA AAFF OpenMP +3H3 H3-g A3}
71 98X CT3400& $13 OpenMP W&/l Ba @
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void reduce(void *buf, int size, parade_reduce_function function) {
int i;
memepy(reduction_buffer[my_peid], buf, size); // 7] 23 & dA AR X HA}
semaphore_lock(Sem.p); /] &4 Z2AAE SHock)E AT
phase=(phase + )% 2,  // B713E A& W5 A
if{ done_pe[phase] + 1 == PES)

done_pe[(phase + 1) % 2] =0;
done_pe[phase}++;
semaphore_unlock(Sem.p); /l && vt
while(done_pe[phase] <PES) // §7|8: RE ZZ M7} B¢ 4§ 7oy

_pe_delay(1);
for(i=0;i<PES;i++) // BE ZZAM qajA

il PES1=i) // A& A UriA] Z2A A9

function(buf, reduction_buffer[i]); // A3} &S A7)9 A g& AFH

} /] eE¥Sd HEH dadtt.

a9 7 YA A ANE WAA FAHY AHSShE BANAS reduce’ F4
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H) OpenMP T8¢ JEoz wa 9 i &7
gt OpenMP 183 W] 23 CT3400 ERFNA
AF3E AviEe] AP 52 oj83 B8 Z2afoes
wadle A4S FYAch Omni C FHorde[blelA A
F3e C-fromTE2IaPL CEZ22YL AAFH
E@](parse tree)2 WFstn 1 dA ERERE CE2
WS ANE mE A7 BES Z gler= o
Mot 2= AAdrie) = AEE 4tk ¥y
C-front= Yoz oL CoHYs adE sk 4
=g FEse] A 8= 27 dIle =g A
BT E o] ZEIWG FHINA AR EH WEY)
Az 2= =% £1& RS

322 Inspectore Cradle Technologies, Inc.olA)
A3 CT3400R 2] AlEgolE Z2agog Ao
@29 P& T(cycle accurate)E Z=TH79]. BEOA
APz HAL 5 FHL AolE @ FEIA
g & 2 Y¥A F Z4F HE 8 7€ dAFE
I ap@7EA 2 AEHolE ol AP

Adol] AR oAl ol A &HE 0014 999971%)
Hahs T29E A3 T2 aWF CT3400 A =
ol EAdE N3 A PP FH Z2aoelrh o
d A g5 Z2MAMA OpenMPE AME3e A4 o}
2 w&EsE WAtz Z2age] ga ATE HE53%
22 dAY dE5AHY VA E8EHE 9T WiXxe)
3 Z2aPE AV 88 I TIPS A

e A97E ATH79]. AdrtelM AFse AP FA
z2JRLe N A4 PFE A BE FsA g C
Agsle d TR2ao)R N9 378 TR
A ANES 2] 4a 712 AFTIINA ALEF
zZzadolrg Ay vart sEdte g™el slch
zZ2AA & AE AHEde ¥E T4 2Oy ==
A oA Ag AHSIIES Eoz 4% Y FA
=Z2OPS ATl Z2AA § AE AMgde =
Zae] OpenMP UYHERE F713]4 A9 g =
zayoz AT P FAL 94 QAL AME
A ko o2 ‘reduction’S ARSI oA TEado
2E ¥ 29 0904 999971A] Hdhe T2ade AN
Hoh o AGEFe) GFE o) AP F YE=
‘int data[10000)e]ut ‘int *data’A¥ HAGuES A
33 ‘sum += DAY ‘sum += datalil € AMRIIEE
FAYT

EPCCl13le 2] E#EA OpenMP THE|E Y
B3E FFse dArviaz @Y A OF Z2AAN9
Al dyElne ¥3E SH3e HAe=r gleEs
Al 2AENE 2 @A AbelE g9z2 38N
AR A1EY wEle] FEL NE =879 v
AE adE 73} Huch

4.2 MEZ

¥ 2= CT3400°0A 24x24 ¥4 F4E 38 45
olty. H FAL AGALE FF I EHE 2

X 2 2424 FF FAe] £ At (9 AIE)

A A8 (92-3) e ( g;-a) OpenMP (2.Z-3) OpenMP (2-3)

- BHED) (BHEH) FHET AHEG ki AFg3
170 3,664,513 3,653,761 5,221,225 3,674,336 1,081,775 847,907
274 A e 1,827,537 2,622,901 1,845,050 549,432 431,722
47 A e 914,127 1,320,474 933,549 286,282 226,760
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B4R 2E APAM Z2AMA Al Futd met =R
AA gl wimlEEkAl =8 Azl Fof ETh

‘Ae'st HE'e OpenMPE ARESHA] g £og

ANBYEEA

A% Z2aPoe2 CT3400 /B T elA A3 =
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WEg T2 3PS ‘OpenMP'E ¥V FA400] AR
e PHEEL TH WEY FAM &
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-3 dxgd T

ol 49

Al2e 9 ol& A 34 A A 4 Z(2074)

AGu+E
HEE EeAeg o we
2o A As FEE de Ao| ol 2
‘FTAY  f vEyE ARRSEAMAER A b
A& Adderl 5gdeE AR &+

FHNE ‘cragec’ HALH7E AY Hojel
ol AT HFEL F&FeR AYY +
o dehd el
‘OpenMP (5HET &
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BAYF,LEZ-F) Rt AT
FAYRFHT 4o Fth &

33 AL AP

-FY7} ‘OpenMP (BATZ,2
E o} ‘OpenMP(53E3Z,22-3) 3 ‘OpenMP
ol 84 3 ‘AAGF o
AHeoz &
FH U

EXEEICEL!
WA Foz

2 Hol A A¥ L 7FsA sk Bl

o

olgle] ¥ 3, ¥ 4, ¥ 5,

% 6, ¥ 72 27 929

‘OpenMP(AZHEZ e Z-F)yell HIA o 42% A=  ZA7E 4, 8 16, 32, 42 247}‘11/~1 62% a4
AZbol ¥l dele AL & 4 vk Belle ¢AT H AE SAE A o] 4¥E AHHFE 2
FolA AANTE FHEIEY 5207562 Alolgol B =-F vixd Fu 4% @-‘4‘4 s% -3 v
24 OpenMPe] ‘BAHEZ,Qx-F's Hl%d 45 A g A8she o] E-J dxdE AHEde A

e BU¥ 5 UA. 3
gl M 45 ASE A & U

Ausel FAYFE 47
AL WA AT W@rAE

¥ 3444 F8 F49 53 N7 (@9 Ao)E)

HlahA Ageo) R FATHTI), &-F AR Ve
-3 wEde e=-3 HEe

=g A EE! ! OpenMP, %2 &% OpenMP, &3
178 20,082 20,336 38,291 41314
2 AT R 11,270 31,120 32,756
474 A gle 6,437 25413 29,233
£ 4 8x8 3 FA F3 A7 (D AolF)
T2 AA EE By OpenMP, S8 &3 OpenMP, A28
1 143,378 144,552 208,399 164,922
270 M g 73,128 116,330 92,578
474 N s 37,367 68,174 56,983
F 5 16x16 PF FAY 3 Az (B AlD)
ZRAA EE! k) OpenMP, SH &3 OpenMP, A2 a9
17} 1,096,818 1,101,424 1,564,136 1,118,376
270 aF s 551,564 794,121 566,935
474 HF A 276,286 409,248 294,333
B 6 32x32 3@ FA F3 AR (@9 AelE)
ZZAA Y vy OpenMP, 383 OpenMP, 2@
170 8,628,210 8,627,900 12,373,765 8,650,047
270 AT g 4,314,852 6,198,865 4,332,926
4N g e 2157514 3,108,500 2,177,484
X 7 64x64 AT FAY S8 A (B ALelE)
32 AA EE Wy OpenMP, 5383 OpenMP, 3A 8%
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47 ;N S 17,080,974 24,698,132 17,101868

71 A&




@9 F g% Za2AMGA LEAAS AHEEHA B8 OpenMP 78 B F8 dHEgR W

E 8 78 OpenMP UHE|B 9] EsKoverhead) (B AtolF)

155

ZZAA 17 Z2AA 270 x2 M 47
712 89| ‘barrier 1,136 1,698 2,848
ME2L ‘barrier 78 1,404 2,128 3,581
‘parallel’ TIEE] B 1,645 5,094 8,109
‘for'’ TIHEIR 7,340 8,933 12,039
‘reduction’'d, ‘FHH4 1,713 8,790 14,028
‘reduction’, ‘el A=) 1,713 7,805 12,631
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