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hetero-TINPAR: A Parallelizing Compiler for Heterogeneous
Computing Environment
— Improvement of the Dynamic Load Balancnng Scheme —
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In this report, we present the dynamic load balancing scheme at run-time embedded in the

_ code generated by parallelizing Compiler hetero-TINPAR, which is oriented to heterogeneous
computing environment where computers with different available computing power are con-

" nected. In this scheme, iterations of loops in the program are assigned to the processors at
run-time. In the conventional scheme, 1)iterations must be assigned to the processors contigu-
ously, 2)at least the minimum amount of tasks must be assigned to each processor even if the
processor has the extremely small computing pawer, which degrades the total performance
and 3)all processors must join the barrier synchronization to check the necessity of the load
balancing among the processors. By the improvement of these drawbacks, we can achieve the
improvement of performance by 10%, 15% and 10% respectively.
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real a{1000)
processors PE(16)
distribute a(BLOCK} onto PE

for time = 0, 1 do
for i =2, n -2 do
{i) =a(i - 1) + 1
endfor [ seorcam i s nrar [7] rezicaso s s neap
endfor .
(a)y 70y 5 Al - RPUCEIY 13 3 hicAP RPN 1 5 h AP

|'°‘L'kf.2‘1‘3.m-5'1-91‘911'1‘?3 35143159

HEXT7U L FORBPT UL FOWY
L]

RP

'a'fs'{m. n.]

FEROME
(o) MM LR 7 Oy 4 LMY HTHFRE

SEEN 2 B0 8 i EG s

HETUL FORRKT T2 oMY

(1) EEORE
L
RP
0

FoL I I3
;R D i CEOE
2 11} 12 12
R s

3
() FEROWE
() BAMO IR+ e BT BFE

M1 7055 AN ERKEND LEE

WSOy 2ESOTL Y AE ) BT EHFEIC
2, EV 0Ly 3 OBFIRICHER T Oy Y OEBEL
REBEFVLETTCNCERLAR IOy H 2 8
0 YT HFE (EREEIYHAR) LBNESTHICE-T
VELRLIZES Oy VHOMRBRT Oy S OB %
TEZRTHRE L TETROBOBEIA P 2R/
Mz 2FE (BIEBHIZAFR)PFELONRS,

ZZT,SORLGZEDTUY S AT, IR0ty
FHEOE D L THFEBKL TVEITFIENRL TS5 A 55
g, BEETIEZS, £2C, 20X ) RBEIK
HERHLFRERAL., 20E20BEE., FoEk
BDd =N~y FPNS DB LI, BABED
AMAREREAT S, BEOLZIH, 4T F4VE
FITRbNEP LD i, V—TERIKTEFFEEL.
PO, EOHAZD ) 1 BV—THPHFETIHEL L
Twh,

BIBEOAMFRE LoD, AT ALY
HENSHEOWTIRECHL (Ex5,

3.1.2 B/BBHIX b ARXOMEXR

SOR DX, ¥4 754 VETIC X h EFIES
HEENTVE5E, BB oA N FRXTR, 20
7Y 7 ADEFIESREINL Y, B 1, B 1(a)
D7AY T ADETHERL TS, B 1(b), (c) %
hEEREIL AR, BRAABE DA M FRERB L.
BEDEFTHTH A,

B 1(b) odEE#H L AR T, RSOy iz F
NEN 4 OFOMEBFBICES ULy FIZE I U TOLNT
Vo TWwh, EBOEFTTIH. T3, £7ukvHo
PHETOLy oL 3D 1 EEORE Y REL /-
B, T3 ERETUL Y 1 IEET S, TOK, E



70yt 0ik, 2@BORENEFTEHIEL . ES
Oty 1id, B 0Ly 420 701HEOR
BEOETERET 5. LTHER, 4754V HRT
EITHEL,

B 1(c) DBABE DA P HRAOBITIE, RS0
Ly 0,189 RESOEyF 0, MRS oLy Y
22b 5 ESakyY 12, MBSOy 10 2
513RETTEyH 20, HRT I LYY 6,7,14,15
RBRETOEyH3IREIHILETOHRTY 2, B 1(c)(1)
B, FOBEWNLEFTOBRTFERIRLAEDDOTH S,
K7otyHdoild, FFMKI ULy Fo0101EE
DREOREE Lz, EV/ 0¥ 17— 2
ET 2, 0%, ETO LV H ORI O LY H 89
D1EHORBEORBE T Ik, EFTLVF 3 »
LT - Y2 RETILEND D, COZEOFLIEM
2 HET7utky 0,10 2 MEDREDCREY KIS
EFTHILICENERETLTV S,

LA L., $2.28 TR~k 312, hetero-TINPAR
T, 120ETO Ly FKEHVETSh TS EH
F70EyFEVEDODAL Y FTRELTWA 2D,
FILESOoyHIIH I ETOLRATVELETOHMES
Tyt $FULT A0S gshTwav—T
TRBLELZE TR, ROVBICEL I LIZTEL
Vi, L7280 T, S oRBEDHIC, EROBIEIL,
BMi(c)2)n&HicoFh, HRT oty 40,1892
FLETOEYy FICENBTOERTWERE, HES
OvH 0,10 20BNRECLBLHRTOLy
890 1 HENKENMEIZ, KRIZLLLALTD
EFTEZIOEDLLT, SOHBICLoTHRERE
BB LR TNER L2V, 2070, BFIMHRE
SN, ETERMIZAIEICEMT %,

3.2 HRIObtyVEESEhEVWETOEYY

FER D hetero- TINPAR Tid, HES 0ty Hicxt
LA b —2iR3R 70y 2B T HLEN
Hold, R0y I SR AL —H —
DHELZBEEL Y L WESIE. FOET Oy Y
70y EREFLEVE IS L,

MHEEES OEVEERS, o2 —F—-ToEAlC
Lo THAFMICR > TV AEHERISET LTV EB4,
ZOHEBICHBTI Oy EESTHEIN L, S
EFBEDOLF —N—v FERS L2F5, EBO
FHERMIIE A Ld BB, T2, ESOLY Y
DMFBEENHABOTREL 2L BRI O LV
DHERBEENTWVE D, FOREDNT5/»
TWIRE, MBS0y YORSESET Oy F 0
MEEDIHIETELVESITRINEL, S0k
3B, RBRDDEVES Oy IcHI) ¥ TS
N7-HRT Oy FONBICEMEET L0, £F%
DUBEIBLRDIENHD, TOLIRHEIT, 1B
BB LR OBVES O v ICiE, RS0
Ly ERSLEVENRY,

(a) AP RGBS
L)

7

] revicsinscsnrazs
Bl revcamcsnasas
RP2CR)MTEREHRY

RPICE HTHRE SRS
I —F Ty SHA D

(b) AP LBRVRE
wm

R

R S R S Wt s

O LS > NG 3 S 4 El S ISR 6 0 '

w N o= ok

LEEHEERELHE

2 Ry

3.3 BRAFHNAN

hetero-TINPAR T3, BoH e+ 2%H
T a7H T, £EF Uy HOBTRALYMALE
B ot2A, BEOHS 0y FORSIHERET
HoH0L)POHEEEE, BF v 7RI M CB
WTHEOF v 7 KA v M o OsHERFB L.
FORBMPELLTWEREIETHILICLY,
FHZHLTICBIRTA2REPE I P OHME T
BBIZ L7z, SHIZE D, BFHOLEROHMO 4 —
IN—A vy FAARIBICEA Lz,

7075 LADEFTORPCEETREELIMS &, /8
A75 A BOBNETETH27 VIV XL REBL
TWABT T r—aryoBaicit, #—/X—~vF
FREV, H2(a) 2. 20X BT OT 5 ADET
PICEAE o LB EDEFTOBFERT, ZOHD
ST G A, HAESOLIFHHET O 2R
BY 512, 1 oWH0BFOES DLy Y AFEUES
DTUY 7 DUBERITHWELENED L, N4 5
A ROBFNEFTETET LT L RBALTWS
TAT) XL TR EfTRENSEBICETEES L
32X %5FT, BIURPAKLETOE Oy
HHEET S E T, HEEEOREISIPLOT
BI%E & 57 TNCZ OB — =~ F & LTH
AER>TWE IS TH S, -

¢, —B., $iNEWSETb A H LTI,
FHERMAELL TR vk, HRT Uty Y OR
SHIBRBTHDH, FTEEROELIREB SN
LRI, BEOHS /0y ORGHIBEETE
ol L HETRTHS, £IT, HF v 7 XAV
FieBWwT, WEOFzy 2 HEA Y 55 DEHERRY
REMRIL. £OBMPELLL TV 220 ERTRFNE
SEPLETHIPLIPRHWT 2 %R E2T
ol : :

HEET Dy FBIESLETHS L UKL
L&, FAE2EIEMT 5. SO, BOYE
FHOTREZRETRET 5. SOEHZEZITN- 24t
DET Oty Hid, ARICBSIESHTEE S
BOET Oy FITHBHT S, BFET LY I, £

—118—




(2] reocmpsmz sz ey
B ecmmcsnrszy
RO2ZHIBTE ARSI RS

RPIH BTSN E R
—FTy IR

BAMERETS

BRFBANMICAS
HEBI Ty IR

B3 BB ?T&@iliﬁ%ﬁ#ﬂﬁ

o - BTz EOFR T, —F, MEORA
TWHEIAHFT, UEZHED, £F2T, £70%y
Y CTEMER > THIRTHET 5,

ZOFEIZLY, BOBROLEROHETOF — 18—
Ny FABEDTRELHD, F2(b) s, 47T 4
YROBFIERETET/ 0T 5 ANBEMETRE IS
BOERITOMFETRT,

I, KRIEIBIHOLEUROHWDO-DDF —
WAy FEERTELDIC, Fxyv 7R A 28
BTV HBET2OTIEE L I—HF—cHE
ENHEETHME TSI L IC L o THORERE B
HLTWet, ERHWAT2 2 EATERICE 57,
IHICED, AFOELICERICKG L THSWE T
A ENREICR D,

4. MEERE

AR T, BNENIEBROTRICL > TELR
7eBmBILDOFMEE 175 9,

4.1 MR

FF{H i< 12, SOR i & Red-Black SOR(ZLTF . RB-
SOR) D 2007 a7 a2 B, H L1475
F A X132 1024%1024 ThH B, Fioh7 LBEOR W
BElk, BT utyFoRKIT128EE LT,

705 ADFELTIZ, 10Mbps DA —H v F ALy
F I & D #x & h 7z SPARCstation 20(ELF SS20)4
&, SPARC Ultra-1(BLF Ultra) 4 % & SPARC Clas-
sicl & (LLF Classic) I2 & ) 5 S - BRI BT
BR46BETTY, BN, oz —¥—7 ot
ADBNEATORBTHUELITo72, T/, WET
4770&LTMH”®%§ME%?$%MNCW’
%Eﬁ Lf:a

4.2 HRT Oty 4 OEEOTHE

HET Ty FOE) Y TORD, EHEHSRE LY
K, BAABHIZA L HFROFPRENERE L& &

R Em->T

Z 0t ¥ ORE D

e | R | ELh) B BE Bo#
OMEE | FH: | MMI{s) | B [s] | B [s] | BRI [s]
SOR

SUUS | B/ | 280.29 | 179.16 65.43 37.03
SUUS | &t | 284.15 | 183.12 | 63.94 39.90
UUSS | %/ | 843.56 | 181.51 | 596.69 38.85
UUSS | ##% | 360.75 | 181.41 71.16 109.86
RB-SOR

SuuUs | &/ | 165.12 | 78.57 34.09 52.44
SUUS | i## | 165.61 | 75.83 32.49 57.24
UuUss | &/ | 166.34 80.55 30.78 55.60
UUSS | ## | 187.03 78.66 27.82 80.66

®2 HRT O ERSSNAVES T v O

t [t B EZS HE BE | BAR
St | EM[s] | WERE[s] | BSMI[s) | BEMD[s]
128 2 57:57:14:0 139.06 53.97 15.19 69.91
0 B57:57:12:2 137.96 42.30 26.82 68.90
64 2 '29:28:7:0 137.73 54.06 13.86 69.81
0 28:28:6:2 132.95 43.78 21.17 68.06
32 1 14:14:4:0 133.65 56.06 12.63 64.96
0 14:14:3:1 144.05 |- 54.47 25.43 64.14
16 1 T:7:2:0 133.89 58.03 11.77 62.59
0 6:7:2:1 162.62 63.64 25.68 67.85

IR T 0y K \

ROy RESL2VE HITT B

DOFETEY, BHEEE, RUBERRL L. §F
BEOFEEIT> 720

FRMIMIEIT, SS202 /L Ultra 2B %AV, £SO
v ¥ DFF % SS20. Ultra, Ultra, SS20 & V2 I NE
#F (LT sUUS) TEIDiRo 72HA & | Ultra, Ultra,
§S20, S820 & v NEFH (AT UUSS) T D ko723
ED2BYDOFEHRBEL LT, FHESOT T AL,
2000 ZED SOR. 250 XD RB-SOR % {# M L7z,

K 1ICETEE, RULORRETT, ZTEH.
ETEEEE. EERE. BoBERREnEn, Tuy
5 ADFETICE LM, E7RM S EEREYR
VW 7ZEERT ﬁﬁ%&u&m@ﬁ&uﬁm B
DBEICEL-BETH L,

SOR THRNAT 5 4 VEFRE & vl Y )
ROABEFBUNOBREEEIBRIT 5, Zhit,
BEFBOBICIE, LT T4 OIS THX
TAHZEHLREMIEING /D TH S, RB-SORD
TN —TEEES I IUE, BANBBIO A L5
ROKH, BREROBEROBAI L 5 ETREE
EKORLHBOENG,

RB-SOR % UUSS OEEBTEFL7=HE10. &/
BEIX M ARERALAHRSBROKECBA, ©
10%ETHMTBL LTV 5,

4.3 B®RI7O+. /ﬂiﬁﬁéh&b‘ﬁjut v Y

DFHE
"Ultra 2 &, SS20 1 AL, Classic 1 B & WK T

—119—




L | A

Ha#o EZH EHH afE B

L] Fefi[s] | MEMI[s] | ®EMI[s] | BEM[s]
BABROT =7 J AL L 555 .

1 140.81 | 45.97 | 30.70 | 8L79

5 100.52 | 46.33 | 18.59 | 48.21

10 103.07 | 45.88 | 18.57 | 40.37

50 101.91 | 47.48 | 18.97 | 3574
BABOF =y S b 2VEHE .

1 | o768 | 44.45 | 17.10 | 3597

FliziTo7z, B/ 07 5 21, KEESUT 500 H
DSOR*FIA L., M7 ¥y +8¥E 128, 64, 32,
16 L EZTEFMETo /e @ROWMRT T Ly H2°
128 {87 64 HOBFHE T, HWRT 0t v HHBEHEA 2
DUTDHE, EOMF T Oty I4132 FEi 16
DHER, HIRT Oty FHPETEN 1 o0,
e EaLEwE L,

F2IEMERPTT, Classic 213, iR 7oty
FRESLZVE, R 7 uty A5, 32825 16
BOBEIIETHREIEL 2oTWV5h, KT, HIR
Tuty A 16 B L X8 15% D MR L3S
bbb, —f. BT Oty ¥itea @ LD, £
D EITREM A 3%I3 LA L TV D,

Zhi, R Oty TP PR W EFRFSERD
HENKE Y, SHERRDOBVWE Oy LK
W7oty oOEERRicH b BT TE R
oTWAI=HTH5,

4.4 BEAFTHET A O RE
EREAWHEARIC L 3 FEEN A AEROBIC L
LA ==~y FOEBT%2FMET 5, §HHiCIE, Ultra
% 24L& SS20 % 2 &%, Ultra, SS20, SS20. Ul-
tra L W) IEBTERE LB’ T SOR 2 E1TL TF
ol

4.4.1 AEIrEHHICEELEVEES

BOBOLEEROHKO LD IR Lol L&D
F=N—AyFE2RH-DIC, AELEETI2HE
DF 7 DPFEEEL S/,

I CHMEORERETT. ML LEL THHED
FEOBE, BRF v ETHE, 50 B 1 ETD
BAEICHAT, ETHMAT40% ML TWS, ¥
FIC X 2 ¥ OFHAIL, BEF =y 7 2170 TH 50
\iC 1 AFEER - TF 2y 7277 ) BECHNT,
EFHEHEDLTITCHEEMENTE, Thick
. R OREDHW DI DDA — 1S~y ¥
BN S WD EASRE R,

4.4.2 AFHIBICTLT 88

SORO7D77A(%X&DO%%%#%M2@&
12, 28D SS20 09 b 1 DICHHIBER L LTEXK
BEADOSORNTUY FTA (FAY2) bEFLE,

KRAUIIETHERERT HEROFETI, 59.03 80
BATHEMREEIELTWS, FRICH LT, R

®4 BIORESBIC & AT ONME

Y27 2 DA
B RIELTEMME | X210 | $R720
a5 BigE L ARl (s) | EATHRM (s) | FATHRMA (s)
HOMOF =y 7RICEAME L 254
48:18:15:47 | 59.03 | 14154 | 37736
BAHMOF zy YRR LD EE
40:19:12:48 | 53.33 | 13082 | 342.78

HIWTOFETI, 53.38 OB S TCHEHSBEHEHBL T
Wbk, ¥ A7 2DEFTICLBEHOEIIE, 52 B
RETHOT, WRBEOFHETIR, AHIEILT L L
FTCRENERY L CHNBESRAFET STV S,

FDRD, FAT 1, ¥ A7 2 DEFREBIZ, fER
DFFETIE, FNFN 14154 L 37736 W TH o /-
Oh, HEAWHWIC L 5 FETIR, FhEN 130.82
L 342,78 B L B otz HERDOFEIHAT, FEFER
HEIC L BFETIH, FAZ 1, ¥ A7 23612 8%
8&(&0'{\/‘60 ’

5. bW

FIETIZ, SEOEBRE LML LT —F 4R
2473 %52 > 734 5 hetero- TINPAR OB B &
SEHBREOWRIIOVWTRR:, HB T Uty FOg
YEREET IV r—avk, 70ty F 0Nk
IB U CERICELTE D LA 2L, T BOH
YA EIr0HKE, BEEMS A L bTHEE
Lz it koT, BRI LT 2ETHERE IS L
THhhF—N—Ay FTHIETEDL LI ko7,
WREEEMEIC L ), BT T ) r— T a i T &
X9 holl b T, WRAM LB L TRA 10%D
ETRMOEMEED Z ENNTE L, REREDDEY
EF/ObLyHIZ, BRSOy E2E Y Y TN L
Lo THERR 15%DHEM RO, T, BB
LT ARHEREEICN L TRARICHIETES L)
iZholzlT, BbE, o2 —H -7t AN
HHS 10%RREOHRER LA SR,

W AFRO—IIE, CHEREMIEREEE 55
FUAFFE B 3ehh3e SREE S 00093007 12X B,

2 E XM

1) et i YL~ 794 5 TINPARIC X 3
I RET AR o — F R T, ISPP9T,
Pp.205-212,1997.

2) Message Passing Interface Forum: MPIL
Message-Passing Interface Standard,1995.

3) Bridges,P. et.al: Users’ Guide to MPICH, a
Portable Implementation of MPI, Argonne Na-
tional Laboratory.

—120—



