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Coarse Grain Task Parallel Processing with Cache Optimization
on Shared Memory Multiprocessor

KAzuHisA IsHIZAKA," HIROFUMI NAKANO,t SATOSHI YAGI,t
MoTOKI OBATA®t and HIRONORI KASAHARA#®1

In multiprocessor systems, the gap between peak and effective performance has getting
larger. To cope with this performance gap, it is important to use multigrain parallelism in ad-
dition to ordinary loop level parallelism. Also, effective use of memory hierarchy is important
for the performance improvement of multiprocessor systems because the speed gap between
processors and memories is getting larger. This paper describes coarse grain task parallel
processing that uses parallelism among macro-tasks like loops and subroutines considering
cache optimization using data localization scheme. The proposed scheme is implemented on
OSCAR automatic multigrain parallelizing compiler. OSCAR compiler generates OpenMP
FORTRAN program realizing the proposed scheme from an ordinary FORTRANT77 program.
Its performance is evaluated on IBM RS6000 SP 604e High Node 8 processors SMP machine
and Sun Ultra80 4 processors SMP machine. In the evaluation, OSCAR compiler gives us up
to 5.8 times speedup against the minimum execution time of IBM XL FORTRAN compiler
on IBM RS/6000 and up to 3.6 times speedup against Sun Forte 6 update 1 compiler on Sun

Ultra80.
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Fig.4 An example of cache optimization for a macro task

(b) macro task graph
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DEBLIEZFAF IV I AT a— ) T A—FiC
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Ty CHERR R EL TEITSND L HICF 2
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AL TIX, v~ aZ X775 TNEMERIERE D
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RO —INAEY EZRRE LT/ YV RH
TAv 7B ETCEEIT—Eu—H T A BE—ar
FIETIE, o=V AEVICHRTHT —FDEY YT
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PRSI~ DG HEL W2 D AFR ST & Y LA
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FTAOETIAEE, ~7/eX 27 0EFFIETHY, F—
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dig_A dig_A dig_D

dig_B dig_c dig_D
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time
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Fig.6 An example of schedule for single processor
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OSCAR = /31 F1%, #fFEa A Z L LT E
DLV TOFEFN 2O 5 L E2FERICEE,
MDOTIR=Z 734 T TITOI TR WET L WRED E
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RA T TIIMABIASE, HDNIT Ny FEENETL
TWRNWEDRHD. 20X I RFENLHEL L
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Table 1 Parameters of the machine used for performance

evaluation
IBM RS/6000 Sun Ultra80
Zat vy PowerPC 604e | UltraSparc-1I
7wy s K 200MHz 450MHz
VACEAE 8 4
L1 ¥vv > a(l) 32KB 16K
L1 ¥ %v > =(D) 32KB 16K
L2 ¥ ¥y =(U) 1MB 4MB
oS AIX 4.3 Solaris 8
= 4 IBM XLF 6.1 Sun Forte 6ul

OpenMP tHHZEa > RANTEHBEDORAT 47 =
URAGHR Y —Ra—RHP AL XOHERITEY,
ANKEELRDGEENHoTTed, AV TAVIEBRE
NN —T% =20V T N—F U ZFETRLEZ. &
nix, AkRoIEAVIAVERENEa—FRE2Z0D
FERAT 4T A RA TR A RANLTIIE RO
ThoHH, SEOMREFETIL OpenMP 227314 5
DT ERENT BTDICTTN—F VICRLTEZHDTH
D, B¥xyya BMFEOMREL IXBEFR2VH D
Thb.

F72, IBM RS/6000 604e D ¥ ¥y = Bh{EH]
EY —NAVBAFETERWZY, CPU Performance
counter (2 & Y ¥ vy ¥ = I R[EFROHIES FIEEZ Sun
Ultra80 ECHFHMEZEITR, AFEIZL DX vy
I RADHIBEIRE TR, HF—FT v b DNRT
A—HER1ITRT.

4.2 IBM RS/6000 604e SP High Node Lt

T DFFh

IBM RS/6000 TiZX AT 47 a4 5LLT,
IBM XL FORTRAN version 6.1 (2LF XLF =734
7) AW, BRFATRRM A 155 L ZIZHVWz XLF
Ay A TDFAT T aE “-03 -ghot -gmaxmem=-

[0

1 -qarch=auto -qtune=auto -qcache=auto” TH 5.
“O” i EEbA T arTHY, “03 LIV DE
LTI, ATV L SAVREE RBICHERT
LEEICELT 5. “qghot” 1L ERMEILIFIZ N —TF 8L
TN T DR~V OEH, BLOF Yy aIXE
BT DIEDORT AT HITIZLERETD. £
72, “qmaxmem=-1" I3 FELFRIZHEHRTH AEY
BEHIRL 22 & %R, “qarch -qtune -gcache”
ERBRERDT—XT 7 F X HETDLHHDOTHS.
“quto” TIX HEPHIERITbil, I XA VDR
BERILRE TS T AR EITEINDLEITEE
T5. 7, BEWILEToTEDa L RANVF
7 a ik “gsmp=auto -O3 -ghot -gmaxmem=-

No. 4 #FEAEYAF T uty Y ETOX vy ¥ afifbd BE L CHALE S X 7 WHILHE 9

speedup
O=NWAUOION®

number of processos

XLF —+—

XLF (original source) ---x---
OSCAR without cache opt. ------
OSCAR with cache opt. &

7 Speedup of tomcatv on RS/6000 604e
Fig.7 Speedup of tomcatv on RS/6000 604e

1 -qarch=auto -qtune=auto -qcache=auto” T 5.
“_gsmp” X SMP Al a— R A&KE1772 52 L &RL,
“aquto” TIX BENEFUE3 TR 5. OSCAR 2223
4 JTWFUEL 7= OpenMP FORTRAN % =731 )V
T 5B%IT “-gsmp=noauto -O3 -ghot -qmaxmem=-1
-garch=auto -qtune=auto -qcache=auto” % f\ 7z.
“_gsmp=noauto” I% B B FI{kIZ1T7207 12 SMP A
WCa—RERETRIZLERT.

4.2.1 Tomecatv

RS/6000 ET? tomcatv & AV 23BE0 XLF =
Y RA T DOHERNZGEOBRRIATICNT S, Th
EFoar A ZOFER EEEK 7I1CR7. Tom-
catv DERFEITHENL 693 B THDHDITHL, XLF
a2 R4 T THBNESEE T 5 725 A O EITRENL,
2PE C370%, 4PE T 233 %, SPE T 17T7THTHV,
HER ERIZNEN, 1.83, 2,98, 3.92 Thol.
F7z, AROEBREITORNY —Ra—FE AN EL
e AED XLF 234 5 THENEFHbORE R (K+
XLF (original source)) 1% 2PE T 620 ¥, 4PE T
571 %, 8PE ThH42 Th Y, HEM LRIIZhEN
1.12, 1.21, 1.28 TH-o7=. —J, OSCAR = /%A
% XLF o7 V7 aty¥ & L THNT, #BEFE
Z#AL 2%A1E. 1PE T 523 #, 2PE T 275 #,
4PE T 147 #, 8PE T 87 ¥ T, XLF TOZEKRELT
WX 2B R L RIE 1.33, 2.52, 4.71, 7.98 &7
D, XLF a7 0#ER ELEL L TRET
#2.0 5 LEIDMREEZRLE. £, AXx vy akk
BWEFEEZHEAL o285 OSCAR =234
ST % B\ - EATREIX, 1PE T 701 #, 2PE
T 367 %, 4PE T 212 %, S8PE T 137 ¥ ThoT-.
L72hoT, A¥ vy vaf#lic kY, 1PE T 25%,
2PE T 25%, 4PE T 31%, 8PE T 37%M#&EEn 1
DELNDZ LRHERTE .
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8 Speedup of swim on RS/6000 604e
Fig.8 Speedup of swim on RS/6000 604e
4.2.2 Swim

Swim % A\ /2 RS/6000 L Co#EER ERE X 8
IZRT. Swim @ XLF DA% WG DR KET
B 512 P TH Y, XLF 231 F O HENFHELT
%, 2PE T 227 %, 4PE T 183 %, 8PE T 169 #»~
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Y alkE b B EA L o A0 OSCAR /34
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¥, SPET63HTHY, AKX vy vl LFIET
WERDOF ¥y ¥ a2 RMLEITOROVFIEILS, 1PE
T 20%, 2PE T 18%, 4PE T 14%, 8PE T 5% D&
B EERLTNDEZ EBGNY, RAREOFHMEN
MR INnT-.

4.2.3 Mgrid

Mgrid ® RS/6000 TO#EE R EEEX 9 2R
Mgrid T, ZRFIATRHIO 676 FITKL T, OSCAR
av AT ERWEZREANE, 2PE T 3528, 4PE T
174 %, 8PE T 95 &\ 5 R r—F 7 Ve R k
ZRL, RIREND L HOCEER TN RSN % XLF
ar A0 EEEFHLO B EMERE (2PE) & gL
T, 5.8 fEDHEER LA /R, £, ¥y oKkl
b2 L DRERTFIRTI, BKR 7%DHER ERHFL
e, mgrid IZBIT 2 F vy ¥ 2 B@EED IR tom-
catv, swim [ZHA~/NSWDIX, mgrid DT — &P A
ANRWT TV r—rarky /Ny, Kxrvy
VakEbEITRDRVGEAETHT — IR X ry v
Lz EKEFEEINTZZ L L, Ty aRKELERA
DT al T AR ED B EITREBN/NE VT
W, FASHICHREPMEL RoTWAHZ EBRFEREE X
bhb.

FEROCEE Apr. 2002

speedup
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number of processos
XLF —+—
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9 Speedup of mgrid on RS/6000 604e
Fig.9 Speedup of mgrid on RS/6000 604e

4.3 L2 SREH

AHiTIE, CPU Performance counter {Z X 25¥ ¥
¥ 2 I AEEEORPEA FIREZ: Sun Ultra80 (ZHW\T,
L2 ¥ vy am I RAEEEFEIL, A% vy o it
FHEC LY Foy V2 FAPERPRYEEINLTNDHI L E
A9 5. Sun Ultra80) TOXRAT 47 234 1T
I%, Sun Forte 6 update 1 i\ 2. BERT 07 7 A
DAV NANET v a0k “Aast” & AV, BENREFIL
%17 HBRIX “Afast -parallel -reduction -stackvar” %
fERL7. OSCAR @A J L HITHEHT D & 1T
“fast -mp=opnemp -explicitpar -stackvar” % 5E
L7z, “fast” I1d3Fcm LU~V OR#ELEITR S “-05”,
KRT —%T 7 F ¥ 2HET D “-xtarget” 72 E DEE
DORBELAT Y a v OMEPLETHY, Tl T L0
FATHEEZ W LS EH2DIERAT I AT a0 Th
5. £z, “parallel” 1ZB#FELEITR H5T-DDA
T aryThY, “reduction” XVF I/ arN—7
O BENEFULETTR 5 Z & &R T. “-stackvar” 1X/RFT
BRHE A JICEID L TEHRDOATS v a T, —
T OWFUD BHENFEL 725729, WHHLRHZFH
BHBINTWEAT v arTHD. “explicitpar”
XY =R 0T AR BRIRETHEDIRED & %
Z L %RL, “mp=openmp” IXWFULDFEEFIEN
OpenMP TH5HZ & &7

4.3.1 Tomcatv

Ultra80 L T® tomcatv ® Forte 22731 T DH%
AWI=GE OB RFEITRNC T 2 M =2 23 A T E
M E#EE K 10 17”9, Ultra80 LT Forte =731
7 % AW 35E D tomcaty DOFREITREINEL 109 7
ThHbH. ZHITHKL Forte =273 Z 0 HENEFILT
X, 2PE T84 %, 3PE T80, APETT79R L7225
DXL, OSCAR 2> 734 T & AW AL, 2PE
T 76 %, 3PE T48 %), 4PE T 328 %72V, Forte
I HAREK 2.5 fE0MRER EA2 R L T2,
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10 Speedup of tomcatv on Ultra80
Fig.10 Speedup of tomcatv on Ultra80
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11 Number of L2 cache misses of tomcatv on Ultra80
Fig.11 Number of L2 cache misses of tomcatv on Ultra80

Fie, ERNEFNOHFED L2 X vy o I AEHE
11 IZ7”R 9. Tomcatv TiX, Forte 2> /31 7% H
Wb E D 4Ty P TO L2 F¥yy o I X[E
1359 4.0 (EECH =D KL, OSCAR =>4 F
ZAVZRAIN 1.3 EBEITHY, RFERILY, Fry
Va I RAEEPEB SN TS Z LRSS,

72, 1PE OFEDH Forte 22731 3 OSCAR
a2 ZOMREE ERloTW5A. Zhx, Forte =V
RAZD 1PE M ¥ vy v af@bighE, 12 ¥ vy
Va I ABEENR TR > TNEDITXL, OSCAR =
URATRER LIV ETIEFZEE L 2 BR
FORTRAN 22— R iZ%fL T Forte 2> /31 Z &
L7=BAIix, AV Frra—RigsL daz<
B o T BB B RN EA SN o220 Th B
LEZBND.

4.3.2 Swim

Ultra80 T® swim DEE R LE %K 12 IZ/RT.
Swim DZEKEITHEMIL 100 ¥ TH 5. Forte D HE)
WFHLTiX, 2PE T 66 #, 3PE T 63 %), 4PE T 60
BT HICIzxL, OSCAR 22234 T % Vi
BAE, 2PET53%, SPET27TH, 4APETI17TRE
72V, Forte & HE_THK 3.6 fE0MEREm L& R L 7=,

Swim 28172 L2 ¥ ¥y v = I AEHEK 13 1
AT, swim D47y TOL2 Fyyir=I R
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Fig.12 Speedup of swim on Ultrag80o
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13 Number of L2 cache misses of swim on Ultra80
Fig.13 Number of L2 cache misses of swim on Ultra80

ICHEEN TWBZ ER5000, OSCAR 22231 F
ZPRWVTAFREZBEALEZEEAOF vy o I AEH
1L, Forte DHFA LY H 072K 2o TWB Z LM
Sz,

5. F & O

AL TIE, FEEAE~LF a3l oD
FEMERE R M LSBT0, vyl okl EEE
U 7RI BE &# R 27 BB DV Ttz ARED
FEHUIR—FE VT 4 &ZEL T, SMP TR
API T&% % OpenMP % =, AFiE%E, OSCAR
SNFT VA ar g FITFEEL, BRFORTRAN
I ay T LhbAFEER EBLL 72 OpenMP TiFHE
EN-7ul JrwERLT, HEFMOZITR 7.

PEREREEC X, OSCAR =>4 7 CHFILL 72
spec95fp @ tomcatv, swim, mgrid ZPGH SMP <
L v IBM RS/6000 604e SP High Node (8 7 1>
%), Sun Ultra80 (4 7k v¥) TETSEBZ
L X VEHEEFT IR o, ZORER, IBM XL FOR-
TRAN version 6.1 I & 2 B&lEFfkicxtL T, &7
uZ L0 87 uk vy ETOREMETHETS L,
OSCAR =731 71 tomcatv T 2.0, swim T 2.8,
mgrid T 5.8 fEDOMRER L& FIREIC T 5 2 & 3D
biviz.

¥72, Sun Ultra80 L TOFMETIX, OSCAR =2~
234 71X Sun Forte 6 update 1 2N FIZ L5 EH)
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WEHHULIZRL T, &7 1 T LAOEKEMHEIX tomcaty
T 2.5, swim C 3.6 % RL7=. ¥£7=, Ultra80 T®O
PR EY, Fry o I AEEHAFHEIZ LD HIE
SNTVDLZ LHRHENDDILE.

e, SHROWEBREL LT, EREOT ot vy
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