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OpenMP Extensions for Distributed Memory Parallel Machines

Eiji Yamanaka, ' ¥ Masanori Kaneko, ' Koichiro Hotta'*

OpenMP Application Program Interface (APD) is suitable for describing user-directed
parallelism in program. However, the current OpenMP lacks important features to be applied
to distributed memory parallel computers (DMP). These features are data distribution and
communication among multiple processors. We propose a set of extensions for OpenMP Fortran
API that can be implemented effectively on DMP machines and workstation clusters. We have
roughly designed the set of extensions and made a compiler prototype for the extended
OpenMP Fortran API. The performance results show that our extensions are effective for DMP.

141—-3
26)

1. FC&IC

OpenMP Application Program Interface(APD[1]
{3, High Performance Fortran (HPF)[2) & H#5d 5
E—YNERE T TS LPIRE AR B 0
BLTWA. UL, BHED OpenMP 13HAH AEY
WHIE B OMFEEMETH D20, Zhas
DEZHFHBATY WFIFEHOMP)IZERAL XS &
LTh, B0ty HficBira 57—y b Lt
T BEEIIRINCER T 3 Z LS TERNZDIT,
TOT S LONRREAFTHCANTEIRNT ED5H 5.

BRAIIDMP T AF—3 3 7 SAFITENR
AN SREEFTREZL OpenMP Fortran API OHEEMHAE%
FEHL, BEDA—/NIEa—% VPP 2 UY—X
FVIDTA YA TN SERAIEL. AR
& NAS NI UIARCFI—2 D 2EITHEALT
DMP T3 2 G5MEEMER L 7.

T 7 RN Z BAFUED 20N SHgEHE
Advanced Parallelizing Compiler Project
t Fmskat
Fuyjitsu Limited

ZAFETIE OpenMP API @ DMP EVIESEHAE %12
£L, 7Oy TN SEBOWIEREHRIC X
DRI OEIEE RS, RETTIIRA DIRET5
OpenMP Fortran API @ DMP BN HEE{REDZEM
[TDNTIRRS. IETTIIAHEEE NAS /8T LR
SF—2 2 BT LR S ORI DL TR
N, 4ETTHRBEEEDS.

2. OpenMP API @) DMP [l #E

OpenMP APl % DMP BEICEA T 37/-0ic,
MOty dh—"7) & {2 Fv IR LS 2
DOBEREBATS. ,
Ty~ ROy ST
H5. 1—HFRIOTUEyHIN—T LT %
BRI 8T 5.

M 2Ty A WEEBIDERFE LI —T DEEELD

—13—



T %3RS 5720 DHISEEETHD.
N5 2 DO REN— ANTHBE R ZRRET L7z,

2.1 7AkyyIIN—7

Tty AL, Tty B —T DA
p LT ORy YO n EEAWT PROCESSOR
F4 LI T4 TEoTHRESIS.

1$OMP PROCESSOR p(n)

Tty —T TSI S EED
oty SN~ ETT O T LANETING.
Ty YN —T ORI 1 K THS.

PARALLEL 5+ L2754 7izk->T, AT LIV
—Ta AERINDE NS —Ta T
DALy RAVERSH, &ALy BidT oy gy
N—TADRIE T Oty BT es. £AL
v RS AT ST Oty o #E vz
—HEPRIVATE & U TH#HD ZEMNTES.

22 AT v RO

Tty BT =T E T8 DI E OMIRIRES
XOT Oty BT — T LD & ORISR E

WL DDA Ty I AEWSBEEEEAT .

INDEX DISTRIBUTION 7« L7 7 4 7iZ&o
TA 2T ANBOAH B EE SN, K1
1A 2T I AN BDEERIZRT.

Index IX Ll Ll
12 100

Processor

group P

Bl A>T voA0BotEEs

INDEX DISTRIBUTION 7+ L7571 7ic&5
A 2T 7 ANBORREILRD 4 DOBMETHRR I
5.

PROC
ATy IANT Y ErTa3NB Tty ¥ ) —

TEZIZ ORI DA FIDIETE.
INDEX
A 2Ty o AD FRROEE.

PART

Tty HADA 2Ty I ADT w B T RO
EF. ZoEEERXICIET OpenMP 2 BT 2
SCHEDULE #i& SCHEDULE HiO®BIRETHS
BLOCK & CYCLIC OF—"T7— R&&10.

OVERLAP

BT Oty BEL TRy B FEs A
—/)\T v THEEOEEEE. HPF TiZ SHADOW &
IEEN TV BERTHD.

2.3 T—F9H

OpenMP i B W TEKICT PRIVATE 7= 13
SHARED B #5559 57-60 PRIVATE /713
SHARED 74 L2754 TEHERELTA >y I A5
BENIG A ELTHImT2 2 &2k, Toty
HEANDTF—FHEERETS. K 2 27— 5#
DFEEFIZRT.

Array A

2000T

IndexIX L1 L1
12 100

K2 F—5HotEEs

F— I DT ONTESIZLAT DT 4 LT 4 T%4E
£95.
RESIDENT 5« L2547

SHARED T—¥ M~y Fan/=7otyHn
507 7 A7 PRIVATE #WTHIRER Z & & HR
95,
REDISTRIBUTE 5+« L7 T4~

T DEHEERY 5.



24 —T4988

PARALLEL DO & DO 4 L7754 Fic/LTA
STy I AN EEMITT BIERETY, N—T DO/
DERELOT Oy IOy ¥V HREIRETSD
ECON—THEEDR TS, K3 —THRoiEE
Fl%RT. '

Loop

Index IX

B3 N—ToEotEE

2.5 TOMDHIR

B2 T — T EREDTZDIUTOF 4 V54T

BIRETS.
MOVE 54 LJT 47

2 DONBT—F 4T 7 MNEO—HEFT—F ik
=15,
OVERLAPFIX 74 L U547

FNTw THOR A DESHEE, BETH Oty
B OISR BT —5 DECTHEEFT95.
BROADCAST 574 L7547

PRIVATE 5—# Z{EE I /2 1 DOV Ty
SO E T Oy YT T — 7 21883,
UNIFY 74 L2547

PRIVATE T—% %A1 > T v 7 AN TIRES Iz
70y ORI THEICERTS.

2.6 FAS2 561
UFTCEA > 7y 7 A5# & OVERLAPFIX 7 L

T4 TEBW=A—INS v TEHEERD 710575 LM
ZRY

3ITHEATTET, 12T v IAMHIX & IW %
BREELTNS, ZHNSIRIW =N 5w 7
BB EERNTRAUTH S,

61THT, BHIA & B 21TV IADEIW &

IX TEADEENT S R— P EREEEL T
5. - v
BFI A ZHHE T B/l THTE & 10178 T,
T ANE IX THEE NI —TEEEL,
11 f7HT, A O3NSy THERET S 70ty
HOMET BT —F DETESH TSI EE2IEFEL TN
3. :
NI TEE, 1217EMS I TEICRTED
I, B0ty Y ETTS5AR—MNIBRETES.

1 PROGRAM OVERLAP SAMPLE

2 1$OMP PROCESSOR P(4) ' '

3 1$0MP INDEX DISTRIBUTION IX= &
1$OMP& (PROC=P, INDEX=1:12, PART=BLOCK)

4 !30MP INDEX DISTRIBUTION &
1$OMP& IW=IX(OVERLAP=(1,1))

5 REAL A(12),B(12)

6 !$OMP PRIVATE A(/IW),B(/IX)

7 '$OMP PARALLEL DO /IX
8 Do 1I=1,12

9 A(I) = I

10 END DO

11 !$OMP OVERLAPFIX A

12 !$OMP PARALLEL DO /IX

13 DO I=2,11
14 B(I)=((A(T1)+2*A(I) +A(I+1)) /4
15 ENDDO
16 'E.Ni) PROGRAM
3. M4REFH
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RRICK S TERTED Z &AL,

MG: Performs a simple multigrid calcula-tions. Highly
structured, short and long distance communication.
el Regular-sparse, block(5x5) lower and upper

‘triangular system solution. Typified at NASA Ames by the
code INS3D-LU.
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