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Design and Implementation of an HPF Compiler
and Its Performance Results

TSUNEHIKO KAMACHI,t KAZUHIRO KUSANO, KENJI SUEHIRO,!
Y OSHIKI SEO,t MASANORI TAMURA't and SHOICHI SAKONtt

This paper presents the design and implementation of an HPF compilation system for
distributed-memory parallel machines. We introduce the concept of an iteration template
corresponding to an iteration space. Our HPF compiler performs the loop iteration mapping
through the two-level mapping of the iteration template in the same way as the data map-
ping is performed in HPF. Making use of this unified mapping model of the data and the
loops, communication for nonlocal accesses is handled based on data-realignment between the
user-declared alignment and the optimal alignment, which ensures that only local accesses
occur inside the loop. This strategy results in effective means of dealing with communica-
tion for arrays with undefined mapping, a simple manner for generating communication, and
high portability of the HPF compiler. Experimental results on the NEC Cenju-3 distributed-
memory parallel computer demonstrate the effectiveness of our approach.
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Fig.1 HPF compilation system.
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Fig.2 Comfiguration of the HPF compiler.
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Fig.3 Data and iteration mapping model.
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Fig.4 Alignment representation with align-triplet.
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FETE—RTIZEFINS.

(3) BRIIDBEFELINET /7 XRATHA51L—
Saviv7TL— FOBEESBREREY Y5
FOR—BEEIZEFIINS.

FEREMHD (3) v TEN =M E REAES =
SH LY, THIRUTIIRREEHIIAIL—T 3
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ST, AL —YarFr7L— OB =2
% [lp wp:sip], BoBEFI=D8E [bpt. Uopt.:Sopt.], T
2 ABRAE [laciUaciSac) EFTHE, TROHIZRUT
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s_opt. = Sip/Sac (4)
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R5@) OFEEZTASL., 22T, R5(b) IR
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L7-BEvy LS EDBTORY Y Y 7OMRF,
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lhs (left-hand side) DL LIZHERTENIZL T
PUToEHIIR% 5.
rhs © V— 7EFHIICL~HFEFETYE L I
SBRBEv Iy IANFY oYL ST B,
lhs | V— 7TEFRIIERY L I hHa—
HERETIE LV IAFBvEL T 5,
X512, BRER Y-y oS (BLOCK £
7212 CYCLIC) ®R43#P* 1 X (FHINBRENE
FJutvHIcE TS hag A X) Y, BFOS
BB, RETHRRD L), BEY
AEKE LBy SNy - xERBLEY Y
KONy — b TEBGENH 5.
4.1.4 FERBELT/IN2-DBH
FEHEBRHBEADBE L, THEFBL THEY/S
y—VItEOWTHB AN By EL TNy — 2
POUTILRTERN By 70y — L %R
Wt a, ERNZBY /NS - 2@ AT
LT, BREMIIGRET A 7T TIRAIR % EE Y
y—AFBL-ERIETREE 2 5.
REDISTRIBUTE
BRE~v v E T La—FER YL TETHA
EOADNRLEIBEOHEY v KL I THAH. TEEh
DRTERGHREANFEESINS.
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BlEiv v e -HFERV v E L THITES=
SHOADREBBENH v EL I THY, EFIMA
BOEFEIEFNEEBEET S 7 YT AR — b0 5.
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REAL A(16), B(16)
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A Y V) L VEl~v -7

IBEPP$ DISTRIBUTE (BLOCK) :: A,B B L
- P LI lllllllllll.lll (16§ 4 12:162)
ENDDO BlO U AUV AL ] B A
@) 70735 LA
‘ oy
L) 2% B
B3 208 = (2:16:2) . .
: B A A Y A A Mav >y
ASNHA YA A A A AV ““ B L
77 AEH =(2:16:2] R RRRRRRRRRRRRE [2:17:1] \; 12:16:2]
MO UYL V] B A
BUOU A A A A A
T 7 b AW = (1:15:2]
b) BRI U T 7 XBH BTy ELTDH
s #HivosEr rof
Fig.5 Example of remapping.
®1 LML
AL | A | ALY | AGLG AL L) AQL L) AU LM AQLL4 Tablel Communication library routines.

AQRD [ A22) | AQR3) | ARRY) N A2, :4[AQ2,1:4)]AQ,1:4)|AQ.1:4

AGD | AG2) | AGYH | AGH A(3.1.4)[AQ3.1:4)|AG3.1:4) A3, 1 :4

A4.1) | A4.2) | A43) | AdY) A(4.1:4)]A4,1:4)|A4,1:9)|A4,1:4

bk A 4 [ SR
96 REPLICATE ¥y - oDfwor €Ly
Fig.6 Remapping of REPLICATE pattern.

72EZIE, W5 OBIDBE, BEF) B Do 0EREIL
I—-HERET v EV I DORE~ Y E Y I DBEY|
Thh, 22, BFI A B OTHAEINELVD,
VAV AT AV N8 | :: S (-

REPLICATE
HBHRITIZBL T, BLOCK & % Wiz CYCLIC ¥
RTCOHMENLFET o 700, A—DF— 93
A —SNAZBEUNT IV I~ EBETABY LS
Thb He IBERT. ZOFTIE, 2RTL IS
TEHENTYWIES A O 2RTH, Yot v4E
Flo2RTTBAHMICET A7 aty HBIlar—3h
VX3 L SRV AN R R -3 (W

4.1.5 HEEI— FOER

HPF 2234 513, BR v ¥ 788 — v &R
L7zt R LAY - IZHIE L BEITA TS5 Y
OB LEFEATLE. B1 IEL2E8E5175) %
Y. INHORBENY— ViR Sut v ETD
BENY—-THY, S4T75)h YRSt v
NOIvEYTHBEN, WETOL y FHTHRIEY
fibha, £/, $XTDIA 75 )13, EFTEBICE
BINb7—9< v ¥ VE8dT (5 BH8E) 258
L, BEOHRELLZETIO~Y v ¥ 7 ERENIET

iif-&d .33
LREALIGN L LT XA R 17
LRDIST =T HEEF 2L b % 5 B
PRE_SHIFT WESNIRLOEMET S 7 b
POST_SHIFT HESNIRALDOYHHE L 7 b
REPLICATE BEENIZRTOHN
REPLICATE_ALL | &k toBig
BROADCAST EIE—F— 50 AR
GATHER B Tat s HADF— ¥
SCATTER Tt v IS F— o Tot

HAA

'HPF$ INHERIT B
'HPF$ DISTRIBUTE A(BLOCK,BLOCK)

call LREALIGN(DMD_B,opt_mapping,range)
call LOOP_BOUND(DMD_A,stl,endl,...)
call LOOP_BOUND(DMD_A,st2,end2,...)
DO I = stl, endl

DO J = st2, end2

A(I,J) = B(J,D)

END DO

END DO

7 LREALIGN {6l
Fig.7 Example of LREALIGN communication.

. LLF, E%@E5 175220 T AW % it
YHBET 5.

LREALIGN

7 (CHEBH e, 78y — L iiitint b
LREALIGN * AW/ @2 — FOEEFI A RS, BT
(3AC% B A° INHERIT fR/RITCES SN TV A 720,
TN NVEIZEY v Y T HENPAETH L. L
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'HPF$ DISTRIBUTE (BLOCK) :: A,B

call PRE_SHIFT(1,1,range,DMD_B,bound)
call LOOP_BOUND(DMD_A,st,end,...)
DO I = st, end
A(I) = B(I-1)
END DO

8 SHIFT &0
Fig.8 Example of SHIFT communication.

'HPF$ PROCESSORS P(4,4)
'HPF$ ALIGN A(I,*) WITH B(I,*)
'HPF$ DISTRIBUTE B(BLOCK,BLOCK) ONTO P

call REPLICATE(2,range,DMD_B,bound)
call LOOP_BOUND(DMD_A,st,end,...)
DO I = st, end
p0oJ=1, N
A(I,D) = B(I,D)
END DO
END DO

9 REPLICATE #{ZOH
Fig.9 Example of REPLICATE communication.
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Fig.10 GATHER/SCATTER communication.
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Fig. 11 Self aggregation in SHIFT function.
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Fig.12 Benchmark results.
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