W FE A FOGE o
#12% H5iE, 2007. 11. 2007-12-5-1-14

HPF FORALL Tx2| AZ2}sl(Scalarization)

0] %

Scalarization of HPF FORALL Construct

Misoon Koo *
o ol
i =

2Zye}3}k(Scalarization) v LE# 909 array statementtt HPF FORALL 59 HE 725 U3 ¢
vl &3k DO FZ2 ¥Mgshs ot F A3 ¥HE ol HPF #Avds: HPFE 2Ad Z2a3S
AR sS4 ZejulelEsl A9E TES 77 TRodo s Wdleln, BE 729 FORALLS ~Zegsld %
E& 779 £2 DO Fx2 kol gth £ =iellxe BE 729 AdESs Ad v5&4d FORALL +
ZE /M9 459 £aF DO Fx2 Wdkele ~Z4us due|ES At ol fs) Bad T e
A8 FHe g WAAYHUE S Hoslo] ARgatt 2oz AtE dudEe FHEsle] YAE A=) v)E
PARADIGM A3 eld] oJa AHE 2=9] F55 vlm Friet

Abstract

Scalarization is a process that a parallel construct like an array statement of Fortran 90 or
FORALL of HPF is converted into sequential loops that maintain the correct semantics. Most
compilers of HPF, recognized as a standard data parallel language, convert a HPF program into
a Fortran 77 program inserted message passing primitives. During scalariztion, a parallel
construct FORALL should be translated into Fortran 77 DO loops maintaining the semantics of
FORALL. In this paper, we propose a scalarization algorithm which converts a FORALL
construct into a DO loop with improved performance. For this, we define and use a relation
distance vector to keep necessary dependence informations. Then we evaluate execution times of

the codes generated by our method and by PARADIGM compiler method for various array sizes.
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FORALL(1=1:100, X(I).EQ.0) X(I) = X({-1) + X(+1)
(a) FORALLZ

CALL MEM_COPY (X_CLONE, X, 100)
DO =1, 100
IF (X_CLONE() .EQ. 0)
X(1) = X_CLONE(I-1) + X CLONE(I+1)
END IF
END DO

[l

(b) gigkEl DO &

Jgl 2-1 =HEHol| ofsl sk of
Fig.2-1 A conversion example using clone method
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FORALL(J=2:99, 1=2:99, A(l,J) .NE. B(l,J))
C(,Jd) = SQRT(A,J)*AW,D)
B(I,J) = (CU+1,d+ D +C>-1,J-1))/(B(U,I-A,J))
END FORALL
(a) FORALLT=

DO J=2, 99
DO 1=2,99
IF (A(,d) .NE. B(I,J)) THEN
C(,d) = SQRT(AU,N*AU,D)
END IF
END DO
END DO
DO J=2, 99
DO 1=2,99
IF (A(,d) .NE. B(I,J)) THEN
B(I,J)= (CU+1,J+1)+C(1-1,d-1))/(B(,)-A(1,J))
END IF
END DO
END DO
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(b) #&E DO &
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Fig.2-2 A conversion example using loop distribution

PARADIGM Fstde|elx] ARgs= A& FORALL
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FORALL(I=1:N, J=1:N) A(l,J) = B(l,J)
(a) FORALLZ

DO J=1,N
DO =1, N
AlLJ) = B(,J)
END DO
END DO
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(b) ®E DO #

a2l 2-3 F=mstof ofs) HEkE of
Fig.2-3 A conversion example using loop interchange
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FORALL(I=1:N, J=1:NN, INDX() .EQ. -1)
Al,Jd) = A(l,J) - FAC() * ROW()
(a) FORALLZ

DO 1=1, N
IF (INDX() .EQ. -1) THEN
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Fig.2-4 A conversion example using mask insertion
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A(2:11) = A(1:10) + A(3:12)
(a) FOO HH odrt

ALLOCATE T(10)
DO I=1, 10
TN = A + Al+2)
END DO
DO I=1, 10
Al+1) = TWM
END DO
DEALLOCATE T
(b) 7|& ol ofslf W= DO F=
ALLOCATE T(2)
T = A1) + AQ)
DO I=1, 9
T(2) = Al+1) + A(+3)
Al+T) = T(D
T = T(2)
END DO
A1) = TN
DEALLOCATE T
(c) &= Mo ofslf &
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Fig.2-5 A scalarization example of array operation
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(Do 2%, 2283E Yelote ofd 9 $H=
32 Aztglsl ¢nelE DS ggong g DO FZE HFt (2)9]
B ERME Ny AT =R(16)94 A Hapy) AT BE FE sz g A IHEE wsh
£ % o AAHCE AN 22k SuelES s&c} B g IHAL WSRR °la AR A
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7Eo] sl HAE72 Aokl FZ wdE ALFoRA g FZ Uasdr A
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oy olaF ZEAE gj_u 5% @gomz FORALL I el xd sl [ FTEAT A FEAJo] A L
T2E anE DO 2xz Wk, Astpg 2x HhE # g3t
(2) BAAE P ZH= = 3 7] o]ie] o4 = (ad 3-1), (Ta¥ 3-2), (Ta¥ 3-3)2 ad" 2-2)
kol ZAeh A3 F&Ho] WysEE (a)3=el thell HdE ©7] 9fell vkeas AEein
D &5 3% FE F A2 RENESAR) H‘W ERE (2)~(4) At Ak THIS 2=
S 7a. FHE 2S5 A7 v i oR 7l ojoftt,
@ FORALL 72 A #4% 7IFe= yrja 2%
S Qoo a0 3R 0 LTI S
FFE A9 Agsle] DO L WAt B(,J) = (CU+1.J+D+C(+2,J+2)/(B(,J)-A(,J)
END FORALL

o ATl 2NN BT ok ZEHS ¢l (a) (202 Z20l sHEsks FORALLTE

°H7l sl F= s FE glo] HAdl ¥ AYWE DO J=98, 1, -1
= HES A 22 o DO 1=98, 1, -1

C(,J)= SQRT(A,H*AUD)
B(I,J)= (CU+1,J+1) +C(1+2,J+2))/(B(1,J)-A,J))
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=3 gdo] 1gW DO Fx2 WG d}. %, gz WD DO N o
(b) wigtEl DO &=

Heo] e egt 22 glelzo] i FLeH
23 Fdo| Agdouxn wr} Bia e DO = T3 3-1 F=ERof| ofsl HEHE of

L _ Fig.3-1 A conversion example using loop reversal
7} A4t HPF Agde]dx ~Zdels) « ¥as o
A7} A== g AW o, ﬁ"é]_u_ol'ﬂ] 23 Hdo|  FORALL(J=2:99, |=2:99)

- C(,J) = SQRTAU,N*AWUD)
ALE Fri Wy wksj7) 2 . , ,
e gestel izt 2 5 3 BULJ) = (CU=1.+ 1)+ CU-1-D)/(BU,J-AD)
olgfg BAHEE sldstn Hrt ﬂﬂ@}% F=2 ¥ END FORALL

3517 98] FORALL T-ZolA Wl 758 37T (a) (3)e| A=l shgtsk= FORALLT=

W) Z9e] 8 olelst Lol ARAINL, 2 Al B 5 1y g
o Adg 2 wgke A g} DO J=2, 99
nE 23 old ) Wl SR 7k C(|,J)= SQRT(A(LJ)*A(J,'))
W TE ezl s AAREE 25 G B(I,J)= (CU-1,J+1)+C(-1,d-1))/(B(I,J)-A(1,J))
o] 0% END DO
(2) BE 22 ez tjs] AAAWE g% gk ENDDO
o] qu_ [N (b) HE=l DO B=
T
(3) & Fx Qldzd teixt BAA Y = 02l 3-2 =l sl eslE of
Zkol 0% ok Fig.3-2 A conversion example using loop interchange
(4) ®E Fx Qulzd dis] dAAZEES 5 ForaLL(U=2:99, 1=2:99)
el 0, F=F 2= C(,J) = SQRT(A(LJ*AW,D)

B(,J) = (CU+1.J+1D)+C(U=-1,J-1)/(B(,)-A,I))
END FORALL
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(a) (4)9] H=0 shiksh= FORALLTZE

DO 1=2, 99
C(1,2)=SQRT(A(,2)*A(2,1))
END DO
DO 1=3, 99
C(2,J)=SQRT(A(2,J)*A(J,2))
DO J=3, 99
C(,J)= SQRT(AU,H*AU,D)
B(I-1,J-1)=
(C(1, ) +C(1-2,J-2))/(B(-1,d-1)-A-1,J-1))
END DO

B(99,1) = (C(100,J+1)+C(98,J-1))/(B(99,J)-A(99,J))
END DO
DO 1=2, 99
B(1,99) = (C(1+1,100) +C(I-1,98))/(B(1,99)-A(,99))
END DO
(b) HEE DO &=

J8 3-3 F=HHo| ofsf sk of
Fig.3-3 A conversion example using loop alignment

(¥ 3-4e 2 =EdAM At FORALL 29
273} daelFEoldt

Algorithm : Scalarize FORALL()
begin

/* Initialize */

Positive; = 0

Negative; = 0

Max distance; = 0

// (1<i<n)

/* Check any negative entry
for relation distance vectors of each loop index */
for each 1;,
check Ci' ¢,
if there is any positive value then
Positive; = 1
else if there is any negative value then
Negative; = 1
if (Max distance ) Ci") then
Max distance = C

if all of Negative; are zero then // Case (1)
naively scalarize

else if all of Positive; are zero then // Case (2)
apply loop reversal

else if any Positive; is 1 then // Case (3)
apply loop interchange

else // Case (4)
apply loop alignment to each loop

with abs(Max distance;)
end if
end

J8 3-4 AZEs} La2lE
Fig.3-4 Scalarization Algorithm
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where (1<r<d)
abs() @ AdigtE Foh= I
V. 45 gl
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