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A Design Of An Optimizer For Conversion of Parallel
Constructs Of Data Parallel Language Programs

Mi-Soon Koo' - Myong-Soon Park'!

ABSTRACT

Most data parallel language compilers are source-to-source translators. Most Compilers of HPF which is recognized
as a standard data parallel language convert a parallel program in HPF into a Fortran 77 program inserted message
passing primitives. By the way. they currently generate significant amount of ineffective codes in the course of the
conversion. Especially, FORALL construct is converted into several DO loops, so loop overhead of these codes is very
increased. In this paper, we propose an optimizer to generate optimized DO loops from FORALL construct using loop
alignment. For this, we define and use relation distance vector to keep necessary informations. Then we evaluate and
analvze execution time for the codes converted by our method and by PARADIGM method for various array sizes.
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FORALL(i=l:n-2, j=2'm-2)
S Al j) = BG, j) + 1
S B, j-1) = AG+L j+D + 3
Sy Ch, j) = AG+2, j+2) + BG, j-1)
END FORALL
(a) Original FORALL +%

DOj =2 m2
DOi=1,n2
S Ali, ) =BG, j) + 1
END DO
END DO
DOj=2 m2
DOi=1n2
S B, j-1) = AG+1, j+1) + 3
END DO
END DO
DOj=2 m2
DOi=1n2
Ss Cl, ) = Ai+2, j+2) + B, j-1)
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END DO
END DO

(b) $T ¥ A3l AR DO

1 DbOi=1n2 .
2 AG, 2 =BG, 2) + 1

3 Al, 3) =BG, 3) + 1

4 END DO

5 DOj=4m?2

6 AL ) =B, j) + 1

7 AR, §) = B@Z )+ 1

8 DOi =3 n-2

9 Al, ) = BG, §) + 1

10 B(Gi-2, j-3) = Ai-1, j-1) + 3

11 Cli-2, j-2) = AG, j) + BG-2, j-3)
12 END DO

13 B(n-3,j-3) = An-2, j-1) + 3

14 B(n-2, j-3) = Aln-1, j-1) + 3

15 C(n-3, j-2) = Atn-1, j) + Bn-3, j-3)
16 Cn-2, j-2) = Aln, j) + B(n-2, j-3)
17 END DO

18 DOi=1n2

19 B(, m-4) = A(i+], m-2) + 3

20 BG, m-3) = AG+], m-1) + 3

21 CG, m-3) = AG+2, m-1) + B(i, m-4)
2 CG, m-2) = AG+2, m) + B(i, m-3)
23 END DO

) #Z 38 & H 839 e DO

(2 5) 2AAIH2|HE RDy; = {(-1, -1), (0, 1)}, RD;s
= {(-2, -2), (0, 1)}, RDzm = {(-1, -1)}2l ZHR9| of
(Fig. 5) A conversion example of the case which has

relation distance vectors

RDiz = {(-1, -1), (0, )}, RDia = {(-2, -2). (0. 1}, and

RDz = {(-1, -1)}

g&o2 (18 6)(a)e FORALL F2W A £30)
A A e dFded NE g F&5AE e &
OE dAZ o] F¢E MZ 9 ud A Bt 2
T A% FHHE AE Aot A EE S, S, S
e BAAYGHE shed 9% FEAE dodle
BAAHE = WG Aol di#) (-1, -1), ¥l Bel o
A (-2, 0oltt. &5 FE go] EAsinz EFED
of B Ast Bell dis) 2F 98 F540] dA4¢e
¢ 7 AT, qF FEHL TANIE BAAYHY
o 5 e 7ed Hd F&AE (-2 = 205t}
2222 FORALL *ZW R AA 233 ol% B3
T A%l digte] A FL5AY 20F F DA,
o dial FZ JAL HEde] Qe 3= (29
6)(b)o] t}.

FORALL(i=2n-2, j=2'm)
S BGD = AGL QD) + 2
S AGQ) =BG )+ 1
S5 Chj) = AG. ) + Blis2, i)
END FORALL

(a) Original FORALL +&

DOi=2 n2
BG, 2) = AG-1, 1) + 2
BG, 3) = AG-1,2) + 2
END DO
DOj=4m
B2, p = A, j-1) + 2
B@3.j) = A2, j-1) + 2
DOi =4 n2
BG, j) = AG-1, j-1) + 2
AG-2,j-2) = B(i-2,j-2) + 1
C(i-2, j-2) = AG, j-2) + B, j-2)
END DO
A(n-3, j-2) = Bn-3, j-2) + 1
An-2, j-2) = Bin-2, j-2) + 1
C(n-3, j-2) = A(n-3, j-2) + Bn-1, j-2)
Cn-2, j-2) = A(n-2, j-2) + B(n, j-2)
END DO
DOi =2 n2
A(i, m-1) = B(n-3, m-1) + 1
Ali m) = B(n-2, m) + 1
Cli, m-1) = A, m-1) + B(i+2, m-1)
CG, m) = AG, m) + B(i+2, m)
END DO

(b) $Z FF& g3l AgE DO

(3% 6) ZAIHRIHE] RD; = {(-1, -1)} RD3 =
{(-2. 0), (-1, -}, RDa = {(-2. D)2l B9 of
(Fig. 6) A conversion example of the case which has
refation distance vectors
RDiz = {(-1, -1)} RDiz = {(-2, 0), (-1, -1)}, and
RDzn = {(-2, 0)}

(2" 7& & =EolA AUdg FORALL 72 ¥
BA Hed HHgr)9 2= 44 daelFoth (2
d DelA ALHE golge des 2o

Algorithm : gen-transformed-code()
input : 1, I, Si, Sa...Sn RD = {(C/,C)....(Cf, C),...ACE, C),
(1<r<d)

output : Transformed DO loops

begin

1 /* Initialize */
2 Need_Align = 0
3 Min_Dist = 0
4
5

/* Check one or more relation distance
vectors to examine any negative entry */
for each (C'. CG;YERD do

if (G<0) or C<0) then
Need_Align = 1

© 0w~
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10 /* Find minimum dependence distance */

11 if (Min_Dist > C") then
12 Min_Dist = G

13 end if

14 if (Min_Dist > C;) then
15 Min_Dist = C

16 end if

17 end if

18 end for

19

20 /* Generate DO loops through loop alignment
to eliminate backward dependence */
if (Need_Align = 1) then
Max_Dist = abs(Min_Dist)
gen(do Ii = iy, 1)
peel off S for (i, jr + Max_Dist - 1]
gen(end do)
gen(do I = jr + Max_Dist, juw)
peel off Sy for [iy, in + Max_Dist - 1]
gen(do Ix = iy + Max_Dist, iu / S1)
locate S; with aligning each index
expression as many as Max_Dist
locate S; with aligning each index
expression as many as Max_Dist

8 IRIXRERYE

locate S, with aligning each index
expression as many as Max_Dist
gen(end do)
peel off S, for [iw - Max_Dist + 1. iu]
peel off Sy for [iw - Max_Dist + 1, iw]

peel off Sy for [im - Max_Dist + 1, iul
genl(end do)
gen(do & = iy, iw)
peel off So for [je -~ Max_Dist + 1, ju2]
peel off S3 for {ie - Max_Dist + 1, jul

peel off Sn for [juz - Max_Dist + 1, ju)
genend do)

BEH5EELS588YRRLE R

/* Generate DO loops without any code
transformation */
else
gen(do I} = jio, jw / do 2 =iy, iw / S
/S / o/ S/ end do / end do)
end if

B85

2-?3

(38 71 2= 4y YaE
(Fig. 7) Code Generation Algorithm
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(Fig. 8) An execution result of the case which exists
backward dependences among several variables in three
statements(max. dependence distance = 2)

B CASE 2(A)
[0 CASE 2(D)
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(Fig. 9) An execution result of the case which exists
backward dependences among several variables in three
statements(max. dependence distance = 5)
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