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

analyze execution time for the codes converted by our method and by PARADIGM method for various array sizes.
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(Fig. 1) A convsersion example of FORALL statement into
DO loops using clone method
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B, ) - AL D)
END IF
END DO
END DO
b) 2714 54 DO FZ2 WA o
(38 2) F= 2ol 2lsf FORALL =& & DO

FT2 MBS of
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FORALLG=1:n-2, j=2m-2)
AG ) =BG+ 1
B(G, j-1) = AG+]L, j+D + 3
CG, 1) = AG+2, j+2) + B, j-1)
END FORALL
(a) Original FORALL T+%

DO =2 m=2
DOi=1,n2
AG, 1) = BG, ) + 1
END DO
END DO
DOj = 2, m-2
DOi=1,n2
BG4, j-1) = Afi+], j+1) + 3
END DO
END DO
DOj=2 m2
DOi=1n2
CG, J) = AG+2, 1+2) + BG, j-1)



END DO
END DO
(b) = £8& HE3te] ¥EE DO

1 DO i=1n2
2 i, 2) = BG4, 2) + 1
3 A(i, 3 =BG3 +1
4 END DO
5 DOj=4 m2
6 AL ) =B, ) +1
7 A j) = B2 j) +1
8 DOi=3 n2
9 AG, j) =BG, j) + 1
10 BG-2, j-3) = AG-, j-1) + 3
11 Cl-2, j-2) = AG, j) + BG-2, j-3)
12 END DO
13 B(n-3, j-3) = A(n-2, j-1) + 3
14 B(n-2, 7-3) = Alp-1, -1y + 3
15 C(n-3, j-2) = A(n-1, j) + B(n-3, j-3)
16 Cn-2, j-2) = A, j) + Bn-2, j-3)
17 END DO -
18 DOi=1n2
19 B@, m-4) = A(i+1, m-2) + 3
20 BG4, m-3) = AG+L, m-1) + 3
21 Cl, m-3) = A(i+2, m-1) + B(i, m-4)
22 C@, m-2) = AG+2, m) + B@, m-3)
23 END DO

(c) $Z B2& &3t WEE DO

(32! 5) BAH2IHE RDi; = {(-1, -1), (0, 1)}, RDis
{(-2, -2), (0, D}, RDx = {(-1, -1)jel AP off
(Fig. 5) A conversion example of the case which has
relation distance vectors
1, -1), (0, 1)), RDiz = {(-2, -2), (0, 1)}, and
RDz = {(-1, -1)}

RDi = {(-

9222 (I 6)a)= FORALL XU A &3]
A A RS AR Az BE 34728 2+ E
UE dAz o A% NE BE Wd Ad Bt B
T 4% 224 2 Aol A BF Sy, S %
29 BAAANE e 9% FE4S Dosl:
#AAD M D Ael e (-1, -1), ¥|E Bel o
A (-2, 0otk &5 A% go] EAtnz THET
of e Ash Bol Wal BT A% F&4Ho] WYL
B ¢ 2, BN e BAADHE

F5AYE -2 = 200,
:laiﬂi FORALL %&u} A AR B ol% ¥
5 Z7o] dte] Ho) FLAY 20F §

4 98 FZ 39 Agelel 448 2o} (29

6)(b)elh.

F Qa2 |
—

o0 ZEOo| WHFE stz 2ot Aoy A 799

FORALLG=2:n-2, j=2'm)
Si BG.j) = AG-1,j-1) + 2
S2 AG, D =BG+ 1
Sz C(, )) = AG, ) + BG+2, i}
END FORALL

(a) Original FORALL +%

DOi=2 n2
B, 2) = AG-1, 1) + 2
B(G, 3) = AG-1,2) + 2
END DO
DOj=4m
B2, ) = A, -1 + 2
B3, )= A2 -1 + 2
DO = 4, n-2
BG, i) = AG-1, j-1) + 2
AG-2, j-2) = B2, j-2) + 1
CGi-2, j-2) = AG, j-2) + B(, j-2)

END DO
An-3, j-2) = B(n-3, j-2) + 1
A(n2] 2) = Bn-2, j-2y + 1
C(n-3, j-2) = A(n-3, j-2) + B(n-1, j-2)
Cn-2, i-2) = Aln-2, j-2) + B(n, j-2)
END DO
DOi=2n2

A(, m-1) = B(n-3, m-1) + 1
Ali m) = B(n-2, m) + 1
C(i, m-1) = A(, m-1) + B(+2, m-1)
C, m) = AG, m) + B(G+2, m)
END DO

(b) += 38L& #Hgste] WEE DO

(38 ) =AHAHZIME RD; = (-1, -1)}, RDiz =
{(-2, 0), (-1, -1)}, RDz = {(-2, D))ol Z=L o
(Fig. 6) A conversion example of the case which has
relation distance vectors
RDiz = {(-1, -1}, RDiz = {(-2, 0), (-1, -1)}, and
RDz = {(-2, 0)}

(39 N & =FdA A FORALL +& ¥
4 Hgd AHFYI)Y) 2= A4 LadFolh (2
Y DelA AgHE SASE Thes)

Algorithm : gen-transformed—code()
input * I, B, St, Sz Se RD = (GG, (CF, CN,nlCE G,
(1<r<d)
output : Transformed DO loops
begin
/* Initialize */
Need_Align = 0
Min_Dist = 0

[$2BF -SSR

/% Check one or more relation distance
vectors to examine any negative entry */
for each (Cf, CYERD do

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

© o ~ND
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/* Find minimum dependence distance */
if (Min_Dist > C) then

Min_Dist = Cf
end if
if (Min_Dist > G) then
Min_Dist = G
end if
end if
end for
/* Generate DO loops through loop alignment

to eliminate backward dependence */

21 if (Need_Align = 1) then

22 Max_Dist = abs(Min_Dist)

23 gen(do I = in, iw)

24 peel off S; for [ji, jiu + Max_Dist - 1]

25 gen(end do)

26 gen(do Iy = jio + Max_Dist, juw)

27 peel off S for [in, in + Max_Dist - 1]

28 gen(do Iz = in + Max_Dist, i / S1)

29 locate So with aligning each index
expression as many as Max_Dist

30 locate Sz with aligning each index
expression as many as Max_Dist

31 :

32 locate Sn with aligning each index
expression as many as Max_Dist

33 gen(end do)

A peel off Sp for {iy - Max_Dist + 1, iwl

35 peel off Ss for [iw - Max_Dist + 1, iw]

36 :

37 peel off S, for [l - Max_Dist + 1, iyl

33 gen(end do)

39 gen(do Iy = i, iu)

40 peel off Sp for [juz - Max_Dist + 1, juwl

41 peel off S3 for [ju2 - Max _Dist + 1, jul

42 :

43 peel off Sn for [ju, - Max_Dist + 1, ju

44 gen(end do)

45

46 /* Generate DO loops without any code

transformation */
47 else
48 gen(do I; = jo, o /do o = iy, i / S
/S2/ ../ Sa/ end do/ end do)
49 end if
end
( E&. ) ac AHA—{ O}_—,Lalx

(Fig. 7) Code Generation Algorithm
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S8 A% $4 59 TEW 57

=g C REZ ARET. o2
% 0|33 o %o UNIX C}

A 33§ Tinel'E A AUE F, goo B
=8 A4S,

42 8% ®Ih 23 ¢ 24

41804 7148 BPoz QAP = el
g =78 32x32%E 2048x204874x] WA A Jln
Sun SPARC 24904 328 A4 Art 22}
(9 33 (2 Dot

8000
7000 8 CASE 1(A)|
OCASE 1(D)
6000
Iy
\%sooo
£
4000
§
B
§3ooo
&
2000
1000
0 — | .
3232 64x64  128x128  256x256 512x512 1024x1024 2048x2048
y Size
st =&
(32 8) Ml 2 o2 Bpziof g ZSXH0|

ZEE Ao F8 AZKA E5H2| = 2)
(Fig. 8) An execution result of the case which exists
backward dependences among several variables in three
statements(max. dependence distance = 2)

9000 -
8000 B CASE 2(A)
D CASE (D)

6000 -

¢

)

Execution Time (msec,
8 8
8 [=3
g8 8

3000 -
2000

1000 -

— L.

32x32 64x64 128x128  256x256  512x512 1024x1024 2048%2048
y Size

(33 9) M "’“LH 0fe] H7hof oE S5440]
EXe 32 +d AlZH A E5H2| = 5)
(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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