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Partial Array Contraction
and Contraction-Oriented L oop Fusion Array Contraction Problems of the previousarray contraction(l1)

shrinksthesize of an array and improves data locality Not so many opportunities of array contraction

PARAM ETER(N=1000000) (DO I=1,N v I
REAL*8 A(N) A@)=...|, . DOI=1N RO I =N
DO 1=1,N ENDDO | TUSON Taqy=. . oenraction Sy o, T A=

A() = B()+C(1) = oA

1. Introduction 8MB

. . ——
2. Problemsof the previousarray contraction
and its solutions D(1) = A()*E(1) DO I1=1,N ENDDO
ENDDO EYN()

3. Evaluation l if A(lZN) arenot used \ENDDO
4. Conclusion out of this loop nes, O T=2.)

8B DO I=1,N Al)=... o= . 1
s S=B(1)+C(l) ENDDO fusion D||:(I| >:§’)’\A(|)Z)Trlamon [}ﬁ:(ll ;;1')';2=
D(1) = S*E(l) - = A — I} :é% A
;o

ENDDO DO I =1,N
L=AQ) ENDDO 1ENDDO

usually combined with loop fusion ENDDO .

A

Problems of the previousarray contraction(2) Definition: definition / use-dominated

It isdifficult to decide which loop nests should befused | - Anarray A isdefinition-dominated in aloop nest L:

DO I=1N . . . .
Si= bod=1nz if no dement isused beforedefined in L.
> :Sl contracted : ex.
IF(==1)A(l)=SL

ENDDO ‘ DO J=1,N2 o

DO 1=1N How we should split aloop nest sequence

C = (A, 3), A(NL-1+1, 3))

Compensation codes ENDDO for better contraction ?
areinserted

Partial Array Contraction with Save & Restore

- Anarray Aisuse-dominated in aloop nest L:
if ngxelement isdefined beforeused in L.

ey DO =LN D|°F '(If_li)st"_;A(”

uson |F(I>=2) A(l)=.... - Ny
m) [F(1>=2)S2=...

= ..=A() (:>52) }oontracted DO 1=, N

ENDDO ENDDO EN,D,D:Og(‘A(u). A(l, N2J+1))

ENDDO

Benchmark Programs How to apply Our Method to SP

ﬂo QARG \ N ;:girr]gstorecodeareadded
- SPEC CFP2000/applu 0200 125 mac2
100 Ihs(ij, k, L15)=. ..

If Alisdefinition-dominated in L, D)= b k=1 n32
L becomes thefirst loop nest . do 110 k=1 n3-2 doj=1,n22
- - - di j=1,n2 Ihs1(0,j, k, 1: 15)=lhs(0, j, k, 1:15)
of anew group LN NPB2.3-serial/SP CLASS A ’ o 130 1 =11,".ffz Ihs1(n1-1,j, k, L15)=lhs(ni-L j, k, 1:15)
. =1(AQ, ), A(NL-1+1, 3)) 110 Ihg(i, j, k, 1:15)=Ihi, j,k,1:185) +. .. enddo
ENDDO enddo
-NPB2.3-serial/BT CLASS A Ay
do 120 i =0, n1-3 do k‘= 1,n3-2
120 Ihs(i,j,k, 1:15)=f(lhs(i, j, k, 1:15), doj=1,n22

Ihg(i+1, ], k, 1:15), Ihs(i+2, ], k, 1:15)) 1hs(0, j, k, 1:15)=Ihs1(0, j, k, 1:15)
lhs(n1-1,j,k, 1:15)=lhs1(n1-1, j, k, 1:15)

enddo

do 130 k=1,n31
enddo

do 130 j=1,n2-1
DO I=1,NL h
~..=gA(, 3, A(, N2J+1) do 130 i=n1-30,-1
10 ...=go(hs(i,j, k, 1:15),
Ihs(i+1, j, k,
k

How to apply Our Method to SP (con’t) Array data szewithout/with contraction

/o k=1n32 N\ MB
do j=1,n2-2 35)

1hs1(0, 1:15)=Ihg(0, j, k, 1:15)

Ihsl(n1-1,1:15)=lhg(n1-1, j, k, 1:15)

3.fusion dtl)h;(\l,vlr?llzﬁzﬁ 300

& e 1,n12 Ihg(65, 65, 65, 15) / 33M B 250 —+ para+our method

4. partial e EE 200 W original
contractiond"l‘i;(?; ?:11-53)=f0(\||;s1(i_, 119, \ partially contracted 1 150 u With ful .

Z';d.di(::: j”v S1(i+2, 1:15)) Ihs1(65, 15) / 8K B 100 with full+partial

... = go(Ihsl(i, 1:15),
Ihsl(i+1, 1: 15), 0

Ihsl(+2, 1: 15)) 0
enddo
Ihs(0, j, k, 1:15)=Ihs1(0, 1:15) 2 3 4 5 6 7 8

Ihs(n1-1,j,k, 1:15)=lhs1(n1-1, 1:15)
enddo The number of processors

ddo

Speedup of applu on the Alpha Server Conclusion

9 L
i - Wegeneralize array contraction and intr oduce

partial array contraction with save & restore

=) \We have more opportunities of array contraction

[ee]

—&— paratpipeline+our L
method r —+ para+our method

=~ para+pipeline i - We split aloop nest sequence using definition / use-

[ -=-para dominated

para I mm) Array contraction can be applied more effectively

- The performance of SP, applu, and BT aredrastically
improved
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