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Incremental Processing for Parallel Execution of Loops
with Shared Array

KATsusHl SANDA,t KOICHI ASAKURAt and TOYOHIDE WATANABE't

Traditionally, in parallel execution of loops, iterations are executed in parallel. However,
we can not extract parallelism among iterations for the loop which has complex loop-carried
dependences. In addition, iteration-based parallel execution is not suitable to the computer
cluster environment because of task granularity. In this paper, we propose the incremental pro-
cessing for parallel execution of loops. In the incremental processing, plural loops which access
same array data are executed in parallel with the pipeline method. We can apply incremen-
tal processing to loops with complex loop-carried dependences since incremental processing
makes full use of parallelism among loops and iterations in loops are executed sequentially.
Furthermore, loops are executed in parallel by means of overlap between computation and
communication, which reduces communication overhead among tasks. For incremental pro-
cessing, analysis of the access order on array elements in the loop is very important. We
introduce the access pattern which defines the access order in loops, and develop the algo-
rithm for analyzing the similarity of access patterns. We also examine the effectivity of our
algorithm for parallel execution of loops with shared arrays.
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Program
e loopl
for (i=0..100) loop1|a[o][0]=... - aB9H9%=~l
for (j=0..100)
alil [§1= ...; \ \ \ \ \
loop2 loop2 b[0][0]=a[0][0]+... - b[99][99]=a[99][99]+...
for (i=0..100)
for (j=0..100) \ \ \ \ \
blil [j1=ali] [j1+...;
N loop3 c[0][0]=b[0][0]+... - c[99][99]=b[99][99]+...
e loop3
for (i=0..100)
for (3j=0..100) \ \ \ \ \
c[il [§1=b[i] [§1+...; >
N Time
01 0000

Fig.1 Incremental processing.
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for (i=2; i<10000; i++)
alil = ali-1]1 + al[i-2]1;

(00000000000

for (i=0; i<100; i++)
for (j=0; j<100; j++)
alil [j]1 = alil [§] + alblill [c[jl];
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Fig.2 Example of loops with complex loop-carried
dependency.
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Fig.3 Efficiency of incremental processing.
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for(i= mi; i<c= Lbi; i=i+ gi) {

}
}

for (j= lbj; j<= Ubj; j=j+ &) {
. alCy + C1*i + Cp*jlIdy + di*i + dy*j]

(0000000

fOr(i‘:O; i'<= Uibl,' i'=i'+1) {

for(j'= 0; j'<= uby; j'=3'+1) {
. aloffy + movj *i' + m\/jl*j'] [offy + movijp*i' + m\/jz*j']

(ODOODOOoOooooo
04 DO0ODOOOOODO
Fig.4 Example of target program.
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Fig.5 Access pattern.
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ALGORITHM: INCREMENTAL_PROCESSING
Input:
depydeps 0000000000
itap,i'(erS 0000000000000O00O0ooo
ubq gooOdoooOOdoooO0OoOOoOooOOoOooDoOoOooO
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Output:
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0000000000000000000000000 xO000

begin FUNCTION tinc(x, tp ts Palls Pan)
tp = itery * depp; begin
tg:=iterg™ depg rEtglty
Py = Uby / depp; ifr# lthen
P'all = Pall - iwait/ 9ePp; ns:=log(r, pgy * (r-1)/x+1);
trin := MAXVALUE; nr := uby / depg- X * (r**(ns- 1) - 1)/(r - 1);
foreachx=1..p' ese ,
i ' ns:=pg /%
ti=tine(x, ty, ts Payl, Pall); ._pall X A .
if t <ty then nr = ubg/depg - x* (ns- 1);
to o=t endif
mn- " tinc::pa“*tp+n5*-|-0+nr*ts.
Xmin ==X end
endif
endfor
if Xrjn = P'gy) then
output("C 00O OOOOO");
else
output(Xyin);
endif
end

09 0OO0O0OO0OOOOOOOoOOooOO
Fig.9 Algorithm for adaptation of incremental

processing.
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Fig. 10 Examples for access pattern analysis.
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Table 1 Experimental result.
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Fig.11 Comparison of execution steps.
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for (i = 0; i < 100; i++) { ST @
for (j =0;j <99; j++) { "oV ] .
o eli]f] i b @
i+ avo
][] ..
}
}
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012 00000000
Fig. 12 Multiple statements.
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