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For loop parallel processing, it is very important to analyze array manipulations in loops.
Until today, many analysis methods have been proposed, in which the access region of array
data in the wholg:loop execution is calculated. However, these methods can achieve only the
access region analysis but do not take the access order of array elements into account. We
have already proposed an access pattern representation in order to describe the access order
of array manipulations in loops. With the access pattern representation, the movement and
transformation of access region of array data according to value change of a loop variable
can be analyzed correctly. In this paper, we pfopose an algorithm for calculating the access
patterns. In order to calculate access patterns correctly in nested loops, a convolution calcu-
lation is introduced. We show conditions for application of the convolution calculation to two
access patterns, and algorithm for calculating combined access patterns for nested loops. By
introduction of the convolution calculation, we can apply the incremental parallel processing
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Convolution Calculation for Access Pattern Analysis in Nested Loops

to nested loops appropriately.
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- s
SETIEA N~
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© BEV—TX

He

integer a{10,10)"
do i=1,10
do j=1,10
ali,j) = ...
enddo
enddo

BE7ER Ny~
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RS

SMET I ER - NF—

V=T LT 7R N7~V BITIIBY 2BALEE

Aj4, 10j-10, 1,1, 1, MUST)yy

TIER Ny~

AG,0,10, 10,1, MUST),g

by BREEREOZEN—- T

integer a(10,10,10)
do i=1,10
do j=1,10
do k=1,5
a(2*k,j,i) = ...
enddo
enddo
enddo

| 9.5 v AT A

4=

Aylk, 100i+10j-109, 1, 1, 2, MUST);

PN=TLT I ER ST~

AATE

Aj(j, 100i+2k-101, 1, 1, 10, MUST),q

RRZEV-TLT 7 ER -3y~
A0, 100i-99, 2, 5, 10, MUST),

iw¥7i7¢hx-na-y

it

A, 10j42k-11, 1, 1, 100, MUST)

TIER -y —2

A, 1,2, 30, 100, MUST),q

@=Er—7%

ERHEEOBF

Fig.6 Examples of convolution calculation.
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T RA Y~ O, BAVRERESRD
HFHLa > 845 - v —Fy FERVE, #5112

Y84 T -y =Fy bid SUIF'O 2TICHSESh T -

BY, BFea oA FOEEEESITHLDT T
T AROLBOEREBRROBINREFTRE R T
wpM, REBRTE, BFMEITSA4T - V- Fy

T L Ao, RERIE NPB2.3-serial X33 2 REFHEOESE
DEWEERTLOTER V., £E707J AL BETDEF
BIECH L TREFENE OBREHRTENEFRT0, #
& LT NPB2.3-serial {2 B A EFIREEFAL A ZBTH
3. ‘

integer a(10,10)

do i=1, 10
do j=1, 10

.

a(j.i) = a(j,i) + a(i,g)

enddo
enddo

7T 7uyii0ki

integer a(l0, 10)

do i=1, 10
do j=1, 10
a(j,i) = ...
enddo
enddo

do i=1, 10
do j=1, 10
. o= a{j,i)
enddo
enddo

do i=1, 10
do j=1, 10
e = afd,d)
enddo
enddo

Fig.7 Transformation of program.
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Table 1 Experimental result.
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Table 2 Detailed results of partially analyzed loops.
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integer a(10,10,10)

W—TXT 7R X7 -V BERICBT A2EAKREE 85

do i=1, 9
do j=1, 9

do k=1, 9

alk,j,4) = ...

enddo

enddo
enddo

k=T LT 7 ER R~
Ak, 100i+10j-110, 1, 1, 1, MUST)g
: SAAETHE
V=TT I EAR - NI
Aj(j, 100i+k-101, 1, 4, 10, MUST)q
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8 Accuracy ST A—FERWIT IR - Ny~ ER
Fig.8 Access pattern transformation with Accuracy parameter.
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