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The Procedure Transformation using Data Dependency
Elimination Methods

Yusug Chang'- Doo Soon Park''

ABSTRACT

Most researches of transforming sequential programs into parallel programs have been based on the loop structure transformation method.
However, most programs have implicit interprocedure parallelism. This paper suggests a way of extracting parallelism from the loops with
procedure calls using the data dependency elimination method. Most parallelization of the loop with procedure calls have been conducted for
extracting parallelism from the uniform code. In this paper, we propose interprocedural transformation, which can be apply to both uniform and
nonuniform code. We show the examples of uniform, nonuniform, and complex code parallelization. We then evaluated the performance of the
various transformation methods using the CRAY-T3E system. The comparison results show that the proposed algorithm outperforms other
conventional methods.
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doi=1,nl
doj =1, n2
call Q
enddo
enddo

Procedure P
real a(nl, n2), b(nl, n2), c(nl, n2)
integer 1, j
doi=1,nl
doj=1n2
ali, i-7) = bli-1, j-3) + cli-9, j+5)
}

Procedure Q b(i+2, j+8) = a(i—5, j+4) + cli+6, j-4)
real a(nl, n2), b{nl, n2), c(nl, n2) cli+1, j-6) = ali-6, j+3) + b(i-2, [+3)
integer 1, ] enddo
ali, j-7) = bli—1, j-3) + cli-9, |+5) enddo
b(i+2, j+8) = ali-5, j+4) + cli+6, |- 4) . o
Cli+1, i-6) = ali-6, j+3) + bli-2, {+3) (a) inline substitution
(a) uniform Procedure P
real a(nl, n2), b(nl, n2), c(nl, n2)
integer 1, j
Procedure P doi=1nl
real a(nl, n2), b(nl, n2), c¢(nl, n2) doj =1, n2
integer i, j call Q
doi=1nt enddo
doj=1,n2 enddo
call Q
enddo Procedure Q
enddo real a(n1,n2), b(nl,n2), c(nl,n2)
integer 1i, ]
Procedure Q ali, -7) = b(|-1., 1—3) + c(l—Q, 1+§)
real a(nl, n2), b(nl, n2), c(nl, n2) bli+2, j+8) = ali-5, j+4) + c(i+6, -4)
. LT ’ ’ ’ cli+1, j-6) = ali-6, j+3) + b(i-2, j+3)
integer 1, )

a(4i, 55) = b(5i, 2j) + c(4i, 67)
b(6i, 4j)) = a(3i, 2§) + b(4i, 3j) + c(5i, 3j)

(b) Loop Extraction

c(7i, 5)) = a(4i, 3j) + b(5i, 3j)

(b) nonuniform

Procedure P

real a(nl, n2), b(nl, n2), c(nl, n2)
integer i, j

doi=1nl

doj=1n2

call Q

enddo

enddo

Procedure Q

real a(nl, n2), b(nl, n2), c(nl, n2)

integer 1, j

ali-21[j] = bl4+il[3+j} :

bl5+il[4+]) = al3+i+3](j-4] + bli-41{3+]] + c[3+ill4+] ;
cl7+][5+]] = Ali-510i-3] ;

Procedure P
real a(nl, n2), b(nl, n2), c(nl, n2)

call Q

Procedure Q
real a(nl,n2), b(nl,n2), c(al,n2)
integer 1i, j
doi=1nl
doj=1,n2
a(i, j-7) = b(i-1, j=3) + c(i-9, j+5)

b(i+2, j+8) = a(i-5, j+4) + cli+6, j-4)
c(i+1, j-6) = a(i-6, j+3) + b(i-2, j*+3)
enddo
enddo
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SUBROUTINE P SUBROUTINE P

real a(n, n) real a(n, n)
integer i integer i
doi=110 doi=110
call Q(a, 1) call Q(a, ix3)
call Qa, i+1) call Q(a, i#5)
enddo enddo

SUBROUTIN Qff, i) SUBROUTIN Qff, i)

NE BS54 HH 28 0183 ZZAIN v 41

doj - 1, 100
f(4, j) = £, ) +
enddo

(¢) complex

(2 4.4) od 2= |

SUBROUTINE P
real a(n, n)
integer i, j
parallel do i = 1, N;
parallel do j = 1, N2
fq, j) = £, }) +
f(i+1, j) = f(i+1, j) + -
end parallel do
end parailel do

parallel do i = 2, Ny
parallel do j = 1, N»
@, j) = £G4, j) + -
end parallel do
end parallel do

real f(n, n) real f(n, n)
integer i, j integer i, j
doj =1, 100 doj=1,100
£G4, ) = fG, j) + - (i, j*5) = f(i, j=4) +
enddo enddo
(a) uniform (b) nonuniform

SUBROUTINE P
real a(n, n)
integer i
doi=110

call Q(a, 1)

call Qfa, i*5)
enddo

SUBROUTIN Qff, i)
real f(n, n)

integer 1, j
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4.2.2 Loop extraction® & W& o] &3 Wy g

ZZAIA 7F g Wl loop extractiond FEZOA &
& /W ZEAACA ¥ 5F ZIAAY FxH mE
AA 9] 3& YR SF-Z olgdh Wyolrh (Z1¥ 44) (a
Al A=) loop extractiond #H-&3dk =7} (-

(a) Zrol1l F&HQA WA FHS 934 loop fus1on

SUBROUTINE P SUBROUTINE P
real a(n, n) real a(n, n)
integer i, j integer i, j
doi=1 N parallel doj = 1, N2
doj=1 N doi-1, N
call Qla, i, j) call Qa, i, j)
enddo call Qla, i1, j)
doj=1 N enddo
call Qfa, i-1, j) end parallel do
enddo
enddo SUBROUTIN Qf, i, j)
real f(n, n)
SUBROUTIN Qff, i, j) integer i, j
real f(n, n)
integer 1, j G, 3y = 14, ) + -
@, i) = £G4, j) -

(a) Loop extraction (b) Fusion, Interchang ¥ ##3}

(2! 4.6) Loop extraction
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SUBROUTINE P SUBROUTINE P

real a(n, n) real a(n, n)
integer i integer i
call Qa, 1) call Q(a, 1)
call Qa, i+1) call Qla, i+1)
SUBROUTIN Qff, i) SUBROUTIN Qff, i)
real f(n, n) real f(n, n)
integer i, j integer i, j
doi=1 N; parallel doj = 1, N2
doj=1 N2 doi=1 N
4, ) = G, ) + 4, j) = £G4, ) +
enddo enddo
enddo end parallel do

(a) Loop embedding (b) Loop interchang ¥ # # 3}t

(32! 4.7) Loop embedding
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wg yojrt (2@ 44) (@9 oA ZE=E procedure

cloningg A48 Z=E (19 48)F Zo] ¥ 3F Z2A

SUBROUTINE P
real a(n, n)
integer i, j

parallel do j = 1, N2
call Qclone(a, i, j)
call Q(a, i+1, j)
end parallel do

SUBROUTIN Qff, i, j)
real f(n, n)
integer i, j

doi=1 N
4, j) = €4, j) + -
enddo

SUBROUTIN Qclone(f, i, j)
real f(n, n)
integer i, j

parallel do i = 1, N1
(i, j) = £G4, j) + -
end parallel do

21 4.8) Procedure cloning
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