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The Parallelism Extraction in Loops with Procedure Calls

Yu~Sug Chang*and Doo-Soon Park’”

ABSTRACT

Since most program execution time is spent in the loop structure, extracting parallelism from sequential
loop programs have been focused. But, most programs have implicit parallelism of interprocedure.

This paper presents a generalized parallelism extraction in loops with procedure calls. Most par-
allelization of loops with procedure calls just focus on the uniform code which data dependency distance
is constant. We presents algorithms which can be applied with uniform code, nonuniform code, and complex
code. The proposed algorithm, loop extraction, loop embedding and procedure cloning transformation
methods evaluate using CRAY-T3E. The result of performance evaluation is that proposed algorithm
is an effect.
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ZRAA YoM ALEEH = HE Yoz 2 2
(Loop distribution), % -§3%HLoop Fusion), £ 1k
Z(Loop Reversal), ¥ 9T (Loop Skewing), F

28 Loop Interchange), F= &}Y % (Loop Tiling)
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<gnyF 1>

. % HEl2gZ A4

2. 4% 3% 19 Z(augmented call graph) &
g%

. ZE2AIAZ AR ALY

4. F54 4

5. IF (3hv}e] Z2 A A7} @ o] 555D &
Z w7 WA gho] WA gew)
THEN goto <& 318 & 3>
ELSE goto <&18%& 4>

6. T 2= A8 FEHA AA ¢nelF <dx
g 2> dd ¥y 2= 44

<gnEFE 2>
1. 2713t #4

S=83F

3 71934 wE DMA, DMB, DMCH <1

sw =0
2. diophantine®2] A4t 918 GCDAA &4 &

231 pass=191 SxS =719 2319 24 Y

DMBT&

IF (9192 W7} 22W) THEN rename
3.5 Fo Y2 W4E |, jEsla HAA N,

NoQl 3%

Forall DMB& 8 9] |, joll 3}

IF (ageuy) > N1 || (gjewy) > N2)

THEN I 94% 028 A8

I[F sw == 0 THEN DMA = DMB, sw =1
4. DMB & ©] 83l Qo] ofd BE 4ol o3

w

O2AK 2823 VI8 FOL0M Hald =& 273

Forall i, jol W38l IF (u; & wy == 1)
THEN uniform
ELSE IF (u; & wy '= 1) THEN nonuniform
ELSE complex¥¥19] doall S; B&oE HE

5. 1F 22 d47F EA%chd THEN &gt
@A 3 AA

6.IF 25 ¥4 =0 THEN go to 8
ELSE pass 71871 93 s 9] & o] &3
SxsPel Z719] 2459 H
DMC = DMA * DMB A 4F

pass++
DMB = DMC
free DMC
ENDIF
7. Goto 3
8 WY 245 A ZE ZF) 3l doall
S EFoz wg
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3. reverse topological orderZ inlining &

}
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/% inlining 3 TZAIA ] HE HL «/
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1. reverse topological order® inlining & &
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SUBROUTINE P
real a(n, n)
integer i
doi=1,10

call Q(a, 1)

call Q(a, i+1)
enddo

SUBROUTIN Q(f, i)
real f(n, n)
integer i, j
doj = 1, 100

G4, 3 = fG,j) + ..
enddo

a8 4.1 X}EEE4AH2] ¢ Uniform

4.1 TEAXNE ZES HYTFS o MEHT}

Z2AAE TYY Dcd ™Y FudEY
loop extraction, loop embedding 22| I procedure
cloning# g el A5& FHrig)

ZEANAE XS 29 HA duEgEFe A
8 ZFEA AA DPEE ol 83 ZEAA HE IS
Aol WHIEE W FHER SR a9
I AE FEA o] A B& YA AR FH5A
ArEe AR F& A0 A Ay 54 A
o7 Ay F&40] Ax HolHE ol thA] B E
FAYT a9 419 oA ZEE Z2AAE XY
@ 2= HAs YnAFL A e8] WHAER
B I=E 19 42029 2ot HEE HY 3=
= HEE 5333, FP8E ¥y Z=dA AR F

T3

SUBROUTINE P

real a(n, n)

integer 1, j

parallel do i = 1, Ni

parallel do j = 1, N»
G, j) = G, ) + ...
fi+1, ) = £G+1, 3) + ..

end parallel do
end parallel do

parallel do i = 2, N;
parallel do j = 1, N2
f(i, j) = G, i) + ..
end parallel do
end parallel do

Oz 4.2 XS d2E

4.1.2 Loop extraction®H 3 & o] 83 ¥ g

FE
Z2 A A ZF AE 2l loop extraction® £
N &S 7HY ZRA|A M 3] EF ZEAA ]
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ZaAAE o)Fsl= W3 W2 loop embedding



SUBROUTINE P SUBROUTINE P

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

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

22 4.3 Loop extraction

£ 29419 dA 2= HE43 F YA} E Y3l
loop interchange® & W& &34t

Helg HEFc s O 449 Zo] 3F TR A
A PE FM9 9 & ZTIAX QEF £E31, A

SUBROUTIN Qff, i)

real f(n, n)

integer 1, j

doi=1 N
doj=1 N

fq, 3 = 14, ) + ...

enddo
enddo

.y
& Z2AA QE ¥ T je Y= 593
Wy 23 e AR Yk
SUBROUTINE P SUBROUTINE P
real a(n, n) real a(n, n)
integer i integer 1
call Qla, 1) call Q(a, 1)
call Qla, i+1) call Q(a, i+1)

SUBROUTIN Qff, 1)

real f(n, n)

Iinteger 1, j

parallel doj = 1, N2
doi=1 N

a4, ) = £G4, ) + ..

enddo
end parallel do

(a) Loop embedding

(b} Loop interchang %~ ¥ # 3}

8 4.4 Loop embedding

T2AK S&8 I 2O H@d =& 275

4.1.4 Procedure cloning'# § 9y & o] &3 ¥

A

do Z2AATL Y AE 3E2E W TEAAE
35 L2 AAE BALSIY] g8 TEAIA7L &
23 she W@ ol 1Y 419 dA Z=E
procedure cloning& #-83F A=+ 19 459} o)
0 3% Z2AA QoA HE rtsd BT £
FELS Feletd BE 7bs e £4S Qclone T2
AMAZ BAag, o8ln 5% Z2AA P HE
FEjREAA BE AT 3 Bols B
& M2 3Es HIEHE FUHAUTh

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

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

parallel do j = 1, Na
call Qclone(a, i, j)
call Qa, i+1, j)
end parallel do

parallel doi = 1, Ni
4, j) = £G4, ) + ..
end parailel do

SUBROUTIN Q(f, i, j)
real f(n, n)
integer i, }

doi=1 N
G, 3) = 14, 3) « .
enddo

18l 4.5 Procedure cloning

415 A%s 84

ZIAANE XTI HERs ] YePrie 2
A A& 2gsts ZT oA 71E00 ALE3te o7&
AVE-3Le HolE] 9= N2 20, No= 100702 8ol =
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A st HA38 g Ee 285 F454 AA
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F&40] glg W7t HEE =83} Loop ex-
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By FAe BEe Z2ANE w2 2 F Yt
E duisiAzich As 3t A9 19 465 2o)
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gy
{22 man e O @322 |

a2 4.6 Z2AINE z3st €y =9 Myt

4.2 Z2ANXNE ZE3 =9 M5 Y|

o7 Mg gho]l 3% wuich WER] @ 1Y 47
9] ol A uniform, nonuniform 18 1 complex &
E ARESl Z2AIH 7 W@ o ‘?:i% | i,
Atd duejE S Lo ¥y I=E WY
ZE2AA FrtstaA A%t stoh

AR F% A7} uniform?) 4ol sprte] £
QoM s1= HE A 71 go] A3 & e Ed
34tk Nonuniform¥} complext A A€ oA 71 §1
oA [16]o1A4 AAF dAE el HPs At

421 ZZAA A BHY A% Yo}

Z 2 A A7 WE W <l inkining &3 7 loop ex-
traction, loop embedding¥ & W& 18 4.7 9 A
REE AR HeHrt stk 19 488 19
479 A Z=(a)9 4% Z=F HAFE

Inlining &7 HE WAL Z2AA 53 213
2 AAG MR HIY 5 Folu g2 A3
& 7HsstA ok o8 7kx W@ iy F 7hasin
A& Fol7] Y& 7} Bol AH&H 1 ok 23y
inlining &4 9 Ao AL 534 x99
AU A F71e 28 BRIV dAHEE B R
W5l o] RE 2o HGg HE el
Loop extraction®} loop embeddinge] Z& ZAY
o, loop embedding & MElslE Zo) ZTEAA 52
eHErt At WY 528 A% Hre
= 3E 499 #Zol £AAIZE Zpo| 7t ol o) F
AEE ol &3ty EA3IAT A HA WY BE
infining 273 W& W0l 74 AL HIUAL loop

Procedure P
real a(nl,n2), b(nl,n2), c(nl,n2)
integer i, j
doi=1,nl
doj=1 n2
call Q
enddo
enddo

Procedure Q

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

integer i, j
ali, j-7)=b(i-1, j-3)+c(i-9, j+5)
b(i+2, j+8)=al(i-5, j+4)+c(i+6, j-4)
cli+1, j-6)=a(i-6, j+3)+bl(i-2, j+3)

(a) Uniform

Procedure P
real a(nl,n2), b(nl,n2), c(nl,n2)
integer 1, j

doi=1nl

doj=1, n2

call Q
enddo
enddo

Procedure Q

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

integer i, ]
a(4i, 5))=b(5i, 2j)+c(4i, 6))
b(6i, 4j)=a(3i, 2j)+b(4i, 3j)+c(5i, 3j)
c(71, 5j)=a(4i, 3j)+b(5i, 3j)

(b) Nonuniform

Procedure P
real a(nl,n2), b(nl;n2), c(nl,n?)
integer i, j

doi=1nl

doj=1 n2

call Q
enddo
enddo

Procedure Q

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

integer i, j

ali-2l j = bl4~il[3+l;

b5+i][4+] = al3«+3][j~4] + bli-413~] + c[3-ill4+);
cl7+5+] = Ali-51[i-3};

(c) Complex

3 4.7 ofid 2=




Procedure P

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

integer i, j

doi=1,nl

doj =1 n2

a(i, j-7) = bli~1, =3} + cli-9, j+5)
b(i+2, +8) = ali-5, j+4) + cli+6, |~4)
cli+1, j-6) = ali-6, j+3) + b(i-2, j+3)

enddo

enddo

(a) Inlining &%

Procedure P —t

real a(nl,n2), b{nln2), c(nl,n2)
integer i, j
doi=1,nl
doj=1 n2
call Q
enddo
enddo

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

integer i, ]
ali, -7) = bli-1, -3} + c(i-9, j+5)
bli+2, |+8) = a(| 5, J+4) + C(|+6 i-4)
cli+1, j-6) = ali-6, j+3) + bli-2, +3)
(b) Loop extraction
Procedure P
real a(nl,n2), b(nl,n2), c(nl,n2)
call Q
Procedure Q
real a(nl,n2), b(nl,n2), c(nl,n2)
integer i,
doi=1,nl
doj=1 n2
ali, i-7) = bli-1, j-3) + c(i-9, j+5)
b(i+2, j+8) = ali-5, J+4) + ¢li+6, j-4)
cli+1, j-6) = ali-6, j+3) + b(i-2, j+3)
enddo
enddo
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