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Data Dependency Elimination for Parallelism in Nested Loops
Weol-Bong Song' - Doo-Soon Park '

ABSTRACT

In this paper, a general method the extracting parallelism in nested loops is presented. This is a procedure for the
automatic conversion of a sequential loop into a nested paralicl DOALL loops at compile time. Moreover, this algorithm
can be applicable where the dependency relation is both uniform and non-uniform in distance. Qur test results show the
proposed scheme s superor to conventional methods. The algorithm which effectively removes these kind of data
dependencies 1s developed in order to present the total parallelization of nested loops.
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Holt Wyle g A7 Polychronopoulos(19.2019)
Cycle Shrinking #¥3 Shang&Fortesd(23],
tiling(26]. interchangingl4}, skewing{4) &%¥
unimodular[22), Hollander{8), Chen& Wang
(70983 B esd dugde vastaa v o
A BAE Yo 71E0 =R 7MY wol AN
o (Figure 6a in [9). Figure 1 in [13)E "z
st o] oAl (29 5) oAlolry.

DO =3 Nt
DO J=5 N2
All, J) = BI-G, J-5
B, J) = Al-2, J-4)
ENDDC
ENDDO

(718l 5) EwHziof cist of
{Fig. 5) Example of uniform distance

ol dl®E Cycle Shrinking %8, Shang& For-
tes W tiling, interchanging, skewing, &3¢l
unimodular. Hollander, Chen&Wangi=st & +=
Fo dadEy dusiur stk o] de o]
23 2R T4 A min{3.2) # min{5.41% 27}
2 HodAgoA AAR s 2ge HE

DOALL K=1.2
iF K=1 THEN
DOALL I=3.Ni-3+1
DOALLJ =5 Ne-5+1
A(LJ)=B(1-3 J-5)
ENDDOALL
ENDDOALL
kLSE
DOALL [=3,Ni-4+1
DOALL J=5 Ng-6+1
B(l.J)=A(1-2.]-4}
ENDDOALL
ENDDOALL
ENDDOALL
DOALL K=12
IF K=1 THEN
DOALL 1=6N;
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DCALL J=10.N
AlL.J)y=BU- ’iJ 5l
ENDDOALL
ENDDOALL
ELSE
DCALL I=5N,
DOALL J=9.N»
B(L.J) =A(-2,J-4)
ENDDOALL
ENDDCALL
ENDDOALL

(D2 b)) ESA0|EBE R THRZ
(Fig. 6) Nested loop with a dependence cycle
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Ag 5ol sk AeR7b 2HEE (79 T B
&

A
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A 504 F7HAF o ol MEE 48 JFE HlI
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W2 Noghel Z7iEtel wet s Slart FoheAl
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HES 71&7ldle Hol7t gAY AL HFHow F
e ¢ 4 Aok & ASE NI o %e 10002
DA Aol s Ane A9t

olWlol= N29| #*g 5008 AL N1 #e
508E 300702 504 F7PAHuY interchangine,
skewing, Chen&Wang %%, Shang&Fortes WH,
%3¢ unimodular WHELE N2gto] 74l wek
A Be7 2hsA #stew tiling WE, cycle
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endfor
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N ‘-0~Cherz
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(c}
doacross | = 1, Nl
shared integer JiNZ)
doserial Jli} = 1, N2
Al if{l > 1} then
- while (J[-1) < JI1+2)
Bl do no-op:
= St Al2+ledrl 4+ 3) = -
cC 0O 0 O O O —+— Holl Sz o= AR, I
v e g8 8 —New enddo
N2& %(N1 =100) . =Nz
endao
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2y ) N (18] 9) DCH 4o ojst 8T
(28 7 NIN2)o| ZhE &3 5 Bim {Fig. 9) The parallel code of DCH algorithm

(Fig. 7) The number of execution for N1(N2)
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Tile num T, = rN}/d|min}

DOserial K = 1. Tn
DOparaliel 1 = (k-1) % Gmn + 1. Min{Kedmin, N1}
DCparallel J = 1, N2
Al2#l+J+1, 3= -
= A(Z%J+3, [+15
ENDDOparalt
ENDDOparait
ENDDOserial

(322! 10) IDCH Lol efft HE A
(Fig. 10) The paralle! code of IDCH algorithm

DOALL i=1, 10
DOALL J=2, 10, 2
A{2+1+J+1, [+J+3)
ENDDOALL
ENDDOALL
DOALL K=1, 2
{F K=1 THEN
DOALL 1=1, 10
DOALL J=1. 10
A(Z¥+J+1, 1+J+3)
ENDDOALL
ENDDOALL
IF K=2 THEN
DOALL I=1, 10
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DOALL J=1, 10
C=AE3 T D)
ENDDOALL
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ENDDOALL
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11) The paraliel code of proposed algorithm in this

paper
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