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Detecting the First Race in OpenMP Program with Nested Parallelism

Byoung-Gyu Chon' - Jong-Jung Woo'' - Yong-Kee Jun''

ABSTRACT

It is important to detect races for debugging shared-memoy parallel programs, because the races cause unintended nondeterministic program
execution. Previous on-the—fly techniques to detect races can not guarantee the first race detection in nested parallel programs. Detecting the
first race is important for debugging parallel programs, since the removal of the first race may make the next occurred races disappear. In this
paper, we presents an on-the-fly detection technique to detect all of the first races through the reexecution of the debugged programs. We
assume that the debugged parallel program may have one-way nested parallel programs. The number of reexecution is at the least the nesting
depth of the program in the worst case. The space complexity is O(VT) and the time complexity to detect race in each access of access history
is O(T), where V is the number of shared variables and 7" is the maximum parallelism of the program. This efficiency of our technique in
each execution is the same with the previous on-the-fly detection techniques. Therefore, this technique makes debugging parallel programs more
effective and practical.

FI9E : YT 2B (Parallel Program), Cit{2(Debugging), HEZA#H(First Race), +HZE EHXI(On-the-fly Detection)
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HE qole By g oujgy) »Ycse) 447 8 9
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1$omp PARALLEL SHARED(M)
'$omp DO
DOI=1, N
AD=BD +M
IF (I .GT. 1) THEN
1$omp PARALLEL SHARED(M)
$omp DO
DO J=1,1
IF (J .EQ. 1) THEN
M=]
ELSE
M=M+]
CI-1,) =AM +M
ENDIF
END DO
$omp END PARALLEL
ENDIF
END DO
t$Somp END PARALLEL
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w3, rwdgt & W, rlo] rw3she £A48 Hi rwddE &
Ml =52 G, rwasl #4188 27t £438HE R 1l
# #A5tE rwaste @A HA2 ®adh o9 i, H2
Al AFE r1g 2% ¥WPF HIoln, 2 &AMsle
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7] A& &A% oA "ok 28922, c_ances() #
o EEAE YeEE H2E 7o uw A5E FHoe 4
SoE H2 Al A3 2 A9 F ez -

1 c_ances(AH_RW(X), AH_R(X))

2 forall a € AHRX) do

3 i ordered(a, AH_RWI[1]) then move a to temp ;

4 for all a € AH_RW(X) do

5 i not ordered(a, temp) V sameblock(a, temp) then
6 begin move temp to AH_R(X) ; return ; end ;
7 return temp ;
8 end c_ances

(22! 8) c_ances() &

A% 89X dads T2aY o Z2EZL 3
&8s AdEC] fAFel ok (2] 9% dd TR
djojct, WA HHel FHEY FEQY init_label(), fork_
label(), join_label) S& Zzd x7]9} #Hys 229
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de A2 qAE A4 2 ARE A% g7 dAEz
At

234567
init_label()
load_root()
{$omp PARALLEL SHARED(M)
$omp DO
DOI=1 N
fork_label(i)
checkread(M, i_label)
AD=BOH+M
IF (I .GT. 1) THEN
$omp PARALLEL SHARED(M)

$omp DO
DO J=11
fork_label(j)

IF (J EQ. 1) THEN
checkread(M, j_label)
M=}

ELSE
checkread(M, j_label)
chedhwrite(M, j_label)

M=M+]
CI-1, p=AD+M
ENDIF
END DO
‘$Somp END PARALLEL
Jjoin_label(j)
ENDIF
END DO
t$omp END PARALLEL
Jjoin_label(i)
ckeckroot()

10 end checkwrite

11 checkroot(X)

12 clear ROOT(X) ;

13 FAHWX) * O then

14 if single(AH W(X)) A AHR(X) = O then

15 begin move AH_W(X) to ROOT(X) ; return ; end ;

16  else if ROOT(X) : = c_ances(AH_RW(X), AH_R(X)) then

17 begin clear AH RW(X) ; retun ; end ;

18  else if single(AH RW(X)) A single(AH_R(X)) then

19 begin move AH_R(X) to ROOT(X) ; clear AH RW(X) ;
return ; end ;

20 endyf

21  exit,

22 end checkroot

23 save_root(X)
24 /* AH_ ROOT(X)E root file o save ¥/

save_root()

(8 9) tel20| A7HE i ==

HHE S8 T2EZS (29 1007 go 549 F&rE F
AE loadroot) (1 e 8 Aol HZ GAIE
A A8, checkread() ¥ checkwrite() &3, 7 e F
F Fof FH wFd o 9yl 2 27 F2o] HARE
g £Z9c}h checkroot() #4(11 B 3 Fo H2 9
AL Uil RE ALo] EAS=AE HASIR, save_root()
T30 FE A2 JAIE AR

1 load_root(X)
2 /* root filed AH_ROOT(X) ol load */

3 checkread(X, current)

4 i nested(ROOT(X), current) then return ;
5 s checkread(X, current) ;

6 end checkread

7 checkwrite(X, current)
8  f nested(ROOT(X), current) then return ;

9 s_checkwrite(X, current) ;

(38 10) 4= 8 =2z
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