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Detecting the First Race in OpenMP Program with Nested Parallelism
Byoung-Gyu Chon'- Jong-lung Woo' - Yong-Kee Junt'*

ABSTRACT

[t is important to detect races for debugging shared-memaoy 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. [n 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 3{V'T) 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 T is the maximum paralielism of the program. This efficiency of our technigue in
each execution is the same with the previous uvn—the—fly detection techniques. Therefore, this technique makes debugging parallel programs more
effective and practical.
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Somp PARALLEL SHARED(M)
$omp DO
DO I=1 N
A =BD +M
IF {{ GT. 1) THEN
'Somp PARALLEL SHARED(M)
1Somp no
DO =11
7 (J EQ. 1) THEN
M=]
ELSE
M=M~+]
CI-L.D=AD+M
ENDIF
END DO
Somp END PARALILEL
ENDIF
END DO
'Pomp END PARALLEL
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6 begin move temp to AH R(X) ; return | end |
¥ return temp ;
8 end c_ances
(32 8) ¢_ances() &
33 AU UXE S U 54 YDUF
AL @R358 Hﬁﬂl‘i = 1%‘ d Z2EES Z
e AglEel HaAlsor %EP. 9= A 22T

dlojct. WA AHe #HHFE @A—'é'?l init_label{), fork_
label(}, join_labell) 5& =33 =79 Wads BEg
A Fr A ZEE i 2R oM 35 W
= A A REgAl we My LE FEAAY Uy
Molth, HiZo] HAE ZHHe YoM ZREZ| TEH
o gyl & 2vle gep FF wWael Hoo #HeEA
HEE A= P checkroot() C'ﬂ’ﬂ zE %?r Aol o
g4 FE A IEA HAEZ P9 A<

[+

E-lr

g



258 HEH2IEB =X A MS-AR H3=(2001.9)

d= Hs

ATt

i)

A AN 2 AYE A Bk A

234567

init_jabel()

laad _root{)
'$omp PARALLEL SHARED(M)
$omp DO

DOI=1, N

fork_labei(t)

checkread(M, (_label)
A{D=BO+M
[F (I .GT. 1) THEN
1Somp PARALLEL SHARED(M)

fSomp DO
DO J=1,1
fork_label(j}

IF (] EQ. 1) THEN
checkreadi M, [_label)
M=]

ELSE
checkread(M, j_label)
chedavrite(M, jf_label)

M=M+]
ClI-1, p=AD+M
ENDIF
END DO
$%omp END PARALLEL
Join_label(j)
ENDIF
END DO
$omp END PARALLEL
Joir_label(i)
ckeckroot()

10 end checkwrite

11 checkroot(X)

12 clear ROOT(X) ;

13 if AH.WX) + @ then

14 if single(AlL_W(X)) A AH R} = © then

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

16 else f ROOT(X) : = c_ances{AH_RW(X), AH _R(X)) then
17 begin clear AH_RW(X) ; return ; end ;

18 else if single(AH_RW(X)} A single(AH R(X)) then

18 begin move AH_R{X) to ROOT(X) ; clear AH RW(X) ;

return ; end ;
20  endif
N exit:

22 end checkroot

23 save_root(X)
24 /x AH_ROOT(X)E root file o save #/

save_root()

(38 9) el20] #olE it =208

ShE sq) 2R eZe (Y 10} Zeo] 57 FrE 7
A=k load_root() (1 )= 7 AHd F GAE
AAQs} 1, checkread{) ¥ checkwrite() &3, 7 #e T
g Fob Ff Wl B o7 @ oar] HIo] WAYS
o &9} checkroot) #5(11 d)e= 3 3o H= 9
AL e} FE Ade] EAFIEAE FAEEL, save_root()
30 e HE HAE JEwo

1 load_root(X)
2 /+ root filel AH_ROOT(X} ¢l lcad «/

3 checkread(X, current)

4 if nested(ROOT(X), current) then return ;
5 s_checkread(X, current} ;

6 end checkread

7 checkwrite{X, current)
8 ¥ nested(ROOT(X), current) then return ;
9  s_checkwrite(X, current) ;
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