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A Labeling Scheme for Efficient On-the-fly Detection
of Race Conditions in Parallel Programs

So-Hee Park'- Jong-Jung Woo'" - Jong-Min Bae''": Yong-Kee jun'''*

ABSTRACT

Race conditions, races in short, need to be detected for debugging parallel programs, because the races result in unintended non-deterministic
executions. To detect the races in an execution of program, previous techniques use a centralized data structure which may incur serious
bottleneck in generating concurrency information, or show inefficicnt time complexity which depends on the degree of nested parallelism in
comparing any two of them. We propose a new labeling scheme in this paper, which is scalable in generating the concurrency information
without bottleneck by using private data structure, and improves time complexity into constant in checking concurrency. The scalability and
time efficiency therfore makes on-the-fly race detection efficient not only for programs with either shared-memory or message-passing, but

also for programs with mixed model of the two.
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#define Comm MPI_Comm_World
int i1, 12, i3, 14, myid ;
MPL_Status st ;
MPI_Request rq ;
MPL_Init() ;
MPL Comm_size { Comm, &numprocs )
MPI_Comm_Rank ( Comm, &myid ) ;
#pragma omp parallel for
for (i1 = 1;il <= 2;il++ )
if (i1 ==1){
MPI_Recv ( MPL_Char, myid, 2, Comm, &st) ;
MPI_Isend ( MPI_Char, myid, 1, Comm, &rq) ;
for (flag = 0 ; 'flag ; ) MPI_Test ( & rq, & flag, &st); }
else if (il ==2){
# pragma omp parallel for
for (i2 = 1;i2 <= 3;i2++ ) {
MPIL_Isend ( MPI_Char, 0, 2, Comm, &rq) ;
for (flag = 0; 'flag ; ) MPI_Test ( &rq, &flag, &st) ; }
#pragma omp parallel for
for ( i3 =1;i3 <=2;i3++)
if (i3==1){
MPI_Recv ( MPI_Char, myid, 1, Comm, & st) ;
MPL_Recv ( MPI_Char, myid, 3, Comm, &st) ; }
else if (i3 ==2)
#pragma omp parallel for
for (14 = 1,14 <= 2;14++)
if (i3==1X
MPI_Isend ( MPI_Char, myid, 3, Comm, &rq) ;
for (flag = 0 ; 'flag ; ) MPI_Test(&rq, & flag, &st); } }

MPI_Finalize () ;
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1 DV_Init ()
2 si=n,;
3 ti=r+1,;
4 vi=1,
5 m:=1;
6 M:=1[1];
7 End DV_Init
(a) =718 ¢ F
1 DV_Fork ()
2 s:i=sxU;
3 ottt (I- DXsp,
4 i (Mp[t]:= @ ) then
5 vi=1,;
6 elsev:i= Mp[t] +1;
7 m:=max{my,t},;
8 fori:=1tomdo
9 if (i=1t) then
10 MI[t]:=v;
11 else if ( i < my ) then
12 . MIi) == Mplil;
13 else M[i] = 0;
14  endfor
15 End DV_Fork
(b) 2d= WY SaLF
1 DV_Join ()
2 Sc = Sy,
3t
4 if t =t then
5 Vel=v+l;
6  endif
7 if (m < m) then
8 k=1,
9 elseki=m +1;
10 me = m;
11 endif
12 fori:=k to mdo
13 if (1=t ) then
14 MIt] = ves
15 else Mc[i] = max {M[i], Mc[i] };
16  endfor
17 End DV_Join
(© 4= §F ¥n8F
1 DV _Send ()
2 vi=Ev+l;
3 Mltl=v;
4 End DV_Send
(@ =R £ s
1 DV_Receive ()
2 vi=Ev+l;
3 m:i=max{mm};
4 fori:=1tomdo
5 if (i=1t) then
6 M[t]:=v;
7 else M[i] = max{(M[i], M;[i]};
8  endfor
9 End DV_Receive

() WAA £4 &zmAF
(3% 3) DV 20|29 ol Y AE




31 gjol23 «me|
DV #Hol&d 7Y
AR FHEY, §F
2 vl 2=

o

o

Wi AEE Ads AR Y}
BE 8l i AHdelimiter) = §
duol = J294 S22 dA R G AL
AZHE A= Yol < v>s tE T37) ) AHEH
= os7b Ao d71A, te 4 2dEe A¥MAE 9u]Ei,
Az AEEE 74 2devt 258 Rge A vl
z} ’\Eﬂ‘: Aol zALgel digk 4ol s WA (ver-
sion)& vlate, 2= Aga &5, aeln dAEg
Alel 2dl= Aba7L AAHEE weic 19 ZolskA )
s Al WA e Ao WE A 59 A¥E F
IH(space) s ov|atn, Ad= olgl Aol AegHupper bound)
o At BIMA RS ofdof #3g xgmoe]
BY ARE A7l 93 W AWE (version vector)! M
o] At M& A AFH7A 2dErt 43 e BE &
d=E Bld ghg vebdie, dA) AJH7R 28 o) e
ot 27259 WA g2 00] "

DV dol&d 71 e W4 HEE YAdsh: duadHs
WY e Wy 3E FAslke gaggezr 74

gt WA ARE QA dadFede x7)8 gy
&, 2de A4 dngsE, 24 §F dnEE, dAaAA
g Al FA - A daglF Fol Aok (1Y 39 HeA
A A4 GuEFelA AlgEE BeEY o} HA pst ¢
v 747 2 E(parent)$} AH4(child) 2H = ARE on]shy,

r& $(receive) Hjd 2= FAUE on]gic},

oX,

N

I

r{r A

<E 1) DV 2jo|2&le| KX e
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3 return true ;

4 else return false ;

5  endif
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