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(Efficient On-the—fly Detection of First Races n
Shared-Memory Programs with Nested Parallelism)
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Abstract For debugging effectively the shared -memory programs with nested parallelism, it is
important to detect efficiently the first races which incur non-deterministic executions of the programs.
Previous on-the-fly technique detects the first races in two passes, and shows inefficiencies both in
execution time and memory space because the size of an access history for each shared variable
depends on the maximum parallelism of program. This paper proposes a new on-the-fly technique to
detect the first races in two passes, which is constant in both the number of event comparisons and
the space complexity on each access to shared variable because the size of an access history for each
shared variable is a small constant. This technique therefore makes on-the-fly race detection more
efficient and practical for debugging shared memory programs with nested parallelism.
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C$OMP PARALLEL DO SHARED(X)
C$OMP PRIVATE(, J1, J2)
DOI=12
=X
IF (I EQ. 2) THEN
C$OMP PARALLEL DO
DOJL =112

IF (I .EQ. 2) THEN
C$OMP PARALLEL DO

DOJ2=12
IF...THEN...=X
IF.. . THENX = . ..
X=..

C$OMP END PARALLEL DO
END IF
X=...
IFOEQDTHEN ... =X

C$OMP END PARALLEL DO

{r0, r8}

{rl, 12}
{r3, r4}

{r5, 9}

{wli0}

(w7, w13}

{wll, wid)
{ri2}
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: checkread_l1st(X, current)

. if — Ordered(AH(X, W), current) then

racing_current := true;

: if — Leftof(AH(X, Ry), current) then

AH(X, Ry} = current;

1 if — Leftof(current, AH(X, Rg)) then

AH(X, Rw) := current;

: if — racing_current then

return,

2 if CH(X, R1) = & or

Leftof(current, CH(X, RL)) then
CH(X, Ru) := current;

:if CHX, Rp) = & or

Leftof(CH(X, Rg), current)) then
CH(X, Rw) := current;

. end checkread_l1st

RN D AW 2R

e el
N ey R

: checkwrite_1st(X, current)

: for all ¢ in AH(X) do

if — Ordered(c, current) then

racing_current ‘= true;

T AH(X, W) = current;

1 if — racing_current then

return,

cif CH(X, W) = & or

Leftof(current, CH(X, W1.)) then
CH(X, W}) = current;

:if CH(X, W) = @ or

Leftof(CH(X, Wy), current)) then
CH(X, WR) = current;

> add current to CS(X, Backup);

: halt;

: end checkwrite_l1st
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0: checkread_2nd(X, current)

1: for all ¢ in CH(X, W) do

2: if — Ordered(c, current) then
3: racing_current = true;

4: if — racing_current then

5: return;

6: if CHX, R) = @ or

7: Leftof(current, CH(X, Rp)) then
8: CH(X, Ri) ‘= current;

9: if CH(X, Rp) = @ or

10:  Leftof(CH(X, Rg), current) then
11: CH(X, Rp) = current;

12: add current to CS(X, R);

13: halt;

14: end checkread_2nd

checkwrite_2nd(X, current)
for all ¢ in CH(X) do
if — Ordered(c, current) then
racing_current = true;
if — racing_current then
return;
if CH(X, W) = & or
Leftof(current, CH(X, W.)) then
CH(X, WL) = current;
if CH(X, Wg) = @ or
Leftof(CH(X, Wr), current) then
CH(X, Wy) = current;
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12: add current to CS(X, W);
13: halt;
14: end checkwrite_2nd
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