No. SIG 12(ACS 11) goooooooooooooooobobooooo

Dobooooooboobuobouoooboon

ooott o o o ogff ot

0 o d

00000000000 000o0ooooooooooooooo0o00o000000O0o0OooooO
J0000000oooo000o0ooo0oooo0oooooooooooooooooooooon
000000o0o0o0ooooooooo0ooo0o0000O0O0O0oOoO0oOoOoOoOoOoUoooooooog
00000000000000000000000000000000Do00ooooooooooo
0J000000o0o0oo0o0oo0o0ooo0o0o0o00000O00U00U00ooooooooooooog
0000000o0o0o0o0oooooooooo0oo0o000000O0o0oOoUoooooooooooo
0000000000 mOo00ooo000oooooo000o0ooooo00ooooooooo
00000 gooo MPIDOODODODODODOODOOOOOOOOO
0000000000000 000000000000DO0OO Nas Parallel Benchmarks 000
0000000 24%00000000000 38%00000000000000000000000

Parallel Program Debugging Based on Data-replay

MASAO MARUYAMA, "t TOMOAKI TSUMURATt
and HIROSHI NAKASHIMATt

Nondeterministic nature of parallel programs is the major difficulty in debugging. Order-
replay, a technique to solve this problem, is widely used because of its small overhead. It has,
however, several serious drawbacks: all processes of the parallel program have to participate
in replay even when some of them are clearly not involved with the bug; and the programmer
cannot stop the process being debugged at an arbitrary point. We adopt another method for
deterministric replay, data-replay, which logs contents of the events rather than their order,
and makes it possible to run and stop each process independently. Data-replay is well able
to cooperate with checkpointing/rollback mechanism. We applied the data-replay mechanism
to MPI based parallel programs. The result of our experiment with Nas Parallel Benchmarks
shows that our mechanism works at a practical cost. Logging communicated data incurs only
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24% overhead while it accelerates replayed execution by 38% both in average.
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Fig.1 Data logging/replay mechanism.
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Table 1 Specification of the computer for the

experiments.
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Fig.2 Process tree of the program OG.
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02 0000000000000000 [s|D000000000 10000000
Table 2 Execution time of benchmark programs.

oo ooooo ooooo oooo oooo
BT | 459.6(1.00) 487.4(1.06) 398.1(0.87) 457.3(0.99)  457.3(0.99)
CG | 211.2(1.00) 337.2(1.60)  66.1(0.31) 228.0(1.08)  230.6(1.09)
EP 70.4(1.00)  71.4(1.01)  67.6(0.96)  70.1(1.00)  70.1(1.00)
IS 20.4(1.00)  34.3(1.68) 6.1(0.30)  20.5(1.00)  20.4(1.00)
LU | 240.1(1.00) 264.0(1.10) 182.3(0.76)  240.5(1.00)  241.0(1.00)
MG | 23.4(1.00)  32.5(1.39)  10.2(0.44)  23.8(1.02)  24.2(1.03)
SP | 414.2(1.00) 456.7(1.10)  282.9(0.68) 416.3(1.01)  416.5(1.01)
OG | 290.7(1.00)  291.3(1.00)  190.9(0.66)  291.8(1.00)  291.8(1.00)
oo (1.00) (1.24) (0.62) (1.01) (1.02)

03 000O0OO0OO00O0ooooooooo
Table 3 Amount of logs of benchmark programs.

00000 00000 [MB] 0000 [MB]
BT 36,436 506.6 0.46
CcG 69,928 850.4 0.96
EP 11 0.0 0.00
IS 42 88.9 0.00
LU 102,561 153.4 1.37
MG 13,627 45.7 0.19
SP 65,418 907.2 0.84
0G 2,823 0.2 0.20
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04 10000000000000 [MB/s]
Table 4 Amount of logs per second.

BT CG EP IS LU MG SP oG
1.10 4.03 0.00 4.36 0.64 1.95 219 0.00

05 OO0000000O0O0O0OO0O0O0O0O0

Table 5 Execution results of checkpointing.

000 [MB] 00 0O0O0]([s]) 0000
BT 753.3  11.5 501.5 1.09
CG 43.5 10.9 72.6 0.34
EP 1.2 1.0 67.6 0.96
IS 68.5 3.0 7.8 0.38
LU 1141 10.0 191.2 0.80
MG 222.5  10.0 34.0 1.45
SP 2334 10.5 313.5 0.76
oG 04 9.0 191.0 0.66
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06 0000000 [8]
Table 6 Execution time for rollback.

1000 Cp 6000 CP 11000 CP
BT 5.42 5.86 6.03
CG 5.78 5.90 6.00
LU 5.45 5.77 5.86
MG 2.40 2.55 2.71
SP 5.41 5.72 5.86
oG 0.10 0.10 0.12
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Fig.3 The debugger architecture.
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