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Abstract In recent years, it is a hotspot for program analysis to detect performance bugs in multi-
threaded applications. However, traditional record/replay systems focusing on concurrent anomalies
have many limitations to tackle the issues of performance bugs, such as replay overhead and
imprecision of replay-based execution time. To cope with the problems above, this paper proposes an
improved replay system PerfPlay which can be used for the performance analysis of multi-threaded
programs. To be specific, we first collect and analyze the requisite information for the program
performance. Secondly, the different replay strategies are discussed and then we present a novel
schedule-driven strategy to ensure the performance fidelity of replay system. Finally, we study the
classical performance problem of “inter-thread unnecessary lock contention” under the framework of
PerfPlay. Compared with the traditional replay strategies, our experimental results demonstrate the
performance fidelity of PerfPlay. Through the case study, we find a few performance bugs in real-

world and further verify the effectiveness of PerfPlay.
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e Represents the shared memory accesses
B Denotes to the critical sections protected by the lock

Fig. 1 The technical characteristic of different

deterministic execution techniques.
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l Selective Recording

main: do_sth:
sleep (#1); instro;
restore (sys-call; -state); instry ;
call do_sth; :

sleep (¢2); instr, ;
restore (sys-cally-state);

Fig. 2 The technical features of selective recording

technique.
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Fig. 3 The performance fluctuation arising from two

possible lock interleavings.
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Fig. 5 A generic model for the unnecessary lock

contention.
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Fig. 6 The elimination of false inter-thread dependence

caused by ULC based on the original program trace.
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Fig. 7 Two possible schedules after the optimization

for the performance measurement of each ULC.
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Table 1 A Summary of the Benchmarks and the Corresponding Options
F1 WXEFEREEHNKSH

Applications Description Test Options

openLDAP A lightweight directory access protocol server 2000 entries searching
mysql An open source database 1000 queries, 5 iterations
pbzip2 A parallel data compression software 256 M file compression

transmissionBT A BitTorrent client

handbrake

A video format convertor

PARSEC Benchmark

A benchmark suite with multithreaded programs

300 M file download
256 M DVD format into MP4 format H. 264 codec. 30FPS

simlarge

4.2 BRFH

T PerfPlay HEZE 3 AT 20 51 F 42 Jmy i 5% A1 ik
PEEIC T RAC 5 T openLDAP, mysql, pbzip2,
transmissionBT & handbrake F2 % 0 447 #L38 , £ 4>

FEFFYR 8 TR AR, 8 2 5 T 4590 5% SO R
A B SR ABE BRI S 0 T AT 0 SR 1 AR B R
40 s openLDAP ¢ 55 SCAF7E 4 B 5f R AL £ 1 0 s
75 R 2B B R 43 0] 101 MBps 1 6. 4 MBps,
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PEIC SR AU A0 SR SO AR U RT3 TR 93. 8500,

Table 2 The comparison of Recording Overhead with

Complete Recording and Selective Recording
x2 2HEREEEHERAXNNIERIFHEITLE

Recording Mode

Applications
Complete/ MBps Selective/ MBps

openLDAP 101 6. 40

mysql 169 14.1
pbzip2 51 1.25
transmissionBT 92 2.11
handbrake 121 8.93
Average 106. 8 6.56
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Fig. 8 The stability and precision of performance for different replay techniques.
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lock(mu) ;

read( fifo—>empty) ;

lock(mul);

read( producerDone) ;

unlock(mul) ;

unlock(mu) ;

[ Performance Loss of ULCP [l Normal Execution
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2% 5§ E g & 5 9 E
g ° & § g § &
s 5
5 o °
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w
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The normalized execution time through replaying the traces with and without ULCs.
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void % consumer(void * ¢) {

2109 pthread_mutex_lock( &.mu) ;

2122 if (fifo—>empty &.&. syncGetProducerDone() ==1)
2124 ; pthread_mutex_unlock(&.mu) ;

}
int syncGet ProducerDone() {
533:
534
535:
536
537
538 }

int ret;

pthread_mutex_lock( & muDone) ;
ret= producerDone;
pthread_mutex_unlock( & muDone) ;

return ret;

Fig. 10 A real ULC problem from pbzip2.
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