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Detection and optimization approaches for synchronization

bottlenecks in parallel programs

ZHANG Yang, LI Liuxu

(School of Information Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract; Aiming at the problem that improper locks in parallel programs may lead to performance bottlenecks, an approach called IdeSync

was proposed to detect and optimize synchronization bottlenecks. IdeSync leveraged the static analysis to obtain the synchronized methods and

blocks, and constructed a static synchronization dependency graph. The dynamic analysis technology based on the execution path was used to

analyze the synchronization dependency and build the synchronization dependency graph. In order to expose the performance bottleneck, the

performance change of the critical section was monitored by increasing the program workload on the synchronization dependency graph, and

optimization suggestions were given for the detected synchronization bottleneck. The effectiveness of IdeSync was evaluated with 12 large real-world

applications such as HSQLDB, SPECjbb2005 and RxJava, and a total of 72 synchronization bottlenecks were detected. All these bottlenecks were

optimized based on IdeSync’s suggestion to achieve performance improvements, which shows that IdeSync can effectively detect and optimize

synchronization bottlenecks.
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18 Jitk Ko

BEHREE A

HSQLDB 2.4.1 175 568 613 71
Jenkins 2.190.2 160 246 227 47
JGroups 4.1.5 122 885 138 41
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Tab.2  Synchronization bottleneck situation

N AR Y [ R (W HEE o b %

HSQLDB 684 14 2.0
Jenkins 274 0 0

JGroups 179 11 6.1
SPECjbb2005 190 25 13.2
Xalan 82 6 7.3
Antlr 16 2 12.5
RxJava 28 2 7.1
Fop 2 1 3.1
Kafka 1722 6 0.3
MINA 12 1 8.3
Cassandra 239 2 0.8
Jmeter-plugins 93 2 2.2
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Tab.3  Distribution of synchronization bottlenecks in

optimized mode

o7 FR R Eﬁi/; ?gj% BBl E ;’% rs:z&
HSQLDB 14 1 4 6 1 2
JGroups 11 0 4 3 0 4
SPECjbb2005 25 2 6 15 1 1
Xalan 6 2 2 1 0 1
Antlr 2 0 0 0 0 2
RxJava 2 0 1 1 0 0
Fop 1 0o 1 0 0 0
Kafka 6 0 2 2 1 1
MINA 2 0 1 0 0 0
Cassandra 1 0 1 0 1 0
Jmeter-plugins 2 0 2 0 0 0
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Tab.4  Comparison between RelLocker and ldeSync

ReLocker

IdeSync

AR — —
B EB KRR

B PR P i

B PR

HSQLDB 31 212 23
Cassandra 4 50 3

43 193 23 6
4 47 1 3
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Fig.5 Performance comparison in HSQLDB project
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