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Abstract

The Cyber-Physical System (CPS) is autonomously performed by a number of heterogeneous systems
combined over the network. CPS integrates large-scale systems, and each system controls independently. This
is a typical distributed information system structure. So, CPS can control complex and large data of the real
world. However, in this environment, CPS requires a variety of functions and high performance. CPS SW has
a huge source code and a high complexity. Therefore, SW based on CPS does not guarantee performance or
guality. To solve these problems, this paper proposes a performance measurement mechanism for the CPS-
based Java code. This method can identify which part has a problem.

Keywords: CPS; SW Performance; Code Visualization; Refactoring.

1. Introduction

Cyber-Physical Systems (CPS) is an essential technology for the fourth industrial revolution such as smart
factory and smart home [1]. CPS is acquiring, processing, computing, and analyzing physical world
information. This result applies to the physical world through the actuator system. In other words, CPS is an
extended concept of the existing embedded system. These embedded systems often have limited resources
such as available power, memory, and performance. In this case, the embedded system can cause many
operational problems. These embedded systems require various functions and high performance. For this
reason, software becomes more complex and large source code. As a result, SW based on CPS does not
guarantee performance or quality. To solve this problem, this paper proposes a performance measurement
mechanism for Java code based on CPS. The procedure is as follows: We extract information from the source
code to identify the internal structure of the CPS SW code. We define a module to represent the internal
structure. We measure the coupling indicators of SW. Define performance degradation factor patterns. We
measure the quantitative value of SW performance through profilers. Finally, we identify and improve the
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problem with the software. We expect to improve the performance and quality of CPS SW. The composition
of this paper is as follows: Chapter 2 introduces the related study. Chapter 3 describes the performance
measurement mechanism of SW code (java) based on CPS. Chapter 4 shows case studies. Chapter 5 refers to
conclusions and future studies.

2. Related Works

Code visualization visualizes the internal structure of the source code. Code visualization improves
software quality based on coupling and cohesion [2]. It constructs tool-chains using several open-source tools.
Tool-chain consists of a source navigator, SQL.ite, and view composer (Graphviz). Source Navigator is a parser
that analyzes the source code. SQLite saves the analyzed data. View Composer generates an image of the
analyzed data.

3. Performance Measurement Mechanism for CPS-based Java Codes
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Figure 1. Performance Measurement Mechanism for CPS-based Java Codes

Figure 1 shows a performance measurement mechanism for cps based java code. This mechanism added
tool-chain, rulechecker (PMD), Profiler (Hprop) [3], and HprofDataExtractor. Tool-Chain applied the existing
code visualization method [2, 4]. RuleChecker extracts bad patterns of software performance [5]. The Profiler
dynamically analyzes the CPS SW. The HprofDataExtractor refined the data from the Profiler into XML data.

4. Case Study

We applied some of the robot control and simulation programs (Couplic_sample project). Figure 2 is the
detailed class view with performance indicators. The class name is displayed at the bottom of the figure
(SampleDataClass). The Detailed Class View is divided into before and after clusters. Each cluster represents
the method name, execution frequency, and execution time in the class. The arrows connect the methods of
each cluster. The arrow value is the changed execution time. For example, there are a getB method of before
and a getB method of after. The value between these methods is -2347.4297 (ms). This value indicates that the
speed has improved since the refactoring.
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Figure 2. The Detailed Class View with Performance Indicators

5. Conclusion

In this paper, we propose a performance measurement mechanism for the high quality of CPS SW. We
extracted the coupling and performance degradation elements through code visualization. Coupling increases
the reusability of the CPS SW. Performance degradation is a factor that violates SW performance. We also
performed dynamic analysis through the Java performance measurement tool (HProf). This can extract
information on the execution speed of the method and the execution frequency of the method, and cannot be
obtained from the static analysis. We could see the change of sw performance through the improvement of
coupling. The change value of software performance is as follows: The speed 0.59%1, 53.26%1, 73.25%,
4.98%,|. Performance is improved when the stamp or external coupling is improved. Therefore, we recommend
refactoring. Through code visualization, many developers and stakeholders can easily understand the
software's quality indicators and structure. In the future, we will find out the performance impairment factors
proposed in this paper and the dependent performance problems of each code.
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