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Abstract—Open-source programs have gained popularity due to their decentralized, quick development cycles and accessibility to
everyone. Program understanding is vital for open-source software developers to modify or improve the code. However, one problem
open-source developers face is the difficulty in understanding the programs as the program grows large and becomes complex. The
current program understanding tool is inefficient because it only supports one programming language, while open-source programs
are written in various languages. This paper discusses a new program understanding technique that facilitates multi-language program
understanding. The proposed technique helps developers to understand open-source programs by supporting two unique features:
multimedia and additional comments. We carried out this study in four stages. First, we examined available tools and techniques in
software understanding to identify their strengths and weaknesses. Second, we proposed a new technique. Third, we designed a new
tool to implement the new technique. Lastly, we evaluated the tool using a survey. We invited twenty users, including students and
programmers, to use the system and ask for their feedback. The evaluation of the proposed techniques shows that the respondents have
a positive perception as they agree that the technique helped them better understand the program. The multimedia support and an
additional comment provided by the tool significantly improve user understanding of the program. For future work, we would like to
explore the possibility of utilizing some machine-learning techniques to enhance the process of program understanding.
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exist in proprietary software. However, lack of support, poor
I. INTRODUCTION documentation, and program complexity cause severe
to be problems when using open-source software [4], [5]. The high
volume of information and missed and conflicting
information makes understanding the software programs
difficult. As a result, not many people can utilize open-source
software.

Program understanding is vital for open-source software
developers who want to modify or improve the code. Open-
source software is becoming large and complex because its
development and maintenance involve the collaboration of
many people. Therefore, understanding, modifying, and
expanding the open-source software become more complex
and require significant time. In particular, programs that have
evolved over many years are challenging to understand
because diverse programmers with different programming
styles have maintained them and have evolved to become
unnecessarily complex and extensive.

The majority of open-source programs comprise a high
volume of code in a large number of files. Therefore,

Open-source software (OSS) 1is developed
decentralized and collaborative, relying on peer review and
community production. The software development company
contributed to OSS projects for many reasons, including
improving software quality and a desire to influence the
software's development direction [1]. The most commonly
mentioned benefit of open-source software is cost saving.
Typically, open-source software implies that users are not
obligated to pay for software and procurement overhead to
manage license renewals [2].

Open-source software is usually easier to get than
proprietary software. It is more reliable because thousands of
independent programmers voluntarily test and fix software
bugs [3]. Open source is independent of the company or
author that created it. Even if the company fails, the program
continues to exist and be used. Also, open-source software
uses open standards that are accessible to everyone. Thus, it
does not have the incompatible formats problem that may
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inadequate documentation makes understanding and using the
source code impossible or very difficult. A reasonable
solution is a program understanding tool that explains the
purpose and task of different parts of the source code.

Comprehending large-scale software costs more and takes
more effort [6]. The academic literature mainly focuses on
research in program comprehension of short code, but the
comprehension of large-scale software is more critical and
needs to be considered. The open-source software may differ
in system comprehension, and further research is required to
understand it. This study is essential because open-source
development is more evolutionary, less planned, and less
documented than large-scale software [7].

This paper discusses a new technique to facilitate open-
source software understanding. The paper is structured as
follows. Section 2 discusses the related work in program
understanding and the method employed for the study.
Section 3 reports the results and discusses the finding. Finally,
Section 4 presents our conclusions and suggestions for further
research.

II. MATERIALS AND METHOD

A. Program Understanding Techniques

Program understanding is essential for software
maintenance and enhancement activities [8], [9]. It involves
comprehending programs to perform further tasks such as
fixing bugs, refactoring code, and porting code to different
platforms. Generally, program understanding comprises three
steps: reading the documents and source code and running the
source code [10]. For the first step, documentation is very
useful for studying the behavior of an executable program. In
this case, a lack of documentation or poor documentation
prevents developers from understanding the systems
effectively. Therefore, they must go through the second and
third steps, i.e., read and run the source code to understand
how a program was designed and worked.

Various techniques and tools have been developed to
facilitate the program understanding strategies programmers
use to reach specific tasks. Five strategies for program
understanding are:

1) The “bottom-up” or ‘“chunking”: This strategy
involves comprehending the program's “bottom-up" by
reading the source code and then mentally dividing low-level
software artifacts into meaningful, higher-level abstractions
[11]. This semantical group is called chunks. These secession
processes are continuously done until the program becomes
highly understood. This strategy 1is suitable when
programmers know only the insufficient program domain.

2) The “top-down”: This theory proposes that
programmers use their experience and repeatedly try to certify
their expectations based on their design [12]. The programs
are comprehended "top-down" by rebuilding knowledge
about the scope of the application and mapping it to the source
code. For example, the programmer decomposes the new
operating system into familiar elements, like a file manager,
process manager, I/O manager, and memory manager. This
strategy is suitable when the program or type of program is
familiar.
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3) Knowledge-based: This strategy is known as the
Letovsky Model [13]. It possesses three components: a
knowledge base, a mental model, and an assimilation process.
The knowledge base consists of programming expertise,
problem-domain knowledge, rules of discourse, plans, and
goals. The first component encodes the expertise and
knowledge the programmer brings to understand the task. A
programmer's primary understanding of the target program is
encoded in the second component. It should be noted that the
mental model changes during the understanding process.
Finally, through an assimilation process, the knowledge base
is associated with the target program code and documentation
to improve the mental model.

4) Integrated approaches: This approach merges the top-
down structure model, situation model, program model, and
knowledge-based method into a meta-model [14]. The top-
down, situation, and program models reflect the
comprehension process. In contrast, the knowledge-based
model furnishes the process with information related to the
comprehension task and stores any new and inferred
knowledge. Some programmers regularly switch between
these three models. By moving freely between these three
strategies, understanding the program code is built
simultaneously on several levels of abstraction.

5) Task-based approach: This approach is suitable for
novice developers to enhance program comprehension [15].
Tasks can be defined in the lower cognitive category, such as
recall, or the higher cognitive category, e.g., source code
modification.

B. Program Visualization

Visualization transforms information into a visual form,
enabling users to observe the information [16], [17].
Generally, visualization can be categorized into three groups:
(1) structure, which includes visualizations that support the
analysis of the static aspects and relationships in software
systems, (ii) behavior, which relates to visualizations
proposed for the data analysis collected from the execution of
programs, and (iii) evolution, which contains visualizations
that support the analysis of how systems change over time
[18]. A city metaphor and a directed acyclic graph can
represent the structure of software systems. In contrast, the
system's behavior is visualized using log traces, and the
system's evolution is visualized with code change history
[19].

Program visualization is one of the programs
understanding approaches. Program visualization tools make
the program visible by displaying the structure and elements
of the source code. The illustration can help users remember
and identify how the code works. As a result, programmers
can better understand or remember their code. For novice
programmers, it can remove the barriers to discovering how
the code and algorithms work [20].

C. Program Understanding Tools

Merely reviewing the code does not facilitate an
understanding of large programs. Much information could be
easily lost, including object-oriented inheritance hierarchies,
particular employment of class approaches, and the
attendance or non-attendance of specific design patterns. To



facilitate this process, software visualization tools were
suggested. Hunter is a visualization tool for JavaScript
applications [21]. It visualizes source code through a set of
coordinated views that include a node-link diagram that
depicts the dependencies among the components of a system
and a tree map that helps programmers to orientate when
navigating its structure.

Program visualization tools can be used to support analysis,
modeling, testing, debugging, and maintenance activities
[22]. Simple and helpful visualization tools can significantly
reduce the effort spent on program understanding and
maintenance. On the other hand, inappropriate and inefficient
software visualization tools create complexity that prevents
proper understanding of the program code. These
inappropriate tools lead to confusion and misunderstandings
for users. Furthermore, most available program
comprehension tools focus primarily on showing graphical
elements of source code rather than facilitating source code
comprehension. Although many program understanding tools
have been developed, most tools only support specific
programming languages. Different programming languages
have different complexities. The difficulty of importing and
exporting source code is also a usability issue for these tools.

Software understanding tools are practical if the tools are
easy to use and help users to achieve results faster than the
traditional approach. Strong code understanding support can
simplify tasks like improving documentation, maintenance,
testing, adding new functionalities, debugging, and analyzing
code. Besides wusing graphical presentation, program
visualization can also be realized using techniques such as
node-link diagrams, graphs, infographics, and tree-map [17],
[20], [22], [23].

However, software visualization still has several issues,
e.g., software scalability, tools validation technique, and
scope-related vision [24]. Most software understanding tools
were developed as short-term research prototypes or "toy
programs" and do not fit the industrial scope in terms of the
program inputs range. In this regard, the expectation is that
the software understanding tools are only suitable for small-
to medium-sized systems. We should focus on a production
scale system to potentially deploy software understanding in
the industry.

The lack of rigorous validation techniques is one of the
main problems discussed in the research of software
understanding tools. Beyond the idea of effectiveness, most
research did not articulate research methods and questions.
Indeed, surveys or controlled experiments are not a popular
evaluation approach compared to case studies, even though it
is a proper validation process.

Experts in reverse engineering, reengineering, and
software preservation believe software visualization,
especially 3D visualization, is too metaphorical. The

researcher should understand that software visualization aims
not to create impressive images but to use images to evoke
viewers' mental images for better understanding. The
software understanding system should represent more
knowledge of the application area to envision the software in
context.

Software visualization also lacks usability. To solve this
issue, a researcher should consider human factors when
designing and evaluating software understanding tools mainly
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employed by teachers in the education domain. These tools
are supposed to encourage active learning for students.
Hence, conducting empirical studies on the current
understanding and considering such validation in designing
future understanding systems is essential.

In conclusion, from the literature review and some
comparisons of software understanding techniques, it is clear
that program understanding tools can assist users in
understanding the source code better. In addition to the
benefits, we identified various issues that made users reluctant
to use the tools. We use these issues as guidelines for
developing new program comprehension techniques.

D. Research Method

We conducted this study in four stages. First, we review
available program understanding tools and techniques to
identify strengths and weaknesses. Second, we propose new
techniques based on the research results obtained. Third, we
design and develop the program comprehension tool using
the .Net framework with C# programming language and
MySQL database. Finally, we evaluated the developed
program comprehension tool using a survey approach. We
invited a group of students and programmers to use the system
and give their feedback.

III. RESULTS AND DISCUSSION

This section discusses the literature study's results, new
program understanding technique, tool, and result evaluation.

A. Program Understanding Technique

We propose a new program comprehension strategy based
on a literature review and analysis of several programming
comprehension tools. This strategy aims to help programmers
better understand open-source software. Understanding open-
source software is challenging as it grows in size and
complexity due to the involvement of many people. Thus, the
proposed program comprehension technique has four features
that consider this challenge and are explained below.

1) Support Multiple Programming Languages: Most
program understanding tools depend on a particular
programming language. Therefore, they can only visualize
program execution in that language [25], [26]. Unfortunately,
one language cannot meet all the requirements of the software
industry. At least one-third of the current software programs
employ two programming languages, and 10% of all
applications include three or more languages [27].

Large software systems are usually programmed in several
languages. For example, the core of powerful software is
written in languages such as Java, C, or Python, while the user
interface is written in languages such as JavaScript, Python,
Perl, or other scripting languages. The reason for using
different languages in one application is that each language
has its strengths.

This trend has an impact on software understanding tools.
A multi-language tool that supports a combination of
programming languages can enhance the validity of the
proposed tool because source code is usually written in
different languages. Moreover, a multi-language software
understanding tool will increase user satisfaction.



2) Understand the Program Structure: Understanding a
big and complex program without understanding the
program's structure is challenging. Thus, a program
understanding tool must provide this facility. Types of
information that must be provided include each identifier in
the program, the relationship between identifiers, and
subprograms, and their relationship with other subprograms.

3) Source code tagging using multimedia: Professional
and novice programmers must check the source code to
comprehend the program. Depending on the individual's
expertise and the program's complexity, this process may take
time. Usually, the best way to comprehend the program is to
use updated documents or physically communicate with
expert developers. However, documents may be outdated and
do not include new changes to the program or may not provide
access to expert developers. Maintaining the experts’
knowledge or information about the program is necessary by
allowing the community of programmers to tag information
to various parts of the source code. Other programmers can
then use this information to understand it.

One of the effective tagging methods is visual media, like
written media and drawing, audio media, audio-visual media
(e.g., video and animation), and multi-sensory media (e.g., 3D
objects and simulations). The media that the expert developer
added allow other programmers to comprehend program
changes. Additionally, it helps explain why they use specific
programming techniques in the various sections. For example,
in large companies where different people work on the same
source code, each person can add media to their work orally
(audio) or by explaining the source code through video [28].
Therefore, this technique assists the new programmer in
comprehending the program in less time and at a lower cost.

4) Additional comments to Enhance understanding:
Another meaningful way to program understanding is by
writing comments in the source code [29]. Comments are
generally formatted as either block comments or line
comments (also called inline comments). Comments usually
provide additional algorithm information, specify constraints,
or warn developers about code complexity [30]. Without
proper comments, it is not easy to understand the source code
[31]. However, using comments on source code is often
overlooked, even though developers know the benefits.

Sometimes, developers forget to update the relevant
comments when changing a part of the program or function.
Thus, the comments might adversely affect the success of
software evolution and the process of program understanding.
Comments like this often mislead developers and create bugs
in the future. Also, open-source code with a high-density
comment is more likely to cause problems understanding the
source code. Comment density is the percentage of comment
lines in the source codebase, or in other words, comment lines
divided by total code lines. The appropriate size of comment
density is likely to be an element of software survival.
However, when comments become large, they complicate the
perception of the source code, resulting in the opposite.
Additional comments are an additional tagging feature to the
source code. Additional comments allow other programmers
to explain various parts of the source code, for example, why
certain design patterns are used. Using additional comments
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can avoid massive inline comments and lengthy block
comments.

B. Multi-language Program Understanding Tool

As discussed above, we developed a new program
understanding tool based on the proposed technique. The
proposed technique includes three supporting elements:
multi-language, multimedia, and additional comments. Multi-
language is necessary as most programmers use several
programming languages, and most open-source programs are
written in various languages. Using multimedia, such as
PowerPoint, audio, Video, Image, and PDF file format, as a
tagging method gives the user additional support to improve
program comprehension.

Programmers usually add readable and reliable
explanations about complex parts of the program in the form
of comments to boost program comprehension. However,
many comments among the source code lines are more likely
to cause confusion and increase the complexity of the source
code. Additional comments can be a solution to this
complexity. This tool has two types of users: authors and
users. An author is a person who can upload a new source
code into the tool and can add supplementary information to
the source code. The supplementary information can be video,
audio file, PowerPoints, Comment, photo, and PDF, to help
the user better understand the source code. A user is a person
who uses the tool to understand the source code better.

We developed this tool using the C# programming
language and the .NET framework. The tool primarily aims to
help users understand and learn the source code faster.
Therefore, the essential criteria in designing this user interface
are simplicity and ease of use. Fig. 1 shows the flowchart
describing how to use this tool. The source code is first
imported into the tool (it should be noted that this tool is not
a debugging tool, so we assume that the source code is free of
syntax errors). After importing the source code, the elements
in the source code are extracted using Ctags.

Input
Source Code

Extract
Arfifacts

Process on source

VS To
DataBAse code using clags

Yes

fes

Add Exira Comenti)

Fig. 1 Flowchart describing the process flow



Ctags is a tool to identify objects in the source code and
keep them in a tag file. It supports 41 programming languages,
including C, C++, C#, and Python. Ctags generates a cross-
reference file that lists the information about the various
language objects in a source file. The information extracted
by Ctags is stored in the database and can be retrieved in a
query format. After this step, the author can add information
to the source code according to the line number. The
information is either multimedia or comments. Fig. 2 shows
the tool’s user interface, displaying the uploaded source code.

Fig. 2 User Interface of the software tool

There are two categories of information: multimedia and
additional comments. A user right-clicks any line in the
source code and chooses the type of information that the user
wants to see, as shown in Fig. 3. The status bar at the bottom
of the editor shows the availability of supporting information
(Fig. 4). A green flag means that the information is available.
Otherwise, it is marked with a red flag. If the selected
information is available, it is displayed on a separate page.
Fig. 5 shows the source code with supporting video and
PowerPoint slides. Fig. 6 shows a user interface to add
additional comments.

’ B Information [
| Multimedia

] Extra Comment >

» | Video

Voice
PDF

PowerPoint

Image

New >

Remove »

Fig. 3 Showing information in multimedia format

|
Lo - [Data Linein Database Multimedia in The Line _ Comment in The Line |

Fig. 4 Different flags relate to three categories of supplementary information.

st wisoh

MINIX 3: A RELIABLE AND
SECURE OPERATING SYSTEM

|t copy.datapnt scia, it sty

Fig. 5 The source code with supporting video and slide
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D:\src\boot\boot ¢ ‘

Line Number 184 l

Extra Comment

write extra comment here

Add ExtraComment

Fig. 6 Adding new extra comment

C. Technique Evaluation

We evaluated the effectiveness of the proposed technique
by conducting a survey. We used a five-level Likert scale
questionnaire to measure the experts' agreement with the
statements. The response scales are 1-Strongly disagree, 2-
Disagree, 3-Neither agree nor disagree, 4-Agree, and 5-
Strongly agree. The survey involved 20 participants (5 expert
programmers and 15 students). A sample size of 20
participants is sufficient because, according to the Usability
Test Sample Size Model, most usability problems are detected
by the first three to five subjects [32]. Running additional
subjects during the same test is unlikely to reveal new
information.

There is no age or gender restriction in our survey. The
users were introduced to the new program understanding tool
and given ample time to try out the tool. Later, we asked them
to answer a questionnaire regarding their experience using it.
The questionnaire consisted of three parts. The first part is
about user perceptions of the proposed technique. This part
consists of eight questions: Q1 and Q2 ask the users'
perception of source code comprehension, Q3-Q7 ask the
users' perception about using multimedia in understanding the
source code, and Q8 asks about the users' perception of the
proposed technique. Table 1 shows the mean for each
question, which is 4.35. The result indicates that the users
positively perceive using multimedia in understanding the
source code and the proposed technique.

The second part of the questionnaire dealt with how the
user interacts with the tool. It consists of five questions
concerning ease of use (Q9 - Q10) and user satisfaction with
the tool (Q11-Q13). Table 2 shows that the mean value is
4.26, which confirms that users are satisfied with the tool. The
third part consists of five questions (Q14-Q18) to evaluate the
technique's effectiveness in understanding the source code.
The participants were asked to comprehend the MINIX
source code using the technique. Table 3 shows the result. The
mean for this MINIX case study is 4.0, which indicates that
the techniques give a better understanding and learning of the
source code.



TABLEI
USERS' PERCEPTION OF THE PROPOSED TECHNIQUE

Questions Mean
Q1. Has it been difficult for you to understand the 4.15
source code?
Q2. Has it become easier for you to understand 4.3
open-source code using this tool?
Q3. Do you find it appropriate to use media for 4.9
learning?
Q4. Do you find it appropriate to use media to learn 4.6
source code and programming?
Q5. Has the use of media in this tool helped you 4.4
better understand the source code?
Q6. Do you find it appropriate to use comments 4
outside the source code as additional comments?
Q7. Has the additional comment in the tool helped 4.3
to better understand the source code?
Q8. Do you see the technique used in this tool as an 4.3
appropriate way to better understand the source
code?
The average score of questions 4.35
TABLE I
USERS’ SATISFACTION WITH THE TOOL
Questions Mean
QO. Has working with tools been easy for you? 4.35
Q10. Do you believe it can be used without special 4.55
knowledge about the tool?
Q11. Do you want to work on the tool in newer 3.95
versions?
Q12. Do you recommend this tool to your friends? 4.15
Q13. Was the order of the tool options in the 4.3
proper order?
The average score of questions 4.26
TABLE III
THE EFFECTIVENESS OF THE TECHNIQUE
Questions Mean
Q14. Do you want to check the source code of 3.05
the MINIX operating system?
Q15. Do you find it difficult to understand the 4.3
source code of the MINIX operating
system?
Qle. Did using the tool on the source code of 4.2
the MINIX operating system lead to a
better understanding of it?
Q17. Has the technique of adding multimedia 4.3
helped better to understand the source
code of the MINIX operating system?
Ql18. Has the extra comment technique helped 4.15
better to understand the source code of
the MINIX operating system?
The average score of questions 4.0

IV. CONCLUSION

Program understanding is one of the most critical tasks in
using source code. The recent open-source programs are
complex and complicated to understand because they were
developed by many programmers using different languages
and styles. Techniques that have been developed to
understand programs have different strengths and
weaknesses. The weaknesses of existing techniques motivate
us to introduce a new technique to improve the understanding
of open-source software.

Our proposed technique simplifies the understanding of
open-source programs by supporting two unique features, i.e.,
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the ability to add multimedia and additional comment to the
complex open-source code. These additional features help
with a better understanding of the source code. Moreover, the
tool we developed also supports multiple programming
languages to help users examine source code written in
different languages.

The evaluation of the proposed techniques shows that the
users have a positive perception because they agree that the
technique is better at assisting them to understand the
program. They also agree that it is easy to use. The tool's
multimedia support and extra comment significantly improve
user understanding of the source code. This proposed
technique can be used via GitHub and design proper plugins
for IDEs, such as Eclipse or IntelliJ IDEA. Users who access
the source code from GitHub receive the multimedia and
supplementary comment assigned to it.

The proposed software understanding tool currently
supports five media types: video, audio, image, PDF, and
PowerPoint. This tool considers a wide range of available
media and their unique use. Each media can be used to
improve source code understanding. In its current form, the
software tool suffers several limitations. One of them is the
lack of intelligence to some understanding process to be
carried out automatically. For future research, we would like
to explore the possibility of using some machine learning
algorithms that can help enhance the program understanding
process.
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Abstract

Open-source programs have gained popularity due to their decentralized, quick development cycles
and accessibility to everyone. Program understanding is vital for open-source software developers to
modify or improve the code. However, one problem open-source developers face is the difficulty in
understanding the programs as the program grows large and becomes complex. The current program
understanding tool is inefficient because it only supports one programming language, while open-
source programs are written in various languages. This paper discusses a new program understanding
technique that facilitates multi-language program understanding. The proposed technique helps
developers to understand open-source programs by supporting two unique features: multimedia and
additional comments. We carried out this study in four stages. First, we examined available tools and
techniques in software understanding to identify their strengths and weaknesses. Second, we proposed
a new technique. Third, we designed a new tool to implement the new technique. Lastly, we evaluated
the tool using a survey. We invited twenty users, including students and programmers, to use the
system and ask for their feedback. The evaluation of the proposed techniques shows that the
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respondents have a positive perception as they agree that the technique helped them better
understand the program. The multimedia support and an additional comment provided by the tool
significantly improve user understanding of the program. For future work, we would like to explore the
possibility of utilizing some machine-learning techniques to enhance the process of program
understanding. © IJASEIT is licensed under a Creative Commons Attribution-Share Alike 4.0
International License.

Author keywords

multimedia; open-source software; Program comprehension; program visualization; source code

SciVal Topics @ h
Metrics v
Funding details v
References (32) View in search results format >

1 Al

Export (S Print XE-mail [ Saveto PDF  Create bibliography

1 Butler, S., Gamalielsson, J., Lundell, B., Brax, C., Sjoberg, J., Mattsson,
A., Gustavsson, T,, (...), Lonroth, E.

On Company Contributions to Community Open Source
Software Projects

(2021) /EEE Transactions on Software Engineering, 47 (7), art. no.
8737777, pp. 1381-1401. Cited 14 times.
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=32

doi: 10.1109/TSE.2019.2919305

View at Publisher

2 Khandelwal, A.
(2020) /Impact of Open Source Software in Research

(2

[1 3 Azen, A, Nordin, M., Latih, R., Ali, N. M.
Using Saa$ to Enhance Productivity for Software Developers: A Systematic
Literature Review
(2020) /. Theor. Appl Inf. Technol, 31, p. 24.

B3]

[] 4 Kaur, Sumandeep
Issues in Open-Source Software
(2020) Int. J. Comput. Sci. Commun, 11 (2), pp. 47-51.

(4]


https://www-scopus-com.kuptm.remotexs.co/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=7641f8ee15f5040ce5b8d9a5f5680671&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85171435464%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85171435464
https://www-scopus-com.kuptm.remotexs.co/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=7641f8ee15f5040ce5b8d9a5f5680671&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85171435464%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85171435464
https://www-scopus-com.kuptm.remotexs.co/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=7641f8ee15f5040ce5b8d9a5f5680671&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85171435464%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85171435464
https://www-scopus-com.kuptm.remotexs.co/record/display.uri?eid=2-s2.0-85068577239&origin=reflist&sort=plf-f&src=s&sid=50d28fcb3f79811b3b1ef0d6f0f0feaa&sot=b&sdt=b&sl=56&s=TITLE-ABS-KEY%28Multi-Language+Program+Understanding+Tool%29
https://www-scopus-com.kuptm.remotexs.co/record/display.uri?eid=2-s2.0-85068577239&origin=reflist&sort=plf-f&src=s&sid=50d28fcb3f79811b3b1ef0d6f0f0feaa&sot=b&sdt=b&sl=56&s=TITLE-ABS-KEY%28Multi-Language+Program+Understanding+Tool%29
https://www-scopus-com.kuptm.remotexs.co/search/submit/citedby.uri?eid=2-s2.0-85171435464&refeid=2-s2.0-85068577239&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=32
https://www-scopus-com.kuptm.remotexs.co/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTSE.2019.2919305&locationID=3&categoryID=4&eid=2-s2.0-85068577239&issn=19393520&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=d93ac6d3d64df4a88ff6eeda75885b7a

	Microsoft Word - Rodziah 18019-AAP
	Scopus - Document details - Multi-Language Program Understanding Tool

