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Greetings from the General Chair

In the name of Allah, Most Gracious, Most Merciful

We would like to welcome our colleagues to attend the 5t International Conference on
Information Technology, Computer, and Electrical Engineering 2018 (ICITACEE 2018) in
Semarang - Indonesia.

The 5t ICITACEE 2018 has a theme “Green Technology and Smart Environment for a
Connected World “. This forum provides researchers, academicians, professionals, and
students from various engineering fields and with multidisciplinary working or
interested in the field of power systems, telecommunication, vehicular technologies,
controls, information and computer technologies as well as Green Applications and
Interdisciplinary Topic to share and to show their works and novelty to the world.

[ would like to express my hearty gratitude to the keynote speakers and all participants
for coming, sharing and presenting your experiences in this great conference. There are
more than 130 papers submitted to ICITACEE 2018 from 8 countries of 6 continents,
however only 74 manuscripts as high-quality selected papers are recommended to be
accepted and presented in this conference, so it is in line with our aim to improve the
quality of manuscripts to be exclusively included in the proceeding and suggested to well-
known citation machine i.e. IEEExplore. We are thankful to all the international reviewers
and steering committee for their valuable work.

Without our outstanding committee, this prestigious conference would have been
impossible, so I would like to extend my sincere gratitude to all committees and
volunteers from Department of Electrical Engineering and Department of Computer
Engineering, Diponegoro University for providing me with much needed support, advice,
and assistance on all aspects of the conference. A special thanks for IEEE Indonesia
Section for the technical co-sponsorship during the conference. We do hope that this
event will strengthen the collaboration among us now and in the future.

We wish you all find opportunity to get fruitful and rewarding discussion and new
intellectual inspiration toward friendships and mutual collaborative network.

We wish you a happy conference and success in Semarang.

Aghus Sofwan
General Chair

2018 5t International Conference on Information Technology,
Computer and Electrical Engineering (ICITACEE)
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Abstract—Halstead metric is one of software quality
measurement technique. Some studies call it as Primitive and/or
Classic Software Metric, although some researchers find
vagueness of it. This paper utilizing Halstead metric to measuring
the quality of various versions of Statcato software. Measurements
are performed in each class of each version of Statcato software.
Python programming used to facilitate this. This paper find that
in terms of Halstead metric, this software seems stable during its
lifecycle. So, the quality of the newer versions of Statcato are better
in terms of stability of Halstead metrics than the earlier version,
although its feature is increasing.

Keywords—python programming; halstead metric; statcato;
quality measurement

I. INTRODUCTION

There are many published papers on the topic of software
metrics with various metrics [1]. The widely used measurement
is Halstead Metric [2], Dand and Vasishtha classified it as
Primitive Software Metric [1] and Moreno-Leon et al. called it
traditional software engineering metric [3]. Many papers
published using this metric [3]-[10]. Nevertheless, some
researchers find vagueness measuring with Halstead Metrics
and consider that Maurice Halstead did not understand the
theory of measurement [2], [5].

Halstead Metrics can be calculated manually or using the
software. There is free software written in Java by
Ramasubramanian ~ namely  HalsteadMetrics jar — and
HalsteadMetricsCMD jar that efficiently help to calculate
Halstead Metrics [11]. Our study uses one of this software
which is HalsteadMetricsCMD jar because of it faster than the
other. In our opinion, this software is beneficial in research of
measurement software, especially in Halstead Metrics. That
software will generate .html or .pdf files as output files.

We need a .html instead of .pdf files for further processing
in our research. The problem arises since the .html files
generated by HalsteadMetrics.jar or HalsteadMetricsCMD jar
is more than 1000 files. It will take a long time to retrieve some
of the data in the .html files manually, such as blocking and
copying a part of data and pasting it into, example, Microsoft

978-1-5386-5529-0/18/$31.00 ©2018 IEEE

Jakarta, Indonesia 11480
spits.hendric@binus.ac.id',
bahtiars@binus.edu?

’Research Interest Group
Biotechnology,
Bina Nusantara University,
Jakarta, Indonesia 11480
nsianipar@binus.edu

Excel, for further processing. Consequently, we need a tool to
do it automatically.

At this time, many famous and important applications are
open source software. This kind of software used by many
universities and business companies for their solutions. Open
source software is developed with different management styles
from which industry, quality, and reliability of the code should
be investigated [12].

One scientific application that is open source software is
Statcato. It is a Java-based application which is naturally an
Object-Oriented Software. Once any machine whether runs
Windows, Mac, Linux, or UNIX has Java Runtime Environment
(JRE), Statcato can be run [13].

The aim of this study measures the quality of various
version of Statcato during its lifecycle using Halstead Metric.
Metrics value are calculated on multiple versions that are used
as a basis for evaluating the quality of Statcato software. To do
this, we also developing tools to fit our needs that will retrieve
a part of data from the output of HalsteadMetricsCMD jar
which are .html files and store it as .csv files. Statcato had been
studied by Binanto et al. using CK Metric, with the result that
its quality has improved over its life cycle, despite the features
increase [14].

II. RELATED WORKS

Halstead measurement remains a mystery issue. The nature
of these steps is not well understood, and there is still a scale
confusion (type). Halstead measurements are used by many
software, but the usefulness and meaning of the number of steps
are not evident [2]. Qutaish and Abran also agree with this, that
Halstead measurements do not meet the criteria of crucial design
for analysis in engineering and the physical sciences [5].
Nevertheless, Moreno-Leon et al. argue that Halstead
measurement is globally recognized as a valid measurement for
the complexity of a software system. They successfully used it
to measure complexity Dr. Scratch software and make a
comparison between itself, McCabe’s Cyclomatic Complexity,
and the computational thinking score provided by Dr. Scratch
software [3].

276



Meulen and Revilla revisited Halstead measurement to find
a correlation between internal software metric and software
dependability, and one of their conclusion is a robust correlation
found between Line of Code and Halstead Volume [4].
Cornwell said there are three most important metrics measured
are Program Length, Volume, and Effort. Two of them
correlated with maintainability, which is Volume and Effort [7].
Sehgal and Mehrotra predict a program's failure before the
testing phase using one of Halstead's metrics, which is Program
Volume. It is used to calculate the number of faults in the
program [8].

Parade et al. have developed a software for calculating
Halstead metrics using python for automation to determine
complexity software quality. They argue that the data flow of
the programs will be derived in Halstead metrics and returns
parameters like effort and difficulty level which are very helpful
[6].

Spinellis created a tool based on Java to fit his needs and
discovered something important that writing stand-alone tools
becoming a forgotten art [13]. Python is a high-level
programming language that allows programmers to work faster
toward problem-solving effectively. It was designed as a
general-purpose programming language and become the valid
choice of scientists for helping their research by developing
scientific programs. The use of Python is multiplying because of
the dedicated work of many contributors over the years. Python
has many libraries to express many complex algorithmic
questions with clarity and efficiency [15]. Many published
papers related to python and software metric. Misra and Cafer
work on evaluating Python, Java, and C++ which are an object
oriented programming language and conclude that Python is
better than two others on their case study [16]. Thirumalai, et al.
used a program written in Python as a subject for their research
to evaluate Halstead Metric [10]. Shudrak and Zolotarev by
using Python, found that Halstead’s B metrics are the best and
most appropriate metric for finding bugs [17].

III. HALSTEAD METRIC: AN OVERVIEW

The software is a set of commands/computer programs that
are a group of tokens. Tokens can be classified as operators or
operands. Therefore, "a program can be considered a sequence
of related operators and operands." Calculation of Halstead
metric is based on the total number of tokens in a given source
code program. First, the source code program divided into
tokens and then all counted and classified as operators or
operands [6]. The program is not a program without operators
and operands.

The goal of the Halstead measurement is to measure certain
qualities, for example, vocabulary, volume, level, problem,
program deployment and required programming time [9].
Halstead argues that algorithms have measurable characteristics
analogous to physical law. In the given program, it counts the
number of unique or different operators (n1), single or different
operands (n2), total use of all operators (N1) and overall use of
all operands (N2) [1]. So, the Halstead measurement based on:

nl = number of unique or distinct operators.
n2 = number of unique or distinct operands.

N1 = total number of occurrences of operators.
N2 = total number of occurrences of operands.

Based on these data, Halstead measurements define some
metrics, which are [11]:
A. Program Length

This is the total number of occurrences of operators and
operands (repetition also considered) which is called the length
of the program. The formula is:

program length = NI + N2 (1)

B. Program Vocabulary

This is the sum of the number of unique or distinct operators
and the number of unique or distinct operands in the program.
The formula is:

programVocabulary = nl + n2 2)

C. Estimated Length

This is called a calculated program length which estimated
the program overall. The formula is:

estimated length = (nl * logz(nl)) + (n2 * log2(n2))  (3)

D. Purity Ratio

This is a ratio of estimated program length with a
calculation of program length. The formula is:

estimatedLength

purityRatio = “4)

programlLength
E. Program Volume

This is the number of bits required to represent the program
[3] or alternative measure for program size [18]. The formula
is:

volume = programLength * logz (programVocabulary) (5)

F. The difficulty of The Program

This is used to compare various applications of the same
algorithm. The longer the implementation, the greater the
difficulty. The formula is:

dif ficulty = (%1) * (E) ()

n2

G. Program Effort

This is the effort required to understand or create a program.
The formula is:

programEffort = difficulty * volume 7
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Halstead Metrics Detailed Report
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Fig. 1. The .html page structure as output from HalsteadMetricsCMD jar
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H. Programming Time

This is the time required to build a program. It can be calculated
as:

programEf fort

programmingTime = 5

(8)

No of Distinct Operators(n1)| 8.0

No of Distinct Operands(n2)  86.0
Total No of Operators(N1) | 20.0
Toati No of Operands(N2) | 370 |

Program Length. 57.0
Program Vocabulary | 186.0
Estimated Length | 1216.67
Purity Ratio | 2135
Volume | 33247
Difficulty | 1881
Program Etfort | 5523.15
Programming Time | 306.84 |

Fig. 2. The results of data pruning in the .html file

IV. METHOD AND DISCUSSIONS

There are 3 (three) sections of .html display structure
generated by HalsteadMetricsCMD jar as in Fig. 1. We need to
retrieve the value in VALUES Section only because in this
section halstead metrics reside. Consequently, we will prune two
previous sections, which are OPERATORS and OPERANDS,
then the result converted into one .csv file for data in the
tabulation, which will make easier for further processing. The
pruning .html file illustrated as in Fig. 2.

For this job, we use Python language for programming
because it is a high-level language which is easy to solve
technical problems like in this paper and have many libraries
ready to use [15]. It is also freely available in source or binary
form from the Python site and can be distributed for free [19].
Furthermore, Sanner stated that dynamic, easy to simplify, and
easy-to-use in Python make this language an excellent choice for
creating powerful modern software [20].

One .html file produce by HalsteadMetricsCMD jar was
representing one file or class of each one version Statcato
software. There are many files or classes in each version of
Statcato software. For this study, we retrieve information one by
one per file or class in Statcato’s packages. This .html files
contains information of Halstead metrics which are Program
Length, Program Vocabulary, Estimated Length, Purity Ratio,
Program Volume, Difficulty of Program, Program Effort, and
Programming Time.

The total number of these .html files more than one thousand
and we must combine these files to be one .csv file only. In other
words, the VALUES Sections from thousand file .html,
especially numbers just should be merged into one .csv file. We
call this prunning .html file to .csv as illustrated in Fig. 2 and
done by Python programming. The data that will be combined
are all the second column of the .csv file; this is where the
required data resides.

The combining process illustrated in Fig. 3 where all of .csv
file produce by Python programming combine from early
version to last version of Statcato into one merged .csv file only



as illustrated in Fig. 4. To do this we write a Python code as in TABLE L THE MEAN OF HALSTEAD METRICS OF VARIOUS
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No. of Distinet Operators (a1 No. of Distinct Operands (n2)

Program Vocabulary

Fig 6. Halstead Metric’s graphic of all Statcato’s version

V. CONCLUSION

In Figure 6, we can see that the previous version, the number
of operators and operands are higher than the newer versions.
But then, the higher the version of Statcato, there are not many
changes in the number of operators and operands. Because
other metrics depend on the number of operators and operands
as set out in formulas (1) - (7), this does not affect other metrics,
so they do not change much. We can say that in terms of
Halstead metric, this software seems stable during its lifecycle.

We conclude that the quality of the newer versions are better
in terms of stability of Halstead metrics than the earlier version
of Statcato, although its feature is increasing. Accordingly,
Statcato software has a good condition and excellent
development to continue improving during its lifecycle,
although its feature is expanding.
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