halstead-undip

by Iwan Binanto

Submission date: 24-Jul-2018 05:02PM (UTC+0700)
Submission ID: 862006451

File name: Halstead-UNDIP1.pdf (1.45M)

Word count: 2729

Character count: 14895



Halstead Metric for Quality Measurement of
Various| Version of Statcat0|

12 Twan Binanto
'Informatics Department,
Faculty of Sucn:;:l and Engineering
Sanata Dharmla University
Yogyakarta, Indonesia 55002

2Computer Science Department, BINUS
Graduate Program — Doctor of Computer
Science
Bina Nusantara University
Jakarta, Indonesia 11480
iwan(@usd.ac.id

Abstract—Halstead metric is nmil of software quality
measurement technique. Some studies cdll 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 fd 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,
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1. INTRODUCTION

There are many published papers on the topic of software
metrics with various metrics [1]. The widely used measurement
i1s 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 metnc [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 th-.j
software. There is free software written in Java by
Ramasubramanian| namely Hafsread’l {fetrics.jar  and
HalsteadMetriesCMID ja calculate
Halstead Metrics [11]. Our study uses on«jfot‘ this software
which is Halstead) Iem’cs(ﬁUD{‘m' because of it faster than the
mhcri In our opinion, this software 1s beneficial in research of
meastrement software, especially in Halstead Metrics. That
software will generate .html or

Jpdf files as output files,

We need a .html instead of | s for further processing
in our research] The problemd anses since the ‘hlml ﬁlcs
generated by Halstead fetrics ) Lo alsiead\Metrics =+~
1s more thian 10 5. It ‘Omghmcton:mcws e
of the data in the .html files manually, such as blocking and
copying a part of data and pasting it into, example, Microsoft
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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 sivles
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 ar
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 rbfrigve
al part 01 data from the output of HalsteadMetricsCMD far
| files and store it as .csv files] Statcato had ben
inanto 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 all al'guc that Halstead
l'nlucl‘\lllt.ll](_l'ltl‘\ Llol‘)dll\ recognized ; easTrement for
the ¢ rof T solware sy slcmOLI'hay succcsslu]]} used 1t
to-measure comp]e*{]ty Dr. Scratch- software and make ¢
comparison between itself, McCabe’s Cyclomatic Complexity!




and the computational thinking score provided by Dr. Scratch
software [3].

Meulen and Revilla revisited Halstead measurement to find
a correlation between internal softiware metric and software
dependability, and onefof their conclusion is a robust correlation
found between Lin and Halstead Volume [4].
Comwell said there a 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 aIJ 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 Halstea 3
parameterylike effc T " Tevel 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 bf 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 researcl
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 havelmeasurable 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'= numiber of unique or distinct operands)
NI| = total number of occurrences of operatdrs
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 oceurrences 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:

programlVocabulary = nl + n2 2)

C. Estimated Lengih

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

estimated length = (nl * log>ni)) + (n2 *log:mn2))  (3)

D. Purity Ratio

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

estimatedLength
programLength

purityRatio = @)

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 * log> (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:
if Ficulty = (22 « (22
dtff!culty—(z)* nz) ©)

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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H. Programming Time

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

programefrort

programmingTime = =

®)

No of Distinct Operators{n1) 8.0

8.0
00 |
|

o]

Program Vocabulary | 186.0 |

Estimated Length  1216.67 |

Purity Ratio | 2135 |
Volume | a32.47 |
Difficulty | 1681 |
Program Effort 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 HaIsfeacLMefric,sC;ifDJ'f;ilals in Eii i Fg Qeed to
retrieve the value in]l VALUES Sectidn only s¢ in this
section halstead metrks 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 programminﬂ
because it 1s a high-level language which is easy to solv
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 dynamie, easy to simplify, and
easy-to-use in Pytho <elthis Janguage an excellent choice for
creating powerful modern doftware [20].

One .html file produce by HalsteadMetriesCMD Jar
representing one file or class of each one version Bt
software| There are many files or classes in each versi
Statcato doftware. 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 tmnl files more than one rhousand
and we must combine these filks to be one .csv 11[(,011[\
\\01ds lhc VAL U[ S Scolmnf; from lhuu\lm

call t]‘l]$ prunning html fle to .csv as illustrated i
done by Python programming) The data that will be oomb )
are all the second column oflthe csv file: this 15 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 lasf version of Statcato into one merged ksv file only




as illustrated in Fig. 4. To do lhi51 we write a Python code as in
Fig. 5.

Since all information of files or classes gathered in one
version of package Statcato, then combine into one .csv file, and
the mean per metric calculated. We do this for all of Statcato’s
version. So, at the end process, we only have one .csv file that is
representing the mean per metric of one version of Statcato
software as in Table 1] From this table, we plnuing| metrics of
Halstead as in Fig. 6.
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4 Toatl No of Operands{N2) 50 191 564 575
S Program Length 107 215 581 593
& Program Vocabulary 640 1672 7319 7424
7 Estimated Length 534201 16373.73 880134 90361.64
& Purity Ratio 45.93 7636 ... 153.04 152.38
9 Volume 72134 1665.86 533497 546265
10 Difficulty 30.59 46.54 ees 63.66 64.36
11 Program Effort 22066.1 TB196.67 33964404 35150166

1225.89 434426 18869.11 1953287

12 Programming Time
13

Fig. 4| The result of merging multiple .csv files into one

‘usr/bin/env python3

pted on Mon Dec 25 14:37:33 2017

: dwanbinanto

sil konwersi dari .html
are

ram ini untuk mengg !
menjadi satu file utuh untuk 1

for filename in os. Listdir("./"):

19 if fraatch.fnmateh(filenane, 's.csv'):

20 K

21

22

23 k K Ko

24 df = pd.read_csv(filename, usecols=[1,2])

25 i=is1

26 else:

a7 df = pd.read_csv(filename, usecols=[2])

28 k Z k utk

29 df.columns = [filename + stricname} for cname in df.columns]
EL) k
31 k

32 dfs.appendidf]

3
34 merged = pd.concat(dfs,axis=1
s

36 merged.to_csv(“merged. csv”, header=None, index=None)
37

Fig. 5. Pythons' code for combining all generated .csv files
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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.

Mo, of Distinct Operators inl) M. of Ditinet Dparands [a2)

‘ntal Ne. of Dpeennds (N2

. e
Frogram Langth Program Vocabusry
" e e e A\
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- | .y —
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Program Effo: Programming Thne

Fig 6. Halstead Metric r graphic of all Statcato’s version|
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Sentence Cap. Remember to capitalize the first word of each sentence.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Sentence Cap. Remember to capitalize the first word of each sentence.

Sentence Cap. Remember to capitalize the first word of each sentence.
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Proofread This part of the sentence contains a grammatical error or misspelled word that
makes your meaning unclear.

P/V You have used the passive voice in this sentence. Depending upon what you wish to
emphasize in the sentence, you may want to revise it using the active voice.

Article Error You may need to use an article before this word.
Sentence Cap. Remember to capitalize the first word of each sentence.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Confused You have used a in this sentence. You may need to use an instead.

Article Error You may need to use an article before this word.

Sentence Cap. Remember to capitalize the first word of each sentence.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word. Consider using the article the

Wrong Article You may have used the wrong article or pronoun. Proofread the sentence to
make sure that the article or pronoun agrees with the word it describes.

Article Error You may need to use an article before this word.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Proofread This part of the sentence contains a grammatical error or misspelled word that m:
your meaning unclear.

P/V You have used the passive voice in this sentence. Depending upon what you wish to
emphasize in the sentence, you may want to revise it using the active voice.
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Article Error You may need to use an article before this word.
Article Error You may need to use an article before this word.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

E
E
E
E
E
E
E

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

Prep. You may be using the wrong preposition.

Sentence Cap. Remember to capitalize the first word of each sentence.
Sentence Cap. Remember to capitalize the first word of each sentence.
Article Error You may need to use an article before this word.

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agr
with the verb.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Article Error You may need to use an article before this word.
Sentence Cap. Remember to capitalize the first word of each sentence.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.
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Sentence Cap. Remember to capitalize the first word of each sentence.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent
to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Article Error You may need to use an article before this word. Consider using the article a.

Wrong Article You may have used the wrong article or pronoun. Proofread the sentence to
make sure that the article or pronoun agrees with the word it describes.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Sentence Cap. Remember to capitalize the first word of each sentence.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent

to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.

Sentence Cap. Remember to capitalize the first word of each sentence.
Sentence Cap. Remember to capitalize the first word of each sentence.
Article Error You may need to use an article before this word. Consider using the article the
Sentence Cap. Remember to capitalize the first word of each sentence.

Article Error You may need to use an article before this word.

Missing "," You may need to place a comma after this word.
Sentence Cap. Remember to capitalize the first word of each sentence.

Verb This verb may be incorrect. Proofread the sentence to make sure you have used the corr
form of the verb.

Missing "," You may need to place a comma after this word.
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(E_LS} Possessive This word may be a plural noun and may not need an apostrophe.

(E_le} Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sent
to be sure that it has correct punctuation and that it has an independent clause with a complete
subject and predicate.
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