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The article is dedicated to defining of minimal scope of
measurement — necessary — to  perform  objective
maintainability analysis. Basic statistical characteristics
of initial statistical analysis have been calculated for
maintainability — metric, such as:  mathematical
expectation, median, kurtosis and skewness, distribution
law has been determined. Technique and tool of defining
minimal scope of metrics measurements have been
developed for maintainability analysis. Investigation
results of several open source projects have been
presented.

Cmammsa  npucésvena  GUHAYEHHIO  MIHIMATbHO20
obcazy  euMipioganb, He0OXIOHO20 Ol  NPOBEOeHHs.
00 €eKmueHo20 ananizy CYNPOBOOICEHHS.
Pospaxosysanucsa 6a3zo6i CIAmMuCmuyHi
XApaKmepucmuKy NepeUHHO20 CIMamucmu4Ho20 ananisy
0na MempuKu CYNPOGOOICEHHA MAMEMAMUYHE
cnooigannsa,mediana,  Koepiyicnmu  excyecy — ma
cumempii; 6U3HA4A6CA 3aKOH po3noodiny mempuxu. byna
po3pobnena  memoouxka ~ma  3acib  GuU3HAYEHHS
MIHIMATLHO20 00CA2Y BUMIPIOBAHL MEMPUK O AHATIZY
CYNPOBOONCEHH L. Tlpeocmaeneni pe3ynomamu
00ci0HCeHb OeKiNbKOX GIOKPUMUX NPOCKMIE.

Cmambus nocesujena onpeoeneHuio MUHUMAIbHO20 00beMda usmepeHutl, HeodXo0uMo2o Onsi NPosedeHUus: 00bEKMUBHO2O0 AHANU3A
conpogodcoaemocmu. Paccuumpieéanuce 6a3oeble Camucmuyeckue XapaKmepucmuky nepeutHo2o CIamucmuyecko2o anaiusa ons
MEMPUKU CONPOBOINCOAEMOCIIU: MAMEMAMUIECKOe OJACUOAHUE, MeOUuand, Kodphuyuenmel sKcyeca u accuMempuu; onpeoesics
3aKon pacnpedenenus mempuku. bviia paspabomana memoouxa u cpeocmeo onpedeneHuss MUHUMATLHO20 00beMa u3MepeHutl
Mempuk 015 ananuza conpogodcoaemocmu. IIpeocmasnenvl pe3ynvmanmsl UCci1ed08aHUll HECKOALKUX OMKPLIMbIX NPOEKMO8.
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Introduction

Software metric is a quantitative measure of
the degree to which a system, component, or
process possesses a given attribute [1].
Importance of metrics can’t be overestimated.
Different aspects of software are measured using
appropriate set of metrics [2].

One of the aspects is software
maintainability. IEEE Standard Glossary of
Software  Engineering Terminology defines
maintainability as “the ease with which a software
system or component can be modified to correct
faults, improve performance or other attributes, or
adapt to a changed environment.” [1]. It is a very
critical property of many developed systems.
Maintainability is measured as a dependence of
other metrics [3]. It can be calculated after
changes are made to software system. Then
conclusions are made, if these changes improved
maintainability or not [4]. Relevant question

appears, whether such conclusions can be
considered objective and truly reflect the result of
changes. May be there is not enough scope of
measurements.

The basis on which such scope can be
defined is formulated in the law of large numbers.
It states that the average of the results obtained
from a large number of trials should be close to
the expected value, and will tend to become closer
as more trials are performed [5].

Last researches overview

Maintainability as one the most important
software attributes is constantly studied. Software
engineers try to design better models to asses it,
conduct experiments to reveal some trends of its
values [3, 4, 6-8].

Done Coleman and Dan Ash from “Hewlett-
Packard”, Bruce Lowther from “Micron
Semiconductor” and Paul Oman from University
of Idaho conducted valuable research in the area
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of maintainability analysis. Their intent was to
demonstrate how automated software
maintainability analysis can be used to guide
software-related decision making. [4]. Rikard
Land from Malardalen University investigated

data scope. It is important to know how many

input data software researchers must use for

making conclusion on maintainability analysis.
Paper objectives

Main objectives of paper are:

how maintainability of a piece of software
changes as time passes and it is being maintained
by performing measurements on industrial
systems. [3]. Pfleeger describes maintainability as
the probability that a maintenance activity can be
carried out within a stated time interval, it ranges
from 0 to 1. [9]. Y. Kataoka, T. Imai .H. Andou T.
Fukaya discussed program refactoring as a
technique to enhance the maintainability of a
program. They proposed a quantitative evaluation
method to  measure the  maintainability
enhancement effect of program refactoring. [6]
The described above research proposed
different models for maintainability assessment,
thresholds to make conclusions about obtained
results, investigated how maintainability changes
in time and how it varies depending on different
changes make in software. All this researches deal
with maintainability explanation and
interpretation, and don’t pay attention to analyzed

- analysis existing problems in
maintainability estimation, especially minimal
scope of measurements definition;

- analysis of statistical methods for minimal
data scope defining;

- development of a software tool that
solves the minimal measurements scope problem;

- case studies of software tool.

Minimal data scope defining technique

To solve the problem of minimal scope
determining special technique was designed. It
implies the processing of different projects and
definition of minimal scope for each concrete one.
The average value obtained from the experiments
results can be assumed as minimal scope of
measurements for projects that a like those under
research.

The general algorithm consists of several
steps (Fig. 1).

Begin

Choose a project for
nvestigation

'

Ohtain MI walues on class
level

Define whether
the distrihution
l law 1z normal l

Choose mode asa Choose mathematical
statistical characteristic of expectation as a statistical
distribution characteristic of distrihution
[ |
v
Calculate stahistical
charactenstic for different
walues subsets

v
Define the subset from

which characteristics
becomes stable

v
Define the number of
classes in the subset

Fig.1 Algorithm scheme
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First, it is necessary to choose a project that
is going to be investigated. MI values for each
class of chosen project will be input data for the
algorithm. These values represent the distribution.
The next step is to define whether the distribution
is normal or not. Depending on the result
statistical characteristic is defined for further
research [5]. In case of normal distribution ME
(Mathematical expectation) is chosen, otherwise —
mode. Subsets of values are formed as shown on
Fig.2.

ML ML,... Ml . . . Mhog. .. Mlagg...MI,
_ ‘ o
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Fig.2 Division into subsets

For each subset of wvalues, the statistical
characteristic is calculated. As a result for each
subset of values (each wvalue corresponds to
definite class) ME or mode is obtained. The
subset starting from which this characteristic
remains relatively stable can be considered as
minimal scope for maintainability analysis.

The input data for the designed algorithm is
array of MI values for concrete project on the
class level. Important requirement to project is
that it must be rather big (more than several
thousands of classes). Otherwise the calculations
based on the LLN won’t have any sense. All the
values in input array have constraints on possible
values as maintainability index can have values in
range from 0 to 100.

Distribution law determining

As it was mentioned above one of the
algorithm steps is to define is the distribution
normal or not.

The normal distribution is the most widely
known and used of all distributions [5, 10]. Fig.3
shows the example of values distributed normally.
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Fig.3 Normal distribution

To define whether the distribution is normal
or not a histogram of the sample was built.

Except visual estimation mathematical
calculations must be applied to make conclusion
about the distribution law. The basic criteria by
which distribution law can be obtained are
kurtosis and skewness coefficients [10]. In current
investigation the distribution is considered normal
if both coefficients are less than 0.3.

In the subject domain of maintainability
almost all the projects will not have normal
distribution of MI values. One of the reasons is
that possible values have described earlier definite
range and most of values lie from approximately
80 to 100. Conducted investigations on variety of
projects with several thousands of classes
confirmed this assumption.

Statistical characteristics

The next step after distribution law defined
is to make decision about statistical characteristic
that is going to be used for further calculations.
Two of such characteristics that can represent the
average value of distribution: ME and mode [5,
10]. But for the same set of numbers all these
parameters can have absolutely different values.
To design the algorithm for minimal
measurements scope definition it was important to
decide what characteristics to choose depending
on the character of distribution. Below the
description of ME and mode, their comparison
can be found. Except these two ones other
statistical values exists, for example median. For
this algorithm it was decided not to consider it
because as shown by investigation for such
distribution as MI values it doesn’t give objective
results. If the distribution law is normal it is better
to use ME, otherwise — mode.

Software tool development

To implement the algorithm before special
software tool was developed. Then aim of the tool
is to assist in research of minimal measurement
scope analysis. The logic of the application
implements all necessary statistical calculations
on array of input metric values. This tool is not
bounded to estimation of MI.

The following use case diagram on the Fig. 4
reflects the basic functionality of system,
describes what opportunities user has while using
a system.

Class diagrams are the mainstay of object-oriented
analysis and design. UML 2 class diagrams show
the classes of the system, their interrelationships
and the operations and attributes of the classes

(Fig.5).
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Software tool is implemented using Java
programming language in NetBeans 7.0
development environment. Several libraries were
used for development. GUI was created via
Javax.Swing. JFreeChart library was used to build
result chart and distribution histogram.

Case studies

The developed software tool can take as input
different projects of large size and shows the
project scope which is enough for maintainability
analysis. Making conclusion about obtained
minimal scope values can help to define the
average one that can be further used by
developers.

Numbers of projects were studied to find the
average values of minimal measurements scope
for maintainability analysis. The main criterion of
choosing the projects for investigations was large
number of classes. Otherwise there is no sense to
investigate the project because the LLN won’t be
applicable to it. It was chosen several projects:
AgroUML 3.0.4, Apache Tomcat 7.0.25, JBoss
(partly), NetBeans 7.0 (partly). Last two projects
were investigated partly because of problems in
measurement.

The first step is to obtain MI values on class
level for project. To do this Semantic Designs
JavaMetrics tool was used. Then it is necessary to
load measurement results in developed tool, and
do investigations. As it can be seen from Fig.6
starting from 2500 classes the value of mode
remains relatively stable for AgroUML 3.0.4.
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Fig.6 Investigation of AgroUML 3.0.4

It means that maintainability analysis can be
performed with this project and increasing or
decreasing MI values will correspond to reality.
This result can be also fixed as the minimal scope
for measurements for some project. Then it is going

to be compared with results obtain from other
projects. All results are represented in table 1.

Table 1

Experiments results
Ne Project name Ll Min.
num. scope
1 | AgroUML 3.0.4 2500 1500

Apache Tomcat
2 7025 2000 1000
3 | JBoss (partly) 3000 1000
4 NetBeans 7.0 5000 1300
(partly)
Conclusions

The developed software tool assists in
conducting research of minimal measurements
scope in maintainability analysis. The main idea
of the tool is LLN. Using this law and statistical
formulas it computes the dependency of project
scope and average MI value. A researcher can
visually define the point from which the average
value becomes stable. This value is minimal
measurements scope.

After conducting this research the conclusion
can be made that about 1000-1500 classes must be
present is a project to objectively estimate its
maintainability. Only having such measurements
scope, the changes in projects can be reflected
truly after MI comparison. Result of conducted
investigations can be applied by developers when
they want to analyze maintainability. The
software tool also can help to understand whether
the project has enough classes to perform relevant
analysis. This tool is not bounded to estimation of
ML. It can be further extended to work with other
metrics.
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