
  
Abstract---In software engineering, software metrics are the only 

tools to control the quality of software. Poor quality codes always 
create problems to software community. It is always hard to control 
the quality if the code is complex. It is hard to review, test, maintain 
as well as manage such codes. Most of the metrics are developed 
covering generally programming languages such as C, C++, Java and 
etc. Some metrics may not be suitable for some programming or 
scripting languages. There is lack of metric in the literature which 
measures the quality of PHP language. This research proposes 
reusability metric to measure quality of PHP script language. Since 
PHP is an object oriented language, the present metric is capable to 
evaluate any object-oriented language. The proposed metric is 
validated both theoretically and empirically and it will prove 
usefulness and effectiveness of this proposed system. 
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I. INTRODUCTION 
HE key element of any engineering process is 
measurement. Measurement can be used throughout a 
software project to assist in estimation, quality control, 

productivity assessment and project control. Metrics are also 
used to pinpoint problem areas so that remedies can be 
developed and the software process can be improved. A 
software engineer collects measures and develops metrics so 
that an indicator will be obtained. Metrics provide the insight 
necessary to create effective analysis and design models, solid 
code, and thorough tests. Software metrics provide a 
quantitative way to assess the quality of internal product 
attributes, there-by enabling the software engineers to assess 
quality before the product is built [1]. 

In object-oriented approach, each kind of data and related 
operations are collected into a single system entity. Therefore, 
even though the traditional software metrics are modified to 
assess object-oriented software system, they are inadequate to 
cover all the new and unique aspects of object-orientation. 
Thus, new metrics which reflect the characteristics of object-
oriented paradigm must be defined. The reuse of software 
holds the promise of increased quality and productivity in 
software development and maintenance. Software reuse 
reduces the amount of software that needs to be produced from 
scratch and thus allows greater focus on quality. Moreover, the 
reuse of well tested software should result in greater reliability 
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and less testing time for new software. With reuse, software 
development becomes a capital investment. The level of reuse 
must be measured in a way that provides information on a 
wide range of reuse attributes. Current reuse metrics are 
generally based on only one attribute namely program size or 
length. This paper presents a set of measurable reuse 
attributes, a suite of metric which quantify these attributes for 
PHP object oriented systems. 

II. RELATED WORKS 
Boetticher et.al proposed a neural network approach that 

could serve as an economical, automatic tool to generate 
reusability ranking of software [2]. Ajay Kumar presented 
classification of the reusability of software components using 
Support Vector Machine (SVM) [3]. In this paper, Support 
Vector Machine (SVM) based algorithms were experimented 
to develop the reusability evaluation system for procedure 
oriented software systems like McCabe’s cyclometric 
complexity measure for complexity measurement, regularity 
metric, Halstead software science indicator for volume 
indication, reuse frequency metric and coupling metric were 
used for structural analysis of a software module First of all, 
randomly selection of training and test sets were made. 
Thereafter, training of support vector machine classifier was 
performed with the training dataset created. The training data 
was provided to SVM in form of Matrix, where each row 
corresponded to an observation or replicate, and each column 
corresponded to a feature or variable. Groups are also 
provided to the SVM as Column vector, character array, or 
cell array of strings for classifying data in Training into two 
groups. It has the same number of elements as there are rows 
in Training. Each element specified the group to which the 
corresponding row in Training belongs. The trained SVM was 
used to classify the test dataset and the performance of the 
classification was recorded in terms of the Correct Rate and 
Error Rate.  

Reference paper [4] identified a set of metrics that are 
thought to be effective for measuring the reusability of C 
language program source code. Subsequently, for ten projects 
involved in development with existing software modification 
and adoption, during which conventional source code in an old 
project were extensively reused and adopted to a new project, 
they compared values of the static metrics identified and the 
reuse results before and after the development. Statistical 
analysis demonstrated that some of the metrics are effective for 
actual software development, and accurately determined the 
magnitude of their effect on actual reusability.  
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In paper [5], it proposed a metric Entropy Measure of 
Complexity (EMC), which is intended to measure the reusable 
quality of XML schema documents. A higher EMC value 
tended to more reusable quality, and as well, a higher EMC 
value implied that this schema document contained inheritance 
feature, elements and attributes. For empirical validation, the 
metric was applied on 70 WSDL schema files. A comparison 
with similar measures was also performed. The proposed EMC 
metric was also validated practically and theoretically. 
Empirical, theoretical and practical validation and a 
comparative study proved that the EMC metric was a valid 
metric and it could be capable of measuring the reusable 
quality of XSD. 

 Basili [6] proposed a tool called, Care that was used to 
identify reusable components according to a set of “reusability 
attributes” based on software metrics. The paper proposed four 
candidate measures of reusability based largely on McCabe 
and Halstead metrics. These attributes include measurement of 
utilization of the component in the problem domain, the cost of 
reuse and its quality. Prediction of reusability of object 
oriented software systems using clustering approach have been 
made by [7]. 

III. SOFTWARE REUSABILITY 
Software reuse is the process of implementing or updating 

software systems using existing software components. 
Reusability of Object Oriented Programming is the use of 
previous classes or functions or methods in the present class 
but no problem of previous classes.  

Among the several software measurement techniques, most 
of those measurements and metrics are developed covering 
programming languages. With the emergence of the new 
technologies, new measurement techniques also evolve. There 
is lack of metrics in literature which specifically measures the 
reusability of PHP script language. In this respect, specific 
metrics should be developed and we develop a metric for PHP 
which is capable to calculate reusability quality of PHP code. 
A good software reuse process facilitates the increase of 
productivity, quality, reliability, maintainability and the 
decrease of costs and implementation time. 

A. Selection of Metric Sites 
The goal of Reusability quality of PHP code (REUphp) is to 

evaluate the current state of the art on the reuse metrics area 
with special emphasis on code-based metrics. First, we identify 
which factors are responsible for the reusability of PHP code. 
When we analyze PHP OOP codes we find that the following 
factors are important for the reusability of PHP OOP codes:  

(a) Number of include and Number of require (NIRphp)  
The two functions, include () and require () are used to 

create functions, headers, footers, or elements that can be 
reused on multiple pages. 

∑∑ += phpphpphp NRNINIR                   (1) 
Where, 
NIphp=number of include files 

NRphp=number of require files  
(b) Number of object inheritance elements (NOIphp) 
Inheritance is a well-established programming principle, and 

PHP makes use of this principle in its object model. This 
principle will affect the way many classes and objects relate to 
one another. A PHP trait is intended to reduce some 
limitations of single inheritance by enabling a developer to 
reuse sets of methods freely in several independent classes 
living in different class hierarchies. The semantics of the 
combination of traits and classes is defined in a way which 
reduces complexity, and avoids the typical problems 
associated with multiple inheritance and Mixins. 

Another greatest attribute that should be considered for the 
reusability of the PHP OOP model is to count number of 
extend keywords. Inheritance is the ability of PHP to extend 
classes (child class) that inherit the characteristics of the parent 
class. The resulting object of an extend class has all the 
characteristics of the parent class, plus whatever is in the new 
child, or extended class. 

Moreover, PHP interface is one of the most important 
building blocks in PHP object-oriented programming. When a 
class implements an interface, we also called it a concrete 
class. The concrete class must implement all methods the 
interface with the same names and signatures. 

By implementing an interface, the caller of the object needs 
to care only about the object’s interface, not implementations 
of the object’s methods. Therefore the implementations can be 
changed without affecting the caller of the interface. So, all the 
above object inheritance elements must be considered to assess 
reusability quality of PHP object oriented codes. 

∑ ∑∑ ++= phpphpphpphp NCCNENTNOI      (2) 
Where, 
NTphp=number of traits  
NEphp=number of extends 
NCCphp=number of concrete class 
 

(c) Class Interface Size (CISphp)  
The class interface size or CIS metric is measure of the 

public services that a class provides. This metric was 
originally defined in the object oriented model [8]. 

A new variant of the CIS metric also includes the public 
attributes of a class, because these properties can be used to 
transport messages or information between a class and the 
surrounding application.  

∑ ∑+= )()( VARSpublicNOMpublicCIS php     (3) 
Where, 
Public (NOM) =number of public methods 
Public (VARS) =number of public variables 
The values of these mentioned metrics which will become 

base attributes to evaluate reusability (REUphp) of PHP codes. 
 

∑ ∑ ∑++= phpphpphpphp CISNOINIRREU  (4)
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IV. VALIDATION OF PROPOSED METRIC 
The usefulness of any new measurement system should be 

validated by proper validation and testing process. A new 
metric should be theoretically evaluated based on strong 
theoretical base and validated empirically to prove its practical 
usefulness. There are many evaluation criteria for theoretical 
validation of a metric and most of them are based on principle 
of measurement theory. The REUphp metric is validated 
theoretically and evaluated empirically in the next sections. 

A. Theoretical Validation of Proposed Metric (REUphp ) 
According to measurement point of view, the measure 

should fulfill some basic requirements based on measurement 
theory perspective. Amongst available validation criteria, the 
framework given by Briand et al [9] is reported to be more 
practical. 

Definition:  Representation of Systems and Modules: A 
system S is represented as a pair <E, R>, where E represents 
the set of elements of S, and R is a binary relation on E(R ⊆E 
× E) representing the relationships between S’s elements. 
Given a system S= <E, R>, a system m= <Em, Rm> is a module 
of S if and only if Em ⊆ E, R ⊆ Em × Em and Rm ⊆ R. 

For the proposed measure, the entities are PHP files i.e. E 
be a set of PHP files in S. In order to make it easier to follow 
the theoretical validation of our metric for the reader, the 
description of properties of Briand et al. [9] and corresponding 
evaluation of the proposed metric are given below. 

Properties 1 Nonnegative S= <E, R> is non-negative if S 
≥0. 

Proof: Since our measure is obtained by the sum of non-
negative number, this property is satisfied. 

Property 2 Null Value: S= <E, R> is null if R is empty. This 
can be formulated as: R = ∅ ⇒(S) = 0. Proof: If no elements 
and attributes are present in the PHP file, the metric value will 
be trivially null and therefore this property is also satisfied by 
the proposed measure. 

Property 3 Symmetry: S= <E, R> does not depend on the 
convention chosen to represent the relationships between its 
elements: (S= <E, R> and S-1= <E, R-1>) ⇒S=S-1). 

Proof: In the proposed measure, there is no effect on metric 
value by changing its order or changing its representation 
because metric value cannot depend on the order or way of 
representation. Therefore, this property is also satisfied by the 
proposed measure. 

Property 4 Module Monotonicity: S= <E, R> is no less than 
the sum of the value of any two of its modules with no 
relationships in common: (S= <E, R> and m1= < Em1, Rm1 > 
and m2= < Em2, Rm2 > and m1 ∪ m2 ⊆ S and Rm1 ∩ Rm2 = ∅)   

Proof: The conditions m1 ⊆ S, m2 ⊆ S and E= Em1 ∪ Em2, 
imply that no modification is made to the S when the system is 
partitioned into modules m1and m2. 

Property 5 Disjoint Module Additive: The system S= <E, 
R> composed of two disjoint modules m1, m2, is equal to the 
sum of the value of the two modules: (S= <E, R> and S= m1 ∪ 
m2 and m1 ∩ m2= ∅)  

Proof: Our proposed metric satisfies this property because 
the interaction among modules does not have any effect on the 
resulting counted values. If two independent files are 
combined into a single file then the metric value of individual 
file will be combined. Therefore, this property is also proved 
by proposed measure. 

Since our proposed measure holds properties 1-5, therefore 
it can be realized that it is also applicable and usable metric. 

B. Empirical Validation of Proposed Metric (REUphp ) 
For empirical validation of the proposed metric, the SOM, 

one of the unsupervised learning methods in Neural Network, 
is used [11]. SOM is suitable for measuring the validity and 
usefulness of the proposed metrics that they are difficult to 
prove their validity and usefulness because they don’t have 
historical data and other comparison metric. One advantage is 
that they do not require more understanding with input data 
and they can cluster and estimate incomplete historical data. 

To check validity of proposed metric, the processes are as 
follow. First, thirty PHP example files are used as shown in 
Table I. Most of them are extracted from the web. 

TABLE I 
REFERENCES OF ANALYZED PHP FILES 

ID Reference Links 
1 http://coursesweb.netphp-mysqlphp-oop-inheritance-class-extends.htm 
2 http://www.zentut.comphp-tutorialphp-traits.htm 
3 http://www.phpro.orgtutorialsObject-Oriented-Programming-with-

PHP.html.htm 
4 autoload=httpwww.phpro.orgtutorialsObject-Oriented-Programming-with-

PHP.html.htm 
5 httpwww.zentut.comphp-tutorialphp-inheritance.htm 
6 http://www.devshed.com/c/a/PHP/Inheritance-and-Polymorphism-in-PHP-

Building-a-Form-Generator-Part-I/2/ 
7 http://phpunit.de/manual/3.8/en/code-coverage-analysis.html 
8 BankInheritance=//httpwww.zentut.comphp-tutorialphp-inheritance.htm 
9 httpwww.php.netmanualenlanguage.oop5.inheritance.php.htm 
10 http://www.sourcecodeonline.com 
11 www.zentut.comphp-tutorialphp-traits.htm 
12 httpwww.php.netmanualenlanguage.oop5.shape.php. 
13 httpwww.zentut.comphp-tutorialphp-traits.htm 
14 http://www.sourcecodeonline.com 
15 http://www.phpro.orgtutorialsObject-Oriented-Programming-with-php 
16 httpwww.php.netmanualenlanguage.oop5.shape.php 
17 Beginning  PHP5, 2004 Edition 
18 Beginning PHP5, 2004 Edition 
19 http://www.zentut.comphp-tutorialphp-traits 
20 http://www.zentut.comphp-tutorialphp-traits 
21 http://www.zentut.comphp-tutorialphp-traits 
22 http://www.zentut.comphp-tutorialphp-traits.htm 
23 http://sapi.drupal.orgapidrupalcore!vendor!psr!log!Psr!Log! 
24 http://us1.php.nettraits 
25 http://www.jasny.netarticleshow-i-php-multiple-inheritance 
26 http://www.php.netmanualenlanguage.oop5.overloading.php.htm 
27 http://www.php.netmanualenlanguage.oop5.inheritance.php.htm 
28 http://www.php.netmanualenlanguage.oop5.overloading.php.htm 
29 http://www.php.netmanualenlanguage.oop5.overloading.php.htm 
30 http://codeumbra.euobject-oriented-programming-with-php-5.htm 

 
Before clustering, two data files are created for each of 

proposed metrics, one contains the particular proposed 
metric’s target values of 30 PHP files and another contains its 
base attributes NIphp, NRphp, NTphp, NEphp, NCCphp, Public 
(NOM) and Public (VARS). In preprocessing step, base 
attributes are converted into binary data according to the “hard 
logic” approach [10] using a threshold t. For example, if xi ≥t 
then we assume it as 1 and 0 otherwise. And then, dissimilarity 
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matrix using Jaccard Coefficients [10] is used. Then two files 
of REUphp metric are clustered by SOM and the cluster 
matching result is analyzed. As shown in figures, the first 
group of figure 1 and the first group of figure 2 are compared 
and analyzed and the other two second groups are also 
analyzed. It is clear that the two results are almost equal. 
Therefore the metric has high accuracy and according to the 
analyzed result, the proposed metric is suitable for measuring 
reusable quality of PHP files. 

 
Fig. 1 SOM Clustering Result Depending only on Target Values of 

REUphp Metric for 30 PHP Files (ID1-ID3) 

 

Fig. 2 SOM Clustering Result Depending on Based Attributes of 
REUphp Metric for 30 PHP Files (ID1-ID30) 

V. CONCLUSION AND FUTURE WORK 
Software reusability is the process of implementing or 

updating software systems using existing software assets. It is 
certainly true that reusable class and modules reduce 
implementation time and increase likelihood that prior testing. 
There are several reasons to reuse code: less typing, debug 
once, easier to understand and easier to maintain. Often scripts 
need to perform the same actions in several different locations 

in the script. Achieving a high level of reuse is an important 
goal to accomplish in developing a software system. 

The dynamic scripting language, PHP has become 
enormously popular for lightweight web applications, and is 
widely used as a server-side scripting language for web 
servers. There is also urgent need to estimate and measure the 
quality of PHP code. In our framework, reusable properties of 
PHP code are considered and they are characterized 
effectively. The proposed metric is validated by evaluating it 
against properties-based measurement theory and by applying 
it with real PHP files so that the worth is proven. In this 
respect, the metric is robust measure because of satisfying 
measurement properties and the cluster matching result is very 
high. Therefore, the proposed metric is suitable for measuring 
reusable quality of PHP language. Since PHP is an object 
oriented language, the present metric is capable to evaluate 
any object-oriented language. Further extension for this 
research is to estimate and measure other qualities of PHP 
code such as complexity, reliability, and maintainability. 
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