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ABSTRACT

Based on existing work (Testing Tool: “A full featal component based architecture testing tool”jcwikdraws
a comprehensive architecture of testing method,based on their attribute nature shows their tatiip or behavior of
attributes in terms of object oriented [34]. Thisearch workincludes a cse study on “snaker gaane/dlidatingarchitec-
ture tool, based on object oriented testing charatics. The tool identifies attributes and coatelwith object oriented
testing method at class level architecture whiabvisles quantification and justify for testing qtplattributes based on

different software matrices on each component(tlass
KEYWORDS: Architectural Completeness, Architectural Qualitigrdute, Architectural Metrics
1. INTRODUCTION

The deliverable produced by a quality developmeatgss is excellent software that satisfies thévawp needs
of users. Comprehensive means that it includesrafiearly all features (user requirement, perforreamaintainability,
reusability, flexibility, reusability, simplicity md portability) and relationships required for naiting from one testing
class to another. It is designed to overcome thidtion of existing software tools by providindiaal class (component)
level architecture having relationships betweenowartesting classes. Software quality is anotbeus of ourarchitecture.
We wish to a analyzedquality attribute of softwargyineering products good maintainability, reusghbiflexibility and
portability in the architecture of the softwaretiieg tool by validating the architecture using iegalgorithms and per-

forming metrics calculation on each relationshigstng between the different testing technique2[13].

This paper is organized as follows: Section 2 dised literature review and related work. Sectialis8usses the
methodology for the research work. Section 4 priesethe Software Metrics use in RealizationofEmpkilanagement

Systems. Section 5 presentedresult analysis andsdin and section 6 conclude research work.
2. LITERATURE REVIEW AND RELATED WORK

Some researcher work on quality of software archite and testing for ensuring the quality of saftey here
discuss only prominence few literature. Bas etaaticulated importance of software architecturg] [8oni and et al.have
defined, software architectures describe how aegayss decomposed into components, how these comfmaeeinter-
connected, and how they communicateand interabtedith other’s [14]. Perry and Wolf, work on Softeachitecture is

concerned with the study of the structure of sofeyéncluding its topology, properties, constiti@rhponents and their
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relationships and patterns of combination [21]. yG&hastek and Robert Ferguson enlightensoftwaréitactural
attributes and quality relation [1]. The basic sufer program testing, which provide basic prineifbr testing has been
covered by a number of researcher [3,10,14,15,167béton [26], Williams [27], and Hareton [19] st&) Integration all
the data across tools and repositories, Integraiforontrol across the tools and Integration tofmeva single graphical

interface into the test tool set. But with the liation of emphasizing only integration tool(usakpikndportability).

Aditi et al., [4] provides,the approach to softwanetric for object oriented programming which ifefient from
the standard metric sets. Some metrics, suchnasoficode andcyclomatic complexity, have beconeegted as standard
for traditional functional / procedural programsyttfor an object oriented scenario, there are mamposed object
oriented metrics in the literature. Limitation: ghprovides the only conceptual framework for measiemt. Agrawal et al.
[25] cited in their paper the importance of softevameasurement is increasing leading to the devedopwf newmea-
surement techniques. Limitation of the worka) lieslmnot provide any relationship between requiresamd testing
attribute.b) It cannot evaluate for large data.s&islerson and et al. [5] emphasized the softwadastry has performed a
significant amount of research on improving sofevguality using software tools andmetrics will irope the software
quality and reduce the overall development timeod>quality code will also be easier to write, ursti@nd, maintain and
upgrade.The limitation of their work a) it's notgpiding any relationship between the requiredtgstttribute.b) It does
not provide a full featured testing tool (only Cdmpty and cohesion measure). ¢) Here provide thly conceptual
framework for measurement. Briand et al., and sother researchers [9,11,28,29,30,31] demonstraseaimthatempiri-
cally the relationships between most of the existioupling and Cohesion measures for object orie(O)system and
fault proneness of object oriented system clasaede studied. Limitation of the work is only emgisaon cohesion and
coupling metric. Bitman [6] exhibit key problem $oftware development of changingsoftware- develagraemplexity
and the method to reduce complexity. Limitationttod work it does provide only complexity measuretrteshniques.
Krauskopf and et al. [32], and Harrison [8] demaaist, Coupling is the degree of interdependencedsat two modules.
In a good design, they are kept low. Coupling stidnd lower in large andcomplex system. No couplnigighly is desir-
able but practically it is not possible. The goaodl dad points of different types of coupling arscdissed. Limitation of
the work is only emphasis on cohesion and couptietrics. Chidambaram [8] and Harrison [7] emphabie coupling
between object (CBO) metric and evaluated for @ibgect oriented systems and compared with altamatesign metric
called NAS which measure the number of associatimtg/een a class and its peers. NAS metric is tijreollectible
from design documents such as the object modelllififig@tion of their work: a) It does not providearelationship be-
tween requirements and testing attribute.b) It da#grovide some basic idea for size and effditregion. ¢) Measuring
complexity of a class is subject to bias. ReineefRal., Show how to manage component based sa&ftarat identify re-
lated metrics [18]. Here we have taken Employee adement System fordetermining quality of softwand galidation
of the software architecture tool, in this

3. RESEARCH METHODOLOGY/EXPERIMENT FLOW

In this research work first we establish a requ&satrspecification for qualitative testing tool ugiformal review
specification.Requirement gathering for Employeenktzement System from different literature (resegqapers, books
and technical reports) for the design of compreiverarchitecture for a software testing tool [22223. Create a software
architecture testing tool architecture bases onirement for testing through different literatuB3] and identify attributes

(data member and member function).Here we takesa study for project sneaker game and designogkdtip classar-
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chitecture .Secondly identifies an attribute of ttlass’s architecture and find relationships betwddferent testing
classes in the architecture [34]. Based attribatebthe relationship between function and componenidentifieddiffe-

rent metrics which is supporting our comprehensirehitecture. Descriptive Statistics Examine disttion andvariance
for each measure [35]. Validation of our architeetand determines the quality of software produstagempirical and
comparative analysis of the different case studtesicipal Component Analysis (PCA)is the standaahnique to identi-
fy the underlying dimension (class property) thatlains the relations between the variation indh&a set.Finally on the
basis of the above study we determine followinglgio@nal architecture of software for testing,detee the quality of

software products and study Component based design.

An architecture tool[34] is complete if and onlhyitientirely describes and specifies the systerhdkactlyfulfills
all requirements and the model contains all necgsgdormation that is needed to implement thatimes mod-
el.Increasing the completeness of a requirememsifggation can decrease its consistency and hefiieet the correctness
of the final product. Conversely, improving the sistency of the requirements can reduce the coansss, thereby again
diminishing correctness [20]. Davis states that gleteness is the most difficult of the specifiettilatites to define and
incompleteness of specification is the most diffiatiolation to detect [31]. According to Boehm b& consideredcom-
plete, the requirements document must exhibit tfmedamental characteristics: a) No informatiotefs unstated or “to
be determined”. b) The information does not contaig undefined objects or entities. ¢) No informatis missing from
this document. The first two properties imply astie of the existing information and are typicabijerred to as internal
completeness [22]. The third property, however,ceons the external completeness of the documeniAi2Bitectural
Completeness is defined as an architecture indudiinor nearly all features and relationships resglifor migrating from

one testing class to another.
4. SOFTWARE METRICS USE IN REALIZATION OF EMPLOYEE MAN AGEMENT SYSTEMS

In this section we try to identify metrics relate architecture. TheEmplayee Management System
,manageemployee related functionality in any orgtion here we are designing a system which wéswebfunctional-
ity(classes)Number,Datalnput,Integer,Employee,sllabager, Typist, In this project we have 6 classgdien (fig-
urel),and each class diagram related to other diagsam with some specific relationship type,aterrelated with inhe-
ritance property of object oriented system andraftelysis of class architecture we find out déferarchitecturerelated
metrics.According above relationship among différeasting technique/strategies, we realize theitrcture of testing
tool using some software metrics for determing ickural design quality and finally determine safte quality of soft-
ware. Chidamber et al and. [4,5,10,12,13,14] pregdsventy two metrics but, here used those metwltsh are useful

formeasuring the quality of the architectural dagrof research work:
1. Size Metrics
a) Number of Attributes (NOA)
b) Number of Methods (NOM)
c) Response for a Class (RFC)
d) Number of Children (NOC)

2. Reuse Metrics:
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a) Reuse Ratio (U)

b) Specialization Ratio (S)

3. Inheritance Metrics:

a) Method Inheritance Factor (MIF)
b) Attribute Inheritance Factor (AIF)
C) Depth of Inheritance (DIT)

4, Polymorphism Metrics:

a)Number of methods overridden by a subclass(NMO)
b)Polymorphism Factor (PF)

5. Coupling and Cohesion Metrics:

a) Coupling Between Object (CBO)

In above metrics some of their values are verytloan there impact in data analysis is negligible athers used
for providing help to decide the quality of softwasroducts (details in table. 2). Quality attrilsustandard of architectural

diagram find through metrics analysis in below ¢g@p
5. RESULT ANALYSIS AND DISCUSSIONS

Realizing this model through attribute relationshipd determine the quality of the model (table. sihgthe

measurement of metrics, and graphical representatid realizing this model

RFC:- The graph shows the relationship between RFCsanglicity factor. It increases initially but it ée not
affect simplicity after a certain limit and remaianstant details in figure MOA: - A class with too many attributes may
indicate the presence of coincidental cohesionraqdire further decomposition, in order to bettemage the complexity
of the model.The graph shows in figure 2 the retethip between NOA argimplicityfactor which linearly increases until
the number of attributes is less and later as N@Aeiases simplicity reduces. The graph shows indi§, the relationship
between NOA angortability factor which linearly increases by the numberttilautes is less and later as NOA increases
portability reduces. The more the number of attebuthe moraequirements of user is satisfied,it depicts a linearrela-
tionship in figure MOC: -If Values of NOC are larger than reuse of clasaiso increases, and by this reason increased
testing. A class from which several classes inhgrdt sensitive class, to which the user must pagtcttention.It should,
therefore, be limited, notably for reasonssafiplicity. A value of between 1 and 4 respects this commemiOM: - this
would indicate that a class has operations, butamimany. The graphfigure 3 showsthe relationsleifveen NOM and
simplicity factor. Increment in NOM reduces thenplicity of the program. The graph figure 6 shows the matethipbet-
ween NOM andportability factor which linearly increases by the numbertbitautes is less. Further NOM increages-
tability remains constamh figure 8 shown initially the relationship betwetheuser requirement and NOM is linear, but
with further increment is the number of methods tser requirement decreases as it introduces caityplhe value
greater than 7 may indicate the need for furth¢eaitoriented decomposition, or that the class dusshave a coherent

purpose. This information is practical when ideyiti§y a lack of primitiveness in class operatiomifiting re-use), and
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in classes which are little more than data typesalie of between 3 and 7 respects this compromisie. metric proved
to be the best indicator of thmaintenance effort by indicating the class that is meneor prone. CBO: - Excessive
coupling limits the availability of a class for m® and also results in greater testing mathtenance efforts. Value of 0
indicates that a class has no relationship to dngralass in the system, and therefore shouldagtart of the system. A
value between 1 and 4 is good, since it indicdtasthe class is loosely coupled. A number highantthis may indicate
that the class if too tightly coupled with otheagdes in the model, which wouwdmplicate testing andmodification, and
limit the possibilities ofeuse.NMO: - In figure 9 shown the overriding of methods insesatheperformance of thepro-
gram. In figure 10, shown Overriding of methodsrdases the reusability of the program and furtherement ofover-
ridden methods does not affect reusability.

Result Analysis:In this section the results of PC analysis areqmesl in the figure 11, figurel2 and table 3. The

PC analysis extraction method and varimax rotati@thod are appliedto different class level metfRSA is one of the
benchmarks for dimension reduction technique hiese ffrincipal components extract a maximum of ¥aeiables and
second they are interrelated.The First one enghetgthe minimum of total information will be missevhen looking at
the first few principal components. The second engsures that the extracted information will be oiged in an optimal
way.Numbers of dimensions captured are quite leams the total number of metrics, implying that mamstrics are high-
ly related.Here we used normalizes our variable thtee dimensions.In appendix section, we disdessils result data
analysis usingtable 3 and figures show principahgonent and eigenvalues in the appendix along wéttance (standard
deviation).

6. CONCLUSIONS

In this research work, we identify implements adfetetrics for measurement of architectural testimodel for
the Employee Management System, used to evaluateudlity of the architectural models. Certain mart@racteristics
are measured against quality criteria determinedid®rs thereby allowing to check that your modedéetnthese quality
criteria and appraise the overall quality of a pobjconclude in table.4. Also this research wordu®r developingindus-
trial tools for larger data set, andtry to provaléemplate comprehensive tool for testing .Henageaothitecture is useful
for any testing process.
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Figurel: Class Diagram for Employee Details

Metrics Calculation Table:The table depicted below gives the metric valuegte classes in the employee de-
tails case study.

Table 1: Metrics Calculation Table for Employee Dedils

Number Class 0 1 1 0 1 1
IntegerClass 0 1 1 2 0
LablClass 2 1 6 3 0 3
TypistClass 6 1 4 3 0 3
Datalnput Stream Class 1 1 1 2 0
Employee Class 2 1 1 2 3 0
Manager Class 6 1 4 3 0 3

Range table:The range table evaluates the minimum and maxinangeas for the metrics calculated in previous
table.

Table 2: Ranges for Metrics for Employee Details

NOA 0 6 2.42 2 2.57
NOM 1 1 1 0

RFC 1 6 2.28 1 2.36
DIT 0 3 1.85 2 1.21
NOC 0 3 1.14 1 1.21
CBO 0 3 1.42 1 1.51

Table2 shows the value of architectural tool, ftevgs the mean and standard deviation which ishelfoude-
ciding our architecture validation.
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Inheritance Metrics
a) MIF- Method Inheritance Factor
MIF =3¢ M;(C)
Y Mo(C)
WhereM(Ci)=Mi(Ci)+M4«(C)
And TC=7
MIF=3/10
b) AlF-Attribute Inheritance Factor

AIF=Y"%_,A4(C)

Y1AL(C)
AlF=1
Reuse Metrics

a) Reuse Ratio(U)

U= Number of super classes/Total number of classes
U=4/7

b) Specialization Ratio(S)

S= Number of subclasses/Number of super classes

S=5/4

Polymorphism Metrics

a) NMO-Number of methods overridden by a sub class
NMO DatalnputStream=0

NMO Integer=1

NMO Employee= 0

NMO Lab1=0

NMO Manager= 1

NMO Typist= 1

a) Polymorphism Factor(PF)
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PF 2 T%1Mo(C)

¥ 1M (Ci) x DC(C)]
Where M,(C))= number of nhew methods
Mo(C;) = number of overriding methods
DC (G) =Descendant count
PF= %
Size metrics affecting simplicity

Number of attributes (NOA):The graph shows the relationship between NOA anglsgity factor which Ii-

nearly increases until the number of attributdess and later as NOA increases simplicity reduces.

Simplicity 3'2
//\\
2
1.5 / \
. /
0.5
i T T Y
0 2 4 6
No. of attributes

Figure2: Graph Between Simplicity and NOA

Number of Methods (NOM): The graph shows the relationship between NOM amgblggity factor. Increment

in NOM reduces the simplicity of the program

Simplicity 1

Mo, of methods

Figure3: Graph between Simplicity and NOM

Response for a class (RFC)Ihe graph shows the relationship between RFC anglisity factor. It increases

initially but it does not affect simplicity afteraertain limit and remain constant.
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z5

Simplicity

15 /
1

0.5

RFC

Figure4: Graph between Simplicity and RFC
Size Metrics Affecting Portability

Number of attributes (NOA): The graph shows the relationship between NOA amthbpitity factor which li-

nearly increases until the number of attributdess and later as NOA increases portability reduces

35
. /.
Sotabilft 2-2 / \

Figure5: Graph between Portability and NOA

Number of methods (NOM): The graph shows the relationship between NOM amthpility factor which li-
nearly increases by the number of attributes is d&wl later as NOM increases portability remairstamnt.

2.5

2 /’
Potabilit e
y /

1

0.5

NOM

Figure6: Graph between Portability and NOM
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Size Metrics Affecting User Requirements

Number of attributes (NOA): The more the number of attributes the more requeérémof user is satisfied.

Hence it depicts a liner relationship.

5
User req 4 /

NOA

Figure7: Graph between Portability and NOM

Number of methods (NOM): Initially the relationship between the user requiemt and NOM is linear, but with

further increment is the number of methods the tesgmirement decreases as it introduces complexity.

12

[\
[\

req
04 /
0.2

NOM

Figure8: Graph between User Requirements and NOM
Polymorphism Metrics Affecting High Performance

Number of Methods Overridden by a Subclass (NMO)Overriding of methods increases the performance of

the program and hence depicts a linear relationship
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25

2
High /
Performancel.

Ny
wl/

MO

Figure9: Graph between High Performance and NMO
Polymorphism Metrics Affecting Reusability

Number of Methods Overridden by a Subclass (NMO)Overriding of methods decreases the reusabilithef

program and further increment of overridden mettaaiss not affect reusability.

35

3

Reusability 2 5

L\

15

1

0.5

0 2

L]

Mo F

Figure 10: Graph between Reusability and NMO
3. Employee Details

Table: 3: PCA (Employee Details)

Metrics | Min| Max.| Mean | Mdn.| Sdev. | PCA 1 Axis 1 | PCA 1 Axis 2 | PCA 1 Axis 3
NOA | 0 | 6 |242000008 | 2 | 256999993 | 2032869339 | -1.463382457 | -0.597680369
RFC | 1] 6 [227999097 | 1 | 23599999 | 2294230044 | 1627095461 | 0.400834352
DIT | 0| 3 [185000002| 2 | 121000004 | -0937280059 | -1308396816 | 0.876112819
NOC | 0 | 3 [1.13999999 | 1 | 121000004 | -1982560277 | 0.637340605 | -0.279248635
B0 | 0 [ 3 141999996 = 1 [ 150999999 | -1407268524 | 0.509343445 [ -0.400017887
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Figurell: Component and Variance (Employee Details)

Scree plot
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Figurel2: Eigenvalue with Component (Employee Detts)

In above table.3, In first PCAthe NOM valuehighleart others metrics, then its uniquely determinectieacte-
ristic, In second PCA axisRFCvalue ithigher thameos metric's value, then its uniquely determimescharacteristics .In
third PCA axis CBO ishigher than others metricgntits uniquely determine the characteristic andéit1 shows the rela-

tionship of the component with variance and fig@reigenvalue with the component.In table3 showchgion quality

attributes with related software metrics for desagchitectural testing tool.

Table 4: Summary of Quality Attributes with Related Software Metrics for Design Architectural TestingTool

(Com%l::::gn':it\%bxaifbutes) Object —OrientedSystem | Mapping Related Metrics
Reusability High NOC,CBO, WMC
Simplicity Low RFC, NOC,

Portability High RFC

High performance High NOC
Costeffectiveness High DIT,

Testability High CBO,RFC, DIT
Maintainability High CBO, RFC

Usability High CBO, RFC, CBO, WMC
Fault Tolerance High RFC, CBO, NOC
Reliability High RFC, LCOM
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