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Thesis Abstract
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TITLE: Analyze the Effectiveness of Complexity Measures in Component-Based
Integration Testing

MAJOR FIELD: Computer Science.

DATE OF DEGREE: June, 2011.

Component Based System (CBS) development is increasingly becoming popular for
software development. Using components in developing software systems can have a
potential benefits such as decrease development cost, increase software productivity,
reliability, as well as improve the quality of the final products. But can also involve a
series of limitations. However, black box nature of components introduces unique
challenge at the integration phase of a CBS. It is well-known that there is a correlation
between the number of faults found in software and its complexity. Components
complexity measures have been used to identify possible faults in individual components
and subsequently perform a risk assessment of the system. The aim of this work is to
empirically investigate the usefulness of structure complexity measures to improve
Component-Base (CB) integration testing (glue-code) in terms of defect detection
effectiveness and effort. We ran three controlled experiments with students from King
Fahd University of Petroleum and Minerals, to evaluate the effectiveness of structure
complexity measures in CB integration testing (glue-code testing). Experiments results
indicate that the adoption of structure complexity measures led to a significant better
detecting of the faults during CB integration testing without requiring a significant
additional effort. Finally, subject experience doesn't have any effect on the defect
detection effectiveness.

XTI



Al )l A
Lol g o agd s o)
da o P4 Structure Complexity Measures aUail) st (puiliae dallad Jilas 3 ddla ) ol gie
Asaa g ciliga o dplaal) dgna ol aliil dplalsil) el LAY
) s psle 1 panal
2011 sige : gAY FLU

daa) 3,AY) 43 ¥) 4 (Component-Based systems) 4y Sl Sa e doisall dna ) dadary) 48Y
Sl sk 4 (Components) e ) <l sSall 338 aladinld Sliae sl g g (8 B2l Jie dpnd
2 Al 5oy QS il all Apaliil B0l 5 5 Dl pall sk AlSE (a8 Diad Ba22e Lyl e Lgd Bane
028 5l e sl et Ll Ll jall 338 (e a2 5alld AN Cilatiall S5 (sl go Db Claa )
53¢ La 3O LAY el jal Adee Jent dume ) Sl 53¢ (Black-Box nature) s/ sedl deslla
b Basmsall olad¥l s cpube EBe dllia ol asbaall e a3 SISI andl lpcans ae Lgaaal <l Sl
& (Complexity Measures) pUaill aiad da )y Gulied 13¢] A8Vl aUaill 12 et dn jag alail)
Glue-)<b sSall 338 ale Jaal ) 0 KU1 (8 5 (e g 8aa o Zoae pull Gl Sall A el paal Lealadiin)
Faa Al el oal ) da gyl 838 Cang AU ol 3815 8 31l il Ui ol 5 (hes (code
dlee Gpaat (A daae il @l &l Structure Complexity Measures wéaill ulie aladiul ) 58 48 el
& illad Cua o (Component-Based Integration Testing) dusae ) <l Kall 838 ey Lidl
dalee (3 J el agall SIS 5 duaa jll Sl Sl 338 (g Lad Jelddl) Aglee (38) 3 8 Al cUadll Ll
wsitl obeally s il 38 L) nala (o Ul S ey e O el pa) 3 Al 530 JMA LAY
o ke o0 Al @l laay) Alee & Structure Complexity Measures xéeill Gulia <l il

2l e aladid ) A pall 538 JYA (e lgale J pemal) o5 3 gl uds il Sl
LBLEES) 3 Al eUadW) dae 330k ) I coal &l plia) e JYA Structure Complexity Measures
8 o aadl ol @l 1) A8l s oSl 33gd ol LAY o) jaY Jsdaall agall 8 (5l i Jaadl ol Ll
Lealas) Al il shiy) e S Sl 3 pal

X1V



CHAPTER ONE

INTRODUCTION

1.1 Overview

The concept of developing software components and the reuse of them gained
widespread popularity and has been referred to as the next big phenomenon for software
engineering. Nowadays, Component-Based System (CBS) are developed by assembling
prefabricated components [1][2]. Some components may be developed in-house, while
others are commercial off-the-shelf components (COTS); whose source code is usually
unavailable to system integrator. Generally, CBS is an attractive approach because it has
a potential to decrease development cost and increase software productivity and
reliability, as well as improve the quality of the final products. All of these advantages
can be achieved only when the cost of reusing and integrating these components in the

new environment is lower than the cost of building system from scratch [3].

Quality of a CBS depends on its components quality, and any faulty component can lead
to serious consequences on all software built on it. Hence, component validation and

quality control is crucial to component providers and consumers [3].



CBS is an integration centric approach and integration testing is fundamental to its
success. According to Li and Wahl [4], approximately 40% of software errors are
discovered through integration testing. The main focus of integration testing is
validating interactions between components of a CBS. One type of integration testing is
a "big bang" approach where we test all possible interaction in a CBS. Another approach
is incremental integration that uses either a top-down or bottom-up approaches. Both

approaches need stubs and drivers' modules for the integration testing of a CBS [5].

In literature, interaction-related faults are categorized into three types namely: inter-
component faults, interoperability faults, and traditional faults. Inter-component faults
are programming-related faults. Even when component provider evaluates each
component's functionality individually, there are still faults in the interaction among
components. The black-box nature of a component, reusability, and heterogeneity
characteristics of a CBS lead to different types of interoperability faults. These faults can
be categorized into programming-language level, system-level, and specification
interoperability faults. Traditional faults are related to special-execution environments or

special-input [6].

1.2 Thesis Motivation

Test case prioritization techniques increase the fault detection effectiveness of testing by
ordering test cases. Many prioritization techniques have been proposed and evidences

show that they can be beneficial [7] [8] [9] [10].



To measure component complexity, reusability, and customizability of component; Cho
et al. [11] have introduced a suite of metrics. This suite includes four metrics to measure
component complexity which is component cyclomatic complexity, component plain
complexity, component dynamic complexity, and component static complexity. These
metrics require the complexity analysis of each method and class. The metrics also need
the analysis of component's source code, to extract component cyclomatic complexity,
which is rarely available. Narasimhan and Hendradjaya [12] have extracted a suite of
metrics from the component interface definition language specification to measure
component complexity and criticality by deriving component packing density (CPD) and
component interaction density (CID) metrics. Mahmood and Richard [13] have proposed
a structure complexity measures for a CBSS depending on its components by
considering the interaction properties, syntactic, and semantic. They have defined three
elements which are interface, constraints, and interaction, as main contribution to the

CBSS complexity.

There is a correlation between the number of faults found in software and its complexity
measures [14], [15], [21]. For example, complexity metrics have been used to identify
fault-proneness in traditional object oriented systems [16] [17] [18] [19] [20]. Goseva et
al. in [21] have used cyclomatic complexity to identify high-risk components and their
connectors to improve the quality of the product. The complexity measures have been
used to identify possible faults in individual components and subsequently perform a

risk assessment of the system.



1.3 Aims of the work

It is well-known that there is correlation between the number of faults found in a
software component and its complexity [21]. In 1976, McCabe has introduced
cyclomatic complexity as a measure of a program complexity [22]. Goseva et al. in [21]
have built a risk analysis model using the UML specifications to identify the high-risk
components. In this model, they have measured a component complexity similar to
McCabe’s cyclomatic complexity. But, instead of using the source code control flow

graph they have used the UML state charts.

Since, the CBS complexity measures enable a system analyst to identify fault-prone
components and associated integration [ 14], [15], [21]; it can be used as a guideline to
priorities integration testing of a CBS in order to improve the performance of integration
testing of CBS in terms of a number of defect detection and effort.

To the best of our knowledge, there is no work done to investigate the effectiveness of

structure complexity measures in integration testing (i.e. glue-code testing) of a CBS.

In this research, we are going to investigate whether structure complexity measures (i.e.
glue-code cyclomatic complexity and interface complexity) can be used as a guide to
priorities integration testing of a CBS. We aim to conduct an empirical study to analysis
and validate the effectiveness of these complexity measures in the CBS integration

testing.



1.4 Thesis Contributions

The following subsections briefly list and summarize the contribution of this work

1.4.1 Development Of Three CBS Systems

Three distinct systems are developed wusing the Component-based Software
Development (CBSD) process [23]. A Hotel Reservation System (HRS) is adopted from
[23], while Library Management System (LMS) is adopted from [24]. Finally, Smart

Office System (SOS) is adapted from [25].

1.4.2 Experiment Design And Setting

A control experiment are conducted in an academic environment (King Fahd University
of Petroleum and minerals) to determine whether structure complexity measures are

good indictors for priorities integration testing of a CBS.

1.4.3 Results Analysis

We use a set of well-established statistical techniques to analysis and discuss the results

of the experiments.

1.5 Thesis organization



The structure of the thesis is outlined in the following previews of each of the remaining

chapters:

Chapter 2: presents the literature review. We give an overview of the traditional
testing techniques, the CBS integration testing techniques, and finally, the
existing component complexity metrics.

Chapter 3: provides a unique engineering process for developing component-
based software and gives more details on the component-based testing phases.
Control flow testing and structural coverage criteria are discussed and it explores
the structure complexity measures, glue code cyclomatic complexity and
component interface complexity. Finally, it explores parametric and
nonparametric tests.

Chapter 4: describes the experimental setting. We discuss our experiment aims,
experiment environment, hypothesis, experiment subjects, and the experiment
materials.

Chapter 5: discusses the experiments results and analysis.

Chapter 6: concludes this thesis and describes a number of limitations. Possible

future directions are also provided.



CHAPTER TWO

LITERATURE REVIEW

2.1 Overview

Software testing is an important activity of a software development process, which is
intended at assuring the quality of the product. At the present, component provider
deliver components that only include specifications of the interfaces without the source
code. The essential problem is the lack of information for analysis and testing of
components. A number of component integration testing approaches have introduced a

solution for these problems [2].

In this chapter, we describe the work done related to the CBS integration testing,
traditional testing techniques, and the complexity metrics for CBS. To our best
knowledge, there is no research has been performed earlier to investigate whether
structure complexity measures for CBS can be used as a guide to priorities integration
testing of a CBS. Furthermore, to our best knowledge, there is no empirical study have
been conducted to analysis and validate the effectiveness of these structure complexity

measures in the CBS integration testing



2.2 Traditional Testing Techniques

Testing techniques can be categorized into two general approaches, black box and white
box [26]. Black box testing approaches create test data without using any knowledge of
the structure of the software under test, whereas white box testing approaches explicitly
use the program structure to develop test data. In this section we summarize some of
these techniques namely, control flow testing, data flow testing, random testing, and

finally Boundary value testing.

2.2.1 Control Flow Testing

Control-flow testing ensures that program statements and decisions are fully exercised
by code execution. In this technique source code of program is converted to control flow
graph then we select the proper test coverage criteria and generate satisfying test cases.
Control flow testing coverage criteria include node coverage, edge coverage and pair —
edge coverage. Node coverage criteria requires that every statement of the program be
executed at least once, edge coverage criteria requires that every branch of the program
be visited at least once, and pair —edge coverage criteria requires that all pair-path in the
program must be executed at least once [26]. Table 2.1 includes a list of references that

are related to control flow testing.

2.2.2 Data Flow Testing



Data flow testing is a testing technique in which test cases are designed based on the
flow of data within the code and within the system(s). It looks at the lifecycle of a
particular piece of data (i.e. a variable) in an application. Data flow occurs when
variables are declared and then accessed and changed as the program progresses [26].

Table 2.1 includes a list of references that are related to data flow testing.

2.2.3 Random Testing

Random testing is a form of functional testing that is useful when the complexity of the
problem makes it impossible to test every combination. In random testing, we don't test
the application sequentially; we just take the modules randomly and carry out testing
whether it's functioning correctly [26]. Table 2.1 includes a list of references that are

related to random testing.

2.2.4 Boundary Value Testing

Boundary value testing is carried out by creating test sets that covers the boundary
values of the output and input classes identified in the specification so that both lower,
upper values and the values between them of an equivalence class are exercised by test

cases. Table 2.1 includes a list of references that are related to boundary value testing.

Technique References
Control flow testing [26] [27] [28] [29] [30] [31] [32]
Data flow testing [26][33][34] [35]

Random testing [26] [36] [37] [38]
Boundary value testing | [26] [40] [41]

Table 2.1 A list of testing techniques references



2.3 CBS Integration testing

In literature different approaches have been proposed for CB integration testing.

Wang et al. [42] proposed a Built-In Testing (BIT) technique for developing
maintainable CB software. In which built-in tests are equipped to the component’s code
such that the component user can choose whether to execute these tests or not. The
component user can run the component in “test mode (maintenance)” or “normal mode”.
In the test mode, the built-in tests are executed during execution of the component

whereas in the normal mode, these tests are not executed.

The disadvantage of Wang’s approach is increasing component size as a result of adding
test cases. To get rid of this issue, Hornstein and Elder in [43] introduced the
Component+ BIT approach that divides test cases from the component. The component
provider creates two types of components which are a BIT component and a test-
component. The first type is a component that has built-in testing capabilities while the
other type includes test cases interacts with BIT-component that has testing capabilities

through its interfaces.

Beydeda and Gruhn in [44] presented a self-testing approach for COTS components.
They recommend appending the test component with analysis functionality and testing
tools. Hence, the information that component integrator wants to produce test cases can

be encapsulated in the component, or it can be produced on request.

10



Orso et al. in [45] recommend that every software artifacts which is used for developing
component is considered metadata. These metadata should be delivered with the
component to increase component testability. These metadata are also useful in

conducting coverage analysis in component-based integration testing.

Wu et al. [46] suggest shipping a component UML models as metadata. These models
can be used to identify context-dependent relationships between the components that can

be useful for component-based integration testing.

Belli and Budnik [47] introduced a similar technique where they append the component
with UML state-charts model. They used model-based tools to extract test cases from
the UML state-charts. In this technique component integrator can perform coverage-
based execution of the model. But the component provider has to produce the model

every time the component is modified.

Counsill [48] suggested that a component should be certified by a third-party. In this
technique, an independent organization tests the quality of the component and provides

the test results along with the test environment to the component user.

Ma et al. [49] proposed a framework for third-party certification that consists of
following these steps:
1) The third-party provides guidelines to the component developer.

i1) The component developer produces a test package using these rules.

11



1) The third-party executes the test package and produces a test report.
One advantage of this approach is that it is performed by a neutral organization, and

hence the results are not biased.

Gao et al. [50] introduced a testable beans technique to improve component testability.
In this technique, the component developer implements testing interface (test interface)

and generates test cases in the form of clients.

Jabeen and Rehman [51] proposed an approach to test object-oriented components
where, the component integrator, the component supplier, and a third-party exchange
test information via descriptors. These descriptors include the component requirements.
A component descriptor is prepared by the component developer and fixes it to the
component. The component analyst specifies the requirement of a component in another
descriptor, the component requirement descriptor. The third-party creates test
information via the information in the component descriptor and the component

requirement descriptor.

Piel et al. [52] introduced the notion of virtual component in order to perform and
manage integration testing of a CBS organized in a data flows. This approach was
derived to the systems that present high availability requirements which make their
runtime evaluation necessary. This means that integration and system testing will have
to be performed at runtime as well. The basic idea is that every data flow to be tested

corresponds to one virtual component. So the inputs of the virtual components

12



correspond to the inputs of the data-flow and its outputs correspond to the outputs of the
data-flow. Thus, integration testing of data-flow is equivalent to unit testing the virtual

component.

2.4 Complexity Measures

To measure component complexity, reusability, and customizability of component; Cho
et al. [11] introduced a suite of metrics. This suite includes four metrics to measure
component complexity which is component cyclomatic complexity, component plain
complexity, component dynamic complexity, and component static complexity. These
metrics require the complexity analysis of each method and class. The metrics also need
the analysis of component's source code, to extract component cyclomatic complexity,

which is rarely available.

Narasimhan and Hendradjaya [12] extracted a suite of metrics from the component
interface definition language specification to measure component complexity and
criticality by deriving component packing density (CPD) and component interaction

density (CID) metrics.

Mahmood and Richard [13] proposed a structure complexity measure for a CBSS
depending on its components by considering the interaction properties, syntactic, and
semantic. They have defined three elements which are interface, constraints, and

interaction as main contribution to the CBSS complexity.
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Research indicates [14], [15], [21] that there is a correlation between the number of
faults found in a software component and its complexity measures. Goseva et al. in [21]
have used cyclomatic complexity to identify high-risk components and their connectors
to improve the quality of the product. The complexity measures are used to identify
possible faults in individual components and subsequently perform a risk assessment of
the system. However, to the best of our knowledge, none of the existing work
investigates the potential benefits of complexity measures during glue code testing of a

CBS.
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CHAPTER THREE

BACKGROUND

3.1 Overview

Component-based software comprises a collection of self-contained and loosely coupled
components that allow plug-and-play. The components may have been written in
different programming languages, executed on different operational platforms, and
distributed across geographic distances. Some components may be developed in-house,
while others may be third-party or commercial-off-the-shelf (COTS) components, with

the source code unavailable [23][39].

This chapter is organized as follows: Section 3.2 provides a unique engineering process
for developing component-based software. Section 3.3 gives details on the component-
based testing phases. Control flow testing and structural coverage criteria in Section 3.4.
In Section 3.5 we explore the structure complexity measures, glue code cyclomatic
complexity and component interface complexity. Finally, in section 3.6 we explore

parametric and nonparametric tests.

3.2 Component-Based Development Process

15



All software development projects follow two distinct processes at the same time. The
Management Process schedules work, plan deliveries, allocates resources, and monitor
progress. The Development Process creates working software from requirements. Today
the development process has to be subservient to the management process. This is
because the management process controls project risk, and risk control is rightly viewed
as paramount, even if the process is compromised as a result. The favoured management
process nowadays is one based on evaluation, where the software is delivered over a
number of development iterations, each refining and building on the one before. In this
section we focus on the development process but we don't cover the details of the
management processes. Figure 3.1 shows the overall development process. The boxes
represent phases and the thin arrows represent the flow of deliverables that carry
information between phases. Comparing the phases of Figure 3.1 to those found in the
traditional development process, the requirements, test, and deployment phases
correspond directly to those with the same names in the traditional development process.
The specification, provisioning and assembly phases replace the analysis, development,
and assembly phases [23][39]. For more details a complete case study for Hotel

Reservation System is available in Appendix A.

3.2.1 Requirement

In this phase we give a high-level system description and describe the business process
of the system. The business process description introduces a number of terms. The

business concept model is built to link these terms and other key terms to create a
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common vocabulary among the people involved in the business. Finally, use cases are

described in details in order to build the use cases model [23].
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Figure 3.1 Component-based development processes

3.2.2 Specification

Component specification phase includes three stages namely, component identification,

component interaction, and component specification. It takes as inputs the business

concept model and the use case diagram from the requirement phase and the main

outputs of this phase are components specifications, components architectures, and

components interfaces [23]. Figure 3.2 shows the specification stages and the activities

in each stage.
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Figure 3.2 Specification stages

3.1.2.1 Component Identification

The purpose of this stage is to create an initial set of interfaces and component

specifications, linked together into initial component architecture. It also generates an

important internal specification, the business type model, which is used later to create

interface information models [23].

3.1.2.2 Component Interaction

In component interaction, we decide how the components interact with each other to do

the required functionality. The existing interface definitions are refined in order to
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discover new interfaces and operations. UML collaboration diagrams are used to model
the components interactions. Component architecture and the system interfaces that are
extracted in component identification stage are used to model the interaction among
components. In this stage, we discover operations of the business interfaces by drawing
one or more collaboration diagrams for each operation in the system interfaces. At the
end of this stage, we end up with a list of business interfaces and system interfaces with

its operations signatures [23].

3.1.2.3 Component Specification

In components specification we specify all interfaces supported by components or the
interfaces that depends on. In this stage, we want to represent the state of the component
object on which the interface depends. Since each interface has an interface information
model, any changes to the state of the component object can be described in terms of this

information model [23].

3.2.3 Provisioning Phase

The provisioning phase ensures that the necessary components are made available, either
by building them from scratch, buying them from a third party, or reusing, integrating,
mining, or otherwise modifying an existing component or other software. The

provisioning phase also includes individual components testing prior to assembly [23].
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3.2.4 Assembly Phase

In the Assembly phase we take all components and put them together with existing
software assets and suitable graphical user interface to form an application that meets the

business needs [23].

3.3 Component-Based Testing Phases

Testing is essential in the development of any software system. It is required to assess a
system's functionality and quality of operation in its final environment. This is especially
of importance for system being assembled from any self-contained software
components. Basically testing is done to reveal faults and after detecting failures,
debugging techniques are applied to isolate and remove faults. Conventionally, the
development of complicated software constitutes three major testing phases: unit testing,
integration testing, and system testing [3] [39]. In CBS development, these traditional

testing phases must be adapted as shown in Figure 3.3.

B Cormponent
Unit Test [fr---F---%  Component Test Developer

Deployment Test

i Specification—based

Integration Test  p----F---3  Stand—alone Test

Component lntegration Component
Interactions Test User
System Test e it System Test

Figure 3.3 Component-Based testing process
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3.3.1 Component Testing

In component testing, component developer performs testing for each component in
isolation to check component functionality and uncover possible errors. Since source
code of components is available for component developers, this allows them to do
white-box testing for all components. In addition, they also conduct black-box testing to
make sure that right specifications are attached with the component. However,
component testing cannot address the component behavior when component is

assembled in new environment [39].

3.3.2 Component Integration Testing

Integration testing is defined by IEEE as “testing in which software components are
combined and tested to evaluate the interaction between them” [22]. Component,
whether integrated individually or with other components, requires integration testing.
Component integration testing is performed by a component consumer; its objective is to
validate the implementation of the components that will make up the final software. The
crucial problem is the lack of information for analysis of components. Integration testing
has always been a challenge especially if the system under test is large with subsystems
and interfaces. Several component integration-testing techniques have been proposed to
provide a solution for these issues [1][39]. In this section, we give an overview to some

of those techniques from the viewpoint of the component user.
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S. Beydeda at el [1] have categorized CB integration testing based on the information
that is provided by the component itself into five categories which are:

e Built-in Testing Approach.

e Testable Architecture Approach

e Metadata Approach

e Certification Strategy Approach

e Customer’s Specification-based Testing Approach.

3.3.2.1 Built-in Testing Approach.

In this approach component developers equip component with embed tests to support
self-testing. As a result, component user can run the embedded test cases in the final
environment to validate the hypotheses made by the component developer. The main
advantage of this approach is enhanced component testability. However, it has several

drawbacks such as: the huge memory required for testing and it ignores component user.

3.3.2.2 Testable Architecture Approach

The testable architecture approach is a special case of the Built-In-Test approach;
actually they share the same idea. The idea is that the component developer appends test
information in the specifications form rather than embedding them in the component.
This approach solves the memory consumption problem in BIT approach by separating

component source code from test specification. Also in this approach, component user
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participates in specifying testing requirements so component provider can define test
cases for component based on these specifications and this solves the second problem in

the BIT approaches.

3.3.2.3 Metadata Approach

The black box nature of the components and lack of component documentation are
considered as key problems that face CB testing. The objective behind the metadata
approach is to equip the component with extra information so as to increase the

component user’s analysis capability and to simplify testing for component consumers.

3.3.2.4 Certification strategy approach

Actually, component user is always mistrustful about the information provided by the
component developer until he executes the software component and checks the
outcomes. Hence, to increase the trust between component user and developer,
components can be certified before their reuse in CBS. Thus, a component should be
certified by a third-party. In third-party certification, an independent organization tests
the quality of the component and provides the test results, along with the test

environment, to the component user.

3.3.2.5 Customer’s specification-based testing approach
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All of the previous approaches reliance on some cooperation and trust between the
component developer and component user. In some approaches, component developer
provides component structure and/or behavior information to users; while in some
approaches producing component follows specific procedure. So user can depend on the
component behavior only when he executes the test cases that he has extracted on the
basis of the specifications of the component. In these techniques test cases are developed

on the basis of the component user’s specification and in the target environment.

3.3.3 System Testing

System testing is conducted by the component user when all components are perfectly
integrated and the whole software is ready to run. The purpose of system testing is to test
the whole system functionality and assess the performance of the entire system as a

black box. In additional, performance and load testing are performed.

3.4 Control-Flow Testing and Structural Coverage Criteria

Control Flow Testing is a form of White-box testing. It is a testing technique which
bases its tests on the structure of the code. In this technique source code of program is
converted to control flow graph then a proper testing coverage criteria is selected and
test cases are generated to satisfy testing coverage criteria.

Therefore, given a control flow graph, test cases can be generated accordingly and each

test corresponds to a path. Unfortunately, there could be an unlimited number of paths in
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a control flow graph, and we need guidelines to determine how to derive test cases, and
when to stop generating test cases. In testing, Test Requirement (TR) specifies things
that must be satisfied or covered during testing. Test Requirements is defined by a
collection of rules (Test Coverage Criterion). In this work we have three coverage
criteria which are node coverage criteria, edge coverage criteria, and Pair —edge

coverage criteria [26][27][28][29].

3.4.1 A node coverage criterion

A node coverage criterion requires that every statement (node) in the control flow graph
be executed at least once [26]. For example the control flow graph shown in the Figure
3.4 represents a function; create a task in Smart Office System (SOS). This function
receives both the number and date of the task and the following environmental variables
(temperature, humidity and lighting) in addition to the start time and the end time of this
task. Then the function scans the input data (temperature, humidity, and lighting) to
make sure that these inputs are numbers or not. As well as examine both the task date
and the start time and the end time of the task. Later the function checks whether there is
any conflict in the date and time of the beginning and the end of the task with any
previous tasks. According to the test result if there is any conflict, the process is

canceled and the user is notified and unless the system creates a new task
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Figure 3.4 Control flow graph of create new task function

If the test requirement goal is test each statement (node) in the program at least one time,

in this case we use the node coverage criteria. So, for this function we need only one test

case to cover all nodes. If we apply the test case shown in the Table 3.1 in the create

Task control flow graph, we see that all statements (nodes) are carried out and this is

satisfied the test requirement goal.

Task Task . e . Start End
number date Temperature | Humidity | Light Time Time
1 1/2/2010 27 70 90 1:0:0pm | 5:0:0 pm

Table 3.1 Test case of the create new task function

3.4.2 Edge coverage criterion
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An edge coverage criterion requires that every path (edge) in the control flow graph be
visited at least once [26]. To demonstrate this coverage criterion, we use the same
control flow graph for the function create task shown in Figure 3.4. In this criterion, the
test requirement goal is test each path in the control flow graph at least one time. It is
noted that there are 4 paths in this control flow graph ( (el,e2,e9), (el,e2,e3,e8),
(el,e2,e3,e4,e5,e0), (el,e2,e3,e4,e5,e7)); it means that we need 4 test cases to test this
function, according to this criterion. So, If we apply the test cases in the Table 3.2 in the
create task control flow graph, we observe that the first test case covers the path
(el,e2,e3,e4,e5,e6), while the second test case covers the path (el,e2,e3,e8) and the third

test case covers the path (el,e2,e9) and finally the fourth test case covers the path

(el,e2,e3,e4,e5,e7).

Task num | Task date | Temperature | Humidity | Light | Start Time | End Time
129 2/2/2010 25 70 90 8:0:0pm | 9:0:0 pm
1 89j 25 70 90 1:0:0 pm 5:0:0 pm
1 1/2/2010 6h 70 90 1:0:0pm | 5:0:0 pm
1 2/2/2010 25 70 90 6:0:0pm | 7:0:0 pm

Table 3.2 Test cases of the create new task function

3.4.3 Pair —Edge Coverage Criterion

A pair—edge coverage criterion requires that all pair-path in the control flow graph must
be executed at least once [26]. To illustrate this coverage criterion, we use the control
flow graph of the function equalizeEnviroment shown in the Figure 3.5. This function is
used to control the air condition and the humidifier in the office. The main inputs to this

function are current temperature, last temperature, current humidity, and last humidity.
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In the pair—edge coverage criterion, the test requirement goal is test each pair-edge in the
control flow graph at least one time. It is noted that there are 4 paths
((el,e2,e3,e4,e5,e6), (el,e2,e7,e8,e9,e10), (el,e2,e3,e4,e9,e10), and
(el,e2,e7,e8,e9,e10)) in this control flow graph. According to this criterion, we need four
test cases to test this function. The test cases shown in Table 3.3 can cover all pair edges
in this graph. The first test case covers the path el,e2,e3,e4,e5,e6, while the second test
case covers the path el,e2,e7,e8,e9,e10 and the third test case covers the path

el,e2,e3,e4,e9,e10 and the fourth test case covers the path el,e2,e7,e8,e9,e10.
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Figure 3.5 Control flow graph of equalize environment function

e e
ell

Current Temperature | Last Temperature | Current Humidity | Last Humidity
26 25 75 70
25 26 70 75
26 25 70 75
26 25 75 70

Table 3.3 Test cases of the equalize environment function
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3.5 Complexity Measures

In this work we have two measurements to measure the complexity of the glue-code
which are:
e Component interface complexity

e Glue-code cyclomatic complexity

3.5.1 Component Interface Complexity

Fundamental to a component is its interface which describes the functionality provided.
The interface defines the services provided by a component and acts as a basis for its use
and implementation. It is one of the primary sources for understanding a component and
often can be the only source available. An interface contains a set of operations that act
as access points for an interaction with the outside environment. However, it is
noteworthy that an interface is simply a collection of operations and only provides a
description of them. An operation specifies how inputs, outputs and a component’s state
relate and the effect of calling the operations on that relationship. Mahmood et al. in [13]
have developed a component interface complexity matrix based on the International
Function Point User Group (IFPUG). They selected the IFPUG version of function point
analysis (FPA) because it is an international standard and has been applied at design
specification phase. Based on the UML interface information model, interfaces are
classified as either internal logical file (ILF) or external input file (EIF). Interfaces that

have operations that change the attributes of other interfaces in the data exchange are
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classified as ILF. All the remaining interfaces are classified as EIF. Then ILF and EIF
are ranked based on the number of data element type (DET) and record element type
RET, using RET/DET metrics. Since RET is a user recognizable subgroup, they count
the number of operations (NO) in an interface. Similarly, DET is a unique user
recognizable field; they count the number of parameters (NP) in an interface. By
analogy with RET/DET metrics, they propose NO/NP complexity metrics that shows in

Table 3.4, to rank candidate interface

Ranked interfaces are assigned weights based on IFPUG standard weights as shown in

NP
NO 1-19 20-50 51+
1 Low Low Average
2-5 Low Average High
6+ Average High High

Table 3.4 NO/NP Complexity Metrics

Table 3.5.
Data Type | Low | Average High
ILF; —x7= | —x10=] —x15=
ELF; — x5= —x7= —x 10=

Table 3.5 Component interface complexity metrics

Let's go through this procedure to show how we can extract component interface
complexity based on these measures. Suppose we have D.H. Controller component that

has two interfaces IReadSensorValues and IEqualizeEnviroment as shown in Figure 3.6.

TEeadZensorWValues

[Equalize gmrirnment

Figure 3.6 Digital Home controller component

D.H. Controller
Component
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Each interface contains a set of operations for example [ReadSensorValue interface
includes these operations:

getTemperaturenow(Out temp_Value int)
getHumiditynow (Out humid_Value int)
getLightnow (Out light_Value int)
getappliaStatenow (Out State boolean)

O O0O0OOo

and [EqualizeEnviroment interface comprises these operations:

adjustControllers (in enviro_para TaskDetials, out enviro TaskDetials )
setTemperature (in temp_Value int)

setHumidity (in humid_Value int)

setLight (in light_Value int)

setappliaState (in State boolean)

O O0OO0OO0O0

In the first step we determine the complexity of the interfaces. Component interface
complexity is measured by applying this equation:

Interface complexity = number of operation / number of parameters ...... Equation (3.1)
IReadSensorValue interface contains 4 operations and 4 parameters. Then based on
Table 3.4 we give this interface a Low complexity as the number of operations is
between 2 and 5 and the number of parameters is between 1 and 19.

However, the complexity of [EqualizeEnviroment interface is 5/21, 5 operations and 21
parameters. So we give this interface an average complexity. In the second phase we
give a weight to each interface based on the metrics shown in Table 3.5. Based on the
IFPUG interfaces are classified into two types ILF and EIF. [ReadSensorValue interface
is classified as EIF and IEqualizeEnviroment interface is classified as ILF because it
contains operation (adjustControllers) that changes the attributes of other interfaces in

the data exchange. Based on Table 3.5 we can now give the interfaces' weights. Since
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IReadSensorValue has Low complexity and it is classified as ELF we give it 5 while
[EqualizeEnviroment interface gets 10 because its complexity is an average and it is
classified as ILF. We use these steps to extract the complexity of all components'

interfaces that involved in system.

3.5.2 Glue-Code Cyclomatic Complexity

Conditional complexity or cyclomatic complexity is software metric used to measures
the amount of decision logic in a single software module [26]. The source code of the
program is converted into a control flow graph as shown in Figure 3.7.

Start

FPublic Boolean Check Task (Date Task Data){
If(Task Data! Bull{

Indictor= Fetrieve Task For That Date,

i Indictor==tre}{ s (Date Mot Mullj]
Diisplay data; . Ha Ves

Eeturn Tre
} | Indictor=Retrieve Tasks For Thatdate |

Elze retum falze
1 s{indictor = Trel]

Mo ez

< Display 1
b
'

Figure 3.7 Source code converted into control flow graph

The cyclomatic complexity is measures by this equation:
Then Cyclomatic complexity =E-N+2 ......ccoccoiiiiiiiiinnnn Equation (3.2)

Where E = the number of edges in the graph.
N = the number of nodes in the graph.

In literature, K. Goseva et al have introduced a model to measure component complexity

similar to McCabe's cyclomatic complexity. But rather than use the source code control
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flow graph they used the UML state charts. The state chart of each component has a
number of states (s) and transition (t) between these states that describe the dynamic
behavior of the component. Therefore, component complexity was defined as CC=t-s+2,
where t is the number of transitions and s is the number of states.

In this work we extract cyclomatic complexity for glue-code operations by using C and

C++ Code Counter ‘CCCC’ tool.

3.5.3 Example

To illustrate the work we are going to give a simple example to show the whole picture.
Suppose we have a system contains three components namely component A, component
B, and component C. Each component has a set of interfaces for example component A
has two interfaces IA1 and A2 and component B also has two interfaces IB1 and IB2

while the component C has three interfaces IC1, IC2, and IC3 as shown in Figure 3.8.

Component C

1C1 ICQJ)

Component B
Component A P

Glue-Code

Figure 3.8 System with three components and glue-code
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In addition, suppose we have already computed the interfaces complexity of all
components as shown in Table 3.6 and we have used CCCC tool to extract the

cyclomatic complexity of glue-code operations.

Component Interface Complexity
Component Name Component interface | Interface Complexity
Component A IA1 10
Component A 1A2 5
Component B 1B1 15
Component B 1B2 10
Component C IC1 7
Component C IC2 7
Component C 1C3 15

Table 3.6 Components interfaces complexity

Let's now take a simple glue-code operation and compute its complexity. Figure 3.9
shows the source code of the glue-code Operationl.
Operation complexity is computed by this equation:

Operation cyclomatic complexity + interfaces complexity that are used in the operation.

Public int Operationl (hant d, float =) |
Int temp_noew=—LA 1 gettemp ()
If (ternp now=26 and temp_now==213{
I3 adjustdircon}
Elze {
B2 madifierOpen ()

13

Figure 3.9 Source code of one glue-code operation

It is noted that there are three interfaces invoked in this operation which are 1A1, IC3,

and IB2. The complexities of these interfaces can be obtained from Table 3.6 (IA1=10,
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IC3=15, and IB2=10). It is clear that the cyclomatic complexity of this operation is 2. So

the complexity of this operation is 2 +10+15+10=37.

We apply these steps for each operation in the glue-code. Table 3.7 shows the

complexity of each glue-code operation.

Glue-Code Operations Complexity
Operation Name Operation complexity

Operation 1 2+10+15+10=37
Operation 2 20
Operation 3 68

Table 3.7 Glue-code operations complexity

After the completion of calculating the complexity of each operation in the glue-code,

we find the average complexity and the standard deviation. In this work we have

proposed the following set of rules in order to select a suitable testing coverage criteria

based on the operation complexity Figure 3.10 shows when the rules are applied.

Rule 1: Apply node coverage criteria for operation that have a complexity lower than
Average — standard deviation.

Rule 2: Apply edge coverage criteria for operations that have a complexity between
Average - standard deviation and average + standard deviation.

Rule 3: Apply pair edge coverage for operations that have a complexity greater than

Average + standard deviation.
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Average - 5.0, Averadge Average + SD.

Fule 1 Rule 2 Fule 3

Figure 3.10 Rules that are applied in testing

Table 3.8 shows all glue-code operations and the appropriate test coverage.

Testing Rules
Operation Name Testing Rule
Operation | Rule 2
Operation 2 Rule 3
Operation 3 Rule 1
Operation 4 Rule 2
Operation 5 Rule 2
Operation 6 Rule 3

Table 3.8 Testing glue-code operations and rules.

3.6 Parametric and Non-Parametric Test

3.6.1 Parametric Test

Parametric tests are conventional statistical procedures. In this test a sample statistic is
obtained to compute the population parameter. Since this computation process includes a
sample, a sampling distribution, and a population, certain parametric considerations are
needed to ensure all components are compatible with each other [61]. Such as, there are

three assumptions in Analysis of Variance (ANOVA) test which are:

e Observations are independent.

o The sample data have a normal distribution.
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e Scores in different groups have homogeneous variances.

Examples of non-parametric tests are:
o t-test
e paired t-test
e Chi-square
e 1-Way Anova
e Pearson'sr

e Factorial Anova

In the next part we will explain one parametric test which is t-test.

3.6.1.1 T-Test

The t-test estimates whether the means of two groups are statistically different from each
other. The t-tests are based on the assumption that the data population is normally
distributed [61]. Therefore, before we proceed with a t-test it is important to made a
good estimate of our data's distribution, e.g. with Anderson-Darling test or
Kolomogorov-Smirnov test. T-test also supposes that both groups share a common
variance. So to check this assumption there are tests for example Bartlett's test or
Levene's test. If the data do not conform to a normal distribution or don't share a
common variance, the t-test will not produce reliable results and non-parametric tests are

preferred.

37



Equation 5.1 shows how t-test is computed. The top part is the difference between the
two means of the groups. The bottom part is a measure of the variability or dispersion of
the scores.

t — test = i .
SE(Xp—Kp) e Equation (5.1)

As shown in the equation 5.1 the top part could be found easily (the difference between
the means) while the bottom part is called the standard error of the difference. To
calculate the standard error of the difference, we take the variance for each group and
divide it by the number of subjects in that group. Then we add these two values and take
their square root as shown in the Equation 5.2.

SE(Rr—T,) = IIW ................... Equation (5.2)
\

My 1,

The final equation for the t-test is shown below in Equation 5.3:

t— test =

— . Equation (5.3)
I' vary var,

J i,

If the first mean is larger than the second the t-value will be positive and negative if it is
smaller. Once we calculate the t-value we have to look it up in a table of significance to
check whether the difference is large enough to say that the difference between the

groups is not likely to have been a chance finding.

3.6.2 Non-Parametric Tests
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Non-parametric tests have an advantage over the parametric tests as they are
independent of the underlying distribution of the data population [61]. In situations
where the normality of the population(s) is expect or the sample sizes are so small that
checking normality is not really practicable; it is sometimes preferable to use
nonparametric tests to make inferences about average value. Examples of non-

parametric tests are:

e Wilcoxon signed rank test
e Whitney-Mann-UTest
o Kruskal-Wallis (KW) test

e Friedman's test

In the next part we will explain one non-parametric test which is Mann-Whitney Test.

3.6.2.1 Mann-Whitney Test

The Mann-Whitney test is used in experiments in which there are two conditions and
different subjects have been used in each condition, but the assumptions of parametric
tests are not required [61]. Mann-Whitney test is an alternative to the independent group
t-test, when the assumption of normality or equality of variance is not met. This, like
many non-parametric tests, uses the ranks of the data rather than their raw values to
calculate the statistic. Since this test does not make a distribution assumption, it is not as

powerful as the t-test. To compute this test we follow these steps:
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Step 1: Rank data (taking both groups together) giving rank 1 to the lowest
score, and so on.

Step 2: Find the sum of the ranks for the smaller sample- A in the example
opposite- (if both samples are the same size, find the sum of the ranks of sample

A). Call this T.
A"\'TA (1"‘."[_1"' l) _
2

Step 3: Find U = NyNp + T

Where NA is the number of scores in the smaller samples (or, if both samples are
the same size, the sample whose ranks were totaled to find T).

Step4: Find ' = NN, — U

Step S: Look up the smaller of U and U' in the probability table. There is
significant difference if the observed value is equal to or less than the probability

table.

Step 6: Translate the result of the test back in terms of the experiment.
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CHAPTER FOUR

EXPERIMENT SETTING

4.1 Experiment Definition

The general question of this study is analysing the effect produced by structure
complexity measures on the defect detection effectiveness and effort in CB integration
testing. Another important aspect is to investigate the impact of subjects experience and
complexity measures on testing process. Based on this, three controlled experiments are
conducted to analyze the above research question. In all experiments we use the same

experiment design, procedure, and materials. Table 4.1 gives a brief overview of the

most important elements of the experimentation.

Goal

Context
Null
hypotheses

Main factor

Dependent
variables

Analysing the effect produced by structure complexity measures
on the defect detection effectiveness and effort in CB integration
testing.
Academic environment.

(1) Complexity measures don't affect defect detection rate.

(2) Complexity measures don't affect subjects’ effort.

(3) Subject experience with complexity measures don't impact

defect detection effectiveness.

Types of instruments used: three CBS (LMS, HRS, and SOS),
systems specification with complexity measures vs. systems
specification without complexity measures.
Defect detection effectiveness, time required for testing

Table 4.1 Experimental design overview
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4.2 Experiment context

Three distinct controlled experiments are conducted in an academic context. These
experiments take place at King Fahd University of Petroleum and Minerals (KFUPM) in

the Information and Computer Science department (ICS).

4.3 Hypothesis definition

Our experiments have one independent variable (the use of complexity measures) and
two treatments (system description with complexity measures, and system description
without complexity measures). The experiments have two dependent variables which are
subject defect detection effectiveness and time needed for testing (effort). On the other
hand, we investigate the impact of the subjects' experience on the defect detection
effectiveness.

The null hypothesis for testing the effect of complexity measures on our dependent

variables are as follow:
— Hoz1: There is no difference in defect detection effectiveness of subjects

who use complexity measures as compared to subjects who don’t use

complexity measures.
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Ho2: There is no difference in time spent on testing of subject who use
complexity measures as compare to subject who don’t use complexity

measures.

Hos: There is no significant difference in defect detection effectiveness of
experienced subjects used complexity measures as compared to

inexperienced subjects that use complexity measures.

While the alternative hypotheses are:

Hi: There is difference in defect detection effectiveness of subjects who
use complexity measures number as compared to subjects who don’t use

complexity measures.

H,: There is difference in time spent on testing of subject who use
complexity measures as compare to subject who don’t use complexity

measures.

Hs: There is significant difference in defect detection effectiveness of

experienced subjects who use complexity measures as compared to

inexperienced subjects who use complexity measures.
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Null hypotheses Ho; and Hy, are two-tailed. Ideally, complexity measures should
improve the glue-code testing performance since these numbers guide subjects during
testing. Even so, they might confuse the subjects making the testing harder. For this
reason, Hy; is two-tailed. Nothing can be said on subjects effort (time) during testing,

that can be either increased or reduced when complexity measures is used.

Our research model is shown in Figure 4.1. This model shows our independent variable,

dependent variables.

. A H1-Null,
System description with | 1, _Ny]

complexity measures Time H, Contro
P Experience
1A A
. Defects
System description
without HyH,

complexity measures

Figure 4.1 Research model

4.4 Subject Selection

The experiments incorporated a total of 37 subjects. These experiments have 15, 10, and
12 subjects, respectively. Third and fourth year software engineering students, master
and doctoral students in the information and computer science department are

participated in these experiments. Table 4.2 shows subjects’ details in each experiment.
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They already have a firm ground in many aspects of computer science also they have
previously taken different numbers and types of courses in computer science, software
engineering domain and all of them had experience from a previous software
engineering courses in software testing.

The subjects’ experiences are captured by a pre-questionnaire, before the experiments.
The collected data shows that all subjects at least take two courses in software
engineering. In addition, there are 15 subjects who have an industrial experience in
software development ranging from 1 year to 3 years. These data allow us to manage

subjects' abilities during the experiments.

Level of Subject | Experiment 1 | Experiment 2 | Experiment 3 | Total
Doctoral 5 1 - 6
Master 9 6 2 17
Bachelor 1 3 10 14
Total 15 10 12 37

Table 4.2 Levels of subjects

4.5 Preparation and Training

Since our subjects already have a firm ground in many aspects of computer science and
all of them had experience from a previous software engineering courses in software
testing, we conduct a presentation to refresh student’s understanding of testing coverage
criteria (node coverage, edge coverage, and pair edge coverage) and to show them how
to extract test cases from control flow diagrams. In addition, we show them how we can
extract complexity measures for glue-code operation. After that we do a demo with the

Smart Office System (SOS) to show them how to use complexity measures when they

45



test systems and how to fill and describe the detected faults. Finally, we give them a
general overview about systems tested namely, Hotel Reservation System (HRS) and

Library Management System (LMS) to assist them during testing.

4.6 Experiment Material

Three distinct systems are involved in these experiments: a Hotel Reservation System
(HRS), a Library Management System (LMS), and a Smart Office System (SOS). These
systems are adopted from [23], [24], and [25].

The HRS allows guests to make reservations in any hotel in the chain. Also it helps them
to looking for room in different hotels in a certain date; and it allows them to confirm or
cancelling their reservation. In addition it allows hotel chain management to do various
operations such as add new hotel, add rooms to the hotel and all operations that
manipulate hotels and rooms data.

The LMS helps a library employee to manage the loan of items. Members can search for
items, borrow items, return items or renew items (i.e., extend a current loan). There are
two types of loan items; journal and book. A member may borrow up to a maximum of 5
items. An item can be borrowed, or renewed to extend a current loan. Each of these
activity has a cost in S.R. (borrow a book cost 10 S.R. while a journal only 5 S.R.; if the
member performs at least 3 operations — i.e., borrow and/or renew in the same day, he
receives a discount of 7 S.R.). The library system must support the facility for an item to

be searched and for updating the items and members.
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The SOS allows any ready computer to control an office’s environment parameters
(temperature, humidity, lights and the state of small appliances (e.g. refrigerator, TV,
printers etc.)). It is equipped with various environment sensors (temperature sensor,
light sensor, humidity sensor, power sensor, etc.) and controller devices such as Air-
Condition, Humidifier, etc.... The network connection will be used to connect sensors
and allows the system to manage devices. This system allows user to control office
environment by applying profile for specified date. Each profile contains the
environment parameters for one day. However user can mange the system manually by
providing the system the environment parameters and it changes office environment

based on the entered values.

HRS and LMS are used in the experiment while SOS is used in the training. Each
system is enhanced with a high-level textual description of system objectives and control
flow diagrams for glue-code operations in order to help subjects to understand how glue-
code operations work and to make test case extraction easier. In addition to systems
description and control flow diagrams each glue-code operation is assigned a complexity
number. This number tells subject which coverage criteria he should use to test the
operation. See Appendix B for more details about system description and control flow

graph for glue code operation and its complexity numbers.

HRS contains 32 faults while LMS contains 31 faults. The injected faults are randomly

seeded during the actual development of the systems by another specialist to avoid any
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bias in the experiments setting. These systems are built from scratch based on CBD

process [23]. Table 4.3 provides relevant metrics for the LMS and HRS.

Metrics LMS | HRS
Number of Components 4 4
Number of ILF Interfaces 4 4
Number of EIF Interfaces 4 3
Number of Low complexity interfaces 3 3
Number of Average complexity interfaces 3 3
Number of High complexity interfaces 2 |
Number of operations in Interfaces 40 31
Number of Glue-code operations 18 15
Number of Faults 31 32
Number of LOC (glue-code) 2826 | 3254
Number of High complexity operations 3 4
Number of Average complexity operations 11 8
Number of Low complexity operations 4 3
McCabe's Cyclomatic Number 119 | 189

Table 4.3 Metrics details of the LMS and HRS
In addition to the systems and their documentations, we adopt a faults collection form
and two questionnaires (pre-questionnaire and post-questionnaire) from [53]. The pre-
questionnaire aim at collecting subjects experiences. It composes five questions related
to subject experience and its abilities. Each subject must compile them before one day of
his participation. This allows us to collect subjects experience and then assigns subjects
into groups based on the collected data. After the experiment, we ask the subjects to fill
a feedback questionnaire (post- questionnaire). This questionnaire aims to gather
subjective information about validating the internal validity of our experiment. Question
1 through question 7 are targeted the availability of sufficient time to end the testing, the
simplicity of the system description and application, and the ability of subjects to

understand them. Finally, the last question is devoted to evaluate the perceived
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usefulness of complexity measures. The post- questionnaire details are available in

Appendix C.

4.7 Experiment design

Since our lab session last 4-hours, we select a very simple design which is one factor
with two treatments [54] [55]. The reasons behind adopt this design are:
e FEach subject will practice with both treatments of the main factor.

e This design can be used when a limited time slot is available for the experiment.

[53]

In these experiments we have two objects and two treatments. The objects are HRS and

LMS, and the treatments are the following:

+ System description with complexity measures.

- System description without complexity measures.

In our experiments, we use the concept of blocking to mitigate the effect of individuals
and groups abilities. By analogy with [56], [57], the assigning of subjects is based on the
number of the software engineering courses taken by the subjects, and the number of
industrial experience years of subjects (collected before the experiments, pre-

questioner). As a result, two groups are considered as shown in Table 4.4.
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In Experiment 1, there are 6 subjects in the first group (have industrial experience) and
in the second group 9 subjects (have taken different courses in software engineering). In
Experiment 2, there are 4 subjects in the first group whereas 6 subjects are in the other
group. However, in Experiment 3, there are also 5 subjects in the first group while 7
subjects are in the second group. The subjects in each group are randomly split into two
groups (Red and Yellow), receiving the combination of treatments shown in Table 4.4.
The effect of subjects and group abilities are mitigated by allowing subjects to test

another application but this time using the alternative approach.

Group 1 Group 2
Experiment 1 6 9
Experiment 2 4 6
Experiment 3 5 7

Table 4.4 Number of subjects in each group in the experiments

Our experiment design is ordered as two modules. In the first module, the first 45
minutes is utilized to present a brief presentation about testing coverage criteria concepts
and CBS complexity concepts. The second module of the session is two exercises (one
hour and half each) that form the experiment. In the first exercise, the Red group test
LMS (with complexity measures) and the Yellow group test the same application (but
without complexity measures). There is fifteen minutes break between the exercises. In
the other exercise, subjects in groups are swapped that means subjects who are in Red
group became on the Yellow group and vice versa.

For each exercise, each subject work separately on each of the two systems, using

complexity measures in one case and without complexity measures in the other case.
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Collaboration among subjects and swap of information are prevented and individual

work could simply be monitored because testing was conducted in a laboratory setting.

4.8 Measurements

In these experiments we investigate two dependent variables which are the subject
defect detection effectiveness and the effort.

Subject defect detection effectiveness refers to the number of defects reported by subject
(defects that have been injected by specialist).

The time needed for testing system for each subject is measured by this equation:

Subject Time ;|

= ZTime Re quiredForTesting(Operation,)
i=l

Where n is the number of operations, m is the number of subjects, and Operation; is the
time that subject spend to test operation i. Subject have to state the start and the end time
for each exercise and to be more precise we ask them to state the time that they consume
in testing each operation in the system.

Subject experience is measured by the number of industrial experience years in the

software development area. Table 4.5 gives description for each measure.

Dependent variable Measurement
Defect detection effectiveness Number of defects reported by subject
Time

ZTimeRe quiredForTesting(Operation, )

i=1

Experience Years of industrial experience

Table 4.5 Dependents variables and its measures
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CHAPTER FIVE

RESULT ANALYSIS and DISCUSSION

This chapter reports the analysis of the experiments described previously in Chapter 4.
Overall 37 subjects take part to the experimentations. Two types of data are collected
during these experiments, time data and defect data. Time data shows how much time
each subject spent during testing. Whereas, the defect data shows the number of defects
are detected by the subject. As part of our analysis we assume that hypothesis testing
significance level is 0.05 (a = 0.05). A box-plot graph is used to illustrate the analysis
results for the Red and Yellow groups (with complexity measures and without

complexity measures).

5.1 Defect Detection Effectiveness

To measure the effectiveness of complexity measures in detecting faults; we compare
the number of faults find by subjects who are in the Red group (with complexity) and
the subjects who are in the Yellow groups (without complexity).

The descriptive statistics are shown in Tables 5.1, 5.2, and 5.3. In Figure 5.1, the box-
plot summaries the data collected from the first exercise (LMS). While Figure 5.2 shows
the box-plot that presents the data collected from the second exercise (HRS). Figure 5.3

shows the box-plot that summaries the overall data collected for both exercises.

52



The mean defect detection effectiveness for the Red and Yellow groups in the first

exercise (LMS) is 15.17 and 13.11 respectively as shown in Table 5.1.

Exercise 1 (LMS)

Treatment I .

of Min | Med | Max | Mean | SD
Subjects
Red Group 18 11 15 | 23 | 15.17|2.77
Yellow Group 19 7 13 16 | 13.11 |2.36
Table 5.1 Descriptive statistics of defect detection effectiveness for the first exercise
(LMS)

In Table 5.2 we can also observe the same results in the second exercise (HRS); the

mean of defect detection effectiveness for these groups is 14.68 and 12.89 respectively.

Exercise 2 (HRS)

Treatment Num‘per @it Min | Med | Max | Mean | SD
Subjects
Red Group 19 10 | 15 19 | 14.68 | 2.5
Yellow Group 18 8 13 17 [ 1289 24
Table 5.2 Descriptive statistics of defect detection effectiveness for the second exercise
(HRS)

The overall data for both exercises are shown in Table 5.3; the mean of the Red and

Yellow groups is 14.92 and 13.03 respectively.

Both Exercise
Treatment I .
of Min | Med | Max | Mean SD
Subjects
Red Group 37 10 | 15 | 23 | 1492 ] 2.61
Yellow Group 37 7 13 17 113.03 ] 233
Table 5.3 Descriptive statistics of defect detection effectiveness for both systems (LMS

& HRS).

Parametric (t-test) and non-parametric (Mann-Whitney U-test) tests are used to test the

first null hypothesis (Hoi). The results indicate that the null hypothesis Hy; can be
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rejected because p-values of the t-test and Mann-Whiteny U-test are 0.02 and 0.04 (p-
value<0.05) for the first exercise (LMS). Furthermore, the p-values of the second
exercise (HRS) are 0.03 for t-test and 0.03 for Mann-Whiteny U-test which also means

the null hypotheses Hoi can be rejected (p-value<0.05).

Murmber of Faults
=

*

Eed group Yellow group
(With Complexity Measures) (Without Complezity IMeasures)

Figure 5.1 defect detection effectiveness for LMS
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Figure 5.2 Defect detection effectiveness for HRS.
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Figure 5.3 Defect Detection Effectiveness for both LMS and HRS
In other words, it is statistically significant that subjects who use complexity measures in

testing detect more faults than subjects who do not use complexity measures in testing.

5.2 Time Required for Testing

We also compare the time spent on testing of subjects who are in the Red group and the
Yellow group.

The descriptive statistics of the time spent on systems testing, are shown in Tables 5.4,
5.5, and 5.6. In Figure 5.4, the box-plot summaries the data collected during the first
exercise (LMS). While Figure 5.5 shows the box-plot that presents the data collected
during the second exercise (HRS). Figure 5.6 shows the box-plot that presents the
overall data collected for both exercises.

Table 5.4 and Figure 5.4 show the mean time that is required for testing in the first

exercise (LMS) which is 70.78 for the Red group and 70.58 for the Yellow group.
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Exercise 1 (LMS)
Treatment Nl .
of Min | Med | Max | Mean | SD
Subjects
Red Group 18 64 | 70 | 78 | 70.78 | 3.92
Yellow Group 19 68 | 70 | 75 ]70.58 ]2.01

Table 5.4 Descriptive statistics of subjects effort (time requried for testing) for the first
exercise (LMS)

The same observation is noticed in the seconded exercise (HRS) as shown in Table 5.5
and Figure 5.5. No significant difference is visible in the effort spent in testing between

subjects in both groups; the means are 69.79 and 69.33 respectively.

Exercise 2 (HRS)
A Numl?er ait Min | Med | Max | Mean | SD
Subjects
Red Group 19 65 | 69 | 75 |69.79 | 3.16
Yellow Group 18 65 | 69 | 74 |69.33 |3.01

Table5.5 Descriptive statistics of subject's effort (time required for testing) for the
second exercise (HRS)

Table 5.6 and Figure 5.6 show the overall data for time in both exercises and it confirms
that no significant difference is noticed between the two groups, the mean of the Red

and Yellow groups is 70.27 and 69.97.

Both Exercise
Treatment Num‘per o Min | Med | Max | Mean | SD
Subjects
Red Group 37 64 | 70 | 78 |70.27 | 3.53
Yellow Group 37 65 | 70 | 75 169.97 | 2.59
Table5.6 Descriptive statistics of subjects effort (time required for testing) for both
exercises

Since data distribution for time, for both systems, is not normal (Anderson-darling p-

value =0.03), we test the Null hypothesis Hyp, by using a non-parametric test (Mann-
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Whitney U-test). The results show that the hypothesis Hy, can't be rejected because the
p-value of the Mann-Whitney U-test for the first exercise (LMS) is 0.99 (p-value >0.05)

and the p-value of the Mann-Whitney U-test for the second exercise (HRS) is 0.59 (p-

value >0.05).
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Figure 5.4 Time required for testing LMS
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Figure 5.5 Time required for testing for HRS
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Figure 5.6 the time required for Testing LMS and HRS

In other words, There is no statistical significant difference in the time required for
system testing between subjects who use complexity measures (Red group) and those

who don't use complexity measures (Yellow group).

5.3 Impact of Subjects Experience and Complexity Measures

on Defect Detection Effectiveness

In this section, we investigate the impact of subject's experience and the complexity
measures on the defect detection effectiveness. We compare the defect detection
effectiveness of experienced subjects that have used complexity measures with
inexperienced subjects that have also used complexity measures during testing (Red
group). The descriptive statistics of this case are shown in Tables 5.7, Table 5.8, and

Table 5.9. Figures 5.7, Figure 5.8, and Figure 5.9 show the box-plots that summaries the
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data collected from the first exercise (LMS), the second exercise (HRS), as well as the
combined data of the both exercises.

The mean of detecting faults for experienced and inexperienced subjects in the first
exercise (LMS) is 15.75 and 14.7 respectively as shown in Table 5.7. It is evident that
no significant difference is visible for the defect detection effectiveness between

experienced subjects and inexperienced subjects.

Exercise 1 (LMS)
Treatment Numl?er ait Min | Med | Max | Mean | SD
Subjects
Experience subjects 8 11 15 | 23 |15.75] 3.69
Inexperience subjects 10 11 15 17 | 14.7 | 1.83

Table 5.7 Descriptive statistics of subjects (experienced & inexperinced) with
complexity measures for LMS.

Figure 5.8 and Table 5.8 show the descriptive statistics of the second exercise (HRS);
the mean of defect detection effectiveness for experienced subjects and inexperienced

subjects is 15.57 and 14.17 respectively.

Exercise2 (HRS)
Treatment Numl?er ut Min | Med | Max | Mean | SD
Subjects
Experience subjects 7 11 17 19 | 1557 | 3.21
Inexperience subjects 12 10 | 14 17 | 14.17 | 1.95

Table 5.8 Descriptive statistics of subjects (experienced & inexperinced) with
complexity measures for HRS.

The mean of the overall data for experienced subjects and inexperienced subject is 15.67

and 14.41 respectively as shown in Table 5.9 and Figure 5.9.
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Both Exercise
Treatment Numl?er ait Min | Med | Max | Mean | SD
Subjects
Experience subjects 15 11 16 | 23 |15.67| 3.35
Inexperience subjects 22 10 | 15 17 | 14.41 | 1.87

Table 5.9 Descriptive statistics of subjects (experienced & inexperinced) with
complexity measures for LMS & HRS.

To test the third null hypothesis Hys t-test is used and the results indicate that Hys can't
be rejected as the p-value for the first exercise (LMS) is 0.5 and the p-value for the
second exercise (HRS) is 0.32.

In other words, it is not statistically significant that experienced subjects who use
complexity measures in testing detect more faults than inexperienced subjects who have

used complexity measures in testing.
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Figure 5.7 Impact of subjects experience and complexity measures on defect detection
effectiveness in the first exercise (LMS)
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Figure 5.8 Impact of subjects experience and complexity measures on defect detection
effectiveness in the second exercise (HRS)
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Figure 5.9 Impact of subjects experience and complexity measures on defect detection
effectiveness for both LMS and HRS.

5.4 Complexity Measures and Defect Types

Instead of just investigating the effectiveness of complexity measures in CB integration

testing (Glue-code testing), we examine the type of faults found. In this work 31 and 32
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faults are seeded in the experiments' objects (LMS and HRS). These faults are classified

into three types which are logical error, omission error, and computational error as

shown in Table 5.10.

Logical error | Omission error | Computational error
LMS 14 16 1
HRS 15 14 3

Table 5.10 Types of faults seeded in the systems

Figures 5.10 and 5.11 are frequency diagrams showing the number of subjects that found
each fault respectively in the LMS and HRS. With respect to the 31 faults of the LMS,
almost 1 fault is found by all subjects, 12 faults by at least one half of the subjects, and 6
faults are not found by any subject. For the HRS, no faults are found by all subjects, just

14 defects by at least one half of the subjects, and 5 faults are not found by any subject.
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Figure 5.10 Numbers of subjects that found each LMS fault during testing
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Figure 5.11 Number of subjects that found each HRS defect during testing
As mentioned previously, the faults that have been injected in the systems (LMS and
HRS) are classified into three types, logical faults, omission faults and computational
faults. We concentrate on the logical and the omission faults because the number of

computational errors is small.

5.4.1 Result Analysis for Logical Faults

The first exercise (LMS) includes 14 logical errors and the second exercise includes 15
logical faults. Figures 5.12 and 13 are frequency diagrams showing the number of
subjects that found each logical fault in the LMS and HRS. In general, the most
important thing on these charts is that subjects in the Red group detected more logical
errors than subjects who are in the Yellow group, except fault number 10 in the LMS
and fault number 5 in the HRS because subjects used the rule 1 (node coverage criteria)

to test the operations that contain those faults. It is clear that the subjects who used the
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structure complexity measures are able to discover many logical faults. This indicates

the effectiveness of a structure complexity measures in the discovery of logical faults

M Eed Group
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Figure 5.12 logical faults detected by subjects in the first exercise (LMS)
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Figure 3.13 logical faults detected by subjects in the second exercise (HRS)

5.4.2 Result Analysis for Omission Faults
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The first exercise (LMS) includes 16 omission faults while the second exercise (HRS)
includes 14 omission faults. Figures 5.14 and 5.15 are frequency diagrams showing the
number of subjects that found each omission fault respectively in the LMS and HRS. In
Figure 3.14 we can see that subjects who didn't use complexity measures discover more
omission faults than subjects who use complexity measures except faults number 14, 20,
and 25 because subjects in the red group used the third rule (pair-Edge converge) to test
the operations that include these faults. However, in the second exercise subjects that use
complexity measures detect more omission faults than subjects in the other group except
faults number 12, 13, and 30 because subjects that use complexity measures use the first
rule (node coverage) and the second rule (edge coverage) to test the operations that

include those faults.
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Figure 3.14 faults detected by subjects in the first exercise (LMS).
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Figure 3.15 omission faults detected by subjects in the second exercise (LMS).

5.5 Debriefing questionnaire

The experiment has another source of data for analysis that is the post-questionnaire
compiled by subjects after the experiments. The post-questionnaire is available in the
Appendix C. Likert scale is used to rate the results; the first question through the six
question are rated as follows: 5: strongly agree; 4: agree; 3: not certain; 2: disagree; 1:
strongly disagree. While the last question number seven is rated in this way: 5: very

much; 4: enough; 3: undecided; 2: little; 1: definitely not.

ID Question Mean | Max | Min | SD
Q1 | I had sufficient time to do testing 3.64 5 1 11.03
Q2 | The purpose of the exercises were clear to me 4.14 5 2 10.76
Q3 | The description of the systems were unambiguous 4.42 5 4 10.50
Q4 | The Control Flow Diagrams were clear to me 5.71 5 4 1046
Q5 | I experienced no difficulty in reading/understanding the | 4.57 5 4 10.50

Control Flow Diagrams

Q6 | I experienced no difficulty in reading/understanding the | 3.92 5 3 1047
complexity numbers

Q7 | Did you find complexity (when available) useful in 4.1 5 3 1077
testing?

Table 5.11 Post-questionnaire data analysis
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Table 5.11 summarizes the data collected from subjects' post-questionnaires. As we can
see the answers to question 1 to question 6 confirmed that the subjects are able to
understand the material provided within the time dedicated for the experiments (mean
between not certain and agree for the first question) . Finally, we can observe (Q 7) that
subjects deemed the structure complexity measures as a useful guideline during CBS

integration testing (mean between enough and very much).

5.6 Threat to Validity

As any empirical study, these experiments exhibit a number of threats to internal
validity, conclusion, construct, and external validity. In this section, we discuss the
threats to the validity that can affect these experiments.

Internal validity

Internal validity investigates whether the study may be distorted by influences that
impact dependent variables without the research's knowledge. This possibility should be
minimized. The following such threats are considered:

e Subject selection effects that may happen as a result of deviation in the
performance of subjects. This is minimised by creating equal ability groups as
discussed in Section 4.7.

e The effect of instrumentation that may arise as a result of variation in the
experimental objects used. Such variation is impossible to avoid, but we control
it by having each subject test both systems (LMS AND HRS).

External validity
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External validity threats can limit the ability to generalize the experiment results to a

wider population. We consider the following threats:

The biggest threat to the external validity is those students, instead of
practitioners, are used as subjects. Several studies indicate that students can be
used as subjects [58][59][60].

The experiments objects represent real applications, LMS and HRS. Their
complexity and size are designed to be compatible to the time available for
experiments (a 4-hour laboratory session). These case studies are adopted from
[23] and [24] respectively. These systems are built from scratch based on the
CBSD process. Defects are randomly seeded in the systems by another specialist
to avoid any bias in the faults seeding.

Experiment time, in industrial the time required for testing is larger than what we
are allocated to our experiments. We minimize the time effect on the results of
our hypotheses testing by performing a training presentation before experiments;
we give explanations on the testing coverage criteria and complexity measures
and a guideline on how to perform testing as well as an overview for HRS and

LMS.
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CHAPTER SIX

CONCLUSIONS AND FUTURE WORK
In this chapter, we summarize the major contributions of the thesis. Furthermore, we

present some suggestions for future research work.

As outlined in chapter one, the aim contribution of this thesis are to: construct three
component-based system, conduct an empirical study to investigate the effectiveness of
complexity measures in CB integration testing (glue-code testing), and finally, analysis

and discuss the results with a well established statistical techniques.

Three CB systems are developed based on the component-based software development
that discusses in Chessman book [23]. These systems are Hotel Reservation System
(HRS), Library Management System (LMS), and Smart Office System (SOS). These
systems are built from scratch by using Eclipse Plug-in 6.5 to build systems' components
as plug-ins and NetBeans 6.8 to develop systems interfaces and glue these plug-ins

(components).

Three controlled experiments are conducted in an academic context to investigate our
research question. These experiments take place at King Fahd University of Petroleum
and Minerals (KFUPM) Saudi Arabia. In all experiments the subjects are students from

different levels (Bachelor, Master, and Doctoral level) in Software Engineering
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department and Information and Computer Science department. Each experiment is last
four hours. The session is ordered as two modules. In the first module, the first 45
minutes was utilized to present a brief presentation about testing coverage criteria
concepts and CBS complexity concepts. The second module of the session is two
exercises (one hour and half each) that form the experiment. There is a fifteen minutes
break between the two exercises. In these experiments subjects test two systems Hotel
Reservation System (HRS) and Library Management System (LMS) with systems

description in addition to complexity measures of glue code operations.

The results of our controlled experiments that aim at assessing whether the adoption of
structure complexity measures in component-based integration testing (glue-code
testing) in order to priorities integration testing improves testing performance in terms of
defect detection effectiveness and effort. From the collected data we draw several
conclusions:

e There is a significant difference among the subjects who receiving complexity
measures during testing and those who do not use complexity measures in terms
of defect detection effectiveness (p-value for t-test and Mann-Whitney U-test are
< 0.05 for both exercises).

e There is no a significant difference in the time spent on testing between the two

groups (Mann-Whitney U-test p-value >0.05).
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e There is no significant difference among experienced subjects with complexity
measures and inexperienced subjects with complexity measures in terms of
defect detection effectiveness (t-test p-value>0.05).

e Structure complexity measures assist subjects to detect more logical faults than

omission faults.

We may generalize these results by saying that the adoption of structure complexity
measures led to a significant better detecting of the faults during CB integration testing.
The effort required for testing is substantially the same. Finally, subject experience
doesn't have any effect on the defect detection effectiveness.

The results of this work could have different practical implications for software
practitioners. Using structure complexity measures in CB integration testing (glue-code)
helps in the detecting of faults, project managers could consider using it in the CB
integration testing or in development process to decide where to focus their resources.
Also it has a positive effect for component integrator (integration tester) and helps them

to decide where to focus their integration testing efforts.

The limitations of our work are as follow:
e Small and median systems
In these experiments we have investigated the effectiveness of structure

complexity in small and median systems. So, there is a need to further investigate

71



and analyze potential benefits of the structure complexity measures in the large
system.
e Testing technique
In our experiments we have used the control flow testing technique. Therefore,
there is a need to investigate other testing techniques such as data flow testing
and mutation testing.
e Component faults
In literature interaction-related faults are categorized into three types namely:
inter-component faults, interoperability faults, and traditional faults. In our work
we have concentrated on the inter-component faults and the traditional faults. So,
there is a need to further analyze the potential benefits of the complexity
measures to detect these types of faults.
e False positives
Beside actual defects, subjects have detected false positives (faults reported by subjects
as defects, when in fact no defect exists). Only the actual defects are evaluated in this

research.

In our future work, we intend to replicate this experiment in order to support our
findings. Furthermore, we are interested in repeating the present experiment in
alternative  contexts, including  professional  contexts involving  real
requirements/systems. Finally, using other testing techniques, such as data flow testing

technique or mutation testing technique.
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APPENDIX A

Reservation Hotel System

The Hotel Reservation System (HRS) is a software application to help a hotel

management to manage hotel room’s reservation in hotel chain.

A.1 Requirement

In this section we will give a high-level system description and we will describe the
business process of reserving a hotel room in hotel chain. The business process
description introduces a number of terms, such as reservation, room, customer, which
we need to get clear about hence a business concept model will be built to link these
terms and other key terms to create a common vocabulary among the business people.

Finally, a use cases will be described in details to build use cases model.

A.1.1 System Envisioning

To capture system requirements we will give a high-level system envisioning statement
for the hotel reservation system:
Hotel reservation system (HRS) allows guests to made reservations in any hotel in the

chain. It helps them to looking for room in different hotels in certain date; and it allows
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them to confirm or cancelling their reservation. In addition it allows hotel chain
management to do various operations such as add new hotel, add rooms to the hotel and
all operations that manipulate hotels and rooms data. Guest can only reserve one room
per each reservation and each reservation belongs to one hotel. When guest looking for
room he must enter check-in date and check-out date, check-in date must be lower than

check-out date and the difference between them is one day.

A.1.2 Reservation System Business Process

The business process of reserving a hotel room is shown in Figure A.1. The reservation
process is started by an enquiry from a guest, who states has requirements. System
checks room availability and if a room is available the guest makes a reservation. Details
of the reservation are sent to the guest by email. Then one of four things can occur: the
guest might arrive and take up has reservation; he might cancel it, he might modified
some details of it, which required another confirmation; or he might just not show up,
but he is going to get a bill anyway.

}.-’ Take up
| reservation

customer arrives/’

Wait for

(@
o ! event
enquiry’ [else]

admendment
request’

cancel request/

\
'|I cancel

\ reservation

1

|‘/— Check
'\jvallal)llrty

[suitable
room] I \
Make 7 Admen | no show/
reservation "{eserva‘lioy' |

¢ CmM
5 & process no Hotify hilling
l@servmwl_l/l show

system
Figure A.1 Business process for hotel reservation system
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A.1.3 Business Concept Model

A number of terms were introduced by the business process description, such as
reservation, room, guest, which we want to get clear about. Consequently, business
concept model will be constructed to relate these terms and other important terms to
create a common vocabulary among people involved in the work. For example, if guest
means four different things in the business, we must to get this cleared up as early as
possible so that everyone is working to the same set of terms with agreed meaning.

Figure A.2 shows a possible concept model for the reservation system.

1
Hotel Chain 1
- Clerk
1.*
1
Hotel
*
contactedHotel 1
= * L=
allocation
Guest Reservation Room
1 * * 0.1
1 1| -
contactAddress | ) 1 1
Address Room Type
1 -
0.1
1 Bill
Payment
0.1

Figure A.2. Business concept model for hotel reservation system

A.1.4 Uses Cases
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The expected functionalities of the hotel reservation system are presented in Figure A.3.
We will describe one use cases which make a reservation. The description will show

how the initiator will interact with the system.

Name: Make a Reservation
Initiator: Reservation administrator
Goal: Reserve room(s) at a hotel
Main success scenario
1. Reservation administrator asks to make a reservation
2. Reservation administrator selects a hotel, dates and room type
3. System provides available rooms and the price to the reservation maker
4. Reservation administrator asks for reservation
5. Reservation administrator provides name and postcode (zip code)
6. Reservation administrator provides contact email address
7. System makes reservation and allocates tag to reservation
8. System reveals tag to reservation maker
9. System creates and sends confirmation by email
Extensions
3. Room not available
a) System offers alternatives
b) Reservation maker selects from alternatives

3b) Reservation administrator rejects alternatives
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a) Fail
4. Reservation administrator declines offer
a) Fail
6. Customer already on file (based on name and postcode)

a) Resume 7

—_ . g S o

1T A d hotel) "y - - el ><H theckarailallehotel H)
/<'-~1____ ,amend, ‘emove. {hotel) _‘__)- N )

TTm————————— =7 =~ _ ==include== et
. o
1 - o - B ..
T gethotelDeta s )
1 v Add, amend, rermove..(gUEst 7 _<<incudesr — e
“———————F::':# e —
) q___““—h—l_‘ — i <:|nclude>> - _%I- getGuestDetals )
Reservation Ad or <, - ) “‘\D R - o
—_—

Checkavailability )

-

dentify reservation
| T  dentiy P
Mo - —— T
Gest < SearchReservation > P
L7 s=includes=
1 \— - ’-
Takeup a resemvation )
A —_ b _d__,u-r\’l _ ==includes=
Billing System "“*—ﬁh_ﬁ_yﬂ————ﬁ\
< Process no shows >
——_ -

Figure A.3. Use case model
A.2 Specification

Component specification includes three stages namely, component identification,

component interaction, and component specification. It takes as inputs the business
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concept model and the use case diagram from the requirement phase and the important
outputs of this phase are components specifications, components architectures, and

components interfaces.

A.2.1 Component Identification

The purpose of this stage is to create an initial set of interfaces and component
specifications, linked together into initial component architecture. It also generates an
important internal specification, the business type model, which is used later to create

interface information models.

A.2.1.1 Identify System Interfaces and Operations

To identify system interfaces and operations from the use case model; we create one
dialog type and one system interface for each use case as shown in Figure A.4. We then
go through each of the use cases and for each step consider whether or not there are
system responsibility that must be modeled. If we find a system responsibility needed to
model, we represent them as one or more operations of the suitable system interface. An
initial set of interfaces and operations are extracted and this gives us a good starting

point to work from.
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Tse case Walce A
Eeservation

v

Us Identify room requirement
cas System provide price
step Eequest areservation

Mfake a FEeservation

+

=<Interface type>>
IhakeF. eservation

getHotelDetails ()
getRoomInfo)

makeReservation()

Figure A.4 Use case maps to system interface

Let’s apply this on the make a reservation use case.

=  Make a Reservation

In the first step, we create an initial system interface called IMakeReservation. The
second step, we go through each step in the main success scenario, in step 2 we observe
that the reservation system must permit the guest to make a reservation. In step 3 system
returns the hotels details and the available rooms and the price. We call these the
getHotelDetails() and getRoomInfo() operations. In step 7, we can figure out the need for

an operation to create a reservation given various details and returns the reservation's

reference to guest; we call this operation makeReservation().

Alternative behaviors under certain situations are described in the use case extensions
part. In step 3, if the room not available, we can observe that the guest may select

another room's types or dates; the selection of information will be handled by the user

dialog logic. The interface defined so far is illustrated in Figure A.S5.
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<<Interface Type=>=
IhialkeE eservation

getHotelDetials()
getEoomlnfa()

makeFeservation)

Figure 3.5 Initial system interfaces and their initial operations

At the end of this stage we end up with an initials system interfaces and a list of an

initial operations.

A.2.1.2 Identify Business Interfaces

To identify the business interfaces we convert the business concept model to business
type model. The business type model identifies the state/data that the enterprise requires
to keep and monitor. It is also considered the main source for the business interfaces and
the raw material for the development of interface information models as we can see
later. After refining the business concept model, adding or removing elements until its
scope is correct as you can see in Figure A.6. We can get the business type model that is
shown in Figure A.7. After extracting the business type model, we can decide which
types in the business type model can be considered core. The purpose of identifying core
types is to start thinking about which information is dependent on which other
information, and which information can stand alone. A core type is characterized by the
following:
e A business identifier usually independent of other identifiers

¢ Independent existence, no mandatory associations, except to a categorizing type.
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Hotel Chain

< Twype=>
Guest

types provide details of the core types.

e -
L. Clerk x
1.*
1
Hotel
*
contactedHotel 1
* * 1.*
allecation
Guest Reservation Room
1 * s 0.1
1 1 *
contactAddress | o | 1
Address Room Type
X ! -
0.1
1 Bill
Payment
x 0.1

Figure A.6 refining the business concept model

Hame: String
posteode: String
email: string

|

1 e
S Type> <=Type>=
Hotel RoomType
Name: String 1 Mame: String
1 Price : currencwy
1
* *
< Type=> S Types
* Regervation 1.* Room
resreft String Number: String
dates: DatRangze 0.1

[ —

By applying these rules we decide that Hotel and Guest are the core types. And all other

Figure A.7 Initial business type

90

International Function Point User Group (IFPUG) classifies interfaces into two types'

internal logical file (ILF) and external logical file (ELF). Each interface includes a



function that its execution affects other functions, this interface are classified as ILF.

Other interfaces are classified as ELF. Therefore, for each core type we make two

interfaces one ILF and one ELF. For example, the core type Hotel will be assigned two

interfaces, IHotelMgt and IADUHotel, one to keep operations that effects other

operations and the other interface to keep the other type of operations. After that we

defined the core types we create two business interfaces for each core type in the

business type model as shown in Figure A.8.

<<Interface type==
LA LT Histe

“<Interface typer>
IHotelWI=t

< Types= 1
Hotel

X

L Trrnp=>
Cuest

Mame: String
posteode: String
ethail string

Mame: String 1

i

L *]

“=Type=>
Reservation

resreft String
dates: DatRanze

<<Typer=
FoomTwne

—

Hatne: String
Price : currency

1

*

*

"o

o I

“<Interface types>
IGueathlet

<<Interface type=>
IADTIGuest

{{Typ B
Foom

0.

1

Humber: String

Figure A.8 Interface responsibility diagram of the business type model

A.2.1.3 Existing Interface and Systems

So far, we have extracted the initial system and business interfaces. In this step, any

additional interfaces our system will be needed in the new environment must be added.

In this case, we have existing billing software with a designated interface. This software
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has been in production for a number of years and we want to use its functionality.

Therefore we include this interface to our set of system interfaces.

A.2.1.4 Component Specification Architecture

In this step an initial set of component specifications will be created and form an idea of

how they might fit together.

A.2.1.5 System Component Specifications

In this system, we set IMakeReservation and ITakeUpReservation interfaces on one
component specification, and we remain IBilling interface in another component
specification. The reservation system uses [Billing interface, therefore we include the
dependency between them. We also include in interface dependencies on IGuestMgt and
[HotelMgt, although we don’t know if these really exist at this stage. Figure A.9 shows

the system component specifications.

=<comp spec>>  ——————() IMakeReservation
Reservation system ———— 0 [TakeUpReservation

IBilling 5

[Guestiigt 5

[ADUGuest <<COMmp Spec>> IEill% z
[Hat elvigt O b Billing system
[ADTTHot el 0

Figure A.9. System component specifications
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A.2.1.4.2 Business Component Specifications

In Section 3.1.2.1.2, we determine our core types which are Hotel and Guest type and
we assigned a business interfaces for IGuestMgt, IADUGuestr, IHotelMgt,and
IADUHotel interfaces. So, for each core type a separate component specifications is

created as shown in Figure A.10.

{{%Dmpﬂifec}} IGUE:Sﬂ""IEt << COmp Specs== [HotellI=t
uestivigr O Hotellvzr —0
[ADT Guest —
TADITHotel
<<COMmp SpecE IBilliz
Billing System O ==COmp specs> |y IMakeReservation
Feservation system )
"y ITakeUunReservation

Figure A.10. Business component specification

A.2.1.6 An initial Architecture

So far we have an initial set of specification, including their supported interfaces and
their interface dependences. Since we don’t have any interfaces being offered by more
than one component specification in this case study, we can bind the interface
dependencies of the component specification directly onto their corresponding
component specification interfaces, giving us the component specification architecture

shown in Figure A.11.
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! *, THatelhdat
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00— gt
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<LCOMp Specs
Guesthigt
[ADTUGuest
Figure A.11. Initial component specification architecture

A.2.2 Component Interaction
In component interaction, we will decide how the components will interact with each

other to do the required functionality. The existing interface definitions will be refined,

to define how interfaces will be used, and to determine new interfaces and operations.
UML collaboration diagrams will be used to model the components interactions.

Component architecture shown in Figure A.11 and the system interfaces extracted in

Section A.2.1.1 are used to model the interaction among components. In this step, we
will discover operations of the business interfaces by drawing one or more collaboration

diagrams for each operation in the system interfaces. Let’s go through this procedure for

some of the system interface operations.

= JtakeUpReservation
e getReservation ()

beginStay ()

e getReservation ()
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The purpose of getReservation () operation is to return a reservation record, so we need
to pass in the reservation reference and based on that reference the system returns the
reservation details back. In this operation we need to define a new data structure to store
the reservation details. We call this structure ReservationDetails which contains the
fields shown in Figure A.12. The signature of this operation becomes
ItakeUpReservation:: getReservation (in resRef: String, out rd: ReservationDetails)

At runtime, this operation is called by the dialog layer on a reservation system
component object. That object is not able to fulfill the operation itself since system
component doesn’t store business data, so it must use a component object offering the
IHoteIMgt interface. The required interaction for getReservation is shown in Figure

A.13.

<<data type=>=
FezervationDetails
Ees noint
guest_no: int
Hot 1d int
Ees Eef String
Eock time: Date
Checl._in: Date
Checl out: Date
Foom no int
Eoom type Stnng
Claimed: String

Figure A.12 Structured data type for reservation details

1: getFeservation(rr rd) o /1TakeUpFeservation:ReservationSystem

l 1.1: getReserwationrr rd)

AHot elhigt

Figure A.13 getReservation interaction
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As shown in the Figure A.13, we decide that ItakeUpReservation should also have a
getReservation operation, with the same signature. So we should now update the
definition of ItakeUpReservation to add this operation as shown in Figure A.15.

e DbeginStay

The purpose of the beginStay () operation is inform the system when the guest is show
up, change the reservation state to claimed and open new account for that guest. So we
need to pass in the reservation reference and it returns back the room number that
allocated to this guest. The signature for this operation becomes

ItakeUpReservation:: beginStay (in resRef: String, out roomNumber: int)

At runtime, this operation is invoked by the dialog layer on a reservation system
component object. That object is not able to fulfill the operation itself because system
component doesn’t keep business data, so it must use component objects offering the
IHoteIMgt interface, IGuestrMgt interface, and IBilling interface. The required

interaction for this operation is shown in Figure A.14.

fBilling

T 1.4: Opendccount (rd,cd)

I'beginsta
egin Hp f1TakeUpReservation: Reservation

. 1.1: getReservationrr rd,c
1. 3:getGuestDetails (c)cd, l’—‘ I_E:hgengtay(rrn?( :

fsuesthgt /IHotelgt

Figure A.14 Interaction for beginStay operation
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As we can see in the Figure A.14, we decided that the ItakeUpReservation interface
should also have a beginStay operation, with the same signature. So we should now

update the definition of ItakeUpReservation to add this operation.

<<mierface typex=
ltakelnFeservation
getReservation (in reskef: Strng, out rd: ReservationDetails)
beginatay (in reskef’ String, out roomMumber: int)

Figure A.15 ItakeUpReservation with operation signatures

At the end of component interaction stage, we end up with a list of business interfaces
and system interfaces with its operations signatures as we can see in Figure A.16 and

A.17.

=<interface types>
linalkeek eservation
getfoiel Detpils (in match: String, Out HotellDetails)
getRoominfo (in res: FeservationD etails, out availability: Boolean, out
price: Currency)
make Reservation (in res: FeservationD etails, in cus: GuestDretails, out
resBef: String)
update Reservation in reskef. String, out Boolean)
deleie Reservationin resFefl String, out Boolean)

z<interface type=>=
[Billing
openAcconnd F eservationDetails Reser, GuestDetails cust)

<<interface type==
[takelUpFezervation
getReservation (in resFef String, out rd: ReservationD etails)
getResevation (in check-in: Date, in sele: int out rd:
ReservationDretails)
getReservation (in resFef Siring)
checkReservation (in cust id: String | inhot id © int, in res mumn: int,
out hoolear)
beginSiay (in resBef: String, out roomtumber: inth

Figure A.16 System interfaces with operation signature

=<interface type>>
[ADTT Guest
createGuest GuestDietails cust, out boolean);
updateGuest [ GuestD etails cust out boolean),
deleie Guest (int cust id, out boolean),




=<interface tvne= =
lGuesthigt
getGue stDetails] int cust no String cust name String
cust address, String cust phone, String email, String
post_code, String note, out guestDretials);
geilrae sthdpiching int cust no, String cust narme, String
cust_address,String cust phone, String email, String
post_code, String note, out guestDietials),
noifyGuest (int custlD String Custemail, String meg, out boolean);
getGuest [ out gquestDetials[]);

==interface type==

[Haot ellWlgt
getRoaminfal R eservationDetails Reser, out AvialahleRoomDietails),
geiffotel Details] out HotelDetails);
geifooms int hot 1d, out EoomDetials),
getResrevationiin reRef, Out Feservation defils)
getRoamDetails B oomD etials EDetails, out int);
check RoamDetaila int hot id int Foom num, out int);
beginSigy String Fes Ref, out boolean),

=<interface type=>
[ADTTHatel
createHotel int Hot Id String Hot nameint Foom num, String
Hot address, String Hot phone, String Hot faz, String Hot email,
out hoolean),
update Hotel int Hot [d, String Hot narneint Room o, String
Hot address,String Hot phone String Hot fasz, String Hot email,
int Hotelld, out boolean),
defete Hatel int hotel 1D, out boolean),
create Roami FoomDetials FDetails, out boolean),
Update Roomy FooomD etials EDetails, out booleat);
Deleie Roore FoomDetialz FDetails, out boolean),
createRoam TypeFooomTypel etials FDetails, out hoolean);
update Room Dypel Boom Typeletials RDetails, out boolean),
delete Room Dype int room type no, out hoolean),

Figure A.17 Business interfaces with operation signature
A.2.3 Component Specification
In components specification we specify all interfaces supported by components or the

interfaces that depends on. In this stage, we want to represent the state of the component
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object on which the interface depends. Since each interface has an interface information
model, any changes to the state of the component object can be described in terms of this

information model.

A.2.3.1 Define Interface Information Model

We use the business type model defined in Section A..2.1.2 to extract the interface
information models for each interface. We decided that IHoteIMgt interface contains
operations to manage hotels data and |GuestMgt interface contains operations to manage
guests. We Also decided that the interfaces IMakeReservation and ITakeUpReservation
are responsible for managing the relationship between the guest and the hotel
(reservation). Figure A.18 shows the interface information model for IGuestMgt

interface that contains a Guest type.

<<interface types>
IGues tMgt

getGuestDetailsiint cust_no,3tring CUusSt_hame, 3Tring

cust_address ,3tring cust_phone ,3tring email,3tring

post_code,3tring note, out gquestDetials):
getGuestiatching(int cust_no,3tring CUST_hame,3Cring

cust_address,3tring cust_phone,3tring email , String

post_code,tring note, out guestDetials) :
notifypest (int cuztlD, 3tring Custemail, 3tring msg, out boalean) ;
gelGrest [(out questDhetials[]):

+

Guest <=data type=>
Id: Cusld Mame: String
Mame: String Postcode[0..1]: String
postoode: String Frnail[0..1]: String
ermail: String

Figure A.18 Interface specification diagram for the IGuestMgt interface
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Whereas the interface information models for IHotelMgt, IADUHotel, and IADUGuest

interfaces are shown in Figure A.19, Figure A.20, and Figure A.21.

=<interface type=>

THot-e 1Moy =
gefRoormfntoFPeservationbDetails Reser, out AvialableRoombDetai ls) ;
geflifobeliddEiail siountt HocelDetail=) :
geifRoorms [(int hot _id, out RoomDetials) »
getiicteletrails(int hort_id, out boolean) :
gqetftRoomildetbtails (FRoomDetials RFhetails, out int)
checkRoomietails(int hot jid,inmnt Foom moam, ouvt int) -
beginStayiout boolearn) ;2

Hanotel 'Rnr_nm -
Id: Hotelld 1 Muaurmher: String [,
Matne: String 1+

E oot Tepe

IMatne String

Acsrailableduring @ DateFRange) Boolean 1
Price (on:Date)  Currency

stayPrice forDateFange): Carrency

Figure A.19 Interface specification diagram for [HotelMgt

<<interface type>>
IADUHotel

createHotel(int Hot _Id,String Hot name,int Room_num,String
Hot address,String Hot phone,String Hot _fax,String Hot email,
out boolean);
updateHotel(int Hot_Id,String Hot name,int Room num,String
Hot address,String Hot phone,String Hot fax,String Hot email,
int Hotelld, out boolean);
deleteHotel(int hotel ID, out boolean);
createRoom(RoomDetials RDetails, out boolean);
UpdateRoom(RoomDetials RDetails, out boolean);
DeleteRoom(RoomDetials RDetails, out boolean);
createRoomType(RoomTypeDetials RDetails, out boolean);
updateRoomType(RoomTypeDetials RDetails, out boolean);
deleteRoomType(int room type no, out boolean);

* <<data type>>
Hotel Room Hot_Name: String
- Postcode[0..1]: Stri
Id: Hotelld |- Number:String ostcodef0..1]: String

3 X N Email[0..1]: String
1. Phone:String Address: String

Sate: String

<<data type>>

Room_num: int
Room_ phon: String
Room_type: String

Room Type <<data type>>
Name: String 1 Room _type num: int
Room_type: String

Figure A.20 Interface specification diagram for JADUHotel
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<<interface type>>

IADUGuest
createGuest(GuestDetails cust, out boolean);
updateGuest(GuestDetails cust,out boolean);
deleteGuest(int cust id, out boolean);
*
Customer <<data type>>
Id: Cusld Name: String
Name: String Postcode[0..1]: String
postcode: String Email[0..1]: String
email: String

Figure A.21 Interface specification diagram for IADUGuest

A.2.3.2 Pre and Post-Conditions

Each operation has a pre- and post-conditions. These conditions identify the impact of
the operation without describing an algorithm or implementation. Pre-condition is not
the condition under which the operation will be called. Invocation of the operation is
completely independent of the value of this condition. The post-condition specifies what
are the effect of the operation. As a simple example, let’s consider an operation to

update a guest record.

= Context IADUGuestr:: updateGuest(in newGuestDetails, out state bolean)
Pre:
-- newGuestDetails is a valid Guest record
Guest-> exist ( G | G.cust_id = GuestDetails.Cust_id)

Post:
-- Guest record is updated
Guest->exists (G| G.cust_id = newGuestDetails.CUST _id,

C.name = newGuestDetails.Cust_name,

C.Address = newGuestDetails.Cust_add,
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C.Postcode= newGuestDetails.Cust_PostCode,
C.phone= newGuestDetails.Cust_phone)

= Context IGuestMgt:: getGuestDetails(in cust_no,in cust_name,in cust_address,in
cust_phone,in email,String post_code,in note, out GuestDetails);

Pre:
-- Cust_no and post_code are a valid guest id and post_code
-- Guest->exists (G|Custid= cust_no and G.Post_code= post_code))

Post:

-- the details returned match the details of the guest

-- whose id is Cust_no

-- find the guest

Let theCust=Guest-> select(G|GC.cust_id= cust_id and
G.post_code= post_code) in

--Specified the result

Result.cust_id=theCust.cust_id

Result.cust_name=theCust.cust_name

Result.cust_address=theCust.cust_address

Result.cust_phone=theCust.cust_phone

Result.email=theCust.email

Result.post_code=theCust.post_code

Result.note =theCust.note

A.2.3.3 Specifying System Interfaces

In this section we specify the system interfaces. In various cases the system interface
operations redirect an invocation to the suitable business interface. We make a copy of
everything in the business type model. In business interface, where the interface
responsibility diagram gives a clear indication of which types are needed by an interface
and which are not, it might not be obvious which information types you need until you
specified the operations. As you can see in the Figure A.22 the information model for

IMakeReservation doesn’t require the room number attribute, so that has been removed.
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On the other hand, the information model for ITakeUpReservation doesn’t required the

hotel name or the available attribute of room type as you can see in Figure A.23.

<=interface type==
IrnakeR eservation
getHotelPDetails [(in match: 2tring, Out HotelDetails)
geltRoomIntfe (in res: ReservationDetails, out awailability: Boolean,
out price: Currency)
makeReservation (in res: ReserwvationDetails, in cus:
CustomerDetails, out resRBef: String)
updateRe servation(in resRef: String, out Boolean)
delateReservationiin resRef: 3tring, out EBoolean)

T

" Fegervation Hotel 1
reRel Sirmg * Id:Hotelld Room
date DateFang 1 HMare: String 1 *
claitned:Bolean
I ]
* e
1 1.*
Guest
Hatre: Stnng Foom Type
posteod:String 1 HMarme : String
emall: String Livatlable (during: DatFange):Boolean 1

Figure A.22 Interface specification diagram for ImakeReservation

zinterface type=»
[takelTpFeservation

getReservation (in resBRef: String, out rd: ReservationDetails)
getReservation (in check-in: Date, in selc: int ,out rd:

FegservationbDetails)
getReservation (in resRef: 3trindg)
checkReservation (in cust_id: Jtring , in hot_id : int, in res_num:

int, out boolean)

beginStay (in resRef: 3tring, out roomfumber: int)

T

+ | Peservation Hotel | Foom
reRefString |2 Id : Hotelld Mumber: String
date DrateRang I 1.* —
claimed Bolea
n
. “ T e
Guest
Mame: String Foom Type
postocod:String l Mame : String 1
emmail: String

Figure A.23 Interface specification diagram for ItakeUpReservation
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A.2.3.4 Specifying Components

So far we use the usage contract, the contract between a component object and its
clients, to specify the component interfaces. Here we will clarify additional specification
information that the component implementer and assembler need to be aware of, the
dependencies of a component on other interfaces (realization contract).

Offered and used interfaces

We have already done this in Section A.2.1.6 in Figure A.11; where we created initial
components architecture, but we must divide that diagram into pieces specific to each
component. For example the hotel manager component specification shown in Figure
A.24 tells that this component must offer the IHoteIMgt and IADUHotel interfaces and it
doesn't need any other interfaces to interact with. However, Figure A.25 shows the
specification of the reservation system component and it tells that this component must
offer two system interfaces and must use the three other interfaces. Actually, this
specification doesn’t tell us exactly how implementations of the component must use

those interfaces.

==comp spec=> |~ THotellvigt
HotelMer
fer 1 S IADUHotel

Figure A.24 Component specification diagram for HotelMgr

==L COINPOINeILE Specs
Feservation
Swstein

IBilling IHotellvIgt ISuesthAgt
Figure A.25 Component specification diagram for ReservationSystem
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A.3 Provisioning Stage

The main purpose of the provisioning phase is to find out from where components can
be obtained, either by directly implementing the specification or by looking for an
existing component that fulfills the specification. We searched in the internet to find
components or plug-ins that fulfills our specifications but we didn't find anything related
to HRS were built as components or plug-ins. We decided to build all components from

scratch as plug-ins by using Eclipse 6.5.

A.4 Assembly

In this phased we hook all components and existing software assets together, implement
the glue-code that tie all components and assets together, to build the system and design
a user graphical interface for the system. Actually, we have used NetBeans 6.7 to glue
these components together and built the user graphical interface. Figures A.26 to A.29

show you some snapshot from the H.R.S.
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B Reservation System Main

Home Hotels Guest Confirm Search
Hotels

e Hatal 1D Hotel Narme Hotel Address Hatal Ernall Hotel Phane Hotel Roarms

27 SofiTel Alkhobar Stel@yahoo.com 3452432 20
Check In 3z Sherton Ryaid sher@yahoo.com  [7BG7210 10
165M 210 lEl 22 merdian Ryaid metigyahoo.com TBEY210 15

16 Darmrnarn Darmrmarn metg@yahoo.com  [7867210 10
Check Out
1501210 (]
Room Type
[sTanDaRD ROOM [~]
| Search for reservation Add... ‘ | Edit... || Delete | Auvailable Rooms

Hotel 1D | From | To | Available Rooms Price
| Ago.. |[ Edit.. |[ Delete |

Figure A.26 in this frame you can search for a reservation in specified hotel and dates

Reservation System Main

Home Hotels Guest Confirm Search
Hotels
LOECIcAvElIRRily, Hotel ID | HotelName | Hotel Address Hotel Email | Hotel Phone | Hotel Rooms
27 SoiiTel Alkhobar Stel@yahoo.com 3452432 20
Check In 12
£ 2 ame =
1512110 22 Seiis
16
Check Out
15112110 Hotel ID* Hotel Name |sheton |
Room Type
|STnNDnRDRO0M |v‘ Room Num |22 Hotel Adress |Khobar
Hotel Email |shertongishercom| Hotel Phone  [+9RE434343
| Search for reservation | | Add... sHi
fAX +HRR345434 Description |
Hotel T Price
I -
T
7 =
o
T
7
T
7 207 K] TSUPERION oo To0e LY b
27 [207 |26 |SUPERIOR ROOM (1009 [190 >
| Add... || Edit... || Delete |

Figure A.27 in this frame you can enter and manage hotels and rooms data
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Reservation System Main

Home

Hotels Guest Confirm Search

Check Availability

Check In
1anzino

Check Out
161210

Room Type

STANDARD ROOM|
Search for rg

Add Reservation Frame

Guests
GuestID Guest name postcode Address Fhone Ermail
110 Mohammed Ali 8976 Darmmam 987654 mohiyahoo.com
Muneer Ahrmed 780423 munergyahon.com

ami Salah 4 adda gphotmail.c...

ail.com
trmail.c
Reservation Number Hotel Number Guest Numb |1 10 | GO

Booking Time 10:46:31 Checkin 15M2H0 Checkout 1511210
Room Number 44 Room Type E 2010 s | 44 | 4 | X | > | » |

> C LI E - nfirrned

27 28 29 30 1 2 % oK Cancel

4 5 6 7 8 9 10

11 12 | 13 | 14 | 15 | 16 | 17
18 | 19 | 20 | 21 22 | 23 | 24
25 | 26 | 27 | 28 | 29 | 30 | 31
1 2 3 4 5 (] 7

| Add... || Edit... || Delete |

Figure A.28 in this frame you can enter and manage guest and reservation data

Reservation System Main

Home

Hotels Guest Confirm Search

Reservation Management

Check Availal] =
Referance  |c27h110r1519 i
O.COMm
CheckIn — e o
| Get Reservation || Confirm Reserv... || Locate Room | ~
1801210 ail.c..
mail.c...
Check Out Reser|D | Hatel 1D \ GuestID | Referance | Checkin \ Check out | Room Mum | Room Type \ Confirmed  |kmail.c..
15012010 170 |27 110 |c27H110RY. [151 22010 | [EE] |STANDARD .. Mo e
Room Type ail.c..
com
STANDARD R}
Search flf
niirmed
i - AR e s T E—
170 |27 [110 |C27H110R1518 [15M2/2010 171272010 [33 |5TANDA . |Na

| Add... || Edit... || Delete |

Figure A.29 in this frame you can get guest reservation and confirm it
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APPENDIX B

B.1 Reservation System
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Reservation System

The Hotel Reservation System (HRS) is a software application to assist a hotel
management to manage reservation. It allows guests to made reservations in any
hotel in the chain. Also it allows them to search hotels’ rooms and confirms or
cancels his/her reservations. This system allows hotel chain management to do
various operations such as add new hotel, add rooms to the hotel and all operations
that manipulate hotels and rooms data.

In addition, HRS helps guest to looking for room in different hotels in certain date;
and it allows them to confirm or canceling their reservation. Guest can only reserve
one room per each reservation and each reservation belongs to one hotel.

When guest looking for room he must enter check-in date and check-out date, check-

in date must be lower than check-out date and the difference is one day.
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Reservation System Main
Reservation Search/ Delete Guest/Delete hotel/Delete Reservation/Delete Room

In this frame you can do the following operation: reservation search, delete guest, delete

hotel, delete reservation, and delete room. In this frame system works in three modes.

e The first mode is when you click home button. In this mode you can just search for
room in hotel by entering check-in date, check-out date, type of room do you like

and hotel ID.

e The second mode is when you click hotel button. In this mode you can do all
operations relate to hotel management such as display hotels and display hotel rooms
also call add hotel frame, delete hotel, call update hotel frame, call add room frame ,

delete room, and call update room frame.

e The third mode is when you click guest button. In this case you can do all operations
relate to guest such as display guests and display reservation for each guest also you
can call add guest frame , call update guest frame , delete guest, call add reservation

frame, call update reservation frame, and delete reservation.
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Start Time:
End Time:

Module: Reservation System Main ‘ Method: Reservation Search

Description:

This method works in the first mode (Home button). It allows you to looking for
reservation by entering check-in date, check-out date, room type, and hotel number.
It works as follow first it verifies whether check-in date is lower than check-out date

then it retrieves and displays all available rooms in the hotel and price in that date.

StartDate: Chech-in date
EndDate : Check-out date
l RoomType: Room Type

HotelID: Hotel Numebr.
/ Inputs /

[Is (StartDate<Endlate))

[ o= ]

et Awailable Eooms

[Are there Available rooms]

Mo Yes

L
< Display Data }

Complexity
Method complexity Average Complexity Rule
9 20.93 Rule (1)
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Start Time:
End Time:

Module: Reservation System Main ‘ Method: Delete Guest

Description:
This method works in the third mode (Guest button). It allows you to delete guest

from the system

Guest ID: Guest Number

(o

¥
/ Mmiest T /

k J

Delete Guest

Complexity
Method complexity Average Complexity Rule
7 20.93 Rule (1)
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Start Time:
End Time:

Module: Reservation System Main Method: Delete Reservation

Description:

This method works in the third mode (Guest button). It allows you to delete guest

reservation.
Res Ref: Reservation Reference
Gtart -
L
/ Res Ref /
[One Record will be deleted]
v
Delete Eeservation
|
End
Complexity
Method complexity Average Complexity Rule
11 20.93 Rule (2)
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Start Time:
End Time:

‘ Module: Reservation System Main ‘ Method: Delete Hotel

Description:
This method works in the second mode (Hotel Button). It allows you to delete hotel

from the system

=

¥
/ HntellT /

[One Fecord will be deleted)

HotellD: Hotel Number

Yes

h 4

Delete Hotel

|

Complexity
Method complexity Average Complexity Rule
17 20.93 Rule (2)
Start Time:
End Time:
‘ Module: Reservation System Main | Method: Delete Room
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Description:
This method works in the second mode (Hotel Button). It allows you to delete room

from a hotel.

HotellD: Hotel Number
RoomlID: Room Number

¥

Delete Foom
[

Complexity
Method complexity Average Complexity Rule
18 20.93 Rule (2)

Add Guest Frame
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Add Guest

This frame works in the third mode (Guest Button). In this frame hotel administrator
can insert new guest to the system. Each guest has a unique number, name, email,
phone, address, and note.

Note: guest number is computed by the software as following:
the first three numbers from guest phone and add to them length of guest name.

For example:

Guest name. ALI Ahmed
A
Guest Mumber=987 + 9= gog

116



Start Time:
End Time:

‘ Module: Add Guest Frame

| Method: Add_Guest

Description:

This method allows hotel reservation administrator to insert new guest to the system.

Each guest has ID, name, post-code, email, phone, address, and note. All these data

must be entering to the system. It checks whether guest is already exist in the system

or not. So if guest doesn’t exit it creates new guest otherwise it informs administrator

that this guest already exists

Note: guest number is computed automatically by the software as follows:

The first three digits of guest phone plus the length of guest name.

Start

Enter Guest Data

|

T
Tes

Guest [D = generate Guest ID

"

r

indictor=get gusst (Guest_IDY

¢ [Mot (I.ﬂd:ic:tor ==true:|]

7
Mo
Yes

create new Guest

[ IS (guest_name, guest_phon) not null ]

Guest_name: Guest Name
Guest_p_c: Post Code
Guest_email: Guest email
Guest_phone: Guest Phone
Guest_add: Guest address
Guest_notes: note

End
Complexity
Method complexity Average Complexity Rule
17 20.93 Rule (2)
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Update Guest Frame
Update Guest

This frame works in the third mode (Guest Button). In this frame hotel administrator

can update guest data.
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Start Time:
End Time:

‘ Module: Update Guest Frame

| Method: Update Guest

Description:

doesn’t exists.

/ Enter Guest Data

[IS {guest_name, guest_pho) not mall

indictor=get guest (Guest_ID)

v [(Indictor—true)]

This method allows hotel reservation administrator to update guest record. Before
updating guest data it checks whether guest already exists in the system or not. So if

guest exits it updates guest record otherwise it informs administrator that this guest

Guest_ID: GuestNumber
Guest name: Guest Name
Guest_p_c: Post Code
Guest_email: Guest email
Guest_phone: Guest Phone
Guest_add: Guest address
Guest_notes: note

update Guest
r
End
Complexity
Method complexity Average Complexity Rule
17 20.93 Rule (2)
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Add Reservation Frame
Add Reservation

This frame allows hotel reservation administrator to add new reservation. It works as
follows: first it generates reservation number then it verifies whether this reservation
already exists or not. Then it checks check-in date and check-out date (check in date
< check out date and the difference is one day), then it checks guest availability so if
guest exits procedure is proceed but if guest not exists system informs him to enter
guest data. After that it checks if there available rooms in the specified hotel or not
when there is available room reservation is created and a notification message is sent

to guest.
These notes must be considered when you want to add new reservation:
Note 1: guest must be enrolled in the system

Note 2: check-in date must be lower than check-out date (e.g. 1/1/2010 &
2/1/2010)

Note 3: the difference between check-in date and check-out date must be one day.

Note 4: reservation number is computed automatically by the system as follows:

It takes minutes from booking time and adds them to guest number and hotel

number. IF

Boaok_Time : 3:25:10
For example: Suest D . 990

Hotel I . 112

reservation Mumber . 25499041 12=1127

Note 5: reservation reference is generated by concatenating
Character “C” with guest-ID and character “H” with hotel-ID and character “R”
with random number between 0 and 2000.

Ir
Zuest ID . 220
Hotel ID . 112
Fatdom Mumber betwreen 0 atnd 2000 . 250
Bezetrvation Beference .
CEQ0H112ZRE50

For example:
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Start Time:
End Time:

\ Module: Add Reservation Frame

| Method: Add_Reservation

Start

[Is Integer HotlD), GruestID, R, Mum]]

Ho

| Res_ID= generate reservationlD ‘

]

HotID: Hotel Number
GuestID: Guest Number
Ch_In: Arrival Date
Ch_Out: Departure Date
R_Num: Room Number
R Type: Room Type

Yes

| Indictor = get Reservation (Res_ID) ‘

Mo

[Iz {Indictor = True)]

Tes

Res_Ref=Generate Reser Reference

Ch_In= Ch_Out]

Ves

Is (Ch_In- Ch_Out=1]

Mo

[I=iIndictor = True)]

Create New Cruest ‘

indictor=check Available room hatel id)

[ 190t (I (indictor==true) |
create new reservation |

|
‘ Notify Cruest ‘

l
Complexity
Method complexity Average Complexity Rule
38 20.93 Rule (3)
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Update Reservation Frame
Update Reservation

This frame allows hotel reservation administrator to update reservation record. It
works as follows: first it checks hotel id and guest id also it checks room number to
ensure that these are integer values then it verifies whether this reservation already
exists or not. Then it checks check-in date and check-out date (check in date < check
out date and the difference is one day), then it checks guest availability so if guest
exits procedure is proceed but if guest not exists system informs him to enter guest
data. After that it checks if there available rooms in the specified hotel or not when
there is available room reservation is created and a notification message is sent to

guest.

These notes must be considered when you want to add new reservation:

Note 1: guest must be enrolled in the system

Note 2: check-in date must be lower than check-out date (e.g. 1/1/2010 &
2/1/2010)

Note 3: the difference between check-in date and check-out date must be one day.
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Start Time:
End Time:

Module: Update Reservation Frame

Method: Update Reservation

Start

/ Inputs

.

?

(Is Integer| HotlD), GruestID), F._Mum)]

Res_ID: Reservation Num
HotID: Hotel Number
GuestID: Guest Number
Ch_In: Arrival Date

Ho

Yes
| Indictor = get Reservation (Res_IDY

[Is {Indictor = True)]

Ch_Out: Departure Date
R_Num: Room Number
R Type: Room Type

Ho
Yea

Fes_Fef-Cenetate Reser Reference

Ch_In> Ch_Ont]

Tes

Is (Ch_In - Ch_Cnt= 17]

Ho

‘ Indictor = get Gruest

[s{Indictor = Truel]

Create New Guest |

indictor=check Available room (hotel id)

[15 indictor == true]
| update Feservation ‘
!
| Motifyy Guest |
Complexity
Method complexity Average Complexity Rule
38 20.93 Rule (3)
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Add Hotel Frame
Add Hotel

This frame works in second mode. In this frame hotel administrator can insert new
hotel to the system. Each hotel has the following data hotel-ID, hotel name, room

number, hotel address, hotel email, hotel phone, and description.

Notel: hotel number is computed automatically by the system as follows:

Number of rooms in a hotel plus the length of the hotel name.

For example:

Foom Mum . 80
Hotel name . Datmmatn Plaza
Then
Hiotel ID = 20+ 12=92
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Start Time:
End Time:

Module: Add Hotel Frame Method: Add_Hotel

Description:
This method allows hotel administrator to add new hotel to the HRS. It checks
whether hotel is already exist in the system or not. So if hotel doesn’t exit in the

database it creates new hotel in the database otherwise it doesn’t create new hotel.

Notel: hotel number is computed automatically by the system as follows:

Number of rooms in a hotel plus the length of the hotel name.

Hot Name: Hotel Name
Hot room: Hotel Room
Hot Adrl: Hotel Address
Hot Phone: Hotel Phone
Hot fax: Hotel Fax
Description: note

Hotel IDr= generate Hotel ID

Tes

v

indictor= getHotel (Hotel _IDY

¢ [Mot (indic:h:nr ==tr1.;e:|]

7

Tes

Create Mew Hotel

L4

- Fnd
Complexity
Method complexity Average Complexity Rule
26 20.93 Rule (2)
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Update Hotel Frame
Update Hotel

This frame works in the second mode. In this frame hotel administrator can update

hotel data.
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Start Time:
End Time:

Module: Update Hotel Frame Method: Update_Hotel

Description:

This method allows hotel reservation administrator to update hotel record. Before
updating hotel data it checks whether hotel already exists in the system or not. So if
hotel exits it updates hotel record otherwise it informs administrator that this hotel

doesn’t exists.

HotelID: Hotel ID
Hot Name: Hotel Name
Hot_room: Hotel Room

Hot_Adrl: Hotel Address

Hot Phone: Hotel Phone

Hot fax: Hotel Fax
Inputs — . .
/ Description: note

[I= (chtel Mame && Foom Number) Mot Mull]

IsIntegerFoom Mumber)]

indictor= getHotel(Hotel _IDY)

¢ [{indictor==trus)]

7
Mo
Tes
U date Hotel
“r_End
Complexity
Method complexity Average Complexity Rule
26 20.93 Rule (2)
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Add Room Frame
AddRoom

This frame works in the second mode (Hotel Button). In this frame hotel
administrator can add new room to specified hotel. Each room has the following data
hotel ID, hotel code, room number, room type, room phone, room price, and

description.

Notel: room number is calculated automatically as follows:

Last three digits of room phone plus hotel ID.

For example:

Footm Phone= 29785
Hotel IO . 23
Foom ID . TES+823=1388
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Start Time:
End Time:

Module: Add Room Frame Method: AddRoom

Description:

This method allows hotel administrator to add new room to specified hotel. It works
as follows it checks hotel-ID and price and it generates room number then it checks
whether this hotel already available in the system or not also it checks whether this
room exists in that hotel or not. Thus if room is not exist in the hotel it creates new

room otherwise it informs user that this hotel is not available or this room already

exits. hotid: Hotel Number
Start hotcode: Hotel Code

| R Type: Room Type

Input R _Phone: Room phone

R _Price: Room Price

slnteger (hotid&&R._Frice ] DescriptionNote : Note

[ I= |__"RJ:|E|tt1_PhDﬂ = =3:|]

Fes ‘L

Indictor = Fet Hotel (hotid)

[z {Indictor = Truael]
Mo ?

Ves

B MM = senerate room number

+

Indictor = get Foorm (BT | hotid)

2 (Indictor = Truel]
Yes Ha

Crreate Mew Boorm

Complexity
Method complexity Average Complexity Rule
34 20.93 Rule (3)
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Update Room Frame

Room_update

This frame works in the second mode (Hotel Button). In this frame hotel

administrator can Update room record in specified hotel.
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Start Time:
End Time:

\ Module: Update Room Frame \ Method: Roomupdate

Description:

This method allows hotel administrator to update room in specified hotel. It works as

follows it checks hotel-ID and price then it checks whether this hotel already

available in the system or not also it checks whether this room exists in that hotel or

not. Thus if room is exist in the hotel it updates room record otherwise it informs

user that this hotel is not available.

hotid: Hotel Number
hotcode: Hotel Code

R num: Room Nummber
/ R_Type: Room Type

R_Phone: Room phone
R _Price: Room Price
DescriptionNote : Note

[I= {Rtu:nm_l“hcnn = =3:|]
Hn

Indictor = et Hotel (hotad)

[I= {Indictor = True))
J i [a!

ez

Indictor = get Foora (B, HNUL |, hotid)

3 (Indictor = True)]
Mo Tes

Up date Foom

[ ]

Complexity
Method complexity Average Complexity Rule
34 20.93 Rule (3)
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Reservation Management
getGuestReservation /confirm_reservation

In this frame hotel administrator can do the following operations:
e Get Guest Reservation in this method he/she can retrieve guest reservation by

entering reservation reference.

e Confirm reservation in this method he/she can confirm guest reservation after

retrieves 1its reservations.

e Locate guest room in this method he/she can allocate room for guest after

confirms its reservation.
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Start Time:
End Time:

\ Module: Reservation_management \ Method: get Reservation

Description:
This method allows hotel administrator to retrieve guest reservation by entering

guest reservation reference.

Start Res Ref: Reservation Reference

True]]

3
< Display Reservation >

Complexity
Method complexity Average Complexity Rule
6 20.93 Rule (1)
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Start Time:
End Time:

Module: Reservation management Method: confirm_reservation

Description:
In this method you can confirm guest reservation. So, after retrieve guest reservation

you can confirm it and open new account for guest.

Start Res Ref: Reservation Reference

CustID: Guest ID
/ Fes_Ref

$WTS to confirrm?]

Orpen Mew account

| Update reservation |

I

Complexity
Method complexity Average Complexity Rule
16 20.93 Rule (2)
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B.2 Library Management System
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Library System

The Library System is a “desktop application” that helps a library employee to
manage the loan of books and journals. Members can borrow, return or renew (i.e.,

extend a current loan) books and journals.
Description

A library issues loan items to customers. Each customer is known as a member each
member has a unique member number. Along with the membership number, other
details on a customer must be kept such as a name, address, and date of enroll. The
library is made up of a number of subject sections. Each section is denoted by a
classification mark. There are two types of loan items; journal and books. A journal
has a title, volume, date of issue and authors. A book has a title, authors, etc.... A

customer may borrow up to a maximum of 5 items. An item can be borrowed, or

renewed to extend a current loan. Each of these activity has a cost in S.R. (borrow a
book cost 10 S.R. while a journal only 5 S.R.; if the member performs at least 3
operations — i.e., borrow and/or renew in the same day, she/he receive a discount of
7S.R.).

When an item is issued the borrowing customer’s membership number is entered. If
the number of items on loan less than 8, the procedure can proceed and the book
catalog number is entered. The library must support the facility for an item to be

searched and for an update of items and members.

The library employee can:

e Insert/delete/update a member

e Insert/delete/update an item in the library
e Borrow an item

e Renew an item

e Search members

e Search items
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Member Management Frame

Inserting/deleting/updating/search a member

The library employee can insert a member. Each member has the following fields:
unique member number, name, date of enroll, email, address, and phone. In addition,
he can delete or update a member searching it by member number. The library
System must support the facility “search members” by using member number.

To insert a new member the employee has to insert all data of the new member (i.e.,
member number, name, date of enroll, email, address, and phone).

The member number is computed automatically by the software. This value is
calculated summing day, month and year of enroll date and subtracting to the result

the number of letters of name.

For example:

IF:
Enroll Date : 1222010
Hame : Ahmed Mohammed

Member ID: { 12+2+2010 ) - 14=2010
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Start Time:
End Time:

Module: Member Management Frame | Method: add Member

Description:

This method allows employee to add new member (i.e., member number, name, date
of enroll, email, address, and phone) to the system. Before adding a new member it
generates member-ID and it checks whether member is already exist in the system or
not. So if member doesn’t exit in the database it creates new member otherwise it

doesn’t create new member.

Start
Bw_ Name: Name
En_Date: date of enroll
Inputs Email: email

1 Bw_Add: Address

:[ Is (Bw_Mame== MNulll 1| Bw Phone: Phone
Yes Mo

-

Ewr_ D= compite BMember ID

v

Indictor = getdiember (Bw_ID)

l [ IsfIndictor = True)]
7

Yes

Mo

Add Member

» End
Complexity
Method complexity Average Complexity Rule
17 19.11 Rule (2)
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Start Time:
End Time:

Module: Member Management Frame | Method: update Member

Description:

This method allows employee to update member data. Also, it checks whether
member is already exist in the system or not. So if member exits in the database it
updates member record otherwise it informs employee that no such member is
available.

Note 1: Before you update a member record you have to find it by using search

member method.

Statt
Bw_ID: member number

v Bw_Name: Name

In En Date: date of enroll
futs —. .
/ Email: email

T Bw_Add: Address
[Is (Bw_Mame== Nul) | Bw Phone: Phone

Indictor = getMember Ew_ D)

1 [ Le(Indictor = True)]
7

Mo
YTes
update bMember
""’l End I
Complexity
Method complexity Average Complexity Rule
17 19.11 Rule (2)
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Start Time:
End Time:

Module: Member Management Frame

Method: DeleteMember

Description:

This method allows employee to delete member from the system. It checks whether

member is already exist in the system or not. So if member exits in the database it

deletes member otherwise it informs employee that no such member is available.

Note 1: Before deletes a member you have to find it by using search member

method.

/ Bw_ID

l [l= [ Bw_ID Mot null]

W < :: Tes

[O'o u wants to delete?]

ez

Indictor = getbiember BEw_IDY

[I=s (Inndictor = Tnael]

Yes

Delete Member

Bw_ID: member number

*  End
Complexity
Method complexity Average Complexity Rule
18 19.11 Rule (2)
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Start Time:
End Time:

Module: Member Management Frame

Method: Search Member

Description:

This method allows employee to search for member in the system. It checks whether

member is already exist in the system or not. So if member exits it retrieves member

record otherwise it informs employee that there is no such member.

[ Statt

|

¥

/ B 1

/

Bw_ID: member number

s integenBw 11N && Mot Hull]

Indictor = getMember Ew_IDY

g (indictor =

Yes

Truael]

( Display Diata },

Complexity
Method complexity Average Complexity Rule
8 19.11 Rule (1)
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Item Management Frame

Inserting/deleting/updating/search an item in the library

The library employee can insert, delete, update and search an item in the library. A loan
item is uniquely identified by an item ID. There are two types of loan items: journal and
books.

A journal has an item ID, title, author, area (i.e., Mathematics, computer, biology,
etc...), date-of-publish, location, volume and note.

A book has an item ID, title, author, area (i.e., Mathematics, computer, biology, etc...),
date-of-publish, location, edition, publication house and note.

The employee can delete or update an item searching it by item-ID. To insert a new item
she/he has to insert the type item (i.e., journal or book) and all the specific fields.

The Item-ID is computed by the System as follows:

e If'the item is a journal concatenating:
1. ‘JR’
2. number of lower-case letters of the title
3. ‘1’ if the area is computer or mathematics ‘0’ otherwise

For example:

If:

ltem Type: Journal

ltem Tittle: Software Testing
ltem Area : Computer

Iltem ID: JR +{16-2)+1= JR141

e Ifthe item is a book concatenating:
1. ‘BK’
2. first, second, and third letters of author’s name
3. number of upper-case letters of the book’s title plus book title length

For example:

If :

Item Type : BOOK

Item Title: Software Testing

Item Author : Summer Vil

Item ID: BK+Sum+2+16= BKSum18
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Start Time:
End Time:

Module: Item Management Frame Method: Add Item

Description:

This method allows employee to add new item (i.e., book or journal) to the system. Each
item has the following data (Item-ID, Item Type, Item Title, Item Author, Item Date, Item
location, Item Edition, Item House, Item volume, and Item note). To insert a new item
she/he has to insert the type item (i.e., journal or book) and all the specific fields. Thus,
before adding a new item it first generate an item-ID then it checks whether this item is
already exist in the system or not. So if the item doesn’t exit in the database it creates new

items otherwise it informs employee that there is conflict.

Start Item_ty: Item Type

Item_ti: Item Title

/ Input / Item_aut: Item Author
Item Are: Item Area

Item Pub Date: Item Date

Item_loc: Item location

[13 item_ti &&item aut Mot MULL]

- ? Item Edit: Item Edition
- Item_hou: Item House
l Item_vol: Item Volume
Item_D=generate Item Numberjitem_ti, item aut) Item_Pub_note: Item note
1

indictor= getltem|Item_ DY

[!1a (Itudictor = True)]

Ha

Yes
[ I Item_ty =="EOOK"]

Create Mevw "Joural" Create Mew "BEQOE"
] |

Complexity
Method complexity Average Complexity Rule
33 19.11 Rule (3)
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Start Time:
End Time:

Module: Item Management Frame

Method: update Item

Description:

This method allows employee to update item record (i.e., book or journal) in the

system. Before updating an item it checks whether this item is already exist in the

system or not. So if the item exits in the database it updates item record otherwise it

informs employee that his item does not exist.

Note 1: Before updates an item we have to find it by using search item method.

Start

Innpnat /

[I5item i && item_aut Mot MULL)

e sl

indictor = getltem (Tem _IDY

[ Is(Indictor= Trae))

Tes
[ s Ttem_ty =="EOOE"]

¥

Item ID: Item ID

Item ty: Item Type
Item_ti: Item Title
Item_aut: [tem Author
Item Are: Item Area
Item Date: Item Date
Item_loc: Item location
Item_Edit: Item Edition
Item hou: Item House
Item_vol: Item Volume
Item Pub note: Item note

updateltem ("Journal")

updateltem ("BOOK

Complexity
Method complexity Average Complexity Rule
33 19.11 Rule (3)
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Start Time:
End Time:

Module: Item Management Frame Method: delete Item

Description:

This method allows employee to delete an item from the system. It checks whether

item is already exist in the system or not. So if item exits in the database it deletes

item otherwise it informs employee that no such member is available.

Note 1: Before deletes an item we have to find it by using search item method.

Start Item ID: Item ID

/o7

[Do you want to delete 7]

Te sl

DeleteItem

End

D=

Complexity
Method complexity Average Complexity Rule
11 19.11 Rule (1)
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Start Time:
End Time:

Module: Item Management Frame Method: search item

Description:
This method allows employee to search for item in the system by item-ID and item

type. It checks whether item already exists or not. So if item exits it retrieves item

record otherwise it informs employee that there is no such item.

Start Item_ID: Item ID

Item ty: Item Type

Trem id, Trem ty /

% [IsItem ty=="Book™]

3 L

indictor= getlem(Ttem 1D indictor= getltem (Ttem 1D
[Is (Indictor = True) (s (Irndictor = True))
9 Ha Ha o
ez Tes

<:lispla§.r Jonarnal data > Display Bock
Data

o)

Complexity
Method complexity Average Complexity Rule
23 19.11 Rule (2)
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Return Items Frame

Get Member Items/Return Item/ Renew Item

The library employee can get member items that he/she has borrowed, return an
item, or extend a current item loan (renew). By entering the member ID library
employee can retrieve all items that have been borrowed by that member. Then he

can return an item or renew loaned item.
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Start Time:
End Time:

Module: Return Items Frame

Method: get Member Items

Description:

This method is allowed employee to get member items that have been borrowed by

entering member-ID. First, this method checks whether the member exists in the

system or not and then it retrieves and displays all items that he/she has still

borrowed.

Start

Ew ID

Bw_ID: member number

[Is Bw_ID Mot mall]

Indictor= gettdember (Ew_I0

[ Iz (Indictor = Truel]

Mo 2

Yes

indictor= gethiember temsBw_ DY

[Is (Indictor = Trae)]

<Disp1 ay Items >

Complexity

Method complexity

Average Complexity

Rule

14

19.11

Rule (2)
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Start Time:
End Time:

Module: Return Items Frame Method: Return Item

Description:
This method allows employee to return an item to the system. You have to retrieve

all items that member has borrowed.

Bw_ID: member number
Item ID: Item ID
Br_Date: Borrow Date

/ input / Ret Date: Return Date

Feturn Item (Tnput)

Start

¥

=)

Complexity
Method complexity Average Complexity Rule
15 19.11 Rule (2)
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Start Time:
End Time:

Module: Return Items Frame

Method: Renew

Description:

This method allows employee to renew an item to a member, extend a current item

loan one month (30 days). It checks whether member exists or not then it renews

item.
Start Item ID: Item ID
Item ty: Item Type
/ Inpits / Bw_ID: member number
s Bw D Mot Hull or Hot Empty]
e
[Is Integen Bw ID 7]
S
Yes
| Indictor= getbember (Ew_ID)
siindictor = Trae)]
Hao 2
Yes
Fetewtem
End
Complexity
Method complexity Average Complexity Rule
24 19.11 Rule (2)
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Search Item Frame

Search for Item/Loan an Item/ Items Cost

The library System must support the facility “search Items”. The library members
can search for items using these terms item area, type of item, search based (e.g. title,
author, Meta data), and search string. Through this facility members can look for
items (books or journals) and after that if he/she wants to borrow an item the system
asks for member number to validate whether he/she is member in the library or not
then it checks if the number of items on loan for this member is less than 6 and the

item that he/she wants is checked in then the procedure can proceed.

A member may borrow up to a maximum of 5 items. An item can be borrowed or
renewed to extend a current loan. Each of these activity has a cost (borrow a book
cost 10 SR while a journal only 5 SR; if the member performs at least 3 operations —

i.e., borrow, and/or renew — in the same day, she/he receive a discount of 7 SR).
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Start Time:
End Time:

\ Module: Search Item Frame

| Method: Search for items

Description:

This method allows member to search for items in the library system. The library

members can search for items using these terms item area, type of item, search based

(e.g. title, author, Meta data), and search string. Member inputs must be checked

before execute search query.

Start

e

Ha

¥

Item_ty: Item Type
Item _tit: Item Title
Item _aut: Item Author
Item Are: [tem Area
Se_str: Search String

[Is Ze_str Mot Mall or Mot Empty)

[Is item Ty="Book™]
Ho / 9>

Tes

indictor searchltem Journal

indictor =Searchltem Book

?
Tes

[stitudictor = Trae))

Ho Ha

<]isp1a3r Search Result

[sitndictor = Trae)]

L
> <3isp1a5r Search Result >

End
Complexity
Method complexity Average Complexity Rule
25 19.11 Rule (2)
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Start Time:
End Time:

\ Module: Search Item Frame

\ Method: loan an Item

Description:

This method allows member to borrow an item (book or journal) from the library
system. After finishing search process a list of items are displayed for member. Member
can borrow any item already exists in the library — (e.g. check in items, he/she can’t
borrow check-out items). Each member may borrow up to a maximum of 5 items for one
month (30 days). This method checks the inputs and state of the item (check-in or check-
out) so if item state is check-in procedure can proceed otherwise system must inform
member that this item is already check-out. Then it validates whether member is allowed
to borrow an item also it checks how many items member has already borrowed.

Mo

[Is Integen Bwa I 7]

indictor=getiiember (Ew_IT%

Mo

slindictor = Trael]
T

Yes

Countltems =getItems (Bw_ I

Yes

[ Is number of items=5 ]

Mo

| Borrow Book or jourmal

Item_ID: Item ID

Item ty: Item Type
Bw_ID: member number
Ch Stat:Check State

Complexity
Method complexity Average Complexity Rule
31 19.11 Rule (3)
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Start Time:
End Time:

\ Module: Search Item Frame \ Method: Items cost

Description:

Member can borrow and/or renew items from library. Each of these activity has a

cost in S.R. (borrow a book cost 10 S.R. while a journal only 5 S.R.); if the member

performs at least 3 operation — i.e., borrow and/or renew in the same day, she/he

receive a discount of 7 S.R.). So, this method checks user validity and also checks

how many items he has borrowed then it computes the cost of his operations.

Start Bw_ID: Borrower Number

-

It

g Bw_ID Mot Hull or Mot Esmgatsr]

[Is Itntegesn’ B 1D 7]
Mo

Indictor = gethiember Ew_IDY

ritdictor = Truael]

5
Ma ?
Tes

getiiember Items(Trate)

[ Is Mumber of borrowed items = =3 ]
Mo 2
Tes

Cost=Cost-7

Complexit

+

<Disp12q,T Items and Cost >

d

H

Method complexity

Average Complexity Rule

24

19.11 Rule (2)
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User Setting Frame

Add user/ Update User

In this frame library employees that have manager privilege can insert add new user,

update user data, and delete user from the system.

155



Start Time:
End Time:

Module: User Setting Frame

Method: add user

Description:

This method allows a library employee that has manager privilege to add new user to

the system.

In this method employee can grant the new user the privilege to be manager or user

before create the new user it checks whether this user already exists or not.

Start

User ID: User Name
User Pass: User Password
User ty: User Type

/ User_ID,UserPass,User_tgr/

[[Ts Usetld 1= roall or Esmpts?) (T Uzer Pass 1= rooll or Empts)]

Create User

Complexity
Method complexity Average Complexity Rule
17 19.11 Rule (2)
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Start Time:
End Time:

Module: User Setting Frame

Method: Updateuser

Description:

This method allows library employee to update user record in the library system.

Start

/User_ID,T_TserPass,User_t}.r/

User ID: User Name
User Pass: User Password
User_ty: User Type

Indictor = Checklser

[Tefitvdictor = Trae)]

[[Ts Usetld |= mall or empts) (Is Tser Pass |= mall or Empts]

UpddelTser

o]

Complexity
Method complexity Average Complexity Rule
17 19.11 Rule (2)
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APPENDIX C

Post Experiment Questionnaire

Name:
1. T had enough time to perform testing
O strongly agree [ agree O not certain O disagree O strongly disagree
2. The objectives of the lab were clear to me.
O strongly agree [ agree O not certain O disagree O strongly disagree
3. The description of the system was clear.
O strongly agree [ agree O not certain O disagree O strongly disagree
4. The Control Flow Diagrams were clear to me.
O strongly agree [ agree O not certain O disagree O strongly disagree

5. Texperienced no difficulty in reading/understanding the Control Flow Diagrams
O strongly agree [ agree O not certain O disagree O strongly disagree

6. I experienced no difficulty in reading/understanding the complexity numbers.
O strongly agree [ agree O not certain O disagree O strongly disagree

7. Did you find complexity (when available) useful in testing?
O very much O enough O undecided O little O definitely not
Please explain the reason for your choice
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Pre-Experiment Questionnaire

1. In which degree are you enrolling now?

O Bachelor

O Master O PhD

Name:

2. Number of software projects with testing task (courses projects, industrial project)

O 5+

O3-4 023

o1 O Non

If more than one project please list the project name, course name and where you did

it?

Project name

Course name

location

3. List software engineering courses you have studied (including this semester)?

4. Do you think you understand software testing?

O Completely
all

O well O reasonably well O not too sure O not at

5. Have you been involved in component-Based development (e.g. Using Java Beans,

.Net, Net Beans,
O Yes

ete).
O No

6. Have you previous experience of applying control flow testing?

O Yes

O No
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