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Abstract
Test case Minimization techniques try to schedule test cases in an 
execution order according to given criterion. The main purpose of 
this Minimization is to increase the likelihood that if the test cases 
are used for regression testing in the given order, they will more 
closely meet the objective than they would if they were executed 
in some other order. For instance, testers might schedule test cases 
in an order that achieves code coverage at the fastest rate possible, 
exercises characteristics in order of expected frequency of use, or 
increases the probability of detecting faults early in testing.
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I. Introduction
To ensure the delivery of quality software, effective and efficient 
testing is a key part of software development. Test methodologies 
[1] are generally divided into two types: black box and white box. 
Black-box approach, such as random testing and functional testing, 
in which do not require the knowledge of implementation details, 
but when applied to CBSE systems they may encounter a problems 
similar to those that found in testing of the traditional programs. In 
white-box approach, internal structure of the program is tested, so 
in this testing, firstly the program structure is examined and then 
various test cases are derived based on the program logic.

A. Why is Adequate Testing for Component-Based 
Software Necessary?
Why does an integrated system of reliable software components 
need to be further tested? Some blame can be attributed to the lack 
of adequate components, which require a lot of reconfiguration or 
even code modifications of the original components. Nevertheless, 
even when “perfectly matched” components are integrated, the 
following issues may still be encountered, which again require 
further testing efforts. 

Inconsistent infrastructure and environment 1. 
Inconsistent interaction model2. 

B.  Difficulties in Adequate Testing and Maintenance for 
Component-Based Software
There are some major factors that affect our testing and maintenance 
activities.

1. Code Availability
For COTS components, source code is very often not available, 
and the interaction among components will have to go through 
predefined component interfaces. The lack of source code causes 
a lot of problems.

2. Performance and Reliability Analysis
Performance is one of the quality features that are heavily affected 
by component-based software features. Reliability and usability 
also need to be reexamined. To analyze these quality features of 

component-based software, a key issue is how to reuse the results 
provided by the software components.

3. Adequacy
Test adequacy is one of the toughest issues in testing component-
based software. On one hand, not all traditional test adequacy 
criteria can be used, especially for those source code–dependent 
criteria. On the other hand, even though some black-box based 
criteria can be adopted, the issue is: Do we still want to apply 
those criteria?

4. Maintenance
When a component in a component-based software is modified 
or upgraded, a maintenance activity occurs [2-3]. Due to many 
of the characteristics of component-based software, difficulties 
can be encountered when traditional maintenance approaches 
are applied. The cost of maintenance phase for conventional 
software as two-thirds of the total cost and it can be still more 
for maintaining CBS. 

C. Component Based Testing Models
To efficiently, effectively, and adequately test and maintain 
component-based software, we require the following two abstract 
models to represent characteristics of CBS.

1. Interaction Model
The Interaction model depicts how software components interact 
with each other within component-based software.

2. Behavior Model
The Behavior model depicts component internal structure and 
behavior. The behavior model can be used to carry component 
information, such as internal control structure, reliability 
information, and performance information.

(i). Component-Based Integration Testing
When developing a component-based software system, we test each 
constituent individually. Components may have been developed 
by dissimilar people, written in different programming languages, 
and executed in dissimilar operating platforms. Therefore, the 
interfacing among components needs to be tested [4-5]. Integration 
testing is necessary to ensure communication between components 
is correct. IEEE defines it as: 
“Testing in which hardware components, software components or 
both are combined and then tested to evaluate interaction between 
them”

(ii). Regression Testing for Constituent-Based 
Software
Regression testing, which is aimed at ensuring that the modified 
software still meets the specifications validated before the 
modification activities, is critical to the success of a component-
based system. Regression testing involves many different issues, 
for instance, test-suite management and regression-testing 
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automation. Regression testing for component-based software 
is significantly different from regression testing for traditional 
software. This is mainly because traditional software maintenance 
is usually carried out by the same team; therefore, the team has a 
full knowledge of the software. For component-based software, 
maintenance is often carried out by component providers. After 
that, users have to maintain their systems according to the changes 
that the component providers have made. Component providers 
have full control of their components, and can therefore use 
traditional approaches to maintain their components.

(iii). UML-Based Integration-Testing Approaches
UML [6] is a language for particularise, constructing, visualizing 
and documenting artifacts of software-intensive systems that can be 
used. UML provides a pool of high- level information that specified 
internal behavior of the components, which can be processed easily 
and used successfully when testing. Second, UML has appears 
as an industry standard for the software modeling notation and 
different diagrams are available from many software component 
providers. Third, UML includes a number of models that provides 
different levels of accuracy and capacity for component-based 
modeling and so it can be used to satisfy different needs in the 
real world.

D. Test case Minimization
Test case Minimization techniques [15, 19, 22] schedule test cases 
in an execution order according to some criterion. The purpose 
of this Minimization is to increase the probability that if the test 
cases are used for regression testing in the given order, they will 
more closely meet some accusative than they would if they were 
executed in some other order. For example, testers might itinerary 
test cases in an order that achieves code coverage at the fastest rate 
possible, exercises characteristics in order of expected frequency 
of use, or increases the probability of detecting faults early in 
testing. Depending on the types of information accessible for 
programs and test cases, and the way in which those types of 
details are used, various test case Minimization techniques can be 
employed. One way in which techniques can be imposed involves 
the type of code coverage details they use. Test cases can be 
prioritized in terms of the number of statements, basic blocks, 
or process they executed on a previous version of the software. 
For example, a total block coverage Minimization technique 
simply sorts test cases in the order of the number of basic blocks 
(single entry, single-exit sequences of statements) they covered, 
resolving ties arbitrarily. A second way in which Minimization 
techniques can be distinguished involves the use of “feedback”. 
When prioritizing test cases, if a particular test case has been 
selected as “next best”, information about that test case can be 
used to re-evaluate the value of test cases not yet chosen prior to 
picking the next test case. For example, additional block coverage 
Minimization iteratively selects a test case that yields the greatest 
block coverage, and then adjusts the coverage information for 
the remaining test cases to indicate coverage of blocks not yet 
covered, and ingeminate this process until all blocks coverable 
by at least one test case have been covered. This process is then 
repeated on enduring test cases. A third way in which Minimization 
techniques can be distinguished involves their use of information 
about code revision. For example, the amount of change in a 
code element can be factored into Minimization by weighting the 
elements covered using a measure of change. Other dimensions 
along which Minimization techniques can be distinguished that 
have been suggested in the literature [14-15, 22] include test cost 

estimates, fault asperity estimates, estimates of fault propagation 
probability , test history information, and usage statistics obtained 
through operational profiles.

II. Previous Work
Roberto Pietrantuono et al. [7] proposed an optimization model 
to allocate the testing resources to dissimilar system components 
in ordered for the system to achieve a required reliability level at 
lowest verification costs. In order to best assign the testing resources 
to software component, aims of the model was to discover the most 
significant components of software structure. An architecture-based 
model was used to describe the software architecture. According 
to fact provided by the user, the optimization model that was 
provided flexible solutions, at different levels of detail. The model 
included the possibility of considering the OS (operating system) 
as a component and a component could employ the potential 
fault tolerance mechanisms. Moreover, performance testing times 
and second-order architectural effects were considered. Even 
though the presented model aims to allocated testing times for 
each component, its output contributed as a side effect to a better 
integration testing (i.e., identifying the most critical components, 
an integration strategy by critical components was eased) and to 
the system test cases generation. 
Xun Yuan et al. [8] presented a fully automatic model-driven 
technique which was used to generate test cases for Graphical User 
Interfaces (GUI) events. The technique was based on analysis of 
feedback obtained form runtime state of graphical user interface 
based applications which was generated automatically by using 
an existing structural event interaction graph (EIG) model of the 
Graphical User Interface (GUI). During execution, the runtime 
effect of each graphical user interface application on all other 
applications i.e. event semantic interaction (ESI) relationships, ESI 
were used to automatically generate new test cases. Two studies on 
eight software applications demonstrated: i) the feedback-based 
technique was able to considerably improve existing techniques 
and also helps to identify serious problem in software, ii) the 
event semantic interaction relationships captured via graphical 
user interface state yield test suites that detect more faults than 
their code and event.
Chuan-Sheng Zhou [9] introduced abstract component concept 
and provides a UML state diagram based component test system 
design. Component test cases automatically generation was the 
key problem to be solved in system design. How to create the 
component formalized specification through abstract component 
was affecting to test cases and its generation.  UML state diagram 
represented a finite state machine; it described a component control 
flow from one state to another state. It also described how the 
events affecting component stages changes alone with time 
moving. By using the UML state diagram and UML use cases 
scenario with OCL (Object constrain language) description, it 
illustrated a more effective component test system design that help 
the component providers and consumers to test their component 
more efficiently.
Xiao-li LU et al. [10] exploited the features of component-based 
software and MT (metamorphic testing) to alleviate the issues. 
The MT (metamorphic testing) services would invoke relevant 
component to executed the test cases and then use their metamorphic 
relations to detected faults. They could use test cases for the unit 
test phase to produced follow-up test cases for the integration 
test phase. It had potentially shifted the testing effort from the 
construction phase of integration test sets to the development 
phase of metamorphic relations. Component-based software 
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development could effectively minimize software development 
costs, enhance software reusing, reduces development time, and 
minimizes software maintain workload. 
Furqan Naseer et al. [11] discussed the different issues in 
component-based software testing using metadata techniques for 
black box testing when interface to the components not available. 
They also analyzed that how metadata could be used in the black 
box testing of a software component. They had constructed some 
parameters on the bases of limitations of the existing approaches. 
They specified that usually metadata was used for white box 
testing of a component or model based scenario. They presented 
an approach to use metadata technique for component based black 
box testing. At the last, they had constructed a case study using 
some test cases to evaluate their work. 
Sarita Singh Bhadauria et al. [12] presented an object oriented 
testing system that played an important role, classes were the 
smallest testable unit, that’s provide an excellent structuring 
mechanism. Second, class that support the concept of information-
hiding. Third, object-oriented that support software reusability 
concept. In this paper firstly establish a total set of requirement 
specification for a comprehensive software testing tool. In Object 
Oriented environment, these requirements would address various 
testing methods and strategies object oriented development 
scenarios. This work would propose architectural designs 
object oriented paradigms which would satisfy the established 
requirements specifications. These designs could be further 
translated into practical industrial tools.
Chao-Jung Hsu et al. [13] proposed an adaptive reliability analysis 
framework of incorporated path testing into modular component-
based software systems reliability estimation. Based on common 
program structures three estimated methods namely sequence, 
branch and loop structures were proposed to compute the path 
reliability. The derived path reliabilities could be applied for 
software reliability estimation. Based on two real systems some 
experiments were performed for reliability estimation. By using 
simulation and sensitivity analysis the accuracy and correlation 
with respect to the experiments were investigated. The results 
of experiment had shown that the path reliability had a high 
correlation to the actual software reliability. The proposed method 
could show significant estimation of software reliability. The most 
critical components to be identified by using sensitivity analysis, 
that component had major impact on improvement of software 
reliability and paths for resource allocation. It could be concluded 
that the proposed methods were useful for estimating component-
based software system reliability and also could be adaptively 
used in the early stages of software development.
Early studies of test case Minimization focused on the cost-
effectiveness of mortal techniques, the appraisal of a technique’s 
performance, or comparisons of techniques [15, 18-19, 21-22]. 
These studies showed that various techniques could be cost-
effective, and proposed tradeoffs among them. However, the 
studies also divulge wide variances in performance, and attributed 
these two divisors involving the programs under test, test suites 
used to test them, and variety of alteration made to the programs. 
Recent studies of Minimization have begun to examine the factors 
affecting Minimization effectiveness [11, 15, 22]. Rothermel et al. 
[16] studied the effects of test suite design on regression testing 
techniques, varying the constitution of test suites and examining 
the effects on cost-effectiveness of test selection and Minimization. 
While this study did not consider correlating attributes of change 
with technique performance, Elbaum et al. [11] performed 
experiments exploring characteristics of program structure, test 

suite composition, and changes on Minimization, and identified 
several metrics characterizing these attributes that correlate with 
Minimization effectiveness. More recent studies have analyze how 
some of these factors affect the effectiveness and efficiency of 
Minimization, and have considered the generalization of findings 
through controlled experiments [12, 16, 22]. These studies expose 
tradeoffs and constraints that affect the success of techniques, and 
furnish guidelines for designing and managing Minimization and 
testing processes. Most recently, Saff and Ernst [20] considered 
test case Minimization for Java in the context of uninterrupted 
testing, which uses spare CPU resources to continuously run 
regression tests in the background as a programmer codes. They 
advise combining the concepts of test frequency and test case 
Minimization, and report the results of a study that show that 
prioritized continuous testing reduced wasted development time. 
However, their Minimization techniques are based on different 
sources of facts than ours, such as history of recent or frequent 
errors and test cost, rather than code coverage information. The 
measure of effectiveness they use also differs from ours: theirs 
involves reduction of wasted time in development, whereas 
ours involves the weighted average of the percentage of faults 
detected over the life of a test suite. With the exception of the 
work reported in [20], all of this previous empirical work has 
concerned C programs and system-level test suites constructed for 
code coverage, or for partition-based reportage of requirements. 
In contrast, the study we describe here examines whether prior 
results generalize, by retroflexing previous experiments on a 
new population of programs and test suites (Java and JUnit), 
and examining whether the results are coherent with those of the 
previous studies.

III. Present Work
When developing a component-based software system, we have 
to test each component individually. Components may have been 
developed by dissimilar people, written in different programming 
languages, and executed in dissimilar operating platforms. 
Therefore, the interfacing among components needs to be tested. 
Integration testing is necessary to ensure communication between 
components is correct.
To carry out our study we need to study extensively on component 
Testing and its Environment (JUnit and Netbeans), what we first 
want to create is a large Component Based System Model (That 
must support Component Integration).Unit test cases for Each 
Component are automatically crated using JUnit in Netbeans. Unit 
Tests are applied separately and Sequentially Without minimization 
Algorithm and total time is captured for such test suite.
Lastly we will apply minimization Algorithm for each component 
and create and Integrated Unit Test. The algorithm will generate a 
scheduling graph for specified test case. Eventually when a whole 
matrix of such auto generated is feed to Brukers’s algorithm [16] 
implemented in MATLAB to result a Minimized Test Suite.  The 
Performance and Fault Tolerance of Minimized Integrated Test 
case is evaluated. 
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Fig. 1: The Proposed Test Case Reduction Process

Suppose that m machines Mj(j =1,...,m) have to process n jobs 
Ji(i =1,...,n). A schedule is for each job an allocation of one or 
more time intervals to one or more machines. Itinerary may be 
represented by Gantt charts as shown in fig. 2. Gantt charts may be 
machine-oriented or job-oriented. The corresponding scheduling 
problem is to find a schedule satisfying certain restrictions.

Fig. 2: The Algorithmic Scheduling of Test Cases as Jobs Over 
Three Machines

Scheduling Algorithm: The Algorithm defined below returns 
optimal schedule of test cases 
 P|in-tree,pj=1|Lmax
Defined in Test Case problem for Bruckers algorithm. Consider n 
Test Cases Ti(i =1,...,n) with processing times pi (i =1,...,n) to be 
processed on m identical machines M ,...,Mm. Then the following 
problem can be solved according to Brucker [16-17].

Associated with each Test Case Ti there is a release time ri and 
a due date di with ri ≤ di. We have to find a preemptive schedule 
on m identical processors such that the maximum lateness is 
minimized.

Table 1: Test Cases Taken For Test Case Minimization.
Task ID Time Weight
Test 01 16 2
Test 02 20 1
Test 03 4 8
Test 04 3 4
Test 05 15 7
Test 06 14 4
Test 07 17 7
…. ….. ….
Test 32 5 8

Fig. 3: The Test Case Minimization Results Over Multiple

Test is a basic Test in the minimization describing a unit test 
to be minimized. Test Tj in the taken has following properties: 
Name is Name of the Testjin the test suite. Processing time pj is 
the time necessary to execute Test Tj on the processor without 
interruption. WeightI expresses the priority of the Test with respect 
to other Tests  After running the given test case the results of the 
minimization algorithm can viewed in the fig 3 below, the all 
test cases taken have different entry time in the process but same 
processing time.

IV. Conclusion
The main purpose of Test case Minimization is to increase the 
likelihood that if the test cases are used for regression testing in the 
given order, they will more closely meet the objective than they 
would if they were executed in some other order. For instance, 
testers might schedule test cases in an order that achieves code 
coverage at the fastest rate possible, exercises characteristics in 
order of expected frequency of use, or increases the probability 
of detecting faults early in testing. Regression testing is a critical 
process occurring whilst the maintenance phase of the software 
lifecycle. It requires large amounts of test cases to assure the 
achievement of a certain degree of quality. Making, test case 
may grow exponentially. This research paper proposed test 
case minimizing using the proposed algorithm. The Test case 
minimization may lead to optimal fault detection efficacy. The 
results demonstrate the effectiveness of the proposed algorithm 
by achieving significant test case time complexity reduction.
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