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Abstract.  Software testing is often performed in ad-hoc 

manner. A tester used his or her “gut feelings” to develop 

test-cases and execute them. Although this seems to be the 

most practical and effective method of testing, it is 

difficult to maintain the test-cases and/or automate them. 

Also, it is often impossible to test a software system 

exhaustively as the numbers test cases can grow 

astronomically even for a small number of input 

parameters and their possible values. This paper 

describes how SmartTC tool can be used to optimize the 

test cases in a systematic and effective way and how to 

generate the test cases automatically. 

1. Introduction 

Software testing is an expensive, tedious and time-

consuming activity in the entire software development life 

cycle.  Studies [1] have shown that testing can take as 

much as 20% to 30% of total development budget of a 

software project. It can also span considerably to the 

overall length of the software development life-cycle. 

However, it is of critical importance to perform testing 

and detect and fix as many defects as possible before 

shipping the software to the customers. Improving test 

process can considerably reduce the testing cost. 

 

Although there are many test tools available for 

developing test harness for automatically executing test 

cases, there are only few tools available in the market for 

optimizing and auto-generating the test cases [1,2].  These 

tools use the concept of design combinatorial theory to 

generate test cases such that the test set contains all 

possible pair-wise or higher order interactions.  However, 

these tools are either quite expensive and/or difficult to 

use without enough consulting support. That again is 

quite discouraging especially for small to medium size 

company to use this type of tools.  The other limitation of 

such tools lies in the fact that the optimization algorithm 

is inherently very complex and often uses many iterations 

to cover all the possible interactions. The speed of such 

tools in generating test cases is therefore an issue.   

 

It has been reported that most of the field faults are 

occurred by interaction of one or two input fields [3]. 

SmartTC tool provides the pair-wise combination as the 

core algorithm for optimizing test cases. The tool uses 

computationally-efficient algorithm [4,5] to generate all 

possible pair-wise combinations of input values. The tool 

also includes features to include or exclude specific 

combinations that a tester may be interested in. This 

feature is extremely useful because while the pair-wise 

algorithm optimizes the test cases, the additional 



include/exclude combinations make the test set more 

effective. Details on this feature will be discussed in later 

section. 

 

The rest of paper is organized as follows: Section 2 

presents an overview of the SmartTC tool covering the 

design objectives and main features of the tool. Section 3 

demonstrates with examples the generation of test cases 

using SmartTC.  Section 4 describes how this tool can be 

integrated in an end to end testing process. Section 5 

provides a comparison study of SmartTC tool with a 

commercially available tool. Finally Section 6 discusses 

future work and the conclusion. 

2. Features of SmartTC Tool 

This section briefly describes the major features and the 

design objectives of the SmartTC tool. SmartTC is 

designed in object oriented fashion using Java as the 

programming language. The following attributes were 

considered while designing SmartTC: 

 

Ease of use: This tool is intended to be used by software 

testers and in some cases by the designers.  Usually both 

designers and testers deal with a number of tools in the 

software design, implementation and testing phases. Since 

this particular tool will introduce a new methodology in 

testing, the tool must be simple to use to attract user to get 

used to this methodology first.  

 

Iterative/Incremental Design:. The essential 

requirements are introduced in the initial release and once 

the user is comfortable using the tool and sees the benefits 

of using such a technique, more requirements will be 

captured and will be added incrementally in the tool. The 

architecture of the tool allows the incremental feature 

addition. 

 

Input/Output: A simple text format for input file is 

chosen. The format also includes the predicate language 

to be used to define the “exclude” or “include” 

constraints. This gives the lots of flexibility to the user as 

well as scalability to the SmartTC designer. Outputs can 

be exported in different formats so that excel or other 

editor can be used to view and edit the output if 

necessary. The tool itself has its own simple editor to 

create the input file.   

 

Portability: Java is chosen for implementing the 

SmartTC tool because the tool must be easily portable to 

different platforms as we foresee this tool being used by 

different design and test groups with various different 

platforms. 

 

Performance: As mentioned earlier, the core pair-wise 

algorithm used in SmartTC is inherently computationally 

quite efficient. However, special attention is given to 

make sure the implementation is also done in an optimum 

fashion considering the performance of the test case 

generation. 

 

Scalability: The tool must be able to handle multiple 

parameters of multiple values. The number of parameters 

and values chosen such that it can be used for any 

practical software system. 

 

Cost-effective: The tool must be cost-effective. 

 

The main features of the tool include ability to auto-

generate test cases using default combination as well as 

the pair-wise combinations. The tool also allows user to 

input constraints on the top of the auto-generated 

combinations. The user of SmartTC can define the 

constraints in a SmartTC notation as will be discussed in 

details in next section to include or exclude specific 

combinations of interest. 

 

SmartTC is designed with an aim to introduce the test 

generation and test optimization as an essential step in 

entire testing process. This step will force a tester to 

model the test inputs from the requirement specification 

in a formal syntax and generate the test cases in a 

systematic, efficient and effective manner. Developing a 

test plan would be much simpler if used this formal 

technique for generating test cases. The tester can 

gradually add the exclude/include constraints as the 

he/she becomes more familiar with the requirements and 

system under test. 

3. Test Generation Using SmartTC 

The step by step process for using SmartTC for 

generating test cases is illustrated in this section. Creating 

the input file for SmartTC requires understanding of the 

system under test and the requirements. The process is 

referred to as the data modeling [6,7]. This is a crucial 

step in using the test optimization and generation tool. 

The process of creating the input data model is described 

in details in the following section.  

3.1. Input Data Model 

This step also includes determining different possible 

scenarios for the system under test. Examples of such 

parameters are various configuration parameters, internal 

and external events, user inputs – basically parameters 

that will have impact on the system’s behaviour.  

Choosing interesting values for these parameters is also 

an extremely important step. For example, for an integer 



parameter, one cannot possibly choose all or any 

randomly selected integer numbers. Depending on the 

system requirements, one must know what are the 

boundary values and/or other intermideate values that 

might be of interest. The concept of category partitioning 

can be used for data modeling [8]. For example, for 

testing an application which checks whether a given date 

is valid or not, one may wish to test the application with 

29
th
 February of a non-leap year.  In this case,  “non leap-

year”, “February” and “29” are some of the interesting 

values for the input parameters year, month and date, 

respectively.  This step although requires a thorough 

knowledge of the system, does not require each test case 

to be hand-crafted. The knowledge can be placed in a 

known notation from which test cases can be generated 

automatically using the tool. A sample data model is 

shown below in SmartTC syntax: 

 

Day:15,29,30,31 

Month:Jan ,Feb, 

Mar,Apr,May,Jun,Jul,Aug,Sep,Oct,Nov,Dec 

Year:1999,2004 

3.2. Constraints 

As mentioned earlier, it is necessary to apply constraints 

on the test cases generated using pairwise combinations to 

include and/or exclude some specific combinations. This 

is important for several reasons, e.g.  

 

(i) some combinations may be already covered 

by other test cases,  

(ii) some combinations may need to be 

temporarily removed because it may block 

execution of other test cases,  

(iii) some combinations may not make sense at 

all as the design do not permit them,  

(iv) some specific 3-way or higher order 

interactions are necessary to include 

explicitly as they may not necessarily be 

covered in pair-wise test set. 

 

For example, in previous example there is no point testing 

with day 29 for all months except February, because these 

numbers are as good as any other number (e.g. 15). The 

same argument is true for 30 for the months which end 

with 31 days. Also, note that in order to test the fact that 

29
th
 February is valid in the leap year whereas it is not 

valid in a non-leap year, one must enforce that specific 

test case. That can be done using the “include” constructs 

of SmartTC tool. Below, we present some constraints in 

SmartTC notaiton that are to be used to remove some 

redundant test cases and include some important test 

cases. 

 

 

 

Rules: 

EXCLUDE Month ! = Feb AND Day = = 29 

INCLUDE Month = = Feb AND Year = = 2004 

AND Day = = 29  

INCLUDE Month = = Feb AND Year = = 1999 

AND Day = = 29  

3.3. Pair Wise Test Generation 

After the input file is created using SmartTC editor as 

shown in the screenshot below, the pair-wise test cases 

can be generated.  

 

 

Figure 1: A sample model file in SmartTC 

The test cases can be saved in different formats and that 

can be used later by the test harness for test automation or 

for maunal testing. The number of generated test cases are 

50 whereas the total number of exhaustive test cases are 

96 – almost a 50% reduction. Note that, the gain in terms 

of number of test cases increases as the number of 

parameters increases. The following table shows the 

percentage gain in using the pair-wise algorithm when 

compared to the number of exhaustive test cases. 

Table 1 Reduction in test set size using SmartTC’s 

pair-wise combinations 

Number of 

parameters/ 
values 

All 

combi-

nations 

Pair wise 

combi-
nations 

% 

Reduction 

4 parameters, 3 

values each 

81 11 86.41 

6 parameters, 5 

values each 

15,625 25 99.84 

8 parameters, 7 

values each 

5,764,801 49 99.99 



3.4. Default Test Generation 

Sometimes, it is important to test certain functionalities 

which do not involve interaction between different input 

parameter values. In the previous example, one may want 

to test the application using invalid day, invalid month or 

invalid  year. In such cases, interaction between the 

parameters are not important and the testing can be done 

without doing pair-wise and/or any higher order 

interaction. To be honest, in this case, it is better to test 

each invalid value separately as testing them in 

combination may hide the real problem. In order to 

generate such combinaitons, “default generation” feature 

can be used. An example input model is shown below. 

 

Month:Jan,Febb,13 

Day:01,32,99,1,-1,First 

Year:2004,20005,04,-04,TwoThousandFour 

 

where, the first value in each line represents a valid value 

for that parameter. The first test case has all valid or 

default values. The idea is to generate the subsequent test 

cases including one invalid/non-default value at a time. 

The “default test generation” result is shown in the 

following table. 

Table 2: Default Test Case Generation using SmartTC 

 

Test 

Case Month Day Year 

1 Jan 1 2004 

2 Febb 1 2004 

3 13 1 2004 

4 Jan 32 2004 

5 Jan 99 2004 

6 Jan 1 2004 

7 Jan -1 2004 

8 Jan First 2004 

9 Jan 1 20005 

10 Jan 1 4 

11 Jan 1 -4 

12 Jan 1 TwoThousandFour 

4. Integrating SmartTC in Overall Testing 

Process 

Test generation using SmartTC can be used at any level of 

testing i.e. unit, integration or system level testing. The 

tool can be integrated in any existing testing process. If 

test automation is desired, the SmartTC generated  output 

can be fed to the test harness. The entire testing process 

which includes the optimal test set generation is 

summarized in the following figure.  In the first step, the 

data model is developed using the requirement 

specification or design documents depending on the level 

of testing. This may also involve discussion with 

designers to understand the test requirements. Once the 

data model is created, that can be fed to the SmartTC test 

generation tool to generate the optimal set of test cases.  

However, it is worth-mentioning that in order to make the 

test set more effective, domain knowledge is often 

desired. Pair-wise technique must be augmented with 

domain knowledge to generate more effective test set as 

shown in Figure 2.  The output of the pair-wise technique 

can be used as input to the test harness. Specific 

customization may be required depending upon the test 

environment of specific project. Test automation or 

manual testing can be conducted using the test set 

generated by the pair-wise technique and domain 

knowledge.  
 
Code coverage tool can be also used to measure the 

effectiveness of a test set. The goal is to exercise as much 

code as possible with minimum tests. The code-coverage 

results show what percentage of code has been exercised 

using the test set.  If the code-coverage result is not 

satisfactory, one may need to refine the data model and 

repeat the entire process.  It is always recommended to 

iterate the model few times [6,7] to get more effective test 

set. 

 

 

 

    

 

 

 

 

 

 

 

 

 

Figure 2: Testing process 

Below illustrates an example where SmartTC can be used 

to generate test cases for installation testing. Imagine a 

web-based software system that works on different 

operating systems and on different web browsers. Other 

requirements involve installing the software for different 

packaging to enable/disable certain features, different 

modes of operation and different licensing models. The 

following table summarizes the different parameters and 

their possible values. The values are separated by commas 

under each parameter name.  

Data 
Modeling  

SmartTC  

Test 
Harness  code 

Code 

Test 
Execution  

Domain 

Knowledge 

Require

ment 



 

 

Table 3: Input parameters and possible values  

 

As can be seen from Table 3, there are 2
5
 = 32 possible 

combinations. Using SmartTC, the test set can be reduced 

to a size of 6. The output of SmartTC is shown in the 

following table. 

Table 4: SmartTC generated output 

 Plat-

form 

Web 

Browser 

Feature License Op. 

Mode 

1 HP IE Basic Fixed Remote 

2 HP Netscape Advanced Float Local 

3 WIN IE Advanced Float Local 

4 WIN Netscape Basic Float Remote 

5 WIN Netscape Advanced Fixed Remote 

6 HP IE Basic Fixed Local 

 

Assume there exist two different problems in the software 

which may be due to some defects in the code and/or 

packaging problem, (i) the system cannot be installed on 

an HP machine if remote mode of operation is chosen by 

the user and (ii) the system enables all features on 

Windows operating system even when the installation is 

done for “Basic” feature. Table 3 shows the output 

results. As can be seen, there are only 6 tests and out of 

that, tests 1 and 4 will be able to detect the above 

mentioned problems. 

5. A Comparison Study 

We conducted some preliminary comparison in terms of 

number of test cases (pair-wise combinations) generated 

by the tool and time required to generate the combinations 

with one of the commercially off the shelf tools named 

“ProTest” [2].  

 

ProTest is a tool similar to SmartTC with a capability of 

generating pair-wise combinations. The tool also provides 

feature to include some simple type of constraints. The 

pair-wise algorithm used in ProTest is iterative and the 

combinations are optimized in multiple iterations. The 

user can choose to stop at any point in time. For our 

comparison study, we have attempted to produce similar 

number of test cases as generated by SmartTC with 

minimum iterations. 

 

Table 5 shows some sample results from our comparison 

study. Both tools were run on a Intel, Pentium III, 797 

MHz, 192 RAM, Windows XP system on identical input. 

 

As can be seen from Table 5, both the performance and 

the optimization in terms of number of test cases 

generated are better in SmartTC than that of ProTest.  The 

performance of SmartTC is quite satisfactory. The speed 

is achieved because there is no iteration involved in 

generating the pair-wise combinations.   

 

Table 5: Comparison Result 

6. Future Work and Conclusions 

SmartTC provides user a simple predicate language that 

can be used to define the constraints.  Extensions are 

required to include more complicated constraints. Also, 

the constraint processing part can be further optimized. 

Although, currently only pair-wise combintions are 

included in the tool as the core algorithm for optimizing 

the test cases, efficient algorithms which would cover 

higher order interactions are also being investigated.  

SmartTC is currently being evaluated by some major 

software companies. Comparison of this tool with several 

other existing tools as well as considering the 

performance in presence of constraint is also underway. 

 

The SmartTC tool can be a major motivation for using a 

systematic process while generating test cases. We have 

used the tool internally in various projects. The tool 

allows testers to focus on identifying test cases and 

Platform Web  

Browser 

Feature License Opera-

tion 

Mode 

HP, 

WIN 

Internet 

Explorer, 

Netscape 

Basic, 

Advanced 

Fixed, 

Float 

Local 

Remote 

Approximate 

Time (in sec) 

Number of test-

cases 

Input 

Smart-

TC ProTest 

Smart-

TC ProTest 

6 parameters, 

5 values each 1 22 25 36 

24 parameters, 

5 values each 2 500
1
 49 65 

6 parameters, 

10 values each  1 108
1
 120 129 

24 parameters, 

10 values each  4 2000
2
 219 238 

1
  with 1000 iterations 

2
  with  500 iterations 



provides a formal mechanism to optimize and auto-

generate them. This formal methodology can also save 

time and effort in developing test plan.  
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