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ABSTRACT6
7

In the present work, extenics approach is used for modeling a problem of software testing. The approach
is useful for generation of the test cases through the sequence diagram designed by the use of Unified
Modeling Language. Authors created formalized sequence diagram by use of n-dimensional matter
element property which is converted into message flow graph. Parsed data is generated through Extented
Markup Language (XML) from the sequence diagram and converted the dual of message flow graph.
A traversal algorithm is designed and implemented on the dual of message flow graph for generation of
valid test cases. Further test cases are minimized which satisfies path coverage criteria. The entire work
is implemented on objecte oriented Java programming language through a case study of departure
activity of aircraft.
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1. INTRODUCTION12
13

Software testing is one of the important phases of the software development. Various researchers14
proposed the different types of software testing for enhancement of the quality of software. An excellent15
approach of a software testing produces the high quality of the software. Everyone knows that software16
testing is time consuming approach but one can minimize the vaild test cases to produce high quality17
software. Mall [1] observed that software testing takes about 50% effort of the total development period of18
the software.  Since test cases help for identifying the correct functioning of the software product19
according to the requirement of the client, therefore, It is important activity in the software development20
process. When the program becomes complex, then it is very difficult to select test cases especially for21
realtime system. Craftsmen approach of testing is well explained in [2] in which test cases contain input,22
expected output under the certain condition.23
UML is one of the important platform independent modeling language which contains various kinds of24
static and dynamic diagrams. These diagrams are very useful for generation of test cases and flow for25
finding the inconsistencies and ambiguities in the   software requirements and designs. UML is used for26
detecting the fault at early stage of the software development which can save the development cost and27
time. Therefore, one can say that UML is intended to help to reduce the complexity of software size.28
Extenics approach is a well defined approach for the use of formal method and transformation to solve29
contradictory problems. The problems are explained in such a way that goal cann’t attain in a given30
condition. In Extenics theory, things are composed of matter elements, its characteristic and measure of31
characteristics. In the software testing, we have to find more faults with reduced number of test cases32
which is a well defined contradictory problem. From the UML designs, there are numerious paths which33
are used as test paths to test the object-oriented software. To cover the more test paths with minimized34
test cases is also a contradictory problem.35
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In the present work these two kinds of problems are mainly considered.  The said theory is used to36
generate minimized test cases from UML sequence diagram. A case study of aircraft simulation is37
considered as a real time problem. Dependence activity is modeled through UML sequence diagram for38
representing the dynamic behavior. Then, the dynamic diagram is converted into the XML form and39
further XML file is used for information extraction. The information is extracted through DOM parser for40
creation of Message Flow Fraph (MFG). This graph is converted into dual graph then proposed traversal41
algorithm is used of generation of long series of test cases. This satisfies the path coverage criteria and42
further these test cases are minimized for the aircraft control system.43

44

2. RELATED WORK45
Panthi and Mohaptra [8] have proposed automatic test case generation technique using sequence46
diagram. Here, authors extracted main features from sequence diagram and write java source code for47
that feature using Model junit library. By using this source code, authors generated test cases and derived48
different coverage criteria for generated test cases. Nayak and Samanta [9] synthesized test data from49
class diagram, sequence diagram and using OCL constraints. They derived attribute and constraint50
information from class and OCL constraint and used this information in sequence diagram. From51
sequence diagram, they generated Structured Sequence Graph (SCG), it is used for test sequence52
generation. Kumar et al. [10] presented a new technique of test case generation from UML models. They53
used different feature of UML 2.0 sequence diagram. Authors constructed Use Case Dependency Graph54
(UDG) using use case diagram and sequence diagram. It is used for constructing Concurrent Control55
Flow Graph (CFG) and derived test cases with full predicate coverage. Swain et al. [11] presented a56
technique of test cases generation using feature of UML 2.0 sequence diagram. Authors first constructed57
Message Dependency Graph (MDG) using sequence diagram. In MDG, they selected conditional58
predicate and generated test cases using slicing criteria. Samuel et al. [12] used UML communication59
diagram for cluster level test case generation. They first converted communication diagram into tree60
structure and traversed the tree in post order for selecting conditional predicates. Further, test data is61
generated using functional minimization technique. Generated test cases satisfy message coverage and62
boundary coverage criteria.63

3. EXTENICS THEORY64
In the present scenario, concept of Extenics theory is used to solve the contradictory problems. In these65
kinds of problems, goal cannot be attained in the certain given conditions. Contradictory problems can be66
solved through formalized methods and transformation by the Extenics theory [3]. For example, in some67
city of a country, cars are drived through left hand steering control while in some cities of same country68
are derived through right hand control. When these are combined together then traffic collision occurs.69
There are numerous research problems which are still challenging and these are contradictory problems.70
Even smart researchers are not able to solve contradictory problems. Researchers develop Extenics to71
handle these kinds of problems by the use of three important components of extenics, which are Extenics72
theory, Extenics innovation method and Extension engineering. One can define the Extenics as a science73
which is used to develop formal model for the solution of contradictory problems [4]. For solution of these74
problems, we consider matter, characteristic of matter and measure and these are briefly described75
below:76

Let us consider N is a matter, C is its characteristics then these basic three things are grouped together to77
form a relation R= (N, C, V). A matter can be  defined by different characteristics grouped as a set C={78
c1,c2_ _ _,cn} with its measure  set V={ v1,v2,_ _ ,vn}. Here n is used to represent n-dimensional matter79
element. V=C(N) shows the relationship between characteristic and its measurements or quality and80
quantity. R is given by the following81

82
83

R =84
85
86
87
88

N c1 v1
c2 v2
- -

- -

cn
vn
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When the above matters are interalted i.e. quality and quantity then it is defined by the affair. This89
element is defined by I=( d,h,u)  where d is a verb, h is chrachteristic and u is the mesure. For n90
dimensional affair elements, this is defined below91

92
93

I=94
95
96
97
98
99

Relation element is used to describe the relation between matter and matter, affair and affair, matter and100
affair and given by101
Q=(s, a , z)102
Where s is relation name, a is characteristic name and z is measure.103
Let t is a time parameter, then Q(t) shall be dynamic relation element and n dimensional relational104
element given by105

106
107
108

Q= =(S, A, Z)109
110
111
112
113

a1 z1114
115

a2 z2116
117

where A= Z=118
- -119

an zn120
121

By the use of above concepts of Extenics theory, a model is to be prepared for the solution of the122
research problem. The model is based upon the matter element, affair element and relation element.123
These must describe the quantitative relation but also qualitative relation. In the present work, an UML124
activity model is designed for the formulation of the problem and test case generation and is represented125
by the following figure 1:126

127

d         h1 u1
h2 u2
- -

hn un

S1    a1 z1
a2 z2
-

-

an zn
-

_
an

zn

UNDER PEER REVIEW



128
129

Figure 1. Proposed Test Case Generation UML Activity Model130
131

4. RESEARCH METHODOLOGY132
In the proposed work, the following steps are followed and authors have used Rational Rose tool for this133
purpose:134
1. Construct a sequence diagram of the given problem;135
2. Generate .mdl file of the sequence diagram, convert it into XML using java program. For conversion136

of .mdl file of Rational Rose into XML, we have to search the sequence number, object message, dir137
for direction of message, ordinal in .mdl file and sequence number in double quotes as attribute of138
sequences;139

3. Generated XML file is parsed and  for parsing thorugh Java DOM parser to extract useful information140
like message sequence number, message, direction of message and order number of messages;141

4. After step 3, we created MFG which is a directed graph whose edges are labeled with messages. In142
MFG, for each conditional message there will be two message outcomes;143

5. Generate dual of MFG [6] whose node contains message information. This process minimizes144
number of edges which will reduce the number of test cases;145

6. Apply the proposed traversal algorithm to generate the test cases.146
147

The proposed traversal algorithm is the modified version of the Depth First Search (DFS). In DFS, root is148
selected and reached at the end of node either left child or right chiled while in proposed algorithm, root is149
selected; find its closest neighbour whose distance is minimum. The proposed steps are given below:150

151
Input Graph G, start node, end node152
Output Test sequences153

154
VisitednodeList=startnode, NodeList=0;155
2. Algo(G, VisitednodeList)156
3.    NodeList= getadjacentnode of lastnode in VisitednodeList;157
4. for each node in NodeList;158
5. If node is in VisitednodeList ;159
6. continue;160
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7 end if161
8. If node is end node;162
9.       Add node in VisitednodeList;163
10. print Vistednodelist;164
11. remove Lastnode from VisitednodeList;165
12.       break;166
13. end if167
14. end for168
15. for each  node in NodeList;169
16. if VisitednodeList contains node or node is end node;170
17. continue;171
18. end if;172
19. add node in VisitednodeList;173
20. Algo( G, VistednodeList);174
21. remove Lastnode from VisitednodeList;175
22. end for176
The above algorithm is implemented on the case study of aircraft departure activity.177

178
179

5. A CASE STUDY: AIRCRAFT DEPARTURE ACTIVITY180
The UML is a de facto standard modeling language used to design and analysis of an object-oriented181
system. It provides a blueprint of the system[5]. There are several diagrams which describe structural,182
behavioral and implementation view of the system. Sequence diagram is one of the important diagrams of183
UML to describe the dynamic aspect of the system. A sequence diagram illustrates the objects and184
messages that passes between them over time and it supports dynamic view of the evolving system. It185
shows explicit sequence of messages that are passed between objects. Different elements of sequence186
diagrams are as follows:187

Object188
Objects are entity which exchange messages to communicate with each other in time order.189

190
191
192

Figure 2. Representation of an Object193

Message194
Objects interact with each other using different type of messages. Different types of messages are195
represented as below:196

197
Message()                   ReplyMessage()198

199

Figure 3.  Representation of Exchange of Messages200

In this section, we illustrated our approach on a case study of aircraft departure activity of aircraft control201
system. Airtcraft control system co-ordinates aircraft for departure. With the huge number of aircraft, there202
is need to co-ordinate departure activity of aircraft to avoid collision of aircraft [7].203
Fig. 4 shows a sequence diagram of departure activity of aircraft.  In this diagram, there are two objects204
i.e. Aircraft and Controller. Messages are exchanged between these two objects. Firstly object Aircraft205
sends a message of request for pushback clearance. The procedure of push backward away of aircraft206
from airport gate is called pushback. In pushback procedure, aircraft moves backward with the external207
power. If Controller object grants pushback request to Aircraft then Aircraft pushback. Secondly message208
from Aircraft to Controller is request to Leave Ramp. If Controller grants Leave then Aircraft Leaves the209
Ramp. Ramp is area where Aircraft maintenance activities are performed. Now, the Aircraft request for210
Taxiing Clearance. Taxiing is the procedure in which Aircraft moves on its own power. If permission of211
taxiing is granted then Aircraft moves on runway. Runway is a rectangular area used for landing and212
takeoff of the aircraft. Next aircraft requests for departure clearance from Controller. If Controller grants213

a:A
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departure clearance. Then Aircraft departs. The presented sequence diagram is represented using n-214
dimensional matter element SD= (N, Cm, Vm) where N represents sequence diagram, Cm’s are215
characteristics of different type of messages and Vm‘s are N’s measure about characteristics. Objects216
Aircraft (A) and Controller (C) are represented as affair elements I= (d, h, u). Exchange of messages217
between objects are represented as relation element Q=(s, a, z). Authors used Rational Rose software for218
drawing the sequence diagram of aircraft departure activity. We generated a Petal  file of sequence219
diagram and this Petal file contains entity and relationship between these entities. This file is further220
parsed to generate XML file from model file. For this, we searched string and use left and right221
parenthesis methods to generate XML file.222

223
224

Figure 4: UML Sequence Diagram of Aircraft Departure Actvity225
In fig 5 .mdl file of sequence diagram is shown which is generated from Rational Rose we used notepad226
to open this file here different tags are Object Message, dir, sequence, ordinal.227

228
(object Message "Request for Pushback"229

quid "49FA979B00DA"230
frequency "Aperiodic"231
synchronization "Simple"232
dir "FromClientToSupplier"233
sequence "1"234
ordinal 0235
quidu "000000000000"236
creation FALSE)237

(object Message "Grant Pushback Clearance"238
quid "49FA97C002DE"239
frequency "Aperiodic"240
synchronization "Return"241
dir "ToClientFromSupplier"242
sequence "1.1"243
ordinal 1244
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quidu245
FALSE)246

247
creation248

249
Figure 5. Some part of  .mdl file250

251
252

Figure 6. .mdl file of sequence diagram generated from Rational Rose253

In fig. 8 we generated XML of .mdl file and output is shown on notepad++. XML contains sequence254
numbers as attributes and messages, and directions and order number as ordinal.255
<sequence id="1">256
<Object Message>"Request for Pushback</Object Message>257
<Direction>"FromClientToSupplier"</Direction>258
<Ordinal>0</Ordinal>259
</sequence>260

261
<sequence id="1.1">262
<Object Message>"Grant Pushback Clearance</Object Message>263
<Direction>"ToClientFromSupplier"</Direction>264
<Ordinal>1</Ordinal>265
</sequence>266

267
Figure 7. Some part of  XML generated268
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270

Figure 8: XML generated from .mdl file of sequence diagram271
272

In  Fig. 9  we presented screen shot of java program in which we have taken .mdl file of sequence273
diagram and generated the XML. Netbeans IDE is used for java programming. Then DOM parser of java274
is used to extract useful information for constructing message flow graph which is presented in Fig. 10. In275
DOM parsing we used sequence to getElementsbyTagName. Parsed data contains information about276
sequence numbers, messages, direction etc.277
Graphviz is used to visualize the graph which takes input a dot file. Fig. 11 Is Message flow graph278
constructed from sequence diagram. In message flow graph there is a directed edge from Request279
Pushback Clearance To Pushback Granted and Permission not Granted.280
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Figure 9.  XML generated from .mdl file of sequence diagram283
284
285

286
287

Figure 10: Information extraction using  java DOM parser for generating message flow graph288

289
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Figure 11: Message Flow Graph (AFG) from UML Sequence  Diagram292
293

If Pushback Granted then aircraft Pushback and it goes for Request to Leave Ramp. If Controller grants294
to Leave Ramp area aircraft Leave Ramp. Then aircraft Request for Taxiing Clearance. From here295
Taxiing clearance may be granted or Not. If Taxing clearance is obtained then aircraft moves on runway.296
Next aircraft request for departure clearance. If permission granted from Controller then aircraft depart.297
In Fig. 11 there is an edge incoming Request Pushback Clearance to node b and outgoing edge from b is298
Pushback Granted. In dual graph these edges are converted into nodes and there is an edge from node299
Request Pushback Clearance to Pushback Granted node.300

UNDER PEER REVIEW



Similarly other nodes are created from message flow graph. In Message flow graph there are multiple301
edges of Permission not Granted which are converted into single node of Permission not Granted node.302

303

304
305

Figure 12.  Dual of Message Flow Graph (AFG)306

6. RESULTS AND DISCUSSION307
308

Test cases There are five paths generated from the traversal of the above graph using above algorithm309
which gives us five test cases. Screenshot of test cases is presented in Fig. 13.310

311

Test case1 Request Pushback Clearance-> Pushback Granted-> Pushback-> Request to Leave Ramp->312
Grant to Leave Ramp -> Leave Ramp->Request Taxiing Clearance->Grant Taxiing Clearance-> Taxiing-313
>Aircraft on Runway-> Request Departure Clearance->Grant Departure Clearance->Depart->End314

Test case 2 Request Pushback Clearance-> Pushback Granted-> Pushback-> Request to Leave Ramp->315
Grant to Leave Ramp -> Leave Ramp->Request Taxiing Clearance->Grant Taxiing Clearance->Taxiing-316
>Aircraft on Runway-> Request Departure Clearance->Permission not Granted-> End317
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Test case 3 Request Pushback Clearance-> Pushback Granted-> Pushback-> Request to Leave Ramp-318
>Grant to Leave Ramp-> Leave Ramp -> Request Taxiing Clearance-> Permission not Granted-> End319
Test case 4 Request Pushback Clearance-> Pushback Granted-> Pushback-> Request to Leave Ramp-320
>Permission not Granted-> End321
Test case 5 Request Pushback Clearance-> Permission not Granted-> End322

323

324
325

Figure 13. Generated test cases of  Aircraft Departure activity326

7. CONCLUSIONS327
328

In software testing test case generation is an important activity. In this paper we proposed an approach of329
test case generation based on extenics theory. Here we considered sequence diagram and transformed330
this into message flow graph and obtained its dual graph. From this dual graph we generated test cases.331
In dual of message flow graph redundant edges are converted into single node which reduces the332
number of test cases generated. Test cases generated from our approach can detect integration faults333
and are suitable for functional testing. Our technique achieves important message path coverage.334
Moreover in future we may use other diagram of UML to generate test cases. In future we can optimize335
the test cases by using different UML diagrams.336

337
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