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Abstra
tThe in
reasing 
omplexity of safety-
riti
al software systems and the 
ostsasso
iated with software "failure" has given rise to a need for pra
ti
al ande�e
tive testing strategies. Software testing is a 
riti
al element of softwarequality assuran
e and represents the ultimate review of spe
i�
ation, design, and
oding. Testing is a dynami
 method for veri�
ation and validation, whereinthe exe
ution behavior of the given system is observed for several "test 
ases".The time and 
ost devoted to testing needs to be managed a

urately. Too often,la
k of suÆ
ient testing 
auses s
hedule and budget over-runs with insuÆ
ientguarantee of quality.An e�e
tive software testing strategy starts with the implementation of a
omponent test pro
ess. In 
omponent testing, 
riti
al 
omponents (shared,reusable, or 
omplex) are subje
ted to fun
tional or bla
k box testing to en-sure that they are fun
tionally 
orre
t. Also, 
ode 
overage, i.e., the number ofexe
ution paths 
overed by a given test 
ase, needs to be analyzed to determinethe e�e
tiveness of the testing pro
ess.State ma
hines or state
harts are a 
ommon approa
h for the abstra
tionof the 
ontrol and data 
ow in a wide range of appli
ation, su
h as real-timeappli
ations, networking proto
ols, GUI design and safety-
riti
al systems. S-tate
hart is a formalism for visual spe
i�
ation of rea
tive system behavior.The formalism extends traditional �nite-state ma
hines with notions of hierar-
hy and 
on
urren
y, and is used in many popular software design notations. Alarge part of the appeal of using state
harts for testing, is due to the intuitive op-erational interpretation of state ma
hine behavior. State
harts are hierar
hi
alin nature and allow one to de
ompose states into sub-states.For systems where tasks are performed under time-
onstraints, the misinter-pretation of even a single event in state ma
hine's behavior 
an lead to 
ollapsethe whole underlying system. Hen
e an eÆ
ient testing tool is mandatory forsu
h systems.In this report, we dis
uss various testing te
hniques, testing strategies andstate
hart semanti
s, using pra
ti
al examples. We have developed StateTest,a tool that takes a state
hart spe
i�
ation and the test s
ripts as the input,and generates the pass or fail report and the 
overage metri
s as the output.Presently, StateTest 
an test the behavior of traditional as well as hierar
hi
alstate
harts. The tool 
an also be extended to test the state
harts that haveorthogonal (
on
urrent exe
ution) as well as history states.
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Chapter 1Introdu
tion1.1 Importan
e Of TestingSoftware testing is a 
riti
al element of software quality assuran
e(SQA) andrepresents the ultimate review of spe
i�
ation, design, and 
oding [28℄. Softwaretesting is an expensive and labor-intensive task. It has been estimated thatsoftware testing a

ounts for up to 50 per
ent of software development, andeven in safety-
riti
al systems. If most of software testing 
ould be automated,the 
ost of software development 
ould be signi�
antly redu
ed [5℄.Sin
e the entire input domain of the program (whi
h in most 
ases is ef-fe
tively in�nite) 
annot be exhaustively sear
hed, formal 
overage 
riteria aresometimes used to determine test inputs. Su
h 
overage 
riteria help in earlyfault identi�
ation, thereby providing greater assuran
e of software quality andreliability. Su
h 
riteria also provide rules for determining the number of test
ases, as well as the repeatability of the test pro
ess. Hen
e, it is ne
essary tode�ne adequate 
overage 
riteria for testing.The design of tests for software and other engineered produ
ts 
an be as
hallenging as the initial design of the produ
t itself. There are three elementsin the test design [20℄.Æ Test Spe
i�
ations- Test spe
i�
ations des
ribe exa
t inputs to a pro-gram together with exa
t expe
ted outputs. For example, LIST has thenull string as its single element; expe
t return value 9.Æ Test Requirements- Test requirements des
ribe useful sets of input thatshould be tested. For example, LIST must have a single element(valueunspe
i�ed) and use the null string as some LIST element.Æ Clues- Clues are the sour
es for test requirements. For example, LIST isa list of strings and a list element is a string.One of the goals of testing is to exe
ute the program with appropriate inputs,su
h that design/
oding faults be
ome apparent as failures[20℄. For instan
e,
onsider the following program: 3



CHAPTER 1. INTRODUCTION 4void 
he
k_square(int do_square, double x){double y = x ;if(do_square)y = x + x ;printf("squared value larger? %d\n", y > x);}The fault is that + is used instead of * in statement y = x + x.Firstly, to provoke a failure, the program's inputs must 
ause the faulty state-ments to be exe
uted. Su
h inputs need to satisfy a rea
hability 
ondition. Inthis 
ase, the rea
hability 
ondition is that do square is true.Next, the faulty statement must produ
e a di�erent result than the 
orre
tstatement. This is 
alled the ne
essity 
ondition. I n this example, X = 1will 
ause Y to have the in
orre
t value 2(1 + 1) instead of the 
orre
t value1(1�1). However, X = 2 will 
ause Y to have the 
orre
t value 4. The program
al
ulated the right result the wrong way, so it won't fail on that input. Thene
essity 
ondition for this fault is X 6= 2&&X 6= 0.Finally, the in
orre
t internal state must propagate so that it be
omes visiblein the program's results. For example, if X is 4, Y will be 8, instead of 16.However, sin
e both 8 and 16 are greater than 4, the faulty program will print"squared value larger? 1", whi
h is the same as the output of a 
orre
t program.In this 
ase, the in
orre
t internal state was "damped out" before it be
amevisible. Hen
e, there is a need for a propagation 
ondition. The propagation
ondition for the fault requires that X + X > X have a di�erent truth valuefrom X �X > X. This is true whenever X � 1.All these three 
onditions are 
alled the ideal fault 
onditions. Hen
ethe program should be tested with inputs satisfying:do_square true AND (X!=0 and X!=2) AND (X<=1).1.2 State
hartsState
harts are hierar
hi
al state ma
hines that support the 
on
epts of orthog-onality, aggregation, and generalization[22℄. A behavioral model des
ribed asa state
hart is based not only on modes and transitions, but also on events,
onditions and di�erent types of data items. State
harts resolve the "blow-upphenomena"[8℄ asso
iated with state transition diagrams. A realisti
 system istypi
ally not des
ribed as a single state
hart but as a hierar
hy of state
hart-s. A hierar
hi
al state
hart allows one to de
ompose states into sub-states.In addition to the hierar
hy within a 
hart, one 
an use the me
hanism ofa
tivity-
harts to des
ribe the data 
ow in the system as well its fun
tionalde
omposition. In this 
ase, the whole system is de
omposed to a hierar
hy ofa
tivities, the data 
ow between the a
tivities is spe
i�ed, and the behavior ofea
h of these a
tivities is des
ribed using state
harts. This in e�e
t provides



CHAPTER 1. INTRODUCTION 5a me
hanism of de
omposing a system into a tree of state
harts, only some ofthem are a
tive at a given time. The visibility rules asso
iated with state
hartmodels are similar to those found in other top-down stru
tured methods. Ele-ments de�ned in an a
tivity, 
an be referred to by any of its sub-a
tivities andstate
harts.State
harts, or behavioral models in general, 
an be used to des
ribe morethan just a model of the system being designed. One 
an design a 'wat
hdog'state
hart to observe the system during its operation and monitor its behavior.As a wat
hdog, it 
an be exe
uted in parallel to the system model. A stat-e
hart wat
hdog 
an operate on the inputs and outputs of the whole system.However, it is often very useful to monitor internal values or even inje
t faultsby modifying them.This report deals with the s
oping of elements in a hierar
hi
al state
hartmodel, and its impa
t on testing.1.3 Testing Of State
hartsThe overall behavior of the underlying system that is modeled by state
hartsdepends upon the transitions made by the event o

urren
e. Sin
e even a singleevent misinterpretation in state
hart's behavior 
an lead to 
ollapse the wholeunderlying system, an eÆ
ient testing tool is mandatory. This is espe
iallytrue for systems where tasks are performed within time-
onstraints. Hen
eappropriate 
are needs to be taken while modeling the behavior of the systemfor testing.Chapter 6 of this report, provides a detailed dis
ussion of the various issuesin testing of state
harts.1.4 S
ope Of the Proje
tFirstly, this report provides a 
omprehensive view of the details in testing stat-e
harts. We have also developed StateTest, a tool for testing of state
harts.StateTest has mainly four modules StatesInfo, CopyStateHierar
hy, TestS
rip-tReading, and ReportGenerator. It takes two inputs from the user. The �rstinput is a �le 
ontaining the state
hart spe
i�
ation and the se
ond input is a�le 
ontaining the test s
ript (a set of test 
ases). StateTest applies the giventest 
ases to the state
hart spe
i�
ation and generates three outputs. The �rstoutput is a pass or fail report for ea
h test 
ase, and the se
ond output is the
overage metri
s (transition, state, event and state-event 
overage), while thethird is a detailed error report. We have tested the StateTest tool for variousknown input spe
i�
ations and believe that this StateTest tool 
an be used forall appli
ations that 
an be modeled by state
harts.1.5 Organization Of the ReportIn the First 
hapter, Introdu
tion, brief introdu
tion of testing 
riteria and s-tate
harts is dis
ussed. In the Se
ond 
hapter, various testing te
hniques su
h



CHAPTER 1. INTRODUCTION 6as white box testing and bla
k box testing are explored. In the Third 
hap-ter, many testing strategies in
luding unit testing, integration testing, systemtesting, and validation testing are dis
ussed. The Fourth 
hapter shows theliterature survey. The Fifth, Sixth, and Seventh 
hapters are totally dedi
at-ed to explore the semanti
s of state
harts, UML(Uni�ed Modeling Language),testing strategy for the state
harts, and 
overage metri
s in
luding transition
overage, event 
overage, state 
overage and state-event 
overage. The Eighth
hapter, shows a skeleton algorithm for the testing phase and Obje
t DesignSpe
i�
ation for the proje
t. The Nineth 
hapter shows the demo results.The Tenth 
hapter 
on
ludes the report.



Chapter 2Testing Te
hniques2.1 Testing Fundamentals2.1.1 Testing Obje
tivesThe obje
tive is to design tests that systemati
ally un
over di�erent 
lasses oferrors and do so with a minimum amount of time and e�ort.Æ Testing is a pro
ess of exe
uting a program with the intent of �nding anerror.Æ A good test is one that has a high probability of �nding an as yet undis-
overed error.Æ A su

essful test is one that un
overs an as yet undis
overed error.Testing 
annot show the absen
e of defe
ts, it 
an only show that softwaredefe
ts are present[28℄.2.1.2 Test Information FlowFigure 2.1 shows gives a top-level view of the various phases in testing. It in-
ludes four phases i.e, Testing, Evaluation, Reliability model and Debug. Soft-ware 
on�guration in
ludes a software requirements spe
i�
ation, a design spe
-i�
ation, and sour
e 
ode. A test 
on�guration in
ludes a test plan and pro
e-dures, test 
ases, and testing tools. Software 
on�guration and the test 
on�g-uration are input to the Testing phase. Test results and expe
ted results areinput to the Evaluation phase. In this phase, test results and expe
ted resultsare 
ompared and generated the error report. In the Debug phase, �nding are
orre
ted. Reliability phase is used to determine the reliability of the under-lying system. It is diÆ
ult to predi
t the time to debug the 
ode, hen
e it isdiÆ
ult to s
hedule.2.1.3 Test Case DesignDesigning a test 
ase 
an be as diÆ
ult as the initial design. White boxtesting is used to test if a 
omponent 
onforms to its design, while Bla
k box7
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Figure 2.1: DFD for testing



CHAPTER 2. TESTING TECHNIQUES 9testing is used to test if a 
omponent 
onforms to its spe
i�
ation. Testingapproa
hes in general, 
annot prove 
orre
tness, as they may not 
over allpossible exe
ution paths.2.2 White Box TestingWhite-box testing is a test 
ase design method that uses the 
ontrol stru
turesof a pro
edural design.Using white-box testing methods one 
an derive test 
ases to ensure :1 all independent paths are exer
ised at least on
e.2 all logi
al de
isions are exer
ised for both true and false paths.3 all loops are exe
uted at their boundaries and within operationalbounds.4 all internal data stru
tures are exer
ised to ensure validity.2.2.1 Basis Path TestingBasis path testing is a white-box testing te
hnique proposed by Tom M
Cabe.The basis path method enables the test 
ase designer to derive a logi
al 
omplex-ity measure of a pro
edural design and use this measure as a guide for de�ninga basis set of exe
ution paths. Test 
ases derived to exer
ise the basis set areguaranteed to exe
ute every statement in the program at least one time duringtesting. Any pro
edural design 
an be translated into a 
ow graph. Note that
ompound boolean expressions at tests generate at least two predi
ate nodeand additional ar
s.Cy
lomati
 ComplexityThe 
y
lomati
 
omplexity gives a quantitative measure of the logi
al 
omplex-ity. This value gives the number of independent paths in the basis set, and anupper bound for the number of tests to ensure that ea
h statement is exe
utedat least on
e.An independent path is any path through a program that introdu
es at leastone new set of pro
essing statements or a new 
ondition (i.e., a new edge). Forexample, 
onsider the following program:0.{1. i = 1;2. while (i <= n) {3. j = i;4. while (j <= i) {5. if (A[i℄ < A[j℄);6. swap(A[i℄,A[j℄);7. j = j + 1; }8. i = i + 1;}9.}
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Figure 2.2: Diagram for 
ow graph of a bubble sort pro
edureCy
lomati
 Complexity 
an be 
al
ulated by using anyone of the followingmethods1 Number of regions of flow graph.2 Number of edges - Number of nodes + 23 Number of predi
ate nodes + 1� Independent Paths are :1 b 
 e b2 b 
 d e b3 a b f a4 a g aThe 
orresponding 
ow graph is given by :Cy
lomati
 
omplexity provides upper bound for number of tests requiredto guarantee 
overage of all program statements. The 
y
lomati
 
omplexityfor 'bubble sort' pro
edure in the �gure is V (G) = 9� 7 + 2 = 4.Deriving Test Cases1 Using the design or 
ode, draw the 
orresponding flow graph.



CHAPTER 2. TESTING TECHNIQUES 112 Determine the 
y
lomati
 
omplexity of the flow graph.3 Determine a basis set of independent paths.4 Prepare test 
ases that will for
e exe
ution of ea
h path inthe basis set.Graph Matri
esThese 
an automate derivation of 
ow graph and determination of a set of basispaths. To develop a software tool to do basis path testing, graph matrix 
anbe used [28℄.2.2.2 Control Stru
ture TestingBasi
 path testing is one example of 
ontrol stru
ture testing.Condition TestingCondition testing aims to exer
ise all logi
al 
onditions in a program module.Condition testing methods fo
us on testing ea
h 
ondition in the program.It 
an de�ne :� Relational expression : (E1 op E2), where E1 and E2 are arithmeti
 ex-pressions.� Simple 
ondition : Boolean variable or relational expression, possibly pre-
eded by a NOT operator.� Compound 
ondition: 
omposed of two or more simple 
onditions, booleanoperators and parentheses.� Boolean expression : Condition without relational expressions.Example 1 : C1 = B1 & B2Æ where B1, B2 are boolean 
onditions..Æ Condition 
onstraint of form (D1, D2) where D1 and D2 
an be true (t)or false(f).Æ The bran
h and relational operator test requires the 
onstraint set (t,t),(f,t), (t,f) to be 
overed by the exe
ution of C1.Coverage of the 
onstraint set guarantees the dete
tion of relational operatorerrors.Data Flow TestingIn this testing, sele
ts test paths a

ording to the lo
ation of de�nitions anduse of variables.



CHAPTER 2. TESTING TECHNIQUES 12Loop TestingLoops fundamental to many algorithms. you 
an de�ne loops as simple, 
on-
atenated, nested, and unstru
tured.2.3 Bla
k Box TestingBla
k-box testing fo
uses on the fun
tional requirements of the software.It isnot an alternative to white-box te
hniques[28, 15℄. Rather,it is a 
omplementaryapproa
h that is likely to un
over a di�erent 
lasses of errors than white-boxmethods. It attempts to �nd :Æ in
orre
t or missing fun
tionsÆ interfa
e errorsÆ errors in data stru
tures or external database a

essÆ performan
e errorsÆ initialization and termination errors.2.3.1 Equivalen
e PartitioningEquivalen
e partitioning is a bla
k-box testing method that divides the inputdomain into 
lasses of data for whi
h test 
ases 
an be generated. It attempts toun
over 
lasses of errors. Test 
ase design for equivalen
e partitioning is basedon an evaluation of equivalen
e 
lasses for an input 
ondition. An equivalen
e
lass represents a set of valid or invalid states. An input 
ondition is eithera spe
i�
 numeri
 value, range of values, a set of related values, or a boolean
ondition. Equivalen
e 
lasses 
an be de�ned by :Æ If an input 
ondition spe
i�es a range or a spe
i�
 value, one valid andtwo invalid equivalen
e 
lasses de�ned.Æ If an input 
ondition spe
i�es a boolean or a member of a set, one validand one invalid equivalen
e 
lasses de�ned.Test 
ases for ea
h input domain data item developed and exe
uted.2.3.2 Boundary Value Analysis(BVA)Large number of errors tend to o

ur at boundaries of the input domain. BVAleads to sele
tion of test 
ases that exer
ise boundary values. BVA 
omplementsequivalen
e partitioning. Rather than sele
t any element in an equivalen
e 
lass,sele
t those at the 'edge' of the 
lass.Examples :1 For a range of values bounded by a and b,test (a-1), a, (a+1), (b-1), b, (b+1).2 If input 
onditions spe
ify a number of values n,



CHAPTER 2. TESTING TECHNIQUES 13test with (n-1), n and (n+1) input values.3 Apply 1 and 2 to output 
onditions(e.g., generate table of minimum and maximum size).4 If internal program data stru
tures have boundaries(e.g., buffer size, table limits), use input data toexer
ise stru
tures on boundaries.2.3.3 Comparison TestingIn some appli
ations(e.g., air
raft avioni
s, nu
lear power plant 
ontrol), thereliability of software is absolutely 
riti
al. Redundant hardware and softwareare often used to minimize the possibility of error. when redundant softwareis developed, separate engineering teams develop independent versions of thesoftware using the same spe
i�
ation[25, 15, 28℄.After that test ea
h version with same test data to ensure all provide identi-
al output and run all versions in parallel with a real-time 
omparison of results.Even when only a single version will be run in �nal system, these independentversions form the basis of a bla
k-box testing te
hnique 
alled
omparison test-ing or ba
k-to-ba
k testing. When outputs of versions di�er, ea
h is investigatedto determine if there is a defe
t. This method does not 
at
h errors in the spe
-i�
ation.2.4 SummaryIn this 
hapter we have presented the details of two main approa
hes to testing,viz., white-box testing and bla
k-box testing. Test 
ases are de
ided solely onthe basis of the requirements or spe
i�
ation of the program or module, and theinternals of the module or the program are not 
onsidered for sele
tion of test
ases. Due to this nature, fun
tional testing often 
alled bla
k-box testing. Inthe stru
tural approa
h, test 
ases are generated based on the a
tual 
ode of theprogram or module to be tested. This stru
tural approa
h is 
alled white-boxtesting, also 
alled glass box testing. Unlike the 
riteria for bla
k-box testing,whi
h are frequently impre
ise, the 
riteria for white-box testing are generallyquite pre
ise as they are based on program stru
tures, whi
h are formal andpre
ise.In the next 
hapter, we dis
uss several testing strategies.



Chapter 3Testing Strategies3.1 A Software Testing StrategyThe generi
 aspe
ts of a test strategy are :� Testing begins at the module level and works 'outward'.� Di�erent testing te
hniques are used at di�erent points in time.� Testing 
ondu
ted by developer and (for larger proje
ts) by an indepen-dent test group.� Testing and Debugging are two di�erent a
tivities, but debugging shouldbe in
orporated into any testing strategy.System development pro
eeds with steps :(1) System engineering(2) Requirements(3) Design(4) CodingThe software engineering pro
ess may be viewed as a spiral as shown in the�gure[28℄.Faults 
an o

ur during any phase in the software development 
y
le.Veri�
ation is performed on the output of ea
h phase, but some faults arelikely to remain undete
ted by these methods. These faults will be eventuallyre
e
ted in the 
ode. Testing is usually relied on to dete
t these faults, inaddition to the faults introdu
ed during the 
ode phase itself. Due to this,di�erent levels of testing are used in the testing pro
ess. Ea
h level of testingaims to test di�erent aspe
ts of the system. The basis levels are unit testing,integration testing, validation testing, and system testing. These di�erent levelsof testing attempt to dete
t di�erent types of faults. Unit testing is essentiallyfor veri�
ation of the 
ode produ
ed during the 
oding phase. Integrationtesting a
tivity 
an be 
onsidered testing the design. Validation testing goalis to see if the software meets its requirements. System testing test the entiresoftware system. Testing here fo
uses on the external behavior of the system.The subsequent se
tions dis
uss ea
h of these testing strategies in detail.14
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Figure 3.1: Diagram for testing strategy3.2 Unit TestingUnit testing does� Module level testing with heavy use of white box testing te
hniques.� Exer
ise spe
i�
 paths in the modules 
ontrol stru
tures for 
omplete
overage and maximum error dete
tion.Unit testing 
an test: interfa
e, lo
al data stru
tures, boundary 
onditions,independent paths, error handling paths.3.3 Integration TestingIntegration testing is a systemati
 te
hnique for 
onstru
ting the program stru
-ture while 
ondu
ting tests to un
over errors asso
iated with interfa
ing[28, 15℄.It addresses the issues asso
iated with the dual problems of veri�
ation and pro-gram 
onstru
tion. Bla
k-box test 
ase design te
hniques are the most preva-lent during integration, although a limited amount of white-box testing may beused to ensure 
overage of major 
ontrol paths. There are two approa
hes tointegration testing : non-in
remental integration and in
remental integrationThere is often a tenden
y to attempt non-in
remental integration. Thatmeans, 
onstru
ting a program using big bang approa
h. All modules are 
om-bined in advan
e. The entire program is tested as a whole. Usually, a setof errors are en
ountered. Corre
tion is diÆ
ult be
ause isolation of 
auses is
ompli
ated by the vast expanse of the entire program.In
remental integration is the antithesis of the big bang approa
h. Theprogram is 
onstru
ted and tested in small segments, where errors are easier toisolate and 
orre
t. Interfa
es are more likely to be tested 
ompletely, and asystemati
 test approa
h may be applied.



CHAPTER 3. TESTING STRATEGIES 16In this report, we fo
us on in
remental testing. In
remental testing may bedone using the approa
hes des
ribed below.3.3.1 Top Down IntegrationTop down integration is an in
remental integration testing approa
h. In this,modules integrated by moving down the program design hierar
hy. Either depth�rst orbreadth �rst top down integration may be used. It veri�es major 
ontroland de
ision points early in design pro
ess. Depth �rst implementation allowsa 
omplete fun
tion to be implemented, tested and demonstrated. Top downintegration for
ed (to some extent) by some development tools in programs withgraphi
al user interfa
es.3.3.2 Bottom-Up IntegrationBottom up integration is also type of in
remental integration approa
h.Bottom-up integration testing begins 
onstru
tion and testing with atomi
modules (lowest level modules). One 
an use driver program to test.It has the following steps :1 Low level modules 
ombined in 
lusters (builds) thatperform spe
ifi
 software sub fun
tions.2 Driver program developed to test.3 Cluster is tested.4 Driver programs removed and 
lusters 
ombined, movingupwards in program stru
ture.3.3.3 Comments on Integration TestingThe major disadvantage of: top-down approa
h is the need for stubs genera-tion and of bottom-up integration is that "the program as an entity does notexist until the last module is added". Criti
al modules should be tested andintegrated early. In general, a 
ombined approa
h is preferred.3.4 Validation TestingValidation testing aims to demonstrate that the software fun
tions in a mannerthat 
an be reasonably expe
ted by the 
ustomer. It tests 
onforman
e of thesoftware to the Software Requirements Spe
i�
ation. This should 
ontain ase
tion "Validation Criteria" whi
h is used to develop the validation tests.3.4.1 Validation Test CriteriaSoftware validation is a
hieved through a series of bla
k box tests to demon-strate 
onforman
e with requirements. It is used to 
he
k that: all fun
tionalrequirements satis�ed, all performan
e requirements a
hieved, do
umentationis 
orre
t and 'human-engineered', and other requirements are met (e.g., 
om-patibility, error re
overy, maintainability)[28, 15℄. When validation tests fail



CHAPTER 3. TESTING STRATEGIES 17it may be too late to 
orre
t the error prior to s
heduled delivery. It is oftenne
essary to negotiate a method of resolving de�
ien
ies with the 
ustomer.3.4.2 Con�guration ReviewAn audit to ensure that all elements of the software 
on�guration are properlydeveloped, 
ataloged, and have the ne
essary detail to support maintenan
e.3.4.3 Alpha and Beta TestingIt is very diÆ
ult to anti
ipate how users will really use software. If there isone 
ustomer, a series of a

eptan
e tests are 
ondu
ted (by the 
ustomer) toenable the 
ustomer to validate all requirements. If software is being developedfor use by many 
ustomers, 
an not use a

eptan
e testing. An alternative isto use alpha and beta testing to un
over errors. Alpha testing is 
ondu
ted atthe developer's site by a 
ustomer. The 
ustomer uses the software with thedeveloper and re
ording errors and usage problems. Alpha testing 
ondu
tedin a 
ontrolled environment. Beta testing is 
ondu
ted at one or more 
ustomersites by end users. It is 'live' testing in an environment not 
ontrolled by thedeveloper. The 
ustomer re
ords and reports diÆ
ulties and errors at regularintervals[28℄.3.5 System TestingSoftware is only one 
omponent of a system. Software will be in
orporatedwith other system 
omponents and system integration and validation tests per-formed. For software based systems 
an 
arry out: re
overy testing,se
uritytesting, stress testing, performan
e testing3.6 DebuggingDebugging o

urs as a 
onsequen
e of su

essful testing. That is, when a test
ase un
overs an error, debugging is the pro
ess that results in the removal ofthe error. Debugging is not testing.3.7 SummaryIn this 
hapter, we have dis
ussed various testing strategies in
luding unit test-ing, integration testing, validation testing, and system testing. In the next
hapter, we will see the literature survey on software testing tools.



Chapter 4Literature SurveyThis 
hapter presents the details of four testing tools studied as part of thisproje
t. Evaluation/free versions for the �rst three of these tools were un-available, hen
e they were studied from produ
t do
umentation. Evaluationversion was available for the last tool "+1Software", whi
h was downloadedand extensively used.4.1 AdaTest and CantataA 
omprehensive testing strategy for state ma
hine software should set targetsfor both stru
tural 
overage measures as provided by AdaTEST and Cantataand fun
tional measures. The algorithm used to implement stru
tural 
over-age metri
s su
h as STATEMENT COVERAGE and DECISION COVERAGEwithin AdaTEST and Cantata 
an be adopted for other metri
s[19℄.Users of AdaTEST and Cantata 
an add 
ode to a test s
ript to implementState-Event 
overage based on the IPL algorithm:Æ De
lare a two dimensional array of s
ores, whi
h one axis being indexedby the state, and the other axis being indexed by the event. Initialize all
ells to zeroWithin ea
h test 
ase, write statements to in
rement the 
orresponding
ell of the array a

ording to the 
urrent state and event(not the nextstateÆÆ At the end of test s
ript, 
al
ulate the portion of non-zero 
ells in thearray. Use the CHECK ANALYSIS 
ommand to 
he
k the 
al
ulated
overage against the obje
tive levelAdaTEST and Cantata assertions 
an be used to simplify the testing ofstate ma
hines. To verify State-Event Coverage, assertions 
an be used toensure that all events have been exer
ised in all states.4.2 Property-Based Testing : Tester's AssistantAnalysts test 
omputer programs to determine if they meet reliability and as-suran
e goals[12℄. In other words, testing validates semanti
 properties of a18



CHAPTER 4. LITERATURE SURVEY 19program's behavior. In order to do this, the a
tual program must be tested atthe sour
e 
ode level, not some higher-level des
ription of the program. How-ever, to validate high-level properties, the properties must be formalized, andthe results of the testing related formally to the properties. Property-basedtesting is a testing methodology that addresses this need. The spe
i�
ation ofone or more properties drives the testing pro
ess,whi
h assures that the givenprogram meets the stated property. For example, if an analyst wants to val-idate that a spe
i�
 program 
orre
tly authenti
ates a user, a property-basedtesting pro
edure tests the implementation of the authenti
ation me
hanismsin the sour
e 
ode to determine if the 
ode meets the spe
i�
ation of "
orre
tlyauthenti
ating user". The steps involved in the property-based testing are :� �rst, analyst spe
i�es the target property in a low-level spe
i�
ation lan-guage 
alled TASPEC(Tester's Assistant SPECi�
ation language).� the program is sli
ed and 
ode irrelevant to the property disregarded.� the Tester's Assistant automati
ally translates the TASPEC spe
i�
ationinto a ora
le that will 
he
k the 
orre
tness of program exe
utions withrespe
t to the desired property.� a new path-based 
ode 
overage metri
 
alled "iterative 
ontexts" eÆ-
iently 
aptures the sli
e-based 
omputations in the program.4.3 ATTOL SoftwareThe ATTOL 
ompany provides the following produ
ts :ATTOL UniTest, ATTOL SystemTest, ATTOL Coverage. ATTOLUniTest is the �rst 
ommer
ial tool to automate software 
omponent testingfor C, C++, Ada 83 and 95. It is aimed at professionals wishing to improve thereliability of their while optimizing development 
osts. ATTOL SystemTest isa produ
t aimed at distributed systems developers and integrators who need totest intera
tion or 
ommuni
ation between several sub systems. With it's abilityto work with all 
ommuni
ation interfa
es written in C and C++, ATTOLSystemTest is ideal for testing appli
ations based on 
ommer
ial (MQSeries,TIB, Tuxedo, En
ina, et
.) and proprietary middle ware. ATTOL Coverage iseasy to use and aimed at developers. It measures test e�e
tiveness by analyzing
ode 
overage.4.4 +1 Software EngineeringThe +1 Software Engineerings produ
ts support 
on�guration management,build management, problem reporting, software reuse, software testing, HTMLreports, data repository, reverse engineering, and software metri
s. It supportsthe following produ
ts:+1Base supports multiple software proje
ts. After sele
ting whi
h proje
tto work on, +1Base graphi
ally displays the 
alling stru
ture of the program
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luding any re
ursive routines. You 
an 
hange the model, traverse the 
allingstru
ture, and edit or view a module's sour
e 
ode, do
umentation, and test�les.+1CM is an advan
ed 
on�guration management system supporting iden-ti�
ation, variations, baselines, a

ounting, auditing, and a

ess 
ontrol. +1CMenhan
es the Sour
e Code Control System (SCCS), an automated 
on�gurationmanagement tool.+1CR supports problem report management whi
h allows you to submit,list, view, query, print, and administer problem reports. When 
ombined with+1CM, +1CR 
an support pro
ess management. This ensures that when a �leis 
he
ked in using +1CM, the problem report number exists and its 
urrentstatus allows for 
he
k ins.+1DataTree prede�nes the following modules: data elements, data stru
-tures, �les, external entities, glossary and personnel.+1Test supports unit, integration, and regression testing. A unit test testsan individual sour
e 
ode module. Integration testing tests a "build" (i.e., asubmodel) of the proje
t. And regression testing runs all 
urrently de�ned test
ases.+1Reports generates a number of 
ustomized, always up-to-date proje
treports. You 
an 
reate new reports and load in existing reports. It has optionsto in
orporate, generates your reports in either text or HTML format.+1Reuse supports reuse repositories 
reated and maintained by the user,proje
t wide "�ltered" repositories whi
h 
an be under stri
t quality 
ontrols,and sele
tive reuse. +1Reuse supports reuse of:design, do
umentation, sour
e
ode, header �les, test 
ases, test shell s
ripts, expe
ted test results and mod-eling information.This tool was downloaded, tested against several C programs and its outputwas studied. This gave us a 
lear understanding of the requirements to be metby a testing tool, thereby enabling us to appropriately design StateTest, whi
his des
ribed in 
hapter 8.In the next 
hapter, we dis
uss UML, whi
h is a pre-requisite for the un-derstanding of state
harts.



Chapter 5A Brief Look At UML5.1 What Is the Uni�ed Modeling Language?The uni�ed Modeling Language is a language that uni�es the industry's bestengineering pra
ti
es for modeling systems. It was originally 
on
eived by Ra-tional Software Corporation and the Three Amigos, Grady Boo
h (Boo
h'smethod expressed in his book Obje
t-Oriented Analysis and Design), JamesRumbaugh(OMT) and Ivar Ja
obson (OOSE : A Use Case Driven approa
h).It is supported by the UML Partners Consortium (Rational Software Corpo-ration, Mi
rosoft Corporation, Hewlett-Pa
kard Company, Ora
le Corporation,Sterling Software, MCI Systemhouse Corporation, and ICON Computing). TheUML� Is a language. It is not simply notation for drawing diagrams, but a
omplete language for 
apturing knowledge (semanti
s) about a subje
tand expressing knowledge (syntax) regarding the subje
t for the purposeof 
ommuni
ation� Applies to modeling the systems. Modeling involves a fo
us on under-standing (knowing) a subje
t (system) and 
apturing and being able to
ommuni
ate this knowledge.� Is the result of unifying the information systems and te
hnology industry'sbest engineering pra
ti
es (prin
iples, te
hniques, methods ,and tools) .� Is used for spe
ifying, visualizing, 
onstru
ting, and do
umenting systems.� Is based on the obje
t-oriented paradigm.� Is a modeling language for spe
ifying, visualizing, 
onstru
ting, and do
-umenting the artifa
ts of a system-intensive pro
ess.� Is an evolutionary general-purpose, broadly appli
able, tool-supported,industry-standardized modeling language.� Applies to a multitude of di�erent types of systems, domains, and methodsor pro
esses. 21



CHAPTER 5. A BRIEF LOOK AT UML 22� Enables the 
apturing, 
ommuni
ating, and leveraging of strategi
, ta
ti-
al, and operational knowledge to fa
ilitate in
reasing value by in
reasingquality, redu
ing 
osts, and redu
ing time-to-market while managing risksand being pro-a
tive in regard to ever-in
reasing 
hange and 
omplexity.The goals of the UML are to:Æ Be a ready-to-use expressive visual modeling language that is simple andextensible.Æ Have extensibility and spe
ialization me
hanisms for extending, ratherthan modifying, 
ore 
on
epts.Æ Be implementation independent(programming language).Æ Be pro
ess independent(development).Æ En
ourage the growth of the obje
t-oriented tools market.Æ support higher-level 
on
epts (
ollaborations, frameworks, patterns, and
omponents).Æ Addressing re
urring ar
hite
tural 
omplexity problems (physi
al distri-bution and distributed systems, 
on
urren
y and 
on
urrent systems,repli
ation, se
urity, load balan
ing, and fault toleran
e) using 
ompo-nent te
hnology, visual programming, patterns, and frameworks.Æ Be s
alable.Æ Be widely appli
able and usable.Æ Integrate best engineering pra
ti
es.5.2 The Building Blo
ks Of UMLUML de�nes nine types of diagrams to represent the various modeling view-points [6, 22, 11, 7℄. A diagram provides the user with the means of visualizingand manipulating model elements. The diagrams may show all or part of the
hara
teristi
s of the model elements, with a level of detail that is suitable inthe 
ontext of a given diagram. Diagrams may also gather together pie
es oflinked information to show, for example, the 
hara
teristi
s inherited by a 
lass.� A
tivity diagrams represent the behavior of an operation as a set ofa
tions� Class diagrams represent the stati
 stru
ture in terms of 
lasses andrelationships� Collaboration diagrams are a spatial representation of obje
ts, links,and intera
tions



CHAPTER 5. A BRIEF LOOK AT UML 23� Component diagrams represent the physi
al 
omponents of an appli-
ation� Deployment diagrams represent the deployment of 
omponents on par-ti
ular pie
es of hardware� Obje
t diagrams represent obje
ts and their relationships, and 
orre-spond to simpli�ed 
ollaboration diagrams that do not represent messagebroad
asts� Sequen
e diagrams are a temporal representation of obje
ts and theirintera
tions� State
hart diagrams represent the behavior of a 
lass in terms of states� Use 
ase diagrams represent the fun
tions of a system from user's pointof viewSequen
e and 
ollaboration diagrams 
an be grouped together into inter-a
tion diagrams.One of the 
ru
ial aspe
ts of the Uni�ed Modeling Language (UML) thatmakes it so valuable for real-time and embedded systems [10℄is its heavy re-lian
e on and support for �nite state ma
hines. State ma
hines are 
riti
al inthe 
onstru
tion of exe
utable models that 
an e�e
tively rea
t to in
omingevents in a timely fashion. The UML state ma
hine model represents the 
ur-rent state of the art in state ma
hine theory and notation, all based on DavidHarel's state
harts. State
harts des
ribe both how obje
ts 
ommuni
ate and
ollaborate and how they 
arry out their own internal behavior. They must al-so re
e
t important OO issue like inheritan
e. State ma
hines are the primarymeans within the UML for 
apturing 
omplex dynami
 behavior. The UMLis a third-generation state-of-the-art obje
t modeling language that de�nes a
omprehensive set of notations, and, more importantly, de�nes the semanti
-s (meaning) of those language elements. The UML is an inherently dis
retelanguage's meaning that it emphasizes dis
rete representations of dynami
 be-havior, su
h as state ma
hines, over 
ontinuous representations. Although manyobje
t systems do, in fa
t, perform 
ontinuous 
ontrol fun
tions and do it well,the UML provides spe
ial support in the area of �nite state ma
hines.In the next 
hapter we dis
uss state
harts in detail before going to theirtesting issues.



Chapter 6State
harts : A VisualFormalism for ComplexSystems6.1 State
hart DiagramsState
hart diagrams represent state ma
hines from the perspe
tive of states andtransitions. For many appli
ations, state ma
hines grow large and 
umbersome.State
harts extend state ma
hines to deal with those problems [20, 22, 19℄.The purpose of using state
harts is to formally spe
ify the behavior of theinstan
es of a given 
lass in response to external stimuli[24℄. In UML notation, astate
hart is represented by the dire
ted graph of states 
onne
ted by transitions[1, 16℄. The origins of state
harts are :Æ �nite state ma
hines (FSM)Æ state transition diagramsÆ Harel's state
harts6.2 Semanti
s of State
hartStateÆ a �nite period in the life of an obje
t, when the obje
t satis�es some
ondition, or performs some a
tion, or waits for some event to o

ur.EventAn event is an o

urren
e ofÆ a 
hange in truth value of a 
onditionÆ a re
eipt of a messageÆ the end of a designated period of time24
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ause 
hanges in state (transitions).TransitionsA state transition 
an have the following elements asso
iated with it:Æ an a
tion ( behavior that o

urs when the transition takes pla
e)Æ a guard ( Boolean expression that must be true for the transition to beallowed)A
tions and guards are behaviors, and typi
ally be
ome private operations.State transitions 
an also trigger events.Event[Guard℄/ A
tion TransitionÆ An event prompts the transition between statesÆ A guard is used to spe
ify that this transition 
an o

ur only if the guardis trueÆ An a
tion is performed when the transition o

ursInternal A
tivitiesInternal a
tivities are performed in response to an event re
eived ( on entry,exit, or some other event). Usually, internal a
tivities that result in invo
ationofprivate operations.State DetailsA
tions that a

ompany state transitions into (out of) a state 
an be notedas entry (exit) a
tions within the state. Behavior within a state is 
alled ana
tivity. A
tivities 
an be a simple a
tion or an event sent to another obje
t.A
tivities are optional.State Detail NotationA state detail notation is given by :entry: simple a
tionentry: ^destination 
lass name.event namedo: simple a
tiondo: ^destination 
lass name.event nameexit: simple a
tionexit: ^destination 
lass name.event name
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an be de
omposed into :Æ a set of mutually ex
lusive sub-states (or-de
omposition)Æ a set of 
on
urrent sub-states (and-de
omposition)Spe
ial StatesÆ History State- a state resumed upon re-entry in the stateÆ A
tivity- an operation within a state represented by a nested state
hartFigure 6.1 shows the simple state
hart and state
hart having history state.6.3 HistoryBy default, a state ma
hine does not have any memory. The spe
ial notationH o�ers a me
hanism to memorize the sub-state last visited, and to get ba
kto it during a transition entering the en
ompassing super-state. The historyindi
ator applies to the level in whi
h the H symbol is de
lared. It is alsopossible to memorizing the last a
tive sub-state, regardless of it's depth; this isindi
ated by the H* symbol. The use of history observed in the �gure 6.1 toimplement a dishwasher.6.4 GuardsA guard is a Boolean 
ondition that may or may not validate the triggeringof an event o

urren
e. Guards make it possible to maintain the determinismof a state ma
hine, even when many transitions 
an be triggered by the sameevent. When the event takes pla
e, guards, whi
h must be mutually ex
lusive,are evaluated, and then a transition is validated and triggered. As shown inthe �gure 6.2, when the sta
k is not empty, pop operation is allowed on the
urrent sta
k.6.5 Generalization of StatesState
hart diagrams may be
ome rather diÆ
ult to read when the numberof 
onne
tions between states be
ome high. The solution for this situationis to apply the prin
iple of state generalization - the more general states are
alledsuperstates, and the more spe
i�
 states are 
alledsub-states. It is prefer-able to limit the links between the hierar
hi
al levels of a state ma
hine, bysystemati
ally de�ning an initial (pseudo) state for ea
h level as shown in lastdiagram in the �gure 6.3. In the �gure, state root is super state for the stateserror, state1, and state2. State1 and state2 are in turn have sub-states (s1,s2) and (p1, p2) respe
tively.
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Figure 6.1: Representation of simple state
hart and state
hart with historystate
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Figure 6.2: Representation of State
hart Semanti
s Using Sta
k
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Figure 6.3: Representation of Generalization



CHAPTER 6. STATECHARTS : A VISUAL FORMALISM FOR COMPLEX SYSTEMS 306.6 Aggregation of StatesState aggregation is the 
ombination of one state from several other independentstates. The 
omposition is of a 
onjun
tive type (
omposition of type 'and'),whi
h implies that the obje
t must simultaneously be in all states that 
onsti-tute the aggregation. State aggregation 
orresponds to a kind of parallelismbetween state ma
hines. In the �gure 6.4, State S is an aggregation 
omposedof two independent states T and U; T is 
omposed of sub-states X,Y and Z,and U is 
omposed of sub-states A and B. The domain of S is the Cartesianprodu
t of T and U.An input transition into state S implies the simultaneous a
tivation of statema
hines T and U, i.e, the obje
t is initially pla
ed in the 
omposite state(Z,A). When event E3 o

urs, the T and U state ma
hines 
an keep evolvingindependently, whi
h brings the obje
t to the 
omposite state (X,A). Statema
hines T and U may also evolve simultaneously, whi
h is the 
ase whenevent E1 moves the obje
t from 
omposite state (X,A) to (Y,B). Adding
onditions to the transitions, su
h as the guard [in Z℄ pla
ed on the transitionfrom B to A, makes it possible to introdu
e dependen
y relationships betweenthe 
omponents of the aggregate. When event E4 o

urs, the transition fromB to A is only valid if the obje
t is also in state Z at that time.State aggregation, together with state generalization, simpli�es the repre-sentation of state ma
hines. Generalization simpli�es by fa
torization, andaggregation simpli�es by segmentation of the state spa
e.6.7 Role of State
hartsÆ formally spe
ify the behavior of obje
tsÆ in
rease the understanding of 
lassesÆ des
ribe what happens when events o

ur within the system and it's en-vironmentÆ provide abstra
t and partial des
riptions of the a
tual 
odeIn the next 
hapter, we dis
uss the various issues in the testing of state-
harts.
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Figure 6.4: Representation of Aggregation of states



Chapter 7Importan
e Of TestingState
harts7.1 Importan
e Of Testing State
hartsState
harts are be
oming in
reasingly popular as a means of spe
ifying safety-
riti
al systems. It is therefore ne
essary to develop a systemati
 and rigor-ous approa
h to verifying that these systems 
onform to their spe
i�
ations[5, 20, 8℄. Unit testing is performed on safety- 
riti
al software to verify itsfun
tional behavior and as a means of obtaining the stru
tural 
overage met-ri
s . Although 
ommer
ially available tools exist to automate the 
olle
tionof stru
tural 
overage metri
s, unit testing still 
onsumes a large proportion oftotal development 
osts [12℄. Furthermore, the 
urrent approa
h to unit test-ing is often ad-ho
 and the ne
essity to 
he
k the fun
tional behavior of thesystem against its spe
i�
ation 
an be overshadowed by the more quanti�abletargets of stru
tural 
overage. As a result, 
on�den
e in the quality of the soft-ware is 
ompromised and the signi�
an
e of unit testing within the 
ontext ofdemonstrating safety is redu
ed.7.2 MethodologyState
harts are a ri
h notation that allow 
omplex system behavior to be spe
i-�ed in 
on
ise diagrams. This eÆ
ien
y is made possible through a 
ompli
atedsyntax and semanti
s[3, 27, 13℄. As a result, mu
h of the system behavior is notimmediately obvious from the diagrams. This poses a problem when design-ing automated fun
tional testing te
hniques based on state
hart spe
i�
ations.They would require an understanding of the 
omplex state
hart semanti
s in or-der to interpret the behavior implied by the diagrams and generate tests basedon this behavior. Notation spe
i�
 te
hniques are then only needed to pro-vide the translation between the graphi
al spe
i�
ations and the intermediatenotation[17, 4, 1℄.Restri
ting the testing pro
edures to a parti
ular domain (say, embeddedsafety-
riti
al systems) in
reases the potential for automation. The proposedpro
ess is summarized in �gure 7.1. 32
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Figure 7.1: Test spe
i�
ations from 
omplex graphi
al notation
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harts allow 
omplex rea
tive systems to be des
ribed in 
on
ise dia-grams. This is made possible through the use of hierar
hi
al state ma
hines, anextended transition operation syntax and the ability to model 
on
urren
y[2,23℄. Ea
h state
hart has a state hierar
hy. There is one state whi
h is highestin the hierar
hy and ea
h state may 
ontain a set of sub-states whi
h are lowerin the hierar
hy than their surrounding super state[4℄. States whi
h 
ontain nosub-states are basi
 states. Super states 
an be either AND-states or OR-states.When an OR-state is a
tive, one and only one of its immediate sub-states isa
tive at any time. The system moves between these sub-states sequentially a
-
ording to the order in whi
h the transitions 
onne
ting the states are triggered[14, 22, 26, 20℄.State
harts are a powerful visual formalism for 
apturing 
omplex behavior,and apply well to both fun
tionally de
omposed systems and to obje
t-orientedones[9, 18, 21℄. Obje
ts are 
omposite entities 
onsisting both of information(attributes) and operations that a
t on that information (methods). Statema
hines 
onstrain the exe
ution of those operations to better 
ontrol and un-derstand the obje
t behavior. A state ma
hine is de�ned by a set of existen
e
onditions (states), event responses (transitions), and a
tions that are exe
utedas we 
hange states or take a transition. State
harts add a number of usefulextensions to the traditional 
at Mealy-Moore state diagrams, su
h a nesting ofstates, 
onditional event responses via guards, orthogonal regions, and history.Although these extensions are mathemati
ally equivalent to Mealy-Moore statema
hines, state
harts 
an be made mu
h more parsimonious and vastly easierto understand, espe
ially for 
omplex state ma
hines.7.3 Coverage Metri
sTests for a state ma
hine or state
hart 
an be designed from the fun
tionalspe
i�
ation of the state ma
hine or state
hart, independent of the stru
turaldesign of the a
tual implementation. An obvious starting point is to test ev-ery transition. That is, to design test 
ases to set a 
urrent state, 
reate the
ir
umstan
es whi
h lead to an event, to observe the a
tion taken, the tran-sition made, and the new state. As there is de�ned set of transitions in thestate model, a 
overage measure asso
iated with this strategy is to measure theproportion of transitions exer
ised by a set of test 
ases.Transition CoverageTransition Coverage is de�ned as the ratio of the number of transitions exer
isedby the total number of transitions in the model. This measure is often referredto as 0-swit
h Coverage, as des
ribed in[26℄. Developments of this strategyare to test sequen
es of two transitions, three transitions, n transitions et
.For example, 2-Transition Coverage is de�ned as the ratio of the number ofsequen
es of two transitions exer
ised by the total number of sequen
es of twotransitions in the state model. As the number of transitions exer
ised by ea
htest 
ase in
reases, the number of possible permutations and 
ombinations oftransitions within a sequen
e also in
reases, 
onsequently in
reasing the number
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ases required to a
hieve the asso
iated 
overage metri
s. In
reased
omplexity 
onsequently makes a
hievement of 
overage for long sequen
es oftransitions impra
ti
al[19℄. As a minimum ea
h test 
ase should be spe
i�edas: an initial "
urrent state", inputs to the software, the expe
ted a
tion(if any),in
luding a transition(if any) and outputs(if any), the resulting "next state".This gets more 
ompli
ated when test 
ases are designed to exe
ute sequen
eof two or more transitions. For su
h test 
ases, the spe
i�
ation of the test 
asesshould in
lude the sequen
e of events, a
tions, transitions and states involvedin the test 
ase.Any strategy aimed at testing spe
i�ed transitions is biased towards pos-itive testing. That is, test 
ases are designed to exer
ise that software doeswhat it is supposed to do. A thorough test should also in
lude negative test-ing, to verify that the software does not do things that it is not supposed todo. Within existing positive test 
ases, 
he
ks should be in
orporated to ensurethat there have been no unwanted side e�e
ts. Furthermore, additional test
ases should be designed to ensure that invalid a
tions and transitions 
annotbe indu
ed.State CoverageThe State 
overage is de�ned as the ratio of the number of states 
overed inthe test 
ases by the total number of states in the given model.Event CoverageThe Event 
overage is de�ned as the ratio of the number of events 
overed inthe test 
ases by the total number of events in the given model.State-Event CoverageAny strategy for ensuring that negative tests are designed to verify freedomfrom su
h bugs is to design test 
ases whi
h subje
t ea
h state of the statema
hine to ea
h event in the total set of events, not just the legal events forthat state. The State-Event Coverage is de�ned as the ratio of the numberof state-event pairs exer
ised by the produ
t of the number of states and thenumber of events in the given model. If the state ma
hine is fully spe
i�ed,su
h that in ea
h state, for ea
h event, a unique transition was de�ned (insome 
ases, null transitions), then Transition-Coverage or 0-Swit
h Coveragewould be the sane as State-Event Coverage. In pra
ti
e, it is 
ommon for statema
hines to not be fully spe
i�ed.7.4 SummaryIn this 
hapter, we have presented the importan
e of testing state
harts and
overage metri
s. In the next 
hapter, we will dis
uss the design spe
i�
ationof the StateTest tool.



Chapter 8Design Spe
i�
ation OfStateTest Tool8.1 StateTest : A New Tool For Testing State
hartsThe StateTest tool is used to test the State
harts behavioral des
ription. Ittakes the State
hart spe
i�
ation and the test s
ript as the input and gives theerror report as the output.8.2 Inputs and Outputs To StateTest ToolThe system has two input �les and produ
es three types of outputs. This 
anbe viewed from the �gure 8.1.Input�le1: Contains the list of State
hart spe
i�
ation. The format of the�le is:Initial_State;Event;Next_State;A
tual_A
tion;Where all �elds are 
ombination of both 
hara
ters and digits. An example ofthis �le for the �gure 6.3 is :state1;e1;state2; (no a
tion part)state2;e2;state1;initial; (a
tion part present)s1;e5;s1; (no a
tion part)Input�le2: Contains the list of test s
ripts. The format of the �le is :State;Sequen
e_Of_Events;Expe
ted_State;Expe
ted_A
tion;Where all �elds are 
ombination of both 
hara
ters and digits. An exampleof this �le is the �gure in 6.3 is :state1;e1,e2,e6,e5,e6,e1,e7,e8,e7,e4;error;error; (a
tion part present)s1;e1,e2;s1;initial; (a
tion part present)s2;e1,e7,e8;p1; (no a
tion part)36
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Figure 8.1: Level 0 DFD for StateTest tool
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h test 
ase, it gives pass or fail report and �nally it givesinformation about the number test 
ases are performed among them number oftest 
ases are failed and number of test 
ases are passed.Output2: It gives the 
overage metri
 information, i.e, State Coverage,Event Coverage, State-Event Coverage and Transition Coverage based on thetest 
ases performed.Output3: It gives error messages. For example, input �le does not exist,input�le1 has error, input�le2 has error, and the given test 
ase is not in thestate
hart spe
i�
ation.User Interfa
e: Only one user 
ommand is required. The �le names 
anbe spe
i�ed in the 
ommand line itself or the the system prompts for the input�le names.8.3 The Skeleton Algorithm for Testing PhaseThe overall view of the StateTest tool 
an be seen from the �gure 8.2.The algorithm for the testing phase involved in the StateTest tool is :# Skelton Algorithm for testing the state
hart spe
ifi
ation# Test Case' Format :# state;sequen
e_of_events;expe
ted_state;expe
ted_a
tion;# Spe
ifi
ation of state
hart Format# initial_state;event;next_state;a
tual_a
tion;# tevent means event in the test 
ase# event means event in the spe
ifi
ation file of state
hart# " + " means 
on
atenation of strings# " $" here used for default state indi
ating that no transition at allread tests
ript file;take one test 
ase at a time from the tests
ript file;read stateread teventread expe
ted_stateread expe
ted_a
tionevent_
ount:= 
ount(tevent);#
he
k if event field has more than one eventif(event_
ount > 1)while(event_
ount >= 1){ temp_state_pair := state + event1 ;read spe
ifi
ation file;take one line at a time;
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tual_state_pair := initial_state + event;
ompare temp_state_pair and a
tual_state_pair;if(both are equal){ state := next_state;temporary_a
tion := a
tual_a
tion;}elseif(tevent == event){if(state 
ontains intial_state || intial_state 
ontains state){ if((intial_state == default_state) ||{ (state == default_state) &&(next_state != default_state))state := next_state;temporary_a
tion := a
taul_a
tion;}elseif((state != deafult_state) &&((next_state != default_state) ||(expe
ted_state != next_state))){ state := next_state;temporary_a
tion := a
tual_a
tion;}}}else{ exit;}read the state
hart spe
ifi
ation file till ending;}event_
ount := event_
ount - 1;
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ontinue the pro
ess until event_
ount == 0;# to get pass/fail reporttemp_state_pair := state + tevent;a
ual_state_pair := intial_state + event;expe
ted_nextstate_a
tion_pair := expe
ted_state + expe
ted_a
tion;a
tual_nextstate_a
tion_pair := next_state + a
tual_a
tion;pass_
ount := 0;fail_
oubt:= 0;if(event_
ount == 1)#
on
ate state with teventtemp_state_pair := state + tevent;#
on
ate intial_state with eventa
ual_state_pair := intial_state + event;if(temp_state_pair == a
taul_state_pair){ if(expe
ted_nextstate_a
tion_pair == a
tual_nextstate_a
tion_pair){ pass_
ount := pass_
ount + 1;}else{ if((expe
ted_state == default_state) &&(expe
ted_a
tion == a
tual_a
tion)){ pass_
ount := pass_
ount + 1;}else { fail_
ount := fail_
ount + 1;}}}else{ if(tevent == event)
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ontains intial_state) ||(intial_state 
ontains state)){ if(expe
t_nextstate_a
tion_pair ==a
taul_nextstate_a
tion_pair){ pass_
ount := pass_
ount + 1;}else{if((expe
ted_state 
ontains next_state)||(next_state 
ontains expe
ted_state)) {if((expe
ted_state == default_state)&&(expe
ted_a
tion == a
taul_a
tion)){ pass_
ount := pass_
ount + 1;}else{ fail_
ount := fail_
ount + 1;}}}}#to handle the innermost states of the hierar
hyelse{{if((intial_state 
ontains any one of the transitions)||(any one of the transition 
ontains intial_state)&&(expe
ted_a
tion == a
tual_a
tion)){ pass_
ount := pass_
ount + 1;}else{ fail_
ount := fail_
ount + 1;}}}}



CHAPTER 8. DESIGN SPECIFICATION OF STATETEST TOOL 42# to handle the situation having more than one eventelseif(event_
ount > 1){ if(state == expe
ted_state){ if(expe
ted_a
tion == a
tual_a
tion)pass_
ount := pass_
ount + 1;}else{ fail_
ount := fail_
ount + 1;}else{ if((expe
ted_state 
ontains state)||(state 
ontains expe
ted_state)){ if(((state == default_state)&&(expe
ted_state == next_state))||((expe
ted_state == default_state)&&(expe
ted_a
tion == a
tual_a
tion))){ pass_
ount := pass_
ount + 1;}
else{ fail_
ount := fail_
ount + 1;}else{ if((expe
ted_state 
ontains state)||(state 
ontains expe
ted_state)){ if(((state == default_state)&&
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ted_state == next_state))||((expe
ted_state == default_state)&&(expe
ted_a
tion == a
tual_a
tion))){ pass_
ount := pass_
ount + 1;}else{ fail_
ount := fail_
ount + 1;}}}#to handle default_statesif(expe
ted_state == "$"){ if(temp_state_pair != a
tual_state_par){ pass_
ount := pass_
ount + 1;}else { fail_
ount := fail_
ount + 1;}}
ontinue the reading of the test s
ript file till ending;}The overall view of the modules involved in this pro
ess are as shown in the�gure 8.3.
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Figure 8.2: Level 1 DFD for StateTest Tool
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Figure 8.3: Initial Obje
t Design for the StateTest tool



CHAPTER 8. DESIGN SPECIFICATION OF STATETEST TOOL 468.4 Components Of StateTest ToolThe modules involved in this StateTest tool are :Æ TestS
riptReadingÆ StatesInfoÆ CopyStateHierar
hyÆ ReportGeneratorTestS
riptReadingThe TestS
riptReading module does the following:Æ reads the test s
ript �leÆ takes one test 
ase at a timeÆ invokes the CopyStateHierar
hy module to get the required state
hartspe
i�
ation informationÆ �nal report is given to the ReportGeneratorStatesInfoThe StatesInfo module does the following :Æ reads the State
hart Spe
i�
ation �leÆ gets the information about hierar
hy, transitions, state-key pair,and thenumber of states (in
luding default states)Æ passes these results to the ReportGeneratorÆ passes hierar
hy information to the CopyStateHierar
hy moduleCopyStateHierar
hyThis module does the following :Æ gets the states' hierar
hy information from the StatesInfo moduleÆ gives the hierar
hy information to the TestS
riptReading moduleReportGeneratorAfter getting results from the TestS
riptReading module, it does the following:Æ generates Pass/Fail ReportÆ generates 
overage metri
sThe overall view of the intera
tion among all these modules is given by the�gure 8.4.
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Figure 8.4: Detailed Obje
t Design for the StateTest Tool
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i�
ation Of StateTest ToolWe have implemented StateTest using the Java programming language. Wehave used the four 
lasses, whose abstra
t des
ription is given below.// This is the spe
ifi
ation for the Obje
t-Oriented Design for the StateTest tool.// It gives all the major 
lasses and most of the major data members and operations// for these 
lasses. The major parameters of the various operations are also// given, whi
h shows how obje
ts are being made visible. All the major obje
t// de
larations are also given.
lass ReportGenerator{ // files reading by promptingBufferedReader input = new BufferedReader(new InputStreamReader(System.in));String strt = input.readLine();String strs = input.readLine();//lo
al variables de
larationsint nstates;int ntrans;int tevents;int dstates;int tsize2;long start ;long end ;double total_events = tevents;double event_
overage ;double total_transitions ;float transitions_exer
ised ;double transition_
overage ;double total_states ;double state_
overage ;double prod_events_states ;double StateEvent_Coverage;//Obje
ts 
reation and method invo
ationStatesInfo fob = new StatesInfo();fob.file_reading(strs);nstates = fob.get_ns();ntrans = fob.get_nt();



CHAPTER 8. DESIGN SPECIFICATION OF STATETEST TOOL 49tevents = fob.get_te();dstates = fob.get_ds();tsize2 = fob.get_tsize();String sa[℄= new String[nstates℄;sa = fob.sarray_info();String ta[℄ = new String[ntrans℄;ta = fob.trans_info();String sh2[℄[℄ = new String[nstates℄[2*nstates℄;CopyStateHierar
hy 
ob = new CopyStateHierar
hy();sh2 = 
ob.
opying(nstates,sa);TestS
riptReading tso = new TestS
riptReading();tso.ts_reading(tsize2,ta,strt,sh2);// method invo
ationstate_
ounter=tso.get_s
();event_
ounter = tso.get_e
();state_event_
ounter = tso.get_se
();transition_
ounter = tso.get_t
();start = tso.get_stime();end = tso.get_etime();pass_
ount = tso.get_p
();fail_
ount = tso.get_f
();}
lass StatesInfo{ //attributes of the 
lassString strt ;String strs ;int ns;int nt;int ds;int te;int inline_
ounter;publi
 String sh_array[℄;publi
 String states_hierar
hy[℄[℄;stati
 Ve
tor states_file = new Ve
tor();Ve
tor transition_file = new Ve
tor();Hashtable state_key_pair = new Hashtable();Enumeration states_keys;HashSet ev_
ounter = new HashSet();//methods in the 
lass StatesInfopubli
 void file_reading(String);publi
 int get_ns();publi
 int get_nt();publi
 int get_te();publi
 int get_ds();
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 int get_tsize();publi
 stati
 String[℄ sarray_info();publi
 String[℄ trans_info();//methods variables:String fin;String num_states ;String num_transitions ;String num_default_states ;String num_events ;String dummy_states ;String dummy_transitions ;int e
ount;int entry_
ounter;}publi
 
lass CopyStateHierar
hy extends StatesInfo{//attributes of the 
lass CopyStateHierar
hyString sh_array[℄= new String[ns℄;sh_array = s1;String states_hierar
hy[℄[℄ = new String[ns℄[2*ns℄;int 
ounter;int x ;int y ;//method to 
opy the hierar
hi
al information of the statespubli
 String[℄[℄ 
opying(int z, String s1[℄)}publi
 
lass TestS
riptReading extends CopyStateHierar
hy{ //attributes of the 
lass TestS
riptReadingint pass_
ount ;int fail_
ount ;int event_
ount ;int event_
ount1 ;int event_
ount2 ;int test
ase_
ount ;long start ;int field_
ount;long end ;long total_time;int event_
ounter ;int entry_
ounter ;int state_
ounter ;int state_event_
ounter ;int transition_
ounter ;int tsize ;



CHAPTER 8. DESIGN SPECIFICATION OF STATETEST TOOL 51String transition_array[℄ = new String[int℄;String strt ;// flags de
larationboolean TestFlag = false;boolean dsflag = false;boolean ds_entry_flag = false;boolean hlevel_flag = false;boolean hlevel_flag1 = false;//Hash setsHashSet states = new HashSet();HashSet events
 = new HashSet();HashSet states_events = new HashSet();HashSet transitions = new HashSet();HashSet dnext_states = new HashSet();HashSet dsnext_states = new HashSet();HashSet def_states = new HashSet();HashSet defnext_states = new HashSet();//methods de
larationspubli
 void ts_reading(int g1, String tr1[℄, String z1, String sh1[℄[℄); publi
 int get_s
();publi
 int get_e
();publi
 int get_t
();publi
 long get_stime();publi
 long get_etime();publi
 double get_se
();publi
 int get_p
();publi
 int get_f
();}8.6 Explanation Of the ClassesThe proje
t 
onsists of mainly four 
lasses namely, StatesInfo, CopyStateHier-ar
hy, TestS
riptReading, and ReportGenerator. The StatesInfo is used to getrequired information from the input. It extra
ts the information about numberof states, number of transitions in the given input. CopyStateHierar
hy is usedfor the 
opying hierar
hi
al information of the states. The 
lass TestS
rptRead-ing is used for performing test 
ases. ReportGenerator is used to initialize theobje
ts and display the result.In the next 
hapter, we des
ribe the experiments performed using StateTestand dis
uss the results.



Chapter 9Simulation Results9.1 State
hart Spe
i�
ation FileThe StateTest tool takes the state
hart spe
i�
ation �le as an input n the formgenerated by the State
hart Editior (SCE) tool, whi
h was developed by agroup in the BARC ( Bhabha Atomi
 Resear
h Centre). For example,for the �gure 6.3, the 
ode generated by the State
hart Editior is :state
hart11 11 11 111 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 10 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 root 0 4 0 0 0 0 0 0 2000 2000 0 1110 0 0 0 0 0 0 0 0 0 0 01 0 0 0 0 state1 0 4 62 61 0 0 0 0 293 255 0 1110 0 0 0 0 0 0 0 0 0 0 02 0 0 0 0 state2 0 4 367 59 0 0 0 0 535 255 0 1110 0 0 0 0 0 0 0 0 0 0 03 0 0 0 0 error 0 4 242 301 0 0 0 0 387 376 0 1110 0 0 0 0 0 0 0 0 0 0 04 0 0 0 0 0 1 323 45 0 30 0 0 0 0 0 0 0 0 0 0 05 0 0 0 0 s1 0 4 110 93 0 0 0 0 185 147 0 1110 0 0 0 0 0 0 0 0 0 0 06 0 0 0 0 s2 0 4 166 181 0 0 0 0 235 229 0 1110 0 0 0 0 0 0 0 0 0 0 07 0 0 0 0 p1 0 4 407 87 0 0 0 0 485 143 0 1110 0 0 0 0 0 0 0 0 0 0 052



CHAPTER 9. SIMULATION RESULTS 538 0 0 0 0 0 1 464 171 0 30 0 0 0 0 0 0 0 0 0 0 09 0 0 0 0 0 1 234 155 0 30 0 0 0 0 0 0 0 0 0 0 010 0 0 0 0 p2 0 4 399 195 0 0 0 0 483 240 0 1110 0 0 0 0 0 0 0 0 0 0 04 30 1 1110 0 0 0 0 0 4 323 45 292 73 08 30 7 1110 0 0 0 0 0 4 464 171 461 142 09 30 6 1110 0 0 0 0 0 4 234 155 234 181 05 1110 6 1110 8 e5 0 0 0 0 4 110 143 166 208 06 1110 5 1110 8 e6 0 0 0 0 4 199 181 185 135 01 1110 3 1110 8 e3/error 0 0 0 0 4 262 255 305 301 02 1110 3 1110 8 e4/error 0 0 0 0 4 391 255 360 301 07 1110 10 1110 5 e7 0 0 0 0 4 407 136 422 195 010 1110 7 1110 5 e8 0 0 0 0 4 449 195 443 143 01 1110 2 1110 9 e1 0 0 0 0 4 293 143 367 150 02 1110 1 1110 9 e2/initial 0 0 0 0 4 367 187 293 192 0In this representation many �elds are not required for the StateTest tool.It takes this form as an input, and internally generates the spe
i�
ation �leas a four tuple, as was seen in the previous 
hapter 8. The �rst line is justname 'state
hart', the next line 
ontaining four 11's, �rst two 11's indi
ates thenumber of states and number of transitions (in
luding default states) in thegiven model, remaining two 11's are simply 
opies of the �rst two 11's. Thenext two 
onse
utive lines 
ontaining 1's indi
ating the number of states andnumber transitions present. The next blo
k represent the hierar
hi
al stateinformation. It is of re
tangular matrix of 11 by 22 (2*11). For ea
h ea
hstate, there are two 
olumns reserved, one is for indi
ating normal states andanother for indi
ating orthogonal states. The next blo
k meant for statenumbering. The last blo
k indi
ates transitions among the states involvedin the given model.9.2 State
hart Test Cases FileThe test 
ases for the example state
hart �g 6.3, are as follows :#Spe
ifi
ation file name :example_figure_spe
ifi
ation.txt#Test 
ase file_name : example_figure_test
ases.txt#Test Case' Format :# State;Sequen
e_Of_Events;Expe
ted_State;Expe
ted_A
tion;1;e1,e2,e6,e5,e6,e1,e7,e8,e7,e4;3;error;1;e6,e5;6;5;e1,e2;5;initial;1;e1,e2,e5;6;5;e1,e7;10;6;e1,e7,e8;7;



CHAPTER 9. SIMULATION RESULTS 549.3 Demo ResultsThe demo results for the given State
hart spe
i�
ation and Test 
ases are asfollows:Enter the Test Cases file name : example_figure_spe
ifi
ation.txtEnter the State
hart Spe
ifi
ation file name : example_figure_test
ases.txtNumber of states : 11Number of transitions:11Inline 
ounter value in reading State Info.is : 1Inline 
ounter value in reading State Hierar
hy Info. is :11Inline 
ounter value in reading State - Key pair is :11Key : State9:08:07:p16:s25:s14:03:error2:state210:p21:state10:rootInline 
ounter value in reading Transition Info. is :11default states:3total events:8ns:11nt:11te:8ds:3field 
ount :4Test Case : 11;e1,e2,e6,e5,e6,e1,e7,e8,e7,e4;3;error;expe
ted state: 3expe
ted a
tion:errorevent(s) are: e1,e2,e6,e5,e6,e1,e7,e8,e7,e4The number of events to be parsed are: 10Temporary Event : e1Temporary State_Event Pair : 1e1



CHAPTER 9. SIMULATION RESULTS 55State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary State : 2Temporary A
tion: Temporary Event : e2Temporary State_Event Pair : 2e2State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;2;e2;1;initial;Temporary State : 1Temporary A
tion:initialTemporary Event : e6Temporary State_Event Pair : 1e6State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;Temporary Event : e5Temporary State_Event Pair : 5e5State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;Temporary State : 6Temporary A
tion:Temporary Event : e6



CHAPTER 9. SIMULATION RESULTS 56Temporary State_Event Pair : 6e6State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;Temporary State : 5Temporary A
tion:Temporary Event : e1Temporary State_Event Pair : 5e1State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary Event : e7Temporary State_Event Pair : 2e7State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;Temporary Event : e8Temporary State_Event Pair : 10e8State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;Temporary State : 7



CHAPTER 9. SIMULATION RESULTS 57Temporary A
tion:Temporary Event : e7Temporary State_Event Pair : 7e7State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;Temporary State : 10Temporary A
tion:Temporary Event : e4Temporary State_Event Pair : 10e4State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;test 
ases's state: 3test 
ase's event:e1,e2,e6,e5,e6,e1,e7,e8,e7,e4test 
ases's a
tion: errorState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
. seq_eventsthis test 
ase is passedfield 
ount :3Test Case : 21;e6,e5;6;expe
ted state: 6event(s) are: e6,e5The number of events to be parsed are: 2Temporary Event : e6Temporary State_Event Pair : 1e6State
hart Spe
ifi
ation Che
king is going on4;1;



CHAPTER 9. SIMULATION RESULTS 588;7;9;6;5;e5;6;6;e6;5;Temporary Event : e5Temporary State_Event Pair : 5e5State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;Temporary State : 6Temporary A
tion:test 
ases's state: 6test 
ase's event:e6,e5test 
ases's a
tion: errorState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
. seq_eventsthis test 
ase is passedfield 
ount :4Test Case : 35;e1,e2;5;initial;expe
ted state: 5expe
ted a
tion:initialevent(s) are: e1,e2The number of events to be parsed are: 2Temporary Event : e1Temporary State_Event Pair : 5e1State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary Event : e2Temporary State_Event Pair : 2e2



CHAPTER 9. SIMULATION RESULTS 59State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;2;e2;1;initial;Temporary State : 1Temporary A
tion:initialtest 
ases's state: 1test 
ase's event:e1,e2test 
ases's a
tion: initialState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
.seq_eventsthis test 
ase is failedfield 
ount :3Test Case : 41;e1,e2,e5;6;expe
ted state: 6event(s) are: e1,e2,e5The number of events to be parsed are: 3Temporary Event : e1Temporary State_Event Pair : 1e1State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary State : 2Temporary A
tion:



CHAPTER 9. SIMULATION RESULTS 60Temporary Event : e2Temporary State_Event Pair : 2e2State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;2;e2;1;initial;Temporary State : 1Temporary A
tion:initialTemporary Event : e5Temporary State_Event Pair : 1e5State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;2;e2;1;initial;test 
ases's state: 1test 
ase's event:e1,e2,e5test 
ases's a
tion: initialState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
.seq_eventsthis test 
ase is failedfield 
ount :3Test Case : 55;e1,e7;10;expe
ted state: 10event(s) are: e1,e7



CHAPTER 9. SIMULATION RESULTS 61The number of events to be parsed are: 2Temporary Event : e1Temporary State_Event Pair : 5e1State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary Event : e7Temporary State_Event Pair : 2e7State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;test 
ases's state: 10test 
ase's event:e1,e7test 
ases's a
tion: initialState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
. seq_eventsthis test 
ase is passedfield 
ount :3Test Case : 66;e1,e7,e8;7;expe
ted state: 7event(s) are: e1,e7,e8The number of events to be parsed are: 3Temporary Event : e1Temporary State_Event Pair : 6e1State
hart Spe
ifi
ation Che
king is going on4;1;



CHAPTER 9. SIMULATION RESULTS 628;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;1;e1;2;Temporary Event : e7Temporary State_Event Pair : 2e7State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;Temporary Event : e8Temporary State_Event Pair : 10e8State
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;6;e6;5;1;e3;3;error;2;e4;3;error;7;e7;10;10;e8;7;Temporary State : 7Temporary A
tion:test 
ases's state: 7test 
ase's event:e1,e7,e8test 
ases's a
tion: initialState
hart Spe
ifi
ation Che
king is going on4;1;8;7;9;6;5;e5;6;loop is in the super state spe
. seq_eventsthis test 
ase is passedNumber of test 
ases performed are : 6Number of test 
ases passed are : 4Number of test 
ases failed are : 2



CHAPTER 9. SIMULATION RESULTS 63Number of states 
overed are : 7Number of states are : 7.0State Coverage is 100%Number of events are : 8.0Number of events 
overed are : 7Event Coverage is 87%Number of states and events 
overed are : 12.0Number of states and events pair are : 56.0StateEvent Coverage is 21%Number of transitions exer
ised are : 7Number of transitions are : 8.0Transition Coverage is :87%Total time for 6 test 
ases is :630msTime for One test 
ase is :105 ms9.4 Summary Of the ResultsFrom the getting results, it is obsevred that the number of test 
ases performedare 6 of whi
h 4 are passed and 2 are failed. The state 
overage is 100% thatindi
ates given test 
ases 
overed all the states in the given model. It is alsointeresting to see that transition 
overage and Event 
overage are thesame. Be
ause, for the given State
hart model, i.e, �gure 6.3, there is a distin
ttransition for ea
h distin
t event. The State-Event 
overage is low, be
ausegiven test 
ases had 
overed less number of state-evet pairs (12) when 
ompareto the a
utally existed event-pairs in the given model are 56. Generally, thismetri
 is meant for negative testing. It is observed that time taken for atest 
ase is reasonable, i.e, simply 105ms. Observe that the given test 
ases arehaving sequen
e of events also.



Chapter 10Con
lusionsIn this proje
t, we �rst performed a survey of software testing te
hniques, s-tudied the requirements for testing state
harts. Subsequently, we studied some
ommer
ially available software testing tools. Finally, we designed StateTest,a tool for testing state
harts, implemented StateTest in Java and have per-formed experiments with it.10.1 Future WorkStateTest presently tests the State
hart spe
i�
ation that has hierar
hy. Thishierar
hy 
an be many levels. The 
ode generated by the StateTest Edi-tor(SCE) is very spe
i�
 and reserved one 
olumn for ea
h state to indi
atethe orthogonal state presen
e. So using that �eld, one 
an easily extends thefun
tionality of the StateTest tool to test the State
hart spe
i�
ation havingorthogonality and history information. Note that 
ode generated by the Stat-e
hart Editor from the given model of State
hart, is one of the input to theStateTest tool. That too, in the transition blo
k, there is numbering for ea
h s-tate, that indi
ates, whether the state is normal, orthogonal, default, or history.So, this may be used to handle orthogonal states and history states.StateTest 
an also be extended and generalized to test state
harts havingdi�erent spe
i�
ation formats.
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