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Abstract

There is more to do about testing a system thats@sing that it conforms
to its specification. A system can conform to gec#ication and still do
what it isn’t supposed to do. To test a softwaitesy thoroughly so that it
reliability after delivery could be worth its cosfaults lurking in the
software should be detected. A look at the problgmismake the thorough
testing difficult and strategies that have beem ldown from time to face

this daunting task is what this paper will go thgbu
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1. Introduction

Every system is tested; at least if it isn’t to #ethe system does what it is not
suppose to do, it will be to see that it does vithigt suppose to do. The first execution of
a system after it has been implemented puts ituadest. Testing a software system has
always been known in the time past to just be nwldare that it conforms to its
specification. However, as time went by, the inseeim the cost of software development
along with the demand for the reliability of softwaystems has pushed testing software
systems from just been perfunctory to a process mieeds practice and strategy.
Software system testing is now the approach th&dken to make sure that a software

system meets the demand for more reliable, qudjifierified and valid software.

Software contains faults; the faults can be redlizéhen the software is in
execution and the fault executed. With what théws®e can currently be used for, the
software tester has to try as much as possiblestect faults lurking in the software
system. Executing faults in a software system witdn actually in use could cause
annoyance — in the case of a personal computdn,aragause disaster — plane crash due
to the misbehaviour of a flight control system. lEathat cause this kind of failures are
either as a result of specification, design, imm@atation or verification [Omar and
Mohammed 1991]. To detect these faults under ifnéeld resources available for
software development is what makes the testingfifvare system a daunting task. To
alleviate the task of testing software system#gaclcle model for system testing should
run in parallel to the software’s development cydlrough faults of whichever kind are
mostly realized when the implementation of the exysts under test, earlier stages like
planning, preparation and design for testing cdagdin immediately the specification of

the software system is laid down.

Many techniques have been applied to carry outceke testing of software
systems, however, these techniques are dividedtwuobroad classes — functional and
structural. The classification is based on the s®wf information for the test case

requirements as well as the nature of the fauttithto be detected. These two classes are
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complements to each other, making software sysésting a process that requires the
use of techniques from both classes. At leasthéf $oftware testers are to test the
software system from the customers view (functioneW), what is the essence of the
edge they have over the customer that they knownidwerial they are testing and have
access to the code that implements it? They cantest it from a structural view — how

the software is implemented. This is what this papéd be based on. The aim of this

paper will be to mainly talk about the sourcestha phases of software development,
from which test cases can be identified and alsodifferent techniques, both structural
and functional, that can be applied to make tessioffjware systems an effective and

satisfying process.

The remainder of the paper is organised as foll®extion 2 will discuss the
different factors that make testing software systendifficult process when in practice.
The source for identifying software test data (testes) that can be effective in software
testing will be discussed in Section 3. Differettategies that have been applied to
testing a software system from a functional apgrogcwhat Section 4 will be about.
Section 5 will be similar to section 4, but fronetktructural approach. Section 6 will
give some guidelines to be applied to testing saféwsystems. Finally, Section 7 will

conclude and give prospects.

2. Practical Problems

Testing a software system is not an easy &g when compared to systems of other
kind (mechanical, electrical etc). The intangibled adynamic nature of the software
system makes testing it difficult. Software fawdte also as a result of the design process
and are buried in the software, only to manifesaa®sult of failure. To add to this
difficulty, resources available to carry out thisopess, which would have been an
unlimited process if carried out exhaustively, mnagiice is limited. In this section, some
of the practical problems faced in testing softweystems are looked at.
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Resource Constraints

Software systems are built under the pressuresehaduled time and budget.
The development takes place according to what asladble for use. Placing

the system under test, which is one of the lastes® carried out in the
development process is likely to be carried outeurptessure. For instance if
a fault has been realized after testing a softwgstem that is to be delivered
soon and also the cost of fixing this fault will keathe cost for the

development process surpass the budget, shoutbttveare be delivered as it

is with fingers crossed?

Cost of test development

In software organisations where testing is takea psactice, development for
testing has a cost of its own. Over 30 - 40% of tost of software
development is about testing it [Veenendal and F287]. When faults are
detected during testing, components of the syskatnare faulty are sent back
to the developers for repair. An iterative loopssetthere. So time is spent in
this iterative process and also in the usage d@dratsources. The cost of test
development is also raised by the issue of trairtimg average software
developer to understand formal languages used ttehtbe behaviour of the

software system under development.

Immeasurable effectiveness

How effective a test plan used to testing a so#wsystem is cannot be
guantitatively measured. The impact the plan hashensoftware’s quality,
reliability and correctness cannot be quantifieditfds et al 2002]. Being
able to know how effective a test plan is for atwafe system of any kind
will help decide if a change or improvement is resedMost software
organisations only tend to claim the effectivenafstheir ad-hoc software test

plan.
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« Testers vs. Developers
A standard software organisation is meant to hateam that develops the
software system and another one that tests it.jdyhef developers is to see
that the part of the software system they devempampletely correct.
However, for testers, it is to see that they detaaits. In other words, the
tester is happy when a fault is detected. With ¢bistradiction, are developers
supposed to enjoy working with testers? [Petsch@@i®5] Considering the
fact that software testing is now becoming a sigaift part of software

development.

+ Fatigue and Boredom
The main aim of a good software test plan is twigl®a systematic approach
for generating test cases. Due to its systematir@amany of the procedures
are being automated. The tester just get into plae¢est suite, test harnesses,
test objects and any other thing needed to runtdéke and just sits there
watching the process in execution. If the systerdeurtest is a large and
complex one, the process used in testing the syistikena long time and more
use of resources which are done automatically. ditematic approach just
let the tester to just spend a while watching §stesn, leading to monotony,

fatigue and boredom.

3. Identifying Test Cases

The main task in test planning and developmerd lsetable to intelligently select
test cases that will be used to test the softwgstes’s conformance to its specification
as well as have the potential to detect errors. é¥@wn before one can select adequate
test cases to run a test with, there must be chidioen which this selection is to be
made. The choices are the test cases that neesl itteitified. In this section, avenues
through which test cases that can stand as caediftattesting a software system will be

discussed. The constructs for requirement as a snianidentifying test case will be
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visited. Following this will be the use the ideambdel-based testing as an approach for
testers to identify test cases.

3.1 Requirement Constructs
People that want to describe the requirement sbfaware system, especially
when they are not in the field of the system dewelent is requested for, is bound to

describe the system in an informal way. Examplestafement beginnings that will be

made are “When | want to save a file....”, “When thigton is clicked....”, “When this
number is entered.....”, “When this storage deviaaserted....”, “After the Enter button
is clicked, Screen 5 should appear and ....” A loblalathese clauses will make you

agree with these: the first statement refers te@ant, the second an action, the third a
data, the fourth a device and the fifth a threagjience of actions). Jorgensen 1998
[cited in Jorgensen 2002] stated that the five dasinstructs used to describe the
requirement of a software system are data, actewes)ts, device and threads. A software
system tester who needs to know how the systemldhmhave in terms of how the
client describes it needs to have an idea of thexp@irements and use these constructs as
metrics with which test cases are identified. Eatlthese constructs will be taken one
after the other and how each could help the syséster to identify test cases will be

examined.

3.1.1 Data

If one of the requirement constructs mentionedvalwere to be chosen
as the only one to describe software, | don't see r@ason why the data doesn’t
almost get that position if it actually doesn't. tlre world of the testers, the data is
one thing that causes the combinatorial explosfdasi cases especially when testing
from the functional approach. The various formsasadcould take in a software
application give the data the potential of beintedb make test cases visible. In an
application like e-commerce applications, one cdald of datasets, data files, data
streams, checkpoint data, metadata and other fodata representations [Merzky et
al]. A data could be persistent (relational datapasould be volatile (Random

Access Memory) and could be corrupted as a resudt fault in the software not
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detected during testing — probably because a tastnet run using a test case that
was to be identified using the data construct. &s@mple, in the Entity-Relationship

modelling of the relational database, the relatiqm$etween entities may be of a
one-to-one, many-to-one or many-to-many cardinalégt cases can be drawn out to

test that these cardinalities among the appropdat® entities exist.

3.1.2 Events

The Oxford English dictionary defines an event agtleing that happens or
takes place. In the process of testing softwaréeBys test cases can be drawn
out from anything that can happen in the real emwirent in which the software
will operate. For instance, if a coin is droppedhe part of a vending machine
that only accepts notes, how should the systemorekp Should a software
application delete data from your PC without askmga confirmation when the
delete button is clicked? Test cases realized fwants are usually executed to
test the software system for non-functional requeets of the system
(robustness, safety, stress, etc) and is alsompegfbwith the intention to break
the system. Ron Patton will call it'test-to-fail” [Patton 2000].
3.1.3 Actions

Whenever a user interacts with a system, ther¢hamgs expected to be seen
as a result of the expected behaviour of the systkations are physical
happenings on the system that can be used to jathye system is functioning
as expected. For instance, a coffee machine ndbrpeng the action of
returning your change after payment is made odnmpping out your coffee cup
as requested shows that the system’s misbehaviations such as these should
be tested for and test cases can be identifiedmays Low level actions such as
addition, subtraction, conditional decision to det@e the flow of control and
many others are not exempted.
3.1.4 Devices

Software systems have a means of interacting Wwel environment. Devices

and human are actors that will interact with thetem. Test cases can be realized

to test for ways interactions will take place. Im @erating system for example,
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when the interaction is with a file storage de\ieg. USB drive), test cases that
can test for actions like moving files, renaminigdj deleting files and storing
files. These are actions that happen between tleeatipg system and the file
storage system that manages the USB device. Sogtakiook at all the media
through which a system will interact with its emnment, one can identify cases
that are to be necessarily tested for.
3.1.5 Threads
Threads at the system level are defined to be aeseg of atomic system
functions — functions of the system that at thewd the customer will look
uninterrupted [Jorgensen 2002]. The thread uswalhsist of a sequence of the
other four constructs and test cases of a threanlenésequence of actions, events
or data) are identified when an artefact that modet system’s behaviour is put
down. Section 3.2 will go through that.
In brief, requirement constructs are the basicsdentifying test cases as beginning to
plan a test by identifying test cases as early @ssiple using the requirement of the
software is of an advantage as time is used prpped the cost of fixing an error found

at an early stage of software development is less.

3.2. Model-Based Approach

Artefacts made by the requirement engineers,gdesitester, or developer to
describe the mental understanding of the softwgstem under development at any
phase of development can be of great use to ther.tdhe system to be tested will be
tested finally at its most concrete level — aftemplete implementation. The system as a
whole could be a composition of many componentscé@anformation extracted from
artefacts created for each component at each piasyelopment is useful to the system
tester. Model based testing is an approach thabtwagght out the ease in this area. Right
from the phase of requirement analysis to coditrgctired, reproducible and motivating
models could be created at each phase and wilsekiluto the tester a great deal as it is
to the developer. Modelling a software system hase@ the automaton of software

testing by just needing to identify the test cdseking at the model. In this subsection,
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different kinds of behavioural model will be brigftliscussed and an example will be
given with the FSM model.

Finite State Machines:The finite state machine model can model any systgm a
finite number of states. Actions carried out wharai particular state cause transitions
between states. The behaviour of the system to dueled determines the number of
states needed, which state is transited to wheacton is carried out in a specific state.
FSM model has its theory based on Automata Thédsing this theory in addition to the
graph theory, test cases are identified makingofiske nodes and arcs in the graphical
correspondence of an FSM model as metr[€siedman et al 2002] describes an
extensive use of the FSM model in identifying teases as well as selecting adequate
ones.Software systems that are modelled using the FShdeirare mainly menu-driven
systems like ATM machine, vending machine etc. Istrate, we identify test cases in

the model below.

Display
Total pay

Initial
Screen

Payment
Entry

Cae] o] pay e

Display
Change

Figure 3.1: A Finite State Model of my Cash registeat work

From the figure 3.1, just taking at a look at thguife, what one can test for is easily

identified even if they are not adequate to cover test requirement, they will be
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candidates for selections. The different path&iengraph from thénitial Screen back to

itself are sequences of actions that can be tésteBxamples are:

» enter first payment -> Reset -> Reset
» enter first payment -> sum up -> tender cash -> Reset

» enter first payment -> cancel total payment

Combining these sequences in different orders ntiakeamount of test cases that this
cash register could be tested with astronomicahgime the amount of test cases that

could be identified when the system under testasencomplex and sophisticated.

StateCharts: The statechart model is an extension of the FSddeh It is the FSM
model with some annotations and restriction valueach state in the FSM. The use of
hierarchy, external conditions determine if transittakes place when the system is in a
given state. The statechart is intuitively equinaéléo the most powerful form of
Automata (Turing Machines). Consequently, it maiatidresses modelling complex and

real-time systems.

Markov Chains: The Markov chain model is a stochastic model wseally used to
model software systems with discrete parameterdiaite-state time. It is similar to the
FSM but has its basics in probabilistic automatatdad of having events on the edges in
the graph, they are labelled with probabilities #uem up to one for each outgoing edges.
Besides identifying or generating test cases, Martoains are used for systems that
gather and analyses failure data to estimate messuwch as reliability and the mean

time of failure.[ Ylcesan 1990] contains more dstan Markov chains.

Grammars: Grammars are used to describe different syntaxagframming languages.
They are equivalent to different forms of the statachine. For example Context-free
grammars (Finite State Machines), Context-sensiivemmars (Turing Machines),

Regular grammar (Push down automaton). Softwaréemsys or aspects of software
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systems are that have to do with lexical analysiparsing is best modelled with the

grammar model. Example of a grammatical model efddsh register in Figure 2.1 is

def
INITIAL SCREEN = reset ERROR STATE, reset DISPLAY CHANGE,

cancel total payment PAYMENT ENTRY

def
PAYMENT ENTRY = enter first payment DISPLAY SCREEN,

enter first payment INITIAL SCREEN

def
DISPLAY CHANGE = tender cash DISPLAY TOTAL PAY

def
DISPLAY TOTAL PAY = sumup PAYMENT ENTRY

def
ERROR STATE = reset PAYMENT ENTRY, reset DISPLAY TOTAL PAY

Petri-nets: Petri-nets are bipartite directed graphs -diregiegbhs that have edges only
between nodes that are in two different sets (péancktransitions). The idea that a place
can still be enabled after firing a transition maki@is model able to model asynchronous
systems, the idea that two different transitions loa fired simultaneously makes it able
to model concurrent and distributed systems. Tkerts that determine if the place nodes
are enabled means a variety in different systerlicgtions just as how it could mean the
number of process that the UNIX operating systeall@ved to let alive, it could mean
the number of resources a process in allowed tallweated (modelling resource
allocation). Deadlock, a common concept with opegasystem could also be modelled
with Petri-nets. The nature of the Operating syséean makes it to want to be taught in
universities with Petri-net models [Jeffrey 199Ah incremental approach to modelling
concurrent systems using a model other than Petsi-is found in [Koppol and Tai
1996].

Different models are used for different softwarsteyns. The nature of the system, the
aspect of the system to be modelled, the amoukhoivledge about the model and the
entities that will be using the model are factarbé considered before selecting a model.
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After identifying test cases, the next approado isiake selection. The next section deals

with that from a functional approach.

4. Functional Strateqy

The functional approach to software testing is ¢dhenmon approach to testing
software at the system level. This approach is mgdef the inputs and outputs of the
software as well as knowledge of how the softwamexipected to behave. The software is
tested with certain inputs, and from the appratdathe corresponding output, one can
infer if the software is behaving or misbehavingcaiculator that returns a 7 for the sum
of 3 and 6 where a 9 is expected definitely hasudt.f To find all the faults with a
software system using this approach could invobatinig all the inputs that the software
will be passed throughout its lifetime; this apmioas practically impossible as there
isn’t time for that and we are yet to be able te #e future. In this section, different
methodologies that are used to currently test itgiats (test cases) that would leave one
with a high level of confidence that the softwaystem is behaving appropriately are
visited. These methodologies are discussed in cagsgof the basic concepts that are

involved during this approach of testing — datares and port [Jorgensen 2002].

4.1 Data-based

Sophisticated data-driven systems are mostly knmamork with persistent data

(database). However, some software system carryheirt function with a little bit of
data passed to them as parameters. Hence, evamcerration in this subsection will be
on the functional strategy to select test casesatebasically necessary to test a data-
driven system from the view of persistent dat& worth mentioning few methodologies
used to derive test cases from systems that caulthta-driven by a parametric, volatile
data.

Equivalence Partitioning: The data’s input domain is partitioned into
equivalence classes and a representative (a rangember of the class) of each class

stands for its class in the test execution. Anybetigviour of the system as a result of the
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execution of a class’ representative is the respdhe system will give to any other
member of the class.

Boundary-Value Analysis A specification of the equivalence partitionirithis
method makes sure that the representative of dash is chosen so that they are values
at the boundary of each class.

Cause-effect graph A logical Boolean graph that shows the relatiopdfetween
the causes and effect (input and output conditdrasvn out from a careful observation
of the system’s specification). The nodes reprasttd causes and effects; the thickness
of the edges between a cause node and an effeetdepacts how much of an effect will
result from a cause. [Nursimulu and Probert 199%h idetail about this method.

Category-Partition Method: A method that has an edge over the equivalence
partitioning method and as well the boundary-vaualysis method. This method also
considers input combinations of system functionthwnore than one parameter. The

strategy is as follows

= Each functional unit in the system that can furnrc8eparately is identified.

= For each of this functional unit, identify the paweters, constraints and
environmental effects.

» Identify the characteristics of each parameter\(kmas its category).

» Classify each category into distinct classes (knoasm choices) by
equivalence patrtitioning.

= Combine the representative of each choice, talimegconstraints external
factors from the environment into consideration a.garameter might not be

allowed to be passed in combination with another.

More details on this approach are found in [Ostraind Balcer 1988].

Another elegant approach similar to this is a mettelored to applications involving
multiple inputs and outputs. This approach is basedhe principle that not all input
parameters will affect a given output. On perforgnan analysis on the input and output

values for a given set of data, the relationshiistayg between an output and a set of
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inputs that affect the given output helps limit thmount of unnecessary test cases
selected[Schroeder and Korel 2000]. Reduced tesst alorithm [Harold et al 1993] is

also a brilliant approach.

More sophisticated, large and complex systemsdatedata-driven, model the database
with the entity-relationship model. To be concriet¢his subsection, explanation will go

on side by side with the figure below.

Employee Project
ID number Project ID
First Name Title
Last name Start Date

Social Security no

Department

Name
Location

Figure 4.1: An Entity-Relationship model of employe, project and department

The relationships existing among entities in théggtam is
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Each employee must to only one department; arttepat must contain a maximum of
50 employees
A department must hold at least an employee.
Each project must be ran by at least 2 employedsaamost 10 employees

An employee can partake in running at most 2 ptsjand at least none.

The coverage metrics in this case are the cartnalimaximum number of entities
partaking in a relationship, participation — minmmunumber of entities allowed to
partake in a relationship and the functional depentks — does a relationship depend on
another?

From the figure above, the coverage under the mefrcardinality is meant to elicit test
cases to test that only a maximum of 10 employees a project, a department can only
contain 50 employees, a%émployee is looking for trouble (stress testirgliepartment
cannot exist if it doesn’t hold at least 1 emplogee only a maximum of 2 projects can
be run by an employee.

The coverage under the metric of participation e&ant to elicit test cases to test that the
least amount of employees running a project isv2rye employee must belong to a
department, an employee must belong to only onartlepnt and there could exist an
employee that isn’t running any project.

The coverage under the metric of functional depeai@s is meant to elicit test cases to
test that every employee that runs a project medongy to a department as the
employee’s number in the department is what is Ueeddentification in the project

assigned.

4.2 Event-based

Testing the functionality of a software system hast to do with the events that

takes place at the point of interaction one hah wie system (port). 5 coverage metrics
are considered when the event is an input and @rage metrics when it is an output. A
brief discussion of each of them will follow therm ey are mentioned.

The first coverage metric is that the system betefor each input event that occurs at a

given port. This metric is to see that the systemcfions as expected when in normal
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use. Hence, given a port, test it for all the inpuénts that it expects in order to act
normally. For instance, when a system expects darkkey or a Cancel key, test that
point of interaction with those keys.

The second coverage metric is that the system dtedtdor common inputs at a given
port. This metric is difficult to quantify. It codldepend on the environment in which this
system will be put to use. For example, a hot dkakding machine that is in use by
night-shift workers should be tested more with toffee or espresso vending button —
talking from experience there.

The third coverage metric is that the system beedefor events that are relevant to a
given context. The function of a Select button loa display of a particular screen could
differ from its function on the display of anotrsareen.

The fourth coverage metric is that the system B&eteto see how it will respond to
inappropriate events occurring in a given contéxtat will the system do when a Select
button is pressed while it expects an enter buff@st cases elicited using coverage of
this metric is usually intended to test the systeirreak, in cases of real-time systems, to
miss their deadlines.

The last coverage metric on input events is tottestsystem for all possible events that
the system could experience given a particulartinpis time around one is set to break

the system a great deal — the system developérasgnfriend in this case.

For port output events that are meant to occargvten port is tested for. This is
a test for the normal and expected performanceetystem. For example, to make sure
that an ATM machine returns a screen listing chofoe service when your PIN number
is verified. The second coverage metric for ougdnts is to test that each port output
events occurs for each cause. It won't be niceaffite management system to tell one

that a file is deleted when it has just been moved.

4.3 Port-based

Testing based on the port of a system is usually esmplement to that of the event-

based testing. The process involves considerinthallevents that can occur at a given

port of the system and selecting test cases tHabaused to run a test to see that each
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event at a given port is carried out appropriat8ZENT (Scenario Based Validation
Testing) [Ryser and Glinz 1999] is a method thasghis into practice. Scenarios are
created for each port, formalized into statechants then test cases are generated from

the statechart model.

5. Structural Strateqy

The structural approach to system testing is abeirtg able to select adequate test cases
with information about the structure of the systdmthis section, the node and edge
metrics will be looked at and the hierarchical tielaship relating Figure 5.1 to Figure

3.1. The section will be closed up by looking atistural testing with use cases.

price entry

set.item_no =1
payment .= price entered
ecent . price = price entered

pricexntered

item_ fo++
R t Payme nt paymem»]{r‘i‘;e += price
A received ccent price = price

error-button pressed&item, no>-1

error busto pressedd&item no==1 e, o

payment.-=recent;price

total payment cancelled

Figure 5.1: A detail of Payment Entry state in Figue 3.1 at a lower level

in hierarchy

Testing at the system level involves running testes to test functions that tend to show
their behaviour or misbehaviour with an action hMisiat the system level. For instance,

an error button clicked in the cash register dupagment entry will show the “ERR”
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notation on the cash screen. Based on the behékistem testers should know how the
system is implemented, they can derive a sequenioput events that will provoke that
action. Different actions could be provoked usiest ttases derived from the knowledge
of the system’s implementation at any level. Thest cases can then be selected as

adequate ones with which the system test will lrxeted.

5.1 Node and Edge Metrics

The nodes and edges in the graphical representafidmite state machines are the

metrics for measuring how adequate a set of pathsimatesting the system for its
requirement. The coverage criterion for the nodebé graph is:
Given a graphG, with nodeN, a test suitel, test casd, T is adequate for test
executions if for everi € G there exist & € T that causes a transition through
N.
From Figure 3.1,1 = {enter first payment -> sum up -> Reset -> Reset, enter first
payment -> tender cash -> Reset} satisfies this criterion.

The coverage criterion through edges in the graph i

Given a graphG, edgesE, a test suiteTl, test casd, T is adequate for test

executions if for everlg € G there exist @ € T that causes a transition through

E

From Figure 3.1T2 = {enter first payment -> sum up -> reset -> reset, enter first

payment -> sum up -> tender cash -> reset, enter first payment -> reset -> reset, enter
first payment -> sum up -> tender cash -> enter first payment -> cancel total payment }
satisfies this criterion.

A hierarchical model of a system, down to the lawesel where an atomic system
function can be noticed, is an adequate model fndmch test cases can be selected. A
sequence of input or actions that cause transibetseen inter-level states would lead to

state explosion and an unsystematic approach txtsed test cases. Figure 3.1 is a
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detailed form of thdPayment Entry state in Figure 3.1. Test cases that cover the tes
requirements of the system under test are firstcgadl from Figure 5.1. After this,
moving to the upper level in hierarchy is next (Fm 3.1). In Figure 5.1 the node
coverage is done immediately by thece entry action on entering that level, realizing
that the node coverage is not really as standancasition coverage.

As noticed, there are loops in Figure 5.1; conamdeonly the first loop for simplicity,
the first transition path in the coverage abovesdteagives through the loop, in analogy
to testing for the loop’s condition for executioairy false before control gets to it. The
second goes through the loop, in analogy to tesonghe persistence of the value of a
loop invariant and the post-condition value of i@ approaching its value iteration.
The three transition paths in the transition cogeraatisfies the transition coverage
criteria that every path be transmitted at leaseoithere are limitations to executing the

loop as this is one of the graph construct thatgsriabout combinatorial explosion.

Combinatorial explosion is still bound to pop ouiaae as the size of the system
that needs to be placed under a system test gets complex and larger. As the states
and edges increase, the test cases will also serdast constraint is an approach that is
used to attack this problem. A state that cannatebehed because it is forbidden for the
testing objective forbids other states only reathdtom itself even if there is nothing
forbidden about those states in the first placee Poject state machine coverage
[Friedman et al 2002] is a method that uses thedesyy. It makes use of the form model,

equivalence partitioning and input applicabilitydazonstraints.

5.2. Structural Use Cases

Use cases, known to be an element usecifutittional approach to testing systems
also have information on how they are made to aatewith each other internally and
externally. With this structural information a sttural approach to testing systems using
an element for the functional approach is posgéniello et al ].

The metrics used in this case are the agsmtsabetween the use cases and the actor

and use case. They are: association — relatiortsbiyyeen a use case and an actor,
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include — use case carrying out a function withtheds help, extend — use case being a
specialization of another and generalisation —case being more abstract of another.
The coverage criteria are:

All-association-inclusion-extension: Given a test suite T, and a use case diagram D, T

must cause each association, inclusion and exterisibe exercised at least once.

All extended combination criterion: Given a test suite T and a use case diagram D, fo
each use case in D extended by at least two otbercases, T must cause all of the
combinations of exercising and non-exercising ektezlationships to be exercised at
least once.

Hence, the functional and structural approachesiinng systems goes beyond being
complements of each other but can mimic each other.

6. Systematic Guidelines

Here are some systematic guidelines to carryingygstem testing.

= System testing is an abstract level of testingcleit should be seen that it has a
lifecycle of its own. One that begins immediatdig requirement of the system to
be developed is laid down. TMap [ Veenendal and1P8I7] elaborates on this.

= An appropriate model should be chosen for the kihsglystem to be modelled or
the aspect of the system to be modelled. The dpegelnd testers working with a
similar artefact makes one involved in the othersk.

= A good and clear understanding of the systems rexgpaint should be available to
the tester as it is to the developer. Testers shbalinvolved in the requirement
elicitation and analysis.

» Manage the test development process as the softearelopment process is
managed. Remove obsolete and redundant test daseslfl et al 1993 |, ones
that can arise as a result of the modification aftvgare requirements and test

requirements that will demand regression testing.
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= The requirement and design phases of developmengeod sources for test
requirement. Since the selection of abstract tesé< using a functional strategy
is possible at these stages, it should be done.

» Inspection and walkthrough, a case where artetaetsnspected for defects, has
an effect on system testing [Laitenberger]. It $tdae practised.

= Model based testing, an opportunity to automatet wiohe processes involved in

testing development

7. Conclusion and Future Work

Testing at the system level is not an easy taskpiactice even adds to this
difficulty. ldentifying test cases and selecting@ thnes adequate based on given criteria
are more of an ad-hoc process mainly aimed at tilegethe faults for the system under
test. Any method that proves to be adequate to mgkEm testing effective so as to
improve the system’s reliability and worth for dsst of development (including testing)
should be applied.

Quantifying the effect an approach to system nigstias on the software been
developed is also a problem [Gittens et al, 20B82hce, standardizing the method that is
good enough for a given kind of system is stiltagger. This is the part of system testing
| am interested in and aim at a quantified measantmf system testing methods in

order to standardize appropriate testing methoeésth kind of systems.
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