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Basics of Software Testing
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4 . .
Q> TheReality of Testing

< “ It only takes one failed test to show that the
software doesn’t work, but even an infinite number
of testswon't prove that it does’ [Beizer90] p5
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’//\ Test Coverage, defined

< “Coverage’ isameasure of test set thoroughness

+ Inother words, how much of some reference specification is
exercised by agiven set of test cases? Are there parts of the
reference specification that would not be tested by those test cases?

< Test setsthat do not cover the reference specification are,
according to that criterion, inadequate

+ But coverage in terms of one criterion usually does not guarantee
adequacy in terms of any other coverage criteria

One key to efficient testing is to achieve some desired
flavor of coverage from the fewest possible test cases
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@ Two Families of Testing

< Functional (“Black-box") Testing
« Thetest designer is unaware of the internal structure of
the software being tested

< Structural (“White-box™) Testing

« Thetest designer knows about the internal structure of
the software and uses that knowledge to devise tests

“ Functional tests can, in principle, detect all [defects] but would take
infinite time to do so. Structural tests are inherently finite but cannot
detect all [defects], even if completely executed” [Beizer90] p11
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’//\ A Generic Software Lifecycle
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Object-oriented Stuff




2 Introducing Objects -
» the Client Perspective
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2 Software Objects -
» the Client Perspective

" i Account,
] pessistent state s opened with balance = $100.00°
BakAccount Account_000295;

‘Account_000295 = BankAccount ( 100,001 );

1 Deposit $25,00ito the account
‘Account_000295 deposit (25,001 ); /I message s depost (25.001)
11 thebodence s now $125,00
1 hisreply isimplicit

1 Take out $75.00 from the account
if ( Account_ 000295 withckaw ( 75.001)) {
system,out prinin (*Successtl withcraw of $75.00" )
dsel

)
system.out printn (“Unsuccessful withdraw of $75.00°);
)

1/ 1nthis case, the message s withdraw ( 75,001
Il the reply is aboolean (rue = sucoess, fase = falure)
11 Of course, the reply should be true and the belance should be $50

i Close the account
float refund = Account_000295 close ()

i Inthis case, the message is* cose (7

I the reply isafloat (=>0 means success nd isthe closing

Ui batance, <0 meansfailure)

J1Of course, th reply showld be $50 and the persistent state of
1 Account 000295 should be closed vith balance = $0.00

Construx Software

w.construx.com) 1

2 Introducing Objects -
» the Supplier Perspective
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2
»

public class BankAccount {

boolean accountStatus; / faise = closed, tive = opened
float currentBalance:

public BenkAccount float initialBalance) {
aocountStaus = true:
currentBalance = initialBalance;

public void open (float initialBalance) (
if (accoun(Status) (

Software Objects -
the Supplier Perspective

public boolean withdraw (floet anAmount ) (
if (aocountStatus &.& currentBalance > aAmount )
currentBalance = currentBalance - sAmOUT;
retum true;

ae(
veturn felse; 1/ User erto, ot enough money
)
)
publc loat exemineSatance () (

if (aocountsiatus) {
eturn currentBalance:
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aocountStaus = true;
currentBalance = initialBalance;

)

) else(
retum -1.0f; 1] Usex errr, the account is closed

)

public void deposi (float anAmount ) {
if (accountStatus)

currentBalance = currentBalance + anAmount;

public float close () {
if (accountsiatus) {
niStaus= fdse;
eturn currentBalance:
)

retum -1.0f; 1/ Usex error, the accountis dlready closed
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Construx Software

Language Pragmatics

< Encapsulation
% Classes and instantiation

< Inheritance

« Polymorphism and run-time binding
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Inheritance

public lass CheckingAccount extends Bankiccount {

float perCheckFee;

public CheckingAccount (float initiaBalance,float fee) {
super (initialBalance);
perCheckFee= fes;

)

public void open ( float initialBalance,float fee) {
if (laccoun(Status) (
aocountStaus = true;
currentBalance = initialBalance;
perCheckFee= fee,

)

public boolean withdraw (float anAmount) {

if ( accountSiatus && currentBalance > (anAmount + perCheckFes))
currentBalance = currentBalance - (anAmount + perCheckFee),

retum rue;

) else(
retum false;
)
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Testing in the Context of
Object-orientation

2
»

A New Level for Testing
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2 Inheritance -
» “ Flattened” Classes

public lss CheckingAcoount ( public boolean withdra  float anAmount )

if  accountStatus &.& currentBalance > (anAmount +

O —— PG eve. (omones
remle s s
ettt pecheire
} else(
public CheckingAccount (float intialBalance, flot fee) { ren fase:
e e ,
Pttt

pubicloa examineBalance () {
public void open foe niiaBalence, flat fee) { e

i (laccountSieus) (

accountSitus = rue

o (

wonSaz return-L0f; 1] Use eror, the account s losed
perCheckee = fee: )

) publc float lose () (

publc void depos  float anaunt) e e

i (accounSlatus) reurn currentBalance:
GirrenBalance = currentBalance + anAmoun;

e (

retun -L0f; ) User error, the account s already
closed
N

)
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///? Inheritance -
» Avoiding Encapsulation

enk ccountScalfold( )

1/ Test case 1.- Open aclosed account with $100.00
aocountToTest setSitus (false),

public booleen getStatus () {
relurn accountStaus;

)

public void setBalance (float newBalance) { AT o2 Dot %0
currentBalance = newBalance; acooTes.

Il note: getBalance already exists as examineBalance.

)

Ui Testcasea-

)
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Black-box Testing at the
Operation level

4 .
@ Domain Coverage

< A variable's domain is the set of valuesthat it can
take on

< Domain Coverage means that there is a sufficient
set of test cases to test the domain of each
parameter (on each software function)

« Rather than testing each possible valuein avariable’'s
domain, we will use “Equivalence Classes’
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’//\ Equivalence Classes

< Suppose some weather software has two input variables
+ Temperature

Minimum Maximum
Allowed Allowed
Temperature oF 2F Temperature
ClassA ClasB ClassC ClassD ClasE
(Invalid) (Invalid)
+ Cloudiness
Valid equivalence class (Clear, Partly Cloudy, Mostly Cloudy,
Overcast)

Invalid equivalence class - anything else
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y .
Z Boundary Value Analysis

< “Boundary condition” defects are so common that special
test cases should be designed just for them
+ Besureto have (or create one) a positive test case for the lowest
valid value in each equivalence class and another for the highest
valid value
+ Besureto have (or create one) a negative test case for the
predecessor of the lowest valid value and for the successor of the
highest valid value
< Zero is another common trouble spot on numeric inputs

« Havetest casesfor -1, 0, and +1
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’//\ Example Black-box Test Cases

Temperature Cloudiness Expected Result
-120 Clear
1 Partly Cloudy
180 Overcast
-121 Clear Temp too low
181 Overcast Temp too high
90 "Sunny" Invalid Cloudiness
Alsotest -1, 0, 31, 32,
and 33
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White-box Testing at the
Method level

@ Control-flow Testing

< The software structure is viewed from a flow-of -
control (i.e., instruction sequencing) perspective

« Control-flow testing assumes that there are defectsin
the software’ s flow-of-control logic

strux.com)

@ Control-flow Coverage Case
» Sudy, Input and Output

Input Output
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2 Control-flow Coverage Case
» Sudy, Code

procedure Nunber_Puzzl e;

var
Across: Across_lndex; Down: Down_lndex: O ue_Nunber: integer;

begi n
O ue_Nunber := 1;
for Down := 1 to Down_Size
do for Across := 1 to Across_Size
do if ( Puzzle[ Across, Down ].Color = Wite ) and
( ( ( Puzzle[ Across-1, Down ].Color = Black ) and
( Puzzle[ Across+l, Down ].Color = White ) ) or
( ( Puzzle[ Across, Down-1].Color = Black ) and
( Puzzle[ Across, Down+l ].Color = Vhite ) ) )
then begin
Puzzl e[ Across, Down ].Number := O ue_Nunber;
O ue_Nunber := O ue_Nunber + 1
end;
end;
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4
&  Example Control-flow Graph
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2 Control-flow Coverage
» Criteria

< Statement Coverage

< Decision (Branch) Coverage

< Condition/Decision Coverage

< Modified Condition/Decision Coverage
< Multiple Condition Coverage

< Path Coverage
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@ Data-flow Testing

< “Itisour belief that just as one would not feel
confident about a program without executing
every statement in it as part of some test, one
should not feel confident about a program without
having seen the effect of using the value produced
by each and every computation” [Rapps82]

“ The data-flow criteria were developed to detect errorsin
data usage and concentrate on the interactions between
variable definition and reference” [Chilenski94]
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/
&> AnExanmple Data-flow Graph
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@’ Data-flow Coverage Criteria

< All Definitions (Reach) Coverage
< All Uses Coverage
< All DU Paths Coverage
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Black-box Testing at the Class
level

’//\ Sate-transition Models

Withdraw(Am)
[Ami<=Balance]

Withdraw(Am)
[Amt>Balance]

Deposit(Amt)
[Balance+Amt>=0.00]

Deposit(Amt)
[Balance+Amt<0.00]

Further Testing




4 .
@ Further Testing

< White-box testing at the class level

< Integration testing of multiple classes
< System testing

< Acceptance testing
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