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What Is Adequacy ? - -

» Consider a prograra written to meet a set of functional requiremdrits
We notate suchBandRas P, R
Let R containn requirements labeldd,, R,, ..., R,

* Suppose now that a setontainingk test cases has been constructed to
testP to determine whether or not it meets all the rezmognts iR

— Assume als® has been executed against each test casand has produced
correct behavior

* We now askis T good enoudgh
— This question can be stated differently as:
Has P been tested thorougfly
or as:ls T adequate
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Measurement of Adequacy

* In the context of software testing, the terrtiofough” “good enoughi
and ‘adequat¢ used in the questions aboveyve the same meaning

* Adequacyis measured for a given test set designed td’testetermine
whether or noP meets its requirements.

* This measurement is done against a given critégion
— A test set is considered adequate with respecttieaionC
when it satisfie€.
— The determination of whether or not a testTs&tr programP satisfies a
criterionC depends on the criterion itself and is explainéerla
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Black-box and White-box Criteria

* For each adequacy criteri@) we derive a finite set known as the
coverage domaiand denoted as,C

A criterionC is awhite-boxtest adequacy criterion if the corresponding
coverage domai@, depends solely oprogram P under test

A criterionC is ablack-boxtest adequacy criterion if the corresponding

coverage domai@, depends solely orequirementd for the program
P under test.

— —
Test Adequacy Measurement & Enhancement (© 2012 Professor W. Eric Wong, The University of Texas at Dallas) 7



Coverage

* We want to measure the adequacy.oBiven thatC,_ has n= 0 elements,
we say thal coversC, if for each elemeng’ in C,there is at least one
test case I that test®.

— T is considerecdequate with respect to {£it covers all elements in the
coverage domain

— T is consideredadequate with respect toifit coversk elements ofC,
wherek <n

* The fractionk/n is a measure of the extent to whitks adequate with

respect taC. This fraction is also known d&se coverageof T with respect
to C,P,and R.

To— —
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Example| (1)

* ProgramsumProducmust meet the following requirements

—R, Input two integers, sayandy, from the standard input device
—R, ; Find and print to the standard output devicestin@of x andy if x<y
—R, , Find and print to the standard output devicepfogluctof x andy if x> y
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Example| (2) B

e Suppose now that thiest adequacy criteridd is specified as

A testT for program P, R) is considered adequate Iif fgch
requirement nn Rthere is at least one test casd that tests the
correctness dP with respect ta .

* In this case the coverage dom@i¥{R;, R, , R, ,}

e T={t: <x=2,y= 3>} (which hasx<y) coversR, and R, , but notR,,

— T is not adequatwith respect taC
— The coverage ofl with respect t&C, P, andRis 0.66

Test Adequacy Measurement & Enhancement (© 2012 Professor W. Eric Wong, The University of Texas at Dallas)

10



Example |l (1)

» Consider the following criterion

A testT for program P, R) is considered adequatestich pathn P is
traversed at least once.

* Assume thaP hasexactly two pathsone corresponding to condition
X <y and the other tg> .
— We refer to these ag andp,, respectively.
— For the given adequacy criteri@we have the coverage domain

Ce:{ P1 pz}-

* We assume th& has exactly two paths. This assumption is basdtieon
knowledge of the requirements. Howeuehen the coverage domain
contains elements from the code, such elementddshewderived from
the program directly and not by an examinationtofequirements

Test Adequacy Measurement & Enhancement (© 2012 Professor W. Eric Wong, The University of Texas at Dallas) 11



Example || (2) -

* To measure the adequacyTobf sumProduct again§l, we executé
against each test caselin

* As T={< x= 2,y = 3 >} contains only one test for which x <y , yitthe
pathp, is executed.

— The coverage of with respect taC, P, andRis 0.5.
— T is not adequate with respectGo

— We can also say thpt is tested ang, is not tested.
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Example |11 -

* The following program is incorrect as per the reguents of sumProduct
— Using the path-based coverage critei@mwe have the coverage domain
Ce:{ pl}
— This path traverses all the statements
—T={< x= 2,y = 3 >} isadequatenith respect to C but does not reveal the bug

sumProduct-1
begin
int X, Y;
input (x, y);
SUM=X+Y;
output (sum);
end

o e W=

T ——— — —
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Lessons Learned

* An adequate test set might not reveal even the aimsbus bug in a
program.

* However, this does not diminish in any way the nieedhe measurement
of test adequacss increasing coverage might reveal a bug!
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Test Enhancement

* While a test set adequate with respect to someriont does not

guarantee a bug-free prograam, inadequate test set is a cause
for worry.

— Inadequacy with respect to any criterion often iegpbeficiency.

e |[dentification of this deficiency helps in the enbament of the
Inadequate test set.

— Enhancement is likely to test the program in wayss not been tested
before such as testing an untested portion, antgtie features in a
seqguence different from the one used previously.

» Testing the program differently than before raibespossibility of
discovering any hidden bugs.
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Example 1V (1)

* The following program is correct as per the requeats of sumProduct
— It has two paths denoted byandp,
—T={< x=2,y=3 >} isinadequatewith respect to the path-based
coverage criteriol®

sumProduct-2

begin

int X, Y;

input (x, y);

if(x<y)

then
output(x+y);

else
output(x*y);

end

0 oo ~Noe o WM =
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Example |V (2) -

* For sumProduct-2, to maKeadequate with respect to the path coverage
criterion we need to add a test case that cquers
— One test case that does so i< 3,y =1 >}

— Adding this test case tband denoting the expanded test seTbywe havel’
={<x=3,y=4> <« =3,y=1>}

* Executing sumProduct-2 against the two test cas&swill have bothp,
andp, traversed

— T’ is adequate with respect to the path coverageiorite

C— —
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Example V (1)

* Consider a program intended to computgiven integerx andy.

Fory < 0 the program skips the computation and outpgtsatable
error message.

1 begin

2 int X, Y;

3 int product, count;

4 input (x, y);

S if(y=0) {

6 product=1; count=y;
7 while(count=0) {

8 product=product*x;
9 count=count-1;

10 }

11 output(product);

12 }

13 else

14 output ( “Input does not match its specification.”);
15 end
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Example V (2)

* Suppose that a test dets considered adequate if it tests the program on

the previous slide faat least one zero and one non-zero value of each of
the two inputs x and .

* Thecoverage domaifor C can be determined without any inspection of
the program.
-C,={x=0,y=0,x#0,y# 0}
— We can derive an adequate test set for the progyaam examination of,
—T={t:<x=0,y=1>t:<x=1,y=0 >}is adequate with respect@
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Example V| (Path Coverage) (1

* Criterion C of the previous example istdack-box coverage critericas it
does not require an examination of the program wiese for the
measurement of adequacy.

 Let us now consider th@ath coverage criterian

* An examination of the exponentiation program révéaat it has an

Indeterminate number of paths due towlhele loop.
— The number of paths depends on the valuearsfd hence that of count.
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Example V| (Path Coverage) (2)

* Given thaty is any non-negative integer, the number of pathdoea
arbitrarily large. This simple analysis of pathdhe exponentiation
program reveals thé&br the path coverage criterion we cannot determine
the coverage domain.

* The usual approach in such cases is to sim@liéynd reformulate it as
follows:

A test T is considered adequate if it tests dalhpaln case the program
contains a loop, then it is adequate to traverseltop body zero times
and once. (boundary-interior)
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Example /| (Path Coverage) (3

* The coverage domain of the modified path coverage

criterion is {py, P,, Pa} ! P
—pi1>2>3>4->5->7->9(red path) I -
—p,;19>2>3>4>556>5>7>9(blue path) | L2
— P 1> 2->3->8->9(green path) I .
| T 3
I .....
e et T:{t1: <X= O,y: 1>, | : 4 ......
t,, <x=1,y=0 >, _ ;
tyy <x=5y=-1>} e L o
— As T does not contain any test wikk O, '\ :
product=1 6

Count=count-1

p; (the green path) remains uncovered. M_ ——

—The coverage is 2/3 = 0.66
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Example V| (Path Coverage) (4)

* Any test case witly < O will causep, to be traversed.

°Lett;be <x=5y=-1>

— Test case, covers patip, andP behaves correctly.

— After addingt, to T, we have covered all feasible elements of the remee
domain.

— The enhanced test seflis {t;: <x=0,y=1>t;:<x=1,y=0>1t;: <x=5,
y=-1>}
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Infeasibility and Test Adequacy

* An element of the coverage domainntasibleif it cannot be covered
by any test in the input domain of the program unelst.

* There does not exist an algorithinat would analyze a given program and
determine if a given element in the coverage donsamfeasible or not.

Thus it is usuallythe tester who determinadhether or not an element of
the coverage domain is infeasible.
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Demonstrating Feasibility

* Feasibility can be demonstratieyl executing the program under test

against a test case and showing that indeed theestaunder
consideration is covered.

e Infeasibility cannot be demonstratieyl program execution against a
finite number of test cases.

—In some casesimple argumentsan be constructed to show that a given
element is infeasible.

— For more complex programs the problem of determgimfieasibility
could bedifficult. Thus, an attempt to enhance a test set by ergcuti
a testt aimed at covering elemeabf programP, might fail.
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Adequacy and Infeasibility
* In the presence of one or more infeasible elemarttee coverage

domain, a test is considered adequate when albfeadements in the
domain have been covered.

* While programmers might not be concerned with isilda elements,
testers attempting to obtain code coverage are.

* Prior to test enhancement, a tester usually doesnmov which elements
of a coverage domain are infeasible.

— Unfortunately, it isonly during an attempt to construct a test cas®mter an
element that one might realize the infeasibilityaofelement

—
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Fault Detection and Test Enhancement

* The purpose of test enhancement is to determibhedsss that test the
untested parts of a program.

— Even the most carefully designed tests based axelyn requirements can
be enhanced.

* Themore complethe set of requirements, theore likelyit is that a test

set designed using requirementsedequatewith respect teven the
simplesiof various test adequacy criteria.

C— —
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Example V11 (1)

* A program to meet the following requirements i$&odeveloped.

* R;: Upon start the program offers the following thoggions to the user:
— Computexy for integersx andy > 0.

— Compute the factorial of integgp 0.
— EXit.

* R, ;: If the “Computex” option is selected then the user is asked to

supply the values ofandy, ¥ is computed and displayed. The user may
now select any of the three options once again.

* R, If the “Compute factoriak” option is selected then the user is asked

to supply the value of and factorial ok is computed and displayed. The
user may now select any of the three options ogaaa

* R, 5 If the “Exit” option is selected the program diap$ a goodbye
message and exits.
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Example V11 (2)

» Consider this program written to meet the aboveireqments.

1 begin 11 // Process the “exponentiation” request.

2 intxy, _ :

3 int product, request; 12 1f.{request == 1

4 #define exp=1 13 input (x, y); count=y;

5 #define fact=2 14 while (count > 0){

6 #define exit=3 15 product=product * x; count=count-1;
16 '

7 getrequest (request); // Get user request (one of three possibilities).

}
product=1: / ntialze product, 17 ;’f End of processing the “exponentiation” request.

9/ Setup the loop to accept and execute requests. 18 // Process *factorial” request.

10 while (requesl;éexit 19 else if(request == 2]
20 input (x); count=x; Droduct =1;
21 while (count >0){
22 product=product * count; count=count-1;
23 '

}
24 !f End of processing the “factorial” request.

25  output(product); // Output the value of exponential or factorial and re-enter the loop.
26 |nput (request)zf Get user request once again and jump to loop begin.

27

28end
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Example V11 (3) - -

* Suppose now that the following test set has bewealojged to test
whether or not our program meets its requirements

e T={<request=1x=2,y=3 >, <request = X=4 >, <request = 3 >}

* For the first two requests)(ponential followed byfactorial), the
program correctly outputs 8 and 24. The progrartsexinen executed
against the third request. This program’s behasigorrect and hence
one might conclude that the program is correct.

e |s this conclusion correct?

C— —
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Example V11 (4)

 Let us now evaluat€ against the path coverage criterion.

e Construct the control flow graph of the examplegoaon and identify the
paths not covered b

* The coverage domain consists of all paths thaetseeach of the three
loopszeroandoncein the same or different executions of the program.
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Example V11 (5)

e Consider the path that begins execution at line 1, reaches the mastr
while at line 10, then the first at line 12, followed by the statements that

compute the factorial starting at line 20, and tthencode to compute the
exponential starting at line 13.

* pis traversed when the program is launchedthadirst input request is
to compute théactorial of a numberfollowed bya request to compute
theexponential. It is easy to verify that the sequence of recesk (on
slide 34) does not exercipeThereforel is inadequate with respect to
the path coverage criterion.

Test Adequacy Measurement & Enhancement (© 2012 Professor W. Eric Wong, The University of Texas at Dallas) 33



Example V11 (6)

* To coverp we construct the following test:

e T'={<request =2x=4 >, <request = X=2,y= 3 >, <request = 3 >}

* When the values i’ are input to our example program in the sequence
given, the program correctly outputs 24 asféwdorial of 4 but
incorrectly outputs 192 (24 * 2 * 2 * 2) as thewalof 2.

* This happens becau$étraverses our “tricky” patiwhich makes the
computation of the exponentiation begirhout initializing product
In fact the code at line 14 begins with the vallieoooductset to 24.
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Example V11 (7) -

* [n our effort to increase the path coverage we tcoaedT’. Execution of

the test program on T’ did cover a path that wasawtered earlier and
revealed a bug in the program.

* This example has illustratedbenefit of test enhancement based on code
coverage.
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Multiple Executions (1)

* In the previous example we constructed two testlsahdT’. Notice that
bothT andT’ contain three tests one for each value of the deia

requestShould T (or T’) be considered a single test oeguence of
three tests?

s T={<request=2x=4 >, <request = k=2,y=3 >, <request = 3 >}
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Multiple Executions (2)

* We assumed that all three tests, one for each whl@guestareinput in
a seqguence during €ingle executionf the test program. Hence we
considerT as a test set containing one test @awkwrite it as follows:

7 f1: <<request=1,r=2,y=3> —
B < request =2,x =4 > — < request =3 >>

i <<request =1,2=2y=3> — <request=2,r=4> —
< request =3 >>

TH —
ty: << request =2,1=4> _
<request=1,1=2y=3> — < request=23>>
T=TUT
— i B
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