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WH TE-BOX TESTING

Basic assumption

Executing the faulty statement
IS & necessary condition for
revedling a faolt




WH ITE-BOX TESSTING

Adva“’fages

- Based ont+he Coole
> can be measured ogjectively
= can be measuleol auromahGally

~ Can be ugedl to compare testsuitbes
- Mlows for covering the Coded ehavior




WH ME-BOX TSSTING

DifCecent winds :
— control-flow loased
- dats-Llow baged
- fault based




Let’s go back to printSum

printSum(int a, int b)



Let’s go back to printSum

printSum(int a, int b) {
int result = a + b;
1f (result > 0)

N
printcol (“red”, result); | ;g this one
else if (result < 0) y

printcol ("blue”, result);

Test this cas%




COVERAGE CRITERIA

Defineol 1n terms of
Cest requirements

Regult n
test specifications
best cases



printSum: test requirements

printSum(int a, int b) { 1 A
re
int result = a + b; 4 )
1f (result > 0) %
printcol (“red”, result); req #2
else if (result < 0) y

printcol (“blue”, result);



printSum: test specifications

printSum(int a, int b) { )

int result = a + b; ?

1f (result > 0)

N
printcol (“red”, result); |,
else if (result < 0) )

printcol (“blue”, result);

\.




§ so>rintSum: test cases

printSum(int a, int b) { Téﬁsmec#f
int result = a + b; a+tb>0
1f (result > 0)

printcol (“‘red”, result); 1@9&*mc#%
+b <
else if (result < 0) a+b<0

printcol ("blue”, result);

J

}

#1 (3] ) ol Dietouwlcdor.l  J atpwosed  J))
#1 ((a=] ] b=l Diewputcder[ ], oipun 0de] )



printSum: test cases

printSum(int a, int b) { q ==

int result = a + b; b ==

1f (result > 0)

printcol (“red”, result); |[a==-5
== -8
else if (result < 0)

printcol (“blue”, result);



STATEMTNT COVERAGE

est
(equirements

Cover N
mealdure



STATEMTNT COVERAGE

(gz«m s statements in the prog@m

Goverage
mealure



STATEMTNT COVERAGE

éﬁ((w s statements in the prog@m

Goverage. number of executed ttatements

mealure, total number o Statements



printSum: statement coverage

printSum(int a, int b) {
int result = a + b;
1f (result > 0)
printcol (“red”, result);

else if (result < 0)
printcol (“blue”, result);



printSum: statement coverage

( N
a==3
b==9

\_ Y,

printSum(int a, int b) {
int result = a + b;
1f (result > 0)
printcol (“red”, result);

else if (result < 0)
printcol (“blue”, result);

Coverage: 0%



printSum: Statement coverage

é )
a==3
b==9

else 1f (result < 0)
printcol ("blue”, result);

Coverage: 71%



printSum: Statement coverage

é )
a==3 a==-b5

else 1f (result < 0)
printcol ("blue”, result);

Coverage: 71%



printSum: Statement coverage

é )
a==3 a==-b5

Coverage: 100%



STATENENT COVERAGE IN PRACTICE

Most uged in industry
“Typical coverage’” target s $o-%07.

(@&3\3 Why don' G we aim at Aoco7.

[ ]



printSum: statement coverage

r N

a==23 a==-5

b==9 == -8

. J

printSum(int a, int b) {
int result = a + b;

1f (result > 0)
printcol (“red”, result);

else if (result < 0)
printcol (“blue”, result);

Coverage: 100%



printSum: statement coverage

r N
a==23 a==-5
b==9 == -8
.

a,

J
printSum(int int b) {
int result = a + b;

1f (result > 0)

printcol (“red”, result);

else if (result < 0)
printcol (“blue”, result);
[else do nothing]

}

Coverage: 100%



printSum: Statement coverage

else 1f (result < 0)
printcol ("blue”, result);
[else do nothing]

Coverage: 100%



printSum: Statement coverage

é )
a==3 a==-b5
b==9 b ==-8

Coverage: 100%



DIGRESSION : CONTROL FLOW GRAPHS

1. pancSum (we3, M6 {
2. b resuft =3+b;

3. i} (resutt>0)

4.

sccol(*red" resulh);
5. &?\l‘;((&ém')r F T

6 koot (“blee!, resuls)

* ]




BRANCH COVERAGE

est
(equirements

Cover N
mealdure



BRANCH COVERAGE

é;t«m e branches in the progam

Goverage
mealure



BRANCH COVERAGE

Goverage. number of executed branches
measure, total number ot branchey




printSum. branch coverage

é )
a==3 a==-b5
b==9 b ==-8

else do nothing

Coverage: ?



printSum. branch coverage

é )
a==3 a==-b5
b==9 b ==-8

ieise io nolllngil

Coverage: 75%



printSum. branch coverage

ieise io nolllngil

Coverage: 75%



printSum. branch coverage

é )
a==3 a==-b5 a==0
b==9 b ==-8 b==0

Coverage: 100%



TEST CRITER\Q SURSOMPTION

l BRANCH
COVERAGE

STATEMNTNY
COVGRAGE




LET'S CONSIDER ANCTHER TXAMPLE

4. voud wmam(\{
2. floak XY,
;o

5. 4 ((x(f-_j}o) (Y>0))
6. =4 /x:
E PJ.%a(,j x(jz/ﬂ:?_:,
g (J)(‘H—E,(_x)',
3. wxlelyy;
10. %



LET'S CONSIDER ANCTHER TXAMPLE

4. voud wmam(\{
2. flodk XY

:

5. 4 ((x(f-_j}o) (Y>0))
6. =4 /x:

:[' Pl‘&e(,j X(i:/ﬂi?.:j
§. wael),

3. wxlelyy;
10. %




LET'S CONSIDER ANCTHER TXAMPLE

1
2
3
4.
5.
6
1
§
9

0.3

. voud Waln (\{

Tests: (x=5,4=¢)

floak x4, I (x=5,y=-2)

(ead (x),

redd | \,

\f (cx=-o) 1(Y>0))
Y=4/x;

Ql X = 3+’2_

waelxYy,

wxilelyy;

Branch coves; &R




LET'S CONSIDER ANCTHER TXAMPLE

Tests: (x=5,4=¢)

: void mam O\ I (x=5, y=-5)

4

2 'Fl.Oaanf

3 (ead(x)tj)

4, rcacL(\,

2. t#((x-_-_o)l\(tpo))
:[.

§

q

Branch cove(age: 100 /.
Y=9/x%,

Ql X = 3+’2_
waelxYy,
- oxlelyy;
0. 7%




LET'S
CONSID
CR AN
OTHER
TXAMP
LE

T
ests: (x=5,4=6)

«J_. voud wmamn ()

L
floak
3 .
>
5. (J.
c. ¥ (CXSJ-)O) I\ ( I .
k! elge(,j=‘5/><; ‘5703) x;;"" .-
g (m‘téi e o Branch
. oite (u: ks -
%\J can we
t+horou %hq e et

Io g



LET'S CONSIDER ANCTHER TXAMPLE

0.7

. vord mam O\

1
2
3
4.
5.
6
1
§
9

Tests: (x=5'%=5)

floak X,y (X=5,y=-8)
fﬁ?ach(x}
ed

+ ((x(-}o) (Y>0)) Branch covefage: 1007
Y=4/%; () How can we he more

d% x=4i2, thorough?

waelxYy,

axilely); (e can make each

conolition T and F




CONDITION COVERAGE

est
(equirements

Goverage
mealure



CONDITION COVERAGE

est

reorements inal 10 1dusl conditions n the progam

Goverage
mealure



CONDITION COVERAGE

Goverage number of conditions thal are bath Tad
measure, total numbber ot conditions




£  SUBSOMNPT(ON

COND (T ION
COVERAGET

Does condﬁcion coUeu‘aae, {} ?
Imply branch Covergoe 7

CK?NDRPEGE

C1 4eS
4

C ] NO STATENG N'j

COVERAGE




TEST CRITER\Q SURSOMPTION

BRANCH:
COVERAGET

STATEMNTNY CONNIT ION
COVGRAGE COVGRAGE




LET'S CONSIDER QUR LAST TXAMPLE

Tests: (x=¢, y=-5)

4. voud manO\{

2. floak XY .~ (x=5,4=5)
3 (eadd'x);

4. readlyy -
5. ((x-t.-j}o) 1(Y>0)) Condlibion Covefage: 1007,
T oag (Ohak about branch
:[' el& X=u4+2:

¥ waels) ;,3 7 Querage ?

3 oallyy;

Io g




LET'S CONSIDER QUR LAST TXAMPLE

Tests: (x=¢, y=-5)

4. voud manO\{

2. floak x4 | (x=5,4=5)

3 (eaddx);

4. read(y) -
5. ((xg}o) (Y>0)) Condlibion Covefage: 1007,
$ agdt A% hak about branch
:[' el& X = 2" ‘

. wae) ;,3+ ’ Gefage? 507

3 oallyy;

Io g




BRANCH AND CONDITION COVERAGE

(becISION)
lest branches anad indivicluadl conditions
(equirements in the prog@m
Coverage Computed considering both Gle(3ge

mealure, measures



5  SUBSOMFPTION

BRANCK: AND
COND!TION

Does branch and Condillon | ovsrase

Coverage  IMPY oranch ?
?

Co\ Q(‘&%ﬂ G)UDRHGE

C1 4eS '

(1 No LT |




TEST CRITER\Q SURSOMPTION

BRANCH: AND
CONDITION |
QE)DRP:GE

\ 4

BRANCH:
COVGRAGE

\ 4

STATEMGNVT CONNITION
COVERAGET COVERAGE




@ «# ACHIEVING 1007 BRC COVERAGE

(eieq) Test Cases

1. vord man ()L _
2. “:‘(Oab Klﬂ) (X=¢§ 3 5>
2 (eaddx (x=56,4=5)
' Ca
2- ot ((X--d 1(yY>0)) 'lé‘:dacéh:(‘;c\\:,b Aoos/e
3530 BAC COW(I0L.
1. e x-= 3{-?_ ’ %
§  waelx), (X- 4=
g oom'ctg\ !
lo. §




(MODIFIED COND MION/DECISION COVSRAGE
(mc(DC)

Key \dea: test mpoctant combinstions
ot conditions anol (imited +es\-m% costs

= extend branch and deCigion Coverage withthe
requifement that each Condition shauld affect
e decition outcome mde.pendevﬂ.‘l\‘,



1) C/DC. EXAMPLE
28 b R C

4 True, True_, Toue True

2 True True Talse Ta\se
3 Trye Talse True Falce
4. True talse a18¢. TR\se
5 False | True Cue. Ralse
6 Talge True. Falte Ralse
* talse | Ralke True RIge
& False | Tige Talge | Tlge




MC/DC : EXANPLE
@rabLIC
Test case 2 = C outcome,
u Tcue True Toue_ True
2 True. True false R
3 True Ralte tue Falce
> T ! Falg \S
5 False Teue Kue Talse
6 False Tue, False | Ra\se
% talse | Rl True e
8 Falte | Tige Talse | Talge




MC/DC : EXANPLE
@rabLIC
Test case a b c oukcome,

4 Tue True True_ True

2 True True Talse Ta\se
3 True Ralte Tue Falce
4. True talse a18¢. TR\se
5 False True Tue. Talse
6 false Toue, Falte | Fa\se
% talse | Rl True e
& Falge | TRIge Talse | Talge
4 Tcue | True Tiue Tcue
5 Falge Tue \Cue Rie




2 3R
Test case 2 = C outcome,

u Tcue True Toue_ True
2 True True false Rise
3 True Talte tue Falge
4 True talse alge TR\se
5 False True Tue. Talse
6 Falge. Tue, Falge | Ralse
% talse | Rl True e
& Talke ™ige Talse rlse
4 Tcue True True Toue
) Falge Tue Cue Rie




2 390
Test case a b c oukcome,

4 True True True True
v} True. True false R\
3 True Ralte Ttue Falce
4 True talse aige Te\se
5 False Teue Tcue. Talse
6 false True, False | False
% talse | Rl True e
& Talke ™ige Talse rlse
4 Tcue True True Toue
5 TFalge Tue \Cue Rie
2 Tcue Falge Ttue Tale




QA b 8
m
';_ Tﬂlﬁ True_, Toue True =
L Teue. True Talse R\e
2 True Talse Toue Falte
. True False TFalge. R\se
> False True Kue alse
J Falge Ttue, Falge | Ralse
: ftalse | Rl True e
: fFalse tRige Talse | Talge
Tcue True Thue
2 Talge Ttue TCue ‘-—(F-a(:‘;_
lcue Talge TTue _IR




MC/DC : EXAMPLE
QY b 3
TeSl' CGSC. cC oukCo
';_ Tmﬁ TNQ Toue_ Tmc:mc;
z True True False Ta\se
> Trye FRalse rue FalCe
: True Falge Faige. | To\se
: Fakke True Kue Ralse
€ Falge True, Falte | Rlse
: talse | Talse Taue RIge
: False | Bise Talke | TIge
Tcue True Tlue
2 'ialse_ Ttue TCue %T;_
= lue alge TTue Tl
\xue True Talge Tae




TEST CRITER\Q SURSOMPTION

BRANCKH: AND

CONNITION

Gauo‘RP:GE

G:NDRRGEI \
STATE. NG NT CONNITION

CD\J SRAG COVGRAGE




TEST CRITER\Q SURSOMPTION

[ mchC ,

\ 4

BRANCK AND
CONNITION
Gauo‘RP:GE

GDUDRRGE’ \

STATE. NG NT CONNITION
CD\J SRAG COVERAGE

https://en.wikipedia.org/wiki/Code coverage



https://en.wikipedia.org/wiki/Code_coverage

OTHER CRITER\A



OTHER CRITER\A

Path covevaqe




OTHER CRITER\A




OTHER CRITER\A

Path covevaqe

OX=5

@ Data-€low coveraqe

(c
TP Mutaton covefege

(k> 3')4



TEST CRITER\Q SURSOMPTION

WLTE OTATION
ggg_bggg CVSRAGE
©

PATH COVERAGE |

I = -
][RR

BRANCKH: AND
CONNITION
COVEGRAGE

\ 4

BRANCK
COVSRAGE

\ 4

STATEMGNT
COVERAGE

CONNITION
COVERAGE




é?e@@ 4. Inb :
2. read(1);

3. prink(X0/(1-3)),

Test suibe 1(4)'5), (-i,l.'b\, (0,'3.39)



1. lnb\)'
2. cead();
3. prink(X0/(1-3)),

Test suibe 1(4)'5), (-i,?,.S\, (0,'3.1)

Does \& achiewe, path
Corrage ”

L 1 Yes
L J No



1. lnb\)'

2. cead();
3. prink(20/(1-3));

Test suibe 1(4)"5), (-i,?,.5\, (0,'3.75)

Does \& achieve, palh
Corrage ”

L 1 Yes
L J No

Does 1t reveal the
£au T & (ine 2 ¢

L 1 Yes
L J No



3 cead(y);

4, 1§ (( >s>m~.>oﬂ
S.

et



.l —

IPQ\XJ’ i. nb\=0o;

2. ws
3. cead(y);

4. 1f ((j>5)29(>0))
5. pansyy,

Can you create 8 test sulbe to acher,
skatemens Coverad ge".

C ] Hes
[ 1 No



WHITE-ROX TESTING SUMMARY



WHITE-ROX TESTING SUMMARY

Qories on a
focmal model




WHITE-ROX TESTING SUMMARY
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WHITE-ROX TESTING SUMMARY

Lores ofn a
focmal model

Two ofoad
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Practical
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Compareble



WHITE-ROX TESTING SUMMARY

Lores ofn a
focmal model

Two ofoad

clagses -
Practical
Thcorenca)

S

Compareble

Fo\(g



