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- 22X A HIAE (structural testing, white-box testing)
- Jls& HAE (functional testing, black-box testing)
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Testing Issues _

Can We find a few input
Is an exhaustive values that represent
input test possible? the entire input domain?

Is an exhaustive
path test possible?

How can we handle loops?

How can we generate the test
data?
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HAE AHOIA 2H JIE _

Exhaustive Testing
- JIsst 2ZE HAE HOAE 25 A
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j

JIE

o
ol
i

Reduce the number of test cases, while still achieving a good coverage!

Divide the program’s input space into equivalent domains.
Select one test case from each equivalence class.

. ﬁdlfinputs from the same equivalence class have an equal chance of finding a
efect

- Testing with more inputs from the same class hardly increases the chance of
finding defects

o Partition Testing
o Domain Testing

Selective Testing
- Black-box testing: BNZ2H HAE HOIAE AEY
- White-box testing: LTEZ2H HAE HOIASE HEH
- User-driven testing: AISA =222 H HAE HOIA =3t
- Random testing
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White-box Testing
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cf) 2 & Al&E(structural testing), @& J|Et Al&(code-based testing)
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MO S8 12X (Control Flow Graph)

TZ23o MO X8 D= SEElE LIEHH
el 24 A == (block), 2Jl(decision)
T2 MO X0 st 2 2y

é 7
Cé%D({J(}J — )
) g |

if-then-else case-of loop
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N S8 dcHE Gl X

input x, y viu-1) := v(u+1) + u(v-1)
Z.=X+Yy Ell: viu+u(v)) ;== u + v
Vi=X-Y if u = v goto Joe
if z >= 0 goto Sam ifu>vthenu:=z

Joe: z:=z-1 Z:=U

Sam: z:=z+ vV end

foru=0toz
v(u),u(v) := (z+v)*u
if v(u) = 0 goto Joe
z:=z-1

if z = 0 goto Ell
u:=u+ 1

next u
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A2 S8 12 (Data Flow Graph)

Mol S8 =0l GIOIH AtE &S FOist el =
CIOIEH Al RE
- A9|(d, defined, created, initialized)
- 29k, killed, undefined, released)
- AtE(u, used)
- H A AF=(c, used in a calculation)
- 280l AFZ(p, used in a predicate)
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Mz 28 1 (Al

Joe:
Sam:

input X, y
Z.=X+Y
Vi=X-Y

if z>= 0 goto Sam
z:=2z-1
Z:=Z+V
foru=0toz
v(u),u(v) := (z+v)*u
if v(u) = 0 goto Joe
z:=2z-1

if z =0 goto Ell
u:=u+ 1

next u

Ell:

viu-1) ;= v(u+1) + u(v-1)

viu+u(v)) ;==u + v
if u =v goto Joe
ifu>vthenu:=z
z =uU

end
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HAE HH Al (Test Coverage) _

o[0l: JcHZ 0ol CHet ’HIAE JI=

HHEI X BF
1) HMAH S&E Il HAHEI X (Control Flow Coverage)
& HH 2l Xl (statement coverage)
HH 2l Xl (branch/decision coverage)
221 HH 2l Xl (condition coverage)
- J|& &2 AHHY Xl (simple path coverage)
2) data flowE J|B82 2 o= HH 2K
All defs: every definition should be tested at least one use of that
definition
All uses: test at least one path segment from every definition to every use
which is reachable from that definition
All du paths: test every du-path from every definition to every use

HI MO

.
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HAE HH 2l Kl (Test Coverage)

all paths
all du paths
all uses
all c/some p uses all p/some c uses
all c uses all defs all p uses
decision
statement
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d= A8 (Path Selection)

o0l
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(Path Sensitization)

HElE A2 E 30D e 2 UI0IeHE Z28ot= A
path predicate: 88i& B2 E +=d0ot)| ®IoHA 2H=S0H0F ol £HE
path predicateS 2t=ol= 24 HIOIHE & 22M HAE HH0A MY

path predicate0il CHst

E KEH

path predicate2 2 X

20| &S

ol oF =XHOHKl 2= &<: unachievable path 0|22 CIE &2
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=& HHH 2l Al (Statement Coverage)

- Definition. Every executable statement in the program is invoked at least once during
software testing

- shows that all code statements are reachable

— a weak criterion because it is insensitive to control structures

- example
if (x>1) and (y=0) then z:=z/x; endif;
if (z=2) or (y>1) then z:=z+1; endif;

x>1 and y=0

x=2,y=0, z=4

cannot detect mistake in decision
statement
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2| B2l Xl (Decision Coverage)

— Definition. Every decision statement in the program should take on all possible
outcomes at least once during software testing

— ensures complete testing of control constructs for simple decision
- how about the complex decisions ?
- example

if (x>1) and (y=0) then z:=z/x; endif;

if (z=2) or (y>1) then z:=z+1; endif;

S I

_ - N x=2,y=0,z=4 (TT-TF)
- x=1,y=0, z=4 (FT-FF)

|

|
Z:=¢/X :

l cannot distinguish simple decision from
complex decision
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221 HH 2l Xl (Condition Coverage)

— Definition. Each condition in a decision take on all possible outcomes at least once
during software testing

— do not cause the decision to take on all possible outcomes
— example

if (x>1) and (y=0) then z:=z/x; endif;

if (z=2) or (y>1) then z:=z+1; endif;

y=2,z=2 (TF-TT)
, y=0, z=4 (FT-FF)
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=2 /2J] HH el Xl (Modified Condition/Decisi

— Definition. MC/DC criterion enhances the condition/decision coverage by requiring
that each condition be shown to independently affect the outcome of the decision

— ensures that the effect of each condition is tested relative to the other conditions
- example

if (x>1) and (y=0) then z:=z/x; endif;

if (z=2) or (y>1) then z:=z+1; endif;

Sl
_- N x=2,y=0, z=4 (TT-TF)
= 1 x=2,y=2,z=4 (TF-FT)
Z:=¢/X L x=1, y=0, z=4 (FT-FF)
I 1

for decisions with a large number of
inputs, MC/DC requires considerably
more test cases than C/DC
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All defs {2l Xl _

— Definition. Every definition of every variable should be tested at least one use of that
definition
- example
if (x>1) and (y=0) then z:=z/x; endif;
if (z=2) or (y>1) then z:=z+1; endif;

x=2,y=0, z=4

4 definitions are covered by
3 p-uses and 1 c-uses
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All uses HH 2l Xl _

— Definition. At least one path segment from every definition of every variable to every
reachable use should be tested

- example
if (x>1) and (y=0) then z:=z/x; endif;
if (z=2) or (y>1) then z:=z+1; endif;

) \
Zg@ There are 2+2+3+2+0=9 du-pairs in

this program

x=2,y=0, z=4
covers 2+2+1+2=7 du-pairs

x=2,y=2, z=4 (TF-FT)
covers another 2 du-pairs
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All du path 21t 2| X _

- Definition. Every du-path from every definition of every variable to every reachable
use should be tested

- example
if (x>1) and (y=0) then z:=z/x; endif;
if (z=2) or (y>1) then z:=z+1; endif;

) \
iﬂ@ There are 10 du-paths for 9 du-pairs

in this program

x=2,y=0, z=4
covers 2+2+1+2=7 du-paths

x=2,y=2, z=4 (TF-FT)
covers another 3 du-paths
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HB Al 2LIEHE _

a9
- HAE 3 B2 E IIAUGH)| RIGHM =3 A=S=S2 =10 2Eo6t=E A
2
- °4XH HHEI X PLIHE 2 25 & & &2 (probe instrumentation)dl J18t2 &1
- link marker: CFG LH2| 2 HI X0 CHol Al S st MEXE 2
- link counter: CFG LH2| 2 O XI0l CHoH M II2HE 28
ZHE
- exit edgell instrumentation 2Jtsst 3Rt 23
- 2 S =S edgeZ 220X 2| =20 SH=Es BRI US
probe(“before return’); probe%aef;)re block”); 1) &2 289 9Ix1=?
Jo,
turn f(x);
return f(x); ) x = g0 + hO;
probe(“after return’); /; 20| %3 ./ p2
/] &, return f(x) 282 85 53 HRE & = 8IS probe(”after b/oc‘k”),'
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HAH2l Xl SLIEHZE Z 13t

K Total Control Flow Graph
- select Function to view

apil #202

- Control Flow Graph

[~ source information

view source

view cfg

current node Info

Source File Name |/home /reachk/sample /c/sample.c

Node Name 3 : if_start

printf{"My name is main.\n");
apilz2 {'a');

void apil{int a, char b, float ¢, unsigned long int d, long double &)
{

long double ret;

printf("My name is apilin");

printf('l have received five argumentsiyn");

printf(*itint: %d, char: %c, float: %f\n", 3, b, c);
printf(*\tunsigned long int: %ul, long double: %Le\n", d, e);

ret = 1.0;

ret +=a;
if{d=>50)
ret +=d;
b--;
¥
if(cl=0)
ret*=c;
if{el=0)
ret*=e;
else
ret *= 2;

4

Load Progress [Z] only view source
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HAE S ?lgt 8 =4 Jl= (1/2)

H& XE= XILF; HAE A2 HIOIHE M4Aot= Jl=

EHIAE CIOIH d4)|=
= HES

- =& &
- Z=0l of
- oM ==
* with very simple analysis: achieve 40~60% coverage
* with complex analysis (model checking & constraint solving)
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TIZ28 GLIHE Jl=

T2 23 S0l (on-the-fly) Z2 03 L2 A&2 2LIHE &t

J

EEJE XS N Ol + 2IC0E 28 2 24 I%
Olsv: =182 & =0 S&= NAIAl Z0t0F &
DLUIEHZ Hat

o« A3 A
2,29 ol
el s S E

O o

e = F= 2LIHE: 2HdI= 30% WL
2,232 U0l 2LIHg: 7?2
e HIZ2 AtEeE 2LIHE: 286l & 200% LH<

?let Jl=
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