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Towards Static Program-based Unit Test

2 How can we test during development

(at coding time, even at design-time ?)

2 How can we test "systematically"?

J

3

3

What cou
What cou
What cou

d be a test-generation method?
d be an algorithm to generate tests?

d be a coverage criterion ?

(or: adequacy criterion,

telling that we "tested enough")

9/8/20

B. Wolff - GLA - White-Box Tests



Towards Static Program-based Unit Test

2 Let's exploit the structure of the program !l

(and not, as before in specification based tests (..black
box"-tests), depend entirely on the spec).

2 Assumption: Programmers make most likely errors in
branching points of a program (Condition, While-Loop, ...),
but get the program "in principle right".

(Competent programmer assumption)

2 Lets develop a test method that exploits this |
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Static Structural ("white-box") Tests

. > results

... we select “critical” paths

@Pat SEEIRTL dHoRGL8H Y 6B ?W%%W(éar redufrants
RN PR DAh CE U SHRAT B EUTFL VY constructed

by a rﬁ%@eé@caﬂedz #symbolicXectitionrr’

We are interested either in edges (control flow), or in nodes (data flow)
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The notion of a “"coverage criterion’

A coverage criterion is a function mapping a CFG
to a particular subset of its paths ...

* the set of paths covering all basic blocks
* the set of paths covering all conditions
* the set with all loops are traversed

» a particular subset of calls/labels occurring in
the CFG has been covered
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Well-known Coverage Criteria I

Criterion C = Alllnstructions(CFG):

For all nodes N in CFG (basic instructions or decisions)
exists a path in C that contains N
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Well-known Coverage Criteria IT

Criterion C = AllTransitions(CFG):

For all arcs A in the CFG exists a
path in C that uses A
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Well-known Coverage Criteria III

Criterion C = AllPaths(CFG):

All possible paths ...

® Whenever there 1s a loop, C is infinite !

= weaker variant: AllPaths (CFG).

We limit the paths through a loop to maximally k times ...

= we have again a finite number of paths
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A Hierarchy of Coverage Criteria

AllPaths(CFG) 2
AllPaths, (CFG) 2

AllTransitions(CFG) 2
Allinstructions(CFG)

U

2 Each of these implications reflects a proper containment;
the other way round is never true.
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Schmankerle

2 Program:

int f (int a) {

inti=0;

inttm = 1;

int sum = 1;

while(sum <= a) {
i = i+1;
tm = tm+2;
sum = tm+sum;

}

return i;

}

Speci

pre : ¢
post:

‘ start ,

A

2 j=0;
tm=1;

sum=1

:

—_—— se
True |

6 i+=1; 10
— tm+=2; return i
sum+=sum
)
¥
end

9/8/20

B. Wolff - GLA - White-Box Tests



Schmankerle

A CFG de f:

‘ start ’
Y

2 i=0;
tm=1;
sum=1

N

tm 2
sum+=sum

—J

[ return i ]

end

3

For example:
Allinstructions(CFG)={[start,2,5,6,5,10,end]}
AllTransitions(CFG)={[start,2,5,6,5,10,end]}
AllPaths(CFG)={[start,2,5,10,end],
[start,2,5,6,5,10,end],
[start,2,5,6,5,6,5,10,end],
[start,2,5,6,5,6,5,6,5,10,end]}
AllPath(CFG)={S1d keN.
= [start,2,5,(6,5)k,10,end]}
(infinite !)
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Example: A Symbolic Path Execution

We want to execute the path from AlPaths:

S, 2, 5 6, 5 10, E]
<

b P (sumSa)O2 1<a, A 1<a, A 1=a, 1sa, A

a,>0 a,20 | A 2,20 a,20 - (sum<a) o, 1>a, 4>a, A
a P a; =X dy dy dg dg dy
i 0 0 1 1 1 1
tm P tm| 1 1 3 3 3 3
sumF9sumO 1 1 4 il il 4
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Example: A Symbolic Path Execution

Result:
Test-Case:
For the path M=[start,2,5,6,5,10,end]
we have the path condition ® » 1<a, A 4>a,
A concrete Test, satisfying ®: a, P 3 ‘

Execution of program with this test vector 3: {(3) = 1

Verification of the post-condition: post(3,1) =true
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Addendum: Multiple-Condition-Decision-Coverage

Problem: Consider:

if (ml == m2) {
res = j2 - ji;

} else {
if ((annee%4 == 0) || (annee%100 == 0 && annee400 !'= 0)) {
daysin([2] = 29;
} else {

daysin[2] = 28;
}
res = j2 + (daysin[mi] - j1);
for(int i = mi+1; i < m2; i++) {
res = res + daysin[i];
}
}

even ftransition coverage on the Byzantine condition
(line 4-5) is very coarse and risks to miss the point !
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Addendum: Multiple-Condition-Decision-Coverage

Solution: We use the inherent control flow in C for || and &&
for a refined control flow graph !

D2.1 D2.2 D2.3
f—»-@&NNee%100=0——t—w-¢ annee%400
f f. >[ B4 ]

now transition coverage (on the refined CFG) checks

each condition individually for true and false.
This kind of coverage is called MC/DC.
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