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Logic Expressions from Source

m Predicates are derived from decision statements in programs

m In programs, most predicates have less than four clauses
— Wise programmers actively strive to keep predicates simple

m When a predicate only has one clause, COC, ACC, ICC, and CC
all collapse to predicate coverage (PC)

m Applying logic criteria to program source is hard because of
reachability and controllability:

— Reachability : Before applying the criteria on a predicate at a particular statement,
we have to get to that statement

— Controllability : We have to find input values that indirectly assign values to the
variables in the predicates

— Variables in the predicates that are not inputs to the program are called internal
variables

m These issues are illustrated through an example in the following
slides ...
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Triang (pg1of5)

/I Jeff Offutt -- Java version Feb 2003

/l The old standby: classify triangles

// Figures 3.2 and 3.3 in the book.

import java.io.*;

class trityp

{

private static String[] triTypes ={"", //Ignore 0.
"scalene"”, "isosceles", "equilateral”, "not a valid
triangle"};

9 private static String instructions = "This is the ancient
TriTyp program.\nEnter three integers that represent the lengths
of the sides of a triangle.\nThe triangle will be categorized as
either scalene, isosceles, equilateral\nor invalid.\n";

10

11 public static void main (String[] argv)

12 { // Driver program for trityp

13 intA, B, C;

14 intT;

oOo~NOOGOA_,WN =
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16 System.out.println (instructions);

17 System.out.printin ("Enter side 1: ");

18 A =getN();

19 System.out.printin ("Enter side 2: ");

20 B =getN();

21 System.out.printin ("Enter side 3: ");

22 C=getN();

23 T =Triang (A, B, C);

24

25 System.out.printin ("Result is: " + triTypes [T]);
26 }

27

28 // =1
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29 // The main triangle classification method

30 private static int Triang (int Side1, int Side2, int Side3)
31 {

32 int tri_out;

33

34 //tri_out is output from the routine:

35 /I Triang =1 if triangle is scalene

36 // Triang =2 if triangle is isosceles

37 /I Triang = 3 if triangle is equilateral

38 // Triang = 4 if not a triangle

39

40 // After a quick confirmation that it’s a legal
41 // triangle, detect any sides of equal length
42 if (Side1 <=0 || Side2 <=0 || Side3 <= 0)

43 {

44 tri_out =4;

45 return (tri_out);

46 }
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48 tri_out =0;

49 if (Side1 == Side2)

50 tri_out = tri_out + 1;

51 if (Side1 == Side3)

52 tri_out = tri_out + 2;

53 if (Side2 == Side3)

54 tri_out = tri_out + 3;

55 if (tri_out == 0)

56 { // Confirm it’s a legal triangle before declaring
57 /I it to be scalene

58

59 if (Side14+Side2 <= Side3 || Side2+Side3 <= Side1 ||
60 Side1+Side3 <= Side2)

61 tri_out = 4;

62 else

63 tri_out=1;

64 return (tri_out);
65 }
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/* Confirm it’s a legal triangle before declaring */
/* it to be isosceles or equilateral */

if (tri_out > 3)
tri_out = 3;

else if (tri_out == 1 && Side1+Side2 > Side3)
tri_out = 2;

else if (tri_out == 2 && Side1+Side3 > Side2)
tri_out = 2;

else if (tri_out == 3 && Side2+Side3 > Side1)
tri_out = 2;

else
tri_out = 4;

return (tri_out);

81 }// end Triang
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Ten Triang Predicates

42: (Side1 <=0 || Side2 <=0 || Side3 <= 0)
49: (Side1 == Side2)

51: (Side1 == Side3)

53: (Side2 == Side3)

55: (triOut == 0)

59: (Side1+Side2 <= Side3 || Side2+Side3 <= Side1 ||
Side1+Side3 <= Side2)

70: (triOut > 3)

72: (triOut == 1 && Side1+Side2 > Side3)
74: (triOut == 2 && Side1+Side3 > Side2)
76: (triOut == 3 && Side2+Side3 > Side1)
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Reachability for Triang Predicates

42: True
49: P1 = 5150 && $250 && s3>0
51: P1
53: P1 Need to solve for the
55: P1 internal variable riOut
59: P1 &&(riOudET
62: P1 &&(rioud= 0
&& (s1+52 > s3) && (52+83 > g1) && (s1+83 > s2)
70: P1 &&riOut)= 0
72: P1 &&(frioud!= 0 &&Eioud<=
74: P1 &&(rioub)!= 0 &&(riOud<= 3 && ({riOud)!=1 || s1+s2<=s3)
76: P1 &&§riOut)= 0 &8 ({riOub)= 3 && ({rOuD!=1 || s1+s2<=53)
&& ({rioud!=2 || s1+s3<=s2)
78: P1 83(riOud)!= 0 &&: 3 && (frioud=1 || s1+s2<=s3)
o 88 AQUDIZ2 |1, 51483 5= 52) && (ErOUDI=3,|| s2+53 <= s1)

Solving for Internal Variable triOut

At line 55, triOut has a value in the range (0 .. 6)

triOut=0 s1!=s2 && s1!=s3 && s2!=s3
1 s1=s2 && s1!=s3 && s2!=s3
2 s1!=s2 && s1=s3 && s2!=s3
3 s1!=s2 && s1!=s3 && s2=s3
4 s1=s2 && s1!=s3 && s2=s3
5 s1l=s2 && s1=s3 && s2=s3
6 s1=s2 && s1=s3 && s2=s3
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42:
49:
51:
53:
55:
59:
62:

70:
72:
74:
76:

78:

Reachability for Triang Predicates
(solved for triOut — reduced)

True
P1 =s150 && s2>0 && s3>0 .
Looks complicated, but

P1 a lot of redundancy
P1
P1
P1 && s1 =52 && s2 !1=s3 && s2 !=s3 (triOut = 0)
P1 && s1 =52 && s2 1= 83 && s2 I=s3 (triOut = 0)

&& (s1+s2 > s3) && (52+S3 > s1) && (s1+s3 > s2)
P1 && P2 = (s1=s2 || s1=s3 || s2=s3) (triOut != 0)
P1 && P2 && P3 = (s1!=s2 || s1!=s3 || s2!=s3) (triOut <= 3)
P1 && P2 && P3 && (s1 =82 || s1+52<=s3)

P1 && P2 && P3 && (s1 !=s2 || s1+52<=s3)
&& (s1 != s3 || s1+53<=52)
P1 && P2 && P3 && (s1 !=s2 || s1+52<=s3)

Introductionto g‘%e@(‘i‘ng !(EH 3§‘§VW|JIV§O]V¢V§&§§4C=OI§2) && (32 !5 Aﬁf%ﬂVlL §g+53< =S1 )

1

Predicate Coverage

These values are

“don’t care”, needed T F
to complete the test. ABCEOla BC EO
p42: (S1<=01|S2<=0]| S3 <=0) 000({4 1113
pa9: (51 == S2) W}’ 31222
p51: (S1 == S3) 1/1/1 311222
p53: (S2 == S3) AA13]212]2
p55: (triOut == 0) 1234|1113
p59: (S1+S2 <= S3 ||
S24+S3 <= 51 || 1234 2341
S1+S3 <= S2)
p70: (triOut > 3) 111]3 2232
p72: (triOut == 1 && S1+S2 > S3) 2 232 2244
p74: (triOut == 2 && S1+S3 > S2) 2 32|2 242 4
p76: (triOut == 3 && S2+S3 > S1) 3222|4224
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Clause Coverage

T F
ABCEO|ABC EO

p42: (S1 <= 0) 011 4[{111]3
(S2<=0) 1014|1113
(S3<=0) 1104|1113
p59: (S1+S2 <= S3) 2 36/4|2 341
(S2+4S3 <= S1) 6 2 3/4|2 34| 1
(S1+S3 <= S2) 2 6 3/4|2 34| 1
p72: (triOut == 1) 2 232|232 2
(S1+S2 > S3) 2 2 3 2|2 25| 4
p74: (triOut == 2) 2 322|322 2
(S1+S3 > S2) 2 322|252 4
p76: (triOut == 3) 322 2|121] 4
(S2+S3 > S1) 3222|522 4
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Correlated Active Clause Coverage

ABC EO
paZ (ST<=0][S2<=0][53<=0) TTT (0114
Ffe |t11]3
fTf 101 |4
feT [110 |4
p59: (S1+52 <= S3 || 52+53 <= S1 || Tt 236 |4
S14+53 <= S2) Fff [234 |1
fTf 623 |4
feT |263 |4
p72: (triOut == 1 && S1+52 > S3) T ¢ 2232
| s1=52 && s1!=s3 && s2!=s3 | Fe 23 3,\ 2
t F 22 5V4
p74 (triOut =2 && S1+S3>32) T t 2 32 lAt]east one
least
4\ sl=s2 && s1=s3 && s2!=s3 | Ft 2 3 342\ pairof sides
t F 252 |4 |Mustbe
equal.
p76: (triout == 3 && S2+53 > 51) T ¢ 3222
4\ s11=s2 && sl1=s3 && s2=s3 | Ft 1 ; ; :
t F 5
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Summary : Logic Coverage for Source Code

m Predicates appear in decision statements - if, while, for, etc.
m Most predicates have less than four clauses

m The hard part of applying logic criteria to source is resolving the
internal variables

m Non-local variables (class, global, etc.) are also input variables if
they are used

m If an input variable is changed within a method, it is treated as
an internal variable thereafter
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