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173     if (ctrl_io_in[SENS_IMPULS]) {
174       if (!lastImp){
175         if (ctrl_io_out[MOTOR_ON]) {
176           if (directionUp) {
177             ++cnt;
178           } else {
179             --cnt;
180           }
181         }
182         else if (timImp>0) {
183           if (directionUp) {
184             ++cnt;
185           } else {
186             --cnt;
187           }
188         }
189       }
190     }
191     if (ctrl_io_in[SENS_BOTTOM]) {
192       cnt = 0;
193       cntValid = TRUE;
194     } 
195     lastImp = ctrl_io_in[SENS_IMPULS];
196     if (timImp>0) {
197       --timImp;
198       if (timImp==0) {
199         if (cmd!=CMD_NONE) {
200           cmd = CMD_NONE;
201         }
202       }
203     }
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1  int example(int a, int d)
2  {
3    if (a)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

Basic Block Coverage
Requires a test suite such that each basic block is executed at least once

4

Standard Coverage Criteria
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  1 void insert(int * a, int pos) {
  2   ...
  3 }
  4 
  5 int main(int argc, char * argv[]) {
  6   int i;
  7   int A[100];
  8 
  9   for (i=0; i<100; ++i)
 10     insert(A, i);
 11   
 12   return 0; 
 13 }   

Loop-Bounded Path Coverage
•All paths through main and insert
•Pass each statement two times

10

Beyond Standard Criteria
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  1 int partition(int a[], int left, int right) {
  2   int v = a[right], i = left - 1, j = right, t;
  3   for (;;) {
  4     while (a[++i] < v) ;
  5     while (j > left && a[--j] > v) ;
  6     if (i >= j) break;
  7     t = a[i]; a[i] = a[j]; a[j] = t;
  8   }
  9   t = a[i]; a[i] = a[right]; a[right] = t;
 10   return i;
 11 }

11

Beyond Standard Criteria

Cartesian Block Coverage
All pairs and triples of basic blocks in function partition
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Specs for Working Programmers

1  int example(int a, int b, int c, int d)
2  {
3    if ((a || b) && c)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

Cover Specific Lines of Code
Lines 4 and 6
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Specs for Working Programmers
  1 void eval(int * a, int first, int last) {
  2   if (first > last) return;
  3   printf("a[%d]=%d\n", first, a[first]);
  4   eval(a+1, first+1, last);
  5   return;
  6 }
  7 
  8 int main(int argc, char * argv[]) {
  9   int i;
 10   int A[100];
 11   
 12   for (i=0; i<100; ++i)
 13     insert(A, i);
 14     
 15   eval(A, 0, 100);
 16   return 0;
 17 } 

Restricted Scope of Analysis
Basic block coverage in function eval only
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Specs for Working Programmers
  1 void sort(int * a, int len) {
  2   int i, t;
  3   for (i=1; i<len; ++i) {
  4     if (compare(a[i-1], a[i])) continue;
  5     t=a[i]; a[i]=a[i-1]; a[i-1]=t;
  6   } 
  7 } 
  8 
  9 void eval(int * a, int len) {
 10   int i;
 11   for (i=0; i < 3; ++i)
 12     printf("a[%d]=%d\n", i, a[i]);
 13 } 
 14 
 15 int main(int argc, char * argv[]) {
 16   int i; int A[100];
 17   for (i=0; i < 100; ++i) sort(A, 100);
 18   eval(A, 100);
 19   return 0;
 20 } 

Interaction Coverage
Cover all pairs of conditions in sort and basic blocks in eval
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Specs for Working Programmers
  1 void sort(int * a, int len) {
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  5     t=a[i];
  6     a[i]=a[i-1];
  7     a[i-1]=t;
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  9   return;
 10 }

Constrained Inputs
•Basic block coverage in sort
•Each test case shall use list of 2 to 15 elements
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1  int example(int a, int d)
2  {
3    if (a)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

16

Avoid Unfinished Code
•Basic block coverage in example
•Never call unimplemented

Specs for Working Programmers
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Test Specification Language
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Precise and simple formalism to describe test suites

Precise semantics

High expressive power

Simple specifications easily expressible

Suitable for working programmer

Test Specification Language
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Algorithmic Solution
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Algorithmic Solution

Tool for the working programmer

Applicability to real world C code (embedded 
systems)

Efficient test input generation engines

18
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173     if (ctrl_io_in[SENS_IMPULS]) {
174       if (!lastImp){

175         if (ctrl_io_out[MOTOR_ON]) {
176           if (directionUp) {

177             ++cnt;
178           } else {
179             --cnt;

180           }
181         }

182         else if (timImp>0) {
183           if (directionUp) {

184             ++cnt;
185           } else {
186             --cnt;

187           }
188         }
189       }
190     }

191     if (ctrl_io_in[SENS_BOTTOM]) {
192       cnt = 0;

193       cntValid = TRUE;
194     } 

195     lastImp = ctrl_io_in[SENS_IMPULS];
196     if (timImp>0) {

197       --timImp;
198       if (timImp==0) {

199         if (cmd!=CMD_NONE) {
200           cmd = CMD_NONE;

201         }
202       }
203     }

Lines 179, 193, 200
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193       cntValid = TRUE;
194     } 

195     lastImp = ctrl_io_in[SENS_IMPULS];
196     if (timImp>0) {

197       --timImp;
198       if (timImp==0) {

199         if (cmd!=CMD_NONE) {
200           cmd = CMD_NONE;

201         }
202       }
203     }

Lines 179, 193, 200
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FQL Queries

in @func(partition) cover @conditionedge passing @7
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Standard Coverage Criteria

cover @basicblockentry

  1 int partition(int a[], int left, int right) {
  2   int v = a[right], i = left - 1, j = right, t;
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 10   return i;
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Standard Coverage Criteria

cover @conditionedge+@decisionedge
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Multiple Condition Coverage
All Boolean combinations of atomic conditions in complex conditions

49

Standard Coverage Criteria

assume(!a)

d=0

assume(a)

return d*2

assume(!b)

assume(c)

assume(b)

assume(!c)

unimplemented()

cover paths(@conditiongraph,1)
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1  int example(int a, int d)
2  {
3    if (a)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

Def-Use Coverage
Cover all definition/use pairs of a variable d

50

Standard Coverage Criteria

cover @def(d).”not(@def(d))*”.@use(d)
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  1 void insert(int * a, int pos) {
  2   ...
  3 }
  4 
  5 int main(int argc, char * argv[]) {
  6   int i;
  7   int A[100];
  8 
  9   for (i=0; i<100; ++i)
 10     insert(A, i);
 11   
 12   return 0; 
 13 }   

Loop-Bounded Path Coverage
•All paths through main and insert
•Pass each statement two times

51

Beyond Standard Criteria

cover paths(@func(main) | @func(insert),2)
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 11 }
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Beyond Standard Criteria

Cartesian Block Coverage
All pairs and triples of basic blocks in function partition

cover @basicblockentry->@basicblockentry+
@basicblockentry->@basicblockentry-> 

@basicblockentry
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Specs for Working Programmers

1  int example(int a, int b, int c, int d)
2  {
3    if ((a || b) && c)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

Cover Specific Lines of Code
Lines 4 and 6

cover @4+@6
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Specs for Working Programmers
  1 void eval(int * a, int first, int last) {
  2   if (first > last) return;
  3   printf("a[%d]=%d\n", first, a[first]);
  4   eval(a+1, first+1, last);
  5   return;
  6 }
  7 
  8 int main(int argc, char * argv[]) {
  9   int i;
 10   int A[100];
 11   
 12   for (i=0; i<100; ++i)
 13     insert(A, i);
 14     
 15   eval(A, 0, 100);
 16   return 0;
 17 } 

Restricted Scope of Analysis
Basic block coverage in function eval only

cover @basicblockentry & @func(eval)
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Specs for Working Programmers
  1 void sort(int * a, int len) {
  2   int i, t;
  3   for (i=1; i<len; ++i) {
  4     if (compare(a[i-1], a[i])) continue;
  5     t=a[i]; a[i]=a[i-1]; a[i-1]=t;
  6   } 
  7 } 
  8 
  9 void eval(int * a, int len) {
 10   int i;
 11   for (i=0; i < 3; ++i)
 12     printf("a[%d]=%d\n", i, a[i]);
 13 } 
 14 
 15 int main(int argc, char * argv[]) {
 16   int i; int A[100];
 17   for (i=0; i < 100; ++i) sort(A, 100);
 18   eval(A, 100);
 19   return 0;
 20 } 

Interaction Coverage
Cover all pairs of conditions in sort and basic blocks in eval

cover (@conditionedge & @func(sort)) -> 
(@basicblockentry & @func(eval))
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Specs for Working Programmers
  1 void sort(int * a, int len) {
  2   int i, t;
  3   for (i=1; i<len; ++i) {
  4     if (compare(a[i-1], a[i])) continue;
  5     t=a[i];
  6     a[i]=a[i-1];
  7     a[i-1]=t;
  8   }
  9   return;
 10 }

Constrained Inputs
•Basic block coverage in sort
•Each test case shall use list of 2 to 15 elements

cover {len>=2} . {len<=15} . 
@basicblockentry & @func(sort)
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1  int example(int a, int d)
2  {
3    if (a)
4      d = 0;
5    else
6      unimplemented();
7    return d*2;
8  }

57

Avoid Unfinished Code
•Basic block coverage in example
•Never call unimplemented

Specs for Working Programmers

cover @basicblockentry & @func(example) 
passing ^not(@call(unimplemented))*$
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Test 
Suite

Source Code
Test Case 

Generation 
Engines

FQL

Conclusions and Current Work

58

•Specification language based on quoted regular 
expressions to precisely specify where to go

•Two test input generation engines
•Currently evaluating with partners from 

automotive and avionics industry
•Extending our work to model-based testing

http://code.forsyte.de/fshell

http://code.forsyte.de/fshell
http://code.forsyte.de/fshell
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http://code.forsyte.de/fshell

http://code.forsyte.de/fshell
http://code.forsyte.de/fshell
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Experimental Results


