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¿Software libre de errores?
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Pruebas de Software

“La selección de entradas para un 
sistema con la intención de provocar 
fallos en dicho sistema, revelando de 

tal forma la presencia de errores”

”Las pruebas de software solo pueden 
demostrar la presencia de errores, no 

su ausencia.” (E. Dijkstra)
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216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {
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}

False
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Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

A

B

C

D E

GF

H I

L
M

0

25

50

75

100

Coverage

87

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

0

25

50

75

100

Coverage

87

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

0

25

50

75

100

Coverage

87

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔

“abc”



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

0

25

50

75

100

Coverage

87

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔

“abc”

✔



216 Structural Testing

 { char *eptr = encoded;

char *dptr = decoded;

int ok = 0;

char c;

c = *eptr;

if (c == '+') {  

*dptr = ' ';

} 

while (*eptr) {

True

*dptr = '\0';

return ok;

}

False

True

int digit_high = Hex_Values[*(++eptr)];

int digit_low = Hex_Values[*(++eptr)];

if (digit_high == -1 || digit_low == -1) {

True

ok = 1;

}

True

else {

*dptr = 16 * digit_high + digit_low;

}

False

++dptr;

++eptr;

}

False

False

 elseif (c == '%') {

else

*dptr = *eptr;

}

int cgi_decode(char *encoded, char *decoded)

A

C

B

D E

F G

H I

L

M

Figure 12.2: The control flow graph of function cgi decode from Figure 12.1

Draft version produced August 1, 2006

0

25

50

75

100

Coverage

87

0

25

50

75

100

Coverage

100

A

B

C

D E

GF

H I

L
M

“+%0d+%4j”

✔

✔✔

✔

✔ ✔

✔

“abc”

✔



Branch Coverage (Recubrimiento de Ramas de Programa?)

• Criterio de adecuación: Cada rama (branch) del programa debe ser 
ejecutada al menos una vez


• Recubrimiento:   # ramas ejecutadas 
	 	              # ramas


• Subsume el criterio de instrucciones de código 
Visitar todas las ramas implica visitar todos los nodos


• El criterio más aplicado en práctica

• Criterio estructural


• Alternativa: mutation scores



Stress Testing

State Machine Testing

L. C. Briand, Y. Labiche, and M. Shousha, “Stress testing real-time systems with genetic 
algorithms”. GECCO 2005.

K. Derderian, R. Hierons, M. Harman, and Q. Guo, “Automated unique input output 
sequence generation for conformance testing of FSMs”. The Computer Journal, 2006.

Combinatorial Interaction Testing
M.B. Cohen, M.B. Dwyer and J. Shi, “Interaction testing of highly-configurable systems in 

the presence of constraints”, ISSTA 2007.

Search-based Testing (SBST)
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Caso de Uso Básico

Código Fuente
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Caso de Uso Básico

Código Fuente Casos de Prueba

Generación Automática



@Test

public void test() 
{

}

int x = 2;
int y = 2;

int result = x + y;

assertEquals(4, result);



@Test

public void test() 
{

}

DateTime var3 = var1.toDateTime(var2);

DateTime var4 = var3.minus(var0);

TimeOfDay var2 = new TimeOfDay();

YearMonthDay var1 = new YearMonthDay(var0);

int var0 = 10

DateTime var5 = var4.plusSeconds(var0);



Generación de “Test Suites”

DateTime var3 = var1.toDateTime(var2);

DateTime var4 = var3.minus(var0);

TimeOfDay var2 = new TimeOfDay();

YearMonthDay var1 = new YearMonthDay(var0);

int var0 = 10

DateTime var5 = var4.plusSeconds(var0);



Generación de “Test Suites”
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Cruzamiento (Crossover)



Mutación



Mutación



Mutación



Fitness

public int gcd(int x, int y) {
  int tmp;
  while (y != 0) {
    tmp = x % y;
    x = y;
    y = tmp;
  }
  return x;
}



Fitness

public int gcd(int x, int y) {
  int tmp;
  while (y != 0) {
    tmp = x % y;
    x = y;
    y = tmp;
  }
  return x;
}



Código Abierto

http://www.evosuite.org/
https://github.com/evosuite/evosuite

• Paquete Jar – Uso en línea de comandos 

• Plug-ins IntelliJ y Eclipse – Uso durante el desarrollo 

• Plug-in Maven – Uso automatizado 

• Plug-in Jenkins – Uso en integración continua



Uso en Línea de Comandos

• Opciones principales 
-projectCP  
-class  
-criterion

• Propiedades 

• Search budget (s) 
-Dsearch_budget=60 

• Generación de aserciones 
-Dassertions=false  
-Dassertion_strategy=all 

• Minimización (length and values) 
-Dminimize=false 

• Inlining  
-Dinline=false



DEMO



Ventajas?

ICST’18



Code Coverage (EMSE 2017)

Fault Detection (ASE’15)



Desventajas?

ICST’18



  @Test(timeout = 4000)
  public void test01()  throws Throwable  {
      LinkedList<String> linkedList0 = new LinkedList<String>();
      LinkedList<Object> linkedList1 =  
          new LinkedList<Object>((Collection<?>) linkedList0);
      FixedOrderComparator fixedOrderComparator0 =  
          new FixedOrderComparator((List) linkedList1);
      linkedList1.add((Object) linkedList1);
      // Undeclared exception!
      try { 
        fixedOrderComparator0.compare(linkedList1, linkedList0);
        fail("Expecting exception: StackOverflowError");
      
      } catch(StackOverflowError e) {
         //
         // no message in exception (getMessage() returned null)
         //
      }
  }



@Test
public void test002() throws Throwable {

    if (debug) { System.out.format("%n%s%n","RegressionTest2.test002"); }

    java.lang.Object[] obj_array1 = new java.lang.Object[] { (short)10 };
    collections.comparators.FixedOrderComparator fixedOrderComparator2 =  
        new collections.comparators.FixedOrderComparator(obj_array1);
    java.util.Comparator comparator3 = fixedOrderComparator2.reversed();
    java.util.Comparator comparator4 = comparator3.reversed();
    java.lang.Object[] obj_array6 = new java.lang.Object[] { (short)10 };
    collections.comparators.FixedOrderComparator fixedOrderComparator7 =  
        new collections.comparators.FixedOrderComparator(obj_array6);
    java.util.Comparator comparator8 =  
      comparator4.thenComparing((java.util.Comparator)fixedOrderComparator7);
    boolean b10 = fixedOrderComparator7.add((java.lang.Object)10L);
    int i11 = fixedOrderComparator7.getUnknownObjectBehavior();
    boolean b12 = fixedOrderComparator7.isLocked();
    fixedOrderComparator7.setUnknownObjectBehavior( 0 );
    ...
    ...
}



/**
 * Chromosome :
1)----->org.apache.commons.lang3.math.NumberUtils[]
2)----->min[[30823,57]],
3)----->toString[]
 Covered Branches:[1, 113, 114, 115, 109, 111]
 */
  @Test public void TestCase1() throws Throwable {
    NumberUtils clsUTNumberUtils=null;
      clsUTNumberUtils=new NumberUtils();
    short[] clsUTNumberUtilsP2P1=new short[]{30823,57};
    short clsUTNumberUtilsP2R=0;
      clsUTNumberUtilsP2R=NumberUtils.min(clsUTNumberUtilsP2P1);
    assertTrue(Arrays.equals(new short[]{30823,57},clsUTNumberUtilsP2P1));
    assertEquals(57,clsUTNumberUtilsP2R);
    String clsUTNumberUtilsP3R=null;
      clsUTNumberUtilsP3R=clsUTNumberUtils.toString();
    String clsUTNumberUtilsP3RP0P1=new 
String("YfJOufsFnsYRrFHBpCyLgDWEmhiRPOGISMsFFCYjMOSisquxKCuSHIOrrEBbqqwfBtBmhuiUWUSsKUAfloLlYPBYmyihySJwWEVETnqz
BRdlRCMk");
    Double clsUTNumberUtilsP3RP0P2P1O0=-11.825526454314883D;
    Object clsUTNumberUtilsP3RP0P2P1=clsUTNumberUtilsP3RP0P2P1O0;
    String clsUTNumberUtilsP3RP0P2P2O0=new String(">?]$#qxd_ (;jiah+un");
    Object clsUTNumberUtilsP3RP0P2P2=clsUTNumberUtilsP3RP0P2P2O0;
    Short clsUTNumberUtilsP3RP0P2P3O0=1689;
    Object clsUTNumberUtilsP3RP0P2P3=clsUTNumberUtilsP3RP0P2P3O0;
    Object[] clsUTNumberUtilsP3RP0P2=new Object[]
{clsUTNumberUtilsP3RP0P2P1,clsUTNumberUtilsP3RP0P2P2,clsUTNumberUtilsP3RP0P2P3};
    String clsUTNumberUtilsP3RP0R=null;
      clsUTNumberUtilsP3RP0R=String.format(clsUTNumberUtilsP3RP0P1,(Object[])clsUTNumberUtilsP3RP0P2);
    
assertEquals("YfJOufsFnsYRrFHBpCyLgDWEmhiRPOGISMsFFCYjMOSisquxKCuSHIOrrEBbqqwfBtBmhuiUWUSsKUAfloLlYPBYmyihySJwWE
VETnqzBRdlRCMk",clsUTNumberUtilsP3RP0P1.toString());
    
assertEquals("YfJOufsFnsYRrFHBpCyLgDWEmhiRPOGISMsFFCYjMOSisquxKCuSHIOrrEBbqqwfBtBmhuiUWUSsKUAfloLlYPBYmyihySJwWE
VETnqzBRdlRCMk",clsUTNumberUtilsP3RP0R);
  }
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Test Readability

“[Developers] read tests […] 77% of the total time 
they spend in them” 

Moritz Beller, Georgios Gousios, Annibale Panichella, and Andy Zaidman, “When, 
How, and Why Developers (Do Not) Test in Their IDEs”. FSE 2015.
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public class ShoppingCart { 
 private int total = 0; 
 private final static int MAX = 1000; 

 public boolean addPrice(int cost) 
throws IllegalArgumentException { 

  if (cost <= 0) 
   throw new IllegalArgumentException(“Negative cost"); 
  if (cost < MAX) { 
   total += cost; 
   return true; 
  } else { 
   return false; 
  } 
 } 
 public int getTotal() { 
  return total; 
 } 
} 
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RQ1: Do developers agree with synthesised test names?

RQ3: Can synthesised test names help developers to match tests to 
code under test?

RQ2: Can developers match tests with synthesised test names?
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47 participantes

10  
clases Java Sin tiempo límite

Estudio en línea

2 expertos 
como control
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Developers agreed similarly—and disagreed less—
with synthesized test names than with manually given 

names.

“Do you agree with the name of the following test?”
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Developers were slightly more accurate and faster at 
matching tests with synthesized names.
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Developers were more accurate at identifying 
relevant tests for given pieces of code using 

synthesized test names.
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• Usar EvoSuite en la línea de comandos: 
http://www.evosuite.org/documentation/tutorial-part-1/ 

• Usar EvoSuite con Maven: 
http://www.evosuite.org/documentation/tutorial-part-2/ 

• Experimentos con EvoSuite: 
http://www.evosuite.org/documentation/tutorial-part-3/ 

• Extender EvoSuite: 
http://www.evosuite.org/documentation/tutorial-part-4/

Tutoriales
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