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1 Introduction 
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1.2. Research Objectives 
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2.1. Assertions 

2.1.1. What assertions are 
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2.1.2. Why should we use assertions? 
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2.1.3. General classification of assertions 
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private void sum(Stack A, Stack B){ 
  assert size(A) == size(B); 
  … 

}  

… 
  assert balanced(); 

} 

private boolean balanced(){ 
… 
} 
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2.1.5. Most useful assertions: A first criteria for  writing assertions  
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2.2. Design by Contract 
�
#�� ����
������ ���
��"��"��������� ��� 
��������� ������� ���� � ������ ��� ��� ����
������
���� 
�� ��� ���
���� ����� �������� 
�� ������ ���� �� �� ����� ��� ��
��� ������
�����
�����
������
�
�����������������
���
������������������
� �
�������������������������
����� ����
��� ������
���� ����� ����
������ ������� ����� �������� ��� ���
�� 
������ 
��
����
��� ��� ������� �������� #�� ���� ���� ���
��"��"��������� � �� �� ��
���
��� ��
���
��������� ���� ��
�
��� ��� ������
���� 
�� �� ����� ������ 
	�� ����� ����� 
��� 
�� ������ ��� ����
����
���
���������������������
��������
�������
���
�� ����������
���

2.2.1. What design-by-contract is 
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2.2.2. Searching for an ultimate link 
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2.2.3. The pretension of design-by-contract 
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2.2.4. One small example 
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Class stack{ 
 Element top; 
 public stack(){ 
  top = null; 

} 
public void push(int i){ 
 if (top == null){ 

  top = new Element(i); 
 top.previous = top.next = null; 
} 

 else { 
  top.next = new Element(i) 
  top.next.previous = top; 
  top = top.next; 
 } 
} 
public int pop(){ 
 assert(!this.isEmpty()); 
 int result = top.getIntElement(); 
 top = top.previous; 
 top.next = null; 
 return result; 
} 
public boolean isEmpty(){ 
 return top == null; 
} 

} 
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Class stack{ 
 Element top; 
 public stack(){   
  assert(true); // precondition, following a specification  
  top = null; 

// postcondition, following b and class correctness  (CC)  
  assert(isEmpty() && invariant())  

} 
public void push(int i){ 

  assert(true); //c 
  element oldtop = top; 

 if (top == null){ 
  top = new Element(i); 
 top.previous = top.next = null; 
} 

 else { 
  top.next = new Element(i) 
  top.next.previous = top; 
  top = top.next; 
 } 
 assert(oldtop == top.previous && oldtop.next == to p && 

top.getIntElement==I && invariant()) //d && CC 
} 
public int pop(){  
 assert(!this.isEmpty()); //Correct assertions as pre 
 element oldtop = top; 
 int result = top.getIntElement(); 
 top = top.previous; 
 top.next = null; 
 //following f and CC 

assert (result == oldtop.getIntElement && top ==  
oldtop.previous && top.next == null && invariant()) ; 

 return result; 
} 
public boolean isEmpty(){ 
 assert(true); //following g  
 return top == null; 
 assert(invariant()); //CC  
} 
private boolean invariant(){ 
 //We assume an internal CI which ensures the value of the  
 //top is correct 

return ((isEmpty() && top==null) || (!isEmpty()) &&  top != 
null ); 

} 
} 
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2.3. Refactorings 

2.3.1. What refactoring is 
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2.3.2. When to apply refactoring 
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& Opdyke defined the semantic equivalence in this way: let the external interface to the program be via 
the function main. If the function main is called twice (once before and once after a refactoring) with the 
same set of inputs, the resulting set of output values must be the same 10. Opdyke, W.F., 
Refactoring Object Oriented Frameworks, in Department of Computer Science. 1992, University of 
Illionis Urbana-Champaign..   
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2.3.3. Refactorings classification 
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3 Maintaining Assertions through Refactoring Proces s 
�

3.1. Introduction 
�
B���� ��� ��	�� ����� ����� ������
���� ����� ����� ������� �
���� ����� ��
��� !
��� ���
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3.2. Some examples to understand the problem 
�
,
���� ��� ����� ���� ��� ����� ����� ��������� ��� ���� ����� ��� ���� ������
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�������
!���������
������������
���������������������� 
��������
��?�
�

·  ���
���������������
;
������
��������
��������������� �����
·   ��� ��� � ������� 
�� ���� )����� ��������
 � ������� $��� ����� ������ 
�� ��
��� 
��

�������'��������
��������
;
�����������
���JCK��
·   ��� ������
��� ��
����� ����� ��� ���� ���
��
��� ��� �� ����� �� 
�� ����
������ ����

�������
�
�������������������
·   ��� ������
��� ��
����� ����� ������� ���� ���� ��� �� ����� �� 
�� ����
������ ����

��������
�
�������������������

3.2.1. The Inline Method Refactoring 
�
 ��� �
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�� ���� �����	� �	
��
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… 
public int reversePart(int a, String b){ 
 assert(a > 0 && b.length() >0 && a < b.length()); //Precondition 
 String result; 
 int i; 
 result = “”; 
 for (i=a;i>0;i--){ 
  result  =  result + b.getCharAt(i); 
  //Loop Invariant 
  assert(i > 0 && i <= a && a > 0 && b.length()>=i) ;  
       } 

assert(result.length()==a &&  
//Postcondition 
reverse(b.substring(i)).compareTo(result)  ==0 && I nv());      
return(result); 

} 
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… 
public static void main (String args[]){ 
 … 
 String chain=”reverse me!”; 
 s = x.reversePart(7,chain); 
 … 
}  

public static void main (String args[]){ 
 … 
 String chain=”reverse me!”; 

//Precondition 
assert(7 > 0 && chain.length() >0 && 7 < b.length() );  

 String result; 
 int i; 
 result = “”; 
 for (i=chain;i>0;i--){ 
  result  =  result + chain.getCharAt(i); 
  //Loop Invariant 
  assert(i > 0 && i <= 7 && 7 > 0 && chain.length() >=i);  
   
       } 
 // Postcondition 
 assert(result.length()==chain && 
 reverse(chain.substring(i)).compareTo(result) == 0  && Inv()); 
 s = result; 
 … 

} 
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3.2.2. The Move Method Refactoring 
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���,���������������������������JFK?��
�

�

class B{ 
   public String value; 
 ... 
   public int reversePart(int a, String b){ 
 assert(a > 0 && b.length() >0 && a < b.length()); //Precondition 
 String result; 
 int i; 
 result = “”; 
 b = value + b; 
 for (i=a;i>0;i--){ 
  result  =  result + b.getCharAt(i); 
  //Loop Invariant 
  assert(i > 0 && i <= a && a > 0 && b.length()>=i) ;  
      } 

assert(result.length()==a && 
reverse(b.substring(i)).compareTo(result) ==0 && In v()); 
//Postcondition  

      return(result); 
  } 
… 
} 

 

class A{ 
  public int reversePart(int a, String b){ 
 assert(a > 0 && b.length() >0 && a < b.length()); //Precondition 
 String result; 
 int i; 
 result = “”; 
 b = (new B()).value + b; 
 for (i=a;i>0;i--){ 
  result  =  result + b.getCharAt(i); 
  //Loop Invariant 
  assert(i > 0 && i <= a && a > 0 && b.length()>=i) ; 
      } 

assert(result.length()==a && 
reverse(b.substring(i)).compareTo(result) ==0 && In v()); 
//Postcondition 

      return(result); 
  } 
… 
} 
class B{ 
 public String value; 
 ...  
} 
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3.2.3. The Encapsulate Field Refactoring 
�
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������� ����	� �������������?�
�

�

Class A{ 
public int value = 32342; 
 public A(){ 
  } 
 public void setValue(int a){ 
  value = a; 
 }  
 public int getValue(){ 
  return value; 
 } 
} 
… 

 

Class A{ 
public int value = 32342; 
 public A(){ 
  } 
} 
… 
Class B{ 
  … 
  a.value += 20; 
  … 
  assert(a.value>10); 
  … 

}  

assert( classB .reversePart(5,“hello”) == “olleh”)  

assert( classA .reversePart(5,“hello”) == “olleh”)  
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3.2.4. The Remove/Add Parameter Refactorings 
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… 
Class B{ 
  … 
  a.setValue(a.getValue()+20); 
  … 
  assert(a.getValue()>10); 
  … 
} 

 

… 
Private double[] equation(int a, int b, int c){ 
 assert( b*b – 4*a*c >= 0 && d >= 0 ); ???  
 double solution[2] sqroot; 
 sqroot = sqrt(b*b – 4*a*c); 
 solution[0] = (-b + sqroot)/(2*a); 
 solution[1] = (-b - sqroot)/(2*a); 
 assert(solve(a,b,c,solution[0]) == 0 && solve(a,b, c,solution[1] == 
0)); 
 return(solution); 
 } 
… 

 

… 
Private double[] equation(int a, int b, int c, int d){ 
 assert( b*b – 4*a*c >= 0 && d >= 0); 
 double solution sqroot; 
 sqroot = sqrt(b*b – 4*a*c); 
 solution[0] = (-b + sqroot)/(2*a); 
 solution[1] = (-b - sqroot)/(2*a); 
 assert(solve(a,b,c,solution[0]) == 0 && solve(a,b, c,solution[1] == 
0)); 
 return(solution); 
 } 
… 
private double solve(int a, int b, int c, double x) { 
 double solution; 
 solution = x*x*a + x*b + c; 
 return solution;  
} 
… 
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3.2.5. The Replace Conditional with Polymorphism Re factoring 
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… 
private double solve(int a, int b, int c, double x,  double x2){ 
 double solution; 
 solution = x*x*a + x*b + c; 
 return solution;  
} 
… 

 

double getSpeed(){ 
 switch(_type){ 
  case EUROPEAN: 
   return getBaseSpeed(); 
  case AFRICAN: 
   assert(getLoadFactor()>0); 
   return getBaseSpeed() – getLoadFactor() *  
   _numberOfCoconuts; 
  case NORWGIAN_BLUE: 
   return (_isNailed) ? 0 : getBaseSpeed(_voltage);  
 } 
 Throw new RuntimeException(“Should be unreachable” ); 
} 
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Class Bird{ 
 public abstract int getSpeed(); 
 private Inv(){…} 
} 
 
Class European Extends Bird{ 
 public int getSpeed(){ 
  assert Inv();  
  return getBaseSpeed(); 
 } 
 private Inv(){ 
  … && _type ==  EUROPEAN);  
 }   
} 
 
Class African Extends Bird{ 
 public int getSpeed(){ 
  assert(Inv() && getLoadFactor()>0); 
  return getBaseSpeed() – getLoadFactor() * _number OfCoconuts;
 } 
 private Inv(){ 
  … && _type ==  AFRICAN);  
 }   
} 
 

Class Bird{ 
 public abstract int getSpeed(); 
 private Inv() … 
} 
 
Class European Extends Bird{ 
 public int getSpeed(){ 
  return getBaseSpeed(); 
 } 
} 
 
Class African Extends Bird{ 
 public int getSpeed(){ 
  assert(getLoadFactor()>0); 
  return getBaseSpeed() – getLoadFactor() * _number OfCoconuts;
 } 
} 
 
Class Norwgian_blue Extends Bird{ 
 public int getSpeed(){ 
  return (_isNailed) ? 0 : getBaseSpeed(_voltage); 
 } 
}  
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3.3. A first assertion maintenance refactoring clas sification  
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3.3.2. Refactorings which require changes  
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Class Norwgian_blue Extends Bird{ 
 public int getSpeed(){ 
  assert Inv();  
  return (_isNailed) ? 0 : getBaseSpeed(_voltage); 
 } 
 private Inv(){ 
  … && _type ==  NORWGIAN_BLUE);  
 }   

} 

X = 10; 
assert(x>0); 

 

variableX = 10; 
assert(variableX > 0);  
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3.3.3. Refactorings which require assertion redefin ition 
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3.4. A small schema to maintain Refactorings 

3.4.1. Introduction 
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3.4.2. How to use this schema 
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Function method(int a, int b, int c) 
assert(a+b+c != 0); //Precondition 
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4 Augmented Refactoring Steps 

4.1. Introduction 
�
��� ��
�� �������� ��� ���� ��
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4.2. Pull Up Field 
�
-�������
��?�  ��� ����� ��� ��
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4.2.1. Classification of Pull Up Field Refactoring 
�
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4.2.2. Demonstration 
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4.3. Pull Up Method 
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4.3.1. Assertion Maintenance Steps 
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4.3.2. Demonstration 
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a. Demonstration of step 3.a.i 
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b. Demonstration of step 3.c 
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4.3.3. Example 
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double chargeFor (date Start, date End){ 
 /* Pre = {Start �  null AND End �  null AND Start <= End} */ 
 … 
 /* Post = {result = numberOfDays(Start, End)*amoun tPerDay()}*/ 
} 
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double chargeFor (date Start, date End){ 
 /* Pre = {Start �  null AND End �  null AND Start <= End} */ 
 … 
 /* Post = {result = (numberOfDays(Start, End)*amou ntPerDay()) –
 discountPercentage(Start,End)}*/ 
} 

void createBill (date Date){ 
 /* Pre = {Date �  null} */ 
 double chargeAmount = chargeFor (lastBillDate, dat e); 
 addBill (date, chargeAmount); 
 /* Post = {getBill(date) �  null AND getBill(date).amount = changeFor(lastBillDate, date) 
 AND CI} */ 
} 
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4.3.4. Classification of Pull Up Method Refactoring  
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void createBill (date Date){ 
 /* Pre = {Date �  null} */ 
 double chargeAmount = chargeFor (lastBillDate, dat e); 
 addBill (date, chargeAmount); 
 /* Post = {getBill(date) �  null AND getBill(date).amount = changeFor(lastBillDate, date) 
 AND CI} */ 
} 
 
abstract double chargeFor (date Start, date End){ 
 /* Pre = {Start �  null AND End �  null AND Start <= End} */ 
 /* Post = {(result = numberOfDays(Start, End)*amou ntPerDay()) OR 
 (result = (numberOfDays(Start, End)*amountPerDay() ) –
 discountPercentage(Start,End))*/ 
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4.4. Self Encapsulate Field 
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4.4.1. Some important facts before facing the refac toring 
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… 
/* CI: get_field() == null OR get_field() >= 0 */ 
int value = abs(3*initial_value); 
assert(value>=0); 
set_field(value); 
… 
assert(get_field>=0); 
… 
public void set_field(int value){ 
 this.field = value; 
} 
… 
public int get_field(){ 
 int result = this.field; 
 return result; 
} 
… 

… 
/* CI: this.field == null OR this.field >= 0 */ 
int value = abs(3*initial_value); 
assert(value>=0); 
this.field = value; 
… 
assert(this.field>=0); 
… 
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4.4.2. Assertion Maintenance Steps 
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4.4.3. Demonstration 

a.  Adding a precondition to the setting method 
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b. Adding a postcondition to the setting method 
�
/�",��

������
���
�
����
��
�	��	

�����	
��
�
����	�. �$�	
�	��
�	�����	����
�	�
��	�
�����"		�������	
�����
�	���	�����	
����
�	��	

� ����	
��
�
�
#�� ���� ��
�!� ��� �!
��
��� ��
�� ����� �������� 
�� ������ ��	
 ���� ����� ��
�� �
��� ���
���������� ������ ����� �������� ���� ��������
��� 
�� ����	
 ���"������	
��� ����
������������������!��
���������������������
��������
��
 ������������������������������
����� ������ ���� ����������� ���� ���
��� ���� ����
��� ������� ��� �
�� �
���� ���� ��� ����
���� ���	���� �
��� 4�� ����� ��� ����� ��� 
�� ������� ���� ��� ���� ���� ����� ����� ����
��������� ��� ����!
��� ���� �������������� ��������
�
���� ,�� ���������� ���	
��� ��
����!���������
�
�������
�����
�����	���!������������� �������������������
��
������
�������������
��"��"����������
�
 �
�� ����� ���� ��� ���
��� ���������� ��� �
��
��� �� ��������� � �
��� �
��� ��� �
�������� ����
����� ��������
��� ���������� ,��� 
�������� 
�� �
;
� ��� ���� � ��� ���� ������
���
��������?�
�

�
�
 ���������
�����
������������������	������������� ��	�
 ���������������������
�������
���� ��
��� ��� ���
��� ���� 
�	��	�
 � ��� ���� ����� ��� ���� ���������� 	��
����� ��� ����
����
������������

c. Adding a precondition and a postcondition to the  getting method 
�
/��,� �

� �� ��	���
�
���� ��
� �� ���
���
�
���� 
�� 
�	� �	

� ��� �	
��
� 
�� ��	�.�
$�	
�	��
�	������"�	�$	���	�������
���	
�������
�	�� ���	����
	�
���	�
�
�
4
�����������������
����������������
��������
���������� ����������
����������������
 �������������
�����
��� )I-���������������
�
������� �������
�����������
�

�
�

9����S�T )I-W �

9�����S�T��
���
����SS����,
���W�
 



������������	
�����
��	����	������������
	����	���� �
���	
���� ��

 
�

�
*C �

��������	��


��� ��
���� ��
�� 
�� ���� ����� ����������
��� ����� ���� 	��
 �� ���� ���� ��������
�
���� ����
��� ���� ����� ����� ����� ���� ������ ��� �� ����
��� ������� 
 �� 
��
��� ���� ��������
�
���
�
���������������
�
����
������ )I-���
�
 �
�� ����� ���� ��� ���
��� ���������� ��� �
��
��� �� ��������� � �
��� �
��� ��� �
�������� ����
����� ��������
��� ���������� ,��� 
��������� 
�� �
;
� ��� ���� ���� ���� ������
���
��������?�
�

�
�
 ���������
�����
������������������	������������� ��	�
 ���������������������
�������
���� ��
��� ��� ����
�	�� ���� 	������ ���� �	���
 � ��� ���� ����� ��� ���� 	��
����� ��
���
�����
��������������	����������������
�����������

d. Checking the class invariant in both methods 
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5 Extraction of the setting method precondition fro m 
the CI 
�

5.1. Introduction 
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5.2. Extraction Procedure Steps 
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IV. Logical Simplification of the result tree �
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5.3. Demonstration of the Extraction Steps 
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5.3.4. ASR and OSR rules demonstration 
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5.3.5. Logical Simplification of the result tree De monstration 
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5.3.6. Reconstructing the Precondition from the tre e�
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5.4. Proposed precondition extraction pseudocode 
algorithm: 
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  if ]  (contains(n.leftBranch, newf)) �  
   n.leftBranch = TRUE 
  endif 
  if ]  (contains(n.rightBranch, newf)) �  
� � � n.rightBranch = TRUE 
  endif 
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5.5. Some examples of CI derivation 

5.5.1. Encapsulating the year field of a Movie  
�
#�� ���� ��
��� ��� ���
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  if ] contains(n.leftBranch, newf) AND ] contains(n.rightBranch, newf) �  
   n = TRUE 
  endif   
� ���
��
�������
���

CI = (Title �  null) AND((NOT Director �  null) OR 
directorsDatabase.exists(Director)) AND (hasIntValu e(Year) AND 
intValue(Year)>0 AND intValue(Year) <= getCurrentYe ar()) 

  

CI =  Title �  null AND 
(Director �  null �  
directorsDatabase.exists(Director)) 
AND (hasIntValue(Year) AND 
intValue(Year)>0 AND intValue(Year) 
<= getCurrentYear()) 

  

2��#
���* �

Movie 
 
Title: String 
Director: String 
Year: char[4] 
 
getTitle(): String 
getDirector(): String 

c = number of clauses 
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void set_year(char[4] theYear)   

AND 

AND 

AND hasIntValue(theYear) 
 

intValue(theYear)>0 
 

intValue(theYear)<=getCurrentYear() 
 

AND 

NOT Title �  null 

NOT Director �  null 
 

directorsDatabase.exists(Director) 
 

OR 

�)� �

� )� �

AND 

AND 

AND hasIntValue(theYear) 
 

intValue(theYear)>0 
 

intValue(theYear)<=getCurrentYear() 
 

AND 

NOT Title �  null 

NOT Director �  null 
 

directorsDatabase.exists(Director) 
 

OR 

AND 

AND 

AND 

NOT Title �  null 

NOT Director �  null 
 

directorsDatabase.exists(Director) 
 

OR 

AND hasIntValue(Year) 
 

intValue(Year)>0 
 

intValue(Year)<=getCurrentYear() 
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5.5.2. Encapsulating the empty field of a bounded S tack 
�
,���
��������������������������������
������
��������� ��������������!����������������
���
�������,
������&��
�

�

CI =  0 <= count 
 count <= capacity 
 capacity = array.length 
 empty �  count = 0 
 count > 0 �  array[count] �  null 
  

2��#
���� �

AND 

AND hasIntValue(theYear) 
 

intValue(theYear)>0 
 

intValue(theYear)<=getCurrentYear() 
 

AND 

AND 

AND hasIntValue(theYear) 
 

intValue(theYear)>0 
 

intValue(theYear)<=getCurrentYear() 
 

AND 

TRUE 
 

TRUE 
 

Bounded Stack 
 
Capacity: int 
Count: int 
Empty: boolean 
Array: array(object) 
 
Top(): object 
Pop() 
Push(object) 
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CI =  0 <= count AND  
 count <= capacity AND  
 capacity = array.length AND 
 ((NOT empty OR count = 0) AND (empty OR NOT count = 0)) AND 
 AND (NOT count > 0 OR array[count] �  null) 

�

AND 

AND 

AND 

AND 

OR 
AND 

OR 
OR 

0 <= count 

count <= capacity 

capacity = array.length 

NOT count > 0 
array[count] �  null 

NOT count = 0 empty 
 count = 0 NOT empty 
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AND 

OR 
OR 

NOT count = 0 is_empty 
 count = 0 NOT is_empty  

AND 

AND 

AND 

AND 

AND 

OR 
OR 

TRUE 
 

TRUE 
 

TRUE 

TRUE 
 

NOT count = 0 is_empty 
 count = 0 NOT is_empty  

AND 

AND 

AND 

AND 

OR 
AND 

OR 
OR 

0 <= count 

count <= capacity 

capacity = array.length 

NOT count > 0 
array[count] �  null 

NOT count = 0 is_empty 
 count = 0 NOT is_empty  
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5.6. A cheating case: correlated updates 
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CI =  inputs >= 0 
 outputs >= 0 
 balance = inputs - outputs 
  

2��#
�� �$ �

Bank Account 
 
inputs 
outputs 
balance 
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5.7. Possible future optimizations 

5.7.1. The CNF optimization 
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a. CNF Transformation problems 

i. Preconditions too long 
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b. Cheating predicates 
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5.7.2. Simplify by applying logical rules 
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(i>=0 AND v[i]>=0) OR (i<0 AND v[-i]<0) 

Assert (i>=0 && v[i]>=0);  
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6 Implementation 
 

6.1. Dealing with implementation 
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6.2. Implemented Application 
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6.2.2. Visual application interface 
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6.2.3. Application restrictions and future extensio n 
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6.3. Testing 
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6.3.1. Common Examples 
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a. Encapsulating the year field of a Movie 
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CI = (Title �  null) AND((NOT Director directorsDatabase.exists(D irector)) 
AND (hasIntValue(Year) AND intValue(Year)>0 AND int Value(Year) <= 
getCurrentYear()) 
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b. Encapsulating the empty field of a bounded Stack  
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CI =  AND 0<=count AND count<=capacity  AND capacit y=array.length AND AND 
OR !empty count=0 OR empty count!=0 OR count<=0 arr ay[count]!=null
 count > 0 �  array[count] != null 

CI =  0 <= count AND  
 count <= capacity AND  
 capacity = array.length AND 
 ((NOT empty OR count = 0) AND (empty OR NOT count = 0)) AND 
 AND (NOT count > 0 OR array[count] �  null) 
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c. CNF Examples 
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i. Good CNF Optimization 
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ii. Too long precondition 
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7 Conclusion and future work 
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9 Appendix  – Bertrand Meyer’s rules 
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