
Dr Rosemary Monahan 
 
Lecturer 
National University of Ireland, Maynooth 





Bologna Declaration 1999

the introduction of undergraduate and postgraduate levels 

ECTS-compatible credit systems 

Bachelors and Masters Degree 
5 years  

Doctoral Degree 
4 years  



BSc Computer Science Degree Students: 5 ECTS in Year 3 



MSc in Computer Science Degree Students: 7.5 ECTS in Year 1 

 
 





Problems Encountered 



http://resources.cost-ic0701.org/teaching-materials

http://resources.cost-ic0701.org/teaching-materials
http://resources.cost-ic0701.org/teaching-materials
http://resources.cost-ic0701.org/teaching-materials
http://resources.cost-ic0701.org/teaching-materials
http://resources.cost-ic0701.org/teaching-materials
http://resources.cost-ic0701.org/teaching-materials


The Spec# programming language 

 
The Spec# compiler 

The Spec# static program verifier (SscBoogie) : 

Z3
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 MSIL (“bytecode”) 

SMT solver (Z3) 

V.C. generator 

Inference engine 

Translator 

verification condition 

“correct” or list of errors 

Spec# compiler 

Spec# 

Boogie 
language 





codeplex.specsharp.com 



Option 1: Visual Studio (VS) 

Option 2: Spec# at the command line 

Option 3: RISE4fun.com 



No installation needed: 

Run it from an Internet café or from your phone 

> 114,692 answers! 



 static void Swap(int[] a, int i, int j) 
 requires 
  
 modifies 
  
 ensures 
 { 
     int temp; 
 temp = a[i]; 
     a[i] = a[j]; 
     a[j] = temp;  
 } 
 

http://rise4fun.com/Sp0 



 static void Swap(int[]! a, int i, int j) 
 requires 0 <= i && i < a.Length; 
 requires 0 <= j && j < a.Length; 
  
 
 
 { 
     int temp; 
 temp = a[i];  Requires clauses 
     a[i] = a[j];  denote preconditions 
     a[j] = temp;  
 } 
 
http://rise4fun.com/Sp0 
 
 



 static void Swap(int[]! a, int i, int j) 
 
   
  modifies a[i], a[j]; 
 
  
 
 
 { 
     int temp; 
 temp = a[i]; 
     a[i] = a[j];   Modifies clauses limit the   
 a[j] = temp;   part of the program state that  
    a method is allowed to modify 
 } 
 
http://rise4fun.com/SpecSharp/0 
 
 



 static void Swap(int[]! a, int i, int j) 
 
 
 
 ensures a[i] == old(a[j]); 
 ensures a[j] == old(a[i]); 
 { 
     int temp; 
 temp = a[i]; 
     a[i] = a[j];   Ensures clauses 
     a[j] = temp;   denote postconditions 
 } 
 
http://rise4fun.com/SpecSharp/0



 static void Swap(int[]! a, int i, int j) 
 requires 0 <= i && i < a.Length; 
 requires 0 <= j && j < a.Length; 
 modifies a[i], a[j]; 
 ensures a[i] == old(a[j]); 
 ensures a[j] == old(a[i]); 
 { 
     int temp; 
 temp = a[i]; 
     a[i] = a[j]; 
     a[j] = temp;  
 } 
 
http://rise4fun.com/SpecSharp/s16cX
 



 static int F( int p )  

 ensures 100 < p ==> result == p – 10; 

 ensures p <= 100 ==> result == 91; 

 { 

  if ( 100 < p )   

   return p – 10; 

  else             

   return F( F(p+11) ); 

 } 

  

http://rise4fun.com/SpecSharp/o





 public static int int int int

 requires 

 ensures result  sum int  in 

int

for int

      return 



public static int int int int

 requires 

 ensures result  sum int  in 

int

for int

     return 

When we try to verify  
this program using Spec#  
we get an Error:  
Array index possibly below lower 
bound as the verifier needs more 
information 

 



ensures result  sum int  in 

invariant  sum int  in 
invariant 

Introduce the loop  
variable & provide  
its range. 



public static int int int int

 requires 

 ensures  sum int  in 

       

        return Verifier Output: 
Spec# Program Verifier  
finished with 3 verified,  
0 errors 



public static int int int int

 requires 

 ensures result  sum int  in 

  int int

while

   int   //variant function 

assert

      return 

We can use assert 
statements to determine 
information about the 
variant functions. http://rise4fun.com/SpecSharp/q 



class Counter
 int 
 bool 
 invariant 
 invariant 
 

 public Counter
  

   true; 
    
 
  

 public void 
   modifies 
   ensures  old
 expose this
     
   

  The invariant may be  
  broken in the constructor 

The invariant must be  
established & checked  
after construction 

The object invariant  
may be broken within an 
expose block 



CS357 Software Verification  (5 ECTS, BSc Level) 

CS603 Rigorous Software Process (7.5 ECTS, MSc Level) 

www.rise4fun.com
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NUIM International Summer School

Universite Henri Poincare 1, Nancy, France 
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www.Rise4fun.com
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Spec# Tutorial Paper: 

http://specsharp.codeplex.com/

Spec# Tutorial and Exercises: 

rosemary@cs.nuim.ie http://limerick.cost-
ic0701.org/
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