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Exercise 1 (Course questions / 04 points) 

1) Crossover …………………………………………………………………………………………………………………………………………………0.5 

2) Scoot recruitment ……………………………………………………………………………………………………………………………………0.5 

3) Because a solution is a tree ……………………………………………………………………………………..………………………………0.5 

4) Move probability ………………………………………………………………………………………………………………………..……………0.5 

5) ACO is constructive …………………………………………………………………………………………………………..…………..…………0.5 

6)  “a dominates b” = 𝒊[𝟏, 𝒌] : 𝒇𝒊(𝒂)𝒇𝒊(𝒃) 𝒂𝒏𝒅 ∃ 𝒊[𝟏, 𝒌] : 𝒇𝒊(𝒂) < 𝒇𝒊(𝒃) ; ……………….………...…………0.5 

 “Efficient solution” = a solution that is not dominated; ……………….…………………………………………..…………0.5 

“Pareto front” =  set of all efficient solutions. ……………….……………………………………………………………..…..……0.5 

 

Exercise 2 (09 points)  

1) There is (n-1)!/2 = 3 tours = ABCD ; ABDC ; ACBD.   ( , , ) ……………….…………………………..…………2 

2) P(C,A) = 
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3) P(A,B) = 
𝝉𝑨𝑩
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   ……………….………………………………………….………………1 

4) P(D,B) = 1. ……………….……………………………………………………………………………………………………………………………………0.5 

5) We notice that CADB = ACBD, therefore, 2 ants built the same tour ABCD (10), and the 2 others built 

the same tour ACBD (13). Length(ABCD) = 10 ; Length(ACBD) = 13 ;  ……………….………………………………1 

𝝉𝑨𝑩 =  (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐁𝐂𝐃)
= 𝟐. 𝟐0 

𝝉𝑨𝑪 = (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐂𝐁𝐃)
= 𝟏. 𝟕𝟑 

𝝉𝑨𝑫 =  (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐁𝐂𝐃)
+
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𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐂𝐁𝐃)
= 𝟑. 𝟕𝟑 

𝝉𝑩𝑪 =  (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐁𝐂𝐃)
+

𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐂𝐁𝐃)
= 𝟑. 𝟕𝟑 

𝝉𝑩𝑫 =  (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐂𝐁𝐃)
= 𝟏. 𝟕𝟑 

𝝉𝑪𝑫 =  (𝟏 − 𝛒). 𝝉𝟎+
𝟐.𝑸

𝐋𝐞𝐧𝐠𝐭𝐡(𝐀𝐁𝐂𝐃)
= 𝟐. 𝟐𝟎……………….……………………………………………………………………………………3 

 

Exercise 3 (07 points) 

1)  ……………….……………………………………………………………………………1 

2) 𝒙⨁𝒗 = 𝟏𝟎𝟎𝟏𝟏𝟏 ……………….…………………………………………………………………………………………………..………………0.5 

 ……………….……………………………………………………………………………1 

3) 𝒙𝟏 ⊖ 𝒙𝟐 = {𝟏, 𝟓, 𝟔} ……………….…………………………………………………………………………………………………..………………0.5 

Void initialization (){ 

For(i=0 ; i<m ; i++) 

      For(j=0 ; j<n ; j++)  

            Pop[i][j]=int(rand()*2); 

            Velocity[i][j] 

      For(j=0 ; j< int(rand()*n) ; j++)  

            Velocity[i][j]= int(rand()*n) 

Int[] ADD (int[] x , int[] v){ 

r=x; 

For(i=0 ; i<len(v) ; i++) 

      r[i]=1-r[i]; 

Return r;  
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 ……………….………………………………………………………………….……………1 

4) 𝒗𝟏 ⊞ 𝒗𝟐 = {𝟏, 𝟐, 𝟒, 𝟓}  ……………….……………………………………………………….………………………………………….…………0.5 

 ……………….……………………………………………………………………………1 

5) 𝒂 ⊗ 𝒗 = {𝟏, 𝟒}.  ……………….…………………………………………………………………………….………………………..………………0.5 

 ……………….……………………………………………………………………………1 

Int[] SUB(int[] x1 , int[] x2){ 

k=0; 

For(i=0 ; i<n ; i++)  

      If (x1[i] != x2[i] )  

                { v[k]=I ; k++;} 

Return v;  

             

             

Int[] SUM (int[] v1 , int[] v2){ 

k=0; 

For(i=0 ; i<len(v1) ; i++)  

       { v[k]= v1[i] ; k++;} 

For(i=0 ; i<len(v2) ; i++) { 

        Found = 0 ; 

        For(j=0 ; j<len(v1) ; j++) 

             If (v2[i] == v1[j]) 

                   {Found = 1 ; break;} 

        If (!found) 

            { v[k]= v2[i] ; k++;}} 

Return v;  

             

               

Int[] PROD (float a , int[] v){ 

k=0; 

For(i=0 ; i<max(int(a+1),len(v)) ; i++)  

       { r[k]= v[i] ; k++;} 

Return r;  

             

               


