
Question 1:



Question 2:





 

Question 3:  

NN tour: From node S, nearest unvisited node is G. From node G, nearest unvisited node is F. 

From node F, nearest unvisited node is T. From node T, nearest unvisited node is E. All nodes 

are visited, we have to return to node S. Then the TSP tour with NN is SGFTES with cost: 

(S to G) + (G to F) + (F to T) + (T to E) + (E to S through G without visiting G) = (58) + (132) 

+ (201) + (113) + (217 + 58) = 779. 

When we apply 2-opt, we switch GF and ES with GE and FS – as we do not want to have edges 

crossing each other. So the new TSP tour is SGETFS with cost 58 + 217 + 113 + 201 + 79 = 

668. 

  



Question 4:





Question 5: 

a) You cannot form an Euler circuit/cycle using that network – Euler circuit/cycle requires 

you to form a tour starting and finishing at the same node visiting every edge – since 

there are four nodes with odd degree. The number of edges with odd degree should be 

exactly 0 to allow forming of an Euler circuit/cycle. 

b) Let’s first look at the degrees of all vertices: A has a degree of 4, B has a degree of 4, C 

has a degree of 2, D has a degree of 2, E has a degree of 4, F has a degree of 2 and 

finally G has a degree of 2. So this graph allows us to form an Euler circuit/cycle as it 

is connected. 

Let’s start at vertex A. We have the freedom to choose edges AB, AC, AF and AG. 

Let’s choose edge AB, circuit so far (csf) is AB. 

 

Edge AB is deleted. Now, let’s choose edge BE and csf is ABE. 

 

 

 

Edge BE is deleted. Now we need to be careful, if we choose edge EA, the graph will 

not be connected – there will be two disconnected graphs. 



 

So, let’s choose edge ED and csf is ABED. 

 

Remaining graph has one option for the next several choices, so let’s skip those steps 

and have csf as ABEDCBEA. 

 

Now, we can choose AF or AG. Let’s choose AF and csf is ABEDCBEAF. 



 

Again we have one option in each iteration from now on. So, csf is ABEDCBEAFGA. 

 

Notice that all of the edges has been deleted, hence the Euler circuit is complete and it is 

ABEDCBEAFGA 

 

  



Question 6:





Question 7:  

a) First constraint is for relating production rates with total available hours for production. 

We cannot use more than the given time.  

Second constraint is for market research which says that at most 2000 toys can be sold 

combined.  

Third constraint is for maximum demand of Toy1, which is 1500.  

Fourth constraint is for maximum demand of Toy2, which is 1400.  

Fifth and the constraint is non-negativity (integrality) constraint. It denotes that the 

produced amounts for each type of toy cannot be nonnegative. 

b) A correction here, let’s use the right hand side of first constraint as 50 rather than 420, 

for scaling reasons. And let’s denote the axes as to the power of 10 to the 3, just to have 

a better visualization. 

 

The objective function is 12T1 + 16T2, so if we put the isoprofit line onto the graph, we 

obtain (600, 1400) as our optimal solution. And the total profit is $29,600. 

 

 

 



Question 8:









Question 9:





Question 10:





Question 11:









Question 12:



 

 

 

Question 13 
a) 

 A B C D E F G H I 

A 0 3 5 4 8 13 10 14 13 

B 3 0 2 3 6 14 12 11 16 

C 5 2 0 1 4 12 7 17 10 

D 4 3 1 0 5 11 6 13 9 

E 8 6 4 5 0 11 6 13 9 

F 13 14 12 11 11 0 5 12 7 

G 10 12 7 6 6 5 0 7 3 

H 14 11 17 13 13 12 7 0 9 

I 13 16 10 9 9 7 3 9 0 

 

b) 

 AB AC AD AE AF AG AH AI BC BD BE BF BG BH BI CD CE CF CG CH CI DE DF DG DH DI EF EG EH EI FG FH FI GH GI HI 

A 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 4 5 5 5 5 5 4 4 4 4 4 8 8 8 8 10 13 13 10 10 13 

B 0 2 3 3 3 3 3 3 0 0 0 0 0 0 0 2 2 2 2 2 2 3 3 3 3 3 6 6 6 6 12 11 14 11 12 11 

C 2 0 1 4 5 5 5 5 0 1 2 2 2 2 2 0 0 0 0 0 0 1 1 1 1 1 4 4 4 4 7 12 10 7 7 10 

D 3 1 0 4 4 4 4 4 1 0 3 3 3 3 3 0 1 1 1 1 1 0 0 0 0 0 5 5 5 5 6 11 9 6 6 9 

E 6 4 5 0 8 6 8 8 4 5 0 6 6 6 6 4 0 4 4 4 4 0 5 5 5 5 0 0 0 0 6 11 9 6 6 9 

F 13 12 11 11 0 5 12 7 12 11 11 0 5 12 7 11 11 0 5 12 7 11 0 5 11 7 0 5 11 7 0 0 0 5 5 7 

G 10 7 6 6 5 0 7 3 7 6 6 5 0 7 3 6 6 5 0 7 3 6 5 0 6 3 5 0 6 3 0 5 3 0 0 3 

H 11 14 13 13 12 7 0 9 11 11 11 11 7 0 9 13 13 12 7 0 9 13 12 7 0 9 12 7 0 9 7 0 9 0 7 0 

I 13 10 9 9 7 3 9 0 10 9 9 7 3 9 0 9 9 7 3 9 0 9 7 3 9 0 7 3 9 0 3 7 0 3 0 0 

 58 50 48 50 44 33 48 39 48 46 45 37 29 42 33 49 47 36 27 40 31 47 37 28 39 32 47 38 49 42 51 70 67 48 53 62 

 



 

 

c) 

 

from A 14 to H 

from B 16 to I 

from C 17 to H 

from D 13 to H 

from E 13 to H 

from F 14 to B 

from G 12 to B 

from H 17 to C 

from I 16 to B 
 

d) 

Coverage Matrix 

 A B C D E F G H I 

A 1 1 1 1 0 0 0 0 0 

B 1 1 1 1 1 0 0 0 0 

C 1 1 1 1 1 0 1 0 0 

D 1 1 1 1 1 0 1 0 0 

E 0 1 1 1 1 0 1 0 0 

F 0 0 0 0 0 1 1 0 1 

G 0 0 1 1 1 1 1 1 1 

H 0 0 0 0 0 0 1 1 0 

I 0 0 0 0 0 1 1 0 1 

 



 

 

 i) 

 AB AC AD AE AF AG AH AI BC BD BE BF BG BH BI CD CE CF CG CH CI DE DF DG DH DI EF EG EH EI FG FH FI GH GI HI 

A 2 2 2 1 1 1 1 1 2 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

B 2 2 2 2 1 1 1 1 2 2 2 1 1 1 1 2 2 1 1 1 1 2 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

C 2 2 2 2 1 2 1 1 2 2 2 1 2 1 1 2 2 1 2 1 1 2 1 2 1 1 1 2 1 1 1 0 0 1 1 0 

D 2 2 2 2 1 2 1 1 2 2 2 1 2 1 1 2 2 1 2 1 1 2 1 2 1 1 1 2 1 1 1 0 0 1 1 0 

E 1 1 1 1 0 1 0 0 2 2 2 1 2 1 1 2 2 1 2 1 1 2 1 2 1 1 1 2 1 1 1 0 0 1 1 0 

F 0 0 0 0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 1 1 0 1 1 1 0 1 2 1 2 1 2 1 

G 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

H 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 1 1 0 0 1 1 0 1 1 0 2 1 1 

I 0 0 0 0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 1 1 0 1 1 1 0 1 2 1 2 1 2 1 

 

ii) 

 AG BG CG DG 

The total Distance 33 29 27 28 

number of twice coverage 2 3 4 3 

 

 Best Worst  

scale of criteria 1 27 33 to minimize 

sclae of criteria 2 4 2 to maximize 

 

iii)                                                                                                                                  iv) 

 AG BG CG DG weight 

c1 0 0.666667 1 0.833333 0.6 

c2 0 0.5 1 0.5 0.4 

Alternatives AG BG CG DG 

Total Score 0 0.6 1 0.7 


