This is a Euclidean TSP Instance (all entries are > 50 and < 100) 

 0:  0   55  94  74  98  81  56  85  90  88  82  91  69  

 1:  55  0   61  76  63  71  77  69  56  62  54  51  75  

 2:  94  61  0   69  79  52  70  81  70  59  83  59  60  

 3:  74  76  69  0   60  69  71  97  60  63  66  68  65  

 4:  98  63  79  60  0   89  76  50  83  66  91  52  59  

 5:  81  71  52  69  89  0   90  86  95  50  76  60  71  

 6:  56  77  70  71  76  90  0   88  87  93  67  80  64  

 7:  85  69  81  97  50  86  88  0   62  65  73  73  97  

 8:  90  56  70  60  83  95  87  62  0   71  74  73  77  

 9:  88  62  59  63  66  50  93  65  71  0   69  97  92  

10:  82  54  83  66  91  76  67  73  74  69  0   95  79  

11:  91  51  59  68  52  60  80  73  73  97  95  0   86  

12:  69  75  60  65  59  71  64  97  77  92  79  86  0   

Step 1:  Find a minimum cost spanning tree:

0 – 1  (55)

1 – 11 (51)

11 – 4 (52)

4 – 7 (50)

1 – 10 (54)

0 – 6 (56)   NOTE: 7 – 10 costs less, 55, but cannot be used since it will close a cycle:

    1 – 11-- 4 – 7 – 10 – 1

11 – 5 (60)

4 – 3 (60)

3 – 8 (60)

3 – 12 (60)

1 – 2  (61)

2 – 9 (52)   (One more edge left. It must connect the missing vertex 9 to one of the

                  remaining vertices, makes the search simple!)

Note: the cost of this spanning tree is 672 . So we know that the cheapest tour will cost at least 722.

Step 2: “Duplicate” all edges and build the Eulerian cycle  (on board).

Step 3: Go along the Eulerian cycle and use “short cuts”. This tour is at worst twice as 

             long as the optimal tour!

A better approximation algorithm:

Step 2: find all vertices in the tree with odd degree (3, 4, 5, 6, 7, 8, 9, 10, 11, 12)

Step 3: find a minimum matching in this subgraph.

3 – 4  (60)  Cheapest edge incident with 3.

5 – 9  (50)

6 – 12 (64)

7 – 8  (62)

10 – 11 (95)

10 – 9 – 5 – 11 – 10   (Augmenting cycle)  69 + 60 < 95 + 50

3 – 4  (60)  

5 – 11 (60)

6 – 12 (64)

7 – 8  (62)

10 – 9 (69)

The total cost of these edges is 315. The “best tour” costs at least 722, so if we add them to the tree and use the short-cuts on the Eulerian tour we are guaranteed to produce a tour whose cost will be < 987 which is < 1.5*“best tour”.

The following is a Euclidean TSP. Use the above algorithm to find the best tour you can.

  0 96 85 69 86 52 56 74 69 97 52 57 63 66

 96  0 80 84 96 95 54 57 62 64 91 98 88 54

 85 80  0 56 89 68 60 87 60 88 61 83 58 94

 69 84 56  0 74 66 81 89 51 53 94 75 55 75

 86 96 89 74  0 58 64 79 58 97 62 89 50 70

 52 95 68 66 58  0 90 53 69 94 82 90 94 98

 56 54 60 81 64 90  0 62 87 50 71 76 61 81

 74 57 87 89 79 53 62  0 72 78 71 73 59 86

 69 62 60 51 58 69 87 72  0 67 50 94 74 82

 97 64 88 53 97 94 50 78 67  0 74 62 69 96

 52 91 61 94 62 82 71 71 50 74  0 78 50 80

 57 98 83 75 89 90 76 73 94 62 78  0 87 71

 63 88 58 55 50 94 61 59 74 69 50 87  0 83

 66 54 94 75 70 98 81 86 82 96 80 71 83  0
