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TSP examples

MIGUEL A. S. CASQUILHO
| ST, Universidade Técnica de Lishoa,
Ave. Rovisco Pais, IST; 1049-001 Lisboa, Portugal

Some examples of the travelling salesman problem mainly from Bronson [1982] are presented
and solved.

Key words: travelling salesman problem.

1. Fundamentals and scope

Some examples of the traveling salesman problem are presented and solved
by the technique of branch-and-bound applied to successive assignment problem
relaxations. This agorithm is suitable for didactica purposes. The MTZ [Miller
et al., 1960] formulation (also shown by Wagner [1972]) is a way to convert a TSP
into a Linear Programming problem, susceptible of resolution (not shown here)
through any available MILP (mixed integer Linear Programming) procedure (such as
Lindo).

The TSP is so complex that many agorithms have been developed during the
last half century and continue to appear, along with many others of heuristic type.

2. Examples of TSP

MTZ ([Miller et al., 1960])

-1 20 23 4 ¥ |20|123|4
30 -1 7 27 0|¥ |7 |27
25 5 -1 25 2505 [y [25
321 26 -1 3 21126 ¥_
z =55
() (1) Forbid 1-4 (2) Forbid 4-1 Impose 1-4
-1 20 23 4 -1 20 23 -1 -1 -1 -1 4

30 -1 7 27 30 -1 7 27 30 -1 7 -1
25 5 -1 25 25 5 -1 25 25 5 -1 -1

3 21 26 -1 3 21 26 -1 -1 21 26 -1
Saturated Incumbent (OPT after 2) Saturated
z=191-4-12-3-2 z=551-2-34-1 z=57 1-4-2-3-1

In this and the following examples, a TSP program is used to get the solution,
http://alfa.ist.utl.pt/~ncasquil/calcul/F-tsp.htn

and an AP program is used to calculate the successive relaxations [Casquilho, 2007],
http://alfa.ist.utl.pt/~ncasquil/cal cul/F-assign.htmn
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1
T _4 " 7
R S 1 3 4 2 7 |[[¥]|3]4]2]7
N 1 3-1 46 3 ||3]¥|4]6]3
Y y 4 4-1 5 8 ||4]4|¥]|5]|8
", 5 --;._,- . '\__I 2> 6 5 -1 6 Z 6|5 ¥ 6
S / et 7 3 8 6 -1 7131816 |¥
S I L B Z =191-32-541
.. :_ - g
Tal
(0) ()N 2-5 (2)N5-2Y 25
-1 3 4 2 7 -1 3 4 2 7 -1 3 4 2 -1
3-1 4 6 3 3-1 4 6 -1 -1 -1-1-1 3
4 4-1 5 8 4 4-1 5 8 4 4 -1 5 -1
2 6 5-1 6 2 6 5-1 6 2 6 5-1-1
7 3 8 6 -1 7 3 8 6 -1 7-1 8 6 -1
Saturated Incumbent (OPT after 3) Saturated
z2=171431,2-52 z=191-452-3-1 z2=19141,2532

(23)N521-4Y 25

Incumbent (OPT after 4)
z=1913254-1

24 N5241Y 2514

NP AR R

RO MNRBR
S N
U
UGN

Saturated
z=211-4-3-2-5-1

Bronson, 9.17 [Bronson, 1982, p 96 (Pr. 9.8, p 92)]

-1 35 80 105 165 ¥ 35| 80| 105 | 165
35 -1 45 20 80 3B |y [45] 20 80
80 45 -1 30 75 80 |45|¥ |0 |5
105 20 30 -1 60 1052030 ¥ |60
165 80 75 60 -1 165| 80| 75| 60 | ¥
z =2701-2-4-5-3-1
(0) ()N 1-2 (QN2-1,Y 1-2
-1 35 80 105 165 -1 -1 80 105 165 -1 3% -1 -1 -1
35 -1 45 20 80 35 -1 45 20 80 -1 -1 45 20 80
80 45 -1 30 75 80 45 -1 30 75 80 -1 -1 30 75
105 20 30 -1 60105 20 30 -1 60|105 -1 30 -1 60
165 80 75 60 -1|165 80 75 60 -1|165 -1 75 60 -1
Saturated Incumbent Incumbent (OPT also, after 1)
z=2351-2-1, 3-4-5-3 z=2701-3-54-2-1 2=2701-2-4-5-31
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Bronson, 9.18 [Bronson, 1982, p 96]

-1 1 8 3 4 y|1]|8[|3]4
1 -1 8 2 3 1]¥|8]2]3
1 3 -1 5 1 1j31¥1511
I
> 3 7 6 - 7 =14143521
(0) (1N35 (2 N53,Y 35
-1 1 8 3 4|-1 1 8 3 4|-1 1 8 3 -1
1 -1 8 2 3 1 -1 8 2 3 1 -1 8 2 -1
1 3 -1 5 1 i1 3 -1 5 -1 |-1 -1 -1 -1 1
2 5 6 -1 5 2 5 6 -1 5 2 5 6 -1 -1
5 3 7 6 -1 5 3 7 6 -1 5 3 -1 6 -1
Saturated Incumbent Incumbent (OPT after 1)
z=131-2-41,3-53 z=16 1-2-4-5-3-1 z=141-4-3-5-2-1
Ramires & Soares [Ramireset al., 2005]
-1 21110 8 7 6 5 ¥ |2 |11|/10|/8 |7 |6 |5
6-1 1 8 8 4 6 7 6 (¥ |1 ]88 |46 |7
512 -1 11 8 12 3 11 5 |12y |18 [12][3 |11
11 910 -1 1 9 8 10 11[9 |10y |1 |9 |8 [10
11 11 9 4 -1 2 10 9 11|11{9 [4 |¥ |2 |10]9
12 8 5 211 -111 9 28 |5 |2 |1L]|¥% [11]9
7101010 6 3 1-1 ojnfplole 2]y [3
- 7 |10|10|10]6 [3 |1 |¥

Z =26 1-2-3-7-86-4-51
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z=171-2-3-1, 4-5-6-4, 7-8-7
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(H)N7-8 (29N 8-7,Y 7-8
-1 21110 8 7 6 5 -1 21110 8 7 6 -1
6 -1 1 8 8 4 6 7 6 -1 1 8 8 4 6 -1
512 -1 11 8 12 3 11 512 -1 11 8 12 3 -1
11 910 -1 1 9 8 10 11 910-1 1 9 8 -1
11 11 9 4 -1 2 10 9 11 11 9 4 -1 2 10 -1
12 8 5 2 11 -1 11 9 12 8 5 2 11 -1 11 -1
10 11 12 10 9 12 -1 -1 -1 -1-1-1-1-1-1 3
710 10 10 6 3 1 -1 7 10 10 10 6 3 -1 -1
Saturated after 5 Saturated
z=281-8-7-2-3-1, 4-5-6-4 z=211-2-3-7-8-1, 4-5-6-4
(2-3) N 8-74-5,Y 7-8 (2-4) N 8-75-4,Y 7-8,4-5
-1 21110 8 7 6 -1 -1 21110 -1 7 6 -1
6 -1 1 8 8 4 6 -1 6 -1 1 8-1 4 6 -1
512 -1 11 8 12 3 -1 512 -1 11 -1 12 3 -1
11 910 -1 -1 9 8 -1 -1-1-1-1 1-1-1-1
11112 9 4 -1 2 10 -1 11112 9 -1 -1 2 10 -1
12 8 5 2 11 -1 11 -1 12 8 5 2 -1 -1 11 -1
-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
7 10 10 10 6 3 -1 -1 7 10 10 10 -1 3 -1 -1
Saturated after 5 Saturated
z=291-2-3-1, 4-7-8-5-6-4 z=211-2-3-7-8-1, 4-5-6-4
(4-5) N 8-75-45-6,Y 7-84-5 (4-6) N8-75-46-5Y 7-84-55-6
-1 21110 -1 7 6 -1 -1 211 10 -1 -1 6 -1
6 -1 1 8-1 4 6 -1 6 -1 1 8-1-1 6 -1
512 -1 11 -1 12 3 -1 512 -1 11 -1 -1 3 -1
-1-1-1-1 1-1-1-1 -1-1-1-1 1-1-1-1
11 11 9 -1 -1 -1 10 -1 -1-1-1-1-1 2 -1-1
12 8 5 2 -1 -1 11 -1 12 8 5 2 -1 -1 11 -1
-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
7 10 10 10 -1 3 -1 -1 7 10 10 10 -1 -1 -1 -1
Incumbent, OPT after 14 Saturated

z=261-2-3-7-8-6-4-5-1

z=211-2-3-7-81,4-56-4

(6-7)N8-7546-56-4Y 7-84-55-6

(6-8)N8-75-46-54-6Y 7-84-55-6 6-4

-1 211 10 -1 -1 6 -1 -1 211 -1 -1 -1 6 -1
6 -1 1 8-1-1 6 -1 6 -1 1-1-1-1 6 -1
512 -1 11 -1 -1 3 -1 512 -1 -1 -1 -1 3 -1

-1 -1-1-1 1-1-1-1 -1 -1-1-1 1-1-1-1

-1 -1-1-1-1 2 -1-1 -1-1-1-1-1 2 -1-1

12 8 5 -1 -1 -1 11 -1 -1-1-1 2 -1-1-1-1

-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
7 10 10 10 -1 -1 -1 -1 710 10 -1 -1 -1 -1 -1

Saturated (by 5) Saturated
7=311-2-4-5-6-3-7-8-1 z=211-2-3-7-8-1, 4-5-6-4
(89 N875-46-54-61-2 (8-10) N 8-75-4 6-5 4-6 2-1
Y 7-84-55-6 6-4 Y 7-84-55-66-41-2

-1 -111 -1 -1 -1 6 -1 -1 2-1-1-1-1-1-1
6 -1 1-1-1-1 6 -1 -1 -1 1-1-1-1 6 -1
512 -1 -1 -1 -1 3 -1 5-1-1-1-1-1 3 -1

-1 -1-1-1 1-1-1-1 -1 -1-1-1 1-1-1-1

-1 -1-1-1-1 2 -1-1 -1 -1-1-1-1 2 -1-1

-1 -1-1 2 -1-1-1-1 -1-1-1 2 -1-1-1-1

-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
710 10 -1 -1 -1 -1 -1 7-110 -1 -1 -1 -1 -1

Saturated (by 5)
z =30 (2 cycles)

z=211-2-3-7-8-14-5-6-4




TSP examples

(10-11) N 8-75-46-54-6 2-1 2-3 (10-12) N 8-75-46-54-6 2-1 3-2
Y 7-84-55-66-4 1-2 Y 7-84-55-66-41-2 2-3
-1 2 -1-1-1-1-1-1 -1 2 -1-1-1-1-1-1
-1 -1-1-1-1-1 6 -1 -1-1 1-1-1-1-1-1
5-1-1-1-1-1 3 -1 5-1-1-1-1-1 3 -1
-1-1-1-1 1-1-1-1 -1-1-1-1 1-1-1-1
-1-1-1-1-1 2-1-1 -1-1-1-1-1 2-1-1
-1-1-1 2-1-1-1-1 -1-1-1 2-1-1-1-1
-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
7-110 -1 -1 -1 -1 -1 7-1-1-1-1-1-1-1
Saturated (by 5) Saturated
z=31(2cycles) z=211-2-3-7-8-1 4-5-6-4
(12-13) N 8-75-46-54-6 2-1 2-33-7 (12-14) N 8-75-46-54-6 2-13-27-3
Y 7-84-55-66-41-2 Y 7-84-55-6 6-41-2 2-33-7
-1 2 -1-1-1-1-1-1 -1 2-1-1-1-1-1-1
-1 -1-1-1-1-1 6 -1 -1 -1 1-1-1-1-1-1
5-1-1-1-1-1-1-1 5-1-1-1-1-1 3 -1
-1-1-1-1 1-1-1-1 -1-1-1-1 1-1-1-1
-1-1-1-1-1 2 -1-1 -1-1-1-1-1 2 -1-1
-1-1-1 2 -1-1-1-1 -1-1-1 2 -1-1-1-1
-1 -1-1-1-1-1-1 3 -1 -1-1-1-1-1-1 3
7-110 -1 -1 -1 -1 -1 7-1-1-1-1-1-1-1
Saturated Saturated
z=31(2cycles) z=211-2-3-7-8-14-5-6-4
(14-15) N 8-75-46-54-62-13-27-38-1 (12-14) N 8-75-46-54-62-13-27-31-8
Y 7-84-55-6 6-4 1-22-33-7 Y 7-84-55-66-41-22-33-78-1
-1 2-1-1-1-1-1-1 -1 2-1-1-1-1-1-1
-1-1 1-1-1-1-1-1 -1-1 1-1-1-1-1-1
5-1-1-1-1-1 3 -1 5-1-1-1-1-1 3 -1
-1-1-1-1 1-1-1-1 -1-1-1-1 1-1-1-1
-1-1-1-1-1 2 -1-1 -1-1-1-1-1 2 -1-1
-1-1-1 2-1-1-1-1 -1-1-1 2-1-1-1-1
-1 -1-1-1-1-1-1-1 -1 -1-1-1-1-1-1 3
-1 -1-1-1-1-1-1-1 7-1-1-1-1-1-1-1
Saturated (infeasible) Saturated (no further nodes feasible)
z=¥ z=211-2-3-7-8-14-5-6-4
3. Epilogue

Some examples of TSP were presented by B& B applied to successive AP
relaxations. Comments were made to other methods.
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