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Abstract. This paper address a new routing problem generation algorithm for
travelling salesman problem, delivery or vehicle scheduling attending to their
constraints, where usually incompatible solutions are discarded or a
punishment factor is applied, with waste computer processing.

I ntroduction

Delivery problem is an optimisgion problem of assgning a route for a vehicle
between some nodes.

The scheduling problem searches for solutions with minima distance or time between
fixed nodes for ddivery attending some condraints. each node must be vidted only
and at least once. This congtraint limits the acceptable solution space.

The generation of solutions must ded with impossble solutions, like vist a demand
point more than one time and don't vidgt others points Usudly this solution after
consstency is discarded, or a punishment factor is applied to the solution.

This paper proposes a new method where the sequence vector contains rea numbers
between O and 1, coding different nodes Genetic Algorithm with a fixed gze
chromosome is used for search an optima solution for a delivery problem with 10
nodes with is compared with Boltzmann Machine solution [1].

Genetic algorithms.

Genetic dgorithms (GA) mimics the evolution and improvement of life
through reproduction, when each individud contributes with its own genetic
information building a new one with fitness to the environment and more surviving
chances. These are the bases of genetic adgorithms and programming ([2], [3] and
[4]). Specidized Makov Chans underline the theoretical bases of this agorithm
change of states and searching procedures.

Each ‘individua’ of the generation represents a feasble solution to the
problem, coding digtinct agorithms/parameters that should be evauated by a fitness
function.

GA operaiors are mutation (the change of a random pogtion of the
chromosome) and crossover (the change of dices of chromosome between parents).

The best individuds ae continuoudy being sdected, and crossover and
mutation teke place. Following few generations, the population converges to the
solution that better attend the performance function.

Genetic dgorithm concepts and implementation are structured in Fig.1.



2002 IFORS Triennia Conference — Edinburghy Scotland July 8-12,2002.

| Populationinitialization |

Step 1 : Parent selection.

First population Objective value z=f(x,y)
1100110110101000 3481746
0101010110110101 3.668023
=> 1000010100110110 6.261380
=> 1101011111001100 12.864222
Step 2: Crossover
11010 11111001100 | - \ 11010 10100110110
10000 10100110110 | - / 10000 11111001100

Step 3: Mutation

| 1101010100110110 | | 1000011111001100
| 1111010100100110 | | 1000011111001100
z=804 z=6.092

Step 4: Reinsertion

second population Objective value z=f(x,y)
=> 1111010100100110 8.044
=> 1000011111001100 6.092
1000010100110110 6.261380
1101011111001100 12.864222

Step 5: If the result doesn’t converge, go to step 1.

Initizlisation Best Individual

Evaluation Parents4| Convergence? |7 Selection

Generation

Replacement hluttation CrossOver

Fig. 1 General overview of genetic algorithms.

GA centre point condsts in code problem variables in the right way and use its
vaues to evauate the fitness of each individud.

Coding theroute using real numbers.

The chromosome could code the route sequence of nodes as a string varying between
[0.0,1.0]. For example, for a5 nodes route, let the chromosome vaue:

| 0.3 | 0.7 | 0.2 | 0.5 | 0.8

where each va ue represent the node sequence to be delivered.
Let “opcrot” avector of possible nodes:
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0 | 1 | 2 | 3 | 4 |

To obtan the relaion between the chromosome vector (termed “rota’) and the
possible nodes, |ets obtain the node pointer to “opcrot” vector:

(max value- min value) _ number of nodes b poirt er = value* number of nodes
(max value- min val ue)

value poirt er

Lets define the range for each vaue between [0.0,1.0], with means max vaue-min
vaue=10. Then the pointer that relate the “opcrot” vector to each vaue of
chromosomeis:

point er =value* number of nodes

Initidly, number of nodes vaue 5, the fird chromosome dement vaue is 0.3, and
pointer=5*0.3=1.5.

To use it as a pointer, take the integer part (1) and catch the vaue in “opcrot” as the
fird dedination. Digplace dl poderior vaues left to remove the dready sdected
element, and subtract 1 from number of nodes.

After that, “opcrot” contain:

Q | 2 | 3 | 4 |

Number of nodes=4;

The second vaue of the chromosome (0.7) results in pointer= 2.8 with select dement
3 as second dedtination. For chromosome value 0.2 pointer=0.6 and selects 0, for 0.5
pointer=1 and selects 4, and findly sdect 2.

Theroute generated is: 1; 3; 0; 4; 2.

The C code for this routine and total distance evaludion is.

int rota] NumNos],opcrot NumNos],ptr,i,j,contnos;
float distot;

contnos=NumNos;

for(i=0;i<NumNos;i++){
rota[i]=0;
opcrot[i]=i;

}

for(i=0;i<NumNos;i++) {
ptr=varchr[i]* contnos;
rota]i]=opcrot[ptr];
for(j=ptr+1;j<NumNos;j++)

opcrot[j-1]=opcrot[j];

contnos--;

}

distot=0.0;

for(i=1,i<NumNos;i++)
distot+=Distance[rota[i-1]][rota[i]];

where Distance is a matrix with distance between two nodes.
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The Boltzmann Machine.

The Boltzmann machine is a sochegtic verson of the Hopfiedd modd, whose network
dynamics incorporate a random component in correspondence with a given finite
temperature. Starting with a high temperature and gradudly cooling down, alowing
the network to reach equilibrium a any step, chances are good, that the network will
sdtle in a globd minimum of the corresponding energy function. This process is
cdled dmulated aneding. The network is then used to solve a wdl-known
optimistion problem: The weght matrix is chosen such that the globa minimum of
the energy function corresponds to a solution of a particular ingance of the travelling

sdlesman problem.

Experimental comparison.

Lets suppose a net with 10 nodes, and the distances as show in table 1.

both approaches are in table 2.

The results for

Tab 1. Distances between two nodes (bold for minimal values).

0 1 2 3

7T

5 [§) 7 8 9

0000000 | 0618034 | L175571 | 1618034

1902113

2.000000 [ 1.902113 | 1.618034 | 1.1/5571 | 0.618034

0.618034 | 0.000000 | 0618034 | I.I/9571

1618034

1902113 | Z2.000000 [ 1.90Z2113 | 1.618034 | 1.I1/5571

LI/R571 1 0618034 | U-000000 | 0.618034

1175571

1618034 | 1.902113 [ 2.000000 | 1.90Z2113 | 1.618034

TBI8034 | LI75571 | 0.618034 | 0-000000

0.618034

11755711 1618034 | 1.902115 | Z2.000000 | 1.902113

TI02113 | LBI8034 [ LI75571 | 0.618034

0.000000

0.618034 | LI75571 [ 1618034 | 190213 | Z000000

2.000000 [ 1.902113 | 1.618034 | 1.1/5571

0.618034

0.000000 | 0618032 | LL75571 | 1618034 | 1TI0ZII3

1902113 [ 2.000000 [ 1.90211s | 1.618034

1175571

0.618034 | 0.000000 [ 0.618034 [ 1.1/5571 | 1618034

1.618034 | 1.902113 [ 2.000000 | 1.90Z2113

1.618034

L1/5571 1 1618034 | 1.902115 | 2.000000

1.902113

11755711 0.618034 | 0-000000 | 0618034 | 1.17/9571
1618034 | 11/5571 | 0618034 | 0.000000 | 0.618034

gog~yaolNWgNHJ

0.618034 | L175571 | 1618034 | 1902113

2.000000

TI0Z1T3 | 1618034 [ LI75571 | 0.618034 | 0-000000

Table 2. Comparative results.
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Fig. 2 Fitness evolution for genetic algorithm.

Fig. 3 Boltzmann Machine temperature.

Boltzmann Machine didn't find the optima vdue like GA with route coding

proposed.
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Conclusion.

The introduction of a pointer function mapping the remainder nodes produce a
peformance improvement in genetic dgorithm, with ded with condraints of
scheduling problem.

The dgorithm should be gpplied in dl scheduling problem class like vehicle
scheduling, ddivery, travelling sdlesman problem, etc with adequate customisation.
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