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Abstract

In this article, the method of designating the tasks in the municipal services companies was described.
Presented method consists of three phase: the preparatory phase, the optimization phase and the generated tasks
phase. Each phase was characterized. In this paper, the mathematical model of this problem was presented. The
function of criterion and the condition on designating the tasks were defined. The minimum route described in the
optimization phase was designated by the genetic algorithm. In this paper, the stages of constructing of the genetic
algorithm were presented. A structure of the data processed by the algorithm, a function of adaptation, a selection
of chromosomes, a crossover, a mutation and an inversion were characterized. A structure of the data was
presented as string of natural numbers. In selection process, the roulette method was used and in the crossover,
process the operator PMX was presented. The method was verified in programming language C #. The process of
verification was divided into two stages. In the first stage, the best parameters of the genetics algorithm were
designated. In the second stage, the algorithm was started with these parameters and the result was compared with
the random search algorithm. The random search algorithm generates 2000 routes and the best result is compared
with the genetic algorithm. The influence of the inversion, the mutation and the crossover on quality of the results
was examined.
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1. Introduction

The main task of the municipal services companies is the waste collection from the region. The
issue of the waste collection is a complex decision problem, which relates to the traveling
salesman problem [11]. One of the main problems in the municipal services companies is the
vehicle routing [2]. This issue is difficult to solve because of many points of the waste collection,
the limit of working time of a driver, the limit of driving time of a driver, the limit of time of tasks
realization.

The method of designating the route of vehicles proposed by authors of this publication
consists of two stages. The first stage relies on designating the tasks in companies; the second
stage relies on allocating vehicles to these tasks. The stage of designating the tasks relies on
indicating the point of beginning of the task and the point of ending of the task. The point of
ending we can define as the point where the vehicle leaves the route and goes to the dumping
ground. These points start and end the route of the waste collection realized by vehicles.
Complexity of this stage relies on that each point of loading is located in the different place. The
task is designated when we know the route of the vehicles, which collect the waste, the point of
beginning of the route, the points of the route and the point of ending of the route. The stage of
allocation is also a complex stage, which is realized after ending the first stage.

2. The method of designating the tasks in the municipal services companies

The presented method consists of three phases: the preparatory phase, the optimization phase
and the generated tasks phase.
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In the first phase, all data are introduced to the method in order to its implementation e.g. the
number of points of loading, the volume of waste in the point of loading, payload of the vehicle.
The main task of this phase is to determine so — called: collective points of loading. Collective
points of loading (on the Fig. 1) we create by allocating individual points of loading to such
sections of the road where the vehicles on these sections cannot change their route. The volume of
this point cannot exceed payload of the vehicle.

The main task of the second phase is to designate the minimum route consisting of all
collective points of loading. Designating this route is a complex optimization problem, a decision
variable appears when the vehicle commutes to the junction and then the length of the entire route
depends on the decision of the driver.

The main task of the third phase is to divide the minimum route into the segments, which are
interpreted as the tasks. The beginning of the segment is defined as the point where the vehicle
starts the waste collection, the ending of the segment is defined as the point where the vehicle
leaves the route and goes to the dumping ground. The division of the minimum route depends on
payload of the vehicle, which realizes this route. The minimum route was designated be means of
the genetic algorithm.
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Fig. 1. Collective points of loading in the area of the waste collection

The vehicle visits collective points of loading and collects the waste and when payload of the
vehicle is exceeded, the vehicle leaves the route. The nature of functioning of the municipal services
companies makes, that we cannot designate clearly and permanently number of tasks for
implementation. This number is variable and it depends on payload of the vehicle, which was used to
designate tasks. The vehicles in the companies have different payload and the minimum route can be
divided into the different number of segments according to payload of the vehicles, which were used to
designate this tasks. At first, the minimum route is divided by the vehicles of maximum payload and
thereby we have a larger number of collective points of loading realized by the vehicles and a smaller
number of designated tasks. Such designated tasks can be realized only by vehicles of maximum
payload. In the case where the number of vehicles is too small to realize these tasks, the stage of
designating the tasks must be repeated again. For the remaining collective points of loading, we
designate the minimum route again and we divide this route using the vehicle of smaller payload. The
stage of designating the tasks we repeat until the moment of realization all collective points of loading.

3. The mathematical model of designating the tasks

The task of the vehicle is to visit all collective points of loading where the order of visits
influences the length of the route. In order to determine the mathematical model the following
variables were used [8]:
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w” — the set of collective points of loading, W7 = {1,...,i, j,...W’},

D =[d(i,j)] - the matrix of the distance between i — this collective point loading and
J — this collective point of loading, where i # ,

XT = [xt(i, j)] — binary matrix of a decision variable defining the road between i — this collective
point of loading and j — this collective point of loading, where i #J.

The function of criterion minimizes the total length of the route and takes the form:

F(XT)= Y > xt(i, j)-d(i, j) = min. (1)

iew? jew?

After determining the minimum route, we can go to determine the tasks through designating
the points where the vehicle leaves the route. These points will divide the route into small
segments, which are interpreted as the tasks. The vehicle goes to the dumping ground when it is
not able to load another collective point of loading on the route; the loading is limited by payload
of the vehicle. Let us assume that p(n)—payload »— of this vehicle, where n e N, N —the set of

vehicles, pz(k)—the volume of waste in the X — this collective point of loading, where k € K, K —

the set of collective points of loading.
We can write down the condition on designating the tasks:

VneN,
> > xt(, j)- pz(k) < p(n). 2)

iew? jew? kekK
4. The algorithm of designating the minimum route

The minimum route was designated by the genetic algorithm. Genetic algorithms are
algorithms which activity is based on the mechanisms of natural selection and heredity. They are
used as a functional and practical optimization tool [3, 4, 7, 9]. Methods of this type give a near-
optimum solution, can find the optimal solution but often confine themselves to the optimal
solution in the local area of search. Despite this inconvenience, genetic algorithms are successfully
used in optimization problems. The genetic algorithm consists of the following steps:

— Step 1 — The determining of a structure of the data processed by the algorithm,

— Step 2 — The determining of a function of adaptation,

— Step 3 — The selection of chromosomes dependent on the function of adaptation,

— Step 4 — The crossover of chromosomes selected randomly out of the pool of parent,
— Step 5 — The mutation of chromosomes,

— Step 6 — The inversion.

The steps from three to six of the genetic algorithm are repeated until the stop condition is
achieved. The stop condition in this algorithm is a predetermined number of generations (iterations).

The basic structure of the input data for the classical genetic algorithm is a zero—one sequence.
In this problem, the chromosome is represented by the string of natural numbers. Such structure of
the input data successfully works out in similar issues where the use of zero—one strings
significantly hinders the operation of the genetic algorithm, e.g. in the traveling salesman problem
[5, 6, 10]. The genetic algorithm does not work directly on the decision variables of the function of
criterion but on the encoded forms of these variables. In order to encode the variables of the
function of criterion in an appropriate structure and create the chromosome as a representative of the
admissible solution the problem of designating the minimum route must be defined as the
appointment of the suitable permutation of collective points of loading so that their location would
generate the minimum value of the function of criterion, which in our case it is the minimum length
of the route. The task of the genetic algorithm is to find the best set of collective points of loading by
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optimizing function of adaptation. The structure of data suitable for processing by the genetic
algorithm can be defined as a string consisting of & collective point of loading. The total length of
the chromosome is k& genes. Each chromosome is a representative of the transport route (Fig. 2).

Fig. 2. The Structure of the chromosome in the genetic algorithm

The genetic algorithm works on the encoded forms of the decision variables. In order to designate
the value of the /— this chromosome the function of adaptation F, was determined and it takes the

form:

F, =Co — F(XT), (3)
where:
C,.. — the value larger than the value of chromosome. The maximum value of the function

to adaptation F is equal to the minimum value of the function of criterion,
F,(XT)~ the real value of the function of adaptation for [ — this chromosome, which is equal to

the function of criterion for each route.

The operation of reproduction (selection) consists of duplication of chromosomes depending
on the function of adaptation. The chromosomes with the higher function of adaptation are more
likely to introduce their own copy to the next generation. In selection process, the roulette method
was used based on the selection of a new population according to the probability distribution
defined on the values of the function of adaptation.

— The selection process consists of the following stages:

— the calculation of the function of adaptation for a single chromosome,
— the calculation of the total population of adaptation,

— the calculation of the probability of the selection / of the chromosome,
— the calculation of the distribution / of the chromosome.

Choosing the chromosome to the next generation consists of the random selection of the
number 7 from the range of [0, 1]. We choose / - the chromosome with the value of distribution
g, while the relationship ¢, , <r < g, 1is fulfilled.

In the crossover operation an operator, which works on the structure of the numeric strings,
was used, which is called PMX (partially matched crossover). The PMX [1], crossover is the
random selection of the two chromosomes in pairs, random selection of the two points of
crossover and exchange of genes shown by the series created from these points of crossover. In the
process of crossover, genes from one chromosome are assigned to genes from another. The

crossover occurs with probability p* . The PMX crossover is shown in Fig. 3.

b)
9

28 & = conmonms

Fig. 3. The PMX crossover a) the chromosomes used to the crossover b) a swap of genes c) the chromosomes after crossover

A mutation is the swap of place of two randomly selected tasks. The mutation occurs with
probability p” . The principle of the mutation is shown in Fig. 4.
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Fig. 4. The use of a mutation operator

The initial stage of inversion is a random selection of two points in the chromosome. These
points create the string, which needs to be reversed. The inversion occurs with probability p™ .The
principle of the inversion is shown in Fig. 5.

(2 = OB = GBDBEDEED

Fig. 5. The principle of the inversion
5. Verification of the method

The method was verified using programming language C #. Verification of the method takes
place in the phase of designating the minimum route and relies on comparing the result of the
genetic algorithm with the result of the random search algorithm. The random search algorithm
generates 2000 routes and the best result is compared with the genetic algorithm. The method was
verified for 92 collective points of loading. The area of the waste collection was presented in the
first section of this paper. The genetic algorithm was started 50 times so the result is the average of
all starts. The number of iterations is equal to 200, the population is 100. The parameters of the

algorithm take the values: p* =0,2;0,4;0,6;08;1, p” =0,01;0,03;0,05, p” = 0;0,4;0,6;0,8;1.
75 combinations of these parameters were checked and the best combination of parameters, where
the algorithm gave the best solution, was found. Combination of parameters was shown in Tab. 1.

Tab. 1. Combination of parameters in the genetic algorithm

Lp. pk’ pm pin Lp. pk pm pin Lp. pk pm pin
1 0.2 0.01 0 26 0.4 0.05 0 51 0.8 0.03 0
2 0.2 0.01 0.4 27 0.4 0.05 0.4 52 0.8 0.03 0.4
3 0.2 0.01 0.6 28 0.4 0.05 0.6 53 0.8 0.03 0.6
4 0.2 0.01 0.8 29 0.4 0.05 0.8 54 0.8 0.03 0.8
5 0.2 0.01 1 30 0.4 0.05 1 55 0.8 0.03 1
6 0.2 0.03 0 31 0.6 0.01 0 56 0.8 0.05 0
7 0.2 0.03 0.4 32 0.6 0.01 0.4 57 0.8 0.05 0.4
8 0.2 0.03 0.6 33 0.6 0.01 0.6 58 0.8 0.05 0.6
9 0.2 0.03 0.8 34 0.6 0.01 0.8 59 0.8 0.05 0.8
10 0.2 0.03 1 85 0.6 0.01 1 60 0.8 0.05 1
11 0.2 0.05 0 36 0.6 0.03 0 61 1 0.01
12 0.2 0.05 0.4 37 0.6 0.03 0.4 62 1 0.01 0.4
13 0.2 0.05 0.6 38 0.6 0.03 0.6 63 1 0.01 0.6
14 0.2 0.05 0.8 39 0.6 0.03 0.8 64 1 0.01 0.8
15 0.2 0.05 1 40 0.6 0.03 1 65 1 0.01 1
16 0.4 0.01 0 41 0.6 0,05 0 66 1 0.03 0
17 0.4 0.01 0.4 42 0.6 0.05 0.4 67 1 0.03 0.4
18 0.4 0.01 0.6 43 0.6 0.05 0.6 68 1 0.03 0.6
19 0.4 0.01 0.8 44 0.6 0.05 0.8 69 1 0.03 0.8

20 0.4 0.01 1 45 0.6 0.05 1 70 1 0.03 1

21 0.4 0.03 0 46 0.8 0.01 0 71 1 0.05 0

22 0.4 0.03 0.4 47 0.8 0.01 0.4 72 1 0.05 0.4

23 0.4 0.03 0.6 48 0.8 0.01 0.6 73 1 0.05 0.6

24 0.4 0.03 0.8 49 0.8 0.01 0.8 74 1 0.05 0.8

25 0.4 0.03 1 50 0.8 0.01 1 75 1 0.05 1
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Verification of the method consists of two stages. In the first stage, the best parameters of
algorithm are designated. In the second stage, the algorithm is started with these parameters and
the result is compared with the random search algorithm. In the first stage the influence of the
inversion, the crossover and the mutation on quality of the results are examined. The influence of
the inversion, the mutation and the crossover on quality of the results was shown in Fig. 6-8.
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Fig. 6. The influence of the inversion on quality of the results
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Fig. 7. The influence of the mutation on quality of the results
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Fig. 8. The influence of the crossover on quality of the results

The best result was designated for the parameters: p* =1, p” =0.03, p” =0. In the second

stage the algorithm was started with these parameters and the result was compared with the
random search algorithm. The result was shown in Fig. 9.

110



Use of Computer Assistance in Order to Designate the Tasks in the Municipal Services Companies

30000

25000 -

20000 - m genetic algorithm

15000 -
®random search

10000 - algorithm

average route [m]

5000 -

0 -

Fig. 9. Comparison of algorithms
6. Summary

Presented method of designating the tasks was verified in programming language C #. The
most important stage of this method is the stage of designating the minimum route, which consists
of collective points of loading. The length of the generated route influences the number of tasks;
therefore, verification of the method must be done in this stage. After analysing the results of the
genetic algorithm, we have come to conclusion that the inversion in each case does not improve
quality of the solution. The increase of the crossover improves the quality of the solution. For 200

iteration for p* =1 we cannot observe the convergence of the algorithm to a specified value, so

the number of iterations was increased to 400. Then the algorithm gave the best solution for all
parameters of the crossover. The mutation has a minimum influence on quality of the results. The
result is a combination of three parameters and it is very important to perform the stage of
designating these parameters.
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