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DEVELOPMENT OF AN ALGORITHM FOR SOLVING AN ASYMMETRIC
ROUTING PROBLEM BASED ON THE ANT COLONY METHOD

Abstract. One of the major problems of transport logistics is planning optimal delivery routes.
Solving this problem leads to combinatorial optimizations that require complex computations. The
present research considers an asymmetric problem of transport routing with a limitation of the
carrying capacity of transport facilities, the duration of the route and a heterogeneous transport
facilities fleet. An algorithm for solving the routing problem based on the ant colony method is
proposed. The web application that has been developed implements the proposed algorithm for
solving this problem. The obtained optimal routes were compared with the results of route
building by other cartographic services. The proposed algorithm showed the best result.
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INTRODUCTION

Transport logistics, both for individual enterprises and for the country as a whole,

plays an important part in the modern world. For enterprises or organizations

engaged in the delivery or transportation of goods or cargo the correct

organization of transportation processes affects not only the reduction of their

shipment costs, but also an increase in the flow of customers due to the timely

provided services. Therefore, optimization of transport logistics processes is and

remains an urgent issue. One of the main transport logistics problems is the

planning of optimal delivery routes. Its resolving leads to the need of investigating

such a current in the field of combinatorial optimization as the Vehicle Routing

Problem (VRP). VRP tasks, as a rule, are aimed at minimizing the distance, cost

or time associated with transportation by means of finding the optimal order of

customer visits for transportation facilities (TF). Due to the practical significance

and at the same time significant complexity of these tasks, they attract special

attention of researchers.
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The classical formulation and algorithmic approach to solving a practical

problem, the purpose of which was to build a route for the supply of gasoline from the

main pipeline station to a large number of service terminals, was proposed in the

paper [1]. Paper [2] describes the use of several TFs in the formulation of the

problem; it also proposed a more efficient heuristic solution method based on

a greedy algorithm. Currently there are many varieties of routing problems and

formulation options that differ mainly in the various constraints imposed on the

resulting solution. However, in many cases such models do not allow to

simultaneously take into account multiple factors affecting the routing process.

According to a new trend, research in this field seeks to describe multifactorial

real-life situations, which leads to more complex and generalized variants of the

transport routing problem.

To date, metaheuristics are actively used optimization methods in various fields,

such as science, commerce and engineering [3–5] etc. The meta-heuristics of swarm

intelligence have been subject to increased interest from researchers recently. In

particular, papers [6, 7] deal with the possibilities of using swarm intelligence

algorithms, namely the ant algorithm and the bee swarm algorithm for analysing data.

Paper [8] proposes methods for solving the problem of TF routing using a mobile

genetic algorithm, while investigations [9, 10] a combined method based on the

ant algorithm is presented. It is worth noting the development and effective use of ant

algorithms and combinatorial optimization for constructing routes not only for above

ground vehicles, but for unmanned flying vehicles as well [11]. This paper proposes

an algorithm based on the ant colony method for solving the complex problem of

transport routing [12].

PROBLEM STATEMENT AND MATHEMATICAL MODEL

The statement of the problem proposed in this paper will allow taking into

account additional conditions that may be quite significant in practice and may

affect the quality of the resulting solution when searching for rational routes for

a heterogeneous TF fleet. It considers the asymmetric problem of transport routing,

which allows simultaneously taking into account such limitations as data

asymmetry, TF load capacity, maximum route duration and heterogeneous TF

fleet. Under current conditions, it is likely for companies concerned with

transportation to have a large transport fleet with different classes of transport. In

this connection, logistics operations in such companies require taking into account

the characteristics of a particular transport facility. Although ignoring the

differences in the characteristics of transport facilities would simplify the search

for solutions by existing methods, this would not nevertheless correspond to real

conditions. Therefore, in the proposed formulation, the problem must be solved

taking into account the heterogeneity of the transport fleet, namely, different load

capacities, while there is a fixed number of TFs of each type.

The assumption that the paths between points will be identical regardless of the

direction of movement contradicts real conditions. In addition, the data provided by

most of the common software tools allowing to automatically build routes between

points takes into account the chosen direction. Therefore, despite the complexity, it

would be advisable to consider an asymmetric problem, with the use of a directed

graph for modelling.

The mathematical model of this problem is based on models of already known

problems such as the asymmetric TF routing problem [13] and the routing problem of

TFs with limited load capacity [14]. Let’s given a complete directed graph
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G A E� ( , ), with a set of vertices A n� �{ }0 1, , , and a set of arcs E . The vertex a0 is

the depot, the other vertices of the graph correspond to the points of consumption. For

each customer, the demand value qi is set, and for each TF � its load capacity Q� is

set. Each arc is associated with the values of input parameters characterizing the TF

path: dij� is a distance between vertices ( , )i j for TF �; tij� is a travel time between

vertices ( , )i j for TF � .

When choosing the parameters dij� and tij� , which characterize roads, real

information about the path between two points provided by various software tools for

routing is taken into account. It is assumed that information about roads is defined for

different types of TFs, so an additional index corresponding to a specific TF type is

used in the designation. If the TF fleet were homogeneous, then the input parameters

and variables would be assumed to be the same for all � . The problem is solved using

a set of logical variables x Xij� � , which correspond to the graph arcs, so that:
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If the total number of TFs is denoted by m , the number of delivery points

(customers) by n , the amount of cargo delivered from the TF depot � to the ith

customer by yi� , and the maximum allowable duration of routes by T , then we present

the asymmetric routing problem with a limited load capacity, the duration of the route
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Here, formula (2) reflects the condition that each point will be visited strictly

only once, condition (3) means that for each vertex the number of incoming arcs
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should be equal to the number of the outgoing ones. Inequation (4) shows that servicing

customer i by TF � is possible provided that the latter passes through i, condition (5)

guarantees satisfaction of each customer’s demand, and formula (6) reflects that the

amount of cargo delivered from the TF � depot to the ith customer does not exceed the

TF load capacity. Constraints (7) shows that the total duration of the route for one TF

should not exceed the specified value T . Condition (8) reflects the asymmetry of the

distance matrix, and condition (9) reflects the asymmetry of the time matrix.

THE PROBLEM SOLVING ALGORITHM

The very core of the ant algorithm, also called the optimization algorithm by imitation

of an ant colony, is the analysis and application of the described behaviour model of

an ant colony to solve various kinds of problems of finding routes on graphs.

For this, ant colony optimization algorithms use a task model graph, which

defines them as a class of model-oriented algorithms [15]. In this paper, it is proposed

to use the ant colony algorithm based on the Q-learning method [16, 17].

As a result of a detail study of the presented ideas for the implementation of the

limitations and features of the asymmetric VRP presented in this work with

restrictions on carrying capacity, route length and with a heterogeneous fleet of

vehicles, an algorithm for its solution was developed and in the form of a block

diagram presented on Fig. 1.

The transition of each ant from point i to point j takes place depending on the

so-called ant memory, visibility and the virtual pheromone trace. The ant’s memory is

a list of centres visited by an ant, which cannot be visited again.

Thanks to this list, the possibility of an ant visiting the same centres twice is

excluded. Of course, in the process of drawing up the route this list is updated, and

at the beginning of the iteration it is reset to zero. Visibility means the inverse of

distance, which is a kind of local static information expressed by a heuristic desire

to head for point j from point i. Moreover, the closer the point is, the greater the

desire to visit it. Of course, all this is not enough to determine the optimal route. For

this purpose, the concept of a virtual pheromone trace on the edge ( , )i j is introduced,

which reflects the desire confirmed by the experience of the ant colony to head for

point j from point i. The difference between the pheromone trace and visibility is that

it represents more global and dynamic information that changes after each iteration

and reflects the experience of the ant colony. As a result, the probability of the kth ant

moving from point i to point j at a certain iteration is calculated by the formula:
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(12)

where � ij is the amount of virtual pheromone on the edge ( , )i j ; Dij is the distance

between points; Ji k, is the list of points for ant k , to visit; � and � are two

controllable parameters that determine the weight of the pheromone trace and

visibility when choosing a route. When the value of � , is zero, the nearest point

will be selected, which characterizes the greedy algorithm in the classical

optimization theory. At a zero value of � , only pheromone intensification works,

which leads to a rapid reduction of routes to one suboptimal solution. It is worth

noting that in formula (12) only the probability of choosing one or another point

is determined. The direct selection of a point is carried out according to the
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“roulette wheel” method: each point on it belongs to a certain sector with an area

proportional to the probability, which is calculated by the formula (12). In order

to select a point, you need to “throw the ball on the roulette wheel”, that is,

generate a random number, and determine the sector where this “ball” will stop.

Initially, all points have the same weight, and the primary value of the pheromone

matrix is calculated by the formula [18, 19]:

� ij
ijn D

0 1

1
�

� �( ) min
, (13)

where Dij is a distance between two points, n is the number of delivery points.

When the kth ant completes the route, it deposits a certain amount of pheromone

on the edge ( , )i j . If the edge ( , )i j is not included in the constructed route, then

there is no increase; otherwise if this edge is part of the kth ant’s route, then this
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Fig. 1. Block diagram of the algorithm
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value is determined by the formula:
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where Tk is the route built by ant k, Lk � 0, is the length of this route, Q is

a controllable parameter, the order of the set value of which, as a rule, is the same as

that of the length of the optimal route (hence the name of the Q-learning method).

In order to explore the entire space of solutions, it is necessary to ensure

pheromone evaporation, that is, a decrease in the amount of pheromone accumulated

as a result of previous iterations over time. We shall accept to calculate the

pheromone update value at iteration t �1 using the following formula [17, 18]:
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where � is the pheromone evaporation coefficient, which takes a value from 0 to 1,

� � ij is the pheromone increases on the edge ( , )i j .

A global pheromone update is performed according to formula (15). Let us note

that in scientific research it is proposed to update the pheromone after the completion

of the route by each kth ant [7]. Then the local update is calculated by the formula:

� � � � �ij ijt t( ) ( ) ( )� � 
 � �1 1 2 2 0 , (16)

where �2 is the parameter affecting local pheromone correction, �0 is a small

positive constant that characterizes the initial pheromone level on the edges,

depending on the length of the route:
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where n is the number of delivery points, Lk is the route length.
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T a b l e 1. Ways to implement the main limitations of the task

No. Limitation Description of the implementation method

1. Asymmetry

It is supposed to use asymmetric matrices of distances and

travel times between depots and delivery points, constructed

using data received by the Google Maps API. The ant colony

algorithm is also supposed to use a pheromone matrix

asymmetric to the main diagonal.

2. Limitation of TF load

capacity

When developing a route by an ant, it is supposed to ensure its

return to the depot when the maximum value of the TF load

capacity is reached.

3. Limiting the maximum

duration of routes

In the process of developing a route, along with the TF load

capacity, the duration of the route is checked, if it exceeds the

maximum value, the ant returns to the depot.

4. Fixed number of TF

types

When developing routes by ants, the availability of an available

TF is taken into account. If there are free TFs, then routes are

supposed to be distributed between them, gradually reducing the

search space and building a route for the next TF for a smaller

number of points.

5. Heterogeneity of the

TF fleet

There are TFs characterized by different load capacity. The ant

colony builds optimal routes for each TF, taking into account

the carrying capacity of each of them. At the same time,

if there is more than one TF with different load capacity, it is

assumed to take into account rational filling so that the TFs

are filled more evenly.



Thus, taking into account the considered characteristics of the ant colony

algorithm, it is necessary to develop an algorithm for solving an asymmetric transport

routing problem with limited load capacity, route duration and with a heterogeneous

TF fleet. Table 1 presents the main limitations of the task and ways of implementing

them using the ant colony algorithm.

PROGRAMMING IMPLEMENTATION OF THE ALGORITHM

In order to demonstrate the solution of the problem, a web application was

developed. In it we implemented the proposed solution algorithm based on the ant

colony method. The structure of the developed application is based on the MVC

(model-view-controller) data separation scheme.

It should be noted that MVC is an information systems development architecture,

which is most often used to develop web applications. The components of this

architecture characterize the work of different parts of the system being developed

and allow separating the user interface level from the business logic level [20].

The structure of the web application being developed can be represented in the form

of a diagram shown in Fig. 2.

The algorithm for finding the optimal route based on the ant colony method is

implemented in Python. The real distance and time data were obtained using the

Google Maps API, namely using the Distance Matrix service [21].

The tests with a change in the number of iterations were conducted to track how the

process of finding optimal routes takes place. It was established that with an increase in

the number of iterations up to 1000 there is an improvement in the solution, yet, the value

practically does not change further. Thus, optimal solutions can be found at iterations in

the range from 500 to 1000.

However, an increase in the number of iterations leads to an increase in the

running time of the algorithm. But it is worth noting that the operating time may also

vary depending on the speed of the Internet connection, as the Internet is necessary to

obtain data on the distances between delivery points.

However, this influence is not as noticeable as the influence of the number of

TFs with different load capacity and the influence of the number of delivery points.

The change in the operating time from the number of points for a different number of

TF types is shown in Fig. 3.

As is seen in Fig. 3, with a small number of delivery points, the operating time of

the algorithm does not change significantly with an increase in the number of TF

types, although a direct relationship can be traced. Still, a significant increase in time

is seen with an increase in the number of delivery points, which is quite expected

when solving NP-hard problems. Despite this, the solution for 25 points and 3
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different TF types was obtained in no more than 7 seconds, which suggests that the

algorithm still coped with the solution of the problem.

For the purpose of checking the optimality of route building, the results of the

developed algorithm were compared to the results of route building embedded in

well-known cartographic services.

With this aim in view, we took 10 random points, one of which is a depot (that is,

the route should start and end at this point), and built routes in Google Maps services

and in the developed web application. Figure 3 shows the result of the route building

with the developed algorithm.

As is clear from Fig. 4, the length of the constructed route is 28.9 km

(kilometres). The length of the route with the same points built in Google Maps

turned out to be 39.8 km. It is worth noting that the Google Maps service does not

provide an option to optimize the route, so it is necessary to manually specify
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Fig. 3. Dependence of the algorithm operation time on the number of delivery points and TFs
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the order for the points to be visited. Nevertheless, the length of the route built by the

developed algorithm is almost 11 km shorter. This allows us to conclude that in

practice the use of a route search algorithm for transportation planning can contribute

to the rapid compilation of shorter routes than if it were performed by a human using

Google Maps.

It is also specified that the algorithm proposed in this paper, based on the ant

colony method, showed the best result compared to, some other services, which

unlike Google Maps, have the opportunity to optimize the route.

CONCLUSIONS

The research conducted makes it possible to conclude that the problem of transport

routing, which takes into account such limitations as data asymmetry, TF load

capacity, TF maximum duration, and a diverse in terms of load capacity TF fleet,

can be solved by using the ant colony algorithm.

The developed algorithm allows building routes using the optimization of an ant

colony and taking into account the limitation of the TF carrying capacity and the

maximum duration of the route when building. And in order for routes to be built for

different TFs, there is a gradual decrease in the search space, due to the removal of

points of already built routes.

The choice of routes for a particular TF is carried out depending on its workload:

the route that contains more cargo is selected. This also contributes to a more rational

loading of transport, and a gradual decrease in the search space leads to a decrease in

the running time of the algorithm. The optimality of the built routes was compared to

the results of route building by other cartographic services, and the developed

algorithm showed the best result.

The experiments held with a different number of iterations made it possible to

determine that with an increase in the number of iterations, improvements in the

solution are observed. However, this also leads to an increase in the running time of

the application, which is especially noticeable when the number of different TF types

increases. However, despite this, for problems of small dimensions, the solution is

determined within an acceptable period of time.

Thus, further research can be aimed at optimizing the considered algorithm for

solving the problem in order to reduce its operating time with a large data set.
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Ñ.Æ. Ðàõìåòóë³íà, Ã. Æîìàðòêèçè, Þ.Â. Êðàê, À.À. Êàìºëîâà
ÐÎÇÐÎÁÊÀ ÀËÃÎÐÈÒÌÓ ÐÎÇÂ’ßÇÀÍÍß ÇÀÄÀ×² ÀÑÈÌÅÒÐÈ×ÍÎ¯ ÌÀÐØÐÓÒÈÇÀÖ²¯
ÍÀ ÎÑÍÎÂ² ÌÅÒÎÄÓ ÌÓÐÀØÈÍÎ¯ ÊÎËÎÍ²¯

Àíîòàö³ÿ. Îäí³ºþ ç ãîëîâíèõ ïðîáëåì òðàíñïîðòíî¿ ëîã³ñòèêè º ïëàíóâàííÿ îïòèìàëüíèõ

ìàðøðóò³â äîñòàâêè. Ï³ä ÷àñ ¿¿ ðîçâ’ÿçàííÿ âèíèêàº ïîòðåáà ó äîñë³äæåíí³ çàäà÷³ ìàðøðó-

òèçàö³¿ òðàíñïîðòó, ÿêà º çàäà÷åþ êîìá³íàòîðíî¿ îïòèì³çàö³¿. Ó ñòàòò³ çàïðîïîíîâàíî àëãî-

ðèòì ðîçâ’ÿçàííÿ çàäà÷³ ìàðøðóòèçàö³¿ íà îñíîâ³ ìåòîä³â îïòèì³çàö³¿. Ðîçãëÿíóòî àñèìåò-

ðè÷íó çàäà÷ó ìàðøðóòèçàö³¿ òðàíñïîðòó ç îáìåæåííÿì âàíòàæîï³äéîìíîñò³ òðàíñïîðòíîãî

çàñîáó, òðèâàëîñò³ ìàðøðóòó òà ð³çíîð³äíèì ïàðêîì òðàíñïîðòíèõ çàñîá³â. Ðîçðîáëåíî âåá-

çàñòîñóíîê, â ÿêîìó ðåàë³çîâàíî çàïðîïîíîâàíèé àëãîðèòì ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ íà îñíîâ³

ìåòîäó ìóðàøèíî¿ êîëîí³¿. Ïðîâåäåíî ïîð³âíÿëüí³é àíàë³ç îòðèìàíèõ îïòèìàëüíèõ ìàð-

øðóò³â òà ðåçóëüòàò³â ïîáóäîâè ìàðøðóò³â ç âèêîðèñòàííÿì ³íøèõ êàðòîãðàô³÷íèõ ñåðâ³ñ³â.

Ïîêàçàíî, ùî çàïðîïîíîâàíèé àëãîðèòì çàáåçïå÷èâ íàéêðàùèé ðåçóëüòàò.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ, àñèìåòðè÷í³ çàäà÷³ ìàðøðóòèçàö³¿, ãðàô ïîøóêó ìàðøðóòó,

âåáçàñòîñóíîê, ìåòîä ìóðàøèíî¿ êîëîí³¿.
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