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ABSTRACT

The article concerns the improvement of the ACO (Ant Colony Optimization) ant colony optimization algorithm for the formation
of routes of vehicles for the procurement of food raw materials on the territory of the community during emergencies. The purpose of the
study is to improve the algorithm for the formation of routes of vehicles for the procurement of food raw materials on the territory of the
community during emergencies. The proposed algorithm is based on the classical algorithm of ant colony optimization ACO and, unlike
it, takes into account real production conditions during emergencies. The task of the research is to create an algorithm for the formation
of effective routes of vehicles for the procurement of food raw materials in the territory of the community during emergencies, as well as
its comparison with the classic ACO algorithm for solving various problems of route formation. It was established that the use of the
classic algorithm for the optimization of ant colonies ACO, or its known modernizations, does not provide a high-quality solution to the
problem of forming routes of vehicles for harvesting food raw materials on the territory of the community during emergencies. This is
due to incomplete consideration of specific production conditions. The improved route formation algorithm involves 8 steps and is based
on the classic ACO algorithm. In contrast to it, it takes into account real production conditions (damaged sections of the roadway, the
presence of partial passage of vehicles, traffic jams caused by an emergency, etc.). The rule of the classic ACO algorithm regarding the
selection of the next point in the route using the probabilistic-proportional transition of the k-th ant from the i-th to the j-th node (farm
producing food raw materials) is proposed, replaced by one that takes into account the state of production conditions (road surface) be-
tween individual nodes. This ensures an increase in accuracy and a decrease in the duration of route formation, as well as an increase in
the quality of making appropriate management decisions. The obtained results regarding the comparison of the use of algorithms when
solving transport problems with a different number of vertices indicate that the proposed algorithm provides a deviation of the total path
in the route, which does not exceed 1%. The proposed algorithm reduces the decision-making time by up to 6% in the presence of up to
50 units of vertices, and by 12...15% in the presence of vertices from 51 to 100 units. The improved vehicle routing algorithm can be
used in decision-making support systems to plan the procurement of food raw materials on the territory of the community during emer-
gencies, which will increase their efficiency.
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INTRODUCTION emergencies. One of these tasks is the formation of
effective routes for the procurement of food raw ma-
terials in the territory of communities [2, 3], [4, 5].
In this case, the specific production washes of har-
vesting food raw materials on the territory of the
community during emergencies are decisive.

Many scientists have devoted their research to
solving the problem of routing the delivery of goods

Currently, emergencies are occurring in
Ukraine and the world [1]. They will disrupt rela-
tionships in food chains. At the same time, several
scientific and applied problems arise regarding ac-
tivities that ensure food security during

© Tryhuba A., Koval N., Ratushnyi A., Tryhuba I.,

Shevchuk V. 2023 in various production conditions. The ant algorithm

ACO, which in its classical form and its known
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improvements is used to form routes for the delivery
of various cargoes, deserves attention [6, 7], [8].
However, despite the advantages of this algorithm, it
does not take into account the peculiarities of the
production conditions of the procurement of food raw
materials on the territory of the community during
emergencies.

In particular, the road network during emergen-
cies may be partially damaged, leading to limited
vehicle movement, or completely unusable. Vehicles
have a limited capacity, which leads to the formation
of multiple routes for the collection of food raw ma-
terials in the territory of the community during emer-
gencies. This leads to the need to improve the algo-
rithm of forming routes for the procurement of food
raw materials on the territory of the community. Im-
provement of the Ant Colony Optimization (ACO)
algorithm will ensure the effective determination of
the collection of food raw materials on the territory of
the community during emergencies, as well as its use
in the relevant information system for making quality
management decisions.

LITERATURE ANALYSIS

A large number of scientific works have been
devoted to solving the problems of improving cargo
delivery processes thanks to the effective formation
of routes [9, 10], [11, 12], [13, 14]. Known ap-
proaches to solving the problem of discrete optimiza-
tion of transport processes in logistics systems under
various production conditions are mostly imperfect
and do not provide unambiguous solutions, as noted
in work [15]. Also, the existing methods of planning
transport processes do not provide an opportunity to
solve large-scale problems and take into account real
production conditions during the formation of routes
[15].

In article [16], a new algorithm is proposed,
which, in contrast to the existing ones, ensures the
implementation of discrete optimization of transport
processes, taking into account possible options for
the formation of vehicle routes based on the analysis
of the throughput of individual road sections. Ac-
cording to the author, this method makes it possible
to identify road sections with the best conditions for
cargo delivery. It eliminates the need to spend a lot of
time searching for irrational options for route for-
mation, that is, to reduce the duration of the neces-
sary calculations. However, the use of the method for
the formation of food procurement routes in the terri-
tory of communities during emergencies is limited.
This is because it is based on a linear algorithm that
involves solving a system of linear equations of a
given dimension.

The ant algorithm ACO, which is used to solve
logistic problems of discrete optimization, deserves
attention [17]. In its classical form, the ACO algo-
rithm provides a search for a rational route for the
movement of ant colonies for a given static graph. At
the same time, in the beginning, the agent-ants are
located at the junctions of the transport network
graph, which in the future simultaneously move on
separate branches of the graph. The use of the speci-
fied algorithm makes it possible to reduce the dura-
tion of calculations.

Scientific works [18, 19] are also known, the au-
thors of which adapt various characteristics for ant
agents. This allows for solving a wide range of discrete
optimization problems based on taking into account
many components of the production conditions of cargo
delivery. Conducted studies by scientists using ACO
algorithms testify to the expediency of its use for solv-
ing discrete optimization problems taking into account
many components of production conditions and solving
large-scale transport problems [18, 19].

However, the existing improvements of the
ACO algorithm are mostly intended for solving the
problems of forming rational routes under unchanged
production conditions and the transport network. At
the same time, the formation of routes for the pro-
curement of food raw materials in the territory of
communities, taking into account the variability and
state of the transport network during emergencies, is
quite relevant at the moment.

Scientific work [20] are also known, in which
their authors suggest using the ACO algorithm to
solve dynamic transport problems. In particular, in
[20] it is proposed to use the ACO algorithm for
planning transport processes taking into account dy-
namic emergencies.

All of the above indicates that there is a need to
improve the algorithm for the formation of routes for
the procurement of raw food materials on the territo-
ry of the community, which will take into account
changing production conditions. It is they who cause
restrictions on the movement of vehicles during
emergencies. It should also be taken into account that
during emergencies, the movement of vehicles is im-
possible on certain sections of roads.

FORMULATION OF THE PROBLEM

The formation of routes for the procurement of
food raw materials on the territory of the community
during emergencies requires the solution of one of
the well-known problems of vehicle routing the Col-
lection Route (CR), which belongs to combinatorial
optimization. At the same time, the specified task
belongs to the tasks of forming routes for the trans-
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portation of perishable products. At the same time,
the vehicle starts moving from the starting point
(food processing plant). They gradually visit the
farms of the producers of food raw materials located
in the territory of the community. After that, it re-
turns to the starting point (food processing plant).

Many algorithms are used to solve this problem,
but some researchers indicate that the ACO ant algo-
rithm is quite effective [6, 7], [8]. However, the use
of the ant algorithm in its classical form, or its known
improvements, to solve the problems of combinatori-
al optimization of cargo delivery routes were mainly
performed for stable conditions of both a given
transport network and a constant environment [7]. At
the same time, the transport network was presented in
the form of a separate graph, where the distance be-
tween the cargo delivery points, and accordingly, the
value of the edges was determined by the distance
between settlements and the conditions (vehicle type
and road condition, which determines the speed of
the vehicle) of cargo delivery were set unchanged.
This does not correspond to the conditions for har-
vesting food raw materials on the territory of the
community during emergencies, as the road network
may be partially damaged, which leads to the limited
movement of vehicles, or completely unusable. In
addition, a separate vehicle has a limited load, which
may be less than the volume of delivery of food raw
materials, which causes the formation of several
routes for the collection of food raw materials on the
territory of the community during emergencies. Tak-
ing into account the above-mentioned conditions for
the formation of routes for the procurement of food
raw materials on the community's territory, there is a
need to improve the algorithm for the formation of
routes for the procurement of food raw materials on
the territory the community.

THE PURPOSE AND THE OBJECTIVES
OF THE STUDY

The purpose of the work is to improve the algo-
rithm for the formation of routes of vehicles for har-
vesting food raw materials on the territory of the
community during emergencies, which is based on
the classic algorithm ACO and, unlike it, takes into
account real production conditions.

To achieve the goal, the following problems
must be solved:

— to improve the algorithm for the formation of
routes of vehicles for the procurement of food raw
materials on the territory of the community during
emergencies;

— perform a comparison of the proposed route
formation algorithm with the classic ACO algorithm
for solving various route formation problems.

RESEARCH METHODS

To achieve the tasks set in the article, we have
chosen appropriate methods. In particular, systematic
analysis and synthesis to assess the production condi-
tions of food raw materials procurement in the terri-
tory of the community during emergencies. The ant
algorithm ACO was also used [8], based on which
the improvement of the algorithm for the formation
of routes for the procurement of food raw materials
on the territory of the community was carried out,
taking into account real production conditions. To
assess the state of the conditions for harvesting food
raw materials, we chose the transport network of the
Zabolottsivka ~ United  Territorial ~ Community
(Zolochiv District, Lviv Region).

Based on the use of the Internet resource Google
Maps [21], a matrix of distances between farms pro-
ducing food raw materials and a matrix of vehicle
speeds on the transport network of a given communi-
ty was formed.

Correlation-regression analysis methods were
used to compare the proposed route formation algo-
rithm with the classic ACO algorithm for solving var-
ious route formation problems.

JUSTIFICATION OF THE SPECIFIC
PRODUCTION CONDITIONS OF
PROCUREMENT OF FOOD RAW

MATERIALS DURING EMERGENCY

SITUATIONS

The proposed algorithm for forming routes for the
procurement of food raw materials on the territory of
the community involves taking into account changing
production conditions. They cause restrictions on the
movement of vehicles during emergency situations. In
particular, there are situations that do not allow the
movement of vehicles on certain sections of roads.
The transport network can be represented in the form
of bidirectional oriented weighted graphs that reflect
the production conditions of individual communities.
The nodes of these graphs are farms producing food
raw materials with a certain point of their collection or
processing. The edges that connect the nodes of the
graph are the roads by which food raw materials are
delivered from producers to the point of their collec-
tion or processing. There are weights of edges, the
characteristics of which depend on the type of food
raw materials (milk, animals for meat, vegetables,
etc.), which connect a separate pair of nodes of the
graph. These rib weights, depending on the conditions
of the problem to be solved, can be represented in the
form of distances between farms producing food raw
materials, the speed of movement on given sections
between separate farms, the duration of the movement
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of vehicles on separate sections of the delivery of food
raw materials, the cost of delivering food raw materi-
als on certain sections transport network, etc. (Fig. 1).
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Fig. 1. Bidirectional-oriented weighted graphs
that reflect the production conditions of harvest-
ing food raw materials:

a — distances between farms producing food
raw materials; b — vehicle speed; ¢ — duration of
move- ment — of vehicles; d — cost of delivery of
food raw materials;

1 — point of collection or processing of food
raw materials; 2-7 — farms producing food raw

materials
Source: compiled by the authors

Proceeding from the above, based on the math-
ematical formulation of the transport network for the
delivery of food raw materials on the territory of the
community, a separate j-th node (farms producing
food raw materials and its collection or processing
point) are connected by a set of edges that represent a

part Z; of the network, each i -th section of which is
characterized by a separate distance |ij (Fig. 1a), the
average speed v;; of movement of the k-th type of
vehicle (Fig. 1b), the duration t; of movement of the

k -th type of vehicle (Fig. 1c) and the cost pr; of

delivery of food raw materials on certain sections of
the transport network (Fig. 1d).

The peculiarity of the production conditions of
the procurement of food raw materials during emer-
gencies is that the individual ribs, which are part of

the network, have a constant distance, but due to
complete damage to the road surface, the passage is
impossible, with partial damage to the road surface
and traffic jams, each section characterized by its
reduced speed of movement of the k-th type of vehi-
cle, increasing duration of movement of the k -th type
of vehicle and increasing cost of delivery of food raw
materials on a given section of the transport network.

The peculiarity of the production conditions of
the procurement of food raw materials during emer-
gency situations is that the individual edges, which

are part z;of the network, have an invariable dis-

tance Iij. However, due to the complete damage to

the road surface, it is impossible to drive on them.
This is due to partial damage to the road surface and
traffic jams. Each specified i -th section is character-
ized by its reduced speed of movement of the k -th

type of vehicle. The increase in the duration t; of

movement of the k-th type of vehicle and the increase
in the cost pr; of delivery of food raw materials on a

given section of the transport network.

Therefore, the graphs of the distances between
farms producing food raw materials (Fig. 1a) and the
speed of vehicles (Fig. 1b) are decisive, which de-
termine the derivative graphs of the duration of the
movement of vehicles (Fig. 1¢) and the cost of food
delivery raw materials (Fig. 1d).

Based on the use of the Internet resource Google

Maps [21], a matrix of distances M " between farms

producing food raw materials and a matrix of vehicle
speeds on the transport network of the th rural com-
munity is formed. At the same time, in the presence
of damage to the road surface, where passage is im-
possible, the specified sections are removed from the
graphs of the transport network.

In the presence of partial damage to the road sur-
face and traffic jams at each section, which is a part

Z; of the transport network, a decrease in the speed

of movement v;; of the k-th type of vehicle is ob-

served. The average speed of the movement of vehi-
cles between the j-th settlements of rural communi-
ties is taken into account as a variable value on the i-
th sections, which ensures taking into account the real
production conditions on a given section of the
transport network. For example, consider the section
of the transport network of the Zabolottsivka United
Territorial Community (Zolochiv District, Lviv Re-
gion) between the settlements of Zabolotsi and Velyn

(Fig. 2).
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Fig.2. Determination of the average speed of the vehicle on a section of the transport network
of the Zabolottsi united territorial community (Zolochiv District, Lviv Region)
between the settlements of Zabolottsi and Velyn

Source: compiled by the authors

In the given example, we get:
— the distance between settlements

Iij = I11 + I12 + |13 ) (1)
where |ij is total distance traveled by vehicles, km;

l,,,1,,.1,; are respectively, the first, second, and
third segments of the route traveled by vehicles, km.

Iij =0,5+1,3+6,4=8,2km.
— the average duration of vehicle movement be-
tween settlements
G =t +1, +1s, (2)

where t; is average duration of vehicle movement

between settlements, hours; t,,,t,,,t,; — respective-

ly, the duration of the vehicle movement between
settlements on the first, second and third segments,
hours

t; =2+3+11=16min~0,26h.

— the average speed of the vehicle between set-
tlements

I
Ve =i
T (3)

1

where Vij“’ is average speed of vehicle movement

between settlements, km/h.

Vi = ﬂ =30,8km/ h.
0,26
The formation of routes for the procurement of
food raw materials in the territory of the community
during emergencies is carried out based on solving
the VRP (Vehicle Routing Problem).
The main criteria by which routes are optimized

are the total distance |ij covered using transport, the

average speed of delivery of food raw materials, the
duration Vi of delivery of food raw materials, and

the cost pr; of delivery of food raw materials using

the k-th type of vehicles. The choice of criteria de-
pends both on the requirements for the delivery of
food raw materials and on the production conditions
of transportation, which are caused by the action of
emergencies. At the same time, the condition is ac-
cepted that vehicles leave the point of collection or
processing of food raw materials, go around produc-
ers' farms, and return to them with cargo.
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ALGORITHM FOR THE FORMATION
OF ROUTES OF VEHICLES FOR
PROCUREMENT OF FOOD RAW

MATERIALS

It is proposed to use the ant algorithm to create
routes for harvesting food raw materials on the terri-
tory of the community and take into account real
conditions during emergency situations. It is also
called the ACO [22, 23], [24]. We have improved
the classic ant colony algorithm to take into account
real conditions during emergency situations.

In particular, it is suggested to use the follow-
ing rules of behavior of ants:

1) ants remember a separate jth node (farms
producing food raw materials) and can be visited
only once. At the same time, a list of visited j-th
nodes of the transport network graph is formed for
each ant, which is included in the list of prohibitions
against visiting them. There is a set of farms produc-
ing food raw materials C ={1,...,n}, which can be

visited by the available vehicles from the available
set K=/1,.,k}. For each k-th vehicle located in

the ith node (farm producing food raw materials),
there is a set of J,, available for visiting j-th nodes

(farms producing food raw materials);
2) ants are characterized by a given visibility

17;; and voluntarily choose which of the j-th nodes

of the transport network graph (a farm producing
food raw materials) they want to visit if they are in
the i-th node.

At the same time, it is assumed that the visibility
is:

W )
i
where |; — distance between the i-th and j-th nodes
(farms producing food raw materials), km.;
3) ants are characterized by the ability to rec-
ognize the smell due to the feeling of traces of pher-

omone 77;, which gives them the opportunity to

overcome the distance between the i-th and j-th
nodes (farms producing food raw materials), taking
into account the experience of other ants who have
already passed this way. At the same time, the
amount of pheromone on the edge between the i-th
and j-th nodes (farms producing food raw materials)

atagiventime t is 7 (t);
4) it is proposed to replace the unambiguous
cyclic type of movement of the ant colony with a

possible variable type of movement of each ant with
a given speed of its movement;

5) it is ensured that the obtained results of the
optimization of the part of the traveled path are rec-
orded on a separate section of the network after vis-
iting the j-th nodes (farms of producers of food raw
materials);

6) it is possible to perform changes and calcula-
tions of the route for changes in production condi-
tions, which are set by the length of the edge of the
graph of the transport network for the delivery of
food raw materials (speed, duration, cost, etc.) dur-
ing the execution of the route;

7) the rule of the classic ACO algorithm regard-
ing the selection of the next farm producing food
raw materials using the probability-proportional
transition of the k-th ant from the i-th to the j-th node
(farm producing food raw materials):

Pix(t)= [Tij (t)]a ‘Lnij]ﬁ 7€
Z [Til (t)] ] 0

led;ik

Pij,k (t)=0,j 3 ‘]i,k

8) it is proposed to replace (5) with a probabil-
istic-proportional rule for choosing the next farm of
the producer of food raw materials, which takes into
account the state of production conditions (road sur-
face) between individual nodes i,j and is written by
the following expression:

CRL O] {m] jeld,
zrcij'[fil(t)]a'[’?n]b o (6)

lediy

P (t):O,j ZJiy

P (t)

where a,b are the corresponding parameters char-
acterizing the relative importance of the amount of
pheromone and the distance during the selection of
the next j-th node (farm of the producer of food raw

materi; re; is indicator of the state of production

conditions (road surface) between individual nodes
1.j; 7,17 is correspondence of the amount of pher-
omone and the distance indicator on the edge con-

necting the i-th node to the j-th node (farms produc-
ing food raw materials).

The indicator rc; of the state of production

conditions (road surface) between individual nodes
i,j can take on three values:
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—r¢; =0 — movement from the i-th to the j-th

node (farms producing food raw materials) is impos-
sible due to the unusability of the road surface,
which was damaged during an emergency;

—fc; =1 — nothing prevents the movement

from the i-th to the j-th node (farms producing food
raw materials). In this case, the indicator of the state
of production conditions can be neglected;

_O<rey <l the movement of the i-th to the
j-th node (farms producing food raw materials) is
possible with a decrease in the speed of transporta-
tion of food raw materials, which is associated with
a partially damaged road surface or complicated traf-
fic due to traffic jams caused by the occurrence of an
emergency.

Under the condition 0 < re; < 1, which charac-

terizes the case of partial damage to the road surface
or traffic complications due to traffic jams, the indi-

cator rc; of the state of production conditions is
determined by the expression:

\/ijc
rc. =

i —\Tjn (7

where V.j“’ is average speed of movement from the i-

th to the j-th node (farm producing food raw materi-

als), km/h; Vij" is predicted speed of movement from
the i-th to the j-th node (farm producing food raw
materials), taking into account cases of partial dam-
age to the road surface or traffic complications due
to traffic jams, km/h.

If the condition a=0 is accepted, then the algo-
rithm degenerates and becomes a greedy algorithm
that chooses the nearest farm producing food raw
materials. The parameters a,b characterizing the rel-
ative importance of the amount of pheromone and
the distance during the selection of the next j-th node
(farm of the producer of food raw materials) are de-
termined on the basis of the relevant experiments.

To update the pheromone trail, first of all, a
simulation of pheromone evaporation is carried out,
after which the trail is updated depending on the ob-
tained result.

The formula is used to simulate the evaporation
of pheromone:

7, =(1-p)-7;+0, (8)

where p is parameter characterizing the intensity of

pheromone evaporation; o — the parameter that en-
sures the lowest concentration of pheromone on the
edge between the i-th and j-th nodes (farms produc-

ing food raw materials), which has an arbitrarily
small quantitative value.

On the edge between the i-th and j-th nodes
(farms producing food raw materials), the amount of
pheromone for a separate route is set:

o . .
—.(I,])eT
o el (9)

O,(i,j)eT,

where O is parameter that displays the optimal
length of all routes.

At the same time, on the edge of the i-th and j-
th nodes (farms producing food raw materials), the
total amount of pheromone can be determined by the
formula:

AT, =Y AT,

ij
k=1

(10)

where m is the number of ants in a separate colony.

So, taking into account the above, the amount

of pheromone is determined by the formula:
T =(l—p)-z’ij +o+7, (11)

In the future, during our research, we will use

values a=1,/ =5, which were determined on the

basis of the relevant experiments. In addition, this is
confirmed by studies [25, 26], [27].

The proposed algorithm for forming routes for
the procurement of food raw materials in the territory
of the community, taking into account the production
conditions during emergencies, which is based on the
algorithm of ant colony optimization ACO, makes it
possible to take into account real production condi-
tions (damaged sections of the transport lane, the
presence of a partialossibility traffic, traffic jams
caused by an emergency, etc.). At the same time, ant
agents, which are analogues of vehicles, move in giv-
en production conditions with permissible speeds,
which determine the time of stay on the routes, the
cost of delivery of food raw materials, etc.

The proposed improvement of the algorithm

takes into account the case re; = 0, which reflects

the impossible movement from the i-th and j-th
nodes (farms producing food raw materials) due to
the unusability of the road surface, which is dam-
aged during an emergency situation, which makes it
impossible to spend additional time on the delivery
of food raw materials due to high-quality route plan-
ning.
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Under the condition ZQ >q, that the total On the basis of the above, we built a block dia-
gram of an improved algorithm for the formation of

routes for the procurement of food raw materials on
the territory of the community, taking into account
the production conditions during emergency situa-
tions (Fig. 3).

C = D
/ Filling network nodes /
!

et indicators of the state of
production conditions for,
individual nodes
Initialization of ant and edge
parameters

amount of food raw materials in the farms exceeds
the load of the vehicle, the distribution and fixing of
routes by means of vehicles is carried out.

minitmum value for the
mndicator &7

¥

Go to the next stage

v

Are all vertices
considered?

k.

| [ Commit changes T, ]

_[ Select another vertex J

5 the life cycle of
colony complete?

[ Distribution of routes
(e
+
/ Qutput of results /

C tum D

Fig.3. Block diagram of the improved algorithm for the formation of routes for the procurement of
food raw materials in the territory of the community, taking into account the production conditions
during emergencies:

& is the indicator of choosing a rational option (path, time, cost, etc.);

T',& are respectively, the current route and its indicators;

M is the number of ants (agents) in the colony
Source: compiled by the authors
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When using the algorithm for the formation of
routes for the procurement of food raw materials on
the territory of the community, taking into account
the production conditions during emergency situa-
tions, the following conditions were adopted [28,
29], [30, 31], [32]:

— the number of vertices (farms producing
food raw materials) on the graph is equal to the
number of ants that start moving from different ver-
tices;

— the intensity of the pheromone, which is pre-
sent on individual ribs before the start of the move-
ment of ants from the i-th to the j-th node (farm pro-
ducing food raw materials) is the same;

— at the beginning, for an individual ant, the
nearest vertex is chosen (farm producing food raw
materials), and the following stages are performed
using expression (6).

The improved algorithm for forming routes for
the procurement of food raw materials on the territo-
ry of the community, taking into account production
conditions during emergency situations, provides:

1) Entering (downloading) initial data in the
form of a matrix of basic indicators (distances, time,
cost, etc.) characterizing the process of filling net-
work nodes;

2) Entering indicators of the state of produc-
tion conditions for individual j-th nodes (farms of
producers of food raw materials) that have damage
to the road surface or traffic complications due to
traffic jams during emergency situations;

3) Initialization of parameters of ants and
edges a,b from the i-th to the j-th node (farms pro-
ducing food raw materials);

4) Placement of agents in separate randomly
selected j-th nodes (farms producing food raw mate-
rials) without coincidences;

5) Execution of the movement cycle of the
ant colony, which involves finding a rational route
according to the given indicator . In case of dam-

age to the road surface or traffic complications due
to traffic jams during emergencies, the pre-created
route is rebuilt and this applies only to the part of the
route that has not been completed,;

6) The current circular route and its indicators

are fixed T',&".

7) The condition ZQ>qk is checked, that
the total amount of food raw materials in farms ex-
ceeds the load of the vehicle, if it is fulfilled, then
the distribution and fixing of routes by means of ve-

hicles is carried out, if not, then the route is fixed for
one vehicle;

8) The results of finding rational routes T’
and their indicators &' are derived &'.

COMPARISON OF THE PROPOSED ROUTE
FORMATION ALGORITHM WITH THE
CLASSIC ACO ALGORITHM

We performed a comparison of the results of
route determination based on the traveled path L'
obtained using the classic ACO algorithm and the
improved algorithm for forming routes for the pro-
curement of food raw materials in the territory of the
community, taking into account production condi-
tions during emergencies. The obtained results of the
conducted research are presented in Table 1 and Fig.
4,

o 12
&
e 10
@
8 8
S
2 s
=
S 4
o
2 2
o
s 0
E 15 30 45 60 75 90 105
al Number of vertices (farms producing food raw
materials), units
@The classic ACO algorithm ~ @Improved algorithm

Fig.4. The dependence of the duration of
route determination on the number of vertices
using the classic ACO algorithm and the im-
proved algorithm for the formation of routes for
the procurement of food raw materials in the ter-
ritory of the community
Source: compiled by the authors

The obtained results regarding the use of the
classic ACO algorithm and the improved algorithm
for forming routes for harvesting food raw materials
in the territory of the community indicate that the
proposed algorithm provides a deviation that does
not exceed 1% for the total path in the route. With
regard to the duration of obtaining a management
decision, the proposed algorithm ensures its reduc-
tion in the presence of vertices up to 50 units — up to
6 %, and in the presence of vertices from 51 to 100
units - by 12...15 %.
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Table 1. Comparison of the results obtained using the classic ACO algorithm and the improved
algorithm for the formation of routes for the procurement of food raw materials in the territory of the

community
The number| The best option Thea?g;srsi:;rﬁ co ;E%:%erg Dev:]z/ztlon,
Task of vertices, is a known
n,unit [ value L', km L', t, L', t L', t,
km sec km sec km sec
Els 19 19 532 532 0.37 532 0.37 0 0
R208.25 25 332 332 0.38 332 0.38 0 0
Bur 26a 26 280 280 0.41 280 0.4 0 2
Oliver 30 30 423 423 0.42 422 0.41 0.24 2
Eilon 50 50 428 428 1.52 427 1.43 0.23 6
Eil 51 51 429 429 1.72 427 1.52 0.47 12
Berlin 52 52 755 755 2.13 755 1.85 0.00 13
St70 70 681 681 3.95 680 3.38 0.15 14
Eilon 75 75 548 548 4.54 543 3.89 0.91 14
Eil 76 76 551 551 5.15 546 4.38 0.91 15
KroA 100 100 21452 21452 10.65 21392 9.08 0.28 15

Source: compiled by the authors

The obtained results regarding the improved al-
gorithm indicate that the formation of routes using it
during the harvesting of food raw materials in the
territory of the community gives quite accurate re-
sults. In particular, the improved algorithm ensures
the appropriate accuracy and reduction in the dura-
tion of route formation, which is the basis for im-
proving the quality of making relevant management
decisions. It is advisable to use the proposed algo-
rithm to determine a rational scenario for the execu-
tion of works on the procurement of food raw mate-
rials on the territory of the community during emer-
gency situations.

DISCUSSION OF THE RESULTS

Planning the delivery of food raw materials on
the territory of the community during emergencies
requires solving the problem of routing vehicles CR
(The Collection Route). It belongs to the tasks of
routes for the transportation of perishable products,
where the vehicle starts moving from the starting
point (food processing plant), gradually goes around
farms producing food raw materials located in the
territory of a given community, and returns to the
starting point (food processing plant). Among the
existing algorithms, the ant algorithm ACO is quite
effective [8]. However, the use of the ant algorithm
in its classical form, or in its known improvements,
does not provide a high-quality solution to the prob-
lem of forming routes of vehicles for the procure-

ment of food raw materials in the territory of the
community during emergencies. This is due to in-
complete consideration of specific production condi-
tions.

A feature of the production conditions for the
procurement of food raw materials during emergen-

cies is that individual ribs, which represent the Z,

part of the network, have a constant distance of |ij .

However, it should be taken into account that
with complete damage to the road surface, passage is
impossible, with partial damage to the road surface
and traffic jams, each i-th section is characterized

by its reduced speed v; of movement of the K -th
type of vehicle, increasing duration t; of movement

of the K -th type of vehicle and by the increasing
cost pr; of the delivery of food raw materials on a

given section of the transport network. In addition, a
separate vehicle has a limited load, which may be
less than the volume of delivery of food raw materi-
als, which causes the formation of several routes for
the collection of food raw materials on the territory
of the community during emergency situations. Tak-
ing into account the above-mentioned conditions for
the formation of routes for the procurement of food
raw materials on the territory of the community,
there is a need to improve the algorithm for the for-
mation of routes for the procurement of food raw
materials on the territory of the community.
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In accordance with this, we have substantiated
the specific production conditions for harvesting
food raw materials during emergency situations,
which is the basis of the improved route determina-
tion method. In particular, rule (5) of the classic
ACO algorithm regarding the selection of the next
farm producing food raw materials using the proba-
bility-proportional transition of the k-th ant from the
i-th to the j-th node (farm producing food raw mate-
rials) is proposed to be replaced with a probabilistic-
proportional rule for selecting the next of the pro-
ducer of food raw materials, which takes into ac-
count the state of production conditions (road sur-
face) between individual nodes i,j and is written by
the following expression (6).

The improved route formation algorithm in-
volves the implementation of 8 steps and is based on
the classic ACO algorithm, and, unlike it, takes into
account real production conditions (damaged sec-
tions of the roadway, the presence of partial passage
of vehicles, traffic jams caused the emergency, etc.).
This ensures an increase in accuracy and a decrease
in the duration of route formation, as well as an in-
crease in the quality of making appropriate man-
agement decisions.

The obtained results regarding the comparison
of the use of algorithms when solving different prob-
lems with a different number of vertices indicate that
the proposed algorithm provides a deviation of the
total path in the route, which does not exceed 1 %.
The proposed algorithm reduces the decision-
making time by up to 6% in the presence of up to 50
units of vertices, and by 12 ... 15 % in the presence
of vertices from 51 to 100 units.

The proposed vehicle routing algorithm can be
used in decision support systems for planning the
procurement of food raw materials in the community
during emergencies, which will increase their effi-
ciency.

CONCLUSIONS

The improved algorithm for forming the routes
of vehicles for harvesting food raw materials in the
territory of the community during emergencies in-
volves the implementation of 8 steps and is based on
the classic algorithm of ant colony optimization
ACO. Unlike the existing one, it takes into account
real production conditions, which ensures an in-
crease in accuracy, a decrease in the duration of
route formation, and an increase in the quality of
management decision-making.

The comparison of the proposed route for-
mation algorithm with the classic ACO algorithm for
solving various route formation problems shows that
the proposed algorithm provides a deviation that
does not exceed 1 % of the total path in the route.
The proposed algorithm reduces the decision-
making time by up to 6% in the presence of up to 50
units of vertices, and by 12...15 % in the presence of
vertices from 51 to 100 units.

FUTURE WORK

Further research requires the design of a deci-
sion support system for planning the procurement of
food raw materials on the territory of the community
during emergencies, which will be based on an im-
proved algorithm for the formation of vehicle routes.
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(dbopMyBaHHSI MapIIPYTiB TPAHCIOPTHUX 3acO0IB 3arOTiBIi MPOJOBOIBYOI CHPOBHHM HA TEPUTOPIl TPOMAaM I Yac HaI3BUYAMHHX
cutyaniit. MeToro JociiPKeHHs € BIOCKOHATICHHS AlrOpUTMY (OPMYyBaHHS MapUIPYTIiB TPAHCIIOPTHUX 3aCO0iB 3aroTiBIi MPOIOBOIBYOL
CHPOBHHH HAa TEPUTOPIl TPOMAH Mi/T YaC HAI3BUYAHHUX CHTYaIliil. 3amporOHOBaHUI aNrOpUTM 0a3yeThCs HA KIACHYHOMY allrOPUTMI
ontumMizaiii mypamuaux komosiii (ACO) (Ant Colony Optimization) Ta Ha BiiMiHY BiJl HbOr'O BPaXxOBY€e peabHi BUPOOHHYI YMOBH T/
Yac HaJ3BUYAWHUX CHTYalliif. 3aBHaHHsIM [OCITIMKEHHS € CTBOPEHHS alroput™my st (opMyBaHHS e(QEKTHBHHUX MapIIPYTIB
TPAHCIOPTHHUX 3acO0IB 3aroTiBii MPOJOBONBYOI CHPOBMHM HA TEPUTOPIi TPOMAIM Mij Yac HAA3BMYAMHHUX CUTYaIlii, a TakoX ioro
MOPiBHSHHS 13 KiacuuauM aaropurMom ACO 1ist BUpIiLeHHs pi3HEX 3aa4 (OpMYBaHHS MapiIpyTiB. BCTaHOBIIEHO, 10 BUKOPUCTAHHS
KJIACHYHOT0 aIrOpUTMy ONTHMi3aiii MypamuHux kojoniii ACO, abo ) BimoMux #oro MojepHizaiiii, He 3a0e3redye sKiCHOrO
BHPpIIIEHHS 33724l (OPMYBaHHSI MapIIPYTiB TPAHCIIOPTHUX 3aCO0IB 3aroTiBIIi MPOAOBOIBYOI CHPOBUHH HA TEPUTOPIii TPOMAJIH i Yac
Ha/BBHYAMHUX cuTyaliid. Lle moBsi3aHO i3 HEMOBHUM BpaxyBaHHs crelm(piYHUX BUPOOHHYMX yMOB. BCTaHOBIEHO, BUPOOHHYI YMOBHU
3aroTiBili MPOJOBONBGYOI CHPOBMHM IiJ Yac HAA3BHYAMHMX CHTYaIlid, MaroTh CBOI OCOONMBOCTI. 30KpeMa, Mepexa IOpir MijJ dac
HA/I3BUYAHINA CHUTYalill MOXKe OYTH YacTKOBO MOMIKOPKEHOI0, III0 3yMOBIIIOE OOMEXEHHI pyX TPaHCHOPTHUX 3ac00iB, a00 BIIJIOMY
HENPUIATHOIO /0 BUKOPUCTaHHS. TpaHCHOPTHI 3acO0M MAaroTh OOMEKEHY BaHT@XKHICTh, IO 3YMOBIIOE (OPMYBAHHS MHOXKHHU
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MapmipyTiB 300py IPOJOBOIBYOI CHPOBHHH HA TEPUTOpii IpOMaay MiJ dYac Ha/J3BHYAiHUX curyamid. lle 3ymoBmioe morpedy
YAOCKOHAJICHHS aNrOpuTMy (popMyBaHHS MapIIpyTiB 3arOTiBJi MPOZOBOIBFYOI CHPOBHHM HAa TEPHUTOpii TpOMaau. Y CTarTi 3IiHCHEHO
OOTpyHTYBaHHSI CTIeNM()iYHUX BUPOOHIMUYHMX YMOB 3aroTiBIIi MPOJOBOMIBYO] CHPOBUHM ITiJT YacC Ha3BUYAMHHUX CHUTYAIiH, XapaKTepUCTHKI
SIKHX JI©KaTh B OCHOBI YIOCKOHAJEHOTO METOLY BH3HAUECHHS MApHIPYTiB. YIOCKOHAJIEHHH aIrOpUTM (OPMYBaHHS MapIIpyTiB
nependavac BUKOHAHHS 8§ KPOKIB Ta 0a3yeThCs Ha KIACHYHOMY alropHTMi omnrmmizarii mypammenx koiosiit (ACO) (Ant Colony
Optimization). Ha BizmMiHy Bif HbOr0 BpaxoBye peaibHi BUpOOHHYI YMOBH (TIOLIKO/DKEHI IUISTHKH TPAHCIIOPTHOTO TOJIOTHA, HASIBHICTD
YaCTKOBOI MOYKJIMBOCTI NPOi3Ty TPAHCIIOPTHHUX 3ac00iB, 3aTOPH BUKIMKaHI Ha3BUYAHOIO CHTYALIi€I0 TOIIO). 3alpoIIOHOBAHO NPaBUIIO
kiacugHoro anropurMy ACO crocoBHO BHOOPY HACTYIHOTO IYHKTY y MapIIpyTi i3 BUKOPHCTAHHSM 1MOBIpHiCHO-TIPOTIOPLIHHOTO
niepexony K-oi Mypax# i3 i-ro y j-if By3ous (rocnogapcrBo BUPOOHHK IIPOZOBOIBYOI CHPOBUHH), 3aMiHUTH Ha TaKe, IO BPaXOBYE CTaH
BHUPOOHIYHX YMOB (JJOPO’KHBOTO TOJIOTHA) MK OKpeMHMH By3naMu. Lle 3abe3mneuye miJBHIEHHS TOYHOCTI Ta 3HIKEHHS TPHBAIOCTI
(hopMyBaHHSI MapUIPYTIB, a TAKOX ITiIBUINEHHS SIKOCTI NPUHHATTS BiJITOBITHAX YHPAaBIiHCHKUX pilieHb. OTpUMaHi pe3y/bTaTH I0/I0
TIOPIBHSHHST BUKOPHCTAHHS aJITOPUTMIB TIiJ] Yac PO3BSI3aHHS TPAHCIIOPTHUX 3a7ad i3 Pi3HOIO KUIBKICTIO BEPIIHMH CBiIYaTh IPO Te, M0
3aIPOTIOHOBAHMI aJrOpUTM 3a0e3reuye BIAXWICHHS 32 CyMapHUM IIUIIXOM y MapIupyTi, sike He nepeBuniye 1 %. 3amporoHoBaHM
aITOPUTM 3a0e3Meuye CKOPOYEHHS TPUBAJIOCTI MPUHHATTS pillIeHHS 32 HasBHOCTI 10 50 oquHMIE BepIIMH — 10 6 %, a 32 HasBHOCTI
BepmH Bix 51 mo 100 omuamips — 12...15 %. YiockoHaneHnid anropuT™ (OpMyBaHHSI MapIIpyTiB TPaHCHOPTHHX 3aco0iB MOYKHA
BHUKOPHCTOBYBAaTH y CHCTeMax MIATPUMKN HPHHAHATTS pIlIeHb I IUTAHYBAHHS 3aroTiBiIi MPOJOBONBYOI CHPOBHHHM HAa TEPUTOPIl
TPOMaJIH TiJ] Yac Ha/I3BHYAHHIX CUTYALi{, 110 ITiIBUIIUTS iX e(heKTHBHICTb.

KirouoBi ciioBa: anroput™; (opMyBaHHS MapuIpyTiB; 3aroTiBIIs; NMPOJOBONbYA CHPOBUHA; HaI3BUYAMHI CHUTYaIlil; MiHJIHBI
BUPOOHMYI YMOBH
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