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METAHEURISTIC METHOD FOR SEARCHING QUASI-OPTIMAL ROUTE BASED

ON THE ANT ALGORITHM AND ANNEALING SIMULATION

Today, for intelligent computer systems of general and special purpose, the task of finding the optimal route is
actual. Currently, there is a problem of lack of efficiency of methods for finding the quasi-optimal route. The
object of the research is the process of solving optimization problems of finding a route. The subject of the
research is a method for finding a quasi-optimal route based on metaheuristics. The current work increases the
efficiency of searching for a quasi-optimal route using a metaheuristic method based on the ant algorithm. To
achieve this goal, the work was created a method based on the ant algorithm and simulated annealing for the
traveling salesman problem, was formulated the problem of the shortest path in the world of tiles, was
developed a method based on the ant algorithm and simulated annealing for the problem of the shortest path in
the world of tiles. Advantages of the proposed methods include the following. First, for calculating the
probability of an ant moving from the current vertex to other vertices at the initial iterations, the random
pheromone level plays the main role, which makes it possible to implement a random search, and at the final
iterations, the normalized previous pheromone levelplays the main role, which makes it possible to implement
directed search. This is ensured by the use of simulated annealing and increases the accuracy of finding a
quasi-optimal route. Second, for calculating the change in the pheromone level at the initial iterations, the
pheromone increment plays the main role, which ensures the breadth of the search, and at the final iterations,
the previous pheromone level plays the main role, which ensures the convergence of the method. This is
ensured by the use of simulated annealing and increases the accuracy of finding a quasi-optimal route. Third,
the modification of the ant algorithm by calculating the length of the edges based on the Chebyshev distance,
placing all ants in the initial vertex, checking for a dead-end, checking that the target vertex has been reached,
and using Moore's neighborhood allows solving problems of the shortest path in the world of tiles. The
performed numerical study made it possible to evaluate both methods (for the first method, the root-mean-
square error was 0.04, and for the second method it was 0.03). The proposed methods make it possible to
expand the area of application of metaheuristics based on the ant algorithm, which is confirmed by its
adaptation for the specified optimization problems and contributes to an increase in the efficiency of intelligent
computer systems for general and special purposes. The prospects for future research are the study of the
proposed methods for a wide class of artificial intelligence problems.

Keywords: metaheuristics; optimal route search; ant algorithm; simulated annealing; traveling salesman
problem; shortest path problem in the world of tiles; pheromone level; Moore's neighborhood.

Metaheuristics (or modern heuristics) [1-3] are
used to accelerate the finding of a quasi-optimal route
and to reduce the probability of hitting a local
extremum. Metaheuristics expands the capabilities of

1. Introduction

1.1. Motivation

Today, there is an urgent task in developing
methods aimed at solving the problems of finding the
optimal route, which are used in intelligent computer
systems for general and special purposes.

Optimization methods that find an exact solution
are highly computationally complex. Optimization
methods that find an approximate solution through
directed search have a high probability of hitting a local
extremum. Methods of random search do not guarantee
convergence. According to this, the problem of
insufficient efficiency of optimization methods arises,
which needs to be solved.

heuristics by combining heuristic methods based on a
high-level strategy [4-6]. The most promising
metaheuristics include agent-based metaheuristics,
which show the best results when searching for a quasi-
optimal route [7-8].

1.2. Current state

Existing metaheuristics have one or more of the
following advantages:

- the convergence rate is higher than in global (for
example, enumeration) methods due to the operator of
reproduction and crossing over [9];
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- the breadth of the search for a solution is greater
than in local (for example, gradient) algorithms due to
the mutation operator [10].

Existing metaheuristics have one or more of the
following disadvantages:

— the convergence of the
guaranteed [9];

— there is only an abstract description of the method
or the description of the method is focused on solving
only a certain problem [10];

— the influence of the iteration number on the process
of finding a solution is not taken into account [11];

— there is no possibility to use non-binary potential
solutions [12];

— insufficient accuracy of the method [13];

— there is no possibility to solve the problems of
conditional optimization [14];

— the procedure for determining parameter values is
not automated [15].

According to this, the problem of constructing
effective metaheuristic optimization methods arises.

One of the popular metaheuristics is the ant
algorithm proposed by Dorigo [16-18], developed in
works [19-21] and software implemented in study [22].

Currently, a combination of metaheuristics is
actively used for search control [23-28].

method is not

1.3. Goals

Object of study. Finding the best route.

Subject of study. Meta-heuristics-based methods
for finding the optimal route.

Purpose of study is to increase the efficiency of
finding a quasi-optimal route using the metaheuristic
method.

To achieve this goal, it is necessary to solve the
following tasks:

1. Create a method based on the ant algorithm and
simulated annealing for the traveling salesman problem.

2. Formulate the problem of the shortest path in
the world of tiles.

3. Develop a method based on the ant algorithm
and simulated annealing for the problem of the shortest
path in the world of tiles.

4. Carry out a numerical study of the proposed
optimization methods.

2. Formulation of the problem

The problem of improving the efficiency of
solving the traveling salesman problem and the shortest
path problem in the world of tiles based on the ant
algorithm is presented as the problem of finding such an

ordered set of operators {Al,Az}, the iterative

application of which ensures finding such a solution X
(vector of vertices), in which F(x") —min, moreover,
the structure of the solution x, fitness function F(:)
(route length) and the operator of forming the solution

Al (forms a vector of vertices based on the probability
of an ant transition between allowed vertices, which is
calculated based on the previous pheromone level, edge
weight and random pheromone level) depend on the
problem being solved, and the structure of the operator
for changing the pheromone level A? (the change in
pheromone level is calculated based on the previous
pheromone level and the pheromone increment) is
independent.

3. Methods

3.1. Method based on the ant algorithm and
simulated annealing for the traveling salesman
problem

The cost function (target function) is defined as

M-1
FO) =y x, + 2 0% xig —>mxin,
i=1

where dXiin+1 — weight of an edge between a pair of
vertices (Xj,Xji1)

X — vertex vector, X=(Xy,....Xpq), Mmoreover

VXi,Xj eV i;éj—)Xi in,
V — set of vertices,
M - vertex vector length.
The method consists of the following steps:
1. Initialization.
1.1. Setting the maximum number of iterations N,
ant population size K, vertex vector length M.

1.2. An ordered set of vertices V ={1,...,M} and
the edges weights matrix [d;], i,jel,_M, calculated
based on Euclidean distance are given.

1.3. The value of the target function of the best
vertex vector is set, i.e. y* =00,

1.4, The initial level

pheromone 7;;(0) is

randomly initialized on the edge (i, j) in the form

U@, i=]j i jeiM

Tjj (0)={0’ =]

where U(0,1) — a function that returns a uniformly
distributed random number in a range [0,1].
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1.5. The initial annealing temperature Ty, Tg >0,
cooling factor B, 0<pB <1 are set.
2. lteration number n=1.

3. The annealing temperature is calculated in the
form

T(n)=p"To.

4. Ant number k =1.

5. The operator of forming the solution for the k-th
ant.

5.1. The first vertex becomes the current vertex,
i.e. i=1, and the new vertex of the vertex vector, i.e.
XK =1.

5.2. Set of forbidden vertices is
Vtabu ={1}.

5.3. The set of allowed vertices is calculated as the
difference between the set of vertices and the set of
forbidden vertices in the form

initialized

Vpermit —V\ Vtabu )

5.4. The probabilities of transition of the k-th ant
from the current vertex i to other vertices are calculated
based on the normalized product of the previous
pheromone level, the inverse edge weight, and a random
pheromone level in the form

[ [ 1 D 5j(n -1/ d;)?
1-exp| —— 7t
TM))) Y wh-1W/dy) .
b i _\spermit
e\ Pemit jeV
Pij = . ,
-——|U(0,0),
+exp( T(H)J (0.)
0, jevpermit
j el,_M )

5.5. The next vertex is selected jc in the form
ie =arg max{p;}, jeLM.

5.6. The selected vertex is included in the set of
forbidden vertices, ie. VBV =vBU{f 3 and
becomes the new vertex of the wvertex vector, i.e.
Xky|vtabu| =Jc-

5.7.
|V < M, then the selected vertex becomes the

If not all wvertices are selected, i.e.

current one, i.e. i =j.,goto5.3.

6. The value of the target function is calculated
Yk =F(Xk) -

7. If the value of the target function is less than the
best value of the target function, i.e. y <y’ then

replace the best vector of vertices, i.e. X =Xy, and
calculate the value of the target function for it, i.e.
y =F(x).

8. If the current ant is not the last, i.e. k<K, then
increase the number of the ant, i.e. k=k+1 goto5.

9. Pheromone level change operator.

9.1. The increment of the pheromone is calculated
on the edge (i, j) or edge (j,i)

K %o (Xk)
Afij(")=ZQ”—, ielLM-1, jei+1LM,
k=1 Yk

(X )_ 1, Xk eQij
XQU k)= O, ngQu’

where Qj; — set of vectors of vertices that contain edges

(i,j) or (j,i).

9.2. The change in the pheromone level is
calculated based on the previous pheromone level and
the pheromone increment in the form

rij(n>=rji(n)=[1—exp(—%jj Jn-D)+

+ exp[— %]Ar”(n),

where iel, M-1,jei+1M.

10. If the current iteration is not the last, i.e.
n<N, then increase the iteration number, i.e.
n=n+1, goto 3, otherwise stop.

3.2. Method based on the ant algorithm and
simulated annealing for the shortest path problem in
the world of tiles

Formulating the shortest path problem in the
world of tiles.

Assume there is a rectangular world of tiles
(Tileworld). All cells in this world are squares of the
same size and can be tiles or obstacles. Moving is
possible only across tiles, and from the current tile you
can only move to the tile in its neighborhood, which is
the Moore neighborhood (Fig. 1). A tile can only be
visited once. There is one initial tile and one target tile
in the maze. Goal is to find the shortest path from the
initial tile to the target one.
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Fig. 1. An example of all allowed movements
on tiles in the Moore neighborhood

»

The world of tiles can be represented as a graph in
which the vertices corresponding to the obstacles are
always isolated. Such vertices can be excluded from
consideration and the task will get reformulated from
the graph theory point of view.

Let be G=(V,E) — undirected weighted graph in
which V — the set of vertices corresponding to the tiles,
with the capacity M, E — the set of edges between all
these vertices with the capacity M 2 The coordinates of
each vertex are an element of an integer set of pairs
@&...Z))x@,....Z,), where Z; — number of cells
horizontally, Z, — number of cells vertically. The
weight of an edge is calculated as the Chebyshev
distance between its vertices. Moving along the graph is
possible only along the edges, the weight of which is 1
and on which the movement has not yet occurred. There
is one initial vertex a and one target vertex b. Task is
to find the shortest path from the initial vertex a to a
targetone b .

The cost function (target function) is defined as

L-1
FO) =D Ay, i —>mxin :
i-1

where dxi’x”l — weight of an edge between a pair of
vertices (Xj, Xjy1), dx; x;,; =1

X — a vector of vertices describing movement along

the graph, x=(Xy,...X\ ), moreover VXj,X;eV

i#]—Xj #X i
L — vertex vector length, L <M,
X1 —initial vertex, x; =a,
X —target vertex, x, =b.
The method consists of the following steps:
1. Initialization.
1.1. Setting the maximum number of iterations N,

ant population size K, vertex vector length M.
1.2. An ordered set of vertices V={L,...M} and

the edges weights matrix [d;], i,je1 M, calculated

based on the Chebyshev distance are given.

1.3. The number of the initial vertex a and target
vertex number b are set.

1.3. The value of the target function of the best
vertex vector is set, i.e.y” =oo.

1.4. The initial pheromone level 7;(0) is

randomly initialized on the edge (i, j) in the form

(U, %]
Tj (0)—{0’ =]

where U(0,1) — a function that returns a uniformly
distributed random number in a range [0,1] .

1 i!je:l-va

1.5. The initial annealing temperature Ty, Tg >0,
cooling factor B, 0<pB <1 are set.
2. Iteration number n=1.

3. The annealing temperature is calculated in the
form

T(n)=p"To.

4, Ant number k =1.

5. The operator of forming the solution for the k-th
ant.

5.1. The initial vertex becomes the current vertex,
i.e. i=a, and the new vertex of the vertex vector, i.e.
Xkp=4a.

5.2. Set of forbidden vertices is
Vtabu ={a}.

5.3. The set of allowed vertices is calculated as the

difference between the Moore neighborhood and the set
of forbidden vertices in the form

initialized

Vpermit _ Vneigh \Vtabu

y/heigh ={j|dij =1}, Jel,_M

5.4. If there is a dead end (there are no allowed
vertices), i.e. ‘Vpermit‘ =@, thengoto 5.1.

5.5. The probabilities of transition of the k-th ant
from the current vertex i to other vertices are calculated
based on the normalized product of the previous
pheromone level and a random pheromone level in the
form

~(n=1 !
(1—exp[—1]]m)+exp (—1j U@, jeve™™
p = T(n) z 5 (n-1) T(n)
JeyPEmit
0, je Vpermil
where jelM.
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5.6. The next vertex is selected j; in the form
e =arg max{py} jelM.

5.7. The selected vertex is included in the set of
forbidden vertices, ie. V@Y =\v®B%N g}, and
becomes the new vertex of the wvertex vector, i.e.
Xky|vtabu| =Jc-

58. If not all
|Vtabu

vertices are selected, i.e.
<M and the target vertex is not reached, i.e.
jc #b, then the selected vertex becomes the current
one, i.e. i=j.,goto5.3.

6. The value of the target function is calculated
Yi =F(X) -

7. If the value of the target function is less than the

best value of the target function, i.e. yy <y’ then

replace the best vector of vertices, i.e. X =Xy, and
calculate the value of the target function for it, i.e.
y =F().

8. If the current ant is not the last, i.e. k<K, then
increase the number of the ant, i.e. k=k+1 goto 4.

9. Pheromone level change operator.

9.1. The increment of the pheromone is calculated
on the edge (i, j) or edge (j,i)

K 7Q; (Xk)

A‘Cij (n) =
k=1 Yk

(x) = L Xk €Qjj
XQU k)= 0, XkeQu’

ielM-1,jei+1M,

where Qj; — set of vectors of vertices that contain edges

(i,)) or (j.i).

9.2. The change in the pheromone level is
calculated based on the previous pheromone level and
the pheromone increment in the form

7;(N) =1;(n) = (1—exp (—%D T (n=1)+

1
+exp[—mjmij(n),
ielM-1,jei+1M.

10. If the current iteration is not the last, i.e.
n<N, then increase the iteration number, i.e.
n=n+1, go to 3, otherwise stop.

4. Experiments

A numerical study of the proposed optimization
methods was carried out using the MATLAB package.
Ant population size is set as K =100, maximum

number of iterations N=100, initial temperature
To =106, cooling factor By =0,94.
For the task:

- "traveling salesman" the search for a solution was
performed on the standard database berlin52
(traditionally used to test methods for solving the
"traveling salesman" problem);

- "about the shortest path in the world of tiles" the
search for a solution was performed on the standard
database  https://digitalcommons.du.edu/gridmaps2D,
which is described in the work [25] (traditionally used
to test methods for solving route finding problems in the
world of tiles).

The function

of decreasing the annealing

temperature is determined by the formula T(n) =p"T,
and is shown on Fig. 2.

T
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Fig. 2. Annealing temperature decreasing function

The dependence (Fig. 2) of the annealing
temperature on the iteration number shows that the
annealing temperature decreases with an increase in the
iteration number.

In this case, the fraction of a random level of
pheromone is  determined in the  form
p(x) =exp(~1/T(n)) and is shown on Fig. 3.

The dependence (Fig. 3) of the fraction of the
random pheromone level on the annealing temperature
shows that the fraction of the random pheromone level
decreases with decreasing temperature.

The results of the search for the shortest path in the
world of tiles, which does not contain obstacles are
presented on Fig. 4.
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distance, placing all the ants in the initial vertex,
checking the occurrence of a deadlock, checking if the
target vertex is reached, using the Moore neighborhood
allows solving the tasks of the shortest path in the world
of tiles.

Fig. 5. Search results for the shortest path in the world
of tiles, which contains tiles and obstacles.
The optimal path length is 7

Table 1
Comparison of the proposed optimization methods
with existing methods based on the root-mean-square
error criterion for solving optimization problems

Fig. 4. Search results for the shortest path in the world
of tiles, which does not contain obstacles.
The optimal path length is 5

The search results for the shortest path in the world
of tiles, which contains tiles and obstacles are presented
on Fig. 5.

The results of the comparison of the proposed
methods with the methods based on the ant algorithm
without imitation of annealing and a random level of
pheromone and described in [16-22] are presented in
Table 1.

5. Discussion

The advantages of the proposed methods:
1. Modification of the ant algorithm by calculating
the length of the edges based on the Chebyshev

Root-mean-square error
of method
Ne Task ant color?y
p/p proposed algorithm without
simulated
annealing
1 | "traveling 0,04 0,08
salesman"
2 | "the shortest 0,03 0,1
path in the
world of
tiles"

2. For calculation the probability of an ant going
from the current vertex to other vertices at the initial
iterations, the main role is played by the random
pheromone level, which makes it possible to implement
a random search, and at the final iterations, the main
role is played by the normalized previous pheromone
level, which makes it possible to implement directed
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search. This is ensured by the use of simulated
annealing and increases the accuracy of the search for a
quasi-optimal route (Table 1).

3. To calculate the change in the pheromone level
at the initial iterations, the pheromone increment plays
the main role, which ensures the breadth of the search,
and at the final iterations, the previous pheromone level
plays the main role, which ensures the convergence of
the method. This is ensured by the use of simulated
annealing and increases the accuracy of the search for a
quasi-optimal route (Table 1).

6. Practical value

The proposed methods make it possible to expand
the area of application of metaheuristics based on the
ant algorithm, which is confirmed by its adaptation for
the specified optimization problems, and contributes to
an increase in the efficiency of intelligent computer
systems for general and special purposes. For the
"traveling salesman" problem, the search for a solution
was based on the standard berlin52 database, and for the
problem "about the shortest path in the world of tiles",
the search for a solution was based on the standard
database https://digitalcommons.du.edu/gridmaps2D.

7. Summary

1. Was formulated the problem of the shortest path
in the world of tiles on the basis of graph theory.

2. Madification of the ant algorithm by calculating
the length of the edges based on the Chebyshev
distance, placing all the ants in the initial vertex,
checking the occurrence of a dead end, checking if the
target vertex has been reached, using the Moore
neighborhood allows us to solve the problem of the
shortest path in the world of tiles.

3. Were proposed optimization methods due to the
study of the entire search space at the initial iterations
and the direction of the search at the final iterations,
make it possible to increase the accuracy of the search
for the quasi-optimal route.

Prospects for further research are the study of
the proposed methods for a wide class of artificial
intelligence tasks.

Contributions of authors: a method based on the
ant colony algorithm and simulated annealing for the
traveling salesman problem — M. Chychuzhko;
formalization of the shortest path problem in the world
of tiles — T. Neskorodieva; method based on the ant
colony algorithm and simulated annealing for the
problem of the shortest path in the world of tiles — E.
Fedorov; numerical study of the proposed optimization
methods — V. Chychuzhko. All authors have read and
agreed to the published version of the manuscript.
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METASBPUCTUYECKHAN METO/I IOUCKA KBASUOIITUMAJIBHOI'O MAPILIPYTA
HA OCHOBE MYPABBHUHOI'O AJITOPUTMA U UMUTALIUU OTKUT A

T. B. Heckopooesa, E. E. @edopos, M. B. Huuyscko, B. O. Quuyscko

Ha ceromsmiHuii eHp U1l HHTEIUIEKTYAIBHBIX KOMITBIOTEPHBIX CHCTEM OOIIETO H CIIEIHATbHOTO Ha3HAYCHHS
aKTyaJbHOW SBIISieTCA 33J1ada ITOMCKA ONTHMAIBHOIO Mapuipyra. B Hacrosiiee BpeMms cymiecTByeT mpoGiema
HEIOCTaTOYHOH A((EKTHBHOCTH METONOB IMOWCKA ONTHMAaJIbHOrO Mapmipyra. OObEKTOM HCCIEOBAHUS SBISETCS
NPOLIECC pelIeHHs] ONTUMM3AIMOHHBIX 3a]1ad IOMCKa Mapuipyra. IIpeaMeroM HMccleoBaHHs SBISIOTCS METOIBI
MOMCKa KBAa3HONTUMAJBHOTO MAapIIpyTa Ha OCHOBE METa’BpPHCTUK. Llenmbro pa0oThl SBISETCS IOBBIILICHUE
3G PEKTUBHOCTH TIOMCKA KBAa3MONTUMAIBHOTO MapIipyTa 3a CYEeT METa’BPHCTHYECKOTO METOJa Ha OCHOBE
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Intelligent information technologies 101

MYpPaBBUHOTO anroput™Ma. JIns JOCTIDKEHHUS TOCTAaBICHHOM Ieau B paboTe OBUT CO3MaH METOA Ha OCHOBE
MYpPaBBUHOTO alTOPUTMA W WMHTAIMK OTXKWTA JUIA 3aJaqd KOMMUBOsDKepa, Oblia copMyTHpoBaHa 3agada O
KpaTJadIieM IyTH B MHpPE IUIMTOK, OBUT pa3pa0OTaH METO[ Ha OCHOBE MYPAaBBHHOIO alTOPUTMA W WMHTAIHH
OTXHra JUTS 33J]a4d O KpaTJYaiIieM IMyTH B MHpe IHTOK. K mpenmymiecTBaM NpeaoKeHHBIX METOJIOB OTHOCHUTCS
cnenyromiee. Bo-TiepBEIX, I BBMHCICHUS BEPOSTHOCTH IEPEXOfa MypaBbsi W3 TEKYIICH BEPIIMHBI B JPYIHE
BEPIIUHBI HA HAYAJIBHBIX WTEPAIMSIX TIIABHYIO POJb WIPAcT CIy4alHBIA YPOBCHb ()EPOMOHA, UYTO IO3BOJSICT
peanu30BaTh CIy4alHBIA TIOUCK, a HAa 3aKIFOYUTEIBHBIX HWTEPAlUAX TJABHYIO POJIb WIPACT HOPMHPOBAHHBIN
MPEBIAYIINHA YpOBEHb (DepoOMOHA, UYTO TO3BOJSACT PEaM30BaTh HAMPABICHHBIA MOUCK. DTO 0OOeCIeYnBaeTCS
HCTOJIB30BAHUEM MMHTAIIMH OT)KUTA W TOBBIIIACT TOYHOCTH TOMCKa KBA3HONTHMAJIBHOTO Mapmipyra. Bo-BTOpHIX,
JUIA BBIUWCIICHHUS HM3MCHEHHS YPOBHS (pepoMOHa Ha HAdYabHBIX HTEPAIUSIX TJABHYIO POJNb UTPACT MpUPAICHHE
(depoMoHa, YTO oOOCCIEYMBACT IIMPOTY IIOMCKA, a Ha 3aKIIOYUTEIBHBIX HUTEpalUAX TJIaBHYIO pPOJb HrpaeT
TIpeABIYIINI ypoBeHb (hepoMOHa, 4TO 00ECTIeYnBaeT CXOAUMOCTh METOa. DTO 00eCeYMBAETCS UCTIONb30BaHIEM
AMUTAIUU OTXKUTA U TIOBBINIACT TOYHOCTh IMOKMCKA KBAa3HONTHMAJIBHOTO Mapmipyra. B-TpeTbuX, MOAU(GUKAIHSL
MYPaBBHUHOT'O JITOPUTMA 32 CUCT BBIYUCIICHHUS JUIMHBI peOep Ha OCHOBE paccTosiHus UeOrInieBa, pa3MEIIeHus BCeX
MYpaBhEB B MCXOJIHYIO BEPIIMHY, MPOBEPKH BO3HUKHOBEHHS TYITHKA, MPOBEPKU JOCTIDKCHHUS II€JICBON BEPIIUHEI,
HCTIONB30BaHUsI OKPECTHOCTH Mypa T03BOJIIET PEHINTh 3a/1a4M O KpaTdaiiiieM MyTH B MUpE IUTUTOK. [IpoBereHHOe
YHCIIEHHOE HMCCIIEJ0BaHNE TIO3BOJIMIIO OLEHUTHh 00a Merona (Ui MepBOr0 METO/a CPEeAHEKBAApaTHYHas OMIMOKa
cocrasmwia 0.04, a st Broporo merona cocrasmwia 0.03). [IpenokeHHbIE METOBI TIO3BONISIET PACIIUPUTEH 00JIaCTh
MPUMEHCHHST METa’BPUCTHK HA OCHOBE MYPAaBBHHOI'O alTOPUTMAa, YTO MOATBEPIKAACTCS €ro ajanrtaiuen yis
YKa3aHHbIX 3aJ1a4 OIITUMHU3AIINH, u CHOCO6CTByCT IOBBIIICHUIO 3q)q)eKTHBHOCTI/I I/IHTCHHCKTyaHBHbIX
KOMIIBIOTEPHBIX CHUCTEM O6H_leFO N CHCHUAJIBHOI'O HA3HA4YCHUS. HepCHeKTI/IBaMI/I ﬂaﬂbHeﬁLHHX I/ICCJ'le}IOBaHI/Iﬁ
SIBJISIETCSL MICCIIEIOBAHUE MPEATIOKEHHBIX METO/IOB JUIsl ITUPOKOTO Kilacca 3aja4y NCKYCCTBEHHOTO MHTEIUIEKTA.

KJ'llO‘leBbIe CJI0BAa. MeTa3BpI/ICTI/IKa; IIOUCK OITHMAJIbBHOI'O MapmpyTa; MypaBbHHbIﬁ aJ'[FOpI/ITM; HUMUTaALnA
OT)KHMTa; 33/1aua KOMMHUBOSDKEpA; 3ajjada O KpaTdyallleM IyTH B MUpPE IUIMTOK; YPOBEHb ()€pOMOHA; OKPECTHOCTh
Mypa.

METAEBPUCTUYHUIA METO/I ITOIIYKY KBA3IOITUMAJILHOT'O MAPIIPYTY HA OCHOBI
MYPAIIUHOT'O AJITOPUTMY TA IMITALIT BUITIAJTY

T. B. Heckopooesa, €. €. @edopos, M. B. Yuuyscko, B. O. Quuyscko

Ha cporognimHid JeHb Ui IHTEJICKTYyaJIbHHUX KOMITIOTEPHUX CHUCTEM 3arallbHOr0 1 CIIeliajbHOro
NPU3HAYEHHS AaKTyaJbHUM € 3aBJaHHS IIOLIYKY ONTHUMAlbHOrO Maplupyry. B nmanmii wac icHye mnpobiema
HEIOCTaTHhOI E€(PEKTUBHOCTI METOJIB TOIIYKY ONTHUMAaJbHOro Mapipyry. OO'€KTOM MOCHIJKEHHS € MpoLecC
BUpILIICHHS ONTHMIi3alliiHAX 3aBJaHb TOLIYKY MapuipyTy. IIpeaMeToM IOCHi/PKEHHST € METOIM IOLIYKY
KBa310NTUMAJIBHOIO MaplIpyTy Ha OCHOBI METaeBPHCTHK. MeETOI pOOOTH € MiJBHIICHHS e(EeKTUBHOCTI HOIIYKY
KBa310NTUMAJIFHOTO MapIIPyTy 3a PaXyHOK METaeBPUCTHYHOIO METOAY Ha OCHOBI MYpAaIIMHOTO anroputMmy. Jlis
JIOCSITHEHHSI TIOCTaBJIEHOT METH B PoOOTI OYJIO CTBOPEHO METOJ Ha OCHOBI MYPAIIMHOIO JITOPUTMY 1 iMiTarii
BiJIMajy JUisi 3aBJaHHsS KOMiBOsDKepa, Oyia copMyinboBaHa 3a/iadya Mpo HaWKOPOTIIMH IILISAX B CBITI IUIMTOK, OYB
PO3pO0JIeHUIT METO/I HA OCHOBI MYPAILIMHOTO AJITOPUTMY Ta IMITAll BiANAMy UIs 3324l PO HAMKOPOTINUIA HUISX Y
cBiTi mmuToK. Jlo TepeBar 3ampoNOHOBAHMX METONIB BITHOCHTHCS HacTymHe. llo-mepmie, mist oOUMCIIEHHS
HWMOBIpHOCTI MEPEX0y MypaxH 3 IOTOYHOI BEPIIMHY B 1HII BEPIIMHA HAa TIOYATKOBHX ITEPAIisIX TOJIOBHY POJIb TPae
BUIIaJIKOBU piBeHb ()ePOMOHY, 110 JO3BOJISE Peali3yBaTy BUMAJAKOBHI MOIIYK, & Ha 3aKITIOYHUX ITEpallisiX TOIOBHY
pOJb I'pa€ HOPMOBAHWI MONEPEHIN piBeHb (EPOMOHY, IO JO3BOIISE peai3yBaTd CHpsIMOBaHWiA mornyk. [le
3a0e3MedyeThCsl BUKOPUCTAHHSAM IMITaIlil Bilnayry i MigBHUIyE TOYHICTH IOMIYKY KBa3iONTHMAJIBHOTO MapUIPYTYy.
[o-gpyre, mist oOYUCIeHHA 3MiHH PiBHSA (EpOMOHY HA IMMOYATKOBHX ITEpAIlisiX TOJMOBHY pOJb Tpae 30UTbIICHHS
(dbepomony, 110 3a0e3mneuye MUPOTY MOIIYKY, a Ha 3aKIOYHHUX ITepallisiX TOJIOBHY POJIb IPAE MOIEpEHiil piBeHb
(depomony, mo 3abe3mneuye 30iKHICTE MeTony. Lle 3abe3medyeThcsi BUKOPUCTAHHAM IMITAIlii BiAady i IMiIBUIIyE
TOYHICTh MONIYKY KBa3iONTUMAabHOrO Mapmpyty. [lo-Tpere, Moamudikaimiss MypalImHOTO alTrOPUTMY 33 PaxyHOK
oburcieHHs NOBXKWUHHM pebep Ha OCHOBI Biacrani YeOwmieBa, pO3MIIIEHHS BCiX Mypax B BHXIJHY BEpIIHHY,
TIEpeBIpKA BUHUKHEHHS TYIHKA, TEPEBIPKH JOCSTHEHHS IIUIHOBOI BEPINMHW, BUKOPHCTAaHHS oOKomwii Mypa
JO3BOJISIE BHUPIMINTH 3aBAAaHHSA PO HAWKOPOTIIMK HUIAX y CBITI TumToK. [IpoBemeHe dmcenbHE MOCHIIKECHHS
JIO3BOJIMJIO OIIIHUTH OOWIBAa METOM (A7 MEpIIoro METOAy CepenHbOKBaapaThdHa mommika ckimana 0.04, a mis
npyroro meroxay - 0.03). 3anporoHoBaHI METOAM JO3BOIITIOTH PO3MIMPHUTH CPepy 3aCTOCYBAHHS METAEBPUCTUK Ha
OCHOBI MYpAIIMHOTO aJTOPUTMY, IO MiATBEPKYETHCS HOT0 afanTalliero Ui 3a3HaYeHUX 3aBIaHb ONTHMizamii, i
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CTIpHsi€ IIABHIIEHHIO €(QEKTUBHOCTI IHTENEKTyaJbHUX KOMITIOTEPHHX CHCTEM 3arajlbHOrO 1 CHEiaJbHOro
npu3HadeHHs. [lepcriekTHBaMy MoJalIbIINX JOCTIUKEHb € JOCHTI/DKEHHS 3alPOIIOHOBAHUX METOJIB /ISl IIMPOKOTO
KJIacy 3aj7iay MITy9HOTO 1HTENEKTY.

KnarouoBi cioBa: MeraeBpHCTHKA; TIONIYK ONTHMAaJbHOTO MAapUIpYTy; MYpAlIMHHK alIrOpuTM; IMiTariis
BiJmaiy; 3a/ada KOMiBOsDKepa; 3a/1aqa Mpo HAMKOPOTIIHMH IIJISIX B CBIiTI IUIMTOK; piBeHb (hepoMOHY; OKoiuus Mypa.
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