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AJITOPUTM pa3pelieHUs1 KOH(PIUKTOB B 3a71a4e BbIOOPA ONTUMAJIbHBIX
MApPHIPYTOB IPYNIbl Aar€HTOB HA IMJIOCKOCTH

Kupcanos Muxaun Huxonaesuu
HUY « MOy
IIpogheccop

AHHOTALIUA

Jlns pemieHus 3aadyd NPOKIAAKKA KpaTdyallIuxX IMyTed Mo pedpaM B3BEIIEHHOTO
rpada c y4yeToM HepapXuMu areHTOB IO MPUOPUTETY ITOCTHIKEHHUS BEPIIMH
NPUMEHSAETCS MYpPaBbUHBIA aNropuTM. B mapamerp, ompenensomuii BBHIOOP
ouyepeHON BEPILUHBI, BBOJIUTCS JTOTIOJTHUTEIHHBIN K03 puIreHT,
YMEHBIIAIONUNCA TOCT€ BO3HUKHOBEHUSI KOH(IMKTA MEXIy arceHTaMu,
NPUOBIBIIMMU B 3Ty BEPIIMHY OJHOBPEMEHHO. AJITOPUTM CTPOUTCS B CHCTEME
KOMITbIOTepHON MaTeMaTuku Maple u MokeT HalTH MPUMEHEHHE TS YIPABICHHS
Ipynibl MOOMJIBHBIX pOOOTOB.
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poboTtamu
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Abstract

To solve the problem of laying the shortest paths along the edges of a weighted
graph, taking into account the hierarchy of agents, the ant algorithm is used to
achieve the vertices. In the parameter that determines the choice of the next vertex,
an additional coefficient is introduced, decreasing after the conflict between agents
arrived at this vertex simultaneously. The algorithm is built in the system of
computer mathematics Maple and can find application for the management of a
group of mobile robots.
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Formulation of the problem. The task is to find the optimal interaction of
an organized group of objects (robots, «agents») when they perform a certain
planned work. In particular, the specific task for a group of objects in the case
under investigation is to move them along a certain plane with the marked points
forming the vertices of some incomplete graph (Fig. 1). The start and end points of
each object are different. In the example, we consider the case of two agents with
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initial points in A),B, and finite in A,B,. The shortest paths from the initial

points to the finite ones are found, taking into account the limitation of locating
the agents at the vertices. This means that simultaneously (with a given time error
7;,1=1..,M) in one vertex (or «city», by the tradition of the traveling salesman

problem), two or more agents can not be located. The agent group has a hierarchy
of significance. First of all, an agent with greater significance is admitted into the
city. In addition, in cities-peaks there are also differences in the need for their
passage. To solve the problem, the ant algorithm was chosen by Marco Dorigo [1].

The idea [2] of optimization of transport routes on the basis of the
introduction of feedbacks of various types (positive and negative) in the form of
some algorithm (figuratively called ant) for the first time in the Russian-language
literature was described by S. Shtovba [3, 4]. In the future, the effectiveness of this
approach to optimization problems has been repeatedly proven. In [5], some
modification of the algorithm of the ant algorithm is presented with reference to
the problems of optimization of transport routes in a network of large city streets
with two-way traffic. The classic traveling salesman problem was solved. Three
metric versions are used: with time, distance and speed estimation. In solving the
problem, both synchronous and asynchronous movement of ants —agents were
allowed. In [6], based on the ant algorithm with the use of dynamic variables
(reducing the space for finding solutions), a general scheme for modeling
optimization and optimal planning of irrigation and fertilization of annual crops in
agricultural practice was developed. The problem of adding a third parameter to
the ant algorithm used to solve optimization problems is discussed in [7]. In a
series of papers [8-12] various variants of the ant algorithm, its applications and
analysis are considered. The solution of the classic traveling salesman problem
with the help of the ant algorithm is implemented in the program [13] in Maple.

Based on this program in this paper, the problem of resolving the conflicts of
tracing a multi-agent system on a plane is solved. The estimation of the priority of
the vertex for continuation of the route is determined by the value
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where 7;— the amount of pheromone left by ants on the arc [i, j], 4, —is

the reciprocal of the weight (length or conditional cost) of the arc. In comparison
with the known algorithm [1-4], here we give one more parameter s;,
corresponding to the conditional availability of the vertex j. Accessibility is
regulated by the interaction of agents in the process of movement. If at some time
in the vertex j there are two agents, then for an agent of lesser significance, this
parameter, after passing the entire path, becomes an agent of greater significance,

decreases. The coefficients «,f3,{ determine the priority of the corresponding

quality. If, for example « =0, the agents are guided only by the length of the path
when choosing a possible path. If #=0 the most valuable information is the
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experience of previous ants (the level of pheromone). To resolve the conflict (the
order of approach to the vertex) the parameter ¢ must be different from zero. The
value of this parameter determines only the choice of a spare city (top) for an agent
of lesser importance, for which entry is already prohibited in this city.

Algorithm. In fact, the proposed algorithm is very close to the algorithm for
solving the Hamilton problem. However, while the complete graph was considered
in the Hamilton problem, in this formulation the problem is complicated by the
fact that the graph is a network with a source and drain point for each agent. The
start and end points can be different, and in some cases the routes are not
implemented because of possible the deadlocks (hanging) vertices. For simplicity,
in this solution, hanging vertices will not be considered. The main idea of the
algorithm for a group of agents with the priority of visiting vertices is to
consistently traverse paths, starting with the agent with the highest rank. In the
process of passing (still not passed by anyone the graph) of vertices the agent
observes the visiting time of each vertex. Time depends on the speed of the agent
and the weight of the edges (the distance between the vertices). After that, some of
the vertices have the status of marked, other part — no (Figure 2). The next agent,
passing through the graph (according to the usual rule of selecting the next vertex
of the ant algorithm with a mark of the pheromone passed by the edges, is
inversely proportional to the time of passage of the entire path), also notes the time
of passage of the vertices.

A

k B,
4, B,
Figure 1 — Source graph Figure 2 — Step 1. Agent A route

If the time of some vertex is identical to the accepted error (Fig. 3), then the
status of this vertex decreases, and the route of this agent is re-laid (Fig. 4) to the
accuracy of the accepted error. It should be noted, however, that the term «route»
Is understood here taking into account the many iterations, similar to the classical
problem of the ant algorithm, where due to the randomness of selecting the next
vertex, regulated by the value (1), an optimal route is constructed. The number of
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iterations depends on the number of routes, the presence of «elitey ants, the
parameter of «drying out» of pheromone [3, 13].

Figure 3— Agent B route Figure 4 — Conflict resolution

Figure 3 shows several «unnatural» direction of agent B. Instead of heading
to the top B,, the agent turned to the top B',. However, this solution was obtained

as a result of an integral evaluation of the entire path based on the results of many
iterations of the ant algorithm. «Conflict» at the top A with Agent A, led to the

fact that by reducing the accessibility of this vertex, Agent B «corrected» its route
by selecting this time the previously rejected route to the top B,. We note that the

proposed algorithm is designed for knowledge of the coordinates and
characteristics of all cities by agents (a complete «map» is known). In the case of
local choice of directions, without preliminary information about all vertices,
differential methods should be used, for example, based on the Bellman principle
with an estimate of the additive or multiplicative objective function with the
possibility of introducing corrections to the agent conflict at the vertices of the
graph.
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