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The key task of routing is the task of VRP (VRP ehi¢le Routing Problem), which is to

deliver to a consumgri =1,n similar types of merchandize in quantity df, from depotn +1,
using vehicles of capacity. Each consumer gets the cargo, deliieyazhe vehicle, which is then
returning to the depot. The cost of the transporatis defined by the formut?l\j = dji ,

I ] D{l,Z,...n n+ } The VRP solution is represented kyequences on cargo deliveries,
delivering a minimum OZkzlzi,jDak dij ,with a restriction for vehiclescapacity, expres$sd

formuIaZ:iDJ d<S
k

It has been established that VRP and its econoersions are generalizations of the NP-
complete Traveling Salesman Problem. The usefuleéstechniques for solving a VRP-class
problem depends on the method, chosen for solviigeeling Salesman Problem. It is achieved by
using heuristics, the accuracy of which is estimhdtg the result of computation experiment.

The heuristic VRP-solution is a combination of apraximate solution of NP-complete “bin
packing problem” and of a Traveling Salesman Proldelution.

The emphasis is made on VRP particular cases,sepied by basic and effectively solvable
tasks on matchings: the assignment problem, tlaef problem, the weighted matching problem.

Along with routing problems, the optimization tasikgransport logistics should include those
formulated in terms of matching theory [1].

The set of edges of the graph G is called indepgnalematchindl, if no two edges from

Mdon't have common vertices. Number of rib§ ¢alled matching poweV.. MatchingM ., as
much as possible, if in gra@no matchingl/more poweﬂM max‘.
Obviously,‘M max‘ does not exceedv / 2 |,V — set of graph verticés If ‘M max‘ =|v/2],

then matchingM ., called perfect or 1-factor. The task of matchingsists in constructing into a

graplfGmaximum matching.
The matching problem is a special case of the viethmatching problem in which the graph

is givenG = (V, W) and each rit{vi ,V-} LW weight assignecdij > 0.Supposed to be found @&

matchingM , ., with the minimum (maximum) sum of the weights o tiibs.

Depending on the meaningful interpretation, thedetor a solution to the matching problem
or a weighted matching problem is performed in ditiary graphd = (V, U) or in a dicotyledonous
graph. Dicotyledonous coum = (X, Y, E) called a graph, the set of vertices of which ban
represented by a partition into two subXeasidvso that the ends of each edge belong to different
subsets [100].

One of the first problems on weighted matchinghis tlassic assignment problem, which
received the following logistic formulation. Thember of production pointsis equal to the number
of vehicles and the number of destinations.

At each point of consumption i there is one vehielhich, after completing the route, is
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worthdij at any consumption pointg,i, | = E, stays at this point. Need to find alroutes(i N ) ,

minimizing their total cost [2, 3].
The solution to the assignment problem is soughat lifpartite weighted graph= (X, Y, E),

where‘X‘ :M, E:{( I, J)‘ i0X,j DY} and corresponds to perfect matching with the mimimu
sum of the weights of its edges.

The assignment problem is always solvable if tipauttite grapBcomplete, that is, such that
each pair of its vertice(si;,j ) 10X, jOY tied by an edge [4].

Currently, several transport-type problems are kmavihose solutions are represented by
matching in bipartite graphs.

For example, let in the task of “packing into caméas” the cargo capacity of the container
not exceed and the weight of the cargdy, i =1,n, satisfies the inequalitieB / 3<d < B.

Then the minimum number of containers for placih@aods in them can be determined as
follows.
Count is being build = (V, U) from the set of verticeg and the seU of edges {, j}. The

verticesiandj form an edge i{ j} if d; + dj < B.Obviously, the required set of containers is the
maximum matching of the grapgh

It should be noted that for solving the assignm@oblem, the matching problem, and the
weighted matching problem, effective algorithms dshon non-trivial ideas are known, the
implementation of which requires considerable terpenditures.

It is easy to show that 2-VRP is polynomially sdlkeaby reducing it to the problem of

constructing a complete weighted graph with+ 1 vertices of perfect matchinyl ., with a
minimum total weight of the ribs included in it.

If nis odd, theM 5, has the form, as in pic. 1, a) and the 2-VRP soiui$ as in pic. 1, b).
With evennM .. (pic. 1, c) converted to solution 2-VRP, presertegic.1, d). Here, as in the
future, matching ribs are represented by thickdmes.

Minimum cost ofm routes,m =m=(n/ 2—| ,has a constant componeEin:ldOi and the

variable value that needs to be determined asu#t mdssolving the problem of weighted matching.

Matchings model many applications related to tdiestraveling salesman. A route in the
Traveling Salesman Problem is a connected sparsuibgraph in which all vertices have degree 2.
If we exclude the condition of connectivity in suglsubgraph, then it is called a 2-factor [1].
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c) d)

Picture 1

Obviously, the 2-factor is a generalization of domcept of perfect matching. Therefore, the
2-factor problem is the problem of finding in abignary graptd = (V, U) with non-negative weights
of the edges of the 2-factor that delivers themimum total weight, can be considered as a weakened
Traveling Salesman Problem.

It is known that the problem of finding the 2-facteduces polynomially to the construction
of a perfect matching [1] and, therefore, is effesdy solvable.

This fact indicates the possibility of using thesigament problem, the weighted matching
problem, and the 2-factor problem as relaxatioms&bculating estimates that limit the value of the
target functional from below in exact and approx@raethods for solving routing problems that are
reducible to the Traveling Salesman Problem.

Relaxation of a combinatorial optimization problesra certain other problem, in the set of
feasible solutions of which the feasible solutidth@ original one is displayed (embedded) [5, 6].

A well-known relaxation of the Traveling Salesmarol®em, which does not apply to
matching problems, is the problem of findingidree with a minimum total weight of edges in d ful
n-vertex weighted graph.Antree is a sub graph of a complete graph that dedwa tree with many

verticesV \{#}, M =1 and two ribs incident to the tdp7, 8, 9]. Naturally, the solution of this

problem gives a rougher lower estimate of the mummfunctional of the Traveling Salesman
Problem than the solutions of the problems consitiabove, but it is found in much less time.
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