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USE OF THE APPROXIMATE METHOD
FOR SOLVING THE ASSIGNMENT

Po3zznsinymo nabauxcenuii memoo po3e’si3anms 3a0aui npo npusHaueHtst, aKuil 0ae 3mozy max po3no-
dinumu pobimnukie no pobomax, w0d 3azaivii 3ampamu NPu UKOHAHHT pooim 6yau 6 MIHIMATGHUMU.
B Odanomy docnidxcenmns suxopucmano 08a memoou: yzopcoKuil memod ma Habauxicenuii memoo Os
nobydosu arzopummy. /lns inocmpauii pobomu anzopummy nasedenuti npuxiad. Jane docaioxcenis
oae 3mozy onmumisysamu pooOUUTL NPOUEC 6 CLILCHKOMY 20CN00apCmel, Mop2ieii, Ha NionpuemMcmeadx,

8 0P2aHI3AUISX.

Kmeouosi cnosa: rabiudcenuil memoo, nabauxcenuil Po3e’ 30k, 3adaua npo NPUSHAUEHHI.

1. Introduction

With the development of market relations, the improve-
ment of management in all spheres of purposeful human
activity in a wide variety of fields (industry, agriculture,
trade, consumer services, health care, nature protection, etc.),
problems arise that require complex solution. Especially now
it concerns the development of the economy in Ukraine, the
current state of which requires the expansion of existing
production facilities and the creation of new ones. In con-
nection with this, when putting into operation new enter-
prises or creating new works at operating enterprises, the
so-called assignment problem often arises, that is, the task
of assignment of employees to vacant posts so as to ensure
the most efficient performance of work. Such task arises
when creating new organizations or when they are expanded.

2. The ohject of research
and its technological audit

The object of research is assignment problem.

The assignment problem is one of the basic problems
of combinatorial optimization in the field of optimization
or investigation of operations in applied mathematics. It
consists in finding the minimum (or maximum) weight be-
tween the elements of two finite sets. It can be represented
as the finding of control in a weighted two-lane graph. On
the other hand, the assignment problem relates to linear
programming problems. It is a special case of a transport
problem, which in turn can be represented as a problem
of a minimum value stream.

The assignment problem can be described through various
application situations. For example, there are a number of
agents and a number of tasks. Any agent can be designed to
perform any task. The agent’s performance of the task is asso-
ciated with costs that vary depending on which agent performs
the task. It is necessary to complete all tasks by assigning only
one agent for each task, so that the total costs are minimal.

3. The aim and ohjectives of research

The aim of research is showing how, using an approximate
method, it is possible to solve the assignment problem.

In this case, the problem of distribution of workers for
work is considered, so that the total costs in performing
the work would be minimal.

To achieve this aim, the following tasks are set:

1. To build a mathematical model of the problem for
the assignment problem.

2. To build an algorithm for solving this problem, using
the Hungarian method and the approximate method, and
also give an example of a solution.

4. Research of existing solutions
of the problem

The assignment problem was first considered in geo-
metric form [1] in 1784. However, at the beginning of
the twentieth century, Monge solution was found to be
incorrect. The following steps in solving the assignment
problem made by Koenig and Egervari in the first third
of the 20th century. In [2, 3] this problem was consid-
ered as the problem of finding the perfect matching of
the minimal weight in a weighted two-legged graph [4].
Their work became the basis for the Hungarian method,
developed [5] in the 50th of the last century. In 1947 [6],
a simplex method was proposed for solving the general
problem of linear programming, in which the assignment
problem is easily reduced. The assignment problem posed
in [6] can also be considered as the problem of the maxi-
mum flow of the minimum value. In 1961 [7], an algo-
rithm was published to solve it. This algorithm for the
general problem, like the simplex method algorithm, has
exponential complexity, and for the assignment problem —
polynomial. Theoretical analysis of the complexity of the
algorithms shows that the algorithms [5] and [7] have
the same theoretical complexity less than the Goldberg-
Tarjan algorithm. Also, models, methods and algorithms
that determine the decision-making processes [4, 8, 9]
were investigated. However, the answer to the question of
determining the best algorithm requires empirical research.

5. Methods of research

To solve the assignment problem in the literature,
the method proposed by the Hungarian mathematician
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is known [2]. This method is included in the literature kers for work, the minimum total costs for the work are
under the name of the Hungarian method [10]. However, 17 units.
this method is inconvenient for a lost implementation.
Therefore, in the article a new approximate method [9]
is proposed, which is easily implemented programmati- )
cally. Let’s note that the Hungarian method is const- Ui
ructed similarly to the method of solving the transport 8 6 9| 10
problem [11]. 0 14 0
Formation of the problem. Let’s suppose that to per-
form n different works, and for each work, it is possible 1
to assign only one worker. The costs ¢; of doing i-th
work to j-th workers are known. The task is assignment 6|+
of the workers for the work, so that the total costs in
performing the work would be minimal. 3 4 5 5
Mathematical model of the problem. If entering the va- 1 0 1
riables x; that define by formula:
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{1 if i-th work is assigned forj-th worker Fig. 1. Solution of the problem by the Hungarian method

i 0, in the other case,
then the mathematical model of the problem will be as fol- Vj
lows: it is necessary to find the minimum of a linear function: Ui 8 6 8 "
n 8- 6 9/+10
Lz%zfﬂiw (1 0 1, 0
i=1 j=
3 5 2 7
in the case of 6 1
\ 6|+[2]- 4| |8
Ya;=1i=12,..n (2) 4 1 0
=
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S 2y =1, =12, 3) T
i=1
Fig. 2. Solution of the problem by the Hungarian method
x;€{0,1},i=12,..,n j=12n (4)
Method for solving the problem. The algorithm of the -
: Vj
method consists of two stages. ) 8 5 7 10
At the first stage there is an initial assignment of Ui
the workers for the work, which will be optimal if the 8 6 91 10
conditions (3) are not taken into account (one worker 0 |y 0
may have more than one assigned worker, and not one 3 5 5 7
worker). The second stage involves re-assignment of wor- 5 1
kers, if there is at least one work for initial assignment,
after which more than one worker is assigned. The second 3 6 2 4 8
stage consists of a number of steps, and at each step, 1 0
one worker is redistribution from work, after which more 3 4 2 5
than one worker is assigned, to a work where no worker 5 0 1

is assigned so as to achieve a minimum increase in the
value of the objective function. The execution of the se-
cond stage of the algorithm is continued until the distri-
bution of workers for works that satisfies condition (3)

Fig. 3. Solution of the problem by the Hungarian method

is found.
8 @ 9 10

6. Research results

The example considered in [10], and its solution by 3 > @ 7
the Hungarian method (Fig. 1-3).

The costs of the optimal distribution are 8+2+2+5= 6 @ 4 8
=17 units.

Let’s now consider the solution of this example, by 3 6 @ 5
our method considered in [9] (Fig. 4-6).

The solution is 17 units. That is, using a Hunga-
rian or an approximate method, we distributed the wor- Fig. 4. Solution of the problem by an approximate method (first step)
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Fig. 5. Solution of the problem by an approximate method (second step)
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Fig. 6. Solution of the problem by an approximate method (third step)

8 6 9
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7. SWOT analysis of research resulis

Strengths. This research allows to assign the workers
for the works, so that the costs are minimal.

Weaknesses. The weaknesses of this research are re-
lated to the fact that the Hungarian method is difficult
in software implementation.

Opportunities. Additional opportunities to achieve the
aim of research can be associated with the distribution
of workers for work, so that the overall efficiency of all
works is the greatest.

Also in the future, we will consider mathematical mo-
dels for the effective distribution of candidates for vacant
positions.

Threats. In our opinion, the threats for implementa-
tion of this model using an approximate method should
not arise.

8. Conclusions

1. As a result of research, a model of the assignment
problem is built, in which it is necessary to find the
minimum of a linear function where costs ¢; are known.

2. An algorithm for solving this problem for the dis-
tribution of workers by works is also built, using the
Hungarian method, where in a specific example it is shown
its use.

3. Three iterations are carried out, that is, one worker
is relocated from work, after which more than one worker
is assigned to work, for which no worker is assigned.
Also, an approximate method to solve this problem is
used and a concrete example is given. These algorithms
allow to find the minimum costs when performing work
by workers.

This algorithm can be applied at enterprises, in agri-
culture, in trade, etc. The article gives examples of the
use of Hungarian and approximate methods.
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HCNONMb30BAHKE NPHENHMEHHOr0 METOAA ANA PEIMEHHA
3AAAYH 0 HASHAYEHHH

PacemoTpen mpUOIMAKEHHBIA METOJl PelleHus 3aj1aui O Ha-
3HAYEHUHU, KOTOPBIIl MO3BOJISIET TaK PACIpeAeguTh Pabodux Mo
pabotam, 4ToOBI OOIIME 3aTpaThl IPHU BBHITOJHEHUN PAGOT ObI-
Jiu Obl MUHUMAJbHBIMU. B IAHHOM MCCJIE0BAHUS UCIIOJIL30BAHBI
JIBa METOJA: BEHTePCKUI MeTOJ U HPUOIMKEHHDBIA METOJ Jist
nocrpoerust anropurma. s wmoctpaiuu paboThl aaropuTMa
npuBezien npuMep. JlaHHoe HccefoBaHUe MO3BOJISET ONTHMMU-
3UpoBaTh pabOYM MPOLECC B CEIBCKOM XO3UCTBE, TOProBJe, Ha
MPEANPUATUAX, B OPTAaHUBAIMIX.

Kmouesnte cmoma: 1puG/inmkeHHblil METO, TPUGIMKEHHOE pe-
HmeHue, 3aja4a 0 Ha3HAYCHUU.
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