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An important aspect of activity in the Ministry of Regional Development and Public
Works is working on the Operational Programme “Regional Development” with a
priority axis “Sustainable and Integrated Urban Development” on an operation “Im-
provement of Physical Environment and Risk Prevention”. This operation involves
86 municipalities. The financial resource for this operation is 238 589939 euro, of
which 202 801 448 euro are European financing [1]. Each of this 86 municipalities has
to solve a problem to assign a public order to a fixed firm. In fact, this problem
is a problem for holding public auction for a choice of executive firm. The optimal
choice of executive firm is very important. We formulate this problem as a problem
of the multi-criteria decisions making and using appropriate methods and criteria we
transforme it to an one-criterion optimization problem.

1. Introduction. Similar problems in the area of sport and human resources are
investigated in [3], [4] and [5].

Here we describe a generalized mathematical model for auction. Therefore, we need
a few experts in the proper aspects to set the parameters, which will be taken into
account. These parameters are appropriate and suitable for each auction. The model
consists of two main stages — data processing; creating criteria and their unification,
which helps to convert the multi-criteria decision problem into a problem of one criteria
linear programming optimization.

2. Optimal choice of a firm at an auction. The aim of the problem is to make
maximum efficiency by using minimal money resources.

The organizer of the auction has certain requirements to the firms who are going to
participate. Each requirement has its own significance and is estimated by the proper
area experts. This process is described by the table below:
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Key words: Multi-objective optimization, knap-sack problem.

231



Table 1

AUCTION
Requirement 1 | Requirement 2 | ... | Requirement n
Significance w1 w2 e Wn,
Estimation P1 P2 .. Pn
Let us have in the auction: k firms, ®1,®s,..., Py, £ € N. Requirements are n, n €
N. Experts determine significance of each one, by weight vector: w = (w1, ws, . .. ,wn)T,
n
0<w,-§1,2w,-:1.
i=1

The determination of the weight vector is very important. The greatest is the weight
coefficient of the most important of the proper requirement.

Each firm describes how will cover each of the necessary requirements and the experts
estimate them.

Let the experts have set the weight coefficients, characterizing significance of the
proper requirements and have estimated each firm:

Table 2

Firm req. 1 | req. 2 | ... | req. n Re')qu‘u'ement
w1 w2 .. Wn Significance

D1 | = P11 P21 e Dnil

e | 22 P12 D22 = Pn2 Estimation
(bn Tn Pin P2n e Pnk
So we have the matrix P:
P11 P21 - Pnl

(1) p=| P P2 P2 , 0<pij <b, b= const.

Pik P2k " DPnk
The vector Q=P.w is created by the efficiencies of each firm participating in the

auction:

n
Z Pi1-wi
i=1

P11 P21 - Pnl w1 n Q1

W Pi2.Wj
CINCEY IR B el B =S B s
Dik P2k ' Dnk Wn Qr

n
Z Pik-wi
i=1

The problem for winning the auction may be formulated as a knapsack problem with
maximum common efficiency with limited resources — money resources. Let these limited
money resources be C, C' =const. Also the firms &1, ®o,..., Py give proper prices for
the offered material resources or services: c1,¢a,...,cx, k€N, ¢c; >0,57=1,...,k.
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Mathematical model — Knapsack problem [2]:

k n k
m)?X{Z(X) =2 Qjzj = > wipijxj}
j=1 i=1j=1
(3) subject_to :

k
ZijjSC, IjE{O,l}, i=1,...k,
j=1

where:
n
O<w;, <1, i=1,...,n, > w;=1,

pijZO; Z':l,...,’l’l,7 jZl,...,k,
0<c¢j, j=1,....k

The function Z presents the common efficiency in the auction, and the variable x;,
j=1,2,...,k, is 1, if j® firm wins the auction and 0 (zero) — if it does not win the
auction.

3. Solution. The solution of the problem includes the following stages: calculation
of data of the estimations; description of general criterion for global efficiency of the
firms; solutions of the optimization problems. These problems are solved by MAPLE —
for multiplication of the vectors and the matrixes and LINDO - for solution of the linear
problem — Knapsack problem, respectively.

4. Example: Optimal choice of a firm in conducting auction using exact
data. In small municipality on the Operational Programme ‘Regional Development’
with a priority axis ‘Sustainable and Integrated Urban Development’ on an operation
‘Improvement of Physical Environment and Risk Prevention’, 12 firms applied for par-
ticipation in auction for choice to construction works.

The municipality has certain requirements for firms who are going to participate [1].
The experts determine significance by weight vector:

w = (0.02,0.10,0.08,0.06,0.05,0.05,0.04,0.03,0.03,0.03,0.02, 0.09, 0.08,0.07, 0.06,
0.05,0.05)™ [1].

The experts have set the weight coefficients, characterizing significance of the proper
requirements and have been estimated — matrix P, each firm by requirements [1] (Ta-
ble 3).

Then the experts provided 2 matrixes (P and w) and @ = Pw:

Every coordinate of the vector @) is corresponding to medium estimation for every
firm.

The numerical calculations were obtained by MAPLE.

The problem is to obtain maximum efficiency by using limited money resources —
76 773.76 euro (Table 5).

We obtain a result by solving the knapsack problem: Firm ®g wins in the auction
with efficiency — medium estimation 3.60 and money resource 69 753.12 euro.

The numerical solutions were obtained by LINDO.
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Table 3
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Requirement | req.1 | req.2 | req.3 | req.4 | req.5 | req.6 | req.7 | req.8 | req.9
Significance 0.12 0.10 0.08 0.06 0.05 0.05 0.04 0.03 0.03
Firm Estimation
Py 1 2 5 3 2 4 2 3 4 4
Dy T2 2 3 4 4 2 2 4 3 3
D3 T3 3 4 2 2 2 3 3 3 4
Dy T4 3 3 2 4 2 4 4 3 3
[oF3 5 2 2 2 3 3 4 3 4 2
Pg 6 3 3 4 4 5 4 5 5 3
Pr 7 3 2 2 3 4 4 5 5 4
g xs 3 3 3 4 5 5 4 4 4
Dg T9 2 3 2 2 3 3 3 3 4
(o315} x10 3 3 3 3 2 4 4 5 4
P11 T11 2 3 3 3 3 3 4 2 4
P10 T12 3 3 2 3 4 4 4 4 3
Requirement | req.10 | req.11 | req.12 | req.13 | req.14 | req.15 | req.16 | req.17
Significance 0.02 0.02 0.09 0.08 0.07 0.06 0.05 0.05
Firm Estimation
(31 1 5 3 2 2 3 3 4 4
D) T2 3 4 2 3 3 4 5 5
P3 3 5 5 4 4 4 2 3 3
Py T4 3 3 4 4 5 2 4 4
(o33 x5 3 3 4 4 4 3 3 4
[oH] 6 3 4 4 4 2 3 3 4
[ z7 2 4 3 3 3 3 4 4
g T8 4 3 2 2 3 3 4 2
Py g 5 4 4 4 3 4 3 4
P10 Z10 4 3 3 3 4 2 3 4
Pqq 11 3 4 4 4 3 3 3 4
P12 12 3 4 5 2 4 4 2 3
Table 4 Table 5
Firm | tion Firm | rves
(O3] T 3.05 (O3] T 82 564.24 euro
(o2} ) 3.15 (o2} x9 78 356.76 euro
[oF} T3 3.20 [oF} x3 | 81164.78 euro
Dy T4 3.37 Dy x4 73 542.97 euro
(o33 Ts5 3.04 (o33 x5 78 157.78 euro
[oF) T6 3.60 [or) zg | 69753.12 euro
[ord T7 3.19 [ord x7 | 76156.42 euro
g g 3.21 g T8 68 452.76 euro
Dg Tg 3.11 Dg T9 67 153.45 euro
P19 | x10 3.21 P19 | x10 | 70439.12 euro
D11 | 211 3.16 D11 | x11 | 76682.44 euro
Do | 12 3.29 Do | x12 | 71855.22 euro
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OIITUMAJIEH N3B0P HA ®NIPMA IIPU ITPOBE2K/IAHE HA T'bBPT

CunBus K. BaeBa, IIserana Xp. Henesa

Baxken acnekr B cucremara Ha MUHHCTEPCTBOTO HA PETMOHAJIHOTO PAa3BUTHE U OJ1aro-
ycTpoiicTBo e paborarta mo OnepaTuBHa nporpama “Permonasnno passurue”’ ¢ mpuopu-
TeTHA OC “YCTONYNBO U MHTEIPUPAHO IPajcKo pas3Burue’ mno oneparnus “Ilomobpssame
Ha (usndeckara cpefa u npesennus Ha pucka’. [lo Tazm mporpama ca Bkiodenu 86
obrmuan. PUHAHCOBUAT pecypc Ha Ta3W oneparus e Ha cToitHocT 238 589 939 eBpo, oT
kouto 202 801 448 eBpo ca espomneiicko dbunancupane [1]. Beska or Tesu 86 obumnn
TpsiOBa Ja PEIy 3a/1a9aTa 3a Bb3JaraHe Ha o0IeCTBeHa MOPbIKa Ha OlpeiesieHa pup-
Ma I10 Ta3| oleparysi. BebIHOCT, Ta3u 3a7a4a e 3a/1a9a 3a IIPOBEXKJaHe Ha OOIUHCKI
Tbpr 3a u360p Ha dupMa-usIrbIHATET. OUTUMATHUAIT U300p HA (PUPMaA-U3IIBJIHATEI
€ MHOTIO BakeH. 3aJjiauara 3a IPOBeXKJIaHe Ha ThPr e hopMyJinpaMe KaTo 3aa4a Ha
MHOTOKPUTEPUATHOTO B3€MaHe Ha PEIIeHUs], KATO Upe3 MOIAXOSINO U3rparKIaHe Ha
KPUTEPUN U METOMH MOXKe /a ce TpaHchOopMUpa 0 337a49a Ha €IHOKPUTEPHUATHATA
OITUMU3AIASA.
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