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Abstract. In the development of the industry of small and medium enterprises that are involved in one of the most
specific activities such as working with leather products, it gives and seeks opportunities for optimizing the basic
management activities in the work of a company. Today, many data are constantly generated that require proper processing
and access to them, especially when it comes to supply chain management. Standard processing techniques may not meet
these requirements. The development of information technology and decision theory has contributed to the emergence of the
application of modern-applicable methods and approaches to data processing and analysis. The way of processing data from
traditional data processing tools are adapted for data processing and with the help of tools and mathematical methods that
enable processing and analysis of big data that depend on several criteria such as time, resources, quality, and distance when
it is about delivering work material. The identification and analysis of the problem to be solved, the determination of the
possible solutions to the problem, the criteria according to which the possible solutions are evaluated, i.e., the alternatives
and the choice of the best possible solution is a decision-making process, i.e., a decision-making process, and because of the
decision-making process, the decision arises. It is the choice of the best, from the most possible alternative solutions to the
problem such as the problem of delivery of specific material such as leather considering the quality and price.

Keywords: data processing, supply chains, data, decision making, analysis, mathematical methods

OBPABOTKA HA ITIOJATOIU CO KOPUCTEILE HA MATEMATHUYKHA

MOJIEJIN BO KOKAPCKATA UHAYCTPUJA
Kpcre Toxopos', lejan Kpcren?

!MaKynTET 32 MPUPOIHK M TEXHUYKH HayKu,Y HuBepsuteT ,,l'one Jemues®, lltun, 'tradicija97@gmail.com
, 2Mammncku daxynrer,Yausepsurer ,,Loue Jemues*, Iltun, *dejan.krstev@ugd.edu.mk

AmnctpakTt. Bo pa3Bojor Ha MHIyCTpHMjaTa Ha MaJUTe M CPEJHU NPETHpPHUjaTHja KOU CEe BKIYYECHH BO €IHA O
HajcnenuduyuHaTa JejHOCT, KaKo LITO € padoTaTa co KOXKApCKH IPOAYKTH JaBa, HO U Oapa MOXKHOCTH 3a ONTHMHpambe Ha
OCHOBHHUTE YIPaByBayKd aKTHBHOCTH MpH paboTa Ha emHa KommaHuja. JIeHec MoCTojaHO ce reHepHpaar royieM Opoj Ha
mojarony kou Oapaar coonBeTHa oOpabOTKa W TpHCTAll KOH MCTUTE, MOCEOHO KOra CTaHyBa 300p 3a yIpaBYyBameTO CO
cHabnyBaukute cuHpUpH. CTaHIapJHUTE TEXHUKH 3a 00paboTKa HE MOXKAT Ja OJroBopar Ha oBHe Oapama. Pa3Bojor Ha
uH(bOpMaTHYKaTa TEXHOJIOTHja U TEOpUjaTa Ha OIy4yBarme JOIPHHECE 3a [I0jaBa Ha IPUMEHa Ha MOJECPHO-IPUMEHINBH
METO/IM U IpucTany 3a 06paboTka 1 aHanM3a Ha nojarouure. HaumHOT Ha 00paboTKa Ha MOJATOLMTE O TPAAULUOHATHUTE
anaTky 3a 00paboTKa Ha MOJAaTOLH CE afanTHPaar 3a MPOLECHPAmbETO Ha MOAATOLM U CO IIOMOII Ha ajJaTKu U MaTeMaTH4YKU
METOAM KOM OBO3MOXKyBaaT oOpaboTKa M aHalM3a Ha TOJIEMH ITOJATOLM KOU 3aBHCAT O]l OBEKe KPUTEPUYMH, KAKO LITO ce
BPEMETO, PECYpCHTe, KBATUTETOT U TUCTAHI[aTa Kora cTaHyBa 300p 3a JiocTaBa Ha MaTepujai 3a padora. Vnenrudukanujara
¥ aHa/u3aTa Ha MpoOJIeMOT Koj Tpeba 1a ce pellly, OAPEIyBalkbeTO Ha MOXKHUTE pelleHHja Ha HpPOOJIEMOT, KPUTECPUYMHUTE
CIIOpe/l KOU ce OlIeHYBaaT MOXKHHUTE pPelLIeHH]a, T.. aITepHATUBUTE ¥ N300POT Ha HajI00POTO MOXKHO pelIeHHE MPETCTaByBa
IpoIeC Ha JOHECYBame Ha OJUTyKa, OZHOCHO IPOLeC Ha OJUTydyBame, a Kako pe3yiTaT oJ MPOLECOT Ha OJIydyBambe,
npou3ieryBa oJuiykata. Taa BCYHIHOCT IpeTCTaByBa CaMHOT W300p Ha HajaoOpOTO, O[] MOBEKETO MOXKHH alTepPHATHBHU
peleHnja Ha mpoOIeMoT, Kako MTOo € MpoOIeMOT 3a I0cTaBa Ha CIeNU(pHICH MaTeprjall Kako IITO € KOXara, 3eMajKu TO BO
HpeBU/I KBATUTETOT U [[CHATA.

Kiryunn 360opoBu: mpoliecHpame Ha IOJATOLM, CHAaOAyBaukH CHHUMPH, MOAATOLHM, JOHECYBalme Ha OJITyKa,
aHaJan3a, MaTEMATHYKH METOIN

1. Introduction

Logistics in the modern world is becoming a current issue to which more attention is paid. In many
countries with developed market economies, the share of logistics activities in the formation of gross national
product exceeds 20%, which directly affects all aspects of the economy (inflation, productivity, interest rates,
etc.). This is one of the main reasons for the increased interest in this issue. In the field of logistics, you can find
several terms such as: materials management, physical distribution, business logistics, logistics management
(synonymous with business logistics), supply chain management and others. All these terms explain the same
area - logistics. The leather industry is of exceptional importance for the economy of the Republic of Northern
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Macedonia according to the realized participation in employment and export, but also import of material goods.
Unlike some other economic activities and industries, in the field of leather industry relatively more private
entrepreneurial initiatives came to the fore, a solid material basis was created, several foreign business relations
were established with foreign partners, which is the basis for future development. The labour-intensive character
and the opportunities it provides for more balanced regional development are additional features of this industry.
The process of globalization and the growing involvement of the national in the international economy pose a
number of challenges for the leather industry, for the national economy, and for the country. Most of the
companies in the leather industry in R.N. Macedonia are organized as small and medium enterprises with a total
number of employees of 30 - 200. This fact is positive, because it provides great flexibility to companies in
terms of changing the product range, production of small batches and short delivery time of the final product.
This is a key factor for successful cooperation with foreign partners and for the survival of this branch which is
under constant pressure from competition and market laws. Macedonian leather production is mainly export-
oriented but lately also on import of repro-materials, mostly on and from the European market. [1,2,4]

2. Research methodology

For correct and optimal choice of procurement of material goods for secondary processing of materials in
the leather industry of small and medium enterprises, there is a need for technical-economic analysis with the
help of multi-criteria decision-making methods. Multi-criterion optimization is an area where a mathematical
model is formed for a particular mathematical problem, considering multiple goals at the same time. It is
essential that the most favourable alternative solution be found according to all the criteria considered, which
can be expressed in different units of measure, different currencies, different probabilities of occurrence or
subjective estimates. The task of multi-criteria decision optimization is in cases where important decisions are
considered and made, such as capital investment decisions, which are characterized by a relatively large number
of criteria. For effective analysis of decisions and finding an appropriate solution, the criteria are selected and
grouped into economic, technical, technological, social and environmental criteria. Models that form a
mathematical model for a real problem from the beginning consider multiple criteria simultaneously and
develop in the field of multi-criteria optimization. Many criteria in the models of multi-criterion optimization
mean not only the realization of modelling, but also increasing the reliability of the obtained results. The
disadvantages of multi-criteria optimization are the consideration of several criteria and the way they define
weights in the model, which in turn makes this process of mathematical modelling complex. The development
of multi-criteria optimization methods started with problem solving step by step, i.e., methods for specific
problems were developed. Defining the effects of weights in the model of this process with mathematical
modelling makes it complex in today's conditions of development of mathematics as a science. There are a few
optimization methods and other quantitative mathematical methods that can be applied to problem solving and
decision making in the planning and design processes in industry. [3]

2.1 Methods of decision making and their application

Mathematical-model optimization methods have been developed for solving problems in planning and
design in the field of mining, which consists of preparatory work for defining and developing the mathematical
model. From this set of modelling methods, from the position of application, the following groups can be
distinguished:

e Models of one-criteria optimization are: linear programming, nonlinear programming, dynamic
programming, etc.

e Models of multi-criterion optimization are: AHP method, ELECTRA method, PROMETHEE method,
VIKOR method and others. These methods belong to the group of multi-attribute decision making methods.
Working with them is different depending on how the models are calculated and the input data (alternatives
and criteria).

The most characteristic methods of multi-criteria decision optimization are the ELECTRA method group,
the PROMETHEE method group and the AHP method.

e ELECTRA method - The ELECTRA method means a set of methods for solving problems from multi-
criteria optimization. There are several variants of this method and the most famous are the variants
ELECTRA I and ELECTRA II. The ELECTRA II method is used in cases of complete ranking of the set of
alternatives and this group of methods enables the ranking of a set of solutions for discrete problems and for
various criterion functions.

e PROMETHEE Method - The PROMETHEE method is one of the newer methods in the field of multi-
criteria optimization, where there are several variants of this method, as follows: PROMETHEE I,
PROMETHEE II, PROMETHEE III, PROMETHEE 1V, PROMETHEE VI and PROMET GDSS and
PROMETHEE-GAIA. The PROMETHEE method is characterized in the group of methods, where
alternatives are ranked based on multiple decision criteria. Multi-criterion optimization with the
PROMETHEE I method gives the possibility for a partial order of the alternatives, while PROMETHEE II
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gives a complete order. The PROMETHEE III method provides ranking of alternatives at appropriate
intervals and finally the PROMETHEE IV method performs multi-criteria optimization, related to a range of
alternatives. As in the other methods of multi-criterion optimization, in the PROMETHEE methods it is
possible to specifically define the appropriate weights for the criteria.

e AHP Method - The Analytical Hierarchical Process (AHP) method was developed by Thomass Saaty
(1980), who is the founder of the method as a professor at the Wharton Business School in Philadelphia and
is a tool in decision analysis. The method of analytical hierarchical processes is one of the classic methods of
multi-criteria optimization, which solves complex decision-making problems. Based on defined decision
criteria, it helps researchers in choosing the most favourable alternative. This method is suitable for use in
cases when there is not enough information from the observed alternatives in the decision-making process.

(1]

3. Material and method of operation

The decision-making process is often extremely complex due to the presence of competitive and
conflicting goals among the available criteria or alternatives. Decision-making practices often deal with
weighted alternatives, all of which meet the set of desired goals. The problem is to choose the alternatives that
will best meet the overall package of goals.

Analytical hierarchical process (AHP) is based on the concept of balance used to determine the overall
relative importance of a set of attributes, activities or criteria and refers to the analysed problem with the
decision. This can be achieved by structuring any complex decision-making problem, involving multiple
individuals, multiple criteria, and multiple periods at several hierarchical levels, assigning weights in the form of
a series of double-piece matrices, and then using Expert decision support system to determine normalized
weight. These weights are used to estimate the attributes at the lowest level of the entire hierarchy. The thus
understood process of modelling includes four stages:

*  Problem structuring,

»  Data collection,

* Relative weight assessment and

*  Determining the solution to the problem.

The problem structuring stage consists of breaking down a complex problem of decision-making into a
series of hierarchies where each level represents a smaller number of managed attributes. Then, they break down
into another set of elements that correspond to the next level and in the same order as Figure 1. This hierarchical
structuring of any problem-solving problem in this way is an effective way to deal with the complexity of real
problems and identify significant one’s attributes in order to achieve the overall goal of the problem. Therefore,
the method (AHP) possesses and provides exceptional flexibility in assisting decision-making processes. The
method (AHP) allows the realization of independence - independence between attributes to disintegrate at
different hierarchical levels. [1]

‘ Alternative 01 ‘ ‘ Alternative 02 ‘ ‘ Alternative 03 ‘

Figure 1. Structuring the problem

The second stage of the method (AHP) begins with data collection and measurement. It is then necessary
to assign a relative estimate of pairs of attributes to one hierarchical level, then to the next level, and so on, to
the last level. A nine-point scale for weight distribution in 7able I, has proven to be extremely reliable in
solving real-world problems.
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Table 1. Nine-point scale according to Saaty

AHP Scale of Importance for Numeric Rating Reciprocal (decimal)
comparison pair (aij)

Extreme Importance 9 1/9 (0.111)
Very strong to extremely 8 1/8 (0.125)
Very strong Importance 7 1/7 (0.143)

Strongly to very strong 6 1/6 (0.167)
Strong Importance 5 1/5 (0.200)
Moderately to Strong 4 1/4 (0.250)
Moderate Importance 3 1/3 (0.333)
Equally to Moderately 2 1/2 (0.500)
Equal Importance 1 1 (1.000)

The third stage of the method (AHP) involves the assessment of relative weights. Pair comparison
matrices will turn into problems with important values to obtain normalized and unique weight agitators for all
attributes at each level of the hierarchy. The assumption is that there are n levels of the hierarchy of attributes
Al Aa,..., Ay with vector weight t = (ti, ta,..., tn). It is necessary to find t to determine the relative importance of
Ai, As,..., An. Approaching the comparison of pairs A; and A; of all attributes, as the degree to which Aj;
dominates over Aj, i.e. we are, i.e., to be able to form a matrix for comparing pairs.

t/t: ti/ty .. ti/t,

A=(a;)=| = moomom
tn/tl tn/tz tn/tn

The last stage of the method (AHP) involves finding a composite normalized vector. Because successive
hierarchical levels are interconnected, the single composite vector of unique and normalized weight vectors for
the entire hierarchy will be determined by multiplying the weight vectors by all subsequent levels. This
composite vector will then be used to find the relative priorities of all subjects at the lowest hierarchical level,
which allows to achieve the set goals of the overall problem.

The method (AHP) is very successfully used to solve several real-world problems: when choosing an
operating system for a local computer network, to study a product / market / distribution when generating and
evaluating new production concepts, to predict the real price of products.

4. Research study using the method of Analytical Hierarchical Process (AHP)

The main purpose of this paper is to propose a modern scientific methodology such as (AHP) that will be
used in selecting the most favourable producers and supplier of leather material for a company, using the
methods for multicriteria decision making as a modern approach uses:

*  analyse the problem.

*  to identify alternatives (variant solutions).

+  selection of criteria and definition of their weights.
*  to transform the qualities of the attributes (criteria).
*  making a multi-criteria model.

*  solving the model and

*  Determining the optimal solution.

When making orders, it is necessary to develop a production plan that requires knowledge of the
procurement and operation of a production company as well as appropriate material resources to perform an
activity most efficiently and cheaply in production and orders "from-to" a certain place and distance. The
process of correct selection of material according to the offer from a given bidder where the factor-criterion that
has been taken is both the transport and the price of the material which is an important factor in the
optimization. This problem is recorded in the routing and planning of routes using various optimization
techniques such as network planning, transport problem and linear programming to optimize an activity that in
this case requires the most efficient supplier of materials and orders from the place of production. To solve the
problem, it is necessary to analyse the technical-economic parameters by making a model for selection of an
appropriate manufacturer and supplier of material, according to a multi-criteria decision-making method.

In our case, four alternative hypothetical models of material manufacturers and suppliers are given,
which should be used for an industrial process in which chemical preparations with their basic characteristics
are used:
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Table 2. Nine-point scale according to Saaty

No. Alternative Mark
1 Istanbul - manufacturer and supplier Al
2 Thessaloniki - manufacturer and supplier A2
3 Belgrade - manufacturer and supplier A3
4 Sofia - manufacturer and supplier A4

Defining criteria for multi-criteria decision making:

Criteria 1 - Price of leather material by appropriate quantity,

Criteria 2 - Material performance ("positive" leather properties),

Criteria 3 - Delivery time, (hours)

Criteria 4 - Location (distance from production site to industrial plant) (km),

Criteria 5 - "Material quality" according to the method (appearance / colour and skin tones).

4.1 Solving a multi-criteria model in selecting the best manufacturer and bidder
according to the requirements of a company

The calculation methodology uses the AHP method for multi-criteria decision making described in the
previous chapters. The data used for this illustration of problem solving are hypothetical. At the beginning, a
decision matrix is formed with quantitative and qualitative assessments of the criteria that were considered as
input data of the model, during processing the following matrix is obtained.

Table 3. Real data from the bidders

Alternatives Criteria
K1 K2 K3 K4 K5
Goal min max min min max
Al 3100 1,5 9,10 814 Very High
A2 6250 1,4 2,53 237 High
A3 5910 1,2 4,40 432 Average
A4 4560 1,1 3,45 242 Average

The transformation of qualitative attributes, i.e. in numerical values and they are ranked for each
alternative in numerical scale that are presented in the matrix form of the AHP algorithm method that provides
means for decomposing parts of the problem in a hierarchy of subproblems that can be more easily understood
and subjectively evaluated. Subjective assessments i.e. evaluations are converted to numerical values and they
are ranked for each alternative with numerical values from the Saaty scale., which is called a quantified decision
matrix represented by the following appearance:

Table 4. Nine-point scale according to Saaty with numerical values

Qualitative Very low Low Average High Very High Type of
assessment criteria
Quantitative 1 3 5 7 9 max
assessment 9 7 5 3 1 min

Table 5. Nine-point scale according to Saaty with numerical values presented in the real data from the bidders

Alternatives Criteria
K1 K2 K3 K4 K5
Goal min max min min max
Al 3100 1,5 9,10 814 9
A2 6250 1,4 2,53 237 7
A3 5910 1,2 4,40 432 5
A4 4560 1,1 3,45 242 5

The development of a multi-criteria model with the AHP method is structured in four stages and is
processed as follows:
e Stage 1. Structuring the problem
*  Stage 2. Data collection
«  Stage 3. Assessment of relative weights
«  Stage 4. Determining the solution to the problem
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After performing all stages, it is obtained from the given parameters that as the best bidder regardless of
who the manufacturer is but who meets the important criteria such as price of material by purchase quantity and
price for delivery or transport as primary, and as secondary important parameters quality of purchased material
for production taking into account that it is the same leather material that is obtained by a specific production
method regardless of the industrial plant that will be used by all manufacturers and suppliers, it is obtained that:
,In the last and final stage for determining the solution of the problem, the overall synthesis of the problem for
optimal selection of material procurement from certain products of a specific order has been performed in this
case chemical material used in a certain industrial plant.*

Table 6. Data before interaction and Criteria weight

Criteria Criteria Al KxAl A2 KxA2 A3 KxA3 A4 KxA4
weight
K1 0,336 0,490 0,338 0,097 0,074
K2 0,378 0,418 0,383 0,116 0,083
K3 0,145 0,442 0,392 0,096 0,070
K4 0,056 0,370 0,455 0,097 0,078
K5 0,084 0,381 0,459 0,094 0,065

Table 7. Data interaction and Criteria weight

Criteria Criteria Al KxA1l A2 KxA2 A3 KxA3 A4 KxA4

weight
K1 0,336 0,490 0,165 0,338 0,114 0,097 0,033 0,074 0,025
K2 0,378 0,418 0,158 0,383 0,144 0,116 0,044 0,083 0,031
K3 0,145 0,442 0,064 0,392 0,057 0,096 0,014 0,070 0,010
K4 0,056 0,370 0,021 0,455 0,026 0,097 0,005 0,078 0,004
K5 0,084 0,381 0,032 0,459 0,039 0,094 0,008 0,065 0,006
Total 0,440 0,380 0,104 0,077

Table 8. Final ranking of the alternatives

Total Rank
Al 0,440 1
A2 0,380 2
A3 0,104 3
A4 0,077 4

5. Conclusion

This paper presents a process of optimal selection of procurement of leather material for the needs of a
small and medium enterprise dealing with primary and secondary production of leather products. The AHP
method as a method for multi-criteria evaluation and selection has been used for the research conducted in this
paper. The method is first explained theoretically, all the procedures by which it is used in everyday decision-
making in the logistics process. The main problem with the application of this method is the definition of
decision-making attributes in the second level of the hierarchical structure for the selection of criteria and the
assessment of their relative weights. The definition of alternatives is based on the budget and the basic
requirements of the end user that would meet the basic criteria for production considered when choosing a
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suitable supplier of suitable material. After the assessment it is shown that the best supplier is the Istanbul
supplier even, although it is the furthest place based on its location, but it is more financial and quality suitable
for the enterprise.
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