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Abstract: Today, a number of data are constantly being generated that require proper processing and access to them.
Standard processing techniques could 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 for data
processing and analysis. The method of data processing from traditional data processing tools is adapted for data processing
and with the help of tools and mathematical methods that enable processing and analysis of big data that depend on multiple
criteria. This data processing can locate certain problems or shortcomings during the operation, production and
management of a company that could not be determined in any other way. Identification and analysis of the problem to be
solved, determining the possible solutions to the problem, the criteria according to which the possible solutions are
evaluated, i.e., alternatives and the choice of the best possible solution is a decision-making process - (DM), and as a result
of the DM, the decision arises. It is, in fact, the choice of the best more possible alternatives to the problem.
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1. Introduction
In modern business, the main bearers of the success and development of an organization or system are the decision makers. Decision
makers need to see the problem, analyze it and decide how to solve it. The main task of decision makers is to make a decision that
will achieve the organization's predetermined goals, i.e. business system, with as little cost as possible for material, human and
other resources. This means that the decision maker should strive to maximize the organization's goals within a certain system of
constraints. Over time, as everyday life and business become more complex, decision-making itself becomes more complex.
Because of modern life and way of working, decision makers who participate in the management process in modern business
organizations, i.e. business systems are increasingly making important decisions in the face of constant changes in the environment,
in terms of risk, and in situations when inaccurate data cannot be obtained on all parameters that affect a decision. [5]
Therefore, to make the right decisions and their successful implementation that entails positive results, experts with appropriate
education and knowledge from various scientific fields are needed, such as mathematics, statistics, probability theory, economics,
business administration, computer sciences, engineering, physics, social sciences, etc. They should also be well acquainted with the
techniques of the decision-making process, and have appropriate work experience. That is why a whole science must be developed
for decision making. [3] [4]
2. Research methodology
The emergence of Operations Research (OR) dates from the World War 11, when the first attempt at a scientific approach to solving
real decision-making problems was made. After the great success of the war, Operations Research gradually began to be applied in
many other areas, such as business, economics, engineering, natural and social sciences, industry, government, military,
construction, hospitals, and so on.
Operations research consists of scientific quantitative techniques and methods for mathematical modeling of real problems that
need to be solved in the decision-making process, in order to find the best or optimal solution.
This aspect of decision-making, which focuses on quantitative techniques and methods of decision-making, is called the quantitative
aspect of decision-making and covers economics, statistics, and mathematics.
Most advocates of the quantitative aspect of decision-making almost completely ignore all other aspects, but research in the field
of decision-making theory suggests that the behavioral aspect of decision-making is significantly more present in what can be called
real decision-making.
The paper can be used as a real time applied algorithmic method in systems / software for decision — making and replace the human
error and estimation of long-term production planning and all the logics processes.

2.1. Methods of decision making and their application
Although studying the decision-making process can be approached using the behavioral or quantitative aspect of decision-making,
according to modern twentieth-century decision theory, it is necessary to integrate the two approaches in order to achieve the best
results, at least when in question is. To understand how decision-making works, you need knowledge developed by experts in both
psychology and management. Thus, according to modern decision-making theory, the scientific basis of decision-making is the
unity between decision-making theory and management science, i.e., Operations Research.
The modern theory of decision-making has an interdisciplinary character and is an area in which we meet and intertwine economics,
statistics, mathematics, philosophy, psychology, sociology, law, anthropology, and political science.
Regarding the definition and clarification of the terms and stages of the problem-solving process and the decision-making process,
there are no clear boundaries. Solving the problem is a process of identifying the differences between the current state of the system
and the desired state, as well as undertaking activities to eliminate the perceived differences. In Figurel., the problem-solving
process is presented in a very simple way, as a model consisting of three components:
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« current situation (available resources);
« transformation process, (alternatives, operators); and
» desired (final) condition, (defined goals).

current situation
(available resources);

Figure 1. Basic components of the problem-solving process
Therefore, for a decision to be made, the following conditions must be met:
» the decision maker should be aware that there is a discrepancy, i.e., disharmony between the current and desired state of
the system;
»  The decision maker should be motivated to act in order to eliminate that inconsistency, i.e. to achieve the defined goals;
»  The decision maker should have the appropriate resources, which are needed to remove the inconsistency, i.e. to achieve
the defined goals.
In the scientific world, there is inconsistency and contradiction in determining the stages of the problem-solving process. [2] In this
paper it is adopted that the problem-solving process consists of the following seven stages:
+ identification and definition of the problem;
« determining possible solutions to the problem;
« determining the criteria for evaluating possible solutions to the problem;
« assessment of all possible alternative solutions to the problem;
«  choice of solution, i.e. making a decision;
* implementation of the selected solution, i.e. implementation of the decision; and
« analysis and evaluation of the results of the implementation of the solution.
Figure 2., shows the relationship between the problem-solving process and the decision-making process, at all stages.

Figure 2. The relationship between the problem-solving process and the decision-making process
The decision-making process covers the first five stages in solving the problem: identifying and defining the problem, determining
the possible solutions, determining the criteria for evaluating the possible solutions, evaluating the possible solutions and finally,
this process ends with choosing the best possible solution, i.e. by making the decision.
Problem solving differs from decision making in that it contains two additional stages: the implementation phase, i.e.,
implementation of the decision or decision and evaluation of the results of the implementation.
Therefore, problem solving is a complex process in which, in addition to identifying and formulating the problem, determining
possible solutions and evaluation criteria, selection and evaluation of solutions, i.e. decisions, the decision maker must implement
the decision, evaluate the results of the implemented decision and re-examine all alternative directions of action, until he receives
an optimal or satisfactory solution. The problem-solving process can only be considered complete when the problem is eliminated.
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 analyzed 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
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determine normalized weight. These weights are used to estimate the attributes at the lowest level of the entire hierarchy. The
modeling process includes four stages:

*  Problem structuring,

+ Data collection,

» Relative weight assessment and

«  Determining the solution to the problem.
The problem structuring phase 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 3). This hierarchical structuring of any problem-solving is an effective way to
deal with the complexity of real problems and identify significant. 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 between the attributes to disintegrate at different hierarchical levels.

Aim of the deasion

/ Level 1
Criterion 1 Criterion 2
/ / [- \\ Level 2
Subcriterion Subcriterion Subcriterion Subcriterion Subcriterion
1.1 1.2 2.1 22 23
Level 3
Alternative 1 Alternative 2 Alternative 3 Level 4

Figure 3. Structuring the problem
The second phase 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 Table 1., has proven to be extremely reliable in solving real-world problems.([1])
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 A1, Ao,..., A with vector weight t = (11, ta,.. ., tn). It iS necessary
to find t to determine the relative importance of A1, Ao,..., An. Approaching the comparison of pairs Ai and A; of all attributes, as
the degree to which A; dominates over Aj, to be able to form a matrix for comparing pairs.

t/ty t/ty .. 4ty

A=(ay)=| = moomom
ta/ts tafty .. ta/ty

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

« analyze 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 long term 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 in order 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 in order to optimize an activity that in this case
requires the most efficient supplier of materials and orders from the place of production. [6] To solve the problem, it is necessary
to analyze 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. [3]
In our case, four alternative hypothetical models of material manufacturers are given, which should be used for a logistics process
in which there are several activities with their basic characteristics:
Table 2. Nine-point scale according to Saaty

No. Alternative Mark
1 GO logistics Al
2 ALSONT A2
3 GREENER A3
4 SORICLOG Ad

Defining criteria for multi-criteria decision making:

Criteria 1 - Price of material by appropriate quantity,

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

Criteria 3 - Delivery time,

Criteria 4 - Location (distance from production site to logistics center) for transport of the material (km),

Criteria 5 - "Material quality” according to the required end user.

4.1. Application of 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. [4]

Table 3. Real data from the bidders

Alternatives Criteria
K1 K2 K3 K4 K5
Goal min max min min max
Al 9800 14 45 230 Average
A2 7890 15 5,6 180 High
A3 6500 1,0 4.7 200 Very low
A4 7000 1,2 55 170 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. It 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: [1]

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
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Al 9800 1,4 4,5 230 5
A2 7890 15 5,6 180 7
A3 6500 1,0 4,7 200 1
A4 7000 1,2 55 170 5

The development of a multi-criteria model with the AHP method is structured in four phases and is processed as follows:

»  Stage 1. Structuring the problem

» Phase 2. Data collection

»  Stage 3. Assessment of relative weights

«  Stage 4. Determining the solution of the problem
After performing all phases, 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 material
that is obtained by a specific production method regardless of the all manufacturers and suppliers, it is obtained that:
,In the last and final phase 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 material intended for certain end
user.

Table 6. Data before interaction and Criteria weight

Criteria Criteria Al KxAl A2 KxA2 A3 KxA3 A4 KxA4
weight
K1 0,322 0,395 0,422 0,112 0,071
K2 0,389 0,502 0,261 0,193 0,044
K3 0,134 0,292 0,408 0,203 0,097
K4 0,070 0,128 0,677 0,134 0,061
K5 0,086 0,673 0,198 0,079 0,049

Table 7. Data interaction and Criteria weight
Criteria Criteria Al KxAl A2 KxA2 A3 KxA3 A4 KxA4

weight
K1 0,322 0,395 0,127 0422 0,136 0,112 0,036 0,071 0,023
K2 0,389 0,502 0,195 0,261 0,102 0,193 0,075 0,044 0,017
K3 0,134 0,292 0,039 0,408 0,055 0,203 0,027 0,097 0,013
K4 0,070 0,128 0,009 0,677 0,047 0,134 0,009 0,061 0,004
K5 0,086 0,673 0,058 0,198 0,017 0,079 0,007 0,049 0,004
Total 0,428 0,357 0,155 0,061
Table 8. Final ranking of the alternatives
Total Rank
Al 0,428 1
A2 0,357 2
A3 0,155 3
A4 0,061 4

5. Conclusion
This paper presents a process of optimal selection of procurement of material intended for end user / enterprise dealing with some
production using appropriate materials. The AHP method as a method for multi-criteria evaluation and selection has been used for
the research conducted in this paper. The method first theoretically explain, all the procedures in which it is used in everyday
decision-making in the logistics process. In the research for solving the problem in the optimal choice of material, the criteria and
evaluation of the values of their relative weights were performed based on their own needs. 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 and environmental protection and forward which is important to be
considered when choosing a suitable supplier of material. This method can be used as a structure of applied algorithms in newly
developed software and design of new system intended for autonomous decision making.
6. References

1. Saaty, T., Fundamentals of Decision Making and Priority Theory with Analytic Hierarchy Process, RWS Publications,

Pittsburgh, 1994.
2. Blanchard, Benjamin S., &John E. Blyler (2016). System engineering management. John Wiley & Sons.
3. Bassham, G., Irwin, W., Nardone, H., & Wallace, J. M. (2002). Critical thinking. Boston: McGraw Hill.

IJSDR2209164| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 1014


http://www.ijsdr.org/

ISSN: 2455-2631 September 2022 IJSDR | Volume 7 Issue 9

4. Macharis, C., Verbeke, A., De Brucker, K. (2004). The strategic evaluation of new technologies through multi-criteria
analysis: the advisor’s case 2004, in Economic impacts of intelligent transportation systems (in Ed. E. Bekiaris and Y.
Nakanishi), Amsterdam: Innovations and case studies, Elsevier.

5. Brauers, W. K. M. (2004). Optimization methods for a stakeholder society. A revolution in economic thinking by
multiobjective optimization: Nonconvex Optimization and its Applications, Kluwer Academic Publishers, Boston, USA.

6. Velinov, Aleksandar and Gicev, Vlado (2018) Practical application of simplex method for solving linear programming
problems. Balkan Journal of Applied Mathematics and Informatics, 1 (1). pp. 7-15. ISSN 2545-480

IJSDR2209164| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 1015


http://www.ijsdr.org/
https://eprints.ugd.edu.mk/20296/
https://eprints.ugd.edu.mk/20296/

