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3 Zornitsa Dimitrova

INTRODUCTION

The usage of methods and models of multi-criteria decision-making is important because they provide a systematic
approach for evaluating alternatives. Such are the Weighted Sum Model and the Weighted Product Model, and they are
the focus of this dissertation. They stand out with their simplicity, transparency and wide applicability in various processes,
such as business, engineering, social, management and others. Despite their wide applicability, the classical models can't
fully reflect the actual conditions in which decision-makers (DMs) operate. In practice, situations often arise in which the
DMs have different levels of competence, while the desired solution should satisfy requirements related to key indicators
derived from available objective data. These features determine the need for developing modifications that not only
increase the precision and objectivity of the decisions made, but also facilitate the evaluation process and the structuring
of the decision-making task.

To ensure the practical applicability and accessibility of such modifications, it is appropriate to implement them in
web-based applications. Because of this, it is necessary to design an appropriate software architecture as a base for the
development of a specific application and to meet the requirements for flexibility and scalability. By applying well-
established principles and best practices in the design of the architectures, the risk of creating chaotic and hard-to-
maintain systems can be minimised.

Considering the close relationship between decision-support models and software architectures, it becomes clear
that a comprehensive understanding is required of both the decision-making processes and the software tools that
implement these models.

The dissertation is structured in the following 4 chapters.

In Chapter 1 is presented an analysis of decision-making methods and software architectures for implementing web
applications. Various concepts and classifications of multi-criteria analysis methods are introduced. Special attention is
given to the weighted sum method and the weighted product method. A comparison between the two methods is
provided, and some of their modifications are discussed. Particular emphasis is placed on the classifications of decision
support systems (DSS). The second part of Chapter 1 focuses on software architectures for implementing web applications.
An analysis of software architecture concepts, architectural styles, and patterns is presented. Based on this analysis,
conclusions are drawn, which serve as the basis for formulating the aim and objectives of the present dissertation.

In Chapter 2 are described the proposed modifications of the weighted sum model and the weighted product
model, motivated by the need for a more precise and relatively objective formation of group or, in particular, individual
decisions. The first modification considers the differences in the competence of decision-makers with respect to various
criteria by using competence-based weighting coefficients. The second modification introduces the usage of objective data,
combining it with the preferences of the decision-makers. In this way, the subjectivity is reduced, and the process of
evaluating alternatives is facilitated. This modification applies only to the weighted sum model. Essentially, it does not
change the mathematical model, but adds a formalization of the evaluation generation within the method’s
implementation algorithm. The third modification introduces a new type of weighting coefficients for the alternatives,
based on key criteria that represent critical requirements of the specific task. These coefficients allow the suppression or
amplification of aggregated results, by adding non-compensatory characteristics to the weighted sum and weighted
product models. At the same time, the number of subjective evaluations is reduced, and emphasis is placed on the
importance of the key requirements of the task. This modification applies to both methods and it affects both the
algorithm for their application and the mathematical models. Each of the proposed modifications is described following an
identical structure.

In Chapter 3 is given a description the proposed and designed two different software architectures of the DSS. The
design of two architectures for the same system is motivated by the need to be evaluated and selected an appropriate set
of technologies for development and operating environment, considering the technological requirements, the expected
workload and the usage context. Based on the modifications described in Chapter 2 are formulated combined and
generalized mathematical models. These models define the core of the decision-making business logic. A generalized
algorithm that facilitates the mathematical models is proposed, and its crucial steps are described in pseudocode. The
functionality of the DSS is designed using adapted UML diagrams. The roles, the functional requirements and the use cases
of the system are defined. The necessary forms and the interaction sequence between the user and the system are also
described.
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MODELS AND SOFTWARE ARCHITECTURES OF DECISION SUPPORT SYSTEMS 4

In Chapter 4 are presented the experiments conducted with the proposed modifications of the usage algorithm and
the mathematical models of the weighted sum model and the weighted product model. The experiments with the three
modifications, the generalized algorithm, and the developed DSS prototype are described. The experiments are conducted
on three different decision-making tasks. For each task are formulated different scenarios, implemented using the same
objective input data and task parameters. The conclusion summarizes the obtained results and outlines some directions
for future research.

CHAPTER 1. ANALYSIS OF DECISION-MAKING METHODS AND SOFTWARE ARCHITECTURES FOR
IMPLEMENTING WEB APPLICATIONS

Multiple Criteria Decision Making (MCDM) methods offer mathematically grounded approaches for problems involving
multiple criteria and alternatives. Studies present the wide application of these methods across various practical fields
[Taherdoost and Madanchian, 2023]. Statistical research conducted across different industries shows that MCDM methods
are primarily used for strategic and tactical decision-making, while they are applied less frequently at the operational level
[Khan et al., 2018].

The development of web-based Decision Support Systems opens new opportunities for integrating established
MCDM methods, providing an intuitive interface, centralized data management, and accessibility from any location
[Magabaleh et al., 2024]. Such a system would allow decision-makers to focus on the essence of the problem, while the
other tasks, related to automating routine operations, such as input data processing, normalization, and aggregation to be
delegated to the software system.

1.1. Multi-Criteria Decision-Making methods
In recent years, there has been a growing trend towards integrating MCDM with data analytics, artificial intelligence, and

machine learning to improve decision-making processes [Amini et al., 2024]. This reflects the shift towards more data-
driven approaches in various fields.

1.1.1. Concepts and classifications of Multi-Attribute Decision-Making methods

Unlike MODM, the goal of MADM is to make a decision over a discrete set of alternatives characterized by multiple, often
conflicting attributes/criteria. In the dissertation, the research subject is focused on the Weighted Sum Model (WSM) and
the Weighted Product Model (WPM).

1.1.2. Weighted Sum Model and Weighted Product Model

One of the earliest mathematical formulations of the WSM precursor can be found as a sum of products used to determine
expected effectiveness when selecting a direction for development in the fields of economics and statistics. This
formulation is described in the work of [Churchman and Ackoff, 1954]. The roots of the WPM can be traced back to
Bridgman in 1922 in the context of dimensional analysis and are later adapted by Miller and Starr in 1969 for decision-
making problems [Triantaphyllou and Mann, 1989].

1.1.3. Decision-making algorithm using the Weighted Sum Model and the Weighted Product Model

The WSM and WPM methods share the same algorithm for the overall decision-making process [Bozorg-Haddad et al.,
2021]. In the reviewed literature, the algorithm is often presented with variations in structure and level of detail, and the
scope of exposition varies depending on the source [Baker et al., 2001].

1.1.4. Comparison of the Weighted Sum Model and the Weighted Product Model

A comparison between WSM and WPM, showing their characteristics, advantages and disadvantages, is presented in Table
1.4.

Tabnnua 1.4. A comparison between WSM and WPM.

Characteristics WsM WPM ‘
Aggregation Sum of products of alternative Product of the scores raised to the
evaluations and criteria weights. power of the criteria weights.
Linear (additive). Nonlinear (multiplicative).
Compensation Full compensation. A high score Limited compensation. Low values on
on one criterion can compensate one criterion are difficult to be
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5 Zornitsa Dimitrova

a low score on another.

compensated.

Behavior towards  Amplifies. Amplifies the result slightly.

high scores

Behavior towards  Reduces the score. Reduces the score more significantly
low scores (strong penalty effect, especially for

scores close to 0).

Normalization of

Necessary (to make evaluations

Less frequently needed. Not

scores dimensionless and comparable). mandatory [Tofallis, 2014].

Data They can be positive or negative. Only positive values, as 0 eliminates
requirements the alternative.

Sensitivity to High. A criterion with a high Lower, but very small values
measurement value may dominate [Podvezko, significantly reduce the result.
interval 2011].

Interpretation

A sum of weighted scores is
easier to be intuitively

A product of weighted scores is more
difficult to be perceived intuitively.

implement;
- Widely used.

interpreted.

Applications Projects evaluation; Supplier Engineering, Risk Management. Less
selection; Financial analysis. commonly used, but useful when it is
The most commonly used important to avoid unit
method in practice, suitable fora  inconsistencies and when low scores
wide range of tasks [Taherdoost,  should be penalized more severely
2023]. [Nasr et al., 2022].

Advantages - Easy to understand and - Avoids overcompensation;

- Suitable for tasks where each
criterion is critically important;

- Suitable for heterogeneous units of
measurement.

Disadvantages

- Allows overcompensation
- May distort results at extreme
values

- Sensitive to very low values (score
tends to 0)

- More difficult for understanding and
interpretation.

1.1.5. Modifications of the Weighted Sum Model and the Weighted Product Model

As some of the oldest and fundamental methods in MCDM, the WSM and WPM methods have undergone numerous
modifications and adaptations to other approaches. Big share of these changes is aimed at: (1) extending or altering the set
of attributes to which the methods are applied; (2) combining them with methods for handling uncertainty and ambiguity;
and (3) developing hybrid models. Over time, the weighted sum and weighted product methods have been enhanced
through various modifications. Their evolution demonstrates that they are not static or outdated methods, but they are
dynamically adapted to new practical needs [Greco et al., 2025]. As a result, they are becoming more flexible, widely
applicable, and suitable for integration into DSS.

1.1.6. Decision support systems

The evolution of software-based DSS is presented as a genealogical tree, with the main types categorized by [Arnott and
Pervan, 2014]. The reviewed works demonstrate the wide applicability and practical value of implementing MCDM
methods in a software tool [Petkovic et al., 2025; Cinelli et al., 2022].

1.2. Software architectures for web applications implementation

1.2.1. Concepts for software architectures, architectural styles and patterns

Over the time, various architectural styles have emerged in software engineering, defining the fundamental principles for
system design [Garlan u Shaw, 1994]. Specific implementations within these styles are realized through architectural
patterns. In practice, different styles and patterns are often combined, allowing their advantages to be leveraged while
compensating for their limitations [Richards u Ford, 2020].

1.2.2. Software architectural styles and architectural patterns

Some of the main architectural styles used in the design of web applications, along with commonly used patterns, can be
identified based on various sources such as [Garlan and Shaw, 1994]. It is important to note that, in practice, there is no
clear distinction between an architectural style and an architectural pattern, neither a clear boundary exists between
where the architectural style ends and the where the architecture itself begins [Perry and Wolf, 1992].
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MODELS AND SOFTWARE ARCHITECTURES OF DECISION SUPPORT SYSTEMS 6

1.2.3. Characteristics for comparison of software architectures

In the design of web applications, the selection from the wide variety of interrelated architectural styles and patterns
constitutes a complex multi-criteria task on its own. Research in this direction has been conducted by [Galster et al., 2010].
In this regard, it is necessary to consider key characteristics that can serve as criteria for comparing software architectures
and for defining non-functional requirements.

1.3. Conclusions

As a result of the conducted review, focused on the Weighted Sum Method and the Weighted Product Method, it is
ascertained that both methods are clearly defined, well-established, and appear in various classifications. Their wide
application and numerous modifications indicate that their study and further development are promising. The diverse
approaches to subjective and objective evaluation, normalization, and weight determination provide flexibility and
adaptability to different tasks, both for individual and group decision-making. Although the two methods are highly
popular, their application to operational, everyday decisions remains limited. This creates a premise for implementing
WSM and WPM in a software tool, where modifications aimed at facilitating their use by decision-makers could bring
significant practical value. Since these models involve intensive computational operations, often in real time, as well as a
need for transparency and collaboration among multiple stakeholders, the choice of an appropriate software architecture
becomes a key factor. The architectural solution must ensure not only correct data processing and aggregation but also
high performance, reliability, and user convenience.

1.4. Goal and tasks

The goal of the dissertation is to propose models and software architectures for decision support systems. To achieve the
goal, the following tasks need to be completed:
1) to perform an analysis of the Weighted Sum Method and the Weighted Product Method, as well as of the main
software architectural styles and patterns for developing web applications;
2) to propose a modification of the WSM and WPM algorithm and models, considering the different competence
domains of the DMs;
3) to propose a modification of the WSM algorithm formalizing the generation of alternatives scores;
4) to propose a modification of the WSM and WPM algorithm and models formalizing the generation of coefficients
that give an advantage in the overall performance of the alternatives;
5) to propose a generalized algorithm and combined mathematical models that incorporate the modifications defined
as objectives;
6) to design different software architectures that satisfy conflicting requirements for the decision support system;
7) to develop prototypes of a DSS in accordance with the designed architectures, including a module for results
interpretation;
8) to determine the practical applicability of the proposed modifications, implemented in web application software
architectures, through numerical testing of real-world tasks.

CHAPTER 2. MODIFICATIONS TO THE WEIGHTED SUM MODEL AND THE WEIGHTED PRODUCT MODEL

2.1. Modification to WSM and WPM for Group Decision-Making considering DMs’ different
competence domains

When structuring tasks for multi-criteria group decision-making, it is assumed that an exhaustive set of attributes/criteria is
available, ensuring that as many as possible aspects of the problem under consideration are taken into account [Keeney
and Gregory, 2005]. This condition requires the usage of criteria from various knowledge domains. Consequently, when a
group of competent individuals formed, it is expected that they are proven experts in their respective fields of knowledge,
although they do not always possess the same level of competence.

Abstracts of Dissertations 2026 (8) 3-31



7 Zornitsa Dimitrova

2.1.1. Algorithm implementing the modification of the WSM and WPM methods, considering DMs’ different
competence domains

The proposed algorithm, that implements the modification of WSM and WPM considering the competences of the DM, is
illustrated by a schematic diagram shown in Fig. 2.1.

1. Start of a group
decision-making task definition

3. Forming criteria groups

L L

2. Determining the DMs' weighting 4. Determining the DMs' weighting
coefficients for competence against coefficients for competence against
each criterion each criteria group

[

l

5. The DMs evaluate the alternatives against criteria

l

| 6. The DMs determine the relative importance of criteria |

l

| 7. Construction of a normalized decision matrix |

]

| 8. Application of the selected modified mathematical model (WSM/WPM) |

9. Forming of a group decision

Fig. 2.1. Algorithm implementing the modification of the WSM and WPM methods, considering DMs’ different competence domains.

2.1.2. Modified mathematical models of the WSM and WPM methods, considering DMs’ different
competence domains

In this dissertation, a modification is proposed, by which the global task-specific competence coefficient of a DM [Borissova
et al,, 2018] is transformed from a scalar value into a vector. Thus, instead of considering the individual contribution of a
DM to the scores by criteria with equal importance, the coefficient expressing its competence A¥, will be considered as a
vector /1}‘ = {/1",1", ...,/1]’-‘, } The elements of the new vector contain coefficients corresponding to the level of

competence of the DM with in accordance to each criterion.

In this formulation, the vector {A¥} is transformed into the matrix (two-dimensional array) {/1}‘}. Therefore, the
mathematical formulation of the proposed modified model of the Weighted Sum Model takes the following form:

Al Nodifieawsm = Dk=1 E§=1 fwiaf; (2.1
subject to:
Yiowf=1 vk=12,.,K (2.2)
YRaA =1, vj=12,.,] (2.3)
af;,wf,2f €0,1] (2.4)

where: Afﬁ,’g’diﬂedWSM expresses the aggregated score of the i-th alternative, calculated by the thus modified WSM

method; the index i denotes the current alternative out of a total of I; the index k denotes the k-th DM out of a total of K;

the index j denotes the j-th criterion out of a total of J; /1]’-‘ is a weighting coefficient that reflects the level of competence of
k

the k-th DM according to the j-th criterion; w;" is a weighting coefficient that reflects the relative importance of the j-th

Abstracts of Dissertations 2026 (8) 3-31
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criterion according to the k-th DM; a{fj is the evaluation given to the i-th alternative by the k-th DM according to the j-th
criterion.

Following the same logic, the mathematical formulation of the proposed modified model of the WPM takes the

form:
GDM _mKk T K WA
Ai'Modifieawpm = [Tic=1 Hj=1(ai,j) (2.5)
subject to the same restrictions (2.2), (2.3) and different range for the values of the evaluation scores:
af; = (0] (2.6)

where: A?,%diﬁedWPM expresses the aggregated score of the i-th alternative, calculated by the thus modified WPM
method.

By application of Step 3 and Step 4 of the algorithm in Fig. 2.1, the mathematical expressions (2.1) — (2.4) are
transformed in a way to take into account the competence coefficients of the DM by groups. The modification of the WSM
is expressed as follows:

A?z%’difiedWSM = Yko1 2l Z%i:ll;cw‘ilflzagfml (2.7)
subject to:
FaZmowi =1, Vk=12..,K (2.8)
K Ak=1, vi=1,2,..,L (2.9)
afp Wi, Af €[0,1] (2.10)

where: the index [ denotes the [-th group of criteria out of a total of L; m; denotes the m-th criterion of the I-th group of
criteria, containing M; count of criteria; w,’ﬁll is a coefficient that reflects the relative importance of the m,-th criterion
according to the k-th DM; A{‘ is a weight coefficient that reflects the level of competence of the k-th DM relative to the [-th
group of criteria; a{fml is the evaluation score given to the i-th alternative by the k-th DM in accordance to the m;-th

criterion.

Corresponding with the above, the mathematical model of the WPM method takes the following form:

M Akwk,
A isieawpm = k=1 ITizy Hmll=1(azlfm,) LW (2.11)
subject to the same restrictions (2.8), (2.9) and different range for the values of the evaluation scores:
afm, = (0,1] (2.12)

2.2. Modification of WSM formalizing the generation of alternatives scores

2.2.1. Algorithm implementing the modification of the WSM method formalizing the generation of

alternatives scores
1. Startofa
decision-making task definition

¥

| 2. Collection and analysis of objective data for the alternatives with respect to the criteria

!

| 3. Determination of the type of criteria according to the way the evaluation is formed |

Numerically l Matrix-
represented represented
Criterion type?

6. Decomposing the criteria into
options

4, The DMs expresses a preference
for maximizing or minimizing the ‘

criteria

!

5. Generation of normalized
evaluations for the alternatives

7. The DMs expresses preferences
for each option

8. Generation of evaluations for the

) _ alternatives with respect to the
with respect to the criteria

criterion’s options

1

| 9. The DMs determine the relative importance of criteria |

| 10. Construction of a normalized decision matrix |

1

| 11. Application of the modified mathematical model of WSM |

12. Forming of a decision

Fig. 2.3. Algorithm implementing the modification of the WSM method formalizing the generation of alternative scores.
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9 Zornitsa Dimitrova

The proposed modification can be used to solve practical problems, by following the steps of the algorithm presented with
diagram in Fig. 2.3.

2.2.2. Modified mathematical model of the WSM method formalizing the generation of alternative scores

In the present dissertation, a modification of the WSM is proposed, allowing the integration of two approaches for
generating evaluations of alternatives in accordance to the criteria. The generated evaluations are based on objective data
while simultaneously considering the individual preferences/opinions of the DMs. In the general case of group decision-
making, the mathematical model of the modified WSM takes the following form:

AfVoaifieawsm = Lik=1 Z§:1 wiB; (2.13)

subject to:
Yi_jwk=1vk=12,.,K (2.14)
B wi €10,1] (2.15)

where: Af,%’diﬂedWSM expresses the aggregated score of the i-th alternative, calculated by the thus modified WSM
method; the index i denotes the current alternative out of a total of I; the index k denotes the k-th DM out of a total of K;
the index j denotes the j-th criterion out of a total of J; ij is a weighting coefficient that reflects the relative importance of
the j-th criterion according to the k-th DM; ﬁi’fj s the generated score of the i-th alternative, taking into account the
preferences of the k-th DM towards the j-th criterion. Depending on the type of the criterion numerically represented or
matrix represented, two types of generated scores are distinguished:

(bfprer™ b €0,1]

Bl = { !

ck; c € [0,1]

(2.16)

where: (bl-’fj)”"rm is the generated score based on the criteria of numerical type; ci’fj is the generated score based on the
criteria of matrix type. Depending on the preference of the DM, the score (b{fj)""rm can take one of the two normalized
values after applying an appropriate normalization technique:
maximize bfj
(bfpHrom = (2.17)
minimize bf;

k

The score against matrix-represented criteria, ¢;; is calculated as follows:

R:
J k
er=1 SriVir;

k _ J J
oy == (2.18)
subject to:
Vi, € 0|1 (2.19)
R; .
Y 1 Vigy # 0, vi=1,2,..,1 (2.20)
Yioiviy, #0, vr;=1,2,..,R; (2.21)

where: the counter 7; denotes the current option out of the total number R; contained in the j-th matrix-represented
criterion; sfj is the vector with scores that reflect the importance of the 7;j-th option according to the k-th DM, relative to a
predefined rating scale with a maximum score S; Vi, i the value of the i-th alternative in accordance to the r;-th option

of the j-th matrix represented criterion.

2.3. Modification of WSM and WPM formalizing the generation of coefficients giving advantage in
the overall performance of the alternatives

2.3.1. Algorithm implementing the modification of the WSM and WPM methods formalizing the generation
of coefficients giving advantage in the overall performance of the alternatives

The algorithm that describes the proposed modification is presented in Fig. 2.4.

Abstracts of Dissertations 2026 (8) 3-31



MODELS AND SOFTWARE ARCHITECTURES OF DECISION SUPPORT SYSTEMS 10

1. Startofa
decision-making task definition

2. Collection and analysis of objective data for the alternatives with respect to the criteria

!

3. Determination of the type of criteria according to their purpose

For evaluating the
alternatives

For assigning advantage
Criterion type to the alternatives

according to their

purpose?

v

6. Decomposing the criteria into
v options
4. The DMs evaluate the l

alternatives against criteria

7. The DMs determine the relative

l importance of options
5. The DMs determine the relative l
importance of criteria 8. Generation of coefficients for the

alternatives

| 9. Construction of a normalized decision matrix |

|

| 10. Application of the selected modified mathematical model (WSM/WPM) |

11. Forming of a decision

Fig. 2.4. Algorithm implementing the modification of the WSM and WPM methods formalizing the generation of coefficients giving

2.3.2. Modified mathematical models of the WSM and WPM methods formalizing the generation of

advantage in the overall performance of the alternatives.

coefficients giving advantage in the overall performance of the alternatives

This modification explores the possibility of omitting the assignment of evaluation scores for certain criteria. Instead, it

allows the expression of preference by introducing a new coefficient that reflects the relative importance among the

options offered by the alternatives. In this way, in combination with the data and the newly introduced coefficient, it

becomes possible to more precisely express the overall performance of each alternative.

In the general case of group decision-making, the mathematical model of the modified Weighted Sum Method, in

accordance with the above, takes the following form:

subject to:

GDM — K kv k k
Ai'Modifieawsm = Zk:l(wi Zj:l Wi a; j

k _ R,
1,[)1' - Hﬁ:l Zr::=1 anvi,r,,

YR pk =1, vn=12,.,N; Vk=1.2,.

=1
vy, €0[1
S Vi, # 0, Vi=1,2,.,1
Y1y, #0, v, =1,2,..,R,
Yiowf=1, vk=1,2,..,K

a{‘,j, w]-k € [0,1]

LK

(2.22)
(2.23)

(2.24)
(2.25)
(2.26)
(2.27)
(2.28)
(2.29)

where: A?ﬁ’;’diﬁedwm expresses the aggregated score of the i-th alternative, calculated by the thus modified WSM
method; the index i denotes the current alternative out of a total of I; the index k denotes the k-th DM out of a total of K;
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the index j denotes the j-th criterion out of a total of J; the index n denotes the n-th criterion out of a total of N criteria,
intended for giving priority; 1/){‘ is the generated weight coefficient for the k -th DM, which combines the relative
importance of the r;,-th option of the n-th criterion and the v; . value at the i-th alternative; the index 7;, denotes the r-th
option of the n-th criterion, containing R,, options; pfn is a weight coefficient that reflects the importance of the 7,-th
option according to the k -th DM; v;,. is the value of the i-th alternative in accordance to the 7,-th option of the n-th
matrix represented criterion, intended for giving priority to the alternatives; wjk is a weighting coefficient that reflects the
relative importance of the j-th criterion according to the k-th DM; ag‘,j is the evaluation given to the i-th alternative by the

k-th DM in accordance to the j-th criterion.
The mathematical model of the modified Weighted Product Model takes the following form:

k
GDM _ k1) kWi
Afivairieawpm = [li=1 ¥ Hj:l(ai,j) ! (2.30)
Subject to the same calculation of the coefficient for the advantage of alternatives (2.23) and restrictions (2.24) —
(2.28) with one additional restriction concerning the score.

af; = (0,1] (2.31)
where: Af%’diﬁedwp,v, expresses the aggregated score of the i-th alternative, calculated by the thus modified WPM

method.

2.4. Conclusions

The proposed modifications of the Weighted Sum Model and the Weighted Product Model introduce three innovations: 1)
consideration the personal competence of the DMs; 2) generating alternative scores and 3) applying an additional
advantage of alternatives with respect to key criteria. All three can be combined within a single generalized algorithm and
mathematical model, allowing for the simultaneous application of all modifications or various combinations of them.

The modifications can be considered as an essential step in the implementation of a decision support system.
Operating in a web environment, such a system would significantly contribute to the automation of certain processes and
the facilitation of decision-making in the context of group decisions. For the implementation of such a tool, in addition to
the availability of models and algorithms, also an appropriate software architecture is required.

CHAPTER 3. DESIGN OF SOFTWARE ARCHITECTURES OF DECISION SUPPORT SYSTEMS

3.1. Mathematical models of combined modifications of the WSM

By combining the proposed modification (2.1) — (2.4), considering the competence of the DMs for each criterion separately
through weighting coefficients, together with the modification (2.13) — (2.21), formalizing the generation of alternative
scores, the following combined model of the modified Weighted Sum Model is proposed:

{ Combineawsm = D=1 Z§=1 A wfB; 3B.1
subject to the restrictions (2.2), (2.3) and the following additional condition:
aﬁfj a €[0,1]
Bl =1 (ipre™ b €[0,1] (3.2)
c{fj c €[0,1]

For the generation of (b{fj)"orm and ci’f}-, both the formulations (2.17) and (2.18), and the restrictions (2.19) — (2.21)
are valid.

This formulation uses the notation system introduced in Chapter 2, with the addition that AS2M .. .« expresses
the aggregated score of the i-th alternative, calculated using the combined model of the modified Weighted Sum Model.

By combining the formulation in (3.1) with the modification that formalizes the coefficient for advantage of the
alternatives, the following generalized model of the modified Weighted Sum Method is proposed:

A?gévrlleralizedWSM = Zg:1(1/1:( Z;:ll’{]kw}(ﬁl{{j) (3.3)

where: ASPM . awsy €XPresses an aggregated score of the i-th alternative, calculated using the generalized model of
the modified Weighted Sum Model.

For the generation of w{‘, the condition (2.23) is valid, as well as the restrictions (2.24) — (2.29).
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Considering the possibility of grouping the criteria in order to assist administration by assigning a general
competence coefficient of the DMs to a group of criteria, the combined model and the generalized model take the

following forms:

AGRommpineawsm = Zk=1 Ttoy Sonimy MW, Blim, (3.4)
[ 8tneratizeawsu = Zhea (VY Dot Bnies A Wik Biim,) (3.5)
subject to the restrictions (2.8), (2.9) and the following additional condition:
afm, a €[0,1]
Blm, =3 B )"™ b €[0,1] (3.6)
cfml ¢ €[0,1]

The generalized decision matrix, to which the generalized model incorporating all the proposed modifications of the

WSM (3.4) is applied, takes the form shown in Table 3.1:

Table 3.1. Decision matrix for a generalized model of the modified Weighted Sum Model.

Criteria Weights for DMs' Crll-erla- Wei[!hts_ for | Atternatives' scares and coefficients
normalization - criteria
competences C . .
Type| Type | priterion . maximize/minimize | importance A A
1] 2 oM .. [ owF[ ot [ oME [ oMl [ omF] omt[ L OMF] L] oMY .. | OMF
e [ A AK wh .| wKlal,|.. |af,|..|al;|..|aX,
E, - Hr,j alj’
& c 1 K 1
i aj,; ay ajj aj;
:g" =3 C; max/min| ..\ max/min| .. |..| . | bi;| .| b | .| bl | .| Bf
© ® = T
2|28 K K K K
s 58 Aj w by bij
a =3
u':'_- = 2 C; . Imax/min|...|max/min| ... |..| .. bll_j b{‘j bfl“ bf,
1 K 1 K
G €1, €1, €Lj CLj
k K
- Cijl o we | e |G
k5 C A} AK w} wk | ¢l cK ct ck
% E ] 7| J T | W CLp | e | CLp | e | Gl || L
‘s 2 L .
@ w© [ C
S= = n
= | =1
® K 51 K
S - P - 'Pi{ Wil Yr || YPr
(-]
2 Cx

Based on the thus defined mathematical models of the combined and generalized Weighted Sum Method, a

generalized algorithm is developed, which forms the basis of the business logic of the DSS prototype.

3.2. Generalized algorithm implementing combining modifications

The generalized algorithm aims to integrate all the modifications of the WSM and WPM methods proposed in the
dissertation into a single decision support system. The algorithm is presented in Fig. 3.1.

In the context of software engineering, three main components are derived from the generalized algorithm, corresponding
to each of the proposed modifications. Component 1 encapsulates the modification that considers the competence of the
DMs. Component 2 and component 3 reuse some common modules, like the module for decomposing criteria into options
and for classifying the criteria. The logic for combining the modified mathematical models, depending on the architectural
approach and the technologies used, can be implemented in various programming languages. Therefore, the pseudocode,
which defines the logic for filtering and providing a selection of the most appropriate model for the task, is of particular

interest, it is illustrated in Fig. 3.8.
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Consider the
DMs' competence?

Grouping
criteria?

Forming criteria groups

Determining the DMs' weighting
coefficients for competence
against each criterion

Determining the DMs' weighting
coefficients for competence
against each criteria group

Handling
objective data?

Collection and analysis of objective data for the
alternatives with respect to the criteria

Decomposing the criteria into
options

Determination of the type of

the way the data is presented

‘ Determination of the type of criteria according to

criteria according to their purpose

Criterion type?

Numerically
represented

represented

Matrix-

Criterion type?

For evaluating
the alfernatives

For advaniage
to the altematives

maximizing or minimizing
the criteria

The DMs expresses a preference for

TBP u3passsa NpeanoyHTaHHns
KbM BCAKA OT ONUMKTE, 4pes
NpefBapuTenHo onpeaeneHa ckana

The DMs determine the
relative importance of options

!

Generation of normalized
scores for the altemnatives
with respect to the criteria

Generation of scores for the
alternatives with respect to the
criterion’s options

Generation of coefficients for
advantage of the alternatives

Component 2

—

—

against criteria

The DMs evaluate the alternatives

The DMs determine the relative importance
of evaluation criteria

Fig. 3.1. Generalized algorithm implementing the combination of the p

}_.{
v

‘ Selecting and/or applying the appropriate ‘

mathematical model (WSM / WPM)

-orming of a decision

roposed modifications.

Begin Mathematical Model Reduction & Selection

if A == true & B == true & & ¥ == true then
if L == true then
Eligible model is WSM (3.5)
else
Eligible model is WSM (3.3)
if A == true & B == true & & Y == false then
if L == true then
Eligible model is WSM (3.4)
else
Eligible model is WSM (3.1)
if A == true & & P == false && ¥ == true then

if L == true then
For future development
else
For future development
if A == true & & B == false && ¥ ==
if L == true then

false then

// Selection from eligible models

Choice between WSM model (2.7) and WPM model (2.11)

else

Choice between WSM model (2.1) and WPM model (2.5)

if A == false & & B == true & ¥ == true then
For future development

if A == false & B == true && ¥ == false then
Eligible model is WSM (2.13)

if A == false && B == false && ¥ == true then

Choice between WSM model (2.22) and WPM model (2.30)

if A == false && B == false && ¥ == false then

Choice between the classics: WSM model (1.3) and WPM model (1.7)

End

Fig. 3.8. Pseudocode describing the filtering component and selecting a model suitable for the task.
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The different combinations of the components allow the results to be aggregated using one of 13 different models —
9 with the WSM method and 4 with the WPM, as shown by the references in Fig. 3.8.

3.3. Designing the functionality of a decision support system

As a result of the preliminary requirements analysis, all functions covered by the DSS are defined, along with the rules for
their execution. All stakeholders, their roles, and the required user interface are identified. Three roles are distinguished:

Administrator of decision-making task;
Decision makers;
System role, that brings together the activities performed automatically by the system, following the

designed logic and proposed algorithms.

The role of the administrator and his interaction with the DSS is illustrated by an UML Use Case Diagram, presented

in Fig. 3.9.

Criteria
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description of

Login or
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description of

description of criteria
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n |
n \
]
-
\E
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riteria group

Determining

=<extend => [DMs' competence

Start task
definition

........... weighting
coefficients
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Task
Administrator

Criteria type
according to data
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Finalizing the task
definition

Tasks edit

. < PUBINE 53

e
o
NN

.
:
A

'8

L

Entering
objective data
for criteria

Defining a scale for \_
evaluating options

Decomposing the
riteria into option:

Entering
objective data
for options

Choosing a
normalization
technique

description of
options

Selection of
a task with finalized
evaluation by the
DMs

<< extend =5

Results
analysis

Fig. 3.9. Adapted UML Use Case diagram for the task administrator role.

The role of the DM is described with an analogical diagram, presented in Fig. 3.10.

Login or
registration Finalizing the

evaluation

Edit scores and
preferences

<< 8pnpul =5

Expressing
preferences for criteria
.\'rk} (type b and c)
and costbenefi

Selecting a wd
task for .. Sinclude ==
evaluation

DM

Evaluation by
subjective criteria
k
a;

Determination of
weighting coefficients
wy

Determination of
weighting coefficients

k
Pr,

Fig. 3.10. Adapted UML Use Case diagram for the role of the DM.

A
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The automated operations performed by the DSS are presented in Fig. 3.11.

Forms
generation

Adding a task to DMs'
evaluation list

Input data
validation

Scores and
-::oeﬁ'lgients generalion
l‘ﬂ'j CE'C; Eb:f!):lm:'m

User
authentication

Input data

riting to and
normalization

reading data from a
database

Dss

Acceptable mode
determination

Converting

Results
aggregation

results
for analysis

Fig. 3.11. Adapted UML Use Case diagram for the system role.

The dynamically generated forms in the DSS structure the user interaction, while the transitions between them
define the system’s operational logic. This is illustrated with an adapted state diagram in Fig. 3.12.
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objective data &2 | parameterization Descgpgg“ns"f the objective data
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Results analysis Model selection and result aggregation

Fig. 3.12. Adapted UML State Machine diagram of the user interface.
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Dynamically generated forms are created in real time while the user interacts with the system. This means that the
form is not pre-prepared (static), but it is generated according to specified conditions, parameters, and the context of the
specific task. The process is interactive because the system responds to the user’s actions and selections again in real time,
adapting the content and structure of the form. The process is also parallel, as multiple users can simultaneously create
and fill out forms with different parameters from their own accounts without causing conflicts or data loss.

3.4. Web-based DSS with monolithic three-tier architecture

The proposed three-tier architecture follows the classical three-tier architectural pattern, which provides a clear separation
of concerns and infrastructure, facilitates maintainability, and enforces a structured approach to system development.
From the perspective of code structuring and deployment, it is chosen a monolithic architectural style, and the data flow is
managed synchronously. The topology of the three-tier architecture used for the development of the DSS prototype is
shown in Fig. 3.13. [Dimitrova et al., 2021].

Browser
User interface layer

o Input data validation Task definition Task evaluation Results
Navigation i ) ) ) I
against the format forms filling forms filling visualization
A
HTTPS
y

Business Logic Server

Business logic layer

Pre-processing
Supporting features

Input data validation Input data
Authentication Security rules Error handling against constraints normalization

Decision-making logic core

Synchronous evert flow control

Forms Scores Coefficients Acceptable model Results Results
generation generation generation determination agagregation analysis
| e e e m e e e = o = = = = = = = = e = e = = = = = = = = e e = = e e e -
Resources access . i
Database Authentication service Motifications service
interface interface interface
A r'y
SQL REST API
r r
Database Server Cloud services
Database layer Authentication
Tables and Stored as a service
relations procedures
Email notifications

Fig. 3.13. Topology of the designed three-layer architecture of the DSS.

3.5. Web-based DSS with serverless architecture

The proposed serverless architecture adopts the architectural pattern of distributed functions (FaaS), which are triggered
by specific user actions or internal system events - an asynchronous event flow management. This design provides high
scalability, minimal need for managing hardware and software infrastructure, and very high adaptability to varying system
workloads. The topology of the serverless architecture on which the developed DSS prototype is based is shown in Fig.
3.14. [Dimitrova et al., 2024, a].
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Fig. 3.14. Topology of the designed serverless architecture of the DSS.

3.6. Comparison of the proposed software architectures

A comparison of some key features of the adapted three-tier and serverless architectures of the DSS prototypes is
presented in Table 3.1.

Table 3.1. Comparison between the adapted three-tier and serverless architectures.

Characteristics Three-tier architecture Serverless architecture

Infrastructure Monolithic. Concentrated on a single Distributed between browser and
server cloud functions

Deployment Requires server maintenance and No need for direct server management
management

Scalability Limited by server resources Automatic in accordance to the load

Security Centralized access control Applicable to the brosew and the cloud

services

Performance Slower, due to the need for more network Faster, due to less need for network
communication communication

Development Clearer structure, More complex structure, with
no development constraints limitations from cloud functions

Support More difficult, requires server Easier, delegated to the cloud
administration

Event Handling Synchronous Asynchronous

3.7. Conclusions

Designing two different software architectures for the same DSS aims to support the selection of an architectural
approach. This choice should be based not only on the functional requirements, but also on non-functional characteristics
such as infrastructure capabilities, the technological expertise of the team, and the expected scale of the system.

The monolithic three-tier architecture is a logical choice for institutions that maintain their own server
infrastructure and is sufficient for academic purposes such as experiments, training, and demonstrations. In contrast, the
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serverless distributed architecture provides high scalability under dynamic workloads. It is suitable for organizations that
rely on cloud services and need to support a large number of users, such as corporate or public institutions.

CHAPTER 4. NUMERICAL TESTING OF THE MODIFIED METHODS
4.1. Numerical testing of the modification considering DMs’ different competence domains

Numerical testing of the proposed modification, which considers the differences in the areas of competence of the DMs,
described in Chapter 2, Section 2.1, is performed on both the WSM and WPM methods.

4.1.1. Testing scenarios

In order to examine the specifics of the modification that considers the level of competence of the DMs, two scenarios for
the Weighted Sum Model are investigated using the developed prototype. In the first scenario (Scenario 1), a problem is
formulated and solved based on the classical WSM model (1.3) — (1.5). The second scenario (Scenario 2) is implemented by
formulating and solving a problem based on the proposed modification, in accordance with (2.7) for WSM and (2.11) for
WPM. The modification of the Weighted Product Model is tested and compared with the modification of the Weighted
Sum Model.

4.1.2. Case study

The specific decision-making task for selecting an e-commerce platform concerns a small company that has initially
identified three B2C platforms suitable for its goals, namely: WooCommerce (A1), Shopify-Basic (A2), and BigCommerce
Essentials-Standard (A3). Considering the need to facilitate the administration process in group decision-making, it is
proposed that the evaluation criteria to be divided into groups. Table 4.1 presents both the groups and the corresponding
criteria that form each group.

Table 4.1. Criteria for alternatives evaluation grouped by competence domain

Group 1: Common criteria

C1 Pricing model

Cc2 Payment options variety
c3 Number of staff accounts
ca Support channels

C5 Number of free templates

Group 2: Commercial criteria

C6 Inventory management

c7 Simplified shopping process

C8 Shipping management

Cc9 Analytics tools

Cc10 Discounts and promotions management

Group 3: Technical criteria

Cl1 Deployment (DevOps)

C12 Data and Payment Process Security
C13 Responsive Design

Cci4 Integrations with external applications
C15 Speed and performance

Cil6 SEO

Group 4: Marketing criteria

C17 UX/UI design templates personalization
Cc18 Customer reviews management - feedbacks and rating options
C19 Advertisement channels

A group of experts has been defined whose competencies fully cover the formed criteria groups as follows: DM-1 -
business owner; sales manager (DM-2); software engineer (DM-3); and marketing manager (DM-4). At the same time,
different weighting coefficients are assigned in a way that reflects the individual competencies of each DM. The
competency weighting coefficients for the DMs, determined according to constraint (2.3), for Scenario 2 are presented in
Table 4.2.
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Table 4.2. Weighting coefficients for DMs’ competence, according to the criteria groups.

Weiting coeficients for DMs’ competences

Criteria groups

Group 1 (Comman criteria) 0.25 0.25 0.25 0.25
Group 2 (Commercial criteria) 0.15 0.50 0.15 0.20
Group 3 (Technical criteria) 0.14 0.14 0.57 0.15
Group 4 (Marketing criteria) 0.25 0.25 0.10 0.40

For each DM, an individual decision matrix is generated, through which the expert determines the weighting
coefficients for the importance of the criteria and, accordingly, provides evaluations of the performance of each alternative
in accordance to the defined criteria. The input data for the specific group decision-making task is presented in a
generalized group decision matrix, as shown in Table 4.3:

Table 4.3. A generalized decision matrix in group decision-making considering DMs’ different competence domains.

Criteria Alternatives’ scores
Importanse weights Al (WooComerce) A2 (Shopify) A3 (BigComerce)
DM1 DM 2 DM3‘DM4‘ DM‘DMZ DM 3 DM 4 DM2 DM 3 DM2 DM 3
Cl 0.10 | 0.03 | 0.02 | 0.01 0.43 1 0.38 | 0.62 | 0.57 | 0.24 | 0.62 | 0.52 | 0.57 | 0.24 | 0.62 | 0.52 | 0.57
C2 0.06 | 0.08 | 0.02 | 0.07 0.14 1 033 | 0.05 | 0.29 | 0.14 | 0.33 [ 0.05 | 0.33 | 0.24 | 0.14 | 0.33 | 0.10
Groupl | C3 0.05 | 0.02 | 0.05 | 0.01 | 0.25 | 0.25 | 0.25 | 0.25 | 0.10 | 0.10 | 0.10 | 0.19 | 0.29 | 0.14 | 0.10 | 0.19 | 0.33 | 0.29 | 0.29 | 0.24
C4 | 0.07 | 0.04 | 0.10 | 0.04 0.40 | 0.14 | 0.50 | 0.33 | 0.81 | 0.50 | 0.57 | 0.62 | 0.81 | 0.50 | 0.57 | 0.62
C5 0.02 | 0.05 | 0.03 | 0.07 0.24 1 0.19 | 0.19 | 0.24 | 0.24 | 0.33 | 0.19 | 0.29 | 0.29 | 0.05 | 0.24 | 0.33
C6 | 0.08 ]| 0.10 | 0.07 | 0.04 0.39 | 045 [ 0.47 [ 0.44 | 0.35 | 0.88 | 0.51 | 0.53 | 0.75 | 0.35 | 0.69 | 0.77
C7 | 0.03 | 0.07 | 0.04 | 0.06 0.50 | 0.51 | 0.49 | 0.48 | 0.62 | 0.58 | 0.49 | 0.53 | 0.49 | 0.42 | 0.51 | 0.55
Group2 | €8 | 0.05 | 0.08 | 0.02 | 0.03 | 0.15 | 0.50 | 0.15 | 0.20 | 0.41 | 0.33 | 0.44 | 0.39 | 0.52 | 0.67 | 0.55 | 0.61 | 0.48 | 0.40 | 0.49 | 0.52
C9 |0.10 | 0.06 | 0.06 | 0.06 0.66 | 0.71 [ 0.59 [ 0.61 | 0.69 | 0.89 | 0.66 | 0.71 | 0.60 | 0.71 | 0.59 | 0.61
C10 | 0.03 | 0.07 | 0.03 | 0.06 0.35 | 0.42 | 0.47 | 0.38 | 0.55 | 0.72 | 0.71 | 0.62 | 0.51 | 0.62 | 0.55 | 0.49
C11 | 0.08 | 0.03 | 0.09 | 0.02 0.56 | 0.52 | 0.95 | 0.40 | 0.61 | 0.40 | 0.30 | 0.45 | 0.59 | 0.39 | 0.30 | 0.44
C12 | 0.07 | 0.08 | 0.06 | 0.04 0.61 | 0.69 | 0.71 | 0.59 | 0.48 | 0.59 | 0.60 | 0.49 | 0.51 | 0.55 | 0.59 | 0.41
C13 | 0.04 | 0.03 | 0.06 | 0.06 0.31 ] 0.40 | 0.65 | 0.25 | 0.42 | 0.50 | 0.59 | 0.62 | 0.36 | 0.55 | 0.57 | 0.45
Group3 C14 | 0.03 | 0.05 | 0.07 | 0.04 0.14 1014 ) 0571 0.15 0.69 | 0.72 | 0.85 | 0.74 | 0.33 | 0.42 | 0.33 | 0.50 | 0.45 | 0.46 | 0.40 | 0.42
C15 | 0.03 | 0.04 | 0.04 | 0.05 0.35 ] 0.40 | 0.62 | 0.33 | 0.55 | 0.61 | 0.50 | 0.46 | 0.51 | 0.60 | 0.49 | 0.44
C16 | 0.03 | 0.03 | 0.05 | 0.08 0.51 | 0.46 | 0.63 | 0.44 | 0.53 | 0.57 | 0.49 | 0.60 | 0.49 | 0.50 | 0.38 | 0.50
C17 | 0.03 | 0.06 | 0.09 | 0.09 0.32 | 0.37 | 0.41 (| 0.39 | 0.47 | 0.42 | 0.39 | 0.39 | 0.51 | 0.41 | 0.42 | 0.44
Group4 | C18 | 0.06 | 0.04 | 0.05 | 0.07 | 0.25 | 0.25 | 0.10 | 0.40 | 0.66 | 0.63 | 0.72 | 0.82 | 0.67 | 0.72 | 0.74 | 0.81 | 0.76 | 0.77 | 0.67 | 0.79
C19 | 0.04 | 0.04 | 0.05 | 0.10 0.61 | 0.62 | 0.71 | 0.62 | 0.34 | 0.45 | 0.55 | 0.49 | 0.77 | 0.82 | 0.88 | 0.85

4.1.3. Input data analysis

Based on the data from Tables 4.3 - 3 alternatives, 4 DMs and 19 criteria distributed across 4 groups, an analysis of the
input data is conducted before applying the mathematical models of WPM and the two scenarios of the WSM.

Each DM has indicated as the most important criteria those in the group where it has the highest competence, this
is seen from Fig. 4.1.

23,50% 28,50% 30,00% 18,00%
0,38
0,40
0,30 0,29 0,29
0,30 0,25 028,26 0,26
0,22
0,20

0,20 0,120,14

0,10

0,00

Criteria group 1 Criteria group 2 Criteria group 3 Criteria group &
mOM-1 mDM-2 DM-3  mDM-4

Fig. 4.1. Ratios of criteria importance coefficients determined by the DMs, relative to the criteria groups and the percentage ratio between
the criteria groups.

The preferences to the alternatives, expressed only through ratings, excluding the influence of the importance and
competence coefficients, are presented in Fig. 4.2.
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30,80% 25,06% 21,87% 16,271%
11,4
12,0 10,6
9,3
10,0 22 79 87 52 82 8,9 85
8,0
56
6,0 5152
4,0
2,0
0,0
Criteria group 1 Criteria group 2 Criteria group 3 Criteria group &
mOM-1  mDM-2 DM-3  mDM-4

Fig. 4.2. Ratios of the evaluations determined by the DMs for the alternatives, according to the groups of criteria and the percentage ratio
between the groups of criteria.

The preliminary analysis of the input data is crucial for the interpretation of the results obtained by applying the
mathematical models of the group decision-making methods.
4.1.4. Results of the numerical testing of the modified WSM

In Scenario 1, the utility function of the classical Weighted Sum Model (1.3) — (1.5) is used. In Scenario 2, using the same
data and grouping the criteria (to facilitate task administration), the modified Weighted Sum Model (2.7) — (2.10) is
applied. The results of group decision rank the alternatives in both scenarios, as illustrated in Fig. 4.5 (a, b).

a) Scenario 1

60
25 246k Ll 07 0659 -
2114 0784 06 0,59 0185
20 0,740 d ' \
0,449 05 0,112
15 0,151
0,551 0722 0,632 04 0216 0,166
10 03
os 0,706 0,601 0,569 02 0,222 0157 0,151
! 01
() 0,475 ' 0,109 0,101 m
oo NG NEED WO oo B oo |
A1-WooCommerce A2-Shopify A3-BigCommerce A1-WooCommerce A2-Shopify A3-BigCommerce
W Criteria group 1 Criteria group 2 W Criteria group 1 Criteria group 2
Criteria group 3 m Criteria group 4 Criteria group 3 m Criteria group 4

b) Scenario 2

Fig. 4.5. Ranking of e-commerce platforms in Scenario 1 and Scenario 2, using the modified WSM.

The key reason for the shift in the ranking of alternatives is observed in Criteria Group 2, where the weight
assigned to the opinion of the sales manager (DM-2) is the highest (0.50 out of 1.00 — see Table 4.2). Preliminary analysis of
the input data from Table 4.3 shows that all of DM-2’s ratings for the alternatives according to the criteria in this group
favor A2-Shopify (total 3.740). Additionally, from Fig. 4.1 it can be seen that he is the person who allocated the highest
distribution of importance coefficients for the criteria constituting Group 2 (0.38 out of 1.00). Therefore, this combination
has led to an increase in the ratio between the ratings of alternatives A2 and A3 for the criteria in the group. This change is
sufficient to result in a different ranking of the alternatives.

4.1.5. Results of numerical testing of the modified WPM

The modification of the Weighted Product Model is tested using the input data defined in Table 4.2 and Table 4.3. The
preliminary analysis illustrated in Fig. 4.1 - Fig. 4.4 is also valid in this case. The results obtained from the group decision
rank the alternatives as illustrated in Fig. 4.10.

0,556 0,544

06

04

0,2

A1-WooCommerce

A2-Shopify A3-BigCommerce
Fig. 4.10. Ranking of e-commerce platforms using the modified WPM.
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It can be noted that the ranking obtained by the modified WSM is retained. A comparison of the influence of the
individual DMs, global to the task, in the two methods is presented with the diagram in Fig. 4.13.

40,00%

30,43%

28,89%

30,00%
21,90%

20,00%

10,00%

0,00%
WSM WPM

m0M-1 mDIM-2 OM-3  m DM-4
Fig. 4.13. Comparison of the influence of DMs in modified WSM and WPM.

4.2. Numerical testing of the modification formalizing the generation of alternative scores

In order to determine the applicability of the proposed modification of the weighted sum method, formulated using the
model (2.13) — (2.21) (Chapter 2, item 2.2), as well as the applicability of the combined model variant (3.4), which includes
the same modification, a task is defined for selecting monitors as part of the office equipment of a medium-sized IT
company.

4.2.1. Testing scenarios

Three scenarios are considered in the context of group decision-making. All of them are based on the same importance
coefficients for the criteria and the same objective data for the alternatives. The first two scenarios (Scenario 1 and
Scenario 2) are based on the modification of the WSM described in Chapter 2, Section 2.2 (2.13) — (2.21). In Scenario 1, the
generation of scores based on the utility of the criteria (2.17) depends entirely on the preferences of the task
administrator. Scenario 2 demonstrates the possibility of individually determining the utility of the criteria. Additionally,
Scenario 2 tests the generation of scores with in accordance to the decomposed criteria when the DM’s preferences
toward the options change (2.18). In Scenario 3, the task is solved by combining the modification for generating scores
with the modification that considers the competence of the DMs in different domains of competence, according to the
combined model (3.4). The input data in Scenario 3 is similar to those in Scenario 2, with the difference that a different
normalization technique is used. The objective of this scenario is to demonstrate the applicability of the generalized
algorithm presented in Chapter 3, Section 3.1, and the flexibility of the designed decision support system.

4.2.2. Case study

The task of selecting suitable office equipment is carried out under the following initial conditions: 3 alternatives, 3 DMs,
and 3 groups of criteria, containing a total of 12 criteria, 4 of which are decomposed into 13 options. The following 3 types
of monitors have been pre-selected as suitable alternatives: Dell U2724DE (A1), Samsung U32J590 (A2), and MSI MEG 342C
(A3). The individuals forming the final group decision are as follows: (1) a specialist from the finance department (DM-1);
(2) a human resources specialist (DM-2); (3) a technical staff member — software engineer (DM-3). The criteria for selecting
the appropriate type of monitor are organized into three thematically related groups, as shown in Table 4.4.

Table 4.4. Grouped criteria for evaluating alternatives, type of criteria and coefficients for their importance determined by the DMs.

Weiting coefcients for criteria

Criteria groups Criteria Criteria type impotrance
DM-1 DM-2 DM-3
. C1: Price number 0,19 0,07 0,03
Finaflz‘i’a“l‘lrli,;eria C2: Warranty number 0,16 0,12 0,01
C3: Power Consumption number 0,11 0,07 0,01
. C4: Eye Care Technologies matrix 0,10 0,19 0,15
Health cai’g;‘g ;gonomics C5: Tilt Angle number 0,04 0,07 0,05
C6: Portrait Mode number 0,02 0,09 0,15
C7: Screen size matrix 0,09 0,08 0,20
C8: Panel Type matrix 0,08 0,06 0,10
Group 3: C9: Resolution matrix 0,09 0,06 0,10
Technical criteria C10: Refresh Rate number 0,04 0,06 0,05
C11: Brightness number 0,04 0,06 0,05
C12: Color Gamut number 0,04 0,07 0,10
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The options into which the matrix-represented criteria for the specific task are decomposed are shown in Table 4.5.

Table 4.5. Matrix-represented criteria decomposed into options.

C4: Eye Care Technologies

01 Blue Light Filter
02 Anti-Flicker

03 Ambient Light Sensor
04 Anti-glare Coating
C7: Screen size

05 Screen size 27”
06 Screen size 31.5”
07 Screen size 34.2”
C8: Panel Type

08 IPS

09 VA

010 OLED

C9: Resolution

011 UW-QHD

012 UHD

013 QHD

The preferences expressed by the DMs regarding whether the criterion is improved if it is maximized or minimized
are presented in Table 4.6.

Table 4.6. Numerically represented criteria and their units of measurement, values for the alternatives and preferences of the DMs for their
utility in the three scenarios.

. . Scenario 1 - Scenario 2- Scenario 3-

T Unit of Values for alternatives

Criteria E—— preferences preferences preferences

Al A2 A3 DM-3 DM-1 DM-1 DM-2

Cl EUR 505 290 1247 cost cost cost cost cost benefit cost cost benefit
Cc2 Monts 36 24 36 benefit | benefit | benefit | benefit | benefit | benefit | benefit | benefit benefit
Cc3 kW. /h 24,4 59 42,3 cost cost cost cost cost cost cost cost cost
C5 Degree 26 17 25 benefit benefit benefit cost benefit | benefit cost benefit benefit
C6 Availability 1 0 0 cost cost cost cost cost benefit cost cost benefit
C10 Hz 120 60 175 benefit benefit benefit cost benefit | benefit cost benefit benefit
C11 cd/m? 350 270 250 cost cost cost cost cost benefit cost cost benefit
C12 % sRGB 100 99,1 139 benefit benefit benefit cost benefit benefit cost benefit benefit

The data about the options, together with the evaluation points for the importance of the options determined by
the DMs, are presented in Table 4.7.

Table 4.7. Matrix-presented criteria, decomposed into options and their values for the alternatives together with the evaluation points
determined by the DMs for their importance in the three scenarios.

Values of
the options

Evaluation points for options importance
Scenario 2

Criteria

Scenario 1 Scenario 3

Options A2 M-1 DM -2 DM -3 DM -1 DM -2 DM -3 DM -1 DM -2 DM -3
01 1 0 1 4 5 5 4 5 5 4 5 5
ca 02 0 1 1 4 5 5 4 5 5 4 5 5
03 1 0 1 2 2 4 2 2 4 2 2 4
04 1 1 1 2 3 5 2 3 5 2 3 5
05 1 0 0 4 3 3 4 3 1 4 3 1
Cc7 06 0 1 0 4 3 4 4 3 5 4 8 5
o7 0 0 1 2 3 5 2 3 3 2 8 3
08 1 0 0 4 4 2 4 4 2 4 4 2
c8 09 0 1 0 4 3 3 4 3 1 4 3 1
010 0 0 1 2 2 5 2 2 5 2 2 5
011 0 0 1 1 2 5 1 2 5 1 2 5
c9 012 0 1 0 2 5 5 2 5 2 2 5 2
013 1 0 0 4 3 2 4 3 2 4 3 2

It should be noted that the options take a Boolean value, reflecting the presence of the corresponding feature in
each of the alternatives. The DMs express their preferences regarding the options using a scale from 1 to 5.

In accordance with Scenario 3, for the defined groups of criteria, weight coefficients reflecting the competence level
of the DM are assigned, as shown in Table 4.8.

For each of the three described scenarios, individual forms for entering the DMs’ preferences are generated based
on the input data, on the basis of which the scores for the alternatives are calculated.
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Table 4.8. Weighting coefficients for DMs’ competence, according to the groups of criteria.

Criteria groups DM -1 DM -2 DM -3
Group 1: Financial criteria 0.62 0.21 0.17
Group 2: Health care and ergonomics 0.26 0.40 0.34
Group 3: Technical criteria 0.30 0.15 0.55

4.2.3. Results of numerical testing of the modified WSM

The modification affects the algorithm for implementing the Weighted Sum Model by formalizing an approach for

generating scores without changing the mechanism for aggregating attributes in the final result. Therefore, the

interpretation of the results is focused on the steps for generating scores within the environment of the developed

prototype of the decision support system.

In accordance with Step 4 of the algorithm for implementing the modification (Chapter 2, item 2.2.1), a form for

preferences for numerical criteria is generated. In Scenario 1, the form is filled in only by the administrator, and the

entered preferences apply to all DMs. A view of the form is shown in Fig. 4.14.

®

Administrator ¥ @

Criteria Cost |Benefit :f“"a::;m:;
Price H® | O 0,574 {1,000 | 0,233
Warranty O @ 1,000 | 0,667 | 1,000
Power Consumption O] @) 1,000 | 0,414 | 0,577
Tilt Angle @) @ 1,000 | 0,654 | 0,962
Portrait Mode @ O 0,000 | 1,000 | 1,000
Refresh Rate O @ 0,686 | 0,343 | 1,000
Brightness @ | O 0,714 | 0,926 | 1,000
Color Gamut by sRGB @) ® 0,719 | 0,713 | 1,000

J

Fig. 4.14. Form for expressing preferences for utility of numerical criteria. View from the prototype of a decision support system.

When a criterion is matrix-represented, according to Step 7 of the algorithm, each decision maker is allowed to

express his preferences regarding the alternatives’ options.

For this purpose, the decision support system prototype

generates an individual form for each DM. An example view for DM-1 in Scenario 1 is shown in Fig. 4.15.

IS

DM-1 vOJ

nerated scor
Criteria and options Score i:j o TD:;
N Eye Care Technologies 0,400 | 0,300 | 0,600
01 |Blue Light Filter 4 -
02 |Anti-Flicke i -
03 |Ambient Light Sensor 1 -
04 |Anti-glare Coating 1 -
P& Screen size 0,267] 0,267 0,133
05 |Pazmep Ha expana 27" i -
06 |Pazmep Ha expana 31.5" 4 -
O7 |Pa3mep Ha expana 34.2" 1 -
[PE8 Panel Type 0,267] 0,267 0,133
08 |IPS i -
09 (VA 4 -
010|0LED 1 -
P8 Resolution 0,267] 0,133 0,067
011|UW-QHD 1 -
012 |UHD 1
013|QHD 4 -

Fig. 4.15. Form for expressing preferences for alternative options, according matrix-represented criteria. View from the prototype of the
DSS.
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Thus generated scores, together with the criteria importance coefficients, are summarized in the decision matrix in
Fig. 4.16.

After applying the model of WSM (2.13) to the decision matrix, the following ranking of alternatives is obtained for

|- Administrator @J
Weiqhtesl r:ueﬁicienls for i General:zd suores B
Criteria criteria importance DellUZ724DE | Samsung U32J590 |  MSIMEG342C
DM-1: DM-2: DM3:
Firancl | Human | Software om‘ oM2 ‘ oM3 om‘ oMz | oM3 | DM | DM2 | DM3
Officer | Resources | Engineer
a1 | price 013 | 007 | 003 0,574 1,000 0,233
2 |Warranty 016 | 012 | 001 1,000 0,667 1,000
€3 Power Consumption o1 | o007 | o0t 1,000 0,414 0,577
¢4 |Eye Care Technologies | 0,00 | 019 | 015 | 0,400[0,500 0,700 0,300] 0,400 0,500] 0,600 0,750 0,850
¢5 | Tilt Angle 004 | 007 | 005 1,000 0,654 0,962
€6 | Portrait Mode 002 | 008 08 0,000 1,000 1,000
7 [Screen size 009 | 008 | 020 |0,267/0,200]0,200] 0,2670,200 0,267| 0,133 0,200/0,333
C8 | Panel Type 008 | 006 | 010 |0,267/0.267 0,133] 0,267 0,200 0,200] 0,133 0,133/0,333
€3 | Resolution 009 | 006 | 010 |0,267/0,200/0,133] 0,130,333 0,333] 0,067 0,133]0,333
C10| Refresh Rate 004 | 008 | 005 0,686 0343 1,000
11| Brightness 004 | 006 | 005 0714 0,926 1,000
12| Color Gamut by sRGB 004 | 007 | 010 0,719 0,713 1,000
,_

Fig. 4.16. Decision matrix for Scenario 1. View from the DSS prototype.

Scenario 1 and Scenario 2, as shown in Fig. 4.17

2 2
1,930
1713
15 15
1 1
05 05
Al-Dell A2.Samsung A3-MSI| A1l-Dell A2.Samsung A3-MS|

a) Scenario 1

b) Scenario 2
Fig. 4.17. Ranking of monitors in Scenario 1 and Scenario 2, using modified WSM.

4.2.4. Results of numerical testing of the combined model of the WSM

In Scenario 3, by changing the normalization technique and including the DMs’ competence weight coefficients, the

aggregated decision matrix takes a different form, as illustrated in Fig. 4.21.

|- Administrator @J
Weighted coefficients for Generated scores
criteria importance and Al A2 A3
Criteria DMs' competences Dell U2724DE Samsung U32J590 MSI MEG 342C
DMA: oMz DM-3:
Financial | Human | Software | DM-1| DM2 DM3 | DM DM2 | DM3 | DM-1| DM2 | DM3
Officer | Resources | Engineer
Group 1: Financial criteria 0,62 0,21 0,17 0,224 0,179 0,136
C1 | Price 0,19 0,07 0,03 |0,633/0,633 0,367| 0,789 0,789 0,211{ 0,094/ 0,094 0,906
C2 | Warranty 0,16 0,12 0,01 0,640| 0,640 0,640| 0,426/ 0,426 0,426) 0,640 0,640 | 0,640
C3 | Power Consumption 0,11 0,07 0,01 0,681 0,230 0,230 0,230 0,448
Group 2: Health care and... 0,26 0,40
4 | Eye Care Technologies 0,10 0,19 0,15 | 0,400( 0,500 0,700 0,300/ 0,400 0,500 0,600(0,750/0,950
C5 |TiltAngle 0,04 0,07 0,05 0,348| 0,652 0,652| 0,574 0,426 0,426| 0,373|0,627 0,627
Cé | Portrait Mode 0,02 0,09 0,15 | 0,000/ 0,000 1,000 1,000 1,000 0,000 1,000 1,000 0,000
Group 3: Technical criteria m 0,55
C7 | Screen size 0,09 0,08 0,20 | 0,267|0,2000,067| 0,267 0,200(0,333} 0,133(0,200| 0,200
C8 | Panel Type 0,08 0,06 0,10 | 0,267|0,267 (0,133} 0,267, 0,200|0,067} 0,1330,133|0,333
9 | Resolution 0,09 0,06 0,10 | 0,267|0,200|0,133| 0,133/ 0,333 0,133 0,067/ 0,133|0,333
C10| Refresh Rate 0,04 0,06 0,05 0,456/ 0,544 0,544| 0,728 0,272 0,272) 0,206/ 0,794 0,794
C11|Brightness 0,04 0,06 0,05 |0,311/0,311 0,689| 0,468 0,468 0,532| 0,508/ 0,508 0,492
C12| Color Gamut by sRGB 0,04 0,07 0,10 | 0,495/0,505 0,505| 0,499 0,501 0,501 0,297/0,703 0,703

Fig. 4.21. Decision matrix for Scenario 3. Including aggregated scores by criteria groups. View from the DSS prototype.

Abstracts of Dissertations 2026 (8) 3-31




25 Zornitsa Dimitrova

The trends observed in the initial Scenario 2 (the aggregated score of Al increasing at the expense of A2 and A3) are
confirmed and even amplified in Scenario 3, leading to a change in the ranking, with Al surpassing A3, as shown in Fig.
4.22.

0,6
0,531 0,507
04 0,463
0,2
0
A1-Dell A2-Samsung A3-MSI

Fig. 4.22. Ranking of monitors in Scenario 3, using combined model of WSM.

The two modifications combine and complement each other successfully, as they do not interfere with each other,
being executed at different steps of the algorithm.

4.3. Numerical testing of the modification formalizing the generation of coefficients giving
advantage in the overall performance of the alternatives

The applicability of the proposed modification of WSM and WPM, which formalizes the generation of weighting
coefficients for the alternatives (see Chapter 2, Section 2.3), was tested in a task for selecting a software framework for
web development.

4.3.1. Testing scenarios

To test the applicability of the proposed modification on both methods, as well as on the generalized WSM model, three
scenarios are developed. Scenario 1 and Scenario 2 are set in the context of individual decision-making and aim to explore
the effect of the newly introduced type of coefficient when using the WSM and WPM methods. For comparison, the results
from the traditional methods are used. The difference between Scenario 1 and Scenario 2 lies in the change of preferences
for the options in the key criterion used to give an advantage to the alternatives, as well as in the specified importance
coefficients for the remaining criteria. The scenario used to test the applicability of the generalized model (Scenario 3) is
set in the context of group decision-making. The task parameters are expanded by adding two additional criteria — one
matrix-represented and one subjective.

4.3.2. Case study

The task of selecting a framework for web application development is sized in the first two scenarios with the following
parameters: 6 alternatives, 1 decision-maker, and a total of 3 criteria, 2 of which are used for evaluation and the other for
giving an advantage to the alternatives, decomposed into 3 options. In Scenario 3, the alternatives remain the same, but
the number of decision-makers increases to two. The number of criteria becomes 5 in order to cover all types of allowed
evaluations in the generalized algorithm. All the input data is summarized in Table 4.9.

Table 4.9. Types of criteria: for evaluation and for prioritization of alternatives. Criteria importance coefficients determined by the DMs for
the three scenarios.

Coefficients for criteria importance
Scenario 1 Scenario 2 Scenario 3
DM-1 DM -2 DM -1 DM -2

Type of criteria according to their purpose and

Criteria . o ]
according to the way the evaluation is formed

c1 Programming language For advantége of alternatives / ) } } )
Matrix-represented
For evaluation /
Numerically represented
For evaluation /
Numerically represented
ca Software layers coverage For.evaluatlon / X X 0,41 0,16
Matrix-represented
For evaluation /

c5 Ease of use L. X X 0,16 0,42
Subjective

C2  |GitHub rating 0,60 0,27 0,26 0,10

c3 StackOverflow rating 0,40 0,73 0,17 0,32

Since criteria C1 and C4 are defined as matrix-represented criteria, they are decomposed into options as shown in
Table 4.10.

Abstracts of Dissertations 2026 (8) 3-31



MODELS AND SOFTWARE ARCHITECTURES OF DECISION SUPPORT SYSTEMS 26

Table 4.10. Matrix-represented criteria (decomposable to options) used to generate a score or to generate a coefficient for the advantage
of alternatives.

. Coefficients / evaluation points for options importance
Option values

Criteria and the available options Scenario 1 Scenario 2 Scenario 3

Programming language
cp |01 [JavaScript 1 1 0 0 0 0 0,46 0,22 0,46 0,22
02 |Python 0 0 1 1 0 0 0,33 0,32 0,33 0,32
03 |PHP 0 0 0 0 1 1 0,21 0,46 0,21 0,46
Software layers coverage
04 |User interface 1 1 1 1 1 1 X X 4 5
C4 |05 |[Client-side logic 1 1 0 0 0 0 X X 5 2
06 |Server-side logic 0 0 1 1 1 1 X X 2 3
07 |Database interaction 0 0 1 0 1 1 X X 2 1

Based on the objective data from the framework ratings on GitHub and StackOverflow, scores can be generated for
Scenario 1 and Scenario 2. In Scenario 3, the corresponding scores are generated through expressing preferences regarding
their benefits or drawbacks. The data for both criteria (C2 and C3) is taken from the specialized website
https://hotframeworks.com, which provides comparisons between different web development frameworks, and are

presented in Table 4.11.

Table 4.11. Numerically presented criteria, values for alternatives and preferences of the DMs for their usefulness in Scenario 3.

Values of the alternatives

Criteria A3 A4 As A6 ;:::f/it

DJEL) [AEHS Laravel Symfony
C2: GitHub rating 99 100 89 89 90 81 benefit
C3: StackOverflow rating 97 87 97 83 93 86 benefit

The competence weights assigned to the two decision makers in Scenario 3 are shown in Table 4.12.

Table 4.12. Weighting coeficients for DMs’ competence, in accordance to the individual criteria used in Scenario 3.

Criteria \ Weighting coefficients for the DMs competence

\ DM-1 DM-2
C1: Programming language - -
C2: GitHub rating 0,70 0,30
C3: StackOverflow rating 0,45 0,55
C4: Software layers coverage 0,80 0,20
C5: Ease of use 0,50 0,50

4.3.3. Results of numerical testing of the modified WSM

The numerical testing of the modification formalizing the generation of weight coefficients for the Weighted Sum Model
(Scenario 1) is carried out in the DSS prototype. The aggregated individual decision matrix on which the experiment is
conducted is shown in Fig. 4.23.

|- DM-1 (Senior Software Engineer) w OJ
Individual decision-making matrix
Weighted Alternatives' scores / Alternatives' coefficients
I coefficients for
(Griteria criteria At a2 a3 A 85 "
importance React Vuejs Django Flask Laravel Symfony
Alternatives' coefficients
C1 | Programming language - 0,46 046 033 033 021 0,21
Alternatives' scores
(2 | GitHub rating 0,60 0,99 1,00 0,89 0,89 0,90 0,81
(3 | StackOverflow rating 0,40 0,97 0,87 0,97 0,83 0,93 0,86

Fig. 4.23. Individual decision matrix in Scenario 1. View from the DSS prototype.
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To demonstrate the effect of the newly introduced coefficients, the results of the alternatives against criteria C2 and
C3 are calculated using the classical WSM (1.3). The final ranking for both methods is presented in Fig. 4.24 (a, b).

1,00

0,982

094518 0,922 0,912

075 CBce 0,830
0,50
0,25

A1 A2 A3 A4 A5 A6

a) Classical WSM b) Modified WSM

Fig. 4.24. Ranking of web development frameworks in Scenario 1, using modified WSM.

In the modified WSM, the results are adjusted by the newly introduced coefficient, reflecting a higher preference
for the Python programming language, on which Flask is based, at the expense of PHP, used in Laravel.

4.3.4. Results of numerical testing of the modified WPM

In Scenario 2, designed to test the WPM, the decision maker is a junior software engineer. This justifies a change in the
weighting coefficients for the importance of the criteria, increasing the weight of criterion C3 — the StackOverflow ranking,
since this platform is particularly useful for novice developers. Additionally, preferences regarding the used programming
language also change, resulting in new values of 1/),!‘.

In order to determine the impact of the newly introduced coefficients on the modified WPM, the results of the
alternatives are also calculated using the classical Weighted Product Model (1.7). The comparison between the final
rankings of the alternatives when used both methods is illustrated in Fig. 4.26 (a, b).

0.5

A1l A2 A3 A4 A5 A6
Al A2 A3 Ad A5 A6

- b) Modified WPM
a) Classical WPM

@ue. 4.26. Ranking of web development frameworks in Scenario 2, using modified WPM.
A similarity in results is observed between frameworks using the same programming language (and thus having the
same coefficients), as well as distinct differences among frameworks based on different languages. These results confirm
the effectiveness and applicability of the modification to the Weighted Product Method as well.

4.3.5. Results of numerical testing of the generalized model of the WSM

Scenario 3 aims to test the applicability of the newly proposed coefficient for an advantage of alternatives in combination
with the other two modifications, which build up the so-called in this dissertation — generalized model of the WSM.

The data from the completed individual forms, together with the importance coefficients of the criteria and the
competence coefficients assigned by the DMs, is structured into a consolidated decision matrix. A view of the generated
matrix from the DSS prototype is shown in Fig. 4.29.

|_ Administrator v @J

Group decision-making matrix

Weighted Weighted ives' scores/
coefficients for coefficients for Al Az B AL A5 A8

KPUTEPHH criteriaimportance | DMs' competences React Ve js Django Flask Laravel Symfony
DM | DME DM | DM
Senior | Junior | Senior | Junior | OM-1| DM2 | DMt | DM-2 | DM-1| DM2 | DM | DM2 | DM-1| DM2 | DM DM2
SEngineer | SEngineer | SEngineer | SEngineer

Alternatives’ coefficients
ajr ing language ““ 22 22 3 32 13

Alternatives’ scores
2 | GitHub rating 0,26 0,10 0,99 0,99 | 1,00 1,00 | 0,89 0,89 | 0,89 | 0,89 | 0,90 0,90 | 0,81] 0,81
3 | Stackoverflow rating 0,17 0,32 0,97 0,97 | 087|087 | 0,97) 0,97 083 0,83 093) 0,93 0,86 0,86
Software layers coverage 0,41 0,16 2 0,45 0,35 | 0,45| 0,35 | 0,40 0,45 | 0,30| 0,40 | 0,40 | 0,45 | 0,40| 0,45
5 | Ease of use 0,16 0,42 1 g 085|030 075|032 | 0,70| 0,55 0,80 0,45 | 0,65| 0,95 | 0,54 0,85

-

-

2

P

Fig. 4.29. Consolidated decision matrix for Scenario 3. View from the prototype decision support system.
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The ranking of the alternatives after applying the generalized model (3.3) is shown in Fig. 4.30.

0,30

0,20

0,10

0,00

A1 A2 A3 A4 A5 Ab

Fig. 4.30. Ranking of web development frameworks in Scenario 3, using generalized WSM.

In group decision-making, the effect of the adjustment coefficients can be balanced by opposing preferences among
the DMs. However, the inclusion of the modification that accounts for competence by criteria allows greater weight to be
given to the opinions of more competent DMs, which ultimately influences the final decision.

Combining all the proposed modifications into a single generalized algorithm is both feasible and successful. This is
because each modification affects different steps of the algorithm and does not introduce mathematical constraints that
would prevent the application of the others.

CONCLUSION

Thanks to digitalization, today more than ever before, it is possible to use a wide variety of data. To form an informed
decision, this data must be processed appropriately so that structured information can be obtained, providing the basis for
selecting the most suitable decision. In this context, the present study focuses on decision-making methods and models,

including the formation of group decisions.

The objects of research in this dissertation are the Weighted Sum Method, the Weighted Product Method, and the
software architectures through which they can be integrated into a decision support system. These two methods are
among the most popular and fundamental evaluation techniques in multicriteria decision-making. Over time, they have
been developed through various modifications. Their evolution shows that they have not remained static methods but
have dynamically adapted to new practical needs. As a result, they have become increasingly flexible, widely applicable,
and suitable for integration into decision support systems. As a software tool for rational decision-making, a DSS must be
designed with consideration of the functional requirements imposed by the algorithms and mathematical models. The
software architecture is determined by the combination of different styles and patterns, in accordance with the
organization’s non-functional requirements, such as infrastructure capabilities, the technological expertise of the team, the

expected scale of system usage, and others.

This dissertation describes the proposed modifications to the Weighted Sum Model and the Weighted Product
Model. The first modification introduces competence coefficients for each DM for every individual criterion, in this way
refining the influence of each DM in the group decision-making. The second modification formalizes the generation of
evaluations by combining the preferences of the DMs with objective data, thus reducing the subjectivity and facilitating the
assessment of alternatives. The third modification introduces the generation of a new type of coefficients that allow the
suppression or amplification of the aggregated results of the alternatives, and in this way meeting critical requirements of
the decision task. The results of the conducted experiments confirm that all proposed modifications can be successfully
combined within the Weighted Sum Model into a single generalized algorithm. The different combinations of modifications
allow the results to be aggregated through one of 13 distinct models: 9 based on the Weighted Sum Model and 4 based on
the Weighted Product Model.

Two different software architectures for the Decision Support System have been proposed and designed, addressing
conflicting non-functional requirements of the system. The proposed three-tier architecture follows the classical three-tier
architectural pattern. A monolithic architectural style with synchronously managed event flow is chosen. This architecture
is suitable for organizations that maintain their own server infrastructure.
The proposed serverless architecture employs the distributed function architectural pattern with asynchronous event-flow
management. This approach provides high scalability, minimal need for infrastructure management, and very high
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adaptability to dynamic workloads. These characteristics make the serverless architecture well suited for organizations that
rely on cloud services and must support a large number of users, such as corporate or public institutions. Based on the
proposed and designed architectures, DSS prototypes were developed to test the applicability of both the proposed
modifications and the architectures themselves. The prototypes provide centralized data management, access from any
location, automation of routine operations, and a module for linear analysis of intermediate results.

Based on the results obtained from the conducted testing of both the proposed modifications and the proposed
architectures for implementing the decision-support models, their practical applicability can be unambiguously confirmed
through the solution of specific real-world tasks.

As a future development of the research related to the modifications of the decision-making methods, the following
activities are planned: (1) searching a solution to overcome the limitation of applying the modification that formalizes the
generation of evaluations for alternatives to the Weighted Product Model; (2) combining all modifications for both
methods; (3) adapting the proposed modifications to other similar decision-making methods.

The planned activities for the future elaboration of the developed prototypes of the DSS are related to: (1)
developing them as a fully functional application for academic purposes such as experiments, demonstrations and training;
(2) implementing or integrating with an external service for upgrading network security with authorization and
accountability (AAA , Authentication, Authorization, Accounting); (3) integration of artificial intelligence agents as a virtual
expert and automation of part of the administrative tasks through it.

The results of the presented research have been reported at 4 international conferences. Most of the results have
been published in a total of 5 scientific publications, as 1 of them is in an international scientific journal. All 5 publications
are reffered and indexed in the globally recognized scientific database Scopus, with three of them published in journals
with SJR.

CONTRIBUTIONS
Based on the obtained results, the following contributions can be formulated:

1) A modification of the algorithm and the mathematical models of the Weighted Sum Model and the Weighted
Product Model has been proposed in the context of group decision-making. The modification considers the
different areas of expertise of the decision-makers by introducing competence weight coefficients for each DM
with in accordance to each individual criterion.

2) A modification of the algorithm for implementing the Weighted Sum Model has been proposed, formalizing the
generation of evaluations for the alternatives. Instead of relying on subjectively assigned scores, a mechanism is
introduced that combines objective data about the alternatives with the preferences of the decision-makers
through the decomposition of criteria into options. The modification is applicable to both group and individual
decision-making.

3) A modification of the algorithm and the mathematical models of the Weighted Sum Model and the Weighted
Product Model has been proposed, formalizing the generation of coefficients that provide an advantage in the
overall performance of the alternatives. These coefficients are generated with respect to key criteria, using the
same mechanism for decomposing criteria into options and combining objective data about the alternatives with
the preferences of the decision-makers. The modification is applicable to both group and individual decision-
making.

4) A generalized algorithm and combined mathematical models have been proposed, integrating the proposed
modifications of the two methods. The different combinations allow the results to be aggregated by 13 different
models - 9 using the Weighted Sum Model and 4 using the Weighted Product Model.

5) Two software architectures (three-tier and serverless) have been proposed for implementing a decision support
system, meeting different non-functional requirements. The two architectures demonstrate different
architectural styles for implementing the proposed generalized algorithm and the combined mathematical
models of the modified Weighted Sum Model and Weighted Product Model.

6) Two prototypes of a decision support system have been developed in accordance with the proposed software
architectures, including a module for interpreting the results. The prototypes are used for numerical testing of
the proposed modifications to the Weighted Sum Model and the Weighted Product Model, convincingly
demonstrating their applicability.
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33 3Bopuwuria Arpecumora Jlumurposa

yBOA,

M3nonssaHeTo Ha MeToAM U MOAEN OT MHOFOKPUTEPMANHOTO B3eMaHe Ha pPelleHWA, e BaXKHO 3aloTo Te NpeaocTaBAT
CUCTEMATUUEH NOAXOJ 33 OLLEHKA Ha anTepHaTMBM. TakMBa ca MeTOoAa Ha NpeTersieHaTa cyma U MeToZa Ha MpeTernieHoTo
npousBefeHne, BbPXY KOWUTO Ce CbCPeAOTOYaBa HACTOALWMA AMCEPTALMOHEH TpyA. Te ce OT/MYasaT C NpoOCTOTa,
NPO3PaYHOCT U LUMPOKA NPUIONKUMOCT B Pas/IMYHN NPOLLECH, KaTo BU3HEC, UHKEHEPHM, COLMANHN, YNPABAEHCKU U APYTU.
He3aBnCMMO OT LUIMPOKOTO UM NPU/IOKEHWNE, KNAaCUYECKUTE MOLENN HE YCMABAT Aa OTPA3AT HAMb/IHO PeasiHUTE YCIoBUsA, B
KOWTO Ca MOCTaBEHM AuuaTa, B3emalm peweHua (/1IBP). B npakTukaTa 4ecTto ce cpewaT cuTyaumum, npu kouto JIBP ca ¢
pasnMyHa KOMMETEHTHOCT, a 33 TbPCEHOTO pelleHWe ca MOCTaBeHW W3UCKBAHMA 3a YAOBNETBOPABAHE Ha K/OYOBM
NMoKasaTeNn OT HaIMYHN OBEKTUBHU XapaKTepUcTUKU. Tean ocobeHoCTn onpeaensaT HeobxoAMMOocCTTa oT paspaboTeaHeTo
Ha moaudUKaLMKn, KOMTO He Camo Aa NOBMLLAT NPELU3HOCTTA U 06EKTUBHOCTTA Ha B3€TOTO peLleHMe, HO CbLLO Taka M Aa
YNEeCHAT npoLeca no oueHABaHe U NO CTPYKTYpMUpaHe Ha 3aayaTta 3a B3emaHe Ha pelueHue.

3a fa ce ocurypy NpakTUYecKa NpPUIOXKMMOCT M AOCTbNHOCT Ha NoAobHWM moauduKaumm, e yaayHo Te aa bbaat
MMMNJIEMEHTUPAHN B yeb 6asupaHun npunoxeHus. Mopagm ToBa e HEOOXOAMMO Aa ce NPoeKTMpa noaxoasuia codptyepHa
apxuTeKTypa, Ha 6a3a Ha KOATO Aa ce peann3vpa KOHKPETHOTO MPUIOMNKEHWe, KOeTO Aa OTroBapA Ha M3MCKBAHMATA 33
rMbBKABOCT M MalLabmpyemocT. Ypes npuaaraHe Ha yTBbPAEHWN NMPUHLMNN U A06PM NPAKTUKM NPU NMPOEKTUPAHETO Ha ACHO
LedUHUPaHN apXMTEKTYPU, MOXKE Aa Ce NOCTUTHE MUHMMU3MPAHE Ha PUCKA OT XaOTUYHM U TPYAHO NOAAbPMKAHU CUCTEMM.

OTynTalKM TACHaTa BPb3Ka MeX4y MogenuTe 3a MOoANOMaraHe B3eMaHETO Ha pelweHus U codTyepHUTe
ApPXMTEKTYPU, CTaBa ACHO, Ye e HeOBXOAMMO LANIOCTHO pasbupaHe KaKTo 3a NPOoLLEecUTe Ha B3eMaHe Ha peLleHus, Taka U 3a
codTyepHUTE MHCTPYMEHTU, UMMIEMEHTMPALLM TE3U MOAENM.

[VCcepTaumMoHHUAT TPYA € CTPYKTYPUpPaH B cnegHuTte 4 rnasu.

B naBa 1 e HanmpaBeH aHa/iM3 Ha MeETOAMTE 33 B3eMaHe Ha pelleHne U Ha codTyepHUTE apXUTEKTYpU 3a
peanusvMpaHe Ha yeb npunoxeHua. [peacTaBeHM ca PasAVYHU  KOHUENUUWM U KnacuduKaumm Ha mMeToguTe 3a
MHOrokputepunaneH aHanms. lNo-cneunanHo BHUMaHME e OTAeNeHO Ha MeToAa Ha npeTerneHata cyma M MeToda Ha
npeTerneHoTo npoussedeHue. HanpaBeHO e cCpaBHeHMe MeXay [ABaTa MeToga W ca pasrfefaHn HAKOU TexHW
moandukaumm. OcobeHo BHMMaHME e OobbpHATO Ha KnacuduKaumuTe Ha codTyepHUTE CUCTEMM 33 MoANOMaraHe
B3eMaHeTo Ha peweHua (CMBP). BropaTa yacT oT [naBa 1 e ¢ akuUeHT BbpXy cOdTyepHUTE apXUTEKTYPU 3@ peannsnpaHe Ha
yeb npunoxeHusa. NpeacrtaBeH e aHaAn3 Ha KOHUEeNuuuTe 3a cCoPTyepHU apXMTEKTYPU, apXUTEKTYPHU CTUNOBE U LWABIOHMW.
Bb3 0cHOBA Ha BCMYKO TOBA Ca onpeaeseHn M3Boam, Ha 6asa Ha Kouto e GopmMyanpaHa LenTa u 3a8aunTe Ha HacToALmA
OMCepTaLMOHEH TpyA.

B Mnaga 2 ca onvcaHu npeanoxeHute mMoamdrKaLumm Ha MeTo4a Ha NpeTerieHara Cyma U MeTofa Ha NpeTersieHoTo
npovssesaeHune, NPOAUKTYBaHM OT HEOBXOAMMOCTTA 3@ MO-NPELMU3HO U OTHOCUTENHO 0BEKTUBHO GpOpMMpaHe Ha rpyrnoso
WM B YACTHOCT Ha MHAMBMAYANHO pelleHue. MbpBaTa MOAMOUKALMUA OTYMTA PA3/MUMATA B KOMNETeHTHOCTTa Ha JIBP
CNPAMO Pa3INYHUTE KPUTEPUM, KaTo Ce M3MNO0A3BaT TErn0BU KoeduUMEHTM 33 KOMNETeHTHOCT. BTopata moaudukauma
BbBEXK/AA M3MN0/13BaHETO Ha 0BEKTUBHM AaHHM, CbYeTaBalKM M C NpeanoYnTaHuaTta Ha JIBP. Mo To3n HaumH ce peayumpa
cy6eKTUBHOCTTa M Ce y/NecHABa NpoLeca no oueHaBaHe Ha anTepHaTueuTe. Tasm MoauduKaLma ce 0THACA eaUHCTBEHO A0
MeToAa Ha npeterseHata cyma. 10 CbLeCTBO TA He NPOMEeHs MaTemaTuyeckusa mogen, a fobasa dopmanvsauma Ha
reHepuMpaHeTo Ha OLEHKK, B aNrOpuTbma 3a peanusnpaHe Ha metoda. Tpetata moavdUKaLmMA BbBEXKAA HOB TUM TEr/0BK
KoeduUMEHTU 3a anTepHaTMBuTe, 6a3MpaHy Ha K/UOBU KPUTEPUWM, KOUTO Ca KPUTUUHWM M3UCKBAHMA Ha KOHKpeTHaTa
3agaya. Ypes Tesn KoepuUUMEHTH, MOXKe Aa Ce MOCTUrHEe MOATUCKAHE UM YCUNBAHE Ha arperMpaHuTe pesynTatu, Koeto
NpuaaBa HEKOMMEHCATOPHU XapaKTEPUCTMKU HAa MOAe/NUTe Ha NpeTerseHata Cyma M Ha MpeTerneHoTo npou3BefeHue.
EAHOBPEMEHHO C TOBa ce HamansaBa 6pos Ha CyGeKTUBHWUTE OLEHKM U Ce aKLLeHTUPA BbpXy BAXKHOCTTA HAa K/OYOBUTE
M3MCKBaHWA B 3afayata. MoguduKkaumata e BaMaHa 3a ABaTa METOAA WM NPOMEHS, KaKTO aJiropuMTbMa 3a U3M0/I3BaHETO
WM, TaKa U MaTeMaTUYECKUTE MoAeNu. Bcaka OT NpeaioKeHnTe MOAMPUKALIMM € ONUCaHa C UAEHTUYHA CTPYKTYpa.

B lnaBa 3 ca onucaHu NpensioKeHUTe U MPOEKTUPaAHW ABe pasnuyHu codTyepHu apxutektypu Ha CMNBP.
MpoeKTMpaHeTO Ha ABe apXUTEKTYPH 33 eAHa U Cbllya cucTema e 060CHOBaHO OT HeobX0AMMOCTTa Aa ce oLeHU u usbepe
noaxoaawma Habop oT TexHONorMu 3a paspaboTka U eKcnioaTauMoHHa cpesa, KaTo ce B3emaT NpeaBua TEXHOOTUYHUTE
M3WCKBaHWA, O4aKBaHaTa HAaTOBAPEHOCT U KOHTEKCTA Ha u3nosssaHe. M3nons3saHu ca onucaHute B Mnasa 2 moamdurKaumm,
Ha 6a3a Ha KouTo ca popmyanpaHm KombuHMpaH u 0606LeH MaTemaTuyeckn mogen. Tesn mogenn onpesenaT A4POTO Ha
6u3HecC slorMkata 3a B3emaHe Ha pelleHue. MpeanoxeH e obobLWEH anropuTbm Ha MaTemMaTUYECKUTE MOAENW, KaTo
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K/IIOYOBW CTBIMKM OT HEro ca onucaHu c nceeaoKkog,. ®yHKumoHanHocTTa Ha CMNBP e npoekTnpaHa upes agantmpaHn UML
onarpamu. [leduHupanm ca ponu, OYHKLMOHANAHU M3UCKBAHMA M Caydam Ha ynotpeba Ha cucTemarta. OnucaHu ca
Heobxoanmute Gopmynapu 1 NOCNEL0BaATENHOCTTA Ha B3aMMOAENCTBME MeXAyY NOTpebutens n cuctemara.

B InaBa 4 ca npeactaBeHW NpoBeAeHUTE eKCMepUMEHTU C npedsioxeHnTe moanduKauum BbPXY aaroputbma 3a
M3Mnon3BaHe M MoOAeNnnTe Ha MeTofa Ha npeTerjeHaTa Cyma M MeTofa Ha npeTerneHoTo npoussegerHue. OnucaHu ca
npoBegeHUTe eKCNepUMEHTU BbpXy TpUTe moaudukaummn, obobueHma anroputbem n paspaboteHua npototmun Ha CMBP.
EkcnepumeHTUTE ca NpoBeAEHU C TPU Pa3INYHKU TECTOBM 334a4u. 3a BCAKA OT TAX ca GOPMY/IMpPaHN OTAENHWU CLEHapuu,
peann3npaHu € efHN U Cbluy 06eKTUBHM BXOAHWU AaHHW U NapameTpu Ha 3agavaTa.

B 3aK/it04eHUNETO ca 0606LLEHM NONYYEHUTE PE3YITATU U Ca O4EPTAHM HAKOU HAaCOKM 3a bbaelLmn n3caeasaHus.

FMABA 1. AHANTN3 HA METOAMUTE 3A B3EMAHE HA PELLUEHUA N COOTYEPHUTE APXUTEKTYPU 3A
PEAZIUSUPAHE HA YEB NMPUIOXKEHUA

MeToante 3a MHOTOKpuTepuanHo B3emaHe Ha peuweHua (Multiple Criteria Decision Making, MCDM) npegnarat
MaTemMaTUYeckn oBOCHOBaHM MOAXOAM NPWU 334a4M C MHOMKECTBO KpUTEPUM U anTepHatTusu. MpoyyBaHMA MOKas3BaT
LWUIMPOKOTO MNPU/IOMKEHUE Ha Te3n meToauM B pasnvyHM obnacT OoT npaktTukata [Taherdoost u Madanchian, 2023].
M3cnesBaHUA CbC CTAaTUCTUYECKM XapaKTep, NPOBEAEHU BbPXY PA3/IMYHU MHAYCTPUN NOKa3BaT, Ye metoaute Ha MCDM ce
M3M0N3BaT Hall-Beye NPU B3EMAHETO HA CTPATErMUYeCcKN U TaKTUUECKU peLleHmns, LO0KaTO Ha OnepaTMBHO HUBO Ce U3MON3BaT
no-psaako [Khan wu ap., 2018].

PaspaboTBaHeTo Ha yeb-6a3mpaHuM cucTemM 3a MOAMNOMaraHe Ha B3EeMaHETO Ha peLeHWs OoTBaps HOBU
Bb3MOXKHOCTU 33 UHTErpMpaHe Ha yTebpaeHn MCDM meToau, NpefocTaBANKU MHTYUTUBEH UHTepdENC, LEHTPAIN3NPAHO
ynpaBneHue Ha JaHHM U AOCTbNHOCT OT BCAKA Touka [Magabaleh v ap., 2024]. TakaBa cuctema 61 No3BoAUIa Ha ANLATA,
B3emMallM peweHne pa ce GOKycMpaT BbPXy CblMHATA Ha npobnema, KaTo OCTaHanuTe [eWHOCTM, CBbP3aHW C
aBTOMATU3MPAHETO Ha PYTUHHM OMnepauumn Kato 06paboTka Ha BXOAHWU AaHHW, HOPMAM3aUmMa W arpernpaHe ce genervpat
Ha camaTa codTyepHa cuctema.

1.1. MeTOAM 3a nognomaraHe B3emaHeTo Ha peweHunAa

Mpe3 nocneaHuTe rogvHu ce HabalogaBa HapacTBalia TEHAEHUMA KbM mHTerpupaHe Ha MCDM c aHanus Ha AaHHM,
M3KYCTBEH MHTE/IEKT M MalUMHHO 0byyeHue 3a NogobpaBaHe Ha NpoLEecUTe Ha B3emaHe Ha peleHus [Amini u ap., 2024].
ToBa 0TpassABa NPEeMUHABAHETO KbM NOAX0AM, 6azMpaHKn Ha NoBeYe AaHHM, B pa3nnyHu o6aactu.

1.1.1. KoHuenuum n Knacupukauum Ha MeToauTe 3a MHOroKpUTEpMUaneH aHanus

3a pasnuka ot MODM, uenta Ha MADM e pa ce B3eme pelleHWe BbPXY AMCKPETHO MHOXECTBO OT a/JTepHaTUBW,
XapaKTepusMpaLy ce C MHOXECTBO, YeCTO NPOTMBOPEUNBU aTPUBYTU/KpUTEepUnU. B AMCEPTALMOHHMA TPYA NPeaMETbT Ha
n3cnefBaHeTo € CbCpeaoTodeH BbPXYy MeTofa Ha npeTterneHata cyma (Weighted Sum Model, WSM) n metoga Ha
npeterneHoTo npousseseHune (Weighted Product Model, WPM).

1.1.2. MeTop Ha npeTerneHara cyma u MeToA, Ha npeTerneHoTo npousseaeHune

EfQHa OT Hali-paHHWTE MaTeMaTuyeckn GopMyaMPOBKM Ha NbpBoobpasa Ha WSM ce cpela KaTo cyma OT Npou3BeAeHus,
M3NnoN3BaHa 3a onpegensHe Ha oYakBaHaTa epeKTUBHOCT Npy M36opa Ha MOCOKA 3a pPa3BUTUE Ha AeMHOCTTa B obnacTTa Ha
MKOHOMMKATA U CTaTUCTUKATA. Tazn GopmMyIMpoOBKa e onucaHa B Tpyaa Ha [Churchman n Ackoff, 1954]. KopeHute Ha WPM
ce npocneaasat go Bridgman ot 1922 r. B KOHTEKCTA HA aHaNN3 HA Pa3mMepHOCTUTE M e agantupaH ot Miller u Starr npes
1969 r. KbM Npobemu, CBbP3aHM C B3eMaHe Ha peweHusa [Triantaphyllou n Mann, 1989].

1.1.3. AnropuTbm 3a B3eMaHe Ha pelleHue Ype3 meToaa Ha npeternieHara cyma M Metoaa Ha npeTerieHoTo
npoussepeHue

MeTtogute WSM 1 WPM cnogensat egyH M Cbly anropMTbm Ha LANOCTHWUA Npouec no B3emaHe Ha pelueHue [Bozorg-
Haddad wn gp., 2021]. B npoyyeHata AuTepaTtypa, aAropuTbMbT YecTo ce NpeacTaBA C Bapuauum No CTPYKTypa M
AETalIHOCT, @ MalwabbT Ha M3N0XKEHMEeTO BapMpa B 3aBUCMMOCT OT U3TOYHUKa [Baker n gp., 2001].

1.1.4. CpaBHeHMe Ha MeToAa Ha npeTerneHaTa cyma M meToAa Ha npeTerneHoTo npoussegeHue

CpasHeHne mexgy WSM u WPM, KoeTo pga MOKa3Ba TeXHUTE XapaKTepUCTUKM, NpeaMmcTBa W HedocTaTbuu, €
npeacraseHo B Tabaunua 1.4.
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Tabnuya 1.4. CpasHeHue mexcdy WSM u WPM.

Xapaktepuctukn  WSM WPM ‘
Arperauymsa Cyma oT npoussefeHna Ha MpousseaeHmne OT OLEeHKHUTE,
OLLEHKM Ha anTepHaTUBUTE U TErNa  MOBAMIHATU Ha CTeneH Ternata Ha
Ha KpuTepuute. JInHeinHa KpuTepunte. HennHeliHa
(agntusHa). (MynTMNAMKaTUBHA).
KomneHcauus MbaHa KomneHcauma. Bucok OrpaHuyeHa KomneHcauua. Huckm
pesynTaT No eAVH KPUTEPUIN MOXKE  CTOWHOCTM NO eANH KPUTEPUI TPYAHO
@ KOMNEHCMPA HUCBK MO ApYr. ce KOMMeHcHpar.
MNoBepeHne kbMm  lMopacunBa pesynTata. Moacunea nexo.
BUCOKMU OLLEHKMU
MNMoBepeHue KbM  [oHWXKaBa pesynTaTa. Mo-cnnHo noHWXKaBa pesyntaTa
HUCKM OLEHKMU (cuneH HakasaTeneH epekt, ocobeHo
npwu oueHKn 6a13kn ao 0).
Hopmanusaumsa Heobxoauma (3a aa 6baat Mo-pagko Heobxoauma. He e
Ha OLLeHKUTe 6e3pasmepHN U CPaBHUMMU 3agbmkutenta [Tofallis, 2014].
OLEHKMUTE).
U3nckBaHuA 3a MoraT aa 6b4aT NONOKUTENHM CaMO MONOKUTENHN CTOMHOCTH, TbIA
AaHHUTE WM OTPULATENHM. KaTo 0 elMMWHMPa anTepHaTMBaTa.
YyectBuUTeNHOCT  Bucoka. EAvH KpuTepuii c ronama Mo-H1CKa, HO MHOTO ManKu CTOMHOCTU
KbM UHTEpBana CTOMHOCT MOe Aa AOMUHUPA CMNHO HaManABgarT pesy/TaTa.
Ha U3mepBaHe [Podvezko, 2011].
UHTepnpeTtauua Cyma oT npeTerneHu oueHkn e no-  [pounsseseHne ot npeterneHn
NecHa 33 UHTYUTUBHA OLLeHKM e NO-TPYAHO 32 UHTYUTUBHO
MHTepnpeTauus. Bb3NpuemaHe.
MpunoxeHua OueHKa Ha npoeKTu; N36op Ha WHKeHepcTBO, YNpaBneHne Ha puCKa.
[0CTaBunLM; PUHAHCOB aHaNM3. Mo-pAaaKo nsnonssaH, Ho nNoaeseH
Haii-uecTo n3nonssaH metog, 8 KoraTo e BaKHO Aa ce usberre
npaKkTuKaTa, NoAaxo4ALL 3a WUpPOK HECbBMECTMMOCT Ha eaANUHNUUU U
CNeKTbp OT 33434n [Taherdoost, KOraTto HUCKUTE OLLEHKMU TpﬂﬁBa Aa ce
2023]. HakasBaT no-cunHo [Nasr u gp., 2022].
MNpeanmcrea - JleceH 3a pasbupaHe un - M36Area npekoMmepHa KoMNeHcaLus;
npunaraHe; - Moaxoaaly, 3a KpUTEPUK, KbAETO
- LLinpoko n3nonseaH. BCEKM € KPUTUYHO BaKeH;

- Moaxoaaiy, 3a pa3sHOPOAHU
M3MepPBaTE/IHA eAVNHULN.

Hepocratbum - No3Bonsasa npekomepHa - YyBcTBUTENIEH KbM MHOTO HUCKKN
KomneHcauns CTOMHOCTU (pe3ynTaT KNoHu Kbm 0)
- MoXe Aa U3KpUBM pesyaTaTu - No-TpyaeH 3a pasbupaxe u
NPV eKCTPEMHU CTOMHOCTU MHTEpnpeTaumsn.

1.1.5. Moaudukaumum Hag meTopa Ha NpeTerieHata Cyma M MeToa Ha NpeTersieHoTo NnpousseaeHue

KaTo egHW OT Hai-cTapute U dyHOAMeHTanHU metogm B MCDM, metoamute WSM n WPM npeTtbpnaBaT MHOMeCTBO
moanduKaumm u agantaumm ¢ gpyrv metoau. Fonama 4acT OT Te3n M3MEHEHMA ca HacoyeHu Kbm: (1) aonbasaHe wam
npomsHa B Habopa oT aTpunbyTu, BbpXy KOUTO Ce Npunarat metoauTe; (2) KombuUHMpaHe ¢ MeToau 33 paboTa c HeCUMTypHOCT
W HeonpeaeneHocT; (3) cb3gaBaHe Ha XMBPUAHU mogenun. C TeyeHMe Ha BPeMEeTO MeTOAbT Ha MpeTerneHata cyma u
MeToA4bT Ha NpeTerieHoTo npou3sBeAeHne, ca 6uan pasBuMBaHW upe3 pasnuyHU moauduKauun. TaxHaTa eBonouLUA
NMOKasBa, Ye Te He ca 3abpaBeHM CTAaTUYHU METOAM, @ AMHAMUYHO Ce afJanTMpPaT KbM HOBWM NPaKTUYECKWM noTpebHoCTU
[Greco u ap., 2025]. B pe3ynTaT Ha TOBa CTaBaT BCE MO-MbBKaBM, LUIMPOKO MPUIONKUMWU U NOAXOAALLM Aa CE€ UHTErpupar B
CNBP.

1.1.6. Cuctemu 3a nognomaraHe B3eMaHeTO Ha peLeHuns

EBontoumaATa Ha codtyepHo-6asmpaHute CrMBP e npeactaBeHa KaTo reHeasiorMyHO AbPBO, KaTO OCHOBHWUTE TUMOBE Ca
KaTeropmsupaHu ot [Arnott u Pervan, 2014]. PasrnepaHute TpyAOBE AEMOHCTPMPAT LWUPOKOTO NPUIOKEHUE U
NnpaKkTUYeckaTa CTOMHOCT OT peannsmpaHeTo Ha metogute Ha MCDM B codTyepeH nHcTpymeHT [Petkovic u ap., 2025; Cinelli
n ap., 2022].
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1.2. CopTyepHM apXUTEKTYpK 3a peannsmnpaHe Ha yeb npuaoxxeHus

1.2.1. KoHuenuun Ha copTyepHU apXMTEKTYPU, apXMTEKTYPHU CTUNOBE U WabaoHK

C TeyeHMe Ha BpemeTo B COPTYEePHOTO MHKEHEPCTBO ca ce GOpMUPaNU Pa3INiHN apPXUTEKTYPHU CTUIOBE, KOUTO 3a4aBaT
OCHOBHWTE MPUHLMNM 33 NPOEKTUpPaHe Ha cucTemmuTe [Garlan u Shaw, 1994]. KOHKpeTHM peanns3aumm B paMKUTe Ha Tesu
CTU/IOBE Ce OCDHLUECTBABAT Ype3 apXUTEKTYPHWU LWabnoHW. B mpaKTMKaTa 4ecTo ce KOMOUHWMPAT pas/iMyHU CTUI0BE U

WwabnoHM, KOEeTo NO3BO/IABA M3BAMYAHE Ha NpeaMMCcTBaTa MM M KOMNeHcMpaHe Ha cnaboctute [Richards v Ford, 2020].

1.2.2. CodTyepHU apXUTEKTYPHU CTUNOBE U WABNAOHU

HAKOM OCHOBHW apXUTEKTYPHW CTU/I0BE NP NPOEKTUPAHETO Ha yeb NPUAOXKEHUs, 3aeHO C YeCTO M3MNOA3BaHM LWaboHH,
moraT ga ce ugeHtuouumpat, 6asmMpaiiku ce Ha pasAnMYHM M3TOYHMUM KaTo [Garlan u Shaw, 1994]. BaxHo e ga ce
oTbenexKu, Ye B MPaKTMKaTa HAMA ACHO pasrpaHUyeHne MeXKAY apXMTEKTYPEH CTUA U apXUTEKTYPeH WabnoH, KaKTo M ToBa
KbAe CBbPLUBA apPXMTEKTYPHUA CTUA U KbAe 3amnoyBa apxuTekTypaTa [Perry u Wolf, 1992].

1.2.3. XapaKTepUCTUKM 3a cCpaBHeHUe Ha cOPTyepHU apXUTEKTYpHU

Mpy npoekTMpaHeTo Ha yeb NpuaoXKeHus M3b0opPbT U3MEXAY roNAMOTO pasHoobpasve OT B3aMMHO MpenauTallm ce
APXUTEKTYPHU CTUOBE M LWAbAOHM, NpeacTaBaABa cam No cebe cv CNoXKHA MHOFOKpUTEpPMAnHa 3agada. MscnenBsaHe B Tasu
nocoka e HanpaseHo OT [Galster u gp., 2010]. B Tasu Bpb3Ka e Heobxoaumo Aa 6baaT pasrnefaHu K/4oBM
XapaKTEPUCTUKKM, KOWUTO MOFaT Aa CAYKAT KAaTO KPUTEPUW 33 CpPaBHEHME Mexay codTyepHUTe apXUTEKTypu M 3a
neduHUpaHe Ha HedyHKLMOHANHN U3NCKBAHMA.

1.3. U3Bogu

B pe3ynTaT Ha M3BbpLIeHUA 0630p, CbCPeAOTOUYEH BbPXY METoAa Ha MpeTerneHaTa cyma M MeTofda Ha MnpeTerieHoTo
npousseAeHne, ce yCTaHOBABA, Ye Te ca ACHO AedpWHMPAHM, YTBBPAEHM M MONagaTt B pasHOObpasHW KaacuduKaumu.
LLIMpOKOTO MM NPUNOXKEHME W MHOMKECTBOTO MOAMPUMKALMKM MOKa3BaT, 4Ye TAXHOTO u3c/iedBaHe W pas3BuUTUE e
nepcnekTMBHo. PazHoobpa3HuTe noaxoau 3a cybekTMBHO M OBEKTMBHO OUEHABAaHe, HOpManu3auua U onpeaensHe Ha
Terna, ocuMrypAasaT MBKaBOCT M afanTUBHOCT KbM Pa3/IMiHU 33434M, KaKTO 3a MHANBMAYAHW, TaKa U 3a FPYNOBU peLleHus.
Bbnpekn ye gBaTta meToda ca MHOro MOMNYAAPHU, NPWUIAaraHETO UM KbM OMNEPaTMBHU peELLEHUA B eXXeJHeBMeTO M30CTaBa.
ToBa e npeanocTaBka 3a peanusmpaHeto Ha WSM n WPM B codTyepeH MHCTPYMEHT, KaTo MoANPULMPAHU MO HAUWH,
ynecHasaw, J/IBP ga rv u3snonssa, 6M Mmano 3HauMma nNpakTUYecKa CTOMHOCT. Tbl KaTo Te3u mogenu npeanosarat
WHTEH3UBHMW U3YNCAUTENHWN ONepaLLMm, YecTo B peasiHO Bpeme, KaKTo U HeobXxoAMMOCT OT NPO3PaYHOCT U CbTPYAHNYECTBO
MeXAy MHOMeCTBO 3aMHTepecoBaHM Auua, M3bopbT Ha noaxoaawa codTyepHa apxXMTEKTypa ce MNpeBpblia B KALOYOB
baKTop. APXMTEKTYPHOTO pelleHne TpsabBa 4a rapaHTMpa He camo KOpeKTHa 0bpaboTka M arpervpaHe Ha AaHHWUTE, HO U
BMCOKa NPOU3BOAUTENHOCT, HAAEKAHOCT M yA06CTBO 33 NnoTpebutenute.

1.4. Uen n 3apaun

Llen Ha AMCepTauMOHHUAT TpyA e Aa ce NPeanoXaT Mogenn u codTyepHW apXMTEKTYPU Ha CUCTEMM 33 NoanomaraHe
B3EMaHEeTO Ha pelleHus. 3a peannsmpaHe Ha LenTa e HeobXxo4MMO Aa ce U3MBAHAT CNefHUTe 334aUun:
1) pace HanpasW aHaAM3 Ha MEeTOAA Ha NpeTerneHaTa Cyma U MeTo4a Ha NPeTerneHoTo Npon3BeaeHne, KaKTo U Ha
OCHOBHWTE codTyepHM cTUN0BE U LWABNOHN 3a pa3paboTKa Ha yeb NpuaoKeHUs;
2)  pace npeanoxun moanduKauma Ha aaroputbma u mogenmte Ha WSM n WPM, oTunTalla pasnimyHmTe obaactm Ha
KomneTeHTHOCT Ha JIBP;
3) pa ce nNpeanoxu moauduKkauma Ha anropuTbma Ha WSM 3a dopmanvanpaHe Ha reHepyMpaHeTo Ha OLLEeHKM 3a
anTepHaTUBMUTE;
4) pa ce npeanoxn moauduKauma Ha anroputbma M mogenute Ha WSM u WPM 3a dopmanusmpaHe Ha
reHepuMpaHeTo Ha KoepULMEHTH, AaBalLLM NPeaUMCTBO B 06LLOTO NpesCcTaBAHE Ha afiTePHATUBUTE;
5) A4a ce npeanoxun o6o6LLEH anropuTbm U KOMBUHUPAHN MAaTEMATUYECKM MOZENIW, CbyeTaBally 3a4aAeHuTe KaTo
uen moaudukaumu;
6) [a ce NPOEKTUPAT PasNNYHU CODTYEPHU apXUTEKTYPU, KOUTO Aa YA0BAETBOPSABAT NPOTUBOPEYMBU U3UCKBAHMUSA
KbM cMCTemaTa 3a nognomaraHe B3eMaHeTO Ha pelleHus;
7) BAa ce pa3paboTaT npoToTMnu Ha CMBP B CbOTBETCTBME C MPOEKTUPAHUTE apPXMTEKTYPU, BKIOUUTENHO MOAYA 3a
MHTepnpeTaums Ha pesyntaTuTe;
8) [a ce onpegenn npakTMYecKaTa MPUAOKMMOCT Ha NpPeasioXKeHuTe mMoambuKaumm, peanmsmpaHu B coptyepHu
APXUTEKTYPU Ha yeb NPUNoKEHUA Ype3 NPOBEXKAAHE HA YNCNEHM TECTOBE HA 334a4M OT NpaKTMKaTa.
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rNABA 2. MOANOUKALUNN HA METOAA HA NPETEFNEHATA CYMA U METOAA HA NPETEFNEHOTO
NPOU3BEAEHUE

2.1. MoguduKkauma Ha meToaa Ha NpeTerseHara cyma u meToga Ha npeterneHoTo nponsseaeHue,
OTUUTALLA Pa3/IMUHUTE 06/1aCTU Ha KOMNETEHTHOCT Ha JIBP

Mpu CTpyKTypMpaHeTO Ha 3aJayu 32 MHOFOKpPUTEpPManHO rPynoBO B3eMaHe Ha pelleHuns, ce npeanosiara HaJMunMeTo Ha
nsyepnateneH Habop ot aTpubyTU/KpUTepuM, Ypes KOMTO ce rapaHTMpa, Yye ca B3eTU Npeasus, Bb3MOMKHO Hall-MHOro
acnekTM Ha pasrnexzaHus npobnem [Keeney u Gregory, 2005]. ToBa ycnoBue M3WCKBA M3MON3BaHE HA KpUTEpUU OT
pas/fMYyHM nNpegmeTHM obnacT Ha nosHaHue. CnegoBatenHo, nNpyv GOPMMPAHETO Ha rpyna OT KOMMNETEHTHU auua ce
OYaKBa, Te Oa Ca AOKa3aHW eKCneptn B CBOATa obnact Ha NO3HaHWe, HO He BWUHArM Te Ca C eaHakBa CTeneH Ha
KOMMNETeHTHOCT.

2.1.1. Anroputbm 3a peanMsnpaHe Ha moaudpuKaumuaTa, oTYUTALLA Pa3anMuMATa B obaacTuTe Ha
KOMMEeTEHTHOCT Ha JIBP

ANTOPUTBMBT 32 OTYMTAHE KOMMETEHTHOCTTa Ha JIBP nmpu dopmupaHe Ha rpynoBo pelieHue e WACTpUpaH 4ypes
CXemaTuyHa Amarpama, nokasaHa Ha owur. 2.1,

1. Craptmpane Ha geprHUpaHETo Ha
afla4a 3a rpPynoBo B3eMaHe Ha PeLLeHUE

lpynupaHe Ha
KpuUTepuuTe?,

3. ®opmupane Ha
rpyny KpUTEpHM

!

2. OnpepensHe Ha koeduumeHTUTe 4. OnpepenaHe Ha koeduumeHTUTe
3a KomneTeHTHocT Ha JIBP cnpamo 3a KomneTeHTHocT Ha JIBP cnpamo
KPUTEPUUTE rpYnATE KPUTEPHUM

I l
!

5. JIBP oueHnBaT anTepHaTUBUTE CNPAMO KPUTEPUUTE

!

6. JIBP onpepenAT OTHOCKMTENHATA BaXKHOCT Ha KPUTEPHKTE

!

7. CbcTaBAHe Ha HOpMafnu3uvpaHa MmaTpuua 3a B3eMaHe Ha pelleHue

]

8. MNpunarade Ha uzbpan moauduumpan matematuuecku moaen (WSM/WPM)

9. opmupaHe Ha rpynoso pelueHne

due. 2.1. AnzopumbM 30 peanusupaHe Ha MOOUpUKALUAMA, omyumau,a KomnemeHmHocmma Ha /1BP e pazauyHu obaacmu Ha
KomrnemeHmHocm.

2.1.2. MaTtemaTtuyecka ¢opmyMpoBKa Ha MogUPULMPAHUTE METOAMU, OTYMTALLU PaA3IMUUATA B obaacTuTe
Ha KOMNeTeHTHOCT Ha JIBP

B HacToAlMA gucepTauMoHeH Tpya ce npeanara moauvdukauma, ypes KoAaTo rnobasHua 3a 3agayata KoeduumeHT 3a
KoMneTeHTHOCT Ha JIBP [Borissova 1 gp., 2018], oT ckanapHa CTOMHOCT Aa Ce NpeBbpHe BbB BEKTOP. 10 TO3M HauMH, BMECTO
Oa Ce pasriexaa WHAMBUAYANHUAT MNPUHOC Ha eaHo JIBP KbM OUEHKUTE MO KpUTEpUUTE C eAHaKBa BaXKHOCT,
KoedULMEHTLT, KOWTO M3pa3naBa HeroBaTa KOMMETEHTHOCT Ak we ce pasrnexpa Kato BeKTop /1}‘ = {Ak,/lk,...,/ljl-‘,...}.
EnemeHTMTE Ha HOBMS BEKTOP CbAbPIKAT KoepULMEHTM, CbOTBETCTBALUM Ha HMBOTO Ha KOMMETEHTHOCT Ha JIBP cnpsamo
BCEKU eAUH KpUTEPUNA.
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Mpv Tasu nocTaHoBKa, BeKTOpbT {A¥} ce npeBpblya B MaTpuuaTa (gBymepeH macyB) {/1}‘}. CnepoBateniHo,
matemaTtnyeckata GOpMyNMPOBKA Ha MPEANOXKeHUa moanduumMpaH Mo4en Ha MeTO4 Ha npeTerneHaTa cyma npuaobusa

cnegHus Bua;

iGILl)/II‘L;IdifiedWSM =Xkt Z§:1 ]}'(ijalk_j 2.1)
Mpu orpaHnyeHuna:
J k _ —
2;‘:1 wi'=1 Vk=12.,K (2.2)
YAl =1, Vj=12,.,] (2.3)
afy,wf,2f €0,1] (2.4)

KbaeTo: A?ﬁno/ldiﬂeawm n3pasnsa o6obLieHaTa OUEHKA Ha i-mama anTepHaTMBa, U3YMC/IEHa NO Taka moauduuMpaHun
MeToZ, Ha npeTerneHaTa cyma; MHAEeKC i 0603HayaBa TekylaTta aaTepHaTMea oT 06wo I Ha 6poit; uHaekc k obo3HavaBa k-

musa NIBP ot 06wwo K Ha 6poit; uHaeKc j 0603HavaBa j-mus KpuTepuii ot o06wo | Ha 6polid; /1]’-‘ e Tern0BM KoepuUMEHT, KOUTO

0Tpas3fBa HWBOTO Ha KOMMETEHTHOCT Ha k-momo JIBP cnpsmo j-mus Kputepwii; w]-k e TernoBu KoedUUMEHT, KOWUTO

0Tpa3fBa OTHOCUTENIHATa BAXHOCT Ha j-mus KpuTepuit cnopes k-momo J1BP; al(‘

‘; e oueHKkaTa AajeHa Ha i-mama

anTepHatnea oT k-momo JIBP cnpamo j-mus KpuTepuii.
CnepBalku cblyaTa JI0rMKa, MaTemaTnyeckata GopmyIMpPoOBKa Ha NpPeanoKeHna moamduumpaH mogen Ha meToaa
Ha npeTerneHoTo npovsBegeHue Nnpuaobusa smaa:

kak
— ] Kk \Widj
A?nelﬂgdifiedWPM =[1§=y Hj:1(ai,j) o (2.5)
Mpu cbwuTe orpaHmyeHms (2.2), (2.3) 1 owe efHO OTHOCHO OLEHKaTa:
af; = (01] (2.6)

KbaeTo: A?I\[/)IlgdifiedWPM n3pasnBa oboblieHaTa oUeHKa Ha i-TaTa anTepHaTMBa, KajKyAvMpaHa Nno Taka moauduumpaHus
MeTOZ, Ha NPEeTer1eHoTo NPoU3BeseHue.

Mpunaraiikn Crbnka 3 u Crbnka 4 oT anroputbma Ha dur. 2.1, matemaTtuyeckute uspasm (2.1) — (2.4), ce
TpaHchopMMpaT, Taka Ye Aa ce oTyeTaT KoedULUMEHTUTE 33 KOMNETEHTHOCT Ha JIBP no rpynu. Moandukaumata Ha mogena
Ha npeTerneHaTa cyma ce NpeAcTaBa no CNeAHUA HaumnH:

A ificawsm = D=1 Di=1 Z%i:ﬂWWr’fnaffm, 2.7
Mpwu orpaHnyeHuna:
T wh =1, Vk=1,2,..,K (2.8)
YK Ak =1, vi=1,2,..,L (2.9)
afp Wit 25 € 10,1] (2.10)
KbaeTo: nHaekc | obosHayasa [-mama rpyna Kputepuu ot obwo L Ha 6poii u [ =1,2,...L; ype3 m; e uspaseH m-mus

KpuTepuit OT l-TaTa rpyna OT KpuTepuu, CbAbpxalwa M; Ha 6poi Kputepwuu; w,’ﬁll e KoedUUMEHT, KOMTO OTpassABsa

OTHOCWTE/IHaTa BaXKHOCT Ha 1M;-mus Kputepuii cnopes k-momo JIBP; A¥ e Ternosu koeduumeHT, KoiiTo 0TpassBa HMBOTO
Ha KOMNETEHTHOCT Ha k-momo JIBP cnpsmo [-mama rpyna oT Kputepuu; a{fml € OLeHKaTa AajeHa Ha i-mama antepHaTuBea
oT k-momo JIBP cnpamo m;-musa Kputepui.

B CbOTBETCTBME C OMMCAHOTO MO-TOPE, MAaTEMaTUYECKMAT MOAEN Ha MoAUPUUMPAHMA METOA Ha MpeTerneHoTo
npousseaeHne npuaobusa cneaHna Bua;:

_ M Kk \Afwk

A isicawem = Tz ITizy [T =a (@)™ (2.11)

Mpwu cbwmTe orpaHmnyeHns (2.8), (2.9)  AONBAHUTENHOTO:
afm, = (0,1] (2.12)

2.2. MogudmuKauma Ha MeToga Ha npeTterneHaTa cyma, popmanunsmpalla reHepupaHe Ha OLEeHKU
3a a/iITepHaTuBuTe
2.2.1. Anroputbm 3a peanusupaHe Ha moaudukaumuata, opmanusmpalla reHepMpaHe Ha OLLEHKHM 3a
anTepHaTuBuTe

MNpepnoxeHata moaMduKaLMa MOXKe fa ce M3MOA3Ba 3a pellaBaHe Ha MPaAKTUYeCKM 3afaun, cneaBalikM CTbNKUTE Ha
aNropuTbMa NpeacTaBeH ypes cxemata Ha dwur. 2.3.
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1. CrapTvpaHe Ha AedWHUPAHETO Ha
3a/laya 3a B3EMaHE Ha pelleHune

| 2. CvbupaHe M aHanu3 Ha 06EeKTUBHW LaHHW 38 aNTepHATUBUTE CMPAMO KPUTEPUUTE

!

| 3. OnpegenaHe Ha TMNA Ha KPUTEPWMTE CMOpPes HauWHa Ha GOpPMUPaHEe Ha OUEeHKaTa

!

Ymcnerno
npeacraseHn

MatpwyHo
npeacTaseHM

Twun Ha KpuTepuuTe?

A

4. NBP v3pasnABa Nnpeano4YMTaHue 3a 6. [lekomnosupare Ha KpUTEPHUUTE
MaKcHMM3MpaHe/MUHMMK3NpaHe A0 OnLMH

Ha MNoAE3HOCTTa Ha KpUTepuUTe

l 7. NBP n3pasnasa npegnoyMTaHma
KbM BCAKaE OT OMNUUKTE

5. [eHepupaHe Ha HOPManM3upaHu
OLLEHKM 38 anTepHaTUBUTE CNPAMO l

KpUTEpUMTE 8. leHepupaHe Ha OUEeHKK 3a anTep-
HaTHUBWTE CMPAMO OMNUUMUTE Ha KpUTEpUA
I

1

| 9. NBP onpeaenaT OTHOCKTENHATa BaMHOCT Ha KpUTEPUUTE |

!

| 10. CbcTaBAHE HA3 HOPManM3MpaHa MaTpuLa 3a B3eMaHe Ha peleHne |

!

| 11. MpwnaraHe Ha mogudKUMpaH MaTeMaTUYECKK Moden Ha meToga WSM |

12. dopmurpaHe Ha pelieHWe

®uz. 2.3. Anzopumsm 30 peanuzupaHe Ha MoOUUKaAYUAMaA, hopManu3upauld 2eHepUPaHe Ha OYeHKU 3a asmepHamusume.

2.2.2. MaTtematuuyecka ¢popmyanmpoBKa Ha moguduumpaHua metos, popmanusumpaly reHepupaHe Ha
OLLeHKMU 3a aNTepHaTUBUTE

B HacToAWMA aMcepTaLMOHeH TPyA e npeasioxkeHa mogmonkauma Ha WSM ¢ Bb3MOXKHOCT 3a MHTerpMpaHe Ha ABa NoAxoA4a
33 reHepupaHe Ha OLEHKM 3a anTepHaTUBWUTE CNPAMO KpuTepuuTe. FeHepupaHuTe OLEHKM ce 6asupaT Ha O06EKTUBHM
OaHHM, KaTo CbLLEeBPEMEHHO OTYMTAT UHAMBUAYANHOTO NpeanoYnTaHne/mHeHmne Ha JIBP. B 06wma caydaid, npy rpynosoTo
B3eMaHe Ha pelleHVe, MaTEMATUYECKUAT MOAE/ Ha MOaNDULMPAHUA METOA Ha NpeTerieHarta cyma npuaobusa cnefHus

BUA;
A bdifieawsm = Dh=1 Z§=1ijﬁi’,(j (2.13)
Mpu orpaHnyeHna:
Yowf=1vk=12.,K (2.14)
B wf €[0,1] (2.15)

KbAETo: A?%Iaiﬁeawsm n3pasasa 06o6LieHaTa OUEHKa Ha i-mama anTepHaTMBa, M3YMCAeHa NOo Taka moauduuMpaHus
WSM; uHgekc i obo3HavaBa i-mama antepHaTsa oT 06wo [ Ha 6poii; uHaeke k o6osHayasa k-mus JIBP ot obwo K Ha
6poit; uHAaekc j obosHauaBa j-musa KpuTepui OoT obwo | Ha 6poi; ij e Ternosu KoedpUUMEHT, KOWTO OTpassBa
OTHOCMTENHATa BAaXKHOCT Ha j-mus KpuTepwuii cnopeg, k-momo N1BP; [)’i’f}- e reHepupaHaTa oUeHKa Ha i-mama antepHaTuBa,
oTuMTaLLla npeanoyMTaHuATa Ha k-momo NIBP cnpamo j-mu Kputepwuit. B 3aBUCMMOCT OT TUMNA Ha KPUTEPUA YUCIEHO UM

MaTPUYHO NpeacTaBeH, pa3rpaHd4aBame ABa TUMA reHepnpaHn OUeHKU:

. (bfpm™ b €[0,1]
Bij =

c{fj c € [0,1]

(2.16)

KbaeTo: (bffj)""""e reHepupaHaTa OLeHKa Mo KpUtepuuTe OT TUM YUCAEHO NPELCTaBeH; c{fj

KpUTEpUUTE OT TUN MATPUUYHO NpeacTaBeH. B 3aBMCMMOCT OT npeanouutaHueTo Ha JIBP, oueHKkaTa (bi"j)”"”" MoKe aa

€ reHepupaHaTta oueHKa no

npuneme eaHa OT ABEeTe HOPMaA/ZIM3NPaAHU CTOMHOCTH cnep npunaraHe Ha noaxogAula HOpMann3auMOHHA TEXHUKaA:

maximize b{fj
(bfprerm = (2.17)
minimize bi’fj
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k .
OLI,EHKaTa CNPAMO MAaTPUYHO NpPeACTaBeH KPUTEPUN, C; ; CE€ U3HMC/IABA KAKTO CaeaBa:

R:
] k o,
Er]-=1 sijl,T'

k J

ck=—1— 2.18
ij RS (2.18)

Mpw orpaHnyeHuna:

Vi, €0[1 (2.19)
R; .

erglv,-,j #0, vi=1,2,..,1 (2.20)

Yio1vir, #0, vr;i=1,2,..,R; (2.21)

KbaeTo: 6poaybT 7; 0603HauaBa Tekywarta onuma oT obwma 6poit R;, Cbabpxalm ce B j-muA MaTpUYHO NMpeacTaBeH
KpuTepuis; sfj e BEKTOPBT C OLEHKM, KOMTO OTpa3fABaT BaKHOCTTa Ha Tj-mama onuma cnopea k-momo JIBP, cnpamo
npeLBapuTENHO OnpegeneHa cKana 3a OueHsABaHe C MaKCMMaHa OUeHKa S; Viy, € CTOWHOCTTa Ha i-mama anTepHaTMBa

CNPAMO, Tj-mMama ONuUMA Ha j-mus MaTPUYHO NPeACTaBEH KpUTEPHil.

2.3. Mogudukauma Ha mMeToAa Ha NpeTerieHaTa cyma u meToa Ha npeTerneHoTo npousseaeHue,
dopmanusmpalila reHepupaHe Ha KoepULMEHTH, AaBaLLM NPEeSUMCTBO B O6LLLOTO NpeacTaBAHE Ha
antepHaTusuTe

2.3.1. Anroputbm 3a peanusmpaHe Ha mogudpuKaumara, popmanusmpalla reHepupaHe Ha Ternosu
KoedULMEeHTH, AaBaLLM NPeAUMCTBO B O6LL0TO NpeAcTaBAHE HA aNTepHaTUBUTE

ANropUTBMBT, KOWTO OMMCBA NpesJ/ioXKeHaTa Moandukaumsa, e npeacraseH Ha dur. 2.4,

1. CrapTupaHe Ha geduHUpaHeTo Ha
3a/1a4a 3a B3EMaHe Ha pelueHue
| 2. Cu6upaHe U aHaAn3 Ha 0BeKTUBHM JaHHW 33 aNTEPHATUBUTE CNPAMO KPUTEpPUKTE

1

‘ 3. OnpeaenaHe Ha TWNa Ha KPUTEPUUTE CNOPE/, NPeAHa3HAYSHWETO UM |

3a oueHABaHe Ha
anTepHaTUBMTE

3a NpeauMCTBO Ha
anTepHaTUBHTE

Tun Ha kpUTEpUITE criopep,
peHAZHAYEHIETO MM?

6. [lekoMno3vpaHe Ha KpUTepuuTe
A0 onumrn

4. NIBP oueHABaT anTepHaTUBUTE t
CMPAMO KpUTEpPUNUTE
7. 1BP onpepenaT oTHOCKTENHaTa
l BaHOCT Ha ONUWHTE
5. JIBP onpeaenaT OTHOCHMTENHATa l
BaxHOCT Ha KpUTEPUUTE

8. leHepupaHe Ha koehuuMeHTH 3a
anTepHaTmsuTe

| 9. CbcTaBAHEe Ha HOPMaAW3upaHa MaTpyLa 3a B3emMaHe Ha pelleHue |

l

| 10. NpunaraHe Ha u3bpaH moaudULMPaH MaTeMaTHUeckH moaen (WSM/WPM) |

11. Popmupare Ha peweHue

due. 2.4. Anzopumbm 30 peanusupaHe Ha MoOUGUKAYUAMa, hopManusupalya 2eHePUPaHe Ha meaanosu KoeguyueHmu 3a
anmepHamusume.

2.3.2. MaTtemaTtuyecka ¢popmMmyanpoBKa Ha moguduumpaHuTe metoamn, opmanusmpalym reHepupaHe Ha
Ternosu KoepuumueHTH, AaBalum NpeaUMCTBO B 06LL,0TO NpeAcTaBAHe Ha anTepHaTUBUTE

HactoAwara MO,D,M(I)VIKaLI,VIﬂ n3cnegBa Bb3MOXKHOCTTA CMPAMO HAKOU OT KpUTEPUUTE Aa Ce NponyCHe 3aaBaHe Ha OUEHKU
3a anTepHaTusuTe. Bmecto TOBa ce AaBa Bb3MOXHOCT 3a n3pasaBaHe Ha npegnovymTaHUe, KaTo Ce BbBeXaa HOB
KOEd)MLIMeHT, KOWTO Aa O0Tpa3ABa OTHOCUTE/NIHATA Ba*XHOCT mMmexay onuunte, KOUTO anTepHaTueuTe npeanarar. Mo To31n
Ha4nH B Cb4yeTaHMe C OaHHUTE U HOBOBbLBEAEHUA KOEd)VILI,MeHT, € Bb3MOXXHO No-npeumsHo ga ce M3pasn UAN0CTHOTO
npeacrtaBAHe Ha aiTepHaTMBaTa.

B 06wwma cayyaid, Npu rpynoBoTo B3eMaHe Ha pelleHne, MaTeMaTUYeCKUAT MOoZeN Ha MOAMOULMPAHUAT MeToZ Ha
npeTerneHaTa Cyma, Cbr1acHO ropHUTE PascbKaeHus, Npuaobrea cnegHUa Bua.:
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iG%IdiﬁedWSM = Yo (wf Z§:1 ij allf]- (2.22)

Pk =TI, B ok v, (2.23)
Mpu orpaHnyeHuna:

Yo pk =1,vn=12.,N; Vk=12.,K (2.24)
v, €0|1 (2.25)
Y Vi, # 0, Vi=1,2,..,1 (2.26)
Y1 vir, %0, vr,=1,2,..,R, (2.27)
Yowf=1, vk=12..,K (2.28)
af,wf €1[0,1] (2.29)

KbaeTo: Af,lv),"o”diﬂedwm n3pasnsa obobuieHaTa OueHKa Ha i-mama anTepHaTMBa, M34ncieHa No MoanbULMpPaHNA MeToA,
Ha npeTerneHaTa cyma; MHAeKC i obo3HayaBa TeKywaTta antepHatmea ot obwo I Ha 6poi; nHaekc k obosHavasa k-mus
JIBP oT 06wo K Ha 6poit; nHaeKc n obo3Ha4yaBa n-mus Kputepuii oT obwo N Ha 6poi, npeaHasHayeHW 3a NpMaaBaHe Ha
npeavMCTBO; 1,[){‘ e reHepvpaHua Ternosu KoeduuMeHT 3a i-mama anTepHaTMBa Ha k -momo JIBP, KoiTo cbuyeTaBa
OTHOCUTENIHATa BaXKHOCT Ha 1;,-Mama ONuMA Ha N-Mus KPUTEPUIA U V;,. CTOMHOCTTa NpW (-mMama anTepHaTMBa; UHAEKC T,
0603Ha4YaBa r-mama ONUMA Ha N-MuUs KPUTEpUN, cbabpiKaw, R, Ha 6poi onuuu; pfn e TernoBn KoedpuuMeHT, KOUTo
0TpasfABa BaXHOCTTa Ha T,-mama onuua cnoped k -momo JIBP; v;,. € CTOHOCTTa Ha i-mama anTepHaTMBa Cpamo, Ty-
mama onumA Ha N-TUA MaTPUYHO NPeACTaBEH KPUTEPU, NpeaHa3HaYeH 4a Aa4e NPeAVMCTBO Ha anTepHATUBUTE; MHAEKC
j obo3HauaBa j-mus KpuTepwui, npegHasHayeH 3a oueHABaHe oT ob6wo J Ha 6poi; wjk e Ternosu KoepuumneHT, KOUTo
0Tpa3sBa OTHOCUTENIHATa BAXXHOCT Ha j-mus KpUTepuit 3a oueHnBaHe cnoped k -momo J1BP; af‘,j € OLeHKaTa JajeHa Ha i-

mama antepHatusa ot k-momo JIBP cnpamo j-mus KpuTepuil.

MaTemaTUYeCKUAT MO4EeN Ha MoAUDULMPAHUA METOA Ha NPETEr/IeHOTO NpoM3BeaeHUe Npuaobusa creaHus BUA:

A?I?llgdifiedWPM = [Ix=, H§=1(allfj)W}( (2.30)
Mpu CbLOTO KaNKyAnpaHe Ha KoepuumMeHTa 3a NpeauMCTBO Ha anTepHaTueuTe (2.23) n orpaHudeHus (2.24) — (2.28)
W OLLEe eHO OTHOCHO OLLeHKaTa.
af; = (0,1] (2.31)
KbaeTo: Aft i rieawpy V3pa3fBa 0606LIEHATa OLleHKa Ha i-TaTa a/iTepHaTMBa, Ka/Ky/MpaHa no Taka MoavduumpaHus

MeTOo/ Ha NpeTerneHoTo npousseaeHue.

2.4. Ussogu

MpeanoxeHnTe moandUKaLMM Ha MeToZa Ha NpeTerneHaTa Cyma U MeToZa Ha MpeTersieHoTo Npov3BefeHne BbBeXaaT
TP HoBOCTU: 1) OTYMTaHe Ha NepcoHaNHaTa KOMMETEHTHOCTTa Ha JIBP; 2) reHepupaHe Ha OLLEHKM 3a anTepHaTuBuTe U 3)
npuaaraHe Ha AONB/IHUTENHO NPeAUMCTBO Ha a/iITEPHATUBUTE CNPAMO KIHOYOBU KPUTEPUN. Bcmukn Te, morat Aa 6'bp,aT
CbyeTaHU B eguH 0606LLI.E‘H aZIfOPUTBM U MaTeMaTU4YeCKU Mmogen, BKAKYBalWM egHOBPEMEHHOTO NMpuaaraHe U Ha Tpute

MogMbUKaLMM UAN HA PA3INYHU KOMOUMHAUUKN Mexay TAX.

Moandukaummte moraT ga ce pasriexgaT KaTo CbliecTBeHa CTbMKa MNpu peanuMsnpaHeTo Ha cucTema 3a
noAnomaraHe B3eMaHeTo Ha pelleHus. PyHKUMOHMpPalLa B yeb cpena, TakaBa cuctema 6M JonMpuHECNa 3HAYUTENHO 33
aBTOMaTU3MpaHe Ha HAKOM MpoLecu M ynecHsaBaHe Ha JIBP B ycnoBuaTa Ha rpynoBO B3emaHe Ha pelleHus. 3a
peanv3npaHeTo Ha TaKbB MHCTPYMEHT, e HeobX0AMMO OCBEH Ha/MYMETO HAa MOZENM U anropuTMM, Taka M noaxoasaula
codTyepHa apxmTeKTypa.

rNABA 3. NPOEKTUPAHE HA CO®TYEPHU APXUTEKTYPU HA CUCTEMU 3A NOANOMATAHE B3EMAHETO HA
PELLUEHUA

3.1. MatemaTu4ecku moaenun Ha KombuHupaHute mogudPuKauMm Ha meToaa Ha npeTeraneHara
cyma

KombuHMpaikn npepnoxeHata moauoukaumsa (2.1) — (2.4), oTumTawa KOMMETEHTHOCT Ha JIBP 3a BCeKM Kputepuit
NOOTAENHO 4pe3 TErnoBU KoeduuMeHTU 3aefHo ¢ mopgudukaumata (2.13) — (2.21), dopmanusmpalla reHepupaHe Ha
OLLeHKM 3a aNTepHaTUBUTe, Ce Npeanara cnegHua KOMOMHUpPaH mogen Ha MOAUPULMPAHMA METOA Ha NpeTeraieHaTa cyma:
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Af Combineawsm = Lik=1 Z Ak kﬁu GB.1
Mpwn orpaHuyenusa (2.2), (2.3) U cneaHOTO AONBAHUTENHO YC/IOBUE:
a!fj a €[0,1]
Bi’fj = (b rerm b €]0,1] (3.2)
cl{‘j ¢ €[0,1]
3a reHepupaHeTo Ha (b{f]-)m’rm clkl, ca BanmgHun dopmynmposkute (2.17) 1 (2.18), KakTo 1 orpaHuuyeHmsTa (2.19) —

(2.21).
Mpu Tasu ¢popmynMpoBKa ce M3M0/A3Ba BbBeAeHaTa CUCTEMa OT O3HauyeHus B [naBa 2, C AOMb/JHEHWETO, ye

A?gtl)wmbmedWSM n3pasAaBa arperMpaHata OueHKa Ha i-mama aNTepHaTuBa, U34YMCAEHa no KOM6MHVIpaHVIﬂ mogen Ha

MoAMPULMPaHMA METOA Ha NpeTerneHaTa cyma.
CbyeTaBakM KombuHaumata ot (3.1) ¢ mopudukaumaTta, dopmanusmpalia KoeduuMEeHT 3a NPeauMmcTBO Ha

anTepHaTUBUTE, Ce Npeasiara cnegHua 0606LweH mogen Ha MognudULMPaHMA METOA Ha NpeTeraieHaTa cyma:

K k) gk k
AL GeneralizedWSM — 2k=1(¢i Zj l Blj) (33)
KbAEeTo: AfGDéV,’wmlizedWSM M3pasfABa arpermpaHa oueHKa Ha i-mama anTepHaTuBa, M3uncneHa no obobuieHna moaen Ha
moanduLmMpaHna MeToa Ha NpeTerneHaTa cyma.
3a reHepupaHeTo Ha wll‘, e BanuaHo ycnosueTo (2.23), KakTo M orpaHunyeHmnaTa (2.24) — (2.29).

OTYMTaMKM BB3MOMKHOCTTA 3a rpynupaHe Ha KpUTepuuTe C Uen NoAMoMaraHe Ha agMUHUCTPUPAHETO, KaTo ce
3a4aBa 06 KoepULMEHT 32 KOMMNETEHTHOCT Ha JIBP cnpamo rpyna Kputepun, KOMGUMHUPaHUA mogen 1 06o6LieHna mogen

npugobusar cnegHuTe popmu:

A{;gt[)vlmbmedWSM Zk 12 12ml— Wmlﬂl m; (34)

AL GeneralizedWSM — Zk l(lpl ml_ Wmlﬁtml) (35)

Mpu orpaHnyeHms (2.8), (2.9) u cneHOTO AOMBAHUTENHO YCIOBUE:

ﬁfml a ,1
B, = B )™™ b €[0,1] (3.6)
Cl{c‘mz ¢ '1]

MaTpuuaTa 3a B3eMaHe Ha pelleHune, BbpXy KOATO ce npuiara o606LeHna Moaen, cbyeTaBall, BCUYKU NPeaIoKeHU
moanduKaumm Hag, WSM (3.4), uma Buaa, nokasaH B Tabaunua 3.1:

Tabnuya 3.1. Mampuya 3a 83eMaHe Ha peweHue npu 060buweH modesn Ha MOOUGBUUUPAHUA Memoo Ha NpemezsaeHama cyma.

Kpurepum Terna 3a Monesnoct Ha Terna sa ANTEPHATUBM — CYOEKTMBHIN OLLEHKU,
KOMMETEHTHOCT KpUTEPUUTE NPKU BayKHOCT Ha reHepMpaHi OLLEHKW, KOEPULUEHTH
Tun | Tun - Ha /1BP HOPManusauus KpuTepuute Ay A;
Kputepuia
1 2 JIBP!| ... |JIBP¥| JIBP? “ JIBPX [JIBP!| ... |JIBPX|JIBPY| ... |JIBP¥| ... |IBP!| ... |JIBPK
1 K 1 K 1 K 1 K
2= G Al Af Wi | e | WY [ Qg | e | Ggg | e | Qg | e | G
o m
= o k k
% z - [, IR () (R [
(7]
%j 1 K 1 K
o
G ai; a1 A i
% ° S C; v max/min| .. |max/min| ... | .| .. b%'j bf) b}j bfj
e Im
E v w k k k k
Tl sk A .. Wi e PG e ] e (B
z:i. g :1: J J Ly L
a . ; 1 K 1 K
8 c G max/min|..|max/min| .. | .| .. bl-i bw b” b”
1 K 1 K
. G €1 1, Cij | | L
I
g - -k ke
g €ij €ij
5
1= 1 K 1 K 1 K 1 K
g C; A 4 w; Wi Ciy || €Ly || €Ly | | Coy
g c
E| 2 Ca
£ 3 K
1 K 1 K
T 5 - - Y1 VAR Yr
=3 z
=
- Cn

Bbpxy Taka peduHMpaHUTE MaTeMaTMyecku MOLEenn Ha KoMOMHMpaHua U 0606leHMs meTon Ha
npeTerneHaTa cyma, ce cbCTaBa 0606LLeH anropuTbMm, Ha KoWTo ce 6asnpa 6UsHec nornkata Ha npototuna Ha CMNBP.
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3.2. 0606LeH aNropuTbM, peannsnpaLy, KombuHMpaHe Ha moguduKauumnte

0606LWeHNAT anropuTbM MMa 3a Len A3 MUHTerpuMpa BCUYKM MNPEAJIONKEHW B HACTOAWMA AMCEpPTaLMOHEH TpyA,

mogmobuKaumm sbpxy metoaute WSM n WPM B egHa cuctema 3a NOAMNOMaraHe B3eEMaHETO Ha pelleHusa. ANropuTbmbT e

npeacrtaBeH Ha dur. 3.1.

B KOHTeKcTa Ha codpTyepHOTO MHXKEHEPCTBO, OT 0606LLeHNA anropmTbm ce 060cobaABaT TPU OCHOBHM KOMMOHEHTA,
CbOTBETCTBALLM HA BCAKA OT npeanoxeHuTe mogudukauun. KomnoHeHT 1 Kancynvpa moguéduKaumATta, oTuMTalla
KOMMEeTEHTHOCTTa Ha J/IBP. KomnoHeHT 2 1 KomnoHeHT 3 npensnonssat obLiM Moayu, Hanpumep 3a AeKOMMNo3npaHe Ha
KpWUTepuuTe 40 ONUWMM U TUNU3UPAHE Ha KpuTepuuTe. JIorMKaTa 3a KOMBUHUpPaHe Ha MoAMPULIMPAHUTE MaTEMATUYECKU
MOZenn, cnopes, apxMTeKTYpHUA NoAXo4 U U3NoN3BaHUTE TEXHONOTUN, MOXKEe [a Ce pPeannsnpa Ha Pas/IyHM NporpamHu

e3unum. Mopaam ToBa MHTepec NpeacTaBsBa NCeBAOKOA, KOWTO AeduHMPa NorvKaTta 3a GUATpUpPaHe M NpeaoCcTaBsHe Ha

n360p Ha NoAxoAsly 3a 3a4a4aTa MOAE/, KaKTo e UNCTPUpaHo Ha dur. 3.8.

Asmopegpepamu na oucepmavuu 2026 (8) 33-91

CrapTupaHe geduH1paHeTo Ha
aflaqa 3a B3eMaHe Ha pelleHue
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Onepnpate ¢
QBEKTUBHM AaHH

CbOupaHe 1 aHanua Ha 0BeKTUBHM JaHHK 3a
KpPUTEPUUTE OTHOCHO anTepHaTUBUTE

OnpefensHe TANA Ha KPUTEPUUTE CNOpea HauynHa
Ha npeacTasAHe Ha faHHUTe

Mampuuxo
npedcmaseH

Tun Ha KpUTEPKA?
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l

L

leHepupaHe Ha HopManManpaxu
OLEHKK 3a anTepHaTUBUTE CNpAMO
KpuTepHs

[eHepupaHe Ha
OLIEHKM 32 anTepHaTUBUTE
CMpAMO ONUMKUTE Ha KpUTEpHUA
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KoebULIMEHT 3a NPeaMMCTBO
Ha anTepHaTuBuTe

KomnoHnenm 2

—

IBP oueHABa anTepHaTMBWATE CNPAMO
KpUTEpUUTE

—

_—

JIBP onpefnenAr KoeuLMeHTH 3a BaXXHOCTHA
KpUTEpUNTE 3a OLIEHABaHE

v

W3Bop w/wny npunaraxe Ha NoaxoaaLnsT
Maremathyeckd mogen (WSM / WPM)

L éfp-empane Ha peaymal

®ue. 3.1. 060bweH anzopumbvm, peanu3upaw, KOMbUHUPaHe Ha NpPeodsoxeHUMe MoOUPUKAYUU.
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PasnnmuHuTEe KOMBMHALMM MEKAY KOMNOHEHTUTE NO3BOABAT pe3yaTaTuTe Aa ce arpernpar no eguH ot 13 pasnnyHm
mogena — 9 c metoga WSM u 4 ¢ WPM, KakTo nokaseaT pedpepeHummTe ot dur. 3.8.

Begin Mathematical Model Reduction & Selection // V36op OT ponycTUMUTE MOAEeNM
if A == true & B == true && ¥ == true then
if L == true then
JonycTum mogen e WSM (3.5)
else
flonycTum mopen e WSM (3.3)
if A == true & & B == true & ¥ == false then
if L == true then
JonycTum mogen e WSM (3.4)
else
JonycTum mogen e WSM (3.1)
if A == true & & P == false && ¥ == true then
if L == true then
3a 6bgewa paspaboTka
else
3a 6bgewa paspaboTka
if A == true & B == false & ¥ == false then
if L == true then
U36op mexay WSM momen (2.7) u WPM mopen (2.11)
else
U36op mexay WSM mopen (2.1) m WPM mogen (2.5)
if A == false && B == true & ¥ == true then
3a 6bgewa paspaboTka
if A == false && B == true & ¥ == false then
flonycTum mogen e WSM (2.13)
if A == false && B == false && ¥ == true then
U36op mexay WSM mopen (2.22) u WPM mopsen (2.30)
if A == false && B == false && ¥ == false then
N36op mexay knacuyeckute: WSM mogen (1.3) u WPM mogen (1.7)
End

®ue. 3.8. bsiok ncesdoKo0d, onuceaw; KOMMNOHEHMA 3a huampupaHe u uzbop Ha NooxodAw 3a 3aéa4yama modesn.

3.3. HpoeKTMpaHe Ha (')YHKLIMOHaﬂHOCTTa Ha CUCTema 3a nognomaraHe B3emMmaHeTO Ha pelleHunA

B cneacTBMe OT npeaBapuTeNHO HampaBeH aHaAu3 Ha U3WUCKBaHWATA, ce AedUHMPAT BCUUKKM dyHKUMKM, KowuTo CIIBP
MOKPUBA, KAaKTO U MpasuaaTta 3a U3NbAHEHUETO UM. NAeHTUOULMPAT ce BCUYKM 3aUHTEPECOBAHU CTPAHU, TEXHUTE POSN U
Heobxoanmua noTpebuTenckm nHtepdeiic. PasrpaHuyasaT ce TP Poau:

e  AAMMHUCTPATOP Ha 334a4a 33 B3eMaHe Ha peLleHue;
e JlMua, B3emallum pelleHue;
e (CucTemMHa pons, KoATo obeauHsABa AENHOCTUTE, W3Mb/HABAHM aBTOMATUM3MPAHO OT CUCTemaTa, cieaBaliku

NPOEKTUPaHaTa /IOrnKa U NpeanoXeHnTe airopuTmu.

PonAta Ha agMuMHUCTpaTopa v B3aumogeictemeto My cbe CMBP, e naoCcTpupaHo ypes avarpama Ha caydaute Ha
ynotpeba (UML Use Case Diagram), npeactaBeHa Ha dur. 3.9.

] pynupatxe
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Onpenensite na
Ak sanBP no
L rpynu
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<< extend>> [Ha Tern. koed. 3a |_~
KOMMETeHTHOCT |~

Ha NBP
.EbBeHﬂ]aHe Ha

Tunuaupane Ha
KTpepumre
0BeKTMBHW AaHHU

<< extend>>/ Tpnpanpane \<<include >> / [lekomnoarpaHe Ha CNPAMO KpUTEpUH.

Ha KTupepumTe, KpWTEpUM 40 onumm
P

OnpepensHe Ha
g )k 3anBpPno
HuHannsupane 4 xpurepun
Ha aedwrHMpaHeTo
Ha 3apaqa Penaktupaxe
Ha 3apaya

Onpenensie Ha
CKasna 3a oueHsBaHe /<
Wa onumne

<< pNpaUL>>

BbBexaane Ha

OBeKTHBHI AaHHN e ¥3bop Ha
CRPSMO oNUMM P HOPMamnM3aUnoHHa
onucarve Ha TexHWKa

onyunte

360p Ha 3apava C tend >

P A << include >> Ws6op ra scincude>>  Mperneara ) <<ext=nd>> " Ananus na
PUHANUAMPAHD |G === =msmeee qonyctum moaer/ . \_peayntatute / \_peaynTatute
yewsisare ot JIBE i - £ &

®ue. 3.9. AdanmupaHa UML Use Case duazpama 3a poaama Ha aOMuHUCmpamop Ha 3adaya.
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PonsTa Ha JIBP e onuncaHa c aHanorMyHa anarpama, npeacraseHa Ha dur. 3.10.

DduHanuanpaHe
a OLieHsIBaHETQ

Pepaktupaxe
Ha OLEeHKU 1
peanoYnTaHng

W3pasasaHe Ha

NpeanoYnUTaHuns KbM

Kputepum (Tun b u c)
S,’-‘) W cost/benefit

WUabop Ha ccinclude >

i
sapauasa J<---<3ind ude>>
OLIEHsIBaHE,

MonbneaHe Ha
dopmynsapu

OnpepensiHe Ha

OueHsnBaHe no
cyGeKTUBHN KpUTEPUN
k
a;;

Ha KpuTepunTe

Wi

W

OnpepensiHe Ha
TernoBu koeuUMeHTH

k
P¥,

@ue. 3.10. AdanmupaHa UML Use Case duazpama 3a poasma Ha J1BP.

ABTOMATM3MpPaHUTE onepauunm, uanbvaHABaHu ot CMBP, ca npepctaBeHn Ha dur. 3.11.

Banuavpaxe Ha
BXOAHW AaHHU

ABTEHTUKALMA
Ha notpebuTten

leHepupaHe
Ha chopMynapu

[oGaesHe Ha
3afaqa KbM Cnuchbka 3a
pueHasaHe Ha JIBP

leHepupaHe
ra ouerkn KoedULneHTV|

'/JI Cf, (ht_)fj)nm‘m

Hopmanusauus
Ha BXOHW AaHHW
OnpenensHe Ha
0NYCTUMWU MO EenNu

@ue. 3.11. Abanmupara UML Use Case duazpama 3a cucmemHama posis.

3anuceaHe W
nasnu4yaHe Ha gaHHn
ot 6asa gaHH

peobpasyBaHe
Ha peaynTartu
3a aHanua

3uncnABaHE
Ha arperupaHu
OLEHKW

OuHamuyHo reHepupanute dopmynspu 8 CMBP, cTpyKTypupaTt noTpebUTeNcKOTO B3aUMOAEWCTBUE, @ npexoauTe
mexay Tax AedbuHMpaT norvkata Ha paboTa cbe cucTemata. TOBa € NOKas3aHo C ajanTvpaHa Auarpama Ha CbCTOAHWATA Ha

dur.3.12.
[ ]

[ copuynap | opuynsp | ®opuynap
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Koe@ALMeHT Y
Dopuyns| ————
VTR | @opuynsp 3a NBP
| MoTebpKAaBaHE WK PE/IAKTMPEHE Ha 3afauata | 1
W3Bop Ha 3apaua
penaKyma BLpIEHHE 330 e
év% CY?‘ \h:/‘ ﬁ:/\
@opuynsp 3a NBP | [wopmynap nee| nep| [ saner | 3a NBP
lexepupane Ha lMeHepupaHe lexepnpane OnpepensHe Ha OnpepensHe Ha
KOBINLMEHTH ¥ Ha OLEHKN Ha OUEHKH cyBeKTUBHI KO(PUUMEHTU W
33 anTepHaTMBMTe ot TMn "¢ ot Tun "b" OLEHKN OoT TN "a" Ha KpuTEpHATE
( @opuynsp sa JIBP ]

MoTebpKAaBaHe UMW PEAKTHPAHE Ha OLIEHKW U NPEANOMMTAHNS

NOTELREKAEHIE

Tabnuia u Dopuynsip |

Ananwa Ha pesynratute W36op Ha Moaen v arperMpane Ha pesyntati I(—
®ue. 3.12. AdanmuparHa UML State Machine duazpama Ha nompebumesckus uHmepgedlic.

Tabnuua u Dopmynap
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AnHamuuHo reHepupaHuTe GOpMynapu ce cb3faBaT B peasHO Bpeme, [AOKATO NOTpebutenat paboTu cbe
cuctemata. Tosa 03HayaBa, ye GOPMyNAPbLT He e MpeaBapuTesHO MOATOTBEH (CTaTWyeH), TOM ce reHepupa cnopes
33f4afeHn YCI0BMA, MapameTpu U KOHTEKCT Ha KOHKpeTHaTa 3agauva. MpouechT e MHTepaKTMBEH, 3all0TO CUCTemaTa
pearvpa Ha aeicteuaTta u usbopa Ha NoTpebuTeNs OTHOBO B PeasiHO Bpeme, KaTo aganTupa CbAbPXKAHWETO U CTPYKTypaTa
Ha dopmynsapa. MpouechT € M napaneneH, Tbil KaTo MHOXECTBO MNoTpebuTenn moraT e4HOBPEMEHHO 4a Cb3gasaT U
nonbABaT GOPMYAAPU C Pa3MYHKU NapameTPU OT COBCTBEHWTE CU aKayHTK, 6e3 TOBa A4a BOAM A0 KOHOAMKTM Uau 3aryba Ha
OaHHW.

3.4. Yeb 6a3upaHa CMBP c MOHOAUTHA TPUCOIHA apXUTEKTYpa

MpepnoxeHaTta TpUCNOMHA apxuTekTypa (three-tier architecture), cneaa Knacuyeckua TPUCIOEH apXMTEKTYPEH WabioH,
KOMTO OcCuUrypsiBa fACHO pasfeneHne Ha OTrOBOPHOCTUTE U WMHGOPACTPYKTypaTa, yNecHABa NOAAPDBIKKATA WM Hanara
CTPYKTypUpaH Noaxos KbM pa3BUTUETO Ha cucTemaTa. OT rnegHa TOYKa Ha CTPYKTYPUPAHETO M pasrpblLaHeTo Ha Koaa, e
n3bpaHo Aa ce cnesBa MOHOJIMTEH APXMTEKTYPEH CTWU/, @ NOTOKbLT HA AaHHUTE ce YyNpaBasBa CUHXPOHHO. Tonosorua Ha
TpUCNONHaTa apXMTEKTypa M3nosa3BaHa 3a pa3paboTka Ha npototmn Ha CIMNBP, e aageHa Ha dur. 3.13 [Dimitrova u ap.,
2021].

Epayssp
Cnoii Ha noTpeGuTenckua WHTepdedc
Banunupane Moneneade Ha Monsneaxe Ha 5
Hasurauws Ha BXOAHKU [AaHHW chopmynspn 3a chopmynsipy 3a nayanusauua
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A
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2
e
5]
=
g e e 1
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% 1 1
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= 1| chopmynapu Ha oLeHKW KoedHLMeHTH AONycTUM Moflen| | Ha pesynTati peaynTaTti :
sl | .
o
F
x
Q
o
= [ocTen Ao pecypcn ; }
5 WMHTepdeiic Ksm MHTepdeiicn kKeMm yonyra WMHTepdeic Kbm yenyra
6aza naHHn 3a aBTeHTHKaumA 3a W3ANpaLlaHe Ha U3BECTIS
T saL T REST API
r y
Cupebp 3a 6a3a gaHHu OBnaynu yenyrn
Cnoii Ha GazaTa AaHHKM ABTEHTUKALUS
Tabnuum u CbXpaHeHu Kato yonyra
penaumm npoueaypu
Amein wssectua

@ue. 3.13. Tononoaus Ha NpoekKMupaHama mpucaolHa apxumekmypa Ha Cl1BP.

3.5. Yeb 6a3upaHa CIMBP c 6e3cbpBbpHa apXUTEKTypa

MpeanoxkeHaTa 6e3cbpBbPHA APXMTEKTYPa U3NON3BA APXUTEKTYPHUA WABAOH Ha pasnpeaeneHun GyHKkumm (Faas), kouto ce
aKTUBMPAT NPU KOHKPETHU AEMCTBUA HA NOTPEBUTENA UK BBTPELIHM 38 CUCTemMaTa CbOUTUA — aCUHXPOHHO yNpaBaeHWe Ha
MoTOoKa Ha CbbuTMATA. TO3M NOAXOA OCUrypABa BMCOKA MalLabupyemocT, MMHUMAAHa HEOOXOAMMOCT OT ynpaBaeHue Ha
xapayepHa n copTyepHa UHPPACTPYKTYpa, KaKTO M MHOTO BMCOKAa afanTMBHOCT CMPAMO HAaTOBAapBaHETO Ha cMcTemarta.
Tononoruna Ha 6e3cbpBbpHATa apXMTEKTYpa, Ha KoATo ce 6asmpa paspaboteH npoTtoTmn Ha CMBP e nokasaHa Ha dur.3.14
[Dimitrova u ap., 2024, al.
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@ue. 3.14. Tononozua Ha npoekmupaHama 6e3cbp8bpHa apxumexkmypa Ha CI1BP.

3.6. CpaBHeHMe Ha npeanioXKeHuTe cOPTYEPHU apXUTEKTYPH

CpaBHeHMe ChpAMO HAKOM OCHOBHM XapaKTEPUCTUKM Ha afanTupaHuTe TPUCIOWHA M 6e3CbpBbpHA apXMTEKTypa Ha
npototunuTe Ha ClMNBP, e npeactaseHo B Tabanua 3.1.

Tabnuya 3.1. CpasHeHue mexcOy adanmupaHume mpucnoliHa u 6e3cbp8bpHA apxumeKkmypa.

Xapakrepuctuka TpucnoiiHa apxuTeKkTypa be3cbpBbpHa apxuTeKkTypa

Undpactpykrypa MoHonutHa. CbcpeaoToyeHa B eanH PasnpepeneHa mexay 6paysbp n
CbpBbP 061a4Hu PyHKUNUM

PasrpbuiaHe M3nckBa noaapbiKKa U ynpasieHne Ha Be3 HeobxoAMMOCT OT NPSAKO
CbpBbPU ynpaBsneHve Ha CbPBbPU

Mauiabupyemocr OrpaHunyeHa OT pecypcuTe Ha CbpBbpuTe  ABTOMATMYHA CMPAMO HaTOBApPBAHETO

CurypHoct Mma LueHTpannMsnpaHo ynpasneHune Ha Mpwunara ce kbm 6paysbpa 1
A0CTbNa obnavHuTe ycnyrm

MpoussoautenHoct o-6aBHa, 3apaAu HyKaaTta OT noseye Mo-6bp3a, 3apasm No-masnkata Hyaa
MpPEX0Ba KOMYHUKaLMA OT MPEXO0Ba KOMYHUKaLMA

Pa3spabortka Mo-AcHa cTpyKTypa, Mo-cnoKHa CTPYKTYpa, C OrpaHnYeHuna
no-csobogHa 3a paspaborka oT 061a4HM GYHKUMMN

Noaapbkka Mo-TpyAHa, M3nCKBa aAMUHUCTPaLMA Ha  [lo-necHa, flenernpaHa Ha obnaka
CbpBbPK

0O6paboTBaHe Ha CUHXPOHHO ACUHXPOHHO

cbbutuaTa

3.7. UsBogu

MpoeKTMpaHeTo Ha ABe PasAnyHU COPTyepHU apxXUTEKTYpM 3a eaHa U cblya CMBP, Mma 3a uen Aa nognomorHe usbopa Ha
apxuTekTypeH noaxoa. Tosu u3bop cnepBa fa ce OCHOBaBa He CaMO Ha OYHKLMOHANHWTE W3UCKBaHWA, HO WM Ha
HedYHKLMOHANHNTE XapaKTEPUCTUKU KaTo MHOPACTPYKTYPHU Bb3MOMKHOCTM, TEXHONOTMYHUA OMWUT Ha €KUMa U OYaKBaH
Mawab Ha M3no/i3BaHe Ha cucTemarTa.

MoHONWUTHATa TPUCNOMHA aPXUTEKTYpa € JOTUYHMAT M360p 3a MHCTUTYLMM, KOWUTO pasnonaraTt cbC cOb6CTBEHa
CbpBbPHA MHOPACTPYKTYpPa M € AO0CTaTbyHA 33 aKafZeMWYHU Lean KaTo eKcnepumeHTH, obyyeHne n aemoHcTpauun. OT
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cBOA CTpaHa, 6e3cbpBbpHaTa pasnpesesneHa apxXUMTEKTypa OCUrypABa BMCOKA MalwabupyemocT npu  AUHAMUYHU
HaToBapBaHuWA. TA € NOAX04ALLA 32 OPraHM3aLMmn, KOUTO Pas3ynTaT Ha 061a4yHKM ycayrn 1 TpabBa Aa obcay:KBa roism 6poit
noTpebutenu, HanpUMep KOPNOPaTUBHU UK NYBANYHM.

rNABA 4.Y4UCNEHO TECTBAHE HA MOAUDPULIMPAHUTE METOAU

4.1. YucneHo TecTtBaHe Ha moauPUKaLUATa, OTYUTALLA KOMNETEHTHOCTTa Ha JIBP B pa3nnyHu
061acTi Ha KOMNETeHTHOCT

YucneHo TecTBaHe Ha Npeano)keHata moauduKauma, oTumTalla pasanumaTa B obnactuTe Ha KOMMeTeHTHOCT Ha JIBP,

onucaHa B [nasa 2, 1. 2.1, ce n3nbaHABA BbpXy ABaTa metoga WSM n WPM.

4.1.1. CueHapwuu 3a TecTBaHe

3a fa ce u3cneasa cneumdmrKata Ha mMognModUKaLMATa, OTUMTALLLA CTENEHTA HAa KOMMETeHTHOCT Ha JIBP ca uscneaBaHu aBa
CueHapusA 3a meToda Ha NpeTerneHaTa cyma, M3non3Baiku paspaboteHmsa npotoTtun. Mpu nbpseuaT cueHapuu (CueHapuii 1)
ce dopmynmpa u pelasa 3ajaya Ha 6as3a Ha Kaacmyeckua mogen Ha WSM (1.3) — (1.5). Bropuar (CueHapuii 2) ce
peanusnpa Ypes popmynmpaHe M pelsaBaHe Ha 3aga4va Ha 6asa Ha npepnoXKeHaTa mogudukaums, B cboTeeTcTBume C (2.7)
33 WSM u (2.11) 3a WPM. MoanduKkaumata Ha mMeToaa Ha NpeTersieHoTo MNpou3BeAeHMe e TecTBaHa WM CpaBHEHa C
MmoandurKaumATa Ha MeToZa Ha NpeTerseHaTa cyma.

4.1.2. dopmynumpaHe Ha 3aja4aTa 32 YUCNEHO TecTBaHe

KoHKpeTHaTa 3afaya 3a u36op Ha niatdopma 3a ENEKTPOHHA TbProBUSA Ce OTHACA A0 Masika KOMMaHWsA, KOATO
npeABapuTenHo e 3ajana Tpy noaxoaAlm cnopes HelHuTe uenu B2C nnatdopmu, a umeHHo: WooComerce (A1); Shopify-
Basic (A2); u BigComerce Essentials-Standard (A3). OtumTalikm M HeobxoaMmMocTTa OT nognomaraHe Ha npoueca Ha
aAMUHUCTPMpPAHE NpU rPYNnoBo B3eMaHe Ha pelleHue, ce npegJjara KpUtepuute 3a OLeHKa Aa ce pasgenat Ha rpynu. B
Tabavua 4.1. ca NOKa3aHMW KaKTo rpynuTe, Taka M CbOTBETHUTE KpUTEPUK, GOpMUPaLLM BCAKa rpyna.

Tabnuya 4.1. Kpumepuu 3a oyeHKa Ha anmepHamusu, 2pynupaHu no obaacm Ha KomnemeHmMHocm

lpyna 1: 06wy KpuTEpUU

Cl LleHoBn mogen

C2 Onummn 3a KNMEHTCKMN pa3naallaHna

Cc3 Bpoit aAMUHWUCTPaTUBHU NOTpebutenu (Kacnep, CKNagos onepaTop)
Cc4 KaHanu 3a TexHUYecka noaapbiKKa

C5 Bpowi 6e3nnaTHu WwWabnoHu 3a yeb nHtepdeiic

I'pyna 2: TbproBCcKM KpUTEpUN

C6 YnpasneHue Ha MHBEHTapa

Cc7 OnpocTeH npoLiec 3a nasapysaHe

C8 YnpasneHue Ha AOCTaBKUTe

C9 MHCTPYMEHT 32 TbProBCKWM aHaNn3un

Cc10 YnpasneHue Ha OTCTbMNKM U NPOMOLMOHANHN KaMNaHWUn
I'pyna 3: TexHU4eckn Kputepun

C11 BHegpaBaHe u noaapbikKa (DevOps)

C12 CUrypHOCT Ha MHPOpMALMATA U NAALLAHUATA

C13 ApantuseH An3aliH

Cci4 MHTerpaumm c gpyru npunoKeHua

C15 CKOpOCT 1 NPOM3BOAUTENHOCT

Cle OnTMMM3auma 3a Tbpcelm malumnHm (SEO)

I'pyna 4: MapKeTMHIoBun Kputepmm

Cc17 MepcoHanmsauma Ha notpebutenckus nnitepdeiic (UX/UI)
C18 YnpasneHune Ha NOTpebUTENCKUTE OT3UBMU

C19 KaHanu 3a peknama

OnpepeneHa e rpyna oT eKCnepTu, YUUTO KOMMETEHLMM HAMbAHO NOKPUBAT Taka GOpMUpPaHUTE Fpynu KpuTepuu,
KakTo cnegga: JIBP-1 — cobcTBeHMK Ha 6u3Heca; meHuaxKbp npogaxkébu (/IBP-2); codrtyepeH uHxeHep (/IBP-3); u
MapKeTUHroB meHnaxbp (/IBP-4). CblueBpeMeHHO ce OnpeaenaT pPasanyHu TEr108M KoeduUMeHTM No HauMH, KOMTO Aa
0TpasfABa MHAMBUAYANHWUTE KOMNETEHL MU Ha oTAenHOoTO JIBP. OnpeaeneHnTe TErNoBu KoedULMEHTU 32 KOMMNETEHTHOCT Ha
JIBP, cbrnacHo orpaHuyenue (2.3), npu CueHapuit 2 ca usnoxkenu 8 Tabaunua 4.2.

Tabauya 4.2. Teznosu KoeguyueHMuU 30 KomrnemeHmHocm Ha J/IBP, cnpamo epyrnume Kpumepuu.

Ternosu KoepuLMEeHTU 32 KOMNETEHTHOCT Ha JIBP
Fpynu Kputepumn

NBP-1 NBP-2 NBP-3 J1BP-4
I'pyna 1 (O6wm Kputepmm) 0.25 0.25 0.25 0.25
I'pyna 2 (TbproBCcKW Kputepun) 0.15 0.50 0.15 0.20
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I'pyna 3 (TexHuyecku Kputepum) 0.14 0.14 0.57 0.15
I'pyna 4 (MapKeTUHIoBM Kputepmm) 0.25 0.25 0.10 0.40

3a BcAko JIBP ce reHepvpa maTpuua 33 MHAMBMAYaSHO B3eMaHe Ha pelleHue, Ype3 KOATO CbOTBETHUA eKchnepT
onpefens Ternosute KoeduLMEHTa 33 BaXKHOCT Ha KPUTEPUUTE U PECNEKTUBHO AaBa OLEHKM 3a NPeACTaBAHETO Ha BCAKA OT
anTepHaTUBUTE CMPAMO ONpeseneHnTe KpuTepmu. BXogHUTe faHHM 3a KOHKpEeTHAaTa 3aJaya ca NpeAcTaBeHu B maTpuuaTa

33 rpynoBo B3eMaHe Ha peLLeHre, KaKTo e NokasaHo B Tabauua 4.3:

Tabnuya 4.3. Mampuya 3a 2pynoso 83emMaHe Ha peweHue ¢ om4yumaHe KomrnemeHmHocmma Ha J1BP.

KpMTepMM Terna 3a KOMNETEHTHOCT oLl,eHKVI Ha anATepHaTuBuTe
Terna 3a BaxkHOCT Al (WooComerce) A2 (Shopify) A3 (BigComerce)
NIBP1| NBP2 | NIBP3 | N1BP4 NIBP2  /IBP3 | NIBP4 JIBP2 /IBP3
Cl 0.10 [ 0.03 | 0.02 | 0.01 0.43 | 0.38 | 0.62 | 0.57 | 0.24 | 0.62 | 0.52 | 0.57 | 0.24 | 0.62 | 0.52 | 0.57
C2 0.06 | 0.08 | 0.02 | 0.07 0.14 | 0.33 [ 0.05 | 0.29 | 0.14 | 0.33 | 0.05 | 0.33 | 0.24 | 0.14 | 0.33 | 0.10
pynal C3 0.05 [ 0.02 | 0.05 | 0.01 [ 0.25 | 0.25 | 0.25 | 0.25 | 0.10 | 0.10 | 0.10 | 0.19 | 0.29 | 0.14 | 0.10 | 0.19 | 0.33 | 0.29 | 0.29 | 0.24
C4 0.07 | 0.04 | 0.10 | 0.04 0.40 | 0.14 | 0.50 | 0.33 | 0.81 | 0.50 | 0.57 | 0.62 | 0.81 | 0.50 [ 0.57 | 0.62
C5 0.02 | 0.05 | 0.03 | 0.07 0.24 | 0.19 | 0.19 | 0.24 | 0.24 | 0.33 | 0.19 | 0.29 | 0.29 | 0.05 | 0.24 | 0.33
C6 | 0.08 |0.10 [ 0.07 | 0.04 0.39 ] 0.45 | 0.47 | 0.44 | 0.35 | 0.88 | 0.51 | 0.53 | 0.75 | 0.35 | 0.69 | 0.77
C7 | 0.03]|0.07 [ 0.04 | 0.06 0.50 | 0.51 | 0.49 | 0.48 | 0.62 | 0.58 | 0.49 | 0.53 | 0.49 | 0.42 | 0.51 | 0.55
lpyna2 C8 | 0.05|0.08]0.02]|0.030.15]|0.50|0.15 | 0.20 | 0.41 | 0.33 | 0.44 | 0.39 | 0.52 | 0.67 | 0.55 | 0.61 | 0.48 [ 0.40 | 0.49 | 0.52
C9 | 0.10 | 0.06 | 0.06 | 0.06 0.66 | 0.71 | 0.59 | 0.61 | 0.69 | 0.89 | 0.66 | 0.71 | 0.60 | 0.71 | 0.59 | 0.61
C10 | 0.03 | 0.07 | 0.03 | 0.06 0.35] 042 | 047 | 038 | 0.55 | 0.72 | 0.71 | 0.62 | 0.51 | 0.62 | 0.55 | 0.49
C11 | 0.08 | 0.03 | 0.09 | 0.02 0.56 | 0.52 | 0.95 | 0.40 | 0.61 | 0.40 | 0.30 | 0.45 | 0.59 [ 0.39 | 0.30 | 0.44
C12 | 0.07 | 0.08 | 0.06 | 0.04 0.61 | 0.69 | 0.71 | 0.59 | 0.48 | 0.59 | 0.60 | 0.49 | 0.51 | 0.55 | 0.59 | 0.41
C13 | 0.04 | 0.03 | 0.06 | 0.06 0.31 | 0.40 | 0.65 | 0.25 | 0.42 | 0.50 | 0.59 | 0.62 | 0.36 | 0.55 | 0.57 | 0.45
fpyna3 C14 | 0.03 | 0.05 | 0.07 | 0.04 0.14 101410571 0.15 0.69 | 0.72 | 0.85 | 0.74 | 0.33 | 0.42 | 0.33 | 0.50 | 0.45 [ 0.46 | 0.40 | 0.42
C15 [ 0.03 | 0.04 | 0.04 | 0.05 0.35 | 0.40 | 0.62 | 0.33 | 0.55 | 0.61 | 0.50 | 0.46 | 0.51 [ 0.60 | 0.49 | 0.44
C16 | 0.03 | 0.03 | 0.05 | 0.08 0.51 | 0.46 | 0.63 | 0.44 | 0.53 | 0.57 | 0.49 [ 0.60 | 0.49 | 0.50 | 0.38 | 0.50
C17 | 0.03 | 0.06 | 0.09 | 0.09 0.32 | 0.37 [ 0.41 | 0.39 | 0.47 | 0.42 | 0.39 | 0.39 | 0.51 [ 0.41 | 0.42 | 0.44
lpyna4 | C18 [ 0.06 | 0.04 | 0.05 | 0.07 | 0.25 | 0.25 | 0.10 | 0.40 | 0.66 | 0.63 | 0.72 | 0.82 | 0.67 | 0.72 | 0.74 | 0.81 | 0.76 | 0.77 | 0.67 | 0.79
C19 | 0.04 | 0.04 | 0.05 | 0.10 0.61 | 0.62 | 0.71 | 0.62 | 0.34 | 0.45 | 0.55 | 0.49 | 0.77 | 0.82 | 0.88 | 0.85

4.1.3. AHanu3 Ha BXOAHUTE AAHHU

Ha 6a3a Ha gaHHuTe oT Tabnuum 4.3 — 3 antepHatusu, 4 JIBP, 19 Kputepus, pasnpesenenun B 4 rpynu, e HanpaseH aHanu3
Ha BXOOHMUTE AaHHU, Npeau Aa ce NPU/IoXKaT MaTEMATUYECKUTE MOLEIN HA METOoZa Ha NpPeTerneHoTo NpousseaeHue 1
OBaTa cLueHapuA 3a MeToAa Ha npeTerjeHaTa cyma.

BcsAko JIBP e nocounno, ye Hal-BaXKHWU 3a HEro ca KpuTepuuTe B rpynaTta, KbAeTo e C Hal-BUCOKa KOMMETEHTHOCT,
ToBa ce BUXaa ot dur. 4.1.

23,50% 28,50% 30,00% 18,00%
0,38

0,40

0,30 0,29 0,29
0,30 0,25 0'230,26 0,26

0.22 0,20

0,20 0,130.14
0,10
0,00

pyna kputepun 1 pyna kputepumn 2 pyna kputepumn 3 Fpyna kpuTepuum 4

mBP-1 ENBP-2 NBP-3 mJ1BP-4

due. 4.1. CbomHoweHus Ha onpedeneHu om JIBP, KoeghuyueHmu 3a 8aXHOCM HA Kpumepuume, CPAMO 2pynume Kpumepuu u
MPOYEHMHOMO CbOMHOWeEHUE MeXOy 2pyrnume Kpumepuu.

MpegnoyntaHMATa KbM anTepHaTUBUTE, MU3Pa3EHU eANHCTBEHO 4pe3 OLLeHKW, KaTo Ce MU3KIYM BAUAHWETO Ha
KOE(bMLI,MeHTMTe 3ad BaXXHOCT M KOMNETEHTHOCT Ca NpeaCTaBEHU Ha ®ur. 4.2.

30,80% 25,06% 27,87% 16,27%
11,4
12,0 10,6
9,2 9.3
10,0 ' 87 89 8,5
' 7,9 8,2 .
8,0
5,6
52 '
6.0 5.1
4,0
20
0,0
Ipyna kputepun 1 Ipyna kputepnn 2 Mpyna kpuTepun 3 Mpyna kpuTepun 4
mNBP-1 EMNBP-2 NBP-3 mMIBP-4

due. 4.2. CbomHoweHus Ha onpedeneHume om J1BP oyeHKuU 3a anmepHamueume, CApAMO 2pynume Kpumepuu u npoyeHmHomo
CcbomHoweHue Mexcoy 2pyrnume Kpumepuu.
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MNpeaBapuUTeNHUAT aHanM3 Ha BXOAHWUTE OAHHM € K/IYOB 33 UHTeprnpeTaumAaTa Ha pesyntaTuTe NoayvyeHu cnep,
npuaaraHe Ha MaTeMaTU4YECKUTE MO ENN Ha MeTOAUTE 3a FPYNOBO B3eéMaHe Ha pelleHune.

4.1.4. Pe3yntat OT YNCIE€HOTO TECTBAaHE HAa moaudUKaLLMATA HA MeToAa HA NpeTerneHaTa cyma

Mpwu CueHapuit 1 ce n3non3sa GpyHKUMATA Ha NONE3HOCT Ha KAacMYeckna meTog Ha npeterneHata cyma (1.3) — (1.5). Mpu
CueHapuit 2, BbpXy CbliMTe AaHHW W MPU YyCNOBME, 4Ye ce rpynupaT KputepuuTte (C uen noanomaraHe Ha
aAMUHUCTPMPAHETO Ha 3ajavaTa), ce M3nos3sa moauduLMpaHna meToa Ha npeTerneHata cyma (2.7) — (2.10). NonyyeHute

pesynTaTi OT rpynoBOTO PeLLeHue KNacupar aATepHaTUBUTE NpK ABaTa CLLEHAPUs, KaKTo e uatocTpupaHo Ha dur. 4.5 (a, 6).

25 24k 2480 07 0,659 2
2114 e s 0.6 0,59 - :
2,0 " ! 0,185
1.5 0,151
0,551 0722 0,632 04 . 0,216 0,166
1,0 03
0 0,706 0,601 0,569 02 0,222 0157 0,151
0.0 0,380 £ 00 0,109 0,101
A1-WooCommerce A2-Shopify A3-BigCommerce A1-WooCommerce A2-Shopify A3-BigCommerce
m [pyna kpuTepun 1 [pyna kpuTepum 2 m [pyna kpuTepun 1 Ipyna kpuTepun 2
pyna kpuTepuu 3 M pyna kputepuu 4 Mpyna kputepun 3 M pyna kputepun 4
a) CueHapwii 1 6) CueHapuit 2

due. 4.5. KnacupaHe Ha naamgopmume 3a eneKkmpoHHa mupaosus npu CuyeHapuli 1 u CyeHapuli 2.

KntoyoBata npuyMHa 3a pa3mecTBAHETO B KAAaCMPAHETO Ha anTepHatueute ce 3abenAssa B [pyna Kputepuu 2,
KbAETO TEXKEeCTTa, KOATO ce NpuAaBa Ha MHEHMETO Ha TbProBCKUA MeHMAKbp (/IBP-2) e Hait-Bucoka (0,50 ot 1,00 — BK.
Tabnnua 4.2). MNpeaBapUTENHUAT aHaM3 Ha BXOAHUTE AaHHKM oT Tabauvua 4.3 nokassa, Ye BCMYKM OUEHKKU Ha JIBP-2 3a
aNTepHaTUBUTE MO KpUTEpPUMTE B Tasu rpyna ca B nonsa Ha A2-Shopify (o6wo 3,740). JonbaHuTenHo, oT dur. 4.1. ce moxe
LA Ce YCTaHOBM, Ye TOW € /IMLETO HanpaBuIO Hal-BUCOKOTO pasnpegenieHne Ha KoedUUMEHTUTE 33 BaXKHOCT Ha
KpuTepuute, cbeTasawm pyna 2 (0,38 ot 1,00). CnegoBaTenHO TasuM KOMGWHaUMA e [oBefa A0 MNOBULIABAHE HA
CbOTHOLLEHMETO MeXAyY OLEeHKUTe Ha antepHaTnemn A2 n A3 no kputepuute B Ipyna. Tasnm npomaAHa ce oKa3Ba JOCTAaTbYHa,
3a fla ce NONy4YM PasINYHO KNAacupaHe Ha anTepHaTUBMUTeE.

4.1.5. Pe3yntaTu OT YUNC/IEHOTO TeCTBaHe Ha MoANGUKALMATA HAa MeTOAa Ha NpeTer1eHoTo NponsBeaeHne

Moandukaumata Ha MeToAa Ha NpeTerieHoTo NPOoM3BeAEeHME Ce TeCTBA BbpXy BXOAHUTE AaHHM AeduHupaHu B Tabamua
4.2 n Tabnnua 4.3. NMpeaBapUTENHUAT aHANU3 UAOCTPUPaH Ha dur. 4.1 — dur. 4.4 e BaanaeH v B To3M cnydai. MonyyeHute
pe3ynTaTi OT rpynoBOTO pelleHne KaacupaT aNTepHaTUBMTE KaKTo e uatocTpmpaHo Ha dur. 4.10.

06 0,556 0,544

0.4

02

Al1-WooCommerce A2-Shopify A3-BigCommerce

Gue. 4.10. KnacupaHe Ha naamg@opmume 3a eseKMpPoOHHA MbpP208UA NPU U3M0aA38aHE HA MOOUGUUUPAHUS Modes Ha rpemeaseHomo
npoussedeHue.

Moske fa ce oTbenexu, ye ce 3anasBa KNACUPAHETO NOAYyYeHO OT moamobuumpanmna WSM. CpaBHeHMe Ha BANAHUETO
Ha otaenHuTe JIBP, 06110 3a 3agayaTa, Npu ABaTa MeToAa e NpeACcTaBeHo ¢ anarpamata Ha ®ur.4.13.

40,00%

30,43%
28,89%
30,00%

21,90%

20,00%

10,00%

0,00%
WSM WPM

® NBP-1 m NBP-2 NBP-3 m NBP4

@ue. 4.13. CpasHeHue Ha eausHUemo Ha J/1BP npu moduguyupaHume WSM u WPM.
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4.2. YucneHo TectBaHe Ha moguduKaumuaTta, opmanmsmpalla reHepmpaHe Ha OLEeHKHU 3a
anTepHaTusuTe

3a fga ce onpeaeny NPUIOKMMOCTTa Ha NpeanoXKeHata moauduKaumsa Ha MeToda Ha npeTersieHaTta cyma, GopmyanpaHa
ypes mogena (2.13) — (2.21) (FnhaBa 2, T. 2.2), KAaKTO M NPUIOKMMOCTTA Ha BapuaHTa Ha KombuHMpaH moaen (3.4), KonTo
BK/IOYBA CbllaTa MoaubuKaumsa, e pasrnefaHa 3afaya 3a M36op Ha MOHMTOPM, KaTo 4acT oT oduc obopyaBaHeTo Ha

cpesHa no pasmep KomnaHua ot chepata Ha UT.

4.2.1. CueHapum 3a TeCTBaHe

Pasrnexpat ce Tpu cueHapus B yC/I0BUMATA Ha rPyrnoBo B3eMaHe Ha pelleHue. BcuykmM Te ce pa3BMBaT BbPXY €4HU U CbLUm
KoedULMEHTH 3@ BaXKHOCT Ha KpUTEPUUTE M e4HM U CbluM 0BEeKTUBHM AaHHWU 33 anTepHaTtueuTe. MbpBUTe ABA CLEHapun
(CueHapwmit 1 n CueHapwuit 2) ce 6a3mpat Ha onucaHaTa B naBa 2, T. 2.2 moaudukauma Ha metoga WSM (2.13) —(2.21). MNpwm
CueHapuii 1, reHepupaHeTo Ha oueHKa Ha 6a3a onpegensHe Ha nossaTta OT Kputepuute (2.17), 3aBucKU u3UANO OT
NpeAnoYUTAHMUATA HA afMUHUCTPATOPa Ha 3aga4aTa. MNpu CueHapuii 2 ce 4EMOHCTPMPA Bb3MOXKHOCTTa 38 UHAMBUAYANHO
onpegensHe Ha nonsarta oT Kputepuute. B gonbaHeHue, npu CueHapuin 2 ce TeCcTBa U reHEepPUPaAHETO Ha OLEHKM CNpPAMO
OEKOMMO3NPAHUTE KPUTEPUUM NPU NPOMSAHATA B NpeanodmuTaHmaTa Ha JIBP kbm onumuTe (2.18). Npu CueHapuii 3, 3agavaTa
ce pewasa 4Ype3 KOMOUHMpaHe Ha moaubMKaLuMATa 33 reHepupaHe Ha OLEHKM C MoauMduKauMATa 33 OTYMTaHe Ha
KOMNETEHTHOCTTA Ha JIBP B pa3fiMyHM 061acTM Ha KOMMNETEHTHOCT, CbINAaCHO KOMBUHMpPaHua mogen (3.4). BxogHuTe faHHM
npu CueHapuit 3 ca aHaNOrMYHM Ha Te3n npu CueHapwuit 2, € Ta3M Pas3/IMKaTa, Ye ce M3MON3Ba Pas3/IMYHA TEXHMKA 3a
Hopmanusauua. Llenta npu TO3M cueHapuil e Ja ce AEMOHCTpUpa M NPUNONKMMOCTTa Ha 0606LeHna anropuTbm
npeacTtaseH B Mnasa 3, 7. 3.1 1 rbBKaBOCTTa Ha NPOEKTUPaHaTa cMcTeMa 3a NoAnoMaraHe B3eMaHeTo Ha pelleHus.

4.2.2. dopmynupaHe Ha 3agauvarta 3a YNCNEHO TeCTBaHe

3apayata 3a onpegensHe Ha nogxogawo oduc obopyaBaHe ce peanusvpa Npu cregHUTe U3XOAHW ycnosua: 3
antepHatmsu, 3 JIBP 1 3 rpynu KpuTtepuu, cbabprKawm obwo 12 KpuTtepus, 4 oT KOUTO ca AeKomnosmparn go 13 onuuu.
MpeagapuTenHo onpeaeneHn Kato nogxoAAwm ca cnegHute 3 tuna moHuTopu (3 antepHaTtmeu): Dell U2724DE (A1),
Samsung U32J590 (A2), MSI MEG 342C (A3). NluaTta, dpopmmpalym KpaliHOTO rPynoBO pelleHWe ca KakTo cneaga: (1)
cneumanuct ot ¢uHaHcosua otaen (/IBP-1); (2) cneuynanuct no vosewkuTte pecypcu (IBP-2); (3) TexHUYecko auue -
codTtyepeH uHxeHep (/IBP-3). Kputepunte 3a M360p Ha NOAXoaAaWMA TUM MOHUTOP Ca OPraHM3UPaHU B TPU TEMATUYHO
CBbP3aHW rPynu, KakTo e nokasaHo B Tabauua 4.4.

Tab6auya 4.4. [pynupaHu Kpumepuu 3a OYeHKd Ha aamepHamusume, mur Ha Kpumepuume U KoeguyueHmu 3a maxHama 6axHocm
onpedeneHu om JIBP.

KoeduumeHTH 3a BaXKHOCT Ha

lpyna Kputepum Kputepuii Tun Ha KpuTepusa Kputepuute

NBP-1 NBP-2 nBpP-3

Fpyna 1: C1: LeHa YucneHo npeacraBeH 0,19 0,07 0,03

OUHAHCOBM KPUTEPMM C2: MapaHuma YucneHo npeactaseH 0,16 0,12 0,01

C3: KoHcymauma Ha eHeprua YucneHo npeactaseH 0,11 0,07 0,01

Ipyna 2: C4: 3awmTa Ha 3peHneTo MaTpu1yHO npeacTaBeH 0,10 0,19 0,15

I'pvka 3a 3gpaseTo 1 C5: brba Ha HaKNOH YmcneHo npeacTaBeH 0,04 0,07 0,05

eproHomus C6: MNopTpeTeH pexunm YucneHo npeactaBeH 0,02 0,09 0,15

C7: Pasmep Ha eKkpaHa MaTpuyHO npeacTaBeH 0,09 0,08 0,20

C8: Tvn Ha naHena MaTpuyHo npeacTaseH 0,08 0,06 0,10

lpyna 3: C9: Pesontoumna MaTpuyHO npeacTaseH 0,09 0,06 0,10

TeXHUYEeCKU Kputepumn C10: YecToTa Ha onpecHABaHe YuncneHo npeacTaBeH 0,04 0,06 0,05

C11: ApkocT YucneHo npeactaseH 0,04 0,06 0,05

C12: LipeToBa rama YuncneHo npeactaBeH 0,04 0,07 0,10

OnuunTe, 40 KOUTO Ce AEKOMMO3MPaT MaTPUYHO NPeaCcTaBeHUTE KPUTEPMM 33 KOHKPETHATa 3a4a4a ca npeacTaseHun
B Tabanua 4.5.

Tabauya 4.5. MampuyHo npedcmaseHu Kpumepuu 0eKoMno3upaHu 00 onyuu.

C4: 3awmTa Ha 3peHneTo

01 PunTHp 33 CUHA CBETANHA
02 KoHTpon Hag WM

03 CeH30p 32 OKO/IHA CBET/IMHA
04 AHTUpedneKcHo nokpuTHe
C7: Pasamep Ha ekpaHa

05 Pasmep Ha eKkpaHa 27"

06 Pa3smep Ha ekpaHa 31.5”
07 Pasmep Ha ekpaHa 34.2”
C8: Tun Ha naHena

08 IPS

09 VA
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010 [ OLED
C9: Pesontoums

011 UW-QHD
012 UHD
013 QHD

MWHUMMW3MPA, Ca NpeacTaBeHu B Tabavua 4.6.

M3paseHuTe oT JIBP npegnoynMTaHMsa OTHOCHO TOBa Aa/u KpWUTepuAT ce nogobpsasBa akKo ce MaKkcMmusupa uam

Tabnauya 4.6. HYucneHo npedcmaseHu Kpumepuu U mexHume MepHU eOUHUYU, cmolHocmu 3a anmepHamusume u npednoyumaHus Ha
J1BP 30 none3Hocmma um rnpu mpume CyeHapus.

Kpu- MepHa CToiHOCTM 33 anTepHaTHBUTE RG] & EEELI SMEECLLIE:
Tepum eauHMLa npeAno4uTaHma npeAnoYnTaHus npeAnoYuTaHma
Al A2 ‘ A3 NBP-1 JIBP-2 JIBP-3 JIBP-1 JIBP-2 NIBP-3 NBP-1 NIBP-2 NIBP-3
C1l EUR 505 290 1247 cost cost cost cost cost benefit cost cost benefit
C2 Meceum 36 24 36 benefit benefit benefit benefit benefit benefit benefit benefit benefit
c3 Ks./M 24,4 59 42,3 cost cost cost cost cost cost cost cost cost
€5} Ipagycu 26 17 25 benefit benefit benefit cost benefit benefit cost benefit benefit
C6 HanuuHoct 1 0 0 cost cost cost cost cost benefit cost cost benefit
C10 Hz 120 60 175 benefit | benefit | benefit cost benefit | benefit cost benefit benefit
C11 cd/m? 350 270 250 cost cost cost cost cost benefit cost cost benefit
C12 % SRGB 100 99,1 139 benefit | benefit | benefit cost benefit | benefit cost benefit benefit

[JaHHUTe OTHOCHO onuuute, 3aefHO C onpegeneHuTe oT JIBP oueHBYHM TOUKM 33 BaAXKHOCT Ha onuuuTe, ca

npeactaseHu B8 Tabavua 4.7.

Tabnauya 4.7. Mampu4Ho npedcmaseHu Kpumepuu, eKoMno3upaHu 60 onyuu U mexHume cmoliHocmu 3a anmepHamueume 3ae0HO ¢
onpedeneHume om J/IBP oyeHbYHU MOYKU 30 8AHHOCMMA UM MpU mpume CyeHapus.

OLuEeHDBbYHU TOUKM 32 BaXKHOCTTa Ha onuuute

Kputepun CTOMHOCTM Ha onuuure Cuewapuii 1 Cuemapuii 2 Cuemapuii 3
Oonuun Al A2 A3 NBP-1 NBP-2 NBP-3 NBP-1 NBP-2 NBP-3 NBP-1 NBP-2 NBP-3
01 1 0 1 4 5 5 4 5 5 4 5 5
ca 02 0 1 1 4 5 5 4 5 5 4 5 5
03 1 0 1 2 2 4 2 2 4 2 2 4
04 1 1 1 2 3 5 2 3 5 2 3 5
05 1 0 0 4 3 3 4 3 1 4 3 1
Cc7 06 0 1 0 4 3 4 4 3 5 4 3 5
07 0 0 1 2 3 5 2 3 3 2 3 3
08 1 0 0 4 4 2 4 4 2 4 4 2
c8 09 0 1 0 4 3 3 4 3 1 4 3 1
010 0 0 1 2 2 5 2 2 5 2 2 5
011 0 0 1 1 2 5 1 2 5 1 2 5
Cc9 012 0 1 0 2 5 5 2 5 2 2 5 2
013 1 0 0 4 3 2 4 3 2 4 3 2

Tpﬂ63a Aa ce 0T6enemm, 4ye onuuuTe npuemat 6yneBa CTOVIHOCT, KOATO OTpa3AdBa HaNNUYMETO Ha CbOTBETHATa

XapPaKTePUCTUKa NPU BCAKa €4Ha OT aNTepHaTuBUTe. N1BP n3pasAasBat NnpegnovYnTaHnATa OTHOCHO ONUUUTE Ype3 CKaslaTa oT 1

[0 5.

B cvoteetctBMe cbc CueHapuit 3, 3a onpeaesieHUTe rPyny KPUTEpUM ca 3a4aLeHU TEernoBU KoepUUMEHTH,

OTpa3nBaLLM CTEMEHTa Ha KOMMNEeTEeHTHOCT Ha JIBP, KakTo e nokasaHo B Tabauvua 4.8.

Tabauya 4.8. Teznosu KoedULMEHTU 30 KoMmnemeHmMHocm Ha JIBP, cnpamo epynume om Kpumepuu.

Fpynu kputepun NnBP-1 nBP-2 NnBP-3
I'pyna 1: PuHaHCOBM KpUTEPUU 0.62 0.21 0.17
I'pyna 2: M'puKa 3a 34paBeToO U eproHoMumsA 0.26 0.40 0.34
I'pyna 3: TexHUYeCcKn KpuTepum 0.30 0.15 0.55

3a BCceku oT TpUTE ONNCaHU CcueHapua, c1;o6pa3Ho BXO4HUTE OaHHU Ce reHepupat nHAMBMAyaaHu d)OpMyl]ﬂpM 3a

nonb/iBaHe Ha Npeano4YnTaHUATA Ha J1BP, Bb3 OCHOBa Ha KOUTO Ce U3YMCNABAT OLEHKMUTE 3a anTepHaTusuTe.

4.2.3. Pe3ynTaT OT YNC/IEHOTO TECTBaHe Ha moAUdUKaLUATA HA MeTOAA Ha NpeTerneHaTta cyma

MoaudukaumaTa 3acara aaropuTbMa 3a peanmsauua Ha MeToAa Ha MmpeTerfneHaTa cyma, Kato dopmanusmpa noaxos 3a
reHepvpaHe Ha OLEeHKM, 6e3 fa NPOMEHSA MexaHU3Ma 3a arpervpaHe Ha aTpubyTuTe B KpaWHUA pe3ynaTat. Mopaau ToBa
WHTepNpeTauuaTa Ha pesynTaTuTe e HacoyeHa KbM CTbMKUTE 3a reHepupaHe Ha OLEHKM B cpepaTa Ha paspaboTeHus
NPOTOTUM Ha CMCTEMA 33 NOANOMaraHe B3eMaHETO Ha peLleHus.
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CornacHo CTbnKa 4 OT anropuMTbMa 3a peanusupaHe Ha moaudukaumaTta (BXK. Mnaea 2, T. 2.2.1), ce reHepupa
dopmynap 3a npeanouYnTaHUA KbM uucieHuTe Kputepuu. Mpu CueHapuii 1 GopmynsapbT ce Nonb/iBa eAMHCTBEHO OT
afMMHUCTPATOPA, KaTo BbBEAEHWUTE NPeAnoyYUTaHMA Ce OTHACAT 3a BcMuYKM JIBP. M3rnes oT dopmynapa e nokasaH Ha dur.
4.14.

\‘ AAMWHUCTpaTOp ¥ @J

OnpeaenaHe Ha NONE3HOCTTa Ha KPUTEPHUTE W reHepUPaHe Ha OLEHKH 33 aNTepHaTHBHTE

TeHepMpaH# oUeHKH
Al A2 A3
0,574 ( 1,000 | 0,233

Kputepun Cost |Benefit
LieHa NIO)
lapaHuua
KOHCYyMauua Ha eHeprus
brbsl Ha HaKNOH

1,000 | 0,667 | 1,000

1,000 | 0,414 | 0,577

1,000 | 0,654 | 0,962
MopTpeTeH pexum 0,000 | 1,000 | 1,000
YecToTa Ha onpecHABaHe

fipkocT

0,686 | 0,343 | 1,000

)
®

0,714 { 0,926 | 1,000

)|O|®@ O @O
@®0O®O0®0O @O0

Ol

LiBeToBa rama 0,719 0,713 | 1,000

Gue. 4.14. Popmynap 3a u3passsaHe Ha NPEGNOYUMAHUA KbM M0AE3HOCMMA 110 YUcaeHume Kpumepuu. U32aed om npomomunsm Ha
cucmema 3a nodnomazaHe 83eMaHemo Ha PeweHus.

KoraTo KpuTepuAT e oT TUN MaTpMYHO NpeacTaBeH, cbriacHo CTbnKa 7 oT aaropMTbMa, Ha Beceku JIBP ce npepocTasa
Bb3MOXHOCT Aa M3pa3u NpefnovynTaHuATa CM KbM ONUUUTE HA anTepHaTMBUTe. 3a Tasun Len B NPOTOTMMA Ha cMcTemMarta 3a
noAnomaraHe B3eMaHeTO Ha pelleHus ce reHepupa uHamBMAyaneH popmynap 3a Bcako JIBP. MpumepeH usrnes, npu
CueHapwuii 1, 3a /IBP-1 e npeacraBeH Ha ®ur. 4.15.

|_ BP-1 'OJ
OLeHsBaHe Ha ONUUATE U TeHEPUPaHe Ha OLeHKM 3a a/iTepHATHBHTE
OLiEHKH

‘prrepuu W ONuMH OueHka A | m |qu

\ €41 33muTa Ha 3peHneTo 0,40D| 0J30ﬂ| 0,600
01 |®unTbp 33 CHHA (BETAUHA 4 -
02 |KoHTpon Hag WHAM 4 -
03 |CeH30p 33 OKOAHA CBETAWHA 2 v
04 | AHTHPedAEKCHO NOKpUTHE 2 -

[BGEPa:mep Ha expara 0,267 0,267 [ 0,133]
05 |Pazmep Ha ekpaHa 27" 4 -
06 |Pasmep Ha expana 31.5” 4 v
07 |Pazmep Ha expaHa 34.2" 2 v

&Ma naHena 0,267 ] 0,267 0,133
08 |IPS 1 (o) 4 -
09 [VA 4 -
010 OLED 2 (no-ckopo He) 7 -

\ €9 | Pezonioyus 3 (6e3 aHaueHme) ] 0,267 0,067
011 |UW-QHD -
012|UHD 4no-aopops) |7
013 |QHD 5(na) 4 (no-cxopo ga)

due. 4.15. dopmynap 3a uspasasaHe Ha NPedno4UMAHUA KbM ONyuume Ha asamepHamueume, Npu Mampu4yHo npedcmaseHume
Kpumepuu. M321ed om npomomunvm Ha Cl1BP.
TaKa reHepvpaHuTe OLEHKW, 3aeHO C KoedULMeHTUTE 33 BaXKHOCT Ha KpuTepuute ca 0606LwweHn B maTpuuaTta 3a
B3eMaHe Ha pewweHue ot dur. 4.16.

l ALMMHUCTPATOP ®J
0 MaTpHLa Ha
Ternoeu koedHUHEHTH 33 v “‘":"zn o
KPUTEPUH BaHOCT W3 KpHTEpHHTE Dell Uz724DE Samsung U32J590 |  MSI MEG 342C
N8P | ABR3:
o:':a:‘(‘;w Yosewnn | Codryepen nam‘nur-z‘nuv—a num‘nnr-z nBP3 nam‘ nep-z | nep3
pecypen | wikenep
C1 UeHa 0,19 0,07 0,03 0,574 1,000 0,233
C2 | TapaHuna 0,16 0,12 0,01 1,000 0,667 1,000
C3  KoHcymauua Ha eHeprua, 0,11 0,07 0,01 1,000 0,414 0,577
C4 | 3auTa Ha 3penueTo 010 049 | o045 |o.4000,500(0,700] 0,300 0,400 0,500 0,600 0,750 0,950
C5 bron Ha HaKnoH 0,04 0,07 0,05 1,000 0,654 0,962
C6 | MopTpeTeH pexum 0,02 0,09 0,15 0,000 1,000 1,000
C7 | Pazmep Ha ekpaHa 0,09 0,08 0,20 | 0,267(0,200| 0,200 0,267 0,200/ 0,267 0,133 0,200 0,333
C8 | Tun Ha naHena 0,08 0,06 0,10 | 0,267|0,267|0,133) 0,267 0,200/ 0,200| 0,133 0,133 0,333
C9 | Pezonioyms 0,09 0,06 0,10 | 0,267|0,200) 0,133 0,133/ 0,333/ 0,333| 0,067 0,133 /0,333
C10| YecroTa Ha onpecHABaHe 0,04 0,06 0,05 0,686 0,343 1,000
C11| Apkoct 0,04 0,06 0,05 0,714 0,926 1,000
C12| UseToBa rama 0,04 0,07 0,10 0,719 0,713 1,000

®ue. 4.16. Mampuya 3a 83emaHe Ha peweHue npu CyeHapul 1. U32ned om npomomunsm Ha Cl1BP.
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Cnep, npunaraHe Ha MoAenbT Ha MogudUUMpaHMa MeToa Ha npeTerneHata cyma (2.13) Bbpxy maTtpuuaTa 3a

B3eMaHe Ha pelleHus, 3a CueHapwuii 1 1 3a CueHapuit 2, ce Noayyasa cnefHaTa Kaacauus Ha anTepHaTMBUTE, NMOKasaHa Ha

dur. 4.17.

A1-Dell

A2-Samsung

A3-MsI|

05

A1-Dell

A2-Samsung

A3-MSI

a) CueHapuin 1
®ue. 4.17. KnacupaHe Ha moHUmopume npu CyeHapuli 1 u CyeHapuli 2.

6) CueHapwuit

2

4.2.4. Pe3yntat OT YACNEHOTO TECTBaHe Ha KOMGMHMpaHMﬂ mMmogen Ha meToga Ha npeterneHarta Ccyma

Mpn CueHapuit 3, NPOMEHANKN HOPMaNN3aLMOHHATa TEXHMKA U BKIIOYBANKN TernoBuTe KoedULMEHTN 32 KOMMNETEHTHOCT

Ha J/IBP, maTpuuaTa 3a rpynoBo B3emaHe Ha pelueHue, Npuaobunsa pasnnyeH BUA, KaKTo e uatcTpupaHo Ha dur. 4.21.

©

AAMUHWCTPATOP & .J

060614eHa MaTPHLA Ha aNTEPHATHBHTE

Ternosn KoedULHEHTH 33 TeHepHPaHH OLEHKH 32 ANTEPHATHBMTE
BAXHOCT Ha KPHTEPHHTE Al A2 A3
KPHMTEPHM H 33 KOMNETEHTHOCT Ha JIBP Dell UZ724DE U3z2J590 MSI MEG 342C
NBP-1: NBP-2: NBP-3:
T Yosewxu | Codryepen | NIBP-1| NBP-2 | IBP-3 | JIBP-1| NIBP-Z | IBP-3 | JIBP-1| JIBP-Z | NIBP-3
Pecypod i
pyna 1: ®uHaHcoBK KpuTepun | 0,62

1 Lexa 0,19 0,07 0,03 0,367) 0,789/ 0,789

(2 | fapaHuua 0,16 0,12 U.mlﬂ,ﬂﬁ 0,426

(3 'KoHcymauwa Ha eHeprua| 0,11 0,07 0,230

pyna 2: [pMxXa 3a 3paseTo H... L . 0,40

(4 3awmTa Ha 3peHueTo 0,10 0,19 015 0,400{ 0,500 0,700} 0,300| 0,400| 0,500 0,600 0,750 | 0,950
C5 bron Ha HaknoH 0,04 0,07 0,05 | 0,348/ 0,652 0,652 0,574| 0,426 | 0,426 0,373/ 0,627 | 0,627
C6 | MopTpeTeH pexum 0,02 0,15 | 0,000/ 0,000 1,000§ 1,000/ 1,000 0,000} 1,000 1,000 0,000

Tpyna 3: TEXHHYECKH KPHTEPHH 0,55

(7 Pasmep Ha ekpaHa 0,09 0,08 0,20 | 0,267|0,200| 0,067 0,267| 0,200 0,333 0,133( 0,200 0,200
C8 Tun na nanena 0,08 0,06 0,10 | 0,267|0,267 0,133 0,267|0,200{ 0,067 0,133( 0,133 | 0,333
€9 Pesonwouus 0,09 0,06 0,10 | 0,267|0,200 /0,133 0,133|0,333|0,133] 0,067| 0,133 0,333
C10 YecToTa Ha onpecHaBaHe 0,04 0,06 0,05 | 0,456 0,544 0,544 0,728|0,272|0,272| 0,206 0,794 0,794
11| fipkoct 0,04 0,06 0,05 | 0,311/0,311 0,689 0,468| 0,468 | 0,532 0,508| 0,508 0,492
€12 Uigetosa rama 004 | 007 | 010 |o,4950,505 0,505] 0,499/0,501|0,501| 0,297 0,703/ 0,703

Gue. 4.21. Mampuya 3a 83emaHe Ha peweHue npu CyeHapuli 3, C 8KAOYEHU az2peaupaHu OYEeHKU o 2pynu Kpumepuu. N3z2aed om
npomomunvm Ha Cl1BP.
YcTaHoBeHUTE TeHAEeHUMM npu n3xoaHma CueHapuii 2 (arperpaHaTa oueHka Ha Al ga pacTe, 3a CMeTKa Ha Te3u Ha
A2 1 A3) ce NOTBBPXKAABAT U JOpY yBennyasaT npu CueHapuit 3, KoeTo BoAM A0 NPOMAHA B KNacaumaTa, Kato Al ycnsasa aa
HagMmuHe A3, KaKTO e NoKasaHo Ha Pur. 4.22.

06

0,4

02

A1-Dell

A2-Samsung

A3-MsSI

®ue. 4.22. KnacupaHe Ha MoHUmMopume npu CyeHapuli 3.

[BeTe MO,EI,VId)VIKaLI,VIVI Ce Cb4eTaBaT M AonbaBaT ycnewHo, TbI KaTo He cn npeyar, U3MbAHABANKM Cce Ha PasnnYHU

CTbNKKU OT aITOPUTbMa.

Asmopegepamu Ha oucepmavuu 2026 (8) 33-91



55 3opuwuria Arpecumora Jlumurposa

4.3. YucneHo TecTBaHe Ha moauduKaumuaTta, popmanmsmpalla reHepupaHe Ha KoepuumneHTy,
AaBaLLM NpeauMCTBO B O6LLOTO NpeacTaBaAHe Ha aaTepHaTUBUTE

Mpunoxumoctta Ha npeanoxeHata mopuébukauma Ha WSM u WPM, dopmanusmpalia reHepupaHeTo Ha Ternosu
KoebuumeHTH 3a anTepHaTuBuTe (BX. [Nasa 2, T. 2.3), e TecTBaHa Npwu 3ajaya 3a u3bop Ha codpTyepHa pamka 3a yeb

paspaboTKa.

4.3.1. CueHapum 3a TeCTBaHe

3a fa ce TecTBa NPUIOKMMOCTTA Ha NpeaoxKeHaTa MoaudUKaLmMa BbPXy ABaTa MeToAa, KaKTo 1 Bbpxy 0606LeHna mogen
Ha WSM, ca cbcTaBeHu Tpu cueHapua. CueHapuii 1 n CueHapuii 2 ce pa3suBaT B YCI0BMETO HA MHAMBUAYA/IHO B3EMaHe Ha
pelleHMe 1 UMaT 3a Len Aa uscneasat edpekta oT HOBOBbBeAEHUA TN KoedULMEHT Npu n3nonssaHe Ha metogute WSM un
WPM. 3a cpaBHeHME Ca U3NON3BaHU Pe3yNTaTUTE OT TPAAULNOHHUTE MeToan. PasnnkaTta mexay CueHapuii 1 u CueHapuit
2, e B NpoMAHAaTa Ha NpPeAnoYMTaHMATA KbM OMNUMUTE NPU KAOHOBUA KPUTEPUI, U3MON3BAH 33 Aa Aaje NPeaMMCTBO Ha
aNTepHaTUBMUTE, a CbLLO Taka M Npu onpeaeneHUTe KoOePpUUMEHTU 3@ BAKHOCT Ha OCTaHanute Kputepuu. CueHapwmAr,
M3Mos3BaH 3a TeCTBaHe Ha NMPUJIOKUMOCTTa Ha 06obuweHna mogen (CueHapuit 3) ce pa3BuBa B YC/I0BMETO Ha rpyrnoso
B3eMaHe Ha pelleHue. [apameTpuTe Ha 3afayaTta ce HaArpaxaar, Kato ce fo6aBAT owe ABa AOMbAHUTENHN KpUTEPUA —
eiMH MaTPUYHO NpeACTaBeH U eanH cybeKTUBEH.

4.3.2. dopmynunpaHe Ha 3aga4aTta 3a YNCNEHO TECTBaHe

3apaya 3a n3bop Ha pamka 3a pa3paboTka Ha yeb NpUNoKeHMA ce opasmepsasa NPV NbpPBUTE ABA CLEHapUA CbC cneaHuTe
napameTtpu: 6 antepHaTMeu, 1 nnue, B3emallo peleHune, o6Lo 3 KpuTepuma, KaTo 2 OT TAX Ce U3MO0N3BaT 33 OLEeHABAHeE, a
LpYyrus e 3a NpeauMCcTBO Ha anTepHaTUBUTE U ce aekomnosnpa o 3 onumn. Mpu CueHapuin 3, anTepHaTUBUTE Ce 3anasgar,
a JIBP ctaBat gBama. Kputepumte ctasaTt 5, 3a0TO ce uenm ga ce NOKPUAT BCUMYKM TUMOBE OLEHKWU, AONYCTUMU MNpu
0606LeHMA aNropuTbm. BCMUKKM TE3M BXOAHM AaHHK ca 06061wweHn B Tabavua 4.9.

Tabauya 4.9. Tunose Kpumepuu — 30 OYeHABAHE U 30 MpedumMcmaeo Ha anmepHamusume. KoeguyueHmu 3a 8axHOCM HA Kpumepuume,
onpedeneHu om JIBP, 30 mpume cueHapus.
KoeduumeHTH 3a BaXKHOCT Ha KpUTepumte
CueHapumii 1 CueHapwmii 2 CueHapwmii 3
JIBP-1 JIBP-2 JIBP-1 JIBP-2

Tun Ha KpUTEpUuUTe, CNPAMO NpPeaHa3HauYeHUETOo 1
CMPAMO HauyMHa Ha GOpMUpaHe Ha OLeHKaTa

Kputepun

1 |Esuk 32 nporpammpate 3a NnpeaMMCTBO Ha anTepHaT1eu/ MaTpuuHo ) ) ) )
npescTaBeH
2 |GitHub knacauus S GRS 0,60 0,27 026 | 0,10
YucneHo npeacraBeH
€3 |StackOverflow knacaums 3a ouennsare/ 0,40 0,73 017 | 032
YucneHo npeactaseH
ca  |Mokputve Ha codTyepHm 3a oueHABaHe/ . . 0,41 0.16
cnoese MaTpU4YHO NpeAcTaBeH
C5 JlekoTa 3a pabota 3a ouerinsane/ X X 0,16 0,42
CybeKTnBeH

Tbi KaTo Kputepuute Cl M C4 ca aedpuHMPAHM KATO MATPUYHO MpeacTaBeHU KpuTepuu, Te ce AeKomnosupaTt 4o
OnuMM, KaKTo e NokasaHo B Tabauua 4.10.

Tabauya 4.10. Mampu4Ho npedcmaseHu Kpumepuu (dekomno3upyemu 00 0nyuu), Usnon38aHu 3a 2eHepuUpPaHe Ha OYEeHKa uau 3a
2eHepupaHe Ha KoeguyueHm 3a NpedumMcmeo Ha aamepHamusume.

KoeduumeHTn / OLeHbYHN TOUKM 3a BaXKHOCT Ha onuuurte

CTOMHOCTM Ha onuuuTte

Kputepum n HanuuHute onuum CueHapumii 1 CueHapwii 2 CueHapuii 3
Al A2 | A3 | A4 A5 NBP-1 NBP-2 NBP-1 NBP-2
E3uK 3a nporpamupaHe
c1 |01 |[JavaScript 1 1 0 0 0 0 0,46 0,22 0,46 0,22
02 |Python 0 0 1 1 0 0 0,33 0,32 0,33 0,32
03 [PHP 0 0 0 0 1 1 0,21 0,46 0,21 0,46
MoKpuTHe Ha codTyepHU croese
04 |MNotpebutenckun nHtepdeic 1 1 1 1 1 1 X X 4 5
C4 |05 |KnueHTcKa norvka 1 1 0 0 0 0 X X 5 2
06 [CbpBbpHa noruka 0 0 1 1 1 1 X X 2 3
07 |PaboTa c 6a3a gaHHU 0 0 1 0 1 1 X X 2 1

Bb3 OCHOBa Ha OOEKTMBHWUTE HAaHHW OT Knacaummte Ha pamkute B GitHub n StackOverflow morat pa 6bapar
bopmupaHu oueHkn B CueHapuit 1 n CueHapuii 2. Mpu CueHapuit 3, upes U3pasaBaHe Ha NPeanoYMTaHNA OTHOCHO TAXHATa
nonsa WAW Bpeaa, Ce reHepupaTt CbOTBETHUTE OueHKM. [laHHuTe M 3a ABata Kputepua (C2 u C3), ca u3BneyeHu oT
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cneuunanusmMpaHms cant https://hotframeworks.com, KOMTO NpaBu CPaBHEHMUA MeXAY Pa3IMYHN PamMKKM 3a yeb paspaboTka

1 ca npeactaseHu B Tabanua 4.11.

Tabnuya 4.11. YucneHo npedcmaseHu Kpumepuu, cmoliHocmu 3a anmepHamusume u npedno4umaHus Ha J/IBP 3a nonesHocmma Ha
Kpumepuume npu CuyeHapuli 3.

CToiHOCTH 32 anTepHatusurte

Kputepumu A3 A4 A5 A6 l;::::f/it

Django Flask Laravel Symfony
C2: GitHub knacauus 99 100 89 89 90 81 benefit
C3: StackOverflow knacaums 97 87 97 83 93 86 benefit

Ternosute KoedpULMEHTU 3a KOMMNETEHTHOCT, KOWUTO Ca onpejesneHV 33 ABeTe AvLa, B3emally pelleHue, npu
CueHapwuii 3, ca nokasaHu B Tabamua 4.12.

Tabnuya 4.12. Teenosu KoeguyueHmu 3a KomrnemeHmHocm Ha JIBP, cnpamo omdesnHume Kpumepuu, usnonzeaHu npu CyeHapuli 3.

Koutepum Ternosu KoepuLMUEeHTU 32 KOMNETEHTHOCT Ha JIBP
A NIBP-1 /1BP-2

C1: E3uk 3a nporpamupaHe - -

C2: GitHub pelTuHr 0,70 0,30
C3: StackOverflow peiTuHr 0,45 0,55
C4: MNMoKputne Ha copTyepHM cnoese 0,80 0,20
C5: JlekoTa 3a paboTa 0,50 0,50

4.3.3. Pe3aynTtati OT UNCNEHOTO TeCcTBaHe Ha moaudUKauUATa Ha MeToAa Ha NpeTerieHaTa cyma

YucneHoTo TecTBaHe Ha mogudukaumaTa, dopmanusMpalla reHepupaHe Ha TernoBu KoedULMEHTH, Npu meToda Ha
npeterneHata cyma (CueHapuii 1), ce m3nbaHABa B npotoTuna Ha CMBP. MaTpuuaTa 3a MHOMBUAYANHO B3eMaHe Ha
pelueHune, BbpXy KOATO Ce NPOBEXAa eKCnepuMeHTa, e npeacraseHa Ha dur. 4.23.

|- JIBP-1 (Ctapiwu codTyepeH HHxXEHep) w OJ

WHAMBKAYANHA MaTPHLIA Ha ANTEPHATHBHTE

OueHKH 33 anTepHaTHBHTE [ KoedMLHEHTH 33 KOPHTHPAHE HA Pe3y/ITaTHTE.
Ternosn Mo anTepHaTHBH
KPHTEPHH KoepHUHeHTH
33 BaXHOCT Ha Al A2 A3 I A5 A6
KPHTEpHHTE React Vue.js Django Flask Laravel Symfony

KoedWLHEHTH 33 KOPUTMPaHe Ha Pe3yATaTHTe Ha aNTEPHATUBHTE
C1 | E3uK 3a nporpamupane -

OULEHKM 33 aNTePHATHBMTE
C2 | GitHub knacauus 0,60 0,99 1,00 0,89 0,89 0,90 0,81
C3 | StackOverflow knacayma 0,40 0,97 0,87 0,97 0,83 0,93 0,86

Gue. 4.23. Mampuya 3a uHOUBUOYanHO 83emMmaHe Ha peweHue npu CyeHapuli 1. U32ned om npomomunvm Ha ClBP.

3a pa ce gemoHcTpupa edpekTbT OT HOBOBbBEAEHUTE KOePULMEHTU, Ca U3UNCNEHM Pe3yNTaTV Ha anTepHaTUBUTE
cnpamo Kputepun C2 n C3, n3nonssaiku knacuyeckna WSM (1.3). KpaitHOTO KnacupaHe npu gsata meToaa e npeacTaBeHo
Ha dur. 4.24 (a, 6).

A1 A2 A3 A4 AS A6 A1l A2 A3 A4 A5 A6

a) Knacnueckn WSM 6) Moanduumpan WSM
due. 4.24. KnacupaHe Ha pamkume 3a yeb paspabomka npu CueHapul 1.

Mpu moanduumpanuat WSM pesyntatuTe ce KOpPWUrMpaT OT HOBOBbBeAEHUA KoedULMEHT, KOMTO M3passasa no-
ronAMOTO MpeanoyMTaHMe KbM e3unKa 3a nporpammupare Python, Ha KoiTo ce 6a3supa Flask, 3a cmeTka Ha PHP, usnonssaH
npw Laravel.
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4.3.4. Pe3ynTaTt OT YNC/IEHOTO TECTBAHE HA MoAUUKaLMATA HA MeToAa HA NPeTerneHoTo NnponusseaeHue

Mpwu CueHapuii 2, npegHa3HayeH 3a TecTBaHe Ha WPM, JIBP e maaawm coptyepeH uHxKeHep. ToBa o6ocHOBaBa NpomsaHa B
TernosuTe KoedULMEHTUN 33 BAXKHOCT Ha KPUTEPUUTE, KaTo Ce yBe/aMYaBa 3HAaUYMMOCTTa Ha Kputepua C3 — KnacaumsaTa Ha
StackOverflow. MpuunHata e, ye nnatdopmata e ocobeHO Mose3Ha 3a HaumHaewwm paspabotumun. Hapep c ToBa, ce
NPOMEHAT U NPEANOYNTAHMATA KbM U3MON3BAHUA NPOrPamMeH e31K, KOeTo BOAM A0 HOBU CTOMHOCTM Ha 1/)14".

C uen pa ce onpenenn BAMAHMETO HA HOBOBbBeAEHUTE KoedUUMEHTU BbpXY moguduumparmna WPM, ca usuncnenu

pesynTaTuTe Ha anTepHaTMBUTE M NO KAACMYECKUA METOZ, Ha npeterneHoTo npoussegeHue (1.7). CpaBHEHMETO mexay
KpalHOTO KAacupaHe Ha anTepHaTMBUTE NPU ABaTa METOAA € UAOCTPUpaHo Ha dur. 4.26 (a, 6).

A1 A2 A3 A4 A5 Ab A1l A2 A3 A4 A5 Ab

a) Knacnueckn WPM 6) Moguduumpan WPM
®ue. 4.26. KnacupaHe Ha pamkume 3a yeb paspabomka npu CuyeHapuli 2.
Habniofaasa ce cX0ACTBO B PE3y/TaTUTE MEXKAY PaMKUTE, U3MO3BALLM eANH U Cbll, MPOrpamMmeH e3uK (CbOTBETHO CbC
CXO4EH KoedUUMEHT), KaKTO M OTYETIMBM pPas3ivyvMa Npu pamKku, 6asvpaHyu Ha pPasAnyYHU e3uuu. Tesu pesyntatu
NOTBBbPKAABAT ePEKTUBHOCTTA M NPUIOKMMOCTTA HA MOANPUKALMATA U KbM METOAA HA NPETEr/ZIEHOTO NPOU3BEAEHME.

4.3.5. Pe3yntaTu OT YUUC/IEHOTO TecTBaHe Ha 0606LeHMA Moaen Ha MeToAa Ha NpeTer/ieHaTa cyma

CLI,EHapVIﬁ 3 “ma 3a uen Aa Tectsa NPUNOKMMOCTTA Ha HOBOBbBEAEHMUA, KOEd)MLIMEHT 3a NpegumcTBO Ha anTepHaTusuTe B
KOM6MHaLI,VIﬂ C Apyrmute aAse MO,D,Md)MKaLI,MM, KOUTO CbCTaBAT TakKa HapeyeHuAa B HactoAwMA Tpya — O606LIJ,EH mogen Ha

MeTo[a Ha npeTterjieHarta cyma.

[JaHHWTEe OT NONbAHEHUTE UHAMBUAYANHM GOPMYNAPU, 3aeHO c onpegeneHuTe ot JIBP KoedpuumMeHTH 3a BaxKHOCT
Ha KpuTepuuTe W onpepeneHuTe 33 TAX KoedUUMEHTU 33 KOMMETEHTHOCT, ca CTPYKTYpMPaHU B MaTpuua 3a rpynoso
B3eMaHe Ha pelueHue. U3rnepn Ha reHepupaHaTa maTpuua ot npoTotuna Ha ClMBP e npeactaseH Ha ®ur. 4.29.

(S sumerrr v @) |

06 MaTpHLa Ha

¢ 3 : 3a OueHKH 33 [ Koed 3a Ha
BaXHOCT Ha KOMNETEHTHOCT Ha Al A2 [§] M A5 A6
KPHTEPMM p JBP React Vuejs Django Flask Laravel Symfony
NBP1: | NIBP2: NBP1: | NIBP2:
Crapwx | Mnagwm Crapwx | Mnagwn | NIBP-1| NIBP-2 | NIBP-1| IBP-2 | NBP-1 JIBP-2| NIBP-1 NIBP-2 | NIBP-1| NBP-2| JIBP-1| JIBP-2
COPT. MHX. | COPT. HHX. | COQT. HHX. | COGT. HHX.

TH 33 KOPUTMPaHe Ha pe3yNTaTUTe Ha aNTepHaTUBUTE

C1 | E3uk 33 nporpamupaxe ‘ - ‘ N ‘ N ‘

OUeHKH 33 aNTEPHATHBUTE
GitHub knacauua 0,26 0,10 0,99 0,99 ) 1,00 1,00 0,89 0,89 0,89| 0,89 0,90 0,90 | 0,81 | 0,81
StackOverFlow knacauus 0,17 032 097|097 | 0387|087 097|097 083|083 093|093 086 0,386
MoKpuTUE Ha COGTYepHU CAIoeBE 0,41 0,16 0,45|0,35) 0,45/ 0,35) 0,40 0,45| 0,30| 0,40 | 0,40 | 0,45} 0,40 | 0,45
JNexora 3a pabota 0,16 0,82 085|030 075|032 070|055| 0,80 | 0,45 | 0,65| 0,95 0,54/ 0,85

I's]
~

o
&

o
=

=)
&G

due. 4.29. Mampuya 3a 2pynoso esemaHe Ha peweHue npu CyeHapuli 3. U32aed om npomomunbm HA cucmema 3a MoONomazaHe
83eMaHemMo Ha peuwleHus.

KnacmpaHeTo Ha anTepHaTMBUTE Cnes npunaraHe Ha o6o6ueHna moaen (3.3), e nokasaHo Ha dur. 4.30.

A1 A2 A3 A4 A5 A6

due. 4.30. KnacupaHe Ha pamkume 3a yeb paspabomeka npu CuyeHapul 3.
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Mpu rpynoBo B3emaHe Ha peleHue, ePeKTbT OT Kopurupawmte KoedUuMeHTU MoxKe Aa ce basnaHcupa oT
NPOTUBOMO/IONKHM NpeanounTaHna mexgy JIBP. Bbnpeku ToBa, BKAKOYBAHETO Ha MoauMdMKauMATa, OTYMTALLA
KOMMETEHTHOCTTa MO KpUTepuM, NO3BOMIABA Aa Ce OTPasM NO-TOAAMA TEXKECT Ha MHEHWETO Ha Mo-KomneTeHTHuTe JIBP,
KOEeTO B KpaliHa cMeTKa Bause Ha GMHANHOTO peLleHue.

KOMBVHMPAHETO Ha BCUYKM NpeanoXKeHn MoguduKaLummn B eguH 0606LEH anropuTbm € KaKTo Bb3MOMKHO, Taka U
ycnewHo. MpuunMHaTa 3a ToBa e, Ye BCAKA MOAMOMKALMA 3acara pas/iMyHU CTbMKM OT anropuTbmMa M He BbBeXAa
MaTeMaTUYeCKM OrpaHUYEHUsA, KOUTO Aa Bb3MNPENATCTBAT NPUAAraHeTo Ha OCTaHauTe.

3AK/TIOMEHUE — PE3IOME HA NONTYYEHUTE PE3Y/ITATU

BnarogapeHve Ha umMdposBM3auMATa, AHEC NOBeYe OT BCAKOra 40 Cera, € Bb3MOXHO 4a ce M3Mnonssa pasHoobpasue ot
MHOECTBO AaHHMW. 3a popmupaHeTo Ha MHGOPMMPAHO pelleHne e HeobxoAMMO Te3n AaHHWM aa ce obpaboTAT no
NoAxoAsAll, HauMH, 33 Aa MOXKe Aa MNONy4YuM CTPYKTypupaHa uHbopmaumsa, Ha 6asa Ha KOATO pa ce B3eme Hal-
NOAXOAALOTO pelleHne. B Tasu Bpb3Ka, HACTOALLOTO M3C/efBaHe € HaCOYeHO KbM METOAMTE U MOAE/IMTE 33 B3eMaHe Ha
pelieHue, BKA. pOPMMUPAHETO HA FPYNOBO peLleHue.

O6eKkTM Ha u3cnefBaHe B HACTOAWMA AMCEPTaLMOHEeH TPyA ca MeTofa Ha npeTerneHata cyma, mMeToga Ha
NpeTerneHoTo npoussefeHne u codTyepHUTE apXMTEKTYPM, C KOWUTO Te morat Aa 6baaT MHTErpuMpaHu B cuctema 3a
noanomaraHe B3eMaHeTo Ha pelueHue. [lgaTa MeToAa ca e4HWN OT Hal-NonyAspHUTE U GyHAAMEHTANHU NPEeACTaBUTENN Ha
OUEHbBYHUTE METOAM B MHOTOKPUTEPUANHOTO B3eMaHe Ha pelweHusa. C TeYeHUe Ha BpeMeTo Te, ca 6uaM pasBuBaHM ypes
pasnnyHn moguduraumm. TaxHaTa eBoAOLMA NOKa3Ba, Ye He ca 3abpaBeHun CTaTUYHU MeTOAM, a AMHAMMYHO ce aganTupat
KbM HOBM MPAKTUYECKM NOTPeBHOCTU. B pe3ynTtart Ha TOBa CTaBaT BCE MO-MbBKaBM, LWMPOKO MPUIOKMMMU U NOAXOAALWM A
ce MHTerpupart B CMCTEMM 33 NOANOMaraHe B3eMaHeTO Ha pelleHune. Kato codTyepeH MHCTPYMEHT 3a paLMOHaNHO B3eMaHe
Ha pelueHue, CMBP cneaga fa ce NPOeKTUPa B3eMaliku npeasuns GyHKLMOHANHUTE U3UCKBAHUA HAIOXKEHW OT aNrTOPUTMUTE
1 maTemaTudeckute mogenu. CoptyepHaTta apxmMTeKTypa ce onpeaesis OT CbYeTaBaHeTO Ha Pas3INYHK CTUI0BE U WabnoHK
B CbOTBETCTBME C HedyHKLMOHANHUTE W3UCKBAHWA Ha OpraHusaumaTa,  KaTo MHOPACTPYKTYPHU Bb3MOMKHOCTH,
TEXHO/IOMMYHMA OMUT Ha EKMMA, O4aKBaH Malab Ha M3MOoA3BaHE Ha CUCTEMATa U APYTU.

B HacToAWwMA gucepTaLMOHEH TPYA Ca ONMCaHU NpeasioKeHn moanduKauum Ha MeToda Ha npeTerneHaTa cyma m
MeToZa Ha MpeTerneHoTo npoussegeHue. Mbpeata moanduKaumna BbBeXK4a KOePULMEHTU 33 KOMMETEHTHOCT Ha JIBP 3a
BCEKM KpUTEPUM MOOTAE/NHO M Taka npeumsnpaHa BavsHWeTo Ha JIBP npu rpynoBo B3emaHe Ha peleHue. Bropara
moanduKauma Gopmannsmpa reHepupaHeTo Ha OLLEHKM KaTo CbyeTasa npeanountaHusta Ha JIBP ¢ 06eKTMBHM AaHHW U
TaKka peayumpa cybeKTMBHOCTTa M ynecHasa JIBP npu oueHABaHeTO Ha anTepHaTueuTe. TpeTata moanduKaumna BbBEXKAA
reHepuMpaHeTo Ha HOB TN KoedULMEHTH, Upe3 KOMTO MOXKe Aa Ce MOCTUrHE MOTUCKAHe WAKM YCWABaHe Ha arpermpaHuTe
pesyaTaTM Ha anTepHaTMBMTE M MO TO3M HAYMH Ce YA0BAETBOPABAT KPUTUUHM M3UCKBAHUA Ha 3agadyaTa. Pesyntatute ot
NPOBeAEHMTE EKCMEPUMEHTM NMOTBBLPMKAABAT, Ye BCUUKM NpPeaioxXeHn moanduKaLumm morat aa ce KoMBUHMPAT YCrewHo,
3a MeToAa Ha npeTerseHata cyma, B eauH o606wWeH anroputbm. PasinuyHMTEe KOMBMHAUMKM Mexay moaundukauuuTe
MO3BONABAT pe3ynTaTMTe Aa ce arperMpart no eguH ot 13 pasivyHu mogena — 9 ¢ MeTofa Ha mpeTerneHaTa cyma u 4 ¢
MeToAa Ha NpeTersieHoTo NpoM3BeseHue.

MpefnoXKeHn W NPOEKTUpaHW ca ABe PasAnyHM apxuTekTypu Ha CIMBP, yaoBneTBopsABaly NPOTUBOPEYUBU
HedYHKLMOHANHW U3UCKBAHWA Ha cucTemarta. [peasiokeHaTa TPUC/IOMHA apXUTEKTypa, CNefBa KAacMYecKus TPUCIOeH
apxuTekTypeH WwabsoH. M3bpaHo e Aa ce cnesBa MOHONUTEH apPXMTEKTYPEH CTUA CbC CUHXPOHHO YMpas/ABaH MOTOK Ha
cbbuTuaTa. Noaxoaala e 3a opraHuM3aLmMmn, KOMTO pasnonaraT cbC cOb6CTBEHA CbpBbpPHa MHPpPACTPYKTYpa. MpeanoxkeHaTa
6e3CbpBbpHA apXMTEKTYPa M3MO03Ba apPXMTEKTYPHUA WaboH Ha pa3npeaesneHn GpYHKLUMKU C aCUHXPOHHO yrpas/eHue Ha
noToka Ha cbbuTuATa. bnarogapeHve Ha ToBa ce MOCTUra BMCOKAa MalabupyemocT, MMHUMMANHA HEeoBXOaMMOCT OT
ynpasfieHue Ha MHOPACTPYKTYPa, KaKTO M MHOTFO BUCOKa aZlanTUBHOCT KbM AMHAMMYHW HAaTOBAapBaHUA. BCMYKO ToBa Npasu
6e3cbpBbpHaTa apxXMTEKTYpa NOAXOAALLA 3@ OPraHM3aLMKn, KOMTO pasymTaTt Ha obnadHu ycayrn u Tpabea ga obcny:kea
ronam 6poit nmoTpebutenn, Hanmpumep KOprnopatMeBHM UAM Ny6AMYHM. Bb3 OCHOBa Ha MpeAsioXKeHWTe U MPOeKTUPaHM
apXWUTeKTypu, ca paspaboTeHn npototunu Ha CMBP, ¢ KOMTO Aa ce TecTBa NPUAOKMMOCTTA KaKTO Ha NpeaNoXKeHuTe
MOAMOUKALMKM, TaKa U Ha CamuTe apXuUTEeKTypu. MpoToTMNWTe NPefoCTaBAT LEeHTPaAU3UPaHO ynpaBAeHUe Ha [aHHM,
OOCTbMHOCT OT BCAKA TOYKa, aBTOMATM3MpaHe Ha PYTMHHM Onepauum M MOAY/N 3a /IMHEEH aHa/iM3 Ha MeXAMHHWUTE

pesyntatu.
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Ha 6a3a Ha nosyyeHwUTe pe3ynTaT OT NPOBEAEHOTO TECTBAHE KAKTO Ha NMpeanoXKeHuTe MoaudUKaLMK, Taka U Ha
npeasoXKeHUTe apxMTEKTYPU 33 peasnsmpaHe Ha MOLEeNUTe 3a NoANOMaraHe B3EMaHETO Ha pelleHuns, MoXe eaHO3HAYHO
[0a Cce YCTaHOBM TAXHATA NPAKTMYECKA NPUIONKMMOCT, YPEe3 PeLLaBaHeTO Ha KOHKPETHW PeaiHKn 3a4a4u.

KaTo 6bA4eLLo pasBuThe Ha U3cnesBaHUATa, CBbP3aHN ¢ moanduKaummTe Ha MeToauTe 3a B3emaHe Ha pelueHue ce
naaHupaT cnegHute penHoctu: (1) TbpceHe Ha peleHMe 3a NPeofoNsBaHe Ha OrPaHWYEHMETO 3a Mpu/iaraHe Ha
moanduKaumata, dopmanu3npalla reHepupaHe Ha OLEHKM 3a anTepHaTMBUTE KbM MeToAa Ha MpeTerneHoTo
npousseaeHune; (2) KomMbUHUpaHe Ha BCUYKM MoaudMKauMM M 33 ABaTa MeToaa; (3) aganTvpaHe Ha npepoXKeHuTe
moandurKaumm KbM gpyru NogobHU meToam 3a B3emaHe Ha pelueHue.

MnaHupaHuTe AelHOCTM 3a 6bAewoTo pa3BuUTME Ha pa3paboTeHuTe npotoTMnM Ha CMBP ca cebp3anHm c: (1)
pa3paboTBaHETO MM KAaTO HANbAHO OYHKLUMOHMPALWO NPUAOXKEHME C aKaZeMUYHM LEenn KaTo eKCNepuMeHTH,
LEMOHCTpaumMmM u obyuyeHue; (2) peanusupaHe WAM UHTErpupaHe C BbHILIHA YyCAyra 3a HaArpaxgaHe Ha MperkoBaTa
CUrYPHOCT C oTopm3auma u otyeTHocT (AAA, Authentication, Authorization, Accounting); (3) uHTerpupaHe Ha areHTu c
W3KYCTBEH UHTENEKT KaTo BUPTYa/ieH eKCNePT M aBTOMATU3UPAHE Ha YacT OT aAMUHUCTPATUBHUTE 331a4N YPE3 Hero.

Pe3ynTtatute OT NpeacTaBeHOTO U3CneABaHe ca AOKNaABaHW Ha 4 mexAyHapoaHU KoHdepeHuun. Mo-ronama yact
OT pe3ynTaTv ca nybauMKyBaHu B o6WO 5 HayuyHW nybanKauum, Kato 1 OT TAX € B MEeXAYHAapO4HO Hay4yHO CcnucaHue.
Bcuukute 5 nybankaumm ca pedepupanHm U MHAEKCMPaHM B CBETOBHOM3BECTHA 6asa AaHHM C HayyHa MHbOopMaLMa Scopus,

KaTo 3 OT TAX ca B u3aaHuma c SIR.

nPMHOCU

Bb3 0CHOBA Ha MoAyYeHWUTe pe3ynTaTv, MoraT ga ce GopmMyanpaT crefHUTe NPUHOCHK:

1) NpepnoxeHa e MOAMOMKALMA HA aNropuTbma M MaTeMaTUYECKUTE MOLEM HA METOAA Ha NpeTersieHaTa cyma u
MeToZa Ha NpeTer1eHoTo Npou3BeeHne B yCAOBUATA Ha rPynoBo B3eMaHe Ha peweHue. MoanduKaumata otumTa
pasniMyHMTe 061acTM Ha KOMNETEHTHOCT Ha JIBP, upe3 BbBeXKAaHe Ha Ter10BN KoedULMEHTU 32 KOMNETEHTHOCT Ha
JIBP cnpAamo BCEKU OTAENEH KPUTEPUNA.

2) nMpepnoxeHa e moaudUKaLUMA Ha anNropuTbma 3a peasvsMpaHe Ha MeToAa Ha MpeTerjieHata Cyma,
bopmanunsmpalla reHepupaHe Ha OLLEHKM 33 anTepHaTMBUTE. BmecTo cybeKTMBHO onpegensHe Ha OLEeHKUTe ce
BbBEMX/AA MEXaHW3bM 33 CbyeTaBaHe Ha 0OEKTMBHWM AaHHW 33 anTepHaTUBMTE C NpeanoYMTaHuATa Ha JIBP, ypes
LEKOMMNOo3upaHe Ha Kputepuun Ao onuun. MoamduKaumata e BaAngHa 3a rpynoso U MHAMBUAYANHO B3eMaHe Ha
pelleHue.

3) NpegnoxkeHa e MognMdUKaALMA Ha aNTOPUTBMA U MAaTEMATUYECKUTE MOLENN Ha MeToAa Ha NpeTersieHaTa cyma 1 Ha
MeToZa Ha NpeTerneHoTo npovsseaeHne, Gopmannsnpalla reHepmpaHe Ha KoeduuMeHTH, AaBallim NPeaMMCTBO B
06LW0TOo NpeacTaBsaHe Ha anTepHaTueuTe. KoedpuumeHTUTe ce reHepmpaT CNPAMO KAOYOBU KpUTEPUU, N3NON3BANKM
CblMA MEXaHW3bM 33 [AEKOMMNO3MpPaHEe Ha KpuUTepuuTe A0 ONuUUM M CbyeTaBaHe Ha OOEKTMBHM [aHHM 3a
aNTepHaTUBMUTE C NpeAnoYnTaHmATa Ha JIBP. MoandukaumaTta e BanmaHa 3a rpynoBo U MHAMBUAYANHO B3eMaHe Ha
pelueHue.

4) MpepnoxkeH e 0606LWEH aNropuTbM U KOMBWHMPAHM MaTEMATUYECKM MOZENM, CbYeTaBally MNPeaNoXKeHUTe
moanduKaumm Ha agaTa meTofa. PasnmyHuTe KombuHauuMM No3BONABAT pesyaTaTuTe Aa ce arpervpat upes 13
pa3nnyHu moaena — 9 ¢ meToZa Ha npeTerneHaTa cyma u 4 ¢ meToAa Ha NpeTersieHoTo Npon3BeseHue.

5) nMpepnoxeHn ca Ae coPTyepHU apxUTEKTypu (TpuUcioliHa M 6e3cbpBbpHa) 33 peanusnpaHe Ha cucTema 3a
nognomaraHe B3eMaHeTO Ha pelleHWsa, YAO0BNEeTBOPABALM pPa3/IMYHU HedYHKUMOHANHU U3UCKBaHuA. [lseTe
APXUTEKTYPU AEMOHCTPUPAT Pas3IMYHM APXMTEKTYPHW CTUNOBE 33 peasnv3vpaHe Ha npeanoKeHute obobuieH
aNropuTbM U KOMBUHUPAHWUTE MATEMATUYECKM MOAEAN Ha MOAMPUUMPAHWUTE MEeToAa Ha npeTerneHaTa cyma u
MeToAa Ha NpeTerneHoTo NpousseneHue.

6) PaspaboTeHM ca ABa MpPOTOTMMNA Ha CUCTEMA 33 NoAnomaraHe B3eMaHeTO Ha pelleHMA B CbOTBETCTBUE C
npeanoxeHute codTyepHU apXMTEKTypWu, KaTo BKAKOYBAT M MOAYN 3a WHTepnpeTaums Ha pesynTtatuTe.
MpoToTMnMTE ca U3MN0/A3BaHU 3a YNC/IEHO TECTBAHE Ha NpeaioXKeHuTe mogubuKauum Ha MeTofa Ha npeTeraeHaTta
CyMa M MeToZa Ha NpeTerneHoTo NpounsBeseHne, KaTo yoeamuTenHo AeMOHCTPUpPaT TAXHATa NPUIOKUMOCT.
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