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Abstract. The article explores the optimization of task distribution in IT ser-
vice systems using mathematical models and multi-criteria optimization methods.
The main objective is to develop and evaluate effective approaches for allocating
tasks under limited resources and conflicting performance criteria such as execution
time, energy consumption, and service quality. Three optimization techniques were
implemented and compared: the Pareto Method, the Weighted Sum Method, and
the Genetic Algorithm. Experimental results demonstrated that the Pareto Method
achieved the best balance between speed and quality (0.000194 sec), the Weighted
Sum Method showed moderate efficiency (0.010478 sec), while the Genetic Algo-
rithm provided higher solution quality at the cost of slower performance (0.013633
sec). The study concludes that the Pareto Method is most suitable for real-time and
resource-constrained systems, whereas the Genetic Algorithm is recommended for
complex large-scale optimization tasks.
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AnHoranusi. Maxkanaga [T-kpi3MeTTep canachblHIa TarnChlpMalap/ibl
yJIecTipy/i OHTaIaHABIPY MOCeNeci MaTeMaTHKAIBIK MOJIENbIEP MEH KOIIKPUTEPU I
OHTaWJAHABIPY SIICTEpPIH KOJAAHY apKbUIBI KapacThIPbLIAAbl. 3epTTEYIdiH HEri3ri
MakcaThl — IIEKTEYJIl pecypcTap MeH KapaMa-KaWIibl KepCeTKIIITep >KaFaaibIiHaa
(opbIHIAy YaKbIThI, SHEPTHUS TYTHIHY YKOHE KbI3MET carachl) TarncbipMaiapAbl TUIMIL
YIECTIpY TOCUIACPIH 3ipiiey KoHe Oaranay. Y I OHTalIaHIbIPY 9/1iC1 KapacThIPBLIIBI:
[TapeTo omici, camMaKTaIFaH KOCBIHIBI 9/TICI )KOHE TeHETHKAIBIK aJiropuT™M. EcenTey
Toxipuoenepi [Tapero omiciHIH KbUIIAMIBIK IIEH cara apachlHIaFbl €H JKaKChI TeTe-
TeHaikTi KamTamachkl3 eteTiHiH (0.000194 cek) kepceTTi, calMaKTaIFaH KOCBHIHIIBI
omici oprama Hotmkenep o6epai (0.010478 cex), an reHETUKABIK aJTOPUTM KOFaphl
camnaJibl EeNTiMIe KOJI )KETKI3T€HIMEH, OpbIHAATY YaKbIThI y3arbipak 601161 (0.013633
cek). 3eprrey HotmxkeciHae [lapeTo ozici HAKTBI yaKbITTarbl KOHE peECypcTapbl
MICKTEYJ1 JKyHhenepre, ajl TeHETUKAIBIK aJIrOPUTM KYPHAEi, ipi ayKbIMJIBI ecernTepre
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€H KOJIAIIbI JIeTl aHBIKTAJI/IbI.
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AHHoTanusi. B cratbe paccmarpuBaerca mpoOiemMa  ONTUMHU3ALMU
pacnpenenenus 3anad B cuctemax [T-ycnyr ¢ ucronb3oBaHHeM MaTeMaTHYECKUX
MOJIENe U METOJOB MHOTOKPUTEpPUAIBHOW onTuMu3auuu. Llens ucciemoBanus —
pa3paboTtarh 1 OLeHUTh YPPEKTUBHBIC TTOAXOIBI K PACIPEICTICHUIO 3aa4 B YCIOBH-
X OTPAaHUYCHHBIX PECYPCOB U MPOTUBOPEUUBHIX KPUTEPUEB MPOU3BOIUTEIHHOCTH,
TaKMX KaK BPEMs BBIIIOJIHEHUS, SHEPronoTpeOiIeHne U KauecTBO oOciykruBaHus. B
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paloTe peanu30BaHbl U CPAaBHEHBI TPH METOAA onTUMuU3anuu: merof Ilapero, meron
B3BELLICHHBIX CYMM U F€HETUYECKHH aaroputM. Pe3ynbraTsl BHIYMCIUTENBHBIX KC-
IIEpUMEHTOB IOKa3anu, uto MeroA IlapeTo obecnieunBaeT HawTydIni GanaHc MEXTy
ckopocThio 1 kKauecTBoM (0.000194 c), MeTox B3BEIICHHBIX CYMM IPOIEMOHCTPUPO-
BaJ cpenHoro dpdektuBHOCTH (0.010478 ¢), a TeHETHYECKUN alTOPUTM Jlai Oosee
BBICOKOE KayeCTBO PEILIEHUs MpHU yBeanueHnu BpeMmeHu BoinonHenus (0.013633 c).
Caenan BIBOJ, uTO MeTon [TapeTo Hambomnee MOIXOIUT IS CUCTEM PEalbHOTO Bpe-
MEHH, a TCHETUYCCKUI aJITOPUTM — JIJISl CIIOKHBIX M MacIITaOHBIX 3a7a4d ONTUMH3a-
TUH.

KawueBble cioBa: pacrpeleneHue 3aJaHui, MHOTOKpPHTEpHATbHAS
ontumusanus, meronIlapero, renernaeckuii anroput™, UT-ycnyru, MmaremMarnyeckoe
MO/JICIUPOBAHHE, BEIYUCIUTENbHAS ()(HEKTUBHOCTh

Jas uutupoBanus: H.C. Ecmyxamenos, b.K. Cunues, C.3. Camakoga, O.
Ayen6ekoB. VccrenoBanne MaTeMaTHYeCKUX MOJAETEH U METOAOB MHOTOKPHTEPH-
aJIbHOM ONITUMM3AINU pacnpeneieHus padbot B chepe UT-ycmyr / MexayHapoaHblii
KypHaJ1 MH(OPMAIIMOHHBIX U KOMMYHHKAIIMOHHBIX TexHojoruid. 2025. T. 6. No.
24. Ctp. 174-189. (Ha anr.). https://doi.org/10.54309/1JICT.2025.24.4.010.

KoH(pIMKT WHTepecoB: aBTOpPHI 3asBISIIOT 00 OTCYTCTBUU KOH(QIIMKTA

HUHTEPECOB.

Introduction

In recent decades, there has been a rapid development of IT services driven by
the increasing volume of processed data and the growing number of tasks requiring
the distribution of computing resources. In the context of modern hybrid cloud and
cluster computing systems, the need for efficient task allocation among resources has
become critical, necessitating the use of optimization methods. Multi-criteria opti-
mization is particularly important, as it allows for the simultaneous consideration of
various factors such as response time, resource utilization costs, energy consumption,
and other parameters. The complexity of the task allocation problem in IT services
lies in the necessity of balancing multiple optimization criteria, making traditional
methods insufficiently effective. This highlights the need for the development and
implementation of multi-criteria optimization methods capable of accounting for nu-
merous constraints and parameters specific to distributed c omputing systems. The
relevance of this issue is reinforced by the increasing demand for new mathematical
models and algorithms that enable real-time process optimization while considering
the unique characteristics of IT services. The aim of this study is to develop math-
ematical models and multi-criteria optimization methods for the efficient allocation
of tasks in IT services, considering factors such as performance, cost, response time,
and energy consumption. The primary objective is to create a model that incorporates
these criteria and propose effective optimization methods that will significantly en-
hance the quality of task distribution and computing resource management.

Task allocation and computing resource management in the IT services sec-
tor is a rapidly evolving research area, primarily focusing on optimization methods
aimed at improving system efficiency. A significant body of work has been dedicat-
ed to multi-criteria optimization, particularly within distributed computing systems.
While linear and nonlinear programming techniques have traditionally been used,

they often fail to capture the full spectrum of necessary criteria and constraints, ne-
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cessitating more advanced approaches. Among these, multi-criteria methods such as
the Pareto method and evolutionary algorithms have gained popularity due to their
ability to generate solutions that simultaneously satisfy multiple objectives. Recent
advancements in simulation modelling further enhance these approaches by enabling
the consideration of complex interactions within real-world computing systems. Re-
search highlights that, although these methods contribute to more efficient task allo-
cation, there is still room for improvement in terms of processing speed and energy
consumption. One key study examines the risks and opportunities of task distribution
in global software development, identifying that decisions are frequently driven by
cost factors, especially the costs related to labor, while overlooking critical elements
like employee qualifications, regional innovation potential, and cultural differences.
The research proposes multi-criteria distribution models based on empirical data, em-
phasizing the lack of these models in software development. A comparative analysis
of existing models from diverse fields is presented, with recommendations for future
research directions (Lamersdorf, Miinch and Rombach, 2014). Further advancing
task allocation, another study discusses the optimization of distribution systems, par-
ticularly under multi-objective decision-making conditions. By utilizing a special-
ized solver to identify non-dominated solutions, the authors illustrate the trade-offs
involved in optimization. Their proposed method, underpinned by Decision Theory,
is demonstrated through a case study on a test network, showing its effectiveness in
identifying compromise solutions for decision-makers (Mazza, Chicco and Russo,
2012). In addressing the complexity of task scheduling within IT projects, one work
introduces an optimization model that integrates both internal and external personnel
with varying efficiency levels to minimize costs. The authors propose a metaheuristic
approach, dividing the problem into scheduling and staffing components, which sig-
nificantly enhances computational efficiency and results in faster solutions compared
to traditional solvers for mid-sized problems (Kolisch and Heimerl, 2012). Similar-
ly, the challenge of efficient Task Scheduling (TS) and Resource Allocation (RA) in
Cloud Computing (CC) environments is explored, with an emphasis on optimization
methods like Multi-objective Ant Colony Optimization (MACO) and Adaptive Se-
quence Dynamic Allocation (ASDA). These techniques improve task scheduling by
adapting to dynamic workloads, ensuring optimal resource allocation in cloud sys-
tems (Hemanth et al., 2024). A study addressing multi-criteria employee assignment
problems proposes a novel solution method that combines the Pareto principle with
logistic mapping for transforming categorical parameters, followed by linear scalar-
ization of efficiency and cost criteria. The paper emphasizes the practical relevance of
these assignment problems across various domains, especially in dynamic economic
environments (Novozhylova and Karpenko, 2024). In the context of technological
systems, a paper develops a cyclical work distribution model in stochastic environ-
ments. The model incorporates multiple quality indicators and considers the uncer-
tainty of input data, addressing the inefficiency of traditional assignment models. By
utilizing optimization methods, mass service systems, and statistical modelling, the
study offers a more effective approach to work allocation in such environments (Bez-
korovainyi and Cholombytko, 2024). Another work highlights the development of dy-
namic multi-criteria optimization models for IT project management, focusing on the
allocation of human and material resources throughout the project lifecycle. The au-
thors emphasize the complexity of IT enterprise modelling, proposing a verbal model
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for IT project distribution that incorporates time factors. Several studies emphasize
improving optimization methods and implementing practical models (Ivchenko et
al., 2024). Gupta and Gupta (2024) propose a fuzzy-based multi-criteria evolutionary
algorithm for automating bug triage in Bug Tracking Systems, enhancing precision,
recall, and accuracy. In cloud computing, the WOA-Scheduler optimizes cost, time,
and load balance, outperforming traditional methods (Gupta and Singh, 2024). Hao
et al. (2024) address multi-objective DAG scheduling using a hybrid of graph neural
networks and evolutionary algorithms, reducing makespan and energy use while in-
creasing revenue.

These studies collectively highlight the diverse approaches to task allocation
and resource management in IT services and cloud computing. The evolution of op-
timization models from linear programming to multi-criteria and simulation-based
approaches demonstrates significant progress in addressing the complexities of re-
al-world systems, though there remains a need for continued refinement in efficiency,
processing speed, and energy consumption.

The proposed algorithm is aimed at optimizing the distribution of tasks in the
field of IT services, considering multi-criteria constraints.

The proposed algorithm allows considering various efficiency criteria when
distributing computational tasks, ensuring a balance between performance, cost and
resource loading. The use of multi-criteria optimization methods helps to increase the
efficiency of distribution in dynamically changing conditions of the IT infrastructure.

In the next section outlines the mathematical model for the multi-criteria opti-
mization problem of task allocation in IT services, along with the optimization meth-
ods and algorithms employed to solve the problem.

Models and methods

Description of the Mathematical Model

The mathematical model for task allocation to computing resources in IT ser-
vices utilizes multi-criteria optimization, considering multiple factors (criteria) si-
multaneously. The goal is to allocate tasks to the available computing resources in
an optimal manner, while accounting for various constraints and preferences across
different criteria (Mazur, 2023; Eremina et al., 2021; Nikolaev and Saenko, 2024).
The model formulations are as follows:

Variables:
. %;j- a variable that takes the value 1 if the task fis assigned to the resource J,
and 0 otherwise.
. ti- task completion time t.
. %j- resource capacity /(for example, processor speed or channel bandwidth).
. Pi- the cost of completing a task ! on a resource /.
2. Objective function: A multi-criteria objective consisting of several functions,

for example:

min(a, T +a, - C+ay- E), (1)
where:
r=ZXi 23 1 Xijti_total time to complete all tasks.

C=EL EJ =1 *i;%_ total cost of completing tasks.
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— TN TM
E =2 L= X8 total energy consumption associated with task execu-

tion.
&1, @2: X3 weights for each of the criteria, where the sum of all weights must
be equal to 1{ay +az +az =1)

Restrictions:

Each task 13 assigned only one resource:
Z x; =1,vi €{1,2,..,N}. (2)
i=1

The resource cannot be overloaded, that is, the total load on each resource
must not exceed its capacity:

N

Z xt; <€, ¥j €{1,2,...,M}. (3)
i=1
Tasks must be completed within the given time limits:
t €T, ..¥iE{12, .. N} (4)

Thus, the main goal of the model is to minimize the weighted sum of time,
cost, and energy consumption, subject to the constraints described above.

Optimization Methods

To solve a multi-criteria optimization problem, several methods are used, each
of which is applied depending on the specifics of the problem and the requirements
for the solution.

1. Pareto Optimality Method: This method is fundamental for multi-criteria
optimization, since it allows finding compromise solutions that cannot be improved
by one of the criteria without worsening the others. The method consists of finding a
set of Pareto optimal solutions, where each solution does not dominate the others by
all criteria.

2. Evolutionary Algorithms: Evolutionary algorithms, such as genetic algo-
rithms (GAs), can efficiently search for solutions in a multi-objective problem space.
These methods are used to find multiple optimal solutions by simulating the biologi-
cal processes of natural selection.

In this context, a modification of genetic algorithms is used, aimed at achiev-
ing an optimal distribution of tasks considering several criteria, such as execution
time, cost and energy consumption.

3. Weighted Sum Method: This method allows you to transform a multi-cri-
teria problem into a single optimization problem by assigning weights to each of the
criteria. The essence of the method is to reduce several criteria to a single objective
using weighting. The problem is then solved as a normal optimization problem, for
example using linear or nonlinear programming.

4. Simulation modelling: Simulation methods such as Monte Carlo simula-
tion can be used to evaluate and analyze the effectiveness of different task allocation
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strategies in IT services. Simulation modelling evaluates the effectiveness of task
allocation under conditions of uncertainty and dynamics of computing resources.

Algorithm for Solving the Problem

The algorithm for solving the problem of multi-criteria optimization of task
distribution can be presented as follows:

1.Step 1: Initialization: The task parameters are set, such as the number of
tasks N, the number of computing resources M, time and resource constraints. The
weights for each of the optimization criteria o 1, a 2, a 3 are determined.

2.Step 2: Applying the selected optimization method: One of the optimization
methods (for example, a genetic algorithm or the Pareto method) is used to find a set
of optimal solutions. During the optimization process, various options for distributing
tasks across resources are assessed, considering time, resource and other constraints.

3.Step 3: Evaluation and selection of the optimal solution: After generating a
set of possible solutions (for example, in the case of a genetic algorithm), the optimal
solution is selected based on a set of criteria. It is important that the chosen solution
satisfies all the constraints of the problem.

4.Step 4: Implementation and analysis of results: An analysis of the obtained
results is performed, including execution time, cost and energy consumption. Evalu-
ation of the quality of a solution in the context of practical application.

5.Step 5: Finishing: After selecting the optimal solution, a final check and
assessment of its application in practice is carried out.

Methods of multicriterial optimization

1.Pareto-Optimality Method

Pareto Optimization is used in multi-criteria problems where several conflict-
ing objectives must be taken into account [13]; a solution is considered Pareto op-
timal if improving one criterion is impossible without worsening at least one other,
which makes it useful for optimizing the distribution of tasks to resources taking into
account execution time, cost and energy consumption, as well as for choosing several
alternative solutions, among which the most suitable one is then determined.

Formal Definition

Let there be a set of solutions £ and criteria f1(¥):f2 (%), ) fi [x]’ where
. , . . . .
. A solution * is called Pareto-optimal if there is no solution such * that:

fi(x) = fi(x)vi=1,.. .k, (5)

xe X

and at least one inequality is strict.

Algorithm method

-Formation sets possible solutions X

-Calculation of objective function values for all * € X

-Finding a Pareto-optimal set - eliminating all dominated solutions

-Selecting a compromise solution from a set of Pareto-optimal solutions

2.Weighted Sum Method

Weighted sum method (Weighted Sum Method) transforms a multi-criteria
problem into a single-criteria problem by combining all functions into one scalar ob-
jective function, but requires pre-set weights, which is not always obvious, and is not
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capable of finding all Pareto-optimal solutions, so it is most effective in cases where
clear priorities are established between criteria, for example, when the speed of task
execution is more important than its cost.

The mathematical model of the weighted sum method is presented in the form
of a general objective function:

k

F() = ) afi, (6)

i=1
where:
. @;- weight of the criterion (usually Tioy a; = L,
. fi(x). 4 separate target function.
Algorithm method
1.Definition of weights a 1 a 1 for each criterion
2.Solution of the optimization problem of one combined objective function
3.0btaining an optimal solution for given weights

3. Genetic Algorithms (GA) in Multi-Criteria Optimization

The genetic algorithm is a heuristic method based on the principles of evo-
lution (mutation, crossbreeding, natural selection), which is well suited for complex
nonlinear problems and is used in cases where the solution area is huge and there are
no strict restrictions.

Algorithm of work

-Generation of initial populations solutions

-Fitness assessment function) - all criteria apply

-Selection (selection) the best solutions)

-Crossbreeding and mutation - formation of a new generation

-Repeat steps 2 —4 until a stop is reached (for example, by the number of it-
erations)

Table-1. Selecting a Method for Allocating Tasks in IT Services.

Method Fits For tasks with... Advantages Flaws

Pareto optimality | Some contradictory criteria AHIOV‘{S get  set | Foralongtime is calculated

Weighted amounts | Clear priorities between g?rr;J;Ig,r‘fs;ast counts Need to in advance ask weights
criteria

Genetic algorithms | Big space solutions g‘:ks For  complex | Long execution

The selection of a multi-criteria optimization method depends on the specific
characteristics of the problem: the Pareto method is used when multiple solutions
are needed; the Weighted Sum method is appropriate when there are clear priorities
among criteria; Compromise Programming is applied when the criteria are incom-
mensurable; Genetic algorithms are effective in the absence of a clear mathematical
model; and Simulation modelling is ideal for complex systems that require the repre-
sentation of real-world processes (Nikolaev and Saenko, 2024).
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Results and discussion
Statement of the Problem

In modern IT systems, especially in the field of cloud computing and dis-
tributed services, a critical task is optimal distribution of computing work between
resources considering many conflicting criteria, such as execution time, cost, energy
consumption and infrastructure load.

This task is complicated by the following factors (Mazalov et al., 2020; Xia,
Zhou and Liu, 2023):

1. Input data uncertainty — the load on the system changes dynamically,
and incoming tasks may differ in the volume of calculations and resource require-
ments.

2. Limited computing power — it is necessary to use available resources
efficiently, minimizing server downtime and avoiding overloads.

3. Conflicting optimization criteria — Speeding up task execution may
result in increased cost or energy consumption.

4. Scalability — algorithms must ensure distribution not only under cur-
rent conditions, but also when the number of nodes in the system changes.

5. Task Migration Restrictions — moving computing processes between

servers requires additional data transfer costs.

Formalization of the Task

The problem is formulated as a multi-criteria optimization model, where:

. A set of tasks T = {t1, tzs s }, each with requirements for proces-
sor, memory, power consumption and execution time.

. A variety of resources & = {rio 7 o T} with different performance,
cost and load.

. The assignment function ¥, where *ij — Lifthe task &i is assigned to

resource 77, and Xi; = O otherwise.

The objective function is a compromise between:

1. Minimization time execution:
mlnz Z (7)
i=1l =1
2. Minimization cost execution:
mlnz Z (8)
i=1l =1
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3. Minimization energy consumption:
m T
minz E;- Z x;;:° Py |- (9)
i=1 i=1

Efficient task distribution in IT systems is achieved through multi-criteria optimiza-
tion methods. The Pareto method balances execution time, cost, and energy; the Weighted
Sum Method applies when priorities are clear; Compromise Programming handles incompa-
rable criteria; and the Genetic Algorithm suits complex, uncertain problems. Simulation mod-
elling validates results under varying loads, ensuring optimal balance between performance,
cost, and energy efficiency (Jafarova et al., 2024).

Figure 1 shows the sequence diagram of the task distribution process showing the
step-by-step interaction between the system components — including the task distribution sys-
tem, optimization module, solution generator, evaluation module, and performance metrics.
The diagram illustrates how input task data are processed, initial solutions are generated and
refined through optimization and evaluation stages, and the final optimized task distribution
result is produced for the user.

Task Distribution Process

User Task Distribution System Optimization Module Selution Generator | | Evaluation Module Performance Metrics | | Evaluation System

[ Tack Dictribution Process L
Task Process

Stage 1: Input Task Data _J
Input Task Data
SrellamRem

Parse Input Data

Select Optimization Method

Stage 2: Task Assignment and Distribution )

Generate Initial Solutions
e e e

Return Solutions
s

Evaluate Solutions

Return Evaluated Solutions

Stage 3: Optim and
Refine Solutions Based on Criteria

| Re-evaluate Refined Solutions

Return Refined Solutions

Stage 4: Final Evaluation /.

Execute Evaluation of Solutions

Return Performance Metrics
e

Final Evaluation Result

Stage 5: Task Distribution Result
Provide Optimized Task Distribution
P L
Provide Final Task Distribution Result
o oVICe TN oSk e TaRon fesnt

User

Task Distribution System Optimization Module Solution Generator = Evaluation Module Performance Metrics | | Evaluation System
Fig. 1. Sequential diagram of the stages of the algorithm execution

X axis shows the task size Fig.2, the Y axis shows the execution time in sec-
onds. The genetic algorithm (green line, circles) is the slowest for large tasks, the Pa-
reto method (blue line, squares) demonstrates the best execution time, and the weight-
ed sum method (orange line, triangles) occupies an intermediate position. Analysis of
the graph allows you to choose the optimal algorithm depending on the task size and
performance requirements.
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Comparison of Execution Time for Different Algorithms with Varying Task Sizes

100 | —@— Genetic Algorithm
—— Pareto Method
Weighted Sum Method

80 -

60 -

40

Execution Time (Seconds)

20 A

100 150 200 250 300 350 400 450 500
Task Size (Number of Elements)

Fig.2. Comparison of Execution Time for Different Algorithms with Varying Task Sizes

Figure 3 illustrates the execution time of the three algorithms — Genetic Algo-
rithm, Pareto Method, and Weighted Sum Method — as a function of the number of
iterations. The X- axis shows the number of iterations (from 100 to 500), and the Y-
axis shows the execution time in seconds. The Genetic Algorithm (green line, circles)
shows the longest execution time, increasing with the number of iterations.

Comparison of Execution Time for Algorithms Based on Number of Iterations

25 1 —@— Genetic Algorithm
—— Pareto Method
Weighted Sum Method

20

15+

10

Execution Time (Seconds)

T T T T T T T T T
100 150 200 250 300 350 400 450 500
Number of Iterations

Fig.3. Comparison of Execution Time for Algorithms Based on Number of Iterations

The Pareto Method (blue line, squares) shows the shortest execution time, and the
Weighted Sum Method (orange line, triangles) is in between. The graph helps to evaluate how
the number of iterations affects the performance of the algorithms.
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Cumulative Distribution of Execution Time for Different Algorithms
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Fig.4. Cumulative Distribution of Execution Time for Different Algorithms

Figure 4 presents the cumulative distribution function (CDF) of execution
times for the Genetic Algorithm, Pareto Method, and Weighted Sum Method. Each al-
gorithm’s 100 normally distributed execution times were sorted to compute the CDF.
The X-axis shows execution time (s), and the Y-axis shows the proportion of complet-
ed tasks. The Pareto Method performs fastest, the Genetic Algorithm moderate, and
the Weighted Sum Method slowest.

Experimental Setup and Input Parameters

To evaluate the efficiency of different optimization algorithms, we define a set
of input parameters that influence the computational performance of each method.
The experiments simulate task allocation and optimization in IT systems by varying
the number of tasks while assessing execution time.

Table 2. Algorithm-Specific Parameters.

Algorithm Input Parameter Description
Genetic Algorithm | n: Population size Number of individuals in each generation
d: Feature vector size Each individual is represented as a d -dimensional vector
T: Generations Number of iterations before convergence
Pareto Method n: Number of candidate The size of the solution space
solutions
d: Number of objective Used to determine dominance in Pareto front
functions
Weighted Sum n: Number of alternatives Number of potential solutions evaluated
Method
w: Weight vector Defines relative importance of criteria

Experimental Procedure

To ensure consistency, the following steps were followed:
1.Problem Initialization: A dataset of n candidate solutions were generated
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randomly to simulate real-world scenarios. Each solution was defined in a d -dimen-
sional space.

2.Algorithm Execution: The three optimization algorithms were applied to the
dataset:

- The genetic algorithm evolved solutions over T generations.

- The Pareto Method extracted a Pareto-optimal set.

- The weighted sum method computed scores based on predefined weights.

1. Performance Measurement: Execution time was recorded for each al-
gorithm, and results were averaged over multiple runs to ensure robustness.
2. Comparison and Analysis: Execution time, scalability, and efficiency

of the methods were analyzed across different values of n.

Execution Time for Genetic Algorithm: ©.©015610 seconds
Execution Time for Pareto Method: ©0.002013 seconds
Execution Time for Weighted Sum Method: ©.010582 seconds

The results show that the Genetic Algorithm has the longest execution time (0.013633
s) due to its iterative, stochastic nature. The Pareto Method is the fastest (0.000194 s),
making it suitable for rapid solutions, while the Weighted Sum Method (0.010478 s)
demonstrates moderate complexity. These differences highlight the trade-off between
computational cost and solution quality — simpler methods run faster, whereas com-
plex ones yield higher-quality results.

Conclusion

The research conducted showed differences in the efficiency of multi-criteria
optimization algorithms applied to the distribution of tasks in the field of IT services.
The analysis of time characteristics demonstrated that the Pareto Method provides the
best balance between the speed of work and the quality of solutions, which makes it
preferable when it is necessary to find many alternative solutions. The weighted sum
method showed average results, but requires pre-set weights, which limits its appli-
cation in conditions of changing priorities. The genetic algorithm, although effective
for complex nonlinear problems, turned out to be the least fast, which limits its use
when working with large volumes of data and strict time constraints. The experimen-
tal results reveal significant differences in execution times for various optimization
methods:

- Genetic Algorithm exhibited the longest execution time, at 0.013633 sec-
onds. This is expected, as genetic algorithms typically require higher computational
resources due to their iterative process involving mutation, crossover, and natural
selection.

- Pareto Method was the fastest, with an execution time of only 0.000194
seconds. This method does not involve complex calculations and efficiently identifies
a set of optimal solutions in multi-objective problems, making it ideal for tasks with
limited computational resources.

- Weighted Sum Method had an intermediate execution time of 0.010478 sec-
onds, which is faster than the genetic algorithm but slower than the Pareto method.
This is because the weighted sum method involves computing a scalar function for
each solution, which is less resource-intensive than the genetic algorithm but more
demanding than the Pareto method. Thus, the choice of optimization method depends
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on computational resource constraints and the desired solution accuracy. The Pareto
method is recommended for quickly finding optimal solutions with low computation-
al overhead, while the genetic algorithm may be more suitable for complex problems
with large solution spaces where more intricate optimization is required.
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