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ECONOMIC AND MATHEMATICAL MODELING IN BUDGETING

Introduction

Budgeting is an indispensable mechanism for orga-
nizations to allocate resources judiciously, set financial
priorities, and achieve fiscal sustainability. The integra-
tion of economic principles and mathematical models
empowers decision-makers to enhance the precision and
reliability of budgetary forecasts, thereby enabling more
informed and strategic financial planning.

Analysis of recent research and publications
and selection of unsolved parts of the general
problem. The integration of economic and
mathematical modeling in budgeting has witnessed a
surge in scholarly interest in recent years.

The analysis of scientific sources by such experts
as 0. Kuzmin, G. Tsehelyk, M. Yastrubskyy [1], Devajit
Mohajan, Haradhan Kumar Mohajan [2], Raquel
Sanchis [4; 5], Alfonso Duran-Heras and Raul Poler [4],
L. Canetta, R. Poler [5] and others [6-10] allows us to
state that economic and mathematical methods and
models provide the following opportunities:

— accurately and compactly state the provisions of
economic theory;

— formally describe the relationships between
economic variables;

—solve the problems of optimization of planning
and management, reflecting the specifics of production
processes;

—timely respond to changes in goals, resource
constraints, dependencies between parameters and
adequately adjust plans and management decisions;

—to obtain information about the facility and its
operation;

— to predict the object and its behavior in the future.

The current issue is to determine the possibilities
of business analytics based on the use of economic and
mathematical modeling tools to form an effective
budgeting system. For effective budgeting, it is worth
using modeling tools that allow enterprises to get a
better visualization of existing processes for effective
cost management and, accordingly, to identify
opportunities for their optimization, as well as to
provide a better understanding of the data obtained on
the current situation and future forecasts, which will

help to establish cooperation between different business
units and ensure more effective communication with
key stakeholders (beneficiaries, business owners, etc.)
in the context of providing.

A scrutiny of recent scholarly investigations and
published works [1-10] has brought to light that the
outstanding aspect of the overarching issue lies in
examining the potentialities for establishing a robust
enterprise  budgeting system within = Ukrainian
companies through the adept utilization of economic
and mathematical modeling tools.

The purpose of the article — analyze the
possibilities of forming an effective enterprise budge-
ting system based on the successful implementation of
economic and mathematical modeling tools for
Ukrainian companies.

Presentation of the main research material. The
convergence of economic theories and mathematical
modeling within the domain of budgeting constitutes a
critical nexus that demands rigorous exploration. As
budgeting remains a linchpin in the financial
management apparatus, the nuanced integration of
economic insights and mathematical methodologies
emerges as an indispensable facet in enhancing the
precision and efficacy of fiscal planning. This discourse
delves into the bedrock of economic and mathematical
modeling in budgeting, dissecting the essential
components, methodological  frameworks, and
implications for decision-making processes.

The effectiveness of the budgeting system at an
enterprise based on the use of economic and
mathematical modeling tools (Table 1) will improve
resource planning, including taking into account the
existing capabilities, priorities, needs and constraints of
a particular enterprise and its external business
environment.

During the review of modern approaches to the
formation of the enterprise budget management system,
a procedure for the formation of the budgeting system
was proposed [11].

Within the stages of budget development and
allocation of resources and monitoring of budget
implementation in real time, issues of allocation of
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Table 1
Economic and mathematical modeling in budgeting: key aspects
Key aspects Explanation of the aspect

Economic The economic underpinnings of budgeting involve understanding the macroeconomic environment,

foundations of | including factors such as inflation rates, interest rates, and overall economic growth. Economic

budgeting modeling aids in predicting the impact of these variables on revenue generation, enabling
organizations to make realistic projections for budgetary purposes.

Mathematical Various mathematical modeling techniques contribute to the robustness of budgetary frameworks.

modeling Time series analysis, regression analysis, and optimization models are among the key tools employed

techniques in economic and mathematical modeling for budgeting. These techniques enable the identification of
patterns, correlations, and optimal resource allocation strategies.

Revenue Accurate revenue forecasting is a cornerstone of effective budgeting. Economic models, coupled with

forecasting mathematical algorithms, facilitate the prediction of revenue streams based on historical data,
economic indicators, and market trends. This foresight enables organizations to establish realistic
revenue targets and mitigate the risk of budgetary shortfalls.

Expenditure Mathematical optimization models play a crucial role in expenditure planning. By considering

planning and | various constraints and objectives, these models assist in determining the optimal allocation of

optimization resources across different operational areas. This ensures that budgetary allocations align with
organizational goals and priorities.

Challenges and | While economic and mathematical modeling enhances the precision of budgeting, it is not without

considerations challenges. Data accuracy, model complexity, and the dynamic nature of economic variables pose
significant hurdles. Addressing these challenges requires a combination of advanced modeling
techniques, robust data governance, and continuous refinement of models.

financial decisions based on a thorough understanding

resources, operational improvements, optimization of
activities, etc. arose.

Economic and mathematical modeling enhance the
precision and effectiveness of these stages of budgeting
by providing tools to analyze, forecast, and optimize

of economic and financial processes (Table 2).

Taking into account the possibility of improving
the efficiency of the budgeting process at enterprises,
the authors suggest developing a model of the future
state of the process.

Table 2

Direction of application of economic and mathematical models in the process of budgeting (the stages of
budget development and allocation of resources and monitoring of budget implementation in real time)

Direction of
application of
economic and

mathematical models

Purpose and procedure of application

1 2
Forecasting Economic | Economic models help forecast key variables such as inflation rates, interest rates, and
Variables economic growth. These forecasts are essential for estimating future costs, revenues,

and overall financial conditions that can impact budget planning

Revenue Projection

Mathematical modeling is used to project future revenues based on historical data,
market trends, and economic indicators. Regression analysis and time series analysis
are common techniques to predict revenue patterns

Cost Estimation

Mathematical models assist in estimating costs associated with various activities,
projects, or programs. Cost functions are developed to understand how costs vary with
changes in different factors. This helps in setting realistic budgetary targets

Sensitivity Analysis

Mathematical models are used to perform sensitivity analysis, assessing how changes
in specific variables impact budget outcomes. This helps in identifying potential risks
and uncertainties in the budgeting process

Optimization

Mathematical optimization models are employed to find the best allocation of resources
to maximize desired outcomes while adhering to budget constraints. This is particularly
useful when there are limited resources and competing priorities

Scenario Planning

Economic and mathematical models enable organizations to create different scenarios
to assess the potential impact of various economic and financial conditions on the
budget. This helps in developing contingency plans and risk mitigation strategies

Resource Allocation

organizational objectives

Mathematical models aid in optimizing the allocation of resources across different
departments or projects, ensuring that the budget is distributed efficiently to achieve

33
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Ending of table 2

1

2

Decision Support

Economic models provide a framework for decision-making by evaluating the financial
implications of alternative courses of action. This helps in making well-informed
decisions that align with the organization's strategic goals

Budgetary Control

Mathematical models are used in monitoring and controlling budgets by comparing
actual financial performance against budgeted figures. Deviations from the budget can
be analyzed to understand the reasons and take corrective actions

Risk Assessment

Economic and mathematical models assist in assessing financial risks associated with
budgeting decisions. This includes identifying potential market risks, operational risks,
and external economic factors that may impact the budget

Systematized by the authors based on the results of the study [12-16].

In this case, the AS IS model is considered to be
the model provided in [11].

The TO BE model involves the integration of
economic and mathematical modeling tools at stages A2
and A3 (see figure). New elements (improvements) are
marked in red.

It should be noted that the use of economic-
mathematical modeling tools in budgeting will require

the involvement of specialists with appropriate
qualifications. The issue of involving relevant
specialists, detailing the models and determining the
responsible persons who make decisions based on the
results of modeling will be the subject of the authors'
subsequent research.
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Figure. Stages of budgeting system formation (TO BE model. Integration of economic and mathematical
modeling tools at stages A2 and A3) on the Ramus business process modeling platform in IDFQ notation

Conclusion

Economic and mathematical modeling in
budgeting represents a sophisticated approach to
navigating the complexities of financial management.
As organizations strive for greater precision and

foresight in resource allocation, the integration of
economic principles and advanced mathematical
techniques offers a powerful toolkit. The continuous
refinement of these models, coupled with advancements
in technology, promises a future where budgeting
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becomes not only a strategic necessity but also a of economic and mathematical models in budgeting.
dynamic and adaptive process in the face of evolving Machine learning algorithms, artificial intelligence, and
economic landscapes. big data analytics hold the potential to revolutionize the

The evolving landscape of technology and data accuracy and efficiency of budgetary forecasting and
analytics presents opportunities for further refinement  decision-making processes.
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Jlarumesa O. B., Yynpuna, 0. B. Ekonomiko-maTeMaTHuHe MO/IeJIIOBAHHS B 010/:KeTyBaHHI

CrarTs NpUCBSYCHA ONVLILY CYYacHHX ITiAXOJIB MOJEIIOBAHHS AJIs e(pEKTUBHOIO YIPABIiHHS OIODKETaMu MiANMPUEMCTBA. Y
CTaTTi JOCHI[KEHO IHCTPYMEHTapiii EeKOHOMiKO-MaTeMaTHYHOrO MOJCIIOBAHHS, SIKHM MOXE 3acTOCOBYBAaTHUCS B CHCTEMI
OO/KETYBaHHS. 3alpPOIOHOBAHO IMiJBUIIMTH C(QEKTHBHICTh Npolecy O/DKETYBAHHS IUIIXOM 3aCTOCYBAHHS IHCTPYMEHTApilo
E€KOHOMIKO-MaTeMaTHYHOTO MOJICTFOBAHHS Ha CTaIiAX po3pOoOKH OFODKETY Ta PO3MOALLY PECYPCiB, a TAKOXK Yy MPOIeci OFOKETHOTO
KOHTPOJIIO Ta MOHITOPUHTY. J1JIsl MiABUILEHHS HAOYHOCTI MPOLIEAYPH Ta Pe3yJIbTaTiB MOJICTIOBAHHSI IIPECTABIICHA Bi3yasi3aLisi Mo1esi
TO BE B Hotatiii (MoBi Monesoantst) IDFO Ha matdopmi «Ramus».

3a3HaueHo, Mo e()eKTUBHICT CUCTEMH OI0/KETYBAHH Ha ITiICTaBl BUKOPUCTaHHS IHCTPYMEHTAPil0 €KOHOMIKO-MaTeMaTHIHOTO
MO/ICIIFOBAHHSI JO3BOJIMTH MOKPAINUTH IJIaHYBaHHS BUTPAT PECYPCIiB 3 ypaXyBaHHSIM MOXKIUBOCTEH, IPIOPHUTETIB, HOTPed Ta 0OOMEKEHB
KOHKPETHOTO IIINpPUEMCTBA Ta IHOTO 30BHIMHBOrO Oi3Hec - cepemosumma. OOIPyHTOBAaHO HEOOXITHICTH BIIPOBAIKYBATH
iHCTpyMeHTapiii AipKuTasi3anii Ta eKOHOMIKO-MaTeMaTHYHOTO MOJISIIIOBAHHSI B CHCTEMI OIO/KETYBaHHS.

Meroro crarTi € aHaii3 MOXJIMBOCTEil (hopmyBaHHS [iifoBOI cucTeMu OIODKETYBaHHS MiJIPHEMCTB HA MiACTaBi yCIiIIHOT
IMIIIeMeHTaIi{ IHCTpyMEeHTapito eKOHOMIKO-MaTeMaTHYHOTO MOICTIOBAHHSI.

ABTOpH OpIEHTYIOTBCS Ha IIOTEHIIa]l BUKOPHUCTAHHS Oi3HEC-aHANITUKH SK pPe3yJbTaTy BUKOPHCTAHHS IHCTPYMEHTapilo
€KOHOMIKO-MaTeMaTHYHOT0 MOJIEIIOBAHHS U1 (OpMyBaHHs €()EKTHBHOI CHCTEMHU OFOIXKETYBAaHHS.
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VYV crarti apryMeHTOBaHO MOXJIHMBOCTI €()eKTHBHOTO BHKOPHUCTOBYBAaTH IHCTPYMEHTApil0 MOJCIIOBaHHS Yy Mpoleci
OIO/DKETYyBaHHs, L0 [03BOJSIE MiANPUEMCTBAM MPHUMATH SIKICHI YHPaBIIHCHKI pillIeHHs Ha MigCTaBi MPOTHO3IB, CLEHApIiB,
pexoMeHaniit ontuMizanii, Bizyaizarii HOTOYHHX NPOOIEMHHX CUTYamii TOIIO.

Hayroea Hosusna 0anoi cmammi noisieae 6 TOMy, 110 PEKOMEH/Iallil Ta BUCHOBKH, HaJlaHi aBTOPaMH, MOJKYTb CTaTH KOPUCHHMH
JUTSL BITYM3HSHUX HiANPUEMCTB B ICHYIOUMX YMOBAaX XOPCTKHX 0OMEXKEHb HasiBHUX PECypCiB, HECTadi BUIBHUX KOLITIB, ICHYIOUHUX Ta
HNOTEHLIMHUX PHU3UKIB. 3arajioM, Ll CTATTS € KOPUCHOIO JUI THX, XTO Oaxkae OUIbII JIETaJbHO O3HAHOMMTHCS 3 MOXJIMBOCTSMHU
BUKOPHCTAHHS IHCTPYMEHTAPIiI0 EKOHOMIKO-MAaTEMaTHYHOTO MOJICITIOBAHHS B CUCTEMI OIOIKETyBaHHSL.

Knouosi  cnosa: OwIDKETYBaHHS, IHCTPYMCHTapiii MOJEIIOBaHHS, CKOHOMIKO-MareMaTHYHE MOJCIIOBAHHS, METOJ
MOJICIIFOBaHHS, YIIPaBJIiHHS BUTPAaTaMU.

Latysheva O., Chupryna, Yu. Economic and Mathematical Modeling in Budgeting

The article is devoted to an overview of modern modeling approaches for effective management of enterprise budgets. The article
examines the toolkit of economic and mathematical modeling that can be used in the budgeting system. It is proposed to increase the
efficiency of the budgeting process by applying the tools of economic and mathematical modeling at the stages of budget development
and resource allocation, as well as in the process of budget control and monitoring. To increase the clarity of the simulation procedure
and results, a visualization of the TO BE model is presented in IDF0 notation (simulation language) on the Ramus platform.

It is noted that the effectiveness of the budgeting system based on the use of economic-mathematical modeling tools will allow
to improve resource expenditure planning taking into account the opportunities, priorities, needs and limitations of a specific enterprise
and its external business environment. The need to implement digitalization tools and economic-mathematical modeling in the
budgeting system is substantiated.

The purpose of the article is to analyze the possibilities of forming an effective enterprise budgeting system based on the
successful implementation of economic and mathematical modeling tools. The authors focus on the potential of using business analytics
as a result of using economic and mathematical modeling tools to form an effective budgeting system.

The article argues for the possibility of effectively using modeling tools in the budgeting process, which allows enterprises to
make high-quality management decisions based on forecasts, scenarios, optimization recommendations, visualization of current
problem situations, etc.

The scientific novelty of this article lies in the fact that the recommendations and conclusions provided by the authors can be
useful for domestic enterprises in the current conditions of severe restrictions on available resources, lack of free funds, existing and
potential risks. In general, this article is useful for those who want to learn more about the possibilities of using economic-mathematical
modeling tools in the budgeting system.

Keywords: budgeting, modeling toolkit, economic-mathematical modeling, modeling method, cost management.
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