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APPLICATION LINEAR PROGRAMMING AND OPTIMISATION METHODS
TO IMPROVE THE EFFECTIVENESS OF BUDGET EXPEDITURES
IN THE FIELD FINANCIAL SUPPORT THE MILITARY TROOPS

Background. The relevance of this article lies in the fact that, in conditions of limited resources, the optimal allocation of
financial resources is of great importance for the effective functioning of the state, including military units, as components of the
budget system. The purpose of this study is to apply linear programming methods in combination with modern technologies to
select the optimal allocation of resources to test a tool that will help institutions, including military units, use financial resources
more efficiently and achieve maximum readiness and capabilities with limited budgetary resources. The object of the research. The
object of study of this article is the process of financial support of military units as components of the state budget system.

Methods. In the course of the research, the following methods of scientific the following methods of scientific cognition:
logical, induction, deduction, classification, grouping - in the study and mechanism of financial support of military units; methods
of economic and mathematical modeling, linear programming, formalization - in the formation of the model, its testing on data and
development of proposals for its further application.

Results. The article considers the concept of a military unit from two main aspects: as a military unit and as a budgetary
institution managing budgetary funds. Linear programming and modelling methods are used with the help of computer tools and
in combination with modern technologies such as Python programming, Google Collaboratory, Jupyter notebook environment,
Gurobi optimization library. Based on the results of the study, a financial resource allocation scheme was formed that maximizes
the benefit from the use of a limited financial resource.

Conclusions. The article explores the possibility of using linear programming methods to determine the optimal allocation
of limited financial resources within a military organization among various activities required to meet a specific set of military unit
needs, with potential alternative options (groups of options). As a result of the model optimization, the predetermined capabilities
of the military unit were satisfied as follows: A — 100%, B — 0%, C — 71%, D — 90%, with the distribution of the financial resource
(budget) appearing as follows: A — 29%, B — 0%, C — 37.5%, D — 33.5%, model also ensures 100% utilization of the designated
financial resource.

Keywords: budget, defense expenditures, methods of multicriteria optimization, linear programming, efficiency of budget

expenditures, economic and mathematical modelling.

Background

Human endeavors to tackle various problems are almost
invariably geared toward discovering the optimal solution. To
identify the best choice among all possibilities, it becomes
imperative to address problems of maximizing or minimizing
certain quantities, that is, seeking the largest or smallest
values. Resource constraints often lead to issues of
optimization.  Optimization problems are frequently
encountered in practical domains where state and control
variables remain independent of time. Such problems are
referred to as static optimization tasks. Solving a static
optimization problem involves identifying independent
variables that are optimal based on certain predefined criteria.

Linear programming is widely employed in addressing
economic challenges, production planning issues, and the
management of operational production processes, among
others. In many instances, it proves advantageous to
transform nonlinear problem formulations into linear ones,
thereby leveraging the well-established mathematical
framework of linear programming. The essence of linear
programming (LP) is framed as follows: it entails determining
the maximum or minimum of a linear objective function, with
independent variables subject to a set of constraints, including
both equalities and inequalities. The number of constraints
can be arbitrarily large (Movchan & Stepanets, 2012, p. 115).

Despite certain idiosyncrasies stemming from the
distinctive nature of military operations, general economic
and financial principles are equally applicable in the domain
of financing military troops. To establish the definition of a
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military unit, which will serve as the foundation for this study,
it is worth examining the concept of a military unit from two
perspectives. Firstly, a military unit, as an organizational
entity, conforms to a standardized structure, operates with
dedicated personnel, and is tasked with specific missions. It
possesses the necessary resources and capabilities to fulfill
its designated functions. Secondly, from a fiscal standpoint,
a military unit functions as a budgetary institution in
accordance with Ukraine's budget legislation. It is
represented by its leader, duly authorized to receive
budgetary allocations, enter into budget commitments, and
execute budget expenditures.

Consequently, military units are to be regarded henceforth
as typical military organizational entities, encompassing both
the requisite resources and the means necessary to
accomplish their assigned tasks. In the context of this study,
we will endeavor to apply linear programming techniques in
conjunction with modern technologies to ascertain the optimal
allocation of financial resources to meet the operational
requirements of a standard military unit.

Literature review. Q. Meng in his study "Benefits
distribution and equity in road network" analysed various
applications of linear programming. Olayinka and Olusegun
studied the prospects of using the linear programming
method to maximise profits in the decision-making process
of an entrepreneur Oladejo and Abolarinwa confirmed the
effectiveness of using linear programming methods in the
project optimisation of enterprise profits and at the same
time minimising production costs, this study was conducted
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on the example of a bakery enterprise using AMPL software.
The methodology of using linear programming methods and
economic and mathematical modelling was formed in
textbooks, including those of domestic authors such as
A. Movchan, O. Stepanets, K. Mamonov and others. Certain
theoretical aspects of the assessment of state budget
expenditures are covered in the works of domestic scholars
such as L.Lysiak, V.Fedosov, K. Pavliuk, I. Marko,
A. Syzov, |. Lyutyi and others.

Methods

The core economic concept of linear programming
revolves around the examination of operations associated
with determining optimal values for linear variables while
operating within resource constraints. Concurrently,
mathematical reasoning regarding the interchangeability of
factors must always be harmonized with a logically sound
comprehension of the nature of the studied phenomenon
(Sungatullina, 2014, p. 388).

To address this problem, we will employ methods in
computer technology, automation tools, and Python
programming elements. The research will be conducted
utilizing Google Colaboratory, a cloud-based Jupyter
notebook environment. It operates within a web browser and
enables individuals with internet access to experiment with
machine learning and coding for artificial intelligence. This
platform allows users to write and execute Python code,
collaborate by sharing and editing code concurrently with
other team members, and comprehensively document the
entire process by consolidating it into a single notebook
containing rich text, charts, images, HTML, and LaTeX
(What is Google Colab?, b. d.).

The Gurobi library will serve as a pivotal tool for creating

(http://www.gurobi.com) is a high-speed mathematical
programming solver renowned for its ability to tackle various
optimization problems, including linear programming and
quadratic programming (The Leader in Decision Intelligence
Technology — Gurobi Optimization, b. d.).

Results

IT should be clear that there can be many different tasks,
operation concepts of military unit, but to in current
research we will try to model predefined example of military
unit. It should be noted that by changing the input data, it
is possible to further interpolate the model to similar
situations, and, if necessary, update the basic constraints
and the main function of the model and, thus, adjust its use
to the new situation.

Example Optimization Problem. Military unit, AO001,
should provide the abilities (A, B, C, D) in the next year.
Maintenance of the corresponding abilities requires the
expenditure of financial resources, namely: payment of
certain goods, works and services to maintain the
corresponding characteristics of the carrier ability. The limit of
the budget for the next year in the amount of 1 million hryvnias
was proved to the military unit.

The leadership of the military unit held a meeting at
which it was determined that certain measures must be
taken to maintain the capacity carriers at the proper level
(carrying out current repairs, modernization, etc.), was
created a list of all possible variants measures (from 01 until 28)
(purchase of materials, payment for services and works).
Weight coefficients were also determined for each measure
regarding their impact on the level of readiness of the ability
holder. All measures were organized in branches, for each
ability only one branch should be taken, shown in Fig. 1.

and subsequently optimizing the model. Gurobi
Ability *A* Ability *B* Ability *C* Ability *D*
Branch Ba1 Branch Bb1 Branch Bc1 Branch Bd1
Code | Totalprice | Weight | Code g::f: Weight | Code gr?g Weight | Code |Total price| Weight
1 290 000 0 10 190 000 0 16 [250 000 1 18 160 000 0
2 150 000 0 11 250 000 0 17 1300 000 1 19 120 000 0
3 170 000 0 12 460 000 0 20 60 000 0
4 60 000 0 13 450 000 0 21 55000 0
Branch Ba2 Branch Bb2 Branch Bd2
5 320 000 1 14 420 000 1 22 290 000 1
6 350 000 0 15 310 000 0 23 360 000 0
Branch Ba3 Branch Bd3
7 100 000 1 Code |Total price| Weight
8 190 000 1 24 260 000 0
Branch Ba4 25 420 000 0
9 [ 350000 [ 1 26 68 000 0
27 45000 0
Branch Bd4

28 220 000 1
29 215000 0

Fig. 1. All single measures (expenditures) divided into alternative groups (branches) aimed at ensuring abilities

In order to visualize the set tasks, the following graphic
representation of the model of a military unit was created,
in the structure of which there are several main abilities.
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Let's consider the conventional abbreviations that were
applied. A conventional abbreviations on the diagram is
shown in Fig. 2.
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Decision — A separate measure
must be taken to maintain the
Carrier's Abilities of its
characteristics

Decision to be
made

A group of measures
Ga1 must be taken to
maintain the Carrier's
Abilities of its
characteristics

Connector

—

weight coefficient
(importance) of the
carrier of the capacity,
depending on the
ability of which it
ensure, default = 1

Carrier Ability

Important

Binary information

Military unit

Fig. 2. Conventional graphic symbols used in the visual model of a military unit

The following stages were formed to solve the task

o determination of all Sets and indexes;

e determination of all Parameters;

e determination Decision Variables;

e determination Objective function;

¢ determination of all Constraints about Objective function;
Sets and indexes

¢ — index of carrier abilities (from 01 until 28);

n — max index of carrier ability;

ceC=1{1,..,n} (1)

m — index for each expenditure code (single measure);
d — max index of expenditure code;

meM={1,..,d} @)

b — index for each branch of measures in carrier ability;
z — max index branch of measures;
beB={1,..,z}. 3)

Parameters

K. — coefficient weight of the carrier ability with index c;

X — Single measure (expenditure code) which have such
fields: Price required, Weight coefficient, Price actual, index
of branch (b) to which this measure belong;

PrR m (Price required) — required budget of expenditure
code (single measure) with index m;

PrA m (Price actual) — actual budget for Single Measure
with index m;

Wm — Weight coefficient for single measure with index m;
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Y — Available year budget.

Decision Variables

PrA — optimal price for single measures (expenditure
code) which should be chosen;

b —branch of measures (expenditure code) which should
be chosen;

Objective function

max F = Y, CA..K, (4)
Constraints

PrA
CA = Xy W+ (PrR :)’ ®)
PrA (Price actual) — actual budget for Single Measure,
according to current financial support, PrR (Price required)
— required budget of expenditure code (single measure),
W — Weight coefficient for single measure:

PrA <= PrR. (6)

Price actual of single expenditure code must be always
less or equal to required price:

Y>35, PrA . 7)

The sum of all individual expenditure code (measures)
must be less than or equal to the year budget. To solve the
problem, computer technology methods, automation tools
and Python programming elements will be used. The work
will be carried out with the help of Google Colaboratory.
Python code and Gurobi library will be used to create the
model and its further optimization.
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A graphical visualization of the model military unit with 4 main abilities that require financial support is shown in Fig. 3.
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Fig. 3. A graphical visualization of the model of a military unit with 4 main abilities that require financial support
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Basic sets and indexes were created in the Google Colaboratory environment, shown in Fig. 4.

measures = range(1,30)
priceBudget = pd.Series([290, 150, 170, 60, 320, 350, 100, 190, 350, 190, 250, 460, 450, 420,
310, 250, 300, 160, 120, 60, 55, 290, 360, 260, 420, 68, 45, 220, 215],
measures, name = "Price_Budget_ (PrR)")
veightCoefficient = pd.Series([0.4, 0.4, 0.2, 0.2, 0.6, 0.4, 0.5, 0.5, 1.0, 0.2, 0.2, 0.2, 0.4,
0.6, 0.4, 0.5, 0.5, 0.4, 0.4, 0.1, 0.1, 0.6, 0.4, 0.4, 0.2, 0.3, 0.1, 0.7, 0.3],
measures, name = "Weight_coefficient_for_single_measure")
branchIndex = pd.Series(["Bal", "Bal", "Bal", "Bal", "Ba2", "Ba2", "Ba3", "Ba3", "Ba4", "Bbl", "Bbl",
"Bb1i", "Bbl", "Bb2", "Bb2", "Bcl", "Bcl", "Bd1", "Bd1", "Bd1", "Bd1", "Bd2",
"Bd2", "Bd3", "Bd3", "Bd3", "Bd3", "Bd4", "Bd4" ], measures,
name = "Index for branch in CA")

Fig. 4. Basic sets and indexes created in the Google Collaboratory environment using
the Python programming language

With the help of the Gurobi library, the basic model was created, also the basic function, condition for its maximization
and parameters were added to model, Fig. 5.

modelo = gp.Model()
x = modelo.addVars(measures, name = "Prica actual", vtype =GRB.INTEGER)

sumaA = modelo.addVars(4, vtype=GRB.BINARY, name="sum alternatives A")
sumaB = modelo.addVars(2, vtype=GRB.BINARY, name="sum alternatives B")
sumaD = modelo.addVars(4, vtype=GRB.BINARY, name="sum alternatives D")

modelo.update()
objetivo = modelo.setObjective(gp.quicksum(veightCoefficient[i]*(x[i]/priceBudget[i]) for i in measures), GRB.MAXIMIZE)

Fig. 5. The main optimization model created in the Google Collaboratory environment
using the Python programming language and the Gurobi Optimization library

The formulation of any optimization problem includes
conditions which characterize the acceptable values of the
variables, and are called constraints tasks. Constraints
contain equations of connection between dependent and

functional and parametric constraints in the form of
inequalities. Basic restrictions, such as the maximum
allowable budget, restrictions on the maximum value of
individual expenditures have been added, Fig. 6.

independent variables in the form of equations as well as

max_price_constraint = modelo.addConstrs((x[i]<=priceBudget[i] for i in measures), name="Price actual lover or equal to price required")
max_total_budget_constraint = modelo.addConstr(gp.quicksum(x[i] for i in measures)<=1000, name = "Max year budget")

#for A

modelo.addConstr((sumaA[0]==1)>>((x[5]+x[6]+x[7]+x[8]+x[9])==0))
modelo.addConstr((sumaA[1]==1)>>((x[1]+x[2]+x[3]+x[4]+x[7]+x[8]+x[9])==0))
modelo.addConstr((sumaA[2]==1)>>((x[1]+x[2]+x[3]+x[4]+x[5]+x[6]+x[9])==0))
modelo.addConstr((sumaA[3]==1)>>((x[1]+x[2]+x[3]+x[4]+x[5]+x[6]+x[7]+x[8])==0))

#for B
modelo.addConstr((sumaB[0]==1)>>((x[14]+x[15])==0))
modelo.addConstr((sumaB[1]==1)>>((x[10]+x[11]+x[12]+x[13])==0))

#for D

modelo.addConstr((sumaD[0]==1)>>((x[22]+x[23]+x[24]+x[25])+x[26]+x[27]+x[28]+x[29]==0))
modelo.addConstr((sumaD[1]==1)>>((x[18]+x[19]+x[20]+x[21]+x[24]+x[25])+x[26]+x[27]+x[28]+x[29]==0))
modelo.addConstr((sumaD[2]==1)>>((x[18]+x[19]+x[20]+x[21]+x[22]+x[23]+x[28]+x[29])==0))
modelo.addConstr((sumaD[3]==1)>>((x[18]+x[19]+x[20]+x[21]+x[22]+x[23]+x[24]+x[25])+x[26]+x[27]==0))

modelo.addConstr((sumaA[@] + sumaA[1] + sumaA[2] + sumaA[3]) == 1)
modelo.addConstr((sumaB[@] + sumaB[1]) == 1)
modelo.addConstr((sumaD[@] + sumaD[1] + sumaD[2] + sumaD[3]) == 1)
modelo.update()

modelo.optimize()

Fig. 6. The main and other auxiliary model calls created in the Google Collaboratory environment
using the Python programming language and the Gurobi Optimization library

Given the possibility of dividing the main (determining)
parameter in the model and the number of such options (29),
the number of possible existing allocations of financial
resources is estimated in thousands. Using the external

library of Gurobi Optimization, the calculation was
performed in just 2.4 seconds. In the absence of automation
elements in this project, a similar search could have taken
an incomparably longer period of time.
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Based on the results of model optimization, the following
distribution of limited financial resources between measures
was obtained (Fig. 7), which corresponds to the maximum

value of utility. Thus, based on predefined conditions and
restrictions, the following distribution between alternative
branches of expenditures is optimal.
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Fig. 7. Distribution of financial resources (budget) between single measures (expenditures),
created in accordance with the built optimization model in the Google Collaboratory environment
using the Python programming language and the Gurobi Optimization library

Total sum off all selected measures is 1 000 thousands
UAH, what is equal to year budget and accept main

constraint. Using formula (5), the percentage of meeting the
needs of each ability was determined, Fig. 8.

m Percentage of collateral

. 1.00 90
> 1,00 0,71 ’
[}
()]
©
€ 0,50
[
o
& 0,00 =
A B c D
Cariier ability

Fig. 8. Status of ensuring that the needs of each ability are met, in %

According to the results of the model optimization, the
following distribution of needs between the respective
abilities was formed: Ais 100 %, B—-0 %, C—-71, D — 90 %.
Under the condition of adjusting the limitations of the model,
itis possible to change the distribution of financial resources,
depending on the specific needs of an individual military unit
and the priority of the carriers of abilities, for example, there
may be weighting coefficients for all abilities or restrictions
on the minimum percentage of ensuring the needs of that or
of another bearer of abilities, in the above example, all
abilities were assigned a weight coefficient 1.

Discussion and conclusions

Summing up the above, the use of linear programming
and optimisation methods in combination with modern
computer technologies in the field of financial management
has great prospects, including in the field of financial support
of troops, because despite certain peculiarities caused by
the specifics of military activities, general economic and
financial principles are also valid in this area. Given the
possibility of dividing the main (determining) parameter in
the model and the number of such options (29), the number
of possible existing allocations of financial resources is
estimated in thousands. The use of linear programming and
optimisation methods in combination with modern computer
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technologies in this way ensures a significant minimisation
of the human factor, time savings in choosing the optimal
solution, the validity of the choice and the possibility of
further expanding the range of data at minimal cost. Further
research should focus on expanding the applied model
limitations and further automating the process.
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3ACTOCYBAHHSA METOAIB NIHINHOIO NPOrPAMYBAHHSA TA ONTUMI3ALIT
Ans NIOBULLEHHA EQEKTUBHOCTI BIOMXXETHUX BUOATKIB
Y COEPI ®IHAHCOBOI'O 3ABE3NEYEHHA BIMCbK

B ¢ Ty n. AkmyanbHicmb cmammi nonsizae 8 momy, W0 8 ymoeax o6mexeHocmi pecypcie onmumasibHuUli po3nodin ¢iHaHcosux pecypcie mae
8esiuKe 3HaYyeHHs1 Ons e¢heKmueHo20 hyHKUiOHy8aHHs1 Oep)xaeu, y MoMy 4ucsli gilicbkogux YacmuH siK cknadoeux 6rodxemuoi cucmemu. Memoro
docidxeHHs1 € 3acmocyeaHHsi Memodie NiHilIHo20 Npo2paMyeaHHs 8 MOEOHaHHI 3 Cy4acHUMU mexHoJ102isiMuU y eubopi onmumasnbHo20 po3nodiny
pecypcie 0nsi mecmyeaHHs1 iHcmpymeHmapito, sikuli ornomoixe ycmaHoeam 6inbw egpekmueHoO sukopucmoeyeamu gpiHaHcoei pecypcu i docsszamu
MaKcumasibHOi 20mogHocmi ma 3abe3ne4dyeamu CrIPOMOXXHOCMI Mpu o6MexeHux 6100xemHux pecypcax. 06‘ckmom docnidxeHHs € npoyec giHaH-
c0e020 3abe3nevyeHHs gilicbkoeux nidpo3dinie sik cknadoeux 6100xemHol cucmemu depxasu.

MeTonawn. Y npouyeci docnidxeHHsi Onsi supiweHHs1 NocmassieHuUx 3aeédaHb 8UKOpucmosyeasuch maki Memoodu HayKo8020 Mi3HaHHS: s102iy-
Hul, iHAykyil, dedykuii, knacudpikayii, 2pynyeaHHs — nid Yac eue4yeHHs1 ma MexaHi3my piHaHcoeo20 3abe3neqeHHs gilicbkoaux niopo3dinie; Memoou
€eKOHOMiKOo-MameMmamu4Ho20 Modesto8aHHs, JiHiliIHo20 Npoz2pamyeaHHs, ghopmarnizayii — nid 4ac ¢popmyeaHHs1 modeni, ii anpobauii Ha daHuUx ma
pPOo3pobrieHHs1 NPono3uyiil ujo0o ii NodasibWo20 8UKOPUCMAHHS.

Pe3ynbTartu. Po3ansHymo noHsmms eilickkogoi YacmuHu y 8ox OCHOBHUX acrekmax: sik gilickkoeol 0QuHuyi ma sik 6rodxemHoi ycma-
Hoeu, wo po3nopsidxkaembcsi 610dxemHUMU Kowmamu. BukopucmaHo Memoou niHiliHo20 npozpamyeaHHsi ma Modesto8aHHs1 3a AONOMO20I0 KOM-
n'tomepHux 3acobie ma y noedHaHHi 3 makumMu cy4yacHUMU mexHOJI02isiMu, ik npo2pamyeaHHsi Moeamu Python, Google Collaboratory, cepedosuwe
Jupyter, 6i6niomeka onmumizauii Gurobi. 3a pe3ynb 1 docnidxeHHs1 chpopMoeaHO cxemy po3nodiny ¢iHaHcosux pecypcie, sska MaKCcuMi3ye
su200dy 8id eukopucmaHHs1 06MexeHo20 ¢hiHaHCOB8020 pecypcy.

B v c HoBKku.[JocnidxeHo Moxnueicmb eukopucmaHHs Memodie NiHiliIHo20 npoapamyeaHHsi O/1s1 8U3Ha4Y€HHS1 ONMUMasibHO20 po3rnodiny o6-
MeXxeHux ¢hiHaHcosuXx pecypcie gilicbkoeoi op2aHi3ayil Mix piz3Humu eudamu dissnbHocmi, Heo6xiOHUMU Ornsi 3a0080J1eHHS] Me8HO020 Habopy nompeb
8ilicbKO8OI YacMUuHU, 3 MOXJIUBUMU albmepHamMueHUMU 8apiaHmamu (2pynamu eapiaHmis). Y pe3ynbmami onmumi3auii modeni 3a3daneziob eu-
3HayYeHi cipoMoXKHocmi 8ilicbkogol YyacmuHu 6ynu 3adososnieHi makum YuHom: A — 100%, B — 0%, C — 71%, D — 90%, eodHo4ac po3nodin ¢hinaHcoeo20
pecypcy (6r00xxemy) mae makuli suanso: A — 29%, B — 0%, C — 37,5%, D — 33,5%. 3aysaxumo, wo modesnb 3abe3sneyye 100% sukopucmaHHsi 8U3Ha-
4eH0o20 ¢hiHaHCOB8020 pecypcy.

Knio4yoBi cnoBa: 6dxem, 060poHHi sudamku, Memoou 6azamokpumepianbHOi onmumisayil, niHiliHe npoepamyeaHHs1, eghekmusHicmb
6r00xemHux eudamkie, eKOHOMiKO-MameMamuy4yHe MOOesIF08aHHSI.

ABTOp 3asBnsie NPo BiACYTHICTb KOHMNIKTY iHTEepeciB. CnoHcopu He Bpanu y4acTi B po3pobreHHi AocnigKeHHs; y 360pi, aHanisi 4u iHTe-
pripeTauii AaHnx; y HanucaHHi pyKonucy; B pilleHHi npo nybnikaito pe3ynbTaris.
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