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APPLICATION OF THE ANALYTICAL HIERARCHY METHOD
IN THE AREA OF DEFENCE EXPENDITURE MANAGING

Background. Optimisation of defence expenditures is critical for ensuring the combat capability of the military and
maintaining national security. Ukraine is increasing its expenditure on armaments and military equipment, which requires efficient
management of budgetary resources to achieve maximum impact. Effective management of budgetary resources is crucial not
only for ensuring the combat capability of military formations, but also for maintaining national security.

Methods. The article uses the AHP method with the use of pairwise comparisons and the Saaty scale to evaluate the criteria
within the BOCR concept (benefits, costs, opportunities, risks).

Results. The article develops a decision-making model based on the AHP concept to help in the evaluation and selection
of suppliers. The model evaluates suppliers using a set of criteria grouped into four categories: Benefits, Costs, Opportunities and
Risks (BOCR). Each criterion, such as price, product quality, delivery time and supplier reliability, was assigned a weight using a
pairwise comparison matrix based on the Saaty scale. The AHP approach allowed both quantitative and qualitative criteria to be
integrated into the decision-making process. After evaluating the three suppliers, Supplier 1 was identified as the most suitable
option with the highest BOCR of 1.033.

Conclusions. Theresearch conducted in this article has shown that the AHP-based decision-making model is an effective
tool for optimising defence expenditure and improving procurement processes. Through the application of the BOCR concept, the
model balances positive and negative factors, ensuring a transparent and efficient decision-making process. The use of pairwise
comparisons ensures consistency of judgement and allows decision makers to rank alternatives in a systematic way. The paper
emphasises the adaptability of the model to different operating environments: Microsoft Excel is used for data analysis and
implementation, but programming languages can also be used. The results of the study demonstrate that multi-criteria optimisation
methods such as AHP are valuable tools for optimisation in defence expenditure management, including the selection of suppliers
of goods, works and services.
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Background

Since the beginning of Russia's full-scale invasion in
February 2022, Ukraine has faced an unprecedented
challenge that requires a significant increase in military
spending. This includes the purchase of modern weapons,
ammunition, military equipment and personal protective
equipment. The conditions of hostilities and the scale of
operations require constant replenishment of stocks, which
significantly increases the volume of purchases.

In light of the ongoing threats to national security, Ukraine
has been forced to reconsider its attitude to the security of the
state, focusing on strengthening its defence capabilities. This
requires regular renewal and modernisation of the military
forces, which in turn increases the need for procurement of
the latest military equipment and machinery.

Significant military and financial support from international
partners, such as the US, EU and NATO, provides Ukraine
with additional resources to purchase the necessary
equipment. This allows Ukraine not only to maintain its
defence, but also to develop its military capabilities.

Ukraine is actively investing in the development of its
military-industrial complex, which includes the
modernisation of existing production faciliies and the
introduction of the latest technologies. This requires
significant financial investments, which are provided through
increased public spending on defence procurement.

It is worth noting that the economic stability of a country
in a military conflict largely depends on the ability of the
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state to ensure an adequate level of defence. Military
conflict forces the country to divert significant resources to
military needs, which affects the economic structure and
the state budget.

Thus, defence procurement has become critically
important for Ukraine, and a significant increase in defence
spending is necessary to ensure national security and
territorial integrity of Ukraine in the context of the current
military conflict. The issue of ensuring efficient and timely
provision of military needs and the selection of the optimal
supplier is becoming extremely important. The use of
decision support models can become one of the key tools
for military units to increase the efficiency and transparency
of the procurement process.

The choice of suppliers should take into account the
needs of the client and the company's ability to meet those
needs. Therefore, it is believed that the starting point for
the production and distribution process starts with the
supplier. Supplier selection encompasses a number of
variables that act as a filtering element, but by no means a
barrier to new suppliers. The problem of supplier selection
arises when the procurement process begins, whether
using current suppliers or looking for new suppliers. The
budget holder should consider the decision to select
suppliers based on several criteria. What distinguishes the
multi-criteria approach from traditional operational
research approaches is the concept of subjectivity. The
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same criterion can be analysed differently depending on
the decision maker who evaluates it.

Another advantage of multi-criteria decision support is
that it takes into account both quantitative and qualitative
criteria. As a comparison tool, multi-criteria analysis takes
into account different points of view, which is particularly
useful when drawing conclusions on complex issues.

The purpose of the article is to apply the method of
hierarchy analysis (AHP) to create a decision-making model
that will allow for optimal allocation of budget funds,
increasing procurement efficiency and meeting priority
needs within budget constraints.

Objectives of the article:

o todevelop and test a decision-making model using the
Analytical Hierarchy Process (AHP) method in the field of
defence expenditure management, namely, in the selection
of the optimal supplier of goods, works and services;

¢ to test this model on the basis of data close to the real one;

¢ to evaluate the effectiveness of using the AHP method
in the field of defence expenditure management under
limited budget.

Literature review. In his paper An analytical hierarchy
process based procurement selection method, lya Cheng
proposes to use the analytical hierarchy method to select
the best supplier offers, lya Cheng also describes the
possibility of using the Delphi method (expert evaluation
method) when selecting the best procurement offer,
according to the author, the use of the Delphi method
ensures an objective decision (Cheung et al., 2001).

The application of the value for money model based on
the analytical hierarchy process can also be found in the
works of E. Labrod and P. Morlacci.

Kerim Goztepe in his article entitled A Multicriteria
Decision Making Model for Military Logistics Using
Analytical Network Process (ANP) explores the complexities
of decision making in military logistics. The paper
emphasises the challenges associated with uncertainty,
rapid change and the need to consider multiple criteria

Process (ANP) as an effective method for optimising
logistics decisions in military operations. Due to the ability of
ANP to take into account interdependent criteria and provide
feedback, it is especially appropriate for comparing
alternative courses of action (COAs). The conclusions
indicate that ANP improves the quality of logistics decisions,
but requires specialised training to be used effectively
(Goztepe et al., 2013).

It is worth noting that the analysis of available
publications in Scopus shows that the scope of use of
multicriteria optimisation and hierarchy analysis methods is
constantly expanding.

Methods

The methodology of the article combines BOCR
methodology with the method of hierarchy analysis (AHP) to
optimise the allocation of defence expenditures. The
computational process was carried out using Microsoft
Excel to analyse the data, build pairwise matrices, and
calculate local and global priority vectors.

Results

The developed model of support for the decision of budget
funds managers based on the AHP method contributes to the
maximum satisfaction of users' needs by taking into account
various criteria and expert assessments. The model allows
systemising and analysing a large amount of data on potential
suppliers. The model can also be adapted to different
conditions and requirements, which ensures its flexibility and
versatility. Thus, the developed model was tested on test data
as close as possible to real indicators. Three suppliers were
evaluated according to certain criteria, such as price, product
quality, delivery time, etc. As a result, Supplier 1 received the
highest BOCR score (1.033).

Example Optimization Problem. Based on the analysis
of the paper conducted by the DOZORRO team, a list of
criteria other than price used by contracting authorities was
compiled (Transparency International Ukraine, 2021).

¢ — index of criterion (from 01..until 18);

n — max index of criterion;

simultaneously. The paper presents the Analytical Network ceC={1,..,n} (1
Table 1
List of non-price criteria grouped according to the BOCR methodology
Ne | Name group Name criterion
1. Benefits price
2. maximum possible volume of one delivery
3. after sales service
4. quality of packaging
5. product quality and compliance with technical specifications
6. product shelf life
7. environmental friendliness of production
8. Ukrainian production
9. Costs Communication and other related costs, including time costs
10. Costs of transport, paperwork, insurance (if necessary)
11. availability of spare parts for the product (item)
12. | Opportunities terms of payment
13. Supplier's experience in similar transactions
14. Availability of material resources and specialists at the supplier
15. | Risks Location of the supplier and difficulties in transport
16. Possible percentage of defects
17. Instability of the supplier, negative experience of cooperation
18. delivery time

The next step is to form a matrix of pairwise
comparisons, for which we have carried out a test
distribution of key indicators and their priority in relation to
each other within the group. Since the calculations used
test judgements, which were subsequently displayed in the
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form of a pairwise comparison matrix, the matrix
consistency coefficient was first calculated to ensure that
the estimates were consistent.

The weighting of the criteria was assessed by analysing
the preferences based on the Saaty scale of relative
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importance. The basic scale ranges from 1 to 9, where 1
indicates the equivalence of two elements, i.e. no preference
for one over the other, while 9 indicates the absolute
preference of one element over the other. It is important to
emphasise that reciprocity is assumed in comparisons: if the
decision-maker determines that criterion A has a value of 3
relative to criterion B, then the value for B relative to A will
be 1/3 (Saaty, 1987).

When the number of pairs compared is large, there is a
risk of illogical or contradictory conclusions due to possible
errors. The priority(PR) for each row is calculated by dividing
the geometric mean of each row by the sum of the geometric
mean of all rows.

Random Index (RI)

n 1 2 3 4 5 6 7

8

The assessment of the consistency of comparisons is
evaluated using the coefficient of consistency (CR), which is
calculated for each pairwise comparison matrix (formula 2-3).
The condition under which the results of the survey
(comparison) will be considered consistent is the following
calculation.

IC = Smax =S

s-1 &)
Ic
CR= -, 3)

where IC- consistency index; 6(max ) — is the maximum
eigenvalue of the matrix; s is the order of the matrix; Rl is a
random index (Fig. 1).

9 10 11 12

13

RI 0.00 000 058 090 1.12 1.24 1.32

1.41

145 1.49 1.51 1.48 1.56

Fig. 1. Random index

The condition under which the results of the survey
(comparison) will be considered consistent is the following
calculation, according to which the value of the coefficient of
consistency is in the range from 0 to 0.10 (10 %).

Microsoft Excel was used to create matrices of pairwise
comparisons and other calculations (Figs. 2-5).

Ranking Benefit 1 2 3 4 5 6 7 8 | SUM | GEAOMEAN| PR Amax IK CR
0,290 1 1,00 | 9,00 | 3,00 7,00 1,00 5,00 | 9,00 | 9,00 [ 44,00 4,07 0,31 8,362 | 0,052 0,037
0,033 2 0,11 1,00 | 0,17 1,00 0,13 0,25 | 2,00 | 0,33 | 4,99 0,37 0,03
0,155 3 033 | 6,00 | 1,00 5,00 0,17 3,00 | 4,00 | 4,00 | 23,50 1,72 0,13
0,031 4 0,14 | 1,00 | 0,20 1,00 0,11 0,25 | 1,00 | 1,00 | 4,70 0,40 0,03
0,303 5 1,00 | 8,00 | 6,00 9,00 1,00 5,00 | 8,00 | 8,00 | 46,00 4,39 0,34
0,117 6 020 | 4,00 | 033 4,00 0,20 1,00 | 4,00 | 4,00 | 17,73 116 0,09
0,028 7 011 | 0,50 | 0,25 1,00 0,13 0,25 | 1,00 | 1,00 | 4,24 0,37 0,03
0,044 8 0,11 | 3,00 | 025 1,00 0,13 0,25 | 1,00 | 1,00 | 6,74 0,47 0,04
1,000 SUM 3,01 [ 32,50 | 11,20 29,00 2,85 15,00 [ 30,00 [28,33|151,89 12,95
Fig. 2. Ranking of the list of "Benefits" criteria
Ranking |Opportunities 1 2 3 GEAOMEAN PR Amax| IK | CR
0,134 1 1,000 | 0,500 | 0,250 0,500 0,136 3,018 0,009 /0,016
0,255 2 2,000 1,000 | 0,333 0,874 0,238
0,611 3 4,000 | 3,000 | 1,000 2,289 0,625
1,000 SUM 7,000 | 4,500 | 1,583 3,663 1,000
Fig. 3. Ranking of the list of criteria "Opportunities"
Ranking Costs 1 2 3 SUM GEAOMEAN| PR |[Amax| IK CR
0,162 1 1,000 0,500 | 0,333 1,833 0,550 0,163 [ 3,009 10,005 0,008
0,309 2 2,000 1,000 | 0,500 3,500 1,000 0,297
0,529 3 3,000 | 2,000 | 1,000 6,000 1,817 0,540
1,000 SUM 6,000 3,500 | 1,833 11,333 3,367
Fig. 4. Ranking of the list of criteria "Costs"
Ranking Risks 1 2 3 4 GEAOMEAN| PR [Amax| IK CR
0,072 1 1,000 0,200 | 0,333 0,333 0,386 0,07514,101]0,034] 0,037
0,501 2 5,000 1,000 [ 3,000 4,000 2,783 0,541
0,244 3 3,000 0,333 | 1,000 2,000 1,189 0,231
0,183 4 3,000 0,250 | 0,500 1,000 0,783 0,152
1,000 SUM 12,000 | 1,783 | 4,833 7,333 5,141

Fig. 5. Ranking of the list of criteria "Risks"
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According to the calculations shown in Figs. 1-4, the
coefficients of consistency range from 0 to 0.10 (10 %): for
the Benefit group, the coefficient of consistency is 0.037; for
the Cost group, 0.008; for the Risks group, 0.037; and for
the Opportunities group, 0.016.

Therefore, the coefficients of consistency for all groups
of criteria are within the permissible limits.

The next step is to rank the criteria, and the results of the
criteria ranking are shown.

Group "Benefits™:

Price — 0.290;

Maximum possible volume of a single delivery — 0.033;

After-sales service — 0.155;

Packaging quality — 0.031;

Product quality and compliance with
specifications — 0.303;

Product shelf life — 0.117;

Environmental sustainability of production — 0.028;

Ukrainian production — 0.044.

Group "Costs":

Communication costs and other related expenses,
including time costs — 0.162;

Transportation, documentation, and insurance costs (if
needed) — 0.309;

Availability of spare parts for the product (item) — 0.529.

Group "Opportunities":

Payment terms — 0.134;

Supplier experience in similar operations — 0.255;

Availability of material resources and specialists at the
supplier —0.611.

technical

Group "Risks":

Supplier's location and transportation difficulties — 0.072;

Possible defect rate — 0.501;

Supplier instability and negative cooperation experience
—0.244;

Delivery timeframes — 0.183.

The next step is to test the AHP method on data. To test
the AHP method on the test data, three suppliers (names:
Supplier1, Supplier2, and Supplier3) were formed to supply
a certain product with certain characteristics, and evaluation
matrices were created according to certain criteria.

One of the last steps of the Analytic Hierarchy Process
(AHP) involves calculating a vector of global priorities for the
alternatives and selecting the best one. This step
synthesises the scores for all the criteria to determine the
most appropriate option. To do this, a local priority matrix is
built, where each element reflects the relative importance of
the alternative according to a particular criterion. The global
priority vector is determined by multiplying the local priority
matrix of alternatives by the local priority vector of criteria.

In this context, the local priorities of the alternatives
describe their performance on each individual criterion,
while the local priorities of the criteria indicate the relative
importance of each criterion in the overall decision. The
product of these two matrices yields a global priority
vector that ranks the alternatives according to their
overall score across all criteria. The alternative with the
highest value in the global priority vector is identified as
the best choice (Fig. 6).

Title Benefits Costs Opportunities| Risks
Supplierl 0,605 0,589 0,645 0,642
Supplier2 0,286 0,298 0,242 0,245
Supplier3 0,109 0,113 0,113 0,113

Fig. 6. Results of calculating the global vector for three suppliers

The final step is to calculate the BOCR score and build
a hierarchical diagram. The optimal option is the one with
the highest BOCR score.

The BOCR formula is used to evaluate alternatives by
considering four key factors: Benefits (B), Opportunities (O),
Costs (C), and Risks (R). The calculation is performed using
the following formula:

BOCR = (B*0)/(C*R) @)

This approach allows for a comprehensive assessment
of each alternative by taking into account both positive
aspects (benefits and opportunities) and negative ones
(costs and risks). Benefits represent the advantages an
alternative provides, while opportunities reflect its potential
for growth or improvement. Costs encompass the resources
required to implement the alternative, and risks denote
uncertainties and threats associated with the decision.

Alternative

BOCR

Supplier1

1,033

Supplier2

0,946

Supplier3

0,963

Fig. 7. Results of calculating alternatives using the BOCR methodology

The analysis of the hierarchical diagram of the BOCR
assessment of alternatives allows us to draw conclusions.
Supplier 1 received the highest BOCR score of 1.033, which
indicates the efficiency and stability of this supplier, as well
as its ability to provide high quality services and products at
minimal risks and costs. Supplier1 is the best alternative
among the three considered suppliers.

Discussion and conclusions

Based on a comparison of the advantages and
disadvantages of the methods, the AHP method was chosen
to solve the supplier selection task. This method allows
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breaking down a complex task into simpler components,
integrating different types of criteria into a single model, and
assigning weights to the criteria according to their
importance. Since the calculations used test judgements,
which were subsequently displayed in the form of a pairwise
comparison matrix, the matrix consistency coefficient was
first calculated to ensure that the estimates were consistent.
All the results were positive and allowed for further
calculations. The analysis of the BOCR hierarchy diagram
allows us to conclude that Supplier1 is the best alternative
among the three suppliers considered. This supplier
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provides an optimal balance of benefits, opportunities, costs
and risks, which makes it the most attractive for further
cooperation. The developed model of decision support for
budget managers based on the AHP method contributes to
the maximum satisfaction of users' needs through a
transparent decision-making process, taking into account
various criteria and expert assessments.

Authors’ contributions: Serhiy Dyachenko — data validation,
writing (revision and editing); Oleksandr Artiushenko —
conceptualisation, formal analysis, software, methodology, writing
(original draft).
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3ACTOCYBAHHA METOAY AHANITUYHOI IEPAPXI
Y COEPI YNIPABNIHHA OBOPOHHUMW BUOATKAMU

B ¢ Ty n. Onmuwmi3ayis 060poHHUX sudamkie KpUMUYHO eaxxuea Onsl 3abe3nevyeHHs1 6oe30amHocmi gilickkoeux ghopMyeaHb ma nidMpuUMKU
HayioHanbHoiI 6e3neku. Ykpaina 36inbuye eumpamu Ha 036po€eHHsI ma 8ilicbKogy mexHiKy, ujo suMazae egheKmueHo20 yrnpasesliHHs1 6100KemHuUMu
pecypcamu Onsi 00csi2HeHHsI MakcuMasnbHoi eiddayi. E¢gpekmueHe ynpaeniHHs 6100)KemHUMU pecypcaMu Mae eupiwanbHe 3HaYeHHs1 He suwe Onsi
3abe3neyeHHss 6oe3damHocmi silickkogux ghopMyeaHb, a U Onsi nidmpumaHHs1 HayioHanbHOI 6e3neku.

Me T o au.YcmammieukopucmaHo memod AHP i3 3acmocyeaHHsIM napHuUX nopieHsiHb ma wkanu Caami Ans oyiHo8aHHs1 Kpumepiie y Mexax
koHuyenuyii BOCR (su2odu, eumpamu, MOX/1ueocmi, pusukuy).

Pe3ynbTaTtu. Y mexax docnioxeHHss 6yno po3pobrieHo modesnb npuliHamms piweHb Ha ocHoei koHuenyii AHP, sika dornomoxe e ouyiHro-
e8aHHi ma eubopi nocmayanbHukie. Modensb oyiHioe mocmayanbHuUKie 3a dornomMo20t0 Habopy Kpumepiie, 32pynoeaHux y Yyomupu kamezaopii: au2odu,
eumpamu, moxueocmi ma pusuku (BOCR). KoxHomy kpumepito, makoMy siK: yiHa, sskicmb npodykuii, yac docmaeku ma HadiliHicmb nocmayvasns-
Huka, 6y510 NpuceoeHo a2y 3a AONOMO20I0 Mampuuyi nonapHuUx nopieHsiHb 3a wkanoro Caami. I1idxio AHP do3eonue iHmez2pyeamu siK KinbKicHi,
mak i sikicHi Kpumepii 8 npoyec npuliHamms piweHsb. llicnsa oyiHrO8aHHS MPbLOX NocmayanbHukie, locmayanbHuk 1 6ye eu3Ha4YeHul K Hau6iInLw
nidxoodsiwul eapiaHm 3 Halieuwjum nokazHukom BOCR 1,033.

BucHoBEKM. [[pogedeHe docnidxeHHs1 Noka3asno, Wo Modesib NpuliHamms piweHb Ha ocHosi memody AHP € e¢pekmueHUM iHCmMpymMeHmom
onmumisayii o6opoHHUX eudamkie ma e3ocKoHasleHHs1 3aKynieenbHuUX npoyecie. 3ae80siku 3acmocyeaHHo koHuenyii BOCR modenb 36anaHcosye
nosumuseHi ma HezamueHi ¢hakmopu, 3abe3sneyyro4u NPo3opuli ma egheKmueHuUU Npoyec NPUUHIMMS piweHb. BukopucmaHHsi nonapHUX nopieHsiHb
3abesneyye y3200)eHicmb cyoxeHb i 0o38o0s1si€ ocobam, siKi npuliMaromb piWeHHs, cucmeMamuy4HoO paHXxyeamu anbmepHamueu. Y docnioxeHHi
8Ka3aHo Ha adanmueHicmb Modeni 0o pi3Hux onepayiliHux cepedosuuwy: Ons aHanizy ma enpoeadxeHHsi 0aHuUx sukopucmoeyemsncsi Microsoft Excel,
aze makoXx MOXXHa euKopucmoeyeamu Mo8uU fpozapamyeaHHsi. Peaynsmamu docnidxeHHss deMoHCmpyromb, W0 Memoou 6azamokpumepianbHol
onmuwmisayii, maki sk AHP, € yiHHUMU iHcmpymeHmamu dnsi onmumi3ayii y cgpepi ynpaeniHHss 060poHHUMU eudamkamu, y momy 4qucii eubopy
nocmavanbHukie moeapie, po6im ma nocnye.

KnwuyoBi cnoBa: 6rdxem, 060poHHi eaudamku, nnaHyeaHHs1 6rodxemy, Memodu onmumi3ayii, epekmueHicmb eudamkie, eKOHOMIKO-
MamemamuyHe MOOesI08aHHs.

ABTOpM 3aABNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3po6neHHi AocnimpKkeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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