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SIMULATION OF THE PROCUREMENT PROCESS WITH RISK
CONSIDERATION USING DECISION TREES

MO[OENIOBAHHA NMPOLECY 3AKYNIBENb 3 YPAXYBAHHAM PU3UKIB
3A AOMNOMOI'OI0 AEPEB PIWEHDb

The article proposes an approach to modeling the procurement process under risk using
the decision tree method. A universal multi-criteria model has been developed, enabling the
analysis of supply alternatives considering key economic indicators and risk factors. The system
of criteria includes purchase cost, delivery expenses, potential supply delays, payment delays,
and the risk of receiving defective products. For each of these criteria, probabilistic scenarios of
corresponding events have been defined, and expected costs have been calculated. The decision
tree method is applied to visualize the decision-making process and to implement folding and
pruning procedures. A multi-criteria comparison of alternatives is carried out using classical
optimization methods. The model can be used as a tool to support managerial decision-making
in procurement logistics.

Keywords: multi-criteria optimization, procurement risks, decision trees, logistics costs,
supply, decision making, rollover and blocking procedures.

Y emammi odocnioscyemovcea 3adaua onmumizayii npoyecy 3aKynigeiv 3 Ypaxy8aHHAM
PUBUKIE, WO NPUMAMAHHI CYYACHOMY DPUHKOBOMY cepedosuuyy. 3anpononosano nioxio 0o
NPUIHAMMSA pilleHdb, 3ACHOBAHUI HA GUKOPUCINAHHI MemOody O0epes piuieHnb AK THCmpyMen-
my ananizy aibmepHamus i3 ypaxy8auam 0azamvox Kpumepiie ma uMoBIipHICHUX Cyenapiis.
AxmyanvHicms 00Cai0NHCeHHA 00YMOBTIeHa NOMpedor NIONPUEMCING MIHIMI3Y8AMU PUUKU,
no6 A3aHi 3 NOPYUEHHAMU TOICIMUYHUX TAHYIO218, 3AMPUMKAMU NOCMAYAHHS, NPOCMPOYEH-
HAMU NAAMENCI8 | HAOXOONCEHHAM HeAKICHOI npodykyii. Y meowcax 3anpononosanoi mooeni
PO327A0aI0MbCsl NAMb OCHOBHUX NPUSAMHUX Kpumepiig: eapmicmb 3aKynigni, eumpamu
Ha 00CMasKy, empamu GHACIIOOK 3AMPUMKU NOCMAYAHHSA, GUMPAMU Yepe3 NPOCMPOUeH-
HA naamedsicy ma empamu, nog sa3ami 3 NoOCMadanHsIm opaxkosanoi npooykyii. /s KodicHo2o
Kpumepiro opmanizoeano UMOBIpHICHI cyeHapii peanizayii pusukie, wo 0036011€ OYIHUMU
OUIKYBAHI GUMPAMU MA NOPIBHAMU MONCIUGL 8apianmu 3aKyniéni. Ananiz npoeooumscs s
YOMUPLOX ANLMEPHAMUBHUX 6APIANMIE NOCMAYAHHA 3 PI3HUM NOCOHAHHAM MUNy nocma-
yanbHuKa (8UPOOHUK abO NOCcepeoHuK) ma cnocoby d0Cmasku (camosusiz abo mpancnopm
nOCMAYanbHUKa). 3acmocys8ants memooy oepesa piuleHb 0038058€ 0emaibHO 3MO0eN08aAMmMU
JOCIKY PO38UMKY NOOL y pa3i peanizayil pi3HUX pusuxis i NOCIi008HO SUKOHAMU NPOYedypU
320pmKuU ma OI0Ky6anHs 014 GUOOPY HAlikpawo2o piuenns. Ilposedeno nopisHaIbHull AnaLi3
AIbMEPHAMUE HA OCHOBI KLIbKOX KIACUYHUX Memooié bazamoxpumepiaibHol onmumizayil,
MAKUX AK MIHIMAKCHUU Kpumepitl, Memoo cepeonbo36adiCeHUux oYiHoK, y3aeanbHenull CKalap-
HUll kpumepii, Memood ideanbHoi mouku ma kpumepit 006ymkis. Pesynomamu ceiouams, uo
BUOID ONMUMANBHO20 PIULEeHHs 3aleHCUms 610 npiopumemis cyO’ekma NpuiiHAmMms pilieHs
ma obpanoi mooeni oyiniosanns. Pozpobrenuii nioxio mosce oymu adanmosanuil 00 npax-
MUYHUX YMO8 (PYHKYIOHYBAHHA nionpuemMcme pizHux eaiysetl. Mooenv 0036onse (opmanizy-
8amu npoyec NPULHAMMS piuiens, 6pax08y8amu pUsUKY ma Kpumepii 00HOUACHO, WO CNPUAE
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niOBUEHHIO eqheKMUBHOCT 3aKYNIBENbHOT OIANbHOCIE MA 3HUNCEHHIO UMPAm Yy 102iCmuy-
Hux npoyecax. [Ilpeocmasnenuil incmpymenmapiii modxce 6ymu 0cHo6010 0Jist no6y008uU iHpop-
MAYIUHO-AHATTMUYHUX CUCMEM NIOMPUMKU Piuterb y chepi nOCmadanHs.

Kniwouosi cnosa: bazamoxpumepianvua onmumizayis, pusuxku 3aKynieeib, oepesa pilieHs,
Jlo2icmuyni gUmpamu, NOCMAa4anHs, NPUUHAMMS pitieHsb, npoyeoypu 320pmKu i O0KYEaHH.

Formulation of the problem. In today’s conditions of globalization, unstable market
relations, and growing uncertainty, the problem of increasing the efficiency of procurement
management becomes particularly relevant. Purchasing activities significantly affect the cost
part of a company’s budget, and an unsuccessful choice of supplier or logistics strategy
can lead to delays in delivery, disruption of production plans, increased indirect costs, and
loss of competitive advantages. The decision-maker in the subject sector must evaluate not
only direct economic indicators, but also potential risks that accompany various choice
alternatives.

Analysis of recent research and publications. The issue of formalizing decision-making
processes under conditions of risk and uncertainty is the subject of research by many scientists.
The textbook by Voloshyn O.F. and Mashchenko S.O. [1] outlines the basics of building
decision-making models with an emphasis on mathematical formalization of alternatives and
multi-criteria analysis. In turn, Faynzilberg L.S., Zhukovska O.A. and Yakymchuk V.S. [2]
consider the application of decision theory methods in the field of information technologies,
in particular with the involvement of probabilistic analysis methods, which is relevant for
taking into account risks in logistics processes. Classical approaches to decision-making
under uncertainty were laid down in the works of Ivanenko V.I. and Diduk M.M. [3], where
attention is focused on the importance of assessing the probabilities of event scenarios in the
process of choosing alternatives.

Modern approaches focused on processing large data sets and applying intelligent
analysis models are considered in [4], which proposes a systematization of methods for
detecting patterns in complex information environments. In [5], a study was conducted,
where the use of a minimum spanning tree model was proposed to solve an applied data
analysis problem, which can be effectively adapted to the tasks of selecting optimal suppliers
or logistics routes.

Therefore, despite significant scientific achievements in the field of decision-making,
there remains a need to integrate classical and innovative approaches to build adaptive
models that simultaneously take into account multiple criteria, risks, and probabilistic
scenarios.

Formulation of the purpose of the article. The purpose of the article is to develop
a multi-criteria decision-making model for the organization of procurement, taking into
account risks, based on the decision tree method, which allows for a formal evaluation of
supply alternatives and the selection of the best option according to the given criteria.

Presentation of the main material. As part of the study, we will present a generalized
decision-making model for optimizing procurement based on many criteria. The model is
not tied to a specific enterprise, which allows it to be adapted to the conditions of different
industries. As a decision-making method that takes into account the significance of criteria
and probabilities of risk events [2]. The decision-making subject (DMS) in the model is
a conditional person or system that evaluates supply alternatives according to given
parameters. n the format of such a model, the problem of choosing the best solutions under
risk conditions can be represented as a multi-criteria problem with the following private
criteria:

— Private criterion C — the cost of purchasing goods (the indicator is minimized);

— Private criterion D — delivery costs of goods (the indicator is also minimized);

— Private criterion L — average expected losses due to delayed delivery of goods (the
indicator is minimized). These expected losses, depending on the specifics of the model and
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DMS requirements, may include fines for a delay in the start of work due to the non-receipt
of the goods necessary for these works; payment for downtime for production workers;
payment for daily wages to drivers and costs for paid parking in the event of a delay in the
shipment of goods; warehouse costs in the event of refusal to perform work when the goods
arrive at the warehouse; administrative costs for resolving a risky situation; costs associated
with changing production schedules, etc.

— Private criterion P — costs associated with late payment (the indicator is minimized);

— Private criterion F — costs associated with the supply of defective or poor-quality
goods (the indicator is minimized). These include, for example, costs for finalizing goods;
costs associated with returning goods to the supplier in the event of untimely detection of a
defect; costs for downtime of the contracting organization due to the lack of materials and
the inability to start work on time, etc.

Let us present the attributes of a general optimization model. It considers a situation
where a manufacturing enterprise needs to purchase goods or raw materials in a given
volume. It can purchase from both an intermediary and a manufacturer. In this case, delivery
can be carried out by self-pickup or by the supplier’s transport. It is necessary to determine
the best solution that optimizes the purchase of goods, which includes the choice of: 1) an
intermediary or manufacturer; 2) delivery by self-pickup or using the supplier’s transport.

Purchasing from the manufacturer often allows you to minimize the price of the product,
but such a decision, as experience and statistics show, will be accompanied by greater defects.
Purchasing from an intermediary provides a range of services: from delivery processes to
acceptance processes, which allows you to count on fewer defects, but the price of the goods
will be higher than the manufacturer’s price. Self-pickup of products requires both transport
units and a staff of employees who manage the transport. In addition, delivery costs may
increase due to a delay in shipment by the supplier, vehicle breakdown, etc. If delivery is
carried out by the supplier, the delivery costs remain unchanged. From this we can conclude
that the considered private criteria may contradict each other. The following four alternatives
are analyzed: MP — purchase will be made from the manufacturer using self-delivery; MS —
purchase will be made from the manufacturer using the supplier’s transport; IP — purchase
will be made from an intermediary using self-delivery; IS — purchase will be made from an
intermediary using the supplier’s transport.

In general, the manager can consider any other available solutions, since the DMS itself
has the right to make decisions. Let us assume that the risks taken into account are caused
only by the following factors: random delays in deliveries L; random late payment P;
random losses due to defect F. Let us clarify the structure of the indicators of the analyzed
private criteria.

Let the indicators of private criteria that correlate with the cost of purchasing and delivery
costs of goods (criteria C and D) be as follows:

1) the cost of purchasing from the manufacturer is 500 thousand CU (conventional unit)
for the entire batch of goods, and from the intermediary it is 10% more expensive, i.e.
505 thousand CU;

2) the costof transportation costs is 1,63 thousand CU for self-delivery and 2,51 thousand
CU for supplier’s transport.

Before specifying the indicators of the private criterion L, which is related to the costs
due to delivery delays, we note that delays can be critical (LLC) and non-critical (LN).
In the event of critical delivery delays, there are costs for downtime of key production
employees, their transfer to other work; costs for claims work, including communication
and correspondence; disruption of the production schedule; breach of obligations to
counterparties. When delivering by self-pickup, additional costs arise for double wages and
travel for the driver and forwarder. Here are the relevant statistics on the frequency of the
above-mentioned events:
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1) With a probability of 0,3 when supplied from the manufacturer and with a probability
of 0,45 when supplied from an intermediary, delays will be critical and will lead to losses
of 4 thousand CU for the given volume of purchase. At the same time, under self-delivery
conditions, the probability of a critical delay is 0,2 when supplied from the manufacturer
and 0,35 when supplied from an intermediary, and indirect (variable) costs in the amount of
0,7 thousand CU will be added to the above losses.

2) With a probability of 0,7 when supplied from the manufacturer and with a probability
of 0,55 when supplied from an intermediary, delays will be non-critical and will lead to
losses of 0,9 thousand CU for the given volume of purchase. At the same time, under self-
delivery conditions, the probability of a non-critical delay is 0,8 when supplied from the
manufacturer and 0,65 when supplied from an intermediary, and indirect (variable) costs in
the amount of 0,3 thousand CU will be added to the above losses.

Let us specify the attributes of the model that relate to the indicators of the private
criterion P, which is correlated with the costs of late payment. During the fulfillment of
contractual terms, the company, for various reasons, is faced with the need to pay for the
delivery after the deadline specified in the contract. This creates the risk of paying a penalty
for late payment of the delivery. The late payment factor can be critical (PC) and non-critical
(PN). The model assumes that for a critical delay in payment, the amount of losses will be
25 thousand CU, for a non-critical delay — 3,5 thousand CU.

Let us assume the probabilistic characteristics of a random late payment as follows:

— Critical/non-critical payment delay — 0,25/0,75 respectively when delivered from the
manufacturer by pickup in case of critical delivery delay;

— Critical/non-critical payment delay — 0,1/0,9 respectively when delivered from the
manufacturer by pickup with non-critical delivery delay;

— Critical/non-critical payment delay — 0,3/0,7 respectively when delivered from the
manufacturer by the supplier’s transport with a critical delivery delay;

— Critical/non-critical payment delay — 0,15/0,85 respectively when delivered from the
manufacturer by the supplier’s transport with a non-critical delivery delay;

— Critical/non-critical payment delay — 0,3/0,7 respectively during delivery from an
intermediary by self-pickup with a critical delivery delay;

— Critical/non-critical payment delay — 0,15/0,85 respectively when delivered from an
intermediary by self-pickup with non-critical delivery delay;

— Critical/non-critical payment delay — 0,3/0,7 respectively when delivered from an
intermediary by the supplier’s transport with a critical delivery delay;

— Critical/non-critical payment delay — 0,15/0,85 respectively during delivery from the
intermediary by the supplier’s transport with non-critical delivery delay.

Let us specify the attributes of the model that belong to the indicators of the private
criterion F, which is related to the costs of supplying defective products. A product shortage
can be critical (FC) or non-critical (FN) for DMS. The amount of costs from the supply of
defective products in the format of the analyzed model can be:

1) critical when supplying products by the manufacturer and will amount to 25 thousand
CU with a probability of 0,6 when self-delivered and with a probability of 0,65 when
transported by the supplier;

2) non-critical during the delivery of products by the manufacturer and will amount
to 2,5 thousand CU with a probability of 0,4 when self-delivered and with a probability of
0,35 when transported by the supplier;

3) critical when supplying products through an intermediary and will amount to
3,5 thousand CU in cash with a probability of 0,45 when self-delivered and with a probability
of 0,35 by the supplier’s transport;

4) non-critical when supplying products through an intermediary and will amount to
0,5 thousand CU in cash with a probability of 0,55 when self-delivery and with a probability
of 0,65 by the supplier’s transport.
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We optimize the presented structure of indicators of the considered private criteria using the
decision tree method. This method allows finding the best solutions under risk conditions [1-2].
At the same time, its modification will allow implementing procedures for selecting the best
solution, taking into account both risk factors and multi-criteria selection. Note that the
decision tree method allows DMS to formalize any scenario format for the specified factors.
Let's move on to solving the problem when you need to find the best solution, which involves:
both choosing a supplier and choosing a method of product delivery, taking into account the
specified risk factors and given private criteria, the indicators of which are minimized.

Let us present the procedure for choosing the best solution when purchasing goods or
raw materials based on the decision tree method. Fig. 1 demonstrates the procedure for
constructing a decision tree for the presented model.

One of the tree fragments will take into account the possibility of organizing the purchase
of goods from the manufacturer by self-exporting the goods, which has the designation MP.
Let’s consider the structure of this branch of the decision tree.

Taking into account the delivery delay factor scenarios, this fragment of the tree
is divided into two components that correspond to critical LC(MP) and non-critical
LN(MP) delays in the delivery of the product with probabilities of 0,2 and 0,8,
respectively. In turn, these fragments, due to the variability of payment delays, branch
nto:

1) critical payment delay with critical delivery delay PC(MPLC) — probability 0,25;

2) non-critical payment delay with critical delivery delay PN(MPLC) -
probability 0,75;

3) critical payment delay with non-critical delivery delay PC(MPLN) — probability 0,1;

4) non-critical late payment with non-critical delivery delay PN(MPLN) —
probability 0,9.

Taking into account the defect's factor (critical and non-critical), each of these fragments
includes its components according to the analyzed scenarios of possible defect. As a result,
we get 8 options for the development of events, each of which will be displayed on a branch
of the decision tree and has its own cost values:

— for the purchase of goods (C),
for the delivery of goods (D),
for costs associated with delivery delays (L),

— for losses associated with late payment (P),

— for losses associated with the supply of defective products (F).

All cost values are presented in Fig. 2 by the specified set of indicators of the given
private criteria (in the corresponding rectangles assigned to the analyzed vertices of the
decision tree).

Convolution procedures within a decision tree are implemented for end vertices of the
round type [2—4]. The format of these procedures allows us to replace the given probability
distributions of a random final outcome for a round vertex with the corresponding set of
parameters necessary for decision-making under risk conditions. With a neutral attitude to
risk, the result of the convolution is a single parameter — it is the average expected final
results for the corresponding indicators of the private criteria. The corresponding risk theory
approach is called EVC (Expected Value Criterion). This is the approach to risk accounting
that we will use for the model under consideration. We will perform the convolution
procedure for the “defect” vertex, which lies on the MP-LC(MP)-PC(MPLC) branch.

Criterion C: the cost of purchasing goods from the manufacturer in the case of a critical
defect with a probability of 0,6 is 500 thousand CU, in the case of a non-critical defect with
a probability of 0,4 — 500 thousand CU. As a result of the folding procedures, we obtain:
500%0,6+500x0,4=500 thousand CU.

Criterion D: the cost of transportation costs when delivering from the manufacturer by
self-delivery in the case of a critical defect with a probability of 0,6 is 1,63 thousand CU, in
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0,450,55 0,450,55 0,450,55 0,450,55 0,350,65 0,350,65 0,350,65 0,350,65

Figure 1. Fragments of the decision tree for choosing the best option

for the procurement of goods
Source. author's development
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Manufacturer

Pickup

delivery
delay

LC(MP) LN(MP)
0,2 0,8

late late
payment payment

PC(MPLC)PN(MPLC) PC(MPLN)PN(MPLN)
025 075 0,1

Figure 2. Fragment of a decision tree corresponding to the purchase of goods
from a manufacturer by self-delivery
Source: author's development

the case of a non-critical defect with a probability of 0,4 — 1,63 thousand CU. As a result of
the calculation, we get: 1,63x0,6+1,63x0,4=1,63 thousand CU.

Criterion L: the costs associated with a critical delay in the delivery of goods, with
a critical defect with a probability of 0,6, is 4,7 thousand CU, with a non-critical defect
with a probability of 0,4 — 4,7 thousand CU. As a result of the convolution, we obtain:
4,7%x0,6+4,7%0,4=4,7 thousand CU.

Criterion P: costs associated with late payment, with a critical delay in delivery by self-
collection in the case of a critical defect with a probability of 0,6 is 25 thousand CU, in the
case of a non-critical defect with a probability of 0,4 — 25 thousand CU. As a result of the
convolution, we obtain: 25x0,6+25x%0,4=25 thousand CU.

Criterion F: the costs associated with the supply of poor-quality goods, with a
critical defect with a probability of 0,6, is 25 thousand CU, with a non-critical defect
with a probability of 0,4 — 2,5 thousand CU. As a result of the convolution, we obtain:
25x%0,6+2,5%0,4=16 thousand CU.

The convolution procedures for other round-type vertices are implemented similarly.
The results of such procedures are shown in Fig. 3.

Blocking procedures within the decision tree method are implemented for vertices of
rectangular type [2, 5]. These vertices take into account alternative choices in the format of
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Manufacturer

Pickup

|
MP
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4,7
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0,2 0,8
LC(MP) LN(MP)
Late payment Late payment
C 500 500
D 1,63 1,63
L 4,7 4,7
P 25 25
F 25 25

Figure 3. Fragment of the “MP” decision tree after the convolution procedure
Source. author's development

the corresponding attributes of the analyzed alternatives. Let us imagine a decision tree in the
format that requires blocking procedures. To implement these procedures, all the indicators
of the private criteria are summarized in Table 1. The essence of the blocking procedure
is to leave unblocked only the alternative with the best set of private criteria indicators.
In the format of problems of choosing the best solutions under many conditions, there are
different ways to determine the best solution when comparing alternatives. To implement
the best choice, it is necessary to apply one of the known methods for solving multi-criteria
optimization problems in the format of the specified blocking procedure.

Next, we will present the procedures for selecting the best solution based on the selection
criteria traditionally used in the optimization of logistics systems [3—5]. The best options for
organizing procurement will be found using the minimax criterion method, the weighted
evaluation method of private criteria, the generalized scalar criterion method, the ideal point
method, and the geometric mean criterion method. The use of a specific selection criterion
will be determined by the DMS preference system. The larger the arsenal of such approaches
to choosing the best solution a manager has, the better he can adapt the choice to the DMS
preference system.

Table 1
Indicators of alternatives according to private criteria
C D L P F
MP 500 1,63 1,9 6,295 16
MS 500 2,51 1,83 7,6925 17,125
1P 505 1,63 2,425 7,85375 1,85
IS 505 2,51 2,295 8,17625 1,55

Source. author's development
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The minimax criterion method consists in comparing the analyzed alternatives of the
worst indicators among all private criteria. At the same time, the best one is selected from
among these worst indicators. It indicates the optimal solution (Table 2).

The last column shows the worst indicators by rows in Table 2. The lowest indicator is
500. It corresponds to the alternatives MP (supply from the manufacturer by self-collection)
and MS (supply from the manufacturer by supplier’s transport). They are the best solutions
in the format of the minimax criterion method. The other alternatives (IP and IS) are blocked,
that is, they cannot be chosen as the best according to this selection criterion.

Using the method of weighted evaluations of private criteria, DMS assigns its own
weight coefficient (by level of importance) to each private criterion. The best alternative is
the one with the lowest weighted average among all private criteria (when all private criteria
are minimized). In this model, weight coefficients are given to private criteria: the criterion
“cost of goods” is given a coefficient C = 0,02; the criterion “delivery costs” — D = 0,18;
the criterion “delay in delivery” — L = 0,3; the criterion “delay in payment” — P = 0,1; the
criterion “defect” — F = 0,4 (last row of Table 3).

The last column “weighted sum” of Table 3 shows the results of the arithmetic average
weighted indicator for each row, taking into account the weighting coefficients. The
smallest indicator that determines the best solution is selected (indicator 12,6463 for the IP
alternative). As a result, using the weighted estimation method, the best solution is to have
the goods delivered by the intermediary with self-pickup. Other alternatives are blocked.

For selection using the generalized scalar criterion method, DMS determines weighting
factors for the indicators of private criteria using a special formula. The selection function
G(4,) can be defined as follows:

g(C")~ 8, (C)

R N (o1

where g(Cl.(k) ) is the indicator of the i-th criterion for the k-alternative; g, (C)is the indicator
of the minimum value of the i-th criterion from all analyzed alternatives.
The alternative with the smallest value of the criterion function G is accepted as the best
solution based on this method. A feature of this method, as well as the generalized minimax

>

Table 2
Choosing the best solution for the minimax criterion
C D L P F Minimax
MP 500 1,63 1,9 6,295 16 500
MS 500 2,51 1,83 7,6925 17,125 500
IP 505 1,63 2,425 7,85375 1,85 505
IS 505 2,51 2,295 8,17625 1,55 505
Source: author's development
Table 3
Choosing the best solution using the method of weighted evaluations
of private criteria
C D L P F Weighted sum
MP 500 1,63 1,9 6,295 16 17,8929
MS 500 2,51 1,83 7,6925 17,125 18,6201
1P 505 1,63 2,425 7,85375 1,85 12,6463
IS 505 2,51 2,295 8,17625 1,55 12,6779
Weighting factor 0,02 0,18 0,3 0,1 0,4

Source: author's development
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criterion method, is the orientation of the choice to the utopian point, that is, the orientation
of the choice to the best indicators of the private criteria. In the format of the generalized
scalar criterion method, the indicators g = (C)) are first determined for each of the criteria
(last row of Table 4). These indicators determine the value of the criterion selection function.
For example, for the MP alternative, the value of the specified function will be:

500-500 N 1,63 -1,63 N 1,9-1,83 + 6,295-16,295 N 16 -1,55
500 1,63 1,83 6,295 1,55

The values of the criterion function of choice for other alternatives are calculated
similarly and are indicated in the last column of Table 4. The smallest value of the choice
function is 0,7763 and corresponds to the IP alternative. Thus, using the generalized scalar
criterion method, the optimal solution is the supply of goods from the intermediary by
self-collection.

The choice using the geometric mean criterion method is carried out in such a way that for
each alternative it is necessary to find the geometric mean value based on the estimates of the
private criteria. Among these indicators, the smallest is chosen, indicating the best solution.
The choice will not change if, instead of the specified indicator, DMS uses the indicator of
the product of all the values of the private criteria for each alternative. Accordingly, this
selection criterion is also called the product criterion. The values of the indicators when
choosing this method are presented in the last column of Table 5.

The smallest value of the product indicator is 29002,773 and corresponds to the IP
alternative (supply of goods from an intermediary with self-delivery).

To implement the ideal point method, a “utopian point” of the UP (the point with the best
coordinates/indicators of private criteria) is specified. For each alternative, a “distance” to
the UP is determined. The best solution corresponds to the shortest distance from the UP.
n the format of the model under consideration, the coordinates of the utopian point are the
best indicators in the corresponding columns of Table 6 — UP (500; 1,63; 1,83; 6,295; 1,7).
The distance from the alternative to the UP is calculated using a linear algebra formula — it
is the square root of the sum of the squares of the differences in coordinates for the UP and
the analyzed alternative. The calculation results are given in Table 6.

G(MP) = =9,3608.

Table 4
Choosing the best solution using the generalized scalar criterion method
C D L P F selchi::)llen (f)iltllclfion
MP 500 1,63 1,9 6,295 16 9,3608
MS 500 2,51 1,83 7,6925 17,125 10,8103
P 505 1,63 2,425 | 7,85375 1,85 0,7763
IS 505 2,51 2,295 8,17625 1,55 1,1028
indicators ¢ . (C)| 500 1,63 1,83 6,295 1,55
Source. author's development
Table 5
Choosing the best solution using the geometric mean criterion method
C b L P F Pr()(!uct' of private
criteria scores
MP 500 1,63 1,9 6,295 16 155964,92
MS 500 2,51 1,83 7,6925 17,125 302547,035
P 505 1,63 2,425 7,85375 1,85 29002,773
IS 505 2,51 2,295 8,17625 1,55 36866,648

Source: author's development
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Table 6
Choosing the best solution using the ideal point method
C D L P F Distance to UP
MP 500 1,63 1,9 6,295 16 14,4502
MS 500 2,51 1,83 7,6925 17,125 15,6623
IP 505 1,63 2,425 7,85375 1,85 5,2796
IS 505 2,51 2,295 8,17625 1,55 9,6354
UP 500 1,63 1,83 6,295 1,55

Source. author's development

The distance to the UT of other alternatives is calculated similarly. The shortest distance
to the UT corresponds to the IP alternative (delivery of goods from the intermediary with
self-pickup). Other alternatives are blocked.

Conclusions. As a result of the research, an approach to modeling the procurement
process taking into account risks was developed by using a decision tree. The proposed
model allows us to take into account a variety of alternative supply options and possible
scenarios for their implementation with different levels of probability and costs.

The main results are: formalization of risk factors that influence decision-making in the
procurement process; construction of a decision tree as a tool for visualization and analysis
of procurement options under conditions of uncertainty; justification of the feasibility of
using expected value as a criterion for choosing the optimal solution; demonstration of the
practical application of the model using an example.

Using a decision tree allows you to increase the validity of management decisions in the
field of procurement logistics, reduce the impact of uncertainty and risks, and optimize costs.
Further research may be aimed at automating model building for more complex scenarios
and integrating with enterprise information systems.
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