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Abstract: The article is devoted to the method of determining the risk surcharge in rental rates for
special technological equipment. The relevance and features of the task, as well as existing approaches
to solve it in other subject areas, are described. The risk of landlords is highlighted as “the inability
to fully ensure the receipt of a stable income recorded in the lease agreement”. The three most
significant risk-forming factors are highlighted: the early return of equipment, the emergence of debt
on payments from the tenant, and the breakdown of equipment due to the fault of the tenant. A
fuzzy model for estimating the likelihood of the manifestation of risk-forming factors is proposed
depending on the following challenges of the rental pillar: the size of the enterprise, financial stability,
the age of the enterprise, the number of current trials, and the reputation of the enterprise. Describes:
universal linguistics for input and output values characterizing risky components, logical output
rules, and the assessment of the likelihood of risk in general. Based on the SciKit-Fuzzy library for the
Python language, the model studies all available values of input variables, and tenants are presented
separately on the boundary values of the enterprise parameters. A methodology for determining the
rental rate, taking into account the risk surcharge, is proposed.

Keywords: fuzzy logic; rental of technological equipment; rental rate; risk and risk-forming factors;
risk surcharge
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1. Introduction

Today, there is an increasing trend towards the emergence of a “sharing economy“ [1]
wherein one asset is used by many users to perform a specific task and is provided “on
demand”. The user of the asset pays only for the time that the asset is used. Renting an
apartment, car, or electronic device has become a common thing for citizens. According
to a study by the Russian Association for Electronic Communications (RAEC) and the
TIARCenter [2], the sharing economy showed a growth of 39% in 2020 with a total volume
of 1.07 trillion rubles in 2020.

It is rather difficult for organizations (especially large enterprises with concerns) to
move into a new reality in which only the main assets of the enterprise are necessary and
the rest of the equipment is provided “on demand”. However, funds for the purchase
of equipment are now limited as part of overhead costs, while, on the contrary, rent is
allocated as a separate cost item with the possibility of attracting the temporary use of
equipment to perform certain stages of a comprehensive project (according to Government
Decrees No. 2136 and No. 109 “About the provision of subsidies to Russian organizations
for financial support for R&D activities in the field of radio electronics” [3,4]). The described
support measures form an effective demand from companies.

In turn, lessors are faced with the problem of finding a balance between making
the lease of equipment attractive in comparison with the purchase of the lessee’s own
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equipment, while also maximizing their own profits and minimizing the risks associated
with a shortfall in profit or loss of an asset. The key tool in finding this balance is the cost of
rent over a period of time (which offsets the potential risks involved).

For the “equipment lessor–lessee” relationship, this article considers the potential
risks that the lessee bears for the lessor of equipment. When these risks are realized by
the lessee, the lessor of the equipment incurs losses. Today, the company applies a single
pricing policy for all types of customers. However, based on the company’s analytical
materials, it was noted that different categories of customers have different likelihoods of
risk. This article deals with the problem of determining a balanced premium to the rate of
fixed monthly rent. This additional value indicates the likelihood of a risk occurring during
the use of the equipment by the tenant.

Within the framework of this study, the authors set two main goals, which, in their
opinion, are indicators that the study was successful:

1. The developed algorithm will be able to carry out the price differentiation of customers
and form the price of monthly rent taking into account the risk premium. This goal is
qualitative in nature.

2. The application of the developed artifact in practice will be more effective in compari-
son with the absence of price differentiation in terms of the lessor’s profit.

2. Literature Sources Analysis and Purpose of Study Formulation

The task of risk assessment is a fairly extensive field of research, with too much
research devoted for this task in various fields of knowledge. For example, too much
research focused on risk assessment in the insurance field. For example, the work of O.
Kozminykh [5] used Markov chains as a tool for assessing the risks of insurance companies;
the work of Wei [6], or A. Saptura et al. [7], assessed credit risk using genetic algorithms;
the work of A. Zanotto et al. [8] used special frameworks to check dependencies between
different events; the work of Marufu et al. [9] and M. Park et al. [10] used wide application
of risk analysis in medicine.

In markets that are associated with the provision of services to individuals, scoring
models are widely used to assess the risks of insurance, credit, and a number of other
organizations [11–14]. These models are based on statistical data about the history of
creditworthiness of an individual person. The input of the models is based on data from
the individual person from official open sources, such as the National Bureau of Credit
Histories as well as social networks and banking history in a particular credit institution.
Too much research devoted itself to defining risk in banking with neural networks [15],
machine learning [16], and some classification and clusterization methods [17].

Related topics show the work devoted to determining the rent of specialized assets [18]
in an undeveloped market. In this article, the authors propose to use the current value
of the object and the market rate of return on capital to obtain the amount of rent for an
asset that is offered for rent. To calculate the rent in the historically formed real estate
rental market, it is standard to use a formula that is based on taking the market value of
the land plot, multiply it by the minimum yield coefficient corresponding to the yield of
Federal Loan Bonds with a maturity of 30 years, then multiply that result by the adjustment
coefficient [19]. However, the presented sources do not take into account the characteristics
of the tenant and the risks of negative events, relying only on the expected income, which
is not suitable for technological equipment used in production.

In general, this task is similar to “ski renting” [20,21]. In the classical version, the
algorithm needs to decide when to switch from renting to buying. The classic wording is as
follows: each time you go skiing, you need to either rent or buy skis if you do not already
have a pair. Renting is cheaper (e.g., $50), but you only get one use out of the skis. Buying
is expensive (e.g., $500), but you never have to rent or buy again. Here’s the problem: you
do not know in advance how many times you’ll go skiing. How do you spend as little as
possible? Too many articles studied these topics because this task has not only directed
application—it is a financial and technological task too.
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For example, Z. Lotker et al. [22] extended the main task with the added option of
buying after some leasing time. Karlin et al. [23] made a great contribution to online
analyses of what they call “the ski-rental family of problems”. They showed that there
exists a deterministic online algorithm such that its average cost is e/(e − 1) ≈ 1.58 times
the average offline cost, without assuming any specific input distribution. They also gave a
randomized online algorithm for the ski-rental problem whose competitive ratio is optimal
e/(e − 1).

Fujiwara H. et al. [24] included competitive analyses in the ski-rental problem and
researched the average cost for the ski rental problem. They concluded that the strategy
“buy after rent” is not as optimal as buying outright or forever renting. Zhang G. et al. [25]
extended this topic and introduced multiple discount options. The authors presented a
competitive online algorithm for our problem and showed that no deterministic algorithm
can have a smaller competitive ratio when n is large enough. Z. Lotker [26] et al. offered to
use randomized algorithms for multi slope ski rentals. The authors have shown that the
competitive factor is never more than the factor for the classical two-slope case, namely
e/(e − 1).

In general, this task inverts the famous “ski-renting” task [21]. In this case, we are a
company of ski renters, and we have a skiing session with some people in the mountain.
We want to provide the best conditions for renting, but we have a bad tolerance for risk
and need to save money. An important assumption in this case—you do not have too many
statistical data points in open access and must make a decision based only on tenant data.
The base terms of rent for each category of equipment include the time of rent and the
rental price for regular payment. As the company, you are interested in receiving a stable
income during the rental period. A key risk in this case—you will not receive a stable
income during the rental period. This may be caused by some reasons, but, in this research,
we focused on the reasons caused by tenant troubles. Based on some tenant parameters,
we can define risk probability.

Our task is the reverse to the work of Xin et al. [27], as well as Hu Maolin et al. [28].
Based on the article by S. al-Binali [29], the problem of managing the “risk premium”
depending on the risk tolerance of the decision maker is considered using the example of
the classic Karp problem of “ski rental”. The probability of the early return of skis and the
cost of used equipment in the secondary market, as well as the levels of competitiveness,
were chosen as the main factors affecting the rental price. The authors propose to apply
various risk strategies to manage the price of the final service in a competitive market.
However, in this case, the authors do not pay attention to assessing the profile of the
tenant themselves. Feng X. et al. [30] also researched online leasing problems with price
fluctuations and second-hand transactions. They added price fluctuations during these
periods and second-hand market prices to their model for a more realistic approach. Xu
Y. et al. [31] described leasing cases with parallel machines working, with the provided
discount depending on the q-ty of machines in work now.

In our case, we want to provide the best conditions for rent, but we have a bad
tolerance for risk and need to save money. An important assumption in this case—you do
not have too many statistical data points in open access and must make a decision based
only on tenant data. The base terms of rent for each category of equipment include the
time of rent and the rental price for regular payment. As the company, you are interested
in a stable income during the rental period. A key risk in this case—you will not receive a
stable income during the rental period. This may be caused by some reasons, but, in this
research, we focused on reasons on the reasons caused by tenant troubles. Based on some
tenant parameters, we can define risk probability.

The assessment of risk characteristics and risk-forming factors should be taken into
account and carried out in a statistically correct environment using qualitative categories. In
this case, it is advisable to use the mathematical apparatus of the theory of fuzzy sets [32,33].
These methods of inference [34] allow you to convert qualitative estimates into numerical
ones, taking into account the degree of confidence of the expert in this assessment. We can
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single out the following publications devoted to risk assessment in project activities using
fuzzy logic tools among domestic authors [34–38].

Examples of the use of fuzzy logic tools can also be found in foreign literature.
In [39,40], a fuzzy system for assessing the credit rating for micro-, small-, and medium-
sized businesses is described. The result of the work was the development of a creditor
unreliability rating scale. Sinan Essen and colleagues [41] applied fuzzy logic to analyze
the risks of the “best cost country” selection strategy. In [42–45], the materials contain
information on adaptive neuro-fuzzy inference systems for choosing vehicle routes under
conditions of uncertainty, determining economical volumes of orders (for example, for
planning purchases or production), analyzing the use of human resources, planning a route
for transporting hazardous materials, and location planning for urban logistics.

Despite the existing groundwork, the task of assessing the “payment risk” when
renting technological equipment has been set for the first time. In this article, in the
development of existing risk management approaches, the authors propose a model for
calculating a balanced premium to the rental rate when renting equipment, which is
commensurate with the emerging risk, based on fuzzy logic tools.

Due to the lack of detailed statistical data, the authors are quite limited in their ability
to solve this problem. Because part of the estimate is expressed in qualitative variables that
do not have an unambiguous numerical definition, fuzzy logic was chosen as the most
suitable tool.

3. Identification of Risks and Risk-Forming Factors When Renting
Technological Equipment

A transaction for the lease of technological equipment is considered as a separate
project—a temporary enterprise of the lessor (the terms of the lease are limited by the
contract) to provide services to the lessee (directly renting equipment) in accordance with
the specified resources (contract value) and requirements (terms of the contract, technical
parameters of the leased product) [46]. The goal of the project on the part of the lessor
can be formulated as follows: “Sustainable receipt of income from the rental of equipment
during the period fixed in the lease contract”. Taking into account the logical connection
between the purpose of the project and the possible risk [46,47], the lessor’s risk is defined
as “The inability to fully ensure the receipt of a stable income fixed in the lease agreement”.
We will consider the following events and/or phenomena presented in Table 1 as possible
risk-forming factors that affect the manifestation of risk.

We single out risk-forming factors that depend only on tenants that have a high or
moderate scale of influence. Four negative events fit this characteristic: the early return of
equipment, bankruptcy of the tenant, occurrence of debt on payments from the tenant, and
equipment breakdown due to the fault of the tenant. It should be noted that, in order to
declare an enterprise bankrupt, a number of conditions must be met, the main of which is
the inability of the enterprise to fulfill its current financial obligations. Accordingly, before
the company is declared bankrupt, there is a delay in payments, which is one of the risk
factors described above. In this regard, these factors were combined into one, so only three
risk-forming factors will be considered further.

Early return of equipment—the tenant notifies that they will return the equipment
earlier than stipulated by the terms of the contract. In this case, the lessor bears the losses
associated with equipment downtime (delivery by the transport company back to the lessor,
input diagnostics and maintenance of the received equipment, the search for a new tenant,
and procedures for creating a new lease contract). Let us designate the probability of the
occurrence of this event as “SPer—the probability of the early return of the equipment”.
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Table 1. Compensation systems variability.

Name of the Risk Factor * Source of Occurrence Scale of Influence

Return of equipment by the tenant ahead of
time fixed in the contract. Economic factors on the side of the tenant.

High—the volume of the project is being
reduced in an amount unacceptable for the

sponsor. It is necessary to initiate a new project
in the near future.

Tenant bankruptcy. Economic factors on the side of the tenant.

High—the volume of the project is being
reduced in an amount unacceptable for the

sponsor. It is necessary to initiate a new project
in the near future.

The occurrence of arrears in payments by
the tenant. Economic factors on the side of the tenant.

Moderate—there is a change in the cost of the
project by 10–20%, taking into account

the penalty.

Breakdown of equipment due to the fault of
the tenant. Technical factors on the side of the tenant.

High—there is an increase of 10–20% caused
by the need for in-depth diagnostics and

repairs, as well as an increase in the cost of the
project by >20%.

Breakdown of equipment due to reasons
beyond the tenant’s control. Technical factors on the side of the tenant.

Moderate—there is an increase of 5–10%,
caused by the need to deliver a device from the

replacement stock.

Theft of equipment by the tenant. Social factors on the side of the tenant.
Low—the lessor is paid insurance covering the
cost of the technological equipment. Terms are

increased by 5%.

Recall of the equipment by the lessor. Technical or economic factors on the side of
the landlord.

Low—there is an increase of <5% caused by
the need to deliver equipment from the

swing stock.
* The above list is compiled on the basis of an analysis of the experience in leasing technological equipment to
Innovative Enterprise from Tomsk city and does not pretend to be complete.

Breakdown of equipment due to the fault of the lessee—in this case, the lessor bears
the losses associated with equipment downtime during the repair, as well as the costs
associated with resolving the conflict with the lessee if the latter does not admit their
guilt (examination and justification of the lessee’s guilt, services of lawyers, etc.). Let
us designate the probability of the occurrence of this event as “SPef—the probability of
equipment failure”.

Late payment under the lease contract—due to unbalanced financial obligations, the
tenant does not fulfill their obligations to pay rent payments on time. In the event of the
occurrence of this event, the schedule of financial receipts is violated, which generally affects
the fulfillment of the financial obligations of the lessor. Let us designate the probability of
the occurrence of this event as “SPlp—probability of late payments”.

4. Analysis of Factors Influencing the Manifestation of Risk by the Organization

To identify the risk-forming factors described in paragraph one, we highlight the key
parameters of the enterprise that affect their manifestation. Note that the data for evaluation
should be available in one of the corporate information aggregation services, since the
tenant is not required to provide full financial statements to another private organization.
SPARK Interfax [48] was chosen as an example of an information aggregator as one of the
most popular services in the Russian Federation. In addition to the information about the
founders, the aggregator provides the following information: the size of the enterprise,
financial stability, the age of the enterprise, and the number of ongoing court cases. It is
also worth considering the history of interaction with this counterparty by interviewing
managers on a five-point scale.

The tenant’s parameter “size of the enterprise” [49] is characterized by the number
of employees. Larger enterprises tend to have more streamlined processes and long-term
financial strength. The tenant parameter “financial stability” is estimated based on the
two-factor Z-model [50] proposed by Edward Altman in 1968. This model is formed on
the basis of the company’s balance sheet data and characterizes the company’s liquidity as
well as the share of borrowed funds in liabilities. Equation (1) is used for calculation:

Z = −0.3877 − 1.0736 X1 + 0.579X2 (1)
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where X1 is “Current liquidity ratio” and X2 is “Capitalization ratio” from the balance sheet.
The tenant’s parameter “age of the enterprise“ characterizes the time period during

which the enterprise conducts its economic activity. The tenant’s parameter “open litigation”
reflects the commercial activities of the tenant in terms of the presence of disagreements
and the ability to resolve them. The presence of a large volume of open court proceedings
shows that the company is incapable of negotiating. In case of disagreement, there is a
risk of blocking the technological equipment until a court decision is made. The tenant’s
parameter “reputation of the enterprise” characterizes the experience of working with the
enterprise in terms of established contacts and resolution of emerging disagreements. It
is proposed to determine a qualitative level by interviewing the lessor’s employees who
work directly with the tenant.

For a qualitative interpretation of the influence of the characteristics of the tenant’s
enterprise on the manifestation of risk factors, it is proposed to use the following scale of
intervals (“excellent”—“good”—“average”—“bad”) (Table 2).

Table 2. Parameters of the tenant’s enterprise and their linguistic interpretation.

Parameters of the
Tenant/Characteristic “Excellent” “Good” “Average” “Bad”

Enterprise size >250 employees 101–250
employees

15–100
employees <15 employees

Financial stability
(Z-index)

<2
the company has sufficient
funds to cover short-term

liabilities, long-term
liabilities are balanced.

2 ≤ Z < 0
the company has enough
funds to cover short-term

liabilities, long-term
liabilities have a slight

imbalance.

0 ≤ Z ≤ 2
there is an imbalance of

long-term liabilities, there
may be slight problems

with current liquidity and,
as a result, delays in

payments.

>2
the company does not

have the funds to cover
current liabilities,

long-term liabilities are
also unbalanced. There is
a risk of bankruptcy and

default.
Number of active court

cases
0–3, win rate as defendant

>70%
3–6 active court cases, win
rate as a defendant >50%

6–9 active court cases, win
rate as a defendant >50%

9+ active court cases, win
rate as a defendant <50%

Enterprise age
>5 years

the company has been on
the market for a long time.

3–5 years
the company already has a

certain experience of
existence in a market

environment.

1–3 years
the company is in its
infancy, but there are

already certain economic
relations with other

entities.

<1 year
there is a risk that the

enterprise is a “one-day
firm” and may be

liquidated, and the leased
equipment will disappear,

or it may not be able to
cope with the debt burden.

Enterprise reputation

5
there are established

trusting contacts with the
company, all obligations

are fulfilled on time.

4
the company has a long

experience of work, not all
obligations are fulfilled on

time, however, all
problematic issues are

resolved through
conversations.

3
there is experience of
interaction with the
enterprise, there is a

systematic default on
obligations and current

disagreements.

2
there is no experience of

interaction with the
enterprise and/or there is

a complete default on
obligations and conflict

situations.

Each of the parameters described in Table 2 indirectly and directly affect the likelihood
of a specific risk-forming factor (Table 3). For example, the parameter “financial stability”
can be directly related to how quickly an enterprise is able to fulfill its financial obligations
to pay rent in a timely manner and in full. The assessment of the probability of occurrence
of the risk-forming factor “equipment failure due to the fault of the tenant” is influenced
by parameters such as the number of employees of the enterprise, age, and reputation.
This is due to the fact that large and “adult” enterprises tend to have more standardized
processes and quality control systems. Young, small enterprises (which are at the stage
of high activity and youth according to I. Adizes [51]) are guided by the potential of each
employee separately, and, therefore, lack the rules and procedures for organizing labor.
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Table 3. Relationship between risk-forming factors and parameters of the tenant’s enterprise.

Risk Factor Occurrence Condition Effects
Enterprise Parameters

Indicating the Occurrence of a
Factor

Arrears in payments by the tenant Z-index > 1
(Result of Equation (1))

The impossibility of obtaining
stable timely cash receipts within
the framework of the conditions

stipulated by the contract.

Financial stability;
Number of active court cases;

Enterprise reputation.

Return of the equipment by the
tenant ahead of the time fixed in

the contract.

Closing of the enterprise’s own
projects, redistribution of

resources.

Reducing the amount of financing
of the contract; The need to

quickly initiate a new contract;
Unpredictable downtime of an

asset.

Enterprise age;
Financial stability;

Enterprise size;
Number of active court cases.

Breakdown of equipment due to
the fault of the tenant.

Work in violation of the operating
conditions and maximum
permissible loads on the

equipment by the tenant’s
employees.

Bringing an asset into a faulty
state and, as a result, the

impossibility of making a profit
with it.

Enterprise age;
Enterprise size;

Reputation of the enterprise.

5. A General Fuzzy Algorithm for Renting

In general view, this task inverts the famous “ski-renting” task [20]. The base terms of
rent for each category of equipment include the time of rent and the rental price for regular
payment. As the company, you are interested in a stable income during the rental period.
A key risk in this case—you will not receive a stable income during the rental period. This
may be caused by some reasons, but, in this research, we focused on the reasons caused by
tenant troubles. Based on some tenant parameters, we can define risk probability.

Step 1
Define tenant parameters: p1, p2 , p3 . . . pn (it can be any important information such

as income, age, etc.). For example, p1 is defined as 25 years old under “Age”. p2 is defined
as 5 years old under experience age, etc.

Step 2
For each parameter, pn defines the measurement scale. In the example “Age”, it is

scaled with numbers from 0 to 140 (max age). We defined some intervals on this scale and
named them names such as “child” (0–18), “young” (16–25), “adult” (25–65) and “elderly”
(60–140).

Each parameter pn belongs to set A (a set of numbers that associate with linguistic
variables), and, for fuzzy sets, we have the membership function µA(pn ) = Xn (1), where
Xn is the membership degree pn to the set of A. For example, our tenant parameter 25
years belongs to sets A “adult” and C “young” with a coefficient of 0.5 for each. After
creating some fuzzy sets for tenant parameters such as input variables, fuzzy set outputs
are created for variable B̃—risk probability, which includes some output sets with the
linguistic variables bn. It is made according to Equation (2).

Step 3
When we define tenant parameters, we can operate with them. For this we need to

define universal inputs for defining pn . In this case, set A for the finite number of elements
will show:

Ã = ∑k
i=1

µA(pi)

pi
(2)

Step 4
Then, we can use modus ponens rule P→ Q , P ` Q for sets Ã and B̃. It seems that

“if µA(pn ) then bn(pn ) ∈ B”. According to the fuzzy rules, we can find output variables at
B̃ based on input variables at Ã. For our system it will be:

∪kj
k=1

(
∩n

i=1 pi = ai,jp with weight wjp
)
→ y = bj (3)
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Step 5
Then, we can defuzzy the bn variable with the Mamdani fuzzy output rules (b equal y)

by center of figure weight:

y =

∫ y
y y ∗ µy(y)dy∫ y

y µy(y)dy
(4)

The result of Equation (4) will be the numeric risk probability variable depending on
tenant input parameters.

The graphic interpretation is displayed on Figure 1.

Figure 1. Graphic interpretation of system work.

The main diagram of the supposed system shows on Figure 2. The system must
include input data about the company (name, enterprise size, balance sheet, information
about active court cases, and age of the company). Then, we can make these variables
fuzzy x ∈ X—where X is the set of output variables—and call the fuzzy output function
for these sets. The fuzzy output function determines the output variables of set Y using the
pre-uploaded IF-ELSE rules database. After the defuzzifier process, we receive numerical
variables and calculate average risk-forming factors probability.
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Figure 2. Main diagram of the fuzzy logic system for determining risk premium.

6. A Fuzzy Model for Determining Risk and Risk-Forming Factors in the Process of
Renting Technological Equipment

We propose to use the theory of fuzzy sets to quantify the risk-forming factor (proba-
bility of presence)—Mamdani’s fuzzy inference algorithm [33,52]. This is explained by the
fact that, in the absence of reliable statistical data about the enterprise, or the impossibility
of expressing them quantitatively (such as interaction experience), the characteristics of
risk factors are formed by conducting a survey of many experts who use qualitative and
quantitative scales for evaluation. At the same time, the expert cannot always clearly
define the boundaries between the selected qualitative assessments, and, in this case, the
quantitative assessment scales may overlap.

The input and output values of the model are formulated as fuzzy variables. A fuzzy
variable is a tuple of the form <α, X, A>, where α is the name of a fuzzy variable, X is
the area in which the fuzzy variable is defined, and A is a fuzzy set on the universal X. A
linguistic variable is the tuple

<β, T, X, M>, where β is the name of a linguistic variable, T is a set of values (terms)
of a linguistic variable, X is a universe of fuzzy variables, and M is a semantic procedure
that forms fuzzy sets for each term of a given linguistic variable. A fuzzy statement is
formulated as follows: “the name of a linguistic variable” is “one of the terms used within
the universe”.

Taking into account the introduced definitions, the output variables of the model are
SPer + SPef + SPlp (the searched coefficients of the risk surcharge), which can be described
in the following form.

〈“Assessing the likelihood that risk factors will manifest themselves – early returns, equip-
ment breakdowns and late payments”; x|0 < x < 1; A = {x, µ(x)}〉: βR—the probability of
manifestation of risk-forming factors of “early return”, “equipment breakdown”, and “late
payments”; TR—{“Slow”, “Medium-Slow”, “Medium”, “High”, “Maximum”}; X1 = [0; 1];
M1—setting procedure on the universal X = [0; 1] values of a linguistic variable, i.e., terms
from the set TR.

The quantitative values of the linguistic variable for each of the listed risk factors are
determined on a five-level scale of intervals, the main feature of which is the equality of the
intervals (Table 4).
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Table 4. Probability that risk factors will manifest themselves and the corresponding linguistic variable.

Probability Slow Medium-Slow Medium High Maximum

interval less than 0.2 [0.05; 0.4] [0.2; 0.6] [0.5; 0.9] more than 0.8

For scale categories described by the rules “less than” and “more than”, you can use S-
functions and Z-functions, which are special cases of the trapezoidal membership function
triangular functions. Due to the fact that the input term has the nature of uncertainty
“approximately equal” in the work, we will use triangular numbers [53]. Since the described
risk-forming factors have identical universes, linguistic variables, and their corresponding
intervals, we will display the set and graph of membership functions T1 for the linguistic
variable and β1 for the “probability of late payments”. The set is defined as follows:

T1 = {µH (0; 0.2; x), µY(0.05; 0.2; 0.4; x), µC(0.2; 0.4; 0.6; x), µB(0.5; 0.8; 0.9; x), µM(0.8; 1; x)} (5)

Graphs of the membership functions of the set T1 are shown in Figure 3.

Figure 3. Graphs of membership functions of linguistic variables of the set T1.

The input variables of the model are the parameters of the tenant’s enterprise, directly
or indirectly indicating the manifestation of risk factors. Relationships between quantitative
values and linguistic variables are shown in Table 5. In general, for all the proposed
enterprise parameters, the description will be:

Table 5. Correspondence of a linguistic variable to a value on the universe X.

Parameter Value/Interval
on Universe “Excellent” “Good” “Average” “Bad” Universe

Enterprise size [150; 250; 350] [100; 150; 200] [0; 75; 150] [−5; 15; 30] [0;300]
Financial stability

(Z-index) [−4; −2; 0] [−2; 0; 1] [−1;0;2] [0; 2; 4] [−4;4]

Number of active court
cases [−2; 2; 4] [1; 4; 7] [5; 7; 9] [7; 9; 12] [0;9]

Enterprise age [3; 5; 7] [2; 4; 6] [1; 2; 3] [-5; 0; 2] [0;5]
Enterprise reputation [3; 5; 7] [2; 4; 6] [1; 2; 3] [-5; 0; 2] [0;5]
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〈“Enterprise parameter N, indicating a risk factor”; x|0 < x < 10; A = {x, µ(x)}〉 βn—the
probability that the risk factor will manifest itself based on the parameter N; TN—{“Bad”,
“Average”, “Good”, “Excellent”}; XN—universe for each of the input variables; MN—the
procedure for setting the linguistic variable values of universe X, i.e., terms from the set TN.

The scale of the fact that a linguistic variable corresponds to a value in the universe is
presented in Table 5.

An example of the description of the function of the universe and the distribution of
values for the input variable “age of the enterprise” is shown in Figure 4.

Figure 4. The universe of the function and the distribution of linguistic variables for the parameter
“Enterprise age”.

To determine the likelihood that risk factors may arise, a base of logical inference rules
(72 rules) have been formed covering a range from absolutely bad estimates to the best
ones, for example:

Assessing the likelihood that a risk factor for late payments will manifest itself

– IF the financial stability of the enterprise is assessed as “good” AND the number of
litigations is assessed as “good” AND the reputation of the enterprise is assessed as
“good”, THEN the probability that the risk factor of late payments will manifest itself
is assessed as “moderate”.

– IF the financial stability of the enterprise is assessed as “average” AND the number of
litigations is assessed as “good” AND the reputation of the enterprise is assessed as
“excellent”, THEN the probability that the risk factor of late payments will manifest
itself is assessed as “moderate”.

– IF the financial stability of the enterprise is assessed as “bad” AND the number of
litigations is assessed as “good” AND the reputation of the enterprise is assessed as
“good”, THEN the probability that the risk factor of late payments will manifest itself
is assessed as “high”.

Assessing the likelihood of risk occurrence in general.
We will assume that the selected risk factors are joint events (the occurrence of one

of the events does not exclude the possibility of the others occurring during the lease).
In this case, the probability that the risk of technological equipment leasing will arise is
determined as the sum of the probability that risk factors will manifest themselves divided
by their number: (

SPer + SPe f + SPlp

)
3
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7. Experimental Studies of the Model

Experimental studies of the model were carried out using the SciKit–Fuzzy library for
the Python language [54,55]. The research was carried out according to the following scheme.

1. The study of the model on the input variables of the tenant’s enterprise (all
available values).

The values of the model data are presented in Figure 5 in the form of a three-
dimensional graph, where each coordinate determines the probability of one of the risk-
forming factors (in percent). The X axis contains the values of the risk factor “probability
that the equipment will be returned early”, the Y axis contains the values of the risk factor
“probability of equipment breakdown”, and the Z axis contains the values of the risk factor
“probability of late payments”.

Figure 5. Three-dimensional visualization indicating the results of the model.

Three-dimensional visualization of the results shows that the model is located on a
fairly wide range of input parameters of the tenant’s enterprise, which makes it possible
to determine specific values of the probability that risk-forming factors (influencing the
manifestation of risk in the lessor) will manifest themselves. This allows us to conclude
that the results can be used to determine the risk surcharge by other lessor enterprises. In
addition to this, risk factors rely on intersecting input values. The model does not have
abnormal points at which the probability that one risk factor would manifest itself would
be at maximum. The remaining two would be minimal.

2. The study of the model on the boundary values of the parameters of the
tenant’s enterprise.

Estimates of the probability that risk-forming factors will manifest themselves at the
boundary values of the parameters of the tenant’s enterprise are determined according to
the following rules of inference.

For an enterprise with absolutely negative parameters:
IF the financial stability of the enterprise is rated as “bad” AND the number of

litigations is rated as “bad” AND the reputation of the enterprise is rated as “bad”, THEN
the probability that the risk factor for late payments SPer will manifest itself at 79.07%.

IF the age of the enterprise is rated as “bad” AND the size of the enterprise is rated
“bad” AND the reputation of the enterprise is rated as “bad”, THEN the probability that
the risk factor for equipment breakdown due to the fault of the tenant SPer will manifest
itself at 92.6%.

For an enterprise with maximum positive parameters:
IF the financial stability of the business is rated as “excellent” AND the number of

litigation is rated as “excellent” AND the reputation of the business is rated as “excellent”,
THEN there is a 27.3% chance that the late payment risk factor SPlp will manifest itself.
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IF the financial stability of the business is rated as “excellent” AND the number of
litigation is rated as “excellent” AND the size of the business is rated as “excellent” AND
the age of the business is rated as “excellent”, THEN the probability that the risk factor for
early return of equipment SPer will manifest itself at 7.7%.

IF the age of the facility is rated as “excellent” AND the size of the facility is rated
“excellent” AND the reputation of the facility is rated as “excellent”, THEN there is a 26.6%
chance that the tenant’s equipment failure risk factor SPef will manifest itself.

The results of fuzzy inference on the example assessing the risk factor of equipment
breakdown through the fault of the tenant with the values “bad”, and the probability that
the risk factor of equipment breakdown through the fault of the tenant with the values
“excellent” are, respectively, presented in the graphical interpretation in Figures 6 and 7.

Figure 6. Graphical interpretation of the probability that the risk factor “probability of breakdown”
with the parameters “bad” will manifest itself.

Figure 7. Graphical interpretation of the probability that the risk factor “probability of breakdown”
with the parameters “excellent” will manifest itself.

The equipment lessor can calculate the rental payment by multiplying the rental rate
by a factor consisting of the sum of the values obtained as a result of the model. Reliable
and large enterprises have a total coefficient of 0.616 units, while unreliable tenants have a
total coefficient of 2.6337 units, which is 4.28 times higher than the minimum value. As a
result, by using this model, an enterprise can differentiate the rental price by more than
four times depending on the characteristics of the tenant.
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8. Methodology for Calculating the Rent for the Lease of Technological Equipment

As a basic formula for determining the rental rate, it is proposed to use Equation (6)
adopted in Innovative Enterprise from Tomsk city.

Rmon =

(
RRPeq

Tdep
+

Tax
12

+
RRPeq

AMeq
+

ERPserv

12

)
∗M∗ 1

(1 + E)̂t
(6)

where RRPeq–recommended retail price of equipment at the moment of adding to the rental
fleet; Tdep–depreciation time (in months) set for this model of technological equipment;
Tax—property tax, which is equal to the average cost of equipment for the year, multiplied
by the tax rate; Ameq–the amount of equipment, for which it is necessary, to have one
replacement unit; ERPserv—this is the established retail price for equipment service per year,
including equipment verification; M—coefficient of the month (which takes into account
the possibility of the termination of the lease in a particular month, varying from 3 to 1).
For the first month of rent, the coefficient will be equal to 3 (including the time of delivery
to the tenant, as well as the return of equipment and maintenance in case of rent for exactly
one month), for 2–3 months the coefficient is two, and 3–6 months—1.25. Starting from the
12th month, the coefficient is equal to one; E—the discount rate of the project, starting from
the second year (for the first year it is equal to zero); t—discount period in years.

Taking into account the possible manifestation of risk-forming factors in the first
month, the formula for the rent will be: Rmon ∗ M ∗ (SPer + SPef + SPlp). Starting from
the second month it will be: Rmon ∗M ∗ (SPef + SPlp). Charts of changes in the rental rate
depending on time are shown in Figure 8.

Figure 8. The result of applying risk factors to the rental rate.

As an example, the substantiation of the contract price for two potential tenants of the
technological equipment of Innovative Enterprise will be considered (Table 6). Enterprise-1
is categorized as a large business and Enterprise-2 as a small business. The characteristics
of the companies were formed on the basis of SPARK-Interfax data.

The probabilities of the “early return of equipment”, “probability of equipment break-
down”, and “delays in payments” were determined based on the base of logical rules of
fuzzy inference of the model. As a result, Enterprise-1 was offered a rental rate of 0.87 of
the original rate, and Enterprise-2 1.37 of the original.

Using the model allows the equipment lessor to differentiate the pricing policy by
changing the rent for various potential lessees depending on the age, size, financial stability,
litigatory risk, and reputation of the enterprise. This differentiation makes it possible to
make renting more affordable and, as a result, profitable for reliable tenants, and to build a
price barrier for potential tenants who do not yet meet the specified criteria.
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Table 6. Characteristics of Tenant Companies.

Parameter/Organization Name Enterprise-1 Enterprise-2

Z-index 3.8 1.6
Number of employees 5000 and more 45

Enterprise age 30 years 16 years
Number of court cases 6 current 1 current

Reputation 5 5

Probabilities of risk-forming factors

SPer = 0.258
SPef = 0.33
Plp = 0.288

Risk surcharge = 0.87

SPer = 0.514
SPef = 0.567
Plp = 0.288

Risk surcharge = 1.37

9. Discussion

The authors understand that it is not comprehensive method for this task. A more
accurate result can be achieved with some changes such as:

1. Including new company analysis factors—too much data about companies are avail-
able and the base model can be modified with new factors to match fuzzy variables.
We chose main risk factors from our point of view for easier modelling and application
in any case. For specific fields such as construction or mining, etc., data can be added
with specific conditions such as the equipment application area (weather conditions,
etc., which will be influenced by the degree of worn rental equipment). Additionally,
it does not consider country risk, which needs to be added in the case of worldwide
rental contracts. Some authors in our literature review use fuzzy logic models for
work with these risks [40].

2. Modify risk-factor parameters:

– For bankruptcy risks change the 2-variable Z-model [49] to a 4-variable Z-model.
After the presentation of the original model in 1968, Edward I. Altman extended
their model for non-manufacturers, emerging markets, etc. Additionally, au-
thors allow using other methods for bankruptcy prediction such as the Grover
method [56], etc. Authors focus on the simple bankruptcy model for working
with companies, which does not have much public data.

– Change the classification of company size. The authors used classification ac-
cording to Russian law. Depending on economic size and type in any country,
variables for company size can be changed in the greater or lesser side. Addition-
ally, it should be correct to use other classifications for company sizes depending
on the application.

– Change the classification of company age. The authors based on I. Adizes’s
company lifecycle classification [51] define potential risks depending on company
age. It is possible to use other classifications to provide more accurate results
depending on economic type. An additional use for this point is to add more
statistical data for the specific application.

– Court case classification. The authors can use empirical data suitable for the
Russian Federation with specific court law. Research can be improved by adding
statistical data for this point and modifying variables.

3. Use other methods for calculating the weight of risk-factors. The authors focused on
fuzzy logic applications for calculating the weight of each risk factor for use model
without much statistical data. Therefore, statistical data research can be improved
with other solving methods such as Markov chains, discriminant analysis, neural
networks, etc. It can increase the accuracy of output data and provide more flexible
conditions for work with rental surcharges. Comparing these methods while using
the fuzzy logic model can improve the results of research.

4. Use rectangle membership functions instead of triangle. The authors, based on some
articles [53], choose triangle membership functions, but define the type of membership
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functions in fuzzy logic. It is a frequent question and using other types can improve
the work too.

5. Add the dynamic risk-surcharge calculation during the rental process. If the tenant’s
parameters change at some point, then, now, we cannot re-calculate the risk surcharge
to provide the best conditions.

Therefore, the authors should notice that developed systems can work without ad-
ditional preparation, such as in neural network cases, and can be quickly changed in the
testing process. It is an easy solution for working with rent in B2B fields with very limited
data about the tenant.

10. Conclusions

This article is devoted to developing a simple model for calculating the risk premium
of rental rates. The authors suggest an original fuzzy-logic-based system based on tenant
parameters. The main conclusions are as follows:

1. The risk of the lessor (with technological equipment for rent) is formulated as “The
inability to fully ensure the receipt of a stable income fixed in the lease agreement”.
Three key risk-forming factors, namely the “early return of equipment”, “arrears in
payments by the tenant”, and “equipment breakdown due to the fault of the tenant”,
were identified that affect the occurrence of the risk.

2. An original fuzzy model for assessing the likelihood of risk factors manifesting
themselves based on the age, size, financial stability, litigatory risks, and reputation
of the tenant’s enterprise was proposed. The model uses triangle fuzzy sets for
the likelihood calculation. The model is based on the Sci-Kit library for the Python
programming language.

3. Experimental studies of the model showed that the model makes it possible to differ-
entiate the rent by more than 4.28 times to cover most of the possible combinations of
parameters of the tenant’s enterprise.

4. The practical use of the risk surcharge coefficient when renting technological equip-
ment makes it possible to set a high price threshold for potentially risky tenants, and
to make discounts for tenants who have good performance and enterprise reputation.
Accordingly, the lessor receives a powerful tool for the price differentiation for their
service, which, at the same time, allows you to save the fixed assets provided for rent.

5. The results that were obtained may be useful for the risk managers of lessor organiza-
tions providing services for the rental of technological equipment in the B2B segment
when calculating the lease payments.

6. The direction of this work has a wide range of modifiable steps. The authors describe
their ideas about work modification in the discussion points.
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