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SHAPING SUSTAINABLE STRATEGIES OF FREIGHT FORWARDING
COMPANIES IN THE ENVIRONMENT OF THE ROAD TRANSPORT MARKET

Purpose. The paper aims to propose an approach to shape the sustainable strategies of freight forwarders under uncertainty of
the stochastic environment of the transportation market.

Methodology. The elements of the game theory were used to formalize the conflict situation, where the uncertainty of the
transport market is considered as a game with nature. To design the model of the freight transportation market, the principles of
the system’s theory were used in the representation of a forwarding company operating as an element within the macro-logistic
system of the transport market. The methods of object-oriented programming were applied to develop the dedicated software for
computer simulations of the forwarder’s operation within the market of transport services. The regression analysis was used as the
main methodology to process the numeric results of experimental studies. The elements of functional analysis were applied to
substantiate the sustainable strategy of a forwarding company in the considered example.

Findings. The results of the conducted experiment allowed for determining the high-quality dependencies between the number
of serviced requests and the number of dispatchers involved in the requests’ servicing for the case when the operators’ decisions are
supported by the specialized software and for the case when decisions are made conventionally.

Originality. The use of a game-theoretical approach in this study is based on the advanced simulations of a freight servicing
process where the demand randomness and the servicing process stochasticity are integrally considered.

Practical value. The proposed methodological approach is proposed to be used by forwarding companies to evaluate sustain-
able strategies when servicing clients within the given market. The use of the developed approach in practice allows forwarders to

decrease the operational costs achieving the minimal negative impact on the environment.
Keywords: sustainable development, game theory, freight forwarding, stochastic demand

Introduction. The activity of the transport sector of
Ukraine under the conditions of the legal regime of martial
law largely depends on the ability of domestic transport and
freight forwarding (logistics) companies to quickly carry out
all types of transportation in the necessary volumes. Industry
representatives must rebuild logistics chains in critical condi-
tions and look for comprehensive solutions necessary to meet
the needs of the Armed Forces of Ukraine, the national econ-
omy, and the civilian population. The key levers of influence
that give the transport industry the opportunity to adapt, func-
tion and develop belong to freight forwarders — transport mar-
ket entities that provide intermediary services to other partici-
pants in the formation of delivery chains, including the selec-
tion of shippers and other counterparties. The activity of trans-
port and forwarding companies is one of the strategic ones for
ensuring the functions of the state, its legal and organizational
foundations in Ukraine are regulated by the Law of Ukraine
“On Transport and Forwarding Activities” dated 01/07/2004
No. 1955-1V. Also, chapter 65 of the Civil Code of Ukraine is
dedicated to transport forwarding.

The main purpose of forwarding is the uninterrupted
movement of cargo between interested parties. For this, freight
forwarders must perform an extremely complex set of techno-
logical and organizational operations that ensure the continu-
ous, reliable, and flexible functioning of supply chains [1, 2],
as well as documentary support for the transportation process.
In turn, logistics service providers usually work based on or-
ders from cargo owners, which in most cases are unstable |3,
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4], as they depend on various circumstances. For many logis-
tics companies, random appearance or fluctuations of orders
create serious complications since they are affected by many
uncertainties and alternatives at different stages of decision-
making. Accordingly, the efficiency of the transport and for-
warding service decreases, which in turn causes the deteriora-
tion of the efficiency of the macro-logistic system of the trans-
port market. Therefore, the problem of determining the ade-
quate strategies of forwarders is the most important task for
ensuring the stability of the entire system of the transport and
logistics market.

According to the classic definition of the “World Commis-
sion on Environment and Development”, the main principles
of sustainable development are economic growth, social secu-
rity, and environmental protection. Since modern freight
transportation is the sphere of human activity that, on the one
hand, leads to significant economic development, and on the
other — notably contributes to environmental pollution, it
should be considered from the point of view of the sustainable
development paradigm.

Analysis of recent publications. The introduction of sus-
tainability into the freight transportations constantly attracts
global attention. The implementation of advanced sustainable
development practices acts as the most important link between
the modernization process and the sustainable activities of
freight carriers. The study [5] is aimed at determining the rel-
evance of modern technologies for environmentally oriented
freight transport services, areas of its quality management and
competitiveness. Data collected from 140 freight transport
companies was thoroughly analyzed using exploratory factor
analysis and Cronbach’s alpha coefficient was used to assess
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factors consistency. As a result, the authors determined the in-
terrelationships between factors and components characteriz-
ing the perception of selected modern technologies of sustain-
able-oriented freight transportation services, the spheres of
quality management and the competitiveness of companies.

Fulzele and Shankar believe that it is extremely important
to introduce sustainability values into freight operations to
minimize the environmental and social consequences of cargo
transportation process. In their study [6], the authors identi-
fied twenty-four advanced practices in the field of sustainable
development, which were further divided into four main cate-
gories: organizational, process-oriented, technological, and
collaborative. The peculiarity of the model proposed in [6] is
that it evaluates both the positive and negative impact of the
sustainable development practices on the carrier’s economic,
ecological, social, operational, and technological indicators.

One of the most widespread practices of sustainable devel-
opment of transport and forwarding services is the integration,
which is considered a key characteristic of creating improved
logistics chains. Integration ensures purposeful coordination
and coherence of actions of transport agents to improve the
efficiency of transport services. The tactical capacity planning
of an integrated multilateral freight transport system is covered
in work [7]. The study examines revenue management con-
cepts, including categorizing shippers, classifying demand,
imposing penalties for exceeding established time windows for
demand satisfaction, and offering packages for services. In
work [8] a new conceptual scheme is proposed, which allows
understanding the essence and mechanisms of integration in
freight transport chains. The proposed concept is designed to
assist transport agents in identifying untapped opportunities
for strengthening integration or mitigating negative aspects.

One of the most important tasks of freight forwarders is the
collection and consolidation of cargoes, the size of which does
not allow to fully load the vehicle, as well as the selection of the
appropriate transport organization for the transportation of
these cargos, which makes the transportation process more ef-
ficient, and reduces transportation costs. A system of strategic
planning for the freight forwarding sector using a co-loading
shipment plan is proposed in [9]. Similarly, the study [10] ex-
amines the integrated transportation planning problem (ITPP)
for the forwarding companies, considering external resources.
External resources include the vehicle fleet of such subcon-
tractors: closely related carriers in vertical cooperation, au-
tonomous carriers in the distribution market, as well as col-
laborating partners in a horizontal coalition. The optimization
criterion is the cost of resources when implementing vehicle
routing with implemented subcontracting.

Krajewska and Kopfer [11] state that the ITPP expands the
common vehicle routing and scheduling problem by engaging
subcontractors to service part of the orders. The research [12]
is devoted to the use of multi-agent systems in the freight for-
warding industry. The authors present an intelligent mobile-
agent-based system for working in a dynamic freight transpor-
tation environment, where freight consolidation and route
planning are crucial.

However, integration leads to additional costs, so it is nec-
essary to introduce restrictions on its use. Various theories and
principles were applied to study the dynamics of integration
[13]. System engineering methods were utilized to analyze the
components and structure of transport chains, while princi-
ples of logistics and supply chains were applied to examine the
performance and behavioral patterns of agents. Moreover, net-
work and graph theories are widely used for representing and
analyzing the structure of transport chains and networks. The
new institutional economics (NIE) approach reveals issues
and challenges of coordination, as well as points out the op-
portunities for introducing incentives to overcome these prob-
lems and obstacles.

Another extremely important practice in the field of sus-
tainability of transport systems is the use of artificial intelli-

gence. The intelligent service capacity allocation for logistics
and forwarding operations, which considers the stochastic ap-
pearance of requests, is proposed in [14]. The authors of the
article a deep learning-based one-step integration optimal de-
cision-making approach (S2SCL), which combines inventory
optimization and the demand forecasting techniques. The so-
lution for overcoming the primary problems of using prescrip-
tive analysis in freight transportation are presented in the pa-
per [15]. The application of machine learning (ML) tech-
niques in the field of transportation, logistics and supply chains
can be seen in the extensive review of scientific sources carried
out in the study [16]. The authors highlight the possibilities of
applying ML to demand, location and traffic flow prediction,
optimization processes, solving vehicle routing problem and
detection of data anomalies. The article [17] presents the re-
sults of a study aimed at determining the preferences of ship-
pers regarding the delegation of modal control to the logistics
service providers (the practical testing of synchro modality).

The authors of the study [ 18] argue that the appearance of
new digital platforms threatens to disrupt the logistics sector
through the emergence of a new business models. However, it
is still unclear whether these digital services could cause prob-
lems for the existing logistics domain. The article discusses the
concepts of “disruption” and “disruptive innovation” in rela-
tion to logistics startups using digital platforms.

Most methods and concepts of sustainable transport ap-
peared long before the term was introduced into circulation.
Accordingly, there are different methodologies, approaches,
and forms of transport that contribute to economic growth and
competitiveness, while at the same time reducing the negative
impact on the environment. In relation to the European
Union, such form of transport as “door-to-door” service is
considered one of the most suitable solutions capable of curb-
ing the unsustainable growth of the transport sector. Solving
such common problems as choosing the optimal shipment size
and a freight vehicle (by using modeling approach [19]), se-
lecting of a freight forwarder (by developing a multi-criteria
decision-making system [20]), analysis of a shipper’s decision
to delegate the choice of transport mode to service providers
(by carrying out a survey [17]), evaluating the quality of the
transportation infrastructure (by utilizing navigation service
data [21]), exploring the notion of monopolistic competition
(by implementing an agent-based framework for freight mar-
ket interactions [22]), etc. also contribute to increasing the
level of sustainable transportation and mobility.

It should also be noted that the latest development of infor-
mation technologies and artificial intelligence allows the use of
innovative tools to solve both classic and modern transport
problems and tasks. Some of the most popular techniques used
by scientists include: agent-based modeling and goal program-
ming [22, 23]; a hybrid system for strategic planning, which
integrates mathematical models with knowledge principles [9];
covariance analysis, discrete choice and latent class analysis
[17, 19]; tabu search heuristics [ 11]; deep and machine learning
|8, 14—16]; mechanisms of fuzzy logic and simulated anneal-
ing [12]; methods based on the data of navigation services [21];
exploratory factor analysis [5]; innovative combination of intu-
itionistic fuzzy numbers with graph-theoretic and matrix ap-
proach [6]; models of commodity-based freight demand based
on exogenous economic forecasts [24] and economics of trans-
action costs [8]; the theory of time windows [7], dynamic mea-
surements [25], digital image correlation method [26] and the
Bayesian approach for model estimation [27, 28].

Based on the conducted literature review, it can be stated
that the stability of the transport system should be ensured at
the stage of planning strategies of market entities. This gives the
possibility to consider the stochasticity of demand parameters
and technological processes and to eliminate obstacles caused
by incorrect setting of tasks at the level of tactical planning.

Unsolved aspects of the problem. The review of the scien-
tific literature in the field of sustainable development of the
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transportation market allows us to highlight the following dis-
advantages of existing approaches:

- most of the described approaches do not consider the ran-
domness of the parameters of demand for freight transportation;

- many of the existing methods for choosing for choosing
the proper strategies for transport companies are focused on
the selected technological parameters.

In this paper, we contribute to the area of substantiation of
the strategies of forwarding enterprises that ensure the sustain-
able development of the whole transportation market. We aim
to fill the gap in the existing methodologies for the shaping of
the strategies of transport companies by considering the sto-
chastic nature of demand and forwarding operations.

Objectives of the article. The purpose of the presented
work is to demonstrate the game theory approach, which is an
element of agent modeling, to determine the strategy of a
freight forwarding company under the conditions of the freight
transportation market.

As the object in the current study, the process of process-
ing the requests for forwarding from cargo owners is distin-
guished. The strategies of forwarding companies are consid-
ered within the basic technological process of servicing regard-
ing the number of operators involved in the requests’ servicing,
and the use of the specialized software supporting the deci-
sion-making by dispatchers.

To achieve the research goal, we develop the game-theo-
retical approach to choose the optimal strategy of a forwarding
company, implement the simulation model of the forwarder’s
operation within the market of freight deliveries, perform the
simulation experiment to define the influence of the number
of dispatchers on the result of servicing operations, process the
results of the experiment using the regression analysis, and ap-
ply the obtained models for the case of servicing process per-
formed by the Auto-Transit forwarding company that operates
in Kharkiv, Ukraine.

A game theory approach to determining the freight forward-
ers’ strategies. A game classically is defined as a conflict situa-
tion. The game takes place, if participants (decision-makers)
are identified, the possibilities of the conflict actors (the set of
all strategies) are known, the outcomes of the conflict (the
situations) are defined, the parties defending some interests
and the interests of the conflicting actors (goals) are identified.
According to the game definition, the conflict situation J for-
mally could be presented in the following way

S= <S‘Ra’{rK}KE‘RH5r’mi’{>l(}l(e‘)i, >:

where R, is a set of all decision-making subjects (coalitions of
actions in a game model); ry is a set of all possible decisions
(strategies) of a game participants, which are responsible for
decisions; ris a set of all situations (outcomes) in the game; R,
is a set all entities defending the certain interests (coalition of
interests); > is a set of all interests of entities interested in the
conflict (relation of preference).

All the outcomes of a game form a set », which is a subset
of a set of all combinations of the action coalitions’ strategies:
rc H re- It is generally accepted that the interests of the

KeR,
coalition are subsets of the same set of players, that form the
coalition of actions. A set of all the interests > is a binary rela-
tion on the set r

-xcr-r, Ke®R,.

To determine the preference relation on the set of situa-
tions, the payoff function Hy of the coalition of interests K is
used. This function is defined in the set of real numbers.

The problem of choosing the optimal strategy of a freight
forwarder under transport market conditions in terms of game
theory could be formulated as a game with nature (although
the other formulations could be provided, i.e., a conflict be-
tween competing forwarding companies or a conflict between

a client and a forwarder). The set of players, in this case, con-
sists of two elements — a forwarding company and the trans-
port services market (nature)

R, ={FF",Mjg},
where FF* is a forwarding company, for which the strategy is

being defined; M7y is a part of the macro-logistics system of a
transport market, which does not include the forwarding com-
pany FF”.

For the proposed formulation, the game model applies to
the models characterized by a stochastic uncertainty. In the
case of stochastic uncertainty, each state of nature could be
described by the corresponding probability of its occurrence.
Naumov and Kholeva in the papers [29, 30] propose to define

the optimal strategy Ffr

lowing way

of the forwarding company in the fol-

n
r% = arg max -H.)=argmax H;,

F ,Fngzlmij:l:(p’ '/) rrrgi:l...m ! 1)
where m is the number of profiles for the forwarding company
strategies; # is the number of possible states of the transporta-
tion services market; p; is a probability of the market being in
the j state; H is the payoff function value for the case when

the forwarder uses the i strategy and the market stays in the j”

state, [EUR]; H, is the value of the integral payoff function
for the i” profile of the forwarder’s strategy, [EUR].

The choice of the best profile for the freight forwarder’s
strategy is carried out based on the matrix of the payoff func-
tion values, in which the values in the rows correspond to the
alternative profiles of the forwarding company’s strategies, and
the column values — to the considered states of the transport
services market (Table 1).

Since the parameters of demand are not deterministic,
their distribution must be considered while determining the
possible states of nature. If the integral distribution functions of
the numerical parameters characterizing the transport market
states are known, then these states can be described based on
the values of the parameters and the corresponding probabili-
ties that the parameters would take that value. In the range of
possible values of the parameter, several disjoint ranges can be
identified, and, for a given distribution function, the probabil-
ity, that the parameter will take a value in this range, could be
estimated. If we divide the range of possible values into k equal
subranges, then the probability that the parameter will take a
value from the first subrange will be equal to the integral distri-
bution function for the upper boundary of the subrange; the
probability of falling into each subsequent subrange could be
determined as the difference between the values of the integral
function for the upper and lower boundaries of the subrange

P = FO) = Fx) = )
P2 = F(x?) = F(x(?)

s

PP = Foxt) = F(x{")=1- F(x")

Table 1

The matrix of a game with nature for choosing the strategy of
a forwarding company

Profiles of the Strategies of nature (nature states)
forwarder strategy o, e £
™ ™ ™
TP H, Hy, H,,
"}? Hy, Hy H,y,
r;_}n) Hml Hm2 Hmn
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where F(x) is the integral distribution function for some pa-
rameter x; x,(i) and x},’) are lower and upper boundaries of the
i subrange of the parameterx; p\” is the probability of falling
into the i bin.

It should be noted that the sum of probability values for all
the possible states of nature equals 1.

Representation of the forwarding company’s strategies. Let’s
define a set rpp of all feasible decisions (strategies) of a for-
warding company as a set of all possible combinations for the
following key parameters:

1. N, is the number of dispatchers, involved in a process of
the incoming requests flow servicing.

2. Ty is tariff for the provided services offered by the for-
warding company to freight owners, [EUR /ton-km].

3. tgr is the technology of the logistics chains (delivery
routes) forming accepted by a forwarding company: using the
standard tools of logistics portals or using the specialized in-
formation tools.

The set rzrof the forwarder strategies is defined as the Car-
tesian product of sets, containing the possible values for key
parameters

rer=S8S(Np) - S(Trp) - S(tpp),

where S(Np) is a set of possible values of the number of dis-
patchers, which serve the incoming requests flow; S(7) is a
set of possible values of the tariff on the forwarding services;
S(tzp) is a set of alternate variants of the technology used for
the forming of the logistics chains structure (or delivery routes
forming).

A wider range of key parameters defining the forwarder
strategies could be considered in the model. The described
representation of the set of forwarder strategies considers the
very basic characteristics for the purposes of this paper.

Model of demand for forwarding services. The demand for
transport services is the key characteristic of the transport
market. Random parameters of demand substantiate a variety
of the market possible states.

The demand-shaping core unit is a request for transport
services, which is understood as the customer’s need for ser-
vices backed by its purchasing abilities and presented on the
market to be satisfied. The request for service is the basis and
the reason for the interactions between the transportation
market actors. A set of current and potential requests for for-
warding services shapes the demand for company services;
correspondingly, a set of requests for services of all forwarding
companies in the region represents the demand for freight
transport services in the region, etc. Each request could be
quantified based on a set of parameters, among which the
most significant are the shipment volume, the delivery dis-
tance, and the time interval between requests in a flow. Since a
set of ordered in time requests characterizes demand, the task
of demand estimation could be defined as the problem of esti-
mating numeric parameters of the requests flow. Data on the
flow of requests for the studied enterprise can be obtained
based on the parameters of previously processed requests.

In general form, the model of demand can be presented as
an ordered set D

D ={ri, 5., pat, (@)

where p; is the i request in an ordered set: p; < p;. 1, if ;< ;. 1,
t;is the time moment when the i” request appears in the sys-
tem; N is the total number of the analyzed requests.

A single request p is characterized on the grounds of the
following parameters

p=1{C o, 1,6} 3)

where C is the time between moments of the appearance in the
system of current and previous requests, [min.]|;  is the ship-
ment volume, [tons]; T is the time between the moment when
the shipment is to be delivered and the moment when the or-
der was placed in the system (acceptable waiting time), [days];

0 is a type of vehicle needed to service the request (box, van,
dump, container, etc.).

For a single request, the presented parameters are deter-
ministic characteristics, however, for the requests flow, nu-
meric parameters (C, ® and t) become random variables, and
possible values of the variable 0 are characterized by the re-
spective probabilities.

The geographic location of consignors and consignees we
propose to describe based on a two-dimensional set L, in
which the rows characterize the regions of the consignors of
goods (origin regions) and the columns — the regions of the
recipients (destinations regions). The elements of the set L are
sets of requests ry, for which a consignor is located in the i
region, and the consignee — in the /” region (i andj are the row
and column number respectively). For the requests flow with a
finite number of elements, the set L could be replaced by a
numeric characteristic — the origin-destination matrix D,
which elements §; reflect the ratio of the number of requests in
the set r; and the total number N of requests in the flow

_ n(r;)
/A N’
where n(r;) is the number of elements in the set r;.
Thus, the final model of demand for the services of a for-

warding enterprise can be shown as a set of the listed above
characteristics depicted in (2)

D={ALd%p,),

where X is a stochastic variable characterizing the demand
numeric parameter x; py is a vector, the i element of which is
the probability that the i type of a vehicle will be needed to
serve a given request.

Payoff function. Naumov and Kholeva in the papers [29—
31] underline that the payoff function for choosing the strate-
gies of a forwarding company should reflect the numerical
characteristics of sustainable development indicators — pro-
ductivity of dispatchers, a level of the clients’ service, the total
costs of forwarding operations (characteristics of an indicator
of the productive resources use), the level of environment pol-
lution (characteristics of the environmental impact indicator)
and the number of the dispatchers (characteristics of the indi-
cator reflecting the social component of the forwarding com-
pany operation). On the other hand, the payoff function
should be determined by the numerical characteristics of the
players’ strategies — characteristics of a freight forwarder and
the transport market.

To solve the problem of choosing the sustainable develop-
ment strategies, we propose to use the following payoff func-
tion that satisfies the described requirements

H=Ipp— Epp— Hp,

where /zris an income of a freight forwarder, [EUR]; Egris the
total operating costs of a forwarding company, [EUR]; H is
an economic expression of a harmful impact of transport on
the environment, [EUR].

If tariff 7' for freight forwarding services is some constant
value per a request, the forwarder’s income could be defined in
a following way

Tpp="Tgg - 0y,

where n,, is the number of serviced requests.

The freight forwarder operating costs in a simplified form
could be expressed as the linear dependence on the number of
dispatchers serving the incoming requests flow

Epp=co+cy- Ny,

where ¢, and ¢, are constant and specific costs of freight for-

warding operations, [EUR] and [EUR/dispatcher].
Evaluation of environmental impacts of transport could be

provided by using average specific indicators. Such indicators
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allow estimating the harmful impact of transport on the grounds
of resulting technological indicators (total transport work, total
delivery distance, total cargo volume, etc.). Using average costs
of environmental pollution, the harmful impact of transport on
the environment could be defined based on the total distance Ly
covered by vehicles servicing clients of a forwarder

HE:LE" Ces

where ¢, are the mean costs of a harmful impact per 1 km of a
delivery distance, [EUR/km].
Thus, the payoft function takes the following form

H=Tg ny—Lg-c,—c; Ny—c. 4)

The resulting parameters characterizing the servicing pro-
cess (such as the number of satisfied requests and the total dis-
tance covered by vehicles) depend on the number of dispatch-
ers assigned to the servicing process and the characteristics of
the existing demand for forwarding services. On the other
hand, the costs of provided services depend on the selected
servicing technology. The value of the payoff function (4) can
be determined if the dependencies n,, = f(N,) and Ly =f(N,)
are known. To study the mentioned dependencies and define
their shape, the simulation experiment should be carried out
yielding the set of input data that would allow determining of
the mathematical models for the number of serviced requests
and covered distance.

The simulation experiment on determining the functions of
ng,=f(N,) and Ly =f(N,). To implement the simulations for the
processes of requests’ servicing by a forwarding company, the
dedicated library of base classes was developed in Java pro-
gramming language. The implemented classes allow describing
of the base elements of the described mathematical models:

- the Request is dedicated for simulations of requests for
services of freight forwarders based on (3);

- the Request Flow class represents the model (2) of de-
mand based on the set of ordered requests;

- the Forwarder class provides a template for modeling of a
freight forwarder as an element within the system of the freight
transportation market;

- the Dispatcher class allows simulating of an operator who
process the requests for freight forwarding;

- the Transport Market class is designed to implement the
simulation models of the macro-logistic system of a freight
transportation market, where the operation of a forwarding
company is considered.

To define the mathematical models describing the influ-
ence of the number of operators processing the existing de-
mand on the final number of successfully processed orders and
the total covered mileage, the dedicated simulation experi-
ment was carried out.

To simulate the demand for forwarding services, the set of
requests from the lardi-trans.com portal was processed: the
distributions of the numeric characteristics were fitted, and the
respective parameters of distributions were estimated for the
time interval and the consignment weight. The intensity of re-
quests sent to the logistics portal is around 500 orders per min-
ute, for that reason, the sample of requests that appear for 1
minute was used for data processing. In the series of the simu-
lation experiment, the number of operators available for de-
mand service was accepted as an exponentially distributed sto-
chastic variable with an average equal to 1.

Within the simulation experiment, two alternative ap-
proaches to servicing the requests by dispatchers were studied:

- the service with the use of the specialized software that
pair the requests to ensure the load of vehicles in both direct
and back directions;

- the traditional requests’ processing, without the use of
the decision-support software.

The processing time for servicing the requests was consid-
ered the variable with normal distribution; for the first of the
described processing technologies, the mean servicing time

was taken equal to 2 minutes per request, and for the conven-
tional technology of processing — to 10 minutes per request.

To guarantee the high adequacy of the data obtained with-
in the experiment, 500 launches of the simulation model were
done for each set of the input parameters. Such the number of
the model runs ensures a significance level of 0.05 for the sim-
ulation results.

Based in the obtained data, by performing the regression
analysis, the linear and power dependencies were fit to func-
tions n,,. = f(Ny, 6, ¢) and Ly = f(Ny, 8, c) for the considered
approaches to process the demand for forwarding services.

For the option of servicing based on the decision-support
system (1= ST), the following models were obtained as the
best possible solutions
ntFF:ST — 80.4]6 ‘Nt(i).982; (5)

LT =302.921-8%365 . N9, (6)

For the situation of servicing without the use of the deci-
sion-support system (tz-= 77), the similar dependencies take
the following form

=TT 50501, 0.066 . 0975 %)

Ly =266.654-5"% . N 9!, 8)

T
FF
n,

The models (5—8) represent almost functional dependen-
cies, as the values of the determination coefficients character-
izing these models are greater than 0.99. On the other hand,
the obtained dependencies can be considered valid only under
the conditions of the Ukrainian market of freight transporta-
tion. In other cases, similar experimental studies should be
carried out to estimate the corresponding regression models.

Case Study: Strategy of a forwarding company in the envi-
ronment of Ukrainian transport market. Using the proposed
method and results of the demand studies presented in [29],
the strategy for the freight forwarding company Auto-Transit
(Kharkiv, Ukraine) was defined as an example of the described
game theory approach.

A set of alternative states of nature is determined by the
ranges of values for the parameters 6 and ¢, which describe the
state of the Ukrainian freight forwarding market in the road
transport segment. The number of possible market states is de-
fined as a product of the subranges number for all demand pa-
rameters. For example, if 3 subranges were selected for each of
the parameters 6 and ¢, then the number of possible market
states equals 9. The probability of the market being in a certain
state is estimated as the product of the probabilities of the de-
mand parameters falling into the corresponding ranges

— p j
pij_pﬁl . é])’

where p; is the probability of nature being in a state when the

parameter § is in the i subrange of values and the parameter ¢
(i)

is in the j” subrange; p{’ is the probability of the parameter &

falling into the i” range of values; p’’ is the probability of the
parameter ¢ falling into the j” range of values.

Table 2 shows the possible strategies of nature for a normal
distribution of the requests share 6 and the scale parameter ¢
when 3 subranges of possible values are selected for each de-
mand parameter.

Due to the non-linearity of the payoff function dependence
on the parameters defining the profiles of the forwarder possible
strategies, for a fixed state of nature there exists a strategy profile
in which the functional dependence H(/N,) has an extremum.

Figure, a shows an example of this dependence calculated
on the grounds of ¢, ¢, and ¢, values, characteristic for the Au-
to-Transit company. The given example allows us to conclude
that in the considered range of the dispatchers’ number there’s
such a value of this parameter at which the payoff function has
the maximum possible value, and this value does not necessar-
ily lie on the range boundaries. However, it should be borne in
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Table 2

The possible states of nature

Range of the parameter values Probabilit){ of the parameter falling Probability of nature
State of nature into the range being in};he state
5 G h! s Pe
) (0; 0.1846] (0; 0.403] 0.157 0.157 0.025
) (0; 0.1846] (0.403; 0.807 0.157 0.683 0.107
) (0; 0.1846] (0.804; 1.210] 0.157 0.157 0.025
) (0.1846; 0.3692] (0; 0.403] 0.683 0.157 0.107
) (0.18446; 0.3692] (0.403; 0.807] 0.683 0.683 0.466
o (0.1846; 0.3692] (0.807; 1.210] 0.683 0.157 0.107
oS (0.3692; 0.5538] (0; 0.403] 0.157 0.157 0.025
e (0.3692; 0.5538] (0.403; 0.807] 0.157 0.683 0.107
o (0.3692; 0.5538] (0.807; 1.210] 0.157 0.157 0.025

mind that the extremum of the payoff function characterizes
only the given state of nature and does not necessarily corre-
spond to the best strategy of the freight forwarder. The choice of

12

—
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Fig. Estimates of the freight forwarder strategies:

a — payoff function for the state of nature rﬁ}; b — integral payoff
Sfunction for all the possible states of nature

the optimal strategy profile is carried out in accordance with (1)
based on the integral payoff function H”. Figure, b presents the
results of the evaluation of the integral payoff function for 30
profiles of Auto-Transit strategies, which was carried out based
on the set of possible states of nature presented in Table 2.

Analysis of the dependencies presented in Figure, allows to
determine the optimal forwarder’s strategies:

- for stationary parameters of demand: the optimal strate-
gy of the company is the use of specialized software for servic-
ing the flow of requests by 10 dispatchers (the strategy profile
TpF= ST, Nd: 10),

- for stochastic parameters of demand (in accordance with
the states of nature identified in Table 2): the optimal strategy of
the forwarder is to service the incoming flow by 6 dispatchers
using specialized software (the strategy profile tz= ST, N,;=6).

It should be noted that when using traditional tools of lo-
gistics portals (the servicing technology tz-= TT), the optimal
number of dispatchers for the Auto-Transit forwarding com-
pany is 8 people if the evaluation of the strategy does not take
into account the alternative states of the transport market, or
4 people if the stochastic nature of the transportation services
market is taken into account.

Conclusions. The proposed game-theory-based approach
to determining the strategies of freight forwarding companies
considers the sustainable development principles of the for-
warders’ operation under conditions of stochastic demand pa-
rameters. The described model considers the limited number of
parameters defining the strategy profiles and is confined to the
listed characteristics of demand for transport services. However,
it could be widened without changing the proposed principle
for the substantiation of the forwarder’s sustainable strategy.

The proposed models implemented as the library of base
classes are dedicated to the development of programming
models of interactions between the entities within the macro-
logistic system of a freight transportation market. Simulation
models obtained based on the proposed tools can be used to
study the stochasticity of demand for freight deliveries and the
random nature of the technological operations implemented
by forwarding companies.

As future research direction, expansion of the number of
parameters defining profiles of the forwarder strategies, con-
sidering strategies of competitive companies, and use in the
model of more indicators characterizing the demand for for-
warding services should be mentioned. The other significant
direction of future research is checking out if the strategies
substantiated with the proposed approach would not decrease
the competitiveness of a forwarding company. The proposed
class library is available on open access; thus, the developed
classes could be adjusted accordingly to reflect the changes
provided in the mathematical model.
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Merta. 3anpornoHyBaTi METOIOJIOTi0 (hOPMYBaHHS CTiii-
KUX CTpATeriii TpaHCTIOPTHO-EKCIEIUTOPChKUX KOMIIaHii B
YMOBaX HEBU3HAYEHOCTI CTOXaCTUYHOIO CepeoBUIIa TPaH-
CIIOPTHOTO PUHKY.

Mertomuka. s ¢opmanizaiii KOH(MJIIKTHOI cUTyauii
BUKOPMUCTaHI €JEMEHTM Teopil irop, 1€ HEeBU3HAUYEHICTb
TPAHCIIOPTHOTO PUHKY PO3IJISAAETHCS SIK I'pa i3 MPUPOIOIO.
st noOynoBY MOJENi pUHKY BAHTaXKHUX IEPEBE3eHb BUKO-
pUMCTaHi MPUHLIMITU TeOPii CUCTEM JIJIsI MOJETIOBAHHSI Tisl/Ib-
HOCTI €KCITeIUTOPCHhKOI KOMIaHil SIK €IeMEHTY MaKpoJIOTic-
TUYHOI CHUCTEMU TPAHCIOPTHOTO PUHKY. Metogamu
00’€KTHO-OPIEHTOBAHOTO  TIpOTpaMyBaHHSI  PO3poOJIcHE
crieliajJbHe MporpaMHe 3a0e3rnevyeHHs 1S KOMIT I0TEpHOTO
MOJIETIOBaHHSI POOOTU eKCTeIUTOpa Ha PUHKY TPAHCIIOPT-
HUX MOCTYT. B 9KOCTi OCHOBHOI METOIUKU OOPOOKU YMCIIO-
BUX Ppe3yJIbTaTiB €KCIIEPUMEHTAIbHUX AOCTIIKEeHb BUKO-
pUcTaHO perpeciiiHuii aHaniz. g oOrpyHTYyBaHHSI CTayoi
CTpaTerii TPaHCIOPTHO-EKCIIeAMTOPChKOI KOMIaHil B pO3-
JISIHYTOMY MPUKJIali 3aCTOCOBaHI eJleMeHTH (DYHKIIIOHATb-
HOTO aHasi3y.

Pesyabratu. Pe3ynabrat mpoBeneHOro eKCIepUMEHTY
JIO3BOJIMJIM BUBHAUYUTH SIKICHI 3aJI€XKHOCTI MiX KiJIbKIiCTIO 00-
CJIYTOBYBaHMX 3asIBOK i KiJIbKICTIO JUCIIETYEPiB, 3aTy4eHUX

10 OOCTYrOBYBaHHSI 3asiBOK, IJIsSl BUMAAKY, KOJMW DillIeHHS
OIepaTopiB MiATPUMYIOThCSI CMELiali30BaHUM MPOTPAMHUM
3a0€3MeYEHHSIM, i JUISI BUTIAAKY, KOJIU PillleHHS MPUiMaloTh-
csl TpAaUILIiHO.

HaykoBa HoBu3Ha. BuKOpuUCTaHHSI TEOPETHUKO-irpOBOTO
MiIXOoy Y UbOMY JOCTIIXKEHHI 0a3yeTbCS HA PO3IIMPEHOMY
MOJIEJIIOBaHHI Mpoliecy OOCIyroByBaHHSI BaHTaXiB, 1€ BU-
MaaKOBICTb MOMUTY Ta CTOXAaCTUYHICTh MPOLIECY OOCTYyTrOBY-
BaHHS BPaXOBYIOThCSI KOMIUIEKCHO. Lle n103Bomio obrpyH-
TYBaTU HOBY CTpATETil0 ONTUMAIBHOTO (YHKIIOHYBAHHS
TPAHCMOPTHO-EKCMEAUTOPCHKUX KOMITaHilA.

IIpakTiyHa 3HAYMMICTD. 3aTTPOIIOHOBAHUI METOIOJIOTIY-
HUMI MiIXia TPONOHYETHCS BUKOPUCTOBYBATH TPAHCIIOPTHO-
eKCMEeIUTOPCbKMM KOMIMAHISIM JUIS1 OLIHKYW CTiHKMX cTpare-
riil mpu oOCIyroByBaHHi KJIiEHTIB HA JaHOMY PUHKY. Buko-
PUCTaHHS PO3pOOJIEHOrO TIiAXOMY Ha TPaKTUL A03BOJISIE
eKCIeAUTOpaM 3HM3UTU eKCIUlyaTalliiiHi BUTpaTH, MOCST-
HYBILIY MiHIMaJIbHOTO HETATUBHOTO BILTMBY Ha HABKOJIUIIIHE
CEPEIOBHILE.

KimouoBi ciioBa: cmaauii pozeumok, meopis ieop, excneodu-
DYBAHHA 8AHMAICIE, CMOXACMUYHUL NONUM
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