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The object of this study is the pro-
cess of planning the work of a manufac-
turing enterprise that needs transport and
JSorwarding services when exporting goods
to counterparties in different countries of
the world.

The problem being solved is predeter-
mined by the need to devise recommenda-
tions for choosing a transport and forward-
ing company when serving an individual
customer, based on its individual needs and
conditions of cooperation.

A simulation model for the selection of
a transport and forwarding company was
constructed and implemented to meet the
customer’s needs when exporting goods,
applying the GPSS World simulation auto-
mation package.

The model provides for the optimization
of the choice of a transport and forwarding
company for servicing counterparties based
on the assessment of their activity indica-
tors over previous periods of cooperation.

When building the model, the types of
commercial conditions of the exporter’s
cooperation with the transport and for-
warding company, indicators of the qua-
lity assessment of the basic level of service
and the duration of service at all stages of
the foreign trade operation were taken into
account. The application of the constructed
model in practice will enable exporters and
importers to choose a transport and for-
warding company depending on the indi-
vidual needs of customers in the delivery
of goods. The simulation results reflect the
performance indicators of the provision of
transport and forwarding services by vari-
ous specialized enterprises. This will make
it possible to involve in the transport and
Jorwarding service of a separate counter-
party an organization that will meet all the
requirements of goods buyer in accordance
with the terms of the international economic
contract. At the same time, the duration of
choosing and agreeing the terms of coope-
ration could be reduced by 12—15 % while
the efficiency of transport and forwarding
services would increase by 13—-16 %
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1. Introduction

ternational market of goods and services. When concluding in-

ternational economic contracts, an important aspect is the dis-

The effectiveness of export-import trade operations has  tribution of responsibilities between the buyer and seller of the
a significant impact on the level of trust in exporters in the in-  goods regarding responsibility for the delivery of the goods.
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The main range of services related to the organization of
international transportation is performed by transport and
forwarding companies (TFCs). Planning the delivery of goods
by the exporter involves the selection of an intermediary orga-
nization capable of rendering a full range of necessary services
in compliance with the terms of the commercial agreement.

Depending on the demand for goods, the exporter can
involve one or more TFCs in cooperation. The interaction
between the customer and contractor can be based on such
forms as bidding, contract, auction, reduction, and general
conditions. The key features of choosing a form of coope-
ration with TFC are the frequency of the counterparty’s re-
quests and the level of satisfaction with the quality of service.

The list of works carried out by TFCs when exporting
goods has a clear sequence. However, the quality and dura-
tion of service is closely related to the company’s available
resources and readiness to process the order in accordance
with the exporter’s needs. Significant differences in the
performance of enterprises are related to the direction of
transportation, namely searches for rolling stock in partner
organizations (in case of lack of free own); preparation of
customs, transportation, and commercial documents. An im-
portant aspect is compliance with the requirements for inter-
national transportation through the territory of the countries
of departure, destination, and transit. In turn, depending on
the chosen form of cooperation, there may be differences in
priority and time characteristics of service.

Scientific research into this area is important because un-
der the conditions of competition on the market of transport
and forwarding services, the choice of an enterprise that will
provide the necessary range of services is relevant for cus-
tomers. Due to the fact that each enterprise is characterized
by significant differences in technical, technological, and
organizational support, this has an impact on the duration
and quality of service. Accordingly, it is in the interests of the
customer to choose a transport and forwarding company that
is able to satisfy its individual requirements for the delivery
of goods in international communication. It is possible to
achieve this goal by automating the processes of organiza-
tional and management activities of production and trade
enterprises and other stakeholders.

The results of such studies are needed in practice because
the application of software packages in the activities of sub-
jects of international economic activity will contribute to the
formation of stable partnership relations. In turn, this will
make it possible to optimize the duration of choosing a busi-
ness entity and direct service, as well as provide the required
level of service. Based on the assessment of qualitative and
quantitative indicators of the effectiveness of service provi-
sion, it will be possible to plan international trade operations
over long-term periods.

2. Literature review and problem statement

In work [1], a study of problems and factors that affect
cargo transportation in transport and forwarding organiza-
tions engaged in forwarding and servicing of shippers was
carried out. The study identifies and analyzes a number of
problems faced by freight forwarders with carriers, as well
as companies and individual clients. But this study concerns
those processes that take place already after the selection of
TFC and does not show how the customer chooses this or
that enterprise for transportation.

In work [2], the directions for improving the transport
and logistics service of international freight transportation are
considered. The study showed that the comprehensive render-
ing of transport and logistics services by the company is one
of the most priority directions. A significant number of TFCs
operate in each country, among which the customer must choose
the one that will most fully meet its requirements. However,
the cited paper does not consider the issue of choosing a TFC
by the customer, although it is of significant importance in the
organization of cargo transportation in international traffic.

Paper [3] notes the importance of selecting a servicing TFC
and provides certain recommendations for its selection. The
authors emphasize that when choosing a TFC, it is necessary
to pay attention to the level of specialists, the availability of
own rolling stock, the cost and quality of the offered services,
and reviews of other organizations. However, the work does not
provide an algorithm for selecting TFCs, and there is no study
of the influence of each of the criteria on the selection results.

In work [4], authors investigated the influence of the
quality of the provision of transport services on customer
satisfaction. The research results allowed them to conclude
that customer loyalty is one of the main goals of TFC. There-
fore, transport companies need to devise strategic measures
that can involve improving each component of service qua-
lity to increase customer satisfaction. That is, the work indi-
cates the importance of high-quality customer service, but
no recommendations are given as to how the client should
choose one or another company for transportation.

Simulation models of transport processes and systems are
the main tool for research and solving many problems in the
field of their management.

Thus, in work [5], authors built a model that makes it
possible to study the process of transportation planning by
freight forwarders through the involvement of third-party
carriers. The implementation of subcontracting extends the
traditional routing of own vehicles to integrated operational
transportation planning, which simultaneously constructs
execution plans with the lowest total cost, using own fleet and
vehicles of subcontractors. The results of the calculations show
a significant reduction in costs when using the proposed ap-
proach to planning. However, the given model is related to the
optimization of TFC work and does not take into account the
interests of the customer regarding the choice of the carrier.

In work [6], authors modeled transport processes in
a transport forwarding agency, using Business Process Mo-
deling tools and methodology. The transportation process
with all the stages associated with it was modeled in spe-
cialized software in order to identify bottlenecks, overloads,
uneven distribution of workload, excessive time, money, etc.
This model cannot be applied in the study of the choice of
TFC to meet the customer’s needs.

In work [7] it is indicated that the interconnectedness of
various participants in freight transportation has turned it
into a large complex system. It is difficult to conduct research
analysis in such a system. This work presents a four-stage
model of freight transportation. But it does not provide for
the possibility of choosing TFC by the customer.

Work [8] considers the possibility of optimizing the pro-
cesses of TFC, which provides services for international
road transportation. For research, a simulation model built
in the SIMULS environment was used, which provides the
possibility of dynamic discrete modeling of the company’s
processes. But this model is limited only to the functioning of
the company’s warehouse, un which the sequence of loading
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and unloading operations of vehicles is carried out and possible
downtimes are investigated. Such a model cannot be used to
study the process of TFC selection in transportation planning.

In[9], authors devised and implemented a simulation
model of the work of a transport-forwarding company when
serving customers. The model provides for the optimization
of organizational and management processes in cooperation
with customers of transport and forwarding services. The
application of the developed model provides an opportunity
for owners of transport and forwarding companies to plan the
number of staff of forwarders and the duration of service provi-
sion under different conditions of interaction with customers.
This IM makes it possible to improve the quality of customer
service but does not provide an opportunity to investigate the
process of choosing a TFC by the customer to meet its needs in
the organization of international road transportation of goods.

In work [10], authors performed a critical analysis of
the existing optimization models of the process of interac-
tion of transport market subjects. A mathematical model of
the choice of rational strategies of behavior in the strategic
planning of the activities of transport market entities with
an orientation on the commercial efficiency of the customer
is suggested. The proposed mathematical model provides an
opportunity to consider the maximum number of alternative
delivery participants among the representatives of each de-
livery element and take into account the amount of external
additional profit from the cooperation of participants. This
model is focused on the study of interaction between partici-
pants of the transportation process and cannot be used to
study the process of choosing a TFC by the client.

The above models consider the activity of TFC and me-
thods of improving its functioning. This is important because
providing quality service attracts new and keeps customers.
But it is also necessary to understand how the initial process
takes place — choosing TFC as a client.

Therefore, there is a need for the development of IM,
which will allow researching the procedure for choosing
TFC based on the assessment of quantitative and qualitative
indicators of the business entity’s work, taking into account
the previous experience of cooperation.

3. The aim and objectives of the study

The purpose of our study is to devise a procedure for se-
lecting TFC that most fully satisfies the needs of the customer
in the organization of international road transportation, taking
into account quantitative and qualitative indicators of work.

To achieve the goal, the following tasks were set:

— to formalize the TFC activity model;

— to develop and carry out a verification of the adequacy
of the IM of TFC activities;

— to perform an evaluation of the simulation results;

— to devise a methodology for determining the optimal TFC;

— to determine the optimal transport and forwarding com-
pany, taking into account the interests of the counterparties.

4. The study materials and methods

The object of our study is the process of choosing TFC
when exporting goods along various transportation routes
and forms of commercial interaction between the customer
and contractor.

The research hypothesis assumes that the construction
of a simulation model for the selection of TFC will enable
exporters to make rational management decisions about the
feasibility of cooperation based on the assessment of qualita-
tive and quantitative indicators of service.

When performing the research, the activity of a manu-
facturing enterprise that is an exporter of goods to different
countries of the world is considered. Cooperation of the
exporter with counterparties is carried out on the basis of
various Incoterms delivery conditions. In accordance with
this, an international economic contract is concluded, which
registers the division of responsibilities between the buyer
and seller of the goods in accordance with the agreed terms
of delivery. In the event that the seller is entrusted with the
organization of the delivery of goods, the production compa-
ny faces the task of choosing a TFC capable of meeting the
needs of the counterparty and providing the necessary range
of services. Cooperation with TFCs with which the exporter
had previous work experience is under consideration. In the
structure of the studied business entities, forwarding, cus-
toms brokerage and transport departments function, that is,
within the scope of the enterprise, the customer can receive
a set of services necessary for the organization of an interna-
tional flight. The exporter interacts with each TFC on the
basis of such commercial forms as: bidding, contract, auction,
reduction, and general conditions. Depending on the volume
of goods supplied to a particular counterparty, the direction of
transportation and the individual requirements of the buyer,
various TFCs and forms of cooperation may be involved.

When building the simulation model, the list of types of
activities performed by the TFC when exporting goods was
taken into account, namely:

1. Agreement on terms of cooperation.

2. Approval of the cost of the work.

3. Choice of vehicle.

4. Preparation of commercial documents.

5. Preparation of transport documents.

6. Preparation of customs documents.

7. Execution of warehouse work.

8. Loading of rolling stock.

9. Fulfillment of customs formalities in the country of
departure.

10. Completion of documentary formalities in the coun-
try of destination.

11. Execution of financial calculations for the services
provided.

In order to detail the activities of the manufacturing enter-
prise, during the construction of the model, cooperation with
five counterparties carrying out economic activities in Poland,
Spain, Italy, the Netherlands, and Germany was considered.
Accordingly, each of the buyers of the product is characterized
by a different intensity of incoming orders per year. In order
to comply with the conditions of cooperation with counter-
parties, the exporter evaluates the qualitative and quantitative
indicators of TFC for each international trade operation.

Thus, when modeling the choice of TFC to meet the
needs of the exporter, it is necessary to take into account
the direction of transportation of goods and the priority of
service depending on the chosen form of commercial coope-
ration between the customer and contractor.

The IM considers a generalized list of works performed
by TFC when organizing the export of goods and performed
within the limits of one business entity. Each counterparty
receives a different number of supply orders.
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The following parameters are registered as the results
of IM work:

— duration of the feasibility study of each individual coun-
terparty, taking into account the individual requirements for
the delivery of goods and the form of commercial cooperation;

— waiting time in the queue for the feasibility study of
each individual counterparty, taking into account the indivi-
dual requirements for the delivery of goods and the form of
commercial cooperation;

—length of the queue for the feasibility study of each
individual counterparty in cooperation with various business
entities;

— the share of applications for the feasibility study of each
individual counterparty, which was served without downtime
in the queue when cooperating with various business entities;

—load factor of freight forwarders when servicing indi-
vidual counterparties by various business entities;

— load factor of customs brokers when serving individual
counterparties by various business entities.

Simulation methods were used to analyze the activity
of TFC in the organization of international road transporta-
tion of goods.

Multi-criteria (vector) optimization methods were used
to devise a methodology for determining the optimal TFC.

Various indicators are used to evaluate the activity of
TFC — local criteria of optimality, which are components of a
generalized criterion, which will be key when choosing TFC
to meet the needs of an individual customer.

Local criteria have different measurement units, which
makes their direct comparison difficult. To solve this issue,
local criteria were normalized, that is, they were reduced to
single units of measurement.Another task is related to the
need to take into account the degree of importance (priority)
of local criteria. This requires the use in the model of a vector
of weighting factors that make it possible to establish (deter-
mine) the importance of local criteria. The requirements of
the simultaneous maximum and minimum of local criteria are
also incompatible, which requires bringing them to one kind
of extremum.

Thus, in order to determine the optimal TFC, a procedure
of transition from the problem of vector optimization accord-
ing to local criteria to a specially constructed scalar function,
which is termed a generalized criterion, was devised. The
generalized criterion depends on local criteria that have dif-
ferent weights and units of measurement, as well as different
directions of influence on the generalized criterion.

5. Results of research on the choice

The goal is to build the IM of TFC activities in the or-
ganization of international road transportation of goods to
determine the following parameters:

— determination of the average duration of feasibility
studies by each investigated enterprise;

— determination of the characteristics of the investiga-
ted TFC.

Many factors influence the process of operation of TFC.
Let’s divide the factors into known A={ay, ay, .., a,}, which
cannot be influenced, and controlled X={x1, xo, ..., x}.

We denote by the set Y={y1, y, ..., ¥} the initial parame-
ters that depend in a certain way on the vectors A and X, i.e.,
Y is some function Y=®(A; X).

In general, the model of operation of TFC activities in the
organization of international road transportation of goods
can be represented by the following structure:

{a1, ay, ..., a, }
Y= . (1)
Xpy Xyy ey X

The controlled X factors of the model are:

— intensity A of receiving orders from the k-th counter-
party for the export of goods;

— conditions of cooperation (bidding, contract, auction,
reduction, general conditions) PR; with j-th TFC, which
determine priority in service;

The uncontrollable factors A of the model are:

— estimation of the average time m;+c; of the i-th work
W; at each stage of feasibility study by the j-th company;

— the number of forwarders M; working at the j-th en-
terprise;

— estimate of the average time a;b;; of the i-th job W; at
each stage of customs brokerage service by the j-th company;

— the number of customs brokers L, working at the jth
enterprise;

— the number of vehicles V; on the company’s balance sheet;

— estimation of the average time ¢;+d; of searching for vehi-
cles by the j-th company (if the company has no free vehicles).

The processing of an application in TFC represents the
performance of works (Table 1), which must be completed
before it finalizes the service. The duration of each operation is
considered as a random variable with a given distribution law.
The parameters necessary for modeling a random variable
are established as a result of statistical processing of field
research data. FIFO (first-in, first-served) order is adopted
as the main order of service of applications.

Table 1

Types of feasibility study operations during cargo export

Types of operations

Agreement on terms of cooperation

Approval of the cost of the work

Choice of vehicle

Preparation of commercial documents

Preparation of transport documents

Preparation of customs documents

Execution of warehouse work

Loading of rolling stock

Fulfillment of customs formalities in the country of departure

Completion of documentary formalities in the country of destination

of a transport and forwarding company Task
in the organization of international No- | fentifier
road transportation of goods 1 W,
o .. 2 Wy
3. 1. Formalization of the activity model
of the transport and forwarding enterprise 3 Wy
The work of TFC in the organization of 4 Wy
international road transportation of goods is 5 Ws
considered. Customers of transport and for- 6 W
warding services receive a stream of orders 7 W5
from counterparties for the export of goods. 3 Ws
Customers of transport and forwarding 9 -
services have different conditions of coope- 2
ration with TFC: bidding, contract, auction, 10 Wio
reduction, general conditions. 1 Wi

Performing financial calculations for the services rendered



http://mostwiedzy.pl

/\/\\ MOST WIEDZY Downloaded from mostwiedzy.pl

The output factors-feedback Y of the model are:

— the average duration of feasibility study (¢;) by the j-th
enterprise of the k-th counterparty;

— the average waiting time in the queue for the feasibility
study (wyj) by the j-th enterprise of the k-th counterparty;

— the average length of the queue for feasibility study (ny)
by the j-th enterprise of the k-th counterparty;

— the share of applications (vy;) from the k-th counterpar-
ty, which are served by the j-th company without downtime
in the queue;

— loading factor of forwarders () of the j-th enterprise
when serving the k-th counterparty;

— load factor of brokers (py,) of the j-th enterprise when
servicing the k-th counterparty.

As performance indicators that determine the goals of mo-
deling — the choice of the optimal TFC when exporting goods,
the feedback of the Y model is considered. The limitations of
IM are related to the conditions imposed on the incoming flow
of export supplies that require TFC (it is assumed that it is the
simplest, i.e., there are no urgent applications), as well as there
are no phenomena that change the regularity of the duration of
feasibility study (failures and failures of equipment, etc.).

5. 2. Devising and implementing the verification of
adequacy of the simulation model of the transport and
forwarding enterprise

The activity of the investigated TFCs is represented in
the form of a mass service system. The proposed mass service
model is implemented in the GPSS World simulation auto-
mation package [11]. An example of the text of IM of the
activity of TFC in GPSS World is shown in Fig. 1.

& GPSS World - [Sim_mod.gps] - [a) X
[ File Edit Search View Command Window Help - & x
D|=(E & || S2(N

Wait_Forw_Auct Qrable W_FR_Aucet,0,10,10
Wait_Broker_ Auct Qrable W_BR_Auct,0,5,10
Wait_Forw_Tend Qrable W_FR_Tend, 0,10,10
Wait_Broker_ Tend Qrable W_BR_Tend, 0, 5,10
Wait_Forw_Contr Qrable W_FR_Contr,0,15,10
Wait_Broker_ Contr Qtable W_BR_Contr,0,5,10
Wait_Forw_Cond Qrable W_FR_Cond,0,30,10
Wait_Broker_ Cond Qtable W_BR Cond,0,5,10

T_Reduc Table MP3,1000,100,10
T Auct Table MP3,1000,100, 10
T _Tend Table MP3,800,50,10
T Contr Table MP3,800,50,10
T _Cond Table MP3,1100,100,12

Forwarder Storage 5

Broker Storage 2

Vehicle Storage 12
Generate 200,,,,2
Mark 3
Queue W_FR_Reduc_W1l
Enter Forwarder
Depart W_FR_Reduc_W1
Advance 90,25
Leave Forwarder
Queue W_FR_Reduc_W2
Enter Forwarder
Depart W_FR_Reduc_W2
Advance 45,15
Leave Eorwardeﬂ

[For Help, press F1 Results [Clock 4

Fig. 1. Partial program listing of the simulation model that
we implemented in GPSS World

The application of GPSS for the construction of IM for
the analysis of TFC activity in the organization of interna-
tional road transportation of goods is characterized by the
following possibilities:

— GPSS uses an extensive user interface for IM construc-
tion. This is provided by visualization capabilities of the

modeling process, as well as built-in elements of statistical
data processing;

— GPSS has an interactive ability to debug the model,
which makes it possible to set control points in the model,
step-by-step debugging, and the ability to determine the pa-
rameters of service requests during the simulation experiment;

— GPSS makes it possible to evaluate the characteris-
tics of the system at certain time points at different levels
of its detail.

Verification of the adequacy of IM to the real object was
carried out for the case when it is possible to determine the
value of the system responses during field tests. To check the
adequacy of the model, the hypothesis about the closeness
of the average values of each response of the model to the
known average value of the response of the real object Y
was tested. Ni=5 experiments were conducted on a real
object and a sample of values {Y;'}, i=1,5 was formed. No=5
experiments were conducted with the help of IM, samples of
i=1,5 values were obtained based on the feedback of the model.

Estimates of the mathematical expectation and variance
of the model and system responses (Table 2) were determined
by the samples using the following ratios:

J— 1 Ny
YQ" =— Y* ’
]\]1 ;4 Qi

k=1
N,
)7"=i Y.
Nz k=1
D=1 Sy, -7.) @
n NZ_ pr nk nyo.

The basis for testing the hypothesis is the difference
E, =(Y.-Yq,), the estimate of the variance of which will be:

_(N1_1)Dn+(N2_1)D; (3)
o N,+N,-2 '

The calculated estimates of variance D, are given in Table 2.
E, and D,, values are independent statistics, so you can
use ¢-statistics:

SR — NN,
=(V.-Vo | [—rte 4
L ( Q") D, (N, +N,) )

With the number of degrees of freedom v=N;+N,—2=8
and the significance level 0=0.05, the critical value (¢,=1.85)
was determined according to Student’s distribution tables.
Comparing each of the ¢-statistic values in Table 2 with
ter (£,<t,), the hypothesis about the closeness of the average
values of the responses of the model and the real object is
accepted. Thus, we can talk about the adequacy of IM and
the real object.

To determine the error of IM responses regarding TFC
activity, 10 simulation experiments were conducted at the
midpoint of the IM parameter values. At the same time, in
the /-th simulation experiment, the IM parameters were not
changed, but only the initial values of the basic generator
algorithms were modified. As a result of the simulation ex-
periment, samples with a volume of N=10 of each k-th IM
response {Y,,;} were formed.
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Checking the adequacy of the simulation model

Table 2

Re- Value of sample components Average response | Response variance | Variance of L
= =t — = . t-statistics ¢,
sponse | j=1{ j=2 j=3 j=4 j=5 valueY,,Y s score Dy, Dy difference Dy

tyj 1,116 1,120 1,100 1,128 1,090 1,110.8 239.2

" 256.850 1.302

Ly 1,130 1,128 1,095 1,137 1,130 1,124 274.5

wyj 80 82 79 80 110 86.2 178.2

- 148.700 0.648
wy; 73 77 75 81 100 81.2 119.2
et 1.2 3 1 3.5 2.8 2.3 1.27

- 1.235 0.711
upt 1 1 1 3 3 1.8 1.2
vy 0.66 0.68 0.69 0.65 0.69 0.674 0.00033

/ 0.000 1510
\h 0.65 0.65 0.67 0.66 0.67 0.66 0.0001
p1j 0.82 0.88 0.83 0.89 0.885 0.861 0.001105

- 0.004 1.307

pij 0.71 0.88 0.75 0.85 0.87 0.812 0.00592

Based on these samples, mathematical expectation esti- Table 4
mates and sample variances of model responses (Y, D, ) were Feasibility study simulation results
calculated .accordlng to formula (2). The resulting values of Enterprise | TFC1 | TFC2 | TFC3 | TFC4 | TFC5
errors dY, in percentages for IM, calculated from formula (5), c - e c G 1

. . . ooperation educ- . . . . on- enera
are given in Table 3: conditions tion Bidding | Bidding tract | conditions
— Poland (k=1)
dy, =lus D, oo 5) tpmin | 1,5399 [ 15962 | 1,116.0 | 1,1984 | 18593
Y, V\N-1 wymin | 2349 | 2082 | 730 | 1284 | 3353
Nyj 2.6 3.2 1.2 1.8 4
The accuracy of simulation is determined by the formula: vi; % 70 69 83 78 56
Yy 0.83 0.72 0.65 0.75 0.92
dg, =max{dY, }. (6) Py 0.84 0.82 0.71 0.79 0.89
" Spain (k=2)

During the trial simulation experiment, it was estab- Ly ml_n 1,506.5 | 1,703.5 | 1,330.4 | 1,337.5 | 1,867.5
lished that the upper limit of the simulation error is equal @y, MIN 2405 | 2475 1634 | 17445 | 3735
to dsy=2.8 % with a permissible 3 %. Thus, the simulation Ny 2.8 3.5 1.3 2.0 4.4
error is insignificant for this study. Vaj, % 76 75 89 85 61

Yo 0.77 0.67 0.62 0.70 0.86
Table 3
P2 0.81 0.79 0.68 0.76 0.85
Estimation of the error of si.mulating the responses Italy (k=3)
of the simulation model tmin | 1,6184 | 1,642.7 | 1,2238 | 1,2768 | 18513
Simula- Simula- Simula- w3, min 258.4 238.7 140.8 156.8 358.3
Re- tion error Re- tion error Re- tion error 25 31 1.2 1.7 3.9
sponse o sponse o sponse o N3 : : : : :
¥, % ¥, % ¥ % V3, % 69 67 81 76 55

ti 2.5 to 23 43 28 vy 0.81 0.71 0.63 0.74 0.89

w1y 1.3 w1y 1.6 w13 2.1 p3j 0.81 0.80 0.70 0.77 0.87

N 18 N2 1.7 N3 19 The Netherlands (k=4)

vir 21 Vi 19 vis 29 L4j, 1’1‘11.1’1 1,424.4 | 1,517.5 | 1,212.2 | 1,255.5 | 1,595.2

wyj, Min 227.4 220.5 110.2 134.5 329.2

Vit 12 iz 15 Vis L7 Ny 28 34 13 19 43

P11 1.4 P12 1.3 P13 1.6 Vij, % 78 74 92 83 62

Yy 0.80 0.69 0.62 0.72 0.88

5. 3. Assessment of modeling results P4 0.83 0.81 0.70 0.78 0.88

According to the reports obtained as a result of simu- Germany (k=5)
lating the activities of TFC when exporting goods from the t5, min 1,452.6 | 1,574.4 | 1,074.6 | 1,209.6 | 1,696.3
k-th counterparty (at k=1 — to Poland, k=2 — to Spain, ws;, min 291.6 205.4 79.6 129.6 3393
k=3 —-to Ita.ly, k=4 — to the N.ether.lands, k=5-to Gerrr.la— 5 30 37 4 21 16
ny) we obtained the results given in Table 4. The activity v % ” P Py oS =9
of five TFCs with different conditions of cooperation (bid- 2% 22 08 076 06 079 098
ding, contract, auction, reduction, general conditions) Vs 87 7 67 7 :
was considered. Py 088 | 085 | 073 [ 083 | 095
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The simulation results indicate that for all studied pro-
duct delivery directions, TFC No. 3, which is serviced on
a bidding basis, achieves optimal performance. In turn,
TFC No. 5, with which cooperation is carried out on general
terms, is characterized by the worst indicators. In addition,
service indicators for different transportation routes have
differences related to the terms of preparation of transport
and customs documents, as well as the duration of delivery.

5. 4. Devising the methodology for determining the
optimal transport and forwarding company

TFC activity is evaluated on the basis of various qualita-
tive and quantitative indicators. The task of determining the
composition of these indicators boils down to the fact that,
firstly, they maximally take into account the composition and
features of the object of evaluation. Secondly, the objectives of
the modeling were clearly defined, that is, the choice of TFC
that would satisfy the customer’s needs for cargo delivery.

For the comparative evaluation of TFC, groups of indica-
tors or factors (local criteria) characterizing different levels
of technical, technological, and organizational support of the
enterprise are distinguished.

Both quantitative and qualitative indicators have different
units of measurement, different degrees of influence (weight)
and different directionality of influence on the final performance
indicator (generalized criterion) for choosing the optimal TFC
for the customer.

It is possible to distinguish two groups

I =mjjn{1ﬁ}. )

Since PIs have different units of measurement, the output
data must be brought to a certain range ([0, ..., 1]), by per-
forming data normalization by dividing the optimal indica-
tor I;" by indicators I;; characterizing TFC; (Table 6).

For the comparative assessment of TFC, taking into
account the weighting factors W, the generalized efficiency
indicator TFC; is determined:

FG,= 3 W4 j=(m). ®
= y

The generalized PI for optimal TFC is:

3w, j=(im). ®

I

FG' =Y W,

i=1 i

The integral PI is determined by comparing the gene-

ralized PI for the optimal TFC with the generalized TFC;
indicator, which is estimated:

1G,=FG" = FG,, j=(1,m). (10)
The smaller the integral indicator of the TFC efficiency,

the higher the evaluated TFC efficiency, i.e., the closer the
given TFC is to the optimal one.

of indicators that have a direct and inverse Table 6
influence on the final performance indi- TFC matrix of relations of performance indicators
cator. In order to bring the indicators of one [ .- Optimal
group to the indicators of another, it is ne- | goop | Weight | TFCy TECy | .| TFEG | .| TFC, indicator
cessary to find the inverse values of the data. P . " p P

For each group of factors, a matrix il Wi I/t L/he || B/ly || B /D L/l =1
of indicators F; (i=1,n), is formed, which 13 W) Ly /I Iy/ly || /Iy || I/Dw Iy /I =1
have the same orientation to the final gene-
rali;ed 'indicator of the efficiency of.TF.q F, W, /I e || L || 5/ Il =1
which is evaluated (Table 5). The signifi-
cance of indicators F; is determined by -
Welghtlng coefficients "Vi, (l = 1, n), which Fu W, In*/Inl In*/InZ In*/In‘ In*/Inm In*/In*:1
reflect the contribution of each indicator o le 1 o o "
to the generalized criterion for each group FG; DSWT [ XWX W | | YW 2V,

. . i=1 Ii1 i=1 Ii2 i=1 Iz] i=1 Iim i=1

of factors. In Table 5, the following desig-

nations are adopted:
— W; (i=1,n) is the weight of the i-th efficiency indicator;
—-Ij(i= 1,m; j=1,m) is the value of the i-th efficiency in-
dicator for the j-th TFC.

Table 5
TFC performance indicator matrix

Indi- . Optimal
cator Weight | TFCy | TFCy | ... | TFC; | ... | TFC,, indicator

F Wi Iy Iy || Ly || lim I

2 Wo I Iy || Dy || Dn L’

F; Wi I Ly || L || lin I

Fn Wn Inl In2 Inj Inm In*

For each factor, the minimum value of performance indi-
cators (PI) is selected:

Let L groups of indicators that characterize TFC; be
selected for comparative evaluation of TFC. The inte-
gral IGj; P1is determined by the /th group of factors. The
generalized integral indicator of efficiency TFC; which is
evaluated, is determined as follows:

L
1].=IZIG,].. an
=1

Ranking of TFC; according to the decrease of inte-
gral IG; PI or generalized integral indicators I; will allow
choosing a TFC that can satisfy the needs of the customer
in the organization of international road transportation
of goods.

5. 5. Determining the optimal transport and forward-
ing company, taking into account the interests of coun-
terparties

In order to evaluate the efficiency of TFC and the cus-
tomer’s choice TFC;, which meets the needs of the customer
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in the organization of international road transportation of
goods, two groups of indicators have been identified:

— quantitative indicators, which are the results of simula-
tion modeling of feasibility studies when exporting goods to
Poland, Spain, Italy, the Netherlands, and Germany (Table 4);

— qualitative indicators of evaluation of cooperation
with TFC.

As aresult of simulation modeling of the operation of five
TFCs, the values of TFC efficiency indicators were deter-
mined (Table 7):

— the average duration of feasibility study of the k-th
counterparty (Fp);

— the average waiting time in the queue for the feasibility
study of the k-th counterparty (Fj»);

— the average length of the queue at the feasibility study
of the k-th counterparty (F3);

— the share of applications from the k-th counterparty,
which were served without downtime in the queue (Fpy);

— load factor of forwarders when serving the k-th coun-
terparty (Fys);

— load factor of brokers when serving the k-th counter-
party (Fe).

Table 7
TFC matrix of performance indicators
Indicator | TFC, | TFC, | TFC, | TFC, | TFC; | Optimal
indicator
Poland
Fii | ty; [1,5399(1,596.2|1,116.0 | 1,198.4|1,859.3 1,116
Fip | wy; | 2349 | 2082 | 730 | 1284 | 3353 73
Fiz | ny 2.6 3.2 1.2 1.8 4 1.2
Fig | vy | 0014 | 0014 | 0.012 | 0.013 | 0.018 0.012
Fis | yy | 083 0.72 0.65 0.75 0.92 0.65
Fig | pyj | 084 0.82 0.71 0.79 0.89 0.71
Spain
For | ty [1,506.5(1,703.5|1,3304 | 1,337.5| 1,867.5 1,330.4

Foy | wy | 2405 | 2475 | 1634 | 17445 | 3735 163.4

Foz | my 2.8 3.5 1.3 2.0 4.4 1.3

Foy | vy | 0013 | 0.013 | 0.011 | 0.012 | 0.016 0.011

Fos | wo | 077 0.67 0.62 0.70 0.86 0.62

Fy | py | 081 0.79 0.68 0.76 0.85 0.68
Ttaly

F31 | t3 [1,6184(1,642.7|1,2238|1,276.8|1,851.3 1,223.8

F3y | w3 | 2584 | 2387 | 1408 | 1568 | 358.3 140.8

F3i | v | 0014 | 0015 | 0.012 | 0.013 | 0.018 0.012

F35 | w3 | 081 0.71 063 | 074 | 089 0.63

F36 | p3i | 081 080 | 070 | 077 | 087 0.7
The Netherlands

Fy | ty [14244(1,517.5]1,212.2|1,255.5|1,595.2 1,212.2

Fpp | wy | 2274 | 2205 | 1102 | 1345 | 329.2 110.2

Fuq | vy | 0013 | 0014 | 0.011 | 0.012 | 0.016 0.011
Fis | wy | 080 0.69 0.62 0.72 0.88 0.62
Fue | psyj | 083 0.81 0.70 0.78 0.88 0.7
Germany
Fsi | t5 |1/452.6]1,5744(1,074.6|1,209.6 | 1,696.3 1,074.6
Fsp | ws | 2216 | 2054 | 796 | 1296 | 3393 79.6
Fs3 | n5 | 30 3.7 1.4 2.1 4.6 1.4
Fs4 | vs | 0014 | 0014 | 0.012 | 0012 | 0.017 0.012
Fs5 | ws | 087 0.76 0.67 0.79 0.98 0.67
Fs6 | p5 | 088 0.85 0.73 0.83 0.95 0.73

The Fp4 indicator has a direct impact on the final PI. The
Fy4 indicator is reduced to indicators that have the opposite
direction of influence on the final PI. The indicators have
the same significance of influence on the final PI; therefore,
the weighting coefficients W are equal and are not taken into
account in the calculations.

The resulting efficiency indicators show that the opti-
mal values for different directions of transportation were
achieved when the customer cooperated with TFC No. 3 on
a bidding basis. A key feature of the decision to cooperate
with TFC is the possibility of service without downtime
in queues or reducing this indicator to a minimum. Thus,
there are reasons to assert that the activity of TFC No. 3
has clearly structured business processes since the value of
the studied indicator has slight differences when serving
different counterparties. On the basis of the proposed meth-
odology, it becomes possible to obtain not only information
about the service of an individual counterparty but also to
carry out a comparative characteristic based on key perfor-
mance indicators.

Since PIs have different units of measurement, the out-
put data are reduced to the range|[0,.,1] by data nor-
malization (Table 8). Generalized TFC efficiency indicators
FGy (k=15; j=1,5) and optimal TFC efficiency indica-
tors FG, are calculated according to formulas (8) and (9) and
are given in Table 8.

Based on the data of the ratio matrix of TFC efficiency
indicators, generalized indicators of TFC efficiency were
determined under various conditions of cooperation with
counterparties. This will allow the exporter to receive re-
commendations for the selection of TFC taking into account
individual service conditions, as well as to determine the
optimal values among the studied ones.

In addition, it becomes possible to prioritize the estab-
lishment of partnership relations with TFC based on our
research results.

Integral PI IGy; (k=1,5; j=15) of TFC when exporting
goods to Poland, Spain, Italy, the Netherlands, Germany
were calculated according to formula (10) and are given
in Table 9.

According to our results from the study of quantitative
indicators of cooperation with TFCs, it was established
that in various directions of transportation, cooperation
with TFC3 and TFCy is the most effective, and the lowest
indicators are characteristic of TFCs. Thus, it can be as-
serted that the exporter’s interaction with TFC on a bid-
ding and contractual basis provides significantly higher PI
of service to various counterparties, unlike other condi-
tions of cooperation. However, before making the tran-
sition to such service conditions, it is important to make
sure that all the necessary components are available
to ensure high PI of goods delivery in international
communication.

By ranking TFC;according to the decrease of integral Pls
IGy;j according to the first group of indicators, the following
results were obtained:

— Poland: TFCg, TFC4, TFCQ, TFC1, TFC5;

— Spain: TFC,, TFCy, TECy, TFC,, TFCs;

— Italy: TFCs, TFCy, TFCy, TFC,, TFCs;

— The Netherlands: TFCs, TFC4, TFCy, TFC,, TFCs;

— Germany: TFCs, TFCy4, TFC,, TFCy, TFCs.

Table 10 gives quality indicators of the service evaluation
that were provided to the client as a result of cooperation
with TFCs.
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Table 8  action with TFC and assessment of the level of satisfaction
TFC matrix of ratios of efficiency indicators with the range of services provided, this will provide an op-
portunity to receive additional recommendations on the se-
Indicator | TFC, | TFC, | TFCs | TFC, | TFCs Optimal lection of cooperation conditions. Evaluation indicators can
value be formed by each exporter separately, taking into account its
Poland requirements for the delivery of goods and corporate values.
Fiq Ly 0.725 | 0.699 1 0.931 | 0,600 1
Fip | wy; | 03110351 | 1 [0569 | 0218 1 Table 10
Fis | ny | 0462 | 0375 1 0667 | 0.300 1 Qualitative indicators of evaluation
i | 0. ) } , . .
Fie | vy | 0857 | 0857 | 1 | 0923 | 0667 | 1 of cooperation with TFC
Fis | wy | 0783 | 0.903 1 0.867 | 0,707 1 Indicator Weight |[TFCy|TFCy| TFC3|TFC4| TFC5
Fig py | 0.845 | 0.866 1 0.899 | 0,798 1 Environmental
FGy; 3.98 4.05 6 4.85 3.29 6 Fy |friendliness in com- 0.2 0.13 10.124| 0.3 | 0.26 | 0.18
Spain munications
Fy | t; | 0883|0781 | 1 | 0995|0712 1 Fy [SimPlifying the way |0 4 0 089(0.062| 0.12 | 0.12 | 0.14
Fyy wy | 0.679 | 0.660 1 0.937 | 0,437 1 P -
Foz | my | 0464 [ 0371 1 | 0650 | 0,295 1 Fy Efrgg)pegfsmcess‘ng 1.0 |0.14[0.14]0.13]0.22]0.18
Fyy vy | 0.846 | 0.846 1 0.917 | 0,688 1 Knowledze of
. nowledge of your
Fps | yy | 0805 | 0.925 1 0.886 | 0,721 1 audience and the
Fys | py | 0840 | 0.861 1 0.895 | 0,800 1 F; |specifics of delivery | 0.8 | 0.17 | 0.18 | 0.04 | 0.08 | 0.06
FGy 452 | 444 | 6 | 528 | 365 6 of various categories
Ttaly of goods
P | fy | 075610745 | 1 10958 | 0661 ! F. Ali'Cha‘n by Oftinlt'e 7104 {015 | 047|006 | 006 | 0.12
5 |action 1n a centrali- B . . . B .
Fy | wy | 0545059 | 1 | 0898 | 0393 1 zed system
i 3 1 Ny g'gig g'zig 1 8‘332 g'zgg 1 Fs |Personalization 06 |0.11]0.14 (014 0.1 |0.13
34 V3j . . g )
Fas ‘VSJ' 0778 | 0.887 1 0851 | 0.708 1 F; |Loyalty 0.1 0.12 {0.13 | 0.12 | 0.11 | 0.1
i | 0. ) ) , _
Fzs | p3 | 0864 | 0875 | 1 | 0909 | 0,805 1 Fy fgg‘g‘f“ communi=—4- 1 10.098(0.094 | 0.09 | 0.05 | 0.09
FGs; 428 | 4.28 6 525 | 354 6
The Netherlands ) .
i ] 0851 ] 0799 1 0966 | 0.760 1 Since the indicators Fi—Fg have a direct influence on the
7 w] 0485 10500 | 1 Tosio 0'335 1 final PI, the values inverse to them were found (Table 11).
42 4j . . . s
Fis | my | 0464 | 0382 | 1 | 0684 | 0302 1 Table 11
Fia | vy | 0846 | 0.786 1 0.917 | 0,688 1 TFC matrix of performance indicators
Fys5 vy | 0.775 | 0.899 1 0.861 | 0,705 1
Fio | py | 0843 | 0864 | 1 [ 0897 | 0795 1 233} Weight | TEC, | TFC, | TFC, | TFC, | TFCs Og’iﬁ“
FGy 4.26 4.23 6 514 3.58 6
Germany F | 02 |769(806|333(385 |55 | 333
Fsy t; | 0740 | 0.683 1 0.888 | 0,633 1 F 0.1 12.20 | 16.13 | 8.33 | 833 | 7.14 7.14
Fsy | ws | 0359 | 0.388 1 0.614 | 0,235 1 Iy 1.0 714 | 714 | 769 | 4.55 | 5.56 4.55
Fss | My | 0467 | 0378 | 1 | 0.667 | 0,304 1 F | 08 | 588|556 [2500]1250|1667| 556
B | vy | 0857 | 0857 | 1 | 1000|0706 | 1 F | 04 | 667588 [1667]1667]833| 588
B | Wy | 0770 1 0882 | 1 | 0848 | 0684 ! F 06 | 909 | 7.14 | 7.14 [10.00| 7.69 714
Fys | py | 0830 | 0859 | 1 | 0880 | 0768 1 6 : : : : : : :
FGs, 102 405 6 490 333 6 F 0.1 833 | 7.69 | 833 | 9.09 | 10.00 7.69
5i : : : .
Fg 0.1 10.20 | 10.64 | 11.11 | 20.00 | 11.11 10.20
Table 9
TFC integral performance indicators Assigning weight to a separate indicator ensures con-
Country of cargo | Integral sideration of individual needs of the exporter as a whole or
! e TFCy | TFCy | TFC3 | TFC4 | TFC . . c
delivery indicator ' g ’ ! ° requirements for delivery of goods to the specified counter-
Poland I1Gy; 202|195 0 | 115 | 271 party. Our data make it possible to determine the optimal
Spain Gy 148 1 156 | o o072 ] 235 values for each of the studied indicators under the condition
Ttaly 1Gy 17211721 0 10751 246 of service by one of the proposed enterprises. Thus, it be-
comes possible to form a list of requirements for the quality
The Netherlands IGy 174 | 177 ] 0 | 086 | 242 of service in accordance with the needs of stakeholders.
Germany 1G5 198 1 195] © 11 | 267 The initial data were normalized (Table 12). Generalized

In addition to quantitative indicators, it is advisable to
use qualitative indicators of the effectiveness of cooperation
with TFC. First of all, given the previous experience of inter-

TFC efficiency indicators FG; (j=1,5) and optimal TFC effi-
ciency indicators FG, taking into account the weighting fac-
tors W, integral PIs IG; (j =1,5) were re calculated according
to formulas (8) to (10) and are given in Table 12.
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Table 12

Matrix of ratios of generalized and integrated performance
indicators of TFCs

i‘;g;r Weight | TFC; | TFC, | TFC3 | TFC, | TFC; O}jﬁ;‘;al
F 02 | 043|041 ] 100 | 087 | 0.60 1
F 01 | 059 | 044 | 086 | 086 | 1.00 1
F 10 | 064 ] 064059 1.00 | 0.82 1
F 08 | 094100022044 033 1
Fs 04 | 088100035035/ 071 1
Fs 06 | 079|100 100|071 ] 093 1
£ 01 | 092100092085/ 077 1
F 01 | 1.00 | 096 | 092 | 051 | 0.92 1
FG; 255 | 276 | 1.98 | 2.32 | 2.31 3.30
IG; 0.75 | 054 | 132 | 098 | 0.99 0.00

Generalized and integrated PIs of TFCs allow us to
determine the expediency of cooperation with a business
entity taking into account the requirements for the quality
of service and to compare them with quantitative indicators
during the delivery of goods.

Taking into account the two groups of PIs that charac-
terize TFC,, the generalized integral Pls I, (k=15) of fea-
sibility study when exporting goods to Poland, Spain, Italy,
the Netherlands, and Germany were calculated according to
formula (11) and are shown in Table 13.

Table 13

Generalized integrated TFC performance indicators

Coulétry of cargo Iptegrated TFC, | TFC, | TFCs | TFC, | TFCs
elivery indicator
Poland 1Gy; 277 | 249 | 1.32 | 2143 | 3.7
Spain 1Gy; 223 | 21 | 132 | 1.7 | 3.34
Italy IG3 247 | 226 | 1.32 | 1.73 | 3.45
The Netherlands IGy 249 | 231 | 1.32 | 1.84 | 3.41
Germany IG5 273|249 | 1.32 | 2.08 | 3.66

The following results were obtained after ranking TFC;
according to the decrease in generalized integral PIs I, for
two groups of indicators:

— Poland: TFC3, TFCy, TFC,, TFCy, TFCs;

— Spain: TFCs, TFCy, TFC,y, TFCy, TFCs;

~ Ttaly: TFCs, TFCy, TFCy, TFCy, TFCs;

— The Netherlands: TFCs, TFCy4, TFCy, TFCy, TFCs;

— Germany: TFCs, TFCy, TFC,, TFCy, TFCs.

Thus, taking into account the quantitative and qualitative
PIs, it is advisable to plan cooperation with TFC3 and TFC;,
which will satisfy the complex requirements for the delivery
of goods in international communication.

These results indicate the expediency of applying IM
and scientific approaches in the practical activities of manu-
facturing enterprises that are exporters of goods to different
countries of the world. The proposed technological advance-
ment will make it possible to justify the decision regarding
the choice of TFC when delivering goods to a separate coun-
terparty, taking into account the terms of the international
economic contract. This will make it possible, on the basis of
the IM built, to analyze the performance indicators of TFC
when serving individual contractors, taking into account

their individual requirements for the delivery of goods.
The simulation results will ensure the formation of reliable
partnership relations between exporters and their counter-
parties, as well as contribute to the effective fulfillment of
the terms of international trade contracts. In addition, a high
level of trust in the business entity will be achieved due to
the involvement of TFCs in the product delivery process,
which, according to their qualitative and quantitative indi-
cators of cooperation evaluation, meet the requirements of
the customer. Thus, the application of the proposed model
will provide an opportunity for manufacturing enterprises to
secure a separate TFC contractor that is able to provide all
requirements for the delivery of goods along the necessary
route. As a result of this implementation, Ukrainian expor-
ters will gain competitive advantages among other suppliers
of goods due to the possibility of clearly planning the terms
of delivery of goods and fulfilling the terms of international
trade contracts.

6. Discussion of results of simulating the model
for the selection of a transport and forwarding company
to meet the needs of the customer

The results of simulation allow us to analyze the quanti-
tative performance indicators of the studied TFCs (Table 4)
under the condition of using various types of cooperation.
This will make it possible to carry out a comparative analysis
and formulate recommendations for the exporter to make
a decision on cooperation with a separate business entity. The
simulation model makes it possible to determine the optimal
values (Table 7), which will become the basis for choosing
a TFC capable of meeting the needs of the counterparty
regarding the organization of international transportation.

Our results of modeling the provision of transport and
forwarding services (Table 8) from the involvement in the
delivery of goods on different routes of five business entities
show significant differences in efficiency indicators. At the
same time, the conditions of cooperation, which determine
the priority of order processing in the event of the em-
ployment of specialists and the formation of a queue, have
a significant impact on the service process. The presence of
previous agreements on cooperation or interaction on a bid-
ding basis indicates significant improvements in all service
indicators studied.

Integral performance indicators (Table9) ensure the
formation of the priority of selection and the establishment
of partnership relations with the studied TFCs, taking into
account the results of modeling. In general, there is a general
trend regarding the effectiveness of the provision of TFC
services, which have a clear strategy for building internal and
external policies for ensuring business processes.

Based on the qualitative indicators of cooperation with
TFC (Table 10), a matrix of performance indicators was
formed (Table 11), which allows determining the optimal
values and justifying the choice of TFC based on the require-
ments for the level of service. Thus, each exporter can form
a list of indicators and their weight, which will have an im-
pact on the planning of interaction with TFC.

By analogy with the quantitative indicators, our work
defines integral and general indicators of the efficiency of
TFCs (Table 12), which provide justification for the expe-
diency of cooperation with the studied TFCs and plan the
conditions of cooperation with them.
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In addition, PIs were compared according to two groups
of indicators (Table 13) and a strategy of cooperation with
TFC was formulated in serving contractors who need to de-
liver goods by different routes.

In this study, it was possible to construct a simulation
model of TFC selection in the organization of road trans-
port, which will allow planning the work of a manufacturing
enterprise that exports goods. It provides for the possibility
of determining the performance indicators of the TFC that
correspond to the terms of the international economic con-
tract when delivering the goods to a separate counterparty.
Thus, it becomes possible to organize the cooperation of the
exporter with TFC when delivering the goods to a specific
counterparty, taking into account the transportation route.

The results of the calculations, which are given in Table 13,
testify to the significant influence of the transportation route
and the conditions of cooperation on the duration of the fea-
sibility study, which includes organizational and preparatory
measures and the process of providing the service.

The IM built provides for the definition and substantia-
tion of qualitative and quantitative indicators of the efficien-
cy of TFC under various conditions of cooperation depend-
ing on the territorial location of the buyer of a product.

Unlike the existing ones, the proposed IM provides for
a comparative analysis of TFC performance indicators when
organizing the delivery of goods by different routes. Thus, it
becomes possible to establish approximate terms of service
and other indicators of cooperation for planning further
actions to develop strategies for establishing sustainable
partnership relations. This aspect will make it possible to
choose optimal conditions of cooperation with the executor
and ensure the fulfillment of all necessary legal formalities.
The provision of services on general terms, auction and re-
duction requires more time spent on agreeing the terms of
cooperation at the initial stage compared to contractual and
bidding terms.

In contrast to [5], which considers options for planning
cargo transportation by involving own or hired rolling stock.
However, the duration of organizational and preparatory
measures for the preparation of transport and customs docu-
ments for the execution of an international trade operation is
not taken into account. This becomes possible owing to the
determination of the load factors of freight forwarders and
customs brokers who will perform their duties within the
scope of the investigated enterprise.

So, for example, in [6], the simulation of the processes
taking place in a transport and forwarding agency was car-
ried out. But the approach does not take into account the
interests of other stakeholders, in particular customers. To
solve this task, the model built takes into account the possi-
bility of evaluating the performance indicators of the enter-
prise when serving the customer under study, rather than the
general flow of consumers.

In [7], the system of interrelationships between the sub-
jects of the transport services market involved in the trans-
portation process was investigated. However, this does not
make it possible to take into account the individual require-
ments of the customer. And when applying the model that
we proposed, it becomes possible to plan the duration of an
international trade transaction and inform the counterparty
about it with minimal error.

The advantages of this study are the possibility to shor-
ten the duration of the selection of TFC to meet the condi-
tions of an international economic contract with a separate

counterparty, as well as to directly optimize the process of
providing transport and forwarding services.

Our solutions allow taking into account the specificity
of the organization of the delivery of goods to a separate
counterparty, taking into account the transportation route.
The direct feasibility study procedure is characterized by
a clear sequence of actions and operations, the only signif-
icant difference is the duration of service provision due to
the different personnel and material and technical support
of each business entity. It was established that the duration
of organizational preparatory work, which is related to the
competence of specialists and the available resources of the
enterprise, as well as the duration of the rolling stock’s stay
on the flight during the delivery of the goods, which requires
control by the forwarder, has a significant impact on the time
component of the feasibility study. In particular, the duration
of service provision within the scope of activities of different
transport and forwarding services will differ.

The main limitations of IM include the need to adjust
incoming information about changes in the staffing of a po-
tential partner enterprise and their impact on qualitative and
quantitative performance indicators.

The disadvantages of IM are that it does not take into
account the specific characteristics of the types of cargo that
can be provided by individual exporters for transportation
and provides for the delivery of goods only by road transport.

The development of this research has prospects in the
following directions:

— the possibility of determining the performance indi-
cators of TFC when transporting dangerous, oversized, and
perishable goods along various routes;

— provision of recommendations regarding the expedien-
cy of involving individual TFCs when importing goods;

— construction of IM for the selection of TFC when
transporting goods by sea, rail, and air transport.

7. Conclusions

1. The model of TFC selection has been formalized to
meet the needs of customers when exporting goods to coun-
terparties conducting their economic activities in different
countries of the world. The essence of the model is the pos-
sibility of planning the cooperation of the exporter with va-
rious TFCs when organizing the delivery of goods to a sepa-
rate counterparty, taking into account the individual require-
ments of the international economic contract. The model
built provides for the possibility of performing a comparative
analysis of the performance indicators of feasibility studies
by various business entities when supplying goods, taking
into account the individual requirements of counterparties.
In addition, the model provides a comparative analysis of the
application of various conditions of commercial cooperation,
which affects the priority of service.

2. The IM of TFC activity was constructed for the orga-
nization of international road transportation of goods in the
service of counterparties that need to organize the delivery
of goods to different countries of the world. The proposed
model provides an opportunity to study the interaction of
the exporter with TFC under the conditions of auction,
reduction, bidding, contract, and general conditions. Our
model makes it possible to investigate and optimize TFC
performance indicators under the condition of standardiza-
tion of types of work performed by various business entities.
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IM makes it possible to evaluate the qualitative and quanti-
tative characteristics of the work of TFC, which are based
on previous experience of cooperation with the organization
and are formed into integral performance indicators through
machine processing. The verification of the adequacy of IM
showed that the upper limit of the simulation error during
the trial experiment is dgy=2.8 % with a permissible 3 %.
Accordingly, the proposed IM of choosing a TFC to ensure
the delivery of goods to counterparties reproduces the real
conditions of international trade operations.

3. The results of simulation modeling indicate that, in the
case of significant volumes of goods supplied to counterpar-
ties, it is advisable to constantly cooperate with a separate
TFC on a bidding or contractual basis. Such an implementa-
tion will reduce the time for choosing and agreeing the terms
of cooperation with various enterprises by 12 % and will pro-
vide an opportunity to reduce the share of applications that
are served without downtime in the queue by 15 %.

4. A methodology for determining the optimal TFC has
been devised, which will facilitate the customer’s choice of
a business entity that meets the needs for product delivery,
taking into account qualitative and quantitative performance
indicators. The implementation of the methodology involves
the normalization of local indicators, the determination of
generalized and optimal performance indicators of economic
entities, taking into account weighting factors. On the basis
of the introduced methodology, it is recommended to choose
the optimal TFC taking into account the generalized integral
efficiency indicator.

5. Determining the optimal TFC, taking into account the
interests of the counterparties, is carried out by evaluating
the quantitative and qualitative performance indicators.

Based on the research results, it was established that the
transportation route and the chosen commercial conditions
of cooperation between TFC and the exporter have the main
influence on efficiency indicators. The transition of subjects
of international economic activity to cooperation on a bid-
ding or contractual basis will ensure stable partnership rela-
tions between all stakeholders, which will affect the quality
and reliability of service.
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