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Abstract

The article is devoted to the development of a methodology
for determining the optimal organizational structure of a
freight forwarding company based on the integrated
application of simulation modeling and multicriteria
optimization methods.

To solve this problem, methods of system analysis,
simulation modeling in the GPSS World environment and
methods of multi-criteria decision-making were used. A
simulation model has been developed that reproduces the
process of processing applications for international road
transport. To aggregate heterogeneous indicators (service
time, queue length, staff workload, failure rate, etc.), a
formalized approach was applied with data standardization
and calculation of an integral efficiency criterion.

Based on the data generated by the simulation model for
four alternative structures, a multi-criteria analysis was

performed. By calculating generalized and integral
indicators, the optimal variant of the structure was
determined, which showed the smallest deviation from the
reference values according to a set of key criteria.

The developed methodology makes it possible to objectively
and quantitatively justify the choice of organizational
structure, transferring it from the field of subjective
assessments to the plan of data analysis. The practical
significance of the work is to provide company managers
with a tool for modeling structural changes, assessing their
impact on KPIs, and making informed decisions to optimize
resources and business processes to reduce costs and
improve the quality of services. The results are applicable in
the practical activities of logistics companies and in the
educational process.

Keywords: Freight Forwarding Company, Organizational Structure, Multi-Criteria Optimization, Simulation Modeling, GPSS
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1. Introduction

In the context of the growth of international trade, the efficiency of logistics chains is becoming a critical factor of

competitiveness. Freight forwarding companies face structural problems (suboptimal resource allocation, flow imbalance, long

service time), which leads to economic losses. Traditional empirical management methods do not allow quantifying the impact

of structural changes on key performance indicators (KPIs).

The topic of enhancing the efficiency of freight forwarding companies, particularly in international road transport, is widely

covered in international academic literature. The research focuses on various aspects: from process modeling and structural

optimization to digital transformation and sustainability.

Simulation modeling remains a core method for analyzing and optimizing logistics systems. Research often employs discrete-

event simulation (like GPSS, Arena, AnyLogic) to model cargo flows, warehouse operations, and transport networks.

H. Ghiani, G. Laporte, R. Musmanno (2013) in ™ provide a foundational overview of using simulation to evaluate logistics

performance, including queueing systems and resource allocation — directly relevant to modeling manager workload and

request queues.

J. Banks, J. Carson, B. Nelson (2017) in 2! detail methodological principles for creating credible simulation models, including

input data analysis and output interpretation, which supports the technical validity of the approach described in the article.

Lebid E. ef al. (2024) in [') use simulation to optimize vehicle routing and fleet management, a key sub-process for a freight
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forwarder.
Sedlacek M. (2017) in »! demonstrates the practical
application of simulation modeling to optimize the internal
procedures of a freight forwarding company (for warehouse
or administrative processes). This confirms the relevance
and effectiveness of the tools selected in the article (GPSS
World) for solving similar problems.
Improving the efficiency of a freight forwarding company is
closely related to the search for an optimal organizational
structure, where personnel are the key element.
Luzhanska N.O. ef al. (2020) in ! focus on evaluating the
efficiency of using freight forwarding company personnel.
Their approach, based on an analysis of workload and
productivity indicators, serves as a methodological basis for
selecting such local criteria in the proposed model as the
"manager load factor" and "average service time".
Wasielewska-Marszatkowska I. (2015) in 2% analyzes the
transformation of the role of a freight forwarder from a
simple intermediary to an integrator of logistics services.
The work highlights the need to adapt the freight forwarding
company's organizational structure to new requirements,
such as risk management, coordination of complex supply
chains, and implementation of digital solutions.
Abdulla M.F., Musa H. (2022) in ™ consider freight
forwarding companies as part of a broader service value
chain. Their model shows how the internal factors of the
company (which can include the organizational structure)
through the quality of logistics services, they influence the
final business results, justifying the importance of internal
optimization.
Hyland MLF. ef al. (2016) in [ use analytical and simulation
models to decompose the operational and economic
advantages of a particular type of service. This example of a
deep analysis of cause-and-effect relationships in the
transport system is methodologically close to the purpose of
building an imitation model in the article.
Manuyj 1., Sahin F. (2011) in 22! propose a conceptual model
for analyzing the complexity of supply chains. Their ideas
can be used to justify the choice of multidirectional criteria
for evaluating the structure of a freight forwarding company
operating in a complex international transportation
environment.
Yang N. et al. (2022) in BY present an example of hybrid
modeling combining agent modeling and system dynamics.
The article confirms the trend towards using simulation
modeling to analyze interactions in logistics systems and
serves as a guideline for the possible development of the
proposed model.
Lebid E. et al. (2023) in [ conduct a study aimed at
modeling cargo delivery in international road transport,
considering the efficiency of the entire logistics chain. This
work directly intersects with the object of research in this
article and can be considered as a related study, where the
focus is shifted to the delivery chain.
The purpose of the research is to develop a methodology
for determining the optimal structure of freight forwarding
companies based on simulation modeling and multicriteria
optimization methods.
To achieve this goal, the following tasks are being solved:
=  Analysis of the work process of a freight forwarding
company in the organization of international road
transportation and identification of key parameters
affecting efficiency.
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= Development of a simulation model for processing
incoming customer requests in the GPSS World
environment, which allows evaluating various scenarios
of the company's work.

= Formation of a system of interrelated performance
indicators (local criteria) reflecting various aspects of
the freight forwarding company's activities.

=  Creation of a methodology for bringing heterogeneous
indicators to a comparable form, ranking them and
integrating them into a generalized criterion for
comparative evaluation of alternative structures.

= Testing of the proposed approach using the example of
modeling structural variants and determining the
optimal one.

2. Simulation model of the company's freight forwarding

activities

To objectively assess the effectiveness of various

organizational structures of a freight forwarding company

and identify "bottlenecks" in its work, an imitation model of

key business processes has been developed P). The model is

implemented in the GPSS World simulation automation

environment [© 16261 and reproduces the logic of customer

request service in the organization of international road

transport.

The purpose of the simulation of the company's freight

forwarding activities is to obtain quantitative estimates of

the company's performance indicators in various variants of

its organizational structure, which is the basis for the

subsequent selection of the optimal structure.

The input parameters of the model (X) include:

= the incoming flow A. of applications for the provision of
freight forwarding services for the organization of road
freight transportation in the r-th direction (Republic of
Belarus, Russian Federation, European Union, Republic
of Kazakhstan);

= an estimate of the average time my; + o; of performing
the j-th work Wj; of the i-th stage of ST; for processing
the application by the manager;

= the number of N, managers working with clients;

= the probability y; of choosing the movement of the
application depending on the verification of the
condition.

The output characteristics of the model (Y), representing

the statistics of the simulation:

= the average freight forwarding service time for the
organization of road freight transportation in the r-th
direction (Republic of Belarus, Russian Federation,
European Union, Republic of Kazakhstan) (¢.);

= the average length of the queue to the manager for
processing the application (1);

= the average waiting time for the client in the queue to
the manager (wx);

= the proportion of applications served without downtime
in the queue (vi);

=  probability of denial of service (qx);

= manager load factor (yy);

= the average number of managers loaded (px).

These indicators were chosen as local performance criteria

for subsequent multi-criteria analysis and determination of

the optimal company structure.

The description and implementation of the simulation model

of the company's freight forwarding activities are presented
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in the article 1.

During the simulation experiments, four alternative
organizational structures of the freight forwarding company
(FFC, - FFC,4) were tested.

As a result of the simulation, the average service time for
incoming requests is shown in Table 1.

Table 1: The results of modeling the average service time (¢, min)

fofv?:g(?itng Rep(:lfbllc Russian |European| Republic of
; Federation| Union | Kazakhstan
company options| Belarus
FFC, 175 218 294 260
FFC2 194 229 307 273
FFGCs 144 181 257 223
FFC4 205 244 319 285

Based on the reports obtained because of the simulation, the
main indicators of four alternative organizational structures
of the freight forwarding company (FFC; — FFC4) have been
determined (Table 2).

Table 2: The results of modeling the process of providing freight
forwarding services

folx;%'l:l:n Indicator Custot'ne TransporOperationa Tl:;‘:;:l“e
g company S r Service ¢ . l. .__|generalize
options Manager| Manager |Logistician d indicator
Wk 17,1 11,8 2,6 31,5
Nk 3,6 1,7 1,2 2,17
Vk 30 26 76 44,00
FEC Ni 3 1 12 16
Pk 2,36 0,71 7,70 10,77
WYk 0,79 0,71 0,64 0,71
Wk 28,8 19,0 4,6 52,4
Nk 6,0 2,7 2,2 3,63
Vk 22 17 64 34,3
FFC2 Ni 4 1 10 15
Pk 2,52 0,80 7,62 10,94
\/3 0,84 0,80 0,76 0,80
Wk 6,7 9,5 1,4 17,6
Nk 1,4 1,4 0,7 1,17
Vk 56 28 81 55
FFGs Ni 4 1 12 17
Pk 2,40 0,70 7,98 11,08
Wk 0,60 0,70 0,67 0,66
Wk 17,4 21,1 3,9 424
Nk 3,7 3,2 1,9 2,93
Vk 35 13 63 37
FFCs Ni 4 1 10 15
Pk 3,01 0,86 8,04 11,91
Wk 0,75 0,86 0,80 0,80

Thus, the simulation model serves as a tool for generating
objective source data, which, within the framework of the
developed methodology, are used to select the best
organizational structure for a freight forwarding company.

3. Methodology for determining the optimal structure of
a freight forwarding company

Assessment of the efficiency of a freight forwarding
company and the choice of its optimal organizational
structure are based on a system of interrelated indicators
(criteria) F;.

The formation of this system must meet two main
requirements:

= completeness of the reflection of the specifics of the
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company's activities in the field of international road
transport;
= an unambiguous focus on achieving the goal of
modeling — determining the optimal structure of the
company.
The set of indicators used for evaluation is grouped into
groups called local criteria. These criteria can be both
quantitative and qualitative, have different units of
measurement, different significance (weight) and a
multidirectional influence on the final generalized
performance indicator.
According to the direction of the impact on the generalized
integral criterion, local indicators are divided into two
groups:
= reverse orientation indicators, increasing the values
of which reduces overall efficiency (for example,
service time, queue length);
= direct targeting indicators, increasing the values of
which increases overall efficiency (for example, the
proportion of applications serviced without downtime).
To ensure comparability, all indicators should be brought to
a single focus — the reverse. Forward-looking indicators are
transformed by taking the inverse value (exponentiation -1).
Since local criteria have different importance, they are
ranked in importance and weighted coefficients W; are
assigned, reflecting the contribution of each indicator to the
integral assessment.
Based on the formed groups of indicators for each of the
considered variants of the FFC; company structure, a matrix
is constructed (Table 3), in which for each criterion its value
for the corresponding variant of the structure is fixed.

Table 3: Matrix of performance indicators of freight forwarding

company
Performance e ppc, FFC).FFC, | OPUmal
indicators indicators
Fi X | X2 | Xy . Xim X"
F Xo | X2 || Xoj |...| Xom pey
Fi X | Xio || Xy |...| Xim X'
Fa X | X2 |... an .o Xom Xn*

where JXj; is the value of the i—th performance indicator for
the j-th variant of the structure of a freight forwarding
company.

The optimal values of the indicators are determined by
selecting the minimum value for each criterion among all
possible structures.:

Xy = T?IJ.iﬂ{ij}-

As a result, a vector of optimal parameters is formed: X" =
(XX .., X5.

Data standardization is carried out to eliminate the
influence of heterogeneity of measurement units.
Standardization brings the values of all indicators to a single
range of values. There are various ways to standardize the
source data.

To standardize the source data, the corresponding optimal
value X;" is divided by each value Xj, which brings all
indicators to a dimensionless form in the range (0, 1]:
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R.=%

T oy
ij

=

Based on the standardized matrix and the weighting
coefficients, a generalized efficiency indicator is
calculated for each variant of the FFC; structure.:

FC;‘ =YW Rz‘j'

For the optimal (reference) structure, the generalized
indicator is:

FC' =T, W,

The integral efficiency indicator C; is defined as the
difference between the generalized indicator of the optimal
structure and the generalized indicator of the evaluated
option.:

€, = |FC* —FCl.

The lower the value of the integral indicator C;, the closer
the efficiency of the evaluated structure FFC; is to the
optimal one. Thus, ranking the options in ascending order C;
allows us to objectively choose the best organizational
structure of a freight forwarding company.

The proposed method is a flexible tool that allows us to
adapt the system of criteria and weighting factors to specific
conditions and strategic priorities of the company.

4. Determining the optimal structure of a freight
forwarding company

As a result of simulation modeling of the work of a freight
forwarding company, the values of efficiency indicators are
determined:

F1 — the average freight forwarding service time for the
organization of road freight transportation to the Republic of
Belarus (#));

F, — the average freight forwarding service time for the
organization of road freight transportation to the Russian
Federation (#);

F3 — the average freight forwarding service time for the
organization of road freight transportation to the European
Union (t3);

F4 — the average freight forwarding service time for the
organization of road freight transportation to the Republic of
Kazakhstan (#4));

F’s — the average waiting time for the client in the queue to
the manager (wx),

Fs — the average length of the queue to the manager for
processing the application (1)

F7 — the proportion of applications served without downtime
in the queue (vi);

Fg — the number of managers working with clients (N);

Fy — manager load factor (y);

F1o — the average number of managers loaded (px).

Indicator F7 has a direct impact on the final performance
indicator. Indicator F7 is given to indicators that have a
reverse impact on the final performance indicator.

The indicators have the same importance of influencing the
final performance indicator, therefore, the W, weighting
coefficients are equal and are not considered in the
calculations.
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Table 4: Matrix of performance indicators of freight forwarding

company
Indicators | FFC: | FFC; | FFC3 | FFCs | Optimal indicators
Fi ty | 175 | 194 | 144 | 205 144
F, | 0 | 218 | 229 | 181 | 244 181
F3 | 6 | 294 | 307 | 257 | 319 257
Fs | 4 | 260 | 273 | 223 | 285 223
Fs | we | 31,5 | 52,4 | 17,6 | 42,4 17,6
Fo | me | 2,17 | 3,63 | 1,17 | 2,93 1,17
F7 | w 10,023 10,029 | 0,018 | 0,027 0,018
Fs | Ne | 16 15 17 15 15
Fo | px 10,77 110,94 11,08 | 11,91 10,77
Fio |y« | 0,71 | 0,80 | 0,66 | 0,80 0,66

Since performance indicators have different units of
measurement, the initial data are reduced to the range (0, 1]
by standardizing the data (Table 5). Generalized and integral
efficiency indicators for the optimal structure of a freight
forwarding company are shown in Table 5.

Table 5: Relational matrix of performance indicators of freight
forwarding company

Indicators | FFCi1 | FFC: | FFC; | FFCs | Optimal indicators
Fi t; 10,823 10,742 {1,000 | 0,702 1
F> | 10,8300,790 | 1,000 | 0,742
Fs 3 0,874 10,837 1,000 | 0,806
Fy | 14 10,8580,817|1,000 | 0,782
Fs | we |0,5590,336 1,000 0,415
Fs | mx 0,5390,322 | 1,000 | 0,399
F7 vk 0,800 | 0,624 | 1,000 | 0,673
Fs | N 0,938 1,000 |0,882 | 1,000
Fo | pr 1,000 0,984 0,972 | 0,904
Fio | vk [0,930]0,825 1,000 0,825
FG; 8,150 | 7,278 | 9,854 | 7,249 10
G 1,850 | 2,722 10,146 | 2,751

U JUNING UG JUNING UG (U (FURINY U (Y

[w]

Having ranked FFC; in descending order of integral
performance indicators, the following results were obtained:
FFCs, FFCy, FFC,, FFCs.

As a result, the optimal structure of a freight forwarding
company FFCs; was determined from the four options
considered. The selection criterion was the minimum
integral efficiency indicator C;* = 0,146, calculated based on
the simulation results.

This option is characterized by the lowest average service
times in all directions, the minimum waiting time and queue
length, as well as the most balanced staff workload.

5. Conclusions

In this study, an urgent applied task was solved — the
development and testing of a scientifically sound
methodology for determining the optimal organizational
structure of a freight forwarding company specializing in
international road transport.

The main scientific and practical results of the work are
as follows:

A comprehensive methodological approach has been
developed that integrates simulation modeling tools and
multicriteria optimization methods. This approach makes it
possible to transfer the process of structural design from the
field of subjective expert assessments to the field of
objective quantitative analysis based on data.

A simulation model of the company's key business
processes has been created in the GPSS World environment.
The model reproduces the logic of processing client
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requests, the work of managers of various specializations
and the formation of queues. It serves as an effective tool for
generating initial data and conducting multivariate
experiments to optimize the structure without risks for real
business.
A system of criteria has been formed and applied to evaluate
the effectiveness of organizational structures. The system
includes interrelated local indicators (service time, queue
length, staff workload, percentage of applications served,
etc.) that comprehensively reflect various aspects of the
forwarding company's activities. An algorithm is proposed
for bringing heterogeneous and multidirectional indicators
to a comparable form through standardization procedures.
The optimal company structure (FFCs) has been determined
and quantified. Four alternative structures were compared
using the developed methodology based on the calculation
of generalized and integral performance indicators. The
FFC; variant demonstrated the smallest deviation from the
conditional standard (integral indicator C;" = 0,146), which
confirms its advantage in terms of a set of key parameters:
minimum average service time, shortest waiting time for
customers and the most balanced workload of managers.
The scientific novelty of the research lies in the complex
adaptation and application of the multi-criteria decision-
making apparatus to the problem of structural optimization
in freight forwarding activities based on simulation data.
The practical significance of the work lies in the fact that
the developed model and methodology provide the
management of freight forwarding companies with a
specific tool for:
= analyzing "bottlenecks" in the existing organizational
structure;
= assessment of the impact of changes in the number and
specialization of staff on key performance indicators;
= informed management decision-making aimed at
reducing costs, reducing maintenance time and
improving the quality of service.
The proposed approach contributes to the development of
modeling and management methods in logistics and can be
used both in the practical activities of companies and in the
educational process when training specialists in the field of
logistics and supply chain management.

6. References

1. Abdulla MF, Musa H. Mediation Model of Logistics
Service Supply Chain (LSSC) Factors Affecting
Organizational Performance. International Journal of
Sustainable Construction Engineering and Technology.
2022; 12(5):294-310.

2. Banks J, Carson J, Nelson B. Discrete-Event System
Simulation. 4 ed, 2017, 616.

3. Deng X, Wang L, Gui J, Jiang P, Chen X, Zeng F, et al.
A review of 6G autonomous intelligent transportation
systems: Mechanisms, applications and challenges.
Journal of Systems Architecture. 2023; 142:102929.

4. Ghiani G, Laporte G, Musmanno R. Introduction to
Logistics Management, with Microsoft Excel and
Python Examples. 3 ed. Wiley, Chichester, 2022, 586.

5. Gizetdinov R. Automation and digitalization of
transport forwarding services or logistics. Infrastructure
Asset Management. 2024; 11(2):100-107.

6. GPSS World Reference Manual. Minuteman Software.
4 ed. USA, Holly Springs, 2017, 305.

7. Hyland MF, Mahmassani HS, Mjahed LB. Analytical

10.

11.

12.

13.

14.

16.

18.

www.multiresearchjournal.com

models of rail transportation service in the grain supply
chain: Deconstructing the operational and economic
advantages of shuttle train service. Transportation
Research Part E: Logistics and Transportation Review.
2016; 93:294-315.

Kozhukhovskaya L, Baskov V, Ignatov A. Modular
Management of Indicators of Efficiency and Safety of
Transportation Processes. Transportation Research
Procedia. 2017; 20:361-366.

Kravchenya I, Yarmak U. Development and
Application of a Simulation Model for Analyzing and
Optimizing Freight Forwarding Service Processes.
International Journal of Advanced Multidisciplinary
Research and Studies. 2025; 5(6):1405-1410.
Kravchenya I. Automation of Technological Processes
when Organizing Road Cargo Transportation.
International Journal of Advanced Multidisciplinary
Research and Studies. 2025; 5(2):927-931.

Kravchenya 1. Development of a Simulation Model for
the Provision of Freight Forwarding Services by a
Logistics Company. International Journal of Advanced
Multidisciplinary Research and  Studies. 2023;
3(6):1316-1320.

Kravchenya I. Improving the Efficiency of a Freight
Forwarding Company in the Organization of
International Road Cargo Transportation. International
Journal of Advanced Multidisciplinary Research and
Studies. 2024; 4(2):1005-1008.

Kravchenya I. Simulation Model for Improving the
Efficiency of Freight Forwarding Services by a
Logistics Company. International Journal of
Engineering Inventions. 2023; 12(1):9-19.

Kravchenya I, Dauhulevich V. Improving the
Efficiency of a Freight Forwarding Company by
automating the logistician's workplace. International
Journal of Advanced Multidisciplinary Research and
Studies. 2025; 5(2):1459-1463.

. Kravchenya IN, Harbacheuskaya YV. Simulation

Modeling of Freight Forwarding Services Rendered by
an International Logistics Company. Modern
Engineering and Innovative Technologies. 2022; 1:141-
145.

Kravchenya IN, Shevchenko DN. Mathematical models
in transport systems. Modeling of queuing systems and
inventory management tasks. Belarus, BelSUT, 2022,
145.

. Lebid E, Luzhanska N, Lebid I, Mazurenko A, Halona

I, Horban A, et al. Construction of a simulation model
of goods delivery in international road transportation
taking into account the functioning efficiency of
logistics supply chain. Eastern-European Journal of
Enterprise Technologies. 2023; 3(123):57-67.

Lebid E, Luzhanska N, Lebid I, Mazurenko A, Halona
I, Kovtsur K, et al. Selecting a transport and forwarding
company for meeting a customer’s needs when
organizing international road cargo transportation.
Eastern-European Journal of Enterprise Technologies.
2024; 3(3(129)):55-66.

. Lebid E, Luzhanska N, Lebid I, Mazurenko A, Roi M,

Mykhailenko I, et al. Construction of a simulation
model of the work of a transport and forwarding
enterprise  in  organizing  multimodal  cargo
transportation. Eastern-European Journal of Enterprise
Technologies. 2024; 6(3(132)):6-16.

1103


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lebid I, Luzhanska N, Mazurenko O, Kudriashov A,
Kravchenya I. Improvement of Customs and Logistics
Services in Ukraine. Transport Means. 2021; Part 1:278-
283.

Luzhanska NO, Kravchenya IM, Lebid IH. Evaluation
of the Freight Forwarding Company's Staffing
Efficiency. Modern Engineering and Innovative
Technologies. 2020; 13(2):93-98.

Manuj I, Sahin F. A model of supply chain and supply
chain decision-making complexity. International
Journal of Physical Distribution &  Logistics
Management. 2011; 41(5):511-549.

Mazurenko A, Kudriashov A, Lebid I, Luzhanska N,
Kravchenya I, Pitsyk M. Development of a simulation
model of a cargo customs complex operation as a link
of a logistic supply chain. Eastern-European Journal of
Enterprise Technologies: Control processes. 2021;
5(3(113)):19-29.

Mnatsakanian M, Shalina K. Organizational and
technological problems of intelligent interaction of road
and sea transport. Scientific Journal of Polonia
University. 2022; 54(5):170-182.

Sedlacek M. Optimization of Processes in a Freight
Forwarding Company Using a Simulation Model.
MATEC Web Conf. 2017; 134:00050.

Shevchenko DN, Kravchenya IN. Simulation modeling
on GPSS. Belarus, BelSUT, 2007, 97.

Sokolova O, Soloviova O, Boret I, Vysotska I.
Development of conceptual provisions to effectively
manage the activities of a multimodal transport
operator. Eastern-European Journal of Enterprise
Technologies. 2021; 1(3(109)):38-50.
Wasielewska-Marszatkowska  I.  Directions  of
development of new forms of performance of logistics
functions by forwarding (freight forwarders) in modern
supply chains. Torun Business Review. 2015;
14(1):137-150.

Wudhikarn R, Chakpitak N, Neubert G. A Literature
Review on Performance Measures of Logistics
Management: An Intellectual Capital Perspective.
International Journal of Production Research. 2018;
56(13):1431414.

Yang N, Ding Y, Leng J, Zhang L. Supply Chain
Information Collaborative Simulation Model
Integrating Multi-Agent and System Dynamics. Promet
— Traffic & Transportation. 2022; 34(5):711-724.

www.multiresearchjournal.com

1104


http://www.multiresearchjournal.com/

