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This study investigates the process of orga-
nizing the work of a warehouse enterprise 
when servicing customers. The task set is  
to devise recommendations for planning the 
staffing of a warehouse enterprise, taking into 
account the duration of rendering services  
to customers.

A simulation model of the work of a ware-
house enterprise when servicing customers 
has been built and implemented in the GPSS 
World simulation modeling automation pack-
age. The model involves determining the dura-
tion of warehouse service and determining the 
required number of personnel to enable the 
work of the business entity by areas of activity.

When constructing the model, the duration 
of the types of work performed at individual 
stages of service performed by the warehouse 
enterprise personnel when processing foreign 
trade cargo was taken into account. In addi-
tion, the model takes into account the proba-
bility of errors and delays in rendering ware-
house services at each stage of the business 
entity’s work, as well as the average delay time 
in the presence of errors. This can make it pos-
sible to determine the duration of additional 
employment of the enterprise personnel asso-
ciated with the elimination of errors made in 
all types of work.

Applying the devised model in practice will 
allow owners of warehouse enterprises to orga-
nize and plan activities of the business entity 
when servicing customers. This will also make 
it possible to determine the duration of render-
ing warehouse services when performing for-
eign trade operations, taking into account the 
indicators of the efficiency of specialists.

At the same time, the probability of refusal 
to provide warehouse services to customers 
could decrease by 17% while the throughput 
capacity of the enterprise would increase by 22%
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1. Introduction

The quality of warehouse services has a significant im-
pact on the efficiency of foreign trade operations since the 
process of preparing goods for transportation, including their 
packaging, labeling, assembly, and formation of cargo spaces, 
enables safety during transportation. One of the key indica-
tors of the efficiency of warehouse services is the duration of 
work, which is a component of the delivery time of goods and 
has a significant impact on the overall delivery time.

It is advisable to use modern approaches to organizing 
the work of a warehouse enterprise, taking into account both 

internal potential and demand for services by customers. The 
material-technical and personnel support of a business entity 
form the basis for its competitiveness in the market. However, 
the quantitative and qualitative component of these aspects, 
combined with effective management strategies, makes it pos-
sible to render warehouse services with significant advantages 
compared to other organizations.

The operation of a warehouse enterprise, as an infrastruc-
ture facility, requires significant financial investments in its 
construction and operation, therefore it is advisable to involve 
customers in the service in order to reduce the payback period 
of this project. Depending on the speed of goods movement 
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in the warehouse and the duration of service, customers can 
decide to establish cooperation or not to plan repeated service 
because of delays.

The duration of warehouse service rendering is affected by 
the number of administrative, managerial, and technical em-
ployees by type of work, their level of qualification, and ability 
to provide a high level of quality and reliability of services. In 
addition, practical experience of warehouse enterprises shows 
that the vast majority of service delays are associated with the 
presence of errors in the work of personnel and additional 
time spent on their elimination. Therefore, there is a need to 
develop software packages that could allow the management 
of a warehouse enterprise to assess the effectiveness of render-
ing services to customers and plan activities for future periods.

Scientific research on improving the organization and 
planning of warehouse enterprises is relevant for forming the 
competitiveness of a business entity and ensuring effective 
customer service. It is possible to achieve high efficiency in-
dicators of the warehouse by optimizing internal production 
processes and external interaction with customers of services 
on the basis of a customer-oriented approach.

The practical implementation of such results will make it 
possible to plan the work of a warehouse enterprise taking into 
account the personalization of services, transparency of pro-
cesses, speed and quality of customer service. In addition, it will 
be possible to determine the required number of warehouse 
personnel by areas of activity, the probability of service failure, 
as well as the throughput capacity of the infrastructure facility.

2. Literature review and problem statement

In [1], the application of RFID (Radio-Frequency Identifi
cation) technology in logistics processes is considered in order to 
increase the efficiency of inventory management. The proposed 
monitoring information system makes it possible to abandon 
manual operations, replacing them with computerized control 
in real time. The results of the research showed that RFID inte-
gration increases the efficiency of warehouse process manage-
ment and can also serve as a basis for building inventory opti-
mization models and improving procurement policies. The cited 
work can be used as a technical basis for a simulation model of 
individual technological operations of the warehouse but does 
not make it possible to study its operation from the point of 
view of the complete technological process of processing orders. 

In [2], the use of a genetic algorithm is considered to 
optimize the storage of materials on rack positions according 
to the High-Runner Strategy method. The goal is to minimize 
the time required for picking. The reported procedure makes 
it possible to develop a software tool in the form of an opti-
mization model that can be used for the needs of optimizing 
warehouse logistics processes in various types of production 
processes. This approach can be used to build a simulation 
model as a separate module for optimizing warehouse opera-
tions. However, it cannot be applied to study the operation of 
a warehouse as a specific technological process that involves 
processing an order from the moment it arrives at the ware-
house to the moment it is shipped.

In [3], an innovative approach is proposed that integrates 
time series analysis with reinforcement learning to increase 
the accuracy of demand forecasting and optimize warehouse 
operations. A reinforcement learning modeling model is pro-
posed to optimize inventory management policies, taking into 
account order frequency, order fulfillment times, and storage 

restrictions. The integration of time series analysis with rein-
forcement learning and hyperparameter optimization made 
it possible to dynamically respond to changing market con-
ditions, optimizing both demand forecasting and warehouse 
management. However, this approach almost does not touch 
on the specificity of warehouse operation in the sense of pro-
cessing each individual order. In addition, it cannot be used 
to study the impact of possible errors and delays in rendering 
warehouse services on the duration of order processing.

In [4], discrete-event modeling of events is used to analyze 
warehouse operations with a special emphasis on unloading. 
The simulation model works on the basis of using historical 
data collected in the company; to assess the efficiency of ware-
houses, such performance indicators as resource utilization, 
capacity utilization, and downtime cost are determined. The 
work focuses on how service time, site capacity, and queue or-
ganization affect throughput and costs. However, this approach 
does not take into account the possibility of studying the impact 
of errors and delays in the process of rendering warehouse ser-
vices on the total processing time of applications. 

In [5], the planning of warehouse tasks in the context of 
tight order fulfillment deadlines is investigated. A data-driven 
decision-making methodology is proposed that combines 
priority task planning with the use of flow shop models tra-
ditionally used in production but adapted for warehouse op-
erations. To assess the effectiveness of various priority rules, 
stochastic modeling is used that takes into account the uncer-
tainty of real conditions. The results showed that the critical 
ratio rule based on the real-time status of the task queue pro-
vides the fastest execution and is optimal for scenarios with 
high product cost and significant labor costs. The cited work 
reveals the importance of task management in the warehouse 
but does not take into account that at each stage of service 
there may be some delays due to errors in processing requests 
and the need for repeated actions with them. 

In [6], a warehouse workflow model is reported, which in-
tegrates a management methodology based on changes in the 
state of dispatchers and logistics equipment, the distinction of 
task scenarios, and the behavior of dispatchers. The workflow 
model serves as a conceptual abstraction of a parallel ware-
house planning system, while the integrated management 
methodology models the entire decision-making process of 
dispatchers to solve potential blocking problems during task 
execution. This model details the internal processes of ware-
house management, but it does not take into account the im-
pact of various delays in servicing requests and the possibility 
of determining the required number of personnel to enable 
uninterrupted operation.

In [7], the use of computer modeling methods for optimiz-
ing warehouse location is considered, which is an important 
component of effective supply chain management. The study 
uses a detailed simulation model built using FlexSim software. 
The results of the study show that virtual simulation modeling 
significantly improves decision-making processes, leads to sig-
nificant time and cost savings, contributing to increased supply 
chain productivity and operational efficiency. The work is in-
tended to study and optimize the location of warehouses in the 
logistics chain but does not make it possible to study the order 
processing process and the impact of the human factor on it. 

In [8], the supply chain is represented as a complex logistics 
system analyzed in the AnyLogistix environment, which in-
cludes production centers, warehouses, distribution centers, sup-
pliers, retailers, or trade networks. An analysis of the elements 
of the supply chain management system and their interaction  
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according to the assigned agents was carried out, namely a sup-
ply procurement agent, a logistics agent, a transport agent, 
a planning agent, a supply agent, a dispatcher agent, etc. The 
work covers a wide range of interactions in the supply chain, 
but a specific warehouse simulation model is considered super-
ficially and without emphasis on its internal operations. 

In [9], the integration of discrete-event modeling (DES) 
and the concept of digital twins in the context of logistics 
and warehouse activities are considered. The authors analyze 
architectural approaches to combining the model and the 
physical object. The simulation model combines the DES core 
for modeling flows and loading resources with an interface for 
receiving real-time data (sensors, RFID) and a mechanism for 
"live" calibration of the model as a digital twin. However, the 
work cannot be used to study and determine the duration of 
warehouse service requests and determine the required num-
ber of personnel to enable functioning.

In [10], a two-stage approach is proposed for modeling, 
which combines time series analysis for demand forecasting 
with reinforcement learning (RL). This could make it possible 
to optimize the inventory management policy and resource al-
location in integrated production and warehouse systems. This 
approach is valuable for forecasting and inventory manage-
ment, but it does not make it possible to study the internal pro-
cesses of order servicing that occur directly at the warehouse.

In [11], the design of a real-time inventory control system 
based on RFID is described: architecture, data, algorithms, 
and implementation results. If a sensor infrastructure is 
planned or exists in the real environment, the model should 
provide the ability to import and synchronize states with the 
"physical" warehouse as a digital twin. The study demon-
strates a practical tool for calibrating warehouse simulation 
models but does not take into account the warehouse function 
in relation to transport and production flows.

In [12], a simulation model (SM) of goods delivery in 
international road transport is given. The model is focused on 
optimizing organizational and technological processes of both 
individual links and the entire supply chain. The study takes 
into account the time characteristics of preparatory work in 
interaction with institutions and organizations, as well as di-
rect service to the exporter. The work focuses on the transport 
supply chain but the warehouse as a separate object of simu-
lation modeling is not detailed, which limits its application for 
the study of internal processes.

The use of simulation modeling in the study of a ware-
house enterprise operation as a link in the logistics chain could 
make it possible to reproduce all organizational, managerial, 
and production processes that are performed when servicing 
customers. The direct process of forming a logistics chain re-
quires the involvement of a business entity capable of ensuring 
a high level of quality and reliability of service provision in  
its structure. 

Therefore, there is a need to define performance indicators 
for a separate warehouse enterprise at the current point in time 
to justify the feasibility of cooperation with it for future periods. 
It is simulation modeling that will make it possible to fully take 
into account not only the time characteristics of all types of 
work but also the impact of errors and delays on the duration 
of customer service. An important aspect of using a simulation 
model in the work of warehouse enterprises is the ability to 
determine the optimal number of specialists in areas of activity 
that will provide service for the specified flow of orders. 

Thus, building and implementing such a model has signifi-
cant practical significance for managing the internal processes 

of the warehouse, and could also be used to determine its 
effectiveness as a link in the logistics chain.

3. The aim and objectives of the study

The purpose of our work is to model the process of ren-
dering warehouse services for organizing international cargo 
transportation, taking into account the time characteristics 
of the work of warehouse enterprise specialists at all studied 
stages of service. This will make it possible:

– to provide recommendations to the management of ware-
house enterprises regarding the efficiency of customer service;

– to plan the duration of warehouse service, taking into 
account errors in work and delays at each stage of work;

– to plan the staff number of warehouse enterprise spe-
cialists required for customer service.

To achieve this aim, the following objectives were accom-
plished:

– to formalize the model of the warehouse enterprise’s 
work when servicing customers;

– to evaluate the results of warehouse enterprise modeling 
when servicing customers.

4. The study materials and methods

The object of our study is the process of organizing the 
work of a warehouse enterprise when servicing customers.

The hypothesis of the study assumes that the use of SM of 
the work of a warehouse enterprise when organizing and plan-
ning cooperation with customers of services will make it possible 
to optimize administrative, managerial, and technical employees 
by areas of activity. It will make it possible to study the current 
state and planning of the work of a warehouse enterprise for fu-
ture periods, taking into account the demand for services and the 
duration of all types of work when servicing an order.

For the effective operation of a warehouse enterprise, it is 
advisable to determine the duration of customer service at dif-
ferent stages of cooperation, which is performed by specialized 
specialists. Each of them can perform their duties with or with-
out errors. Accordingly, the proposed SM, for the completeness 
of the study of these aspects, provides for the consideration of 
the probability of errors and delays at each stage, as well as the 
average delay time when errors occur. This will make it possible 
to more accurately determine the duration of order service and 
its impact on the total duration of a foreign trade operation. In 
addition, it will be possible to form a qualitative and quantita-
tive composition of the enterprise’s staff, taking into account 
the indicators of their work efficiency.

The proposed simulation model was implemented in the 
GPSS World simulation automation package [13]. The GPSS 
World environment makes it possible to automatically obtain 
results based on the statistical testing method.

5. Determining the optimal number of warehouse 
managers when servicing customers

5. 1. Formalization of the warehouse operation model
To build a mathematical model of the warehouse opera-

tion, we introduce the following notations:
А = {a1, a2, …, am} is a set of known model parameters;
Х = {х1, х2, …, хk} is a set of controlled model parameters;
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U = {u1, u2, …, ur} is a set of random model parameters;
Z = {z1, z2, …, zp} is a set of initial model parameters that 

determine the purpose of building a simulation model for the 
process of rendering warehouse services in organizing inter-
national cargo transportation.

In this case, Z is a function of A, X, and U, that is

Z = F(Y) = F(Φ(A, X, U)).	 (1)

From customers of warehouse services in the organization 
of international cargo transportation, applications for service 
are received.

Thus, factors X of the model are the number of applica-
tions αi received for rendering warehouse services per unit 
of time.

Two strategies in the operation of a warehouse enterprise 
are considered when service can be provided:

– in the presence of errors in service;
– without errors in service.
Processing of an application for warehouse service from 

customers in the organization of international cargo trans-
portation is the execution of operations Wij according to 
stages STi given in Table 1. The duration of each operation 
is considered as a random variable with a given distribu-
tion law.

Initial parameters Z of the model, which are determined 
for both strategies of operation of transport enterprises, are:

– average performance indicators of the enterprise;
– duration of warehouse service tj, min;

– duration of waiting in the queue for warehouse service 
wk, min;

– length of the queue for warehouse service ηk, order;
– share of applications that are serviced without down-

time in the queue νk, %;
– load factor of managers ψk; 
– average number of employed managers ρk;
– probability of service failure qk;
– throughput A, order/month;
– optimal number of managers for warehouse service nk* ;
– reduction of warehouse service duration Δtj, %;
– increase in throughput ΔA, %;
– reduction of probability of service failure Δq, %.
Each of the stages under study is characterized by a num-

ber of factors.
Factors A of the model are:
– the number of managers to service a separate flow of 

applications nk; 
– the duration of a separate stage of service mij ± σij, min.;
– the average delay time when errors occur μij ± εij, min.
Factors U of the model are:
– the probability of errors at stage γij;
– the probability of delays at stage λij.
Accordingly, the management of the enterprise faces the 

issue of planning the personnel of the enterprise, capable of 
organizing warehouse service in the shortest possible time in 
the absence of errors and delays at all stages. It is also impor
tant to minimize refusals in rendering services through the 
employment of specialists or the lack of free vehicles.

Table 1
Types of activities in organizing warehouse services for customers

Activity 
ID Activity type Executor (position)

ST1 Stage 1. Receiving goods into the warehouse
W11 Acceptance of an application for placing goods in a warehouse (from a client or logistics department) Warehouse administrator
W12 Checking documents for goods (invoice, invoice, certificates) Warehouse administrator
W13 Inspection of goods for compliance with documents (quantity, packaging, quality) Warehouse operator
W14 Receipt of goods in a warehouse (registration in the accounting system) Warehouse operator
W15 Determination of the place of storage of goods in a warehouse Warehouse logistician
ST2 Stage 2. Placing the goods in the warehouse
W21 Transporting goods to the storage location (using special equipment) Warehouse operator
W22 Placing goods on shelves/storage locations according to the system Warehouse operator
W23 Marking the storage location (label, barcode) Warehouse operator
W24 Updating the accounting system with information on the placement of goods Warehouse administrator
ST3 Stage 3. Preparation for release of goods from the warehouse
W31 Acceptance of a request for the issuance of goods (from the client or the logistics department) Warehouse administrator
W32 Checking the goods for readiness for issuance (packaging, quantity) Warehouse operator
W33 Preparation of accompanying documents for the issuance of goods (invoice, invoice) Warehouse administrator
W34 Assembling goods for issuance Warehouse operator
ST4 Stage 4. Release of goods from the warehouse
W41 Loading goods into a vehicle (if special equipment is required) Warehouse operator, driver
W42 Checking driver or client documents for receiving goods Warehouse administrator
W43 Signing documents for issuing goods (invoice, transfer certificate) Warehouse administrator
W44 Updating the accounting system after issuing goods Warehouse administrator
ST5 Stage 5. Analysis and completion of the process
W51 Checking the remaining goods in the warehouse after issue Warehouse logistician
W52 Archiving documents on the receipt and issue of goods Warehouse administrator
W53 Analysis of the effectiveness of the placement and release of goods Warehouse manager
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The initial characteristics Y of the model, which are de-
termined for both strategies of operation of warehouse enter-
prises, are:

– average performance indicators of the enterprise;
– duration of warehouse service tj, min;
– waiting time in the queue for warehouse service wk, min;
– length of the queue for warehouse service ηk, order;
– share of applications that are serviced without down-

time in the queue νk, %;
– load factor of managers ψk;
– average number of employed managers ρk;
– probability of service failure qk;
– throughput A, order/month.
As efficiency indicators Z, which determine the goals of 

modeling, the responses of model Y and the following indica-
tors are considered:

– optimal number of managers for warehouse mainte-
nance nk* ;

– reduction of the duration of warehouse maintenance Δtj, %;
– increase in throughput capacity ΔA, %;
– reduction of the probability of failure in maintenance Δq, %.
To model the process of rendering warehouse services 

in organizing international cargo transportation, taking into 
account the time characteristics of the work of warehouse en-
terprise specialists at the studied stages of maintenance, it is  
proposed to use the theory of mass service.

The flow chart of work performed in organizing ware-
house maintenance is shown in Fig. 1.

An example of the text in a simulation model for the func-
tioning of a warehouse enterprise when servicing customers 
in GPSS World is shown in Fig. 2.

SM should reflect the work of a warehouse enterprise in 
servicing customers. Therefore, for its further use, the adequacy 
of the model to a real warehouse enterprise was checked.

Queue formation 
to the manager 

Department 1 

No Yes 

Incoming flow of applications 

 

Formation of application processing stages 
(STi, Wij, Mik) 

Application service by 
manager (m11 ± σ11) 

Denial of service 

Deleting an application 

A place in 
the queue? 

Are there 
 any errors? 

No 

Deleting an 
application 

 

Processed 
application 

 Is the error 
fixed? 

No Yes 

.  .  . 

Department N 

Flow of serviced 
applications 

Yes 

Error handling 
( μij ± εij ) 

Denial of service 

Application analysis and classification

Fig. 1. Flowchart of modeling the work execution process

 
Fig. 2. Fragment of the program listing in GPSS World
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To this end, the hypothesis of the proximity of the average 
values of the service duration and the duration of downtime in 
the queue was tested according to the warehouse enterprise Y *  
data and the simulation results Y , obtained on the SM built. 
N1 = 5 experiments were conducted on a real object, and 
a sample of values was formed { }, , .*Y ii =1 5  Using the simula-
tion model, N2 = 5 experiments were conducted; samples of val-
ues { }, , .Y ii =1 5  were obtained based on the model’s responses.

The results of full-scale and model experiments are given 
in Table 2.

Table 2

Verifying the adequacy of the simulation model

Re-
sponse

Sample component values
Y n , Y n

*
 Dn , Dn

*
 Dan tnj = 1 j = 2 j = 3 j = 4 j = 5

t1j 184 172 191 178 199 184.8 112.7
101 0.661

t j1
* 190 165 180 185 183 180.6 89.3

t2j 117 121 113 128 111 118 46
69.25 0.760

t j2
* 125 115 110 120 100 114 92.5

t3j 194 191 203 197 199 196.8 21.2
64.35 1.222

t j3
* 190 205 195 210 215 203 107.5

t4j 124 152 133 156 149 142.8 186.7
147.1 0.548

t j4
* 135 145 140 160 155 147 107.5

t5j 148 131 142 153 133 141.4 89.3
104.65 1.020

t j5
* 135 150 145 165 145 148 120

w1j 33 26 29 37 28 30.6 19.3
15.25 0.648

w j1
* 30 28 32 35 36 32.2 11.2

w2j 8 11 13 9 12 10.6 4.3
4.75 1.016

w j2
* 6 10 12 10 8 9.2 5.2

w3j 10 7 12 17 14 12 14.5
13.9 1.018

w j3
* 8 5 10 15 10 9.6 13.3

w4j 5 6 8 11 8 7.6 5.3
7.05 0.715

w j4
* 3 5 10 9 5 6.4 8.8

Estimates of the mathematical expectation and variance 
of the responses of the model and system (Table 2) were de-
termined from the samples using the following relationships:

Y
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The basis for testing the hypothesis is the difference 
E Y Yn n Qn

� �( ),*  the variance estimate of which will be

D
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n n�
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*
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The calculated estimates of variance Dan are given in Table 2. 
Values En and Dan are independent statistics, so the t-sta-

tistic can be used

t Y Y N N
D N Nn n Q
an

n
� �

�� �( ) .* 1 2

1 2
	 (4)

With the number of degrees of freedom ν = N1 + N2 – 2 = 8 
and the significance level α = 0.05, the critical value (tcr = 1.85) 
was determined according to the Student’s distribution tables. 
Comparing each of the values of the t-statistics in Table 2 with 
tcr (tn £ tcr), the hypothesis about the closeness of the average 
values of the model responses and the real object is accepted. 
Thus, we can note the adequacy of the SM built.

5. 2. Evaluating the results of modeling a warehouse 
enterprise when servicing customers

As a result of modeling, the following statistics were ob-
tained for queues and devices (Fig. 3).

The results of modeling the organization of warehouse 
service in the presence of errors in the work of warehouse 
enterprise specialists and without errors at all stages are given 
in Table 3.

 
Fig. 3. Results of warehouse service organization modeling in GPSS World
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According to the data from the reports obtained as a result 
of modeling the work of a warehouse enterprise in servicing 
customers, the main indicators of the modeling results were 
determined and the duration of downtime in service queues 
was calculated (Table 4). 

Analysis of our modeling results reveals that the "bottle-
neck" in the process of processing applications is the number 
of administrators, the increase of which will make it possible to 
improve the throughput capacity of the warehouse enterprise 
and reduce the time of servicing customers. With an increase 
in the number of administrators and operators, the following 

results of modeling the organization of warehouse service were 
obtained in the presence of errors in the work of warehouse en-
terprise specialists and without errors at all stages (Tables 5, 6).

Thus, an increase in the number of administrators and 
operators per person leads to the following results:

– the duration of warehouse maintenance in the presence 
of errors in the work of warehouse specialists was reduced by 
19.5%, and in the case of maintenance without errors at all 
stages – by 18.9%;

– the probability of service failure decreased by 17%;
– throughput increased by 22%.

Table 3
Results of simulation of average service time with and without errors

Service stages

Presence of errors No errors

Average ser-
vice time, min 

(MEAN)

Standard 
deviation, min 

(STD.DEV.)

Average ser-
vice time, min 

(MEAN)

Standard 
deviation, min 

(STD.DEV.)

Stage 1. Receiving goods into the warehouse, t1 196.2 40.2 184.6 36.7

Stage 2. Placing the goods in the warehouse, t2 132.1 42.8 117.2 37.8

Stage 1–Stage 2. Receiving and placing goods in the warehouse 328.3 69.0 301.8 57.4

Stage 3. Preparation for the release of goods from the warehouse, t3 212.7 69.4 194.7 60.6

Stage 4. Release of goods from the warehouse, t4 134.3 43.6 124.1 38.5

Stage 3–Stage 4. Preparation and release of goods from the warehouse 347.0 99.4 318.8 84.5

Analysis and completion of the process, t5 155.2 41.4 148.1 38.9

Stage 1–Stage 5. Warehouse maintenance 830.5 127.3 768.7 115.3

Table 4
Simulation results with and without errors in the work of warehouse specialists

Key modeling indicator
Administrator Operator Logistician Head 

error ("+" – present; "–" – absent)
+ – + – + – + –

Average queue idle time wk, min 35.7 33.0 12.4 8.5 10.8 10.4 8.6 7.9
Average queue length, ηk, order 2.0 1.9 0.6 0.4 0.2 0.2 0.1 0.1
The share of applications served without downtime in the queue, νk, % 19.27 20.10 57.41 62.96 53.36 53.58 67.98 68.70
Duration of downtime in the queue, LTk 71.4 62.7 7.44 3.4 2.16 2.08 0.86 0.79
Number of managers, nk 2 2 3 3 1 1 1 1
Managers’ workload, ψk 0.90 0.89 0.71 0.68 0.58 0.58 0.39 0.39
The average number of managers employed, ρk 1.80 1.79 2.12 2.04 0.58 0.58 0.39 0.39
Probability of denial of service, qk 0.22 0.21 –
Throughput, A, order/month 94.3 95.5 –

Table 5
Results of simulating average service t ime with and without errors

Service stage

Presence of errors No errors

Average ser-
vice time, min 

(MEAN)

Standard 
deviation, min 

(STD.DEV.)

Average ser-
vice time, min 

(MEAN)

Standard 
deviation, min 

(STD.DEV.)

Stage 1. Receiving goods into the warehouse, t1 185.2 39.4 174.6 37.1

Stage 2. Placing the goods in the warehouse, t2 100.3 24.9 88.7 22.0

Stage 1–Stage 2. Receiving and placing goods in the warehouse 285.5 54.3 263.3 49.1

Stage 3. Preparation for the release of goods from the warehouse, t3 147.9 40.1 136.9 34.3

Stage 4. Release of goods from the warehouse, t4 100.1 26.3 93.6 23.2

Stage 3–Stage 4. Preparation and release of goods from the warehouse 248.0 56.4 230.5 49.5

Stage 5. Analysis and completion of the process, t5 135.2 38.1 129.6 36.1

Stage 1–Stage 5. Warehouse maintenance 668.7 118.8 623.4 102.7
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6. Discussion of results based on modeling the work  
of a warehouse enterprise

The issue of the effectiveness of foreign trade operations 
depends on the quality of intermediary services provided by all 
involved organizations. Among them, the work of warehouse 
enterprises should be highlighted, which are involved at the 
stage of forming a batch of goods for an international voyage. 
All types of work performed by these infrastructure facilities 
are provided by specialized specialists, taking into account the 
physical and chemical, commodity and transport properties of 
the cargo. Each of the service stages is characterized by a dif
ferent duration of execution, the probability of errors and the 
time required to eliminate shortcomings in the work. Thus, de-
pending on the time of implementation of the internal processes 
of the warehouse enterprise, the total duration of the foreign 
trade operation will be formed. As practical experience shows, 
significant advantages in cooperation are given to enterprises 
that are able to provide optimal time, cost and quality indicators 
of service among others operating on the market. Therefore, 
it is advisable to introduce into the activities of intermediary 
organizations, including warehouse enterprises, software com-
plexes capable of investigating all processes occurring during 
customer service. This will make it possible to identify existing 
shortcomings in the work and take timely measures to elimi-
nate them. Researching the efficiency indicators of a separate 
warehouse enterprise depends on such factors as:

– area of the warehouse enterprise;
– number of administrative, managerial, and technical 

personnel of the enterprise;
– demand for services among customers;
– list of services and types of work that can be performed 

when servicing customers;
– specificity of cargoes provided for service;
– availability of means of automation and mechanization 

of warehouse work;
– duration of service for individual types of work;
– probability of errors in service;
– duration of error elimination in service.
The modeling results allow us to provide recommenda-

tions to a separate warehouse enterprise, taking into account 
its material, technical, and personnel support. This will make 
it possible to investigate the strengths and weaknesses of the 
infrastructure facility, determine the main indicators of cus-
tomer service efficiency, and plan for future periods.

A significant advantage of a separate warehouse enter-
prise is the ability to effectively use existing resources and 
justify the feasibility of implementing optimization solutions. 
The use of the developed software package makes it possi-
ble to analyze significant data sets for different periods of 
warehouse operation. Unlike [1], the simulation model built 
makes it possible to consider the warehouse enterprise as  
a link in the logistics chain and take into account the time 
characteristics of warehouse service as an element of the du-
ration of a foreign trade operation. 

The proposed advancement, unlike [2], considers both the 
internal processes of the warehouse enterprise and the impact 
of changes in demand for services among customers on the 
throughput capacity of the infrastructure facility and staff 
employment. In addition, our SM, in comparison with [3], 
considers not only internal warehouse processes but also the 
specificity of the warehouse’s interaction with transport and 
production links. 

The proposed SM, in contrast to [4], will allow customers 
and other intermediary organizations to determine the feasi-
bility of cooperation with individual infrastructure facilities 
based on the analysis of their performance indicators as a link 
in the logistics chain. In turn, the owner of the warehouse 
enterprise will have the opportunity for constant analysis in 
order to form the competitiveness of the organization. 

The use of our SM, in comparison with [5, 6], provides 
the opportunity to analyze the impact of the intensity of ser-
vice requests from customers and the duration of processing 
a batch of goods in the warehouse. In contrast to [7], the 
presented model focuses on detailing the technological pro-
cess of the infrastructure facility and its efficiency in order 
to establish cooperation in the formation of logistics chains.  
In addition, it considers the impact of the enterprise’s staffing 
on the results of its activities. 

A significant advantage of the proposed development, 
compared to [8], is the significant detailing of the stages of 
warehouse maintenance, all types of work that accompany 
them, and the indication of the executors of a separate pro-
cess. This makes it possible not only to carry out a generalized 
analysis but also to study individual elements of the ware-
house functioning. 

Our SM, unlike [9], considers a set of organizational 
and managerial, technical, and technological measures that 
take place in the warehouse. This makes it possible to take 
into account the versatile aspects and characteristics of the 

Table 6
Simulation results with and without errors in the work of warehouse specialists

Key modeling indicator

Administrator Operator Logistician Head 

error ("+" – present; "–" – absent)

+ – + – + – + –

Average queue idle time wk, min 10.3 9.0 5.8 3.9 22.6 21.2 8.9 8.6

Average queue length, ηk, order 0.7 0.6 0.3 0.2 0.5 0.5 0.1 0.1

The share of applications served without downtime in the queue, νk, % 50.13 53.07 70.44 75.9 34.54 35.09 64.25 64.51

Duration of downtime in the queue, LTk 10.3 9.0 5.8 3.9 22.6 21.2 8.9 8.6

Number of managers, nk 3 3 4 4 1 1 1 1

Managers’ workload, ψk 0.74 0.72 0.65 0.61 0.72 0.70 0.48 0.47

The average number of managers employed, ρk 2.23 2.16 2.61 2.45 0.72 0.70 0.48 0.47

Probability of denial of service, qk 0.05 0.04 –

Throughput, A, order/month 120.8 121.0 –
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infrastructure facility. A rather important element of the SM 
built, compared to [10, 11], is the consideration of the influence 
of external factors on the internal processes that take place 
in the warehouse. This provides the opportunity to study the 
readiness of the warehouse’s material-technical and personnel 
support to the growth of demand for services and the possi-
bility of effective interaction with intermediary organizations. 

Unlike [12], our SM considers warehouse maintenance 
when delivering goods in international traffic. The effective 
organization of warehouse and transport services will enable 
a high level of quality of foreign trade operations.

Our results from simulating the operation of a warehouse 
enterprise make it possible to determine the required number 
of personnel of the enterprise and their workload coefficient, 
the probability of service failure, as well as the throughput 
capacity of the infrastructure facility. In addition, it will be 
possible to consider two strategies for the operation of the 
warehouse, namely, with errors in service and without errors. 

In turn, the presented list of stages and types of work 
performed by a warehouse enterprise when servicing cus
tomers (Table 1) makes it possible to form the structure, 
characteristics, and performers of all necessary operations. 
As a result of field tests, the adequacy of the model was 
checked (Table 2), which indicates the feasibility of its applica-
tion in the analysis of the operation of warehouse enterprises. 
The average time for servicing customers of a warehouse 
enterprise with errors and without errors (Table 3) by service 
stages increases by 62 minutes. 

A study of the performance indicators of warehouse en-
terprise specialists (Table 4) indicates the need to increase 
the number of administrators who will provide an increase 
in the throughput capacity of the enterprise at a significant 
level of the probability of service failures. With an increase in 
the number of administrators, we can observe a reduction in 
service time (Table 5) and an increase in the value of the main 
modeling indicators (Table 6).

The SM built involves determining the optimal number of 
warehouse enterprise employees by areas of activity depend-
ing on the demand for services among customers.

The advantages of our study are the possibility of imple-
menting management decisions in the planning of the ware-
house enterprise’s work, taking into account the available per-
sonnel and material and technical support of the enterprise 
involved in performing various types of work.

The defined characteristics of the warehouse enterprise’s 
work when performing foreign trade operations indicate sig-
nificant differences in the duration of various stages of service 
in the presence of errors in work and without errors. At the 
same time, the main share of errors is observed in the work 
of administrators and is associated with order processing and 
coordination of service details.

The main limitations of SM include the fact that it does not 
take into account the specific characteristics of cargoes that can 
affect the duration of organizational and technological processes.

The disadvantages of SM are that it provides for the pos-
sibility of studying the work of a warehouse enterprise when 
servicing general cargoes and does not consider the process 
of servicing perishable and groupage consignments of goods.

Future research has prospects in the following areas:
‒ the possibility of studying the efficiency indicators of 

a warehouse enterprise for perishable and groupage cargoes;
‒ construction of SM for the work of a customs warehouse;
‒ construction of SM for the work of a temporary storage 

warehouse;

‒ construction of SM for the work of an open and closed 
type warehouse enterprise;

‒ construction of SM for the work of a warehouse enter-
prise when transporting goods by air, rail, or sea.

7. Conclusions

1. We have formalized a model of the warehouse en-
terprise’s operation in performing foreign trade operations. 
The proposed formalization involves studying the efficiency 
indicators of the warehouse enterprise’s work in servicing 
customers. The main stages of service and the list of works 
that characterize them have been defined. The condition is 
considered that each type of work can be performed with 
errors in service and without errors. In addition, the proba-
bility of errors and delays in performing individual types of 
work, as well as the average delay time when errors occur, 
are taken into account. The proposed formalization provides 
for the possibility of studying the efficiency indicators of 
the enterprise’s specialists by areas of activity, which makes 
it possible to optimize measures to be taken depending on 
the current needs of the organization. A significant ad-
vantage of this measure will be the ability to manage the 
enterprise’s processes taking into account the flow of service 
orders. The feasibility of this formalization is aimed at the 
possibility of planning the duration of warehouse service, 
which has an impact on the total duration of the foreign  
trade operation.

2. The results of our simulation of a warehouse enterprise 
in servicing customers have been evaluated, which involved 
determining the efficiency indicators of its activities in the 
presence of errors in servicing and without errors for various 
types of work. In addition, the simulation model built makes 
it possible to determine the full-time staff of the enterprise by 
functional distribution.

The results of our simulation modeling indicate that 
when planning the staffing of the warehouse enterprise in 
accordance with the existing flow of orders, the following 
indicators change if there are errors in servicing:

– the duration of service decreased by 19.48% (with the 
key role belonging to stage No. 3 – preparation for the release 
of goods from the warehouse; the time for its execution de-
creased by 30.46%);

– the average number of employed managers increased 
by 23.51%;

– the load factor of managers decreased by 17.77%;
– the average downtime in the queue decreased by 71.14% 

(administrator) and by 53.23 (operator);
– the share of applications that are serviced without 

downtime in the queue increased by 30.86% (administrator) 
and by 13.3% (operator);

– the probability of failure decreased by 77.27%;
– the throughput increased by 28.1%.
In turn, in the absence of errors in service, the modeling 

results will be reflected as follows:
– the duration of service will decrease by 18.9% (with stage 

No. 3 also playing a key role, the execution time of which was 
reduced by 29.68%);

– the load factor of managers will decrease by 19.1%;
– the average number of employed managers will increase 

by 20.41%;
– the probability of failure will decrease by 80.95%;
– the throughput will increase by 26.7%.
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Thus, the implementation of the proposed simulation 
model will allow warehouse enterprises to optimize the 
qualitative and quantitative indicators of personnel perfor-
mance. This will ensure a high level of competitiveness of 
the enterprise and will provide an opportunity to expand 
the activities of the infrastructure facility taking into ac-
count demand.
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