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Abstract

Manufacturing and logistics companies increasingly rely on warehouse automation and data-driven
planning; however practical tools for evaluating how structural decisions influence outbound perfor-
mance remain limited. This paper addresses this gap by developing a discrete-event simulation model
of a warehouse system in which forklifts execute pallet transport tasks according to predefined ship-
ment schedules. The model integrates real inventory data, structured storage addressing (alley-bay-
level-slot), forklift routing logic and dock-capacity constraints within a unified ProcessFlow architec-
ture. The experimental study focuses on assessing the impact of dock capacity on outbound operational
performance. Three scenarios with varying numbers of docks were analysed while maintaining con-
stant order structure, inventory distribution and transport logic. The evaluation is based on two key
performance indicators: forklift utilization and average dock occupancy level. Statistical analysis was
conducted using multiple replications and 95% confidence intervals to verify the significance of ob-
served differences. The findings confirm that discrete-event simulation provides a robust decision-
support tool for analysing structural modifications in warechouse systems and supports data-driven

configuration of outbound logistics processes within Industry 4.0 environments.

DOI: 10.30657/pea.2026.32.14

1. Introduction

The analysis of complex phenomena and technological pro-
cesses constitutes a key element of numerous research endeav-
ors, which employ both empirical methods and analytical ap-
proaches based on mathematical formalism. In the era of rapid
development of information technologies, computer simula-
tion has gained particular significance and is recognized as
one of the most effective tools for supporting the analysis and
forecasting of complex system behavior (Kikolski, 2017).
This technique involves the construction of computer models
that replicate selected aspects of real-world systems and the
execution of simulation experiments to evaluate their opera-
tional performance (Smith, 2003). These models, based on
mathematical representations of processes, enable the virtual
reproduction of system dynamics under analysis. The primary
objective of computer simulation in the context of manufac-
turing is to achieve the highest possible fidelity in reflecting
the functioning of the real production system within a digital
environment (Sujova et al., 2023).

@ © 2026 Author(s). This is an open access article licensed
under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

Computer simulation is increasingly being adopted as a de-
cision-support tool in complex industrial systems. According
to the ESPRIT Simulation in Europe (SiE) working group, the
growing use of simulation technologies reflects a broader
trend observed across the European continent. These observa-
tions are further supported by more recent research findings,
which indicate a rising level of simulation based method im-
plementation within the manufacturing sector (Heavey &
Ryan, 2006). Numerous scientific publications and conference
proceedings address both the general theory of simulation and
its specific applications in the design, optimization, and oper-
ation of manufacturing systems. A wide range of specialized
software tools is now available, enabling the construction of
simulation models and the execution of advanced numerical
analyses (Kikolski, 2017).

Computer simulation serves as an advanced decision sup-
port tool in industrial environments, particularly in the context
of designing and optimizing production systems. Its applica-
tion enables the reduction of risks associated with implement-
ing significant organizational and technological changes in ex-
isting manufacturing setups (Kasemset et al., 2023). Once a
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digital simulation model has been developed, it becomes pos-
sible to conduct analyses aimed at identifying the key param-
eters and components of the process (Lee & Yang, 2023). The
model reflects the characteristics of the examined system, in-
cluding its structure, constraints, and operational mechanisms
under specified conditions (Daron, 2022).

The application of computer simulation in industry is inher-
ently interdisciplinary and encompasses a broad range of is-
sues related to production management and internal logistics.
In the literature, simulation is employed for analyzing the
structure and operation of production systems, optimizing pro-
cess flows, and planning logistics operations (Danilczuk et al.,
2014). Particular attention is given to the use of simulation for
designing and evaluating production line configurations, tak-
ing into account factors such as performance, workload bal-
ancing, and resource allocation (Caiado et al., 2022).

Research literature extensively describes the use of simula-
tion techniques for improving the spatial layout of industrial
facilities (Kasemet et al., 2023). Discrete event simulation
models are also applied in the context of real - time control of
production operations (Koblasa et al., 2020). In addition, sim-
ulation tools are used to optimize internal transport systems,
enabling the modeling of interactions between logistics com-
ponents within a virtual environment (Bardzinski et al., 2019).
Simulation also supports decision making processes in pro-
duction planning, for example, through scenario analysis for
the manufacturing of prefabricated components (Kohtamaki et
al., 2023).

One of the key applications of simulation in manufacturing
environments is the identification of potential bottlenecks and
areas requiring improvement (Kliment et al., 2022). By repli-
cating real operational conditions in a virtual environment, it
becomes possible to accurately pinpoint elements of the tech-
nological process that limit system throughput and generate
time and economic losses (Lewicki et al., 2024). The analysis
of data obtained from simulation experiments allows for draw-
ing conclusions regarding the efficiency of production lines,
the degree of utilization of technical and human resources, and
the identification of optimization potential across individual
stages of the manufacturing process (Kliment et al., 2022).

Within the framework of the Industry 4.0 concept, computer
simulation plays a significant role, particularly in connection
with the idea of the Digital Twin (Krynke, 2021). The digital
counterpart of the production line serves as a starting point for
further analyses in the field of industrial process digitalization
(Sujova et al., 2023). In this context, the use of simulation is
oriented toward enhancing the transparency of the value chain
through the integration of modern tools within production sys-
tem structures. As a result, operational efficiency increases,
costs are reduced, and key performance indicators related to
sustainability and other critical parameters characteristic of
modern manufacturing environments are improved (Lewicki
et al., 2024).

2. Literature review

Computer simulation methods are classified according to
various criteria, depending on factors such as the purpose of
the analysis, the nature of the modeled system, or the type of

data being processed. One of the fundamental classification
approaches is based on how the passage of time and state tran-
sitions within the system are represented. This allows for the
distinction of three main simulation modeling paradigms
(Latuszynska, 2011).

e Discrete Event Simulation (DES) refers to modeling
systems in which the state changes only at specific
points in time, namely, when defined events occur
such as the arrival of a request, completion of an op-
eration, equipment failure, or resource threshold be-
ing exceeded. Between these discrete events, the sys-
tem remains in a steady state. DES is based on
managing a future event list sorted by the scheduled
time of occurrence, which is implemented through a
simulation clock and an event queue mechanism
(Ciausu-Sliwa et al., 2025). This method is widely
applied in modeling systems where unit flows, queu-
ing, and resource allocation are essential - such as
manufacturing systems, logistics, transportation net-
works, telecommunications, queuing systems, and
selected healthcare processes (Latuszynska, 2011).

e Continuous simulation is characterized by the system
state changing continuously over time, unlike dis-
crete event approaches. The system's dynamics are
typically described by sets of ordinary differential
equations (ODEs), less commonly by partial differ-
ential equations (PDEs), or by differential - algebraic
equations. This paradigm is used in modeling phe-
nomena where flows are continuous, and the analysis
of individual units is not critical. Examples include
physicochemical processes, fluid and gas dynamics,
ecological models, as well as simulations of popula-
tion dynamics and selected economic phenomena. A
notable subclass of this method is System Dynamics
(SD), initiated by J.W. Forrester, which focuses on
the analysis of strategic and poorly structured prob-
lems. It emphasizes the modeling of cause - effect re-
lationships, feedback loops, and time delays in the
operation of complex systems (Latuszynska, 2011).

e Agent-Based Modeling and Simulation (ABMS /
MABS) focuses on modeling a system as a collection
of autonomous, interacting units known as agents.
Each agent possesses an internal state and a set of be-
havioral rules that determine its actions and interac-
tions with other agents and the environment. The
global, emergent behavior of the system arises from
local, micro level interactions. ABMS is particularly
useful for modeling complex adaptive systems where
heterogeneity and interaction among units are crucial
- examples include social sciences (opinion dynam-
ics, rumor spreading), economics (market behavior),
biology (ecosystems, tissue development), and epi-
demiology (Latuszynska, 2011).

The selection of an appropriate simulation paradigm is a de-
cision determined by the specific characteristics of the system
under analysis and the defined research objectives. Key fac-
tors influencing this choice include the nature of state changes
(whether they are discrete or continuous), the desired level of
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model granularity (individual representation vs. aggregated
variables), and the types of relationships present in the system.
An improper match between modeling method and system
characteristics may result in excessive computational load or
distorted analytical outcomes. Given that many real-world
processes exhibit both discrete and continuous dynamics,
there is growing interest in hybrid approaches that integrate
multiple paradigms within a single model (Kawa et al., 2016).
One example of such integration is the combination of dis-
crete-event simulation (DES) with fuzzy logic for modeling
risk assessment systems in high uncertainty domains, such as
airport security control. Another emerging direction involves
the use of process mining techniques to analyze event log data
as a means of supporting the development of simulation mod-
els based on actual operational records (Ciausu-Sliwa et al.,
2025).

In addition to the primary classification based on time rep-
resentation and state transitions, computer simulation methods
can also be categorized according to other criteria. One such
criterion is the degree of determinism in the model: in deter-
ministic approaches, identical input data always produce the
same output, whereas in stochastic models, randomness is rep-
resented using pseudorandom number generators. This allows
for the inclusion of variability and uncertainty inherent in real-
world processes (Sikora et al., 2015).

Another classification aspect involves the treatment of time.
Static simulations, such as those used in Monte Carlo meth-
ods, focus on analyzing distributions or equilibrium states
without explicitly modeling the passage of time. In contrast,
dynamic simulations describe changes occurring in the system
as a function of time (Mielczarek, 2009).

More complex typologies can also be found in the literature.
For example, Barton distinguishes interactive forms of simu-
lation, such as human model interaction, human machine in-
teraction (used, for instance, in flight simulators), and human
digital machine interaction, which refer to direct user interac-
tion with a computer based system. Other classifications con-
sider the type of simulated object or the purpose of the analy-
sis, differentiating between physical simulations, procedural
simulations, situational simulations (e.g., decision games),
and process simulations (Latuszynska, 2011).

Against this background, the paradigms of dynamic simula-
tion discrete event, continuous, and hybrid demonstrate signif-
icant differences in terms of time representation, level of ag-
gregation, applied mathematical methods, and typical areas of
application (Table 1).

The process of executing a simulation project rarely follows
a strictly sequential path. Results obtained during the verifica-
tion, validation, or output data analysis stages often reveal the
need to revisit earlier phases of the project - such as supple-
menting missing data, correcting the conceptual model, or re-
defining experimental assumptions. This iterative nature of
model development highlights the importance of maintaining
methodological flexibility and adopting a systematic, critical
approach to evaluating model accuracy at each stage of the
project life cycle (Samaranayake et al., 2023).
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Table 1. Comparison of the main paradigms of dynamic simulation.
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High quality input data are fundamental to reliable and use-
ful simulation. Their completeness, accuracy, relevance to the
analyzed problem, and appropriate representation of statistical
characteristics including variability and uncertainty, often
modeled using probability distributions directly impact the va-
lidity of the results. The "garbage in, garbage out" principle,
meaning that incorrect or insufficient data lead to unreliable
outcomes, fully applies in the context of simulation (Pawl-
iszyn, 2022).
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In summary, computer simulation plays an increasingly
strategic role in improving production systems, enabling the
identification of constraints, optimization of resource utiliza-
tion, and testing of improvement scenarios without interfering
with the real operational environment. The integration of sim-
ulation tools with Industry 4.0 technologies such as Digital
Twins, real-time data analytics, and automated decision-mak-
ing is becoming the foundation of modern approaches to pro-
duction management (Ezhova, 2024). In an era of rapid tech-
nological change, simulation has become an indispensable
tool for designing future - oriented, adaptive, and sustainable
manufacturing (Sujova et al., 2023).

3. Experimental

As part of the experimental work, a complete ProcessFlow
logic was developed to reproduce the sequential course of
warehouse operations, beginning with the initialization of
stock, through the retrieval of load units from storage racks,
and ending with their delivery to the shipping area. The model
integrates input table data, the physical warehouse layout and
the behaviour of transport resources, creating a coherent and
fully automated order-handling system (Fig. 1). The initializa-
tion phase is driven directly by the WarchouseStock table,
which defines the location, attributes and quantities of all pal-
letized units present in the system. An excerpt of this dataset
is presented in Table 2, illustrating the structure of the input
information used to generate pallets and assign them to spe-
cific storage slots.

Fig. 1. Simulation model

Table 2. Excerpt of the WarehouseStock input data defining pallet locations and attributes.

In the first stage, a module responsible for pallet generation
was prepared based on inventory information, ensuring that
each unit receives its appropriate attributes and is assigned to
the correct storage location in accordance with the warehouse
addressing structure (Fig. 2). This section of the logic also
handles the creation of pallet content objects and the linking
of data stored in the input tables with the physical representa-
tion of units in the model.

Pallet generation

'~ Source
T2 GenaratePallets @ Start Pallet Content
% Sink & Parameters
*5 Create pallet
& Change Visual @ Start -
= Et'c':'tg:sle: coments *s Create DbJECt
 Find the slot # Change Visual
) -\::-:l- Labels walues to W Finish
3 ;=;|." puabiet iy this: shot;
& Find rack
BE Move paller on o the rad
@ Finish

Fig. 2. Pallet generation logic including object creation and location
assignment

Within the warehouse initialization module, a dedicated
ProcessFlow was implemented to generate pallet objects
based on data from the WarehouseStock input table. When a
token enters the pallet-generation logic (Fig. 1), the corre-
sponding table record is read and a pallet is created with as-
signed attributes, including storage address, client, ABC class,
product type and stock quantity. These values are stored as to-
ken labels and used in subsequent processing stages. The sys-
tem then generates pallet content according to the specified
quantity and identifies the correct storage slot using the rec-
orded address. After locating the appropriate slot within the
racking structure, the pallet is linked to the corresponding rack
object and placed directly in the 3D warehouse layout. This
procedure initializes the system with a fully structured inven-
tory without engaging transport resources. The resulting
workflow ensures consistent and repeatable interpretation of
input data, providing a reliable starting point for outbound or-
der processing and subsequent simulation stages. The result-
ing workflow provides an automatic, consistent and fully re-
peatable interpretation of the input data. Every pallet is created
according to the table val-
ues, enriched with a com-

T Warehousestock” °
Rack [Bay [Level [sit [Adress [ Gient [ABC_Ciass [ Stock_On_Palet|Product plete set of attributes,
2 2 5 laz61 Clent 4 Class.C slcaz linked to the correct stor-
4 2 6 24262 Clent_4  Class_C 4c42 age slot and placed into
4 2 7 14.2.7.1 Cient_4  Class_C 4 c42 the appropriate rack
4 2 7 24272 Clent_4  Class_C 16 C42 structure. This establishes
4 2 8 14281 Clent_4  Class_C 442 a reliable starting point
4 2 8 24.2.8.2 Cient_4  Class_C 4 Ca2 for th
4 3 1 143.1.1 Clent_4  Class_A 8 Ad3 or the outbound order
4 3 1 24312 Client_4 Class_A 12 A43 logic and ensures the cor-
4 3 2 14321 Clent 4 Class_A 16 A43 rect functioning of all
4 3 2 24322 Clent_4  Class_A 8 A43 subsequent stages of the
simulation.
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A subsequent part of the logic is the module responsible for
processing outbound orders, in which pallets belonging to a
given order are identified and corresponding transport tasks
are generated (Fig. 3). The forklift, directed by the sequence
of activities defined in ProcessFlow, executes the retrieval of
the required unit, performs the necessary travel operations and
completes the task by placing the pallet in the designated dock
area. This structure ensures that each operation follows the
correct order and that communication between individual
components of the model remains consistent.

» Source
i Parameters
| Create order list
¢ Delay
4 Acquire % Docks
@ Start
TL Take pallets
* Create Tokens
g Find Item
‘t Wit for dack empty
4 Acquire G
# Release v Travel
#s Load
i Travel
# Unload
# Release
# Finish

Fig. 3. Order processing logic including pallet identification and the
forklift operation sequence

The Order Outbound module manages all operations related
to outbound shipment preparation. The process begins in the
Source activity, which generates a token for each record in the
Order_list table (Fig. 2). The token receives order-specific la-
bels, including the order number and scheduled start time, en-
suring that each shipment is processed according to predefined
timing. To reflect the planned release moment, the token
passes through a Delay activity and waits until the specified
start time is reached. The system then dynamically generates
a local list of order items by querying the Orders table for rec-
ords corresponding to the current order number. This subset of
data is stored in a token linked table, forming the basis for fur-
ther outbound operations. Subsequently, a dock resource is ac-
quired to ensure exclusive access during shipment prepara-
tion. Once the dock is reserved, the model generates tokens
representing individual pallets to be retrieved. The number of
generated tokens corresponds to the number of order items,
and each token carries the necessary product information to
identify the appropriate pallet in the warehouse.

Each generated token initiates a sequence of operations
within the Docks subflow. The system first identifies the cor-
responding pallet based on previously assigned attributes and
then activates the forklift operation sequence, which includes
resource acquisition, travel to the storage location, pallet load-
ing, transport to the dock, unloading and release of the forklift.
This procedure reproduces the complete cycle of outbound
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pallet handling. After all pallets assigned to an order are pro-
cessed, the dock is released only when it becomes empty, en-
suring proper synchronization of parallel processes and pre-
venting premature resource release. This mechanism
guarantees consistent coordination between transport and
dock operations. The implemented logic provides an auto-
mated and coherent representation of outbound handling, in-
tegrating input tables with warehouse objects and transport re-
sources. By controlling order timing, resource allocation and
task generation, the model accurately reflects outbound mate-
rial flow dynamics. The modular ProcessFlow structure ena-
bles flexible adjustment of input parameters and testing of al-
ternative configurations without modifying the 3D layout.

To ensure reproducibility and enable quantitative evaluation
of system performance, the simulation study was conducted
under a clearly defined experimental framework. The model
was implemented in FlexSim using the Experimenter module
to perform structured scenario analysis. The simulation exper-
iment was conducted over a period of seven consecutive oper-
ational days in order to capture system behaviour under ex-
tended working conditions and reduce the influence of short-
term variability. Each simulated day corresponded to one 8-
hour operational shift, resulting in a total simulated time
equivalent to seven working shifts.

A warm-up period of 30 minutes was applied at the begin-
ning of each replication in order to eliminate initialization bias
resulting from the artificial starting conditions of the system.
All performance measurements were collected only after the
warm-up period. The extended seven-day horizon ensured that
the analysed performance indicators reflect stabilized system
dynamics rather than transient start-up effects. The transport
routing logic is based on the internal warehouse network, with
forklift travel determined by the shortest-path mechanism em-
bedded. Dock allocation follows a resource-acquisition rule
ensuring exclusive access to a dock during shipment prepara-
tion. Outbound orders are released according to the start times
defined in the Order_list table, preserving real operational se-
quencing and maintaining consistency with the input dataset.

The experimental study was designed to evaluate the impact
of dock capacity on the operational efficiency of the ware-
house outbound process (Table 3).

Table 3. Summary of experimental scenarios according to dock ca-
pacity configuration.

Scenario Number of docks
Scenario 1 1 dock
Scenario 2 2 docks
Scenario 3 3 docks

168

All other model parameters remained unchanged across the
analysed scenarios, including order structure, inventory distri-
bution, forklift availability and the operational logic of the sys-
tem. Each scenario was simulated using multiple replications.
Statistical analysis was conducted at a 95% confidence level.
Mean values, sample standard deviations, minimum and max-
imum observations, as well as confidence intervals, were com-
puted using the statistical tools available in the Experimenter
module. Scenario comparisons were performed using pairwise
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mean-difference analysis. The designed experimental setup
enables the identification of statistically significant differ-
ences between alternative dock-capacity configurations.

To evaluate the operational impact of dock capacity, two
primary performance indicators were analysed:

1. Forklift utilization (performance level) — defined as the
proportion of time during which the forklift was actively
engaged in transport operations relative to the total avail-
able working time. This indicator reflects the efficiency
of transport resource usage and allows identification of
potential underutilization or system overload.

2. Average dock content (dock occupancy level) — defined
as the average number of pallets present in the dock area
during the simulation period. This indicator reflects the
degree of material accumulation, the level of congestion,
and the potential formation of bottlenecks within the out-
bound staging area.

For each performance indicator, the following statistical pa-
rameters were recorded:

- mean value,

- sample standard deviation,

- minimum and maximum values,

- 95% confidence interval,

- statistical significance of differences between scenar-

i0s.

Additionally, a correlation analysis was conducted to exam-
ine the relationship between dock occupancy levels and fork-
lift utilization in each analysed scenario. To ensure statistical
reliability, all results were evaluated using 95% confidence in-
tervals. The modular structure of the ProcessFlow enabled
step-by-step verification of the correctness of individual oper-
ational components, including:

- correctness of pallet assignment to storage locations,

- execution of retrieval operations in accordance with the

order structure,

- synchronization of dock release logic,

- proper allocation and release of transport resources.

The adopted approach ensures repeatability of results and
enables a reliable assessment of the impact of structural
changes in warehouse configuration on the operational effi-
ciency of the system.

4. Results and discussion

The results obtained from the simulation confirm that the
developed ProcessFlow logic ensures the correct, consistent
and fully automated execution of all operations involved in
pallet generation, order processing and transport to the docks.
The model operated without interruptions, delays or logic con-
flicts, demonstrating that the integration of input tables, stor-
age structures and transport mechanisms was implemented
successfully. Throughout the experiment, every pallet was
created according to the information contained in the Ware-
houseStock table, assigned to the correct storage location and
properly translated into physical objects placed within the
racking system. This validated the correctness of the initiali-
zation module and confirmed that the data-driven approach—

linking table values with 3D model behaviour—was function-
ing as intended.

During order execution, each order was triggered at the
planned start time and handled independently based on its dy-
namically generated list of required pallets. The outbound
logic consistently identified the correct items in the storage
system, demonstrating the reliability of the coded SQL query
and the subsequent transfer of information to tokens. The fork-
lift performed all operational steps in the expected sequence,
travelling to the storage slot, loading the pallet, transporting it
to the dock and completing the unloading procedure. No errors
occurred during the allocation or release of shared resources
such as docks or forklifts, confirming that the resource man-
agement mechanisms were synchronised and correctly imple-
mented.

A key indicator used to evaluate the operational efficiency
of the system was forklift utilization, defined as the proportion
of time during which the transport resource was actively en-
gaged in material-handling operations relative to the total
available working time. The simulation results revealed a clear
relationship between the number of docks and the level of
forklift workload. This suggests the presence of significant
idle periods resulting from limited dock capacity within the
outbound zone. The negligible variability observed between
replications confirms the repeatability of the results and the
correctness of the implemented resource control logic.

1.00
0.90

D g

0.80
0.70
0.60
0.50

9490000009 9000400 400009

Scenario 1

Average performance

Scenario 2 Scenario 3

Number of forklifts

Fig. 4. Average forklift utilization values across the analysed sce-
narios (S1-S3)

In Scenario S2, the average forklift utilization increased to
0.92, representing more than a twofold increase in workload
compared to Scenario S1. Such a substantial change indicates
the elimination of the primary operational constraint present
in the baseline configuration. In Scenario S3, the indicator
reached a value of 1.00 with zero variability across replica-
tions, meaning that the forklift operated under full-load condi-
tions throughout the entire analysed simulation horizon.

The summary of descriptive statistics (mean, sample stand-
ard deviation, minimum and maximum values, and 95% con-
fidence intervals) confirms the high stability of the model (Ta-
ble 4). In Scenarios S1 and S2, the standard deviations were
practically zero, indicating minimal stochastic variability in
system performance. In Scenario S3, a standard deviation
equal to zero reflects identical results across all replications,
while the absence of a confidence interval results from the de-
terministic nature of the obtained outcome.
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Table 4. Statistical analysis results of forklift utilization depending
on the number of docks (S1-S3).

Mean
Scenario  (95% Confidence Samlgii Std Min Max
Interval)
S1 0.46 0,00 0.46 0,46
S2 0.92 0,00 0.92 0,92
S3 1.00 0,00 1,00 1,00

The comparative analysis of mean differences in forklift uti-
lization relative to the baseline scenario (S1) indicates clear
and statistically significant changes following the increase in
dock capacity (Table 5). In the case of Scenario S2, the mean
difference compared to S1 was 0.46 (95% CI: + 0.00), while
in Scenario S3 the difference reached 0.54 (95% CI: £ 0.00).
In both cases, the results were identified as statistically signif-
icant, as the confidence intervals for the differences do not in-
clude zero.

Table 5. Pairwise comparison of forklift utilization relative to the
baseline scenario (S1).

Scenario Mean difference 95% CI Statistically
@ ( — ) ) significant
S1 - - _
S2 0.46 0.00 Yes
S3 0.54 0.00 Yes

The transition from one to two docks results in an increase
in forklift utilization of approximately 45.8 percentage points
relative to the baseline scenario, whereas increasing the num-
ber of docks to three generates an increase of approximately
54.2 percentage points. The extremely narrow confidence in-
tervals indicate minimal variability between replications and
high stability of the obtained results. This confirms that the
observed differences are not the result of random model fluc-
tuations but rather a direct consequence of the change in infra-
structure configuration. It is also noteworthy that the differ-
ence between Scenarios S2 and S3 is approximately 0.09,
indicating that once the primary bottleneck is eliminated (at
two docks), further increases in forklift utilization become
substantially smaller. This reflects the phenomenon of dimin-
ishing returns and suggests that the system is approaching the
saturation level of the transport resource.

The analysis of the average dock occupancy indicator re-
veals clear differences between the analysed system configu-
rations (Fig. 5).
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Fig. 5. Comparison of average dock occupancy levels for different
dock-capacity configurations (S1-S3).
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In the baseline scenario (S1), which includes one dock, the
mean value of the indicator was 0.54, with practically zero
variability across replications. A very similar value was ob-
served in Scenario S2 (0.54), whereas in Scenario S3 a notice-
able decrease in average dock occupancy occurred, reaching
approximately 0.40. This indicates that increasing the number
of docks to three leads to a substantial reduction in pallet ac-
cumulation within the outbound staging area.

The low standard deviation observed across all scenarios
confirms the stability of the obtained results and the high re-
peatability of the model (Table 6). The narrow confidence in-
tervals indicate that variability between replications is negli-
gible, thereby strengthening the reliability of the conclusions.

Table 6. Descriptive statistics of average dock content across ana-
lysed scenarios.

Mean
Scenario (95% Confidence SS t?im]gii Min Max
Interval)
S1 0.54 0.00 0.54 0.54
S2 0.54 0.00 0.54 0.54
S3 0.40 0.00 0.40 0.40

The comparative analysis relative to the baseline scenario
(S1) indicates that the difference between S2 and S1 is ex-
tremely small (-0.00002), although statistically significant due
to the minimal variability in the data. From an operational per-
spective, however, this difference has no practical relevance,
indicating that increasing the number of docks from one to two
does not result in a meaningful reduction in the average occu-
pancy level of the outbound staging area.

A markedly different situation is observed in Scenario S3,
where the difference relative to S1 amounts to approximately
-0.15. The confidence interval for this difference does not in-
clude zero, clearly confirming its statistical significance. In
operational terms, this corresponds to a reduction in dock oc-
cupancy of approximately 14.8 percentage points.

Table 7. Pairwise comparison of average dock content relative to the
baseline scenario (S1).

Scenario Mean difference 95% CI Statistically
() (W — ) (€3] significant
S1 - - _
S2 -0.00 0.00 Yes
S3 -0.15 0.00 Yes
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The obtained results demonstrate that increasing the number
of docks affects not only the local performance parameters of
the outbound zone but also the overall system dynamics. With
two docks, the system continues to operate close to its capacity
limit, whereas three docks introduce a significant structural
change in material flow, reducing pallet accumulation and sta-
bilizing the shipment-handling process.

5. Summary and conclusion

This study developed a data-driven discrete-event simula-
tion model of warehouse outbound operations. The model in-
tegrates inventory initialization, structured storage assignment
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and order processing within a unified ProcessFlow architec-
ture. Operational elements - including pallet attributes, storage
locations and transport tasks - are generated directly from in-
put tables, ensuring reproducibility and consistency between
data structures and the physical layout.

Two ProcessFlow modules were implemented: one for pal-
let generation and stock initialization, and another for out-
bound execution, covering resource allocation, dock manage-
ment and forklift operations. The modular design ensures
synchronized control of events and resources, forming an in-
tegrated workflow from data input to shipment dispatch.

The simulation experiments demonstrated stable and deter-
ministic system behaviour across all analysed scenarios. Sta-
tistical analysis confirmed significant differences in forklift
utilization and dock occupancy depending on dock capacity.
Increasing the number of docks substantially improved forklift
utilization, while the configuration with three docks reduced
dock congestion and shifted the operational bottleneck from
infrastructure capacity to the transport resource. These find-
ings highlight the structural interdependencies between dock
availability and transport workload.

The model’s sensitivity to input data makes it suitable both
for performance analysis and for detecting inconsistencies in
warehouse databases. Its modular architecture allows easy ex-
tension without structural modifications. The proposed ap-
proach provides a validated and flexible framework for ana-
lysing structural changes in warehouse systems. The results
confirm that discrete-event simulation can effectively support
data-driven decision-making, enabling the evaluation of infra-
structure configurations and the identification of system bot-
tlenecks in a controlled, risk-free environment.
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