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This study describes, characterises and analyses the optimisation of truck entry and exit
time windows, which includes a cross-docking centre planning strategy, using the
simulation environment of the AnyLogic software environment. The article describes
the use of software integers (IP*) and heuristics (IP1 and 1P2) for the time windows of
a cross-docking centre. Based on a mathematical model using an integer number
program (IP*) and heuristics (IP1 and IP2), a scheduling problem is investigated. This
program consists in minimizing the penalties for violation of the time windows for
inbound and outbound trucks. It also enables to calculate the operation time of time
windows on an ongoing basis. The cross-docking-center model is a layout, which
includes logistic elements of technological processes, created using the AnyLogic
software. It is found out by using order diagrams that after unloading arriving trucks,
the goods are collected in four stages, the first two of which (queuing and waiting for
collection) determine the loading rate of goods in the trucks departing from the cross-
dock. After determining the main stages of order collecting using the cross-docking
strategy, the dependences of the average time of unloading and loading goods are
studied. The average unloading and loading time are found to be 30 and 25 minutes,
respectively. Based on the time dependences, a diagram of the average time of a truck

in the dock, being about an hour - an hour and a half, is created.

1. INTRODUCTION

Many companies in the world today are interested in
developing and improving the strategy of managing and
controlling physical flow of their own goods using the supply
chain [1]. At present, rapid changes in competitive markets
play an important role on customer satisfaction, which is
critical for many companies involved in logistics industry [2].
The key aspects of the search for strategies include minimizing
the total cost and achieving a high level of agility, which in
turn enables to increase flexibility and reliability for various
requirements and tasks [1-3].

Mathematical modeling helps to detect the problem of
vehicle routing by using the cross-docking technology. This
enables to separate the services by pickup and delivery routes.
To minimize and reduce transportation costs on the routes,
various mixed-integer linear programming models are used.
This makes possible to reduce the vehicle operational costs
and the total number of violations from the acceptable interval
of each node [4].

When a customer requests an item, employees of the
distribution center pick it up from the warehouse, package it
for shipping, and ship it to the destination point. Warehousing
includes four main processes, namely receiving, storing,
assembling and shipping orders. A more time-consuming
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process is storage due to the cost of holding stocks for
assembling customer orders [5, 6].

The cross-docking system operates as follows:

- receipt of goods (boxes, pallets, containers, etc.), barcode
scanning upon receipt or marking of cargo in receipt areas;

- sorting according to internal warehouse classification and
grouping by destination;

- placement of products on shipping platforms and loading
them into inbound trucks from the cross-docking center [3, 6,
7].

In practice, most of the cross-docks are long, narrow,
rectangular (I-shaped) and other (L, T, X) shapes [8, 9]. A
cross-dock has multiple loading docks (dock doors) where
trucks can dock for loading and unloading. Arriving trucks are
secured behind a "leaf door" where the cargo is unloaded.
After this, the goods are transported to the targeted “stack
door" and loaded into the departing truck [9, 10].

The following sequence factors are taken into account when
loading goods:

- tight cargo packing;

- appearance and creating space for fragile goods in the
upper part of the trailer;

- arranging goods in the truck for unloading joint cargo in
the right order;

- creating a “loading nose” in the front part of the trailer to
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avoid sorting out the cargo at intermediate cross-docks [10].

Despite the fact that the main idea of cross-docking is to
receive and ship goods directly through the warehouse,
sometimes the goods are temporarily stored for no more than
24 hours. This is because the goods may not be in the right
sequence or due to imperfect synchronization of inbound and
outbound trucks [1, 6, 11].

The cross-docking strategy implies basic functions
including labeling and consolidation of goods, repackaging
and containerization, goods processing, data transfer, updating
process schedules, resource management etc. Depending on
the research field, cross-docking can be considered in
conjunction with the routing problem of vehicles for more
efficient servicing transport requests [3, 12].

Distribution process accounts for about 30-35% of the cost
of selling a product, which is accompanied by an increase of
the overhead costs of the entire supply chain [7, 13]. In its turn,
due to high competition, this affects suppliers and production
process. Cross-docking strategy enables to overcome high
storage and processing costs by consolidating shipments from
different sources with subsequent shipping goods as well as to
improve the efficiency of the use of truck capacity by
consolidating loads of different sizes with the same destination
point.

The problem of application of the cross-docking strategy
arises due to the choice of configuration, which includes the
following factors:

- the size of the enterprise and the intensity of warehouse
(distribution center) management;

- increase of the rate of goods acquisition;

- reception of accurate information about the location of the
goods in the warehouse;

- product management efficiency;

- obtaining a tool to improve the efficiency and develop the
processes of goods processing in a warehouse;

- optimization of the use of storage areas, etc. [4, 10].

The cross-docking strategy includes advantages and
disadvantages that should be analyzed and identified at the
design stage in order to ensure unimpeded logistic operations
with implementation of technological processes [11].

With the progress in technologies, many researchers
annually focus their attention on the development of new
models of logistic operations cross-docking operations [7, 14].

With improvement of technologies and new developments,
more and more opportunities for sustainability of logistic
systems arise. The context implies a supply chain using the
physical Internet, which is presented as an innovative concept
of a globally sustainable logistic system [15]. It is noteworthy
that such an innovative strategy enables to optimize operations
directly in the cross-docking terminal.

Chargui et al. [16] investigated the problem of receipt and
delivery with cross-docking as an improvement of integration
with routing and scheduling in cross-docking systems.
Compared to the problem of routing vehicles with cross-
docking, the proposed model enables to choose model, which
leads to reduction of total distribution costs. Stopping at cross-
docking is an undesirable process and unprofitable from
economic point of view [17].

The purpose of this work is to optimize time windows for
inbound and outbound trucks when performing order
assembling using the simulated cross-docking-center
environment. The actual problem of cross-docking logistic
operations is the large time spent for assembly and
intermediate storage of goods, which significantly affects the
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timely assembly and delivery of the order to the client.

The objectives of the study include analysis of literary
sources using the cross-docking strategy in logistic operations,
study of the main technological cross-docking operations,
search and determination of the disadvantages and advantages
of the cross-docking strategy, search of a software and design
of a cross-docking model to study the dependences of the time
for processing and executing technological processes.

The scientific novelty consists in the determination of the
dependence of the time of the technological operations of
unloading and loading goods in a cross-dock in order to
determine the waiting time of the assembly of goods in logistic
operations.

2. METHODS
2.1 Strategy and implementation of cross-docking

The cross-docking strategy also includes positioning cross-
docks. It is realized based on the forbidden search algorithms
to determine the cross-dock location from a set of multiple
possible locations [5, 18, 19]. One such algorithm is the taboo
search algorithm based on a metaheuristic algorithm and used
to prevent local optimization. It consists of several rounds. At
each iteration, a potential solution with the associated solution
neighborhood is found. The algorithm moves from solution to
solution erasing the previous neighborhood and keeping the
new one at each iteration until the best solution is obtained [10,
18]. The idea of this study includes optimization of time
windows of entrance and exit doors to optimize the order
assembling operations and minimize time costs in the cross-
docking technology. The study was conducted at the Raben
Ukraine facility on June 24, 2021.

To determine the best cross-dock shape, the number of
doors of the object must be calculated. Cross-dock has two
types of gateways: receiving or entry doors and shipping or
outgoing (exit) doors. To determine the number of doors for
shipment is easier regardless of the volume of orders. In
certain cases, there is no more than one gateway (exit) per a
destination point [17].

Determination of the number of entry doors is a much more
difficult task due to the fact that it requires the information on
the exact number of trucks that can arrive at the same time to
the docks as well as on the place where the goods are directly
collected. For ordinary cargo transfer, the Little's law (1)
enables to calculate the number of receiving doors by
multiplying the capacity of trucks by the average time needed
to unload a truck [4].

L=Aw

= (1

The long-term average number L of requirements in a
stationary system is equal to the long-term average intensity 1
of the input flow multiplied by the average time W of the
application in the system [19].

The most common is the I-shape of cross-docking (Figure
1(a)). It is used at the facilities with 100 and more doors, which
is typical for cross-docking. This shape makes a direct path
from the entry to the exit door thus minimizing material
touching, decreases the costs of goods transportation and
reduces the needed space inside the facility. If the buildings
have more than 150 doors, T-shape (Figure 1(b)) is more
appropriate. X-shape (Figure 1(c)) should be used in the



buildings with more than 200 doors. In some cases, L-shaped
cross-dock is considered to be used for the building with 100
doors and more (Figure 1(d)) [5, 9, 10, 18].

It is convenient to determine the most used doors. For this
purpose, the distances from one gateway to all other ones in
the cross-dock should be calculated. We consider here a
rectangular-shaped cross-docking-center shown in Figure 2.
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Figure 1. Cross-docking-center shapes
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Figure 2. Simplified diagram of a cross-docking-center

2.2 Mathematical model for determination of time
windows for trucks

The integer program using heuristics is more accurate and
stable, which helps to calculate the operation time of time
windows [9].

min

aYic ZkEKi PiIkWiIk + B Yoco ZkeKo Pz?ngk +
Y Zhetier,aep Shia 2
W Y 2
st Yier Xkex, WiknWixk < N
Vh€H

0 0 )
Yoeo ZkeKo WornWor = N

VYh e H ®)

1 1 1
Xnio + Shia = M Ykex; WiknWik

4
VheH,iel,o €O “)
Xnio + Shy <M Ykek, Wn Wk (5)
VheH,i€l,o€O
Yheroeo ZaoXnio + Xnen Shia = Qia 6)
vhel,deD
Ziel,hEH Xpio + ZhEH Sicl)o =C (7)
Yo € 0
Ykex;Wik =1 Vi€l )]
Ykek,Wok =1 Vo €O )
Sha = Sth-1)a + Zier Shia — Xoeo ZaoSho (10)
vd € D,h € H\{0}
Soa = Ziel Séid - ZoEO Zdosgo vd € D (11)
Xnio» Shic» Sho»Sna € N*
VheHielo€0,d (1)

W, w3 €{0,1}
Viel,0eEOk€eK

where, H - a set of time periods (for example, half an hour)
within the defined planned limits; | - a set of incoming trucks;
O - a set of outgoing trucks; D - a set of directions; Qiq - the
number of pallets for certain directions d € D in the truck i
I; Zgo- (=1), if the truck o e O for the direction of d € D, 0 in
other cases; N'- the number of entrance doors; N° - number of
exit doors; M - the maximum number of machines that can be
moved during one time period from one machine to another;
C - volume of outbound truck deliveries; Xnio - is the number
of units that go from truck i to truck o in a period of time h;
W'k =1, if slot k e Kiis selected for truck i, O otherwise; WO
=1, if slot k e K, is selected for truck o, 0 otherwise; S'hid - is
the number of goods with destination d that move from truck i
to storage location for a period of time h; 5%, - is the number
of products that go from the storage location to the truck o in
time period h.

K (respectively Ko) as a set of possible intervals of truck
presence i € | (respectively o € O). These possible intervals
are described by the matrices W, and Wo.

=1, if the hour h € H in the slot k € K; for the incoming
truck i e I;

=1, if the hour h € H in the slot k e K, for the outgoing
truck o € O.

Penalties for both P'i P° are determined as follows:

- the penalty is paid for the use of the time interval k € K;
for a truck i e I, if k is the desired time window set by the
carrier;

- the penalty is paid for the use of the time interval k € Ko
foratruck o € O.

The first heuristic is responsible for fixing the schedule of
inbound trucks, while the schedule of departures is fixed in the
other heuristic.

Use of the Z matrix enables to specify the destination of
each outbound truck. One can easily calculate X° by a binary
matrix defined as follows: X%y, = 1 if the truck sent to a
destination d is present for a period h, otherwise X% = 0.



The integer program (IP1) uses W' as a solution variable in
the same way as two new variables that measure the difference
between the arrival and departure plans.

&*gn — for the time when h e H, the positive difference
between the number of pallets for a destination d € D available
for unloading and the number of pallets that can be loaded into
trucks for d present near the exit doors, while &°qnh — for the time
when h e H, the negative difference [9, 20].

min

Yaep,nen(8an + San)
st Yier Lrek; QiaWiken Wik
= MXg, + 83y — San
vd e D,heH

(12)

Yic: Yk Whawh < N!
iel k;l;; El}c{h ik (13)
Z wi, =1
o @
63,0, ENT
vdeD,heH
w}, € {0,1}
VielLkeK

(IP1)

The first stage of the heuristic (IP2) forms an acceptable
outbound truck schedule that minimizes early and late
outbound trucks regardless of the input data. Given a fixed
output data, (IP*) is used to create a schedule for arriving
trucks [9].

min

Yi0€0 Dikek, PPk

st Yoeo Xkek, WornWer < N (15)
Vh € H
> Wy =1
s 0
0
wg € {0,1}
Vo€ O,k€eK (IP2)

The integer program (IP2) uses WP as a solution variable
to minimize resentment of transporters with shipments. The
constraint (15) ensures that the number of trucks in operation
during any period of time does not exceed the number of exit
doors, while the constraint (16) guarantees that only one time
window is assigned to each outbound truck [12].

In the next stage, the output from (IP2) WP is used as the
IP*.

2.3 Software with initial parameters for the cross-docking
center model

To model the processes of the cross-docking platform,
AnyLogic software was used, which provides ready-made
templates for simulating processes with the setting of output
parameters. Figure 3 shows the main processes that make up
the cross-dock center, which allows you to display all the main
key parameters in the form of an interface during the
simulation. For example, the Dock element contains the
following parameters for customization: Presentation (scale,

levell), Parameters (dockNode, loadPoint: null, numDock:1,
storage: null; truckPoint; turn point); Variables (isOccupied,
processingForklift); Functions (releaseForklift, reserve,
spaceAvailable, unreserve); Collections (orders, reserved).

Other elements are configured in the same way, Forklift,
LoadingTruck, Main, Order, Pallet, ResourceHandler, Truck,
Type, UnloadingTruck, Simulation etc. Figure 4 shows the
main process and elements of the layout that contains the
cross-docking center.

?g Projects > | 1 Palette| = A8

~ [4] Distribution Center [cloud]

5 &9 Dock

5 & Forklift

» @@ LoadingTruck

5 &9 Main

5 @9 Order

5 &9 Pallet

5 &9 ResourceHandler

5 &9 Truck

» € Type

5 @ UnloadingTruck

5 &9 Simulation: Main
£ Run Configuration: Main
Database

» [ Resources

Figure 3. Main project processes and their settings
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Figure 4. Setting up processes and elements of the model
interface
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Figure 5. Run the simulation and set the parameters
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Figure 6. Additional process customization during
simulation

After building the layout, you need to model all the
processes and elements for the simulation. Simulation: Main
displays the initial parameters for running the simulation, as
shown in Figure 5, which shows the settings of such
parameters as Initial utilization of the storage, number of pallet
types, number of forklifts, number of unloading docks, number
of loading docks.

After the simulation is launched, the model suggests
changes during the execution of processes in the software
environment. The process parameters that can be changed
include the following (Figure 6): Forklifts - per unloading
dock and per order assembling; Unloading trucks, per hour;
Loading trucks, per hour; Order, per hour; Truck capacity;
Minimum order size; Maximum order size; Create orders, etc.

This model allows us to demonstrate the optimization of
the cross-docking center's processes for unloading and loading
docks and allows us to establish the relationship where the
number and volume of transported products affects the time
windows for trucks.

2.4 Modeling basic cross-docking processes

In this article, modeling was carried out to obtain
combinations of agent and discrete events. This enabled to
mimic the behavior of identifiers directly involved in cross-
docking operations. For discrete events, simulating operations
related to packet aggregation became possible. Modeling
makes possible to obtain the necessary information about the
operations related to transshipment, which in turn enables to
choose more appropriate dimensions and shape of the
distribution center for cross-docking [20, 21]. AnyLogic
simulation environment was used as a software. It is a good
imitating modeling tool with support of modeling
methodology using a graphical language in Java code.

In a simulated environment, using the agents with active
components, their behavior is determined with formation of
interlink. The simulation is a sequence of discrete events that
perform basic actions (unloading and loading a truck are
discrete events being a sequential algorithm, which ultimately
results in emptying or filling the cargo compartment of the
truck).

The built layout includes logistic elements of the operations
with the corresponding zones: unloading dock, loading dock,
assembly dock with pallets (8 types), forklifts (total number of
29 units) and backup storage. The unloading dock consists of
five doors to receive trucks with goods. The loading dock
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consists of seven doors. Here, the assembled goods are loaded
into a truck for shipment to the customer.

Figures 7 and 8 present 2D and 3D models of a cross-
docking-center. The main technological processes of
unloading, assembling and loading goods with performing
technological operations in three stages are shown.

Unloading stage. A truck delivers pallets to a free
unloading dock. The pallets are unloaded from the truck by a
forklift and placed in the receiving dock area. After that, other
forklifts move the pallets to the main racks.

Assembly stage. Orders are collected from pallets, which
may be of the same or different types. An order can only be
collected if the required pallets can be placed in the assembly
area near the docks (or, if the space is not enough, in the
additional storage area), provided that the required types are
available in the main warehouse. The order is assembled by
forklifts.

Loading stage. Orders are fully assembled and loaded into
a truck for delivery to the customer. A forklift loads the orders
into trucks from the assembly area. The total number of orders
for one truck must be at least half of its capacity.

Perishables such as vegetables and fruit supplied from
different regions or countries and assembled for delivery to
customers, for example, in supermarkets and stores, are
considered as goods.

LU D DL LU

LT G

Figure 7. 2D model of a cross-docking-center showing the
processes

Figure 8. 3D model of a cross-docking-center showing the
processes

The process of assembling goods is the most important,
since just after unloading a problem caused by delay in the
assembly of orders arises. This problem significantly affects
the rate of assembly and timely delivery of goods directly to
the client. Therefore, the more goods are in the queue and
waiting for assembly, the longer time it takes to complete the
order in time.



3. RESULTS

3.1 Determining and optimizing time windows for inbound
and outbound trucks

In order to evaluate the effectiveness of heuristics for
computation time, their results should be compared with the
optimal solution. This will enable to evaluate the situation of
each heuristic approach with good results. The initial data
parameters are configured as follows: |H|=10, |D|=4, M=4 and
C=4.

Keeping the accumulation of trucks fixed at 0.4
truck/door/hour, the total execution time of the heuristic as the
number of doors increases is tracked in the first series of tests.
Each of the values shown in Figure 9 demonstrate the average
execution time that can be obtained for 15 different cases,
generated randomly based on the component parameters.

The heuristics (IP1 and IP2) are 87 times faster than (IP*)

for 4-5 doors and 9-10 trucks on average, while executing (IP*)

for 3-4 doors and 15 trucks takes about 200 seconds. In terms
of calculations, H1 can be calculated in less than 10 seconds
with up to 70 doors per platform, while H2 can only process
up to 64 doors during 10 seconds. We can get a result for 82
doors in one minute. It should be taken into account, however,
that the execution time grows for values above 82 doors. Since
a cross-dock platform may contain more than 82 doors,
different strategies must be used to handle large platforms.

3.2 Investigation of the optimization of time windows for
order assembly time

As can be seen from Figure 10, the study of order assembly
consists of 4 stages, which are divided by time intervals over
16 hours. During the first four hours (a), the unloaded goods
arrived to the cross-dock. Here, the pallets are unloaded from
the truck by a forklift and assembled to fulfill the order.

The delay in waiting for loading is due to the arrival of
loading trucks at the site of the cross-docking-center. When a
truck arrives at the loading dock area (b) the collected goods
are reduced from the collected orders and loading waiting

process is carried out. During 12 hours (c) the assembly
waiting time increased. This is explained by the delay in
assembly and loading of goods into the departing trucks,
which may result in a delay in the assembly queue of goods
for shipment (d) during 16 hours.
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Figure 9. The total execution time of the heuristic (R=0.4 -
accumulation coefficient)
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Figure 11. Dependencies of the average time of unloading

and loading of a truck, taking into account the average time
of the truck in the cross-dock

Figure 11 shows the dependences of goods unloading and
loading time as well as the average time of one truck in the
cross-docking area.

As can be seen from the Figure 11, the average time of
loading goods into a truck has less time costs in contrast to the
time of unloading goods from a truck due to the time costs of
delivering pallets to the assembly area. After unloading and
receiving the goods, the goods are assembled and completed
for loading, the average time of which is 40 minutes and more.

3.3 Feasibility and variability of the proposed model

During the study, the validity of the model is analyzed using
various sensitivity analyses. Since a large amount of
computing time is required, the author used an HP laptop
model Victus 15 fal093dx with the provision of a dataset
through the AnyLogic software library, in which the cross-
docking center model was modeled. To optimally solve the
problem over time, a laptop with an Intel Core 13420
processor with a frequency of 3.4 to 4.6 GHz and 16 GB of
RAM was used.

Figure 11 confirms that transport costs can increase by
increasing the unloading and loading time. Therefore, the
number of unloading and loading doors can be reduced by
increasing the time for unloading and loading in the cross-
docking area. This suggests that the model is capable of
solving problems with high costs in order to prevent violations
of time windows.

Based on Figure 11, we will analyze the reliability of the
data obtained with other studies. Baniamerian et al. [14]
studied models with satisfied parameters and conditions was
40 minutes, and in the following scenarios, this window
increased to 120 minutes, which is equal to the hard time
window. According to the data shown in Figure 11, we can
assume that the time window is less than 40 minutes, but can
be much longer, which in turn will not affect the creation of
the same networks and routing plans. However, with increased
severity, the performance gap may increase.

3.4 Implementation issues and potential challenges for an
optimized cross-docking strategy

Implementation of an optimized cross-docking strategy in
this study may be challenged due to lack of resources or
required technology. Also, difficulties may arise due to the
coordination of processes between different departments and
suppliers. Potential challenges include the need to implement
new processes and systems, as well as providing staff training
and resolving potential conflicts between supply chain
participants.

Among the main potential challenges of the cross-docking
strategy are:

- technological limitations, where the need to implement
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new systems and technologies may be difficult due to the cost
or complexity of implementation;

- logistical difficulties, where the cross-docking strategy
requires precise synchronization and coordination between
different stages of the supply chain, which can lead to
logistical difficulties;

- safety issues, where the processing and movement of
goods in a short period of time can create risks regarding safety
and quality control;

- personnel needs, where the implementation of new
processes may require additional training and training of
service personnel.

The limitation of this study based on the mathematical
model is that during implementation, errors in the operation of
time windows may occur, which may affect the processes of
unloading and loading trucks, which in general may affect the
productivity and optimization of the processes of such a cross-
docking strategy. A secondary limitation of the cross-docking
strategy is the maintenance of technical documentation, as
well as the introduction of new standards, which in general
may indicate the complexity of implementation at the official
level. As arule, problems with the standardization of the cross-
docking strategy are primarily related to the diversity of
processes, technological differences, scale, changes and
innovations. In this case, the limitations of standardization in
our study include two key factors:

- process diversity, where supply chains can vary by
industry, market, and geography, making it difficult to develop
universal standards;

- technological differences, where different companies may
use different technologies and software, making it difficult to
integrate and standardize cross-docking processes.

4. DISCUSSION

The technology of cross-docking in the tasks of planning
and managing logistic operations requires continuous
improvement, which is explained by the optimization of the
tasks of planning multiple-door transshipment for inbound and
outbound trucks. To carry out analysis in planning and control
problems, we consider some models. In modeling,
metaheuristic algorithms are introduced. Golshahi-Roudbaneh
et al. [20] analyzed the numerical results using the criteria of
relative percentage deviation and time. Compared to our
proposed model, metaheuristic algorithms are reasonable to
use for the lower boundary and strict heuristics in the truck
planning problems.

To minimize penalties caused by delays in customer service,
Cota et al. [12] analyzed an integrated problem, in which
scheduling trucks in a cross-docking-center is combined with
an open problem of vehicle routing [1]. The authors propose a
linear programming model with mixed integers for the optimal
solving control problems. The model containing two heuristics
contributes to obtaining the complex solution of planning and
control problems. However, use of cross-docking vehicle
routing heuristics enables to focus on solving only one
problem in planning operations, which is an inefficient
solution for managing multiple processes.

In this regard, optimization of cross-docking using imitating
models is studied practically. The structure of the imitating
model is created using a hybrid model based on discrete events
and agents. This enables to more accurately and individually
describe the operations and processes inside the cross-
docking-center. Suh [22] studied the structure of the imitating



model was used to assess the possibility of implementing the
operations of planning problems for a supply chain of goods
as well as to optimize the cross-docking performance
according to the set restrictions. The authors evaluate the
impact of controlled input parameters on key cross-docking
characteristics and optimize these parameters to achieve the
best results from cross-docking operations.

However, some models are aimed at studying the logistic
strategy of cross-docking, which enables to understand the
influence on the sending order process in order to successfully
implement the logistic strategy. Little and Graves [23]
considered two different situations in which use of this
strategy can be beneficial. The first situation is based on the
analysis of what the order processing system should be in
order to support cross-docking and modeling. This facilitates
presentation of cross-dock internal processes based on the data
provided. The second situation is based on modeling to
provide cross-docking a global perspective. The process of the
delivery of an order to a customer from the moment the
product leaves the distribution center to its arrival at the final
destination point is considered using real data.

5. CONCLUSIONS

This study considers the main tasks of planning internal
operations on a cross-docking platform, which enables to
minimize long-term storage of goods and avoid delays in order
assembling. The studies have shown that the calculation time
of time windows (IP*) is long to be used daily. Use of
heuristics (IP1 and IP2) increases the calculation speed by a
factor of 75. The average time for 2 doors and 8 trucks is
approximately 200 seconds, which is a good value for
processing large numbers of door windows for inbound and
outbound trucks.

Imitation of the simulated environment enabled to
determine specific characteristics that influence on the
increase in the time required to complete the order and deliver
it to the client. Using the order diagrams, it was found that after
unloading cargo from arriving trucks goods are assembled in
four stages. The first two stages (queuing and waiting for
assembly) determine the rate of loading goods into departing
trucks from the cross-dock. The study demonstrated that for
the period of 16 hours, the assembly is more efficient during
the first 4 hours when cargo is unloaded from trucks. Within
12 hours, the waiting time for assembly increased, which could
induce a time delay in loading the goods and delivering it to
the client later than the agreed time. Therefore, waiting for
assembly affects the first stage of order collection, when the
goods are queued for some time.
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