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Cross Dock operation is an execution tactic to deliver cargoes with an
aggregation-consolidation approach in such a way that the logistics system faces
minimal inventory accumulation or lack of inventory execution. Accordingly, to
increase agility at the supply chain level, logistics engineers are designing and
implementing cross docking at the supply chain level. This paper, the
simultaneous cross-dock model is considered. This means that trailers are on site
at the time of launching the cross-dock logistics process. Scheduling begins when
the first trailer is assigned to the first free dock. The forklift operator is
responsible for performing unloading operations in the specified area. When the
truck completes the unloading and loading operation of the trailer, the next
trailer is assigned. The main purpose of this paper is to present a mathematical
model of a trailer scheduling approach with a stochastic planning approach to
provide the optimal solution to reduce the expected total logistics operation time
and reduce the logistics costs. For this purpose, we started from the stage of
receiving pallets (suppliers) from suppliers or warehouses of other logistics
cluster sites at the supply chain level, and followed by internal logistics processes
performed on inlet docks, by reloading in outlet docks. Dock was completed to
fulfill the orders of consumers of these consignments. The mathematical model
used was integer programming and genetic algorithm. MATLAB Software was
used to analyze the data. The case study was conducted on Iran Khodro Company

Keywords: and the information of this company was used to prove the efficiency of the
Logistics, Supply chain, proposed model. This study was compared to three other studies to show the
Cross dock, Scheduling, benefits of the present study. The comparison of the research indicates the
Genetic Algorithm (GA). proper performance of the proposed model compared to other researches.
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Extended abstract

1. Introduction

Nowadays, many companies want to
satisfy very complex requests of
customers. Therefore, many companies
are about to achieve a high level of agility,
flexibility and reliability for various
customer requests (Gelareh et al., 2020).
However, the company activities have
some certain restrictions for improving
customer satisfaction since the company
performance may have negative effects on
other supply chain companies and
therefore, the supply chain management
of many companies in which the customer
satisfaction requires improvement is
attractive. (Lively, Bradley & Sullivan,
2020). One of the most important points in
supply chain management is the effective
control of the physical flow in the chain. 30
% of freight costs are considered for the
distribution process (Bertazzi & Ohlmann,
2020). Cross-docking is an executive
tactic in the logistic engineering to unload
the suppliers' pallets and reload them with
a trailer to deliver to end users and
production sites which is performed with
the minimal level of warehousing (Gue et
al., 2020). Cross-docking is an engineering
planning which transfers products using
the stabilizer nodes or cross-dockings
without warehousing. For implementing
such a plan, the main objective of the
logistic engineering group's mission is to
design a fast order delivery system instead
of warehousing. The concepts of such a
logistic planning include reduction of
transportation time, quick response to
orders, improvement of  supply-
distribution  process, reduction of
shipment volume and logistic costs.
Trailers entering the yard are in the
waiting line. First, the freight is unloaded
and inspected to determine their desired

points. Then, the freight is sorted and
handled to outbound docks to start the
reloading process. Based on the main
logistic indicators such as: dimensions,
volume, weight, shape and safety, a
forklift, pallet jack and conveyor system is
allocated to the outbound dock to perform
some operations.

Nowadays, the presence of a stable and
agile supply chain imposes more value on
managers due to an increase in the
competitiveness among organizations and
attempts to keep the organizational
position in the competitive market as well
as getting to higher levels. The presence of
such a stable supply chain may satisfy all
demands of top management because of
instantaneous changes in customer and
market demand, including: fast and well-
timed supply, reduction of transportation
and logistic costs, safety improvement and
risk  reduction, networking  and
improvement. Raw material flow network
provides products and logistic equipment
with the greatest level of efficiency from
the perspective of management and
performance analysis. In this regard, the
engineering design of a control network
for integrated logistic operations with the
immediate monitoring capability on all
operations provides a definite role in all
nodes, centers, routes and warehouses.
The logistic engineer role as a designer
and builder of this operational network
and as a designer of the monitoring
mechanism are considered as the
influencing factors on the creation of an
agile and complete logistic network
(Babics, 2020). The presence of such an
engineering network leads to the flow of
raw materials, products and logistic
containers and the lowest level of
interruptions in production lines or
service levels is resulted. For creating such
an integrated engineering network, one of
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the most important modules is to
determine the number of warehouses and
their types based on the desired
performance in terms of type and level of
storage. The cross-dock module is
considered as a storage module which is
unfortunately  called the regional
warehouse or middle warehouse, while the
task of cross-dock is to control the logistic
flow in the logistic cell defined within the
logistic matrix. Leadership, management
and adjustment of logistic processes are
very clear at the operational level. Fast
processing and direction changing to the
scheduled destination are an integral part
of cross-dock operations. Cross-dock
operations can be defined as follows: The
process of delivering the load from the
intended destination point to the
receiving, distributing and injecting points
is performed at the highest speed with low
or without any storage level. Based on the
statement, it is aimed to quickly transfer
with the lowest level of error from the
inbound dock. This requires coordinating
incoming and outgoing trailers, which
means creating and adopting a
predetermined and specific schedule
based on the demand engineering for this
program, the number of trailers and the
standard unloading time. Considering the
loading, permitted waiting time, number
of logistic equipment and work force,
supplies and allocations, it should be
considered that synchronization of
various departments can be a difficult task,
but logistic engineers use the updated
knowledge to minimize such
synchronization errors with accurate
scheduling. The level of computational
error, the presence and temporary storage
of inventory level have an important role
in cross-docking inventory engineering
since many cross-dock outbound loads are
considered as the dependent variables of
inbound strip operation and require a

waiting time. At the receiving stage, the
cross-duck inbound operation and the
transformation to the outbound dock are
considered. Therefore, many logistic
engineers use a small cross-docking
warehouse next to the cross-dock, which
allows to monitor and control the entire
inventory level in the form of a centralized
cross-docking system. According to such
interpretations, it is still possible to
observe intercountry projects in some
countries with accumulated or exceeded
inventory.

In many cases, cross-dock operations
are considered as logistic operations in the
strip loading and full-load (FTL) and less-
than-a-full (LTL) trailer loads. Logistic
engineers want to calculate 5S and
ergonomic spaces based on the inbound
and outbound load interchange level,
while cross-docking design and perform
accurate calculations for maneuvering and
waiting trailers and logistic equipment.
The main purpose of cross-docking is to
reduce the level of storage in supply chains
along the supply chain, but it should also
be noted that such a tendency is reduced
to zero. Occasionally, the cross-docking
operations requires to reopen the
packages and pallets, resulting in new
packaging, new batch size and new pallets,
reloading operations and stabilized
freights (stabilized transportation). Or
packaged freights are delivered based on
the supply and distribution planning and in
accord with demands (Gue, 2020).

In this study, it is better to define an
optimal cross-docking planning, which
integrates the entire process for obtaining
the formula for such a scheduling. This
process is explained by the operational
implementation of this model:

The freights and pallets in the
alternative pallet are placed in a trailer.
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The non-operational trailer loading can
begin as soon as the dock is allocated. The
trailer loading process begins only after
completing the non-operational loading.
The trailer is ready to release its allocated
door and it leaves the cross-dock after
completing the loading process. The time
for changing the trailer is the same for all

( | Trailer

(| Trailer

trailers. Every time, the pallets are
unloaded or loaded by the operator. Also,
only one operator is capable of loading and
unloading the pallets from / to a specific
trailer at a time. In one unit of time, the
operator is responsible for unloading or
loading a pallet.

(| Trailer i

Fig 1. Cross-docking operations planning

One of the innovations for this paper is the
consideration of simultaneous cross-dock
model. It means that trailers are in site
when setting the cross-dock logistic
process. Scheduling begins when the first
trailer is allocated to the first free dock.
The operator with a forklift is responsible
for unloading operations in the specified
area. Another innovation for this paper is
the consideration of a case study related
to Iran Khodro Co. and the data from this
company has been utilized to prove the
efficiency of the proposed model. Another
innovation for this paper is the
consideration of a dynamic and agile
supply chain network when the freight
flow is scheduled and engineered, the
supply chain network is considered
dynamic and agile. This agility and

dynamism can improve the general
performance of logistic system and is
therefore capable of timely delivering the
customer demands. The benefits of long-
term freight storage and warehousing
costs and risks are also included.

2. Research background

The most important factor for the
competition among industries,
manufacturers and service providers is the
costs of the supply chain. Product owners
and supply chain managers want to reduce
these costs (Winkelhaus & Grosse, 2020).
Such a condition requires studying the
logistic and transportation planning.
Therefore, the land use studies have a
significant role in transportation planning
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and spatial design of the transportation
network (Rosenbaum, 2020). Birasnav et al.
(2020) proposed the new vehicle routing
problem from the factory to the
distribution centers, which is performed
using a cross-dock and third-party logistic
service provider. Three operations
(unloading, stabilization and loading) are
performed in the cross-dock to
completely avoid or maintain the
inventory in a very short time. They
proposed the mixed-integer programming
to solve the proposed model. The results
represent that this innovative method
provides near-optimal solutions and has
lower solution time than the more
accurate method. Karia (2019) began to
test Halal value creation in Halal logistics
and Halal logistic activities. Such a case
study presented 129 Malaysian logistic
service  providers. The  outcomes
represented that Halal logistic strongly
affects the Halal logistic performance.
Archetti et al. (2019) proposed an
inventory routing model with logistic
ratio. They presented an accurate
algorithm and compared its performance
in terms of standard samples. The
outcomes represented that the accurate
algorithm becomes faster when the
number of vehicles is lower and the
number of customers is greater. The
results represent the capability of finding
the optimal solution determined by the
accurate method. Tirkolai et al. (2020)
presented a two-objective model to
integrate the reliable pollution-routing
problem with the cross-dock selection, in
which products are processed and
transported with at least one cross-dock.
The epsilon-constraint method has been
applied to solve the model in small-scale
problems and the non-determined sorting
genetic algorithm II (NSGA-II) and the
multi-objective simulated-annealing
algorithm (MOSA) are also used to solve

large-scale problems. Syed et al. (2020) has
proposed the cross-dock door assignment
and truck scheduling. It aims to minimize
the total time in the process of all trucks.
The control time, loading / unloading time
and product delivery are considered.
Finally, the results present a better
solution to the proposed model. Al Chal
(2020) has proposed a cross-dock
simulation model and a supply chain
distribution center. He examined the
benefits of having a cross-docking facility
in the supply chain and used the Java
Simulation Library (JSL) to provide
discrete-event simulation models. His
investigations can address the flow, time
delays and inventory aspects. Finally, he
investigated the way that cross-docking
affects the supply chain performance. Liao
(2020) has proposed a model for vehicle
routing and scheduling at the exit of the
multi-door cross-docking terminal. In
order to solve such a model, a
decomposition-based hybrid optimization
method has been developed. He tested
such a model for 20 small and large data.
The results represent the capability of
finding the optimal solution determined by
the counting method. Khalili Nasr et al.
(2021) have presented a multi-objective
fuzzy model to minimize the costs in the
closed-loop supply chain. The proposed
two-level model selects the suppliers and
allocates them to the manufacturers. This
study aims to minimize the environmental
costs, cross-dock operating costs, lost
demand and maximization of job creation.
The intended innovation includes the
consideration of sustainability in supply
chain. Finally, the presented model has
been solved by the goal programming
model. Wu (2021) has proposed a dynamic
competitive game in the closed-loop
supply chain. The consideration of
government involvement in the proposed
supply chain is one of the innovations for
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this study. Therefore, the government has
presented six different strategies for the
chain management. Therefore, the Nash
equilibrium approach has been used. The
minimization of environmental costs is
one of the most important objectives of
the study. The outcomes represent the
appropriate performance of the presented
model for minimizing the proposed supply
chain costs. Fu et al. (2021) has examined
the closed-loop supply chain under
uncertainty conditions. Investigating the
interactions among cross-dock chain is
one of the presented measures. The
intended chain includes manufacturers,
distributors and retailers. The study aims
to maximize the chain profit while
reducing the environmental costs. Various
numerical examples in various dimensions
represent the satisfactory performance of
the presented model after the
implementation. Lee et al. (2021) has
presented a green closed-loop supply
chain by considering one commodity and
one cycle state. This study has the most
important objectives of maximizing the
profits of manufacturers, distributors and
collection centers. Another objective is to
minimize  the  cross-dock  costs.
Consideration of priority for customers is
one of the innovations for this study. The
outcomes represents that the
environmental and transportation costs
severely increase when the demand
increases. Son et al. (2021) has presented a
mathematical model for the stable closed-
loop  supply chain  management.
Minimization of cross-dock costs and
transportation costs and maximization of
social impacts are considered as the
innovations of this study. Therefore, two
mathematical models such as a stable
model and an evaluation model are
presented to minimize the system costs.
The presented model has utilized a genetic
approach to solve the model. The solution

outcomes represent the appropriate
performance of the proposed model to
minimize the costs. By considering the
random demand and reproduction system,
Deng et al. (2021) has presented a
mathematical model for closed-loop
supply chain management. The presented
model contains 3 objectives, including: 1.
Determination of manufacturers with the
highest profit channel. 2. Allocation of
distributors to customers. 3. Investigation
of the flow among supply chain levels. The
outcomes of this case study represents
that the entire system costs exponentially
increase when the transportation costs
increase.

Based on the literature review, the
cross-dock model has not simultaneously
been considered up to the present
moment. It means that trailers are in site
when setting the cross-dock logistic
process. Scheduling begins when the first
trailer is allocated to the first free dock.
Additionally, the lack of considering the
supply chain dynamics and a real case
study are another research gaps.

3. Materials and methods

This study is a documentary based and
desk based study or it refers to available
sources about topics related to the paper
subject and some steps are reflected in
this study. Therefore, practical and survey
methods are considered for this research.
It will be necessary to use complex
computational and programming software
and utilize the features of high-speed
computers for implementing the
developed models. Data collection tools
include the document study, data
collected from valid databases, Iran
Khodro Co. statistics and the Internet.

Figure 1 represents a cross-dock model
where there is a number of trailers in
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allocated districts and in front of the dock.
In one side of cross-dock, there is
unloading docks and on the other side,
there is the loading docks. The pallets are
transported by the suppliers and with the
help of forklifts and they are located in a
certain logistic district in the cross-dock.
After the logistic process, the freights are
transported to the outbound docks of
cross-dock and loaded by trailers. In this
paper, the simultaneous cross-dock model
is considered. In another word, trailers are
located in the site when setting the cross-
dock logistic process. This schedule starts
when the first trailer is allocated to the
first free dock. An operator with a forklift
will unload the freight in the certain

district. When a truck completes the
unloading and loading operations of a
trailer, the next trailer is allocated. The
research method is presented in Figure 2.
In the first step, its related literature has
been reviewed. After the extraction of
research gap, the mathematical model of
the inbound logistic system of cross-dock
will be presented. This step aims to
minimize the cost of the inbound logistic
system of cross-dock. In the following, the
real case study of Iran Khodro Co. will be
presented. In this step, the accuracy of the
presented model is investigated. Finally,
the model is solved using a genetic
approach and the results are analyzed.

literature review
Goal: gaps between problem and real world
determination: ,
Gaps and cooparations of reszarch

Optimization model
Goal; minimization of costs

determination:
Crozs-dock scheduling

Feeal case study
Goals: proposed model applisd on real case study
determination:
Decizsion variabls

Zolving method
Goal: Solvine mathematical model

] datermination: )
Solving modal with genstic alzorithm

Fig 2. Research framework

4. Mathematical modeling

The cross-docking scheduling problem in
this paper can analytically be presented in
the integer programming. In the mixed-
integer programming formula, 9J9 trailers

are in a dock and they are waiting for the
cross-docking. The location of dock doors
is presented based on their relevant
distances. Totally, 9P9 pallets are
exchanged between trailers. In both
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trailers which are exchanging some
freights and logistic pallets, the unloaded
pallet of one trailer is loaded for the use of
another trailer. Therefore, each trailer j
has two sets of pallets. The first set is
consisted of the ID of those pallets
unloaded from the trailer 2 (with the (According to the problem definition, the
symbol Uj) and the second set is consisted source is the door i and its related worker)
of those pallets loaded for the use of the

i Presenting the loading operation of
pallet i

My . Presenting the source i required for
unloading operation

trailer (with the symbol Lj). The following Mo . Presenting the source i required for
symbols can be used to describe the MIP handling operation
model.

(According to the problem definition, the

Jui , , , source is the door i and its related worker)
Ui : Presenting the unloading operation

of pallet i M, Presenting the source i required for

i loadi t
Jwi . Presenting the handling operation of oading operation

pallet i (According to the problem definition, the
source is the door i and its related worker)

m door,meM ={1,...|M |}

—e

Trailer, j €J —{1,...[3|}

p pallet, peP —{1,...|P|}
U, Pallet sets unloaded from the trailer j
L, Pallet sets loaded on the trailer j
B, Unloading status of pallet p
|V The time required for unloading the pallet
™ The time required for handling the pallet from door m to
e door m’
tt The time required for loading u pallets
TC The trailer changes over time
Q A large number which is not lower than the worst
schedule length
Decision variables
0, Schedule length (or creating intervals)
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1, for pallets p and p’ at the same operating district, p

1, for pallets p and p’ at the same trailer, p should be

1, for trailers j and j allocated ti the same door, j should
1, if pallet p should be handled before loading in the

1, if trailer jis allocated to door m and trailer j is allocated

u, Allocation time of trailer j
C, Ending time of trailer j
Ay Starting time of handling pallet p
1, Ending time of handling pallet p
o, Ending time of loading pallet p
i should be handled before p’ otherwise zero
T put
loaded before p’ otherwise zero
I 1, if trailer j is allocated to door m otherwise zero
v ii o .
be performed before j otherwise zero
9o
destination trailers (by forklift) otherwise zero
V jiojm
to door m’ otherwise zero
w

1, if pallets p and p’ should be handled before loading in
the destnation trailers (by forklift) otherwise zero

Volume 14. Issue 27. Spring & Summer, 2022. Pages 129 to 166.

In relation to the above-mentioned
symbols and decision variables, the MIP
formula is as the following:

Minimize C max:
ST.

S, =ljel

meM

Finally, the binary variables
y it 5pp"qp'1W pp'? }/pp"and ijj ‘m are used in
the mathematical formula in the form of

control variables and defined by the
following restrictions:
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O, 2 Uy +t-t,peP

-t .
O, Z py +MaX ., , B, +t ,pel;,jed

020, +t ~Q.(1-7,).p.p eL;.pp"j €d

C; Zcrp,peLJ,jeJ

peU;nL;,j,jled mm'eM

~—

Croe 2C,,j €3 (10)
VitY s = SV 0 2 (11)
S+ 8y 2 2 <V +Q.(1-w . ).peU;,p'el;,p=p'j,j'ed (12)

meM
S+ 0,2 2 <V —Q.(1-w , ).p U, p'eU; p=p'j,j el (13)

meM
8y <0, PP EP, PP (14)
Oy <0y P P EP, PP (15)
a4, <t +Q.(1-V ) P €U, ALy}, j el mm eM (16)
q, <tm +Q -Q.(1-V ). P €U, AL, j,j '€, mm'eM 17)
W, <0, p,p'eP (18)
W, <q, p,p'eP (19)
W, 20, +q, —l,p,p'eP (20)
7’up'Z(:up'_:”p)/Q’p‘p'ELj’p¢p"j €J (21)
Vup <1+ 4y —11,)1Q.p,p L, p %P j €3 (22)
Viim $XjpJ,j'€ed,mm’eM (23)
Vi <Xy d.j'€d,mm'eM (24)
Vim ZXjn * %=L, j'€d,mmeM (25)

5. Research findings

Iran Khodro Co. (with the brand Eco) is an
Iranian car company and its central office
has been located in Tehran and it has be
established Khayami brothers in August,
1972. This company was considered as the
first Iranian national company and its first
product was a bus. Based on purpose, the
present research is an applied research
and based on method, it is a quantitative
research. The statistical population of this
research is the managers and decision-
makers of Iran Khodro Co. and the
inbound logistics of Iran Khodro Co. The
intended model was Iran Khodro Co. of

Tehran and its logistic department. The
required data for such a research were
achieved from the investigation of books,
valid papers and information obtained
from Iran Khodro experts. Thematically,
the research provides a model for inbound
logistic system of cross-dock. Spatially,
the research is performed in Iran Khodro
Co. Finally, the time considered for the
research is 2019. The main purpose of this
paper is to introduce an optimal solution
to improve the schedules of logistic
processes in the cross-dock. Considering
this stage of research, the sample results
have been investigate, which is a project
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with 6 docks, 16 pallets and 8 trailers that
unload and load the pallets in the cross-
dock. Based on Table 1, the desired loading
time for the sample tl is 2 minutes and the
variance of loading time is equal to 0.25,
the unloading time is equal to 2 minutes

Table 1. Initial input data to solve the model

Data
Loading time

Variance of loading time

Unloading time

Variance of unloading time
Movement time of trailers
handling time between the docks (doors) = 0.9167 minutes  TM
Worst possible value

6. Discussion

Products are unloaded from the entering
trailers and loaded into the outgoing
trailers without being warehoused. For
building a middle warehouse, a large
district is required for entering and
outgoing trailers. The middle warehousing
is rectangular. The doors are located
around the yard. When the trailer arrives,
it is transferred to the determined
outbound door in the middle warehouse.
When the inbound loads are unloaded and
inspected, they are transported to the
intended destination and are regularly
sorted and transported to the intended
outbound location to be able to transport

and the variance of unloading time is equal
to 0.56, the movement time of trailers is
equal to 12 minutes and the handling time
between the docks (doors) is equal to
0.9167 minutes and the worst possible
value is equal to 756.

Value Sample
2 minutes tl
0.25 tls
2 minutes Atu
0.56 Atus
12 minutes TC

756 Q

the outgoing trailers to the final
destination. Based on the size or shape of
the outbound location, various material
control equipment such as forklift, pallet
jack and conveyor system is required to
transfer (pallet) from the entering trailers
to the outgoing trailers. When the entering
(outgoing) trailer is completely unloaded
(loaded), another trailer is replaced and
the same process is repeated.

In this phase, it is possible to use the
genetic algorithm and MATLAB and start
calculating the optimal outputs. The
optimal programming output is presented
in Table 2:
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Table 2 represents the total expected and trailer 6 is allocated to truck 1, the trailer 4
optimal time to complete such a logistic is allocated to truck 2, the trailer 5 is
process in the cross-dock. The value of allocated to truck 3, the trailer 1 is
this time is equal to 18.0498. The required allocated to truck 3, the trailer 1 is
pallets in the unloading-loading process allocated to truck 4, the trailer is
are presented in this table. The allocation allocated to truck 5, the trailer is
of trailer to the dock matrix is also allocated to truck 6, the trailer is
represented in Table 2. As observed, the

—_ W0 W =
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allocated to truck 7 and the trailer 2 is
allocated to truck 8.

The pallets unloaded from the trailer
matrices are also represented in the table.
As observed, the pallet 1 is unloaded from
the trailer 13, the pallet 2 is unloaded from
the trailers 2, 8 and 14, the pallet 3 is
unloaded from the trailers 4, 5, 10 and 14,
the pallet 4 is unloaded from the trailer 3,
the pallet 5 is unloaded from the trailer 10,
the pallet 6 is unloaded from the trailer 11,
the pallet 7 is unloaded from the trailer 6
and finally, the pallet 8 is unloaded from
the trailer 1 and 9.

The pallets loaded to the trailer matrix
are also represented in the table. As
observed, the pallet 1 is loaded to the
trailers 4, 9 and 13, the pallet 2 is loaded to
the trailers 8, 11 and 14, the pallet 3 is
loaded to the trailers 6 and 12, the pallet 4

-3

jprergal cppatign

b

=

W ®

L

repatition

is loaded to the trailer 2, the pallet 5 is
loaded to the trailer 2, the pallet 6 is loaded
to the trailers 10 and 13, the pallet 7 is
loaded to the trailer 5 and the pallets 8 is
loaded to the trailers 1, 7and 15. In fact, this
table represents how to optimally allocate
the trailers to the docks as well as the
unloading and loading pallets. The optimal
allocation directly affects the optimal
scheduling to control the logistic process
in the cross-dock. The calculated time
periods in MATLAB is represented in
Figure 3. It should be considered that the
solving time decreases as the number of
repetitions increases. By using the
algorithm, the problem solving time
reaches more than 70 seconds. If the
number of repetitions is between 50 and
70 seconds, the problem solving time will
be equal to 20 seconds.

- ] ] M

Fig 3. Calculated time periods in MATLAB

7. Conclusion and

recommendation
In this paper, the mathematical cross-
docking model is proposed in which a
number of traikers are cross-docking in
the multi-door cross-dock. Cross-docking

is performed wusing a short-term
programming in a mixed service mode for
one day. It means the daily allocation of
the entering trailers to the dock doors and
therefore, some products can be
exchanged before being transported to
the customer. In this research, the
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literature was first reviewed and a
mathematical model was then presented
for the inbound logistic system of the
cross-dock. The mathematical model aims
to minimize the cost of the inbound
logistic system of the cross-dock. After
presenting the proposed model, a real case
study was presented to validate the model.

In this paper, the simultaneous cross-dock
model is considered. It means that the
trailers are in site when setting the cross-
dock logistic process. Scheduling begins
when the first trailer is allocated to the
first free dock. An operator with a forklift
is responsible for unloading the freights in
a certain district. When the truck
completes the unloading and loading
operation of the trailer, the next trailer is
allocated. The case study is related to Iran
Khodro Co. and the information of this
company has been utilized to prove the
efficiency of the proposed model. In the
presented program, the priority of the
pallet has been changed and this seems
appropriate in the general considerations
and otherwise, there should not be any
changes. The requirement of pallet 13 is
the pallet 1 and the requirement of pallet 2
is the pallet 1. Door-to-door allocation is
explained as follows: 1 is allocated to 1
trailer, 8 is allocated to 2, 6, 7, 3 trailers and
5 is allocated to 4 trailers, 2 is allocated to
5 trailers and 4 is allocated to 6 trailers.
The pallets unloaded by the trailers are as
follows: the pallet 9 is allocated to the
trailer 1, the pallets 8 and 14 are allocated
to the trailer 2, the pallet 4 is allocated to
the trailer 3, the pallet 3 is allocated to the
trailer 4, pallet 12 is allocated to the trailer
5, the pallets 5 and 10 are allocated to the
trailer 6, the pallets 1, 2, 6 and 13 are
allocated to the trailer 7 and the pallets 7,
11 and 15 are allocated to the trailer 8. The
pallet 5 is loaded to the trailer 1, the pallet
11 is loaded to the trailer 2, the pallets 3, 7

and 9 are loaded to the trailer 3, the pallets
4,13 and 15 are loaded to the trailer 4, the
pallets 2 and 14 are loaded to the trailer 5,
the pallet 12 is loaded to the trailer 6, the
pallet 6 is loaded to the trailer 7 and the
pallets 1, 8 and 10 are loaded to the trailer
8. Based on the convergence graph, the
solutions  are  convergent,  which
represents the significant algorithm
performance. The results represents a
decrease in the solving time when the
repetitions increase. By using the
algorithm, the problem solving time
reaches more than 70 seconds. When the
number of repetitions is between 50 and
70 seconds, the problem solving time
reaches 20 seconds. In the next steps, the
sensitivity analysis is applicable to study
the changes of each variable. In the
restriction control section, the optimal
and accurate correction method has been
used, which can be applied to fines or
multi-objective methods and the results
are also investigated. The sensitivity
analysis is the study of output variable
impacts on the input variables of the
statistical model. In another word, it is a
method for organized (systematic)
changes of the statistical model inputs and
can predict the effects of these changes on
the model output. In order to obtain the
benefits of the current research, this
research was compared to three other
research. The comparison of this study to
the study of Bertazzi et al. represents that
they used the route k to consider the
direct product delivery from the factory to
customers, in which the route k is the
route of vehicle with a maximum of k
customers on the route, but in this
research, the scheduling begins when the
first trailer is allocated to the first free
dock. An operator with a forklift is
responsible for unloading the freights into
a certain district. The comparison of this
research with the study of Nogueira et al.
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represented that the multi-dock truck
sequencing problem was considered in the
cross-docking center and its purpose was
to minimize the intervals, but the
mathematical model has been provided for
the inbound logistic system of the cross-
dock. The proposed mathematical model
aims to minimize the cost of inbound
logistic system of the cross-dock. The
comparison of this research with the study
of Tirkolai et al. (2020) represented that
they want to present a reliable pollution-
routing problem with the cross-dock
selection, in which products are processed
and transported with at least one cross-
dock, but in this paper, a mathematical
model is presented for the trailer
scheduling approach and the random
scheduling approach to provide an optimal
solution and decrease the total expected
logistic performance time and logistic
costs. The following items are
recommended for future investigations.
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