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Abstract

Supply chain management plays an important role in creating competitive | Keywords:
advantages for companies. One of the most important factors in supply chain | Cross Dock;
management is the control of physical flow for materials and products. Cross dock | Truck Scheduling;
strategy is an effective way to synchronic control of materials flow, logistic costs, | Routing;
distribution operations, and tuning customer service level. Today's use of this | Perishable Items;
strategy, to reduce inventory holdings and reduce the time spent in the supply chain | Multi Objective;
is increasing. Perishable items supply chain is more complicated than many others. | Cold Chain;

In this supply chain, changing the quality of items because of the nature of | NSGA-II
perishability is very important for customers, so distributors face a lot of logistical
challenges. Distribution management of these products through the cross-dock
center is very efficient for delivering items to customers with appropriate quality,
and, at the right time and place. In this research, we provide a multi-objective
mathematical model for truck scheduling and routing in a cross-dock for perishable
items by considering the perishability rate based on distribution time and condition
by two types of trucks that are effective on product quality in distribution. The
objective functions are minimizing the cost of delivery, including transportation
costs, the penalty costs of shortage, and perishable items in distribution time and
the total spent time. The VRSP system is modeled as a mixed-integer non-linear
program in GAMS and an NSGA-II algorithm is provided.

Introduction

The primary purpose of the cross-dock is to make it possible to combine shipments in different
sizes and use the vehicle in the full capacity and reduce operational costs. These advantages
make the cross-dock an important logistics strategy that today attracts a lot of attention from
the global competition with the growing volume of goods transported. The other purpose of
using cross-dock is reducing the transit time. The advantage of the vehicle routing and
scheduling problem in a cross-dock is that it determines the departure time of the vehicle and
ensures that the items are delivered to the customers at the minimum cost and time. The design
of the supply chain of perishable materials is different from the supply chain of other products
due to the special characteristics of these products, including their useful life. The main
difference between the supply chain of perishable materials and other products is the continuous
and significant changes in the quality of these products throughout the supply chain. In this
supply chain, the quality of the product is very important, which affects other activities such as
warehousing, distribution, and delivery of products, and complicates these activities. Many
consumers prefer to buy high-quality products at a fair price. Therefore, because of the great
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variety of most perishable products and their competitiveness, manufacturers have no choice
except to design a suitable supply chain and improve it.

In this paper, we provide a multi-objective model for truck scheduling and routing in a cross-
dock for perishable items to minimize the total cost and time in the distribution system. In this
study, we assume that the value or quality of perishable products decreases throughout their
lifetimes. When incoming trucks arrive at the warehouse, it must be decided which door they
will be assigned to increase warehouse productivity and reduce transportation costs. Proper
allocation of entry and exit trucks to the doors is very important due to the allocation of exit
trucks to customer nodes and because of the limited number of doors, the issue of the sequence
of trucks in the doors is investigated. Perishable items often have a time-dependent rate of
corruption and the condition of their distribution also has a direct effect on its corruption.
Therefore, by observing the conditions of correct distribution, the corruption of items during
distribution can be reduced. In this research, in addition to the practical aspects, we tried to
present a comprehensive and efficient model hypothesis in real-world events according to the
case study. Since one of the important goals in using a cross-dock is to reduce distribution time
and costs, applying a cross-dock strategy to distribute perishable items in high demand can be
very effective. Also, reducing the distribution time through vehicle scheduling and routing
plays an important role in maintaining the quality of perishable items.

Literature Review

In discussing the cross-dock, articles are in several areas such as locating a cross-dock in the
supply chain, locating a network of cross-dock, assigning doors to tracks, vehicle scheduling,
routing and allocation. In this section, we try to express the results of research about cross-dock
and in the field of operation planning. Scheduling is an important decision in cross-dock
operations and is related to the sequence of incoming and outgoing vehicles. This decision
manages the cross-dock operations daily and optimizes or approaches the optimization of the
operation schedule. Larby et al. examined the timing of exit trucks on a cross-dock with a single
exit and entry door. An incoming truck is unloaded and the products are loaded with the existing
outgoing truck. Other goods can also be stored temporarily with a limited capacity [1]. Boysen
and Flinder presented a fuzzy optimal model for the use of fixed output scheduling modes. Exit
trucks leave the warehouse in a predetermined time window. All shipments that arrive before
the truck leaves will be loaded and the rest of the shipments will be delayed until the next truck
leaves. Therefore, the goal is to schedule incoming trucks to minimize the number of delayed
trucks. This model considers the displacement time between the allocated entrance and exit
doors. The author proved this to be NP-hard [2]. Forouharfard and Zandieh studied a
scheduling problem of trucks in a cross-dock with an entrance door and an exit door when it is
possible to store products temporarily, and a colonial competition algorithm to find the best
sequence of incoming and outgoing trucks and minimizing the number of products that are
temporarily stored [3]. Baniamerian et al., provided a mixed-integer linear programming for
vehicle routing in a cross-dock to maximize the total profit and a new hybrid meta-heuristic
algorithm is presented [4]. Van Belle et al., have divided the problem of truck scheduling into
three categories. The first category considers a simple cross-dock with a single inlet and outlet
door. Scheduling in this case reduces the sequence of incoming and outgoing trucks. The second
category considers cross-dock with multiple entrances and exits. But only the timing of the
entrance or exit doors is considered. In the third category, the timing of incoming and outgoing
trucks is considered simultaneously with multiple transit docks [5]. Yiyo effectively improved
the problem of optimizing the vehicle sequence and assigning vehicles to the gates. The goal
was to minimize the total operation time in the distribution process and to solve the model,
innovative methods of neighborhood search and refrigeration simulation were used [6]. Konur
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and Golias have studied the problem of scheduling the operation of trucks with multiple
entrances and exit doors in the uncertainty of the arrival time of trucks. Hence, a timeline for
the arrival of trucks is used and a genetic algorithm is used to solve the problem. The purpose
of this study is to minimize the average of total service costs and delays in the arrival of trucks
in a situation where truck service costs are variable. This study formulates the problem of cross-
dock operations to find the best schedule that minimizes the average of total service costs and
the range of total service costs as a two-tier two-objective optimization problem [7]. Liau et al.
considered the problem of scheduling and allocation of entrance doors in a multi-door cross-
dock for two modes of the arrival time of entry trucks at zero and non-zero times to minimize
operation time and developed five metaheuristic algorithms to solve the problem [8].
Mohtashami presented a model for scheduling and allocation in a cross-dock, assuming the
possibility of stopping the unloading of incoming trucks and solving by genetic algorithm [9].
Madani and, Tavakoli Moghaddam et al. studied the truck scheduling model considering
several passing docks and assuming limited storage capacity and delay time and have developed
two meta-heuristic algorithms to solve the model [10]. Ladir and Alpan presented a model of
truck scheduling in the uncertainty of the arrival time of outgoing trucks [11]. Golshahri et al.
studied the modeling of the allocation and sequence of incoming and outgoing trucks and
presented five meta-heuristic algorithms and two heuristic algorithms to solve the model [12].

One of the key features of the vehicle planning and routing problem in a cross-dock is the
departure time for each vehicle will be determined from the cross-dock and it is ensured that
products are delivered to customers with the lowest operating costs. Operating cost includes
violation of arrival and departure times, inventory and transportation, and makes the product
with good quality and delivered to the customer at the right time, and thus brings customer
satisfaction. Hosseini et al. proposed a new integer programming model for the transportation
problem and examined three types of transportation in their problem: 1- Direct transportation
2- Transportation using transit dock and 3- Milk run problem. The name is derived from the
traditional milk-selling system in the West, in which a milk-seller takes milk to its customers'
homes using specified routes and returns empty bottles [13]. Yin and Chuang have an
environmental approach to the issue of routing. They introduced a new dual-purpose function
that minimizes operating costs and makes it possible to control the day-to-day costs of trucks
and labor. In the second stage, the CO2 emitted by trucks are considered. A high limit is set for
the amount of CO2. Finally, fuel efficiency has been considered as an influential factor in
decision making [14]. Moghadam et al. investigated the problem of vehicle routing and
scheduling in a cross-dock problem with intermittent deliveries. The nonlinear problem was
solved with the refrigeration and ant simulation algorithm [15]. Morais et al. proposed an
innovative new local search method to solve the problem of vehicle routing with cross-dock
[16]. Chen et al. examined the routing of a supply chain in a situation where the middle level
of the chain consists of several cross-docks. In this routing, if the goods delivered to a cross-
dock do not meet the customer's demand for that warehouse, the required amount of goods will
be provided from another cross-dock. In other words, it is possible to move goods between
warehouses when needed [17]. Grangier et al. presented a mathematical model for routing
trucks from suppliers to cross-dock and from cross-dock to customers and developed a meta-
heuristic algorithm to solve it [18].

Agustina et al. have been optimizing the integrated routing and scheduling of vehicles for
food supply chain. In the distribution system, goods are perishable and transportation is done
through a cross-dock. In this study, the aim is to deliver food on time, so that the early and late
penalty costs, inventory costs and transportation costs are minimized. To reduce the response
space, the concept of customer area is presented and the time window of the problem is
considered as hard [19]. Mousavi and Tavakoli Moghaddam studied the strategic location
problem and the operational problem of routing-scheduling in a cross-dock. The problem is
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studied in two phases. In the initial phase, decision-makers seek to find the minimum number
of cross-docks from a discrete set of candidate locations. In the second stage of the problem,
the goal is to determine the optimal number of trucks among the limited number of trucks and
the best route for transporting products. To solve, a combined two-phase refrigeration
simulation algorithm with a forbidden search algorithm is presented [20]. Also, Fatemi Qomi
et al. by considering the time and capacity constraints in a cross-dock, studied the model of
truck allocation and scheduling and presented an innovative algorithm [21]. Erkat et al.
presented the problem of assigning trucks to doors in a cross-dock for multiple unloading and
loading doors, and used a refrigeration simulation algorithm to solve the problem [22].
Mokhtarinejad et al. studied the location, routing and scheduling in a cross-dock in an integrated
approach. They analyzed the problems of location, routing and scheduling and solved the
problems by using the innovative method of machine-based learning. This generator algorithm
puts the location of cross-dock and customers in a group with a clustering approach. Genetic
algorithm has also been used to solve the warehouse scheduling problem [23].

In multi-objective problems, the objective functions are generally in conflict with each other,
otherwise, several goals can be turned into one goal. From reviewing the literature on cross-
dock and optimizing multi-objective problems, we found that in few numbers of articles have
addressed the importance of multi-objective discussion in cross-dock scheduling and routing,
including articles in this field, such as the article by Babaee Tirkolaee et al. They provided a bi-
objective mixed-integer model in a cross-dock to minimize the total cost including pollution
and routing costs and the other objective function is to maximize the supply reliability. Two
metaheuristic algorithms (MOSA and NSGA-I1) were used [24]. Yinn et al. proposed a two-
objective function for the problem of routing and scheduling and developed two innovative
algorithms to solve it [25]. Mohtashami et al., presented a multi-objective model for truck
scheduling in a cross-dock to minimize the shipping costs, operating time, the number of trucks,
and two meta-heuristic algorithms NSGA-1I and MOPSO are used to solve the model [26].
Nasiri et al. presented a mathematical model for the routing of trucks in a system with multiple
cross-docks; In this comprehensive model, supplier selection and order allocation are also
considered, in which the total costs, including order costs, shipping, inventory, etc., are
optimized [27]. Molavi et al. presented a mathematical model for scheduling trucks in a cross-
dock with hard time window constraints and used the FIFO policy to sequence trucks for
unloading and loading [28]. Nassief et al. solved the problem of allocating trucks to the doors
and the operating costs are optimized. To solve the proposed model, a new complex integer
modeling is used [29].

Perishable products can appear in a whole variety of forms. These products play an important
role in the operational distribution process. In this class of goods, because of its nature and the
quality decrease in the distribution system, this issue becomes very important for the people
who receive it along the planning horizon. Perishable goods lose their value quickly during the
delivery process, so the price of perishable goods largely depends on the situation they reach
the customer. It is often a review of perishable goods literature on pricing, return policy, and
inventory control for a retailer. Kopanos et al. studied the issue of stacking timing and size in a
multi-product dairy product line, and the sequence, depending on installation costs and times,
was considered and optimized. However, the proposed planning issue only involved in the
packaging phase [30]. In another study, they proposed a mathematical model for the problem
of planning the production of limited resources in the semi-continuous food process, such as
the dairy industry, and considered the limitation of renewable resources [31]. Govindan et al.
proposed a multi-objective optimization model by integrating decision-making sustainability
into the distribution sector of a perishable food supply chain network. In this paper, a two-step
time-window location-routing problem is introduced to design a sustainable supply chain
network and optimize economic and environmental goals in a perishable food supply chain
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network [32]. Amorim et al. presented a multi-objective model that simultaneously minimized
distribution costs and maximized product novelty rates and solved the model with the small-
scale Epsilon constraint method and the large-scale multi-objective evolutionary algorithm
[33].

According to the articles reviewed in the literature review section, we find that the cross-
dock has rarely been used to distribute perishable items. However, in this strategy, reducing
inventory and reducing time spent along the chain is one of the most important goals. Therefore,
applying this strategy to distribute perishable items with high demand, including food items,
meat products, fruits and vegetables, medicines, etc., is very effective in reducing waste due to
perishability. Among all the articles, only the article by Augustina et al. [19], deals with the
distribution of food items by a cross-dock, but to simplify the proposed model, a hard time
window constraint has been used. Though, control of perishable waste, which is affected by
three factors: corruption rate, the duration of distribution and also the conditions of distribution,
Is very important which is not considered in the article. One of the things that have not been
considered in the studies, is the cold chain conditions for perishable items such as food items,
meat products, fruits, vegetables, and medicines, which are very effective in reducing spoiled
items along the chain. For example, the use of refrigerated trucks can reduce the number of
perished items.

Model Development and Formulation

Most studies in the field of perishable items have dealt with issues such as pricing, return policy,
ordering, and inventory control, and less has been said about how they are distributed
throughout the supply chain. Also, in the literature on perishable items, the distribution of these
items through a cross-dock has rarely been considered, and in the few studies that have dealt
with the distribution of perishable items, and little attention has been paid to the perishable rate
that depends on the distribution time and condition. In researches in the field of supply chain
management, including issues related to cross-dock, only one type of truck has been considered
and in some cases, only different capacities have been assumed for trucks. If in the real world
and different industries, several types of trucks are used by the nature of each industry. For
example, in the case of perishable items such as food, meat, fruits, vegetables, and medicines,
two types of refrigerated and non-refrigerated trucks with different capacities are used. If
perishable items are loaded on refrigerated trucks, they have a lower rate of spoilage. In this
research, an attempt has been made to eliminate the shortcomings of the proposed models in
the articles and increase the efficiency of the proposed model by integrating the decisions and
applying the assumptions that bring the model closer to reality.

In this study, we studied a cross-dock for distribution of perishable items. In this regard,
considering the most important factors influencing distribution management such as cost and
time, and a multi-objective model for the problem of vehicle scheduling and routing is
presented. In addition to the time of distribution, the conditions and quality of distribution are
also effective in changing the quality of items. Therefore, in this study, by defining the rate of
spoilage for products, we considered the rate of spoilage of products, depending on the type of
product, time of distribution, and conditions of distribution. The terms of distribution refer to
the type of vehicles. In this way, distribution by refrigerated trucks has lower rate of corrupt.
On the other hand, the cost of using refrigerated trucks is more than ordinary trucks. Therefore,
there is a trade-off between distribution cost and product freshness. The objective functions in
this multi-objective model of truck scheduling and routing problem are to minimize the delivery
costs, including transportation costs, the penalty costs of shortage, items perished in distribution
time, the total time spent and waiting time to receive inbound or outbound trucks.
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In the proposed scheduling and routing, the operations of allocating trucks to the doors,
scheduling, combining shipments according to destinations, assigning customers to trucks and
routing are performed. The planned operations in a cross-dock is as Fig. 1, shown below.

Inbound
Supplier trucks - Customer
l“:lel\ml Outbound
e c|0C]{5 Outbound
I l l I I I I trucks
D Cross dcwkmg
D / Cross
docking yi L1x D]
[0 — 1. [
i o m
0 ﬁj =
Unloading J{mpm ary [D
D staging area storage L (:|(||1|j3
D area staging m
area [D

Fig. 1. The operations in a Cross-Dock (Agustina et al.)

Model Assumptions

A summary of the assumptions for modeling the problem is listed below:

There are several entrance and exit doors in the cross-dock and these doors are located
in different places of the terminal.

The operation of the incoming trucks does not depend on the outgoing trucks, but the
operation of the outgoing trucks depends on the operation of the incoming truck
corresponding to the transfer of goods.

There is no interruption of operations. This means that a truck does not leave the door
until its operations don’t complete.

The time of the truck changing is the same for all incoming and outgoing trucks.

The distance between the doors is different and the cost of transportation within the
cross-dock depends on how the entry and exit trucks are allocated to the doors.

There is temporary storage in the warehouse and the storage time is up to 24 hours and
the capacity of the storage area is unlimited.

The speed of the trucks is assumed to be the same and constant.

Exit trucks have two types of refrigerated and non-refrigerated.

Items have different rates of corruption.

If items are distributed by refrigerated trucks, they will spoil at a lower rate.

Fixed and variable costs of using trucks are different according to the type of trucks.
Each tour starts at the cross-dock and ends at the cross-dock.

The importance of customers is different, so the penalty for not responding to each
customer is different.

Mathematical Symbols And Signs

m: receiving doors {1..... M}
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n: shipping doors {1. .... N}
i: inbound truck {1. ....R}
j: outbound truck {1. ....s.....S}
j: non — refrigerated outbound truck {1. ....s}
j: refrigerated outbound truck {s + 1. .... S}
k: product type {1.....K}
node: set of nodes {CD.n;.n,. ....n,}
c: set of customers {n;.n,.....n,}
Ti,: number of units of product type k that is loaded in inbound truck i
DT: truck change type
tmn: the time of a product’s transfer from the receiving door m to shipping door n
A: the transportation cost in cross dock per product unit
ULT: the unloading time per product unit
LT: the loading time per product unit
demy,,: demand for product type k by customer n
Ty the travel time between node n and n’
By j: the deterioration rate for product type k in truck j
Capj: the capacity of truck j
Fix;: fix cost for utilization of truck j
Varj: variable cost for utilization of truck j
p;: penalty cost of shortage for customer n per product unit
p": penalty cost of returning items per product unit
M: a big positive number
c;: activity start time of inbound truck i
C;: activity finish time of inbound truck i
l;: activity start time of outbound truck i
L;: activity finish time of outbound truck i
X;jk: number of product type k transferred from the inbound truck i to the outbound truck j
ep;: time in which outbound truck j visits customer n
T: the total time
Qnij: number of products type k transported by outbound truck j when visiting
customer n
Q% it number of products type k safely transported by outbound truck j when visiting

customer n

ankj: number of products type k that delivered by outbound truck j to customer n

v;j: 1if any products are transferred from inbound truck i to outbound truck j

VYim: 1 if inbound truck i is assigned to the receiving door m

Zjn: 1 if outbound truck j is assigned to the shipping door n

U;jmn: 1 if inbound truck i is assigned to the receiving door m and outbound truck j is
assigned

to the shipping door n and v;; = 1

p;;r: 1ifinbound trucks i and i’ are assigned to the same door and truck i is a predecessor
of truck i’

q;;: 1if outbound trucks j and j' are assigned to the same door and truck j is a predecessor
of truck j'

Znnij: 1if outbound truck j travels from node n to n’

yj: 1if outbound truck j is utilized
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Mathematical model
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Q% = Min (Q°, ;. demyy,) vnec j=1..5 k=1..K (31)
T>L; +eq; Vj=1..5 (32)
all variable =0 (33)

Description of objective functions and the constraints

The first objective of the model is to minimize the total cost, which consists of four components:
transportation costs in the cross-dock, shipping costs (fix costs and variable costs of shipping),
penalty costs of shortage, the penalty costs of returning items(items perished during the
distribution time) and minimize the waiting time for inbound and outbound trucks. The second
objective of the model is for minimizing the total time spent in the distribution system.
Constraint 3 ensures that the total number of products type k transferred from an inbound
truck i to all outbound trucks are smaller than the number of products type k that are received.
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Constraint 4 shows the relationship between the variables x;j; and v;;. Constraints 5 and 6
ensure that each inbound truck is assigned just to one receiving door and each outbound truck
is assigned just to one shipping door. Constraints 7, 8, and 9 show the relationship between the
variables u;j;p , ¥im , and z;,. Constraints 10 and 11 show the correct relationship between the
variables y;,, and the p,;s, while the constraints 12 and 13 show the correct relationship
between the variables z;, and the q;;. Constraint 14 shows that the entering time of each
inbound truck is equal to its predecessor’s leaving time plus the truck change time. Constraint
15 shows how to calculate the departure time of trucks. Constraint 16 shows that the entering
time of each outbound truck is equal to its predecessor’s leaving time plus the truck change
time. Constraint 17 shows that the leaving time of each outbound truck is equal to its entering
time plus the time required to load all products. Constraints 18 shows that the leaving time of
each outbound truck is greater than, or equal to, the leaving time of inbound truck plus the
transfer time of products and the time required to load all products. Constraints 19 and 20 are
included to ensure that only one vehicle arrives at, and leaves from, each delivery node.
Constraint 21 guarantees the consecutive movement of vehicles. Constraint 22 ensures that a
trip starts and finishes in the cross-dock. Constraint 23 calculates the time that truck j visits
customer n and constraint 24 calculates the time that truck j returns to the cross-dock. Constraint
25 ensures that if outbound truck j visits customer n, the total number of products type k
transferred from all inbound trucks to outbound truck j is larger than the customer demand for
products type k. Constraint 26 shows the correct relationship between the variables z,,,; and
the y; . Constraint 27 is associated with truck capacities. Constraint 28 ensures that an outbound
truck’s inventory for each product type is not larger than the total number of products
transferred from inbound trucks to this outbound truck. Constraint 29 shows, for all trucks, the
relation between the truck inventory and the number of deliveries to customers for each product
type. Constraint 30 calculates the number of good items (with appropriate quality) for each
product type when a truck visits customers, and the constraint 31 calculates the number of
deliveries for each product type by the trucks. Constraint 32 calculates the maximum time
including the makespan in the cross-dock and the distribution time.

Results

We solved this model in GAMS (CPLEX solver) and provided the NSGA-II algorithm to solve
the large-scale problems. The results are shown in the following tables.

Table 1. Details of issues resolved

No inbound outbound customers outbound inbound refrigerated
doors doors trucks trucks outbound
trucks
3 3
1 2 2 5 1
2 3 3 8 5 5 2
3 3 2 12 6 6 3
4 4 3 14 8 8 4
5 5 4 15 9 9 4
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Table 3. Results of inbound trucks in issue 3

Table2. Results of solving the two-objec
model in Gams Activity | Activit Assianed
GAMS Result of trucks . . trucks No
time time door
Run Time objective objective
function2 functionl 1-3 600 0 2 1
5 9837 3871 2-6 1300 700 1 2
34 13982 5032 3-1 1300 700 2 3
103 16226 9328 5-4 600 0 3 4
483 18341 12862 5-4 1300 700 3 5
895 23801 19360 2-6 600 0 1 6
Table 4. Results of outbound trucks in issue 3
Time of Activity | Activit Assigned
I Sequence . I.V Yy Iy >sig outbound
return to Truck route finish start outbound
of trucks . . trucks No
warehouse time time door
12654 CD-3-12-9-CD 1-2 2441 1831 1 2
10956 CD-6-1-CD 1-2 3121 2537 1 1
11946 CD-10-2-4-CD 5-6 3293 | 2673 2 5
14653 CD-7-5-8-11-CD 5-6 2523 1973 2 6
Run Time
1000
900 )
800 /
700
600
500 /
400
300
200
100 é‘%
0 [
1 2 3 4 5
—=8=GAMS <= NSGA-II

Fig. 2. Comparison of solution time
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Table 5. The results of the NSGA-I1I algorithm

NSGA-II Result No
objective function2 objective
functionl
1023 4064 1
14401 5233 2
16712 9542 3
18524 13119 4
24062 19553 5
GAMS Pareto NSGA-II Pareto
20000 17000
J
16500
15000 L
Vbo 16000 D
" ] i
10000 @ ° 15500 o
15000 9 D
5000 -~
14500 *ﬂ)—g
’ 0 5000 10000 15000 20000 25000 14000
9000 9500 10000 10500 11000 11500

Fig. 3. The GAMS(Weighting Method) Pareto chart
Fig. 4. The NSGA-II Pareto chart

Considering the tables presented in the field of numerical results, we found that the
introduced mathematical model is designed so that the start time and end time of activity for
incoming and outgoing trucks as well as the allocation of trucks to the doors and its activity
sequence are also determined. Then, the goods are allocated to the trucks according to the
amount of demand, customer distance and the volume of the trucks, as well as the type of
product, and the optimal routes for the customers to visit are determined by the trucks. Due to
the dual purpose of the model, in the presented figures, Pareto diagrams are displayed in both
methods. Fig. 2, shows a diagram of the model solution duration in two ways, which shows the
proper performance of the algorithm in solving the problem.

Due to the importance of measuring the efficiency of the model in optimizing real-world
problems, the results of a case study using the model for the global distribution of perishable
pharmaceutical and food items are discussed below.

Case Study

In this section, to study the efficiency of the proposed model in large dimensions and also to
apply the model in real-world issues, a case study related to Alborz Distribution Company
whose most important mission is to distribute various pharmaceutical and food items to other
parts of the country. In this section, we will implement the model presented in the previous
section for a real example of global drug distribution.
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Table 6. The results of the Case Study
Results for one of the Pareto Numbe
. . . Numbe Number of | Number )
intersections Number . r of .
r of refrigerated of . outboun | inboun
of inboun
Run | objective | Objective product customers outbound | outbound q d doors | d doors

Time | function2 | functionl | types trucks trucks trucks

38.59 | 130880 648362 65 24 5 10 7 4 4
Table 7. The results of the outbound trucks in Case Study
Time of Activity | Activit Assigned Outbound Outbound
return to Sequence of -
finish y start outbound truck truck
warehouse trucks . : -
time time door capacity number
(hour)

24.49 1-7 7432 6448 2 15 1
14.47 4-2 6031 4631 1 15 2
16.25 8-3 5391 4091 3 8 3
29.45 4-2 7331 6131 1 10 4
33.66 6-5 6162 4862 4 8 5
15.88 6-5 7532 6353 4 10 6
34.62 1-7 6248 4948 2 8 7
23.20 8-3 7962 7054 3 15 8

Implementing a scheduling and routing optimization model will improve distribution costs
and duration, which are key logistics issues. In the following, the diagrams of the improvements
obtained after the implementation of the model are displayed in the performance indicators of
the logistics field.

Conclusions and future studies

In this study, we studied a cross-dock for the supply of perishable items. In this regard,
according to the most important factors influencing distribution management such as cost and
time, a multi-objective model for vehicle scheduling and routing is presented and by defining
the rate of spoilage for products, the rate of spoilage of products depends on the type of product,
time of distribution and distribution conditions are considered. The problem presented for small
and medium dimensions is solved in GAMS. The NSGA-II meta-heuristic algorithm is also
proposed for large-scale problems. The time and quality of the results of the algorithm in small
and medium dimensions are compared with the GAMS output. The results confirm the proper
performance of the algorithm in terms of response quality and solution time.

Suggestions for future studies can be made in two parts: modeling and new hypotheses to
bring the model closer to reality and make this model more practical: considering the
uncertainty conditions for the demands, considering the uncertainty conditions for the routes,
assuming the probability of truck failure along the distribution route, providing an inventory
routing model to control better and manage items and reduce the number of perished items.
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Fig. 5. The NSGA-II Pareto chart

References

[1] Larbi, R. Alpan, G. Baptiste, P. Penz, B. (2011).“ Scheduling cross docking operations under
full, partial and no information on inbound arrivals”, Computers & Operations Research, Vol.
38, No.6, PP.889-900.

[2] Boysen, N. Fliedner, M. (2010).“Cross dock scheduling: Classification, literature review and
research agenda”. Omega, Vol .38,No.6, PP.413-422.

[3] Forouharfard, S. Zandieh, M.(2010) “An imperialist competitive algorithm to schedule of
receiving and shipping trucks in cross-docking systems”. The International Journal of Advanced
Manufacturing Technology, Vol. 51, PP. 1179-1193.

[4] Baniamerian, A. Bashiri,M. Tavakkoli-Moghaddam, R. (2019).” Modified variable
neighborhood search and genetic algorithm for profitable heterogeneous vehicle routing
problem with cross-docking “, Applied Soft Computing, Vol.75, PP. 441-460.

[5] Van Belle, J. Valckenaers, P. Cattrysse, D. (2012).“Cross-docking: State of the art”. Omega,
Vol. 40, No. 6, PP. 827-846.

[6] Yiyo, K.(2013).” Optimizing truck sequencing and truck dock assignment in a cross docking
system”, Expert Systems with Applications , Vol. 40, No. 1, PP. 5532-5541.

[7] Dinger, K. Mihalis, M. Golias.(2013).” Cost-stable truck scheduling at a cross-dock facility with
unknowntruck arrivals: A meta-heuristic approach “.Transportation Research Part E, Vol. 20,
No. 49, PP. 71-91.

[8] Liao, TW. Chang, P. Kuo, R.J. Liao, C.(2014).” A comparison of five hybrid metaheuristic
algorithms for unrelated parallel-machine scheduling and inbound trucks sequencing in multi-
door cross docking systems”. Applied Soft Computing, Vol. 21, No. 1, PP. 180-193.

[9] Mohtashami, A. (2015).” Scheduling trucks in cross docking systems with temporary storage
and repetitive pattern for shipping trucks “.Applied Soft Computing, Vol. 36, No. 2, PP. 468-
586.

[10] Madani-Isfahani, M. Tavakoli-Moghaddam, R. Naderi, B. (2014).” Multiple cross-docks
scheduling using two meta-heuristic algorithms “.Computers & Industrial Engineering., Vol.
74, PP. 129-138.

[11] Ladier, A. Alpan, G. (2016).” Robust cross-dock scheduling with time windows “.Applied Soft
Computing. Computers & Industrial Engineering, VVol. 99, PP. 16-28.

[12] Golshahi-Roudbaneh, A. Hajiaghaei-Keshteli, M. Paydar, M. (2017).” Developing a lower

bound and strong heuristics for a truck scheduling problem in a cross-docking center .
Knowledge-Based Systems, Vol. 129, PP. 17-38.



Advances in Industrial Engineering, Spring 2019, 53(1): 45-60

59

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Hosseini, S. D. Akbarpour Shirazi, M. Karimi, B.(2014). “Cross-docking and milk run logistics
in a consolidation network: A hybrid of harmony search and simulated annealing approach,” J.
Manuf. Syst., Vol. 33, No. 4, PP. 67-77.

Yin, P. Chuang, Y. (2014). “Adaptive memory artificial bee colony algorithm for green vehicle
routing with cross-docking,” Appl. Math. Model., Vol. 45, No. 21, PP. 310-352.

Moghadam, S. FatemiGhomi, S.M.T. Karimi, B. (2014).” Vehicle routing scheduling problem
with cross docking and split deliveries ““. Computers and Chemical Engineering, Vol. 69, PP.
98-107.

Vinicius, W.C. Morais, Geraldo R. Mateus, Thiago F. Noronha. (2014).” Iterated local search
heuristics for the Vehicle Routing Problem with Cross-Docking”, Expert Systems with
Applications ,Vol. 41, PP.7495-7506.

Chen, M.C. Hsiao, Y. Himadeep Reddy. Tiwari, M.K. (2016). “The Self-Learning Particle
Swarm Optimization approach for routing pickup and delivery of multiple products with
material handling in multiple cross-docks,” Transp. Res. Part E Logist. Transp. Rev., 1,258—
226.

Grangier, P. Gendreau,M. Lehuede, F. Rousseau, L.M.. (2017).” A matheuristic based on large
neighborhood search for the vehicle routing problem with cross-docking “. Computers and
Operations Research, Vol. 84, PP. 116-126.

Agustina, D. Lee, C.K.M. Rajesh, P. (2014).” Vehicle scheduling and routing at a cross docking
center for food supply chains “.Int. J. Production Economics, Vol. 152, PP. 29-41.

Mousavi, S. M. Tavakkoli-Moghaddam, R. (2013).“A hybrid simulated annealing algorithm
for location and routing scheduling problems with cross-docking in the supply chain,” J. Manuf.
Syst., Vol. 32, No. 2, PP. 330-347.

Fatemi Ghomi, S.M,T,. Rahmanzadeh, S. Sheikh Sajadieh, M. .(2017).” Scheduling at a cross
dock based on the specific departure time of the outbound trucks “ . Journal of Industrial
Engineering., Vol. 50, No. 3, PP. 441-450.

Ercat, J.Ghods,P.Ahmadizar,F.(2017).* Optimization of sequence and allocation of inbound and
outbound trucks in cross dock “ . Journal of Industrial Engineering., Vol. 50, No. 2, PP. 177-
189.

Mokhtarinejad, M. Ahmadi, A. Karimi, B. Rahmati, S.H.A. (2015). “A novel learning based
approach for a new integrated location-routing and scheduling problem within cross-docking
considering direct shipment,” Appl. Soft Comput. J., Vol. 34, PP. 274-280.

Babaee Tirkolaee, E. Goli, A. Faridnia ,A. Soltanie, M. WilhelmWeberf, G. (2020). “Multi-
objective optimization for the reliable pollution-routing problem with cross-dock selection
using Pareto-based algorithms *, Journal of Cleaner Production.
Peng-YengYinn,Sin-RuLyu,Ya-LanChuang. (2016).” Cooperative coevolutionary approach for
integrated vehicle routing and scheduling using cross-dock buffering “.Engineering
ApplicationsofArtificial Intelligence, Vol. 52, PP. 40-53.

Mohtashami, A, Tavana,, M.Francisco J.Santos-Artiga. Fallahian-Najafabadi, A. (2015).” A
novel multi-objective meta-heuristic model for solving cross-docking scheduling problems
“ Applied Soft Computing. Vol. 21, PP. 30-47.

Nasiri, M. Rahbari, A. Werner, F. Karimi, R.(2018) .“ Incorporating supplier selection and order
allocation into the vehicle routing and multi-cross-dock scheduling problem " , International
Journal of Production Research, VVol. 56, PP. 1-26.

Molavi, D.Shahmar, A. Sheikh.Sajadieh, M.(2018)," Truck scheduling in a cross docking
systems with fixed due dates and shipment sorting™, Computers & Industrial Engineering, Vol.
117, PP. 29-40.

Nassief,, W. Contreras, I., Jaumard, B.(2018)," A comparison of formulations and relaxations
for cross-dock door assignment problems”, Computers & Operations Research, Vol. 94, PP. 76-
88.

Kopanos, G.M. Puigjaner, L. Georgiadis, M.C. (2009)."Optimal production scheduling and lot-
sizing in dairy plants: the yogurt production line,” Industrial & Engineering Chemistry
Research, Vol. 2, PP. 705 -758.


https://www.sciencedirect.com/science/article/abs/pii/S0305054818300303#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054818300303#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054818300303#!

60 Shafiee and Shirazi

[31] Kopanos, G.M. Puigjaner, L. Georgiadis, M.C. (2011)."Resource-constrained production
planning in semicontinuous food industries," Computers & Chemical Engineering, Vol. 35, PP.
9292 — 9211.

[32] Govindan, K. Jafarian, A. Khodaverdi, R. Devika, K. (2014). "Two-echelon multiple-vehicle
location—routing problem with time windows for optimization of sustainable supply chain
network of perishable food", International Journal of Production Economics, Vol. 559, PP. 2 -
98.

[33] Amorim, P. Almada-Lobo, B. (2014).”The impact of food perishability issues in the vehicle
routing problem’ ; Computers & Industrial Engineering , Vol. 67, PP. 223-233.

@ @ This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution (CC-BY) license.


https://creativecommons.org/licenses/by/4.0/

Advances in Industrial Engineering, Spring 2019, 53(1): 45-60
61

@ @ This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution (CC-BY) license.


https://creativecommons.org/licenses/by/4.0/

