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Abstract Using cross-docking system is a new strategy to
improve responding time to customers with transferring items
directly from receiving trucks to shipping truckswithout being
held in storage at warehouse. This paper studies the
scheduling of receiving and shipping trucks in cross-docking
systems which have a temporary storage in front of shipping
dock and items can be held temporarily in storage until the
appropriate shipping truck comes. The objective is to find the
best sequence of receiving and shipping trucks to minimize
the total number of products that pass trough temporary
storage because decreasing inventory or eliminating storage is
the way to reduce costs. These kinds of problem are complex.
Therefore, we develop an imperialistic competitive algorithm
(ICA) approach to tackle complexity. The results of this
algorithm are compared with the best known genetic
algorithm (GA) results that are obtained in the same time.
The results show that ICA outperformed GA.

Keywords Cross-docking . Distribution center .

Receiving truck . Shipping truck . Imperialistic competitive
algorithms . Genetic algorithm . Taguchi method

1 Introduction

Each supply chain contains totally three main stages:
procurement, manufacturing and distribution. Distribution

centers have an important role in distribution stage. These
centers are not only places for collecting and delivering
products, but also places for complying customer demands
by activities such as ordering, inventory management,
transportation, information transaction and etc. [12].

Based on Simchi-Livi et al. [12], there are three
separated strategies for distribution out of factory in supply
chain as follows:

1. Direct transmission: in this strategy, shipments are
transferred from vendors to retails without passing
distribution center.

2. Warehousing: in this traditional strategy, goods are
stored in devices like pallet rackets or shelving and
based on customer orders are delivered to them.

3. Using cross-docking system: in this strategy, items are
delivered to warehouse by receiving trucks and based
on customer demands, are loaded into shipping trucks,
without being actually held in inventory at warehouse.
If any item is held in storage, it is usually for a brief
time, which is generally less than 10-15 h [12].

By comparing these three strategies, cross-docking system
is the best way to handle high volume of items in a short time,
reduce cost with decreasing inventory or eliminate storage and
improve efficiency by increasing customer responsiveness
and better control of distribution operation [15]. Wal-Mart
introduced cross-docking system and implemented cross-
docking operations for the first time.

In this research, we assume that there are R receiving
trucks carrying several products with several destinations
and S shipping trucks carrying several products with the
same destination. A receiving or shipping truck cannot
leave the dock until its task is finished. Our purpose is to
sequence receiving trucks as well as shipping trucks to
minimize the total number of products that pass trough
temporary storage. This problem is non-deterministic
polynomial-time (NP)-hard [4]. For this problem, we
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develop an imperialistic competitive algorithm (ICA) which
is inspired by imperialistic competition.

The paper has the following structure. Section 2 gives
literature review of receiving and shipping trucks scheduling
in cross-docking system. Section 3 is problem description.
Section 4 introduces the proposed meta-heuristics. Section 5
presents experimental design comparing the results achieved
by proposed imperialistic competitive algorithm with those
achieved by the best known genetic algorithm. Finally,
section 6 consists of conclusions and future work.

2 Literature review

In this section, we will review literature of cross-docking
systems.

Mosheiov [7] handled the pickup and delivery problem
as a kind of vehicle routing problem. He developed a
mathematical model to minimize transportation cost and
maximize the efficiency of vehicles. Afterwards, two
heuristic algorithms were proposed to find a good solution
in a reasonable amount of time.

Apte and Viswanathan [1] provided a frame work for
understanding and designing cross-docking systems. They
found that cross-docking can effectively bring substantial
reductions in transportation cost without increasing the
inventories while simultaneously maintaining the level of
customer service. Cross-docking can also lead to the
reduction of order cycle time, thereby improving the
flexibility and responsiveness of the distribution network.

Bartholdi and Gue [3] modeled the travel cost and three
types of congestion typically experienced in cross-docking
terminals and construct a layout to minimize worker’s
travel cost and congestion time.

Yu [14] defined 32 models based on the number of
docks available at the distribution facility, the docking
pattern for trucks and the existence of temporary storage.
He focused on three models and employed several solution
approaches to solve them. The objective of the study is to
find the best truck docking sequence for both inbound and
outbound trucks to minimize total operation time or to
maximize the throughput of the cross-docking system.

Sung and Song [11] considered an integrated service
network design problem to find the location of cross-docking
centers and allocation of vehicles. Then, they proposed a
heuristic algorithm based on a tabu search algorithm.

Jayaraman and Ross [6] dealt with the POLT (produc-
tion, logistics, outbound and transportation) design prob-
lem, which incorporates cross-docking into a supply chain
environment. They proposed a two-phase network planning
model that locates cross-docks and distribution centers in a
supply chain network design environment Their approach
was to assign a cross-dock to customer zone with minimum

cost at each strategic and operational level. The paper used
simulated annealing (SA) for the solution of this cross-dock
supply chain problem by evaluating SA performance under
a variety of problem scenarios. That study, however, did not
address any performance issues in their approach.

Gumus and Bookbinder [5] studied on the problem of
determining transportation policies within the multi-level
supply chain network to minimize modeling cost. They
formulated optimization models to minimize total multi-
echelon costs and found optimal solutions for medium-
sized network by LINGO and CPLEX. However, the paper
did not provide any heuristic solution procedure that is
critical to solve large-scale problems.

Waller et al. [13] proposed that the decision to
implement cross-docking at the retail distribution center
level can impact the amount of shelf capacity that must be
given to a product at the store level in order to achieve the
target customer service level. They also predicted the
changes in retailer’s system-wide inventory levels as a
result of cross-docking.

Lee et al. [8] proposed a model integrating cross-
docking with the pickup and delivery process in the supply
chain. Also, a mathematical model was developed to
determine an optimal vehicle routing schedule which
considered cross-docking. Since this problem is known as
NP-hard, an algorithm based on a tabu search algorithm
was also developed.

Ross and Jayaramand [10] evaluated new heuristic
solution procedures for location of cross-docks and distri-
bution centers in supply chain network design. They also
systematically evaluated the computational performance of
that network design location model under more sophisti-
cated heuristic control parameter settings to better under-
stand interaction effects among the various factors. They
recommended integrating traditional simulated annealing
with tabu search for this supply chain network design and
location problem.

Yu and Egbelu [15] studied a cross-docking system that
has a temporary storage area in front of the shipping dock.
The objective of the study is to find the best truck docking
sequence for both inbound and outbound trucks to
minimize total operation time or to maximize the through-
put of the cross-docking system. The product assignments
from inbound trucks to outbound trucks are also determined
simultaneously with the docking sequences of the inbound
and outbound trucks. In the aforementioned paper, two
different solution approaches were developed. The first
approach was based on a mathematical model to minimize
makespan. While the approach can be used for solving
small size problems, it is inefficient and impractical for
medium- to large-size problems because of increased
computational time requirement. Therefore, to increase
solution efficiency, a heuristic algorithm was developed.
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Chen and Lee [4] studied a two-machine cross-docking
flow shop scheduling problem in which a job at the second
machine can be processed only after the processing of some
jobs at the first machine has been completed. They showed
the problem is strongly NP-hard, and developed approxi-
mation algorithm and branch and bound algorithm based on
several characteristics of its feasible solution.

3 Problem description

There are various cross-docking models based on number
of docks available at receiving and shipping area, the dock
holding pattern for trucks and the existence of temporary
storage [15].

In this research, among 32 existent models, we consider a
model which has a receiving dock a shipping dock, and
a temporary storage in front of shipping dock. In this model, a
receiving truck cannot leave the receiving dock before all
products in receiving truck are unloaded. Similarly, a shipping
truck cannot leave the dock before all of its needed products
are loaded. The product can be store in temporary storage until
the appropriate shipping truck arrives.

The following assumptions are applicable to the model:

1. All receiving and shipping trucks are available at zero
time.

2. Storing products for a long time is prohibited; all
received products must be shipped out.

3. The total number of received units for any type of
products must equal the number of shipped units of
the same product type.

4. Unloading products from a receiving truck can be
done with any sequence.

5. Unloading only the required number of units of a
particular product from a receiving truck is permissible.

6. It is not permissible to load products simultaneously
from a receiving truck and temporary storage into a
shipping truck.

7. There is one receiving dock and one shipping dock
which are separated.

8. The temporary storage capacity is unlimited.
9. The following information is assumed to be known a

prior:

(a) Types of product and quantity of each loaded
product in a receiving truck.

(b) Types of product and quantity of each needed
product for a shipping truck.

The objective of this research is to find the best sequence
of receiving and shipping trucks to minimize number of
products which pass trough temporary storage.

Let R and S be the number of receiving and shipping
trucks, respectively. Let N be the number of product types
in the set. We have the following definitions:

Truck:

tri receiving truck i
tsj shipping truck j
trL last scheduled receiving truck in set Ar

Set:

Ar set of scheduled receiving trucks which have been
computed number of products, passed through
temporary storage

As set of scheduled shipping trucks which have been
computed number of products, passed through
temporary storage

Tr set of receiving trucks which is obtained from a
candidate solution

Ts set of shipping trucks which is obtained from a
candidate solution

Ts
1 the first member of Ts

Tr
1 the first member of Tr

Number of product:

rik number of units of product type k that was initially
loaded in receiving truck i

sjk number of units of product type k that was initially
needed for shipping truck j

r
0
ik number of units of product type k that is left in

receiving truck i when the receiving truck i is in set Ar

s
0
jk number of units of product type k that remains to be

satisfied for shipping truck j when the shipping truck j is
in As

r
0
Lk number of units of product type k which remains in

last scheduled receiving truck in Ar after sending
products to the last scheduled shipping truck in As

tsk number of units of product type k which is stored in
temporary storage in a given iteration of algorithm

Pij total number of products which are transferred from
receiving truck i to temporary storage when receiving
truck i is in Ar and shipping truck j is in As

P total number of products which are passing trough
temporary storage for a candidate solution

4 The proposed meta-heuristics

4.1 Imperialist competitive algorithm

4.1.1 Imperialist competitive algorithm in general

Imperialist competitive algorithm is a novel socio political
algorithm which is inspired by imperialistic competition [2].
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When a powerful country extends its power and
dominance beyond of its boundaries with defeating other
countries in a war or increasing its influence over other
countries through business, culture, etc., it is called
imperialism. A country dominates other countries by direct
legislation or indirect methods such as control of goods and
raw material to use their resources and prevent the
opponent imperialism from taking possession of it.

In the initial stages, imperialists just wanted to increase
their power with using colony’s resources and the improve-
ment of their colonies was not important, but they found out
later to retain their influence over their colonies, improving
colonies was necessary. Therefore, they applied the assimila-
tion policy for improving their colonies. According to the
assimilation policy, imperialist intended to expand its lan-
guage and culture. Although this policy could not succeed in
increasing the control of imperialists over their colonies
because of the colonies’ requesting for their political
autonomy, but on the other hand, it brought about rapid social
and political development for the colonies [2].

In imperialistic competition, imperialist states compete
for taking possession of colonies of each other to increase
the number of their colonies and spread their empires over
the world. Any empire that cannot increase its power or at
least prevent decreasing its power is not able to succeed in
this competition and ultimately, it will collapse. The results
of this competition are to develop the powerful empires and
collapse the weaker ones [2].

4.1.2 Imperialist competitive algorithm approach
to schedule of receiving and shipping trucks
in cross-docking system

The ICA starts with an initial population. Population
individuals called country which refers to the candidate
solution to a problem. The countries are divided into
imperialist states and colonies. Moving colonies toward their
relevant imperialist refers the assimilation policy. The main
part of this algorithm is imperialistic competition. Imperialis-
tic competition besides moving colonies toward their relevant
imperialist causes the colonies to converge to the global
minimum of the cost function. The collapse mechanism is to
eliminate a weak imperialist which has not any colonies.

This algorithm with applying the imperialistic competition,
the movement of colonies toward imperialists and collapse
mechanism tends to achieve a state in which there exist just one
empire in the world and all the other countries are its colonies
which are in the same position and power as the imperialist.

Figure 1 shows a flowchart of an ICA approach to
schedule of receiving and shipping trucks in cross-docking
system. The proposed ICA steps are as follows:

1. Initialization:

(a) Parameter setting: set the number of population
(Npop), number of imperialist (Nimp), probability of
colonies deviation from their relevant imperialist
(cd), movement of colonies toward their relevant

Population Initial empires

 

Start
 

Country 1

Country n

Country 2

Evaluation

Selection some
of the best
countries as

imperialists

Empire 1

Empire 2

Empire m

Elimination of empire

Movement of colonies
toward their imperialists

Colony

Imperialist

Is there a colony better than
relevant imperialist?

Exchanging position of
imperialist and the best
colony

Compute  total
power for all
empires

The best colony 

Imperialist

Imperialistic
competition

Yes

Empire 1

Empire 2

Empire m

Termination?

Yes

Done

No

Is there one empire?

No

No
Eliminate imperialist
with no colony

Yes

Fig. 1 Flowchart of proposed ICA for scheduling of receiving and shipping truck in cross-docking system
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imperialists (mc), and a positive number less than
1 (ξ).

(b) Initialize population: randomly generate an initial
population.

2. Objective function evaluation: evaluate the cost
function for each of the country.

3. Initial empires: select Nimp of the best countries as
initial imperialist. The rest of population will be the
colonies and they will belong to empires.

4. Elimination of empire: eliminate the empires with no
colonies.

5. Movement of colonies toward their relevant imperialist:
movement toward the imperialist occurs for all its
colonies.

6. Exchanging position of imperialist and the best
colonies: while the colony move toward the imperi-
alist, it may improve and be better than its imperialist.
In such a case, the position of colony exchange with
the position of imperialist and vice versa.

7. Total power of an empire: compute the total power of
each empire which is the power of imperialist plus
percentage of its colonies.

8. Imperialistic competition: pick the weakest colonies
of the weakest empire and give them to the empire
that has most likelihood to possess them.

9. Elimination of empire: eliminate empires with no
colonies.

10. Existence one empire: terminate the algorithm if just
one empire exists in the world.

11. Termination test: terminate the algorithm if the
stopping criterion is met; else return to step 5.

4.1.2.1. Generation of initial countries
A candidate solution is represented as an array. In GA
terminology, this array is called “chromosome”, but in ICA
terminology, the term of “country” is used for this array.

In this case, country is a 1x (R+S) array which is
randomly generated. The initial population size is Npop. In
the array, each truck is assigned an integer number, and the
sequence of trucks is showed by the position. For an
example, consider a problem with four receiving trucks (R=
4) and five shipping trucks (S=5). Figure 2 illustrates the
structure of this country. This country tells us that the
sequence of receiving trucks in receiving dock is tr3 !
tr1 ! tr4 ! tr2. In this country, fifth position of it refers to
first shipping truck in shipping trucks sequence. In the other

words, to find the shipping trucks sequence, the position
number of each shipping truck subtracts from R. Therefore,
this country tells us that the shipping trucks sequence in
shipping dock is t s5 ! t s2 ! t s4 ! t s1 ! t s3.

4.1.2.2. Objective function
The cost of each country is found by evaluating the cost
function f and is shown by Ci as follows [13]:

Ci ¼ f countryð Þ

In this research, the cost function is to calculate the total
number of products that pass through the temporary
storage. The computation approach of cost function is
extracted from heuristic algorithm of Yu and Egbelu [15]
for the cross-docking problem with temporary storage and
applied for evaluating each country. This approach has the
following steps:

Step 1:

Set the receiving and shipping trucks, as the same
sequence of them in a candidate solution, in Tr and Ts,
respectively. Set Ar=Ø, As=Ø, P=0, Pij=0, and tsk=0 for
k=1, 2,..., N.

Step 2:

Select a shipping truck t sj 2 Ts which is Ts
1. Eliminate T s

1

in Ts and set As ¼ T s
1

� �
.

Step 3:

If Ar is empty or no products remain in last receiving
truck r

0
Lk in Ar, which is considered to compute number of

products that are passing trough temporary storage, after
sending products to the last shipping truck in As, then set

s
0
jk  sjk for k=1,2,...,N; (i.e., if Ar=Ø or

PN
k¼1 r

0
Lk ¼ 0,

s
0
jk  sjk).

Go to step 5.
Otherwise, do the following:

s
0
jk  max sjk � r

0
Lk; 0

n o
; for k ¼ 1; 2; ::: ;N :

Step 4:

If t sj needs to load more products, calculate Pij and P and
update the inventory of temporary storage. In other words,

if
PN

k¼1 s
0
jk 6¼ 0, so:

Pij ¼
XN

k¼1max r
0
Lk � s

0
jk ; 0

n o
; P ¼ Pij þ P

tsk ¼ tsk þmax r
0
Lk � s

0
jk ; 0

n o
for k ¼ 1; 2; ::: ;N :

R= 4 S= 5

Country 3 1 4 2 5 2 4 1 3

1 2 3 4 5 6 7 8 9

Fig. 2 Representation of country as a candidate solution in ICA
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Go to step 5.
Otherwise (i.e., if

PN
k¼1 s

0
jk ¼ 0), set:

r
0
Lk  max r

0
Lk � s

0
jk ; 0

n o
; for k ¼ 1; 2; :::;N :

shipping truck has loaded all of its needed products from
the last receiving truck in Ar. Go to step 8.

Step 5:

If shipping truck tsj can load all of its needed products from
temporary storage, in other words,

PN
k¼1 max s

0
jk� tsk ; 0

n oh i
¼

0, set:

tsk ¼ tsk � s
0
jk for k ¼ 1; 2; ::: ;N :

Go to step 8.
Otherwise go to step 6.

Step 6:

Select a receiving truck t ri 2 T r which is Tr
1. Eliminate

Tr
1 in Tr and set Ar ¼ Tr

1

� �
.

Step 7:

Update s
0
jk based on the selected receiving truck tri as

follows:

s
0
jk  max s

0
jk � rik ; 0

n o
; for k ¼ 1; 2; ::: ;N :

If t sj needs to load more products (i.e.
PN

k¼1 s
0
jk 6¼ 0), set:

Pij ¼
XN

k¼1 max rik � s
0
jk ; 0

n o
; P ¼ Pij þ P

tsk ¼ tsk þmax rik � s
0
jk ; 0

n o
for k ¼ 1; 2; ::: ;N :

Go to step 5. Otherwise, set:

r
0
Lk  max rik � s

0
jk ; 0

n o
; for k ¼ 1; 2; ::: ;N :

Go to step 8.

Step 8:

Check whether there is any shipping truck in candidate
solution or in Ts that is not consider to compute number of
products that are passing trough temporary storage for
evaluating the country, if there is, go to step 2. Otherwise
stop.

Figure 3 shows a flowchart of the approach as described
above.

4.1.2.3. Initial empires
To form the initial empires, Nimp of the best countries are
selected as imperialists, and the remaining Ncol of the
population as colonies are divided among imperialists
proportionally based on imperialists’ power. To divide
colonies among imperialists, the normalized cost and the
normalized power of each imperialist are shown by NCi and
NPi and defined as follows for nth imperialist, respectively:

NCn ¼ max Cif g � Cn

NPn ¼ NCnPNimp
i¼1 NCi

An imperialist with more cost has lower normalized cost.
Its normalized power is also less. The initial number of
colonies of each imperialist depends on imperialist’s
normalized power, and it is defined by

INn ¼ round NPn � Ncolf g

INi is the initial number of colonies of ith empire. To
form each empire, INi of the colonies are randomly selected
and given to each imperialist. Therefore, the most powerful
empire has the greatest number of colonies [2].

4.1.2.4. Moving the colonies of an empire toward
the imperialist
In ICA, the assimilation policy is modeled by moving
colonies toward their relevant imperialist. The space of our
problem is discrete. This problem is similar to the well-
known traveling salesmen problem because all receiving
and shipping trucks must come to dock once and only once.
We consider below methods for this movement instead of
Atashpaz and Lucas’ method [2].

To explain these methods, consider two countries, one
as imperialist another as colony with five receiving trucks
and four shipping trucks. Figure 4 illustrates these two
countries.

In first method, randomly select two integer numbers
between 1 and R, and two integer numbers between 1 and S.
For example, assume that randomly selected numbers are 2
and 4 from first interval and 2 and 3 from second interval. In
order that the two selected numbers from second interval
show the position of shipping trucks in the country, the
number of receiving trucks (R) is added to numbers 2 and 3.
Omit the receiving and shipping trucks which are in 2 to 4
and 7 to 8 positions of imperialist, from the colony.
Consider the rest of receiving and shipping trucks with
the same sequence in the colony as Demo-R and Demo-S,
respectively and omit them from the colony. Put the
receiving and shipping trucks which are in 2 to 4 and 7 to
8 positions of imperialist, into the colony. At last, put the
receiving and shipping trucks from Demo-R and Demo-S
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Step 2: Select a shipping truck

Step 3: Check whether there is any scheduled receiving truck in , and if

there is, check if the last scheduled receiving truck in , unloaded all its

remaining products after sending products to the last scheduled shipping

truck in 

Step 3: Satisfy both?

Step 3: Update the number of products in the shipping truck

Yes

No 

Step 4: Does the shipping truck need to
load more products?

Step 5: check whether the shipping truck can load its needed products from
temporary storage and can leave the shipping dock.

Yes

Step 5: Leave?

Yes

Step 6: Consider another receiving truck in a candidate solution (or in )

Step 7: Update the number of products in the shipping truck

Step 7: Does the shipping truck need to
load more products?

Step 8: Is there any shipping truck

in a candidate solution (or in  )?

No

No

No

Yes

Yes

Start

End

No

Step 1: Initialize sets for receiving & shipping truck.

Fig. 3 The computation
approach of coast function
which is extracted from
heuristic algorithm of Yu [15]
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with the same sequence into the empty position of colony.
This method is shown in Fig. 5.

In secondmethod, randomly select numbers and addR to two
selected numbers from the second interval as we have
explained above. For example, consider the obtained numbers
in above example. Find the sequence of receiving and shipping
trucks which are in 2 to 4 and 7 to 8 positions of colony, from
the imperialist. According to obtained sequences, arrange these
trucks in colony. This method is shown in Fig. 6.

According to the history, despite the fact that imperialists
had used the assimilation policy, there was some deviation. In
this research, deviation of colonies from their relevant
imperialist probably occurs by swapping two receiving trucks
and two shipping trucks whose positions are randomly selected.

4.1.2.5. Total power of an empire
Total power of each empire is the power of imperialist plus
percentage of its colonies. It is defined by the total cost. TCi is the
total cost of ith imperialist. It defines total power as follows:

TCn ¼ cost imperialistnð Þ þ x mean cost colonies of empirenð Þf g

If value of ξ is little, the total power of imperialist will be
determined by just the imperialist. If value of ξ increases,
the role of colonies will increase in determining the total
power of an empire [2].

4.1.2.6. Imperialistic competition
As mentioned in section 4.1, any empire that cannot
increase its power or at least prevent decreasing its power
is not able to succeed in this competition and ultimately, it
will collapse. The results of this competition are to develop
the powerful empires and collapse the weaker ones. This
competition is modeled by picking the weakest colonies of
the weakest empire and giving them to the empire that has
most likelihood to possess them.

In this competition, with computing normalized total
cost for each imperialist which is shown by NTCi, the
possession probability of each empire which is shown by
PPi, is found based on its total power as follows:

NTCn ¼ maxi TCif g � TCn

PPn ¼ NTCnPNimp
i¼1 NTCi

Each imperialist that has less TCi, will have more NTCi.
In fact, TCi and NTCi are equivalent to total cost and total
power of imperialist, respectively. Imperialist with the least
cost has the most power.

In this algorithm, novel mechanism has been applied
to divide colonies among empires in proportion to power
of empires. This mechanism only needs to calculate
probability density function and omit almost long
computations of cumulative distribution function that
roulette wheel needs to. So it has less computational cost
than the roulette wheel mechanism. The mechanism is as
follows:

Imperialist 2 3 1 5 4 2 1 4 3

1 2 3 4 5 6 7 8 9

3 1 2 4 5 1 3 2 4

1 2 3 4 5 6 7 8 9

0 0 2 4 0 0 3 2 0

1 2 3 4 5 6 7 8 9

2 4 3 2 

0 0 0 0 0 0 0 0 0

1 2 3 4 5 6 7 8 9

0 3 1 5 0 0 1 4 0

1 2 3 4 5 6 7 8 9

2 3 1 5 4 3 1 4 2

1 2 3 4 5 6 7 8 9

Colony

Demo-R Demo-S

Colony

Colony

Colony

Colony

Fig. 5 The first method of moving colonies toward their relevant
imperialist

2 3 1 5 4 2 1 4 3

1 2 3 4 5 6 7 8 9

3 1 2 4 5 1 3 2 4

1 2 3 4 5 6 7 8 9

Colony

Imperialist

Fig. 4 Representation of the colony and imperialist

2 3 1 5 4 2 1 4 3

1 2 3 4 5 6 7 8 9

3 1 2 4 5 1 3 2 4

1 2 3 4 5 6 7 8 9

3 2 1 4 4 5 2 3 4

1 2 3 4 5 6 7 8 9

Colony

Imperialist

Colony

Fig. 6 The second method of moving colonies toward their relevant
imperialist
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The vector PP is formed as follows to divide the
mentioned colonies among empires based on the possession
probability of them.

PP ¼ PP1; PP2; . . . ; PPNimp

� �

The vector r whose elements are uniformly distributed
random numbers, is created with the same size as PP.

r ¼ r1; r2; . . . ; rNimp

� �
r1; r2; . . . ; rNimp � U 0; 1ð Þ

The vector D is formed as follows

D ¼ PP� r ¼ D1;D2; . . . ; DNimp

� �

An empire whose relevant index in D is maximum, takes
possession of mentioned colonies [2].

4.1.2.7. Elimination of empire
In this research, collapse mechanism is to eliminate a weak
imperialist which has not any colonies.

4.1.2.8. Stopping criteria
In this research, we consider two stopping criteria. The
algorithm terminates if just one empire exists in the world
and all the other countries are its colonies which are in the
same position and power as the imperialist or the number of
iteration is bigger than 200.

4.2 Genetic algorithm

In this research, we consider the best-known genetic
algorithm which has following steps:

1. Initialization:

(a) Parameters setting: set the number of initial
population (popsize), probability of crossover
(pc), probability of mutation (pm).

(b) Initial population generation: randomly generate
an initial population of popsize chromosomes.

2. Objective function evaluation: we describe the objec-
tive function in Section 4.1.2.2.

3. Selection strategy: the roulette wheel strategy is used
for crossover operation and the random selection
strategy is used for mutation operation.

4. Crossover operation: in this research, we consider two
methods for this operation. To explain these methods,
consider two chromosomes as parents. Assume the
problem has five receiving trucks and four shipping
trucks. Figure 7 shows these parents.

In first method, randomly select two integer numbers
between 1 and R, and two integer numbers between 1 and
S. For example, assume that randomly selected numbers are
3 and 5 from first interval and 1 and 3 from second interval.

In order that the two selected numbers from second interval
show the position of shipping trucks in the chromosome,
the number of receiving trucks (R) is added to numbers 1
and 3. Find the sequence of receiving and shipping trucks
which are in 3 to 5 and 6 to 8 positions of parent-a, from
the parent-b. Put these sequence into the offspring-1 and
copy the other trucks remained in parent-a, into the same
position of offspring-1. Figure 8 illustrates this method.

In second method, randomly select two integer numbers
between 1 and R, and two integer numbers between 1 and
S. For example, consider the obtained numbers in above
example. Copy the sequence of receiving and shipping
trucks which are in 3 to 5 and 6 to 8 positions of parent-a,
into offspring-1. Omit these trucks from patern-2. Put the
trucks remained in patern-2 with the same sequence, into
the offspring-1. Figure 9 illustrates this method.
5. Mutation operation: swap two receiving trucks and

two shipping trucks whose positions are randomly
selected.

6. Reproduction: an elitist strategy is used for reproduction.
7. Terminate test: terminate the algorithm if the stopping

criterion is met, else return to step 2. In this research,
the CPU time of ICA for each problem test is set as
stopping criterion.

5 Experimental design

5.1 Data generation and Taguchi scheme selection

In this section, we evaluate the performance of the
purposed algorithms. The stopping criterion for the best-
known genetic algorithm was CPU time that ICA got the
result in that time, so two algorithms are compared in
the same time. Data required for a problem consist of the

2 3 1 5 4 2 1 4 3

1 2 3 4 5 6 7 8 9

3 1 2 4 5 1 3 2 4

1 2 3 4 5 6 7 8 9

Parent B

Parent A

Fig. 7 Representation of the parents

parent-a 2 3 1 5 4 2 1 4 3

1 2 3 4 5 6 7 8 9

3 1 2 4 5 1 3 2 4

1 2 3 4 5 6 7 8 9

2 3 1 4 5 1 2 4 3

1 2 3 4 5 6 7 8 9

Offspring-1

parent-b

Fig. 8 The first method of crossover operator
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number of receiving trucks, the number of shipping trucks
and the total number of products. We used the test problems
that are presented in Yu [14].

To evaluate the performance of algorithms, after examining
the algorithms, it seems four factors have significant effect on
them. The meta-heuristic algorithms were implemented in
MATLAB 7.5 run on PC with Intel 1.80-GHz processor and
1 GB of RAM. Tables 1 and 2 show these factors and their
proper levels. Proper levels of each factor were selected
empirically. The full factorial experimental design for the
aforesaid four factors requires 33 � 21 ¼ 54 experiments.

However, considering cost and time, this kind of experimen-
tal design is not economical. On the other hand, considering
statistical theories it is not required to perform experiments
for all combinations of factors. Hence, we used fractional
replicated designs. To select appropriate orthogonal array, the
number of degree of freedom is necessary. The associated
degree of freedom for these four factors equals to:
1þ 3� 3� 1ð Þ þ 1� 2� 1ð Þ ¼ 8, therefore, the appropri-
ate array should have at least eight rows. From the standard
table of orthogonal arrays, L9 (34) is appropriate array and
satisfies these conditions. Our problem consists of three 3-
level factors and one 2-level factor, but L9 is composed of
four 3-level factors, so we use the dummy level technique to
adjust this array to our problem [9]. Consequently, one of
two levels of 2-level factor must be replicated twice. We
chose first level because it seems method 1 has significant
effect on the performance of algorithms.

5.2 Experimental result

Nine problems were considered for each trail of selected
orthogonal array and three replications of GA and ICAwere
performed for each problem to examine algorithms. So for
each trail, 27 replications were obtained.

To understand the adjustment factors, the mean of the
relative percentage deviation (RPD) for the total number of
products that passed through the temporary storage is used
and defined as follows:

RPDijk¼
number of product passed storageijk �mini number of products passed storageijk

� �

mini number of products passed storageijk
� � ð1Þ
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Fig. 9 The second method of crossover operator

Table 1 Factor levels for ICA

Factors Index of levels Levels

(Npop, Nimp) 1 1000; 100

2 700, 70

3 500, 50

mc 1 Method 1

2 Method 2

cd 1 0.4

2 0.6

3 0.8

ξ 1 0.03

2 0.05

3 0.08

Table 2 Factor levels for GA

Factors Index of levels Levels

popsize 1 100

2 150

3 200

Crossover 1 Method 1

2 Method 2

pc 1 0.4

2 0.6

3 0.8

pm 1 0.01

2 0.04

3 0.07

1188 Int J Adv Manuf Technol (2010) 51:1179–1193



In this formula, i, j and k, respectively, denote the index
of the problem, the trail, and the replication. The obtained
data are transferred into RPD and S/N values for each
algorithm.

For ICA, Fig. 10 shows the average S/N ratio obtained at
each level. As indicated in Fig. 10, better robustness of ICA
is achieved when the factors are set as follow: mc=method
1, cd=0.6, ξ=0.05 and the factor (Npop, Nimp) necessitates
more investigation. Analysis of variance (ANOVA), given
in Table 3, is carried out for a statistical significance test of
the factors on the S/N values. The result indicates that the
factor (Npop, Nimp) has a significant impact on the
robustness of ICA.

The mean RPD values are averaged in each level and
the value is plotted against each control factor in Fig. 11.
This figure strongly supports our decision with respect to
the optimal level for factors mc, cd and ξ. ANOVA, given in
Table 4, is carried out for a statistical significance test of
factors on the RPD values. The result indicates that the
factors (Npop, Nimp) and mc do not have the significant effect
on the robustness of ICA. Considering Fig. 10, there is no
significant difference on level 1 and 2 of factor (Npop, Nimp).
Therefore, the level that reduces CPU time can be selected.
Figure 12 shows the mean CPU times that are averaged in
each level. So level 1 is selected for this factor.

For GA, Fig. 13 shows the average S/N ratio obtained at
each level. As indicated in Fig. 13, the optimal level of the
factor popsize becomes 200. The factors crossover, pm and pc
necessitate more investigation. ANOVA, given in Table 5, is
carried out for a statistical significance test of the factors on
the S/N values. The result indicates that the factor popsize
has a significant impact on the robustness of GA.

The mean RPD values are averaged in each level and
the value is plotted against each control factor in
Fig. 14. ANOVA, given in Table 6, is carried out for a
statistical significance test of factors on the RPD values.
The result indicates that the factor crossover has a
significant effect on the robustness of GA. As indicated
in Fig. 14, optimal level for crossover is method 1. For
factors pm and pc, the level that reduces CPU time can be
selected (Fig. 15). We consider level 3 and level 2 for
these factors, respectively.

After adjustment parameters, we considered 12 problems
and three replication, and we used the RPD, given in Eq. 1,
for the total number of products that passed through
temporary storage as a common performance measure to
compare two algorithms. This time, in Ed. 1, j denotes the
algorithm. The total number of products that passed
through the temporary storage is used as a measure that
shows the effectiveness of algorithms. To further analysis,
we used Fisher’s least-significant difference method and
results are shown in Table 7. These results demonstrate that
ICA is preferred to best-known GA with 95% confidence.
Figure 16 shows the corresponding interval plot. Figures 17
and 18 depict the convergence of these two algorithms in
Appendix (Figs. 17 and 18).

6 Conclusions and future work

In this paper, we studied scheduling cross-docking system
with a temporary storage. The objective of the study is to
find the best sequence of receiving and shipping trucks to
minimize the total number of products that pass through

S/
N

 R
at

io

-55.2022

-55.0920

-54.9818

-54.8717

-54.7615

(Npop, Nimp) mc cd

Fig. 10 Average S/N ratio plot
at each lever for ICA

SV DF SS MS F Percent X Cumulative P value

Npop, Nimp 2 0.0704 0.0352 5.4595 52.72 52.72 0.045

Error 6 0.0387 0.0064

Total 8 0.1091

Table 3 ANOVA table for S/N
ratio (for ICA)
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Fig. 13 Average S/N ratio plot
at each lever for GA
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Fig. 12 Main effects plot for
mean on CPU time
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(Npop, Nimp) mc dc

Fig. 11 Main effects plot for
RPD values for ICA

SV DF SS MS F Percent X Cumulative P value

Npop, Nimp 2 33.8535 16.9268 3.9216 38.80 38.80 0.095

mc 1 9.5736 9.5736 2.2180 8.09 46.89 0.197

Error 5 21.5815 4.3163

Total 8 65.0087

Table 4 ANOVA table for RPD
values (for ICA)
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Algorithms Difference of means LSD Significant difference
at 95% level

GA and ICA 0.088785 0.048508 Yes

Table 7 Fisher’s least-
significant difference method
results

LSD least-significant difference

0
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400

500

600

700

800

popsize Crossover pc pm

Fig. 15 Main effects plot for
mean on CPU time

SV DF SS MS F Percent X Cumulative P value

popsize 2 16.7802 8.3901 5.7575 37.87 37.87 0.050

crossover 1 12.5433 8.6075 8.6075 30.28 68.15 0.033

Error 5 7.2863

Total 8 36.6098

Table 6 ANOVA table for RPD
values (for GA)
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7

8

popsize Crossover pc pm

Fig. 14 Main effects plot for
RPD values for GA

SV DF SS MS F Percent X Cumulative P value

popsize 2 0.0335 0.0168 10.003 59.65 59.65 0.028

pc 2 0.0104 0.0057 3.089 13.84 73.49 0.154

Error 4 0.0067 0.0017

Total 8 0.0506

Table 5 ANOVA table for S/N
ratio (for GA)
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the temporary storage. We proposed imperialistic competi-
tive algorithm and the best-known genetic algorithm to
solve our problem. After adjustment parameters for each
algorithm by applying Taguchi method, we conducted a
comparison between two algorithms in the same time. The
results of our benchmark revealed the absolute superiority
of ICA over the best-known GA.

For future research, we can consider another meta-
heuristics to examine the performance of ICA; we can also
consider the problem with other optimization objective such
as total completion time or even multi-objective cases.
Another opportunity for research is to consider other
realistic assumptions, such as breakdown incidents for
trucks. Future studies can focus on the other models of
cross-ducking systems.

Appendix

In this section, convergence of the proposed algorithms is
depicted.
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Fig. 17 Convergence diagram
of ICA versus GA
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