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From the perspective of the global value chain of the cruise industry, the output value of cruise operation accounts for 50%, with
the highest added value, and cruise ship supply is the crucial link in cruise operation management, with substantial economic
benefits. 0erefore, optimizing the purchasing process can not only save costs for cruise companies but also improve cruise level
service. Aiming at the purchasing characteristics and modes of cruise ship supply, an optimization model of multi-item joint
ordering is constructed under global cruise ship supply chain, considering different order cycles, integrated operation of purchase,
delivery, and inventory based on a cruise distribution center. And an improved swarm intelligence algorithm, called fireworks
algorithm with inertia weight (WFWA), is proposed for global optimization of the objective function. By comparing the op-
timization results with fireworks algorithm (FWA), genetic algorithm (GA), and particle swarm optimization (PSO) through
experimental tests, it demonstrates that WFWA has higher optimization accuracy and better global convergence.

1. Introduction

In recent years, the cruise industry has developed from a
narrow cruise reception economy to a broad cruise industry
chain, further providing policy innovation for the devel-
opment of related industries such as cruise supply chain,
cruise ship supply, and supporting facilities of cruise home
port. In the cruise industry chain, a large part is the cruise
ship supply, which is the main component of the cruise
operation management and accounts for 50% of the output
value, with the highest added value. At the same time, it is
also an essential part of the cruise industry chain, an im-
portant indicator to measure the competitiveness of a cruise
home port, and one of the key elements to attract inter-
national cruise ships to come to ports for regular operation.
Although the number of cruise ports tourists is increasing
year by year in China, few of them are profitable, and the
profit point is concentrated in the procurement and logistics
business of cooperative enterprises, without giving full play
to the added value of the tourism industry. 0erefore, the
operation of cruise ships directly affects the economic

benefits of cruise companies and plays a vital role in the
economy of cruise home port.

0e cruise ship is a special kind of vessel for international
navigation. In the broad sense, cruise ship supplies are
basically the same as ship materials, which can divided into
fuel, materials, consumables, and duty-free goods. In the
narrow sense, cruise materials refer to the food and daily
necessities used and consumed by cruise service personnel
and passengers during the voyage. For example, a cruise ship
carrying 2700 passengers, which has a one-week journey (7
days and 6 nights), needs to prepare supplies including
12,000 liters of soda water, 4500 kilograms of chicken, 71,000
eggs, 2500 kilograms of bacon, 3500 liters of ice cream,
20,000 bottles of drinking water, and 10,000 bottles of liquor
and beverages. 0erefore, the replenishment of cruise ship
supplies is enormous. Furthermore, with the large-scale
development of cruise ships, ship tonnage and passenger
capacity gradually increase, which bring many challenges to
cruise ship operation management [1]. 0erefore, the or-
dering of cruise ship supply needs to make full use of the
advantages of globalization to achieve cost reduction. Cruise
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companies should focus on solving and ensuring the un-
interrupted cruise ship supply during the voyage. Moreover,
the multi-item joint ordering plays a role in cruise supply
chain management and coordination, and the cruise dis-
tribution center is an important part of the cruise ship supply
logistics system as the final hub of ship supplies.

Compared with the supply of ordinary cargo ships, the
purchase of cruise ship supplies has the following
characteristics:

(1) Global procurement: compared with ordinary cargo
ships, cruise ships carry a large number of passen-
gers. For example, there are more than 8000 people
in the Quantum of the Seas which needs a large
number of living materials and other spare parts. To
ensure quality and reduce procurement cost, cruise
ship supplies require global sourcing.

(2) High frequency replenishment: cruise ships usually
have a period of several days or weeks to realize the
cycle of departure and return. Compared with
freighters, materials are consumed quickly and there
is a need for replenishment in a short time. Besides,
cruise ship needs consumable replenishment when it
arrives at an intermediate location every time.

(3) 0e cruise company purchases directly from sup-
pliers, while the cargo ships purchase from agent
companies.

(4) A centralized hub is needed to check the quality and
safety of the supplies, which ensures that supplies
arrive at the cruise ships within the expected time.

0e remainder of the paper is as follows. In Section 2, a
relevant literature review is provided. In Section 3, the
problem is formally discussed and an optimization model is
formulated. Later, Section 4 proposes an improved swarm
intelligence algorithm to solve the optimization problem.
Afterward, the results and analysis are presented compared
with other three swarm intelligence algorithms through a
case study in Section 5. Eventually, Section 6 concludes this
article and suggests possible research directions in the
future.

2. Literature Review

2.1. Cruise Ship Supply. Jones [2] pointed out that ship
replenishment materials provided by ship suppliers mainly
include dry goods, food, cabin supplies, deck supplies, tools
supplies, bonded materials, and oil materials. Véronneau
and Roy [3] analyzed the planning process of the cruise
supply chain and proposed that the cruise operation fo-
cuses on logistics supply. Véronneau and Roy [3] and
Vaggelas and Lagoudis [4] considered that the global cruise
supply chain faced the challenge of supply point mobility,
and the replenishment ports were always under dynamic
change. Moreover, with the distance between the port of
call and the raw material supply point farther away, the
purchase lead time further increased. According to Boyd
tactical cycle theory, Véronneau and Cimon [5] proposed
that the purchase lead time should be shorter than cruise

length to remain the responsive within a certain period, and
shortening the delivery time was the primary solution to
provide more flexibility and further shift to a pull supply
system. Lois et al. [6] considered that a holistic and sys-
tematic approach was necessary to ensure the safety and
security of the cruise ship, so cruise ship supply needed to
flow through a centralized distribution center to check
quality and safety and ensure that supplies arrive onboard
as expected. Compared with the rapid development of
cruise tourism in China, the research on cruise ship supply
is relatively lagging, and most of them are macroscopic. For
example, Fu and Shou [7] and Liu [8] proposed that cruise
ship supply chain was complex, global, time-sensitive, ir-
reversible, and subject to supply variability. Yin [9] studied
the distribution problem of cruise ship supply, which had
the characteristics of large quantity, high value, and strict
time requirement and required specialized cruise distri-
bution centers and supporting facilities to centralized
procurement, centralized supervision, centralized distri-
bution, and centralized settlement for the distribution
development. Zheng et al. [10] studied the fuel con-
sumption of a voyage for cruise ships.

Based on the above analysis, more andmore scholars pay
attention to the replenishment of cruise ship supply. Because
each material has different order cycle in multisourcing
mode for cruise ship supply, a minimal cost model of cruise
ship supply logistics is established from the perspective of
cruise ship supply chain management, combined with the
characteristics and purchasing mode of cruise ship supply
logistics, considering purchase price, order cycle, inventory
capacity, etc. In the existing studies, few of them have
attempted to solve a similar problem.

2.2. Joint Ordering. Balintfy [11] was the first to propose the
(S, c, S) strategy, marking the beginning of the research on
multi-item joint ordering; this system was a particular
continuous inventory system used to coordinate the order of
goods. Goyal [12] and Sivler [13] studied the multi-item
material inventory model without considering the con-
straints of capital, resources, and inventory capacity, as-
suming that the demand rate was constant, the order price
was fixed, and there was no shortage. Pirkul and Aras [14]
proposed a multiproduct inventory model considering
constraints of single resource capital, warehouse volume,
and service level. Domestic scholars focused on the uniform
ordering strategy and joint ordering strategy with fixed cycle.
For example, Xu and Xu [15] studied the method of joint
ordering in batches and fixed a minimum order cycle as the
basic order cycle; others are integer times of the basic order
cycle, and the ordering quantity was determined by re-
spective demand rate, recovery rate, repair rate, and order
cycle. Zhu et al. [16] analyzed the advantages, disadvantages,
and conditions of the aggregation effect for three strategies:
individual ordering, joint ordering, and unified ordering for
multi-item or multiple customer ordering strategy in the
supply chain. Wen and Da [17] established a multi-item
inventory model for a deteriorated product supply chain and
analyzed the properties of the total cost function based on
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five different ordering strategies. Besides, in the research of
multi-item joint ordering optimization method with sto-
chastic demand, Zhang et al. [18] discussed the joint or-
dering inventory problem based on random continuous
inventory strategy considering service level constraints, and
a heuristic algorithm for key decision parameters was
proposed for the multi-item joint ordering problem. Zhang
et al. [19] built a multi-item joint ordering model based on
fixed-period strategy under the condition of stochastic de-
mand, taking into account the constraints of guarantee
degree, using the Monte Carlo stochastic simulation tech-
nology to solve the expected value of random variables, and
genetic algorithm was used to calculate the minimum in-
ventory cost of the basic order cycle, order cycle of each
product, and the maximum inventory. Guan and Wu [20]
established a fuzzy multiobjective mixed-integer program-
ming model of single-stage and multi-item ordering quota
allocation with fuzzy demand and price discount, and the
two-stage algorithm was applied to solve it.

At present, the research on joint ordering problem and
algorithms has made great achievement [21–26]; most of
them adopt heuristic algorithms to solve it, such as genetic
algorithm (GA), particle swarm optimization (PSO), dif-
ferential evolution algorithm (DE), and improved or hybrid
algorithms. Furthermore, heuristic algorithms are com-
bined with simulation methods. 0e inventory modeling
and solving of multi-item joint ordering mainly adopt
probability, mathematical programming, numerical cal-
culation method, and optimization method. According to
the characteristics of demand and other information, a
multi-item joint ordering strategy can be divided into two
categories: deterministic type and random type. However,
there are flaws, and the cost model considered more ex-
penses and less service level; almost all inventory cost
models take “average order satisfaction rate” as the stan-
dard to measure service quality while ignoring order re-
sponse time. In addition, the optimization of multi-item
joint ordering problem usually only considered the min-
imum inventory cost and order cost, but ignored the
distribution cost, or it is considered as a constant, so the
joint optimization of purchase, inventory, and delivery
should be considered later.

0is study has several contributions to the field of
operation management in the cruise ship supply logistics.
First, we put forward a new thought, which is entirely
consistent with multiple sourcing according to the char-
acteristics of cruise ship supplies, and also fill the research
blank of joint ordering strategy of supplies in cruise op-
erations. Second, an improved swarm intelligence algo-
rithm, called fireworks algorithm with inertia weight
(WFWA), is used to fix cruise ship supplies problem, which
is an approach to solve an optimization model for joint
purchase, inventory, and delivery under the supply chain
environment.

3. Problem Description and Modeling

0e main supply chain of the cruise company includes
four main procurement processes: fuel purchasing,

corporate purchasing, technical purchasing, and hotel
purchasing. Fuel purchasing is responsible for acquiring
and delivering fuel and other petroleum products such as
lubricants to ship for its daily consumption. Corporate
purchasing looks after most items required shore side as
well as some corporate items used onboard such as office
supplies and computers. Technical purchasing is the item
mostly used by facility departments and marine depart-
ments such as engine parts and carpets. Finally, hotel
purchasing is the department ensuring that foods and
other consumable items required for hotel operations are
in place; the procurement model of cruise ships is shown
in Figure 1.

It needs a cruise distribution center as the supplies
centralized hub for centralized purchasing, supervision,
delivery, and settlement in the procurement model. 0e
cruise distribution center could store all supplies with
different order cycles and deliver to loading port through
item checking, system receiving, and system shipping, thus
avoiding loading port congestion caused by separate
distribution from different suppliers. 0e purchasing
model is useful to reduce distribution costs, integrate
resources, and improve delivering efficiency. 0erefore, it
is of practical significance to study the optimization of
multi-item joint ordering problem for cruise ship supply
based on the cruise distribution center to reduce the cost of
cruise logistics.

3.1. Problem Description. With the globalization of cruise
ship supplies procurement, the cruise distribution center is
required as the logistics base for multi-item and multi-
sourcing in the cruise ship supply chain, which has storage
function. 0e purchase and distribution adopt inventory
coordination mode, and the optimization objective is cost
minimization. 0e system is composed of a cruise distri-
bution center and multiple ship suppliers with import and
export business qualifications, either as partner suppliers or
other warehouses around the logistics base. Many suppliers
provide ship supplies with different lead times, which are
concentrated in the cruise distribution center, and delivery
to loading port after processing, as shown in Figure 2.
0erefore, there exists a multi-item joint ordering problem
of cruise ship supply in cruise operations. And how to
determine the order cycle and order quantity of each item,
and minimize ordering cost within the demand cycle,
which is the multi-item joint ordering strategy of cruise
ship supply.

0e following assumptions are considered in ourmodels:

(1) 0e initial inventory is 0, replenishment is instan-
taneous, and there is no shortage. And the inventory
capacity is V (constant).

(2) 0ere is a basic order cycle for cruise ship supplies.
0e order cycle of all supplies is an integer multiple
of the basic order cycle, and the order cycle of one
material is at least equal to the basic order cycle.

(3) 0e basic ordering cost of various supplies is the
same, but the individual ordering costs vary. 0e
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subscription costs are related to the ordering
times, and there is a basic subscription cost for
each order.

(4) Based on the cruise distribution center, cruise
companies send orders to suppliers on demand.

Definitions of parameters in our study are shown in
Table 1.

3.2.ModelFormulation. Supposing that the basic order cycle
is t, the order cycle of material 1 is the same as material 2,
which is the basic order cycle.0us, material 1 andmaterial 2
are divided into one group.Material 3 is twice the basic order
cycle, that is, 2t, and material 3 is divided into one group,
and so on. According to the above statement, each material

order cycle Ti is integer times the basic order cycle, which
can formulated as follows:

Ti � Xi ∗ t. (1)

0erefore, the order quantity of material i is denoted as

Qi � Ri ∗Ti � Ri ∗Xi ∗ t. (2)

Since the initial inventory of each material is 0, the
average inventory level of material i is expressed as follows:

Ii �
Qi

2
�

RiXit

2
. (3)

Hence, the model of average total cost per unit time for
multi-item joint ordering is defined as below:

min TC t, X1, X2, . . . , Xn(  �
B + 

n
i�1bi/Xi

T
+ 

n

i�1

RiXitHi

2
,

s.t.

n

i�1
RiXit≤V,

min Xi, i � 1, 2, · · · , n  � 1.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(4)

In the objective function (4), the first term indicates the
total cost of multi-item joint ordering per unit time; the
second term represents the inventory cost of various
materials.

Formula (4) represents the constraints; the first con-
straint ensures that the total order quantity at the same time
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Figure 1: Cruise ship supplies purchasing model in supply chain environment.
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Figure 2: Joint ordering and distribution of multiple supplies based
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does not exceed the inventory capacity of the cruise dis-
tribution center; the second constraint indicates that the
order cycle of at least one item is equal to the base order cycle
of the cruise distribution center.

3.3. Model Solution. Firstly, Xi is regarded as a constant in
equation (4), and then we compute the first derivative of
equation (4) with respect to t, as shown below:

dTC(t)

dt
� −

B + 
n
i�1bi/Xi

t2
+ 

n

i�1

RiXiHi

2
. (5)

As (z2TC(t))/(z2t) � (B + 
n
i�1bi/Xi)/(t3)> 0, equation

(5) can be set to zero, and then the basic order cycle can be
expressed as follows:

t
∗

X1, X2, . . . , Xn(  �

��������������
2 B + 

n
i�1bi/Xi( 


n
i�1RiXiHi



. (6)

According to the constraints (4),



n

i�1
RiXit≤V. (7)

0us,

t≤
V


n
i�1RiXi

. (8)

Suppose t>V/n
i�1RiXi, then t∗ � V/n

i�1RiXi.
Next, we can get the formula simplified by substituting

equation (6) into equation (4), which is denoted as

TC X1, X2, . . . , Xn(  �

��������������������

2 B + 
n

i�1

bi

Xi

⎛⎝ ⎞⎠ 

n

i�1
RiXiH




. (9)

0us, the problem is to solve the optimal order cycle
multiples for the various items, so as to minimize the average
total cost of the system. According to equation (9), mini-
mization of TC(X1, X2, . . . , Xn) is equivalent to minimi-
zation of the following equation:

F X1, X2, . . . , Xn(  � B + 
n

i�1

bi

Xi

⎛⎝ ⎞⎠ 

n

i�1
RiXiHi. (10)

4. Improved Swarm Intelligence Algorithm

4.1. Fireworks Algorithm. Fireworks algorithm (FWA) is a
novel swarm intelligence algorithm inspired by observing
fireworks in the sky, which is proposed for global opti-
mization of complex functions, in which two types of
explosion (search) processes are employed, and the
mechanisms for keeping diversity of sparks are also well
designed [27]. 0e initialization of the fireworks algorithm
is a process of generating fireworks randomly. Good ex-
plosion is in a small range with plenty of sparks, and the
explosion operator is applied to the generated fireworks to
generate new sparks. 0e core of FWA is explosion op-
erator, including explosion intensity, explosion amplitude,
and displacement operation.

4.1.1. Number of Sparks. 0e number of sparks generated by
each firework xi is defined as below:

Si � m∗
Ymax − f xi(  + ε


N
i Ymax − f xi( ( Ymax + ε

, (11)

where m is a parameter controlling the total number of
sparks generated by the N fireworks; Si is the number of
sparks generated by firework i; Ymax � max(f(xi))

(i � 1, 2, . . . , N) is the maximum (worst) value of the ob-
jective function among the N fireworks; f(xi) is the fitness
value of individual xi; and ε, which denotes the smallest
constant in the computer, is utilized to avoid zero-division-
error.

4.1.2. Amplitude of Explosion. Amplitude of explosion for
each firework xi is defined as follows.

In contrast to the design of sparks number, the ampli-
tude of a good firework explosion is smaller than that of a
bad one. 0e amplitude of explosion is defined as follows:

Ai � A
⌢
∗

f xi(  − Ymin + ε


N
i�1 f xi(  − Ymin(  + ε

, (12)

where A
⌢

denotes the maximum explosion amplitude and
Ymin � min(f(xi))(i � 1, 2, . . . , N) is the minimum (best)
value of the objective function among the N fireworks.

Table 1: Notations and definitions of parameters.

Notations Definition
n 0e number of types of cruise ship supplies
i Material i, i � 1, 2, . . . , n

Ri 0e demand rate of material i

Hi Unit time inventory cost per unit of material i in the cruise distribution center
B Basic ordering cost per order
bi Individual ordering cost of material i

V Inventory capacity of the cruise distribution center
t Basic order cycle (decision variable)
Ti 0e order cycle of material i

Xi 0e order cycle of material i is Xi times the basic order cycle (decision variable)
Qi 0e order quantity of material i (decision variable)
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4.1.3. Generating Sparks. In explosion, sparks may undergo
the effects of explosion from random Δxk

i directions (di-
mensions); we obtain the number of the affected directions
randomly as follows:

Δxk
i � x

k
i + rand 0, Ai( , (13)

where xk
i is the dimensionality of location xi and rand(0, Ai)

is a uniform distribution over (0, Ai).

4.1.4. Spark Gaussian Explosion. Gaussian sparks are gen-
erated in a Gaussian explosion process, and Gaussian sparks
conducts search in a local space around a firework which can
be written as

x
k
i � x

k
i G, (14)

where G is a random number of Gaussian distributions with
mean 1 and variance 1, that is, G ∼ N(1, 1).

4.1.5. Selection of Locations. 0e selection probability of a
location xi is denoted as follows:

p xi(  �
R xi( 

j∈KR xj 
, (15)

where

R xi(  � 
j∈K

d xi, xj  � 
j∈K

xi − xj

�����

�����. (16)

In equations (15) and (16), R(xi) is the sum of the
distances between xi and other individuals; j ∈ K means that
the first location j belongs to set K, which is the set of sparks
generated by explosion operator and Gauss mutation; p(xi)

is the probability that each individual chooses to use roulette
gamblers; and d(xi, xj) is the Euclidean distance between
any two individuals xi and xj.

4.2. ImprovedFireworksAlgorithm. 0e fireworks algorithm
with inertia weight (WFWA) is a new algorithm based on
the FWA, which adds inertia weight to the spark position
update formula as shown in equations (17) and (18) and
improves the explosion radius by inertia weight [28]. A
fireworks algorithm with nonlinear inertia weight w(t) is
introduced to accelerate the convergence speed and im-
prove the performance of the algorithm, in which the
inertia weight varies with the optimization ability. 0e
larger the value of inertia weight, the stronger the global
optimization ability; when it is small, the algorithm is local
optimization. Compared with PSO, GA, FOA, and other
swarm intelligence algorithms, WFWA has better con-
vergence, global optimization, and search ability [28–35].
0erefore, WFWA is a good choice to solve the ordering
optimization problem of cruise ship supply to the inte-
grated purchase, delivery, and inventory in the supply
chain environment.

x
⌢k

j � wx
⌢k

j + Aj · rand(−1, 1) j � 1, 2, . . . , s
⌢

i , (17)

w �
1
2

 
t

, (18)

where t represents the number of evaluations and w de-
creases with the number of iterations.

0e flowchart of WFWA is shown in Figure 3.

5. Experimental Testing and Analyses

5.1. Experimental Data. We select the data of a cruise
company for empirical test and analysis, which wants to
purchase a batch of supplies from all over the world, in-
cluding ten categories with different ordering cycles. 0e
ship supplies require delivery from different suppliers (other
warehouses around) to a cruise distribution center, in which
they would be assembled and delivered to the cruise ships
because separate distribution will inevitably increase addi-
tional costs and cause congestion at the loading port. 0e
relevant data of cruise ship supplies purchasing are shown in
Table 2, and the basic order cost B is 50 yuan; the storage
capacity of cruise distribution center is 600 pieces.

5.2. SimulationResults andAnalysis. In this section, in order
to verify the effectiveness of the improved swarm intelligence
algorithm (WFWA) in solving the procurement optimiza-
tion problem, the simulation results of WFWA are com-
pared with the fireworks algorithm (FWA), genetic
algorithm (GA), and particle swarm optimization (PSO). In
the environment of MATLAB, the data in Table 2 are taken
as an example for simulation experiment. 0e number of
iterations is 500 times, and each algorithm runs 20 times
independently. 0e parameters of WFWA and FWA are as
follows: population size N is 5, constant m is 50, explosion
number is 6, explosion radius is 40, explosion limiting factor
a � 0.04 and b � 0.8, Gauss variation spark number is 5, and
function variable dimension D is 10. 0e particle number is
10, and gama parameter is 0.95 for PSO. And the parameters
of GA are as follows: the population size is 10, the crossover
probability is 0.75, and the mutation probability is 0.75.

0e simulation results of the four swarm intelligence
algorithms are shown in Figure 4, which indicates that
WFWA has the fastest convergence rate and the highest
efficiency in the optimum results. Compared with WFWA,
FWA and PSO are slower, and GA is the slowest. According
to the analysis of simulation results compared with FWA,
PSO, and GA, Table 3 lists the testing results for optimal
value, worst value, average optimal value, and standard
deviation, which evaluate the performance and stability of
the algorithms. It can be concluded from Table 3 that the
proposed WFWA performs better than FWA, PSO, and GA
in optimal solution and average optimal solution and has
better robustness. Compared with the other three algo-
rithms, WFWA has better convergence rate and accuracy
and can better search for the global optimal solution.
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WFWA is used to calculate the order cycle of each item
of cruise ship supplies; the results are shown in Table 4.

According to the constraint 
n
i�1RiXit≤V, the basic

order cycle can be calculated as the follows:

t>
V


n
i�1RiXi

� 0.0283. (19)

As a result, T∗ is 0.0283 quarter, namely, 3 days.
It can be seen from Table 4 that after the adjustment of

Xi, the order cycle of material 3 is 3 days; the order cycle of
materials 1, 4, 6, and 8 is 6 days; the order cycle of material 2

is 9 days; the order cycle of material 9 is 12 days; the order
cycle of materials 5 and 7 is 15 days; and the order cycle of
material 10 is 24 days.

0erefore, the order quantity of each kind of cruise ship
supplies can be calculated according to equation (2), and the
results are shown in Table 5.

Finally, the total procurement cost is as follows:

Start

Parameter initialization

Select N initial locations

Set off N fireworks at N locations

Calculate fitness values and sort in descending order and then memorize the best solution

Calculate sparks number generated by each fireworks explosion and the explosion amplitude

Update the spark position and generate explosive spark and the Gaussian spark 

Calculate the fitness values of all fireworks, explosive sparks, and Gauss variant sparks, then
memorize the best position, and reserve them for the next explosion; iteration number N = N – 1

Optimal location found

End

N

Y

Select N locations

Figure 3: 0e flowchart of WFWA.

Table 2: Cruise ship supplies purchase list details.

Supplies
Individual

ordering cost bi

(yuan/time)

Demand rate Ri

(parts/quarters)
Inventory Cost
Hi (yuan/piece)

1 80 1700 8
2 100 1200 10
3 50 1500 10
4 150 1000 17
5 200 400 15
6 180 1200 26
7 280 200 5
8 220 500 35
9 250 800 10
10 400 600 14 WFWA

FWA
GA
PSO

× 108

0 100 200 300 400 500
Iterations

2.2

2.4

2.6

2.8

Fi
tn

es
s v
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The optimazation process

Figure 4: Simulation optimization process of different swarm
intelligence algorithms.
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TC �
B + 

n
i�1bi/Xi

T∗
+ 

n

i�1

QiHi

2
� 28077 Yuan. (20)

6. Conclusions

With the globalization of cruise ship supplies purchasing,
multisourcing brings our attention to multi-item joint or-
dering in cruise ship supply logistic; this paper considers the
optimization objective of inventory collaborative operation
in purchase and delivery from the perspective of supply
chain and establishes a model of multi-item joint ordering
based on a cruise distribution center to minimize the lo-
gistics procurement cost for cruise ship supply. And most
swarm intelligence algorithms have slow convergence rate
and are easily trapped in local optimum; an improved in-
telligence algorithm WFWA is proposed to solve it. 0e
comparison with GA, PSO, and FWA verifies the effectivity
and efficiency of WFWA. Basic order cost and inventory
capacity are two key initial values in the model, which are
closely related to the order cycle. And as the basic order cost
value decreases, the gap between the order cycle of each
material and the basic order cycle increases, and the total
cost decreases. Meanwhile, the advantage of multi-item joint
ordering will be more visible. At the same time, with the
decrease of inventory capacity, the basic order cycle will
decrease, and the order cycle of each material will also re-
duce, causing the cost to rise. However, excessive inventory
capacity would lead to waste of warehouse resources and
increased storage cost. 0is model considers purchase cost,
inventory cost, and delivery cost, which has practical sig-
nificance for the optimization of cruise ship supply logistics
in China. Nevertheless, because of large quantity, high ef-
ficiency, and low unit value of the cruise ship supply at the
cruise home port, ship suppliers should have sufficient in-
ventory to response to the orders from cruise company,
which would cause corresponding inventory costs and other
logistics costs for ship suppliers. For the ship suppliers of a
commodity supply interruption, the shortage cost can be

immeasurable in a certain extent for cruise company. Hence,
the optimization problem of interruption risk is also worthy
of study in the purchasing process of cruise supply chain.

Data Availability

0e data used to support the findings of this study are in-
cluded in the article.

Conflicts of Interest

0e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

0is research was supported by the National Natural Science
Foundation of China (grant no. 51279153).

References

[1] D. Vukonic, D. Bielic, and A. Russo, “Organizational factors
in management of “Mega Cruise Ships” from crowd man-
agement control aspect,” Scientific Journal of Maritime Re-
search, vol. 30, no. 1, pp. 58–66, 2016.

[2] J. W. Jones, “Accounting practices in ship chandlery,”
Management Accounting, vol. 55, no. 2, p. 28, 1973.
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