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Abstract—The definition of cluster supply chain (CSC) is
proposed to help small and medium-sized enterprises
(SMEs) realize “ant colony effect” and gain more profits.
Considering CSC is a complex adaptive dynamic system, it
is still in the initial stage and the problem of evolution is
difficult to solve by static method. This paper builds a two-
stage supply chain evolution model based on computational
experiment and generates Agent models. The evolution
model is extended to three-stage supply chain mode in
simulation to research the influence factors of network
evolution and predict the effectiveness of service support
system, supporting the development of CSC. Preliminary
results show that the evolution model can provide the
referencefor the development of CSC.

Index Terms—CSC, Computational Experiment, Evolution
Model, Coordination Procurement

l. INTRODUCTION

With the advent of the era of economic globalization, it
brings about tremendous development opportunities for
enterprises and also causes them to face unprecedented
challenges at the same time. CSC is proposed as a new
management pattern to cope with the increasing competi-
tion [1]. With the help of CSC, it gives full play to the
strengths of industrial cluster and supply chain and real-
izes the advantages of clear division of industry chain,
self-organization, etc., helping SMEs redlize the purpose
of “Small broad”.

Enterprises form the scale effect, which can reduce
costs and generate profits through coordination based on
the theory of CSC. The types of coordination include:
coordination procurement [2], coordination manufactur-
ing, coordination logistics, etc. Procurement provides
material support for enterprises as the first step of produc-
tion, which plays akey rolein the operation of enterprises.

The research of CSC is ill in its initial stage [3]: on
one hand, the research about CSC is more from economics
and management at the current stage. On the other hand it
lacks the support of technology. CSC is a complex evolv-
ing system which is composed of a large number of
enterprises with the goal of maximizing their potential
profit through interactions, and the evolution path has
variability. So models which are built by conventional
mathematical methods can not abstract CSC well, for they
are restricted by many kinds of factors. The method of
computational experiment can simulate the interactions
between enterprises, whole emergence and evolution
process of CSC, so CSC can be researched thoroughly.
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Figure1. Coordination procurement with a service support system

Adopting computational experiment can not only ana
lyze the phenomenon which has happened but also is
happening or will happen and explain the causes, influ-
ences and rules of the phenomenon. This paper takes the
coordination procurement of CSC as background, uses
computational experiment to build an evolution model
through simulating the enterprise behaviors and interac-
tions. It adopts the technologies of Agent [4-5] to build
models in the cluster, emerging overall behaviors and
evolution of CSC network from the bottom up based on
the interaction between enterprises.

Il.  RELATED WORK

CSC is aredly complex adaptive system which can be
demonstrated in the following aspects. Firdt, it is com-
posed of multi-interest enterprises, which changes dy-
namically. Second, CSC has locality. Third, enterprisesin
the cluster have autonomy and intelligence.

Information technology analyzes supply chain by get-
ting, transferring and processing data, which helps manag-
ers plan tasks at a higher level. Information technology is
combined with economic management technology to
support the coordination of CSC, promoting the develop-
ment of CSC [6]. So, service support system is proposed
to compromise the bound between business models and
information technology, as Fig. 1 shows.

IIl. EVOLUTION MODEL OF CSC NETWORK

A. Modd Definition and Constrains

Enterprises procure, manufacture and sell according to
their own information, calculating their profits and enter-
prises take which as a measure to view their own behav-
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iors and the state of business. In the cluster, retailers face
consumer market and suppliers face raw material market.
Suppose al procurement enterprises procure the same
products, suppliers provide the required products and
downstream enterprises procure from their upstream
enterprises in the supply chain. The procurement relation-
ships are one-to-one or many-to-one.

B. The Construction of the Coordination Procurement
Models

1) Themodel of procurement enterprise Agents

Individual model: The objective properties of procure-
ment enterprise Agents change with time, including: scale
(cScale), growth rate(cRate), procurement ideal
price(idealpr), procurement batch(cBatch), product selling
price(cPrice), product selling number(cNum), identity
number(clD), and profits(cPraf).

1. The scale of procurement enterprise Agents changes
with time

According to logistic model, the scale of enterprise
Agents grows according to the growth rate of the current
time and the growth rate of enterprise Agents at timet can
be calculated as:

dx (t)/dt = (t)x ()A-x (t)/k). @

Where X, (t) denotes the scale of enterprise Agents at
time t, I;(t) denotes the intrinsic growth rate of enter-

prisesat timet and kI is the maximum enterprise scale, all
of which are achieved only rely on limited resources.

Coordination in this case, the growth rate of enterprises
can be calculated as:

dx (t)/dt =r, (t)x (t)(1— % (t)/k + coopAdd). (2)

The growth rate of enterprise Agents is influenced by
horizontal coordination (enterprises coordinate with
homogeneous enterprises) effect. And coopAdd denotes
the horizontal coordination effect with the value
isDa,x(t) /K, , & is the coordination effect coeffi-
cient which means the incidence of coordination enter-
prise Agent j to procurement enterprise Agent i, and -1<
a; <l.

Contrasting (1) and (2), it is easy to find that enterprises
can develop rapidly by horizontal coordination.

2. The profits of procurement enterprise Agents change
with time

The profits of procurement enterprise Agents can be
calculated as:

cProf (t) =in(t) —co(t) .. (3)
Where in(t) denotes the earnings of enterprises at timet,
the value is in(t) = cPrice* cNum. And co(t) denotes

the costs of procurement enterprises at timet, the valueis:
co(t) = pur,(t) +log,,+ Sto,, + coop .And pure(t)
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denotes the procurement costs of procurement enterprises,
loge(t) is the storage costs, which are al non-linear
proportional to beach, coop.(t) is the coordination man-
agement codgts, it includes the fixed costs of coordination
behavior and a percentage of every coordination earnings,
which can be calculated:

pri_alli = (idealpr — sPrice)* cBatch* « . (4)

In the Eq. (4), & isthe fixed rate. Suppose the current
sale price and number of procurement enterprises do not
change, and then the profits of the procurement enterprise
Agents are driven by costs.

Coordination model: Enterprise Agents are not station-
ary, passively waiting, but active enough to change market
environment. They adjust behaviors according to the
market environment to achieve the desired goal. Under the
market economy, enterprises in the cluster aim for maxi-
mizing profits. Therefore, enterprise profits are the major
factor that stimulates enterprise behaviors to change, and
the changes of behaviors push the development of enter-
prises. Coordination can form scale effect to increase
enterprise profits based on the theory of CSC. The coordi-
nation behaviors of procurement enterprise Agents in-
clude: 1. procurement enterprise Agents select the best
supplier Agent; 2. procurement enterprise Agents select
other homogeneous enterprise Agents of different supply
chains to coordinate; 3. procurement enterprise Agents
coordinate with a service support system Agent.

1. Procurement enterprise Agents select the best sup-
plier Agent

Procurement enterprise Agents select the best supplier
Agent according to their own demands, a variety of
factors need considering include: cooperative successful
rate, product price, quaity, delivery capability, after-sae
service, etc. The vertical coordination (enterprises coordi-
nate with heterogeneous enterprises) rule means procure-
ment enterprise Agents select the best supplier Agent,
falling into two categories: the vertical coordination rule
of SMEs and the vertical coordination rule of large-scale
enterprises. SMEs view supplier Agent ID sequentialy in
arelatively small range due to their limited abilities. The
large-scale enterprises can select the best supplier in a
certain range of selection, the evaluation function is:

R =a* sPrice+ #* sQuality + 6 * sAbility. (5)

Where 0< a, 3,0 <landa+ B+ 0 =1.

The process that procurement enterprise Agents coordi-
nate with supplier Agents is depicted as follows. Procure-
ment enterprise Agents view supplier Agents sequentially
according to their own rules. Cooperative successful rate
reflects cooperative relationship, credit and capabilities of
supplier Agents, which has a great influence on the next
cooperation decision-marking of procurement enterprises,
so it needs to be considered first. If cooperative successful
rate is greater than fifty, then procurement enterprise
Agents consider the product price of the supplier Agent.
Procurement enterprise Agents and the supplier Agent
reach a coordination agreement when there are no pro-
curement relationships between them.
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2. Procurement enterprise Agents select other homoge-
neous enterprise Agents of different supply chains to
coordinate

Procurement enterprise Agents select other homogene-
ous Agents, falling into two categories. one is procure-
ment enterprise Agents find other homogeneous enterprise
Agents to coordinate according to the cooperative rela-
tionship of a supplier Agent, another is procurement
enterprise Agents coordinate with a large-scale procure-
ment enterprise Agent, forming a virtua procurement
alliance with the centre of the large-scale procurement
enterprise Agent to procure, which evolves based on the
first rule.

The process of procurement enterprise Agents select
other homogeneous enterprise Agents to coordinate is
depicted as follows. Procurement enterprise Agents view
the cooperative successful rate of other homogeneous
enterprise Agents according to their own rules. If the
cooperative successful rate is greater than fifty, then
procurement enterprise Agents view the batch. The
horizontal coordination relationships will be viewed, if the
batch fluctuates in a small range of their batches. Then
procurement enterprise Agents build horizontal coordina-
tion relationships with the homogeneous enterprise Agent
when there are no relationships between them.

3. Procurement enterprise Agents coordinate with a
service support system Agent

When a virtual procurement alliance with the centre of
a large-scale procurement enterprise Agent appears in the
cluster, size of the alliance exceeds a certain size, leading
to growth in coordination management costs and reduction
in profits. Web service technology with self-contained,
self-described, interoperability and modularization devel-
ops rapidly in recent years. Web service makes resources
distributing in network constitute a virtual computer
system and completes tasks through reusing resources and
coordination. Therefore, coordination management tasks
are separated from large-scale procurement enterprise
Agents which becomes a service support system. With this
platform, it can reduce the redundant interaction, coordi-
nation costs and increase procurement efficiency.

Procurement enterprise Agents interact with the service
support system Agent based entirely on their coordination
attribute which means procurement enterprise Agents
encapsulate their functions as corresponding Web services
and interact with the service support system Agent.

2) Themode of supplier Agents

Individual model: The objective properties of supplier
Agents change with time, including: cooperation linked
list, scae (sScae), growth rate(sRate), procurement
batch(sBatch), product selling price(sPrice), product
sdlling number(sNum), identity number(siD), coordina
tion attribute(sAtt) and profits(sProf).

1. The product price of supplier Agents changes with
batch

The product price of supplier Agents (sPrice) varies
inversely proportional to the batch of the procurement
enterprise Agent (cBatch). Within a certain scope, the
larger the cBatch is, the lower the sPrice will be. Finally,
the product price will maintain at a relatively stable range
for cost constraint and other problems.

2. The size of supplier Agents changes with time

The growth rate of supplier Agents in the coordination
can be calculated as:

dx, (t)/dt = ]
r,(t)x (t)(L— x (t)/k + coopAdd + procAdd) ©

Where procAdd denotes vertical coordination effect
that procurement enterprise Agent p selects the current
supplier Agent i to procure, and the value

is Y a,x,(t) /K, . Inthe Eq. (6), &, isthe coordination
effect coefficient which means the incidence of coordina
tion enterprise Agent p to supplier Agent i, and -1< a; <L

X, (t) is the scale at time t and K is the maximum

enterprise scale of coordination enterprise Agent p.

Contrasting the Eq. (1) and Eq. (6), the scale of supplier
Agents is under the influence of horizontal and vertical
coordination effect at the same time.

3. The profits of supplier Agents change with time

The profits of supplier Agents are similar to the profits
of procurement enterprise Agents. Suppose the sale price
and number are constant, logistics costs and storage costs
are constant too. The profits of supplier Agents are deter-
mined by the coordination management costs.

Coordination model: The coordination behaviors of
supplier Agents include: 1.supplier Agents select other
homogeneous enterprise Agents of different supply chains
to coordinate; 2. supplier Agents coordinate with a service
support system Agent. The behaviors of supplier Agents
are similar to procurement enterprise Agents.

3) Themodel of service support system Agents

Individual model: The objective properties of service
support system Agent include: cooperation linked list
(relationL.ist), identity number (sID) and profits (sProf).

Coordination model: Procurement enterprise Agents
commit procurement demands to service support system
Agents as the demand side of coordination procurement
model. Service support system Agents merge demands
from different procurement enterprise Agents and select
the best supplier Agent by open tender. The coordination
model includes. 1. tender releasing; 2. service support
system Agents select the best supply Agent.

1. Tender releasing

Service support system Agents split and merge de-
mands from procurement enterprise Agents, generating
the corresponding bid documents which release to supplier
Agents. The bid document is expressed as a triplet, which
can be calculated as:

<VPC,T,C>. (7)

VPC means a virtual procurement alliance which is the
tender of procurement tasks. T means the procurement
tasks of the virtual procurement alliance which are pro-
cured products. C means constraint conditions that pro-
curement enterprise Agents select the supplier Agent,
which can be calculated as a quad:

C=<P,Q,AS>. (8)
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P is the procurement price, Q is the product quality, A
is the delivery capability and Sis after-sale service of the
supplier Agent. Service support system Agents bid for
procurement tasks and select the best supplier Agent
before the deadline.

2. Service support system Agents select the best sup-
plier Agent

Service support systems select the best supplier based
on the evaluation results through Eq. (9) which can be
calculated as:

R=a*sPr+ *sQu+d* sSAb+£*s3e. (9)

Where 0< ¢, 5,0,e<1l and a+ f+0+e=1.
After viewing the evaluation result, service support
system Agents give result information back to participat-
ing supplier Agents that send successful news to the
successful bidders and return rgject news to the losing
bidders. Vertica coordination relationships will be built if
there are no vertical coordination relationships between
service support system Agents and the supplier Agent.

IV. MODEL SIMULATION

A. Model Environment

The model environment is a virtual space of 800 by
800. A circle represents an enterprise Agent, the number
within which is the enterprise Agent’s ID and a straight
line with a small square represents a coordination relation-
ship between Agents and the sguare shows the direction of
coordination. Suppose supply chains in the cluster are all
three-stage supply chains and the space is divided into
three corresponding layers: higher space within which are
supplier Agents, middle space within which are manufac-
turer Agents and lower space within which are retailer
Agents.

B. The Result of Smulation

The evolution of CSC network develops four stages
according to Agent models, including the first stage:
procurement enterprises only procure without coordina
tion, the second stage: procurement enterprises procure
firstly and coordinate lately, the third stage: procurement
enterprises coordinate firstly and procure lately and the
fourth stage: procurement enterprises procure with a
service support system.

The first stage: procurement enterprises only procure
without coordination. The scale of all enterprise Agentsis
arandom number within a small range in the initial stage.
Enterprise Agents select their upstream supplier Agents
according to constraint conditions and submit orders to
them to procure, forming many straight lines. For retailer
Agents and manufacturer Agents, the square on a straight
line near the manufacturer Agent means the procurement
relationship is initiated by a retailer Agent, as shown in
Fig.2.

In this stage, retailer Agents view manufacturer Agents
according to ID orderly and select the first manufacturer
Agent which price is lower than their own procurement
ideal price. There are drawbacks in this stage that the
selected manufacturer Agent is not the optimal one.

The second stage: procurement enterprises procure
firstly and coordinate lately. Retailer Agents tend to
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coordinate to reach mutual benefit and update information
timely by sharing information with each other. Enterprises
in the cluster procure with coordination which means
retailer Agents procure from the same manufacturer Agent
interact with each other to reduce costs and share market
information through increasing procurement batch. A red
straight line with two sguares represents a horizontal
coordination relationship, which means the coordination
relationship is initiated by both sides and virtual procure-
ment alliances with large quantity and small scale are
formed. With virtual procurement alliances, procurement
enterprise Agents can catch the changing market opportu-
nity quickly by sharing information and complementing
advantages. Differences in scale of enterprise Agents
emerge in this stage. But procurement aliances have
obvious drawbacks that they aren’t perfect, the scale is
still small, as shown in Fig.3.
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Figure3. The second stage of the CSC network evolution
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Figure4. Thethird stage of the CSC network evolution
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Figure5. Theforth stage of the CSC network evolution

The third stage: procurement enterprises coordinate
firstly and procure lately, as shown in Fig.4.

Large-scale enterprise Agents at all levels appear in this
stage. Middle and small scale enterprise Agents learn from
large-scale enterprise Agents and interact with them to
form a virtual procurement alliance, which contributes to
seeking the development better and faster. Having large
scale, strong capabilities, good reputation and rich infor-
mation of the industry, large-scale enterprise Agents act as
organizers and are the center of virtual procurement
alliances. They select the manufacturer Agent and coordi-
nate with it, changing the virtual procurement aliance to

the virtual coordination aliance. But for capacity con-
straints, focal enterprise Agents select manufacturer Agent
only in a certain range. But it aso has some drawbacks
such as the management of virtual coordination alliances
is not perfect and the procurement costs need further
reduce.

The fourth stage: procurement enterprises procure with
a service support system, asis shown in Fig.5.

Service support system Agents separate the functions
that integrate orders and sdlect the best manufacturer
Agent from focal procurement enterprise Agents. AsFig.5
shows, there is a service support system in every level and
most enterprise Agents choose the support system Agent
to coordinate with in order to gain more profits and lower
procurement price. Service support systems provide
platform support which speeds the flow of information,
reduces the redundant interaction and procurement costs
and unifies the procurement process. It is more systematic
and comprehensivein the selection of supplier Agents

V. CONCLUSIONS

This paper builds an evolution model based on the bot-
tom-up computational experiment method and uses Agent
technology to generate models by extracting behavior
mechanism abstractly, finding that every type of the
model with different behavior properties and rules makes
decisions to cooperate and compete with each other,
which promote the evolution of CSC. After analyzing the
results of simulation, the interdependence process between
enterprises is the evolution process, which contributes to
the development of CSC and service support system helps
develop CSC. Evolution model still needs to be modified
in an iterative matter to optimize it in practica system
applications, so asto research and better understand CSC.
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