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Abstract 

Despite the wideness of the literature on technological innovation, the diffusion of the supply chain 
collaborative technology innovation has not still received much attention. This paper is an attempt to 
answer the question that how the supply chain collaborative technological innovations emerge and 
diffuse. An agent-based model of collaborative supply chain technological innovation including the 
supplier agents, manufacture agents and customer agents is established in this paper, and the 
simulation experiments are conducted in terms of two kinds of the competitive technology innovation 
diffusion process under four scenarios. The results show that the supply chain collaborative supply 
chain technological innovation diffusion is different from the traditional technology innovation 
diffusion, and the relationship between suppliers and manufacturers has important influence on 
diffusion speed and efficiency. 
(Received, processed and accepted by the Chinese Representative Office.) 
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1. INTRODUCTION 

In recent years, technological development becomes more significant to countries as well as 
enterprises. As the main source and driving force to realize the development of science and 
technology, technological innovation plays an important role in the strength of technology. 
Technological innovation is one of the key factors to improve the competitiveness of 
enterprises. On the one hand, the rapid transmission of information makes it possible for the 
companies’ collaborative technological innovation. In addition, the development of global 
economy leads to the decrease of the traditional large-scale benefits in industrial production. 
Therefore, enterprises are facing the changes and challenges for high value-added production. 
The company can make a higher profit in the competition with high technologies and key 
technological innovation. In the global knowledge economy, more and more companies are 
realizing that only high efficiency, high quality, and even flexibility can maintain competitive 
advantage. Complexity, uncertainty and rapidly changing competitive environment make the 
innovation particularly important for the survival and development of a company [1]. On the 
other hand, with the development of information technology and management theory, 
collaborative technological innovation has become more mature than ever, which makes it 
much easily to obtain core competitiveness through effective innovation collaboration. The 
development of information technology leads to the faster communication, flatter 
organization, virtualization and networking which greatly promote the sharing of knowledge. 
In addition, due to the applications of the extensive advanced computer equipment and 
management methods, innovation cycle is significantly shortened [2]. 
      In fact, technological development not only presents as fresh innovation, but also includes 
technological innovation diffusion. Because of that, the specific innovation can make widely 
influence in society or industry. As Schumpeter thought, technological innovation has the 
ability to push the social economy development as the way in cyclicity. Once the most 
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beneficial technological innovation adopted by individual enterprise, the follows will simulate 
this innovation in order to obtain own interests through diverse technological innovation 
diffusion. As a result, it promotes the development of economy. However, the influence of 
technological innovation is limited in economy and social productivity, and with the help of 
innovation diffusion can these innovations maximize their interests in society and industry. 
The reasons underlying the technological innovation diffusion have been profoundly studied 
in the related literature by adopting different theoretical perspective coming from many 
research streams, namely social sciences, enterprise economy and industrial economy. 
      Technological innovation diffusion can be defined as the process that the innovation 
technologies are commercially spread and used among potential users through certain 
channels. With the diffusion among the outside and inside adopters, the technological 
innovation can be repeatedly reused and maximize own values to influence social and 
economic development. The study of innovation diffusion began at the early 20th century. 
Tarde (1904), who is known as the theorist of “innovation” in social life, thought that a new 
invention at the source there is something else than just combined imitations of prior 
inventions. There is the main originality of this combination and come up the S-type (1943) 
model for better research [3]. Based on that, Fielder (1944) expanded the theory and assumed 
that science communication was realized through the public media as well as the 
communication among the core people. Since then, there are many researches focused on the 
diffusion of the technological innovation. However, literature about supply chain 
collaborative technology innovation diffusion is relatively scarce, which is the primary 
motivation of this research. 
      The paper is organized as follows: The next section is the literature review regarding to 
the technological innovation, following is the agent-based model of collaborative supply 
chain technological innovation including the supplier agents, manufacture agents and 
customer agents. Section 4 describes simulation experiments in terms of two kinds of the 
competitive technology innovation diffusion process under four scenarios, and then the 
simulation analysis is discussed by analysing simulation results. Finally, the analysis results 
and the conclusions are discussed along with the related managerial implications. 

2. LITERATURE REVIEW 

In this section, the former research about collaboration on technological innovation in supply 
chain will be discussed progressively in the order of “Innovation-Collaborative innovation-
Technological innovation diffusion”. 

2.1  Innovation 

Innovation has a significant impact on the competitiveness of enterprises. In fact, innovation 
has become a major social development drive. Since 1912 Schumpeter first proposed the 
concept of innovation, it has experienced a great development for almost a century. According 
to Schumpeter, innovation includes new products (Product innovation), the new technology 
that is new production methods (process innovation), opening up new markets (market 
innovation), controlling new sources of supply of raw materials (strategic innovation value 
chain, etc.), and achieving a new industrial organization (organizational innovation). 
Technological innovation has gradually extended from the innovative concept of a simple 
product or technology to a more comprehensive overall concept: "from technological 
innovation to value realization" [4]. 
      Innovation, in a very long period of time, was considered to be an independent, individual 
concept. It has been stereotyped believed that innovation was the achievement of "individual 
genius scientist behaviour", but this concept is not widely accepted. In business, innovation is 
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often considered to be completed in a single company [5]. According to Rothwel’s division of 
industrial innovation model and stage of development, technological innovation was also 
identified "individual, single innovation" in 1940s to 1970s. In this period, innovation 
management research focuses on an individual innovative organization problem. 

2.2  Collaborative innovation 

However, innovation is in fact an integrated behaviour. Despite the innovation and scientific 
discovery are often attributed to individuals, almost every technological breakthrough is based 
on the contributions of many others much more than individual creativity [6-8]. 
      For enterprises, the complexity of the process and product innovation has been greatly 
enhanced since 1980s. At the same time, the organization also has a higher demand for 
innovation performance [9, 10]. Traditional single innovation theory and methods cannot 
effectively adapt to the environment, because the concept of integration and cooperation in 
integrated innovation consciousness gradually accepted by enterprises. According to 
technological innovation and integration of different objects, integrated innovation can be 
divided into innovative elements integration and innovative body integration, the content of 
the former include technology integration, combination innovation, enterprise internal 
systems integration etc. The innovative body integration, which refers to inter-firm 
knowledge / technology sharing and joint innovation exchange, is the major form today. 
      After the 1980s, the most significant sign for collaborative innovation is the formation and 
development of strategic alliances based on core technology in the next generation [11]. 
Interdisciplinary generated between the different disciplines (such as raw biotechnology in the 
chemical, pharmaceutical, food processing industry) is the outcome of integrated innovation. 
      Meanwhile, since the scientific and technological knowledge are owned by a large 
number of dispersed individuals or enterprises. In order to collaboration, dependent 
organizations have to cooperate, exchange and influence with each other [12-14]. 
      Baumol [15] summarized inter-organizational innovations into two forms: joint research 
institutions and knowledge exchange alliance. Von illustrated an empirical study of the iron & 
steel companies in the United States and found out that 10 out of 11 mini-mills with the 
highest productivity were frequently exchanging of technical knowledge. Another example is 
provided by the new equipment technology alliance and encourages technology transfer, the 
Italian tradition of small enterprises’ successful cooperation between the regions to stimulate 
the competitiveness [16]. 

2.3  Technological innovation diffusion 

The collaboration of the supply chain can promote the business performance of members 
take part in the collaboration process [17, 18]. Many of the researches for the supply chain 
collaboration focused on information sharing, inventory forecasting and control [19], 
improvement of operational process between enterprises [20], and scenario analysis [6] et al. 
In recent years, the concern has grown about the performance promotion through supply 
chain collaborative technological innovation [21, 22]. The main benefits of technology 
innovation among the members in supply chain are better new product development, higher 
quality improvement and more cost reduction [23]. 
      The types of enterprises may affect the innovation performance. For the high-tech 
industry, a good supply chain relationship with the downstream companies has positive 
impact on the new product development process and can reduce the transaction costs [7]. The 
research by Rowley et al. found out that flexible collaborative innovation was successful in 
semiconductor industry supply chain, while the stable form is preferable in the iron &steel 
industry [24]. Motohashi [25] argued that collaborative innovation performance was better in 
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small business than in large enterprises. However, according to the research of Rose and 
Allen, there was not linear relationship between the size of the organization and the 
performance of innovation. 
      As discussed, the early stage of technological innovation diffusion researches are 
considered from the perspective of communication theory and limited by specific products. 
      Based on the above thinking, many different notions and models about technological 
innovation diffusion have been developed. These are typed as 3 steps. In the 60s the majority 
of research on this topic has focus on mathematical model and most of the studies have 
adapted the fitting of time series to forecast the explanatory variable. The most representative 
of these research is the Bass model, which of the diffusion of innovation has become the 
forecasting the sales growth of new products and technologies and been termed an empirical 
generalization [26]. With the introduction of time series variables into nonlinear diffusion 
models, issues involving the potential for “spurious regression,” that have been extensively 
examined in time series econometrics studies in the context of linear models, arise for 
nonlinear models as well. To answer questions like these new theoretical approaches and 
methodologies are needed. The two nonlinear diffusion models based on Bass model, the 
Generalized Bass Model (GBM) and the Cox proportional hazard model (PHW) have been 
partly examined the character of the explanatory variables. 
      According to the above research, the early researches have mostly accepted experience, 
experimental proof and mathematical modelling analysis method to confirm their studies. In 
the present study, however, with the use of computer simulation, multi-agent makes a new 
study of multiple competitive (or complementary) technology innovation diffusion system. 
An agent-based simulation modelling defined as a collection of heterogeneous, intelligent, 
and interaction agents, which simulates the real environment. The main uses of agent-based 
simulation are: tested for new ideas, prediction of the impact of a new technology, 
development of new theory, decision-making aids, what-if training tools, conduct of critical 
experiments, and hypotheses generators. Thus, agent-based simulation modelling is a bottom-
up approach to understanding the systems’ detail, which provides a powerful tool for 
analysing complex, non-linear markets [27]. 
      As a result, multi-agent is accepted by the study of technological innovation diffusion. 
Many marketing studies have focus on how new technology is perceived by consumers, 
which is represented by their daily behaviours and reactions to technological innovation. For 
example, IT use is the result of goodness of fit between the technological innovation and 
people’s lives. This in turn is influenced by complex structures and multi-agent [28]. One of 
the recent developments in the field of heterogeneous diffusion modelling can also be seen in 
the multi-agent diffusion modelling, from which individuals are considered as an independent 
agent that exhibits unique characteristics and make decision depending on their own wills 
[29]. Moreover, the research of agent-based modelling (ABM) covered the area in emerging 
market, especially when data for empirical work is limited, non-existent, or prohibitively 
expensive to gather. Agent-based modelling does not replace empirical work, but means to 
clarify past research and develop early theory so that if data becomes available, empirical 
work can be sharp and quickly come up convictive theoretical guidance [30]. 

3. AN AGENT-BASED MODEL 

Three agents and the corresponding decision behaviours are considered in this paper, which 
includes: manufacture agent, supplier agent and consumer agent. The behaviour models and 
decision rules are different among these agents. The agent-based simulation model of supply 
chain collaborative technological innovation consists of two parts: society environment and 
the technological innovation product. 
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      The technological innovation product refers to the external environment of the agents. The 
agents are affected by the external environment, and the external environment in turn is 
influenced by the agents. Society environment includes technology innovation diffusion 
driving force and multi-agent system. In the multi-agent system, the agent can change the 
state of the technological innovation utilization because of the technology innovation 
diffusion driving force. The technology innovation diffusion driving force is divided in 
external driving force which includes the size of the market, competitors’ behaviour, 
consumer behaviour, etc. and internal driving force which includes scale, preference, 
conformity, utility and coordinated ability, technological innovation ability. 
      In this agent-based simulation model, the technological innovation is finished by the 
collaboration of the supplier agent and the manufacture agent. So it is assumed supplier agent 
can’t finish the technological innovation process individually. In addition, the supply chain 
collaborative technological innovation can only be adopted by the other supply chain instead 
of a single company. 
The detailed assumptions are as follows: 
(1) The adoption of supply chain collaborative technological innovation is not repeatable, 
which means that once the innovation is adopted, it is applied to the practical production. So it 
is impossible for the secondary use. While the buying behaviour of the consumers can repeat, 
this means that the consumers can buy multiple productions. 
(2) There is no capital constraint in the supply chain, which means that once the effectiveness 
of technological innovation reaches the given threshold, it is adopted. 
(3) There is capital constrain for the consumer, and they buy the products with the best 
technological innovations considering the funding permits. 
(4) There is no supply constrain for all the agents. 
(5) No delay for knowing the latest technological innovation product. 
(6) The products spread along with the diffusion of technology innovation, and the diffusion 
of technology innovation in turn depends on the products. 

3.1  Correspondence of technological innovation  

In this model, there are mainly three kinds of agents: manufacturers, suppliers and consumers. 
Suppliers are responsible for supplying the row materials or half-finished products. 
Manufacturers are responsible for designing and producing different products. Consumers 
evaluate and purchase these products. Every product is composed of several design 
parameters. And as commodities, the performance parameters of the products can bring 
utilities to consumers. The design parameter space (DPS) can reflect the technological 
innovation from the perspective of the manufacturers. While to the customers, the 
technological innovation is reflected thorough performance parameter space (PPS). The 
correspondence from DPS to PPS is dealt with by using Kauffman’s NK model. The agent-
based model indicates that an innovation in technology is the result of both constructional 
selection and environmental selection. 
      The set of manufacture agents can be denoted as: 

M = {M1, M2, …, Mr}         (1) 
      The set of supplier agents can be denoted as: 

S = {S1, S2, …, St}       (2) 
      The set of consumer agents can be denoted as: 

C = {C1, C2, …, Cs}         (3) 
      In every time step, manufacture Mi (i = 1, 2, …, r) will produce Li types of products. 
      Let �̃�i indicates the types of the products of manufacture i, then： 

�̃�i = {Ai
1, Ai

2, …, Ai
Li}           (4) 



Zhang: An Agent-Based Simulation Model for Supply Chain Collaborative Technological … 

318 

      In each time period, supplier Sj (j = 1, 2, …, t) will provide Qj types of products or row 
materials. Let �̃�j indicates the types of the products or raw materials of supplier j, then: 

�̃�j = {Bj
1, Bj

2, …, Bj
Qj}          (5) 

      The NK model is used to illustrate the correspondence from DPS to PPS because it 
explicitly shows the epispastic structure of the genotype–phenol type map. In the NK model, 
N represents the number of genes in a haploid chromosome and K represents the number of 
linkages that each gene has to other genes in the same chromosome. The traditional NK 
model can be described as the following: 
      The genome consists of N genes (design parameters) that exert control over U phenotypic 
performance parameters, each of which contributes a component to the total fitness 
(performance). Each gene controls a subset of the U performance parameters, and in turn, 
each performance parameter is controlled by a subset of the N genes. This genotype–
phenotype map can be represented by a matrix: 

 ij N U
M m


 , i = 1, 2, …, N, j = 1, 2, …, U     (6) 

of indices mij ∈ {0, 1}, where mij = 1 indicates that gene i affects performance parameter j. M 
is randomly initialized in the simulation. M will be static unless the DPS or PPS changes. 

      The columns of M, called the polygeny vectors,  
1j ij N

q m


  (i = 1, 2, …, N), give the 
genes controlling each performance parameter j. 

      The rows of M, called the pleiotropy vectors,  
1j ij U

q m


  (j = 1, 2, …, U), give the 
performance parameters controlled by each gene i. 
      If any of the genes controlling a given performance parameter mutates, the new value of 
the performance parameter will be uncorrelated with the old. Each performance parameter is a 
uniform pseudo-random function of the genotype, x ∈ {0, 1}N. 

fi = f(x  qi ; i, qi) ~ uniform on [0, 1]         (7) 
where: 

f : {0, 1}N × {1, 2, …, N } × {0, 1}N  → [0, 1]   (8) 
      Here  is the Schur product. 

x  qi = (xi mij)N×1, i = 1, 2, …, N     (9) 
      Any change in i, qi, or x  qi gives a new value for f(x  qi ; i, qi) that is uncorrelated with 
the old. 
      If a performance parameter is affected by no genes, it is assumed to be zero. 

fi = 0, if qi = (0, 0, …, 0)         (10) 
      Total fitness is defined as the normalized sum of the performance parameters: 

1

1 U

i
i

FC f
U 

                 (11) 

3.2  Decision rules of manufacture agents 

The manufacture agents are the leading promoter of the technological innovation diffusion. 
      Manufacture agents need to make the decisions of whether to adopt the technological 
innovation, and the main factors affecting the decisions of the manufacture agents are 
conformity, preferences, and technical innovation ability. 
(1) Conformity 
When the manufacture agent makes the decision of whether to adopt the technological 
innovation, it will be affected by the other manufacture agents. If other manufacture agents 
adopt one kind of technological innovation and benefit from it, the manufacture agents are 
trend to adopt it, and vice versa. 
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      In this model, a two-dimensional space is used to imitate the real market. The two-
dimensional space is divided into grids of n×n, we call each grid “cellular”. There are eight 
neighbouring cellular for each cellular, which is called “neighbour”. In the simulation, 
manufacture agent is affected by the eight neighbours while making decisions. 
      The utility function illustrating the affect of the surrounding neighbours is: 

UI = Ii × Ij            (12) 
where Ii represents the affect coefficient of the manufacture agent i, i ∈ M, and Ij represents 
the influence strength of manufacture agent j to manufacture agent i: 

1,
.

0,
j

j
j

x h
I

x h


 
  

where: 

.
8

j
j

n
x 

 
nj is the number of the neighbours of manufacture agent j which adopt the technological 
innovation. 
(2) Preference 
In this model, the preference of manufacture agent refers to the attitude of the manufacture 
agent to the risk of the technological innovation adoption. It is assumed that the preference of 
manufacture agent i follows the normal distribution with the mean value of μi and variance 
value of σi

2, and let Ri represents the preference of manufacture agent i, then: 
Ri ~ N [μi, σi

2]              (15) 
(3) Technological innovation ability 
The technological innovation ability of manufacture agent refers to the basis of the 
manufacture agent. Considering the differences of transformation ability, collaborative ability, 
enterprise scale, enterprise resources and enterprise culture, etc., they may result in the 
differences of the technological innovation abilities among the manufacture agents. 

3.3  Decision rules of supplier agents 

The supplier agents can't proceed the technological innovation by themselves, but they can 
affect the decisions of the manufacture agents. The influence of supplier agent is decided by 
the enterprise scale, market share and coordination ability of the supply agent. For example, 
the supplier with higher market share has a stronger effect to the manufacture. 
      In the agent-based simulation model of supply chain collaborative technological 
innovation, there is a close interaction between the suppliers and manufacturers. Let αij  
(i = 1, 2, …, r, j = 1, 2, …, t) represents the interaction strength between the suppliers and 
manufacturers, then: 

11 12 1

21 22 2

1 2

n

n
ij

n n nn

  

  


  

 
 
 
 
 
 

 

where the matrix αij reflects the internal structure of the interaction among the agents. 

3.4  Desicion rules of consumer agents 

Product is the carrier of technology innovation. Consumers are the final buyers and users of 
products. Therefore, the purchasing behaviour of customer agents has important effects on the 
diffusion process of technology innovation. 

(13) 

(14) 

(16) 
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      A consumer's purchasing behaviour can be simply described as: he/she evaluates several 
types of products, and select one whose utility is the biggest for him/her among those types 
evaluated by him/her. Now the problem is to model how consumers evaluate products. The 
weighted average method is considered in this paper. 
      In weighted average method, for any consumer Ci (i = 1, 2, …, s), its weights for different 
performance parameters can be denoted as: 

 1 2, , ,
i i i iC C C UCW W W W , i = 1, 2, …, s        (17) 

subject to 
 

1

0,1 , 1,2, , ,

1.

j

j

iC

U

iC
i

w i U

w


  





             (18) 

      A consumer’s evaluation for a type of product is: 

1

U

i i
i

E w f


              (19) 

      Every consumer will select the product which has the biggest E for him/her among those 
products evaluated by him/her. 

4. SIMULATION PROCESS AND RESULTS 

4.1  Model parameter setting 

Simulation is conducted by considering 30 agents, where 6 manufacturers, 8 suppliers and 16 
consumers. The simulation space is 8×8. In simulation experiment, the parameters of multi-
agent technology innovation diffusion model are set. Consider four different scenarios 
simulation experiment, each scenario of specific parameter values as shown in the following 
Table I. 

Table I: The parameters in four scenarios. 

Parameter 
Value in 

scenario 1 

Value in 

scenario 2 

Value in 

scenario 3 

Value in 

scenario 4 
Explanation 

Umin 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
Adopt utility thresholds of 
technological innovation 

Adopters1 Uniform 
(0, 3) 

Uniform 
(0, 6) 

Uniform 
(0, 3) 

Uniform 
(0, 6) 

The number of adopters of 
technological innovation 1 

Adopters2 Uniform 
(0, 3) 

Uniform 
(0, 6) 

Uniform 
(0, 3) 

Uniform 
(0, 6) 

The number of adopters of 
technological innovation 2 

AdEffect1 Uniform 
(0.5, 1.5) 

Uniform 
(0.5, 1.5) 

Uniform 
(0.3, 1.5) 

Uniform 
(0.3, 1) 

Technological innovation effect 
coefficient of 1 to 2 

AdEffect2 Uniform 
(0.5, 1.5) 

Uniform 
(0.5, 1.5) 

Uniform 
(0.3, 1.5) 

Uniform 
(0.3, 1) 

Technological innovation effect 
coefficient of 2 to 1 

Li 2 2 2 2 Total number of types of technological 
innovation, i = 1, 2, …, r 

Ii 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
Uniform 

(0, 1) 
The conformity of the manufacture,  
i = 1, 2, …, r 

h 0.3 0.3 0.6 0.6 Threshold of the manufacture affected 
by the neighbours 

      Table II illustrates the affect matrix of suppliers to manufactures. 
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Table II: The affect matrix of suppliers to manufactures. 

Suppliers 
Manufactures 

M1 M2 M3 M4 M5 M6 

S1 0.81 0.96 0.42 0.68 0.28 0.44 
S2 0.91 0.96 0.92 0.76 0.05 0.38 
S3 0.13 0.16 0.79 0.74 0.10 0.77 
S4 0.91 0.97 0.96 0.39 0.82 0.80 
S5 0.63 0.96 0.66 0.66 0.69 0.19 
S6 0.10 0.49 0.04 0.17 0.32 0.49 
S7 0.28 0.80 0.85 0.71 0.95 0.45 
S8 0.55 0.14 0.93 0.03 0.03 0.65 

4.2  Analysis of the results 

The simulation experiments in terms of two kinds of the competitive technology innovation 
diffusion process are done in this paper. One technological innovation is alternative to the 
other, which means that the increase of one technological innovation diffusion will result in 
the decrease of the other one. In practice, there are generally two results for the two kinds of 
the competitive technology innovation diffusion processes: one of them monopolized the 
market or both of them share the market half by half. 

 
   a) Simulation result of scenario 1          b) Simulation result of scenario 2 

 
   c) Simulation result of scenario 3          d) Simulation result of scenario 4 

Figure 1: Simulation results of the diffusion under the four scenarios. 
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      It is can be seen from the results that: the first technological innovation is always in a 
leading position, and finally occupies a larger share in the market in the scenario 1 and 
scenario 2.While in scenario 3, the second technological innovation surpasses the first 
technological innovation after the sixteenth iteration, and surpasses the first technological 
innovation after the seventh iteration in scenario 4. 

5. CONCLUSIONS 

This paper attempts to investigate the diffusion process of the supply chain collaborative 
technological innovation to provide practical insight and guidelines for the technological 
innovation in China. An agent-based model of collaborative supply chain technological 
innovation including the supplier agents, manufacture agents and customer agents is 
established in this paper, and the simulation experiments in terms of two kinds of the 
competitive technology innovation diffusion process under four scenarios are done. 
      When the manufacture is going to make the collaborative technological innovation with 
the suppliers in the supply chain, it is essential to do the related research about the 
competitive innovations in the current market, and find out the diffusion path, which could 
help the manufacture to launch or adopt a technological innovation at the right time. 
      When the company is going to promote a new product or technology, it should not only 
consider the advertising investment, but also synthesize each kind of situation and affect 
factors. Only in this way, the company could become competitive, even at the later stage of 
the diffusion process. In addition, the supply chain collaborative supply chain technological 
innovation diffusion is different from the traditional technology innovation diffusion, because 
the relationship between suppliers and manufacturers has important influence on diffusion 
speed and efficiency. Therefore, it is essential to improve the coordination among the supply 
chain companies to better promote the supply chain collaborative technological innovation 
diffusion. 
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