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Abstract 

 

Agent-based technology, a new approach for managing the supply chain at the tactical 

and operational levels, has emerged in recent years. It views a supply chain as one 

composed of a series of intelligent (software) agents, who are responsible for one or 

more activities and interacting with other related agents in planning and executing their 

expected goals. The agent-based technology has many beneficial features for 

autonomous, collaborative, and intelligent systems in distributed environments, which 

make it one of the best candidates for managing complex supply chains. 

 

Increasing pressures from customers for prompt deliveries and greater product variety at 

lower prices have impacted all entities of the supply chain ----- the net work of 

organizations from raw material suppliers to manufacturers and distributors of finished 

goods. In response, manufacturing firms are moving towards collaborative fulfillment, 

partnering closely with other firms both upstream and downstream in the apparel supply 

chain to meet market needs. As these strategic alliances grow, firms have come to 

recognize the importance of proper negotiation to establish the terms of collaboration 

and interaction with partners, and of effective coordination activities and decisions, in 

lowering costs and in improving service.  

 

Automating negotiation as much as possible is a critical and challenging research 

problem. Solving this problem can benefit several areas of interest: electronic commerce, 

supply chain management, manufacturing resource planning and scheduling, distributed 

artificial intelligence, and multi-agent collaborative systems. This thesis presents 

methodologies and techniques needed for conducting automated negotiations along the 

apparel supply chain.  

 

The thesis identifies the problem of incorrect communication among supply chain 

partners, the unbalance between production capacity and the product due date and the 

effects of bid/offer price on supply chain cost.  To illustrate the decision process, the 

problems that cover three stages-----source, make and delivery-----of the apparel supply 

chain, featuring inter-functional relationship within customer, merchandiser, 

manufacturer and supplier are presented. 
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After reviewing the literature about the supply chain management, the relevant models 

and the application of agent technology in supply chain, in this research, the potential use 

of agent technology in the apparel supply chain has been explored. The knowledge flow 

through the supply chain processes has been depicted by unified modeling language 

(UML). The general research methodology adopted for investigating the application of 

agent technology in decision making in the negotiation process in the apparel supply 

chain has been specified.  

 

In this research, agent technology is used to facilitate decision making in negotiation 

procedure among merchandisers, manufacturers, suppliers and customers so as to 

enhance the coordination in the apparel supply chain.  

 

A simulation model based on Java platform is developed to emulate the interaction and 

communication of agents representing different partners in the apparel supply chain. The 

system describes the overall communication of agents in the apparel supply chain and 

represents a range of supply chain situations. To specify the negotiation process, another 

simulation model based on the software ZEUS® is built to display the negotiation 

procedure.  

 

Based on the agent-based negotiation model, an optimized negotiation model has been 

developed. To study and compare different negotiation strategies, the optimized 

negotiation model is proposed to have two negotiators involved, namely the manufacture 

agent and the supplier agent. Delivery date and price are considered as two major 

negotiation issues in this model. Three negotiation strategies with artificial algorithms 

are embedded into the optimization model. The first is the linear method which is 

considered as the basic operating method. The second is a two-phase negotiation strategy 

based on simulated annealing (SA) and genetic algorithm (GA) which has been 

developed to decrease the production cost and achieve better profit. The last is a genetic 

simulated annealing algorithm (GSAA) which integrates the advantage of GA and SA 

has been proposed to optimize the searching method to find a more accurate point. These 

algorithms are embedded into the optimized simulation model to improve the negotiation 

performance. In addition, a mathematical decision model have been built to support the 

decision requirements of the determination on price and delivery date and to assist 
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obtaining an optimal due date and bargain price so that mutual profit can be maximized 

and supply chain cost minimized.  

 

Evaluation was achieved by comparison of different negotiation strategies adopting SA, 

GA and GSAA so that the optimal and ideal result can be verified. Industrial data was 

utilized to prove the feasibility of the agent-based negotiation model.  

 

For this purpose, a simulation-based optimization model for negotiation strategy in the 

apparel supply chain was proposed. It considers both supply chain cost mainly from 

production cost and inventory cost and the constraints of the manufacturers’ production 

capacity. This simulation based-optimization model consists of two main parts, namely, 

the model for simulating the supply chain negotiation and the optimization model with 

intelligent algorithms for searching optimal negotiation strategies. All the models 

identify new decision problems in collaborative supply chains and provide novel solution 

approaches to solve the decision problems in negotiation effectively.  

 

On the whole, the simulation model was developed to explore the integration of artificial 

intelligence with human negotiation, probe on the improvement of negotiation strategy 

with optimized algorithms and study the effect of negotiation strategy (price, delivery 

date) on supply chain cost, mutual profit and production balance in an agent-based 

apparel supply chain.  
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Chapter 1 

Introduction 

 

1.1  An Overview of Negotiation Strategies in Agent-based Apparel Supply 

Chain 

 

“Supply chain management” (SCM), which refers to the integrated management of a 

network of entities, that starts with the suppliers’ suppliers and ends with the customers’ 

customers, for the production and delivery of goods and services to the final consumers 

(Lee and Ng, 1997), has, in recent years, been receiving increasing attention from 

academics, consultants and operational managers. According to SCM, companies do not 

seek to achieve cost reductions or profit improvements at the expense of their supply 

chain partners, but rather seek to make the supply chain more competitive as a whole 

(Romano and Vinelli, 2001). 

 

Recently the issue of managing efficient supply chains has raised considerable interest. 

Supply chain management is an integrated management approach which executes the 

responsibility of logistics plan, production schedule, decision making and overall control 

from the suppliers to the final customers along the chain.  

 

In earlier stages, the major task of SCM might probably be the management of storage 

and transportation as people laid more emphasis on the balance of quick delivery and the 

expense of production and storage. Nowadays with increasing globalization, the 

competition among enterprises has been the competition among supply chains. Thus 

supply chain management is facing more challenges rather than repertory management. 

Typically, the supply chain members follow different goals and possess different 

information. Therefore, to increase the supply chain’s total utility, the main concern of 

supply chain management is coordination. The coordination has been one of the 

important tasks in supply chain management.  

 

With the development of transnational enterprises and multinational trade, supply chains 

expand as they involve more partners, even in different area. For example, a South Korea 
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apparel company may have its cotton and yarn supplied in Thailand, its product 

produced in mainland China and zip and button provided from Japan. The management 

of a supply chain accordingly seems to be difficult as it needs to coordinate the complex 

communication among customers, companies, factories, raw material suppliers and all 

the other related partners. The negotiation mechanism is an important means of supply 

chain coordination and effective communication.  

 

Most apparel companies are scrambling these days to squeeze extra profit out of every 

single business transaction. They are already operating at maximum efficiency, doing 

more with less, and doing it faster than ever before. However, another obvious area to 

enhance profit potential is in the negotiation process. The negotiation between members 

of the supply chain is the basic and dispensable part of supply chain management, and 

the members of the supply chain cannot collaborate with each other without negotiation.  

Negotiation is a widely accepted practice when conducting business. According to Pruitt 

(1981), negotiation can be defined as “the process by which a joint decision is made by 

two or more parties. The parties first verbalize contradictory demands and then move 

towards agreement by a process of concession making or search for new alternatives.” 

With the advancement of computer and information technologies, automated negotiation 

has become an important research topic in several areas: supply chain management 

(SCM), manufacturing and resource planning (MRP), distributed artificial intelligence 

(DAI), and multi-agent system (MAS). DAI and MAS use negotiation to coordinate 

intelligent agents to complete designated tasks. MRP uses negotiation as a dynamic and 

efficient mechanism to generate and execute manufacturing plans. SCM uses negotiation 

to establish a dynamic and profitable coalition for resource supplying and product 

delivery. 

 

Another main application area that can benefit from automated negotiation is Internet-

based electronic commerce (E-Commerce). In complex, non-electronic business 

transactions, individual consumers and companies want to negotiate price, delivery date, 

quality of goods and services and other purchase conditions. Traditionally, negotiations 

are conducted by people involved in business transactions. 

 

The apparel enterprises are facing an environment featured with increasingly fierce 

market competition, uncertainty, individualization of customer demand, speedy 
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development of hi-tech, short product life cycle, complex product structure, short 

production lead time and frequent style change. The apparel companies in HK take an 

important role of bridge between western and Asia countries due to its special 

geographical location. As an intermediate, the HK apparel companies need to negotiate 

with supply chain partners of different areas. Effective communication and negotiation 

strategies save human time, reduce decision delay and improve efficiency of supply 

chain operation. Therefore, negotiation strategy becomes the focus of not only the 

industry people but researchers as well. 

 

Agent technology, a new approach for managing the supply chain at the tactical and 

operational levels, has emerged. It views a supply chain as one composed of a series of 

intelligent (software) agents, who are responsible for one or more activities and 

interacting with other related agents in planning and executing their expected goals. As 

agent technology has the beneficial features of intelligence, mobility and autonomy to 

deal with large amount of knowledge in the apparel supply chain, agent-based 

simulations have also been developed to model processes in the apparel industry.  

 

Besides, agent approaches can particularly easily be introduced to support human 

activity, since human organizations can be considered themselves as inherently agent 

oriented. In particular, the use of an agent approach helps to reduce considerably the 

impedance mismatch between information systems, and the human organization that 

these systems support. Agent technology is suitable for distributed systems such as 

supply chains, especially suitable to be applied in negotiation process as negotiation 

involves people most and agents just have that certain feature of imitating human being. 

 

The agent-based negotiation between enterprises is an important part of the supply chain 

management. First, the key constituent is analyzed in the supply chain management from 

multi-agent and single agent’s perspective. Then, a general negotiation model according 

to negotiation features of the supply chain is presented. In the model, we design a 

flexible protocol and analyze the agent’s decision model. 

 

However the decision-making process is inherently complex in a supply chain. The 

reason is that supply chain problems are often very complicated and intricate owing to 

the interactions between the parties, the length of the supply chain, the lead time of 
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manufacturing and shipping, the complexities of modeling the individual parties, the 

stochastic nature of the demands. Few analytical models exist to represent real-world 

problems occurring in the supply chain.  

 

In such instances, one alternative form of modeling supply chain is simulation. In 

simulation models, one can represent many realistic features. It offers a comprehensive 

methodology by considering the strategic, tactical, and operational elements with much 

more details than any other approaches do. The development of simulation models to 

understand issues of supply chain decision-making has gained importance in recent years 

(Shapiro 2001; Yao et al 2002; Simchi-Levi et al 2003; Umeda et al 2006).  

 

In the apparel industry, the simulation model has been used extensively in handling 

assembly line (Whitaker 1973) , modular manufacturing systems (Wang et al 1991), and 

issues relating to mass production sewing lines (Tyler 1989). Some studies in the 

literature relevant to the simulation model in the apparel supply chain, which were 

initiated at the North Carolina State University (NCSU), targeted the simulation of the  

supply chain, along with the development of QR in the mid 1980s (Hunter et al., 1996). 

Most of these simulation models are focused on evaluating the performance of QR 

strategy adopted in the apparel supply chain and the improvement observed, while little 

has been done on investigating the supply chain communication and negotiation system.  

 

With the advent of the Internet and networking technology, more and more powerful 

software tools are being designed and engineered to bolster e-commerce activities. One 

of the most popular e-commerce activities is online trading of goods and services 

through Internet auctions. By implementing software agents to work for human users, a 

variety of tasks such as buying and selling products over the Internet and notification of 

transaction can be partially automated. 

 

According to Guttman et al. (1998), it was noted that there are extant software agents for 

supporting e-commerce activities such as product brokering, merchant brokering and 

negotiation. While Sim and Chan (1999) have addressed issues of product and merchant 

brokering, this research plans to focus on agent-based automated negotiation. 

Negotiation is a difficult and time consuming process as trading parties often does not 
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reach a consensus rapidly and easily. To partially automate a trading process, this 

research plans to explore the use of agents for negotiating deals on humans’ behalf. 

 

In this research, an automated negotiation environment is designed and established to 

facilitate decision making among trading agents during trading process to achieve better 

user satisfaction. 

 

Negotiation stage determines the trading terms of the transaction and therefore it directly 

affects the degree of satisfaction of the consumer in the transaction. As negotiation can 

be considered as difficult and time consuming process for trading parties to reach a 

consensus rapidly and easily, development of agent-based negotiation systems has been a 

popular research area in recent years. In the literature, there are different agent-based 

negotiation systems employing different negotiation protocol and different agent 

decision strategies for negotiation such as AuctionBot (Wurman et al., 1998), Kasbah 

(Chavez, Maes, and Kasbah, 1996) and Tete-a-Tete (Guttman and Maes, 1998). The 

main contribution of this research aims to design and implement a multi-agent system for 

bolstering automated negotiation. Issues of interest include the design of the agent 

communication framework in a supply chain, the architecture of various types of agents 

in an apparel supply chain, the formulation of mathematical model to evaluate 

negotiation results and the decision strategy to accept or to make counter offers/bids. 

 

In this research, the negotiation strategy between manufacturers and suppliers is 

discussed through analyzing the systematic framework of the negotiation between the 

manufacturer agent and the supplier agent. The decision mechanism of manufacturers 

and suppliers in the negotiation are described respectively. The Agent technology is 

applied to the negotiation system, and related application examples are also presented. 

 

1.2  Objectives 

 

The research plans to explore the use of agents for negotiating deals on humans’ behalf 

to automate the time consuming negotiation process. The agents help human users to 

make optimal trading decision on price and due date. In this research, an agent-based 
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simulation model is proposed to simulate the negotiation process of an apparel supply 

chain under dynamic environment. 

 

Specifically, the objectives of this research are to:  

1) Develop a simulation model for multi-agent communication system in the apparel 

supply chain.  

2) Formulate a mathematical model for the supply chain agents to make negotiation 

decisions so as to minimize supply chain cost and to balance production capacity. 

3) Examine the relationship of knowledge management with communication system in 

an agent-based apparel supply chain.  

3) Develop an agent-based negotiation model for the apparel supply chain with 

negotiation strategies embedded in so as to obtain optimal negotiation decisions and 

improve efficiency.   

4) Gain a better understanding and insight of the impact of different negotiation issues in 

terms of price, due date, quantity etc. on the performance of negotiation decisions. 

5) Develop a genetic simulated annealing algorithm for negotiation strategy on price and 

delivery date in order to decrease supply chain cost and obtain a win-win situation for the 

negotiators. 

 

1.3  Methodology 

 

As negotiation process is quite complex in the apparel supply chain, the optimization 

negotiation model is focused on two major negotiators, the manufacturer and the supplier. 

The manufacturer agent procures the apparel raw material or apparel component from the 

supplier agent and discusses with him mainly about price and delivery date. In this 

research, the search space for the problem is a combination of these negotiation issues, 

including product due date and accepted price.  

 

To fulfill the research objectives, a simulation optimization model for the agent-based 

apparel supply chain is developed in this research. The following are the steps used to 

establish and evaluate the proposed model. 

 



 7 

Firstly, an agent-based simulation model is established based on JAVA to describe the 

communication flow along the apparel supply. Supply chain members are represented by 

multi-agents. The main purpose of the model is to explore how agents coordinate in a 

distributed environment and investigate whether agent technology is suitable for 

application in supply chain management. Based on this model, it is found that 

negotiation is an important part in supply chain communication system. Therefore, a 

negotiation model is built based on the software ZEUS® to imitate human negotiation by 

agents and analyze the performance of the negotiation process with agents in the apparel 

supply chain.  

 

Secondly, the agent-based simulation model is extended to a simulation-based 

optimization model searching for an optimal solution for decision makers to implement 

negotiation rules and optimize the resources engaged in the apparel supply chain. The 

optimization model is aimed to study the relationship of negotiation issues (price, 

delivery date and quantity) with supply chain performance (cost, production capacity) in 

an agent-based apparel supply chain. Mathematical models are built to verify this 

relationship and to assist the simulation model. This optimization model is composed of 

two major parts, namely a two-phase negotiation strategy with simulated annealing (SA) 

and genetic algorithm (GA) model and a genetic simulated annealing algorithm (GSAA) 

embedded optimization model. The simulation model developed in the first stage is 

employed to find optimal due-date by SA and price by GA so that mutual satisfaction 

can be achieved. The second stage is GSAA which combines the merits of both GA and 

SA. It is promoted to search for the optimized values of negotiation strategy in the 

apparel supply chain simulation model to optimize some supply chain performance, in 

other words, minimize supply chain cost, balance the production capacity of the 

manufacturer and increase mutual benefit. The optimization algorithm GSAA, as a newly 

developed algorithm, is employed in negotiation strategy in this research to generate an 

optimal negotiation solution for decision makers so that the efficiency of negotiation 

process can be improved in the apparel supply chain. 

 

Meanwhile, evaluation of the performance of the negotiation strategy is complex. 

Despite that there are various existing intelligent algorithms, GSAA offers an efficient 

searching technique suitable for large combinatorial problems and can converge to an 

optimal point, and is capable of connecting with a simulation model to evaluate the 
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performance of the possible solutions to the optimization problem. GSAA is a 

combination of GA and SA, and to some extent, more optimal than any one of them. 

However, GSAA is seldom thought to be applied in recent research on supply chain 

management. That is why GSAA is selected as the explored optimization algorithm in 

the proposed model. 

 

To validate the optimization of the proposed GSAA-based negotiation strategy used in 

the simulation model, two other algorithms, linear method, a two phase negotiation 

strategy with GA and SA have also been investigated as well. Comparisons of these 

algorithms are presented to demonstrate the reason why GSAA is adopted in the 

negotiation strategy and the unique benefit of GSAA-based negotiation strategy. 

Validation of the whole simulation-based optimization model is undertaken by 

comparing the performance of the proposed optimization model with that of the 

industrial practice.  

 

In the last part of this research, full factorial experimentation is conducted based on the 

proposed optimization model for the agent-based negotiation strategy. The results of the 

analyses will show the implications on negotiation strategy of different intelligent 

algorithms for both academic research and industrial processes.  

 

1.4  Significance of this Research 

 

While research in the area of optimization of supply chain process receives increasing 

attention, in-depth studies on efficiency improvement of negotiation strategy of the 

apparel supply chain adopting the agent-based technology are limited. The contributions 

of this study are discussed as follows:  

 

The first significant contribution of this study is to broaden the investigation and enrich 

our understanding on the agent-based apparel supply chain, both from the perspective of 

the academic research and industrial practice.  

 

Past studies in the apparel supply chain have mainly focused on QR strategy and 

inventory control. Negotiation process has not been given enough attention in supply 
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chain management as it involves too much human factor thus leads to the difficulty in 

imitation of real negotiation procedure.  

 

People seldom think of improving supply chain efficiency from the aspect of improving 

negotiation performance. However, effective negotiation strategies can contribute to the 

overall efficiency of the supply chain as well. This research studies the improvement of 

negotiation strategy of the multi-echelon agent-based apparel supply chain which has not 

been addressed. The practice of the participants in the multi-echelon apparel supply 

chain (including customers, merchandisers, manufacturers and suppliers) is investigated. 

The benefits of the suppliers, the manufacturers and the customers are considered. The 

new optimization model proposed in this study is capable of seeking for the optimal 

negotiation decision and thus the optimal balance between the delivery date required by 

the customers and production capacity maintained by the manufacturers.  

 

In the apparel industry, agent technology has not been employed long enough especially 

in the application of negotiation process. One of the obstacles that the apparel companies 

involved in negotiation encounter is the imbalance of their production capacity and cost. 

The optimization model based on agent technology with intelligent algorithms developed 

in this research could provide one effective solution to this problem.  

 

From the perspective of the research methodology, simulation, fuzzy theory and genetic 

simulated annealing algorithm are engaged in the optimization model for the agent-based 

apparel supply chain. The synergistic effect of these three methods on the optimization 

of the performance of the agent-based apparel supply chain is demonstrated in the 

optimization model. These optimization algorithms are capable of improving the 

negotiation performance of the multi-echelon agent-based apparel supply chain. 

  

This research also furthers the existing SCM research by strengthening the understanding 

of negotiation strategy adoption in the apparel industry. With full factorial experiments 

conducted using the simulation-based optimization model developed in this research, an 

investigation on the factors that may affect the performance of the agent-based 

negotiation strategy is made. Suggestions on the negotiation strategy to improve the 

performance of the whole supply chain will be given based on the results of the 

experiments. 
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1.5  Structure of this Research 

 

The remaining part of this research is organized as follows: Chapter 2 is a literature 

review on previous studies related to apparel SCM that forms the framework for the 

research. An overview of supply chain management, the introduction of agent 

technology and the application of agents in supply chains are provided as the basis of this 

research. Simulation model as a research method to model the supply chain negotiation 

process as well as optimized algorithms applied in the negotiation are given. Chapter 3 

presents the literature review on the modeling approaches adopted in the area of supply 

chain management.  Previous application of these approaches has been provided. Chapter 

4 explains the methodology employed in this study. Three steps including the 

development of a simulation model, optimization of the negotiation decision as well as 

the evaluation of the effect of different algorithms applied in the negotiation strategy on 

performance of the apparel supply chain are illustrated. Techniques involved in the 

model, including simulation, simulation-based optimization, fuzzy theory, GA, SA and 

GSAA are described. This chapter also introduces the application of agent technology in 

the communication system of the apparel supply chain. Chapter 5 illustrates the behavior 

of the agents in the apparel supply chain process and standardizes the agent 

communication with UML. A simulation model of agent communication system of the 

apparel supply chain is developed in Chapter 5. Chapter 6 provides the agent-based 

negotiation model based on the platform of ZEUS. Negotiation processes initiating from 

the customer to the supplier have been described. This chapter also introduces the 

procedures of the design and implementation of the agent-based negotiation model 

whose purpose is to generate appropriate negotiation strategies on price and due-date in 

order to build a win-win situation for the negotiators in the apparel industry. The 

simulation model to emulate the negotiation process in the agent-based apparel supply 

chain has been proposed as well. Chapter 7 integrates the algorithms into the simulation 

model in order to search for an optimal negotiation decision to satisfy the customer needs 

and minimize the supply chain cost. With consideration of the constraints of production 

capacity, delivery date and supply chain cost, negotiation strategies using different 

algorithms are formulated to optimize the supply chain negotiation in terms of 

production balance of manufacturers and customer satisfaction and mutual acceptance of 

the price. Three methods which are linear method, genetic algorithm and genetic 



 11 

simulated annealing algorithm are presented in this chapter. Comparisons of these three 

methods were made to demonstrate the optimization of the genetic simulated annealing 

method embedded in the negotiation strategy. Experiment to evaluate the negotiation 

result with proposed genetic simulated annealing algorithm was conducted based on real 

data from the apparel industry. The chapter also evaluates the impact of the three 

algorithms on the negotiation result of the supply chain using the simulation-based 

optimization model. The last chapter (Chapter 8) summarizes the findings of this study, 

the contributions, the limitations and recommendations for future research.  
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Chapter 2 

Literature Review of Supply Chain Management 

 

This chapter reviews previous studies of the apparel supply chain management (SCM). It 

consists of sections that report on previous studies on apparel supply chain management 

to explore meaningful concept for this research. The first section pertains to SCM in 

apparel industry. After providing an overview of research in apparel SCM, major 

problems in the supply chain are reviewed and the related technologies are provided. 

Agent technology which has the advantage of autonomy, intelligence, sociality and 

activity is presented as one of the latest technologies used in supply chains. The second 

section is focused on the simulation model, as one research method, in supply chains. 

After providing a general introduction of the simulation model in decision making in 

supply chains, the chapter moves on to agent application in negotiation-based models. 

The research gap is identified in the summary of the review at the end of this chapter.   

 

2.1 Supply Chain Management (SCM) in the Apparel Industry 

 

This section covers SCM in the apparel industry. The general overview of the apparel 

supply chain is first reviewed. After that, the uncertainties in the apparel supply chain are 

presented. A review on the supply chain simulation model which is capable of 

investigating the dynamic apparel supply chain is given in the last part of this section. 

 

2.1.1 Research Background 

 

Today’s textile and apparel industries are still making a significant contribution to many 

national economies both in the developing and developed world (Abernathy et al., 2004). 

In 2003, international trade in textile and apparel industries reached US$395 billion, 

representing 5.4% of world trade, and it has been growing faster than world trade as a 

whole (Singhal et al., 2004).  

 

However, the textile and apparel supply chain-from fiber to retail- is experiencing 

deflationary price trends, making cost reduction the key to survival (Sood et al., 2004). It 
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is due to three main trends since the new millennium. Firstly, consumers are becoming 

more demanding, but are also more value driven. They are sometimes whimsical and 

their demand is unpredictable. Secondly, the industrial structure is changing. Mega-

retailers and mega-brands are emerging, and their growth is accelerating. Their 

expanding global reach is putting increased pressure on local traditional textile and 

apparel retailers, as well as on traditional supply channels. Thirdly, international textile 

and apparel trade became quota-free on January 1, 2005- at least in the case of trade 

between members of the WTO. Apparently, sourcing will occur from the most 

competitive countries in terms of cost, quality and productivity. For suppliers, the ability 

to offer a full package service, from product development to delivery to smooth the 

operations of the supply chain, is critical to increase their competitive advantages. The 

above trends are having a profound impact on how and where textiles and apparel are 

produced, and how the supply chain is managed. No longer will firms compete against 

each other individually but rather they will compete with their respective supply chains 

(Schorr, 1998). The competition of different supply chain in textile and apparel 

industries will be even more intense, and managing the whole supply chain together by 

all participants is no doubtfully an essential prerequisite for the competition. 

 

2.1.2 Definitions of Supply Chain Management 

 

“Supply chain management”(SCM), which refers to the integrated management of a 

network of entities, that starts with the suppliers’ suppliers and ends with the customers’ 

customers, for the production and delivery of goods and services to the final consumers 

(Lee and Ng, 1997), has, in recent years, been receiving increasing attention  from 

academics, consultants and operational managers. According to SCM, companies do not 

seek to achieve cost reductions or profit improvements at the expense of their supply 

chain partners, but rather seek to make the supply chain more competitive as whole 

(Romano and Vinelli, 2001). 

 

There is little dispute that the concept of SCM, first appeared in the early 1980s has been 

an area of importance since then (Oliver et al. 1982; Houlihan, 1985; Jones et al, 1985). 

Due to the way the concept of supply chain has been developed, the definition of SCM 

lacks universal acceptance (Croom et al., 2000). Many definitions have been used to 



 14 

describe this topic. Stevens (1989) described SCM as a “connected series of activities 

which is concerned with planning, coordinating and controlling materials, parts, and 

finished goods from supplier to customer. It is concerned with two distinct flows 

(material and information) through the organization. ” Oliver et al (1982), Cooper et al. 

(1993) and Chandra et al. (2001a) defined SCM as a single entity governed by strategic 

decision making. Their focus was on the integration, rather than on the interfaces in 

SCM. Some authors and practitioners from other disciplines highlighted an increasing 

dependence on relationships with suppliers (Sabel et al., 1987; Slack 1991; Harland, 

1996). Still other scholars defined the SCM as strategic management of inter-business 

networks. For instance, Christopher (1992) defined SCM as the management of “the 

network of organizations that are involved, through upstream and downstream linkage, in 

the different processes and activities that produce value in the form of products and 

services in the hands of the ultimate consumer.” Table 2-1 shows some definitions of 

supply chain management.  

 

Table 2-1 Definitions of supply chain management 

Authors  Definition  

Alber and 
Walker 
(1997)  

“The global network used to deliver products and services from raw 
materials to end customers through an engineered flow of information 
and physical distribution.”  

Cooper et al 
(1993)  

“An integrative philosophy to manage the total flow of a distribution 
channel from the supplier to the ultimate user…greater coordination of 
business processes and activities…across the entire channel and not just 
between a few channel pairs.”  

(Chandra 
and Kumar, 
2001)  

“A society (a network of members, termed a group) formed by 
autonomous entities (and their systems) by bonding together to solve a 
common problem.”  

Lee & Ng 
(1997)  

“A network of entities that starts with the suppliers’ supplier and ends 
with the customers’ customer via the production and delivery of goods 
and services.”  

Simchi-Levi 
et al (2001)  

“A set of approaches utilized to efficiently integrate suppliers, 
manufacturers, warehouses, and stores, so that merchandise is produced 
and distributed at the right quantities, to the right locations, and at the 
right time, in order to minimize system wide costs while satisfying 
service level requirement.”  

 
From the above definitions, we can conclude that Supply Chain Management 

encompasses the planning and management of all activities involved in sourcing, 

procurement, conversion, and logistics management activities. Importantly, it also 

includes coordination and collaboration with channel partners, which can be suppliers, 
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intermediaries, third-party service providers, and customers. Supply chain management 

is the process of planning, implementing, and controlling the operations of the supply 

chain with the purpose to satisfy customer requirements as efficiently as possible. Thus 

the process coordination is important. 

 

2.1.3 Importance of SCM in Textile and Apparel Industry 

 

The term “supply chain management” was originally introduced by consultants in the 

early 1980s, and then analyzed by the academic community in the 1990s (Oliver and 

Webber, 1992).  

 

The philosophy of SCM has been practiced in the apparel under the label of Quick 

Response (QR) which was originally initiated by the need to reinforce the U. S. domestic 

apparel manufacturers’ competitive advantages against the global competition from low 

labor wage countries in the 1980’s (Dickerson, 1999). According to the definition by 

researchers, three key issues were required in implementing QR in apparel industry: 

communication of information between trading partners, reduction in lead time along the 

soft goods pipeline and consumer responsiveness.  

 

The textile and apparel industries are facing three main changes since the new 

millennium. The first one is consumers’ rigorous demand and rational consumption. The 

second one is the dominant status of mega-retailers and mega-brands. And the third one 

is the influence of quota-free in international trade. The three macro trends make SCM 

an essential prerequisite for the competition. On the other hand, as the final product of 

textile and apparel supply chain, fashion products are unique, dynamic, emotional and 

cyclical, which makes change the lifeblood of the fashion industry and the rate of the 

change in the apparel industry much faster than in other business (Stone, 1994). Because 

of the synergy SCM can generate, it has been given much attention by textile and apparel 

industries. 

 

2.1.4 SCM Research in Textile and Apparel Industry 
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The textile and apparel supply chain is complex. The supply chain is long with a large 

number of cross-country enterprises involved (Jones, 2002). Forza and Vinelli (1997) 

described the main participants in the textile-apparel supply chain. Consequently, careful 

management of the supply chain is required in order to reduce lead times and achieve 

quick responsive actions to changing market environments. 

 

The well known supply chain initiative in apparel industry was the quick response (QR) 

program (Lummus and Vokurka, 1999). Owing to intense competition in the world-wide 

textile and apparel industries, leaders in the US apparel industry formed the Crafted With 

Pride in the USA Council in 1984 (Kurt Salmon Associates, Inc.,1993). In 1985, Kurt 

Salmon Associates were commissioned to conduct a supply chain analysis. The results of 

the study showed the delivery time for the apparel supply chain, from raw material to 

consumer, was 66 weeks long. About 40 weeks of 66 weeks were spent in warehouses or 

in transit. The long supply chain resulted in undesirable losses of resource and lack of 

right products launched in right place at the right time. QR is a phenomenon or process 

of partnership where retailers and suppliers work together to respond more quickly to 

consumer needs by sharing information. Significant changes as a result of the study were 

the industry adoption of universal product codes (UPC) and a set of standards for 

electronic data interchange (EDI) between companies. Retailers began installing point of 

sale (POS) scanning systems to transfer sales information rapidly to distributors and 

manufactures. QR incorporates marketing information on promotion, discounts, and 

forecasts into the manufacturing and distribution plan. 

 

In recent years, there is still much research on QR. Forza and Vinelli (1997) underlined 

the importance of QR strategy in the textile and apparel industries and presented some 

considerations concerning the organizational, management and technological conditions 

necessary for its achievement. The support of information technologies was specially 

analyzed. Perry et al. (1999) described the processes that occurred as part of the 

Australian government funded QR program in the textiles, clothing and footwear 

industry. Birtwistle et al. (2003) surveyed fashion retailers in the UK about their 

implementation of QR. The study revealed that information technology is particularly 

important to the large, multiple “own brand” fashion retailers as it enables the various 

parties in the supply chain to communicate and to respond to demand. Yet, the results 

also indicated that retailers had not fully understood the benefits of implementing a QR 
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strategy and perceived it more often as a strategy for internal supply chain rather than an 

external supply chain strategy. 

 

In different stages of textile-apparel supply chain, more attention has been paid to 

garment manufactures. Au and Ho (2002) presented a business-to-business electronic 

commerce model for enabling SCM, using a leading clothing manufacture in Hong Kong 

as an illustrative case. Lee and Kincade (2003) found that US apparel manufacturer 

groups, based on their SCM activity levels, showed statistically differences in company 

characteristics including product fashion level, fabric supplier, deliveries, relationship 

with fabric suppliers and retail customers and relative size of retail customers. Bheda et 

al (2003) evaluated the productivity levels achieved by Indian apparel manufacturers vis-

a-vis their counterparts from the rest of the world. 

 

There also exist some gaps between theory and practice. For example, relationship 

management encompasses the management of the chain and the building of partnership 

between different parties within the chain. Througout the literature, collaborative 

relationships and partnerships are described as preferential situations, and as beneficial to 

all parties involved (Wong, 1999). However, in reality, it is questionable. The textile 

industry tends to be dominated at the end of the chain by large, powerful high-street 

retailers with multiple and often internationally dispersed outlets. Further back down the 

chain, the manufacturing sector of the industry consists of large numbers of small 

companies with a limited power. Although it may be argued that partnership agreements 

exist between these companies in the textile and apparel industries, it is questionable 

whether these are actually partnerships with benefits for all parties or whether they are a 

means by which the retailer sector is able to exert power over the smaller suppliers in 

order to push down prices. With the intensification of globalization and the quest to 

achieve greater profits through reduced purchase prices, the industries have moved away 

from partnership between organizations (Bruce et al., 2004).  

 

The apparel industry has a long supply chain from raw material suppliers (i.e. fiber 

manufacturers) to end-users (i.e. consumers) (Lee, 2000). As defined by Dickerson 

(2003), the major segments in the apparel supply chain are component suppliers, finished 

product suppliers and retail distributors. Component suppliers refer to fabric and yarn 

manufacturers. Finished product suppliers include apparel and accessories to the 
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consumers. A simplified definition of the apparel supply chain was given by Hammond 

(1993) that the apparel chain consists of fiber producers, textile manufacturers, apparel 

manufacturers, retailers, and consumers.  

 

A traditional company involved in the apparel supply chain runs its business as a 

separate entity, which may cause conflicts in the relationship with its partners. According 

to Hammond (1992), “there was very little coordination among the companies. Each 

segment built production schedules based on its own forecasting method, which may not 

accurately represent the actual demand”. The supply chain members would suffer from 

the long lead time and high level of inventory with consequent risks of obsolescence. In 

this case, the retailers would not maintain good relationship with their manufacturers. 

They may abuse their power to secure low prices by threatening their suppliers with 

order withdrawals (Aron, 1998).  

 

Today, the level of competition in the supply chain is much higher than before. Greater 

effort is placed on the improvement of product quality and shortening of lead time. The 

life cycle becomes shorter and shorter, and demand is more uncertain in growing 

numbers of product categories. Fill rates, inventory turns, products obsolescence and 

other topics in the apparel industry have received increasing attention by managers. 

 

The philosophy of SCM has been practiced in the apparel industry under the label of 

Quick Response (QR) which was originally initiated by the need to reinforce the US 

domestic apparel manufacturers’ competitive advantages against global competition from 

low labor wage countries in the 1980s. There are many definitions for QR. In the 

remaining part of this section, the review on apparel supply chain focuses on the 

definition and advantage of the QR strategy.  

 

One consolidation of the various definitions and descriptions is given by Lowson et al 

(1999): “QR is a state of responsiveness and flexibility in which an organization seeks to 

provide a highly diverse range of products and services to a customer/consumer in the 

exact quantity, variety and quality, and at the right time, place and price as dictated by 

real-time customer/consumer demand. QR provides the ability to make demand 

information driven decision at the last possible moment in time ensuring that diversity of 

offering is maximized and lead-times, expenditure, cost and inventory minimized. QR 
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places an emphasis upon flexibility and product velocity in order to meet the changing 

requirement of a highly competitive, volatile and dynamic marketplace. QR encompasses 

a strategy, structure culture and set of operational procedures aimed at integrating 

enterprises in a mutual network through rapid information transfer and profitable 

exchange of activity” 

 

Responding to customer’s tastes becomes important and dealing with variability in 

demand has been crucial to the manufacturers competing in the apparel supply chain. 

The apparel manufacturing industry in the US or EU after the industrial concentration 

changed from the high volume-low priced to the lower volume-higher priced garments 

for niche markets (Dickerson, 1999; Toni et al., 2000). 

 

For the high cost companies in the textile, apparel, and other consumer products 

industries, the time-based strategy of Quick Response (QR) has been proposed as a 

manufacturing management system to create a new advantage (Kincade et al., 1993).  

QR management of a variety of apparel manufacturers was investigated and the 

definition and organization were examined. QR was indicated as more than an inventory 

system or a rapid delivery system. After the survey of the US apparel manufacturers, the 

characteristics of apparel manufacturers that adopted QR strategy were studied. It was 

found that the size of operation and the type of retail customers were significantly related 

to the adoption of the QR strategy. (Ko and Kincade, 2000) evaluate the use of strategic-

type classifications in analyzing apparel firms and examine the relationship between the 

strategic type of firms and the usage of Quick Response (QR) technologies. 

Demographic characteristics of apparel manufacturers and the usage of QR technologies 

are also detailed. A random sample of 306 US apparel manufacturers, without location 

limitation, was selected and stratified by firm size and product category (Abernathy et al., 

2000).  

 

It describes how information technologies have reconfigured retailing and in turn the 

operation of a core US manufacturing industry, apparel. "Lean retailers" exchange point-

of-sales information with their suppliers and require them to replenish orders quickly 

based on actual sales. This shifts part of the risk arising from changing consumer tastes 

from retailers and onto suppliers. In response to this shift in risk, manufacturers must 

reshape planning methods, cost models, inventory practices, production operations, and 



 20 

sourcing strategies. They concluded that suppliers that adopt comprehensive changes to 

their manufacturing processes perform better along a number of dimensions compared to 

firms that have not. Rollins et al. (2003) developed a novel planning and control 

reference model for the UK apparel industry by considering the commercial environment 

with changing customer demand.   

 

Case studies of apparel organizations, in two broadly distinguishable market groups in 

South Korea have been conducted for this research. One of the case study organizations, 

company A, sells high fashion knit wear products manufactured by a foreign supplier 

and the other, company B, deals fashionable ladies wear supplied by 8 to 10 domestic 

apparel manufacturers. The study identifies common issues and differences between 

these dissimilar apparel companies in their respective supply chain systems. The analysis 

was conducted as a pre-cursor to simulation studies to investigate the effects of apparel 

supply chain control parameters on the relevant business performance. The predominant 

costs are the product cost and the outlet rent, both of which reflect the product volumes 

ordered. The forecast errors are high for both apparel companies. Therefore, improving 

the forecasting techniques should significantly reduce the costs and improve the profits. 

The data derived from the case studies can contribute new information on, the globalized 

supply chain study area, especially the approach to compare the international to domestic 

apparel entrepreneurs' activities/finances will be a useful guideline to compare relevant 

supply chain systems in other countries as well as in Korea (Park and Harlock, 2003). 

 

2.1.5 Technologies Adopted in Apparel Supply Chains 

Web Technology plays an important role in the success of apparel supply chain 

management. Even though the supply chain concept pre-dates the Internet, only through 

the use of web-based software and communication can it truly reaches its full potential. 

Before the Internet, companies were limited because they were not able to receive or to 

send updates, feedback, or other important information in a timely fashion. Additionally, 

companies were limited in their ability to work with global partners because of language 

barriers and time differences. Using the Internet to handle most of the elements involved 

in supply change management, including procurement and communication, makes the 

exchange of data and the running of the supply chain faster .  
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Artificial intelligence (AI) is the technique that tries to create systems that exhibit 

intelligence by incorporating some form of learning. In recent years, agent-based 

technology, a new approach for managing the supply chain at the tactical and operational 

levels, has emerged. It views a supply chain as one composed of a series of intelligent 

(software) agents, who are responsible for one or more activities and interacting with 

other related agents in planning and executing their expected goals. The agent-based   

technology has many beneficial features for autonomous, collaborative, and intelligent 

systems in distributed environments, which make it one of the best candidates for 

complex supply chain management (SCM). Expert systems also fall under the umbrella 

of artificial intelligence. These systems capture an expert’s knowledge in a database and 

use it to solve problems. Expert systems rely on an extensive database of knowledge, 

usually expressed as a set of rules. They can suggest alternative solutions that human 

decision maker has neither the time nor expertise to recognize in apparel supply chain. 

The neural network, major technique of AI, has the function of the human brain. One of 

the current trends in the development of neural networks is focused on the integration 

with other AI techniques to model complex problems in real industries (Lee 2006). 

Mathematical models and algorithms are the tools which can be used to determine 

potential solutions to problems. For example, these tools may generate the best set of 

locations for new warehouses, an efficient route for a truck to take, or an effective 

inventory policy for a retail store (Simchi-Levi et al 2004). Fuzzy mathematics has been 

applied in economics and finance (Buckley et al 2002). Fuzzy logic and modules could 

be incorporated to handle the uncertainty in an apparel supply chain. Genetic algorithms, 

based on the different parent selection criteria, have been newly applied in supply chain 

management.  A meta-heuristic approach based on a hybrid genetic algorithm has been 

adopted in some challenging issues like the coordination of just-in-time production and 

transportation in a network (Naso et al 2004). Chaos theory, the study of nonlinear 

dynamics, has also been developed to solve problems in dynamic environment, thus 

could be further researched in its potential use in apparel supply chains (Lee 2006). 

Some researchers agree that the biggest benefit technology has given to the supply chain 

concept is the ability for companies to collaborate. These collaborations are designed for 

the mutual benefit of all parties (Govil & Proth 2002). For example, a supplier of 

consumer goods may be linked up via the Internet to one of its distributors so that when 
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the supply gets too low an order for more of those goods can be placed automatically. In 

this way, the distributor never has to worry about running out of a product and 

disappointing customers and the supplier does not have to worry about maintaining a 

large inventory in expectation of demand. Similar systems have also been constructed to 

send out multiple requests to vendors when an order is placed. Collaborating this way 

makes better use of existing resources and paves the way for a larger profit margin on all 

sides of the equation.  

 

While technology brings apparel supply chain management many benefits, using 

technology to achieve those benefits does have two main drawbacks: one is resistance 

from vendors and the other is resistance from employees. Suppliers of goods are often 

hesitant to jump onboard because of the initial costs involved in setting up their own end 

of supply chain management system and because most vendors do not have a trusting 

relationship with their buyers. To overcome this obstacle, the strong relationship must be 

present and the seller needs to be able to see the profit potential on their end of the 

arrangement. Likewise, many employees have learned to develop a hate-hate relationship 

with new technology. After all, it costs them their jobs and often makes them feel that 

their work is more tedious or more complicated. Plus, software mistakes, which are 

inevitable at the beginning, may cause other employees to lose faith in the system 

altogether. Employees need to trust the system, the company, and their ability to use the 

program if they are going to adopt the supply chain management software. 

 

2.1.6 Problems and Implications for the Apparel Supply Chains in HK 

Though supply chains develop quickly in HK apparel companies, they have not been put 

to full use and problems exist due to the various market needs and the quick-changing 

fashion styles. Apparel supply chain management is faced with even more challenges 

than ever before. Thus, the renovation of information technology provides a competitive 

advantage to apparel supply chains. Without an integrated IT solution, apparel 

manufacturers will not be able to access updated information and conduct detailed 

analysis on the order status, materials used or customer profile. The main problems of 

the present apparel supply chains are listed and some implications are given by the 

researcher after a comprehensive study of supply chains. 
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Order processing 

 

One common problem in the Apparel Industry is that customers frequently request 

changes in quantity, size or other specifications in a sales contract. Such information may 

not be passed to the relevant divisions promptly and accurately, resulting in production 

delay or business loss. Integrated with e-commerce/business, apparel supply chains can 

overcome such problems. The Internet facilitates the data flow. Customer data and 

product style specified in a sales contract can be retrieved instantly from the system 

while the size/color breakdown can be calculated within seconds. Any changes in the 

contract will be updated and recorded in the system in real time. More importantly, each 

division will be notified of the changes automatically by email so that users are alerted 

and can take prompt actions.  

 

Costing analysis 

The importance of collecting data that reflect business to achieve competitive advantage 

is widely recognized now. Powerful systems for collecting data and managing it in large 

databases are in place in all large and mid-range companies (Chen et al., 2005). As the 

quantity of each order is getting smaller while the specifications are getting more 

complex, it becomes more difficult for apparel manufacturers to know which products 

are making or losing money. To better analyze the cost and profit margin, the computer 

system better provides functions for searching materials from the centralized database 

quickly. Data mining technology could be used. Data Mining is the process of extracting 

knowledge hidden from large volumes of raw data (Seifert, 2004). All relevant 

information will be retrieved immediately and the system will provide the recommended 

prices and suppliers for users to evaluate. Organizing the data is an extremely 

challenging activity and may require specialized database depending on the type of data. 

There are different types of databases like legacy databases, relational databases, object 

databases, data warehouses, data-marts and groupware databases. Among them, data 

warehouses are recommended as these databases combine data from other system 

databases to allow query by sophisticated analysis tools and they usually involve 

enterprise data and can hold extremely large amounts of data (Simchi-Levi et al, 2004). 

 

Production 
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To many apparel manufacturers, the production order is a tedious consolidation of the 

sample order and sales contract that requires double entry of data. By deploying web 

technologies (e.g. .NET) and data analysis software, the time to generate a production 

order is greatly reduced as the relevant information can be imported from the centralized 

database. Through data import and the automated calculation function, not only the users 

can save time but calculation errors in specifications or size/color breakdown can also be 

avoided. For better control, the system could have a built-in amendment function that 

allows users to track all the changes made throughout the production order's history. 

Material management 

 

Inventory management is the major part of material management. Managing inventory in 

complex supply chains is typically difficult and may have a significant impact on the 

customer service level and supply chain system wide cost. (Simchi-Levi et al 2004). 

Similar levels of inventory are sometimes held for volatile and non-volatile items. As the 

market response sometimes lags, the suitable time and quantity of replenishment still 

have not been satisfied properly in supply chain inventory. As each production order 

requires a wide variety of materials, apparel manufacturers need to manage the inventory 

effectively in order to minimize the production cost and lead time. Artificial intelligence 

like expert system or agent-based technology can be picked to combine with the 

computer system for they both have the ability of intelligence, self-learning, judging and 

reacting in a dynamic environment. Such IT systems could be designed to have the 

functions of detecting the inventory level of different apparel products (Bendiksen and 

Dreyer, 2003). To optimize the material purchase process, Intelligent Agents might have 

the functions of considering the different sizes, colors and quantities, and then 

recommending the appropriate suppliers and material prices. The multi-agent system can 

also check whether the inventory is in stock so that apparel manufacturers do not have to 

acquire excess material. It might also list the information (e.g. price, supplier) about 

recent purchase of similar material for reference.  

 

Order tracking 

 

Apparel manufacturers often have problems of tracking each order's progress. Intelligent 

agent, one important branch of agent technology, has the ability of autonomy and pro-
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activity which means agents can perceive their environment and respond timely and 

exhibit goal-directed behavior by taking the initiative (Wooldridge and Jennings 1995). 

By pre-defining check points in the computer system to monitor the order status, agents 

can be used to track the order's status, progress and take remedial action immediately if 

any problem occurs. Any changes in the contract will be updated and recorded in the 

system in real time. Control over delivery schedule does not only apply to internal 

operations but also to vendors and suppliers. The multi-agent system can be built in the 

production scheduling system (Cavalieri S. et al., 2000).  

 

Information sharing and coordination 

 

One issue many apparel companies are concerned is how information sharing between 

companies can be facilitated to improve the efficiency of supply chains. For example, 

sharing inventory levels of buyers helps predicting future demands more accurately, 

resulting in lower average inventory levels and higher service rates (Hyung and Sung 

2003). Through better information sharing, apparel supply chain managers can better 

understand their business so that they can expand the more profitable business and 

control the operations that have higher costs. Grid technology has been used and bridged 

with supply chain integration and coordination. The agent grid computing has emerged 

as an important research direction which bridges the agent technology and special 

application, and has the in-depth research value of usage in textile and apparel industry 

(Shi et al., 2006). 

 

Connectivity 

 

Cross-border communication will definitely be increased because of web development. 

Connectivity is a key issue when adopting an IT solution as apparel manufacturers are 

operating in multiple locations (Sarkis J., Talluri S., 2004). Under a thin client 

architecture and advanced data compression technology, the IT solution does not require 

high bandwidth for data transmission. Virtual supply chains especially take effect with 

the development of virtual technology through the Internet. Cross-border communication 

via the Internet can hence be achieved more efficiently and at a lower cost. An agent-

based apparel supply chain system might also be proposed which involves various 

emerging technologies with the distinct feature of the ability to cope with unexpected 



 26 

changes (Mele et al., 2007). It adapts the changes of environment dynamically. This 

system may allow supply chain members to communicate through the Internet and 

perform real-time information sharing. 

 

Decision-making system 

 

Some apparel companies cannot respond quickly and make appropriate decisions due to 

the large uncertainty and dynamics in apparel industry. Intelligent agents could be used 

to assist in decision making, especially in real time decisions (Simchi-Levi et al. 2004, 

pp. 277). Agent-based simulations have also been developed model decision-making 

process in apparel industry. Consumer traits, preferences, constraints on purchase 

decisions and apparel products could be modeled to offer the apparel executive a tool for 

exploring consumer response to proposed apparel products and scenarios based on 

specification of the target consumer and the characteristics of the product (Zhang.T. and 

Zhang D., 2007). Results may show the probability of purchase under various conditions. 

This approach could be used to perfect the supplier/consumer relationship by increasing 

responsiveness to consumers (Brannon et al. 2002).  

 

2.2 Simulation Model in Decision Making in Supply Chains 

 

In simulation models, many realistic features can be represented. A simulation model 

offers a comprehensive methodology by considering the strategic, tactical, and 

operational elements with much more details than any other approaches do. The 

development of simulation models to understand issues of supply chain decision making 

has gained importance in recent years (Shapiro, 2001; Simchi-Levi et al., 2003). 

 

2.2.1 Decision Making Models in Supply Chains 

 

Simulation models in supply chain management were largely applied in inventory 

control. Researches have been made on the decisions of VMI system of the apparel 

supply chain. The market forecasting and inventory management components of a 

Vendor Managed Inventory (VMI) decision support system (DSS) have been described 

and how this system was implemented by a major apparel manufacturer and over 30 of 
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its retail partners. The DSS also helped the vendor and retailers arrive at jointly agreed 

upon customer service level and inventory turnover targets. Customer service levels 

improved dramatically, often coupled with a significant improvement in inventory 

turnover. (Achabal et al., 2000) 

 

Because of the inherent complexity of the decision-making process in the supply chains, 

past studies on supply chain focused on modeling methodologies. Shapiro (2001) defined 

two types of mathematical models in SCM, namely descriptive models and normative 

models. Descriptive models were those “developed to better understand the functional 

relationships in the company and the outside world”, which included forecasting models, 

cost relationships, resource utilization relationships and simulation models. Normative 

models were those developed to help managers make better decisions, which was also 

termed as “optimization models”. Biswas et al. (2004) broadly classified the quantitative 

models of supply chain into optimization models, analytical performance models, and 

simulation models. In Truong (2002), the supply chain modeling methodology was 

categorized into six groups. They were linear programming-mixed integer programming, 

stochastic programming, network based approach, agent-based approach, discrete event 

simulation and system dynamic model.  

 

Some models discussed above, such as analytical performance models, are high 

abstraction models for business processes under simplifying assumptions. Other models 

such as linear programming-mixed integer programming are widely used in the 

optimization of supply chain control systems. However linear programming-mixed 

integer programming approaches suffer from some pitfalls that limit their application to 

the design of supply chains. The size and complexity of a typical supply chain can 

involve a huge number of variables and constraints. The assumption of linearity may not 

hold.  

 

In most of these models, because of complexity, stochastic relations and so on, not all 

real world problems can be represented adequately. Attempts to use analytical models for 

such systems usually require many simplified assumptions and the solutions are likely to 

be inferior or inadequate for implementation. Often, in such instances, one alternative 

form of modeling and analysis available to the decision maker is simulation. 
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In the apparel supply chain, a number of research initiatives at the North Carolina State 

University (NCSU) applied the simulation model as a consequence of the development 

of QR in the mid 1980s. These simulation models focused mainly on integrating 

domestic resources for achieving QR in the West.  

 

A computer model is described that simulates the seasonal apparel-retailing process.  The 

model is stochastic in nature and is designed to allow the investigation of the effects of 

improved retailing procedures on financial and other performance measures.  Its 

principal value lies in the evaluation of Quick Response (QR) supply methodologies that 

allow frequent re-estimations of consumer demand and reorders of merchandise based on 

in-season point-of-sale (Pechoucek et al.) data at the stock-keeping-unit (SKU) level 

(Nuttle et al., 1991). 

 

Hewitt et al. (1991) analyzed the US textile-apparel pipeline by comparing the traditional 

practice with QR. They examined the issues relating to various modes of supply chain 

through case study.  

 

A novel apparel-supply system was described compatible with Quick Response retailing 

of apparel with a finite shelf life. The system was driven by a retail point-of-sale 

procedure, which regularly re-estimates customer demand and generates frequent 

reorders on the manufacturer and fabric supplier. The system was shown to come close 

to perfect supply over a range of operating conditions and thus allow greatly improved 

retail performance when compared with traditional retailing procedures (Hunter et al., 

1992). 

 

A stochastic computer-simulation model was used to quantify the retail-performance 

characteristics of traditional and quick-response (QR) procedures for seasonal and 

fashion apparel, The model allowed exploration of the underlying differences between 

the two systems, including patterns of stock-out, the impact of markdowns, and buyer-

forecast error, as well as the limitations on QR effectiveness imposed by season length 

and the number of items offered per stock-keeping unit (SKU) (Hunter et al., 1996). 

 

A useful insight into managerial decision making can be found from simulation of 

business systems. New technologies like multi-Agents have been applied in the supply 



 29 

chain management. Allwood and Lee (2005) proposed a new agent for the study of 

competitive supply chain network dynamics. The novel features of the agent include the 

ability to select between competing vendors, distribute orders preferentially among many 

customers, manage production and inventory, and determine price based on competitive 

behaviour. The agent will be of use for a broad range of studies on the long-run effect of 

management decisions on their network of suppliers and customers (Allwood and Lee, 

2005). 

 

The simulation model is extended to include the textile industry in the apparel supply 

chain. Segments of the supply pipeline such as spinning, yarn dyeing, knitting, weaving, 

dyeing and finishing were programmed using a stochastic simulation model. This 

modeling allows senior management to answer broad questions about the plants' ability 

to operate in a quick response (QR) environment (Nuttle et al., 2000b).  An improved 

scheduling method and the construction of neural-network decision surface models are 

developed as a decision support tool. Research has also been done to explore the use of 

fuzzy mathematics to model the uncertainty and vagueness inherent in most supply-chain 

decision-making. (Nuttle et al., 2000a). 

 

Some models and methodologies were thought to manage capacity, inventory, and 

shipments for an assortment of retail products produced by multiple vendors. The 

vendors differ in lead times, costs, and production flexibility. Product demand is 

uncertain and fluctuates over time. The optimization model was developed to choose the 

production commitments that maximize the retailer's expected gross profit, given 

demand forecasts and vendors' capacity and flexibility constraints. The model has been 

incorporated into a decision support system, developed in collaboration with supply 

chain planners at a global retailer of seasonal and fashion merchandise (Agrawal et al., 

2002). 

 

There is a complex, dynamic and highly competitive market for the textile and clothing 

industries in developed countries. Yeh and Yang (2003) constructed original and 

postponed garment dyeing cost models and used practical parameter data to simulate 

various situations, and then analyzes the differences and relations between the two cost 

models. The cost evaluation model provides a strategy and the basis for feasible 
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judgment in evaluating dyeing postponement for the textile and clothing industries in 

garment supply chain management (Yeh and Yang, 2003). 

 

Supply chain flexibility has significant potential and needs a greater research attention. 

Dynamic supply chain management requires integrated decision-making amongst 

autonomous chain partners with effective decision information synchronization amongst 

them. By employing decision flexibility and the associated dynamic control amongst 

autonomous supply chain nodes, many improvements are possible. A simulation model 

of a dynamic supply chain is used to advance the knowledge of dynamic control on 

effective flexibility exploitation. In this model each supply chain node involves decision-

making. Based on the order and sample information available from the immediate buyers 

or customers, the supplier selection decisions are dynamically made. A seemingly good 

decision at a stage based on local information often ends up as detrimental not only to 

the total chain cost, but also to the total costs of the node itself. These observations are 

important for the designers and managers of the flexible supply chain systems to arrive at 

appropriate types and a judicious level of flexibility to attain significant improvements in 

total cost reduction. The modeling of dynamic supply chains with a focus on flexibility 

can offer enormous potential to the industry (Wadhwa et al., 2008). 

 

The simulation of interaction between customers and suppliers in a three-tier supply 

chain system has been investigated. In such a simulation, customers respond to the price 

discount offer made by the supplier and the supplier makes adjusts the price according to 

stock held. The simulation shows that the behaviour of such interaction exhibits 

deterministic chaos.  

 

2.2.2 Negotiation Strategy in Supply Chains 

  

Models have been developed on an optimal pricing and replenishment policies in a 

"leagile" (lean and agile) supply chain system for a single vendor and multiple buyers. A 

pricing strategy with price reduction is incorporated to entice the buyers to accept the 

minimum total cost integrated system. Negotiation factors are incorporated to balance 

the cost saving between the players. The price reduction mechanism is a mutual 
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beneficial strategic partnership between the vendor and the buyers (Wee and Yang, 

2007). 

 

Negotiation usually occurs in between enterprises. Thus a replicable, Internet-based 

negotiation server was developed for conducting bargaining-type negotiations between 

enterprises involved in e-commerce and e-business. Enterprises can be buyers and sellers 

of products/services or participants of a complex supply chain engaged in purchasing, 

planning, and scheduling. Each enterprise can select a trusted negotiation server to 

represent his/her interests. Web-based GUI tools are used during the build-time 

registration process to specify the requirements, constraints, and rules that represent 

negotiation policies and strategies. A cost-benefit analysis component is used to perform 

quantitative analysis of alternatives. (Su et al., 2001). 

 

Bullwhip effect is a critical problem in the supply chain. Research has been done to show 

if a centralized operation can eliminate the bullwhip effect and reduce total cost. Some of 

this reduction can also be achieved with decentralized negotiation schemes. Their 

performance is evaluated under different modes of probabilistic supplier behavior. 

(Ouyanga and Daganzo, 2006). 

 

In supply chain, a cell's agenda might be in conflict with supply requests within the 

network. The resolution of such conflicts requires a negotiation between client and 

supplier to harmonize their individual interests. A software agent was proposed to 

conduct an automated negotiation in the context of non-hierarchical production networks 

in order to assist the human decision-maker and accelerate the harmonization. The agent 

can perform an integrative negotiation about multiple interdependent properties of the 

supply contract, such as price, volume and delivery date. The agent model is flexible 

enough to be applied in supply scenarios requiring the negotiation of contracts (Neubert 

et al., 2004). 

 

In an integrated inventory model, the way to allocate the cost savings to buyers and 

vendors is critical to the success of the joint relationship between both sides. An 

algorithm is presented to resolve the allocation of cost savings in the integration model. 

The coefficient of negotiation is adopted to determine the compromise between the 
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buyer's and vendor's cost savings. the buyer and vendor can achieve an acceptable 

compromise solution for both sides in the supply chain management with such models 

(Chen and Kang, 2007). 

 

The mechanism design problem of supply chain formation-the problem of negotiation 

mechanisms was addressed to coordinate the buying and selling of goods in multiple 

markets across a supply chain. As effective negotiation strategies can be difficult to 

design for supply chains, some researches are focus on incentive-compatible auctions 

(Neubert et al.), in which the agents' dominant strategy is to simply report their private 

information truthfully. The auctions produce higher efficiency for a broader class of 

supply chains than any other incentive-compatible, individually rational (IR), and 

budget-balanced (BB) auction we are aware of (Babaioff and Walsh, 2005). 

 

Agent technology has been applied in the negotiation model in the supply chain. The 

multi-agent negotiation mechanism was added to enhance the existing methods to solve 

the distributed constraint satisfaction problem in the coordination of order fulfillment 

process. (Lin and Lin, 2006).  

 

As an exercise in agent-based software engineering, Ulieru and Cobzaru (2005) proposes 

a holonic model for the domain of supply chain management with agents registered on a 

domain to find each other, access the knowledge base, communicate and negotiate with 

other agents. Agents are interacting through a price system embedded into specific 

protocols. The negotiation on prices is made possible by the implementation of an XML 

rule-based system that is also flexible in terms of configuration and can provide portable 

data across networks (Ulieru and Cobzaru, 2005). 

Multi-agent computational environments are suitable for dealing with a broad class of 

coordination and negotiation issues involving multiple autonomous or semiautonomous 

problem solving agents. Jiao et al. (2006) applied the multi-agent system paradigm to 

collaborative negotiation in a global manufacturing supply chain network. An agent-

based multi-contract negotiation system was proposed for global manufacturing supply 

chain coordination (Jiao et al., 2006). 
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Negotiation strategy was also used in production scheduling with the combination of 

agent-based approach in supply chains. A negotiation-based algorithm was proposed for 

solving distributed project scheduling problem (DPSP). This new algorithm not only 

acknowledged and accommodated the autonomy and independence of individual 

enterprises in making decisions in the entire supply chain, but also takes advantage of 

limited information shared among them to improve the quality and efficiency. Its 

emphasis is how to improve the convergence and quality of the solution by taking 

advantage of inter-enterprise information sharing especially the sharing of schedule 

flexibility information (SFI). (Lau et al., 2005). 

 

Automated negotiation mechanism has been concentrated in contract manufacturing 

supply chains (Hsieh, 2005). In agent-mediated electronic markets, an agent may 

delegate part of the assigned tasks to other agents to achieve business objectives via 

establishment of contracts. Time and cost are two significant factors to be negotiated in 

contracts. Hsieh (2005) proposed a framework to model the negotiation processes in 

contract manufacturing, analyze the feasibility of the contracts and optimize contract 

awarding based on the proposed model. 

 

The effect of trust mechanisms on supply-chain performance was examined in order to 

help net-enabled organizations select suppliers. Trust mechanisms with negotiation were 

proposed, and a multi-agent simulation platform was used to evaluate their supply-chain 

performance in respect to order quantity (Lin et al., 2005). 

 

The problem of negotiation mechanisms was addressed to coordinate the buying and 

selling of goods in multiple markets across a supply chain. However, effective 

negotiation strategies were difficult to design for supply chains.  Incentive-compatible 

(IC) auctions were designed, in which the agents' dominant strategy is to simply report 

their private information truthfully. (Babaioff and Walsh, 2005). 

 

Non-hierarchical production networks are created by forming a co-operation of small 

autonomous manufacturing units, so called competence cells. The cell's autonomy in the 

network model allows each cell to pursue its own agenda of production tasks. Thus a 

cell's agenda might be in conflict with supply requests within the network. The resolution 
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of such conflicts requires a negotiation between client and supplier to harmonise their 

individual interests. 

 

The use of a multi-agent model can implement vertical and lateral coordination among 

the components of a non-centralized distribution chain. A model, which was developed 

to coordinate the supplier and the retailer with the help of the negotiation among agents, 

was applied to a real two-level distribution system of an electromechanical company, 

made up of a supplier and a geographically distributed network of retailers. (Cavalieri et 

al., 2003). 

 

Neubert et al. (2004) demonstrated that their agent model was flexible enough to be 

applied in supply scenarios requiring the negotiation of contracts. A software agent was 

proposed to conduct an automated negotiation in order to assist the human decision-

maker and accelerate the harmonization. The agent can perform an integrative 

negotiation about multiple interdependent properties of the supply contract, such as price, 

volume and delivery date. The negotiation protocol follows the offer-counteroffer 

principle and an adaptive offer generation strategy (Neubert et al., 2004). 

 

2.2.3 Summary 

 

Having received the literature of the relevant topics, the following remarks that inspire 

this research were derived.  

 

The apparel supply chain has received considerable attention, along with the 

development of the QR strategy. Most of the past research studies in the apparel supply 

chain were focused on a certain problem in supply chain process to improve the overall 

efficiency. However, less notice has been given to the part of effect of human decision 

making in supply chains.  In the apparel supply chain, negotiation among customers, 

merchandisers and suppliers takes time and decision delay usually exists in such process 

due to incomplete information and the bidding period in negotiation. Decision delay is a 

problem that has been neglected in the apparel supply chain. Agents with embedded 

negotiation strategy can consider related factors comprehensively and are effective in 

assisting human being to make decisions efficiently during negotiation.  
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Various studies on simulation models in the apparel supply chain were reviewed. It was 

noted that a simulation model could provide a comprehensive supply chain modeling 

method with much more details than any other approaches do. However, these 

simulation models focused mainly on evaluating the performance of the QR strategy 

adopted in the apparel supply chain and the improvement observed. Nowadays, 

merchandisers become important parts in the apparel supply chain. Merchandisers have 

to negotiate with suppliers and customers on price, time and other apparel specification. 

Decisions should be made immediately when large amounts of orders come during 

seasonal period. Merchandiser’s negotiation with suppliers and customers on price 

setting and reorder strategy affect the efficiency of the supply chain management. The 

decision delay can be reduced by developing an agent-based simulation model embedded 

with negotiation strategies. The proposed simulation model provides a tool for 

merchandisers, suppliers and customers to negotiate with each other based on agents’ 

interaction. If the agents cannot achieve agreement, the human being will involve then. 

Thus the simulation reduces the decision delay, eases the human operation and saves 

time for merchandisers during order peak time.   

 

The benefit of multi-agent has been widely reported with its application in supply chain 

management. The merchandiser takes the responsibility for the decisions such as 

determining the price and the lead time when negotiating with the customers and the 

suppliers. Decision delay affects the efficiency of the supply chain. Decision delay exists 

in each supply chain process and is inevitable. However, if it could be reduced, the 

efficiency of the supply chain would be improved. Research on searching for optimal 

negotiation strategy for apparel merchandisers to reduce the decision delay of the supply 

chain was limited. Thus, the current exploratory research is undertaken in order to 

empirically examine and optimize the negotiation strategy in the agent-based apparel 

supply chain. 
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Chapter 3 

Literature Review of the Modeling Approaches in SCM 

The previous chapter gives the literature review of the background of the research. 

However, some modeling approaches are adopted to simulate the communication and 

negotiation process of the apparel supply chain in this research. Methods and artificial 

algorithms are used to improve the decision making performance in the agent-based 

negotiation environment. Thus, this chapter presents the review of these methods and 

algorithms used in the research.  

 

3.1 Agent Technology 

 

There has not yet been a universally accepted definition of agent yet, but most 

researchers agree that notionally, it should be a computer system or a program 

characterized by three leading properties: autonomy, social ability and reactivity 

(Verdicchio M. and Colombetti M. 2002). 

   

A. Advantages of agents 

 

Generally speaking, agents are active, persistent (software) components with the abilities 

of perceiving, reasoning, acting and communicating (Fung and Chen,2005). Their 

advantages are listed as follows: 

    1) Agency ability: They can represent the work or task of users, integrate and pack 

resources needed and instruct users to visit them. 

    2) Intelligence: They understand the information requirement of users, catch the 

interest and hobbies of users, infer or guess the intention of users. 

    3) Autonomy: They can also individually make plans of complex operation in a 

dynamic environment, and independently discover and extract useful resources and 

services. In addition, they can solve problems without the intervention of users. 

    4) Mobility: Agents can easily visit all kinds of resources through the Internet, and 

consult and cooperate with other agents. 

B.  Intelligent agent 
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The Intelligent agent is one major branch of the agent theory. It has the properties of 

autonomy, social ability, reactivity and pro-activeness (Wooldridge M. and Jennings N., 

1995), which can be defined to distinguish it from other types of software applications.  

Intelligent agents usually have the ability of catching and manipulating the knowledge 

sensitively, to reason, learning new information, and communicating fluently. Given the 

above properties, the recent applications for intelligent agents are most related to 

electronic commerce, business management, planning and scheduling.  

 

C.  Multi-agent system 

Agents cannot exist in a single environment; they have to communicate with each other 

and operate together. Thus more functional and effective multi-agent systems began to 

develop quickly (Hendler., 1999).The multi-agent system can address and share 

problems which are too large for a centralized single agent and provide solutions to 

inherently distributed problems like workflow management (Hayzelden and J.Bigham, 

1999).The multi-agent system contains a number of simple task agents which utilize the 

service of other agents to perform tasks and achieve complicated goals (Payne et al., 

2002).  

D.  Application of agent technology in Apparel Supply Chain Management (ASCM) 

 

In recent years, agent and multi-agent system (MAS), which are rooted in DAI 

(distributed artificial intelligent), have become a powerful and wide-spread paradigm for 

developing complex systems (Smathers and Goldsmith, 2001). Successful applications of 

multi-agent system have been introduced to achieve common goals with collective 

agents communicating and working cooperatively (Huhns and Singh, 1998).  

 

Agent-based simulations have also been developed to model the decision-making 

process in the apparel industry. Consumer traits, preferences, constraints on purchase 

decisions and apparel products could be modeled to offer the apparel executive a tool for 

exploring consumer response (Brannon, 2000). Research has also been done on agent-

based supply chain integration & coordination (SCIC) and its application on business 

including apparel product transaction (Liu and Wang, 2003).  
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However, as for the apparel industry, application of agent technology still has yet to be 

explored. The next section explains the potential use of agent technology in the 

communication system in the apparel industry. 

 

3.2 Brief Introduction of Agent Communication System 

 

Negotiation between agents is based on certain agent communication mechanism. Before 

we talk about negotiation, we need to have the basic knowledge of agent communication 

and set up the communication framework for the agent-based apparel supply chain. A 

fundamental characteristic of multi-agent systems is that individual agents communicate 

and interact. This is accomplished through the exchange of messages and, to understand 

each other. It is crucial that the agents agree on the format and semantics of these 

messages. 

The Foundation for Intelligent Physical Agents (FIPA) is a body for developing and 

setting computer software standards for heterogeneous and interacting agents and agent-

based systems. FIPA was founded as a Swiss not-for-profit organization in 1996 with the 

ambitious goal of defining a full set of standards for both implementing systems within 

which agents could execute (agent platforms) and specifying how agents themselves 

should communicate and interact. 

There are two most popularly-used standards for agent communication, Agent 

Communication Language (ACL) and Knowledge Query and Manipulation Language 

(KQML).  

To make agents understand each other they have to not only speak the same language, 

but also have a common ontology. Ontology is a part of the agent's knowledge base that 

describes what kind of things an agent can deal with and how they are related to each 

other. 

JADE, which is the most widely used agent software, follows FIPA standards so that 

ideally JADE agents could interact with agents written in other languages and running on 

other platforms. In JADE, messages adhere strictly to the ACL standard which allows 

several possibilities for the encoding of the actual content. In particular, JADE supports 

FIPA's semantic language, an encoding of concepts, actions and predicates.  
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There are many other systems using FIPA standard besides JADE. The Spyse agent 

platform, JACK, the April Agent Platform (AAP), ZEUS and the Fipa-OS agent platform 

(No longer actively developed).  

3.3 Simulation Model 

 

3.3.1 Brief Introduction of Simulation Model 

 

Simulation has been used as a tool for supporting performance analysis of manufacturing 

and logistics systems since the primary work of Tocher et al. (1960). The application 

examples are demonstrated in several publications such as Banks et al (2001), Brooks et 

al. (2001) and Yao et al. (2002). The strength of simulation is to enable users to observe 

and analyze the dynamic behavior in the target system, often different from mathematical 

programming methods. Simulation consists of building a representation of the real world 

and experimenting with it. The combination of model creation and experimentation 

enables designers and managers to “reproduce and to test different decision-making 

alternatives upon more possible foreseeable scenarios, in order to ascertain in advance 

the level of optimality an robustness of a given strategy” (Terzi et al 2004).  

 

3.3.2 Relevant Work of Simulation Model in SCM 

 

Since the entities involved in the supply chain has complex interactions while the 

demand from the customers is stochastic, supply chain problems are often very large and 

complex to be addressed in analytical models. Even a few analytical models exist; they 

are often based on limiting assumptions. A simulation model was thus selected to 

investigate the supply chain. 

 

The development of simulation models for understanding issues of supply chain decision 

making has gained importance in recent years. A vast amount of literature presented 

applications of simulation into real world specific cases. Here are some examples.  

 

In order to support designing SCM operations, generic simulation models were 

developed recently to represent business process activities in SCM (Schunk et al 2000; 
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Wyland et al 2000; Chan et al 2001; Truong 2002; Hung et al 2004; Chan et al 2005; 

Umeda et al 2006). A few simulation models were developed to improve supply chain 

dynamics such as uncertain demand and external supply of raw material with the 

presence of many supply chain players (Towill et al 1992; Petrovic et al 1998; Petrovic 

2001). Another group of studies in the literature reported the benefits of the simulation 

tool designed to do business consultation from practitioners’viewpoint (Bagchi et al 1998; 

Heita 1998; Ingalls et al 1999; Koks et al 2003; Lee et al 2000). 

 

Supply chain simulation has gained considerable attention and momentum in various 

industries. Some of the examples are electrical and communication equipment (Connor 

et al 1995; Persson et al 2002), food and related product (Vorst et al 2000; Weng et al 

2003), automotive parts and accessories (Waller 2005). Among them, textiles and 

apparel industry has been one of the most important branches (Nuttle et al 1991; Hunter 

et al 1992; Hunter et al 1996a; King et al 1996; Raman et al 2002). However the 

simulation model developed in the apparel industry mainly focused on integrating 

resources for achieving quick response and better communication.  Little information can 

be obtained about how the thousands of decisions in the apparel supply chain can be 

facilitated by the simulation model and how decision makers can benefit from these 

models. Few studies have concerned about a certain supply chain process like the 

merchandise process and the role of the merchandisers who have to face huge amounts of 

decisions are neglected. The overall efficiency can be improved with the improvement of 

the efficiency of the merchandisers.  

 

3.4 Knowledge Management (KM) 

 

3.4.1 Knowledge and Information 

 

Knowledge is often confused with information. However, they are different. Information 

generally includes facts, observations, sensations, and messages. Information is usually 

defined as organized data (Saint-Onge, 2002), data endowed with relevance and purpose 

(Drucker, 2001), interpreted data. Simply speaking, information is the content which 

informs our minds. 
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Accumulating information is of no use. Only useful information will be valuable to 

enterprises in the supply chain. That’s why we talk about knowledge. Knowledge is what 

our minds do with all the information, is processed and useful information. Knowledge is 

defined as the condition of knowing something gained through experience or the 

condition of apprehending truth or fact through reasoning (Bouthillier and Shearer, 2002). 

Namely, knowledge can only reside in one’s mind and is the result of human experience 

and reflection based on a set of beliefs that are at the same time individual and collective 

(Terra and Angeloni, 2005). 

 

3.4.2 KM in apparel supply chain 

 

The effective use of knowledge is a key component in every successful supply chain no 

matter what field or business function they may be in or what services the organization 

provides. Effective knowledge management enhances products, improves operational 

efficiency, speeds deployment, increases sales and profits, and creates customer 

satisfaction.  

 

By integrating knowledge management into the supply chain activities, the apparel firms 

can automate existing processes and reduce lead-time throughout the supply chain. They 

can enhance communication, collaboration, and corporation between knowledge teams 

(including virtual teams) using intranet technologies and between the organization and 

members of its external constituent organizations using extranet technologies 

(Sugumaran, 2002). 

 

Apparel supply chain and KM strategies should complement each other. Indeed, success 

in a competitive marketplace depends on the quality of knowledge that organizations 

apply to their key business processes.  

 

3.5 Fuzzy Theory 

 

3.5.1 Brief Introduction of Fuzzy Theory 
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The fuzzy concept was initiated by Zadeh (1965). The fuzzy set theory provides a strict 

mathematical framework in which vague conceptual phenomena can be precisely and 

rigorously studied. It can also be considered as a modeling language well suited for 

situation in which fuzzy relations, criteria and phenomena exist. Details of the fuzzy set 

theory and its application can be found in Taerno et al (1992), Klir et al (1988), and 

Zimmermann (2001).  

 

3.5.2 Relevant Work of Fuzzy Theory in SCM 

 

There were a number of studies applying the fuzzy set theory under uncertainty in SCM 

in the past. A series of relevant research can be found in Petrovic et al (1996, 1998, 1999, 

2001). The authors addressed uncertainties associated with customers’ demand, supply 

deliveries along the supply chain and external or market supply by vague and imprecise 

phrases. Petrovic et al (1996) applied the fuzzy set theory to models for the newsboy 

problem. Sources of uncertainties inherent in the external environment, namely customer 

demand and external supply of raw material, were also identified and modeled using the 

fuzzy concept (Petrovic et al., 1998). Interpreting and representing those uncertainties by 

fuzzy sets, a supply chain fuzzy model was developed to determine the order quantities 

at each inventory level in the supply chain (Petrovic et al. 1999). A special purpose 

simulation tool was developed to analyze the supply chain behavior and performance in 

the presence of uncertainty (Petrovic, 2001). Multi-criteria ranking of inventory 

replenishment policies was devised in the presence of uncertainty in customers’ demand 

(Petrovic et al., 2001).  

 

Some other researchers also addressed the uncertainties in the supply chain with fuzzy 

concepts. Vujosevic et al. (1996) considered the EOQ formulation with the impressively 

estimated inventory cost. Defining the imprecise parameters by fuzzy numbers, the 

approaches to determine the optimal order quantity in a fuzzy environment was 

developed. Giannoccaro et al (2003) presented a methodology to define a supply chain 

inventory management policy, which was based on the concept of echelon stock and 

fuzzy set theory. More recently, Wang et al. (2005) developed a fuzzy decision technique 

to determine the order-up-to level of SKUs in the supply chain to minimize the inventory 

cost and to fulfill the target fill rate of finished product (Wang et al. 2005). 
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In the textiles and apparel industry, little research has been conducted on the study of 

supply chain behavior and performance using fuzzy logics. Nuttle et al. (2001a, 2001b) 

proposed a soft computing guided simulation system to provide a vehicle for soft goods 

supply chain modeling, analysis, and optimization incorporating the uncertainties and 

impression inherent in real system. Fuzzy logic was employed into the simulation model 

so as to identify whether the specific management goals (such as “we want customer 

service to be HIGH and inventories to be LOW”) were obtained. In Fang et al. (2003), a 

mixed integer fuzzy linear programming model was established to allocate fuzzy ship 

capacity to meet customers’ specified due-dates in a textile supply chain. Here, the fuzzy 

set theory was engaged to model and capture the impression inherent in ‘ship capacity’ 

and the customers’ specified due-dates in terms of the tolerance level. 

 

However, most of the previous research concentrated on applying the fuzzy set theory to 

inventory control in SCM. Studies investigating the role of merchandisers and the 

decision making in a merchandise process in the supply chain are limited. 

 

3.6 GA 

 

3.6.1 Brief Introduction of GA 

 

GA is an evolutionary optimization approach which is an alternative to traditional 

optimization methods. GA is most appropriate for complex non-linear models where 

location of the global optimum is a difficult task. It may be possible to use GA 

techniques to consider problems which may not be modeled as accurately using other 

approaches. Therefore, GA appears to be a potentially useful approach. 

 

GA follows the concept of solution evolution by stochastically developing generations of 

solution populations using a given fitness statistic (for example, the objective function in 

mathematical programs). They are particularly applicable to problems which are large, 

non-linear and possibly discrete in nature, features that traditionally add to the degree of 

complexity of solution. Due to the probabilistic development of the solution, GA does 

not guarantee optimality even when it may be reached. However, they are likely to be 



 44 

close to the global optimum. This probabilistic nature of the solution is also the reason 

they are not contained by local optima. 

 

3.6.2 Relevant Work of GA in SCM 

 

Recently, some researchers successfully used GA on the optimization problems in SCM 

simulation models. The optimization using GA mainly focuses on two domains. One is 

the optimization of the performance of a system. For example, Dengiz et al. (1997) 

optimized an (s, S) periodic review inventory control system with stochastic lead time by 

GA. The result of the optimization with GA was compared with that of exhaustive search 

and random search method. It was reported that GA performed better than random search. 

Disney et al. (2000) described a procedure for optimizing the performance of an 

industrially-designed inventory controls. GA was designed to optimize the system 

performance via determining the weight of appropriate “benchmark” performance 

characteristics. Ding et al. (2004) proposed a simulation-based multi-objective 

optimization method for joint decision-making on strategic souring and inventory 

replenishment. A multi-objective genetic algorithm was developed to determine the 

optimal supplier portfolio and inventory control parameters in order to reach best 

compromise of the two conflicting criteria: costs and demand fill rate. 

 

Another group of research applied GA in the field of testing or fitting of quantitative 

models in SCM. For instance, Azadivar et al. (1999) proposed a simulation optimization 

method for optimizing the qualitative variables and the structure of a supply chain, such 

as the number of machines in a station or the in-process inventory. A GA method was 

suggested by the authors to continually generate the satisfactory solution to the selection 

of the structure of the model. It was reported that GA outperformed random search on 

three sample problems. GA also consistently achieved a larger fraction of the possible 

improvement at iteration. 

 

However there is no research on using GA in the optimization of the negotiation strategy 

in an agent-based apparel supply chain. 

3.7 SA 
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3.7.1 Brief Introduction of SA 

Simulated annealing (SA) is a generic probabilistic meta-algorithm for the global 

optimization problem, namely locating a good approximation to the global minimum of a 

given function in a large search space. It is often used when the search space is discrete 

(e.g., all tours that visit a given set of cities). For certain problems, simulated annealing 

may be more effective than exhaustive enumeration — provided that the goal is merely 

to find an acceptably good solution in a fixed amount of time, rather than the best 

possible solution. 

3.7.2 Relevant Work of SA in SCM 

 

SA, though widely used in recent supply chain research, has been applied in some 

aspects of supply chain management. SA based heuristic algorithms are presented to 

solve the parallel machine problem of synchronized scheduling of assembly and air 

transportation to achieve accurate delivery with minimized cost in consumer electronics 

supply chain (Li et al., 2008). A multi-echelon integrated just-in-time (JIT) inventory 

model with random delivery lead times for a serial supply chain in which members 

exchange information to jointly make purchase, production, and delivery decisions was 

proposed by some researchers. Accordingly, a proposed search method for finding the 

optimal solution and a simulated annealing algorithm used successfully to obtain a near-

optimal solution were developed (Chiu and Huang, 2003). Distribution network design 

problems, which are characterized by multiple product families, a central manufacturing 

plant site, multiple distribution center and cross-docking sites, and retail outlets 

(customer zones) which demand multiple units of several commodities have been 

addressed. The overall system generates globally feasible, near optimal distribution 

system design and utilization strategies utilizing the SA methodology. The computational 

performance under a variety of problem scenarios and SA control parameter settings has 

been systematically evaluated (Jayaraman and Ross, 2003). Extended factories consisting 

of geographically dispersed independent production facilities are already a reality in the 

global economy. Production facilities concentrate on core technologies and create partner 

networks for the manufacturing of their products. Simulated annealing and stepwise 

search procedures were used to improve plans and make-or-buy decision processes to 

solve resource constraints (Frederix, 2001). The problem of planning an incoming 
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customer order to be produced in a distributed (multi-site) and multi-stage production 

system has also been addressed by Azevedo and Sousa (2000). The problem is tackled in 

a hierarchical model, in two levels: a global network planning procedure, and a set of 

local capacity models associated to the different production units reflecting their 

particular features. An approach based on simulated annealing is presented, as well as a 

specially designed constructive heuristic that takes into account many of the real world 

constraints and complexities. The general performance of the simulated annealing 

algorithm is assessed through some preliminary computational experiments. (Azevedo 

and Sousa, 2000). Some studies are focused on a supply network problem where 

resource inputs are constrained to achieve performance goals for the reconfigured 

distribution system. Simulated annealing is applied for solving this reconfiguration 

problem. Computational results suggest that the simulated annealing heuristics generate 

near optimal solutions quickly and are well suited for evaluating supply network 

reconfiguration. Computational results also suggest that enhanced annealing heuristics 

proposed are better than the standard annealing approach. The supply network problem 

structure was exploited to achieve very good solution results (Ross, 2000). 

 

3.8 GSAA 

GA and SA described has is own strengths, because some good characteristics of GA and 

SA are maintained when combining GA and SA together. GSAA has been a newly 

developed algorithm in recent years. It integrates the benefit of both GA and SA. 

However, the algorithm has not been used in supply chain modeling till now. 

 

3.9 Summary 

 

This chapter introduced the approaches briefly and gave a review of their previous 

application in SCM. The related works for both the simulation-based optimization 

methodology and the techniques in SCM were reviewed. The chapter lays a basis for the 

next chapter where more details will be discussed including the reason why the modeling 

approaches are selected and how to use them.  

 

Chapter 4  
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Methodology 

 

The aim of this chapter is to specify the research strategy adopted for investigating the 

application of agent technology in decision making in communication system and 

negotiation process in the apparel supply chain. There are large amounts of decisions 

existing in the overall communication through the apparel supply chain. For example, 

merchandisers who communicate with customers, suppliers and production schedulers 

have to make decisions about quantity, time and price every day. In fashion industry, it is 

even thornier for people to make quick decisions especially in negotiation process as 

there are more uncertainties and dynamics due to the market change and customer 

demand variety. Thus, it is necessary to improve efficiency of the decision making cycle 

in communication and negotiation process in the apparel supply chain. The aims and 

objectives of this research, further refined from identified gaps in the literature, are used 

to shape the methodology of this chapter. 

 

4.1 Overview 

 

A mathematical model of optimal negotiation strategy for the apparel supply chain 

agents has been built and a simulation-based negotiation model of agents has been 

established in the apparel supply chain. The steps of the research on decision making in 

the agent-based apparel supply chain are illustrated as follows. 

 

Firstly, five apparel companies which are famous for their own features of supply chains 

are selected as the typical cases to study the different structure and characteristics of the 

apparel supply chain (appendix A). These cases are used as the basis for further 

formulation and development of negotiation model of the apparel supply chain. The 

similarities and differences are compared among these five apparel supply chains. Based 

on the comparison, we divide the supply chain management into five common processes 

for clear investigation of decision making in each process. From the five case studies, 

decisions are categorized and common decisions of each process in the apparel supply 

chain are summarized. Agent technology is used to facilitate the decision making in the 

supply chain management. Multi-agents are designed to represent the supply chain 

members and unified modeling language (UML) is applied to model the merchandise 
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and production schedule processes in the agent-based supply chain environment with the 

exhibition of the interaction and coordination of agents in the apparel supply chain. The 

architecture of web-based knowledge management in supply chain is provided and the 

knowledge sharing model in the apparel supply chain is built. 

 

Secondly, we focus on the decision making in the order and negotiation cycle in the 

merchandise process in order to reduce the decision delay and improve decision 

efficiency. Among the five processes, we find that most of the information and 

knowledge exist in the merchandise process as the merchandisers deal directly with the 

customers, the suppliers and the apparel data like color, size and style. The 

merchandisers have to face large amounts of decisions everyday and they need to make 

decisions, no matter important or slight, as quick as possible. In order to reduce the work 

of merchandisers and facilitate the decision making process, a simulation model was 

designed for the negotiation within merchandiser agent and supplier agent to realize an 

automatic communication. The development of the simulation was assisted by the 

software ZEUS. The apparel merchandisers also need to make order strategy. The market 

variety and the seasonality will all affect the reorder point and quantity. Therefore, 

intelligent algorithms like genetic algorithm (GA), simulated annealing (SA) and genetic 

simulated annealing algorithm (GSAA) was employed as the optimization algorithms in 

the model so as to generate an optimal combination of negotiation strategy on price and 

delivery date for the decision makers in the apparel supply chain to improve the 

performance of the apparel supply chain. Mathematical models are built and the model 

was assisted by the commercially available software Origin. The model was compared 

with that without using agent technology to verify the advantage.  

 

Finally, the research will be analyzed with the factors which influence the performance 

of the decision making. The analysis will be verified by the industrial expert and 

compared with the real practice in the industry. The results of the analysis will be 

expected to show implications on the decision making efficiency in the field of apparel 

merchandise for both academic research and industrial processes.  

4.2 Research Design 
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The section introduces the design of the whole research including the problem met in the 

apparel supply chain and the approaches used in the research. 

 

4.2.1 Research Problem 

 

Given the uncertainty of the global apparel supply chain, complexity and dynamics of 

communication among supply chain parties and the intricacy of the decision making in 

supply chain processes, the research problems fell into the realm of ‘how’ and ‘why’. 

People have to make thousands of decisions in different supply chain processes in time 

so that decision delay would occur due to any tiny pause or incorrect communication. 

Especially in the negotiation process, human interacts, responds and make decisions in a 

dynamic environment and sometimes can not consider comprehensively due to 

information explosion in the complicated apparel supply chain. Decisions, which belong 

to the scope of the tacit knowledge in the apparel supply chain, are human-involved and 

difficult to describe in a positivist way. Therefore, in this research, the methodologies for 

researching the decision-making in negotiation process adopted the simulation with 

mathematical formula with artificial algorithms as the major approach.  

 

The objectives of the research were therefore set as follows: 

 

To understand the needs and process of reengineering the supply chain communication 

system using IT and artificial intelligence (AI) 

 

To explore the use of agent technology in decision making, especially in negotiation 

process in the apparel supply chain. 

 

To identify the strategies adopted by well-known apparel supply chain companies to 

maintain competitiveness and to develop a communication model based on agent 

technology 

 

To have a better understanding of knowledge management and its difference from 

information management and build architecture and model in the apparel supply chain 

 



 50 

To model the knowledge flow and represent the coordination among supply chain 

partners in supply chain process with Agent UML 

 

To investigate the advantage of multi-agents in solving negotiation problems and 

reducing the decision delay 

 

To explore the feasibility of integration of intelligent algorithms with negotiation 

strategy in the proposed simulation model 

 

To understand the way in which apparel supply chain can make use of computer 

simulation to manage negotiation problems in global apparel supply chains  

 

To consolidate the findings of this research and identify new knowledge that can be 

added to existing theories 

 

Communication is thought to be the most difficult problem by many industrial people. 

To achieve objectives, computer simulations are built to emulate the communication 

system and negotiation process in the apparel supply chain so that coordination and 

efficiency could be achieved by adopting artificial intelligence. Multi-agents are 

developed to represent major supply chain members and consistent communication 

structure has been built so that overall cooperation can be obtained. Negotiation strategy 

employed in the simulation model is facilitated by intelligent algorithms. Related 

mathematical formulas about negotiation between the manufacturer agent and the 

supplier agent are created in order to minimize supply chain cost and expand mutual 

profit. 

 

4.2.2 Case-study Based Modeling 

 

The case study method is an approach to studying a social phenomenon through a 

thorough analysis of an individual case. The case may be a person, group, episode, 

process, community, society or any other unit of social life. It provides an opportunity 

for the intensive analysis of many specific details often overlooked by other methods. 

This approach rests on the assumption that the case being studied is typical of cases of a 
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certain type so that, through intensive analysis generalizations may be made that will be 

applicable to other cases of the same type. (Kumar, 2005)  

 

Several cases of characteristic apparel supply chains are selected as the basis of the 

simulation modeling and the operations performed by apparel enterprises were analyzed 

(Appendix A). They were also used to provide additional evidence to understand the 

strategic issues in the apparel supply chain processes especially in the decision making 

part. Simulation has been a powerful tool for decision-making and testing options. This 

research aims to use simulation to model the processes in the agent-based apparel supply 

chains to identify whether agent technology can facilitate the decision making process. 

  

4.2.3 Overview of Research Methodologies Using Quantitative Modeling 

 

Quantitative modeling has been the basis of most of the initial research in operations, 

labeled as operational research in Europe, and was also the basis of initial management 

consulting and operations research (OR) in the USA. Initially, quantitative modeling in 

operational research was oriented very much towards solving real-life problems in 

operations management (OM) rather than towards developing scientific knowledge. 

Especially in the USA, a strong academic research line in OR emerged in the 1960s, 

working on more idealized problems and thus building scientific knowledge in 

operations management. During that same period, however, much of this research lost its 

empirical foundations, and research methods have been primarily developed for these 

more or less theoretical research lines, leaving the more empirically-oriented research 

lines for more than 30 years in the blue with regard to research methodology. Recently, 

this tide has however turned, and the need to develop explanatory and predictive theory 

regarding operational processes and OM has become apparent. Articles have been 

published that formulate requirements for theory development in OM (Schmenner and 

Swink, 1998; Amundson, 1998; Wacker, 1998) or that try to connect the knowledge 

generated along the various research lines into a more general theoretical framework 

(Melnyk and Handfield, 1998a). 

 

Quantitative model based research can be classified as a rational knowledge generation 

approach (see Meredith et al., 1989). It is based on the assumption that we can build 



 52 

objective models that explain (part of) the behavior of real-life operational processes or 

that can capture (part of) the decision-making problems that are faced by managers in 

real-life operational processes. It is important to stress that the relationships between the 

variables are described as causal, meaning that it is explicitly recognized that a change of 

value in one variable will lead to a change of )(αf  in another variable. In other types of 

quantitative research, such as survey research, also relationships are defined between the 

variables that are under study. However, generally in survey research the range over 

which the variables vary is not always defined explicitly, and the relationship between 

the variables is usually not causal, and in most cases not quantitative. With ‘quantitative’ 

in this observation, the extent to which the dependent variable changes is quantitative 

when a specified change in the independent variable occurs. An important consequence 

of the fact that relationships are causal and quantitative is that the models can be used to 

predict the future state of the modeled processes rather than be restricted to explaining 

the observations made. Within the model, all claims are therefore unambiguous and 

verifiable. It is important to realize that this is not valid for claims that pertain to the 

world outside the model. For the world outside, unambiguous and verifiable predictions 

are very hard to make and this issue will be shown has hardly been addressed in the 

academic literature. As a consequence, there is a clear distinction between empirical 

quantitative modeling research and axiomatic quantitative modeling research (Bertrand 

and Fransoo,2002). 

 

4.2.4 Quantitative Research Using Simulation 

 

A slightly different approach is taken when the result is not obtained with mathematical 

analysis but with computer simulation. This technique is used in case the model or 

problem is too complex for formal mathematical analysis. This type of research generally 

leads to lower scientific quality results than research using mathematical analysis, but the 

scientific relevance of the process or problem studied may be much higher. This is 

because computer simulation can deal with a much wider variety of scientific models 

than can mathematical analysis. So the trade-off here often is between scientific 

relevance of the process or problem studied and scientific quality of the result. 
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Research that uses computer simulation requires a number of additional steps. A very 

important step in simulation research is the justification of the research method. Since 

the scientific quality of the results generally will be lower – rather than mathematical 

proofs, only results with some statistical significance can be reached, it is only justified 

to use this method if it can be shown that it is not possible to solve the problem in an 

analytical way. A well-known example here is use of computer simulation to test 

heuristic methods for solving combinatorial optimization problems. Articles that report 

on this research always contain a section in which it is demonstrated that the problem 

cannot be solved to optimality in polynomial time of the problem parameters. This is an 

accepted standard for justifying research on heuristics (Bertrand and Fransoo, 2002). 

 

4.3 Simulation Model 

 

Simulation models can provide a comprehensive supply chain modeling methodology 

considering the strategic, tactical and operational elements with much more details than 

any other approaches do. By using simulation techniques, the performance of a supply 

chain model can be evaluated extensively and can be quantified, which can avoid 

subjective decision making (Chan et al, 2005). In this research, a simulation model was 

designed for investigating the behavior of decision making in the apparel supply chain 

and develop a new method to evaluate the performance of the apparel supply chain.  

 

4.3.1 Overview of simulation model  

 

The important features included in a simulation model include “ability to experiment 

with the model by changing any part of it” and ability to collect a variety of statistics to 

measure the performance of the simulated system” (Brook et al, 2001). Its importance 

also lies in its ability to mimic the behavior of a real system through the creation of a 

model to represent the system and subsequent experimentation. Experimenting in real 

systems is seldom possible as it is both costly and time-consuming. However by 

experimenting with the confines of a model, important behavior and knowledge of a 

system can both be observed and learned. Simulation modeling therefore has the 

advantage of allowing the decision makers to test ideas in a virtual environment.  
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As stated in Pidd (1998), computer simulation involves experimentation on a computer-

based model of the real system. The model is used as a vehicle for experimentation, often 

in a “trial and error” way to demonstrate the likely effects of various policies. Thus, 

those which produce the best results in the model would be implemented in the real 

system. 

 

Sometimes these experiments may be quite sophisticated, involving the use of statistical 

design techniques. This is due to the aspects of the real system being modeled changing 

from occasion to the next in unpredictable ways. In other words, there is some inherent 

“random” behavior in the system such that a given situation does not always “play out” 

the same. These stochastic can be captured by computer simulation using the built-in 

statistical function. In most cases, the overall behavior of a variable characteristic in the 

long term can be described using a probability distribution. The simulation model can 

then simulate the characteristic by choosing a value at random from the distribution. The 

sampling of values at random from a distribution is done using random numbers (Brooks 

et al, 2001). 

 

4.3.2 Reasons for Using Simulation Model 

 

To solve the decision making problem and reduce decision delay in the negotiation 

process in the agent-based apparel supply chain, it is necessary to improve the efficiency 

of negotiation. Decisions exist in every process in the apparel supply chain especially in 

the negotiation processes. For example, the major job of a merchandiser is to process 

orders and to negotiate. They need to decide about the reorder point and the quantity in 

an uncertain environment, negotiate with customers and determine the price and due date 

about the apparel product. A manufacturer needs to negotiate with suppliers on the 

procurement as well. Any small communication problem will cause decision delay. The 

decision delay problems have become more complicated owing to the interactions 

between the entities, the length of the supply chain, the inaccurate or incomplete 

information and wait time. Furthermore, the apparel supply chain is facing a series of 

dynamics both internally and externally such as the fluctuating production capacity and 

stochastic nature of customers’ demand. These uncertain factors make the analyzing and 

evaluating of the supply chain performance more difficult. A powerful tool to help the 
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decision makers to save the time on the negotiation strategy and evaluate the outcomes 

of these decisions is simulation. 

 

A simulation model is capable of capturing complexities of real-world large-scale multi 

product, multi-echelon supply chain, presenting inherent features of activities in the 

apparel supply chain such as purchasing, manufacturing, inventory replenishment and 

order fulfillment. Simulation is a methodology that can be used to directly model the 

complexities of the entire supply chain without many assumptions. 

 

In the communication simulation model, the interactions between the individual factors 

are quite complicated. The merchandiser receives orders from the customer and gets the 

price specification. Then the merchandiser negotiates the price with different material 

supplier with consideration of the lead time and material quality. For instance, if the lead 

time can be agreed to a bit longer period, the price can be reduced within a certain range. 

The complex negotiation takes time in real life and the merchandisers have to determine 

the price of each material quickly.  With the negotiation strategy put into the simulation, 

the computers will replace the human being to negotiate with each first. If by any 

possibility the negotiation cannot achieve agreement within two parties, then the 

computer will inform the merchandisers to make decisions based on the computer 

negotiation. Therefore, the computer simulation saves time for negotiators and shortens 

the decision time.  

 

During negotiation, calculating price and delivery date are quite complicated since the 

production capacity must be balanced to a certain degree and the total supply chain cost 

should be also taken into consideration. In addition, the uncertain factors like seasonality 

and market change affects. To solve these problems, the decision makers should 

investigate not only the performance of an individual part, but also the system as a whole. 

Simulation is a tool that uses a system approach to tackle problems. The system approach 

of simulation is based on the fact that “even if each element or subsystem is optimized 

from a design or operational viewpoint, overall performance of the system may be 

suboptimal because of interactions among the parts” (Pegden et al 1995). With the 

simulation model, the significance of individual factors and the resultant consequences 

due to their interactions could be obtained.  
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4.4 Knowledge Management 

 

Apparel supply chain is complicated as there are lots of changes and dynamics in fashion 

industry. Apparel industry concerns varieties of information like color, size, style, raw 

material, customer demand, delivery time and even the feeling. Thus, to catch helpful 

information and use information effectively is important in an apparel supply chain. 

Knowledge management takes effect. When customer orders are received, merchandisers 

can share the information with other supply chain members through knowledge 

management network portal. In this way, they can easily get the information they want 

from the database instead of always stopping to consult others. Time is saved, cost is 

reduced and the overall efficiency will be improved. 

 

4.4.1 Knowledge Types  

 

Knowledge can be categorized according to two different standards. 

 

According to the knowledge holder, knowledge in the supply chain can be categorized 

into personal knowledge and collective knowledge. Personal knowledge is the basis of 

the existence of collective knowledge, while collective knowledge is not simply the 

accumulation of personal knowledge. Collective knowledge is the spread, share and 

creation of personal knowledge. 

 

According to the description of knowledge, knowledge in the supply chain can be 

classified to explicit knowledge and tacit knowledge. Explicit knowledge is data, reports, 

and procedures retained within an information technology system. Explicit knowledge 

can be read, arranged, saved and can exchange between different knowledge holders 

along the apparel supply chain. Tacit knowledge built on the personal experience, value, 

methodology and some other invisible elements is deeper experience, expertise, and 

know-how of the organization. This knowledge is undocumented and exists in the minds 

of employees (Yuva, 2002). Tacit knowledge is usually not easy to spread within 

different knowledge holders. Two examples of these two types of knowledge are listed 

as follows. 
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   Explicit supply management knowledge ---- For example, an apparel supply manager 

inputs the number of orders received each week into an information repository system. 

This data can be retrieved and explained explicitly to others in the apparel supply 

management department or organization. 

   Tacit supply management knowledge ---- For example, a retiring senior supply 

management executive demonstrates how to analyze various reports to forecast the next 

year’s inventory. Without sharing this knowledge with the supply management staff, the 

department may be unprepared to effectively gauge the inventory needs of the 

organization after the executive retires (Yuva, 2002). 

 

4.4.2 Overview of Knowledge Management 

 

Several studies have proposed definitions of KM. Newman defined knowledge 

management as ‘the collection of processes that govern the creation, dissemination, and 

utilization of knowledge’ (Newman, 2002). According to Newman, KM treats 

knowledge as a resource by exercising selectively, imposing priority on information 

resources, adding structure and categorizing the organization and formulation of ill-

structured information (such as insights, understanding and intuition of experts for 

solving specific problems) to increase its value, and proactively capturing information 

that might be useful in the future. According to O’Leary, knowledge management is a 

business concept, which includes concerted, coordinated, and deliberate efforts to 

manage the organization’s knowledge through the process of creating, structuring, 

disseminating, and applying it to enhance organizational performance (O’Leary, 1999). 

 

4.5 Fuzzy Theory  

 

As there are lots of dynamics such as the market change or the seasonality in the apparel 

industry, we should take the uncertain factors into consideration. When determining the 

optimal quantity for seasonal products, one of the tasks is to forecast the future 

popularity of the apparel products and the future customer demand, thus the feasible tool 

is using the fuzzy theory, one of the artificial intelligence (AI) techniques. 

 

4.5.1 Overview of Fuzzy Theory 
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   A fuzzy set is a set without a crisp, clearly defined boundary. It consists of 

characteristic function which allows various degrees of membership for the elements of a 

given set. If X  is a collection of objects denoted generically by x , then a fuzzy set A
~

 in 

X is a set of ordered pairs: 

A
~

= }{ Xxxx A ∈|))(,( µ  

)(xAµ  is the membership function or grade of membership of x  in A
~

 to the membership 

space. A fuzzy set A
~

 is characterized by its membership function )(xAµ , which maps 

each element of the universe X  to the interval [0,1] . )(xAµ  is a continuous function that 

indicates the degree to which each element belongs to the set. While a classical (crisp) 

set could be described using the member elements by using the member elements by 

using the characteristic function, in which 1 indicated membership and 0 indicates non-

membership, a fuzzy set could be represented using the membership function which is a 

continuous function with range [0,1]. 

 

In fuzzy logic, the propositions are fuzzy propositions which are represented by fuzzy 

sets. The ultimate objective of the fuzzy logic is to provide the foundations for 

approximate reasoning with imprecise propositions using the fuzzy set theory as the 

principal tool. This is analogous to the role of quantified predicate logic for reasoning 

with precise propositions (Klir et al, 1988). 

 

Since its inception, the fuzzy set theory has advanced in a variety of ways and in many 

disciplines. Fuzzy set theory provides an alternative and a convenient framework for 

handling uncertain parameters (eg. forecasting error caused by dynamic customers’ 

demand), while there is a lack of certainty in data or even a lack of available historical 

data. According to Zadeh (1965), the possible range of a parameter and the most 

plausible value within that range can often be estimated and specified by experts (Wang 

et al, 2005). This estimation is simpler than asking managers to design a probability 

function. They only need to estimate the values that do or do not belong to its domain 

(fuzzy set). Therefore, it is easy to be defined to handling uncertain parameters. 

Applications of this theory can be found, for example, in artificial intelligence, computer 
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science, control engineering, decision theory, expert systems, logic, management science, 

operations research, pattern recognition, and robotics (Zimmermann, 2001). 

 

 4.5.2 Reasons for the selection of Fuzzy Theory 

 

The supply chain simulation model can explain and deal with the uncertain factors and 

the model should be able to express the dynamic behaviors during the simulation run. In 

the proposed apparel supply chain model, forecasting error, which is caused by demand 

uncertainty, is one of the most critical factors affecting the performance of the supply 

chain. Demand uncertainty can result in over-or-under-production, leading to excessive 

inventories or inability to meet customer needs, respectively (Jung et al.,2004). 

 

To study the uncertainties systematically, two methodologies were applied to the supply 

chain modeling. Some researchers addressed the uncertainties using stochastic models; 

one of the pioneering works dealing with the stochastic nature of the supply chain was 

Midler (1969). In these models, the analysts usually transferred those uncertain factors 

into probability distribution of corresponding random variables based on past records; 

examples see Federgruen (1993) and Porteus (2002). However the distribution of random 

variables may not be obtained in the modeling process usually due to the difficulties in 

collecting data.  

 

It is natural that the uncertain factors are expressed by suing some inaccurate language. 

The reason is that there exists a need to handle different sources and kinds of 

uncertainties, particularly the uncertainties in judgment, and lack of evidence. In such 

cases, it is convenient to express uncertainties in parameters using various imprecise 

linguistic terms, such as “Customers’ demand is about md , but definitely not less than ld  

and not greater than ud ”, and so on (Petrovic et al., 1998). The possible range of a supply 

chain parameter and the most plausible value within that range can often be estimated 

and specified by experts. 

Therefore, the fuzzy set theory, due to its conceptual and computational simplicity as a 

useful tool to represent approximate qualifier that corresponds to these natural language 

expressions, may be more appropriate to be selected for handling the uncertain factors in 

the apparel supply chain model.  
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4.6 Genetic Algorithm for Negotiation Strategy 

 

The development and use of optimization models is well established. However, the use 

of many models has been restricted in some fields of economic analysis where the 

problem is large in size and there are a large number of non-linear interactions. In most 

cases, the use of linear approximations or simplification of the model has been necessary 

in order to derive a solution. Rapid developments in computing and soft technologies 

have given rise to the development of different types of new optimization methods. In 

contrast with the exact and deterministic traditional mathematical methods (for instance, 

linear programming, dynamic programming and gradient-based methods), genetic 

algorithm (GA) is a stochastic search technique. It can obtain good solutions after a 

number of iterations when there is sufficient computing power.  

 

4.6.1 Overview of GA 

 

GA is an attempt to simulate Darwin’s Theory of Evolution. Darwin stipulated that more 

favorable characteristics in an individual would increase the individual’s chance of 

passing those favored characteristics to the next generation via reproduction. The 

important struggle for life filtered out the weaker individuals and fitter individuals 

survived to pass on their genes to the next generation. The fitness of the population 

increased over the generations as individuals inherited the favored designs of their 

ancestors. It was recognized that his theory could develop into a very useful technique of 

the computer-based directed random searches (Holland, 1975). Comprehensive 

descriptions of the concepts and techniques in genetic algorithms are presented in 

Goldberg (1989) and Davis (1991). 

GA starts with a population of chromosomes which represents potential solutions to a 

problem. In real-life application, a population pool of chromosomes is installed and set 

initially. This can be done either randomly or by seeding. Once the initial population is 

generated, each individual is evaluated using the objective function. To generate the next 

generation, a subset of the population is selected as parent. A probabilistic selection is 

performed such that the fittest individuals have higher priority to be selected into the 
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subset of the next generation. New population is generated from the parents using 

genetic operator. The two basic types of the genetic operators are crossover and mutation. 

 

Through crossover, a random position on the string is selected and the segments, either 

to the right or to the left of this point, are exchanged with another string sectionalized 

similarly. The reproduction mechanism with crossover causes the best scheme to 

proliferate in the population by combing and recombining to create high quality 

combinations of scheme on a single chromosome. GA creates new generations of 

improved solutions by this reproduction in which parents that have higher fitness ratings 

are having greater probability to be contributors. The crossover rate, which is the ratio of 

the number of offspring produced in each generation to the population size, controls the 

expected number of chromosomes to undergo the crossover operation. Mutation operator 

produces spontaneous random changes in various strings by changing one or more genes. 

The mutation rate, which is the percentage of the total number of genes in the population, 

controls the rated at which new genes are introduce into the population for trial. The 

operations of crossover and mutation are conducted randomly. 

 

The difference between GA and the traditional optimization search techniques were 

summarized in Goldberg (1989). Firstly, GA works from a population of strings, 

climbing many peaks in parallel; thus, the probability of find a false peak is reduced over 

methods that go points to points. Traditional methods usually start on a single solution, 

and keep iterating sequentially to other solutions. GA also does not require any auxiliary 

information such as derivatives in gradient techniques to work. GA only requires the 

fitness (objective function values) associated with individual strings. 

 

The basic procedure of GA is explained as follows. 

 

Let P(g) and C(g) be parents and offspring respectively in the existing generation g 

g=0, initialize a population of chromosomes P(g); 

Evaluate P(0); 

g=1; 

Recombine P(g) to generated C(g); 

Evaluate C(g); 
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Select P(g+1) from P(g) and C(g); 

g=g+1; 

Repeat steps of Recombination, Evaluation and Selection until some termination is 

reached; 

Report best solution found. 

 

4.6.2 Reasons for Using GA 

 

Over the past years, many researchers have proven that GA is more efficient than other 

optimization and search techniques for computationally complex problems. The 

operation research committee has reviewed the five meta-heuristic search techniques, 

namely simulated annealing, genetic algorithm, tabu search, target analysis, and neural 

network and concludes that they all have great potential to handle the real-life 

optimization problems. This family of methods uses, in fact, a hyper-neighborhood 

technique on a population of solutions instead of on a single solution. Michalewicz (1996) 

compared the differences among hill-climbing search, random search and genetic search. 

GA is shown to be a class of general-purpose search method which combines the 

elements of directed and stochastic search. It can make a balance between the exploration 

and exploitation of the search space. The disadvantage of other two search strategies, 

hill-climbing search and random search, was either having the problem of only 

exploiting the best solution for possible improvement or exploring the search space. The 

comparison of GA and other search techniques was also reviewed in Tekin et al. (2004).  

 

Unlike other optimization techniques, genetic algorithm (GA) does not make strong 

assumptions about the form of the objective function (Michalewicz, 1996). Whereas 

traditional search techniques use characteristics of the problem (objective function) to 

determine the next sampling point (e.g. gradients, linearity, and continuity), the next 

sampling point in GA is determined based on stochastic sampling/decision rules, rather 

than a set of deterministic decision rules. Therefore, so far as the minimal requirement of 

the evaluation function is satisfied, many forms of the evaluation function could be 

employed (e.g. the simulation results of a supply chain model). This minimal 

requirement of the evaluation function is its ability to map the population into a totally 

ordered sets.  
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In complex problems such as the negotiation strategy in the supply chain, it is usually 

difficult to define one function form for measurement of goodness for solution. 

Therefore, evaluation functions of many forms can be used. Although GA usually relies 

on some sort of functional form to evaluate each individual, there have been a few 

successful applications that used GA for simulation optimization of SCM or 

manufacturing systems in recent years. For example, a general framework was proposed 

in Tompkins et al. (1995) for applying a combination of GA and discrete simulation 

model into a complex system with qualitative variables. It was shown that GA created a 

robust tool and is very promising for qualitative and structural, strategy decision 

variables.  Other examples could be found in Azadivar et al. (1999) and Gokce (2002).  

 

One difficulty for the optimization in this research is the complexity of the uncertain 

factors in the apparel supply chain and the complexity of the evaluation of the 

performance of the negotiation strategy. In a dynamic environment the required amount 

of products, which changes with the sales, the season and fashion change, is also 

dynamic. In addition, the required quantity is usually decided without consideration of 

minimizing the overall supply chain cost. The genetic algorithm does not depend on 

large sales data and it can generate the offspring with the aim of achieving minimal total 

cost. Therefore, genetic algorithm (GA) was used to make optimal decision about price 

and quantity. 

 

4.7 Simulated Annealing for Negotiation Strategy 

 

Simulated annealing (Kirkpatrick, 1983) is an iterative procedure that continuously 

updates one candidate solution until a termination condition is reached. A candidate 

solution is randomly generated, and the algorithm starts at a high starting temperature. 

Then the temperature decreases slowly until the optimal result is reached.  

 

4.7.1 Overview of SA 

The name and inspiration of SA come from annealing in metallurgy, a technique 

involving heating and controlled cooling of a material to increase the size of its crystals 

and reduce their defects. The heat causes the atoms to become unstuck from their initial 

positions (a local minimum of the internal energy) and wander randomly through states 
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of higher energy; the slow cooling gives them more chances of finding configurations 

with lower internal energy than the initial one. 

By analogy with this physical process, each step of the SA algorithm replaces the current 

solution by a random "nearby" solution, chosen with a probability that depends on the 

difference between the corresponding function values and on a global parameter T 

(called the temperature), that is gradually decreased during the process. The dependency 

is such that the current solution changes almost randomly when T is large, but 

increasingly "downhill" as T goes to zero. The allowance for "uphill" moves saves the 

method from becoming stuck at local minima—which are the bane of greedier methods. 

4.7.2 Reasons for using of SA 

 

Simulated annealing is an enhanced version of local search. Annealing refers to the 

process when physical substances are raised to a high energy level and then gradually 

cooled until some solid state is reached. The goal of this process is to reach the lowest 

energy state. In this process physical substances usually move from higher energy states 

to lower ones if the cooling process is sufficiently slow.  

The genetic algorithm has the advantage of finding a near global optimal solution 

quickly; however, it can not converge to the optimum very well. The simulated annealing 

algorithm has a strong local searching ability and can converge to the global optimum 

relatively accurately. That means simulated annealing can converge to a better optimal 

point within a certain region when compared with genetic algorithm. In this research, a 

mathematical model is built to calculate an optimal due date with total production cost of 

the manufacturer and the supplier minimized. The objective function is formulated as the 

sum of production cost. 

We adopted the SA procedure because of its ability to quickly combine the strategic and 

operational planning scheme into a single large problem. The methodology of SA has 

broad appeal in many areas. It provides near optimal solutions to combinatorial problems. 

SA was seldom used in negotiation process in supply chains in previous research. 

Actually it has a satisfying searching ability in solving negotiation problems. That is why 

SA is selected as a feasible algorithm for negotiation strategy.  
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4.8 Communication Framework in the Agent-based Apparel Supply Chain 

 

Supply chain management typically spans many functional areas within a company and 

is affected by the way the various groups communicate and interact. A better 

communication system can help to achieve fluid information flow which is critical for 

effective supply chain management (Simchi-Levi et al., 2004). Communication 

standardization allows systems to work together. This can lower the cost and sometimes 

enhance the feasibility of implementation. Fig. 1 shows the functions of standardized 

communication in the apparel supply chain and the means to achieve it. The common 

communication system helps to collect, access, analyze and collate data of customers. IT 

infrastructure is the basic element of supply chain capabilities. Electronic commerce has 

improved not only internal efficiencies but also the partnership in the apparel supply 

chain. Apparel supply chain system components comprise the various systems that are 

involved directly in the whole chain planning. These are typically systems that combine 

short-and-long term decision-support system and intelligence elements (Simchi-Levi et 

al., 2004). To facilitate the management of the linkages in the supply chain, many types 

of software tools have been developed (Fredendall and Hill, 2001). Agent is one of the 

newly applied technologies. 

 

 

Figure 4-1 Goals and means of communication system in apparel supply chain 

 

A.  Communication standard 

 

    The communication system in the apparel supply chain has continued to evolve to a 

high level of standardization for the following reasons:  

    1) Market forces: Corporate users need standards in order to reduce the cost of the 
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whole supply chain system development and maintenance. 

    2) Interconnectivity: The need to connect different companies in the apparel supply 

chain and work across networks has accelerated the development of standards. 

    3) Coordination: Different companies along the apparel supply chain may have 

conflicting goals. The goals of one partner may support another's at some moments but 

conflict at other times. These conflicts necessitate a common language between partners.  

    4) Economies of scale: Standards reduce the price of apparel supply chain components, 

development, integration, and maintenance (Reilly, 1999).  

     

The apparel supply chain generally includes such components as raw material vendors, 

fiber and textile manufacturers, apparel makers, distribution center, retailers and 

consumers. Agents could be used to represent the different components shown in Fig. 2 

along the apparel supply chain and to render these components compatible with each 

other in a specific standardized agent communication protocol so that different parties 

can build their agents to interoperate and implement tasks. The collection of agents that 

work together can be viewed as a small society and for any society to function coherently 

a specific standardized agent communication is needed (Reilly, 1999).  

 

B. Standard agent communication language (ACL) 

 

    ACL is a language with precisely defined syntax, semantics and pragmatics and is the 

basis of communication between independently designed and developed software agents 

(FIPA '97 Specification, 1998).  

1) Speech Act: Speech Act theory is a theory of communications which is used as the 

basis for ACL (Vasudevan, 1998). Speech act theory is derived from the linguistic 

analysis of human communication. It is based on the idea that with language the 

speaker not only makes statements, but also performs actions. 
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Figure 4-2 Flows and components in apparel supply chain 

 

 

     2) KQML: KQML is a high-level, message-oriented communication language and 

protocol for information exchange independent of content syntax and ontology. It is a 

proposed-standard language and protocol for communication among software agents and 

knowledge-based systems. Experimental prototype systems support concurrent 

engineering, intelligent design, intelligent planning, and scheduling. It is both a message 

format and a message-handling protocol to support real-time knowledge sharing among 

agents (Finin et al., 1994).  

     3) FIPA (The Foundation of Intelligent Physical Agents) ACL: FIPA is an IEEE 

Computer Society standards organization that promotes agent-based technology. FIPA 

ACL, a proposed standard language for agent communication, is associated with FIPA's 

open agent architecture. As with KQML, FIPA-ACL maintains orthogonal with the 

content language and is designed to work with any content language and any ontology 

specification approach (Vasudevan, 1998).  

The last two languages rely on speech act theory and establish a set of performatives 

which define the permissible operations that agents may attempt on each other’s 

knowledge base.  

C.  Communication structure 

 

    There are five major agents designed in this structure (see Figure 4-3). They are 

customer agent, retailer agent, apparel component agent, factory agent and supplier agent. 

Of these factory agent includes two subagents, warehouse agent and producer agent. The 

customer agent receives orders from the customers and decides what offers to respond 
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with. The customer agent also communicates with the factory agent to obtain the updated 

inventory levels and the factory agent to obtain the updated inventory levels and to send 

the relevant customer orders. The apparel component agent decides which orders to send 

to the corresponding suppliers. The producer agent receives the supplies delivered from 

the suppliers, decides based on the available resources (apparel components and factory 

cycles) in what sequence the customer orders should be produced, and determines the 

schedules for delivering the finished apparel products to the customers. 

 

D.  Communication message delivery model 

 

    Similar to high-tech goods, fashion apparel products, which change from season to 

season, have a very short life cycle and need a correspondent sense-and-respond supply 

chain. Thus, an effective apparel supply chain should have an improved communication 

system which can easily help various supply chain members negotiate and compromise 

(Chandra and Kumar, 2001). 

 

 

Figure 4-3 Basic Communication structure of apparel supply chain (ASC) 

 

    The performance of the communication system in ASCM can be evaluated from two 

aspects, the velocity of information and the content of information. Fast information 

delivery can help apparel makers to be sensitive to the market and fashion trends and 

achieve a quick response. Accurate content of information conveyed could be useful with 

effective forecasts and reduce uncertainty.  In addition, smooth communication could 

bring about increased coordination and thus lead to reduction in lead time and costs. To 

achieve all these, comprehensible and standardized messages exchanged in between 

members are needed. 

    Figure 4-4 shows the model of a message passing model in the apparel supply chain. 
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Agent j or Agent k in this model can be used to represent two relative parties along the 

apparel supply chain. In abstract terms, Agent j has its mental attitudes like  some goal or 

objective G, and some intention I. Deciding to satisfy G, the agent adopts a specific 

intention, I. To make the other agent (Agent k) understand, accept and respond, the 

message which Agent j wants to transport to Agent k is unified by speech act  theory 

which states that individual communication can be reduced to primitive speech, or more 

generally communicative acts, which shape the basic meaning of that communication. 

The full meaning is conveyed by the meaning that the speech act itself imparts the 

content of the communication. The following example about conversation between 

manufacturer and supplier illustrates the message format supported by the service (Fox et 

al., 2000): 

 

(propose                   ;; communicative action 

:sender A (manufacturer) 

:receiver B (supplier) 

:language list: speech act or KQML 

:content (or (supply n1 apparel component1) 

                   (supply n2 apparel component2)….) 

:conversation  

:intent (explore production possibility)). 

N= {n1, n2, n3…} represents the number of pieces of apparel components. 

 

 

 

Figure 4-4 Message passing model between two agents 

 

    The message delivery service will be able to determine the correct transport 

mechanism (TCP/IP, SMTP, http, etc.). The message transportation service provides for 
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the reliable and timely delivery of messages to their destination agents, and also provides 

a mapping from agent logical names to physical transport addresses.  

    In summary, an apparel agent plans to meet its goals ultimately by communicating 

with other agents, i.e. sending messages to them and receiving messages from them. The 

agent will select acts according to the given speech based on the relevance of the act's 

expected outcome or rational effect to its goals. 

 

4.9 Summary 

 

This chapter provided details of the methodology adopted in the research on decision 

making in the negotiation and communication process in the apparel supply chain. 

Quantitative modeling and simulation were used as the major research method. A section 

on the advantages of simulation was provided and its limitations were addressed. 

Knowledge management was used to give a unified framework of the apparel supply 

chain and makes communication easier. Fuzzy set theory engaged into the simulation 

was applied in the communication system to achieve better responsiveness in dynamic 

environment and to minimize the total supply chain cost. The reasons for the selection of 

the research methodology and the technologies were described after analyzing the 

research problem. The conceptual models of agent-based communication system have 

also been illustrated in this methodology part. The next chapter provides the detail 

simulation building process of communication system in agent-based environment in the 

apparel supply chain with the aim of identifying gaps in theories and justifying the 

research activities described in this chapter.  
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Chapter 5 

Knowledge Models and Simulation of Communication 

System in Agent-based Apparel Supply Chain 

 

Successful SCM requires a change from managing individual functions to integrating 

activities into key supply chain processes. Supply chain business process integration 

involves collaborative work between buyers and suppliers, joint product development, 

common systems and shared information. Thus coordination is a key factor in the supply 

chain operation. Agent technology and knowledge management are explored to apply in 

the apparel supply chain management to achieve better coordination.  

Owing to the high complexity and uncertainty of the supply chain in the apparel industry, 

a traditional centralized decisional system seems unable to manage all the information 

flows and actions easily.  

The existing theories of knowledge management, its difference with information 

management and its application in apparel supply chain management will also be 

reviewed in this section. It also explains why agent technology is suitable for managing 

knowledge in the apparel supply chain. It also explores the potential use of representing 

the coordination of agents in supply chain with Unified Modeling Language (UML).  

 

5.1 Knowledge Management in Supply Chain 

 

The informational supply chain is critical to the success of supply chain organizations. 

Without information, no supply chain would be able to function successfully or 

competitively. However, as huge amounts of information flows through the supply chain 

especially in apparel industry, only useful and valuable information grasped could we 

manage the whole operation effectively. Thus Knowledge management comes to the 

front upon information management.  

 

Knowledge management has become increasingly critical for the success of companies 

in the era of supply chain management. As business activities increasingly shift to the 
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web, the challenge facing corporate management is maintaining competitive advantage 

by building strong relations with employees, customers, and upstream/downstream 

suppliers and partners. A good knowledge management strategy can help achieve this 

goal. Unfortunately, many companies use knowledge management technologies that do 

not suit today’s new information era. Therefore, it is important to understand how 

companies can successfully implement knowledge management programs that will help 

them to gain competitive advantage (Oppong, Yen & Merhout ). 

 

 

5.1.1 Structure of Knowledge Management in the Apparel Supply Chain 

 

 

 

 

 

 

 

Figure 5-1 The network structure of knowledge integration in supply chain based on 

Internet/ Intranet 

 

In supply chain, key resource, core knowledge should be shared and spread along the 

whole operation. A web-based structure of knowledge management is designed for 

supply chain. (Figure 5-1)Users register from the KM portal and then can share 

knowledge through network (Yang et al., 2004). However, not all the knowledge can be 

shared and spread. Knowledge will be recognized and set priority first and then sent to 

relevant partners. Generally speaking, users within an enterprise can completely share 

knowledge while outer users like suppliers, distributors and retailers can not fully get the 

access to all the information.  

KM portal Employee 
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Apparel supply chain is complicated as there are lots of changes and dynamics in fashion 

industry. Apparel making concerns with large amounts of information like color, size, 

style, raw material, customer demand, delivery time and even the feeling. Thus, to catch 

helpful information and use information effectively is important in an apparel supply 

chain. Knowledge management takes effect. When customer orders are received, 

merchandisers can share the information with other supply chain members through 

knowledge management network portal. In this way, they can easily get the information 

they want from the database instead of always stopping to consult others. Time is saved, 

cost is reduced and the overall efficiency will be improved. Figure 5-2 shows the 

architecture of web-based knowledge management which is made up of interface layer, 

database layer, application layer and web service layer. Among them, interface layer is 

the entry of knowledge managers. Application layer and web service layer are supporting 

environment and foundation facility. Database in the database layer is the core of the KM 

system. All the knowledge management is developed on data, information (Yang et al., 

2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-2 Architecture of web-based Knowledge management in supply chain 
 

5.1.2 Knowledge Sharing in the Apparel Supply Chain 
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Knowledge sharing is a critical part in knowledge management and it helps a lot in 

coordination in the apparel supply chain. The knowledge sharing process model is shown 

in Figure 5-3. The model is divided into 4 layers: application layer, knowledge sharing 

base, knowledge selecting layer and the enterprise alliance strategy layer (Zhu and Zhang, 

2005). 

 

Application layer mainly serves node enterprise along the apparel supply chain to assure 

the company can get the right knowledge from the right knowledge database at the right 

time. Portal service provides enterprises characteristic user interface and dynamic 

interaction. Each user can have his own personal interface to display the knowledge he is 

interested in and to share, exchange knowledge with others. Searching service offers 

different kinds of knowledge searching methods and helps supply chain enterprises find 

needed knowledge quickly. Cooperation service realize the synchronic non-synchronic 

and communication between supply chain member enterprises through e-community, 

expert system and net discussion. Knowledge Evaluation Service makes the enterprises 

clearly know their own place in the whole supply chain. 

 

Knowledge sharing base saves all the enterprise knowledge that could be shared. This 

kind of knowledge includes two parts. One is the explicit knowledge of the node 

enterprises in apparel supply chains and the other is the non kernel knowledge of other 

supply chains or the external market or public knowledge which facilitates the 

knowledge assimilation and creation of this apparel supply chain. 

 

Knowledge selecting layer mainly select which kind of knowledge could be shared from 

the aggregate knowledge of all the enterprises. The collected knowledge will firstly be 

enumerated and then recognized, sorted and extracted. If the knowledge belongs to the 

kernel knowledge, it will not be allowed to share with other enterprises. Or it could be 

put into the knowledge-sharing base and could be read and learnt by others. 

 

Enterprise alliance strategy layer helps supply chain node enterprises reach a common 

consensus on the shared knowledge and set a win-win situation for the members along 

the apparel supply chain. When the core apparel company organizes the supply chain, it 

will choose his strategic partner according to the knowledge sharing level and will also 
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build an enterprise knowledge sharing system. Factors affecting knowledge sharing 

comprises employee knowledge level, knowledge sharing degree, importance of 

knowledge, knowledge inventory quantity, knowledge contribution grade and etc. The 

core company will evaluate on these standards, compare the knowledge sharing level of 

his partner enterprises and then form the knowledge sharing alliance under the effect of 

win-win coordination, stimulation mechanism and company culture. Finally the sharing 

performance will be written into the contract. 
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Figure 5-3 Knowledge Sharing Model in Apparel Supply Chain 
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5.2 Application of Agent Technology in the Domain of Knowledge 

Management 

 

Agent technology is appropriate for designing and developing knowledge management 

in the changeable environment in supply chain. Software agents have the common 

features of autonomous, reactive, proactive characteristic and it is also knowledge-based. 

Agents can represent users in a large extent and show social action. In supply chains, 

software agents are computer programs that can help automate a variety of tasks, such as 

those involved in buying and selling products over the Internet. The point is how we can 

design multi-agent mechanisms for coordination and knowledge sharing in supply chains 

when each agent has multiple optimal solutions for its own self-interest (Wu, 2001). 

 

Agent approaches and technologies have in particular been applied for the design of 

Knowledge Management systems. This domain, which is often very complex and 

distributed, and for which the human component is important (for instance an important 

source of knowledge is present in the person’s head) appears to represent a very good 

candidate to benefit from all the advantages promised by the agent approaches. 

 

The application of these concepts in the domain of knowledge management is relatively 

straightforward: a knowledge management environment is constituted of an environment 

which contains a set of knowledge resources, some mechanisms, and in which different 

categories of agents (knowledge workers, artificial knowledge agents), access the 

resources, participate in the creation of new knowledge resources in the system, interact, 

exchange and trade knowledge, etc. This approach is actually relatively similar to the one 

that Thomas H. Davenport and Laurence Prusak prone with the concept of information 

ecology (Davenport and Prusak, 1997) which comprehend the relations between people, 

processes, support structures and the other elements of a company’s information 

environment, as an ecological system that has to be managed as such. In this context, a 

knowledge management system is constituted by the subset of the digital components 

(services, mechanisms, artificial knowledge agents) of this environment that contribute 

to support and to accelerate of the knowledge related processes. 
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Within the supply chain, the type of knowledge exchanged and its usage can be a 

deciding factor in how strategic an organization becomes in the marketplace. Unless 

knowledge is accessed or shared and then used by supply chain managers, there is little 

chance that any competitive advantage will be realized. 

 

5.3 Supply Chain Process with Agent UML Diagrams 

 

The Unified Modeling Language (UML) is gaining wide acceptance for the 

representation of engineering artifacts in object-oriented software. Our view of agents as 

the next step beyond objects leads us to explore extensions to UML and idioms within 

UML to accommodate the distinctive requirements of agents. The result is an Agent 

UML (AUML) (Odell, 2000). 

 

Agent UML is certainly the most well-known graphical modeling language for 

describing multi-agent system but until now, it is not applied to real-world applications 

(M.P. Huget, 2004). In this paper Agent UML will be used in the operation of apparel 

supply chain management especially in the order and production scheduling process to 

prove that Agent UML can be applied to real-world applications. From the graphs in 

UML, we can also discover knowledge exchange and sharing procedure during the 

coordination between the apparel supply chain members. 

 

To leverage the acceptance of existing technology UML, we present agents as an 

extension of active objects, exhibiting both dynamic autonomy (the ability to initiate 

action without external invocation) and deterministic autonomy (the ability to refuse or 

modify an external request). In other words, an agent can be defined as “an object that 

can say ‘go’ (dynamic autonomy) and ‘no’ (deterministic autonomy).” This 

approach leads us to focus on fairly fine-grained agents. More sophisticated capabilities 

can also be added, such as mobility, BDI mechanisms, and explicit modeling of other 

agents (Odell, 2000). 

 

1) Agent decomposition  
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The supply chain management models the production in companies from placing an 

order to the delivery. This application implies receiving an order as well as generating a 

plan for producing this order, negotiating the price and the delay, modifying the plan if 

some constrains are violated, producing the product and finally, delivering it. 

 

Several agents are involved in the application of supply chain. They are merchandise 

agent, transport agent, production schedule agent, inventory agent, supply agent and 

dispatch agent (work assign agent). These agents are called actors in UML.  

 

 

Figure 5-4 Use case paragraph of the supply chain agents 

 

2) Use case diagram 

 

Use case diagrams represent the use cases, the actors and the relationships between the 

actors and the use cases. A use case can be seen as a scenario in the system. In multi-

agent systems, use cases are useful when realizing the requirement analysis. It is easier 

for users to seize the different elements of the system. The main advantage of the use 

cases is to focus on “what” and not on “how”, that is to say on the system behavior and 

not how the system is implemented (Zhang et al., 2004). Figure 5-4 shows the jobs of the 

supply chain agents and mainly presents the use case diagram of the main supply chain 

agents. 
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Figure 5-5 Conceptual level of the supply chain management 
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Figure 5-6 Implementation level of the order process management 
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3) Class diagram 

Class diagrams in UML represent the different classes and their connections. Class 

diagrams correspond to the architecture of the system (P.X. Wang and H.L. Wang, 2005). 

Class diagrams seem to represent the different agent roles and relations between the roles. 

Since agents and objects are not exactly the same, class diagrams have to be updated to 

consider agent features like beliefs, intentions, plans or knowledge. Agent UML allows 

representing several levels of abstractions when designing class diagrams. Actually, 

sometimes it is no need to have an accurate view of the system with all the dependencies 

and all the attributes. High-level class diagrams allow seizing the system in its entirety. 

We consider here two levels: the conceptual level and the implementation level (Figure 

5-5 and Figure 5-6). The conceptual level is a high-level view of the system getting rid of 

the details such as how agents are implemented or the connected classes. The 

implementation level is a detailed view of the system with all the information (Huget, 

2004). Figure 5-6 shows the information including useful data which can be regarded as 

explicit knowledge for apparel orders. The parameters and the functions in this figure are 

the basic and common data an apparel company needs. They are summarized based on 

the investigation of the apparel companies listed in the Appendix A. 
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Figure 5-7 Statechart diagram of merchandise agent 

 

4) Statechart diagram 

Statechart diagrams belong to interaction diagrams in UML. This diagram represents the 

dynamic of the system and particularly, the flow between elements in the system. 

Statechart diagrams consider the different states of the system and how to go from one 

state to another one through actions. 

 

Statechart diagrams are kind of approaches to represent agents’ behaviors. Indeed, agents 

behave according to actions in the environment or inner actions. Each time actions occur, 
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agents move from one state to another one. The statechart diagram of negotiation 

operation on orders is considered in Figure 5-7. 

Agent states are rendered as a rectangle with rounded corners. The connections between 

two states correspond to either an action or an event. The initial state is the state idle. 

 

We can see the procedure of order process and production schedule from the statechart 

graph, however, when considering multi-agent systems, statechart diagrams seem to be 

unable to represent concurrent actions. Actually, it is possible that the merchandise agent 

receives an order while negotiating another one. In this case, the client has to wait that 

the merchandise agent has to move to the initial state. 

 

Figure 5-8 Protocol diagram for the order process 

 

5) Protocol diagram 

Protocol diagrams called Sequence diagrams in UML describe the message flow between 

agents. In fact, messages do not go from one agent to another one but from one role to 

another one (Odell, 2001). These messages contains both explicit knowledge like order 

information and tacit knowledge like decision making of accepting or refusing customer 

order. 
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Several interactions exist in our example of supply chain management given numerous 

protocol diagrams. Here is the list of scenarios given interaction protocols: 

Order a product where all the agents in the multi-agent system intervene. 

Modify an order where all the agents in the multi-agent system intervene. 

Cancel an order where the agents of merchandiser, production scheduler, transporter, 

inventory manager, work-assigner and supplier intervene. 

Deliver a product where the agents of merchandiser, transporter intervene. 

Postpone the delivery of a product where the agents of merchandiser, transporter and 

production scheduler intervene. 

 

We focus here on the order of some kind of apparel product. This protocol interaction is 

central in the multi-agent system and all agents are used. The client passes an order. The 

merchandise agent receives an order and negotiates the price and the delivery time with 

the client and the transporter agent. The transporter agent makes a choice of an optimal 

route for the product delivery and computes the transportation price and the time 

according to the information coming from the scheduler agent. The scheduler agent 

needs to ask the transporter agent, inventory manager agent for generating a production 

plan and calculating the lead-time. The supply agent is called if the inventory manager 

agent does not have the raw material (cloth, fiber, cotton, yarn and etc.) for the order. 

The corresponding protocol diagram is shown on Figure 5-8. 

 

6) Conclusion 

The above four parts described the potential application of knowledge management in 

the apparel supply chain and designed the architecture for the system. It points out that 

the agent-based technology can facilitate knowledge flow in the apparel supply chain.  

It also explores to extend UML to exhibit the interaction and coordination of agents in 

the apparel supply chain. UML provides tools for: 

• Specifying agent interaction protocols as a whole, as in (Michael et al., 2000); 

• Expressing the interaction pattern among agents within a protocol, as in (Parunak, 

1996); and 

• Representing the internal behavior of an agent, as in (Singh, 1998). 

 

 5.4 Communication System of Supply chain processes 
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Successful SCM requires a change from managing individual functions to integrating 

activities into key supply chain processes. Supply chain business process integration 

involves collaborative work between buyers and suppliers, joint product development, 

common systems and shared information. According to Lambert (2008) operating an 

integrated supply chain requires continuous information flow. However, in many 

companies, management has reached the conclusion that optimizing the product flows 

cannot be accomplished without implementing a process approach to the business. In this 

part, different agents are defined and they will be integrated to simulate the 

communication system of supply chain processes. 

 

5.4.1 Knowledge of Agents 

 

The abstract view of agents can be formalized. First, we assume that the environment 

may be in any of a finite set E of discrete, instantaneous states: E = {e,e’,…}. Second, 

agents are assumed to have a repertoire of possible actions available to them, which 

transform the state of the environment. Let Ac= {α, α’…} be the action of agents. The 

agents can be defined as Ag: RE →   Ac, an agent makes a decision about what action to 

perform based on the history of the system. Thus, the multi-agents in the apparel supply 

chain can be defined as AG = {Ag merchandiser, Ag retailer, Ag factory, Ag component, Ag supplier}. 

There are cooperation, negotiation and even conflict between the agents in the apparel 

supply chain. To make the analysis easier, each agent is assumed to have two possible 

actions that it can perform. We will call these two actions ‘C’ for ‘Cooperate’, and ‘D’ 

for ‘Defect’. Let Ac= {C, D} be the set of these actions. The way the environment 

behaves is then determined by a function, τ: Ac ×Ac →  Ω. If the environment maps each 

combination of actions to a different outcome, the environment is sensitive to the actions 

that each apparel supply chain agents perform. The two agents will choose an action to 

perform in the environment, and as a result of the actions they select, an outcome in Ω 

will result. The actual outcome that will result depends on the particular combination of 

actions performed. Thus, both agents can influence the outcome, which means the 

actions of any of the agents in AG will affect the performance of the apparel supply 

chain. 
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Agents have the ability of deduce according to the deduction rules. In the apparel supply 

chain, the retail agent needs to replenish from time to time to control the inventory level 

in case of sudden orders and stock out. Thus, fuzzy rules are designed to help to make 

negotiation decision. Here the fuzzy rules are regarded as the deduction rules to instruct 

the retail agent’s behavior. Suppose F as the set of fuzzy logic membership function. Let 

D= F(α) be the set of internal states of an agent. The retail agent’s decision making 

process is modeled through a set of deduction rules, ρ. An agent’s perception function 

See is defined as: 

See: S→Per. 

The next function of the retail agent is defined to have the form of 

Next: D× Per →  D. 

It thus maps a database and a percept to a new database. However, the retail agent’s 

action selection function,  

Action: D →  Ac, is defined in terms of the fuzzy rules. 

The idea is that the agent programmer will encode the deduction rules and database in 

such a way that if a fuzzy membership function f(α) can be derived, where α is a term 

that denotes an action, then α is the best action to perform(Wooldridge M., 2002). 

 

In abstract terms, agents can be defined using (Fallah-Seghrouchni A.E. and Suna A., 

2003): 

defineAgent agentName { 

    authority = null;| agentName; 

    parent=null;| agentName; 

    knowledge=null;| {(knowledge;) +} 

    goals=null;|{(goal;) +} 

    messages=null;| {(queueMessage;) +} 

    capabilities =null;| {(capability;)+} 

    processes=null;| {(process |)* process} 

    agents=null;| {(agentName;)+} 

} 

After the definition of different members in the apparel supply chain with the agent 

technology, fixed days (DAY) will be given to see the performance of these agents in 

terms of inventory and throughput within this period of time. In the following part, some 
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parameters will be concerned. They are inventory which includes component inventory 

(CI), current product inventory (I cur), customer demand (D), replenishment (R), 

throughput (TH), delivery time (DT), material flow time (FT), simulation days (DAY).  

A fixed quantity of finished apparel products is given as the average inventory (I ave).  

 

 1) Apparel Component Agent 

 

On the first day, all the suppliers have their full capacity available. Therefore, it makes 

sense to order a large number of apparel components at first. However, the components 

now attract a storage cost. Thus the more the agent stores and the longer it stores, the 

higher the storage cost. This means the key challenge of the apparel component agent is 

to attain an appropriate balance between availability and timeliness. This is hard because 

if the apparel component agent buys more units early (at lower prices) it has to pay for 

storage and some components may be unused. However if the agent just buys what it 

needs when it is needed, it may end up without the necessary components at the 

necessary time (since there is often a delay between the actual delivery date and the one 

the suppliers promise). Given this, the apparel agent is designed to make a trade-off 

between placing a big order on the first day and replenishing gradually during the rest of 

the time.  

 

Then the function of the apparel component agent can be defined as follows. 

1) Purchase large orders of apparel components at first 

2) Test apparel component inventory  

      While (day <= DAY- FT) 

       If   CI ave > CI cur   then  

              { 

                  Replenishment occurs 

                  Communicate with the supply agent, go to 3)} 

       Else day = day +1 

3) Decide on acceptance of  the offer from the suppliers 

             If the DT < FT, then  

                          Accept the offer from the suppliers 

             Else negotiate with the supply agent 
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The agent accepts the corresponding offer if the delivery date will not exceed the fixed 

deadline. Or the apparel component will further discuss with the supply agent to see if 

there is possibility to have the supplies delivered earlier.  

 

2) Merchandise Agent 

                                                                                                                                                                                                                                                                                                                                                                    

The agent will receive customer RFQs, send their orders to the retail agent, get feedback 

and return offers to the customers. The merchandise agent receives customer RFQs 

requesting a quantity of apparel products for delivery on a specific day. When selecting 

which RFQs to respond to, the agent will rate them according to the potential profit that 

they may bring and according to the inventory it holds. In addition, the merchandise 

agent also helps to adjust price of apparel products for they directly contact with the 

customers and the marketplace. If the price is set too low, the companies will receive a 

low profit and if it is too high it will probably fail to win orders (because customers 

choose the lowest price).  

 

Thus the function of merchandise agent can be defined as follows.  

1) Receive RFQs from customers 

2) Determine in which sequence RFQs will be bid for by the total profit 

3) Record the prices, quantities of each customer order for price analysis use. 

4) Send offers to customers 

Here the constraint of merchandise agent is defined as ordering just one type of garment.  

 

3) Retail Agent 

 

The retailer should have a certain amount of apparel products to meet the needs of 

customers immediately. However, the apparel products will increase the storage cost thus 

leading to a rise in the total cost of the retailer inventory.  To satisfy the customers and 

keep the inventory at a low level, fuzzy control on the inventory is an effective way to 

balance these two aspects. A Fuzzy set is characterized by fuzzy boundaries: unlike crisp 

sets in which a given element does or does not belong to a given set, each element in 

fuzzy set belongs to a set with a certain membership degree. The function that returns the 

membership degree of each fuzzy set element is called membership function. Thus, the 
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retail agent is designed to use fuzzy rules to make replenishment for the retailer 

inventory.  

 

The method can be summarized as below.  

i) The membership functions are given by Gaussian curve: 

)2/)(exp();;( 22 σγγσ xxG −−=  

The Gaussian curve is defined with two parameters: the single value from the domain 

around which the curve is built ( γ ) and a value that indicates the width of the bell-

shaped curve (σ ). Naturally the width parameter (σ ) plays a critical role in the shape 

and scope of the fuzzy set. Table 5-1 demonstrates respectively three degrees of the input 

data (demand, inventory) and the output data (r). These data are provided to show the 

fuzziness of the parameters and the reasoning.  

Table 5-1 Fuzzy degree of parameters 

Low degree  Medium degree High degree  

σ  γ  range σ  γ  range σ  γ  range 

Demand 1 4 [0,8] 2 10 [4,16] 1 16 [12,20] 

Inventory 0.5 1.5 [0,3] 1 5 [2,8] 0.6 8 [6,10] 

r 0.3 1 [0,2] 0.5 3 [1.5,4.5] 0.3 5 [4,6] 

 

ii) The fuzzy rules are set. 

A database of fuzzy rules constitutes the principal component of the fuzzy controller, 

allowing the translation of the heuristic rules used by the human operator into a set of 

rules that can be used by the automatic controller. For the calculation of the 

replenishment, a set of fuzzy rules was defined.  

 

The average inventory is set as a baseline, whenever the current product inventory tested 

by the retail agent is less than the average retailer inventory, a replenishment order is 

initiated. How far the amount of current product inventory deviates from the average 

inventory determines the fuzzy degree. Therefore, the fuzzy rules are designed as follows.  
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In this rule base, the retail agent considers the current customer demand state and the 

inventory level of the in-stock apparel product inventory. There are nine such rules 

within this base and the following three are representative examples: 

Rule1: if D is high and I cur is low then r1 is big 

Rule2: if D is medium and I cur I is high then r2 is medium 

Rule3: if D is low and I cur is high then r3 is small 

The inference process of the output value through the fuzzy rules is based on the 

composition rule of inference (Zadeh, 1984). Suppose a fuzzy relation R ≡ A ⇒  B (IF A 

THEN B). The membership function of the relation is given by 

YyXxyxyx BAR ∈∈= ,)],(),(min[),( µµµ  

 Consider a fuzzy relation R and a fuzzy subset A’ ⊂ A. The fuzzy subset B’ ⊂ B is 

inferred by the composition rule of inference B’= A’ o R= A’ o  (A× B) and the 

membership function is given by  

)],(),(min[max)( '' yxxy RAxB
µµµ =  

When more than one rule exists, the global membership function takes the maximum 

over all the membership functions defined for each relation, i.e., 

]min[max),( , ii BA
i

R yx µµµ =  

Among the rules, the customer demand (D) is expressed in the fuzzy linguistic terms 

high, medium, and low, and the current inventory level (I) in the terms high, medium, 

and low. The output of each rule is a fuzzy variable (r1 to r3). Thus, the outputs of all the 

rules are combined by the Sugeno controller (Sugeno, 1985) to give a single scalar result, 

r that represents the adjustment factor used to generate the reference replenishment for 

apparel products. It is described as big, medium and small. When r is big, the amount of 

replenishment approaches the highest. Whilst it is small, the amount of replenishment 

approaches the lowest. Thus, rule R1 captures the fact that if the customer demand for 

this type of clothes is high and the agent has a low inventory in stock, then the 

replenishment should be large to keep the inventory at a safe level before the next order 

comes. All these rules are defined in the Matlab fuzzy system editor (Figure 5-10). 

Figure 5-9 shows the member function of the inputs and the output.  

 



 91 

 

 

Figure 5-9 Membership function of the inputs and output 

 

 

 

Figure 5-10 Fuzzy rules and simulation view 
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Figure 5-11 Retailer inventory performance cycle 

Figure 5-11 shows the retailer inventory performance cycle of the supply chain. 

Customers deplete inventory until the stock level reaches its minimum. Prior to the stock 

level reaching the minimum, a replenishment order is initiated so that inventory will 

arrive before the out-of-stock occurs. Usually a replenishment order is initiated on DAY 

d2 in the figure and order arrives just on d0. However, unexpected large amount of 

orders might come someday (d1) in real case. The retailer inventory will suddenly drop 

to a very low point and then it might not be able to offer products for the forthcoming 

orders. Thus, when the retail agent finds that the current inventory is less than the 

average inventory, a replenishment order is initiated. 

 

Now the agent needs to consider the amount of replenishment which will be offered 

according to the RFQ. Based on the demand in the market, the inventory level and etc, 

the agent first computes the replenishment (R).  

R = (I ave – I cur) * r                

I cur = I cur + (I ave – I cur) * r               r ={r1, r2, r3…}, r ∈(0,2) 

Where I cur, I ave are the current inventory and the average inventory of apparel products 

at the retailing stage.  

 

The second rule base is employed with consideration of inventory level of apparel 

components. It is much more complicated as a finished garment has many apparel 

components and all these components have different level of inventory. However, here 

one component inventory is used to nearly represent all the inventory level of different 

apparel components. When the retail agent finds that there are items out of stock, it will 

connect with the inventory agent to see if there are enough finished products there. If not, 

Order arrival 

Average  

Inventory 

In
v
en

to
ry

 

DAY 

(I ave ) I cur 

d0 d1 d2 



 93 

it will check the apparel component inventory to determine the final replenishment. 

Three such rules in this rule base are listed as follows: 

Rule1’: if D is high and I is high and CI is high then r1’ is big 

Rule2’: if D is high and I is medium and CI is medium then r2’ is medium 

Rule3’: if D is low and I is high and CI is low then r3’ is small 

Here, the component inventory of apparel products is expressed in the fuzzy linguistic 

terms of high, medium, low. We can also use Matlab fuzzy system to simulate such rules 

like Figure 5-9 and Figure 5-10 do but with three inputs. 

 

The constraints of the retail agent are the value of average inventory (Iave) and the fixed 

material flow time (FT). The above calculation of replenishment quantity is under the 

premise of fixed flow time. However, in fact, the flow time of apparel product delivery is 

also changeable due to the large uncertainty in apparel industry.  

 

4) Factory Agent 

 

The factory agent includes the inventory agent and the production schedule agent. The 

factory agent plays an important role in the apparel supply chain. The factory also has its 

inventories of finished apparel products and component products, which differ from the 

retailer inventory. The retailer may have a small amount of product inventory to meet the 

needs of customers, while the factory should have enough products to serve the retailers 

when stock-out appears in the retailer stage in the apparel supply chain. The factory 

warehouses store the products and the component products and try to keep them at a low 

level to reduce the total cost of the manufacture. The production schedule agent will have 

a close communication with the inventory agent and make apparels with enough 

components supplied according to the make-to-order strategy. 

 

5) Inventory Agent 

 

The retail agent will share the customer orders with the inventory agent. For each request 

for quotation (RFQ) in the order list, the agent first checks whether it can be supplied 

from its stock of finished apparel products. If it can, the corresponding apparel inventory 

is decreased. Otherwise, the agent checks whether it holds sufficient components within 

both its current inventory and its expected delivery queue (i.e. components that have 
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been ordered, but have not yet arrived), and also whether it has a sufficient remaining 

production capacity to manufacture the required clothes. If it does, the agent decreases its 

available component inventory. The function of the inventory agent is defined. 

1) Record I cur, CI cur  of the warehouse                     

2) Inform the status to the retail agent  

3) Manage inventory 

      If (I cur > D) then  

              { 

               Offer products to the retail agent 

                I cur = I cur - D} 

      Else 

                If (CI cur is enough) then  

                     Inform the production schedule agent 

                Else  

                     Ask for component supplies from the supply agent  

4) Inform the production schedule agent to schedule what to produce and when to 

produce  

In order to reduce the risk of out-of-stock, a safety stock should be set. When the retailer 

inventory cannot satisfy the customer demand, the warehouse inventory will take effect. 

Thus, the constraint of warehouse is defined as the safety stock level which means the 

warehouse should keep its inventory at a certain level. 

 

6) Production Schedule Agent 

 

The production schedule agent receives information from the inventory agent to make 

scheduling. Production scheduling for days (d) is listed as follows. 

• list the orders within due date d+2 in list 1; 

• list late orders (but still valid d-3 <=d due <=d +1) in the decreasing order of the 

due date into list 2; 

• list the future orders (d due >= d+3) in the increasing order of the due date into list 

3; 

• for each order in the combined list 
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– if apparel products in the inventory can fill the order then deliver the 

products; 

– else if components are available and factory capacity is not full, then 

produce more pieces to fill the order; 

• If there is extra factory capacity left and enough components, then check whether 

additional apparel products should be produced. 

 

The production schedule agent can also be responsible for the throughput. Here the 

factory is designed to use build-to-order strategy and the throughput is made when the 

factory inventory of finished apparel products cannot satisfy the retailers’ demands (D ret). 

Suppose WI cur is the current product inventory of the warehouse, WI ave is the average 

product inventory of the warehouse, then the average throughput is defined as TH ave = 

WI ave / FT. Material flow time (FT) is set as a static parameter. When the component 

inventory drops below the average level of component inventory, the production 

schedule agent will ask the suppliers for component supplies. The function of the 

production schedule agent is defined as follows. 

If WI cur <= D ret 

      If CI is available, then  

          TH= WI ave / FT 

      Else  

          Inform the supply agent for supplies 

Else  

          Replenish the orders 

In order to see the performance of the apparel factory with the application of agent 

technology, a simple operation of the production schedule agent is designed based on the 

following procedure (Table 5-2). Seven days are given as the delivery time. An apparel 

production schedule agent will be implemented to realize a simple manufacture process 

(Table 5-2). Details are given in the next section of implementation. 

Table 5-2 Manufacture procedure of the production schedule agent 

day + 0 The customer sends an RFQ to the agent 
The agent responds with an offer 

day + 1 The customer sends an order to the agent 
The agent sends RFQs to the suppliers 

day + 2 The suppliers respond with offers to the agent 
The agent submits orders to the suppliers 
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day + 3 The suppliers produce the requested components 

day + 4 The suppliers deliver components to the agent 
The agent submits a production schedule to the factory 

day + 5 The factory makes the requested apparels 
The agent submits a delivery schedule to the factory 

day + 6 The factory delivers the apparel products to the customer 

 
The constraint of the production schedule agent is the product capacity (P). If there are 

factory production cycles left and the numbers of finished apparel products are below a 

certain threshold then the production schedule agent produces additional apparel 

products (if there are enough components) to maximize the factory utilization. 

 

7) Supply Agent 

  

The main function of the supply agent is interacting with the factory agent, informing the 

suppliers to deliver apparel supplies according to the requests.  

While (messages from factory agent = = (supplies needed) { 

                Record product information (quantity, size…) needed                   

                Inform the suppliers to deliver apparel supplies ordered} 

 

The constraint of supply agent is that the deliver time (DT) should be shorter than the 

material flow time (FT). 

 

5.4.2 Agent Implementation for the Communication in the Supply Chain 

Communication Process 

1) SCMAgent 

SCMAgent is a developing agent providing the following features for:  

• Automatic bookkeeping of RFQs, orders, and inventory.  

• Support for creating production and delivery schedules based on inventory and 

capacity.  

• Provides an easier API for handling messages.  

1) Customer RFQ bundle 
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The latest customer RFQ bundle is accessible with the getCustomerRFQs. It is updated 

each day when new RFQ arrives from the customers (and before the call to 

handleCustomerRFQs).  

2) Customer order store 

The customer order store is accessible with the getCustomerOrders method and contains 

all active orders in due date order. The orders are automatically marked as delivered 

when corresponding delivery request is added to the factory's delivery schedule. To 

cancel an order simply calls the setCanceled method in the order.  

Currently the order store contains all orders but future implementations might remove 

inactive orders to save memory.  

3) Supplier RFQ store 

The supplier RFQ store is accessible with the getSupplierRFQs method and contains all 

RFQs sent to all suppliers.  

Currently the RFQ store contains all RFQs but future implementations might remove 

inactive RFQs to save memory.  

4) Supplier order store 

The supplier order store is accessible with the getSupplierOrders method and contains all 

active orders in due date order. The orders will automatically be marked as delivered 

when corresponding delivery notice arrives from the suppliers.  

Currently the order store contains all orders but future implementations might remove 

inactive orders to save memory.  

5) Support for creating production and delivery schedules 

SCMAgent provides methods for generating delivery and production schedules for 

submission to the factory. The inventory for next day is used to determine what can be 

delivered and produced the next day.  

addDeliveryRequest()  
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Add a delivery request if possible. This is determined by looking in the inventory for 

next day and this inventory is also modified to include the delivery.  

All delivery requests are bundled together in a delivery schedule and not sent to the 

factory until sendFactorySchedules is called. Note that this method sends both the 

delivery schedule and the production schedule.  

addProductionRequest()  

Add a production request if possible. This is determined by looking in the inventory for 

next day and the free factory capacity for next day. Both the inventory and the factory 

capacity are modified to include this production request if it was possible.  

All production requests are bundled together in a production schedule and not sent to the 

factory until sendFactorySchedules is called. Note that this method sends both the 

delivery schedule and the production schedule.  

6) API for handling messages 

The SCMAgent helps with the message handling. Received messages are interpreted and 

a corresponding method is called (see below).  

a. Sending messages 

addCustomerOffer()  

Add an offer in response to a customer RFQ. All offers are bundled together and 

not sent until sendCustomerOffers is called.  

addSupplierRFQ()  

Add a RFQ to be sent to a specified supplier. All RFQs are bundled together and 

not sent until sendSupplierRFQs is called.  

addSupplierOrder()  

Add an order in response to an offer. All orders are bundled together and not sent 

until sendSupplierOrders is called.  

sendFactorySchedules()  

This method will send the schedules created using addProductionRequest and 

addDeliveryRequest to factory.  

sendAll()  
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Sends all pending RFQs, offers, orders, and schedules to customers, suppliers, 

and factory by calling corresponding send methods.  

b. Receiving messages 

The following methods are called when a message from the server arrives. Methods 

marked as optional do not need an implementation (they have a default implementation 

in the SCMAgent which does nothing).  

handleCustomerRFQs()  

Called when RFQs from the customers is received. Only one such RFQ bundle is 

received each day.  

handleCustomerOrders()  

Called when new orders are received from the customers in response to offers. 

Customer orders are only received at most once per day and the new orders are 

added in the customer order store before the call to this method.  

handleSupplierOffers()  

Called when offers from a supplier are received in response to RFQs. Supplier 

offers are received at most once per day from each supplier.  

handleSimulationStatus()  

Called when all messages from the server for this day have been received. This is 

when all information for this day is known.  

handleSupplierDelivery (optional)  

Delivery notification from suppliers  

handleFactoryStatus (optional)  

Inventory and factory status from the factory  

handleBankStatus (optional)  

Status from the bank with information about the bank account and penalties for 

the previous day  

handlePriceReport (optional)  

Statistics from the customer orders for previous day  

handleMarketReport (optional)  

Statistics from the supplier production and deliveries for previous market period  

 

The following methods mark the beginning and the end of an agent instance life cycle.  

simulationStarted()  
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Called when the simulation has started and all start information is known. Note 

that nothing can be done until this method has been called.  

simulationEnded()  

Called when the simulation has ended and the agent should free all resources. 

The AgentWare will create a new instance of the agent when another simulation 

is started.  

 

2) MyAgent 

After investigation of five apparel companies, suppliers, manufacturers, and customers 

are found to be three major parties in the overall communication process. Thus, 

MyAgent inherited from the SCMAgent is designed in the environment consisting of 

these three supply chain partners to simplify the implementation of factory functionality 

in an apparel supply chain. As production schedule can be executed by the apparel 

company or by the manufacturer, it is separated as an individual part for Figure 5-12 to 

illustrate. In this simulation, the whole communication is centered on the production 

schedule agent who contacts closely with the other three partners. Figure 5-12 shows the 

communication process of supplier, factory and customer. 

The manufacturer uses the strategy of make-to-order (MTO). In this case, suppose 

components are not enough and the total delivery time will be 6 days (including one day 

for the suppliers to produce the supply).  

Day D:  

Receive RFQ from the retailer customers and send offers to them  

Day D + 1:  

Receive order from the retailer customers and send RFQ to suppliers  

Day D + 2:  

Receive offers from suppliers and send orders for supply  

Day D + 3:  

Suppliers produce the requested supply  

Day D + 4:  

Delivery of supply from suppliers  

Day D + 5:  

Assembling and producing apparel products  
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Day D + 6:  

Delivery to the retailer customers 

This means that the example manufacturer will never bid for requests with a too short 

due date.  

 

Figure 5-12 build-to-order delivery of MyAgent 

3) Communication 

 

Each day the merchandiser agent will receive and send a large number of RFQs, offers, 

and orders to the built-in actors (e.g. suppliers, customers, and the factory). Since 

handling all the RFQs to and from the server as separate messages would cause a lot of 

communications with the server, all RFQs, for one day, between agents and the built-in 

actors are bundled into an RFQBundle. This makes the communication much less time 

and bandwidth consuming. The same bundling is also made for all other types of 

"business documents" like offers, orders, etc. 

a. Start Messages 

In the start of the simulation the server will send a number of messages. These messages 

are:  

• BOMBundle - lists all products, and for each product, the components that are 

needed to produce it  

• ComponentCatalog - lists the suppliers of each component  

• StartInfo - contains information about the simulation length, number of minutes 

or hours per day, etc. The simulation time here is randomly set for 219 days. 
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b. Daily Messages 

Each day the agent receives the following messages  

• RFQBundle from the customer. It contains all the RFQs from customers, this 

bundle is sent out to the merchandise agent. If the customer does not generate any 

RFQs no RFQBundle will be sent. The RFQ includes apparel parameters such as 

quantity, color, size, style and etc. The server which simulates the customers will 

ask for apparel product quantity randomly from 2000 to 8000 pieces. 

• OrderBundle from the customer. This contains all the orders that the customers 

have decided to order from the agent. If the agent did not get any orders from the 

customer, no OrderBundle will be sent.  

• OfferBundle from each supplier that have received an RFQBundle from the agent 

(and have something to offer)  

• DeliveryNotice from each supplier that have delivered components to the agent  

• FactoryStatus from the factory containing information about the apparels in the 

inventory  

Each day the agent sends the following messages:  

• RFQBundle to each supplier that it wants to request quotes for components from 

(up to 10 RFQs / bundle)  

• OrderBundle to each supplier that it wants to order components from  

• OfferBundle to the customer if it has something to offer  

• ProductionSchedule to the factory if production is desired  

• DeliverySchedule to the factory if deliveries are desired  

c. Periodic Messages 

In regular intervals the agents also receive market reports that contain information about 

the market supply and demand during the period.  

 

4) Built-in Actors of the Simulation 

a. Suppliers 

The suppliers produce the components needed for the apparel production. They are 

simulated based on the following assumptions:  
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• Suppliers operate in a make-to-order basis.  

• If multiple days of production are required to satisfy the order, inventory is carried 

over. Inventory carrying costs are assumed to be zero.  

• However, the order is only shipped on the due date (or later if not possible to deliver 

fully that day).  

• A random walk is used to determine the production capacity for each day (constrains 

the number of units that can be produced each day).  

• If an order cannot be met due to reduced capacity, the order is given priority over 

later orders. Thus, delays ripple across the production schedule.  

• Suppliers will never offer anything beyond the end of the simulation.  

Agents communicate with suppliers using RFQs, offers, and orders, and a typical buying 

scenario is:  

• The agent sends a RFQBundle [Day D]  

• The supplier sends back an OfferBundle [Day D + 1]  

• The agent sends back an OrderBundle for the offered components that it wants to 

order [Day D + 1]  

• At the specified due-date the supplier delivers the components (given that no 

production disturbances occurred)  

b. Customer 

The Customer will each day, from day 1, send a RFQBundle to all participating agents 

(day 0 is free from RFQs so that agents will have time to set-up). A typical interaction 

with the customer would be:  

• The customer sends an RFQBundle [Day D]  

• The agent responds with an OfferBundle containing at least one winning offer 

(matching the RFQ, and with the best price) [Day D]  

• The customer sends an OrderBundle containing orders for the winning offers [Day D 

+ 1]  

• On the day before the requested due-date the agent submits a delivery schedule to its 

factory, to ensure delivery at the due-date.  
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• The customer receives the apparel products and if the delivery is correct (e.g. 

matches the requested apparels), it will do a payment transaction to the Bank.  

c. Factory 

Each agent has a simple factory which consists of an production line and an inventory.  

The preconditions for the factory to produce a batch of apparel products are:  

• The required components were available the day before, either in the inventory (see 

FactoryStatus) or delivered (see DeliveryNotice).  

• A production schedule was submitted the day before (describing the above batch)  

• The factory has enough production capacity  

When the days have passed, the produced apparel products are moved to the inventory, 

or sent to the retailer customers (based on the delivery schedule). If the produced apparel 

products are not delivered to customers they can be found in the factory status message.  

 

5.4.3 Result of the Agent-based Communication System 
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Figure 5-13 The Implementation of the factory agent 

 

Fig.5-13 shows the apparel product and component inventory changes, the result of 

cooperative communication of supply chain members. MyAgent receives an inventory 

update from the server each day but it also updates its own inventory per hour during the 

days to constantly know what is available.  

 

MyAgent is simple and could not handle overloaded factory very well. Thus it should 

have some finished products stored beforehand. However, the purpose of the simulation 

model has been obtained that the multi-agents of the apparel supply chain convey 

knowledge fluently and achieve the same final goal in a cooperative manner. The model 

is built based on JAVA platform and supply chain members interact in the same agent 

communication protocol. The manufacturer agent and the supplier agent have performed 

their own tasks in this model, yet in real industry, the communication between the two 

members is not that simple and they need more discuss on price and delivery date of 

procurement. That is negotiation. In order to explore whether agents can solve real 

communication problem and how they represent human to negotiate, a further agent-

based simulation model is proposed with algorithm employed to have further study on 

agent communication in the next chapter.   
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Chapter 6  

Agent-based Simulation Model for Negotiation Process in 

the Apparel Supply Chain 

 

6.1 The Framework of the Agent-based Negotiation Model 

 

Supply chain management is one of the most important strategic aspects of any business 

enterprise. Decisions must be made about how to coordinate the production of goods and 

services, how and where to store inventory, whom to buy materials from and how to 

distribute them in the most cost-effective, timely manner. In apparel industry, the supply 

chain environment is especially dynamic due to the fast fashion, short product cycle, 

changing market needs and different apparel parameters. In simplest terms, negotiation is 

a discussion between two or more disputants who are trying to work out a solution to 

their problem. Each party in the apparel supply chain has its own interest and goals and 

sometimes conflict. So negotiation is needed to work out a solution that could be 

accepted by both parties in order to achieve bilateral benefit.  

 

Autonomous agents have a high degree of self-determination - they decide for 

themselves what, when and under what conditions their actions should be performed. 

(Faratin et al., 1998). They need to interact with other agents to work together in a multi-

agent system. However, the agents have no direct control over one another, they must 

persuade their acquaintances to act in particular ways (they cannot simply instruct them). 

The type of persuasion we consider is negotiation - a process by which a joint decision is 

made by two or more parties (Pruitt D.G., 1981). In the apparel supply chain, the 

customer himself sometimes cannot give the accurate information when making orders to 

the merchandiser, thus changes of the orders occur after the order is initialized. 

Negotiation thus will begin due to any change of the orders that will probably affect 

production schedule, lead time and even price. To make agents cooperate in a relatively 

dynamic way to adapt to such changes, a negotiation strategy is proposed in this research. 

As for the negotiation in the agent environment, a deal between agents was generally a 

joint plan. The plan was “joint” in the sense that the agents might share the load, 
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compromise over which agent does which actions, or even compromise over which agent 

gets which parts of its goal satisfied (Zlotkin G. and Rosenschein J.S., 1993). 

   

6.1.1 Research on Negotiation  

 

Negotiation is a form of decision making in which two or more parties talk with one 

another in an effort to resolve their opposing interests. (Pruitt D.G., 1981) Negotiation 

can be described in terms of strategies and protocols. The protocol of a negotiation 

mechanism is the set of rules by which market participants come to agreements. It 

specifies the kind of deals they can make, as well as the sequence of offers and counter-

offers that are allowed. The negotiating procedures have included the exchange of partial 

global plans, the communication of information intended to alter other agents’ goals, and 

the use of incremental suggestions leading to joint plans of action. 

 

Negotiation is by no means the only method of making decisions where interests are 

opposed. Agreements are often reached by tacit bargaining, in which the parties 

coordinate nonverbally on a particular solution by a process involving move and 

countermove.   

 

6.1.2 Negotiation Issues and Basic Strategies 

 

The topics under discussion in negotiation can usually be divided into distinct issues 

requiring separate (though related) decisions by the bargainers. Some negotiations 

involve only one issue, but multiple issues are more common. Weber concluded that net 

price, delivery lead time, and quality are most commonly applied as criteria to select 

suppliers (Weber et al., 1991).  Verma and Pullman (1998) showed that although most 

managers perceive quality as the most important factor, in practical decision making, 

cost and on-time delivery are considered more important than quality. Thus, in this 

research, we choose price, delivery due date as the negotiation issues in the agent-based 

supply chain negotiation model.    

 

The outcome of a bidding competition may depend on many different factors, but price 

often plays a significant role in successful bidding. Usually firms bidding for jobs 
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typically establish their prices using a standard mark-up approach (Kingsman and etc., 

1993; Wisner, 1995). Mark-up is the amount that a firm adds to its estimated direct costs 

for the project to cover overhead, unplanned expenses, and desired profit (Ahmad, 1987). 

Much of the competitive bidding literature focuses on this key decision variable (King, 

1988). Prospective customers also appreciate short lead times (Zeithaml, 1990). Duenyas 

(Duenyas, 1995) and Li and Lee (Li and Lee, 1994) demonstrate, make to order (MTO) 

firms with fast delivery times tend to have a powerful marketing advantage over 

competing firms. If a firm's faster delivery times are enabled by shortened flow times, 

then its lower work in process inventories and inventory carrying costs may provide 

another competitive advantage. Thus the apparel firms that can promise (and deliver) 

short lead times are likely to win more orders, and may earn higher profits on each 

successful bid, than their near competitors. 

 

However, Weber et al. (Weber, 1991) point out that if a MTO firm promises its customer 

an overly-optimistic delivery date it risks penalties for tardy deliveries and diminished 

prospects for future business. Therefore, accurate delivery time estimates are extremely 

important to the success of a MTO firm. 

 

In many situations, delivery time is as critical as price in winning orders. However, the 

firms risk penalties for late (tardy) deliveries and the loss of future business if they are 

unable to maintain the lead times promised their customer (Duenyas, 1995; Dempsey, 

1978). These penalties may be proportional to either the percentage of jobs that were 

delivered late, the amount of tardiness, or both (Vig, 1993). Therefore, the long term 

success of the MTO firm may depend upon its ability to accurately determine lead times 

given the firm's available capacity and backlog. 

 

There are three basic strategies for moving toward agreement for a bargainer (Pruitt D.G., 

1981).  

-----to concede unilaterally, which has the goal of reducing the distance between the two 

parties’ demands 

------to stand firm and employ pressure tactics to persuade the other party to concede and 

thus to reduce the distance between demands  

------to collaborate with the other party in search of a mutually acceptable solution 
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In this research we begin to characterize the relationship between contract price, delivery 

date, and expected contribution for the apparel company with contingent orders. Our 

goal is to help the apparel manufacture firm establish a contract price and delivery time 

for the customer's project. 

 

6.2 Negotiation Modes of the Apparel Supply Chain  

 

In the apparel supply chain, negotiation basically happens in between the final customer, 

the apparel merchandiser, the manufacturer and the raw material supplier. The later three 

participants can be organized within an apparel company or act as individual companies, 

but of course, has cooperation with each other. It depends on different apparel supply 

chain forms.  

 

Before we distinguish negotiation modes, it is necessary for us to clarify the structures of 

different apparel supply chains. Five apparel companies are selected and studied as the 

cases so that the categories of structures are representative (See Appendix A).  

 

In a vertical-integrated apparel supply chain, all the supply chain members, from the 

cotton producer, fabric supplier till the last final garment manufacturer are all managed 

under the centralized apparel company. Thus, negotiation processes mostly happen 

between the merchandiser, the customer and the manufacturer as the apparel company 

produces and owns the raw material itself thus can better control the yarn and fabric 

supply. The vertical integrated supply chain is a quite special case as few apparel 

companies have the centralized control of all the supply chain processes.  

 

In a manufacturer-lead apparel supply chain, the manufacturer is the coordinator of the 

whole apparel supply chain. Thus, the negotiation mainly takes place between the 

customer, the manufacturer and the supplier as this apparel company has its own apparel 

factory and fixed fabric supplier thus less time will be spent on the negotiation of raw 

material procurement.  

 

In a third-party apparel supply chain, the negotiation process mainly involves around the 

merchandiser of the apparel company as it starts from the merchandiser to the other three 
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parties as this kind of apparel companies do not own any factory, but would rather 

outsource all production to various manufacturers. It acts as a supply chain manager 

coordinating all the supply chain processes.  

 

Basically, apparel products are divided into fashion and ordinary. For supply chain 

selling fashion clothes, replenishment is seldom needed due to the changing vogue. 

Negotiation has to be processed each time when customer makes order. While for supply 

chain of basic garments where reorders need to be made, negotiation is influential as 

price and lead time are decided at the first order time and will be reference for later 

reorders.  

 

Based on the above, herein two negotiation modes are proposed in the present research. 

One is defined as the parallel negotiation which is characteristic of the parallel delivery 

situation in one line from the upstream customer to the downstream supplier in the whole 

procedures (See Figure 6-2). The other is radial negotiation, defined as the connection 

arrows radiating from the merchandiser who interconnects with the customer, the 

manufacturer and the supplier in the dealing process (See Figure 6-3).   

 

               

        Figure 6-1   Parallel negotiation process of the apparel supply chain 

 

Supplier  Manufacturer Merchandiser 

Customer 1 

Customer 2 

Customer n 

Apparel Company 
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Figure 6-2 Radial negotiation process of the apparel supply chain 

 

Big apparel companies in HK usually have their own garment supply and production 

factory, the merchandiser negotiates with the customer to decrease the bidding price and 

prolong delivery date with the aim of maximizing the profit. Then the merchandiser will 

discuss with the factory on production schedule to decrease the total cost of the supply 

chain and to satisfy the customer needs. Most of the small apparel companies in HK have 

contract-based factory partners and yarn and fiber suppliers, thus the merchandiser plays 

the role of sourcing to find suitable manufacturers. 

 

Considering the above fact, negotiation processes of the apparel supply chain in this 

research is proposed between the customer, the manufacturer and the supplier. The 

merchandiser acts as an intermediate and connects with customers and manufacturers.  

 

In a negotiation process, the negotiation parties have different even conflicted purposes. 

For instance, for the buyer part the prices are expected to be low to decrease cost while 

on the contrary for the seller part prices are anticipated to be as high as possible to 

increase profit. Moreover, concerning with the delivery date, the manufacturer hopes to 

have a longer lead time while the customer prefers a quicker delivery. Thus in this 

research, price and due date are considered as the input parameters while cost is 

considered as the output parameter.  

 

6.3 Negotiation model design 
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Figure 6-3 Framework of the negotiation model 

 

There are three types of agents used in this research: supplier agent, manufacturer agent 

and customer agent. 

 

The supplier agent will have a reservation price, which is the lowest price which the 

manufacturing resources can be “sold” to a particular production engineer. This is to 

avoid insider trading which might result in ridiculously low numbers of tokens being 

used to win a certain bid for certain manufacturing resources, to protect the resources 

supplier.  
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The manufacturer agent represents and purchaser who is eligible to use the 

manufacturing process. Similar to the supplier agent, each buyer agent connects with the 

buyer agent’s system and has a unique identification number. There also has a ceiling 

price. The buyer agent will be willing to use a certain number of tokens to bid for a 

particular manufacturing resource. The ceiling price is the maximum price he is willing 

to, or is able to afford to pay in order to win a bid. This ceiling price should be set very 

carefully as it directly affects the possibility of winning a bid which protecting the bidder 

from paying too much, which will lead him having insufficient tokens to bid for other 

manufacturing resources.  

 

During negotiation, it is essential to define the decision-making steps for the agents 

involved in the negotiation model.  

Customer Agent: representative of foreign apparel brand owner companies 

Merchandiser Agent: merchandisers of the HK apparel company 

Manufacturer Agent: responsible for the production control and planner 

Supplier Agent: raw material and apparel component suppliers 

 

The proposed negotiation system is described as follows (Figure 6-3). The customer 

agent sends orders to the merchandiser agent. The merchandiser agent receives the order 

and starts negotiation with the customer agent. They may discuss on many issues and 

major issues are price and due date. The merchandiser agent connects with the 

manufacturer agent and checks if there is enough production capacity for the coming 

order. The manufacturer agent will make further forecast of the possible delivery date of 

the apparel orders and share the information with the merchandiser agent simultaneously. 

Based on such information, the merchandiser agent provides the reserved price and 

minimum delivery time to the customer agent and negotiates to reach an appropriate 

price and due date of delivery. On the contrary, the customer agent gives the ceiling price 

and maximum delivery time. 

 

After reaching an agreement with the customer, the manufacturer agent will contact 

suppliers to get the suitable raw material and apparel components. The manufacturer 

agent gives the ceiling price and maximum delivery time. The supplier agent has his own 

reservation price and responds to the manufacturer agent with the aim of aggrandizing 
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price and prolonging delivery time. Both the negotiators hope to obtain higher profit for 

their own. 

 

6.4 Conceptual Model for Negotiation 

 

Before we talk about the negotiation in the apparel supply chain, a conceptual 

negotiation model has been built to give a general description of negotiation on price and 

delivery date. Consider a negotiation with m states played by n  negotiators in a limited 

time horizon Tmax . In each time period 1max,...1,0 −= Tt , each negotiator takes an 

action simultaneously. Driven by the joint actions taken by all the negotiators, the 

negotiation transfers to another state at time 1+t . For each negotiator i  the following 

information is associated with it. 

 

Public information (shared with all other negotiators) 

:iA a finite set of all possible actions negotiator i  may take. 

:iT     a finite set of all possible types negotiator i  may be. 

:},,,{ 0 Θ= JASsSM a transition automaton that defines the structure of the negotiation. 

Where 

S  is a finite set of states. S consists of terminal states and non-terminal states. 

0s  is the initial state of the negotiation. 

JAS  which stands for Joint Action Sets is the input alphabet of the automaton, where 

i

n

i AJAS 1=∏= is the Cartesian production of n negotiators’ action sets. Each member in 

the JAS  is a n -tuple, the ith  element of this tuple corresponds to the action taken by 

negotiator i . The fact that the input symbols are n -tuples means that the state to which 

the negotiation would transfer depends on all negotiators. For any individual negotiator, 

even after taking a certain action, it doesn’t know what the next state would be. 

Θ : transition function of the automaton, which maps a joint action to a state, i.e. 

Θ ( ys, ), where JASySs ∈∈ , , denotes the state to which the automaton would transfer 

from state s given the joint action y . 

 

Generally, negotiators divided into the buyer part and the seller part. For the buyer part, 

they ask for a lower price and shorter lead time while on the contrary, the seller wants a 
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higher price and respectively longer lead time for production. Though they have conflict 

objectives, for both negotiators, they hope to get maximized payoff and minimized 

production cost.  

 

Private information (only known to negotiator itself): 

ir : the real type of negotiator i , ii Tr ∈ . 

:),( ii rsU utility function of negotiator i , which denotes the payoff negotiator i will get if 

the game ends at state Ss ∈ and its real type is ir . 

:)(Pr ji aob the probability negotiator i believes that negotiator j would take action ja . 

At each time period Tt max< , if current state is a terminal state s , the negotiation ends 

and all negotiators obtain their final payoffs ),( ii rsU . Otherwise, the negotiation goes 

forward, negotiator i computes its payoff by the following formula,  

 

ii

n

ijj

t

iji

t

i AasPayoffaobsPayoff ∈×= ∏
≠=

+ },)'()(Prmax{)(
1

1  

ii

n

ijj

t

iji

t

i AasCostaobsCost ∈×= ∏
≠=

+ },)'()(Prmin{)(
1

1  

Where ),(' ass Θ= is the state to which the negotiation transfers from state s , driven by 

the joint action k

n

k aa 1=∏= taken by all the negotiators. 

 To maximize its expected payoff, negotiator i should take action *

ia such that 

})'()(Prmax{arg
1

1* ∏
≠=

+×=
n

ijj

t

ijii sPayoffaoba  

At the last period Tmax , the payoff is realized as utility function of negotiator i . i.e.: 

),'()'(max

ii

T

i rsUsPayoff =  

The accepted lead time by both negotiators is realized as utility function of negotiator i  

within negotiation time period Tmax  . 

),'()'(max

ii

T

i rsUsCost =  

 

In our model, negotiators observe their opponents’ actions, interpret those actions based 

on some subjective beliefs and then take corresponding action to maximize their own 

payoffs. Every negotiator’s subjective beliefs are its own “personal experiences”, not 
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shared with anyone else. Just as “experiences” of a human negotiator will determine his 

strategy, “beliefs” held by an agent in our model will determine its behavior in 

negotiation. 

 

In the formal model, the uncertainty is rooted in the negotiation process itself: agents are 

uncertain about what actions their opponents may take and use different negotiation 

strategies to interact with each other. 

 

6.5 Negotiation Model  

 

After having a basic knowledge of ZEUS, the negotiation model will be designed in the 

following part. The model is based on the manufacturer-lead apparel supply chain and 

the apparel factory is in a make-to-order mode (Hendry and Kingsman, 1989). 

 

6.5.1 Definitions of Negotiators 

 

There are four proposed supply chain negotiators in the negotiation model. The customer 

agent, the manufacturer agent and the supplier agent are used to represent the negotiators. 

These four members are mainly involved in negotiation process in supply chains. To 

better illustrate the performance of possible negotiation occurred in the apparel supply 

chain, we select them among the members designed in the communication model in 

Chapter 5. The customer sends apparel product order to the merchandiser of the apparel 

company and discusses about what the price can be accepted by both partners and when 

the apparel product can be delivered. The merchandiser receives the order and forwards 

the information to the manufacturer about the price and due date and sees if enough 

production capacity can be reserved for the coming order. The manufacturer makes 

response and negotiates until acceptable price and due date are reached. When 

confirming with the customer, the manufacturer turns to the supplier for procurement. 

The manufacturer proposes a price and delivery date based on previous transaction, and 

then makes further negotiation.  

 

As this model is developed based on ZEUS, we need to consider the entities of the 

standard Zeus Application role model, upon which this role model is based.  We will 
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need an agent in the ANS role, but as the Broker duplicates the functionality of the 

Facilitator only one needs to be created (see Table 6-1). 

It is possible for each of the identified roles to be played by an individual agent, and 

which interact together to accomplish a common cause.  Alternatively, a single agent 

could play several roles.  

After deciding on the domain and considering its constituent role models we have 

decided to base our solution on the apparel supply chain negotiation role model.  Then 

we have decided to create several agents to fulfill the roles found within the role model: 

Table 6-1 Agent names 

Agent Name Roles Played 

Supplier Trader (Buyer, Seller, Inquirer, Registrant) 

Manufacturer Trader (Buyer, Seller, Inquirer, Registrant) 

Customer Trader (Buyer, Seller, Inquirer, Registrant) 

Broker Broker (Facilitator) 

Visual Visualiser 

ANS Agent Name Server 

Having identified what roles should exist within the application, we can begin thinking 

about how agents will realize each role.   

 

6.5.2 Agent Responsibilities 

 

Each role played by an agent entails some responsibilities, e.g. resources that will need to 

be produced or consumed, interactions with external systems etc.  Hence the next stage is 

to use the role descriptions to create a list of responsibilities for each agent. 

From the descriptions in the negotiation role model, the list of responsibilities can be 

obtained for the four constituent roles of a Trader agent.  As some responsibilities are 

shared between roles they only need to be considered once.  The responsibilities 

involved can be categorized as social or domain responsibilities, the former involving 

interaction with other agents, and the latter involving some local application-specific 

activity; this results in the following: 

Table 6-2 Social responsibilities of traders 
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TRADER - Social Responsibilities 

Origin Responsibility 

Seller-
Registrant 

To register and de-register presence in marketplace  

Buyer-Inquirer To request information on known sellers 

Buyer To send bids to potential vendors  

Seller To receive and respond to bids  

Table 6-3 Domain responsibilities of traders 

TRADER – Domain Responsibilities 

Origin Responsibility 

Buyer To facilitate the entry of user transactions 

Buyer To interpret vendor responses 

Buyer, Seller To exchange payment and ownership 

Seller To facilitate user selling preferences 

Seller To interpret bids 

 
The next role to consider is the Broker: 

Table 6-4 Social responsibilities of broker 

BROKER - Social Responsibilities 

Origin Responsibility 

Broker To receive notifications from participants 

Broker To respond to queries on market participants 

Table 6-5 Domain responsibilities of broker 

BROKER – Domain Responsibilities 

Broker To store information on market participants 

 
Finally, as the functionality of the Visualiser role is already present in the standard Zeus 

Application role model we shall adopt the pre-built Visualiser tool; hence no design is 

necessary for this role.  

 

6.5.3 Negotiation Strategy-----Linear Method  

 

Among these three methods, linear method is the basic one. Characteristics of the mutual 

biding price between the sellers and the buyers show the monotonically changing 

behavior as they stay in the same dealing environment.  
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Based on the conceptual model developed in the above section (6.4), we apply the model 

above to develop a basic negotiation scenario involving one apparel producer, one 

material supplier and one fashion apparel product. The producer and the supplier have 

reservation prices sp vv ,
on the commodity, respectively. In each negotiation iteration, the 

buyer and the seller offer price proposals simultaneously. If the producer’s offer tp
 is no 

less than the supplier’s offer ts
, the negotiation ends. Otherwise, the negotiation goes to 

next iteration until reaching the maximal time horizon Tmax . pv
, the reservation price of 

the apparel producer, is a crucial piece of information to characterize the producer. 

Similarly, the seller is sv
. To explicitly express the states of the negotiation game, we 

make two assumptions: 

    There is a price range [ ]PP max,min  agreed by both negotiators, and ttsp spvv ,,, all 

belong to this range; 

    The players have set a minimal price increase/decrease unit before the negotiation 

begins. 

 

The state set of the negotiation is defined as [ ] ]max,[minmax,min PPPP × . A state s  is 

an ordered pair ),( yx , where x is the seller’s price offer, y is the buyer’s price offer. 

If yx ≤ , s is a terminal state, otherwise it is a non-terminal state. The action sets and the 

type sets for both players are ]max,[min PP . The transition function of the game is 

defined as aas =Θ ),( for non-terminal state s , i.e., from a non-terminal state, the 

negotiation can transfer to any other state defined by two negotiators joint actions. For 

example, if the current time is t  and the current state is (10, 5), since the seller’s offer 10 

is greater than the buyer’s offer 5, it is a non-terminal state. If the seller offers 9 and the 

buyer offers 6, then the negotiation transfers to state (9, 6) in the next iteration 1+t . For 

a terminal state, Θ is undefined since the game ends in this state. 

 

Every negotiator maintains a vector of beliefs over its opponent’s action set. During each 

iteration, the beliefs are fixed. A negotiator may update its beliefs between iterations. 

The methods of updating the beliefs will be discussed next. 
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In a real-world negotiation, a buyer always prefers to bid a lower price for a certain 

commodity. Our model incorporates this observation by requiring that the buyer’s utility 

function be monotonic, i.e. buyerU satisfies ),(),( 21 bbuyerbbuyer vsUvsU ≥  for any states 

21 , ss such that ),(),,( 2211 yxsyxs == and 21 yy ≤ . If the negotiation ends at a non-

terminal state, the negotiators do not agree with each other and hence no trade will 

happen. In this case, both the buyer and the seller get nothing. So, ),( bbuyer vsU should 

equal to 0 for any non-terminal state s , i.e., there is no penalty for both players if they 

fail to make an agreement. 

  

Through out this section, both players use the linear utility functions. The producer’s 

utility function and the supplier’s are defined as: 
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In above formulas, ),( yxs = is a state. yx ≤  means s is a terminal state.  

The seller and the buyer in our negotiation model are the apparel supplier and the apparel 

producer. Suppose at time t , the supplier’s offer is ts
, and the producer’s offer is tp

. We 

compare the following belief updating methods (abbreviated as methods in the following 

part). Here the methods are stated from the producer’s perspective. It is easy to give the 

corresponding formulas for the supplier. 

 

1. The buyer doesn’t update at all, and always uses the uniform distribution over the 

price interval ]max,[min PP . 

2. The buyer sets a uniform distribution over interval ],[min tsP  

3. The buyer sets an exponential distribution over interval ],[min tsP , and ts has the 

highest probability: 
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 , z is a 

normalization factor, t is the current time, Tmax is the time horizon, β  is a parameter 

characterizing the aggressiveness of a negotiator. 

4. The buyer sets an exponential distribution over interval ],[min tsP , and Pmin has 

the highest probability. 

5. The buyer sets a uniform distribution over interval ],[ tt sb  

6. The buyer sets an exponential distribution over interval ],[ tt sb , and ts has the 

highest probability 

7. The buyer sets an exponential distribution over interval ],[ tt sb , and 
tb has the 

highest probability 

 

In the method 3, 4, 6 and 7, the time horizon of the negotiation has been taken into 

consideration. In the method 3 and 6, the less time left, the more the buyer believes that 

the seller will not change his current offer ts . While in method 4 and 7, the buyer does 

not believe that the seller is offering her a reasonable price. The less time left, the more 

she believes that the seller will decrease his current offer ts . 

 

a. Negotiators use the same method 

 

For the buyer, the updating methods 2, 3 and 4 set probabilities over interval ],[min tsP . 

For the seller, the interval is ]max,[ Pbt  . In Figure 6-4, the trade prices are shown for the 

cases where both the buyer and the seller use the same method in this group (method 2, 3 

and 4). The buyer’s reservation price is fixed to be 100, increase the seller’s reservation 

price from 0 to 100 with linear step length 5. We set 5=β for method 3 and 100=β for 

method 4. In Figure 6-4, the x-coordinate is the seller’s reservation price; and the y-

coordinate is the final trade price. From the results, it is found that method 4 produces 

the “hardest” negotiator among these three belief updating methods: only when the 

seller’s reservation price falls between 0 and 30, the players make a deal. If the seller’s 

reservation price is higher than 30, even though there exists a potentially wide 

negotiation range, no agreement is reached. On the other hand, method 3 produces the 

“easiest” negotiator: for the seller’s reservation price varying from 0 to 90, a deal can 
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always be found. Method 2 stands between the “easiest” and the “hardest”. The range for 

method 2 to make a deal is [0, 45]. With a bigger β  , method 3 will become “harder”, 

and method 4 will become “easier”. A bigger β  will make the exponential distributions 

of methods 3 and 4 (with opposite tail directions) converge to a uniform distribution. 

 

In method 5, 6 and 7, all the settings are the same as those in the first experiment except 

that the updating methods are changed to method 5, 6 and 7. We can see that method 5,6 

and 7 are more efficient than the methods used in the first experiment: with the buyer’s 

reservation price fixed at 100 and the seller’s reservation price varying from 0 to 95, the 

players can always reach a deal by using any one of these three methods. An explanation 

to these results is that since both players have more “reasonable” beliefs on what price 

their opponent will offer, it is easier for them to negotiate successfully. Similarly, 

increasing β will make method 6 and 7 converge to method 5.  

 

b. Negotiators use different methods 

 

In this part, we will show what will happen when negotiators use different belief 

updating methods. The settings are the same as those in previous subsection. 

 

Figure 6-4 shows the cases where both players use method 4 and method 2. Figure 6-6 

shows the case where the seller uses method 4 and the buyer uses method 2. In order to 

compare with those results, we show the results of those two cases here again. Compared 

to the case where both player use method 4, now the buyer switches to a “weaker” 

updating method, so the seller manages to sell his item at a higher price, and also extends 

the reservation price range on which he is willing to make a deal with the buyer. 

Compared to the case where both players use method 2, now the seller uses a harder 

updating method, so he still manages to sell his item at a higher price but shrinks the 

reservation price range on which he is willing to make a deal. 

 

In the case where the seller uses method 2, and the buyer uses method 3, as shown in 

Figure 6-7, we see that the seller is better off than the buyer. Compared to the case where 

both players use method 2, the fact that the buyer switches to a weaker method 3 is 

exploited by the seller, so he can manage to sell his item at a much higher price while 
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extending the reservation price range simultaneously. Compared to the case where both 

players use method 3, although the seller decreases the reservation price range a little, the 

trade prices are much higher than those observed in Figure 6-5. 

 

Figure 6-8 shows the case where the seller uses method 7 and the buyer uses method 5. 

Here we only compare the results with those in the case where both players use method 5 

because the results obtained by using method 5 and method 7 are very close, as shown in 

Figure 6-5. In Figure 6-8, we also show the results where the seller uses method 5 and 

the buyer uses method 6. In this case, since the seller uses a weaker method, the trade 

prices are lower than those in the case where he uses method 6. In Figure 6-8, we show 

the trade prices where the seller uses method 4, the buyer uses method 7 both with 

100=β .We can see that the seller takes obvious advantage of the buyer. 
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Figure 6-4 Price negotiation using belief updating method 2,3 and 4 
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Figure 6-6 Price negotiation using different method 5,6 and 7 
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Figure 6-7 Price negotiation using different method 2 and 3 
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Figure 6-8 Price negotiation using different method 5 and 6 

 

6.5.4 Negotiation Process Described in ZEUS 
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ZEUS® provides an agent-based environment for simulating negotiation process among 

the supplier, the manufacturer and the customer of the negotiation. 

 

Based on the platform of ZEUS®, a simple demo was made to demonstrate the electric 

negotiation result of the supplier agent, the manufacturer agent and the customer agent 

with linear negotiation strategies embedded in. The demo is mainly aimed to illustrate 

the linear change of price negotiation.   

 

The trading starts up in the premium of the agents’ interaction. The customer sends an 

order to the apparel manufacturer for apparel products. These two parties negotiates on 

price and delivery date. After that, the manufacturer agent procures apparel raw material 

from the supplier agent and also discusses on different materials such as fabric or some 

apparel component like zip. The interaction of the two negotiation parties follows such 

procedures. We can consider each negotiation happen between a buyer agent and a seller 

agent. The buyer agent set a highest price he would be willing to pay for this item in the 

Maximum Price field. This value will be kept secret and used by the embedded 

negotiation strategy to create a bid price, which will be offered to the seller. The seller 

agent creates a reserve price which is the lowest price he would be willing to accept for 

the apparel material or component. This value will be kept secret and used by the 

embedded negotiation strategy to create an asking price, which will be the price quoted 

to potential buyers. The bidding price is adjusted step by step in a linear change trend till 

it is accepted by the seller. Each step is defined by the negotiation strategy.  

 

In the simulation application, sellers need to determine their replies to incoming bids 

using the LinearInitiatorEvaluator strategy which embodies the linear method, whilst 

LinearRespondentEvaluator is used by potential purchasers to formulate their bids. 

 

There are three parameters in the negotiation model, which are min.percent, no.quibble 

and max.percent.  

 

min.percent: the fraction of the commodity's perceived value at which the agent will 

begin bidding 
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no.quibble: the difference in price considered insignificant by the agent; when the offer 

price higher than the bid price but within the 'no quibble' range the offer will be accepted. 

This avoids spending several rounds negotiating over proverbial pennies, (this can be 

important especially when negotiation needs to be resolved as soon as possible). 

 

max.percent: the fraction of the commodity's perceived value up to which the agent will 

be willing to continue bidding.  

 

These parameters define the linear degree of each negotiation. The value can be changed 

so that the degree can be controlled 
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Figure 6-9 Three agents of the negotiation 
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Figure 6-10 Negotiation entities of fabric, zipper and button 
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Figure 6-11 Definition panel of negotiation content 

 

6.6 Summary 

 

This chapter firstly illustrates the belief updating method for the negotiators to interact 

with each other. The six belief updating methods, which can be described in different 

mathematical distributions, reflect six different reactions for the buyer and the seller in 

the negotiation process. Secondly, the chapter has presented the basic negotiation 

strategy, linear method in the negotiation model. Utility functions are given and 

simulation for the negotiation process has been depicted. In the next chapter, artificial 

algorithms will be adopted as improved methods to optimize the negotiation strategy.  
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Chapter 7  

Agent-based Optimization Model of Negotiation Process in 

the Apparel Supply Chain  

 

In the previous section, an overall agent-based negotiation process has been simulated. 

Agents use belief updating method to emulate human thoughts and use linear method as 

a negotiation strategy to negotiate with each other on price and due date. In this section, 

we propose optimized negotiation strategies so that supply chain cost and production 

capacity can be taken into consideration. Therefore, a systematic mathematical model 

will be built in the following part. Intelligent algorithms have been applied in the 

proposed optimized negotiation strategy. A two-phase negotiation strategy with genetic 

algorithm (GA) and simulated annealing (SA) is adopted so that optimal negotiation can 

be achieved. Based on this, a genetic simulated annealing algorithm (GSAA) is explored 

to try to find better result. 

 

7.1 Mathematical Model of Negotiation 

 

In this research, negotiation with suppliers addresses two issues: (1) the price of the 

material and (2) the material’s arrival time. Therefore, the decision space for the 

manufacturer in negotiating with suppliers is defined in terms of these two variables. The 

essential conflict is that the manufacturer would like to have the material arrive on its 

preferred schedule ( M

tjDD , ) and pay as little as possible ( M

tjP , ), while the supplier asks a 

higher price ( S

tjP , ) and prefers to have a long delivery due date ( S

tjDD , ). The decision 

space is bounded by the levels of limit and aspiration. Pruitt (1981) explains that a limit 

level is a bargainer’s ultimate fallback position, the level of benefit beyond which he/she 

is unwilling to concede. On the other hand, the aspiration level is the level of benefit 

sought at any particular time; that is, the value to the bargainer of the goal toward which 

he/she is striving. The aspiration level is always higher than or equal to the limit level. 

Normally, the aspiration level is proposed in the initial offer of a negotiation. 
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We will first present an analytical model of a negotiation between an apparel 

manufacturer and a raw material supplier who contract on price and due date, following 

the standard approach used in bargaining theory (Binmore K., 1992; Binmore and 

Dasgupta, 1987). The utility functions of the agents should be constructed first with 

consideration of the fact that the supplier’s utility increases while the customer’s 

decreases. Concerning the due date, the two parties have opposite preferences to delay or 

to anticipate delivery, in accordance to their own production plans and costs. To reflect 

such preference of the agents, utility functions are described in power-form, with utilities 

given in currency units and assuming other parameters to be consistent with the unit. To 

simplify the parameters, we use s  as the subscript to indicate supplier and p  to indicate 

producer.  

 

sdKpU ss

γ+=
                                                      (7-1) 

pdKpU pp

γ
−=

                                                    (7-2) 

sU
: the utility of the supplier 

pU
: the utility of the producer 

sK
: preference of the supplier in anticipating or delaying delivery 

pK
: preference of the producer in anticipating or delaying delivery 

p : contracted price 

d : due date 

sγ
: the weight of the supplier 

pγ
: the weight of the producer 

Parameters sK
 and pK

 can take values ± 1, and represent the preference of the agents in 

delaying or anticipating the delivery. sK
=+1 means the supplier prefers to delay, since 

in such a case his utility increases by increasing the due date (the opposite when sK
=-1). 

Similarly, pK
=+1 means that the producer wishes to anticipate as his utility increases by 

decreasing the due date. Parameters sγ ≥ 0 and pγ ≥ 0 weight the marginal effect of 
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changing due dates. Figure 7-1 shows the supplier’s utility as a function of due date 

d and fixed price p , in both cases of sK
= ± 1. 

 

 

Figure 7-1 Utility function of the supplier agent in the analytical model 

 

From the previous equations, an expression of the customer’s utility as a function of the 

supplier’s utility can be found. 

sdKUp ss

γ−=
                                                          (7-3) 

ps dKdKUU pssp

γγ −−=
                                          (7-4)                          

pU
 , as a function of sU

 is a negatively sloped straight line that switches when d  

changes. Formula (4) represents the relationship between the supplier and the customer. 

sK
= pK

= +1, the function shows that the supplier wants to delay delivery, while the 

customer would prefer the opposite. 

 

In the following parts, the related mathematical models will be presented in detail. One 

basic thing to emphasize is that the premiums of the optimization models are: 1) the 

negotiation is between the manufacturer agent and the supplier agent and 2) the 

negotiation issues are due date and price for model development. 

 

7.2 Optimization of Negotiation Model with GA 

 

Genetic algorithm has been explored to apply in many aspects in the supply chain such 

as the ordering process and inventory control or supply chain performance.  

sU

U  

1+=sK  1−=sK  

d

sγ  

sγ  

0 

sdp
γ±  
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Negotiation, which is a human activity, is difficult to be imitated systematically. 

However, we integrated multi-agents with intelligent algorithms in order to make 

simulated negotiation model more humanized. In this research, genetic algorithm is 

applied in the mathematical model of the negotiation strategy in the fashion supply chain 

under a dynamic environment with consideration of mutual benefit, production capacity 

and supply chain cost mainly in production and inventory. The following sections will 

construct mathematical models from the view of production and profit and provide an 

optimization of apparel negotiation strategy with GA method.  

 

The main function of the production model is to assure that the counter-offers generated 

by the model are technically and economically feasible to be conducted in the shop floor. 

The basic assumption is that agreement has been reached with the mutual negotiators on 

price ( p ) and due date for delivery ( pdd ). Subsequent activities will thus be determined 

by the production schedule and the initiation of materials purchasing activities. We 

consider a simple manufacturing situation with a series of k production stages 

),...,2,1( Kk = and one material j  needed at each stage. Since one material 

j corresponds to each operation k , the number of suppliers required to fulfill the 

manufacturer’s order are KJ = . A different supplier supplies each material, so we use 

the same index ( j ) for the supplier and the material supplied. 

 

7.2.1 Parameters of the Negotiation Model 

 

Parameters 

kk βα , : parameter of operation 

π : minimal profit margin (%) 

IPh : end product inventory cost ($/time) 

IMjh : material j  inventory cost ($/time) 

WIPh : WIP inventory cost ($/time) 

τ : transportation time (time) 

Pdd : end-product delivery due date (time point) 

p : end-product price ($) 
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max

kT : maximum time of operation k  (time) 

min

kT : minimum time of operation k  (time) 

 

Indices: 

i : index of objective ( 3,2,1=i ) 

j : index of supplier (and material) 

    ( Jj ,...2,1= ) 

k : index of operation ( k =1,2,…, K ) 

 

Variables: 

∆ : profit ($) 

A : distance for the Tchebycheff measure  

)( kk TCO : production cost-function of operation k  

IMjCI : cost of material j inventory ($) 

WIPkCI : cost of WIP inventory after operation k ($) 

PCI : cost of end-product inventory ($) 

DF : end-product arrival time at customer (time point) 

kF : finished time of operation k (time point) 

DR : end-product delivery time (time point) 

kS : starting time of operation k (time point) 

kT : duration of operation k (time) 

TC : total cost ($) 

 

Negotiation variables: 

M

tjDD , : manufacturer’s offered due date for material j  at round t  (time) 

S

tjDD , : supplier’s offered due date for material j  at round t  (time)  

M

tjP , : manufacturer’s offered price for material j  at round t ($) 

S

tjP , : supplier’s offered price for material j  at round t ($) 

“Round” means negotiation times. 
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The objective of the negotiation model is to minimize the total production cost, which 

consists of the material cost ( M

jtP ), material inventory cost ( MjCI ), operation cost ( kCO ), 

work in progress (WIP ) inventory cost ( WIPkCI ), and end-product inventory cost ( PCI ). 

 

7.2.2 Procedure of GA-based Negotiation 

 

With the basic parameters defined, we can take a close look at GA. GA is a search 

technique used in computing to find exact or approximate solutions to optimization and 

search problems. Genetic algorithms are a particular class of evolutionary algorithms that 

use techniques inspired by evolutionary biology such as inheritance, mutation, selection, 

and crossover (also called recombination). Fig. 7-2 shows the procedure of genetic 

algorithm. 

 

                 Figure 7-2 The procedure of genetic algorithm 

 

Genetic algorithm is applied to decide on the proper price and delivery date to balance 

the aspect of production cost, production capacity and the customer satisfaction for the 
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manufacturer agent and the supplier agent. However, human negotiation is based on the 

manager’s experience and history data. The genetic algorithm does not depend on large 

previous data and generate the offspring with the aim of achieving minimal total cost. 

 

1) Fitness function 

In GA, a fitness function determines what the best chromosome is in all generations and 

decides when to stop evolution. The proposed fitness object function uses the cost 

function. The total production cost of the supply chain is formulated as (7-2). 

2) Crossover 

In order to keep the variety of the chromosome, we adopt the entire crossover strategy 

which is described as follows.  

iiioi yxx )1( αα −+=
 

iioi xyy )1( αα −+=
 , )1,0(∈α  

oix
, oiy

are the new generation chromosome, while ix
 and iy

 are the parents. α is 

randomly selected between 0 and 1. 

3) Mutation 

Mutation is defined in a traditional way: if 
)( 2,1 ni xxxx KK=
 is a chromosome, then 

each element kx
 has an exactly equal chance of undergoing the mutation process. The 

generation ky
 which mutates from kx

 is defined as follows. 
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TCmin ………………………………………………………………………. (7-1) 
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1
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…………………………. (7-2) 

maxmin,)( kkk

T

kkk TTTeTCO kk ≤≤⋅= ⋅−βα ……………………………………… (7-3) 

)(),( , jkDDRhCI M

tjkIMjMj =∀−⋅= ………………………………………….. (7-4) 

)( 1−−= kkWIPkWIP FRhCI ……………………………………………………... (7-5) 

)( kDIPIP FRhCI −= …………………………………………………………. (7-6) 

pTC ≤⋅+ )1( π ……………………………………………………………… (7-7) 

0=− PD ddF ……………………………………………………………….... (7-8) 
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τ=− DD RF …………………………………………………………………. (7-9) 

kkk TRF =− ………………………………………………………………….. (7-10) 

kD FR ≥ ……………………………………………………………………… (7-11) 

kk RF > ………………………………………………………………………. (7-12) 

1−≥ kk FR ……………………………………………………………………... (7-13) 

)(,, jkDDR
M

tjk =∀≥ …………………………………………………………. (7-14) 

M

tjDD ,  are positive integers; k =1,2,…, K ; j =1,2,…, J …………………… (7-15) 

 

In this evolution process, two agents are used: 1) the manufacturer agent provides his 

offered price and expected due date for GA calculation; 2) the supplier agent also makes 

his offer price and scheduled due date as a response to the manufacturer agent. The real-

coded algorithm is described as follows:  

 

Step 1. Initialization. Generate a population of size P  (the number can be defined by the 

user), and each chromosome has 6 genes, whose value was randomly generated from 

range ],0[ X . X is a predefined aspiration value of the supplier agent. Usually the 

supplier who is the seller expects higher price for his raw material product. 

Step 2. Evaluation. Evaluate each population member of [ ]P  according to the fitness 

function that is the total production cost.  

Step 3. Selection. Select part of [ ]P using the roulette wheel method (Holland, 1992) 

according to the fitness function. 

Step 4. Crossover. Crossover each two members of the selected part of [ ]P  in turn to 

form a new population member with the above crossover strategy.  

 

Step 5. Mutation. Mutate the child strings with the mutation probability and place them 

into the new population. The chromosome is randomly selected and its value is changed 

based on previous rules. In this research the mutation rate is assumed as 0.01. The 

mutation method is described with the corresponding operator equation mentioned in the 

above 3). 

Step 6. Repeat Step 2–5 iteratively until the population converges, no better chromosome 

is found, or time is out. The optimal price which can be accepted by both negotiators is 
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then found. For example, if the initial value of the price negotiation is (58 42 21 76 63 

32), after GA calculation the final chromosome is represented as (67 50 25 67 50 25), 

where 67is the final optimal result that both negotiators are satisfied with.  

 

The real-coded genetic algorithm is coded with Matlab 6.0. The upper generation is 80, 

the crossover rate 0.9, and the mutation rate 0.01. The input is the initial price of the 

supplier and the manufacturer. The fitness function is the production cost.  

 

7.2.3 Numerical Example 

 

Consider an apparel manufacturer who has received an order with a contract that 

specifies a sales price of $178 and delivery within 60 days. The manufacturer expects to 

obtain a profit of at least 10% from the total cost. To complete the order, three operations, 

the production and delivery of fabric, zipper and button in sequence are needed. To 

supply the lower-stage product, two suppliers are required. In each negotiation round the 

decision-maker would like to have five alternative offers. The operational parameters to 

process the order are given in table 7-1. 

Table 7-1 Parameters of the numerical example 

Parameter Value 

min

1T  5 days 

min

2T  5 days 

min

3T  5 days 

max

1T  30 days 

max

2T  30 days 

max

3T  30 days 

1α  100 

2α  150 

1β  0.1 
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2β  0.15 

11h  $2/day 

12h  $2/day 

IPh  $5/day 

IWPh  $3/day 

lτ  2 days 

 

The supplier agent offer the first bidding price as Table 7-2 lists. The manufacturer agent 

initializes his offer as Table 7-3 shows.  

Table 7-2 Initial offer of the supplier 

Variable Value ($) 

S
P 1,1 (fabric) 12/yard 

SP 1,2 (zipper) 1.5/yard 

SP 1,3 (button) 10/each 

Table 7-3 Initial offer of the manufacturer 

Variable Value ($) 

MP 1,1  5/yard 

M
P 1,2  1/yard 

M
P 1,3  7/each 

From Figure 7-3 we can see that before optimization the total cost rises quickly to a high 

level while after agent’s optimization the cost varies in a small range. That means the 

optimization with fuzzy logic and genetic algorithm can reduce the supply cost. Figure 7-

4 and Figure 7-5 show the difference of price variation in the negotiation before and after 

using genetic algorithm. From the comparison, we can find that the genetic algorithm can 

effectively reduce the total cost and the price trend becomes smoother.  



 141 

  

0 5 10 15 20 25

0

50

100

150

200

250

 

 

T
o
ta

l C
o

st
(×

1
0

2
)

week

 without GA
 GA 

 

  Figure 7-3 The comparison of total cost between two approaches 
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Figure 7-4 Price negotiation before using genetic algorithm 
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Figure 7-5 Price negotiation after using genetic algorithm 

 

Figure 7-4 and Figure 7-5 are the results of negotiation on fabric.  The initial offers of 

the manufacturer and the supplier are 12 and 5. The manufacturer as the buyer hopes to 

get the product cheaper and the supplier as the seller anticipates a higher price for the 

product to sell. Before we use GA, the mutual parts do not take supply chain cost into 

their consideration. Thus the supplier raises the price and respectively the manufacturer 

turns down the price at first so that the profit can be increased and then gradually reach 

the agreement on the final negotiation price. In Figure 7-5, the curve fluctuates less than 

that of Figure 7-4 which means the supplier considers the factor of cost and he hoists the 

price gently. In addition, the manufacturer also cooperates well with the supplier in 

negotiating price compared with the former one. The negotiation times are obviously less 

than that of the negotiation without using GA method.  

 

7.2.4 Model of manufacturer to supplier 

 

During the negotiation process, decisions on offers and counter-offers during negotiation 

are determined by two forces: (1) concession and (2) resistance. The force of concession 

represents the force acting on the negotiator to make concessions. The force of resistance, 

on the other hand, is the force acting on the negotiator that represents his/her natural 

disinclination to concede (Balakhrishnan and Eliashberg, 1995). The fundamental 
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objective of the negotiation model 2, is to achieve agreement in terms of due date and 

price while maximizing profit. Effort in achieving agreement is formulated by 

minimizing the distance between offers from the two parties in terms of both issues. 

Therefore, equations (14) and (15) both represent the force of concession exerted by the 

manufacturer. On the other hand, in equation (16), maximizing the profit means that the 

manufacturer will be forced to have the material arrive on the preferred schedule 

generated by the previous negotiation model with the lowest possible price. Thus, this 

objective represents the resistance of the manufacturer to making concessions to 

suppliers.  

 

)(min ,,1

M

tj

S

tjj DDDDz −= …………………………………………………… (7-16) 

)(min ,,2

M

tj

S

tjj PPz −= ………………………………………………………... (7-17) 

tz ∆=3max ………………………………………………………………….. (7-18) 

..ts  

tt TCp −=∆ ……………………………………………………………….. (7-19) 

M

tj

M

tj DDDD 1,, −≥ …………………………………………………………….. (7-20) 

M

tj

M

tj PP 1,, −≥ …………………………………………………………………. (7-21) 

j =1,2,… J ; t =1,2,… T ; M

jtDD are positive integers. 

 

Kersten et al. (1991) explained that when offers and counter-offers are made in a 

negotiation, a compromise is reached by selecting an alternative that is acceptable to both 

parties. Thus, concession making should lead to a decrease in the distance between the 

alternatives selected by the players. This leads to the concept of an effective alternative 

as follows: 

 

Alternative Sx ∈  is effective with regard to alternative 1x  if for a given alternative 2x  : 

)},,(),(:{ 212 xxLxxLxSx <=∈  where L is a distance function. 

We hope to find an effective alternative as an offer where the price of the material and its 

due date move in the direction of supplier preference (to a higher price and a later due 

date than a previous offer) but keep the profit margin above the target level. Constraints 
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(18) and (19) are required in model 2 to satisfy the requirement of the defined effective 

alternative. 

 

The model we have developed in this paper is designed to support the manufacturer’s 

decision-making with mathematical formulae in the process of negotiation with suppliers, 

rather than automating the process. The support for the decision-maker is provided by 

obtaining a set of alternative counter-offers in response to the suppliers’ offers. This 

structure allows the decision-maker some degree of freedom to choose the single most 

preferable feasible alternative. 

 

Consider the multiple objectives: 

 

})(max{ 11 zxf = …………………………………….….………………….. (7-22) 

. 

. 

. 

})(max{ kk zxf = ………………………………………..…………………. (7-23) 

... Sxts ∈  

Let kRZ ⊂ be the set of all feasible vectors in the criterion space. We hope to find a z  

which can be sufficiently close to the ideal criterion vector **z . 

 

)}(]{[min '

3

**

3

2

1 1

**

,

'

, zzzzA
i

J

j

jiji −+−+ ∑∑
= =

ρ ………………………………..... (7-24) 

..ts  

JjizzA jijiji ,...,2,1;2,1),( **

,

'

,, ==−≥ λ ……………………...……………… (7-25) 

)( '

3

**

33 zzA −≥ λ  

%100)(
,

,,'

1 ×
−

=
S

tj

M

tj

S

tj

j
DD

DDDD
z ………………………………………………. (7-26) 

%100)(
,

,,'

2 ×
−

=
S

tj

M

tj

S

tj

j
P

PP
z …………………………………………………… (7-27) 

%100)('

3 ×
∆

=
p

z t …………………………………………………………… (7-28) 



 145 

7.3 Optimization of Negotiation Model with SA 

SA and GA are two stochastic methods currently in wide use for difficult optimization 

problems 

SA is a generic probabilistic meta-algorithm for the global optimization problem, namely 

locating a good approximation to the global optimum of a given function in a large 

search space. It is often used when the search space is discrete (e.g., all tours that visit a 

given set of cities). For certain problems, simulated annealing may be more effective 

than exhaustive enumeration — provided that the goal is merely to find an acceptably 

good solution in a fixed amount of time, rather than the best possible solution. 

GA is a search technique used in computing to find exact or approximate solutions to 

optimization and search problems. Genetic algorithms are categorized as global search 

heuristics. Genetic algorithms are a particular class of evolutionary algorithms (also 

known as evolutionary computation) that use techniques inspired by evolutionary 

biology such as inheritance, mutation, selection, and crossover (also called 

recombination). 

Some researchers think the key difference between SA and GA is while SA creates a 

new solution by modifying only one solution with a local move, GA creates solutions by 

combining two different solutions (J. Kohonen, 1999). 

 

7.3.1 Mathematical Negotiation Model of the Supplier Agent 
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tjiyit ,,,0 ∀≥
......................................................................................................... (7-34) 

tjo jt ,,0 ∀≥
............................................................................................................ (7-35) 

1ZS : the cost of the supplier 

2ZS : the profit of the supplier 

T :   working period, t =1, 2, 3…T  

M : the order volume of the supplier 

K :  the order volume from the manufacturer to the supplier 

ijr
: the demand of resource j for order i  

jtCAPO
: the capacity of resource j for usual time 

CAPR : the capacity of resource j for overtime 

jCRG
: the cost of usage of resource j for usual time 

jCOV
: the cost of usage of resource j for overtime 

Negotiation parameters:  

id
: the delivery time of order i  

ip
: the price of each order 

Inbound parameters: 

ity
: the volume of resource assigned to order i during period t  

to
: the demand of resource for overtime during period t  

Mediator agent coordinates the operation between the supplier and the manufacturer. The 

supplier agent received orders (e.g. zipper, button) from the mediator agent. If the needed 

supplies are already in stock, the orders will be satisfied. If not, the supplier agent will 

assign the factory to make the related apparel component for the orders.  

Function (7-29) minimizes the overall production cost of the supplier 

Function (7-30) maximizes the total profit of the supplier when negotiating with the 

manufacturer 

Restriction (7-31) ensures to assign enough resource to the production of each order 

Restriction (7-32) is the production capacity limit 

Restriction (7-33) is the overtime production limit 

Restriction (7-34) and (7-35) are the ranges of the parameters 
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7.3.2 Mathematical Negotiation Model of the Manufacturer Agent 

 

The major issues between the manufacturer agent and the supplier agent are focused on 

price and due-date. In this model, the manufacturer is supposed to collect all the 

necessary components from the suppliers and then makes the final apparel product. 
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j : number of the production process, aa esj ,...=
 

tiI , : the inventory of component i  at time t  

ad
: the delivery date of order a  

jES
: the beginning of the assembling time 

jLS
: the end of the assembling time 

C

jh
: the holding cost of component j  
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P

ih
: the inventory cost of product i  

a : the customer order, Aa ,...1=  

ijq , : the quantity of component i  in assembling work j  

kpr
: negotiated price for component k  

kpd
: negotiated delivery date of component k  

r : resource, 
P

Rr ,...1=  

P
R : production resource 

jp
: process time for assembling work j  

rjc , : consumed resource for production process j  

P

trC , : the available resource for production during period t   

is
: fixed production cost of component i  

ijq , : the required quantity of component i  during assembling work j  

 

Function (7-36) minimizes the total manufacturing cost 

Function (7-37) tries to minimize the negotiation price 

Restriction (7-38) guarantees the manufacturing for each order complete before due date 

Restriction (7-39) ensures each manufacturing process complete  

Restriction (7-40) expresses the sequences of the apparel making process 

Restriction (7-41) is the restriction of the production capacity 

Restriction (7-42) ensures the apparel making begins after all the components arrive 

Restriction (7-43) and (7-44) define the ranges of the parameters 

 

In the make-to-order supply chain, the manufacturer and the supplier are in the 

relationship of competitive coordination. The two parties will coordinate to make the 

apparel products, satisfy the customers and improve the overall supply chain efficiency. 

1ZM  and 1ZS reflect such relationships. At the same time, the two parties enlarge their 

own benefit respectively. The profit allotment is in confronting positions for the 

manufacturer hopes to pay less and the supplier wants to get more. 2ZM  and 2ZS reflect 

such competitive relationship. 
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7.3.3 Due-date Negotiation based on SA 

The approach to the problem of negotiation can be divided into game theory and AI. 

Game theory lacks the instruction to real negotiation, while agent technology, as a 

branch of AI, can better represent human bargain. AI approach can be further divided 

into concession based method and joint gains seeking method. The former is usually 

used in distributive bargain with alternative negotiation protocol while the later is 

applicable in integrative bargain with single negotiation text protocol. Both of the two 

methods aim to maximize the social welfare.  

SA is a generic probabilistic meta-algorithm for the global optimization problem, namely 

locating a good approximation to the global optimum of a given function in a large 

search space. It is often used when the search space is discrete (e.g., all tours that visit a 

given set of cities). For certain problems, SA may be more effective than exhaustive 

enumeration — provided that the goal is merely to find an acceptably good solution in a 

fixed amount of time, rather than the best possible solution. 

By analogy with this physical process, each step of the SA algorithm replaces the current 

solution by a random "nearby" solution, chosen with a probability that depends on the 

difference between the corresponding function values and on a global parameter T 

(called the temperature), that is gradually decreased during the process. The dependency 

is such that the current solution changes almost randomly when T is large, but 

increasingly "downhill" as T goes to zero. The allowance for "uphill" moves saves the 

method from becoming stuck at local minima—which are the bane of greedier methods. 

7.3.4 Computation of Due-date Negotiation Model 

 

Let i  ( }{ bai ,∈ ) represents the negotiating agents and j  ( }{ nj ,...1∈ ) be the decision 

variables under negotiation. Negotiations can range over quantitative (e.g., price, 

delivery time, and penalty) or qualitative (e.g., quality of service) decision variables.  

 

Suppose two computer programs are negotiating on behalf of their users in a supply 

chain management scenario. Agent 1 is the producer (supplier) agent and Agent 2 is the 

buyer agent. These two agents are involved in a negotiation process where a detailed 
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contract concerning product mix, delivery date, price, etc., is expected to be achieved. 

The overall negotiation process can be modeled as exchanging proposals and 

counterproposals, as typically happens in human negotiations. 

Based on the group rationality of the manufacturer and the supplier and the nature of the 

cooperation of the two parties in the due-date negotiation process, single negotiation text 

protocol is adopted and the merchandiser agent as the mediate agent is introduced. The 

mediated agent raises new proposals and the manufacturer agent and the supplier agent 

evaluate on the proposal according to their own utility function and then return feedback 

to the mediate agent to achieve better joint gains. Simulated annealing is a searching 

algorithm which is good in global optimization.  Thus, in this paper simulated annealing 

is used as the searching algorithm for the merchandiser agent.  

 

Step 1. The manufacturer agent (MA) develops optimized strategy of the production plan 

in order to get the minimized production cost 0,1ZM
and required due-date of the needed 

apparel component kpd
( Kk ...2,1= ). The reservation value ( mrpr

) and the aspiration 

value ( mapr
) are determined. MA sends the related information of ZM and kpd

 to the 

intermediate merchandiser agent (IA). IA then informs the supplier agent of the due-date 

requirement.  

Step 2. The supplier agent (SA) makes optimized production plan and get the minimized 

production cost 0,1ZS
according to the received due-date requirement from MA. SA 

determines the reservation value ( srpr
) and the aspiration value ( sapr

). SA sends the 

information of srpr
, sapr

 and 0,1ZS
to IA as well. 

Step 3. IA initializes the parameters of the simulated annealing. The initialization 

is 0,ki pdx =
. The objective function 0,10,1 ZSZMfxi += , max0 tt =

 

Step 4. IA selects jx
 randomly from the neighbor region

)( ixN
and sends to MA and SA. 

Step 5. Repeatedly, MA makes the optimized production plan with restriction of the due-

date and sends the revised minimized production cost jZM ,1 to IA. 

Step 6. Repeatedly, SA makes the optimized production plan with restriction of the due-

date and sends the revised minimized production cost jZS ,1 to IA. 
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Step 7. IA calculates jjjjiji ZSZMxfxfxff ,1,1, )(),()( +=−=∆
, if 

,0, ≤∆ jif  ji xx =
, else 

if 
)1,0()/exp( randomtf sij >∆−

, ji xx =
;  

Step 8. IA decreases the temperature
1);(1 +==+ sstdt ss ; if the termination condition is 

satisfied, MA and SA are informed of the final optimal due-date.  

Step 9. MA adjusts the reservation value and the aspiration value of the purchase price of 

the apparel components.  

,,10,10,, memremr ESTCZMZMprpr −−+=
, memaema ESTCZMZMprpr −−+= ,10,10,, , 

mESTC
 is the estimated value which the manufacturer can get from the total cost.  

eZM ,1 : optimized production cost of the manufacturer after due-date negotiation. 

Step 10. SA adjusts the reservation value and the aspiration value of the selling price of 

the apparel components.  

sesresr ESTCZSZSprpr ++−= ,10,10,, , sesaesa ESTCZSZSprpr ++−= ,10,10,, , sESTC
is the 

estimated value which the supplier can get from the total cost. 

eZS ,1 : optimized production cost of the supplier after due-date negotiation. 

 

7.3.5 Price Negotiation  

 

After the due-date negotiation, based on the individual rationality of the manufacturer 

and the supplier and the competence nature on the price issue, the two parties will 

negotiate on price in this phase adopting the interactive proposals. The manufacturer and 

the supplier make concession from their own evaluation within the acceptable range. 

],[ ,, emrema prpr
(

],[ ,, esresa prpr
) defines the price range that MA (SA) can accept. Within 

time period ...)2,1( =TT , the two parties communicate interactively and evaluate the new 

proposals of the other side via the intermediate agent (IA). MA (SA) has the time limit of 

t

smp → (
t

msp → ) which means the manufacturer agent makes a price proposal to the supplier 

agent at point t .  

Step 1. SA evaluates on the proposal with
s

U . If 
1'),()( ' +=≥ →→ ttpUpU

t

sm

st

sm

s

, SA will 

accept the proposal. Or further negotiation is needed. U represents the utility function. 

Step 2. If 
s

Tt > , the negotiation time is due and SA will terminate the negotiation. 
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Step 3. Or SA raises a reversed proposal 
't

msp → at time 't , 1' += tt   

Step 4. If the proposal ends, SA terminates the negotiation. 

Research has been made on the price negotiation in recent years (Zeng and Sycara, 1998) 

and we use the negotiation model which takes time restriction and incomplete 

information into consideration. The utility functions of MA and SA are defined as 

follows. 
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The reversed proposals of MA and SA are: 

MA: 
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)(tmφ and )(tsφ are negotiation decision function (NDF) (Faratin et al., 1998), it is 

defined as
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Ψ determines the concession rate. On the whole, the reversed proposal depends on the 

reservation value, the aspiration value, t and Ψ . 

 

The social welfare which is the profit an agent achieves has been maximized and the 

acceptable price range has been adjusted in the due-date negotiation phase. However, the 

production cost may have been changed in the first stage. Thus in the price negotiation 

phase, MA and SA can achieve a win-win situation through appropriate utility function 

and proposal strategies.  

 

7.3.6 Result 

 

The two-phase negotiation separates the issues on due-date and price. In the first stage, 

negotiation focus on the due-date which is a coordination issue of the two parties in the 

apparel supply chain. The overall production cost is minimized and the social welfare of 

the supply chain is maximized. The simulated annealing algorithm provides a global 

optimization searching method and the Pareto optimization can be quickly achieved. In 

the second stage, the two agents negotiate on the competitive issue of price and they 
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make concession with interactively exchanging proposals based on the adjusted 

reservation price and aspiration price in the first stage. The allotment of the production 

cost is changed and the payment is transferred from the manufacturer to the supplier to 

achieve a win-win situation for the two negotiator agent.  

 

The parameters of the manufacturer agent negotiation model are listed as follows. 
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The parameters of the supplier agent negotiation model are listed as follows. 
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The manufacturer agent initializes the delivery date of the orders 1d and 2d , the 

reservation price 0,mrpr
and the aspiration price 0,mapr

when the negotiation begins 

between the two parties. The supplier agent also sets its own parameters including 

reservation price 0,srpr
, aspiration price 0,sapr

 and etc. 
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Table 7-4 The result of the negotiation of the supplier agent 

 Supplier Agent 

 Reservation  

Value 

Aspiration 
Value 

Production  

Cost 

Profit Negotiation 

 Point 

1st  mode 85 110 80 12.05 (1,1, 92.05) 

2nd mode 75 100 70 13.31 (2,1, 83.31) 
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Increased 
utility 

   1.26  

Negotiation point ( due-date of component 1, due-date of component 2, total 
price) 

 

Table 7-5 The result of the negotiation of the manufacturer agent 

 Manufacturer Agent 

 Reservation 

Value 

Aspiration 

Value 

Internal 

Production 

Cost 

Overall 

Cost 

Total 

Supply 

Chain 

Cost 

1st mode 100 80 120 212.05 200 

2nd mode 92 72 125 208.31 195 

Increased 
utility 

   3.74 5 

Total Cost: the total production cost of the manufacturer and the supplier 

 
To compare with the negotiation result, we use another negotiation mode as a contrast. 

Two groups of data are obtained from these two negotiations. The first mode is the 

manufacturer agent sets the delivery due-date according to the production capacity and 

then communicates with the supplier agent to decide on the price. The second mode is 

what we previously described in the paper (See Table 7-1 and Table 7-2). From these 

two tables, we can find that the second one gains more and costs less. The supply chain 

profit is 5 units (1.26+3.74) more than that of the first one, reflecting in the reduced 

value of the total supply chain cost. The utility of the manufacturer agent is increased, 

reflecting in the decreased overall cost, which is 3.74 units lower than that of the first 

mode. Meanwhile, the utility of the supplier agent is increased, reflecting in the 

increased profit which is 1.26 units than the first mode. Thus, the negotiation strategy of 

the two-phase discussion on due-date and price can expand the total profit and reduce the 

total supply chain cost. With such negotiation strategy, the social welfare of the agents 

can be maximized and the supplier and the manufacturer both benefit. In this paper, the 

negotiation model is focused on the price and due-date. Actually, in the apparel industry, 

there are more factors need to be considered when negotiating, like quality, season and 

etc. To improve the accuracy of the negotiation result, the model can be extended to 
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apply to multi-issue negotiation for further research. In addition, the two-phase 

negotiation can also be considered to be integrated into one stage so that price and due-

date can be discussed simultaneously.  

 

7.4 Optimization model of Genetic Simulated Annealing Algorithm (GSAA) 

In the previous two optimization models, we apply artificial algorithms to two 

optimization models. In the first model, GA is adopted in the price negotiation so that 

production cost can be minimized. However, in the first model, the production cost is 

only limited to the manufacturer’s and the production capacity has not been taken into 

consideration. To improve such situation, we propose the second two-phase negotiation 

model with overall cost considered and use more reasonable algorithms and methods to 

solve the negotiation problems------cost and mutual benefit.  

When we look into the previous negotiation strategies, GA and SA have their own 

advantages. GA has the advantage of finding a near global optimal solution quickly; 

however, it cannot converge to the optimum very well. The SA algorithm, though it has a 

strong local searching ability and can converge to the global optimum more accurately, it 

is not efficient in searching. Considering these two aspects, a GSAA is proposed in this 

research to integrate the merits of the two methods and to offset their weakness so that 

the performance of data generation can be improved.  

7.4.1 GSAA negotiation model 

 

The GSAA method has three typical characters 

 

1) The algorithm includes the benefit of both GA and SA. 

 

2) It has two-layer parallel searching ability. GA and SA are executed in sequence and 

the generations are optimized in a parallel manner. 

 

3) The convergence rule takes two roles, one is the searching condition of GA, the other 

is the changing condition shifting from GA to SA 
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Figure 7-6 The flowchart of the genetic simulated annealing algorithm 

 

In the GA part of GSAA, the same fitness function, crossover and mutation equations are 

used as mentioned in the previous GA negotiation strategy. Minimizing supply chain 

cost is also used as the objective function. That is, 
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SA adopts the Metropolis accepting rule to decide whether the optimization result is 

achieved, which is  
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)(if : Objective function, here it can be defined as the function of supply chain cost 

t : control parameter, similar to the time parameter in SA. We use the same numerical 

example as Table 7-1, Table 7-2 and Table 7-3 do.  

 

7.4.3 Comparison  
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Figure 7-7 Price negotiation after using GSAA 

Figure 7-7 shows the price negotiation procedure after using the negotiation strategy of 

GSAA. Compare with Figure 7-3 and Figure 7-4, we can find that the negotiation curves 

cross at a point more stably compared with the former algorithms and negotiation times 

are shortened. The reason is GSAA integrates the advantage of GA and SA and has a 

strong local searching ability. With GA, the supply chain cost is minimized but final 

agreement has to be negotiated for many rounds. While SA has better local searching 

ability so that it shortens the negotiation time. GSAA has better convergence ability and 

it finds an optimal result quicker than the other algorithms do.     
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Chapter 8 

Conclusions and Future Research 

 

This chapter starts with a summary which concludes the study. It also states some 

limitations of the study and suggestions for future research based on these limitations. 

 

8.1 Knowledge models with UML  

 

With the forthcoming of economic globalization, the apparel companies in HK are under 

the pressure to establish close coordination with their partners especially customers and 

manufacturers. To have better cooperation with others, communication becomes the first 

important thing. The apparel supply chain is quite complicated and dynamic due to fast 

fashion change, complex manufacturing processes, season variety and other uncertainties. 

Communication is easy to get mistaken during when information is conveyed from 

person to person. The focus of SCM is shifting from production process engineering, 

whose purpose is to obtain point-wise efficiency, to supply chain activity coordination, 

aiming at global efficiency (Verdicchio, M., 2002). The need for a suitable management 

and communication frame-work is thus becoming more and more evident.  

 

Information sharing has been long considered as the enabler of tight coordination of a 

supply chain. While in this research rather than information sharing, we stressed that 

knowledge sharing is a critical factor for successful business process management. We 

argued that one of the most effective ways to achieve the above-mentioned knowledge 

sharing is to build an agent-based framework which models the dynamic structure of 

today's supply chain networks. The structure of the knowledge integration and the 

architecture of web-based knowledge management in supply chain were provided and 

the knowledge sharing model in the apparel supply chain was built. UML graphs have 

been developed in the major processes of the apparel supply chain so as to clarify the 

relationships between agents, make knowledge easily understood, and reduce errors, 

gaps and inconsistencies in the knowledge flow. Communication and knowledge sharing 

can be finally improved based on these knowledge models.  
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8.2 Agent-based Communication and negotiation model  

 

In recent years, many researches about how to efficiently handle information on logistics 

in supply chain have been proposed. Some focus on applying artificial intelligence to 

solving the problem. Agent techniques have recently become very popular since they 

possess the characteristics of ongoing execution, environmental awareness, agent 

awareness, autonomy, adaptiveness, intelligence, mobility, anthropomorphism, and 

reproduce (He, M. and Leung, H., 2002). Agents are thus widely applied in computer 

science, e-commerce, supply-chain management, decision support systems, and among 

others. Most of the previous approaches, however, usually consider multiple agents and 

simulation systems in single companies. Besides, the study on the application of agent 

technology in the overall interaction and cooperation among supply chain members is 

limited.  

 

In apparel industry, large sum of data need to be faced with and decisions about accepted 

price, product delivery date or replenishment quantity should be made quickly even as 

soon as possible. Therefore, in such situation, human beings sometimes can not respond 

so quickly that optimal decisions can not be made. As supply chain processes connect 

circle by circle, any tiny delay in the decision round of negotiation leads to huge delay in 

the following rounds like the game of dominoes. 

 

This research constructed an agent-based simulation model for the overall 

communication of the apparel supply chain partners. In this model, major supply chain 

members like a customer, a manufacturer and a supplier were represented by multi-

agents. They interoperated with each other to complete basic simulated apparel supply 

chain processes from ordering to delivering and from inventory control to product 

schedule. The simulation model was provided which can support the construction of an 

effective communication standard for the agents interacting throughout a supply chain 

network based on Java platform. To show the collaboration of these agents, inventory 

change is illustrated within assumed days in the simulation. Through this model, 

different agents execute different tasks to achieve the purpose of integration and 

communication. The framework of this model can thus effectively handle information 

and data in supply chains.  
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Previous work has not given enough attention in simulating negotiation process. Neubert 

(2004 ) proposed a software agent to conduct an automated negotiation in the context of 

non-hierarchical production networks in order to assist the human decision-maker and 

accelerate the harmonization. The agent can perform an integrative negotiation about 

multiple interdependent properties of the supply contract, such as price, volume and 

delivery date (Neubert et al., 2004). However, his work developed only one agent to 

execute the negotiation work with the other side. It may be auxiliary to human decision-

maker, but it can not achieve the coordination which is the most important thing in 

supply chains. This research proposed an agent-based negotiation model as a 

fundamental platform for the later optimized negotiation model. The model was 

developed based on ZEUS® which could provide an easy-to-use interface for the users. 

The agent-based negotiation simulation model integrated customer, merchandiser, 

manufacturer and supplier agents in the dynamic supply chain for the apparel industry. 

The demo model depicted the negotiation procedures of the multi-echelon supply chain 

from the downstream supplier to the upstream customer. Price, due date are considered 

as the negotiation issues and input parameters in this simulation model. How agents 

negotiate for human being in the apparel supply chain was demonstrated through this 

model. 

 

8.3 Artificial algorithms embedded in negotiation strategy 

 

Negotiation which is an inseparable part of the supply chain exists in several processes 

of the apparel supply chain. As negotiation can be considered as a difficult and time 

consuming process for trading parties to reach consensus rapidly and easily, it is quite 

necessary to enhance negotiation performance so as to enhance the efficiency of a supply 

chain. However, unlike other problems of supply chains, negotiation involves more 

human factor and it is not easy to imitate human behavior well with computer because of 

uncertainties and diversity.  

 

8.3.1 Intelligent negotiation strategies for limited human capacity 
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In the apparel supply chain, there are usually two problems in negotiation process. The 

first is the time delay and waste as human beings have to wait until they have complete 

information. For example, when a merchandiser negotiates with a customer about the 

delivery date of a certain apparel product, he (she) will not respond to the customer at 

once unless he (she) knows clearly about the production capacity of the factory and 

current inventory. Probably the merchandiser will contact a product scheduler or search 

from files to enquire about the related situation. Any delay during this period decreases 

the whole supply chain efficiency. The second is incapability to make correct decisions 

because of huge amount of information and knowledge. When facing so many data and 

digits, people sometimes get dizzy and mistakes occur. For example, when a 

merchandiser receives several customer orders and negotiates with them at the same 

period, he (she) is probable to get confused on price and due-date. The third is decision 

making without considering cost and mutual benefit. When people negotiate, they will 

more focus on the profit of their own company while regardless of the total supply chain 

cost. The objectives and the goals of supply chain partners conflict and that is why 

negotiation gets difficult in a supply chain. Due to the above three problems, researches 

are trying to find suitable methods to solve the problems thus to enhance negotiation 

quality. Agent technology has been considered as an effective tool to be applied in 

human negotiation through agents ensures speed, consistency, freedom from human 

errors, and all-time availability (Murugesan, 2000). However, most researches have 

concentrated on building negotiation architecture or creating mathematical model of the 

negotiation process. How to improve negotiation strategies with agent technology 

receives little work.  

 

Based on the above model, this research optimized the negotiation performance of a 

multi-echelon supply chain using the proposed simulation model with negotiation 

strategies which are supported by different methods like linear method, genetic algorithm 

(GA) method and simulated annealing (SA) method. The model was built based on the 

investigation of the major negotiation problems in the apparel supply chain. Specifically, 

genetic simulated annealing algorithm (GSAA) which is an advanced method which 

integrates the merits of both GA and SA is developed to better the negotiation strategy in 

this optimization negotiation model for agent-based apparel supply chain. The 

negotiation simulation model uses agents to represent the major supply chain members 

and enables them (eg. a customer and a merchandiser) to adopt the negotiation strategies 
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assisted with different algorithms so as to understand how the various methods affect the 

negotiation performance. The simulation-based negotiation model optimizes the supply 

chain cost of the apparel company while maintaining the balance of production capacity 

of the factory and the required delivery date of the customer. In general, the model 

achieves a win-win situation for the negotiation partners.  

 

8.3.2 Gap filling for previous research 

 

Most researchers focused on the mechanism or paradigm of the negotiation model. Jiao 

et al. (2006) applied the multi-agent system paradigm to collaborative negotiation in a 

global manufacturing supply chain network. An agent-based multi-contract negotiation 

system was proposed for global manufacturing supply chain coordination, but it more 

concerns about the overall framework. Lin and Lin (2006) added the multi-agent 

negotiation mechanism to enhance the existing methods to solve the distributed 

constraint satisfaction problem in the coordination of order fulfillment process. Hsieh 

(2005) proposed a framework to model the negotiation processes in contract 

manufacturing, analyze the feasibility of the contracts and optimize contract awarding 

based on the proposed model. These researches gave theoretical descriptions of 

negotiation process; however, they did not pay much attention to the simulation of 

negotiation process. In Lau’s work (2005), a negotiation-based algorithm was proposed 

for solving distributed project scheduling problem (DPSP). This algorithm raised the 

convergence and the solution quality; however the algorithm was aimed to solve the 

scheduling problem and the optimization of the algorithm can be improved. In previous 

research, artificial algorithms were seldom adopted in simulating negotiation 

performance, let alone the combination of SA and GA. In Chen and Kang’s work (2007), 

a simple solution algorithm is presented to resolve the allocation of cost savings in the 

integration model. GA was usually used in the inventory control problem. Ding et al. 

(2004) proposed a GA-based multi-objective optimization method to determine the 

optimal supplier portfolio and inventory control parameters for joint decision-making on 

strategic souring and inventory replenishment. SA was more adopted in problems 

regarding scheduling or delivery lead time. (Li et al., 2008) ever presented SA-based 

heuristic algorithms to solve the parallel machine problem of synchronized scheduling of 

assembly and air transportation to achieve accurate delivery with minimized cost in 
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electronics supply chain. However, till now, GSAA has not been employed in the field of 

supply chains especially in optimization of negotiation problem. While in this research, 

GA, SA and GSAA were explored and integrated with the negotiation models so that 

optimum result can be reached. 

 

8.3.3 Novel negotiation model with algorithms  

 

The simulation model enclosed a set of negotiation strategies with different algorithms 

(linear, GA, SA, GSAA) to choose. Specifically, in order to make comparison of these 

algorithms clear, we focus on the negotiation cycle between the manufacturer and the 

supplier in which tremendous information and data are involved. The supplier provides 

apparel raw material to the manufacture. As negotiation process is complicated in 

mathematical description, we select price, due date as two major negotiation issues in the 

optimization model as they are most representative and important. After required 

parameters are input through the interface, the model executes according to the selected 

negotiation strategy. These methods embedded in the simulation model were used to 

display the performance of different negotiation strategies. They were compared to 

demonstrate that GSAA is a better algorithm in considering mutual benefit of the 

negotiators.  

 

Firstly, linear method was adopted as the most basic and the easiest method. The buyer 

agent sets a highest price he would be willing to pay for this item in the maximum price 

field.  The seller agent creates a reserve price which is the lowest price he would be 

willing to accept for the apparel material or component. Through the linear strategy, the 

bidding price is adjusted step by step in a linear change trend till it is accepted by the 

seller. The negotiators compromise linearly and reach an agreement at last. However, the 

linear method just makes the negotiation run as two persons interact without considering 

supply chain cost and production capacity.  

Secondly, GA and SA were applied as optimized algorithms in the negotiation strategy. 

They have their own benefits respectively in searching for an optimal result. SA and GA 

are two stochastic methods currently in wide use for difficult optimization problems. 

With SA one usually talks about solutions, their costs, and neighbors and moves; while 
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with GA one talks about individuals (or chromosomes), their fitness, and selection, 

crossover and mutation.  

In this research, a simulation-based optimization negotiation model was developed based 

on GA and SA. This model considers the interests of manufacturers and suppliers mainly 

in terms of production cost, price and delivery date. Two phases were proposed in this 

negotiation model. The first phase is the optimization of negotiation on delivery date 

implemented with SA. In this phase, mathematical functions of production cost of the 

manufacturer and the supplier were produced. The summary of the two production cost 

was used as the objective function in simulated annealing. The algorithm executes in 

order to minimize the total cost of these two agents. The model also generates a price 

region for the second phase negotiation through reservation price and aspiration price in 

SA. 

 

Based on the previous phase, the optimization of negotiation on price was implemented 

with the utilization of GA. The payoffs of the two agents were used as the fitness 

function. The genetic algorithm was used to help the system search the negotiation space 

and present the best mutually beneficial agreement. All parties tried to maximize 

individual payoff through negotiation. Each negotiation offer was represented as a gene, 

so that GA could apply genetic operators such as mutation and crossover to create a 

population of offers and evolve those offers to find the most beneficial one(s).  

 

The two-phase negotiation model adopted SA to have optimal due date and price which 

can be accepted by both parties and meanwhile obtain a win-win situation. However, GA 

and SA, though intelligent algorithms have their own defects. GSAA, a combination of 

GA and SA were developed to improve the searching method and have a better 

convergence of data so that the negotiation result can be more ideal.  

 

Experiments using the simulation-based optimization model to validate the feasibility of 

optimization model were conducted. The experimental results indicated that the proposed 

simulation-based optimization model could reduce supply chain cost while balancing the 

production capacity significantly so that mutual benefit can be reached. Actual data from 

the industry was employed to validate the model. From the view of decision making, the 
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performance of the agent-based negotiation system is more efficient and considerate than 

that of the industrial experience.  

 

8.4 Principles 
 

The principles can be described from the model structure, the negotiation issues and the 

negotiation strategies. 

 

The multi-echelon apparel supply chain involves different partners from the upstream 

supplier to the downstream customer. Negotiation happens all along the supply chain and 

the negotiators in each loop play different roles. Thus, firstly, it is necessary to define 

which echelon the agent-based negotiation model will focus on and. Make a list of the 

agents who are concerned in the negotiation. For example, the multi-agents in the apparel 

supply chain can be defined as AG = {Ag merchandiser, Ag retailer, Ag factory, Ag component, Ag 

supplier}. In this research, manufacturer agent and supplier agent are used as the major 

negotiators. Better design a clear conceptual structure to make sure about the purposes 

which are planned to be achieved with the execution of the negotiation model. In this 

research, cost and payoff or profit are considered as the factors of objectives. 
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However, more supply chain negotiators can be taken into consideration and in that 

situation the model structure and the negotiation mechanism will be more complicated. 

Relationship among negotiating agents and the responsibility of each agent involved 

should be clarified with UML diagrams and then further development can be made.  

 

In apparel industry, negotiation issues needed to be considered are more than those in 

other industry due to the variety of apparel raw material and apparel products. Price, 

delivery date, quality, color, size and even the hand-feel of cloth are issues which 

negotiators should concern with. In this research, only price and due-date are considered 

as the negotiation issues. Price and due-date have impact on each other and affect the 

final result of negotiation. However, the more issues you absorb in the model, the more 

precise the result you will get. Thus, secondly, when developing the agent-based 
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negotiation model, the negotiation issues should be refined beforehand and then those 

most concerned issues can be selected. The relation and impact among negotiation issues 

cannot be neglected and they should be reflected in the algorithm so that accurate result 

can be generated from the model.  

 

Negotiation strategies are critical in model developing as they directly affect the outcome 

of the negotiation. Thus, finally, when developing the model, negotiation strategies 

should be carefully proposed with objectives, conditions and restrictions properly 

defined to simulate the negotiation process of agents.  

 

Suitable algorithms also need to be selected to fit the requirement of optimization. This 

research embedded GA, SA and GSAA with the negotiation model due to their unique 

characteristics to get the optimum point. When using GA, fitness function, crossover and 

mutation functions need to be clarified. Supply chain cost is adopted as the fitness 

function so that the negotiation aims to reduce the total cost involved and increase the 

profit. Basically, the total cost should include the material cost, the raw material 

inventory cost, the operation cost and the production inventory cost (See previous 

function 7-2). 
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When adopting SA, the objective function and the move of temperature decreasing are 

important. The objective function can be regarded as the summation of the production 

cost of manufacturer and the supplier. 

The initialized due date is defined as 0,ki pdx =
 , 

Definition of each cost 

Crossover function 
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The objective function 0,10,1 ZSZMfxi += , max0 tt =
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Temperature is decreased in each move
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,0, ≤∆ jif  ji xx =

, else if 
)1,0()/exp( randomtf sij >∆−
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Agents of the two parties are informed of the final optimal due-date.  

 

8.5 Practical Impacts 

 

An important practical contribution in this study is the agent-based negotiation system of 

the apparel supply chain. Though agent technology has not been widely used in the 

apparel industry, the agent system can be a new trial for practical use. Industries can 

directly use this agent system to proceed with negotiation in between agents who 

represent supply chain partners instead of human negotiation so as to reduce mistakes 

caused by incomplete and wrong information among human communication. Using this 

agent-based negotiation system, decisions which are originally made by human beings 

are now considered to be executed by agents with negotiation strategies employed so that 

human operation can be eased and decision delay can be reduced.  

 

The simulation model provides a helpful decision support system for the organizations so 

that time and energy can be saved for industrial people. As agents convey information 

and knowledge fluently and clearly, communication gets easy and convenient in the 

apparel supply chain.  

 

In addition, multi-agents are capable of making optimal decisions with negotiation 

strategies. When facing large sum of data in the apparel industry, it will not be easy for 

human beings to make decisions, let alone optimal decisions. Therefore, with the 

negotiation model performed by agents, the industry can take the outcome of agent 

negotiation as a reference and then determine the final result. 

 

8.6 Future Research  
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While the current research made significant contributions from both a theoretical and 

practical point of view, it also has some limitations, which are acknowledged below. 

 

Firstly, the research proposed an overall agent-based apparel supply chain process and 

created it with simulation model based on JAVA platform so as to investigate how 

agents communicate in a supply chain and whether it is feasible to use multi-agents to 

represent human being. The simulation is built under the premium that the factory has 

enough capacity to load customer requirement.  

 

However, in real apparel industry a lot of uncertainties exist and negotiations are always 

needed. When the selling peak comes, sometimes the customers will send orders at the 

same time. The amount will even surpass the production capability of the factory. Thus, 

further study can be made to perfect this model with considering uncertain customer 

needs or limited production capacity.  

 

Secondly, the research developed a series of UML diagrams to depict the agent-based 

apparel supply chain processes. However, the research has provided the major diagrams 

which are normally used in modeling. If certain action in negotiation processes needs to 

be depicted more understandably, further UML diagrams like deployment diagram, 

activity diagram and collaboration diagrams can be made to identify the coordination of 

agents in the apparel supply chain processes (eg. the ordering and production scheduling 

process). In addition, the UML model semantics need to be explored to represent the 

knowledge exchange between supply chain members.  

 

Thirdly, in the construction of the agent-based negotiation model, price and due-date are 

considered as the major negotiation issues. However in real apparel industry, negotiation 

is more complex and more issues like quantity, quality, color, style and etc. need to be 

concerned. However, considering all these factors will make the negotiation model rather 

complex and hard to execute. The point is that the nature of the negotiation issues should 

be differentiated. Due date and price are competitive issues for the bilateral negotiators, 

while quality, color and style are collaborative issues. That means negotiating parties 

will have conflicting opinions on delivery date and price, but they will have to settle an 

agreement or standard on quality, color and style. Thus, concerning with the coordinative 

issues, the negotiation strategies need to be adjusted accordingly to meet the needs of 
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standard requirement. Or two negotiation strategies can be designed with one is for 

competitive issues and the other for collaborative issues.  

 

In human negotiation, people pay much attention on price and due date as they are the 

most critical factors affecting supply chain cost, respective profit and customer 

satisfaction. Therefore, these two were selected to build the negotiation model in order to 

explore the affection of negotiation performance on supply chain management. Future 

research can be expanded the negotiation issues to quality so that comprehensive study 

would be made.  

 

Fourthly, to make evaluation convenient the research made an assumption of one-

manufacturer to one-supplier situation for the negotiation model without considering 

multi-suppliers to one-manufacturer. Actually a real apparel manufacturer has two or 

three suppliers of a certain kind of raw material (cotton, yarn, etc.) or apparel component 

(button, zip, etc.) so as to deal with large requirement that one supplier sometimes may 

not be able to manage. However, the one-to-one mode is fundamental because the 

negotiation at last occurs between two parties. Thus, the multi-to-one mode can be built 

based on one-to-one negotiation in future research as well. For example, a selecting 

process can be programmed and included in the model to get the final decision.  

 

Fifthly, though artificial algorithms are applied in the negotiation strategies of this 

simulation model, human negotiation is difficult to imitate and evaluate due to the agility 

of human being and the uncertainty of supply chain environment. In order to realize 

intelligent negotiation, artificial algorithms are merged with the simulation model. As the 

negotiation strategies involve lots of formulae, parameters and data, the programming is 

easy to get wrong with any mistake occurred in the mathematical equations. So the 

functions of restrictions and conditions need to be considered and checked carefully to 

prevent going into the dead end or any unexpected outcome. For example, the 

manufacturer’s expects of price and due date are contradictive to the supplier’s. Thus, the 

related functions of the two parties should reflect the different trend. Both the 

manufacturer and the supplier have their reserved price which is the last acceptance of 

the price they would take. This is an important restriction in the negotiation 

programming, or the negotiation will not stop. When designing the respective model of 
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the supplier and the manufacturer, the production capacity should not be neglected, or it 

will also lead the program result into an inaccurate situation. 

 

Though negotiation strategies have been optimized with mathematical algorithms to 

minimize production cost, increase profit, satisfy customer needs on delivery date and 

balance production capacity, the optimization algorithms still need to be fine-tuned 

especially that GSAA is a newly developed algorithm in negotiation strategy. Besides, 

the mathematical models could be improved with more uncertainties considered such as 

season variety, order change, transport fault or currency exchange which may affect 

negotiation price and delivery date 

 

The negotiation model in this research is aimed at achieving mutual benefit and win-win 

situation for the two negotiation parties. However, how to define a win-win situation is 

still a problem. As there are no public standards for a negotiation performance, the model 

evaluates the proposed different strategies from the aspect of production cost and profit. 

There will be a worthy-researching direction to develop metrics to evaluate whether the 

negotiation strategy is efficient or not so that decision makers can have helpful 

references about the value and feasibility of the negotiation strategy. With these 

standards, the quantitative evaluation result can be transferred to the fuzzy numbers for 

further calculation.  

 

Finally, future research should pay more attention to the related implications of the 

results of negotiation performance. The digits and graphics should tell the decision 

makers what is the story about and how to improve in future. 

 

And, the validation conducted in this research is proved by graphs and digits generated 

from the simulation model.  We need to evaluate the negotiation performance from more 

real data of the apparel supply chain as quantitative data are preferable for accurate 

comparison. Nevertheless, it is quite difficult because not a single company, but 

companies in a supply chain should be integrated to get information for the evaluation. 

Most of them do not preserve the data of negotiation procedure in hand and are reluctant 

to put their information in public domains. In addition, there has not been a feasible 

method to evaluate agent behavior in a computer environment imitating human behavior. 
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Appendix A-Case Study on Apparel Companies 

 

AA.1 Five categories of the apparel supply chain structures 

 

1. Sport Obermeyer 

Structure: traditional, customer order driven 

Major characteristic: accurate response, risk-based production sequencing  

 

In the fashion skiwear business, demand is heavily dependent on a variety of factors that 

are difficult to predict – weather, fashion trends, the economy and the peak of the retail 

selling season is only two months long. Sport Obermeyer is able to eliminate almost 

entirely the cost of producing skiwear by using accurate response which helps the 

company increase its profits by between 50% and 100% over 3 years. 

 

To contend with lengthening supply chains, limited supplier capacity, and retailers’ 

demands for early delivery, Sport Obermeyer undertook quick-response initiatives to 

shorten lead times. First, the company slashed the time it took to process orders and 

compute raw-material requirements by introducing computerized systems. Second, the 

company began to anticipate what materials it would require and pre-position them in a 

warehouse in the Far East. Third, the company turned to air freight to expedite delivery 

from the Far East to Denver distribution center. The delivery lead time was reduced, but 

the stock-out and markdown still exist. 

 

The problem was rooted in Sport Obermeyer’s inability to predict what people would 

buy and accurate response approach evolved as a result. Individual forecasts of the 

committee members were used to take the place of consensus forecast. Similar 

independent forecasts tend to be more accurate. The production-planning approach will 

be made according to the forecasts. Sport Obermeyer can base production decision on the 

signals it is receiving from the marketplace and on its more accurate forecasts. Sport 

Obermeyer adopted the strategy of risk-based production sequencing to allow the 

company to be as responsive to the market as possible in the areas where payoffs are the 

greatest. Order-entry systems are also changed to capture orders that can’t be filled 

because of insufficient inventory. 
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Sport Obermeyer convenes a panel of experts to make independent forecasts and use the 

variance in their predictions to measure the accuracy of the forecasts. 

 

2. Zara 

Structure: vertical integrated 

Major characteristic: fast fashion 

 

The following three principles brought about the success of Zara. 

• Close the communication loop. Zara's supply chain is organized to transfer both hard 

data and anecdotal information quickly and easily from shoppers to designers and 

production-staff. It's also set up to track materials and products in real time every step of 

the way, including inventory on display in the stores. The goal is to close the information 

loop between the end users and the upstream operations of design, procurement, 

production, and distribution as quickly and directly as possible. 

 

• Stick to a rhythm across the entire chain. At Zara, rapid timing and synchronicity are 

paramount. To this end, the company indulges in approach that can best be characterized 

as "penny foolish, pound wise." It spends money on anything that helps to increase and 

enforce the speed and responsiveness of the chain as a whole. 

 

• Leverage the capital assets to increase supply chain flexibility. Zara has made major 

capital investments in production and distribution facilities and uses annually, from 

which 10,000 are selected for production. Some of them resemble the latest couture 

creations. But Zara often beats the high-fashion houses to the market and offers almost 

the same products, made with less expensive fabric, at much lower prices. Since most 

garments come in five to six colors and five to seven sizes, Zara's system has to deal with 

something in the realm of 300,000 new stock-keeping units (SKUs), on average, every 

year. 

 

This "fast fashion" system depends on a constant exchange of information throughout 

every part of Zara's supply chain-from customers to store managers, from store managers 

to market specialists and designers, from designers to production staff, from buyers to 

subcontractors, from warehouse managers to distributors, and so on. Most companies 

insert layers of bureaucracy that can bog down communication between departments. 
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But Zara's them to increase the supply chain's responsiveness to new and fluctuating 

demands. It produces complicated products in-house and outsources the simple ones. 

 

3. Esquel 

Structure: vertical integrated 

Major characteristic: internal integration, customer-focused 

 

Esquel produces high quality cotton woven and knit fabrics. The Extra Long Staple 

Cotton, grown at the Esquel's cotton farms, produces a high-count yarn that has a silken 

texture and is extremely fine and lightweight - making it the ideal fabric for garments of 

the highest quality. As part of its continuous effort to enhance product quality, Esquel 

has extended its cotton operations to include ginning and cotton seed breeding. 

 

To provide customers with the finest possible yarn, Esquel has introduced ComforSpin 

technology at its spinning plants. This state-of-the-art technology has a number of 

advantages over conventional ring-spinning, improving yarn characteristics, process 

costs, and the properties of the end product. In essence, fabric woven from this yarn is 

much cleaner than fabric made with regular yarn. 

 

Woven 

With a capacity of 90 million yards a year, Esquel is China’s largest manufacturer of 

cotton yarn dyed woven fabric. The newly expanded, state-of-the-art factory is located in 

Gaoming, China. It boasts best-of-class machinery from around the world and focuses on 

high end products. The company specializes in high yarn-counts with a focus on 80s and 

above in a wide range of fabrications such as Dobby, Pinpoint Oxford, Twill, Poplin. 

The variety of fabric finishes we offer includes standards, such as mercerization, 

brushing and peaching to highly popular proprietary finishes such as Silky Finish and 

UltemaTM. 

 

Knit 

Esquel produces 13,000 tons of cotton knit fabric annually, including piece dyed, yarn 

dyed and heather. With a focus on higher yarn-counts, we offer several fabrications 

including Jersey, Interlock, Pique, Lacoste, Rib, French Rib, Jacquard and Auto-stripe. 



 174 

Our fabric finishes include standard and innovative proprietary qualities, such as 

UltemaTM and Salon Finish. 

 

Esquel manufactures for the world's best known and highly respected brands, including 

Tommy Hilfiger, Hugo Boss, Brooks Brothers, Abercrombie & Fitch, Nike, Lands' End 

and Muji, and major retailers such as Marks & Spencer, Nordstrom and Jusco. 

Esquel has garment-manufacturing facilities in mainland China, Hong Kong, Malaysia, 

Mauritius, Sri Lanka and Vietnam, and is renowned for the quality of its products and 

customer service. 

 

Esquel's integration means that in addition to producing garments the Group owns plants 

that make accessories such as buttons, labels, and hand tags, and packaging materials 

including plastic and paper bags, stickers and carton boxes. 

In addition to serving Esquel's internal needs, these plants produce accessories for our 

clients, meeting their exact quality demands. 

 

4. TAL 

Structure: manufacturer-lead  

Major characteristic: synchronization and flexible manufacturing 

 

TAL is the world leader in the production of innovative clothes and one of most 

outstanding apparel companies in HK. The company’s business model has evolved to an 

integrated synchronization services provider with capabilities for rapid design, flexible 

manufacturing, and collaborative planning, forecasting, and replenishment, including 

vendor managed inventory (VMI). 

 

TAL is famous for its VMI system. Inventory on the customers’ side, either at the 

warehouse or in the store, is monitored directly by the company. With advanced VMI 

system, direct POS links to the customers and TAL’s sophisticated pack and ship-to-

store systems, the company can deliver the products direct to the store before the 

customers know they need them.  
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TAL use continuous replenishment for the fabric and accessory procurement. 

Appropriate just-in-time material ensures the company to streamline the production 

process and continuously deliver the right products at the right time. 

 

In TAL, the synchronization business model responds not just to its customers’ demand 

but its customers’ customers’ demand as well. With CPFR (collaborative planning, 

forecast and replenishment), the company works closely with the customers to produce 

“replenishment model” based on seasonal variations, market trend and relevant sales data. 

Close collaboration with certain customers has allowed TAL to design products for them. 

On the supply side, TAL shares its own rolling, three month demand information with its 

largest fabric suppliers every two weeks. CPFR allows the company to see and 

synchronize with demand on the final consumer level. By adopting FRM (floor ready 

merchandise) system, all the TAL garments are packaged, tagged and priced before they 

leave the factory. In addition, TAL’s cross-docking system eliminates the costly 

inventory and shortens the lead time from order to store. All products are packed to 

stores and barcoded at the factory. 

 

TAL’s synchronization services capabilities, including VMI, completely frees the 

customer from the burden of inventory management and maintenance. It also creates a 

tightly coupled, true partnership between supplier and customer via visibility into the 

demands of the customer’s customers—the final consumer—through sharing of point-of-

sales (POS) data. On the whole, TAL’s successful synchronization of supply and demand 

results from a melding of discrete entities—TAL itself, its suppliers, and its customers—

into a collaborative business model that responds holistically to demand. 

 

5. Li & Fung 

 

Structure: third-party coordinated, trading company 

Major characteristic: dispersed manufacturing, global supplier network 

 

For a company to be competitive, its supply chain must be flexible, agile, cost-effective 

and responsive. Nowadays it is more common for companies to collaborate in a global 

context where each of them focus on its core competency and outsource the rest. As a 

consequence their success becomes increasingly dependent on how well they can 
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orchestrate the different aspects and how well they can manage the external parties 

involved along the supply chain. Equally important are companies' abilities to satisfy 

their customers' needs, shorten production lead time and lower cost. 

 

Li & Fung has evolved from a sourcing agent to a global supply chain manager by being 

an innovator in the development of supply chain management. They have seven 

principles can be concluded as the pillar of Li & Fung's supply chain management. They 

are “Be customer-centric and market demand driven; Focus on one's core competency 

and outsource non-core activities, in order to develop a positioning in the supply chain; 

Develop a close, risk and profit-sharing relationship with business partners; Design, 

implement, evaluate and continuously improve the work flow, physical flow, information 

flow and cash flow in the supply chain; Adopt information technology to optimize the 

operation of the supply chain; Shorten production lead time and delivery cycles; and 

Lower costs in sourcing, warehousing and transportation.” The seven principles serve as 

a guideline for Li & Fung to resolve many complex decisions, e.g. which channels to use 

for customers and suppliers, whether to manage operations internally or outsource, and 

how to implement new technologies to optimize the supply chain etc. By mastering the 

supply chain, Li & Fung can provide better customer service and establish a long-lasting 

supplier relationship, which becomes an enduring competitive advantage over its 

competitors and leads to market share gains. 

 

The globalization trend and its resulting competitive pressures will continue to underpin 

the development of supply chain management. As consumers and suppliers increasingly 

demand for quality and efficiency along the entire supply chain, Li & Fung's track record 

as a pioneer in global supply chain management certainly reaffirms the company as the 

partner of choice to those who are keen on expanding their businesses.  

 

The above five apparel supply chains are representatives of five different structures. The 

leader and core decision maker in these apparel supply chains is different and takes 

different roles in the operation. However, we can still find the common points of these 

apparel supply chains: responsiveness, short lead time, quality assurance and low cost.  
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Appendix B-Agent Communication with ZEUS 

 

AB.1 ZEUS introduction 

 

The ZEUS tool-kit is a synthesis of established agent technologies with some novel 

solutions that provide an integrated environment for rapid software engineering of 

collaborative agent applications. In this research, ZEUS is used as the tool to build agent 

communication environment. 

 

 ZEUS combines two major emphases in agent development namely communication 

facilities and internal infrastructure. ZEUS comprises a set of components, which are 

running concurrently in separated threads. These components are Mailbox, Message 

Handler, Coordination Engine, Execution Monitor and the Planner and Scheduler. 

Facilitating the implementation of agents, ZEUS provides comprehensive graphical user 

interfaces including a multi-agent system project editor, an ontology editor, an agent 

editor and a task editor. The ZEUS Agent Generator produces Java source code that can 

be directly adapted by the developer. These tools decrease the effort of programming 

directly in Java source code and therefore speed up the development of the multi-agent 

systems. 

 

AB.2 ZEUS agent platform architecture 

 

An agent platform provides the infrastructure in which agents can be deployed, including 

operating systems, agent support software and multi-agent system managing components. 

 

The ZEUS agent platform comprises two utility agents, the Agent Name Server (ANS) 

and the Directory Facilitator (DF). The ANSs maintains a registry of known agents, 

enabling them to map agent identities to a logical network location. The DF’s 

responsibility is managing the system’s yellow pages, which map the agents’ abilities to 

the according agent names. These two utility agents can support a highly agile and robust 

shop floor control. Processing machines are equipped with a local machine control and a 

local intelligence the high-level control. So the machine and the belonging control units 

can be seen as an autonomous entity. Which machines, or of more interest, which tasks 
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are currently available to the system are automatically managed by the ANS and the DF 

agents. ANS and DF agents query periodically all agents about their capabilities and 

update their registries. If a machine changes its possessed tasks due to system 

reconfigurations, these tasks are announced through the DF to the others. This allows 

soft degradation of the systems overall performance in cases of breakdowns, thus the 

system keeps running. 

 

AB.3 Agent communication in ZEUS 

 

Communication opens the door to collaborative behavior and is the basis of multi-agent 

systems. ZEUS agents are exchanging messages encoded in a simple ASCII character 

sequence. The message structure is defined by the FIPA-ACL (FIPA Organization, 2000). 

An issue of the FIPA-ACL is to provide a pattern of communicative acts and their 

meanings. The message content is embedded in the ACL structure. In conjunction with 

FIPA-ACL the ‘semantic language’ is recommended and used by ZEUS to encode the 

message content (FIPA Organization, 2000). But the semantic language (SL) itself 

cannot convey information among agents. Concepts of shared ontology equip SL 

statements with meaning. Obeying standards is a precondition to become agents accepted 

by manufacturing companies. A major issue of FIPA is concerning interoperability of 

different agent systems and offering a paradigm for a proved multi agent system. 

 

The ZEUS tool-kit was motivated by the need to provide a generic, customizable, and 

scalable industrial strength collaborative agent building tool-kit. The tool-kit itself is a 

package of classes implemented in the Java programming language, allowing it to run on 

a variety of hardware platforms. Java is an ideal language for developing multi-agent 

applications because it is object-oriented and multi-threaded, and each agent consists of 

many objects and several threads. Java also has the advantage of being portable across 

operating systems, as well as providing a rich set of class libraries that include excellent 

network communications facilities. 

 

a) The agent component library 
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The agent component library is a package of Java classes that form the ‘building blocks’ 

of individual agents. Together these classes implement the ‘agent-level’ functionality 

required for a collaborative agent. Thus for communication the tool-kit provides: 

· a performative-based inter-agent communication language, 

· knowledge representation and storage using ontologies, 

· an asynchronous socket-based message-passing system. 

In order to maximize future compatibility, the components of the ZEUS tool-kit utilize 

‘standardized’ technology whenever possible; for instance, communication takes place 

through TCP/IP sockets using a language based on the Knowledge Query Management 

Language (KQML) (Finin and Labrou, 1997). In this spirit, it is planned that the Agent 

Communication 

Language that has recently been specified by the Foundation for Intelligent Physical 

Agents (FIPA) (O’Brien and Nicol, 1998) be adopted. 

 

Logically, each ZEUS agent is composed of three layers— a definition layer, an 

organizational layer and a coordination layer. The definition layer comprises the agent’s 

reasoning abilities, its goals, resources, skills, beliefs, preferences, etc. The organization 

layer describes the agent’s relationships with other agents, e.g. the agencies to which it 

belongs, what abilities it believes other agents possess, and what authority relationships 

exist between it and these other agents. At the co-ordination layer each agent is modeled 

as a social entity, i.e. in terms of the coordination and negotiation techniques it possesses. 

Built on top of the co-ordination layer are the protocols that implement inter-agent 

communication, while beneath the definition layer is the API that enables the agent to be 

linked to the external programs that provide it with resources and/ or implement its skills. 

Figure 2 shows how this logical agent model is realized using the classes of the ZEUS 

agent component library. The generic agent of Fig 2 includes the following components. 

· Mailbox 

This handles communications between the agent and other external agents. It is a 

complex entity consisting of several other threads such as the server, which accepts and 

stores incoming messages. 

· Message handler 

This processes incoming messages from the mailbox, dispatching them to other 

components within the agent. 
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· Co-ordination engine 

This makes decisions concerning the agent’s goals, e.g. how they should be pursued, or 

when to abandon them. It is also responsible for co-ordinating the agent’s overall 

activities with other agents using its known coordination strategies. This not only enables 

tasks to be contracted and delegated, but also ensures that agents jointly working towards 

a shared goal all behave in a coherent manner. 

· Acquaintance model 

This describes the agent’s relationships with other agents in the society, and its beliefs 

about the capabilities of those agents. 

· Planner and scheduler 

This plans the agent’s tasks based on decisions taken by the co-ordination engine and the 

resources and task definitions available to the agent. 

· Resource database 

This maintains a list of resources that are owned and available to the agent. 

· Ontology database 

This stores the logical definition of each fact type — its legal attributes, the range of 

legal values for each attribute, any constraints between attribute values, and any 

relationships between the attributes of the fact and other facts. Agents must use the same 

ontological information if they are to understand each other. 

· Task/plan database 

This provides logical descriptions of planning operators (or tasks) known to the agent. It 

also stores a set of scripts that the agent uses to behave reactively to 

· Execution monitor 

This starts, stops and monitors external systems that have been scheduled for execution 

or termination by the planner and scheduler. It also informs the coordination engine of 

successful and exceptional terminating conditions of the tasks it is monitoring. 

 

Communication is facilitated by the mailbox and the ontology database; the former 

provides agents with the ability to transmit messages in a universally recognized format, 

while the latter enables each agent to understand what its correspondent is 

communicating. 

 

b) Network communication protocol 
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Communication is accomplished via point-to-point TCP/IP sockets, which is constituted 

by using a least common denominator for message transportation.  

 

c) Agent interaction protocols  

 

An agent interaction protocol (AIP) describes a communication pattern as an allowed 

sequence of messages between agents and the constraints on the content of those 

messages (Bauer, 1999). ZEUS agents can be equipped by default with ContractNet 

protocol and iterated ContractNet protocol, which is a widely-used protocol. 

Unfortunately other interaction protocols like the FIPA-request protocol or the FIPA-

query protocol (FIPA Organization, 2000) are not supported yet. 
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