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Abstract 

Simulation has been so far used as a tool for supporting performance analysis of manufacturing and logistics systems. An actual 

supply chain performance can be simulated and then modelled as per the numbers of theories and ideas described here. Author 

has critically reviewed various literatures on supply chain simulation as well as different aspects of modelling. Author concludes 

centralised and decentralised system of supply chain modelling as per requirements.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION TO SIMULATION 

Simulation has been so far used as a tool for supporting performance analysis of manufacturing and logistics systems, since the 

primal work by Tocher (Tocher and Owen, 1960). Many application examples are demonstrated in several textbooks such as 

Banks et al.(2001). It has also been applied to social systems such as socio-economics models (Forrester et al. 1976). The 

strength of simulation is to enable users to observe and analyse the dynamic behaviour in the target system, different from 

mathematical programming methods (Geoffrion and Grave 1974) or stochastic models (Cohen and Lee 1988). Discrete event 

simulation is currently one of the most popular methods of evaluating system performance in what-if scenarios. Simulation is 

currently also used to analyse activities in supply chain systems. Lee and Kim proposed a hybrid approach combining analytic 

and simulation models (Lee and Kim 2002). Ingalls and Kasales demonstrated simulation applications to actual manufacturing 

supply chain by using commercial simulation software (Ingalls and Kasales 1999). Heita (1998) and Bagchi et al. (1998) 

reported on what occurred when they applied their original supply-chain-oriented simulator to several actual supply-chain 

systems. These reports summarised benefits of simulations when they used their tool to do business consultation from 

practitioners‟ views. Further, Wyland et al. (2000) provide a general guidance of supply-chain simulation to industrial 

practitioners. Hung et al. (2004) provided a generic simulation model that allows incorporation of the information and physical 

systems and decision-making policies used by each node. Martin et al. (2001) described the complementary standard mixed 

loads concept, and Chan et al. (2001) proposed a simulation model of a typical, single channel logistics. Kritchanchail and 

Maccarthy (2000) compared characteristics of simulation models between continuous-type and discrete-type in views of supply-

chain applications. Implementation of supply chain simulation must overcome three problems on simulation modelling: 

1) How business processes in each chain Member Company should be represented in simulation models. 

2) How process synchronisation and data exchange transactions among the chain member companies should be represented in 

simulation models. 

3) How the communication mechanisms between information-flow and material-flow should be represented in simulation 

models. 

Supply chain simulation must represent such business process behaviours, data exchange transactions among suppliers, and 

material flow process of parts/product in the chain. Because of these reasons, the authors have developed a simulation-based test-

bed system to integrate business process activities among multiple firms in the chain (Umeda and Jones 1998, 1999). 

 Generic Simulation Model A.

A generic simulation model, which represents material handling operations, information processing operations, and collaborative 

communication between a chain planner and suppliers. The scope of the model is discrete manufacturing supply chains including 

members such as part suppliers, final assembly plants, distributors, retailers, and operational planner. 

Scopes of supply-chain oriented simulation 

There are two important issues in achieving success in such supply chain operations: synchronisation and optimisation. Most 

activities must be synchronised either inside the enterprise or beyond its boundaries on production and logistics issues. It is 

necessary to implement a distributed operations management system to deal effectively with both capacity and inventory 

problems among multiple supplier enterprises. 

A robust „chain‟ requires frequent data exchange among inner-company processes and outside suppliers‟ processes according 

to the above business process behaviours. The operation flows become more complex than that of a single company, and 

furthermore the process status at the individual company is dynamically changing. 

According to the above discussions, the scope of supply chain oriented simulation should include the following modelling of 

supply chain business processes (Umeda and Zhang 2003). 
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 Material management activities in individual processes, such as manufacturing, receipt, shipment, storing, inspecting, and 

transportation. 

 Order processing activities in individual processes, such as purchasing, operations, shipment, and transportation. The 

processes of sending and receiving between suppliers must be explicitly presented. 

 Information processing activities, which combine material management activities with ordering activities. 

The activities of order processing and information processing are tightly coupled with the material management activities in 

suppliers, main product factories, and distributors. 

II. SUPPLY CHAIN ACTIVITIES MODEL 

This model includes both material handling processes and information communications processes. 

First, we specify supply chain organisations and operations in each organisation. Second, we define constraints in operation and 

information communication processes. These specifications are based on our previous case studies (e.g. Umeda and Hu 2000, 

Umeda and Lee 2001). The industrial category of the proposed model is discrete manufacturing, which consists of parts 

assembly processes. Typical examples are electronics products, mechanical products, automobiles, etc. The simulation model 

includes the following organisations. 

(A) Operational manager (head of the prime contractor in a chain) that controls information in the chain. 

(B) Parts supplier that provides parts to the assembly plant. 

(C) Products factory that produces final products. 

(D) Distribution centre that packs finished products and pass them to 3PL. 

(E) Consumers and retailers, users of the products. 

(F) Third-party logistics companies that provide actual transportation service to consumers. 

(A), (C), and (D) are internal organisations of the company, meanwhile the others are external organisations of this company. 

The third-party logistics companies are the external organisations, who transport the products from the distribution centre to 

customers in a constant lead-time. Operational manager (A) is a special organisation and includes no material handling 

processes. While others provide physical material operations, this organisation commits itself to communication processing 

activities, such as „receiving orders from customers‟, „predicting marketing demands‟, „withdrawing parts inventories‟, „ordering 

to suppliers‟, „ordering to their assembly plant‟, „ordering shipment‟, etc. These also accompany data processing operations.   

III. MODELING AND CONTROL OF THE SUPPLY CHAIN FOR PRODUCING HIGHLY CUSTOMIZABLE PRODUCTS 

The problems that are caused to the supply chain due to highly customized products are summarized as follows: from a 

production scheduling point of view, forecasting customer requirements prior to receiving their orders, is difficult and becomes 

even harder when considering that each customer requests a unique variation of the product. Additionally, it is hard to evaluate 

the impact of the production schedule changes on the supply network (Makris S, Papakostas N, Mourtzis D, Zoupas P, 

Chryssolouris G (2007) Adaptability Limitations in the Automotive Assembly Networks. 40th CIRP Seminar, Liverpool,) From 

the supply chain‟s perspective, inventory visibility is both limited to the in-transit parts and the Original Equipment 

Manufacturer (OEM) inventory. Supplier available inventory is not visible. There is no confirmation from the supplier that the 

production schedule is feasible. Supply chain management and production scheduling do not look at information, such as a 

supplier‟s inventory, capability and supply confirmation, because of the difficulties encountered in obtaining it Moreover, late 

change in production schedule creates increased transportation costs especially when parts are produced in distant sources. 

Logistics planning, in a flexible environment, requires an integrated and dynamic planning tool to dynamically control the supply 

network .Brabazon and MacCarthy discuss the Virtual Build to Order (VBTO) concept: the producer has the ability to search 

across the entire pipeline of finished stock, products in production, and those in the production plan, in order to find the best 

product for a customer. 

IV. SYSTEM DYNAMIC MODELING FOR SUPPLY CHAINS 

As supply chain system is an open complex system, many factors are relevant, supply chain systems often deviate from reality if 

you cut the relevance. Moreover, under the supply chain environments, systematic characteristics such as systematic non-linear, 

high level of order, a couple of circuits and lasting change with time are getting obvious extremely. It is very difficult to set up 

inventory management model by routine operational research method. In the meantime, because of involving the business inside 

each member enterprise on the supply chain, a lot of data are difficult to collect. These have brought many difficulties for the 

study of inventory control in supply chain. System dynamics offers a key approach for above-mentioned problems, because of 

system dynamics is a viewpoint that based on the causal relation and the structure decision behaviour. It sets up model from the 

system interior microscopic structure, at the same time, it analyses and researches inner link between system structure function 

and dynamic behaviour by dint of computer simulation technology, thus we can find out the problem-solving countermeasure 

{Wang Qifan, “System Dynamics,” Publishing House of Tsing-Hua University, Beijing, PP2-40, 2004.} 
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 What Is System Dynamics?  A.

System dynamics is the method to cope with the complex systemic problems with the combination of 

quantitative and qualitative methods, based on feedback control theory, using computer simulation 

technology as its measure {Jay W. Forrester, “System Dynamics: the Foundation under Systems Thinking,” 

http://sysdyn.clexchange.org/sdep/papers/D-4828.html, retrieved 2006-11}. According to system dynamics‟ viewpoint, system 

dynamics model judges object system‟s changing trend by simulating object system dynamically in order to study and plan 

future action and corresponding decision-making of the object system. The model is characterized by regarding the study object 

as a dynamic system. The dynamic system has a certain internal structure and is affected by external conditions. Its fundamental 

principle is: Use system modeling, sending the model to computer and verify the validity, in order to provide a basis to work out 

strategy and decision-making. 

V. CENTRALISED & DECENTRALISED APPROACH: DESCRIPTION & LITERATURE SURVEY 

Supply chain managers can use a decentralized or centralized management approach. In the former, the elements of the supply 

chain make decisions independently of each other, whereas in the centralized approach there is a global manager that coordinates 

the decisions of the entire supply chain. The decentralized approach is suitable for companies where the elements of the supply 

chain belong to different companies and do not share internal information. In this case, each element has to estimate what the 

others are doing in order to make their decisions. On the other hand, when all or most of the supply chain elements belong to the 

same company, a centralized approach is more suitable. 

Previous works for the decentralized approach include the work by Towill (1982, 1996) who presents an analysis based on a 

transfer function analysis and classical feed forward control. With this strategy it is possible to smoothly control a distribution 

network and dampen inventory oscillations created by changing demands. The scope of this work is limited because it considers 

the manufacturing sites as constant lead times. 

Cetinkaya and Lee (2000) use the concept of vendor managed inventory, which is a policy where suppliers are allowed to 

manage inventories of agreed-upon stock-keeping units at retail locations. This method offers a framework to synchronize 

inventory and transportation decisions because vendors have the capability to decide between serving the order immediately, or 

wait and consolidate the shipment. This approach is suitable for distribution networks with a wide variety of products and 

suppliers with high variability such as supermarkets or goods distribution, but is not suitable for systems with manufacturing 

sites because the model does not consider them. 

Perea, Grossmann, and Ydstie (2000) developed a hybrid dynamic simulation model that includes the manufacturing facilities 

and the distribution network and show how with the use of a classical decentralized control scheme, such as proportional 

controllers for the inventory levels, it is possible to reproduce the behaviour and problems of real systems such as the demand 

amplification problem (Handfield and Nichols, 1999) or bullwhip effect (Hau Lee, Padmanabhan, & Whang, 1997). These 

authors also show that the selection of control policies for the distribution network and production facilities is critical for the 

performance of the supply chain, and that the selection cannot be arbitrary. For instance, the demand amplification problem can 

be reduced by tuning the controller to a lower gain, leading to a less responsive system. 

Sivakumar (2001) presents a discrete event simulation approach that analyzes manufacturing sites using a linear algorithm 

with multiobjectives and automatic model generation. It focuses on the manufacturing sites and plans to extend this approach to 

the entire supply chain. The limitation of this approach is that it does not consider the buffering effect and demand signal 

perturbation that the distribution network introduces to the system, and this effect can be critical in the overall behavior. 

Regarding the centralized approaches, one of the earliest attempts for solving this dynamic management problem was reported 

by Forrester (1961). The objective of his work was to perform a dynamic analysis and simulation of industrial systems by means 

of discrete time dynamic mass balances and non-linear delays in the distribution channels and manufacturing sites. However, due 

to the complexity of the models and the limitations of digital computers, his work only covered small academic examples. The 

scope of that work was significant, and it is considered as the first effort to qualitatively simulate industrial systems and their 

behavior. 

Backx, Bosgra, and Marquardt (1998) proposed to change the traditional approach of operating a plant isolated from its 

environment, to an approach in which the manufacturing plants adapt themselves to this transient environment and exploit its 

economic potential. According to the authors, any strategy under these lines must account for the dynamics of the environment 

and the disturbances, as well as for the dynamics of the operations of the business. The result should be an intentionally dynamic 

operation strategy where a global manager coordinates all the efforts in the supply chain to achieve a common goal.  

The work by Bose and Pekny (2000) presents a decomposition framework that calculates the target inventories for the 

distribution network by means of a planning model in a prediction horizon, and then evaluates a schedule to satisfy them. The 

main idea is to find the inventory set points that ensure a desired customer service level with a planning tool, and then track them 

with an MPC approach. 

Shah (1998) reviews some of the work that has been developed so far in terms of integrating planning and scheduling, and 

considers that the problem for multisite supply chains will be the subject of significant research in the future. This work proposes 

a target-setting approach where a central coordinator sets achievable goals to the entire system without imposing operational 

details, so that conflicts are avoided leaving the operational details to the local sites. 
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Ettl, Feigin, Lin, and Yao (2000) present a supply network model that finds the base stock levels for intermediate and end 

products to minimize the inventory capital and to meet the desired customer service levels. To achieve this, the tool uses queuing 

theory to model the system and an optimization tool based in a conjugate gradient algorithm to find the optimal base stock 

inventory levels. This approach saved IBM over 750 million dollars and represents a promising example for this kind of supply 

chains. 

Sakawa, Nishizaki, and Uemure (2001) present afuzzy approach for a production and transportation problem for multiproduct, 

multisite supply chains. This example is a planning problem that uses fuzzy data for the  production, demand and costs. Its 

limitations are that it does not consider multiproduct plants or interactions among the products. However, for dedicated, single-

product plants, it is able to cope with the uncertainty in the processing times and develop a flexible tool to define production 

plans. 

VI. CONCLUSION 

Here authors have attempted to critically review various aspects of supply chain modelling. From the available literature of 

centralised and decentralised model we recommend suitable supply chain model as per requirement .However tailor made SC 

model will be the most justifiable. 
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