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ABSTRACT
Mixed-model assembly systems and modular supply chains are enablers to high product variety.
However, as variety gets very high, the assembly and supply processes can become very complex.
In assembly systems, the complexity may cause human errors and in turn impacts system
performance. The complexity also impacts supply chain configuration and inventory control policy.
This paper proposes a unified measure and models of complexity to assist in designing systems with
robust performances. Complexity is defined as an entropy function of product variety and models
are developed to describe the complexity propagation in multi-stage assembly systems and multiechelon supply chains. Applications of the models are presented for complexity mitigation.

1. Introduction
Mass customization has been the mantra for today’s manufacturing [1]. It promises individualized
products at near mass production cost. As a result of such paradigm change, the number of product
variety offered by manufacturers has increased drastically. For example, BMW claims that ‘‘Every
vehicle that rolls off the belt is unique’’ and the number of possible automobile variations in the to
handle such high variety while at the same time achieve mass production quality and productivity.
Mixed-model assembly systems and modular supply chains have been recognized as major enablers
to handle the increased variety.
Various industries are practicing mixed-model assembly systems since they bring various benefits.
For example, a mixed-model auto assembly line as shown in Fig. 1 not only can save investment
cost by sharing multiple products in the same line but also absorb demand fluctuation.

The concepts of modular assembly supply chain and traditional non-modular ones are shown in
Fig. 2. In the modular configuration, the final assembler apportions product modules to intermediate sub-assemblers instead of doing all the assembly work itself. As a result, only a few
assembled modules will be delivered to the final assembler, which reduces the complexity of the
final assembly process while shifting risk and responsibility to the sub- assemblers. Modular
assembly has found applications in many industries, such as automotive and aerospace.
The high number of variety or build-combinations undoubtedly presents enormous difficulties in the
design and operation of the assembly systems and supply chains. It has been shown by both
empirical data and simulations [3,4] that increased product variety has significant negative impact on the
performance (quality and productivity) in case of automotive vehicle production, including
assembly and parts supply. One of the possible approaches to assess the impact of product variety
on performance is to investigate how variety complicates the assembly process and supply chain
operations. Some limited research has been done on assembly system and supply chain complexity.
MacDuffie et al. [3] defined product mix complexity based on variety (product mix and its
structure) and found significant negative correlation between complexity and manufacturing system
performance through empirical study. Deshmukh et al. [5] defined an entropic complex- ity measure
for part mix in job shop scheduling. Fujimoto et al. [6] introduced a complexity measure based on
product structure using entropy for different stages of process planning. More recently, ElMaraghya
et al. [7] applied entropy function to quantify the complexity of manufacturing systems and their
configurations with examples in machining processes.
In supply chain, Frizelle and Woodcock [8] defined complexity as the variety and uncertainty
associated with a system. Based on this definition, they classified the complexity of a supply chain
system into structural complexity, which is associated with the variety embedded in the static
system, and operational complexity, which is associated with the uncertainty of the dynamic
system. Sivadasan et al. [9] developed an experimental methodology to study the operational
complexity in a single supplier– customer system.
This paper proposes a unified measure of complexity by integrating both product variety and
assembly process information, and then develops models for evaluating complexity in multi- stage
mixed-model assembly systems and multi-echelon supply chains. The paper is organized as follows.
In Section 2, we define complexity based on entropy and develop models for assembly systems and
supply chains. In Section 3, system design methodologies based on the complexity models are
discussed to enhance assembly system performance and determine optimal assembly supply chain
configuration. Section 4 concludes the paper.

2. Definitions and models of complexity
In this session, we define a unified measure and develop models of complexity for assembly
systems and supply chains based on product variety. We use an example to illustrate our modeling
techniques.

