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Abstract:-  In the increasingly competitive global markets, enterprises face challenges in responding to customer 
orders quickly, as well as producing customized products cost-effectively. This paper proposes a dynamic heuristic-
based algorithm for the part input sequencing problem of flexible manufacturing systems (FMSs) in a mass 
customization (MC) environment. The FMS manufactures a variety of parts, and customer orders arrive dynamically 
with order size as small as one. Segmental set functions are established in the proposed algorithm to apply the 
strategy of dynamic workload balancing, and the shortest processing time (SPT) scheduling rule. Theoretical analysis 
is performed and the effectiveness of the algorithm in dynamic workload balancing under the complex and dynamic 
environment is proven. The application of the algorithm is illustrated by an example. The potential of its practical 
applications to the FMSs in make-to-order (MTO) supply chains is also discussed. Further research is provided. 
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1 INTRODUCTION 

Enterprises are confronted by the challenges of global markets of the 21st century. Customer requirements are 
becoming increasingly important. They demand products and expect their orders to be handled quickly, 
accurately, and costeffectively (Shapiro et al. 2004). On the other hand, customer orders become more frequent, 
and order sizes may be as small as one item. Pine et al. (1993) have described a factory manufacturing 
customized pagers in lot sizes as small as one within hours of an order arriving from a customer. Therefore, 
enterprises have to meet the challenges of quickly responding to customer orders as well as producing 
customized products cost-effectively to survive in competitive global markets. 

Mass customization (MC) is adopted by enterprises as a manufacturing strategy because it calls for flexibility 
and quick responsiveness. In an ever-changing environment, people, processes, units, and technology 
reconfigure to give customers exactly what they want with low cost, high quality, and variety (Pine et al. 1993). 
In order to realize MC, manufacturers need to adopt highly reactive strategies. Reactive strategies are also 
adopted in supply chains such as the emergence of make-to-order (MTO) supply chains because supply chains 
are now in new and complex environments. Suppliers are facing complex manufacturing environments. They 
need to respond to demand fluctuations and to produce requirements at a low price. They cannot afford to make 
on-time deliveries by carrying a large amount of inventory. A flexible manufacturing system (FMS) is a 
computer-controlled manufacturing system that produces a variety of part types simultaneously for different 
demand volumes. 
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2 PART INPUT SEQUENCING IN FMSS 

Relevant research in FMS part input sequencing from prior literature is summarized in this section. Stecke 
(1983) defined five production planning problems for FMS operations: the part type selection problem, the 
machine grouping problem, the production ratio problem, the resource allocation problem, and the loading 
problem. The part type selection problem is defined as the determination of a subset for immediate and 
simultaneous processing among a set of part types that have production requirements. the next production 
period. 

In summary, researchers have studied the FMS production planning and operation management problems for 
decades. FMS part input sequencing has also been an interesting research topic. From the brief summary of the 
typical research in FMS part input sequencing from the literature it can be seen that a variety of approaches have 
been developed, including batches of MPS, the ordered MPS, the permutation of an MPS, the modified 
Johnson’s algorithm, look-ahead simulation, fuzzy rule base, as well as other heuristics. 

3 PROPOSED SOLUTION PROCEDURES 

The objective of this research is to develop an effective approach for the part input sequencing problem of FMSs 
in a mass customization environment. The FMS produces a variety of parts. Customer orders arrive dynamically 
with order size as small as one and therefore production requirements cannot be determined completely before a 
production cycle begins. We propose a dynamic heuristic based algorithm for the FMS part input sequencing 
problem. 

Workload balance has been recognized in the literature to be able to eliminate bottlenecks and to increase 
productivity in FMSs. Stecke and Morin (1985) showed that balancing workload maximizes expected 
production for production planning in certain types of FMSs. Literature has illustrated that the shortest 
processing time (SPT) scheduling rule can increase productivity in FMS scheduling. Choi and Malstrom (1988) 
examined several scheduling rules in an FMS by a physical simulator and concluded that SPT results in high 
output, low throughput time, and low WIP inventory in the FMS. Because the objective of the proposed 
algorithm is to increase productivity, strategies that can increase productivity are applied in the development of 
the algorithm. The strategy of dynamic workload balancing is applied. Then, SPT is applied. Also, first-in 
firstout (FIFO) is applied when more parts have the same priority as the results of dynamic workload balancing 
and SPT. 

The quantity of initially inputted parts should not be large and should be decided according to the capacity of an 
FMS to ensure no blocking or deadlocking of the FMS occurs. The iteration phase of the algorithm, which 
involves processing a part to completion and introduction of a new part, is utilized repeatedly to dynamically 
select and input parts.  

The algorithm is depicted by the use of the concepts and approaches of discrete mathematics (Johnsonbaugh 
2004). Notation utilized in the algorithm is summarized in Table 1; x, y, z, yy, yz, zy, orzz is utilized to 
represent an individual set. The algorithm is described in an outline form as follows: 

 Phase I. Initialization 
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 Phase II. Iteration 
 

 

 

 4 THEORETICAL ANALYSES 

To analyse the effectiveness of the proposed algorithm, the concepts and approaches of discrete mathematics are 
applied and the properties of the set functions are discussed. Here, m, n, s, ore is utilized to represent an 
individual part. First, kx(p) and ky(p) are the elements in the ranges of the simple functions kx and ky and have 
the property of an ascending order. 

 

Planning in partially observable environments remains a challenging problem, despite significant recent 
advances in offline approximation techniques. A few online methods have also been proposed recently, and 
proven to be remarkably scalable, but without the theoretical guarantees of their offline counterparts. Thus it 
seems natural to try to unify offline and online techniques, preserving the theoretical properties of the former, 
and exploiting the scalability of the latter. In this paper, we provide theoretical guarantees on an anytime 
algorithm for POMDPs which aims to reduce the error made by approximate offline value iteration algorithms 
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through the use of an efficient online searching procedure. The algorithm uses search heuristics based on an 
error analysis of lookahead search, to guide the online search towards reachable beliefs with the most potential 
to reduce error. We provide a general theorem showing that these search heuristics are admissible, and lead to 
complete and ε-optimal algorithms. This is, to the best of our knowledge, the strongest theoretical result 
available for online POMDP solution methods. We also provide empirical evidence showing that our approach 
is also practical, and can find (provably) near-optimal solutions in reasonable time. 

 5 APPLICATION EXAMPLES 

The proposed algorithm can be applied to practical situations. It is well recognized in the literature that 
workload balance can increase productivity in FMSs. Therefore, the proposed algorithm can be used for part 
input sequencing of the FMSs in the MC environment to increase productivity. It can be applied to FMSs 
supplying multiple partners in MTO supply chains. It provides a methodology for FMSs to increase productivity 
and to handle demand fluctuations. An illustrative example is provided here to explain how the proposed 
algorithm works. The example is developed by the use of simulation modeling and GPSS simulation software. 
The simulation of a real FMS in the semiconductor industry by GPSS simulation software was obtained from 
Department of Industrial Engineering, Texas Tech University and modified for illustrative purposes. A detailed 
description of the example can be found in He (1996). The FMS is composed of a loading/unloading station, 
five process stations, and a material handling robot. The FMS configuration is illustrated in Fig. 1. The robot can 
only swing in a partial circle. It has to swing backwards at the end of a circle. Each process station provides a 
local buffer of limited capacity for WIP inventory. Because total parts processed simultaneously in the FMS are 
limited, parts generally do not exceed the local buffer capacity and there is no blocking of a process station. 
Researchers have considered dynamic arrival of part types in FMS studies for the machine grouping problem in 
FMSs (Stecke and Raman 1994), for the scheduling problem in FMSs (Sabuncuoglu 1998), and for the machine 
loading problem in FMSs (Sabuncuoglu and Lahmar 2003). Here, arriving parts are filled in a preprocess area of 
the FMS based on their arrival times. 

 

FIG1 : FMS CONFIGURATION 

 

In this example, there are three type of  parts and the algorithm selects and inputs the one having the earliest 
arriving time among them at Step in advance . After selecting and inputting the part, the algorithm updates its 
status and goes to Step 1 of this phase for iteration. The algorithm repeats this phase until the production cycle is 
finished or there are no parts to be inputted. In this example, the part selected and inputted based on ^ kq pt ðÞis 
a part of type 3. Part type 3 has its first operation at process station 3, which has the least workload at the current 
input decision point and therefore balances the workload the most. Its total time of operations is 85, less than 
290 for part type 5 in the same subset. 
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CONCLUSIONS 

In the fiercely competitive global arena, increasing attention is being paid to customer requirements. Customer 
orders are becoming more frequent, and order sizes are decreasing. Enterprises have to provide quick response 
to customer orders and produce customized products in a cost-effective manner. Mass customization is adopted 
to meet these challenges. 

This paper proposes a dynamic heuristic-based algorithm for the FMS part input sequencing problem in the MC 
environment. The proposed algorithm utilizes the segmental set functions to apply the strategy of dynamic 
workload balancing, and the SPT scheduling rule. Theoretical analysis is performed. The algorithm is effective 
in dynamic workload balancing. Productivity of FMSs can be increased by the use of the proposed algorithm 
because it is recognized in the literature that workload balance can increase productivity of FMSs. Therefore, 
the proposed algorithm can be used to operate FMSs cost-effectively for increasing the MC capability of FMSs 

Our investigation provides insights into practical applications. FMS managers can utilize the proposed algorithm 
for part input sequencing of FMSs to increase their MC capability in a complex and dynamic environment. The 
algorithm can be applied to FMSs supplying multiple partners in MTO supply chains that are confronted by 
demand fluctuations. The algorithm provides a pragmatic approach for FMSs to increase productivity and 
handle demand fluctuations so as to reduce inventories. 

In summary, the paper contributes in several ways. It proposes an applicable and effective approach for the FMS 
part input sequencing problem in the MC environment. It establishes the segmental set functions to apply the 
strategy of dynamic workload balancing, and the SPT scheduling rule for this NP-hard problem. It explores the 
application of the concepts and approaches of discrete mathematics to analyze the effectiveness of the algorithm 
in dynamic workload balancing in a complex and dynamic environment. It provides an example to illustrate the 
application of the algorithm and points out its potential applications to practical situations. 

Performance improvement in operation management in MC environments needs much attention and further 
study. A suggestion for further research could be the development of effective algorithms to consider delivery 
requirements of customer orders as well to improve both productivity- and due-date-based performance of 
FMSs. 
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