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Abstract: It would be difficult to efficiently implement a manufacturing system without solving its design 
and operational problems. Based on this framework, a system configuration and tooling problem is 
modeled. The model turns out to be a large mixed integer linear program, so that some alternative 
optimal seeking and heuristic techniques are used to solve the model for constructing a flow line 
structured Flexible Manufacturing System. As a result, it may be possible to construct flexible, efficient, 
simple and easily controllable manufacturing systems. 
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1. Introduction

1.1. What is a Flexible Manufacturing System? 

After the midfifties, requirements for high precision in manufacturing led to the development of 
numerically controlled machine tools. In the late seventies, manufacturing systems were designed and 
developed using computer control of machine tools to produce mid-sized batches of several different 
parts attempting to gain both the efficiency of automated mass production and the flexibility of a job 
shop. These are called Flexible Manufacturing Systems if they have the following main components: 

• Machine tool: requires insignificant set-up time between two operations utilizing different tools on
the same machine.

• Materials handling and storage system: this is an automated and flexible system giving alternative
material routing opportunuties between components of the system.

• Computer control system: supports either centralized or decentralized computer control over system
components.

• Resources to be shared by part types: these are mainly composed of tools, pallets, carriers, and
fixtures.

The FMS is a result of the evolution of the use of several NC machine tools working independently, 
into an integrated system of CNC machine tools controlled by a central computer. As a consequence of 
the automatic tool interchange, the machine set-up time and hence internal set-up costs are small for an 
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a one way flow of processing is allowed along the production line. Note that allowing alternative flows of 
operations for processing in the system increases the flexibility but this makes controlling the system 
much more difficult. The fourth constraint assures to one-to-one assignment of all operations of all parts 
to the machines in the system. Since Z is a measure for minimum planned machine utilization, a value 
for z that is greater than one shows the need for overtime at all machines. Finally, Xiim is a binary 
decision variable showing the assignment decision of the j-th operation of the i-th part type to the m-th 
machine. 

In this model there are 1 nonnegative and M * [.� 1 l; binary variables together with 2 * M + 
2 * Ef:_ J; - N constraints. For moderate values of M, N and l; the resulting problem may become 
computationally prohibitive in finding an optimal solution. Therefore, some computationally more 
tractable solution procedures must be developed to attack real size problems. 

3.3. Problem generation 

A software package is designed to test the solution capability of the primary formulation for the 
system configuration and tooling problem with a built-in random problem generation mechanism. By the 
help of this software some test problems are generated and solved both by a commercially available large 
scale mathematical programming system and heuristics which are exclusively designed to solve larger 
problems. 

In the generation procedure of problems a standard random number generator is used. That makes it 
possible to generate the same problem using the same input parameters if the need arises. There are two 
kinds of input parameters which generate the system configuration and tooling problem. The first group 
of parameters is composed of constants which define the general characteristics of the problem. Those 
parameters are as follows: 
• number of machines in the system;
• number of part types in the system;
• machine magazine capacity in terms of slots;
• total available time units in a planning period;
• planned capacity utilization, required to determine the maximum throughput of the system, with

generated production ratios.
The second group of parameters consists of some distribution parameters for the required data of the

problem. The data are gen�rated uniformly with specified lower and upper limits on: 
• the number of operations required to complete a specific part type;
• processing times of operations in time units;
• slot requirements of tools in the system;
• production ratios of part types.

To gain insight in solving the system configuration and tooling problem we have designed and
evaluated experiments. Three control groups are considered in these experiments. Each control group is 
composed of several problems with similar characteristics. All problems in each control group are 
generated using the same random number seed, planned capacity utilization (average machine utiliza­
tion) and average machine magazine utilization. The problems in each control group are comparable in 
size. 
• Control group I problems are composed of 2-3 machines and 8-16 part types. The average number of

operations of a specific part type is increased from 5 to 20 in increments of 5. There are 16 different
problems in this control group. These problems are relatively computationally easy due to simplicity of
the machines' configuration.

• Control group 2 problems are composed of 4-5 machines and 5-10 part types. The average number of
operations of a specific part type is increased from 5 to 20 in increments of 5. There are again 16
different problems in the second control group. These problems are relatively more complex, due to
configuration, than previous group.
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