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ABSTRACT

In the manufacturing domain, every industrial plant has to obtain the optimal disposition of the
physical facilities in order to attain a smooth and efficient production cycle. The area of facilities
layout contains a mix of specialized models different in the approach, the type of the layout, the
solution technique and the solution procedure. This work presents a comprehensive survey of the
different features affecting the formulation of the problem, the evolution of solution techniques and
the different procedures for the solution techniques. The work is concluded by introducing an
outline of a solution methodology adopting the quadratic assignment programming (QAP) for the
simulated annealing. The solution is carried out via a knowledge-based decision support system and

an improvement algorithm.
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1. INTRODUCTION

In the manufacturing domain, plant layout is
defined as "The process of obtaining the optimal
disposition of the physical facilities for a
manufacturing unit [1]. In today’s context, classical
terms, such as plant layout, layout planning, layout
problem become loose, and specific terms, such as
facilities design, facilities allocation, facilities layout,
machine layout would be preferred as they express
individual cases. To date an adequate number of
review papers have appeared such as [1-7]. In this
work, chronological survey of solution techniques is
presented. Different solution procedures for diverse
techniques are discussed and compared. A solution
methodology based on the use of knowledge-based
systems, adopting the quadratic assignment
programming (QAP) for the formulation, and the
Simulated Annealing (SA) as a solution procedure is
presented. At the end, conclusions are drawn.

2. THE FACILITY LAYOUT PROBLEM

Traditionally the facility layout problem was
treated as a single objective, single criterion problem
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which could be solved by applying any simple
management science technique. In the real life,
problems contain a considerable number of variables,
and may be also a number of conflicting constraints
which makes the optimization of the problem a
difficult task. The layout problem is " one of the
truly difficult combinatorial problem that remains
unsolved"[8]. Many elements and factors affect the
presentation, and the solution of the problem which
is encountered in diversified domain belonging to
the profitable or to the public sectors, but each
model is applicable to a particular problem scenario.
This diverseness affects very much the presentation
and the solution methodology of the problem.

The layout problem is an ill structured problem [9].

® There are multiple criteria (including qualitative
and quantitative criteria) that must be considered
to test alternate layouts.

® It is hard to determine a problem space that can
represent all characteristics of the problem.

® There are many domain-specific and
problem-specific constraints.
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This nature of the problem makes the task of
finding an optimal solution a very complicated one
especially if the number of variables is large, in this
case heurnstics can be used to find near opumal
solutions.

3. FEATURES OF THE GENERAL LAYOUT
PROBLEM

The layout problem is represented after the
subjective understanding of the situation. The most
common features affecting the problem are described
in Table (1). Some features are specific to some
special cases. For example in the case of flexible
manufacturing systems (FMS), machines are
arranged in a linear single or double row if an
automated guided vehicle is used, in a circular single
row if a robot is used, or in multi row if a gantry
robot is used [4].

4. EVOLUTION OF SOLUTION TECHNIQUES

Each combination of features form a problem
scenario, and can be solved by applying the
appropriate technique(s). The diversity of techniques
is due to the natural evolution in the use of
mathematics and different sciences. The evolution of
techniques is surveyed from the early fifties tll late
nineties in Table (2).

5. SOLUTION PROCEDURES

The apparition of computer technology aided the
mathematical solutions of the problem to evolve.
The procedures used treated the problem as a well
structured problem, those procedures could be
solved by operations research or industrial
engineenng approaches. They usually consider one
criterion and a very specific problem space, while
The facility layout problem contains many
. conflicting criteria and objectives, most of them are
subjective. From the survey of the solution
techniques which is presented in Table (2), seven
major ones were selected. They are the quadratic
assignment programming [25-36],the nonlinear
programming [3, 37, 38], the multcriteria aspect
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[39-42] the dynamic or multiperiod aspect [35,
43-47] the expert systems [9, 15, 16, 18, 24-23, 34|
the simulated annealing [14, 48-50], and the fuzzy
set theory[6]. Table (3) presents a comparison of the |
selected techniques and some of their soluton
procedures. The base of the comparison is the
general characteristics, the inputs required, the
limitations and the type of output.

6. THE FORMULATION OF THE PROBLEM

The problem considered is the layout of machine
cells within a floor plan, the cells may be product
layout cells or process layout cells, hence the
quadratic assignment formulation can represent the
problem.

6.1 The Classical Quadratic Assignment
Traditionally the problem has been formulated as:

2 Zn: Zn: fiydu Xu X M

=1 k=1 1=1

™=

Min Z =

-
"
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SaI E X,=Lk=12,.n (2
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n
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k=1
X, €{0,1} vi,k 4)
Where
fij flow between facilities 1 and
dy distance between sites k and 1 (from center

to center as the facilities dimensions are
assumed to be the same)

Xik integer 0,1 variable

if facility 1 is assigned to location k

= () otherwise.
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Table 1. Different features of the layout problem

Feature Description remark

o #of facilities a) Single
b) Multiple

« Site presentation a) Discrete e Summation
b) Continuous » Integration

« Relationship between a) Linear : ¢ Such as in FMS.

variables b) Non-linear o Interaction between facilities (QAP.)

o Planning horizon a) Static
b) Dynamic (Multiperiod)

o #ofcriteria a) Single
b) Multiple

e Criteria type a) Quantitative e Objective
b) Qualitative o Subjective (Safety, noise level,...etc.)
¢) Combination

« # of floors a) Single
b) Multiple

« Sector a) Private o The scope is mainly to increase profit.
b) Public * The scope is to give services
¢) Quasi-public e The scope is to give servicesand realize a

minimum profit

¢ Function a) Allocation
b) Minimization of the maximum variable e such as in the case of allocating schools or
(minimax problem).
c) Facility layout

+ Solution quality a) Optimal, b) Sub-optimal s (a) For small problems. (b)Large problems

Table 2. Evolution of solution techniques.

-

Period

Technigue

Early to mid 1950

¢ Traditional schematic techniques
The technique depended on the judgment and intuition of the analyst so it was subjective. The

analyst used tools such as flow diagrams, templates, iconic models,.... etc. The technique
depended heavily on the experience of the analyst

Mid 1950-early 1960

e Graphical systematic technique [10]
Muther introduced the Systematic layout planning (SLP) technique [11] *, he used the flow
charting and produced alternate layouts

e Beginning of the mathematical modeling [12.13]
Because of the trial and error methods the technique failed when the number of facilities was

large

Late 60

Mathematical modeling and computer based algorithms
e The formulation is mainly quadratic. The solution is optimal if the number of facilities is =<
15, sub optimal if the number of facilities is large
e Heuristic algorithms are: -branch and bound, Computerized algorithms
o The computer algorithms are: -Improvement algorithms, Construction algorithms

Mid to late 1970

e Special attention is given to the graph theory. The graph theory is more appropriate in the
case of new layouts, it gives flexibility to the designer, but it may be not valid in certain

cases

Early to mid 1980

e A great evolution in the mathematical modeling., interactive packages appear
e Use of graphics :

* Multigoal approach

e The Simulated annealing technique is introduced [14]

e The general trend affects the problem and artificial intelligence is used to solve the problem.

Mid 1980
Knowledge bases and expert systems are used.[15-23]
Late 1980 ¢ Fuzzy Set. The theory begun to be used in solving the problem [6]
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Table 3. Comparison between some selected solution procedures for the major techniques
Gencral characteristics
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The constraint given by equation number (2) assures
that each location is assigned one facility. The
constraint given by equation number (3) assures that
only one facility will be assigned to one location.
The numbers of facilities and sites are assumed to
be equal, otherwise dummy facilities with flow of
material equal to zero are used.

6.2. Inclusion of the Qualitative and Quantitative
Criteria

There have been some attempts to handle the two
types of criteria in the same function, for example,[6,
39-42]). According to the approach of Harmonosky
and Tothero[40],

¢ All qualitative factors were quantified so that they
could be handled mathematically.
* The factors are normalized so that each will have
an equivalent effect on the layout
* Weights are applied to each factor to reflect its
importance
¢ All factors are combined into one composite
factor.
The mathematical model is used in the
improvement part to evaluate the alternate
configuration, the model proposed by Harmonsky
and Tothero [40] is appropriate as it incorporates the
qualitative and quantitative criteria in the same
functon. They defined S; =~ as the relationship
value between departments 1 and j for factor m, Tijm
as the normalized relationship value between
departments 1 and j for factor m (T = Sl

n n
Z E S;w)» and a,, as the weight representing the
ij

relative importance of each factor.
n a n n n
MnZe DR T Y Y euTbXX, ©
§ k7] NINOm
n
ST.} ¥ Ty, =Vm )]
ij

Y X, =1,k=1,., (10)
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Y X,=1Lk=1,.,n (11)
k=1

X, =0,1Vi,k (12)
Where
a,, weight for factor m
t number of factors

n number of departments

d,, distance between location k and 1

X;. 1 if department i is assigned to location k 0
otherwise

1, J stands for department numbers and,

k,1 stands for location numbers

7. THE SUGGESTED SOLUTION
METHODOLOGY

The analytical models are not applicable in the
industrial domain because they generally consider
only quantifiable factors, and are difficult to
implement especially if the number of facilities to be
allocated is considerable (fifteen in the case of
quadratic programming) A knowledge based
approach can address the totality of factors involved
in the problem in a structured logical way. Better
solutions are obtained when knowledge based
systems work in a tandem mode (i.e. combine rules
with optimization approaches). A solution
methodology is suggested. The solution is performed
via a knowledge-based decision support system, the
resultant layout can be seeded to an improvement
algorithm . In order to prevent falling in a local
minimum region the improvement algorithm 1is
based on the recent technique " the simulated
annealing". The problem is presented in a quadratic
form, as preceded. The outline of the methodology
is presented in Figure (1).

7.1 The Decision Support System
The data input

The data input consists of all the information
needed to describe the problem.

- The priorities identification

The end user must assign a weight to each criteria
to identify its priority. Upon the assigned weight the
inference engine conduct the solution towards the
appropriate set of rules.
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RULE-BASED
SYSTEM Data Base
Inference Engine
/P Data Priorities
! Interface | |
e P e R
IMPROVEMENT ; End User - Solution
ALGORITHM
Simulated ::No N
Annealing . : ert
Yes
Alternate
Solution

......................................................

Figure 1. A framework for the suggested methodology

The knowledge base

The knowledge base contains the domain
knowledge acquired from text books, professional
magazines, academic journals, human experts, and
standard recommendations. The knowledge is
presented in the form of production rules. The rules
generate alternate path of reasoning.

The inference engine

The inference engine is needed to link the rules and
managing them by choosing the appropriate ones for
assigning facilities according to the priorities given to
the diverse criteria.
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7.2. The Improvement Algorithm

The user, if not satisfied with the solution, can call
an improvement algorithm . The algonthm applies
the technique called the simulated annealing.

7.2.1. The simulated annealing

The Simulated Annealing technique resembles to

“the annealing process utilized for bringing the metal

to its lowest energy state. The metal is first heated
up to its melting temperature and is cooled slowly to
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allow the release of all internal stresses. During this
process, a change in the state of the metal is likely
to occur if it leads to a lower energy state. The same
principle is utilized in order to minimize the
objective function of a combinatorial problem within
finite time.

A change in the configuration is allowed if it
reduces the value of the objective function. The

change is also allowed, with a lower probability if
the value of the objective function increases.

7.2.2. Parameters required for the simulated
annealing

To perform this algorithm some parameters are
required, they are summarized in Table (4).

Table 4. Recommended values for the parameters required to perform the simulated annealing algorithm.

Recommended value Reference
48
i 48,49,50

Ry = oT accepicad CoORTIguaTioNs o1 R ceriain TG [ 10N 49,50
temp €
Maximum Number of Configurations for a certain temperature Nover 100N 49,50
Last temperature Itempmax 50 (100)* 48.49
Probability of acceptance P 0.85 50

*50 for good solutions and reasonable CPU time and 100 for large number of facilities

of the objective function is a dominant factor.
7.2.3. The simulated annealing algorithm

The flow chart of the algorithm, written in "C" is
shown in Figure (2), and hereafter the steps of the

algorithm.

Step 0 Set S = initial solution; Z the corresponding
Objective function value;

Itemp = 03t = 999 r = 0.9; ltempmax
=50, Nover = 50N; Nlimit = 10 N.

Step 1 With S as the initial solution apply the 2 way
exchange. If Z'<=Z, set S+S" and Z =Z',
otherwise step 2.

Step 2 If Z' > Z compute the difference D = Z'-Z,
set S = s with probability exp (-Djt).

Step 3 repeat step 1 Nover times or until the
number of successful configurations is equal
to Nlimit.

Step 4 Set t = r.t and itemp = itemp + 1, if itemp.
= itempmax go to step 1 otherwise stop.

8. CONCLUSIONS

In this work, the facility layout problem has been
surveyed over the last three decades. It is concluded
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and when the value
N : The number of facilities.

that the layout problem possesses a combinatorial

nature, and to attain optimal solutions a high CPU
time is required, hence heurstics may be used to
give reasonable solutions in an adequate time.
Various solution techniques and different related
procedures were surveyed and compared. A solution
methodology is suggested. The methodology works
in a tandem mode, i.e. it combines the expert
system with an optimization algorithm, the two parts
are capable to solve the problem for more than two
factors handling the qualitative and quanuatatve
criteria similarly. In the first part, the expert system
generates the solution using the rules that act in a
way to satisfy the requirements and the designated
priorities. The solution obtained from the first part
serves as a seed solution for the second part, which
is the improvement algorithm. The improvement
algorithm - Simulated annealing - is a global
optimization algorithm. Another advantage of the
algorithm used in the methodology is that, instead of
exchanging the locations of departments randomly,
which can increase the CPU time, the exchanges is
performed according to the two-way exchange
procedure, which have been proved in the literature
to outperform the tree-way exchange procedure in
the CPU tme, and the comparably inferior quality
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