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ABSTRACT

In this paper, facility layout problemis investigated. Snce facility layout problems belong to NP-hard
problems group, a meta-heuristic, Smulated Annealing is proposed to solve the problem. Smulated
Annealing is preferred because of its capability of jumping out of the local optima for global
optimization. Also, an application is given to foster the better understanding of the methodol ogy.
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1. INTRODUCTION

One of the most important problems encountered in both the manufacturing and service industry is the
determination of department locations in afacility, that is, determination of the optimal shape and the
location of a set of departments. Each department has own area constraints, shape limitations and
different levels of interactions with the other departments. Determining of the physical organization of
a facility is defined to be the facility layout problem (FLP). Essentially, the FLP is concerned with
finding the most efficient non-overlapping arrangement of interacting departments with equal or
unegual area requirements within a facility [1]. The efficiency of the facility layout is typically
measured in terms of the materia handling costs [2]. Minimizing the material handling costs and
maximizing the adjacency requirements are the main considered objectives but also additional
qualitative and quantitative objectives are given. Reducing the total cost of transporting materials and
maximizing the adjacency requirements result in reduced work-in-process levels, throughput times,
product damage and simplified material control and scheduling, simultaneously [3]. The output of the
FLP is a block layout, which specifies the relative location of each department [4]. Various models
and solution methodologies for the FLP have been developed during the past four decades. Most of
them have been based on a quadratic assignment problem (QAP), linear integer programming
problem, mixed integer programming problem or graph-theoretic problem [5; 6]. The QAP is NP-hard
[7], which implies that it is a hard problem to solve generally, and cannot be solved optimally for more
than 15-20 departments because its computational time is exponentially increased. Similarly, other
methodologies mentioned above are unsolvable for any realistic-sized applications and require high
computational time as the problem size increases. Furthermore, there is no any algorithm for solving
these kinds of FLP problems in polynomial time and most of the real world problems may require long
computational time [8]. Hence, these types of problems belong to non-polynomial hard (NP-hard)
problems. Therefore, a number of heuristics and meta-heuristics algorithms have been developed to
seek near optimal solutions at reasonable computational time for large-scaled problems. Heuristics are
usualy utilized in solving the NP-hard problems. Various heuristics which are popular as layout
software such as CRAFT [9], ALDEP [10], CORELAP [11], COFAD [12], SPIRAL [13], MULTIPLE
[14] etc. have been developed by different researchers. A recently detailed survey on the FLP and its
solution approaches can be found in [3]. Furthermore, different meta-heuristics such as simulated
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annealing (SA), tabu search (TS), genetic algorithm (GA) and ant colony are currently used to solve
the NP-hard and large FLPs. In this paper, we focused on the application of SA and GA and the
hybridization of them to a FLP problem with single floor. These meta-heuristics have been used to
solve awide variety of FLPs individualy [15; 16; 17; 18; 19]. A detailed literature review for before
2003 can befound in [3].

In this study, a SA approach is utilized to solve the facility layout problem. In the next section, a brief
overview SA isgiven. In the third section, an example application is solved as an illustrative example.
In the final section, conclusions are given.

2. SIMULATED ANNEALING

SA was first proposed by [20] to solve combinatorial problemsin the early 1980s. It has the capability
of jJumping out of the local optima for global optimization. The capability is achieved by accepting
with probability neighboring solutions worse than the current solution. The acceptance probability is
determined by a control parameter (temperature) which decreases during the SA procedure [21].

3. APPLICATION
In this section, an example application is presented with 19 different departments. These departments
and the material flows between them are givenin Table 1.

Table 1. The departments and the flows between the departments
Depar. # | 1 2 3 4 5 6 7 8 9 10 11 12 13 |14 |15 ] 16 | 17 18 19
1 0]279%]| 0 |1675] 0 [840] 0 [120] 0 | 0 | 0 | 0 | 0 | 0] 0[20] 0] 0 | O
2 0 [1970] 0 | 0 | 0 | 0| 0 [175[ 40 [55] 0 | 0 [0]8][ 0] 0] 0 |0
3 0 0 |80 0 |0 0] 0]o]o|]o]o]oJolo[o]| oo
4 0 o] o0 o]0 o m5]0 0o ol4a/o]o]o0]o0
5 0 | 0 [550] 0 | 55| 0 [250] 0 | 0 |0 |0]0[20] 0] 0
6 0 | 00 [40 | 0150 0] 0]0]0]0|5] 00
7 0 | 0|0 o050 0]o0]o0oJoJo[o] 0o
3 0 [120] 0 [0 | 0| o0o[o|4|0o] o]0 o0
9 0 |00 o|isloflolo[o0o] o0 o0
10 0 |00 o |of4a[0]0]0]o0
11 0 [80| 0 Jo|o[o] o] 0o
12 0 |0 |2]0]0]20]79%] 0
13 0 [2|0]0] 0 [173] 0
14 0|00 0] o0]o0
15 0 [40] 0 |40 | 0
16 0] 04 [o0
17 00 o0
18 0 | 8%
19 0

Considering the aim of obtaining only a starting layout solution and providing the simplicity, the area
requirements of the departments are assumed to be equal instead of the real shapes and sizes. At the
end of this solution procedure the relative positions of the equal sized departments will be obtained to
further improvements of the planners. An example layout of the locations and the chromosome
representation of the department locations are given in the Table 2 and Figure 1.

Table 2. An example chromosome representation of the department locations

Location number 0 11234 |5 |6]7|8]9 10 |11 |12 |13 |14 |15 16 |17 | 18

Department number | 15 (2 |4 [ 8 |11 |16 |1 |6 |7 |12 |9 19 | 10 | 3 17 |13 | 5 18 | 14

B | 20 | 4a | 8y | 1l

| 166 | Lo | 6 | T | 129

90 | 19%n | 104y | 3u3 | 1704

1345 | 5ue | 18a7) | 14ug

Figure 1. The locations representation of the chromosome given in the Table 2
(ngy; n= department number, i = location number).

The distances between the locations are calculated as the sum of the vertica and horizontal
movements between the centers of the departments. It is assumed that the diagonal ways are not
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alowable. For example, we can see from Figure 1 that the distance between department 15 (in location
0) and department 10 (in location 2) is two horizontal movements and two vertical movements. Thus
the distance between two locations= 2+2=4.

As mentioned above, the data used in the problem is related with the flows between the departments
and the distances of the sites that departments will be assigned to them. Also the other data type is the
penalty values determined considering with the qualitative relationships between the departments.
These qualitative requirements are transformed to quantitative values by using the distances. For
example, if two specific departments which have to be close to each other depending on their
relationship importance are not close, then the distance between them is multiplied with a constant
penalty value like as Tuzkaya et al. [22].

In this study, two objective functions: minimizing the total material handling cost and minimizing the
total penalty values are considered based on the research of Tuzkaya et al. [22] . The first objectiveis
satisfied by putting closer the departments which have intensive material flows between each other.
The second objective function is satisfied by minimizing the penalty values which are constituted by
putting any two departments close to each other that cannot be near each other. A constant penalty
value is multiplied by “1/distance” value of determined departments. The relationships of not being
adjacent departments are related with the quality and safety necessities. In this study, there are some
departments which have a bad affect on the others. For example, since wet painting department have
some combustible materias, it should not be adjacent with the welding and drilling department that
causes to produce spark parts. Also, fina product warehouse and grinding departments should not be
adjacent since final product's quality may be affected negatively from a situation like this.
Considering the intensity of these relationships, constant penalty values are assigned to the above
mentioned departments and to additional ones as shown in Table 3. For example, asit is seen from the
Table 4, if department 1 and department 7 are located as adjacent departments, a penalty value of
300*1/1 will be added to the fitness function. If department 1 and 7's distance is 2 units, the penalty
value will be 300*1/2. With the increases of the distances between these two departments, the penalty
values will be decreased.

Table 3. The assigned penalty values to the department pairs according to the adjacency relationships
Department Pairs | 2-8 | 11-4 | 11-6 | 13-4 | 136 | 13-7 | 144 | 14-6 | 14-7 | 154 | 15-6 | 15-7 | 19-6
Penalty values 300 | 3000 | 3000 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 600

In this study, to find a more appropriate facility layout solution for the company, SA approach is
utilized and the operators of itisgivenin Table 4.

Table 4. The operators of SA

Population size 1

Process length 98 iterations

Initial temperature 1500 °C

Final temperature 10°C

Cooling factor 0.95

K Adjustment Coefficient 1

Neighborhood mechanism Pair wise interchanges between neighborhoods

Finaly, the problem is solved via SA methodology for a hundred runs and best solution obtained is
given in Figure 2. In this solution, the final chromosomeis (13, 8, 3, 5, 2, 11, 1, 9, 14, 15, 6, 7, 12, O,
10, 18, 4, 17, 16), the fitness value is 18664,02 unit and the departments are arranged as Figure 2.

14 0 4e) 6 3
(125 |26 |10n |15 |16
740 8uy 134y Lag 114
[ 1% 1509 | 180y 17ug)

Figure 2. Departments’ arrangements for SA
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4. CONCLUSIONS

In this study, a Simulated Annealing methodology is utilized to solve the facility layout design
problem. Simulated Annealing is an effective meta-heuristics with its capability of jumping out of the
local optimafor global optimization. Also, an application of the proposed methodology is presented to
foster the better understanding of the methodology. For future research, benchmarking of the proposed
methodology may be realized with test problems presented in the literature of facility layout design
problem. Also comparison with the other meta-heuristics of the Simulated Annealing approach may be
studied.
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