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conclusions are discussed.

Abstract—In facility layout, when departments have
rectilinear shape, are called block layout. One type of block

layout is bay structure layout wherein departments are located 4
in parallel rows or columns. In this paper we show if layout with 3
k bay is infeasible then layout with k'; k' > k is infeasible.
5
Index Terms—Facility Design, Facility Layout, Flexible 1 2
Bay-Structured Layout.
6
I. INTRODUCTION 7
One of the oldest activities done by industrial engineers is
facilities planning. The term facilities planning can be Figure 1. Bay-structured layout
divided into two parts: facility location and facility layout
(Tompkins et al. 2003). Determining the most efficient II. BAY STRUCTURED-LAYOUT DEFINITION
arrangement of physical departments within a facility is Konak et al. (2006) formulate facility layout problem using

defined as a facility layout problem (FLP) (Garey and  pay structure. Here, we describe notations and assumptions
Johnson 1973). Layout problems are known to be complex  of jt:

and are generally NP-Hard (Garey and Johnson 1973).

For U.S. manufacturers, between 20% to 50% of total A. Parameters
operating expenses are spent on material handling and an
appropriate facilities design can reduce these costs by at least 1 Number of departments,

10% to 30% (Meller and Gau 1996). Dr. James A. Tompkins,

one of the seminal researchers in the field, recently wrote, w Width of the facility along the x-axis,
“Since 1955, approximately 8 pere gnt of the UZS' GN.P has H Length of the facility along the y-axis,
been spent annually on new facilities. In addition, existing

facilities must be continually modified.These issues represent  p Maximum number of parallel bays,
more than $250 billion per year attributed to the design of

facility systems, layouts, handling systems, and facilities gq; Area requirement of department i,

locations...” (Tompkins 1997).
In a typical layout design, each cell is represented by a  @; Aspect ratio of department i,
rectilinear, but not necessarily a convex polygon. The set of
the fully packed adjacent polygons is known as a block layout
(Zanjirani et al. 2007). In many researches, shapes of
departments are assumed to be as a block layout (Lee et al.
2008, Kelachankuttu et al. 2007, Liu and Meller 2007, £
Castillo et al. 2005, Castillo and Westerlund 2005). The two "

e Maximum permissible side length of department i

[min Minimum permissible side length of department i

Amount of material flow between departments i

most general mechanisms in the literature for constructing andJ,

such layouts are the flexible bay and the slicing tree B, Variables

(Arapoglu et al. 2001). In bay-structured layout, departments

are located in vertical columns or horizontal rows, bay, (see ~ , _ {1, If department i is assigned to bay k
Fig.1). If numbers of bays are flexible in design of layout, ' (0,  Otherwise

layout calls flexible bay layout and fixing number of bays,

1, If department i is above department
layout calls fixed bay layout. In this paper we show if layout  7ij = J inthe same bay
) .. . . ro . 0, Otherwise
Wlth k bay is 1nfeas1b1e. then layout. with .k,k >k is 5 _ {1’ If bay k is occupied
1nfeas1b1§. First we deSCI"lbf? probl'em in section II, then ko, Otherwise
computational results are indicated in section III and at last Wy Width (the length in the x-axis direction) of bay k,
y . . T
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(of,07) Coordinates of the centered of department i,

ay Distance between the centered of departments i
and j in the x-axis direction,

diyj Distance between the centered of departments i

and j in the y-axis direction.

Objective function of their model is:

n-1 n
min > " fiy(d5 + )

i=1 j=i+1
C. Assumptions

e The coordinates of the southwest corner of the facility
are (0, 0).

¢ In the model description, without loss of generality, the
long side of the facility is along the x-axis direction, and
bays are assumed to run vertically.

e If a department is assigned to a bay, the bay must be
completely filled. The formulation can solve problems
with ¥¥ a; < (W x H) by allowing empty space in the
far west and/or east sides of the facility.

e If the aspect ratio is specified to control departmental

shapes, then "™ = \/a;/a; and 1" = min{H, \[a;a;}.
D. Modification of Model

In Konak et al. (2006) model, §; define number of bays
and number of bays in optimal layout is calculated after
solving model. In this paper, it is assumed that number of
bays is fixed before running problem and instead of single
solving model with variable number of bays; we solve
problem n times with number of bays ranging between[1, n].

III. COMPUTATIONAL RESULTS

We run test problems sizing between|[5,8]. For each size
we generate 5 test problems as follows.

We generate area of departments; departmental material
flows randomly between [1,10] and [1,100]with density of
20% repetitively. Each test problem is run with aspect ratio of
1, 3. It is assumed that facility has square shape.

Table.1. illustrate results of solving problems. For each
department with various aspect ratio, it can be shown when

layout with k bay is infeasible then layout with k; k > k is
also infeasible.

IV. CONCLUSION

This is paper is claimed according to computational results
when layout with k bay is infeasible then layout with
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k'; k’ > k is also infeasible. These cause noticeable reduction
of runtime. For example when n = 8 and in layout with
k = 5 bays, if in layout with k = 5 bay there is no feasible
solution, in layouts with k = 6,7 and8 there wouldn’t be any
feasible solution, too.
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*: inf means there is no feasible solution and fea means there is a feasible solution

Table 1. computational result
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51 1 |1 [inf|linf|inf|inflinf]
5| 2 |3 |infffea|inf|inf]inf]
5| 3 |1 |inflinf|inf|inf]inf]
5| 4 |3 |infffealfealinf|inf]
51 5 |1 [inf|linf|inf|inflinf]
5| 6 |3 |inflfea|inf|inf]inf]
5| 7 |1 |inflinf|inf|inf|inf]
5| 8 |3 [inflfea|inf|inf]inf]
51 9 |1 [inf|linf|inf|inflinf]
5| 10 | 3 |inflfea|inf|inf]inf]
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21 | 1 |inflinf|inf]inf]inf|inf |inf
22 | 3 |inflfealfealinf]inf|inf |inf
23 | 1 |inflinf|inf|inf]infinf |inf
24 | 3 |inflfea|inflinf|inf|inf |inf
25 | 1 |inflinf|inf]inf]inf|inf |inf
26 | 3 |inflfealfealinf]inf|inf|inf
27 | 1 |inflinf|inf|inf]infinf |inf
28 | 3 |inflfea|inflinf]inf|inf |inf
29 | 1 |inflinf|inf|inf]infinf |inf
30 | 3 |inf|fealfealinf]inf|inf|inf
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Continue of Table 1
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6(11(1|1(2|3|4|5]| 6

6| 12 | 1 |inf|inf|inf|inf|inf| inf

6 | 13 | 3 |inf|fea|fea|inf|inf| inf

6| 14 | 1 |inf|inf|inf|inf|inf| inf

6 | 15 | 3 |inf|fea|fea|inf|inf| inf

6| 16 | 1 |inf|inf|inf|inf|inf| inf

6| 17 | 3 |inf|fea|fea|inf|inf| inf

6| 18 | 1 |inf|inf|inf|inf|inf| inf

6| 19 | 3 |inf|fea|fea|inf|inf| inf

6|20 | 1 |inf|inf|inf|inf|inf| inf

Continue of Table 1
<
§'§§§1234 6|7]8
=

8| 31 |1 |inflinf|inf|inf|inf|inf|inf|inf
8 | 32 |3 |inflfealfealfealinf|inf|inf |inf
8 | 33 |1 |inflinf|inf|inf|inf|inf | inf| inf
8 | 34 | 3 |inflfealfea|inf|inf|inf | inf|inf
8 | 35 | 1 |inflfealinf|inf|inf|inf |inf|inf
8 | 36 |3 |inflfealfea|inf|inf|inf | inf|inf
8 | 37 |1 |inflfealfea|inf|inf|inf | inf|inf
8 | 38 |3 |inflfealinf|inf|inf|inf |inf|inf
8 | 39 |1 [inflinf|inf|inf|inf|inf|inf|inf
8 | 40 | 3 |inflfealfea|inf|inf|inf | inf|inf
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IMECS 2010





