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1. Introduction

One of the oldest activities done by
industrial engineers is facilities planning. The term
facilities planning can be divided into two parts:
facility location and facility layout (Tompkins et al.,
2003). Determining the most efficient arrangement of
physical departments within a facility is defined as a
facility layout problem (FLP) (Garey and Johnson,
1979). Tompkins and White (1984) stated that 8% of
the United States gross national product (GNP) has
been spent on new facilities annually since 1955.
Layout problems are known to be complex and are
generally NP-Hard (Garey and Johnson, 1979). There
are many review papers in the literature that they can
be studied for comprehending more details (see
Loiola et al., 2007, Kulturel-Konak, 2007, Drira et
al., 2007, Gu et al., 2007 and Liang and Chao, 2008).

In a basic layout design, each cell is represented by
a rectilinear, but not necessarily convex polygon. The
set of fully packed adjacent polygons is known as a
block layout (Asef-Vaziri and Laporte, 2005). The
two most general mechanisms in the literature for
constructing such layouts are the flexible bay and the
slicing tree (Arapoglu et al., 2001). A slicing
structure can be represented by a binary tree whose
leaves denote modules, and internal nodes specify
horizontal or vertical cut lines (Wu et al., 2003). The
bay-structured layout is a continuous layout
representation allowing the departments to be located
only in parallel bays with varying widths. The width
of each bay depends on the total area of the
departments in the bay (Konak et al., 2006). We
focus on bay structure layout.

There are three principal decisions for industrial
designers as follows: Designing block layout,
determining the location of input and output (1/0)
points and designing material handling flow paths.
There are few works on determining location of 1/O
points. In bay layout environment, Arapoglu et al.
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(2001) developed a genetic algorithm (GA),
simulated annealing (SA) algorithm and three
heuristic algorithms to determine location of 1/O
points and Norman et al. (2001) integrated
determination of block layout and location of 1/O
points. They embed a heuristic algorithm to
determine location 1/O points in a GA algorithm that
it design block layout.

One of the important issues that it has not
considered is time value of money. This subject can
be considered in facility layout when each 1/O
stations have a limited capacity for transporting
material handling flows. We have to trade between
present costs, cost of 1/O stations installment, and
annually cost, material handling cost. In this paper
we propose a mixed integer programming (MP)
formulation for considering time value of money in
determining location of 1/O points. Remainder of
paper is as follows: in section Il, an MIP formulation
is proposed, in section Ill, computational results are
illustrated, conclusions and future research are
discussed in section 1V.

2. Mathematical model

We present mathematical model for
determination of 1/O points location without
considering time value of money as follows:

Sets and Indices:

N : Set of departments (i, jeN,|N = n),
Node: Set of possible location of 1/0 points
(k eL,| Node|= p).
Variables:

1, If I/O pointof departmenti is

located in the point k

0, Otherwise
Parameters:

Xix =
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1, If I/O pointof departmenti can be P&
p . p + ZZQr yrk
Xy = located in the point k k=t 1
- p R
0, Otherwise zeryrk (P/F,i%,C)
fij . Material flow between departments i and j, k=1 r=1
d,, : Distance between potential points k and I. inkaik -1 Vi
Formulation: )
<1 Vi
min > >3 ,dyx, X2 " 2.V
I=1 k=1 j=1 i=1l R
p
: ViV, < X, vk
2 Xty =1 Vi 2% Z;Z; o
k=1

Statement (1) is to minimize material
handling cost between 1/0 points, constraint (2) state
that each department has a single 1/O point. Here, we
present an MIP formulation for determining 1/0
location points considering time value of money. We
introduce some additional notations as follows:

Sets and Indices:

T : Type of I/O stations (r eT,|T|= R),
Variables:
1, If I/Ostation with typer is

located in the point k

0, Otherwise
Parameters
V, : Maximum capacity of r type of 1/O station,

yrk =

M, : Variable cost of maintenance for ™ type of 1/0
station,
Q. : Installment cost for r' type of 1/O station,

S, : Salvage value for r' type of 1/O station.

Year: Number of days in a year,
i : Rate of return,

C : Lifecycle

Formulation
min Year.(P/ A,i%,C)

p P
DD X Xay

1=1 k=1 j=1 i=1

R p n n
+Zzzzfieryrerk
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Statement (3) is to minimize material
handling cost and cost of maintenance minus salvage
value considering time value of money, constraint (4)
state that each department has a single I/O point,
constraint (5) state that only one type of /O station
can be installed in each point, constraint (6) consider
capacity limitation of each type of I/O station.

3. Computational results

In this paper, we compare two approach,
conventional approach without time value of money
and proposed approach considering time value of
money. We use block layout for the well-known data
sets that are developed by Konak et al. (2006) (see
Table 1). We determine parameters as follows:

R=3,i=5% and 10%,C =3, and 5, Year=250
days and for V,,M_,Q,,S, we have:

V,,V,,V,)=(0.1,0.21) ZZ i,
j=1 i=1
M, =0.5,M, =0.5,M, =0.75,

Q, =7500,Q, =10000,Q, =15000,
S, =0,S, =5000, S, =10000,
Table 1. Summary of test problems

(4)

®)

(6)

Problem | Problem data Layout
name Reference
FO7 Me(lllgrggt)al_ 4153162171
FO71 Me(|1|grggt)al_ 413512 617
FO72 Me(lllgrggt)m, 11203141567
o71 Me(lllgrggt)m, L4 213 6.5 7
072 Me(lllgrggt)m, 2 1 415 7 63
R i R
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Computational results are presented in Table
2 and Improvement in objective function is depicted
in Figure 1.
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Figure 1. Improviment in objective function

4. Conclusions

For the first time, we consider time value of
money in determining location of input and output
points. We present a new mixed integer programming
formulation and compare it with the conventional
model in the literature. Computational results show
significant effects of considering time value of
money. Average improvement is about 8.5% for all
test problems. It is shown this improvement is not
sensitive respect to different i and €, whereas for
i=3WC=3 i=5%WC=3 i=10%.0=3,
i = 10%.C = 5, average improvements are 9.2%,
7.7%, 9.4, 8% and 8% respectively. For future
research, it is suggested to integrate design of block
layout and determination of 1/O points location
considering time value of money.
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i=5%,C=3 i=5%,C=5 i=10%,C=3 i=10%,C=5
Problem
MM ™Nlodel 1 | Model 2 | Model 1 | Model 2 | Model 1 | Model 2 | Model 1 | Model 2
FO7 | 258229 | 20258 | 345598 28699 | 281418 22007 3712141 | 30427
FO71 | 256868 | 20122 | 343003 28440 | 28014.7 21880 368924 30195
FO72 | 322923 | 26728 | 421459 36285 | 351212 28986 45364 38667
O71 | 546269 | 52933 | 84738.7 84739 | 55967.9 54054 83439.4 83439
072 | 638366 | 63837 | 102302 | 102302 | 64564.1 64564 99139.9 99140
FO8 | 361028 | 35306 | 491968 47893 | 392858 37934 52594.9 50501
09 | 194937.1 | 179307 | 3428122 | 316956 | 188812.8 | 172342 | 317057.8 | 293944
VC10-s | 5832261 | 5832261 | 11093355 | 11093355 | 5450580 | 5450580 | 9927393 | 9927393
VC10-a | 7148163 | 5832261 | 13602820 | 11093355 | 6678817 | 5450580 | 12170700 | 9927393
MBll-a | 543391.9 | 543392 | 1007542 | 1007542 | 5134457 | 513446 910358 910358
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