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Optimal Multi Floor Facility Layout

F. Ramtin, M. Abolhasanpour, H. Hojabri, A. Hemmati, A. A. Jaafari

Abstract—In this paper, the two-floor facility layout
problem with unequal departmental areas in multi-bay
environments is addressed. A mixed integer
programming formulation is developed to find the
optimal solution to the problem. This model determines
position and number of elevators with consideration of
conflicting objectives simultaneously. Objectives include
to minimize material handling cost and to maximize
closeness rating.

Index Terms—Mixed Integer Programming, Multi
Floor Layout, Multi Objective.

[. 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.
The latter is one of the foremost problems of modern
manufacturing systems and has three sections: layout design,
material handling system design and facility system design
[30].

Determining the most efficient arrangement of physical
departments within a facility is defined as a facility layout
problem (FLP). Layout problems are known to be complex
and are generally NP-Hard [10].

Classical approaches to layout designing problems tend to
maximize the efficiency of layouts measured by the handling
cost related to the interdepartmental flow and the distance
among the departments. However, the actual problem
involves several conflicting objectives hence requires a
multi-objective formulation [1]. The common objectives to
layout designing are minimizing the total cost of material
transportation and maximizing the total closeness rating
between each two departments. In some cases they are
combined as below [20]:

minaZZ(ﬁ-]Cij)dij -(1- a’)zzriixii (1)
joi st

a is weighted coefficient of objective functions. That f;;
is material flow between departments i and j, ¢;; is the cost
of moving in unit distance of material flow between
departments of i and j, 1;; is closeness ratio between
departments of i and j and x;; is an indicator which is 1
when departments of i and j have common boundary and
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otherwise is zero.

Setting the parameter o has been studied by Meller and
Gau [21].

Aiello et al. [1] represented a two-stage multi-objective
flexible-bay layout. Genetic algorithm (GA) was used to find
Pareto-optimal in the first stage and the selection of an
optimal solution was carried out by Electre method in second
stage. These objectives considered minimization of the
material handling cost, maximization of the satisfaction of
weighted adjacency, maximization of the satisfaction of
distance requests and maximization of the satisfaction of
aspect ratio requests. Pierreval et al. [27] described
evolutionary approaches to the design of manufacturing
systems. Chen and Sha [6] presented a multi-objective
heuristic which contained workflow, closeness rating,
material-handling time and hazardous movement. Sahin and
Tiirkbey [28] proposed simulated annealing algorithm to find
Pareto solutions for multi-objective facility layout problems
including total material handling cost and closeness rating. A
qualitative and quantitative multi-objective approach to
facility layout was developed by Peer et al. [26]. Peer and
Sharma [25] considered material handling and closeness
relationships in multi-goal facilities layout. Konak et al. [13]
conducted a survey on multi-objective optimization using
genetic algorithms and Loiola et al. [17] provided a review
paper for the quadratic assignment problem (QAP) which
concerned multi-objective QAP.

In this paper we consider both issue of multi objective and
multi floor. Nowadays, when it comes to the construction of a
factory in an urban area, land providing is generally
insufficient and expensive. The limitation of available
horizontal space creates a need to use a vertical dimension of
the workshop. Then, it can be relevant to locate the facilities
on several floors Drira et al. [8].

Meller and Bozer [19] compared approaches of multi-floor
facility layout. Lee et al [16] used GA multi-floor layout
which minimized the total cost of material transportation and
adjacency requirement between departments while satisfied
constraints of area and aspect ratios of departments. A
five-segmented chromosome represented multi-floor facility
layout. Many firms are likely to consider renovating or
constructing multi-floor buildings, particularly in those cases
where land is limited [3]. Matsuzaki et al. [18] developed a
heuristic for multi-floor facility layout considering capacity
of elevator. Patsiatzis et al. [24] presented a mixed integer
linear formulation for the multi-floor facility layout problem.
This work was extended model of the single-floor work of
Papageorgiou and Rotstein [23].

We focus on flexible bay-structured layout. In the
bay-structured facility layout problems, a pre-specified
rectangular floor space is first partitioned horizontally or
vertically into bays and then each bay is divided into blocks
with equal width but different lengths. Some typical works in

ISBN: 978-988-18210-5-8 IMECS 2010

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



bay lauout are [1], [2], [4], [S], [7], [9], [10], [11], [14], [15],
[22], [26], [29].

In this paper we formulate a multi floor layout considering
conflicting objectives. Objectives are common-used in
previous works and include to minimize material handling
cost and to maximize closeness rating.

II. MATHEMATICAL MODEL

A. Sets and Indices
N = {1,2,---,n}: Set of cells in block layout graph(i, jeN).

B. Variables
1,

Zij = { bay k in the first floor
0, Otherwise

{1, If department i is aasigned to

If department i is aasigned to

!

Z' = bay k in the second floor
0, Otherwise
1, If department i is located above
T = { department j in the same bay
0, Otherwise
5. = {1, If bay k is occupied in first floor
k™o, Otherwise
5 = {1, If bay k is occupied in second floor
k7o, Otherwise

If department i is located in first floor

0, Otherwise
1, If department i and j
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department i

, If the first floor is used
Otherwise
, If fist elevator is located in

southwest corner of facility

ae|

o

S2 = 0, If fist elevator is located in
northwest corner of facility
1, If second elevator is located in
. = southeast corner of facility
37)o, If second elevator is located in

northeast corner of facility

C. Parameters

n: Number of departments

w: Width of the facility along the x-axis
H: Width of the facility along the y-axis
a;: Area requirement of department i

a;: Aspect ratio of department i

[™%*:  Maximum permissible side length of department i

[min;  Maximum permissible side length of department i

fij: Amount of material flow between departments i
and j

Cij: Amount of material cost between departments i and
j if they would be in different floors in y-axis

adj;;:  Adjacency ratio between departments i and j

He Distance between two department in z-axis

have common pLby:  Weights of objective functions
Yij boundary
0, Otherwise D.Assumptions
Wy, Width (the length in the x-axis direction) of * }"h@lf:toordlrzz(l)teg)ofthe southwestern comner of the
bay i in first floor . Iamﬂi yared 1’ d' i tion. the 1 ide of th
W'y Width (the length in the x-axis direction) of fn . .e I.no ©l descip lo.n’ . N .Ong sice ot the
. acility is along the x-axis direction, and bays are
1 bay L in second ﬂoqr Y assumed to be vertically arranged within the
Wik Width (the length in the x-axis direction) of facility,
bay i in bay k in first floor fad .rt ‘i ioned to a bav. then the b
w, Width (the length in the x-axis direction) of * Ifa department is assigned to a bay, then the bay
bay i in bay k in second floor must be completely.ﬁlle.d. .
4 Height (the length in the y-axis direction) of e If the aspect ratio is specified to control
department i in first floor departmental shapes, then
[ Height (the length in the y-axis direction) of min = Ja;/a;, " = [a;a;
department i in second floor
(ol?‘ , ol.y ) Coordinates of the centroid of department i in .
first floor E. Problem Formulation
(o{x, ol.'y ) Coordinates of the centroid of department i in In our paper, we extend their model with following
second floor constraints:
d; Distance between the centroid of departments wW(2-6-G)+ a5 > (oF — o]?f) vi<j, (1)
i e.mdj in the x-axis dlrectlog in first floor W(Z -G, - G]’) +d¥ > (Ogc _ olgc) vi<j, ()
aiy Distance between the centroid of departments L(2=G —G)+ dy]> (03], — o) vi<j, )
i and j in the x-axis direction in second floor Y ij = \5 i Js
dl.y]. Distance between the centroid of departments L(2-G, - G;) + dl-y]- > (0]-y -0)) Vi<j, )
i and j in the y-axis direction in first floor 2 (1 Ix vi<ij, (5
dg Distance between the centroid of departments w (2 1-6) (1 G )) + dij r®
i and j in the y-axis direction in second floor 2 (OL?C - OJ?C)
hig Height (the length in the y-axis direction) of w (2 —(1-6)-(1- G)) +d* Vi<j, (6)
department i in first floor / Y
Ry Height (the length in the y-axis direction) of = (O]?C —of )
department i in second floor L (2 -(1-6G) - (1 — (;].)) + dS’ vi<j, (1)
(Upl?c, Upl.y ) Coordinates of the northeastern corner of > (oy _ oy)
department i = \" J
(Lo¥,Lo}") Coordinates of the southwestern corner of
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L(z--6)-(1-6))+d?
2 (o) = 07)

Vi <j,

(8)

Constraints (1)—(8) linearize the absolute value term in the
rectilinear distance function in first and second floor.

Zzik =G;

k

Zzilk=1_6i

k

Vi,

Vi,

)
(10)

Constraints (9), (10) state that each department is located

in a bay.
Wie = LZ Zire
ro__ I
Wi =7 £, 2

mrz, <w, <+ WA —z,)

of < Z w; — 0.5w;, + (W = Imin)(1 = z)
=k
of = Z w; — 0.5w;, — (W =M (1 — zy.)
T=k
o/* SZWJ-’ — 0.5w,
T=k .
HW = )1 = 20)
o = Z w]-’ — 0.5w,
T=k

(W =) - z,)
h- h lmax lmax
;k—Lk—max{ }(Z—Zlk
a g a; a]
—Zp) =0
h- h lmax lmax
k% 4 ma { }(2
a g
]k) = O
LT (il
7 - 7 —ma ( - Zl.k
i J
- ]k) = O
hl hl lmax lmax
& _TK | ma { } - Zj
a g
- ]k) 2 O
Z hy, = Héy,
Z hj, = H§'},
lmlTl < h < lmax k
lmm Zik < hl.k < lmax Zik
hik = l,:'y
k
D b =17
5 y y
o] = 0.5 =0 + 051 —H(1-1)
o) =057 = 0” + 05" —H(1-1)
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vk,

vk,

Vi, k,
Vi, k,
Vi, j
) kl
vi,j
) kl
vi,j
) kl

Vi, j
) kl

Vi, j
) kl

vi,j
) kl

Vi, j
) kl

vi,j
) kl

Vi, k,
Vi, k,

Vi, k,
Vi, k,
Vi, k,

Vi, k,
Vi
*J,
Vi
*J,

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

(11)
(12)
(13)
(14)
(15)
(16)

(17)

(18)

(19)

(20)

21)

(22)

(23)
24)
(25)
(26)
27)
(28)
(29)

(30)

Ty T 2zl + 2z — 1 v (31)
i<j
kK,
0.5 <o’ <H-050 vi, (32
0.5 <o0” < H—0.51 vi, (33)

Constraints (11)-(33) state restrictions of length and width
of each department and determine coordination of each
department.

wi = Z 2o W vi,k, (34)
K
ro [ 35
wi = Zzikwk ik (39)
o?‘—o;< 0.5(wl +wl) +w(1-y;) v (36)
i j = i J yl]
i<j,
of —of <0.5(w} +w}!)+W(1-y;) v (37)
i <j,
0¥ —o* < 05(wZ2+w?)+W(1-y,;) v (%)
i<j,
oj* —o* <0.5(wZ+w?)+W(1-y,;) v (39
i<j,
o] =0 <0507 +17) +W(1-yy) Vo (@0
i<j,
of =0 <0507 +17) +W(1-yy) v (4D
i<j,
o) —o” <0.5(17 + 1)+ Ww(1-yy) v (42
i<j,
o —o” <0.5(17 + 1)+ w(1-yy) vy
i<j,
yi; <G -G +1 v (44
i<j,
yi; <G -G +1 v (44
i<j,
Constraints (34) and (44) determine which two
departments can be have common boundary.
y
=)D s ( a5+ d,y ) (66, (45)
J>i i

+(1-6)(1- 1))
Statement (45) calculates material handling cost if two
departments be in same floor.

1= =55 (07 +07) + (0 +97)) o
I'=@1-s)(1-s3) (((L —o))+ OL?C) (47)
+ ((L -0”)+ o{x))
1l = s;s, (((W —o¥) + oiy) (48)
+ ((W —-0) + oi'y))
IV =s,(1-s5s,) (((W—OL?C)+ (L_Oiy)) (49)
(W =0+ (1-0P)))
£y (cyHe + (1 + 11+ 111 + 1)) (50)
F, = ;Z G (1 _ G].) + G]-(l - Gi))
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(46)- (50) determine material handling cost between two
departments if they are in different floors.

Upf = (of + o) + 0.5(w} +w}) Vi, (51
Lof = (of + 0/*) — 0.5(w} + w?) Vi, (52)
Up! = (o) +07)+05(7 +17) Vi, (53)
Lo} = (o} +07) —0.5(17 +17) Vi, (54)

(min(Upl?‘, Up]’-‘) — max(Lof, Loj"))

adj;; +
Fa= ZZ (min(Upiy, Up;) — max(Lo], Lojy))

T>ii
(GG +a-6)(1-6))
(55)
(51)- (55) calculate summation of closeness rating between
departments.
minz = p,(F, + F, + F;) — p,F,
p1+p2=1p,p, 20

(56)
(57)

Objectives were formulated in a weighted form using (56)
and (57)

A=xy;x =0,ye{0,1} (58)
A < My; M is big number (59)
A<x+M1-y) (60)
A=x—-M1-y) (61)

Constraints (58)-(61) can afford to linearize product of
variable by integer variable.

III. CoONCLUSION

In this paper, a multi-objective mixed integer linear
programming model was developed to find the optimal
solution to the multi-floor facility layout problem with
unequal departmental areas in multi-bay environments where
the bays are connected at one or two ends by an inter-bay
material handling system.
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