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Mo of the favility layour approaches znempt to minmize material handling cosl, maximize special clesenc 3, or
ntinimize a nwo-component function weighting both objectives. The most often nsed design approacl: assigas facilites to
locations ou a discrete divided grid. Considering the single floor problem, this siudy presems a two-siage heuristic
approach. First is the raling sage using o smaximizatton function, assisied by a rating system, proposed 10 integrate
obyective and subjecrive relationships into one component. Second is the consiruction srage using a procedure, based on
a special Tronsportation Model. proposed ro solve the facility adjacency problem and heuristically locates the facilines
with 1entative trade offs. Also. snother progedure based on Linenar Assignment Mode! is presemed for solving the
adjacency problem through superimposing sub-layours. The larter procedure slightly modifies the formulation proposed
for the first. The salient advantage of the proposed epproach appears in overcoming the limitations on the nomber of
faciliries and obyeclive or subjective relationships which may attract the practitioners wn different areas. Moreavey, it can
be fed into as an integral part of other approaches ro minimize the elfort consumed in constructing farge layouts with
multiple relationships.
{(FACILITY; LAYOUT: WEIGHTING; RATING; MATERIAL HANDLING; ADJACENCY; TRANSPORTATION;
ASSIGNMENT: GRID; OBJECTIVE/SUBJECTIVE RELATIONSHIPS; CONSTRUCTION/IMPROVEMENT )

1. Introduction

Generally, for a large manufacturing or service plant, the focility layout problem is the determination of
most effective arrangement of the physical facilities therein under specific working conditions. It could be
formulated for departinenis. cells, or inachines. The main objective of the problem ts to minimize the cost of
material handling system in the presence of constraints resulting due to several objective and subjective
{actors. Bozer and Meller (1993) summarizes dilferent definitions of the layout problem. The problem
beeomes more eomplicated with irregular shape faeilities, because it adds the task of minimizing the dead
space. The problem has been modelled and solved through mathematieal and heuristic approaches which can
be classified into three categories, construclion, improvemenl, and hybrid construction/improvement
(Kusiak and Heragu 1987, Yaman et al. 1993, Welgama and Gibson [993). Due to the variety of interacting
factors, the problem maintains a complex nature sod the solution constitutes a difficult task in spite
proposing many approaches. Therefore the problem is not scnled evenwally and most of the proposed
approached don't attract practitioners cspecially when they have a large number of facilities,

The problem has been modelled in diffcrent mathematical approaches such as quadratic assignment
{Lawler 1963, Kusigk and Heragu 1987), quadratic setcovering (Bazaarn and Goode 1975), and graph
theory {Foulds and Robinson 1978, Al-Hakim 1991, Hassan and Hogg 1987). Earlier. most often used model
is the Onadraric Assigiment Probiem (QAP), which assigns a number of facilities to an availabfe number of
locations on a divided reetangular grid such that a cost function is minimized (Yaman eral. 1993, Welgama
and Gibson 1993, Askin and Siandridge 1993). Several solution procedures for such QAP are detailed in
Bazaara and Goode (1973), El-Ravah and Hollier (1970), and Kusiak and Heragu { 1987). As a result or
input, irregular shapes for facilities weaken the solurion of QAP ona discrete grid. As an attempt to deal
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with such point of weakness, Heragu (1990) and Heragu and Kusiak (1990) developed a continual plane
model.

However, the exact optimum approaches are based on branch and bound or cuning plane techniques and
limited to small problemns (Welgama and Gibson 1993), Hence, it is found impractical 1o search the problem
solution optimally. Therefore, heuristics were developed to overcome these limitations. The most earlier and
popular hecristics were developed in prominent packages such as CORELAP by Lee and Moore 1967,
ALDEP by Sechof and Madelheim (967, CRAFT by Buffa et al.1964, and PLANET by Apple and
Deisensoth 1872: see Riggs (1976), Hales (1984) and Yaman et al. (1993). The first two packages are
consiructive while the latter are improving. Hence, many computer aided approaches appeared (Lewis and
Block 1980, Khator and Moodie 1984).

Construction approzaches can be further categorized as graph theory based approaches and convenrional
approaches (Welgama wid Gibson 1993). Also many hcuristics are based on Graph theory. Foulds and
Robinson (1978) presented a graph theory based heuristic and Al-Hakim {1991} applied the graph theory 1o
his ™o improvement heuristics, Although this theory is conducted to heuristics, it maintains many
disadvantages whiclh were discussed in Hassan and Hogg {1991},

Recenily, Kaku er al. (1991) developed a hybrid coastruction/improvement heuristic approach called
KTM. Yaman et al. (1993) described a sorting construction heuristic divided into thres modules and directed
towamds minimizing the traveling dislonces between facilities. Welgama and Gibson {1993) prescrled a
consiruction algorithm generating machine layout or a conlivuum, minimizing the walerial flow cost. This
s-ecific algonihm considers some practical aspec(s and can be extended to gencral facility layont problem.

More recently, Meller and Gau (1996) presented a sample of recently published layout aizorithms by
amhors aud objective functions from 1988 to 1994 and highlighted different review papers including rheir
recent review paper. Moreover, they discussed and examined the three traditional layour objeclive functions
with respect 10 material handling cosis providing a physical interpretation of the weights in the weighied-
criteria facility [avout nvo-companent objective function. Also, they developed an objective function based
on a basic material handling cost structure. Meller and Bozer (1996) considered both single floor and multi
floor problems in an improvement type algorithin based on simulated anuealing {the relationship berween
combirtatonal opumizatiorr and statistical mechanics); in other words, this approach considers an expanded
set of facility exchange.

However, the literature proved that there is no efficient algorithm solves the problem optimally and the
experimental refinement is a must and most of the current algorithms do not arteact the practitioners. The
complications resuit from the variety of factors that interact in Lhe layour problem. The purpose of this paper
is 10 provide a new comprehensive approach which comprises two slages. First, it analvzes the faciliry
rclationships  through a criterion combines the existing relationships in a single vumerical componenl aud
then solves the adjaceucy problem in construeting a layout. The problem formulation is iainly based on the
Lranspartation and |inear assignmeni models.

2. Factors of the Layout Problem

The plant layout problem is subjected to a large variety of factors which are dependent upon the
prospective layout, nature of the planned process, material handling system, and other system constraints
(such as limited type and number of machinery). The material handling cosis is the Inost common factor,
since 1l explains about 20% 1o 30% of the total operating costs (Meller and Gau 1993), Such factors are
scartered in the literature (Yamau et al. 1993, Askin and Staudridge 1993) but, hcre, they will be
comprehensively organized. Geuerally, the main factors are

. Number of products,

. Number of units of each product,

. Number of facilities (departmeuts, workcentres, or machines) of the plant,

. Sequence of processes of each product (forward and backward movements),

. Facility sizes,

. Facility shapes (regular/iregular and dimension limitations),

. Space availability,

. Special closeness relationships between facilities. For example cwo or more facilities should be
adjacent because they share fixed or moveable faeilities or duc Lo other requirements. The system A4,
E, I O, U.X isoften used to rate the imporiauce of such closencss (Riges 1976). These rates can he
carefully assigned some acbitrary numeric values. (Yamau et al. 1993, Askin and Standridge 1993).
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There are more specific factors that may make the problem more complicated. Some of them depend on
the plant location and nature of resources and transportation fromsinto the plant while others depend on the
prospective material handling system, plant construction. and the service utilities. This category comprises

1. Exlemnal transportation system such as rail roads, routes, and resource accesses. This may restrict the

locntion of shipping, receiving, and other facilities,

. Aisle shapes and locations {they may be specificd in advance). They are preferred to be straight as

possible in regular recrangles with easy intersections,

3. Building height. story, pairs, and flow partern,

4. Services, which are often eonsidered fixed facilities, such as heating-cooling, ventilation. air
conditicning, illumination, recycling networks, warer resource, and power resources. These services
may restrict the location of ane or more faeilities according to their requiremnents.

5. Costs snch as marerial handling cost which depeuds on the distance and number of trips between
facilities {backward motion tnay weight over forward motion) and other costs.

-

The planner may emhed other factors to the plant and facility layont problem. Inwitively, the cited factors
comprise snbjective and objeetive factors and some of thern may be related to each others. For example, the
special closeness relationships may result from the location of services and/or narure of the available
material handling system. The facility relationships are often exhibited nsing a wabular from-ro form.

3. Proposed Methodology

The methodology comprises a numerical function for rating facility relationships and two diffecent
procedures for solving the adjacency prablem. The first procedure is based on the transportation model and
the second is based on the linear assignment model.

3.l Numerical Rating Function

Borh objective and sitbjective relationships between facilities wiill be numerically rated and combined into
a single function. It is assumed that a plant consists of n facilities such that facilities { and ; joint through an
objective relationship. (,, and mutvalize a subjective relationship, §,. An extension for the aumber of
relationships will be discussed later.

{a) Rating Objective Relartionships

The objective may be minimizing the maierial handling cost; in other word, facilities neighbor as possible
those relaled by maeximum handling requirements such as number of trips per time or number of handling
facilities. Suppose thnt the nusnber of wrips is found effective, it can be rated simply in three ways:

-Base number rating- A number of trips is rated as a base for all entries. For example every ten trips are
rated one and so on:

-Relative rasing- All entries are related (o the maximum enry,

-Density rating- Imagine O. number of rtrips, te be a random variabie with density function £a) which
may follow a distribution such as linear or exponential, Let & a constant and assume an exponential
distribution, as shown in Fig. 1,

be’ O0<oso,,

f(01={ m

Then. rating of numher of trips between facilities can be approximated by the cumulative area, under fo),
encompassed by 0 and O, formally

4] otherwise

R(O,)= [ f(o)do=e™ - 1) @

which indicates that the maximum rating will be 100%. It is found more systematic way consolidating for
the incremental effect of the number of interfacilities rrips per unit time. Of course, the planner may resort
10 a combination between the three ways.

(b) Rating Subjective Relationships
The objective mnay be touching the facilities according to their mutual special closeness. This paper
presents a term named imporfance horizen, H, for the closeness relationship. It is a random variable with
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density funcrion f{#) which may follow a distribution such as linear or exponential. This horizon is divided
into a number of equal distances according to the number of importanee levels. Suppose that we are
concemned with the traditional six levels 4, £, {, O, U, and X, which decay in that order. The level X is
assigned a very large negative value while the others are assigned contiguous areas under f#), which is
assumed exponential, as shown in Fig. 1.

importance number of Tips
fih) (<]

Densty function fth). o)

Eein Importance fronzen (i)
9 Number of trips per unil e (of

Brmax

Cmar
Fig. | Rating special closeness and number of trips using expoucnatial distributions.

Assume thal g 15 constant, Ane and M. are the limits of the horizon. and Ay and /1; are the limits of an
importance, then
h

age” Mo Shsh,

= a
/& {0 otherwise @)

Hence. numerical rating of importance of mutual closeness is approximated by the area encompassed by i
and /iy, formally

RS, = | fUdn=ate™ - e™) )

The paramelers of both equations, in addivon to the distribution type, are completely heuristic
deterininanis; bul they represent a basic relaxation to the problem of rating the closeness importance, Here,
values of Ay, Auge. and step are recommended 07, “57, and | respectively. The tithe and experience, of
course, will ind ot different alternatives. Other subjective relationships can be rated in a similar way.

The efficiency of this rating system may diminish when imegrated inlo the system defined for the
objective relationships. Suppose that a relationship such .4 exists due 10 sharing an expensive equipment,
then famess should be pemalized relative to the cost of duplicating equipinent. This penalty ¢an be estimated
in dilferent ways such as mundtiples of interfacilities material handling cost (or number of trips) which
repiaces such subjeclive relationship. By this way. most of the subjeciive relationships can be replaced. A
fixed faciiity out the plant can be included as a zero area facility. Jt is obvious that a relationship such o'
always separales by its large negative value.

(<) Finul Weighied Rating
Suppose that the current objective relavionship simulates the number of trips per time and the current
subjective relationship simulates the special closeness. Hence, lhe 10fal rating between facilitles i and j is
er =W, R(Oy)"'ﬂ_wy)R(S,-f} (5)

where w, 15 the weight awarded to the objective relationship between facilities / and j. Such weight may be
constant for all facilities. It may be negleeted. if both are equally weighled. A uscful concepn, the cenrrad
Jucifity. is monitored. It may be defined in many ways (Askin and Standridge 1993). whilst here it wil) be
defined as the facility which registers maxinwm global rating, G&,, where

L
GR = Y R, (6
=it
This Facility, aciually, has significant relationships with one or morc of otier facilities. For that concern, we
shoutd ignore the X relationship, because its large negative value would lead to fallacious global ratings.
Also, the rating mean and standard devialion are two important indicators for the benefit of central faciliy;
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therefore little coefficient of variation {CV)should not be neglected. However, for nearly uniform facility
shapes and uniform available space, the digit of /3 is proposed as a guide for the maximum aumber of
cenlral facilities since [n such a case when having at least five facilities, a central facility conld be arached
in four sides.

32  Assumptions
A planner may impose several assurnptions for simplification or other purposes. The most significant
assumptions include

1. The prablem is formulated with a static deterministic environment,

2, Material handling cost between faeilities is a direct function of the number of trips per time and
traveled distance,

. Disiance between facilities is an output paramerer if another alternative is used, as an inpat, such as
number of trips per me,

4. Eacilitics are square or rectangular in shape,

5. The flow patlern may be imposed in advance such as spine-oriented straight line.

L

A fixed facility retationship between two or more facilities shauld be coded significantly. In other words,
if a facility s resiricted by another facility, they shouid be manipulared as one area. These ¢odes choice
depends on thc user, they may be numbers andfor lctters displaying positions such as Right/'Left or
Up/Down.

33 Prablem Formulation and Solution

Most of the facility lavout approaches attempt o minimize material handling cost (distance-based},
maximize special cioseness (subjective adjacency-based), or minimizing weighted rwo-compongnt objective
function: see Meller and Gau (1996) for derails. The salient disadvantage of the third objective function
appears when an additional factor interacts which, in tum, complicates the task of reiating a relative
weighting factor. Here, the objective will be to construct a layout which maximizes special closeness and
minimizes material handling costs. This is implicitly equivaleur w minimizing the traveling distances
betwecn the facilities according to their total mutual rating. The derived mamerical rating function
combines both objectives into a single-component raximization function. Here, it is proposed to formulate
the problem as

Maximize ’i i"v R, (M
Subject to o
i x, <8, fori's as sources (8)
P
i x, =1 for j's as destinations (%
:,: = {0, 1} (10)

This lirear programming model can be reformulated as a special transportation model {maintains an
assignment property) as proposed iu Table 4. Thus making it easy 1o provide a near optimat solution. The
decision variable x,, is set to 1 if facilities 7 and § should be adjacent, otherwise it is sel to 0. The parameter &
(a digit >0; variable/constant) is proposed. guided by GR,, to express the number of facilities that could be
adjacent to facility / especially when f is central; this also depends on the facility space requirements. This
problem assigus facilities rto facilities. therefore, it is not a lower bound on QAP which assigns facilities to
locations {Askin and Swandridge 1993, Yaman ecal. 1993, Weigama and Gibson 1993),

The regulac wransportation model (balanced minimization form) solves the adjacency probiem. Hence, a
rectangular draw {divided grid) is suitable for realizing the attachment berween facilities as shown in Fig. 2.
Here, the question would be RighvLeft or Up/Down? Which also may be restricted by fixed facilities. Tle
facilities which are restricted by fixed facilities are located directly with minor switches. The loeating
process is treated with some trade offs maintaining adjacent facilities with maximum rates,
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The final rectangular rcalization is converted to a space diagram showing facility space and shape
requircments, aisles, and special fixed facilities. If the flow patiern and facility shapes are specitied as input.
the space relationship beeoines more deterministic but it may add to difficulty. The refinement may need to
facility switching which must be made with a manner keeping Uhe shape integrity and adjacency of facilities.
The planner may be forced to pass an aisle between adjacent facilities, such decision should be made
carefully to maintain a compatible degree of adjacency.

The main principal of the alfernare procedure is to solve a sequence of linear assigumeni problems
which ¢an be dealt with using Hungarian algorithm. Henee. the right side of inequaliry 8 is modified to *=1"
which removes the slaek column and '@ column in Table 4 next. The original problem sofution results in
paired combinations (suh-layouts) of facilities such that the total rating is maximized (adjacency is
naximized). Thereafter. a next smaller problem is solved for those combinalions. and 50 on until reaching
the final problem. Notice that after the problem reaches two or three combinations, it can be sertled
using the original rates of the peripheral facilities. A thres combinations problem can be directly
solved using the principal of central combination.

The mutual rates batween each iwo combinations are estimated using eq. (12) next, therefore provisions
should be taken [for the undesirable relationships and exhibiled on the assignment table. Assigned facilities
or combinations arc crossed row wise and column wise: that may lead 1o unassigned items in an ileration as
shown in Table 3 (combination Y is the same as B).

Intuitively, 2 rate between two combinations is a direct function of the mulual rates benveen the facililies
in both sides. For two-lacility combinations, C1 (A and B facilities} and (2 (C and D faciiities), the
equivalent mulual rate is heuristically proposed as

Roneq = Maxl{ Max(R o, R 1) + Max( Ry + Ry ), (Max(R,.,, Rpg) ~ Max(Ry,, Rpg N (1)
or generally for multi-facility combinations

Ry = MY Max(R,} , Max) Max{R) 1 {17

1= el 1602 yel -

At eaeh iteration, this procedure locates the facilities in each combination under 1he resultant adjacency. It
attaches ¢ach two combinations in a manner maximizing the rates between Lhe facilities in both sides.
Therefore anachments may foree the planner o make some iterative swilching withour significant effect on
the total ratiug in the final lavout. The principal of central facility is used within each combination plot to
reduce the expected number of switches. Also. 1he final resulis can be visualized using a divided grid and a
space diagram showing the shape details. Also, this procedure is not a lower bound on QAP because it
assigns facilities to Facililies not facilities to locations.

3.4 Extension of Relationships

Suppose that a plant consisis of n [acilities such that facilities i and j joint through [ objeetive
relationships. (Gh)y. (Chlye ..., (OF), and mulualize 7 subjective relationships, (31),. (S ... {Sn},. First, it
is assumed that those relationships are rated and directed to the same objective. Hence. the total mting
barween facilities i and f is inodified o

! m
R, =w, Y w R0}, 1+ (1-w,)Y w,RI5,),] (13)

gl Fx|

where w, is the weight awarded 1o the objective relationship between facilities § and f; w, weights O,; and w,
weighls 5, Howcver. ralings wnay be approximaled in many ways, validating an algebraic sum, as {ollowed
i section (3.1}, Both types of relation ships should be rated and suwnmed in a maximization direction.
4. Nustrative ¥anipulation

Suppose that we are encountered with the problem of constructing the layout which has the data shown in
Table 1. Each tabular cell contains a letter expressing the special closeness importance and a number
cupressing the number of trips per hour berween the departments. The 4, E. £, O, U, X system is assumed for
the special eloseness.
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TFable t Initial from-to for special closeness and sumber of trips per h-ur.

Dept. | | 2 3 4 5 6 7 8 9 10
1 4.30 X.0 uio | 1s E.\D L5 0.15 | _U1s | E2s
2 E3 1,20 L5 | 025 U5 A20 | E30 [ U1
3 01¢ | EIs | 130 A5 E.I5 110 113
4 ol5 [ E1s [ uie | U6 U.s 05
5 A0 | W10 | E20 1.5 0.5
§ 0.15 | 030 | A30 i
7 ] E.10 Lis 120
8 EIC | U0
9 | X.10
19

Shape 10 [ 1o*10 ] 10*8 | 10*8 | 10*8 | 10%*10 | i0*10 | 10*14 | 10*12 | 10*3

| Area (mt)) 80 100 30 | 80 | 80 100 100 140 120 1 80

The letter explaing the importance of closeness relationship and the number explarns the number of trips per hour.

The rmting process is completed using the system proposed in section (3.1} as shown in Tables 2 and 3.
The Base number and density ways are combined to rate the number of trips per hour: this to minimize the
overflow in caleulations. The resulis are registered in Table 4.

Table I Rating the aumber of trips. Table 3 Rating the special closeness.
No.oftrigs | 05 | 10 [ (5 20 [ 25| 30 [Level [ AT ET T ol o] x]
Points * 03 (1ol tsl 230251350 H** it 2T 35450
Rate (%) 0310911833 58]t00 (Rate (%) | 64 | 23 1 09 [ 63 | 01 [ -M |

*Each 5 wips is assumed 4.5 point for Oy 6=0.052 *E =0 M= 35 step=1: a=1.006; M is large —ve

Table 4, which should be madified to a maximization transportation form, iltustrates the final rating using
Eq. 5 assuming that the objective and subjective relationships are equally weighled. Natice that the weighs
can be neglected when both relationships are egualiv weighted.

Table 4 Numerica! rating {final %) from-to and statistical calculations.

[[Depr. | 1 1 3 4 5 6 7 8 9 10| Shack | From
1 M 164 -M 10 67 32 12 21 {9 81 - 5
2 164 M 26 2 27 61 4 97 i23 19 - A
3 -M 4 M 12 4 104 67 41 18 27 . g
4 10 42 12 -M 21 4 10 10 4 6 - 8,
g 67 27 | 4 21 M 73 10 56 4 6 - o
§ 32 81 109 41 73 M 21 103 164 12 - o
7 12 4 67 19 10 24 -M 32 27 42 - @
8 21 97 41 10 56 103 32 -M 32 10 - 8,
9 i9 123 I8 4 4 164 27 32 M -M - 4
10 81 19 27 6 6 12 42 10 -M -M - Be
To 1 1 1 1 ] 1 1 1 1 1 [ Sum-10] Sum
L Sum | 406 | se3 | ser | ys6 1 305 | 616 | 225 | 40z | 391 | 203 | Seuistical
Mean 57 637 43 | i7 34 68 25 43 Li 25 calculations
STD 1 53 34 32 14 7 49 20 35 60 26 for the
CY | 1039 | 0857 ] 0.744 ] 0.623 | 0.794 | 0.720 | 0.800 | 0.777 | 1.224 | 1040 | final rucinas

The slack cotumn, in transporiation table. should be assigned zeros afier switching to the minimization equivalent. Any
surtable transportation technigue can be used to soive the regulated probiem,

Table 4 indicutes that depariment 6 suits the central position of the plant because it registers maximum
total rating with mintmum CY. Therefore, & eould be assigned 4 (the sides of departments don’t allow
more) while other 8's could be assigued 4 or less (e.g. 2). The solution of the regular transportation prablem
is shown by bold celis on Table 4. Fig. 2-a shows a rectangular realization for the departmental adjacency
which can be easily converted lo a space diagram showing the aisles and shape requirements. It is obvious
that departiment 6 is optimally positioned between depariments 3, 3, 8, and 9, therefore department 8 could
be switched a5 shown in Fig, 2-b with compatible total rating.
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| M T T (e T s
30 s i1 10 |3;5g1:1o;l4(3:s|1‘1of
MR 0 R Al Sl Tl EO
7ie 82 (8i |7 (6/[9 2I 71 ilele|28]|
[ ._____L i | Iﬁ—J,_ B |
4 i 48 .
{a} Initiat plot. {b) Switch dept. 8. (¢) Swilch dept, 4.

Fig. 2 Adjacency by transporiation model.

However, the geomelry of the available space and departments is an important determinant for the
proposed switches, For instance, if the departmental geomerry is completely uniforin, it may be proposed 1o
switch depastment 4 as shown in Fig. 2-¢ to minimize the dead space.

Table 5 and Fig. 3 summarize the results of the alternate procedure showing departmental assignments.
The problem ends with 1hree combinations X, Y, and Z which are superimposed using the rales of the
peripherai departments,

Table § Iterative assignment combination analysis,

First Iteratian Second Iteration Currend £ 3 and S>(, 1z

Camb. | Depts. | Center| Comb, | Depts. | Center | Switch

-y
Nl
o
™~
——f—
2 1
1B
h 1]
x H

A |12 | - X |r2at0l 1 SN 1
B | 58 | - Y | 58 | - |swim3) |5 74 P21 %% <~
C [ 69 | - Z (3679 6 |3teX| N

L

=

b} 3.7 - 1] l 8y | 2X ‘ 1X 10;,
L E 1410 ] - ]

Centers are determmned by using eq. (6). Fig. 3 Adjacency by assignment model.

The expected switching of department 3, in Fig. 3, is advaniageous only when the space is limited. Also,
departments 3 and 5 can be successfully exchanged. The resultant layout is diflerent from that results from
the first procedure with mainwining near total rates. However, the different besween both procedures is
dependent upon the value of *8° proposed for the first procedure,

5. Conclusions

The fitcrature proved that the layout construction and improveinent are combinatoriat problems especially
when the number of facilities and shapc requirements increase. Therefore it is difficult to solve the problem
optimally with oul expecting fulure refinement whatever the approach used. A non-iterative and iterative
conslruction procedures are presemed for solving the adjacency problem with a manner reaching the best
solution with minor switching as proved by the case inanipulated. Also the presented rating mechanism
reduces the problem parameters and addrcsses economical considerations of qualitative relationships by
imposing the penalty principal. The problem is formulated in a differcnt fashion which combines all
problem objectives in a single function avoiding the objective weighting. Thus making it possible to
accommodate a large variety of faeility relationships and a large number of facilities.

Although the current procedures are bascd on the transportation and assignment models, they arc
considered simple mathcmatically based heuristics. Both procedures are not lower bounds on QAF which
resorts to complicated computations. Therefore both are advised for practitioners using microcomputers,
Further, practitioners may focus on reducing the duad space in Lhe final layoul which exhibits other
considerations such as aisles and existing facilities or buildings. Such considerations can be manipulated by
considering them on the model as basic facilities using specific codes. [f aisies is not specified in advaace,
the resultaut lavout may be subjected 1o some facility switching. Moreover, the approach can be pariially or
compnicly integrated to other counstruction approaches lo provide a staning solution for an inprovement
approach,

However, the facility layoul problem could not be seitled eventually and still ueeds to an extensive
research work. From analysis view, it is recominended (o resonl o mathematically based lieuristics. From
practical view. i1 15 rccommended 1o empower the maiter o a team work having practical and indusirial
experizness
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