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On one possible ‘fuzzy’ approach to facilities layout problems

JERZY GROBELNY®+

A proposal of formalization of the furzy approach to the problem of facilities
layout design is presented. An exor plary coneept of fuzzy ‘construction” type
algorithm based on the idea of HC-66 method is introduced and illustrated by a
numerical example. Possibilities of fuzzy modelling of some special cases of layout
problem are discussed. The problem of theoretical predominances of a fuzmny
maodel over the approaches similar to AKRTOU X-seale is also discussed.

1. Introduction

In the review work of Karwowski and Evans (1986) many trends were presented
concerning the application of the fuzsy set theory concepts in studies on production
management. One of the domains distinguished by the authors concerns facilities
planning, which includes such problems as facilities layoul design and material
handling system design. The authors notice thad many variables or relationships
relevant to the models existing in the above problems “are initially specified in an
imprecise and vague manner and later these are simplitied for case of analysis in an
atlemapt to eliminate or reduce fuzziness. For exam ple, the distance between planned
facilities may be expressed as being short, medium or long. In some instances, it may
be even beneficial in a design process to develop and utilize such verbal deseriptors of
the distance magnitade, rather than using striet values as approximations for the
desired magnitudes’,

This paper presents formalization of the fuzzy approach to the problem of
facilities layout design. In § 2, some basie concepts of fuzzy methodologies are given.
An exemplary ‘overall econception’ of the fuzzy approach is presented in §§ 3 and 4.
Thix approach is based on the classical method of Hillier and Connors {1966). The
algorithm deseribed is a fuzey version of TC-66 algorithmn. Next. we show some
potential npplications of the presented approach for other Lypes of facilities layoul
problems and discuss the problem of a ‘Lheoretical predominance’ of the proposed
coneept over the Richard Muther's ARTOUX seale and other similar approaches.
Some of the instances in which it may be beneficial in a design process to develop and
utilize fuzzy data rather than precise values as approximations of desired magni-
thdes are also discussed. The last scetion presents conclusions and general remarks
on the use of fuzzy methodologies in production management.

2. Basic terms of the theory of fuzzy sets

The notion of ‘the grade of membership’ constitutes the basic term introduced hy
Zadeh (1973). In the common theory of sets, a given o bject belongs or does not belong
foa given set. In the two-valued logic a given term is classified as frue or false. The
introduction of the grade of membership makes it possible to widen both, the notion
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1121 AL Civohelny

of belonging to a et and the principles of the classical fogic. Intuitively, a tuzzy set
cant be understood as o elass of objects in which there is no sharp houndary between
objects belonging or not belonging to that class. Formally, il == (e isouwet of
objects. then the tuzzy set 4 in X is said to have a membership function in whiel the

range of the values i [0 T], i
A X =001 il)
whereas
A={A). ek for all xeX (2)
so evenlually tuzzy set A i a set of ordered pairs of the [orm in cqn. (2). Funetion
A(x) determines the grade of membership (hetonging) of an clement . in (to) the
set .

By analogy to the classical theory of sels, the notions of an intersection of furzy
sets and asum are introduced. Let 4 and B be fuzzy sets of the membership tuned TR
A(x) and B(x). respectively. then the sets ('=AnB and =108 can be detined by
means of their membership funetions as follows:

() =min { A (@) B} Ve )
Dy =rup {A(x). Bl VeeX H

Puzzy sets can provide a convenient tool 1o represent some sitnple linguistic
variables concerning the levels and the intensity of certain features (Zadeh 1973,
Karwowski and Evans T986).

Operations (3) and (4) in the case of operating wilh sels representing lingtistic

rariables ave represented by the conjunclions “and’ and “or’,

In the theory of fuzzy sets much attention is paid to the problems ol the
estimation of truth and procedures of inference (adeh 1978). The truth value of a
given statement p’ in vespeet o the criterion # ean be defined as feongisteney . Lel
p="Ais F" r="4ix (/' where A is the name of a variable, F aud 7 denote fuzzy sets
(determining the ‘level of intensity” in the space X)) then

Cons €4 is M. A4 1 Gy=TOSS (A is Fid s )

=sup [ F ) A G} )
xeX
where A denotes a minimum operator.

But POSS —possibility--is the category introdueced by Zadeh (1978). the
numerical value of which is calenlated from the last element of formula (3) and the
intuitive interpretation of which (in the case under discussion) lies in the examin-
ation of the ‘grade of closeness™ of =ets Foand ¢4 or the possibility of the faet the
variable 4 (which we know) equals 7 and at the same time is (o if A== F satislies
the eriterion ).

The truthfulness of the implication =3, denofed by |al== 1| {whore
Bl means the grade of truth o' the expression

Al means

the grade of truth of the expression A4,
) is calenlated from

A=Bl=min {1.1—]4]+|Bl] {5}

This fact corresponds to the definition of implication in the intinite valued logic by
Lukasiewicz (Zadch 1978).
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3. Aggregation of experts’ assessments— a preliminary stage of solving facilities
layout problems (FLI’)

Gavelt and Plyter (1966), when presenting the solution of the layout problems by
means of the branch and bound approach, noticed that it was an extremely difficalt
Lask to obtain objective and reliable data concerning the relationships between the
located objects, Since it is often impossible to define in put data precisely, it can be
reasonable to assume that. final determination of these relationships should be the
result of the aggregation of the opinions of a group of cxperts,

A simple version of the aggregation system based on the methodology proposed
by Zadeh (1978) and adapted to the problems of ‘expert-systems’ by Yager (1982) i
presented. For the sake of simplification it is assumed that the group of ¥ experts has
been given the task of defining the degrees of links of K objects (in pairs). It can he
assumed that using the linguistic ex pressions such ag: small, big. mean, afinite list of
such expressions can be specified.

Let B denote the Ith expression out of such a list of M possible expressions of
links, B()—the membership function of the fuzzy set representing the expression f
is space X. The opinion about. the link value between the facilities ‘0" and *j given hy
the kth expert will be denoted by LY. LE(x) is the mem bership function of the fuzzy
set representing this opinion in. for example, an artificial (not connected with any
physical value) space X. The way of constructing the fuzzy sels representing
linguistic exprossions used in our approach and the choice of appropriate universes
for these representations are essential here. Some rationale for such problemns was
formulated by Zadeh (1973). Attention to the relevant questions of that kind is given
by Freksa (1982) and Yager (1982), Because the above problems are complex and the
concepts presented here are independent of the above questions, they will not be
discugsed here,

For a given set of N opinions for a given pair of ohjects (7, j). the aggregation of
these opinions can be done as follows. The choice of an appropriale expression {out of
the list of expressions—£B) which fits the best set of N opinions offered by individual
experts constitutes the basis for such aggregation. Using formula (5), for all k. £, we
can calenlate

(.,'f“f’:('-ons(b is L& L s B)=POSS (L is ij,‘-‘)lfL s )

=sup { L) A Bye)}
xeX

[
=

The evaluation C¥? is a number within the range |0, 1|, The number gets closer to 1
as the consistency of the exprossions 14 and B, gets greator. Calculating for each &

(,rgsi) k=1 (8)

we will obtain mean evaination of consistency of the expression B o the set of

. . > i . . g - T .
opinions { L{}', L3 Lo, Obviously, the expression £, for which O is maximal
should be chosen as the ‘most appropriate’ representation of this set.
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1126 J. Glrobelny

Additionally Yager (1982) postulates an assignment of the degree of importance
to cach expert—a number from the range [0 1], By denoting this nuwmber as £, then
eqn. (8) can be rewritten as

N
Z Ek A (.fii_"?
I ()
I
Although eqn. (%) widens the proposed procedure, from the praetical viewpoint it
would be difficult to answer the question of who, and based on what principles, wotihd
perform such evaluation of the importance of experts?

In the classical formulation of the FLP {e.g. in the approach snggested by Hillier
and Connors (1966}), the relationships between the objects are not the anly inpui.
Therefore, each expert (or the group of experts) must also express an opinion as to
the cost of locating each ohject al the given location and the distances hetween
different. locations. More precisely. the cost of a unit transported hetween two
loeations must be estimaded. (This cost can be lineary dependent upon the distance,
but nol necessarily so.) Tt is proposed here that such value is represen ted by the term
‘distance”. beeause the term ‘cost” will be used for the installation cost.

Dt :'i»‘j denote opinions of the kth expert guarding the distance between locations
i and jand the total cost of locating the facility 7 in the place jrespectively. Using
formulac (7) (9}, and laking into account the changes in values L;— D=0 in
formula (7). one can obtain input data for the VLI, Such data is expressed in the

form of the expressions from the list B, By,.... By represented in the given space X
as appropriate fuzzy sets with the membership functions: By(r). Bae) . Bylr).

4. An exemplary approach to FLI

A fuzzy modelling approach to the problem of facilities layout is the second stage
of the proposed approach. The model utilizes a method of solving the layoul problem
in the situation when the approximate data, oblained as aggregales of experts’
opinions based on the methodology deseribed in the previous sections. are given in
the torm of “fuzsy opinions’.

Since the input data have been formulated in the form of expert opinions
expressed in a natural language, the construction of the appropriate eriteria and the
algorithmic procedure should be hased upon expressions which are close to the
natnral language. Using such expressions, the idea of solving layvout problems, as
given by Hillier and Connors (1966), can be presented as the following problem,
(livep the cost of installation of every facility atevery place, the degree of interaction
intensity within cvery pair of facilitios, and the distance between every two places.
locate # facilities at n places in steh a way so that the location costs and the costs
resulting from interactions of facilitics are minimal,

Trom the above, the intuaitive prineiple of solving the TLP can be su mmarized as
follows:

1. Tfthe Facilities i and j are closely connected with each other, then they should be

located at the places & and » being close to each other.

2. The facility 7 should be located at the place k. for which the cost of oeation is

minmial.

e Copyright © 2001 All Rights.Reseved...
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These statements can be treated as both the eriteria of evaluating a given tavout and
the recommendation when golving Jayout problems. Also. the expressions in ilalics
qualifying some (physical) values ave formulated imprecisely, By rewriting state
ments 1 and 2 in a more Tormal way, one ean obtain the eriteria in the form of
lingmistic patterns of facilities layout.,

{a} Tt the link value (of two given facilities) = “very big" then the distance
(between their location places) = "very small™ (1)

(h) Lavont cost {of a given deviee at a given place)=“minimal’". (rn

Although the above expressions of patterns may be more complicaled in some of
the problems, they can be interpreted using catogories of furay sets in appropriately
defined spaces.

Liet Lg; be a fuzzy set in the space X, determining the link value between facilities
and T with the membership funetion 1 (). whereas Dy be a fuzzy set in the space
V. delermining the distance (trcum]xmtdtmn cost) beltween £ and » places with the
membership function Dy ().

Assuming the above. it is possible to use the methodology proposed by Zadeh
(1978). to caleulate the truth value of L;; in reference to the proposition—criterion
from the expression (@) link value =""very hig"- as follows:

p"'d"’:P{}HH(LU is v. big)=sup (L) A v. big(a)) (12)
xed
where v bigle) is membership function of the expression “very hig'in the space X
and A is minimum operation. By analogy

¢ =POSS,, is v. small)y=sup (D, () A v. small(y)) (13)
ye¥

where vosmall(y) is membership function of the expression very small in the space V.
and 4% is truth value of Iy, in relation to the proposition: distance=very small.

The estimation of the truth value of the implication b= 1, (in relation Lo the
linguistic pat{ern (u) mayv be performed ace ording to the multl modal logical formula

by Lukasiewicz (Tsukamoto 1979) ag
Of =min (1,1 —p+¢™ (14}

where (){-‘f van be interpreted as a degree of satisfaetion for the criterion {a) if the
facilities 7 and j ave laid out at £ and r places, respectively. Formula {(14) describes the
truth value of a generalized implication and, has the following properties:

17, 1)=1

H

{0, a

)

3. a)

. byz 1 (a,e) if =
!

SHa by=1{e 8 it a<ge

wheve Ja=h] = Ha. b,
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1128 J. Crobelny

A gimilar formulation can be proposed for the estimation of a chosen facility-
loeation system according to the criterion (5).

€ = POSSI K, is Minimal=sup (A 4 (e) A MINI{e)) {15)
e
where A, is cost of the installation of the {th facility at the fth place, K (e) and
MINT{(¢) are membership funetions ot the fuzzy sets representing installation cost Ky,
and ‘minimal® cost in the space 7, respectively. Formula (15) enables one to caleulate
the truth value of the eriterion (b) being satistied for the i facility laid cut at the fth
location place.

Assuming, that the number of location places (n) eqguals that of the laid oul
facilities. cvaluation of a given lavoud system p=p,, ..., p, in which p; is the number
of location to which the ith facility is assigned, in relation to {he linguistic pattern (@)
can be formulated as follows:

n—1 L
B

c')(p):---z-!--—-zz Y opei (16)

e — (=1 j=i+1

mimilarly for the pattern (5):

I /]
Qp)=-- Y (7

o=

Estimators O(p) and @(p) represent “the mean truth value’ per pair of facilities and
one facility, respectively, resulting from satisfying the requirements specified hy the
patterns (¢) and (B), in a given layout characterized by permutation p.

A general truth valae (in respect of both eriteria jointly} must be a result of the
aggregation of O and € estimates. In the case of operating on the estimates of truth
values. the following function, with the propertics given below, should be considered.

T0, 1P ]00 1
for which
19 a<(a, 1)<
2" . b)y=T(h,a)
3" Tla, Mz T{e, d) iflaze and hzd
4* T, )y >T{a,d) it h>d

which corresponds to an intuition that the inerease in truth of one component causes
an inerease in a general estimate. The mcan vadue, which is the one that satisfies the
above properties, can be written as follows:

Gipn=TT (). Qph2 (1%)

where TF denotex a funetion satisfying the peoperties 17-47.

In the proposed concept, the criteria for the optimal layvout of the facilities in a
given space (linguistic patterns) allow for eatimation of ‘pure’ uzzy problems as well
as the mixed ones where the criterion of distance is determined asg a range {or tuzzy
sel) and the distance between places [, can be measured acenrately.

Copyright © 2001. All Rights Reseved. ...
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A particular case of the proposed approach is the formulation of estimutes and
eriteria as intervals. For example, criterion {tr} can be represented as

[f link value="4" Then the distance =B’ (19)

where A and 5 denote sharply” determined numierical intervals in corresponding
spaces. then

p=PORS(L; is d)=sup (FLaile) A A ()
xeX

[=0 iflyna=g
=1 it L,mtze

and

¢4 = POSS(D,, ix By=sup (D, (1) A Bly)

¥

=1 it D,mli=d
== | i, B

L)y and Ay, as well ws Dy, () and B(y), are fuzzy sets with membership funetion
cqual 1o 1 tor a given interval amd 0 heyond i, The truth value of satisfving Lhe
pattern (criterion (1) by a given layout sysiem is now ealealated according to the
classical implication formula,

The proposed model enables the evaluation of any facilities layout system and
makes it possible to choose the best one. The above problem can be formulated as
that of diserete optimization: max f{p). where pis the set of all permutations of
numbers 1,2, n. The review of all possible variants of the layout tor 5> 10 is
ineffective even for a fast computer, A precise branch and hound method (for
classical FLIP problems) based on the solution of the tra velling salesman problem, is
effective only for r< 10 (Gavelt and Plvtee (1966)). Foulds (1983). presenting the
results of the work by Sahni and Gonzales, stated that an offcetive algorithm for the
probiein with dimension 5. 10 iy urtlikely to be found sinec it is an NP-complete
problem. Henece, the attempts 10 find approximate methods are of great importance.
Many of these heuristie methods have been discnussed by Foulds (1983) and by
Bonney and Williams (1977). In §5. the heuristic algorithm. based on the H{ 66
algorithm coneept (Hillier and Connors 1966} is presented.

3. Heuristic algorithm for the exemplary approach
Assuming thad in the case of () -(0) patterns being applied as eviteria, the

[ollowing parameters are given (in the form of Tuzzy sets):
I the interrelationship degrees for facilitios (link values) —matrix L=|1
2. distances between loeation places— mateix D=1l and

3 costs of installation of cach facility in each possible place— matrix KK

ijinxn‘

ij |nxn'
If the number of facilities » equals that of possihle places {which does not. change the
generality degree of considerations) one should follow the following algorithm:

" Create the matrix L', where an element L=y (formula (12)) and the matiix
1 where the clement D =g (formula (I3)) for i=1... ., k= n, g

Copyright © 2001. All Rights Reseved.
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=1,....m r=1.....n assuming for all i=j and k=r, Ljy==1 Substitute
RL: =1 and RIY: =1

2° (reate matrix F of clements K, =@ (formula (15)) for all i" and “£".

37 Sort out the elements in columns of matrices RL and R in a decreasing order,
denoting the obtained matrices by L” and D7, respectively.

4° Determine the matrix of assignments—aA (‘truth losses’) according to the
following ‘step criterion functions’:

a+h
Ag=1- %(f‘"kr+_, ) {20
where
1 , )
“":_EZ(“*LM“*‘DJW)AI) (21)
| ‘iefé’
and
1 n -1¥|
b= 3= LR+ DR ATy (22)
L _}_'1

in which [#1 is cardinality of set of laid out elements; & s set of indices of Tayed
out-elements, and piis index of the location place of *i’ facility. (For the first pass’
|#l=0and ¥ =¢, a iz assumed to be (1) .

5" Choosc an assignment of the kth facility to the fth place so that it will provide the
minimum ‘truth loss’, applying the VAM mecthod (VogePs approximation
method, (see Appendix 1); substitute 2= ¥k}

6° Delete the rows and the columns in the matrices RL' RE corresponding 1o the

chosen facility and its location place.

* T one facility has been left, locate it al a remaining place, otherwise repeat the

algorithm once more, beginning with step point 37,

-1

In order to illustrate this algorithm a simple numericpl example has been
presenied in §6.

Tt should be noticed that the proposed aigorithm is based on the hranch and
hound method. The basic difference between them is Jack of ‘returns’ 1o onee rejected
branches of the ‘solution tree’. Also, only one part of “step criterion function’ {egn.
(20)} is estimated by finding its upper bound (eqn. (21)). The matrix A, based on
which assignments in the proposed algorithm are performed, may be interpreted as a
matrix of ‘troth value losses’, associated with the satistaction of the (7)) and (&)
eriteria selecting a given layout. The lowest loss of the truth value is gained tor the
layout providing the maximum value for the expression in brackets in cqn. {20). The
part denoted by a in eqn. (21) enables one to determine the potential for increase of
the truth value per cach new link of already Jaicl out. facilities. resulting from the
location of the ‘& facility at the ‘I place (or the mean truth value of the £ facility
located at the [ place, satisfying criterion {a) together with the facilities having
already been laid out).

‘b (in formula (22)) is an estimate of the upper bound of the truth value for the
prospective increase of the (o) criterion satisfaction, resulting from the location of
the ‘&’ facility at the Ith place. One can formally rewrite

1 n—L.‘/’I
l=max — “ S (1= RLi, + R Al (2:3)
per M - ’ i=1 !
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Fuzzy” approach to facilities luyout problems 1131

where 7 is set of all permutations of indices of facilitics not laid out, p is permutation
of mdices of facilities not laid out, and p; is the jth element of permutation p.

It is possible to rewrite the formula (23) in the form b of the formula (22) due to
the application of ‘the maximum truth value theorem’ presented together with s
proof in Grobelny (1885). See Appendix 2.

6. Simple example problem

Let us assume that four experts are involved in a problem of estimating data for a
given plant layout. They formulate opinions on link values of facilities, distance
values between places and installation cosls. Each experl uses five linguistic
expressions which are fuszy sets defined on appropriate universes. Definitions of the
expressions are given in Fables 1-3.

Let us assume thal for Ly —link value, the human experts gives the following
estimates: L= v_big, L3 =v. small, L¥=medium. L{ =+v. big. For the sake of

X (artificial universe)

] 2 3 4 b
1. Very small (x) 1-0 02 00 0-0 0-0
2. Smali (x) (\3H 1) 0-h 1 0-0
3. Medium () (-1 08 1-0 08 o1
4. Big () -0 0l 0-5 1-0 0y
5. Very big (x) 0 00 00 0-2 10

Table 1. Representation of the linguistie expressions as fuzzy categories in the universe X

¥ (distance universe certain length units)

10 20 30 40 50
L. Very small (i) 1-0 -2 00 00 0
2. Small (y) 0-9 1) 05 0 00
3. Medium (3} 0-2 o8 10 08 o1
4. Big (y) 0D 01 s 1) 09
5. Very big (1) 00 00 00 02 10

Table 2. Representation of the linguistic expressions as fuzzy sets in the distanve (cost)
space Y.

(! (cost universe in §)

10000 20000 30000 40000 50000

L. Very small {¢) 1-0 02 (-0 0-0 0-0
2. Small (¢) 09 16 (5 0-1 00
3. Medium (o) o1 0-8 1-0 o8 0-1
4. Big (r) 0 01 05 10 09
5. Very big (c) 00 00 00 02 10

Table 3. Representation of the linguistic expressions as fuzzy sets in the Apace €,

Copyright @ 2001. All Rights Reseved.
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simplification it is assumed that the set of “possible expressions of links'—/# (§3)
containg B expressions defined in Table 1.
Using formula {7} one can calculate:

(L2 = POSK(L s L7 L s B)y=sup (v. bigiz) A v. smalliir))

xeX

=sup {00, 00,040, 00,00} =0-0

By analogy:

LD =10, P =02, 0B =00

Now using cqn. (8)

1.2
W12y Ty
(2= 2 3
4
The interpretation of the value €45 2 is that the Tst expression from Table | (very
small) is consistent with the set of experts” opinions on 12 link valiue with the grade
bl
0-3. One can also cheek that the best for representation of experts opinions as to the
1 2 link value level is "big™ sinee

max (4= 2 =067,
!

Matrix L. is shown below, the result of calculations similar to those presented above,

[Facility
number | 2 3 +
¥ Big Medium V. osmadl ;
L= 2 x Big V. osmali
3 ‘ &x Small

In the same way. the matrix of distances (costs of transportation) between locations
can be developed. Matrix I shown below. contains both fuzzy (linguistic) yalues as
well as numerical estimates. This indicates flexibility of the proposed model in the
face of different types of available data.

Location

numbaer 1 2 3 4
1 ¢ Medium Small 38
= 2 x 15 Big
3 & 50

Tuhle 4 contains installation cost values. Some of these values are fuzzy. others
are accurately measured numbers or intervals of real numbers,

To use the proposed algorithm one should prepare given datain an appropriate
forny. In accordance with step 1 of the algorithm matrices L and 2" should he
constructed. For example:

L, =p = PORS(L, 5 s V. big) =sup(Bigla) A ¥, big(a))

xeX

=aup F0-0_ (-0, 0:0_02 (+81 =09
P f

Copyright. @.2001...AlLRights.Reseved.—
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Location number

Facility number | 2 3 4
| Very small More than 350006 Very big Yery hig
2 40000 More than 35000 FA000 15006
3 SOGOG-30000) Medium 25000 32000
4 1000020000 Very big 45000 Less than 20000

Table 4. Cost matrix K (assessed by experts).

Computing in the above way (and adding | for L} and D};) we obtain

] 2 3 4

I/ 10 09 02 00
2 [ 09 10 09 00
: 02 09 10 01
4 \ 04 00 01 140

]J’

Il

=R

In order to constitute matrix /) an assumption is made that the mem hership
fanetions of Lthe expressions given in Table 2 are linear hetween diserete points of the
universe Y. For example

D=V = POSS(D,; is V. small) =sup(¥5{y} ~ V. small{y})
yeY

=V, small{i3)=—008-15+1-8=0-¢

where 15(y} means singleton, ic. fuzzy set with only one element (15). and
membership grade equal to 1.

Then the matrix 7Y s as follows:

| 2 3 4
oo 02 09 00
202 10 06 0
¥ - .
! 3 09 6 10 0-0 {:=RIN)
4 0-0 01 (-0 1+ .

Assuming that expressions more than ‘e’ less than A" are ‘normal’ (non-fuzzy)
sets defined in the cost universet, o —b. ‘normal” interval and ‘e’ normal number
(singleton} in (7 universe. one can construct matrix F as follows {step 2 of the
procedure):

Fio= PORSS(More than 330007 is V. smally.

=sup (> 35000{c) A V. small{e)} =00
e

TTn the “fuzsy language’ it means that all elenients which belong to these sets have a
membership grade equal to 1.

Copyright © 2001. All Rights Reseved.
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where more Lhan 33000 (¢) is the fuzzy definition of normal set of numbers > 35000 tn
universal (7 (ie. all numbers greater than 35000 have got the membership grade
equal to 1 and the other equal to 0),

Matrix # is

Loeation
facility 1 2 3 4
1 1-0 0-0 (FQ) -0
P 2 00 00 06 06
3 0-0 02 01 00
4 1-0 00 (-0 1-0

Sorting out clements of columns of L™ and 1) in descending order {step 3ot the

algorithm) one obtains

(0 10 10 10 0 10 10 140
Lo | 090000 01 10 _ 09 06 09
04 09 02 00 02 02 06 00
02 00 01 00 00 01 00 00

(The indices (03 means the Hirst pass” of the procedure.)
I order to apply step 4 of the algorithm. we determine matrix A for the first
pass’ according to formulac (20)-(22). Por example:

AR =130+ 500+HT +0T+0-3+1))) =081

The full A© matrix has the form:

Facilities Locations
numbers 1 2 3 4 numhers
I 0-27 0-79 075 0-84 048
4O 2 080 081 049 066 (17
’ 3 (r76 67 071 (r82 004
4 125 7hH 075 25 1)
0-02 008 022 041 The VAN
indices

According to the 'VAM method {sce Appendix) we ean choose the firet location. We
assign facility numbered 1 to the location which is 1. Tn this way, the 5th step of the
proposed procedure is completed. Realization of the step 6 of the algorithm gives

2 3 1 2 3 4

2 10 09 00} 2 14 06 Ol

RI= 3 {09 10 ¢l giy=13 06 10 0D
4 Lo ol 1+4) SO () I VTV R

Now. hecause there is more than one non-assigned facility (step 7) we go to step 3
and sort out the elements in columns of BL and RIY. We obtain

2 3 El 2 3 i

1-0 140 10 10 1-0 10
LE=1049 09 O] =106 06 ol
o0 0l (r0) O 00 00
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The new “{rue losses” matrix AV will be construeted according to the formulae
(20)-(22) as in the following example:
AR =1 = OO0+ 503 +40 +OTH 1) =07
The finat A" matrix is as follows:
2 3 1

07 023 045 | (022
AWM= 3 o453 062 062 | 009
4 VoeRa 0B 0107 040

3

012 027 035

‘The chosen assignment is 4 —4 {facility of 4 numbers in the 4th place). Matrices KL’
RIY.LY M3 tor the third pass are as follows:

2 3 2 3
2 1-0 0-9 2 1-0 0-6
= ') =
Rli= 4 ( 09 m) RIP= oy (n-fi 10 )
2 3 2 3
1) |-} IR 1-(
11(2): 11{2}I
. (0-9 -9 ) Y ( 6 06 )
And the final A% matrix in the form
Taeility Location
inumber 2 3 number
Jo. 2 073 024 0-49
) 3 (44 5 {06

(r2% 0-26

We choose 23 location ard the remaining facility (ie. 3) is assizned to the
remaining place (e, 23 T s vhe end of procedure. The diagraim of Tavout obtained is
shown in Figure 1.

Analysing cost matrix € we can see that a given plant layout is the best one if
only lecation cost is taken into account. Applying the ‘maximal mean troth value’
theorem (see Appendix 2) to the data given in matrices L, DL LI one can find the
upper hound on the values of 0{p). In this example, the upper bound is equal to 0-95.
Theretore. the solution given by the proposed algorithm is optimal {(comparing it
with value of fiip) for a layout given by the algorithm).

7. TPossible developments of linguistic patierns

Tt should be noted that the proposed algorithm is of the construction” Lype and is
one of many possible solutions to the problem presented. 1t does. however, show that
the idea of branch and bound may be used in the problems of Tayout planning with
fuzzy data, Grobelny (1986) proposed the application of this ides shown for a search
of optimal solutions according to the classic approach of Gavett and Plyter (1966),
However, having a set of linguistic patierns, one can directly use some of the
ilerative methods, for example CRAFT.
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L= BiG
D= SMALL
K=V SMALL K= MEDIUM K3=15000 §
@ L MEDIUM @ Lyy=BiG
1 2 3
Lye SMALL
D= BiG
K= L. THEN 20000 §
Ly= V. SMALL Lip= V. SMALL
Dy, = 38 @ Di3=50
4

Fignre 1. The diagram of a layout given by proposed fuzzy algorithm.

The use of linguistic patterns expressed in the torm [F o THEN & does not impose
too many constraints on the forms of expressions e and b, Rather, it enables one to
construct specific sets of criteria (patterns), adapted to an actual situation. and Lo
ake into account a lot of other variables. For example, using a fuzzy relation as a
representation ol an expression ‘4 and Bt (Zadeh 1973, Karwowski and Kvans
1986), the following example of linguistic patiern can be introduced for every pair of
facilities in the given layout.

If the link value="‘very big’ and the cooperation
time=‘very long’ then the distance=="‘very small’

Thug one can obtain a simple model of a eertain dynamic problem in which the
estimation of arrangement of facilities depends on the intensity of interrelationships
(link values) as well as on the expected length of time (cooperation time) of these
interrelationships. Assuming that an approximate working time of a given system of
facilities is known that one can estimate (in a fuzzy manner) the cooperation times of
particular pairs of facilities (starting from the end), then the above linguistic
palterns may be a basis to formulate an arrangement including the expected
development (ie. an inelusion of new devices and or the new Jinks in time).

T.c.if A is a fuzzy subset ina universe of discourse {7 and Bisa fuzzy subsetinauniverse
of discourse V. then the cartegian product A x s defined as a fuzzy relation:

AxB= Y (A A Blrinr)

R=Ux¥

where Z is a symbol of union, A iga minimum opetator. ) in denotes an element i of the
inembership funetion Cw). R is usually given in the form of a matrix.

e A T TR A S A A S TN, CUW@W@?W’”WR@SE%G --------- e L
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Eastman (1973) notliced that the problem of an arrangement is a very
complieated and multi-eritical process. In his approach, based on the heuristic
search (automated space planning). he introduced many eriteria in the form of
relations which should be satistied in any aceeptable arrangement. Forexample, the
following reladions: adjacent. sight. distonce, orient which denote adjacency of a given
facilities pair. wiitual visibility of a given pair of clements (facilities), a condition
imposed on the mutual distanee and a condition imposed on the orientation of parts
ofa given pair of devices in relation to one another. respectively, shonbd be satisfied,
Althongh it is obvious that these are the non-sharp relalions, Eastman represents
these relations in the form of classic, strict, mathematical conditions. Bach of them
may he introduced to the set of linguistic patterns which form a fuzzy model. The
form of such patterns, determined by a definite situation. can vary, One may
imagine, for example. the following eriteria;

1o adjacency of (4.9) pair is necessary THEN faciiities © and § are adjacent,
2. 1F vigual communication hetween i, j facilitics is necessory THIN a site i from

&

g oand j from 4 is possible.
3. TF adegree of mutual work disturbance for the i— pairis big TITEN a distance
between + and § is fong.

When the italic expressions are delined in the form of fuzzy sets in proper
universes of discourse, then for any given layout one may count a trath value of
fulfilment of the above patterns by every pair of facilities, using formulae (5) and (6).
However applying the approach analogical to the presented one, one may count a
mean trath value for the whole arvangement (formula (16)). and next aggregase the
tridh values Tor all eriteria as an arithmetic mean of a funetion having the 171
{§-4) properties. In the case of the above pattern set, one cannot directly apply the
exemplary approach. In order 1o do so, it would be necessary to use the adequate
moditlar net: which divides the whole accessible space into individual places.

The presented examples are not the only potential possibilities of the ariteria
construction in the form of lingnistic patterns. However. they arc indieative of great
possibilities in thix field, especially perspectives for consteneting the Hexible methods
of computer-aided facilities lavout. design.

8. The problem of ‘predeminance’

Any new approach, or algovithm in the field of industrial enginesring induces the
following hasic question: what are the predominances of a new approach over the
methods existing in the given field? The answer to this question consists of supplying
documentary evidence for hetier effeets of the new algorithm over the existing ones.
These better effeets mean that the new algorithm should give betder solutions or
reduce the cost of searching for solutions.

Uniortunately, such a settlernent is not possible in our ease. Since the proposed
approach is predestined for w situation in which an arrangement. is looked for in
conditions of non-sharp (fuzzy) knowledge abont. the input data., it makes no sense Lo
compare it with any of the classieal approaches
numerical input data.

predestined Lo well-detined,
However. one conld treat the classical Muther's scale as an existing model of

tuzzy data representation. The (uzziness in this model is eliminated by use of precise
numbers (1-6). To prove the predominance of the fuzzy approach over Muther’s-like
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propositions, one should use both methods in a variety of practical situations and

compare the results. Some of the theoretical premises, testifying Lo an advantage of
the fuzzy approach in a fuzey environment, are as follows:

The fuzzy approach is more general than numerical representation for
linguistic variables (seales of the ARIOUX type). In such an approach, one
may even use exact measurements (if they are altainable) of input variables
and their different levels will be differentiated. It is also possible (sece
‘exemplary approach’) to use ‘the sharp’ intervals of variables which (in the
range of information quality) correspond with the rank approach of Muther.
Fuzzy models allows one to use less andfor more precise (fuzzy) information
(expressed in the form of membership function) which is not possible in the
alternative approach discussed. Such ‘qualitatively differentiated” infor-
mation is distinguishable only by fuzzy models and it makes thein more
applicable in the face of fuzzy knowledge.

The use of categories of logical truth gives additional information about the
distance of a given solution from the “fully true’ solution {i.c. from a certain
‘absolute’y. Tn the solutions based on numerical representation. only relative
comparison of two arrangement is possible, In some cases, however, it is
possible to estimate the upper hounds or lower bounds as well as Lo apply the
tuzzy approach (see maximal truth theorem, Appendix 2).

A general form of a linguistic patteen allows for flexible formulation of the
model's eriteria in a way close to the linguistic deseription of a situation. This
may be of particular importance while constructing the flexible and interac-
tive computer models,

There are also a few premises testifying to the approach of Muther's type. Here
are the most important:

1.

The tuzzy approach needs the determination of fuzzy representation of the
expert’s knowledge. In spite of practical rosearch in this field {for example
Freksa (1982)) commonly acceptled standards (patterns) of eolleetion of the
required data and construetion of a fuzzy representation of the linguistic
variables do not exist. In the approach of the "ARIOUX type, the problem of
representation is omitted by the arbitrary assignment of numbers to the
particular categories.

At present. the classical computer algorithms utilizing the pumerical ap-
proaches ave more efficient than fuzzy modifieations <inee they compte less

information,

Although the definitive solution of the dominance problem requires intensive atid
multidirectional studies, the practical applications may be the final arbiter in this
respect.

The advantages and disadvantages presented above concern not only the
proposed approach, but any other foresceable fuzzy formulation of the facilities
layout. problem. In cvery case, the essence of fuzzy approach will be fuzzy
representation of the input data and the application of some ingtrument from the
fuzzy set theory for the proper treatinent of data to obtain the arrangement. which
best satisfies the fuzzy requirements, Therefore, in every case there will he

indications of predominance of the first (1) type.

Copyright © 2001. All Rights Reseved..
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9. Concluding remarks

The presented fuzzy approach to the problem of facilities layout planning proves
that the use of inaceurate data need not be connected with reduction of fuzziness
which is naturat in such cases. This proposal corresponds to the opinions presented in
the work of Karwowski and Evans (1986). According to these views there ate such
situations in which it is more convenient to usce fuzzy variables. In general. it is more
convenient to use inaccurate, linguistic terms rather than precise, numerical

ralnes—bhecause the ‘cognitive distance’ hetween natural principles of the brain-
work and non-sharp notions ig (prebably) smaller than in the case of numerical
quantities (Freska 1982). Furthermore, the mistakes made during the estimation of
physical quantities are the least when this estimation is based on fuzzy categories.

The opinions presented hy Karwowski and Evans (1986}, and also the resulls of
Freska's studies lead to the formulation of a general thought about the relations
between the precise, analylical approach and the fuzzy proposals in industrial
engineering. Such thought may beexpressed as ‘the principle of interdetermination’.
The more precise quantitics are used in the model. the greater the possibility of
making mistakes, although the setilements of more precise models are {(apparenily)
maore aceurate. Insuch asituation the fuzzy approach may be one of the ways for the
scarch of rational compromise between the precision of models and veliability of the
obtained results.

Appendix 1
The sequence of caleulations in the VAM method (Lis and Santarek 1980):

{#) The differences between the two smallest elements are caleulated for each
row and each column of the matrix:

D= A — . N = i |
W=A; ,,— A =120, H
where 1, = 4, . and these are the two smallest elements in the row 7,
A e — -
Ne=App—Au p=1.2.....n

where A, .= Ay, are the two smallest elements in the column p.
(h) A row {or column} is chosen to which the greatest calenlated differences
correspond: it is the & row when

B, = max (R.('))
Lp=1..... n

or ecolumn p, when

(!

i p)

Cp.= max (R

(") Tn the chosen row i, (or the colomn ) of matrix A, the minimum element is

songht, This is an clement from the p, column when
Apope= min (A, p)
p=1l.....n

or an element of the 7, row when

Ay p= min (A
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The facility corresponding to the ¢ row is located al the py place. At cach step
matrix A lessens, and consists of different elements--thus for a given matrix 4. the
caleulation eycle finishes after step (¢} has been performed.

Appendix 2. Theorem ‘of the maximum mean truth’

Let praps.....ps denote the set of ‘truth values™ of the statements
AL Ay o A and py2paz . 2.

[etqq. s - - - . gy denote the set of “truth values, of the statements BB, B,
and g, =q, 2 ... Zq, with g, 9,0, 1].

Let A;=1; denote a generalized implication and £;=min (1.1 —pi+q)—the
truth value of this implication (Tsukamoto 1983). Then the following theorem is

true:
| 1 &
m:}x (-n i; "ivr.):'?;_' i; ti-
P-set of all permutations of numbers 1,2,.... n oand m—ith clement of the

permutalion 7. That means that the greatest ‘mean truth value™ in the get of
implications {A,=B;}F. | is obtained when the statements of . and B tvpes are
ordercd respectively in a non-inercasing way, aceording to the estimates ot the truth
ralues: p; and g ie. A (=8B A,=0,0. .. . A,=1,.
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/

s agit d'une présentation de formalisation de lapproche floue au probléme
de la conception de disposition des facilités. Un exemple de concept de
‘construction’ lloue de type algorithme fondé sur Nidée de la méthode HU-66 est
mitroduit et llusteé par un exemple numérique. Les possibilités de modelage tlou
de quelques cas particuliers de problémes de disposition sont discutés. Le
probifme des prédominances théoriques d'un modéle Hou part rapport aux
approches similaires & Péchelle AKIOUN fait également Pohjet de discussions.

Ks wird cin Vorschlag zur Formalisierung des aut der “unscharfon’ Logik
basierenden  mengentheoretischen  Ansatzes  zur Lisung  des Anlagen-
Lageplanproldems vorgestellt. Als Beispiel wird der Begriff cines unscharfen
‘konstruktionsartigen” Algorithmus cingefiihrt, der auf den Ideen des HCL66-
Verfahrens beruht, und der an einem zahlenmilligen Beispiel veranschaulicht
wird. Fx wird die Méglichkeit besprochen, gewisse Sonderfille von Lageplan-
problemen it unscharfen Modellen nachzubilden. Ferner wird das Problem der
theoretizchen Uberlegenheit des unscharton Modells iiber andere Lilsungsansitze
wie die AEIOUX-Skale besprochen.
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