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EUCLIDIAN DISTANCE FACILITY LOCATION

M. Huliisi DEMIR (*)  Kaan YARALIOGLU(*¥)

LAYOUT PROBLEMS WITH EUCLIDIAN DISTANCE

Facilities layout concerns the configuration of departments, work centers and
eguipment, with particular emphasis on movement of work through the system. Layout
decisions play o key in the design of productive systems, affecting operating costs and
efficiency. But not all layout problems justify the use of computerized algorithms such
as ALDEP, CORELAP or CRAFT. As an example, some layout and location problems
involve the location of a single new facility in an existing layout or the design of a lay-
~out for a single department. = '

This article describes the problem of determining the localition of a single new -
facility with resbect to a number of existing facilities, by using Euclidean or Strainght
Line Model. Here. in this model, the minimization of the defined cost function 1s

THE MEANING

The design of production plant or any type of physical facility re-
quires that management consider the problem of layout. The term Layout’
is here used to indicate the physical disposition of the facilities. The term
encompasses both; ' ‘ ‘

-~

1. The location of departments upon a site
2. The location of work stations within a department.

The term indicates location strategy. Layout is one of the six strategic
areas that will determine the long-run efficiency of operations. The objec-
tive of the layout strategy is to develop an economic layout that will meet
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the requirérncnts of:
I 1. produét design and volume ( product strategy ),
2. process equipment and capacity ( process strategy )s
2 building and site constraints ( location strategy ).

Layout will affect the organization of the plant. Management's goal
is to lay out the system so that it operates at peak efficiency and effective-
ness. Layout decisions include the best placement of machines and equip-
ments (in a production setting ), offices and desks (in a otfice setting), Oor -
~service centers (insettings such as department stores). To achieve these
“layout objectives, a multiplicity of strategies have been developed. Among
them are three of very great importance.

A plant can be laid out in three ways: either to try to serve the needs
of the product (product layout €.g. traditional automobile assembly line,
where the product moves along an assebly or conveyor linepast a series of
work stations. Workers and machines perform the required operations in
processing sequence.) or to serve the needs of the process (process layout.
All machines that do the same job or all processes that are the same are
grouped together, such as painting, sewing, heat treating, X-rating, book-
keeping, inspecting shipping etc.) or a fixed position layout where the
product remains stationary and all of the required workers and equinment

“come to the one work area).

Product layout results when a high production volume exists for the
product, such that continuous production is justified. In a product layout,
machines are not shared by different products. In a process layout a given
machine can be used to process a variety of different products. Typically, a
given job is produced for a period of time, and then a new job is produced.
Rather than producing to inventory, the order is processed and shipped to
the customer. St -

— Of these three layout formats only the first two have undergone ex-
tensive mathematical analysis. In this conference, I shall tackle to explain
Euclidian Distance Facility Location Problems. We must keep in mind,
however, that unlike the straightforward mathematics of linear program-
ming, waiting lines, forecasting etc., the layout/location and design of .

- physical facilities is still as mucch an art as it is a science.
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'CRITERIA FOR A GOOD LAYOUT

Defining the boundaries on a plant layout problem 1s no easy under-
taking. In fact, the boundaries are different from one problem to the other.
‘There is a tremendous variety in the types of layout problems one may
face. This variety is due, partly to the number of ways plant layout prob-
lems develop. e.g. A layout problem may arise because of a chan ge in the
design of a product, the addition or deletlon of a product etc.

- The plant layout deagner rmght be called on' to cooperate with the
product designer, process designer and schedule designer. Plant layout
problem. can occur in a large number of ways and can have significant ef-
fects on the overall effectiveness of the production system. In searching
for a plant layout design that satlsﬁces we must agrce on the critenia for

evaluating alternative designs.

It is not p0551blc to deﬁne a good layout with any precision. Howev-
er, there are certain criteria which may be satistied by a good layout, and
these are listed below.

1. Maximum flexibility

2. Maximum coordination

3. Maximum use of volume available

4. Maximum visibility

5. Maximum accessibility

6. Minimum distance

7. Minimum handling

8. Minimum discomfort

9. Inherent safety

10. Maximum security

11. Efficient material flow

12. Identification

- 108 -



PRODUCT AND PROCESS LAYOUT TYPES

In a product layout, the product moves down a conveyor Or assem-
bly line and through a series of work stations until completed. Thisis the
way aotos are assembled, TV sets and ovens areproduced and soft drinks
are bottled. Product oriented layout types uses more automated and espe-
cially designet equepment than proces layout. The main problem in product
layout planning is to balance the output capacity at each work station on the
- production line so that it is nearly the same,while obtaining the desired
amount of the product. Management's goal is to create a smooth, continu-
ous flow along the asseembly line a minimum of idle time at each person's
work station. The term most often used to describe this process 1s assem-
blv line balancing. ' '

The processlayout can simultaneously handle a wide variety of
p1 xducts or services. Here the operations do not justify an assembly line
setup. process layout is especially good for handling the manifacture of
parts in small lots and for the production of a wide variety of parts in dif-
fe ent sizes or forms. A good example of the process layout in a service
management is a hospital or clinic, where a continious inflow of patients,
each with his her own problem, requires routingthourgh record areas,
oh irmacies, nursing stations and so on. ' "

In process layout planning, the most common approach 1s to arrange

lepartments or work centers in the most economical locations. In many fa-

cilities, optimal placement in the most economical location means minimiz-
ing material handling costs.

COMPUTERIZED LAYOUT PLANNING

The layout approaches stated above is adequate for small problems.
Operations sequence analysis method does not suffice for larger problems.
When 20 departments are involved in a layout problem, over 600 trillion
different department configurations are possible. Fortunately, there are
computer programs to handle layouts. The best known and widely dis-
cussed of these is called CRAFT (Computerized Relative Allocation of Fa-
¢‘lities Technique) , a program that produces good but not always optimal
solutions.CRAFT adopts minimization of total handling costs as the criteri-
on. CORELAP (Computerized Releationship Layout Planning), ALDEP
( \utomated Layout Desing Program) and RMA Comp 1 (Richard Mather
- & Associates) all adopt some form of proximity criteria. _.

The choise of program of course depends upon the user's objektives
and the particular layout problem being studied. It 1s importand for the
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user to understand the features of the program under consideration, and its
limitations. This is the reason why computerized layout problems classi-
fied according to the way the final layout is generated. According to the
first type classification, some algorithms constract the layout by building
up a solution "from scratch". Construction Algorithms consist of succes-
sive selection and placement of activities (depaartmens) until a layout de- -
signe is achived.The second type of algorithm is of the improvement type
where a complete existing layout is required initially, and locations of de-
partments are mterchanged SO as to improve the layout desr gn. f

SING1L.E FA( ILITY LOCATION PROBLEMS

As pomted above that not all layout problems justify the use ofAL-
DEP< CORELAP or CRAFT. There are a number of layout and location
problems which involve the location of a single facility in an cxrstmg lay-
out or the desing of a layout for a single department. -

Qualrtauve as well as quantatrve factors should be considered 1in
solving facility layout and location problems. However an explicit consid-
eration of both qualitative and quantative factors in developing the opti-
mum solution is a difficult undertaking, because 1t 1s difficult to combine
them 1n a quantative manner in order to obtain a satisfactory evaluation of
- alternative solutions.

A number of layout and location problems, which are solved by us-
ing a quantative objective, are then modified based on qualitative consider-
ations. This process 1s quite satistactory, and superior to an approach us-
ing only qualitative or quantitative considerations.

Here we consrder the problem of determining the location of a single
new facility with respect to a number of existing faciliies. The location we
~ seek is that which minimizes and appropriately defined total cost fllCthIl
Of cource the total cost must be proportional to distance travelled.

- A number.of interesting one-facility location problems exist and
could be solved by the analysis represented here. Some typicle examples
of one facility location problems are the location of a

- new lathe in a mamfacturm g jop shop, ,
. lrbrary in a campus area,

- new classroom building on a collage campus
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- copying machine in a library
etC.’ ~ -
Formulation:
m existing facilities are located at known distinct points

Pl . rm.

a new facility 1s to be located at a point X;'

costs of a transportation nature are incured that are directly propor-
tional to an appropriately determined distance between the new facility and
ex1$t1ng facility 1: -- -

~ Let d(X P1) represent the distance travelled per trip between pornts - S
and P1. _.

wi, rcpresents weigths or the product of cost per unit dlstance trav-
elled and number of trips ma1d per year between the new facility and exist-
ing facility i, : - "

- The total anual cost due to travel between the new facrhty and all ex-
_ 1st1ng facilities thus given as follows: -

f0)=Y wi. a(x Pi) -

=1

- The one-facility location problem is to determine the location of the

new facﬂlty, say X*, that minimizes f(x), the total annual transportatlon -

Ifd (X P1)= 10 km/trip, Wwi=20 DM/km xlOOO t:nps/year then
wi.d(X, P1)-10(20)(1000)-200 000 DM/year _

In many applications the cost per unit distance is-a constant. Thus,
the minimization problem often reduces to a deternnnanon of the location
that nnnnmzes d1$tance ‘*

~ Here the question arises as what is meant by an approprrately deter-
mined distance. The distance that 1S the straight lme or euclidian drstance
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If the coordinates for the new fac:1hty are x  and y and for the ex1st1ng fac:111—
tyrarealandbl so that '

X = (x,y) and Pi = ( ai,bi )

the Euclidian distance between X and Pi 1s defined as

a (P = (peat” + (-

X =

Euclidian distance applies for some network. location problems as
- well as some instances involving conveyors and air travel. Some electrical-

~wiring problems and pipeline desmg problems are also examples of Eu-
clidian distance problems

In most machine location problems, travel occurs along a set of

aisles arranged 1n a rectangular pattern parallel to the walls of the building.

In such a sutiation, the appropriate distances is referred as rectangular, rec-
tilinear, metropolitan or Manhattan distance. The rectilinear distance be-
tween X and Pi1 1s - _

d(X,Pi) = Ix-ail+Iy-bil =~ (3)

Rectilenear distance is appropriate in some urban location analyses
where travel occurs along an orthogonal set of streets.

. In some facﬂlty location problems cost is not a simple linear func-
tion of distances.It can be a grav1ty problem type. -

- THE EUCLIDIAN-DISTANCE LOCATION PROBLEMS

- The euclidian problem is also refered as The Stemer-Weber Problem
or The General Fermat proble.In fact, a version of the problem for the case

- m=3 and wi=1, for i=1,2,3, was posed, purely as a problem in geometry,

by Fermat early in the 17th C., was solved by Toricelli prior to 1640.The
problem was studied by a Swiss Mathematician called Steiner in the 19th
C., and by a german economist Weber early in the 20th C.. A duality re-
sult was obtained by Fasbender in 1846. However the problem completely
solved only in 1963 by H. W Kuhn. - e
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The euclidian problem may be stated as:
= = = e Ae e . e o

minimize f(x,y) =), w1 ((x - a ) Hy-b1) ) (4)

. e £

X,y _
In order to solve the problem, we have to compute the partial deriva-
tives of (4) and set them to zero. Assuming , e

(x,y) # (ai,bi),i=1,...,m, the partial derivatives are

o f (x,y) = e L wi(x-ai).
gx | =1 ‘ 1/2
((x-ai)2+(y-bi)2)

=

ofix.y} & Wig-b'i) . - =
o B - (6
oy =1 )1/2 o ()

((y;ai)2+{)?-bi)2

Equation (5) and (6) are undefined. Difficulties may arise when
the location for the new facility coincides mathematically with the loca-
tion of some existing facility. If it does not coincide, then the above
- equations would still give the necessary and sufficient conditions for a

‘minimum location of the new proposed facility. However, there 1s no
such quarantee and a modification of the partial derivative approach 1s
required. This modification is based on the two-tuple R(x,y). If (x,y) #
(ai,bi), i=1,...,m; then the definition 1s as follows: -
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§k= wi(ak-a1)

m
2
1= o~

. ((ai-ak)2+ (bi--bk)2

The two-tuple R(x,y) is defined for all points in the plane. Kuhn in-
stalls that a necessary and adequate condition for (x*,y*) to be a least cost
‘new facility location is that R(x*,y*) (0,0). The location of some exist-
ing facility, (ak,bk) will be optimum, if and only if wk>uk. Whereas we
have available necessary and adequate conditions for an optimum solution
to the Euclidian problem, we still do not have a way of determining

(X*.¥%).

From setting the cxpr_ession (5) equal to zero, we obtain

o iy wiai
=1 [{x-ai)z{y-bi)z] ; . . -1 ‘_ [(x-al) + (y-bl)ﬂ
and letting
gikx!vY):_____-Eﬂ_:_ﬂT’ i-"—'—-‘l,...,m |
(x-ai)”+ (y-bi)]
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Equation (7) can be given as

Y aigi(xy) e ey
=] - . ‘
K T s e Sim. from (6)we0bta1n y=
i=1 ' : e

ﬂ So long as gl(x,y) is defined, we can employ the followmg iterative
procedure:

Im
Y aigi (x*, y D,
s e - 5 (8)
T - -

2 g™ el
=l . '
Z b1g1 ( k- 1) gDy

e
® i
| y= _

m

e )
¥ ogx My

Note that the su pcrscnpts denote the iteration number
Thus, a startlng value (x(o)

,y(o)) 1s required to dcﬁne (x (1))

_ The iterative procedure continous untll no 1mprovemcnt 1S possible
or until a location 1s found which satisfies Kuhn' s modified gradient con-
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As an ill.ustirfative examaple for the iterative procedure , let
P1=(0,0), P2(0,10), P3(5,10), P4(12,6) and all wi values be equal.

The starting values of x"” and y(O) is found as follows:

(ODHOISHD_ 5 0 4108056, o

:

Therefore
px‘? y ).... P(4.25 , 4 00)
By using the formula gi(x,y) weobtain the following values;

e1(x Oy “’5-——-—-—-—-—--—-1--;--—-—-—-—- - 0.71
Y
1(4.25-0) + (4.00-0)7] /2

1

g2(x( (0))— i 0.136

[(4.25- O) + (4. 00-10)2] /2 '

g3(x (0)) - —"—""""‘“—"""‘}“‘“‘_"‘_‘_i‘“ = (.246
[(4.25- 5) + (4. 00- O)zj /2

g4(x(0) (O)) = -——————————————-}———————-———-— =0.125

[(4.25- 12) + (400 )211/2 '
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(v _ 0.71(0) + 0.136(10)+0. 246(5)+0 125(12)
10.71+0.136+0. 246+O ¥ B

e

= 4.023

(D _ 0. 71(0) + 0. 136(O)+0 2460)+0 125(6)
0.71+0.136+0.246+0. 125

. i =3.11

' Similarly we obtain

xV vy 4023 . 3111)

x?,y?)=(3.971, 2.074)

x?y P = (3949 ,2.627) , ', y"")=(3.981,2.045)
xP v? = 3935 ,2358), x?,y'?)=(3.987, 2.028)

x?yH= 3944 ,2209), x,y?)=(3992,2.011)

(10) (10)

x,y) = (3.958 ,2.124) , (x ) =(3.995,2.011)

By examining the values one can easily say that the least -- cost new
facilty location 1s the pomt (x*.v*) = (4.0,2. O)

- Before giving a detailed example of the above stated, we must assert
that if you place the new facilty close to the optimum, a very good solution

1s normally realized. When using the iterative solution procedure, we
should strive to obtain a very good solution by choosing an appropnate
stopping criterion for the procedure.

Example
Dokuz Eyliil University has employed a campus planlayoutj for its
two faculties, Faculty of Economics and Administrative Sciences and Fa-

culty of Law. A district heating system 1s to be installed, which will heat
each of four building. Considering the cost of installation and the heat
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losses it 18 agreed that the cost for the system is proportlonal to the square
of the euclidean distance between the heating facilty and each building. The
~ constant of proportionality is the number of avarage student and /or admin-
istrative and academic personnel at each building. The buildings to be

served by the heating system are located as follows; P1(12.9 , 23.6), P2
(18.4 , 23.6), P3(22.8 , 23.6), P4 (22.8 , 9.2). The location points are
- extracted from 1:500 scale campus, takmg 2cm =1 unit. The weights tak-

en are the avarage number of studcnts / faculty staff. wa=200 wb-wZOO
we=2000, wd-lOOO ~ .

- By using the squared Euclidian distance form: ?as the least cost loca-
~ tion for the central heaung facilty 1s found as follows ~ |

_ In order to use the 1terat1ve algonthm we have to ﬁnd the starting CO-
ordmates -

. Zw(a,) ‘ e o =
(0) = ZIXIZ9)+2(I)+(1&4)+2[III22.8)+ 10(1)(2.8)
: - _ 200+200+2000+1000

o del

x%=21 96

e
A RWIRNLY. . _
@y iet . o _ 200(B6)+ 20+ (B6)+ 2M(236)+ 1000(82)
£ gz 200+20+200+ 100

M s

. y(o); 19.07

s x ©y®) =196, 19.07)
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In the first iteration, gi values are calculated first, then by usmg
‘ the formulas given by (8) and (9) (x(1) y(1)) values are found ‘

51 @ (05 ot S S a0
/2 v s
{(21 96 - 129) 19.07 - 23, 6}}

g2( (02 y(Oa ____________________g_q_.owm . “34713

/2
[( 21 96 18 4) {19 07 23 6)% _

g 3ﬂ(x - y(o)) FEs e

[( 21.96 -22.8)+(19.07 - 23. 6}

e B e SO

- {( 21.96 - 22.8) {1907~ 8-2)]]

-  (D_ 12.9 (19 745)+ 18.4 64 713)+ 2. 8 (434 1()1)+22 8 (91 723)

T9745 + 34713 +434101+ 91723 "2219937

(1)_ 23 6 (19 745) +23.6 (34713) +236 (434 101) +8 2 (91 723)

. oY 5% 19745+34713+434101 +91708 "21 o

f Twenty iterative calculatlons are made by mcans of a computcr
program developt by us. The results Ate . &

(x®yY)= (22 19987, 21 1661)
[ ‘2,’ v = (22.37342, 22.33783)‘

xy)= (22.54508, 22. 93641)
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‘ 4 ‘ 2324577)
(x® y“*) =(22.6595,

5N 41, 23.40980}
(x©y®)=(22.724

h (19) (19) ={22.7999, 23.59997) ‘
xy ,

efore; vy ' s e int C.
. - (22.8 , 23.6 ),which coincides with point
(‘X*,y*)= 0, _

int
" ¥ rified that the po
odified gradient , it can be ve ility location.
b i) fzén % 12% 6 %rii(g least-cost new facility 1
(X%, ") =(22.5,2

L SRS R g A
200 (22.8-129) _ 2] e
Tl
1000 (22:8 -22.5 ) 7 = 400
3%
2
- 3-228)2+(8.2-23.6)] A
200 (23.6 23.6) — + . T 2]/2 |
" s msios e e

1000 (23.6-8.2)

| {(22.8‘ s 22'8 ) + (8'2 " 23.6 ) sy
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, o
u3 = [(400)2 + (1000}% /2= 1077

. W3 =2000 and w3> 3

'The point (x*,y*) = (22.8,23.6) is a least-cost location point.

EUCLID UZAKLIKLI YERLESIM

EUCLID sorunu 17. yiizyilda Fermat tarafindan gelistirilmis ve ¢oziilmiig bir
geometn: problemidir. Problem daha sonralan Steine-Weber ikilisi tarafindan tekrar
ele alinmig ve maliyet minimizasyonu agisindan mevcut tesislere en iyi uyumu
saflayacak yeni tesisin kurulug yerinin belirlenmesi sorununa adapte edilmistir. Bu
¢aligmada model, tekrar ele alinmag, fakiilte binalarina hizmet verecek bir kazan dai-
resi sorununu ¢bzecek sekilde kurulmug ve hazirlanan bir bilgisayar programiyla 20
iterasyona kadar ¢oziilmiistir. '
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