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explored, although there is some public interestthair

Abstract— The aim of this paper is to apply Goal Programming development. These reasons make the feasibilitysifithis

in facility location. The feasibility project of groject idea on
building an economic object is a defining moment tihe decision
making of the party that is investing on a certaiproject.
Generally, the feasibility is done based on the kb data
extracted by the practical experience of buildingdfunctioning
of similar existing object. However, it is understdable that the
accuracy of the feasibility results is increased evh different
points of view are used in combination with exact imeds of
calculation. In this aspect, it is important to pdéct the income
from the use of the object's capacities. This leads an
intermediary problem which consists in predictingehmost result
oriented use of the object’s capacities. If the ufehese capacities
can be mathematically modeled through optimizationodels,
then the basis of the data for evaluating the fdzility of the object
becomes clearer. In this study was considered thsesfulity of
using a mathematical model for the basin used byaht harbor.
As a result, it is shown that the optimal use of asbaby a yacht
harbor can be modeled as an objective function gesh, which

according to previously known methods can turn inta
mathematical programming problem.
Keywords— Goal programming, facility location, goal

programming, optimization.

l. INTRODUCTION

Since tourism in Albania is a very important sedtorthe
country’s economy, the central administration amel lbcal
ones are re-evaluating our specific resources eating the
legal opportunities for using them through the tingf and
approval of master plans in a local or nationaklev his
sector of the economy is of special interest tdecint
businessman and investors. In these circumstanices
touristic capacities are vastly growing. Besides ¢kisting
structures, there are new state and private psoj@otking
on increasing the touristic capacities ftre traditional
activities or new ones. In these relatively rapgelopments,
it is noticeable that the importance of the progw and

constructions of yacht harbors is increasings;

project a very delicate situation which needs tacaefully
treated by economists and technical planners.

Il PROBLEM STATEMENT

After defining the physical dimensions and tieeessary
structures of such a project, its cost can be tatled based
on the volume of works to be done and the pricesaterials
and equipment. This cost must be compared to diqied
income from the harbor. But, based on what faatast this
income be calculated? This is the crucial topic¢ thareated
in this study, where as an alternative is propdbeduse of
mathematical models as shown below.

Itis clear that the income coming from such aistiarharbor

is connected not only to marketing aspects, bui tdsthe
way that boats are organized in its basin. Differgays of
organizing the yachts in the harbor are charaadriyy their
structure and size, and from different levels ofoime.
Practically, the organizational system of yachtsd an
motorboats is based on experience and individual
assumptions. Obviously, if one must find an optinnse for
the basin of the harbor, then the use of mathealatiodels
would lead to more exact assumptions of the incdméhis
line of thinking we assume that harbor projectsjdies their
structural aspect, should be accompanied with ftenal
planning of the basin. With such a basis, the fBlisi study
would be much more reasoned.

The international experience in constructirgmnd
tationally using touristic harbors has led to tdgamced idea
of using the basin not only along the coast lingitits inner
part as well. This idea is technically realizedhnftoating
dock along which are put the supply lines for eleity,
technological water and fuel for the needs of thehys.
Normally, the form of the basin depends on theatarwhere
e harbor is constructed. But, having in mind loasins are
rmed by advancing in the sea and digging towdhds

Considering the size, structure aaglipment that ground, we take a triangular shape of the basintesis (fig.

these harbors have, their cost could reach up Hons of
Euros. In the time we are living in, when our exgeces in
building such touristic structures are not as dmved, it is
important that each aspect of the construction refse
harbors is well studied, especially the
environmental and financial aspects. Another reasahe
lack of the legal-administrative aspect of theindtioning,
which has allowed this touristic activity to remaiat fully
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1). However, the method we will explore here camatb@pted
to non rectangular shapes of the basin.

In this context we will name the touristic todoats and
sailing yachts that will be located in the toudgtarbors with

technicathe common name of “boats”. For their docking wé uée

the term “connection”. The part of the water basirere a
boat is connected to the other structures and shimg will

be named “boat-location”. Renting a boat locatianthe
harbor can be short term (a few days) or long t&some
decades). Since in the biggest part of the year bibet
remains connected to a chosen harbor from its qwther
owner probably would prefer to have its own boaiatmon
for a longer time period. In the model that we wiinstruct
we will consider this way of using the harbor, whiwill
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generate profit for each boat location. Obviousbats have
different lengths, starting from 7m up to 30m. Tehare also
very luxurious yachts longer than 30m, which reside
harbors that fulfil the yacht's and owners specifi
requirements. Based on the managerial practicésudsors,
the long term rent for a boat location, which ndiya
depends on its length, is classified as below:

Class | Its lengths Rent

K, g, euro/boat
G

Ky up to h=8m C1

Ka from h=8m upto k12m C

Ks from h=12m upto 15m Cs

Ky from hb=15m up to [F20m Cs

Ks from h,=20m upto E25m Cs

Ks from h.=25m upto &30m Co

The width of the boats is correlated to their léndfor each
of the groupsKi , 1 =1,...,6the widths are known and

reach known limits that we will appoint &, | =1,...,6

The floating dock, in the configuration presentedigure 1,
are parallel to each other and divided by an en&raanal in
two groups. The length of the canal must be appratély 25
m, which is enough for the boats to move freelyhé width
of the water basin is small, then there can onlgihe group
of floating dock and the entrance canal in thisecadl be
from the side. The connection of the boats can teed
through the two sides of the floating dock. Eacttyyside is
predicted large enough for certain types of boaisiftually,
they can be connected to smaller boats).

The IengthHij (or H, if we only take one indicator into

account) between the two floating dock is caladads the
sum of the boat lengths of both classgsK{plus 1.5 times
the length of the biggest boat. This water strealarge
enough to allow the boat to approach its locatiwh @erform
what is needed. Afterwards, to the above mentianed is
added another 2m, resulting in this formula:
Hk:Hij:hi+hj+1.5maX{h,h} +2
We will name this length the length of the wategrsent
which serves to two classes K i,j=1,...,6. It is noticeable
that the number of water segments is equal to timeber of
floating dock
The length of the floating dock (fig. 1) is:

d=2(b-25 meters (1)

The types of water segments that correspond tdiffexent
combinations (KK;) of the boat classes will be assigned as
Tw k=1,...,21

counted according to this row of combinations:
(K1,K1),(K1,K2),...,(K1,Kg), (K2, K2), ..., (K2,Kg), ..., (Ke, Kg).

The respective lengths of these segments will Hedhas
h(Ty), k=1,...,21. The amounts of the boats belonging to each
class which can be connected to a water segmgna#
calculated in equation (2), are:

ri(k){ d} W=| g

g
These amounts are shown in table 1. In continuaheach
row from that table are written the numbejs.c,cs which

represent the prices for a boat location of eaalssdK, ,

d ®)

i =1,...,6that are considered as components of the price

vectorscOR®.
A layout of water segments in the harbor is defibgdhe

numbers x of the water segments of each tydg ,

k =1,....21which are predicted to be established in the

harbor. So, it is understandable that a layouh&acterized
by a vectox'=(xy,...,Xz1), with componentsxk=1,...,21.
As mentioned above, water basins of yacht harlrertaged
partly towards the land and partly towards the beapecial
occasions the water basin can be layed only orobtieese
directions. However, one of the projection mattefsthe
harbor is defining how much the basin will lay ceck of
these directions. So, we assign:

%,[JR — the laying amount in the water basin

%3JR —the laying amount in the land.
floating dock wave holding

” AN = Fr

"~ wave holding

M. BUILDING THE MATHEMATICAL MODEL

We assign nthe number of boats belonging to the classdgwould be of high interest that the harbor plamtains as

K, i=

dock. This number is:

q cZ+6=21
i — 2
s @

Water segments can be created for every combinafitime
boat classes iK; i=1,...,6 and¥1,...,6. In our case their
total number is

n=C2+6=21

1,...,6which can be connected through a floatingn@ny boat locations for each lenght type, but thenount

depends on the size of the water basin and thérepeof the
classes. The sun}?'H,x,, shows the layout of the total
length of all the water segments of the plan. ia tase we
assignd,,; the matrix which is defined by the elements of
table 1.

A. The capacity constraint.

This condition expresses the physical limitatioat tthe sum
of all lengths Hof the water segments of a plan should not be
bigger than the double of the longitudinal extensio
a=X,+Xo3 Of the water basin of the harbor (fig. 1). This
condition is measured through this equation:
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21
z H X, < 2(X22 + Xzs)

k=1

B. The constraint of the boat classes

The managerial experiences have shown that a yachor
which is built to serve one or two boat classesswiall
lengths, does not achieve the expected success tfrein
activity. It is understandable that the presendargfer boats
in a harbor proves a more qualified service, tezdinand
administrative, and better accommodation conditid®s,
indirectly, the presence of larger class boatshis best
publicity for the quality of services that the harloffers and
at the same time leads to an increase in the nuofbievat
location requests for all different classes. Soisitmore
reasonable to have a wider spectrum of boat classes

It is known that the amount of boats in circulatatecreases
when the class’s index increases. That is the retied the
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D. The mathematical model.

We assign X to the vector with components.(X,X1,X22,X23)
where xcN, k=1,...,21 and %, %xR. So, the vector X of the
decision making variables is reached by adding/éwtor to
the plan x, the two new componengs and %sin real values
which represent the mass of advancement of therWwatén
in the sea and its infiltration into the water. Viissign
ci(X)=f(x), cu(X), c3(X) respectively the functions that
represent objectives 1,2,3 depending on the decisaking
variables. It is clear thab(@)=x,,, G(X)=Xz3 While ¢(X) is
expressed as shown below by using the data frole tafihe
objectives 2 and 3 are expressed respectivelyedgdnation:
Co(X)=x2,=a; andinequatiorc(X) =Xy3< &.

And now, the problem of rationally using the wdiasin of a
yacht harbor takes this mathematical form:

Ob.1. Maximizing the function of the income (6) whiclan

managers of yacht harbors start predicting minimaleveloped is:

limitations of the number of boat locations for thigher
classes since the projection time. The minimalthtons can
also be classified in special classes.

For a length class oK , i =1,...,6let’s assign ¢x) to the

number of boats which belong to the class of aageglan x.
Considering what is mentioned above, the number is:

9i(})=(AX);i (4)
If the minimal boundary set for this class is tNen the
boundary is expressed by the inequation:

GiCO=N; (%)

To make the idea proposal a bit more concrete,uppase
that the minimal boundaries belong to the groups<la
(Ks,Kg) and for the special classeg &hd K We assign these
boundaries as N, N, and N respectively. In the cases when
the limitations are set for groups of classes theice of a
model can lead to the non-inclusion of one of theses. But,
it is important that the classes spectrum is cotapgo, the
final plan must guarantee the presence of the larigsses

which we suppose isKsuch a request is realized by adding

the limitation that the sum of the xalues for k where
ngk)#£0, must be>1. For the group class éKe) this step
belongs concretely to class.K

C. Goals
We assign f(x) to the sum of the total income filonmg term
leasing of all the boat locations that the hardangontains.

Keeping in mind the meaning of the matrix prodéex ,

and the product of the vector c components, ilgiar¢hat the

analytical expression of f(x) is:
f (x) = c"(Ax)

We assign:

a; -the distance from the coast, of the line wheeedspth is

4.5m.

a, -the maximum boundary of the laying inside the gbaf

the water basin without natural, administrativepooperty

obstacles.

With these symbols we can formulate the furtheectiyes:

Ob.1. function f(X) should receive the highest value

possible.

Ob.2. advancing at sea,x should be as close to, as
possible.

Ob.3. inserting the water basin inside the groungishould
not be bigger thamna

(6)

C1(X) =2MmC1X1+H(MC1+N2Co) XoH+(N1C1+N3Ca) X3+ (MCr+NaCa)Xa+
*+(MC1+HNsCs) X5+ (M1 C1+NeCe) Xe+2MCoX 7+ (NpCoHNCa) X+
+(MCo+N4Ca) XgH(NpCotN5Cs) X10F (MpCo+NECe) X11+2MaCaX 1 2+
+(N3Ca+N4C4)X13H(NaC3+N5Cs) X14+(NaCatNeCe) X15+2MCaX 16T
+(N4C4+N5Cs) X1 7+(N4CatN6Ce) X181 2MECsX 1 g+ (NsCs+HNCe) X0+
+21NsCeXo1

Ob.2. Achieving this equation:

%=a
Ob.3. Achieving this inequation:

%3< .
With the condition that all of the above conditicare made
true through these inequations:

21
SHX <206,+%)
=1
n5x5 + n6X6 + I’]5)(10 + nGXll + n5X14 + n6X15 + I’]5)(17
+ n6X18 + 2n;'>X19 +(n5 + nG)XZO +2rl5X212 N5,6

XG +Xll +X15 +X18 +X20 +X2121

n4X4 + n4x9 + n4X13 + 2n4X16 + n4Xl7 + n4X18 2 N4

n3X3 +n3x8 +2n3X12 +n3X13+ r]3xil.4+r]3)(152 N3
x, ONC{0}, k=1,...,21;

X, 20,X,320

(7)

This mathematical model is a goal programming motle¢
solutions of the problems for goal programmingfatend by
returning them into mathematical problems (for egkem
[31,[4],[5] etc). In our case, just as the funcom(X), cx(X),
c3(X) express the objectives of the problem, the uatipns
of the boundary system (7), are all linear. Thiansethat the
mathematical program also will be a linear prograngm

In order for the goal programming to turn into aekr
programming it is necessary that the objectiveschvin the
problem setting do not have any numerical targetdafined
in the most argumented way possible. In the caseuof
problem, related to the first objectives which cams the
expected income from all the boat locations, thiereno
expressed numerical target. In this case thosestdy the
project and calculate the cost of actualizing theobr and the
expected income ratio, also define a satisfactanpuat
which makes the project feasible. We assign thisfaatory
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amount with the symbol F. The depthsaad aof the harbor
insertion into the sea and land are the targethéother two
objective functions £(X) and g(X).
We assign:

Yi:Y1iY2:Y2:YsYs OR
the variables of the function values deviatiofs<}; c,(X),
cs(X) by the respective targets for each allowabletgm X
of the system (7).

With the insertion of the deviation variableis possible
to turn the problem into a linear programming tlglouhe
two transformational operations:

(1) Construction of a summarizing objecfivaction

(2) Insertion in the limitations systemeofiewequation
for each objective.

For the problem in our case these opersitina set out
as below:
(1) According to the weights method, as a summagizi
objective function we use a linear function of theviation
variables, whose coefficients are defined basedthen
importance of each deviation. In this actual cage oan
consider as an important amount not passing thennuax
limitation of how much we lay into the ground andter (3)

and we give a Weighﬁng = 5to the variable of surpassing
this limitationy , while to the variable of non achieving this

limitation Y, we can give the weighto, = O since not

achieving that limitation is not important.

For a sandy coastline, as it is the biggest portib our
coast line, we can initially take as a valythe distance from
the depth of 4.5m. Probably, this distance givesharbor
adequate dimensions. Not achievinglaes not cause an
issue for the selected objectives. That is why sggan the

weight @, = Oto the variabley, which shows how much
the a distance is not reached. Meanwhile, exceeding th

distance ais important because the expenses of building th

wave holding become much higher compared to theast
where the distance is not exceeded. For this redlsen
variable y; receives a positive weight (see below).
Finally, for the first objective of maximizing inme,
exceeding target F is not problematic. For thisoeathe
variableyI is assigned a weight qf)f =0. 1t is also

crucial that this target is achieved. Based on dbwual
circumstances we can compare the increase in eaperen

r Facility Location Planning

@)ty - Y; =F
% +Y,~Y, =a
% +Y;—VYs =

Finally, by adding the limitations (7) to the thrdast
equations, the problem of optimal use of the whésin of a
yacht harbor turns from an objective function peogrto a
linear program with mixed variables:
Min:®(X )= ;Y1 +0,Y, +03Y;

=3y, +2y, +5y;
With the constraints that the system of limitatidredow is
verified:

2n,c,x, +(n,c, + N,C,)X, +(N,C, + N,C;)X,
+(n,c, + n,c,)x, +(n,C, + N )X, +
+(N,C; + NeCq )X +2N,C,X; +(N,C, + NyCy)Xg +
+(N,C, +N,Cu)Kg +(N,C, + NGCo )Xy +
+(N,C, + NGCq )Xqq + 2N LoXp5 +(NC + N,Cy)XKy5
+(N3C5 + NCs)X 1,y + (N3C5 + NGCq)Xy5 + 2N ,C X416 +
+(N,C, + NsCs)Xy; +(N,C, + NGCe)Xyg +2NCeXpq +
_ A
+ (n5c5 + nece)xzo + 2n6C6X21 Ty, -y, = F
2 " -
X2 Y, ~Y, =
_ .
Y~y =4,
21
Z H Xy € 2(X 5, + X45)
k=1
NgXg +NgXg +NgXpg +NeXyy T NgXpy T NgXyg +NgXyp +
+NeXyg + 2N X1 + (N5 + NG )Xy +2NX 5, 2 Nsg
Xg T Xqg ¥ Xq5+ Xg+ X0+ Xy 21

X23

—

g

N, (X4 +Xg + X33 +2X6 +Xy7 +X35) 2N,

n3(x3 +X8 + 2X12 +X13 +Xl4 +X15) 2 N3
x, ONO{0}, k=1,...,21;

X2, X03:¥1 + Y1 1Y2:Y3.Y5,Ys 20

The linear programing with mixed variables has treddy
small proportions. Different programs and methoesused
to solve such a problem (Hillier 2005). When th&ison is
not acceptable based on one or more selected datpen
without changing the model above we can analyse and

target a is exceeded to the decrease in income that n@-define some targets or goals so that the proliiama

achieving this target brings. Based on such a cosgaare
compared the weights assigned to variabls and

+ -
0, =2.

We assign)~( to the vector of all variables (a total of 29)
which we get by adding the six deviation variable
Vi, Yrs Y5.Yss VYa.Ys to the vector X. After

evaluating the weights of the deviation variablése
summarized objective function which is closestxpressing
the objective function target is:

®(X)=0;Y; +o5Y; +o3y; =3y; +2y, +5y;
The requests for achieving the acceptegktarrelated
to the objective functions;X), cx(X), c3(X, after inserting

the deviation variables, are mathematically exmess
through these equations:

solution. This practice can be repeated until weiea® the
desired results.

For different reasons (nature, administrative tiidns,
property rights, etc), it can become difficult fibre water
basin to lay into the ground and pagsTais means that the
Objective 3 has been reached. Now we have a situation

Where the set of objectives are highly differergdzhon their

importance. In such cases, a hierarchy of prigrisedefined.
In the first priority are included the highly impant
objectives, whose reach can not be compromisedubeaaf
the optimism for the other objectives. With suatriteria, in
the set of the remaining objectives after removimase of
first priority, are defined the second priority ebijives and so
on. This method of treating objectives based oarjtiés is
called preemtive method in goal programming (T&0@7).
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Tab_1
KElas,| Ti| Tz | Ta | Tsa | Ts | Ts Ts | T | T1olTan | Tiz [Tz [Tis | Tis |Tis | Ti7|Tis | Tie [ T2o [T21 || €
(11301230033 (1415 (1.6) (2. 22,31 (2.4)(2,5)(2.6) (3.3} (3.4} (3.5} (3.6} (4.4) (4,5} (4.6} (5.5) (5.6) (6.6)
Ki 200 m [m|m|m|mf[ofoolofofolololololofafololo|a
K: |0 m2 [0 |0 0[0 2mm m|m|m 0 00|00 0|0|o|0|o 0] e
K: |00 [n3s |0 0|0 [0 |ns 0|0 |0 203 ms|ms|ms 0|0 |00 |0 Q[ e
Ke |00 [0 |[my|0[0 [0 [0 m 0|0 0 m|0|0 2numufmg|0 0 |0 [ e
Ks 0|0 0 ] ns | 0 0 Q 0 n: | 0 0 Q ns | 0 Q ns: | 0 [2ns| ns | O cs
Ks |00 |0 |0 |0 |nsg |0 |0 |0 |0 |nsg/0 |0 |0 |ns |0 |0 |ns|0 |ns |2ng| cs
| x |X1 X2 X3 X4 X5 X X7 Xg Xg X0 X11 X1z X13 X14 X15 X16 X17 X18 X1s X20 X21

IV CONCLUSION

In the phase of the fisibility study of differentofect ideas,
using mathematical models brings valuable helptcgiasing
the accuracy of the study conclusions. As showrthia
article, the mathematical models of goal prograngnare
very suitable for such studies as they, in thein mature, in
one model include different evaluation chriteriahe project
fisibility.
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