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Abstract

We consider the following problem: 1) There are demand points and possible construction
sites in an urban area with some barriers. We adopt rectilinear distance. 2) We construct
two facilities, one is welcome facility and the other obnoxious facility We call welcome
facility as A and obnoxious facility as B. Two facilities A and B can be constructed at
the same site or constructed separately, that is, at two different sites. We assume that
each construction cost of A and B is a random variable with fuzzy mean respectively and
construction cost of both facilities simultaneously as a same site is also random variable with
fuzzy mean. These are distributed according to normal distributions with fuzzy means. 3)
The probability that total construction cost becomes below budget fshould not be less than
the fixed probability level. a and further the possibility that this chance constraint holds
should be not less than the fixed level 5. Under this possibility chance constraint fshould
be minimized. 4) We consider three criteria, (a) maximum distance from the construction
site of A to all demand points to be minimized, (b) minimum distance from the construction
site of B to all demand points to be maximized, (c¢) budget to be minimized. Since usually
there exists no site optimizing three criteria at a time, we seek non-dominated solution
after definition of non-domination. Finally, we conclude results and discuss further research

problems.

1 Introduction There are huge amount of papers regarding facility location problem
after Weber has published his paper [8] (so called Weber problem). Hamacher et al. ( [2])
tried to classify these papers by introducing similar codes to classify queueing and scheduling
models . For rectilinear distance, we should refer to [1] as a classic but successful model
and an efficient algorithm due to geometrical approach. Further for a discrete location
problem, refer to review paper [7]. In this paper we consider multi-facility case as one
possibility based on rectilinear distance. That is, two types of facilities, welcome facility
, the other obnoxious one are constructed. We call welcome facility as A and obnoxious
facility as B. Two facilities A and B can be constructed at the same site or constructed

separately at two different sites. Construction costs of A and B are random variables with
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fuzzy means. Section 2 formulates the facility location problem with the tri-criteria under
above prominent features. Section 3 proposes a solution procedure to seek non-dominated
solutions after the definition of non-domination. Finally, section 4 summarizes the results

and discusses further research problem.

2 Problem formulation We consider the following problem:

(1) There are m demand points : D; = (a;,b;) for i = 1,2,...,m and r possible construction
sites, F'P; for j = 1,2,...,n in an urban area X = {(z,y)|0 <z < pg.0 <y < go} with some
rectangular barriers

By = {(z,y)|Bf < © < B},B} <y < Bl},k = 1,2,...,s Facilities A and B can be
constructed in these blocks . Barrier means we cannot pass it inside and so in some case we
must make a detour. We adopt rectilinear distance which is used often in an urban area.
That is, rectilinear distance between points P = (a,b) and Q = (¢,d) is |a — ¢| + [b — d].
(2) We construct two facilities, one is welcome facility (that is, maximum distance to demand
points should be minimized), the other is obnoxious one (that is, minimum distance to
demand points should be maximized). We call welcome one as A and obnoxious one as
B and two facilities A, B can be constructed at the same site or constructed separately,
that is, at two different sites. For each possible construction site F'P;, we assume that each
construction cost of A, B is a random variable CA;, CB; with fuzzy mean respectively and
construction cost of both facilities simultaneously at a same site is also random variable C'S;
with fuzzy mean . C'A; is distributed according to the normal distribution with fuzzy mean
M;; and variance oi;, CBj; according that with fuzzy mean My; and variance o3, and CS}
according to fuzzy mean Ms; and variance agj. We assume that they are independent each
other. # Note that if two facilities are constructed at different sites, the total construction
cost is the sum of the construction cost of A and that of B. Each mean M,,; is a L fuzzy

t— M
number with L($)7u =1,2,3.

uj
(3) The probability that total construction cost becomes below budget fshould be not less
than the fixed probability level a and f should be minimized where we assume that o > %

For A, B, separately constructed case at j, this probabilistic condition is
T My

— M
,f 1]}2a<:>f2m1j+Kao—1j
015 015

Pr{CA; < f} > a & Pr{ cA

where K, is a « percentile points of the cumulative distribution function of the standard

OAJ' mij
015
distribution. Similarly done, for the case of separate construction of B, we have the following

normal distribution since is a random variable according to the standard normal

deterministic equivalent condition as f > mq; + K,09;and for the case that both A and

B are constructed at the same site , corresponding deterministic equivalent condition is
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f > ms; + K,03;. Summarizing we have

f>myj+Kqou(A:site §), f>moj+Ka00(B:site j), f>mg;+Ky03;(bothA, B : site j)

but if A, B are constructed at different possible sites F'P;, F'P; respectively, the budget

constraint is

f = (my; +maj) + Ka\/di- + Ogj + 20125

where 01425 is a covariance between C'A; and CB; since C'A; + CB; is a random variable
according to the normal distribution with mean (m1; +mso;) and variance O’%i —|—J§j +207142;.
(4) We consider three criteria, that is, maximum distance from the construction site of
A to all demand points to be minimized, minimum distance from the construction site of
B to all demand points to be maximized and budget to be minimized. Let d(i,j) be the
distance between demand point D;,7 = 1,2,...,m and possible construction site F'P;,j =
1,2, ...,n. These are calculated using some algorithm (for example, matrix algorithm using

path algebra) of the shortest path problem on the following networks N(V, E) (refer to [4]):
V= {D17D2~7 “ D, (B%,Bi?’), (B%’ Bil)v (B%7B:13)a (B%’ Bil)’ e (lea Bzg)v (BL17 B?)? (BZQ’ B?)’ (Bz27 Bf)?
'"(B;,Bf),(B;,Bé),(BE,BE),(BE,B;L),FPMFP%H' s PP (= {v1,02, ;Ui U157+ Umgas,

Umds+1," " s Umtds+n})

and F consists of edges corresponding to visible pairs between two vertices in V where length
of each edge is a rectilinear distance between corresponding pair of verticies . Two points
P, P? are called visible each other if there exists a route connecting two points using only
horizontal line segment and vertical line segment not passing through some barriers without
detours. .Otherwise we call PlandP? as invisible. In an invisible case we cannot connect
two points by horizontal line segment and vertical line segment without detour like Figure
1.)

Plo Barrier oP?

Fig.1 An invisible point pair

For each edge, the rectilinear distance between corresponding vertices is attached as a
length. Then the first criterion is d4(j) = max{d(i,j)|i = 1,2,...,m} and da(j) should
be minimized about j=1,2,...,n. The second criterion is dg(j) = min{d(i, j)|i = 1,2,...,m}
and dp(j) should be maximized about j=1,2,...,n. The third criterion is minimum budget

F under the above deterministic equivalent inequality, that is,

_ : 2 2
F =min{mu;, +maj, + Kay/07;, +05;, +201j42j5 M3jc + Ka0zjc }
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where ju: the site of facility A, jp: the site of facility B if separately constructed and Jgo

is the site that both A, B are constructed at the same site jo. However if we assume that

my; + moj + K, Ui- + O'%j + 201i2j > max{mgi + K,034, ms; + Kaagj}

for any pair of (i,7), F' = min{ms; + K,o|t = 1,2,...,n}. Since usually there exists no site
optimizing tri-criteria at a time and so we seek some non-dominated solutions for the above

model (1)-(4) after definition of non-domination in the next section.

3 Solution Procedure First we define a solution vector VX = (VX V¥ Vi¥) corre-
sponding to a solution X where X is denoted as X = (j¥, 75 ) where J¥ , j& are construction

sites of A and that of B respectively. Therefore

VX = max{d(i, jX))i = 1,2, ...,m}, V5~ = min{d(i,jp)|i =1,2,...,m}

3 :
myjx + Kaojx X =J3)

X { My x4 myx + \/ofjf to2x todx o (X # 55
Non-dominated Solution

For solutions X7, Xo, if

V< v v > 1 VS < V52 and VA # VX2 then we call X dominates Xo.
If there exists no solution dominating solution X, then X is called non-dominated solution.
We seek some non-dominated solutions. Note that usually min{d(j)|j = 1,2,...,n} <
max{d(i, jo)|t = 1,2,...,m} and max{dg(j)|j = 1,2,...,n} > min{d(i, jo)li = 1,2,...,m}
hold where j¢ is the minimizer of min{Ms; + K,03,|7 = 1,2, ...,n}.

Therefore first we check whether it holds that min{d(j)|j = 1,2, ...,n} = max{d(i, jo)|i =
1,2,...,m}. and max{dg(j)|j = 1,2, ...,n} = min{d(i, jo)|i = 1,2, ...,m}.. If so, the optimal
solution is to construct both facilities A, B at the same possible site jo as a multi-facility.
Otherwise (usually this case holds), we seek some non-dominated solution as below (5)-(7).
(5) First of all, above solution constructing the multi-facility at possible site F'P;, is a non-
dominated solution (if minimizer jcis not unique, we must check the non-domination and
choose non-dominated one or ones.

(6) We find the minimizer j4 of min{da(j)lj = 1,2,..,n} and maximizer jp of
max{dg(j)|j = 1,2,...,n}.Then solution that facility A is constructed at j4 and B at jg
is a non-dominated solution. Of course, if j4 or jp is not unique, we check these solutions
about non-domination and choose non-dominated one or ones.

(7)We consider the weighted convex sum of d4(j) and dp(j) , that is, W(j) = wida(j) +
wadp(j), wi,wy > 0,w; +wy = 1 and find the minimizer jy Then a solution that both A
and B are constructed at the site jy as a multi-facility is non-dominated one. Again if jy

is not unique, then check the non-domination and choose non-dominated one or ones.
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4 Conclusion This paper considered construction of two facilities simultaneously at dif-
ferent site or at a same site as a multi-facility under the stochastic construction costs.
Here we considered a finite possible construction sites but following are left further research
problems.

(8) As for more suitable criteria, we should consider environmental load, especially for

obnoxious facility.

REFERENCES

[1] J. Elzinga and D. W. Hearn, Geometric Solutions for some Minimax Location Problems, Trans-
portation Science, Vol.6, pp.379-39 4, 1972.

[2] W. H. Hamacher and N. Stefan, Classification of location models, Location Science, Vol.6,
pp-229-242, 1998

[3] H. Ishii, Y.L. Lee and K. Y. Yeh, Facility location problem with preference of candidate sites,
Fuzzy Sets and Systems, Vol.158, pp.1922-1930, 2007.

[4] E. L. Lawler, Combinatorila Optimization: Networks and Matroid ,Reinhart and Winson,
Newyork, 1998.

[5] Y. Ohsawal, Bicriteria Euclidian Location Associated with Maximin and Minimax, Naval Re-
search Logistics, Vol.47, pp.581-592, 2000.

[6] S.Osumi and H. Ishii, Obnoxitious Facility location Problem with Forbidden Region, Asia
Pacific Management Review, Vol.10, pp.255-258, 2005.

[7] C.S. Revelle, H. A. Eiselt and M. S. A. Danskin, Bibiliography for some fundamental problem
categories in discrete science, European Journal of Operational Research, Vol. 184, pp.818-848,
2008.

[8] A, Weber, U ber Den Stand Der Industrien 1. Teil : Reine Theorie Des standortes. 1909.

Communicated by Koyu Uematsu

Hiroaki Ishii
E-mail; ishiroaki@yahoo.co.jp



