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Optimizing the Location-Allocation Problem
with Multiple Objectives
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1. Goals and Priorities

I. INTRODUCTION

The location-allocation problem involves multiple shipping destinations, with
known demands for a given product and known transportation costs from sources
to destinations. The problem is to determine the number of facilities and their
locations in order to best service the shipping destinations, Typically, the
problem concerns itself with the tradeoff between the cost of building and
operating facilities to meet product demand and the cost of transportation. The
establishment of a large number of facilities would decrease transportation costs,
while it would escalate fixed costs for the construction and operation of facil-
ities. Conversely, the centralization of facilities will decrease the total fixed
costs of the facilities, but the transportation costs would be at a high level

While cost tradeoff has been and remains to be an essential consideration, the
trend of the 1970’ s toward more socially conscious business activities reflects
the increasing importance of noneconomic considerations in the location det-
ermination. We are all too familiar with the problems and issues surrounding

recent location related news such as nuclear power plants, new international
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airport, and the proposed new dams in our country.

A more comprehensive approach is required to analyze the ramifications of
various multiple and often conflicting objectives in the location-allocation problem.
The need for models of this type can be seen in the results of a locational
survey of industrial development executives in the public utility industry. The
1967 survey revealed that the primary factors of site selection, in order of their
importance, were labor availability, availability of site, and proximity to the
market. The priméry location considerations as reported in the same survey
administered in 1972, however, were as follows: environmental considerations,
labor quality and supply, and avilability of utilities “®, From these results it
is clearly evident that pure cost minimization models are no longer as applicble
in today’s energy and environment conscious era. .

Revelle ez al. 99, point out that governmental regulations concerning pollution
control, equal opportunity and affirmative action, and preservation of resources
and aesthetics can also dictate a non-optimal site choice in terms of economic
criteria. They also suggest that the stochastic nature of the supply and demand
in regard to seasonal or periodic fluctuations, as well as changes in economic
conditions and population patterns, should be considered in the facility location
problem. Student®® emphasizes the need to consider human values in addition
to other criteria for determining plant location. These findings support studies
of Simon®® and Shubik®" which indicate that the traditional economic motives
are not the only consideration of real world managers.

Location analysis models can b.e classified into two structural categories: 1)
location on a plane; and 2) location on a network®, The first type models,
location on a plane, are clearly based on a single objective. They assume total
cost to be proportional to distance traveled, and thus attempt to determine
some point or points which minimize the sum of the possible distances

from sources to destinations. Location literature includes many examples and

modifications of both rectilinear-distance and Euclidean-distance solutions to

this problém ?,5,6,18,19
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The lccation of facilitiés as a point on a plane technique clearly does not
treat many of today’s realities. The location indicated may be in conflict with
many corpcrate policies or legislated regulations. For example, an industrial
site may be available, while the community may be opposed to that particular
commercial activity, or the area may be environmentally stressed such that it
would be unwise to locate there.

The second type of models based on the network location enumerate previo-
usly determined alternative facility locations and sites of demand as nodes on a
network. Screening procedures can be used, as suggested by Nutt''” to develop
a list of alternative locations which would be acceptable choices. Although these
initial checklist-type methods do consider noneconomic criteria and provide a list
of satisfying alternatives, mechanisms for choosing among those alternatives
revert to maximizing profit or minimizing costs associated with that location.
Locational costs associated with the network models include total transportation
costs associated with that site as well as the amortized facility cost or fixed
cost associated with that facility. The problem then becomes a search for the
optimal solution to the tradecff between fixed costs and transportation costs,

Many authors have also considered the fixed charge solution approaches to
the facility location problem“®®, The primary focus of the research has been
to develbp more exact solution methods®??, or models which can efficiently
handle larger sized problems‘;25 ‘HOW?WleI', no consideration of multiple obje-
ctive fixed charge facility location problems is apparent in the literature.

This paper presents an approéch to the facility location problem which allows
the an‘alysis of multiple conflicting goals as an extension of previous solution
approaches. Specifically, the paper applies the branch and bound integer goal

programming approach to the location-allocation problem.

II. THE GOAL PROGRAMMING APPROACH

The concept of goal programming (GP) can be best described as an extens-
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f linear programming which attempts to resolve the decision problem with
Charnes and

ion o
multiple objectives. The concept was originally presented by

Cooper® and further refined by the work of Ijiri™, Lee"®, and others. Lee

developed the modified simplex method as a solution technique and many of his

a1,12,13,14,19 demonstrated a variety of applications of the technique.

studies 1151213,
Additionally, Lee and Morris [see 15) developed and tested integer goal prog-

ramming algorithms based on the cutting plane, the branch and bound, and

implicit enumeration methods.

The branch and bound goal programming method can be sumarized as follows:

Step 1: Solve the model by the ordinary modified simplex method of goal-
programming %,

Step 2: Examine the optimal solution. If the basic variables that have integer
requirements are integer valued, the integer optimal solution is obta-
ined-stop. If one or more basic variable do not satisfy integer requir-
ements, g'o to step 3.

Step 3: The set of feasible solutions is branched into subsets (subproblems).
The purpose of branching is to eliminate continuous solutions that do
not satisfy the integer requirements of the problem. The branching is
achieved by introducing mutually exclusive constraints that are neces-
sary to satisfy integer requirements while making sure no feasible
integer solution is excluded.

Step 4: For each subset, the optimal value of the objective function(degree of
goal unattainment, U:) is determined as the lower bound. The opti-
mal Us of a feasible solution which satisfies integer requirements beco-
mes the upper bound. Those subsets having lower bounds that exceed
the current upper bound must be excluded from further analysis. A
feasible solution baving U: which is as good as or better than the
lower bound for any subset is to be found. If there exists such a

solution it is optimal-stop. If such a solution does not exist, a subset

with the best lower bound is selected and go to step 3.




— 249 —

ITI. THE GP LOCATION-ALLOATION MODEL

In order to demonstrate the applicability of goal programming to facility
locaticn problems, a simple illustrative example is given. A manufacturing firm
located on the west coast of Korea plans to construct a manufacturing facility
or facilities which would subsequently service four major eastern distribution
centers. For the sake of simplicity, it is assumed that a single product is pro-
duced. Preliminary screening of sites in the distribution sector has identified
five potential communities for plant location which meet general production
requirements such as available utilities, labor, access to transportation and raw

materials. The first two sites are in the same province, and the next two sites

Fig. 1. Proposed Facility Sites and Existing Distribution Centers

PROVINCE A

PROVINCE C

PROVINCE B

Key: [ Potential Facility Sites -O Existing Distribution Centers
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are in a second province(see figure 1). Because of differing construction and
labor costs and varying levels of community development incentives such as free
or partially free construction sites, the fixed costs vary from community to
community. A list of five plant sites and associated annual fixed costs(amortiz-

ed construction and operating costs) is given below:

Potenfial Sites Fixed Cost(3¢1, 000)
Location I(Province A) » 825
Location II(Province A) 750
Location III(Province B) . 600
Location IV (Province B) 600
Location V(Province C) - 650

The forecasted annual product demand for the four distribution centers and

costs for shipping each case of goods are given in Table 1.

Table 1

DIST CTR1  DIST CTR2 DIST CTR3  DIST CTR4

Transportaion Cost Location I 200 110 .40 90
Location II 180 a9 40 80

Location III 50 200 225 25

Location IV 35 160 250 35

Location V 210 35 125 50

DEMAND(In cases) 400 300 200 100

The firm’s policy that its manufacturing process should not violate the air
quality standards set by individual communities and by the provinces. It wishes
to use the same equipment design as is used in the west coast plants, without
modification if possible. The manufacturing process discharges 2, 88 1b per hour
particle emissions which is an acceptable amount in the three provinces under
consideration, as long as the poundage of materials processed does not exceed
the norms given in the province air quality standards for that rateczs), These

standards vary among the provinces with province A having the most stringent

standards. Given the two-shift day planned for the future plant, maximum




— 251 —

yearly production level (cases of the product) that the firm will be allowed to

produce by a single facility are as follows for each province:

Province A 600 casés per plant
Province B 480 cases per plant
Province C 800 cases per plant

Distribution center 3 is located in province A and is a particularly favored
customer. In order to provide a high level of service to this account, at least
one facility needs to be located in province A which is capable of providing a
minimum of 50 cases of product to the center on short notice. Additionally, the

firm has set 1.3 millon dollars as the ceiling for the total annual fixed costs

for new facilities.
1. Goals and Priorities

With the above given information, as well as the company’sdesire to meet
product demand to achieve the more traditional goals of keeping a balance
between fixed costs of opening new plants and transportation costs, the follcw-
ing goals are established by the management of the company. They are listed
in the order of their preemptive priorities (P:))>Pus), with P, indicating the
most important goal,

P,: Satisfy the product demands of the four distribution centers.

Py: Limit fixed costs to %°1,300, 000 per year.

P;: Keep the production level at each facility within acceptable air
pollution emission standards for the given state.

P,: Ensure that distribution center 3 would retain its favored customer
status. '

P.: Minimize total costs (fixed costs plus transportation).

Py Minimize transportation costs,
2, Variables and Parameters

In order to formulate the goal programming model of the facility location
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problem, the following variables and parameters will be used:
Xij=the amount of the product(in cases) to be transported from facility ,
i to distribution center J.
Yi=zero-one decision variables where Y.=1 if facility ¢ is opened, but
Y:=0 otherwise.
Ci;=transportion cost per case of the product from facility i to distrib-
ution center j.

d-w=underachievement of goals or constraints in the kth equation.

d*y=overachievement of goals or constraints in the kth equation.
3. Model Constraints

The constraints for the facility location model can be formulated as follows:
1. Product Demand Goal
In order to meet the demand of each distribution center the negative deviat-

ions should be minimized in the following goal constraints:

i=1

.7;1 Xy+d-y—dt —400 M
?:;1 Xig+d—d*,=300 (2)
é_l Xig+d-3—d+3=200 (3
Y Xig+d-s—d*=100 (4)

Minimize d~; in each of the goal constraints.
2. Fixed Costs Limitation Goal (In 31, 000s)
825Y;+750Y;+600Y5+600Y,+600Ys+d5—d*;=1300 (5)
Minimize d*;,
3. Air Standards Goal
To achieve the air standards goal, production must be llrmted to the follo-

wing case amounts shown as the right-handside values for each new facility.

4
,-Z=:1 Xy;+d=e—dte=600 (6)
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2 Xoit+dy—dr=600 (D
i=1
4
§1 X3+ d=y—dty=480 (8)
4
;};1 Xyjtdmg—dty=480 @
4
2 Xs;+d 10— d =800 (10)

[
|
-

Minimize positions deviations.
4, Favored Customer Service Goal
It is desired that distribution center 3 will receive good service by having a

facility in the same general area.
2
Z.l Xn+d 1 —dt;=50 (11)

Minimize d-;.
5. Total Cost Minimization Goal
It is desired to minimize total fixed and transportation costs.
5 4
B25Y, 750 Yart 600600 Y, 650Ys+ 3 35 CoXiptd 1o —d*iz=0 (12)
==
Minimize d*,,.

6. Transportation Cost Minimization Goal

e

4
2 _Zl CiiXij+rd 13— dtz=0 (13)
=

3

Minimize d*,,

7. Zero-One System Constraints

Additionally, the following system constraints must be included for forcing
Y, to have a value of 1, thus incurring fixed costs, if any units are produced

at plant i.

i
_Z;l X1, —3000Y,<0
=

4
Zl X5 —3000Y,<0
=
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4
‘21 X3j;—300073<0
1= .

4
Zl X,;—3000Y,<0
J:

. .
Zl X5;—3000Y5<0
=

where the Y: coefficient of 3000 is chosen as a sufficiently large value to always
force Y, to be 1 if ¥ Xi=0 for that facility. The {following non-negativity
constraints must also hold: X;<<0 and Y.<1,

4, The Objective Funection

Given the above constraints and considering the priorities assigned to the

firm’s achievement of goals, the objection can be formulated as

4 10 )
min Z=-P1,Z_11‘1~1+P2d+s+P3 ;ﬁ dt;+ Pud 4+ Pydt s+ Pedtys

IV. RESULTS AND DISCUSSION

The preceding facility-allocation problem was solved using a computer progr-
am employing a branch and bound algorithm of integer goal programming. The
solution (see figure 2) is as follows:

Real Variables

X,, =400 cases shipped from plant IV to distribution center 1

X,,=300 cases shipped from plant V to distribution center.z

X,,=200 cases shipped from plant V to distribution center 3

X.,=100 cases shipped from plant V to distribution center 4
Zero-one Variables

Y,=1 A plant is opened at location IV

Y,=1 A plant is opened at location V

Deviational Variables

d~s=="50, 000—underutilization of the allowed fixed costs
d~g=600 |
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d~;=600 underachievement of production allowed under air quality stan-

dards for each facility location.

d—5:480
d=g=80
d_19= 200

d™;;=50—underachievement of minimal shipment to favored customers
dt;,=1, 302, 000—total cost
d*3=>52, 000—total tranéportation cost
All other real, zero-one and deviational variables==(,
. Analysis of the goal achievement or underachievement indicates that two

locations are selected for new manufacturing plants: location IV and location

Fig. 2. Solution te Facility Location Problem

PROVINCE A

PROVINCE C

300 cases

(3
@ 100 cases
@j PROVINCE B
s
400 cases

@

Key: [ Facility Sites O Distribution Centers
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V. The plant location IV will produce a total of 400 cases of the product for
distribution center 1. The plant at location V will produce a totél of 600 cases
and they will be allocated to distribution centér 2 for 300 cases, and to distri-
bution 4 for 100 cases. The solution indicates that the goals regarding satisfac-
tion of demand (P,), fixed costs limitations (P,), and anti-pollution require-
ments (P,) were completely satisfied by this solution. The fourth goal, the
delivering of preferred service to distribution center 3, could not be met.
Additionally, the goals of minimizing total costs and transportation costs, goals
5 and 6, were not completely achieved. However, this is to be expected since
the formulation attempts to minimize the deviation of costs to ,zero,which. could
never realistically be achieved.

Interpretation of the deviational variables associated with these goals show
that this solution has a total yearly cost of ¥¥1, 302, 000 and a transportation
cost of %52, 000, Additionally, the firm can increase production at facility IV
by 80 éases and at facility V by 200 cases without exceeding pollution emission
limitations:. This solution leaves the company 50, 000 for investmenf in other

projects which incur fixed costs.

V. CONCLUSION

Traditional models developed for facility location analysis have focused on
the minimization of either transportation costs or a combination of fixed costs
and transportation costs. The facility location problem, however, is complex,
generally consisting of multiple conflicting goals. Few models have Been able
to consider a solution taking these factors into account.

This paper suggests the integer goal programming approach to fﬁcility locat-
ion and demonstrates the application of the model to such a problem. Although
the example presented is made simple purposely, the formulation and solution
of more complex problems can be easily seen. The model strives to achieve as

many of the management goals, in order of their priority, as is possible given '

the constraints of the situation. Further sensitivity analysis can be performed
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by restructuring priorities or constraints and by interpreting both the overachi-
evement and underachievement of goals. An interactive mode based on theCMS
(conversational monitor system) is available for this purpose®®,

The goal programming approach to the facility location problem offers a
meaningful management science tool, which hopefully can provide more useful

and practical information for decision making to management.
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