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ABSTRACT

The problem of determining where to locate new plants is usually
divided into two stages: (1) selecting the region and (2) selecting
the community and plant site. The objective of this study is to reapply
current location theory on the basis of least-total-cost-site by
developing a general model using consistent quantification techniques
for selecting the community and plant site.

A model, describing the location measure of a potential site
for a hypothetical plant, is defined in terms of critical, objective,
and subjective location factors. Its applicability is tested, with
the aid of a computer, by calculating location measures of six
potential sites in Montana.




Chapter 1I.
INTRODUCTION

Importance of Plant Location

Economic changes over the past 70 years have reduced the margin
between unit selling price and unit cost for many industries. With
the unit selling pricé’usually fixed by competition, an increase in
gross profit requires either an increase in sales or a reduction in
unit cost. In either case, one limiting factor in increasing profit
is the location of the plant. [6], [161, [18]

Aﬁother reason for new emphasis on plant location is that a
mistake in plant location can be costly té correct. Once the
location has been selected, the overall efficiency and effectiveness
of the plant are limited to some extent and may preclude the
possiﬁility of a profitable operation. Increasing the profitability
of the operation can depend on transfefring the new facility to

‘another site at tremendous cost.

History of -Location Theory

According to Holmes [6], Reed [16], agé Yaseen [26], existing '
plant location theories.do not provide satisfactory solutions to tﬁe
location problem. One reason for this lack éf-progress is5 the nature
of the factors that should be considerea in determining Fhe best

location. Many of these factors do not lend themselves to quantitative
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measurement. For this reason most planf location authors have
confined their analyses to monetary factors. Non-monetary factors
are usually defined but their application is left to the reader.
Yaseen [26, p.l1l] recognized this void in plant location theory when
he stated: "No scientific advances, unfortunately, can be claimed
in the determination of wﬁéré new plants should be built."

The analysis of the plant location problem has generally been
based on one of the following concepté: least-production-cost-site,
maximum-profit-site, least-distribution-cost-site, or least-total-
cost~site.

Most of the early work in location £heory was concefned with
determining' the 1east—production—;ost—site. This concept includes
only tﬁose factors which directly affect the éqst of production.
Outstanding contributors to this concept were two Germans,.Johann von
Tﬁuneﬁ 15] and Alfred Weber [25] and an American, Edgaf Hoover [8].
Von Thunen's theory assumes that the location is given, the land
surface is homogeneous, and the type of iﬁdustry is to -be determined.
The complete analysis is based on two coﬁcepts: the theory of rent 1
and the cost of tramsportation. The industry which has the minimum

sum of rent and transportation costs is selected.

Iyeber [25] theorizes that land rents reflect advantages due to
favorable locations of industry in relation to-raw material deposits
and market areas. ’

Ll
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In. contrast to von Thunen's work,.Webef developed a theory based
on the assumptions that the branch of industry is known_ and that the
exact location is sought;‘ In addition to the cost of transportation,
Weber includes the cost of labor and agglomerating forces2 as the
principal factors in plant location. He divides the froblem.into two

stageé: (1) selection of the region, and (2) selection of the location.

Transportation and labor costs are designated as regional factors,

while agglomerating forces are considered to be local factors. Melvin
Greenhut [5, p. 255] summarized Weber's theory as follows:

The cost of transfer tends to draw industry to the
site of least transfer expense, while the cost of labor may
cause displacement of that site to a place where the
savings in labor cost are larger than the additional trans-
portation costs. The decentralizing tendencies of these two
factors are éounteracted or intensified by Weber's third con-
sideration: the agglomerating force (marketing advantages,
proximity to auxiliary industries, economics of scale) and its
corollary, the deglomerating influence (land rent). These
considerations draw industry closer together or disperse it,
depending upon the respective strength of each force.

Edgar Hoover's location theory [8], which also considers cost
factors, is characterized by the inclusion of demand factors. He

divides the activities of a productive enterprise into three stages:

T m—

2Reed [16, p. 5] defines agglomerating and deglomerating forces
as: "Agglomerating forces are those forces which tend to cause industry
to gather demsely in limited areas: the factors or forces favoring
urban location. Deglomerating forces are those forces which tend to
cause industry to scatter or to seek locations away from other industry:
the factors or forces favoring rural location."
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1. Procurement: Purchasing and bringing the necessary

materials and supplies to the site of processing.

2., Processing: Transforming the materials into more

valuable forms (products).

3. Distribution: Selling and delivering the products.
Procurement and processing are cost factors and distribution is the
demand factor.

Hoover states that he is not concerned with the analysis of the
problem per se, but dis interested instead in-the formulation of
principles. His major contributions to location theory are:

(1) discussions of the influence of location factors, (2) recognition
of the error in assuming transportation costs are proportional to
distance, and (3) recognition of capitalistic influences on location.

In 1956 Melvin Greenhut [5] introduced a location theory based
on the concept of the maximum~profit~site. He defines the maximum-
profit-site as: '"the site at which the spread between total receipts

and total cost is the greatest." His mathematical description

[5, pp. 286-287] of a general theory is:

L = £(&-C) : (-1
C = f(SR x ca) ' (1-2)
ﬁ = f(SR x m) . | e (1-3)




5

L stands for location, C for total cost, R for total
revenues, and SR for sales radius.3 Ca represents the average
cost (per unit), exclusive of freight, and m stands for the
profit maximizing net-mill price. [Footnotes mine]

Greenhut proposes that if for each firm within an industry:
1. m+# C_, and AR = AC, a state of location unequilibrium

exists, or
2. m= Ca’ and AR

it

AC, there is location equilibrium.
He finalizes his proposal with'a hypothesis that new locations or
relocations will cause a movement toward equilibrium cqnditions.

Most of the recent work in location theory is founded on a concept
of either least—distribution—cost—site or least-total-cost-site. A
least~distribution—-cost concept is usually based on 'decision data
" related to delivered cost to customer" [16, p. 3], such as
minimizing service times or'distances to‘cuséomeré._ Two cﬂaracter—
istics of location theories utilizing a least production cost concept
arer

1. They seldom include more than time and distance factors in-

their analysis, and‘

2. They primarily utilize analytical models such as linear

programming.

3According to Greenhut [5], sales radius is defined as the total
volume of unit purchases which produce the greatest possible p;ofit.

4According to Greenhut [5], profit maximizing net-mill price is
defined as the average revenue (per unit) which, excluding freight,
maximizes the total profit. :
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Reed [16, pp. 26-27] analyzed location theories founded on a
criterion of least distribution cost as follows:

Most of the pure quantitative work which has been done
relative to location studies has used some form of the
transportation or assignment methods of linear programming. -
‘These in general, however, have been solutions to the problem
of assigning "n'" plants to '"n" locations. The problem in this
case is not one of selecting a location. The decision as to
which locations are to be considered in the model has been
determined prior to the model formulation.

With regard to the use of analytical models in plant location in the
future, Reed [16,.p. 27] states:

The procedure may offer possibilities for long-range planning

where several locations have been purchased and the question

of when to use individual locations and what to produce at
that location must be decided.

Most of the literature on plant location theory is based on a
concept of least-total-cost-site. [1], [12], [16], [26] In general,
the criterion is an extension of the least-production-cost-site

&
criterion. 1In addition to factors affecting production cost,
factors affecting the overall operation ‘are also included in the

analysis. A distinguishing characteristic of this criterion is

that decision data are related to all factors that might affect a

plant's operation.

Reed, fl6, p. 1] has defined the location problem in terms of

least-total-cost~site as:
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. o thé determination of that-location which, when considering

all factors, will provide minimum delivered to customer

costs” of the product(s) to be manufactured. [Footnote mine]

The analysis of the location problem using a concept of least
total cost is usually divided into two stages: (l)~selection of the
general territory or region,and-(Zj selection of Fhe community aﬁd
plant site. 1In selécting the region, information of a more general
nature is required, whereas the selection of the community requires
information regarding specific costs, attitudes, etc. A general
list of the factors affecting regional and community selections is
presented in Table 1-1. [12, p. 39]

Table 1—1; _General location factors to be considered in a typical
) ' "location problem.

Regional Selection of

Location Factox Selection Site & Community
Market *.

Raw Materials *

Transportation * *

Power * *
Climate & Fuel * :

Labor & Wages C % *

Laws & .Taxation * - *
Community Services & Attitude *

Water & Waste *

SHolmes [6] has defined delivered to customer cost as: "...

" the total of all costs which a commodity must bear from the time it

is taken from nature until it is delivered to the manufacturer's
customer."
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A reéional analysis is usually based on a cost evaluation of
the reg@ﬁnal factors shown in Table 1-1. That region which minimizes
the sum’of the costs of the regignal factors is then selected.

The procedure6 used in selecting the commﬁnity and plant site
is:

1. Assigning a weight to each factor

2. Ranking locatiéns for each factor

3. Distributing the factor weights among their respective set

of ranked locétions

4., Summing the location weigh£s for each iocation, and

5. Selecting that site with the maximum sum of location welghts.

The four previously mentioned location concepts will not be
appligd because: (1) required input data is unavailable, (2) assump-
tions are not practical for real world problems, (3) quantitative
measures for -subjective location factors are inconsistent, or (4)
objectives of management are variable. [12], [16], [26]

According to Reed [16], rather thén apply existing location
theory, an industry or firm normally: (1) designs or assumes a
general.;p§£oach to the problem, (2) establishes an incomplete set

of factors affecting selection, (3) evaludtes the factors, and

(4) makes a decision based upon available data.

6Fof a thorough discussion on the detailed procedure, see Reed.
[16, pp. 19-21]




Chapter II.
DEVELOPMENT OF LOCATION MODEL

The strongest criticism of current location theory derived from
the least-total-cost-site concept is that the quantitative methods
used to évaluate community and site factors are inconsistent. As
an example,.personal whims are often allowed to overshadow importan;
cost factors. [6], [16], [26].

The method employéd in c;rrenf theories for selecting %he region,

as defined in Chapter I, has received a more encouraging response. [16]

&

A prime reason for this response is that all of the factors considered

in selecting a region are monetary factors. [12] Therefore, with an
acceptable method available for selecting the region, emphasis in this

study will be placed on selecting the community and the plant site.

Objective of Study

The objective of this study is to reapply current locétion theory
on the basis of least-total-cost-site by dgyeloping a general model
using consistent qﬁantification techniques for selecting the community
and plant site. This objective is accomplishea in four steps:

4

1. Classifying the location factors’

7C0mmunity and plant site factors will be referred to as location
factors from here on. '
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2. Defining a general model in terms of the classifications.
3. Quantifying the terms of the general model, and
4. TFormulating the final model.
An example, illustrating the application of the model, is presented
in Chapter IITI and a critique of the modei is presented in

Chapter IV.

Classification of Tocation Factors
There are numerous lists of factors available for use in plant
location analyses. [1], [12], [16], [18] In addition, most authors

present a list of subfactors for each main factor. For example,

‘'some of the subfactors for the main factor, "availability of

transpoftation", are: (1) airline service, (?) frucking service,
and (3) train service.

Development of the location model in this study is not' based
on the discovery of a new list of main factors or subfactors. It
is however, characterized by the recognition of three classifications
of location factors. Main factors and subfactors in all, of the
previously cited lists can be divided ipto: (1) critical factors,
(2) objective factors, and (3) subjective fé;tors.

A main factor is classified as criticél if one or more of its
subfactors precludes the location of a plant at a particular site

regardless of other conditions that might ekist at the site. Fox

instance, an industry -that uses a large amount of water would
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certainly not copsider a site with possible sho%tages_of water. In
most cases critical factors cause a redﬁc;ion inlthe number of sites
to be considered in a location study. For this reason they should
be considered first.

Objective factors are those factors which can be classified in
terms of cost with little or no personal bias. They also contribute
directly to operational costé'and can be classified as critical
factors. Examples of objective factors are labor, raw material, and
transportation costs.

The third classification, subjective factors, is usually
characterized by the impossibility for monetary measurement. For
insténce, community’attitude is a subjective factor because it
can seldom be given a dollar value. Some factors can be classified
as both critical and subjective.

Table 2-1 represents a typical list of  location factors by

-

classification.

Table 2-1. Plant Location Factors

Critical Factors

Availability of Labor
Availability of Utilities
Community Attitude
Availability of Transportation
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Table 2-1. Continued.

Objective Factors

Cost of Transporting Raw Materials
Cost of Transporting Finished Products
Cost of Utilities
Cost of Labor
Cost of Building

- Cost of Taxes

Subjective Factors

Availability of Transportation
Industrial Sites - cost, size, location, etc.
Climate
Bducational Facilities
Union Activity ‘
Recreation Facilities and Opportunities
Housing -~ availability & condition of
- Future Growth - opportunities for
Comnunity Services
Employee Transportation Facilities
Cost of Living
.- Competition
-Complementary Industries.
Availability of Labor
Community Attitude

Definition of General Model

The general model is based directly upon the above classifications.
That is, the location measure (or potential) for each site, LM, is a
combination of three values: - (1) critical factor measure, (2)

objective factor measure, and (3) subjective factor measure.
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The model which determines .the location measure for site "i"

(LMi) is defined as follows:

IM;, = CRM, * [X-OFM, -+ (1—X)-SFMi] ' (2-1)

1. CFM:.L is the combined measure of the critical factors
for site "i" (CFMi = 0 or 1)

2, OFMi is the combined measure of the objective factors
for site "i" (0<ORM <, and"g OFM, = 1)

3. SFMi is the cémbined measure of the subjective.facpors
for site "i" (OiﬁFMii;’ and ; SFMi = 1), and

4. X is the objective factor dezision weight (0<X<1).

That site which receives the largest location measure, as defined

in Equation 2-1, is then selected.

Quantification of Location Measures

To determine the location measure of a site, there are four
terms in Equation 2-1 that must be evaluated: (1) critical factor
measure, (2) objective factor measure, (3) subjective factor measure,

and (4) the value of the objective factor decision weight. This

section will be devoted to quantifying these four measures.

Quantification of critical factor measure. The critical factor

measure, in terms of the individual critical factors, is defined as:

CFM, = m CFL.,
1 j 1]
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where CFIij is defined as the critical factor index for site "i"

and critical factor "j".

For each critical factor there is only one decision to be made

for each site, "Does the site have the minimum requirement of the

critical factor?" If the answer is yes, the value of the critical
factqr is one, indicating that on the basis of this critical factor
the site doeé have a iocation measure. On the other hand if the
answer is no, the critical factor index is zero indicating that the
site should be excluded from further consideration since its location
measure is.zero. Therefore, if a site is to receive a location
measure, LM, the critical factor indexes for that site must all equal.

one. . ) jgﬁ

Quantification of objective factor measure. By definition, all

objective factors can be measured in monetary units. However, in
/5 "?5,:‘:‘_ /"\? 2
order to insure compatibility between objective and subjective -
' For
factor measures, objective factor costs are converted to dimension-

less indexes.

e
-

The objective factor measure for site 'i in terms of the

objective factor costs, is defined as:
-1 - L
OFMi = [OFCi . (?(l/OFCi))] o (2—3),‘

where OFC, is the total objective factor cost for site "i'.
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Development of Equatibn 2-3 is based on three restrictions:

lf The site with the minimum cost must have the maximum measure

2, The relationship of the total objective factor cost for

each site as compared to all other sites must be preserved,
.and

3. The sum of the objective factor measures must equal one.
Restrictions 1 and 3 are imposed to insure that the objective factor
measure ﬁill be compatible with the subjective factor measure.

The implication of restriction 2 is that a site with ome-half
the objective factor cost of another is assigned twice the objective
'factor measure of the other site.8 Equation 2-4 defines this
implication ‘for ény'two sites Mi" and "j":

OFM, *OFC, = OFM,OFC, (2-4)

Based on the preceding three restrictions and assuming a total

of "n" sites, the development of Equation 2-3 is as follows:

1. Imposing restrictions (1) and (2) and applying Equation 2-4

(for j 1,2,v..,i~1,i+1,...,n) results in the following

set of n-1 equations:
OFMl . OFCl = OFM2 . OFC2 = seee. = OFMi : OFCi = ..
... = OFM_ - OFC : (2-5)
_ n n .

8The inverse relationship- is due to restriction 1.
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2. Writing restriction (3) in its mathematical form results in:

OFM; + OFM, + ... + OFM, + ... + OFM_ =1 (2-6)

3. Combining the set of equations represented by Equation 2-5
and substituting in Equation 2-6 results in:

(OFCi/OFC + OFCi/OFC + ... + OFCi/OFCn)-OFMi =1 (2-7)

1

4. Equation 2-7 can now be simplified to the form of Equation °

2

2-3.

Quantification of subjective factor measure. The subjective

factor measure for site "i" is influenced by two quantitites: (1)

the relative weight of each subjective factor,and (2) the weight of

site "i" relative to all sites for each of the subjective factors.

Mathematically the subjective factor measure for site "i" is defined
as:
SFYM, = : (SFH, *SW_, ) o L (2-8)
where: .
1. .SFWk is the weight of-subjective factor "k" relative to all
subjective factors, and
2. SWik is the weight of site "i"_:g%ﬁtive to al; potential
sites for subjective factor "k".
Values of the subjective factor weight, SFW, and site weight, SW, are

determined with the aid of a-subjective quantification technique

referred to as preference theory. - 14]
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Preference theory is a tool used to assign weights to subjective
properties9 in a consistent and systemétic manner. For each decision
(wvhich is a comparison between two factors) there are three possible
results: (1) the first property is preferred over (more importaqt
than) the second, (2) the second property is preferred over (more
important than) ghe fi;st, or (3) neither property is preferred, i.e.,
the decision maker is.indifferent. The corresponding numerical
values for each of the above results are: (1) "1" for the first
property and "0" for the second, (2) "1" for the second property and
"O" for the first, and (35 "Q" for both properties. Fach of the
.propertieslare then compared two at a ﬁime, recording the appfopriate
Vélues beside the pfbperties, until all possible combinations have
been exhausted.lo

For ease of comparison a preference matrix is usually constructed.
&able 2-2 is an illustration pf such a matrix'for four properties. The

first decision (Table 2-2) is to compare the impoftance of property

1 to that of property 2. Pl and P2 are preference values of 0 or 1,

9Properties are referred to in preference theory as altermatives,

elements, factors, components, etc.
lOfrhe total number of decisions to be made for a problem
1 n

involving '"n'" properties is: nl!/[2!(n-2)!].
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‘based on this decision. Next, properties 1 and 3 are compzred, then
1 and 4, etc. until the final decision of comparing properties 3 and

4 is made.

Table 2-2. General preference matrix for four properties

__Decision
Property 1 2 3 4 5 6
1 Pl P3 P5
2 P2 P7 P9
3 P4 P8 Pll
& P P10 Fiz

Once the preference values have been assigned, the next step

is to calculate the property weight as illustrated in Table 2-3.
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Table 2-3. General preference matrix with property weights for four
factors - :
' Sum of _
- Decision Preference Property

Property 1 2 3 4 5 6 Values Weight

1 Pl P3 P5 P1+P3+P5 (P1+P3+P5)/P

2 ,P2 P7 P9 P2+P7+P9 (P2+P7-I?P9)/P

3 P4 P8 Pll P4+P8+Pll (P4+P8+Pll)/P

b Pe Plo P12 PePigTaa BetPigtPy)/F
Total . P 1

The proberty weight is the ratio of the number of times a

factor was preferred to the total number of preferred decisions.

The ratio is a measure of the relative importance of each property

compared to all properties.

" Values of the subjective factor weight and the site weight may

now be determined with the direct application-of preference theory.

The procedures for calculating these values are:

1. Properties — Subjective Factors

(constant for all sites)

a. Define a list of subjective factors.

b. Based on past experience or company policy, construct
a preferenée matrix for the subjective factors.

c. Calculate the subjective fac

preference matrix in'part b.

tor weight (SFWk) from the
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2, Properties - Potential Sites

For each sugjective factor "k'":

" a. Gather data concerning the subjective factor in question
for each site.

b. Based on the research in part a.,'construct a preference
matrix for the potential sites and the subjective factor
in question.

c., Calculate the site weights (swikj from the preference

matrix in part b.

Quantification of objective factor decision weight. The

objective factor decision weight, X, is defined as the measure of the
relative importance of the objective factor classification of the

, . 11 . . _
entire location problem. The value of the objective factor decision
weight is based on a judgment decision by top level management of the
locating plant. A decision of this nature is usually based on company
policy or past experience, or both, which are subject to error.

Therefore, the sensitivity of the location measures to changes in the

objective factor decision weight should be investigated.

llDefining the weight of the location problem to be based on
objective factors automatically defines the subjective factor
decision weight (1-X) since the range on X is: 0<X<I.
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Formulation of Final Model

The model which defines the location measure for site "i" (LMi)
can now be redefined in terms of the preceding factors as:

LMi = [ ™ CFIij] [X - OFCi .

z l/OFC.)_l +
ki i *

1

- SW, (2-9)

(1-x) - ﬁ Ska k]
where:

1. CFIij if the critical factor index for site "i'" and critical

factor

2. OFCi is the total objective factor cost for site "i"

3. SFWk is the weight of subjective factor "k" relative to all
subjective factors

4, .swik is fhe weight of site "i" relative to all pdtential
sites for subjective factor "k", éna

5. X is the objgctive factor decision weight.

That site which receives the largest location measure, as-defined by

Equation 2-9 is then selected.

ma




Chapter III.

APPLICATION OF PLANT LOCATION MODEL

Procedure for Selecting Best Location

The complete procedure for'determining the best location for'a
plant can be divided into three phases:

1. Defining information necessary to compare potential sites

2. Collecting the information for each site defined in phase 1,

and

3. Evaluating potential sites on the basis of information

collected in phase 2 and the location model defined in

Chapter II.
Phase 1 entails defining a list of location factors and subfactors
by classification which can then be used to evaluate potential sites.
As stated in Chapter II, fherg are many such lists available to aid
a location analyst in this phase of location theory. Appendix A
illustrates a list of factors and subfactors which can be used to
evaluate potential sites.

Consulting government and locai data ‘collection agencies may
.reduce the time required in phase 2. However, past experience
indicates that location data are . frequently unavailable or incon-
sistent Witﬁ respect to time,'source, and descriptioh. Iﬁ ﬁost cases

the location analyst will be forced to gather data at each potential
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site. A typical set of data for a hypothetical plent‘and six cities
(sites) in Montana is displayed in Appendix A.

Upon completion of phases 1 and 2, each potential site ‘should
be evaluated in terms of the critical factors defined in phase 1.
All sites that meet the minimum requirements for these critical
factors are then evaluated according to Equation 3-1, Which is a
12.

reduction of Equation 2-9.

= *OF — * . -—
LMi X O_Mi + (1-X) SFMi (3-1)

‘Example Problem13

To illustrate the application of the location model presented in ‘
Chapter II, consider the problem of locating a plant in one of six
cities. Aﬁeendix A displays the results of the first two phases of
the procedure outliqed above. Since the six cities defined in
Appendix A have all met the minimum requirements of tﬁe critical
factors, the remainder of the problem may be diviéed into five steps:

1. Evaluating objective factor measures for each site

2. Evaluating subjective factor measures for each site

3. Evaluating location measures for each site

12The netation for the critical factor measure (CFM ) has been
replaced with its numerical value, ",

13The following example problem was solved with the.aid of a
computer. A detailed documentation and listing of the computer
.program is provided in Appendix D.
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4? Investigating the sensitivity of locatioﬁ measures to
changes in X, and
5. Investigating the sensitivity of location measures to

changes in input data.

Evaluating objective factor measures for each site. The objective

factor measure for any site "i"', OFM,, was defined in Chapter II,

Equation 2-3 as:
- . -1
OFMi = [OFCi (?l/OFCi)] (3-2)

where OFCi is the total objective factor cost for site "i".

Determination of the total objecdtive factor cost for any site "i"
in this example problem requires six individual coéts:14 D) raw
material, (2) finished product, (3) utilities, (4) labor, (5)
building, and (6) taxes.

The basic cost of raw material is the same at all three sources
(Appendix A, Table A-3) and only the cost of transporting the ‘raw
material to each site was considered. Furthermore, it was assumed
that any one of the three sourceé could saﬁisfy the raw material
requirements for the locéting plant. Theggfore, the cost of raw

_matefials fér site "i" is:

CRM, = min [TRC (3-3)

|
3 3

14

All objective costs are evaluated on a monthly basis.
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where:
1. ‘CRMi is the cost of raw materials at each site ”;”,‘and
2. TRCij is the raw material transportation cost from source
"j" to site "i".

Transportation costs for each site "i" and source "j" are defined

according to M. D. Ray's [15] transportation cost equation15 as:

TRC, . = ax’.YC (3-4)

ij 13714
where:
1. Xij is the distance to "i" from "j"
2. Yij ié the weight of raw materials shipped to "i" from
"j", and
3. .a,-b, and é are constants to be determined by a multiple

regression analysis.[11]

Values of Xij and Yij are shown in Appendix A, Tables A-3 and A-4.

The empirical data for the regression analjéis is shown in Appendix A,

Table A-5. Table 3-1 shows the resulting raw material costs for each

site.

'lSRay's [15] equation was selected on the basis of his extensive
empirical study relating to transportation cost equations.
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Table 3-1. Raw material sources and costs for each site

Source of Cost of

Site Raw Material : Raw Material
1 | : 3 ' $ 1,079
2 2 $ 945 |
3 _ 1 ‘ $ 490
4 | | 1 8 979
5 - . 2 % 925
6 " | 3 $ 1,507

For example, the cost of raw materials at site 1 for each of

the three sources of raw material is:

.8319

TRG,, = (.003567) (256) %% (200,000) = $ 1,542
TRC,, = (.003567) (224)" %% (200,000 # = § 1,440
TRC, , = (.003567) (127) "> (200,000)" #* = § 1,079

The raw material cost for site 1, as defined by Equation 3-3, is
then $1,079. el

Finished product costs for each site are based only on. the cost
of transporting the finished products to the markets according to
M. D.'Ray‘s [15] transportation cost equation:

MC, = zax’. YC, : (3-5)
I S :
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where:
1. Xij is the diétance from site "i" to market "j",
2. Yij is the weight of finished product to be shipped from
site "i" to market "j", and
3. a, b, and c are constants to be determined using a
multiple regression énalysis.
The values of Xij and Yij and the empirical data for a regression
analysis to determine the constants a, b, and c are listed in Appendix
A, Tables A-6 through A-9. Taﬁle 3-2 shows the resulting finished
product costs for each site. For example, the cost of transporting
the finished products from site 1 to the 18 markets is:
1. MC; = a(256)°(334) %+a(0)® (44,516)%+a(142)° (4,056)%+ ...
. + a(308)°(2,399)%a(280)°(2,590)°
2. a= .003567, b = .509, and ¢ = ,8319

-

3. 'MCl = $§ 1,316

Table 3-2. Marketing (finished product) costs for each site

Site . Marketing Cost

1 ' | . -$1,316
2 $ 1,485
3 - , $ 1,467
4 ' $ 1,600
5 S0 $1,263

6. . ' $ 1,950
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All remaining costs (utilities, labor, building, and taxes) are

calculated directly from the information in Appendix A, Tables A-10

through A-19. Table 3-3 shows these costs for each site.

Table 3-3. Cost of utilities, labor, building, and taxes for each

site _ . :
Cost (8)
Site Utilities Labor Building Taxes
1 9,460 12,773 514 3,095
2 11,563 11,249 563 3,470
3 12,768 10,422 - 539 3,580
4 10,548 12,159 . 490 3,755
5 10,898 12,333 612 3,701
6

11,628 12,244 612 3,393

For example, the costs in Table 3-3 for site 1 are calculated as

follows:

1.

Utility Cost (i)

2.

Gas Cost (i) + Water & Sewage Cost (i)

Gas Cost (i) I A .B, T
] j 13 3J

where:

i. Aij is the gas rate at site "i" for gas category

" -ll’ and

J

el

ii. Bj is the amount of gas in category "j".
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b. Water & Sewage Cost (i) = T Ci'D‘
.. B R
where:

i. Cij is the water and sewage rate at site "i"

for water and sewage category "j", and
ii. Dj is the amount of water and sewage in category

11.11
J .

c. Therefore, the Utility Cost for site 1 is:

Gas Cost (1) (.33) (1)+(.33)(99)+(.33) (200)+

(.33)(700)+(.33) (19,000)

$ 6,600.

Water & Sewage Cost (1) (.33)(1,000)+(.19).(1,000)+

(.13) (18,000)

i

$ 2,860.
Dtility Cost (1) = $ 9,460.

e

2, Labor Cost (i) = LE,F,.. X+ L G
\ . J lJ k k

]
where:

"j "

a. Ej is the required number of type hourly paid'

employees

b. Fij is the Bourly wage rate for type "j" employees at

site "i"

c. X is the éverage monthly working hours
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d. G, is the required number of type "k" monthly paid
employees, and
e. Hik is the monthly éalary for type "k" employées gt
site "i". '
Therefore, at site 1
Labo? Cost (1)=[(12)(1.75)+(12)(2.50)] [173] + (4)(750) +
(1) (950) |
= § 12,773,
3. Building Cost (i) = CRF/12 [ZW,.S,]
: 3 33
where:
a. CRF is the capital recoﬁery factor for a period of 20
. years and an interest rate of 10%;
b. wij is the cost per square foot at sité "i'" for
floor level "j", and
c. Sj is the total square footage éf floor level "j".

Therefore, at site 1

Building Cost (1)

.1175/12 [(6)(2500)+(15) (2500)]
= § 514.
4, Tax Cost (i) = (V) () (T)/12
where:
a. V dis the value of the éroperty
b Mi is the mill levy at site "i'", and

‘ec. T is the percent of prdperty value that is taxable.
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Therefore, at site 1

Tax Cost (1)

(SO0,000)(.18569)(.40)/12

$ 3,095.

The objective factor cost for each site may now be calculated
by summing the costs in Tables 3-1 through 5—3 and.applying Equation
3-2. Table 3-4 shows the resulting totalldbjective factor costs

along with the objective factor measures for each site.

Table 3-4. Total objective factor cost and measure for each site

Total Objective Objective Factor

Site ] ] _ Factor Cost (0FC) § Measure (OFM)
’l $ 28,237 .17433

2 $ 29,275 .16814

3 $ 29,266 °© .16819

4 $ 29,531 . .;6669

5 $ 29,732 .16556

6 $

31,334 . .15709

. For example, the objéctive factor measure for site 1 in Table 3-4
is calculated as follows:

OFMl

[OFC, + (Z1/0FC.)1 T
i it

1 ,
[28,237(1/28;286 + 1/29,275 + 1/29,266 +

1/29,732 + 1/31,332)1°F

.17433
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" Evaluating subjective factor measures for each site. The
subjective factor measure for any site "i" (SFMi) is defined in
Chapter II, Equation 2-8 as: -

. SWik) - (3-6)

SFMi = é (SFWk

where:

1. SFWk'is the weight of subjective factor "k" relative to all

subjective factors, and

1Men

2. SW,, is the weight of site "i" relative to all potential

ik

sites for subjective factor "k".

k

and Swik are evaluated using the techmnique previously referred to

as preference theory.

In order to determine the values of SFM for all "i", terms SFW

Consider first the subjective factor weights. ihe perference
matrixl6 used to weight the subjective factors listed in Appendix A
is shown in.Table 3-5. Decision 1 (Table 3-5) implies that the decision
maker considers factor "availability of transportation" more important
than factor "industrial sites'. To illustrate further,. decisions 11
and 13 imply that the decision maker is indifferent towards factor
"availability of transportation" and factors "cempetition" and

"availability of labor".

l6The preference values shown in Table 3-5 are theoretlcal and
would normally represent policies and practlces of the management.
of the locating plant.
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Table 3-5. Preference matrix for subjective factors

.
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Subjeétive factor weights for egch factor are then determined by
summing the number of times each factor was preferred (considefed
more important):and dividing each sum by fhe total number of preferred
decisions. A list §f the subjective factor weights célculated from
Table 3-5 is shown in Table 3-6. In Table 3-6 the weight of factor
"availability of transportation" (.12644) is the quotient of 11
(number of times it was preferred) divided by 87 (total number of

"preferred" decisions).
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Table 3-6. Factor weights -for snbjecfive factors

Sum of
Preference Factor
. Property . ! Values® Weight
Availabiliff of Transportation 11 ) .12644
Industrial Sites 9 .10345
Climate 2 . 02299
Educational Facilities 0 . .00000
Union Activity 6 .06897.
Recreation Facilities 5 .05747
Housing 3 .03448
Future Growth 10 _ .11494
Comﬁunity Services 7 .08046
Employee Transportation Facilities 4 - .04598
Cost' of Living 1 .01149
Competition 11 .12644
Complementary Industries 7 .08046
Availability of Labor _11 - 12644
87 1.00000

Total

*Calculated from Table 3-5
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Site weights are determined utilizing basically the same procedure
used to evaluate subjective factox wéights. The only difference in the
two procedures is that site weights are‘evaluated on the basis of
decision data at the sites while subjective factor weights are
evaluated on the basis of company policies and practices. Appendix A,
Tables A-20 through A-39, shows the information to.be used in deter-
mining site weights for each subjective factor.

As an .example, consider evaluating the site weights for subjective
factor "availability of transpértation". Table 3-7 shows the
preference matrix with site weights for this factor. The matrix was
arrived at by first subjectively examining the data in Appendix A,
Tables A-20, A—21 apd A~22. Then on the basis of this examination,
the sites were compared two at a time. Decision 1 (Table 3-7)
indicates that site 1 was prefe£red to site 2 for factor "availability
of transportation'. This decision was made because site 1 had more
desirable transportation facilities than site 2.

Site weights for factor "availability of transportation' are then
determined by dividing the number of preferred decisions. by the total.
For example, the site weight (.2000) for site 1 and factor "availability
of transportatidn“ is the quotient of 3 (number of times it was
preferred) divided by 15 (total number of preferred decisions).

Appendix B displays thé preference matrices used to calculate the
site weights for each of the remaining subjective factors and Table

3-8.shows the resulting site weights calculated from these matrices.




Table 3-7. Preference matrix and site weights for factor "availability of transportation"

Sum of
Decision Preference Site
Property 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Values Weicht
Site 1 1 00 1 1 : : 3 .20000
Siée 2 0 0 0 0 1 ' 1 .06667
Site 3 - 1 1 1 1 1 5- | .33333
Site 4 1 | 1 0 1 1 ‘ 4 i .26667
Site 5 0 1 0 0 1 2 .13333
Site's - 0 0 0 o 0 0 .00000

Total " 15 _ 1.00000

LE
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Table 3-8. Site weights for each subjective factor

Sﬁbiective Factor

Site ' Site -
Number Weight

Availability of Transportation

Industrial Sites

Climate

Educational Facilities

Union Activity

.20000
. 06667
.33333
.26667
.13333
.00000

[« W, B SN CL I O

.20000
. 06667
.13333
.33333
.26667
.00000

Ut o

.25000
.16667
.08333
.25000
.25000
. 00000

yln B~

.14286
.35714
.14286
.28571
.07143
.00000

aocn >N -

.33333
. 26667
.06667
.20000
.13333
. 00000

oUW
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Table 3-8. Continued

Site
Number-

Site
Weight

Subjective Factoxr

Recreation Facilities

Housing

Future Growth

Community Services

Employee Transportation Facilities

-

oo~ wN Ut W N UL W N (o) WO, - AN VLAY TN T

oy Ut W0 N

.07143
.35714
.21429
.28571
.07143
.00000

26667
.20000
. 06667
.33333

.13333°

. 00000

.21429
.14286
.07143
.21429
.35714
.00000

.28571
.07143
.14286
21429
.28571
. 00000

. 26667
.13333
. 06667
.20000
.33333
.00000




) 40

Table 3-8. Continued

. _ Site ‘ Site
Subjective Factor : L - Number - Weight

.07692
.23077
.07692
.38462
.23077
.00000

Cost of Living

. 20000
.20000
.20000
.20000
.20000
.00000
\
.28571
.21429
.07143
.07143
.35714
.00000

Competition

aoalnSdH>wNRH

Complementary -Industries

ot > W

.20000
. 06667
.13333
.33333
. 26667
.00000

Availability of Labor

OV W
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Subjective factor measures for each site may now be calculated by
applying Equation 3-6 to the data in Tables 3-6 and 3-8. Table 3-9
shows the resulting subjective facfor measures for each.site. For
example, the subjective factor measure for site 1 in Table 3-9 is
calculated as follows:

SFM1

1

e T SWp)
(.12644) (.20000) + (.10345) (.20000) + ...

r (SFW
k

. + (.12644)(.20000)

« 22234

]

Table 3~9. Subjective factor measures for each site

Site éubiective Factor Measure
1 .22234
2 ‘ .14688
3 ’ 14861
4 .24432
5 .23785

6 - —-... 00000

" Evaluating location measures for each site. The location measure

for any site "i" is defined in Equation 3-1 as:

IM. = X + OFM, + (1-X) - SFM. . (3-7)
1 1 1

°
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where:

1. OFMi is the measufe of the objective factors for site "{"

2, SFMi is the measure of the subjective factors for site "i",

and

3. X is the objective factor decision weight.
Assuming an arbitrary value of .8 for the 6bjéctive factor decision
weight (X) ‘and applyiﬁg Equation 3-7 to the data in Tables 3-4 and
3-9, the location ﬁeasures for the various sites can be calculated.
Table 3-10 shows the resulting location measures for the six cities
under consideration. Since site 1 has received the largest location

measure (Table 3~10) it would be .selected as the new location on the

basis of X equal to exactly .8.

Table 3-10. Locatioﬁ Measures for each site (X = .8)

Objective Subjective
Factor . Factor Location
Site : Measure Measure Measure
1 .17433 22234 .18393
2 _ .16814 _ .14688 .16389
3 .16819 14861 .16428
4 . .16669 24432 . .+18222
5 .16556 .23785 - .18001

6 .15709 .00000 .12567
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For example, the location measure for site 1 in Table 3-10
is calculated as follows:

. M + (1-X) - SFM

]

X » OFM

1 1 1

(.8)(.17433) + (.2)(.22234)

1l

.18393

Sensitivity to changes in decision weight. As stated in
Chaptef II, the value of the objective factor decision weight may
be subject to error. As a safety precaution the sensitivity of the
location measures to changes in the objective factor decision
weight should be investigated before the best site is selected.
Figure 3-1 %llustrates the changes in location measures for each
site and‘varioué values of X,

A change in the best location is detected when the objective
factor decision weight is edual to approximately .75 (Figure 3-1).
The final decisiomn, that of éelecting the best site; is now made with
the knowledge that if site 1 is selected and the estimated value of

X (.8) is overestimated by 6 percent, the wrong site will be chosen.

Sensitivity to input data. As observed in the previous sectiomn,
chanées in the ijective factor decision weight affecfs the selection
of the besf site. The best site can also be affected by changing
various input data. Changes in lsbor, utilities, and production
requirements are good examples of input data ;hat can affect the

choice of locations.
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As an example, consider‘that the estimated production rate for
the previous example problem (150,000 1bs./mo.) may be subject to
error but that all other input data is correct. The test for
sensitivity of location measures to changes in production rates ié
~conducted by first re-evaluating the total objective factor costs
for each site according to the following assumptions:17

1. Raw material and finished product costs are nonlinear
functions of the production rate.

2. Utilities, taxes, and building cosfé are independent of
production rates.

3. Un—skilled, semi-skilled, and supervisory labor varies
directly with production rates and administrative labor
costs are independent of production rates.

For each productioﬁ.rate there will be a corresponding set of total
objective factor costs. Each set of costs are converted to measures
according to Equation 3-2 and combined with the constant subjective
factor measures to produce a new set of location measures. These
new sets of location measures can then be analyzed to assess the

stability of the site selection with respect to production rate changes..

l-7These_~assumptions can véry'frém problem to problem.
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For example, the objective factor costs for site 1 at a
production rate of 50 percent (75,000 1bs./mo.) are calculated as
follows:

1. Raw Material Cost (TRCij)

TRC,, = (.003567)(256)°>°%(100,000) #31? = s866
TRC,, = (.003567) (224)">°%(200,000) %319 = $809
TRC, , = (.003567) (127) "% (100,000) * 831 = $606

Therefore, the raw material cost is $606.
2. Finished Product Cost (MCi)
a. MC, = a(256)° (167)%+ a(0)2(22,258)% + a(142)P(2,028)¢ +...
v ta(308)°(1,199)¢ + a(zso)b(1,295)F
b. a = .003567, b = .509, and ¢ = .8319
c. MCl = $737
3. Utility Cost (1) = $9,460 (same as lOO'pefbent production

rate)

4. Labor Cost (1) [(6)(1.75)+(6)(2.50)]1[173] + (2)(750) +
' (1) (950).

$6,861.50

5. Building Cost (1) = 38514 (same-aé 100 percent éroduction
'rate) .
g. Tax Cost (1) = 83,095 (same as 100 percent production rate)
Therefore, the total objective factor cost for site l,.at a

production rate of 50 percent is $21,273. Appendix C displays the

remaining objective factor costs for each site at production levels
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of 50 percent, 75 percent, 100 percent, 125 percent, and 150 percent
of the original production level (150,000 1bs./mo.).

The total objective factor costs for each site and each pro-
duction level (Appendix C) can now be converted to dimensionless
indexes according to Equation 3-2. The'resulting.objective factor
measures for each site énd various production levels are shown in

Table 3-11.

Table 3-11. Objective factor measures for various production levels

. Production Rate

Site 50% 75% 100% 125% 150%
1 ‘ .17981 .17671 \17433 17244 .17093
2 .16617 .16728 .16814 .16880 .16933
3 ‘.l6i86_ .16540 .16819 17045 .17231
4 .16789 16724 .16669 .16625 .16588
5 ' .16583 16571 .16556 .16540  .16525
6 .15844 .15766 15709 .15665 .15629

Combining each set of objective factor measures (one set for
each production level) with the constant subjective factor measures
(Table 3~-9) and X equal to .8, produces five sets of location

measures for each site. Figure 3-2 graphically displays the change in

location measures for each site as production levels change and X = .8.
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Table 3-12 summarizes the change in the best location for various

objective factor decision weights as the production level changes.

- Table 3-12. Best location for various production rates (levels) and
objective factor decision weights

Objective Factor Production Rate
Decision Weight 50% 75% 1007 125% 150%
.0 o 4 4 5 b
.1 4 4 4 44
2 4 4 4 4 4
3 4 A " 4 A
4 4 4 4 4 4
5 4 4 4 4 4
6 4 4 4 4 4
.7 1 4 4 4 4
8 1 1 1 1 4
9 1 1 1 1 1
1.0 1 1 1 1 3

It may be noted that with the objective factor decision gqual to .8,
‘the best location changes between 125 percent and 150 percent of the
estimated production rate (50,000 1bs./mo.). Referring to Figure 3-2,.

~ the estimated production rate at which the change. occurs is 135 percent.
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Therefore, the final decision, that of selecting the best site, is
now made with the knowledge that if site 1 is selected and either
the value of the objective factor decision weight is overestimated by
6 percent or the production rate is underestimated by approximately

35 percent the wrong site will be chosen.




Chapter IV

CRITIQUE

r

- The location model formulatéd in Chapter II is an approximation
technique for selecting the best location for a plant. Although this
technique solves several of the problems encountered by previous
location models, it still has certain limitations.

The validity of the proposed model is affected by two possible
sources of error in the aﬁproach (preference theory) used to
quantify subjective factors. One source of error, characteristic
of preference theory, is due to restrictions placed on the number of
alternatives. for each deciéion. In éreference theory only three
alternatives, out of an infinite number of alternatives, are defined
for each decision. Restricting the number of possible alternaéives
to three reduces the reliability of the estimgted weights for highly
distinguishable properties.18 For example, consider the case of
determining property weights for three properties where the true

property weights (TPW) are:

1. TPW(L) = 4/7 _ T
2. TPW(2) = 1/7

3. TPW(3) = 2/7

18

This is a case where certain properties can be distinguished
as being twice as important as other properties, -three times as
important, etc. '
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. The estimated property weights (PW) derived with the application of

preference theory, assuming that the magnitudes of the true property

‘weights determine preferences, would be:

1. PW(L) = 2/3
2., PW(2) = 0
3. PW(3) = 1/3

Comparing the true property weights to the e;timated weights reveals
that the estimated weights are not representative. If this situation
-occurs frequently in a plant location problem the wrong conclusion
could be made. |

A possible solution to this problem could be an extension of
preference théory to include more than thrge altgrnatives, such as
a five alternative process: highly preferred, preferred, indifferent,
not preferred, and highly not preferred. Table 4-1 shows a set of

suggested values and conditions for selecting the proper alternative

for this five alternative process.

Table 4-1. Values and conditions for a five alternative preference

approach
Preference . Magnitude of Property
Alternative Value Importance (X)*
Highly Preferred 2.0 . X>2
Preferred 1.5 1<X<2

Indifferent . _ 1.0 X=1
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"Table 4~1. Continued

Preference Magnitude of Property
Alternative _ Value JImportance (X)*
Not Preferred 1.0 S <X<1

Highly Not Preferred 0.0 X< .5

*Magnitude of property importance (X) is the numerical value
defining the relative importance of one property to another. For
example, if property A is four times as important as property B,
then X is equal to 4 and property A is considered to be hlghly
preferred to property B.

Property weights developed by applying the five altermative
preference approach to the previous example, assuming that the

magnitude of the true property weights can be used to define the

magnitude of property importance, are:

1. PW(l) = 3.5/7
2. PW(2) = 1.0/7
3. PW(3) = 2.5/7

Comparing the true property weights to the two sets of estimated
property weights indicates that the.extended preference approach
is superior to the standard preference éﬁégaach.for highiy dig~

tinguishable propérties. Although the preceding example does not
conclusively prove the superiority of an extended prefereﬁce approach,‘

it does.imply this possibility.
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A second possible. source of error in the proposed model, due
to the application of preference theory, is from a decision maker

19

developing an intransitive preference matrix. To insure that

this error is not made, each preference matrix should be checked for
intransitivity. A preference matrix.can be checked for intran-
sitivity by developing a new matrixzo based on the magnitude of the
original property weights. For examplé, the new matrix should be
developed so that the property with the lérgest property weight is
preferred to all other properties, the property with the next
-largest property is preferred to all properties except the property
with the largest weight, efc. If the new matrix agrees with the
original matrix, transitiviﬁy of prefeiences has been preserved.
However, if the two matrices do not agree, the matrix is intransitive
and the decision maker must reevaluate his decisions and try to
alleviate this problem.

Another possible source of error characteristic of the proposea
model is the objective factor-deciéion weight. Even though-thié
probleﬁAis overcome to some extent by applying a sensitivity analysis,
development of a systematié approach to ﬁuéntify the objective factor

decision weight would increase the validity of the model.

19An intransitive preference matrix is one that includes
contradictory decisions. ‘
20For ease of compdrison, properties should be listed in the
same order im both matrices. B
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As previously stated at the beginning of this chapter there are
several advantages characteristic of the proposed model. One advantage -
is that it not only comsiders cost factors (objective factors),
but it alsq reduces the number of sites under consideration with the
use of critical factors and systema;ically evaluatesisites on the
basis of subjective factors as well.

" A second advantage is that the model is ﬁot limited to any
specifié type or number of loca£ion factors. To illustrate this
flexibility, consider ﬁhe problem of developing preference matrices
for subjective. factor éite weights. As the amount of information
necessary to evaluate a subjective factor increases, comparing sites
becomes a difficult if not insurmountable‘task. "This problem can be
alleviated by extending the definition of the subjective factor
index to include subjeétive subfactors. ’The new definition for the

subjective factor index would be:

STI; = I SF (i SSW,_ * W, ) (4-1)
where:
i. SFW, is the weight of subjective factor "k"
2. SSW, is the weight of subjective subfactor "m" for
subjective factor "k'", and
3. Sw, is thé weigﬁt of site "i" relative to all potentiél

ikm

sites for subjective subfactor "km".
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Values for subjective subfactor weights are determined using a
preference approach and site weights must now‘be evaluaéed for each
subfactor. If the information defining each épbfactor is still
too large or complex to evaluate site weights effectively, the
subjective factor index can be extended to include additional
subdivisions.

In addition, previous advantages permit the model to be applied
to practical problems. As illustrated in Chapter III, variables
inherent in the model éan be quantified and a definite solution

reached.

————
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Appendix A

Location Data for Plant ‘Location Model

The following list of factors and the data defining these

factors is presented for the purpose of illustrating the application

of the location model in Chapter III,.

Critical Factors

Availability of Utilities

Table A-1. Minimum utilities available

Site
Utility 1 2 3 4 5 6
Electricity * ® * * ® *
Gas * * * * * *
Water & Sewage * * * % %
#No minimum
Community Attitude
Table A-2. Attitude towards industry
Is Industry . - Is Industry ) Is Industry
_Site Accepted? - Site- Accepted? - Site Accepted?
1 : Yes .3 © Yes > Yes .
2 - Yes 4 , Yes 6 Yes




" Objective Factors

Cost of Transporting Raw Materials

Table A-3. Raw material requirements

Raw material requirements (lbs./mo.). . ... . . . . 200,000

Number of sources of raw material .,

Cost of raw material# <$/lb.) .

3

1

*Same at all three sources

Table A-4. Distance (miles) from potential sites to raw material

sources
Source
Site . _ . 1 2 3
1 256 224 127
2 ' 114 98 162
3 : 27 64 241
4 ‘ 105 116 272
5 175 o 106
6 . 485 423 245
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~Table A-5. Empirical data for regression analysis to determine the
constants a, b, and c in Equation 3-4%

Sample Total Cost Distance Weight

Number {TRC) 0:9) ) ()
1 32.60 ) 266 2,000
2" 51.50 142 5,000
3" 34.21 © 154 2,700
4 114.75 325 7,500
5 94.00 515 4,000
6 36.60 : 165 3,000
7 23.52 64 2,800
8 51.24 209 4,200
9 48.96 220 3,600

10 61.80 446 3,000

*Total cost is the dependent variable and distance and weight are
the independent variables. For a detailed discussion on regression
analysis, see Miller and Freund [11].

Cost of Transporting Finished Product

Table A-6. Finished product requirements

Production rate (Ibs/mo.) . . . . « . « . . . . . .150,000
Number of markets . . . « . « v 4 o o o0 ... . 18
. Selling price at markets . . « ¢ & ¢ v v 4 4 4 4 *

*Same price at all eighteen markets
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Distance (miles) from sites to markets

Table A-7.

‘Market Site :
Number 1 2 3 4 5 6
1 256 114 27 . 105 175 485
2 0 142 229 340 220 229
3 142 0 87 208 192 371
4 229 . 87 0 121 158 458
5 330 288 254 242 110 435
6 269 127 40 81 149 478
7 279 366 429 437 271 150
8 119 371 458 517 351 0
9 220 192 158 166 0 351
10 250 304 270 278 112 309
11 224 98 . 64 116 94 423
12 447 324 237 116 . 227 571
13 127 162 241 272 1106 245
14 117 25 112 233 172 346
15 153 295 382 463 318 77
16 T340 208 121 0 166 517
17 308 266 232 228 88 411
18 280 422 509 543 53

377 .

Table A-8. Amount of finished product (1lbs.) shipped to each market

Market Weight of Market Weight of
Number Finished Product Number Finished Product

1 334 -10 .. © 7,432

2 44,516 11 5,454

3- 4,056 12 5,484

4 12,818 13 3,535

5 1,804 14 1,647

6 420 15 5,765

7 4,092 16 14,318

8 2,705 17 2,399

9 30,631 18 2,590




65

Table A-9. Empirical data for .regression analysis to determine the
constants a, b, and c in Equation 3-5%

Sample : Total Cost ' Distance Weight
Number (MC) 3 (X) . (Y)

1 32.60 _ 266 2,000

2 51.50 142 5,000

3 . 34,21 154 . 2,700

4 114.75 . 325 7,500

5 94.00 515 4,000

6 36.60 165 3,000

7 23,52 64 2,800

8 51.24 209 4,200

9 48.96 220 ‘ 3,600

10 61,80 446 ' 3,000

*Total cost is the dependent variable and distance and weight
are the independent variables. For a detailed discussion on
regression analysis, see Miller and Freund [11].

Cost of Utilities -

Table A-10. Utility requirements

=

Average monthly gas requirements (MCF) . . . . e 20,000

Average monthly electricity requiremenﬁs (kwh.) . . . 5,000

Average monthly water & sewage requirements (cu.ft.). 20,000
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Table A-11. Cost of electricity®

$1.25 for the first 20 kwh. or less
4.0¢ péi kwh. for the next

3.4¢ per kwh. for the next

2.0¢ per kwh. for the next i

1.1¢ per kwh. for the next

.94¢ per kwh. for the next

.60¢ per kwh. for all additional kwh.

Plus

First 10 kilowatts .
Next 20 kilowatts . . . .
All additional kilowatts .

80 kwh.
1,700 kwh.
3,200 kwh.

15,000 kwh.
200 kwh.

. no charge
. $ 1.20/KwW.
. $ 1.00/KW.

%The electrical rates are the same for all cities and will not
be considered in the cost analysis in Chapter ITII. This table

serves only as an illustration.

Table A~12. Cost of gas ($/MCF.)

. Site
Amount (Bj) 1. . 2,3,4,85
First 1 MCF. .33 2.50
Next 99 MCF. \7733 .74
Next 200 MCF. .33 s
Next 700 MCF. .33 (42
Next 4,000 MCF. .33 .38
All additional .33 .32
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‘Table A-13. Cost of water and sewage ($/cu.ft.)

Amount (D.) Site
(cu.ft.) I 1 2 3 4 5 6
First 500 .33 .55 .39 .30 .40 .55
Next 500 .33 .38. .39 .30 .40 .38
Next 500 .19 .38 .37 .30 .35 .38
Next 500 .19 .30 .37 .30 .35 .30
~ Next 500 .13 .30 .35 .30 .35 .30
Next 500 .13 .25 .35 .30 .35 .25
Next 2,000 .13 .25 .33 .30 .35 .25
Next 2,500 .13 .25 .31 .15 .20 .25
Rext 2,500 »13 .25 .29 .15 .20 .25
Next 10,000 .13 «20 .27 .15 .13 .20
Next 30,000 .13 .20 .27 .12 .13 .20
Next 20,000 .10 .15 .27 .12 W13 .15
Next 10,000 .10 .15 .24 .12 .13 . .15
Next 20,000 .10 .15 .24 .08 .13 .15
Next 80,000 .07 .15 .24 .08 JA1 .15
Next ~ 220,000 .07 .15 .24 .07 A1 .15
Next 100,000 .07 10 .24 .07 J1 .10
Next 500,000 .07 .10 .24 .04 A1 .10
All Additiomal .06 .10 .21 .02 .11 .10
Cost of Labor
Table A-14. Labor requirements
Number of unskilled workers required . 12

© Number of semi-skilled workers required
Number of supervisors required
Number of administrators required

Number of working hours per month ., ,

12

173
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‘Table A-15. Cost of labor

‘Type of Site

Labor 1 2 3 : 4 5 = 6
Unskilled# 1.75 1.50 1.25 - 1.65 1.75 1.80
Semi-skilled#® 2.50 2.10 © - 2.00 2.35 2.30 2.20
Supervisory¥#* 750 725 700 730 750 760
Administrative®#® - 950 875 875 935 925 900

*Cost per hour

*%Cost per month

Cost of Building

Table A-16. ' Building reQuireﬁents

Configuration of building . . . . . . . . . . . Rectangular
Typé of building . « « ¢« ¢ e 4 e e e e 0. S£ructural
Size of basement (sq.ft.y B 2,500
Size of first floor (sq.ft.). . . v v v v « « & 2,500
Estimated life of building (yrs.) . '. e e e e e .20

Capital recovery factor for 20 year li%e-
and 1nterest at 107 « « v o v v e e e e L1175
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Table A-17. Cost of building ($/sq.ft.)

Site
Floor Level 1 -2 3 4 5 6
Basement 6.00 7.00 7.00 6.00 8.00 8.00
First Floor 15.00 16.00 15.00 14.00 17.00 17.00
Cost of Taxes
Table A-18. Tax informatiom
Value of facilities ($) . . « « « « « « « o 500,000
Percent of value téxable e e e e e e e e 40
Annual net sales (8). v ¢ ¢« ¢ o 4 v e s e e s 1,000,000

-

Table A-19. Property and sales tax for each site (mills/yr.)

Site ’ :
Type of Tax 1 2 3 4 5 - 6
Property 185.69 208.23 214.82 225.28  222.09 203.60
Sélles * % C% % * B

*The sales.tax is the same at each site.




Subjective Factors

Availability of Transportation
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Table A-20. Airline service

Airlines® Total Daily Type of Service®#®
Site 1 2 3 Flights 1 2 -3
1 X X X 32 X X bl
2 X X 10 X X X
3 x X 10 X X X
4 X X 18 X X
5 X X X 30 X X X
6 X 4 X b'S
* 1 - Northwest. Orient % 1 - Jet
2 - Frontier 2 - Prop Jet
3 - Western 3 - Prop
Table A-2]1. Common carriers
Motor Carriexrs
Railroads® Inter Intra
Site 1 2 34 5 TLocal State State = Total
1 x x x 21 127 17 50
2 x x 1 2 1 4
3 X x X X .3 6 2 11
4 x x 1 6 9 16
5 X X 0 12 3 15
6 x 1 0 1 2.

% 1 - Great Northern, 2 - Chicago, Milwaukee, St. Paul, &
Pacific, 3 - Chicago, Burlington, & Quincy, 4 - Northern Pacific,
5 — Union Pacific. '
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Table A-22. Highways

Site ‘Maior Hichways _ Destination Road Condition

1 ) 1.S. 90:. Seattle - Denver . Excellent”
I.S. 94 Minn./St. Paul Excellent
U.S. 87 Great Falls Good

2 I.5. 90 Seattle - Denver Excellent
U.S. 191 Salt Lake - Great Falls " Good

.

3 I1.S5. 90 Seattle - Denver . Excellent
I.S. 15 Salt Lake — Great Falls .Excellent

4 I1.5. 90 Seattle - Denver Excellent ~
U.S. 93 Kalispell - Salt Lake Good

5. I.8. 15 Great Falls - Salt Lake - Excellent
U.s. 87 Billings — Missoula Fair

6 I.S8. 94 'Billings - Minm./St. Paul Excellent




Table A-23. Description of industrial sites

Total Transpbrtation
Site Acreage Description Access " Price Zoning Utilities
1 592 Unimproved Highway - 1 mile * None Unavail.

& level Rail - spurs

Airport - 5-9 mi.

2 310 Unimproved Highway — 1 mile Lease Indus. Unavail.
& level . Rail - spurs only ™
Airport - 11 mi.
3 415 Unimproved Highway — 2 mile * Indus. Unavail.
& level Rail - spurs
Airport - 1 mile
4 100 Tmproved Highway - adj. * Indus. Avail.
& level Rail - spurs

Airport - adj.
.5 615 Unimproved Highway - 1 mile * Indus, Avail.
. & level Rail - spurs ‘ '

Airport - 7 mile

6 Presently do not have land set aside for industrial sites.

"897TS Terigenpur

[44

¥Price unknown.
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Climate.

Table A-24. Weathertconditions

Average Number Average Number Average Number
Days Between Days Te_mp(.J Days with Mean Temp
Site Freeze Below 32 Precipitation Feb. July

1 132 45 91 26 73
2 115 54 51 24 66
3 110 62 107 , 19 62
4 128 46 121 26 68
5 139 48 97 25 70
6

134 58 32 19 75

Educational Facilities.

Table A-25. Number of schools

Gréde Junior High Trade

Site Schools - Highs Schools Schools Colleges Univ.
1 34 5 2 '11 o2 ’ o]
2 . 6 2 | 2 1 0 Al
3 17 2 2: - 2 1 0
4 17 3 3 o 0 1
5 18 3 3 8 I 0
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Table A-26. Library facilities and Aegrees offered at colleges and
. universities .
Degrees Offered Libraries
Site B.A. B.S. M.A. M.S. PhD. Number Circulation
1 yes yes ves yes no 3 184,600
2 yes yes yes yes yes 2 408,500
3 yes yes yes yes no - 3 134,000
4 yes yes yes yes yes 3 507,000
5 yes yes‘ no no no 3 162,200
6 yes no no no no 1 50,000

Union Activity.

Table A-27. TUnion Activity

Total Number

Number of Major

Principle Union to

Site of Unions Strikes (last 5 yr.) Participate in Strike‘
1 17 0 o -
2 23 O‘ e -
3 26 1 Steel Workers (9 mo.)
4 26 0 -
5 26 1 Steel Workers (4 mo.)
6 21 1

Steel Workers (1 yr.)
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Recreation Facilities.
Table A-28. Recreation facilities
- Public Snow :
Bowling Golf Courses Skiing City
Site Alleys Public Private Facilities Theaters Parks
1 5 1 2 1 6 18
2 1 0 2 1 3
3 4 1 1 3 2 5
4 3 2 1 3 6 19
5 4 1 1 1 6 48
6 1 0 1 0 1 4
Housing.
. 'Table A-29. Housing
| - . Average Number % Crowded Median % Sound
Site Persons/Room Dwellings Price. Dwellings
1 3 12.1 - 14,700 76.0
2 3 10.9 . _ © 12,100 72.4
3 3 13.2 8,100 69.9
4 3 14.1 12,900 ".76.1
5 3 15.6 13,500 71.2 -
6 4 18.4 13,900 72.9




Future Growth.
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Table A-30. Population characteristics

Total County Population

County Population (Age 20-40)

Site 1960 1970 7% Change 1960 1970 7% Change
1 79,016 107,034 35 20,770 28,201 25
2 26,045 32,653 23 7,475 10,072 35
3 46,454 42,272 -9 9,599 8,728 -9
4 44,663 58,324 32 11,916 15,725 32
5 73,418 102,993 41 20,922 31,023 48
6 12,314 15,433 25 3,126 4,131 32

Table A-31. Value of building permits and number

of new dwellings

Value of Building Permits ($1,000)

# of New Dwellings

Site 1965 1966 1967 1968 1967 1968 1969%
1 8,468 8,171 7,480 9,755 316 311 201
2 7,964 4,280 4,436 3,550 89 151 74
3 433 2,447 2,630 577 165 140 64
4 6,831 7,961 3,356 5,947 241 206 180
5 8,621 7,464 7,415 5,260 308 300 150
6 1,252 1,452 978 60 77 25

423

*Through June 1, 1969.
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Community Services.

- Table A-32. Police department, fire department and medical statistics

Police Department

Number qf Number of Fire. Hospitals Number of

Site Officers Patrol Cars Class. Number Beds Doctors

1 75 14 4 2 450 171

2 17 4 5 1 102 s

3 36 6 .2 347 65

4 35 5 3 364 117

5 70 16 5 2 436 133

6 ‘15 3 6 1 100 20

Table A~33. Communications facilities

Numbexr of . T.V. Stations
Total Number Radio Stations .Received by
Site Newspapers AM M Stereo Antenna Cable
1 2 5 1 0 2 5
2 2 2 2 0 1 5
3 2 2 0...0 1 5
A 2 41 1 2 5°
5 2 4 1 0 2" 8
6 1 2 0 0 2 6 -
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Employee Transportation Facilities.

Table A-34. Mileage of city streets by material

Primary  Secondary

Site Surface Surface -Gravel Brick Egrth Concrete Total
1 111 99 28 1 4 247
2 37 27 1 0 . 1 0 66
3 73 3 0 1 13 2 92
4 125 . 7 0 17 2 153
5 228 9 4 0 2 3 246
6 2 38 5 0 5 0 50
Table A-35. Mileage of city streets by type
. Number of Lanes Milesl of
Site 2 4 <4 One Way
1 235 12 0 5
2 62 0] 0
3 84 - _ 0 2
4 140 3. 0 4
"5 238 0 14
6 50 0 0
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Cost of Living.

Table ‘A-36. Income information

—~

Median Median Farm Severity
Family Price of Living of Poverty
Site Income Houses . Index Index

1 6,372 14,700 132 10.0

2 5,601 12,100 129 . 14.9

3 5,431 8,100 132 16.2

4 5,978 12,900 119 10.0

5 6,188 13,500 129 11.5

6 5,772 13,900 110 14.5

Competition. The product to be manufactured is new and there is
no competition. Therefore, the site weights for this factor will be

the same.

Complementary Industries.

Table A-37. Number of industries by type

Machine Welding -‘Sheet Metal - . Contractors

Site Shops Shops Shops Building Plumbing Elect.
1 8 14 8 22 24 9
2 1 4. 4 7 6 5
3 5 7 2 9 5 7
4 9 7 6. 12 14 9
5 5 13 10 14 11 8
) 2 2 0 2 - 3 3




Availability of Labor.
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Table A-38. General labor statistics

Total Work Non Ag. Numbet
Site Force Work Force Unemployed Primary Employment
1 34,800 32,500 256 Health Services
‘2 11,000 9,600 100 Health Services
3 13,150 11,111 743 Metal Mining
4 118,678 18,000 550 Lumber
5 30,800 29,600 1,100 Metal Processing
6 4,153 2,522 Restaurants -

177

Table A~39. Percent of total county employment by classification

Ww o -

Site
Classification 1 2 3 b 5 6
Ag. Services, Forestry ana

-Eishgr%qs 1 1 1
vining 2 16
Contract . Construction -8 5 11~
Manufacturing 14 18 32 19
Traﬁsportation, Utilities & ,

. Sanitary Services 10 6 8 7 7 21
Wholesale Trade ‘14 6 _ 8 9 8
Retail Trade 25 34 19 26 25 29
Finance, Insurance and Real Esfate 7. 6 4 5 8 5
Services 20 22 13 18 20 18




Apgendix B

Preference Matrices for Subiective Factors

Table B-1. Availability of transportation

Decision °

Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Table B-2. Industrial sites

Decision

Site 1 2 3 4 5 6 7 .8 -9 10 11 12 13 14 15

2 0 0 0 0 1

3 0 1 0 0 1

4 1 1 1 1 1

5 1 1 1 0 1
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Table B-3. Climate

Decision
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Table B-4. Educational facilities

Decision
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0o 0 o0 1 1

2 1 1 1 1 1

3 0 0 0o 1 1

4 1 0 1 1 1
5 0 0 0 0 1




Table B~5. Union activity
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Decision .
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 -l. 1 i 1 T
2 0 | l' 1.1 1
3 0 -0 o o 1
4 0 0 1 1 1
5 0 0 1 0 1
6 0 0 0 d 0
Table B~6. Recreation facilities
: Decision
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0o o0 o0 o0 1 |
2 1 11 01 1
3 1 o - o 1 1
4 1 0 1 1 1
5 0 0. 0 0 1
6 0 | 0 0 0 O
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Table B-7. Housing
Decision . :
Site 2 3 4 7 8 9 10 l; 12 13 14 15
1 1. Q 1
2 0 1 1
3 0 0 0 1
4 1 1 1 1 1
5 0 0 1 0 1
6 0 0 0 0
Table B-8. TPFuture growth
] Decision
Site 2 3 4 7 8 9 10 11 12 13 14 15
1 1 0 O ,
2 0 0 1
3 0 T 0 1
-4 0 1 1 0 1
5 1 1 'l 1 1
6 0 0 0 O
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Table B-9. Community services
Decision .
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 11 1 0 1
2 0 0 ¢ 0o 1
3 0 1 0 0- 1
4 0 1 1 6 1
5 0 1 1 1 1
6 0 0 0 0 O
Table B-10. Employee transportation facilities
Decision .
Site 1 2 3 4 5 6 7 '8 9 10 11 12 13 14 15
1 1 1.1 o0 1
2 0 1 6.0 1
3 0 0 - 0 0 1
4 0 1 1 0 1
5 1 1 1 1 1
6 0 0 0 0 ©




Table B-1l. Cost of living
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Decision
Site 1 2 3 4 .5 6 7 8 9 10 11 12 13 14 15
1 0 0 0 0 1 |
2 1 1 0 0 | 1
3 0 0 0 0 1
4 1 1 1 1 1
5 1 0 1 0 1
6 0 0 0 0 0
“Table ﬁ—lZ. Competition
, Decision i
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0 0 0 0 1
2 0 0o 0 0 1
3 0 0 o 0 Q 1
4 0 0 0 0 1
5 0 0 0 0 1
6 0 0 0 0 0
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Table B-13. Complementary industries

Decision
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15'
1 ‘l 1 1 0 1
2 0 1 1 0 1
3 0 o 0o 0 1
4 0 0 0 v 0 1
5 i 1 1 1 1
6 0 0 0 0 o0
Table B-14. Availability ofllabdr
Decision _
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 i 1 0 o0 1
2 0 0 0 0 1
3 0 1 o 0 -0 1
4 1 1 1 | 1 1
5 1 1 1 0 | 1
6 0 0 0 0




Appendix C

Objective Factor Costs for Various Production Rates

Table C~1. Production rate = 50%

‘ Site- . :

Objective Factor 1 2 3 4, 5 6
Water | 2,860 4,765 5,970 3,750 4,100 4,830
Labor 6,681 6,062 5,648 6,547 6,629 6,572
Taxes 3,095 3,470 3,580 3,755 3,701 3,393
. Building 514 563 539 490 612 612
Finished Product' 737 830 821 895 706 1,091
Raw Material 606 531 276 550 520 847
Gas ' 6,600 6;798 6,798 6,798 —6,798 6,798

Total 21,273 23,019 23,632 22,785 23,066 24,143
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Table C-2. Production rate = 75%
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Site

Objective Factor 1 2 3 4 5 6
Water 2,860 4,765 5,970 3,750 4,100 4,830
Labor 9,817 8,655 8,035 9,353 9,481 9,408
Taxes 3,095 3,470 3,580 3,755 3,701 3,393
Building 514 563 539 490 612 612
Finished Product 1,033 1,169 1,153 1,255 991 1,534
Raw Matgfial 849 744 386 771 728 1,186
Gas 6,600 6,798 6,798 6,798 6,798 6,798

Total 24,768 26,164 26,461 26,172 26,411 27,761
Table C-3. Production rate = 100%

Site

Objective Factor 1 2 3 4 5 6
Water 2,860 4,765 5,970 3,750 4,100 4,830
Labor 12,733 11,249 10,422 12,159 12,333 12 244
Taxes 3,095 3,470 3,580 3,755 3,701 3,393
Building 514 © 563 _ 539 490 612 612
Finished Product 1,316 1,485 1,467 1,600 1,263 1,950
Raw Material 11,079 945 490 979 925 1,507
Gas - 6,600 6,798 6,798 6,798 6,798 6,798

Total 28,237 29,275 29,266 29,531 29,732

31,334
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Table C-~4. Production rate = 125%

Site
Objective Factor 1 2 3 4 5 6
Water 2,860 4,765 5,970 3,750 4,100 4,830
Labor 15,729 13,842 12,809 14,965 15,185 15,080
Taxes 3,095 3,470 3,580 3,755 3,701 3,393
© Building 514 563 539. 490 612 612
Finished Product 1,587 1,791 1,767 1,927 1,523 2,349
Raw Material 1,299 1,138 590 1,179 1,114 1,814
Gas 6,600 6,798 6,798 6,798 6,798 6,798
Total 31,684 32,367 32,053 32,864 33,033 34,876
Table C-5. Production rate = 150%
Site
Objective 1 2 3 4 5 6
Water - 2,860 4,765 5,970 3,750 4,100 4,830
Labor 18,684 16,435 15,195 17,771 18,037 17,916
.Taxes 3,095 3,470 3,580 3,755 3,701 3,393
Building 514 563_”\~539 . 490 612 612
Finished Product 1,844 2,085 2;658 2,243 1,772 2,737
Raw Material 1,511 1,324 687 1,372 1,297 2,112
Gas : 6,600 6,798 6,798 6,798 6,798 6,798

Total 35,108 35,440 34,827 36,178 36,317 38,398




Appendix D

Computer Program for Plant Location Model

Problem Description

Thée location measure for each potential site is calculated
according to Equation D-1:

IM =X+ (OFC, * I i/OFCi)*l + (1-X) * I SPW, * SW (D-1)
; k.

i k ik
where:
1. OFCi.is ﬁh¢'£6tal objective factor cost for‘éite "y
2. SFWk is the we?ght of subjective factor "k" relative to
‘all subjective factors
3. SWJ.:k is the weight of site "i" relativé to all potential
sites for subjective factor "k", and

4. X is the objective factor decision weight.

Program

“ The plant location program presented in this appendix consists
of a main routine and several subroutines. Table D-1 shows the

relationships among the programmed routines and the variables required

to evaluate the location measure in Equation D-1.. In addition to the
:routines named in fable D-1,. routines named‘REGRES? CORRE, DATA,
ORDER, MINV, and MULTR from the IBM Scientific Subroutine Package [12]
are included. The ﬁurpose of theée routines is to calculate the

regression constants for determining the transportation costs of raw

materials and finished products.




92

Table D-1. Relationships among program's routines and variables

in Equation D-1.

Routine Name

Variable Calculated

MAIN M,
i

SUBFAC SFMi
WELGHT X SFWk
SITEWT SWik
COST. OFM. and OFC,

i i
LABOR Cost of Labor
MARKET Cost of Marketing’
RAWM Cost of Raw Material
TAXES Cost of Taxes
BUILD Cost of Building
UTIL Cost of Gas
WATER‘ Cost of Water & Sewage

Capacity

The capacity of the plant location ﬁEngam is limited to a

minimum of:
1. Fifty potential sites
2. Fourteen subjective factors

3. Six objective factors

4. Ten different types of hourly paid workers
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5. Ten different types of monthly paid employees

6. Oﬁe hundred possible markets

7. Ten different typeg of finished products

8. Ten different types of raw materials, and

9. Five different sources for each raw material.
Except for the number of objective factors, the capacity of the
program presented at the end o6f this appendix can be increased by
changing the appropriate dimension statements. For every additional
objective factor ipcluded in an analysis a separate subroutine must
be written.

One other restriction on the capacity of the program is that
the program was developed on the basis of tﬁe production rate
assumptions in Chapter III: (1) utilities, taxes, and building costs
are indepgndent of production raies, (2) raw material and finished
product costs vary directly with production rates, and (3) unskilled,
semi-skilled, and supervisory labor costs vary directly with pro-
ductioﬁ rafes. If any of these assumptions are deemed impractical,

appropriate changes must be made.

Data‘q§£g§

Table D-2 is a presentation and general description of the inbut
data.cards required for ﬁhe computer program at the end of this
appendix. The data cards are presented in the order in which they

must appear in the program.. In cases where the number of variables
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- to be read is also a variable, the code CARD#-a is used. For instance,
2-a implies that the number of type two data cards varies with each

problem.




Table D~2. Description of input data for computer program

Card Variable
Number  Format Name Description
1 i3 NXX Number of sites
2-a 1312 INDEX(1,1) Preference value of subjective factor 1 compared
to subjective factor 2
INDEX(1,2) Preference value of subjective factor 1 compared
to subjective factor 3
INDEX(14,13) . Preference value of subjective factor 14 compared
to subJectlve factor 13
3-a 3012 FAC(1,1) Preference value for site 1 compared to site 2
- for subjective factor 1
FAC(1,2) Preference value for site 1 compared to site 3
for subjective factor 1
FAC(NXX,NXX-1) Preference value for site NXX compared to site
NXX-1 for subjective factor 1
3012 FAC(1,1) Preference value for site X\ compared to site 2
' ' for subjective factor 2
. FAC(NXX,NXX-1) Preference value for site NXX compared to site
s NXX-1 for subjective factor 14
4 213 1-3 NHR Number of different types of hourly paid employees
4-6 MO Number of different types of monthly paid

employees

S6




Table D-2. Continued

Card ’ Variable
Number  Format Columns Name Description
5-a 12F5.2 1;5 CHR(1,1) Cost per hour of type 1 employee at site 1
: 6-10 CHR(1,2) Cost per hour of type 2 employee at gite 1
. CHR (NXX,NHR) Cost per hour of type NHR employee at site NXX
6-a 15F4.0 1-4 cMo(1,1) Cost per month of type 1 monthly paid employee
at site 1 .
5-8 - CMO(1,2) Cost per.month of type 2 monthly paid employee
at site 1 !
. CMO (NXX,MO0) Cost per month of type MO monthly paid employee
: at site NXX
7-a © 2013 1-3 NUML (1) Number of type 1 hourly paid employees needed
4-6 - NUML(2) Number of type 2 hourly paid employees needed
. NUML (NHR) Number of type NHR hourly paid employees neéaded
8-a 2013 1-3 NUM2(1) Number of type 1 monthly paid employees needed
4-6 NUM2(2) Number of type 2 monthly paid employees needed
. NUM2 (MO) Number of type MO monthly paid employees needed
9 214 1-4 IN Number of markets
5-8 - IM Number of different products to be shipped

96




ISAVE(2)

Table D-2. Continued
o Card . Variable
Number Format Columms Name Degcription
10-a 18F4.0 1-4 DIST(1,1) Distance from market 1 to site 1
5-8 DIST(1,2) Distance from market 2 to site 1
DIST(NXX, IN) Distance from market. IN to site NXX
11-a  12F6.0 1-6  SALES(1,1) Sales of product 1 at market 1
7-12 SALES(1,2) Sales of product 2 at market 1
SALES (IN,IM) Sales of product IM at market IN
12% AL A2 ©1-6 PR,PRL . Problem name
- I5 & 7-11 N Number of observations
212 12-13 M Number of variables
: 14-15 NS Number of selection cards
"13-a* " 3F6.0 - 1-6 D) . Transportation cost for observation 1
7-12 . D(2) Distance shipped for observation 1
13-18 D(3) "Weight of product for observation 1
3F76.0 1-6 D(1) Transportation cost for observation N
. 7-12 b(2) Distance shipped for observation N
13-18 D(S) Weight of product for observation N
l4-a% 512 1-2 NREST Option code for table of residuals
3-4 NDEP Dependent variable for regression test
5-6 K Number of independent variables
7-8 ISAVE(1). First independent variable
9-10 Second independent variable

L6




Table D-2. Continued

Card . ‘ Variable
Number Format Columns Name Description
15 212 1-2 NN Number of different raw materials
3-4 MM Number of different sources for each raw material
1l6-a 18F4.0 1-4 DIST(1,1,1) Distance from site 1 to source 1 for product 1
.. 5-8 DIST(1,1,2) Distance from site 1 to source 1 for product 2
DIST (NXX,MM,NN) Distance from site NXX to source MM for
product NN
17-a 12F6.0 1-6  AMNT(1,1,1) Amount of product 1 shipﬁed to site 1 from

7-12 AMNT(1,1,2)

AMNT (NXX ,MM,NN)

source 1 . . .
Amount of product 2 shipped to site 1 from
source 1 .

Amount of product NN shipped to site NXX from
source NN

18%, 19%, and 20% (same as cards 12, 13-a, and l4-a)

21 F10.0 1-10 VALUE
22-a  6F10.2 1-10  CTAX(L)
11-20 CTAX(2)

CTAX (NXX)

23 277.2 1-7 XLEVEL (1)

8-14 XLEVEL (2)

Estimated value of plant

Property tax mill levy at site 1
Property tax mill levy at site 2

Property tax mill levy at site NXX

Amount of floor space needed for basement
Amount of floor space needed for lst floor

86




Table D-2. Continued

Caxrd » Variable
Number Format Columns Name Description
24-a  10F7.2 1-7 SQCOST(1,%) Cost per square foot of level 1 at site 1
8-14 SQCOST(1,2) Cost per square foot of level 2 at site 1
. SQCOST(NXX, 3)- Cost per square foot ofilevel 3 at site NXX
25 F10.4 1-10 . CRF Capital recovery factor
26. F10.0 1-10 USAGE Amount ‘of gas required
27 616 1-6 MCF (1) Amount of gas for rate determination in
classification 1 '
7-12 MCF(2) Amount of gas for rate determination in
classification 2
. MCF{(6) Amount of gas for rate determination in
classification 6
28-a 18F4.2 ~ 1-4 RATE(1,1) Gas rate for classification 1 at site 1
© 5-8 RATE(1,2) Gas rate for classification 2 at site 1
. RATE (NXX,6) Gas rate for classification 6 at site NXX
AMOUNT Amount of water required

29 F10.0 1-10

- 66




Table D-2. Continued

Card Variable
Number Format Columns Name Description
30-31 10F7.0 1-7 S(1) Amount of water for rate determination in
) classification 1
8-14 S(2) Amount of water for rate determination in
classification 2 .
. S(19) Amount of water for rate determination in
classification 19
32-a  14F5.2 1-5 . BB(1,1) Water rate for classification 1 .at site 1
. ’ 6-10 - BB(1,2) ~ Water rate for classification 2 at site 1
. BB(NXX,19) Water rate for classification 19 at site NXX

*These cards

are valid only if'the IBM regression routines [21] are used.

00T
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Program PrinthEE

The plant location program was written in Fortran IV-H for the
SDS Sigma 7 computer at Montana State Univérsity. With the exception
of the regression routine, the entire program is listed in this
section. The regression routine that was used for this study was
obtained from the IBM Scientific Subroutine Package [12]. There
were three modifications required to adapt the IBM routine to the
plant location program:
1. In place of the statement,
100 READ(S,1,END=400)PR,PR1,N,M,NS,
in routine REGRES the.following statements were
inserted: ‘
NXX1=0
100 NXX1=Nxx1 + 1
IF(NXX1 .EQ. 2) GO TO 300
READ(S,l)PR,PRl,N,M,NS

2. In place of the END statement in routine REGRES
the following statements were inserted:

- Al = ANS(1)
RETURN
END

3. Between, statements four and five in routine DATA the
following statements were inserted:
DO 2 I=1,M :
2 D(1) = ALOG(D(I))

The program listing that follows has the following characteristics:

1. At"the'beginning of each routine is a comment card
describing. the operation performed

2. Underneath the first comment card is the description of
all variables appearing in each routine :

3. The program uses mixed modes
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CrevanxsHAIN PREGRAM
CrxuxxP_ANT LECATIBN ‘ S
CrxuzsFACII(I)= TB THE E8BJe FACTBR MEASURE FBR SITE I
CrxuwexFACI2(I)= T8 THE SUBJs FACTEGR MEASURE FBR SITE I,
Cru%x#RABI=BBIECTIVE FACTBR DECISION WEIGHT.
Cuxs##SUBJ=SUBJECTIVE FACTBR DECISION WEIGHT.
CrsexrF INAL(I)=T8 THE LECATIBN MEASURE FBR SITE I
CrsexsFAKE(I)= TO A TERM USED T8 ORDER THE LABCATIGN INDEXES,
CrexesNBEST(1s)=T8 THE BEST LBCATIBN FBR 8BJ« FACTER
Cowenws DECISIEN WEIGHT I AND PRODUCTION RATE .Je
DIMENSIBN FINAL(SQ)rFAA&(go)iFACIi(SO)AFACIE(bo)
DIMENSIOBN NBEST(11:+5)
CAMMAN NXXs FAC(50249)+FACT(S0s14)
. INTEGER FAC ' ‘
READ(105,1) NXX
1 FORMAT(13).
J1=D
&7 Ji=Jiri
NAP=25 « 25%.1
IF(J1 «GTe 1) GB TO. 89
CALL SUBFAC(FACI2)
29 CALL CBST{FACI1,J1i:NAP)
WRITE(108,124)
124 FERMAT(AHL, tensnxl TNAL ANALY°f°~»sa*zf//)
De 1000 JK=1,.11%
R&BJs(JK=1) %o
BUBJE1.0=-ROB
D8 10 I=1.NAX :
10 FINAL(I)=REBBJxFACIL(L)Y+SUBJ+FACTI2(1)
Go Tﬁ(éuf68:68367;68:68367368968567;6n)ﬁJV
68 WRITE(108:88) RGp)J
88 FARMAT(/18BJ. FACTER DECISION WE 1GHT ﬂv;ax;Faqa;/)
G Y8 ‘92 : .
67 YWRITE(108494) ROBJ :
94 FERMAT(1H1,188BJa FACTBR DECISIBN WEIGHY =!'s2XaF4e2:/7)
92 YWRITE(108&,90) '
90 FERMAT(1SITE 10X, LLBCATIEN MEASURE!;/)
DB 40 JJ=1,NXX -
nd 30 I=1sNXX '
IF(1 <EQe. 1) GB TE 28
IF(FINAL(LY «LE« FAKE(JJ)) GO TB 30
28 FAKE(JJ)Y=FINAL(]) .
MM= I : ' ' o oo
30 CANTINUE ‘ % ‘ .
IF(JJ:GTe1) GB .TG 65
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- NREST (UK J1)=MM _ h
65 WRITE(10R266) MMsFAKE (JJ)
66 FORMAT(1Xs12,:45XsF7¢5)
FINAL{MM)=2=1000 .
40 CANTINUE
1000 CBNTINUE
' GO Tet8/;87»u/»87:80)»g1
80 WRITE(108,100) ' '
100 FERMAT (1H1: TOBJECTIVE FACTGR'JIOY;’PQGDUCTIGN RA[E')
WRITE(10%2101)
101 FERMAT('DECISION \EIGHT’:%Y#’SO/';GYﬁ'75/?:3X;'100/’£
13X V1258% 33X 1150%1:/)
D& 999 NX=1,11
FBRs (NXm1)¥ey
VRITF(10Qp99?)‘FDR:(NBFST(NY;NEX);NEX 105)
998 FARMAT{gXsFSa EiéXﬁldﬁJXﬁI 25X, 12:5Xs12,5Xe 12)
999 cthINuE ' ,
F‘\'D ~
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SUBRGUTINE UBFAC(FACI”) .
CraexxxCALCULATES THE SUBJe FACTBR MEASURE FBR EACH SITE:
Cx*x%¥FROG(JI=TH THE WEIGHT 8F SUBRJECTIVE FACTEBR Je
CraeuxPACI(T,J)=s T8 WEIGHY 8F SITE 1 FOR FACTBR Je
CosaxxFACIZ{] )= T8 THE SUBJe FACTOR MEASURE FB8R SITE I

: COMMON Nyxs FAC(SQs49)eFACI(50214)

DIMENSIEN fRGG(JQ);FACIB(%O)

CALL WEIGHT(FREG)

PDE | KK=1:14

CALL SITEWT{FACI.KK)

1 CBNTINUE '

WRITE (108,:15)

15 FOBRMAT (1H1 ' xxxa#WEIGHTS 8F aUBJECTIVE FACTBRS AND'ﬂ
1! SITES#aswxut e/ /)

WRITE(108,20) : : ;

20 . FPPMAl(lX;'QUBJFCTIvE' BXJ'SUBJECTIVE’58Xg’SlTE';aXp
{ISITE?) :
WRITE(LQS;Bi)

21 FBRMAT(!'FACTHR NUHBF‘R!;&};'FACI@R WEIGHT'II‘%'X‘B
1 ENUMBERY s 4 X "WEIGHTY)

DB 35 J=l:14

DO 30 I=1,NXX

IF(I «GTe 1) GB TG 28 _

WRITE(LO8,24) JeFREBGUJ) L I.FACI(I,J)

.24 FBRWAT(/Aéxﬁl?lJ#x:F/QS;SYﬁILJGXfr7¢5)

GB T€ 30

28 WRITE(108:29) I:FACI(IsJ)
- 29 FORMAT(37Xs1254XsF7:5)

30 CENTINUE

35 CaNTINUE

D 10 I=l.NXX

FACI2( 1) =0 , '

DB 5 Julrlh - o

-5 FACIE(I)=FRGG(J)%FACI(Iﬁd)+FACI2(I)
10 CHNTINUE o

WRITE(108:40) :

40 FHRMAT<1H1é'*’%%%PUBJECTIVE FACTEBR MEASURE»%%%% p///)

WRITE(108,45) '

45 FBRMAT (S ITE’plOXﬁ'MEASURE';/}
DB 68 I=1iNXX
WRITE(102,67) TaFACI2(1)
67 FBRMAT(LIX) I2,18XsF75)
68 CE8NTINUE
RETURN
END

\
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SURRBUTINE WEIGHT(FRBG)
Crxx#xCALCULATES SUBJECTIVE FACTBR WEIGHTs . _ -
Coxsorn INDEX (14,9 =CENDENSED PREFe MATRIX FBR SUBJe FACTORSs.,
CorxxxFREG(])=THE WETGHT ASSIGNED T8 FACTBR I, )

DIMENSION INDEX(14513)+FROBG(14)

CBEMMBN Nwy ,

READ(105:1) ((INDEX(IlsJ)aJ=1243)elzi,18)

1 FgRMAT(1312) ) '

SMBG=Q

D8 &4 I=1:14

FROG(I)=0

DG 6 uJ‘ﬂlﬁlg :

. FRSG(I)=FR6G(I)+INDEX(I;J)
6 CeNTINUE :
SMBG2SMBG+FROG( 1)
4 CeNTINUE
DB 12 I={:r14
FRBG(I)~FRGG(I)/SNGG
12 CHBNTINUE
RETURN
-END
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SUBRAOUTINE SITEWT(FACT.KK)
CesexsCALCULATES THE SITE WEIGHT FBR EACH SUBJ. FACTBR
CV’K+*FAC(IJJ) :CONDENSGED. PREFERENCE MATRIX FaR FACTGR KK e
CiaxudsFACI(Togk)=T0 WEIGHT &F SITE | FOR FACTBR
C%*x**lwf RELLATIGNSHIP BETWEEN THE SUBJe FALTBRq AND KK IS
C#xitakl =FACTOR=

Crs s sn 1" AVATLABILITY 8F TRANSPBRYTATIGN
Cusrntse Do INDUSTRIAL SITES

Chexssgr 3o CLIMATE

Coexdsea Lo - EDUCATIBN FACILITIES

Casuessta Hm UNTAanNs

Cuoxaste La RECREATIBNAL FACILITIES
CHaxrsn 7e HBUSING

Caereirds Iw FUTURE GROWTH

Cesdr¥rs Oa CEMMUNITY SERVICES

Cressreq Qe EMPLBYEE TRANSPBRTATIGN FACILlTIES
Ce#xdtnailn CBS BF LIVlI\G

Churstrngpo COMPETITION

CHxrxxsey 3 CAOMPLEMENTARY INDUSTRIES
.(_,J,\-f(-)éprxw14'? . '[\VAILABILITY gF LAB@Q

CHMMGN NXXe FAC(50249)
DIMENSTON FACI(bO:lb)
INTEGER FAC )
N X= NXX 1 .
READ( $1) ((FAC(TaJ)edmlsNBX) 2123 NXX)
1 F@RUAT(BOIE) } .
SUM=0
DG 6 Ia=laNXX
"FACI{IAKK)=0
DA B Jzi.NBX
5 FACI({I,KKI2FACT (I, KK)+FAC(TIav)
6 SUMsSUM+FACT(1sKK)
D 7 l=1:.NXX
7 FACI(I, KK)"FACI(I;KV)/QUM
RETURN ,
EP\D ) ) ) . ’ -"\-.,




107

GUBRBUTINE cOST(FACIl,J12NAP)
CrwaxxCALCULATES THE BBJECTIVE FACTBR MEASURE F8BR EACH SITE,.
Cxxxx#FCOST(])=CBJECTIVE FACTOR COBST OF SITE I«
xrrxFACT1(1) =0BJECTIVE FACTBR MEASURE 6F SITE 1
DIMEMSIBN FCEST(B50)2FACT1(50)2LIX4(50), TRANS(50!
DIMENSIBN BUCBSI(JO)zWCBST(oQ)ﬂTAX(SO);LAR(EO)
DIVFN%IB“ GAS(5Q) .
caMMaN NXX
REAL LABsLLIX1
CALL LABIR(LAB,J1,NAP)
CALL MARKET(LIXL1sJ12NAP)
CALL RAWM{TRANS:J1sNAP)
IF(J1 «GT. 1) GB 78 20 ’
CALL TAXES(TAX) ‘ ; !
CAl.L BUILD(BUCHBST) )
CALL UTIL(GAS)
CALL WATER(WCBST)
20 FsUM=0
DE B T=1sNXK
T4=TRANS(I )45
122GAS(])+eB
IZa IX1(I)+e5
14=BUCBST(I}+:5
15sWCAST(I 45
16=TAX(I )45
172LAB(LI)Y+s5
FCGS](I)~11+12+T3+I4TIJ+16+I/
FSUM=FSUM«FCBST(])
5 CBeNTINUE _
WRITE(108:9) : :
9 FEHRMAT(//s V##xuxCOST OBF BBJECTIVE'FACTGRS**%%%|//)
WRITE(108,.10)
10 FARMAT(16Xs'SITE 115X 18ITE 2155%, 'SITE 315X,
11SITE 4125X, 'SITE 5125Xs18SITE 61:/)
NeT=1 '
NBPaNXX
54 WRITE(108211) (WCBST(I),I=NBT,NBP)
11 FGRHAT('hATEP';lanFésO;SXbueO;5X0F6e03SXﬁFésOﬂon
T 1Fge0s5XsFge0)
WRITE(108:12) (LAB(I)sI=NBTsNBP)
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12 FORMAT (' ABOR'211XsF600: 5XAF6oO£JXEFGQO;5X£F6@O£5X
IF6:0s5%2F600)
WRITE(L02,13) (TAX(Iys1e NOT»NBP

13 FORMAT (I TAXKES! 0 11XsF600s5XsF o0 qy5F6$O£5AﬁF6$OJSXF
1F60s5XsF600)
WRITE(L1O0R,14) (BUCBST(I)+I=NOT.NEP)

14 FP”MN ('QUILD't11%:F6v0$5X5F6oO;5 iFéeO»aééFéaOﬂqhw
IF6e0s0X%eF40)
WRITE (108:16) (LIXA(I)sI=NBTsNOP)

16 FERMAT('MARKET1;10XsFgeQssXaFge 2 0s5XeF600:65XeFga0spXe
1F6:0:5XsF6e0Q)
WRITE(LI08:17) (TRANS(I),1sNBT,NSpP)

17 FORMAT('RAW MATL 1, 8XsF6e0s5XeF600:5XsF6e¢0s5XsF600s
15Y£r6aOtJXtFésO)
WRITE(108s419) (GAS(I):I=NETsNEBP) :

19 FORMAT('S AS'313YJF600£5XiF6eOi5X£réﬁO£5XéFOEO)Jxﬁ
IF6e0:5%sF6oQ)
WRITE(108518) (FCOST{I),s1=NBT,NOp)

18 FERMAT (/' TOTAL C8S T';6Y1r6aO;5A;F690;3%;?630;5X;
1F600:5XeF6e0:5X2F600Q1)
RSUM=0
DA 15 I=1sNXX .
RSUMuRSUM+(FSUM/FCSST(l))

15 CDNTIPUE
"WRITE(108:65)

65 FGRMAT(1H15'¥¢¢&)HB)FC1IVE FACTOR. MrASUQEv*%**I///?
WRITE(108:66)

66 FGQMAT('QITF';10X@'|EA UQE';/)
DO 7 I=z1sNXX
FACIl(I)#(FSUH/FC@ST(I )} /RSUM

WRITE(108:,67) T+FACILI(I)

67 FERMAT{1xXs12:11 X1F7e )

7 CBNTINUE .
RETURN ‘ T e
END . . ’
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SUBRSBUTINE LABOR(LAB, J1 o NAP)
Crex%2xCHST BF LABBR
CrwxxaeNHR=NUMBER BF DIFFERENT TYPES 8F HBUR LY PAID’ NGRKER
CrxexaMg=NUMBER O6F DIFFERENT TYPES BF MONTHLY PAID waRVER%@
Crxx2#CHR{1,J)=CBST PER HBUR B8F TYPE J WBRKER AT SITE o
CrsxxxCMB(1,J)=COST PER MBNTH BF TYPE J WOBRKER AT SITE I
CxxxxxNUML (J)=NUMBER BF TYPE J HOURLY WOBRKERS NEEDED.
CosnsaNUM2(J)Y=NUMBER gF TYPE J MgNTHLY WaRKERg NEEDED«
CrexxxTCHR(I)=TETAL COST B8F HOURLY WBRKERS AT SITE I
CrrsxuaTCMB(1)=TBTAL CBST 6F MBNTHLY WBRKERS AT SITE Ie
Coraxz[ AB(I)=CAST O6F LLARBR AT SITE I, '
DIMENSIgN CHR(50:10).CMg (505 10)sNUML(10),NUMR(10)
" DIMENSIE&N TCHQ(OO):ICMG(JO)aLAB(SO)JM3(1O)»NC(1O)
caMMaN NXX
REAL LABsNBsNC
IF(J1 «GTe 1)-GB TOB 20
READ(105,10) NHR,M@8
10 FBRMAT(213) - ' ' :
~ READ(105:15) ((FHR(IJ\))‘J“lﬁNl‘R)il“lﬂNXX)
15 FORMAT(12Fge2)
READ(103.,25) ((CMB(Is)sd= lﬁMﬁ)ﬁI%lJNxx
25 FBRMAT(1SF4:0) : o
READ(105- 30y (NUMI(JysJdslaNHR)
30 FBRMAT(2013) _
READ(105:358) (NUM2(J)sJ=1:MB)
'35 F8RMAT (2013) o
20 08 310 I=31.NXX
TCHR(I1)=0
TCMO ()Y ) =0
08 300 JzisNHR |
NB(J)=NUML (J) % (NAP#0<D1)
300 TCHROI)=TCHR(I )+ (NB(J)*CHR (IeJ)%173)
DB 302 Js1,M8 _
NC () =NUM2 () 2 (NAP%0»01)
IF(J oEQe 2) NC(J)=1
T 302 TCMB(I)=TCMB(I}+(NC(J)*CMB(]sJ))
310 LAB(I)"TFMB(I)vTCHR(IJ .
"RETURN
END
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SUBRBUTINE MARKET(LIX1sJ1sNAP)
CCuurwxCALCULATES THE CBST B8F MARKETING:
CrruxxVELUMESTETAL AMOUNT BF PRODUCTS SHIPPED.
Cexxxs INsNUMBER 8F MARKETS
Cxws## IM=NUMBER B8F DIFFERENT PRODUCTS TO BE SHIPPED,
Crex#2DIST(IsJ)= THE DISTANCE FREBM I TG Ja
CerxxxSALES(J,K)=THE SALES 8F ITEM K AT MARKET Je
CasssxA(K)=REGRESS]ISN CENSTANT FBR PRBDUCT Ko
Crex2xBB(Ks1)=REGRESSIBN EXPONENT FBR DISTe AND PROBDUCT Ko
C%%%%*BB<K;2)0RE RESSIBN EXPBNENT FBR WEIGHT AND PRBDUCT Kq
Coxwwx IX(1,K)=MARKETING C8ST FOR SITE I AND PRODUGCT Ko
Crexnrsl Ixi(])s= %ARharrmG CBST FOR SITE Ie
DIMENSION A(10):BB(10-,2)2LIX(50,40) :
DIMENSION DIQT(SO;JOO)JSALES(100910)38(4 0l IX1(50)
CaMMBN NXX ) ‘
REAL LIX1 -
IF{J1 «GT« 1) GB 76 60
. READ(105s2) VBLUME:2IN:IM
2 FORMAT(F10e2:214)
CREAD (105510 ((DIST(1sJ)sd=1sINYsIslsNXX)
1 FOBRMAT(18F4eQ)
READ(105,4) ((SALES(Ied)sd=inaIMlsl=alsIN)
4 FERMAT(12F6:0) '
DB 100 KazlsIM
CALL REGRES({A1:B)
AKY=EXP(AL)
BB(Ks1)=B(1)
BRI{K,2)=B(2)
100 CANTINUE
60 DB 110 Ksl:IM
D8 10 I=1sNXX
LIX{1aK)Y=0
DB 8 J=1:IN
ASALES= (NAP%«01)2SALES(JsK)
HAMzASALES#+BB(K,2) -
SAM=DIST(I:J)*#BB(Ks1)
LIX(1aK)=A(K) #HAM#SAM4L IX( 1K)
8 CE&NTINUE
10 CBNTINUE
110 CBNTINUE
DA 17 I=12NXX
LIXi(I)=0 -
DB 1g K=il.l
LIXL(I) =l IX
16 CBNTINUE
17 CONTINUE
RETURN
END

M : .
LLIYFLIX(ILK)
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SUBRBUTINE RAWM(TRANS,J1sNAP)
CrexxxCALCULATES THE CBSYT OF RAW MATERIALS.
CoxxseNN=NUMBER BF DIFFERENT RAW MATERIALS REQUIRED.
CraurxMM=NUMBER B8F SBURCES FBR EACH RAW MATERIAL.
CrxxsxxDIST(1,J)=THE DISTANCE FRBM SITE | T9 MARKET .Jo
Crssxst AMNY (1,J,K)=AMBUNT B8F MATERIAL K T6 BE SHIPPED FROM

Crssuns J TO I AT A PRBDUCTIEBN RATE 8F 100%e
Cruaxsr AMNTI (T2 J2K) =AMBUNT BF MATERIAL K T8 BE SHIPPED FRBH
Carurx J T8 1 AT VARIBUS PRODUCTIGN RATESe

C**K*WA(V)wRECQESoI@N CONSTANT FOR RAW MATERTAL Ke
C*”m%%BB(Kﬁl)"QFGRES%IBN EXPONENT FOBR DISTe AND RAW MATe Ke
CrexeBB(K,2)=REGRESSION EXPBNENT FBR WTe AND RAW MATe Ko
'C*%**%TCBST(TAK)SMIN CBS8T FBR MATERIAL K AT SITE I, -
CrexxnTRAN(I,J)K)=sCAST BF SHIPPING MATERTAL K FREBM J T8 T
C**xX”TpAN (1)=C8ST BF TRANSPERTING RAW MATERIAL TO SITE Is
: DIMENSIBN AﬂNTi(SOﬁ%AlO);7C8@l()O:lO)sB(#Q)ﬁA(lO)
DIMENSTIBN BB(10s2)sDIST(50:5510)
DIMENSIBN TRANS(SO)AAM\I(FO£5#10)ETRAN(JOJCA;O)
CeMMEN NXX
IF(J1 «GTe 1) GB T8 60
READ(10%:,6) NNoMM
6 FERMAT(212) -
. READ (105, 7) (((UIbT(lﬁJ;K)sK &INN)PJ01£IH>5I"1JNXX)
7 FOBRMAT(18F400)
- READ(10%:8) (((AHNT(IJJ;K);KSl&NN)ﬁJ LaMMy 2 [21sNXX)
8 FBRMAT{12F6e0)
DB 10 K=1sNN
CALL REGRES(A1:B)
A(KY=EXP(AL)
BB(K:s1)=B(1)
BRR(K:2)Y=R(2)
10 CANTINUE
“ 60 WRITE(108,97)
97 FQRMAT(lHl,'xv*%*%#%*e%*%¥x%*%%f*:W%V%%%*%h%% ﬁ*%%ﬁ?)
WRITE(108:98) NAP .
98 F&mMAI(’*’alY@'PRGDULTIGN RATE E UALS T T4s2%,
TRPERCENT Vs qXs P2l
NRIT[(10959°) - '
O FORMAT (1asstusd tadr#XRAUXF XX R AR AR H R h Ry ¥t 2aul,y//)

WRITE (108436
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22

5
12
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FARMAT( 1x%%#%SOURCE BF RAW MATERJALSH#usxxts//)
DA 12 K=1:NN

Da B Is1sNXX

D8 2 J=1.,MH .

AMNTI (T, JsK) s (NARP%e QL) «AMNT (1, JaK)
DUMMY=2AMNTL( I J:K) 24BB(Ke21) -

TRAN(I2J:K)=h(K) = (DISF(I#JﬂK)%%JB(\al))"DUVMY
IF(J «EQes 1) GB TB 25

IF{TRAN(TI»JeK) oGEos TRAN(I&JMIAK)) Gahfﬁ 2
TCOST(I2K)=sTRAN(IsJsK). '
MIN= .

CaNT INUE

WRITE(108,;22) KsMIN,1 -

FBRMAT (+BUY PPBUUFTQ!IEJ!FRBM SUP)lIER!i

11250 AT SITEt»12)

CanTINUE

CENT INUE |
DB 30 IafsNXX
TRANS(I)=0

DB 28 K= 11NN

COTRANS(I)=TCAST(I KY+TRANS(T)

a k]

30

CBNT INUE
CBNT INUE
RETURN
END
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SUBRBUTINE TAXES(TAX)
CexxxxCAHAST B8F PROPERTY TAX.
CresxwCTAX(I)sPRBPERTY TAX MILL LEVY AT SITE Ie
CrxaxsTAX(I)=TBTAL TAX CHARGE AT e
CrrxxsVALUE=ESTIMATED VALUE 6F THE PLANTs
. DIMENSIGBN CTAX(bO)yTAX(BO)
CAMMABN NXX
READ(105:1) VALUE
1 FBRMAT(F10<1)
B READ(105:2) (CTAX(I)s]=1snNXX)
2 FARMAT(6FL10:2)
Dy 3 I=1,NXX
3 TAV(X)”(CTAX(I)*VALUEEQQO)/l?OOO
RETURN
END

SUBRBUTINE BUILD(BUCBST)
. Cx2x%%CBST B8F BUILDING.
C*Axm*xLEVEL(K)~Ah8UN[ GF FLBGR SPACE NEEDED AT LEVEL V
CraxexK=1BASEMENT 2, GROUND FLEBSR;3:25ND FLEBORe
C%*{%%SOCSCT(I:/)uCGSF BF LEVEL K AT CENTER 1
C*%**#CRV“CAPIIAL RECBVERY FACTBR FBR 20 YRS & INTg 10/q
T C#x %*%%UCBJ](I)"BUILDING CBST AT CENTER e
- -DIMENSIBN SQCOST (5053 ) s XLEVEL (3),BUCEST (50)
cCamMMaN NXX
READ(10542) (XLEVEL(K)Y2K=1:3)
2 FBRMAT(3F7.2) ‘ e
READ(10524) ((SOCBST(I;K):Kml;B)LIﬁ;;NXX>
B FRBRMATCI0F7e2) '
READ(105+45) CRF
5 FORMAT(F10q4) SRR
20 D8 10 I=1:NXX
BUCBST(I})=0
DB & K=1:3
BUCSQl(I)-BUCGST(I)rSQCaST(IrK)*XLEVEL(K)
8 CBNTINUE
BUCBST(I)—(BUCGST(I)*CRF)/iE
10 CBNTINUE -
RETURN
. END
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SUBRBUTINE UTIL(GAS)
Crxx2xCHST BF GAS :
Cxuxx2xUSAGE=AMABUNT 6F GAS NEEDED
CreextxMCF(J)=THE J DIFFERENT GAS CATEGORIES
Cruxs2RATE(],J)sCBST BF CATEGBRY J AT 1.
Cexu®xGAS(T)=COST GF GAS AT I
DIMENSIBN MCF(é)ARATE(SO;é)JGAS(bO)
CAMMBN NXX
READ(105.1) USAGE
I FBRMAT(F100)
READ(108.2) (MCF(J)sd=1,6)
2 FORMAT(616)
READ(10553) (( RATE(IsJ)edsls6)s1s 1;\)( X)
3 FORMAT{18F442) ‘
D 10 I=1sNXX
AMBUNT=USAGE
GAS(I)=0
D8 8 J=1ls¢
.IF(AMGUNT olLTe MCF( Gp T 7
GAS(I)"GAS(I)*RATE(IIJ)#MCF(J) ‘
AMBUNT=AMBUNT=MCF (J)
"G/ TE 8
7 GAS(I)uGAS(I)*RATF(I:J)%AMSUNT
Gs T8 10
8 CBNTINUE
10 CANTINUE
RETURN
END
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SUBRBUTINE WATER(KCBST)

Crxxx%xCBST BF WATERS -

Crxxx2WCOST(1)=COST BF WATER AND SEWER AT SITE l.
Cr=xx2BB(1,J)=COST AT CENTER I FBR AMBUNT J.

Crunrx AMGUNT=REQUIRED WATER SUPPLY NEEDED PER MBNTH
Cx#x#%S(J)=THE J DIFFERENT WATER AND SEWER CATEGHBRIES

6

4

DIMENSION BB(50,49):WCBST(50)2S(19)
COMMBN NXX -
READ(105:6) AMBUNT

FERMAT(F1000) h

READ (105, 4y (S(Jyedslslg)

FERMAT (10F700) . n
READ(105:2) ({BB(laJdsJdrls19)s]88sNXX)
FEBRMAT(14F5:2) -

DB 10 I=fsNXX
CUFT=AMBUNT
WCBST(I) =0

DB & Js1:19
IF(CUFT el.Te &
MCaaT(I)=lCagT
CUFT=CUFT=5( )
GS T8 8 ' _
WCBST(1)sWCOST(I)+BB(1,J)*CUFT
GO .TS 10 “ -
CONT INUE

CONT INUE

RETURN

END

(J)) GB Tg 7 .
(1)+BB{T+d) #g ()
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