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PART ONE

I.N INTRODUCTION TO MAXIMAL

COVERING AND THE GAS ALGORITHM



CHAPTER ONE

INTRODUCTION TO MAXIMAL COVERING

The intent of this monograph is to present general in-

structions on the use of the GAS program in solving maximal'

covering location problems. The maximal covering location

problem was originally introduced by Church and ReVelle in

1973 (1). In the development of the maximal cover problem, Church

and ReVelle realized that it could become a valuable technique

in the location of public facilities. Proposed applications

of the maximal covering location problem have included the loca-

tion of health clinics, ambulance stations, fire stations, postal

service centers, libraries, drilling rigs and storage centers

in the north sea, and the location of strategic defenses.

The maximal covering location problem (MCLP) can be de-

fined in the following way:

Maximize coverage (population covered) within a desired
service distance or time S by locating a fixed number
of facilities.

This problem identifies a solution which serves the largest

possible percentage of the population that can be served, given

a fixed number of available facilities for allocation. Such

coverage or access is often times a desirable goal in the location

of public facilities.

Eaton et. al. (2) have introduced, the maximal Covering

problem as an approach to locating health services. ReVelle

-2-



et. al. (3) have reviewed a number of location models within a

health services context and emphasize the importance of the

maximal covering problem in that it is particularly useful in

planning and evaluating medical systems.

This presentation includes a number of programmed examples.

After becoming acquainted with the material in this monograph, the

reader should be able to use the GAS program in solving maximal

covering problems.

The remainder of this introduction covers both a descrip-

tion of the GAS approach as well as the history behind the GAS

algorithm. An example problem is also discussed with the purpose

of illustrating the step by step procedure of GAS.

HISTORY

In 1973, research at The Johns Hopkins University revealed

that major improvements on the location set covering model could

be made. The location set covering problem was developed in 1970 as

an approach for locating public facilities. It was originally

defined by Toregas as (4):

Find the minimal number and location of facilities
such that all demand can be served within a maximal
service distance or time.

As an example, Toregas presented a problem of siting am-

bulance vehicles within 10 minutes travel time from any possible

demand area. If such a standard was maintained, then each area

could conceivably never wait more than 10 minutes for an ambulance

to respond to a call (assuming that the ambulance is always

available when a call is made). In order to determine the number

of ambulances necessary to provide such a service, Toregas developed
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the location set covering problem. The solution of the location

set covering problem provides not only the minimal number of

ambulances such that each area can be served within the specified

time of response but provides a set of locations (utilizing the

ninimum number) that yields the desired goal.

Toregas developed two approaches to solving the location

set covering problem. The first approach was a linear programming

method and the second method was based upon a reductions algorithm.

Since the original development, the location set covering problem

has been utilized in the location of fire stations in many /

cities of the United States.

An interesting problem, however, can result when solving

a location set covering problem. As an example, let us assume

that we are trying to serve an urban area by building fire

stations. Suppose that in order to serve an area, a station

must be placed within 1 1/2 miles of that area. Upon solving

the location set covering problem, we further determine that

eight stations are required to serve all areas within the spec-

ified 1 1/2 miles. If we have a limited budget which does not

allow the building of eight stations, we are forced to compromise

on our original objective - that of serving all areas within a

mile and a half of a station. If we can only afford six stations

an appropriate question might be - "Hoiq many areas can we serve

within a mile and a half by locating six stations." In other words,

knowing that we cannot provide service (called coverage) for all

areas, what is the largest number we can provide service with only

six facilities. This question is precisely what the maximal



covering location problem is designed to solve. Specifically,

the maximal covering location problem can be defined as:

Maximize coverage (service) within a desired
service distance or time S by locating a fixed
number of facilities.

This problem was introduced by Church and ReVelle in 1973

and was shown at that time to supplant the original location set

covering problem. Church has developed two approaches for solving

the maximal covering location problem. The first approach was

based on a linear programming formulation and the second basic

approach was based on a heuristic called GAS. In addition,

Church also showed how to apply two other procedures in solving

the maximal covering location problem (5). Further, White

and Case have applied a heuristic algorithm to solve problems

similar to the maximal covering problem (6). Thus, a number of

approaches are available for the solution of a maximal covering,

location problem.

An important question is which solution approach is the

best to apply when solving maximal covering location problems.

The answer to such a question is based upon need, problem size,

availability of computer software, size and efficiency of computer,

and expertise of the user. The only approach that can guarantee

optimal solutions is the approach developed by Church that is

based on linear programming. Solving the MCLP as a linaar program

requires a modest size computer and software capable of handling

linear programming problems. The amount of computation time

necessary to solve one problem is usually much larger than one

of the heuristic algorithms. However, the approach is very general
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and has been used to solve problems as large as 500 demand areas.

There is no reason why linear programming cannot solve larger

problems, but such a problem has not arisen. If many problems

are to be solved the optimal linear programming approach may

be expensive. In such cases, the available heuristics may be

less costly to apply. Of the heuristic approaches

identified, including the Ignizio heuristic, Church has concluded

that the GAS algorithm is the most appropriate to solve maximal

covering problems.

Although the Ignizio heuristic is a very good warehouse

location program, it can be shown that the performance of the

program on MCLP problems is generally not as good as the GAS

program. Numerous examples can be developed which show that the

GAS program is more robust in making location decisions.

It is important to note that the GAS program is a heur-

istic program and cannot guarantee, optimal solutions. However,

in most circumstances GAS does identify either an optimal solu-

tion or a solution that is very close to optimality. In fact,

GAS has proved to be an extremely efficient and effective method

for solving MCLP problems (7). Because of ease of use, performance

in actual operation, and flexibility with respect to problem

size, type, and computer installation, GAS is the best way of

solving large numbers of MCLP problems.

DESCRIPTION OF THE GAS ALGORITHM

The GAS algorithm is a procedure that identifies good if

not optimal solutions to maximal covering location problems.
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The GAS procedure is based on a simple algorithm called 
the

Greedy Adding Algorithm with Substitution (GAS). Basically, the

GAS program is comprised of the GA algorithm along with 
a sub-

stitution improvement method. Before describing what the sub-

stitution improvement procedure does, we will first describe

the GA algorithm.

THE GA ALGORITHM

In order to achieve a maximal cover solution for p-facilities

under a given maximal service distance, the algorithm 
starts

with an empty solution set and then adds to this set 
the best

facility sites one at a time. The best facility site in a given

iteration is defined to be that site which covers at 
least as

much of the existing uncovered population as any other 
site.

The existing uncovered population is that population 
left "uncovered"

by the current facility solution set. There can be more than one

facility site meeting the "best facility site" criterion 
in a

given iteration. In this case, the heuristic picks the facility

site meeting the criterion with the lowest index number.

For example, GA picks for the first facility that site

which covers the most of the total population. For the second

facility, GA picks the site that covers the most of 
the popula-

tion not covered by the first facility.. Then, for the third

facility, GA picks the site that covers the most of 
the population

not covered by the first and second facilities. This process

is continued until either p-facilities have been selected 
or all



the population is covered. A detailed sketch of the algorithm

is given in Church (6).

When solving for the p-facility solution, the GA algorithm

automatically calculates maximal cover values for the one-to

p-facility problems. It should be noted here that the one-

facility solution is by definition the site which covers the most

of the total population. Optimality is not guaranteed, however,

for solutions where p > 1.

It is important to note that the GA algorithm never removes

facility sites from the solution set. Therefore, it is possible

that a facility site added to the solution set in the early

iterations of the algorithm may not be justified later in the

algorithm due to subsequent facility site assignments. The pre-

sence of a "no longer justified" site in the solution set would

imply nonoptimality. The GA algorithm, then, could be improved

by including a technique that would reduce the probability of

maintaining "no longer justified" sites in the solution set.

The essential idea is that a facility site in the solution

set is "no longer justified" when total coverage increases upon

replacement by another unused site. The improvement technique

is simply to attempt to replace one-at-a-time each facility in

the solution in order to improve (if possible) the solution.

By incorporating this solution improvement technique into

the Greedy Adding Algorithm, a second heuristic can be developed;

it is designated as the Greedy Adding with Substitution (GAS)

algorithm. In short, GAS determines new facility locations at

each iteration like the Greedy Adding Algorithm and, in addition,

seeks to improve the solution at each iteration by replacing
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one-at-a-time each facility by an unused site if coverage in-

creases. The GAS algorithm, like the GA algorithm, automatically

calculates maximal coverage for problems with one, two, . . .

to p-facilities. Again, however, global optimality is not

guaranteed.

AN EXAMPLE PROBLEM FOR THE GAS ALGORITHM

Suppose there exists a region of 12 villages* which

we would like to serve with health outposts. Figure 1 gives a

road network of the 12 villages. Each village is represented

by a point, called a node. Each node representing a village

has been given a number or index. The number is used only for

identification purposes, and is in no way related to priority

or need. The population of each village is given in table 1.

The road network in figure 1 consists of a number of roads

that connect various villages. Each link in the network is called

an arc. For example, the road connecting village 5 and village

6 is arc (5,6). For each arc a distance is given in figure 1.

The distance of arc (5,6) is 15 kilometers. Let us assume that

it has been determined that a health outpost can serve anyone

within 10 kilometers of the outpost and further suppose that we

have money to develop only two health outposts. Then, what is

necessary is to determine the placement of two facilities which

will serve (provide coverage to) the largest number of people

within 10 kilometers.

Prior to solving the above problem, we must first deter-

mine which villages are within 10 kilometers of any given village;
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FIGURE 1

ROAD NETWORK OF THE REGION
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TABLE 1

VILLAGE POPULATIONS

VILLAGE POPULATION

1 100

2 150

3 250

4 100

5 100

6 50

7 50

8 100

9 50

10 200

11 100

12 50
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that is, what villages can a facility in a given village serve?

In order to answer this question, one would need to know the

distances separating each village. For example, before one could

tell whether a health outpost in village 8 can serve the inhabi-

tants of village 12, the shortest distance separating village 8

and 12 must be determined. If the shortest distance between 8

and 12 is less than 10 kilometers, a health outpost in village

8 can serve village 12. But if the shortest distance between 8

and 12 is greater than 10 kilometers, then a health outpost in

village 8 cannot serve village 12.

There are a number of routes that can be taken in traveling

from village 8 to village 12. An example would be to travel from

village 8 to village 1 to village 2 to village 12 at a total

distance of 7+8+6 or 21. The complete number of possible routes

are given in table 2. The shortest of all possible routes is

traveling from village 8 to village 1 to village 10 to village

12, or a distance of 19 kilometers. To actually insure that

the shortest route is identified, one must either enumerate all

possibilities (as shown in table 2) or use an approach developed

specifically for finding the shortest path between two villages

without enumerating all possibilities. Whichever approach is

utilized, one can develop a matrix of shortest distances like tha

given in table 3. The entries in table 3 give the distance from

village I to village J. For example, the shortest distance from

village 3 to village 6 is 22. A-special algorithm in the GAS

program is utilized to develop a shortest distance matrix (7).
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TABLE 2

COMPLETE LISTING OF POSSIBLE ROUTES
BETWEEN VILLAGE 8 AND VILLAGE 12-

Routes Distance (Km)

1) 8-1-2-12 21

2) 8-1-10-12 19

3) 8-1-10-11-12 30

4) 8-9-10-12 27

5) 8-9-10-11-12 38

6) 8-1-4-3-2-12 34

7) 8-9-10-1-2-12 37

8) 8-9-10-1-4-3-2-12 50

9) 8-6-5-3-2-12 45

10) 8-7-6-5-3-2-12 51

11) 8-6-5-3-4-1-10-12. 58,

12) 8-7-6-5-3-4-1-10-12 64

13) 8-6-5-3-4-1-2-12 60

14) 8-7-6-5-3-4-1-2-12 66

15) 8-6-5-3-4-1-10-11-12 69

16) 8-7-6-5-3-4-1-10-11-12 75

i7) 8-6-5-3-2-1-10-12 59

18) 8-7-6-5-3-2-1-10-12 65

19) 8-6-5-3-2-1-10-11-12 70

20) 8-7-6-5-3-2-1-10-11-12 76
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Now that the shortest distances between each pair of

villages is known it is possible to determine which villages

can be served by a health outpost in any given village. For

example, if a health outpost is located at village 3, all

villages within 10 kilometers can be served by that health out-

post. From the shortest path distance matrix of table 3, it

is easy to see that only villages 2, 3, 4, and 5 are within 10

kilometers of village 3. This means that a health outpost

located in village 3 can serve the village itself plus villages

2, 4, and 5. Given the shortest distance matrix, we can now

develop a cover matrix which indicates which villages can be

served by a health outpost in any given village. This cover

matrix can be generated by taking the distance matrix, and re-

placing all entries that are less than or equal to 10 kilometers

with a one. All entries that are greater than 10 kilometers

should be replaced with zeroes. As an example, the shortest

distance matrix of table 3 can be transformed into a cover

matrix like that given in table 4. As an example of how to

generate an element in table 4, note that village 3 is 14

kilometers from village 1. Thus a zero is entered in the cover

matrix in the same position. That is, for village i = 3, and

village j = 1, let the entry be zero.

Generating the zero-one cover matrix is a convenient method

for determining which villages can be served by a given village

J. For example, if we want to know which villages can be served

by a health outpost located in village 3, we can look at column

3 in the cover matrix. Each entry of one indicates that service



TABLE 3

SHORTEST DISTANCE MATRIX FOR TWELVE VILLAGE PROBLEM

VILLAGE J

1 2 3 4 5 6 7 8 9 10 11 12

1 0 8 14 9 21 17 14 7,11 4 14 12

2 8 0 7 12 14 25 22, 15 19 12 15 6

V
314 7 0 5 7 22 28 21 25 18 22 13

L
L 4 9 12 5 0 12 26 23 16 20 13 23 18

A
G 5 21 14 7 12. 0 15 25 25 -, 32 25 29 20

EI
6 17 25 22 26 15 0 9 10 22 21,31 29

I 7 14 22 28 23 24 9 0 7 19 18 '28 26

8 7 15 21 16 25 10 7 0 12 11 21 19

9 11 19 25 20 32 22 19 12 0 7 17 15

10 4 12 '18 13 25 21, 18 11 7 0 10 8

11 14 15 22 23 29 31 28 21- 17 10 0 9

12 12 6 13 18 20 29 26 19 15 8 9 0
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TABLE 4

COVER MATRIX'FOR THE TWELVE VILLAGE PROBLEM

VILLAGE J

1 2 3 4 5 6 7 8 9 '10 11 12

1 1 2. 0 1 0 0 0 1 0 1 0 0

2 1 1 1 0 0 0 0 0 0 0 0 1

3 0 1 1 '1 1 0 0 0 0 .0 0 c

4 1 0 1 1 0 0 0 0 0 0' 0 ,c
[a

5 0 0 1 0 .1 0 0 0 0 0 0 0

6 0 0 0 0 0 1 1 1 0 .0 0 0

7 0 0 o 0 03 1 1 '0 0 0

8 1 0 0 0 0 1 1 1 0 0 0 0

9 0, 0 0 0 0 0 0 0 1 1 0 0

10 1 0 0 0 0 ,0 0 0 1' '1 1 1

11 0 0 0 0 0 0, 0 0 0 1 1 1

12 0 1 0 0 0 o o' 0 0 1 1 1
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or coverage can be obtained within 10 kilometers. For village

3, ones occur in column 3 for i = 2, 3, 4, and 5. This means

that a facility in village 3 can serve villages 2, 3, 4, and 5.

Up to this point, we have started with a road network of

known travel times or distances and the population of each vil-

lage. From the road network, we are able to generate a shortest

distance matrix. From the shortest distance matrix, a zero-one

cover matrix can be developed by utilizing the desired maximum

time or distance standard. With the zero-one cover matrix and

the village populations, we can now solve the desired Maximal

Covering Problem by utilizing the GAS algorithm.

In determining the two facilities that maximize coverage,

the GAS algorithm first determines the site that can cover the

largest amount of population. For the twelve village problem,

it is assumed that each village is a potential site for a

health outpost. In order to determine the site that can cover

the largest amount of population it is necessary to know the

amount of coverage affored by each potential site. From the zero-

one cover matrix we can easily determine what each potential

site (village) can serve. For example, site 1 can cover villages

1, 2, 4, 8# and 10. From the population list in table 1 and the

coverage matrix of table 4 and using the GAS heuristic, we

can determine the locations of two best facilities sites, such

that the largest possible fraction of the population

can be served within 10 kilometers. Villages 1, 2, 4, 8, and

10 have populations of 100, 150, 100, 100, and 200 respectively.

This means that a health outpost located in village 1 can serve
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a total population of 100+150+100+100+200 
= 650. Determining

the population covered by each of the twelve villages 
is

equally simple. Table 5 shows all the necessary computations

for each site. From among the twelve sites, village 1 can

cover the largest amount of population. Thus, village 1 is

selected as the location for the first facility.

As described in an earlier section, the GAS algorithm is now

ready to select the location of the second facility given that 
the

first facility is located at village 1. The criteria for selecting

the second facility is to determine the site that covers the most

of the unserved population. In other words, GAS selects the second

facility site because it is the location that can serve the greatest

portion of the population not served by the facility located 
at

village 1. Since a facility in village 1 can serve villages 1, 2, 4,

8, and 10, the second site must cover as much as possible 
of unserved

villages 3, 5, 6, 7, 9, 11, and 12. At this point, each village not

selected for a facility is a potential site. Thus, the set of

eligible sites includes villages 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, and

12. Each village needs to be reevaluated on the basis of what it

can cover independent of village 1. For example, village 2 can

cover 1, 2, 3, and 12 of which 1 and 2 are already served by 
the

facility at village 1. The placement of a facility at village 2

would increase coverage to villages 3 and 12 at a population

increase of 250+50 = 300.

The amount of additional coverage (that is, over and

above what village 1 can serve) for each eligible site can 
be

easily generated using information given in table 5. For

example, for village 2 the coverage possible before site 1 was

selected included villages 1, 2, 3, and 12. By taking this
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TABLE 5

,DETERMINING THE FIRST FACILITY LOCATION

SITE AREAS COVERED AMOUNT OF COVERAGE

1 1,2,4,8,10 100 + 150 + i00 + 100 + 200 = 650

2 1,r2,3,12 100 + 150 + 250 + 50 = 550

3 2,3,4,5 150 + 250 + 100 + 100 = 600

4 1,3,4 100 + 250 + 100 = 450

5 3,5 250 + 100 = 350

6 6,7,8 50 + 50 + 100 =200

7 6,7,8 50 + 50 + 100 =200

8 1,6,7,8 100 + 50 + 50 + 100 = 300

9 9,io 50'+ 200 = 250

10 1,9,10,11,12 100 + 50 + 200+ 100 + 50 = 500

11 10,11,12 200 + 100 + 50 = 350

12 10,11,12 200 + 100 + 50 = 350
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list and eliminating villages now served by village 1, (that

is, villages 1 and 2) one can see that village 2 can cover

villages 3 and 12 above and beyond what village 1 can serve.

As previously calculated, this additional amount totals 300.

The additional coverage gained by selecting any one of the

eligible sites is easily calculated. Table 6 gives the gains

in coverage possible for each eligible site. It can be seen

by inspecting table 6 that village 3 increases the coverage

by the largest amount (350). Thus, the GAS algorithm selects

village 3 as the second facility location.

Now, the GAS algorithm has selected two facility sites.

Before selection of the third site begins, the GAS algorithm

determines if any one of the facilities can be moved to another

location with a resulting increase in coverage. This may be

possible due to the existence of villages being served by more

than one facility within 10 kilometers.

In order to check if any possible movement of the current

facility locations can be made with overall improvement of

coverage, GAS picks a facility location and then checks to

see if that specific location can be changed with a gain in

overall coverage. In this case, GAS would first check to see

if any village could replace village 1 as a facility

site and improve coverage. For example, if village 2

replaces village 1 as the facility location, coverage would

increase due to gaining village 12 and would decrease due to

losing villages 8 and 10. The net result would be a gain in

50 and a loss of 100 and 200, or a net change of -250. This
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TABLE 6

DETERMINING THE SECOND FACILITY LOCATION

FACILITY LOCATIONS 1

COVERED 1,2,4,8,10

UNCOVERED 3,5,6,7,9,11,12

ELIGIBLE SITES 2,3,4,5,6,7,8,9,10

GAIN IN COVERAGE 'AMOUNT OF COVERAGE

2 3,12 250.+ 50 =300

*3' 3,5 250+ 100,,= 350

4 3 250

5, 3,5 250 + 100 = 350,

6 6,7 50 + 50 = 100

7 6,7 50 + 50 =100

8 6,7 50 + 50 -=,100'

9 19 50

10 9,11,12 50 + ,150 + 100 = 300

11 11,12 100 + 50 = 150

12, 11,12 100 + 50 = 150

*Site 3 has the highest value of'added coverage'
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means that replacing Village 1 with village 2 as the facility

location would decrease coverage by 250.when the facility at,

village 3 remains fixed. Table 7 compares coverage of all

possible replacements for the facility at village 1 assuming

that a companion facility is located at village 3. Note that

if the facility is moved from Village 1 to village 10, coverage

increases by 100; this is the best of all possible moves.

GAS will then change the location of facility in Village 1 to

village 10. At this point the locations of facilities are

villages 3 and 10.

After checking to see if a shift in facility site can

improve the solution, GAS moves the facility from village 1 to

village 10. GAS then checks to see if the second facility

can be replaced with a gain in coverage. All possibilities

for moving the facility in village 3 to some other site are

tabulated in table 8. It should be noted that no changes in-

crease coverage; all possible moves result in a decrease in

coverage. Thus, there is no reason to shift the facility from village

3. This ends the substitution-improvement phase and GAS has

now completed the determination of the best two villages for

facility placement. The health outposts will be sited in

villages 3 and 10.

If we had initially wanted GAS to locate three facilities

instead of two facilities, GAS would take the two facility

solution and add to that the next best site. The next best

site is that site which will cover the most of the population

not served by facilities at villages 3 and 10. The eligible
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TABLE 7

CHECKING FOR POSSIBLE SUBSTITUTIONS FOR SITE 1

FACILITY LOCATIONS 1,3

COVERED 1,2,3,4,5,8,10 AMOUNT = 1000

UNCOVERED 6,7, ,1l12

ELIGIBLE SITES 2,4,5,6,7,8e9,10,1i,12

Site Changes in Coverage

Site Replaces Gain Loss Amount of Changes Net

2 1 12 8,10 50 -100 -200 -250,

4 1 8,10 -100 -200 w-300

5 1 1,8,10 - 100 - 100 - 200 = -400

6 1 6,.7 ,! 1,10 50 + 50 - 100 200 = -200

7 1 6,7 1,19 50 + 50 - 100 -200 -200

8 1 6,7 10 50 + 50 + -200 -100

9 1 9 1 50- 100 - 50

*10 1 9,11,12' 8 50 + 100 + 50- 100 = +100

11 1 '11,12 8 ...+50-100 +50

12 1 11,12 8 100 + 50 -100 + 50

*If site 10 replaces site 1, coverage'will increase by 100,
since 9,11,12 will be additionally covered while only 8
loses coverage.
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TABLE 8

CHECKING FOR POSSIBLE'SUBSTITUTIONS FOR SITE 3

FACILITY LOCATIONS 10,3

COVERED 1,2,3,4,5,9,10,11,12

UNCOVERED 6,7,8

ELIGIBLE SITES 1,2,4,5,6,7,8,9,11,12

Site Changes in Coverage

Site Replaces Gain. Loss Net*

1 3 8 3,5 100-250-100 = -250

2 3 4,5 -1100-100 = -200

4 3 2,5 -150-100 = -250

5 3 2,4 -150-100 = -250

6 3 6,,8 2,3,4,5 50+50+100-150-250-100-100 = -400

7 3 6,7,#8 2,-3,4,5 50+50+100-150-250-100-100 = -400

8 3 "  6,7,8 2,3,4,5 50+50+100-150-250-100-100 = -400

9 3 2;3,4,5 -150-250-100-100 = -600

11 3 2,3,4,5 -150-250-100-100 = -600

12 3 3,4,5 -250-100-100 = -450

*No substitutions can be made with a net,gainin coverage.
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sites are villages 1, 2, 4, 5, 6, 7, 8, 9, 11, and 12. This

means that the third facility will be located at one of these

sites and will be the one which provides access to the largest

fraction of the population that is not currently covered by

facilities at villages 3 and 10. The gains in coverage for

each eligible site are given in table 9. Note that only 3

sites can increase coverage. In fact, the gains in

coverage by each of those three sites are exactly the same.

Thus, any one of the three sites can be considered as a

location for the third facility. When a tie exists, such

as this, GAS picks the site with the lowest index. In this

case GAS will pick village 6 for the location of the third

facility. At this point GAS has now located three facilities.

Note that table 9 indicates that the villages needing

coverage when the third facility site is chosen are villages

6, 7, and 8. Since villages 6, 7, and 8 are covered by site

6 (village 6), choosing village 6 for the third facility loca-

tion increases coverage to 100% of the total population.

When this happens GAS automatically terminates, even though

the user might want to locate more facilities. Since all areas

are now covered, coverage cannot be used as a criteria for

additional facility placement. One possibility when this hap-

pens is to consider decreasing the size of the maximal service

distance or time (which usually requires the placement of more

facilities) and starting the GAS algorithm at the beginning.

If, however, coverage was not complete when GAS had initially

located the third facility at village 6, then GAS would consider



TABLE 9

DETERMINING THE THIRD FACILITY LOCATION

FACILITY LOCATIONS 10,3

COVERED 1,2,3,4,5,9,10,11,12

UNCOVERED 6,7,8

ELIGIBLE SITES 1,2,4,5,6,7,8,9,11,12

Gain in Coverage 'Amount of Gain

1 - 0

2 - 0

4 - 0

6 6,7,8 50+50+100=200

7, 6,7,8 50+50+100=200

8 6,7,8- 50+50+100=200

9 - 0

11 0

12. 0
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the movement of each current facility in turn. GAS would at-

tempt to increase coverage in a manner similar to the sub-

stitution of village 10 for village 1.



CHAPTER TWO

RESULTS OF A GAS PROGRAM RUN

The previous chapter dealt with the use of the GAS

algorithm in solving a maximal covering problem based upon the

twelve village problem given in figure 1. This chapter pre-

sents results from the GAS computer program solving the same

problem.

The GAS program is a Fortran IV computer program that

solves many different forms of the maximal covering location

problem. The various options available with the current ver-

sion of the GAS program are listed in chapter three of part

one of this manual. The GAS program was applied to the twelve

village problem and the output from the program is given in

figure 2. A description of the input card deck necessary to

solve the twelve village problem is given in part two.

Figure 2 is composed of eight pages. Each page contains

the information from one printed output page. The first page of

output is given on page 1 of figure 2. The information on this page

is essentially the population data for the twelve villages.

The second page of output in figure 2 gives the information

about each road link in the twelve village road network of

figure 1. There are a total of 17 arcs. Each arc connects

a pair of villages and has an associated distance or time of

travel. For example, arc number 4 connects villages 1 and 8

and is a distance of 7 kilometers. By specifying each link

in the road network, the computer program can generate a

-28-
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shortest distance matrix. The first two pages of output basi-

cally summarize input data for the desired covering problem.

Pages three and four, given in figure 2, display the

shortest distance matrix that is generated by the computer

program given the information on page 2. Notice that this

shortest distance matrix is essentially the same as that given

in table 2 of chapter one.

The fifth page of the computer printout (figure 2 )

gives a list of the options and specifications utilized by the

GAS program. For this simple problem, no options or specifi-

cations are made other than the definition of the maximal

service distance as 10 kilometers.

The sixth page of the computer printout (figure 2 ) gives

the information about the first iteration of the GAS algorithm.

Note that village 1 has been selected as the first facility

site. The population served by the facility at village 1 is

650 which is 50% of the total population.

The second" facility placement, chosen in the next iteration

of the GAS program, is given on page 7 in figure 2. Village

3 has been selected for the second facility. At this point,

facilities at villages 1 and 3 cover 76.92% of the population.

On the same page of printout, the results of the substitution

process are also given. GAS has found that moving a facility

from village 1 to village 10 increases coverage from 76.92%

to 84.62%.

The last page of output is page 8 of figure 2. This last

page gives the results of the third iteration of the GAS algorithm.
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In this iteration village 6 is chosen for the third facility.

Now population covered by the three facilities is 100%. This

represents a condition for the GAS algorithm to terminate

execution.

Utilizing the information from the computer results allows

one to generate a coverage curve like that shown in figure 3.

The coverage curve shows the fraction of coverage obtainable

over a range of numbers of facilities.

It should be noted that all results of the computer pro-

gram on the twelve village problem are exactly the same as

those produced by hand calculation in theprevious section.

The hand calculations are, of course, easy to perform on small

problems. However, when the problem is large and complex, it is

very difficult to solve by hand. In fact, many of the example

problems given in parts two and three are of a size which

is manageable only with a computer prbgr".
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FIGURE 2

OUTPUT FOR TWELVE VILLAGE PROBLEM

POPULATION DATA

1 30,? 3 250.* . 100.. ? 500? 9 50,0 11 100.0
2 350of 4 100,* 6 50.6 0 190.' 10 200,e 12 50.'

le om op m ------------ -------peo e de oo oe ee oo l ng lo og on m



32

PIGURE 2

(continued, page 2)

INPUT ARC INFORMAZINI IS AS FOLLOWS
ARC NO, FROM NOOE TO NODE DISTANOE

1 1 4 9.000
2 1 2 0.000
3 1 10 4.000
4 1 a 1,000
5 10 9 1.000
6 a 9 iasoo0
7 1 7 1000

a 6 6 10000
9 6 7 90000

10 6 5 15.000
11 5 3 7.000
12 3 4 6000
13 3, 2 7.000
14 2 12 6.000
15 12 10 0.000
16 12 11 9.000
17 11 10 196000
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FIGURE 2

(continued, page 4)

DISTANCE HAIRIX
11 12

1 ~100 12.00

2 31 00 6.00
3 2a.0 13.00
4 236.00 18000
5 29.00 20.00
6 31.00 29.00
7 20.0 2600
a 21000 19.00
9 1.00 15.00
10 19.00 8.00
11 9.0 9.00
12 9.00 00
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FIGURE 2

(continued, page 5)

SUBPROGAPI qATBLD HAS BEEN CALLED TO GENERATE A COVER HATRIX

THE HMA.*NUH DI$TANCEiTIME OF 10.00 HAS PEN UTILIZED
00.. 0000 *o*0....@0 eeO~Q e~ooIQO* e..o00000 *000000000000.0.0t~
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FIGURE 2

(cofinued, page 6)

ITERATION NUMBERP I
THIS IS AN EXAMPLE OF THE TWELVE VILLAGE PROBLEM

NUMBER OF FACILITIES I

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 1

FACILITIES ARE LOCATED AT 1s
----L--AT- -- SVD 6 0 ----------------------------- ---------------E

POPULATION SEBVED 650.00 PERICENT OF TOTAL POPULATION SERVED 50.9?
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FIGURE 2

(continued, page 7)

ITERATION NUMIER* 2
THIS IS AN EXAMPLE OF THE TWELVE VILLAGE PROBLEM

NUMBER OF FACILITIE$ 2

SERVICE DISTANCE m 10.000

NEW FACILITY LOCATION NUMBER 3

FACILITIES ARE LOCATED AT It 3,
-------- . ..------------------- --------- ------- "'70'I" .... . 7"m-m

POPULATION SERVED 1000.00 PEqCENT OF TOTAL POPULATION SERVED 76.??

SUBSTITVTION ALGORITHM USED

NODE 10 REPLACES FACILITY LOCATION
THIS IS NOW FACILITY NUMBER I

FACILITIES ARE LOCATED AT 10. 3,

........................................ !-- -------------

POPULATION SERVED 1100.00 PEJCEUT OF TOTAL POPULATION SERVED 84.§?



38

FIGURE 2

(continued, page, 8),

ITERATION NUMBER. 3
THIS IS AN EXAMPLE OF THE TWELVE VILLAGE PROBLEM

NUMBER OF FACILITIES 3
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 6

FACILITIES ARE LOCATED AT 10 39 6.&

POPULATION SERVED 1300.00 PERCENT OF TOTAL POPUUATION'SERVED 100.V?

THIS SOLUTION WAS GENERATED BY THE GAS ALGORITHM
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FIGURE 3

COVERAGE CURVE FOR TWELVE NODE PROBLEM

1360

~1000-

U7 0 0 -
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0 400-
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CHAPTER THREE

OPTIONS IN THE GAS PROGRAM

The major purpose of this chapter is to define a number

of the options available on the GAS computer program.

Parts two and three give a pumber of example computer prob-

lems which illustrate a number of options discussed briefly in

this chapter. There are five appendices which follow

part three with specific input information. It is intended

that the user become familiar with the input and output of

the GAS program by reading Parts two and three. For

specific problems and definitions, the reader is encouraged

to consult the proper appendix.

Before a detailed description can be given in reference

to solving a specific maximal covering location problem, it

is important to know the broad structure of the GAS program.

This chapter defines several major terms associated with the

GAS program. The reader, by becoming familiar with the terms

defined here, will find the material in parts two and three

easier to master.

BASIC STRUCTURE OF THE GAS PROGRAM

The GAS computer program is designed to input on cards

a data set which describes a specific maximal covering loca-

tion problem. After the data deck has been read by GAS, the

program will perform the desired problem. The program has

not been developed so that it will detect format or logical

-40-
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errors in a data deck. It is up to the user to follow the

simple rules in this manual for the successful application of

the GAS program. The program is structured so that it is

possible to solve many problems with one run of the program.

In order to specify some of the options of the GAS

program it is important to begin with the two basic types

of problems solved by GAS:

PLANAR PROBLEM: a problem is defined as a planar
problem when demand areas and potential facility
sites are described by a pair of coordinates on a
Cartesian plane. In addition the distance or time
of travel between two points on the plane is a
function of their coordinates. An example of a
planar problem is given in figure 4.

NETWORK PROBLEM: a problem is defined as a net-
work problem when demand areas and potential faci-
lity sites are restricted to points on a network
of nodes and arcs. An example of a network is
given in figure 1. The distance or time of travel
between a demand area and a potential facility
site is the shortest arc path between the two areas.
See chapter one for a description of nodes and arcs.

A network problem can be defined in two basic ways:

(a) only nodes are potential facility sites and demand areas,

or (b) any point on the network (nodes or along arcs) can re-

present a facility site or a demand area. In chapter one, a

network problem was described where only nodes are potential

facility sites. It will be assumed throughout the remainder

of this manual that nodes may represent either facility sites

or demand areas (e.g., villages) or both. It will be also assumed

that a point along an arc will not be considered as a potential

facility site or a demand area unless that point is defined

as a node and the arc is divided into two segments. The distance
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FIGURE 4.

AN EXAMPLE OF A PLANAR PROBLEM
WITH (XY) - COORDINATES

el (30,50)

@2(22*45)

07(34,40)

06(20,35)

3 (5,o30) 04 (36,30)

@5(26 ,2o)
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or time of travel from one node to another node will be asso-

ciated with the shortest path between the two nodes. An,

example of determining a shortest path between nodes of a net-

work is given in chapter one.

A planar problem can be defined such that each demand area

or village is represented by a prespecified point. Facility

sites, on the other hand, can be either prespecified or allowed

to be anywhere on the plane. For this manual, it is assumed

that all potential facility sites in planar models are prespeci-

fied (determined in advance).

The distance or travel time between a point representing

a facility site and a point representing a demand area in a

planar problem can be defined by a number of mathematical

functions. The most common method is the Euclidean distance

function which defines the shortest possible distance between

two points as:

dij = (xi - xj) 2 + (yi - yj) 2  (3-1)

where

dij = Euclidean distance from point i to point j.

(xi, yi) = the coordinates of point i.

(xj, yj) = the coordinates of point j.

Figure 5 gives a graphical description of Euclidean dis-

tance measure. When plane travel is utilizedthe straight line

travel distance is an accurate representation of the flight

path. Unfortunately in many circumstances, the straight line

distance underestimates the true travel distance. This is be-

cause road networks restrict the path of travel so that it
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FIGURE 5

EUCLIDEAN DISTANCE MEASURE

I3 I

YJ ...... ...-- - .. - - - ---- -I
I I

n ' n __path of shortest
1 ,f -- idistance is straight

Sline connecting two
y- ........ ........ - points. Length of

I path is dij.
IN I

I
I
i

*X __________Xjpthofshrts
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FIGURE 6

RECTILINEAR DISTANCE MEASURE

Yj ------------------------- point j

rectilinear path is a and b,

distance of path is:

Y . Ixi - xjl+ yi- yjl
I S
I
I I

I I
xI xj x
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exceeds in length a straight path connecting the two points.

If actual travel distances are a linear function of the Eucli-

dean distance, then the Euclidean distance measure can be used.

For example, if real travel distances were found to be approx-

imately 30% greater than straight line distance, then the

actual distance can be estimated by:

d = 1.3 d.. (3-2)

where d.. is the actual travel distance.

When travel distance between two points cannot be approx-

ipated as a linear function of euclidean measure, then another

measure may be more appropriate. An example of a different

measure is the rectilinear or grid distance metric. A graphical

example of rectilinear measure is given in figure 6. Rectilinear

measure is an accurate measure when the road network is developed

in a block pattern. The rectilinear distance between two points

is defined as:

dij = Ixi -xj I + IYi - YjI (3-3)

The GAS computer program will utilize either rectilinear

distance measure or Euclidean distance measure according to the

input information. This will be described in a later chapter.

The information necessary to define a network problem

differs from that of a planar problem. The difference is that

the planar problem needs coordinates of facility sites and de-

mand areas and the network problem needs the information asso-

ciated with the arcs. Because of the large difference between

a problem with a network base and one with a planar base, the

remaining part of the manual is divided into two categories.



47

Part two deals with solving network problems and part three

deals with solving planar problems. However, there are simi-

larities in the options available for the planar and network

problems. Thus, the remaining part of this chapter deals with

those general options available on the GAS computer program.

OPTIONS AVAILABLE ON THE GAS COMPUTER PROGRAM

The GAS computer program has a nunber of options which

may be used in solving a maximal covering location 'problem.

Each one of the options allows one to constrain or further re-

strict the processing of the GAS program. For example, suppose

that in the 12 village problem given in chapter one, a health

facility was already located in village two. Then the question

to be answered might be - where should two additional facilities

be placed in order that the largest amount of population be

covered by the three facilities? This problem is restrictive

in the sense that one facility is already allocated and must

be considered in solving the remaining problem. The GAS pro-

gram will allow for this possibility.

The GAS program is structured in its most general form

so that each demand area is considered a potential facility.

This may, however, not be true for a given circumstance. For

example, in the twelve village problem, village 5 may not be

a potential location for a health outpost because a source of

safe water is not available. This restriction can be placed

on the GAS program by utilizing another available option.

The output from the GAS program can either be streamlined
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so that the printout can list facility locations and coverage

obtained or it can be expanded to give information about "which

areas are covered," "what is the average distance of user

groups from their closest facility," and the shortest distance

matrix. The type of output and the form is controlled by

parameter values given on the input data cards. Examples of

output form are given in parts two and three.

When a master data deck is developed for a certain

problem, changes can be made in parts of the original data

without altering the master deck. For example, suppose that

we have keypunched a deck representing the twelve village

problem. However, suppose that for some purpose in solving

the twelve village problem we do not want to consider the demand

of village 9. This can be done by selecting the GAS option

which allows for the demand of a list of villages not to be

considered. The list is given apart from the master deck.

Thus the original data deck remains unchanged, even when a

modified problem is solved. 'Several examples are given in

parts two and three for utilizing such an option.

The major structure of the input data is given in appen-

dices A through F. Each appendix gives the definition of an

option or input ififormation along with the form in which it

must be given. Along with the appendices, parts two and three

give a number of examples which utilize the various options

and forms. By reviewing the appendices and studying the examples,

a reader should be able to develop a working knowledge of the

GAS program.



PART TWO

THE GAS PROGRAM APPLIED

TO NETWORK PROBLEMS



CHAPTER FOUR

NETWORK PROBLEM ONE

This' chapter deals with utilizing the GAS program in

solving maximal covering location problems defined on a net-

work. Figure 7 is an example of a network problem involving

12 villages and the location of several health outposts.,

The basic definition of a network problem was given in chapter

three.

The material given in part two is organized in six

separate examples. The first example deals with structuring

a data card deck that would be necessary to solve the twelve

village problem discussed in part one. The second example is

exactly the same, except that it deals, with a thirty city

problem and utilizes several different output options. The

third example deals with the thirty city problem, does not

consider the demand of several areas, and allows several pre-

vious health centers to exist. The fourth example deals with

the thirty city problem where several health facilities already

exist and the GAS program is utilized to add to this set of

facilities. The fifth example deals with utilizing elevation

data in a network-problem. The sixth" example solves a multiple

number of problems with one computer run.

THE TWELVE-VILLAGE PROBLEM

Suppose that a planner wishes 'to site health outposts in

-50-
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FIGURE 7

A .TWELVE VILLAGE NETWORK

' - 4 107

11 1
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a region with twelve villages. Figure 7 gives a road network

of a 12 village region. The population of each village is

given in table 10 along with the distance of each arc*.

Further suppose we would like to locate three facilities in

such a way that the largest possible fraction of population

would be covered within ten kilometers by the closest facility.

In order to develop a data card deck with the infor-

mation necessary to solve a maximal covering problem, it is

first instructive to see a conceptualized form of the data

deck that can be used in solving the above maximal covering

problem. This conceptualization is given in figure 8. Notice

that the first two data cards are called master control cards.

The next set of data cards list the population data of the twelve

villages. The data cards that follow list arc information

associated with the road network. This is followed by two

problem control cards. The card set before the problem con-

trol cards specify a specific maximal covering location

problem deck. All the data cards are followed by two blank

cards which signal the end of the data deck.

Before inspecting how the master control cards structure

the twelve village problem for the GAS program, the reader

should first look at appendix A and then return to this section.

From appendix A, the reader should recognize that seven para-

meter values are given on the first master control card. The

seven parameters that are assigned values on this first card

are: IPTS, IDEM, ADD, NETWOR, WEIGHT, DIST, and IFSAP. Accor-

ding to the definition, IPTS must equal the number of nodes

*Definition of arc given in chapter one.
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FIGURE 8

CONCEPTUAL FORM OF THE DATA DECK FOR

THE TWELVE VILLAGE RPOBLEM

two blank cards
second problem

14 RR -control card
71 '*_4- title card

1 1 00, [

po uation data

. second master control card
- 4- first master control card



TABLE 10

VILLAGE POPULATIONS

VILLAGE POPULATION

1 100

2 150

3 250

4 i0o

5 1'00

6 50

7 50

8 '100

9 50

10 200

11 100

12 50



in the network, or 12. IDEM should equal 12 too. The ADD

parameter is utilized only in planar problems and should be

set at zero value for network problems. The NETWOR parameter

is used to indicate whether the problem is network or planar

and should be set at a value of one to indicate that a network

problem is being solved. The WEIGHT parameter should be set at

a value of one since population values are to be utilized.

To have a printout of the distance matrix, the DIST para-

meter should be set to a value of one. Since we are

not interested in generating a statistics output, IFSAP should

be defined as a value of zero. Thus, the first master control

card should have the parameter values given in table 11.

Each parameter value must appear in a specific field on

the data card. Table 11 also gives the card columns for which

the parameter values must be given.

Figure 9 gives a listing of the complete data deck as-

sociated with solving the twelve village maximal covering

problem given in chapter one. Note that the first line of this

listing is the first master control card. Since blanks are

imputed as zero values, the first line gives the above infor-

mation with blanks in columns 15 and 35.

The second master contrbl card contains the values of

seven parameters (ARCS, RECT, ELE, CONS, IALTI, IALT2, GAS).

According to the definition of the ARCS parameter in appendix

A, it should be assigned a value of one. The RECT parameter

should be set at a zero value, because a network problem is to'

be solved. Since elevation data is not utilized, the ELE
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TABLE 11

FIRST MASTER CONTROL CARD FOR

TWELVE VILLAGE PROBLEM

Parameter Assigned Card Column(s)

Name Assumption Value Containing Value

IPTS Number of Nodes in 12 4 and 5
Network

IDEM Must equal IPTS 12 9 and 10
for network problems

ADD Must equal zero 0, blank 15
for network problems

NETWOR Value of one signi- 1 20
fies network problem

WEIGHT Value of one signi- 1 25
fies population values
will be given

DIST Value of one signi- 1 30
fies distance matrix
will be listed

IFSAP Value of zero signi- 0, blank 35
fies that statistics
output will not be
printed
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FIGURE 9

LISTING OF TWELVE VILLAGE DATA DECK'

12 12 1 1 1
1
1 100.
2 150.

3 250.
4 1000
5 100.
6 50.
? 50.
a 100.
9 50.

10 200s
11 1000
12 so
1
1 1 4 9.00
2 1 2 '8100
3 1 10 4.00
4 1 8 7.00
5 10 9 7,00
6 8 9 1a*09
?. 8 ? 7.00
a 8 6 10.09
9 6 7 9;00
10 6 *5 15.09
11 5 3 7.00

12 /3 4 5.00
13 3 2 7.00
14 2 12 6.00
15 12 10 8.00
16 12 t1 9.00
17 11 t0 19o09

THIS IS AN EXAMPLE OF THE TWELVE VILLAGE PROOLE
3 10.00



parameter must be assigned a zero value. Since we have not

selected any special constraint features, the CONS parameter

should be set at a zero value.

Because no political data is being utilized, the IPOL

parameter should be set at a zero value. Because the ELE

parameter is set at a zero value, the values of IALTI and

IALT2 are ignored and can be left blank on the data card.

The last parameter is the GAS parameter and should be set at

the one value in order to indicate that the GAS algorithm

should be used. Figure A.2 of appendix A gives the card

columns for each parameter field in the second master control

card. The parameters of the second card must be punched

according to information given in table 12. The second line

on figure 9 gives the listing of the second master control

card.

As illustrated in figure 8, the population cards must

be given after the two master control cards. Before looking

closely at the population cards of figure 9 and reading the

following explanation for the twelve village problem, the

readers should first review section 3 of appendix D. Appendix

D indicates that there should be one population card for

each node in the problem. Thus, there should be twelve popu-

lation cards. The cards must be given in the order of in-

creasing node index. This means that the first population

card gives the population of node one; the second population

card must give the population of node two, and the last popu-

lation card must give the population of node 12. Note that
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TABLE 12

SECOND MASTER CONTROL CARD

FOR TWELVE VILLAGE PROBLEM

Parameter Assigned Card Column(s)

Name Assumption Value Containing Value

ARCS Arc data will be 1 5,
given when value
is set at one

RECT For a network 0,blank 10
problem, value must
be set at zero

ELE Since no elevation 0,blank 15,
data is given, value
must be set at zero

CONS Value of zero signifies O,blank, 20
no special constraint
features are selected

IPOL Value of zero signifies 0,blank 25
that political data
will not be given

IALT1 Since elevation data 0,blank 30
'is not given, value
is ignored

IALT2 Since elevation data 0,blank 35
is not given, value
is ignored

GAS When value is set 1 40,,
at one, GAS program
will be executed
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TABLE 13

POPULATION DATA CARDS FOR

TWELVE VILLAGE PROBLEM

Card Column(s)
Node Card Column(s) Containing
Index Containing Index Population Population

1 4 100. 11-20

2 4 150. 11-20

3 4 250. 11-20

4 4 100. 11-20

5 4 100. 11-20

6 4 50. 11-20

7 4 50. 11-20

8 4 100. 11-20

9 .4 50. 11-20

10 3-4 200. 11-20

11 3-4 100., 11-20"

12 3-4 50. 11-20



61

the index of the node is given in columns 1 through 4 and the

population of the node is given in columns 11 through 20.

The index must appear right justified with no decimal point

and the population or weight must appear with a decimal point

and need not be right justified. Thus, the twelve population

cards should be of the form given in table 13. Figure 9

gives a listing of the twelve population cards immediately

after the two master control cards.

The ARC data follows the population data. In order to

fully understand the following description of the %RC data

cards, the reader should first review appendix E which deals

with ARC data. In order to set up the arc data set, one

should first determine the number of arcs in the problem net-

work. For the twelve village problem, there are seventeen (17)

arcs. The first arc data card must contain the number 17

in columns 4 and 5 as illustrated in table 14 and figure 9.

The following seventeen cards contain the information about the

seventeen arcs. The first card of the set of seventeen gives

the distance of 9, for the arc connecting nodes 1 and 4. The

second card of this set gives the distance of 8, for the arc

connecting nodes 1 and 2. Note that there is one card for each

arc given in figure 7. In this case each arc is indexed by

numbers that appear in columns 1 through 5. However, such

indices do not need to be given. Two problem control cards

follow the seventeen arc cards, as illustrated in figure 8.

Since the two problem control cards arp discussed in appendix
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TABLE 14

ARC DATA CARDS FOR TWELVE VILLAGE PROBLEM

Card Parameter Card Column(s)

Number(s) Value Value(s) Containing Value

L Number of Arcs 17 4-5

Arc Index e.g. 1 1-5 RJ

Node I 1 6-10 RJ
2-18

Node J 4 11-15 RJ

Distance of Arc '8 16-21 D

RJ - number must be punched right justified.

D - decimal point must be punched with number.
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B, the reader should review it before continuing. In appendix

B, the first problem control card is a title card. Any desired

name or title may appear on this card. The title that was

chosen is: "This is an Example of the Twelve Village Problem."

The title that appears on the title card will be printed on the

output pages.

The second problem cofitrol card gives the values of

eight parameters: IP, S, SCS, EMAXI., EMAXS, CONS, ICOV, ILIST.

The IP parameter represents the maximum number of facilities

the GAS program is allowed to locate. For this example, we

will set IP to the value of 5. The maximal service distance

is 10 kilometers for the twelve village covering problem. This

means that the S value should be set to the value of 10. Since

the IFSAP parameter is at a zero value in the master control

card, the value of the SCS parameter will be left blank. Note

that the EMAXL and EMAXS parameters are utilized only when

the IALT2 parameter is set at a value of one, in this example

we will leave EMAXS and EMAXL blank on the data card. Since

no special constraints are considered the CONS parameter will

be assigned a zero value. For this example, we will not generate

a zero-one covering matrix or a coverage listing by assigning

ICOV and ILIST to zero values. Thus, the second problem control card

should appear as in table 15. The second problem control card

is followed by two blank cards. This completes the data deck

necessary to solve the twelve village problem. The complete deck

is given in figure 9. The deck contains 32 punched cards and two

blank cards. Output from this problem deck is given in figure
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TABLE'15

SECOND PROBLEM CONTROL CARD

FOR TWELVE'VILLAGE PROBLEM

Parameter Assigned Card Column(s)

Name Assumption Value .Containing Value

IP Must equal largest 5 5
number of allowable
facilities

S Maximal service 10 6-15
distance

SCS Secondary service blank 16-25
distance is not
given

EMAXL Parameter not used blank 26-35
because elevation
data is not given

EMAXS Parameter not used blank 36-45:
because elevation
data is not given

CONS Value of zero means 0, blank 55
special contraint fea-
tures are not utilized

ICOV Value of zero means 0, blank 60
zero-one cover matrix
is not given

ILIST Value of zero means 0, blank 65
coverage listing is
not given



CHAPTER FIVE

NETWORK PROBLEM TWO

Suppose that there exists a region of thirty cities

which we would like to serve with health clinics. Figure 10

gives a road network of the thirty city problem along with

population weights of each of the nodes. ARC information for

the thirty city problem is given in table 16. Suppose no more

than ten facilities are to be sited and that the maximal service

time is assumed to be 75 minutes. Since this is a network

problem we can structure the data deck in a similar way to that

outlined in chapter four for the twelve village problem.

Since this is a thirty node network problem with popula-

tion values, the first master control card parameters should be

set to the values given in table 17. To generate a distance

matrix, we can set IDIST equal to one. We can also have statis-

tics output by setting IFSAP to a value of one. The second

master control card should appear according to the information

in table 18. Population data follows the two master control

cards. The form of the population data is identical to that

given for the twelve village problem in table 13 except that

there are now thirty nodes and thirty population cards

required.

Figure 11 gives the complete listing of the data input.

The first two cards are the master control cards. The following

thirty cards are the population'cards; After the population

-65-
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FIGURE 10

A 30'NODE 90 ARC NETWORK OF TOREGAS(8)*

t 16

25

30 4,14 0 20, 5 5 0 0 0 5 5 5 0 5 0

~3

14

The respective node weights are: 10, 20, 25, 18, 12, 23, 43,
30, 24, 15, 10, 20, 35, 15, 20, 20, 10, 25, 35, 15, 10, 15, 10,
20, 10, 20, 10, 10, 35, and 15. These weights are the same as
those of Khumawala (9).
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TABLE 16

ARC INFORMATION FOR THIRTY NODE NETWORK PROBLEM

INPUT ARC INFORMATION IS AS FOLLOWS
ARC NO. FROM NODE TO NODE DISTANCE

1 1 26 16.000
2 1 .28 7.000
3 26 28 15.000
4 1 20 38.000
5 aO 28 37.000
6 8 28 48.000
7 8 20 81.000

8 4 20 100.000
9, 12 20 65.000
1M 4 12 90.000
11 4 23 70.000
12 4, 14 61.000
13 14 23 75.000
14 14 22 69,000
15 a2 23 60.000
16 12 23 20.000
17 12 22 58.000
18 1 12 54.000
19 12 18 86.000
20 18 22 124.000
21 3 22 105.000
22 8 26 41.000
23 18", 26 67.000
24 1 18 78.000
25 3 18 62.000
26 3 6 56v000.
27 3 10 46.000
28 10 18 93-000

29 18 29 64.000
30 a6 29 77.000
31 10 29 94*000
32 27 29 52.000
33 19 29 79.000
34 19 .7 36.000
35 10 27 57.000
36 , 7 27 49.000
37 4 27 85.000
38 71 10 47.000
39 9 10 87*000
40 6 10 34.000
41 6 17 104.000
42 6 9 61.000

43 7 9 67.000
44 7 24 46.000
45 9 24 60.000
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TABLE 16

(continued, page 2)

46 2 24 33.000
47 2 9 60.000
48 9 17 56.000
49 2 17 77.000
50 11 17 55.000
51 2 11 101.000
52 5 11 69.000
53 2 5 37.000
54 5 15 19.000

55 2 15 51.000
56 15 24 84.000
57 19 24 73.000
Ss 19 30 60.000
69 29 30 83.000
60 16 30 58.000
61 25 30 120.000
62 13 16 66.000
63 .16 25 92.000
,64 13 21 60.000
65 13 25 46.000
66 21 25' 52.000
67 8 5 106.000
68 a5 29 147.000
69 5 17 74.000
70 5 9 92.000
71 2 7 66.000
72 7 6 60.000
73 19 10 79.000
74 3 27 78.000
75 3 12 137.000
76 3 29 92.000
7,7 18 27 94.000
78 27 30 70.000
79 16 21 126.000
80 I8 18 108.000

81 7 19 59,000
82 4 22 106.000
83 z0 23 76.000

84 18 20 118.000
85 12 26 69.000
86 1 8 51.000
87 12 28 61.000
88 20 26 52.000
89 1 29 93.000
90 8 29 107.000
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TABLE 17

FIRST MASTER CONTROL CARD FOR

THIRTY NODE NETWORK PROBLEM

Parameter Assigned Card Column(s)
Name Assumption Value Containing Value

IPTS Number of nodes 30 4 and 5
in network

IDEM 'Must equal IPTS 30 9 and 10
for network problems

ADD Must equal zero 0, blank 15
for network problems

NETWOR Value of one signi- 1 ,20
fies network problem

WEIGHT Value of one signi- 1 25
fies population value
will be given

DIST Value of zero signi- 0, blank 30
fies distance matrix

* will not be listed

IFSAP Value of zero signi- 0, blank 35
fies that statistics
output will not be
printed
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TABLE 18

SECOND MASTER CONTROL CARD

FOR THIRTY, NODE NETWORK PROBLEM

Parameter Assigned Card Column(s)

Name Assumption Value Containing Value

ARCS Arc data will be 1 5
given when value
is set at one

RECT For a network 0, blank 10
problem, value must
be set at zero

ELE Since no elevation 0, blank 15
data is given, value
must be set at zero

CONS Value of zero signifies 0, blank 20
no special constraint
features are selected

IPOI Value of zero signifies 0, blank 25
that political data
will not be given

IALq Since elevation data 0, blank 30
is not given, value
is ignored

IALq Since elevation data 0, blank, 35
is not given, value
is ignored

GAS When value is set 1 40
at one, GAS program
will be executed _ _ _ _ _ _
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FIGURE 11

LISTING OF THIRTY NODE NETWORK'DATA DECK

30 30 1,
1

1 10000
21 20.00
3 25.00
4 18,00
5 12,00
61 23000
7 43.00
8 30.00
9 24.00

10 15.00
,11 10.00

12 20.00
,13 35,00
14 15000
15 20.00
16 20000
17 10.00
18 25.00
19 35.00
20 15600
21 -10.00
22 15.00
23 10.00
AM 20000
25 10.00
26 20.00
27 10.00
28 10.00
29 35.00
30 15.00

90
1 1 26 16.
2 1 28 7.
3 26 28 lb.
4 1 20 30.
S 20 28 37.
6 0 28 4t0
7 8 20 die
'u 4 20 100.
v 12 20 6t.

10 4 12 g0.
11 4 23 70.
12 4 14 61.
13 14 2J ?be
14 14 22 6g.
lb 22 23 b0
16 12 23 40.
11 12 22 58,
l 1 12 54.
19 12 1d Ub.
20 Id 22 1e4e

21 3 22 lob.
22 a 26 410
23 id 26 61,
24 1 1 70.
25 3 Id o.
26 3 6 So.
17 3 10 46.
28 t 18 93e
29 18 29 64.
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FIGURE 11

(continued, page'2)

30 26 29 77.
31 10 29 94.
32 27 29 52.*
33 19 29 79.
34 19 27 36o
35 10 27 57.
36' 7 :27 49,
37 24 '21 85.
38 7 10 47.
39 9 10 .870
40 6, 10 34.
41 6 17 104o
42 6 9 61.
43 7 9 67.
44. 7 24 46.
45 9 24 60.
46 2 24 33.

.47' 2 9 60.
48 9 17 56.
49 2 17 71.
SO I1 17 55.
51 a 11 1010
52 5 11 69.
53 2 5 37.
54 5 is 19.
S5 2 15' 51.
,56 15 24 84.
57 19 24 7.
58 19 30 60,
59 29 30 8.3
60 16 30 58,
61, 25 30, 1209
62W - 13 16 66.
63' 16 25 94.
64, 13 21 60.
65 13 25 46.
66 - 21 25 bd.
67 8 25 10b
68 25 29 147.
69 5 17 74.
10 5 9 9d.
71 2 7 66.
72. 7 6 60.
?3 '19 10 79.
74 3 27 78.
75 3 12 137.
76, 3 29 92.
77' 10 27 94a
78 27 30 ?0e
79 16 21 12b.
80 8 18 1uo
'81 7 19 51.
a2 4 22 106.
03 20 23 76.
84 18 20 lie.
85 12 26 699
86 1 8 51.
67 12 28 61.
80 20 26 62.
89 1 29 9J,
90 8 29 We?.

ThIS IS EDAHPLE NUMUCH TWO-NETWORK,
10 75.00 10040.
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cards, the arc cards must be given. There are ninety-one

cards in this group. The first card gives the value of IARCS

equal to 90 indicating that there are 90 arcs. The following

90 cards give the arc information in the same foLmat used in the

twelve village problem. 'The arc cards are followed by the two

problem control cards.

The first problem control card gives the title of the

problem and the second card gives the values of thd parameters

discussed in appendix B. Since we are going to locate up to

ten facilities IP is set at 10. The maximal service time S

should be given as 75. Since the IFSAP parameter has been set

at a value of one, a value should be given to the SCS parameter.

For the output suppose we are interested in SCS = 100. ' The

values of EMAXL and EMAXS can be left blank because elevation

data is not being used. Since no special constraints are being

used the parameter CONS should be set to a zero value. In order

to give an example of the zero-one cover matrix output, we will

set ICOV equal to one. In addition, we will set ILIST equal to

one, so that cover listings will be generated. Thus, all the

parameters to'the second problem control card are set at appro-

priate values. The two problem control cards are followed by

two blank cards. Table 19 gives a summary of the second control

card information for this problem.

The output associated with this data deck is given in-

figure 12. The figure contains twenty five pages giving the

complete output from the GAS computer program. The first page



74

TABLE 19

SECOND PROBLEM CONTROL CARD

FOR THIRTY NODE NETWORK PROBLEM

Parameter Assigned Card Column(s)
Name Assumption Value Containing Value

IP Must equal largest 10 4-5
number of allowable
facilities

S Maximal service 75., 6-15
distance

SCS Secondary service 100. 16-25
distance must be
given since IPSAP=l

EMAXL Parameter not used blank 26-35
because elevation
data is not given

EMAXS Parameter not used blank 36-45
because elevation
data is not given

CONS Value of zero means 0 55'
special constraint fea-
tures are not utilized

ICOV value of one means 1 60
zero-one cover matrix
is given

ILIST Value of one means 1 -65
coverage listing is
given



75

lists the population values. 
The second and third pages 

dis-

play arc information pages four, five, and six give the

shortest distance 
matrix. page 7 states the 

value of the

maximum service time 
as 75. Page 9 is an illustration 

of a

zeroone cover matrix along with a beginning of a list 
in-

dicating which areas a given facility can serve. Page 10

gives the output 
from the first 

iteration of the 
GAS algorithm.

Notice that a listing of 
which demand areas are 

covered is

given. ThiS isting is given because the ILIST parameter 
was

set equal to one. On the next page the GAS program 
gives the

statistics associated 
with the solution 

given on page 10.

The statistics 
are generated by 

assigning each 
demand area to

their closest 
facilitY and then 

determining the 
following

features (associated 
with the partition 

of demand assigning

to a particular facility): h
1) populatiOn served bY each facility.

2) population covered by each facility (i.e. served
within S distance or time from the facility).

3) population served 
outside of S distance 

but in-

3) uside the SCS distance from 
the facility-

4) population served 
outside of the SCS 

distance.

5) The largest traveled distance in each partition.

6) The node that is the farthest from the facility

in the partition 
around that facility.

7) The total weighted distance 
of travel in thep a r t i t io n .

e e o u a i n

8) The weighted distance 
of the covered population.

'9) The weighted distance of those outside of S

distance but inside the SCS 
distance.
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10) The weighted distance of those not covered
within the S distance.

11) The partition to which each demand area is

assigned.

The population served by a facility is labeled on the Output

as the POPULATION IN PARTITION. For example, there are 580

in the partition associated with the facility located at node

seven*. The population that is covered is labeled as the PRIMARY

SERVED POP. In this case, 190 are served within the time of

75 minutes. The population served between 75.(S) and 100.(SCS)

is labeled as the SECONDARY SERVED POP. The population that is

served by the facility at node seven between the times of 75.

and 100. minutes is 25. The population that assigns to a faci-

lity, but is outside the time or distance of SCS is labeled as

the POPULATION OUTSIDE SECONDARY. For the first iteration

output, 365 are in this category when the facility is located

at node seven. For the partition of the facility at node seven,

the largest traveled time to node 7 is made by node 4 at a

time of 304 minutes. This time is given under the heading

of LARGEST TRAVELED DISTANCE. The node is given under the

heading of NODE NUMBER. The weighted distance of the covered

population is called:-' W DIST. PRIMARY COVERED. For this

iteration, the weighted distance of the primary covered popu-

lation is 8488. Since the primary served population is 190,

the average distance from the facility of those served within

the distance of S is 8488/190 which equals 44.6 minutes. The

weighted distance of those served within 100 but outside S is

*Iteration 1 output, page 12 of figure 12.
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called WIGHTED DISTANCE SECONDARY COVERED . For this example, the

weighted distance of the population of 25 is 2325. The average

time of travel to the facility for this group is 2325/25

which equals 93. minutes. The weighted distance of those out-

side the primary time of 75 minutes is also given. Thus, the

average travel distance or time to the facility of those not

covered is 71513/(25+365) which equals 183. minutes. The total

weighted distance is given as the last column of the tabulations.

For the first iteration it is 80001. Therefore, the average

distance of the whole population to their closest facility is

80001/580 which equals 137.

The remainder of figure 12 gives the final iterations of

the GAS algorithm. It should be noted that the algorithm

terminated at seven facilities even though we had allowed for

the placement of ten facilities. The program terminated with

the placement of the seventh facility when population coverage

increased to 100 per cent. It is also important to note that

the substitution algorithm was useful in the fourth iteration of

the program.



POPULATION OATA

1 10.? 4 lee* 7 43.* 10 15.9 13 35.* 16 20.0 19 35,, 22 15,* 25 10'. 28 10.o
2 20.? 5 12.' 8 30o 11 10.? 14 15.0 17 10.. 20 15.0 23 10o. 26 20o0 29 35*0
3 25.? 6 23.? 9 24.' 12 20.? 15 200° 18 25o* 21 10.' 24 2000 27 10.0 30 15.0

-- - - - --------- ---- ------ w--------------aaaa--

FIG-h E12

THIRTY NODE NETWORK PROBLEM OUTPUT
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FIGURE 12

(continued, page 2)

INPUT ARC INFORMATION 16 AS FOLLOWS

ARC NO* FROM HODE T0 NODE DISTANCE

1 1 26 16.000

2 1 28 7.000
3 a6 28 150000
4 1 20 38.000
5 80 28 37.000

6 8 28 480000
7 8 20 816000

8 4 20 1000000
9 12 20 65.000

,'10 4 12 90.000

11 4 23 700000
12 4 14 610000
13 14 23 75.000
14 14 22 69,000
15 -a2, 23 60.000
16 12 23 20*000

17 12 22 580000

18 1 12 54@000
19 12' 1 86000

20 18 22 124.000
21 3 22 1050000
22 a 26 410000

23 18 26 67.000

24 1 18 78,000
25 3 16 62.000

26 3 6 569000

27 3 10 46.000
28 10 18 93000

'29 16 29 64,000

30 86 29 77.000

31 110 29 94.000

32 ai 29 520000
33 19 29 79.000
34 19 27 36*000

35 10 27 57.000
36 7 27 490000
37 a4 27 85.000

38 ? 10 470000
39 9' 10 870000

40 6 10 340000

41 6 17 104m000
42 6 9 61000

43 7 9 67.000

44 7- 24 46.000
45 9 24 60s000
'46 ,2 24 33*000

47 2 9 60*000
48 9 17 56.000
49 2 17 770000

50 11 17 556000
51 2 11 1010000
52' 5 11 69.000

53 2 5 37.000
54 5' 15 190000

55 a 15 51,000

56' 15 24 84e000
57 19 24 73.000
5 19 30 60.000
59 89 30 839000
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FIGURE 12,

(continued, page 3)

60 16 30 56.000
61 a5 30 120.000
62 13 16 66.000
63 16 25 92.000
64 13 21 60.000
65 13 25 469000
66 23 25 520000
67 8 25 106.000
68 a5 29 147.000
69 5 17 74.000
70 5 9 92.000
71 2 7 66.000
72 7 6 60.000
73 19 10 79.000
74 3 27 78.000
75 3 12 137.000
76 3 29 92.000
77 18 27 94.000
78 i7 30 70.000
79 16 21 126.000
80 8 i8 108.000
81 7 19 59.000
82 4 22 106.000
83 aO 23 76.000
84 18 20 318.000
85 12 26 69.000
86 1 8 51.000
87 12 28 61.000
88 20 26 520000
89 1. 29 93.000
90 8 29 107,000



01STANCE-MAIRIX

1 3 4 5 6 7 8 9 10

1 0.0 260.00 140.00 138.00 297.00 196.00 194.00 51.00 257.00 171.00

2 260.00 0.0 159.00 370.09 37.00 121.00 66.00 274.00 60.00 113.00

3 140.00 159.00 0.0 211.00 196.00 56.00 93.00 170.00 117.00 46.00

4 13.O00 370.00 211.00 0.0 401.00 267.00 304.00 181.00 328.00 257.00

5 297.00 37.00 196.00 407.00 0.0 153.00 103.00 311.00 92.00 150.00

6 196.00 121.00 56.00 267.00 153.00 0.0 60.00 226.00 61.00 34.00

T 194.00 66900 93.00 304,00 103.00 bO.00 0.0 208.00 67.00 47.00

8 51.00 274.00 170.00 181.00 311.00 226.00 208.00 0.0 275.00 201.00

9 257.00 60.00 117.00 328.U0 92.00 61.00 67.00 275.00 0.0 87.00

10 171.00 113.00 46.00 257.09 150.00 34.00 47.00 201.00 87.00 0.0

11 355.00 101.00 215.00 426.09 69.00 159000 167.00 375.00 111.00 193.00

12 54.00 292.00 137.00 90.00 329.00 193.00 226.00 105.00 254.00 179.00

13 203.00 290.00 272.00 333.00 327.00 285.00 243.00 152.00 310.00 251.00

14 149.00 333.00 17I.00 61.00 370.00 230.00 267.00 200.00 291.00 220.00

15 311.00 51.00 210.00 421.00 19.00 172.O0 117.00 325.00 111.00 164.00

16 23&.00 224.00 206.00 370.00 261.00 219.00 177.00 198.00 244.00 185.00

17 300.00 77.00 160.00 371.00 74.00 104.00 123.00 330.00 56.00 138.00

18 78.00 206.00 62.00 176.09 243.00 118.00 140.00 108.00 179.00 93.00

19 172.00 106.00 114.00 306.00 143.00 113.00 59.00 186.00 126.00 79.00

20 38.00 296.00 178.00 100.00 333.00 234.00 230.00 81.00 295.00 209.00

21 209.00 338.00 291.00 339.00 375.00 3Z7.00 291.00 155.00 358.00 293.00

22 112.00 264.00 105.00 106.09 301.00 161.00 196.00 163.00 222.00 151.00

23 74.00 312.00 157.00 70.00 349.00 213.00 246.00 125.00 274.00 199.00

24 230.00 33.00 139.00 350.U0 70.00 lOb.00 46.00 244.00 60.00 93.00

25 151.00 286.00 239.00 287.00 323.00 275.00 239.00 106.00 306.00 241.00

26 16.00 244.00 129.00 15a.09 281.00 185.00 178.00 41.00 245.00 160.00

27 145.00 115.00 78.00 27 .00 152.00 91.00 49.00 159.00 116.00 57.00

28 7.00 259.00 144.00 137.00 296.00 200.00 193.00 48.00 260.00 175.00

93.00 167.00 92.00 229.0v 204.00 128.00 101.00 107.00 168.00 94.00

176.00 166.00 148.00 312.00 203.00 161.00 119.00 190.00 186.00 127.00

FIGURE 12

(continued, page 4)



OISTANCE MATRIX

11 12 13 14 is 16 17 18 19 20
-m------ -------- ------ ------- --------------

1 355.00 54.00 203.00 149.00 311.00 234.00 300.00 78000 112.00 38.00

2 101.00 292.00 290000 33300 51.00 224.00 77,00 206.00 106.00 296.00

3 215.00 137.00 272.00 17400 210.00 206.00 16000 62.00 114000 17800

4 426.00 90.00 333.00 61.00 421.00 370.00 371.00 17600 306.00 100.00

5 69.00 329.00 327.00 370.00 19.00 261.00 74000 24300 143.00 333.00

6 159.00 193.00 285.00 230000 172.00 219.00 104.00 118.00 113.00 234.00

7 167.00 226.00 243.00 267.00 117.00 177.00 123.00 140.00 59000 230.00

8 375.00 105.00 152.00 20000 325.00 198000 330.00 108000 186.00 81.00

9 111.00 254.00 31000 291.00 111.00 244.00 5600 179.00 12600 295000

10 193.00 179.00 251.00 2d0.00 164000 185.00 138.00 93.00 79.00 209.00

11 0.0 352.00 391.00 3U9.09 88.00 3i5.00 55.00 277.00 207000 393.00

12 352.00 0.0 257.00 95.009 343.00 287.00 29700 86.00 216.00 65.00

13 391.00 257.00 0.0 352.U0 341.00 66.00 366.00 257.00 184.00 233.00

14 389.00 95.00 352.00 0.0 384.00 J80.00 334.00 181.00 288.00 151.00

15 88.00 343.00 341.00 384.00 0.0 275.00 9300 257.00 157.00 347.00

16 325.00 287.00 66.00 380.00 275.00 0.0 300.00 205.00 118.00 270.00

1? 55.00 297.00 366.00 334.00 93.00 300.00 000 222.00 18200 338.00

1 277.00 86.00 257.00 181.00 257.00 205.00 222900 000 130.00 116.00

19 207.00 216.00 18400 288.09 157000 118.00 182.00 130.00 0.0 208000

20 393.00 65.00 2J3.00 151.00 347.00 270.00 338.00 116.00 208.00 0.0

21 439.00 263.00 60.00 358.09 389.00 126.00. 414.00 263.00 232.00 239.00

22 320.00 58.00 315.00 69000 315.00 311000 265.00 124.00 219.00 123.U0

23 372.00 20.00 277.00 75.00 363.00 30700 317.00 106.00 236.00 76.00

24 134.00 265.00 257.00 313.00 84.00 191000 110.00 179.00 73*00 266.00

25 387.00 211.00 46.00 306.09 337.00 92.00 362.00 211.00 180.00 18700

26 344.00 69.00 193.00 164.00 295.00 218.00 289.00 67.00 156.00 52.00

27 216.00 180.00 194.00 254.00 166.00 128.00 172.00 94.00 36.00 181.00

28 359.00 6100 20000 156.00 310.00 23300 304.00 82.00 17100 3?.00

29 268.00 14600 193.00 241.00 218.00 141.00 224.00 64000 79.00 12900

30 267.00 22900 124.00 322.09 217000 58000 242.00 147.00 6000 212.00

FIGURE 12

(continued, page 5)



bISTANCE MATRIX

21 22 23 24 25 26 27 28 29 30
------m---m------------- --------- M----- m---------- ------- M-m---- m----------

1 209.00 112.00 74.00 230.09 157.00 16,00 145.00 7.00 93.00 176.00

2 338.00 264.00 312.00 33.09 286.00 244.00 115.00 259.00 167.00 166.00

3 291.00 105.00 157.00 139.00 239.00 129.00 78.00 144.00 92.00 148.00

4 339.00 106.00 70.00 350.00 287.00 152.00 270.00 137.00 229.00 312.00

5 375.00 301.00 349.00 70.00 323.00 281.00 152.00 296.00 204.00 203.00

6 327.00 161.00 213.00 106.00 275.00 185.00 91.00 200.00 128.00 161.00

7 291.00 198.00 246.00 46.09 239.00 178.00 49.00 193.00 101.00 119.00

8 158.00 163.00 125.00 244.u 106.00 41.00 159.00 48.00 107.00 190.00

9 358.00 222.00 274.00 60.00 306.00 245.00 116.00 260.00 168.00 186.00

10 2q3.00 151.00 199.00 93.00 241.00 160.00 57.00 175.00 94.00 127.00

11 439.00 320.00 372.00 134.00 387.00 344.00 216.00 359.00 268.00 267.00

12 263.00 58.00 20.00 255.09 211.00 69.00 180.00 01.00 146.00 229.00

13 60.00 315.00 277.00 257.00 46.00 193.00 194.00 200.00 193.00 124.00

14 358.00 69.00 75.00 313.09 306.00 164.00 252.00 156.00 241.00 322.00

15 389.00 315.00 363.00 84.00 337.00 295.00 166.00 310.00 218.00 217.00

16 126.00 311.00 307.00 191.00 92.00 218.00 128.00 233.00 141.00 58.00

17 414.00 265.00 317.00 110.00 362.00 289.00 IT2.00 304.00 224.00 242.00

18 263.00 124.00 106.00 179.00 211.0f 67.00 94.00 82.00 64.00 147.00

19 23a.00 219.00 236.00 73.00 180.00 156.O0 36.00 171.00 79.00 60.00

20 239.00 123.00 76.00 266.00 187.00 52.00 181.00 37.00 129.00 212.00

21 0.0 321.00 283.00 305.00 52.00 199.00 242.00 206.00 199.00 172.00

22 321.00 0.0 60.00 244.00 269.00 127.00 183.00 119.00 188.00 253.00

23 283.00 60.00 0.0 285.00 231.00 89.00 200-00 81.00 166.00 249.00

24 305.00 244.00 285.00 0.0 253.00 214.00 85.00 229.00 137.00 133.00

25 52.00 269.00 231.00 253.00 0.0 147.00 190.00 154.00 147.00 120.00

26 199.00 12r.oo 89.00 214.00 147.00 0.0 129.00 15.00 77,00 160.00

27 242.00 183.00 200.00 85.00 190.00 129.00 0.0 144.00 52.00 70.00

28 206.00 119.00 81.00 229.00 154.00 15.00 144.00 0.0 92.00 175.00

29 199.00 188.00 166.00 137.00 147.00 r7.00 52.00 92.00 0.0 83.00

30 172.00 253.00 249.00 133.00 120.00 160.00 70.00 175.00 83.00 0.0

FIGURE 12

(continued, page 6)
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FIGURE 12

(continued, page 7)

SUBPROGRAH MATBLD HAS BEEN CALLED TO GENERATE A COVER MATRIX

THE HAXINUM DISTANCE/TIHE OF 75.00 HAS'BEEN UTILIZED
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FIGURE 12

(continued, page 8)

1 100009010001000000010010010100
2 O1001O 10000OOlOOOOOOOOOOOOOO
3 001001000100OO0000000000000000
4 000l000000001000000001OOO0o0
5 010010000010001010000001000000
6 O01001 lOOOOOOCOOOOOOOOOOOOO
7 OOOO1lO11000000001OOooooo00
a 100000010O00000000000000010100
9 010001101000000010000001000000

10 O0lo1001OOOOOOOOOOOOO1OOO0
00

11 oooo oooo10oooo0oooooooooooo
12 lO0000oooOoQoooooOO 0looolo
13 00000000000010000001000100000
14 000 0ooloonO O9oooo1o0oUOOO
is 010019000009001000000000000000
16 o00000000000oo 001 00000o00l
17 00001000101900001000000000000
18 0o100000o0Qooo oo1oooooooo
19 ooooooooooooooo0loooolool
20 100000000001000000010000010100
21 30000000000010000O001000100000
22 0 000 00 000 00101000000011000000023 10010ooooooooo010000000ooooooo
24 o1001010o0oooooooooooioooooo
25 0000000000010100
26 100000000ooo1000001o10O00|O0O0
27 000ooolooo1000oooo10000000lo11
28 1ooooo1o0o1oo0ooo10oooo1010o
29 ooooooooooooooooooonooololo
30 00000000000000010010000

00 010 0 1
I CAN RE SERVED BY 1
1 CAN BE SERVED BY )

I CAN BE SERVED BY 12
I CAN BE SERVED BY 20
I CAN BE SERVED BY 23
i CAP' HE 'SERVED BY 26
1 CAN BE SERVED BY 28
2 CAN BE SERVED BY 2

2 CAN BE SERVED BY 5

2 CAN BE SERVED BY 7
2 CAN BE SERVED BY 9

2 CAN BE SERVED BY 15
2 CAN BE !EHVED BY 24
3 CAN SE *ERVED BY 3

3 CAN RE SERVED BY 6
3 CAN BE SERVED BY 10
3 CAN BE SERVED BY 18
4 CAN RE SERVED BY 4
4 CAN BE SERVED BY 14
4 CAN RE SERVED BY 23

5 CAN RE SERVED BY 2
5 CAN BE SERVED BY 5
5 CAN RE SERVED BY 11

5 CAN RE SERVED BY 15
5 CAN BE SERVED BY 17
5 CAN BE SERVED BY 24

6 CAN BE SERVED BY 3

6 CAN BE SFRVED BY 6
6 CAN BE SERVED 8Y ?
6 CAN RE SERVED BY 9
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FIGURE 12

(continued, page 9)

6 CAN BE SERVED BY 10
7 CAN RE SREVED BY 2
7 CAN BE SERVED BY 6

7 CAN BE SERVED BY T

I CAN BE SERVED BY 9

7 CAN BE SERVED DY 10
7 CAN BE SERVED BY 19
7 CAN BE SERVED dY 24
7 CAN BE SERVED BY 27
8 CAN BE SERVED BY 1
8 CAN BE SERVED BY a
8 CAN BE SERVED BY 26

8 CAN BE SERVED NY 20
9 CAN BE SERVED BY 2
9 CAN BE SERVED BY 6

9 CAN BE SERVED BY 7
9 CAN BE SERVED BY 9
9 CAN BE SERVED BY 17
9 CAN BE SERVED BY 24

10 CAN BE SERVED BY a
10 CAN BE SERVED BY 6

10 CAN BE SERVED BY 7
10 CAN BE SERVED BY 10
10 CAN BE SERVED NY 27

11 CAN RE SERVED BY 5
11 CAN BE SERVED BY 11
11 CAN BE SERVED BY 17

12 CAN BE SERVED BY 1
12 CAN BE SERVED BY 12
12 CAN BE SERVED BY 20

12 CA4 BE SERVED BY 22
12 CAN BE SERVED BY 23
12 CAN BE SERVED BY 26
12 CAN BE SERVED NY 26
13 CAN BE SERVED BY 13
13 CAN BE SERVED BY 16
13 CAN BE SERVED BY 21
13 CAN BE SERVED BY 25
14 CAN BE SERVED BY 4
14 CAN BE SERVED BY 14
14 CAN BE SERVED BY 22
14 CAN RE SERVED BY 23
15 CAN BE SERVED BY 2
15 CAN RE SERVED BY 5
15 CAN BE SERVED BY 15
16 CAN BE SERVED BY 13
16 CAN BE SERVED BY 16
16 CAN BE SERVED BY 30
17 CAN BE SERVED BY 5
17 CAN BE SERVED BY 9
I7 CAN BE SERVED BY 11
17 CAN BE SERVED BY 17
18 CAN BE SERVED BY 3
16 CAN BE SERVED BY iU
Id CAN BE SERVED BY 26

18 LAN BE SERVED BY 29

19 CAN BE SERVED BY 7

19 CAN RE SERVED BY 19
19 CAN RE SERVED BY 24
19 CAN BE SERVED BY 27
19 CAN BE SERVED BY 30
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FIGURE 12

(continued, page 10)

20 CAN BE SERVED BY 1
20 CAN RE SERVED BY 12
20 CAN BE SERVED BY 20

20 CAN RE SERVED BY 26
20 CAN RE SERVED BY 26
21 CAN RE SERVED BY 13

21 CAN 9E SERVED BY 21
21 CAN BE SERVED BY 25
22 CAN BE SERVED BY 12
22 CAN BE SERVED BY 14

22 CAN BE SERVED BY 22
22 CAN RE SERVED BY 23

23 CAN RE SERVED BY 1

23 CAN RE SERVED BY 4

23 CAN BE SERVED By 12

23 CAN RE SERVED BY 14

23 CAN BE SERVED BY 22

23 CAN BE SERVED BY 23

24 CAN BE SERVED BY 2

24 CAN BE SERVED BY 5

24 CAN BE SERVED BY 7

24 CAN RE SERVED BY 9

24 CAN BE SERVED BY 19
24 CAN BE SERVED BY 24

25 CAN BE SERVED BY 13

25 CAN BE SERVED BY 21

25 CAN BE SERVED BY 25

26 CAN BE SERVED BY 1
26 CAN RE SERVED BY a

26 CAN BE SERVED BY 12

26 CAN BE SERVED BY Is

26 CAN RE SERVED BY 20

26 CAN BE SERVED BY 26

26 CAN BE SERVED BY 28

27 CAN BE SERVED BY 7

27 CAN BE SERVED BY 10

27 CAN RE SERVEU BY 19

27 CAN BE SERVED BY 27

27 CAN nE SERVED BY 29

27 CAN BE SERVED BY 30

28 CAN BE SERVED BY 1

28 CAN BE SERVED BY 8

28 CAN RE SERVED BY 12
28 CAN BE SERVED BY 20
28 CAN BE SERVED BY 26

28 CAN BE SERVED BY 28

29 CAN BE SERVED BY le

29 CAN BE SERVED BY 27

29 CAN BE SERVED BY L9

30 CAN RE SERVED BY 16

30 CAN BE SERVED BY 19

30 CAN BE SERVED BY 27

30 CAN BE SERVED BY 30
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FIGURE 12

(continued, page 11)

ITERATION NUMBER, 1
THIS IS EXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES I
SERVICE DISTANCE = 75,000

NEW FACILITY LOCATION NUMBER 7

FACILITIES ARE LOCATED AT 7t
-------------------------------------------

POPULATION SERVLO 190.00 PERCENT OF TOTAL POPULATION SERVED 32.76

THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOWING DEMANDS:

2, 6, 79 9, 109 199 24, 27,

DEMAND POINT CAN BE COVERED BY FACILITIES AT:

I NO CURRENT FACILITY LOCATION

2 7,
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION

6 T
7 It
a NO CURRENT FACILITY LOCATION
9 7,

10 To
11 NO CURRENT FACILITY LOCATION

12 NO CUHRENT FACILITY LOCATION
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
i5 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION
is NO CURRENT FACILITY LOCATION
19 7.
20 NO CURRENT FACILITY LOCATION

21 NO CURRENT FACILITY LOCATION

22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 7
25 NO CURRENT FACILITY LOCATION

26 NO CURRENT FACILITY LOCATION

27 7T
28 NO CURRENT FACILITY LOCATION

29 NO CURRENT FACILITY LOCATION

30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT 79
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE =100.00

0 4PRIMAFYESECNDARYPOPULATIONtPOPULATIONOLARGESTO *WT.OISTtWT.OIST. *WT*DIST* TOTAL *

PARTITIONOFACILITYOSERVED * SERVED 0 OUTSIDE I IN *TRAVELED* NODE *PRIMARYSECONDARYOUTSIOEWEIGHTED'
NUMUER * NUMBER 0 POP. * POP. *SECONDARY *PARTITION *DISTANCE'NUSER*COVEREDt COVERED OPRIMARYODISTANCEO

1 7 190.00 25.00 365.00 580.00 304.0 4 8481,0 Z325o0 71513. 80001.

190.00 25.00 365°OU 580.00 848.0 23250 71513s 800010

PARTITION I FACILITY 7
I 0= 194.00* 2 D= 66.0** 3 0 93.0"* 4 0 304.0* 5 O 103.0.. 6 D= 60.0

* 7 O 0o0* a Do 208.000 9 n= bT° oo0 10 0= 47.0* 11 0 167.0** 12 0n 226.0

* 13 0- 243.0*0 14 D= 267.000 IS 0= 117.0 " 16 0 177.0* 17 On 123.00 18 0I 140.0

' 19 On 59.004 20 Do 230.0** 21 0 2910"0 22 On 1980*• 23 Um 246.0" 24 On 46.0

-25 On 239.00• 2b Do 178.0"• 27 Do 49.0"* 28 Dn 193.0"* 29 D 101.0* 30 On 119.0

-FIGURE, 12

(continued, page 12)
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FIGURE 12

(continuedf page 13)

ITERATION NUMBER, 2

THIS IS EXAMPLE NUMBER TWO-NETWORK'

NUMBER OF FACILITIES 2

SERVICE DISTANCL = 75.000

NEW FACILITY LOCATION NUMBER 26

FACILITIES ARE LOCATED AT 7, 26,
------------------------------ *---------------- -----------------------------------

POPULATION SERVED 320.00 PERCENT OF TOTAL POPULATION SERVED 55.17

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa--eeee- eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

THE FACILITY LOCATEU AT: 7 CAN COVER THE FOLLUWING DEMANDS:

2# 69 7v 9, lot 19t 24, 27 E
THE FACILITY LOCATED AT: 26 CAN COVER THE F a U1ING DEMANOSs

It 8, 12, 18e 20, 26, 28,

DEMAND POINT CAN BE COVERED BY FACILITIES ATI

1 269
2 7t
3 NO CURRENT FACILITY LOCATION

4 NO CURRENT FACILITY LOCATION

5 NO CURRENT FACILITY LOCATION

6 ?1
7 7,
8 26t
9 7,

10 79
11 NO CURRENT FACILITY LOCATION

12 269
13 NO CURRENT FACILITY LOCATION

14 NO CURRENT FACILITY LOCATION

15 NO CURRENT FACILITY LOCATION

16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION

1 269
19 79
20 26,
21 NO CURRENT FACILITY LOCATION

22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION

24 7,
25 NO CURRENT FACILITY LOCATION

26 269
27 79
23 26,
29 NO CURRENT FACILITY LOCATION

30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT Tt 26,
PIIMARY DISTANCE a 75.00
SECONDARY DISTANCE =10000

* *PRIMARYSECONDARYaPOPULATIONOPOPULATIONOLARGESTP 'WT.OISTlWT*DISTo *WT.DISTO TOTAL *

PARTITIONOFACILITYOSERVEO * SERVED 0 OUTSIDE 0 IN *TRAVELED* NODE *PRIDARYISECONDARY-OU1SIOE'WEIGHTEDO
NUMBER * NUMBER * POP. # POP. *SECONDARY fPARTITION ODISTANCE*NUMBEROCOVERED? COVERED *PRIMARYODISTANCE*

1 7 190.00 25.00 87.00 302.00 177. 16 8488.0 Z325.0 141260 22614.

2 26 130.00 45.00 103.00 278.00 199.0 21 5375*0 8585.0 20901. 26276.

320.00 70.00 190.00 580000 13863o0 5910.0 35027. 48890.
PARTITION 1 FACILITY 7
'9 2 DO 68.00" 3 D 93.000  5 on 103.0"o 6 D 60.0" 7 D1 0.00" 9 0n 67.0

* 10 D 47.00 11 D 167.0"* 15 D: 1170" 16 0 177. 0 00 17 O :23.O" 19 DO b9.0

* 24 On 46.00" 27 Do 49.00 30 On 1190"0
PARTITION a FACILITY 26 

I0 3 0 16.00" 4 On 152.0" 8 o 410" 12 On 69*0'* 13 Do 193000 14 On 164.0

1 18 On 67.0"* 20 O 52.0"* 21 D 199.00 22 0= 127.000 23 on 89.0"e 25 Do 147.0

' 26 Do 0.00" 28-Da 15,00- 29 0. 77.00

FIGURE 12

(continued, page 14)
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FIGURE 12

(continued, page 15),

ITERATION NUMBER, 3
THIS IS EXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES 3

SERVICE DISTANCE a 76.000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOATED AT 7, 269 13.

---------------------------------------- ------------------ -------------- 7

POPULATION SERVED 395.00 PERCENT OF TOTAL POPULATION SERVED 60ok0

-- ---------------------------------m---------------- --------------------------------------

ITHE FACILITY LOCATED ATI 7 CAN COVER THE FOLLOWING DEMANDS:

29 6, 7, 99 109 19, 249 279

THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLOWING DEMANDSt

It e 129 18, 20, 26, 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:

139 16, 21. 259
DEMAND POINS CAN BE COVERED BY FACILITIES ATI

1 26,
2 7
3 NO CURRENT FACILITY LOCATION

4 NO CURRENT FACILITY LOCATION

5 NO CURRENT FACILITY LOrATION

6 79

9 26,
9 7,
10 7s
|l NO CURRENT FACILITY LOCATION

12 26,
13 139
14 NO CURRENT FACILITY LOCATION

15 NO CURRENT FACILITY LOCATION'

16 13,
17 NO CURRENT FACILITY LOCATION

18 269
19 ?1
20 26,
21 1.i
22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION

24 7,
25 13,
26 26,
27 1,
28 26,
29 NO CURRENT FACILITY LOCATION,

30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT T 269 13.
PRIMARY DISTANCE z 75.00
SECONDARY DISTANCE =100.00

0 *PRIMARY'SECONDARY'POPULATIONePOPULATIONOLARGEST0 *WT.OISTIWT.DIST. *VT.DIST* TOTAL *

PARTITIONOFACILITY*SERVED * SERVED * OUTSIDE e IN *TRAVEL.D* NODE *PRIMARYSECONDARY'OUTSIOE*VEIGHTEDO
NUMBER & NUHBER * POP. * POP. *SECONDARY *PARTITION *OISTANCEONUMUEROCOVEREDt COVERED *PRIMAHYODISTANCEO

1 7 190.00 25.00 67.00 282.00 167.0 11 8488.0 2325.0 10586. 19074.

2 26 130.00 4b.O0 48.00 223.00 164.0 14 5375.0 3585.0 10686. 16061.

3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.

395.00 70.00 115.00 580.00 16243.0 5910.0 21212. 37515.

PAHTITION 1 FACILITY ?
* 2 D: 66.0** 3 D= 93.00" 5 O= 103.00* 6 D: 60.0"* 7 Do 0.009 9 O 67.0

10 0 47.o0o  11 D 367.0" 15 On 117.014 17 0= 123.0"* 19 0 59.0" 24 On 46.0

* 27 O 49.00" 30 0: 119.0"0
PARTITION 3 FACILITY 26

I 0 16.0"* 4 D 152.0** 8 00 41.0o* IZ O 69.0"* 14"DO 164.0" 18 D 67.0

* 20 O: 52.*0" 22 0n 127.0"0 23 O 89.004 26 O 0.0"* 28 0D 15.0o* 29 O 77.0

PARTITION 3 FACILITY 13 -

13 D 0.0"* 16 o 66.00 -21 D0 60.0* 25 DO' 46.000

FIGURE 12

(continued, page 16)
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FIGURE 12

(continued, page 17)

ITERATION NUMBER, 4

THIS IS EXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIE$ 4
SERVICE DISTANCE = 75.000

NEW FACILITY LOCATION NUMBER 18

FACILITIES ARE LOCATED AT 79 26, 13, 18

POPULATION SERVED 455.00 PERCENT OF TOTAL POPULATION SERVED 78.45

------10N__ERV;--------------------S- -- -- -- --

THE FACILITY LOCATED ATI 7 CAN COVER THE FOLLUWING DEHANDSI

29 69 79 99 109 19, 24, 27.
THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLOWING DEMANDS2

It 89 12, 18. 20t 26, 28,
THE FACILITY LOCATED ATI 13 CAN COVER THE FOLLOWING DEMANDS:

139 169 a, 25,
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS:

39 18, 26, 29s
DEMAND POINT CAN BE COVLREO BY FACILITIES AT:

1 269
2 7T
3 18,
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION
6 

T
7 7,

8 26,
9 li

10 It
11 NO CURRENT FACILITY LOCATION
12 26,
13 13
14 NO CURRENT FACILITY LOCATION

15 NO CURRENT FACILITY LOCATION
16 IJ
17 NO CURRENT FACILITY LOCATION
18 26, 189
19 7,
20 26,
21 139
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION,
24 7t
25 139
26 269 18,
27 7t
28 269
29 lot
30 NO CURRENT FACILITY LOCATION

SUBSTITUTION ALGORITHM USED

NODE I REPLACES FACILITY LOCATION 26

THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT ? It 1.3 18,
---------------------- ------- 7-----------------
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FIGURE 12

(continued, page 18)

POPULATION SERVED 465.00 PEACENT UF TOTAL POPULATION SERVED 80.17

--------------------------------- ---- -------------- -----------

THE FACILITY LOCATED AT& 7 CAN COVER IijE FOLLUVING DEMANDS:
2o 6o To 99 l~v 199 249 27s I,--%

THE FACILITY LOCATED AT: I CAN COVER THE FOLLURING- DEMANDS:

It 8. 129 209 23, 26, 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMAiO -

13. 16. ale 259
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUVING DEMANDS:

3, 18s 26, 29.
DEMAND POINT CAN BE COVERED BY FACILITIES ATI

1 1.

2 7
3 Ids
4 NO CURRENT FACILITY LOCATION

s NO CURRENT FACILITY LOCATION

6 7t7 7,
8 Is

9 T

10 ?1
11 NO CURRENT FACILITY LOCATION

12. It
13 139
14 NO CURRENT FACILITY LOCATION

is NO CURRENT FACILITY LOCATION
16 13,
17 NO CURRENT FACILITY LOCATION18 18,

19 To
20 1
21 139
22 NO CURRENT FACILITY LOCATION
23 Is
24 79
2S 139
26 It 18o
27 '7
28 Is
29 1o
30 NO CURRENT'FACILITY LOCAION



THIS IS EXAMPLE NUMSER TWO-NETWORK

FACILITIES ARE LOCATED AT 79 1. 13, 18
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE =100.00

* *PRIMARYOSECONDARYOPOPULATIONOPOPULATIONOLARGEST,0 WT.DISTtWT.DIST. OWT.OISTO TOTAL I

PARTITION:FACILITY*SERVED 0 SERVED * OUTSIDE • IN *TRAVELED* NODE *PRIMARYSECONDARY*OUTSIOEeWEIGHTED
e

NUMBER • NUMBER * POP. * POP. *SECONDARY *PARTITION *DISTANCEONUMBER*COVEREO COVERED *PRIMARYODISTANCEO

1 7 190.00 0.0 67.00 257.00 167.0 11 8488.0 0.0 8261. 16749.

2 1 115.00 0.0 48.00 163.00 149.0 14 4310.0 0.0 6399. 107090

3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.

4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.

465.00 0.0 115-00 580.00 18968.0 0.0 14660. 33b289

PARTITION I FACILITY 7
00 2 0 66.000 5 DO 103.000 6 0 60.0* 7 D 0.00 9 On 67.00 10 o 47t0

* 11 0 167.0e  15 Us 117.000 17 On 123.000 19 On 59.00* 24 0 46.000 2? o 49.0

* 30 0 119.000
PARTITION 2 FACILITY 1
00 1 Do 0.00* 4 o 138.00* 8 o 51.00 12 Do 5400** -14 0. 149000 20 On' 38.0

* 22 DO 113.0* 23 0 74.0* 26 0n 16o000 28 D -7.00
PARTITION 3 FACILITY 13
*0 13 O 0.000 16 On 66.00 21 0o 60.000 25 0 46.000
PARTITION 4 FACILITY 18
00 3 0- 62.00* 18 O 0.0*0' 29 D 64e000

FIGURE, 12

(coninue, page--19)_
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FIGURE 12

(continued, page 20)

ITERATION NUMBER* 5

THIS IS EAAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES 5
SERVICE DISTANCE x 75000

NEW FACILITY LOCATION NUMBER S

FACILITIES ARE LOCATED AT 7, It IJo lot S
---------------------------------------------------------------------------------

l

POPULATION SE VEO 517.00 PERCENT Or TOTAL POPULATION SERVED 89.14

-----------------------------------------------

THE FACILITY LOCATED ATI 7 CAN COVER THE FOLLUWINO DEMANDS:

29 6, 7v 9, 109 19, 24, 27,

THE FACILITY LOCATED AT: I CAN COVER THE FOLLUWING DEMANDS:

It 8, 12, 20t 23o 26, 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS:

139 16, 21, 25,
THE FACILITY LOCATED ATI 18 CAN COVER THE FOLLOWING DEMANDS:

3, 18, 26, 29,
THE FACILITY LOCATED AT: 5 CAN COVER THE FOLLUWING DEMANDS:

29 So 11 IS 17 24t

DEMAND POINT CAN BE COVERED BY FACILITIES ATI

I It
2 7o 5S
3 lot
4 NO CURRENT FACILITY LOCATION5 5,

6 7,
? 7,
a ItT To
9 7,
10 7.
I! I

12 It
13 139
14 NO CURRENT FACILITY LOCATION
15 bt
16 IJO
17 5.

18 )of
19 ?s
20 1@
21 IJ,
22 NO CURRENT FACILITY LOCATION,
23 1t
24 7', So
25 13,
26 1o let
27 7.
28 1.
29 18o
30 NO CURRENT FACILITY LOCATION



T"IS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARF LOCATED AT 7 It 139 18, 59
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE 3100.00

*PRIMARYOSECONDARYPOPULATION POPULATIONOLARGEST,' *WT.DISTfWToDISTe OWToDISTo TOTAL 0

PARTITIONOFACILITYOSERVED 0 SERVED 0 OUTSIDE ! IN *TRAVELLOD NODE *PRIHARYISECONDARY'OUTSIOE'WEIGHTED'
NUMBER * NUMBER 0 POP. 0 POP. *SECONDARY OPARTITION *DISTANCEONUM ER*COVEREDt COVERED OPRIMARY'OISTANCEO

1 7 170.00 0.0 15.00 185.00 119.0 30 7168.0 0.0 1785. 8953.
2 1 115.00 0.0 48.00 163.00 149.0 14 4310.0 0.0 6399. 10709.
3 13 75.00 0.0 0.0 75,00 66.0 16 2380.0 0.0 0. 2380.
4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.

5 5 72.00 0.0 0.0 72.00 74.0 17 2550.0 0.0 0. 2550.

517.00 0.0 63-00 580.00 20198.0 0.0 8184. 28382.

PARTITION I FACILITY 7
6 o 60.000 7 Do 0.000 9 Do 67.0"0 10 On 47.0** 19 On 59.000 24 D 46.0

* 27 On 49000 30 0 119.0"0
PARTITION 2 FACILITY 1
0o 1 0n 0.000 4 D 138.00" 8 D Sl.0 12 08 5400 14 0. 149.0*e 20 On 38.0

* 22 O= 112.00°  23 Do 740 °  26 On- 16.00 0 28 0 700
PARTITION 3 FACILITY 13
00 13 D= 0.0"* 16 D= 66.060 21 0 60.000 25 0 46.00
PARTITION 4 FACILITY 18
040 3 Da 62.0"0 18 0n 0.0"0 29 0 64e0"•

PARTITION 5 FACILITY 5
20 2 Do 37.0"* 5 0 00" 11o 69.00" IS 08 19.00 17 0 74.0"40

FIGURE 12
(p(continued, page 21)
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FIGURE 12

(continued, pag( 22)

ITERATION NUMflER9 6
THIS IS EXAMPLC NUMBER TWO-NETWORK

NUMBER OF FACILITIES 6

SERVICE DISTANCF * 75.000

NEW FACILITY LOCATION NUMSER 14

FACILITIES ARE LOCATED AT 7, Is IJi lo 5 14#

POPULATION SERVED 565.00 PE C T OF TOTAL POPULATION SERVED 97.41

THE FACILITY LOCATEU 
AT: 7 CAN COVER THE FOLLuWINU 

DEMANDS-

29 69 7. 91 109 191 24, 27,

THE FACILITY LOCATED ATI I CAN COVER THE FOL.LUWING DEMANDS:

Is a. 12, 20t 239 269 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANUSI

13. 16, 21v 25,
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS:

3. 18t 26, 29.
THE FACILITY LOCATED ATI 5 CAN COVER THE FOLLOWING DEMANDS:

2. 5, 11, 15t 179 24s

THE FACILITY LOCATED ATI 14 CAN COVER THE FOLLOWING DEMANDS:

4, 149 a2, 23t
DEMAND POINT CAN BE COVERED BY FACILITIES AT$

I 1
2 7. 5.
3 1ot
4 1##
S S
6 7,
7 7,
a 1.
9 7

10 It
11 bg
12 It
13 131
14 14,
15 bo
16 13s
17 So
18 Ids
19 I.
20 It
21 139,
22 14,
23 I, 14,
24 7 S.
25 13,
26 1 18.
21 ?1
28 Is
29 1d
30' NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT 79 19 139 18o 59 149
PRIMARY DISTANCE x 75.00
SECONDARY DISTANCE[ =100.00

,e*PRIMARYOSECONDARYOPOPULATION-POPULATIONLARGESTt *WT.DISTIWT.DIST. *WT.DISTO TOTAL *

PARTITION*FACILITYOSERVED 0 SERVED * OUTSIDE * IN *TRAVELED* NODE *PRINARYSECONOARY'OUTSIDEOWEIGHTEUO

NUMBER * NUMBER 0 POP. 0 POP. *SECONDARY *PARTITION ODISTANCEONUMBEROCOVEREOf COVERED OPRIMARY*DISTANCEe

1 7 170.00 0.0 15.00 185.00 119.0 30 7168.0 0.0 1785. 8953.

2 1 115.00 0.0 0.0 115.00 74.0 23 43100 0.0 0. 4310e

3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.

4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 5790.

5 5 72.00 0.0 0.0 72.00 74*0 17 2550.0 0.0 0. 2550.

6 14 48.00 0.0 0.0 48.00 69.0 22 2133.0 0.0 0. 2133.

565.00 0.0 35.00 580.00 22331.0 000 1785. 241160

PARTITION 1 FACILITY 1
6 On 60.0 7 D .0.000 9 00 67o0•e 10 o 47.010 19 On 59.0** 24 00 46.0

* 27 On 49.00° 30 On 119.0**
PARTITION 2 FACILITY 1

I 0n 0o000 8 On 51.000 -12 on* 54o00 20 D 38e00 23 On 74.000 26 On 16.0

* 28 0= 7.00
PARTITION 3 FACILITY 13
** 13 D 0.0*0 16 o 66,04 21 0 60.0" 25 On 46.000
PARTITION 4 FACILITY 18
0* 3 O 62.0 0  18 On 0.0 0 29 D 6400*"

PARTITION 5 FACILITY 5 -
2 D2 37.000 5 DO 0.000 11 D 69.000. IS On 19.00w 17 0. 74.0**

PARTITION 6 FACILITY 14
0 4 O 61.000 14 o 0.O0 22-0= 69.00

FIGURE 12

(continued, page 23)0
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FIGURE 12

(continued, page 24)

ITERATION NUMBEH, 7
THIS IS EXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES 7
SERVICE DIbTANCE a 75.000

NEW FACILITY LOCATION NUMBER 16

FACILITIES ARE LOCATED AT 7. It I. 189 5. 14, 16.

-- ----------------------------------------------------- ----- -------------

POPULATION SERVED s5O.OO PERCLNT OF TOTAL POPULATION SERVED 100.90
----------- --m-m -------------------- --------------------------------- ---

THE FACILITY LOCATED AT$ 7 CAN COVER THE FOLLOWING DEMANDS$

2. 6. 7, 9. 10o 19, 24. 27.

THE FACILITY LOCATED ATS I CAN COVER THE FOLLOWING DEMANDS$

Is B 129 209 239 26, 28,

THE FACILITY LOCATED AT: 13 CAN COVER tHE FOLLUWING DEMANDS8

13, 169 21. 25s
THE FACILITY LOCATED ATI 18 CAN COVER THE FOLLOWING DEMANDS3

39 18o 26, 299
THE FACILITY LOCATED AT: 5 CAN COVER THE FOLLOWING DEMANDS:

29 5, 111 159 179 249
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS:

49 149 22, 239
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWINO DEMANDS$

13. 16, 30,
DEMAND POINT CAN BE COVERED BY FACILITIES AT:

I It

2 79 59
3 1t
4 14.
5 bo
6 79
7 7,

7
10 7
11 59
12 1
13 139 16.
14, st I
IS 69
16 13t 16s
17 5t
18 18.
19 ?1
20 11
21 13.
22 14,
23 1 -14.
24 79 So
2S 13.
26 '1. ,100
27 I,
2a 1,
29 ji
30 ]b.



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT 79 t 13, 189 St 149 169
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE -100.00

0 *PRIMAHYOSECONDARYOPOPULATION*POPUL4TIONLARGEST 0  4WTeDIST?WT*DIST. *WTeDIST' TOTAL *
PARTITION:FACILITYOSERVED 0 SERVED * OUTSIDE * IN *TRAVELED* NOUE *PRIMARYSECONDARY'OUTSIOEIWXGHTEO.
NUMBER 0 NUMBER * POP. 0 POP. *SECONDARY *PARTITION 'DISTANCE*NUMBEROCOVEREDt COVERED OPRIMARYODISTANCE*

1 7 170o.00 0.0 0.0 170.00 67.0 9 7168.0 0.0 0. 7168.
2 1 115.00 0.0 0.0 115.00 74.0 23 4310.0 000 0. 4310.
3 13 55.00 0.0 0.0 55.00 60.0 21 1060.0 0.0 0. 10600
4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.
S s 72.00 0.0 0.0 72.00 74.0 17 2550.0 0.0" 0. 2550.
6 14 48.00 0.0 0.0 48.00 69.0 22 2133.0 0.0 0. 2133.
T 16 35.00 000 0.0 35.00 58.0 30 87000 0.0 0. 8700

550.00 000 000 580000 21881.0 0.0 0. 218810
PARTITION 1 FACILITY 7
o 6 DO 60.0"0 7 D 0o00" 9 Do 67.000 10 D 47.0" 19 On 59.000 24 On 46.0

27 On 49.0 0

PARTITION 2 FACILITY 1
0 1 D 0.00" B D 510"* 12 0* 540"0 20 Do 38.0*0 23 Do 74.0"0 26 On 16.0

0 28 O 7 T;0*-
PARTITION 3 FACILITY 13
0 13 0 0.000 21 0 60.00 25 Do 46.00*
PARTITION 4 FACILITY 18
*' 3 O 62.00" 18 On 00" 9 Ou 64.0"-
PARTITION 5 FACILITY 5 _
"0 2 On 37.0"0 5 O 0.0"0- 11 O 69000 15 0. 19.0"* 17 0 74.00"
PARTITION 6 FACILITY 14
" 0 4 Ox 61.00 14 D 0.000 22 Do 69.00"
PARTITION I FACILITY 16 -

" 16 D: 0.0"0 30 O= 58.00
COVERRAGE CANNOT BE CHANGED BY ADDITIONAL FACILITIES
THIS SOLUTION WAS GENERATED BY THE GAS ALGORITHM

FIGURE 12

(continued, page 25)



CHAPTER 6

NETWORK PROBLEM THREE

Suppose that we want to solve the exact same problem

as the problem of chapter five, except that several cities

are not available for a facility placement as shown in table

20. We can easily eliminate these areas from consideration

as potential facility sites by using one of the constraint

options described in appendix C. Xn order to utilize the

constraint option, the second problem control card given

in the problem of chapter 5 (see table 19) must be modified

along with the addition of a constraint card deck.

Because network problem 3 requires only slight modifi-

cations from the deck described for problem 2, only the neces-

sary changes to the data deck developed for problem 2 will

be considered. A conceptualized version of the data deck

set up is given in figure 13. The data deck necessary for

problem 3 is exactly the same as the data deck necessary for

problem 2 up to the first problem control card. The title

card (first problem control card) will change to reflect the

new example number. The second problem control card is modi-

fied by changing the value of the CONS parameter from zero

(blank) to a value of one (see table 21). By making this' change,'

the GAS program will expect specific problem constraints to

be established in a constraint card deck which immediately

follows the second problem control card.

-103-
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TABLE 20

CITIES NOT AVAILABLE FOR FACILITY PLACEMENT

NODE REASONS

3 Nq good source of water available

8 No good source of water available

20 No electricity

25 No electricity

14 Special problems
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TABLE 21

SECOND PROBLEM CONTROL CARD

FOR NETWORK PROBLEM THREE

Parameter Assigned Card Column(s)
Name Assumption Value Containing Value

IP Must equal the 10 4-5
largest number of
facilities

S Maximal service 75. 6-15
distance

SCS Secondary service 100. 16-25
distance must be
given since IFSAP=1

EMAXL Parameter not util- blank 26-35
ized because elevation
data is not given

EMAXS Parameter not util- blank 36-45
ized because elevation
data is not given

CONS Value of one means 0 55
special constraint
options are utilized

ICOV Value of one means 1 60
zero-one cover matrix
is given

ILIST Value of one means 1 65
coverage listing is
given
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The format of the constraint card deck is given in

appendix C. The reader should first read appendix C before

continuing with the description given in this section.

As noted in appendix C, the constraint card set is

composed of a parameter card containing the parameters ND,

NDAS, and NANCF. The parameter card is followed by three

sets of cards as indicated in figure C.l.

The ND parameter represents the number of demand nodes

that are to be deleted from the established list of potential

facility sites. Since we plan to make 5 nodes ineligible

for facility placement, we should set the value of ND at five.

The NDAS parameter represents the number of areas that are to

be deleted from the demand list. Since there are no nodes

which we want to eliminate from the demand list, the value of

NDAS should be set to a zero (or blank) value. The NANCF

parameter represents the number of potential facility loca-

tions that should automatically be allocated to specific

sites. At this point, we have not identified any sites that

should be allocated a facility. Thus, the NANCF parameter

should be set at a value of zero (or blank). Therefore, the

first constraint card has the following parameter values:

ND equal to 5; NDAS equal to 0; and NANCF equal to 0. Appendix

C indicates that the number of constraint cards following

the parameter card should be equal to ND + NDAS + NANCF.

According to appendix C, there are three sets of cards: ND

cards, NDAS cards, and NANCF'cards, respectively. Since the
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ND and NDAS parameters are both set at a zero value, there

are no cards in the second and third sets. The number of

cards in the first set is equal to the value of the ND para-

meter. In this case, there will be five cards, because ND

has been set at five. Each card of the ND cards gives the

index of a demand area that is to be deleted from the list

of potential facility sites, On each card, the program will

accept a two letter code used to indicate why a paiticular

node is not to be considered as a potential facility site.

Each card must be punched according to the formats given in

appendix C.' An example of one of the ND cards is to eliminate

node 14 due to its special problems. If we use the two letters

SP to indicate special problems as a code, we can punch a card

in the following form:

Punching: 1 4 _S, P

Card Columns: 1 2,3 4 5*6 7

By setting up special codes (which are printed on the output

listing) we can easily set up all five ND cards. After the

five ND cards, two blank cards are given to signify the end

of the deck. A complete listing of the data deck necessary

to solve example problem three is given in figure 14. 'Notice

that the data listing is identical to the deck for network

problem 2 (see figure 11) except that the two problem control

cards are different and a set of constraint cards has been



108

added. By looking at the last five cards in the listing in

figure 14, one can easily see that areas 3, 8, 20, 25, and 14

will be eliminated from the list of potential facility sites.

The output from the GAS program is given in its entirety

in figure 15. Notice that before the output of the first

iteration is given, the output indicates that nodes 3, 8, 20,

25, and 14 will not be considered as potential facility sites.

The program gives results of seven iterations. It'should be

noted that the solutions of iterations six and seven are

different from that of example 2 because node 14 is not allowed

in the solution by example run three. For this problem no

change in coverage resulted by eliminating 3, 8, 20, 25, and

14 for potential facility placement; however the elimination

of combinations of other sites can significahtly effect the

solution.
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FIGURE 13

CONCEPTUAL FORM OF THE DATA DECK FOR

NETWORK PROBLEM THREE

__, - two blank cards

,Z-constraint deck

" - I second problem control• , / .card

first problem control card

' -' II L -  z arc cards

second master control card

first master control card
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FIGURE 14

LISTING OF NETWORK PROBLEM THREE DATA DECK

30 30 1 1 1 1
11

1 10.00
2 20000
3 25000
4 18000
5 12,00
6 23.00
7 43.00
a 30.00
9 24.00
10 IS.O0
11 10.00
12 20.00
13 35.00
14 15.00
15 20000
16 20,00
17 10.00
18 25000
19 35.00
20 15.00
21 10,00
22 IS00
21 10.00
24 20000
2b 10.00
26 20000
21 10.00
a8 10.00
29 35.00
30 15.00
90

1 1 26 16.
2 1 28 7.
3 26 28 1.
4 1 20 3d.
5 20 28 370
6 13 28 4U.
7 a 20 81
6 4 20 lOU
9132 20 6b.
1 4 12 90.
111 4 23 I0,

,12' 4 14 61a
IJ 14 23 Is.114 14 22 690
15 22 23 coo
16 12 23 20o
17 12 22 ba.
Is8 1 12 '540
19 12 18 do.
20 18 22 14,
21 3 22 105.
22 d 26 41.
23 I 20 b61
2/4 1' 18 78.
2,5 3 18 oe
26' 3 6 so$
27, 3 10 4a,
28 10 I1 93.
29 18 29 64.
30 26 29 77
31, 10 29 94.
32 27 ' 29 .52o



FIGURE 14

(continued, page 2)

33 19 29 79.
34 19 21 '3b.
35 10 2f 51e
36 7 27 49.
31 24 21 Sb.
38 7 10 410
39 9 10 87
40^ '6 10 34.'
41. 6 17 104.
42 6 9 61.
43 ? 9 610
44 7 24 46.
45 9 24 60,
46 2 24 33.
* r 2 9 60,
48' 9. 17 56*
49 2 17 77.
bO 11 1? 55.
51 2 31 101.
52 5 11 69.
53 2 5 37.
54 5 19 19o
55 2 15 51.
56 15 24 U4.
57 19 24 7J.
56 19 30 60.
59 29 30 83o
60 16 30 b8.
61 25 30 120.
62 13 16 6b*
63 16 25 92.
64 13 21 60.
65 13 25 46.
66 21 26 5i.
61 8 25 10(w,
68 25 24 Wer,
69 5 17 74.
b70 5 9 924

71 2 1 6be
72 7 6 60.
73 19 10 79.
74 3 27 78,
15 3 12 137.
76 3 29 9d.
77 18 27 94.
78 27 30 70.
79 16 21 1269
so 8 18 308e
81 7 19 69.
62 4 22 30b,
6J 20 23 16.
84 10 20 l1.
85 12 26 b*V
86 1 a 51,
87 12 28 61
88 20 26 529
89 1 29 9J.
90 8 29 101.

THIS IS EXAPLE NUMOLN THEE-NETWORK
10 75.00 100.00
S
3 N6
6 NO

20 NE
2b NE
14 SP



POPULATION DATA

1 10.* 1O.- 7 -43.0 10 15o? I 35.' 16 20.0 19 35.0 22 15.0 25 10oo 26 100
2 20o 5 12.°  8 '-,30.' 11 tO.? 14 15o 17 10o 20 15.' 23 10.' 26 200 29 - 35o
3 25.' 6 23o 9 24.' 12 200 15 20.' 18 25.0 21 10' 24 20o 27 10.0 30 15.O

----------ee e e------------------e e e e e---- -- -

FIGURE 15

NETWORK PROBLEM THREE OUTPUT



FIGURE 15

(continued, page 2)

INPUT ARC INFORMATION IS AS FOLLOWS

ARC NO. FROM NODE TO NOUE DISTANCE
1 1 26 16.000

2 1 28 7.000
3 26 28 15.000
4 1 20 38.000

S 20 28 37.000
6 8 28 48.000
7 8 20 81.000

a 4 20 100.000
9 12 20 65.000

10 4 12 90.000
11 4 23 70.000
12 4 14 61.000
13 14 23 75.000
14 14 k2 69,00
is 22 23 600.00
16 12 23 20.000
17 12 22 58.000
18 1 12 54.000
19 12 18 86.000

20 18 22 124.000
21 3 22 105.000
22 8 26 41.000

23 18 26 61.000
24 1 18 78.000
25 3 18 62.000
26 3 6 56.000
27 ,3 10 46.000
28 10 18 93.000
29 10 29 64.000
30 26 29 77.000
31 10 29 94.000
32 2?, 29 52.000
33 I9 29 79.0U0
34 19 27 36.000

35 10 27 57.000
36 7 27 49,000
3? 24 27 85,000

38 7 10 47.000

39 9 10 87.000
40 6 10 34.000
41 6 17 104.000
42 6 9 61*000
43 7" 9 67.000

44 7 24 46.000
45 9 24 60.000
46 2 24 33.000
47 2 9 60.000
48 9 17 56.000
49 2' 17 77,000

50 11 17 55.000u
51 2 I! 101.000

52 S 11 69.00U
53 2 5 37.000
54 S 15 19.000
55 2 15 51.000
56 15 24 84.000
57 19 24 73.000
58 19 30 60.000
59 29 30 83.000
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FIGURE 15

(continued, page 3)

60 1 30 58,000
61 25 30 1200000

62 13 16 66,000

63 16, 25 92,000

64, 13' 21 60,000
65' 13 25 46.000

66 21 25 520000
67 S 25 1060000

68 25 29 147000

69 S 17 ?4,000
70 5 9 92.000

71 2 7 66.000

72 7 6 600000

73 19 10 79000
74 3 21 780000

75 3 12 137.000

76 3 29 92.000
77 18 27 94000

T8 21 30 70,000
79 16 i1 1260000
60 8 18 1080000

a1 7 19 590000

82 4 22 106.000
83 20. 23 76*000

64 11, 20 118.000
85 12, 26 69.000
86 1 8 51*000

87 12 28 610000
88 20 26 52.000

89 1 29 93.000

90 8 29 107.000



DISTANCE MATRIX

a 3 4 5 7 a 9 10

1 0.0 260000 140000 138900 297.00 196.00 194.00 51000 257.00 171.00

2 260.00 0.0 159.00 370.00 37.00 121.00 66.00 2T4.00 60.00 113.00
3 140.00 159.00 0.0 21100 196.00 56.00 93.00 170.00 117.00 46.00
4 138.00 370.00 211000 0.0 407.00 267.00 304.00 181.00 328.00 25700

5 297.00 37.00 196.00 407.Uv 0.0 153.00 103.00 311.00 92.00 150.00

6 196.00 121.00 56000 267.0 153.00 0.0 60.00 226.00 61.00 34.00

7 194.00 66.00 93.00 304.00 103.00 60.00 000 208.00 67.00 47.00

6 51.00 274.00 170.00 181.U0 311.00 226.00 208.00 0.0 275.00 201.00
9 257.00 60.00 117.00 328.UO 92.00 61.00 67.00 275.00 0.0 87.00

10 171.00 113.00 46.00 25r.0u 150.00 34.00 47.00 201.00 87.00 0.0

11 355.00 101.00 215.00 426.00 69.00 159.00 167.00 375.00 111.00 193.00

12 54.00 292.00 137.00 90.00 329.00 193.00 226.00 105.00 254.00 179.00

13 203.00 290.00 272.00 333.00 327.00 285.00 243.00 152.00 310.00 25100

14 149.00 333.00 174.00 61.00 370.00 2J0.00 267.00 200.00 291.00 22000

15 311.00 51.00 210.00 421.0V 19.00 172.00 117.00 325.00 111.00 164.00

16 234.00 224.00 206.00 370.00 261.00 219.00 177.00 198.00 244.00 185.00

17 300.00 77.00 lbO.00 371.0u 74.00 104.00 123.00 330.00 56.00 138.00

18 78.00 206.00 62.00 176.09 243.00 118.00 140.00 108.00 179.00 93.00

19 172.00 106.00 114.00 30b.00 143.00 113.00 59.00 186.00 1Z6.00 79.00

20 38.00 296.00 178.00 100.00 333.00 234.00 230.00 81.00 295.00 209.00

21 209.00 338.00 291.00 339.00 375.00 327.00 291.00 158.00 358.00 293.00

22 ia.00 264.00 105.00 lOb.00 301.00 lbl.00 198.00 163.00 222.00 151.00

83 74.00 312.00 157.00 70.UV 349.00 213.00 246.00 125.00 274.00 199.00

24 230.00 33.00 139.00 350.00 70.00 106.00 46.00 244.00 60.00 93.00

25 157.00 286.00 239.00 287.00 323.00 275.00 239.00 106.00 306.00 241.00

26 16.00 244.00 129.00 15e.00 281.00 15.00 178.00 41.00 245.00 160.00

27 145.00 115.00 78.00 270.UV 152.00 91.00 49.00 159.00 116.00 57.00

28 7.00 259.00 144.00 13r.O0 296.00 200.00 193.00 48.00 260.00 175.00

29 93.00 167.00 92.00 229.00 204.00 128.00 101.00 107.00 168.00 94.00

30 176.00 166.00 148.00 31.00 203.00 161.00 119.00 190.00 186.00 127.00

'I

FIGURE 15

(continued, page 4)



DISTANCE HATRIX

- 12 13 14 15 16 17 18 19 20
------- ------------- w----------------------------------- ------ i e aeC

1 355.00 54.00 203.00 14V.0U 311.00 234.00 30000 78.00 172.00 38.00

2 101000 292000 290.00 33301j 51.00 224.00 77000 206.00 106.00 296.00

3 215.00 13700 272.00 1740UU 210000 206.00 160.00 6200 114.00 178.00

4 426.00 90.00 333.00 61.0 42100 370000 371.00 176.00 306.00 100.00

5 69.00 329.00 327.00 370.u0 19000 2b1.00 74.00 243.00 143o00 333.00

6 15V.O0 19300 285.00 230.ug 172.00 219000 104.00 118.00 113.00 234.00

7 167.00 226.00 243.00 z67.0u 117.00 177.00 123.00 140.00 59.00 230.00

8 375.00 105.00 152.00 eoO.uv 325.00 198.00 330.00 108.00 186.00 81000

9 111.00 254.00 310.00 291.01 111.00 244.00 56.00 179.00 126.00 295.00

10 193.00 179000 251.00 220.UU 164.00 185.00 138.00 93.00 79.00 209o00

11 0.0 352.00 391.00 389.00 88.00 325.00 55.00 277.00 207.00 393.00

12 352.00 0.0 257.00 950UU 343.00 287.00 29700 86.00 216.00 65.00

13 391.00 257.00 0.0 j52.ub 341.00 o6.00 366.00 257.00 184.00 233.00

14 389.00 95.00 352.00 0.0 384.00 380.00 334.00 181.00 288.00 151.00

15 88.00 343.00 341.00 384.0 0.0 275s.00 93.00 257.00 157.00 347.00

16 325.00 287.00 b6.00 J3O.uO 275.00 0.0 300.00 205.00 118.00 270.00

17 55.00 297.00 366.00 334.UJ 9300 300.00 0.0 222000 182.00 338.00

18 277.00 86.00 257.00 181.00 257.00 205000 222.00 0.0 130900 116.00

19 207.00 216.00 184.00 288.UU 157.00 ld.00 182.00 130.00 00 208.00

20 393.00 65.00 233.00 lbl.Ov 347.00 270.00 338&00 116.00 208.00 0.0

21 439.00 263.00 60.00 3b.0Uf 389.00 leb.00 414.00 263.00 232.00 23900

22 320.00 58.00 315.00 69.00 315.00 311.00 265.00 124.00 219000 12300

23 372.00 20.00 277.00 75.U 363.00 307.00 317.00 106.00 236.00 76.00

24 134.00 265.00 267.00 4sIs.UV 84.00 191.00 110.00 .179.00 73.00 266.00

25 387.00 211.00 46.00 306.6u 337.00 92.00 362.00 211.00 180.00 187.00

26 344.00 69.00 193.00 16 .*0 295.00 218.00 289.00 67.00 156.00 52.00
27 216.00 180.00 194.00 2bZ.U 166.00 128.00 172.00 94.00 36.00 181.00

28 359.00 61.00 200.00 156.0u 310.00 233.00 304000 82.00 171000 37.00

29 268.00 146.00 193.00 241.0%0 218.00 141.00 224.00 64.00 79.00 129.00

30 267.00 229.00 124.00 322900 217.00 58.00 242.00 147.00 60.00 212.00

FIGURE 15

(continued, page 5)-



DISTANCE "ATRIX .... -. .-.
al 22 23 Z4 25 26 27 28 29 30

--- --------------------------------------------------------------------------------------------- 
m---------- -----

1 209.00 112.00 74.00 230.09 157.00 16900 145.00 7.00 93900 176.00

2 338.00 264.00 312.00 33.09 286,00 244.00 115.00 259.00 167.00 166.00

3 291.00 105.00 157.00 139.00 239.00 129.00 78.00 144.00 92,00 148,00

4 339.00 106.00 70o00 350,00 287.00 1b2.00 270.00 137.00 229.00 312.00

5 375.00 301.00 349.00 70.00 323.00 281000 152.00 296.00 R04*00 03.00

6 32?.00 161.00 213.00 100.09 275.00 185.00 91.00 200.00 ?8,00 161.00

7 291.00 198.00 246.00 46,U) 239.00 178.00 49.00 193.00 141,00 119.00

8 158.00 163.00 125.00 244.00 106.0 41.00 159.00 48.00 107,00 190,00

9 358.00 222.00 274.00 60.09 306.00 245.00 116.00 260.00 168.00 186.00

10 293.00 151.00 199.00 930.1) 241.00 160.00 57.00 175.00 94,00 127.00

11 439.00 320.00 372.00 134.u0 387.00 344.00 216.00 359.00 26800 267.00

12 263.00 58.00 20.00 265.uu 211.00 69.00 180.00 61.00 146.00 229.00

13 60.00 315.00 277.00 257.UU 46.00 193.00 194.00 200.00 193.00 124.00

14 358.00 69.00 75.00 313,00 306.00 164.00 252.00 156.00 241.00 322.00

15 389.00 315.00 363*00 84.UV 337.00 295.00 166.00 310.00 218.00 217.00

16 120.00 311.00 307.00 191.00 92.00 218.00 128.00 233.00 141.00 58.00

17 414.00 265.00 317.00 110.00 362.OC 289.00 172.00 304.00 224.00 242.00

18 263.00 124.00 106.00 179.UU 211.00 67.00 94.00 82.00 64.00 14T.00

19 232.00 219.00 236.00 73.10 180.00 156.00 36.00 171.00 79.00 60.00

20 239.00 123.00 76.00 266.00 * 187.00 52.00 181.00 37.00 129.00 212.00

21 0,0 321.00 283.00 305.u 52.00 199.00 242.00 206oGO 199.00 172.00

22 321.00 0.0 60.00 244.00 269.00 12r,00 183.00 119.00 188.00 253.00

23 283.00 60.00 0.0 285.00 231.00 89.00 200.00 81.00 166.00 249.00

24 305.00 244.00 285.00 0.0 253.00 214.00 85.00 229o00 137.00 133.00

25 52.00 269.00 231.00 253.00 000 147.00 190.00 154.00 147.00 120.00

26 199.00 127.00 89.00 214,00 147.00 0.0 129.00 15.00 77.00 160,00

27 242.00 183.00 200.00 85.UF1 190.00 129.00 0.0 144.00 52.00 70.00

28 206.00 119.00 61.00 229.00 154.00 15.00 144.00 0.0 92.00 175.00

29 199.00 188.00 166-00 137.)00 147.00 77.00 52.00 92.00 0.0 83.00

30 17a.00 253.00 249.00 133.09 120.00 160.00 70.00 175.00 83.09 0.0

FIGURE 15

(continued, page 6)
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FIGURE i5

(continued, page 7)

SUBPROGRAN MATBLD HAS BEEN CALLED TO GENERAIE A COVER MATHIX
THE HAXINUN OI$TANCE/TIIE OF 75.00 HAS dEEW UTILIZED
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FIGURE 15

(continued, page 8)

I 10000001000100000000 o l0010100
2 OIOOIQIOIOOOOOIOOOOOOo1000000
3 001001000100000001000000000000
4 OOOOOooooooo0 OooooOUOOOOO
5 01001000001000110000001000000
6 001001101100000000000000000000
7 O10001011OOOOOO00100001001000
a 100000010000000000000000010100
9 010001101000000010000001000000

10 OOOOllo10OOOOOOOOOOOOO00
11 000010000010000010000000000000
12 100000000001000000010110010100
13 o000000000000loo oooo1000100000
14 000100000000010000000110000000
Is 0001000000000OOO0oooooooo0000
16 000000000000ooo oo UOoooooooooo
17 oooo10001010000010000000000000
Is oo10000oooooo000 0ooooooloo o
19 ooooooooooooooooooooooo10o1
20 100000000001000000010000010100
21 000000000000100000001000100000
22 000000000001010000000110000000
23 100100000001010000000110000000
24 010010101000000000100001000000
25 000000000000100000001000100000
26 100000010001000001010000010100
27 000000100100000000100000001011
28 10000001OCO1000000010000010100
29 00000000000000000100000000I11
30 000000000000010000OOOIOOI~

I CAN BE SERVED BY I
I CAN FIE SERVED BY 8
I CAN BE SERVED BY 12
I CAN BE SERVED BY 20
I CAN RE SERVED DY 231
1 CAN PE SERVED DY 26
1 CAN RE SERVED NY 28
2 CAN RE SERVED BY 2
2 CAN BE SERVED BY 5
2 CAN BE SERVED BY 7
2 CAN RE SERVED DY 9
2 CAN PE SERVED BY i5
2 CAN HE SERVED DY 24
3 CAN RE SERVED HY 3
3 CAN BE SERVED BY 6
3 CAN BE SERVED DY 10
3 CAN RE SERVED BY 18
4 CAN RE SERVED BY 4

4 CAN BE SERVED BY 14
4 CAN HE SERVED BY 23
5 CAN RIE SERVED DY 2
5 CAN BE SERVED BY 5
5 CAN BE SERVED BY 11
5 CAN BE SER~VED BY is
5 CAN BE SERVED BY 17
5 CAN RE SERVED HY 24
6 CAN FIE SERVED HY 3
6 CAN BE SERVED BY 6
6 CAN RIE SERVED BY 7
6 CAN RIE SERVED BY 9
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FIGURE 15

(continued, page 9)

6 CAN BE SERVED BY 10
7 CAN BE SERVED BY 2
7 CAN BE SERVED BY 6

7 CAN BE SLRVED BY I
7 CAN RE SERVED BY 9
7 CAN BE SERVED BY 10

7 CAN RE SERVED BY 19
7 CAN RE SERVED BY 24

7 CAN RE SERVED BY 27
8 CAN BE SERVED BY I
8 CAN BE SERVED BY 8
8 CAN BE SERVED BY 2b
8 CAN BE SERVED BY 28
9 CAN HE SLRVED BY 2
9 CAN BE SERVED BY 6
9 CAN BE SERVED BY 7
9 CAN BE SERVED BY 9
9 CAN BE SERVED BY 17
9 CAN RE SERVED BY 24

10 CAN RE SERVED BY 3
10 CAN BE SERVED BY 6
10 CAN RE'SERVED BY 7
10 CAN RE SERVED BY 10
10 CAN BE SERVED BY 27
11 CAN HE SERVED BY b
11 CAN RE SERVED BY 11
11 CAN BE SERVED NY 17
12 CAN RE SERVED BY 1
12 CAN BE SERVED BY 12
12 CAN RE SERVED BY 20

12 CAN RE SERVED BY 22
12 CAN RE SERVED BY 23
12 CAN BE SERVED BY 26
12 CAN RE SERVED BY 28
13 CAN RE SERVED BY 13
13 CAN RE SERVED BY 16
13 CAN RE SERVED BY 21
13 CAN RE SERVED BY 25
14 CAN RE SERVED BY 4
14 CAN RE SERVED BY 14
14 CAN RE SERVED BY 22
14 CAN BE SERVED BY 23
15 CAN RE SERVED BY 2
15 CAN RE bERVED BY b
15 CAN RE SERVED BY s

16 CAN BE SERVED BY 13
16 CAN BE SERVED BY 16
16 CAN RE SERVED BY 30
17 CAN RE SERVED BY b
17 CAN RE SERVED BY 9
17 CAN BE SERVED BY 11
17 CAN RE SERVED dY 17
18 CAN BE SERVED BY 3
I8 CAN BE SERVED BY 18
18 CAN RE SERVED BY 26
18 CAN BE SERVED BY 29
19 CAN RE SERVED BY 7
19 CAN RE SERVED BY 19
19 CAN BE SERVED BY 24
19 CAN RE SERVED BY 27
19 CAN RE SERVED BY 30
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FIGURE .15

(continued, page 10)

20 CAN BE SERVED BY
20 CAN BE SERVED BY 12
20 CAN HE SERVED BY 20
20 CAN BE SERVED BY 26
20 CAN BE SERVED BY 28
21 CAN BE SERVED BY 13
21 CAN BE SERVED BY 21
21 CAN RE SERVED BY 25
22 CAN BE SERVED NY 12

22 CAN BE SERVED BY 14
22 CAN BE SERVED BY 22
22 CAN RE SERVED BY 23
23 CAN BE SERVED BY 1
23 CAN BE SERVED BY 4

23 CAN RE SERVED BY 12
23 CAN BE SERVED BY 14
23 CAN HE SERVED BY 22

23 CAN BE SERVED BY 2J
24 CAN BE SERVED BY 2
24 CAN BE SERVED BY .5
24 CAN BE SERVED BY 7
24 CAN HE SERVED DY 9
24 CAN RE SERVED BY 19
24 CAN RE SERVED BY 24
25 CAN BE SERVED BY 13
25 CAN BE SERVED BY 21
25 CAN RE SERVED BY 25
26 CAN BE SERVED BY 1
26 CAN BE SERVED BY 8
26 CAN RE SERVED BY 12
26 CAN BE SERVED BY 18
26 CAN BE SERVED BY 20
26 CAN RE SERVED BY 26
26 CAN BE SERVED BY 28
27 CAN RE SERVED BY 7
27 CAN RE SERVED BY 10
27 CAN RE SERVED BY 19
27 CAN HE SERVED BY 27
27 CAN RE SERVED BY 29
27 CAN RE SERVED BY 30
28 CAN HE SERVED BY 1
28 CAN HE SERVED BY a
28 CAN RE SERVED BY 12
28 CAN RE SERVED BY 20
28 CAN RE SERVED BY 26

28 CAN RE SERVED BY 28
29 CAN BE SERVED BY 18
29 CAN BE SERVED BY 21
29 CAN RE SERVED BY 29
30 CAN BE SERVED BY 16
30 CAN BE SERVED BY 19
30 CAN RE SERVED BY 27
30 CAN HE SERVED BY 30
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FIGURE 15

(continued, page 11)

THE FOLLOWING NODES WILL NOT OE CONSIDERED ASPUTENTIAL FACILITY 
SITESI

3-NBo 8-Not 20-NE. 25-NEo 14-SP9
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FIGURE 15

(continued, page 12)

ITERATION NUMBER, 1
THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 1
SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 7

FACILITIES ARE LOCATED AT 79
---------- ssss---ss--sMs--s-s---------- s-------- s--------- s---- ---------------
POPULATION SERVED 190.00 PE9CLNT OF TOTAL POPULATION SERVED 32.76

------------- ---------------------------- ----------------------------------

THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLUWINO DEMANDS1
2s 69 7 99 10s 199 249 27,

DEMAND POINT CAN BE COVERED BY FACILITIES AT:
I NO CURRENT FACILITY LOCATION
2 7T
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION
6 79
7 It
8 NO CURRENT FACILITY LOCATION
9 7,

10 To
11 NO CURRENT FACILITY LOCATION
12 NO CURRENT FACILITY LOCATION
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
I5 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
i NO CURRENT FACILITY LOCATION
is NO CURRENT FACILITY LOCATION
19 It
20 NO CURRENT FACILITY LOCATION
21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 To
25 NO CURRENT FACILITY LOCATION
26 NO CURRENT FACILITY LOCATION
27 It
28 NO CURRENT FACILITY LOCATION
29 NO CURRENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT 7,
PRIMARY OISZANCE a 75.00
SECONDARY DISTANCE 100.00

* *tPRIMARYSECONARYPOPULATIONPOPULATIONOLARGESTI' *WT.DIST?WT.DIST. OWTeDISTO TOTAL *
PARTITIONOFACTLITY-SERVED - SEHVED * OUTSIDE 9 IN *TRAVELED* NODE oPRIHARYtSECONDARYOUTSIDEWEIGHTED*
NUMBER * NUMBER * POP. * POP. OSECONUARY OPARTITION ODISTANCE*NUMBEROCOVERED? COVERED *PHIMARY'DISTANCE*

1 7 190.00 2b.00 365.0U 580.00 304.0 4 8488.0 2325.0 71513. 80001.

190.00 25.00 365.00 580.00 8488.0 2325.0 71513. 80001.
PARTITION 1 FACILITY 7
0* 1 D= 194.0"* 2 D 66.000 3 Do 93.0"* 4 D= 304.00' 5 Do 103.0*' 6 D 60.0

* 7 D= 000!" 8 D 208.0"* 9 O. 67.U0* 10 0 47.0* 11 On 167.0 * 12 On 226.0

0 13 0* 243.000 14 D 267.0"* 15 O 117.0"* 16 D= 17700" 17 D 143*0** 1 Do 140.0

0 19 O 59.0" 20 Do 230.O0" 21 0m 291.0** 22 Us 118.O* 23 On 246oO0 24 Oq 46.0

* 25 On 239.0"' 26 0 178.0*" 27 O 49.0-" 28 O= 193.0"0 29 O 101.0"* 30 O 111.0

FIGURE 15

(continued, page 13)
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FIGURE 15

(continued, page 14)

ITERATION NUMBER, 2
THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 2

SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 26

FACILITIES ARE LOCATED AT 7, 26,
-------------------------------------------- ------------ ---------------
POPULATION SERVED 320.00 PERCLHT OF TOTAL POPULATION SERVED 55.37

THE FACILITY LOCATED AT: 7 CAN COVER THE FULLOWING DEMANDS:

2. 69 7 99 l0 19, 24, 27,
THE FACILITY LOCATEU AT: 26 CAN COVER THE FOLLUWING DEMANDSS

Is 8 12, 18, 209 2bt 28,
DEMAND POINT CAN BE COVERED By FACILITIES AT:

1 26,
2 7T
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION
6 7t
? 7,
8 269
9 7

10 Is
11 NO CURRENT FACILITY LOCATION
12 2b,
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION

15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
I? NO CURRENT FACILITY LOCATION
is 269
19 7,
20 269

21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 71
25 NO CURRENT FACILITY LOCATION
26 269
27 7
28 269
29 NO CURRENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE tthBER THREE-WETWORK

FACILITIES ARE LOCATED AT To 26,
PRIMARY DISTANCE a T5.00
SECONDARY DISTANCE z100.00

o epRIMARYOSECONDARYoPOPULATIO.¢ePOPULATIONeLARGE$Tt* *WT.OISTOUT.OIST. OWT.DISTO TOTAL

PARTITIONOFACILITY*SERVEO 0 SERVED * 0UTSIDE * IN *TRAVELED* NODE OPIIMARYSECONDARY0OUTSIDE*WEIGHTEDO

NUMBER * HUt ER * POP. * POP. -SECONDARY -PARTITIOM -DISTANCE-NUMBER-COVEREO? COVERED *PRIMARYODISTANCE

1 7 190.00 25.00 6T.OU 302.00 IT7.0 16 8488.0 2J25,0 14126. 22614.

2 26 130.00 45.00 103.00 278.00 199.0 21 5375.0 3585.0 20901a 26276.

320.00 70.00 190.0U 580.00 13863.0 b9100 3502T. 48890.

PARTITION 1 FACILITY 7
*• 2 D 66.0*0 3 0' 93.0*0 5 0n 103.0** 6 O= 60a00 7 D 0.00• 9 0. 67.0

* 10 O 47.0004 11 D 16T.O 15 0 lT.O** 16 Un 177.000 17 On 123.0 o0 19 O b9.0

* 24 On 46.0* 27 0 49.0** 30 On 11900•

PARTITION a FACILITY 26
1 1 On 16.000 4 O 152.U0* 8 On 41.0* 12 0 69.06* 13 On 193*0** 14 0n104.0

S18 On 67.000 20 On 52.000 21 0 199,0** 22 On 127.0*0 23 0 89.00 25 0n 147*0

* 26 0 *.0*0 28 O 15.0*0 29 0 77o.0o

FIGURE 15

(continued, page 15)-
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FIGURE 15

(continued, page 16)

ITERATION NUMBER* 3

THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIE$ 3
SERVICE DISTANCE m 75.000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT 7. 26, 13s
--------------------------------- ----------- -- ------------------ 

--------

POPULATION SERVED 395.00 PERCEOT OF TOTAL POPULATION SERVED 68.10
------ --- --------------------------------------

THE FACILITY LOCATED AT; 7 CAN COVER THE FOLLOWING DEMANDS:

2s 6. 7 9. 10. 19, 249 27,

THE FACILITY LOCATED AT$ 26 CAN COVER THE FOLLUWING DEMANDS$,

Is 8 129 18. 209 269 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:

13, 169 al, 25s
DEMAND POINT CAN BE COVERED BY FACILITIES AT$

1 269
2 To
3 NO CURRENT FACILITY LOCATION

4 NO CURRENT FACILITY LOCATION

5 NO CURRENT FACILITY LOCATION
6 7o

0 26o
9 7,
10 79
II NO CURRENT FACILITY LOCATION

12 26,
13 139
14 NO CURRENT FACILITY LOCATION

is NO CURRENT FACILITY LOCATION

16 139
IT NO CURRENT FACILITY LOCATION

is 269
19 7
20 269
21 13,
22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION

24 To
25 13,
26 269
27 7,
28 26,
29 NO CURRENT FACILITY LOCATION

36 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT 7 269 139
PhIMAqY DISANCE - 75.00
SECONDARY DISTANCE =100.00

o OPHIMARY06ECONDARYOPOPULATIONIPOPULATIONOLARGESTe *WTTOIST STTDIST& *WT&OtST* TOTAL 0

PARTITION*FACILITYOSERVEO 0 SERVED 0 OUTSIDE o IN *TRAVELED* NODE *PR-IAHYSECONDARY*OUTSIOEWEIGHTEO

NUMBER 0 NUMBER * POP. * PUP. 4SECONDARY *PARTITION *DISTANCE*NUM8ER-COVERED? COVERED *PRIHARYODISTANCE*

1 7 190.00 25000 b7.00 282.00 167.0 It 8488.0 2325.0 10586. 19074

2 2b 130.00 45,00 48.OU 223.00 16##0 14 5375.0 3585.0 10686. 16061.

3 13 75.00 00 0.0 75.00 6b.0 16 2380.0 0.0 0. 2380.

395.00 70.00 115.0U 580.00 16243.0 b910.0 21272. 37515.

PARTITION 1 FACILITY 7
*0 2 On 66.000 3 OU 93.0** 5 On 103.U• 6 On 60.0*0 7 O 0000 9 On 67.0

0 10 0 4?7o0* 11 On 167.0** 15 O 117.0*0  17 or 123.00* 19 On 59.0*0 24 On 46.0

* 27 On 49.0- 30 b= 119.00
PARTITION a FACILITY 26

I O 16.000 4 O 152.000 8 On 41*0* 12 0 69.00* 14 On 164.00* 18 Do 67.0
6

* 20 On 52.0*0 22 On 12700** 23 On 89o00 26-0= 0*0*0 20 Un- 15.000 29 On 77.0

PARTITION a FACILITY 13
13 On 0.0* 16 On 66.000 21 0n 60.0* 25 On 46.000

FIGURE 15

(continued, page 17)
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FIGURE 15

(continued, page 18)

ITERATION NUMBER9 4

THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 4

SERVICE DISTANCE a 75dO

NEW FACILITY LOCATION NUMBER is

FACILITIES ARE LOCATED AT To 269 13 181
-------------- --------------------- --- --------------------------------
POPULATION SFRVED 455.00 PERCENT OF TOTAL POPULATION SERVED 78.45
-------- ----------------------------- * ---------------- ------------

THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOWING DEHANOSI

2. 69 7. 9, 10, 19, 24, 27,
THE FACILITY LOCATED AT: 2b CAN COVER THE FOLLUWING DEMANDS:

I, 89 129 18, 20, 26, 28.

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS1

13v 169 a1, 25,
THE FACILITY LOCATED AT: 18 CAN COVER THE EOLLUWINO DEHANDSI

39 18 26, 29v
DEMAND POINT CAN BE COVERED BY FACILIIES AT:

1 26s
2 7,
3 18
4 NO CURRENT FACILITY LOCATION

5 NO CURRENT FACILITY LOCATION

6 T9

8 269
9 7,

10 To

11 NO CURRENT FACILITY LOCATION

12 269
13 13,
14 NO CURRENT FACILITY LOCATION
IS NO CURRENT FACILITY LOCATION
16 I,
17 NO CURRENT FACILITY LOCATION

1 2b, 18
19 79
20 269
21 13,
22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION
24 7
25 13,
26 26, 16o
27 7,
28 26,
29 le,
30 NO CURRENT FACILITY LOCATION

SUBSTITUTION ALGORITHM USO

NODE 1 REFLACES FACILITY LOCATION 96

THIS IS NOW FACILITY NUMUER 2

FACILITIES ARE LOCATED AT 7 Is iS. lit
Mee-----e---eeeeeeeeeeeeeeee--- ee
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FIGURE 15

(continued, page 19)

POPULATION SERVED 465.00 PERCENT OF TOTAL POPULATJJN SERVED 80.17

TOEeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ----------
THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLUWING DEMANDSt

2. 6o 7t 99 10# 19, 24, 27,
THE FACILITY LOCATED AT: I CAN COVER THE FOLLUWING DEMANDS:

Is at 129 20, 239 2b* 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS!

139 169 21, 259
THE FACILITY LOCATEU AT$ 1 CAN COVER THE FOLLUWING DEMANOSI

3, IS, 26, 29t
DEMAND POINI CAN BE COVERED BY FACILITIES AT:

I Is
2 71
3 lug
4 NO CURRENT FACILITY LOCATION
S NO CURRENT FACILITY LOCATION
6 7t
o To

9 7,
30 7,
11 NO CURRENT FACILITY LOCATION
12 Is
13 13,
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 13,
37 NOCURRENT FACILITY LOCATION
18 18
19 79
20 It
21 13,
22 NO CURRENT FACILITY LOCATION
23 It
24 It
25 I.
26 It 18t
27 It
28 It
29 16o
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUIWER THREE-NETWORK

FACILITIES ARE LOCATED AT 79 19 139 189
PRIMARY DISTANCE m 75.00

SECONDARY DISTANCE =100.00

•*PRIMARY.SECONDARYOPOPULATIOaPOPULATION'LARGEST,' OWToOISTWT.DIST. OWT.DISTO TOTAL 0

PARTITION*FACILITYVbERVED * SERVED * OUTSIDE • IN *TRAVELED* NODE *PRIIARY?SECONARYOUTSIOEeWEIGHTEDO

NUMBER 0 NUMBER 0 POP. 0 POP. *SECONDARY *PARTITION *DISTANCE-NUMBER-COVEREO? COVERED OPRIMARYO0ISTANCEO

1 7 190.00 0.0 67.00 257.00 167.0 11 8488.0 0.0 8261o 16749.

2 1 115.00 0.0 48.00 163.00 149.0 14 4310.0 0.0 6399. 107090

3 13 75.0O 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.

4 18 85.00 0.0 0.0 85.00 64.O 29 3790.0 0.0 0. 3790.

465.00 0.0 115.00 580.00 18968.0 0.0 14660. 33628

PARTITION 1 FACILITY 7
so 2 0 66.0"0 5 0 103.000 6 Do 60.0** 7 lv 0.000 9 0 67.0"0 10 O 47.0

* 11 0 167.000 15 On 117.0"' 17 Do 123.00* 19 D 59.0"0 24 On 46.090 27 On 49.0

* 30 0 119.0**
PARTITION 2 FACILITY 1

** I On 0.00" 4 03 138.00 8 on 510"0 12 0- 54.0*0 14 On 1490"* 20 0 38.0

* 22 Do 112.00" 23 D 74.000 26 0 16.00 28 Dm8 7.0"oi
PARTITION 3 FACILITY 13
so 13 0= 0.0 o °  16 DO 660"* 21 0 60.00  25 0 46.0"
PARTITION 6 FACILITY 18
*0 3 O= 62.00" 18 0 0.0"0 29 on 64.00"

SFIGURE 15

lcontinued, page 20)



132

FIGURE 15

(continued, page 2i)

ITERATION NUMBER9 5
THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 5

SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUHULR 5

FACILITIES ARE LOCATED AT 7 It 133 18 59

---------------------------------------------------------------------
POPULATION SERVED 517.00 PERCENT OF TOTAL POPULATION SERVED 89414

mm-- f----- ---- --- w------------------m------------ m------------------

IHE FACILITY LOCATEO AT: 7 CAN COVER THE FOLLUWING DEMANDS:

2. 69 79 99 10t 19, 24t 27,
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING DEMANDS:

19 8o 12 209 239 2o 2do

THE FACILITY LOCATED AT 13 CAN COVER THE FOLLOWING DEMANDS:

13 169 21, 25,
THE FACILITY LOCATED AT: Id CAN COVER THE FOLLqvING DEMANDS:

3. 18, 26, 29o
THE FACILITY LOCATEU AT: 5 CAN COVER THE FOLLOWING DEMANDS:

29 So 11. 159 179 24,
DEMAND POINT CAN BE COVERED BY FACILITIES &T:

I It
2 ?1 So

3 ISO
4 NO CURRENT FACILITY LOCATION
5 59
6 It
7 79
8 It
9 7,

10 ,.
116
12 19,
13 139.
14 NO CURRENT FACILITY LOCATION
I5 b.
36 IJ,
17 ' b,

19 7.
20 I.
21 33.
22 NO CURRENT FACILITY LOCATION
23 11
24 To 5
25 IJI
26 Is lot
27 79
28 '119
29 31.
30 N0 CURRENT'FACILITY LOCATION



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT 7 1. 139 Idt 59
PRIMARY DISTAtICE a Te00
SECONOARY DISTANCE slO0.00

* *PHIARYOSECONOARY POPULATION*POPULATIONOLARGESTO eWT-DISTYWT*OIST& *WT*OIST4 TOTAL *
PARTITIONOFACILITYOSERVEO 0 SERVED 0 OUTSIDE 0 IN *TRAVEL E * NODE *PRIMARYSECONDARY'OUTSIOE-WEIGHTEDO
NUMBER • NUMBER 0 POP. 0 POP. OSECONDAqY *PARTITION MOISTANCE*NUMBEROCOVEREDT COVERED *PRIMARYODISTANCE*

1 7 170.00 0.0 15.00 185.00 119.0 30 7168.0 0.0 1785. 8953.
2 1 115.00 0.0 48.00 163.00 149.0 14 4310.0 0.0 6399. 10709.
3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.
4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.
S 5 72.00 0.0 0.0 72.00 74.0 17 2550.0 0.0 0. 2550.

b17.00 0.0 63.00 580.00 20198.0 0.0 81849 28382.
PARTITION 1 FACILITY 7
o• 6 On 60.000 7 On 0.004 9 DO 67.00* 10 On 47.0.o  19 0o 59.00* 24 On 460

* 27 On 49.0** 30 On 119.000
PARTITION 2 FACILITY 1

1• 1 On 0.000 4 O= 138.004 8 0o- 51.00 12 0 54.O* 14 O 149.000 -20 o 38.0

* 22 0= la.bo* 23 0 74.00* 260= -16.000 28 0n 7o000
PARTITION 3 FACILITY 13
oD 13 On 0.004 16 On 66.004 21 0 6O.00* 25 DO 46.0*0
PARTITION 4 FACILITY 18
: 0 3 O 62.000 18 O 0000 29 0 6 .000
PARTITION S FACILITY 5
0 2 D= 37.000 5 O 0.0" 11 O 69*0. 15 0n 19.0*0 17MOn 74oO0

FIGURE 15

(continued, page 22)
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FIGURE 15

(continued, page 23)

ITERATION NUMBER. 6

THIS IS EXAHPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 6
SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUHUER 23

FACILITIES ARE LOCATED AT 7, It 1Jo III So 2Jo
--------------------- m ------ 10----w-- --------------------

POPULATION SERVED 565.00 PERCLNT OF TOTAL POPULATION SERVED 97s61

-------------------------------------- eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOWING DEMANDS3

2s 6. 70 99 10, 19, 249 27,
THE FACILITY LOCATED AT8 I CAN COVER THE FOLLUWING DEMANDS$

It 8. 12. 209 239 26, 28,
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS:
13. 16t alt 25t

THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWING DEHANDS1
39 18, a6, 29v

THE FACILITY LOCATED AT: 5 CAN COVER THE FOLLUWING. DEMANDS#
2. 5v li, 159 17 24,

THE FACILITY LOCATED AT: 23 CAN COVER THE FOLLUWING DEMANOS:
I 4. 12t 149 229 23,

DEMAND POINT CAN HE COVEHEO BY FACILITIES AT:
I it a3,
2 7o 59
3 18,
4 2Jq
S So

6 7,
9 7o

8 1.
7,

10 It
11 bt
12, Is 23s
13 13,

14 239
15

16 13.
17 t
18 18.

19 7
20 Is
21 13s
22 23,
23 1, a39
24 7, So
25 1J3
26 It I8
27 7.
28 Is

29 l8o
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER THREE-NETWOR

FACILITIES ARE LOCATED AT 79 1 139 IU9 59 239
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE =100.00

S *PRIMARY SECONDARY*POPULATIONPOPULATIONOLARGEST90 0WT.DISTWT°OIST. *WT.OIST* TOTAL 0

PARTITION*FACILITY&SERVEO 0 SERVED • OUTSIDE * IN *TRAVELEO* NODE 'PRIMARYSECONDARY.OUTSIOE.WEIOHTEDO
NUMBER * NUMBER * POP. 0 POP. *SECONDARY *PARTITION OISTANCEONUMBER-COVEREDt COVERED *PRINARY*DISTANCEO

1 7 170.00 0.0 15.00 185.00 119.0 30 7168.0 0.0 1785. 6953.
2 1 85.00 0.0 0.0 85.00 51.0 8 2490.0 0.0 0. 2490.
3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.
4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.
5 5 72.00 0.0 0.0 72.00 74.0 17 2550.0 0.0 0. 2550.
6 23 78.00 0.0 0.0 78.00 75.0 14 3685.0 0.0 0. 3685.

565.00 0.0 15.00 580.00 22063.0 0.0 1785. 23848.

PARTITION I FACILITY 7
0 6 On 60.00" 7 0= 0.0 9 on 67.006 10 On 47.00' 19 OD 590 24 D 46.0

* 27 On 49.0'0 30 D 119.0'0

PARTITION 2 FACILITY 1
00 1 0 0.000 8 D 51.0"° 20 0 38.0"0 26 Do 16.0"* 28 On 7.000

PARTITION 3 FACILITY 13
o• 13 O 0.0"* 16 On 66.000 21 Do 60.000 25 0 46.000
PARTITION 4 FACILITY 18
so 3 on 62.00 18 O= 000 290- 640"0:
PARTITION 5 FACILITY 5
00 2 0= 37.00 5 On 0.0*0 11 0 69.0•0 150= 19.0"0 17 0 74.000
PARTITION 6 FACILITY 23
010 4 On 70.0"0 12 D 20.0"* 14 0 75.0 0 22 0 60.0o0 23 0 000 0 '

FIGURE 15

(continued, page 24
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FIGURE 15

(continued, page 25)

ITERATION NUMUEHs 7
THIS IS EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES 7

SERVICE DISTANCE = 75000

NEW FACILITY LOCATION NUMBER 16

FACILITIES AHL LOCATED AT 7, It 13. 18 So 23. 169

POPULATION SERVED 5#0.00 PERCENT OF TOTAL POPULATION SERVED 100.90

THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLUWING DEMANDS:

29 69 7, 99 10t 19. 24. 279
THE FACILITY LOCATED AT: I CAN COVER THE FOLLUWING DEMANDS:

1 8. 12. 20s 239 269 28,

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANOS$

139 16. ai1 25s
THE FACILITY LOCATED AT: Id CAN COVER THE FOLLUWING DEMANDS?

39 18s 269 29.
THE FACILITY LOCATED AT: 5 CAN COVER THE FULLUWING DEMANDS:
2. 5v 11. 159 17, 24.

THE FACILITY LOCATED AT: 23 CAN COVER THE FULLUWING DEMANDS$
1. 49 12, 14. 229 239

THE FACILITY LOCATED AT& 16 CAN COVER THE FOLLUWING DEMANDS:

13. 16v 30,
DEMAND POIN$ CAN BE COVERED BY FACILITIES AT:

1 It R3t
2 t Ss
3 18o
4 23v
S 5o
6 7.
7 To
a Is
9 t
10 7.
11 So
12 1. 23.
13 13. 16,
14 239
15 be
16 13. 16t
17 be
18 18,

19 Is
20 -1.
21 13.
22 239
23 '1o, 239
24 It 59
25 13:
26 1. 18,
2T To

28 1,'
29 38o
30 3.o



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT 7 1 139 189 5 239 16,
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE z100.00

OPHIHARYOSECONOARYOPOPULATION'POPULATIONOLARGESTO OWT.UIST?WT*OIST. 0WToDIST* TOTAL *

PARTITIONOFACILITYOSERVED 0 SERVED 4 OUTSIDE ! IN *TRAVELED* NODE *PRIMARYSECONDARYoOUTSIDE.WEIGHTEO0
NUMBER 0 NUMBER * POP. 9 POP. -SECONDARY !PARTITION *DISTANCE-NUMBER-COVERED? COVERED -PRIMARYODISTANCE*

1 7 170.00 0.0 0.0 170.00 6T.0 9 7168.0 0.0 0. 7160.
2 1 85.00 0.0 0.0 85.00 51.0 8 2490.0 0.0 0. 2490.
3 13 55.00 0.0 0.0 55.00 60.0 21 1060.0 0.0 0. 1060.
4 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.
5 5 72.00 00 0.0 72.00 74.0 17 2550.0 0.0 0. 2550.
6 23 78.00 0.0 0-0 78.00 75.0 14 3685.0 0.0 0. 3685.
7 16 35.00 00 0.0 35.00 58.0 30 870.0 0.0 0. 870.

580.00 0.0 0.0 580.00 21613.0 0.0 0. 21613.
PARTITION I FACILITY 7

6 0 60.000 7 O: 0.0* 9 Do 67.O* 10 D 47.0*0 19 Do 59.0*0 24 Do 46.0

* 27 On 49o000
PARTITION a FACILITY 1
00 1 Do 0.000 8 O S.000 20 on 384,00 26 O 16o0*0 28'0. ToO*o
PARTITION 3 FACILITY 13
0 13 0= 0.000 21 0 60.00* 25 on 46.O0* -
PARTITION 4 FACILITY 18
00 3 o: 62.00•  18 On O.0*0 29 o 64.0**
PARTITION 5 FACILITY 5

00 2 O 37.000 5 0 0.00 11 o 69.0* -15 On 1i9.000 17 DR 74000

PARTITION 6 FACILITY 23

*0 4 0n 70.000 1 D 20.000 14 Do 75o0*. 22 O 60,040 23 On 0000

PARTITION I FACILITY 16
00 16 Om 0.04* 30 D 58.000
COVERRAGE CANNOT BE CHANGED BY ADOITIONAL FACILITIES
THIS SOLUTION WAS GENERATED BY THE GAS ALGORITH14

FIGURE 15

(continued, page-26)



TK-OSMVTV2l.8-HASPIIV4*0C END 0240 0 ---------......... w ----------- 0 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4.OC END 0240 * JOB NAMES GASTEX * * JOB NAMES GASTEX 0 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4,OC END 0240 .------------------- 9 .----------- 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4-OC END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-0SMVTV21.R-HASPIIV4.0C END 0240 REMOTER REMOTER 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4.OC END 0240 REMOTER REMOTER 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIKV49OC END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.R-HASPXIV4.0C END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV2].B-HASPIIV4.0C END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIlV4oOC END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV2.8-HASPIIV4.0C END 0240 CHURGH CHURCH 0240 END RECYCLE-OLD-OUTPUT
TK-OSHVTV21.5-HASPl1V4.OC END 0240 CHURGH CHURCH 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4.OC END 0240 0240 END RECYCLE-OLD-OUTPUT
TK-OSHVTV21.R-HASPIIV4.0C END 0240 ------ ----.. .------------ ----------- 0240 END RECYCLE-OLD-OUTPUT
rK-OSHVTV21.8-HASPIIV4.0C END 0240 0 TIML: 2.34.40 PH 0 * TIME: 2.34.40 PH * 0240 END RECYCLE-OLD-OUTPUT
TK-USMVTV21.8-HASPIV4.0C END 0240 4 DATLI I APR 78 4 * DATE: I APR 78 0 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.R-HASPIIV4.OC END 0240 * LINES: 19125 * • LINES: 1,125 * 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4.0C END 0240 ---.----------- m ---- .---------- ------ ----- 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV2j.8-HASPIIV4,OC END 0240 * JOB NAME: GASTEX •  • JOB NAME: GASTEX 0 0240 END RECYCLE-OLD-OUTPUT
TK-OSMVTV21.8-HASPIIV4*0C END 0240 * ---------------------- -------- ----- 0240 END RECYCLE-OLD-OUTPUT

FIGURE 15

(continued, page 27) cc



CHAPTER 7

NETWORK PROBLEM FOUR

Suppose that we are interested in solving the thirty

node problem of examples 2 and 3 except that we have the

restrictions listed in table 22. Given this set of con-,

straints in table 22, one can solve the associated covering

problem by making modifications to the data deck developed

for network problem 3. Modifications are necessary only

to the problem control cards and the constraint card

set. A listing of the data deck that solves example

4 is given in figure 16. The change of the problem control.

cards reflects the change in title for problem 4. All other

changes are made inthe constraint card set that follows the

problem control cards.

According to the definitions given in appendix C, we

need to set the parameters in the first card of the constraint

deck to the following values: ND equal to 4' NDAS equal to

2; and NANCF equal to 5. This means that there will be four

ND cards, two NDAS cards, and five NANCF cards following the

parameter card. The four ND cards will have the same format

as described in the previous example. The four ND cards

necessary for eliminating areas 5, 8, 9, and 12 from conside-

ration follow the parameter card containing the values of ND,

NDAS, and NANCF, as illustrated in figure 16.

The forms of. the NDAS and NANCF are exactly the same as

-139-
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that of the ND cards, except the two letter code is not given.

After the ND cards the NANCF cards should be given. Since

there are to be 5 facilities automaticallyallocated to spec-

ified nodes, there will be five cards (i.e. one card per

allocated facility). Notice that in figure 16, the five cards

following the ND cards contain the five indices of the areas

that will automatically be assigned a facility. After the

NANCF cards, the NDAS cards should be given. For this problem

there will be two cards, one card for each area that is elimi-

nated from coverage computations. The last two punched cards

give 30 and 6 as the indices of sites'to be eliminated from

coverage computation.

The output of the GAS program utilizing the data for the

fourth problem is given as figure 17. It is important to study

the differences between the outputs given for example 2, 3, and

4. Before the GAS algorithm gives output of iteration one,

it lists initial starting information. In problem 2, the

initial starting information was not given because no con-

straints on the problem were imposed., In problem 3 output,

the initial starting information page listed the five areas

that could not be selected to house a facility. For problem

4, the initial starting information is quite detailed.

Facilities are automatically added to nodes 1, 25, 14, 18, and

7. In addition, the population to be covered has been reduced

by 38 which represents the demand of nodes 6 and 30 that is not

to be considered in coverage computations. Furthermore, it

is indicated that the nodes 5, 8, 13, and 12 will not be considered
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as potential facility sites. The output from the GAS algorithm

follows the initial starting information. Because of the

position of the initially allocated 'facilities, a total of 9

facilities are necessary to complete coverage as compared

to 7 facilities in problems 2 and 3.
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TABLE 22

RESTRICTIONS FOR NETWORK PROBLEM FOUR

1. All nodes are potential facility sites except:

NODE REASON

5 SP

8 NG

9 NE

12 SP

2. The demand at nodes 30 and 6 are not to be considered
in determining coverage.

3. Facilities are to be automatically allocated to nodes
1, 25, 14, 18, and 7.
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FIGURE 16

LISTING OF NETWORKPROBLEM FOUR DATA DECK

30 30 1
a1

1 10000
20.00

3 25.00
4 18.005 12.00

6 23.00
1 43.00
a 30.00
9 24.00

10 15.00
11 10OO
12 20,00
13 35900
14 15.00
15 20,00
16 20.00
IT 10,00
18 25900
19 35*00
20 15.00
21 10.00
22 15.00
23 10000
24 20,00
25 10.00
26 20.00
27 10000
28 10.00
29 35,00
30 15,00

90
1 1 26 16,
2 1 as 7.
3, 26 28 Itts
4 1 30 30,
5 20 a8 31.

'6 8 28 4iU.
7 8 30 ale

0 4 20 1000

9 12 0 65.
10 4 12 90.
11 4 33 70e
12 4 14 61,
13 14 33 75.
14 14 22 690
15 22 3 60.
16 12 23 20.
17 12 22 5.
18 1 12 54.
19 12 18 80,
20 18 22 1240
21 3 32 lob.
22 0 26 410
23 18 3b 67.
24 1 18 70.
25 3 18 64.
26 3 6 S6
27 3 10 46,
28 1o is 93@
29 1 29 64.
30, 26 29 7I
31 10 29 94e
32 27 39 529
33 19 29 79e
34 19 27 369
35 10 81 57.
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FIGURE 16

(continued, page 2)

36 T 37 4i.
37 24 37 85.
36 ? 10 '47w
39 9 10 86
40 6 k0 34.
41 6 '1 104.
42 6 9 61.
43 7 9 67a
44 ? '24 46.
45' 9 a' 60.
46 2 a4 34.
41 2 9 60.
48 9- 7 56.
49 2 1? 77.
50 11 17 550
51 2 11 101.
52 5 11 69.
53 2 S 37
54 5 15 19o
55 2 15 51.
56 15 24 84.
57 19 24 71.
58 19 30 60e
59 29 30 0o
60 16 30 bU.
61 25 80 120.
62 13 16 66.
63 16 Zb 92.
64 13 21 60.
65 13 a5 46.
66 21 25 52.
67 5 as 106s
68 25 39 147.
69 5 17 74.
To '5 9 920
11 2 7 66.
12 7 6 60.
73 19 10 TO-
74 3 a7 7Ie
i5 3 12 131o
76 3 29 92.
'17 18 a7 940
18 27 30 70.
79 16 a1 126.
60 a 16 100.
81 7 19 59.
62 4 22 100.
63 20 a3 7.
84 18 ao 116.
65 12 26 69.
86 1 .6 51.
87 12 all 61.
86 20 26, Ste
89 1 a9 9S.
90 6 29 107o

THIS IS EXAMPLE NUN6BE FOUR-NETWORK
10 15.00 100.00
4 2 5
S SP
a No
9 NE
12 SP
I'
2S
14
1

30
'6



POPULATION DATA

104 * 15o' 7 43.' 10 15.' 13 35.' 16 20o. 19 35.' 22 15. 25 100o 28 10.o
2 200t 5 12.' 8 30o 11 10.' 14 15.0 17 10o-20- 15.? 23 10.' 26 20.. 29 35o

3 25.? 6 23.0 9 24.0 12 20.? 15 20o 18 25.' 21 10.' 24 20.0 27 10oo 30 15.0
e-------------------- - ---------- "------- ---------------------------------

FIGURE 17

NETWORK PROBLEM FOUR OUTPUT
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FIGURE 17

(continued, page 2)

INPUT ARC INFORMATION IS AS FOLLOWS

ARC NO* FROM NODE TO NODE DISTANCE

1 1 26 16000

2 1 28 78000

3 a6 28 15.000
4 1 20 38.000

5 aO 28 371000
6 8 28 48&000

7 6 20 81.000
.8 4 20 1000000

9 12 20 65s000
10 4 12 90.000
11 4 23 70000

12 4 14 61a000

13, 14 23 75e000

14 14 22 69.000

15 22 23 60*000

16 12 23 200000

17 12 22 58.000

18 1 32 54.000

19 12 18 86.000

20 18 22 1240000

21 3 22 105.000

22 8 26 41.000

23 38 26 67000

24 1 is 780000

25 3 38 6a.000

26 3 6 56000

27 3 10 46.000

28 10 i8 93.000

29 16 29 64*000

30 26' 29 77.000

31 10 29 94,000

32 a? 29 52.000

33 19 29 79.000

34 19 2? 36.000

35 10 27 57.000

36 7 27 49.000

37 24 27 8S.000

38 1. 10 47.000

39 '9 10 87.000

40 6 10 34.000
41 6 1? 1049000

-42 6 9 61.000

43 7 9 670000

:44 7 24 46.000

45 9 24 60.000

'46 2 24 33.000

47 2 9 600000

48 9 1? 56.000

49 2 17 77.000

50 11 17 55.000

Si 2 1 1010000

S2 5 11 69.000

53 2 5 37000

-54 S is 190000

55 2 is 51.000

56 Is 24 84.000

51 19 24 73-000

b8 39 30 60*000

59 29 30 830000
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FIGURE 17

(continued, page 3)

60 16 30 S89000

61' 25 30 120.000

62 113 16 66.000

63 16 2S 00,000

64 13 21 60.000

65 13 25 46.000

66 41 26 53.000

67 a 25 106.000

66 25 29 147.000

69' 5 17 74.000

10 s 9 92,000

71, 2 66.000

72 7 6 60.000

73 19 10 79.000
14 27 78.000

14 3 12 137.000

'C 3 29 92*000
"T7 6 27 94.000

2? 30 709000

T9 16 21 126.000

00 a 18 108.000

8 1 19 59.000

92 4 22 106.000

83- to 23 76.000

94 I8 20 1i8.000

e5 12 26 69,000

66 B a 51,000

V1 12 28 619000

es 20 26 52.000

89 29 93.000
90 29 107.000



a..YACE %4i1.qTA

3 4 5 6 7 8 9 If

1 ruG 260.co .140&00 138.29 297.00 196.00 194.00 51.00 257.00 171.09
? 260o 400 159.00 37g.! 37.00 121.00 66.00 274.00 60.00 1130yV
3 140.oo 19.00 0.0 211.v l)6.Q0 56.00 93.99 17000 117000 46009
4 13A1.0 PL-&Gk 41a.O0 u.u 407.00 267.00 3.4.00 181.00 328.00 257.00
5 297.00 37.-" l.o00 401.09 0.0 15J.00 103.00 311.66 92.00 150.06
6 196.00 121.00 bb.00 261.00 1.,-.00 0.0 60.00 226.00 61.09 34.00
7 194.00 66.00 93.00 304.v0 103.o0 00.00 0.0 260.oo .7.00
8 51.00 274.00 17C.00 181.60 311.0U 226.00 205.00 0.0 27.,.00 .O....
9 257.00 60.00 117.00 328.00 92.0U 61.00 67.00 27500 0.0 W1006

10 171.00 113.00 46.00 25700u 150000 34.00 47.00 201.00 87.00 0.0

11 355.00 101.00 215.00 420.611 69.00 159.00 167.00 37500 111.00 193000
12 54.00 292000 137.00 90.00 329000 193.00 22600 105.00 254.00 179.00
13 203.00 290.00 272.00 333000 32700 285.00 243.00 152.00 310.00 251000
14 149.00 333.00 174.00 61.00 370.00 230.0 26700 200.00 291.00 220.00
15 311.00 51.00 210.00 421.00 19.00 17200 117.00 325000 111000 164.00
16 234.00 224.00 206.00 370.00 261.00 219.00 177.00 198000 244000 185000
17 300.00 77.00 160.00 371.00 74.00 104.00 123.00 330.00 5600 138.00
18 78.00 206.00 62.00 176.00 243.00 118.00 140.00 10800 179000 93.00
19 172.00 106.00 114.00 306.00u 143.00 113.00 5v.00 196.00 126.00 79000

20 38.00 296.00 178.00 100.00 333.00 234.e0 230.00 81000 2Q5.00 209.00

21 209.00 338.00 291.00 339.00 375.00 327.00 291.0tj 158.00 15Ao0" 293000
22 112.00 264.00 105000 106.00 301.00 161000 198.00 163.00 22.00 151.00
23 74.00 312.00 157.00 70.00 349.00 213.00 246.00 125.00 27400 199000

24 230.00 33.00 139.00 350.U 70.00 106.00 46.00 24400 60.00 9300

25 IS7.00 286.00 239.00 287.0U 323.00 275.00 239.00 106.00 306.00 241.00

26 16.00 244.00 129.00 152.00 281.00 185.00 178.00 41.00 245.00 160.00

27 145.00 115.00 78.00 27000 152.00 91.00 49.00 159.00 116.00 57.00

28 7.00 259.00 i44c00 13?.00 296.00 200.00 193.00 48.00 260.00 175.00
29 93.00 167.00 92.00 229.00 204.00 128.00 101.00 107.00 168.00 94.00

30 176.00 166.00 148.00 312.00 203.00 161.00 119.00 190000 106.00 12700

FIGURE 17

(continued, page 4)



DISTANCE MATRIX

11 12 13 14 15 16 17 18 19 a0

1 355.00 54.00 20300 149.00 311.00 234.00 300.00 78.00 172.00 38*%P0
2 101.00 292.00 290.00 333.08 51.00 24600 77.00 206.00 106.00 296.00
3 2!5.00 13700 272000 174.00 210.00 206.00 160.00 62.00 114.00 178.00
4 426.00 90.00 333.00 61.00 421.00 370.00 371.00 176.00 306.00 100.00
5 69.00 329.00 327.00 37U.0U 19.00 2b100 74.00 243.00 143.00 333.00
6 159.00 193.00 2Ub.00 230.00 172000 219.00 104.00 118000 113.00 234.00
7 16700 226.00 243.00 267.09 117.00 177.00 12300 14000 59.00 230.00
a 37b.00 105.00 152.00 200.0U 325.00 198.00 330.00 108.00 186.00 81.00
9 111.00 254.00 310.00 29i.01 111.00 244.00 56.00 179.00 126.00 295.00

10 193.00 179.00 251.00 22000 164.00 lus.00 138000 93.00 79.00 209.00
11 0.0 352.00 391.00 389000 88.00 3i5.00 55.00 277.00 20700 393.00
12 35a.00 0.0 257.00 9b.u 343.U0 287.00 297.00 86.00 216.00 65.00
13 391.00 257.00 0.0 3?.0$u 341.00 6600 366.00 257.00 184.00 233.00
14 389.00 95000 362.00 U. 384.00 380.00 334000 181.00 288.00 151.00
IS 88.00 343.00 341.00 384.00 0.0 275.00 93.00 257.00 1W7.00 3#7.00
16 32t.00 287.00 66.00 31UU.u) 275.00 0.0 300.00 2050U0 118000 270.0
17 55.00 297.00 366.00 334.0u 93.00 J00.00 0.0 222.00 102.00 338.00
18 277.00 8b.OU 257.00 1bl.o 257.00 205.00 222.00 0.0 130.00 116.00
19 207.00 216.00 ld4.00 28800 157.00 118.00 182000 1300.0 0.0 208.00
20 393.00 65.00 233.00 151.00 347.00 270.08 338.00 116.00 20800 0.0
21 439.00 463.00 60.00 358oUy 389.00 12b.00 414.00 263000 232.00 239.00
22 320.00 5d.O0 315.00 690u 315.00 J11.00 265.00 124.00 219.00 123.00
23 372.00 20000 277.00 7b.Uu 363.U0 J07.00 317.00 106000 236.00 76.U0
24 134.00 265000 257.00 j13.00 34.00 191.00 110000 179000 73.00 266.00
25 387.00 211.00 46.00 300.0u 337.00 92.00 362.00 211.00 18000 187.00
26 344.00 69.00 1v3.00 164oV 293.00 218.00 289.00 67.00 156000 51.00
27 216.00 180000 194.00 2b4.00 16b.00 1 M.00 172000 94.00 36.00 181.00
26 35Y.00 61.00 200.00 15o00u 310.00 233.00 304.00 82.00 171.00 37.00
29 260.00 146.00 193.00 241.00 218.00 1.1.00 224.00 61.00 79.00 129.00
30 267.00 229.00 124.Or J29.01 217.0 68.00 242.00 147.00 6000 212.00

FIGURE 17

(continued, page 5) to



DISTANCE HASRIX
--- -- -- -- -- - - - ------ fbetlf lm

21 22 23 24 25 26 27 28 29 30

1 209.00 112.00 74.00 230.00 157.00 16.00 145.00 7.00 93.00 176.00
2 338.00 264000 312.00 33.UV 2860O0 24400 115.00 259000 167.00 16600

3 291.00 105000 157.00 139.09 23900 129000 78.00 144000 92.00 148000

4 339.00 10600 70000 350.00 287.00 152.00 270.00 137.00 229.00 312.00

5 375.00 301.00 349.00 70.00 32300 281000 152.00 296.00 204000 203.00

6 327.00 161000 213.00 106.09 275.00 1500 91.00 200.00 128.00 161.00

7 291.00 198.00 246.00 4*.U0 239.00 170.00 49.00 193.00 10100 119.00

8 150.00 163.00 125,00 244.0UU 106.00 41.00 159000 48000 107000 190000

9 358.00 222.00 274.00 600o 306.00 245000 116.00 260.00 168000 186.00

10 293.00 151.00 199.00 9j.00 241.00 160.00 57.00 175.00 94o00 12f.00

11 439.00 32000 372.00 134.00 387.00 .34400 216.00 359000 268.00 267000

12 263.00 5U000 20.00 265oO0 211000 b9.00 180.00 6100 14600 229.00

13 60.00 315000 27700 257000 46.00 193.00 194.00 20.0 193.00 124.00

14 358.00 6900 75000 313.00 306.00 164.00 25200 156.00 241.00 322.00

15 389.00 315.00 363.00 84o0O9 337.00 295.00 166.00 310.00 218.00 217000

16 126.00 311.00 307.00 191.U0 92.00 218.00 128.00 23300 141.00 58000

17 414.00 26500 317.00 110.U0 362.00 289000 172.00 30400 224.00 242.00

18 263.00 124.00 106.00 179.00 211.00 7.00o 94.00 82.00 64.00 147.00

19 238.00 219.00 236.00 73.00 • 180090 156.00 3600 171.00 T9.00 60.00

20 239.00 12300 76.00 266V.0 187.00 52.00 181.00 37.00 129.00 212.00

21 0.0 321.00 283&00 30-.00 52.00 199.00 242.00 206.00 199.00 172.00

22 321.00 0.0 60.00 244.00 269.00 127.00 183.00 119.00 188600 253.00

23 283.00 60.00 0.0 285.0u 231o00 89.00 200.00 U1.00 166.00 249.00

24 305.00 244.00 285.00 0.0 253.00 214.00 85.00 .229.00 137.00 133.00

25 5a.o0 269.00 231.00 253.00 0.0 147.00 190.00 154.00 147.00 120.00

26 199000 127.00 89000 214.00 147.00 0.0 129.00 15.00 77.00 160e00

27 242.00 183.00 200.00 85000 190.00 129900 0.0 144.00 52000 70.00

28 206.00 119.00 81.00 229.00 154.00 15.00 144.00 0.0 92.00 175.00

29 199.00 188.00 166.00 13709 147.00 77.00 52.00 92.00 0.0 83.00

-30 17a.00 253.00 24900 133.00 120.00 1600.0 70000 175.00 83.00 0.0

FIGURE 17

(continued page 6)



FIGURE 17

(continued, page 7)

SUBPROORAM ATOLD HAb BEEN CALLED TO'GENERATE A COVER MATRIX

THE MAXIMUM DISTANCE/TME OF' 7500 HAS BEEN 
UTILIZED
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FIGURE 17

'(continued, page' 8)

1 100000010001o000000000100iO100
2 OlO0oIolOOvoo00oUO0001000000
3 001001000100000001000UOOOOUO00
4 000100000000010000000010000000
5 01001000010001010000001000000
6 001001101100000000000000000000
7 010001101100000000100001901000
8 100000010000OU0000000000010100
9 OO001101000000010000001000000

10 O010011000000000000000001000
11 000019000019000010000000000000
12 O000000000010000090101i001010
13 000000000001|1OOUOIO1OOO0000
14 O00O 0000000010000000110000000
15 OI01000000UO01000000000000000
16 000000000000100100000000000001
17 000010001010000010000000000000
18 001000000000000001000000010010
19 000000100000000000100001001001
20 100000000001000000010000010100
21 000000000000100000001000100000
22 00000000001010009QO11OU00000
23 |0010000000101000vooo110000000
24 010010101000000000100001000000
25 000000000000100009001000100000
26 O0000UUIOOOIOOO0OOlO0OO01010
27 O0000010010000000OOOOOOUODOl
28 10000001ooo0oo0ooo000010 1100
29 0000000000000000100000001010
30 000000000000000100100000001001

I CAN 9E SERVED BY 1

I CAN RE SERVED BY 8
1 CAN RE SERVED BY 1.2

1 CAN BE SERVED BY 20
1 CAN RE SERVED BY 23

1 CAN RE SERVED BY 26

1 CAN PE SERVED BY 28

2 CAN RE SERVED BY 2
2 CAN RE SERVED BY 5

2 CAN RE SERVED flY 7

2 CAN RE SERVED BY 9

2 CAN BE SERVED BY is

2 CAN RE SERVED BY 24

3 CAN HE SERVED BY 3

3 CAN BE SERVED BY 6

3 CAN BE SERVED BY 10
3 CAN BE SERVED BY 18

4 CAN RE SERVED BY 4

4 CAN RE SERVED BY 14
4 CAN RE SERVED BY 23

S CAN RE SLRVED BY 2
5 CAN RE SERVED BY 5

5 CAN PE SERVED BY 11

S CAN RE SERVED BY 15
S CAN PE SERVED BY 17
5 CAN BE SERVED BY 24

6 CAN RE SERVED BY 3

6 CAN RE SERVED BY 6

6 CAN RE SEIVEP Qv 7

6 CAN Pr REQVFO BY 9
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FIGURE 17

(continued, page 9)

6 CAN BE SERVED BY 10
7 CAN BE SERVED BY 2
7 CAN BE SERVED BY 6
7 CAN BE SLRvED BY I
I CAN BE SERVED BY 9
7 CAN BE SERVED BY 10
7 CAN BE SERVED BY 19
7 CAN RE SERVED BY 24
7 CAN BE SERVED BY 27
8 CAN BE SERVED BY 1
8 CAN BE SERVED BY a
8 CAN BE SERVED BY 2b
8 CAN RE SERVED 8Y 28
9 CAN BE SLRVED BY 2
9 CAN BE SERVED BY 6
9 CAN BE SERVED BY 7
9 CAN BE SERVED BY 9
9 CAN BE SERVED BY 17
9 CAN RE SERVED BY 24

10 CAN RE SERVED BY 3
10 CAN BE SERVED BY 6
10 CAN BE SERVED BY 7
10 CAN BE SERVED BY 10
10 CAN BE SERVED BY 27
11 CAN BE SERVED BY b
11 CAN BE SERVED BY 11
11 CAN BE SERVED BY 17
12 CAN BE SERVED BY 1
12 CAN BE SERVED BY 12
12 CAN RE SERVED BY 2o
12 CAN RE SERVED BY 22
12 CAN RE SERVED BY 3
12 CAN BE SERVED BY 26
12 CAN BE SERVED BY 28
13 CAN RE SERVED BY 13
13 CAN RE SERVED BY 16
13 CAN RE SERVED BY 21
13 CAN BE SERVED BY 25
14 CAN RE SERVED BY 4
14 CAN BE SERVED BY 14
14 CAN RE SERVED BY 22
14 CAN BE SERVED BY 23
IS CAN BE SERVED BY 2
15 CAN RE SERVED BY b

15 CAN BE SERVED BY 15
16 CAN BE SERVED MY 13
16 CAN BE SERVED BY 16
16 CAN RE SERVED BY 30
17 CAN BE SERVED BY b
11 CAN BE SERVED BY 9
17 CAN BE SERVED BY 11
17 CAN RE SERVED OY 17
18 CAN RE SERVED BY 3
18 CAN BE SERVED BY 1e
18 CAN BE SERVED DY 26
18 CAN BE SERVED BY 29
19 CAN BE SERVED BY 7
19 CAN BE SERVED BY 19
19 CAN BC SERVEo BY 24
19 CAN BE SERVED BY 27
19 CAN RE sERVED BY 30
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FIGURE 17

(continued, page 10)

20 CAN BE SERVED BY 1
20 CAN BE SERVED BY 12
20 CAN HE SERVED BY 20
20 CAN HE SERVED By 26
20 CAN RE SERVED BY 28
21 CAN BE SERVED BY 13
21 CAN BE SERVED BY 21
21 CAN BE SERVED BY 25
22 CAN RE SERVED BY 12
22 CAN BE SERVED BY 14
22 CAN RE SERVED BY 22
22 CAN BE SERVED BY 23
23 CAN BE SERVED BY 1
23 CAN RE SERVED BV 4
23 CAN HE SERVED BY 12
23 CAN RE SERVED BY 14
23 CAN BE SERVED BY 22
23 CAN RE SERVED BY 23
24 CAN BE SERVED BY 2
24 CAN BE SERVED BY 5
24 CAN HE SERVED BY 7
24 CAN BE SERVED BY 9
24 CAN BE SERVED BY 19
24 CAN BE SERVED BY 24
25 CAN BE SERVED BY 13

25 CAN BE SERVED BY 21
25 CAN BE SERVED BY 25
26 CAN BE SERVED BY 1
26 CAN RE SERVED BY a
Z6 CAN BE SERVED BY 12
26 CAN BE SERVED BY 18

26 CAN BE SERVED BY 20
26 CAN BE SERVED BY 26

26 CAN RE SERVED BY 28
21 CAN RE SERVED BY 7
27 CAN BE SERVED BY 10
27 CAN BE SERVED BY IV
27 CAN BE SERVED BY 27
27 CAN HE SERVED BY 29

21 CAN BE SERVED BY 30
28 CAN RE SERVED BY 1
28 CAN RE SERVED BY a
28 CAN RE SERVED BY 12
28 CAN BE SERVED BY 20
28 CAN BE SERVED BY 26
28 CAN BE SERVED BY 28
29 CAN BE SERVED BY i
29 CAN BE SERVED BY 27
29 CAN BE SERVED BY 29
30 CAN BE SERVED BY 16
30 CAN RE SERVED BY .19
30 CAN BE SERVED BY 27
30 CAN RE SERVED BY 30



INITIAL STARTING INFORMATION
NODES WHICH ARE AVTOMATICALLY ALLOCATED AN UNCHANGEABLE FACILITY AiEt

1 25 14 18 7
THIS SET OF FACILITIES SERVES 470.00 OVT uF A TOTAL POPULATION OF 542o0. PERCENTAGE * 86.72

THIS DOES NOT INCLU E THE POPULATION AT THE FOLLOWING NODES:

309 6.
THIS ELIMINATED POPULATION AMOUNTS TO: 3d.00

THE FOLLOWING NODES ~L*; NOT BE CONSIDERED A* "TENTIAL FACILITY SITES:

S-SPO 8-NG9 9-NE. 12-SP.

THE FACILITY LOCATED AT: 1 CAN COVER TO FOLLOWING UEMANDS:

It 8. 12, 20. 239 26. 289
THE FACILITY LOCATED AT: 25 CAN COVFR 10E FOLLOWING DEMANDS:

13o 219 ab.
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS:

4. 14. aU, 23.
THE FACILITY LOCATED AT: 1B CAN COVER THE FOLLUWIHG DEMANDS:

3. 18. 26. 29,
THE FACILITY LOCATED ATt 7 CAN COVER THE FOLLUWING DENANOSI

2. 61 7. 9. 10. 19. 24. 27.

DEMAND POINT CAN BE COVERED BY FACILITIES AT:
1 1.

2 7.
3 18.
4 14.
5 N0 CURRENT FACILITY LOCATION
6 7.

9 To
10 7.
11 NO CURRENT FACILITY LOCATIOU
12 1. --

13 25.
A 14.
is NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
1? NO CURRENT FACILITY LOCATION
18 lt
19 7.
20 1
21 2b.
22 149
23 1 14,
24 T

25 26
26- 1, 18.
27 7.
28 1 -
29 Its$

30 N1O CURRENT FACILITY LOCATION

FIGURE i7

(continued, page 11)-
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FIGURE 17

S(continued, page 12)

ITERATION NUMBER, 1
THIS IS EXAMPLE NUMBER FOU-NLTWORK

NUMBER OF FACILITIES 6

SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 2
FACILITIES ARE LOCATED AT It 25t 149 lot T, 29

;0PL -T-1---V----------e------------ ---------- 7--------"U--ATIONSE-YE -aaaaaaaaaaaaaaaaaa-2-;POPULATION SERVED) 502.00 PEIRCENT OF TOTAL POPULATION SERVED 92.02

- -i -- ;- - - ---- -7- - -- a----------------------------------aa a a a a a a a a a a a a a a a a a a a

THE FACILITY LOCATED AT 1 CAN COVER THE FOLLOWING DEHANDSI
Is B, 12, 20, 239 26, 28,

THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLOWING DEMANDS:

139 219 25,
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS$

4. 14t a2, 239
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANOSI

3. 18, a69 29,
THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOWING DEMANDS:

2t 6, 7. 99 10, 199 24, 27,
THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLOWING DEMANDS$

2. 5o 7. 9v 159 249
DEMAND POINT CAN BE COVERED BY FACILITIES AT:

I It
2 7, 29
3 lot
4 14,
5 29
6 7T
7, 7. 2.

9 7, 2,
10 7T
It, NO CURRENT FACILITY LOCATION
12 19
13' 259
14 14,
15 29
16 NO CURRENT FACILITY LOCATION
17 NO CURRLNT FACILITY LOCATION
16 1it
19 7
20 1
21 259
22 149
23 It 14,
24 7, 2,
25 25.
26 1 1S
27 7t
28 All

29 lot
30,, NO CURRENT FACILITY LOCATION



THIS IS EXAHPLE wSU.WER FOUR-NETWORK

FACILITIES ARE LOCATED AT It 259 14, Ids 7. 29
PRIMARY DISIANCE a 75.00
SECONDARY DISTANCE z100.00

0 *PRIHARYOSECONOARYPOPULATIO4'POCPULATIONOLARGEST0 *WTaDISTtWTeOIST, *WTeDIST' TOTAL 0
PARTITION*FACILITYOSERVED 0 SEHVD 0 OUTbIDE 0 IN *TRAVELED* NODE *PRINARYSECONDARY0OUTSIOE-VEI6HTEO*
NUMBER * NUMBER * POP. * POP. *SECONDARY *PARTITION ODISTANCE*NUMBEROCOVERtED COVERED OPRIHARYODISTANCE&

1 1 115,0 0.0 0.0 115.00 74,0 23 4310.0 0.0 0. 4310.

2 25 55.00 20.00 0-0 75.00 92.0 16 2130.0 1840.0 1840. 3970.

3 14 48.00 0.0 0.0 48.00 69.0 22 2133.0 0.0 0. 2133,
a 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.

5 7 103.00 0.0 0.0 103.00 119-0 30 3260.0 0.0 0. 3260.
6 2 96.00 10.00 10.00 116.00 101.0 11 3564.0 770.0 1780. 5344a

b02.O 30.00 10.00 5#2.00 19187.0 2610.0 3620. 22807.

PARTITION I FACILITY I
'* I O 0.000 8 On 51O0 12 On 54.00* 20 On 38.000 23 O 74.0*0 26 90 16.0

* 28 On 7.000
PARTITION a FACILITY 2b
00 13 o= 46.0** 16 D0 92.010 21 0n 52.00* .25 Da 000

PARTITION 3 FACILITY 14
Oi 4 D= 61.000 14 O 0.0 •0 22 on 69&0*
PARTITION 4 FACILITY 18
00 3 Da 62.00  18 On 0,004 29D O 64.0**

PARTITION 5 FACILITY 7 - -

00 6 O 60.00* 7 On O00* 1OO 47oO. .19 o 59.000 27 O- 490*0 30 Rm 119.0

PARTITION 6 FACILITY -2
00 2 On O.000 5 0 37.00* .9 on 0 609000 11 101.0*0 1 0 51.0"o 17 U6 77.0

* 24 Dc 33.00*

FIGURE 17

(continued, page 13)
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FIGURE 17

(continued, page i4)

ITERATION NUMBER, 2
THIS IS EXAMPLE NUMBER FOUR-NETWORK

NUMBER OF FACILITIES I
SERVICE DISTANCE - T5.000

NEW FACILITY LOCATION NUMBER II

FACILITIES ARE LOCATED AT 1 25o 14o 189 79 2. 11

-------------------------- eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

POPULATION SERVED 522.00 PERCtNT OF TOTAL POPULATION SERVED ,96.41
----------------------------------------------------------------- eeeee

THE FACILITY LOCATED ATt I CAN COVER THE FOLLOWING DEMANDS3

I, 8. 12o 209 23# 26, 28,
THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLOWING DEMANDS:

13t 21. 25,
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS$

4, 14, a2, 239
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS:

3. 18, Rb, 299
THE FACILITY LOCATED ATI 7 CAN COVER THE FOLLOWING DEMANOSI

2. 6, 7. 9, 10, 19s 249 27,
THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLOWING DEMANDS$

2. 5. 7, 9, 15, 24,
THE FACILITY LOCATED AT: 11 CAN COVER THE FOLLOWING DEMANDS:

So 111 17,
DEMAND POINT CAN HE COVERED BY FACILITIES ATI

I It
2 1, 2.
3 log
4 149
5 2. 11.
6 7o
7 7o 29
8 19
9 7o , 2,

10. 7o,
11 11
12 It
13 259

"14 14.
15 29
16 NO CURRENT FACILITY LOCATION
17 III
is 18

'19 7o
20 1
21 259
22 14,
23 It 149
24 7, 29
25 25o
26 J1 18o
27 79
28 At
29 lU.
30 NO'CURRENT FACILITY LOCATION



THIS IS EXAMPLE WU"OER FOUR-NETWORK

FACILITIES ARE LOCATED AT It 25, 14. 1** 7T 2. 119

PRIMARY DISIANCE a 75.00
SECONDARY DISTANCE =100.00

* .PRIHAHY.SECONOARYePOPULATIO4'POPULATION'LARGEST' *WT*DISTTVT.DISTs *VT.DIST* TOTAL *

PARTITIONOFACILITY'bERVED * SERVED 0 OUTSIDE ? IN *TRAVELED* NODE .PRIMARYSECONDARY'OUTSIDEeWEIGHTED*
NUMBER * NUM8ER 

• POP. * POP. *SECONDARY fPARTITION .DISTANCEONUMUER-COVEREDT COVERED *PRIMARY*DISTANCE*

1 1 115.00 0.0 0.0 115.00 74.0 23 4310.0 0.0 0. 4310.

2 25 55.00 20.00 0.0 75.00 99.0 16 2130.0 1840.0 1840. 3970.

3 14 48.00 0.0 0.0 48.00 69.0 22 2133.0 0.0 0. 2133.

4 18 85.00 0.0 U00 85.00 64.0 29 3790.0 0.0 0. 3790.

5 7 103.00 0.0 0.0 103.00 119.0 30 3260.0 0.0 0. 3260.

6 2 96.00 000 0.0 96.00 60.0 9 3564.0 0.0 0. 3564.

7 11 20.00 0.0 0.0 20.00 55.0 17 550.0 0.0 0. 550.

b22.00 20.00 0.0 542.00 19737.0 1840.0 1840. 21577.

PARTITION 1 FACILITY 1
o 1 On o00" 8 D 510 0 12 on 540"0 20 On 38.000 23 o 74.0* 26 9. 16.0

* 28 0 7.0"0
PARTITION a FACILITY 25
0 13 0 46.000 16 Do 92.00 21 0 52.0"* 25 Dn 000
PARTITION 3 FACILITY 14
0 e 4 O 61.00 0  14 On 0.0 0 22 0 6V.00*
PARTITION 4 FACILITY 18
0 0 3 O b2.00* 18 Do 0.0 29 on 64*0*0

PARTITION 6 FACILITY T

0 6 0 60.09 7 0 0.0"0 10 0n 41*.0" 19 Do 59.0"* 27 DO 49.00e 30 Be 119.0

PARTITION 0 FACILITY 2
*0 2 0 0.0 " b D 37.0"0 9 o 60.0"0 15 On 51.0*0 24 0o 33.0"0

PARTITION 7 FACILITY 11
0* 11 D 0.0w0 17 D SSO.0

FIGURE 17

(continued, page 15)
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FIGURE 17

,(continued, page 16)

ITERATION NUMBERs 3
THIS IS EXAMPLE NUMBER FOUR-NETWORK

NUMBER OF FACILITIES 0
SERVICE DISTANCE x 7o,00

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT It 25. 14, lot 7, 2t 111 13.

POPULATION SERVED 542.00 PERCENT OF TOTAL POPULATION SERVED 100.90

-- -- - -- -- - -- - -------- 4-------------------------------------

THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLOWING DEMANDS:

19 8, 12, 20, 239 26, 20,
THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLOWING DEMANDS:

139 21 259
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS:

4v 14, 82, 239
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS$

39 18v 26, 29,
THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOWING DEMANDS:

2. 69 7, 99 109 19, 24, 27,

THE FACILITY LOCATED AT$ 2 CAN COVER THE FOLLOWING DEMANDS:

29 S 7, 99 159 249
THE FACILITY LOCATED AT: 11 CAN COVER THE FOLLUWING DEMANDS:

S 11, 179
THE FACILITY LOCATED All 13 CAN COVER THE FOLLOWING DEMANDS$

139 16, 21, 25,
DEMAND POINT CAN BE COVERED BY FACILITIES AT:

I It
2 7T 2,
3 )do
4 149
5 2, 11,
6 It
7 20

9 7t 2.

11 1,
12 It
13 259 139
14 14,
16 I,

17 119IT let
18 18,

19 7,
20 It
21 25s 139,
22 14, 1
23 It 14,
24 T 2,
25 21. 139
26 '1 lot
27 Is
20 1. '
29 let
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER FOUR-NETWORK

FACILITIES ARE LOCATED AT 1 25, 14. 149 79 29 11 13,
PRIMARY DISTANCE = 75.00
SECONDARY DISTANCE :100.00

o OPRIMARYOSECONOARYOPOPULATIONOPOPULATIONOLARGEST, OWT.oDISTwT.DIST. *WT.DIST* TOTAL *

PARTITIONOFACILITY*SERVED * SERVED * OUTSIOE 0 IN *TRAVELED* NODE *PRIMARYStCONDARYOUTSIDEOWEIGHTEDO
NUMBER * NUMBER * PUP. * PUP. *SECONDA*Y *PARTITION ODISTANCEONUHUEROCOVERED? COVERED -PRIMARYODISTANCEO

I 1 116.00 0.0 0.0 115.00 74.0 23 4310.0 000 00 4310.
2 25 20.00 0.0 0.0 20.00 52.0 21 520.0 0.0 0. 5200
3 14 40.00 0.0 0.0 48.00 69.0 22 2133.0 000 0. 2133.
4 18 85.00 0.0 U.0 85.00 64.0 29 3790.0 0.0 00 3790.
5 7 103.00 000 0.0 103.00 119.0 30 3260.0 0.0 0. 3260.
6 2 96.00 0.0 0.0 96.00 60.0 9 3564.0 0.0 0. 3564.
-7 11 20.00 0.0 000 20.00 55.0 17 550.0 0.0 00 550.
8 13 55.00 000 0.0 55.00 6a.0 16 1320.0 000 00 1320.

542.00 0.0 00 542.00 194470 0.0 C. 19447.
PARTITION I FACILITY 1

I O 0.000 8 0= 51.0 0* 12 D 54.0 20 On 3.00O 23 On 74*000 26 90 160

* 28 D 7.0e

PARTITION a FACILITY 2b
0o 21 0 52.00* 25 DO 00000
PARTITION 3 FACILITY 14
* 0 4 0 61;00* 14 Do 0o0 0 22 o 6990*
PARTITION 4 FACILITY 18
*0 3 Du 62.0*0 18 0 0*00* 29 D 640 °o*
PARTITION S FACILITY 7 1
0* 6 D: 60.0oo 7 On 000* 10Da 47.000 19 o 59.000 -27 D .49o00 30 93 119.0

PARTITION 6 FACILITY 2
0 2 Om 0.000 5 On 37.00 9 Do 60-0'* 15 On ' 51.000 24'0=- 33.004
PARTITION I FACILITY 11
00 11 D 0.000 17 on 55.000
PARTITION 4 FACILITY 13
00 13 0= 0.0'* lb On 66.0*0

COVERRAGE CANNOT BE CHANbEO BY ADDITIONAL FACILITIES
THIS SOLUTION VAS 6LNERATED UY THE GAS ALGORITHM

FIGUREIT1

(continued, page 17)



CHAPTER 8

NETWORK PROBLEM FIVE

Suppose elevation data for the thirty node problem exists

and is a factor in determining whether one town can cover

another. Assume that a facility can cover an area only if

(a) it is within seventy five minutes travel time and (b)

it is no more than 300 meters lower in elevation than the de-

mand area and no more than 200 meters higher in elevation than

the demand area. In addition, suppose we want to allocate

facilities to nodes 1 and 20 as well as eliminate nodes 5, 8,

12, 19, and 26 as potential facility sites. Elevation data

for the thirty node problem is given in table 23.

In order to solve problem 5, the master data deck must

be modified to include elevation values. The basic master

data deck of problem 2 will be the point of departure to solve

problem 5. In order to utilize elevation data, the first

change that must be made to the master data deck is to the

ELE parameter. In problem 2, the ELE parameter is set at

a zero value. However, since the problem involves elevation

data, the value of the ELE parameter must be set to one.

When the ELE parameter is set at a value of one, elevation

data must be given in the master data deck. Figure 18 is a

conceptualized view of a data deck containing elevation data.

The elevation data is-given right after the second master

control card. A format summary is given for elevation data

-162-
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cards in appendix D.

There must be one elevation data card for each node of

the network. The order of the elevation cards must be the

same as the order of the population data cards, if population

data cards are included. The order must be given in order of

increasing index. Figure 19 gives a complete listing of the

data necessary to solve network problem 5. The set of thirty

data cards appearing after the two master control cards is

the set of elevation data. By changing the elevation para-

meter ELE to a value of one and including elevation data in

the master data deck, it is now necessary to indicate how the

GAS program is to utilize this data. There are two master con-

trol card parameters that pertain to the use of elevation data.

These two parameters are called IALTI and IALT2 and are defined

in appendix A. Since the IALT1 parameter is utilized only

when the problem is defined on a plane we will keep the para-

meter at a value of zero. The IALT2 parameter is to be set

to a value of one when a maximum positive or negative eleva-

tion difference can affect coverage. One example is when a

demand area cannot be served by a facility unless it is no

farther than 300 meters above the facility (maximum negative

elevation difference) or 200 meters below a facility (maximum

positive elevation difference). Since this is precisely

the type of constraint we wish to place on service, we should

also change the value of the IALT2 parameter on the second

master control card to a value of one. Now the two master

control cards contain the parameter values given in tables
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24 and 25.

We have also changed the value of IFSAP to zero, because

the statistics output should never be generated when altitude

(elevation) data is being utilized to limit coverage. Fol-

lowing the two master control cards will be the thirty eleva-

tion cards. Next, thirty population cards should be given.

Fourth, the ARC data associated with the network of thirty nodes

must be given. This completes the master data deck.

After the master data, the problem control cards must be

given. The first problem control card is a title card which

we will indicate that it is the fifth.network problem. The

second problem control card gives a number of parameter values.

Since we want to locate up to ten facilities the IP parameter

should be set at the value of 10. The value of the S para-

meter should be set at 75. Since we are not using the statis-

tics output (i.e. IFSAP=0) we should leave SCS at zero (or

blank). The EMAXL parameter should be set at 200. The EMAXS

parameter should be set at a value of -300 (see appendix B).

Since we have several special constraints, the value of CONS

should be set at one. For this problem, set the values of ILIST

and ICOV at one in order to increase covering information

given at each solution. Thus the second problem card contains

the values displayed in table 26.

After the second problem control card, the constraint

cards should be given in thermanner described in problems three

and four. The first constraint card should contain the values

of ND, NDAS and NANCF. For this example ND equals 5, NDAS
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eqaals zero and NANCF equals 2. The next five cards then con-

tain the indices of the nodes that are to be eliminated from

consideration as potential facility sites. The following two

cards give the indices of the two areas (nodes) that are

to be automatically allocated a facility (nodes 1 and 20).

Two blank cards should follow which indicate the end of the

data deck. The complete input listing is given in figure 19.

The output of the GAS program associated with this problem

is given in figure 20.

MULTIPLE RUNS.

Suppose we are interested in solving examples three and

four in the same computer run of GAS. This can be easily

done, since both examples utilize the same master data deck.

In order to solve both problems, the master data deck should

be followed by the problem control and constraint cards asso-

ciated with one problem and then continued by the problem

control and constraint cards of the other problem. At the end

of the deck, two blank cards should be added. Figure 21

gives a listing of the data deck necessary to solve both examples

with the same computer job. Submitting grouped problems in-

creases the efficiency of the GAS program, since it spreads

the set up costs over several problems. The GAS program can

solve as many problems in one computer run as the user requests,

subject only to a user-specified upper limit on computer time

use.
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TABLE 23

ELEVATION DATA

NoDE ELEVATION

1 loo
2 ',275
,3 1000
4' 650
5 300
6 400

7950
8 980
9 1SO

10 800
11 700
12 .550'
13 600
14 1200
15 900
16 200
17 300'
18 '400
19 '200
20 600
21 650
22 1100
23 9 50
24 i0
25 350
26 75
27 400
28 500
29 1000
30 750
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TABLE 24

FIRST MASTER CONTROL CARD

FOR NETWORK PROBLEM FIVE

parameter Assigned Card Column(s)

Name Assumption Value Containing Value

IPTS Number of nodes 30 4 and 5
in network

IDEM Must equal IPTS 30 9 and 10
for network
problems

ADD Must equal zero 0, blank 15
for network
problems

NETWOR Value of one 1 20'
signifies net-
work problem

WEIGHT Value of one sign- 1 25
ifies population values
will be given

IDIST Value of zero signifies 0, blank 30
distance matrix will
not be printed

IFSAP Value of zero signi- 0, blank 35
fies that statistics
output will not be
printed



168

TABLE 25

SECOND MASTER CONTROL CARD

FOR NETWORK PROBLEM FIVE

Parameter Assigned Card Column(s)
Name Assumption Value Containing Value

ARCS Arc data will be 1 5
given when value
is set at one

RECT For a network 0 10
problem, value must
be set at zero

ELE When elevation data 1 15
is given, value should
be set at one

CONS Value of zero signi- 0 20
fies no special con-
straint features are
selected

IPOL Value of zero signi- 0 25

fies that political
data will not be
given

IAL " For network problem 0 30

value should be set
at zero when eleva-
tion is given

IALT2 Value of one signi- 1 35
fies that elevation con-
strainst will be imposed
on coverage

GAS When value is set 1 40

at one, GAS program
will be executed
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TABLE 26

SECOND PROBLEM CONTROL CARD

FOR NETWORK PROBLEM FIVE

Parameter Assigned Card Column(s)

Name Assumption Value Containing Value

IP Must equal largest 10 4 and 5
number of allowable
facilities

S Maximal Service 75. 6-15
Distanue

scs Secondary Service blank 16-25
Distance is not given
since IFSAP is set at
zero

EMAXL Value of largest 200. 26-35
elevation difference
up to facility

EMAXS Value of largest elev- -300. 36-45
ation difference down
to facility (negative)

CONS Value of one means 1 55
special constraints
will be given

ICOV Value of one means 1 60
zero-one cover matrix
will be given

ILIST Value of one means 1 65
coverage listing will
be given
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FIGURE 18

CONCEPTUAL FORM OF A CARD DECK,

CONTAINING ELEVATION DATA

two blaal
cards

constraint ca:
second problem
Ccontrol card

- first problet
control cardI1 7 arc data

/___ Zpopulation data

' --elevation data

0 -- second master control card
--- first master control card
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FIGURE 19

LISTING OF NETWORK PROBLEM FIVE DATA DECK

30 301 1

1 100.
2 275.
3 1000o
4 650.
5 300.
6 4000
7 950o
8 9800
9 )50

10 800.
11 7000
12 550.
13 600.
14 12000
is 900.
16 2000
1? 300.
18 400.
19 200.
20 600,
21 650.
22 1100.
23 9500
24 300.
25 350o
26 75.
2? 400o
28 5000
29 10000
30 750.

1 lO.0
2 20.00
3 25.00
4 '18000
5 12.00,
6 23.00
7 43.00
a 30.00
9 24.00

10 IS.00
11 10.00
12 20000
13 35.00
14 15.00
15 2000
16 20000
17 10.00

8 2500
19 35e00
20 15000
21 10.00
22 15000
23 10.00
24 20000
25 10.00
26 20.00
27 .10.00
28 10.00
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FIGURE 19

(continued, page 2)/

129 35.00
30 15.00

90
1 1 26 1e.
2 1 28 7.
3 26 28 15.
4 1 20 38.
5 20 a 37.
6 6 28 46.
7 6 ao 81.
a 4 20 100.
9 12 0a 6.

10 4 12 90.
11 4 23 76.
12 4 14 61.
13 14 a3 75,
14 14 22 69.
15 22 23 60.
16 12 23 20.
IT 12 22 5.
1 1 12 54*
19 12 18 86.
20 18 22 12.
21 3 82 10.
22 8 26 41.
23 18 36 67.
24 1 18 18.
25 3 18 6a.
26 3 6 56.
27 3 O 4j.
28 10 18 93.
29 10 39 64.
30 26 39 7t
31 10 39 94.
32 27 39 52-
33 19 39 79.
34 19 27 36.
35 10 a St,
36 7 27 4?.
37 24 87 85*
38 1 10 47.
39 9 10 8.
40 6 10 34s
41 6 17 104.
42 6 9 61.'
43 7 9 67.-
44 .T 24 46.
45 9 24 60.
46 2 24 3.
47 2 9 60.
46 9 11 5s
49 2 17 7?50 11 17 55.

51 2 11 101.
52 5 11 69.
53 2 5 37.
54 5 15 19.
SS 2 15 51.
56 15 34 84.
S7 19 84 73.
56 19 20 60.
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FIGURE 19

(continued, page 3)'

59 29 s0 63.
60 16 30 56.
61 25 80 120.
62 13 16 66.
63 16 85 99o
64 13 al 60s
65 13 as 46.
66 21 35 Slo
61 6 25 106.
68 25 39 141o69 5 21 74.
69 s 1? 1a.

71 2 1 66.
72 7 6 60.
73 19 10 79o
14 3 87 7.
15 '3 12 137o
16 3 a9 99s
17 18 a1 94.
T6 27 30 70.
19 16 3l 126.
so 6 18 1080
62 7 19 590
82 4 22 100.
63 20 23 76.
84 28 30 1I:
85 12 36 69.
86 1 8 51.
s 2 a8 61.
88 20 86 54o
89 2 29 930
90 6 a9 1070

THIS IS EXAMPLE NUHBER FIVE-NETWORK
10 75,00 100400 200. -300* 1
S 2
5

a
12
19
26
20
I



POPULATION DATA

1 10.0 18. 7 43.0 19 150? 13 35.0 16 20 O* 19 35. 22 15. 25 IO.* 28
2 20.? 5 12.0 8 30o* 11 10? 14 150. 17 100. 20 15.? 23 IC.O 26 20.' 29 35.0
3 25.? 6 230. -9 -240 1 200? 15 200. 18 250. 21 10-f 24 200. 27 10.' 30 15O

-- -- -- -- -- -- -- -- -- -- -- - -- -m -- - - -0 - - - - -- - - -- - - - - - --

FIGURE 20

NETWORK PROBLEM FIVE OUTPUT
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FIGURE 20

(continued, page 2)

INPUT ARC 7NORMATION IS AS FOLLOWS
ARC NO. FROM NODE TO NODE UISTANCE

1 3 26 16,000

a 1 28 7.000
3 a6 28 15.000
4 1 20 38.000
5 20 2d 37.000
6 & 28 46.000
7 a 20 810000
8 4 20 100.000
9 12 20 65.000
10 4 12 90000
11 4 23 7000o
32 4 14 61,000
13 14 23 75.000
14 14 22 69,000
is 22 23 60.000
16 12 23 20.000
17 12 22 58.000
18 1 12 549000
19 12 18 86,000
20 18 22 124,000
21 3 22 105.000
22 8 26 41.000
23 18 26 67,000
24 1 18 78*000
25 3 18 62.000
26 3 6 b6.000
27 3 10 46s000
28 10 18 93.000
29 18 29 64.000
30 db 29 710000
31 10 29 94.000
32 27 29 Sa,00

'-33 IV 29 79o000
34 19 27 36.000
35 10 27 57.000
36 7 27 49,000
37 24 27 85.000
38 17 10 47,000
3 V 10 87.000

40 6 10 34.000
41, 6 17 104.000
42 6 9 61.000'
43 9 9 67s000
4% 7 24 46.000
45 9 24 60.000
46 2 24 33o000
47 2 9 60.000
48 9 17 56,0o
49 2 17 7lofc
50' 11 17 ssoo
S1 2 11 101.000
52 5 1 69.000
S3 2 5 37.000
54 b 16 9.000
55 2 15 5100
56 '1 24 84.000
57 IV 24 73@000
5 IV 30 60c000
59 29 30 83000
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FIGURE 20

(continued, page 3)

60 16 30 $80000
61 25 30 120.000
62 13 16 66.000

63 16 25 92.000

64 13 21 60.000

65 13 25 46.000

66 21 25 53.000

67 a 25 106.000

66 25 29 147.000

69 5 17 74000

10 5 9 92.000

71 2 7 669000

12 ? 6 60.000

73 19 10 79.000

74 3 27 78.000

15 3 12 137.000

76 29 92.000

T7 18 27 94.000

78 27 30 TO*O00

19 16 21 126000

80 8 18 "1080000

81 7 19 590000

82 4 22 106.000

83 ao 23 76.000

84 18 20 118.000

85 12 26 69.000

86 1 8 510000
,67 12 20 61.000

188 ao 26 520000

89 A 1 29 93.000

90 6 29 107.000
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FIGURE 20

(continued,, page 4j

SUBPROBRAM ,4ATOLD HAS OELN CALLED TO GENERATE A COVER MATRIX

THE MAXIHUM OISTANCE/TME OF 75.00 HAS bEEN UTILIZED

ELEVATIONS ARE ALSO UTILIZED IN DEVELOPING THE COVER MATRIX

THE LARGEST ELEVATION DIFFERENCE OOWN TO A FACILITY IS 200.0

THE LARGEST ELLVATION DIFFERENCE UP TO A FACILITY IS 300.0



FIGURE 20

(continued, page 5)

I 100000000000000000000000010000
2 10010000000000000000001000000
3 ool0000000oooouooooooooou00000
4 0001000000000UUooooooolooo000
s 010010000000000010000001000000
6 ooooo1000000000000000000000000
7 0000001001oooooooooooooo00000
a 00000001OOOOU00OO0O0OOOOUOOOOO
9 0000000010000000000000000O000

10 00I000100100000000000000000000
11 o0oooooooooooooooooo1ooo0

12 000000000001000000010000000100
13 o00 0ooooooo1oooooo1000oooo
14 ooooooooooooooooooooooooooo
is 0oooooooooo00oo10oooooooooooo
16 OOOOOOOOOOOOUOIOOOO0ooooooooo
17 000010000000000010000000000000
18 000000000000000001000000000000
19 000000000000000000100001001O0
20 000)00000001000000010000000100
21 000000000000106000001000000000O
22 000000000000010000000110000000
23 OOOOOOOOOOOOOIJOOODOO110000000
24 010010000000000000100001000000
25 00000JOOOOOOOUOOOOOOOO0lOOOOO
26 1000000O0000UUOOOOOOO000010000
27 00000000000050000UQ100000001000
20 000000000001000000010000000100O
29 0000000000090U000U000000000010
30 000ooOO0t0000000000000000001

1 CAN BE SERVED BY I
I CAN RL SERVED BY 26

2 CAN nE SERVED BY 2
2 CAN RE SERVED BY 5
2.Cvo RE SERVED BY 24
3 CoN FIE SERVED BY 3
3 CAN BE SERVED BY 10
4 CAN RE SERVED BY 4
4 CAN RC SERVED BY 23
5 CAN Pf SERVED BY 2
5 CAN BE SERVEG BY 5
S CAN St SERVED BY 17

5 CAN BE SERVED BY 24
6 CAN St SEHVED BY
7 CAN Rt SERVED BY 7
7 CAN Pf SERVED BY 10

8 CAN Elf SERVED BY a
9 CAN 'ERVED BY 9
10 CAN ~ESERVED) BY 3
10 CAN ESERVED BY 7
10 CA", E SLRVED BY 10
11 CA flE SERVED BY 11

12 CAI~ RE SERVED BY 12
12 CA~ HE SERVED BY 20
12 CA1 BE SERVED BY 28
13 CN BE SERVED BY 13

13 Z N RE SERVED BY 21
14 "~ RE SERVED BY 14
14 C~N FIE SERVED BY 22
1! N FIE SERVED BY 15
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FIGURE 20

(continued, page 6)

16 CAN iE SERVED BY 16
1T CAN RE SERVED BY 5

1? CAN BE SERVED BY 17
18 CAN BE SERVED BY IN

19 CAN RE SERVED BY 19
19 CAN HE SERVED uY 24

19 CAN RE SERVED BY 27
20 CAN BE SERVED UY 12

20 CAN RE SERVED BY 20
20 CAN BE SERVED BY 2b
21 CAN RE SERVED BY 13

21 CAN BE SERVED BY 21
22 CAN BE SERVLD BY 14

22 CAN RE SERVED MY 22
22 CAN BE SERVED NY 23

23 CAN BE SERVED BY 14

23 CAN BE SERvED BY 22

23 CAN BE SLRVED BY 23

24 CAN BE SERVED NY 2
24 CAN BE SERVED UY b

24 CAN BE SERVED BY 1'
24 CAN RE SERVED BY 24
25 CAN BE SERVED BY 2b

26 CAN BE SERVED BY 1

26 CAN BE SERVED BY 26

27 CAN RE SERVED BY 19
27 CAN BE SERVED BY 27
28 CAN BE SERVED BY 12
28 CAN BE SERVED BY 20
28 CAN BE SERVED BY 2b

29 CAN BE SERVED BY 29
30 CAN BE SERVED By 30



INITIAL STARTING INFORMATION

NODES WHICH ARE AUTOMATICALLY ALLOCATED AN UNCHANGEABLE FACILITY AREI

20 1
THIS SET OF FACILITIES SERVES 75,00 OUT OF A TOTAL POPULATION OF 580.09 PERCENTAGE a 12.93

THE FOLLOWING NODES WILL NOT BE CONSIDERED AS PUTENTIAL FACILITY SITESt

5- ' 8- 9 12- 9 19- v 26- ,

THE FACILITY LOCATEO AT: 20 CAN COVER THE FOLLOWING DEMANDS$

12, 20, as,
THE FACILITY LOCATED AT: I CAP COVER THE FOLLOWING DEMANDS:

19 26,
DEMAND POINI CAN BE COVEKED BY FACILITIES AT:

1 1
2 NO CURRENT FACILITY LOCATION

3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION

6 NO CURRENT FACILITY LOCATION
7 NO CURRENT FACILITY LOCATION

a NO CURRENT FACILITY LOCATION
9 NO CURRENT FACILITY LOCATION

10 NO CURRENT FACILITY LOCArION
11 NO CURRENT FACILITY LOCATION
12 20.
13 NO CURRENT FACILITY LOCATION

14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION

16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION

19 NO CURRENT FACILITY LOCATION
20 209
21 NO CURRENT FACILITY LOCATION

22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION
74 NO CURRENT FACILITY LOCATION

is NO CURRENT FACILITY LOCATION
26 IV
27 NO CURRENT FACILITY LOCATION

28 20,
29 NO CURRENT FACILITY LOCATION
-30 NO CURRENT FACILITY LOCATION

FIGURE 201

(continued, page 7)
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FIGURE 20

(continued, page 8)

ITERATION NUM"EItR I
THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES 3
SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 24

FACILITIES ARE LOCATEO AT 20. Is 24.

---------------------------------------------------
-POPULATION SERVED 162,00 PERCENT OF TOTAL POPULATION SERVED 27oVJ

-- -- -- -- -- -- -- -- - ----- a---------- w---------- ------- -------eeeeeeeee

THE FACILITY LOCATEU AT: 20 CAN COVER THE FOLLUWING DEMANDS:

129 20s 2dq
THE FACILITI LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:

Is 26,
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWINO DEMANDS$

2. St 19. e4s
DEMAND POINT CAN BE COVERED BY FAOILITIES T

1 It
2 24*
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATIOU
S 24@
6 NO CURRENT FACILITY LOCATION
T NO CURRENT FACILITY LOCATION
a NO CURRENT FACILITY LOCATION
-9 NO CURRENT FACILITY LOCATION
10 NO CURRENT FACILITY LOCATION

11 NO CURRENT FACILITY LOCATION
12 209
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
is NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION
19 24.
20 20,
21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CUROENT FACILITY LOCATION
24 24s
25 NO CURRENT FACILITY LOCATION
26 19
27 NO CURRENT FACILITY LOCATION
28 20.
29 NO CURkENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 9)

ITERATION NUMBER, 2
THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES 4-
SERVICE DISTANCE a T5000

NEW FACILITY LOCATION NUMBER 10

FACILITIES ARE LOCATED AT 20, It 249 10,

-------------------------------------------- ------------------------- a e

POPULATION SERVED 245.00 PERCENT OF TOTAL POPULATION SERVED 42,a4

----------------------------------- ---m-m ------------ --------- --------------

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS:

129 20s a8,
THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS1

It 26,
THE FACILITY LOCATEU ATI 24 CAN COVER THE FOLLOWING DEMANDS:

29 5s 19, 24,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDSI

3, It 10,
DEMAND POINT CAN BE COVERED BY FACILITILS Al.

I It
2 249
3 lol
4 NO CURRENT FACILITY LOCATION
5 24v
6 NO CURRENT FACILITY LOCATION
7 10,
8 NO CURRENT FACILITY LOCATION

9 NO CURRENT FACILITY LOCATION

10 10,
I1 NO CURRENT FACILITY LOCATION

12 20,
13 NO CURRENT FACILITY LOCATION

14 NO CUIRENT FACILITY LOCATION

i5 NO CURRENT FACILITY LOCATION

16 NO CURRLNT FALILITY LOCATION
I't NO CURRENT FACILITY LOCATION

ta NO CURRENT FACILITY LOCATION

19 24t
20 20,
21 NO CURRENT FACILITY LOCATION

22 NO CURRENT FACSLITY LOCATION

23 NO CURRENT FACILITY LOCATION
24 249
25 NO CURRENT FACILITY LOCATION

26 Is
27 NO CURRENT FACILITY LOCATION

26 209
29 NO CURRENT FACILITY LOCA"'ION
30 NO CURRENT FACILITY LOCAlION
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FIGURE 20

(continued, page 10)

ITERATION NUMNER9 3
THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES S

SERVICE DISTANCE a 75.000

NEd FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT 20, Is 24, 10 13t
--------------------------------------------------------

POPULATION SEI-VED 29000 PECLNT OF TOTAL POPULATION SERVED 5000

------------------------------------------- -------------------------------------

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLUWING DEMANDS:
129 20s aat

THE FACILITY LOCATED Al 1 CAN COVER THE FLLUWING DEMANDS1

Is 26
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING DEMANDS:

29 S, 19. Z4,
.THE FACILITY LOCATED All 10 CAN COVER THE FOLLUWING DEMANDS:

3, 7, 10,
THE FACILITY LOCATED A71 13 CAN COVER THE FOLLUWING DEMANDS:

13. 21.
DEMAND POINI CAN BE COVERED BY FACILITIES 4TI

1 1.

2 249
3 10.
4 NO CURRENT FACILITY LOCATION
5 249
6 NO CURRENT FACILITY LOCATION
7 1o
a NO CURRENT FACILITY LOCATION
9 NO CURRENT FACILITY LOCATION

10 10,
11 NO CURRENT FACILITY LOCATION
12 2n,
13 1.5
14 NO CURHNtIT FACILITY LOCATION
is NO CUHNmthT FACILITY LOCATION
16 NO CUHRENT FACILITY LOCATION
17 NO CURNENI FACILIY LOCATION
18 N4O CURMLNT FACILITY LOCATION
19 24t
20 20,
21 IJI
22 NO CUHRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 24,
25 NO CURRENT FACILITY LOCATION
26 1,
27 NO CU ElNT FACILITY LOCATION
26 209
29 NO CURRENT FACILITY LOCATION
JO NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 11)

ITERATION NUMBER# 4
THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES 6
SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 23

FACILITIES ARE LOCATED AT 20. It 24s 10 139 239
------------------------- ------------------------------------

POPULATION SERVED 333.00 PERCENT OF TOTAL POPULATION SERVED 57. 1

-----------------------------------------------------THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS:

12. 20, a,
THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:

It 269
THE FACILITY LOCATED AT$ 24 CAN COVER THE FOLLOWING DEMANDS:

29 5t 19, 24,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

39 7, 10,
THE FACILITY LOCATED AT3 13 CAN COVER THE FOLLOWING DEMANDS:
139 21t

THE FACILITY LOCATED AT 23 CAN COVER THE FOLLOWING DEMANDS:
49 22, a3,

DEMAND POINT CAN BE COVERED BY FACILITIES ATE
I It
2 24,
3 lot
4 239
5 24,
6 NO CURRLNT FACILI1Y LOCATION
7 lot
a NO CURRENT FACILITY LOCATION
9 NO CURRENT FACILIfY LOCATION

it 109
Ii NO CURNENT FACILITY LOCATION
12 20,
13 13,
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
16 N4O CURRENT FACILITY LOCATION
19 249
20 20,
21 139
22 239
23 239
24 24,
25 NO CURRENT FACILITY LOCATION
26 It
a7 NO CURRENT VACILITY LOCATION
28 20,
29 NO CURRENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 12)

ITERATION NU~dEM. S
THIS IS EXAMPLE NUMdER FIVE-NETWORK

NUMBER OF FACILITIES 7
SERVICE DISTANCE = 75.000

NEW FACILITY LOCATION NUMBER 29

FACILITIES ARE LOCATED AT 20, It 24. 10, 13. 23t 29.

------------------------------------ m---------- m--- "------------------7e
POPULATION SERVED 368.00 PE*CbT OF TOTAL POPULATION SERVED 63,65

------ m------------------------ m----------------------------------

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANOSI

129 20. a8,
THE FACILITY LOCATED AT$ I CAN COVER THE FOLLOWING DEMANDS:

I@ 26v
THE FACILITY LOCATEO A7l 24 CAN COVER THE FULLUWING DEMANDSI

2. 59 199 24t
THE FACILITY LOCATEO AT: 10 CAN COVER THE FULLumING DEHANDSI

3. 7. 10,
THE FACILITY LOCATED AT$ 13 CAN COVER THE FOLLOWING DEHANDSI

13, 219
THE FACILITY LOCATED ATI 23 CAN COVER THE FOLLOWING. DEHANDSI

49 22s Z3,
THE FACILITY LOCATED AT: 29 CAN COVER THE FOLLUWING DEMANDS1

29.
DEMAND POINT CAN HE COVERED BY FACILITIES ATI

I Is
2 24t
3 lot
4 239
5 24,
6 NO CURULNT FACILITY LOCATION
7 10
a NO) CURILNT FACILITY LOCATION
9 NO CURRENT FACILITY LOCATION

10 10,
11 NO CUH.ANT FACILITY LOCATION
12 20.
13 lit
14 NO CURHENT FACILITY LOCATION
IS NO CUNENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
1 NO CURHENT FACILITY LOCATION
19 24,
20 20.
21 13,
22 2J,
23 2s.
24 24,
25 NO CURMENT FACILITY LOCATION
26 It
27 NO CURRENT FACILITY LOCATION
28 20,
29 2V.
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 13)

ITERATION NUMBERt 6

THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES 8

SERVICE DISTANCE a 75,000

NEW FACILITY LOCATION NUMBER is

FACILITIES ARE LOCATED AT 200 It 24o 10. 139 239 299 18t

---------------------------------- 0-------------------------------------
POPULATION SERVLD 393.00 PEACLUT OF TOTAL POPULATION SERVED 67.16

------------------------- m--------------------------
i

--------------------

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS:

12s 209 289
THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:

Is 26t
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLOWING DEMANDS:

2v 5 199 249
THE FACILITY LOCATED ATI 10 CAN COVER THE FOLLOWING DEMANDS:

3, 7, 10,
THE FACILITY LOCATEU AT: 13 CAN COVER THE FOLLOWING DEHANDS:

139 21,
THE FACILITY LOCATED ATI 23 CAN COVER THE FOLLOWING DENANDS1

49 22. a3v
THE FACILITY LOCATEU AT: 29 CAN COVER THE FOLLOWING DEMANDS:

29s
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANOSI

log
DEMAND POINT CAN BE COVERED BY FACILITIES ATI

1 1.
2 24,

3 lot
4 239
5 24,
6 NO CURRENT FACILITY LOCATION

7 lot
a NO CURRENT FACILITY LOCATION

9 NO CURRENT FACILITY LOCATION
10 10,

11 NO CURRENT FACILITY LOCATION

12 20,
13 13
14 NO CURRENT FACILITY LOCATION

15 NO CURRENT FACILITY LOCATION

16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION

18 189
19 24,
20 20,
21 13,
22 239
23 23v
24 24.
25 1O CURRENT FACILITY LOCATION
26 1
2? NO CURRENT FACILITY LOCATION

28 20:
29 29,
30 NO CURMENT FACILITY LOCATION
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FIGURE 20

(continued, page i4)

ITERATION NUKOE. 7
THIS IS EXAMPLE NUMBER FIVE-NETWORK

NUMBER OF FACILITIES 9
SERVICE DISTANCE a 17.000

NEW FACILITY LOCATION NUMBER 9

FACILITIES ARE LOCATED AT 20, Is 24s 10, 139 23s 29, 168 9.

------------------------------------------ -------------POPULATION SErVeD 417.00 PEICENT OF TOTAL POPULATION SERVED 71.90

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLWING DEMANDSI
12. 20, aa,

THE FACILITY LOCATED AT: I CAN COVER THE FOLLUWING DEMANDS:

Is 26,
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLOWING DEMANDS:

29 So 19, 24,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

3, 7. 10,
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANOSt

139 21,
THE FACILITY LOCATED AT: 23 CAN COVER THE FOLLOWING DEMANDS1

4. 22t a3v
THE FACILITY LOCATED AT: 29 CAN COVER THE FOLLOWING DEMANDS:

29,
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWING DEMANDS8

lot
THE FACILITY LOCATED AT$ 9 CAN COVER THE FOLLOWING DEMANDS:

9,
DEMAND POINT CAN UE COVERED BY FACILITIES AT$

I Is
2 24
3 10.
4 239
5 24,
6 NO CURENT FACILITY LOCATION

7 10,
8 NO CUHENT FACILITY LOCATION

10 10
11 NO CURRENT FACILITY LOCATION

12 20,
13 139
14 NO CURRENT FACILITY LOCATION

15 NO CURMNT FACILITY LOCATION

16 NO CURRENT FACILITY LOCATION

17 NO CUHENT FACILITY LOCATION

18 lo,
19 249
20 2o,
21 13,
22 2.3
23 23o
24 24.
25 NO CURRENT FACILITY LOCATION

26 1

27 NO CURRLNT FACILITY LOCATION
28 20,
29 29,
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 15)

ITERATION NUMSEM. B

THIS IS EXAMPLE NUMOER FIVE-NETWORK

NUMBER OF FACILITIES 10

SERVICE DIbTANCE a 764000

NEW FACILITY LOCATION NUMBER 6

FACILITIES ARE LOCATED AT 209 19 24, 109 13o 23, 29, 18. Vo 6#

POPULATION SERVED 440.00 PERCENT OF TOTAL POPULATION SERVED 751b

------------------------------------------- J -------------- -------------- ....

THE FACILITY LOCATEO AT: 20 CAN COVER THE FOLLUWING DEHANDS:

12. 20. ado
THE FACILITY LOCATED AT: I CAN COVER THE FOLLUVING DEMANDS:

It 26.
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLI)WING DEMANDS1

2. 5. 19 24.
THE FACILITY LOCATED ATI 10 CAN COVER THE FOLLUWING DEMANDS:

3. 7, 10.
THE FACILITY LOCATED ATI 13 CAN COVER THE FOLLVWING DEMANDS$

13, 21,
THE FACILITY LOCATED ATE 23 CAN COVER THE FOLLOWIN6 DEMANDS:

49 22v 439
THE FACILITY LOCATED AT. 29 CAN COVER THE FULLUWING DEMANDS:

29t
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUOWING DEMANDS:

18o
THE FACILITY LOCATED AT: 9 CAN COVER THE FOLLUWING DEMANDS:

9#
THE FACILITY LOCATED ATI 6 CAN COVER THE FOLLOWING OEMANDS8

6.
DEMAND POINT CAN HE COVERED dY FACILITIES AT:

1 1.

2 24.
3 10.
4 239
S 249
6 B.1 10.

a NO CURRENT FACILITY LOCATION
9 9,

10 109
11 NO CURRENT FACILITY LOCATION

12 20,
13 13,
14 NO CURRENT FACILITY LOCATION
i5 NO CUNRENT FACILITY LOCATION

16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION

is IM,
19 24v
20 20,
del IiU
22 23,
23 23.
24 2,6
25 NO CURRENT FACILITY LOCATION
26 29

27 NO CURRENT FACILITY LOCATION

26 209
29 29,
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 16)

ITERATION NUMMER, 9

THIS IS EXAMPLE NUMUER FIVE-NETWORK

NUMBER OF FACILITIES 11
SERVICE DISTANCE a 15o000

NEW FACILITY LOCATION NUMBER 15

FACILITIES ARE LOCATED AT 209 Is 249 109 139 239 29, lot 9. 6o 15

--------- eeee----------------ee ------ee------------------- w------ 7....

POPULATION SERVED 460.00 PE4CENT OF TOTAL POPULATION SERVED T9.1I

----- m---w------- ----- !---"--------- w------ 7-------------a

THE FACILITY LOCATED ATI 20 CAN COVER THE FOLLOWING DEMANDS:

12. 20o ad,
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING DEMANDS:

It 269
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING DEMANDSI

20 59 19, 24
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

3. 7, 10,
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS$

139 219
THE FACILITY LOCATED AT: 23 CAN COVER THE FOLLOWING .DEMANDS8

49 229 a3s
THE FACILITY LOCATED AT$ 29 CAN COVER THE FOLLOWING DEMANDS:

299
THE FACILITY LOCATED All 18 CAN COVER THE FOLLbWING DEMANDS:

18o
TH.E FACILITY LOCATED AT: 9 CAN COVER THE FOLLUWING DEMANDSI

9,
THE FACILITY LOCATED AT: 6 CAN COVER THE FOLLOWIJG DEMANDS:

6.
THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANDS:

159
DEMAND POINS CAN BE COVERED BY FACILITIES hTs

1 to
2 24.
3 1Q,
4 239
5 249
6 o
7 10.
O NO CURRENT FACILITY LOCATION
9 .

10 Iuo
11 NO CURRENT FACILITY LOCATION
12 209
13 13.
14 NO CURRENT FACILITY LOCATION
15 lb.
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
10 Iu
19 4,
20 2ut
21 13
22 239
23 j 0
24 2-4.

25 NO CURRENT FACILITY LOCATION
26 1.
2? NO CURRENT FACILITY LOCATION
28 20.
29 29,
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 17)

ITERATION NUMBER. 10

1HIS IS EXAMPLE NUdER FIVE-NETWORK

NUMBER OF FACILITIES 12

SERVICE DISTANCE a 75.000

NEW FACILITY LOCATION NUMBER 16

FACILITIES ARE LOCATED AT 20t 1 24. 10. 139 23. 29t l8. V. 6t IS. 169

----------------------------------------- --------------- a---nnnnnnnnnnnnnnnnnnnnn------

POPULATION SERVED 80,000 PE*CEUT OF TOTAL POPULATION SERVED 8207b
T nnnnnnnnnnnnnnnnnnnnnnnnnnnnnNCVRnnnEnnnnn Unn ------------------------------------------------------nn

THE FACILITY LOCATED'ATI 20 CAN COVER THE FOLLOWING DEMANDS:

12. 20. as$
THE FACILITY LOCATE) ATI I CAN COVER THE FOLLOWING DEMANDSI

It 269
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLVWING DEHANDSI

2s 5t 19, 24
THE FACILITY LOCATED ATI 10 CAN COVER THE FOLLOWING DEMANDS$

39 7. 10.
THE FACILITY LOCATED AT: 13 CN COVER THE FOLLUWING DEMANDS1

13. 21,
THE FACII.ITY LOCATED AT: 23 CAN COVER THE FPLLVWING DEMANDS:

4t 229 a3#
THE FACILITY LOCATED AT: 29 CAN COVER THE FOLLOINO DEMANDSI

THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLVWING DEMANDSI

18o
THE FACILITY LOCATED AT: 9 CAN COVER THE FOLLUWING DEMANDSI

9,
THE FACILITY LOCATED AT: 6 CAN COVER THE FOLLOWING DEMANDS:

69
THE FACILITY LOCATED AT$ 15 CAN COVER THE FOLLOWING DEMANDS$

15,
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLUWING DEMANDS1

169
DEMAND POINT CAN HE COVERED BY FACILITIES AT8

2 2* 9
3 lot
4 23,
S 2*t
6 69
7 10,
8 NO CURRENT FACILITY LOCATION
9 9.

10 100
11 NO CURRENT FACILITY LOCATION
12 20,
13 Io
14 NO CURRENT FACILITY LOCATION
15 lb.
16 lb.
17 NO CURRENT FACILITY LOCATION
18 Id,
19 410
20 .O.
21 lit
22 2s.
23 23.
24 249
25 NO CURqENT FACILITY LOCATION
26 It
27 NO CURRENT FACILITY LOCATION
28 20,
29 29,
30 NO CURRENT FACILITY LOCATION

THIS SOLUTION WAS GENERATED BY THE GAS ALOORITHM
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FIGURE 21

LISTING FOR MULTIPLE RUNS

30 30 1
1 1

1 10.00
20.00

3 25.00
4 18000
5 12.00
6 2300
7 43.00
a 30.00
9 24.00

10 15000

11 10.00
12 20.00
13 35.00
14 1500
15 20.00
16 20.00
17 10.00
18 25.00
19 35.00
20 1500
21 10,00
22 15.00
23 10.00
24 20,00
23 10.00
26 20.00
27 10000
28 10.00
29 35000
30 15.00
90
1 1 a6 169
2 1 as I*
3 26 as 1t
4 1 ao 30o
5 20 28 37.
6 8 28 48.
7 8 ao 81.
a 4 20 1000
9 12 a0 66-
10 4 12 90.
&1 4 23 70.
12 4 14 61.
'13 14 33 75o
14 14 22 61.
15 22 a3 60.
116 12 3 20.
17 12 22 5.
18 1 12 54.
19 12 18 86.
20 15 22 124.
21 3 22 10,
22 8 26 41.
23 18 26 67.
24 13 18 74:
25 3 18 6a,
26 3 6 56:
27 3 10 46.
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FIGURE 21

(continued, page 2)

28 10 18 93.
29 1 a9 64.
30 26 a9 7s
31 10 29 94s
32 21 ag Sa.
33 19 29 79.
34 19 27 36.
35 10 27 57.
36 27 4f
37 24 87 8S.
38 10 47
39 9 10 80.
40 6 10 34,
41 6 17 104.
42 6 9 61.
43 1 9 61.
44 1 24 46o
45 9 a4 60o
46 2 a4 33.
41 2 9 60.
48,9 17 56.
49 2 17 11.
50 11 11 S1.
Sl 2 11 101.
52 5 11 69.
53 2 5 37.
54 5 15 19s
55 2 15 5.
56 15 84 84.
ST 19 a4 7,
58 19 30 60.
59 29 30 8.
60 16 aO So,
61 25 30 120.
62 13 16 64.
63 16 a 9a
64 13 al 60.
6S 13 85 46.
66 21 aS 54o
67 0 35 100.
60 25 39 147.
69 S I7 740
70 5 9 94.
71 2 1 66.
72 1 6 60.
73 19 10 79.
14 3 27 16.
1S 3 12 131.
16 3 8g gs
T 18 a? 94s
TO 27 30 70.
19 16 al 126.
80 0 10 10.
01 7 19 59.
82 4 22 106.
83 20 23 76.
84 10 ao 118.
S 12 86 69.

06 1 a 51.
8 12 8 61.
so 20 86 S*
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FIGURE 21

(continued* page 3)

69 1 ag 931
90 a a9 107.

THIS IS EXAMPLE NUNBER THREE-NETWORK
10 ?5.00 1006o0 1 3
5

3 NO
8 NO

20 NE
25 NE
14 SP

THIS IS EXAMPLE NUMBER FOUR-NETWORK
10 75.00 100.00
4 2 6
5 SP8 No

9 NE
12 SP
1

25
14
1
17
30
6



PART THREE

THE GAS PROGRAM APPLIED TO PIANAR PROBLEMS



CHAPTER 9

PLANAR PROBLEM ONE

The GAS program will solve a maximal covering location

problem on a Euclidean plane. As an example, consider the

planar point set given in table 27. This list contains 55

points each described by an (x,y) pair of coordinates. Figure

22 gives a figure depicting the 55 points, each nuibered

according to table 27. Let each point represent a village

in a region where primary health care facilities are to be

located. If the straight line iistance between any two vil-

lages (points) approximates the actual distance or time of

travel between those two villages, then one can easily define

a distance or travel time matrix which indicates the distance

from any village to any other village. For example, village

1 is located at (32,31) and village 4 is located at (29,29)

and the distance separating village 1 from village 4 is:

dl.4 ,= (x1-x4)
2 + (Y1-y4)2

where

d1,4 = distance from village 1 to village 4.

(xly 1 ) = coordinates of village 1.

(x4 ,y4) = coordinates of village 4.

thus

, 32-29)2 + (31-29) 2 = F94=

dl 4 = 3.61 -195-
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Suppose, we are interested in placing several health

facilities in such a way that as many people as possible are

within an Euclidean distance of 10 of a facility. For this

problem, we may be interested in locating up to 15 facilities.

The question is what percentage of the population can be served

with various numbers of facilities up to 15. This problem can be

easily structuted and solved by the GAS computer program.

Figure 23 gives a listing of the computer card data deck

necessary to solve this problem and figure 24 gives a complete

output listing of the program utilizing the data given in

figure 23.

Before a detailed explanation is given for the form and

order of the data input stream, let us first analyze the -out-.

put given in figure 24. Output from the GAS program can be

divided into two parts. The first part specifies the data

that is actually used by the GAS program. This is represented

by the first nine pages of figure 24. The second part gives

the actual solution to the problem or problems specified (pages

10-27 in.figure 24). To begin the output section (pages 1-9),

the population data portion lists for each of the 55 points,

its associated population. The next statement indicates that

demand points are the only potential facility sites. It is

possible to have a situation where this in not the case; in

fact, several such examples are cited in a later section of

this program users manual.

Next on the output, a listing of 110 points along with

the associated (x,y) coordinates is given. Notice that the

first 55 points on the list are the points given in table 27.
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This first part of the list represents the locations of the

demand populations. The second 55 points in the list are the

facility locations. A quick inspection will indicate that this

second part of the list is exactly the same as the first half

of the list. This means, of course, that the potential facility

locations are the same as those of the demand areas.

A distance matrix follows the list of coordinate point

information on pages 3 through 8. This matrix gives the dis-

tances between each demand area and all potential facility

sites. For example, the distance from demand area 1 to faci-

lity site 23 is 18.60. The distance from demand area 30 to

facility site 4 is 12.17.

Page 9 of figure 24 indicates that the maximal service

distance or time of 10.0 will be utilized in the problem.

Pages 10 through 22 give the output from the GAS program for

the maximal covering location problem with S = 10.0 on the

Swain 55 node problem where all demand points are potential

facility sites. Page 10 indicates that for the first facility

GAS has chosen to place a facility at area 2. This placement

covers 4,130 or 64.53% of the population.

Page li of figure 24 gives statistics associated with

a facility located at area 2. Notice that the primary dis-

tance is 10, and the secondary distance is 15. According to

the listing 4130 are served within a distance 10,730 are

served outside 10 but inside 15, and 1540 are outside 15.

Node 14 is the farthest node from 2 at a distance of 28.3.

Total population-distance for those covered within 10 is 17129

or the average distance from a facility of one that is covered
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is 17129/4130 = 4.14.

Page 12 of figure 24 shows what GAS has chosen on iter-

ation number two. First, GAS places a second facility at site

22. Then, GAS moves the facility placed at 2 to site 4.

The addition of site 22 increases the covered population to

4840. The subsequent move to 4 increases coverage to 4840.

Page 13 of figure 24 gives the statistics associated

with facilities located at 4 and 22. Each area is assigned

to the closest facility. The areas that are closest to facility

at site 4 are in partition number 1, and the areas closest to

facility at site 22 are in partitiorn number 2. This analysis is

provided by the facility site analysis subprogram.

Pages 14 through 22 of figure 24 give the remainder of

the output associated with this problem run. The GAS program

ends with iteration 9 when it accomplishes coverage of 100%,

although up to 15 facilities could have been placed. GAS

will automatically stop when total coverage is complete even

though more facilities may be available for allocation.

Figure 23 is a list of data that produced the results

of figure 24. The first two cards of the deck specify the

major options that the GAS program is to use. The next 55

cards give the (x,y) coordinates of each demand point. The

following 55 cards give the population for each of the 55

points. Then a title card is given. This is followed by a

card that specifies the maximum number of facilities (15),

the primary service distance (10.) and the secondary service

distance (15.). All of the punched data cards are followed
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by two blank data cards.

In order to describe the data deck in further detail the

reader should now turn to appendix A which gives definitions

and format specifications of each parameter in the first two

data cards (called master control cards) of all data deck

sets. Upon completion of appendix A, the reader should then

return to this section for the specific details of the data

deck preparation for the problem just described.

The first card of the data deck in figure 23 is a master

control card. This card contains the parameters given in

table 28. From the definitions given in appendix A, the reader

should recognize that the problem is defined on the plane

since NETWOR is set equal to zero and population values are

included in the data set as WEIGHT is set equal to one. Be-

cause the distance matrix is to be printed, and the facility

site analysis program is to be utilized at the end of each

iteration, DIST is set equal to one and IFSAP should have a

value of one. For this problem, IPTS = IDEM = 55. When IPTS -

IDEM, the GAS program will expect IPTS points (x,y coordinates)

in the data deck and will consider each point as a demand

point and a potential facility site. The ADD parameter in

this case could be 1 or 0 because the program automatically

sets ADD = 1 when IPTS = IDEM. Therefore, the data deck must

include 55 points and 55 population values.

The second card of the data deck in figure 23 is a master

control card which contains the parameters given in table 29.

From the definitions given in appendix A, the planar problem
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utilizes Euclidean distance measure (i.e. RECT = 0), does not

include political, elevational, or extra constraints (i.e.

IPOL = 0, ELE = 0, CONS = 0, respectively). In addition,

elevations are not used in distance determination or cons-

traints (i.e. IALTI 0, and IALT2 = 0). The GAS program is

to be performed because GAS = 1. Thus, the data that is

necessary according to the master control cards is (a) popula-

tion data, and (b) (x,y) coordinate information.

The (x,y) coordinate point information begins right

after the two master control cards. Each card must be in

order of increasing index. Each card has the following for-

mat:

Integer field Real field Real field

Index x - coordinate y - coordinate

The index must be right justified in the 4 digit field.

The x-coordinate is to appear in columns 5-14 and must include

a decimal point. The y-coordinate should appear in card

columns 15-24 and also must include a decimal point. There

should be one card for each (x,y) coordinate pair.

After the 55 cards of (x,y) point information, the popu-

lation cards are given. Each card has the population of a

given area. The order of the areas must be the same as that of

the coordinate point information. Each card has the following
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format:

Integer field Real field

Index Population

The index must be right justified in the 4-digit field. The

population is to appear in columns 5-14 and must include a

decimal point. The point and population cards comprise the

master data set.

The two cards following the master data set are problem

control cards. A set of problem control cards specifies one

problem for the GAS algorithm. The forms and parameters of

the problem control cards are given in appendix B. In order

to describe the data deck further in.figure 23, the reader

should acquaint himself with the material given in appendix

B. When appendix B material is mastered, the reader should

return to this section for the specific details of the problem

control cards associated with the example-of figures 23 and 24.

The first problem control card contains the title that

will be printed on output solutions of the GAS program. The

second problem control card contains the values given in

table 30. From the definitions given in appendix A, the GAS

program is to locate up to 15 facilities. The maximal service

distance is 10(S). This is the value that is utilized in the

GAS program for determining coverage. The value of the secon-

dary distance is 15(SCS). This distance is used only in
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generating the statistics output presented by PSAP. The

values of EMAXL and EMAXS are both zero. Whatever the value

of EMAXL and EMAXS for this example, the GAS program will

not utilize them because IALT2 in the master control card is

at a zero value. Since CONS equals zero, no extra constraint

cards are given in the problem data deck. Since ICOV equals

zero, a printout of the zero-one coverage matrix will not be

given. The listing, indicating coverage by each facility as

well as which facilities cover each demand, is not given be-

cause ILIST = 0. The data deck ends with two blank cards.

Figure 25 gives a conceptual view of the data deck utilized

in this example.
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TABLE 27

GEOGRAPHIC AND POPULATION DATA FOR

PLANAR PROBLEM ONE

i a x Yi i a i xi yi

1 710 32 31 28 60 12 47
2 620 29 32 29 60 19 38
3 560 27 36 30 60 27 41
4 390 29 29 31 60 21 35
5 350 32 29 32 50 32 45
6 210 26 25 33 50 27 45
7 200 24 33 34 50 32 38
8 190 30 35 35 50 8 22
9 170 29 27 36 50 15 25

10 170 29 21 37 50 35 16
11 160 33 28 38 40 36 47
12 150 17 53 39 40 46 51
13 140 34 40 40 40 50 40
14 120 25 60 41 40 23 22
15 120 21 28 42 40 27 30
16 110 30 51 43 40 48 39
17 100 19 47 44 40 36 32
18 100 17 33 45 30 32 41
19 90 22 40 46 30 42 36
20 90 25 14 47 30' 36 26
21 .90 29 12 48 30 15 19
22 80 24 48 49 30 19 14
23 80 17 42 50 30 45' 19
24 80 6 26 51 30 27 5
25 80 19 21 52 20 52 24
26 70 10 32 53 20 40 22
27 60 34 56 54 20 40 52

55 20 42 42
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FIGURE 22
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FIGURE 23

LISTING OF PLANAR PROBLEM ONE DATA DECK

S5 SSI

1 32. 31.
2 29, 3 .
3 270 3o:
4 29. 2VI
5 32. 2V&
6 26o 2t.
7 24. 3J.
8 30. 3b.
9' 29a 21.

10 29. 21.
11 33. 281
12 170 536
13 34. 4U6
14 250 606
IS 21. U4
116 30. 516
17 19. 411
18 171 336
19 22. 404
20 25. 146
21 29. 12.
22 24. 4ua
23 17 44
24 60 2b.
25 19. 21j
26 1O. 391
27 34o 5.4
28 12. 47.
29 19, 3no
30 27. 41a
31 21. 3ba
32 32. 4b.
33 2?. 4b.
34 32. 38,
35 s. 24:
36 is. 2b&
37 35. lb.
38 36. 4f:
39 46. 51:
40 50. 40.
41 23. 24
42, 27. 30s
43 38, 3V4
44 '36. 32&
45 32. 41.
46 42. 3o,
41 36. 2ba
48 IS. IV.
49 190 1*;
so 45. IV&
51 2T So
52 52. 26.
53 40. 2
54 40. 54,
SS 42. 4o1
1 710.
2 620.
3 5600
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FIGURE 23

(continued, page 2)

4 390.
5 350.
6 2100
1 200.
* 190.
9 1700

10 170.
1 160s
12 150.
13 140s
14 1200
is 1200
16 110,
17 1000
18 1000
19 90,
20 90,
21 90.
22 80,
23 80o
24 80.
25 s0
26 T0o
2? 600
28 60.
29 60.
30 60.
31 60.
32 50o
33 50
34 50,
3S 50.
36 so,

38 40.
39 40,
40 40.
'41 40,
42 40.
43 40,
44 40,
45 30s
46 309
47 30a
48 30.
49 30.
50 30.
51 30o
52 20.
53 20.
54 20,
5S 20.
GAS PLANAR EXAMPLE UNE
15 10 .



POPULA?Iou DATA

1 710.000 7 200.00* 13 140.000 19 90.00" 25 80.00* 31 60.000 37 50.00 43 40.00' 49 30.000 SS 20.000

2 620.00' 8 190.000 14 120.00' 20 90.00# 26 70.00* 32 50.00' 3a 40.09' 44 40.00* 50 30.000

3 560.00f 9 170.000 15 120.00' 21 90.00' 27 60.000 33 50.00' 39 40.09 o 45 30.000 51 30.00*

4 390.00' 10 170.00' 16 110.00' 22 80.00# 28 60.000 34 50.000 40 40.09" 46 30.00* 52 20.000

5 350.00' 11 A60.000 17 100.00' 23 80.009 29 60.00' 35 50.00' 41 40.09' 47 30.00- 53 20.000

6 210.00 12 ;!.00" 18 100.00' 24 80.0i 3; 40.000 36 50.000 42 40.04* 48 30.00* 54 20.00*

----------------- sms---s-- s------------- s------------------------------------------v----------- ------- -------------------

THE FOLLOWING OPTIONS ARE DESIGNATED:
OEMAND POINJS ARE THE ONLY POTENTIAL FACILITY TES
DISTANCES AqE MEASUHED AS EUCLIDEAN
COORDINATE 8OINT DATA IS AS FOLLOWS:

1 32.00000 31.00000 1" 2 29.-90UU0 32.00000 2*" 3 27.OOOOV 36.00000 3 0

4 29.00000 29.00000 4"o 5 32.00009 29.00000 S** 6 26.00000 25.00000 6 0

7 24.00000 33.00000 7 0  8 30.09000 35.00000 8** 9 29.00000 d?.00000 9o

10 29.00000 21.00000 1000 11 33.090U# 28.00000 11"* 12 17,00000 53.00000 12*"

13 34.00000 40.00000 13"* 14 25.09000 60.00000 14*" 15 21.00000 2d.00000 15*

16 30.00000 51.00000 16"* 17 19.09000 47.00000 170 18 17.00000 33.00000 18*

19 22. 0000 40.00000 190 20 25.090U0 14.00000 20 * 21 29.00000 12.00000 21*

22 24.00000 48.00000 2200 23 17.09009 42.00000 230* 24 6.00000 26.00000 24"0

25 19.00000 21.00000 250" 26 10.000UU 32.00000 26"0 27 34.00000 b6.00000 27"&

28 12.00000 ,7.00000 280 29 19.09000 38.00000 29** 30 27.00000 41.00000 30*

31 21.00000 35.00000 31 *" 32 32.00009 45.00000 32"o 33 27.00000 45.00000 33 0

34 32.00000 38.00000 34 0 35 8.000U0 22.00000 35"4 36 15.00000 25.00000 36*

37 35.00000 16.00090 37 * 38 36.00009 47.00000 30*" 39 46.00000 51.00000 39*"

40 50.00000 40.00000 4000 41 23.09000 22.00000 41*" 42 27.00000 30.00000 420*

43 38.00000 39.00000 4300 44 36.09009 32.00000 44"* 45 32.00000 41.00000 4500

46 42.00000 36.00000 46* 47 36,o90UO 26.00000 47"* 48 15.00000 19.00000 48 0

49 19.00000 14.00000 490 50 45.00000 19.00000 50o" 51 27.00000 5.00000 51**

FIGURE 24

PLANAR PROBLEM ONE OUTPUT



52 52.00000 24.00000 52** 53 40.00000 22.00000 53"0 54 40.00000 52.00000 5400

5s 42.00000 42.00000 55* 56 32.09000 31.00000 100 57 29.00000 32.00000 2"0

58 27.00000 36.00000 3"* 59 29.09009 29.00000 4"* 60 32.00000 29.00000 5 *0

61 26.00000 25000000 6"* 62 24.0900U 33.00000 TOO 63 30.00000 35.00000 6"0

64 29000000 27.000090 9e0 65 29000000 21000000 10*0 66 33.00000 28000000 110

67 17.00000 53.00000 120* 68 34009000 40.00000 13*" 69 25.00000 60.00000 1400

70 21.00000 28.00000 15"* 71 30.OyOOU 51.00000 16*0 72 19°00000 41.00000 1710

73 1700900 33.00090 Is* 74 22.00000 40.00000 19"* 75 25.00000 14.00000 2000

76 29.00000 12.00000 21"* Ti 24.00009 48.00000 22"0 78 17.00000 42.00000 23 0

79 6.00000 26.00000 240" 80 19.09009 21.00000 25"0 81 10.00000 32.00000 26"*

82 34.00000 56.00000 27 0 83 12.090000 47.00000 28 0 84 19.00000 38000000 290

85 27.00000 41.00000 30 0 86 21.00000 35.00000 310" 87 - 32.00000 45.00000 32*

88 27.00000 45.00000 33*" 89 32.09000 38.00000 3400 90 8.00000 22.00000 35"0

91 15.00000 a5.00000 36 0 92 35.09009 16.00000 37"* 93 36.00000 47.00000 380

94 460000 S1.O0000 39 0 95 50.09000 4000000 400 '96 23.00000 22000000 4100

97 27.00000 30.00000 42 0 98 38000900 39.00000 43"0 99 36.00000 32.00000 44"*

100 32.00000 41.00000 4500 101 42009000 36.00000 460" 102 360000 26.00000 470"

103 15.00000 19.00000 48"* 104 1900000 14.00000 49"* 105 45.00000 19.00000 500"

106 27.00000 5.00000 51e0 107 52.0000 24e00000 520 108 40000000 22000000 53 0

109 40.00900 52.00000 54"0 110 42.00000 42.00000 550"

FIGURE 24

(continued, page 2)



1 2 3 4 5 6 7 8 9 10

1 0.0 3.16 7.07 3.ol 2.00 8.49 8.25 4o47 5.00 10.44
2 3.16 0.0 4.47 3.09 4.24 7.62 5.10 3.16 5.00 11.00
3 7.07 4.47 0.0 7.e 8060 11.05 4.24 3.16 9.22 15.13
4 3.61 3.00 7.28 0.0 3.00 5.00 6.40 6.08 2000 8000
5 a.O0 4.2* 8.60 30,3 000 7.21 8.94 6.32 3.61 8056
6 4.49 7.62 11.05 !.40 7.21 0.0 8.25 10077 3.61 5.00
7 4.25 5.10 4.24 6.tu 8.94 8.25 0.0 6.32 7.81 13.99
a 4.47 3.16 3.16 6.u0 6.32 10.77 6,32 0.0 8.06 14.94
9 S.00 5.00 9.22 2.ug 3.61 3.61 7.81 8.06 0.0 6.00

10 19.44 11.00 35.13 d.00 0054 5.00 13.00 14.04 6.00 0.0
11 3.16 5.66 10.00 4.14 1.41 7.62 10.30 7.62 4.12 8.06
12 20.63 24.19 19.72 24.d 28.30 29.41 21.19 22.20 28.64 34.1
13 9.22 9.43 8.06 laUOd 11.18 17.00 12.21 6.40 13.93 19.65
14 29.83 28.28 24.08 31.ef 31.78 35.01 27.02 25.50 33.24 39.20
15 11.40 8.94 10.00 0*04 11.05 5.83 5.83 11.40 8.06 10.63
16 29.10 19.03 15.30 22.04 22.09 26.31 18.97 16.00 24.02 30.04
17 29o62 18.03 13.60 20.Zv 22.20 23.09 14.87 16.28 22.36 27.86
18 15.13 12.04 10.44 1a.b 15.52 12.04 7.00 13.15 13.42 16.97
19 13.45 10.63 6.40 IJ.04 14.87 15052 7028 9.43 14.76 20.45
20 18.38 18.44 92.09 1bs4 16.55 11.05 19003 21.59 13.60 8.06
21 19.24 20.00 k4.08 17.09 17.26 13.34 21.59 23.02 15.00 9.00
22 3d.79 36.76 12.37 IV.b6 20.62 23.09 15.00 14.32 21.59 27s46
23 I.60 15.62 11.66 17,09 19.85 19.24 11.40 14.76 19.21 24.19
24 29.48 23.77 23.26 23.19 26.17 20.02 19.31 25.63 23.02 23.54
25 16.40 14.87 17.00 1.81 15.26 8.06 13.00 17.80 11.66 10.00
26 22.02 19.00 17.46 1'.44 22.20 17.46 14.04 20.22 19.65 21.95
27 26.08 24.52 21.19 27.40 27.07 32.02 25.08 21.38 29.43 35.3b
28 24.61 22.67 18.60 24.19 26.91 26.08 18.44 21e63 .*25 31.06
29 11.76 11.66 8.25 1.4 15.81 14.76 7.07 11.40 14.87 19072
JO 11.18 9.22 5.00 1U.17 13.00 16.03 8.54 6.71 14.14 20.10
31 11.70 8.54 6.08 I0.0ju 12.53 11.18 3.61 9.00 11.31 16912
32 14.00 13.34 10.30 1 .e 16.00 20.88 14.42 10.20 18.25 24.19
33 14.87 13.15 9.00 10.14 16.76 20.02 12.37 10.44 18.11 24.08
34 1.00 6.71 5.39 V.41 9.00 14.32 9.43 3.61 11.40 1702*
35 26.63 23.26 43.60 24.1% 25.00 18.25 19.42 25.!5 21.59 21.02
36 I.03 15.65 16.28 14.o 17,46 11.00 12.04 18.03 14.14 1405
37 16.30 17.09 21.54 14,J4 13.34 12.73 20.25 19.65 12.53 7.81
38 1.49 16.bS 34.21 19.I 18.44 24.17 18.44 13.42 21019 26.93
39 2 .41 25.60 44.21 27.u0 26.08 32.80 2t.43 22.63 29.41 34.4b
40 29.12 22.47 23.35 24.1k 21.10 28.30 26.93 20.62 24.70 28.32
41 18.73 11.66 14.56 9.e4 11.40 4.24 11.05 14.76 7.81 6.06
42 5.10 2.83 6.00 i.eq 5.10 5010 4.24 5.83 3.61 9.22
43 1900 11.40 11.40 3j.4q 11.66 18.44 15.23 8.94 15.00 20.12
44 4.12 7.00 9.85 1.b4 5.00 12.21 12.04 6.71 8.60 13.04
45 19000 9.49 7.07 1ROI 12.00 17.09 11.31 6.32 14.32 20.22
46 11.18 13.60 15.00 14.1% 12.21 19.42 18.25 12.04 15.81 19.85
47 0.40 9.22 13.45 7.b4 5.00 10,05 13.89 10.82 7.07 8.60
48 29.81 19.10 20.81 17.40 19.72 12.53 16.64 21.93 16.12 14.1.
49 21.40 20.59 23.41 18.uS 19.85 13.04 19.65 23.71 16.40 12.21
b0 17.69 20.62 24.76 1UU.6 16.40 19.92 25.24 21093 17.8l 16.12
51 20.48 27.07 31.00 2i.0u 24.62 20.02 28.36 30.15 22.09 16.14
52 21.19 24.35 e7.73 2J.:e 20.62 26.02 29.41 24.60 23.19 23.1v
53 14.04 14.87 19010 13.04 10.63 14.32 19.42 16.40 12.08 11.05
54 22.47 22.83 20.62 2!.!)V 24.35 30.41 24.84 19.72 27.31 32.bv
b5 11.87 16.40 16.16 3deJa 16.40 23.35 20.12 13.89 19.85 24.70

FIGURE 24
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11 12 13 14 15 16 17 18 19 20

1 3.16 26.63 9.22 29.83 11.40 20.10 20.62 15.13 13.45 18.38

2 5.66 24.19 9.43 28.20 8.94 19.03 18.03 12.04 10.63 18.44
3 10.00 19.72 8.06 24.08 10.00 15.30 13.60 10.44 6.40 22.09
4 4.12 26.83 12.08 31.26 8.06 22.02 20.59 12.65 13.04 15.52
5 1.41 28.30 11.18 31.f8 11.05 22.09 22.20 15.52 14.87 16.55
6 7.62 29.41 17.00 3b.Ot 5.83 2b.31 23.09 12.04 15.52 11.05
7 19.30 21.19 12.21 27.L 5.83 18.97 14.87 7.00 7.28 19.03
a 1.62 22.20 6.40 2b.bf 11.40 16.00 16.28 13.15 9.43 21.59
9 4.12 28.64 13.93 33.2o 8.06 24.02 22.36 13.42 14.76 13.60

10 8.06 34.18 19.65 3V.40 10.63 30.02 27.86 16.97 20.25 8.06

11 9.0 29.68 12.04 32.Vt 12.00 23.19 23.60 16.76 16.28 16.12

12 29.68 0.0 21.40 lV.b0 25.32 13.15 6.32 20.00 13.93 39.81

13 1a.04 21.40 0.0 2i.9- 17.69 11.70 16.55 18.38 12.00 27.51

14 3a.98 10.63 21.93 9.0 32.25 10.30 14.32 28.16 20.22 46.00

15 17.00 25.32 17.69 Ja.' 0.0 24.70 19.10 6.40 12.04 14.56

16 23.19 13.15 11.70 1O.J0 24.70 0.0 11.70 22.20 13.60 37.34
17 23.60 6.32 16.55 14..3 19.10 11.O 0.0 14.14 7.62 33.54

18 10.76 20.00 18.38 20.16 6.40 22.20 14.14 0.0 8.60 20.62

19 16.28 13.93 12.00 20.d4 12.04 1IJ60 7.62 8.60 0.0 26.17

20 10.12 39.81 27.51 46.U9 14.56 37.34 33.54 20.62 26.17 0.0

21 10.49 42.72 28.44 40.1( 17.89 39,01 36.40 24.19 28.86 4.47

22 21.9' 8.60 12.81 l4.04 20.22 6.71 5.10 16.55 8.25 34.01

23 21*26 11.00 17.12 19010 14.56 15.81 5.39 9.00 5.39 29.12

24 27.07 29.15 31.30 30." 15.13 34.66 24.70 13.04 21.26 22.47

25 15.65 32.06 24.21 3?.'o 7.28 31.95 26.00 12.17 19.24 9.22

26 23.35 22.14 25.30 31., 11.70 27.59 17.49 7.07 14.42 23.43

27 26.02 17.26 16.00 9.85 30.87 6.40 17.49 28.60 20.00 42.95

28 28.32 7.81. 23.09 16.Jl 21.02 18.44 7.00 14.87 12.21 35.47

29 17.20 15.13 15.13 22.80 10.20 17.03 9.00 5.39 3.61 24.74

30 14.32 15.62 7.07 19.10 14.32 10.44 10.00 12.81 5.10 27.07

31 14.89 18.44 13.93 25.34 7.00 18.36 12.17 4.47 5.10 21.38

32 17.03 17.00 5.39 16.5 20.25 6.32 13.15 19.21 11.18 31.78

33 10.03 12.81 8.60 lb.1J 18.03 6.71 8.25 15.62 7.07 31.06
34 10.05 21.21 2.83 23.09 14.87 13.15 15.81 15.81 10.20 26.00

35 25.71 32.28 31.62 41.6d 14.32 36.40 27.31 14921 22.f0 18.79

36 18.25 28.07 24.21 36.40 6.71 30.02 22.36 8.25 16.55 14.67

37 la177 41.15 24.02 4b.1i 18.44 35.36 34.89 24.76 27.29 10.20

38 19.24 19.92 7.28 IT.U 24.21 7.21 17.00 23.60 15.65 34.79

39 26.42 29.07 16.28 27.85 33.97 16.00 27.29 34.13 26.40 42.54

40 29.81 35.47 16.00 3.04 31.38 22.83 31.r8 33.73 28.00 36.07
41 11.66 31.58 21.10 30.0 6.32 29.83 25.32 12.53 18.03 8.25

42 6.32 25.08 12.21 30.0Z 6.32 21.21 18.79 10.44 11.18 16.12

43 la.08 25.24 4.12 2 .0 20.25 14.42 20.62 21.84 16.03 28.18

44 5.00 28.32 8.25 30.08 15.52 19.92 22.67 19.03 16.12 21.10

45 13.04 19.21 2.24 20.0d 17.03 10.20 14.32 17.00 10.05 27.U9

46 1t.04 30.23 8.94 29.1 22.47 19.21 25.50 25.18 20.40 27.80

47 3.61 33.02 14.14 3b.1 . 15.13 25.71 27.02 20.25 19.80 16.28

48 29.12 34.06 28.32 42.20 10.82 35.34 28.28 14.14 22.14 11.18

49 19.80 39.05 30.02 46.JV 14.14 38.60 33.00 19.10 26.17 6.00

50 15.00 44.05 23.71 45.b4 25.63 35.34 38-21 31.30 31.14 20.62

51 23.77 49.03 35.69 55.08 23.77 46.10 42.76 29.73 35.36 9.22

52 19.42 45.45 24.08 45.09 31.26 34.83 40.22 36.14 34.00 28.79

53 9.22 38.60 18.97 40.d 19.92 30.68 32.65 25.50 25.46 17.00

54 25.00 23.02 13.42 11.0) 30.61 10.05 21.59 29.83 21.63 40.85

55 16.64 27.31 8.25 2&.Iq 25.24 15.00 23.54 26.57 20.10 32.76

FIGURE 24
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a1 24 23 24 25 26 27 28 29 30

1 19.24 18.79 18.60 Z6.40 16.40 e2.02 25.08 25.61 14.76 11.18

2 20.00 16.76 15.62 ?3.1L 14-Z%7 19.00 24.52 22.67 11.66 9.22

3 24.08 12.37 11.66 23.4q 17.0 17.46 21.19 18.60 8.25 5.00

4 17.00 19.65 17.69 23.19 12.81 19.24 27.46 24.76 13.45 12.17

5 17.26 20.62 19.85 26.1 15.26 Z2.20 27.07 26.9l 15.81 13.00

6 IJ.334 23.09 19.24 20.04 d.06 17.46 32.02 26.08 14.76 16.00

7 21.59 15.00 11.40 14.41' 13.00 14.04 25.08 18.44 7.07 8.54

8 23.02 14.32 14.76 2b.*3 17.80 20022 21.38 21.63 11.40 6.71

9 15.00 21.59 19.21 24.04 11.66 19.65 29.43 26.25 14,87 14.14

10 9.00 27.46 24.19 2J.z 10.00 21.95 35.36 31.06 19.72 20.10

11 10.49 21.93 21.26 27.uR 15.65 23.3b 28.02 28.32 17.20 14.32

12 4A.72 8.60 11.00 29.1* 32.06 22.1# 17.26 7.81 15.13 15.62

13 24.44 12.81 17.12 31.jQ 24.21 25.30 16.00 23.09 15.13 7.07

14 44.17 12.04 19.70 30." 39.46 31.76 9085 18.38 22.80 19.10

15 11.89 20.22 14.56 15.1# 7,28 11.70 30.87 21.02 10.20 14.32

16 39.01 6.71 15.81 34.6t 31.95 27.59 6.40 18.44 17.03 10.44

17 36.40 5.10 5.39 24.10 26.00 17.49 17.49 7.00 9.00 10.09

18 24.19 16.55 9.00 14.U4 12.17 7.07 28.60 14.87 5.39 12.81

19 24.86 8.25 5.39 21.e1 19.24 14.42 20.00 12.21 3.61 5010

20 4.47 34.01 29.12 2d.41 9.22 23.43 42.95 35.47 24.74 27.07

21 9.0 36.35 3.31 26.94 13.45 27.59 44.28 38.91 27.86 29.07

22 36.35 0.0 9.22 20.44 27.46 21.26 12.81 12.04 11.18 7.62

23 3Ad31 9.22 0.0 l9.'4 21.10 12.21 22.02 7.07 4047 10.06

24 20.93 28.43 19.42 O.U 13.93 7.21 4104 21e84 17.69 25.81

25 13.45 27.46 21.10 13.V 0.0 1%.21 38.08 26.93 17.00 21.54

26 27.59 21.26 12.21 7.21 14.i1 0.0 33.94 15.13 10.82 19024

27 44.28 12.81 22.02 41.08 38.08 33.94 0.0 23.77 23.43 16.

28 30.91 12.04 7.07 21.*% 26.93 15.13 23.77 0.0 11.40 16.16

29 21.8o ll.ld 4.47 17.ov 17.00 10.82 23.43 11.40 000 8.$4

30 21.07 7.62 10.05 25.d1 21.54 19.24 16.55 16.16 8054 000

31 24.35 13.34 8.06 17.'# 14.14 11.40 24.70 1500 3.61 8049

32 33.14 8.54 15.30 34.2u 27.29 2b.55 11.18 20.10 14.76 6.40

33 33.0* 4.24 10.44 20.J4 2530 21.40 13904 15.13 10.63 4000

34 26.17 12.81 15.52 20.ost 21.40 2.80 18011 21.93 13.00 5.83

35 23.26 30.63 21.93 4.,? 11.05 10.20 42.d0 25.32 19.42 26.87

36 19.10 24.70 17.12 Y.0) 6.66 8.60 36.36 22.20 13.60 20.00

37 7.21 33.84 31.62 30.od 16.76 29.68 40.01 38.b0 27.20 26.25

38 36.69 12.04 19.65 30.04 31.06 30.02 9.22 24.00 19.24 10.82

39 42.54 22.20 30.36 41.11 40.36 40.71 13.00 34.23 29.97 21.07

40 35.00 27.20 33.06 M0.14 36.36 40.79 22.63 38o64 31.06 23.0;

41 11.66 26.02 20.88 17.40 4.12 16.40 35.74 27.31 16.49 19.42

42 11.11 1u.25 15.62 210.S 12.04 17.12 26.93 22.67 11931 11.90
4$ 24.46 16.64 21.21 38.Zt 26.17 20.86 17.46 27.20 19.03 i.18
44 21.19 20.00 21.47 3O.Dv 20.25 26.00 24.08 28.30 18.03 12.73
45 29.15 10.63 15.03 3.U04 23.85 23.77 16.13 20.88 13.34 5.00

4b 27.29 21.63 25.71 37.J 27046 32.25 21.54 31.95 23.09 15.81

47 15.65 2b.Ob 24.84 30.0V 17.72 26.68 30.07 31.89 20.81 17049

48 15.65 30.36 i3009 11.*9 4.47 13.93 41.59 28.16 19.42 25.06
49 19.20 34.37 28.07 17.6b 7.00 20012 44.60 33.73 24.00 2d.16

50 17.46 3b.81 36.24 39.o4 26.08 37.34 38.60 43.28 32.20 28.*3

51 7.28 43.10 38.33 2V.71 17.89 31.91 51.48 44.60 33.96 36.00

52 2i.94 36.88 39o36 40.Uj 33.14 42.76 36.72 46.14 35.85 30.0j

53 18.87 30.53 30.48 34.4$ 21.02 31.62 34.53 37.54 26.40 23.0Z
54 41.48 16.49 25.08 4.d8u 37.44 3b.Ob 7.21 28.44 25.24 17003
b5 34.70 18.97 25.00 Jyq*v 31w14 :J.53 16.12 30.41 23.35 16.03
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ACE IX
---- ---- m - ------- ---- --- ---- 0 -- --- ---- ---- --- -- ---- ----------- ---- ---

a1 32 33 34 35 36 37 38 39 40
------.m.-.----------------------- ----------------------------------- ------........--- am------

1 11.70 14.00 14.87 7.00 25.63 18.03 15.30 16.49 24.41 20.12
2 8.54 13.34 13.15 6.7k 23.26 15.65 17009 16.55 25.50 22.47
3 6.08 10.30 9.00 5.37 23.60 16.28 21.54 14.21 24.21 2J.3b
4 19.00 16.28 16.12 V.49 22.14 14.56 14.32 19.31 27.80 23.11
5 12.53 16.00 16.76 9.UU 25000 17.46 13.34 18.44 26.08 21.19
6 11.18 20.88 2002 14.J4 18.25 11000 12.73 24.17 32.80 28.30
7 3.61 140.42 1237 9.4 19.42 12.04 20.25 18.44 28.43 26.93
8 9000 10.2O 10.44 396k 25.55 18.03 19.65 13.42 22.63 2062
9 11.31 18025 18.11 11.49 21.59 14.14 12.53 21019 29.41 24.70
10 16.12 24.19 24.08 17.0b 21902 14056 7*U1 26.93 34.48 28.32
11 13089 17.03 18.03 19.0$ 25.71 18.25 12.17 19.24 26.42 20081
12 18.44 17.00 12.81 21"t 32.28 28.07 41,1k 19092 29.07 35.47
13 13.93 5.39 8.60 2.8l 31.62 24.21 2402 7.28 16.28 16.00
14 25.32 16.55 15.13 23009 41.63 36.40 45.12 1703 22.85 32.02
15 7000 20.25 18.03 14.87 14.32 b.71 18.44 24.21 33.97 31.38
16 18.36 6.32 6.71 13.15 36.40 30.02 35.36 7.21 16.00 22.03
17 13.17 13.15 8.25 15081 27.31 22.36 34s89 17.00 27.29 31.78
18 4.47 19.21 15.62 15.01 *4.21 8.25 24.76 23.60 34.13 33.73
19 5.10 11.18 7.07 10.20 22.80 16.55 27.29 15.65 26.40 28.00
20 21.38 31.78 31.06 26.09 18.79 14.87 10.20 34o79 42.54 36.07
21 24.35 33.14 33.06 20.11 23.26 19.10 7021 35.69 42.54 35.00
22 13.34 8054 4e24 11.5k 30.53 24.70 33.84 12004 22.20 27.20
23 8.06 15030 10.44 lb.54 21.93 17.12 31.62 19.65 30.36 33.06
24 17.49 32.20 28.32 28.64 4.47 9.06 30.68 36.62 47.17 46.17
25 14.14 27.29 25.30 21.40 11.05 5.66 16.76 31.06 40.36 36036
26 11.40 25.55 21.40 2.dO 10o20 8.60 29.68 30.02 40.71 40-79
27 24070 11.18 13.04 18.1t 42.80 36.36 40.01 9.22 1300 22.63
28 15000 2010 15.13 21.9$ 25.32 22.20 3C060 24.00 34.23 38.64
29 3o61 14.76 10.63 13.00 19.42 13.60 27020 19.24 29.97 31.06
30 8.49 6.40 4000 5.5$ 26.87 20.00 26.25 10082 21.47 23.02
31 0.0 14.87 11.66 11.40 18.38 11.66 23.60 19.21 29.68 29.43
32 14.87 0.0 5.00 7.00 33.24 26.25 29.15 4*47 15.23 18068
33 11.66 5.00 0.0 5060 29.83 23.32 30.08 9.22 19.92 23.54
34 11.40 7000 8.60 0.0 28.84 21.40 22.20 9.85 19.10 18.11
35 18.35 33.24 -29.83 25.d* 0.0 7.62 27.66 37.54 47.80 45.69

36 11.66 26.25 23032 21.49 7.62 0.0 21.93 30.41 40o46 38.08
37 23.60 29.15 30908- 2d.0 27.66 21.93 0.0 31.02 36.69 28.30
38 19.21 4.47 9.22 9.85 37o54 30.41 31.02 0.0 10.77 15.65
39 29.68 15.23 19.92 19.10 47.80 40.46 36.69 10.77 000 11.70
40 29.43 18068 23.54 18.11 45.69 38.08 28.30 15.65 11.70 000
41 13.15 24.70 23.35 18.jb 15.00 8.54 13.42 28.18 37.01 32.45
42 7.81 15.81 15.00 9.40 20o62 1300 16.12 19.24 28.32 25.05
43 11.46 8.49 12.53 O.OU 34.48 26093 23.19 8.25 14.42 12.04
44 15.30 13.60 15.81 7.02 29.73 22.14 16.03 15000 21.47 16.12
45 18.53 4.00 6.40 3.00 30.61 23.35 25.18 7.21 17020 18.03
46 21.02 13.45 17.49 19.0l 36.77 29.15 21.19 12.53 15.52 8.94
47 17.49 19.42 21.02 12.6b 28.28 21.02 10005 2100 26.93 19080
48 11.09 31.06 28.64 25.50 7.62 6.00 20.22 35.00 44.55 40.82
49 21.10 33.62 32.02 210.9 13.60 11070 16012 37.12 45080 40.46
50 28.84 29.07 31.62 2A.0U 37.12 30.59 10.44 29.41 32.02 21.59
51 3959 40.31 40000 33.J8 25.50 23o32 13.60 42.95 49e77 41.U8
52 32.a9 29.00 32.65 24.41 44.05 37.01 18079 28.02 27966 16.12
53 23.02 24.35 - 26o42 17.89 32.00 25.18 7.81 Z.32 29.61 20.59
54 25050 10.63 14.76 10.14 43.86 3o.80 36.35 6.40 6.08 1S.62
55 23.14 10.44 15.30 lO1 39.45 31.91 26.93 7o81 9.85 8.25
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41 44 43 44 45 46 47 48 49 50
---- ---- ---- ---- m -- - - wm -- - - - -- - - -- - - -- -- -------------- m mm m

1 13.73 5.10 10.00 4.14 10.00 11.18 6.40 20.81 21.40 17.69

2 11.66 2.83 11.40 71.0 9,49 13.60 9.22 19.10 20059 20.62

3 1%56 6.00 11.40 i.l 7.07 15.00 13.45 20.81 23.41 24.76

4 9.22 2.24 13.45 7.o0 12.37 14.76 7.62 17.20 18.03 1b87

5 11.40 5.10 11.66 v.00 12.00 12.21 5.00 19.72 19.85 16.40

6 4.24 5.10 18.44 11,kt 17.09 19.42 10.05 12.53 13,04 19.92

7 11.05 4.24 15.23 12.04 11.31 18.25 13.89 16.64 19.65 25.24

8 16*76 5.83 8.94 .Yj 6.32 12.04 10.82 21.93 23.71 21.93

9 1.81 3.61 15.00 V.bO 14.32 15.81 7.07 16.12 16.40 17.89

10 6.Od 9.22 20.12 13.u4 20.22 19.85 8.60 14.14 12.21 16.12

11 11.66 6o32 12.08 b.O 13.04 12.04 3.61 20.12 19.80 15.00

12 31.58 25.08 k5.24 2#.J4 19.21 30.23 33.02 34.06 39.05 44.05

13 21.10 12.21 4.12 O.2! 2.24 8.94 14.14 28.32 30.02 23.71

14 30.05 30o07 24.70 30.00 20.25 29.41 35o74 42.20 46.39 45.62

15 6.32 6.32 20.25 15.b 17.03 22.47 15.13 10.82 14.14 25.63

16 29.83 21.21 14.42 ly.94 10.20 19.21 25.71 35o34 38.60 35.34

17 25.32 18.79 20.62 2a.01 14.32 25.50 27.02 28.28 33.00 38.21

18 12.53 10.44 21.84 lyOU3 17.00 25.18 20o2S 14.14 19.10 31,30

19 18.03 11.18 16.03 19.14 10.05 20.40 19.80 22.14 26.17 31.14

20 8.26 16.12 28o18 21.1v 27.89 27.80 16.28 11.18 6.00 20.62

21 11.66 18.11 28.46 21.19 29.15 27o29 15.65 15.65 10.20 17.46

22 26.02 18.25 16.64 20,0Q 10.63 21o63 25o06 30.36 34.37 36.81

23 20.88 15.62 21.21 2.4.! 15.03 25.71 24,84 23.09 28.07 36.24

24 17.46 21.38 j4.54 30,b9 30,02 37.36 30.00 11.40 17.69 39.62

25 4.12 12.04 26.17 20.21 23.85 27.46 17.72 4.47 7.00 26.08

26 10.40 17.12 28.86 2i 0q 23.77 32.25 26.68 13.93 20.12 37.44

27 35.74 26.93 17.46 24.U8 15.13 21.54 30.07 041.59 44.60 38.90

28 27.31 22.67 27.20 20..0 20.88 31.95 31.89 28.16 33.73 43.28

29 16.49 1%.31 19.03 1.03 13.34 23.09 20,81 19o42 24.00 32.20

30 19.42 11600 11.18 12.74 500 15.81 17.49 25.06 28.16 28.43

31 13.15 7.81 17.46 lbo,3 12.53 21.02 17.49 17.09 21.10 28.84

32 24.70 lb.81 8.49 13.60 st.00 13.45 19.42 31.06 33.62 29.07

33 23.35 15.00 12.53 1.81 6.40 17.49 21.02 28.64 32.02 31o62

34 18.36 9.43 6.08 7.2% 3,00 10,20* 12.65 25.50 27.29 23.02

35 15.00 20.62 34.48 2'f,1O 30.61 36.77 28.28 7.62 13.60 37.12

36 8.54 13.00 26.93 Z4.1k 23.35 29.15 21.02 6.00 11.70 30.b9

37 13.42 16.12 i3.19 lO.UJ 25018 21.19 10.05 20.22 16.12 10.44

38 28.18 19.24 8.25 Ib.UQ 7.21 12.53 21.00 36,00 37.12 29.41

39 31.01 28.32 14.42 21.47 17.20 15.52 26.93 44.55 45.80 32.03

40 32.45 25.08 12.04 16.14 18.03 8.94 19.80 40.82 40.46 21.69

41 9.0 8.94 22.67 1.4u 21.02 23.60 13.60 8.54 8.94 22.20

42 4.94 0.0 14.21 9-24 12.08 16.16 9.85 16.28 17,89 21.10

43 22.67 14.21 0.0 7.22 6.J2 5.00 13.15 30.18 31.40 21.19

44 10.40 9o22 7.28 0.0 9085 7.21 6.00 24.70 24.76 lb.81

45 21.02 12.08 6.32 V,8* 0.0 11.18 15.52 27.80 29.97 25.5b

46 23.60 16.16 5.00 7.21 11.18 0.0 11.66 31.91 31.83 17.26

47 14.60 9.85 13.15 9.02 15.52 11.66 0.0 22.14 20.81 11.40

48 8.54 16.28 30.48 2*079 27.80 31.91 22.14 0.0 6.40 30oU0

49 8.94 17.89 31.40 24.1 29.97 31.83 20.81 6.40 0.0 26.40

so 2a.20 21.10 21.19 1).d1 25.55 17.26 11.40 30.00 26.48 0.o

51 17.46 25.00 35.74 20.4q 36.35 3,.44 22.85 18.44 12.04 22.90

52 29.07 25.71 20.52 17.'? 26.25 15.62 16.12 37.34 34,48 8.60

53 11.00 15.26 17.12 10.I1 20.62 14.14 5.66 25.18 22.47 5.83

54 36.4e 25.55 13.15 29.42 13.60 16.12 26.31 41.40 43.42 33.38

SS 27.5i 19,21 5.00 11, l 10.05 b.00 17,09 35.47 36,24 23.19
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-- I -- ... .. .. .. . .. . .
61 52 53 b4 55

*------------------- -------------------------

1 20.48 21.19 12.04 23.4' 14.87

2 27.07 24.35 14.87 2R.d3 16.40
3 31.00 27.73 19.10 20.b4 16.16

4 24.08 23.54 13.04 2S.bU 18.38

5 24.5Z 20.62 10.63 24.3) 16040

6 20.02 26.02 14.32 30.%t 23.35

7 28.16 29.41 19.42 24.d4 20.12

8 30.15 24.60 16.40 IV. f 13.89

9 2a.09 23.19 12.08 27.31 19.85

10 16.12 23.19 11.05 32.U9 24.70

11 23.77 19.42 9.22 25.09 16.64

12 49.03 45.45 38.60 23.U 27.31

13 3569 24.08 18.97 14.1# 8.25

14 55.04 45.00 40.85 11.09 24.76
15 23.77 31.26 19.92 30.61 25.24

16 460.10 34.83 30.68 19.0) 15.00

17 44.76 40.22 32.65 21 .b9 23.54

18 29.73 36.14 25.50 29.Ul 26,57

19 3S.36 34.00 25.46 21.b$ 20.10

20 9.22 28.79 17.00 40.5) 32.76

21 7.28 25.94 14.87 41.46 32.70

22 44.10 36.88 30.53 10.4f 18.97

23 30.33 39.36 30.48 25.U8 25.00

24 29.70 46.04 34.23 4d.59 39.40

25 17.89 33.14 21.02 3f.45 31.14

26 31.91 42.76 31.62 39.0 33o53

27 51.48 3b.72 34.53 7.d! 16.12

28 44.60 46.14 37.54 20-41 30.41

29 33.96 35.85 26.40 2b.2% 23.35

30 36.00 30.23 23.02 170UJ 15.03

31 30.59 32.89 23.02 25.bO 22.14
32 40.31 29.00 24.35 10.b$ 10.44

33 49.00 32.65 26.42 14.16 15.30

34 33.38 24.41 17.89 16.14 10.77

35 25.50 44.05 32.00 43.Uo 39.45

36 23.32 37.01 E5.18 30.80 31.91

37 13.60 15.79 7.81 3j0j. 26993

38 4a.95 28.02 25.32 0.4u 7.81

39 49.7T 27.66 29.61 6.08 9.85

40 41.88 16.12 20.59 16.04 8.25

41 17.46 29.07 17.00 34.40 270'9

42 25.00 25.71 15.26 25. 19.21

43 35.74 20.52 17.12 13.15 5000

44 28.46 17.89 10077 20049 11.66

45 36.35 26.25 20.62 13.t0 10.05

46 34.44 15.62 14.14 16.14 6.00

47 23.85 16.12 5o66 26.31 17.09

48 18.44 37.34 25.18 41.40 35o47

49 11.04 34.48 22.47 44.#4 36.24

50 2a.80 8.60 5.83 33.30 23019

51 9.0 31.40 21.40 46.16 39e92

52 31.40 0.0 12.17 3U.46 20.59

53 21.40 12.17 000 J.00 20.10

54 40.76 30.46 30.00 0.0 10.20

55 39.92 20059 20.10 1O.e0 000
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FIGURE 24

(continued, page 9)

SUBPROGRAM NATBLD HAS BEEN CALLED TO GENERATE 
A COVER MATRIX

THE HAXIHUM DISTANCE/TIHE OF 10.00 HAS BEEN UTILIZED
.eeeoe*eGO*eO**O6 %eeeeeeeBjeeoeiooeeee
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FIGURE 24
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ITERATION NUMBER, I
GAS PLANA" EXAMRLE ONE

NUMBER OF FACILITIES I

SERVICE DISTANCE a 10.000

NEW 1ACILITY LOCATION NUMBER 2

FACILITIES ARE LOCATED AT 2,
---------- ---- ------------- --------------- --------- -------------



GAS PLANA EXAMPJI ONE

FACILITIES ARE LOCATED AT 2,
PRIMARY DISTANCE a 10.00
SECONDARY DISTANCE - 15.00

0 .PRIMARYSECONARYoPOPULATION*POPULATIONOLARGEST9' *WTsDISTWToDIST* *WT.DISTO TOTAL 0

PARTITION.FACILIrY*SERVED * SERVED * OUTSIO t IN *TRAVELEO NODE .PRIMARYTSECONDAHYOUTSIOEOWEIGHTE
U

NUNUER * NUMBER 0 POP. 0 POP. OSEC0NOAIY *PARTITION ODISTANCEONUM ER-COVEREDt COVERED *PRIIARY-DISTANCE-

1 2 4130.00 730.00 1540OU 6400.00 28.3 14 17129.2 8872.5 41177. 58306.

4130.00 730.00 1b40:0O 6400*00 17129.2 8872.5 41177. 5B306.

PARTITION 1 FACILITY 2
*0 1 0= 3.20* 2 Ou 0.00* 3 0 4.5** 4 Do 3.0"0 5 On 4200 6 Us 7.6

* 7 On .1"* a D 3.2"0 9 0 5.0"* 10 On 11o0*0 )1 0 5.7"o 12 On 24.2

* 13 On 9.4"* 14 On 283*0 1 O 8900 lb 0 19.00* 1? DR 180"0 lb 00 12.0

* 19 On 10.6"* 20 0 18.4" 21 O 200" 22 On 16.80 23 On 156"0 24 ON 23.8

* 25 0 14.9"* 26 00 19.00" 27 O 24.5*0 28 O 22.7"0 29 D 11.70* 30 Do 9.2

0 31 Do 8.5" 32 O 13.3"* 33 Do 13.2** 34 On 670" 35 D .23.30" 36 0 15.7

* 37 D 17.1" 3u D 16.6 °0  39 0 25.b** 40 0 22050* - 41 OR 117"* 42 O 208

f 43 On 11.4"* 44 O 7.000 45 0 9.5*' 46 0 13.600 47 On 9.2"0 48 ON 19.1

* 49 D 20.6"0 50 D 20.6 0" 51 O 271"* 52 O 24.4 0 53 On 14.9"*- 54 DR 22,8

* 55 On 1.40

FIGURE- 24
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FIGURE 24
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ITERATION NUMBER9 2
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 2
SERVICE DISTANCE m 10000

NEW FACILITY LOCATION NUMBER 22

FACILITIES ARE LOCATED AT 2. 22,
------------------------- ww----- ----------- ------------- --------- a

POPULATION SERVED 4840.00 PEOCENT OF TOTAL POPULATION SERVED 75062
aaaaaaaaaaaaaaa ma ----- m ----------- em - ---------

SUBSTITUTION ALGORITHM USED

NODE 4 REPLACES FACILITY LOCATION 2
THIS IS NOW FACILITY NUMHER I

FACILITIES ARE LOCATED AT 49 22,
n------------- - ------ m-- - P--------- m -- m -------- m-------------------aa

POPULATION SERVED 4880*00 PERCENT OF TOTAL POPULjATION SERVED 76,a5
------------------------- "----------m-------eeeeeeeeeeeeeeeeeeeee



GAS PLANAR EXAMPLE ONE

FACILITIES ARE LOCATED AT 4. 22,
PRIMARY OISSANCE a 10.00
SECONDARY DISTANCE a 15.00

0 o*PHIMARYSECONARYOPOPULATIONOPOPULATIONOLARGESTP* -WT.DISTtWT.DST. *WTDIST* TOTAL '

PART1TION*FACILITYOSERVED - SERVED * OUTSIDE ? IN *TRAVELED& NODE *PRIHARY? ECONDARY'OUTSIOE'WEIGHTEOO

NUMBER * NUMBER * POH. * POP. *SECONDARY ?PARTITION *OISTANCEONUMSER-COVEREDT COVERED OPRIMARY'DISTANCE*

1 4 4110.00 5100.0 5o0.O0 5200.00 24.1 51 18426.0 6666.8 18035. 36461.

2 22 770.00 30.O0 6000 1200000 22.2 39 S114.l 4407.2 5625. 10739.

4880000 880.00 640.00 6400o00 23540.1 11074.0 23660. 47200.

PARTITION 1 FACILITY 4
I' 1 On 3.6"0 2 0 3090 3 Do 7.3*0 4 O 0.0" 5 o 3.00" 6 Un 50

? U s. 6.49 b 0 6.100 9 o 2.000 10 O 8000" 11 0 41"* 13 o 1291

* 15 0n 0.1" 18 On 12.6** 20 O 15.50" 21 D 1740. 24 0 23*2** 250" 12.8

0 26 On 19.2 o" 31 D 100"* 34 0. 905 0 3S Do 2210" 36 On 14•b.6 37 0 14.3

* 40 Do 2370" 41 On 92"* 42 Do 22" .43 O 13.5"• 44 08 7.600 46-00 14.8

* 47 O 1.6o" 45 0 17.2" 49 0. 18.00 0 5 0. 189"* 51"00 24.1 01 52 DR 23.5

* 53 0 13.00* 55 On 18.4"0
PARTITION 4 FACILITY 22
*' 12 0- 8.600 14 On 12.0"_ 16 0. 60.7" 17 0 5.1" 19 0 8.20" 22 a. 0.0

* 23 0 9.200 27 O• 12*80 28 0. 12.00 29 o 11.2"0 30 On 7.6"*o 32 On 8.5

* 33 0. 4.20 36 Do 12.0"* 39 0o- 222 0 45 0 1060 54 0. 165"*

FIGURE 24

(continued, page 13)



FIGURE 24

(continued, page 14)

ITERATION NUMBER. 3
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 3
SERVICE DISTANCE a 100000

NEW FACILITY LOCATION NUMBER 36

FACILITIES ARE LOCATED AT 4, 22, 36*

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee---- --------------------------

POPULATION SERVED 5340.00 PEOCENT OF TOTAL POPULATION SERVED 83.*4

SUBSTITNTION ALGORITHM USED

NODE 2 REPLACES FACILITY LOCATION 4
THIS IS NOW FACILITY NUMBER 1

FACILITIES ARE LOCATED AT 29 "22, 36.
eeeeeeeeeeeeeeeee eeeeeeeeeeee -eeee w --- e ---------eee-

POPULATION SERVED 5340.00 PE*CLNT OF TOTAL POPUUATION SERVED 83.44

SUBSTITUTION ALGORITHM USED

NODE 20 REPLACES FACILITY LOCATION J6

THIS IS NOW FACILITY NUMBER 3

FACILITIES ARE LOCATED AT 2, 22, 200
e ee e e ee e ee ee Cm weewwe ee e ee eeeeee

POPULATION SEVVED 5370.00 PENCLNT OF TOTAL POPULATION SERVED 83o9I
m. w. ------- oee eee w --- m --eeeeeeeeeeeeee eeeeee e -eee e e -eeeeeeee mewee



GAS PLANAR EAAHRLE ONE

FACILITIES ARE LOCATED AT 2. 22, 309
PRIMARY DISTANCE a 10.0
SECONDARY DISTANCE z 15.30

* p*RIMARYSECONARYPOPULATION;POPULATIONLARGEST. *WT.DISTWT.DIST* *WT&DIST* TOTAL *

PARTITION*FACILITYebERVEO * SERVED * OUTSIDE t IN *TRAVELED* NODE .PRINARYI$ECONDARY0OUTSIOEOWEIGHTEU*
NUMBER 0 NUMBER * POP. * POP. *SECONDAqY *PARTITION *DISTANCE*NUHaBERCOVERED? COVERED *PRIMARY*DISTANCE*

1 2 4070.00 1900u0 180.OU 4440.00 24.4 52 16576.0 2365.6 60411 22604.

2 22 770.00 340.00 00.00 1170.00 22.2 39 5114.1 4088.3 b306. 10420.

3 20 530.00 130.00 130.OU 790.00 22.5 24 3297.1 Ib88b 4326. 7623o

5370.00 660.00 370&0U 6400.00 24987.2 8042&5 15660. 40647o
PARTITION 1 FACILITY 2

1 On 3.2* 2 O 0.00 3 Ou 4-ht* 4 0= 3.090 5 O 4.20* 6 Do 7.6

0 7 O S.1*0 a o 3,2*0  9 0n 5.00* 11 O 5.7T* 13 O 9,40. 15 DO 8.9

a Is On 13.000 2b On 19.000 31 0. 8.5'0 34 D 60700 40 0 22o5*0 42 00 2.8

o 43 D 11.400 4* D 7.00 45 O- 9.5"0 46 On 13.600 47 On 9.200 50 D 20.6

* 52 O. 24.400 53 DO 14.*90 55 On 16.40"
PARTITION 4 FACILITY 22
*0 12 On .60 14 O 12.000 16 on 6.700 17 On 5o100 19 03 8.2"e 22 On 0.0

0 23 On 9.2,0 27 Do 12.8" 28 On 12.0** 29 O 11.200 30 On 7.600 32 On' 8.5

* 33 O 4.2 ° " 3d D 12.000 39 On 22.20* 54 On 16050*
-PARTITION 3 FACILITY 20

00 10 On 8.100 20 o O0.00 21 O 4.50 24 D 22.5"0 25 DO.- 9.200 35-0. 18.8

* 36 On 14.9"* 37 D 10.200 41 D- 8.2** 48 D" 112"* 49 Us 6o000 51-0 9*2

FIGURE 24

(continued; page 15)



222

'FIGURE 24

(continued, page 16)

ITERATION NUMBER* 4
$AS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 4

SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMBER 36

FACILITIES ARE LOCATED AT 2. 22, 20. 369--------------------------------------------------i-------------------------------

POPULATION SERVED 5750.00 PEOCL19T OF TOTAL POPULATION SERVED 89o#4

SUBSTITUTION ALGORITHM USED

NODE 21 REPLACES FACILITY LOCATION to
THIS IS NOW FACILITY NUMBER 3

FACILITIES ARE LOCATED AT 2. 22, 21.9 369
-------------------- -0--------------------------------eeeeeeeeeeeeeeeeeeeeeeeee

POPULATION SENVLD 5770.00 PENCENT OF TOTAL POPULATION SERVED 90.16
---------------------------------- e----- --------a"a---------------



GAS PLANAR EXAMPLE ONE

FACILITIES ARE LOCATED AT 29 22. ait 369

PRIMARY DISTANCE a 10.00
SECONDARY OISTANCE n 15.00

* .pRINARY.SECONDARYOPOPULATIONOPOPULATIONOLARGEST' *WT.OISTWT.DIST. *dT.OIST* TOTAL *

PARTITIONOFACILITYebERVED * SERVED 9 OUTSIDE ? IN *TRAVELED* NODE FPHIMARY? ECONDARY.OUTSI
O E-WEI GHTE D-

NUMBER 0 "UMBEH * POP. * POP. OSECONDAVY TPARTITION -DISTANCEONUMBEA-COVERED? COVERED *PRIIARY-DISTANCE-

1 2 39SO.00 90.00 5O.O0 4120.00 24.4 57 15S02.7 1161.4 2875. 18378.

2 22 770.00 340.00 60.00 1170.00 22.2 3; 5114.1 4088.3 5306. 10420.

3 21 430.00 30.00 30.OU 490.00 11.5 5s 2511-4 305.9 830. 3341.

4 36 620.00 0.0 0.0 620.00 9.1 24 '11.3 0.0 0. 4311.

b770.00 460.00 170.00 6400.00 27439.6 SSS5.7 9012. J6451.

PARTITION 1 FACILITY 2
I0 1 0n 3.2*9 2 Do 0.0** 3 On 4.b6 4 On 3.00 6 D 4.2"0 6 Hm 7.6

* 7 o e0 8 DO 3.200 9 On 5.00 11 on 5.7* 13 o 9.6*0 31 DO 8.5

* 34 o 6.o0 40 On 22.5O 0 42 Do 2.8*" 43 0n 114"* 44O0 7.O00 45 0n  9.5

S46 D 1J.6*0 47 DO 9.200 S2 D 24.4** 53 On 14.9" S On 16.4"*

PARTITION A FACILITY 22
00 12 On Bo* 14 On 12.0" -16 o 66709 17 on 5 .1* 19 On 8o20* 22 as 000

* 23 On 92"* 27 Do 1200* 28 0. 120O** 29 O 11.200 30.0- 7.60* 32 00 8o5

* 33 00 4.2°0 3v On 120"o 39 D. 22.2" 54 On 16.5"0

PARTITION 3 FACILITY 21
D* 10 o 9.000 20 Us 4.S" 21 0 0.00 37 O 7.2" 49 Do 10.2* SO UO 17.S

C 51 On 73"°

PARTITION 4 FACILITY 36
o0IS On 6.7* o 18 On 82"4 24 o - 9ol* 25 O 5*7** 26 0. 86"o 35 0 7o6

0 36 On o."* 41 0- 8.5" 48 0 60"

FIGURE 24

(continued, page 17)



GAS PLANAR EXAMRLL ONE

FACILITIES ARE LOCATED AT 2. 1?. 219 309 2?.
PRIMARY DISTANCE a 10.00
SECONDARY DISTANCE a 15.00

* *PHIMARYOSECONDARY'POPULATION'POPULATIONOLARGEST9' *WT.OIST?WT.DISTs OWT&DISTO TOTAL *

PARTITION*FACILITYO$ERVEU * SERVED * OUTSIDE IN *TRAVELED* NODE oPRIMARYbECONDARY'OUTSIOE-WEIGHTEO*
NUMBER 0 NUMBER 0 POR. 0 POP. -SEC0NOAqY !PARTITION -DISTANCE-NUMBER-COVEREOD COVERED *PRIMARY*DISTANCE*

1 2 4010.00 9000 60.00 416000 24.4 52 160559 1161.4 2547. 18603.

2 17 b70.0O 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845.

3 21 430.00 30.00 3000 490.00 17.b 50 2511.4 305.9 830. 3341.

4 36 620.00 0.0 0.0 62000 9.1 24 4311.3 000 0. 4311.

5 27 350.00 90.00 20.OU 460.00 16.1 55 2399.2 1079.0 1402. 3801.

0080.00 10.00 l10.0U 6400.00 29122.9 db4604 4779. 33902.

PARTITION I FACILITY 2
1o 1 DO 3o2"* 2 On 0.0" 3 D 40bob 4 On 3.0"0 5 On 42"* 6 IRS 7.6

T Do 5.100  8 Da 3.2 0  9 o- 5.00" 11 On 5.700 k3 D 9.40" 30 on 902

* 31 O. 8.500 34 On 6.7"0 40 On 22.5"0 42 D 2.800 43 On 11.4'. 44 D 7.0

4 Ab On 9.S0* 46 On 13.65" 47 Da 9.2"* 52 On 2440" 53 On 149"*
PARTITION a FACILITY 17

0 12 0 603"* 17 On 0.0'. 19 0n 7.6' 22 0n 5.1"o 23 On 5.4** 28 UP 7.0

* 29 On 90"0 33 On 82"o
PARTITION 3 FACILITY 21-

10 0n 9.0' 20 On 4.50 21 0n 0.0"* 37 Do- 7.200 49 On lO.2"* 50 9. 17.5

PARTITION 4 FACILITY 36 +

00 15 On 6.7"* 18 On 82 0 24 on 9.100 25 On 5070 -26 n 86"* 35 00 7.6.

* 36 On 0.00 41 Os 8 5 
°" 48 DO 6.0 "

PARTITION 0 FACILITY 27
0* 14 D 9.do 16 Do .40 27Dm 0.0"0 32 On 112"* 38 On 9o200 39 9n 13.0

* 54 On 7.2*0 5b D 16.100

FIGURE 24

(continued, page 19)
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FIGURE 24

'(continued, page 18)

ITERATION NUMHER, S
OAS PLANAR EXAMPLL ONE

NUMBER OF FACILITIES 5

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 27
FACILITIES ARE LOCATED AF 29 22, 219 36t 21*-

nnnnnnnnnnnnnnnm-----------nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn7

POPULATION SERVED 6010o00 PERCENT OF TOTAL POPULATION SERVED 93.91
--------------------m- ----------------------- t------

SUOSTITVTION ALGORITHM USED

NODE 17 REPLACES FACILITY LOCATION f2
THIS IS NOW FACILITY NUMBER 2
FACILITIES ARE LOCATED AT 2. 17. 21. 369 27,

POPULATION SERVED 6080.00 PERCENT OF TOTAL POPULATION SERVED 95.90
---- n-nI---n--n-------------n---nwn------- I---------- ......



FIGURE 24

(continued, page 20)

ITERATION NUMBERt 6
OAS PLANAO EXAMPLE ONE

NUMBER OF FACILITIE$ 6
SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMUER 55

FACILITIES ARE LOCATED AT 29 11t 21. 369 271 55.
- ------------------------------ ------ ----------------------------------

POPULATION SERVED 6250.00 PERCEqjT OF TOTAL POPULATION SERVED 97.66e------------------------- -------- -----mm--------- --- -----4m -------- --- --------- ------ Tm



GAS PLANA* EXAMPLL ONE

FACILITIES ARE LOCATED AT 29 1?, al. 39 27, 559
PRIMARY DISANCE a 10.00
SECONDARY DISTANCE = 15.00

O .PHIMARY.SECONDARY.POPULATIONoPOPULATIONLARGESTo *WT.DISTIWT.DIST. *WT*OIST* TOTAL 0

PARTITION*FACILITYOSERVED * SERVED 0 OUTSIOE ! IN OTRAVELEDO NODE .PRIMARY?bECONDARYOOUTSIDE0VEIGHTEOO
NUMBER * NUMBER * POP. 0 POP. *SECONDARY *PARTITION *DISTANCE*NUH8EROCOVEREDt COVERED OPRINARYeOISTANCEO

1 2 3870.00 20000 000 3890.00 14.9 53 14735.1 297.3 2970 15032.

2 17 670.00 000 000 67000 900 29 3845.1 000 O. 3845.

3 21 430.00 3000 30.00 490.00 17.5 50 2511.4 305.9 830. 3341o

4 36 620.00 000 0.0 620.00 901 24 4311.3 000 0. 43119

5 27 310.00 0.0 0.0 310.00 908 14 2030.4 0.0 0. 20390

6 55 350.00 50.00 Z0000 40e.O0 20.6 52 2570.7 b2200 934. 3505o

6250.00 100.00 5.00 640061 9 30004.1 1125.3 2061. J2065a

PARTITION 1 FACILITY 2
I 1 On 3,2°0  2 on 0.0 00 3 Do 4ob*e 4 0 .0"* 5 Do 4o20* 6 UN 7.6

* 7 On S.1" 8 Do 3.2" 9 On 5.0 11 On 5070 30 On 9.2'0 31 O 8oS

* 34 On  6.700 42 O 2.8 0 44 Os 7.000 45 Os 9.500 47 on 9.200 53 O 14.9

PARTITION a FACILITY 17
00 12 On 6.3*0  17 On 0o0 19 O 7.b6 22 O 5ol* 23 On So400 28 Us 70

* 29 Os 9.00 33 D 8200

PARTITION 3 FACILITY 21
00 10 on 9.000 20 On 4.50* 21 0 0.00 37 On 7.2.0 49 Do 10.2** 50 On 17.5

* 51 On 7.3*
PARTITION 4 FACILITY 36
*' 15 on 6.7"0 18 On 82"* 24 On 9*10• 25 0n -5700 26 On o6" 3b Do 7.6

* 36 0 0.0" 41 On 8.5*0 48 O 6e000
PARTITION 6 FACILITY 27

14 Do 9.b* 16 Do 6.4'* 27 Do 0.000* 54 Os 7.20*
PARTITION 4 FACILITY 55

0* 13 Do 8.20* 32 On 10.4 0 38 O ed." 39 D0 9.800 40 DO 8.200 43 V- 5.0

* 46 On 0.000 52 On 20.6*0  55 DO 000"0

FIGURE 24

-o,

(continued, page 21)
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FIGURE 24

(continued, page 22)

ITERATION NUMBER9 T
GAS PLANA EXAMPLE ONE

NUMBER OF FACILITIES 7
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMUER 50
FACILITIES ARE LOCATED AT 2. 17, 21. 369 279- 55v 50

-------------------------------------- ---- --------------- --- -------

POPULATION SERVED 6320.00 PERCENT OF TOTAL POPULUATION SERVED 9891k
--------- e=-e-e-eee--eee--eeme---e---e-em--------e-e--eme---- ------------ --------- ----



GAS PLANAR EXAMNLE ONE

FACILITIES ARE LOCATED AT 29 1T a1t 369 279 559 50,
PRIMARY OISTANCE a 10.00
SECONDARY DISTANCE a 15.00

0 FPHHARYOSECONARYPOPULATIONPOPULATIONOLARGESTe 0WT.OISTWT.OIST. *WT*DIST* TOTAL

PARTITIONOFACILITYbERVED * SERVED 0 OUTSIDE ! IN OTRAVELLD* NODE *PRIMARYtECONDARYOUTSIEOWEIGHTED-
NUMUER * (HUNB8E * POP. 0 POP. -SECONDA*Y ?PARTITION -OISTANCE-NUMSES*COVEREDT COVERED *PRIMARY-DISTANCE-

1 ! 3870.00 0.0 0.0 3870.00 9.5 45 14735.1 0.0 0. 14736.

2 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3d45o

3 21 o30.00 30.00 0.0 4b0,00 10.2 49 2511.4 J0509 306. 28170

4 36 620.00 0.0 0.0 6e0°00 9.1 24 4311.3 0.0 0. 4311.

5 27 310.00 0.0 0.0 310.00 9.d 14 2030.4 0.0 0. 2030.

6 55 350.00 50.00 0.0 400.00 10.4 32 2570.7 522.0 522. 3093.

7 50 70.00 0.0 0.0 70.00 8.6 52 288.7 0.0 0. 289.

6320.00 8000 0.0 6400.00 30292.8 828.0 828. 31121.

PARTITION 1 FACILITY 2
0 1 On 3.2 00 2 On 000 3 On 4-6** 4 On 3.000 5 On 4.20* 6 9N  7.6

* 7 0 Sle" a 0 3.2* 9 On 5.0"* 11 DR 5.70 30 D 9o200 31 F 8.5-

* 34 O. 6.7*0  42 O 2. 0 0 44 D. 700"* 45 O 9.50* 47 ON 9.200
PARTITION a FACILITY 17
0o 12 0. 6.3*0 17 0 000" 19 o 7.600 22 On 5.1*0 23 03 5.4"0 28 00. 7.0

* 29 Do 9.0- o 33 D 8.2**
PARTITION 3 FACILITY 21
*0 10 On 9.000 20 o 4.5"o -21 On 0.00* 37 0 7.20i 49 On 10.200 51 U 7.3

PARTITION 4 FACILITY 36 -

00 15 O 6.7"0 18 On 80.2" 24 On 9.1"* 2S 0 5.70* 26 on 8.600 35 o 76

* 36 O 9.0"* 41 00 8.5" 48 O 6000
PARTITION 6 FACILITY 27
*0 14 0- 9.8** 16 On 640 27 O 00"0 54 D 7200
PARTITION 0 FACILITY 55

1' 13 On  8.Z** 32 0 10.4 0 38 O 7. 0*" 39 D 9000 40 on 82 0 43 Us 5.0

* 46 DO 6. 0 * 55 on 000 0

PARTITION 7 FACILITY SO
00 50 O 0.00* 52 On 8.6 0  53 Do S00

FIGURE 24

(continued, page 23)
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FIGURE 24

(continued, page 24)

ITERATION NUMBEv a
GAS PLANAN EXAMPLE ONE

NUMBER or FACILITIES 8
SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT 2 111 21. 36, 27, 5S, 509 13.
-------------------------------------- ----------------------------------

POPULATION SERVED 6370.00 PEqCrI4T OF TOTAL POPULATION SERVED 99.b3
---- m--------- ------------------------------------------------ ---------------------..



GAS PLANAR EXAPLE ONE

FACILITIES ARE LOCATED AT 2, 17T a1 309 27 559 509 139

PRINARY DISTANCE u 10.00
SECONDARY DISTANCE a 15.00

* *PRIMARYOSECONDARY*POPULATION'POPULATIONOLARGEST9* *WT.OIST?WT.OISTo *VT.ODSTO TOTAL d

PARTITIONeFACILITY-bERVED 0 SERVED 0 OUTSIDE f IN *TRAVELED* NODE *PRINARYTECONDARY'OUTSIDE*WEIGHTEO

NUNBER 0 NUMBER v POR. - POP. *SECONDA*Y !PARTITION *DISTANCEONUMBEROCOVEREDf COVERED *PRIHARYODISTANCE*

1 2 3730.00 0.0 0.0 3730.00 9.2 47 13561.9 0.0 0. 13562o

2 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 384S.

3 21 430.00 30.00 0.0 460.00 10.2 49 2511.4 305.9 306 2817o.

4 36 620.00 0.0 0.0 620.00 9.1 24 4311e3 0.0 0. 4311.

5 27 310.00 0.0 0.0 310.00 S0.8 14 2030.4 0.0 0. 2030.

6 55 130.00 0.0 0.0 130.00 9.6 39 903. 0.0 0. 904.

7 50 70.00 0.0 0.0 70.00 8.6 b2 288.7 0.0 0. 289.

8 13 410.00 0.0 0.0 410.00 7.3 38 1358.o 0.0 0. 135d.

6370.00 30.00 0.0 6400.0U 28810.8 305.9 306. 29117.

PARTITION I FACILITY 2
0 On 32"0 2 On 0.0" 3 on 4.1** 4 Do 3.0"0 5 O 4o200 6 Wn  7.6

0 7 Do s.1" i Do 3.2"•  9 0. SO0 11 On S.7** 310O 8o50 42 DR 2.8

* 44 D 1.0,00 47 O 9.2"
PARTITION a FACILiTY 17
*0 12 0n 6.3"0 17 On 0.0"* 19 Do 7ot* 22 D Sol * 23 O 5.40 28 00 700

0 29 0 900 0 33 O0' .A0

PARTITION 3 FACILITY 21

* 10 0 9.0" 20 On 4. o" 21 0o  00 0 37 0 7.2"0 49.Dm 10.20 51 8' 7.3

PARTITION 4 FACILITY 36
0015 O b7"0 18 On 82"0 24 0 9.10* 25 Do 570 26 Do 8.600 35 UP T6

* 36 O 9.0-- 41 Do 8.50 48 Us 6.0"0
PARTITION S FACILITY 27
o 0 14 0. 9.us lo 0 6.os 27 on 00" 54 On 7.2"*

PARTITION 6 FACILITY 55
0 39 O 9.0" 40 On 6.20" 46 Do' bo0" SS 0 0"*
PARTITION I FACILITY 50
* 50 DO 0.00 52 0. .6*0 53 D b.d*"
PARTITION 8 FACILITY 13

13 O 0.0"* 30 O 1 o1 0 -32 D .4"' 34 O 28"* 38 0 7.3 0 43 n -4ol

' 45 0 4020

FIGURE 24

(continued, page 25)
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FIGURE 24

(continued, page 26)

ITEPATION NUMBER, 9
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 9

SERVICE DISTANCE = 100000

NEW FACILITY LOCATION NUMBER 20

FACILITIES ARE LOCATED AT 2, 170 21. 36s 27 559 S0 139 219

--------------------------------- ------- ''''--''-------------- "'

POPULATION SERVED 6400.00 1 PEqCEVT OF TOTAL POPUbATION SERVED 100.99

------- ------ ------- ----ea------eee---- e e----e ----- ------- ----e e



OAS PLANA* EXAHPLE ONE

FACILITIES ARE LOCATED AT 29 17. 219 369 27. 55. 50, 13. 20.

PRIMARY DISTANCE a 10.00
SECONDARY DISTANCE a 15.00

B *RIMAR;ysECONDARY'POPULATIONoPOPULATIONLARGESTr' eWT.DISTVT.DIST eWT.oDISTe TOTAL *

PARTITION*FACILITYObERVEO * SERVED - OUTSIDE 0, IN *TRAVELED* NOD" *PRIMARYSECONDARY'OUTSIDEOWEIGHTEOe

NUMBER N UMBEH * PUP. - POP. *SECONDA9Y !PARTITION ODISTANCE*NUMU8ERCOVERED? COVERED *PRIHARY*OISTANCE*

1 2 J73U.00 0.0 0.0 3730.00 V.2 47 13561.9 0.0 0. 13562.

2 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845.

3 21 170.00 0.0 0.0 170.00 7.3 51 579.0 0.0 0. 579.

4 36 580.00 0.0 0.0 580.00 901 24 3969.5 0.0 0. 3970.

5 27 310.00 0.0 0.0 310.00 9.8 14 2030.4 0.0 0. 2030.

6 55 130.00 0.0 000 130000 9.8 39 903.8 0.0 0. 904.

7 so 70.00 000 0.0 70.00 8.6 52 288.7 000 0. 2890

a I3 410.00 000 000 410.00 7.3 38 1358.2 0.0 0. 1358.

9 20 330.00 0.0 00 330.00 d.2 41 1880.4 0.0 0. 1880.

6400*00 0.0 0.0 6400.00 28417.0 0.0 0. 28417.

PARTITION 1 FACILITY 2
I* D o0 3.2"* 2 U 0.0 3 Do 4.5*' 4 On 3.0** 5 D 4.20o 6 0 7.6

7 . .1 0  d On 3.20 9 D 50* 11 On 5o7 31 0n 805o0 42 on 268

* 44 DO 7.00 47 On 9,20
PARTITION A FACILITY 17
0 12 On 6300 17 On 0.0"0 19 D ToO 0 22 O Sol 23 DO 5.400 28 On 7o0

* 29 0n 9.00* 33 Do 82"*
PARTITION 3 FACILITY 21
00 21 O 0.0"0 37 On 7o20" 51 0 7030

PARTITION 4 FACILITY 36
00 15 O 697" 18 Os 8.2"0 24 Os 9.1"0 25 O 5.7"* 26 0n 8.6"* 35 00 7.6

* 36 On 9.000 4d O 6.00"
PARTITION 6 FACILITY 27
*0 14 0. 9.8*0 16 O 6.4"0 27 On 0.00" 54 On 7.2"*
PARTITION 0 FACILITY b

-0 39 O= 9.8-0 40 0- 8.20° 46 o 6.00 SS On 00*
PARTITION 7 FACILITY 50
** 50 On 0000* 52 On 8.6 0 53 o be#)*

PARTITION U FACILITY 13
0 13 On 0.0* O On 7.1"* 32 Os 5o400' 34 On 280" 38,0= T,3*0 43 OF -4.1

O 45 On a.2 0

PARTITION 9 FACILITY 20

0 10 D 8.100 20 00 0.0"* 41 00 8,o 0  49 o- 600
COVERRAGE CANNOT HE CHANGED UY ADDITIONAL FACILITIES
THIS bOLUTION WAS GENERATED dY THE GAS ALGORITMfl

FIGURE 24

(continued, page 27)
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FIGURE 25

CONCEPTUAL FORM OF DATA DECK FOR

PLANAR PROBLEM ONE

two blank cards

second problem
control card

*-first problem
control card

5 11 1 ]master data deck

second master control card

first master control card
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TABLE 28

FIRST MASTER CONTROL CARD

FOR PLANAR PROBLEM ONE

Parameter Assigned CardColumn(s)
Name Assumption Value 'Containing Value

IPTS Total number 55 4 and 5
of points

IDEM Total number of i5 9 and 10
demand points

ADD Since IPTS=IDEM 0,1 15
program automati-
cally sets ADD to 1

NETWOR Since problem is 0 20
planar, value must
be zero

WEIGHT Value of one sign- 1 25
ifies population
value will be given

IDIST Value of ona sign- 1 30
ifies distance mat-
rix will be listed

IFSAP Value of one sign- 1 35
ifies that statistics
output will be given
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TABLE 29

SECOND MASTER CONTROL CARD

FOR PLANAR PROBLEM ONE

Parameter Assigned.. Card Column(s)
Name Assumption Value Containing Value

ARCS Since problem is 0 5
planar, value must
be zero

RECT Since euclidean 0 10-
distance is to
be calculated, value
must be zero

ELE Since no elevation 0 15
data is given, value
must be set at
zero

CONS Value of zero sign- 0 20
ifies no political
data is given

IPOL Value of zero sign- 0 25
ifies no special con-
straint features are
selected

IALTl Value must be 0 30

zero, since eleva-
tion data not given

IALT2 Value must be zero 0 35

since elevation data
not given

GAS When-value is set 1 40

at one, GAS program
will be executed
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TABLE 30

SECOND PROBLEM CONTROL CARD

FOR PLANAR PROBLEM ONE

Parameter Assigned Card Column(s)
Name Assumption Value .Containing Value

IP Must equal largest 15 5
number of allowable
facilities

S Maximal Service 10. 6-15
Distance

SCS Secondary Service 15. 16-25
Distance

EMAXL Parameter not used O,blank 26-35
because elevation
data not given

EMAXS Parameter not used 0,blank 36-45
because elevation
data not given

CONS Value of zero sign- 0 55
ifies no special con-
straint features are
to be used

ICOV Value of zero sign- 0 60
ifies that zero-one
matrix will not be
given

ILIST Value of zero sign- 0 65
ifies that coverage
listing will not be
given



-CHAPTER 10

PLANAR PROBLEM TWO

Suppose we are interested in solving the planar problem

utilized-in planar problem 1, except that ah additional

four areas exist that we would like to establish as potential

facili-ty sites. Thus, we want to have 55 demand areas and

59 facility sites. The coordinates of the extrafacility

sites are given in table 31.

According to the information given in appendix A, we

can solve this planar problem by sitting the-value of IPTS

at 59 and the value of IDEM at 55. In addition, we must set

ADD to a value of one. This establishes that there are 55

demand areas; and since ADD equals one, each demand area is

a facility site. In addition there are four facility sites

that are not demand areas. Thus, the parameters of the two

master control cards should be set at the values given in

table 32 and table 3,3.

The (x,y) coordinate information for the 55 demand points

must be given after the second master control card. The

population data for the 55 demand areas must follow in order

of increasing index.

At this point, the information necessary for the four

additional potential facility sites must be given. The form,

for the additional facility sites is the'same as that utilized

for the coordinate information of the demand areas'. There

is one card for each additional potential facility point.

-238-



239

After the additional facility points are given, the two

problem control cards must appear. Since problem 2 is

essentially the same as problem 1 except for the increased

number of potential facility areas, the problem control

cards will not change. However, the title card will differ

to reflect the number of this example. The problem control

cards are then followed by two blank cards. A conceptualized

view of the data deck necessary for solving planar problem

2 appears in figure 26. A complete output listing from the

GAS program utilizing this input information is given in

figure 28. Figure 27 is a listing of the input data neces-

sary to solve this problem.
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TABLE 31

ADDITIONAL FACILITY SITES FOR PLANAR PROBLEM TWO

INDEX X-COORD. Y-COORD.

156 10. 38.

157 40. 40.

158 23. 28.

159 23. 39.
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TABLE 32

FIRST MASTER'CONTROL CARD

FOR PLANAR PROBLEM TWO'

Parameter Assigned Card Column(s)

Name Assumption Value Containing Value

IPTS Total number 59 4 and 5
of points

IDEM Number of 55 9 and 10
demand points

ADD Means demand 1 15
points are poten-
tial facility sites

NETWOR Value of zero 0 20
signifies planar
problem

WEIGHT Value of one 1 25
means population
data is given

DIST Value of zero means 0 30
distance matrix will
not be printed

IFSAP Value of zero means 0 35
coverage listing will
not be printed
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TABLE 33

SECOND MASTER CONTROL CARD

VOR'PLANAR PROBLEM TWO

Parameter Assigned Card Column(s)
Name Assumption Value Containing Value

ARCS Must be zero for 0,blank 5
planar problem

RECT For planar problem 0,blank 10
zero signifies euclidean
distance measure

ELE Zero means elevation 0,blank 15
data not given

CONS Value of zero signifies 0,blank 20
no special constraint
features are selected

IPOL Value of zero signifies 0,blank 25
political data will
not be given

IALT1 Since elevation data 0,blank 30
is not given, value
is ignored

IALT2 Since elevation data 0,blank 35
is not given, value
is ignored

GAS When value is set i 40
at one, GAS program
will be executed
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FIGURE 26

CONCEPTUAL FORM OF THE DATA DECK FOR

PLANAR PROBLEM TWO

two blank
cards

second problem
control card

.-- first problem
control card

"_7 facility point data

/ __ __ Y--population data

7"demand point data

second master control card

~- first master control card
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FIGURE 27

LISTING OF PLANAR PROBLEM TWO DATA DECK

59 55 1

1 32o 31
2 29. Us
3 27. 3o0
4 290 290
S 32. 2y
6 260 26*
7 24. 3J,
a 30, 3*,
9 29. 21.

30 29. 21*
11 33. 2d.
12 17. 5.,
13 34o 404
14 25. 60.
15 21. 24.
16 30o Sl.
I7 19 41.
I8 17. 3J.
19 22, 40.
20 25. 146
21 29. Ids
22 24, 4d.
23' 17. 4d,
24 6. 2b.
25 19. 21,
26 10. 32o
27 34a Sb.
28 12 4al.
29 19. 361
30 27. 41&
31 21. 3*&
32 32, 4b0
33 27. 4d.
34 32. 3da
35 as 2.
36 I5. 2*.
37 35o la.
38 36. 41&
39 46. 51&
40 50o. 406
41 23. 226
42 27. 301
43 38, 39.
44 36. 3
4S 32. 411
46 42, 30o
47 36, 2o
48 350 IV.
49 19. 14.
so 450 lV&
53 27. so
52 52. 24o
53 40. 2d&
54 40. 54
55 42. 4d*

1 710.
2 620.
3 S60.
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FIGURE 27

(continued, page 2)

4 390.
5 350s

210.
7 200.
8 190.
9 370.

10 370
11 160s
12 1500
13 140.
14 120.
is 120.
16 110.
I7 300.
36 100.
19 90.
20 90.
21 90.
22 80
23 S0
24 80
-25 80.
26 70.
27 60.
26 60.
29 60.
30 60.
31 60.
32 50,
33 50s
34 50.
35 50,
36 so
37 50.
38 40.
39 40:
40 40.
41 40s
42 409
43 40.
44 40.
45 30,
46 30o
47 30.
48 30.
49 30.
50 309
51 30.
52 20.
53 20.

*54 200
S5 20.

356 10, 36
157 40. COI
158 23. 2di
359 239 391
SAS PLANAR EXAMPLE IWO
15 10. 35,



POPULATION DATA

1 710.00* 7 200.000 13 140.000 19 90000* 25 80.00' 31 60.000 37 50.09' 43 40.000 49 30.000 55 20000'

2 620.00? 8 190.00' 14 120.000 20 90.000 26 70.000 32 50.000 38 40.09* 44 40.00' 50 3000

3 560.00t 9 170.000 15 120.00' 21 90.089 27 60.00' 33 50.000 39 40.09 45 30.00' 51 30.00'

4 390.00* 10 170.00* 16 110.00' 22 800009 28 60o00* 34 50.00* 40 40.09. 46 30.00' 52 20000

5 350.000 11 160.00' 17 100.00' 23 80.000 29 60.00' 35 50.000 41 40009' 41 30.000 53 20.000

6 210.00P 12 lbO.O00 18 100.000 24 80.00U 30 60.000 36 50.00' 42 40.090 48 30.00' 54 20.000

--------------------------------------------------------------------------- ---------- ------- --------------------------

THE FOLLOWING OPTIONS ARE DESIGNATEOS
DEMAND POINTS ARE THE ONLY POTENTIAL FACILITY SITES
DISTANCES AJE MEASURED AS EUCLIDEAN
COORDINATE BOINT DATA IS AS FOLLOWS:

1 32.00000 31.00900 1** 2 29.90UU0 32.00000 2"0  3 27o00009 3600000 3"*

4 29.00000 29.000090 4"* 5 32e09009 ?9e00000 5 0  6 26.00000 25.00000 60"

7 24.00000 33.00000 7* 8 30o00000 35.00000 8"o 9 29000000 27000000 9

10 29.00000 21.00000 10" 11 33.09000 28.00000 110 12 17.00000 5300000 120

13 34.00000 40.00000 13"* 14 25.09000 60.00000 140 15 21000000 28000000 15"*

16 30.00000 51.00000 16 0 17 19.09000 47.00000 17"o 18 17.00000 33.00000 18"*

19 22.00000 40.00000 19" 20 25.09000 14.00000 20"* 21 2900000 12.00000 21"0

22 24.00000 48.00000 22"0 23 17.000009 4200000 230 24 600000 2600000 240

25 19000000 21.00000 25*0  26 10.0001U0 32900000 '26"* 27 34900000 56000000 270"

28 12.00000 67.00090 28 0 29 19.09000 3800000 290 30 27000000 4100000 30 0

31 21.00000 35.00000 31* 32 32.00009 45000000 32 0  33 27.00000 45.00000 33"*

34 32e00000 38s000080 34 0  35 8.0001 22&00000 35 0  36 15.00000 25.00000 360"

37 35.00000 16.00090 37"* 38 36.00009 47a00000 38"o 39 46.00000 51000000 39"*

40 50.00000 60.00000 40 0 41 23.0900 22.00000 41 0  42 2700000 30.00000 42 0

43 38.00000 3900090 430* 44 36.09019 32000000 44"0 45 32e00000 4100000 450"

FIGURE 28

PLANAR PROBLEM TWO OUTPUT



46 42.00000 36.00000 404 0 47 36.0000 26900000 4700 48 15.00000 19.00000 480*

49 19.00000 14o00000 490 50 45.00000 19.00000 5000 51 27.00000 5.00000 510*

52 52.00000 24.00000 52*0 53 40.09000 22.00000 53** 54 40.00000 62.00000 5400

55 42.00000 42.00000 5500 56 32.09000 31000000 100 57 29.00000 32.00000 2*0

58 27.00000 36.00000 3'0 59 29.00009 29.00000 4** 60 32.00000 29.00000 5*0

61 26.00000 25.00000 6*0 62 24.0900U 33.00000 700 63 30.00000 35.00000 80

64 29.00000 27.00000 V*o 65 29.00000 21.00000 10** 66 33.00000 28,00000 11*0

6? 17.00000 53.00000 120* 68 34.09000 40.00000 130* 69 25.00000 60.00000 140*

70 21.00000 28.00090 15* 71 30.OyOUU 51.00000 1600 72 19.00000 41.00000 1700

73 1700000 33.00000 160 74 22.09000 40e00000 )9* 75 25.00000 14.00000 20"0

76 29.00000 12.00000 21** 77 24.00009 48.00000 220* 75 17,00000 42.00000 23*0

79 6.00000 26.00000 240 80 19.09009 21.00000 25 0* 81 10.00000 32.00000 2600

82 34.00000 56.00000 27*" 83 12.0000 47.00000 28"0 84 19.00000 38.00000 290"

85 27.00000 41.00000 30*0 " 86 21.090000 35.00000 310* 87 32.00000 45.00000 32*0

8 27.00000 45.00000 33"* 89 32.09000 38.00000 3400 90 8.00000 22.00000 3500

91 15.00000 2500000 36 0 92 35.09000 16.00000 37"* 93 36.00000 47,00000 3800

94 46.00000 51.00000 3900 95 50.00000 40.00000 400* 96 23.00000 22.00000 41- 0

97 27.00000 30.00000 42"* 98 38.00000 3900000 4300 99 36.00000 32.00000 4400

100 32.00000 41.00000 45*0 101 42,09000 36.00000 4600 102 36.00000 26.00000 4200

103 15.00000 19.00000 460* 104 19000000 14.00000 4900 105 45.00000 19.00000 S0**

106 27.00000 5.00000 51C 107 52.09000 24.00000 520 108 40.00000 22.00000 53 00

109 40.00000 32.00000 54°0 110 42-00000 42.00000 550

FIGURE 28-

(continued, page 2)
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FIGURE 28

(continued, page 3)

SUBPROGRAM HATBLO HAS IEEN CALLED TO GENERATE A COVER MATRIX

THE MAXIMUH DISTANCE/TINE OF 10o00 IAS 8EN UTILIZED
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FIGURE 28

(continued, page 4)

ITERATION NUMBE9 I
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES I
SERVICE DISTANCE m 100000

NEW FACILITY LOCATION NUMBER ISB

FACILITIES ARE LOCATED AT 158,
------------------------------------------------ T- --------------

POPULATION SERVED 4220000 PEIqCEtIT OF TOTAL POPULATION SERVED 659V4
----------------------------- *--------- ft ----------



GAS PLANAS EXAMPLE TWO

FACILITIES ARE LOCATED AT 168.
PRIMARY OISSANCE a 10.00
SECONDARY DISTANCE a 15.00

0 *PHIMARY'SECONbARY'POPULATION'POPULATION'LARGEST,4 4UToOISTtWT.DIST. *VT.OISTO TOTAL 0
PARTITION&FACILITYOSERVED * SERVED 0 OUTSIDE ? IN *TRAVELED* NODE 'PRINARYSECONDARYOUTSIDEWEGHTEDO
NUMBER * NUMBER 0 POP. • POP. *SECONDARY PARTITION *DISTANCCENU4BEROCOVERED? COVERED *PkIMAIY*DISTANCE*

I 158 '220.00 550.00 Ib30.O 6400.00 34*5 39 32698.9 7180.3 42751. 75450.

4220.00 550.00 1630.0u 6400.00 32698.9 7180.3 42751. f5450.
PARTITION 1 FACILITY 158
n 1 O 9.500 2 Do 7.2"* 3 On 8.9"* 4 On 6.1"0 5 o 9.1"* 6 Us 4.2

* 7 0 .10 8 D 9.9" 9 On 6.1*  10 D 9.2"* 11 Do 10.00' 12 0R 25.7

* 13 0 10.300 14 On 32.1 * 15 D 2.00* 16 0n 24.0"O 17 0 194"* 18 On 7.8

0 19 0 120*" 20 D 14.1** 21 D 17.1*" 22 0. 20.0* 23 On 15.2'* 24 ON 17.1

S25 0= 8.e  26 On 13.6"0 2? O 30.1"0 28 On 22.00" 2V On. 10.8'. 30 0O 13.6

* 31 On- 7.3"0 32 0 19.2"* 33 D 17.5" 34 D 13.500 35 On 16o2'. 36 ON 8.5

0 37 D 1700" 38 On 23.0*" 39 Do 32.5"* 40 On 29.5** 41 0. 600** 42 DR 4*5

* 43 O 18'6"0 440' 13.6"0 45 0 15.80 46 On 20.6"0 47 On 13.2'0 48 DR 12.0

' 49 0 1.60" 50 Do 23.8"* 51 0 23.30" b2 On 29.3"* 53 0 18.000 54 0o 29.4

* '55 0 23.6"0

FIGURE 28

(continued, page 5) o
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FIGURE 28

(continued, page 6)

ITERATION NUMBER9 2
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES 2
SERVICE DISTANCE a 100000

NEW FACILITY LOCATION NUMBER 33

FACILITIES ARE LOCATED AT 158 339
----- ----------- m------i------------ ----------------------------------

POPULATION SEqVEO 5020.00 PECENT OF TOTAL POPUbATION SERVED 78o*4
---------- ----------- - ------------------------------m--------------



GAS PLANAR EXAMRLE TWO

FACILITIES ARE LOCATED AT 158. 33,
PHIMARY DISZANCE a 10.00
SECONDARY DISTANCE a 15.00

0 oPHIMARYOSECONDARYOPOPULATION*POPULATIONOLARGEST9' *WToDISTTWToDIST. eWT.DISTO TOTAL 0

PARTITIONOFACILITYbERVEO * SENVED 0 OUTSIDE ? IN *TRAVELED* NODE 'PRIMARYSECONDARY'OUTSIOEOWEIGHTEO'

NUMBER * NUMBEH * POR. - POP. *SECONDARY ?PARTITION ODISTANCE*NUMBER*COVEREDt COVERED *PRIMARYODISTANCE*

1 158 4220000 290.00 370.00 4880.00 29.3 52 32698.9 3961.6 10885. 43584m

2 33 800.00 410000 310.00 1520000 23.5 40 5223.6 4972.8 10266. 15489.

5020.00 700000 680000 6400.00 37922.5 8934.3 211510 59073.

PANTITION I FACILITY 158
I D 9.0*0 2 O= 7.2"* 3 On 80.9* 4 On 6.1* 5 O 9.10* 6 DOs 4.2

* 7 Do 5.1*0 8 Us 9.9"* 9 O= 6.1" e 10 0= 9.o2" 11 Do 10.00 15 ON 2.0

* 18 0 1.8" 20 On 14.1** 21 On 17.1"0 24 On 17.10w 26 Us 8.1o0 26 0' 13.6

* 31 Os 1.3" 0 35 Do 162*" 36 On Sob0 37 On 17.0"0 41 O 60"0 42 0 4.5

* 44 Do 13.6" 47 D2 13.2 0 48 D= 12.00" 49,Dw 14.60" 50 ". 23.8*0 51 On 23.3

0 52 0 29.30" 53 Do 18.00
PARTITION 2 FACILITY 33
0 12 On 12.800 13 O 8.6"0 14 on 15.1"* 16 On 6.7*0 17 On 802"0 19 1. , 7.1

* 22 On 4.2" 0 23 D 10.4*0" 27 D. 13.0"* 28 On 15.1'. 29 On 10.6"0 30 0n 4.0

* 32 u 50" 33 Do 0.0"* 34 On 8.6"* 38 On 90200 39 0n 19.9"* 40 Do 23.5

* 43 On la.5 ° 0 45 Do 64"* 46 On 175"* 54 0 14.8*" 55 0n 15.30o

FIGURE 28

(continued, page 7)
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FIGURE 28

(continued, page 8)

ITERATION NUMBER, 3
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES J
SERVICE DISTANCE n 10.000

NEW FACILITY LOCATION NUMBER 17

FACILITIES ARE LOCATED AT 158, 339 179

POPULAIION SERVED 5370.00 PEOCLNT OF TOTAL POPULATION SERVED 83.91

--------------------------- --------------- e

SUBSTITUTION ALGORITHM USED

NODE 38 REPLACES FACILITY LOCATION J3

THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT IS8 38, 1M,

POPULATION SERVED 5510.00 PERCENT OF TOTAL POPULATION SERVED 86.09
fte--e---eeeeee--- ---- ee-- ------- ee e- --- -- me - -- -ew-- em e e---- -- -- e--



GAS PLANAR EAAMPLE TWO

FACILITIES ARE LOCATED AT 158. 38. 179
PRIMARY DISTANCE a 10.00
SECONDARY DISTANCE u 15.00

0 .PRIMARYOSECONDARYOPOPULATIONPOPULATIONeLARGESToe 4VT.DIST9WT.0IST, **T*OIST* TOTAL *
PAMTITION.FACILITYObERVED * SERVEO * OUTSIDE * TN *TRAVELED* NOL oPRIMARY#bECONDARYOOUTSO0OWEIGHTEDO

NUMOEJ 0 NUMHER * POP. * POP. OSECONnAOY *PARTITION ODISTANCEetUMd&ReCOVERED! CVEIEO *PHIMARYODISTANC~E

1 15 4220.00 200.00 3S0.OU 4860.00 23.8 bO 32698.9 3V61.b 102v. .2..o.

2 38 560.00 70.O0 bO.00 690.00 28.v 52 3912.1 000.r i..so .0.00

3 if 734.00 120.00 0.0 850.00 14.3 14 44.1 l(l.l 17180 4§6J,

5510.o0 480.00 410000 o400.00 eu5a.? 6486.4 |j.1 , 55670

PARTIT I FACILITY 158
I~ 1n Da 5* 2 us 102-v 3 on -.9-A 4 wv 6o&*- 5 Us 94"* 6 On 4.2

" I U- ..1 . D: 909-f 9 D. 6.14z 19 On 9.200 11 On 10.0*0 15 0 2.0

48 0& 7.8- 20 O:" 14.l;" at'D- 17.1-- 24 0= 17.1** 25 On 8.100 26 O0 13.6

- o, 7.3 36 : ID36 . 36" 8.5-w 37 on 7O.00" 41 On 6.0.. 42 on 4.5
- . i

44 Cz 13.4'" 47 0Z 13.2-! 48 ba 12.00* 49 D 14.6"* 50 On 238*0 S On 23.3

5 3 DO I8.'."
PAAIITIO g F ACILITY 38
0 13 0n 7.3'9 96 On 7.2'0 27 On 9.*R" 32 On 4.5* 34 On 9.890 38 U0 000

29 b, 10's- 40 01 iS.- 43 O 8.2"* 45 O 7.20* 46 O 1205"* 52 OP, 28.0

54 04 6.A' 5% Dz 7.6
PAR1311 o 3 FACILIY 17

12 : 6.1 1 i4 Dz 143* 17 o 0.0** 19-0n 7n6"* 22 0 5.1o* 23 Us 5.4

29 bs 7.0 29 Da 9.00- 30D 10.000 33 On 8020

FIGUE -28

(continued, page 9)
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FIGURE 28

(continued, page 10)

' 'BMAI j101 Nt1111hout 4
IA% PL .114" rJX,.:IrLE TWO

NIJHIEIa OF iACILITIES 4
SEHVICE DISIANCE a 10.000

1EW FACILITY LOCATION NUMBER 10

SAtCJLIIlE ARE LOCATED AT 158, 38 17v 10,
-------------------------------- --------- nnnnn nnnnn ---- On -n m

POPULAgaUJN SERVED 5770.00 PERCENT OF TOTAL POPULATION SERVED 90.16
-- - - - - -- - - - - - --- -- --n n-- ----n n- -- -- --nn n-- -- -- -- --



UAZ PLANAR EXA.LE TWO

t.u.LITIES ARE LOCATED AT 158 38t i7. 10.
.plMeARY DISTANCE a 10.00
alLCONDARY DISTANCE a 15.00
.00o4e000e00 0oe.e.ee.oe~eO~e*Oeee~e~poOe o e*OOOe.*eeoe@eOO*OOOOO*eeP@@O@*~e@O@**e 9eeOeOSOe

*PRIMARYSECONDARY*POPULATION*POPULATIONOLARGEST,* *WT.OISTWT.OIST. *WTeOI4T0 TulAL 0

PARTITION*FACILITY*SERVED 0 SERVED 0 OUTSIDE - IN *TRAVELED* NODE OPRIMARYfSECONDARYUT:IE0d4IuNTLDo
NUMBER 0 NUHER * POR. - POP. -SECONDARY ?PARTITION *DISTANCE-NUMBER'COVEREDO COVERED *PRIMARY.OASTANCEo

1 158 3370,00 100.00 130.00 3600.00 17.1 24 25328.1 1313.3 3490. ZS8199

2 38 560.00 70.00 40.00 670.00 15.7 40 3912.1 806.7 1433. bj.be
3 17 730.00 120.00 0.0 8b0*00 14.3 14 4445.1 1718.1 1718. 6163,
4 10 1110.00 90.00 80.00 1280.00 23.2 52 7484.5 1108.6 2540o 1O0 S

b770.00 380.00 2!0.00 6400.00 41169.9 4946.8 9Jdio b0351.

PARTITION I FACILITY 158
** 1 On 9.500 2 On 7.2*0  3 Do 8." 4 0 6.1*0 6 On 4.2** 7 On 5.1

8 0. 9.940 15 Dn 2.0 °0 18 O= 7,8*0 24 On 17.100 25 00 801o* 26 O 13.6

* 31 On .300 3b On 16.20* 36 o 8.500 41 0 6.0*0 42 0. 4e500 48 O 12.0

PARTITION a FACILITY 38
0o 13 On 7.300 16 On 7.2"* 27 Ou 9.9* 32 O 4*50 34 D - 9.80* 38 On 00

* -39 0 19.800 40 O -15.700 43 O 82** 45 On 7.20. 46 01 12.50. 5l O 604

* 55 On To8 O0

PARTITION 3 FACILITY 17
00 12 0 6.3 0 14 On 14.390 17 o '0.00* 19 D. 7.6be 22 o 5.10* 23 go 504

* 28 0 7000 29 On 900** 30 On 100*0 33 0 8020o0
PARTITION # FACILITY 10
00 5 0n .5 0°  o 6.00°0 6 O 0.00* 11 On 80120 On 8.1"0 21 00 -%0

* 37 Do 7.8*0 44 0. 13.0 0 47 0 8.60* 49 On 12.20* 50.0= 160100 51 On 16.1

* 52 0 23.2** 53 0 11.00

FIGURE 28

(continued, page 11)
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FIGURE 28

(continued, page 12)

ITERATION NUMBER, 5
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES 5
SERVICE DISTANCE u 10.000

NEW FACILITY LOCATION NUMBER 36

FACILITIES ARE LOCATED AT 158, 38, Ilt 1o 361

--------------------------------------------- ------------ ------------- n

POPULATION SERVED 6000.00 PERCENT OF TOTAL POPULATION SERVED 93#75
----------------------------- 6----------------------------------

SUBSTITYTION ALGORITHM USED

NODE 2 REPLACES FACILITY LOCATION 158

THIS IS NOV FACILITY NUHUER I

FACILITIES ARE LOCATED AT 2, 38, 111 lot 36,

mm---m----- ----- mm----m------------------ ̂-------m--- -- nnnnnn--

POPULATION SERVED 6040.00 PEOCLNT OF TOTAL POPULATION SERVED 9*4,7
------ nnnn nnnnnnnnnnn- -...........................................

i
..

SUBSTITYTION ALGORITHM USED

NODE 27 REPLACES FACILITY LOCATION as

THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 29 27. 17T 10 36 -

POPULATION SENVED 6050.00 PEACIUT OF TOTAL POPULATION SERVED 94ob3

SUBSTITUTION ALGORITHM USED

NODE 21 REPLACES FACILITY LOCATION 10

THIS IS NOW FACILITY NUMBER 4

FACILITIES ARE LOCATED AT 29 27, 119 219 36,
poeeunenennnnnnnnnnnnnnnnnnnnnnn.n

m e n e e m a n n n e e n e m e
nnnnnnnnnnnnnnnnnn

POPULATION SERVED 608000 PEBCitT OF TOTAL POPULATION SERVED 95.90

nnnnnnnnnnnnnnn----nn ----- ---- m -- - -- -- ---- - -- -- - -- -- -- -m -- -



UAS PLANAR EXAMRLE TWO

fACILITIES ARE LOCATED AT 2v 27 17t 21. 36#
rNIMARY DISTANCE u 10.00
btCONDARY DISTANCE = 15.00

* OPHIMAHYBSECONOARY-POPULATION-POPULATION'LARGESTte *WT.DIST'WT.DIST. *WToDIST* TOTAL *
rAMTITiON'rACILITY'SERVED 0 SERVED * OUTSIOE * IN *TRAVELED* NODE *PRIMARY'SECONDARYeUUTIOE.WEIGHTED*
NUMBER * NUMUER • POP. 0 POPe *SECONUARY *PARTITION ODISTANCEONUHBER*COVEREDO COVERED OPRIMARY*DISTANCEO

1 2 4010.00 90.00 6000 4160.00 24.4 52 16055.9 1161.4 2547. 18603.
2 27 350.00 90,00 20.Ou 460.00 16.1 55 2399.2 1079.0 1402. 3801o
3 17 bo.00 0.0 0.0 670.00 90 29 3845.1 0.0 0. 3845.
4 21 430.00 30.00 30.OU 490.00 17,5 50 2511.4 305.9 830. 3341.
5 36 620.00 000 0.0 620.00 9.1 24 4311.3 0.0 0. 4311.

6080.00 210600 110.00 6400.00 29122.9 2546.4 471, 33902.
PARTITION I FACILITY 2

10 01 3.2** 2 On 0*00O 3 On 4ob** 4 DO 3.000 b On 4o20 6 Il 7.6

* 7 0n 5.1" U Do 32 o" 9 D 5.0" 11 O 5.7"* iJ on 9.4"* 30 ON 9o2

* 31 On 8,5" 34 O 6.7"0 40 On 22*5•0 42 O 2.8"* 43 0 114"0 44 DO 7.0

* 45 On 9.540 46 0N 13.6" 47 On 92 0 52 O 24.4"o 53 0 14.9•0
PARTITION 4 FACILITY 27
* 14 0n 9.800 16 O 6.4"* 2703 0.0"* 32 On 112"• 38 0. 920* -39 ON 13.0

* 54 o 7.2oo 55 D 16.1*6 -
PARTITION 3 FACILITY 17
00 12 Do 6.30 17 On 0000 19 o 7.4"* 22 On 5.1.' 23 O 5.40 28 On 700

0 29 On 9.00 33 O 8o20"
PARTITION 4 FACILITY 21
00 10 0. 9.00* 20 Dz 4.59" 21 do." 37 On 720" -9 On- 1020 50 U 17.5

* 51 On 7.300
PARTITION S FACILITY 36

s 15 0 6.7*0 18 0 8.2 0 24 0 1.1"* 25 0 5.7"0 26 o 8.60 35 90 7.6

* 36 On 0.0"* 41 On 8.5"0 48 Da- 600"0

FIGURE 28

(continued, page 13)
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(continued, page 14)

ITERATION NUMBER9 6

GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES 6
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMUER 15?

FACIIIT:r ARE LOCATED AT 2. 27, its 219 36, 157v

-------------------- --------------------- " . TOT... --...... ..

POPULATION SERVED 6260.00 PERCENT OF TOTAL POPULATION SERVED 97-01
-- w---------- ------------------ ---m----------------------- --------------



GAS PLANA9 EXAMR.. TWO

FACILITIES ARE LOCATED AT 29 2?. 17. 21. 36. 157
PRIMARY DISIANCE a 10.00
SECONDARY DISTANCE * 15.00

* .PRIMARY.SECONDARYOPOPULATIONPOPULATIONOLARGEST,' OVT.DIST*WT*DIST. OUT.DISTO TOTAL '

PARTITIONOFACILITY*SERVEO * SERVED 0 OUTSIUE 0 IN *TRAVELED* NODE *PRINARYeSECONDARYOUTSIOEWEIGHTEO
NUNER * NUMBER * POP. * POP. *SECONDARY *PARTITION *DISTANCE*NUMOEROCOVEREDO COVERED *PRIMARY*UISTANCE&

1 2 3840.00 20.00 0.0 3860.00 14.9 53 14450.5 297.3 297. 14748.
2 27 310.00 0.0 0.0 310.00 9.8 14 2030.4 0.0 0. 2030.
3 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845.
4 21 430.00 30.00 30.00 490.00 17,5 50 2511.4 305.9 830o 3341.
5 36 620.00 0.0 0.0 620.00 9.1 24 4311.3 0.0 0. 4311.

-6 157 390.00 40.00 20.Ou 450.00 20.0 52 2556*2 501.2 901. 34?57

6260.00 90.00 bO.OU 6400.00 29705.0 1104.5 2028. 31733.
PARTITION 1 FACILITY 2

I O. 3.20" 2 On 0.00" 3 Do 4. 0b" 4 D 3.0.0 5 0. 4.200 6 On 7.6

S7 0 bol" a 0O 3.2* 9 O9 0 5.0" 0 11 0n 5.7"0 30 On 9.2"* 31 D 8.5

* 34 O. .7"* 42 D 2.8 0  440D. 7.0"* 47 0n 9.2"0 53 0 14.90*

PARTITION a FACILITY 27
0 14 O 9.800 16 O. fs.4** 27 On 0.0"* 54 D 7.2"0

PARTITION 3 FACILITY 17
*0 12 Do 6.3 0 17 On 0.00" 19 o- 7.bo 22 On 5.100 23 D. So40 28 B0m 70

* 29 On 9.00f 33 O 8.2 0

PARTITION 4 FACILITY 21
o• 10 0n 9.00 20 D 4.500 21 D 0.0"* 37-Dn 7.2"0 49 O. 10*200 50 fl 17.5

* 51 0: 7e3*°

PARTITION S FACILITY 36
15 Om 6.7 00 18 On 8.200 24 O V.1" 2S Om 5*7** 26 O. 86"* 35 8 76

* 36 On 0.00" 41 D 8.5"* 48 O 6. 0 0

PARTITION 6 FACILITY 157,

" 13 D 6.0"* J2 0 9.40 38 On -. 10" 39 D=. 12.5.0 40 On 10.0"* 43 UN 2.2

S45 On 4.100 46 D 4.56 52 O 2000 55 On 2o80O

FIGURE 28

(continued, page 15)
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FIGURE 28

(continued, page 16)

ITERATION NUMBER* ?
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES I
SERVICE DISTANCE m 10.000

NEW FACILITY LOCATION NUMBER 50

FACILITIES ARE LOCATED AT 2. 27, 174 21, 369 157, 50,

S ---------------------------- --------------------------------------

POPULATION SERVED 6330.00 PERCLUT OF TOTAL POPULATION SERVED 98.91
-------- m---------------------- ---------- -------------------- --



GAS PLANA* EXAMPLE TWO

FACILITIES ARE LOCATED AT 2, 2?, 17. 219 369 157, S0,

PRIMARY DISIANCE x 10.00

SECONDARY DISTANCE = 15.00

* *RIARY*SECONDARY*POPULATION*POPULATIONOLARGEST, *WT.DIST*WTDIST* *WToDIST* TOTAL *

PARTITION*FACILITYOSERVED * SERVED 0 OUTSIDE * IN *TRAVELED* NODE *PRIMARYOSECONDARYOOUTSIDEOWEIGHTED*

NUMMER 0 NUMBER * POP. 0 POP. *SECONDA*Y -PARTITION -DISTANCE-NUMUEV*COVEREDO COVERED OPRIMARY-DISTANCE-

1 2 3840.00 0.0 0.0 3840.00 9.2 47 14450.5 0.0 0. 14450.

2 27 310.00 000 0-0 310.00 9.d 14 2030.4 0.0 0. 2030.

3 I7 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845.

4 21 430.00 30.00 0.0 460.00 10.2 49 2511.4 305.9 306. 2817.

5 36 b20.00 000 000 620.00 9.1 24 4311.3 0.0 0. 4311.

6 157 390.00 40.00 0.0 430.00 12.5 39 2556.2 501.2 501. 3057.

7 50 70.00 0.0 0.0 7000 8.6 52 288.7 0.0 0. 289.

6330.00 70.00 0.0 6400.00 29993.7 807.1 8070 J08010
PARTITION 1 FACILITY 2

00 1 Da 3.2*0 2 O 0.0O* 3 Do 4.b*e 4 On 3.000 5 O 4.2** 6 dU 7o6

* 7 On 51.3* 8 Do 302*0 9 DO 5000• 11 DO 5700 30 O 9.20* 31 0o 8.5

* 34 On 6.7 00 42 On 2.800 44 O 7.00* 47 On 9.20"

PARTITION A FACILITY 27

** 14 0 9.80* 16 On 60.4
0 27 Do 0.00* 54 0 7.2*0

PARTITION 3 FACILITY 17
12 O 6.3*0  17 0 0.000 19 O r7.6** 22 0. 5.1* 23 0 5*4*0 28 VO 700

* 29 0 9.00 33 DO 802*0

PARTITION 4 FACILITY 21
01 10 o 9.00* 20 O 4.5** 21 Do 0O.0*, 37 Do 7.200 49 0n 10.20** 51 03 '7.3-

PARTITION I FACILITY 36
00 15 Do 6.70 o 18 Dn 8.200 24 0 9.1* o 25 Do 57o*0 26 Do 8.6*0 35 0. 7.6

* 36 0 9.00* 41 Do 8.5*0 48 Do 6.000

PARTITION 6 FACILITY 1S7
*0 13 O 6.0 00 32 OU 9*4*0 38 0 eo e * 39 Do 12.0* 40 O 10.0o* 43 03, 2.2

* 45 O S010 46 0N  495** 55 DOn 2.80*

PARTITION I FACILITY O -

o* SO on 0.000 52 0n 
- 8060 53 DO b.4*

FIGURE 28

(continued, page 17)
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FIGURE 28

(continued, page 18)

ITERATION NUMBER9 U
GAS PLANAR EXAMPLE TWO

NUHRER OF FACILITIES 8

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 39

FACILITIES AHE LOCATED AT 2. 27 1?. 21. 36 IS?.t 50, 399

-------- ------ -----------------------------------------.------------------------

POPULATION SERVED 637000 1 PERCENT OF TOTAL POPULATION SERVED 
99.b3

--------- m
m m

------- "
m

--------- 
m

"----
m

----------
m

---------------

m~m~



GAS PLANAR EXAMRLE TWO

FACILITIES ARE LOCATED AT 2. 279 17. 219 36. 15?. 50 39*
PRIMARY DISTANCE u 10.00
SECONDARY DISTANCE a 15.00

OPRIMARYOSECONDARY'POPULATIONPOPULATION'LARGEST.' OwT.DISTOVT.DIST* *WToDISTe TOTAL *

PARTITION:FACILITYebERVD * SERVED 0 OUTSIDE 0 IN *TRAVELED* NODE OPRINARY'SECONDARYOUTSIOWE'VIGHTEO'
NUMBER N tlUMBER 6 POP. - POP. OSECONDA*Y *PARTITION *DISTANCEONUMBER*COVEREDO COVERED *PRIMARY*DISTANCE*

1 2 J840.O0 0.0 0.0 3840.00 9.2 47 14450.5 0.0 0. 14450.

2 27 290.00 0.0 0.0 290.00 9.8 14 1886.2 0.0 0. 1886.
3 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845o

4 21 430.00 30.00 0.0 460.00 10. 49 2511.4 305.9 306. 2817.
5 36 620.00 0.0 0.0 620.00 9.1 24 4311.3 0.0 0. 4311.
6 157 390.00 0.0 0.0 390.00 10.0 40 2556.2 0.0 0. 2556.
7 50 70.00 0.0 0.0 70o.O0 8.6 52 288.7 0.0 0. 289.
8 39 60.00 0.0 0-0 60.00 6.1 54 121.7 0.0 0. 122.

6370.00 30.00 0.0 6400.00 29971.1 305.9 306. 3027T.
PARTITION I FACILITY 2

10n 3.20 2 On 0.0"4 3 Do 401" 4 O 3.0t 5 0. 40200 6 U1 706

S7 0n .3 0" a On 3.2"°  9 D b.401 11 On 5.7" 30 0 9.2"0 31 OF 85

• 34 Do 6.70  42 Du 2,.8" 44 o 7.000 47 Do 9.200
PARTITION 4 FACILITY 27
'* 14 0' 9.8"0 16 O. 6.40 27 Do 0.0O*
PARTITION 3 FACILITY 17
o 12 On 6.300 17 On 0.0"o 19 D ?.* 22 D 5.100 23 On 5.4"* 28 ip' 7.0

* 29 On 9.0 0 33 O= 8029 -

PARTITION 4 FACILITY 21

• 10 0 9.0 0 20 Do 4.5"0 21 O 0.900 37 On 7.200 4 0. 10.2"o 51 n T.3

PARTITION 4 FACILITY 36
*0 15 0 6.7* 18 Us 8.2 0 24Dm 9.100- 25 On 5.7"*' 2a On 8.60 '35 Un' 7.6

* 36 0 9.0"* 41 On 8.50"- 48 On 6.000
PARTITION 0 FACILITY 157
0 13 Do 6.00" j2 On 9.4" • 38 om 8.10 40 On 10.00*- 43 O 2.2"o 45 63 81

* 46 On 4.5" 55 D 28 00
PARTITION 7 FACILITY 50
S50 On 0.0" 52 0 8.6*" 53 0 5.o$"

PARTITION 6 FACILITY 39
0o 39 On 0.0* b4 On 601"

FIGURE 28

(continued, page 19)
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FIGURE 28

(continued, page20)

ITERATION NUMBER* 9
GAS PLANAR EXAMRLL TWO

NUMBER OF FACILITIES 9

SERVICE DISTANCE• 10,000

NEW FACILITY LOCATION NUMBER 20

FACILITIES ARE LOCATED AT 29 279 17, 21, 36, 157v 509 399 299

POPULATION SEVVED 6400s0 PEOCEUT OF TOTAL POPULATION SERVED 10.QO
ft0-0-----000000-- --- 00------ ------ ---- eeee-- ------ -----ee---e------ ------ fte--



OAS PLANA* EAx ,LE TWO

FACILITIES ARE LOCATED AT 29 279 17, 219 36. 157. 50, 39. 209

PRIMARY OISTANCE a 10.00
SECONDARY DISTANCE u 15.00

* *PRIHARYOSECONDARY POPULATIONOPOPULATIONOLARGESTP* *WT.OISTOVTOIST& OWT.OIST* TOTAL *

PARTITIONOFACILITYSbERVED * SERVED * OUTSIDE * IN *TRAVELEO* NODE *PRIMARYeSLCONDARYOOUTSIOEOWEIGHTEDe

NUMBER * NUMBEH POM. * POP. "SECONDA*Y *PARTITION *OISTANCE*NUMBEROCOVERED* COVERED *PRINARYODISTANCE*

1 2 J840.00 000 0.0 3840.00 9.2 47 14450.5 0.0 0. 14450.

2 27 290.00 0.0 0.0 290.00 9.8 14 1886.2 0.0 0. 1886.

3 I7 670.00 0.0 000 670.00 9.0 29 3845.1 0.0 0. 3846.

4 21 170.00 0.0 0.0 170.00 7.3 51 579.0 0.0 0. b79.

5 36 580. 0 0.0 0.0 580.00 9.1 24 3969.5 000 0. 3970o

6 157 390.00 0.0 0.0 390.00 10.0 40 2556.2 0.0 0. 2556.

7 50 70.00 0.0 0.0 70.00 8.6 52 2807 0.0 0. 289.

8 39 60.00 0.0 0.0 60.00 6.1 54 121.7 0.0 0. 122.

9 20 33000 000 0-0 330.00 8.2 41 1880.4 0.0 0. 1880.

6400.00 0.0 0.0 6400.00 29577.3 0.0 0. 29577*

PARTITION 1 FACILITY 2

1 on 3.2** 2 Oz 000*0 3 On 4.6*o 4 On 3.0.0 5 0o 4.200 6 B 7.6

* 7 On $.10 a Do 3.200 9 D SoO00 11 O 5.700 30 O 9.*00 31 DR 8.5

* 34 0 0.70 42 0a 260** 44 Ds 7.000 47 On 9920*

PARTITION 4 FACILITY 27
*0 14 On 9.860 16 On 64* 27 0n '0*000

PARTITION a FACILITY 17
12 On 6.3** 17 On 0.0 00 19 O 7.6*0 22 D 5.10o 23 0.', 5400 -28 Us 7.0

* 29 o 9.000 33 Do 8,200
PARTITION A FACILITY 21
0 21 On 0.0** 37 Us 7.2*0 51 on 7*3**

PARTITION 6 FACILITY 36
09 15 0 6.7** 18 o 8.2*0 -24 0o leo- 25 On S.o 26 On 8.600 35 fi ?o6

* 36 D 9.0O 46 On 6*000

PARTITION 6 FACILIfY 157
*. 13 Do 6.0* 32 U• 9*4** 38 o Bel** 40 On  10.0* 43 O 2 o2 45 00 8ol

* 46 On 4.5 S5 D 2.8a0
PARTITION 7 FACILITY bO
00 50 O 0.00* 52 On 8.600 53 on 564"
PARTITION 4 FACILITY 39
o0 39 On 0.00 54 on 6.10
PARTITION 9 FACILITY 20
00 10 0. 8.100 20 Us 000* 41 0 8e?** 49 On 6.000

COVENRAGE CANNOT HE CHANGED 8Y AOITIONAL FACILITIES

THIS SOLUTION WAS GENERAED dY THE GAS ALGOHITII

FIGURE 28

(continued, page 21)



CHAPTER 11

ADDITIONAL PLANAR PROBLEMS

Suppose we modify planar problem 2 to include eleva-

tion data and the constraint options. Let us assume we want,

to consider only facilities that (a) can cover demands

within 10 time units; (b)are no more than 30 meters above

the demand area and (c)are less than 30 meters below the

demand area. Further, assume that population data is not

to be utilized and that the objective is to cover the largest

number of demand areas within the maximal service distance

and elevation criteria. In addition, let up suppose that

the demand areas listed in table 34 are not acceptable for

facility placement.

According to the problem definition, we must modify

the master data deck utilized in planar problem 2 to elimi-,

nate the population data and to include elevation data.

In order to delete the population data from the master deck,

set the WEIGHT parameter on the first master control card

to a value of zero (or blank). By setting the ELE parameter

of the second master control card to a value of one, eleva-

tion data can be included in the master data deck. Changing

the ELE and the WEIGHT parameters in the master control

deck utilized in problem 2 is required in order to solve

problem 3. Now delete the population data from the master

data deck utilized in example 2, and insert the elevation data.

-267-
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The elevation data is composed of one card per point in the

problem in order of increasing index. Since thereare fifty-

nine points, there are fifty-nine elevation cards. The ele-

vation cards must appear directly after the second master

control card. After the elevation data, the coordinate data

must be given for the fifty-five demand points. Since, the

population data has been deleted, the additional facility

coordinate points information is given directly after the

other coordinate point information. This completes the data

necessary to structure the master data deck. The problem

control and constraint cards follow the master data deck.

The first problem control card is changed to reflect

the title of the problem. The second problem control card

remains the same, as that utilized for planar example 2

except that values are given for EMAXS and EMAXL along with

CONS. The format for these three parameters on the second

problem control card are given in appendix B. The EMAXL

parameter should be set at a value of 30, and the EMAXS para-

meter should be set at a value of -30. The value of CONS

should be set at a value of one so that a constraint data

deck can be given.

The first card of the constaint data set is discussed

in appendix C. This card must contain the values of the para-

meters ND, NDAS, and NANCF. Since the number of demand areas

that are not allowed to be facility sites is 9, then the value

of ND should be set at the value of 9. The other parameters
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NDAS and-NANCF should be left blank.or set at azero value.

The following nine cards are called ND cards and give the

indices of the demand areas that are not allowed 'o be considered

as potential facility sites. Each card gives an index of'

a point to be eliminated from consideration along with a two

letter code to indicate the reason why the point is eliminated.

After the nine ND cards are given, two blank cards must be

given to indicate the end of the data deck. Fiqure 29

gives a complete listing of the data deck necessary to solve

planar problem 3. Figure 30 gives the output listing from

the GAS program utilizing the data given in figure 29. Figure

31 gives a conceptualized version of the data deck 'needed for

planar problem 3.

PLANAR PROBLEM 4

Suppose we are interested in solving the 55 point

planar problem when population data is to be given. We are

interested in locating up to'15 facilities with a maximal

service distance of 10. kilometers. Further assume that any

facility must be (a) within 10 kilometers of a demand area;

(b) no more than 25 meters higher than that demand area, and

(c) no more than 15 meters lower than that demand area in

order to be considered a site that can serve the demand area.

In addition, the four additional facility sites-given in pro-

blem 2 are to be included. Furthermore, the constraints

in table 35 are to be considered.
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The master data deck necessary to solve this example

can be easily structured by modifying the data deck developed

for planar problem 3. In fact the master data deck from

planar example 3 differs from that needed for example 4 only

in the population data. The population data which we removed

from the data deck in order to solve example 3 must be inserted

for example 4. The population data of 55 cards must be in-

serted immediately after (xy) coordinates are given for the

55 demand points and before the (x,y) coordinates are given

for the four additional facility points. In addition, the

WEIGHT parameter must also be changed to a value of one.

Since rectilinear distances are also to be utilized, the RECT

parameter must be modified to a value of one.

The problem control and constraint cards do-change to

solve problem 4. The title should be changed to reflect a

fourth problem. In addition, EMAXL should be changed to 25.

and EMAXS should be changed to -15. The value of ICOV will

be modified to zero to eliminate the printout of the cover

matrix.

The constraint card set begins with a card containing

the values of ND, NDAS, and NANCF. The values of ND, NDAS, and

NANCF according to the definitions given in appendix C should

be: (a) ND = 4, (b) NDAS = 3, and (c) NANCF = 3. -There are

ten cards wlich should follow the card giving the values of

ND, NDAS, and NANCF. Each card gives an index and for the "ND"

cards a two letter code. The form is described in appendix

C. Two blank cards follow to complete the data deck.
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Figure 32 gives a complete listing of the data deck

necessary to solve Problem 4 and figure 33 gives a complete

output listing generated by the GAS program in solving this

problem.

MULTIPLE PLANAR RUNS

Many planar covering problems can be solved by one

computer run of the GAS program by developing a master data

deck and following with a multiple number problem control

and constraint card sets. An example of a multiple problem

run is given in chapter 8. A conceptlalized version of a

planar data deck set up for multiple problem runs is given

in figure 34.
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TABLE 34,

CITIES NOT AVAILABLE FOR FACILITY PLACEMENT

NODE REASONS

3 NA (Not Acceptable)

8 NA

10 NA

14 NA

37 NA

22 INA

25 NA

36 NA

51 NA
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FIGURE 29

LISTING OF PLANAR PROBLEM THREE DATA DECK

s 8o
a ~ so:
3 90.
4 60.

5 800
6 65.

8 90.
9 700

10 50e
11 75e
12 100.
13 80o
14 155.15 S00

16 1S0

18 110
19 90.
20 60.
21 50
22 1000
23 70.
24 110
25 800.
26 100.
27 150O
28 70
29 TO.
30 90.
3 80o
32 100.
33 90.
34 1000
35 1100
36 1000
31 50a
38 140.
39 1500
40 130.
41 60.
42 80o
43 120.
44 90.
45 100.
46 120.
47 s0
46 80,
49 5So
50 50e
51 50,
52 So.
53 40,
54 150.
55 120.

156 90o
157 800
158 70.
159 go

1 32. 31a
2 29. 326
3 270 3
4 29. 2va
S 32e 296
6 26.
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FIGURE 29

(continued, page 2)

7 24. 3JO
8 30e 3S
9 290 216

10 290 21
11' 33. 2d6
12 17, 5J
13 34o 4U,
14 25. 60a
is 21. 20.
16 30. 51
11 19. 41.
is 170 33.
19 22. 40o
20 25. 146
21 29. Ie
22 24. 406
23 170 4A
24 60 204
25 19. 21a
26 10. 3i0
21 34. S6
28 120 414
30 2?. 41.
29 19. Us
31 21. 3b.
32 32. 4b,
33 270 45o
34 32s 3d4
35 so Us
36 15. 2b,
37 35 1oe
3d 36. 41.
39 460 s53
40 50. 404
41 23. 29v
42 270 30.
43 30. 3V*
44 36. 3A
45 32. 41&
46 42. 36&
47 36. 2b.
0,8 ISO 10

49 190 14
s0 4So IV6
S 27. So
52 62. 24.
53 40. 21d
54 400 50
SS 42, 4i.

356 10 3d.
157 40. 40.
ISO 23. 2d#
IS9 23e 3.96
GAS PLANAR CXAPLb IRjE
s e30 -D.

9

3 OV4

14 NA
37 NA
22 NA
25 NA
36 NA
53 NA



POPULATION DATA

1 1o00 7 1.000 13 lo00o 19 l.009 25 3.00' 31 1.000 37 1.00' 43 1.000 49 10000 55 1000

2 1.00' 8 1.00 14 1.000 20 1.00! 26 1.00' 32 1.000 38 1001 44 1.00 50 1000'

3 1.OCo 9 1.000 15 1.00' 21 1.00' 27 100 33 1.000 39 10090 45 1.00' 51 1.00

4 1.00. 10 1.000 16 1o00 22 1000' 28 1o00' 34 1.00' 40 1909c 46 10000 52 1.00'

5 1.000 11 1.000 17 1.000 23 1.000 29 1.000 35 1.000 41 1.000 47 1.00- 53 10000

6 1.000 12 1.000 18 1.00' 24 1.00' 30 1.00' 36 1.00' 42 1.09' 48 1000 54 lo00'

THE FOLLOWING OPTIONS ARE DESIGNATED:
DEMAND POINTS ARE ALSO POTENTIAL FACILITY SITES

DISTANCES ARE MEASUHED AS EUCLIDEAN
DEMAND POINTS ARE ALSO POTENTIAL FACILITY SITEb
COORDINATE POINT DATA IS AS FOLLOWS:

1 32.00000 31.00000 1o 2 2990000 32.00000 2"0 3 2700000 36.00000 3"w

4 29.00000 29.00000 4 °0  5 32.00000 29.00000 5 0  6 26.00000 25.00000 6 0

7 24.00000 33*00000 7"O 8 30.O00009 35m00000 8o 9 29000000 27000000 9o

10 29.00000 21000000 10"0 11 33900000 28000000 I11" 12 17.00000 53.00000 120"

13 34o00000 4000000 130 14 25.00009 6000o000 140" 15 21.00000 28.00000 ISO*

16 30.00000 51.00000 16 0 17 19.00000 47000000 17"0 18 17.00000 3300000 180

19 22.00000 40000000 19 0 20 25.00000 14.00000 20"0 21 29000000 12000000 2100

22 24.00000 48000000 22"* 23 17.00000 42.00000 23 0 24 6000000 26o00000 2400

25 19.00000 21.00000 25 0 26 10000000 32.00000 260 .27 34.00000 56o00000 270

28 12o00000 47000000 28 0 29 270000 41.00000 29"* 30 19.00000 3800000 30 0

31 2100000 35000000 31"* 32 32.00000 45.00000 32 0 33 2700000 45e00000 33 0

34 32o00000 3800000 3400 35 8600000 22000000 35 0 36 15.00000 25.00000 36"f

37 35.00000 16.00000 37 0 38 36.00000 47.00000 380" 39 46.00000 51.00000 30)0

40 50.00000 40900000 40 * 41 23.09000 22.00000 410" 42 27.00000 30w00000 42"*

43 38.00000 39.00000 43"* 44 36.00000 32s00000 440" 45 32.00000 41.00000 45"0

46 42.00000 36o00000 460" 47 36.09000 2600000 470 48 15.00000 19.00000 480"

FIGURE 30

PLANAR PROBLEM THREE OUTPUT



49 19.00000 14.00000 4900 50 45.00000 19.00000 SO* 51 27.000000 5.00000 5100

52 5200000 24000000 52 00 53 40.00000 22000000 53 0  54 40.00000 52.00000 54.0

55 42.00000 42.00000 5S** 56 10.00000 30.00000 1560 57 40.00000 40.00000 157*0

58 23.00000 28.00000 1S8*0  59 2300000 39900000 15900 60 32.00000 31.00000 1**

61 29.00000 Uo00O00 2"0  62 27.00000 36.00000 300 63 29.00000 29.00000 4"0

64 3200000 29.00000 50* 65 2600000 25.00000 600 66 24000000 33.00000 700

67 3000000 3500000 8*0 68 29.00009 27000000 90* 69 29000000 21000000 10o

70 3300000 28000000 1100 71 1700000 53.00000 12CS 72 34.00000 40.00000 130*

73 25000000 0.00000 14*0 74 d1.00000 28.00000 15*0 75 30.00000 51.00000 1600

76 19.00900 47000000 1700 77 17.0000 33.00000 1860 78 22.00000 40.00000 1900

79 25.00000 14.00000 20"0 80 290000U0 12.00000 2100 a1 24.00000 46.00000 220

82 17000000 42.00000 23 00 83 6.00000 26000000 240* 84 19.00000 21.00000 2500

85 10.00000 32.00000 2600 86 34.00000 56*00000 2700 87 12.00000 47000000 2800

88 27.00000 41000000 290* 89 19.00000 38.00000 300* 90 21.00000 35&00000 3100

91 32.00000 5000000 32** 92 27.00000 45.00000 330* 93 32.00000 38.00000 3400

94 8.00000 22.00000 35*0 95 15.000 0 25000000 3600 96 3500000 16.00000 3700

97 36.00000 47.00000 3800 98 46.0000 51000000 3900 99 50a00000 40.00000 40*00

100 2300000 22.00000 410 101 27.0000 3000000 42"* 102 38.00000 39.00000 4300

103 3600000 32000000 4400 104 3200000 41,00000 45 0* 105 42.00000 36.00000 460

106 3600000 26.00000 4700.107 1b.O000 19.00000 480* 108 19.00000 14.00000 49*0

109 45000000 11000000 500 110 2700000V 5.00000 51*0 111 52.00000 2400000 5200

112 40.00000 22.00000 53 0 113 40.00000 52.00000 5400 114 42.00000 42.00000 5500

FIGURE 20

(continued, page 2)
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FIGURE 30

(continued, page 3)

SUBPROGRAM HATBLD HAS BEEN CALLED TO GENERATE A COVER 
MATRIX

THE MAXIMUM DISTANCE/TIME OF 10.00 HAS BEEN UTILIZED

ELEVATIONS ARE ALSO UTILIZED IN DEVELOPING THE COVER MATRIX

1HE LARGEST ELEVATION DIFFERENCE DOWN TO A 
FACILITY IS 30.0

THE LARGEST ELEVATION DIFFERENCE UP TO A 
FACILITY IS 30.0
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FIGURE 30

(continued, page 4)

1 @01011111 111100ll OO00000000000000001000900010110100000000
a *0111111111110101010OOOOOOOOOOOOOOOOUOO0010110100000000
3 0011111)101110101010001000000000111011900uo001011000000oo
4 0010111111111110001000000000000000100100J000110100100000000
5 00101111111111 10000000000000000000190i00010100100000000
6 00101101111I1I1IOO OOOOOOOOOO10000

000 00 000 00 0 1000000000000
7 001111111O1111000001000oooOOOOOOO OO OO1O110010000000000000
a 001I1111101110101900001000000000101001000000011110000000000
9 001011111l11OOQ OOOOOOOOOOOOOOOOOOOOUOO10100100000000

10 O0OIOOQ011001110000001OOOOIOOOOOOOOOOOOO0I 10000100000000

11 00101111110111 100000000000000000000000000000010100100000000
12 OO0000OOOOOOOOOOO OOO1OOOOOOOOUoOo1D0Q000000

000 0 0 000 00

13 010011100001000010000oo ooooooooooooooooooV0000110000000000
14 oooo00 0000000000001000oooooooooooooooouoo0000000000000000
1s 00100111011 ooooooo10000001000001000010000110000000000000
16 000000000000000000010000000000100000009o 100000000000000000
I? oooooonooooooooooooo01001100001110010000900000000000000000
18 100100000000000001001o100000010001100001U0000000000000000
19 00010010001100000000111001100000111010000000000000000000000
20 0oo000000000000000000oooooooooooooooouuo010000000010000
21 ooooooooooooo10000000ooo ooooooooooooooioOOOO000000010000
22 000100000000000100001oooo oooooooouooooo0000000000000000
23 10010000000000000000101001100001011ooooooooooooooooooooooo
24 ooooooooooooo00000000000ooooooo oooooooouooooooooooooooooo
25 0o100000010001000010000100001000000000010900100000011000000
26 10000000000000000000010000010100000000910000000000000000000
27 ooo0 0ooooo 00010100000000001000000000010000000000000001o
28 ooooooo0000o000100001U000u1000010000000OUOo00000000000000

0

Z 00010110001100001oo00010o 1o111 110000oouo0000010000000000
30 1001001000100000000011 100010000011100OoU0oo0ooo ooooU
31 oo11o111oo10oooooo0oo000oo0ooooo 000ooo0o0ooo0oooooooooo
32 010000000000000010000ooooo o oooooooooIo OOUOooo1o10000000000
33 0001001000000000100010100100000010011900VOoooooooooooooooo
34 OIOIIIII1IOIooooo ooOOOo0oOooooo01I0 000o111o0000000000
3S 000000000000000000000oo oooooo ooooooooooUUO0000000010000000
36 00100000000000000010010000011100000000 o 0o0000000010000000
37 00000000000001000000000010000000000000901000000000000000100
3 000000000000000000010oooooooooooooooooooo0001000000000011
39 000000000000000000000000000000000000009000100000000000000

11

40 0ooo0oo0o00000000000000Ooooooooooooooooo o UVoO10 0 OIoo o o
41 00100001010011000910001000010000000009000110000011000000
42 0011111111111110001000000000000000!0010000001101001000000

0 0

43 00000000000100000000000000000000000101000100001111000000091
44 0100111 10O110101000000000J0000000000100OU00U111111O0000000
45 O10 1 11 1000010U0 00000OOOOOOOOOO UO11190VOO0001110000000000
46 00000000000000000000000000000000000000UUO1001101000000001
4? 00001101100011 000000OUOOOOOOOOOOOOOOOOUO000101001000000

00

48 00000000000000000000UOOOOOOOOOOOuOOOOIIOuo0100000011000000
49 OOo0o0ooUOOOOoooooooooooooooo0 10OO 0oooooo0oOO

so 000000000000000000000ooooooooooooooooooouo0000000000101100
51 OOOOOOOOOOOOOuOOOOOOOOOOOO OOOOOOO O OOOV0000000000 010 00 0

52 0 0 OOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOuoo0000000000010100
53 OOOOOO0000000000 OOOOOOOOOOOOOOOO 00 0000000000100100

54 000000OOOOOOOOOOOOOOOOOOOOOOOlOOOOOOJOOOUI1000000000000010
S5 O000000000000000000000o 00oooooOOOO0oOoo00lOOl01001000000001

I CAN BE SERVED PY 3
I CAN RE SERVED BY 5
1 CAN BE SERVED BY 6
1 CAN BE SERVED BY 7
I CAN BE SERVED BY 8
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FIGURE 30

(continued, page 5)

I CAN BE SERVED BY 9
1 CAN RE SERVED BY 10
I CAN BE SERVED BY 11

1 CAN BE SERVED BY 12
I CAN BE SERVED BY 13
I CA" BE SERVED BY is
I CAN RE SERVED BY 17
1 CAN BE SERVED BY 38
1 CA" RE SERVED BY 46
1 CAN RE SERVED BY 48
I CAN RE SERVED BY 49
1 CAN RE SERVED BY 51
2 CAN RE SERVED BY 3
2 CAN RE SERVED BY 4
2 CAN RE SERVED BY 5

2 CAN RE SERVED BY 6
2 CAN HE SERVED BY 7
2 CAN RE SERVED BY a

2 CAN BE SERVED BY 9
2 CAN BE SERVED BY 10
2 CAN BE SERVED BY 11
2 CAN RE SERVED BY 12

2 CAN BE SERVED BY 13
2 CAN RE SERVED BY is
2 CAN BE SERVED BY 17
2 CAN RE SERVED BY 19
2 CAN RE SERVED BY 33
2 CAN RE SERVED BY 35
2 CAN RE SERVED BY 3B

2 CAN RE SERVED BY 46
2 CAN RE SERVED BY 48
2 CAN RE SERVED BY .49
2 CAN RE SERVED BY S
3 CAN RE SERVED BY 3
3 CAN RE SERVED BY 4
3 CAN RE SERVED BY 5
3 CAN RE SERVED BY 6

3 CAN RE SERVED BY 7

3 CAN RE SERVED BY 8
3 CAN RE SERVED BY 9
3 CAN RE SERVED BY 11

3 CAN RE SERVED BY 12

3 CAN RE SERVED DY 13
3 CAN RE SERVED BY 15
3 CAN RE SERVED 'Y 17
3 CAN RE SERVED BY 19
3 CAN RE SERVED BY 23
3 CAN RE SERVED BY 33
3 CAN RE SERVED BY 34

3 CAN RE SERVED BY 3s
3 CAN RE SERVED BY J7
3 CAN RE SERVED BY 38
3 CAN RE SERVED BY .46
3 CAN RE SERVED BY 48
3 CAN RE SERVED BY f9

4 CAN RE SERVED BY 3
4 CAN RE SERVED BY 5
4 CAN RE SERVED BY 6
4 CAN RE SERVED BY 7
4 CAN RE SERVED BY 8
4 CAN RE SERVED BY 9
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FIGURE 30

(continued, page 6)

4 CAN BE SERVED VY 10

4 CAN BE SERVED NY 11
4 CAN BE SERVED NY 12
4 CAN BE SERVED BY 13
4 CAN BE SERVED MY 14
4 CAN BE SERVED BY i5
4 CAN BC SERVED BY 19
4 CAN RE SERVED MY 35
4 CAN BE SERVED NY 38
4 CAN RE SERVED BY 45
4 CAN RE SERVED BY 46
4 CAN BE SERVED BY 48
4 CANl BE SERVED BY 51

5 CAN BE SERVED BY 3
5 CAN RE SERVED BY S
5 CAN RE SERVED BY 6
5 CAN BE SERVED BY 7
5 CAN RE SERVED BY a
S CAN BE SERVED BY 9
S CAN RE SERVED NY 10
5 CAN BE SERVED BY 11
5 CAN RE SERVED BY 19
5 CAN RE SEHVED BY 13
5 CAN RE SERVED BY 14
5 CAN RE SERVED BY lb
S CAN BE SERVED BY 38
5 CAN BE SERVED BY 46
5 CAN iE SERVED BY 48
5 CAN BE SERVED MY 51
6 CAN BE SERVED BY 3
6 CAN BE SERVED Y 5
6 CAN RE SERVED BY 6
6 CAN BE SERVED UY a
6 CAN BE SERVED BY
6 CAN BE SLRVLD BY 10
6 CAN BE SERVED BY 11
6 CAN BE SERVED NY 13
6 CAN BE SERVED Y 14
6 CAN RE SERVED BY 1b
6 CAN RE SLRVED UY 19
6 CAN BE SERVED BY 29
6 CAN BE SERVED BY 45
6 CAN RE SERVED BY 46
7 CAN BE SERVED BY 3

7 CAN BE SERVED BY 4
7 CAN RE SERVED BY 5
7 CAN RE SERVED PY 6
7 CAN RE SERVED BY 7
7 CAN BE SERVD BY
7 CAN RE SERVED BY 9
7 CAN BE SERVED BY 10
7 CAN BE SERvED BY 11
I CAN BE SLRVED BY 12
7 CAN RE SERVED BO 13
7 CAN BE SERVLD UT 19
7 CAN RE SERVED BY 23
7 CAN BE SERVED BY 33
7 CAN RE SLRVED BY 34
7 CAN RE SERVED BY 35
7 CAN BE SLRVED MY 30

7 CAN BE SERVED BY 46
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FIGURE 30

(continued, page 7)

o CAN BE SERVED BY 3
8 CAN BE SERVED BY 4
8 CAN BE SERVED BY 5

8 CAN RE SERVED BY 6
8 CAN BE SERVED BY I
8 CAN BE SERVED BY a
8 CAN BE SERVED BY 9
6 CAN BE SERVED DY 11

8 CAN RE SERVED BY 12
8 CAN BE SERVED BY 13
S CAN BE SERVED BY 1s

8 CAN RE SERVED BY 17

8 CAN BE SERVED BY 23

8 CAN RE SERVED BY 33

6 CAN HE SERVED BY 35
o CAN BE SERVED BY 38

8 CAN BE SERVED BY 46

8 CAN BE SERVED BY 41
8 CAN BE SERVED BY 48

8 CAN BE SERVED BY 49

9 CAN BE SERVED BY 3

9 CAN RE SERVED BY 5
9 CAN BE SERVED BY 6

9 CAN RE SERVED BY 7

9 CAN RE SERVED BY 8

9 CAN RE SERVED BY 9

9 CAN BE SERVED BY 10
9 CAN RE SERVED BY 11
9 CAN RE SERVED BY 12

9 CAN RE SERVED BY 13
9 CAN BE SERVED BY 14

9 CAN RE SERVED BY is

9 CAN RE SERVED BY 19

9 CAN RE SERVED BY 45
9 CAN RE SERVED BY 46
9 CAN BE SERVED BY 48
9 CA N RE SERVED BY 51
10 CAN PE SERVED BY 3

10 CAN RE SERVED BY 8

10 CAN IE SERVED BY 9

10 CAN BE SERVED BY 10
10 CAU RE SERVED BY 13
10 CAN RE SERVED BY 14

10 CkH RE SERVED BY 15
10 CA RE SERVED BY 24
10 CAN RE SERVED BY 25
10 CAN BE SERVED BY 29
10 CAN RE SERVED UY 41

10 CAN RE SERVED BY 45

10 CAN RE SERVED BY 46

10 CAN BE SERVED BY 51

11 CAN RE SERVED BY 3
11 CAN RE SERVED BY 5

11 CAN RE !,ELIVED BY 6
11 CAN BE SERVED BY I

11 CAN RE SERVED BY a

11 CAM RE SERVED BY 9

11 CaN RE SERVED BY 10
11 CAN BE SERVED BY 12
11 CAN BE SERVED BY 13
11 CAN RE SERVED BY 14
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FIGURE 30

(continued, page 8)

11 CAN BE SERVED BY I5
1 CAN BE SERVED OY 4b
11 CAN BE SERVED BY 48
11 CAN BE SERVED BY 51
32 CAN RE SEOVED BY 16
12 CAN RE SERVED BY 21
12 CAN RE SERVED BY 26
12 CAN BE SERVED BY 32
13 CAN BE SERVED BY 2
13 CAN RE SERVED BY 5
13 CAN RE SERVED BY 6
13 CAN BE SERVED BY 7
13 CAN RE SERVED BY 12
13 CAN BE SERVED BY 17
13 CAN BE SERVED BY 33
13 CAN BE bLRVED BY 36
13 CAN RE SERVED BY 37
13 CAN BE SERVED BY 38
13 CAN RE SERVED BY 4B
13 CAN BE SERVED BY 49
14 CAN RE SERVED BY 18
14 CAN BE SERVED BY 31

15 CAN RE SERVED BY 3
15 CAN BE SERVED BY b
15 CAN BE SERVED BY 7
15 CAN RE SERVED BY 8
15 CAN BE SERVED BY 10
15 CAN HE SERVED BY 11
15 CAN BE SERVED BY 13
I5 CAN BE SERVED BY 19
15 CAN BE SERVED BY 22
35 CAN BE SLRVED BY 29
15 CAN BE SERVED BY 35
35 CAN BE SERVED BY 40

35 CAN RE SERVED BY 45
15 CAN BE SERVED BY 46
36 CAN RE SERVED BY 20
16 CAN RE SERVED BY 31
16 CAN BE SERVED BY 42

17 CAN RE SERVED BY 4
17 CAN RE SERVED MY 36
17 CAN BE SERVED BY 21

I? CAN RE SERVED BY 23
17 CAN RE SERVED BY 26
37 CAN RE SERVED BY 27
17 CAN BE SERVED BY 32
17 CAN BE SERVED BY 33
17 CAN BE SERVED BY 34
3? CAN BE SERVED BY 37
18 CAN RE SERVED BY 1
38 CAN BE SERVED BY 4

14 CAN BE SERVED BY 19
18 CAN HE SERVED BY 22
18 CAN BE SERVED BY 23

18 CAN BE SERVED OY 30
3S CAN BE SERVED BY 34
I8 CAN RE SERVED BY 35
10 CAN BE SERVED BY 40
19 CAN RE SERVED BY 4
19 CAN BE SERVED NY 7
19 CAN BE SERVED BY 13
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FIGURE 30

(continued, page 9)

39 CAN BE SERVED BY 12
39 CAN RE SE.rVED BY 21
19 CAN RE SERVED BY 22
19 CAN RE SERVED BY 23
19 CAN RE SERVED BY 26
19 CAN BE SERVED BY 21
39 CAN BE SERVED BY 33
19 CAN BE SERVED BY 34
19 CAN BE SERVED BY i5
19 CAN RE SERVED BY 37
20 CAN BE SERVED BY 14
20 CAN RE SERVED BY 24
20 CAN RE SERVED BY 25
20 CAN BE SERVED BY 29
20 CAN RE SERVED BY 45
20 CAN RE SERVED BY 53
20 CAN RE SERVED BY 55
21 CAN BE SCRVED BY 14
23 CAN RE SERVED BY 24
23 CAN BE SERVED BY 25
21 CAN RE SERVED BY 41
21 CAN BE SERVED BY 55
22 CAN RE SERVED BY
22 CAN RE SERVED BY 16
22 CAN RE SERVED BY 21
22 CAN 9E SERVED BY 23
22 CAN RE SERVED BY 26
22 CAd BE SERVED BY 27
22 CAN RE SERVED BY 33

22 CAN RE SERVED BY 36
2? CAN RE SERVED BY 37
03 CAN RE SERVED BY 1
23 CAN RE SERVED BY 4
23 CAN RE SERVED NY 21
23 CAN BE SERVED BY 23
23 CAN RE SERVED BY 26
23 CAN RE SERVED BY 27
23 CAN RE SERVED BY 32
23 CAN RE SERVED BY 34

23 CAN RE SERVED BY 35
24 CAN RE SERVED BY 28
24 CAN BE SERVED BY 30
24 CAN BE SERVED BY 39
24 CAN RE SERVED BY 40
25 CAN RE SERVED BY 3
25 CAN BE SERVED BY 10
25 CAN RE SERVED BY 14

25 CAN RE !ERVED BY 19
25 CAN RE SERVED BY 24
25 CAN BE SERVED BY 29

25 CAN RE SERVED BY 40
25 CAN RE SERVED BY 45
25 CAN RE SERVED BY 52

25 CAN RE SERVED OY 53
26 CAN RE SERVED WY 1

26 CAN RE SERVED BY 22
26 CAN RE SERVED BY 28
26 CAN RE SERVED BY 30

26 CAN RE SERVED BY 40
27 CAN RE SERVED BY i6
2? CAN RE SERVED BY 20
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FIGURE 30

(continued, page 16)

27 cAN BE SERVED BY 31

27 CAN BE SERVED BY 42
27 CAN RE SERVED MY 158
28 CAN RE SERVED BY 1
28 CAN BE SERVED BY 16

28 CAN BE SERVED BY 21
28 CAN RE SERVED BY 27
28 CAN BE SERVED BY 32
29 CAN RE SERVED BY 4

29 CAN RE SERVED BY 6
29 CAN RE SERVED NY 1
29 CAN BE SERVED BY 11
29 CAN BE SERVED BY 12
29 CAN BE SERVED BY 17

29 CAN RE SERVED BY 21
29 CAN BE SERVED PY 23
29 CAN RE SERVED BY 26
29 CAN BE SERVED BY 33
29 CAN RE SERVED BY 34
29 CAN BE SERVED BY 35
29 CAN RE SERVED BY 36
29 CAN RE SERVED BY 37
29 CAN RE SERVED BY 36
29 CAN RE SERVED NY 49
30 CAN RE SERVED OY 1
30 CAN RE SERVED OY 4
30 CAN RE SERVED BY 7
30 CAN RE SERVED BY 11
30 CAN BE SERVED BY 21
30 CAN BE SERVED BY 22

30 CAN BE SERVED MY 23
30 CAN RE bERVED BY 27
30 CAN RE SERVED BY 33
30 CAN BE SERVED BY 34

30 CAN BE SERVED MY 3b
31 CAN BE SERVED BY 3

31 CAN RE SERVED UY 4
31 CAN BE SERVED MY 6
31 CAN RE SERVED BY 1
31 CAN BE SERVED BY 8

31 CAN HE SERVED BY 11
31 CAN RE SERVED BY 12
31 CAN RE SERVED BY 19
31 CAN BE SERVED BY 22
31 CAN RE SERVED BY 23

31 CAN BE SERVED BY 21
31 CAN RE SERVED PY 33
31 CAN BE SERVED BY 34
31 CAN RE SERVED 1Y 35
31 CAN RE SLRVED PY 46
32 CAN RE SERVED DY 2

32 CAN BE SERVLD BY 17
32 CAN RE SCRVED BY 26
32 CAN RE SERVED BY 33
32 CAN RE SERVED BY 36

32 CAN RE SLRVED BY 31
32 CAN RE SERVED BY ad
32 CAN BE SERVED BY 47
32 CAN BE SERVED BY 49
33 CAN RE SERVED BY 4
33 CAN BE bERVED BY I
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FIGURE 30

(continued, page 11)

33 CAN BE SERVED BY 17

33 CAN BE SERVED BY 21

33 CAN BE SERVED 81 23
33 CAN BE SERVED BY 26
33 CAN HE SERVED BY 33
33 CAN RE SERVED Y- 36
33 CAN BE SERVED BY 3?
33 CAN BE SERVED BY 38
33 CAN BE SERVED BY 49
34 CAN BE SERVED BY 2
34 CAN Be SERVED BY 4
34 CAN BE SERVED BY 5
34 CAN BE SERVED BY 6
34 CAN BE SERVED BY 7
34 CAN RE SERVED BY 8
34 CAN RE SERVED uY 9
34 CAN BE SERVED BY 11
34 CAN RE SERVED BY 12

34 CAN RE SERVED BY 17
34 CAN RE SERVED uY 33
34 CAN BE SERVED BY 36
34 CAN PE SERVED BY 3j
34 CAN qE SERVED BY 38
34 CAN RE SERVED BY 46
34 CAN BE SERVED BY 47
34 CAN RE SERVED BY 46
34 CAN RE SERVED BY 49
35 CAN BE SERVED BY 28
35 CAN BE SERVED BY 39
35 CAN RE SERVED BY 40
35 CAN RE SERVED BY 52
36 CAN BE SERVED BY 3
36 CAN BE SERVED BY .19
36 CAN BE SEPVED BY 22
36 CAN RE SERVED BY 28
36 CAN RE SERVED By 29
36 CAN BE SERVED U. 30
36 CAN RE SERVED VY 39
36 CAN BE SERVED HY 40
36 CAN RE SERVED BY 52
37 CAN BE SERVEV BY 14

37 CAN RE SERVER BY 25
37 CAN BE SERVED BY 41
37 CAN RE SERiLD BY 157
38 CAN BE SERVED BY 20
38 CAN RE SEFVED BY 31
36 CAN BE SFRVED BY 42
38 CAN RE S.RVED BY 47
38 CAN RE %LRVED BY 158
38 CAN fBE SERVED OY 159
39 CAN OE SERVED BY 43
39 CAN W! SERVED BY 150
39 CAN AE SERVED BY 159
40 CAN RE SERVED BY 44
40 CAK RE SERVEO BY 50
40 CA% RE SERVED BY 159
41 CIN 13E SERVED BY 3
41 CAN BE SERVED BY 8
41 (AN RE SERVED BY 10
41 CAN RE SERVED BY 13
41 CAq RE SERVED BY 14
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FIGURE 30

(continued, page 12)

41 CAN BE SERVED BY 1i

41 CAN BE SERVED BY 24
41 CAN BE SERVED BY 29
41 CAN E SERVED BY 45
41 CAN BE SERVED BY 46
41 CAN BE SERVED BY 52
41 CAN BE SERVED BY b3
42 CAN BE SERVED BY 3
42 CAN RE SERVED BY 4

42 CAN HE SERVED BY 6
42 CAN BE SERVED BY b
42 CAN BE SERVED BY 7
42 CAN RE SERVED BY 8
42 CAN RE SERVED BY 9
42 CAN BE SERVED GY 10
42 CA" BE SERVED BY 11
42 CAN RE SERVED BY 12
42 CAN RE SERVED BY 13
42 CAN BE SERVED BY 14
42 CAN BE SERVED BY lb
42 CAN BE SERVED BY 19

42 CAN BE SERVED BY 3b
42 CAN BE SERVED BY 3B
42 CAN BE SERVED BY 45
42 CAN BE SERVED BY 46
42 CAN RE SERVED BY 4U
42 CAN BE SERVED BY 51
43 CAN BE SERVED BY 12
43 CAN BE SERVED BY 36
43 CN BE SERVED BY 38

43 CAN BE SERVED BY 42
43 CAN HE SERVED BY 47
43 CAN BE SERVED BY 48
43 CAN BE SERVED BY 49
43 CAN BE SERVED BY bO
43 CAN BE SERVED BY 159
44 CAN BE SERVED BY 2
44 CAN RE SERVED BY 5
44 CAN BE SERVED BY 6
44 CAN BE SERVED BY 7
44 CAN RE SERVED BY 8
44 CAN RE SERVED BY 9
44 CAN BE SERVED BY 12

44 CAN BE SERVED BY 13
44 CAN BE SERVED BY is
44 CAN BE SERVED BY I?
44 CAN BE SERVED BY 38
44 CAN HE SERVED BY 46

44 CAN RE SERVED BY 47
44 CAN BE SERVED BY 48
44 CAN HE SERVED BY 49
44 CAN HE SERVED BY 50
44 CAN HE bERVLD BY .51
45 CAN BE SERVED BY z
45 CAN BE SERVED BY 4
45 CAN BE SERVLD BY b
45 CAN BE SERVED BY 6
45 CAN BE SERVED BY ?
45 CAN BE SERVED BY 12
45 CAN RE SERVED BY 17
45 CAN BE SERVED MY 33
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FIGURE 30

(continued, page 13)

45 CA" RE SERVED BY 36

4S CAN RE SERVED BY 37

45 CAN RE SERVED BY 36
45 CAN RE SERVED BY 47

45 CAN HE SERVED NY 48

45 CAN RE SERVED DY 49

46 CAN RE SERVED BY 44
46 CAN BE SERVED DY 47
46 CAN RE SERVED DY 48
46 CAN RE SERVED BY so

46 CAN RE SERVED BY 159

47 CAN RE SERVED BY 5
47 CAN BE SERVED BY 6

47 CAN RE SERVED BY a
41 CAN RE SERVED BY 9

47 CAN RE SERVED BY 13
47 CAN RE SERVED BY 14
47 CAN BE SERVED BY 15
47 CAN RE SERVED BY 46
47 CAN RE SERVED BY 48
47 CAN BE SERVED BY 51
48 CAN BE SERVED BY 29
48 CAN BE SERVED BY 39
48 CAN RE SERVED BY 40

48 CAN RE SERVED BY 45
48 CAN BE SERVED BY 52
48 CAN RE SERVED BY 53
49 CAN RE SERVED BY 24

49 CAN BE SERVED BY 29
49 CAN RE SERVED BY 45
49 CAN RE SERVED BY 52
49 CAN BE SERVED BY 53
SO CAN BE tPERVED BY S5

50 CAN RE SERVED BY 156
50 CAN RE SEFvED BY 157
51 CAN BE SEAVED BY 24

51 CAN BE SERVED BY 25
51 CAN RE SERVED BY 55
52 CAN RE SERVED BY 54
52 CsN BE SERVED BY 156

53 CAN RE SERVED BY 41
53 CAN RE SERVED BY 54
53 CAN RE SERVED BY 157
S4 CAN RE SERVED BY 31
54 CAN RE SERVED BY 42
54 CAN RE SERVED BY 43
54 CAN RE SERVED BY 158
5S CAN BE SERVED BY 42
55 CAN BE SERVED BY 43
55 CAN RE SERVED BY 44
55 CAN RE SERVED BY 47
55 CAN BE SERVED BY 50
55 CAN RE SERVED BY 159
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FIGURE 30

(continued, page 14)

THE FOLLOWING NODES WILL NOT BE CONSIDEHED AS PUrENTIAL FACILITY SITES$

3-NA* 8-NA. 1O-NA9 N-NA N 3-NA9 22-NA9 Z5-NAv 36-NAo SI-NAo



ITERATION NUMBER, I
GAS PLANAR EXAMPLE THREE

NUMBER OF FACILITIES 1
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 3

FACILITIES ARE LOCATED AT 39

;;U-;;;;i ------ ;;--------------------
POPULATION SERVED 20.00 PERCENT OF TOTAL POPUL ATION SERVED 36.86

- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

THE FACILITY LOCATED AT: 3 CAN COVER THE FOLLOWING DEMANDS:
I' 2. 39 4. S, 7. 8. 99 11, 13, 15, 199 299 30, 31. 33, 349 42. 44. 45,

DEMAND POIN; CAN BE COVERED BY FACILITIES AT:
1 3,
2 39
3 39
4 3,
5 3,
6 NO CURRENT FACILITY LOCATION
7 3,
a 39
9 3,

10 NO CURRENT FACILITY LOCATION
11 39
12 NO CURRENT FACILITY LOCATION
13 3v
14 NO CURRENT FACILITY LOCATION
Is 3.
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
19 3,
20 NO CURRENT FACILITY LOCATION
21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 NO CURRENT FACILITY LOCATION
25 "O CURRENT FACILITY LOCATION
26 NO CURRENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION
28 NO CURRENT FACILITY LOCATION
29 39
30 39
31 3,

-32 NO CURRENT FACILITY LOCATION
33 3,
34 39

FIGURE 30

(continued, page 15)



35 NO CURRENT FACILITY LOCATION
36 NO CURRENT FACILITY LOCATION
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURqENT FACILITY LOCATION
40 NO CURRENT FACILITY LCCATION
41 NO CURRENT FACILITY LOCATION
42 39
43 NO CURRENT FACILITY LOCATION
44 39
45 3v
46 t0 CURRENT FACILITY LOCATION
4? NO CURRENT FACILITY LOCATION
48 NO CURRENT FACILITY LOCATION
49 NO CURRENT FACILITY LOCATIOU
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

-FIGURE 30

(continued, page 16)



ITERATION NUMBER* a

OAS PLANAR EXAMPLE T"IEE

NUMBER OF FACILITIES 2

SERVICE DISTANCE - 100000

NEW FACILITY LOCATION NUMBER 25

FACILITIES ARE LOCATED AT 39 25.

---- -- -------- ------------------------ ------------

POPULATION SERVED 28.00 PE*CENT OF TOTAL POPULATION SERVED 50.91

--------------------- m--- m--------m---- ----------

THE FACILITY LOCATED AT: 3 CAN COVER THE FOLLOWING DEMANDS:

It 29 3. 4. 5. 7, 8. 99 11. I. 15. 199 29% 30, 319 339 3S. 429 44. 45,

THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLOWING DEMANDSt

69 109 35 20, 25. 369 41t 48. 499

DEMAND POINT CAN BE COVERED BY FACILITIES AT

1 3.
2 39
3 3.
4 39

5 39

6 259
7 39

a 3.
9 39

10 25.
11 39
12 NO CURRENT FACILITY LOCATION

13 39
14 NO CURRENT FACILITY LOCATION

15 3, aS.
16 NO CURRENT FACILITY LOCATION

17 NO CURRENT FACILITY LOCATION

18 NO CURRENT FACILITY LOCATION

19 3,
20 259
21 NO CURRENT FACILITY LOCATION

22 NO CURRENT FACILITY LOCATION

23 NO CURRENT FACILITY LOCATION

24 NO CURqENT FACILITY LOCATION

25 abo

26 NO CURRENT FACILITY LOCATION

27 NO CURRENT FACILITY LOCATION

28 NO CURRENT FACILITY LOCATION

.29 39
30 3,

31 39

FIGURE 30

(continued, page 17)



32 NO CURRENT FACILITY LOCATION
33 39
34 39
35 NO CURRENT FACILITY LOCATION
36 259
37 NO CURRENT FACILITY LOCATION
38 NO CURREN4T FACILITY LOCATION
39 NO CURRLNT FACILITY LOCATION
40 NO CURRENt FACILITY LOCATION
41 P2b.
42 3.
43 NO CUHQENT FACILITY LOCATION
44 .5.

45 3 t
46 NO CURRENT FACILITY LOCATION
47 NO CURRENT FACILITY LOCATION
48 259
49 25,
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

FIGURE 30

(continued, page 18)



ITERATION NUMBER9 3
GAS PLANAN EXAMPLE THREE

NUMBER OF FACILITIES 3
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 38

FACILITIES ARE LOCATED AT 3. 259 36.
---- -

POPULATION SERVED 34.00 PERCENT OF TOTAL POPUbATION SERVED 61.62

------------------------------- m----------- ------

THE FACILITY LOCATED AT' 3 CAN COVER THE FOLLOWING DEMANDS:
1t 2. 3. 4. S 7. 8. 9o 11. 13. IS 19, 29s 309 319 33. 349 42. 44. 45.

THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLOWING DENANDS:

69 109 159 209 259 36, 419 489 499
THE FACILITY LOCATED ATS 38 CAN COVER THE FOLLOWING DEMANDS!
16, 27. 38, 439 54. 559

DEMAND POINX CAN BE COVERED BY FACILITIES AT:
1 .3
2 39
3 39
4 3,
5 39
6 25.
7 3,
8 39
9 39

10 25.
11 31
12 NO CURRENT FACILITY LOCATION
13 39
14 NO CURRENT FACILITY LOCATION
is 39 259
16 30,
17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION

19 39
20 259
21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 NO CURRENT FACILITY LOCATION
25 25
26 NO CURRENT FACILITY LOCATION
27 38.
28 NO CURRENT FACILITY LOCATION
29 39
30 jo
31 39

FIGURE 30
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32 NO CURRENT FACILITY LOCATION
33 J9
34 3w
35 NO CURRENT FACILITY LOCATION
36 25.
37 NO CURRENT FACILITY LOCATION
38 38,
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 2bo
42 3.
43 36.
44 3P
45 3,
46 NO CURRENT FACILITY LOCATION
47 NO CURRENT FACILITY LOCATION
48 25,
49 25.
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 30t,
55 3a.

FIGURE 30

-(continued, page 20)



ITERATION NUMBER9 4

GAS PLANAR EXAMPLE THREE

NUMBEk OF FACILITIES 4
SERVICE DISTANCE m 100000

NEW FACILITY LOCATION NUMBER 17

FACILITIES ARE LOCATED AT 39 259 38, 179

POPULATION SERVED 39.00 PEjCLfJT OF TOTAL POPMjATION SERVED 70.91
--------- m--- ------------------------- !--!------ ------------------ m--------el e a~

THE FACILITY LOCATED AT 3 CAN COVER THE FOLLOWING DEMANOSS
1 2. 3. 49 5. 7. at 9. 11914. 15. 199 29% 309 319 339 359 429 449 459

THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLUWING DEMANDS:
69 10v 15, 20. 259 36. 41, 48v 499

THE FACILITY LOCA TED ATI 38 CAN COVER THE FOLLOWING DEMANDSt
16. 27, 38, 43v 549 55,

THE FACILITY LOCATED ATI 17 CAN COVER THE FOLLOWING DEMANDS:
129 17. 19, 229 23. 28, 299 309 33,

DEMAND POINT CAN BE COVERED BY FACILITIES ATt
1 39
2 3.
3 39
4 39
5 3,
6 25,
7 39
8 39
9 3,

10 25,
11 3.
12 179
13 39
14 NO CURRENT FACILITY LOCATION
15 3. a5
16 30.
17 179
18 NO CURRENT FACILITY LOCATION
19 3. 17,
20 25,
21 NO CURRENT FACILITY LOCATION
22 179
23 179
24 NO CURRENT FACILITY LOCATION
25 25,
26 NO CURRENT FACILITY LOCATION
27 38
28 17t
29 39 17,
30 39 179

FIGUR1E 30
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31 39
32 NO CURRENT FACILITY LOCATION
33 39 17,
34 3,
35 NO CURRENT FACILITY LOCATION
36 259
37 NO CURRENT FACILITY LOCATION
38 389
o #40 CURRENT FACILITY LOCATION

40 NO CURRENT FACILITY LOCATION
41 Zbt
42 39
43 38,
44 3,
#05 39
46 NO CURRENT FACIL:TY LOCATION
47 NO CURRENT FACILITY LOCATION
48 25,
49 259
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 38,
55 38,

SUBSTITUTION ALGORITHM USED

NODE 2 REPLACE$ FACILITY LOCATION 3
THIS IS NOW FACILITY NUMBER I

FACILITIES ARE LOCATED AT 2, 25, 38. 17,

POPULATION SERVEO 40.00 PEMC~.NT OF TOTAL OPUbATION SERVED 72013
-------------------------------

THE FACILITY LOCATEU AT: 2 CAN COVER THE FOLLUWING OEHANDSI
1. 2. 39 49 So 6o 7, 8, 9. 119 13, 15. 299 31, 349 42, '469 45. 4?.

THE FACILITY LOCATED AT: 25 CAN COVER THE FPLLOWING DEMANOS

69 10# 15, 20, 25. 369 41, 48, 499
THE FACILITY LOCATED AT$ 38 CAN COVER THE FOLLUWING DEMANDS:
16. 27, 489 43v 54, 55,

THE FACILITY LOCATED At: 17 CAN COVER THE FOLLOWING DEMANDS:
12. 17, 19. 229 23, 289 29, 309 339

DEMAND POINI CAN HE COVERED BY FACILITIES AT:
1 2,
2 2,
3 2.
4 2.
5 2.
6 Z. a5.
7 2,
8

9 29

FIGURE 30
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11 2.

12 17?
13 2.
14 NO CURRENT FACILITY LOCATION
15 kv 4S0
16 38,
17 17,

18 NO CURVENT FACILITY LOCATION
19 17.
20 25.
21 NO CURRENT FACILITY LOCATION
22 17.
23 17
24 fNO CURRENT FACILITY LOCATION
25 25,
26 NO CURRENT FACILITY LOCATION
2? 389
28 179
29 29 179
30 179
31 29
32 NO CURRENT FACILITY LOCATION
33 179
34 2#
35 NO CURRENT FACILITY LOCATION
36 259
37 NO CURRENT FACILITY LOCATION
38 389
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 259
42 29
43 389
44 29
45 29
46 NO CURRENT FACILITY LOCATION
47 29
48 259
49 259
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 389
55 389

FIGURE 30
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SU8STITUTION ALGORITHM USED

NODE 20 REPLACES FACILITY LOCAlION as
THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 29 209 389 179
--------------- m ----------- e m -- ee -- "

POPULATION SERVED 40o00 PERCENT OF TOTAL POPUbATION SERVED TZ.?3

---- m- ---- ------------------------- m--------------m-----------
THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLOWING DEMANDS:

1 29 39 49 5 69 79 8. 9# Ile 13, IS, 29% 319 349 429 49 45. 47.

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEHANDS$
109 209 21. 259 419 499 51

THE FACILITY LOCATED ATt 38 CAN COVER THE FOLLUWING DANWS
16, 27, 38, 439 54, 559

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLQWING DEHANDS2
12. 17, 199 Z29 239 28, 29, 30v 33t

DEMAND POIN CAN UE COVERED BY FACILITIES AT:
1 2.
2 29
3 29
4 2.
5 2,
6 9
7 2.
a 2.
9 2.

10 20,
11 2.
12 ITO
13 2.
14 NO CURRENT FACILITY LOCATIO0
15 2.
16 38.
1? 17.
18 NO CURRENT FACILITY LOCATION
19 17,
20 20,
21 20.
22 17,
23 17,
24 NO CURRENT FACILITY LOCATION
25 20t
26 NO CURRENT FACILITY LOCATION
27 3so
28 17,
29 29 17.
30 17,
31 2,
32 NO CUR*ENT FACILITY LOCATION

N

FIGURE 30 a
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33 17.
34 29
35 NO CURRENT FACILITY LOCATION
36 NO CURRENT FACILITY LOCATION
37 NO CURRENT FACILITY LOCATION
38 38.
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATIOU
41 20,
42 2,
43 38,
44 2.
4S 29
46 NO CURRENT FACILITY LOCATION
47 kv
48 NO CURRENT FACILITY LOCATION
49 209
so NO CURRENT FACILITY LOCATION
Sl 20,
S2 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 389
SS 389

SUBSTITUTION ALGORITHM USED

NODE 36 REPLACE$ FACILITY LOCASION 48
THIS IS NOW FACILITY NUMBLR 3

FACILITIES AH LOCATED AT 2. 20, 36& I?
- -------------- m ------

POPULATION SERVED 40.00 . PERCENT OF TOTAL POPULATION SERVED 72.73
----- m--- - ------ ------------m---------------------------

THE FACIL!TY LOCATED AT: 2 CAN COVER THE FOLLIwING DEMANDS:
It 2. 3. 49 5. 6, 7, 8t 9. 1k. 139 15. 29s 31, 349 42v 4$9 45. 4?,

THE FACILITY LOCATCD Al: 20 CAN COVER THE FOLLOWING DEMANOS:
10. 209 alt 259 419 49. 51,

THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLOING DEMANDS:
1st 18. 49 25. 26. 35, 36# 48.

THE FACILITY LOCATEV AT: 17 CAN COVER THE FULLuQING DEMANDS:
129 17. 199 229 23, 28, 29, 30. 33.

DEMAND POINI CAN BE COVERED SY FACILITIES ATt
1 2.
2 2,
3 2.
4 2.
S 2.

rIGURE 30
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6 2,
7 29
8 2,
9 29

10 209
11 29
12 179
13 29
14 NO CURRENT FACILITY LOCATION-
15 29 469
16 NO CURRENT FACILITY LOCATION
17 179
18 36,
19 17
20 209
21 209
22 179
23 179
24 369
25 209 369
26 36,
27 NO CURRENT FACILITY LOCATION
28 17,
29 29 179
30 17,
31 29
32 NO CURRENT FACILITY LOCATION
33 17,
34 2.
35 369
36 369
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 20,
42 29
43 NO CURqENT FACILITY LOCATION
44 2.
45 29
46 NO CUR9ENT FACILITY LOCATION
47 2v
48 36.
49 209
so NO CURRENT FACILITY LOCATION
S5 20,
52 NO CURRENT FACILITY LOCATION
53 NO CURgENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

FIGURE 30
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ITERATION NUMBE4. 5

GAS PLANA9 EXAMPLE THREE

NUMBER OF FACILITIE$ 5

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 38

FACILIlIES ARE LOCATED AT 2. 20. 3b 179 389
---- ------ m--- ------------------ -------aaaaaaaaaaf e ~ e l l e e
POPULATION SERVED 46.00 PERCENT OF TOTAL POPULATION SERVED 83.4

-------- ---------------------------------------------------------
THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLUWING DEMANDSt

It 29 3. 4. 5o b To 8t 9. 1, 13, 15. 29. 31, 34# 42. 46t 459 47.
THE FACILITY LOCATED ATt 20 CAN COVER THE FOLLUWING DEMANDS:
109 209 a1 2h, 41, 49, 51,

THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLUWING DEMANOSS
159 18, a4 259 26. 35, 36, 48.

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS8
12. 17. 19, 22, 23, 28, 29, 309 33,

THE FACILITY LOCATEO AT: 38 CAN COVER THE FOLLOWING DEMANDS:
169 27, 38, 43. 549 55,

DEMAND POINZ CAN BE COVEHED BY FAOILITIES AT8
1 2.

2 2.
3 2.
4 29
5 29
6 29
7 2.
a 2.
9 2,

10 20
11 2.
12 1T.
13 20
14 NO CURRENT FACILITY LOCATION

15 2. 469
16 38
17 17.
18 36.
19 17,
20 20,
21 20,
22 17,
23 17.
24 369
25 20. 36.
26 36,

FIGURE 30
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27 38.
28 17,
-29 2, 17.
30 171
31 2.
32 NO CURRENT FACILITY LOCATION
33 I9
34 2.
35 3b
36 36.

37 NO CURRENT FACILITY LOCATION
38 3d,

39 NO CURRENT FACILITY LOCATIOU
40 NO CURRENT FACILITY LOCATION
41 209
42 2.
43 38t
44 29.
45 29
46 NO CURRENT FACILITY LOCATION
47 2,
46 36,
49 20,
50 NO CURRENT FACILITY LOCATION
51 20,
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 38,
55 38,

-,FIGURE 30
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ITERATION NUMBER* 6
GAS PLANA@ EXAMPLE TMHEE

NUMBER OF FACILITIES 6
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 50

FACILITIES ARE LOCATED AT 2, 20, 3o9 179 38, SI .
---------------- -------------------- "----------eeeeeee

POPULATION SERVED 49.00 PLNT OF TOTAL POPUbATION SERVED 89.t9
---------- ---------------- ------------------------------------

THE FACILITY LOCATED AT& 2 CAN COVER THE FOLLQWING DEMANDS:
It 2, 3# 4. St 6, 79 8 99 11, 13, 15. 29, 31, 349 429 469 45 47.

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLUWING DEMANDS:
109 20, a1t 2bo 419 499 51.

THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLUWING DEMANDS:
15. 18. 24, 259 26. 35, 36, 48,

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS$
12, 17, 19, 22. 23, 2do 29, 30. 339

THE FACILITY LOCATED ATS 38 CAN COVER THE FOLLUWING DEMANDS2
169 27. $0. 43. 54t 55,

THE FACILITY LOCATEU ATi 50 CAN COVER THE FULLOWING DEMANDS:
509 52# 13,

DEMAND POINA CAN BE COVERED BY FAOILITIES GT!
1 2.
2 29
3 2.
4 2.
S 2,
6 2.
T 2.
8 2.
9 29
10 20P
11 d
12 17.
13 29
14 NO CURRENT FACILITY LOCATION
15 2. 36# -

16 38s
17 17,
18 3b6
19 17,
20 20,
21 20,
22 17 -

23 17T
24 36,
25 20, 369

FIGURE 30
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26 369
27 38,
28 -17.
29 2, 17.
30 '17,
31 2
32 NO CURRENT FACILITY LOCATION
33 17,
34 2.
35 36,
36 35t
37 NO CURRENT FACILITY LOCATION
38 38,
39 NO CURRENT FACILITY LOCATIO"
40 NO CURRENT FACILITY LOCATION
41 20,
42 2.
43 389
44 2.
45 29
46 NO CURRENT FACILITY LOCATION
47 29
48 36,
49 20,
50 50,
51 20,
52 50,
53 50,
54 38,
55 38t

FIGURE 30'
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ITERATION NUMBER@ 7
GAS PLANAR EXANPLE THREE

NUMBER OF FACILITIES 7

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 55

FACILITIES ARE LOCATED AT 2. 20. 36t 1?. 38, 50 55.
-------------------------------------- f ften-------lmf----e--
POPULATION SERVED 52.00 PEMCENT OF TOTAL POPUbATION SERVED 94bS
-------- ------- i--- -----------------------------------------------------

THE FACILITY LOCATED AT3 2 CAN C4VER THE FOLLUWING DEMANDS$
1. 2. 3. 4. So 69 To 8t 9. 14. 139 IS 29, 31. 34. 42, 49 459 47.

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLQWING DEMANDS:
10, 20. a:, 259 41. 499 51.

THE FACILITY LOCATED AT, 36 CAN COVER THE FOLLQWING DEMANDS$
1S. 18. 24. 259 26. 35, 36. 48.

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS:
129 17. 19, 229 23. 28, 29. 30. 33.

THE FACILITY LOCATED AT: 38 CAN COVER THE FQLLUWING DEMANDS:
16. 27. 4, 439 549 559
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLUWING DEMANDS$
50. 52. 53.
THE FACILITY LOCATfE AT: 55 CAN COVER THE FOLLUWING DEMANDS:
38. 39. 40. 4J. 46, 55.

DEMAND POINZ CAN UE COVERED BY FACILITIES ATs
1 2,

3 go
4 29
5 29
6 2.
7 2.
8 2.
9 2.

10 20.
11 2.
12 17.
13 2.
14 NO CURRENT FACILITY LOCATION
is 2. 36,
16 38.
17 17.
18 3b,
19 17.
20 20.
21 20.
22 17.
23 17.
24 36.
2s 20# 369 Q

FIGURE 30
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26 369
27 38v
28 IT*
29 2. 17,
30 379
31 2,
32 NO CURRENT FACILITY LOCATI0IW
33 179
34 29
35 369
36 369
37 NO CURRENT FACILITY LOCATION
38 389 559
39 559
40 55,
41 209
42 29
43 38. 55s
44 29
45 2.
46 559
47 2,
48 369
49 209
50 509
51 209
52 50,
53 50,
54 389
55 389 559

SUBSTITUTION ALGORITHM USED

NODE 27 REPLACE$ FACILITY LOCATION
THIS IS NOW FACILITY NUMBER 5

FACILITIES ARE LOCATED AT 29 209 369 179 27. 509 55.
-.----.. . ...-.. . .------------------------------- ---------------------- e .... .

POPULATION SERVED 53.00 PEICENT OF TOTAL POPUbATION SERVED- 96.81.
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee--! -------------- 7 .......... 7 ...----

THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLOWING DEMANOS:
19 2. 3. 49 5 6. T 8. 99 1. 139 159 29* 31s 349 429 4S9 45. 4?9

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS:
109 20, ai. 25, 419 499 519

THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLOWING DEMANDS:
15. 189 44, 259 269 35, 369 48,

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLOWING DEMANDS:
129 17# 19, 22. 239 209 29, 309 339

THE FACILITY LOCATED AT: 27 CAK COVER THE FOLLOWING DEMANOS
149 169 m7, 38. 54,

FIGURE 30
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THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLOWING DEMANOS:
50, 52, 53,

THE FACILITY LOCATED AT# 55 CAN COVER THE FOLLOWING DEMANOS:
38, 39, 409 439 469 55,

DEMAND POINT CAN BE COVERED BY FACILITIES AT:
1 2.
2 2,
3 2,
4 29
5 2.
6 2.

8 29
9 2.

10 20;
11 Zi
12 1TD
13 -2i
14 27.
15 29 36.
16 27.
17 17,
18 36,
19 17.
20 20t
21 20.
22 17,
23 17,
24 36,
25 20, 369
26 36.
27 27,
28 17,
29 2. 17f
30 17,
31 '2
32 NO CURRENT FACILITY LOCATIOU
33 179
34 29
35 36,
36 36t
37 NO CURRENT FACILITY LOCATION
38 27, S5
39 55,
40 55,
41 20.
42 2.
43 55,
44 29
45 2v
46 55.
47 2.
48 36v
49 20.
50 50t
51 20,
52 50,
53 So,
54 27t
55 55, FIGURE 30
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ITERATION NUMBER, 8
GAS PLANAR EXAMRLE THREE

NUMBER OF FACILITIE$ 8
SERVICE DISTANCE u 100000

NEW FACILITY LOCATION NUMBER 15T

FACILITIES ARE LOCATED AT 29 209 369 179 2?, 50. 559 157
-----------------------------

POPULATION SERVED 54.00 PEiCET OF T4TAL POPLWATION SERVED 98.18

THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLQWING DEMANDS:

I* 24 3. A, 6t 6. 79 89 99 It* 139 15, 29t 31, 34. 42, 449 459 47

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANOS:

10, 20, a1 259 41, 499 51,
THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLeWING DEMANOS:

15, 18, a49 25, 26, 35, 36, 48,
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLQWING DEMANDS:

12. 17, 19, 229 23, 28, 29, 30, 339
THE FACILITY LOCATEO AT: 27 CAN COVER THE FOLLQWING DEMANOS$

149 16. 27, 389 549
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLUWING DEMANDS;
509 529 53.
THE FACILITY LOCATED AT: 55 CAN COVER THE FOLLOWING DEMANOSs
38, 399 40, 43. 46, 55,
THE FACILITY LOCATED ATS 157 CAN COVER THE FOLLOWING DEMANDS1
13, 32, 449 44. 45,

DEMAND POINA CAN BE COVERED BY FACILITIES AT:

1 2.
2 2v
3 29
4 29
5 29
6 2,
7 2.
8 2,
9 - 2,

10 20.
11 29.
12 179
13 29 15?.
14 27.
15 Z. 369
16 27,
17 17,9
18 36,
19 IT
20 20.P

- 0

FIGURE 30
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21 20.
22 179
23 179-
24 369
25 209 36.
26 36.
27 27.
28 179
29 29 17,
30 17.
3 29
32 157.
33 17,
34 29 1579
35 36,
36 36.
37 NO CURRENT FACILITY LOCATION
38 27. 55.
39 Sbe
40 55.
41 209
42 2,
43 55,
44 Zo 157.
45 2. 157T
46 55.
47 29
48 36.
49 Zoo
50 50
51 2ut
52 50O
53 5o
54 27,
55 55.

CD,

FIGURE 30
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ITERATION NUMBERt 9
GAS PLANAR EXAMPLE THREE

NUMBER OF FACILITIES 9

SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMBER 37

FACILITIES ARE LOCATED AT 29 20, 36. 17, 279 50% 559 1579 31,
----------------------------------- m ------- m ---------- m----aeee

m

POPULATION SERVED 55.00 PECENT OF TOTAL POPULATION SERVED 100*99
---m----mmmm------------------------------m------m---

M

THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLOWING DEMANDS:

10 29 3. 49 So 6, 7T 8 9v I, 139 159 29, 319 349 429 449 459 479

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS1

10, 20, 21, 259 419 49, S1

THE FACILITY LOCATED AT% 36 CAN COVER THE FOLLOWING DEMANOS:

15, 18. 249 259 26, 359 369 48#

THE FACILITV LOCATED AT: 17 CAN COVER THE FeLLQWING DEMANDS:

129 179 199 229 239 289 29, 309 339

THE FACILITY LOCATED ATt 27 CAN COVER THE FOLLOWING DEMANOS1

149 16, aT, 389 549
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLUWING DEMANDS:

509 529 63#

THE FACILITY LOCATED AT$ 55 CAN COVER THE FOLLOWING DEMANDS$

389 399 40, 439 469 559
THE FACILITY LOCATED AT: 157 CAN COVER THE FOLLPWING DEMANDS$

139 329 J49 449 459
THE FACILITY LOCATED AT: 37 CAN COVER THE FOLLQWING DEMANDS$

10. 219 17. 539

DEMAND POINI CAN BE COVERED BY FACILITIES OTS

1 29
2 2.
3 29
4 29
S 2t

6 29
7 29
8 2.
9 29
10 20, 37.
11 29
12 179
13 29 1579"
14 279
is 2, S6,
-16 27 -

1-7 17,
18 36,
19- 17,

20,

FIGURE 30
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21 20, - 37,
22 17.r
23 17,
24 36,
2S 20, 369
26 369
27 2?,
28 17
29 2, 17.
30 17,
31 2,
32 b 0,
33 179
34 2, 157,
35 369
36 36,
37 37,
38 27, 5St
39 5bi
40 55,
41 20,
42 2.
43 5s.
44 e, 1579
45 2. 157.
46 Sb,
47 29
48 369
49 20.
so 509
51 20,
52 50v
53 Sot 47,
54 27#
SS Sb,

COVERRAGE CANNOT BE CHANGED BY ADDITIONAL FACILITIES
THIS SOLUTION WAS GENERATED BY THE GAS ALGORITHM

FIGURE 30

(continued, page 37)
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FIGURE 31

CONCEPTUAL FORM OF THE DATA DECK FOR

PLANAR PROBLEM THREE

/ two blank

constraint cards
second problem
control card

. -_first problem
control card

additional point-- coordinate

demand point coordinate
elv data
elevation data (59 values)

• second'master control card

-- first master control card
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TABLE 35

RESTRICTIONS FOR PLANAR PROBLEM FOUR

1) There are four demand areas not eligible for facility
placement. They are:

Area Reason

8 NA (Not Acceptable)

25 NA

36 NA

50 NA

2) There are three demand areas that are to be automatically
allocated a facility. They are 1, 10, and 12.

3) There are three demand areas that are to be eliminated
from the master problem. They are 55, 54, and 52.
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FIGURE 32

LISTING OF PLANAR PROBLEM FOUR DATA DECK

59 55

2 0,
3 900
4 so*
5 60

65e7 75.
a 90.
9 70,

is 509
11 75.
12 1000
13 80.
14 155.
15 80,
16 M5Oe
17 75
18 1100
19 90.
20 609
21 50.
22 100.
23 700
24 1100
25 80.
26 1000
2? 150,
28 700
29 70,
30 90.
31 80.
32 100.
33 90.
34 1000
35 1100
36 100.
37 S0
38 140s
39 1500
40 130.
41 60.
42 80
43 120.
44 90.
45 1000
46 120.47 80.

48 80.,
49 55.e
50 50.

51 50*
52 S0
53 400
54 150O
55 120.
156 90
157 S0158 70.

159 900
1 32. 314
2 '29. 326
3 27. 366
4 29e 296
5 ,32s 291
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FIGURE 32

(continued, page 2)"

6 26s 2S&
1 24. 316
6 30a 35&
9 29. 218
I0 29. 211
31 33. 289
12 17. 5J6
13 349 406
14, 25. 601
is 210 256
16 30. 51&
17 190 414
Is 17. 3J,
19- 22. 406
20 25. 14.
21 29. 124
22 24, 46.
23 17. 4Z&
24 69 264
25 190 21&
26 100 32s
27 34. 56b
26 12. Vi
29 190 36
30 27. 416
31 21. 356
32 32. 454
33 27. 45&
34 32. 386
35 of 2Z.
36 15. 251
37 35* 16.
36 36. 416

39 46. 516
40 50. 40.
41 23. 22s
42 27. 306
43 36e 394
44 36. 32a
4S 32e 41&
46 42. 361
47 36. 268
46 15 196
49 19. 141
50 45, 144
51 27e S
52 52. 24.

'53 40. 226
S4 40o 520

-55 42. 42.
1 10.
2 620.
3 560.

O 390.
5 350.
6 210.
7 200.
a 190.
9 170.

10 170.
11 160.
12 150.
13 140e
14 120.
is 120.
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FIGURE 32

(continued, page 3)

16 330.
37 300.
18 30s.
19 90.
20 90.
21 90.
22 s0.
23 80.
24 80.
25 s0
26 70.
21 60.
28 60.
29 60.
30 60.
31 60.
32 50.
33 50.
34 so.
35 50
36 so.
37 50.
,38 40.
39 40.
40 40.
41 40.
42 40.
43 40.
44 40.
45 30.
46 30.
4? 30s
48 30.
49 30.
so 30.
51 30s
52 200
53 200
54, 200
55 20.
356 10. 3d0
i57 400 40 ,
358 23. 2d.
159 23s 3V6
GAS PLANAR EXAMPLE FUUR
I5 10. 25o -I5. O
4 3 3
8 NA

25 NA
36 NA
50 NA

I
10
12
5

54
52



POPULATION DATA

1 710.000 7 200.00' 13 140.00' 19 90.00? 25 80.00 31 60.00- 37 50.010 43 40.00 49 30.000 55 200000

2 620.00? 8 190.00' 14 120.00' 20 9000' 26 70.00* 32 50.00' 38 40,0Vf 44 40.000 so 30.000

3 560.00# 9 170.000 15 120.00' 21 90.00? 27 60.00' 33 500C* 39 40.0#0 45 30.000 51 30.000

4 390.000 10 170o00' 16 110o00' 22 80.00' 28 60.00' 34 50.000 40 40.01' 46 30.00' 52 20.00'

5 350.00? 11 160.000 17 100.00- 23 80.000 29 60.000 35 50.00' 41 40.O 47 30.000 53 20.000

6 210.00' 2 150.000 IS 100.000 24 80,000 30 60.000 36 50.00' 42 40O0? 48 30.00' 54 20.00'

---------- ------------------ ------------------ ---------------------------------- ------------ a----------------

THE FOLLOWING OPTIONS ARE DESIGNATED:
DEMAND POINZS ARE ALSO ROTENTIAL FACILITY SITES
DISTANCES ARE MEASURED AS RECTILINEAR
DEMAND POINTS ARE ALSO POTENTIAL FACILITY SITES
COORDINATE POINT DATA 15 AS FOLLOWS:

1 32,00000 31,00000 1"0 2 29.0000 32.00000 20" 3 27.00000 36.00000 3"0

4 29,00000 29.00000 4 0  5 32.00000 29.00000 5"o 6 26.00000 25.00000 6"*

7 24,00000 33.00000 7 0  8 300000U 35.00000 So* 9 29000000 27000000 9"o

10 29.00000 21*00000 10 0  11 33.00000 28.00000 11 0 12 17.00000 53.00000 12"*

13 34,00000 40o00000 13 0 14 25.00000 60,bO00O 14"0 15 21.00000 28,00000 15"o

16 30.00000 51.00000 16"0 17 19.00000 4700000 17"0 18 17000000 33.00000- 180

19 22.00000 40900000 19"* 20 25.00000 14000000 200 21 29000000 12.00000 2100

22 24.00000 48.00000 22"0 23 1o000000 42o00000 230 24 600000 26.0000 24"0

25 19.00000 21.00000 25 0 26 10000000 32.00000 260" .27 34900000 56.00000 2700

28 12,00000 47,00000 28 0 29 19.00000 38.00000 29"* 30 27.00000 41.00000 300"

31 21.00000 35.00000 31 0 32 32.00000 45,00000 320" 33 2700000 45.00000 33 0

34 32s00000 38.00000 3400 35 8.00000 22.00000 35 0 36 15600000 25,00000 36 0

3? 35.00000 16.00000 370 38 36.0000U 47000000 38"0 39 46s00000 51.00000 39 0

40 50.00000 40.00000 40 0  41 23.00009 22e00000 41 0* 42 27.00000 30.00000 42 0

43 38.00000 39e00000 43 0 44 36.00000 32.00000 440" 45 32.00000 41900000 45"°o

46 42.00000 36.00000 46*0 47 3b.O000 26.00000 470 48 15.00000 19.00000 48 0

49 19.00000 14e00000 49 0  50 45.00000 19.00000 5000 51 27.00000 5000000 5100

FIGURE-33
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52 5200000 24.00000 52*0 53 40.00000 22.00000 53C0  54 40.00000 52.00000 5400

55 42000000 42.000000 55Co  56 10.00000 38.00000 156O ST 40.00000 40.00000 1570

58 23.00000 28.00000 156* 0 59 23.00000 39.00000 159** 60 3200000 31.00000 1CC

61 29.00000 32.00000 2 00 62 27.000U0 36.00000 3 00 63 29.00000 29.00000 40*

64 32.00000 29.00000 see 65 26.000UU 25.00000 600 66 24.00000 33.00000 Tee

6T 3000000 35.00000 8* 68 29.000000 27.00000 900 69 29.00000 21.00000 10*0

TO 33.00000 28.00000 11 0  71 17.0000U 53.00000 1200 72 34.00000 40.00000 13**

73 25.00000 60.00000 14*0 74 21.0000 28.000000 15 75 30.00000 51.00000 1600

76 19.00000 4700000 17 0 'TT 17.00000 33.00000 1de* 78 22.00000 40000000 19*

79 25.00000 14.00000 20*0 80 29.00000 12.00000 210* dl 24.00000 4d.00000 2200

82 17.00000 42.00000 23C0  83 6.00000 26900000 24*0 84 19.00000 21.00000 250.

85 10.00000 32.00000 260* 86 34.09000 56.00000 27'* 87 12900000 47.00000 28**

88 19.00000 38.00000 29*0 89 27.00000 41.00000 30 0* 90 21.00000 35.00000 31*0

91 32.00000 45900000 32** 92 27.090u0 45.00000 3300 93 32.00000 38.00000 340.

94 8.00000 22.00000 35"0 95 15.09000 25.00000 360 96 35*00000 1600000 37 00

97 36.00000 47.00000 38 0 98 46.000b9 51.00000 39** 99 50.00000 40.00000 40C0

100 23.0oO00 22.00000 41* 0 101 27.09000 30.00000 4200 102 38.00000 39.00000 4300

103 36.00000 32.00000 44*0 104 32.00OUu 41-00000 45C0 105 42.00000 36.00000 46C0

106 36.00000 26,00000 47CC 107 15.09000 19000000 480 108 19.00000 14000000 49C0

109 45.00000 19.00000 50 C
0 110 27.000Q9 5.00000 51 0 111 52.00000 24.00000 5200

112 40.00000 22000000 53C0 113 40.00000 52.00000 5400 114 42.00000 42.00000 55C

FIGURE 33
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FIGURE 33

(continued# page 3)

SUBPROGRAM MATOLO HAS BEEN CALLED TO GENERATE A COVER MATRIX

THE MAXIHUM OISTANCE/TIME OF 10.00 HAS BEEN UTILIZED

ELEVATIONS ARE ALSO UTILIZED IN DEVELOPING THE COVER MATRIX

THE LARGEST ELEVATION DIFFERENCE DOWN TO A FACILITY IS 25.0

THE LARGEST ELEVATION DIFFERENCE V's TO A FACILITY IS 35.0



INITIAL STARTING INFORMATION
NODES WHICH ARE AUTOMATICALLY ALLOCATED AN UNCHANGEABLE FACILITY ARE$

5 14 16
THIS SET OF FACILITIES SERVES 420o.00 OUT QF A TOTAL POPULATION OF 6340.0w PERCENTAGE * 66&Z5

THIS DOES NOT INCLUDE THE POPULATION AT THE FOLUOWING NODES:
55, 54, 52,
THIS ELIHINATED POPULATION AMOUNTS TO: 60600

THE FOLLOWING NODES WILL NOT BE CONSIDERED AS PuTENTIAL FACILITY SITES:
8-NA, 25-NA. 36-NA, 50-NA9

THE FACILITY LOCATED ATt I CAN COVER THE FOLLOWING DEMANDS:
It 2. 3s 4v 5 79 8t 9, l1, Jt. 429 449 459 47,

THE FACILITY LOCATED AT$ 10 CAN COVER THE FOLLUWING DEMANDS
69 9. 10, 21. 41.

THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANOS:
12,

DEMAND POINT CAN BE COVERED BY FACILITIES AT:
1 1.

2 It
3 It
4 It
5 1
6 10.
7 It
8 1
9 1, 10,

10 10,
11 1,
12 12,
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION
19 NO CURRENT FACILITY LOCATION
20 NO CURRENT FACILITY LOCATION
21 10,
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 NO CURRENT FACILITY LOCATION
25 NO CURRENT FACILITY LOCATION
26 NO CUHmENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION

FIGURE 33
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28 NO CUR*ENT FACILITY LOCATION
29 NO CURRENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION
31 NO CURRENT FACILITY LOCATION
32 NO CURHRLNT FACILITY LOCATION

33 NO CURRENT FACILITY LOCATION
34 1

35 NO CURRENT FACILITY LOCATION
36 NO CURRENT FACILITY LOCATION
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 10.

42 19
43 NO CURRENT FACILITY LOCATION
44 It
45 1Y
46 NO CURRENT FACILITY LOCATION
47 1

48 NO CURRENT FACILITY LOCATION

49 NO CURRENT FACILITY LOCATION

50 NO CURRENT FACILITY LOCATION

51 NO CURRENT FACILITY LOCATION

52 NO CURRENT FACILITY LOCATION

53 NO CURRENT FACILITY LOCATION

54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

FIGURE 33

(continued, page 5)



ITERATION NUMBEMR 1
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 4
SERVICE DISTANCE 10.0000

NEW FACILITY LOCATION NUMBER 17

FACILITIES ARE LOCATED AT 1t 10, I4d 17.
----------------------- ---------------------- --- m - -------

POPULATION SERVEU 4720,00 PE*CENT OF TOTAL POPULATION SERVED 74.45
----------------------------------------------------------

THE FACILITY LOCATEU ATI I CAN COVER THE FOLLOWING DEMANDS:

10 2. 3. 4. 5. 7. 8. 99 11. Jb, 42, 44. 459 47,

THE FACILITY LOCATEU AT: 10 CAN COVER THE FOLLOWING DEMANOSI

6. 9, 10, Z1, 41.
THE FACILITY LOCATED ATI 12 CAN COVER THE FOLLUWING DEMANOS$

12.
THE FACI.ITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS:
129 17, 19, 22. 23, 20* 29. 33,

DEMAND POINT CAN BE COVEkED BY FACILITIES AT:
19

2 1.
3 It
4 It

s It
6 10,
8 1.

9 Is 10.
10 10.,
11 It
12 12, 17.
13 NO CURRENT FACILITY LOCATION

14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 17.
18 NO CURRENT FACILITY LOCATION
19 17.
20 NO CURRENT FACILITY LOCATION
21 10.
22 11,
23 17,
24 NO CURRENT FACILITY LOCATION

25 NO CURRENT FACILITY LOCATION
26 NO CURWENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION

FIGURE 33
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28 17.
29 17.
3t NO CURRENT FACILITY LOCATION
31 No CURRENT FACILITY LOCATION
32 NO CURRENT FACILITY LOCATION
33 179
34 19
3S NO CURRENT FACILITY LOCATION

36 NO CURkENT FACILITY LOCATION
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILIIY LOCATION

39 NO CURRENT FACILITY LOCATIOI
40 NO CU4RENT FACILITY LOCATION
41 10,
42 It
43 NO CURRENT FACILITY LOCATION
44 1
45 19
46 NO CURRENT FACILITY LOCATION
47 It ,
48 NO CURRENT FACILITY LOCATION
49 NO CURRENT FACILITY LOCATION

50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

FIGURE-33

(continued, page 7)



ITERATION NUMBER9 2
GAS PLANAq FXAMRLE FOUR

NUMBER OF FACILITIES 5

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUNUER 15

FACILITIES ARE LOCATED AT 1. 10o 129 17, 15.
------------------------------------------- -b---ny S Cm

POPULATION SERVED 5030.00 PERCENT OF TOTAL POPULATION SERVED 79a4
------------- m ------- m ------------------ a ----emeeee--------------

THE FACILITY LOCATEU ATI I CAN COVER THE FOLLUWING DEMANDS:
19 2. 3. A. st 7, 8. 99 11. J49 429 44t 45. 47

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:
6. 9. 10, 21. 41P

THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:
12.

THE FACILITY LOCATED AT: 17 CAN COVER TOE FOLLUWING DEMANDS:
12. 179 19v 22. 23v 2do 29, 33.

THE FACILITI LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANDSt
4. 69 7, 99 15. 25, 31. 369 429

DEMAND POINI CAN SE COVERED BY FACILITIES AT:
1 1.

2 1s
3 1,
4 1* 15.
5 1,

6 10, 15.
7 It 15.
8 It
9 It 10. 15.

10 10.
11 1.
12 12. 17.
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
15 lb.
16 NO CURRENT FACILITY LOCATION
17 17,
18 NO CURENT FACILITY LOCATION
19 179
20 NO CURRENT FACILITY LOCATION
21 lot
22 17.
23 179
24 NO CURRENT FACILITY LOCATION
25 lb.
26 NO CURRENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION

FIGURE 33
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28 1?7
29 1?,
30 NO CURRENT FACILITY LOCATION

31 150
32 NO CURRENT FACILITY LOCATION
33 17
34 1,
35 NO CURRENT FACILITY LOCATION
36 IS,

3? NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 10,
42 1, 159
43 NO CURRENT FACILITY LOCATION
44 1,
45 It

46 NO CURRENT FACILITY LOCATION
47 1
48 NO CURRENT FACILITY LOCATION
49 NO CURRENT FACILITY LOCATION
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 N0 CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATIOU

FIGURE 33

(continued, page 9)



ITERATION NUMBEH9 3
GAS PLANAR EXAMHLE FOUR

NUMBER OF FACILITIES 6
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT 1 10. let 17. 15O 13.
----------------- m--------- 4---------------

POPULATION SERVED 5280.00 PE*CLNT OF TOTAL POPULATION SERVED 83.2v

------------- m----------------------------------------------

THE FACILITY LOCATEU ATS I CAN COVER THE FOLLUWING DEMANDS$

It 2t J. 49 be 7, o 9, lit 3*t 42. 44. 459 479

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

6. 9. 10. 21. 41.
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:

129
THE FACILITY LOCATED AT$ 17 CAN COVER THE FOLLUWING DEMANDS8

l2. 179 19, 22, 23, 289 29, 339
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLIWING DEMANDS1

4, 6, 79 9. lt 25. 31, 36. 4kt
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDSI

8 13. 30 J2 349 449 45,
DEMAND POINT CAN BE COVERED BY FACILITIES ATt

I It

2 Is
3 It
4 1, 15,
5 1,

6 1o. 15,6 It, ISO

7 Is 15.8 1. 13,

9 1, 10. 15.
10 10.
11 1.
12 12. 17.
13 13.
14 "0 CURRENT FACILITY LOCATION
15 15.
16 NO CURRENT FACILITY LOCATION
17 17,
18 NO CURRENT FACILrTY LOCATION
19 17,
20 NO CUNRENT FACILITY LOCATION
21 10.
22 17,
,23 179
24 NO CURRENT FACILITY LOCATION
25 lbq
26 NO CURRENT FACILITY LOCATION

FIGUIE 33
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27 NO CURRENT FACILITY LOCATION
28 Irv
29 17.
30 IJ.
31 159
32 it.
33 17.
34 I. 13,
35 NO CURRENT FACILITY LOCATION
36 lb0
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 10,
42 It 15,
43 NO CURRENT FACILITY LOCATION
44 It 139
45 19 13s
46 NO CURRENT FACILITY LOCATION
47 1,
48 NO CURRENT FACILITY LOCATION49 NO CURRENT FACILITY LOCATION

50 NO CURRENT FACILITY LOCATION
sI NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

FIGURE 33

(continued, page 11)



ITERATION NUMBER* 4
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 7
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 26

FACILITIES ARE LOCATED AT It 10. 19. 17. 15. 139 269
----------- m---------------------------------- t -----
POPULATION SERVEO 5530.00 PE*CENT OF TOTAL POPULATION SERVED 87.32

m--- ---- ----------- m ----------- ------- m-----
TUE FACILITY LOCATEU AT% I CAN COVER THE FOLLUWING DEMANDS2

It 2. 39 4. 5. 7. BI 9. 11. Jlt4 42. 44. 45. 47.
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDS$

6. 9, 10. 21. 419
THE FACILITY LOCATEO AT: 12 CAN COVER THE FULLQWING DEMANDS:

12,
THE FACILITY LOCATED AT: 17 CAN COVER TH. FOLLUWING DEMANDS:
12% 17. 19, 22, 23, 289 2v 33,

THE FACILITY LOCATED AT: lb CAN COVER THE FOLLOWING DEMANDS:
4. 6. 7. 9. 15. 25. 31, 36v 4kt

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING OEMANDS3
8. 13. 30, 32P 349 449 459

THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLOWING DEMANDS:
18. 24. 26.

DEMAND POINI CAN BE COVERED BY FACILITIES ATI
I 1
2 It
3 1.
4 It 159
5 It
6 lot 15.
7 Is lt
8 It 139
9 It 10. Ist

10 log
11 1.
12 12. 17.
13 IJ.
14 NO CURRENT FACILITY LOCATION
15 lbt
16 NO CURRENT FACILITY LOCATION
17 17.
18 26.

19 17,
20 NO CURNENT FACILITY LOCATION
21 lO,
22 I,
23 17.
24 28.
25 lb.
26 26.

FIGURE 33
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27 NO CUHALNT FACILITY LOCATION

28 17,
29 17.
30 139
31 1 .
32 !10
33 179
34 19 139
35 NO CURRENT FACILITY LOCATION

36 15,
37 NO CURRENT FACILITY LOCATION
38 NO CURRENT FACILITY LOCATION
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACIL1TY LOCATION
41 10,
42 It 15,
43 NO CURRENT FACILITY LOCATION
44 1. 139
45 It 13,
46 NO CURRENT FACILITY LOCATION
47 It
48 NO CURRENT FACILITY LOCATION
49 NO CURRENT FACILITY LOCATION
so NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

.FIGURE 33

(continued, page 13)



ITERATION NUMBER* S
6AS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 3
SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMBER 16

FACILITIES ARE LOCATED AT 19 10 |U. 17. 15. b3v 269 16.
---------------- w---------l l ef b 7

POPULATION SERVED 5740.00 PEICm"T OF TOTAL POPULATION SERVEO 90.A4

----------- ------------------ ------- ---------------------------------

THE FACILITY LOCATED ATI I CAN COVER THE FOLLOWING DEMANDS:

It 2. 3. 4. be 7. 8. 9, 11. J .i 42, 44. 459 419
THE FACILITY LOCATE AT: 10 CAN COVER THE FOLLUWING DEMANDS$

6. 9. 10, 219 41.
THE FACILITY LOCATED AT9 12 CAN COVER THE tOLLvWING DEMANDS:
12.

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLVWING DEMANDS$
12, 17. L. 22. 23# 28, 299 33,

THE FACILITY LOCATEU AT: Ib CAN COVER THE FOLLQWING DEMANOSI
4, 6. 7, 9. l. 25, 319 36. 42.

THE FACILITY LOCATED ATI 13 CAN COVER THE FOLLUWING DEMANDS:
8. 139 30. 32. 349 449 459

THE FACIL!TY LOCATED AT: 26 CAN COVER THE FOLLUWING DEMANDS:
18, 24. ab.
THE FACILITY LOCATED AT: 16 CAP COVER THE FOLLUWING DEMANDS$
16. 279 38.

DEMAND POINT CAN BE COVERED BY FACILITILS AT:
1 1,
2 It
3 1.
4 It 16v
5 1
6 10, IS

-7 1 15.
8 1 13P
9 1 10 15.

1009"
11 IV -

12 12. 17,
13 139
14 NO CURRENT FACILITY LOCATION
15 1

16 16.
17 17,
18 26,
19 170
20 NO CURRENT FACILITY LOCATION

21 lug
22 17,

(Al

FIGURE 33 o
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ITERATION NUMMEM9 6
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 9
SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 49

FACILITIES ARE LOCATED AT Is 109 12. 17. IS. 13. 26. 16. 4VO

POPULATION SE*VED 5890.00 PEAC.NT OF TOTAL POPUUATION SERVED 92.0o

THE FACILITV LOCATED ATS 1 CAN COVER THE FOLLUWING DEMANDS:

It 29 3, 49 5. 7. 8. 9, 119 JAV 429 44v 45. 47,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUVWING DEMANDS:

6. 9. 10. 21, 41,
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLUWING DEMANDS:
129

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS:
12. 17, 19, 22, 23, 28v 29, 33,

THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANDS:
4. 69 79 9# 15. 25, 31, 369 42.

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS:
o 13, 3O, 32t 349 449 45,

THE FACILITY LOCATE'- AT: 26 CAN COVER THE FULLUWING DEMANDS:
10, 24, a6,

THE FACILITY LOCATED AT& lb CAN COVER THE FOLLUWING DEMANDS:
16, 27, 389

THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLuwING DEMANDS:
20, 25, Ab8 499

DEMAND POINI CAN OE COVERED BY FACILITIES AT:
1 1.

2 1
3 1.
4It 15
5 It
6 10o 15,
7 It '1.
a i 13,
9 1, 10. ISO

10 10,
11 1.
12 129 17#
13 13.
14, N4O CURRENT FACILITY LOCATION
15 lb.
16 lay
1? 17.

to

FIGURE 33
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it% 26*
19 17,
20 4ve
21 10,
22 17,
23 11.
24 2b.
25 16. 4v,
26 209
27 -18.
28 17.
29 1T,
30 13,
31 15,
32 13,
33 179
34 19 139
35 NO CURRENT FACILITY LOCATION
36 1st
37 NO CURRENT FACILITY LOCATION
38 169
39 NO CURRENT FACILITY LOCATION
40 NO CURRENT FACILITY LOCATION
41 lo
42- i 15,
43 NO eURRENT FACILITY LOCATION
44 It 139
45 It 13.
46 NO CURRENT FACILITY LOCATION
47 It
48 499
49 49,
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 NO CURRENT FACILITY LOCATION

La'

FIGURE 33 w
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GAS PLANAR ERAMHLE FOUR

NUMBER OF FACILITIE$ 10

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUMBER 14

FACILITIES ARE LOCATED AT 1 10. 1l2 1?. 15. 139 26. 16. 41, 149

-------------------------------m----------------
POPULATIUN SEmViD 6010.00 PE*CEtiT OF TOTAL POPULATION SERVED 94.7

------------------- m--------- 
m 
--------

THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:

It 29 3v 49 . 7. 8, 9o 11 J!19 42. 44. 45. 47,

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDS:

6. 9. 109 Z1. 419

THE FACILITY LOCATED AT: 12 CAN COVER THE FULLUWING DEMANDS:

12.
THE FACILITY LOCATEO ATt 17 CAN COVER THE FOLLOWING DEMANDS:

12. 17. 19, 2at 23. 28, 29, 33.

THE FACILITY LOCATE) AT: 15 CAN COVER THE FOLLUWING DEMANDS:

4. 6. 7. 9. 15. 25, 31, 36. 429

THE FACILITY LOCATE) AT: 13 CAN COVER THE FOLLUWING DEMANDS:

d. 139 309 3Z* 34. 44. 459

THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLOWING DEMANDS:

1d. 249 abv
THE FACILITY LOCAIEU AT: Ib CAN COVER THE FOLLUWING DEMANDS:

16. 27, 38.
THE FACILITY LOCATEU ATI 49 CAN COVER THE FOLLOWING DEMANDS:

209 259 48, 49.

THE FACILITY LOCATED AT: .14 CAN COVER THE FULLOING DEMANDS:

140
DEMAND POINS CAN BE COVERED BY FACILITIES AT:

1 1.

2 It
3 1*

4 1 15,
S 1.
6 10. 15,
7 t. 15.
8 I. 13.
9 1. 10, 15.
10 10,
11 1.
12 12. 17,
13 13,
14 14.

15 15.
16 16,

FIGURE 33 ,
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ITERATION NUMBER* 0
GAS PLANAR EXAMPLE FOUR

NUMHER OF FACILITIES 11

SERVICE DISTANCE a 10.000

NEW FACILITY LOCATION NUHdER 55

FACILITIES ARE LOCATED AT It 109 1d. 1?. 15O 13* 26, 169 4ve 149 SS

----------------------------
POPULATION SERVED 610.00 pEMCLNT OF TOTAL POPULATION SERVED 96.V3

TE---------- - ---- ----------------------------------------------
ee

THE FACILITY LUCATED AT:I CAN COVER THE FOLLUWING DEMANDS:

It 2. 3. 49 S. 7t 8. 9 11t Jt 42, 449 459 47.

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLQWING DEMANDS:

6. 99 10. 21. 41.

THE FACILITY LOCATEU AT: 12 CAN COVER THE FOLLUWING DEMANDS:

12.
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS:

129 17. 19. 22. 23. 28, 29, 339

THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANOS:

4t 6, 7, 9, 159 2S9 31. 36. 429

THE FACILITY LOCATED ATZ 13 CAN COVER THE FOLLOWING DEMANDS:

8 139 30, 349 349 44, 4b#

THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLOWING DEMANDS:

18. 249 2,6
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWING DEMANDS:

16. 27. 3.
THE FACILITY LOCATED ATI 49 CAN COVER THE FOLLOWING DEMANDS:

20, 25, 48. 4ye

THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS:

14.
THE FACILITY LOCATED AT: 55 CAN COVER THE FOLLOWING DEMANDS:

409 43t 4bo 55,
DEMAND POINS CAN OE COVERED BY FACILITIES AT:

1 19

2 It
3 1
4 It 15.
5 It
6 10, 15.
7 1t 15,
8 It 13,
9 19 10. 15.
10 10
11 1.
12 le 17.
13 139
14 14.

FIGURE 33
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is lby
16 lb.

17 17,
18 2be
19 17.
20 41.
21 lot
22 119
23 17.
24 abo
25 15. 49.
26 269
27 169
28 17.
29 17.
30 13,
31 15.
32 139
33 17
34 It 13.
35 NO CURRENT FACILITY LOCATION

36 15
37 NO CURRENT FACILITY LOCATION

38 16,

39 NO CURRENT FACILITY LOCATION
40 55.
41 lot
42 1. 159
43 55.
44 1. 139
45 1. 13.

46 55.
47 It
48 49.
49 49,
50 NO CURRENT FACILITY LOCATION

51 NO CURRENT FACILITY LOCATION

52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION

54 HU CURRENT FACILITY LOCATION
55 55.

FIGURE 33

(continued, page 21)



ITERATION NUMBER* 9
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIE$ 12
SERVICE DISTANCE - 10.000

NEd FACILITY LOCATION NUMBER 24

FACILITIES ARE LOCATED AT It 10. 1U, 17. 15. )3. 269 169 4vt 14. 55. 24,
- ------------------------------- m------m--------- - ---- 7f-b m

POPULATION SERVED blTO.O0 PERCENT OF TOTAL POPULATION SERVED 97.42
-- m -- m-------- -------- m------ m--------------m-----------m---------------

THE FACILITY LOCATEU ATI I CAN COVER THE FOLLOWING DENANDS:
1. 2. 3. 4. 5. 7. a. 9. 11. J . 429 44o 4S% 47.

THE FACILITY LOCATED AT' 10 CAN COVER THE FOLLOWING DEMANDS1
69 9. 10, 21, 41.

THE FACILITY LOCATED ATS IZ CAN COVER THE FOLLUwING DEMANDS:
12.

THE FACILITY LOCATEU AT: 17 CAN COVER THE FOLLUWING DEMANDS:
12. 17. 19. 22. 239 28. 29. 33,

THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANDS:
49 6, 7. 9. 15 25. 31, 36. 4ZP

THE FACILI'V LOCATED AT: 13 CAN COVER THE FOLLOdING DEMANDS:
do 13, 30 329 34, 44, 46,

THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLUWING DEMANDS:
1og 24. ab,

THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLUWING OEMANDS:
16, 27. 38,

THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLOWING DEMANDS:
209 75, 48, 49.

THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS:
14,

THE FACILITY LOCATED AT: b5 CAN COVER THE FOLLUWING DEMANDS:
40, 439 4b, 55.
THE FACILITY LOCATED AT: 24 CAN COVER THE FULLUvING DEMANDS:
249 26, 35, 3bt
DEMAND POINT CAN BE COVERED BY FACILITIES AT:

2 1.
3 1,
4 1. IF S
S 1
6 lo 15,
7 1. lb.
8 1. 139
9 1, 10, IS

FIGURE 33
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10 10
11 1,
12 129 17.
13 13,
14 14.
15 lb.
16 16,
17 17,
18 2t6
19 179
20 499;
21 1,
22 17.
23 179
24 269 a4t
25 15, 499
26 269 a4,
27 16
28 17.'
29 17,
30 13,
31 159
32 13,
33 00.
34 It 139
35 249
36 15. 249
37 NO CURRENT FACILITY LOCATION
38 X69
39 NO CURRENT FACILITY LOCATION
40 55,
41 10.
42 1, IS
43 55,
44 I 13,
45 I 139
46 559
47 1
48 .499
49 49,
50 NO CURRENT FACILITY LOCATION
sl NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURRENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 Sbq

FIGURE 33

(continued, page 23)



SUUSTITVTION ALGORITHM USED

NODE IS8 REPLACES FACILITY LOCATION i5

THIS IS NOW FACILITY NUMUER 5

FACILITIES ARE LOCATED AT 1. 10, 12. 17. 158O 139 26. 169 4ve

POPULATION SERVED 6170.00 PE9CENT OF TOTAL POPULATION SERVED 97o32
-- m---m----------m------------- -------------- 9---------

THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLOWING DEMANDS:
19 29 3. 4. S, 7. 8, 9, 11, 34. 429 44v 45* 4T9

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:
69 9, 10. 21. 419

THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:
129

THE FACILITY LOCATED AT: 11 CAN COVER THE FOLLOWING DEMANDS
12. 17. 19. 22. 23. 289 29, 339

THE FACILITY LOCATED AT: 158 CAN COVER THE FOLLUWING DEMANDS:
2. 40 5, 6, 7, 99 11, 15v 319 41, 429

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:
89 13, 309 32. 349 449 459

THE FACILITY LOCATED ATS 26 CAN COVER THE FOLLOWING DEMANDS8
18, 249 a6o

THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWING DEMANDS:
16. 27. a8v

THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLUWING DEMANDS:
20. 25. 48. 49.

THE FACIL:1Y LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS$
14.

THE FACILITY LOCATED ATI 55 CAN COVER THE FOLLUWING DEMANDS:
40. 439 469 55.
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLXWING DEMANDS:
24. 26. J5 36.

DEMAND POINT CAN HE COVERED BY FACILITIES AT
1 1.
2 1. 158t
3 It
4 It 158.
5 It Is*
6 10, 158
7 1. 158.
8 1. 13.
9 1. 10. 158.

10 10.
11 1 15b.
12 120 17,
13 13.
14 14,
15 158,

FIGURE 33
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16 lbo
17 17.
-18 2bo
19 17.
20 499
21 10,
-22 17'
23 1?,
24 26, av.
25 4.v

26 26., 24.
27 1b.
28 17,
29 179
30 it.

31 Isdo
32 139
33 17v
34 1. 139
35 28.
36 24.
37 NO CURRENT FACILITY LOCATION
38 lb.
39 NO CURMENT FACILITY LOCATION
40 55,

41 10. 15.
42 I. 15at
43 bb,
44 I. 13,
45 I. 13,
46 55.

47 I.
48 49.
49 49.
50 NO CURRENT FACILITY LOCATION
51 NO CURMLNT FACILITY LOCATION

52 NO CUHkENT FACILITY LOCATION
53 NO CUHRENT FACILITY LOCATION

54 NO CURRENT FACILITY LOCATION
55 55,

,FIGURE 33

(continued, page 25)



SUBSTITUTION ALGORITHM USED

NODE 18 REPLACES FACILITY LOCATION 26
THIS IS NOW FACILTY NUMBER 7

FACILITIES ARE LOCA'ED AT 19 10. 12, 179 158, 139 18 169 49.
---------- m-- ----- m---------- ----- m-------
POPULATION SERVED 6110.00 PERCENT OF TOTAL POPULATION SERVED 97.dZ
- mm- -m------------------- --------- m----- m -------- m ---------------

THE FACILITY LOCATED Al: 1 CAN COVER THE FOLLOWING DEMANDS:
1. 2v 3. 4. 5. 7, 8, 9, 11, J. 42. 449 4S 4?,

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:
6. 9. 10, 219 41,

THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:
129

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLOWING DEMANDS:
129 179 19. 22, 23, 28. 29, 33,

THE FACILITY LOCATED AT: 158 CAN COVER THE FOLLOWING DEMANDS:
2. 4. 5. 69 7. 9. 119 15, 31, 41, 429

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:
8. 139 10, 329 349 449 45,

THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS:
18, 269 J6,

THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWING DEMANOS:
16, 27, 38.

THE FACILITY LOCATED ATS 49 CAN COVER THE FOLLOWING DEMANDS:
20. 259 48. 49,
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANOS:
149

THE FACILITY LOCATED AT: 55 CAN COVER THE FOLLUWING DENANDSV

40, 439 469 559
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLOWING DEMANDS$
24, Z69 359 369

DEMAND POINI CAN BE COVERED BY FAOILITIES AT:
1 1.
2 19 158.
3 1,
4 1, 158,
5 1. 159
6 10, 158,
7 1, 158.
8 1. 13,
9 1. 10, 158.

10 10,
11 1. 158,
12 129 17,
13 13,
14 14,
-15 IS,

FIGURE 33
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16 16.
17 17.
18 -189
19 17,
20 49.
21 10
22 17v
23 179
24 

24-

25 49.
26 lug a4e
27 169
28 17
29 17.
30 13.
31 158.
32 Ii.
33 17.
34 1. 13,
35 24.
36 lug 249
37 NO CURRENT FACILITY LOCATION,
38 16.
39 NO CURRENT FACILITY LOCATION
40 559
41 10. 158.
42 I 1569
43 55,
44 "1 13.
45 1. 13,
46 55.
47 1
48 4-D.
49 49,
50 NO CURRENT FACILITY LOCATION
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CURMENT FACILITY LOCATION
54 NO CURRENT FACILITY LOCATION
55 56.

FIGURE 33 Ab

(continued, page 27)



ITERATION NUMBER, 10
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 13
SERVICE DISTANCE 1 30.000

NEW FACILITY LOCATION NUMBER 37

FACILITIES ARE LOCATED AT to 10, 129 171 158. 139 18. 169 49. 14. 559 249 37

-----------------------------------------------------------
POPULATION SERVED 6220.00 PERCENT OF TOTAL POPULATION SERVED 98.11

------------------------------------------ ------- - --------- ------

THE FACILITY LOCATED AT$ I CAN COVER THE FOLLOWING DEMANDS1

19 2. 39 4, S, 79 8, 9. 11, 39, 429 44# 45v 479

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

69 99 109 219 41,
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:

12s
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLOWING DEMANDS:

12. 17, 19, 22, 23, 28, 299 33.
THE FACILITY LOCATED ATI 158 CAN COVER THE FOLLOWING DEMANDS:

2. A, 5, 6, 7, 9, 11, 15. 319 419 429
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING UEHANDS1

8. 13, 30, 32v 349 449 459
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS:

18, 26, 36,
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWING DEMANDS1

16, 27, 38,
THE FACILITY LOCATED AT 49 CAN COVER THE FOLLOWING DEMANDS:

20, 25. 48, 499
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS:

1A.
THE FACILITY LOCATED AT: SS CAN COVER THE FOLLUING DEMANDS$

40. 43, 46. 559
THE FACILITY LOCATED Alt 24 CAN COVER THE FOLLOWING DEHANDS:

24, 26, 35, 36,
THE FACILITY LOCATED AT: 37 CAN COVER THE FOLLQWING DEMANDS!
219 37.
DEMAND POINT CAN HE COVERED BY FACILITIES 6T:

I It
2 It 158,
3 It
4 1 158,
5 It 1S8.

6 109 158,
7 It 158.
8 to 13.
9 It 10, 158,

FIGUREE33
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10 10.

11 1I 158
12 12 1To
13 IJ.
14 14,
15 15,
16 16,
17 17
10 18.

19 17,
20 49,
21 10, 37,
2. 17,
23 179
24 24,
25 49,
26 18, a4.
27 lbg
28 17.
29 17.
30 13,
31 lbat
32 13.
33 179
34 It 13,
35 2#.
36 Is 24,
37 37,
38 lb.
39 NO CURMENT FACILITY-LOCATION
40 56,
41 10. 1589
42 1. 158.
43 bbo
44 1 139
45 1 13.
46 59.
47 1.
48 4v.
49 49,
so NO CURRENT FVILITY LOCATION
SI NO CUHRLNT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 NO CUHENT FACILITY LOCATION
54 NO CURHNT FACILITY LOCATION
55

FIGURE 33

(continued, page 29)



ITERATION NUMBER. 11
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 14
SERVICE DISTANCE a 10000

NEW FACILITY LOCATION NUMBER 50

FACILITIES ARE LOCAIED AT 19 10, 12. 1?. 158. 139 let 16. 49. 14. 55. 249 37. 50.

POPULATION SERVED 6270.00 PERCENT OF TOTAL POPULATION SERVED 98.90
;;UL;TI-N-E;E- E;--0;---------------------- *i;D 09

THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:
1. 2. 39 49 So 7 8, 99 11. 34, 429 449 45, 47,

THE FACILITY LOCATED ATI 10 CAN COVER THE FOLLOWING DEMANDS1
69 9. 10, 219 419

THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:
129

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLOWING DEMANOSt
12. IT 19. 229 239 28. 29, 339

THE FACILITY LOCATED AT: 158 CAN COVER THE FOLLOWING DEMANDS:
2. 49 59 69 7. 99 11, 159 319 *1, 42t

THE FACILITY LOCATEI AT: 13 CAN COVER THE FOLLOWING DEMANDS:
8. 13, 30, 329 349 449 45.

THE FACILITY LOCATE) AT: 18 CAN COVER THE FOLLOWING DEMANDS:
18. 26, 36.

THE FACILITY LOCATE ATI 16 CAN COVER THE FOLLOWING DEMANDS:
16, 27, 38.

THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLOWING DEMANOS:
20. 25. 48. 499
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANDS:
14.0

THE FACILITY LOCATED AT: 5 CAN COVER THE FOLLUWrNG DEMANDS:
409 439 46. 551
THE FACILITY LOCATED AT$ 24 CAN COVER THE FOLLOWING DEMANDS:
24, 26. 35. 36.

THE FACILITY LOCATED AT: 37 CAN COVER THE FOLLOWING DEMANDS:
21. 37.
THE FACILITY LOCATED AT: SO CAN COVER THE FOLLOWING DEHANOSS
509 53.

DEMAND POINT CAN HE COVERED BY FACILITIES AT:
1 1
2 It 158
3 It
4 It 158.
5 It Ise*

6 10 IS8,
7 1 158,
8 1, 139
9 1t 10, 158.

Lab
FIGURE 33
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10 10

11 It 158.
12 lb 17.
13 IJ,
14 14.
15 158.
16 16,
17 17,it, log

19 17,
20 490
21 10 379
22 17,
23 17.
24 24,
25 4WV
26 lbo 249
27 Ibt
28 179' .
29 17,
30 13.
31 15S.
32 13,
33 17.
34 1v 13,
35 249
36 189 a4
37 37,
38 -16
39 NO CURRENT FACILITY LOCATION
40 55,

41 10. 158.-
42 1 158.
43 59
44 I 13,
45 I 13.
46 Sb.
47 *IS
48 49.
49 4vg

50 50O
51 NO CURRENT FACILITY LOCATIOO
52 NO CURRENT FACILITY'LOCATION
53 Sa,
54 NO CURRENT FACILITY LOCATION
55 bb.

FIGURE 33

(continued, page 31)



ITERATION NUMBER. 12
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 15
SERVICE DISTANCE * 10000

NEW FACILITY LOCATION NUMBER 39

FACILITIES ARE LOCATED AT 1. 10, 12. 1?. 15.t 139 le 169 49. 149 559 249 37, 509 39.
----------------------------------------- aa&------a----a--aaa a
POPULATION SERVED 6310o00 PERCENT OF TOTAL POPUbATIOM SERVED 99ob3
----------------------------------------- aaaa"a------a---- aaaaaa------- ------- a--

THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS:

1. 2. 3. 49 5o ?, 8t 99 119 J.49 42. 449 45t 4?,

THE FACILITY LOCATED ATS 10 CAN COVER THE FOLLOWING DEMANOS:

6. 9, 10, 219 419
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS:
12.

THE FACILITI LOCATED AT: 17 CAN COVER THE FOLLOWING DEMANDS:

12, 179 199 229 239 289 299 339
THE FACILITY LOCATED AT: 158 CAN COVER THE FOLLOWING DEMANOS:

2. 4. S, 6. it 99 11 15. 319 .#k 42.
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:

8. 13. 30. 32. 349 44. 459

THE FACILITY LOCATED ATt 18 CAN COVER THE FOLLOWING DEMANDSI

18, 26, 36,
THE FACILITY LOCATED AT: lb CAN COVER THE FOLLOWING DEMANDS:

16, 271 38,
THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLOWING DEMANDS:

209 25. A89 499
THE FACILITY LOCATED AT$ 14 CAN COVER THE FOLLOWING DEMANDS:

14,
THE FACILITY LOCATED ATS 55 CAN COVER THE FOLLOWING DEMANDS1
409 439 46. S59
THE FACILITY tOCATED AT: 24 CAN COVER THE FOLLOWING DEMANOS:

249 26, 359 36
THE FACILITY LOCATED AT$ 37 CAN COVER THE FOLLOWING DEMANOS:

21. 37.
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLOWING DEMANDS:

509 53.
THE FACILITY LOCATED AT: 39 CAN COVER THE FOLLOWING DEMANDS:

39, 54,

DEMAND POINS CAN BE COVERED BY FACILITIES ATt
1 11
2 1 158.
3 1@
4 It 158.
5 1 158.
6 10, 158,

FIGURE 33
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7 Is 158,
8 It 13,
9 It 10. 158,
10 lo,
11 I 158,
12 220 17,
13 IJ-
14 14,
15 15#39
16 16e
17 17,
lb lot
19 17,
20 499
21 -10, 37
22 17,
23 170
24 2*9
25 49.
26 lot a4v
27 16.
28 17,
29 17,
30 130
31 165.
32 139
33 17,
34 1 13.
35 249
36 15. R49
37 379
38 1b,
39 399
40 55.
41 lot 155,
42 i 150,
43 55,
44 1* 13,
45 1, 13,
46 Ss
47 1
48 499
49 499
50 So,
51 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 but
54 399
55 Sb

FIGURE 33

(continued, page 33)



ITERATION NUMBER, 13
GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES 16

SERVICE DISTANCE * 10.000

NEW FACILITY LOCATION NUMBER 51

FACILITIES ARE LOCATED AT 19 109 14. 1? 158. 13. 18 169 49. 14. SS. 24. 37. 50. 399

POPULATION SERVED 6340.00 PE"CENT OF TOTAL POPULATION SERVED 100.90
---- ------------ ------------------ -m ------ ----------------------------- ---- -------- ----------

THE FACILITY LOCATED AT: I CAN COVER THE FOLLOWING DEMANDS2

1 2. 3. 4. 59 To 8. 9. 11. .39 42. 44. 459 479

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLOWING DEMANDS:

69 99 109 21. 41,
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLOWING DEMANDS2

129
THE FACILITY LOCATED AT: 1? CAN COVER THE FOLLOWING DEMANDS:

129 179 19. Z29 23, 28. 29. 33,
THE FACILITY LOCATED AT: 158 CAN COVER THE FOLLOWING DEMANDSt

29 4, 5o 69 7. 99 11, 15 31. 419 429

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLOWING DEMANDS:

0, 13. 30, 32. 349 44, 45.
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLOWING DEMANDS$

18. 269 36.
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLOWING DEMANDS:

169 279 38.
THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLOWING DEMANDS:

20. 25. 48, 49
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLOWING DEMANOS:

14.
THE FACILITY LOCATED AT: 55 CAN COVER THE FOLLOWING DEMANDS:

40, 439 46. 559
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLIWING DEMANDS:

24. 26, 359 369
THE FACILITY LOCATED AT: 37 CAN COVER THE FOLLOWING DENANDS1

21. 379
THE FACILITY LOCATED AT$ 50 CAN COVER THE FOLLOWING DEMANDS:

509 53.
THE FACILITY LOCATED AT: 39 CAN COVER THE FOLLOWING DEMANDS:

39. 549
THE FACILITY LOCATED AT: 51 CAN COVER THE FOLLOWING DEMANDS:

21. 51.
DEMAND POINT CAN BE COVERED BY FACILITIES AT$

1 1.
2 1. 158.
3 1.
4 19 1589
5 1 158,

-FIGURE 33
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6 lot 158,
7 1A 158.
8 19 139
9 to lot 158.

10 lo
11 1. 158.
12 IZ, 1T.
13 I.

15 ibM.

16 lb
17 I.
18 lug
19 lit
20 490
21 10 37. 519
22 17,
23 171
24 24t,
25 4V,
26 1S 449
2T lbs

28 17,
29 17.
30 13,
31 158.
32 139
33 17,

-34 19 13,
35 4
36 18 44
37 37,
38 lb.
39 399

40 5,
41 lot 158,
42 it lt8t
43 bst
44 it 13,
45 It 13,
46 bSt
4? It

48 499
49 49v
so 509
51 51,
52 NO CURMENT FACILITY LOCATION
53 50.
54 39,
55 559

COVERRAGE CANNOT dE CHANGED BY ADDITIONAL FACILITIES

THIS SOLUTION WAS GKNEHATEU BY THE GAS ALGORITHfl

FIGURE 33

(continued, page 35)
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two blank cards

-blank card #2"

a4ditional problem decks blank card #1

problem deck #1 -

problem data deck for control

2nd problem control card

1st problem control card

master deck

-master data deck-

_ - 2nd master control card

1st master control card

FIGURE 34

CONCEPTUAL FORM OF A DATA DECK FOR A MULTIPLE PROBLEM RUN
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APPENDIX A

DEFINITIONS AND FORMS OF THE PARAMETERS

OF THE MASTER CONTROL CARDS

There are two master control cards at the beginning

of each data deck. These two master cards -ontain values for'

parameters which control and define the appropriate operations

the GAS algorithm will perform. The first master control

card contains the following parameters: IPTS, IDEM, ADD,

NETWOR, WEIGHT, DIST, and IFSAP. The second master control

card contains the following parameters: ARCS, RECT, ELE,

CONS, IPOL, IALTl, IALT2, and GAS where each parameter is

an integer number punched in five digit field. Because of

the conventions of FORTRAN.r integer numbers are to be punched

right justified in a field. If a field is left entirely

blank, that field parameter will take a zero value. This is

due to the fact that blanks are read as zeroes in an integer

field by a Fortran program.

The parameters are defined as follows:

iPTS - the total number of points or nodes in the
problem. If the problem is a planar problem
IPTS is the total number of points whose
coordinates will be inputed. If the problem
is a network, IPTS is to equal the number
of nodes in the network. The number is to
appear in card columns 1-5; it must be right
justified.

IDEM - The number of demand points or nodes in the
problem. If the problem is a network problem,
IDEM must equal IPTS. If the problem is de-
fined on the planethe value of IDEM must

-354-
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be less than or equal to the value of IPTS.
The number is to be punched in card columns
6-10; it must be right justified.

ADD - the ADD parameter is to be set at zero or
one. The ADD parameter is utilized only in
planar problems and should be set at a zero
value for network problems. If the ADD
parameter is set at one for a planar problem,
then all demand areas will be considered as
potential facility sites, unless modifications
are made by the CONSTR subprogram. The value
of ADD is to appear in column 15.

NETWOR - This parameter is used to define whether
the problem is a network problem or a planar
problem. If the value of NETWOR is equal
to one, then the problem will be defined
on a network. If the NETWOR parameter
is set equal to zero, then the problem
is assumed to be defined on a plane. The
value of NETWOR must appear on card
column 20.

WEIGHT - The WEIGHT parameter indicates whether the
population (weight) at each node is equal
to one or if the weights are to be inputed.
If the WEIGHT parameter is set equal to
one, then the program expects to input a
weight or population value for each of the
demand areas. If all node or point popu-
lations are to be set equal to one , the
weight parameter should be set to a zero
value. The value of the WEIGHT para-
meter must appear in card column 25.

DIST - The DIST parameter is to be set at either a
one value or a zero value. If the DIST
parameter is set at one, then a distance
matrix indicating the distances between all
demand areas and all facility sites is given.
If the value of DIST is set to zero, the
distance matrix will not be printed. The
value of DIST appears in card column 30.
It should be noted that the printout of the
distance matrix is usually long and requires
a number oi pages, and the use of DIST should
not be utilized except when the matrix in-
formation is really necessary.

IFSAP - The IFSAP parameter indicates whether a
special statistics output is to be printed
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at the end of each iteration. If IFSAP
parameter is zero then the printout will
not be given. However, if the IFSAP para-
meter is set at the value of one, then the
IFSAP output is given. The IFSAP program
uses on!>, distances in its analysis and
is not a2propriate if elevations or political
constraints are used. The value of IFSAP
must appear in column 35.

ARCS -The ARCS parameter is utilized only in net-
work problems. In all other cases it should
be set to a value of zero. When solving
a network problem when arc distances are
to be utilized in developing a distance
matrix, the ARCS parameter is to be set equal
to one. The value of ARCS must appear in
column 5 of the second master control card.

RECT *- The RECT parameter indicates whether Eucli-
dean distance (straight line) or rectilinear
distance (grid) measure is to be used. If
RECT is set equal to one, then rectilinear
measure will be used. If the RECT parameter
is set at a value of zero, Euclidean dis-
tance measure will be utilized. The RECT
parameter is utilized only when the problem
is defined on a plane. It should be set
at a zero value when solving a network problem.
The value of RECT must appear in column 10.

ELE - The ELE parameter is utilized to indicate
if elevation data is to be inputed for eech
demand area and potential facility site.
If the ELE parameter is set to a zero value,
then the GAS program will not expect ele-
vation data in the data deck. However, if
the ELE parameter is set to the value of one,
the GAS program will need elevation data
in the data deck. The value of the ELE
parameter must appear in column 15 of the
second data card.

CONS - The CONS parameter indicates whether several
special constraint features are to be utilized
in setting up a particular problem. If
the value of CONS is set at one, then the
CONS subroutine will not be used by GAS.
The CONS subroutine has three main options.
The first option allows the automatic al-
location of facilities to prespecified
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areas. GAS will add facilities to this
initial set of facilities, but will not
change any of the locations of the initial
set in any of the iterations. This option
allows a user to use GAS for the addition
of facilities to a region that has already
a set of facilities established. The second
option allows a user to eliminate any poten-
tial site for consideration. Although the
data base may in general allow the place-
ment of a facility at a particular location,
the user may want in a specific run to elimi-
nate certain areas from consideration. The
third option of CONS allows a user to
temporarily eliminate demand at one or many
nodes in order to analyze the effect that
an area exerts on the final solution. One
may also eliminate an areas demand, due to
the fact that area may already be served by
some previously built facility. The value
of CONS must appear in card column 20.

IPOL - The IPOL parameter is used to indicate the
existence of political compatabilities. If
the IPOL parameter is set at a zero value,
no political compatibility data is to be
given. If political compatability data is
to be used, IPOL must be set to a value of
one. Political compatabilities can be
utilized to limit or restrict the areas
that a given area may serve on the basis
of conservative or liberal areas. The
value of IPOL must appear in card column
25.

IALTl - The IALTl parameter is utilized only when
a problem is defined on a plane. It should
be set to zero for all network problems.
If the IALTI parameter is assigned the value
of one in a planar problem, elevation
data is utilized in defining distances
(either rectilinear or Euclidean). If
elevation data is not given the value of
IALTi is ignored. The value of IALT1 is
to appear in card column 30.

IALT2 - The IALT2 parameter is to be set to the
value vf one if elevations are to be util-
ized as additional restrictions to the
maximal service distance value. By setting
IALT2 to one, one can establish a maximum
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positive elevation difference between a
facility and a village that the facility
serves as well as a maximum negative ele-
vation difference between a facility and a
village that the facility serves. This
means that one can, for example, establish
that a facility can serve an area if the
area is within 12 kilometers of the facility,
within 20 meters down from the facility, and
within 200 meters up from the facility. The
value of IALT2 must appear in card column 35.
For problems when the ELE parameter is at
a zero value, the value of IALT2 will be
ignored. If IALT2 is set at a zero value,
then differences in elevations will not
be utilized in determining potentials for
coverage.

GAS - The GAS parameter is utilized to indicate
whether the GA algorithm or the GAS algo-
rithm is to be used. If GAS is set to the
value of one then the GAS algorithm will be
performed. If the GAS parameter is set to
zero, the GA algorithm will be performed.
The value of the GAS parameter is set in
card column 40 of the second master control
card.

The GAS program is designed to solve both network and

planar problems. Several of the above option parameters deal

specifically with one problem type. The following list

specifies which parameters are utilized solely in one problem

form.

Parameters Utilized Solely for Problem Type

PLANAR NETWORK

ADD ARCS

RECT

IALTI
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The GAS program can solve many types of problems and

several sections of the program manual deal with the use of

GAS in both network and planar problems. Full understanding

of the parameters can be developed by looking closely at the

examples of problem runs given throughout the manual.
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FIGURE A. 1

MASTER CONTROL CARDS

rM X A00, NWoM. W13010, _, SAP _2nd Card-

1st Card



361

FIGURE A. 2

SUMMARY OF MASTER CONTROL CARD SETUP

FIELD OR
CARD # VALUES CARD COLUMNS CODE

IPTS 1-5 R-J

IDEM 6-10 R-J

ADD 15 Vv0

NETWOR 20 Vl,0

WEIGHT 25 V1,0

DIST '30 V1,0

IFSAP 35 Vl, 0

2 ARCS 51 Vl,o

RECT 10 Vl,0

ELE 15 Vio

CONS 20 V1,0

IPOL 25 8V,

IALTI 30 Vl;o

IALT2 35 VlO

GAS 40 Vt0

R-J - number must appear right justified with no decimal point.'

Vi,0 - the value of the parameter must be either 1 or 0.
If the field is left blank, number is assumed to be zero.,



APPENDIX B

DEFINITIONS AND FORMS OF THE PARAMETERS

OF THE PROBLEM CONTROL CARDS

There are two problem control cards at the beginning

of each problem data deck. Each card gives- specific infor-

mation associated with a maximal covering location problem.

The first card of the two problem control cards is a title

card. This card should contain a problem title associated

with the problem one intends to solve.. This title can take

all eighty columns of the card and is not limited to letters,

but can contain numbers and special characters. The title

that is given on the title card will appear on each iteration

output of GAS.

The second problem control card contans parameters that

will define a specific maximal covering location problem.

This card contains the following parameters: IP, S, SCS,

EMAXL, EMAXS, CONS, ICOV, and ILIST. The parameters are de-

fined as follows:

IP - The IP parameter represents the maximum
number of facilities that the GAS algorithm
will locate. GAS will start with the loca-
tion of one facility and then add one at a
time until IP facilities have been located.
The process of determining locations is
described elsewhere. GAS will,however, stop
determining additional locations before IP
have been located if total coverage has
been achieved. The value of IP must be
right justified in columns 1-5.

-362-
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S - The S parameter represents the value of the
-maximal service distance tu be used by the
GAS algorithm. The value of S is to be given
in columns 6-15. A decimal point must be
included with the value.

SCS - The SCS parameter is the secondary distance
that is used in the statistics output of
the FSAP subroutine. The SCS parameter is
not utilized by GAS in determining locations
but is useful in analyzing various GAS solu-
tions when only distance is used as a criterion
for determining coverage. The SCS parameter
does not need to be given unless the IFSAP
parameter is set equal to one. The value
of the SCS parameter must be given in columns
16-25. A decimal point must be included
with the value.

EMAXL - The EMAXL parameter is to be utilized when
elevation differences are incorporated
in determining which demand areas (villages)
can be covered by a given facility. EMAXL
represents the largest elevation difference
that a facility can be above a given vil-
lage and still be considered a site that
can serve that village (assuming that the
facility site and village are within the
maximal service distance of each other).
If the altitude of the facility site is
2000 m. and the altitude of the village
is 1500 m., then the facility site can
cover the village only if EMAXL is greater
than or equal to 500 m. If EMAXL is set
at 400 m., then the facility site would not
be considered as a site that could serve
the village. The value of EMAXL must be
given in columns 26-35 and include a de-
cimal point. The EMAXL parameter must
be given whenever the IALT2 parameter
on the master control card is set at one.

EMAXS - The EMAXS parameter is to be utilized when
elevation differences are incorporated in
determining which demand areas (villages)
can be covered by a given facility. EMAXS
represents the largest elevation difference
that a facility can be below a given vil-
lage and still be considered a site that
can serve that village (assuming that the
facility site and village are within the
maximal service distance of each other).
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If the altitude of the facility site is
1000 m. and the altitude of the village
is 1500 m., then the facility site can
cover the village only if EMAXS is less
than or equal to -500 m. If EMAXS is
set at -400 m., then the facility site
would not be considered as a site that
could serve that village. The value
of EMAXS must appear in columns 36-45
and include a decimal point and negative
sign. The EMAXS parameter must be given
whenever the IALT2 parameter or the
master control card is set at one.

CONS - The CONS parameter is used to indicate
whether the problem data set contains
additional cards. The additional cards
are called constraint cards and appear
directly after the two problem control
cards. When the CONS parameter is set
to a value of one, the program will expect
the additional constraint cards in the
problem set. When the value of the CONS
parameter is set at a zero value, the
program will not utilize problem cons-
traint cards. In fact, when the CONS
parameter is set at a zero value, no problem
constraint cards can be given. The value
of the CONS parameter must appear in card
column 55 of the second problem control
card. By including a problem constraint
section in the data deck, it is possible
to include three major problem constraints:
(a) eliminate any facility site from poten-
tial consideration for whatever reason;
(b) eliminate the demand from any area in
order to solve a subproblem or a modified
problem; and (c) automatically allocate one
or more facilities so that the GAS algo-
rithm starts with this set and adds to this
initial set facilities which increase coverage
above what is covered by the initial alloca-
tion. The problem constraint deck is des-
cribed in detail in appendix C.

ICOV - The ICOV parameter is used to indicate if
a zero-one covering matrix is to be printed
at the beginning of a problem run. This
zero-one matrix shows which facilities can
cover a given demand area. A one indicates
that an area can be covered by a certain
facility and a zero indicates that an
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area cannot be covered by a certain facil-
ity. If the value of ICOV is set at one,
the zero-one cover matrix will be printed
out. If the value of ICOV is set at zero,
the zero-one cover matrix will not be
printed out. The value of ICOV must appear
in column 60 of the data card.

ILIST - The ILIST parameter is used to indicate
whether coverage information will be given
by the program. This information indicates
which areas are covered by facilities
and which currently established facili-
ties cover a given demand area. This
listing is given after each iteration of
the algorithm. The ILIST parameter value
must appear in column 65 of the second
problem master card. If the value of
ILIST is one, the listing information will
be given. If the value of ILIST is zero,
this information will not be given.
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FIGURE B. 1

PROBLEM CONTROL CARDS

______2nd Card

1st Card
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FIGURE B.2

SUMMARY OF THE PROBLEM CONTROL CARDS

CARD # PARAMETER CARD COLUMNS CODE

1 Title 1-80 LET

2 IP 1-5 RJ

S 6-15 D

SCS 16-25 D

EMAXL 26-35 D

EMAXS 36-45 D

CONS 55 V1,O

ICOV 60 Vis

ILIST 65 V1,0



APPENDIX C

DEFINITIONS AND FORMS OF THE PARAMETERS OF

THE PROBLEM CONSTRAINT CARDS

When additional constraints are to be added to a part-

icular problem, they are structured in the problem constraint

cards. The problem constraint cards appear after the problem

control cards and are to be included only if the CONS para-

meter of the problem control cards is set at the value of one.

The first card of the constraint cards contains the following

parameters: ND, NDAS, and NANCF. The parameters are defined

as follows:

ND - The ND parameter represents the number of
demand points or nodes that are to be deleted
from the established list of potential
facility sites. The value of the ND parameter
must appear in columns 1 to 4 and be right
justified with no decimal point.

NDAS - The NDAS parameter represents the number of
demand nodes that are already served or are
not considered in coverage patterns and will
be deleted from the demand list. The NDAS
parameter must appear in columns 6 to 9
and be right justified with no decimal point.

NANCF - The NANCF parameter represents the number of
potential facility sites that are to be
allocated to a facility that is to remain
unchanged by the GAS algorithm. Th4 value
of NANCF must appear in columns 11 to 14
and be right justified with no decimal
point.

After the first constraint card which has the values of ND, NDAS,

and NANCF, a total of ND + NDAS + NANCF cards must follow. The
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first set of cards (called ND cards) give the indices of the

demand areas that are to be deleted from being considered as

potential facility sites. There is to be one card for each

area that is deleted, or a total of ND cards. The index of

the area to be deleted as a site must appaar in card columns

1-4 and must be right justified with no decimal point. The

program will accept a two letter code in columns 6 and 7

which will appear on program output sheets. The two letter

codes can be used to indicate why a particular site is not

to be considered. For example, NE might be used if no elect-

ricity is available and electricity is considered necessary.

It is not necessary to give a two letter code; this provision

is only used in the output documentation. If the value of

ND equals 0, then no ND cards should be given.

The second set of cards (called NANCF cards) give the

indices of the areas that are to be automatically assigned

a facility. Each site automatically assigned a facility will

retain that facility through the complete run of GAS. GAS

will try to find the best combination of additional facilities

in order to increase coverage to a maximum. There should be

one card for each allocated facility, or a total of NANCF

cards. The index of the area that is to be allocated a faci-

lity Mdust appear in columns 1-4 and must be right justified

with no decimal point. If the value of NANCF equals 0,

then no NANCF cards should be given.

The third set of cards (called NDAS cards) give the in-

dices of the areas that are not to be considered in calculating
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coverage. This allows one to structure a coverage problem

on a sub-area of that defined by the master data deck.

There should be one card for each area that is to be elimi-,

nated as needing coverage, or a total of NDAS cards. The

index of the area that is to be eliminated must appear in

columns 1-4 and must be right justified with no decimal point.

If the value of NDAS equals 0, then no NDAS cards should be

given.

Figure C.1 gives a conceptual set up of the constraint

card data deck. Figure C.2 gives a summary of the fields in

the constraint card deck. Several examples of constraint

card data decks are given in different sections of this manual.
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FIGURE C. 1

PROBLEM CONSTRAINT CARDS

INDECX:d

23n Set

/ ' /_.___2nd Set

NANCF Cards
INDEX CODE

ND NDAS NANCF

V u"-f N D C a r d s ,

ist Card .
• -------Values of ND, NDAS, NANCF
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FIGURE C.2

SUMMARY OF CONSTRAINT CARD DECK

CARD # VALUES & FIELDS

1 ND (l-4;RJ), NDAS (6-9;RJ)-, NANCF (11-14;RJ)

Next*
ND Cards INDX (l-4;RJ), CODE (6-7;LET)

Next +
.NANCF Cards INDX (1-4;RJ)

Next **
NDAS Cards INDX (1-4;RJ)

RJ - number must be right justified in field with no decimal
point

LET - any letters may be used.

*present only if ND>O

+present only if NANCF>O

**present only if NDAS>O

NOTES: The number of cards in constraint card deck is equal
to 1 + ND + NDAS + NANCF. The constraint card deck
is to be used only when CONS = 1. This implies that
one of the parameters on card number 1 should be
greater than zero. However, the GAS program will
allow all parameter (ND, NDAS, & NANCF) to be zero.
Card number one must always be given if CONS = 1.



APPENDIX D

FORMAT SUMMARIES FOR COORDINATE POINT INFORMATION,

ELEVATION DATA, AND POPULATION

Data Format for Coordinate Points

When utilizing the GAS program for planar problems,

(x,y) coordinate point information is used to develop a dis-

tance matrix indicating the shortest distance between each

demand area and each facility site. In the data deck there

must be one card for each point. The parameters on each card

are:

INDEX, X-COORDINATE, Y-COORDINATE,

where

INDEX - The index parameter is the number given to
a particular point. The index must appear
in columns 1-4 right justified with no
decimal point.

X-COORDINATE - The X-Coordinate of the point must
appear in columns 5-14 with a
decimal point.

Y-COORDINATE - The Y-Coordinate of the point must
appear in columns 15-25 with a
decimal point.

The cards must be ordered in terms of increasing index value.

Data Format for Elevation Data

In certain cases it may be desirable to utilize elevation

data in constraining coverage for any given facility site or
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to utilize elevation data in determining distances. If this

is the case, elevation data must be given in'the master data

deck. Each point or node in the problem must be assigned an

elevation by the use of an elevation data card. The parameters

on each card are:

INDEX, ELEVATION

where

INDEX - The index parameter is the number given to
a particular point. The index must appear
in columns 1-4 right justified with no
decimal point.

ELEVATION - The elevation of the point or node must
be given in columns 5-14 with a deci-
mal point.

The cards of elevation data must be given in terms of increasing

index value or the exact same order as that given by the coor-

dinate point data if coordinate point data is used.

Data Format for Population

Population data is not necessary in utilizing the GAS

program since it will allow for the objective of covering

number of points instead of covering population. When popu-

lation data is to be given, the population of each demand point

or node must be given. The population of each area is given

by a data card with the following parameters:

INDEX, POPULATION

where

INDEX - The index parameter is the number given to a
particular point. The index must appear in
columns 1-4 and be right justified with no
decimal point.
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POPULATION - The population of the point ornode must
be given in columns 5-14 And include a
decimal point.

The population cards must be given in terms of increas-

ing index value or the exact same order as that given by the

coordinate point data if coordinate point data is used.
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FIGURE D.1

FORMAT SUMMARIES FOR POPULATION,

ELEVATION, AND COORDINATE POINT DATA

CARD TYPE VALUES AND FIELDS

Population Cards Index (l-4;RJ), Population (5-14;D)

Elevation Cards Index (1-4;RJ), Elevation (5-14;D)

Coordinate Points Index (1-4;RJ), X-Coordinate (5-14;D),
Y-Coordinate (15-25;D)

RJ - number must be right justified in field with no decimal

point.

D - number must appear with decimal point.
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FORMAT SUMMARIES FOR ARC DATA

When utilizing the GAS program for solving network prob-

lems, either ARC data or a shortest distance matrix must be

inputed. When arc data is given, then the arc data is utilized

in generating a shortest distance matrix. This matrix genera-

tion is produced by the FLOYD Algorithm in the GAS subroutine

START2. The GAS program expects ARC data in the master data

deck only when the ARCS parameter on the second master control

card is set at a value of one. In addition, ARC data must

never be given unless the NETWOR parameter on the first

master control card is set at a value of one.

When arc data is given, there should be one card for each

arc in the road network. For the network given in figure E.1,

there should be six (6) arc cards. In addition to the arc

cards there must be a card preceding the arc cards which indi-

cates how many arc crads are given. Thus, there are two types

of cards in the ARC data deck.

The first card must contain an integer number, right

justified in columns 1 through 5, indicating the number of

ARCS in the network. This number is called IARCS.

The remaining cards have the following information:

INDEX, I, J, D(IJ)

where

INDEX - the index number given to a particular arc. If
an index is given, it must appear right justified
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in columns 1-5 as an integer number. Index
values may be omitted. If index values are omit-
ted, then the GAS program will assign index
values in the crder that the arc cards appear
in the data deck.

I and J - The indices of the two nodes that the ARC
connects. The order of the indexes is not
important. The first index must be given
right justified in columns 6 through 10
with no decimal point. The second index must
be given right justified in columns 11
through 15 with no decimal point.

D(I, J) - The length or time of travel of the arc that
connects node I to node J. This value must
be given in columns 16 through 21 with a
decimal point. Only one arc may be given
for any specific pair of nodes.

Table E.1 gives a format summary for the arc data deck

along with an example data set for the network in figure E.l.
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FIGURE E. 1

A SIMPLE SIX ARC NETWORK

4 <4

4 4

6
2 7

5 3
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TABLE E.1

FORMAT SuMMARY FOR ARC DATA WITH EXAMPLE

CARD # VALUES AND FIELDS

1 IARCS (l-5;RJ)

Next INDEX (I-5;RJ), I(6-10;RJ),
IARCS Cards J(II-15;RJ), D(16-21;D)

R -,number must be right justified in field with no decimal
point

D - number must appear with decimal point

CARD # VALUES AND FIELDS

1 6 (appears in column 5)

2 1,2,4,5. (respective columns;
5,10,15 and 16-17)

3, 2,4',3,7.

4 3,3,2,4,....

4,1,2,4.

6~ 531,6.
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