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PART ONE

7N INTRODUCTION TO MAXIMAL

COVERING AND THE GAS ALGORITHM



CHAPTER ONE
INTRODUCTION TO MAXIMAL COVERING

The intent of this monograph is to.present generél in-
structioﬁs on the use of the GAS program in solving maximal’
covering Jocation problems. The maximal covering location
problem was originally introduced by Church and ReVelle in
1973 (1). 1In 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,kdrilling rigs and storage centers
in the north sea, and the location of strategic defenses7

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 gerved, given
a fixed numbef of available facilities for allocation. Such
coverage or access is often times a desirable éoaiﬁin 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 evaluaiing 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 locatiqp 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 qf siting am-
bulance vehicles within 10 minutes travel time from any possible
demand area. If such a standard was maintained, then each‘areé
could conceivably never wait more than 10 hinuées for an.ambulance
0 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



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
minimum 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 algoriéhm.
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 - "How many areas can we serve
within a mile and a half by locating six stations." In other wor@s,
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



oovering 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 lir.ear 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



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 sélve 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. 1In fact,
GAS has proved to be an extremely efficient and effective method
for sqlving MCLP problems (7). Because of ease of use, performance
in actual operation, and flexibility with respect to éroblem
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.



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 sut-
gtitution 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
jteration is defined to be that site which covers at least as |
much of the existing uncovered population as any other site. J
The existing uncovered population is that population left ”uﬁcovered"
by the current facility solution set. There can be more than one
facility site meeting the "best facility site" crlterlon in a
given iteration. 1In this case, the heuristic picks the fac;lity

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 reéuce the probability of
maintaining "no longer justified" sites in the soclution 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 solutiqn.

By incorporating this solution improvemen£ 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



one-at-a-time each facility by an unused site if coverage in-
creases. The GAS algorithm, like tﬁe 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 i§ represented
by a point, called a node. Each node representing a villaée
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 conﬁecting 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_peoplé
within 10 kilometers. |

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

mine which viilageé'are within 10 kilometers of any given village;

i



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

50

-
N
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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 outpoét 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 trabél from
village 8 to village 1 to village 2 to village 12 at a total
distance of 7+8+6 or 2l. The complete number of possible routes
are given in table 2. The shortest of’allypossible routes ig
traveling from village 8 to village 1 to village 10 to village
12, or a distance of 19 kilometeré. To actually insﬁre 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 villagés
without enumerating all possibilities. Whichever approach is
utilized, one can develop a matrix of shortest distances like that
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 QAS

program is utilized to Gevelop a shortest distance matrix (f).



1)
2)
3)
4)
5)
6)
7)
8)
9)

10)

11)

12)

13)

14)

15)

16)

17)

18) -
19)

20)

TABLE 2

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

Routes

8-1-2-12
8-1-10-12
8-1-10-11-12
8-9-10-12
8-9-10-11-12
8-1-4-3-2-12
8-9-10-1-2-12
8-9-10-1-4-3-2-12

8-6=5~23-2~12
8-7-6-5-3-2-12
8-6-5-344—1-1o-i;
8-7-6-5-3-4-1-10-12
8-6-5-3-4-1-2-12
8-7-6-5-3-4-1-2-12
8-6-5-3-4-1-10-11-12
§=7-6-5-3-4-1-10-11-12
8-6-5-3-2-1-10-12
8;776-5-3-2-1-10-12
8-6-5-3-2-1-10-11-12
8-7-6-5-3-2-1-10-11-12

Distance (Km)

21
19
30
27
38
34
37.
50
45
51
58
64
60 -
66
69
75
59
65
70
76

13
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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
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TABLE 4

COVER MATRIX FOR THE TWELVE VILLAGE PROBLEM

VILLAGE J

11 12

10
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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 netwofk 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
coéer matrix can be developed by utilizing the deéired 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 villagé 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 ?opulation 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
regdy 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 potentiél 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

gselected included villages 1, 2, 3, and 12. By taking this



TABLE 5

_DETERMINING THE FIRST FACILITY ‘LOéATION

SITE AREAS COVERED AMOUNT OF COVERAGE
1 1,2,4,8,10 100 + 150 + 500 + 100 + 200 = 650
2 1,2,3,12 100 + 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 9,10 50"+ 200 = 250

10 1,9,10,11,12 200 + 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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1ist 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 1l 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 ana 10. The net result would be a gain in

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



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 },: 7 250
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 9 o - 50
10 9,11,12. 50 + 150 + 100 = 300
11 11,12 100 + 50 = 150
127 11,12 100 + 50 =150

*site 3 has. the highest vaiue 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. Tabie 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 phasé and GAS has
now completed the determination of the best two §illages for
facility placement. The health outposts wiil 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 ﬁost of the population

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



TABLE 7

FACILITY LOCATIONS 1,3

COVERED 1,2,3,4,5,8,10 AMOUNT = 1000
UNCOVERED 6,7,

ELIGIBLE SITES 2,4,5,6,7,8,9,10,11,12

Site Replaces
2 1
4 1
5 1
6 1
7 1
8 1
9 1
*10 1l
11 1
12 1

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

011,12

Gain

12

1,8,10

'

Loss

8,10
8,10

1,10
1,10

10

1l
8
8
8

CHECKING FOR POSSIBLE SUBSTITUTIONS FOR SITE 1

Site Changes in Coverage

Net

Amount of Changes
50 - 100 - 200
- 100 - 200
- 100 - 100 - 200

50 + 50 - 100 =200

50 + 50 -ﬁlool¥ 200
50 + 50 + =200
50 - 100
50 + 100 + 50 - 100
100 + 50.- 100
100 + 50 - 100

=250,

=300

~400
-200
~200
-100
- 50
+100 .

+ 50
+ 50 -
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TABLE 8

CHECKING FOR POSSIBLE“SUﬁSTITUTIONS FOR SITE 3

FACILITY LOCATIONS 10,3 .
COVERED 1,2,3,4,5,9,10,11,}2
UNCOVERED 6,7,8 |

ELIGIBLE SITES 1'2’4’5‘,6’7'8'9’11112

Site Changes in Coverage
9

Site Replaces Gain. Loss : Net*
1 3 8 3,5 y100-2504160 = =250
2 3 4,5 1100;106 = -200
4 3 2,5 ~150-100 = =250
5 3 2,4 -150-100 = -250
6 3 6,7,8 . 2,3,4,5 50+50+100-150-250-100-100 = -400
7 3 6,78 - 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 2,3L§,5 7150—250;100-106 = =600
12 3 3,4,5 '=250-100-100 = =450

*No substitutions gan'be made with a net gain_in 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. 1In 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.
1f, however, coverage was not complete when GAS had initially

located the third facility at village 6, then GAS would consider
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TABLE 9

QETéRMINING THE THIRD FACILITY LOCATION

FACILITY LOCATIONS 10,3
COVERED 3,2,3,4,5,9,10,11,12
UNCOVERED 6,7,8

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

Gain in Coverage “Amount of Gain
1 - : ‘io |
2 - 0
4 - o
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 formsﬂof 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.

Figu;e 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 ércs. .Bach 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 pfogram. 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/algofithm.
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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 calculations ip the previous 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 program.



FIGURE 2
OUTPUT FOR TWELVE VILLAGE PROBLEM

POPULATION DATA
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1006 3 2504% 5 . 100e% 7 50.% 9 50.% 11 100.®
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FIGURE 2

‘(continued, page 2)

INPUT ARC INFORMATION IS AS FOLLOWS
FROM HODE TO NODE DISTANOE

ARC NO.

OVONORSWN

NUWRCORBDO s

O gus 4o
-nnN

9.000
8.000
4,000
¥e 000
%000
13,000
2000
14.000
9,000
16.000
T«000
8.000
T«000
6.000
0000
9,000
10.000

el add -
OWONNSWUWRYNONOOOONS
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DISTANCE MAZRIX

o

| a 3 4 S 6 7 8 9 10
) | Q.0 8.00 14.00 ?.00 21.00 17.00 14.00 7.00 11.00 4.00
FJ 8.00 0.0 7«00 13.09 14,00 25400 22.00 15.00 19.00 12.00
3 14.00 7.00 0.0 §.00 7.00 22.00 28400 21.00 25.00 18.00
4 9.00 12.00 5.00 0.0 12.00 26,00 23.00 16.00 20,00 13,00
S 21.00 14.00 7.00 13.00 0.0 15.00 24,00 25.00 32.00 25.00
6 17.00 £5.00 22.00 26,09 15.00 0.0 9.00 10.00 22.00 21.90
7 14.00 42.00 28.00 23.09 24,00 9.00 0.0 7.00 19.00 18.00
a X.00 15.00 21.00 16,09 25,00 10.00 7.00 0.0 12.00 11.00
9 11.00 19.00 25.00 29,00 32,00 22.00 19.00 12,00 0.0 7.00
10 4.00 12.00 18.00 13.09 25.00 21.00 18.00 11.00 7.00 0.0
11 14.00 15.00 22.00 €3.09 29.00 31.00 28.00 21.00 17.00 10.00
12 13.00 6.00 13.00 18.00 20.00 29.00 . 26.00 19.00 15.00 8.00

(¢ @bed ‘psnurjuod)
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FIGURE 2

(continued, page 4)

.. DISTANCE MAIRIX

. n 12
1 14,00 12,00
4 15.00 6,00
J 23400 13.00
4 23.480 18,00
S 29.00 20,00
) 31.00 29.00
7 28.00 26,00
[ 2l.00 19.00
9 17,00 15.00
10 1§.00 8.00
11 9.0 9.00
12 .00 C.0
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FIGURE 2

(continued, page 5)

SUBPROGRARM VYATBLD HAS BEEN CALLED T0 GENERATE A COVER MATRIX

THE Ha~cNUM DISYANCE/TIME OF 10,00 HAS BZEN UVILIZED
0004000000 EEA0E0ENCEEAIEAEGCEENRENNIEENENEaPHEteRatiREaRneEng
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FIGURE 2

¢

(continued, page 6)

ITERATIPN NUMBER» 1
THIS 1S AN EXAMPLE OF THE TWELVE VILLAGE PRDBLEM

NUMBER OF FACILITIES 1
SERVICE DISTANCE = 10.000

NEW FACJLITY LOCATION NUMBER 1
FACILITIES ARE LOCATED AT 1y

POPULATION SERVED 650400 PERCENT OF TOTAL POPUEAT!ON SERVED 50.90




FIGURE 2

(continued, page 7)

ITERATIAN NUMBER» 2 .
THIS 1S AN EXAMPLE OF THE TWELVE VILLAGE PRPBLEN

NUMBER PF FACILITIES 2
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATION NUMBER 3

37

FACILITIES ARE LOCATED AT 1o 39
- - 1 9 2
POPULATION SERVED 1000400 PERCENT OF VOTAL POPULATION SERVED 76452

- e 7 Y/ 7
SUBSTITYTION ALGORITHM USED

NODE 30 REPLACES FACILITY LOCATION 1
THIS 1S NOW FACILITY NUMBER |

FACILITIES ARE LOCATED AT 100 k)

POPULATIOH SERVED 1100400 PERCENT OF TOTAL POPULATION SERVED 84462

s 7



FIGURE 2 '

(continued, page 8).

ITERATION NUMBER, 3 1
THIS IS AN EXAMPLE OF THE TWELVE VILLAGE PREBLEM

NUMBER OF FACILITIES 23
SERVICE DISTANCE = 10.000

NEW FACILITY LOCAYION NUMBER [
FACILITIES ARE LOCATED AY 10¢ 3o 6

Y of,

38

POPULATION SERVED 1300.00 PERCENT OF TOTAL POPU;ATION’SERVED’ 100369
1 > e -
THIS SOLUTIPN WAS GENGRATED 8Y THE OAS ALGORITHNM



COVERAGE CURVE FOR TWELVE NODE PROBLEM
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CHAPTER THREE

OPTIONS IN THE GAS PROGRAM

The maﬁor 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 examﬁie computer prob-
lems which illustrate a number of options discusséd briefly in
this chapter. There are five appendices which follow

part three with specific input informatiéﬁ. 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 gncouraged

to consult the proper appendix.

Before a detailed description can be given in refereﬁce
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 £ind the material in parts two and,tﬁree

easier to master.

BASIC STRUCTURE OF THE GAS PROGRAM

)

The GAS computer program is designed to input on carés
a data set which describes a specific’méximal do?efiﬁg loca-
tion problem. After the data deck has begﬁ read by GAS, the
program will perform the desired problem. The program ﬁas

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



FIGURE 4

AN EXAMPLE OF A PLANAR PROBLEM
'WITH (X,Y) - COORDINATES

o1(30:50)
02 (22,45)
‘07 (34,40)
6 (20,35)
' 93 (25’,30) o4 (9;6,30)

o5 (26,20)
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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 betweenlnodes of a net-
work is given in c hapter one.

A planar pfoblem 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 = Vixi - x3)2 + Wyi - ¥§)2 (3-1)
where |
dij = Buclidean distance from point i to point j.

(x5, 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 utilized,the 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

path of shortest
distance is straight
line connecting two

’,‘1 e B points. Length of
‘ path is dij'
——
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FIGURE 6
RECTILINEAR DISTANCE MEASURE
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exceeds in length a straight path connecting the two points.
If actual travel distances are a linear function of the Bucli-
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 4,4 (3-2)

1] J
where Ei. is the actual travel distance.

J

When travel distance between two points cannot be approx-
imated as a linear function of euclidean measure, then another
measure may be more appropriate. An ekample 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:
g4 = lxi =Xy | + |yi - yjl (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 léter 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.
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Part two deals with solving network problems and part three
deals with solving planar probleﬁs. 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 micght be - where should two additiohal facilities
be placed in order that the largest amount of éoﬁulation 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 allo& for this possibility. |

The GAS program is structured in its most genéral 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 twelvé village problem, village 5 may not be
a potential loéation for a health outpost because a source of

safe water is not available. This restriétion can be placed
on the GAS program by utlllzlng ancther avallable optlon.

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 tolgive 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 examble, suppose that
we have keypunched a deck representing the twelve village
problem. However, suppose that for somerpurpose in solving
the twelve village problem we do not want to consider the demana
of village 9. This can be done by seiecting the GAS option
which allows for the demand of a list of villages not to be
considered. The list ié given apart from the master deck.

Thus %the original data deck‘remains unchanged, even when a
riodified problem is solvgd. ‘Several examples are given in
parts two and three for utilizing such an option.

The majbr structure of the input data is'given in appen-
dices A through F. Each appendix gives the definition of an
option or input information along with the form in which it
must be given. Along with the appendlces, parts two and three
give a number of examples which utilize the varlous options
and forms. By reviewing the. appendices and studying the examples,_
a reader should be able to develop a working knbwledge: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 }ocation problems defined on a net-
work. Figure 7 is an exaﬁpie of a network problem invoiving
12 billages and the location pf 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 thé 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 diffgrent 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 éﬁd the GAS program is utilized to add to this set of
facilities. The fifth example deals with utilizing elevation
data in a ngtwork-problem. The sixth' example solves a multiple

number of problems with one computer run.
THE TWELVE- VILLAGE PROBLEM
Supposé tﬁat a planner wishes to site health outposts in
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" FIGURE 7

A TWELVE VILLAGE NETWORK
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a region with twelve villages. Figure 7 gives a road network
of a 12 village region. The pdpulation'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: 1IPTS, 1DEM, ADD, NETWOR, WEIGHT, DIST, and IFSAP. Accor-

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

*pefinition of arc given in chapter one.
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FIGURE 8

CONCEPTUAL FORM OF THE DATA DECK FOR

THE TWELVE VILLAGE RPOBLEM

ydl
/'
/ ) 10.0
/This is an example
two blank cards
/2128 —— second problem
/1488 control card
//f11 <+— title card
yd
3 250
} 50 - arc data

/A 1
12 12 1 1 1
population data

. LJ=¥— second master control card
J<— first master control card
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TABLE 10
VILLAGE POPULATIONS

POPULATION
100
150
250
100
100
50

50
100

50
200 -
100

50
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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 plaﬁar
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 pﬁra—
meter should be set to a value of one. Since we é£e ,
not intgrested 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 1l.

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 control card contains thé values of
seven parameters (ARCS, RECT, ELE, CONS, IALT1, 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



TABLE 11
FIRST MASTER CONTROL CARD FOR

' PYWELVE VILLAGE PROBLEM

56

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- 1l 25
fies population values
will be given
DIST Value of one signi- 1l 30
fies distance matrix
will be listed
IFSAP Value of zero signi- 0, blank 35 -

fies that statistics
output will not be
printed




LISTING OF TWELVE VILLAGE DATA DECK’

12 12
1
1 100,
e 150.
3 250.
4 100,
S 100
6 50,
7 506
8 100,
9 50.
10 200.
11 100,
12 50¢
17 .
) | 1 4
e 1 e
3 | 0
4 1 8
S 10 9
6 8 9
7. 8 7
] 8 6
9 6 7
10 6 -5
11 5 3
12 3 4
313 .3 2
14 e 12
15 10

[ ]

(- ]
ut Gut G
- NN

[~

—

10 10.09 ,
THIS 1S AN EXAMPLE OF THE TWELVE VILLAGE PROBLEH

3 10,00

FIGURE 9

9,00

‘8400
B¢

400
700
T.00
13.00
7.00
10.09
9.00
19,090
700
5,00
7.00
600
8.00
9400
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parameter must bg assigned a zero value. Since Qe 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 IALT1 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 mqsp
be glven after the two master control cards. Before looking
closely at the population cards of flgure 9 and reading the
following explanation for the twelve village problem, the
readers should f;rst review section 3 of appendix D. Appendix
D indicétes that there should be one population card for|f
each node in the problem. , Thus, there should be twelQekpopu—
lation cards. The cards must be 9iben in the ofder of in;
creasiﬂg node index. This meaﬂg that fhe first population
card gives the population of node one; the second populatioﬂ
card must give the populaéion of node two; and the ;ast’popu—

lation card must give the populét;on of node 12. 'Note that



Parameter
Name

TABLE 12
SECOND MASTER CONTROL CARD

FOR TWELVE VILLAGE PROBLEM

Assigned
Assumption Value
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"Card Column(s)
Containing Value

I ARCS

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

For a network 0,blank
problem, value must
be set at zerxo

Since no elevation O,blank(

data is given, value
must be set at zero

. Value of zero signifies 0,blank .

no special constraint
features are selected

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

Since elevation data 0,blank

'is not given, value

is ignored

Since elevation data 0,blank
is not given, value
is ignorad

When value is set 1l
at one, GAS program

" will be executed

5 '
10
1%,
20
25

30

40 -,
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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. 1;426

I 8 4 100. 11-20
9 4. 50. 11-20

i 10 3-4 1266. 11-20
11 5:4 100. ‘11-26“
!12 3-4 50, 11-20
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the index of the node is given in columns 1 through 4 and the
populétion of the node is given in columns 1l thrqugh 20.

The index must appear iight 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 ARC 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 thé number 17
in columns 4 and 5 as illustrated in table 14 and figure 9.
The fo;lowing 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
connectiné 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 gdntréi cafdéf
follow the seventeen arc cards, as illustrated in figure 8. "

Since the two problem control cards are discussed in appendix.
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TABLE 14

. '

ARC DATA CARDS FOR TWELVE VILLAGE PROBLEM

Card Parameter Caxd Column(s)
Number (s) Value Value(s) Containing Value
1. 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. 1In 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 éppears on the title card will be printed on the
output pages.

The second problem coitrol card gives the values of
eight parameters: IP, S, SCS, EMAXL, 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 parameternwi;l
be assigned a zero value. For this examp}e, 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‘contqins 32 punched cards and two

blank cards. Output from this problem deck is giveﬁ in figure



Parameter
Name

TABLE'lS
SECOND PROBLEM CONTROL CARD

FOR TWELVE VILLAGE PROBLEM

Assigned
Assumption Value
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Card Column(s)

.Containing Value

T . L ] T wa——— —— - e —— ———

IP

SCS

EMAXL

EMAXS

CONS

ICov

ILIST

Must equal largest 5
number of allowable
facilities

Maximal service 10
distance

Secondary service blank
distance is not o
given

Parameter not used blénk‘
because elevation
data is not given

Parameter not used blank
because elevation
data is not given

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

value of zero means 0, blank
zero-one cover matrix
is not given

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

5715
‘:i6;25
26-35
36-45
60

65




CHAPTER FIVE
NETHORK 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 ngtwork 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 mastex 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 Qalue of one. The second
master control card should appear according to the information
in table'lg.‘ 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 ére now thirty nodes and thirty population cards
requfféd.

Fiéure 11 gives the complete listing of the data input.
The first two cards are the master control cards. The following

thirty cards ére the pbpulation'cards; After the population
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FIGURE 10
A 30 NODE 90 ARC NETWORK OF TOREGAS(8)*

*

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).



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 15000
4 1 20 38.000
5 20 28 37,000
6 8 28 484000
7 8 20 814000
8 4 20 100,000
9. 12 20 65.000
10, 4 12 904000
11 4 . 23 704000
12 4 . 14 614000
13 14 23 75.000
14 14 22 694000
15 az 23 60,000
16 12 23 204000
17 12 22 58,000
18 1 12 544000
19 12 . 18 864000
20 18 22 124+000
21 3 22 105.000
22 8 26 414000
23 18 - 26 674000
24 1 18 784000
25 3 18 624000
26 3 6 564 000.
27 3 10 464000
28 10 18 93.000
29 18 29 644000
30 a6 29 774000
31 10 29 944000
32 27 ‘29 524000
33 19. 29 794000
34 19 27 364000
35 10 27 574000
36 T 27 494000
37 24 27 854000
38 7 10 474000
39 9 10 87.000
40 6 10 344000
41 6 17 1044000
42 6 9 614000
43 7 9 67.000
44 - | 24 464000
45 9 24 604000 -



(coptinued, page 2)
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TABLE 16

33.000
60,000
‘564000
77.000
654000
101000
69.000
37.000
19.000
51.000
84000
73.000
60.000
83,000
58.000
120.000
66000
92.000
60.000
46.000
524000
106.000
147.000
74.000
92.000
66.000
60.000
79.000
78.000
137.000
92,000
944000
70,000
126,000
108.000
59.000
106,000
76.000
118.000
69.000
5t«000
61.000
524000
93.000
107.000
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TABLE 17

FIRST MASTER CONTROL CARD FOR

THIRTY NODE NETWORK PROBLEM

69

EE M N B Bl I

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- 1l + 20
fies network problem
WEIGHT Value of one signi- 1l 25
fies population value ,
will be given :
DIST Value of zero signi- 0, blank 30
fies distance matrix o '
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

FQR’THIRTY\NODE NETWORK PROBLEM

Parameter Assigned CardICOlumn(s)
Name Assumption Value Containing Value
FARCS 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, b;ank 15
data is given, value :
must be set at zero

no special constraint
featuraes are selected

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

IAL1 Since elevation data 0, blank 30
is not given, value : ' ‘
is ignored

. CONS value of zero signifies 0, blanic 20

Since elevation data 0, blank. 35

is not given, value
is ignored

K8 GAs When value is set 1 : 40
at one, GAS program s
will be executed




FIGURE 11

LISTING OF THIRTY NODE NETWORK 'DATA DECK

30 3¢ 3 1 1 1
] 1
1 10,00
2" 20,00
3 25,00
4 18,00
5 12,00
6’ 23,00
7 43,00
8 30,00
9 24,00
10 15,00
‘ll 10.00
12 20,00
13 35,00
14 15,00
15 20,00
16 20,00V
17 10,00
16 25,00
19 3as.00
20 15,00
21 - 10,00
22 . 15,00
23 10,00
24 20,00
25 ' 10.00
26 20,00
21 ! 10.00
F4 ] 10,00
29 35.00
30 . 15,00
90
1 1 26 16,
2' 1 28 Te
3 26 208 1%,
4 1 20 3b.
S 20 28 37,
] (] 28 44,
7. 8 20 dl.
8 4 20 100,
9 12 20 &b,
1 4 12 90.
11 4 23 70,
12 ) 14 61,

13 14 23 .
14 14 22 69,
1 22 23 ol.
16 12 23 20,
17 12 22 54,
18 1 12 5a.

20 10 22 1¢és.

-2} 3 22 105
22 8 26 sl
23 18 26 61,
24 1 18 74,
25 3 18 ode
26 3 6 5o,
27 3 10 ' 46,
28 10 18 93,
29 18 29 64,



FIGURE 11

(continued, page’ 2)

30
31
32
33
34
3s
36
37
s
39
40
4)
42
. 43
44,
S
a6
. AT
48
49
50
s1
52
53
54
55
'56
57
56
59
60
61 .
62’ -
63’
64
65
66 -
67
68
69
70
71
72.
‘13
74
15
76.
148
78
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81
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83
84
8s
86
87
88
89
90
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19
19
10

7
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20
18
12
1
12
20
1
8

29
29
29
29
21

27

21

21

10
10
10
17

9
9
24
24
24
v
17
17
17
11
11
S
1S
15
26
24
30
30
3
30
16

25 |

21
2
25
25
29
17

9

7

6
10
27
12
29
21
30
el
18
19
22
23
20
26

]
28
26
29y
29

75,00

7.
94,
524"
79
36,
57.
49,
85,
47,
;970
34,
1048,
6l.

© 6T,

46,
60,
33.
60,
56,
7.
55,
101,
oY
3.
19
51,
84.
134
60,
83.
58,
120,
66,
9,
60,
46,
5de
106,
147,
Ts,
92
66,
60,
79,
78,
137.
92.
94,
70.
120,
108,
$Y.
106,
76,
114,
69,
S1s |
6l
S5¢.
93,
1wt

100V400.

THIS IS EXAMPLE NUMUER TWO-NETWORK

¢

72



73

cards, the arc .cards must\be given. There are ninéty-one

cards in this group. The first card gives the vaiue of IARCS
equal to 90 indicating that there are 90 arcs. The foilowing

90 cards give the arc information in the same fo.mat used in thé
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 thé 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 su;pose we are interested in SCS = lOO.f'The
values of EMAXL and EMAXS can be left blank Secause 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 ILISTvequél to
one, so that cover listings will be generated. Thus, all the
parameters to!the second problem control card are s;t at appro-
priate values. The two problem control cafds;are followed by
two blank cards. Table 19 givés a summary of thg‘second control
card information for this problem. . -

The output associated with tﬁisAdata deck is given in.
figure 12. The figure contains twenty five(pages giving thé

complete output from the GAS computer program. The first page



TABLE 19

SECOND PROBLEM CONTROL CARD

. FOR THIRTY NODE NETWORK PROBLEM

74

A ENT N N BN N S T A oy e

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=1

EMAXL Parameter not used blank 26=-35"
because elevation ’ . ' R
data is not given

EMAXS Parameter not used blank 33-45
because elevation oo
data is not given

CONS Value of zero means 0 -1
special constraint fea- Ot
tures are not utilized '

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

ILIST Value of one means 1l ~§5

coverage listing is
given
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1ists the population valuesf The second and third paées dis-
play arc jnformation. pages four. five, and six give the
shortest distance matrix. Page 7 states the value‘of the
maximum service time as 75. Page ? is an illustration of a
zero-one cover matrix along with a beginniug'of a list in-
dicatind which areas & given facility can serve. page 10
gives the output from thekfirst iteratioulof the GAS aldorithm.
Notice that & 1isting of & jch demand areas are(couered is
given. This 1isting is given because tﬁe ILIST parameter was
set egual to one. On the next page the GAS program gives the
statistics agsociated 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):

1) population served by each facility.

2) population covered bY each facility (i.e. served:
within S distance OT time from the facility).

3) Population served outside of s distance put in-
side the gcs distance f£rom the facility. ‘

4) population served outside of the SCS distance.
5) The jargest traveled distance in each partitionf

¢) The node that is the garthest from the facility
in the partition around that facility.

7) The total weighted distance of travel in the
‘ ' partition.

g) The weighted distance of the covered population.

9) The weighted aistance of those outside’of S
distance but inside the SQS 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 outsidey;he time or distance qf SCS is labeled as
the POPULATION OUTSIDE. .éECONDAR.Y. For ‘I;hé 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:-' KT: DIST. PRIMARY COVERED. For this
iteration, the weighted distance of the primary covered popu-
lation is 8488. Since the primary served pgpulation is 190,
the avéfage distance from the facility 6fftho§e'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 WEIGHTED DISTANCE SECONDARY COVERED , Por 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 averégé
distance of the whole population ﬁo‘the;; closest{facility is
80001/580 which equals 137. |
The remainder of figure 12 gives the final iterat;oﬁs of
the GAS algorithm. It should be noted that the algdrithm‘ {
terminated at seven facilities evén though we had allowed for
the placement of ten facilities. Thé 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 DATA

15.¢ 13

1 10.¢ 4 18.* 7 43.* 10 35.¢ 16 20.® 19 35.% 22 15.# 25 10.¢ 28 10.*
2 20.? S 12.* 8 30-* 11 10.7 14 15.* 17 10.* 20 15.® 23 10.® 26 20.* 29 35.8 .
3 25.¢% 6 23.¢ 9 24.% 12 . 20.% 15 20.® 18 . 25.% 21 T 10.® 24 20.* 27 10.®* 30 15,0

=T

FIGURE 12

THIRTY NODE NETWORK PROBLEM OUTPUT

8L



FIGURE 12

(continued, page 2)

INPUYT. ARC INFORMATION 16 AS FOLLOWS

ARC NO. FROH NODE TO NO
1

|
6
1
0
8
8
4
12
4
4
. &
14
14
‘a2,
12
r12
1
12’
18
©d

U - ] -
NGFNWN“NONNOQSOOOOQ

B) 0= b 2
E-E-K-27}

DE ODISTANCE

26
28
28
20
28
28
20
20
20
12
23
14
23
22
23
23
22
12
18

22

22
26
26
18
18

]
10
18
29
29
29
29
29
27
27
ar
27
10
10
10
17

9

9
24
24
24

9
17
17
17
11
1

S
15
15
24
24
30
30

164000
7.000
15.000
38.000
37.000
48.000
81.000
100,000
650000
90,000
70,000
61.000
75000
69.000
60,000
204000
58,000
54,000
86.000
124.000
105000
41,000
67.000
78.000
62+000
564000
46,000
93.000
64,000
77.000
94,000
52000
79000
36,000
57.000
49.000
85.000
47,000
87.000
34.000
104,000
61000
67.000
46.000
60,000
33.000
60.000
564000
77.000
55.000
101000
69000
37.000
19.000
514000
84.000
73.000
604000
83.000
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62
63
64
65
66
67
68
69
70
n
T2
73
T4
15
76
7
78

80
8l
ae
83
84
85
86
87
88
a9
90

FIGURE 12

(continued, page 3)

k]
30
16
25

25
25
a5
29
17

10
27
12

rij
30

18
19

23
20
26

28
26
29

.29

58.000
120.000
664000
92.000
60.000
46,000
53.000
106,000
147.000
74,000
92.000
660000
60+000
79.000
78.000
137.000
92.000
94,000
70000
126,000
108,000
59,000
106,000
76.000
118.000
69.000
51000
61.000
52.000
93,000
107.000

80



_ DISTANCE MATRIX

™
1 3 3 4 R S 6 7 8 9 10

1 0.0 269.00 140.00 138.00 297.00 196.00 194.00 51.00 257.00 171.00
2 260.00 0.0 159.00 370.9090 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
4 138.00 370.00 211.00 0.0 407.00 267.00 304.00 l181.00 328.00 257.00
S 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 56400 267.00 153.00 0.0 60.00 226.00 61.00 34,00
L4 194.00 66.00 93.00 306,00 103.00 60.00 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 60.00 117.00 328.00 92.00 61.00 67.00 275.00 0.0 87.00
10 171.00 113.00 46.00 257.00 150.00 34,00 47.00 201.00 87.00 0.0
11 355.00 101.00 215.00 426,09 69.00 159.00 167.00 375.00 111.00 193.00
12 54.00 292.00 137.00 90,00 329.0¢C 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
14 149,00 333.00 174,00 61.00 370.00 230.00 267.00 200,00 291.00 220,00
15 311.00 51.00 210.00 421.09 19.00 172.00 117.00 325.00 111.00 164,00
16 234.00 224.00 206400 379.00 261.00 219.00 177.00 196.00 244.00 185,00
17 300,00 77.00 160.00 371.00 74.00 106.00 123.00 330.00 56.00 138.900
i8 78.00 206.00 62.00 176,00 243,00 118.00 140.00 108.00 179,00 93.00
19 172.00 106.00 114.00 306,00 143,00 113.00 $9.00 186.00 126.00 79.00
20 38.00 296.00 178.00 109.00 333.00 234.00 230.00 81,00 295.00 209.900
el 209.00 338.00 291.00 339,00 375.00 327.00 291.00 158.00 358,00 293.90
22 112.00 264.00 105.00 106.00 301.00 161.00 198.00 163.00 222.00 151.00
23 74.00 312.00 157.00 70.00 359,00 213.00 266.00 125.00 274,00 199.00
24 230.00 33.00 139.00 350.08 T0.00 100,00 46.00 2644.00 60.00 93.00
25 15%.00 286.00 239,00 287.00 323.00 275.00 23%.00 106.00 306.00 241.00
26 16.00 244.00 129.00 152.09 281.00 165.00 178.00 41.00 245,00 160.00
27 145.00 115.00 78.00 270,00 152.00 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
Zg 93.00 167.00 92.00 22%.00 204,00 128.00 101.00 107.00 168,00 94.00
3 176.00 166.00 148.00 313.09 203.00 161.00 119.00 190.00 186.00 127.00

FIGURE 12

}contiphed} page

4)

18,



DISTANCE MATRIX

11 12 13 14 1S 16 17 18 19 20
1 355.00 54.00 203.00 149.090 311.00 234.00 300.00 78.00 172.00 38,00
2 101.00 292.00 290.00 333.90 51,00 224.00 77.00 206.00 106.00 296400
3 215.00 137.00 272.00 174,00 210,00 206,00 160.00 62,00 114,00 178,00
L 426.00 90.00 333.00 61.00 421.00 370.00 371.00 176.00 306,00 100,00
S 69.00 329.00 327.09 370.00 19.00 261.00 74.00 243.00 143,00 333,00
6 159.00 193.00 285.00 230.90 172.00 219.00 104,00 118.00 113,00 234.00
7 167.00 226.00 243.00 267.00 117.00 177.00 123.00 140.00 59,00 230.00
8 375.00 105.00 152.00 200,00 325.00 198.00 330.00 108,00 186.00 81.00
9? 111.00 254.00 310.00 291.00 111.00 244.00 56,00 179.00 126,00 295,00
10 193.00 179.00 251.00 220.0y 164.00 185.00 138.00 93.00 79.00 209.00
11 0.0 352.00 3v1.00 389.09 88.00 325.00 55.00 277.00 207.00 393.00
12 353.00 0.0 257.00 95.09 343,00 287.00 297.00 86.00 216,00 65,00
13 391.00 257.00 0.0 352.90 341.00 66.00 366.00 257.00 184.00 233.00
14 389.00 95.00 352.00 0.0 384,00 380.00 334.00 181.00 288.00 151.00
15 88.00 343.00 341.00 384,00 0.0 275.00 93.00 257.00 157.00 347.00
16 325.00 287.00 66.00 380.00 275.00 0.0 300,00 205.00 118.9¢ 270,00
17 55.00 297.00 366.00 334.00 93.00 300.00 0.0 222.00 182.00 338,00
18 277.00 86.00 257.00 181.00 257.00 205.00 222.00 0.0 1320.00 116.00
19 207.00 216.00 184,00 288.0v 157.00 118.00 182.00 130.00 0.0 208,00
20 393.00 65.00 233.00 151.00 347.00 270.00 338.00 116.00 208.00 0.0
21 439.00 263.00 60.00 358.00 389.00 126.00 . 414.00 263.00 232.00 239.00
22 320,00 568,00 315.00 69.00 315.00 311.00 265.00 124.00 219.00 123.00
23 372.00 20,00 277.00 75.0v 363.00 307.00 317.06 106.00 236.00 76.00
24 134.00 265400 257.00 313.00 84.00 19v1.00 110.00 179.00 73.00 266.00
25 387.00 211.00 46.00 306,00 337.00 v2.00 362.00 211.00 180.00 187.00
26 344.00 69.00 193.00 164.00 295.00 218,00 289.00 67.00 156.00 52.00
ra4 216.00 180.00 194.00 252.090 166.00 128.00 172.00 94,00 36.00 181.00
28 359.00 61.00 200.00 156.00 310.00 233.00 304.00 82.00 171.00 3700
29 268.00 146.00 193.00 241.00 218,00 l41.00 224.00 64.00 79.00 129.00
30 267.00 229.00 124.00 322.00 217.00 S8.00 242.00 147.00 60.00 212.00
FIGURE 12

(continued, pagé 5)
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DISTANCE MATRIX

21

22

23

24

25

26

. 27 28 29 30
1 209.00 112.00 74.00 230.09 157.00 16.00 145.00 T.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 23%9.00 129.00 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
S 375,00 301.00 349.00 70,00 323.00 281.00 152400 296.00 204.00 203.00
6 32%.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
8 156.00 163.00 125.00 244,09 106.00 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
10 293.00 151.00 199.00 93.0v 241.00 160.00 57.00 175.00 94.00 127.00
11 439.00 320.00 372.00 134.00 387.00 344.00 216.00 359.00 268.00 267.90
12 263.00 58.00 20.00 255.00 211.00 69.00 180.00 61.00 146.00 229.00
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 92.00 218.00 126.00 233.00 141.00 58.00
17 414,00 265.00 317.00 110,090 362.00 289.00 172.00 304,00 224.00 242.00
18 263.00 124.00 106.00 179.00 211.0° 67.00 94.00 82.00 64.00 1647.00
19 234.00 219.00 236.00 73,00 180,00 156.00 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 0.0 321.00 283.00 305.00 52.00 199.00 242.00 206400 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 0.0 285.0¢0 231.00 $9.00 200.00 81.00 166.00 249,00
24 305.00 244.00 285.00 0.V 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
26 199.00 127.00 89.00 214.00 147.00 0.0 129.00 15.00 77.00 160,00
27 242.00 183.00 200.00 85.00 190.00 129.00 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 17.00 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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FAGURE 1
(cohtinued, P

SUBPROGRAM MATBLD HAS BEEN CALLED TO
THE MAXIMUM DISTANCE/TIHME OF 75,

2

age 7)

GENERATE A COVER MATRIX
00 HAS'GEEN UTILIZED

84
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FIGURE 12

(continued, page 8)

100009010001000000010010010100
010010101000001000000001000000
001001000100000003000000000000
000100000000010000000010000000
0310010000010001010000001000000
001001101100000000000000000000
0100011011000000001¢0001001000
100000010000000000000000010100
0)0001101000000010000001000000
001001100100000000000000001000
000010000010000010000000000000
100000000001000000010110010100
000000000000100100001000100000
000100000000010000000110000000
010010000000001000000000000000
000000000000100100000000000001
000010001010000010000000000000
001000000000000001000000G10010
0000001000006000000100001001001
100000000001000000010000010100
200000000000100000001000100000
000000000001010000000110000000
100100000001010000000110000000
010010101000000000100001000000
000000000000100000001000100300
100000010001000001010000010100
©00000100100000000100000001011
1000000100010000000100000101930
0000000000000000010000n0001010
000000000009000100100000003001)
CAN RE SERVED BY 1

CAN BE SERVED 8Y 8

CAN RE SERVED BY 12

CAN BE SERVED BY 20

CAN RE SERVED BY 23

CAM RE SERVED BY 26

CAN BE SERVED BY 28

CAN BE SERVED BY 2

CAN BE SERVED 8Y S

CAN BE SERVED BY 7

CAN Bt SERVED BY 9

CAN RE SERVED BY 15

CAN BE SERVED BY 24 .
CAN QAE >ERVED BY d

CAN RE SERVED BY 6

CAN BE SERVED 8Y 10

CAN BE SERVED 8Y 16

CAN BE SERVED BY 4

CAN RE SERVED BY 14

CAN RE SERVED BY 23

CAN RE SERVED BY 4

CAN RE SERVED BY S

CAN RE SERVED BY 11

CAN RE SERVED BY 15

CAN BE SERVED BY 17

CAN RE SERVED 8Y 24

CAN RE SERVED BY
CAN RE SERVED B8Y
CAN BE SERVED 8Y
CAN RE SERVED BY

CROOCUVIVIUVIUNS IS WWWWANNNNINR et e e e

cC~NOW
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FIGURE 12

(continued, page 9)

OOV OO OOPOEO il O

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
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CAN
CAN
CAN
CaN
CAN
CAN
C4N
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
LAN
CAN
CAN
CAN
CAN
CAN

SERVED
SERVED
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SERVED
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SERVLD
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FIGURE 12

(continued, page 1o$

20 CAN RE SERVED BY 1
20 CAN RE SERVED BY 12
20 CAN BE SERVED BY 20
20 CAN RE SERVED BY b
20 CAN RE SERVED BY 28
21 CAN BRE SERVED 8Y 13
21 CAN 8BE SERVED BY 2l
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 BE SERVED BY 23
23 CAN BE SERVED BY 1
23 CAN BE SERVED BY 4
23 CAN RE SERVED 8Y 12
23 CAN RE SERVED BY 14
23 CAN BE SERVED 8Y 22
23 CAN RE SERVED 8Y 23

24 CAN BE SERVED B8Y 2
24 CAN BE SERVED BY S
24 CAN BE SERVED 8Y 7
24 CAN BE SERVED BY 9

24 CAN RE SERVED BY 19
24 CAN BE SERVED 8Y 24
25 CAN BE SERVED BY 13
25 CAN BE SERVED BY el
25 CAN RE SERVED BY 25
26 CAN RE SERVED BY 1
26 CAN RE SERVED BY 8
26 CAN RE SERVED BY 12
26 CAN RE SERVED BY 18
26 CAN RE SERVED BY 20
26 CAN BE SERVED BY 26
26 CAN RE SERVED BY 28
27 CAN BE SERVED 8Y 7
27 CAN BE SERVED BY 10
27 CAN RE SERVEU BY 19
27 CAN RE SERVED BY 21
27 CAN PNE SERVED BY 29
27 CaN RE SERVED BY 30
28 CAN BE SERVLD BY 1
28 CAN RE SERVED 8Y 8
28 CAN RE SERVED BY 12
28 CAN BE SERVED BY 20
28 CAN BE SERVED 8Y 26
26 CAN RE SERVED BY 28
29 CAN BE SERVED BY 18
29 CAN BE SERVED BY ra
29 CAN BE SERVED BY 29
30 CAN BE SERVED BY 16
30 CAN BE SERVED BY 19
30 CAM RE SERVED 8Y 27
30 CAN RE SERVED BY 30



FIGURE 12

(continued,Jpage 11)

ITERATION NUMBER, 1

THIS

NUMBER OF FACILITIES
SERVICE DISTANCE = 7

1
S.000

NEW FACILITY LOCATION NUMBER

IS EXAMPLE NUMBER TWO-NETWORK

7

' [
’ 8

7
32.%6

FACILITIES ARE LOCATED AT Te
POPULATION SERVLED 190.00 PERCENT OF TOTAL POPULATJON SERVED
THE FACILITY LOCATED AT: 7 CAN COVER THE FOLLOUWING DEMANDS?
20 6y Te 9¢ 10y 19y 24y 27y
DEMAND POINT CAN SE COVERED BY FACILITIES AT!?
1 NO CURRENT FACILITY LLOCATION
2 T
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION
6 T
7 Te
8 NO CURRENT FACILITY LOCATION
9 T
10 Te
11 NO CURRENT FACILITY LOCATION
12 NO CUKRRENT FACILITY LOCATION
13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
15 NO CURRENTY FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION
19 T
20 NO CURRENT FACILITY LOCATION
2l NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 Te
25 NO CURRENT FACILITY LOCATION
26 NO CURRENT FACILITY LOCATION
27 To
28 NO CURRENT FACILITY LOCATION
29 NO CUHRENT FACILITY LOCATION
30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TwWO-NETWORK

FACILITIES ARE LOCATED AT Te

PRIMARY DISTANCE = 75.00

SECONDARY DISTANCE =100.00

P e N Y T YT YT T T YL L Y Y T Y Y YA Y YT YT Y YR Y AT Y LYY YL LA LY Y LYY A AL LT 2L LTI I T Y222 etye D
. SPRIMARYSSECONDARY®POPULATION®POPULATION®LARGESTy® SWT.OISTINTDIST. *WT,DIST® TOTAL @

PARTITION®FACILITY®SERVED ® SERVED @ QUTSIDE * IN ®TRAVELED® NODE ®PRIMARYPSECONDARY®QUTSIOE*WEIGHTED®

NUMHER & NUMBER ® POP. & POP, ®SECONDARY “PARTITION ®D1ISTANCE®NUMBER®COVEREDY COVERED *PRIMARYSDISTANCE®

1 4 190,00 25.00 365.00 580.00 304.0 4 8488.0 €325.0 71513, 80001,
P P T T Y Y TP T e TP T Y Y L Y Y Y Y Y YT Y Y XYY YYY YA Y YYY YT YR YT YT YT RS LIS Y LY AL LY TLY LYY LYY Y Y YN
190.00 25.00 365.00 580.00 8488.0 2325.0 71513. 80001.

PARTITION 1 FACILITY 7
on 1 D= 194,0¢e 2 D= 66.00e 3 0= 93.0ee 4 D3 304,000 S 0= 103.0¢e 6 D= 60,0

b 7 0= 0.0 8 D= 208.9%* 9 Dz 67.0°% 10 D= 47.0% 11 O= 167.0%« 12 D» 226,0
® 13 D= 243.0°* 14 D= 267.0°* 1S5 D= 117.0%* 16 D= 177.0%¢ 17 O= 123.0%e 18 D= 140.0
© ® 19 D= S9,0%® 20 D= 230,0%* 21 D= 29]1.0%¢ 22 D= 198.0%% 23 U= 246,00e 24 D= 46.0
® " 25 D= 239.0%® 26 D= 178.0%* 27 Oa 49.0f’ 28 D= 193,0%¢ 29 D= 101.,0%* 30 U= 119.0

FIGURE 12

(conti;méd, page 12)
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FIGURE 12

(continued, page 13)

1TERATION NUMBERY 2
THIS 1S EXAHMPLE NUMBER THO-NETHORK

NUMBER OF FACILITIES 2
SERVICE DISTANCL = 75,000

NEW FACILITY LOCATION NUMBER 26
FACILITIES ARE LOCATED AT Te 269

Y

POPULATION SERVED 320.00 PERCENT OF TOTAL POPULATION SERVED 55417

- on 08w = we " W o o - - o o ot L e L Y -

THE FACILI!Y LOCATED AT? 7 CAN COVER THE FOLLUWING DEMANDS?
20 Te 9y 10y 19y 24, 27
THE FACILI?Y LOCATED AT: 26 CAN COVER THE FGi LUWING DEMANDS:?
1 X} 8y 12y 18s 2090 269 28,
DEMAND POINT gAN BE COVERED BY FACILITIES AT!
6y
T
NO CURRENT FACILITY LOCATINN
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
T
Tr
260
Te

Te
NO CURRENT FACILITY LOCATION
269
NO CURRENT FACILITY LOCAT]ION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
269
T
269
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCAT]ION
NO CURRENT FACIL1TY LOCATJION

T
HO CURRENT FACILITY LOCATION
269

Te

269
NO CURRENT FACILITY LOCATION
HO CURRENT FACILITY LOCATION

Y L L L L L L L Ll -t~ rir e wtriad =
COB~NOVSWNmOVNOWM SPWN OO~ NS W N



THIS 1S EXAMPLE NUMBER TwO=-NETWORK

FACILITIES ARE LOCATED AT Te 26»

PRIMARY DISTANCE = 75.00

SECONDARY DISTANCE =100.00

0000000000000 0000000000000000000008000000000008000000000R000000000000000000000000000000000000000000000000000808¢
. *PRIMARY®SECONDARY®POPULATION®POPULATION®LARGEST»® CWT.DISTYWT.DIST. *WT.DIST® TOTAL

PARTITION®FACILITY®SERVED ® SERVED ® OUTSIDE IN STRAVELED® NOOE SPRIMARY$SECONDARY®OUTSIDESWEIGHTED®

NUMBER ¢ NUMBER ® POP, ® POP. #SECONDARY ®PARTITION »DISTANCE®NUMBER®COVERED? COVERED ®PRIMARY®DISTANCEe

1 4 190.00 25.00 87.00 302.00 177.0 16 8488.0 2325.0 14126, 22614,
2 26 130.00 45.00 103.00 278.00 199.0 21 5375.0 3585.0 20901, 26276
Y T Y T T T L T R S T Y Y Y Y Y T Y Y YT Y Y Y YR Y XYY YR Y YT Y Y YL YR YT YL YY R Y YR YRR Y Y YY)
320.00 70.00 190.00 580,00 13863,0 5910.0 35027. 48890,

PARTITION 1 FACILITY 7
es 2 D= 66,0 3 D= 93.00e S 0= 103.0e® 6 D= 60.0ee 7 D= 0.00e 9 D= 67.0

® 10 D= 437.0°* 11 D= 167.0°® 15 D= 117.0"® 16 D= 177.0® 17 O= (Z3.0%e ]9 D= 59.0

® 24 D> 46.0°® 27 D= 49.0%% 30 D= 119.0°® -

PARTITION 2 FACILITY 26 . -

se ) D= 16.0%¢ 4 D= 152,09 8 D= 41.00% 12 D= 6Y.00® 13 D= 193.00 14 D= 164.0
e 18 0= 67.0°% 20 D= S52.0%% 2] D= 199.0°% 22 D= 127.0%¢ 23 U= 89.3%e 25 D= 147.0

® 26 D= 0.0 28 D= 15.0%® 29 D= T7.0%¢

FIGURE 12

(continuedl, page: 14)
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FIGURE 12

%

(continued, page 15)

1TERATION NUMBER 3
THIS 1S BEXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES 3
SERVICE DISTANCE = 75,000

NEW FACILITY LOCATION NUMBER 13
FACILITIES ARE LOGATED AT Te 269 134

Py X - - ey LOO D LDl Lol

POPULATION SERVED 395.00 PERCENT OF TOTAL POPULATION SERVED 68410

THE FACILITY LOCATED ATS 7 CAN CUVER THE FOLLOUWING DEMANDS ¢
29 6y To 9y 10s 199 24y 270

THE FACILITY LOCATED ATt 26 CAN COVER THE FOLLUWING DEMANDS!?
1y By 12y 18y 209 269 28¢

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS?
13+ 16+ 2le 259

DEMAND POINY CAN BE COVERED BY FACILITIES ATH

| 269
2 Te
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
5 NO CURRENT FACILITY LOCATION
6 T
7 Te
8 269
9 | T
10 Ty
11 NO CURRENT FACIL1TY LOCATION
12 269
13 13y .
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION’
16 13,
17 NO CURRENT FACILITY LOCAT]ION
18 269 '
19 [

" 20 269
21 13
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 Te
25 13,
26 2064
27 T
28 269
29 HO CURRENT FACILITY LOCATION,

30 HO CIJRRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER TwO-NETWORK

FACILITIES ARE LOCATED AT Ts 26¢ 13y

PRIMARY DISTANCE =z 75.00

SECONDARY DISTANCE =100.00

P T S P Y Y T Y Y T T T T L L LI YT Y Y Y XY YT YT YT YY ALY LY YT AL AL LTI L LT L2222 T2 2L 2L T
. *PRIMARY®SECONDARY*POPULATION®*POPULATIONSLARGEST+® OHTOISTPINT.DISTe *dT.DIST® TOTAL @

PARTITION®FACILITY®SERVED ® SERVED *® OUTSIDE * IN ®TRAVELED® NODE ®*PRIMARYPSECONDARY®*QUTSIDESWEIGHTED®

NUMBER ® NUMHBER ® POP. ® POP, #SECONDARY ®*PARTITION ®*DISTANCE®NUMSBER®COVEREDY COVERED *PRIMARY®D]ISTANCEe®

1 7 190.00 25.00 67.00 282.00 167.0 11 8488.0 2325.0 10546, 19074,
2 26 130.00 45.00 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,
g O Y P P T T YT YT T YT P Y Y YT T LYY Y TY P LY PYY YT FRT T TN Y R A R T T R Y R e R Y )
395.00 70.00 115.00 580.00 16243.0 $910.0 2izie,. 37515.

PARTITION 1 FACILITY 7
(L4 2 D= 66,0%s 3 0= 93,00 S D= 103,04 6 D= 60,000 T D= 0.00e 9 0= 67.0

® 30 D= 47.0°* 1) D= }67.0% 15 D= 117.0%¢ 17 D= )23.00% 19 D= 59.0%% 24 D= 46,0

® 27 D= 49.0%* 30 0= 119.0%*
PARTITION 2 FACILITY 26 ' . .
i 1 0= 16,0°* 4 D= 152.0e¢ 8 D= A1.0°% 12 D= 69.00® 14-D= 164.0¢* 18 D= 67.0

e 20 D= 52.0%% 22 D= 127.0%® 23 Da 89.0¢* 26 D= 0.0%e 28 D= 15.00e 29 D 77.0
PARTITION 3 FACILITY 13 o R
ee 13 D= 0,0%¢ 16 D= 66.09% 2] D= 60.00% 25 D=' 46,000

—~—

" PIGURE 12

(continued, éage 16)
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FIGURE 12

(continued, page 17)

JTERATION NUMBER. 4

THIS 1S EXAMPLE NUMBER TWO-NETWORK

NUMBER OF FACILITIES o
SERVICE DISTANCE = 75.000

NE¥ FACILITY LOCATION NUMBER 18

94

FACILITIES ARE LOCATED AT Te 269 13 184
POPULATION SERVED 455,00 PERCENT OF TOTAL POPULATION SERVED 78445
THE FACILITY LOCATEDL AT: 7 CAN CUVER THE FOLLUWING ODEMANDS!
2y 6 Te 9s 100 19y 249 27
THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLUWING DEMANDS:
1 8y 12+ 18y 20¢ 269 289
THE FACILITY LOCATED AT? 13 CAN COVER THE FOLLUWING DEMANDS?
13s 160 3dle 25
THE FACILITY LOCATED ATt 18 CAN COVER THE FOLLOWING DEMANDS?
3y 18y 260 29 .
DEMAND POINT CAN BE COVERED BY FACILITIES AT!?
1 26 .
2 To
k] 18
) NO CURRENT FACILITY LOCATION
-] NO CURRENT FACILITY LOCATION
. 6 T '
7 T
‘8 26y
9 T
10 T
11 NO CURRENT FACILITY LOCATION
12 26y
13 13,
14 NO CURRENT FACILITY LOCATION
15 N? CURRENT FACILITY LOCATION
16 3
17 NO CURRENT FACILITY LOCATION
16 26+ 184
19 T
20 269
el 13
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 T o
25 13«
26 26y 18¢
a7 T
28 26y
29 18+ ) .
k] NO CURRENT FACILITY LOCATION -

SUBSTITUTION ALGORITHM USED

NOOE 1 REPLACES FACILITY LOCATION 26
THIS 1S NOW FACILITY NUMBER 2 )

)

FACILITIES ARE LUOCATED AT Te le 13 18+




POPULATION SERVED

FIGURE 12

(continued, page 18)

465.00 PERCENT UF TOTAL POPULATION SERVED 80417

THE FACILITY LOCATED
2 .Y} T Qe
THE FACILITY LOCATED
le 8y 12+ 20y
THE FACILITY LOCATEL
13¢ 16 3l 259
THE FACILITY LOCATED
3 18y 264 290

AT
10,
AT?
2
Al

ATS

7 CAN COVER IQE‘FOLLUHING DEMANDS?

190 249 27 N, .
] CAN COVER THE FOLLUWING. DEMANDS:

26y 20y
13 CAN COVER THE FOLLUWING m‘ﬁ T

18 CAN COVER THE FOLLUWING DEMANDS?

DEHAND POINT C:N BE COVERED BY FACILITIES AT

1 ] .

2 T

3 1Y -
4 NO CURKENT FACILITY LOCATION
5 NO CURRENTY FACILITY LOCATION
6 T ‘

7 T

8 1

9 T

10 T

11 NO CURRENT FACILITY LOCATION
12 le

13 13 g

14 NO CURRENT FACIL1TY LOCATION
15 NO CURKRENT FACILITY LOCATIUN
16 13y

17 NO CURRENT FACILITY LOCAVION
18 18

19 T
20 |
21 13,
a2 NO CURRENT FACILITY LOCATION
23 ) )
24 T

25 13,
26 Jo 18y
27 ‘Te
28 1)
29 18

30 HO C

URRENT 'FACILITY LOCAT1UN

95



THIS IS EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT Ty 1» 13» 18
PRIMARY DISTANCE = 75.00
SECONDARY DISTANCE =130.00
0000002000000 000TRNIRINsRNNEtcassntactaalalaltanaiastilsstesssaliasalalisolatsciasdatiassaesasnisanssadessansest
. SPRIMARY®SECONDARY®*POPULATION®POPULATION®LARGEST»® ONT.OISTPNT.OIST. *WT.O0IST® TOTAL *
PARTITION®FACILITY®*SERVED ® SERVED * QUTSIDE * IN ®TRAVELED® NODE *PRIMARYYSECONDARY®QUTSIDE*WEIGHTED®
NUMBER ® NUMBER ® POP. ® POP. #SECONDARY *PARTITION ®DISTANCE®NUMSER®COVEREDY COVERED *PRIMARYSDISTANCE®

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. 10709,
3 13 75.00 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380.
2} 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790.
P P PP PP YT TP T e Y YYYYI T T Y Y R Y SY R YT YR Y YL T AR PR LT T2 A TR AL DAL A A A AL Ll LSt
465,00 0.0 115.00 580.00 18968.0 0.0 14660, 330628,

PARTITION 1 FACILITY 7
o 2 O 66,0%® S D= 103.0¢e 6 D= 60.0%° 7 D= Q.00 9 D= 67.0%¢ 10 D= 47,0

® 11 O= 3167.0** 15 D= 117.0%® 17 D= 123.0%% 19 D= 59.00%¢ 24 D= 46.0#% 27 D= 49.0

e 30 D= 119.0"* i -
PARTITION 2 FACILITY 1 o i .
s 1 Ds 0,0°¢ 4 Ds 138.0%® 8 D= 51.0°® 12 D= 54.,09% 14 D= 149.00® 20 D=' 38.0

® 22 D= 112.0% 23 D= T74.0°* 26 D= 16.0%% 28 D= .T.0°¢
PARTITION 3 FACIL1TY 13 . -

#¢ 13 D= 0.0 16 D= 66.0%" 2] D= 60.0%" 25 D= 46,.0e8
PARTITION 4 FACILITY 18 " .
o 3 D= 62.0°% 18 D= 0.0°" 29 D= 64,00

'FIGURE 12

(continued, page-19).
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FIGURE 12

(continued, page 20)

ITERATION NUMBERs S ,

THIS 1S EXAMPLE NUMBER TWO=-NETWORK

NUMBER OF FACILITIES 5
SERVICE DISTANCE = 715.000

97

NEW FACILITY LOCATION NUMBER [
FACILITIES ARE LOCATED AV Te | Y 13¢ 18 Sy
---------------—---- ’--- - -
POPULATION SERVED 517.00 PERCENT OF TOTAL POPULATION SERVED 89.14
THE FACILITY LOCATED AT 7 CAN COVER THE FOLLUWING DEMANDS?
29 69 Te 9y 10y 19s 249 27
THE FACILITY LOCATED ATV? } CAN COVER THE FOLLUWING DEMANDS?
Ie 8y 12s 20s 233 269 28y .
YHE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWIN DEMANDS?
13s 169 21y 259
THE FACILITY LOCATED ATt 18 CAN COVER THE FOLLUOWING DEMANDS?
30 18y 264 29
THE FACILITY LOCATED ATV! § CAN COVER THE FULLUWING DEMANDS?
2 5y 11y 150 17y 24
DEMAND POINT CaN BE COVERED 8Y FACILITIES AT?
] le
2 T S
3 18
4 NO CURRENT FACILITY LOCATION
5 Se
[} Te
7 Te
8 | ¥
9 T
30 T
1 Se
12 |
13 13 .
14 NO CURRENT FACILITY LOCATION
< 18 1) ‘ ’
16 - 13
17 ' S
18 18,
19 T (
F{.} 1 e -
21 13 - ,
22 NO CURRENT FACILITY LOCATION ¢
. 23 ) e ‘
24 Te S¢
25 13 ,
26 19 189
27 T
28 )
29 184

30 NO CURREMT FACILITY LOCAYION



THIS

FACILITIES ARF LOCATED AT T
PRIMARY DISTANCE = 75.00
SECONDARY DISTANCE =2100.00

1S EXAMPLE NUMBER Tw0=-NETWORK

1+ 13+ 18y Se

........QQ...........................................O.......................l..........‘......................

. *PRIMARY ®SECONDARY*POPULAT ION®POPULATION®LARGEST ¢ ® *NT.OISTINT.OIST. OWT.DIST® TOTAL *
PARTITION®FACILITYSSERVED ® SERVED ® OUTSIDE ¢ IN  STRAVELLO® NODE ®PRIMARY#SECONDARY®QUTSIDESWEIGHTED®
NUMBER ® NUMBER ® POP. ® POP, ®SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVERED® COVERED ®PRIMARY®DISTANCE®
1 7 170.00 0.0 1500 185,00 119.¢ 30  7168.0 0.0 178S. 8953,
2 1 115.00 0.0 48.00 163.00 149.0 14  4310.0 0.0 6399, 10709,
3 13 75.0C 0.0 0.0 75.00 66.0 16 2380.0 0.0 0. 2380,
A 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,
.........I..........Q......O.............’..............Q......................................................
$17.00 0.0 63.00 $80.00 20198.0 0.0 8lus. 28382,
PARTITION 3 FACILITY 7
®¢ 6 D= 60.0°® 7Dz 0,0° 9 D= 67,00® 10 D= 47.08% 19 D= 59.098 24 D= 46,0
® 27 D= 49.0°" 30 D= 119.0%*
PARTITION 2 FACILITY 1 - . i
@ 1 D= 0.0°® 4 D= 138,09 8 Da 51,09 12 D= S4,00% i4 Ds 1a9.0%® 20 D= 38.0
® 22 D= 112.0°% 23 D= T74.0°® 26 Dx- 16.0°* 28 D= T.0%e
PARTITION 3 FACILITY 13 : .
e 13 D= 0.0°® 16 D= 66.,0°® 2] D= 60.0°® 25 D= 46.00e -
PARTITION 4 FACILITY 18 . - -
e 3 D3 62.0% 18 D= 0.09® 20 D= 64.0%°
PARTITION S FACILITY S - : . .
e® 2 0= 37.0°* S5 D= 0.0%" 11 D= 69,08 15 D= 19,008 17 D= T4.0we
FIGORE 12

(continued, page 21)
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FIGURE 12

(continued, page 22)

ITERATION NUMBERS 6

THIS 1S EXAMPLE NUMBER TWO-NETWORK -. --

NUMBER OF FACILITIES 6

" SERVICE DISTANCE = 75.000

THE

2
THE
le
THE
13y
THE
3
THE
r{}
THE

NEW FACILITY LOCATION NUMBER 14

99

FACILITIRS ARE LUCATED AT Te 14 134 189 Se 14,
POPULATION SERVED 565400 PERCENT OF TOTAL POFULATION SERVED  97.41
FACILITY LOCATED AT: 7 CAN COVER THE FOLLUWING DEMANDS!

6 Te 9 109 19¢ 24y 27+

FACILITY LOCATED AT} 1] CAN COVER THE FOLLUWING DEMANDS:
Bs 12, 200 23¢ 26+ 28¢

FACILITY LOCATED ATt 13 CAN CUVER THE FOLLUWING DEMANDS!E
169 2l¢ 25¢

FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWING DEHANDS!
18¢ 26¢ 29

FACILITY LOCATED AT! 5§ CAN COVER THE FULLUWING DEMANDS?
Se 11y 150 1T7e 244

FACIL1TY LOCATED AT: 14 CAN COVER THE FUOLLUWING ODEHANDSS

Ay 14y 22y 23
DEMAND POINT CAN BE COVERED BY FACILITIES AT

| 1s

2 Ty Sy
3 18¢

4 14

- Sy

6 T

7 T

8 |

9 T

10 Ty

11 Y

12 |

13 13

14 16y

15 -1

16 13y

17 -1

18 18,

19 Te
20 1
21 13
22 14,
23 le 14
24 T Sy
25 13
26 ie 189
27 Te
28 | ¥

18, , ,
0’ NO CURRENT FACILITY LOCATION



THIS 1S EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT Ty 1e 139 18y Ss 14

PRIMARY DISTANCE = 75.00

SECONDARY DISTANCE =100.00

8000000000003 00IR0008000000ER000INE0RtsRRcNOtoRANNIININNslIREEtsssIRARetNciRisssNIRtas RItanaNRINGRINtessesIsl
. SPRIMARY®SECONDARY®POPULATION®POPULATION®LARGEST»* *uT.DISTYNTL.DIST, *WT.DIST® TOTAL ¢

PARTITION®FACILITY®SERVED ® SERVED ® OUTSIVE *® IN STRAVELED® NODE *PRIMARY$SECONDARY®OQUTSIDE®WEIGHTEDL®

NUMBER ® NUMBER ® POP. ® PQP. sGECONDARY ®PARTITION ®DISTANCE®NUMBER®COVERED? COVERED ®PRIMARY®DISTANCES®

1 7 170.00 0,0 15.00 185,20 119.0 30 7168.0 0.0 1785. 8953.

2 1 115.00 0.0 0.0 115.00 T4.0 23 4310,0 0.0 O 4310.

3 13 75.00 0.0 0.0 75.00 66.0 18 2380.0 0.0 0. 2380,

5 18 85.00 0.0 0.0 85.00 64.0 29 3790.0 0.0 0. 3790,

S5 S 72.00 0.0 0.0 712.00 The0 17 2550.0 0.0 0. 2550,

[ 14 48,00 0.0 0.0 48,00 69.0 22 2133.0 0.0 Oe 2133.
.............................................................................................’..................

565.00 0.0 15.00 580.00 22331.0 0.0 1785, 24116.
PARTITION 1 FACILITY 1 .

L 6 0= 60,0%% 7 D= 0.08® 9 D= 67.00% 10 D= 47.00¢ 19 D= 59.00¢ 24 D= 48,0

o 27 D= 49.0%% 30 D= 119.0%®
PARTITION 2 FACILITY 1 e ) ~ .
e 1 D=  0.090 8 D= S1.08® 12 p=" 54,08 20 D= 38.088 23 D= TA.0%® 26 D= 16.0

® 28 0= T.0%° : ) T

PARTITION 3 FACILITY 13 ’ ) -

e 13 D= 0.0°" 16 D= 66,00 2] D= 60.,0°° . 25 D= 46.00¢

PARTITION & FACILITY 18 -~ . - -

s 3 D= 62.0°% 18 D= 0.0°® 29 D= 64.0°°

PARTITION S5 FACILITY S - - - .

e 2 p= 37,0 5 0D= 0.0% 11 D= 69.0°%. 1S D= 19.0%% 17 D= T74.00e
PARTITION 6 FACILITY 14 N ’ -

®e 4 D= 61.0°" 14 D= 0.0%% 22°D= 69.00°

FIGURE 12

(contigued,,bagevZB)
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FIGURE 12

(continued, page 24)

101

1TERATION NUMBER 7 .
THIS IS EXAMPLE NUMBER TWO-NETWORK
NUMBER OF FACILITIES 7
SERVICE DISTANCE = 75.000
NEW FACILITY LOCATION NUMBER ié
FACILITIES ARE LOCATED AT Te le 13, 18y S¢ 149 164
POPULATION SERVED 580,00 PERCENT OF TOTAL POPULATION SERVED 100,00
THE FACILITY LOCATED AT 7 CAN COVER THE FOLLUWING DEMANDS:
20 € Te 9¢ 10¢ 190 240 27
YHE FACILIYY LOCATED AT 1 CAN COVER THE FOLLUWING DEMANDS:
) By 12y 20s 239 269 28
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS!?
13s 160 21y 25
THE FACILITY LOCATED AT: 18 CAN COVER THE FULLUWING OEMANDS:
3, 18, 26+ 29
THE FACILITY LOCATED AT! S CAN COVER THE FOLLUWING DEMANDS!?
29 Sy 3y 150 179 24
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS ¢
4y 14y 324 23v
THE FACILITY LOCATED ATt 16 CAN COVER THE FOLLOWING ODEMANDS?
13 164 30,
DEMAND PO{NF C?N BE COVERED BY FACILITIES AT:
. N
2 T 5
3 180
4 14y
5 e
6 T
7 T
(] 1y
. Te
10 T
1 S
12 le
13 139 160
LR 18y =
15 -1
16 139 15
17 Se
16 18
19 Te
20 ) X
21 13,
22 . lae
3 1o 14,
24 Ty , S¢
25 13
26 '3e , 189
27 Te
28 | X
29 18
30 Joe



THIS 1S EXAMPLE NUMBER TWO-NETWORK

FACILITIES ARE LOCATED AT Te 1y 13y 18y Se 14y 16
PRIMARY DISTANCE = 75,00
SECONDARY DISTANCE =100.00
....'........................’ L 12 '........................C............................................ (21 XTI XYY]
. SPRIMARY®SECUNDARY*POPULATION®POPUL 4 TION®LARGEST @ SWTDISTINT.DIST. *WT.DIST® TOTAL @
PARTITION®FACILITY®SERVED ® SERVED ® QUTSIDE o IN STRAVELED® NOUE ®PRIMARYYSECONDARY®OUTSIDESWEIGHTED®
NUMBER ® NUMBER ® POP. ® POP. ®SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVERED? COVERED ®PRIMARY®DISTANCE®

1 7 170.00 0.0 0.0 170.00 6T.0 9 7168.0 0.0 0. 7168.
2 1 115.00 0.0 0.0 115.00 T4.0 23 4310.v 0.0 0. 4310,
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,
S S 72.00 0.0 0.0 72.60 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.
7 16 35.00 0.0 0.0 35.00 58.0 30 870.0 0.0 Oe 870.
WA LI L e S A LI LTI T LT Y Y R T Y Y Y Y Yy Y Yy Ry L ey e Yy R g
580.00 0.0 0.0 $80.00 21881.0 0.0 0. 21881.

PARTITION 1 FACILITY 7
s 6 D= 60,00 7 0= 0.0 9 D® 67.0°° 10 D= 4T.08% 19 Da S9.0°® 25 D= 46.0

® 27 D= 49.0°° ]
PARTITION 2 FACILITY 1 .
®* 1 D= 0.0°" 8 D= S51,0°% 12 D= 54.0% 20 D= 38,088 23 D= T4.08® 26 D= 160

® 20 0= T:0°%® T T : .

PARTITION 3 FACILITY 13 oL g

®® 13 D= 0.0°® 2] D= 60,0%% 25 D= 46,0e°

PARTITION 4 FACILITY 18 e

#® 3 D= 62.0°* 18 D= 0,0%% 29 D= 64.0%*

PARTITION S FACILITY 5 I = LT ’
®s 2 D= 37.0°" S D= 0.,00% 1] D= §69.0%* 15 D= .19.0%¢ 17 D= -T4.0®®
PARTITION 6 FACILITY 14 - . . - v o
®% 4 Dz 61.0°® 14 D= 0.0%% 22 D= 69.08°

PARTITION 3 FACILITY 16 - R

#® 16Dz 0.,0°% 30 D= 58.0ee LE e ~

COVERRAGE CANNOT 8E CHANGED BY ADDITIONAL FACILITIES

THIS SOLUTION WAS GENERATED BY THE GAS ALGORITHM

FIGURE lz

(continued, page 25)
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CHAPTER 6
NETWORK PROBLEM THREE

Suppose that we want to solve the exact same problem
as the problem of chapter five, except that several ciéiés
are not available for a facility p;ace@ent as shown in table
20. We can easily eliminate these areas from conside?ation
as potential facility sites by using one 6f the constraint
options described in appendix C. In order to utilize the
cons£raint 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\3lrequirés only slight modifi-
cations from the deck described for problem 2, only the neces-
sary changes to the data deck developed for proﬁlem 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‘ué to thé'first‘proﬁlem 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 2zero
(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 imhediately

follows the second problem control card.

;103_
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TABLE 20
'CITIES NOT AVAILABLE FOR FACILITY PLACEMENT

NODE REASONS

3 No good source of water available

8 No Qood source of water avaiiable
20 N6 electricity
25 No electricity

14 Special problems



'TABLE 21

SECOND PROBLEM CONTROL CARD

FOR NETWORK PROBLEM THREE

105

coverage listing is
given

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

IP Must equal the 10 4-5

largest number of ‘
1 facilities

S Maximal service 75. 6~-15
distance ’ .

SCS Secondary service 100. 16-25
distance must be
given since IFSAP=l 1

EMAXL Parameter not util- blank 26-33
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 1
options are utilized

ICOoV Value of one means 1 60’
zero-one cover matrix
is given ‘

ILIST Value of one means i ' 65
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The fbrma§ of the constraint card deck is éiven 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 1i§t of potential
facility sites. Since we plan to make 5 nodes ineligible
for facility placement, we should set Fhe 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 #hould 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 ; zero valﬁe,'there

are no cards in the second and,£hif§’sgts. Thé ﬁﬁmber of

cards in the first set is equal to the value of the ND para-
meter. In this case, there will be five cards, bec#usé ND

has been set at five. Each card of the ND cards gives the
index of a demand area that is to be deletea from the list

of potential facility sites, On each card, the program will
accept a two letter code used to indicate why a particular
node is not to be considered as a potential facility site.l
Fach 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, Qeican punch a card .

in the following form:

Punching: 14 SP

U eas ean ems ows oms e o

Card Columns: ;_“g_‘g_ 4567

By setting up special codes (which are printed on the outpug
1is£ing) 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 threg is given in figure 14. 'ﬁotice
that the data listing is identical to the deck for network
probleﬁ 2 (see figure 1ll) except thgt'tﬁé)two problem control

cards are different and a set of constraint cards has been
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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 givén, 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 éix 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 significantly effect the

solution.
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f‘IGURE 13
CONCEPTUAL FORM OF THE DATA DECK FOR
NETWORK PROBLEM THREE

e
‘//v/ﬁ : two blank cards
e — ' A/ZLconstraint deck
Z - je— second problem control
, ar
ya “———'flrst problem control card
/—
,Z— arc cards

/Z_ population cards

e cecond master control card
<« first master control card




FIGURE 14

LISTING OF NETWORK PROBLEM THREE DATA DECK

W
o

30
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
2l
22
23
24
25
2o
21
2
29
3
90
1 1
2 1
3 26
4 1
5 20
6 ' 8
o | (]
8 . &
Y .12
10. &
1. 4
120 4
13 14
‘4 14
15 22
16 12
172
18 |
19 12
20 18
er 3
22 8
23 14
IR §
3 3
2 3
21, 3
280 .10
29 " 18
130 . 26
31. 10

2 27

10,00
20,00
25,00
16,00
12,00
23,00
43,00
30,00
24,00
15,00
10.00
20.00
35,0y
15,00
20,00
20,00
10,00
25,00
35,00
15,00
15,00
10,00
20,00
10,00
20,00
10.00
10,00
35.0v
15,00

26
a8
28
av
28
28
20
]
20
12
23
14
23
22
23
23
22
12

22
22
2o
20
18

10
18
29
a9
29
> 29

16,
Te
15,
Jd,
37.
Al,
8l.
10V,
65.
90,
T0,
6l.
15,
oY
ol.
20.
L1 Y
54,
g0,
124,
105,
Al
ole.
qde
ode

" 50,

40,
93.
64,
‘17
' Qb
+ 524

110
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FIGURE 14

(continued, page 2)

33 19 29 V.
3¢ 19 27 3.
3% 10 2! sl.
36 T 21 a9,

37 26 27 85,
38 7 10 a1,
k1) 8 10 87,
40 6 10 34,
4]. 6 17 104,
42 6 9 6l
43 7 9 6l
44 T 24 4o,
't 9 24 60,
46 2 28 .33,
al . 2 9 60,
A8 9. 17 56,
4y 2 11 1.
%0 1! A7 55,
Sl Fd 11 101,
52 S 11 69,
s3 ' 2 S 3.
sS4 5 1% 19,
55 2 15 Sl.

56 15 24  bs,
57 19 28 74,
S8 -19 30 60.
59 © 29 30 83,
60 16 30 Su.
61 25 30 )20,
62 13 16 66,
63 16 25 92,
64 13 21 60,
65 13 25 46,
66 21 25 Sd.
-1 8 25 100.
68 25 29 140,

A9 S 17 T8,
‘70 S 9 924
71 2 7 6b,
72 7 6 60,
73 19 10 79,
74 k ] 27 78,
15 k| 12 137,
76 3 29 92,

1718 217 94,
8 27 30 70,
719 16 21 126,
80 8 18 108,
81 7 19 SY.
82 4 22 100,
83 20 23 16,
8¢ 18 20 1ls.
85 12 26 oY%
86 1 8 sl,
871 12 28 6l.
68 20 26 S2.
49 1 29 9J3.
90 8 29 1ul.
THIS 1S EXAMPLE NUNBLR THREE~NETWORK »
10 15,00 100.00 ) R B

S

3 N6
8 NG
20 NE
25 NE
14 SP



POPULATION DATA

1 10.* & 18.*° 7 43.% 10 15.% 13 35.% 106 20.* 19 35¢® 22 15.® 25 10, 28- 10.9

e T 20.% S 12.* 8 T+ 30e.% 11 10.% 14 15.* 17 10.® 20 15.® 23 10.® 26 20.® 29 - 3S.e

3 25.% & 23.* 9 - 24e® 12 20.% 15 20.* 18 25.% 21 10¢* 24 20.* 27 10.* 30 15.#
FIGURE 15

NETWORK PROBLEM THREE OUTPUT

2Tt



INPUT ARC INFORMATION IS AS FOLLOWS

ARClNOo

VO~NOVSIWN

13
14

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
kI

34
a5
6
ar
38

40
41
42
43
44
. .45
46
47
A8
49
50
51
52
S3
54
$5
56

58
59

FIGURE 15

(continued, page 2)

FROM NODE TO NOUE ODISTANCE

1 26 16.000
) | 28 7000
26 28 15000
| 20 38.000
20 28 37.000
8 20 48.000
8 20 81.000
[ ] 20 100,000
12 20 65000
R 12 90,000
4 23 70.000
Y } 14 61.000
14 23 75.000
14 22 69.000
22 23 60.000
12 23 20,000
12 22 58.000
1 12 54.000
12 18 864000
18 22 124,000
3 22 105.000
8 26 41.000
18 26 61000
1 18 78.000
3 18 624000
3 6 $6.000
3 10 46.000
10 18 93.000
18 29 64000
26 29 77.000
10 29 94,000
er. 29 52000
19 29 794000
19 27 36,000
10 27 57.000
T a7 49.000
FL) 27 85.000
7 10 47.000
9 10 87.000
6 10 34.000
6 17 104,000
6 9 61.000
T 9 67.000
T 24 46.000
9 24 60.000
2’ 24 33.000
e 9 60.000
9 A7 56.000
2" 17 77.000
1 17 55,000
-4 11 101.000
5 11 $9.000
‘e E) 37.000
) 15 19.000
2 15 51000
15 24 84.000
19 24 73.000
19 30 60,000
29 30 83.000
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69

62
63

65

66
67
68
69

71
72
73
T4
75
76
77
78
79
60
el
ee
83
84
e85
86

87

. 88
89
90

'PIGURE 15

(continued, page 3)

30
30
16

" 25

25
25
25
29
17

10
27
12
29

21

30

18
19
22
23
20
26

28
26
29
29

$8.000
120,000
66.000
92.000
60.000
46.000
52000
106.000
147.000
T4.000
920000
66.000
60.000
79.000
78.000
137.000
92,000
94,000
70.000

1264000

108,000
59.000
106.000
16000
118.000
69.000
51000
61.000
§2.000
93.000
107.000

114



DISTANCE MATRIX

(continued, page 4)

1 a 3 4 S ] 7 L] 9 10
1 0.0 260,00 140.00 138,00 297.00 196.00 194.00 S51.900 257.00 171,00
e 260.00 0.0 159.00 arv.99 37.00 121.00 66,00 274.00 60.00 113.00
3 140.00 159.00 0.0 211.v0 196.00 56.00 93.00 170.00 117.00 46,00
4 138.00 370.00 211.00 V.0 407.00 267.00 304,00 181.00 328.00 257.00
S 297.00 37.00 196.00 407,99 0.0 153.00 103.00 311.00 92.00 150.00
6 196.00 121.00 56.00 267.0¢ 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 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 60.00 117.00 328.00 92.00 61.00 67.00 275.00 0.0 87.00
10 171.00 113.00 46.00 257.00 150.00 34.00 47.00 201.00 87.00 0.0
11 355.00 101.00 215.00 426,99 69.00 159.00 167.00 375.00 111.00 193.00
12 54,00 292.00 137.00 90.v0 329.00 193.09 226000 105.00 254.00 179.00
13 203.00 290.00 272.00 333.00 327.00 285.00 243.00 152.00 310.00 251.09
14 149.00 333.00 174.00 6l.00 370.00 230.00 267.00 200.00 291.00 220.00
15 311.00 51.00 210.00 421.09 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 77.00 160.00 371.0v T4.00 104.00 123.00 330.00 56.00 138.00
18 78.00 206.00 62.00 176,90 243.00 118.00 140.00 108.00 179.00 93.00
19 173.00 106.00 114.00 300.00 143.00 113.00 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
21 209.00 338.00 291.00 339.0v 375.00 327.00 291.00 158,00 358.00 293.00
22 113.00 264.00 105.00 106.00 301.00 161.00 198.00 163.00 222.00 151.00
23 74.00 312.00 157.00 70,09 349.00 213.00 246.00 125.00 274,00 199.00
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 1524900 281.00 185.00 178.00 41.00 245,00 160.00
ra4 148.00 115.00 78.00 270,09 152.00 91.00 49.00 159.00 116,00 57.00
28 7.00 259.00 144.00 137.0v 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
30 176.00 166.00 148.00 313.09 203.00 161.00 119.00 190.00 186.00 127.00
FIGURE 15

STt



DISTANCE MATRIX

11

12

13

14

15 ¥ 17 18 19 20
1 355.00 54.00 203.00 14y.0V 311.00 234,00 300.00 78.00 172.00 38.00
e 101.00 292.00 290.00 333.0v S$1.00 224.00 77.00 206.00 106.00 296,00
3 215%.00 137.00 272.00 174,00 210.00 206.00 160.00 62.00 114.00 178.00
4 426.00 90.00 333.00 61.09 421.00 370.00 371.00 176.00 306.00 100.00
S 69.00 329.00 327.00 370.00 19.00 201.00 74.00 243,00 143,00 333,00
6 159.00 193.00 285.00 23V.uv 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 59.00 230,00
8 375.00 105.00 152.00 <00.uy 325.00 198.00 330.00 108.00 186,00 81.00
9 111.00 254.00 310.00 291.00 111.00 244,00 56,00 179.00 126.00 295,00
10 193.00 179.00 251.00 220.0V 164.00 185.00 138.00 93.00 79.00 209.00
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 9S5.uY 343.00 267.00 297.00 86400 216.00 65.00
13 391.00 257.00 0.0 352.00 341.00 06.00 366.00 257.00 184,00 233.00
14 389.00 95.00 352.00 Vev 384.00 380.00 334.00 181.00 288.00 151.00
15 88.00 343.00 341.00 384,00 0.0 275.00 93.00 257.00 157.00 347.00
16 325.00 287.00 ©6.00 380,00 275.00 0.0 300.00 205.00 118.00 270.00
17 $5.00 297.00 366.00 334.0v 93.00 300.00 0.0 222.00 182,00 338,00
18 277.00 86.00 257.00 181l.0v 257.00 205,00 222.00 0.0 130.00 116.00
19 207.00 216.00 l84.00 288.U0 157.00 118.00 182.00 130.00 0.0 208.00
20 392.00 65.00 233.00 151.9y 347.00 270.00 338.00 116.00 208,00 0.0
21 439.00 263.00 60.00 358,00 389.00 120.00 414.00 263.00 232.00 239,00
22 320.00 58.00 315.00 69.00 315.00 311.00 265.00 124.00 219.00 123.00
23 372.00 20.00 277.00 75.00 363.00 307.00 317.00 106.00 236,00 76.00
24 134.00 265,00 257.00 313.vy 84,00 191.00 110.00 179.00 73.00 266.00
25 387.00 2l1.00 46.00 306.uv 337.00 92.00 362.00 211.00 180.00 187.00
26 344.00 69.00 193.00 164,09 295.00 218.00 289.00 67.00 156.00 52,00
27 216.00 180.00 194.00 252.0Y 166.00 128.00 172.00 94,00 36,00 181.00
28 359.00 61.00 200.00 150,00 310.00 233.00 304,00 82.00 171.00 37.00
29 268,00 146.00 193.00 2sl.vu 218.00 141.00 224.00 64.00 79.00 129.00
30 267.00 229.00 124.00 322.9¢ 217.00 58.00 242.00 147.00 60.00 212.00
FIGURE 15

(continued, page 5)-
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DISTANCE MATRIX

ai

22

23 24 25 26 e7 ‘28 29 30
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 33.00 286,00 264,00 115.00 259.00 167.00 166,00
3 291.00 105.00 157.00 139.00 239.00 129.00 78.00 144.00 92.90 148,00
4 33%.00 106.00 70.00 350,00 287.00 152.00 270.00 137.00 229.00 312,00
S 375.00 301.00 349.00 70.00 323.00 281.00 152.00 296.00 204,00 203.00
) 32%.00 161.00 213.00 106,04 275.00 185,00 91.00 200.00 128,00 161.00
7 291.00 198.00 246.00 46,00 239.00 178.00 49.00 193,00 19U1.00 119,00
8 158.00 163.00 125.00 244 .0Y 106.C0 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
10 293.00 151.00 199.00 93.U0 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 20.00 265.0V 211.00 69.00 180.00 61.00 146.00 229.00
13 690,00 315.00 277.00 257.uv 46,00 193.00 194.00 200.00 193,00 124,00
14 358,00 69.00 75.00 313,4¢ 306,00 164.00 252.00 156,00 241.00 322.00
15 389.00 315.00 363.00 84,.UvY 337.00 295.00 166.00 310.00 218,00 217.00
16 1260.00 311.00 307.00 191.9v 92.00 218.00 128.00 233.00 141,00 58,00
17 414.00 265.00 317.00 110.0v 362,00 289,00 172.00 304.00 224,00 242.900
18 263.00 124.00 106.00 179.00 211.00 67.00 94.00 82.00 64,00 147.00
19 232.00 219.00 236.00 T73.00 180.00 156.00 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 0.9 321.00 283.00 305.uv 52.00 199.00 242.00 206400 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.v 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
26 199.00 127.00 89.00 214,00 147.00 0.0 129.00 15.00 77.00 160.00
a7 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 8l1.00 229.00 154.00 15.00 144.00 0.0 92.00 175.00
29 . 199.00 188.00 166.00 137.09 147.00 77.00 52.00 92.00 0.0 83,00
30 173.00 253.00 24%.00 133.990 120.00 160.00 70.00 175.00 83.00 0.0
FIGURE 15

(continued, paée 6)
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FIGURE 15

(qontinued, page 7)

SUBPROGRAK MATBLD HAS BEEN CALLED TO GENERATE A COVER MATRIX
THE MAXINUM DISTANCE/TIME OF 75.00 HAS SEEW UTILIZED
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FIGURE 15

(continued, page 8)

100000010001000000010010010)00
010010101000001000000001000000
001001000100000001000000000000
000100000000010000000010000000
010010000010001010000001000000
001001101100000000000000000000
010001101100000000100001001000
1000000)0000000000000000010100
010001101000000010000001000000
001001100100000000000000001000
000010000010000010000000000000
100000000001000000020120010100
000000000000100100001000100000
000100000000010000000110000000
010010000000001000000000000000
000000000000100100000000000001
000010001010000010000000000000
001000000000000001000000010010
000000100000000000100001001001
100000000001000000010000010100
000000000000100000001000100000
000000000001010000000110000000
100100000001010000000110000000
010010101000000000100001000000
000000000000100000001000100000
100000010001000001010000010100
0000001001000000001020000001011
100000010001000000010000010100
0000000000600000001000000001010
000000000000000100100000001001
CAN BE SERVED BY 1

CAN RE SERVED 8Y e

CAN BE SERVED 8Y 12

CAN RE SERVED BY 20

CAN RE SERVED BY 23

CAN RE SERVED BY 26

CAN BRE SERVED HY 4.

CAN RE SERVED BY e
CAN BE SERVED BY S
CAN RE SERVED BY 7
CAN RE SERVED BY 9
CAN RE SERVED BY 15
CAN RE SERVED BY 26
CAN RE SERVED BY 3
CAN RE SERVED BbY 6

CAN BE SERVED BY 10
CAN RE SERVED 8Y 18
CAN RE SERVED BY 4
CAN RE SERVED @Y 14
CAN RE SERVED 8Y 23
CAN RE SERVED BY e
CAN BE SERVED 8Y S
CAN RE SERVED 8Y 11
CAN RE SEWVED BY 15
CAN RE SERVED 8Y 17
CAN RE SERVED dbY 24
CAN RE SEHVED BY k|
CAN RE SERVED 8Y 6
CAN RE SERVED 8Y 7
CAN BRE SERVED BY 9

COOPUVVUVUVIVNIUVIS P I WWWWNINNRNRNN G 0 oot e e e
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FIGURE

(continued,
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KR -X- N N-X_W-N-R-K-R-L-N. NN X R E E R E E K R K- J

o Gt b Gut Gt Gt b B8 et Sut Sut (b b b Pub G0 Bt Sumb Gumb Gt Gt Bt Bt
NNV IPIPWWWWIVNNNNNN

=]
-

0 Gmt Pt Gt Pt Gt ut oo Gu oo
VOO LODEDO~

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN

BE
;]2
12
RE
;]2
213
;12
8E
8E
8E
8E
8E
BE
;]2
8E
8E
BE
BE
AE
;]2
BE
RE
RE
BE
BE
BE
AE
BE
BE
BE
Ak
8E
AE
AE
8E
BE
AE
AE
AE
RE
At
8E
8E

RE
;]2
]2
RE
RE
RE
;]2
RE
aE
BE
312
BE
RE
8E

AE
RE

SERVED
SERVED
SERVED
SELRYED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED

‘SERVED

SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED

15

page 9)
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FIGURE 15 »

(continued, page ld)

20 CAN BE SER¥ED BY |
20 CAN BE SERVED BY 12
20 CAN RE SERVED 8Y 20
20 CAN BRE SERVED 8BY 26
20 CAN RE SERVED BY 28
21 CAN BE SERVED BY 13
21 CAN BE SERVED 8BY 21
21 CAN RE SERVED BY 25
22 CAN BE SERVED BY 12
22 CAN BE SERVED BY 14
22 CAN BE SERVED BY e2
22 CAN BE SERVED 8BY 23
23 CAN pE SERVED BY 1
23 CAN BE SERVED BY 4
23 CAN RE SERVED BY 12
23 CAN BE SERVED BY 14
23 CAN RE SERVED BY e2
23 CAN BE SERVED BY 23

24 CAN BE SERVED 8Y 2
24 CAN BE SERVED BY -5
24 CAN BE SERVED BY 7
24 CAN RE SERVED BY 9

24 CAN RE SERVED BY 19
24 CAN RE SERVED BY 24
25 CAN BE SERVED HY 13
25 CAN RE SERVED BY el
25 CAN RE SERVED BY 25
26 CAN BE SERVED BY 1
26 CAN BE SERVED BY 8
26 CAN BE SERVED BY 12
26 CAN RE SERVED BY 18
26 CAN RE SERVED 8Y 20
26 CAN RE SERVED 8Y 26
26 CAN RE SERVED 8Y rd. ]
27 CAN BE SERVED BY 7
271 CAN RE SERVED BY 10
27 CAN RE SERVED BY 19
27 CAN BRE SERVED BY 27
27 CAN RE SERVED 8Y 29y
27 CAN RE SERVED 8Y 30
28 CAN RE SERVED 8Y !
28 CAN BE SERVED BY 8
28 CAN BE SERVED BY 12
28 CAN RE SERVED BY 29
28 CAN RE SERVED BY 26
28 CAN RE SERVED 8Y 28
29 CAN BE SERVED BY 18
29 CAN BE SERVED BY 21
29 CAN RE SERVED BY 29
30 CAN RE SERVED BY 16
30 CAN BE SERVED BY 19
30 CAN RE SERVED BY 217
30 CAN BE SERVED BY 30



FIGURE 15

y

(continued, page li)%

THE FOLLOWING NODES WILL NOT BE CONSIDERED AS PUTENTIAL FACILITY”517£SI

3=NG» 8=NGs 20=NEs¢ 25=-NEy 14=5Py
oaoooooooooooooooooooooaaooooooooocoooonooooooooooonooooooooooouoooooooo
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FIGURE 15

(continued, page 12)

STERATION NUMBERSs 1
THIS ]S EXAMPLE NUHMBER THREE-NETWORK

NUMBER OF FACILITIES 1
SERV]CE DISTANCE = 75.000

NEW FACILITY LOCATION NUMBER 7
FACILITIES ARE LOCATED AT T

POPULATION SERVED 190.00 PERCENT OF TOTAL POPULATION SERVED 32.76

Y T T T T Y T Y T T Ty T Yoy e T L T L L Y Y Y Y YTy P Y DT P T L T L Py Ty Y YT )

THE FACIL]ITY LOCATED AT: 7 CAN COVER THE FULLUMING ODEMANDS!?
24 6 Te 9y 10y 19y 24y 27

DEMAND POINT CAN BE COVEHREL B8BY FACILITIES AT:
1 NO CURRENT FACILITY LOCATION
4 T
k | NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
S NO CURRENT FACILITY LOCATION
6 Ty
7 Ty
8 NO CURRENT FACILITY LOCATJUN
9 T

10 Ty

11 NO CURRENT FACILITY LOCATION
12 NO CURRENT FACILITY LOCAT]ION
13 NO CURRENT FACILITY LOCAT]ON
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATIUN
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 N01CURRENT FACILITY LOCATION
19 ’

20 NO CURRENT FACILITY LOCATION
21 NO CURRENT FACILITY LOCATIUN
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 1

25 NO CURRENT FACILITY LOCATION
26 NO CURRENT FACILITY LOCATION
27 Ts

28 NO CURRENT FACILITY LOCATION
29 NO CURRENT FACILITY LOCATJON

30 NO CURRENT FACILITY LOCATION



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT Ty
PRIMARY DISIANCE = 75.00
SECONDARY DISTANCE =100,00
0600000000000 00000000000000RNNCE00RNERNRRNPRtIRBEIREsNNANNARINR NNONERIRARRsslaNcRllRNNERIRRNNaRNancEnsananeD
- *PRIMARY®*SECONDARY*POPULATION®POPULATION®LARGEST»® *YTO0ISTINT.DIST. *wT.DIST® TOTAL ®
PARTITION®FACTLITY®SERVED ® SERVED ® OUTSIDE * IN STRAVELED® NODE ®PRIMARYPSECONDARY®OUTSIDE®WEIGHTED®
NUMHER ® NUMHER ® POP. * POP. ®SECONDARY *PARTITION ®DISTANCE®NUMBER®COVERED? COVERED ®PHIMARY®DISTANCE®

1 7 190.00 2%.00 365.00 580,00 30440 4 8488.0 2325.0 T71513. 80001.
P Y Y TP Ty TY T Y Y Y YT Y YR Y Y YYYYY YT Y YL YTY YR YY Y Y YR L LYY T L2222 222 2
190.00 25.00 365.00 580.00 8488.0 2325.0 71513, 80001,

PARTITION 1 FACILITY 7
o 1 D= 194.0°* 2 D= 66.0°° 3 D3 93.0¢° 4 D= 304.00e S D= 103.00e 6 D= 60.0

b 7 D= 0.0%e 8 D= 208.0°* 9 Dz 67.u%* 10 O= 47.0%¢ 11 U= 167.0es 12 D= 226.0
. 13 D= 243.0°¢ 14 D= 267.0%® 15 D= 117.0°® 16 D= 177.0%s 17 D= 123.0%¢ 18 Da 140,0
- - £

[ W

.19 D= S9.0%¢ 20 D= 230.0°% 21 D= 291.0%® 22 D= lys.0e® 23 0= 246.00e 24 Dn  46.0
e 25 D= 239.0°% 26 D= 178,0%% 27 Da 49.0¢% 28 Ox 193.0%s 29 D= 101.0% 30 D= 11%.0

FIGURE 15

(continued, page 13)
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FIGURE 15

(continued, page 14)

JTERATYION RUMBER. 2
THIS 1S EXAMPLE NUMBER THREE=-NETWORK

NUMBER OF FACILITIES @2
SERVICE DISTANCE = 75.000

NEVW FACIL1ITY LOCATION NUMBER 26
FACILITIES ARE LOCATED AT Ty 269

POPULATION SERVED 320.00 PERCLNT OF TOTAL POPULATION SERVED 550i7

THE FACILITY LOCATED AT! 7 CAN COVER THE FULLOWING DEMANDS
2¢ 6o Te Qs 10s 19y 24y 27

THE FACILITY LOCATEL AT: 26 CAN COVER THE FULLUMWING OEMANDS!
| K By 3129y 18es 209 206y 28y

DEMAND POINT CAN BE COVERED 8Y FACILITIES ATS
1 26y
2 Ty
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACILITY LOCATION
) NO CURRENT FACILITY LOCATION
6 T
7 T
[} 26
9 Te
10 T
1) NO CURRENT FACILITY LOCATION
12 206
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
18 269
19 T
20 261
21 NO CURRENT FACILITY LOCATION
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 T
25 NO CURRENT FACILITY LOCATION
26 F{T]
27 Ty
20 26y
29 NO CURRENT FACILITY LOCATION

30 NO CURRENT FACILITY LOCATION



THIS 1S EXAMPLE NUMBER THREE-RETHORK

FACILITIES ARE LOCATED AT Ty 269

PRIMARY DISTANCE = 75.00

SECONDARY DISTANCE =100.00

QDQGQQQQQQQQOQQ000000.0000Do...D0.0QQQQ...Q.QQODQQQ.QQQQ.QQQQQQQ.QQQQCQQQ....Q..QQ..QC0069.OQQOQGQQQQQQQQOQQQQQG
. ©pPRIMARY*SECONDARY®POPULAT104®*POPULATIONSLARGES T ® SYTOIST#UTDIST. *NT.DIST® TOTAL @

PARTITIONSFACILITY®SERVED ® SERVED ® OUTSIDE ¢ IN «TRAVELED® NODE *PRIMARYPSECUNDARY®QUTSIDE®WEIGHTED®

NUMBER & NUMBER ® POP. ® POP. sSECONDARY *PARTITIOM ®DISTANCESNUMBER®COVEREDY CUVERED *PRIMARY®DISTANCE®

1 7 190.00 25.00 87.00 302.00 177,0 16 8483.0 2325.0 14126, 22614,
2 26 130.00 45.00 103.0v 278.00 199.0 21 5375.0 35685.0 2099}, 26276,
-y PP EOP PP ¥ PRI T TR T YT P T TLTTTT T T T LT LT LI L L D bt dabbetebdabedobbeddubindabdbuiriabuininb bl
320.00 70.00 196.00 580.00 13863.0 521040 359271, 48890.

PARTITION 1 FACILITY 7
d 2 D= 66,0%¢ 3 0= 93.0e° S D= 103.00° 6 D= 60.00e T D= QeQ0e 9 D= 67.0

& 10 D= 47.0°* 11 D= 167,0°* 1S D= 117.0%¢ 16 U= 177.0%¢ 17 b= 123,00 19 D= 59,0

e 24 D= 46.0% 27 D= 49.09% 30 Dx 119.0%e
PARTITION @ FACILITY 26 ‘ _
e ‘1 Dm 16.09% & D= 152.0%¢ 8 D= 41.08® 12 D= 69.0e¢ 13 Ds 193.00% 14 D= 164.0

e 18 0s 67.0% 20 D= 52.0%¢ 21 D= 199,0%® 22 D= 127.0%e 23 D= 89.0e¢ 25 D= 147.0
e 26 D= 0.0% 28 D= 15.0°® 29 D= 77.0%® )

FIGURE 15 » )

(contihuéd,Lpage 15)"
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1TERATION NUMBER+e

127
FIGURE 15

(confinued, page 16)

3

THIS 1S EXAMPLE NUMBER THREE-NETWORK

NUMBER OF FACILITIES
SERVICE DISTANCE =

3
75,000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT Toe 269y 13
POPULATION SERVED 395,00 PERCENT OF TOTAL POPULATION SERVED  68.10
- D o €GP W g S0 O G ED G W W - - -y - - -
THE FACILITY LOCATED AT! 7 CAN COVER THE FOLLUWING DEMANDS!
20 6 Te 9¢ 109 19+ 249 27
THE FACILITY LOCATED AT: 26 CAN COVER THE FOLLUWING DEMANDSS,
 §) 8s 129 18¢ 20s 26v 28y
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANDS?
313¢ 160 2le 259
DEMAND POINT CAN BE COVERED BY FACILITIES AT
1 26y
2 Ty
3 NO CURRENT FACILITY LOCATION
4 NO CURRENT FACIL1TY LOCATION
5 NO CURRENT FACILITY LOCATION
6 T
7 Te
8 269
9 Te
10 To
11 NO CURRENTY FACILITY LOCATION
12 269
13 13
14 NU CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 13
17 NO CURRENT FACILITY LOCATION
18 26y
19 T
20 26+
.21 13,
22 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 Te
25 13
26 26y
F44 T
28 269 iy
29 NO CURRENT FACILITY LOCATION
k1 NO CURRENT FACILITY LOCATION



THIS 1S EXAMPLE NUMBER THREE~NETWORK

FACILITIES ARE LOCATED AT 7 269 13s

PRIMARY DISIANCE = 75.00

SECONDARY ODISTANCE =100.00

[ X2 XXX ZXX) .............................,............................................Q..............................
. *PRIMARY®SECONDARY®POPULAT ION®POPULATIONSLARGEST s ® *WT.OISTIWT.DIST. *¥T.DIST® TOTAL @

PARTITION®FACILITYSSERVED ® SERVED © OUTSIDE ®  IN  ®TRAVELED® NODE ®PRi:ARY$SECONDARY®OUTSIDE®WEIGHTED®

NUMBER ® NUMBER ® POP. ® PUP, ®SECONDARY SPARTITION ®DISTANCENUMBER®COVEREDY COVERED *PRIMARY®DISTANCE®

1 T 190.00 25.00 67.00 282,00 167.0 11 8488.0 2325.0 10586. 19074,
2 26 130.00 45,00 48.00 223.00 16440 14 S375.0 3585.0 10686, 16061,
3 13 75.00 0.0 0.0 75.00 60.0 16 2380.0 0.0 0. 2380,
0000600000000 00000000000000000E00E00SE "C0000R00R0EENEsREtscEaetantaRtoRoRantcecclalalanantanaanlceseessnenssnas
395,00 70.00 115.00 580.00 16243.0 5910.0 21272, 37515.

PARTITION 1 FACILITY 7
et 2 0= 66,0° 3 U= 93,00 S 0= 103.0e° 6 D= 60,00 7 O= 0,000 9 D= 67.0

® 10 Ds 47.0% 11 D= 167.0°® - 15 Dx 117.0°® 17 D= 123,00 19 0= S59.00s 24 D= 46,0
® 27 D= 4%.0°* 30 D= 119.0°*

PARTITION 2 FACILITY 26 - . -

@ ] D= 16.0°% 4 On 152,08¢ @ Dw 4l.08" 12 D= 69,00% 14 D= 164.00¢ 18 D= 67.0
e 20 D= 52.0% 22 D= 127.0°® 23 D= 89.0%¢ 26 D= 0.0% 28 U=_ 15.0%¢ 29 D= 77,0

PARTITION 3 FACILITY 13 . -
®s 13 D= 0.0 16 D= 66.0%® 2] D= 60.0°% 25 D= 46.00¢

FIGURE 15

(continued, page 17)
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FIGURE 15

(continued, page 18)

ITERATION NUMBERs 4
S IS EXAMPLE NUMBER THREE=-NETWORK

NUMBER OF FACILITIES
SERVICE DISTANCE = 75,090

NEM FACILITY LOCATION NUMBER 18
FACILITIES ARE LOCATED AT Te 261 13y 18+

129

POPULATION SERVED 455.00 PERCENT OF TOTAL POPULATION SERVED

78.45

---------------------------.------------.---‘---..------------------

FACILITY LOCATED AT: 7 CAN COVER THE FOLLUWING DEMANDS!?
6 Te 9s 10y 19y 24 27

FACILITY LOCATED ATt 2b CAN COVER THE FOLLUWING DEMANDS?
8s 124 18y 209 269 289

FACILITY LOCATED ATt 13 CAN COVER THE FOLLOWING DEMANDS?
160 2ls 25¢

THE FACILITY LOCATED AT! 18 CAN COVER THE FUOLLUWING DEMANDS?
3¢ 18y 264 290
DEMAND POINT CAN BE COVERED BY FACILITIES AT?

1 269

2 T

3 18y

4 NO CURRENT FACILITY LOCATION
S NO CURRENT FACIL1TY LOCATION
6 T

7 T

8 269

9 T

10 T

11 NO CURRENT FACILITY LOCATION
12 261

13 13

14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 139

17 NO CURREMT FACILITY LOCATION
18 26y 18y

19 T
20 269
21 10
e2 NO CURRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 Ty

25 13y

26 26y 18y

27 Ty

28 26y

29 18y

30 NO CURREMT FACLILITY LOCATION

SUBSTITUTION ALGORITHM USLD

NODE 1 REFLACES FACILITY LOCATION 26
THIS 1S NOW FACILITY NUMUER 2

FACILITIES ARE LOCATED AT 7. 1s 13 18y




POPULATION SERVED

FIGURE 15

(continued, page 19)

465,00

THE FACILITY LOCATED AT3
20 6 T 9y 10»

THE FACILITY LOCATED AT
| K 8 124 200 2D

THE FACILITY LOCATED ATH
13¢ 16¢ 214 250

THE FACILITY LOCATED AT}
3¢ 18% 26y 29

19¢ 249 27y

] CAN COVER THE FOLLUNING

2bes 28y

13 CAN COVER THE FOLLVUWING
18 CAN COVER THE FOLLUWING

DEHAND POINT C:N BE COVERED BY FACILITIES AT:
1 )
e Te
k lde
4 NO CURRENT FACILITY LOCATION
2 N01CURRENT FACILITY LOCATION
'
7 i )
8 1
9 T
10 Ty
11 NO CURRENT FACILITY LOCATION
12 1
13 13
14 NO CURRENTY FACILITY LOCATION
}2 NgJCURRENT FACILITY LOCATIUN
’
17 NO CURRENY FACILIYY LOCATION
18 18y
19 T
20 N
21 13»
22 NO CURRENT FACILITY LOCATION
23 1e i
24 Te
25 13
26 1y 18
27 Te
28 1
29 18,

30 NO CURRENT FACILITY LOCATION

»

T CAN COVER THE FOLLUWING

PERCENT OF TOTAL POPULATION SERVED

130

80.17

D§MANDS!
DEMANDS?
DEMANDSS
DEMANDS

¥



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT Ty 1y 13 18
PRIMARY DISTANCE = 75.00
SECONDARY DISTANGE =100.00
..llll....lll.l...ll.l.....................l...................................................................
. ®PRIMARY®SECONDARY®POPULATION®POPULAT ION®LARGEST s ® *WT.DISTPWT.DIST. *NT.DIST® TOTAL ¢
PARTITIONSFACILITY®SERVED ® SERVED © OUTSIDE ¢ IN  ®TRAVELED® NODE ®PRIMARY?SECONDARY®OQUTSIOE®WEIGHTED®
NUMBER ® NUMBER ® POP. ® POP, ®SECONDARY ®PARTITION ®DISTANCESNUMBER®COVEREDY COVERED ®PRIMARYDISTANCE®

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. 10709,
3 13 75.€0 V.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.
P P YT Y YY Y YY YT YT YYYYYYYYYYYYYY LYY YR Y YY Y YRR LYY Y YY 2L AL 2 L2222 A2 R LS g 2L gl
465.00 0.0 115.00 580.00 18968.0 0.0 14660. 33028,

PARTITION 1 FACILITY 7
L 2 D= 66,.0°° S D= 103.0%¢ 6 D» 60.0%® 7 v= 0,00 9 D= 67.0%® 10 D= 47,0

e 11 D= 167.0°® 15 D= 117.0%¢ 17 D= 123,0%% 19 D= 59.0%¢ 24 D= 46.,0%e 27 D= 49,0

® 30 D= 119.0°*
PARTITION 2 FACILITY 1

ea 1 D= 0,000 4 D= 138,0°%° 8 o= S51.0%® 12 0= 54,00 14 D= 149,00 20 D= 38,0
® 22 Dx 112.0°* 23 D= T4.0°* 26 D= 16.0°® 28 D= 7.0% ' ‘

PARTITION 3 FACILITY 13 - -

*% 13 D= 0.0%® 16 D= 66,0°® 2] D= 60.09® 25 D= 46,00

PARTITION 4 FACILITY 18 .

bt 3 0= 62,0°* 18 D= 0.0%® 29 D= 64.0%®

-FIGrURE“ 15

jcontinﬁed, page 20)
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I1TERATION NUMBER,
THIS 1S EXAMPLE NUMBER THREE=-NETWORK

" FIGURE 15

(continued, page 21)

S

132

NUMBER OF FACILITIES S

SERVICE DISTANCE = 75.000

NEW FACILITY LOCATION NUMHER 5

FACILITIES ARE LOCATED AT T ) 13 189 S

PorGLATION SERVED | 517.80  PENGENT OF TOTAL POPULATION SERVED

89.14

THE FACILITY LOCATED AT!

29 . Ty

9+ 10

THE FACILITY LOCATED AT:

1 8s 12

20y 23y

THE FACILITY LOCATED AT:

7 CAN COVER THE FOLLUWING

199 249 27
1 CAN COVER THE FOLLUWING

2oy 28
13 CAN COVER THE FULLUWING
18 CAN COVER VHE FOLLUWING
§ CAN COVER THE FOLLUWING
cgcénsn BY FACILITIES aTs
S

ENT FACILITY LOCATIUN

ENT FACILITY LOCATION

13y
NO CYRRENT FACILITY LOCATION

13¢ 1690 2ls 25
THE FACILITY LOCATED AT?
3y 18y 264 2%
THE FACIL1TY LOCATED AT!
29 Sy M}y 15s 17»
DEMAND POINT CAN BE
1 le
2 T
3 18
4 NO CURR
5 Se
[ T
7 Te
8 ) ¥
9 Te
10 T
11 21
12 1v.
13 130
14 NO CURR
15 5
16 | K T
17 S
18 189
19 T
20 } )
21 3
22
23 | T
28 T
25 13,
26 e 1}
27 T
28 e I
29 DS | T
30 . NO CURR

Se
8¢

ENT FACILITY LOCATION

DEMANDS?
DEMANDS
DEMANDS?
DEMANDS?
DEMANDS?



THIS IS EXAMPLE NUMBER THREE-NETWORK

FACILITIES ARE LOCATED AT Ts s 13 138y S»

PRIMARY DISTALCE = 75.00

SECONDARY DISTANCE =100.00

T Y Y Y Y T Y Y T Y Py Y Y T Yy Y Y Y P Yy Y Y Ty Y Yy Yy Yy P Yy Y T Yy Y N Ty 7Yyre-
- SPHIMARY®SECONDARY®POPULATION®POPULATION®LARGESTy® SHT.DISTPNT.OIST. *UT.DIST® TOTAL @

PARTITIONSFACILITY®SERVED ® SERVED ® OUTSIDE ¢ IN STRAVELED® NGDE ®PRIMARYYSECONDARY®OUTSIDESWEIGHTED®

NUMBER @ NUMBER ® POP., ® POP, ®SECONDARY “PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED ®PRIMARY®DISTANCE®

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 O. 2380,
A 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 T4.0 17 2550.0 0.0 Oe 2550.
LTI YT YT YL Y YT LY YT Y LYY YY YT Y YT T LY Y Yy Yy ey Y Y ey Yy T L L Iy Yy
517,00 0.0 63.00 580.00 20198.0 0.0 6184, 28382,

PARTITION 1 FACILITY 7
o 6 0= 50,00 ? D= 0.00® 9 D= 67.0%% 10 D= 47.0e% 19 O= 59,08 24 D= 46,0

® 27 0= 49.0°* 30 D= 119.0°*
PARTITION 2 FACILITY 1

e 1 D= 0.,00e 4 D= 134.0% '8 D=. S1.0¢® 12 D= S4.09% 14 O= 149.0%* 20 O= 38,0

& 22 D= 112.0%* 23 D= T4.0%® 26 O= .16.0%°* 28 D= Te00e
PARTITION 3 FACILITY 13 : -

ee 13 D= 0.0 16 D= 66,0 21 D= 60.0%% 25 D= 46,000
PARTITION & FACILITY 18 T -

bl 3 0= 62.0** 18 O= 0.0 29 D= 04,008

PARTITION S5 FACILITY S5 - .

had 2 0= 27,0 S D= V.0°% 11 D= 69,09% 15 D= 19,09 17:-On Té.00e

_FIGURE 15

(coxjtinued ’- ~;Sage 22)
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1TERATIDN NUMBER)

'FIGURE 15

(cqhtinued, page 23)

6

THIS 1S EXAMPLE NUMBER THREE=-NETWOURK
NUHBER OF FACILITIES 6

L34

SERVICE DISTANCE = 75.000
NEW FACILITY LOCATION NUMBER 23
FACILITIES ARE LOCATED AT Te I 13 189 Sy 23
POPULATIJION SERVED 565.00 PERCLHT OF TOTAL POPULATYION SERVED 97.41
YHE FACILITY LOCATEL ATS 7 CAN COVER THE FOLLUWING DEMANDSS
2 G T 9y 109 19¢ 2690 27
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING DEMANDS?
1 8¢ 12¢ 209 239 26y 28y
THE FACJLITY LOCATED AT: 13 CAN COVER THE FULLUWING DEMANDS!?
13y 16s 3ly 25¢
THE FACILITY LOCATED AT: 18 CAN COVER THE FULLUWING DEHANDS!?
3¢ 180 @269 29
THE FACILITY LOCATED ATS 5 CAN COVER THE FOLLUWING. DEMANDS!
L) Se 1le 150 170 24 .
THE FACILITY LOCATED AT: 23 CAN COVER THE FOLLUNING DEMANDSS
K &9 129 14 220 2
DEMAND POINT CAN BE COVERED BY FACILITIES AaTS
)| 1¢ 33
2 Te Se
3 18¢
4 FX N
) Se
(3 Te
1 Te
.} ) X
9 Te
10 Te
11 by
12 1y 23
13 13
14 23
15 o
16 1
17 Se
16 18+
19 Te
20 S T
21 13
22 239
23 Ir 33
24 Te S¢
25 13¢
26 1y 18
27 T o
28 |
29 Ju,
30 NO CURRENY FACILITY LOCAT]ION

l



THIS 1S EXAMPLE NUMBER THREE=NETWORK

FACILITIES ARE LOCATED AT T 1o 130 18y Sy 2
PRIMARY DISTANCE a 75.00
SECONDARY DISTANCE =100.00
P N Y T Y Y Y L T LY T LI N T L I LY YT XYY Y YY XYY Y YT XYY YA XYL I A YT 2L Y LYY LAL AL LAY 2L L YA YA Y2 2Ly y Ly )
. *pRIMARY®SECONDARY®POPULATION®POPULATION®LARGEST+* *UTDISTINT.OIST. ®WT.DIST® TOTAL &
PARTITIONSFACILITY®SERVED ® SERVED ® OUTSIDE ¢ IN STRAVELED® NODE ®PRIMARYPSECONDARY®OUTSIDE*WEIGHTED®
NUMBER ® NUMBER ® POP, ® POP, *SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED ®*PRIMARY®DISTANCE®

1 7 170.00 0.0 15.00 185,00 119.0 30 7168.0 0.0 1785. 8953,

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 13 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 23 78.00 0.0 0.0 78.00 75.0 14 3685.0 0.0 0. 3685,
T Y Y T P Y T Y Y Y Y Y Y YT P YT YT Y Y LY YT YY Y Y Y ST YA YR L ALY LYY LYY T LYY XYY Y Y YL Y YT Y Y
565.00 0.0 15.00 580.00 22063.0 0.0 1785. 230848,

PARTITION 1 FACILITY L§
Ld 6 D= 60.0%¢ 7 D= 0.0%® 9 D= 67.0°* 10 0= 4T7.00® 19 D= 59,00 24 D= 46.0

& 27 D= A%.0%% 30 D= 119.0%°

PARTITION 2 FACILITY 1

el 1 0= 0.0¢° 8 D= 51.,0%% 20 D= 38.0°* 26 D= 16.0%¢ , 28 Da Te0oo®
PARTITION 3 FACILITY 13

*s 13 D= 0.0%® 16 D= 66.0%® 2] D= 60,00 25 D= 46,00

PARTITION 4 FACILITY 18 )

o 3 D= 62.0°* 18 D= 0.0 29 D= 64,000 .

PARTITION 5 FACILITY S - .

oe 2 0= 37.0°° 5 0= 0.0%% 11 D= 69.0°® 1S5 D= 19,08 17 D= 74,00
PARTITION 6 FACILITY 23 - - T
el 4 Da T70.0% 12 D= 20.0%® 14 D= 75.0¢* 22 D= 60.0°% 23 D= 0e00e

FIGURE 15

(continued, page 24
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ITERATION NUMHER,

FIGURE 15

(continuéd ' pagé .25)

THIS 1S EXANPLE NUMBER THREE-NETUORK

NUMBER OF FACILIY
SERVICE DISTANCE

IES

7
75.000

NEW FACILITY LOCATION NUMBER 16

13, 189 Sy 23 16+

136

FACILITIES ARE LOCATED AT T ) I
POPULATION SERVEO S40.00 PERCENT OF TOTAL POPULATION SERVED 100.640
THE FACILITY LOCATED AT! 7 CAN COVER TVHE FOLLUWING DEMANDS? '
2 .Y T 9e¢ 10¢ 190 24¢ 27y
THE FACILITY LOCATED ATV: 1 CAN COVER THE FOLLUWING DEHANDS?
1o 8e 12+ 209 230 2069 28
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING OEMANDS?
139 169 als 25»
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWING DEMANDS?
39 18¢ 26s 29
THE FACILITY LOCATED AT? § CAN COVER THE FOLLUWING DEMANDS?
2 Sy 11y 1Bs 17 24,
THE FACILITY LOCATED AT3 23 CAN COVER THE FULLUWING DEMANDS?
| 1 4y 120 lAs 229 23
THE FACILITY LOCAVED AT: 16 CAN COVER THE FOLLUWING ODEHANDS!
13 169 30,
VEMAND POINY CAN BE COVERED BY FACILITIES 4T?
) | 1y 2
2 T S
3 18¢
4 239
S Se
6 Ty
7 T
.} le
9 Te
10 T
11 Sy ’
12 1e 23
13 139 169
14 23
15 1)
16 130 169
17 -1
18 1de
19 Te
20 "1
21 "13
22 &y
23 ‘le, 83
24 T S
25 13,
26 1e 18+
27 Te
28 e
29 a0,



THIS IS EXAMPLE NUMBER THREE-NETNWORK

FACILITIES ARE LOCATED AT 7+ 1y 13+ 18¢ Se 230 16y

PRIMARY DISTANCE = 75.00

SECONDARY DISTANCE =100.00

0000000008000 080000000000000000208000000000000 2000000000000 000000000300300000003030030330503000830007308000008000006
. *PRIMARY®SECONDARY®POPULATION*POPULAT IONSLARGEST»® SMT.DISTINT.DIST. *WT.DIST® TOTAL @

PARTITION®FACILITYSSERVED ® SERVED ® OUTSIDE ¢® IN  ©TRAVELED® NODE ®PRIMARY$SECONDARY®OUTSIDESWEIGHTED®

NUMBER ® NUMBER ® POP., ® POP. ®SECONDARY ®*PARTITION ®DISTANCE®NUMBER®COVERED® COVERED ®*PRIMARY®DISTANCES®

1 7 170.00 0.0 0.0 170.00 67.0 9 7168.0 0.0 0. 7168,
2 1 85.00 0.0 0.0 85.00 S51.0 8 2690.0 0.0 0. 2490.
3 13 55.09 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,
S 5 72.00 0.0 0.0 72.00 74,0 17 2550.0 0.0 0. 2550.
6 29 78.00 0.0 0.0 78.00 75.0 14 3685.0 0.0 0. 3685,
7 16 35.00 0.0 0.0 35.00 58.0 30 870.0 0.0 0. 870.
P Y Y Y Y Y L L L T T L YT Y Y Y Y YYY Y YT R XYY YYYY XYY YYYTXY LYY Y YY LYY YT YYLYLY YA LY LY YA Y Y YR LYY LYY Y YY)
580,00 0.0 - 0.0 580.00 21613.0 0.0 O« 21613,

PARTITION 1 FACILITY 7
bl 6 D= 60,0°¢ 7 D= 0.00e 9 Ds 67.0°* 10 D= AT7,0%® 19 D= 59.08e 24 D= 46,0

® 27 D= 49.0°° o - .

PARTITION 2 FACILITY 1 ’

s 1 D= 0.0 8 D= S51.0%% 20 D= 3B.0°* 26 D= 16.0%% 28'0Dm T.0ee
PARTITION 3 FACILITY 13 - ’

es 13 D= 0,0%* 2] D= 60.0%® 25 D= 46,00 :

PARTITION & FACILITY 18 . L ’

se 3 D= 62,0 18 D= 0.,0¢® 29 D= G400

PARTITION S FACILITY 5 - .

s 2 D= 37.,0°®* S D= 0.0%® 1] D= 6Y.00® .15 D= " 19.0% 17 D= Ta.0ee
PARTITION 6 FACILITY 23 -

se 4 D= T0.00® 12 D3 20.0%® 14 Dz 75.00% .22 D= 60.00¢ 23 D= 0.0
PARTITION 3 FACILITY 16 - L

s 16 D= 0.0°* 30 Dx 58,0%®

COVERRAGE CANNOT BE CHANGED BY AUDITIONAL FACILITIES .

THIS SOLUTION WAS GENERATED BY THE GAS ALGORITHM

FIGURE 15

(continued, page -26)

LET



IX=0SMVTV2}.8=-HASPIIVA.0C
TK=QSMVTV21.8-HASP11V4,0C
IK~-0SMVTV2).8~HASP11IV4.0C
TK=0SMVTV21.8-HASPI1IV4.0C
TK~OSMVTV21.8=HASP11V4.0C
TX=-0SMVTV21.8-HASP11V4.0C
TK=0SMVTV21.8-HASPI1VA,0C
TK=-0SMVIV21.8-HASPI1V4.0C
TK=0SMVYTVZ21.8-HASPIIV4,0C
IXK=-0SMVIV21.8-HASP1]lV4.0C
TK=-0SMVTV2]1.8-HASPI1V4.0C
IK=-0SHVTV21.8-HASP11V4.0C
TX-0SMVTIV21.8~HASP11V4.0C
TK-0SHVTVZ21.8-HASP1]V4,0C
IK-0SMVTV21.8~-HASP11V4.0C
TK-0SMVTV2]1.8-HASPLIV4.0C
TK=0SMVTV21.8-HASP11V4.0C
IK=-0SMVTV21.A=-HASP11IV4,0C
TK-0SHVTVZ21.8~HASPIIVA.0C
'TK=-0SMVTV21.8~HASP[1V4,0C

END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
ENL
END
END
END
END

0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
02540
0240
0240
0240
0240

'y - Y * .
* JOB NAME! GASTEX * ® JOB NAME: GASTEX =

REMOTEL - REMOTE]

REMOTEL REMOTE1

CHURGH CHURCH

CHURGH CHURCH
Pommawe * L} *
® TIME: 2034.40 PN ® ® TIME: 2¢34,40 P &
* DATE! 1 APR 78 ® ® DATE: 1 APR 78 ¢
® LINES: is125 © ® LINES?: 10125 *
. - ' » - - .
® JUB NAME: GASTEX * & JOB NAME: GASTEX *
L o L J o [

FIGURE 15

- (continued, page 2‘7)

0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240
0240

END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END

RECYCLE=-OLD-0UTPUT
RECYCLE=-OLD~0UTPUT
RECYCLE-0LD-0UTPUT
RECYCLE=-OLD-QUTPUT
RECYCLE-OLD-0UTPUT
RECYCLE-OLD=0QUTPUT
RECYCLE=-OLD=-0UTPUT
RECYCLE~-OLD-0QUTPUT
RECYCLE-QLO-QUTPUT
RECYCLE-~CLD-OUTPUT
RECYCLE-OLD-0QUTPUT
RECYCLE=-OLO~OUTPUT
RECYCLE~OLD-0UTPUT
RECYCLE-OLD-0QUTPUT
RECYCLE~-OLD-0UTPUT
RECYCLE~OLO=-QUTPUT
RECYCLE~-OLD-0QUTPUT
RECYCLE~OLD-QUTPUT
RECYCLE=-OLD-QUTPUT
RECYCLE~OLD=-0UTPUT

8ET



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
restrlctlons listed in table 22. Given this set of con-
straints in table 22, ohe 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 chaﬁgelof the problem contrcl;
cards reflects the change in title for prcblem 4. " All other:
changes are made in, the constraint card set that follows the
problem control cards.

Accordlng to the definitions given 'in appendlx 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 fcur 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 consxde-
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'facilitiee eutcmaficallyfallocatedMto spec-
ified nodes, there will be five cerds (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 shouid be given. For chis problem
there will be two cards, one card for each area that is elimi-
nated from coverage computations. The iast 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 probiem were imposed. In problem 3 output,
the initial starting informaticn page listed the(five ereaei
that could not be selected to honse a facility. For problen
4, the initial starting information is quite detailed. \
Facilities are automatically added to nodes 1, 25, 14, 18, and]
7. In addition, the pOpclaﬁion to be covered has been reduced
by 38 which represents the demand of nodes -6 and 50 that'ie nct'
to be considered 1n 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.



TABLE 22
RESTRICTIONS FOR NETWORK PROBLEM FOUR

1. All nodes are potential facility sites except:

NODE REASON
5 Sp
8 NG
9 NE
12 5P

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.

142



LISTING OF NETWORK PROBLEM FOUR DATA DECK

L
OCOONOWNSPWN-

-
-

WRNNRNR NN N NN o oo tnd tud tnd s Sud bud
gO‘Oﬂ@U"UNF‘OOQQOWOUN

OENONSWN-

FIGURE 16

30

10,00
20,00
25,00
18,00
12,00
23,00
43,00
30,00
24,00
15,00
10,00
20,00
35,00
15,00
20,00
20,00
10,00
25,00
35,00
15,00
10,00
15,00
10,00
20,00
10,90
20,890
10,60
10,00
35,00
15,00

26
as
28
a0
as
28
a0
30
a0
12

14
14 233
16 22
22 a3
12 23
12 22
1 12
12 18
18" 22
3 az
8 26
18 26
1 18
3 18

N N
SsEINISIDETO e

3 uw
jo 18
18 29
26 29
10 29
27 39
19 29
19 27
10 a7

100,

58,
54,

124,
105,
4l
67,
78.
64,
56,
46,
93.
64,
17,
94,
52
79
36,
5Te
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FIGURE 16

(continued, page:2)

36 7T BT 4AY,
37 24 31 8S.
38 7. 10 A7,
39 9 10 87
40 6 10 34,
4] 6 1T 104,
42 .6 9 61,
4 1 9 67,
44 T 26 A6,
45 9 3% 60,
46 2 as 3.
47 2 9 60,
48. .9 _. 17 5.
49 2 117 1.
50 ‘11 17 55,
s1- 2 11 10l.
52 5 11 69
53 2 5 37,
54 s 15 19
55 2 15 S5l.
s6 15 24 84,
57 19 24 13,

58 19 390 60.
59 29 30 R
60 16 30 58
61 25 30 120,
62 13 16 66,
63 16 25 94,
64 13 2l 60.
65 13 25 A6,
66 21 a5 52.
61 N 8 85 1060
68 25 39 147,

69 S 11 T4
0 5 9 92
M 2 1 66,
2 1 6 60,
13 19 0 19
74 3 a1 14
15 3 12 130,
76 3 2y 92
97 18 a1 94,

78 21 30 70,
79 16 a1l 12é.
60 8 18 108,
sl 7 19 S9%
62 4 22 106,
83 20 a3 1o,
8¢ 18 30 118,
85 12 26 69,
86 ] ‘8 Sla
87 12 3t el
88 20 26 5.
89 1 39 94,
90 8 29 107,

THIS 1S EXAMALE NUMBEH FOUR=NETYWORK
10 75,00 100400
4 2 5
5 SP
8 NG
9 NE

12 SP
T

25

14

18
7

32

<6



POPULATION DATA

10.® 4 18.¢ 7 43.¢ 10 15.¢ 13 35.¢ 16 20.% 19 35e* 22 15.® 25 10.¢ 28 10.0

20.¢ S 12.* 8 30.* 11 10.* 14 1S.¢ 17 10.2-20 15«% 23 10.® 26 20.® 29 35,

25.¢ 6 23.¢ 9 240 32 20.® 15 20.% 18 25.% 21 104® 26 20.0 27 10.% 30 15.8
FIGURE 17

NETWORK PROBLEM FbUR OUTPUT

SVT



(continued, page 2)

INPUT ARC INFORMATION IS AS FOLLOWS
FROM NODE TO NODE DISTANCE
1

ARC NO.

CONOVRIWN™

FIGURE 17

1
a6
1
a0
8
8
4
12
4
4
4
14
14
ac
12
12
2}

1

- 15

26 16,000
28 7.000
28 15.000
20 36,000
28 37.000
28 48.000
20 81.000
20 100.000
20 65.000
12 90.000
23 70.000
14 61000
a3 75.000
22 69.000
23 60.000
23 20000
22 58.000
12 54.000
18 86.000
ee 124.000
ee 105.000
26 41.000
26 67.000
18 78.000
16 62,000
6 56000
10 46.000
18 93.000
29 64.000
a9 77.000
29 94,000
29 524000
29 79.000
27 36,000
27 57.000
27 49.000
27 85000
10 47.000
10 87.000
10 34.000
17 104.000
9 614000
9 67.000
24 464000
24 60.000
24 33.000
9 60000
17 56000
17 77.000
17 55.000
11 101.000
11 694000
5 37.000
15 19.000

514000
L] 84.000
24 73.000
a0 604000
30 83.000

146



FIGURE 17

(continued, page 3)

58,000
120,000
66.000
93.000
60,000
46,000
53000
106000
147.000
74.000
92.000
66,000
60,000
79.000
76.000
137.000
93.000
94.000
+70.000
126.000
108,000
$9.000
306000
76.000
118.000
69.000
51000
61000
52000
93.000
107.000



sUSTANCE MaTweTR

CY T e R T R R R T L DY DR L L L R L T
bl . - .

.260.30

CO~NONSWNM

#ind
260.00
140.00
13R.00
291.00
196.00

51.00
257.00
17T1.00
355.00

S4.00
203.00
149.00
311.00
234.00
300.00

78.00
172.00

38.00
209.00
112.00

T4.00
157.00

16.00
145.00

7.00

93.00
176.00

2

el

1.9.00
YY)

37.-“.
121.00

66,00
274.00

60.00
113.00
101.00
292.00
290.00
333.00

51.00
224.00

77.00
206.00
106,00
296.00
338.00
264.00
312.00

33.00
286.00
244.00
115.00
259.00
167.00
166.00

3

.140.00
159.00
0.0

allRe00
1v0.00
S5.00
93,00
17¢.00
117.00
46,00
215.00
137.00
272.00
174.00
210.00
206.00
160.00
62.00
114.00
178.00
291.00
105.00
157.00
139.00
239.00
129.00
78.00
i54:-00
92.00
148.00

5 6 7 8 9 1e
138.90 297.00 196.00 194.00 51.00 257.00 17140
ATquvy 37.00 121.00 66.00 274.00 60.00 113.9v
21llevy 196.04 56.00 93.00Q 170.00 117.00 46.00
1] 407.00 267.00 3.4.00 181.00 328.00 257.00
40l.09 0.0 453.00 103.00 311.04 92.00 150.00
261.00 Loue00 6.0 60.00 226400 61.09 34.00
304.v0 103.00 ©0.00 0.0 208.00 7400 47,00
181,00 311.0v 226.00 208,00 0.0 27,.00 =0..00
328.00 92.00 61.00 67.00 275.00 0.0 veo00

257.09 150,00 34,00 47.00 201.00 87.00 040
426,00 69.00 159.00 167.00 375,00 111.00 193.00
90.00 329,00 193.00 226.00 105,00 254.00 179,00
333.00 321.00 285.00 243400 i52.00 310.00 251.00
61.u00 370.00 230.90 267.00 200400 291.00 220,00
421.09 19.00 172.89 117.00 325,00 111,00 164,00
370.00 261.00 219.00 177.00 198.00 244,00 18%.00
37ri.u0 74.00 104,00 123.00 330,00 56,00 138,00
176.00 243,00 118.00 140.00 108.00 179.00 93,00
306.00 143.00 113.00 5v.00 186.00 126.00 79.00
100,00 333.00 234,00 230.v0 81,00 295,00 209.00
339,00 375.00 327.00 291.0v 158.00 158,00 293.00
106,00 301.00 161.00 198.00 163.00 222,00 151.00
70.00 349.00 213.00 246400 125.00 274.00 199.00
350.v0 70.00 106.00 46.00 234.00 60.00 93.00
2817.0v 323.00 275.00 239,00 106,00 306,00 241,00
152.00 281.00 185.00 178.00 41,00 245,00 160.00
270,00 152.00 91.00 49,00 159.00 116400 57.00
131,00 296.00 200.00 193.00 48.00 260,00 175.00
229.0v 204.00 128.00 101.00 107.00 168.00 94,00
312.00 203.00 161.00 119.00 190.00 L0000 127.00

"FIGURE 17

(continued, page 4)
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OISTANCE MATRIX

11

12

13

1s

15 16 17 18 19 20
1 355.00 54,00 203.00 149,49y 311.00 234,00 300.00 78.00 172.00 38,v0
2 1vl.00 292.00 290.00 333.00 51.00 224.00 77.00 206,00 106,00 296409
3 215.00 137.00 272.00 174,00 210.00 206.00 160.00 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
S5 69.00 329.00 327.00 370.00 19.00 261.00 74.00 263.00 143,00 333.00
6 159.00 193.00 285.00 23V.00 172.00 219.00 104.00 118.00 113.00 234,00
7 167.00 226.00 243.00 267T.09 117.00 177.00 123.00 140.00 59,00 230,00
8 375.00 105,00 152.00 200,00 325.00 198.00 330.00 108,00 186,00 81.00
9 111.00 254.00 310.00 291.0v 111.00 244,00 56.00 179.00 126,00 295.00
10 193.00 179.00 251.00 220,00 164.00 185.00 138.00 93.00 79.00 209,00
11 0.0 352.00 371.00 389.00 88.00 325.00 $5.00 277.00 207.00 393.00
12 354.00 0.0 257.00 95.0y 343.00 287.00 297.00 86,00 216.00 65.00
13 vl.o0 257.00 V.0 354.900 341.00 60.00 366.00 257.00 184,00 233.00
1s 389.00 95.00 352.00 0.0 384,00 380.00 334.00 181.00 2088.00 151.00
15 88.00 343.00 341.00 Jds. 00 0.0 275.00 93.00 e57.00 157.00 Ja7.00
16 322.00 287.00 66.00 g0.uy 275.00 0.0 300.00 205,00 118.00 270,00
17 55.00 297.00 366.00 334,00 93.00 300.00 0.0 222.0C 182.00 338.00
18 277.00 86.00 257.00 161.00 257.00 205.00 22¢.+00 0.0 130.00 116.00
19 207.00 216.00 184.00 288.09 157.00 118.00 182.00 130.00 0.0 208.00
20 393.00 65.00 233.00 151.v0 347.00 270.00 338.00 116.00 208.00 0.0
21 43%.00 263.00 60.00 358.0y 389.00 120.00 414.00 263.00 232.00 239.00
22 320.00 58.00 315.00 6v.00 315.00 311.00 265.00 124.00 219.00 123.00
23 372.00 20.00 2717.00 5.0 363.00 307.00 317.00 106.00 236.00 76.00
24 134.00 265.00 257.00 313.u0 84.00 191.00 110.00 179.00 73.00 266,090
25 387.00 211.00 46.00 300.0v 337.00 Y2400 362.00 211.00 180.00 187.00
26 345.00 69.00 193.00 164,00 295.00 218.00 289.00 67.00 156.00 S<.00
27 216.00 180.00 194.00 252.90 160.00 128.00 172.00 9%.00 36.00 181,00
298 359.00 61.00 200.00 150.00 310.00 233.00 304.00 82.00 171.00 37.00
29 269.00 146.00 193.00 241.90 218.00 141,00 224.00 64,00 79.00 129.00
30 267.00 229.00 124.0° 323.09 217.0¢ 58.00 242.V0 1547.00 60.00 212.00
FIGURE 17

Ty

(cohtinued » page 5)
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DISTANCE MAIRIX

al

22

23

24

a5

26 27 28 29 30
1 209.00 112.00 74.00 230,00 157.00 16.00 . 145.00 700 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
3 291.00 105,00 157.00 139.09 239.00 129.00 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
3 3715.00 301.00 349.00 70.00 323,00 281.00 152.00 296,00 204,00 203.00
6 327.00 161.00 213.00 106.00 275.00 145.00 91,00 200.00 128.00 161.00
7 291.00 198.00 246.00 40,00 239.00 178.00 49.00 193.00 101.00 119.00
8 158.00 163.00 125.00 264,00 106.00 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
10 293.00 151.00 199.00 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 J84,00 216.00 359.00 268.00 267,00
12 263.00 S8.00 20.00 265,00 211.00 69.00 180.00 61.00 146,00 229.00
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
16 126.00 311.00 307.00 191.09 92.00 218.00 128.00 233.00 141.00 $8.00
17 414.00 265.00 317.00 110.90Y 362.00 289.00 172.00 304.00 224,00 242.00
18 263.00 124.00 106.00 179.09 211.00 67.00 94.00 82.00 64.00 147.00
i9 233.00 219.00 236.00 73.00 180,900 156.00 36.00 171.00 719.00 60.00
20 237.00 123.00 16.00 266,09 187.00 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 0.0 285,0¢ 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 +1229.00 137.00 133.00
25 53.00 269.00 231.00 253.00 0.0 147.00 190.00 154.00 147.00 120.00
26 199.00 127.00 89.00 214.00 147.00 0.0 129.00 15.00 77.00 160.00
a7 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.V0 154,00 15.00 144.00 0.0 92.00 175.00
29 199.00 188.00 166.00 137.09 147.00 77.00 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 17

'(continued, page 6)
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FIGURE 17

(continued, page 7)

SUBPROGRAM MATHBLD MAS BEEN CALLED 70 GENERATE A COVER MATRIX
THE MAXINUM DISTANCE/TIME OF 75.00 HAS BEEN UTILIZED
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FIGURE 17

. (continued, page 8)

100000010001090000010010010100
010010101000001000000001000000
001001000100000001000000000000
0001000000000100000U00010000000
010010000010001010000001000000
001001101100000000000000000000
010001101100000000100001V01000
100000019000000000000000010100
010001101000000010000001000000
001001100100000000000000001000
000019000019000010000000000000
100000000001000000010110010100
$000000000V0110100001000100000
000100000000VU10000000110U00000
010010000V0V001000000000000000
000000000000100100000000000001
000010001010000010000000000000
001000000000000001000000010010
000000100000000000100001001001
100000000001000000010000010100
000000000000100000001000100030
000000000001010000000110V00000
100100000001010009¥000110000000
019010101000000000100001000000
000000000000100009001000100000
100000010001000001010000010100
000000100100000000100000V01011
100000010001000000010000010100
000000000000000001000000001010
000000000000000100100000001001
CAN RE SERVED 8Y 1
CAN RE SERVED BY 6
CAN BE SERVED BY 12
CAN BE SERVED BY 20
CAN RE SERVED 8Y 23
CAN RE SERVED BY 26
CAN RE SERVED BY 28
CAN BE SERVED BY 2
CAN BE SERVED BY 5
CAN RE SERVED RY 7
CAN RE SERVED BY 9
CAN BE SERVED BY 15
CAN RE SERVED BY 24
CAN BE SERVED BY 3
CAN BE SERVED BY 6
CAN BE SERVED BY 10
CAN BE SERVED BY 18
CAN BE SERVED BY N
CAN RE SERVED BY 14
CAN RE SERVED 8Y 23
CAN BE SELRVED BY 2
CAN BE SERVED bY 5
CAN RE SERVED 6Y 11
CAN RE SERVED 8Y 5
CAN RE SERVED BY 17
CAN BE SERVED 8Y 24
CAN RE SERVED BY 3
CAN RE SERVED DY 6
CAN RE SERVED av 7
CAN R SERVFD AY 9
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FIGURE 17

(continued, page 9)

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN

[ dodrdrdrdagd adadatalaledded rd et edrdrdrdordrd et ettt ededot ool ol X Y YR Sy y ey e
OO O C O ERCENNNNC OO VNN IS IWWRWWNNNNNNN = = 000 0Ol OO OVD DOD "ol il dd O

SERVED
SERVED
SERVED
StAYED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED

ay
ay
8y
ay
8Y
8y
By
8y
Y
BY
ay
8y
ay
8y
ay
8y
BY
gy
8y
By
8y
8y
BY
8y
8y
BY
gy
8y
8y
8y
By
BY
a8y
By
ey
8Y
8y

BY
8y
gy
BY
8y
BY
a8y
By
BY
vy
By

vy
gy

BY
oy
8y
a8y
8Y
gy
BY
8y

153



(continued, page 10)
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oo.c.ooo...oo.ooooo.ooooooo.oooooooooooooooooo00oooooQ0000000000000.QQQQQQQQQQQQQQQIQGOOOOOO000.00..00000.....-
INITIAL STARTING INFORMATION
NODES WHICH ARE AYTOMATICALLY ALLOCATED AN UNCHANGEAULE FACILITY ARES
1 25 14 18 7
THIS SET OF FACILITIES SERVES 470.00 OVUT UF A TOTAL POPULATION OF 542,09 A  PERCENTAGE = 86,72
00506000060 080s0000000000000000000N000000N00P0000R0NNRONER0RR0R0R0000000RRRIRNR0ROR0RNRERNNNRIN0ANGRRNRRRRGNIAS
THIS DOES NOT INCLUUE THE POPULATION AT THE FOLLOWING NODES:
30 6o
THIS ELIMINATED POPULATION AMOUNTS TO: 3d.00
Ooooo.oooooo..ooolooonoooooQQQQQOOQ00.000000900'QO000000.0OQOQQQQOQQQQQQQ.QQ.Q.QQQQOQQQQQOQQQQQQQQQQQQQQQQ.Q.O
THE FOLLOWING NODES wILL NOT BE CONSIDERED AS PUTENTIAL FACILITY SITESS )
5=SP+ 8=NGe 9=-NEs 12-SP»
.........Q.......Q...Il.i..........QQ..OQQ..'.’..............................................Q’...............
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING UDEMANDS3
) 8s 32y 200 239 26+ 28»
THE FACILITY LOCATED ATt 2% CAN COVFR 1+Z FOLLUWING DEMANDS:
139 21s 35,
THE FACILITY LOCATED ATt 14 CAN COVER THE FOLLUWING DEMANDS?
Ay 14y 22y 23
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWIMNG DEMANDS?
3y 18y 260 29
THE FACILITY LOCATED AT! 7 CAN COVER THE FOLLUWING DEMANDS?
2y 69 Ty 9¢ 100 199 249 27

DEMAND POINT CAN BE COVERED BY FACILITIES AT:

1 ) )

2 T

3 1d»

4 14y

S N01CURRENY FACILITY LOCATION
(] ’

7 T ) -

8 1y

9 T

10 T -
11 NO CURRENT FACILITY LOCATION
12 le v,
13 259 N
1% 14, R
1S NO CURKENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 18,

19 Te

20 | ¥
21 25

22 14,

23 1v 14y

24 T

25 25

26 - ls 18

27 T

28 | ¥

29 109 -

30 NO CURRENT FACILITY LOCATION

FIGURE 17

(continued, page 11) .
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1 TERATION NUMHER,

FIGURE 17

(continued, page 12)

THIS 1S EXAMPLE NUMBER FOUHR~NETWORK

NUMBER OF FACILITIES &

30 . ND CURRENT FACILITY LOCATION'

156

—me

SERVICE DISTANCE = 75.000
NEW FACILITY LOCATION NUMBER 2
FACILITIES ARE LOCATED AT le 259 14 18y T
- S G D D R ge O R G0 50w n On 5P W W &S o8 @ & W o oas wsedgneaessneeaneee
POPULATION SERVED 502.00 PERCENT OF TOTAL POPULATION SERVED
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING DEMANDS!?
o N Bs 12« 20+ 239 26+ 28y
THE FACILITY LOCAYED ATt 25 CAN COVER THE FOLLUWING ODEMANDS!
13y 21y 25
THE FACILITY LOCATED ATt 14 CAN COVER THE FOLLUWING DEMANDS!
4y 4y 22y 2y
THE FACILITY LOCATED AT: 18 CAN COVER THE FUOLLUWING ODEMANDS!
3. 18y 26y 299
THE FACILITY LOCATED AT! T CAN COVER THE FOLLUWING DEMANDS:
2y 69 Te 9y 100 199 244 27y
THE FACILITY LOCAYED AT! 2 CAN COVER THE FOLLUNWING ODEMANDS?
2 Se Te Se 150 24
OEMAND POINT C:N BE COVERED BY FACILITIES AT:
1 ’
2 Ty 2
3 18¢
4 14,
5 29
6 Te
1 T 29
. 8 ) K
9 Te 2e
10 T ’ ,
1l _ NO CURRENT FACILITY LOCATION
12 1o "
1y 25
14 . 149
15 ) 29
16 NO CURRENT FACILITY LOCATION
17 NO CURRLNT FACILITY {OCATION
18 18y
19 Te
20 b
4| 259
22 14y
23 : 1o 14y
24 To 2
25 25
26 19y 180
27 Ty
28 X
29 8¢ .

92.92
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THIS 1S EXAMPLE MUMBER FOUR=NETWORK

FACILITIES ARE LOCATED AT s 259 14y 18y Te 2

PRIMARY DISIANCE a 75.00

SECONDARY DISTANCE =100.00

9 00000000E0800800000800N0N0EWINNENNENaeRestePatoeRaNNonaElontqEItslicaatticloacionEa]eiaciannianconicnataasesanss.
. *PRIVARY®SECONDARY*POPULATIOR®PCPULATION®LARGEST»® SHT.OISTIWT.DIST. ®WT.DIST® TOTAL ©

PARTITION®FACILITY®SERVED ® SERVED @ OUTSIDE * IN *TRAVELED® NODE ®PRIMARY?SECONDARY®QUTSIOE®WEIGHTED®

NUMBER ® NUMBER ® POP, ® POP, SSECONDARY ®PARTITION ¢DISTANCE®NUMBER®COVEREDY® COVERED ®PRIMARY®DISTANCE®

1 1 115.00 0.0 0.0 115.00 7440 23 4310.0 0.0 O. 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 46.00 69.0 22 2133.0 0.0 0. 2133,
a 18 85.00 0.0 0.0 85.00 64.0 23 3790.0 0.0 Q. 3790,
S 7 103.00 0.0 0.0 103.00 119.0 30 3260.0 0.0 0. 3260.
(.} 2 96.00 10.00 10.00 116.00 101.0 11 3564.0 770.0 1780. S344.
0000000000000 0000N0EEe000000000000000RT R00PalE0RNEnccaccitns Iatettetitoniertcottfitaccnetirnenccaenanassennnel
$02.00 30.00 10.00 S%2.00 19187.0 2610.0 3620, 22807,

PARTITION 1 FACILITY 1
ee 1 0= 0.00® 8 D= 51.0°° 12 D= Sa,00% 20 D= 38,008 23 D= TA.00* 26 0= 16.0

» 28 D= Te00e

PARTITION 2 FACILITY 25 -

ee 13 D= 4b6,0°* 16 D= 92.,0°® 2] D= S52.0°* 25 D= 0.00e
PARTITION 3 FACILITY 14 _ .
*e 4 D= 61.0°* 14 D= 0.008 22 p= 69,08
PARTITION & FACILITY 18 ) :

ee 3 Dz 62.0% 18 D= 0,00% 29 Da G64J0%® )
PARTITION & FACILITY 7 RS . ) .

L 6 Dz 060 0¢e 7 O= 0.0°% 10 D= 47.0%° 19 D» S9,0e8 27 D= 49.0%* 30 o= 119.0

PARTITION & FACILITY .2 4 ) ) -
e® 2 Da  0.0° 5 D= 37.0% 9 D= “60.,0%*- 11 D=_101.06¢ 15 D= Sl.0e* 17 U= 77.0

® 24 D= 33.0°°

FIGURE 17

(continued, page 13)
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ITERATION NUMBER»

2

- FIGURE 17

(continued, page 14)

THIS 1S EXAMPLE NUMBER FOUR=NETWORK

NUMBER OF FACILITVIES

SERVICE DISTANCE

?
75.000

NEW FACILITY LOCATION NUMBER 11

158

FACILITIES ARE LOCATED AT ) 259 14y 18+ To 4] 11
- € s wn s E W o - - ---’-..
POPULATION SERVED 522.00 PERCENT OF TOTAL POPULATION SERVED , 96.41
- O G e 9 T U5 6D gn OF B S o0 - - - - - ------q---------------------.
THE FACILITY (OCATED AT! ] CAN COVER THE FOLLUWING ODEMANOS?
le 8e 124 20+ 234 26y 28y
THE FACILITY LOCATED ATt 25 CAN COVER THE FOLLUWING DEMANDS
13¢ 21¢ 25
THE FACILITY LOCATED AT: 14 CAN COVER THE FOLLUWING DEMANDS
Ay 14y 32+ 23y
THE FACILITY LOCATED AT: 18 CAN COVER THE FOLLUWING DEMANDS?
3y 18y a0¢ 29 .
THE FACILITY LOCATED AT! 7 CAN COVER THE FOLLOWING OEMANDS?
F{) 6 Te Yy 10s 199 24¢ 27 '
THE FACILITY LOCATED AT! 2 CAN COVER THE FOLLUWING OEMANDS!?
2 Se Te 99 15v 24y
THE FA?ILIT:1L0CATED ATt 11 CAN COVER THE FOLLUWING DEMANODS?
Se le ’
DEMAND POINT CAN BE COVERED BY FAGILITIES AT!
| 1e
4 T FO
3 16y
4 14
S 2¢ 1l
6 T '
7 T 2y
8 e
9 Ty 20
10. . . Te
11 ) §
) le
13 259
» 1) L
15 2y 3
16 . NO CURRENT FACILITY LOCATION
17 11e
18 18¢
19 T
20 ) O
21 259
22 14
23 . Is 14
24 Te F)
25 25
26 . de 18¢
27 , e
28 R
29 16.

3 NO CURRENT FACILITY LOCATION



THIS 1S EXAMPLE NUMHBER FOUR~NETWORK

FACILITIES ARE LOCATED AT ls 25Ss 1% 1¥e Te 2 1d»
PRIMARY DISTANCE 3 75.00
SECONDARY DISTANCE =100.00
oool0.00...oo.oooo.oo00000oo0000000000000000000900Q000000.00.Q.QC.QIQ.Q..000.00000,0000000.0000D.0.00Q.....Q...
. #PRIMARY®SECONDARY ®POPULAT ION®POPULATIONSLARGEST 0@ ONT.DISTIMT.OIST. SWT,DIST® TOTAL ¢
PARTITIGN®FACILITY®SERVED ® SERVED ® OUTSIDE * IN ®TRAVELED® NODE ®PRIMARYYSECONDARY®OUTSIDESWEIGHTED®
NUMBER @ NUMHBER ® POR, ® PUP. #SECONDARY ®PARTITION ®DISTANCE®NUMHER®COVEREDY CUVERED *PRIMARY®DISTANCE®

1 1 115.00 0.0 0.0 115.00 T4.0 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. a9To.
3 14 48.00 0.0 0.0 48.00 69.0 22 2133.0 0.0 0. 2133.
L) 18 85.00 0.0 UeD 85,00 64.0 29 3790.0 0.0 0. 3790.
S 7 103.00 0.0 0.0 103.00 119.0 30 3260.0 0.0 0. 3260.
) 4 96.00 0.0 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 $50.0 0.0 0. 550.
0000000500800 0000000000R0R0RR0E0N0N000E00000FR000E00000ER0R0RERNTR000RNN0RANEINRRlRENcaNssEEsaResnRassRsRORRS
522.00 20,00 0.0 542.00 19737.0 1840,.0 1840, 215717,

PARTITION 1 FACILITY 1
bkl 1 O= 0,00 8 Da 51.0°0 12 pe= 54.0%" 20 D= 238.0e¢ 23 D= T4.0%® 26 B= 16.0

® 28 D= 7.0%*

PARTITION Q@ FACILITY 25 :

®e 13 D= &6, 0°* 16 D= 92.0%* 2] p= 52.0¢* 25 D= 0,00e
PARTITION 3 FACILITY 14 -
on 4 D= 61,0°% 14 D= 0.0%® 22 D= 6Y.0e°

PARTITION A FACILITY 18 i

oo 3 D= o2.0%¢ 18 D= 0.0 29 pn 4,00

PARTITION B FACILITY 7 ’ .- . T
e 6 0= 60,0®° 7 D= 0.0°® 10 D= 4T7.0°* 19 D= 59,00 27 D= 49.0°¢ 30 és 119.0°

PARTITION & FACILITY 2 - . ’

oe e D= 0.00e S D= 37.00¢ 9 D 60.00® 1S Dn- S1.0¢® 24 Ds 33,00
PARTITION 7 FACILITY 11 i -
se 1] Da 0.00® 17 D= S5,0% ) i

FIGURE 17

(continued, page 15)
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JVERATION NUMBER,

NUMBER OF FACILITY
SERVICE DISTANCE

FIGURE 17

‘(continued, page 16)

3
TH1S 15 EXAMPLE NUMBER FOUR-NET!ORK

1ES

-]
75.000

NEW FACILITY LOCATION NUMBER 13

FACILITIES ARE LOCATED AT 1y 25¢ 149 169 T

2y

160

POPULATION SERVED
THE FACILITY LOCATED
| X 8y 12s 20y
THE FACIL1TY LOCATED
139 2)s 25,

THE FACILITY LOCATED
4y 14y 224 2
THE FACILITY LOCATED
3¢ 18y 264 29
THE FACILITY LOCATED
2 6 Ty 9
THE FACILITY LOCATED
2¢ Se T D
THE FACILITY LOCATED

Sy 1le 17y
YHE FACILITY LOCATED
139 169 214 259
OEMAND POINT

1 | ¥
2 Ty
J 19y
4 14,
S 2
6 L
7 T
8 ) X
9 T
10 T
11 11
12 1e
13 A+ 1)
14 ' 149
15 . )
16 139
17 11y
18 18¢
19 Te
20 |
21 25
22 14,
23 1l
24 Te
25 25
26 B T
27 T
28 1)
29 18e

542.00 PERCENT OF

TOTAL POPULATION SERVED

100,90

Ll YY)

AT?
23y
ATS
ATS
AT
AT?
109
ATS
15
AT

Al

11
2¢

13

i

1 CAN COVER THE FOLLUWING
26y 29y
25 CAN COVER THE FULLUWING

14 CAN COVER THE FOLLUWING
18 CAN COVER THE FOLLUWING
7 CAN COVER THE FOLLUWING
199 249 27
2 CAN COVER THE FOLLUNING
24y
11 CAN COVER THE FOLLUWING

13 CAN COVER THE FOLLUWING

CAN BE COVERED BY FAGILITIES AT!S

130,

+
,
14y .

2
13
18+

-

30 NO CURRENT FAC!LI?Y LOCA!ION

DEMANDS!?
DEMANDS !
DEMANDS?
DEMANDS!
DEMANDS!?
DEMANDS?
DEHANDS?
DEMANDSt



THIS 3S EXAMPLE NUMBER FOUR-NETWORK

FACILITIES ARE LOCATED AT

PRIMARY DISTANCE

= 75.00

SECONDARY DISTANCE =2100.00

.....Q.QQ.Q.................................'...........Q......’..................?.............................l

SUTDISTIWTLOIST. *WT.DIST® TOTAL &

PARTITIONSFACILITY®SERVED ® SERVED

25+ 14

13 T 29 11,

13

SPRIMARY®SECONDARY*POPULATION®POPULATION®LARGESTy®
® QUTSIDE IN

0.
0.
0.
Oe
0.
O
0.
0.

C.

STRAVELED® NODE *PRIMARY?SECONDARY®QUTSIDESWEIGHTED®

4310.

520.
2133,
3790.
3260.
3564,

5$50.
13204

19447,

NUMBER ® NUMBER ® POUP. ® PuUP. #SECONDARY *PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED *PRIMARY®DISTANCE®
| 1 115.00 0.0 0.0 115.00 74.0 23 4310.0 0.0
2 25 20.00 0.0 0.0 20,00 5240 21 520.0 0.0
3 14 48,00 0.0 0.0 48.00 69.0 22 2133.0 0.0
4 18 85.00 0.0 Va0 85.00 64.0 29 3790.0 0.0
S 7 103.00 0.0 0.0 103.00 119.0 30 3260.0 0.0
6 2 96.00 0.0 0.0 96.00 60.0 9 3564.0 0,0
-7 11 20.00 0.0 0.0 20.00 $5.0 17 550.0 0.0
. 8 13 55.00 0,0 0.0 55.00 60.0 16 1320.0 0.0
Y I Iy Yy Yy Y Yy Yy Y Y Yy X Y Y Y Y Y I Y Y Y Y Y Y Y XY R I Y Y Y Y Y X Y Y YYYYYYYIAIIYYYY XY
542,00 0.0 0.0 542,00 19447.0 0.0
PARTITION 1 FACILITY 1
o® 1 D= 0.0%® 8 D= Sl.0%® 12 D= 54.0°® 20 D= 38.00® 23 Ox Té,08e 25 U= 16.0
& 28 D= 7.0%®
PARTITION 2 FACILITY 25
es 21 0= S52.0°% 25 D= ,
PARTITION 3 FACILITY 14 L
e 4 Da 61.0°% 14 D= 22 D= 69.00° ¢
PARTITION & FACILITY 18 - . .
ee 3 Da 62,0 18 D= 29 D= 6G4.00® ]
PARTITION & FACILITY 7 - - N . .
e 6 Dz 60,00 7 0= 10-D= 47.0°* 19 D= 59,088 27 D= .-49.0¢¢ 30 8= 119.0
PARTITION &6 FACILITY e - ' ‘ N :
LA 2 D= 0.08e S O= 9 D= 60.0%® )15 D= S1l.008 24°0m 33.08e
PARTITION T FACILITY 11 - .
s 11 D= 0.0%® 17 D= -
PARTITION 4 FACILITY 13
®e¢ 13 D= 0,0** 10 D= .

COVERRAGE CANNOT HE CHANGED BY ADDITIONAL FACILITIES
THIS SOLUTION WAS GENERATED MY THE GAS ALGORITHM - .

FIGURE 17

(dbptiﬁued, pgge‘l7)'
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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) 1t is W1th1n 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, theEELE 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 elevatlon data.
The elevation data 1s glven right after the second master ﬁ

control card. A format summary is given for elevation data

-l62.
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cards in appendix D.

There must be one elevation data card for eaca 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
inereasing 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 chanéing the elevation para-
meter ELE to a value of one and including elevation data in
the master data deck, it is now necesaary 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 dare called IALT1 and IALT2 and are defined
in appendix A. Since the IALT1 parameter is utilized enly
when the problem is defined on a plane we will Kkeep 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 servedxby 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 shoﬁld
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 staﬁistics 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 (ox
blank). The EMAXL parameter should be set at 200. The‘EMAXS
parameter should be set at a value of -300 (see appendik 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 ICO& ét one in order to increasé covering information
given at each solution. Thus the second probiem card contains
the values displayed in table 26.

After the second problem\control card, Fhe constraint
cards should be given in the manner desgribediin,problems tﬁréé
and four. The first constra?nt*cérd 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 cﬁrds 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 shoufd
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 thé end
of the deck, two blank cards should be added. Figure 21
gives a listing of the data deck necessary to solve both examplés
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.



TABLE 23
ELEVATION DATA

ELEVATION

100
"275
1000
650
300
400
950
980
150
800
700
550
. 600
1200
900
200
300
400
200
600
650
1100
a50
109
350
75
400
500
1000

750
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parameter
Name

TABLE 24

FIRST MASTER CONTROL CARD

FOR NETWORK PROBLEM FIVE

Assumption

Assigned
Value

167

Card Column(s)
Containing Value

IPTS

IDEM

NETWOR

WEIGHT

IDIST

IFSAP

Number of nodes
in network

Must equal IPTS
for network
problems

Must equal zero
for network
problems

Value of one
signifies net-
work problem

value of one sign-

30

'30

0, blank

ifies population valueg

will be given

value of zero signifies
distance matrix will

not be printed

value of zero signi-
fies that statistics

output will not be
printed

0, blaqk

¢

0, blank

4 and 5
? andrlo
15
2

25




Parameter
Name

TABLE 25
SECOND MASTER CONTROL CARD

FOR NETWORK PROBLEM FIVE

Assigned
Assumption Value

168

Card Column(s)
Containing Value

lll-—illr'

ARCS

RECT

ELE

CONS

IPOL

IALT?

IALT2

GAS

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

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

When elevation data 1
is given, value should
be set at one

Value of zero signi- 0
fies no special con-
straint features are
selected

Value of zero signi- 0
fies that political

data will not be

given

For network problem 0
value should be set

at zero when eleva-

tion is given

Value of one signi- 1l
fies that elevation con-
strainst will be imposed
on coverage

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

10
15
20,
25
30

'35

40
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TABLE 26
SECOND PROBLEM CONTROL CARD
FOR NETWORK PROBLEM FIVE

Parameter Assigned Card Column(s)

1lll S g —— 0Nl —iNg—n—s IIIF—V

Name Assumption Value Containing Value
IP Must equal largest 10 4 and 5
number of allowable
facilities
S Maximal Service 75. 6--1%
Distance
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

value of largest elev- =300. 36-45
ation difference down
to facility (negative)

:

CONS Value of one means 1l 55
special constraints
will be given

Icov Value of one means 1 60
zZero—-one cover matrix
will be given

ILIST Value of one means 1l ,65
coverage listing will
be given
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FIGURE 18
CONCEPTUAL FORM OF A CARD DECK,
CONTAINING ELEVATION DATA

i

4 two blanl

cards

/ [l
yd constraint ca:
: . B second problem
l/,‘/r - ’ <= control card
je— first problem
;// control card
Z ‘ » NE /< arc data

population data

t

. ,)ZL elevation data
T «——— second master control card
’ « first master control card
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FIGURE 19
LISTING OF NETWORK PROBLEM F:IIVE DATA DECK

30 30 ) | ) |
] ) | | |
1 v 100
e 275,
3 1000.
4 6500
- 3o00.
6 400,
7 950,
8 980,
9 150
10 800,
1 700.
12 850,
13 600.
14 1200
15 900.
16 © 200 ,
17 300.
18 400.
19 200,
20 ‘6004
2l 650,
22 1100,
23 950,
24 100,
25 350,
26 15,
27 400,
28 500,
29 1000,
30 150.
| 10,900
Y 20,00
i ) 25.00
4 . 18,00
-3 12,00
é 23,00
7 43,00
8 30,00
J9 T ,24.00
10 15,09
-1} 10,00
) 1 20,00
13 35,00
14 ’ 15,00
15 20,00
16 20,00
37 10,00
18 25,00
19 35,00
20 15,00
1 10.00
22 15,00
23 10,00
28 20,00
25 10,00
26 20,00
27 L1000

28 10.00
.
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FIGURE 19

(continued, page 2)’

29 35,00

‘30 15,00
90
1 26 16,
2 a0 Te
3 26 a8 15.
4 1 20 38,
s 20 a8 3.
6 8 28 A8,
7 8 30 8l.
8 4 20 100,
9 12 30 6%
10 4 X2 90,
11 4 23 1.
12 4 14 el

14 14 22 69,

20 18 22 12A.
21 3 22 105

23 18 36 67,
24 1 18 18,
25 3 18 63,
26 3 6 56,
27 3 20 40,
26 10 18 9.
29 18 239 6A,
30 20 a9 11,
31 10 ay 9.
32 21 29 Se.

36 19 21 3.
3s 10 2ar st
36 T 21 A%
371 24 31 65,

36 71 10 A7,
39 9 10 8t
. 40 6 10 ad.
41 6 17 104,
42 6 9 6l..
43 1 9 676
44 =7 z‘ 46,
45 (] 24 60.
46 2 2+ 3
47 e 9 60.
40 9 17T 56,
49 2 11 1.
s0 11 17 S5,
s1 2 11 10l.
52 5 11 6%,
53 2 s 3T.
54 S 15 1%
sS8 2 15 5l
6 )5 3¢ 8%,
s7 19 3+ 13,
S8 19 a0 60,



. 89
60
61

63
64
65
66
67
68
69

71
12
73
74

76
17
78
79
80
- 81
82
83
04
85
86

er '
.

- 88
89
", 90
THIS
10

12
19
26
20

(continued, page 3)

RLE NUMBER FIVE-NETWORK

29 #0
16 0
25 30
13 16
16 a5
13 3l
13 a5
21 as
8 25
25 39
s 17
5 9
2 7
7 6
19 10
3 a7
I Y ¢
3 a9
18 21
21 30
16 2al
8 186
7T 19
4 22
20 a3
18 30
12 36
1 8
12 38
20 26
1 29
8 a9

IS EXAM
75,00
2

FIGURE 19

5%
106,
76.
118.
69,
Si.
6l
53,
93.
3107,

100400

«300¢

173



POPULATION DATA

10.* 4 18. 7 3. 19 15.% 13 35.% 16 20.° 19 35.° 22 15.* 25 10, 28 10,0

20.¢ S 12.* 8 30.* 11 10.% 34 15.* 17 10.* 20 15.¢ 23 1C.* 26 20.* 29 35.0

25.¢ 6 23.% -9 - 28.* 12 20.® 15 20.* 18 25.¢ 21 10 24 20.% 27 10.* 30 15,0
FIGURE 20

- NETWORK PROBLEM FIVE OUTPUT

LT



"INPUT ARC TNORHATION 1S AS FOLLOWS
FROM ugos TO NOOE UISTANCE
26

'

ARC NO.

wanrey . ; @
w‘(’-‘g‘Ui':ﬂ:S:!%!:;:;:;s:s;::::;:;.“““'u'“'u'ﬁ'“'“'“'h’“'“'“’“’“.h'“’“'“'--.-”-
» CDC'C'UCFU|0Id'“-‘CD¢i¢'MCFU|0'hlh!-'¢i¢iﬂl~lO‘;“:::;;:::;‘,cl-ﬂﬂ‘uh’Cﬂ|‘
[ ]

FIGURE 20

(continued, page 2)

1
a6
)|
20
]
8
4
12
4

‘/

4
14
14
22
12

- . h
RUNUNSNONNECN OO0 C~

N s o s
XX AT

28
28
20
28
r{]
20
20
20
12
23
14
23
ee
23
a3
a2
12
18
e2
22
26
26
16
18

o
10
18
a9y
29

- a9

29
29
21
21
a1

21

10
10
10
17

164000
7.000
15.000
36.000
37.000
48,000
81.000
100.000
65.000
90,000
70.000
61.000
75.000
69.000
60.000
204000
58.000
54000
864000
124000

* 105.000

41,000
67.000
78.000
620000
564000
46.000
93.000
64.000
77.000
94.000
53.000
79.000
36.000
57.000
49.000
85.000
47.000
87.000
34.000
104.000

61.000°

67.000
46.000
60.000
33.000
60.000
56.000
Tlet ¢
88%eivy
101.000
69.000
37.000
19000
58,000
84.000
73.000
60.000
83.000

175



60
6l
62
63
64
65
66
67
68
69
70
71

13
T4
5

17
T8
79
a0
8l
82
83
84
es
86
<87
88
89
90

FIGURE 20

(continued, page 3)

16
25
13
16
13
13
a1

CWWwO~NNWWY

30
30
16
25
2l
25
s
25
29
17

10
27
12
29
27
30
2l
18
19
22
23
20
26

a8
26
29
29

58.000
120.000
66.000
92.000
60.000
46.000
53.000
106,000
147.000
74.000
924000
66.000
60.000
79.000
78.000
137.000
92000
94.000
70.000
1264000

* 1084000

59,000
106.000
76,000
118.000
69.000
531000
61.000
53.000
93.000
107.000

176
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FIGURE 20

(continued, page 4)

SUBPROGRAM HATBLD HAS BEEN CALLED YO GENERATE A COVER MATRIX
THE MAXIHUM OISTANCE/TIME OF 75.00 HAS BEEN UTILIZED
ELEVATIONS ARE ALSO UTILIZED IN DEVELOPING THE COVER MATRIX
THE LARGEST ELEVATION DIFFERENCE DOwN TO A FACILITY IS 20040
THE LARGEST ELEVATION DIFFERENCE UP TO A FACILITY IS 300.0
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-FIGURE 20

(continued, page 5)

100000000000000000000000010000
010010000000000000000001000000
001000000100000000000000000000
000)00000000000000000010000000
0)0010000000000010000001000000
000001000000000000000000000000
000000100100000000000000000000
000000010000000000000000000000
000000001000000000000000000000
001000100100000000000000000000
000000000019000000000000000000
000000000001000000010000000100
000000000000100000001000000000
000000000000010000000100000000
000000000000001000000000000000
000000000000000100000000000000
000039000000000010000000000000
000000000000000001000000000000
000000000000000000100001001000
000)00000001000000010000000100
00000000000010:000001000000000
000000000000010000000110000000
00000000000001J000000110000000
010010000000000000100001000000
000000000000000000000000100000
100000000G600Vy0000000000010000
000000000000%00000100000001000
0000G6000000)000000010000000100
000000000000000000000000000010
000000000000000000000000000001

CAN RE SERVED BY 1
CAN Bt SERVED BY 26
CAN pE SERVED BY 2
CAN RE SERVED BY 5
.C¢tn BE SERVED BY 24
CaN RE SERVED BY 3
CAN BE SERVED BY 10
CAN RE SERVED HY .
CAN RC SERVED BY 23
CAN RE SERVED BY 2
CAN RE SEHVEL BY 5

CAN Rl SERVED 8Y 17
CAN R{ SLRVED BY 24

CAN pt SERVED BY o
CAN pt SERVED BY 7
CAN R{ SERVED BY 10
CAN Rf SERVED BY 8
CAN SERVED BY 9
CAN fE SEHVED BY 3
CAN AT SERVED BY 7

- s o
COOCODONNARPRAVRNNS S WWNNN -

CAN BE SLRVED BY 10

11 CAN/RE SERVED HY 11
12 CA{ RE SERVED BY 12
12 CAY RE SERVED BY 20
12 cat RE SERVED BY 28
13 CAN RE SERYVED BY 13
13 J4R RE SERVED BY 21
14 CAN RE SERVED BY 14

14 CAN RE SERVED 8Y 22
1€ CAN RE SERVED BY 15

178



(continued, page

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN

FIGURE 20

’

i

SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVLD
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED
SERVED

> SERVED

SERVED
SERVED
SERVED

179

6)

16

17
18
19
24
27
12
20
2b
13
21
14
22
23
14
22
23

14
24
25

26
19
27
12
20
rd]
29
30



2060000000080 080000U0NI0EINEE000RN0E0NIECONOPOtlNNNNRNNNRNENNSNONNRRNNNRNEN00000ARE00RL00000RL0E000R0R00000S
INITIAL STARTING INFORMATION
NOOES WHICH ARE AUTOMATICALLY ALLOCATED AN UNCHANGEABLE FACILITY ARES

20 1

THIS SET OF FACILJTIES SERVES .
.ooo-.ooooooo.ooo.o00000000ooo.....o.9.0.QoOQ.OOQ0.0..0.....00.0l0.00.0000000.!00.'0000000..000...0000...0..0.

TME FOLLOWING NODES WILL NOT BE CONSIDERED AS PUTENTIAL FACILITY SITESS

S= 8-

1 4

12= »

19=

26~

75,00 OUT UF A TOTAL POPULATION OF 580.09 PERCENTAGE = 12.93

....0.........0000...........0........0......0....0.......0...0......................0.......................6

THE FACILITY LOCATED AT:

12+ 20y a8y

THE FACILITY LOCATED AT:

l1e 26+
DEMAND POINTY

CONIWVNIUWN-

1 CAN COV

20 CAN COVER THE FOLLUWING DEMANDS?

ER THE FOLLUWING DEMANDS!?

CAN BE COVLHED BY FACILITIES AT:

1l
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURHENT
NO CURRENT

20»
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

20
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

1y
NO CURRENT

20y
NO CURRENT
NUO CURRENT

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILIYY
FACILITY
FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY
FACILITY

LOCATION
LOCATION
LOCATION
LOCATION
LtOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

LOCATI1ON
LOCATION
LOCATIUN
LOCATION
LOCATION
LOCATION
LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

LOCATION
LOCATION

FIGURE 20 %

(continued, page 7)

08T
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FIGURE 20

(continuéd, page 8)

JTERATION NUMBER, 1
THIS IS EXAMPLE NUMBER FIVE=-NETWORK

NUHBER OF FACILITIES 3
SERVICE OISTANCE = 75.000

MEY FACILITY LOCATION NUMBER
FACILITIES ARE LOCATED AT 20y

¥

24

249

. POPULATION SERVED 162400

PER

CENT OF TOTAL POPULATION SERVED 27.%3

wda

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLUWING DEMANDS?

120 204 28y

THE FACILITY LOCATED AT 1 CAN COVER THE FULLUWING DEMANDS!

e 269
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING DEMANDSS
F-O S¢ 190 24
DEMAND POINT CAN BE COVEHED 8Y FAOILITIES aT3
| | )
2 24
3 NO CUHRENTY FACILITY LOCATION
4 NO CURRENT FACILITY LOCATIOY
$ 24
6 NO CURRENTY FACILITY LOCATION
7 NO CURRENT FACILITY LOCATION
[ ] NO CURRENT FACILITY LOCATION
-9 HO CURRENT FACILITY LOCATION
10 NO CUHRENT FACILITY LOCATION
11 NO CURKHENT FACILITY LOCATION
12 20y
13 NO CUHRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NU CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION
19 2h
20 200
21 NO CURRENT FACILITY LOCATION
22 NO CUKRENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 24
:: NO CURKENT FACILITY LOCAYION
|
. 27 NO CURRENT FACILITY LOCATION
28 204
29 NO CURMENT FACILITY LOCATION -
30 . NO CUHRRENT FACILITY LOCATION



JTERATION NUMBER,

'FIGURE 20

182

(continued, page 9)

THIS 1S EXAMPLE NUMBER FIVE-NE"ORK

NUMBER DF FACILITIES 4
SERVICE DISTANCE = 15,000
NE¥ FACIL1ITY LOCATION NUMBER 10
FACILITIES AHE LOCATED AT 205  lv 24+ 100
e e L L L L DL L Lol - - Y] s gy Y LT T T T L DL L Sl
POPULATION SERVED 245.00 PERCENT OF TOTAL POPULATION SERVED 42,34
P Y e iebbakebabadndadedadd Py T oy T psrser e e DL L P UL L Lo L 1 coaa®
THE FACILITY LOCATED ATt 20 CAN COVER THE FOLLOWING DEMANDS:
12¢ 20, a8,
THE FACILITY LOCATED AT! 1 CAN COVER THE FULLUWING DEMANDS:
le 269
THE FACILITY LOCATED ATt 24 CAN COVER THE FOLLOWING DEMANDS?
2 S5¢ 19, 24y
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDS!
3 Te 10,
DEMAND POINT CAN BE COVERED BY FAGILITIES Ay,
1 1)
2 24y
3 310,
4 NO CURRENT FACILITY LOCATION
S 24y
6 NO CURRENT FACILITY LOCATION
7 10y
8 NO CURKRENT FACILITY LOCATION
9 NO CURRENT FACILITY LOCATION
10 10y
11 NO CURRENT FACILITY roOCaTiON
12 20y
13 NO CURRENT FACIL1TY LOCAT]ION
14 NO CURRENT FACILITY LOCATION
15 NO CURHENT FACILITY LOCATJON
16 NO CURRENT FACILITY LOCATION
1 NO CURKENT FACILITY LOCATION
%8 NO CUKRENT FACIL1TY LOCATIUN
19 24
20 20
21 NO CURRENT FACILITY LOCATION
e2 NO CUHHENT FACILITY LOCATION
23 NO CURRENT FACILITY LOCATION
24 24y
F4-3 NO CURRENT FACILITY LOCATION
26 ) Y
27 NO CURRENY FACILITY LOCATION
28 20
29 NO CURRENT FACILITY LOCAZ 10N
30 NO CURRENT FACILITY LOCATION



FIGURE 20

(continued, page 10)

JTERATION NUMHBER, 3
THIS IS EXAMPLE NUMBER FlVE-NE?

183

13y 21 .
DEMAND POINT CAN BE COVERED BY FACILITIES AT!?
) 1o
2 24
3 10
4 NO CURRENT FACILITY LOCATION
) 24
[ 3 Ng CURRENT FACILITY LOCATION
, 7 O
8 NO CURRENT FACILITY LOCATION
9 NO CURKENT FACILITY LOCATION
10 10
11 NO CURRENT FACILITY LOCATION
12 20y
13 13,
14 NO CURK(HT FACILITY LOCATION
15 NU CUHKENT FACILITY LOCATION
16 NU CUKRENT FACILITY LOCAT]ION
17 NU CURNENY FACILITY LOCATION
18 NO CURKENT FACILITY LOCATYION
19 24y
20 20,
21 13
22 NUO CURKRENT FACILITY LOCATION
23 NO CURRENTY FACILITY LOCATIUY
24 24
:5 §O CURRENT FACILITY LOCATION
6 le .
27 NO CURKENT FACILITY LOCATION
28 20
29 NO CURRENTY FACILITY LOCATION
J0 NO CURRENT FACILITY LOCATION

WORK
NUMBER OF FACILITIES 5
SERVICE DISTANCE =  75.000
NEW FACILITY LOCATION NUMBER 13
FACILITIES ARE LOCATED AT 200 1 24y 10 13
POPULATION SERVED 290.00 PEMCENT OF TOTAL POPULATION SERVED . 50400
IHE FACILITY LOCATED ATt 20 CAN COVER THE FOLLUWING DEMANDS!
12+ 20¢ 48y
THE FACILITY LOCATED AT: 1 CAN COVER THE FULLUWING DEHANDS!
1v 2060
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING DEMANDS!
2 Sy 19y 24
_THE FACILITY LOCATED ATt 10 CAN COVER THE FULLUWING DEMANDS!
3 Te 10y
THE FACILITY LOCATED AT: 13 CAN COVER THE FULLUWING DEMANDS!
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184

FIGURE 20

(continued, page 1ll)

JTERATION NUMBER; 4
S 1S EXAMPLE NUMBER F1VE-~NETWORK

NUMBER OF FACILITIES 6 ‘
SERVICE DISTANCE = 75.000

NEW FACILITY LOCATION NUMBER 23
FACILITIES ARE LOCATED AT 20y I 24» 10 13, 23y

- @ e S T W Om 2 e e P O T P S T OB o e O O 0 0 T T D g R e P O O D G O D B 9D P e B D D D e 0 e O

POPULATION SERVED 333.00 PERCENT OF TOTAL POPULATION SERVED 57.41
.---------——--——----------------------------‘--——v---------—’-u-----------.-.--?--
THE FACILITY LOCATED ATt 20 CAN COVER THE FOLLUWING DEMANDS:?
12« 20, 28,
THE FACILITY LOCATED AT! 1 CAMN COVER THE FOLLOWING DEMANDS!:
Ie 26y
THE FACILITY LOCATED ATt 24 CAN COVER THE FOLLUWING DEMANDS?
29 Se 19, 24
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING ODEMANDS?
kI Ty 10
THE FACILITY LOCATED AT! 13 CAN COVER THE FOLLUWING DEMANDS!
13, 21 .
THE FACILITY LOCATED AT: 23 CAN COVER THE FOLLOWING DEMANDS!
4y 220 3y
DEMAND POINTF CAN BE COVERED BY FACILITIES AT?
1 |
2 24y
3 10¢
) 23,
S 24,
6 NO CURRENT FACILIYY LOCATION
7 10¢
8 NO CURRENT FACILITY LOCAT]ION
Q NO CURRENT FACIL1IY LOCATION
L'} 10
11 NO CURRENT FACILITY LOCAT]ON
12 20,y
13 13
14 NO CURKENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 NO CURRENT FACILITY LOCATION
19 24
20 20,
21 13,
ez 23
23 23
24 24y
25 NO CURRENT FACILITY LOCATION
26 |
27 NO CURRENT 1 ACILITY LOCATION
28 20y
29 NO CURRENT FACILITY LOCATION

30 NO CURRENT FACILITY LOCATIUN



JTERATION NUMHER,

]
THIS 1S EXAMPLE NUMBER FIVE~NETWORK
NUMBER OF FACILITIES

SERVICE DJSTANCE =

FIGURE 20

(continued, page 12)

7
75,000

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AY

POPULATION SERVED

THE FACILITY LOCATED

12+ 20, 28,

YTHE FACILITY LOCATED

le 26¢

THE FACILITY LOCATED

2 Sy 19

24

VYHE FACILITY LOCATED

3 T7¢ 10,

THE FACILITY LOCATED

13 21

VHE FACILITY LOCATED

4y 22¢ 2y

THE FACILITY LOCATED
CAN BE

29
DEHAND POINT

VOAOWNSWN -

ls
24y
10+
23y
249

NO CURRENT

10

NO CURRLNT
NO CURRENT

10+

NO CURRENT

20y
13,

NO CURKENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CUHRENTY

249
200
13
23y
23y
FZY)

AT:
AT3
AT1
AT
Al
AT?
AT

368.00
20 CAN
1 CAN
24 CAN
10 CAN
13 CAN
23 CAN
29 CAN
COVERED

29
1 240 10»

- Py

130

23

29

185

PERCENY OF TOTAL POPULATION SERVED

COVER THE FOLLOWING

COVER THE FOLLUNWING

COVER THE FULLUNING

COVER THE FULLUWING

COVER THE FOLLUWING

COVER THE FOLLUWING |

COVER THE FOLLUWING

8Y FACILITIES AT

FACILITY

FACILITY
FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

NO CURRENT FACILITY

|
NO CURRENT FACILITY

20y
29

1

NO CURRENT FACILITY

LOCATION

LOCATION
LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION

DEMANDS!?
DEHANDS:
DEHANDS?
DEHANDS!
DEMANDS?
DEHANDS!1
DEHANDS?

?
63.55



JTERATION NUMBEHRs

FIGURE 20

(continued, page 13)

THIS 1S EXAMPLE NUMBER FlVE-NEIUORK

NUMBER OF FACILIT
SERVICE OISTANCE

1ES

8
75

NEW FACILITY LOCATION NUMBER 18

FACILITIES ARE LOCATED AT 204

1

PERCEN? OF TOTAL POPULA?ION SERVED

24 10y

13 23y

29

186

jEppirsyr ppnpeppnpe Y T T L L L P

POPULATION SERVED 393.00
THE FACILITY LOCATED ATt 20 CAN COVER THE FULLUWING
129y 20y 28
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING
e 269
THE FACILITY LOCATED ATt 24 CAN COVER THE FOLLUWING
2 Sy 19y 24
THE FACIL1TY LOCATED ATt 10 CAN COVER THE FULLUWING
3 Te 10y
THE FACILITY LOCATELD AT: 13 CAN COVER THE FOLLONWING
13¢ 2)»
THE FACILITY LOCATED ATt 23 CAN COVER THE FOLLUWING
4y 22 a3
THE FACILITY LOCATEL ATt 29 CAN COVER THE FOLLUWING
29
THE FACIL1TY LOCATED AT: 18 CAN COVER THE FOLLUNWING
18¢
OEMAND POINF CAN BE COVERED BY FACILITIES AT
by
2 24y
3 10y
4 X1
-] 249
6 NO CURRENT FACILITY LOCATION
7 104
8 NO CURRENT FACILITY LOCATION
9 NO CURRENT FACILLTY LOCATION
‘10 10y
11 NO CURRENT FACILITY LOCATION
12 200
13 13,
14 NO CURRENT FACILITY LOCATION
15 NO CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURHENT FACILITY LOCATION
16 18¢
19 24
20 20y
21 13
22 239
23 23
24 22 ,
25 MO CURRENT FACILITY LOCATION
26 1
27 NO CURRENT FACILI‘Y LOCATION
28 209
29 29
30 NO CURRENT FACILITY LOCATION

DEMANDS?
DEMANDS?
OEMANDS?
DEMANDS?
DEMANDS?
DEMANDS?
DEMANDS?
DEMANDS!

67.76




I1TERATION NUMBENR,

FIGURE 20

(continued, page 14)

7
IN1S IS EXAMPLE NUMBER F1VE-NETWORK

NUMBER OF FACILITIES

SERVICE DISVANCE

9

75.000

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT

POPULATION SERVED

THE FACILITY LOCATEVL
l20 20' a8|

THE FACILITY LOCATED
iv 26y

THE FACILITY LOCATEV
ry Sy 19, 24

THE FACILITY LOCATED
3! 7' lo.

THE FACILITY LOCATED
13 2]

THE FACILITY LOCATED
4y 22+ a3y

THE FACILITY LOCATED

29

THE FACILITY LOCATED
18y
THE FACILITY LOCATED

AT1

AT?

AT?
AT
ATS
ATS
AT1
AT

ATS

20y 1o 241 10y

Qe

DEMAND POINT
1

417.00

20

1
24
10
13
23
29
18

9

CAN HE COVERED

1e
2 2589
3 10y
4 23
] 1Y)
6 NO CURRENT
7 104
] NO CURRENT
‘9 Y
10 109
11 NO CURRENT
12 209
13 13
14 NO CURRENT
15 NO CURKENT
16 NO CURRENT
17 NO CURRENT
18 18,
19 249
20 20y
21 13
22 231
23 23,
24 240
25 NO CURRENT
26 ) 1
27 NO CURRENT
28 20
29

29
NO CURRENT FACILITY

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN

CAN

13

23

29

18¢
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PERCENT OF TOTAL POPULATION SERVED

COVER THE FULLUWING

COVER THE FOLLUWING

COVER THE FOLLUWING

COVER THE FULLUWING

COVER THE FULLUWING

COVER THE FULLUWING

COVER THE FPLLUWING

COVER THE FOLLUWING

COVER THE FOLLUWING

FACILITY
FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY
FACILITY

BY FAGILITIES AT}

LOCATION
LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

LOCATION
LOCATION

LOCAT1ON

DEMANDS?
DEMANDS 1
DEMANDS
DEMANDS?
DEMANDS?
DEHANDS
DEMANDS?
DEMANDS?
DEMANDS?

7

71.90
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FIGURE 20

(continued, page 15)

ITERATION NUMHBEH,

[ ]
THIS 1S EXAMPLE NUHBER F1VE=NE TWORK

188

NUMBER OF FACILITIES 10
SERVICE DISTANCE = 715.000
NENW FACILITY LOCATION NUMBER 6
FACILITIES ARE LOCATED AT 20, le ZQ: 100 13 23 29 18¢ 4 L) 6
;;;G:;;;;;-;E;;E;-- 440.00 PERCEéT OF TOTAL POPUL;;;;;-;ERVED 75.;&
e PTTTIY Deciea AT B0 CAN COVER THE FOLLOVING DEMANDSI R
':E.Fkgg£1738EOCAIED AT 1 CAN COVER THE FOLLUNING DEMANDS!?
TN;.FAg?ilTV LOCATED AT: 24 CAN COVER THE FOLLUNING DEHANDS!?
lﬂg'FAC?:lf;QCOCi:éD AT! 10 CAN COVER THE FULLUWING DEMANDS?
INS.FACICIT:OLOCAIED AT: 13 CAN COVER THE FPLLUNING DEMANDS?
I;S.FAE=£IIY LOCATED AT: 23 CAN COVER THE FULLUNING OEHANDS
INE'FA2$LXI$3£0CATED ATI 29 CAN COVER THE FOLLUWING' DEMANDS!?
lﬁz'FAClLXTY LOCATED AT: 18 CAN COVER THE FOLLUWING OEMANDS?
lag'FAClLIIV LOCATED ATt 9 CAN COVER THE FOLLUWING DEMANDS?
Yﬁz'FAClLITY LOCATED ATt 6 CAN COVER THE FOLLUWING DEMANDS$

6
DEMAND POINT
1

CAN BE COVERED

B8Y FACILITIES AT

| 1
e 24y
3 10y
4 234
) 24y
6 O
7 10,
8 NO CURRENT FACILITY LOCATION
] 9 '
10 100
11 NO CURRENT FACILITY LOCATIOY
12 20
13 13,
14 NO CURRENT FACILITY LOCATION
15 NO CUKRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
16 14
19 24
20 20y
21 13,
22 23
23 23
24 260
25 NO CURRENT FACILITY LOCATION
26 Je
27 NO CURRENT FACILITY LGCATION
28 20y
a9 29
30 NO CURRENT FACILITY LOCATION
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FIGURE 20

(continued, page 16)

THIS 1S EXAMPLE NUMBER FlVE-NEfIORK

189

NUMBER OF FACILITIES 11
SERVICE DISTANCE = 75,000
NEW FACILITY LOCATION NUMBER 1s
FACILITIES ARE LOCATED AT 200 le 26: 100 13¢ 23 29 189 L 1) 69 15
- €D S WD Gv &0 W Gn me W W@ & = - -.---7..-..---.-----
POPULATION SERVED 460.00 PE#C&NT OF TOTAL POPULAT!ON SERVED 79.41
- D D S S G @b G s G0 T G W G0 08 @ & T Y LY L 1 ) -’.---------.---
THE FACILITY LOCATED AYS 20 CAN COVER THE FULLOHING DEMANDS ¢
j2¢ 20+ 38,
THE FACILITY LOCATED AT! 1 CAN COVER THE FOLLUWING DEMANDS!
1 26
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING DEMANDS?
2 5¢ 199 24
THE FACILITY LOCAYED AT: 10 CAN COVER THE FOLLUWING DEMANDS?
3 Te 10,
THE FACILITY LOCATED AT: 13 CaN COVER THE FOLLUWING ODEMANDS!?
130 21
THE FACILITY LOCATED AT: 23 CAN COVER THE FULLUWING DEMANDS1
Ay 22+ 2y
THE FACILITY LOCATED AT: 29 CAN COVER THE FULLUWING ODEMANDS!?
299
THE FACILITY LOCATED AT3 128 CAN COVER THE FOLLUWING DEMANDS!
18
THE FACILITY LOCATED AT 9 CAN COVER THE FOLLUWING DEMANDS!
9
THE FACILITY LOCATED AT: 6 CAN COVER THE FOLLUWING ODEMANDS!?
.Y}
THE FACILITY LOCATED ATt 15 CAN COVER THE FOLLUWING DEMANDS:?
15
DEMAND POINF CAN DE COVERED BY FACILITIES AT
1 1
r4 249
3 10y
4 23
) 24y
6 (1)
7 100
8 NO CURRENTY FACILITY LOCATION
9 Yo
10 100
11 NO CURRENT FACILITY LOCATION
12 20
13 13
l; HUO CURRENT FACILITY LOCATION
| 15
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 16¢
19 24
20 20
21 13
22 23
23 239
24 r{Y}
:z NOICURRENY FACILITY LOCATION
’
27 NO CURRENT FACILITY LOCATION
28 20 .
29 29
30 NO CUHRENT FACILITY LOCATION



FIGURE 20

(continued, page 17)
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1TERATION NUMBER 10
1THIS 1S EXAMPLE NUMHER FIVE-NETWORK
NUMBER OF FACILITIES 12
SERVICE DISYANCE = 715,000
NEW FACILITY LOCATION NUMUER 16
FACILITIES ARE LOCATED AT 20y 1 249 10 13 23y 29+ 16¢ Yo 6 15¢ 16¢
POPULATION SERVED 480,00 PERCEWT OF TOTAL POPULATION SERVED 82.70
THE FACILITY LOCATED AT: 20 CAN COVER THE FULLdHlNO DEMANDS?
129 20+ Qa8
THE FACILITY LOCATED AT } CAN COVER THE FOLLUWING DEMANDS!
le 260
YHE FACILITY LOCATEDL AT: 24 CAN COVER THE FOLLUWING DEMANDS?
r{) Se 19« 24
THE FACILITY LOCATED AT: 10 CiN COVER THE FULLUWING DEMANDS?S
3 7 10,
THE FACILITY LOCATED AT: 13 CAN COVER THE FULLUWING DEMANDS?
13¢ 21
THE FACILITY LOCATED AT1 22 CAN COVER THE FOLLUNING DEMANDS?
4y 22+ 23
YHE FACILITY LOCATED AT1 29 CAN COVER THE FOLLOWING DEMANDS?
29
THE FACILITY LOCATED AT? 16 CAN COVER THE FOLLUWING DEMANDS?
18+
THE FACILITY LOCATED AT 9 CAN COVER THE FULLUWING DEMANDS?
9
THE FACILITY LOCATED AT! 6 CAN COVER THE FOLLUWING DEMANDS!
.1}
THE FACILITY LOCATED AT® 15 CAN COVER THE FOLLUWING DEMANDS!?
159
THE FACILITY LOCATED AT: 16 CAN COVER THE FOLLUWING DEMANDS?
16+
DEMAND POINT CAN BE COVERED BY FACILITIES AT
1 1o
2 28y
k] 10
4 23
S 249
6 o
7 10 ,
8 NO CURNENT FACILITY LOCATIUN
9 L [
10 10
11 NO CURRENT FACILITY LOCATION
12 20y
13 13 '
113 NO CURNENT FACILITY LOCATION
15 15
16 1oy
17 NO CURRENT FACILITY LOCATION
18 1y
19 2%
20 20y
21 14¢
22 23»
23 23
24 24y
25 HO CURRENT FACILITY LOCATION
6 | X
27 NO CURRENT FACILITY LOCATION
28 209
29 29
30 NO CURRENT FACILITY LOCAYION

THIS SOLUTION WaS GENERATED

BY THE GAS ALGURITHM
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FIGURE 21

LISTING FOR MULTIPLE RUNS

3: 30 1
1 10.00
2 20,00
3 25,00
4 18,00
5 12,00
6 23,00
7 43,00
] 30,00
9 24,00
10 15,00
1 10,00
12 20,00
13 35,00
14 15,00
15 20,00
16 20,00
17 10,00
186 25,00
19 35,00
20 15,00
21 10,00
22 15,00
23 10,00
24 20,00
23 10,00
26 20,00
27 10,00
28 10,00
29 35,00
30 15,00
90
1 1 a6 16
2 1 a8 .
3 26 a8 lh.
4 1 20 3y,
5 20 28 2al.
6 8 28 48,
7 8 ao é6l.
8 4 30 100,
9 12 a9 64
10 4 12 90,
al 4 23 70.
12 4 14 6f.
13 14 23 15
14 14 22 &Y.
15 22 33 60,
‘16 12 33 20,
17 12 22 S8,
18 1 12 St
19 12 18 806,
20 18 22 124,
21 3 22 106,
22 8 a6 4l
23 18 26 61,
24 ) 18 4.
25 3 18 64.
26 3 6 56
217 3 10 40,



(continued, page 2)

‘FIGURE 21
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FIGURE 21

(continued, page 3)
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. PART THREE

THE GAS PROGRAM APPLIED TO PLANAR 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 nuinbered
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 iistanqe 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 viliage 1 from village 4 is:

ay,4 = V(xp-x) 2 + (v1-va)?
where

d1,4 = distance from village 1 to village 4.

(xl,yl) = coordinates of village 1.

(x4,y4) = coordinates of village 4.

thus
]

dy,q = i32-29)2 + (31-29) 2 =\(9+4 =13

dl’d = 3.61

-195-
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Suppose, we are interested in placing seQeral 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 daté 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’qut-x
put given in figure 24. Output from the GAS proérgm can be
divided into two parts. The first part specifies the data
that is actually used by the GAS program. This is repreéented
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 beagin 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 gsites. 1It 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 gx,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 11 of figure 24 gives statistics associated with
a facility located at area 2. Notice that the primary dis-
tance is 10, and the secdndary distance is 15. According to
the listing 4130 aré 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 partitior. 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 f:0 use. The next 55‘
cards give the (x,y) coordinates of each demand point. The
following 55 cards give the populatién 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 défined 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 pripted, and the facility
site analysis program is to be utilized at the end of each
iteration, DIST is set equal to dne and‘IFSAP should have a
value of one. For this problem, IPTS = IDEM = 55. When IPTS =
IDEM, the GAS program will expect IPTS boihts (x,y coordinates)
in the déta 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. Thgrefore, 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 f{i.e.
IPOL = 0, ELE = 0, CONS = 0, respectively). In addition,
elevations are not used in distance determination or cons-
traints (i.e. IALT1 = 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:

SZoosToo= TS —o=-—=
Integer field Real field Real field
L] " "
Index x - coordinate y - coordinate

The index must be right justified in the 4 digit fieid.
The x-coordinate is to appear in‘bolumﬂs 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, tpe popu-
lation cards are given. Each card has the population of a
given area. The orde; of,fhe areaé must be the ;ame as that of

the coordinate point information. .Each card has the following
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format:

_—— e = ———
Integer field Real field
n n
Index Population

The index must be right justified in the 4-digit field. The
population is to appear in columns 5-14 and must ihclude a
decimal point. The point and population cards comprise the -
master data set.

Tpe 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 readef
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. TheJ
second problem control card contains the values .given in
table 30. From the definitions giveﬂ in appendix A, the GAS
program is to locate up to 15 facilit;es. 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(sCcS). This distance is used only in
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generating the statistics output presented by FSAP. 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

ay Xy Y; i aix
710 32 31 28 60
620 29 32 29 60
560 27 36 30 60
390 29 29 31 60
350 32 29 32 50
210 26 25 33 50
200 24 33 34 50
190 30 35 35 50
170 29 27 36 50
170 29 21 37 50
160 33 28 38 40
150 17 53 39 40
140 34 40 40 40
120 25 60 41 40
120 21 28 42 40
110 30 51 43 40
100 19 47 44 40
100 17 33 45 30
90 22 40 46 30
90 25 14 47 30
90 29 12 48 30
80 24 48 49 30
80 17 42 50 30
80 6 26 51 30
80 19 21 52 20
70 10 32 53 20
60 34 56 54 20
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LISTING OF PLANAR PROBLEM ONE DATA DECK

OONORSWN -

a2,
‘a3

44

45
46
47
48
49
50
51
52
53
54
$S

1

2

3

FIGURE 23

710,
6204
560,

3.

3.
304
avi
ayi
3-8
34,
3.
27.
21,
283
XN
404
60,
283
544
Al
an
404
| LT
12,
40)
42
206,
2
3
504
'Y
k 1. 1Y
4l
I,
45,
45,
34,
F74)
254
160
YN
S5l
al,
&
Vs
Ive
32,
4l
304
263}
19,
143
193

24,
24,

s,

423
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FIGURE 23

(continued, page 2)

N ) 390.
s 3504
6 210¢
7 2004
8 190,
9 170,

10 170,
1! 160,
12 150.
13 140,
14 120.
15 120
16 110,
17 100
18 100,
19 90,

20 90,

21 90,

22 8o,

a3 80,

24 80,

25 ao,

26 70,

27 60,

20 60,

29 60,

30 60,

31 60,

32 S50,

33 50,

34 50,

35 50,

36 50,

37 50,

k1] 40,

39 40,

40 40,

4} 40,

42 40,

43 40,

44 40,

48 30,

46 30,

47 30,

48 30,

49 30,

50 30,

Sl 30,

52 20,

53 20,

54 20,

1) 20

L]
GAS PLANAR EXAMPLE UNE
‘s ‘ol IS‘.



POPULATION DATA

Py

710.00° 200,00 13 140,00* 19 90.00¢ 25 80,00

37 S0.09*

1 7 31 60,00 43  40.00° 49 30.00° SS  20.00e
2 620.00° 8 190.00¢ 1a 120.00% 20 90,00 26 70.00¢ 32 50,00 38  40.09° 44  40,00% 50  30.00e
3 560.00¢ 9 170.00% 15 120.00° 21 90.00® 27  60.00% 33 50.00% 39  40.09* 45 30.00® 51 30,00
% 390.00° 10 170.00% 16 110.00¢ 22 80.009 28  60.00% 34 50,000 40  40.09® 46  30,00% 52  20.00*
5 350.00° 11 160.00° 17 100.00% 23 80.00® 29 60.00° 35 50.00% 41  40.00® 47  30.00° 53  20.00®
6 210.00% 12 152.00¢ 18 100.000 24 BO0.0U® 25  $0.00# 36 50.00° 42  40.0¢® 48  30.00% 54 20.00®
THE FOLLOWING OPTIONS ARE DESIGNATED? )
DEMAND POINFS ARE THE ONLY POTENTIAL FACILITY S{TES
OISTANCES ARE HEASURED AS EUCLIDEAN
CUORDINATE BOINT DATA 1S AS FOLLOWS:
1! 32.00000 31.00000 Jee 2 29.00000  32.00000 200 3 27,0000y 36.00000 3ee
&4  29.00000 29.00000 4% S 32.00000 29.00000 See 26.00000 25.00000 6oe
7  24.00000 33.00000 7ee 8  30.00000 35.00000 8% 9 29,00000 £7.00000 9ee
10 29.00000 21.00000 10°e 11 33,0000y 28.00000 118 12  17.00000 53.00000  12°s
13 34.00000 40.00000 13e 14 25.00000 60.00000 Jéee 15 21.00000 28.00000 15ee
16 30.00000 S1.00000 16% 17  19.09000 47,00000 17e® 18 17.00000 33.00000 1800
19 22.50000 40.00000 19 20 25.000U0  14.00000 208 21  29.00000 12.00000  21ee
22 24.00000 48.00000 22%® 23  17.00000 42.00000 23%¢ 24  6.00000 26.00000  24ee
25  19.00000 21.00000 25%¢ 26 10.00000  32.00000  26® 27 " 34,00000 56.00000  27ee
28 12.00000 A7.00000 28%® 29 19.00000 38.00000  29°® 30 27.00000 41.00000  30%e
31 21.00800 35.00000  31%e 32  32.0000¢ 45.00000  32%¢ 33  27.00000 45.00000 33
34 32.00000 38.00000  34%e 35  8.00000 22.00000  35°¢ 36 15.00000 25.00000  36%e
37  35.00000 16.00000 37%e 38  36.00000 47.00000  38®s 3y  46.00000 51.00000  39°e
40  50.00000 60.00000  40%e 41 23.000U¢ 22.00000  41®¢ A2 27,00000 30.00000 a2ee
A3  38.00000 39.00000  43°e 44 36,00000 32.00000  44ee 45  32,00000 $1.00000 _AS5ee
46  42.00000 36.00000  A6%¢ 47 36.00006 26.00000 4Te® 48 15.00000 19.00000 {s-o
49  19.00000 14.00000 49%« S50  45.00000 19.00000  S0e® 5]  27.00000  5.00000  Slee
FIGURE 24

PLANAR PROBLEM ONE OUTPUT
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- S2
85

[ 3]
64
67

10
73

76
19
82
85
as
91
94
7
100
103
106

109

$2.00000
42.00000
27.00000
26.00000
29.00000
27.00000

21.00000
17,00000

29.00000

6.00000
34.00000
27.00000
27.00000
15.00000
46.00000
27.,00000
32.00000
15.00000
27.00000
40.00000

24,00000
42.00000
36.00000
25.00000
27.00000
$3.00000

28.00000
33.00000

12.00000
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a 3 4 5 6 7 8 9 10
1 0.0 3.16 7.07 J.ol 2,00 8.49 8.25 4,47 5.00 10,44
2 J.106 0.0 4,47 .00 4.24 T.62 S.10 3.16 S.00 11.00
3 7.07 a,47 0.0 Todjy 8,60 11,05 4,24 3.16 9.22 15.13
4 d.61 3.06 7.28 0.0 3.00 5.00 6.40 6.08 2,00 8,00
S a2.00 4.2: 8.60 3.99 0.0 7.21 8.94 6.32 3.61 8456
6 8.49 T.062 11.05 S.00 T.21 0.0 8.25 10,77 3,61 5.00
T 8.25 S.10 4.24 - P11 8.94 8025 0,0 6.32 7.81 13090
8 4.47 3.16 3.16 6.U8 6.32 10,77 6,32 0.0 8,06 14,04
9 $.00 5.00 9.22 2.0y 3.61 3.61 7.81 8.006 0.0 6.00
10 10.44 11.00 15.13 4.00 8,54 5.00 13.00 14,04 6,00 0.0
11 3.16 5.66 10.00 4.14 1.41 T.62 10.30 T.62 4.12 8.06
12 20.63 24.19 19.72 29.03 28.30 29.41 21.19 22.20 28.64 3s.18
13 V.22 .43 8.06 1d. 08 11.18 17.00 12.21 6.40 13.93 19.65
1s 29.83 28.208 24.08 3l.2h 3l.78 35.01 27.02 25.50 33.24 39.20
1S5 11.40 8.94 10.00 Y. U 11.05 5.83 S.83 11.40 8.06 10,63
16 20.10 19.03 15.30 22.0¢ 22.09 26.31 18.97 16.00 24,02 30.08
17 29.62 18.03 13.060 20.59 22.20 23.09 14.87 16.28 22.36 27,86
18 15.13 12.04 10.44 12.0% 15.52 12.04 7.00 13.15 13.42 16.97
19 13.45 10.63 6.40 13.94 14,87 15.52 7.28 9.43 14,76 20.45
20 14.38 18.44 22.09 1h8.5¢ 16.55 11.05 19.03 21.59 13.60 8.06
21 1v.24 20.00 24.08 17.09 17.26 13.34 2159 23.02 15.00 9.00
22 14.79 16.76 12.37 1¥.6» 20,62 23.09 15.00 14,32 214,59 2T.46
23 14.60 15.62 11.66 17.09 19.85 19.24 11.40 14.76 29.21 24.19
24 29.48 23.77 23.26 23.19 26417 20,02 19.31 25463 23.02 23494
a5 16.40 14,87 17.00 1d.81 15.26 8,06 13.00 17.80 11.66 10,00
26 22.02 19.00 17.46 19.4% 22.20 1740 14.04 20422 19.65 21.95
ar 2n.08 24,52 21.19 27.408 27.07 32.02 25.08 21.38 29.43 35.30
28 25.61 22.67 18.60 24,19 26.91 26.08 18.44 21.63 < Ge25 3l.00
29 14.76 11.66 8.25 13.69 15.81 14.76 7.07 11,40 13.87 19.7¢
J0 11.18 9.22 5.00 14.117 13.00 16.03 8.54 6,71 14.14 20.10
31 11.70 8.54 6.08 10.0v 12.53 11.18 3.61 9.00 11.31 16.12
32 14.00 13.34 10,30 1624 16,00 20.88 14,42 10.20 18.25 24019
333 14.87 13.15 9.00 10.1¢ 16.76 20.02 12.37 10,44 18.11 24,08
34 1.00 6.71 5.39 Veb9 9.00 14.32 9.43 3.61 11.40 17.26
3s 25,63 23.26 23.60 2d.le 25.00 18.25 19.42 25.55 21.59 21,02
36 lv.03 15.65 16.28 18.59 17.46 11.00 12,04 13,03 14,1 14.5¢
37 15.30 17.09 21.54 10,34 13.34 12.73 20.25 19.65 12.53 T.81
38 10.49 16.5% 14,21 19.91 18.44 2417 18.44 13.42 21.19 26493
39 24.41 25.50 24.21 27.80 26,08 Jz.80 28.43 22063 29.4] 4.4
40 20.12 22.47 23.35 23./% 21.10 28,30 264,93 20.02 24,70 28.32
41 13.73 11.66 14.56 V.24 11.40 4.24 11.05 14,76 7.81 6.08
42 5.!0 ¢.83 6.00 z.‘* 50’0 5.10 LYY-L) S.83 3.61 9.22
43 10.00 11.40 11.40 13.4) 11.66 18.44 15.23 8.94 iS.00 20,12
44 4.12 7.00 9.85 l.0¢2 5.00 12.21 12.04 6.71 8.60 13.04
45 19.00 9.49 7.07 12.37 12.00 17.09 11.31 6032 14,32 20.22
46 11.18 13,60 15.00 16,79 12.21 19.42 18.25 12.04 15,81 19,65
A7 0.40 J.22 13.45 T.04 5.00 10,05 13.89 10.82 T7.07 8.60
48 29.81 19.10 20.81 17.20 19.72 12.53 16.64 2).93 16.12 14.1a
49 21.40 20.59 23.41 1d8.vus 19.85 13.04 19.65 23.71 16.40 12.21
S0 12.69 20.62 24076 189,87 16,40 19.92 25.24 21.93 17.89 lo.12
S1 20.48 27.07 31.00 24,08 24.52 20.02 28.106 30.15 22.09 16.12
52 21.19 24.35 27.73 23.0% 20.62 26,02 2941} 24 .60 23.19 23.1v
53 13.04 14,87 19.10 13.04 10,63 14,32 19.42 16.40 12.08 11.05
S4 22.47 22.63 20.62 29.5¢ 24,35 30,51 24.84 19.72 27.31 32.6Y
1) 14.87 16.40 16.16 18.38 16.40 23,35 20.12 13.89 19.85 24.70
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11 12 13 14 1S5 16 17 18 19 20
- ol
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 28.248 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 3l.44 8.06 22.02 20.%9 12.65 13.04 15.52
S 1.41 28.30 11.18 3l. 18 11.05 22409 22.20 15.52 14,87 16.55
6 7.62 29.41 17.00 3%.0% 5.83 20.31 23.09 12.04 15.52 11.05
7 19.30 2l.19 12.21 2T.Lg S.83 18.97 14.87 7.00 7.28 19.03
8 1.62 22.20 6.40 F4-18-1'] 11.40 16.00 16.28 13.15 9.43 21.59
9 4.12 2B8.64 13.93 J3.2% 8.06 24.02 22,36 13.42 14,76 13,60
10 8.06 Js.18 19.65 39.20 10.63 30.02 27.86 16.97 20.25 8.00
11 9.0 29.68 12.04 32.94 12.00 23.19 23.60 16.76 16.28 16.12
12 29.68 0.0 21.40 1V.03 25.32 13.15 6.32 20.00 13.93 39,81
13 13.04 21.40 0.0 2l.93 17.69 11.70 16.55 18.38 12.00 27.51
14 Ja.o8 10.63 21.93 9.0 32.25 10.30 14.32 28.16 20.22 46.00
15 12.00 25.32 17.69 3a.2y 0.0 24.70 19.10 6.40 12.04 14,56
16 23.19 13.15 11.70 10.30 24.70 0.0 11.70 22.20 13.60 37.34
17 23.60 6.32 16.55 16,32 19.10 11.70 0.0 14,14 T.62 33.54
18 10.76 20.00 18.38 28.16 6.40 22.20 14.14 0.0 8,60 20.62
19 16.28 13.93 12.00 20.23 12.04 13.60 T.62 8.60 0.0 26.17
20 16.12 39.81 27.51 46.00 14,56 37.34 33.54 20.62 26.17 0.0
21 160.49 42.72 28.44 49.17 17.89 39,01 J6.40 24.19 28,86 4.47
22 21.9” 8.60 12.81 13.0s 20.22 6.71 S.10 16.55 8.25 34.01
23 2l.26 11.00 17.12 19.70 14.56 15.81 S5.39 9.00 Se39 29.1¢
24 27.07 29.15 31.30 30.9y 15.13 34,66 24.70 13.04 21.26 22.47
25 15.65 32.06 24.21 39.44 T.28 31.95 26.00 12.17 19.24 9.22
26 23.35 22.14 25.30 3l.74 11.70 27.59 17.49 7.07 14,42 23.43
a7 28.02 17.26 16.00 Y.u% 30.87 640 17.49 28,60 20.00 42.95
28 28,32 7.81° 23.09 18,3y 21.02 18.44 7.00 14.87 12,21 35.47
29 17.20 15.13 15.13 24.80 10.20 17.03 9.00 S5.39 J.61 24,76
30 14.32 15.62 T7.07 19.1¢0 14,32 10.44 10.00 12.81 S.10 27.07
k)| 13.89 18.44 13.93 25.34 7.00 18.36 12.17 4,07 5.10 21.38
3e 17.03 17.00 5.39 1699 20.25 6.32 13.15 19.21 11.18 31.78
33 18.03 12.81 8.60 19.13 18.03 6.71 8.25 15.062 T.07 J1.00
34 10.05 21.21 2.83 23.09 14,87 13.15 1S5.81 15.81 10.20 25.00
3s 25,71 32.28 Jl.62 41,03 14,32 36.40 27.31 14.21 22.80 18.79
36 18.25 28.07 24.21 3640 6.71 30.02 22436 8.25 16.55 14,87
k)4 12.17 41.15 24.02 45,12 18.44 35.36 34,89 24,76 27.29 10.20
38 19.24 19.92 7.28 17.03 24,21 7.21 17.00 23.60 15.65 34.79
39 26.42 29.07 16.28 22.8% 33.97 16.00 27.29 34.13 26.40 42.54
40 29.81 35.47 16.00 J2.04 Jl.38 22.83 3l.78 33.73 28.00 36.07
A1 11.66 31.58 21.10 38,09 6.32 29.83 25.32 12.53 18.03 8.25
42 6.32 25.08 12.21 30.07 6.32 21.21 18.79 10.44 11.18 16.12
43 12.08 25.24 4.12 28.10 20.25 14,42 20.62 21.8% 16.03 28.18
44 $.00 28.32 8.25 30,08 15.52 19.92 22.67 19.03 16.12 2l.10
L3 13.04 19.21 2+24 20.49 17.03 10.20 14.32 17.20 10,05 2T7.89
46 12.04 30.23 B8.94 29.4% 22447 19.21 25.50 25.18 20.40 27.80
47 3.61 J3.02 14.14 39,78 15.13 25.71 27.02 20.25 19.80 16.28
A8 20.12 34.06 28.32 42.40 10.82 35.34 28.28 14,14 22.14 11.18
49 19.80 39.05 30.02 46.39 14,14 38.60 33.00 19.10 26,17 6.00
50 15.00 44.05 23.71 45,68 25.63 35.34 38.21 31.30 3l.14 20.62
St 23.77 49.03 35.69 55,08 23.77 46.10 42.76 29.73 35.36 9.22
T4 19.42 45,45 24,08 45,09 31.26 J4.83 40.22 36.14 34,00 28,79
53 V.22 38,60 18.97 40.d> 19.92 30.68 32.65 25.50 25.46 17.00
S4 29.00 23.02 13.42 1t.00 30.061 10.05 21.59 29.43 21.63 40.85
55 16.64 27.31 8.25 28. 10y 25.24 15.00 23.54 26.57 20.10 J2.76
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01 € X

a1

23

23

2% 26 27 c8 29 30
-en com= e—
1 19.24 18.79 18.60 26.54 16.40 22.02 25.08 25,61 14,76 11.18
2 20.00 16.76 15.62 23.1¢ 14.37 19.00 24.52 CRe67 11.66 9.22
3 24,08 12,37 11.66 23.2¢q 17.02 17.46 21.19 18.60 8.25 5.00
4 17.00 19,65 17.69 23.19 12.61 19.24 2746 24,76 13.45 12.17
S 17.26 20,62 19.85 26,117 15.26 c2,20 27.07 26.9) 15.81 13.00
6 13.3» 23.09 19.24 2V0.94 8.06 17.46 32.02 26.08 14,76 16.04
7 2}.59 15.00 11.40 19.4% 13.00 14.04 25.08 18.44 T.07 854
a8 23.02 18,32 14.76 2h,03 17.80 20,22 21.38 21.63 11.40 6.71
9 15.00 21.59 19.21 23.04 11.66 19,65 29.43 26.25 14,87 14.14
10 ?.00 2T.46 24419 23598 10.00 21.95 35.36 J1.06 19,72 20.10
11 1$.49 21.93 21.26 27.02 15.65 23.3% 28.02 28.32 17.20 14,32
12 43.72 8.060 11.00 29.1% 32.06 22.14 17.26 7.81 15.13 15.62
13 28.44 12.81 17.12 31.99 24,21 254,30 16.00 23.09 15.13 7.07
is 43.17 12.04 19.70 Y.y 39.46 3l.76 9.83 18.38 22.80 19.10
15 17.89 20.22 14.56 19.13 7.28 11.70 30,87 21.902 10.20 14,32
16 3v.0l 6671 15.81 34,060 31.95 27.59 G6e40 18.44 17.03 1094
17 36.40 S5.10 5.39 24. 10 26,00 17.49 17.49 7.00 9,00 10.0¢9
18 24.19 16,55 9.00 13.vs 12,17 707 28.60 14,87 5.39 12.81
19 29.86 8,25 5.39 2l.<n 19.24 14,42 20,00 12.21 3.61 S.10
290 €47 34,01 29.12 24441 9.22 23,43 42,95 3S.47 24.74 27.07
r4 9.0 36,35 3¢2.31 26,93 13.45 27.59 44.289 38.91 27.86 29.07
22 36.35 0.0 9.22 2849 27.46 21.26 12.81 12,04 11.18 7.62
23 34.31 9.22 0.0 1¥.5% 21.10 12.21 22.02 T.07 4,47 10,05
26 26.93 28,43 19.42 0.0 13.93 T.21 41.04 21.84 17.69 25.81
25 13.45 27.46 2110 13.93 0.0 1s.21 36.08 26493 17.00 21.54
26 27.59 21.26 12.21 7.2} 14.21 0.0 33.94 15.13 10.82 19.2%
27 44,28 12.81 22.02 41 .V 38.08 32.94 0.0 23.77 23.43 16.9%
29 3¥.91 12.04 T7.07 21,09 26,93 15.13 2377 0.0 11.40 16.16
29 23.80 11.18 heb7 17.0v 17.00 10.82 2343 11.40 0.0 8.54
30 29.07 7.62 10.05 28.4] 21.54 19.24 16.55 16.16 854 0.0
3l 24.35 13.34 8.06 179y 14,14 11.40 24.70 15.00 3.61 8449
32 33.14 8,54 15.30 3d.40 27.29 €9.55 11.18 20,10 14.76 6040
-33 33.00 4,24 10.446 28.3¢ 25.30 21.40 13.04 15.13 10.63 8,00
34 26.17 12,61 15.52 24.0% 21.40 24.80 18,11 21.93 13,00 S.83
s 23.26 30.53 2193 4,47 11.05 10.20 42,40 25.32 19.42 26.87
36 19.10 24.70 17.12 P00 5.66 8.60 36436 22.20 13.60 20,00
37 T.21 33.84 3l.62 3,08 16.76 29.68 40,01 38.060 27.290 26.25
k]] 3%.69 12.04 19.65 36.94 31.06 30.02 9.22 26.00 19.24 10.82
39 43.54 22.20 30.36 4r.17 40,36 40.71 13.00 34.23 29.97 2107
40 3%.00 27.20 33.06 40.1/ 36.36 40.79 22.63 38,64 31.06 23.028
4] 11.606 26,02 20,88 17.40 4,12 16,40 35.74 27.31 16.49 19.42
42 1d.11 18.25 15.62 2le3p 12,04 17.12 26.913 22467 11.31 11.00
42 28.40 16,64 21.21 kL P%-% % 26.17 28,86 17.46 27.20 19,03 11.18
48 21.19 20.00 21.47 30.5v 20.25 26.00 24.08 28,30 18.03 12.73
A5 29.15 10.63 15.03 39.92 23.85 2377 15.13 20.88 13.34 5.00
40 27.29 21.62 25.71 37.49 2T.46 32.25 21.54 31.95 23.09 15,81
A7 16.65 25.006 24 .84 30.vy 17.72 26.68 30.07 31.89 20.81 17.49
48 12.65 30.36 23.09 11.490 LYY § 13.93 41.59 28.16 19.42 2500
49 10.20 34,37 28.07 1T7.09 7.00 20,12 44,60 33.73 24,00 2d.10
50 17.46 35.81 36.24 IY.0é 26,08 T34 38,60 43.28 32.20 28.%3
S T.28 43.10 38.33 29.7y 17.89 31.91 51.48 44,60 33.96 36.00
52 2h.9% Ib.88 39,36 40,04 33.14 42,76 36.72 46.14 35.85 30.23
53 14,87 30,53 30.48 4.3 21.02 31.62 34,53 3T.54 26.40 23,02
54 4l.48 16.49 25.08 Ad.B0 3704 36.00 T.21 28.44 25.24 17.04
55 33.70 18.97 25.00 IYeny 3l.14 23.53 16,12 30.41 23,35 15.03
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ofilllice W x

CO~NOWNSWNm~

N

32

a3

s

35

36

. 7 38 39 40
11.70 14,00 14.87 T.00 25.63 18.03 15.30 16.49 24 .41 20.12
8,54 13.34 13.15 6.7k 23.26 15.65 17.09 16.55 25.50 22.47
6.08 10.30 9.00 S.39 23.60 16.28 21.54 14.21 24,21 23.35
19.20 16.28 16.12 Y.49 22.14 14.56 14.32 19,31 27.80 23.71
12.53 16.90 16.76 9.00 25,00 17.46 13.34 18.44 26.08 21.10
11.18 20.88 20.02 14,33 18.25 11.00 12.73 24.17 32.80 28.30
3.61 14,42 12.37 P43 19.42 12.04 20.25 18.44 28.43 26.93
9.00 10.20 10.44 J.6F 25455 18.03 19.65 13.42 22.63 20.62
11.31 18,25 18.11 11.4¢ 21.59 14.14 12.53 21.19 29.41 24.70
16.12 24.19 24.08 . 17.206 2l.02 14.56 Tetl 26.93 34.48 28.32
13.89 17.03 18.03 19.90% 25.71 18.25 12.17 19.24 26.42 20.81
18.44 17,00 12.81 21.2% 32.28 28.07 4]1.1% 19.92 29.07 3S.47
13.93 5.39 8.60 2.83 31.62 24,21 24.02 T.28 16.28 16.00
25.32 16,55 15.13 23.09 41.063 36.40 45.12 17.03 22.85 32.02
7.00 20,25 18.03 14,87 14,32 9,71 18.44 24,21 33.97 31.38
18.36 6e32 6.71 13.19% 36.40 30.02 35.36 T.21 16.00 22.83
13.17 13.15 8.25 15.81 2T7.31 22.36 34,89 17.00 27.29 31.78
4.47 19.21 15.62 15.81 14,21 8.25 28.76 23.60 34,13 33.73
5.10 11.18 7.07 10.20 22.80 1655 27.29 15.65 26440 28.00
21.38 31.78 31.06 25.00 18.79 14.87 10.20 34.79 42.54¢ 36,07
24.35 33.14 33.06 26.17 23.26 19.10 T.21 35.69 42,54 35,00
13.34 8.54 4.24 13.8} 30.53 24.70 33.84 12.0¢ 22.20 27.20
8.06 15.30 10.44 19.5¢ 21.93 17.}12 31.62 19.65 30,36 33.06
17.49 32.20 28.32 28.04 2.407 9.06 30.68 36.62 47.17 46.17
14,14 2T7.29 25.30 2140 11.05 5666 16.76 31.06 40.36 36.30
11.40 25.55 21.40 24,90 10.20 8.60 29.68 30.02 40.71 40.7Y
24.70 11.18 13.04 18,12 42.80 Jb.36 40,01 9.22 13,00 22.63
15.00 20.10 15.13 21.93 25.32 22.20 36.60 24.00 34,23 Ju. 04
3.61 14,76 10.63 13.00 19.42 13.60 27.20 19.24 2997 31.06
8.49 640 4.00 .83 20.87 20.00 26.25 10.82 21 .47 23.02
0.0 14,87 11.66 11.40 18.38 11.66 23.60 19.21 29.68 29.43
14.87 0.0 S.00 700 33.24 26.25 29.15 .47 15.23 18,068
11.66 5.00 0.0 ¥.60 29.83 23.32 30.08 9.22 19.92 23.54
11.40 T.00 8.60 o.v 28.8% 2l.40 22.20 9,85 19.10 18.11 -
18.38 33.24 "29.83 26.9% 0.0 T.62 27.66 37.54 47.80 45,09
11.66 26,25 23.32 21.49 T.62 0.0 21.93 30.4) 40.46 Ju.08
23.60 29.15 30.08- 2d4.20 27.66 21.93 0.0 31.02 36.69 28,30
1v.21 .47 9.22 V.85 37.54 30.4] 31.02 0.0 10.77 15.65
29.68 15.23 19.92 19.10 47.80 40.46 36.69 10.77 0.0 31.70
29.43 18,68 23.54 18,12 45,69 38.08 286,30 15.65 11.70 0.0
13.15 24,70 23.35 18,30 15.00 8.54 13.42 28.18 37.01 32.45
7.81 15.81 15.00 Y43 20.62 13.00 16.12 19.24 28,32 25.08
11.46 B.49 12.53 o.V8 34.48 26093 23.19 8.25 14,42 12.04
1%.30 13.690 15.81 T.2% 29.73 22.14 16,03 15.00 21.47 16.12
12.53 4,00 6+40 3J.00 30,61 23.35 25.18 T.21 17.20 18.03
21.02 13.45 17.49 190.20 36,77 29.15 21.19 12.53 15.52 B8.94
17.49 19.42 21.02 12,069 28,28 2l1.02 10.05 21.00 26.93 19.80
17.09 31.06 28.64 25.50 Te62 6.00 20.22 35.00 44,55 40.82
2).10 33.62 32.02 21.29 13.60 11.70 16.12 37.12 45,80 40.46
28.84 29.07 3l.62 23.02 3r.12 30.59 10.44 29.41 32.02 21.59
30.59 40.31 40.00 33.38 25.50 23.32 13.60 42.95 49,77 4]1.48
32.89 29.00 32.65 24.41 44,05 37.01 18,79 28,02 27.66 16.12
23.02 2%.35 26442 17.99 32.00 25.18 T.81 2%.32 29.61 20,59
25.50 10.63 14,76 19.13 43.66 Jo.80 36.35 6.40 6.08 15.62
23.14 10.44 15.30 10.71 39.45 31.91 26.93 T.81 9.85 8.25
FIGURE 24

(continued, page 6)

454



B STOENA L

Al

4d

43

44

45

406 a7 48 49 S0
1 13.73 5.10 10.00 4.14 10,00 11.18 6.40 20.81 21.40 17.69
2 11.606 2.83 11.40 T.0¢9 9.49 13.60 9.22 17.10 20.59 20.62
3 14.56 6,00 11.40 Ve T7.07 15.00 13.45 20,81 23.41 24,76
4 ?.22 2.24 13.45 7.03 12,37 14,76 T.62 17.20 18,03 168.87
S 11.40 5.10 11.66 R.V0 12.00 12.21 5.00 19,72 19.85 16.40
6 A.24 5.10 18.44 18.4% 17.09 19.42 10,05 12.53 13.04 19,92
7 11.05 4,24 15.23 13.0s 11.31 18.25 13.89 16.64 19,65 25.2%
8 13.76 S5.83 8.94 Q.13 6,32 12.0% 10.82 21.93 23,71 21,93
9 1.81 3.61 15,00 Y00 14,32 15,81 7.07 16.12 16.40 17.89
10 6,08 Y9.22 20.12 13.ve 20,22 19.85 8.60 14.14 i2.21 16.12
11 11.60 6.32 12.08 h.0y 13.04 12.04 J.61 20.1¢2 19.80 15.00
12 31.58 25.08 Z29.24 28.34 19.21 30.23 33.02 34.06 39,05 44.05
13 21.10 12,21 4,12 Y.29 2.26 8.94 14,14 28.32 30.02 23.71
14 V.05 30.07 24.70 30.un 20.25 29.41 35.74 42,20 46,39 45.62
15 6.32 6.32 20.25 19.94 17.03 22447 15.13 10.82 l4.14 25.63
16 29.83 21.21 14.42 19.94 10.20 19.21 25.71 35.34 38.60 3S.34
17 2%.32 18.79 20.62 22.0/ 14,32 25.50 27.02 28.28 33.00 38.21
18 13.53 10.44 21.84 19.03 17.00 25.18 20.25 14.14 19.10 31.40
19 18.03 11.18 16.03 19.12 10.05 20.40 19.80 22.14 26.17 3l.1>
20 B8.25 16.12 28.18 2l.1y 27.89 27,80 16.28 11.18 6.00 20.02
2l 11.66 18.11 28.46 21.19 29.15 2729 15.065 15.65 10.20 17.%0
22 26.02 18.25 16.64 20.0¢9 10.63 21.63 25.06 30.36 34.37 35.81
23 29.88 15.62 2l.21 21.4] 15.03 25.71 24.84 23.09 28,07 36.24
24 17.46 2l.38 34.54 30,59 30,02 37.36 30,00 11.40 17.09 39.6¢
25 4.12 12.04 26.17 20.2% 23.85 27.46 17.72 4,47 7.00 20,08
26 16.40 17.12 28.86 2609 23.77 32.25 26,68 13.93 20.12 37.34
rd § 38.74 206,93 17.46 24,08 15.13 21.54 30.07 %1.,59 44.60 38.%0
28 2%.31 22,067 27.20 2¥%.39 20,88 31.95 31.89 28.16 33.73 43,28
29 16.49 11.31 19.03 18.03 13.34 23.09 20.81 19.42 24,00 32.20
30 19.42 11.00 11.18 14.73 5.00 15.81 1749 25406 28.16 28.43
31 13.15 7.81 17.46 1h%.3¢ 12.53 21.02 17.49 17.09 21.10 28.84
32 24.70 15%.81 8.49 13,00 «.00 13.45 19.42 31.06 33.62 29.07
33 23.35 15.00 12.53 1h%.8% . G.40 17.49 2l.02 28,64 32.02 3l1.02
34 18.36 Ye43 6.08 7.2} 3.00 10.20, 12.65 25.50 27.29 23.02
3s 19.00 20.62 34.48 29.13 30.61 36.77 26.28 T.62 13.60 3r.12
36 8.54 13.00 26493 24.1% 23,35 29.15 21,02 .00 11.70 30.59
a7 13.42 16.12 23.19 lo.03 25.18 2l.19 10.05 20.22 16.12 10,44
38 28.18 19.24 8.25 19.0¢ T7.21 12.53 21.00 35.00 37.12 29+4]
39 31.01 28,32 14.42 2le47 17.20 15,52 26.93 44,55 45.80 32.02
40 32.45 25.08 12.04 16.14 18,03 8.94 19.80 40,82 40,46 21.59
41 9.0 8.94 22.67 10.450 2l1.02 23.60 13.60 8.54 8.9+ 22.20
42 4.94 0.0 15.21 Y44 12.08 16,16 Y.85 16.28 17.89 21,10
43 22.67 14,21 0.0 T.24 6,32 5.00 13.15 30.48 31.40 21.19
44 16.40 9.22 T.28 V.0 9.85 7.21 6.00 24.70 24.76 15,81
45 21.02 12.08 6.32 Y89 0.0 11.18 15.52 27.860 29.97 25.55
46 23.60 16.16 5.00 T.¢l 11.18 0.0 11.66 31.91 31.83 17.2%
A8 3.54% 10.28 J0.48 2s.70 27.80 31,91 22.14 0.0 6,40 30.00
49 8.94 17.89 31.40 2h Iy 29.97 J1.83 20.41 6.40 0.0 26.48
S0 23.20 21.10 21.19 1.9} 25.55 17.26 11.40 30.00 26448 G.b
51 11.46 25.00 3S5.74 r{ P 364,35 KLY 22485 1844 12.04 22.450
52 29.07 25.71 20.52 17.89 26.25 15.62 16.12 37.34 34,48 8.00
$3 17.00 15,20 17.12 10.712 20,02 14.14 5.66 25.18 22.47 S.83
54 6.4 25.55 13.15 290“0 13.60 lo.l2 26431 41.40 43,42 33.38
-3 27.59 19.21 5.00 1l.04 10.05 6.00 17.09 35.47 36.24 23.19
FIGURE 24

(continued, page 7)
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ST TN

L 4 meTawd s caboamse®es
51 52 53 -1 55
1 26.48 21.19 12.04 23.07 14.87
2 2t.07 24.35 14.87 22.93 16.40
3 31.00 27.73 19.10 20.92 16.16
4 24.08 23.54 13.04 25.5Y 18,38
s 24.52 20.62 10.63 24.3% 16.40
6 20.02 26.02 14.32 30.~¢ 23.35
7 28.16 29.41 19.42 24,084 20,12
8 30.15 24.60 16440 19.12 13.89
9 23.09 23.19 12.08 27.31 19.85
10 16.12 23.19 11.05 32.49 24.70
11 23.77 19.42 9.22 29,09 16,64
12 49.03 45.45 38.60 23.02 27.31
13 36.69 24.08 18.97 1d.8¢ 8.25
14 55,04 45.00 40.85 17.0¢9 24,76
15 23.77 31.20 19.92 J0.61 25.24
16 46.10 34.83 30.68 10.0% 15.00
17 43.76 40,22 32.65 21.59 23.54
18 29.73 36.14 25.50 2Y.453 26.57
19 35.36 34.00 2546 21.063 20.10
20 9.22 28.79 17.00 40.8% 32.76
21 7.28 25.94 14.87 4i.48 32.70
22 43.10 36.88 30.53 10.49 18.97
23 39.33 39.36 30.48 26.08 25.00
24 29.70 46.04 34.23 43.490 39.40
25 17.89 33.14 21.02 3.0 31.14
26 31.91 42.76 31.62 30.06 33.53
27 51.48 36.72 34.53 7.21 16.12
28 44.60 40.14 37.54 F Y ) 30.41
29 33.96 35.85 2640 2hely 23.35
30 36.00 30.23 23.02 17.04 15.03
3l 30.59 32.89 23.02 25.90 22.14
32 40.31 29.00 24.35 10.63 10.44
33 49.00 32.65 26.42 14,70 15.30
34 33.38 24.41 17.89 10.12 10.77
35 25.50 44.05 32.00 43.80 39.45
36 23.32 37.01 25.18 36.80 31.91
37 13.60 18.79 7.81 35.3Y 26,93
38 432.95 28.02 25.32 0.4U 7.81
39 49.77 27.66 29461 6.08 9.85
40 4).88 16.12 20.59 16.02 B8.25
al 17.46 29.07 17.00 34,43 27.59
A2 26.00 25.71 15.26 25.9% 19.21°
43 35.74 20.52 17.12 13.1% 5.00
44 28.46 17.89 10,77 20.49 11466
AS 36.35 26.25 20.62 13.00 10.05
46 34.44 15.62 14.14 1v.12 6.00
47 22.85 16.12 5.66 26041 17.09
48 18.44 3T7.34 25.18 41,09 35.47
49 13.04 34,48 22.47 43.4¢2 36.24
50 22.80 8.60 5.83 33.34 23.19
31 9.0 31.40 2140 a8.179 39.92
52 33.40 0.0 1217 346 20.59
53 21.40 12.17 0.0 30.00 20.10
54 48.76 30.46 30.00 0.0 10.20
55 39.92 20,59 20.10 10.¢0 0.0
FIGURE 24

(continued, page 8)
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FIGURE 24

(continued, page é)

SUBPROGRAH NATBLD HAS BEEN CALLED 70 GENERATE A COVER HATRIX
THE HAXIMUK DISTANCE/TVIME OF 10,00 HAS BEEN UTILIZED
o.ooo.oooo.!ooooooomvooooo.u.ooooo.ooocQQQQOOQOOQQOQQQQQQQQQN
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FIGURE 24

(continued, page 10)

JTERATION NUMBER, |
GAS PLANAR EXAMRLE ONE

NUMBER OF FACILIVIES 1
SERVICE DISTANCE = 10,000

NEW FACILLITY LOCATION NUMBER 2
FACILITIES ARE LOCATED AV 2y

POPULATION SERVED 4130.00 PERCENT OF TOTAL POPULATION SERVED 64,03

ceandg -

adewd - o -




GAS PLANAR EXAMPLE ONB

FACILITIES ARE LOCATED AT 2

PRIMARY DISTANCE = 10,00

SECONDARY DISTANCE = 15.00

e ee0EnEs0Ia0000essnErtatneneRetitettatierticRtactattnatesngleeectacissanssasaPrianetesatasanatsentantancnnnd
. *PRIMARY*SECONDARY*POPULATION®POPULATION®LARGEST»® ORT.DISTPNT.DIST. *WT.DISTe TOTAL ¢

PARTITIONSFACILITYSSERVED ® SERVED *® OQUTSIDE ¢ IN eTRAVELED® NODE ®PRIMARYPSECONDARY®OUTSIVE*WEIGHTEL®

NUMBER @ NUMBER ® POR, * POP. ®SECONDARY ®PARTITION ®OISTANCE®NUMBER®COVEREDY COVERED ®PRIMARYSDISTANCE®

2 4130.00 730.00 1540.00 6400.00 28.3 14 17129.2 8872.5 41177. 58306,
Qo.oooccoooo.oaotoooa.oooooo.o-oo.aooo.oo.oo?QQ'.ooooo.QQQoooeoq00Qorooooo.ooQooov90Qoooooooooooooo.ooocooocoo.c
4130.00 730.00 1540.00 6400,00 17129.2 8872.5 41177, $8306.

PARTITION 1 FACILITY 2
Ldd 1 D= 3. 2o 2 D= 0.00® 3 D= 4,500 4 D= 3,00 5 D= 4o200 6 b= T+6

e 7D=s H.1% 8 D0= 3,20 9 D= 5.0 10 D= 11.0%e }l D= S5.7% 12 D% 24.2
e 13Ds 9.4%% 1a D= 28,3°% 15 D= 8.9%* 1o D= 19.0% 17 D= 18.0% 16 O* 12.0
e 19 Da 10.6°% 20 D= 18,40 2] D= 20.0% 22 D= 16.8%¢ 23 D= 15.6%¢ 24 D» 23.8
e 25 D= 14.9% 26 D= 19.0%% 27 D= 26.5e 28 Ds 22.7%¢ 29 D= 11.7%e 30 0% 9.2
e 31 D= @.5% 32 D= 13.3%¢ 33 D= 13.2%® 34 D 6.7se 35 D= .23.3%e 36 0% 15.7
e 37 0= 17.1%¢ 38 D= 16.6% 39 D= 25.5% 40 D= 22.5%¢ 41 D= 11.7¢s 42 0% 2.8
e 43 0s 11.4%% 44 D= -~ 7,006 45 D= 9.57® 46 D= 13.6%¢ 47 D=~ 9.2%e 45 D" 19.1
o 49 0= 20.6%¢ 50 D= 20.6°e S1 D= 27.1%0 52 0= 26.4%e 53 D= 14.9¢e. 5S¢ D 22.8
® 55 0= 16.4°° ;

FIGURE 24

(continued, page 11)
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FIGURE 24

(continued, page lé)

1TERATION NUMBER), e
B6AS PLANAR EXAMRLE ONE

NUMBER OF FACILITIES 2
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATION NUMBER a2
FACILITIES ARE LOCATED AT 2 22y

POPULATION SERVED 4840.,00 PEPCENT OF TOTAL POPUGATION SERVED  75.62

- LY e L L

ceneecoasoee™ mmane - - Cr LT ona

SUBSTITUTION ALGORITHM USED

NODE 4 REPLACES FACILITY LOCATION 2
THIS 1S NOW FACILITY NUMHER 1
FACILITIES ARE LOCATED AT &y 22y '

ToesaPne

e e L L L LY T [Sysprpnpspnpse-psrsr Y Y L L)

POPULATION SERVED 4880.00 PERCE&! OF TOTAL POPULATION SERVED  76.35




6AS PLANAR EXAMPLE ONE

FACILITIES ARE LUCATED AY
PRIMARY DISJIANCE = 10,00
SECONDARY DISTANCE = 15.00

a9 22

QQQQ.................Q..QQQ....Q............'..?.........0.....'..................?f...........O.................

SYT.DISTYWT.DIST. *WT.DIST*® TOTAL
#TRAVELED® NODE *PRIMARYYSECONDARY®OQUTSIDE*WEIGHTED®

PARTITION®FACILITY®SERVED ® SERVED

*PRIMARY®SECONDARY®*POPULAT ION®POPULATIONSLARGEST o ®

® QUTSIDE

IN

NUMBER ® NUMBER ® POR. ® POP. ®SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED ®PRIMARY®DISTANCE®

1 4  4110.00  S10.00 580,000  5200.00 26¢1 S1 18426.0  6666.8

2 22 770.00  370.00 60.00  1200.00 22.2 39 5114.1  4A07.2
.............................'..............'..?.............O....................,..............................

4880.00 680,00 640,00  6400.00 23540.1  11074.0
PARTITION 1 FACILITY &
e 1D 3,69 2D= 3.0 3 Ds 7.3%° 4 D= 0.00% S5 O0= 3.00% 6= 5.0
® T D= 6.4%% B D= 6.1%® 9 D= 2.0° 10 D= B8.0% 11 0= 4.les 13 D= 12,1
® 15 Dx @.1%% 1b D= 12.6°® 20 D= 15.5%¢ 21 D= 17,00 24 D= 23,20 25 D% 12.8
e 26 D= 19.2% 31 D= 10.00® 34 D= 9,5%¢ 35 D= 22.1%¢ 36 D= 14,00 37 D= 14.3
o 40 D= 23.7°¢ 41 D= 9,290 42 D= ' 2,29 43 D= 13.5%% 44 D= 7,600 46 D% 14.8
o 47 D=  T.5% 48 0= 17.2%¢ 49 Da 18.0° S0 D= 18.9%¢ Sl D= 24.1%e 52 D% 23.5
e 53 D= 13.0% 55 D= 18.40%
PARTITION 3 FACILITY 22 .
e 12 Om B.69% 14 D= 12,09 16 Dw ©6.,7°® 17 D= S.lss 19 D= 8.20¢ 22 @% 0.0
e 230D= 9.2°% 27 D= 12.8%% 28 D= 12.0°® 29 D= 11.2%¢ 30 D= 7,60 .32 0% 8.5°
@ 330 4.2°% 38 D= 12.0% 39 D= - 22,2%¢ 45 D= 10.6%¢ 54 D= 16,50
FIGURE 24
(continued, page 13)
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FIGURE 24

(continued, page 14)

S$TERATION NUMBER. 3
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 3
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATIGN NUMBER 36

ryay

FACILITIES ARE LOCATED AT Ay 220 36

POPULATION SERVED 5340400 ) PERCENT UF TUTAL POPULATION SERVED 83,84
- - - 7

SUBSTITVTION ALGORITHM USED

NODE 2 REPLACES FACILITY LOCATION 4

THIS 1S NOW FACILITY NUMBER 1

FACILITIES ARE LOCATED AT 20 22y 36s

ZSSGCZ?ESE'EEEGZS' 5340400 FEEEC:& OF TOTAL POPULATION SERVED 83,44

SUBSTITUTION ALGORITHM USED

NODE 20 REPLACES FACILITY LOCATION 36

THIS 1S NOW FACILITY NUMBER 3

FACILITIES ARE LOCATED AT 20 221 20s

POPULATION SERVED 5370.00 PEWMCENT OF TOTAL POPULATION SERVED

83.71




GAS PLANAR EXAMRLE ONE

FACILITIES ARE LOCATED AT 2, 22» 230s

PRIMARY DISEANCE = 10.00

SECONDARY DISTANCE = 15.20

............................................'..‘.............G..'..................,........G...................
. *PRIMARY®SECONDARY ®POPULATION®POPULAT ION®LARGEST»® oNT.DISTPNT.DIST. *WT.DIST® TOTAL *

PARTITIONSFACILITY®SERVED ® SERVED ® OUTSIDE ¢ IN  *TRAVELED® NOUE ®PRIMARY?SECONDARY®QUTSIDESWEIGHTED®

NUMHER ® NUMBER ® POR. ® POP. ®SECONDARY ®PARTITION *DISTANCE®NUHBEH®COVERED? COVERED *PRIMARY®DISTANCE®

1 2 4070.00 190.00 180.00 4440.00 24.% 52 16576.0 2365.6 6028. 22604,
2 - 770.00 340,00 00,00 1170.00 22.2 39 S1ll4.1 4088,3 5306. 10420,
3 20 530.00 130,00 130.00 790.00 22.5 24 3297.1 1588.6 4326. 7623,
SRS EENsEErtatene0naetteieeiitecatonuttaetefiolestscticttaioctyionstnnenseerescneltiosescectcctncesansasesssns
$370.00 660,00 370.00 6400.00 24987.2 8042.5 15660, 40647,

PARTITION 1 FACILITY 2
o 1 D= 3., 28e 2 D= 0. 0ne 3 D» 400 4 D= 3,000 S D= 4.200 6 D= 7.6

. 7 D= S.1%e 8 0= 3.20°% 9 D= S.0°* 11 D= S.T7®%e )3 D= 9e.s®e 1S5 D® 8.9
18 D= 12.0°* 20 D= 19.0%¢ 3] D= 8.5%® 34 D= 6.7%® 40 D= 22,50 42 D= 2.8

® 43 D= 11.4% 44 D= 7,0°% AS D= 9.5°® 46 D= 13.6%¢ 47 D= 9,20 50 D* 20.6

® 52 D= 26,49 53 D= 14.9°% S5 Dn 16,40 .

PARTITION 2 FACILITY 22 - L
ee 12 Dn 8,690 14 D= 12,00 16 D 6.7%° 17 D= 5,18 19 D= B.20° 22 U= 0,0
o 230 9.2%¢ 27 D= 12.8%% 28 D= 12.0° 29 D= 11.2% 30 O= T.6ee 32 D% 8.5
® 33 D= 4.2°° 3d D= 12,0% 39 D= 22.2°° 54 D= 16.5% ) )
-PARTITION 3 FACILITY 20 : ) .

e 10 D= 8.1°® 20 D=  0,00® 2] Dx  4.5%® 24 D= 22,5¢8 25 D= - 9.20¢ 35 @% "18.8

‘@ 36 D= 14.9°° 37 D= 10.2°? 41 D= Be.2%® 48 D= 11.2%¢ ’49 D= 6.000 S1D® 9.2

FIGURE 24

(continued, page 15)
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'FIGURE 24

(continued, pége 16)

ITERATION NUMDEN, 4
GAS PLANAR EXAMPLE ONE

NUHMBER OF FACILITIES 4
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATION NUMBER 36

222

FACILITIES ARE LOCATED AT 20 220 20s 36y
POPULATION SERVED 575000 PEHCENT OF TOTAL POPULATION SERVED 29,84
SUBSTITUTION ALGORITHM USED

NODE 21 REPLACES FACILITY LOCATION  e0 - ‘

THIS IS NOW FACILITY NUMBER 3 .

FACILITIES ARE LOCATED AT 20 220 21+ 369

POPULATION SERVED 5770400 PENCENT OF TOTAL POPULATION SERVED  90s16

-




GAS PLANAR EXAMPLE ONE

FACILITIES AHE LOCATED AT 2y 229 3le 30»

PRIMARY DISTANCE

s 10.00

SECONDARY DISTANCE = 15,00

.................................II.....I...'.......I...........................I.,.........I...................

PART!TION'FAC!LITY':ERVtO ® SERVED

NUMBER © NUMBER ® POR. ® POP.  ®SECONDARY SPARTITION ®DISTANCESNUMBEA®COVERED} CUVERED ®PRINARY*DISTANCE®
1 2 3950.00 90,00 50.00 4120.00 26.6 S7 15502.7 1161.4 2875. 18378.
2 22 770.00 340.00 6000 1170.00 22.2 37 5114.1 4088.3 5306. 10420,
3 21 430.00 30.00 30.60 490,00 17.5 59 2511.4 305.9 830. 3341,
Y 36 620.00 0.0 0.0 620,00 9.1 24 4211.3 0.0 0. 4311,
........................QQQI.............QQ.'...I...Q.........I....II...'...I.Q.'-"...Q.................IQI....'
5770.00 460,00 170.00 6400.00 27439.6 65557 9012, 36451,
PARTITION ) FACILITY 2
60 1 Dm  3.2°% 2 0D= 0,00 3 D= A.b%" 4 D= 3,080 5 Dx 4200 6 U T.6
e 70Ds 5.1°¢ B D= 3.2°" 9 D= 5.0% 11 0= S.7% 33 D= 9.6%e 31 D* 8.5
® 34 D=  6.7% 40 D= 22.5%° 42 D= 2.8% 43 D= 1l.4% 44 D= T7.0°¢ 45 0% 9.5
@ 46 D= 13.6%% AT D= 9,20® 52 Dz 24.4%% 53 D= 14,990 S5 D= 16,400
PARTITION @ FACILITY 22 .
o 12 D= 8,0%® 14 D= 12,00 -1§ D= 5.?.? 17 O= Se.19¢ 19 0= Be.200 22 Bi= 0.0
e 23 D= 9.2 27 D= 12.8°% 26 D= 12.0%® 29 D= 11.2% 39.0= T.600 32 D% 8.5
e 330= 4.2°® 3o D= 12,0°* 39 D= 22.2°% 54 D= 16.5%
PARTITION 3 FACILITY 21 . i
e 10 D= 9.0%% 20 D= 4.5% 2] Da 0,00 37 D= T.2e8 49 D= 10.2°° S50 U= 17.5.
e 5] D= F.3%
PARTITION 4 FACILITY 36 x
ee JS Dm 6,79 18 D= B.2°% 24 Dm- Y.1®® 25 Dm  S5,Tee 26 0s 8.6 35 D= T.6
e 3o D= 9.0%¢ 41 D= 8.5%® 4B D= 06.0%¢
' FIGURE 24

«PRIMARY®SECONDARY *POPULAT ION®*POPULATION®LARGEST »®

*HT.DISTINTDIST. *dT.0IST® TOTAL @
® OUTSIOE ¢ IN

STRAVELED® NODE “PRIMARY?SECONDARY®QUTSIDE~WEIGHTIED®

(continued, page 17)
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GAS PLANAR EXAMALL ONE

FACILITIES ARE LOCATED AT 2+ 175 21s 36e 27»
PRIMARY DISTANCE = 10.00
SECONDARY DISTANCE = 15,00
....................Q.................6.....'..‘................'..................,,.......9...................
. *PRIMARY®SECONDARY®POPULATION®POPULATIONOLARGEST o ® OWT.01ST?eT.DIST. SWT.OIST® TOTAL *
PARTITION®FACILITY®SERVED ® SERVED ® OUTSIDE ¢ IN  ®TRAVELED® NODE *PRIMARY?SECONDARY®OUTSIDE®NWEIGHTED®
NUMBER ® NUMBER ® POP. ® POP. ®SECONDAKY ®PARTITION SDISTANCE®NUMBER®COVEREOY COVERED ®PRIMARY®DISTANCE®

1 2 4010,00 90.00 60.00 4160.00 28.4 S2 16055.9 1161.4 2547, 18603.

2 17 670.00 0.0 0.0 670.00 9.0 rd/ 3845.1 0.0 0. 3845,

3 21 430.00 30.00 30.00 490.00 17.5 50 2511.4 305.9 830. 3341,

4 36 620.00 0.0 0.0 620,00 9.1 24 4311.3 0.0 0. 4311.

S 27 350.00 90.00 20,00 460,00 6.1 55 2399.2 1079.0 1402. 3801.
P P T T P P YT Y YT LT TY YT ST LT Y PY Y X2 LYY Y Y ALY YT PR YT RS ST XSS LA LTS LT L
6080.00 210,00 110.0v 6400,00 29122.9 €546.4 ATT9. 33902.

PARTITION 1 FACILITY 2
o 1 D= 3,290 2 D= 0.0%e 3 D= 4.0 4 0= 3.000 5 0= 4,200 6 = Te6

[ 7 O= S.1°® 8 D= 3.2%° 9 O= 5.0%e 11 D= SeT00 33 D= Sebh0e 30 D= 9.2
® 3] D= 8.5°% 3» D= 6.7%® A0 D= 22.5%% 42 0= 24890 43 0= 1l.4%0 A4 D® 7.0

s a4y D= 9.5%% 46 0= 13.6%% A7 Dn_ 9.,2° 52 0= 24.4% 53 D= )4,9%
PARTITION @ FACILITY 17 (
e 12 0= 6,3 17 O= 0.0 19 pw Tebee 22 D= Se.lees 23 Da Se.40e 28 e Te0

e 29 D= 9.0°® 233 D= B,2°° , .
PARTITION J FACILITY 21 ' . - . .
®® 10 D= 9.09 20 D= 4.,5%¢ 2] D= 0,08% 37 Dm- 7,208 49 Ds 10,20 S0 8%'.17.5

& 53 0= T30
PARTITION A FACILITY 36 . T n
ee 15 D= 6.7 18 D= 8.2 24 Dn Y,1%® 25 0= Se7e® 20 U= 8.6 35 bs T746.

® 36Ds 0.0° 4) D= B8.5°% 48 D= 6.0 - -
PARTITION & FACILITY 27 ] L
ee 14 D= $,8%¢ 16 D= 0.4%% 27 D= 0.0%% 32 D= 11.20e 35 D= 9.20® 39 = 13.0

-~

® S5 D= T.2%® 5S> D= 16.1%*

FIGURE 24

(continued, pagenlé)
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FIGURE 24

Kcontinuéd, page 18)

{

JTERATION NUMHERy . S
OAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES S
SERVICE DJISTANCE = 10.000

NEV FACILITY LOCATION NUMBER 27
FACILITIES ARE LOCATED Af 2y 22y 2l 36y 2ls

- e - % o - -

POPULATION SERVED 6010.00 PERCENT OF TOTAL POPULATION SERVED 93.91

ey LT ] -.; - - L LT L DL L Dl L

SUBSTITYTION ALGORITHH USED

NODE 17 REPLACES FACILITY LOCAVION 22

THIS 1S NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 2e 11 21 36y 20y

- ep T =D En @ T gp TO WS W IR 0 W = -—-- 7--1 - - ,.---
POPULATION SERVED 6000.00 PENCENT OF TOTAL POPUULATION SERVED 95.90

1 k4
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FIGURE 24

(continued, page éO)

JITERATION NUMBER) 6
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 6
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 55
FACILITIES ARE LOCATED AT 24 17 21+ 369 27 55¢

duna

e r A YL LY DL L DL T L L L L L b ]

POPULATION SERVED 6250.00 PERCENT OF TOTAL POPULATION SERVED 97,86

mpaw.

-------d'-------- - -



GAS PLANAR EXAMPLE ONE

FACILITIES ARE LOCATED AT 2y 1Ts 3ls 30e 279 535

PRIMARY DISTANCE = 10.00

SECONDARY DISTANCE = 15.00

000080000 0080800800000000R0RNEREREEtRstoRaNlEleNcesnetttasRanapinticasaliectastasialltsnentetatsssnennntontonsee
. *PRIMARY®SECONDARY®POPULATION®POPULATION®LARGESTe® SHT.DISTINTDIST. *NT.0IST® TOTAL =

PARTITION®FACILITY®SERVED ® SERVED @ OQUTSIDE ¢ IN ®TRAVELED® NODE *PRIMARY?SECONDARY®OUTSIDE®WEIGHTED®

NUMBER ® NUMBER ® POP, ® POP, #SECONDARY ®*PARTITION ®*DISTANCE®NUMBER®COVERED? COVERED *PRIMARY*DISTANCE®

1 2 3870.00 20.00 0.0 3890.00 14.9 S3 14735.1 297.3 297. 15032.
2 17 670.00 0.0 0.0 670.00 9.0 29 3845.1 0.0 0. 3845,
3 21 430,00 30.00 30.00 490.00 7.5 SO 2511.4 305.9 830. 3341,
4 s 620.00 0.0 0.0 620.00 9.1 24 4311.3 0.0 0. 4211,
S 27 310.00 0.0 0.0 310.00 9.8 14 2030.4 0.0 0. 2039.
6 55 350.00 S0.00 20.00 420.00 20,6 52 2570.7 522.0 934, 3505,
O Y Y Y Y T T Y e L e LYY Y Y Y Y Y YR Y Y Y R AY T DY TSI AL I LIS A L L L A L L L LTl
6250.00 10v.00 50.00 6400.%9 30004.1 1125.3 2061. 3206S5.

PARTITION 1 FACILITY 2
es . 1 D= 3,20 2 D= 0.0%e 3 D= 4.0 4 D= 3.000 S D= 4.200 6 U= T6

o 7 D= f.1%e 8 0= J. 2% 9 D= S.0°* 11 D= S.7%# 30 D= 9.2%¢ 3] O™ 8.5
® 34 0= ST 42 D= 2.8%% 44 D= T«0%® 4S5 D= 9.5 47 D= 9.2°¢ S3 D% 14.9

4

PARTITION a FACILITY 17 '
o )2 D= 6,3%% 17 D= 0.0%* 19 D= T.0%® 22 D= Selee 23 D= Se4%e 28 U= 7.0

* 29 D= 9.0°* 33 D= 8.2°°
PARTITION 3 FACILITY 21 .
e® 10 O= Y.00e 20 D= 4.5%¢ 2] D= 0.0e® 37 D= T.200 49 D= 10.2¢¢ 50 B= 17.5

® 5] D= 7,30

PARTITION & FACILITY 236 ST

e 15 D= 6,7% 18 D= 8,2%¢ 24 D= 9.1¢® 25°D= -S5.,Tee 26 D= de.6e* 35 D= T.6
® 36Dz 0.0°" 41 D= 8,5%* 4B D= 6.,0%* )

PARTITION & FACILITY 27 - B} ]

®0 14 D= 9, 8%% 16 D= 6.,4%¢ 27 D= 0.0 5S4 Da | T.20e

PARTITION & FACILITY 5% -

e 13 D= H.,20% 32 D= 10,4%% 38 Dm 7.9°% 39 D= 9,80¢ A0 D= Be28% 43 W= S.0

® A% D= 6.0 52 D= 20.6** S5 Da 0.0%e

.FIGURE 24 .

(continuea, pége 21)

Lee
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FIGURE 24

(continueci, page 22)

1TERATION NUMBER, T
GAS PLANAR EXAMRLE ONE

NUMBER OF FACILITIES 7
SERVICE DISTANCE = 10,000

NEW FAGCILITY LOCATION NUMBER 50
FACILITIES AHE LOCATED AT 29 17 2ls. 369 27y - 559 509

ppnpipnppmpersr e LYY TP LD L D Lolobodad el dd L L wow

3 A 7
POPULATION SERVED 6320.00 PERCENT OF TOTAL POPULATION SERVED  98.15

coYmes




GAS PLA

FACILITIES ARE LOCATED AT 20 1Te 3le 36s 2T7s 559 50y
PRIMARY DISYANCE a 10,00
SECONDARY DISTANCE = 15.00
G...m.....l............I...................Q,..e..................................,'............................O
b opRIMARY*SECONDARY®PDPULATION®POPULATIONSLARGEST®
PARYITION®FACILITYSSERVED ® SERVED @ OQUTSIDE ¢ IN STRAVELED® NODE *PRIMARY?SECONDARY®OUTSIOE®WEIGHTED®
NUMBER & NUMBEKR & POP. ® POP. SSECONDARY ®PARTITION ®DISTANCE®NUHBERSCOVEREDY CUVERED *PRIMARYSDISTANCE®
1 a2 3870.00 0.0 0.0 3870.00 . 45 14735.1 0.0
2 17 670.00 0.0 0.0 670.00 9.0 29 3845,1 0.0
3 21 430.00 30.00 0.0 460,00 10.2 49 2511.4 305.9
4 36 620.00 0.0 0.0 6¢0.00 9.1 24 4311.3 0.0
S5 27 310.00 0.0 0.0 310.00 9.8 14 2030.4 0.0
N 6 55 350.00 50.00 0.0 400.00 10.4 32 2570.7 S522.0
. 7 50 70.00 0.0 0.0 70.00 B.6 52 288.7 0.0
NP0 RNCENERRtestNEetNtccsiatantalalitatatiatantidonsaataenRetetastntatasastnasae
6320.,00 80,00 0.0 6400,00 30292.8 . 828.0
PARTITION 1 FACILITY 2
el 1 0= 3,20 2 D= 0,008 3 D= 4.5 4 0= .00 S O= 4,200 6 = T.6
® T0= f.1°* B8 D0= I.2% 9 D= 5.0° 1} D= S.7e* 30 D= 9Y.,20e 3] D 8.5-
® 34 D= 6.7%% 42 0a  2.8%% 44 D= T.0*® A5 D= 9.5%0 AT 0= 9,20
PARTITION @ FACILITY 17
ee 12 D= 6,3% 17 D= 0.0°% ]9 Ds T.08% 22 D= H.lee 23 D= S.4ee 28 B=. 7.0
® 29 D= 9.0 233 D= 8.2%¢ . '
PARTITION 3 FACILITY 21 - X : g
®e 10 D= 9.000 20 D= 4,598 -2] D= 0.0°" 37 D= 7,26 49 D= 10.20¢ 51 U= T3
PARTITION & FACILITY 36 E o : *
ee 15 D= 6,7%* 18 D= 8,20 24 D= 9.1 25 D= S.Tee 26 Ds 8.6%¢ 35 b= 7«6
® 36 Da 9.0%% 41 D= B.59% 48 D= 6.0%® " '
PARTITION & FACILITY 27 )
s 14 D= 9,800 16 D= 6.4%% 27 D= 0.0 54 D= 7,200
PARTITION & FaACILITY 55 i -
*e 13 D= 8,2° 32 D= 10.4°* 38 0= 7.0 39 Dn  Y.Bes 40 D= B.20° A Us 5.0
® 46 0= $.0°" S5 D= 0.0°*
PARTITION T FACILITY 50 )
®e S0 D= 0,0°® 52 D= B8.6%% 53 D= S.yYe*
FIGURE 24

NAR EXAMBLE ONE

4

. (continued, page 23)

YT DISTIWT.0IST. *WT.0IST® TOTAL *

0.
0.
306.
0.
0.
522.
Qe

828.

14735,
34845,
2817.
4311,
2030.
3093,

289,

,9....'.......................I

31121.

62¢
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FIGURE 24

(continued, page 24)

JTERATION NUMBER. 8
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILIVIES 8
SERVICE DISTANCE = 10,000

NEW FACIL1TY LOCATION NUMBER 13
FACILITIES AHE LOCATED AT 2y 17y 2le 369 27y 55, 500 13y

oy, -me LT TS b Aadadedd

POPULATION SERVED 6370.00 PEéCth OF TOTAL POPU;A?ION SERVED  99.03

gootaga ey ayuens




GAS PLANAR EXAMPLE ONE

FACILITIES ARE LOCATED AT 2y 17s 2ls 365 27 S55¢ S50 13»

PRIMARY OISTANCE = 10.00

SECONDARY DISTANCE = 15.00

ooooooooo-oo..ooooooo.oo-.oooooooooooooooooo'oﬁgoooooooooooo.ooooooo.ooooooooooooo,gooaoooooooooooooooooooooooooc
. ©PRIMARY®SECONDARY®POPULATION®POPULATIONSLARGEST»® OWT.OISTOWT.DIST. *NT.DIST® TOTAL *

PARTITION®FACILITY®SERVED ® SERVED ® QUTSIOE ¢ IN STRAVELED® NODE *PRIMARYPSECONDARY®OUTSIOE®WEIGHTED®

NUMBER * NUMBER = POPR, ® POP. ©SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED *PRIMARY®DISTANCE®

1 2 3730.00 0.0 0.0 3730.00 9.2 AT 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 21 430.00 30.09 0.0 460.00 10.2 49 2511.4 305.9 306. 2817.
4 36 620.00 0.0 0.0 620,00 9.1 24 %311.3 0.0 0. 4311.
S 27 310.00 0.0 0.0 310.00 9.8 14 2030.4 0.0 0. 2030,
6 55 130.00 0.0 0.0 130.00 Y88 39 903.8 0.0 0. 904,
7 50 70.00 0.0 0.0 70.00 8.0 52 288.7 0.0 0. 289,
8 13 410.00 0.0 0.0 410.00 7.3 38 1358.2 0.0 Oe 1358.
Qooooooooooonooooooooo-oooooooooo00000000.00'0099000ooooooooo.o,ooooooo!oooooooooo,pooooooooooooooo.ooooo-ooooooo
- 6370.00 30.00 0«0 6400.00 28810.8 305.9 306. 29117.

PARTITION 1 FACILITY e
L4d 1 D= 3,200 2 D= 0.00e 3 0= A.5500 4 D= J0ne S D= 4o200 6 = Te6

d 7 D= fi.l0® 80 3,20 9 Ds S.0% 1] D= Se7%% 3] O= 8.5%0 42 D® 2.8

® 44 D= T.0%® AT D= Q.29
PARTITION 23 FACILITY 17 L
oo ]2 D= 6.3°* |7 D= 0.00® 19 D= Teg®® 22 D= S.lee 23 D= S.40e 28 @O= 7.0

e 29 D= 9.0°® 33 D= B.2°°
PARTITION 3 FACILITY 21 -
ee 10 D= 9.0°® 20 D= 4,50 2] D= 0.0®® 37 D= Te200 49.0= 10,20 S]1 B= 7.3

PARTITION & FACILITY 236 ,
ee 15 Da 6.7 18 D= 8.2 24 D= 9.10® 25 D= SeTee 20 D= 8.6 35 D= Te6

* 36 0= §.0°* &) D= 8.5 48 D= " b.0%

PARTITION & FACILITY 27 . .
es 15 D= 9.8%* 1o D= G.008 27 D= 0.0 56 D= Te20®
PARTITION 6 FACILITY S5 -

e® 39 D= 9,8 a0 D= B.29% 46 D= 6.0 S5 D= 0.00e

PARTITION T FACILITY 50 c .

ee 50 D= 0,0%® 52 D= Y,6%% S3 D= HoYee

PARTITION & FACILITY 13 ) ..

®e 13 D= 0,0 30 O= fol®® -32 Dn S.4%¢ 34 D= 2.8e%¢ 38 D= Te30e 43 = 4.}

® 45 D= 3.2°°

FIGURE 24

(continued, péée 25)

. T€C
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FIGURE 24

(continued, page 26)

ITERATION NUMBERy 9
GAS PLANAR EXAMPLE ONE

NUMBER OF FACILITIES 9
SERVICE DI1STANCE = 10,000

NEW FACILITY LOCATION NUMBER 20
FACILITIES ARE LOCATED AV 2y 170 2le 36 2Ty S55¢ S0r 131 20

yo-

POPULATION SERVED 6400.,00 . ,‘PEQCEUT Oﬁ TOTAL POPULATION SERVED 100.99

- - Pume

Py L L T L -




OAS PLANAR EXAMPLE ONE

FACILITIES ARE LOCATED AT 29 17 219 300 27e 5SS» 50s 13¢ 20

PRIMARY DISTANCE = 10,00

SECONDARY DISTANCE = 15,00

0000000000000 00000000000000RE00N0RA0RE0A000PNRRSARRNRRARNRRRaORI aNARINERNRasRolaalPlioasssssnssateNaaatnateseensl
. *PRIMARY®SECONDARY®POPULATIONSPOPULAT IONSLARGEST : ® OWT.OISTIVWI.OIST. *WT.DIST® TOGTAL ©

PARTITION®FACILITY®SERVED ® SERVED ® OUTSIDE ®  IN  ®TRAVELED® NODS ®PRIMARYISECONDARY®OUTSIOESWEIGHTED®

NUMBER @ NUMBER * PUP. ® POP. *SECONDARY ®PARTITION ®DISTANCE®NUMBER®COVEREDY COVERED SPRIMARY®DISTANCE®

.

H 2 373v.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. 384s.
3 21 170.00 0.0 0.0 170.00 7.3 Sl 579.0 0.0 0. 579,
4 a6 580.00 0.0 0.0 580.00 Y.l 24 3969.5 0.0 0. IvT0.
S 27 310.00 0.0 0.0 310,00 9.8 14 2030.4 0.0 0. 20230,
6 55 130.00 0.0 0.0 130.00 Y8 39 903.8 0.0 0. 904,
7 50 70.00 0.0 0.0 70.00 8.6 Y4 288.7 0.0 0. 289.
8 13 410.00 0.0 0.0 410.00 7.3 s 1358.2 0.0 0. 1358.
9 20 330.00 0.0 ve0 330.00 g.2 41 1880.4 0.0 0. 1880,
B ERNNEsE0sE00000000000000NRaNENcREtRtNItaNEclalineRtesisantancetaltstantianantereanliinianaaaaassastaapasecnnesent
6400.00 0.0 0.0 6400.00 28417.0 0.0 Q. cB8a17.

PARTITION 1 FACILITY e
oo 1 D= 3.2 2 us 0.00e 3 D= 4,500 4 D= J.00e S O= 4200 6 A= 7.6

4 7 DO= S.100 g 0= 3.2 9 O=: S.0%* 1] D= Se7%e 3] D= 8,500 42 DOm 2.8

® A4 D= T7.0® AT D= 9.2%% .
PARTITION 2 FACILITY 17
oo 12 D= 6.3%® 17 D= 0.0%® 19 D= Teb®® 22 D= S.lee 23 D= S.40e 28 b= 7.0

e 29 D= 9.0°® 33 D= 8,298 o :

PARTITION 23 FACILITY 21 - . -
e® 21 D= 0,0°® 37 D= 7.,2%® S) p=  7.3e®
PARTITION & FACILITY 36 e . . .
e¢ 15 D= 6,7°¢ 18 Us B.2%¢ 24 D= 9.1%® 25 D= S5.7es 26 D= H.6%e 35 Bx  T.6

® 36 D= Q.0 4AY D= 6.0%®

PARTITION £ FACILITY 27 . - -
e 14 D= 9.8 16 D= 6.4%% 27 Du - 0.0** S4 D= Te2ne

PARTITION 6 FACILITY 5% - . Lt

e 39 D= 9.8%6 &0 D= 8.2%¢ 46 D= 6.0°% 55 D= 0.0es

PARTITION 7 FaCILITY SO . ’

e 50 D= 0,08 S2 V= g.6%® 53 D= S.yee

PARTITION 8 FACILITY 13 . i

e 13 D= 0,0es 30 D= Tel®® 32 D= Se49%° 34 D= 2.80¢ 308 D= Tedee 43 Um " -4,1

® 45 D= 2.2%

PARTITION 9 FaACILITY 20

e® 10 D= 8.1 20 0= 0.0%® 4) D= 8.4%® 49 D=. 6,000
COVERRAGE CANNOT HE CHANGED uY AODITIONAL FACILITIES -
THIS SOLUTION wAS GENERATED oY THE GAS ALGORITHM ’

FIGURE 24

(continued, page 27)

€€C
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FIGURE 25

CONCEPTUAL FORM OF DATA DECK FOR

PLANAR PROBLEM ONE

//, . two blank cards

/// second problem

control card
fe—£first problem

. control card

master data deck

‘r—-——-second master control card

— first master control dard




TABLE 28

FIRST MASTER CONTROL CARD
FOR PLANAR PROBLEM ONE

235

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

IPTS Total number 55 4 and 5
of points ‘

IDEM Total number of 55 9 and 10
demand points

ADD Since IPTS=IDEM 0,1 15
program automati- <
cally sets ADD to 1l

NETWOR Since problem is 0 20
planar, value must
be zero

WEIGHT Value of one sign- 'l 25
ifies population A
value will be given

IDIST Value of oné sign- 1 30
ifies distance mat- ~
rix will be listed

IFSAP vValue of one sign- 1 35

ifies that statistics
output will be given




Parameter
Name

TABLE 29

SECOND MASTER CONTROL CARD

FOR PLANAR PROBLEM ONE

Assigned .

Assumption

236

Card Column(s)
Containing Value

B T U UEN WEw sy v

ARCS

RECT

ELE

CONS

IPOL

IALT1

IALT2

GAS

Since problem is
planar, value must
be zero

Since euclidean
distance is to

be calculated, value
must be zero

Since no elevation
data is given, value
must be set at

zero

Value of zero sign-
ifies no political
data is given

Value of zero sign-
ifies no special con-
straint features are
selected

Value must be
zero, since eleva-
tion data not given

Value must be zero
since elevation data
not given

When' value is set
at one, GAS program
will be executed

10-

15

20

25

30

35

40




Parameter
Name

TABLE 30
SECOND : PROBLEM CONTROL CARD
FOR PLANAR PROBLEM ONE

Assigned

Assumption

Value

237

- Card Column(s)
. Containing Value

IP

scs
EMAXL
EMAXS
| cons
ILIcov

u ILIST

Must equal largest
number of allowable
facilities

Maximal Service
Distance

Secondary Service
Distance

Parameter not used
because elevation
data not given

Parameter not used
because elevation
data not given

value of zero sign-
ifies no special con-
straint features are
to be used

value of zero sign-
ifies that zero-one
matrix will not be
given

Value of zero sign-
ifies that coverage
listing will not be
given

15

10.

15.

0,blank

0,blank

6-15

16-25

26-35

36-45

55

60

65




'CHAPTER 10
PLANAR PROBLEM TWO

Suppose we are interested in solving the pianér problem
utilized in planar problem 1, except that ;h additional
four areas exist that we would like to establish as:potential
faqility sites. Thus, we want to have 55 demand areas and
59 facility sites. The coordinates of the ekfra;ﬁﬁcility
sites are given in table 31. '

According to the information givén in appendix A, we
can‘solve this planar problem by setting the ‘value of IPTS
at 59 and the value of IDEM at 55. Iﬁ aédition, we must éét
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. 1In addition there are four facility siteg
that are not demand areas. Thus, thé parameters of the two
master control cards should be set at the values given in
table 32 and table 33.

The (x,y) coordinéte information for the 55 deﬁgnd 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 foqr
additional potential facility sites must be gi§en. The fo;m/
for the additional facility sites is the same as that dtiiized
for the coordinate inforgation‘of\the demand areas. There

is one card for each additional potential facility point.

~-238-
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After the additional facility points are given, the two
problem control cards must appear.: Siﬁce 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 proklem
2 appearé 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.



TABLE 32
FIRST MASTER CONTROL CARD
FOR PLANAR PROBLEM TWO'

241

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 po.ints B
ADD Means demand 1 15
points are poten-
tial facility sites ,
NETWOR Value of zeroc 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




TABLE 33

SECOND MASTER CONTROL CARD

. FOR PLANAR PROBLEM TWO

242

SN SNy —E0— NS SN ONg—SmA—aNe—ip

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
IALT] 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 ' 40

at one, GAS program
will be executed
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FIGURE 26
CONCEPTUAL FORM OF THE DATA DECK FOR

PLANAR PROBLEM TWO

//rw two blank
x cards
,//#i : , second problem
//’W7 control card
///— <«—— first problem
‘// control card
4 , facility point data

/(if 1/21 population data

- demand point data

<«—— gecond master control card
< first master control card




LISTING OF PLANAR PROBLEM ?WO DATA DECK
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FIGURE 27

2,
29.
27,
29.
2.
26,
24,
30,
29,
29.
a3,
17.
.,
25.
2l.
30,
19.
17,
22,
25,
29.
24,
17.
6o

19,
10,
3.,
12,
19,
27,
21,
2.
27,
32,
8.

15,
as,
36,
46,
50,
23,
27,
38,
36,
2,
42,
36,
15,

19,

45,
27,

-

40,
40,
42,
710,
620.
$60,

k) I
k1
3o,
2%,
Y
25,
34,
3o,
24,
2l.
2de
53,
40¢
60,
2de
Sl
4l
3.
40,
144
124
44,
42,
F{-1%
2l
2.
5064
4l
384
413
kLT
45,
43,
kI 1
F {1
294
1o,
Als
Sl
402
r I
0
k] N
k'
413
3o,
F{
1Y.
14,
v

2%,
F{ 1)
524
L Y1)

244



FIGURE 27

(continued, page 2)
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157
156
159

GAS PLANAR EXAMPLE Two

15

390,
350,
210,
200,
190,
170.
170,
160.
150,
140.
120¢
120«
110.
100.
100.
90,

90,

90,

80,

a0,
80,
80,
70,
60,
60,
60,
60,
60,
50.
50.
50,
50,
50,
50,
40,
40,
40,
40,
40,
40,
40,
3o,
30,
30,
30.
0.
30,
30,
20,
20,
20,
20,
10,
40,
2.
23,

10,

39,
404
F{ 1]
3%

15.
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POPULATION DATA

1 710.00° 7 200.00° 13 140.00% 19 90.00% 25 80.00° 31 60,00° 37 S0.00® 43  40.00° 49  30.00% S5  20.00¢
2 620.008 8 190.000 14 120,008 20 90.00¢ 26 70.00¢ 32 50,00 38  40,09% 44  40.00¢ 50 30,00
3 560.00¢ 9 170.00% 15 120,00 21 90.0U® 27  60.00® 33 50.00° 39 40.09® 45 30.00% 51  30.00°
* 390.00° 10 170.00% 16 110.00° 22 80.00¢ 28  60.00% 34 S0.00° 40  40.09® 46 30,00 52  20.00®
S 350.00% 11 160.00° 17 100.00% 23 80.00° 29  60.00% 35 50.00® A1  40.09* 47 30,00 S3  20.00®
6 210.00% 12 150.00% 18 100,00 24 B80.00* 30 60.00% 36 50.00° 42  40.0Q° 48  30.00% 54 20.00*
YHE FOLLOWING OPTIONS ARE DESIGNATEDS ’
DEMAND POINTS ARE THE ONLY POTENTIAL FACILITY S{TES
OISTANCES ARE MEASURED AS EUCLIDEAN
CUORDINATE ROINT DATA 1S AS FOLLOWNS:
32.00000 31.00900 1s¢ 2 29.90Uv0  32.00000 200 3 27.00009 36.00000 3ee
4 29.00000 29.00000 4% 5 32,00000 29.00000 Ses 26.00000 25.,00000 e
7  24.00000 33.00000 7es 8  30.00000 35.00000 8ee 9 29,00000 27.00000 gee
10 29.00000 21.00000 10°¢ 11  33,000U¢ 28.00000 11 12  17.00000 53.00000 120e
13 34.00000 40.00000 13% 14 25.00000 60.00000 14 15 21.00000 28.00000 1500
16 30.00000 S1.00000 16% 17  19.00000 47.00000 17¢¢ 18 17.00000 33.00000 18ee
19 22.00000 40.00000 19%¢ 20 25.00000 14.00000 20 21  29.00000 12.00000  2lee
22  24.00000 AB.00000 22° 23  17.00000 42.00000 23°¢ 24  6.00000 26,00000  24ee
25 19.00000 21.00000  25¢e 26  10.00000  32.00000 268 27  34,00000 $6.00000 2700
28 12.00000 #7.00000 28es 29 19.00000 38.00000 29 30  27.00000 41.00000  30ee
31  21.00000 35.00000 31%e 32  32.00000 45.00000  32%® 33 27.00000 45.00000 33ee
34 32.00000 38.00000  34®e 35  8.00000 22.00000 35%¢ 36 15.00000 25.00000 36
37  35.00000 16.00000 37 38 36.00000 47.00000 38ee 39  46.00000 51.00000  39ee
40 50.00000 60.00000  40%® 41 23,0000p 22.00000  41®® 42  27.00000 30.00000  42%e
83  38.00000 39.00000  43% A4  36,00000 32.00000  44%e A4S  32,00000 41.00000 ASee
- FIGURE 28

PLANAR PROBLEM TWO OUTPUT
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46
49
s2
S5
58
ol
64
67

70
3

76
79
82
8s
-1
91
94
97
100
103
106
109

42.00000
19.00000
$2.,00000
42.00000
27.00000
26,00000
29.00000
17.00000

21.00000
17.000900

29.00000

6.,00000
34.00000
27.00000
27.00000
15,00000
46.00000
27.00000
32.00000
15.00000
27.00000

40.00900

36.00000
14.00000
24.,00000
#2.00000
36.00000
25.00000
27.00000
53.00000

28.00000
33.00000

l2.00000
26.00020
56.00000
41.00000
45.00000
35.00000
51.,00000
30.00000
41.00000
19.00000

$.00090

52.00000

sp®e
A90n
S2ee
5508
3..
Gee
yee
120

15¢e
180

210
2400
21..
30..
33%e
36%e
39..
a2ee
ASee
4800
51:.

Saee

47
S50
S3
S6
59
62
465
68

71
T4

7
14
83
8é
a9
92
95
98
101
104
107
110

36.000U0  26.00000
45.00000  19.00000
40,0000  22,00000
32.00000  31.00000
29,0000y  29.00000
24.00000  33.00000
29.00000  Z1.00000
34.00000  40.00000
30.09000  51.00000
22.00000  40.00000
24.0000¢  48.00000
19.0000¢  21.00000
12.00000  47.00000
21.00000  35.00000
32.00000  38.00000
35.00000  16.00000
50.00000 4000000
38.07000  39.00000
42.09000  36.00000
19,00000 1400000
52.00000  24.00000
42.00000  42.00000
FIGURE 28

(continued, page 2)

ATee
508
53ee
1 ee
400
Tee
1000
13ee

J6ee
39ea

2200
zs..
260e

3100

'3500

370
4000
43%e
ey
490e
520
55ee

48
S1
S4
57
60
63
66
69

72
75

78
el
84
a7
90
93
96
99
102
105

108

15.00000
27.00000
40,00000
29.00000
32,00000
30.00000
33.00000
25.00000

19.00000
25.00000

17.00000
10.00000
19.00000
32.00000

8.00000
36.00000
23.00000
36.00000
36.00000
45.00000
40.00000

19.00000

5.00000
$2.00009
32,00000
29.,00000
35.,00000
28.0?000
60.,00000

41.00000
14.00000

42.00000
32.00000
38.00000
45,00000
22.00000
47.00000
22.00000
32.00000
26.,00000
19.00000

22.00000

ABee

S51ee
Seee
200
See
gee
11ee
140

1700
200

2300
2600
29
320e
35ee
3800
alee

400

AT00

S0%e

53ee

Lve
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FIGURE 28

(continued, page 3)

SUBPROGRAM MATBLD HAS BEEN CALLED 70 GENERATE A COVER MATRIX
THE MAXIMUM DISTANCE/TIME OF 10,00 HAS BEEN UTILIZED

..............QQ..QQ.................Q..QQ..'l".........,....
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FIGURE 28

(continued, page 4)

1TERATION NUMBER, 1
G6AS PLANAR EXAMPLE TwWoO

NUMBER OF FACILITIES 1
SERVICE DJISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 158
FACILIVIES ARE LOCATED AT 158,

POPULATION SERVED 4220.00 PERCEYT OF TOTAL POPULITION SERVEE 65.Y4




GAS PLANAR EXANPLE TwQ

FACILITIES ARE LOCATED AT 158

PRIMARY DISIANCE = 10,00

SECONDARY DISTANCE = 15.00 .

et RN e cateetsNtrttntIaniIanaItanteeesretlaliantnettateatatnisntntsnacatrecalitanteseennsiesssestnssnesdne:
- *PRIMARY®SECONDARY®POPULATION®POPULATION®*LARGEST y® *WT.DISTYNT.DIST. *WT.DIST® TOTAL @

PARTITION®FACILITYSSERVED ® SERVED *® OUTSIDE ¢ IN STRAVELED® NODE *PRIMARY?SECONDARY®OUTSIDE®WEIGHTED®

NUMBER @ NUMBER ® POP. ® pOP. ®SECONVDARY *PARTITION *DISTANCE®NUMBER®COVERED? COVERED SPRIMARY®DISTANCE®

1 158 4220.00 550,00 1630.00 6400.00 32,5 39 32698.9 7180.3 42751, 75450,
0000000000040 00000000R0000000000000CENEINEPNl aRtcettrnassnrtNaasiontteltetrsettlPrenciatectctssonnnacsensannid
4220.00 550.00 1630.0v 6400.00 32693.9 7180.3 42751, 15450,

PARTITION 1 FACILITY 158
o 1 D= 9.50e 2 D= T.208 3 D= 8,900 4 D= 6,100 S D= Yelee 6 b= 4.2

® TD= £.1°® B D= 9.,9%% 9 D= 6.1% 10 D= 9.2% 11 D= 10.0%e 12 D® 25.7
® 13 0= 10.3°° 14 D= 32.1%% 15 D= 2,0%¢ 16 D= 24,0 1}7 D= 19,408 18 D% 7.8
® 19 D= 12,0 20 D= 14.1°° 2] 0= 17.1°® 22 D= 20.,0% 23 D= 15,20¢ 24 D8 17,1
® 250= H.1°* 26 D= 13.6%0 27 D= 30.19% 28 D= 22.0%s 29 D=, 10.8¢s 36'0- 13.6

! -
® 31 03 7.3%% 32 D= 19,2° 33 D= 17.,5°% 34 D= 13,5 35 D= )6.20¢ 36 Dn 8.5

® 37 0= 17.0°* 38 D= 23.0°% 39 D= 32.5°¢ 40 D= 29.5%¢ 4l Dx  6.0ee 42 Dn 4.8
® 43 D= 1826%° 44 D= 13.6°% 45 Da 15.8°® 46 D= 20.6%¢ 47 O= 13,20 48 D% 12,0
@ 49 D= 14.6°% 50 D= 23.8%" 51 D= 23.3%" 52 D= 29.3%e S3 D= 18,0% 54 0% 29,4

® 'S5 D= 23.6°°

FIGURE 28

" (continued, page 5)

0s¢
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FIGURE 28

(continued, page 6)

IJTERATION NUMBER 2
GAS PLANAR EXAMPLE TWd

NUMBER OF FACILITIES 2
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 33
FACILITIES ARE LOCAYED AT 158 33

POPULATION SERVED 5020,00 PEBCE“T OF TOTAL POPULATION SERVED 78.%4




GAS PLANAR EXAMALE TWO

FACILITIES ARE LOCATED AT 158, 33y
PRIMARY DO1STANCE = 10,90
SECONDARY OISTANCE = 15.00
0800000000000 0000000000000000RN000NNEEREEEEReRl RteNRitnsNsNIREtlINEaRtNiINORENEaRlPlionscaatssnedatenesssosssses
o SPRIMARY*SECONOARY®POPULATION®POPULATIONCLARGESTy® OuT0ISTINTLDIST. ®*WT.0IST® TOTAL &
PARTITION®FACILITY®SERVED ® SEKVED *® OUTSIDE ¢ IN *TRAVELED® NODE ®*PRIMARY?SECONDARY®OUTSIOE*WEIGHTED®
NUMBER ® NUMBER ®© POR. * POP, #SECONDARY ®PARTITION ®DISTANCE®NUMBER®#COVEREDY CUVERED ®PRIMARY®DISTANCE®

| 158 4220.00 290,00 370.00 4880.00 29.3 52 32698.9 3961.6 10885, 43584,
2 33 800.00 41¢.00 310.00 1520.00 23.5 40 5223,6 4972.8 10266, 15489,
0600000000 EsneeREtncneeRoeelocreonNaEeearctintsanteottantetentitonteclNcNeerttetallosceccennNccncanaancaneaages
$020.00 700.00 680.00 6400.00 37922.5  8934.3 21151, 59073,

PARTITION 1 FACILITY 158
o 1 B> 9,50 2 D= T.200 3 D= Bevee 4 D= 6.l0e S 0= 9elee 6 D= 4.2

e 702 $.19% B U= 9.9% 9 Dx 6.1°® 10 0= 9.2%e 11 D= 10.0°+ 15 0% 2.0
® 18 D= 7.8%% 20 D= 14.1°% 21 D= 17.1°% 24 U= 17.1% 25 Us  B.1% 26 D= 13.6
e 31 Da  7.3°® 35 D= 16.2% 36 D= 8.5%% 37 D= 17.09¢ 4l Ds  6.0%0 42 DR 4.5
® 4A D= 13.6%% 47 D3 13.2%® 48 D= 12.0°% 49.D= 14.69¢ SO0 D= 23.80¢ 5] D» 23.3
e 52 D= 29.3%¢ 53 0= 18.0°°

PARTITION 2 FACIL1TY 33 - .

ee 12 D= 12.8%% 13 D= 3.0 14 0= 15.10® 16 D= G.Tee 17 Dx  8.20% 19 b= | 7.1
® 22 D= 4A.2° 23 D= 10.4°% 27 D= 13;000 28 D= 15.1%» 29 Da 10.6%¢ 30 D% 4.0
e 32 D5 5.0% 33 D= 0.0% 34 D= 8.6°° 38 D= 9.2°¢ 39 D= 1S.9%e 40 0% 23.5
® 43 D= 12.5°® A5 D= 6.4% a6 D= 17.5%¢ S¢ D= 14.8%¢ S5 D= 15.3%e

FIGURE 28

(continued, page 7)
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'FIGURE 28

{continued, page 8)

JTERATION NUHBER, 3
GAS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES 3
SERVICE DISTANCE = 10.000

MNEW FACILITY LOCATION NUMBER 17
FACILITIES ARE LOCATED AT 1584 33, 17y

POPULATION SERVED $370.00 PERCENT OF TOTAL POPULATION SERVED 83.71

SUBSTITUTION ALGORITHM USED

NODE 38 REPLACES FACIL11Y LOCATION 33
THIS 1S NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 1584 k1) 1

POPULATION SERVED 5510.00 PERCENT OF TUTAL POPULATION SERVED 86409




GAS PLANAR EAANPLE YO

FACILITIES ARE LOCATED AT 158y 38y 17
PRIMARY DISTANCE s 10,00
SECONDARY DISTANCE = 15.00
oooc.oooo.oooooooooo.o0o0-oo.oooooooooo.oo.ocool.ooo.QQ.o000.00000.0..00Q.o.000000000000000000000.000.0“00000.0
. SPRIMARY®SECONDARY ®POPULATIONTPOPULATIONSL ARGESTo® ouT.DISTPUT.DIST, 9WT.DIST® VOTAL o
PARTITION®FACILITY®SERVED ® SERVED @ OQUYSIDE ® ™ *TRAVELED® NOur ®PRIMARYPSECONDARYSOUTSIDESWEIGHTED®
NUMHER ® NUMBER ® POP, ® POP.  ®SECONDABY ®PARTITION ®DISTANCE®NUMUcR®COVERED® CUVEHED ®PRIMARYSDISTANCE®

1 158 4220.00 290,00 350.00 4860.00 23,8 50 32698.9 396140 102vve  w2pv0.
2 38 560.00 70.00 60.00 690.00 28.v¢ 52 3912.1 oloer i»»3e oolue
3 17 730,00 120.00 0.0 850,00 14.3 1a aneu,l l(laol 1718. 6163,
QQCaoo.o.QQQQQQQQQQQQQQQQQQQOQQQQQQC0.000000000000.000OQQOOOQQOQQQQQQ.QO'00000.0o.,!ooo'-.------..-iggg"gio.ﬂcg
5510,00 480,00 410400 ©400,00 *sU50.2 6486.4  j4uly, S5y67.

PARTITIAN 1 FACILITY 158 A
A 1 O= Yy,0ee 2 us | 27 3 D= -O?‘e ‘ ve é..,.. S D’ 9.‘.. 6 q- 4.2

@ JUe weles < D2 9.9¢% 9 Ds 6.l 19 D= 9.2% 11 D= 10.0% 15 0% 2.0
e .80s T.89% 20 0 1A )5 21°D= 17.1-~ 24 D= 17.1%¢ 25 D= 8.1%e 26 D# 13.6
» 31 0 7.3-~ 35 Ds 16.2++. 36'Ds 8.5- 37 D= 17.00¢ 41 U=  6.0%e 42 D% 4.5
EPRTN 13.6+- A7 Dz 13,35 48 ba g2.00e a9 D= 14.6%¢ 50 D= 23.8es 5] Dx 23.3

52 D= 183 .
PARTITION 2 FACILlIY . )
= 13 0s 17.3-9 (6Ds  7.2:° 27 D%  9.2%° 32 0m A5 34 D= 9800 38 B8 0.0

29 b2 10.8- 40 D¢ 5.7+ 43 D= 8.29% 4S D= 7.2%% 46 D= 12.,5% 52 p® 28.0
sS4 De 6.k 55Dz F6ev

PARTITION 3 FACILIIY 1T - o :
Lee 12 D2 6.3 - Dz 14.3%¢ 17 D= 0.0%" 19-D=  7,39% 22 Da  Se.lee 23 U= S.4

-

28b: 7.0 29 p=  9.0°® 30 D= 10.0%® 33 D= 8.2%%

FIGURE ‘28

(continued, page 9)
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FIGURE 28
(continued, page 10)

o ERATIUMN MLty 4
GAS P NAR FX.iPLE THO

NuMIRR + FACILITIES 4
QERVICE DISIANCE = 10,000

NEW FACILITY LOCATION NUMBER 1o

FACILIIIES ARE LOCATED AT 158y 38y * 175 10
comoe ae --q---:--.-- - - --7--.
. PERCENT OF TOTAL POPULATION SERVED 90.16

POPULA Y JUN SERVED ST70.00

- --'"-- -




wAS> PLANAR EXAMPLE THO

ravsITIES ARE LOCATED AT 158+ 238s 17s 10»
QOKHARY OISIANCE = 10,00
22CONDARY DISTANCE = 15.00
PO EE0ERERSSNtEN000ENEI00000000000000000000000000000000000000000000000000000000R0YPRC0RRRR0RRRRRRRNLENNERNERGNNY
L4 *PRIMARY®SECONDARY®POPULATION®POPULATIONSLARGEST»® *HTOISTINY.0ISTe *NT.0I3T® TulAL »
PARTITIONSFACILITY®SERVED ® SERVED ® OQUTSIDE o IN ®*TRAVELED® NODE ®PRIMARY?PSECONDARY®*0OUTSIDE®JLiuHTED®
NUMBER @ NUMBER ® POR. ® POP, ®SECONDARY PPARTITION ®DISTANCE®NUMBER®COVEREDY COVERED ®PRIMARY®DLSTANCE®

1 158 3370,00 100.00 130.0v 3600.00 17.1 24 25328.1 1313.3 3490. <3819,
2 38 560.00 70.00 40.00 670.00 15.7 40 3912.1 8506,7 1433, Sdad,
3 17 730.00 120.00 0.0 850.00 14.3 14 4445,.1 1718.1 1748, 6163,
4 10 1110.00 90.00 80.0V 1280.00 23.2 52 T7484.5 1108.6 2549 10025,
T T S T T T T Y Y Y Y T TP Y Y YYY P YT YT Y Y PO Y LYY Y YT Y Y T Y P T Y P T Y Y I LYY Y P Y Y Y Y P Y POy Ty Py I LY Y )
5770.00 380,00 250.00 6400,00 41169.9 4946.8 91dl. 50351,

PARTITION 1 FACILITY 158
ae 1 D= 9.58¢ 2 D= T7.20%* 3 D= H. 9o 4 D= 6el0e 6 D= Ao200 7 A= S.l

L4 8 D= .90 15 D= 2.00° 18 D= T.d®® 24 D= 17.10¢ 25 O= 8.1 24 D= 13.6
® 3] D= Te3% 35 0= 16.,2%* 36 D= 8,5% 4] 0= 6.0%0 A2 D= A,5% 44 D= 12.0

PARTITION 2 FACILITY 38
®e 13 O= T.3%¢ 16 D= Te208 27 D= Yedev 32 D= 4,500 34 Da - 9,8¢¢ 38 U= 0.0

® -390 D= 10.8°° 40 D= 15,790 A3 D= 8,2°0 A4S Dx  7.208 46 O= 12,50« Sa DF G4

® S5 0= 7.8°° . 5
PARTITION 3 FACILITY 17
e 12 0= 6,3 14 D= 14.3%" 17 0s °"0.0%® 19 D= T7.6%8 22 D= S.le* 23 @= S.4

® 28 0= 7.0° 29 D= 9.0 30 Da ' 10,09 33 O=  B.20¢

PARTITION & FACILITY 10 ‘ :

ee 5 D= .59 9 D= 6,000 10 D= U.0%® 11 D=  d.dee 20 D=  B.lee 2] @= 9,0
® 370s 7.0 44 0= 13,0° A7 D= B8.6° 49 D= 12.20¢ $0.0= 16.1%e S1 D= 16.1
e 52 0= 23.2%® 53 D= 11.0%® ’ '

FIGURI;". 28

"(continued, page 11)
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FIGURE 28

(continued, page 12)

ITERATION NUMBERy 5
6AS PLANAR EXAMPLE TWO

NUMBER OF FACILITIES S
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATION NUMBER 36
FA?!LI'IES ARE LOCATED AT 158, a8y 17 109 369

- --ee

257

Fmoe

POPULATION SERVED  6000.00 PERCENT OF TOTAL POPULATION SERVED _ 93,75
SUBSTITUTION ALGORITHM USED

NODE 2 REPLACES FACILITY LOCATION 158

THIS 1S NOW FACILITY NUMBER 1

FACILITIES ARE LOCATED AT 20 38y 1ls 10y 369

POPULATION SERVED T 6040400 PERCENT OF TOTAL POPULATION SERVED 94.87
SUBSTITYTION ALGORITHM USED

NODE 27 REPLACES FACILITY LOCATION 38

THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 20 27e 1Ts  10s 36

;;PULaf;;;-;EHVED 6050400 - penceér OF TOTAL POPULATION SERVED ;::;é.-
SUBSTITUTION ALGORITHM USED

NODE 21 REPLACES FACILITY LOCATION 10

THIS 1S NOW FACILITY NUMBER s

FACILITIES ARE LOCATED AT 2o 21 11y 21y 36

FOPULATION SERVED 6080000 Paaczg; OF TOTAL POPULATION SERVED 95490




GAS PLANAR EXAMALE THO

rACILITIES ARE LOCATED AT 2y 27y 17y 21 36y

ruIMARY DISTANCE = 10.00

SECONDARY DISTANCE = 15.00

PR NG e NN aNEaNtEEa NNt oNeNetstantccNleestetaNatNNsnacntaactitacNtiittecttenettilienantactttnnstcetatesnesse
o *PRIMARY®*SECONDARY*POPULATION®POPULATION®LARGEST »® *HT.OISTOWT.OIST. *WT.DIST® TOTAL *

rARTITIONSTACILITY®SERVED ® SERVED ® QUTSIOE IN *TRAVELED® NODE *PRIMARY®SECONDARY®QUTSIDE*WE IGHTED®

NUMBER *® NUMHBER ® POP. ® POP, ®SECONDARY *PARTITION ®DISTANCE®NUMBER®COVERED® COVERED ®PRIMARYSDISTANCES®

1 2 4010.00 90.00 6000 4160.00 24.4 52 16055.9 1161.4 2547. 18603,
2 27 350.00 90,00 20.0v 460400 16,1 55 2399.2 1079.0  1402. 3801,
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 S0 2511.s 305.9 830. 3341,
s 36 620.00 0.0 0.0 620.00 9.1 24 4311.3 0.0 0. a3ll.
LI I 2RISR 2 X2 2 2T P2 T Y 2y Y Y Y Y 2 YR Y 2 ¥ Y X Y YR Y Y Y Y Y Y Y X R Y X Y Y Y R X X XYYy (LY Y Y Y Y Y Y Ry Y Y Y Y Y Y Y YYY YY)
6080.00 210.00 110.00 6400,00 29122.9  2546.4 AT13. 33902,

PARTITION 1 FACILITY 4
os 1 0=, 3,20 2 D= 0,000 3 Dx 4.0 4 D= 3.00e S D= 4,200 6 A= Te6

® TD=s F.l®* 8 Ds 3,29 9 Da 5.,0° 11 Ds 5,7% 3 D=  9.4% 30 D% 9,2
® 31 D=  8.5%" 34 D= 6.T%" 40 D= 22.5%% 42 0= 2.8%% 43 D= 1l.4% 44 D% 7.0
® 45 D= 9.5%% 46 D= 13.6%¢ 47 Da  9.29% 52 D= 24.4% 53 Dx  14.90s

PARTITION R FACILITY 27 : ) -

%e 14 D= 9.8 16 D= 6,499 27 D= 0.0°® 32 D= 11.268 38 D= 9.20e .39 O= 13.0

® 54 D= J.2%® 55 D= 16,10 - - ) :
PARTITION @ FACILITY 17 - .
#e 12 D= 6,3%% 17 D= 0.0c® 39 D= Teo®® 22 D= S.1le% 23 Da S.4%* 28 b= Te0

® 29 0= 9.0 33 D= 8,2% .

PARTITION & FACILITY 21 i -

0 10 D= 9,0°% 20 D= 4,5%% 2] D= - 0.,00® 37 D= .T7.2e 49 D=’ 10.200 S0 U= 17.5
® S1 Das 7.3 ’ s )

PARTITION § FACILITY 36 . -

®0 1S Dz 6.7 18 D= Q.29% 24 Dn Y, 1%® 25 Dx  S5.7e® 26 Dz B.68% 35 B= 7.6

® 36 D= 0.0° 41 D= B8,5%% 48 Du. 6,09 _

FIGURE 28 -

(continued, page 13)
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FIGURE 28

(continued, page 14)

ITERATION NUMBER, 6
GAS PLANAR EXAMFPLE TWO

NUMBER OF FACILITIES 6
SERVICE DISTANCE = 104000

NEW FACILITY LOCATION NUMBER 157
FACIN 1T:cS ARE LOCATED AY ¢ 2T 17 21y 369 157

POPULATION SERVED 6260.00 PERCENT OF TOTAL POPULATION SERVED 97.81

-l -een




GAS PLANAR EXAMALE TWO

FACILITIES ARE LOCATED AT 20 ZT» 17 21s 36s 157

PRIMARY DISIANCE = 10.00

SECONDARY DISTANCE = 15.00

P Y T T L L L T Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y YT Y YYY YT YT YA LY LRL LTI ALY YT YT Y Y YT YTYYYYYYYY Y
. *PRIMARY®SECONDARY®POPULATION®POPULATION®LARGEST»® *WT.01ST®uT.DIST. *uT.DIST® TOTAL @

PARTITION®FACILITY®SERVED ® SERVED ® QUISIUVE ¢ IN STRAVELED® NODE ®PRIMARY®SECONDARY®QUTSIDE®WEIGHTED®

NUMBER ® NUMBER ® POP. ® POP. *SECONDARY *PARTITION ®DISTANCE®NUMBERSCOVEREO® COVERED *PRIMARYSDISTANCE®

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 384S.1 0.0 0. 3845,

- 21 430.00 30.00 30.00 490,00 17.5 S0 25114 30S.9 830. 3341,

S 36 620.00 0.0 0.0 620.00 9.1 24 4311.3 0.0 0. 4311,

-6 157 390.00 40,00 20.00 450.00 20.0 52 2556.2 S01.2 901. 3457.
Y T T T Y Y R T Y Yy Y Y P P YT Y Y P A LT Y Y Y T Y Ty Y Y Y Y Y Y P P Y Y Y PY Y Y Y YT Yy Y 2L Y PP Y Y Y Y Y Y PP Y Y Y Y YT TPy Y Y Y T 0
- 6260.00 90.00 50.00 6400.00 29705.0 1104.5 2023, 31733,
PARTITION 1 FACILLTY e

Ll 1 0= 3,20 2 D= 0.00e 3 Dm AL 4 D= 3.000 S D= 4200 6 A= Te6
ol 708 hel®e 4 Ds 3,20 9 D= 5.0%% 1] D= S.7T** 30 D= 9.2%¢ 3] D= 8.5

® 34 D= 6.7%% A2 D= 2.8%* 44.D= 7.0%* 47 D= 9.2%0 53 D= 14,90

PARTITION & FACILITY 27 i

% 14 D= 9.8%¢ 16 D= G.4%® 27 D= 0.0 S4 D= Ta200

PARTITION 3 FACILITY 17 . )

ee 12 D= 6,3%* 17 0= 0.0 19 Dn~ T.6%® 22 D= S.le¢ 23 Du S.4ee 28 =" 7.0

& 29 D= f.0°% 33 D= 8.2°° <
PARTITION & FACILITY 21 . -
®e 10 D= 9.0% 20 D= A, 5%% 2] D= 0.00® -37.0= Te2e¢® A9 D= 10.2%¢ 50 8= 17.5

e 51 D= Tedoe

PARTITION § FACILITY 3o

#s 5 D= 6,7*¢ 18 0= U.29% 24 D= Yel®® 25 D= S,7ee 26 D= B.6%* 35 = Teb
® 236 D= 0.0 4] D= - 8,5%% 48 D= 0.0%e®

PARTITION 6 FACILITY 157, - . \ - o7
ee 13 D= 6.0 32 D= 9.4%% 38 D= d.1°* 39 D= 12.5%% A0 D= 10.0e® 43 Uin 2.2

® AS DR 8.1°% 40 DR 4.5% -52 Dz 20.0°® S5 D= 2.8%

FIGURE 28

(continued, page 15)
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FIGURE 28

(cont‘inued, page 16)

JTERATION NUMBER« 7
GAS PLANAR EXAMRLE TwO

NUMBER OF FACILIVIES L4
SERVICE DISTANCE = 10,000

NEW FACILITY LOCATION NUMBER
FACILITIES ARE LOCATED AT

S0
2 27 17 21y 36 157y 50y

261

e L L L) T T

POPULATION SERVED 6330.00

PERCENT OF TOTAL POPULATION SERVED

98.9)

L4



GAS PLANAR EXAMPLE TwO

FACILITIES ARF LOCATED AT r3

PRIMARY DISTANCE

= 10.00

SECONDARY DISTANCE = 15.00

PARTIVIONSFACILITY®SERVED @ SERVED

27,

17,

2le 369 1579 50,

0000000000 000000080 .................'...Q..........................................Qc

*PRIMARY®SECONDARY®POPULATION®*POPULATION®LARGEST»®

OWT.0IST*WT,DIST. *WT.DIST® TOTAL *
® QUTSIOE * IN

*TRAVELED® NODE *PRIMARY®SECONDARY®QUTSIDESWEIGHTED®

NUMHER © NUMBER ® POP. ® POP. ®SECUNDARY ®PARYITION ®DISTANCESNUMBER®COVERED® COVERED ®PRIMARY®DISTANCE®
1 2 3840.00 0.0 0.0 3840.00 9.2 A7 14450.5 0.0 0s 14450.
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.
Y 21 430,00 30.00 0.0 460.00 10.2 49 2511.4 305.9 306. 2817,
5 36 020.00 0.0 0.0 620,00 9.1 24 4311.3 0.0 0. a3ll.
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 70.00 8.6 52 288.7 0.0 0. 289,
..Q.....Q.Q....’J.............Q..........Q...................Q.....O...............7,..........................Q(
©330.00 70.00 0.0 6400.00 29993.7 807.1 807, 30801,
PARTITION 1 FACILITY 2 )
@0 1 Dms 3,29® 20a 0,09 3 Da 4.5°" 4 0= 3,060 5 D= 4200 6 U= 7.6
® 70 5.9 8 0= 3.2 9 D= 5,0% 11 D= S.7% 30 D= 9.2ee 31 O% 8.5
® 34 0= 6.7°% 42 Da  2.8%% 44 D= T.0° A7 D= 9.2
PARTITION 2 FACILITY 27 )
0 14 D= 9.8%% J6 D= 6.49¢ 27 pa  0.00% 54 D= T 200
PARTITION 3 FACILITY 17 - )
s 12 D= 6.3%% 17 0= 0.0%® 19 D= /T.6% 22 D= S.lee 23 0= S.4es 28 Y= 7.0
o 200 §9.0° 33 D= 8,200 o .
PARTITION & FACILITY 21 ) A i A )
@ 10 D= 9,0 20 D= 4.5¢® 2] D» 0.0°® 37 0= T.208 49 D= 10.2%* 51 8% 7.3-
PARTITION § FACILITY 36 -
ee )5 D= 6,7°* 18 D= 8.20%¢ 24 D= 9,100 2§ D= S5.700 26 D= 8.6%¢ 35 b= 7.6
o 360 0.,0° 41 D= B.5%® 48 D= 6.0°¢
PARTITION 6 FACILITY 157 - . o
e 13 Ds 6.0% 32 Us 9,490 38 0= H.1e® 39 D= ]2.5¢¢ &0 D= )0.00* 43 @= 2.2
® AS D= 8.1% 40 D= 4,59 55 D=  2.8%e ' )
PARTITION 7 FACILITY 50 - -
#e 50 D= 0,00 52 D= - B,06%% 53 D= SH.Hs®
FIGURE 28

(continued, page 17)
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<« FIGURE 28

(continued, page 18)

ITERATION NUMBERs (]
GAS PLANAR EXAMPLE TWO

NUMRER OF FACILITIES 8
SERVICE DISTANCE = I0.00Q

NEW FACILITY LOCAVION NUMHER 39

FACILITIES ARE LOCATED AT 2y 27 1Te 21 36 .157¢ 500 39

LLL L Db dadeld

POPULATION SERVED 6370.00  PERCENY OF TOTAL POPULATION SERVED 99.b3

e T L L L L i Fomo




GAS PLANAR EXAMRLE TwO

FACILITIES ARE LOCATED AT 2o 27 17+ 21s 36s 1570 50, 39

PRIMARY DISTANCE = 10,00 .

SECONDARY DISTANCE = 15.00

..................Q....................................................Q..'..Q.....'................Q..GQ......
. ®PRIMARYSSECONDARY®POPULATION®POPULATIONSLARGEST o ® SWT.DIST*YT,DIST. *MT.DIST® TOTAL *

PARTITION®FACILITY®SERVED ® SERVED ® OUTSIOE ®  IN  ®TRAVELED® NODE ®PRIMARY®SECONDARY®OUTSIOESWEIGHTED®

NUMBER ® NUMBER ¢ POR. ® POP. ®SECONDARY ®PARTITION *DISTANCE®NUMBER®COVERED® COVERED *PRIMARY®DISTANCE®

1 2 3u40.00 0.0 0.0 3840.00 9.2 A7 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 384S.1 0.0 0. 3845,

s 21 430.00 30.00 0.0 460.00 10.2 49 2511.4 305.9  306. 2817,

s 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 S0 70.00 0.0 0.0 70.00 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,
..’.........................................'.....'.......'....'...........QC..............................Q...

6370.00 30.00 0.0 6400.00 29971.1 305.9 306.  30277.

PARTITION 1 FACILITY 2
e 1 D= 3,20 2 D= 0.0%® 3 D= 4.70° 4 D= 3,000 S D= 4200 6 U= 7.6

. 7 O= .19 4 D= J.20° 9 D= S.0%* 11 D= S.T7es 3v D= 9.200¢ 3] D= 8.5

® 34 0= 6.7%" 42 D= 2,3°" 44 D= T.0%" 47 D= 9.200
PARTITION 3 FACILITY 27

ee 14 D= 9.89¢ 16 D= 6.4%% 27 D= - 0,00

PARTITION 3 FACILITY i7 . - -

*e 12 Da 6.3+ 17 D= 0.0%® 19 p= T7.0%% 22 D= S.1e8 23 Da S.4%* 28 U= 7.0

e 20 D= 9.0% 33 D= B.2% L : )
PARTITION 4 FACILITY 21 . - - )
e 10 D= 9.0%¢ 20 D= 4.5%¢ 21 D= 0.0°® 37 D= T.2e¢ 4Y D= 10.20® 5] U= 7.3
PARTITION % FACILITY 36 ) - a

ee 1S Dx 6.796 18 Us 8.29% 24 D% 9,199 25 D= 5,78 20 D= 8.6%¢ 35 ™ 7.6
® 3605 0.0% 61 D= 8.5% . 48 D= 6.0%°. )

PARTITION 6 FACILITY 157 R . : -

ee 13 Ds 6,06 32 D= 9.4%® 38 D= - 8.19% 40 D= 10.0%e- 43 D= 2.2 45 b= 8.1

® 46 Da 4.5%* 55 D= 2.8%

PARTITION 7 FACILITY SO0 ,

®e 50 D= 0,00 52 D= 8,6%* 53 D= S.Yee
PARTITION @& FACILITY 239 -

®s 39 D= 0,000 54 U= Gal0e -

. FIGURE 28 ‘

(continued, page 19)
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FIGURE 28
(continued, page 20)

ITERATION NUMBERSs 9
B6AS PLANAR EXAMPLE TwO

NUMBER OF FACILITIES 9
SERVICE DISTANCE = 10,000

NEV FACSLITY LOCATION NUMBER 20
FACILITIES ARE LOCATED AT 2y 27 17+ 21y 36y 157 500 39 20y

7
POPULATION SERVED 6400.00 PERCENT OF TOTAL POPULATION SERVED 100,900




OaS PLANAR EX/- WE TW0

FACILITIES ARE LOCATED AT 29 279 1T 2le 369 15Te S0» 39 20»
PRIMARY DISTANCE = 10.00
SECONDARY DISTANCE = 15.00
000060008000t 000ENat00R00ROioNsnsetactnnanittetnasttastcnesnpinecanettneeetesscltinacanssneetatasesantcnassnes
. *pPRIMARY®SECONDARY*POPULATION®POPULATIONSLARGEST 9 ® *HT.0IST®UT.DIST. *uT.O0IST® TOTAL ¢
PARTITION®FACILITY®SERVED ® SERVED *® OUTSIDE ¢ IN STRAVELED® NODE ®PRIMARYO®SLCONDARY®QUTSIVE®WEIGHTED®
NUMBER ©® NUMBER ® POH. ® POP, ~GECONDARY ®PARTITION ®DISTANCE®NUMBER®COVERED® COVERED SPRIMARY®DISTANCE®

1 2 3040.00 0.0 0.0 3640.00 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 1?7 67V0.00 0.0 0.0 670.00 9.0 29 3845,.1 0.0 0. 3845,
4 21 170.00 0.0 0.0 170.00 7.3 51 579.0 0.0 0. 579.
S 36 580.00 0.0 0.0 580.00 9.1 4] 3969.5 0.0 0. 3970.
6 157 399%.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 52 268.7 0.0 O0e 289,
8 39 60.00 0,0 0.0 60.00 6.i 55 121.7 ¢.0 8. 122,
9 20 330.00 0.0 0.0 330.00 8,2 Al 1880.4 0.0 0. 1880,
RN eNe00ntnasNesNtsessinettlestatetRenneleittantsssstncolnatonestacttenssetttnetnincecessatitentannasssnsnes
6400.00 0.0 0.0 6400.00 29577.3 0.0 0. 29577,

PARTITION 1 FACILITY 2
e 1 0= 3,20 2 D= 0,00 3 0= 4.50 4 D= .00 S Os 4,200 6 A= T.6

b 7 D= S.1e® 4 b= 3.2°* 9 D= 5.0"' 11 O= S5.7%e 30 D= 9.2%e 3) D™ 8,5

® 34 D= 9. 7% 42 D> 2.89%% 44 D= T.0%® A7 D= 9.2%
PARTITION @ FaCILITY 27 - . -

e« 14 Da 9,80 15 D= 6.4 27 Q= "0.00®

PARTITION 3 FACILITY i7 - -

e 12 D= 6,3%¢ 17 D= g.0%® 19 D= - T.6%* 22 D= Selee 23 Da'-.. Se.éee 248 U= Te0

® 29 05 9.0%% 33 D= B8.2%° .-

PARTITION & FACILITY 21 - - ’
es 21 0= 0,0°® 37 D= J.,2% 5] D= T.3e® .. <
PARTITION % FACILITY 36 . ) :

es 15 Dz 6.,7%% 18 U=  B,2%® 24 D=" 9.19% 25 0= S5,7ee 26 D= 8.6%¢ 35 Q= 7.6

® 36 D= 9.0°° 48 D= 6.0°° . - , . . g P
PARTITION & FACILITY 1S7 o " - A

e 13 Dx 6,0 32 s 9,4 38 D= B.19% 40 D= 10.0e% 43 D= 2.2%0 45 U= 8.1

® 46 D= &5 S5 D= 2.8%¢ )

PARTITION 7 FACILITY 50 -

s® 50 D= 0,0ee 52 D= 8.6%® 53 D= S.00® -

PARTITION 8§ FACILITY 239 ;

ee 39 D= 0.0%® 54 D= Goloe T
PARTITION 9 FACILITY 20

s 10 D= 8,1** 20 L= 0,00 4] D= 8.4%® A9 D= (- YY: L1
COVERRAGE CANNOT HE CHANGED uY ADDITIONAL FACILITIES )
THIS SOLUTIDN wAS GENEHATED 8Y THE GAS ALGORITHN

FIGURE 28

(continued, page 21)

992



CHAPTER 11
ADDITIONAL PLANAR PROBLEMS

Suppose we modify planar problem 2 to include eleva-
tion data and the constraint options. Let us aséume we waht:
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 thé’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 notﬂacceptablé for
facility placement. .

According to the problem dgfinition, 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 theWEIGH? paiameter on the first master control card

to a value of zero (or blank). By setting the ELE parameter
of the second ﬁaster 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 bopulation data’from the master

data deck utilized_in example 21and insert the elevation data.

"
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The elevation data is composed of one card per point in the
problem in order of 'increasing index. Since there: are 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 conérol 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 pafa-
meters ND, NDAS, and NANCF. Since the number of demaﬁd 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 - a- zero value.

The follow1ng nine cards are called ND cards and give the
indices of the demand areas that are not allowed ‘o be considered
as éotential facility sites. Each card gives au 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 eud of the data deck. Fiyure 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 poiht ‘
planar problem when population data is to be given. We are
interested in locating up to’ 15 facilities with a maxlmal
service distance of 10. kllometers. Further assume that any
facility must be (a) within 10 kilometersxof a demand area;
(b) no more than 25 meters hlgher 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 prc-

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 modify;ng‘ihe data deck developed
for planar problem 3. 1In fact the master data. 'deck from |
plahar example 5 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 (x,y) 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. i
Since rectilinear distances are also £6 be utilized, the REéT
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 changgd‘tb 25,
and EMAXS should be changed to -15. The value of ICOV will
be modified to zero to eliminate the printout of éhe cover
matrix,

The constraint card set begins with a card containihg
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 wiiich 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.

1
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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 iisting generated by the GAS program in solving this

problem.

MULTIPLE PLANAR RUNS

Many élanar 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’éonceptualized version of a
planar data deck set upror 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 Acceptaple)
-8 . NA |
10 © NA
14 NA
37 NA
22 NA
25 NA
36 'NA

v

51 NA
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FIGURE 29

LISTING OF PLANAR PROBLEM THREE DATA DECK

59 55 |
1 ) |
3} 80,
2 80,
3 90,
, & 60,
3 80.
[ 65,
7 15,
8 90,
9 70,
10 50,
11 15.
) ¥ 100,
13 80,
14 155¢
15 80,
16 150.
37 15,
18 110
19 90,
20 60,
3l 50.
22 100,
23 70,
24 110.
25 80, .
26 100.
a1 150
28 70.
29 70,
30 90,
3l a0,
kF4 100.
3 90,
3 1004
35 110¢
36 100,
37 50,
38 140,
3 150.
40 130,
41 60,
42 80,
43 120
44 90,
45 100.
46 120.
47 89,
40 80,
49 55,
50 50,
51 50,
52 50,
53 40,
54 150.
55 120«
156 90,
157 a0,
158 70.
159 90,
| 32, k] ¥
2 2%, 324
3 27, k [,
4 29, 29
. 2 32, © 29

26, 29
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48

9

3 ¥a

0 NS
s A
14 NA
37 NA
22 NA
25 NA
36 NA
S$1 NA

23
6AS PLANAR

(continued, page 2{

!

24,
ao,
29,
29,
3,
17,
N,
25,
21,
30.
19,
17,
22,
25,
29,
24,
17.
(.1

19,
10,
N,
12,
27,
19,
21,
2.
27,
3z,
8.

15,
35,
36,
46,
50,
23.
27,
3o,
36,
2,
42,
36,
15,
19.
45,
27,
52,
40,
40,
A2,
10,
40,
23.

FIGURE 29

21
2484

60
284
Sl
4l
33.
40,
144
12.
483
424
20,
F3 1)
3.
S0,
41
41,
k119
35,
45,
45,
384
ed.

25,

10.
47,
51,
40,
ede
.
k1
s
4l
36.
F{- 18
19,
143
19
Se
24,
24,
5d.
4de
34,
40,
2ds
N

*EXAMPLE THREE
10.

274



POPULATION DATA

) § 1.00 7 1.00° 13 1.00® 19 1.00¢ 25 1.00® 231 1,00 37 1.00® 43 1.00° 49 1.00¢ S5 1.00@
2 1.00* 8 1.00® 14 1.00° 20 1.00% 26 1.60* 32 1,00* 38 1.00° &4 1.00® 50 1.00°
k| 1.0¢* 9 1.00® 15 1.00° 21 1.00° 27 1.00® 33 1.00® 39 1.00® 45 1.00¢ S1 1.00¢
4 1.00® 10 1.00® 16 1.00* 22 1.00® 28 1.00® 34 1,00® 40 1.00€ &6 1.00¢ S2 1.00*
S 1.00* 11 1.00* 17 1.00* 23 1.00* 29 1.00¢ 35 1.00° 41 1.00® 47 1.00* 53 1.00¢
6 1.00°* 12 1.00* 10 1.00* 24 1.00® 30 1.00* 36 1,00® 42 1.08¢ A8 1.00® 54 1.00¢
THE FOLLOWING OPTIONS ARE DESIGNATED?
DEMAND POINTS ARE ALSO POTENTIAL FACIL1TY SITES
DISTANCES ARE MEASUHED AS EUCLIDEAN
DEMAND POINTS ARE ALSO POTENTIAL FACILITY S1TES
COORDINATE ROINT DATA IS AS FOLLOWS:
1 32.00000 31.00000 1ce 2 29.00000 32.00000 2ee 3 27.00009 36.00000 Jee
4 29.00000 29.00000 Aoe S 32,00000 29.00000 See 6 26400000 25.,00000 6o
7 24.00000 33.,00000 Tee e 30.0000¢ 35.00000 8ee 9 29.00000 27.00000 9o
10 29.00000 21.00000 100 11 33.,000v0 28.00000 e 12 17.00000 $3.00000 1200
13 34.00000 40.00000 13 14 25.00009 60.00000 l4ee 15 21.00000 28,00000 1500
16 30,00000 $1.,00000 16° 37 19.00000 47.00000 170 18 17.09000 33.00000 1800
19 22.00000 40,00000 19 20 25.00000 14.00000 200 21 29.00000 12.00000 21
22 24,00000 48,00000 22%e 23 17.00000 42.00000 23%e 24 6.00000 26,00000 ‘2400
25 19.00000 21.00000 25%e 26 10.00000 32.00000 260 27 34.00000 $6.00000 270
28 12.00000 47.,00000 20%¢ 29 27.00000 41.00000 29%* 30 19.00000 38.00000 3000
k) | 21.00000 35.00000 3l1ee 232 32.00000 45.00000 32+ 33 27.00000 45300000 J3ee
34 32.00000 38.00000 34%e 35 8.00000 22.00000 asees 236 15.00000 25.00000 360¢
aa 35.00000 16.00000 37%e 38 36.00000 47.00000 3yee 39 46400000 51.00000 Jyee
40 $0.00000 40,00000 40%® ) 23.00000 22.00000 Alee 42 27.00000 30.00000 o200
43 38.00000 39,00000 AJ%e AN 36.00000 32.00000 44%® A5 32.00000 41.00000 ASes
46 42.00000 36,00000 A6%e A7 36.00000 26.00000 ATe® A8 15.00000 19.00000 4300
FIGURE 30

PLANAR PROBLEM THREE OUfPUT
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s2
ss
se
61
64
67

70
13

76
79
82
as
1)
91
9
97
100
103
106
109
112

19.00800
$2.00000
42.00000
23.00000
29.00000
32.00000
30.00000

33.00000
25.,00000

19.00000
25,00000
17.00000
10.,00000
27.00000
32,00000

8.00000
36.00000
23.00000
36.00000
36.,00000
45.00000
40.00000

14,00000
24.00000
42.00000
28.00000
22400000
29.00000
35.00000

28.00000
©0.00000

#7.00000
14,00000
42.00000
J2.0Cc000
41.00000
45.00000
22.00000
47.00000
22.,00000
32.00000
26.00000
19.00000
22.00000

a9ee
s2es
SSee
15800
200
Ges
gee
1100
1‘..
‘1..
r{L21J
2300
26"
298
329
350
3Jyon
Alee

Adoe

4700

S0es

S3es

S0
3
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101
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(continued, page 2)

45%.00000 19.00000
40.00000 22.00000
10.,00000 38.00000
23.00000 39.00000
27.00000 36.00000
26,00000 25.00000
29.000v¢ 27.00000
17.00000 53.00000
21.00009 28400000
17.0000v 33.00000
2%9.00000 12.00000
6.0000v 26.00000
34.00000 56.0000
19.00000 38.00000
27.00000 45.00000
1S.00000 25.00000
46.00009 51.00000
27.0000y 30.00000
32.00000 41.00000
15.00000 19.00000
27.0000y S.00000
40.00000 52.00000
FIGURE 20
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a7
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926
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111

114
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40.00000
40.00000
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29.00000
24.00000
29.00000
34.00000
30.00000
22.00000
24.00000
19.00000
12.00000
21.00000
32.00000
35.00000
50.00000
38.00000
42.00000
19.00000
$2.00000
42.00000

$.,00000
52.00000
40,00000
31.00000
29.00000
33.00000
21.00000
40.00000
$1.00000
40,00000
48.00000
21.00000
47.,00000
35.00000
38.00000
16.00000
40,0000V
39.00000
36,00000
14,00000
24.,00000
42,00000

S1ee
s40e
157%e
jes
4%e
Tes
lo..
l“a..
]60;
19¢e
22re
250
2800
Jlee
340
37w

a0ee

A3ee .

Qb;.

‘9..’
5200
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FIGURE 30

(continued, page 3)

SUBPROGRAM HATBLD HAS BEEN CALLED TO GENERATE A COVER MATRIX
THE MAXIWUM DISTANCE/TIME OF 10,00 HAS BEEN UTILIZED
ELEVATIONS ARE ALSO UTIL1ZED IN DEVELOPING THE COVER MATRIX
THE LARGEST ELEVATION DIFFERENCE DOWN TO A FACILITY IS  30.0
THE LARGESY ELEVATION DIFFERENCE UP TO A FACILITY IS 30,0
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FIGURE 30

(continued, page 4)
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FIGURE 30

(continued, page 5)
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FIGURE 30

(continued, page 6)
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FIGURE 30

(continued, page 7)
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FIGURE 30

(continued, page 8)

)] CAN BE SERVED B8Y 15
1 CaN BE SERVED @Y 46
1 CAN BE SERVED BY 48
1 CAN BE SERVED BY s1
12 CAN RE SEVVED BY 16
12 CAN RE SERVED @Y 21
12 CAN RE SERVED BY a6
12 CAN BE SERVED BY 32

13 CAN BE SERVED #Y 2
13 CAN RE SERVED BY S
13 CAN RE SERVED BY 6
13 CAN BE SERVED BY 7

13 CAN RE SERVED BY 12
13 CAN RE SERVED BY 17
13 CAN BE SERVED BY 33
13 CAN BE SERVED bY 36
13 CAN BE SERVED HY k)
13 CAN BE SERVED BY k1]
13 CAN RE SERVED @Y 0] ]
13 CAN BE SERVED BY 49
14 CAN RE SERVED BY 18
14 CAN BE SERVED 8Y 3l

)5 CAN RE SERVED 8Y 3
1S CAN BE SERVED BY b
15 CAN BE SERVED HY 7
15 CAN BE SERVED BY 8

)5 CAN BE SERVED 8Y 10
15 CAN BE SERVED BY 11
15 CAN BE SERVED HY 13
1S CAN BE SERVED BY 19
15 CAN BE SERVED uY a2
15 CAN BE SLRVED BY | 29
15 CAN BE SEHVED MY 35
15 CAN 8E SERVED BY 40
15 CAN RE SERVED BY 45
15 CAN BE SERVED ®9Y 46
16 CAN RE SEHVED BY 20
16 CAN RE SERVED BY 3l
16 CAN RE SEHVED HY 42
17 CAN RE SERVED 8Y 4
17 CAN RE SERVED dY 16
17 CAN BE SERVED 8Y 2l
17 CAN RE SERVED BY 23
17 CAN RE SERVED BY b
17 CAN RE SERVED BY el
17 CAN BE SERVED uY 32
17 CAN BE SERVED BY 33
17 CAN BE SERVED 8Y 34
17 CAN BE SERVED BY 7
18 CAN RE DERVED BY 1
38 CAN RE SERVED 8Y 4
s CAN BE SERVED BY 19
18 CAN BE SERVED BY - 22
18 CAN BE SERVED WY 2
18 CAN BE SEHVED BY 30
18 CAN BE SERVED WY 38
18 CAN RE SERVED MY 35
18 CAN BE SERVED WY 40
19 CAN RE SERVED dY 4
19 CAN BE SERVED HY 7
19 CAN BE SERVED 8Y 11



FIGURE 30

(continued, page 9)
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n
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2l
23
26
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k)
36
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2l
23
26
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3
34
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14
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40
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53

22
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A0
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FIGURE 30

(continued, page 10)

27 C¢AN BE SERVED BY 3l
21 cAN BE SERVED WY 42
27 CAN RE SERVED HY 158
28 CAN RE SERVED BY )|
28 CAN BE SERVED uY 16
28 CAN RE SERVED HY 21
28 CAN RE SERVED BY 27
28 CAN BE SERVED BY 3

29 CAN RE SERVED BY 4
29 CAN RE SERVED B8Y b
29 CAN RE SERVED HY 7

29 CAN BE SERVED BY 11
29 CAN BE SERVED BY 12
29 CAN BE SERVED HY 17
29 CAN RE SERVED BY 2l
29 CAN BE SERVED BY 23
29 CAN RE SERVED HY 26
29 CAN BE SERVED 8Y 33
29 CAN RE SERVED BY 34
29 CAN BE SERVED BY 35
29 CAN RE SERVED BY 6
29 CAN RE SERVED BY 37
29 CAN RE SERVED @Y k1.
29 CAN BE SERVED HWY 49

30 CAN RE SERVED bY 1
30 CAN RE SEtRVED BY 4
30 CAN RE SERVED BY 7

30 CAN BE SERVED BY 11
30 CAN RE SERVED BY 21
30 CAN BE SERVED MY 22
30 CAN BE SERVED HY 23
30 CAN BE SERVED BY 27
30 CAN RE SERVED BY Kk
30 CAN BE SERVED bY 34
30 CAN BE SERVED BY k1]

31 CAN BE SERVED uYy 3
31 CAN BE SERVED uY 4
3) CAN BE SERVED BY 6
31 CAH RE SERVED HbY 7
3] CAN RE SERVED BY 8

31 CAN RE SERVED HY 11
3] CAN At SERVED oY 12
31 CAN RE SERVED BY 19
31 CAN BE SERVED HY 22
31 CAN RE SERVED BY 23
31 CAN BE SERVED uY 21
31 CAN RE SERVED PBY 3
31 CAN BE SEHVED WY 34
31 CAN RE SERVED BY s
31 CAN RE SLRvED BY 406
32 CAN BE SERVED BY 2
32 CAN BE SERVLD BY 17
32 CAN RE SERVED BY 26
32 CAN RE SERVED uY 3
32 CAN RE SERVED BY 36
32 CAN RE SLRVED dY an
32 CAN RE SERVED 8Y Ju
32 CAN RE SERVED BY A7
32 CAN BE SERVED 8Y 49
33 CAN RE SERVED BY 4
33 CAN RE >ERVED 8Y 7
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FIGURE 30

(continued, page 1l)

33 CAN BE SERVED HY 17
33 CAN RE SERVED 8Y 21
33 CAN RE SERVED BY 23
33 CAN BE SERVED BY 26
33 CAN RE SERVED B8Y 33
33 CAN RE SERVED BY.- 36
33 CAN BE SERVED BY 37
33 CAN BE SERVED BY 38
33 CAN BE SERVED BY 49
34 CAN BE SERVED BY 2
34 CAN 8E SERVED BY s
34 CAN RE SERVED BY 5
34 CAN BE SERVED BY 6
34 CAN RE SERVED BY 7
34 CAN RE SERVED BY 8
34 CAN RE SERVED BY 9
34 CAN BE SERVED BY 11
34 CAN RE SERVED BY 12
34 CAN RE SERVED BY 17
34 CAR RE SERVED BY 33
34 CAN BE SERVED BY 36
34 CAN RE SERVED BY 37
34 CAN 9E SERVED BY 38
34 CAN BE SERVED BY 46
34 CAN BE SERVED BY 47
34 CAN RE SERVED BY 48
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 SEFVED BY 22
36 CAN BE SERVED BY 28
36 CAN RE SERVED HY 29
36 CAN OE SERVED BY 30
36 CAN RE SERVED ¥Y 39
36 CAN BE SERVED dY * 40
36 CAN RE SERVED BY 52
37 CAN BE SERVED BY 14
37 CAN RE SERVEN BY 25
37 CAN BE SERVED BY 41
37 CAN RE SERJLD BY 157
38 CAN BE SERYED BY 20
38 CAN RE SEFVED BY a
38 CAN RE SERVED BY 42
38 CAN RE SLRVED BY a7
38 CAN RE SLRVED BY 158
38 CAN R SERVED BY 159
39 CAN AF SERVED BY 43
39 CAN p! SERVED BY 158
39 CAN AE SERVED BY |59
40 CAN RE SERVED BY a8
A0 CAN RE SERVED BY 50
40 CAY RE SERVED BY 159
4] C/N BE SERVED BY 3
41 CaN BE SERVED BY 8
41 (AN BE SERVED BY 10
&1 CAN RE SERVED BY 13
41 CAN HE SERVED BY 14



286

FIGURE 30

(continued, page 12)

41 CAN BE SERVED BY 19
4) CAN BE SERVED B8Y 24
4] CAH BE SERVED HY 29
4] CAN BC SERVED @Y AS
4) CAN BE SERVED BY AL
4] CAN BE SERVED HY 52
41 CAN BE SEHVED BY 53
42 CAN BE SERVED 8Y 3
42 CAN RE SERVED 8Y 4
42 CAN RE SERVED BY )
42 CAN BE SERVED Y o
42 CAN BE SERVED BY 7
42 CAN BE SERVED BY [
42 CAN RE SERVED BY 9
42 CAN BE SERVED BY 10
42 CAN BE SERVED 8Y 11
42 CAN RE SEHVED a8Y 12
42 CAN RE SERVED Y 13
42 CAN BE SERVED BY 14
42 CAN BE SERVED BY 15
42 CAN BE SERVED BY 19
42 CAN BE SERVED 8Y kY
42 CAN BE SERVED BY kT')
42 CAN BE SERVED BY A5
42 CAN BE SERVED BY 46
42 CAN ARE SERVED Y A8
42 CAN BE SERVED BY 51
43 CAN RE SERVED 8Y 12
43 CAN BE SERVED BY 36
43 CAN BE SERVED HY 38
43 CAN BE SERVED BY 42
43 CAN BE SERVED mBY 47
43 CAN BE SERVED BY ~ 48
43 CAN BE SERVED 8Y AY
43 CAN BE SERVED BY 50
43 CAN BE SERVED BY 159
44 CAN BE SERVED dY 2
44 CAN BE SERVED BY 5
44 CAN BE SEHVED 8Y 6
44 CAN BE SERVED BY 7
44 CAN BE SERVED 8Y 8
44 CAN BE SELRVED BY 9
44 CAN BE SERVED BY 12
44 CAN BE SERVED HY 13
44 CAN BE SERVED HY 15
44 CAN BE SERYED HY 1Y)
44 CAN BE SERVED MY kT']
44 CAN BE SERVED BY AL
44 CAN BE SERVED BY A7
44 CAN BE SERVED HY Al
44 CAN BE SERVED BY AY
44 CAN BE SERVED ®Y 50
44 CAN BRE SERVED BY .51

45 CAN BE SERVED BY 2
45 CAN BE SERVED BY 4
45 CAN BE SERVELD BY S
45 CAN RE SERVED dY 6
45 CAN BE SERVED BY 7

45 CAN BE SERVED &Y 12
45 CAN BE SERVED BY 17
45 CAN BRE SEHVED bY 33



(continued, page 13)
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47
47
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406
406
48
48
48
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49
49
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S0
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5e
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sS4
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54
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55
$5
55
55
58

FIGURE 30

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CaN
CAN
CAR
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
€N
cAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
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3l
42
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FIGURE 30

(continued, page 14)

THE FOLLOWING NODES WILL NOT BE CONSIDERED AY PUTENTIAL FACILITY SITESS
3<NAe B<NAs 10=NAs 14=NAs 37=NAs 22-NA» _£5=NAy 36=NAs Sl=NAs
08006800 R000000000000R000aesttttanetestentifetecetilrctieRnsaReientntedd
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ITERATION NUMBER. 1
GAS PLANAR EXAMPLE THREE

HUHBER OF FACILITIES

1

SERVICE DISTANCE = 10.000
NEW FACILITY LOCATION NUMBER 3
FACILITIES ARE LOCATED AT 3
POPULATION SERVED 20.00 PERCENT OF TOTAL POPULATION SERVED 36.36
THE FACILITY LOCATED AT! 3 CAN COVER THE FOLLUWING DEMANDS?
) B 2 3 4 Sy To 8y 9y 119 139 1S9 199 29¢ 309 3l 339 34r 420 44e 45y
DEMAND POINY CAN BE COVERED BY FAGILITIES AT:
1 J
2 Je
3 3
4 e
S 3
6 NO CURRENT FACILITY LOCATION
7 3
] I
9 k
10 NO CURRENT FACILITY LOCATION
11 3y
12 NO CURRENT FACILITY LOCATION
13 k
14 NO CURRENT FACILITY LOCATION
15 3.
16 NO CURRENT FACILITY LOCATION
17 NO CURRENTY FACILITY LOCATION
18 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 NO CURRENT FACILITY LOCATION
26 NO CURRENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION
28 NO CURRENT FACILITY LOCATION
29 3
ae 3
k)l e
- 32 NO CURRENT FACILITY LOCATION
33 I
3 3

FIGURE 30

(continued, page-15)
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35
36
7
38
39
40
41

42

43
4%

45

47
40
A9
50
51
52
S3
S5a
55

NO
NO
NO
NO
NO
NO
NO

NO

CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY

3

CURRENT FACILITY

3
3

CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURRENT FACILITY
CURHENT FACILITY
CUHRENT FACILITY
CURRENT FACILITY
CURRENY FACILITY

FIGURE 30

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LCCATION
LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATI1ON
LOCATION

(continued; page 16)
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ITERATION NUMBERS 2
GAS PLANAR EXAMPLE THHEE

NUMBER OF FACILITIES 2

SERVICE DISTANCE =

10.000

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT k 1

25
299

POPULATION SERVED 28.00

PEBCE&T OF TOTAL POPUEATION SERVED 50.71

THE FACILITY LOCATED AT!

1e 2o 3.

THE FACILITY LOCATED ATS

6s 1090 )S»
OEMAND POINT

OE~NOWNI>WUN™

10
11

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
N

'Y} Se T B

209 259 369 4y
CAN BE COVERED BY
3
3
3
3
3
250
kI
3
k I
250
3
NO CURRENT FACILITY

k1
NO CURRENT FACILITY
3¢ a5y
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
3
25
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
25
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
3
k1)
3

9y 1l1s 13¢ 1S»

489 A9y
FACILITIES ATS

LOCATION
LOCATION .

LOCATION
LOCATION
LOCATION

' GCATION
LOCATION
LOCATION
LOCATION

LOCATION

LOCATION
LOCATION

FIGURE 30

19

3 CAN COVER THE EOLLUWING OEMANDS!

29s

25 CAN COVER THE FOLLUWING DEMANDS!

(continued, page 17)

30,

3l

X 1

35

420

Abe

45

162



32
33
3
as
36
a7
38
39
40
a1
82
43
as
45
46
a7
a8

S0
51
52
53

S5

NO CURRENT

3

3
NO CURRENT
259+
NO CURRENT
NO CURRENT
NO CTURRENT
NO CURRENT
25y

3
NO CURRENT

3

3’
NO CURRENT
NO CURRENT
25,

25y
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 30

LeCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

LOCATION

LOCATION
LOCATIOY

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 18)
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THE FACILITY LOCATED ATS

ITERATION NUMBER, 3
GAS PLANAR EXAMPLE THREE

NUMBER DF FACILITIES 3
SERVICE DISTANCE = 10,000
NEM FACILITY LOCATION NUMBER 38
FACILITIES ARE LOCATED AT 3 259 39,
POPULATION SERVED 34.00 PERCE@T OF TOTAL POPULATION SERVED 61.‘2
THE FACILITY LOCATED AT! 3 CAN COVER THE FOLLOWING OEMANDS? - U_ .
1 2 3. 4y Se Te - ) 9e 1ls £d¢ 1Se 199 29 30s 31s 339 349 420 440 A5,
THE FACILITY LOCATED ATt 25 CAN COVER THE FOLLUWING DEMANDS
69 109 159 20 2S¢ 369 A)e 48y 49y

160 279 3By 439 54¢ 5
DEMAND POINY
1 3
rd 3
3 3
4 k1)
S k1)
6 250
7 e
8 3
9 3
10 25y
11 3
12 NO CURRENT
13 k I
14 NO CURRENT
15 3y 35Se
16 38,
17 NO CURRENT
18 NO CURRENT
19 3
20 25y
21 NO CURRENT
22 NO CURRENT
23 NO CURRENT
24 NO CURRENT
25 25
26 NO CURRENT
27 38y
208 NO CURRENT
29 3
30 3
k) 3

Se

FACILITY

FACILITY

FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY
FACILITY

(continued, page 19)

CAN BE COVERED BY FACILITIES AT:

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

LOCATION

FIGURE 30

38 CAN COVER THE FOLLUWING OEMANDSS
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32
33
38
35
36
37
38
39
40
v
a2
43
44
45
46

48
49
S0
S1
52
S3
S4
55

NO CURRENT
39
3
NO CURRENT
25+
NO CURRENT
38,
NO CURRENT
NO CURBENT
25
3
34
3
3
NO CURRENT
NO CURRENT
25
25
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
34,
3Y»

FacILITY

FACILITY
FACILITY

FACILITY
FACILITY

FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

-FIGURE 30

LOCATION

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION
LOCATION

LOCATIUN
LOCATION
LOCATION
LOCATION

" (continued, pége 20)
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{TERATION NUMHER, 4
GAS PLANAR EXAMPLE THREE

NUMBER OF FACILITIES &
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 17

FACILITIES ARE LOCATED AV 3 25 3ay 17

POPULATION SERVED 39.00

PERCENT OF TOTAL POPULATION SERVED

THE FACILITY LOCATED AT: 3 CAN COVER THE FdLLéHlNO DEMANDS?

le - kI

4 Se Te 8¢ 9¢ 11y 13y 15¢ 19 294 30, 31»

THE FACILITY LOCATED AT: 25 CAN COVER THE FOLLUWING DEMANDS?

6e 10s 15,

20 259 36s b1y 48s 49

THE FACILITY LOCATED ATt 38 CAN COVER THE FOLLUWING DEMANDSS

16 27+ a8,

43r 549 55,

THE FACILITY LOCATED AT: 17 CAN COVER THE FPLLOWING DEMANDS!?

120 17¢ 19,
DEMAND POINT

22y 239 2B8s 299 30s 3

CAN BE COVERED BY FAGILITIES ATt
3
3
3o
3o
3
259
3
3
3
25
I
17
3 - .
NO CURRENT FACILITY LOCATION
3y a5
38»
17,
NO CURRENTY FACILITY LOCATION
e 17y
25» .

NO CURRENT FACILITY LOCATION
17 - o
17y .

NO CURRENT FACILITY LOCATION
259 .

NO CURRENT FACILITY LOCATION
38 .
17y

3r 170
39 17e

FIGURE 30

(continued, page 21)
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5n
K}
33
3
as
36
37
38
39
40
4]
42
43
A4
~5
46
A7
48
49
50
51
52
53
54
55

3
NO CURRENT FACILITY LOCATION
17,

3

3
NO CURRENT FACILITY LOCATION

25y

NO CURRENT FACILITY LOCATION

38

NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION

25
3
38y
k1)
3

HO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION

25,y
25y

NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCAT1ON

34y
Y,

SUBSTITUTION ALGORITHM USED

NODE 2 REPLACES FACILITY LOCATION 3
THIS 1S NOM FACILITY NUMBER 1
FACILITIES ARE LOCATED AV 20 25y 38, 17
POPULATION SERVED 40,00 PERCENT OF TOTAL SQPULATION SERVED 7273 -
THE FACILITY LOCATED AT: 2 CAN COVYER THE FOLLUWING OEMANDS?: - .. 3
¥ 2 3 ke Se .Y} T By 9s 1ls 13» 150 299 3l 389 429 48y A4Se 470
THE FACILITY LOCATED AT: 25 CAN COVER THE FPLLUWING DOEMANDSS -
69 100 15, 209 2590 306 &)y 48e AYy
YHE FACILITY LOCATED AT: 38 CAN COVER THE FOLLUWING DEMANDSS
169 27y 38y 439 54y 55,
THE FACILITY LOCATED ATt 17 CAN COVER THE FOLLUWING DEMANDS:
12¢ 17» 19, 289 239 28y 2% 30 33
DEMAND POINY CAN BE COVERED BY FACILITIES AT3
1 2
2 4}
3 2
4 2y
5 2
6 2 25
7 2
8 2o
9 2

FIGURE 30

(continued, page 22)

. 962



10
11
12
'3
14
15
15
17
18
19
20
21
22
23
24
2s
26
27
28
29
30
3l
32
33
34
3s
36
7
38
39
40
sl
a2
a3
44
a5
46
a7
48
49
50
51

S3
54
S5

F+13
2
17
2
NO CURRENT
29 &5¢
34
17,
NO CURRENT
17
250
NO CURRENT
17
A7y
NO CURRENT
259
NO CURRENT
k). 1)
17
2¢ 17
17
2y
NO CURRENT
17y

2+
NO CURRENT
259
NO CURRENT
38
NO CURRENT
NO CURRENT
25y
2
38,
20
29
NO CURRENT
29
259
259
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
38,
38,

FACILITY

FACILITY
FACILITY

FACILITY
FACILITY

FACILITY

FACILITY
FACIL1TY

FACILITY
FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 3 0

LOCATION

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATI1ON

(continued, page 23)
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SUBSTITUTION ALGORITHM USED

NODE 20 REPLACES FACILITY LOCABION 25

THIS IS NOW FACILITY NUMBER 2

FACILITIES ARE LOCATED AT 29 20y 38 1Ty

POPULATION SERVED 40.00 PERCENT OF TOTAL POPUUATION SERVED

THE FACILITY LOCATED ATS 2 CAN COVER THE FOLLOWING OEMANDS? ’
Le 2 k 1% Ay Se .1} T 8o 9 1lilc 13+ 1Se 29«

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING OEMANDS!
10 20 21¢ 25¢ 4&ls 49s Sl

THE FACILITY LOCATED ATt 38 CAN COVER THE FOLLUWIRG OT:HANDSS
169 27e 38, 439 5S4y 555

THE FACILITY LOCATED ATz 17 CAN COVER THE FOLLQWING DEMANDS?
129 17¢ 19y 229 239 28y 29¢ 302 320

ODEMAND POINT CAN BE COVERED 8Y FACILITIES AT:

1 2
2 2
3 2y
) 2o
S 2
6 20
7 2
8 2

.9 2
10 209

- 31 2e
12 1T«
13 29 . -
18 ND CURRENY FACILLITY LOCATION
15 20 T
16 A8,
17 17
18 NO CURRENT FACILITY (OCATION
19 17 .
20 20y
21 20,
22 17
23 17,
24 O CURRENT FACILITVY LOCATION
25 20y T,
26 NO CURRENT FACILITY LOCAT1ON
27 3Ye
28 17
29 20 17»
k1] 17
31 2y
32 NO CURRENT FACILITY LOCATION

FIGURE 30

(continued, page 24)
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3
kY
Js
36
37
3a
k]
40
41
42
43
44
A4S
46
IN§
48
49
S0
s1
S52
53
54
sS

17
2
NO CURRENT
NO CURRENT
NO CURRENT
308,
NO CURRENT
NO CURRENT
20y
2
38,
2
2
NO CURRENT

<)
NO CURRENT
20
NO CURRENT
209y
NO CURRENT
NO CURRENT
Yy
34,

FACILITY LOCATION
FACILITY LOCATION
FACILITY LOCATION

FACILITY LOCATION
FACILITY LOCATIOY

FACILITY LOCATION
FACILITY LOCATION
FACILITY LOCATION

FACILITY LOCATION
FACILITY LOCATION

SUBSTITYTION ALGORITHM USED

NODE 36 REPLACES FACILITY LOCASION J8
THIS IS NOW FACILITY NUMBER 3
FACILITIES AKHE LOCATED AT 2 20y 36s 17y

POPULATION SERVED

40.00 .

PENCENT OF TOTAL POPULATION SERVED 72,73

THE FACILITY LOCATED AT:

X4 2

kI

hy Se

THE FACILITY LOCATCD AT: 2

10y 20¢

2y

25y 61y 4

THE FACILITY LOCATED AT: 3

15+ 18,

Qs

2% 26y 3

THE FACILITY LOCATED AT: 1

120 17y

19,

DEMAND POINT

BEWN ™

22y 23y 2

2 CAN COVER THE FOLLUWING DEMANDS:

6 Ty B8y 9+ 1}y 13» 159 29« 31,
0 CAN COVER THE FOLLOWING DEMANDS?

9s 51y

6 CAN COVER THE FOLLUWING OEMANDSS

Ss 369 48

7 CAN COVER THE FUOLLUWING DEMANDSS

8y 299 300 I3

CAN BE COVERED /Y FACILITIES AT:

2
2
2
2
2

FIGURE 30

(continued, page 25)

34,

42

49

45,

47

662



20
2
2
2
209
29
1T
2
NO CURRENT
2¢ 36y
NO CURRENT
1T
369
17y
20,
20y
17
17y
36y
209 369
36
NO CURRENT
17
2y 17y
17
2
NO CURRENT
17
20
36y
36
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
200
2
NO CURRENT
2
2
NO CURRENT
2y
360
200
NO CURRENT
20 )
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 30

LECATION -
LOCATION

LOCATiON

-

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

LOCATION

LOCAT]ION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 26)
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ITERATION NUMBENR, S
GAS PLANAR EXAMPLE THREE

NUMBER OF FACILITIES S
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 38
FACILIVIES ARE LOCATED AT 2s 20 36y 17 38y

POPULATION SERYED 46400 PERCENT OF TOTAL POPU;AT!OR SERVED 03.60

THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLUWING DEMANDS?
1 2y k I 'Y Se - 1) Ts 8¢ 9y 1ks 139 150 29 3ls 34e 420 A% A4Sy A7

THE FACILITY LOCATED ATt 20 CAN COVER THE FOLLUWING OEMANDS?

10s 20s 3ls 2hy 4ls &Yy 51,
THE FACILITY LOCATED ATt 36 CAN COVER THE FOLLUNING DEMANDS?

15¢ 18y 34%s 25 26 35, 36y 48,
THE FACILITY LOCATED ATt 17 CAN COVER THE FOLLUWING DEMANDS3

120 17¢ 199 22+ 23s 28y 299 JI0e 33
THE FACILITY LOCATED ATt 38 CAN COVER THE FOLLUWING DEMANDS3

169 2T 38, 439y 5S4y 5SS,

DEMAND POINI CAN BE COVERED BY FACILITIES aTt
1 2
2 2y
3 2y
4 2
S 2
6 2
T 2
8 2
‘9 2y
i0 20y
11 29
12 17,
13 2 . R .
14 NO CURRENT FACILITY LOCATION
15 2¢ 69
16 38,
17 17
18 360
19 1Ty
20 209
21 20y
22 17,
23 17
24 36y
25 200 69
26 36y -
FIGURE 30

‘(continued, page 27)-
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a7
<8
" 29

a0

k) |
32
k)
3
as
36

a7
38
39
40
sl
42
43
44
A4S
46
47
48
49
50
51
52
53
S4
55

36¢
17
2 17y
17
2
NO CURRENT
17e
29
3y
k.4
NO CURRENT
34,
MO CURRENT
NO CURRENT
209
2
38y
2.
2
NO CURRENT
2y
36y
20y
NO CURRENT
20y
NO CURRENT
NO CURRENTY
38y
38y

FACILITY LOCATION

-

FACILITY LO?ATION

FACILITY LOCATIOU
FACILITY LOCATION

FACILITY LOCATION

FACILITY LOCATION

FACILITY LOCATION
FACILITY LBCATION

. FIGURE 30

l(continued, page 28)
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ITERATION NUMBER,

6

GAS PLANAR EXAMPLE THREE

NUMBER BF FACILIT
SERVICE DJISTANCE

1ES

6
10.000

NEW FACILITY LUCATIDN NUMBER So

FACILITIES ARE LOCAVED AT 2 20y 3o 17 38y -1

.

— i

POPULATION SERVEO

49.00 FEFCENT OF TOTAL POPULATION SERVED 89.¢9

YHE FACILITY LOCATED

AT 2 CAN COVER THE FOLLQWING DEMANDS!
) 2 3 Ao Se 6 Te 8 9s 1lls 139 1Se 299 31,
THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLUWING DEMANDS!
100 20y 31s 29 4le 49y Sl
THE FACILITY LOCATED AT: 36 CAN COVER THE FDLLUNWING DEMANDS!
1Se 18s 24, 29s 269 35, 369 48
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS!t
120 17y 19» 220 239 28s 299 309 33,
THE FACILITY LOCATED AT: 38 CAN COVER THE FOLLUWING DEMANDS:
169 27¢ 238 439 5S4 55,
THE FACILITY LOCATEU AT: S0 CAN COVER THE FULLUWING DEMANDS!t
500 529 B3,
DEMAND POINZ CAN BE COVEREO BY FAOILITIES aT:
1 2
2 2
3 20
1 2
-] 29
6 r{
7 20
8 2
9 2
10 209
11 29
12 17y
13 20 :
14 NO CURRENT FACILITY LOCATION
15 2y 369 - :
16 34y
17 17
18 k1Y%
19 17
20 20
21 20,
22 17
23 17
24 36y
25 200 369

FIGURE 30

_{(continued, page 29)

340 229 4% A4Sy AT -
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3

360
38
17
2y 17
YL

2
NO CURRENT fAC!Ll?Y LOCATION
17
2
36y
35,
NO CURRENT FACILITY LOGCATION
38y
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
20
29
38y
2

2
NO CURRENT FACILITY LOCATION

2
36,
20
S0
20y
S0¢
S0s
30y
38y

FIGURE 30

{continued, page 30)
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ITERATION NUMBER.

NUMBER OF FACILIT
SERVICE DISTANCE

7
BGAS PLANAR EXAMPLE THREE

IES

?
10.000

NEW FACILITY LOCATION NUMBER Ss

FACILITIES ARE LOCATED AT 29 20, 362 1T

38, 50,

POPULATION SERVED

52.00

PERCENT OF TOTAL POPULATION SERVED

94.55

THE FACILITY LOCATED AT! 2 CAN COVER THE FOLLUWING
1le 2 kY Ao S .Y Te 8y 99 1le 13
THE FACILITY LOCATED ATt 20 CAN COVER THE FOLLUWING
100 20s dls 25 4ls 49, 51
THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLUWING
1S5¢ 18Bs 24, 25+ 269 35, 364 48,
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING
129 17s 19y 239 239 28 29+ 30s 33¢
THE FACILITY LOCATED AT: 38 CAN COVER THE FOLLUWING
169 279 399 639 5S4y 55,
THE FACILITY LOCATED AT: S0 CAN COVER THE FOLLUWING
S50s 520 93,
THE FACILITY LOCATED AT3 S5 CAN COVER THE FOLLUWING
38s 39s &0, AJs A6y 55
DEMAND POINYT CAN BE COVEHRED BY FACILITIES aT:
1 2
2 29
3 2y
4 29
S ry}
6 2
7 2
8 20
9 2
10 20,
11 20
12 17
13 29
14 NO CURRENT FACILITY LOCATION
15 29 36y
16 38y
37 17
18 30y
19 17
20 20y
21 20
22 17
23 17
24 35,
25 20¢ JI6

FIGURE 30

DEMANDS
1S¢ 29¢
DEMANDS?
DEMANDSS
DEMANDS3
DEMANDS?
DEMANDSS

DEMANDS?S

(continued, page 31)

3le 349 420 450 ASe AT
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THE
)
THE
10¢
THE
15
THE
12
THE
| ¢

26 kY%

27 38,

28 1T

29 20 170

30 A7s

3 2¢

32 NO CURRENT FACILITY LOCATION-

33 | ¥ £ N

34 2

as 36y

36 36y

a7 NO CURRENY FACILITY LOCATIOH

38 K- TI 11

39 55¢

40 5S¢

4] 200

42 2¢

43 38y $S5»

44 2

45 2

46 559

47 29

48 36y

49 20¢

S0 50y

51 20y

52 S50

S3 500

54 38,

55 38y 85S¢
SUBSTITUTION ALGORITHM USED
NODE 27 REPLACES FACILITY LOCATION
THIS 1S NOW FACILITY NUMBER 5
FACILITIES ARE LOCATED AT 20 209 36 17y 27 11 $Se |

- - o

POPULATION SERVED 53.00 PERCENT OF TOTAL POPUUATION SERVED- 96.49 -

’

el '] K4
FACILITY LOCATED AT: 2 CAN COVER THE FOLLUWING DEMANDS? - -
2 3. 4 Se (.Y Ts 8¢ 9e lie 130 1S 29a 319 349 42s 4% ASe
FACILITY LOCATED AT: 20 CAN COVER THE FOLLOWING DEMANDS? o
200 Qls 2Ss Ale 49y 5], -
FACILITY LOCATED AT! 36 CAN COVER THE FOLLOWING DEMANDS:?
18¢ 34, 259 269 235y 36¢ 48>
FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING DEMANDS?
17, 19¢ 23y 239 28¢ 299 30¢ Iy
FACIL[‘V LOCATED AT: 27 CAN COVER THE FOLLOWING DEMANDS!
16 a7y 38e¢ 54y

FIGURE 30

(continued, page 32)
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THME FACILITY LOCATED AT: S0 CAN COVER THE FOLLOWING DEMANDS?

S00 52y 63

THE FACILITY LOCATED ATt 55 CAN COVER THE FOLLOWING DEMANDS!

38y J9, &0,
DEMAND POINT
1

Soe~N~cNIWN

43
CAN
2
2
Qo
29
)
2
Lo
2
29
209

40y S5
BE COVERED BY FAGILITIES AT?

20
17¢

-2
27
290
27
17
6y
17
209
20,
17
17»
36y
20y
36
27»
17
2
17,
2
NO C
17»
2
36
36
NO C
27y
55
55.
20,
2
55»
2y
2
559
2
A6
20y
S50,
20y
500
S0»
27y
559

36¢

36

17

URRENT FACILITY LOCATIOY

URRENT FACILITY LOCATIO

25

FIGURE 30

(contiﬁued, page 33)
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ITERATION NUMBER,

OAS PLANAR EXAMRLE THREE

NUMBER OF FACILITIES

SERVICE DISTANCE

NEW FACILITY LOCATION NUMBER 187

FACILITIES ARE LOCATED AY 2y 20 36 17

27 50¢

5S¢ 157

POPULATION SERVED

54,00

PEHCENT OF TLYAL POPULATION SERVED

98,38 -

THE FACILITY LOCATED AT: 2 CAN COVER THE FOLLQWING
) ¥ 2e 3. s Se Oy Te 8y 9y 1%y 1
THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLAWING
10e 209 3le 25» 4le A9y Sl
THE FACILITY LOCATED AT: 36 CAN COVER THE FOLLOWING
1Ss 189 34y 259 269 359 369 48
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING
12¢ 17¢ 199 229 239 28y 29 30a 33
THE FACILITY LOCATED AT3 27 CAN COVER THE FOLLQWING
149 16+ aTe 389 5S4y
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLUWING
S0e S5S2¢ B3,
THE FACILITY LOCATED AT: S5 CAN COVER THE FOLLOWING
38 39¢ &0y 439 A6y 559
THE FACILITY LOCATED AT: 157 CAN COVER THE FOLLAWING
130 320 34 A& A5y
DEMAND POINT CAN BE COVERED BY FACILITIES ATS
1 2
2 2
3 2y
L 2
S 2
6 2
7 2¢
8 2
9 . 20
10 200
11 ) 2.
12 17 7
13 - 2+ 157
14 2Ty -
15 2y 36y
16 -~ 2Ty
17 17y
18 - - 36¢
19 17y
20 200

FIGURE 30

DEMANDS®
1S5y 29¢
DEMANDS?
DEMANDS
ODEMANDS?
DEMANDS?
DEHANDS$
DEMANDS®

DEMANDS?S

(continuégi, page 34)

31y 34, 420 480 A5, ATy
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21
22
23
24
25
26
27
28
29
30
k 1}
32
a3
34
k 1
36
k) §
38
39
40
4]
42
43
44
45
46

48
49
50
51
52
S3
54
55

200
17y
17
360
20s 360
36e
27
17e
2¢ 17
iTe
2¢
157,
17,
2 1870
36
36,

NO CURRENT FACILITY LOCATION
27» 55
She
S5y
20,

2
SS»
2+ 157
29 157
55»
2
k|1
20,
S0
20
50
S0y
raf)
SS9

FIGURE 30

(continued, page 35)
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ITERATION NUMBERY

9

GAS PLANAR EXAMPLE THREE

NUMBER OF FACILITIES
SERVICE DUISTANCE =

9
10.000

NEW FACILITY LOCATION NUMBER 37

FACILITIES ARE LOCATED AT r4 20y 6. 17 2%y 50 §Se 157 37
- r
POPULATION SERVED 55.00 PERCENT UF TOTAL POPULATION SERVED 100.90
. r 4
THE FACILITY LOCATED AT!: 2 CAN COVER THE FOLLOWING DEMANODS:
} 2y 3. 4y Se .73 Te 8 9 1ke 139 159 29y 31y by 42y A%y A5y ATy

THE FACILITY LOCATED AT: 20 CAN COVER THE FOLLUWING ODEMANDSS

10» 20y 21y 28 Ale 49, Sy
THE FACILITY LOCATED ATs 36 CAN COVER THE FOLLUWING DEMANDS3

1S9 '8y 24, 259 26y 359 369 ABy

THE FACILITY LOCATED ATt 17 CAN COVER THE FCLLUYWING DEMANDS?

12¢ 17¢ 19 22¢ 239 28s 29y 30¢ 33
THE FACILITY LOCATED ATs 27 CAN COVER THE FOLLUWING DEMANDS$

14y 16¢ a7 38s 54y
THE FACILITY LOCATED AT: S0 CAN COVER THE FOLLUWING ODEMANDS?

50 52+ B3,
THE FACILITY LOCATED ATt 55 CAN COVER THE FOLLUWING ODEMANDE3

38e 39y 40, 43y 46y 55

THE FACILITY LOCATED AT: 157 CAN COVER THE FOLLPWING DEMANDS?

130 32¢ 24, H4s A5y
THE FACILITY LOCATED ATt 37 CAN COVER THE FOLLUWING DEMANDSS

10¢ 21y 37 53y

ODEMAND POINT CAMN BE COVERED BY FAGILITIES AT:

1 29

2 2

3 2

4 2

S 20

6 2

7 2

8 2

9 2y .

10 ) 20y 37
11 2y

12 ' 1T ~

13 - 2y 157
14 27

15 2y 369
-16 . rig} -
17 . 17

18 36

19 - 17

- 20 - 20+

FIGURE 30

(continued, page 36)
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21 2090 - 37y

22 17¢

23 17

?.4 369 -
25 20¢ 369
26 36,

27 27»

28 17

29 29y 17
30 17

k) } 29

32 157

33 17

34 2¢ 157
k3 35

36 369

a7 kY I

k] ] 27+ 55¢
39 S5y "
40 59

L3 20y

42 20

43 SS9

44 2e 157
45 . Ry 187
46 SHe

47 2

48 - 36y

49 20 )
S0 S50

51 20,

52 500

53 S0 370
54 27y

55 She

COVERRAGE CANNOT 8E CHANGED BY ADDITIONAL FACILITIES
THIS SOLUTION WAS GENERATED 8Y THE GAS ALGORITHAM

FIGURE 30

(continﬁed, page 37)
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FIGURE 31
CONCEPTUAL FORM OF THE DAfA DECK FOR

PLANAR PROBLEM THREE

ﬁ/ two blank
. cards

s ,C;ZLconstraint cards
ya - second problem
1,/' control card
: <= first problem
/,f control card
y ‘ additional point

. coordinate

/// demand point coordinate

data

elevation data (59 values)

«——— second master control card
«—— first master control card
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TABLE 35

v

RESTRICTIONS FOR PLANAR PROBLEM FOUR

1) There are four demand areas not eligible for facility
placement. They are:

‘éggg Reason
8 NA (Not Acceptable)
25 NA
36 NA
50 NA

2) There are three demand areas that are to be automatibélly
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.



FIGURE 32

LISTING OF PLANAR PROBLEM FOUR DATA DECK

59 85
) O
| oo,
2 80,
3 90,
4 80,
-] a0,
é 65,
7 15.
8 90,
9 70,
19 50,
11 15.
12 100.
13 80,
14 155.
15 ao,
16 150,
17 15.
16 110.
19 90,
20 60,
21 50,
22 100.
23 70,
24 110.
25 80,
26 100.
27 150.
286 10,
29 70,
30 90,
31 ao,
32 100.
33 90,
k% 100,
a5 110.
36 100.
» 50,
38 140
39 150.
40 130,
4] 60,
42 80,
43 120.
44 90,
AS 100.
46 120,
'Y A a0,
48 a0, .
49 55, .
S0 50.
51 50,
52 50,
53 40, -
54 150.
-3 120.
156 90,
157 60,
158 70,
159 90,
| 2.
e ‘29
3 .27
) 29.
S . 32

k)
32
364
294
294

‘314



(continued, page 2)

FIGURE 32

26,
24,
30,
2%
2%,
3.
17.
34,
25.
21,
30,
19.
17
22,
25,
29%.
24,
17,
6.
19.
10,
34,
12,
19.
27,
21.
2.
27.
J2.
8¢
1S.
35,
6.
46,
50,
23,
27.
8.
36,
2.
42,
6.
15,
19.
45,
27.
52
40,
40,
42,
7106
620.
560+
390,
350.
210.
200,
190,
170,
170.
160.
150.
§40.
120,
120,

253
3N
k1 T
2N
214
1
$34
404
6013
281
LT
474
kK N
403
14,
124
48,
424
264
214
J2.
5064
an
361
414
kLT
45,
45
k1.7
22.
254
16,
4l
S5l
490,
22
30
N
32
41
364
204
19
144
194
Se

LY
224
52
42

315



FIGURE 32

(continued, page 3)

16 1104
17 100.
18 100,
19 90,
20 90,
21 90.
22 eo,
23 ao,
24 ao,
25 a0,
26 70,
27 60,
20 60,
29 60,
30 60,
k)| 60,
32 50,

k k] 50,
3 50,
35 50,
36 50,
n 50,
.8 40,
39 40,
40 40,
4} 40,
42 40,
43 40,
(13 40,
\QS k [
46 3o,
47 30,
48 30,
49 30,
50 30,
-1 30,
52 20,
$3 20,
54 | 20,
sS 20,
156 10, k119
157 40, 404
158 23. r{- N
159 23, Ve
GAS PLANAR EXAMPLE FUUR

15 10.

4 3

8 NA -
25 NA

36 NA

S0 NA

|

10

12

SS

S4

“
25.

«]15.

316



POPULATION DATA

-

25 80,00°

1 710.00® 7 200.00% 13 140.00° 19 90.00°% 31 60,00° 37 S0,08° 43 40,00 49 30,00 SS 20.00°
2 620.00¢ 8 190.00° 14 120.00* 20 90.00® 26 70.00® a¢ 50,00* 38 40.0¥% 244 40.00* SO 30,00
3 S560.00* 9 170.00° 15 120.00* 21 90.00% 27 60.00® 33 50, 29 40.00° 45 30.00* S1 J0.00®
4 390.00® 10 170,00® 16 110,00 22 80.00* 28 60,00 34 50,00 40 40.00% 46 30.00* S2 20.00¢
8 350.00%® 11 160,00% 17 100.00¢ 23 80.00% 29 60,00* 35 50,00 A} 40,097 47 30.00* 53 20.00®
6 210.00° 32 150.00° 18 100.00"° 24 80.09* 30 60.00® 236 50,00® 42 40.09% 48 30.00" S4 20.,00e
- . - en - - - - ol 7
THE FOLLOWING OPTIONS ARE DESIGNATED:
DEMAND POINXS ARE ALSO ROTENTIAL FACILITY SITES
DISTANCES ARE MEASURED AS RECTILINEAR
DEMAND POINTS ARE ALSO ROTENTIAL FACILITY SITES
COORDINATE ROINT DATA IS AS FOLLOWS!? .
32.00000 31.,00000 lee 2 29.00000 32.00000 2ns 3 27.000090 36.00000 3o
4 29.,00000 29.00000 ASe S 32.00000 29.00000 S5es 6 26.00000 25.00000 (-1 44
7 24,00000 33.00000 Tee 8 30.00000 35.00000 gee 9 29.00000 27.,00000 9ee
10 29.00000 21.00000 10 1} 33.00000 20.00000 Jlees 12 17.00000 53.00000 1200
13 34.00000 40.00000 13%e 14 25,00000 60.0L0000 140 15 21.00000 28.00000 1See
16 30.00000 51.00000 16+ 17 19,00000 47.00000 17« 18 17.00000 33.00000- 180
19 22.00000 40.00000 190 20 25.00000 14,00000 200 21 29.00000 12.00000 _ 2)%e
22 24.00000 48,00000 22¢s 23 17.00000 42.00000 23%e 24 6.00000 26.00000 2400
25 19.00000 21.00000 25% 26 10.00000 32.00000 26%e 27 34.00000 56.,00000 270
28 12.00000 47.00000 28%s 29 19.00000 38.00000 29%¢ 30 27.00000 41.00000 30%e
k) | 21.00000 35.00000 3le%e 32 32.00000 45.00000 32« 33 27.00000 45.00000 J30e
34 32.00000 38.00000 340 35 8.00000 22.00000 3s5e* 36 15.00000 25.00000 360
a 35.00000 16.00000 37ee 38 36.,00000 47.00000 3ues 39 46.00000 51.00000 39ee
40 $0.00000 40.00000 40%e &) 23.00000 2200000 41%8- 42 27.00000 30.00000 A2ee
43 38.00000 39.00000 430 46 36.00000 32.00000 4400 A5 32.00000 41.,00000 450 -
46  42.00000 36,00000 40%% A7 36.00000 26000000 4Tee 48 15.00000 19.00000 48%s
_ 49 19.00000 14,00000 A98e SO 45.00000 19.00000 S0%s 51 21.00000 5.00000 Sles
FIGURE 33

PLANAR PROBLEM FOUR OUTPUT

LTE



s2
SS
sa
6l
64
67

T0
73

76
79
a2
8s
88
9?1
94
9
100
103
106
109
112

$2.00000
42.00000
23.00000
29.00000
32.00000
30.00000

33.00000
25.00000

19.00000
25,00000
17.00000
10.00000

19.00000

32.00000

8.00000
36.00000
23.00000
36.00000
36.,00000
45.00000

40.00000

24.00000
42,00000
28.00000
32.00000
29.00000
35.00000
28.00000
$0.00000
47,00000
14.00000
42.00000
32.00000
38.00000
45.00000
22.00000
47.00000
22.,00000
32.00000
26.00000
19.00000
22.00000

s20e
55ee
15uee
2%
See
aee
ll..
l14ee
1700

200

23%e

2600
29..
3200
35..
3Jyee
4o
LYY L
AT oo
50..

530

33
S6
59
62
65
68

Tl
74

‘77
ao
83
86
89
92
9s
98
101
104
107
110
113

40.00000  22.00000
10.00000 38.00000
23.00000  39.00000
27.00000  36,00000
26.00000  25,00000
29.00000  27.00000
17.00000  53.00000
21.00000 28.00000
17.00000  33.00000
29.00000 12.00000
6.00000 25.00000
34.00000 56.00000 -
27.00000 41.00000
27.00000  45.00000
15.00000 25.00000
46.00000  51.00000
27.00000 30.00000
32.00000  41.00000
15.00000  19.00000
27.00009  5.00000
40.00000 52.00000
FIGURE 33

S3ee
156%e
159¢e

Jee
6o
9ee
lz..

1500

180

2] e

2406

27%e

300

33ee

350

39ee

4200

450

Aee

Slee

Saee

(continued, page 2)

5S4
ST
60
63
66
69

72
75

78
81
84
87
90
93
96
99
102
105
108
111
114

40.00000
40,00000
32.00000
29.00000
24.00000
29.00000

34.00000
30.00000

22.060000
24.00000
19.00000
12.00000
21.00000
32.00000
35.00000
50,00000
38.00006
42,00000
19.00000
52.00000
42.00000

52,00000
40.00000
31.00000
29.00000
33.00000
21.00000

40.00000
51,00000

40,00000
43.00000
21.00000
47,00000
35.00000
38.00000
16.00000
40.00000
39.00000
36.00000
14.00000
24.00000
42.00000

shee

1370e

108
Aoe
Tee
100e

1300
160

190¢
2200
250
za..
3tee
3400
3res
a0ee
430
e

' 49ne

T 5208
. 550

8T¢E
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FIGURE 33
(continued, page 3)

SUBPROGRAM MATBLD HAS BEEN CALLED 70O GENERATE A COVER MAIRIX
THE MAXIHUM OISTANCE/TIME OF 10,00 HAS BEEN UTILIZED
ELEVATIONS ARE ALSO UTILIZEO IN OEVELOPING THE COVER MATRIX
THE LARGEST ELEVATION DIFFERENCE OOWN TO A FACILITY IS 2540
THE LARGEST ELEVATION ODIFFERENCE > TO A FACILITY IS 15,0



20000a68 .......Q'Q.........Q.......Q'...Q'..?.QQQQ.QQQQ.......' ......Q......,............6..........0...’

INITIAL STARTING INFORMATION
NODES WHICH ARE AUTUMATICALLY ALLOCATED AN UNCHANGEABLE FACILITY ARE:

S 14 16 .
THIS SET OF FACILITIES SERVES 4200.00 OUT UF A TOTAL POPULATION OF 6340.0¢ PERCENTAGE = 66425
ooooooooooooo.oooooooooooooooooooooooo000000'009000.00.QQQ00000.0000000.QQQQQ.QQQQ’900.00000000000000000000000
THIS DOES NOT INCLUDE THE POPULATION AT THE FOLUOWING NODES:
5S¢ 5S4, 92,
THIS ELIMINATED POPULATION AMOUNTS TO: 0400
............I...I.Q....Q...Q...Q.........Q..Q..?..................................,.............Q....Q......Q.
THE FOLLOWING NODES wILL NOT BE CONSIDERED A$ PUTENTIAL FACILITY SITESS

B8=NAs» 25-NAy 36~NAs 50-NA»
Qoo..o..o...oooooaaQoooQooQoooQOoooooooOQOQQQOO9.o.QQQQQQIQQQQQOQQQIIIQQQI.QIQIQQQ,QQIIIQQIQIQIQQQQQQQIQQ.QIQQ
THE FACILITY LOCATED AT! 1 CAN COVER THE FOLLUWING DEMANDS? ) )

1y 2 3 &y S T 8y 9s 1le 349 425 44y A5y 4T,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDSS

.1 99 10s 219 Al)»
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLUWING DEMANDS!

12+
DEMAND POINT CAN BE COVERED BY FACILITIES AT!:

1 i

2 1»

k ] 1l

4 1

S 1

6 10,

7 | ¥

8 1

9 s 10e

10 10

11 F Y

12 12y

13 NO CURRENT FACILITY LOCATION
14 NO CURRENT FACILITY LOCATION
15 NOC CURRENT FACILITY LOCATION
16 NO CURRENT FACILITY LOCATION
17 NO CURRENT FACILITY LOCATION
18 NO CUKRRENT FACILITY LOCATION
19 NO CURRENT FACILITY (OCATIOH
20 NO CURRENT FACILITY LOCATION
21 10
22 NO CURRENT FACILITY LOCATIUN
23 NO CURRENT FACILITY LOCATION
24 NO CURRENT FACILITY LOCATION
25 NO CURRENT FACILITY LOCATION
26 NO CURKENT FACILITY LOCATION
27 NO CURRENT FACILITY LOCATION

FIGURE 33 .

(continued, page 4)
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28
29
30
%)
32
a3
34
35
36
37
38
39
40
41

a2
a3
44
a5
46
A7
48
A9
50
5]
52
53
54
s5

NO CURRENT
NO CURRENT
NO CUKRENT
NO CURRENT
NO CURRENT
NO CURRENT
1y
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURKENT
10

) B
NO CURRENT
1
) X
NO CURRENT
) X
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 33

LOCAT1ON
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

LOCATIUN
LOCATION
LOCATION
LOCATION
LOCATIUON
LOCATION

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCAT]ION
LOCATION
LOCATION

(continued, page 5)
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ITERATION NUMBER» |
BAS PLANAR EXAMPLE FOUR

NUMBER OF FACILITIES

'y

SERVICE DISTANCE = 104000
NEW FACILITY LOCATION NUMBER 17
FACILITIES ARE LOCATED AT 1. 10, 10 17
POPULATION SEMVED 4720400 PEMCENT OF TOTAL POPULATION SERVED  74.45
THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLONING DEMANDS:
1y 2+ 6e  Se  Te  Bs  9e 1ls 38 420 4k 45 T,

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING OEMANDS3

.Y} 9

21y  Aly

THE FACILITY LOCATED ATt 12 CAN COVER THE FOLLUWING DEMANDS?

12

THE FACI_ITY LOCATED ATt 17 CAN COVER THE FULLUWING DEMANDS?

120 17»

OEMAND POINT

22y 23+ 28e 299

33

CAN BE COVERED B8Y FACILITIES AT

1l

) )

)

) 1

1y

10y

) ¥

)

1s 10y

10,

) 1

12» 17
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

1T,
NO CURRENT

17»
NO CURRENT

10,

17

17,
NO CURRENT
NUO CURRENT
NO CURMENT
NU CURKRENT

FACILITY
FACILITY
FACILITY
FACILLITY

FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

LOCATION
LOCAT1ON
LOCATION
LOCATION

LOCATION
LOCAT1OY

LOCAT1ON
LOCATION
LOCATION
LOCATION

FIGURE 33

(continued, page 6)
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(con

17

17,
NO CURKRENT
NU CURRENT
NO CURRENT

17

| 9
MO CURRENT
NU CURKENT
NO CURKENT
NU CURHENT
HO CURRENT
NO CUIRENT
10y
| %
NO CURRENT
| B

1l
NO CURRENT
| W
NO CURRENT
NO CURRENT
NU CURRENT
NO CURRENT
NO CURRENT
NO CURRENTY
NO CURRENT
NC CURRENT

FACILITY
FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACIL1TY
FACILITY
FACILITY
FACILITY

- FIGURE 33

2

LOCAT1O0Y
LOCATION
LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCAT1O0M
LOCATION

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

éinued, page 7)
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ITERATION NUMBER, 2
GAS PLANAR FXAMRLE FOUR

NUMBER OF FACILITIES

SERVICE DISTANCE = 1

NEW FACILITY LOCATION NUMHER 15

FACILITIES ARE LOCATED AT 10y

12

17

15

POPULATION SERVED 50

30.00

PERCENT OF TOTAL POPULATION SERVED

79.34

THE FACILITY LOCATED ATS

| 8 2

A Se

1 CAN COVER THE FOLLUNING DEMANDS:

Te 8y 9y 1l»

349

420

LY}

45

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDS:

6 9

21y A)y

THE FACILITY LOCATED ATS 12 CAN CUVER THE FULLUWING DEMANDSS

12

THE FACILITY LOCATED ATt 17 CAN COVER THE FOLLUWING DEMANDS3

120 17

22y 23» 2

s 299 33

THE FACILIT¢ LOCATED AT3 15 CAN COVER THE FOULLUWING DEMANDS S
9 150 25 3ly 360 42y

LX) 6

DEMAND POINIX

CAN BE COVERED BY FACILITIES aT!

1e
| 1
1l
1y 15y
le
10s 15
1o 1S»
) ¥
ly 10»
10,
| ¥
120 17»
NO CURRENT
NO CURRENT
15
NO CURRENT
17
NO CURKENT
17
NO CURRENT
10,
17
17
NO CURRENT
15
NO CURRENT
NO CURRENT

1S

FACILITY LOCATION
FACILITY LOCATION

FACILITY LOCATIUON
FACILITY LOCATION
FACILITY LOCATION

FACILITY LOCATION

FACILITY LOCAT1ON
FACILITY LOCATION

FIGURE 33

(continued, page 8)
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28
29
30
31
32
33
34
s
36

37
38
39
40
41
42
43
44
45
46
47
48
49
S0
51
S2
S3
S4
S5

17
17
NO CURRENT
1%,
NO CURRENT
17y
1»
NUO CUKRRENT
1S,

NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
10
1 15»
NO CURRENT
1y

1»
NO CURRENT
| ¥
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY
FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 33

LOCATION
LOCAT1ON

LOCATION

LOCATION
LOCATION
LOCATION
LOCATIUR

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 9)
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ITERATION NUMBER.
GAS PLANAR EXAMHLE

NUMBER OF FACILIY
SERVICE DISTANCE

3

FOUR
1ES

]
10.000

NEW FACILITY LOCATION NUMSER 13

FACILITIES ARE LOCATED AT ) O 10 12, 17 15, 13
POPULATION SERVED 5289.00 PERCENT OF TOTAL POPULATION SERVED 83.38
THE FACILITY LOCATEDL AT: 1 CAN COVER THE FOLLUWING DEMANDSS
) 2y 3, 'Y S T Yy 9e 11y 349 429 A4 AS5¢ AT,
THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDSS
60 9s 10s 219 41,
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLUWING DEMANDS?
129
THE FACILITY LOCATED AT? 17 CAN COVER THE FOLLUWING ODEMANDSS
129 179 19¢ 22y 239 28s 299 33»
THE FACILITY LOCATEL AT: 15 CAN COVER THE FOLLUWING OLEMANDSS
L) .Y} T 9 159 25e 3l 36 42y
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING ODEMANDS3
8s 139 30, 429 34s 4ky A5
DEMAND POINT CAN BE COVERED BY FAJSILITIES AT?
1 | ¥
2 | Y
3 | ¥
4 1s 15¢
) le
6 10 1S
7 1y _15»
8 e 13
9 ls 100 159
10 10y
11 1e
12 129 17
13 13 .
14 NO CURNENT FACILITY LOCATION
15 15,
16 NO CURKENT FACILITY LOCATION
17 17
18 Ng CURRENT FACILITY LOCATION
19 T -
20 NO CURRENT FACILITY LOCATION
21 10, ~
22 17,
.23 17»
. 24 NO CURKENT FACILITY LOCATION
25 15
26 NO CURRENT FACILITY LOCATION

FIGURE 33

(continued, page 10)

92Z€



27
20
29
30
N
32
3
34
35
36
kY
38
39
40

a2
a3
44
aS

47
48
49
50
51
52
S3
S4
5S

NO CURRENT

| 3 4

17,

13,

15,

13

17

e 13

NO CURRENT

15
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

10,

1» 15
NO CURRENT
1y 13»
ly 13
NO CURRENT

| B3
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 33

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 1ll)
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ITERATION NUMHERS,

4

GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILIT
SERVICE DISTANCE

1E$

I§
10,000

NEW FACILITY LOCATION NUMBER 26

FACILITIES ARE LOCATED AT 1, 10» 14 17y 15 13, 269

POPULATION SERVEO

5530.00

a7.42

TUE FAC!LXTY LOCATED

ATS

PERCENT OF TOTAL POPULATION SERVED
I CAN COVER THE FULLUMING DEMANOS:

1l 2 3, 4 Se T Ye 99 1l 34y 429 4Abe ASs AT,
THE FACILIYY LOCATED AT: 10 CAN COVER THE FOLLUWING DEMANDSS
.Y3 9¢ 10, 21le 41}
THE FACILITY LOCATED ATt 12 CAN COVER THE FULLUNWING DEMANDS3
12
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING OEMANOS:
129 17¢ 19s 229y 239 28y 29y 33
THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING DEMANOS?
L Y} .Y Te 9e 1Se 25, 31y 360 42>
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING DEMANOS!
8s 139 30e 32r 34y A4y 4S5,
7:E FACILITY LOCATED AT: 26 CAN COVER THE FULLUWING ODEMANDS!:
By 240 24,
DEMAND POINF CAN BE COVERED B8Y FACILITIES ATS
1 le
2 1
3 1ls
4 19y 15y
5 le
6 109 15»
T 1o, 15
8 Iy 13
9 19 10e 1S»
10 10,
11 1ls
12 12¢ 17
13 1d,
14 N? CURRENT FACILITY LOCATIO”
15 T
16 NO CURNENT FACILITY LOCATION
17 17,
18 LY
19 17
20 NO CURRENT FACILITY LOCAYIO“
21 10y
22 17, .
23 17y
24 2ty
25 19
26 20y

. FIGURE 33

(continued, page 12)
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NUO CURRENT
17y
17
13y
15
| K
17
1y 13
NO CURRENT
1S5,
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
10y
1s 15
NO CURRENT
1y 13»
1 13»
NO CURRENT
1y
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILiTY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

.FIGURE 33

LOCATION

LOCATION

LOCATION
LOCATION
LOCAT]ION
LOCATION

LOCATION

LOCATION

LOCATION
LOCATJION
LOCATION
LOCAT]ION
LOCATION
LOCAT]ION
LOCAT]ION
LOCATION

(continued, page 13)
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ITERATION NUMBER,
G8AS PLANAR EXAMPLE

S

FOUR

NUMBER OF FACILITIES

SERVICE DISTANCE

3
10.000

NEW FACILITY LOCATION NUMBER 16

FACILITIES ARE LOCAVED AT 1e 10» 14 17

1S 3

26

160

POPULATION SERVED

S

740.00

PERCcNT OF TOTAL POPULATION SERVED

L4
90.54

THE FACILITY LOCATED AT:
1 2 3 o S T B8y 9e 1le 39, 42y
THE FACILITY LOCATED ATt 10 CAN COVER THE FOLLUWING
6 9s 10, 21 Ady
THE FACILITY LOCATED AT: 12 CAN COVER THE FOLLUNING
12»
THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING
12¢ 17+ 19s 22+ 239 28y 299 33
THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING
4 .Y Te 9y 158 259 3le 36s 42
THE FACILITY LOCATED ATt 13 CAN COVER THE FOLLUWING
Be 130 J0s 329 38y A4y 05y
THE FACIL!TY LOCATED ATt 26 CAN COVER THE FOLLUWING
18y 24, a6,
THE FACILITY LOCATED AT: 16 CAM COVER THE FOLLUWING
16 279 38y
DEMAND POINT CAN BE COVERED BY FACILITILS aATS
1 ls
2 1y
3 1l
4 ls 15y
S B
6 10s 15
-7 1s 15y
8 1l 13 .
9 e 109 15
10 10s " °
11 ) W -
12 12y 17
13 13 N
14 NO CURRENT FACIL1TY LOCATION
15 15
16 Loy
17 | i
18 2069
19 17»
20 NO CURRENT FACILITY LOCATION
21 10, - o
22 17

1 CAN COVER THE FOLLUWING

FIGURE 33

DEMANDS?
S8 A5,
DEMANDS S
DEMANDS!
DEMANDSS
DEMANLSS
DEMANDS
DEMANDSS

DEMANDSS

(continued, page 14)
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
7
38
39
40
41
42
A3
A4
45
46
47
A8
A9

. 50

51
52
53

3

17y
209
15
- 209
16
Y L
1 ¥ £}
13
15y
130
17,
le 13
NO CURRENT
1S
NO CURRENT
16
NO CURRENT
NO CURRENT
10,
1s 1Sy
NO CURRENT
1+ 13y
1e 13
NO CURRENT
) B
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NU CURRENT
NO CURRENT
NO CURRENT

FACILITY
FACILITY

FACILITY
FACILITY

FACILITY

FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

FIGURE 33

LOCATION
LOCATION

LOCATION

LOCATION
LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCAT]ION
LOCATION
LOCATION
LOCATIOY
LOCATION

(continued, page 15)
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ITERATION NUMBERe 6
GAS PLANAR EXAMPLE FOUR

NUHBER OF FACILITIES 9
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER 49
FACILITIES ARE LOCAYED AT 10 12¢ 17

15, 13

260

A% -

POPULATION SERVED 5890.00

PERCCNT OF TOTAL POPU;ATION SERVED

92.;0

THE FACILITY LOCATED AT: 1 CAN COVER THE FOLLUWING
1 2 3, by Sy T 8 9e 1le 339 42

THE FACILITY LOCATED AT: 10 CAN COVER THE FOLLUWING
69 9¢ 10, 21s Al

THE FACILITY LOCATED AT: 12 CAN COVER THE FOULLUOWING
12

THE FACILITY LOCATED AT: 17 CAN COVER THE FOLLUWING
120 179 19y 22y 239 28y 29y 33

THE FACILITY LOCATED AT: 15 CAN COVER THE FOLLUWING
4 6y Te 9y 150 2S¢ 3le 369 42y

THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING
B8e 13s 30, 230 34y A4y 4S5,

YHE FACILITY LOCATESD AT: 26 CAN COVER THE FOLLUWING
189 249 26,

YHE FACILITY LOCATED AT: 16 CAN COVER THE FOLLUWING
169 27, 38,

THE FACILIYY LOCATED AT: &Y CAN COVER THE FOLLUWING
200 25, A8y 49
DEMAND POINT CAN BE COVERED BY FACILITIES aT:

1l | 1Y
2 ) 8
3 1o
4 s 15
S le
6 10+ 15s
7 le 15
a le 13
9 e 10s 1S»
10 10

-1 - 1
12 12 17
13 13 ) .
14, . NO CURRENT FACILITY LOCATION
15 190 « .
16 1oy .
17 17,

FIGURE 33

(continued, page 16)

DEMANDS3
449 A4S,
DEMANDS?
OEMANDS?
DEMANDS:
DEMANDS?
OtMANDS?
DEMANDS?
DEMANDS?:

DEMANDS?

&7,

r i

3

4 %%



20
17,
49,
10y
17
17
20,
159 49,
20y
- 169
17,
1Ty
13y
1Sy
13
17y
e 13
NO CURRENT FACILITY
15y
NO CURRENT FACILITY
16
NO CURRENT FACILITY
NO CURRENT FACILITY
10y
1y 15
NO CURRENT FACILITY
s 13
1s 13
NO CURRENT FACILITY
) X3
A9y
49,
NO CURRENT FACIL1TYY
NO CURRENT FACILItY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
FIGURE 33

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION

LOCATIOY

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 17)
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ITERATIDON NUMDCIY

GAS PLANAR EXAMHLE FOUR
NUMBER OF FACILITIES 10
SERVICE DISTANCE = 10.000

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT

14
) 9 10 12¢

17y

18 33

26

16

4%

14,

POPULATXON SEMVED

6010.00

PERCENT OF TOTAL POPULATION SERVED

?
9..7?

1 CAN COVER THE FOLLUWING

T 8» 99 1lle 3a9 42y

10 CAN COVER THE FOLLUWING
12 CAN COVER THE FULLUWING
17 CAN COVER THE FOLLUWING
28 299 33

15 CAN COVER THE FOLLUWING
25 3l 36 42

13 CAN COVER THE FOLLUWING
26 CAN COVER THE FOLLUWING
16 CAN CUVER THE FOLLUWING

49 CAN COVER THE FULLUWING

.14 CAN COVER THE FOLLUWING
COVERED BY FACILITIES AT:

THE FACILITV LOCATEU ATS
| ¥ 29 k Y &y Se
THE FACILITY LOCATED ATS
.Y} 9y 10s 2le 4le
THE FACILITY LOCATED AT3
12»
THE FACILITY LOCATED ATS
120 17s 19y 22¢ 23
THE FACILITY LOCATED AT3
4 6o Te 9s 159
THE FACILITY LOCATED AT:
Bs 13, 30, 32s 34 44 45,
THE FACILITY LOCATED ATS
18¢ 24y a0y
THE FACILITY LOCAIED ATS
169 27y JHs
THE FACILITY LOCATED ATS
200 25¢ AUy 49
THE FACILITY LOCATED AT3
14,
DEMAND POINE CAN 8E
1 le
2 le
3 ) 1
4 s 1S»
S ) B
6 10 15¢
7 1s 15»
8 e 13
9 l1s 10s 15
10 10y
11 1y
12 120 17
13 13
14 14
) §-3 159
16 16

t

FIGURE 33

(continued, page 18)

DEMANDS?
449 4S5y
DEMANDSS
DEMANDSS
DEMANDS$
DEMANDS S
DEMANDS?
DEMANDS?
DEMANDS$
DEMANDS?

DEMANDS?

AT,

7

vee



17
18
19.
20
21
22
23
24
25
26
27
rd.}
29
30
3l
32
3
34
as
36
37
38
39
40
4]
42
43
AN
A5

A7
48
49
S0
51
52
S3
54
S5

RYL)
260
17
499
10,
17
17
£Se
15y 49
209
16,
17»
17
139
15¢
13
17
1s 13

NO CURRENT FACILITY
1S
NO CURRENT FACILITY

16

HO CURRENT FACILITY
NO CURRENTY FACILITY

10.
1y 15
NO CURRENTY FACILITY
1y 13y
1y 13¢
NO CURRENY FACILITY
1
49,
49,

NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY

FIGURE

33

LOCATION
LOCATION

LOCATION
LOCATION

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCAT]ION

(continued, page 19)
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ITERATION NUMBER.
GAS PLANAR EXAMPLE

FOUR

NUMBER OF FACILITIES 11

SERVICE DISTANCE

10,000

NEW FACILITY LOCATION NU4BER 55

FACILITIES ARE LOCATED AT ly 10¢ 1d» 17

1S5¢ 33

260

16

4%

14

POPULATION SERVED

6

120.00

SERCENT OF TOTAL POPULATION SERVED  96.93

THE FACILITY LUCATED AT:
1 2 k I Ay Se
THE FACILITY LOCATED AT3
69 9y 10y 219 &)y
THE FACILITY LOCATEL ATI
12¢
THE FACILITY LOCATED AT3
129 1Ts 19 229 23
THE FACILITY LOCATED AT:
& 6 Te 9y 15
THE FACILITY LOCATED AT:
8s 139 30, 33y 34
THE FACILITY LOCATED AT
is. 2“' 36.
THE FACILITY LOCATED AT
16 27 38,
THE FACILITY LOCATED ATS
209 2S¢ 4By &Y
THE FACILITY LOCATED AT
14,
THE FACILITY LOCATED AT?
409 43y 40 55»
DEMAND POINS CAN BE C
le
2 ls
3 | 3
4 1s 15»
-] 1
6 10s 15
7 1s 15,
8 1y 13
9 les 10
10 10y
11 1
e v 12y 17
13 13

14 14,

1 CAN COVER THE FOLLUWING

T 8 9y 11y 38¢ 42

10 CAN COVER THE FOLLOWING
12 CAN COVER THE FOLLUWING
17 CAN COVER THE FULLUNING
28y 29 33

15 CAN COVER THE FOLLUWING
259 3ls 360 429

13 CAN COVER THE FULLUWING
hLae A5y

26 CAN COVER THE FOLLUWING
16 CAN COVER THE FOLLUWING
49 CAN COVER THE FDLLUWMING
14 CAN COVER THE FOLLUNING
55 CAN COVER THE FOULLUWING

OVERED BY FACILITIES AT:

FIGURE 33

DEMANOS?
449 A4Sy
DEMANDS
DEMANDSS
DEMANDS?
DEMANDS?
DEMANDS?
DEMANDS?S
DEMANDS?
DEMANDSS
DEMANDS?

DEMANDS?

(continued, page 20)

47,

9¢E



15
16
17

18

19
20
21
22
23
24
25
26
27

29
30
k)3
32
23

35
36
N
38
39
40
41
42
43
44
45
46
47
48
49
S0
Sl
52
53
54
55

15
1 YR
AT
F{Y)
- KT
4Y,
10y
17y
17
209
15¢s 49
269
16
1 ¥ 4]
1T»
13
15y
13
17
1y 13
NO CURRENT FACILITY
15
NO CURRENT FACILITY
169
NO CURRENT FACILITY
1.1
109 °
1e 1S»
55
1+ 13
1 13
S5
| 1
49,
49y
NO CURRENT FACIL1TY
NO CURRENT FACILITY
NO CURRENT FACILITY
NO CURRENT FACILITY
NU CURRENT FACILITY
55

FIGURE 33

(conéinued, page

LOCATION

LOCATION

LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

21)

LEE



ITERATION NUMBENRs
GAS PLANAR EXAMPLE

NUMBER OF FACILIT
SERVICE DISTANCE

9

FOUR
1€%

12
10.000

NEW FACILITY LOCATION NUMBER 24

FACILITIES ARE LOCATED AT 1s 10y 14y 1T

1S 33

269

4%y

14

-1

240

POPULATION SERVED

©170.00

PERCENT OF TOTAL POPULATION SERVED

7
97.42

THE FACILITY LOCATEL
1 2 3 4
THE FACILITY LOCATED
6 9 10, 21»
THE FACILITY LOCATED
12

THE FACILITY LOCATED
120 17, 19, 22»

THE FACILITY LOCATED
&y 6 To P

THE FACIL]I Y LOCATED
e 139 IV, 32»

THE FACILITY LUCATED
18¢ 24+ Qab»

THE FACILITY LOCATED
160 27+ 38,

THE FACILITY LOCATED
20' ?5. ‘8' 49.
THE FACILITY LOCATED

14
THE FACILITY LOCATED
40y 43, &0, 55
THE FACILITY LUCATED
269 269 35, 30»
DEMAND POINY
|
) 1
) Y
) 1
) 1
10,
) 1
Le
1

VENOOWVMSWN»

Can 8E

AT?

Se
AT
4l
AT

AT:
23y
AT2
15
ATS
34y
AT:

AT
ATS
ATS
AT2
AT3

15

15,
15
13
10,

1 CAN COVER THE FOLLUWING

T 8e 9 1le 399 42y

10 CAN COVER THE FOLLUYWING
12 CAN COVER THE FOLLVUWING
17 CAN COVER THE FULLUWING
28y 299 33

15 CAN COVER THE FOLLUWING
259 3le 369 42

13 CAN COVER THE FULLUWING
b4y 45,

26 CAN COVER THE FOLLUWING
16 CAN COVER THE FULLUWING
49 CAN COVER THE FOLLUWING
14 CAN COVER THE FOLLUWING
95 CAN CUVER THE FOLLUWING

24 CAN COVER THE FULLUWING

COVERED B8Y FACILITIES AT:

1Se

DEMANDS:
44y A4S,
DEMANDS?
DEMANDS S
DEMANDS:
DEMANDS?
DEmANDSS
DEMANDSS
DEMANDS?
DEMANDS?
DEHANDS{
DEMANDS?

DEMANDS?

FIGURE 33

(continued, page 22)

4T,

8EE-



10
1l
129 17
13,
14
15
169
17
209
17y
49 -
10y
17
1Te
269 24
159 49,
260 b
160 .
17y
17
13y
1S
13
iTe
1 13y
269
15y 34
NO CURRENT
16
NO CURRENT
55y
10,
1+ 1S»
S5
1e 13
1 13
55
| 53
H9y
49,
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
NO CURRENT
55

FACILITY LOCATION
FACILITY LOCATION

FACILITY LOCATION
FACILITY LOCATION
FACILITY LOCATION
FACILITY LOCATION
FACILITY LOCATION

FIGURE 33

(continued, page 23)
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SUBSTITUTION ALGORITHM USED

NNOE 158 REPLACES FACILITY LOCATION 15

THIS IS NOW FACILITY NUMBER -]

FACILITIES ARE LOCATED AT 10, 12 1Ts 158. 13 rd 1] 16¢ A%y
- - 4

POPULATION SERVED 6170.00 PEHCENT OF TOTAL POPULATION SERVED 97.32

THE FACILITY LOCATED AT

) 2 3, L Y)
THE FACILITY LOCATEDL

Sy

AT?

6 9¢ 10y 21« Ad»
THE FACILITY LOCATED AT

124

THE FACILITY LOCATEDL AT:
12¢ 179 19¢ 22¢ 23

THE FACILITY LOCATED AT:

2 L ¥ Se 6

Te

THE FACILITY LOCATED AT
Be 130 30y J32¢ 34,
THE FACILITY LOCATED ATS

18» 24, 426

THE FACILITY LOCATED AT3

169 27+ 238,

THE FACILITY LOCATED ATS

209 259 ABe A9y

THE FACILITY LOCATED
14,

THE FACILITY LOCAYED
409 A3y ALy 55
THE FACILITY LOCATED
249 26y J5, 360
DEMAND POINT CAN
1 1s
r | ¥
3 ) B
4 le
5 1o
6 10,
7 | T3
8 1l
9 ) 1
10 10y
11 1l
12 12
13 13,
14 14y
15 1548,

ATs:
AT3

AT:

1 CAN COVER THE FOLLUWING

Te B 9e 1lle 34, A2

10 CAN COVER THE FOLLUWING
12 CAN COVER THE FOLLUWING

17 CAN COVER THE FOLLUWING
28y 290 323

99 11le 1Se 3le ol A2y
13 CAN COVER THE FOLLUNING
Abhy A5,

26 CAN COVER THE FOLLUWING
16 CAN COVER THE FOLLUWING

49 CAN COVER THE FOLLUWING
14 CAN COVER THE FOLLUWING

S5 CAN COVER THE FOLLUWING
24 CAN COVER THE FOULLUMING

BE COVERED 8Y FACILITIES AT3

158,

158,
1589
158,
158
13
10,

154,
17,

158¢

FIGURE 33

(continued, page 24)

DEMANDS3

44y ASe AT,

DEMANDS?
DEMANDS:
DEMANDS?

158 CAN COVER THE FOLLUWING ODEMANDS:

DEMANDS3
DEMANDS:
DEMANDS?
DEMANDS3
DEMANDS:

DEMANDS3
DEMANDSS

b

ovE



16
17
-18
19
20

21

- 22
23
24
25
26
a7
28

- 29

30

3 .

32
33
34
3s
36
37
38
39
40
al
42
a3
44
as
6
a7
a8
49
S0
51
52
53
S4

85

16
17»
269
17
&Yy
10y
17y
17 .
26y 34
4Ye
269 . 24
169
17
17
130
1S4y
13
17
1s 13
249
24
NO CURNENT
169
NO CURRENT
59
10 158¢
1» 153y
59y
1y 13
1» 13
559
1
49y
49
NO CURRENT
NO CURRKRENT
NO CURKENT
NO CURRENT
NO CURRENT
S5e

FACILITY
FACILITY

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

.FIGURE 33

LOCATION
LOCATION

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

(continued, page 25)
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SUBSTITUTION ALGCORITHM USED

NODE 18 REPLRCES FACILITY LOCATION 26

THIS IS NOW FACIL.TY NUMBER 7

FACILITIES ARE LOCATED AT 1y 10 12e 17y 158y 13 18¢ 16 A%y
POPULATION SERVED 6170.00 PERCENT OF TOTAL POPULATION SERVED 97.82

THE FACILITY LOCATED
) 2 29 3 4y
THE FACILITY LOCATED
.1 9s 10y 21«
THE FACILITY LOCATEL
12+

THE FACILITY LOCATED
129 17 19, 22

THE FACILITY LOCATED
2 LX) Se 6

THE FACILITY LOCATED
Be 13y 30, 32y

THE FACILITY LOCATEVL
18y 26+ 436,

THE FACILITY LOCATED
16y 27y 38,

THE FACILITY LOCATED
20 25y €8, 49,
THE FACILITY LOCATED

14,
THE FACILITY LOCATED
40y A3y A6y 55y
THE FACILITY LOCATEDL

24y 26y 3S5e 36
DEMAND POINT CAN
1 ) B
2 1y
3 ) ¥
4 ) B
S | ¥
6 10y
7 | ¥
8 | %%
9 ) 1
10 10y
11 1 %)
. 12 12y
13 13,
14 14,

-15 158y

Al? 1 CAN COVER THE FOLLOWING DEMANDS?
Se Ty 8y 99 1ls 3% 420 ALy
AT: 10 CAN COVER THE FOLLOWING DEMANDS?
Al
AT: 12 CAN COVER THE FOLLUWING DEMANDS?
AT: 17 CAN COVER THE FOLLUWING ODEMANDS?
23y 28y 29y 233
AT3 158 CAN COVER THE FOLLOWING DEMANDS?
Te 9¢ 1lle 1Se 31y «ly A2,
AT: 13 CAN COVER THE FOLLOWING OEMANDS:
34s A4, A5,
ATt 18 CAN COVER THE FOLLUWING DEMANDS!
AT: 16 CAN COVER THE FOLLOWING OEMANDS?
ATt 49 CAN COVER THE FOLLUWING OEMANDS?
AT: 14 CAN COVER THE FOLLUWING ODEMANDS?
AT3 SS CAN COVER THE FOLLUWING DEMANDS?Y
AT: 24 CAN COVER THE FOLLU“ING. DEMANDS?
BE COVERED BY FACILITIES AT

158,

158,

158¢

158y

158y

13

10y 158¢

158,

1T7¢

FIGURE 33

L]

; (continu:ed,—page Zé)
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169
N ¥ &)
“18e
17
49e
10
1T
17
289
49¢
18 @4
16
17»
17
13
158,
13
1T
1s 13
2%,
18y 234

NO CURRENY FACILITY LOCAVION .

169
NO CURRENT FACILITY LOCATION
55
10 1598
1¢ 158,
55y
1 13
1e 13y
5Se
1
LY
49
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURKRENT FACILITY LOCATION
NO CURKENT FACILITY LOCAT1ON
NO CURRENT FACILITY LOCATION
S5

FIGURE 33

(continued, page 27)
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ITERATION NUMBER,
GAS PLANAR EXAMPLE

FOUR

NUMBER OF FACILITIES

SERVICE DISTANCE

13
10.000

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT

37
) %

10y

12y 17

33y

18

16¢

T 4%

14¢

260

POPULATION SERVED

6220.00

PERCLNT OF TOTAL POPULATION SERVED  98.11

YHE FACILITY LOCATED
3 2 3. LX)
THE FACILITY LOCATED
.13 9+ 10. 21»
THE FACILITY LOCATED

12
THE FACILITY LOCATED
12 1lTe 19¢ 22+
THE FACILITY LOCATED

2 LX) Se 6
THE FACILITY LOCATED
e 13, 30, J32»
THE FACILITY LOCATED

18y 26+ 236+
THE FACILITY LOCATED
16¢ 27+ 38.

THE FACILITY LOCATED
209 25¢ 48, A9
THE FACILITY LOCATEDL

14,

THE FACILITY LOCATED
409 43¢ 46+ 55
THE FACILITY LUCATED
24e 269 35, 360
THE FACILITY LOCATED

21e 37
DEMAND POINT CAN
1 |
e |
3 le
4 ) X3
S 1
6 10,
7 1
8 | ¥
9 1y

AT

Se
ATS
4]y
ATS

ATt
23y

1 CAN COVER THE FOLLUWING OEMANDS:
Qe

Te

1

Iy 39, 42

449 45y
10 CAN COVER THE FOLLDWING ODEMANDS:

12 CAN COVER THE FOLLUWING ODEMANDS?

17 CAN COVER THE FOLLUWING ODEMANDS?

28y 29

33

AT? 158 CAN COVER THE FOLLUWING DEMANDS?

Toe 9 11y 1S5s 3le A1y 42
ATS 13 CAN COVER THE FOLLUWING UEMANDS!?
I8y AA, A5,
ATI 18 CAN COVER THE FULLOWING OEMANDS:
AT: 16 CAN COVER THE FOLLUWING ODEMANDS!
AT? 49 CAN COVER THE FOLLUWING DEMANDS?
AT: 14 CAN COVER THE FOLLUWING DEMANDS?S
AT3 &S5 CAN COVER THE FOLLUWING DEMANDS!?
AT: 24 CAN COVER THE FOLLOWING ODEMANDS?
ATS 37 CAN COVER THE FOLLOQWING OEMANDS?
UE COVERED BY FACILITIES AT:

158

158,

158y

158,

158¢

13¢

10y 158y

- FIGURE 33

(continued, page 28)

47,

37

144



10
11
12
13

15
16
17
18
19
20
at

23
24
25
26
27
28
29
30
N

33

34
35
36
kY
38
39
40
sl

43
a8
4S5
a6
47
48
49
S0
S1
Y4
S3
5S4
55

10.
19 158y
129 17»
13
14,
158,
16y
b ¥ X
18+
17
49y
16 37
17
17
24y
&Yy 3
18y 24,
16y
17
17
13
158y
13,
17, .
1» 13
2uy
1de 24y
317,
169 .
NO CURKENT FACIL1TY-LOCATION
59 . )
10+ 158y
1s 158¢
95
1» 13
e 130
SSe
le
&Y
89y
NO CURRENT F-"ILITY {OCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NO CURRENT FACILITY LOCATION
NU CURHENT FACILITY LOCATION
S5

FIGURE 33

(continued, page 29)
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ITERATION NUMBER.,

GAS PLANAR EXAMPLE

FOUR

NUMBER OF FACILITIES

SERVICE DISTANCE

11

1e
10.

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT

S0
) 1

10

12+ 17

158+ 13 18 16 't O 14 55,

240

POPULATION SERVED

6270.00

PERCENT OF Y

OTAL POPULATION SERVED 98.;0

THE FACILITY LOCATED
1le 2o k I L ¥}
YHE FACILITY LOCATED
(.Y} 9 10, 21
THE FACILITY LOCATED

120

THE FACILITY LOCATED
12¢ 17« 19 22y

THE FACILITY LOCATEW

r-y LX) Se G

THE FACILITY LOCATEL

8¢ 13¢ 30, 32

THE FACILITY LOCATED
189y 269 36,

THE FACILITY LOCATED
169 27y 38,

THE FACILITY LOCATED
20« 2S¢ 4By 49,
THE FACILITY LOCATED
14,

THE FACILITY LOCATED
40e A3y A6, 55
YHE FACILITY LOCATED
C4¢ 26¢ 35 360
THE FACILITY LOCATEDL

21 37,

THE FACILITY LOCATED
$0e¢ S3»

DEMAND POINT CAN
|
1
1
)
1l

10,
| B3
|
le

VO~NOUVM>WN-

AT

Se
AT?
41,
AT

AT
230

.

1 CAN COVER THE FOLLOWING DEMANDS?

Te

9

1

10 39, 42,

44y A4Sy 4T,

10 CAN COVER THE FOLLOWING DEMANUS!?

12 CAN COVER THE FOLLUWING DEMANDS:

17 CAN COVER THE FULLUWING DEMANDS!

28¢

29

33

AT: 158 CAN COVER THE FULLUNWING DEMANDS:

1y <1, 42,
FOLLOWING

FOLLUWING
FOLLUNING
FOLLOWING
FOLLUWING
FOLLUWING
FOLLUWING
FOLLUWING
FOLLUWING

BY FACILITIES AT:

Te 99 11e 1S5 3
AT: 13 CAN COVER THE
34 A4y 45
AT: 18 CAN COVER THE
ATt 16 CAN COVER THE
AT: 49 CAN COVER THE
AT: 14 CAN COVER THE
AT: SS CAN COVER THE
ATt 24 CAN COVER THE
AT: 37 CAN COVER THE
ATS S0 CAN COVER THE

8E COVERED

158,

158

158+

158,

158,

13,
10+ 158,

DEMANDSS
DEMANDSt
DEMANDS!?
DEMANDS$
DEMANDS?
DEMANDSs
DEMANDS?
DEMANDSS
DEMANDS?

FIGURE 33

(continued, page 30)
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10 10y

11 1¢ 158,
12 12+ 17
13 13
14 14,
15 158,
16 1oe
17 17,
168" 18,
19 17 -
20 49y
21 10 37»
22 17» -
23 17»
26 24y
25 - 49y
26 . lb. = 300
27 BT
28 17y -
29 17
30 13,
31 158,
32 13
Kk ] 17»
3 1 13
s 24y
38 189 34y
7 37
k] 1oy
39 NO CURRENT FACILITY LOCATION
40 89,
41 10 158, .
42 1s 158,
43 55 ,
44 1 13y
45 1s 13
(Y3 S5
LY gl
48 4Yy
49 Yy
50 S50,
S1 NO CURRENT FACILITY LOCATION
52 NO CURRENT FACILITY LOCATION
53 SUe
54 NO CUKRENT FACILITY LOCATION
55 S
FIGURE 33

(continued, page 31)
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ITERATION NUMBER,

GAS PLANAR EXAMPLE FOUR

NUMBER OF FACILIVIES

SERYICE DISTVANCE

NEW FACILITY LOCATION NUMBER

FACILITIES ARE LOCATED AT

12
15
= 10,000
3
1 10 12: 17+ 158, 13 18y 160 4% 18y = 355» 2489
6310.00 PERCENT OF TOTAL POPULATION SERVED 99.03 N

POPULATION SERVED

449 A4Sy

DEMANDS?
DEMANDS?
DEMANDS$
OEMANDS¢
DEMANDS?
DEMANDS
DEMANDS?
DEMANDS?
DEMANDS?
DEMANOS?

THE FACILITY LOCATED ATS 1 CAN COVER THE FOLLUWING DEMANDS?:
1 2 k LX) Se Toe B¢ 99 11y I3 A2
THE FACILITY LOCATED ATt 10 CAN COVER THE FOLLOWING DEMANDS?
. 9y 10s 21 Al
THE FACILITY LOCATED ATs 12 CAN COVER THE FOLLUWING DEMANDS3
12¢
THE FACILITY LOCATED AT3 17 CAN COVER THE FOLLUWING DEMANDS?
129 17e 19, 22¢ 239 28y 29 33
THE FACILITY LOCATE{D ATZ 158 CAN COVER THE FOLLUWING DEMANDS!
2 4 Sy 6 Ty 9e 1ls 15 J3le Sbke 42
THE FACILITY LOCATED AT: 13 CAN COVER THE FOLLUWING
By 13s 200 32¢ 34y A4Sy AS
THE FACILITY LOCATED ATt 18 CAN COVER THE FOLLUWING
18y 269 369
THE FACILITY LOCATED ATt 1o CAN COVER THE FOLLUWING
169 27+ 38e
THE FACILITY LOCATED AT: 49 CAN COVER THE FOLLUWING
200 25« ABy A9
THE FACILITY LUCATED ATt 14 CAN COVER THE FULLUWING
14,
THE FACILITY LOCATED ATt 55 CAN COVER THE FOLLUWING
409 43y A6y 55
THE FACILITY LOCATED AT: 24 CAN COVER THE FOLLUWING
240 269 35« 369
THE FACILITY LOCATED ATs 37 CAN COVER THE FOLLUWING
21 37y
THE FACILITY LOCATED AT: 50 CAN COVER THE FOLLUWING
S0e¢ S
THE FACILITY LOCATEU AT: 39 CAN COVER THE FOLLUWING
39¢ Sé»
DEMAND POINT CAN BE COVERED BY FAGILITIES AT!:
1 | ¥
2 le 158y
3 le
4 1¢ 1580
) 1e 158,
6 10 158
FI

GURE 33

AT,

(continued, page 32)
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7 1+ 156,

8 1s 13

9 1s 10¢ 158,
10 104

11 1s 158»

12 12¢ 17

13 13+
14 14,

15 158"
16 160

17 17y

16 18,

19 S ¥ I
20 49
21 10 37
22 17
23 17
24 rZ%)
25 49,
26 lue 2%
27 1o .
208 17
29 17

30 13
n 154,
32 13,

k k] 17
s 1s 130

as 24

36 18y 24

7 37

k}.) 16

39 39,
40 S5y

41 10, 158,

42 N 1» 158,

43 55

4% 1 13

45 1y 13y

46 55

A7 1

48 4y

49 49y

50 Su» -
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GAS PLANAR EXAMPLE FOUR
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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‘th master control cards at ‘the beginning
of each data deck. These two master cards contain values for'
parameters which control and define the appropriate opératiéns
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 . integer numbers are to be puncﬁed/
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‘;htéger,
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 voints whose
coordinates wiil 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 plane,the value of IDEM must
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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 networsk. 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 or 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, Howcver, if the IFSAP para-
meter is set at the value of one, then the
IFSAP output is given. The IFSAP piogram
uses onlv distances in its analysis and

is not apopropriate i1f 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 each
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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IALT1 -

IALT2 -~
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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 Irom 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.

The IPOL parameter is used to indicate the
existence of political compatabilities. If
the IPOI, 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.

The IALT1 parameter is utilized only when

a problem is defined on a plane. It should
be set to zero for all network problems.

If the IALT1 parameter is assigned the value
of one in a planar problem, elevation

data is utilized in defining distances
(either rectilinear or Euclidean). 1If
elevation data is not given the value of
IALT]1 is ignored. The value of IALT1 is

to appear in card column 30.

The IALT2 parameter is to be set to the
value (f 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



planar problems.

GAS -

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 erample, 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.

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

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 NETHORK

ADD ARCS
RECT

IALT1

Several of the above option parameters deal
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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.l
MASTER CONTROL CARDS

( ARCCS, RECT, FUE, CONS, IPOL IALTY, 1ALI2, GAS

T3, OIM, AI;D. NETWOK, WEIGHT, DisT, IFSAP ! .
. e 2nd Card

N 1st Card
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FIGURE A.2
SUMMARY OF MASTER CONTROL CARD SETUP

FIELD OR
CARD # VALUES CARD COLUMNS ' CODE
1 IPTS 1-5 R-J
IDEM 6-10 R-J
ADD 15 V1,0
NETWOR 20 V1,0
WEIGHT .25 V1,0
DIST 30 v1,0
IFSAP 35 v1,0

2 ARCS 5. V1,0
RECT 10 V1,0
ELE - jis v;,d
cons 20 V1,0
IPOL 25! 1,0
TALT1 '30 V1,0
IALT2 35 V1,0
GAS 40 v1,0

R-J - number must appear right justified with no deéimal point.‘

V1,0 - the value of the parameter must be either l 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 contains parameters that
will define a specific maximal coveriny location problem.
This card contains the following parameters: 1IP, 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 1l-5.
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S - The S parameter represen's the value of the
.maximal service distance tou 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.



FIGURE B.1l
PROBLEM CONTROL CARDS

P 8§ $C3 EMAXL EMAXS CONS ICOV st
y -

- 1gt Card

366

2nd Card



367

FIGURE B.2
SUMMARY OF THE PROBLEM CONTROL CARDS

PARAMETER CARD COLUMNS CODE
Title 1~80 LET
IP " 1-5 RJ
s - 6-15 D
scs 16-35 D
EMAXL '26-35 D
EMAXS 36-45 D
CONS 55 V1,0
ICOV 60 V1,0

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 & facility that is to remain
unchanged by the GAS algorithm. Thé value
of NANCF must appear in columns 11l to 14
and be right justified with no decimal
point.

After’éhe 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, of a total of ND cards. The index of
the area to be deleted as a site must appear 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 NANCE‘gard§) give the
indices of the areas that are to be autométically 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 l
cards. The index of the area that is. to be allocated a faci-
lity must 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 shoulq be
given,

Figure C.l 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. Se§eral examples of constraint

card data decks are given in different sections of this manual.
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PROBLEM CONSTRAINT CARDS
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FIGURE C.2
SUMMARY OF CONSTRAINT CARD DECK

VALUES & FIELDS

ND (1-4;RJ), NDAS (6-9;RJ)-, NANCF (11-14;RJ)
INDX (1-4;RJ), CODE (6-7;LET)
INDX (1-4;RJ)

INDX (1-4;RJ)

RT - number must be right justified in field with no decimal

point

'
.

LET - any letters may be used.

*present only if ND>0

+present only if NANCF>0

**present only if NDAS>0

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 Fprmat 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
éemand area and each facility site. 1In the data deck there
must be one card for each point. The.parameters on each caid
are:

INDEX, k-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 desirablé to.utilize elevation

data in cénstraining coverage for any given facility site or
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to utilize elevation data in determining distances. If this
is the cése, elevation data must be given in- the mgster 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 cob;¥

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. Whenxpopu—
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 pgrameters:

" INDEX, POPULATION

where

INDEX - The index parameter is the number given to a
particular point. The index must appear in
columns 1l-4 and be right justified with no
decimal point.
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POPULATION - The population of the point or node must
be given in columns 5-14 and 1nclude a
decimal point.
The populatlon 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.l
FORMAT  SUMMARIES FOR POPULATION,
ELEVATION, AND COORDINATE POINT DATA

CARD TYPﬁ ‘ VALUES AND FIELDS
Population Cards . | Index (1-4;RJ), Population (5-14;#)
Elevation Cards Index (1-4;RJ), Elevation (5-14;D)
cOordinaté 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.



APPENDIX E

FORMAT SUMMARIES FOR ARC DATA

3

When utilizing the GAS program for solying network prob-
lems, either ARC éata or a shortest distance ﬁatrix 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 tpe 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(I,J)

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 1l
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.1l

A SIMPLE SIX ARC NETWORK
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TABLE E.1l
FORMAT SUMMARY FOR ARC DATA WITH EXAMPLE

CARD - VALUES AND FIELDS
1 IARCS (1-5;RJ)
Next INDEX (1-5;RJ), I(6-10;RJ),
IARCS Cards J(11-15;RJ), D(16-21;D)

RJ - number must be right justified in field with no decimal
point ‘ T

D - number must appear with decimal point

CARD $# VALUES AND FIELDS
1 6 (appears in column 5)
1,2,4,5. (respective columns;

N

5,10,15 and 16-17)

2,4,3,7.

3,3,2,4..
'ﬁ9'1'2'4:

\5}§}1?6.
61,52,

BECIT: T S G AR
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