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ABSTRACT

This study illustrates a method of generating
alternatives’ for selecting architectural planning sites,
using a digital computer, The method attempts to deter-
mine the optimum locations, for specified land uses, ac-
cording to priorities established by the user. Alterna-
tive locations are generated by varying the priorities.
The variables used as input are subcategories of the
following:

l. topography (eg. slope)

2. surface features (eg.vegetation cover type)

3. ecological impairment criteria
(eg.slope erosion)

4, land use proximity
(eg.distance of housing to commercial areas)

The output identifies locations which are ca-
pable of (a) supporting the activity, (b) meeting the
proximate restrictions imposed by the user, and (c) allow-
ing the sites to recover ecologically.,

The user has complete freedom to establiéh the
priorities of both land use, and their respective re-

quirements in terms of site characteristics.
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1.0 Intent

The intent of this study is to develop a method
to assist in land allocation, specifically in the north.

To be of use, the model must reflect the user's
‘values, and show the consequences of those imposed values.,
The method should be able to provide the results in a
reasonably short time, in order that the user may spend
the majority of his effort in making decisions, not eval-
uating them,

This method incorporates the notion that design-
ers and policy makers think in terms of priorities rather
than in weighted values., The methodology will incorpor-
ate the notion of priorizing or rank ordering to allow
the user to relate to the model more quickly and with less
indoctrination.

One of the problems occuring in northern 'de-
velopment' is that of ecological damage or impairment.
Damage will occur the moment man sets foot in the area,
and assuming he will, the user must decidevhow much da-
mage will be tolerable, To accomplish this, the user
must have some way of determining the effects of the
land uses on the site, and studying the effects of var-

ious alternatives,



Distance relationships also play an impor-
tant part in land use allocation. In general, land uses
are not allocated to a specific area or location to
stand by themselves as separate entities. The location,
in most cases, is highly dependent on the distance re-
lationships to other land uses.

This method will use the notion of priori-
zation, for both land uses and site attributes, in al-
locating land uses. The procedure will attempt to min-
imize ecolqgical impairment and maximize positive site
attributes, while maintaining the proximate relation-

ships between land uses.,
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2,0 Introduction (State of the art)

A common technique associated with land use
allocation is symographic mapping (Steinitz,1970).This
technique is used to generate a map, describing the site
in terms of criteria established by the user. A single
map is generated for each particular land use. The user
then must work manually in specifying the locations of
the land use.

An analogy of this technique is the overlay-
ing of colour coded acetate maps, to determine the 'op~
timum' areas for placement. Each map represents a vari-
able, such as topographic slope, orientation, surface
drainage, etc. It is assumed, for any such study, that
all the variables, taken together, describe the site.

The symographic tech-
nique consists of taking the
overall site/area, and divi-

ding it into cells.

The cell size is generally determined by the type and
quality of information or data available, and also ac-—
cording to the needs of the land use or activity being

placed.
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Each variable is, in turn, described by its
attributes (eg.depth to water can be‘described by the
following attributes; water,l'—2',2'—4',4'-6',..,,10'+).
For ease of manipulation by the digital computer, the
attributes are assigned corresponding status levels,

The status level is an integer, in this case
ranging from O to 9. Each cell within a variable map
is assigned a status level to correspond with the at-
tribute. A coded data map is generated for each site
variable, All the variable maps constitue a description
of the site, in terms of the variables the user feels
relevant to the land use.

Each variable is then assigned a weighting
factor. The weighting factor is to represent the rel-
ative importance of that Qariable within the system,
and is generally established to an accuracy of one or
two decimal places,

The composite map is generated in the follow-
ing manner: For each cell, within the site, the follow-
ing equation is evaluated and its result is assignéd
to the corresponding cell in the composite map.

vl*wtl+v2*wt +,..Vn*wtn= sum See fig.2.0.a

2
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v, status level of that cell, with respect
to variable n

wtn= weighting factor of variable n

The procedure is repeated until each cell has

been evaluated. Then the cell sums are scaled down to

fall between 0 and 9.




The resulting map represents an evaluation of
the site, by cells, according to desirability for a land
use (or the degree of capability of fulfilling the spe-
cified requirements of that land use). The integer 9 re-
presents locations which are most capable, while 0 repre-
sents locations which are least capable of fulfilling
the requirements. Other composite maps would have to be
generated for each subsequent land use.

A digital computer is utilized for analyses of
this type. Its use is beneficial when the amount of data
is great, and the model becomes complex. The digital com-
puter is an ideal tool for exhaustive and complicated
numerical manipulations. However, the cpabilities of the
digital computer are not limitless, The time/cost res-
trictions become apparent when sorting through massive
amounts and/or layers of data,

One of the inherent difficulties of the symo-
graphic technique is the derivation of a precise weight-
ing factor for each of the site variables., It is pos-
sible for experts to disagree as to what the weighﬁs
should be, and generally a compromise must be reached,

Another problem is that of the number of
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composite maps generated° If the number of land uses to
be located is great, the number of composite maps is e-
qually great, and could become unweildly when an attempt
is made to locate the land uses according to other cri-
teria (eg.proximate relationships).,

Heuristics added to a procedure of this type
could increase the efficiency of the model, reducing the
‘run' time necessary for the digital computer. In effect,
some of the constraints of timé and cost could be alle-
viated. The heuristics employed would reduce the number
of cells to be evaluated, as there is no real need to
evaluate cells that would seem not to lead to worthwhile

or acceptable locations.



3.0 Endogenous Input

A methodology has been established for descri-
bing the site in terms of its variables, although the
accuracy or reliability is yet to be proven. At present
the concept of cells is being questioned, because they
are not a natural configuration, and do not reflect the
nature of the site accurately. Currently, some of the
work in this area involves the use of polygons (irregular
areas) to describe the site.

Another problem is that of the number of attri-
butes describing any particular variable. It now appears
that ten attributes may be too many to associate with
particular variable. This is due to the fact that it is
quite difficult to differentiate many states of one var-
iable, when conducting field surveys.

The problem of the number and type of variables
to be used for the allocation model is also important.,
The analysis for each land use may require different var-
iables, and these must be established and coded.

For the purposes of this study, the descrip-
tive technique utilized by the symographic methodology

will be used. A data bank, consisting of selected




variables, already exists, describing an area surroun-—
ding Leaf Rapids, Manitoba. The data was collected,
prepared and coded specifically for a land use alloca-
tion application using the symographic technique
(Johns,1972),

Because of the availability of the Johns’
data, and the similarities in intent, the Leaf Rapids
area was chosen for an illustration or test of the
method proposed in this study. An alternative to the
symographic technique is being put forward in this
study: the model rasults can be compared then to the
results obtained by Johns,

The land uses dealt with, by Johns, in his

study, and to be used in this model are the following:

1. multiple family housing
2, single family housing
3. active recreation

4. passive recreation

5. commercial

6., industrial -
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The variables associated with the land uses,

and to be used in this study are:

1. topographic slope

2. slope orientation

3. surface drainage

4. subsurface drainage

5. depth to bedrock

6. soils by composition

7. vegetation stability

8. vegetétion preference

9. visual access to unique landscape features
10. visual absorption

11, perceptual carrying capacity

The attributes and corresponding status levels
associated with those variables to be used in this study
and as used in the Johns' study are:

1) topographic slope

0 open water
1

2 0%~4%

3 4%-8%

4

5 8%-12%

6 12%-16%

7
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8 16%-20%
9  20%+

2) slope orientation
water
north
north east
north west
flat

east

west

south east
south west
south

VWONOOUhWNREO

3) surface drainage

- 0 water
1 poorly drained wetlands
2 swales
3

4

-5 minor surface runoff
6 drainage pattern
7
8
9 well drained

4) sub-surface drainage (watertable)

0 open water
1l 0'=2!
2
3 2v-.4!
2 _
5 4'.¢6°
6
7 6'-8!
8
9 8'+

5) depth to bedrock
0O open water

1 rock outcropping
2

o I




3E

Si

10°

OO~ U W

10+
6) soils by composition
0 open water
organic peat or no soil cover
silts and clays

sands silts and clays

poorly graded sand (gravel)

OO W

well graded sand (gravel)

7) vegetation stability
0 open water
1 low vegetation cover including under-
brush, herbacious plants, muskeg, and
bog. '
2 underdeveloped, dwarf or stagnating
coniferous trees
young coniferous trees in dense stand
overmature coniferous in dense stand
open black spruce, white spruce and
jackpine forest with no understory re-
generation
6 open black spruce, white spruce, and
jackpine with good understory regener-
ation. '
7 open or closed deciduous stand, with or
without understory regeneration
8 mixed deciduous and coniferous trees
with no understory regeneration
9 mixed deciduous an coniferous trees
with healthy understory regeneration.
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8) vegetation preference

WONOULD WO

water (see variable 7 for listing
group of groups)

group
group
group
group
group
group
group
group

OWONOUTDd WN -

9) wvisual access to landscape features

NoOoudbh wNhHO

O

water
environmental visual nuisance

no features outside normal

view of marshland

view of stream (intermittent)

screened view of ravine, hill or kettle
direct visual access to ravine, hill or
kettle

screened view of water

direct visual access to water

10) visual absorption

WoONOUTh WNHO

water
least absorptive

most absorptive
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11) perceptual carrying capacity

0
1

2
3

~ 3

open water
no possibility of major,
moderate or minor buffers

major buffer distance
moderate buffer distance
minor buffer distance
buffer capability lost

major buffer distance
moderate buffer distance
minor buffer distance
buffer capability lost

major buffer distance
moderate buffer distance
minor buffer distance
buffer capability lost

major buffer distance
moderate buffer distance
minor buffer distance
buffer capability lost

“lde

90-150

25-40

15-20
-15

70-80
15-25
5-10
=10

45-60

10-20
5
5

30-35
5-10

yds
yds
yds
yds

yds
yds
yds
yds

yds
yds
yds
yds

yds
yds
yds
yds



4.0 General Modelling Technique

4,1 Priorities

In developing a model gsing priorizing as a
criteria for land use allocation, I have made certain
assumptions. The first of these assumptipns is that no
two land uses may have the same priority, or be of
equal importance,

It is acceptable to say that no two land uses
are equally important. When allocating land uses accor-
ding to site variables and distance relationships, the
situation of being able to locate two equally impor-
tant land uses becomes the exception rather than the
rule. bne of the few conditions where this exception
would occur is if the requirements of the‘activities
are identical, Then, practically speaking, the two land
uses are also identical,

The question that must be asked by the user
is: if the requirements of both activities or land uses
cannot be met simultaneously and to the highest degree,
which of the land uses is to receive the greatest con-
sideration?

In priorizing the site variables, the above

does not hold true. Two variables may actually be of
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equal importance. But, due to the specific methodology

to be employed, the final effect of that equality will
not differ significantly from that of one variable

being placed immediately ahead or below the other. This
apparent lack of sensitivity is only surficial. The eval-
uation of a particular cell will allow for two possibili-
ities. The first is that all requirements are fulfilled:
the second is that the most requirements possible have
been fulfilled., If the first case is true, whether there
were two equal variables does not matter. If the second
condition is true, and the requirements of one of the
‘equal’ variables was that last fulfilled, and that cell
was chosen for placement, then it would appear that all
other locations failed to fulfill even the first 'equal’

variable,
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4.2 Heuristics

Heuristics can be generally defined as a
strategy, shortcut or "trick" which quickly narrows
the search for a productive or acceptable solution.
Heuristics do not guarantee that the optimal solution,
or any solution, will result; but, do generally lead
to an acceptable or reasonable so;ution.

The heuristics utilized, within this model,
should quickly direct the search and evaluation pro-
cedures to areas, within the site, which have a high
possibility of fulfilling the criteria established by
the user, thus eliminating time and effort spent eval-
uating cells in areas where the possibility of an

*acceptable’ result is low.

4.3 Distance Relationships

By imposing distance relationships, the num-
ber of cells or locations that need evaluation is imme-
diately reduced. This is true if the imposed distance
limits are short, relative to the size of the site being
investigated. |

For this study, if distange relationships

exist between two or more land uses, it will be assumed
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that only two conditions are possible: 'fit' or 'misfit!®.

The distance relationships will narrow the
search within the site to an area defined by the dis-
tances allowed, or desired, by the land uses,

Within these limits, a great number of pos-
sible land use arrangements still exist.(If n designates
the number of land uses, then the number of possible
permutations is at least n factorial.)

In order to evaluate each possible permutation,
the time and cost involved could be inhibitive., Therefore:
a further heuristic will be employed in the spatial
allocation procedure. The heuristic to be used in this
study is commonly referred to as the ‘additive' method
(Tawfik,1970) . This procedure begins by placing the
first priority land use within the spatial framework,
then by plaeing the second priority land use Within the
distance requirements, if any, and so forth until all
activities have been located. This method greatly re-
duces the amount of arrangements to evaluate,

The weaknesses of the additive method geher~
ally involve those associated with heuristic procedures,

The first is that there is no promise of a solution,

] 8-



the second that the resulting solution is not necess-

arily optimal; but is generally, at least, acceptable.

Additive method
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Figure 4.3.a
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4,4 Termination Criteria

In effect, the termination criteria tell the
search procedure when to stop searching for new cells or
locations. Termination criteria may be described as those
characteristics of a cell or position which are acceptable
or reasonable.

Within this particular model, the termination
criteria will consist of:

1. minimum and maximum distances between
activities, (Distance relationships between
land uses;eg. commercial to industrial)

2. acceptable status levels for variables

3. a limited diameter search pattern

By introducing 'acceptable' status levels for
the variables, the search can be made to be much shor-
ter and more restrictive.(eg.If the user can define or
describe the cqnditions (status levels) which he feels
are acceptable, cells not diSplaying those characteris-
tics need not be evaluated.) See figure 4.4.a

By placing a limit on the diameter of the search
pattern exhaustive evaluation is terminated. Withiﬁ the
limits imposed on the search pattern, cells may be eval-

uated and the 'best' chosen.
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4,5 Capability/Suitability/Impairment

The term capability will be used to refer to
the ability of the natural resources of a cell to sup-
port some type of ‘development' or intervention.
Capability will be measured from least capable of sup-
porting a particular land use to most capable of sup-
porting that land use.

Suitability will be the collective measure of
all variable capabilities, with respect to a particular
land use. Suitability measures will not be used overtly
within the methodology, but will be used implicitly
in determining whether or not a cell fulfills the pre-
scribed requirements. See fig.4.5.a

Impairment will be defined as damage to the
ecological system, specifically within the cell being
investigated. The measure of impairment will reflect
the damage experienced if a particular land use is im-
posed on a cell, having a prescribed variable attribute.

The capability of a particular variable attri-
bute, to support a given land use, may then be plotted
in graph form against the ten status levels, represen-

ting the attributes.
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The resultiné graph will represent the degree of ful-
fillment of the land use requirements by the attributes
of the variable. See figure 4.5.b

The degree of impairment can also be plotted
against the attributes or status levels. The impairment
curve will define the points above which regeneration
will occur, and the complexity of the ecosystem will
not degenerate. See fiure 4.5.c

The capability and impairment curves may then
be compared by the user, to determine what the accep-
table status levels should be. From a glance, it is
possible to see which attributes are highly capable
of supporting the land use, and at the same time im-

pairing the ecosystem the least. See figure 4.5.d
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CapaBILITS
Vieissle 1
capapty
VAZINBLE 2
capaBlLry
VARIALE. D
ApABILY
VDD BLE. &
AApnpiline Vigiaee M
Suitability of location A
capability 1 =1
capability 2 =3
capability 3 =2
capability 4 =9
capability n =7
Suitability (sum) =22
Suitability of location B
capability 1 =9
capability 2 =9
capability 3 =9
capability 4 =9
capability n =9
Suitability (sum) =45

Therefore 'B' location is preferred for land use
placement, because of its higher suitability rating.

Figure 4.5.a Suitability Evaluation
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5.0 Exogenous Input

5.1 Land uses

The land uses will be rank ordered according
to their relationships, either to each other, or to the
site, or a mixture of both; but in any case, the ranking
will be done according to the user; preferences,

For the purposes of this study, the land uses
will be ranked in the following order:

1. multiple family housing

2. commercial

3. active recreation

4. single family housing

5. light industrial

6. passive recreation

5.2 Site variables

The site variables will be ranked according
to their relationships with each particular land use,
again according to the preferences of the user. The
site variables to be used are the following:

1. topographic slope

2, orientation of slope

3. surface drainage

-2



10.

11.

depth to bedrock

subsurface drainage

soils by composition

vegetation stability

vegetation preference

visual access to landscape features
visual absorption

perceptual carrying capacity

The site variables will be ranked in the

following manner, with respect to each individual land

use: (The author assumes here that he is the user: any

arrangement is permissable.)

1.

multiple family hogsing
7,1,3,4,5,6,9,10,8,2,11
commercial
9,7,1,3,4,5,6,2,8,10,11
active recreation
7,1,3,5,2,4,6,8,9,10,11
single family housing
7,1,2,3,4,5,6,9,8,10,11
industrial

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

27



6. passive recreation

2,1,3,7,4,8,6,5,10,11,2

5.3 Distance relationships

Relationships between activities will be mea-
sured in terms of flight-line distance. There will be a
maximum allowable and a minimum allowable distance estab-
lished between land use pairs. The possible conditions
are:
l. no maximum distance restrictions
no minimum distance restrictions
2. maximum distance restrictions
no minimum distance restrictions
3. no maximum distance restrictions
minimum distance restrictions
4, maximum distance restrictions
minimum distance restrictions
In the case where the imposed distance con-
straints are too restrictive , the maximum distance lim-
|

its will be removed, and a location sought outside that

limit. If it is still not possible to locate the activity



due to proximate restrictions, the minimum distance
restrictions will then be removed,

It seems necessary, for each cell evaluated,
to compare the distance between that cell and every
located, minimum_distance related land use member to
the allowable specified distance. As minimum distance
constraints may require an extremely large amount of
calculations, a heuristic has been utilized to reduce
the amount of work required in determining whether or
not a location is outside of the minimum allowable
distance limitations;

To reduce the effort required, and hopefully
acheive a comparable result, the located land use, to
which the current land use is relalated by a minimum
distance constraint, will be utilized as the search
origin. The search area will consist of cells at a dis-
tance of at least the minimum allowable distance, and
within the maximum,

The search routine will be structured so as
to allow a minimum distance constraint only with the high-
est related land use. This is done because minimum dis-

tances will not be measured, as they are automatically
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incorporated in the search diameter, about the search
origin. The subsequent location will be outside the
prescribed minimum distance.

All distance constraints will be given in
units of cell size.(ie. the dimension of the cell, 200
feet.)

The distance limitations to be used for this

study are listed in Table 5.3.a.
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Table 5.3.a

Distance relationships (to be used for this'study)

maximimum distance limitations: \
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5.4 Status levels

'Each site variable may have one or more sets
of limits, above or below which the requirements of a
particular land use will be fulfilled. These limits may
define both adequate and acceptable capability and suit-
ability ratings for a particular land use, with respect
to the site variable under investigation. These 'accep-
table' status levels will be recorded for each site
variable, with respect to each land use, along with the
desired or optimum status level. These limits are re-
corded in table 5.4.a., the first column representing
the maximum, the second the optimum, and the third the

minimum allowable,
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6.0 Specific Modelling Techniques

6.1 Search origins

A search origin will bé defined as the point,
location or cell from which a search pattern will be
generated.

In attempting to locate the first priority
land use, only site variables may be taken into consi-
deration, as no other land uses have been located, and
distance relationships cannot be evaluated,

Within the site, many possible ‘'acceptable’
locations may exist. These locations, or aggregations
of locations may be spread out over the complete site.,
It is therefore necessary to determine which of the
locations is more suitable for the land use.

This location will be determined by the num-
ber of optimum status levels immediately surrounding
that location. The distance from that location to op-
timum status level value cells of all other site var-
iables will also be taken into account. The distance
measure should reflect the number of cells to be sear-
ched before an acceptable location is found,(ie. As the
distance increases, the number of cells to search will

also increase.) See figure 6.l.a.
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The search diameter will be approximately ten
cells, That is, it may be possible that each cell, with-
in an area covered by one hundred cells, will be evalu-
ated if no ‘'acceptable' locations are found sooner.
Therefore, it wogld not be necessary to find more than
one concentration of optimum status levels within a ten
by ten area, provided that the highest concentration is
found within that area.

The complete site under investigation will be
subdivided into a super grid composed of cells of one
hundred acres. This grid will in turn be superimposed
over the data grid cells,

In this model, the size of the extra large
grid cells will be eleven cells by thirteen cells. This
size will be used because it closely approximates the
ten by ten; as well as being a convenient size to cover
the Leaf Rapids site/area.

The data map representing the highest ranking
site variable will be taken from the data bank, and the
large grid superimposed on it. See fig.6.l.a. The high-
est concentration of optimal status levels is then found

within each large grid cell. A search origin is then
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located, as close to the middle of each concentration
as possible.

Locating the high concentrations can still
lead to inaccurate or misleading results. Concentrations,
in two neighbouring large cells, grouped close to their
common boundary would seem to indicate a concentration
of optimal status levels across'that boundary. In order
to account for this eventuality, the search for the con-
centration will overlap the large gridhboundaries to a
depth of two cells. This will allow a search origin to
be located on the boundary, and also allow two large
grid cells to'spécify the same search origin.See fig.6.l.b

The search origins obtained by the above me-
thod must then be ranked according to the possibility of
acceptable locations to be found quickly in their imme-
diate surroundings. The ranking will be done according
to the distance to optimal status level cells of the
remaining site variables. The shortest distance will be
ranked first, and used as the search origin for the loca-
tion of the first priority land use, as well as other
land uses related by distance to the first located land

use, See figure 6.l.a,

=37 -



In the case where the land use being located
has no distance relationships to previously located
land uses, new search origins will be established and
ranked, using the map representing the highest ranked

variable associated with that land use.
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6.2 Distance Relationships

Distance relationships will be evaluated in
terms of 'fit' or 'misfit?',

Assuming that a land use has been located on
the site/area, a check will be made to determine whether
any distance relationships exist between those land
uses already located and the land use being located.

If no distance relationships exist between
them, a search origin will be sought according to the
highest priority site variable associated with the cur-
rent land use. That land use, and all its 'members'’
will be located according to site variables alone.

The highest ranking located land use will
be checked first., If a maximum allowable distance re-
striction exists, it will be compared tb the distance
between the cell under investigation and the location
of the already located land use.

If the distance between the two cells is
outside the allowable limits, a new location or cell
will be sought by the search procedure. If the new lo-
cation is within the proximate limits, then the proce-
dure will be repeated for the next ranking located

land use, until all located land uses have been checked
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according to the distance relationships between them-
selves and the land use being located.

The distance between the new location and
all related located land uses is thus compared to the
allowable distances imposed by the user. If the loca-
tion is within all the limits, the placement will then
be evaluated withvrespect to the site variables,

However, if the location falls outside any
of the imposed limits, another location.or cell will
be sought and this procedure repeated.,

Tt is possible to impose distance relation-
ships or constraints too restrictive to locate a land
use. If this situation occurs, the maximum allowable

limit will be removed and a location soﬁght°
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6.3 Suitability Evaluation

Assuming that the cell is within the distance
limits imposed by the user, it will be evaluated accor-
ding to suitability, or the collective capabilities of
the site variables,

The map representing the highest ranking site
variable, associated with the land use being located, is
taken from the data bank.

The status level of the corresponding cell in
that map is compared to the acceptable limits specified
by the user, for that site variable. If the status level
is within those limits, then the map representing the
next ranking variable is taken from the data bank. Again,
the status level of the cell is compared to the allowable
limits imposed on that variable. The status levels of
that cell are summed as each variable is checked,

Provided that the status level of each site
variable is within the imposed limits, the cell becomes
a possible land'use location. If a number of such loca-
tions are found, the land use will be located on the cell
having the highest status level sum,

If no possible locations are found, within
the distance limits, then the land use will be located
on the cell fulfilling the most requirements. See fig.6.3.a
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Figure 6.3.a Suitability Evaluation
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6.4 Search Procedures

Provided the land use being located is the
first to be located, or if it is nét related by dis-
tance to any previously located land uses, a search
origin will be sought according to the locations of
concentrations of optimum ststua levels.,

But; if the land use being located is related
by distance to some previously placed land use or land
uses, then the location of the highest ranking related
land use will become the search origin,

The search procedure consists of passing the
locations of cells within:the search area to the distance
evaluator. The first time, each cell, within a ring at a
radius of the maximum allowable distance (or minimum),
surrounding the search origin, will be bassed to the eval-
uator. The cells chosen in this manner descfibe a ring
about the search origin. See fig.6.4.a Possible locations
within this ring will be noted, and the 'best' cell used
aé the the land use location.

If no possible locations are found within the
ring, then the radius of the ring is decreased (or in-
creased in the case of minimum distance) by one cell,

thus allowing the evaluation of cells adjacent to the

ol 4



to the first ring. If no locations are found, the ring
may be decreased until only the search origin remains.
In the case of minimum distance, the maximum diameter
will be the minimum plus at least five cells, if no
maximum distance is specified,

Having located the first member of a land
use, all remaining members will use the location of the
first member as a search origin, assuming they are re-
lated, This should decrease the number of cells searched,
as members of one land use are generally required to be

located closer together.

Figure 6.4.a Search Ring About Search Origin
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7.0 Programming Technique: (See fig.7.0.a,7.0.b,7.0.c)

First; the highest priority land use is taken
from the data/input, along with the highest priority

site variable associated with that land use.

Second;if no activities have‘been located pre-
viously, or if the activity being placed has no rela-
tionships to activities already located, the placement
procedure adopted is unique, in that the site variables

alone determine the 'maximized' location.

Third; if only the site variables are to be
used for the land use placement, the matrix representing
the highest priority site variable will be divided into
are/cells of approximately 100 acres. A location which
provides the greatedt possibility of fulfilling the re-
quirements of that land use, with respect to that par-
ticular site variable, will be sought in each area/cell.
This location will become the 'search origin',

Fourth; the search origins will then be ranked
according to the possibility of all site variables ful-
filling the requirements of that land use, at a location
near the search origin.
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Fifth; the highest ranking search origin
will be used as the starting point of the search pro-

cedure, in an attempt to locate the activity.

Sixth; if activities have already beenvplaced,
and the current activity is related to one or more of
them, according to proximate restrictions: then the loc-
ation of the related activity of highest priority will
be used as the search origin, and the search procedure

will be initiated.

Seventh; the search procedure will consist of
passing the cells, within the search area, to the eval-
uator. If all cells of the search area have been evalu—
ated and no 'acceptable' locations have been found, the
search area size may be increased, or the proximate res-
trictions may be loosened or removed, all depending on

why no 'acceptable' locations were found.

Eighth; the evaluation procedure will evaluate
the proximate restrictions between the cell being eval-

uated and the search origin. The distance between the
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two cells will be calculated and compared to the allow-

able distance between the two activities.

Ninth; if the measured distance is within the
imposed limits, then the same evaluation is carried out
between.that cell, and the location of the next highest
ranking, located land use. This procedure is repeated

until there are no more related and located land uses,.

Tenth; if the evaluator encounters the situa-
tion where the distance between the location of the cell
and the location of the related land use is not within
the allowable distance limits, control will be passed

back to the search procedure.

Eleventh; if a location is within all allow-
able distance limits, that location or cell is further
evaluated according to the restrictions or requirements
set by the land use with respect to the site variables

or capabilities,
Twefth; in the capability evaluation, the



matrix representing the highest ranking site variable,
with respect to the land use being currently located ,

will be used first,

Thirteenth; the status level within that ma-
trix, at the location being evaluated, will be compared
" to the input/data levels which define the 'acgeptable'
limits within which the status level may fall, if it is
to fulfill the requirements of the land use. Each land
use may have different 'acceptable' limits, for each

site variable,

Fourteenth; if the status level of that loca-
tion falls within the 'acceptable' limits, the same pro-
cedure will be carried out with the next highest rank-

ing site variable,

Fifteenth; if the status level fails to fall
within the acceptable limits, then the rank of the last
site variable passed through will be recorded along with
the location, and control will be passed back to the

search procedure.
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Sixteenth; if the location is acceptable
through all variables, all the status levels will be
summed and recorded, along with the location, and

control passes to the search procedure again.

Seventeenth; when the search area limits
are reached, and 'acceptable! locatiqns exist, that
location, within the distance limits, with the high-
est status level sum will be used as the location of

that land use,

Eighteenth; in the case where no 'accept-
able® locations exist, the location with the most
variables searched will be used as the.land use lo-
cation. The most searched variables seem to point to
the location where the greatest number of site var-
iables fulfill the requirements of the current land

use,

Nineteenth; these procedures are repeated

until all land uses have been located.
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8.0 Conclusions

8.1 Plan 1: control plan See Map 8.l.a

The cells chosen for active recreation reflect
very restrictive requirements for the site variables, with-
in the area described by their proximate requirements or
relationships to the multiple family housing. In order to
improve the capability/suitability ratings, there are two
possible choices. The first is to increase the permissible
area for location (relax distance relationships) or relax
the requirements of the site variables. In the case of ac-
tive recreation, it may be necessary to investigate the
requirements of the second ranking variable, and subse-
quent variables.,

The locations for cells allocated for commercial
land use also appear too restrictive frém the fifth rank-
ing variable on,

Single family residential housing was the most
poorly located accordigg to suitability/capability. Eighty-
six percent of ail chosen cells fulfilled only the first
ranking variable. The restrictions placed onvthe second
variable need investigation, for possible relaxation, and

possibly some of the subsequent priority variables.

w54



F-haX’ Adwc D
vy '{! i
et
9%%@%:
R 2 o PR LS .
passive recreation

multiple family

single family housing

AL TR S

(it

:
5y
b
.

commercial

active recreation

industrial

%
Py
=
® 1woo'  tooo'
Map 8.1.a Note:Scale and legend

apply to all maps in
55 section 8,0




8.2 Plan 2; Change in proximate relationships See Map 8.2.a

By increasing the minimum allowable distance
between the two groups of multiple family housing, the
second group failed to find any locations fulfilling the
requirements of more than the first three ranking varia-
bles,

The distance relationships imposed upon both
active recreation and commercial land uses, with respect
to the multiple family housing, severly limited the area
for their location. Consequently, the suitability/capabil-
ity ratings of the chosen cells were very low, with the
majority fulfilling the requirements for only the first
four variables.

Single family housing still remained poorly
located, although somewhat worse., It was worse because
fifty-eight percent of the located cells failed to ful-
fill even the first priority variable. This was due prob-
ably to the extremely limited area, imposed by proximate,
relationships, within which locations could be sought.,

As the industrial land use was not related by
distance to other activities, and was allowed to seek its
own location,the majérity of cells fulfilled at least the
first six variables,
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8.3: Variable priority change See Map 8.3.a

In the case of variable priority changes, the
site variables associated with the multiple family housing
were assigned different'ranks or priorities. The first
priority variable seven, was changed to become the second
ranking variable, while the previous second ranking var-
iable became the first priority,

Active recreation celis geherally fulfilled
only the first three variables. This would seem to indi-
cate requirements are too restrictive on the fourth and
perhaps subsequent variables. The proximate restrictions
may also be too restrictive. .

Seventy six percent of cells chosen for com-
mefcial fulfilled only the first variable requirements.

It would seem that the requirements of the associated site
variables are too restrictive.

Single family housing was located at locations
~ighty nine percent of which failed to fulfill the first
variable. Therefore, at least the requirements of the

first priority variable must be relaxed.
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8.4 Plan 4: Variable priority change gsee Map 8.4.a

In this case, site variable priorities were
changed for the agtive recreation land use, The first
priority variable, nine, was changed to third priority,
while the third priority variable,one, became the highest
priority.

All activities were located in the same general
area, although some of the individual cells of the active

recreation did shift location, though not markedly.
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8.5 Plan 5: Change in optimal status levels gee Map 8.5.a

Optimal status levels for the highest priority
variable were changed, from one to two, with respect to
the highest priority land use, multiple family housing,
The whole plan was shifted to the north end of the site.
The degree of fulfillmegt of capability/suitability re-
mained generally the same as in previous 'runs',

The shift in location is probably due to the
fact that in the first run, the optimal status level of
the highest priority variable was one, and there did not
exist any cells with that status level. Consequently
the locations were found according to the remaining
variables, The second run utilized a status level of two,
of which there were many cells, concentrated near the

north of the site/area.
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8.6 Plan 6: Land use priorities changed See Map 8.6.a

In this case, the order of land use placement
was changed. Commercial was located first, with multiple
family, active recreation, single family:housing and
industrial were located in that order.

As the order of placement affected the possible
proximate relationships, these too were changed, although
an attempt was made to keep them as close as possible to
those utilized in the control 'run'.

Capability/suitability ratings remained gener-

ally the same as in the control run.
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9,0 General conclusions

1, Requirements of variables for single family
housing seemed to be overly restrictive, A majority of
cells failed to fulfill the first variable. It could be
that this variable should not be ranked as the highest
priority variable. Assuming it must be ranked as the
highest, the 'acceptable' limits must be increased to

provide a wider range of 'acceptable' cells,

2. The system is biased in location towards the
top left hand corner. This is due to the programming
technique utilized for choosing evaluated cells.

The biety occurs when all evaluated cells
have the same suitability/capability rating. In this
case, the first cell chosen, at the top left corner of
the search area will be used as the location of the

land use.
3. The system does appear to choose the 'best!®

cells from the areas designated or described by the

proximate relationships,
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10.0 Recommendations

1. It would be beneficial to be able to reverse
the procedure within the system, so as to be able to use
the locations of the land uses as input, and the prior-
ities used, in establishing those locations, may be de-
rived. This would function as an evaluating technique
whereby plans could be analyzed to produce their imposed
priorities,

2, The suitability/impairment curves (fig.4.5.a,b,c
and Appendix A) are in great need of future work to en-
able designers and users to more precisely define suit-
ability and impairment.

3. A method should be devised to evaluate minimum
distances without checking every previously located and
related land use: this would reduce the large amount of
'run' time used in this routine.

4, In order to make the model more sensitive to
proximate relationships, it would be advisable to in-
crease the number of land use groups. (eg. single family
housing: ten groups of 28 cells, instead of one group

of 280 cells,)
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Slope orientation
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Surface drainage,
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Subsurface drainage,
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Depth to bedrock,
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Soils by composition.
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Vegetation stability.
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Vegetation preference.
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Visual absorption.
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C-1 Control plan (Input)
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Variable order (Priority)
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Status levels
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C-2 Change in distance relationships
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C-3 Variable priority change(multiple family)

Variable order

First priority r 7 9 7 7 7
Second 7 1 7 1 1 1
Third 3 3 1 3 2 3
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C-4 Variable priority change (active recreation)

Variable order

First priority 7 7 1 7 7 7
Second 1 1 7 1 1 1
Third 3 3 9 3 2 3
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C-5 Change in optimal status level

Optimum status levels
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C-6 Change in land use priorities

Land use priorities

First priority.cecceocccssso.Commercial
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Minimum allowable distances
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D~1l Control plan

Capability analysis of

locations

Land use

Multiple family
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No.of variable
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D-2 Change in proximate relationships

Capability analysis of locations
No.of variable

requirements
Land use fulfilled,
Multiple family 9
6
5
3
Multiple family 3
0
Active recreation 3
2
1
Commercial 11
4
2
1
Single family housing 11
2
1
0
Industrial 11
6
5
1

-102-

Total

Total

Total

Total

Total

Total

Perc
cell
cate

entage of
s in this
gory.

52
16
16
16

%
%
%
%

100
12
88

%,24 cells
%
%

100
2,5

40

57.5

%.,24 cells
%
%
%

100
4

38
6

52

%,40 cells
%
%
%
%

100
«5
1.5
40
58

%,50 cells
%
%
%
%

100
15
50
10
25

%,280 cells
%
%
%
%

100

%,40 cells
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D-3 Variable priority change(multiple family)

Capability analysis of locations

No.of variable Percentage of
requirements cells in this
Land use fulfilled, category,
Multiple family 6 52 %
5 8 %
3 16 %
2 8 %
1 16 %
Total 100 %, 24 cells
Multiple family 9 52 %
6 16 %
5 16 %
2 16 %
Total 100 %,24 cells
Active recreation 3 22 %
2 27 %
1 51 %
Total 100 %,40 cells
Commercial 4 2 %
2 12 %
1 76 %
Total 100 %,50 cells
Single family housing 11 3 %
7 5 %
6 o5 %
3 5 %
2 6.5 %
0 89 %
Total 100 %,280 cells
Industrial 11 1 %
6 47,5 %
5 2,5 %
2 7.5 %
1 41.5 %
Total 100 %,40 cells
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D-~4 Variable priority change (active recreation)

Capability analysis of locations

No.of variable Percentage of
requirements cells in this
Land use fulfilled. category.
Multiple family housing 9 52 %
6 16 %
5 16 %
2 16 %
Total 100 %,24 cells
Multiple family housing 9 4 %
6 36 %
4 9 %
3 S %
2 12 %
1 14 %
0 16 %
Total 100 %,24 cells
Active recreation 3 15 %
1 35 %
0] 50 %
Total 100 %,40 cells
Commercial 11 6 %
4 62 %
1 32 %
Total 100 %,50 cells
Single family housing 11 4 %
7 1 %
6 o5 %
4 .5 %
3 5 %
1 5.5 %
0 88 %
Total 100 %,280 cells
Industrial 11 52.5 %
6 ' 45 %
1 2.5 %

Total 100 %,40 cells
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D-5 Optimal status levels changed

Capability analysis of locations
No.of vari
requiremen

Land use fulfilled,

able
ts

Percentage of
cells in this
category.

Multiple family housing m

=W oY

Multiple family housing

OHDNWKMOOW

Active recreation

=N W

Commercial

NN

Single family housing

OHNWMOO

Industrial

.
N O
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Total

Total

Total

Total

Total

Total

56
20
8

16

100
8
36
8

8

12
16

12

100
3

5
92
100
6
12
82
100
1

1

50

47

100
6
37

57

100

%
%
%
%
%,24 cells
%
%
%
%
%
%
o%
%,24 cells
%
%
%
%,40 cells
%
%
%
%,50 cells
%
5 %
«25%
. 25%
%
%
%,280 cells
%
%
%
%,40 cells
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D-6 Land use priorities changed

Capability analysis of locations .
No.of variable Percentage of

requirements cells in this
Land use fulfilled, category.
Commercial 4 58 %
1 42 %
Total 100 %, 24 cells
Multiple family 9 2.5 %
6 35 %
5 7.5 %
3 7.5 %
2 5 %
1 5 %
0 37.5 %
Total 100 %,40 cells
Multiple family 6 58 %
0 42 %
Total 100 %,24 cells
Active recreation 3 26 %
2 34 %
1 40 %
Total 100 %+ 50 cells
Single family 11 6 %
7 2 %
6 2 %
4 1 %
2 4 %
1 85 %
Total 100 %,280 cells
Industrial 11 15 %
6 58 %
5 5 %
2 2.5 %
1 14.5 %

Total 100 %,40 cells
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COMPILER CPTINONS = HAML= MATN,OPT=C2 y LINECNT=60,S1ZF=0000K,

0002

C u3
CCC5
CCCe

08¢C7

coce

3CCs

301¢
CCl1
3012
2013
3C14
C015
0C1l6
Co17

018

Co1S
5e2¢
0021
0622

N
S22

0024

cC25

CC26
J027

Joze

onmmn’onnr‘:monnmmoonnnnnnﬁm

SOURCE, ERCOIC,NOLTST,NNDECK s LOAD yMAP yNOED 1T o TNy NOXREF
SITE ALLICATION ACCORDING TO IMPACT/USER PRCFERENCE

USEIN) :VFCTOR OF RANKED LAND USES

VAR TNUMBLR OF MATRICES CR VARTIABLES

USES  tNIMBLER OF LAND USES BEING PLACED

IMAP S IRCWS IN MATRIX

JMAP 2 JTOLUMNS TN MATRIX

CELLS SNIMBER OF SEARCH AREAS IN MATRIX
’C(')'VE(TQR CONTAINING LCCATED LAND USCS

TRHIGE(NDI DT LOCATICNS OF SEARCH ORIGINS
JHTGH (M) 20 LOCATIONS 9F SEARCH ORIGINS

IAAAK(N) .CATICN OF RANKED SEARCH ORIGINS

CJRARNKAUN) s LICAT TGN NF RANKEL CtARCH ORIGINS

TCELLS  :NUMBER 6F SEAPCE ARFAS IN I DIRECTION
JCELLS  tNUMBFER CF SEAPCK ARFAS 1w J DIRECTINN
MAXDTSUT, ) tIATRIX OF MAX ALLOW.DISTANCES ™
MINDISCIsJ)SMATRIX OF MINJALLOW.DISTANCES

CNTR $COUNTER ON NOJCF LOCATIONS FEVALUATED BY CAP.
BSTICNTR)  :VECTOR OQF N0, OF MATRICES PASSED THROUGH

I3STIN)Y :HIGHEST T LGCATICN FROM BST(CNTR)Y &~ 7~

RADIUS :SEARCH RADILS ABOUT SEARCH ORIGIN IN CELLS

ORCA(I,J) :I SPECIFIES PASS NUMBER 3J SPEC.CURKRENT USE

LEVEL(I,J):1 SPECIFIES VARIAELE,J SPEC, USE
LEVEL GIVES CURRENT ACCEPT.VALUE,NRD GIVES VARIABLE
CINTEGER DIST(12)
INTEGER ACCEFRT
INTEGER 1JSES,VAR,CELLS,RADIUS
INTEGER TRAAK(12),JRANK (12) 7 mmm
DIMENSIGN MAP(11,6)
DIMENSION 1PLAN(460);JPLAN(460)'””'
INTEGER CNTR B ;
T —
CINTEGER A
INTFGER 1JSZ,CLP, BST
INTEGFR BEST(121),18F ST(121), JBEST(121)
COMMON BST(121),1RST(121),JBST(121)
CUMACY CAPI(52,33,11)
G e .
CCMN]R MINDIS{6456), LOC(4€0)
COMMON NIMRER (6)
COMMIN ICHDUNT(82,33)
COMMON IPX(52,23)
DIMEYSION LSF(6)
DIMENSIOT ORCUL11,6)3LEVEL (11,06
DIMENSTON ITHICH(L2)Y 3y JHIGH(12)
DIMENSICH TRIW(1I2),JCCL(12)
UIMENSIO ; MAXLEVI11,6) s MTNLEV(11,6)
LOGICAL® VhﬁP(?%),

)

11CHA l(’)/' YLy, (','L'y")'y'i'J'y'O'/y
LICHAD )(7)/0 "'ul, O’OXI,inyl '7'X’/1
IICHA\j(Y)/' o,t I,O l,l 'yl:!’l !,l*l/,
lICHﬁ?4(7)/' L t 1 c,o l,! o,l e,t:l/

DIMENSICH ISTORE(A3)
DIATASION TRORD(2,33)
DO 3 T=1,440 , , -112~



Jose

G029g
CC3cC
o021
0032
GG 37
30 34
JL3ec
G03¢

cC37

S03F
QC3s
Cd4cC
o4 ]
CC42
w043
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0C45
QC4¢
JC47
CCucé
0C4¢

35650

0051
CCs2
0053
CO54
0055

M9Q56

057

CC5¢
CCoC

0061

Loez

(063

Cot4

- LCES

gChe

0067

LCod

POC

SRVEGN AV

0071
c12

30732

CCh4
a0 15

CCr¢

a0
0078

cC7¢
aoRrc
ac 81
cc8’z
30132
Q084

3305
49

44

6G01
240

2900
33090

lf\/‘f\

50093

GUES

70008
P A
QG000
110C

el el
ENIRCI N
fO O
<o

o
(o

LOC{T)=C

COCNTINUYLC

D@ 47 1=1,11
REAC(S55 30050 (MAP(1,4),d=1,06)

FCRMAT(6I2)

COMTINUE

DO Y K=1,11

DC 1 I=1,52

REAN(S,1000) (CAP(T JyK)sJ=1,33)

COMTINUL ,

REAL (5,20C0) (USE(1),1=1,06)

NnC 2 1=1,6

REAC (5:3002) (MAXDIS(I,J)sJ=1,6)

CONTINUC

DO3 I=146

REAL (5,330C) (MINDIS(I,J),J=1,6)

CONTINUE ‘ '

DO 4 I=1,11

REAC (5,200C)(NRDI(I ) 9d=1,6)

CCNTINUE

00 4% I=1,11

LREAC(5,2300) AMAXLEV(Isd),d=1,6)

CCNTINUE

bo 41 1=1,11

REAC(S;BJOO)(MINLEV(IVJ’yJ'—‘l:é)

CONTINUE e

REAR(5,4300) (IRQW(1},I=1,12)

REAC(5,4000) (JCCL(1),1=1,12) e e

REAC(S32301)(NUMBER(I) y1=146)

FORMAT (613)

FORMAT(3X ,2311)

DO 249 I=1,2 e

RLAFU;MOU(I%“RD(T9J)1J 1133)

FORMAT(3211)

o

CCOCNTINUE

FORMAT (612)

FORMATI{6] 2)

FORMAT (1212) _

FORMAT('0 ', ' CURRENT LANC USF IS ',112)

FPP”A1('3' 'VARTARLE = 1,112,t HMAXIMUM LEVEL =',112,°
1 CMINIMUM LEVEL = 1,112) - T
FORMAT (D!, 'RANKED ORICIN *9112,2X,112, % 5 *,112)
FOFMAT('Q',' LAND USE  *4,112,' LOCATED AT  ',112,9,',112)
FORMAT('O 'yt SEARCH ORIGINS ARE  ',112,%,9,112)

FORMAT ('O, 1ST LOCATED USE RLOLATEDR TO ', 112,' IS ¢,
111250 AT *,112,%,%,112)

FORMAT (v 1,3271)

FORMAT ('L, "VAKTARLE NUMRER 1 ,112,/)
FCRMAT (D0, *DISTANCE  $,1T1,' IS',115)

3C 82 K=1,11

DO 82 1=1,¢2

CAP (1,333, K)=CAP(1,32,K)

CCNTINUE

LSES=6

VAR =11

IVAE=52

CoLLS=12

JMAD=13 “;13";,
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£34
Coss
C0Sé6
cCei
0¢s g
Cov9
013

gicl
102

0103

wQ”Clcc”

Clb4
c1o

CYC7

0108

"ClCs

Cl1¢

0111
S 0l1iz

0113

0114

Clic

Cllc¢
0117

€113
0l1¢

Cc12¢

Clz1
122

Glzz
L0124

0rL2%
€127

L og12e

0129

ciz1
glae
Cl 34
€l3e

. 013¢
0137

Clze
G136
Cl4C
G141l

0L472
01423

RADIUS=S

ICRELLS=4

JCELLS=3

£ 45 K=1,VAR

WRITE (6,1 300) K o e
BT 4% I=1,1MAP

WRITE (65 1200) (CAP{IsJsK)J=14JIMAP)

45 CONTINIED
WRITE(6,3)04)
DG S5 1=1,6
WMRITE(H,2102) {MAXDLS (Iy])yJ 1sUSES)Y, (MI NUIC(I JYyd= lyUSFg)
2100  FEORMAT (00,0 MAXDTIS  v,612,° MINDIS ',612)
55 CONTINULD

CO 42 I=1,VAFR
WRITE(621500) (MAXLEVII 4J) 3 J=1,36) 3 IMINLEV(1yd)sd=1,6)

1502 FCRMAT('Ut, P MAXTMUM STATUS LEVEL *,6T3, ' MINIMUM STATUS LEVEL

1,613)
42 CONTINUE
1412 FORMAT('Q¢,% BEST VALUES ',///)
1403  FORMAT('0',613)
1411 FCRMAT('3',v VARIABLE CRLCER ',///)
WRITE(6,1410)
RE €3 1oy AR
WRITE(6,140G) {MAP(14J),J=1,6)
53 CONTINUE )
WRITZ(6,3004)
WRITE(6,1411)
NC 54 I=1,VAR ; _
WRITE(6,1408) (NRC(I,J),d=1,6)
54 CONTINUE
WRITE(6430C4)
MI=)
0o 2ﬁ MM=1,6
ICi=0
1K= o
DO 13 T=1,IMAP
UC 13 J=1,JMAFP
IPX(I;J):Q
ICNUNT (I, J)=0
13 (CNTIPUF
KKK=)
IFIMILEQ.1)C0 TO 26
56 COMTINYE
Hl1=M1
TF(LOC{L).EC.CIGN TO 6
DC S Na=1 4V
VECOATINDTISINN gM4) 6 Ta)) o CRG (MAXDISINN, M) o GT.0))GO TO 10
5 CONTINUT
6 CONTINUE
PAN=MA
N :1
CALL CROTRAN G MY Ky MAXA y MTHA, IRD, MAXLEV s MINLEV, USESy Ay MAP)
WRITT (NS5 I0CY UST(MY)
WRITE (646 )0C K, MAXA ,MINA

cCAalL ﬁFSTT(IMAPyJWﬁP,KyCELLSpIHIGH,JHIGH;ICELLSydCELLS,IROW;JC[L

1,4}
0 2L 1=1,CELLS
WRTTE {6y 5000 THIGHT Y s JHTIGH(T)
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N OQl4a4 21 CONTINUE

N 0145 CALL TNTDIS VAR yMMy THIGH, JHIGH,DIST ,CELLS,
1IRAAK,JRAHK,RADIUS,ORD,MAXLEVyMINLEV,USES,IMAP,JMAP,MAP)

N Cl4¢ DO 22 I=L4CFELLS

N G147 WRITE (6, 1400) 1,01S8T(1)

N Cl48 22 CCNTINUE

N 0149 CNTR=1

N CL5C KC=0

N C151 222 CONTINYC T .
0152 CO 7 MN=1,C0LLS

N C1e3 NV=(CELLS +1)~MN

N 154 I=IRANK (M)

N C155 J=JRANK (MM)

on015¢ WRITE(6,7I0C) MNSIRANKINM) , JRANK (NM)
N 0157 CALL SERCHI(T 3 Jy KKy LLs 1T JJyPADIUS,CNTE NN,

LMy THAP G J4AP J VAR yOR Dy USES Ny BEST TBEST, JBEST,
LIKy ICNTRy IPLAN  JPLAN, USE s MINLEV s MAXLEV ,MAP, M1, IC)

N 0158 TF(BEST(1).CT.0)GN TO 15
N C16¢C IF{KCEQ.1)GC TO 129
N Cle2 7 CONTINUE
X Cl63 KC=1
v Cie4q oo bbil26 d=1,22 -
SN 0165 DO 126 J=1,33 \ o - ’ )
N Cléé ICOUNT(I,J)=0
V 0le7 126  CCNTINUE
N 0168 ¢c 19 222 e
V' C169 129 CALL NXTBST{CATR KK, LLyJ)
i 017¢ . ,‘CALLMPRT£U§51¥M1KKLLLtwmmmwwMMWMM”MMMMM.w ;
¢ 0171 GO T3 15
V0172 10 CONTINUE .
I G173 9 CONTINUE
CCrra o TF(MLEC.MMIGC TO 2¢8
1 C176 DO 206 KIM=1,460
1t 0177 oo TRULICURIM) G EGLUSE(MM) ) GO TO 27
1 C17s 209  CCNTINUE
i c18Cc GC 10 228
{6181 207  NN=pH
i 0L82 KKK =2
1 183 208 CCNTINULD
tci84 CALL REPET3UANNG IPLANSJPLAN T, 0,664 KKK, K)
1 Q188 MFP=K+1 h
I C1¢€e 12 CONTINUE
187 NJ=10%8N
"uClSE X’VRITG(!’J’)_}_)C)LSE(VM)?NJ«)I1J
€185 N=1
0190 o CALL CRBIRAN G MM, Ky MAX A MINAYORE g MAXLEV s MINLEV, USE S, A, MAP)
€191 CANTR=1
0192 CALL SERCHLUT 9 sKKy LUy IT9JJ,RADIUS,CNTR 5N,
LNy THAP s JANE G VAR OF Dy USES Ny BEST,, IBEST, JREST,
g LIKy TONTRy IPLAN g JPLAN,LSE G MINLEV yMAXLEV 3 ¥AP, M1, IC )
0193 IF(IC.5T . 1)1C1=101+1C
€165 o TEOOMMONE GNND) OAND G (ICT.CEL4D) )G T 142
0167 TEOORKKGGE 5 e AND G (IC.6Te2))6G) TO 142
0159 IFCR=ST(L) LE0.0)GD TN 77
c2¢1 GG TY 1S
202 77 COMTINUE
£203 KKK=KKK+1]
C204 o TFUKE KRBT o (NUMBERINNI=1))6G0 TO 140
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cace TFLLICIMP ) JEQL0)GD TC 14

n2C8 CO TO 9
c2¢9 140 CONTIANUT
C21¢C IF(IC.F0.0)00 TO 141
©212 GO TY 142 o
€213 141 IK=IK+]
0214 WRITE(G6,7777)1K
0215 TTTTOFCRMAT(Y ' 3113,1  DISREGARDING RESTRICTIONSY)
c21e KKK =9 -
6217 GG 1) 9
21w 142 CCNTINUTD
219 NC 137 KIM=1,460
G220 TRALDCIKIM) JEQLUSE(MM))IGE TO 14
L0222 137 CCNTINIE
2202 CALL NXTBSTICNTR, KK,LL,J)
1 D224 C TFCICOUNT (KK, LL) .50.0060 TO 77
coz¢ CALL PRT(USEMV,KK,LLY -
02217 LCCUATI=1)=USE(MM)
L pz2e IPLAN(YI-1)=KK
C226 JPLAN{HMI-1)=LL .
T 023 DG 139 IL=1,%72 ‘
c221 . DC 139 JylL=1,22 ‘ ,
557 TCOUNT UL s JLymp o o o e
G233 139 CONTINUE
0234 KKK =0 T T
<0238 DC 138 K=1,VAR
023¢ CAP(KK, LL yK)=USE{MM)
Les3r 138 CChTINe .
C238 GC T 2¢ T T o i
0239 14 CONTINUE ;
£24¢C DC 22 KM=1,5 B
6241 CALL MNXTBST{CNTRKK,LLyJ)
0242 ‘“IF((ICGUNT(KK,LL);EQ;O);ANU;(KKK;GT;(NUMBER(NN)41)))GU TO 141
€244 - CIFCICOUNT (KK, LL)EQ.O)GC TO 77 _
oS ; CALL PRTUUSE (RN g KK, LL) o s oo
0247 TPLAN(MI~1)=KK :
C24¢8 JPLAM(MI-1)=LL B
0246 LOCIMI=-1)=LSF(MM)
0250 ICOUNTIKK,LL)=0
€251 DC 221 K=1l,VAP -
oQ2E2 CAP (KKoLL,yK)=USE(MM)
€253 321 CCNTINUL
G254 CALL REPETI(MNMGMIL620,6322)
- 0258 322 CCMTINUE
0256 IF(MILT.4)GC TO 9
C25¢ 22 . COMTINUE
0256 GL T 9
026C 15 CONTINUE
0261 TFOIRKEQ D) o 0R L (LL.EQ.D))G0 TO 20
0263 IPLAY(MTI=-1)=KK
C2¢4 JPLAY(MI-1)=LL
€245 LOC(1I=-1) =USE (VM)
0266 WRITI (6449C00) USE(#M) KK, LL
261 TCOUITIKK ,LL) =D
9268 DC 25 K=1,VAR
C266 CAP (KK yLLy K)=USE(MM)
c2re 25 CCMTINUFR
(271 TEALIC(2)EC.CIGE TN 27
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0273
G215
C217¢
Q271
cz27e8
0216
Gz 8c
G281
u2s2
C2R4
D2€E5
gaée
C2ed
238

C28y

G291
0293
£294
G2¢s
€2s¢
€261
526G ¢

(2499

©C30¢

0301

€302

0303

(305

6304

C36¢

0367

C2Ce
€305

R

(311

0312
0213
£314
€315
0316

BEY
0318

S €216

5320
€322
€32:

0324

0225
C2i2¢

f_o327
L (328

£226
0330
€321
G232
Uil i3
0334
0335

241

24

242

243

33
29

215
26

4801

4002
4903
4207

201

211
210

2 30

“Dﬂ 275 J=

TRINSEQeMMIGE TN 241
GC T3 242

CONTIHUE

10=0

BEELEEY

DC 24 JI=1,1M
IC=T74NUABER (JT)

CONTINUED
TELLICIIN#2) o [0.0)GU TC 27
CONTINUE B
DB 29 IJ=1,3
CALL REPETL(MM,MI,620,8243)
CONTINUE

CALL NXTBSTUCNTR,KK,LL,J)

TRCOICTARK 3 LL) e FQa0 ) o AND o (KKK o GT

IF(T(OHNT(KkyLL).F 20160 TO 77
CALL PRT(USE ,M¥ ,KK,LL)

IPLAN (MI-1)=KK

JPLAV(MI-1)=LL
LOC(MI-1)=USE (MM)

TCOUNT (KK, LL) =0

,Hon 33 K=1,VAR

CAP (KK LLyK)=USE (MM}
CONTINUE
CCNTINUE
GC T 26
DO 275 1=

erH_
e

ICOUNT{I,J
CONT INUE

CCMNTINUE

CALL REPCTI(NMNM,MI,8620458656)

CCONTINUE

MRITF((950C4)

ECamMAT( 10X, 15,3X, 313X, 13y

FORVAT( 141, 16X533A1)
FORMAT(* 1 ,16X,3311)
ECRMAT('D1)
0C 211 1=1,2

WRITE(644003) (IRCRN(T,J),0=1,33

CONTINUD

DO 330 I=1,1MAP

DO 210 J=1 4JMAD
TF(CAP(I,J,1).6E,10160 T 211
TSTARE(J) =1

G 19 219

TSTORECI) =(CAP(T1,d,1)/1041)
CCNTINYED
NG 220 J=1 ,JMpAD
MMAF(JY=ICHARLILISTORE(J))
COMTINYE

WPTTECGI4CC1) T (MMAD () yJ=1 ,JMAP) ,1

CC 230 J=1,JMAP
FYAE(J)=ICHARD(ISTURT(JY)
CCMTINUE

WRTTEZ (694002 ) (MMAP(J) s J=1,JMAP)
DC 240 J=1d1ap
MMAPLJY=TCHAR2Z(ISTORE(Y) )
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0336
G237
C238
0239

Cah

0341
342
03473

0344

0345
C24¢
C347
03448
(346
Can0

1351

€352

0353

249

S}
(931
C

3006

310
50

3004
59
999

COMNTINUL

WRITE(O 34002 ) (MMAP(Y) y d=1 4 MAP)

DO 250 J=1,J4MpP
MVMAP(J)=ICHARA4(ISTORE(Y))

CCNTINUE 7 o

WRITE (634002) (MMAP(J) ,J=1,JMAP)
CONT INUE '
WRITEA(H,43C7)

DC 210 I=1,2

WRITC(6,4002) (IBORD(15d),d=1,33)

CONTINUE
CCNTINUE
WRITE(H43004)
FORMAT(1 ")
CONTINUE

JCONTINUE
STOP

ENC

prEOPe,
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yy

3002

0C03
0604
CCCH
Q206
oCC7
cccr

cCes
CoLc
0o11
0012

' 0C13

CCl4a

CC15
S01¢

0017
o cole
“oc1s

©oo2c

- CCs¢

S C022

0c23

0025
LC2e

0627
J¢2¢

3928
_0C3¢

cc21
G032

0034

0635
CC3¢
0037
¢oc38
JU36S

Uuz{»L)

CC41

G042

UG43
GC44

1045

Cl4¢
C4

Y4
(VA B

(@]

i

3

LOE ]
U5,
054
3056

(BIOCY?

C
9

i

0C5%

COMPILER

N

W

10

CPTICNS -

SUBRQUT
IMMT AP,
LIKy JICNTR

INTEGER
INTESER

MAME= " MAIN,OPT=C02,LINFCNT=60,S12E=0000K,

CHHPffnyrﬁIC NCLIST,NODECK,LUAD yMAP, NO[DIT,ID NOXREF

INE <F<CH1(I,J,KK,LL,II,JJ RADIUS;CNTR gNN

JMLF,VAP HPD,Usr‘,N,HFST,IBEJT,JU[ST, ‘
v IPLANy JPLAN Y USEZMINLEV yMAXLEV ;¥ 4Py M1, IC)

A

BST,CAP

INTEGER USE(6)
DIMENSTON TPLAM(460),JPLAN(460)
JRECLL,6), LSES MINLEV(LL,6)  MAXLEV(11,6)

IMNTEGER
INTEGER
INTEGER
INTESER
INTECER
INTEGER
()INﬁdql(

CCOMMAN
1, MINDISH

RADILS,CNTR VAR

SuUM

DEPTH

STCRE

BESTO121),IREST(121),JBEST(121)
MAF(11,6)

ST(121),IasT(1211;JBST(121);CAP(52;33}11);MAXDIS(a,o)

H96)4LNCL460)

COMMON NIMBRER({6)

COMMIN ]
CoMMEN
1C=0

1= 1

COUNTI(52,+33)

IPX({E2,33)

IF (AINDIS (NN ,MM) o GT.0)11= =MINDIS (NN, NM)+5

12=11+45
TF{MAXDI
1y=12

CCONTINUL

CO 50 D
ICNTR=

SIAN,MM).GT.0) 2= MAXOI S (NNyMM)

EPTHLT L Tp e

e T e e % vt e et e e+ e

DO 1 1J=1,121

CBEST(1J)=
CONTINUE
IF{MINDI

Ix—(rv+1)—anTH‘

MIND=J-
MAXJ=J+I
MINT=I-1
MAXI=1+
GO T 3

=3
SINh,MMY.GT.0)CC TO 2
x

X
IX

CCHMTINgE o
MINJ=J-DOPTH

MAXJ=J+D

EPTH

MINT=I-DEPTF

MAXT=140
CONTINUE
CALL TES

TFRIMAX ). E

pr1o 11
LL=MAXY
K=111

IF((TIC.

TF{CAF (K
TFOTCOUN
CALL (VA
1 UORD, USH
IMINL SV,
CUNMT {MNOE

EPTH

TOMINT G HAXT ¢ MINJ 3 MAXI s THMAP 3 JMAP )
2.22)6C TC 15
T="TNT,MAXI]

Ve D) D LIPX (KK, LL) L0160 T 10
KylLy1)1oCELI0)GY TO 10
TUKK,LL)o6T.D)C0 TO 10

LOT gy KK LL s TTsJJsRADTUS,CNTER yMM, TMAP r JMAP VAR,

‘ﬁyRyHFST,IRFSTyJHﬁST,IC,ICNTR,IK,IPLAN,JPLAV

AXLEV G MAP GMTNN)
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3

i

0C06C
0C¢1l

LC63

0C64

Coee

L 00h6

if;u11u

coon
ag7cC

0c72

ioas

CCcS4

(0Se6

gcs a8

€13¢

01C1
cioz
0102
91C5

o 01¢7
Liic1ce

23106

Cill

[SSR N

1
1:
O 14

o0
(W

. Cll¢é
0117

Cils
Clls
0121
C12?
122
0124
0125
Cl2¢c

15

20
25

1a22

4]

40

COMNTINUL
TRFAMINJ.E0L.1)ICO TO 25

DO 29 T1I=MINT{MAX]

FRK=11T1

LL=MINY

TFOLTK L0 e D) s AND (TPXIKK,LL)oEQo1))GO TC 20
TF(CAP(KK,LLy1).CF.10)CGO TO 20

IFLICOUNT (KK, LL) o GT 000 TO 20 ,

caLt EVAL(I,J KKaLL o IT 9 JJsRADTUS,CNTR g MM GIMAP o JMAP , VAR,
1 ORDZUSES 3y Ny REST yIREST, JRE ST,IC,ICPTP,IK,IPLAN,JPLAN,U1
1ML v,“ﬁx1rv MAO M1 ,NN)

CONTINUL

CCNTINUE

IF{MINIFD.1)60 TO 35

DS 20 JJI=MINJ, MAXJ

KK=NMINI

LL=JJJ

TF{(IKEQe0) o ANDL{IPX(KK,LL)LEQ <1060 16 30
IF(CAP(RKyLLs1).6.10)GD TO 30 ‘
IFCTCCUNT (KK ,LL) 6T .C)GD TO 30

CALL FVHL(I,JyKKyLlyII,JJyR’DIUSyCJTP Midg IMAP  JMAP, VAR,
1 DRO,USESyNyBEST,IREST, JREST, IC,ICNTE, IK,  IPLAN, JPLAN, USE,
IMINLEV, MAXLEV,MAP ,MI,NN)Y

CONTINUE

CONTINULD

IF(NMAXT.EQL.,52)60 TO 42

eears

‘Dd 40 JII=MINIyMAXY

LL S35 e e e
IF((TK.EQW2) o AND., (IPX{KKsLL)«EQ.1))GO TC 40
TF(CAPIKK s LL,1).GEL10)GE TN 40 h
ITF{ICCUNT (KK, LL).GT.0)CO TO 40

CALL EVAL(TI3JsKKsLLyI1,JJ,RADIUS,CNTR, MK, IMAP,JMAP VAR,

1 CGRDJUSES,N,BEST, IBEST, JREST, IC,ICNTP9TK91PLAJ,JPLAV,USE9
IMINLEV yMAXLEV,MAP  MT NN ) ‘

CONTINUE
CONT IMUE
TF(REST(1).CT0)CH TO 45
IF(ICGT.LOC)IRETURN
GO T3 50
STNRC=BEST(1)
DG 41 K=1, ICATR
WRITE(64100C) IBEST(K) 3JPESTIK) sBEST(K)
FORMAT ('3¢0,t PCSSIBLE LCCATION 1,112,',7,112,
1! CAPABILITY SUM IS ¢,113) ‘
CONTINUYET
B 45 K=1,TCNTR
TFISTORELGLULRESTIK+1))IGY TO 46
STORE=3FST(K+1)
CONTINUF
ne 47 K=1, I(ATR
IF(RESTUK ) o FQGSTIRENGE T 48
ccmwuwn
KK=T38ST(K)
LL=J3VST(K)
GO T 130
CONTINYY
COMTIMUL
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0127
I 0129
! Cc121
{0122
. 0133
I 0134
I 0135
I 0136
I C137
Ol
I C13%

110

120
200
300
130

S GCTO 130

TEOUIK D e 1) e ANDGLBESTIL) o NELOYIGD TN 119
TEOOIK Qo2 e ANDG(BEST(1)GNELO)IGH T 120
GC T 1720

WRITE(O6,2D0) PV

WRITE(H4300)MM
FORMAT (001, 0 aionics MAX o DI STOVIOLATED BY  1,112)
FORMAT (#) 0, vk ek ALL PROXEMICS VINLATED BY USE
CONTINUE o

RETURN
END
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R S S T T gty T T et e - B e e R e e o

COMPILER CPTIONS - NAME= MATN ¢ OPT=C2 3 LINECNT=60,STZE=0000K,
SOURCEs ERCOIC,NOLISTyNODFCK sLOAND G MAP g NOFDIT 31 Dy NOXREF

3602 SUBROUTINE NXTSSTIOCNTR ¢KK4LLyJd)
[ 0003 INTEGER STORFEZCNTR
Co04 INTEGER CAPLPST, LNC
I 0Cos COMMON RST(121),IBST(L121),JBST(121),CAP(52, 33511) sMAXDIS(6,46)
1y MINIIS(5,6) 5 LOC(460)
CCoE COMMUN NUMPER (6)
STV CCMMIN ICOUNTI(52,33)
coce COMMON [PX{E2,32)
CCCS STOPCZ=ICHUNT(L1,1)
00 1C DC 1D I=1,%2
. €011 ne 19 J= ‘,>z
0012 IF(STORE« GEL ICCUNT(T,J))6C TO 10
0014 STnP«—Ic;UwT(I,J)
- 0C15 K=1
0C1¢ ‘ L=J
D617 10 CONTINUE
cC1le KK=K
geC1s LL=L
D02¢ RETUAN
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e

P P e

Guo2

CC04
Q095
Jcoe
3007
coce
CCC¢s

COMPLLER

Gans

CC10~

a0 11

0012
CC13

R AP AY AV I |

CPTIONS ~ HAME= MAIN,DPT=02, LINECNT=
SDHRCE:&PCDIC,NOLISTyNQDtCK,LUAD,MAP,NUEDIT,ID,NOXRPF

SUBFIUT INE CROER (NNgMMy Ky MAXA s MINA,

7 l/\ ] MA")

INTEGER USES,ACCEPT
INTESER  JRL(1146)
INTEGFR A

CIMEYNSTON MAP(L11,6)
DIMENSTION YAXLEVI114,6) 3MINLEV(11,6)
K=08D (MNy M)
MAXA=NAXLEV (K MM)
MINA=MINLEV (K ,MM)
A=MAD (KyY)

RETURN

END

~123~
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6UsSIZ2E=0000K,
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L A 8 N

0002

3003

0C04
0GOS
uwCCe

cecr

ccce
useosy

CC1C
0011
G112

EISE

Cl4
CC15
GC17

2010

cézc

02 1
Co22

(G232

0G24
Cc2¢

5C27
0C2s8

0029

G632

0033
0034
D35

CO3¢
CC37

G038

0039
0740

DO & N=N1,N2

i WS 300 T FURTTIRANTH

EROCPTIONS = NAME= MAINGOPT=C2, LINLCNT=60,S1ZE=0000K,

SHHRCFyFRCDIC NCLISTyNODECK gLCADSMAPSNDOLDIT o110, NOXREE

SUBPAUTING PXEVAL (MM, Tody TTadJdsKKyLL USES, 1K,
11PLA\,JP|mn,L§L MLy TMAP 3 JMAP 4NN

INTEGER USE(€) - T

INTFEGER 1JSES

INTEGER CAPZRST,LLAC

INTOGFR A,B,C,CFECK

INTECER DEPTFH

DIMENSTICY TFLAN(46Q) 3 JPLAN{460) o

COMMIN BST (1210 IBST(L121)53JBST(121) 4CAP(52,33,11) oM 1AXDIS(646)
Ly MINDIS A 46)5,1L.0CL460)

CCM¥IN NUMBER(6)

CCMNMTH ICOUNT(52,33)

COMMON IPX(52,33)
N1=1

N2=MY
IF(MY.GTo1)N2=MM=]
TRCOINGNT oMY ) o ANDo (MINDTS (NNyMM) o EQ.0) YANLI=NN+1
11=0

JJ=¢

IN=MAXDIS (N, MM) 7T
V=0 o
IF{INGEQ.D)GC TO 6
CALL PEPET2(VM,11, J1 3 IPLANGJUPLAN, 654 NyL )

KL= (KK=T1) %424 (L L~J1)%%24,5 o
C=SCRT{FLOAT(KL))

TF{C.LELINICC TC 6

GO TO 1

CCNTINUE

IPX(¥KyLL) =1

RETL2N

CONTINUE

I1=1

JJd=J

RETURN

EAD '
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g2

- " (RS LA A, LUV AR B RO SR A A A B

COMPTLER CPTIONS - HAME= MATMNOPT=C2,LINFECNT=60,STZE =0000K,

SONRCLy EBCOIC,NOLISTaNUDFCKLOAD yMAP, NOEDTT 1D, NCXREF
(U2 "uswquIN' CPEVALUTT yJd oMV yCHTRG KKy LL s IMAP, JMAP, VAR,
LORCyUSES, ity SUMy MINLEV y MAXLEV y MAP )
e , thr@;a uv e Y
FoC04 INTEGER Un)(1],6),USFS,MINLEV(1176)
00Cs INTEGER MAXLFV(11,6)
coce INTESER A
1 0CC7 INTEGER AP GRST,LAC
I STeYoR¢ INTFSFR ACCEPTyCNTR VAR
F CCCoY DrvewSICw MAP{11,06)
L GU1C CMMIN uuT(IZI)yIHCT(l71)yJBST(121)yCﬁP(>2y33,11)yWAXDIS(6vO)
, l,WIN)IS(u,G)le((460)
' L0111 COMMON NUMRER(6)
G012 COMMAN TCOUNT(52,33)
)C1 3 ~ CCMMIN IPX (52,33)
CCl4 SLM=" o
0018 N=1
- COle I1=0
N A Jd=0
- 301¢ I=KK
.0e¢61s - J=LL V
L CC2¢C IF(CAP(1;J;17;CE1101RETUFN T -
5 CONTINUE
C023 CALL CRDER(N,MM,K, 4Ax«,MINA,uQD,MAXLFv,wINLFv USFS, Ay MAP)
0024 ) kIF((PA°tI,J,K).rF MINA) o ANDL(CAP (T, JyK) G LE, MAXA))GD TO 10
C26 ICOUNT(IsJ)=N - '
¢g27  GC T3 250
Ge28 10 N=N+1 ' i o
€026 ,  SUMsSUMHCAP (T 4d,4K) B
0030 IF(NGEQ.(VAR+1))GO 10O 15 7 e
6032 6019 5
CC33 15 I1=1
UC34 o dd=d R
e AT (1 ) S e e
cc3e 20 CONTINUE
ce37 RETURN ‘

U038 ~END
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Lo/l 500 FURITRAN H

s M W T Al TeEN ® LI I

COAPTLER CPTICNS —= JAME= MAIN,OPT=C2, LINECNT=60,ST72E=0000K,
SOURCEZEBCDIC,NOLISTyNODECK 3L CADZMAP  NOFD IT s I Ny NOXREF
6Co2 SUBR JUTINFE T(_T[)I“(\/\F,NM,IHY\)H,JHIGH DISTSCELLS,

- LTRANMC 3 JRANK 3 RADTUS, CRD g MAXLEV s MINLEV,UST S TMAP s JMAP , M AP )
0002 INTEGER 4 EVaUSTS  TMAP, JMAP, A

CG04 INTEGE® Snis
LS INTEGER RADIUS, ACCEPTZ0FC(11,6)yLEVEL(11,6)
POU0E DIMEISICY IRANK{12) ,JRANK(12)

DecT INTEGER VAR SUMGF,CELLS .

coes INTEGER DISTUCELLS) » THIGH(CELLS) 3 JHIGHICELLS)

0cCs ' CDIMEMSIGN MAP(11,5) - '

2010 DIMENSTON MINLEVILI6) 3 MAXLEV(1146) o

Col1 RC 39 F=1,CLLLS

GG12 L1508 FCRMAT('D,VORIGIN #4112, IS 1,112,1,%,112,

1' DISTANCE IS '3 113,/77) -
cciz M=vAR

C0l4 SUM =)

¢C1s NC 27 N= lyVAF

D016 CALL CRDER{N, MAXA g MINAZORD s MAXLEY y MINLEV,USES, Ay MAP)

CC17 I=1FIGH(F)

¢013 JEJFIGH ()

.to19 H_ACALL SERCH2 (1,0 1Ky KKy LLyFADIUS , IMAP , JMAP,A)
. ¢o2¢C L={KK=T )22+ (L{~J)*%D

Q021 ISUM=(SRRT(FLCAT(L) )+,5)%v
0022 SUM=1SUM+S UM

€C23 M=H-1

0G24 IF{(M.EQo0IM=1
€026 20  CCNTINUE B o ~

0027 DIST(F)=5um
0028 S WRITE(645150C) Foalyd,SUM -

CC29 30 CCNTINUE

CC3C CALL RANKDR(DIST,IHIG H,JFIQHHCELLQ,IRAAK,JRANK)

5021 RETUR)

Loz END
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R PR I At & BV e B U R B S S R

COAPTLER CPTIONS = MAMP = MAIN g OPT=C2, LINECNT=60,S512E=0000K,
SJURCEyFPCDICyhﬂLIST,NHDPCK,LGAD,MAP,MOEDIT,1H,NOXPH

C
C

SURPWUTINE'QANKCR(DIST;IHIGH,JHIGH{CELLQ’\“H’“”

Le TRANK, JRANK)

INTESER CELLS

BIMEASTON THIGH(12),JHIGH(12)

DIMENSTICN TRANK{L2)

DIMEASION ORANK(12)

INTESER DISTOL2) 34,570k, F

INTESER PANK(1I2),FF,STCRE2(12)

DC 12 N=1,CrLLS

STORE2(N)=01ST(N)
10 CCNTINUE

DO 59 A=1,CCLLS

STORE=STARE2 (1) -
FF=CILLS-1
DO 2) F=1,FF
Ki=F+1
TRUSTORCGELSTARE2LKLYIGE TO 20
STORE=STOREZ(F+1)
08 T RENTINGE e e
DO 22 N=1,CELLS
TF(STOREZ(N) L EQ.STRRENGD TO 40 B
20 CONTINUL
49 - RANK(A)=STGREZ{N)
CIRANKLA)=TFIGH(N) e
JRANKUA) =gk TCE (N oo e
; STORE2{N) =9 o
50 CoNTINUE e
RETLRN
FND
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Cret v AT ] TN 00T YU RN

COMPLILIR CPTINNS = NAM[E= MATNsOPT=02, LIMECNT=60, $17E=0000K,
SUHPCE,FHCHIC,BHLIST,NHDFCK,LUAD,MAP,NOFUIT,ID,NUXRRF

0ea2 SUBPIUTING BESTTOIMAP g UMAP s Ky CELLS s THIGE y JHIGH,
o LICELLSyJCELLSy TROWy GO 4 £)
coouz CINTESER CAPLRST, LOC ' o
D004 INTEGER SUM,AeBCoWeXyYe7,STURE
GCo0s INTEGER CFRLLS yRB,G(
Cooe DIMENSTCHN IRCW(L12) 3 JCCL(12),1SUM(LS5) 3JSUNMI15)
0C7 DIMENSTIOCM THFICGHUL12) yJHIGHE(12),ITOTAL(L1S)
L ooce o CIMONSICH JIGTALELS) , B
CCCy CCMMIN 3$T(121),IBST(lzl),JHSTxlzl);CAP(SZ,33,11)7MAXD15(6,6)
LyMINDIS(O,6),LNC146N) o '
2010 CCMMON NUMBER (6)
CCl1 COMMIN ICOUNT(52,33)
3012 COMMON IPX(&2,33)
- gC13 5  CONTIMJE
CC1l4 NSUN=C B
0018 19D DO 9) N=1,CELLS
S GOLE R=1
S CC17 X=TEOVWLN)
GO1E Y=TRIW{NY+IVMAP/ICELLS
coenG81s o wW=gCaot(ny o e . — .
L0020 Z=JCOLIN)+ VAP JCELLS
0021 DC 77 1=X,Y
0022 SUM=9
_LC23 DO 49 J=W,Z2
0024 C=1
Lg25 ,,,IF(CéFﬂlanﬁ)yEQxAJGDWTOW2QMMWWMW”mWW.WMmWWW%«wm
2027 GN T 42 ‘ ' " ‘
- 0c28 20 SUM=SU4+1
ge2s NSUN=NSUM+1
03¢ 49 CONTINUE
0031 ISUM{PR)=SUM
€Cz2 B=B+1 e
0033 TF(R.EQLUIMAP/ICELLS+2))G) TO 55 '
0035 GC T3 70
CC3e 55 CCNTINUE
0637 IF(NSUMLEQ,.C)IG0 TO 229
03¢ C=1
S d04C o BB=TMap/ICELLSE
3041 GC 59 B=2,DR
L0422 ITOTALGCY=TSUM(R)+TSUM(8=1)+ISUM(B+1)
2043 C=C+1
NC44 5 CCMTINUE
CC4Y 70 CONTINYE
U4 , C=1 o
2C47 STAPZ=ITOTALLC)
CC4¢ CC=T14AP/ICELLS=2
0046 NN 73 C=1,CC
L 085¢C IF(STORO,GRLITATALIC+1))C) TO 72
Cgez STORE=ITOATALIC+1)
2053 12 COMTINUF
0054 73 CONTLINYE
£CH%5 CC=T4AP/ICIL L S~1
U05¢ NT 14 (=1,CC
Ces 7 TFCTTOTAL{C)FQ.STURE)GN T 75
g0s5¢ 74 CINTINUE
B06¢ 75 THEICH ()= THCW(N)+C
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cUCel 8o CONTINUE

CCh? 99 CONTINUL
JC€7 12¢ CONTINUL
DCE4 125 CONTINYLD
CC65 MSUM=0
5066 130 DC 210 N=1,CLLLS
0067 R=)
JCoa L=JOnL(h)
3066 XK=dCHLIN) +JMAP/JCELLS
cecrc Y=1FIw(N)
3c71 =100 (NY+IVvaP/ICELLS
0072 NC 170 J=W,X
CCi3 SuM=9)
0C74 £0 160 I=Y,2
€Cc75 C=1
CC1€ S TFLCAPIILJyK)WEQLA)GE TO 140
S Qcre GCTY) 160
6C7¢ 140 SUNM=SUMH]L
- 038¢ NSUM=NSUY+]
a0l 160 CONTINUL
CCcR?2 JSUM(B)Y=SUM
3083 R=B+1
0084 C IF(RLEQLUIRAP/JCELLS*2)e0 T 171
U CCE6 GO T 170
UGET 171 CONTINUE
2088 - TRINSUM.EQ.CIGD TO 230
bpebioe ooy A e20
8¢s1  BB=JMAP/JCELLS -
2062 CC 190 B=2,RR -
CC93 , _JTOT\L(C)—JCUV(P)+J5U1(8 1) +J5UM(B+1)
Coon Cotel™ S
CCS5 190 CoNTINUE
(cce 170 COCNTINUE
Ges7. . Cc=1 R § .
. £CS3 COSTORT=4TATALICY i
- CCs6 CC=JMAP/JCELLS=2
€126 03 172 C=1,CC '
€101 ; - LELSTORLLGELITOTALICH+1)IEGN TO 172
0103 STORE=JTHTAL(C+]) ' o
G104 172 CONTINUL . )
3105  CL=JMRP/YCELLS-1 "
1Cé6 D173 C=1,CC
01C7 TE(JTOTAL(C) o EQSTOREIGN TO 175
C1Cs 173 COMTINUE
c11ce 175 JETCA(N)=JCCL{N) +C
0111 200 CIMTINUL
Cllz 2190 CONTINUC
€113 G0 T 240
Cl14 220 CIHTINYE
Cl1s A=A-1
qlle o 1005
CL17 230 CoNTINUE
Olle h=A-1
3119 GTOT) 125
Cl2¢ 240 CONTINUL
0121 RETLON
0L22 Fan
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COMPILER

CLY BUT FATLED TC PASS THROUGH ', 12)

R R N Ry T N e S S b

CPTTONS = MAMC= MAINGOPT=02,LINECNT=60,S17E=0000K,
SOURCE, FBCDTC, NOLTISTyNODECK o LOAD yMAP g NOEDIT o 1Dy NOXREF
SUBRILTIME PET(LUSE,MMaKK,LL) '
COMMON BOTEL2L) y IBSTOL21) 9 JRSTIL2L) 4CAP(52433,11) sMAXDIS(646)
ccmwom‘Mymnls(6,5),LHC(460),NUMBER(6).rcDUNT(Sz,aar“' o
CCUMEN IPX({t2,33)
INTEGER USE(6 ), CNTH
WRITe (o9 LIUSELMM) yKKyLLy TCCUNT (KK, LL)
FORMATLIO N, VLAND USE '412, % LOCATED AT 0,12,0,0,12,
FETURN -
END
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-l

vl e T

£l et

0002
CuC3

J0C4

0005
GUN6

CCCi
uCCea
CCCS

ccic’

0C11
col2
5013
5014

0C15

QClé

o117
‘Jule

cals

1.802¢C

0021
cco3

(024

025

- CCo¢

o043

Wm§27u‘
co

CC%C
£C31

L6032

0032

.,,,;r 03 b " -
CC36
CC37

cg38
L3¢
””41
C42

C44

”70045

AN
ui

HAY 72

CRAP T L

15

20

35
(1, 3]

..20

100

CINTEGER CAPLBST,LOC

CNMINI=I=DIATHR

CTF(CAPIRK LU, K L EQ A S 7071007

CKK=T11

) - 0S/360 FORTEAN H

CPTICNS - NN”E— MAINyIPT=C2, LINCCNT=60,ST1ZE=0000K,

)UVCEaF*(HILvhtilﬂT NODECK gLEAD s MAPy NOEDTT 5 11, NOXR EF
SURFJUT 135 ERCH2(T 3 J 5Ky kK LL,RADIUS, IMAP , JMAP 4 A)
INTERER DEPTE -
INTOGER A, CALTUS
COMMON BETL121) 5 TBSTCL21) 3 JBSTI121) 3CAP (52,533,110 sHAXDIS (6 46)
Ly YINOIS (64,00, LRC(460)

CCMYON NUMBER (6) T
CCMMIN IZIUNT(E2,33)

COMMON 1PK(52,33) 7 B

I1=1 -
[2=29

BC 5 DEPTH=I1,12
MINJ=J=DF P TH
NAXJ=J+BLOTR

MAXI=1+DEPTH

CALL TESTUAINIZYAXI 3MINJgMAXI 3 IMAP 5 JMAP)
DC 1D II1=AINTIgMAXT ™~
KK=111 .

LL=MINJ

CCNTINUE o
DO 20 I1I=MINI,MAXI

LL=VAX]
CTFUCAPIKK,LL,K)LEQ.A)GC TC 100
CONTINUE

DC 3) JJdd= N1n07~AXJ;

KK=MIN]

Li=JJJ o N
IF(CAP(KK s LL K)o EQ.A)GC TN 100
CONTINUC B

NC 42 JJJ=VINJ,”AXJ

KK=MAX]

LL=JJJd

TR{CAP (KK, LL, K)o ED.AYSC TO 100
CCNTINUF

CONTINUE

CONTINYC

RETURN

END

~131-



s, Jlet | MAY T2 ) T e e S 0S/360 FORTEAN H

CCMPILER CPTIGNS = NAME= MAINOPT=C2, LINFCNT=60,ST1ZF=0000K,
SGURCE,EBCDIC,ACLlST,NUDECK,LUAC,MAP,NDFDIT,Iﬂ NOXPEF

¢0L02 SUBROUTIME CVALITJ 4 KKyLLyT1,JJsPADTUS, CNTR yMM,y IMAP 5 JMAP, VAR,
1 OROLUSTS,N, PfST,I’fST JUEST, ICy ICNTR, 1K, y IPLAN JPLAN, USE,
IMINLEVyMAXLEV MAP ML, NNY
V0003 DIMENSTIC MA“(ll,b)
{ QC04 DIMENSTCOHN MINLEV{L1,6) 4 MAXLEVI11,6)
v C00S INTESER BST, (2D
v CCce INTREGFR SU# e
] 0GC7 INTEGER RADILS,CNTR VAR ,USES,ORD{(11, 613 LEVEL(11,6)
{ Cocs h INTEGER ;rQT(171),1R;57(1)1),J9c§T(1)1) ‘
I cCCeo INTEGE? USE(6)
1 001¢ DIMENSION TPLAN(460) 3 JFLAN(4GO0) '
1001l CCMMON B%W(121),IBST(121)7Jb%T(lZl) CAP (525335 11) ,MAXDIS(6,6)
ly“IN)Ib(()yé) 1LCC([+60)
{3012 - CCMMON NUMRER(6)
ol , T CCUNIN TCOUNT (52,33) e i .
| GCl4 CCMMON IPX(£2,33)
o 001t 15 CCNTINUE ’ .
1 CClé TRF{(41.00.2) CR.IIKLEGQL2))GO TO 16
| Cols . TE (M. Y6 10 1s 2 B
con8820 CALL PXEVAL(MM,T4d,1T IvJJvKK’lL’USPS TKy
 LIFLAN, JPLAN,USE, M1, IMAF, JMAD, NN)
S ¢021 IF((]I.FQOO).CR.(JJ £Q.0))GU TO 10
G023 L6 CONTIRGE B SRR N A
€024 IC=1C+!
8025 CALL CPEVAL (IT,JJy MM CNTR KKy L L, IMAP, JMAP VAR,

e LORC Y USES Ny SUM M INLEY, NAXLFV,NAP)VW
GC26 IFC(IT=EQ.0)aCRA{JJLEG.C)IGD TO 10

0 58 0l S L. -0 0 e ik o msrios e e

0028 - ICNTR=ICNTR+1
Goae BESTUICNTR)—SyN - e
Ce3C ; - IBEST(ICNTR)=KK
co21 JRESTUICNTR)=LL

2CC22 10 CCNTINUE , " ,
Sais , SETUAN . ) » o e e e
CC34 th
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R A Y Al rTTY 3 L I

COMPTILER CPTIONS — AME= MAIN,OPT=C2,LINECNT=60,S1ZE=0000K,
SGHP\CE",ERC[)IC,NFJLIST,NODECK,L(,ﬁ’l‘-D,MAP,NOEDITyID,NOXREF

QC02 SURFPOUTTHE TESTIMINT, 4AXT o MINJ g MAX J, IMAP , JMAP )
0003 IF(MINDJLT . 1)MINJ=1
T CCCH TR (MAX S JGT LUV AP Y FAXD =N AR T o
N GCC7 IF{MINI.LT.1)INMINI=]
0CCS TF(MAXT oGT . IVAP JMAX I=INMAP
cerr RETURN i
GC12 END - i
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—_ M L r IS T wir s gy gy e

COMPILER CPTIONS ~ MAME=  MAIN,0PT=C2,LINFCNT=60,$12E=0000K,
SOURCE s FBCDIC,NOLISTy NODECK yLOAD yMAP g NOEDIT o 1Dy NOXREF
N 0GC2 SURPUUTINE REPETIINN, TFLAN g JPLANy Ty Jy%y KKKy K )
V00063 COMMON DST(121), IBST(L21),JBSTI121) 4CAP(52933,11) sMAXDIS(6+6) ,
’ o T LRt AR LoARR S AR ELAANR K2R RIS, 1539110 MAXDIS (6,
N CCO4 CCMMON NUMBER (6)

N 2005 CNMMIN ICCUNT (52,33} )
N CCC6 CCMMON 1PX(52,33)
NUCCT? DIMENSINN IPLAN{460) 3 JPLAN{460)
AR GSRvR: o K=14EKK e R T ,
\ coge LF (N BD. T ) GC TO 5 = s e
N CCL1 1J=NN=-1
N 9012 CC 1 t=1,14
SN GCL3 K=K+NUMBER (L)
V0014 1 CCNTINUE o
¥V JC15 2 .. CCNTINGE ) e
CClé IF(LICIK) JEC.CYRETURNL T
v CLo1R I=IPLAN(K )
v 0CLlS J=JPLANI(K) B
oGz ‘ RETURN
e ey } e
L
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COMPILER CPTIONS - NAME=

VGO
¥ 0003

()

O OGS o
[eNeNaNeNe
MmN

OO OO

~ COMMON BST(121),1BST(12
IMINCIS(Gy6 )5 LCCLAO0Y

MAIN,APT=C2,LINECNT=60,STZF=0000K,
SOURC[;EPCﬁIC,NﬂLIST9NUDFCK,LOAD,MAP,NOEDIT,IﬂgNOXREF
CSUBPIUTINE REPETLIAMNM M g% k)

COMMON NUMEER (6)
CCHMMON ICTUNT(52,33)
COMMON IPX (52,33)

K=1
L=M]

MI=MI+1

DC 1 J=1,MM
K=NUMRER(J ) +K
CCNTINUE

IF(K.EQ.LIRETURNL

PETURNZ

CEND

L) JBSTLL21),CAP(52,33,11) MAXDISI6,0),

=135~



N

N

\
N
N

B

N

“jg

¢

¥

!
!

i
s
'

JC02

0004
CCos
CCoe
0067
coce
CCes
2010
coll

0C12

Jo03

COMPILER

0C14

GCle
0017
cols
0019

0C02¢

STFE

cC23
cc2s
_0g2e

T
€028

0C2¢9

AT

c
}

8032
- €034
..e¢e35

D036
2037

Ce3E

C035
JLeal
0043

CC44

(045

3046
0047

0C4a

205C

- 0Gs2
- 0es3

CC54
0uU58

JO5E

L0557
0C5S
ccel

CCe2

CLIMINCIS(G6,6) ,LEC(460)

Lirl

o 1+1

Lar O0v [ B VAR A

CPTIONS - HNAUL= MAIN,HPT=C2yLINFCNT=6095IZF=OOOOKv
SOURCE, ERCDIC,NRLISTyNODECK sLOAD APy NOED IT 51Dy MOXR EF

SUBROUTINE REPET2(M T,y I1PLAN, JPLAN y3% o N, L) |
COMMON BST (1210, IBST(121),JBST(121),CAP(52,33,11) ,MAXDIS(6,6),

COMMON NUMBER(6)

COMMIN ICCUNT (52,33

CCMNMIN IPX(52,33)

DIMENSTON IPLAN(460)3JPLAN(460)
M=Ms2

G0 T (15252,4,5,6),8N i B o T
K=NUYBER{1)+1
L=M :
1+1
IF(LOCIL) . EC.O)RETURN] )
JFL.FQKIRETURNL | _
T PLANTL ) — — — - e
J=JPLAN (L)

RETURN
KzNLMBER(l)fALMBER(g,f¥W~w“_M”wrwm“wwm
L=NUMBER(1 )+m : —

TF(LNC(LY . EQ. CYRETURN]
o IF{L.EQ.K)RETURNL
I=IFLAN(L)
_J=JPLANCLY
RETURN .
K=NUMBER(I ) +NUMBER(2) +NUMBER(3) +1

L=NU4BER(TY+NUMBER (2) ¥ M

IF(LOCIL) s EC.OYRETURNTL 7 R ST e
_IE!LaEQeK)RETURNAWWWHMWWWWWWMM, |
I=IPLANI(L)
Ld=dPLANCGLY
RETUFN :
KENUMBER(1)4NUMBER{2) +NUMBER(3) +NUMBER (4)+1
L=NUMBERCLIY+NUMRER(2) +NUMBER (3 ) +M o
TF(LOC(L) «EC.CIRETURNY
TF{L.EQ.K)RETURNI
I=IPLAN(L)
J=JFLANA(L)
RETURMN
K=MU%BER(l)+NUMBEQ(2)+hUbRER(3)+NUMBER(4)+NUMBER(S)+1
L=NUMBERCL Y4 NUMBER (2) +NUMRBER ( 3) +NUMBER ( 4 ) +M
1+l e
TFOLICIL)Y o ECLCIRETURN
IF(L.EQK)RETURNY
I=1PLAN(L)
J=JPLANIL)
RETHRN
wKrNUWHFR(l)+NEMPFR(2)+RUNBEH(3)+NUMB£P(4)+NHMBFR(5)+NUMB&R(é)+l
_:NU4BEQ(1)+NUMHEQ(2)+AUMBER(3)+NUMBFR(4)+NUMHER(5)+M
1+1
TRFALIC(L) o 2R CYPRETURN]
TF(Lo DK IRETURNL
I=1PLANI{L)
CJ=JPLANIL)
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