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ABSTRACT

Ttris study illustrates a method of generating

arternatives' for selecting architectural planning sites,
using a digital computer. The method attempts to deter-
mine the optimum locations, for specified rand uses" äc-

cording to priorities established by the user. Alterna-
tive locations are gienerated by varying the priorities.

The variabres used as input are subcategories of the

following:

topography (eg" slope)

surface features (eg.vegetation cover type)

ecological impairment criteria
(eg.slope erosion)

land use proxímíty
(eg.distance of housíng to commercial areas)

Ttre output identifies 1ocations 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 ecologicallyo

The user has complete freedom to establish the

priorities of both land. use, and their respective re-
quirements in terms of site characteristics.
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l- .0 Intent

The intent of this study is to deverop a method

to assist in land allocation, specificarly in the north"
To be of use, the model must reflect the user's

values, and show the consequences of those imposed varues"
fhe method should be able to provide the results in a

reasonably short Ëime, in order that the user may spend.

the majority of his effort in making decisions, not evar-
uating them.

This method incorporates the notion that d.esign-

ers and policy makers think in terms of priorities rather
than in weighted values, The methodology wirr incorpor-
ate the notion of pri-orizing or ranJ< orderingi to allow
the user to relate to the moder more quíckly and with less
indoctrination.

One of the problems occuring in northern rde_

velopment' is that of ecorogical damage or impairment"

Damage will occur the moment man sets foot in the area,

and assuming he wirl, the user must d.ecide how much da-

mage will be torerable. To accomplish this, the user

must have some way of determíning the effects of the
land uses on the siteo and. studying the effects of var-
ious alternatives.

-1-



Distance relationships also play an impor_

tant part in land use alrocation" rn general, land uses

are not al-located to a specific area or location to
stand by themselves as separate entities. The rocation,
in most cases, is highry depend.ent on the distance re-
lationships to other l-and uses.

This method wi1l 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 ecological impairment and maximize positive site
atLributes, while maintaining the proximate relation-
ships between land useso

-2-



2"O Introduction State- of the art )

A common technique associated with 1and use

allocation is symographic mapping (steinitzorgTo) .This

Lechnique is used to generate a map, describing the site
in terms of criteria established by the user. A single

map is gienerated for each particular land rlseo The user

then must work manually in specifying the locations of
the land use.

An analogy of this technigue is the overlay-

ing of colour cod.ed acetate maps, to determine the ,op-

timum' areas for placement. Each map represents a vari-
able, such as topographic s1ope, orientation, surface

drainage, etc. It is assumed, for any such study, that
all the variables, taken together, d.escribe the site.

The symographic tech-

nique consists of taking the

overalJ- site/area, and divi-

ding it into celIs.

The cell size is generally determined by the type and

quarity of information or data available, and also ac-

cording to the needs of the land use or activity being

placed.

-3-



Each variable is, in turn, descríbed

attributes (eg.depth to water can be described

its

the

following attributes; water, It -2, u2t -4, ,4, _6r r. o lrlO¡+)
For ease of manipulation by the digital computer, the

attributes are assigned eorresponding status levels.
rt¡e status rever is an integer, in this case

ranging from 0 to g. Each cell within a variable map

i-s assigned a status level to correspond. wíth the at-
tribute. A coded data map is generated for each site
variable" All the variable maps constitue a description
of the sit.e, ín terms of the variables the user feels
relevant 'bo the land use o

Each variable is then assigned a weighting

factor. fhe weighting factor is to represent the rel-
ative importance of that variable within the system,

and is generally established to an accuracy of one or
two decimal places.

fhe composite map is generated in the foIlow-
ing' manner: For each cell, within the site, the fol_low-

ing equation is evaluated and its result is assigned

to t'he corresponding ce1l in the composite map.

vr*wtr+vr*wtr+ o o ovrr*wtrr= sum See fig, 2.O.a

by

by
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The procedure

been evaluated." Then the

fall between O and 9"
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weighting factor of variable n

is repeated
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!['he resulting map represents an evaluation of

the síte o by cells, according to desírability for a land

use (or the degree of capability of fulfilling the spe-

cr-fied requirements of that land use). The integer 9 re-

presents locations which are most capable, whire o repre-

sents locations which are least capable of fulfilling

the requirements. other composite maps would have to be

g-enerated for each subsequent land use"

A digital computer is utilized for analyses of

f,hÍs t,14>e" Its use is beneficial when the amount of d.ata

Ís great., and the model becomes complex. fhe digital com-

puter ís an ideal tool for exhaustíve and. complicated.

numerical manipulations. However, the cpabilities of the

digítal computer are not limitless. The time/cost res-

trictions become apparent when sorting through massive

amounts and/or layers of data.

One of Lhe 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 weíghts

should be, and generally a compromise must be reached.

Another problem is that of the number of

-6-



composite maps generated. Tf the number of rand uses to

be located is great, the number of composite maps is e-

qually great, and could become unweitdly when an attempt

is made to locate the land uses according to other cri-

teria (eg"proximate relationships) .

Heurístics added to a procedure of this type

courd increase the efficiency of the moder, reducing the
úruno time necessary for the digital computer" rn effect"

some of the constraints of time and cost could be aIle-

viated. The heuristics employed would reduce the number

of cells to be evaluated, as there is no real need to

evaruate cells that wourd seem not to lead to worthwhíle

or acceptable locations.

-7-



3. O Endogsnous. Input

A methodology has been established for descri-

bing the site in terms of its variables, although the

accuracy or reliabílíty is yet to be proven. At present

the concept of ce1ls is being questioned, because they

are not a natural configuratíon, 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) Lo describe the site.

Another problem is that of the number of attri-

but,es describing any particular variable. rt now appears

that ten attributes may be too many to associate with

particular variable. Ttrís is due to the fact that it is

quite difficult to differentiate many states of one var-

iable, when conducting field. surveyso

The problem of the number and type of variables

to be used for the allocatíon model is also important"

The analysis for each land use may reguire different var-

iables, and these must be established and. coded,

For the purposes of this stud.y, the descrip-

tive technique utilized by the symographic methodology

will be used. A data bank, consisting of selected
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variables, already exists, describing an area surroun-

ding Leaf Rapids, Manitoba" T'he data was collected,

prepared and coded specifically for a land use alloca-

tion application using the symographic technique

(,¡ohns ,L972) "

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 techniqrre is beíng put forward in this

studyc the model results can be compared then to the

results obtained by Johns.

The land uses dealt with, by Johns, ín his

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

1. multiple family housing

2 ". single family housing

3. active recreation

4. passive recreation

5o commercial

6. industrial

-9-



The variables associated with the land uses,

and t,o be used in this study are:

1" topographic slope

2" slope orientation

3. surface draínage

4. subsurface drainage

5. depth to bedrock

6o soils by composition

7 " vegetation stability

B. vegetation preference

9. visual access to unique landscape features

10, visual absorptÍon

11. perceptual carrying capacity

fhe attributes and corresponding status levels

associated with those varíables to be used in this study

and as used in the Johnst study are:

1)topographic slope
O open water
1
2 0"/*4%
3 4/*B/"
4
s B%-L2%
6 12"/*16%
7

-IO-



I
9

L6/*20/"
2O"/"+

slope oríentation
O water
1 north
2 north east
3 north west
4 .f1at
5 eàst
6 west
7 south east
I south west
9 south

surface drainage
O water
1 poorly drained wetlands
2 swales
3
4
5 minor surface runoff
6 drainage pattern
7
I
9 well drained

sub-surface drainage
O open water
1 0, -2'
2
3 2t -4'
4
5 4t -6'
6
7 6!-B'
B

9 Br+

depth to bedrock
0 open water
1 rock outcropping
2

2)

3)

4) (watertable)

s)

-11-



3t3
4
5
6
7
I
I

5¡

10¡

10'+

soils by composition
O ôpen water
I organic peat or no soil cover
2
3 silts and clays
4
5 sands silts and clays
6
7 poorly graded sand (gravel)
I
9 welL graded sand (gravel)

vegetation stability
O open water
1 low vêgetation cover includÍng under-

brush, herbacious plants, muskeg, and
bog.

2 underdeveloped, dwarf or stagnating
conÍferous trees

3 young coniferous trees in dense stand
4 overmature coniferous in dense stand
5 open black spruce, white spruce and

jackpine forest with no understory re-
g'eneration

6 open black spruce, white spruce, and
jackpine with good understory regener-
ation

7 open or closed deciduous stand, with or
without understory regeneration

B mixed deciduous and coniferous trees
wittr no understory regeneration

9 mixed deciduous an coniferous trees
with healthy understory regeneration.

6)

7)

-r2-



8) vegetation preference
O water (see variable 7 for listíng
1 group I of groups)
2 group 2

3 group 3
4 group 4
5 group 5
6 group 6
7 group 7
B group B
9 group 9

9) visual access to land.scape features
O water
I environmental visual nuisance
2
3
4
5
6
7

no features outside normal
view of marshland
view of stream (intermittent)
screened view of ravine, hill or ketLle
direct visual access to ravine, hill or
kett].e
screened view of water
direct visual access to water

B

9

10) visual absorption
O water
1 least absorptive
2
3
4
5
6
7
B

9 most absorptive

-13-



11) perceptual carrying capacity
O open water
1 no possibility of major,

moderaLe 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 d.istance
buffer capability lost

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

2

3

4
5

6
7

B

9

90-150 yds
25-40 yds
15-20 yds

-15 yds

70-80 yds
15-25 yds
5-10 yds
-10 yds

45-60 yds
10-20 yds

5 yds
5 yds

3O-35 yds
5-10 yds

5 yds
5 yds

-14-



4,O General Modellinq Technique

4.I Prioritieg

In developing a model using priorizingi as a

criteria for land use alrocation, r have made certain

assumptionso The first of these assumptions is that no

two land uses may have the same priority e or be of

equal importance"

It is acceptable to say that no two 1and uses

are egually important" when allocating land uses accor-

ding to site variabl-es and d.istance rerationships, the

situation of being able to locate two equally ímpor-

tant land uses becomes the exception rather than the

rule" One of the few conditions where this exceptíon

would occur is if the requirements of the activiLies

are identical" Then, practically speaking, the two land

uses are also identical"

The question that must be asked by the user

is: if the reguirements of both activities or Iand. uses

cannot be met simultaneously and to the highest degreeo

which of the land uses is to receive the greatest con-

sideration?

In priorizing the site variables, the above

does not hold true. fv/o variables may actually be of

-1 5-



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 berow the other. This

apparent lack of sensit.ivity is only surfícial. Thre eval-

uation of a particular celI will allow for two possibili-

ities. The first is that all reguirements are fu1fiI1ed,-

the second is that the most requirements possible have

been fuIfilIed. rf the first case is true, whether there

were two egual variables does not matter" rf the second

condition is true, and the requirements of one of the
¡equa1' variables was that last fuIfilled, and that cell

was chosen for placement, then it would appear that all

other locations failed to fu1fill even the first 'eq.ua1'

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.

Heurístics do not guarantee that the optimal solution,

or any solution, will result,' but, do generally lead

to an acceptable or reasonable solution.

fhe heuristics utilized, within this modelo

should quickly dírect the search and evaluation pro-

cedures to areas, within the síte, which have a high

possibility of fulfilling the criteria estabrished by

the user, thus eliminating time and effort spent eval-

uating ceIls in areas where the possibility of an

Dacceptablet result ís low"

4"3 Distance Relationships

By imposing distance relationships, the num-

ber of ceIls or locations that need evaluation is imme-

diately reduced.. fhis is true if the imposed. distance

límits are short, relative to the size of the site being

investigated 
"

For this study, if distance relationships

exist between two or more ]and uses, it will be assumed

-L7 -



that only two conditions are possible: 'fit, or ,misfit'.

The distance relationships will narrow the

search within the site to an area d.efined by the dis-

tances allowed, or desired, by the land uses.

Within these limits, a gireat number of pos-

sible land use arrangements stil1 exist" (rr n designates

the number of land uses, then the number of possible

permutatíons is at least n factorial,)

In order to evaluate each possible permutation,

the time and cost involved could be inhibitive, fherefore;

a further heuristic will be employed in the spatial

allocation procedure" The heuristic to be used in this

stud.y is commonly referred to as the ¡additive' method

(Tawfik, L97O) " This procedure begins by placing the

first priority land use within the spatial framework,

then by placíng the second priority land use within the

d.istance requirements, íf any, and so forth unLil all

activities have been located" This method greatly re-

duces the amount of arrangements to evaluate"

The weaknesses of the ad.ditive method gener-

a1ly involve those associated with heuristic procedures.

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

-18-



the second that the resulting solution is not necess-

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

Additive method
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Figure 4.3"a
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4.4 Termination Criteria

In effect, the termination críteria teII the

search procedure when to stop searching for new cells or

locations. Termination criteria may be described as those

characteristics :f " cel1 or posítion which are acceptable

or reasonable.

Vtithin this particular mode1, the termination

criteria will consist of:

1. minimum and maximum d.istances between
act,ívities. (Distance relationships between
land uses;eg. commercial to industrial)

2. acceptable status leveIs for variables

3. a limited diameter search pattern

By introducing 0acceptable' status levels for

the variables, the search can be made to be much shor-

ter and more restrictive.(eg.Tf the user can define or

describe the conditions (status leveIs) which he feels

are acceptable, cel-ls not displaying those characteris-

tÍcs need not be evaluated-) See figure 4"4.a

By placing a limit on the diameter of the search

pattern exhaustive evaluation is terminated" Within the

limits imposed on the search pattern, ce11s may be eval-

uated and the 'best' choseno
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4 " 5 capabilitv /suitabiljty/tmpaírment

The term capability wíl1 be used to refer to

the ability of the natural resources of a cell to sup-

port some type of tdevelopment' or intervention.

Capability will be measured from least capable of sup-

porting a particular land. use to most capable of sup-

porting that land useo

Suítability will be the collective measure of

al-J. variable capabilities, with respect to a particular

J-and tlseo Suitability measures will not be used overtly

within the methodology, but will be used implicitly

in determining whether or not a ceI1 fulfílls the pre-

scribed requirements. See fig. 4"5"a

Impairment will be defined as damage to the

ecoJ-ogical 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 ceIl, having a prescribed variable attribute.

The capability of a particular varíable 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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Tt¡e resulting graph will represent the degiree of fur-

fílIment of the rand use requirements by the attributes

of the variable" See figure 4.5.b

fire degree of impairment can also be plotted

against the attributes or status levels. The impairment

curve will defíne the points above which regeneration

will occur, and the complexÍty of the ecosystem wíIl

not degenerate. See fiure 4"5.c

nhe capabilíty and impairment curves may then

be compared by the user, t,o determine what the accep-

table status 1eve1s should be. From a glance, it is
possible to see which attributes are híghly capable

of supporting the land use, and at the same time im-

pairing the ecosystem the 1east. See figiure 4.5.d
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Suitability of location A
capability 1 =f
capabiliLy 2 =J
capability 3 -2
capabiliLy 4 =9
capability n =7

Suitability (sum¡ =22

Suitabilit.y of location B
capability l- :9
capability 2 -9
capability 3 -9
capability 4 -9
capability n =9

Suitability (sum) =45

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

Fígure 4.5.a Suitability Evaluation
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Figure 4.5 "b

Figure

Figure 4.5 "d
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5.O Exoqenous Input

5"1 Land uses

The land. uses will be ranlc ordered according

t,o theír relationships, either to each other, or to the

site, or a mixture of both; but ín any case, the ranking

will be done according to the userå preferencesn

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 famíly housing

5. light Índustrial

6o passive recreation

5.2 Site variables

fhe site variables will be ranked according

to their relationships with each particular land use,

agaín according to the preferences of the user" The

site variables to be used are the following;

I. topographic slope

2" orientation of slope

3. surface drainage
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4. depth to bedrock

5. subsurface drainage

6o soils by composition

7. vegetation stability

8. vegetation preference

9. visual access to landscape features

10, visual absorption

11, perceptual carrying capacity

The site variables will be rarrlced. in the

following'manner, with respect to each individual land

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

"rr-rrg"ment is permissable. )

1o multiple family housing

7 ,L r3 r4r5,6,9, L0, B, 2 rLL

2o commercial

9 ,7 ,I ,3 , 4 , 5 ,6 ,2 ,8, 1O, 11

3o active recreation

7 ol r3, 5 r2 r4 r6 oB rgf 10, l1

4" single family housing

7 rr r2 r3, 4 o 5 r6 rg rB, 1O, l-1

5o industrial

7, I r3, 4, 5 r6 r2, B rg, l-0, 1l
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6. passive recreation

9 uL r3 r7, 4 rB 06, 5 rIO rLI "2

5.. 3 Distance relationships

Relationships between activities will be mea_

sured in terms of flight-line distance" fhere will be a

maximum alIowable and a minimum allowable distance estab-

lished between land use pairs. The possíbIe conditions

are:

1. no maxímum distance restrictions

no minimum distance restrictíons

2. maxímum distance restríctions

no minimum distance restrictions

3. no maximum distance restrictions

minimum distance restrictions

4o maximum distance restrictions

minimum distance restrictions

In the case where the imposed distance con-

straints are too restrictive , the maximum distance lim-

íts will be removed, and a l-ocation sought outside that
limit. rf it is still not possible to locate the activity
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due to proximate restrictions, the minimum distance

restrictions will then be removed.

ït seems necessary, for each cell evaluated,

to compare the distance between that cerl and every

located, minimum distance related land use member to

the allowable specifíed distance. As minímum distance

constraínts may require an extremely large amount of
calculatíons, a heuristic has been utilized to reduce

the amount of work required in determiníng whether or

not a location is outside of the minimum allowable

distance limitations.

To red.uce the effort required, and hopefully
acheive a comparable result, the located land use, to
which the current land use ís relalated by a minimum

di stance constraint, will be utilized as the search

origin. The search area will consist of cells at a d.is-

tance of at least the minimum allowable distance, and

within the maximumn

The search routine will be structured so as

to allow a mínimum d.istance constraint only with the high-

est related land useo 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. l[he subsequent location wirl be outside the

prescribed minimum distanceo

All distance constraints wil1 be given in

units of cell size, (íe. the dimension of the ceII, 2oo

feet " )

fhe distance limitations to be used for this

study are listed in Table 5.3uan
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Table 5.3 ._a

Distance relationships (to be used for thís study)

lqaximimum distance limitations :
I

bti
cttt --l

single family housing

active recreation

Minimum distance restrictions:

passive recreation
jsingle family housing

multiple family housing
active recreation
commercial
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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. firese limits may

defÍne both adequate and acceptable capability and suít-

ability ratings for a particular 1and use, with respect

to the site varíable under investigation" fhese 'accep-

tablet status leveIs will be recorded for each site

variable, with respect to each land use, along with the

desired or optimum status Ievel. These limits are re-

corded in table 5n4oãot the first column representing

the maximum, the second the optimutn, and the third the

mínimum allowab1e.
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6.O Specific Modellinq Techniques

6.1 Search oriqins

A search origin will be defined as the point,

location or cell from which a search pattern will be

generated.

fn 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 eval-uated.

V'Iithin the site, many possible ¡acceptable'

locations may exist. These locatíons t ot aggregations

of locations may be spread out over the complete site.

Tt is therefore necessary to d.etermine which of the

locations is more suitable for the land. usen

This l-ocation will be determined by the num-

ber of optímum status levels immediately surrounding

that location. The distarice from that locatíon to op-

t.imum status level value ceIls 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 wirl

also increase.) See figure 6"I.a"
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The search diameter will be approximately ten

celIs" That is, it may be possible that each cel1, wÍth-
in an area covered by one hundred cells, will be evalu-

ated if no ¡acceptablet locations are found. soonero

fherefore, it would. not be necessary to find more than

one concentratíon of optimum status levels withín a ten

by ten area, provided that the highest concentratíon is
found. within that areao

fhe complete site under investigation will be

subd.ivided into a super grid. composed of ceIls of one

hundred acres. Íhis grid will in turn be superimposed

over the data grid ce1ls.

In this mod.el, the size of the extra large

grid cells will be.eleven cells by thirteen ceIIs. This

síze will be used because it closely approximates the

ten by ten," as well as being a convenient size Lo 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.I.a. The high-

est concentration of optimal status levels is then found

within each large grid cell" A search origin is then

2Ê
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located, as close to the middle of each concenLration

as possible.

Locating the high concentrations can still

lead to inaccurate or misreading results. concentrations,

in two neighbouring large celIs, 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 grid.boundaries to a

depth of two celIs" fhis will allow a search orígín to

be located on the boundary, and also a1low two large

grid ce1ls to specífy the same search origin.See fig.6.I.b

The search origins obtained by the above me-

thod must then be ranked according to the possibirity 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 wirl be

ranked first, and used as the search origín for the loca-

tion of the first priority land. use, as well as other

land uses related by distance to Lhe first located land

useo See figure 6"1.a.
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In the case where the land use being located

has no distance relationships to previously located.

land uses, nev/ search origins will be established and

ranked, using the map representing the highest ranked

varíable associated with that land use.
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6"2 Distance Relat.ionships

Dístance relat.ionships will be evaluated in

terms of 'fit' or 'misfít t 
"

Assuming that a land use has been 1ocated 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. Ttrat land use, and all its ¡members'

will be located according to site variables alone,

The highest rarrking located land. use will

be checked first. If a maximum allowable distance re-

striction exists, it will be compared to the distance

between the cell under investigation and the location

of the already located land useo

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 1o-

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

-40-



of

be

according to the distance rerationships between them-

selves and the land use being located.

Ihe distance between the new location and

all related located land uses is thus compared to the

allowable distances imposed by the user. rf the roca-

tion ís within all the rimits, the placement will lhen

be evaluated with respect to the site variables.

However, if the location falls outside any

the imposed limits, another location. or cell will
sought and this procedure repeated.

It is possible to impose distance relation-

ships or constraints too restrictive to locate a land

use" rf this si-tuation occurs, the maximum allowable

limit will- be removed and a location sought.
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6.3 Suitjrbilitv Evaluation

Assuming that the

limits imposed by the user,

ding to suitability, or the

the site variables.

cell is within the distance

it wíl1 ¡e evaluated accor-

collective capabilities of

Ttre map representíng the highest ranking site

variable, associated with the land use being located, is

taken from the data bank.

The status level of the corresponding ceIl in

that map is compared to the acceptable limits specified

by the user, for that site variable. rf the status level

is within those limits, then the map representing the

next rankíng variable is taken from the data barrlc. Ag'ain,

the status leve1 of the cell is compared to the allowable

límits imposed on that variable. The status levers of

that ceIl are summed as each variable is checked..

Provided that the status level of each site

variable is within the imposed limits, the cel-l 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 pos:ible locations are found, within

the distance Iímits, then the land use wi1l be 1ocated

on the ceIl fulfilling the most requirements. see fig"6o3.a
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6..4 Search procsdures

Províded the rand use being located is the

fírst to be located, or if ít is not rerated by dis-
tance to any previously located land uses, a search

origin will be sought according to lhe locations of
concentrations of optimum ststua levels"

But; if the 1and use being located is related
by distance to some previously placed land use or land.

uses, then the location of the highest ranlcing related
J-and use will become the search origin.

The search procedure consists of passing the
locations of ce1Is within the search area to the distance

evaruator. nhe first time, each ceIl, within a ring at a

radius of the maximum allowable distance (or minimum),

surrounding the search origin, will be passed to the eval-
uator. fhe ce1ls chosen in thís manner describe a ring
about the search origin. see fig.6.4.a possible locations
within this ring will be noted, and the 'best, cell used

as the the land use location.

rf 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 allowíng the evaluation of cell-s adjacent to the
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to the first ring, rf no locations are found, the ring

may be decreased until onry the search origin remains.

rn 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 locatíon of the

first member as a search origin, assuming they are re-

lated" This shourd 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 Oríqin
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7"O Proqramminq Techniqug: (see fig"7.O.ar7.O.br7.O.c)

First; the highest priority 1and use is taken

from the data/input, along with the highest priority

site variable associated with that land use"

Second;if no actívities have been located pre-

viously t or if the activity being placed has no rela-

tionships to activíties already located, the placement

procedure adopted is unique, in that the site variables

alone determine the 'maximized, location.

fhird; if only the site variables are to be

used for the land use placement, the matrix representing

Èhe highest priority síte variable will be divided into

are/cells of approximately roo acres. A location which

provides the greatedt possibility of ful-filling the re-
quirements of that land use, with respect to that par-

tícular síte variabre" will be sought in each area/celI"

This l-ocation wil-l become the 'search origin'.

Fourth; the search orígins will then be ranked

according to the possibility of all site variables ful-

filling the requirements of that land use, at a rocation

near the search origin.
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Fifth; the highest ranking search origín
will be used as the starting point of the search pro-
cedure, in an attempt to locate the activity.

síxth ì if activities have already been placed,

and the current activity is rerated. to one or more of
them, according to proximate restrictions; then the Ioc-
ation of the related activity of highest priorit.y will
be used as the search origin, and the search procedure

will be initiated.

Seventh; the search procedure will consisL of
passing the cells, within the search areao to the eval-
uator. ïf 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 Eacceptable' Iocations vrere found.

Eight.h; the evaluation procedure wirl evar_uate

the proximate restrictions between the ceIl being eval-
uated and the search origin. The distance between the
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two cells will be calculated and compared to the arlow-

able distance between the two activities.

Ninth i íf the measured dÍstance is within the

imposed limits, then the same evaruation is carried out

between that ce1l, and the rocation of the next highest

rarrl<ing, located land use n fhis procedure is repeated

until there are no more related and located land uses.

Tenth; if the evaruator encounters the situa-
t,ion where the distance between the location of the cerl
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 withín aIl allow_

able distance limits, that locatíon 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
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matrix representing the highest ranking site variabre

with respect to the land use being currentry located t

will- be used f irst 
"

Thirteenth; the status level within that ma_

trix, at the location being evaluated, will be compared

to the ínput/data levels whích define the racceptable'

limits within which the status revel may fa1l, if it ís

to fulfill the requirements of the land useo Each land

use may have different oacceptablet limits, f.or each

site variable.

Fourteenth,- if the status Ievel of that loca_

tion falls within the 'acceptabre' limits, the same pro-

cedure will be carried out with the next highest rank-

ing site variable.

Fifteenth; if the status IeveI fails to fal1
within the acceptable limits, then the rank of the last
site variabre passed through wírl 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 wirr be

summed and recorded, along with the l_ocatíon, and

control passes to the search procedure agaín.

Seventeenth; when the search area limits

are reached, and racceptableo locations exist, that

location, within the distance limits, with the high-

est status Ievel sum wíII be used as the location of
that land use"

Eighteenth; in the case where no ,accept-

able! locations exist, the 1ocation with the most

variabl es searched will be used as the l-and use ro-

cation. The most searched variables seem to point to

the location where the greatest number of site var-

iables fulfíl] the requirements of the current land

use o

Nineteenth; these procedures are repeated

until al-l land uses have been located.
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8.0 Conclusions

B " I Plan I : control plan See Map B.l-. a

The cells chosen for active recreation reflect
very restrictive requirements for the site variables, with-
ín the area described by their proximate requirements or
relationships to the multíple family housing. rn order to
improve the capabirity/suitability ratings, there are two

possible choices. The first is to increase the permissibre

area for location (relax distance relationships) or relax
the requirements of the site variables.. rn the case of ac-

tíve recreatíon, it may be necessary to investigate the

requirements of the second rankj-ng variable, and. subse-

guent variables.

fhe locations for cerls allocated for commercial

land use also appear too restrictive from the fifth rank-

ing variable on"

Single family residential housing was the most

poorly located according to suitability/capability. Eighty-
six percent of alr chosen celrs ful-filled only the first
ranking variabre. The restrictions placed on the second

variable need investigation, for possibre relaxation, and

possibly some of the subsequent priority variables,
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B=2 Plan 2; chanqe in proximate relationships. see Map 8.2"a

By increasing the minimum allowable distance

between the two groups of multípre family housírg, the

second group failed to find any locations fulfilling the

requirements of more than the first three ranking varia-
bles 

"

fhe distance relationships imposed. upon both

active recreation and commerciar rand uses, with respect

to the multiple family housirg, severry limited the area

for their locaLion. consequently, the suitabíl íty/capabil-
ity ratings of the chosen celIs were very Iow, with the

majority fulfilling the requirements for only the first
four variables.

Síngle family housing still remained poorly

located, although somewhat \iüorse. rt was lrorse because

fift.y-eight percent of the located. cells faired to ful-
fill even the first priority variable. This was due prob*

ably to the extremely limited area, imposed by proximate,

relationships, within which rocations could be sought.

As the índustrial land use v/as not related by

distance to other activities, and was allowed to seek its
owrÌ locationrthe majority of cells fulfil_led at least the

first six variables.
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Map B "2 oa
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See lr4ap B..3 . a

In the case of variable prioríty changes, the

site variabres associated with the murtiple family housing

were assigned different ranks or priorities. The first
priority variable seven, v¡as changed to become the second

ranking variableo while the previous second ranking var-
iable became the first priority,

Active recreation (;êlls generally fu1fil1ed
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_

merciar fulfilled only the first variable requirements.

ït would seem that the requirements of the associated site
rzariables are too restrictive.

singre family housing was located at locations

;.ighty nine percent of which failed to fulfilr the first
variable. Therefore, at reast the requirements of the

first priority variable must be relaxed..
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See Map B.4.a

rn this case' site variable priorities were

changed for the active recreation land use, The first
priority variable, nine, was changed to third priorityo
whil-e the third priority variablerone, became the highest
priority.

All activities were located. in the same g,eneral

area, although some of the individual cells of the active
recreation did shift location, though not markedly.
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Map Bo4oa
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8.5 Plan 5: Chanqe in optimal status levels See Map 8.5.a

optimal status r-evels for the higbest priority
variabl-e 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.
l

fhe degree of furfillment of capability/suitability re-
mained generally the same as in previous ,runs, 

n

The shift in location is probably due to the

fact that in the first run, the optimal status level of
the highest priority variable \^/as one, and there did not

exist any cel1s with that status Ievel. consequently

the locatÍons were found according to the remaining

variabl-es. The second. run utirized a status leve1 of two,

of which there \4/ere many cells, concentrated. near the

north of the site/area.
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Map 8. 5, a
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8"6 Plan 6: Land u.se priorities chanqed see lr4ap 8.6.a

In this case, the order of land use placement

was changed" commercial was located first, with multiple
family, active recreation, sÍng1e family housing and

industrial were located in that order,

As the order of placement affected the possible

proximate relationships, these too were chang.ed, although

an attempt was made to keep them as close as possible to
those utilized in the control ,run,.

Capability/suítabilit.y ratings remained gener_

a1ly the same as in the control runo
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Map B o 6.a
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9.0 General conclusions

1o Requirements of variables for single famí1y

housing seemed to be overry restrictive. A majority of
celLs faired to fulfill the first variabre" rt could be

that this variable shourd not be ranked as the highest
priority variable. Assuming it must be ranked as the

highest, the racceptable' limits must be íncreased to
provide a wider rang.e of r acceptable, cef Is.

2- The system is biased ín location towards the
top left hand corner. Ttris is d.ue to the programming

technique utilized. for choosing evaluated cells.
The biety occurs when all evaluated ce1ls

have the same suitabiliLy/capabilit.y rating. rn this
case, the first cell chosen, at the top left corner of
the search area will be used as the location of the

land u.se o

3. The system does appear to choose the rbest0

ceIls 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 abre to use

the locations of the land uses as input, and the prior-

íties used, in establíshing 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 suitabilityr/impairment curves (fig.4.s.arbrc

and Appendix A) are in great need of future work to en-

able designers and users to more precisery define suit-
ability and impairment.

3o A method should be devised to evaluate minimum

distances without checking every previously located and

related land use: thís would reduce the large amount of

'run' time used in this routine,
L In order to make the model more sensitive to

proximate rel-ationships, 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 2BO ceIls " )
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Soils by composition.
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Vegetation stability.
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Vegetation preference.
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C-l Control plan (Input)

lulaximum a.I.Io.wable distances ( in ce1ls)

-l
rú.-l
l.l
JJ
a
5

b'' b'cc
"r{ .rl Þ'taaÉ
AJ'-lOoÚ':,q,ccJoo

r{ r{ lJ.F{ .r{ fúÉ,Eo;rd fd ll .r{q-{ q-{ U -{ É,Ordrú
O(I)þ.rl l{l
-{-lUÀP{(JH0J"rl .rl
{r Ð "rt É, ttt
-l r{ÐÉ,C
JJUO'.{

multiple family
multiple family
act,ive recreation
commercial
single family
índustrial

Minimum allowable distances
multiple family
multiple family
active recreation
commercial
single family
industrial

-irlÐEçJJUO'.{E ,É ,fú ,u ,a

2 L2 L5 20

2 L2 I5 20

I2 L2 2

15 L5 I
20 20 10

I

I5
t5
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Var.iable order ( prioritv)

first

second

third

fourth

fifLh

sixth

ninth

tenth

seventh996662

eighthlOlO2BgB

tlt tltÉË'r{ .-l bn{j,uc
d;) ;J "r{OOú)s.cc5 oo
hrl -l +J'C 'C rdÉ,É,o-.|rd rd g "..1tl{ tl-{ U rl É rl
-.qrdrdfdO O ¡{ "rl t{-{ .¡

ddotlqO{Q$ot{r.-{ "rl
Ð.{J.rlÉU¡t:J
-'l rlÐEC.û
22UO'FlCHHfûUtD.rl

779777

117111

331323

443534

554245

6 6 5 4 s 6

BBB989

2 2 10 1010 10

eleventh 11 11 11 11 lt tl
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Status IeveIs
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\\\\\\
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mínimum
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opt imum
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maximum
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maximum
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or ot Or ot ot orVaríable
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i i i t" \variable
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-l
r{ variable
c4

B

7

6

5
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opt imum
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optimum
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.ml-nl-mum \ r \ \. \ r
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opt imum
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-l -l
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C-2 Chanqe in distance rela.L:!onsþ.jæ,g_

r{ .l
"r{ .r{
ddHTrd rdtH +.t

oc)
r{ -lQO{
"rl '-l.IJ Ði!EÉ,

multiple family 2 _

multiple family 2

active recreation l_2 12

conìmercial 15 15
single family 20 20

industrial

multiple family 20
multiple family 20

active recreation -
commercial
single family
industrial

t-{
o

-r{
.tJ
rd >r0)-l
${ .-l
Ur{É,-{(urdrúrd
fl --l t{-{ --lUt{0)ttc)Ð

"-l É, bt AlrEcõ
UO.rl CfdUO"-l

12 15 20

12 15 20

2-
1-

10

I
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C-3 Variable iorit e(multiple famil

Variable order

First priority
Second

Third
Fourth
Fifrh
Sixth
Seventh

Eighth
Ninth
Tenth
Eleventh

179777
7171I1
331323
4 4 3 s 3 4

554245
6654s6
996662

1010 2 a 9 B

888989
2 2 10101010

11 11 11 11 11 11

Ê,O-{
rl r{ +J .r{.C ..J fdÉ,É,or;'Ðrdrdu.rt oq-ltHUr{É,j

ordfdo(l) O tt .r{ t{-t Ê.{ rJ (J ".{o¡À0ltrc)
'rl .-l
ÐJJ.r{Ebi'-C
rl r{ ¡J É, É 'U't

Ð5UO'-{'-lÉ,É,ßua-{
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C-4 Variable iorit change (actirze recreation)

Variable order

First priority
Second

r[hird
Fourth
F.ifrh
Sixth
Seventh

Eighth
Ninth
Tenth
Eleventh

771777
117l-11
339323
4 4 3 s 3 4

554245
665456
996662

1010 2 B 9 B

888989
2 2 10101010

11 It 11 11 11 11

É
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-l -{ Ð .rl.-! .r-{ rdÉ,Ëa);¡rd rd þ -rl (f)tl-l t{-l U -{ E 5OrdrúOCJ () l-{ .r-t q{ Cr{ rl O -rl
P{P{Oþ0)

'r{ .r{
+r{r'-tÉþr.qr{r{{JÉ,Ctn
45c}o,-{--tÉ,É,rõoar-{
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C-5 Chanqe in optimal status 1evel

Optimum status lev.els

Variable l

Variabl-e 2

Variabl-e 3

Variable 4

Variable 5

Variable 6

Variable 7

Variable B

Variable 9

Variable 10

Variable 11

229

22L

992

999

999

999

999

999

999

9gg

999

292

282

999

999

999

999

999

999

999

999

999

ç
Or{

-'l -{ Ð .r{
".J ".-! fd
ÉÉ,q);Ðfd rú t{ .r{ ú)qrqlur{É,5

Ordrdõ(I) O g .-l 
'l-.t Cr{ .l (J .Fl

P{O"Oh()
'-1 .-l
Ð Ð .rl É, b'r -C
-l rl lJ É, C tttSAUO'-l'-l
EÉ,rdUorJ
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Land use priorities

Maximum

First priorityo o o o o o o e o o o " " .Cofnrnercial

Secondo oo oo ô oo o 6o o oo 6 oo o.o..Mu1tip1e family

Third o o : . : o o o o o o o o o 6 o o o o ô . . "Multip1e family

Fourtho c. o o. o o 6 o o o o c c e o c c o..Active recreation

Fiftho 6o.c oo.o oGooooooo oo noosingle family

Sixtho o ô c o o o o o o o ô c c c e o c o o o o,Industría1

èllowable distances

Commercial

Multiple family housíng

Multiple family housing

Active recreation

Single family housing

Industrial

2-
tr
J-

10

c
O.l

rl r{ .lJ --l
'-l '-l fd
É,8a.låÐrd rt t{ --t or-l r.t-.t r.ti u E 5rúOrdõ

"rl (l) (l) tr tl-{ ÉU rl .-1 .F{
ltP.{O{O4)
O .rl .rl
Ê lJ lJ --l btr -CE-l -llrC'tnOJJU'.{.r{UEE
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Minimum allowable distances

Commercial

Multiple family housing

Multiple famíly housing

Active recreatíon

Single family housing

Iight. industrial

É
O-l

r{ r{ Ð .-l
.'_{ .rl fdÉ,É,o¡Ðrd rd h .r{ (f).J tr-{ q{ o É, 5ruordõ

'-lO()f{q-tC
U r{ rl "r{$O{P{O()
E .-1 .-l
E lJ JJ --t ttr .C
H rl r-{ {J C õ'tOSiU'rl-FlUEE
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D-l Control plan

Capabilitv analvsis of l_ocations
Land use

Multiple family

l,Iu1t.ipIe family

Active recreation

Connnercia].

Single famíly housing

Industria]-

No.of variable
requirements
fulfilled.

9
6
5
2

9
6
4
3
2
1

3
2
I

11
4
I

11
7
6
4
2

I
0

11
6
I

Percentage of
cells in this
category,

s2%
16 %
16%
16%

Total 100 %r24 cells
28%
36%
B%
8%
B%

12%
1O0 %r24 cells
Is %
L2 "5/"
72 .5%

1O0 %r 40 ceIIs
4%

60%
36%

Total

Tota].

Total I00 %,50 cel1s
4%
2.5/"
2%

"25
.25

86%
s%

Total 1O0 %r2BO cel_ls
52 "5%4s%

2.5%
Total 100 %r40 cells
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LEGEND

8gg8g Single family housing

Active recreation

Multiple family housing

Commercial

Industrial
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Capabilitv analvsjs of 1ocations

Land use.

Multiple family

No"of variable
requirements
fulfi1led 

"

Multiple family

Actíve recreation

Commercia].

Single family housing

Industría1

Percentage of
ceIls in this
cateqorv.

52%
16%
16%
16%

Total IOO %r24 cell-s
L2%
BB%

Total IOO %r24 cells
2 "5/"40%

57 "5/"Total LOO %r4O ceJ.ls
4%

38 %
6%

52% _Total IOO %r50 cells
"5/"

r.5%
40%
sB%

Total IOO %r2BO cells
ts %
s0%
10 %2s3

Total LOO %r40 cells

9
6
5
3

3
o

3
2

1

11
4
2

1

11
2

1
o

t1
6
5
1
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ulriple family)
Capabilit.v a]ralvsis of l-ocatíons

No , of variabl_e
requirements
fulfi1led 

"
Land use

MuItiple family

l'Iultiple famíly

Actíve recreation

Commercial

Single family housing

Industrial

6
5
3

2
1

9
6
5
2

3

2

I

4
2

I

11
7
6
3

2
0

11
6
5
2

I

TotaI

Total

Total

Total-

Total

Percentage of
cells in this
cateqorv.
52%
B%

16%
B%

L6%
100 /"r24 cell-s
s2%
16%
16%
16%

100 %r24 cells
22%
27%
sr%

1O0 %r4O ceJ.ls
2%

L2%
76%

cells

o5

"5
'56.5

B9
100

I
47 "52.5
7.5

/"r2BO cel-ls

/o

/o

/o

/o

%o 50
%

/o

/o

100
3

4L ^5Total 100 %r4O cells
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Commercial

Single family hous ing

fndustrial

Percentage of
cells in this
categorv 

"

52%
16 %
16 %
L6%

100 %,24 cells
4%

36%
e%
e%

12%
14%
L6%

100 /"r24 ceIls
ls%
3s%
50%

100 /"r4O celIs
6%

62%
32%

100 %,5O ceIls
4%
I%
.5 /"
"5 /".5%

5.5 /"
BB%

100 %,28O ce1ls
52 "5 /"45%
2.5 /"

tOO /"r4O cells

D-4 Variable lority chanse (active recreation)
Capabjlitv analvsj,s of lo.cations

Lland use

Multiple family

No.of variable
requirements
fulfi1led.

housing 9
6
5
2

9
6
4
3
2

1
0

3

I
o

11
4
1

r1
7
6
4
3
1

o

11
6
1

l4uItipIe family housing

Active recreation

Total

Total

Total

Total

Total

Total
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Capabilitv analvsís oå locations

Land use

Multiple family housing

Multiple family housing

Active recreation

Commercial_

Single family housing

Industrial

No.of variable
requirements
fulf il-l-ed.

Total

Total

Total

Total

Percentage of
cells in this
categorv.

s6%
20%
B%

L6%
100 %,24 cells

8%
36%
B%
B%

t2%
16 %
L2%

100 /",24 ce1ls
3%
s%

92%
100 %,4O cells

6%
12%
82%

10O /"r5O ce1ls
L%
L"5 /"

"25/"
"2s%so%

47%

9m
6
3

1

I
6
4
3
2

1
o

3
2

I

4
2

1

6
4
3
2

1

o

11
6
2

Tota] 100
6

37
57

%r2BO cells

./o

Total 100 %r4O cells
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C_apabilitv analvsis of locations

Land use

Commercíal

l4uItiple famíly

Multiple family

Active recreation

Single family

Industrial

No.of variable
requirements
fu1fi1led "

Total

Total

Total

Total

Total

Total 10O %r 40 cell-s

Percentage of
cel-Is in this
categorv "

sB%
42%

1O0 %,24 cells
2"5 /"

3s%
7"5 /"
7"5 /"
s%
s%

37.5 %
100 /.r4O ceI1s
sB%
42%

10O %r24 cells
26%
34%
40%

100 %,5O cells
6%
2%
2%
'l o/L/o

4%
es%

100 %,28O cells
ls%
sB%
s%
2.5 /"

14.5 %

4
1

9
6
5
3
2
I
o

6
o

3

2

I

11
7
6
4
2
1

11
6
5
2

I
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L)0 4I=lrIl
tìi:AD ( 5'2¡{jC ) (fllìD( I rJ ) rJ=Iró)
CC;'lTi i\tt_tE

Dtl 4r I=lrIi
qE 

^t 
( 5 ' l)00 ) (f4AXLFV ( I r J ) rJ=1r 6 )

CCNTINIJE
Dtl 4I I=1r11
RËAC(5,3JOO) (U1¡¡EV(JrJlrJ=l'ó)
CCNT
READ

fFl¡l
REAT
FIRMqT(6I3)
tr0qF'AT(lxr33It )

DO 249 I=It2
l'ìtAD ( 5' 6001 ) ( IBCRD{ I, J ) r J=lr 3 3)
FCRM¡iT(3,3 It)
CC¡ITIN!IJI:
FCIiM;\T (6 I2 )

Frlall¡\Tl61 2l
f:fjrlV.\T(12I2)
f:Cr,\rr\r(r0r,I Cr.¡lr';¡¡1 LAllU L.tS; iS trIIZ)
ffftl/lÏ(t0t TIVARIAf-{LE = | eLIZ¡t t4AXIt'.1tJt4 L¡Vil_ =r rl

N]IJI
514):rrJ) (IROt4( I l ;I=1ui2r
?:.1ûJ0l (.JCC.L (i ),I=I ¡ 12 )

5 ¡ 2:) O I ) ( NIJI4BER ( I )., i'= I,trl
2lc I
100 0

6001
24e
2JUí)
3ù0 c

50',i J
(rtJ.:i)

I )4Ir\lIf1{ji,l t_EV{:L - rrll2)
7i.ri.r0 f-ciìi\¡1T ( r._) r rr Ql\|l<ËD LIRIGIt\, t tII?t2X¡II2¡ I,
tli),,:l l-:[]f 14i¡f ( rr-¡ I , r 1,.^Nl,] USi_ r rll2r r LIICATED Al-
900i) [niìÀr,¡\T { ri) I, t SEArìCH []ì IíjlÌ.'lS ¡\R.F I tLI ?_r I r, ?

IlCC f--¡Llþr/\T(rJr'r IST LCCATFD t,Si tìtLl\TED TC o,
lI12rr,'\T' rlI2rt rl rL!?tt

LZ;JA Fillìl,rAT ( f r r 3 3 I I )

1.lilj Flli(l't¡lT( rI, r rVXFlI,Xßt_t Nt.;^1tì[:fì, ¡Llzt /l
I4L,U Ft-iìMAT ( ra) t r tÍl IST,t,i{C i o r l.I lrr I S |,I I5 }

Di r'2 l(=l ril
f)0 t': I=Lç12
C¡P ( I r 3_]r K ) =C^r) ( I, i?_?Kl
CC\]I I NIII:
t;St- S--ó
V Ât. = I I
I YAP=1i.?
Cit.LS=12
.J¡rAP=-1 3

rrII2)
rrl12rl

II2)
li2, r IS

12 t'.

rrrl12)
I t

5,:t
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,J i)0€1t
, 0c f ó
J )û8 ?

{ ù0ÉrB
{ CCfJç
I C0ec
I 00el
! C09? /+, CCi"lTJNlltt
J üilç3
I CC'r'4
I fl1C¡:

I C0ç6 2lu¡ F:rlRt¿AT(rcr,r
I CCçl 55 C,Cr,lriNrJt
: {10ç I
! Cil (r9

ütJ5
Òtcc
cr c 7

r.ì /1t) I U S= 1r

ICEtLS=4
.lCi:l-LS--l
tin 4's K=lrVAfì
|{fìIT|(r>¡t i00) K

ufl 4'j I=Irll'4ÂP
kifìIT¡ (ór 12OC) (CAp ( IrJrK) rJ=lrJt4At))

i.JíìITt:(5r3)O4I
l)C ,5 I =i r(:
!,lRITt..l!',t2lU,l ) ( MrrXDlg (l r.J) ,J=Ir IJSES ) ? { þ1lNDI S( I rJ ) rJ=l,U.StrS )

'[JIJC l50l) FCRMAT(ri-,rrrrurXIl.llJM STATt.S L[VLL rr6I3r'r trINIr.lUM STAjUS l_FVtt I

lró13)
OlC]. 42 CCNTI¡IiJf:
Cl'32 14I'] TCRMTT(r;lr?r ßEST VAI_UES t¡///l

"01,i:ì 14û'] f-UlìMÀT(tOtr613l
cIc4 r4Li, FCA¡4\T(r,3r, r vAiìiAtiLË cRtE? , ,///l

r,rAXDlS |¡6l¿tI MII,JDiS tt6L>-l

Dn +2 I=lrVA[ì
lifllr[ ((¡ r1 500 ) (vAxLEv( I rJ l, J=l,6 ) , ( M It'iLFV( I r J ) r J =i ,61

IrRITfl6¡1/+lC)

I,vlìI Tr (6'I409 I {':1AP( I, J }, ¡=1 r6¡ÜIC8 53 CCNTINIJE
clce
c11C
pr r r
Ol IZ

f3i14
cl15
cIlú
01t 7
cl1rì
ü11C
c12C
cI2 1

i)I2 ¿

CIZ€
!)L ¿<)
,'rl ) ì
UI- I

ûl _1ú

cI-t7
cl l8

WRIT:(ó,3J04)
heITI(ûrl4t1)
nc 54 t-t¡vêR
hRi TË (6r14Os l {flírD { I ;J ) ;J:l,ól

01 13 54 C CN T I ¡t,J[
tiRITE (6,30C4 )

l,4I=L
óa er i'fM=1,ó
iCI=O
I K=0
Dû L.] J=l,Jt4AP
üc l-J .J=l rJl{ÁF
IPX(irJ)=û
I Cf U\ll ( L .J )=0

Cl?.3 I3 CCt'rT I t'rJi:
cL24
0t¿5

K KK = )
IF(MI "!,ì" I )Cil rlr ?,(¡

cIZT 56 C{_NTIt.lJl

Cl32 ì F( (i4 I\Jt)l S ( t \ rr''''r ).(ìT. J),{,q. (r'tAXDI S ( \¡1, ¡,p).(ìT.o) )(}0 Tn l(;cl)4 5 C{_jilTJt,ttj[]
cl 35 6 CCTìTI f\1'[

!.1 l-Àtt¡ t- I

Ir'(L rC(L)"Ëc.c)Grl Tfl 6
D I fj \r,.J =l r i, l/

I N=f.1'l
li =1
C ILL C'ìr)i-l (N 

'l/!rK'tlr\,(Ar;41:'JAr')i¿l)rr'"lAXLlV'liINlt i-VrtJSESrAr'4Ap)
h¡fr. I Tl (,¡ r5 li,c I t;st ( Mrr)
l¡JRl T'. ((¡ t6lrJC ) K r r'.aAXA. r r.'t 1¡¡
CALL iliìSIì-(IvA['r.J'1¡l)'KrCl:LL:ìl IllIGllrJlìlGtlrlt.L-Lt-S'JCtLLST IIltl]JrJCi I

L'Âl
l:C 2L l=l TCELLS
t,'ìl Tl (Ll3lCnl llìl(ìrl(I )rJlllr;rt(I )

-1r4-
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rl1
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i!
f\

rJl14
0L 45

C1lt(.
QTq]
CL4B
0149
cl5c
cl5l
uL52
cii3
a154
c155
015{;
CL51

2L

22

') )1aa-L

I26

cINTIlllJtr
(. /'L t- TrlTi) I S ( VAtì , Ft.t I I t- I GHr .JHia;lj, t) I ST ,Ctr L LS,I I t'l¡ tiK r,Jlì.\i\K, tìAn IUS, nfì{) r M/rxL t:v r,\,1I í\lLIv, tJi cs, I ].t¡p, Ji,,1Ap ,¡rAp )l)n ?2 I=lrCt:LLS
t^JlìlTr': (6tL4OrlI IrDIST( I )
t c ¡.t T il.,ttj I
Cl'iTR=l
KC=C
COI'JTI \'Jf:
Dn 7 vt,J=LtC[Lt_S
illi-(CILLS+l)-v,\
I=IÊ,1NK(lt,l )

J=JRAt\K (ilv )
hRI Tl (ór'f );i ) ¡¡t{r IRANK (t\r,'} r JIì;1NK (\Jr.1 )cÀLL SEtì.CiJI ( I,J,Ki(, LLr I I rJJrÊ ADIuSTC¡lIf.Ì,1¡¡,

1f,v, l'l¡1P rJ'.,1¡p r\./AR rLlkì Dr US f:S r N r FjEST, I SEST r JBÉS Tr
1l (' Ill'T'ìr I P LA\, JPI-¡ ¡lr L SF r!aI;'JLFV ? ¡1,âxLEv, r,.{t', Mr,

NJ

N

N

hr

N

|\l

N

N

N

t(

N

IC)\ 0i58
\ C16C
\ ctó2
\ c163
! ciÉ4
\, 01b5
\t c1óó
{ 0I67
Ì c168
\'l C169
{ û 17C
\ 0t7I
I cLlZ
J t173
I C1i4
,¡ c17ó
,l 017 7
r cI 79
I CTsC
] ClBI
I 0I82
! CI83
I ClB4
i 0tB5
ì c1€ó

c1B7
C].BT
c 13e
llf 9ù
C19I
0L9 )

I

l-( tsr:ST(1 ) .GT,0)Gr-ì l'0 l5
F ( KC. EC. ]. ) GC TC I?g

COhITIT'JUF
KC=L
DC 1.?b I=Lt52
Dll 126 J= I r 33
I CCt¡Jl-( I ¡ J.) =0
CC¡JTI NUE
G C TU ?_22

I?.9 C4LL NXT3ST (CñrFì rKk,LLrJ)
çALL PRT(tjsE rl/lú rKK, L.L,
GÜ T'] L'¡

IC CC\TINIJE
9 CONTINIJE

2'J9

2ü7

2,-l !l

T2

I F ( Nr'{ " EC..i4M ) GC T0 zcï
Dn zjg KIÀ4=It46C
iF( t_'lc.(t,I j"t ) eIc,LJSE{ ilr,4) )GC To zc7(:.C\TII\IJE
6 C Til ?ae
I'ilr=Pl4
KKK=3
CCNTI¡JIJi

9lL l liEpr.T 3 ! ¡iN !. I.pt_^ N,.J PLAN r I r J_ , t6, KKK, K )14F=K+1

CiI\ T I f\JiJI
I'lJ= lJj,i.li.,l
trRI Tl (ó'l L 0C )LSir (titl ),r\Jr I r J
Itl=I
c,lLt (-iìll,:Íì (lrrltt4rY'rl"iAXtr^4 Il'lA?{)R.Drl'{LxLIvri4II\lLFvrusL-s¡Ar¡4Ap)
Cf.Tfr=l
CALt- SFnC- lll ( i I,J rKKr LL I I I rJJ rrì¡\[r ItJS TC¡Tiì r.tf\t,

1l'lv r i:'i¡1l) rJ'1 
^fr ' 

vAiì rr)r, r), tJsFS rÍ\,lr LlEST, ¡ tìËsr r JBËs rrlI Kr IC;'rTRr I PL 
^[., JPLA\|r LSL=,¡,iI;ILEV,MAXl. t_V, "¿p, Ml, IC )IF (lC.GT " l) lCl=lcL+lC

IF ( ( ¡¡'4"i'Jl- 
"¡i).1 ) " ^\,J" 

( ICI " Gt./+J ) ) Gfl
I F ( ( l- K ¡( 

" 
iì [ " 5 ] , .\ f\ t) . ( I (, . (; T . ,l ) ) G .l I i,ì

IF'( ll:Sl (t ) "Ir).())cLì Trl 1 I
Gr; Tl l5
c i,rllT i Nil,t-
Kf(l(=KKt(+l
Il:( Kt K.c'r. (Ntltvß[.f (f\l\)_1] ]cc t-{l l40

0tei
c1S5
ürç7
rJL,ìç
C2C1
c2 ()?
c2>. 03
c2ù4

TíI 14?
L 42.

7t
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'l C2C(r
't c2c B{ c2ce
J C2IC
't Q2L?-
,l c2I3
I ,J214
J 0215
I C2 t ó
r c2I7
I C2lr:i
I C2lY-
I v22t)
, c222
'.J22?
! 0224

c?¿ (.

c221
Ð228
c? ?.9
'¿2 tc
t2 2I
c22 2
c2 t3
Ð234

,0235
02 3t

...c2 )-l
c2'18
02 39
c24C
{)?- 4I
c212
C?- /t 4
a24t'
o241
c2 4t
j 24ç
OZ 5C)

c? 51.
l.ì')EaWLJL

c2 5']
c2r 4
n1ÉE'rL)-

02 56
c25e
/l .) C avL)a

02 6c
02ô1
Õ?6'_\
c?e4
C2{r5
02bó
c26t
i)2 6u
C2()9
Ü2 Z(ì
(¿7 L

It-(L. lc(r,it)).Ë(j"0)cíl Tt I/r
co T(r 9

Ct-l\rTItrtl¡
IFlla,F0.0)Gi, T0 L4L
Gn Tl Il¡Z

llrl It<=It(+l
il'RiTi:1617 177)lK-777-l trfpl'.¿,t¡| ( r r r II3r ! DI5rì[G¡i(uI¡!G
KKK = J
cC Tl 9

L42 CC'.IT i NIJI-
DC lJ7 l(I',4-ly4o0
IF(L-lC (Kl^.1) ot*('.ousr (f"lM) )Gtì Tû L4137 CCNTI IJi'i-:
CALL NXT|I S T ( CNTF,,KK IL L I J I
I F ( I,ltjutJr ( KK ,LL ) .[ô.0 )Gr_t T.c 77
CALL ptT( USÍ_ rVV rKKr l_L)

139

t40

13ï

L4

RtSTRICTIiJf'JS ¡ )

tcc(.1I_1)=LSt(f.lMl
IFLA"l (TI-l )=KK
.JPL¡\(:.1I-l )=LL
DO 139 IL=Lt22
DC I3() JL=Ir33
ICOL'JT(iLrJL)=O
CCNTIT'JIJE
Kl(K =J
DC l3B K=l rV¡1R
CAP ( K K'LL r K ) =LSE $il'4)
CCI'iT I NUE
cC r,.:" z¿
CI]NTINUE
t)C 32 Li4=J. r 5
çAL L ¡tXTils T ( cNTf.'.,KK , L L r J )

IF ( ( ICIUNT ( KK rL[ ) . FQ.ó ] .ANil' (KKK.,GT. ( NUTIFIER I ¡tl.r )-I] ) I Gil ro 14IÏF( ICOUi..iI ( KF rLL l"Ë0.clGC TiJ 71
CALL PRT( USE ,I.'V,KI(, L L )

JPL^N(!I-1)=KK
.JPL^.1(^11-l )=LL
LtiC(YI-ll=LSE(t¡p1)
iCilU iT{i(KrLL)=0
DC 321 K=l rVAt¡
C AÞ (h K, [. L r l( ) =LSI ( t.t\l )

Ct.\lTIt',tJi
C AL L RIatrr: T I ( ¡., f'/, f., I, tì 2r_'ì r t 32?-,t
CCI'JTIT\i.Ji
IF(MI "I-T"4)Gr: TC 9
C'JllTINtlI
Gi Trl ()

(,Ci\TJNI'[_
Il':( (KK"Ft). ')) .f'Þ.. ( LL .¡,J.0) )GO TC Z0

r2I
'3 22

v2

l5

I PL A I

Jpt_ê.t
Lnc('1

\11-1)=KK

'll-l)=LL
-l)=LSE(rVMl

i.JfìiTr_ ({;,,,J0t0 ) LsF(;rl1 } r(¡r¡¡.
IC IUJI(t<t<rLL)=0
Ui: 2i l{=lrVÂ'ì
CAt) ( l. K tL,L, t( ) =US Ë (rifi )

2'¡ C ll f'J T I lti ,i
I f (L lC (2) " r_Ç "c )c{] T'l 27
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I C¿73 IF(N'l.[rQ.i{t')cC Ttì ?ttL
\l C;li5 GC T.l 242
I C2ie ZqI Cr)lrlIlJlJí:
' 027? IC=C
t CZ|U IM=ñ"l-l
I C2lç DC 24 JI=lrlM
,l C?EC I[=I'l+flrj,.irjt_t(JI)
I C28L ?_tç Cit',ll'Ilrrtji:
I ti282 lF(1.')C(l1r12)"t.ì .0)ctj TC ?7
,l c2r,l4 ¿4? cct,lrl\t.Jíl
! )2t 5 Dti ?.') IJ=I,3
Jt28ó CALt- iri:PrTl(Vl'/r¡'!lr{,20rt,?43,
I CZl€1 243 CCùJTI[.tjt_
i r12,3¡i CALt. NXTiiST(CNTR,f.K,LLrJ)
r c2''ie IF((icqrjill'(KKrt-L).i:1"0),/1\D.(KKK"GT.(i'i[ii¡r:F-F.(ivil)- 1,,iGu rtì 14rI c29l iF(It-nr,¡Jl(r(KrLL).EQ.0)G0 T0 71
lù¿(j3 (-,\LL P.{I(USIrl,vrKKrLL)
! C294 IPL^\(ill-l)=KK
| ljZS5 JPLA,t(f,rI-I)=LL

C29 ó ¡r'C (i"il-l )=USË (M¡.1)
I C2ç? ICrIU:tT(KKTLL)=0
' 429 t Drl 33 (=l ¡ VAR

C2-,) c) CAF'(KK 
'LL ' K )=USE (i{1.1 )

c3'0c 33 CÛNTINtJ[
03rlI 29 CCNTINUT
c302 GC TI ?6
03ü3 27 D0 Zt7 t=Lt52
çpa4
c3ù5
C3Cé 215 CONTIi\jUE
O3C? ?.6 CCIITiNTJE
c3c t CAL L REPtj T I ( ivlv r li I r t 20,, t 56l
C3C9 20 CTNTI NUE
c3l c hR IT F

Df.) 215 .=l..-1 r 33

c3il 4trcI FC!ìt''ùT
a3L2 4Ûû2 FnRN/ÀT
O3L3 /+J03 f:fnr'1¡
a3L4 4-rC7 trCPIlAT

L,30C4 Id t rloXr i313x? J3.Àlraii l¡If*rr16Xr3341)
' trIóX?:J3I1)
.')t 

I

C3I5
031ó

DC 2)L l=Lrz
ND,I Tî 16rtrUü3 ) ( I Btrlìlr ( I r J ) r.J=I,33 )c3I7 ZJL Cr-INTI\il_ii
fitl 3,10 I=Irll¡AP
t)1.) 2|O J= L r JY¡Þ
I F (C,rP( I,.J r I ) "GE.ll ){li.l Tf: ZLI
ISTni{[(J)=I
Gf 1') ;,r,:)

i)324 2tI ISTil,-tr.(Jl=lCA[( irJrI)/lC+1¡
c_ì25 2Lù Ctl,,rTIt,t,i

c3l8
C3I ç
C 32t)
c3¿2
cJ2Z

ct 7- 6.

i.) 321
C32P' 22Ò Ct-!'JlIt\i,i
t? 2s
r_13 3rJ
CJ'I
I'1,3¿- 23;t (;ill.lllNltJi:

Iti 2Ì0 J=l rJr'¡¡r)
fli.fAP ( J I =I Cft¿lì I ( ISTn!.ìE ( J ) )

hD I If- ( 5r lrlC I ) J, ( Àì\,tAr,) (.1) rJ=I r.Jf,l^Dl, I
D(ì 2)0 .J= I r,J^rAp
t1vÁ [j ( J ) =l ct.¡rì2 ( IS I r-,1.t¡ 1 ¡ ¡ ¡

v / .):)
o')34
r,l¡15

lrrì I T i, ((:, t4 )Ò2 ) (,ll'.rAf, ( .J ) r J= I r Ji.1A p )
t)C ?40.J=lrJtll¡r
l'À1^ r)( J ) =l ulrAp 3 ( I sTt.l,ìfr ( J ) I

-LI7 -



,l 033b 24t Cf_:hJ-ilNIJI:
,l 03.i7 WRI Ti: (6 ¡4002 ) (|"1t,4/1p( J ), J=l r;MAp ),l C3.i8 Dt) 25O J=l,Jy¡p
'l û3J9 l'tivAp(J)=ICtj¡Í-rzr( ISTfì[tE(J) ),l C3/+L' ?-50 Cf-i\Iihrt,E
I 0341 l4RITF 16t/¡)021il.1¡,lÁp(.J)r.J=I,Jt"fApl
,r c34 2 39û c0Ni'INUi.
,l 0,1/r, UtRl Tt: (6t4JC7 I
I 03.*4" DO 3lO I=L:Z
] t345 v.tRlTt. (6t4ì03)(lßOp.i)(IrJ)rJ=lr33)
I çJ4ó 3I0 cl.NTINr,[
! C3i+l 50 Cl¡lTIt\tJF
l0?,4rJ trRIT[(5]3JO4l
i C349 .lJo4 FLîRþ1Ar('l ')I C?,5C) 59 CtjNTIt\ttjE

035L C)C)g CiNTINUI
C352 S,TDÍ'
0353 EtiD
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t )aQ2

Ci.ltll''ll-Ltl flPl'I{-¡{':i i'lA14E= þrAIl,trrlpT=OZTLIí,.tt'CltT=ó0rSIZ-Ë=fl00OKr
Srlrll?CLrf: tlCr.ìIC,NCl Islrf.tilf_)[(-KrLt_]¡lflrM^prtJOtt)ITrll)rf,tnXRI Fsufii'ifìr,TI fr[: st rìchl ( I rJ r r(K rLL r I I , JJ, RArJI USTCf,JT;ì,r\lt,l e

l¡1t4, l lAp,J \4 IF t V^tì, i]t.t), usts r I,J, SFSI r I ßEST, Jtjt_ST,
1 I KI I(;N iìI I fII.AÀ , Jf'LÄ¡J, I,SE; M INL.EV, MAXLËV;¡'¿P, ¡41,'IC )
INTÊûILì,\
INTE¡ì[i.ì IìST,(AP
INri:Gtr). USE(6)
f) Ii'1E,.JS ItiJ I pLAht (,4(t0l r J pLrrhl(4' ,r 

¡

Il.lTL:Gr:n trìt- ( I I r 6 I r LSgS et",lfril_i-:V ( I I, ó ) , j,lA xlt V ( I I,6)
I NT[C Ili p. At)11S, cNTf,, r/A f¡

II,iTF!E'ì SU¡4
trTEllrtt f)lPTþ
f\TI:tìilì STtIRE
i\¡TEritiì il EST ( I2 1 ) r I ßf: SI (LZ I ) , JtsEST ( 12f )

l) Irv tiJS IÍìl'J 11¡P ( I l r6 )

cc¡¡¡,t.:r'r B-sT ( IzLl Iißsr( l2l ), JllsT ( t21
I ' i/ l Nì)I S (¡ r 6) r LtlC (46C)

CC Il iviri'J Nt I ¡1 EìE t'ì (ó )

clr.rv1n IC0UNT I 52 r33 I
CC^'1I/{ [' IPX (i2, :'3')

! r C Â P {52 r 33 r I I ) r 14 AX Di S ( ó , ó I

IC=0
I 1= 1

IF ( 1 li.iDIS {N¡i 
'14i4 

).GT.0 ) l l=M1\lDI S (NN rtlt4 } +5
I2=IL+5
i F( t¡AXì) iS t \f, ,IvM , . GT " 0 I IZ=MAXDI S ( NN, rvt4l
IY=I2
ccilrrN!_lr
Dil 50 r;Èpli.l=lLtl2

I Ci\T {=C
nn f IJ=lrtàl '

flESl(lJ)=3
ccl'lTIN,UI
IF( î',i l'\iDIS {fiN rMi,1 ) .GT,O )GC TC z
IX=( IY+1)-DIPTH
lv Il,lJ=J-iX
14riXJ =J+ I X
l'1 Il'l I= I -TX

fvAXf=l+lX
ri f.l -tf l 3
CCiITINI'I
l/ll,!J=J-llfP'Ì-H
ii AXJ=J+Di: PT!-l
t/IhtI-i-Drr)rF
t/{XI=l+r)cl)Tl-1
CIhITI¡J(J!-
( Al. L TI.ST ( l'l \ I rj,AXl ,r ¡¡ J 1.d/rXJ, Ii.1Ap, J;VAP )

I f (v\X.J"i:¡J":l-" )GC TC l5
Ulì L') I II =!1lNI r¡"4AXI
I l. =P,1XJ
r. K= I I I

It ((ll("|-rJ. )) "A:li). (lpX(Kt(,t L), i_rJ"I) )Git Tt) IO
It' (C1f: (l<r(, Lt-, I I "Cf:" 10 )Cil T0 lU
I t- ( I -(. lji\,ll ( r(K , Lt- ).rlT.il )GrJ T0 I{r
f' /11 L I V Âl- ( I , J r K K r L L r I I r .J J ? rì 

^,1 
) I tJ S r C i.l T t' 

' 
M l{ , ¡ ¡1 A P , J f¡¡. P , V/, t-) ,I iì':'i)r llsf:1', \,tì! ST, Ill,l-:S f I Jt:tr5Tr I C I ICI'ITR, IKr IF LAj,,l?JpLAf,.l, {JSI Il!1 I\l L :y, liA X t-fr V rfrÅf), ra I r \lN )

Cl:hlTIf'r,I

c003
Jtli)1r
ccc5
0,j'J ó

ùJC7
CCCT
I:CC ç
AC; LC
cc r. I
UCI2
ccI3
tCl/.r

CCI5
ic t ó
0017

. CClt
0c19
c()2c
ca ¿2
QCz)
AC,25
cc2é
0o 21
lC2 t
CC2-9
qc3{l
cc3 i
çc32
ùc34
0c35
c036
co37
CC38
t'¿ 39
ûc4 i)
0c4I
û042
ítç43
uU'l4t
lc45
CC4t:
CC41
ilc4ç
CC5C

/\c ILU-I
;)U52
CO' 4
,-ic5ó
() (-' ,i f_l

00r-l(, I r-)
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il06c
ccé, I
Lc 6',)
oc(,4
Çc( 5
0C 6l.r
c06tl
0c7c
üc7 2

co 7 3
CC1¿t
üü75
CC-/1

.ac7 t
0c 7.j
CC'ìC
C()'J2
)c84
0cfJó

cc87
Ð08t
0crì(j
ccgl
:)çe 2
c c93
ccc,4
CICÈó
ccç I
C I JC

01c1
ci02
01c3
ù1C5
0.1c7
C1C€
:) L\J 2

CI1lr)
cill

C\T2
LìII:]
01 I1r
cllé
0lt7
CiIS
cr. lç
ci2 t
CL 2?
CI¿'-
ùL¿4
0l t,;
CI2t-

L5 cliNTINrJt_
IF(filNJ.i 0,I)Ctl Til ?.)
l)(l 21 I II =¡1lf\ I,MAXI
f'K- I I I
It=l'tNJ
IF.( ( Il.',"[[r" 3) "Af'Jl], ( I PX(KKTLL). t_Q.1) )Gt.i Tlt 20
IF (CÅf'( KKr LL 1 1) "Gt.. I0)c(l To 20
IF( lr-('tJi,JT ( r<K,Lt_) "GT.0 )Gtl T0 2c
C AI- L I.VAL ( T I J rF.K ILT I I I I JJ, RAi) I I]S,ChITR, Pi.I,I IINP IJI¡AP1 VA RJ

I r-)R rl'tJSlS 
' N r iltST r IP.I ST,.JtjiSTr IC ¡ iCfJTF r IKr IpLAl.\jr JpLA¡j, tJS[:,

Il'1 Ill t-t Vr ¡1/r X l-[ V r Mr\Þ r þ11,i\lN )

CC¡]T
C C I{'I
IF( l'1Il\ll .i:,), 1 )GrJ TO'15
D: 30 JJJ=l/INJ,MAXJ
l(K=vli\1
LL=JJJ

(lK"[iì.0) "ÉND" (iPX(KKTLL).f:Q.1) )G0 Tn jA
C.1P( (Kr[-L r 1 ).Gr,o lC)Grl T0 3C
Ir.CtJl,tT ( r(K rt t_ ).GI "c )Gü TC 3C

30
35

4L)
42

+5

I:Jr.';

41.

)r\

25

4b

47
4ij

5()
I -'i.r

LL=JJJ

¡.rJt
NIJ!

IF
IF
TF

cALL FV,\L(IrJrKKrLL_rIIr.JJ,RADIr.JSrCi,lTRrf,ii4?l11ÀprJf.lAprV/iR.1
I r.,'lì D' tJS[S t N r U IST r I B EST, JFFST, I C r ICNTÊ r I K r I pLA\r JpLANj, USÊ,
Ii'l IN L i:Vr l1i\X L i:V ,1"1ÂP, ¡t I rfiN )

CiTNTINIJt
CCI\ T I N{Jt
IF(i/AXI.E{l .:2)Gù Tn /t2
llil 4.s JJJ =¡¿If\JTMAXJ
KK=VAXI

IF( ( IK.!Q.11"¡llD, (IPX(KKrLLl.Ee .l) )GO TC 40
IF (C,1ir(KK rLL 111,G[.10)GC TO +O
IF(ICCIJNT (KK,LL)"GT.O)CII TO 40
cAL L FVAL ( I r J rKK rLL r I I r JJ r Rirt)Ius rcl'trF, vr¡ r IMApr JMAp, vÄR,

f tìi-l Dr l:JSES, N y ß.liST,IßrS I, ¡Bi:ST, IC,ICNTp r I K, ¡pLAi{rJpLANr USE o

1 l'1 I i.l L EV r,!¡\ X L F V,,'1^ t), M I, i\j t',' )
CÛ:IT I NI'E

cr'ìt{rtfttjL
IF( rlqsT(I ) "cT.0)cil T(-l 45
I F ( Ir-.rìTo I(_,C ) eFTtj(tl
Gc r:l 50
STLlk,-=:l[1,T{1)
Dtl 4L K=lr IC\TR
l^lRI i ä (i: rL )0C ) I tll-:;l'(K ) , J IrjST ( K ) , ßf.ST( K )
Frll'\'1\T (| )r rt r¡{--:jSIiìLE l.{_CAIICfi | çLIZrrrrrII2r

II C^PAI3 IL. ITY S[JI'1 iS I,II3)
C i: ¡J T I I.IIJ:
l)ii lt5 K-lrllNTii
I F( Sitla [" r;. o[ìFS I (K+! ) )Gi"] T0 1+6

SlÍlÊi:=,JFlìT(<+I)
(.tf'tT Il.tut
tlL 47 ¡(=lrl[\T,ì
I t' ( llr: S'i (ti ) " t_ ç, s f rtfìt )(ìr-- Tr 4!3
t- f-.ll I I r'JtJl'
l(K-I ÌiST(K)
lL=..l,ll:5,f(K)
(ì{- Tl tl()
tr,.f.TIt\.rJ[
Lil¡.llJf'l,f'
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I ()I ?-1
I OI¿9
I Cl: I

IK.t-], Il "ANJD"(trrSf( t ).NF.0l lcn Tn 11,1IK.[Q"2].^\D,ilJt.lit-( I ).Nf:.c, ]G0 Tn 120I l?0
I 0L22 1I0 tlr?lTf:(6r;¿10)V¡/
, 0133 GC T ] I30
I 0i3q lZO trRIT':(r>ç30{)l¡/M
J 0I-i!j 2lO F[JtiM^\l ( r,j I r r>l:i,:t.i<>i'i:i<ñl[X.DIST"VItILAT,ÈD By I tLIZIIOI-ìó 3u0 F:[]i-lr'.'\T(rr.)|rrj,)ìi:lr/;ì<>k:l:'i<{rAtL ÞR{lxi:11Ics vIILi\TtD By tJSF seLlz 

)I Ct.i7 lJ; CCNTI{'tiJi:
I Cl.ilÌ
r c13e

ïF(
I f, (

(;f-

IìETUIN
tiNt)

.T2I-



Cfll4PI L[Í¿ {-l)T Ill',1î tJAilt_= 1"1/ìIl.J,r-Jr]T-C?.¡LINt:Ctll'--60r S I Z[,=OOO0l(r
s i,ìtJtìcL r f: B(_{) ic a il1,.¡. 1sl , t!0DFcK, Ltl^f) I À1A p I Nt)Fft I T I I D '[]0xtì[ FI .]U(J2 :;LíJRiIUT J¡.J i \ XT3 S T (C, NT,ì , KK ? LL, J )I 0()c3 INT[.]ìFtÌ STi.]Rr-¡cftTFt, c004 I\Tl_.ìtli f.tr)rPsTr¡r¡1

I (lrl{)5 COf"1MflN trsT(12I}tIilST(l?-Ll 1Jß5I(I2Il,ìCAP(ç¡2r33rlI)relAxt)IS(6¡61
l tiriN )I.S (Í¡ r (¡ ) r LIC (1¡6Ol

i utcê c.fi/frl frl r\tJ¡rFl[É¿(t,)
ûic1 (.ct'.,¡./lN ICiluNT(52,-13)

1 ccc t Ctt"t j,/i)N IFr x la? 1331
ccc ç sTr)P,: =I C;tt.JiJT ( I,I )

0O lC nC 1l I=L ¡ 92
CCII Dt- IJ J=lr--ì3
OC12 lF(STfliìi:.Cil .ICCIiNT(lrJ))GC TO l0
0O 14 STOF'!= ICfiLll',lT ( I r J )

0C15 K=I
{lOló L=J
jlc 17 I0 cOilTINUt
CCIS KK=K
UClç LL=L
iJ(jzc RETU;ÌN
CCZI tt\t)

-L22-



(.f) "lÍ, I t_.t r-' Pl I{l¡J5 - ll^i1[= i4^INrrll)T=CZrt. ItiECNT=60rSIZf_=00g0Kr
S {l I lfl C t r [: IrC L) I C r l.r 11 ¡ ¡ S T, hJ n [J t C K t L t.] lt;, t"t¿ t), \¡¡ t- t) I T

S; UtJF'lUT Irl t_ C Fì t FR ( ¡i\, Ä1!4, K r 14AX,\ , r.t Ifl A, t_lFl D, t4AXL t_V r 1,1 I i,llt_I/i e 
ta¡t:r ¡

If\Ttj(;hP, LlSt,Sr ÂCCtjttT .

iNTl'lFi{ rlllt (lLtLl
I NT{.rìFf:l A

D It4[',JS It.it t4¡P ( I I,6 )

tlI|"ltr'lS It \l :,/1XL EV ( I I,ó ) r ftI NLEV ( 1 I r l, )
K=[)!,¡)(¡jiirrl¡i)
r',Äx Á -lu¡\XL LV ( K, Mi/ )

14 I f.J 

^ 
--MI t.jl i: V ( k, pv ¡

4=f.1Áp(Kr.,1y)
I-{ETU?N
E Nf]

v 0002

i or;o¡
rJ CC tJlr
,l rl0 'J 5
r ÙLì0ó
J COCT
I ûi)C I
{ ccce
I CClC
r ,t0 i I
¡ 00L;lr ccl3

r I l), NOXÍÌ t

Vr{J,SFSr

-I23-



/-l o\ r/{ I I L

,tt) I LL. Rcrl t Pl I {il'i - t,l.\i4 t-= t4A Ii!
1ìflt,RCFrFt.tcí)

stJtsp IUT I)it PXf.vAt (j,.'

I I PL ¡\, JPI_ At r LS!r l/l_ r
I N T t:'; r:ft lJ:ì r: ( É )

I\Tf.iiIn lJSirS
I hT tr,Ir). c Al) r f]sl r Lflc
ïl,lTl- ilt-il A, [ì, C TCFECK
I NT F:C l-.1. L) f: PT l-
Ll I',i1F ,j:; Ia'j I frL 

^f,J 
( 4t¡o

(.cr4r.1 lr,, ils T ( l2 I ), IIls
I r l'11ltrr) iS (f-, r 6 ) ¡ [, CC l¿*6
cc14vi_il NtJ,r1 ilt i.' ( 6 )

cIM¡.':t'l lci]tjt,iT ( 5 2 r33
CCt^t,ai\ Ip X (52, i3l
N 1= I
N2=[4"1

r..5/ JôJ l_tJr I l? /\tj l{

¡ [ìÞl= CZ jL J hJl. CNT= 60 r S I ZE=0OOOK r
I c ' f\riL I s I ' 

l"lclDtt.K r L rl^D 
' 

¡/A P 
' No[t) IT r I fir iloxtr, [F

14r I r J r I I rJJ r KK rLLrLSl-Sr I Kr
I l'"4 Á P r J''!,AP r l,l N I

)'.JPL^i\(4(it) )

T( I2I )'JtiST( 12Il tCÄP (52¡33rll ) TT4AXDI S (6r6)
0)

)

t{J002

I J'-l rl 3
I OOO4
] CCO5
! u0Có

c0c7
J CCCT
I Ui.l0 9

ccrc
¡JC I I
c0l2
t0t3
,JC I4
cc15
ric l7
JCI9
CC2C

..ùü2 I

ca2?
CA 2¿t
ca26
cc21
p,c 2B
oa2s
cc3c
oa3 2
co-33
ùC 3q
0035
c03 6
Lc37
úCI38
0c39
'Ji4ü

6

IF(l¡'1"GT"I )\2=MM-l
I F( ('Jl'r.ùj|, . iqv ) . AI'JD. ( MIND Ts ( N¡J, Mr4). EQ"0) ) hr=lrlN+l
I I=0
JJ=C
fl-C ó N=i,11 rN.2
Ih=MAX)IS ( t\,Mf'/, '

/v=0
IF(I\l.i:(l.C)GC T0 6
CC\ITINUt
CALL Pi:P[ T?-1,I1,JI I IPLANIJPLAI!,T5,I.¡iI I
KL= (KK- I I )'ì.* 2+ (LL-J 1 lr,<i.l+,5
c=sQ-l'r (FLijÅ1 1Kt_) )

IF(CoLl .Il\)C(. TC 6
GO T{] I
CCNT I f\UE
IPX((KrLL)=1
RITLìf{
CCi\T]N.Ui: 

.

II=I
J.J=J
F.ETUIN
F l\t-)
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( r.t02

('1t\ )

ul.ì04
00c5
ÙCC(-
r)CC7
(;CCB
cccq
r:jU lL'

CCIl
tO l2
00Li
CCL4
ü0I5
c0l6
ccll.lcl8
0c 1(ì
cc2c
vC 22
c023
0ù24
ac 26
s c,.21
ûc 28
co29
cc ¡o
tc3 2
cc r3
üc 34
0c35
ûc:lé
CÛ37
rit3B

ùo.l:tr'-r r rr trr! rl

(.r)'11)ll-L:i.: Cl)TI0l'.li - ilAlJt-= t,l^lij ¡[)DJ=(2.¡LM.Cf{T-6()rSIZ[-0000K.r
srlUiìcl,rFtlct)IC.,l';t,-l IS'ITNUI)t-cKrLCÂnrIlAr)ri{oFftITrlr)rhlt.rxRIF:

:; tltj p'lllT I¡l l.: C ri F V 
^ 

L ( 1 I r .J J ¡ | N r Cr',l T rì, KK ¡ L L r I MAp r JM Ap ? V,AR e
1n tl ¡ r!j S i- S¡ \t t..,J e S tJM , tj Il.,j t_[: V, r4¡ XL t] V r laAp )

INTt,CI:i{ SUI¿
I¡,lTF,it.iì i)rìf)( i I r é ) ,tJSF Sr ralf.lLf:V ( ll,6)
I I'iT EGFa i.,ti\XL r:V ( I 1 r6 )

TNTf:.]Fiì A

IllT [:'jFr.t l, !\Þ tl,ì Sl., t_t]C
i liT Fll Frì ¿ CCL t)1, (;NJTIì ?V^r(
{ln/[Ìtsltit M¡P(lI,6)
CC¡1!ll'l ßS I ( I2Ll t IlìS T( LZII t J{l.ST( I21 } rCAP'( 52r33r Il ) r14l\XDIS (6 r6 )I r¡4il'r )iS (6 r 61, t_OC {1t6¡ )

Ct. 11 lv(- i,l h-[,\1,_ìt ìt 1 6 ¡

CCt,'!v,'ìt'J IC ürJNT ( 5 2 ¡33 )
ctt,tt/iNt IPX (52133l.
s L¡¿ =')
N= I
i i =0
JJ=C
I=KK
J=l-L
IF ( CXP ( I ; J, T I .Gf .1C'} RETUR|,I
cíjr\jTI¡,ltJE
C AL L C'ìI)E R ( f\' IU M r K I i.l Â¡ A' 14 J I'I A, ¡¡ Iì D, i,i AX L FV, iI I NL. Ë V, USi: S, A, I'4AP )IF( (CAp(I r.J rKt.GE.i"lli\lA ) "AND. (CAP (l r JrK).Lf-. ¡4AXA ) )GD To lCICUU\IT(IrJ)=N ; '-"' "
GC 1.1 2,)

l0 itl=N+l
SUI',t=SU^l+C A j) ( I r J r K )
IF ( r\" !Q. ( V,AR+l ) I Grl
GC T1] 5

I I= I
JJ=J
ICÒLj,tr(I,J)=t{ -

CiNTIi\IJ!
IiFTIJ]ìNI
t l\ lJ

t5IO

T5

20
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cll

L.)/JbJ ltjl-l IFA;! tJ

It)TI[]l'J'j - llAr'11:= ¡"1^Il'Je{ìt)T=Cí¿rl_lt!t:C[lT_-óOrSI/_Ë=0OOOKr
çillltìCt, 1[l]CnlLrNilt ISTl¡'¡¡1D[Ct(rLt)i1ltrÞ,Apri\OFr)lTrlr)rf,.]rlXtìt,F

stjllR JUT I\ E TtTt) I q ( \¡Ål-' r ¡/M, I lj Ií-;H, JHIGHT t) I ST rC ILLS Il T lìA¡ ri 
'.Jlì¡r\K r f'ì ll)ItJS, r;¡¡lr yAXL[V ri.l IfJLEV' LJSt Sr i t4APr Jr\1Ap rt{Ap lINT¡ r;¡ ¡' L

I¡\TFnf-'r rJSi:S
lÍrTL:'ì[:,'ì tì: AI)lLSr 

^l;ct:r)T 
rot'u ( r] r rL ) r LEVEL ( r l, ó I

DlNli:'lS I[\J I[ì¡:i¡6( l¿),..J?ANti ( lZl
Iir;T {:{l ilì V^lì r Sl.J'¡ r FrC f Lr*S
INT tii t? f ) I qT ( cr._LLS ) , IrJ IGþ ( CÊ:LLS ) , JH I(iH ( Ci:LL S )
t) li!Í: lS I (.,¡r ;.1¡ r) ( I I e 

/., 
)

t) Il'1t\JS Itllt'llt,LEV ( I1 ró) r Mt XLL;V( ll_ró)
f C 3l F=l TCiLLS

I5UC FUlll.iAI(t^)r rr[JrllGIl'J I rlI2r! IS t ¡LIZtt ¡t ¡LlZ¡l¡ DI.STAtiCF IS t¡Ili¡//l
y=VAP\

SLiM=)
DC Z.) \=|r!!t:
cAL L CfìDt R ilr r v,r ¡ K,t.tAxA, ¡i JllA?ttRtJ,MAXLtV;JjI¡lLl_vrusFSr ¡\, t4¿{p )I=il-iGli(r-)
J =J f' I Gt-r (r )

c A L L s ! {'rc Hz { I r J. r K 
' K K ¡ L L I F 

^ 
D I tJ s 

' I r'rA p r J }.1 A p r A )
L=( KK-I ).:;.2+ (LL-J)'k'i.2
I S U lv = ( S Qii T ( F t_ C A T ( L t ) + " 5 ) *, rv

SUf4=lSUii+StJM
l"=la-I
IF(M.t:C"l)P-1
cr_i',tT I t,tui
DIST(F)=SÚV,
hRiT[(6¡15{]C}
CCNTI NI,JI_

I 0ÇD2

r 
.ooc:

tCÇ0/t
I 0()0:j
i ür,0ó-,]OC 

/
C',1 C ¡l

OCCg
c(ìIc
c0 t I
úc I2

cc t 3

C0l1r
cc 15
i)0 L6
cc17
úClrl

..!:9 iç
ca2c
c02 ì
Ðc2?
cc23
tC 2¿t

--Ç"c26
tc 21
0c2B
ca 2e
cc3c
ü{J^? I
cc3 2

4l)l t,Eir

2ù

30
FvITJTSUM

CALL R.\\Ki]R ( DIST, IHIGHyJI-IGI-II CFLLS I
iìETL:ìi.l
f: \D

TRAN K, JRAI'IK )
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Ct)'{l-' ¡ ¡.¡- ¡. tif,r ¡ ¡.1¡t¡5

c
C

!.J\)/ f(rt/ | 1..r,. I r. /tìt fl

rl \r'4f, = lrÂ I l' , lrPl =C ?.,L| |][CNT=6C, S I ZL=C0JCK r
SrltjlìC t, r F-fìr.¡r Jç e ¡.r jl_ LSl ,;!nDt:CK r L0Áf ) ?t,!A p, \nED IT ? I D,l,luxR i I

I (jQt)2 stJIìPltJI'li\lt- ír.^N K{liì (t) I sT r Ilrl(.;H, JHiGI_lr cELL Slrltl A\Fr,lilANK)
IfrTFìE'ì (.:lLS
l)lt4t lsl(.i¡,1 Il-lGH( 12) rJrlIGt,(t2t
[.) Ir,4F lS Ia,r\] I rì¡NK ( l.;.Ì )

t.) I!F .JS I i_rr .ttìAt. K ( l2 )

INI t: jtíl ;,rl îT ( l2 ) r,\, sTr-ìf- ieÍ:
I NTi:';t-lì {l ¡\\K ( ! 2 ), r.F r STC{.ìF- 2 (12.1
Dt, il \=lrCtLLS
s TrJÍì:.-2 (it ) = t) I S T ( f,r )
CI:iJ] INIJi
t)0 5) A=lrCELt-S
sTllR:=STrliì12 (1)
FF=C,_LLS-I
ll0 Z) f:_lrFtr
KL=F+l
IF( STLriìt_" Gt.STrlnFZlKLl lGt Til 20
sTCpr=sTí)qE:2 ( F+I )

C.C¡IT I I(I.l¡:
Dil 3) I,l=l TCELLS
IF( St-01[2 (\) " EQ.STnRh )Gt ro 4û
CCf\!TIi\IJt
RANK(A)=STtiREZ(N)

iRn¡1K(Â)=IþIGH(f!)
JR¡\K (N)=J¡ TCF.(N)

Sï0RE2{N}=,1
CCIIT INIJT
RETL'.ìN
FND

'l
{
.l

'l
,l

rl

rl

\r

J

I

;

I

;

i

C C J3
\)C)ti4
CCC5
itc (,

L Ot:1
TCCB
,ì l'î c
ii0 I {:i

ict l
'iC L2
CCI3
CCI4
iC I5
cct6
CCIT
JCT9
0c2c
CLÌ2 i
L1C 22
oa24
to25
ca? 6
CC' 2.7
4f\ ) L7

cc29
cc3c
cc ? I

l0

¿v

30
4')

50
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<1 l c C I j l/\ l l r-

cl]'.,1r,I t- i t..

ul;) 2

CO{J3
!)i-j rJ 4
0 C (l:j
C00r;
0{lc 7

t,) l) \. Ì:

UT,L9

I I i:¡ / JbtJ I LJl, I 1., /r r\ l-l

CPr Ilf\.,'; - i.!Â¡4[-= l¡A ll,l rfìt]J=02, L I i,ll_Cl.lT=6Or S,l l[ =0O0OK r
s rll ll? c [ ' t tlcl) lc r N t)L I S t ' tit)DF CK r t tìA tì r hl/i pr t{of t) lr , l r], ttt) XR [.t:

s ull'f, ltJl lr'l i l-l t. sl T ( I t'Af) ¡ J ¡/^ p, K, C Ë LLS, I t-1 I Gl I Jt1 I Gll eI I C t t L S I JC t: I t_ s I I t-ì t. t'J I J c r.'l t. , ¡ )

I t',Tt';t ít r-,\t) rpST, LrlCì
INI FriFiì stjr eA rû rc rlJyXr yrZ, STÍ)RF
i NT Fijt:f,r c r-LLS, BtJ, Cr.
l)Il'1|:'lsl[]rJ IRth (r2.1 ¡JCaL (Ì2 I,tsuu( t5 I rJsu¡/( l5 ]
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