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COMPUTER GENERATION OF POINTS ON A PLANE

A statistical model for the generation of random, contagious, and
uniform spatial patterns is developed. Points are located on the
plane one at a time with each point modifying the probability
matrix for the next point. For random patterns no change is made
in the probabilities. For contagious patterns, location of a point
increases the probability of locating another point near it. How-
ever, for uniform patterns the probability of locating another point
near previously established points is reduced.

TREATMENT OF BOUNDARY LINE OVERLAP
IN A FOREST-SAMPLING SIMULATOR

A procedure is given for treating boundary line overlap in com-
puter simulated sampling. This procedure, referred to as algo-
rithm EDGE, insures that each point in the rectangular population
has the same probability of being included in the sample, thereby
eliminating possible edge-effect bias. The effectiveness of EDGE in
producing a more realistic variance/plot size relationship is dem-
onstrated by comparing the variance functions with uncorrected
samples and samples corrected using a previously reported weight-
ing scheme.
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Lee C. Wensel

Treatment of Boundary Line Overlap
ina Forest-Sampling Simulator

SIMULATION STUDIES USING either real
populations that have been mapped or
artificially-generated populations prom-
ise to be highly useful in studying the
characteristics of biological commun-
ities. However, in dealing with these
representations of real populations one
must be careful in treating population
elements located near the edge of the
population. This is particularly impor-
tant in computer-stored populations be-
cause they are usually quite small.

This paper proposes a procedure for
projecting opposite sides of a population
onto one another, thus making the com-
puter-stored population effectively with-
out boundaries. That is, population ele-
ments along opposite boundaries are
treated as if they are physically adja-
cent to each other. An application of
this concept in generating spatial pat-
terns is made in subroutine LOCATE (see
Appendix, starting page 147).

COMPUTER SAMPLING OF MAPPED POPULATIONS

In studying the efficiency of various
forest-sampling designs it is common
practice to map forest stands and store
the Cartesian coordinates of each tree,
together with the characteristics of that
tree (diameter, height, volume, ete.), in
a computer for study. This data set is
then “processed” by a series of computer
operations to simulate operations that
would take place if the stand were sam-
pled physically in the field. Using this
technique, the efficiency of many differ-
ent sampling designs may be tested
easily once the initial mapping has been
done. (O’Regan and Palley, 1965; Ku-
low, 1966; Wensel and John, 1969.)

Whether sampling in the field or with
a computerized simulator, there exists
the problem of getting a representative
sample of trees near the forest’s edge.
If the probability of selecting a tree
near the edge is different from the prob-
ability of selecting a similar tree in the

1 Submitted for publication October 26, 1973.

interior, and if that probability differ-
ence is not considered in the estimate,
the resulting estimator is biased. This is
referred to as “slopover” bias (Grosen-
baugh, 1958).

Let us consider fixed-radius plot sam-
pling with a plot size of @ acres. Plot
size @ is referred to as the nominal plot
area, while the actual plot area may be
somewhat less than @ because of the
boundary overlap. In figure 1, a tree
is ecounted if the randomly located sam-
ple point falls within the plot area
shaded for each tree. For tree 1, actual
and nominal plot areas are equal; for
tree 2, the actual plot area is less than
the nominal because of boundary over-
lap. Unbiased estimates of the total
number of trees, total basal area, ete.,
will result if the actual probabilities of
selecting the individual trees are used
in developing the estimators.

Let us also consider the following esti-
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Fig. 1. Tree-plot boundary overlap.
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mator N of N, the total number of trees
in a forest of size 4:
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where n is the number of randomly
located sample points, k; is the number
of trees counted at point ¢, and P; is
the probability of selecting tree j from
a randomly located plot center. Note
that
a;

A

where a; is the plot area containing all
sample points that would cause tree j
to be selected. If actua] probabilities or
plot areas are used, N is an unbiased
estimator of N. Wensel and John (1969)
give the necessary equations to compute
the actual plot area using distances
measured to the nearest boundaries. This
approach, while time-consuming in the
field and in the computer, gives exact
results. However, for extremely small

P;=
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Fig. 2. Projection of overlap area
to opposite boundaries.
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populations where nominal and actual
probabilities of selection can be quite
different, the variance function (vari-
ance as a function of plot size) of the
mapped stand may be somewhat differ-
ent from the actual population being in-
vestigated.

In computer-stored populations it is
possible to project opposite sides of the
population onto one another so that, for
example, the plot area that overlaps on
the south boundary is transferred to the
north boundary. Tree 2 in figure 2
would be counted if the randomly lo-
cated sample points fall anywhere in the
shaded areas. Thus the actual and nom-
inal plot areas are always the same and
p, the probability of selecting a given
tree, is @ where @ is the nominal plot

A
area. The estimator N of N then becomes

+ 1, A I
N = () (& )
@ Q) T ke

ALGORITHM EDGE

To compute the distance r; that a
point 7 with coordinates (x?, ¥}) is from
a plot center at point (z,, ¥,) wWe pro-

ceed as follows:

z;=min [|2} = Zo|, Tmax— |21 - 2]
yi=min [|y} -yl ymax_ly,i“‘yan

and
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ri= ‘\,xi’ +yi*

where nax and Ymax represent the maxi-
mum coordinates in the z and y direc-
tions, respectively. The individual 4
would be included in the sample only if
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r; is smaller than the plot radius R. A
brief FORTRAN function to determine
which individuals should be included in
the plot when using this algorithm is
given below.

FUNCTION EDGE (R, X, Y, X0, YO, XMAX, YMAX)

..................................

(LCW 1/31/75)

EDGE = O. IF POINT IS OUTSIDE RADIUS R

W

o

ok

e
nowe

PLOT RADIUS

1. IF POINT IS INSIDE RADIUS R

COORDINATES OF POINT I
COORDINATES OF PLOT CENTER

POPULATION DIMENSIONS ARE XMAX AND YMAX

XX = ABS(X-XO0)

....................................

XX =MIN1(XX,(XMAX - XX))

YY = ABS(Y-YO)

YY = MIN1(YY,(YMAX -YY))

EDGE = O.

IF(XX**2 + YY**2 LE. R**2) EDGE = 1.

RETURN
END

It is here assumed that any plot
radius R is less than one-half the small-
est dimension of the area being sampled.
Because the plot area must be small

relative to the area of the population
being studied for the sampling problem
to make sense at all this simplifying
assumption is not restricting.

EFFECT OF ALGORITHM EDGE
ON SIMULATED SAMPLING

In computer-simulated forest sam-
pling, one starts with a matrix of tree co-
ordinates and tree characteristics and
selects random sample points within the
boundaries of the forest. Wensel and
John (1969) corrected for the fact that
some randomly selected plots overlap
the forest boundaries by computing the
actual plot area to be used in the esti-
mators (algorithm wart).

Using data from the Cutfoot Experi-
mental Forest (Wensel and John, 1969),
figure 3 shows the variance functions
for no-overlap correction, WGT correc-
tion discussed by Wensel and John
(1969), and for the EDGE correction

discussed above. These data resulted
from the selection of 200 randomly lo-
cated points within the bounds of the
computer-represented Cutfoot forest
and then constructing each of the three
estimates at each point.

The uncorrected estimates resulted in
a much higher variance than did cor-
rected estimates (for all except the
smallest plot sizes). The WGT-corrected
estimates are plotted on nominal plot
sizes and not on actual plot sizes—plot-
ting on the actual plot size would move
the WGT-corrected line to the left and
make it even closer to the EDGE-cor-
rected line shown in figure 3. In terms
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of statistical efficiency, the WGT and tree within the population to be treated

EDGE corrections are comparable. the same regardless of its proximity to
In computer-simulated sampling the boundary.

studies, EDGE correction permits each
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APPENDIX
Computer Program’
Routine Funection
PROGRAM STAND Main control of program
SUBROUTINE MODIFYP Modify probability matrix after each individual
is located.
SUBROUTINE LOCATE Locate the coordinates corresponding to the ran-
dom number drawn.
FUNCTION F Regular probability modification function
FUNCTION G Contagious probability modification function
SUBROUTINE PLOT Plot the pattern generated on the line printer
FUNCTION RANDOM Generate uniform pseudo-random numbers
FUNCTION LSHIFT Packs characters into computer words for map

! SUBROUTINE TSORTR, which sorts the indices of coordinates points modified by MoDIFYP, is
not listed. The user is advised to use whatever sort routine is available on his local computer.
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PROGRAM STANDCINPUTe OUTPUTTAPEGSOUTPUT,y PUNCH)

COMMON /DATA/Z NoeNXoNYoNXYoWyoA

COMMON /ID/ ID

COMMON /SCALFR/ Xo ¥

DIMENSINN P(6401)y KNORD(200)

DIMENSION JP(U49RO)

EQUIVALENCE (PeJP)

INTEGER RR(200)

DIMENSINON AMFAN(10) o AVARC1I0)sRADIUSC10)oPLOTSC(10)9TREE(10)
XXC1O0) oYY (10) e NAMFILE(B) C(2¢200)¢BNUNDC(2+2)

COMMON /RLOCK/BOUND UNTTeSEEDeNT1 oN2eNUeI2¢KPoNAMFILE

COMMON/MON/ZIXeIYoDMAX ¢ SUMPY ¢SUMPR 4 IK9DNN

COMMON /GRIN/ GRID

COMMON /PAR/RA9 RRy RKy R2¢ X0o¢ Xis HMy R

COMMON /1P/ 1P (25)

POUBLE PRNPRy SUMPROR

READ 93169NAMFILE

READ 91 7eMeNToN2oNUyT29KPOUNIT
READ Q1R ¢NOTE S (RADIUSC(I) oIzt oM)

C*x¥xxMODIFICATION FOR MULTIPLE SEEDS

13
15

17
18

READ 905¢ Ny NXo NYo NXYe Wy A

READ 910¢ NITEKy SEENI

IF (NOTELEG,3KHSIZ) GO T0 S

DO 13 IzteM
PLOTS(I)=(3,1415926536%RADTUS(T)*%2)/UNTT
GO 70 18

DO 17 IzgeM

PLOTS(I)=RADIUS(T)
RADIUS(T)=SORT(UNITXPLOTS(I)/3,1415926536)
CONTINUE

BOUND(141)=20,

BOUNN(2¢1)E0,

BOUND(192)=NX

BOUND(202)=NY

DO 90 ITFR=1+NITER

PRINT 919, NAMFILE

READ 906¢ IDe HMy X0o X1 BAe RRe BKy B2
SFEN = SEED}

N2 = |

N = (NXY/W¥%2) * (4,/3,14156)

PRINT S0

PRINT 902+ No NXy NYs NXYy We Ay 1D
PUNCH 912¢ NoNXgNYoIDoWeAgHMeX0eX)19BA9BRyBRKyB2
PUNCH 1912

IF (ID)6e708

PRINT 1902¢ X0O9 HMe BAy BBe BK

PRINT 907

PRINT 9ng

GO Y0 9

PRINT 913

GO T0 9
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8 PRINT 290P¢ X09¢ X1y MMy RAy BB, RKy B2
PRINT 914
PRINT 915
C GENERATF TNTTIAL PRORARILITIES
9 PROB = 1 ,M/NXY
NXY{ENXY+1

SUMPRNR = =PROB

DO 10 T = 1o NXYY

SIUMPRNB = SIMPRUOR ¢+ PROR
10 P(I) = SUMPRONR

DNN = k

GRID=SORT(A/NXY)

DMAX IS THE MAXIMUM DISTANCE FROM TREE AT WHICH ANY POINT WILL
BE MONIFTED,
DMAX = DNN%X1Q
R2NMAX/GRID +0,5
PRINT 904y GHIDe DNNo DMAX
CHECK ROUND OFF ERROR

I=TH TREF T0 Rt LOCATED HAS DIAMETER DIAMCI)
ISTART = 0
PRINT 910¢ISTARTSEFD
PRINT 800
DO 30 I=teN
11 = 1
SELECT RANDOM NUMHER
RAND=RANDNM(SEED)
LOCATE INPEX K SUCH THAT P(Ke=3) LT, RAND ,LE, P(K)

FATAl = 0,
K = RAND¥NXY
CALL LOCATF (RANDy Ko Po NXY1)
Keke
IX = MOD(K =1eNX) + 1
1Y = K /NX + 1
CCle1)=21X
C(2yT)=1Y
KNORD(II) = Ix*8%%S5 + IY
25 PRINT 90141y RANDy Ky RANDy IXs 1Y
IF (TD.NE,LO)
1CALL MODIFY P (IDe Ko Py ISTARTYH FATALy NXY1o NK)
IF ¢ FATAL.GT,0, ) GO TOQ 90
30 CONTINUE
PUNCH 9169 NAMFILE
PUNCH 909+ (KOORD(I)¢I=1sN)
CALL PLOT (KDORDoN o808017777700000307777750lchJPolSoOoN‘"FILE)
CAlLL SPATIEL (AVFANoAVARORRQC'RADIUSOPLOYS'TREEOXXOYV.MQN)
90 CONTINUF
PRINT 903y FATAL
STOP
50 FORMAT (1h o //// 15Xy *DATA%X /9 10Xy *SYMBOL¥*y 3Xo *VALUEXy TXo
1 *DEFINITION®/9 10Xy fomosceak,y Xy Faesanky TXo fencrcarenal/)
800 FORMAT (1H1y /7 TXe X1%¥y 9Xy XRXy 9Xy ¥K%, 8Xy ¥P¥92BXy *¥SUMP1®,
{ SXy *SUMP2¥* /)
901 FORMAT ( I8¢ F12,59 IBs 10Xo n20y 2110)
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902 FORMAT (12Xe *¥N¥ke 2Xo TRe 6Xeo XNUMBER OF INDIVINUALSY* //»
1 11Xy *NX%¥42Xy TRy 6Xe ®NUMBFR OF POINTS NN GRID IN X DIRFC
2TIONX //¢11Xe¥P Y%, 22X,y TBy 6Xe*NUMRFER (F PNINTS ON GRID IN Y DIREC
ITTION® //e10XekNXYRg2X o IByaXexTOTAL NIIMRER OF PATNTS ON GRID®*//,
4 12X *wky 22Xy FR,PebX o¥AREA / (NO, OF TRFES) ¥/
S/e 12X9 XA%X, F10,09 AXye ¥AREA COVFRED RY POPULATIONE®
& // 11Xy XINDXy T10¢ 6Xe XINDEX (QF CONTAGION¥*e //)

1902 FORMAT ¢( 1IXoxX0%eF10,2
T 6Xe%x)%* s /1IXKHM¥4F10,206X9%X)% v /12X e%xAx,
BF10,506Xe¥) PARAMETERS*e /12XXR¥eF10,5¢6X¢¥) Y 2 FCAoBoKX)*

9 /1PXokKXkGF10,506X%)% //)

2902 FORMAT (11Xy 2HX09F 11,29 6Xe tH) / 11Xe 2HX1e Fl1e2e 6Xo {H) /
1 11Xy 2HHMy F11,2¢ 6Xy 1H) /7 12X%Xe 1HAs F11,5¢ 6X¢ 32H) G(X)=A+RS
2X FOR X oLEe 140/ 12Xe1HReF11,5¢ 6Xo 1H) 7/ 11Xy 2HA2y F11,5
3 6XeU0H) GIX)=A2+4R2*¥X FOR 1,0 ,LTa X oLEe X1 / 11Xe2HR2eF§1,5
4 AXe 1HY )

903 FORMAY (*1FATAL ERKOR NUMBER *4F3,09% CALL EXIT¥)

904 FORMAT (FPR,4y E2T7.U F13,4 )

905 FORMATY (U4(UXe16)y 2(UXeFb,0))

906 FORMAT c(uxe Ibe 7(2PxeF8,0))

907 FORMAT(P20XeSO0H HM T, a0 assevsssccnscck

1 /720%, S0H 1 ¥ , % REGUL AR
2/20X, S0H 1 * . * STAND
3 7 20X SOH 1 * . *
4 /720X, 50H 1 * . *
S /720X, S0H I * o ¥
6 /20X, 50M 1 ¥ D *
6 /20!' SOchﬁ I-ccoocc‘otocoon..olo00000000000*‘*‘*““““
T /720X 50K 1 * . .
B /20X, 50H I * . . )
908 FORMAT(P0XsS0H 1 * . .
1 /20X SOH 1 * . » .
2 /20X, SOH T * . . .
3 /20¥%, S0H 1 * . . .
4 /20X SOH0.0 IR R L L T e S .
5 /1SXeUSHREL, Ned X0 1.0 2=X0
6 /15X 945HGKTID DNN DMAX )
909 FORMAT(RD10)
910 FNRMAT (I3e2X9020)
912 FORMAT ( 4ISe FS40y F7,00 3FS5,P79 U4FB,.4 )
1912 FORMAT (7AW N NX NY D W ARE A HM X0 X1 A
1 -] K/42 B2 )
913 FORMAT (20XeSOK WM T RANDOM STAND
1 720X, S50H 1
2 /720X, SOH1 40 TREXXXEEKERKRUXEREEEREKRKEERRRRKXREXRFRRREREXK
3 /20Xy S0H 1 .
4 720Xy 50H 1 .
5 /20X 50H 1 .
6 /20X, S0H I .
7 /720Xy COL DGR € T Y L e P Y L Y T Y Py T T T
8 /15X eU4SHRFEL, Da0 1.0
9 /15X sU45HGRID DNN
914 FORMAT(20XeS0H KM T CONTAGIOUS STAND
1 720X, SOH 1 *
2 /20X, S0H I ¥
3 /20X, 50M 1 *



HILGARDIA e« Vol. 43, No. 5 - June, 1975 151

4 /20X 50H I *
S /20X, SOH I ¥
6 /20X, 50K I *
7 /20!0 SOH100 Il‘t0000."..0*ll..!.l't.'.'..'l*
8 /20Y%, S0H 1 o« ¥ ¥
9 /20X, SO0H 1 . * ¥ .
915 FORMAT(20Xe50K 1 . * .
1 /BOXO SOH I . [] .
?. /ZOXO SOH 1 . . ]
3 720X S0H 1 . N N
4 /20X S50H0,0 J¥eeceececocranmccreacnanenrcncnnccnresnannenaas
5 /1SXeU4SHREL, 040 X0 1.0 X1
6 /1SXeUSKHGRTD DNN CMAX )
916 FORMAT (BA1O0)
917 FORMAT (4(1S5e5X)9sAS¢5XelhyF10,2)
918 FORMAT (SX9AS+10F5,0)

919

FORMAT (1H1,8A10)
END
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SUBROUTTINE MODIFY P ( IDeKXYePy TSTARTy FATALy NXY{, NK)

EXISTING PRORARILITIES ARE MODIFYED BASED UPON
THE QUTCOME DF THE PREVIOUS TREE LOCATINN,
THE MAGNITUNE AND STGN OF ID ARE USED TO SPECIFY THE KIND
OF MORIFICATION 7O RE MADE, 1IDZ w3ym2eml 001923
ID NEGATIVE REGULAR DISTRIBUTIONS
ID ZFRO RANDOM DISTRIBUTINN
IP POSITIVE CONTAGIOUS DISTRIBUTIONS

ISTARY = 0 TO INITTALIZE CONSTANTS
DIMENSION P ( MXY1)y INDX (RS0)9Q(8S0)
COMMON /DATA/ NoNXoeNYoNNNowyA
COMMUN/NUD/I*'IY'DMAXOSUMPI s SUMP2 o IK9DNN
COMMON /GRID/ GRID
COMMON /1IP/ 1P(25)

COMMNN /PAR/BAe BPRs BKe B2y X0s Xio HMy R
SUMPY = 0,
SumMp2 = 0,
NXY=2NXYiw]

IF (ISTART ,NEs 0 ) GO TO 25

I, MODFL
REGULAR DISTRIBUTION
(A) EQUATION Y=K&X¥x(RefEXP(eA%XX))

(B) FOR O4LEeXelFEoX1a00YSF(X)=KkXX(BaEXP(mAXX))

(C) FOR 1,0 (LT X LT,(2%X0)s Y= F(2=X)
WHERE X2 = (X0=(X=X0)) / (1eX0)

(D) FOR 1,L.ToXelFoe(2=X0)9 Y=Fi(oX3)
WHFRE X3 = (X0 = ((2=X) = X0) / (1«X0)
CONTAGINUS DISTRIBUTION
(A) EQUATION X=DISTANCE FROM TREE
(FOR X,ER.,0) vY=0,
(FOR O,LT¢XslLEqa1) Y=A$BX
(FOR 1,LToXal.TeX1) VY=A2+B2%X

Il1. VARTABLESe SCALF ) ;
) DNN=DISTANCF TQ NEAREST NFIGHROR ON HEXAGONAL SPACING»

DNN=W/2 ,*SORT(5,) WHERE W=SART(A/N).
PDNM IS THE SCALING PARAMFTER ON THE X AXIS FOR THF MODELS

TN SECTION I,
AmAREA COVERED BY POPULATION
N=SNUMBER OF INDIVIDUALS IN POPULATION
GRINZPHYSTCAL DISTANCE BETWEEN POINTS ON GRID (SQRTCA/NXY))

NXY=TOTAL NUMBER OF POINTS ON GRIDENX¥NY

PDNNzPROBABILITY PEAK AT ONNy SCALING PARAMETER ON THE Y AXIS FOR
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c
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C

25
C
o
c

1

2

3

S

6

7
c
c
c
c
c
c

THE MOLELS IN I

SUMPY = 0,
SUMP2 = 0,
ISTART = 1

DEFINE COORDINATE LIMITS OF PNnINTS TO RF MODIFIED,

IX = MODCKXY=19NX) + 1
IVs(KXY=1)/NX+1

KK = 0
J=0
1 = INT(R)

IF(SORY(FLOAT(I*I+J%.1))
MM IX¢NX= T+
MNSIX+NX¢J=
NMZJY4NYe]
NNSTY+NY+T

Iz]e=

GO 70 3

MM2IX+NX=]
MNSTIX+MNX+T
NMZTIY4NYe]
NNZTIY+MNY+J

JzJ+t

DD 4 K=MM¢MN
LISMOD(KeloNX)+Y
LJSMOD (NM=] g NY) +1

I1 = K = IX = NX
IJ=NM-IY-NY
IF (IN,LY,.0) GO TO 6

«LE, R) GO TO 2

FUNCT=G(ITvIJoBAIBBIBKIR29X09X19DNNIGRID)

GO 7O 7
FUNCT=F(I19s1Jy BAs BBy
KIJ =2 (LJ=1)¥NX+L 1

ALLOW FOR ZERN ELFMENT

PP = P(KIJ+1) = P(KIJ)
SUMP1=SLMP 1 4PP

PP = PPx FUNCT

KK = KK 4 1

B(KK)=PP
SUMP2=SUMP2+PP
INDX(KK) = KIJ

IF (NN ,FQ,NM) GD TO 4
LJSMOD(NNel1oNY) +1

KIJ = (LJ=1)*NX+LT

ALLOW FOR ZERQ ELEMENT
PP = P(KIJ¥1) = P(K1J)

SUMP1&SUMP14PP
PP 3 PPx FUNCT

BKy XO0¢

IN ARRAY

IN ARRAY

GRID )

153

EXPRESSED INITTALLY AS PERCENT OF YO THEN
TRANSFOKMED T0O PRORABILITY BY PDNN=PDNN/100,*Y0
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KK = KK + 1
QA(KK)=PP
SUMP2=SIIMP2+PP
INDX(KKY = KIJ

4 COMTINUF
IF(I ,GF, J) GU 10 ¢

RESCALF P FAR PQINTS REFERENCFD N MOD
PRINT 994 SUMPLle SHMP?
NO 30 Is1eKK
30 G(I) = Q(1) * SUMP1/ SUMP2
90 FNRMAT (60Xy 2F10.6)
91 FORMAT(2H (o I4s 1Hes Tds 1H)e TH KIJ =9 T4y SH D 3y F7,2)
DO 220 I=1eKK
220 INDX(I)=INDX(T)*4096+]
CALL SORTR(INDXys=KKy1)
MIN=TNDX(1) /4096
MAXSINDX (KK)/d096
P1sP(MIN)
Jz
KIJsMIN
DD 240 TsMINeMAX
PP2sP(1+1)
IF (1.,ER.KIJIGL TO 230
PCI+1)=P(1)+P(1+1) =Py
GO TO 240
230 IJ=INDX(J)=4096%K]]
P(I+1)=P(I)+G (I
J=J¢+d
KIJsINDX(J) 74096
240 Pi=zpP?
GO TN 9999
9999 RETURN
END
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SUBROUTINE [LOCATF (RAND¢KyPyNXY)
VERSION
LOCATE INDEX K SUCH THAT P(K=1) LT, RAND (LE P(K)
DIMENSION P(NXY)
IF (K LT,1) K=1
IF (K GT NXY) k=anXY
INC = R
IF (TMC,LT,1) INC=1
TEST FOR K=0
IF (K GT,INC) GO TO 30
KsINC
IF (P(INC)GF,RAND) GII TO &0
K=2%INC
IF (RAND,LF,P(K)) GO T0D S0
IF (K4INC +GT, NXY) BN TO KO
KzK¢ INC
IF (RANNJLEL.P(X)) GO TN 60
IF (K+INC,LTNXY) Gn TO 40
G0 TO 60
IF (RANDGT,P(R=INC)) GO TO 60
KzKe INC
IF (K=INC,GT,0) GO TN SO
IF (INC,FQ41) GO TO 70
INC=INC/2
GO TD 20
CONTINUF
RETURN
END
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156 Wensel: Treatment of Boundary Line Overlap

FUNETTINN 6 (ToedoedeBeAZ o229 X0 X1 eDMNIGRID)
CONTAGIOUS DISTRIBUTION

MONEL o qeseG = A + B¥X

CALCULATF PRORAKTILITY MODIFICATION
X = NISTANCE FROM ORIGIN
X0 = DISTAMFE WHERE RELATIVE PROBARILITY INCREASE CROSSES 1,0

G =1,

X=FLOAT(]) %GRID/DNN
YIFLPAT(J) *GRID/DMN
XZSQRT(XAX+Y*Y)

IF (X,6T,Xxt) GL T0 40
IF (X «GY, 1.) GO 10 10
G = A + R¥X

IF (% EQ, 04) G = 0,
RETURN

G=A2+R2%X

Go TN §

ENP
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FUNCTION F (I'JQA"‘\‘.KvXnonNNOGPID)
DIMENSTION C(3)
REAL K

REGULAR DISTRIBUTINNM
MODFLooosoF (AYRIKOX) = KEXXXRX(],0eEXP(=A¥X))

CALCULATE PROUBARILITY MODIFICATION
X = DISTANCF FROM ORIGIN
X0 = DISTANCF wWHERF RELATIVE PROBABILITY INCREASF CROSSES
FROM LT, 1 TO «GT, |
YO = MAXTMUM PRORARILITY INCREASE (PEAK OF CURVE),

F =1,

X=FLOAT(1) *GRID/ONN
YSFLOAT(J) *GRID/ONN
X=SQRT (X¥X+Y¥Y)

IF (X +GT, 2+=X0) GO TO 40
IF (X «GT,4 14) GO TO 10

F = K*X*¥R*(] OmEXP(=a%XXx))
RETURN

X:?.-X

Go 10 S

END
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158 Wensel: Treatment of Boundary Line Overlap

SURROUTINFE PLOT (TZyNPTSeMAXARSyMAXNRD 9 ARSMASK9QROMASK ¢ ISCALE,
1LINF, IPyIXPACKsy IYPACKoR| URP)

SUBROUTTINF PLNTS POTINTS ON PRINTFR wITHMAXARS AND MAXORD BEING THE
MAXIMUM NUMBER NF GRIN POINTS TH THE HORIZONTAL (X) AND VERTICAL (Y)
DIRFCTINNS,

NPTS NUMBER OF POINTS TO RE PLOTTED

ARSMASK MASK TO RF APPLIED TO 7 TO OBTAIN X

DRDMASK MASK T BE APPLIED TN Z T0O OBYAIN Y

SCALF NUMBER OF UNITS BEYWFFEN GRID POINTS ON PLOT

LINE MAXIMUM NUMBER OF POINTS TN BF PLOTTED PER LINE DIVINED BY 10
BLURP VFCTOROUF LENGTH 10 TO BE PRINTED (10A10) TO IDENTIFY PLOT

DIMENSINN BLURF(8)

DIMENSINON 1Z(NPTS)¢sIP(MAXARS9MAXORD)
K=MAXABS*MAXORD

DO 5 I=ziyK

IP(1)=0

K = 4SB

DN 10 I=14NPTS

IXS(1Z2(1) ANDABSMASK)

IY=(12(1) AND,ORDMASK)

IX = LSHIFT(IXeIXPACK) / ISCALF + 1
1Y = LSHIFT(IYeIYPACK) / ISCALF + 1
PRINT 91,y IXe 1Y

IF (IX.GT,MAXABS%X10) IXSMAXABS*10

IF (IY.GT,MAXOKD) IYSMAXORD

PACK 10 CHARACTERS PFR WORD
IWORD=(IXw])/10¢)

ICHARZIX= (TWORD=1) %10

IP(IWORDGTIY) = IPCIWORDGIY) oNRy LSHIFT (K9 «b6*x(12R*ICHAR))

PRINT POINTS
¥XK% PAGE R%¥¥X

KNOz| INE

PRIMT Q0 ¢BLURP

PRINT 914(1y1=19KNO)

PRINT Q2

PRINT 03

DD 15 J=1eMAXORD

JJ=MAXORDeJ+ 1

L10=578

L9= JJz100

L8s (JJ=L9%100)/10
L7=233R¢(JJ"L9¥100=LR*10)

L8 = L8 + 338

L9 = L9 ¢+ 33B

IF (LB L EQ, 33B) L8 = 5S8B

IF (L9 LEG. 33B) L9 = SSB

L = (L7+64%(LB+6UX(LI+6UXL10)))
L & LSHIFT (Lo =36)

PRINT 949JJoCIP(T9oJJ)e1219KNOYy L
PRINTO3
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PRINT 92
PRINT 914 (T41=1ekNO)
PRINT 90

RFTURN
90 FORMAY (1H1/1Xe10A10)
91 FORMAT ¢ SXe12110)
92 FORMAT (5Xe B(9Xe1K0))
93 FORMAT (uHZ v B2(1H,))
94 FORMAT (1HZ41391H012410)
FND

FUNCTION RANDOM(R)
S R=MOD(IFIX(R*2147083647.0)*05307031ﬂvzl07083647)/2107083607.
RANDOM=R
RETURN
END

IDENT LSHIFT
ENTRY LSHIFT
FUNCTTION LSHIFT(LyN)

SHIFT RSS 1
SAt B1 L. INTO X1
SA2 Re M OINTO X?

POSITIVE SHIFT IS KIGKT END=OFF
NEGATIVE SHIFT IS LEFT CIRCULAR

SR2 X2 N IN B2

AX6 B2eX} L SHIFTED N3 BITS INTO X6
JP LSHIFY

END

To simplify information, trade names of products have been used. No endorsement of named
products is intended, nor is criticism implied of similar products which are not mentioned.
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