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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
ingscheme.
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Lee C. Wensel 

Treatment of Boundary Line Overlap 
in a Forest-Sampling Simulator1 

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. 

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, etc.), 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. 

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). 

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 a acres. Plot 
size a is referred to as the nominal plot 
area, while the actual plot area may be 
somewhat less than a because of the 
boundary overlap. In figure 1, a tree 
is counted 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, etc., 
will result if the actual probabilities of 
selecting the individual trees are used 
in developing the estimators. 

Let us also consider the following esti-

COMPUTER SAMPLING OF MAPPED POPULATIONS 

[143] 



144 Wensel : Treatment of Boundary Line Overlap 

Fig. 1. Tree-plot boundary overlap. 

mator Ñ of N, the total number of trees 
in a forest of size A: 

1 
N = ± 

n i = 1 j = 1 

n 

where n is the number of randomly 
located sample points, k\ is the number 
of trees counted at point i, and P , is 
the probability of selecting tree j from 
a randomly located plot center. Note 
that 

where α;· is the plot area containing all 
sample points that would cause tree j 
to be selected. If actual 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 

Fig. 2. Projection of overlap area 
to opposite boundaries. 

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 a where a is the nominal plot 

area. The estimator NofN then becomes 

n 
^ = ( - ) ( - ) Σ 

2 = 1 
ki 

ALGORITHM EDGE 
To compute the distance r¿ that a 

point i with coordinates (x\, y\) is from 
a plot center at point (x0, y0) we pro­
ceed as follows: 

x\ ~ mm 
y i = min 

and 

\Xi — X0 

[\y\-Vo\, yn :-\ν\~νο\] 

file:///y/-Vo/
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where xmax and ymax represent the maxi­
mum coordinates in the x and y direc­
tions, respectively. The individual i 
would be included in the sample only if 

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 WGT ). 

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 

ri 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. 

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 

FUNCTION EDGE (R, X, Y, XO, YO, XMAX, YMAX) 
C (LCW 1/31/75) 
C EDGE = 0. IF POINT IS OUTSIDE RADIUS R 
C EDGE = 1. I F POINT IS INSIDE RADIUS R 
C WHERE 
C (X,Y) = COORDINATES OF POINT I 
C (ΧΟ,ΥΟ) = COORDINATES OF PLOT CENTER 
C R = PLOT RADIUS 
C POPULATION DIMENSIONS ARE XMAX AND YMAX 
C 

XX = A B S ( X - X O ) 
XX = MINI (XX, (XMAX - XX) ) 
YY = A B S ( Y - Y O ) 
YY = MINI (YY, ( Y M A X - Y Y ) ) 

EDGE = 0. 
IF (XX* # 2 + YY**2 .LE. R**2) EDGE = 1. 
RETURN 
END 

It is here assumed that any plot relative to the area of the population 
radius R is less than one-half the small- being studied for the sampling problem 
est dimension of the area being sampled, to make sense at all, this simplifying 
Because the plot area must be small assumption is not restricting. 

EFFECT OF ALGORITHM EDGE 
ON SIMULATED SAMPLING 
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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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Routine 
PROGRAM STAND 
SUBROUTINE MODIFYP 

SUBROUTINE LOCATE 

FUNCTION F 
FUNCTION G 
SUBROUTINE PLOT 
FUNCTION RANDOM 
FUNCTION LSHI FT 

APPENDIX 
Computer Program1 

Function 
Main control of program 
Modify probability matrix after each individual 

is located. 
Locate the coordinates corresponding to the ran­

dom number drawn. 
Regular probability modification function 
Contagious probability modification function 
Plot the pattern generated on the line printer 
Generate uniform pseudo-random numbers 
Packs characters into computer words for MAP 

1 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 STANOCINPUT· OUTPUT·TAPE6*0UTPUTf PUNCH) 
C 
C 
C 
c 

COMMON /DATA/ Ν·*'Χ·ΝΥ·ΝΧΥ·^·Α 
COMMON /ID/ ID 
COMMON /SCALER/ Xt Y 
DIMENSION P(6«0l)i KOORD(200) 
DIMENSION JP(4»flO) 
EQUIVALENCE ( P O P ) 
INTEGER RRC20O) 
DI MF MS I ON AMFAN(IO)·A V AR(10)tRAD I US(10)·PLOTS(10)tTREE(I 0)t 

1 XXUO)tYY(lO) tNAMFlLE(8) · C (2 1200) ? BOUND (212) 
COMMON /BLOCK/BOUNDtUNITtSEEDtNl·Ν2·Ν4·I2»KP·NAMFILE 
COMMON/MOD/IX11 Y·DM AX»SUMP 1·SUMP?9IK·DNN 
COMMON /GRID/ GRID 
COMMON /PAR/BAt BP· <**· R?f Χθ· Xlt HMf R 
COMMON /IP/ IP(25) 

C 
DOUBLE PROP· SUMPROR 
READ 916»NAMFILE 
READ 9l7tMfNitN2tN«tI2fKPtUNIT 
READ 91«tN0TEf(RADIUS(I)tI«ltM) 

C * * * * * M O D I F I C A T I O N FÜR M U L T I P L E S E E D S 
READ 905t Nf NX· NY. NXY· «· A 
READ 910· N U E * * SEE01 
IF (N0TE.EQ.3HSIZ) GO TO IS 
DO 13 IsltM 

13 PL0TS(!)s(3,14l5926536*RADIUS(T)**2)/UNIT 
GO TO 18 

15 DO 17 Ι=1·Μ 
PLOTS(I)sRADlUS(I) 

17 RADIUS(T)sSORT(UNIT*PLOTS(I)/3.1415926536) 
18 CONTINUE 

eoUNDdf l)sO· 
B0UNn(2fl)«0. 
BOUNDCl»?)sNX 
B0UND(2t?)=NY 
DO 90 ITFPMtNlTER 
PRINT 919· NAMFILE 
READ 906· ID· Hwf χ0· XI» HA· RRf 8Kf B2 
SFED = SEED1 
N2 s 1 
N s fNXY/w**2) * (4./3.14156) 
PRINT 50 
PRINT 90?· N· NXf NY· NXY· «t A· ID 
PUNCH 912· NtNXfNYfIDtWfAfHMtX0fXltBAfBefBKtB2 
PUNCH 191? 
IF (Ιϋ)6·7·Β 

6 PRINT 190?· Χ0· ΗΜ· ΒΑ· ΒΒ· ΒΚ 
PRINT 907 
PRINT 90B 
GO TO 9 

7 PRINT 913 
GO TO 9 
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6 PRINT 290?· XOf XI· HMt RA» BBt RK» B2 

PRINT 91 a 
PRINT 915 

C GENERATF TNITTAL PRORABILITIES 
9 PROR = l.rVN'XY 

NXYtsNXY+i 
SUMPROB = -PRQB 
DO t0 I s 1· NXYl 
SUMPROB = SIJMPROP ♦ PROR 

10 P(I) s SUMPROB 
DNN s k 
GRÎDsSQRT(A/NxY) 

C DMAX IS THE MAXIMUM DISTANCE FROM TREE AT WHICH ANY POINT «ILL 
c BE MoniFien. 

DMAX s DNN*X1 
RsDHAX/GRTD + 0.5 
PRINT 904· GPIÛ· DNN· DMAX 

C CHECK ROUND OFF ERROR 
C I-TH TREF TO RE LOCATED HAS DIAMETER OIAM(I) 

ISTAPT s 0 
PRINT qtOtlSTAKTfSFFD 
PRINT 800 
DO 30 I»lt* 
I I s I 

C SELECT RANDOM Nij^HFR 
RANDsRANDDM(SEfeD) 

C LOCATE INnFX K SUCH THAT Ρ(Κ·1) .LT. RAND ,LF» Pi*) 
C 

FATA! = 0, 
K s RAND*NXY 
CALL LOCATE (RAND» Κ· Ρ· NXYl) 
KsK-t 
IX = MODfK -1·ΝΧ) ♦ 1 
IY s K /NX ♦ 1 
C(ltI>«I* 
C(?tT)*IY 
KOORD(II) s IX*8**5 ♦ IY 

25 PRINT 901·Ι· RAND· K· RAND· IX· IY 
1CALLTM0DIFY P CID· Κ· Pt ISTART· FATAL· NXYl· NK) 
IF ( FATAL.GT.O. ) GO TO 90 

30 CONTINUE 
PUNCH 916· NAMFILE 
PUNCH 909·(ΚΟΟΝΟ(Ι)·Ι»1·Ν) k i á u í t l n 
CALL PLOT (KOOROtN ·β·β0·7777700000B·77777«·1·6fJP·15·0•NAMFILE) 
CALL SPATIFL (AMFANfAVARtRRtCfRADlUStPLOTStTREEtXXtYYtMtN) 

90 CONTINUF 
PRINT 903· FATAL 
S TOP 

50 FORMA.T (IN , //// 15X. »DATA* //, 10X. »SYMBOL*, 3X. »VALUE»t 7X. 
1 »nFFTNTTTON*/» 10X, *—-»·-», 3X» »-----*t 7X» *--·»-»»---*/) 

800 F O S M A } \ ] l \ , // } ! . ♦ ! · . 9X. *R** 9X, « · · βΧ, *Ρ*·2βΧ, »SUMPl»· 
1 5Χ· »SUMP2* /) 

901 FORMAT ( Ιβ· Fl?t5t IB· iOXt Π20· 2110) 
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1 9 0 2 

2 9 0 2 

903 
904 
905 
906 
907 

902 FORMAT 
1 
2ΠΟΝ* 
3TTON* 
α 12Χ· 
5/· 1?X 
6 // 11 
FORMAT 

7 6X»*) 
8Fl0 t5t 
9 /12Xf 
FORMAT 

1 llXf 
2x F 
3 6X»40 
a 6X» i 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

1 /20X, 
2/20X, 
3 / 2*X 

/20X» 
/?0Xt 
/?ox, 
/20Xt 
/20X» 
/?ox. 

FORMAT 
1 /20X» 

/20Xt 
/20Xt 
/20X» 
/1SX» 
/1SX» 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
1 
FORMAT 

1 /20Xt 
/20X f 
/20X» 
/20X» 
/20X· 
/20X· 
/20Xt 
/15Xt 
/15X» 

FORMAT 
1 /20X· 
2 /20Xt 
3 /20X» 

908 

909 
910 
912 
1912 

913 

2 
3 
a 
5 
6 
7 
8 
9 

914 

f12Xt *N 
llXt *N 

//.llx»*' 
/ / t 1 0 X t * N 
* w * t 2Xt 
t * A * , F l 
x» * m » t 

f 
* 
6X.O PA 
*K*tF I0tb 
(llXt 2H 

2HHM, F U 
OP X .LF· 
H ) Γ, ( X ) 
H) ) 
(*1FATAL 
(F22.4, 
Î4(4Xt 16 
Γ4Χ» 16? 

(?0X»50H 
SOH 
C O M 

t SOH 
SOH 
SON 
SOH 
50H1 
SOH 
SOH 

(20X»50H 
SOH 
SOH 
SOH 
SOHO 

4SHRtL. 
4SHGRID 
(8010) 
(I3»2X»0 
( «15» 
(78H N 

B K/A 
(?0X»50H 

50H 
50Hl 
SOH 
SOH 
SOH 
50H 
50H0 

aSHRFL, 
4SHGRI0 
(20X»50H 

50H 
SOH 
SOH 

*· 2Xt 
X * » ? X » 
Y*f ?X 
X Y * f ¿>X 
F 8 . ? t h 
0,0» 6 
11 Ot 6 

R A M F T F 
t 6 X * ) * 
X 0 t F 1 1 
,?♦ 6X 
1 .0/ 

=A?+H? 

P.WWOR 
t?7.4» 
)» 2(4 
7(?X» 

HM T . . 

18» 6Xt *NUMeFIR OF INDIVID 
18» 6X» *NUMBFR OF POINTS 

f T8» 6X»*NLIMBFR ()l· POINTS 
t I8t6X»*T0TAL NIIMRF.R OF ΡΠ 

X ,*ARF_A / (NO, OF TRFFS) 
Xt * A R F A rnvFRFO Pv POPUlAT 
X» *INPF.X OF CONTAGION3»» // 

/ I 1 X * H M * f F 1 0 # 2 » 6 X » * ) * 
RS*» / 1 2 X * R * » F 1 0 , 5 » 6 X » * ) 

/ / ) 
. 2 » fcX» I H ) / Π Χ , 2HX1» F l 
» I H ) / 12X» 1HA» F 1 1 . . 5 # 6X 
1 2 X » 1 H B » F 1 U S » 6X» I H ) / 11 
*X FOR 1 . 0 . L T , X , L F · X I 

U A t S * / / » 
ON GRID TN X DIRFC 
ON GRID I N Y OTRFC 
I N T S OM G R I D « / / » 

*/ 
I O N » 
) 

1 l X t * X O * t F 1 0 . 2 » 
» / 1 2 X » * A * f 

Y s F f A » B » K f X ) * 

1 . 2 » 6X» I H ) / 
» 3 2 H ) G(X)sAtR* 
X» 2HA2» F U , 5 · 
/ 1 1 X » 2 H R 2 » F J 1 . 5 » 

NUMRfcR *,F3.0»* CALL fcXIT*) 
F 1 3 , 4 ) 

X»F6.0)) 
Fft.O)) 
99mm * 

REGULAR 

F7.0» 3FS.2» 4FB.4 ) 
NY ID W ARFA 

B2 ) 
RANDOM STAND 

HM xo xt 

?0) 
FS,0, 

NX 
2 
HM y 

I 
,0 \************ ******************************** 

I 
I 
I 
I 

.0 I*-
0,0 

H ^ I 
I * 
I 
I 

1,0 
DNN 

CONTAGIOUS STAND 
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α 5 
6 
7 
8 
9 

/20Xt 
/20Χ· 
/20Xt 
/20Χ· 
/20V? 
/20Χ? 

50H 
50H 
SON 
50H1.0 
ÇOH 
50H 

915 FnRMAT(20Xt50H 
1 /20Xt SOH 
2 /20Xt 50H 
3 /20Xt SOH 
4 /20X· S O H O . O 
5 /ISXtUSHRFL· 
6 /15X»45HGRT0 

916 FORMAT (8A10) 
917 FORMAT («(l5f$X)tAS?5X·IS?F10.?) 
918 FORMAT (SX·ASt1OFS · O) 
919 FORMAT ΠΝΙφβΑΐΟ) 

ENO 
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SUBROUTINE MPOIFY P ( Ι0·ΚΧΥ·Ρ· ISTART· FATALf NXY1· Νκ) 
C 
C EXISTING PROBABILITIES ARE MODIFIED BASED UPON 
C THE OUTCOME Of THH PREVIOUS TREE LOCATION, 
C THE MAGNITUDE AND S T G N OF ID ARE USED TO SPECIFY THE KIND 
C OF MODIFICATION TO HE MADE. IDs -3t-2t-1♦0t1t2t3 
C TD N E G A T m = REGULAR DISTRIBUTIONS 
C ID 7PRO s RANDOM DISTRIBUTION 
C ID POSITIVE s CONTAGIOUS DISTRIBUTIONS 
C 
C ISTART s 0 TO INITIALIZE CONSTANTS 

DIMENSION P ( NXY1), INDX (850 ) f0(SSO) 
COMMON /DATA/ NifNXtNYtNNNfWfA 
COMMON/MOD/IX » IYfDMAXfSUMPl,SUMP?tIKfDNN 
COMMON /GRID/ GRID 
COMMON /IP/ IP(?5) 
COMMON /PAR/HA» BPt 8Kt R2· XOf XIt HMf R 
SUMP! e 0· 
SUMP? s o. 
NXYrNXYlM 

C 
IF (ISTART ,ΝΕ· 0 ) GO TO ?b 

C 
C I, MODFL 
C REGULAR DISTRIBUTION 
C (A) EQUATION YsK*X*(R-EXP(-A*X)) 
C 
C (B) FOR 0,LE.X.LE.XUOfY = F(X)::K*X*(B«»EXP(*A*X)) 
C 
C (C) FOR 1.0 .LT.X.LT.(2-XO)· Ys F(2«X) 
C WHERE X2 = (XO-(X-XO)) / (1-XO) 
C 
C (D) FOR !fLTtX.LF.(2-X0)t YsFt(-X3) 
C WHERE X3 s (XO - ((2*X) - XO) / (1*X0) 
C CONTAGIOUS DISTRIBUTION 
C (A) EQUATION XsDISTANCE FROM TREE 
C (FOR X.EG.O) YsO. 
C (FOR 0.LT.X.U.I) Y = AfBX 
C (FOR 1.LT.X.LT.X1) Y*A2+B?*X 
C 
C 
C II. VARIABLES? SCALF 
C DNN5DISTANCF TO NEAREST NEIGHBOR ON HEXAGONAL SPACING· 
r DNNsW/2.*SPRT(5.) WHERE W=SQRT(A/N). 
C DNM IS THE SCALING PARAMETER ON THE X AXIS FOR THF MODELS 
C TN SECTION I. 
C 
C A B A R E A COVERED BY POPULATION 
C 
C NsNUMBER OF INDIVIDUALS IN POPULATION 
C GRlDsPHYSKAL DISTANCE BETWEEN POINTS ON GRID (SORT (A/NXY) ) 
C 
C NXYsTOTAL NUMBER OF POINTS ON GRID*NX*NY 
C PONNsPROBABILlTY PEAK AT DNN· SCALING PARAMETER ON THE V AXIS FOR 
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C 
C 
C 
C 

THF VQkFLS IN I» EXPRESSED INITIALLY AS PERCENT OF YO THEN 
TRANSFORMED TO PROBABILITY BY PDNNsPDNN/100,*Y0 

SUMPJ s 0, 
SUMP? s 0, 

25 ISTART s î 

DEFINE COORDINATE LIMITS OF POINTS TO PF MODIFIED, 

IX s MOO(KXYM? NX) ♦ 1 
IY«(KXY-1)/NX+1 
KK s 0 
J = 0 
I s INT(R) 

1 IF(S9RTCFL0AT(I*I + J*,T)) ,LE. P) GO TO ? 
MMSIX+NX-J+Î 
M N S I X + N X + J - 1 
NMsIY«fNY-I 
NNslY-fNY^I 
1*1-1 
GO TO 3 

2 MMrlX+NX-I 
MN=lXfNX4l 
NMalY+NY-J 
NNsIYfMY+J 
JsJ*l 

3 DO a KsMMtMN 
L I * M O D ( K M t N X m 
LJsMPD(NM-l ·ΝΥ) ·Μ 
I I s K - IX - NX 
I J s NM · IY - NY 
IF ( I D . L T . O ) GO TO 6 

5 FUNCTsGCI I t lJ fBA»BBtRK»B2tX0tXl tDNNfGRlD) 
GO TO 7 

6 F U N C T r F f l l f U f BAt BBt BKf XO, DNN, GRID ) 
7 KIJ s U J - 1 ) * N X H I 

ALLOW FOR ZERO FLFMENT IN ARRAY 

PP s P(KIJfl) - P(KIJ) 
SUMPlsSUMPi+PP 
PP s PP* FUNCT 
KK s KK M 
0(KK)sPP 
SUMP2sSUMP2*PP 
INDX(KK) s KIJ 
IF (NN .FQ.NM) GO TO « 
LJsMOD(NN*ltNY)*l 
K M s aj-l)*NX + LI 

ALLOW FOR ZERO ELEMENT IN ARRAY 

PP s P(KIJtl) * P(KIJ) 
SUMPleSUMPlfPP 
PP a PP* FUNCT 
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KK s KK 4 1 
Q(KK):PP 
SUMP?3S!!MP2 + PP 
INDXfKK) s KIJ 

a CONTINUE 
IFCI .GF. J) r;ü τπ i 

c 
C PESCALF P FOP POINTS RFFEWFNCFD IN MOO 
C PRINT 9r>* SlJMPl, SUMP2 

00 30 I=1»KK 
30 Q(I) s Q(I) * SUMPI/ SUMP? 
90 FORMAT C60Xf 2 M 0 . 6 ) 
91 F0RMATÍ2H (t I", lH,t la· lH)f fH KIJ s, I <4, SH D «, F7.2) 

00 ??0 IsltKK 
220 iNOXfI)sINDX(T)*«096-H 

CALL SOPT»(INi)Xt-KKtl) 
MINsTNDX(t)/ao96 
MAXsIN0X(KK)/a096 
PlsP(MIN) 
Jsl 
KlJsMIN 
DO 240 Τ=ΜΙΝ·ΜΑΧ 
Ρ? = Ρ Π + 1 ) 
IF (Itt"O.KIJ)G0 TO 230 
P(I*t)«P(I)*P(lM)-Pl 
GO TO ?ao 

230 IJ=INDX(J)-a096*KU 
P(U1)sP(I)fQ(IJ) 
JsJtl 
KIJ=INOX(J)/ao96 

2a0 P1SP2 
GO TO 9999 

9999 RFTUPN 
END 
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SUBROUTINE I.ÜCATF (RA-NDtKfPfNXY) 

VERSION 6/15/70 
LOCATE INDFX K SUCH THAT P(K-1) .LT, RAND tLE.P(K) 
DIMENSION P(N'XY) 
IF (K.LT.l) Ksl 
IF (K.GT.NXY) KsNXY 
INC s 8 

20 IF (TNC.LTtl) iNCal 
TFST FOR KsO 

IF (K.GT.IK'C) GO TO ™ 
KslNC 
IF (P(INC).GF.NANP) GO TO 60 
Ka?*INC 

30 IF (RAWD.LF.P(K)) GO ÎO 50 
IF (K+INC .Gf. NXV) C,r\ TO 60 

«o K S K + I N C 
IF (RANO.LE.P(K)) GO TO 60 
IF (KflNC.LT.NXY) GO TO 40 
GO TO 60 

50 IF (RAND.GT.P(K-JNC)) GO TO 60 
KsK-INC 
IF (K-INC.GT.O) GO TO 50 

60 IF (INC.FO·!) GO TO 70 
lNf.sTNC/2 
GO TO 20 

70 CONTINUF 
RETURN 
END 
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FUNCTION G (I t Jt A»Bf A¿?t R?tX0»Xl tHMNtGRIf)) 
C CONTAGIOUS DISTRIBUTION 
C 
C MODEL·.··.G = A ♦ R*X 
C 
C CAlCULATF PROMAHTLITY MODIFICATION 
C X = DISTANCE FROM ORIGIN 
C XO = DISTANTE wHERF RFLATTVE PROBABILITY INCREASE CROSSES t.O 
C 

G = 1. 
XsFL OAT(T) *GRlD/D*N 
YsFLPAT(J) *GRlD/pNN 
XsSQPT(X*X*Y*Y) 
IF (X.GT.Xl) GO TO 4 0 
IF (X .GT, 1,) GO TO 10 

5 G s A ♦ R*X 
IF fX .FQ. 0·) G = 0. 

40 RETURN 
10 GsA2+B?*X 

GO TO S 
END 
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FUNCTION F (ItJtA»P»KtXOfDNNtGRIO) 
DIMENSION CC*) 
REAL K 

C 
C REGULAR OISTRlPUIinM 
C MODEL. ...tF(AtRfKtX) s K*X**P*(1,0-EXP(*-A*X)) 
C 
C CALCULATE PROBABILITY MODIFICATION 
C X = DISTANCE FROM ORIGIN 
C XO s DISTANCE WHtRF RELATIVE PROBABILITY INCREASE CROSSES 
C FROM .ff, i TO .GT. 1 
C YO s MAXIMUM PWOHABILITY INCREASE (PEAK OF CURVE). 
C 

F = ) , 
XsFLOAT(I) »GR1D/DNN 
Y=FLOAT(J) *GRI0/DNM 
XsS«RT(X*X*Y*Y) 
IF (X .GT· 2.-X0) GO TO 40 
IF (X .GT. 1.) GO TO 10 

5 F s κ*Χ**Β*Π ,0-EXP(-A*x)) 
αο RETURN 
Í0 X a p# - X 

GO TO 5 
END 
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SUBROUTINE PL01 (IZfNHTS»MAXARS»MAXOROtABSMASKt0R0MASKtISCALEt 
ILINKt iPflXPACKf IYPACKtRI URP) 

c 
C SUBROIITTNF PLOIS POINTS ON PRINTER *ITHMAXABS AND MAXORP BEING THE 
C MAXIMUM NUMBER OF GRID POINTS TN THF HORIZONTAL (X) AND VERTICAL (Y) 
C DIRFCTIONS, 
C 
C NPTS NUMBER OF POINTS TO RF PLOTTED 
C ABSMASK MASK TO BF APPLIED TO 7 TO OBTAIN X 
C OPDMASK MASK TO BE APPLIED TO Z TO OBTAIN Y 
C SCALE NUMBER OF UNITS BEYwFEN GRID POINTS ON PLOT 
C LINF MAXIMUM NUMBER OF POINTS TO BF PLOTTED PER LINE DIVIDED BY 10 
C BLURP VFCTOROF LENGTH 10 TO BE PRINTED (10A10) TO IDENTIFY PLOT 
C 

DIMENSION BLURP(B) 
DIMENSION IZ(NPTS)tlP(MAXABStMAXORO) 
KsMAXABS*MAXORD 
DO 5 I«ltK 

5 IPCI)=0 
K s 45B 
DO 10 IslfNpTS 
IX=(IZ(I).AND.ABSMASK) 
IY«(IZ(I).AND.ORDMASK) 
IX s LSMlFTdXf IXPACK) / ISCALF ♦ 1 
IY a LSHIFT(lYtlYPACK) / ISCALF ♦ 1 

C PRINT 91t IXt IY 
IF (IX.GT.MAXABS*10) ÎXsMAXABS*10 
IF (IY.GT.MAXOKD) IY=MAXORD 

C PACK 10 CHARACTFRS PFR WORD 
IWORDs(IX*l)/l0tJ 
ICHARslX-(IwORD-l)*10 

10 IP(I^ORDtlY) = IPClwOPOtlY) .OR· LSMIFT (Kt -6* ( 12BMCHAR) ) 
C 
C PRINT POINTS 
c 
: * * * * PAGE i * * * * 

KMOsLINF 
PRINT 90tBLURP 
PRINT 91t(ItIsltKNû) 
PRINT 92 
PRINT 91 
DO 15 J=1»MAXORD 
JJsMAXORD-J>l 
LiO«57B 
L9s JJ/100 
L8s (JvJ-L9*lOO)/10 
L7s33B*(JJ-L9*l00-Le*10) 
L8 s Lfi ♦ 33B 
L9 » L9 ♦ 33B 
IF (LB ,EQ· 33B) L8 * S5B 
IF (L9 .EO. 33B) L9 s 55B 
L * (L7*64*(L8*64*(L9+6U*L10))) 
L « LSHIFT (Lt *36) 

15 PRINT 94tJJt(lP(I?JJ)*Isl?KN0)· L 
PRINT93 
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PRINT q2
PRINT ql.(J,t=l,K~O)

PRINT qO

RfTURN
90 FORMAT C1Hl/1X.'OA!O)
91 fORMAT ( 5X,12II0)
92 FORMAT (5~, ACQX.1HO»
93 FORMAT C~HZ '82CtH.»)
94 FORMAT (1HZ,IJ'lH.,t24JO)

FNf')

FUNCTI O·N RAN r> 0"': ( R )

5 R=~OO(IFIX(R*2147~836~7.0)*us~a70l1a,21~74A3b41)/21~74 8 3 6 U 7 .
RANDOM=R
RETURN
EN"

159

JDfNT lSHIFT
E~;TRV l St'1IFT

FUNCTION lSHIFTcL,N)
SHIFT ASS t

SAl 81
SA2 A?

POSITIVE SHIFT IS kIGHT E.ND-nFf
NEGATIVE SHIFT IS LfFl CIRCllLAR

SR2 Xi?
AX& 82,)1
JP LSHIFT

END

L INTO Xl
~I 1NTO X?

~ IN 82
L SHIFTED N*3 BITS INTO Xb

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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