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PREFACE

This paper is the fourth working paper of a group that have as their
common concern the development of statistical methods for the analysis of
the spatial structure of population and employment in urban areas and
regions. It consists of a set of computer programs that analyze and simu-
late urban dispersion using quadrat methods.

The authors are indebted to Jorge Silvetti for assisting them in
some of the data processing chores associated with this project.

This work is currently being conducted under the sponsorship of a
grant from the Economic Development Administration of the U.S. Department
of Commerce. A complete listing of the Working Papers under this grant
appears on the back page of this paper. They deal with regional patterns,

development, and policies.

Andrel Rogers

Center for Planning and
Development Research

University of California, Berkeley

May 1, 1969
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INTRODUCTION

This report contains the following seven computer programs of models
and techniques that are frequently used in quadrat analysis:

1. PROGRAM SIMONE

2. PROGRAM SIMTWO

3. PROGRAM NNEIGH

4. PROGRAM CUNIV

5. PROGRAM FITUNIV

6. PROGRAM CBIV

7. PROGRAM FITRIV

The first two programs, SIMONE and SIMTWO, are simulation packages
that will generate and map random, dispersed and clustered point patterns
which asymptotically have the Poisson, binomial and negative binomial
distribhutions, respectively.

The third program, NNEIGH, will compute nearest neighbor statistics
and the reflexive characteristics of a given point pattern.

The fourth and fifth programs, CUNIV and FITUNIV, will superimpose a
rectangular grid pattern of specified dimensions over a point pattern and
then compute observed and expected frequency distributions. Expected fre-
quency distributions are derived for the following univariate probability
models:

a) Poisson

b) Binomial

c¢) Negative-Binomial
d) Neyman Type A

e) Poisson-Binomial

f) Poisson-Negative Binomial
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Moment and maximum-likelihood estimation is used, and expected and observed
values are compared using the chi square goodness-of-fit test.

Finally, the sixth and seventh programs, CBIV and FITBIV, will find
the bivariate frequency distribution of a point pattern that distinguishes
between two classes of objects and compute expected bivariate frequency
distributions that may be compared to the observed one. Expected distribu-
tions are derived for the following bivariate probability models:

a) Generalized Bivariate Correlated Poisson
b) Compound Bivariate Correlated Poisson

c¢) Bivariate Correlated Poisson

d) Contagious Bivariate Negative Binomial

c) Compound Bivariate Uncorrelated Poisson
Moment estimators are used for all distributions except the last one, and
expected and observed values are compared using the chi square goodness—-of-
fit test.

In addition to presenting the listings of the seven computer programs,

this report also provides listings of typical inputs and outputs for each of

the programs.



PROGRAM SIMONE

PURPOSE

This program simulates two-dimensional point patterns that are:

1) random;

2) dispersed; and

3) clustered.

Given data describing the dimensions of the study area, the number
of points of the pattern, and the stochastic process of which the pattern is
a realization, the program:

1) generates the pattern by assigning the specified number of points
to the cells of the study area as a realization of a random,
dispersed or clustered stochastic mechanism;

2) counts the number of cells within each frequency class of the
corresponding univariate distribution (i.e. the number of cells
with 0,1,2,3,...N points);

3) randomly locates within each cell the points assigned to it; and

4) maps the simulated point pattern.

Reference

Rogers, A. (1969). Quadrat Analysis of Urban Dispersion. Environment, forthcoming.
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PROGRAM SIMONE (INPUTsOUTPUTsPUNCH)
COMMON/CONST/NCsN/COORD/ABC(1000)sORD(1000)/LOCA/NGRAPHI(6 96 )/
101B/BLANKsSPLUS»STARYMALLA

COMMON P(3600) 9CELL(3600)sKOUNTE(3600)

3 236 T 3 4 K3 9 03 B I B30 B 338 96 3696 369636 36 9 36 963 36 0 36 3 30 30 % 36 36 36 36 3 3 3 0 36 3 3 3 9 34 96 96 30 96 36 3636 3 K9 30 36 0 3 3 K
SUBROUTINES

LOCATI
DRAW

LOCATES POINTS WITHIN THE CELLS
GRAPHIC PRESENTATION OF THE PATTERN

3 36 3630 3 36 36 36 36 36 36 3 I 3 36 3 F I 3 3636 36 36 3 H 3 635 3 36 I 36 I K 3 I 3¢ 3 36 36 I I3 I 3 3 6 I I 3 I 3 363 96 33 I I I 36 W ¥ ¥ %

READ INPUT DATA
T 36 363 3 3 9 3030 36 I 3 36 3 303 3 F 33 H 0336 30 936 336 3696 303 3696 30 3 30 38 0 00 B30 H I 33 B I I K I KK
READ 100U sNPATT
READ 1200sBLANKsPLUSySTAR
DO 999 INDIC=19sNPATT
READ 11009 INDEXsINDs INDICEsMsNosNCsMALLASNTIM»AsBs IVAR

998 CONTINUE

DO 999 KOUNT=1»sNTIM
G=A/B

% 36 3 3t 34 3¢ 3 3 9% 3t 36 3 3 3 3 96 3 36 36 9 B 3 36 33 3 36 I I 36 I 33 I 3 36 I3 K 343 T 36 3 I 36 36 6 36 33 34 3 3 I 38 I8 3 I 30 I 39 3 I K *

ASSIGN INITIAL PROBABILITIES
3 36 3 25 3 3636 36 % 36 3 I I 3 I 36 36 I I K 36 3 369 I 3 3 I I 3 K K I 3 36 36 9 3 I 36 3 36 3 3t 36 3 3 I 3 I 3t 3 I I I I 3 I I I ¥ P K X *
DO 10 I=1sM
KOUNTE(1)=0
P(I)=1%A
10 CELL(I)=040

DO 11 I=1»NC
DO 11 J=1sNC
11 NGRAPH(IsJ)=0

I 3 3 3 36 3 3 3 3% W I I 3 P I I I 36 I I I3 I 3 3 I I e 3 I 3 363 I I 3 I 3 I I 3 I 363 2636 3 36 I I 36 36 3 3 T 3 36 3 I I N %

SELECT N CELLS
3 38 3 35 3% 36 9 I 9 I I 3 I I I 36 3 36 3 I I 3 I I W I I W I I I I I W I 3 3 3 I I 3 I I I I I W I I I I I I I I I I T K KK
DO 20 L=1lsN
R=RANF (0aU)
J=NC
90 CONTINUE
IF(R=P(J))595415
15 J=J+NC
GO TO 90
5 I=J=-NC+1
70 CONTINUE
IF(R=P(I))25025935
35 I=1+1
GO 70 70
25 CELDA=1]



C

'C I 3 36 95 35 36 35 3 3 3t 36 3t 36 96 3 9 3 H I I 3t 3 36 34 3 3 3 J I 3 I 336 36 9 36 3 3% 3 30 I 36 3 36 2 3 I I 336 I 9 3 36 36 36 4 3 I I ¥ H %

C FIND THE COORDINATES OF THE CELL
C ¥ 2 538 26 390 3696 36 36 36 3036 1 36 30 30 36 36 36 36 36 30 36 36 3636 30 36 30 03 036 30 36 36 3t 3 3 36 34 36 36 3636 36 3¢ 3 36 I 0 33636 3 3 NI XX N

60

95

80

NNNO

2N AKAKA]

14
12

16

17
20
C

COLM=NC
LK=CELDA/COLM
ABSC=LK
KL=CELDA-ABSC*COLM
IF{LKeEQ.0)GO TO 95
IF(KLeEQs0)GO TO 60
LL=LK+1

KK=KL

GO TO 80

LL=LK

KK=NC

GO TO 80

LL=1

KK=KL

ABC(L)=LL

ORD (L) =KK
11=NC+1-KK
NGRAPH(I1sLL)=NGRAPH(IIsLL)+1
CELL(I)=CELL(I)+160

3363 9% 3 34 3 3 3¢

*CONTROL #
633 % K%

IFCINDEXeEQe1)GO TO 20

3 35 35 36 3 3 3 b 36 3 903 3 3 3 36 3 3 36 3 36 3 I 3 I I 3 3 T I 3 3 3 36 I I 3 3 3 B 36 36 I I I 36 I 36 I I3 39636 I I I I I I I I

ASSIGN NEW PROBABILITIES CLUSTERED OR DISPERSED PATTERN
F6 3 330 3 340 3 3 3630 20303669 0 30 396 3 36 3636 36 36 3696 I I 336 9 3 3 I 3K I 33 I I I 3662

LP=0
IF(INDEX«EQe3) GO TO 12

DO 14 I=1sM
IF(CELL(])oLTeG) GO TO 14
LP=LP+1

CONTINUE

SU=0,0

EL=L

EM=M-LP

DO 17 J=1sM

IF(INDEXoEQe2eANDeCELL(J)EQeG) GO TO 16
P(J)=SU+A+(—140) *#INDEX*B*EL/EM=(=140) **INDEX*CELL (J)*B
SU=P(J)

GO TO 17

P(J)aSu

LP=LP+1

CONTINUE

CONTINUE

C 3363 3 36 33 3 33 3 3 76 36 33 0 33 3636 3 6 36 30 6 3K I 36 3636 3 0 I 0309 302 3036 90 96 I I 3 96930 6 3E 36 30 36 36 e M3k
C CONSTRUCT THE MATRIX TO BE PRINTED



€ AR TN 3 I I I BT I N
' IA=0
DO 18 I=1sNC
DO 18 J=1sNC
IB=NGRAPH(IsJ)
IF(IBeLESIA) GO TO 13
IA=18B
13 K=0
L=1
IF(NGRAPH(IsJ)eEQsK) GO TO 18
19 K=K+1
L=L+l
IF(NGRAPH(I9J)eLEeKoeOReLeEQeN) GO TO 18
GO TO 19
18 KOUNTE(L)I=KOUNTE(L)+1
GO TO(1s293) 9 INDEX
1 PRINT 2000
GO TO 9
2 PRINT 2100V
GO TO 9
3 PRINT 2200
9 PRINT IVARs ( INGRAPH(I9J)9sJ=1sNC)sI=1sNC)
PRINT 3200
IA=1A+1
DO 21 I=1ls1A
J=1-1
PUNCH 910U oKOUNTE(I)
21 PRINT 33009JsKOUNTE(I)

IF(INDeNEo1) GO TO 100

CALL LOCATI

CALL DRAW
100 CONTINUE

IF(INDeNE«1)GO TO 997

PRINT 2400

PRINT 250U (1sABC(I)sORD(I)sI=1sN)
997 IF(INDICE«NE«1)GO TO 999

K=1

PUNCH 9000+ (ABC(I)sORD(I)sKsI=1sN)
999 CONTINUE

C 3T 3 3 3T AT T I I 96T T I I A K36 BT I I I I I I I I I I

C FORMAT DECLARATIONS
C WD 3 M I I I I A3 33U I 06 I A I H I3 IH I I I I I 629 T T I T 2NN
1000 FORMAT(1I2)
1100 FORMAT(311951592F10091A10)
1200 FORMAT(3A1l)
2000 FORMAT(31H1GENERATION OF A RANDOM PATTERN////)
2100 FORMAT(34H1GENERATION OF A DISPERSED PATTERN////)
2200 FORMAT(34H1GENERATION OF A CLUSTERED PATTERN////)
2400 FORMAT(18H1IPOINT COORDINATES///
16H POINT»13Xs8H ABSCISAs11Xs9H ORDINATE/)
2500 FORMAT(1Xs1I692F2046)
3200 FORMAT(18HOFREQUENCY CLASSES//
13H X»9Xs5H FI(X)/)



3300
9000
9100

FORMAT(1Xs12s114)
FORMAT(2F10e4451110)
FORMAT(1110)

STOP

END
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SUBROUTINE LOCATI
COMMON/CONST/NCsN/COORD/ABC(1000) sORD(1000)/LOCA/NGRAPH(6 +6 )

33 336 3 96 46 3 3 3 I 3 36 3t I Fe 3 I I I 3 W ¥ I 3 I K 3330 W I 3 I I T I I I I W W I 36 I 3 I I I3 3t I 3 I I I I W I I3 3t

LOCATE THE POINTS WITHIN EACH GELL
3 36 3 3 9 96 3t 9 9 3 B 3 I 3 3 3 3 3 I 3 I A I W I I I I I I 3 3 ¥ A K I I I 3 3 I I I I A I 3 I I W I 36 36 36 I W I I3 3 3 9 I Wk H
L=1
DO 30 I=1sNC
DO 30 J=1sNC
NPOINT=NGRAPH(15J)
IF(NPOINT.EQ.0)GO TO 30

DO 31 K=1sNPOINT
R=RANF (0.0)
ABC{L)=J-1,0+R
R=RANF (Co0)
ORD(L)=1~-10+R
31 L=L+1
30 CONTINUE

RETURN
END

N\



SUBRQUTINE DRAW
COMMON/CONST/NCsN/COORD/ABC(1000) sORD(1000)/DIB/BLANKsPLUS+sSTARY
IMALLA
COMMON PLOTT(619110)
g #**i*******ili**i*****************************************************
C PRINT PATTERN
C %**I***********************************************************i******
MA=NC*MALLA
FMB=MA
MA=MA+1
MB=FMB*1+66+105
IF{MBoGT110)GO TO 600
M=MB+1
DO 300 I=1osMA
DO 350 J=1oMB
PLOTT(IsJ)=BLANK
IF(JeEQeloORoJeEQeMB) PLOTT(I»J)=PLUS
IF(IOEQ.IOOROI.EQ.MA) PLOTT(I!J)=pLUS
350 CONTINUE

IF(MaGT6110)GO TO 300
DO 375 J=M»l1l0

375 PLOTT(I1oJ)=BLANK

300 CONTINUE

DO 400 K=1sN
[=ORD(K)*MALLA+145
J=ABC(K) #¥MALLA*1,66+14¢5
L=MA+1~I]
PLOTT(Ls»J)=STAR

400 CONTINUE

[

PRINT 3000
PRINT 32005 ((PLOTT(I»J)sJ=19110)91=1sMA)

RETURN
600 PRINT 3100
RETURN

b n b AR S At S b LR g S S 22 2 20 T 2 2 LT T T TR R R R e g
FORMAT DECLARATION
hisheo bk bbb E R R AR LA R L2 22 ST TR LT 2T T T EEE TR B R R R R g RV
3000 FORMAT(18H1PATTERN GENERATED//)
3100 FORMAT(42H1PATTERN SIZE EXCEEDS 110 AVAILABLE SPACES)
2200 FORMAT(10Xs110A1)
END

(AN EANA!



INPUT DATA

Abbreviations:

(A):
(n):
(F):

Control card (112)

alphanumeric field

integer value (must be right adjusted in its field)

floating point number (must be punched with a decimal)

Columns 1-2 (I) NPATT:

Drawing symbols card (3Al)

Columns 1

2

3

(A)
(A)
(A)

BLANK:

PLUS :

STAR :

total number of patterns to be simulated

a blank space
the addition symbol (+)

the asterisk symbol (*)

Pattern specifications card (311,515,2F10.0,1A10)

The total number of cards in this set must equal the number specified for

NPATT in the control card above. Each card must contain the following

information:

Columns 1

(1)

(1)

INDEX:

IND:

control variable to indicate the pattern to
be generated

1 (random)

2 (dispersed)

3 (clustered)

control variable to indicate whether the
location of points within each cell and a map
of the pattern are required.

1 (locate and draw map)

0 (do not)



3

9-13

14-18

19-23

24-28

29-38

39-48

49-58

(I) INDICE:

(1)

(1)

(1)

(1)

(1)
(F)

(F)

(A)

NC:

MALLA:

NTIM:

IVAR:

control variable to indicate whether the punching

of the coordinates of the generated point pattern

is required. If

1 (punch X- coordinate and Y-coordinate in format
(2F10.4))

0 (do not)

total number of cells in the study area

desired number of points for the pattern.

number of cells of the study area in the X-~direction.

The study area is assumed to be square.

dimension of the side of an individual cell., All

cells are assumed to be square and of the same size.

number of realizations desired for the pattern.

initial probability assigned to each cell.

(A=1/M)

variation of the probability assigned to each

cell over time:

Random: A(t+l) = A(t)

Dispersed: A(t+l) = A(t)-B x(t)

Clustered: A(t+l) = A(t) + B x(t),

where x(t) is the number of points already in

the cell at time t.

this is a variable format of the following type:

(1X,NCI2), i.e. suppose NC = 20, then starting in

columns 49 the input must be: (1X,2012)



NOTE: In order to be consistent with the present dimensions of the arrays in
the program the following limits must be observed:
M <3600
NC <60
N <1000
and the pattern can be drawn only if:

NC(MALLA)1.66 + 1.5 <110



OUTPUT

Printed output:

1) Matrix containing the number of points which have been "located"
within each cell. This is an (NC x NC) matrix.

2) Count of the number of cells within each frequency class of the
corresponding univariate distribution (i.e., number of cells with

0,1,2,3,...,N points)

Optional printed output:
This output 1is produced only if the number 1 has been assigned to

the control variable IND in the “pattern specifications" card (see Input

Data).

3) X-coordinate and Y-coordinate of each of the points of the pattern,
and the number of observations at each location.

4) Maps of the study area and the two-dimensional point patterns.

Punched output:

a) Punched output of the information contained in 2 above (FORMAT(1110))

for further use.

Optional punched output:
This output is produced only if the number 1 has been assigned to the

control variables IND and INDICE in the "pattern specifications" card (see Input

Data)

b) Punched output of the information contained in 3 above (FORMAT (2F10.4,

1110)) for further use.



C INPUT DATA EXAMPLE

C

2

*
111 100 200 10
300 100 20w 10
C QUTPUT EXAMPLE

C OUTPUT EXAMPLE

GENERATION OF A RANDOM PATTERN

4 2 2 4 2 @
2 0 1 5 0 1
1 3 2 3 4 5
32 1 4 1 1
1 1 1 &4 0 2
2 2 2 2 3 2
1 1 4 2 2 2
2 4 2 1 2 1
3 2 2 3 2 4
4 2 1 0 2 O
FREQUENCY CLASSES
X Fix)
0 10
1 27
2 34
3 14
4 12
5 3
POINT COORDINATES
POINT
1
2
L]
L]
L J
[ ]
200 9

4

CNONVWOHEFN M
Dot e R NN N

ABSCISA
¢932408
« 849618
L]
L J

[ ]
0826263

CLWWLWWLEHENWNN S

-

Wk S WNWHON =

0401 0405

ORDINATE
0188643
286183

®
[ ]
L ]

L
9755416

(1Xs1 13)
(1X91 13)
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PATTERN GENERATED

* * *
* * 3 * *
* »*

i Rt tdd bt dhddd bbb bbb bbb dddaddidaidd ot b bbb b ddod e de b diob b b B oo b i o i e

:;f

*

s+ + 4
*
X
*

*®
*
*
»
&
*®
*
*

*
*

E
*
*
*
*
*

x
*
*
x *

+++ bt bbb bbb g SR RS R

* * E.3 3

*®

* * 3* #* *
#* #* * % * *
+ ¥t ibb bbb bbbt bbbt bbb b R bk bbb bbb bbb b bbb ok bbb b S b b b bbb o W b bbb
f

N R m A  m o o T N = N N SO F R S A Wiy
%
*
*

*
*
*
*
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GENERATION OF A CLUSTERED PATTERN

15

U

2
2
0
0

0
6
0
5

1
0
0
4

1
1
1
1

3
5
2
0

1
0
0
0

ES

FREQUENCY CLASS

FX)

S N
T N

O~ NN ITNOVUM~OOND
—

MO ONOOO O O
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PROGRAM SIMTWO

PURPOSE

This program simulates two-dimensional point patterns that are:

1) negative binomial; and

2) Neyman's Type A.

Given data describing the dimensions of the study area, the parameter
for the probability distribution of the location of primary points (parents),
the parameter of the probability density function of the number of secondary
points (off-gpring ) associated with each primary point, and the parameters for
the dispersion function of secondary points, the program:

1) generates realizations of the underlying stochastic process ; and

2) maps the resultant point patterns.

References:

Karlin, S. (1966). A First Course in Stochastic Processes. Academic Press,
New York and London, pp. 356-359,

Thompson, H.R. (1954). A note on contagious distributions. Biometrika,
41, 268-271.
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PROGRAM SIMTWO (INPUTsOUTPUT sPUNCH)
COMMON X (500)9Y(500)
COMMON/NORM/ABS» VARX s ORD»VARY sRO 5B R
COMMON/CONST/XDIMs YOIMsBLANK sPLUSsSTAR
COMMON/DIB/SMAX

A4 30 S e 38 38 A3 3 I I I3 3 I I 36 I T AT I I I I3 I I I3 338 9933 I3 2 2 6 90 26 0 I
SUBROUTINES

POISSON = POISSON VARIATES GENERATOR
GEOM =GEOMETRIC VARIATES GENERATOR
CIRCULO =CIRCULAR DISPERSION

NORMAL =NORMAL DISPERSION

DRAW = GRAPHIC PRESENTATION OF THE PATTERN
T3 363 33 30 3 336 K3 I 3363 6 I I 333 30 303 330 3433090 036 3036 9 36 3 3 90 63 96 36 36 3 3 96 36 96 36 36 26 36 96 3 36 96 96 38 96 96 96 96 3 36

**********************************************************************

READ INPUT DATA
********%*************************************************************

READ 1000sNPATT

READ 1005sBLANKPLUS»STAR

DO 100 KOUNT=1oNPATT

SMAX=0,0

READ 1001sINDEXs INDIKAsINDIKOsNTIMsXDIMsYDIM

GO TO (192) s INDEX

1 READ 1002sLsVARX9VARYSRO9@Q
C=1o0~RO#*%2
B=SQRT(C)
A=XDIM*YDIM
D=662832RVARX %%
AP=Q#A/(662832%#VARY®%2#(1,0=-Q))
GO To 10

2 READ 1003sLoMsR
10 CONTINUVE

FEFE A I I 3 I I3 I I I I I I KT K BT I I IE I I NI 33T I I 2263 26 3690 0660 N
FIND NUMBER OF PARENTS AND PRINT PARAMETERS
LA R A SRR RS R R SRRty Ry E Y YT T T T T T T L L T T pvpppggegepggrgvgn
DO 101 IND=1sNTIM
N=1
CALL POISSON(LsIX)
GO TO (394) 5 INDEX
3 W=IX :
PAR=W/A
AK=D#PAR
AM=AP #AK
PRINT 20015sLsVARXsVARYRO»Q
PRINT 20029AKsAM
GO TO 11
4 PRINT 2003sLoMsR



11 CONTINUE
C
C 3 3636 38 3 3 3t 6 3 36 2 I I I 3 I W I I I I K I I I 3 I I I 3 I I I I I I I W 36 I I I I 336 I 3 I 3 I 38 3 3 I 36 4 I 9 I W%
C GENERATE PROGENY
S QW 3E 3 30 0 3 3 3636 36 36 3 3 3¢ 3 36 36 3 36 3 3 36 3 3 36 3 30 3 3 36 338 I 3 I 3 3 36 36 36 W 369 36 I I I I I I 36 I 36 I I ¥ I I I 36 I 36 % %
DO 102 I=1sIX
R=RANF (00)
ABS=R*XDIM
R=RANF (0oU)
ORD=R*YDIM
X(N)=ABS
Y (N)=ORD
PRINT 2004+ 19ABSsORD
N=N+1
GO TO (596) s INDEX
5 CALL GEOM(QsK)
GO TO 12
6 CALL POISSON(MsK)
12 IF(KeGT+0)GO TO 13
PRINT 2005
GO TO 102
13 KA=N
KE=N+K-1
GO TO (758)sINDEX
7 CALL NORMAL (KAsKE)
GO TO 14
8 CALL CIRCULO(KASKE)
14 CONTINUE
PRINT 2006
DO 103 J=KAsKE
PRINT 20073JsX(J)sY(J)
103 N=N+1
102 CONTINUE
N=N-1
IF(INDIKAGNEo1)GO TO 99
CALL DRAW(N)
99 IF(INDIKOsNE«1)GO TO 98
K=1
PUNCH 3000 (X(J)sY{J)sKsJ=1sN)
98 PRINT 2008
PRINT 2006
101 PRINT 20079 (JsX(J)sY(J)sJ=1sN)
100 CONTINUE
c
C A2 36 3 38 3 3 W 3 36 B 36 96 3 3 I I I I I I I I I 363 I I I I 3 I 3 I I I I I I 3 I W I I I W I I I 36 I 3 %

C FORMAT DECLARATION
G W I I3 3830 333 3 I A6 I I I 3 3 I oI I I I I I I 336 3966 3 I T I 3 I 3 36 36 3 9 I 96 %
1005 FORMAT(3A1l)
1000 FORMAT(I5)
1001 FORMAT(31192X91592F10,0)
1002 FORMAT(11594F10,0)
1003 FORMAT(21591F10.0)
2001 FORMAT(37H1SIMULATION OF A NEGe BINOMIAL DISTR.//
1194 POISSON PARAMETER=111/
212H VARIANCE X=F18.4/



312H VARIANCE Y=F18e4/
420H CORRELATION COEFFe=F10e4/
521H GEOMETRIC PARAMETER=F9e44///)
2002 FORMAT(13H PARAMETER K=F17.4/
) 1134 PARAMETER M=F17+4//)
2003 FORMAT(43H1SIMULATION OF A NEYMAN TYPE A DISTRIBUTION//
127H POISSON PARAMETER PARENTS=111/
227H POISSON PARAMETER PROGENY=111/
332H RADIUS FOR CIRCULAR DISPERSION=F11le4///)
2004 FORMAT(16HOLOCATION PARENTI3/
110H ABSCISA =F23e4/
210H ORDENADA=F234¢4/)
2005 FORMAT(21H NO PROGENY GENERATED/)
2006 FORMAT(THUNUMBERs6X9» THABSCISAs5X9s8HORDINATE/)
2007 FORMAT(1Xs1692F1344)
2008 FORMAT(18H1PATTERN GENERATED//)
3000 FORMAT(2F10649110)
STOP
END
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C

SUBROUTINE POISSON(LIX)

3 36 3 36 3 3 36 3 3 ¥ I I W I W 363 I I I 36 I I I I K I3 3 I I I I I IE 3 I I I I 3E T3 353 36 36 3 6 3 3 3 6 35 % I 96 3 % I I % I

GENERATION OF POISSON VARIATES
3303 35 369 36 9696 W 363 36 3 36 30 396U 3636 693 66K IE I 3 I 33306 3 36 6 9 I 3696 96 36 36 36 96 96 30 6 96 2

IX=0

ELE=L

A=EXP(-ELE)

P=100

R=RANF (0,0)

P=P#R

IF(PeLTeA) RETURN
IX=1X+1

GO TO0 1

END

SUBROUTINE GEOM(QsK)

3 3 3 3 ¥ 3t 3¢ 3 3 30 3 3 39 23 36 3 3 W T I I I 3 36 36 I Ib 3 I 3 36 6 I 363 I I 396 I I I 36 I K 3 K I I W I T I I3 I I % 3 W % K%

GENERATION OF GEOMETRIC VARIATES
3 33 3 36 3036 36 3 36 36 9 3630 36 3 36 336 39 36 36 3090 330 3636 36 36 36 30 3 36 396 36 30 36 96 96 30 36 36 6 36 9 96 36 36 96 3696 36 6 36 96 96 3636 9 3 3 3 ¢

QR=ALOG10(Q)
R=RANF(0.,0)
TR=ALOG1O(R)
K=TR/QR
RETURN

END

SUBROUTINE CIRCULO(KASKE)

COMMON X(500),Y(500)
COMMON/NORM/ABSs VARXsORDs VARY sRO#B 4R
COMMON/DIB/SMAX

3 3k 3 3 e 3 I 336 A A I A B A I I I I3 W I I I I I K I I I I I I I I I I I I I I I I I I I I 3636 36 I I I ¥

CIRCULAR DISPERSION
AR AR SRRl g R L ey g s s

10

DO 10 1=KA»SKE
Q@=RANF (0,0)
ALFA=602832%Q
SALF=SIN(ALFA)
CALF=COS(ALFA)
Q=RANF (0.0)
Q=Q*R
X(I)=ABS+CALF*Q
Y(1)=ORD+SALF*Q
CONTINUE

SMAX=R

RETURN

END
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C P SE Ik 3 3 38 3698 36 3t 3 I 3 36 3 I I3 3 I W I 3 I I3 36 3 I I I 3 I I 36 I I I I I I I I I I I 36 I I I I I I 39 3 I % N

I 3 9 3t 9 A 3 3 3 3 26 W W I I I 3 T 3 K I I W I I I eI I3 K He I I I A AW I I I I I I I I I I I I I I I I ¥ I

SUBROUTINE NORMAL (KAKE)
COMMON X (500)sY(500)

COMMON/NORM/UX s VARXsUY s VARY sROs A s W

COMMON/DIB/SMAX
DIMENSION Z(2)

BIVARIATE NORMAL DISPERSION

3 9 338 96 3% 3 3 36 H T 6 K K 3 3 K H 3E I I K 363 33 33 36 3 I 336 3 3 4 3 3 T I 36 I I I I 36 I I I I I 9 I 2 I I I 3 3 3 I ¢

20

DO 20 L=KASKE
DO 10 I=1s2
SUM=0IO

DO 5 J=1s12

R=RANF (Qev)
SUM=SUM+R
Z(]1)=SUM=-64,0
B=VARX*Z (1)
C=VARY#(RO*Z(1)+A%*Z(2))
X(L)=B+UX

Y(L)=C+UY
IF(BeGToC)C=B
IF(CoGToSMAX) SMAX=C
CONTINUE

RETURN

END

SUBROUTINE DRAW (N)
COMMON X(500)sY(500)

COMMON/CONST/XDIMs YDIMsBLANK sPLUS»STAR

COMMON/DIB/SMAX
DIMENSION PLOTT (61s110)

C DRAW THE POINT PATTERN

C

3636 96 36 96 3 3 W 3 3 I ¥ I I W 3 3 I I 3 I 3 e I3 3T 36 I W I 36 I 3 W 36 3 I I I 36 I I I W I I I I I I W I ¥ W I I

350

400
300

MA=XDIM+26 O*¥SMAX+145

MB=(YDIM+2,0%#SMAX)%1,66+165

IF{MBoeGTo110)GO TO 600
M=MB+1

DO 300 I=1sMA
DO 350 J=1sMB
PLOTT(1I+sJ)=BLANK

IF(JeEQeleOReJeEQeMB) PLOTT(I9J)=PLUS
IF(leEQel1eORe1.EQeMA) PLOTT

CONTINUE
IF(MeGT«110)G0O0 TO 300

DO 400 J=My110
PLOTT(I+J)=BLANK
CONTINUE

DO 500 K=1sN

(IsJ)=PLUS



500

600
3100
3000
3200

I=SMAX+Y (K)+1e5
J=(SMAX+X(K) ) #1e66+145
L=MA+1~1
PLOTT(LsJ)=STAR

PRINT 3000

PRINT 3200 ((PLOTT(IsJ)sJ=19110)s1=1sMA)

RETURN

PRINT 3100

FORMAT (42H1PATTERN SIZE EXCEEDS 110 AVAILABLE SPACES)
FORMAT(18H1PATTERN GENERATED//)

FORMAT(10Xs110A1)

RETURN

END



INPUT DATA

Abbreviations:
(A): alphanumeric field
(I): 1integer value (must be right adjusted in its field)

(F): floating point number (must be punched with a decimal)

Control card (115)

Columns 1-5 (I) NPATT: total number of patterns to be generated.

Drawing Symbols (3Al)

Columns 1 (A) BLANK: a blank space
2 (A) PLUS : the addition symbol (+)

3 (A) STAR : the asterisk symbol (%)

Pattern control card (3I1,2X,115,2F10.0)

Columns 1 (I) INDEX: 4indicates the pattern to be simulated

= 1 (negative Binomial)
= 2 (Neyman's Type A)

2 (1) INDIKA: indicates whether the pattern is to be drawn
= 1 (draw the pattern)
=0 (do not)

3 (I) INDIKO: 1indicates whether the punching of the coordinates

of the generated pattern is desired.
= ] (punch X-coordinate and Y-coordinate in format
(2F10.4))
= 0 (do not)
6-10 (1) NTIM: dindicates the number of realizations desired for

the pattern.



11-20 (F) XDIM: dimension of the study area in the X-direction

21-30 (F) YDIM: dimension of the study area in the Y-direction

Pattern specifications card

Only one of the following cards is required, depending on the value specified
for INDEX in the pattern control card:
a) Negative Binomial pattern (INDEX = 1) (115,4F10.0)
Columns 1-5 (1) L: parameter of the Poisson distribution that gives
the number of primary points which are to be located
at random,
6-15 (F) VARX: variance in the X-direction for the dispersion function
16-25 (F) VARY: variance in the Y-direction for the dispersion function
26-35 (F) RO: correlation(X,Y) for the dispersion function.
36-45 (F) Q: the parameter of the geometric distribution that
gives the number of secondary points associated
with each primary point.
b) Neyman's Type A pattern (INDEX=2) (215, 1F10.0)
Columns
1-5 (1) L: parameter of the Poisson distribution that gives the
number of primary points which are to be located
at random,
6-10 (1) M: parameter of the Poisson distribution that gives the
number of secondary points to be associated with
each primary point.

11-20 (F) R: radius of the circular dispersion function.



NOTE: The total number of Pattern control card-Pattern specification card
pairs must equal the number assigned to the variable NPATT in the
control card.

Example:

Control card (NPATT = 3)

Drawing symbols

-
Pattern control card (INDEX = 1)

Pattern specifications card (a)

~

=
Pattern control card (INDEX = 2)

§

,Pattern specification card (b)

"~

‘Pattern control card (INDEX = 2)
}

lfattern specification card (b)



OUTPUT

Printed output:

1) Parameters of the distribution
2) Coordinates of primary and secondary points (differentiating
between primary and secondary points)
3) Coordinates of the two-dimensional point pattern and the number
of observations associated with each location.
Optional printed output:
This output is produced only if the number 1 has been assigned to

the variable INDIKA in the pattern control card (see Input Data)

4) actual mapping of the study area and the two-dimensional point

pattern.

Punched output:

No punched output
Optional punched output:

This output is produced only if the number 1 has been assigned to the
variable INDIKO in the pattern control card (see Input Data)

a) Punches the information contained in 3 above in format (2F10.4,

1110) for further use.



C INPUT DATA EXAMPLE

C
2
*
"100 2 50 100,
0 0e¢5 O0e5 Oe7
200 1 50 100,
20 5 les0

C END OF INPUT DATA

C OUTPUT EXAMPLE

SIMULATION OF A NEGe BINOMIAL DISTR,

POISSON PARAMETER=
VARIANCE X=

VARIANCE Y=
CORRELATION COEFF=
GEOMETRIC PARAMETER=

PARAMETER K=
PARAMETER M=

LOCATION PARENT 1
ABSCISA =

ORDENADA=

NUMBER ABSCISA
2 41.8828
3 4169067
4 4104042
5 4le3l44
6 3909332
7 4046897

LOCATION PARENT 2
ABSCISA =

ORDENADA=

NUMBER ABSCISA
9 4209988

LOCATION PARENT 3

ABSCISA =

ORDENADA=

NUMBER ABSCISA

20
«5000
«5000
¢ 7000
«8000

0063

80,0000

4140685
51¢7585

ORDINATE
513944
52¢4488
520768
5200637
5062419
512013

4340031
6362122

ORDINATE

63.1467

2169547
9505608

ORDINATE



11 2202581
LOCATION PARENT 4
ABSCISA =
ORDENADA=

NO PROGENY GENERATED

°
L]
[ ]
e

LOCATION PARENT 20

ABSCISA =

ORDENADA=

NUMBER ABSCISA
79 2907595
8y 3Ue5261
81 30,8755
82 3062907
83 3069291
84 2965931
85 2906699

PATTERN GENERATED

NUMBER ABSCISA
1 41,0685
2 4108828
3 4169067
4 4104042
© ®
o ®
[ L]
L] ®
85 2906699

9601857

1563106
2402391

30,2011
3306489

ORDINATE

33.1826
33,6775
3462700
3307690
3405930
3268740
3302549

ORDINATE

5107585
513944
5204488
5200768

°

o

°

[
3302549



SIMULATION OF A NEGe BINOMIAL DISTR,

POISSON PARAMETER= 20
VARIANCE X= 5000
VARIANCE Y= «5000
CORRELATION COEFF= «7000
GEOMETRIC PARAMETER= «8000
PARAMETER K= 00066
PARAMETER M= 84,0000

LOCATION PARENT 1

ABSCISA = 177364
ORDENADA= 7301860
NUMBER ABSCISA ORDINATE
2 1805283 734378
LOCATION PARENT 2
ABSCISA = 2348354
ORDENADA 6542160
NUMBER ABSCISA ORDINATE
4 2309502 6409088
5 2369233 6446770
6 2442316 6546794
° L
[ ] °
® L]
© L ]

LOCATION PARENT 21

ABSCISA = 2841056
ORDENADA= 7144681
NUMBER ABSCISA ORDINATE
87 2841440 711925
88 2867027 7243487

PATTERN GENERATED

NUMBER ABSCISA ORDINATE



>
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177364

1805283

2348354

2369502
©

[ ]
2807027

7301860
7304378
6542160
6409088

]

L]

®

L]
723487
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PROGRAM NNEIGH

PURPQSE
This program computes nearest neighbor statistics and finds other
such properties of two-dimensional point patterns. Given the dimensions of
the study area and the coordinates of the points in a pattern, the program:
1) computes the average distance to the 1st., 2nd., ...,Nth nearest
neighbor; and

2) finds the reflexive properties of the point pattern.

References:

Clark, P.J. and Evans, F.C. (1954). Distance to nearest neighbor as a measure
of spatial relationships in populations. Ecology, 35, 445-453.

Thompson, H.R. (1956). Distribution of distance to n-th neighbor in a
population of randomly distributed individuals. Ecology, 37, 391-394.
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PROGRAM NNEIGH(INPUT»OUTPUT)
COMMON/COURD/ABC(500) sORD(500) /CONST/SCALsNsNTHs INDsMAX9sDENS/REFL/
INN(500910)»AVER(10)/DISTR/DNN(5C0910)

30363 B 636 3 333 3 30 30 36 90 3396 3 3 34 36 3 3 63 3033 336K 3 3 36 3 36 3 36336 I I3 203 64 3636 6 I I I 3 9 3 3 W

SUBROUTINES

DISTNN = COMPUTES DISTANCES TO NEAREST NEIGHBORS

REFLNN = FINDS REFLEXIVE PROPERTIES
B AT A 36 236 36 3836 3 34 36 30 30 36 96 36 336 9 236 3 3 3 36 36 3696 34 96 336 I 36 336 3 3 36 36 3690 6 3 6 46 36 3 036 24636 2 0 36 3696 3 3 3¢ %

AW 36 3838 3 3% 3% 3 34 U H 3 I I 36 3 6 3 3 I 36 3 I 3 3 363 36 H 34 36 363 T W 36 I 3 3 K 36 3 I 30 36 3 I 36 3 36 W I I I 3 I 33 I 3¢ I 36 I I I ¥ %

READ INPUT DATA
A6 33 3 56 3 3638 30 50 3 36 3 24 36 30 30 8 36 96 46 30 34 30 06 3 9 2 I A0 36 36 K I 6 I 343 96 36 9 3 0 03 3 e 3 0 I I I3 K I I K

DIMENSION D(500)

39 READ 1000sINDsINDIKAsNTHs AXsOY
GRA=AX##24+0Y*%#2
GRO=SQRT (GRA)
MAX=GRO+0.5

98 CONTINUE
DO 15 I=149500
READ 11005ABC(I)sORD(I)
IF(ABC(I)eLTeO0) GO TO 16
15 CONTINUE

16 NCONTR=ABS(ABC(I))=160
N=1=1
XN=N
DENS=XN/ (AX#*0Y)

GO TO(1929394)9IND
1 PRINT 2000
GO 710 9
2 PRINT 2001
GO TO 9
3 PRINT 2002
GO TO 9
4 PRINT 2003
9 PRINT 21009 (IsABC(I)sORD(I)sI=19N)
CALL DISTNN
IF (INDIKAeNE«1)GO TO 101
CALL REFLNN

101 IF(NCONTReEQeO) STOP
GO TO (98999) sNCONTR

A3 I 3t 30 3 03003 I 3 I I 3 I I F I I T I I I3 I 3349 I I I3 F I3 I 3 66 I I3 A
FORMAT DECLARATION

LR R X L L s I Y g sy R e R YR T
1UV0 FORMAT(2I191292F106V)

1100 FORMAT(2F10e4)

N



2000 FORMAT(47HINEAREST NEIGHBOR ANALYSIS POISSON DISTRIBUTION////
16H POINT»12X9s8H ABSCISAs11Xs9H ORDINATE/)

2001 FORMAT(48HINEAREST NEIGHBOR ANALYSIS BINOMIAL DISTRIBUTION////
16H POINT»12Xe8H ABSCISA»11X9s9H ORDINATE/)

2002 FORMAT(SOHLNEAREST NEIGHBOR ANALYSIS NeBINOMIAL DISTRIBUTION/Z///
16H POINT»12Xe8H ABSCISA»11Xs9H ORDINATE/)

2003 FORMAT(48HINEAREST NEIGHBOR ANALYSIS OBSERVED DISTRIBUTION////
16H POINT»12X9»8H ABSCISA»11Xs9H ORDINATE/)

2100 FORMAT (1Xs1I592F20e4)
END
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SUBROUTINE DISTNN
COMMON/COORD/ABC(500) sORD (500)7/CONST/SCALsNsNTHs INDsMAXsDENS/REFL/
INN(500910)9AVER(10)/DISTR/DNN(500+10)

DIMENSION D(500)

RO=SQRT(DENS)
EXPE=005/RO
DO 12 L=1sNTH
AVER(L) =040

3 36 % I 3 33 % 3 3 36 ¥ 3 K b 3 I W W I I 3¢ 36 3 3 3 I 3 I I 3 36 30 I I I 3 b I WA I I I I I W I I I I I I I I I I I W

CONSTRUCT THE DISTANCES MATRIX
TR 336 23 3 3636 I3 3k 0 38 FEF I 30 I e 09 I I 3696 9 96 3 I 36 3 I 236 36 I 33 3 36 40 34 3E 03 3636 36 96 96 9 39 36 3 9 36 3 K 3

20
10

DO 11 I=1sN

DO 10 J=1sN

IF(JeEQelI) GO TO 20

A= (ABC(J)I-ABC(]))#%2+(ORD(J)=ORD( 1)) **2
D(J)=SQRT(A)

GO 70 10

D(J)=MAX

CONTINUE

32k 36 28 3 3t 3 36 % 3 3 3 3 e I 3 3 3F 36 3 36 33 3 36 36 3 3 3 3636 36 I I 36 3 36 3 I 3 366 3 I 36 3¢ 36 25 3 3 36 I 36 36 I I I I I I I I I I I 3¢

FIND THE NTH'S NEAREST NEIGHBOR FOR EACH POINT
348 3 36 2 3 30 30 0 36 36 38 303 30 30 3 3 36 336 36 36 36 34 636 30 36 36 90 3036 H 33 96 34 30 3 36 330 3634 38 36 36 3 36 9 36 36 96 96 3 36 38 6 36 96 36 % 3 3 96 %

14

13

11

16

15

DO 13 K=1sNTH
A=D(1)

L=1

DO 14 J=2sN
B=D(J)

IF(A.LEsB) GO TO 14
A=B

L=J

CONTINUE
NN(IsK)=L
DNN(1sK)=A
D(L)=MAX
AVER(K)=AVER(K)+A
CONTINUE

A=DNN(1s1)

DO 16 I=2sN
B=DNN(Is1)
IF(AsGEeB) GO TO 16
A=8B

CONTINUE
SCAL=20,/A%%2

DO 15 K=1sNTH
AVER(K)=AVER(K) /N
QUOT=AVER(1)/EXPE

PRINT 3000sNsDENSSEXPESAVER(1)»QUOT

3000 FORMAT(28HINEAREST NEIGHBOR STATISTICS//

118H NUMBER OF POINTS=110/



29H DENSITY=F19e5//
337H AVERAGE DISTANCE TO NEAREST NEIGHBOR//
420H EXPECTED IF RANDOM=F8e5/
510H OBSERVED=F1845/
619H OBSERVED/EXPECTED=F9e5//)
RETURN
END



SUBROUTINE REFLNN
COMMON/CONST/ SCALsNsNTHs IND9MAX s DENS/REFL/NN(5 s1 )sAVERI(1 )
DIMENSION V(500910)9S(10)9TH(10)sDIFF(10)

C

€ BB 3 e AR I I3 33 I3 36 I I I T I 3 3 I I K I3 I3 I I I I I e 33 I I I

C REFLEXIVE NEIGHBORHOOD PROPERTIES
Ry s Iy Ty L Ty R Y T I TP TR R TR I TS T Y e
DO 40 I=1sN
DO 40 J=1sNTH
II=NN(1sJ)
KJ=NN(IIsJ)
IF(1eEQoeKJ) GO TO 41
V(IsJ)=00
GO TO 40
41 V(1eJ)=1,0
40 CONTINUE

B=06,6215
DO 60 J=1sNTH
$(J)=0,0
DO 61 I=1sN

61 S(U)=S(JI+V(IsJ)
S(J)=S(J)/N
TH(J) =B#*)

60 DIFF(J)=S(J)-TH(J)

PRINT 40vv
PRINT 410U (S(J)sTH(J)sDIFF(J)sAVER(J) 2JsJ=1sNTH)
4000 FORMAT(21HOREFLEXIVE PROPERTIES///
114H SAMPLE VALUES»9Xs19H THe—RANDOM=VALUESs17Xs11H DIFFERENCE»6X
2922H AVERAGE NeNo DISTANCE»3X5s15 HNEIGHBOR NUMBER/)
4100 FORMAT(1XsF13e693F284,65118)
RETURN
END



INPUT DATA

Abbreviations:
(I): 1integer value (must be right adjusted in its field)

(F): floating point number (must be punched with a decimal)

Control card (211,112,2F10.0)

Columns 1 (1) IND: denotes the pattern to be analyzed

=1 (randa)

= 2 (dispersed)

= 3 (clustered)

= 4 (observed)

2 (I) INDIKA: indicates whether reflexive properties are
desired

=1 (find reflexive properties)

= 2 (do not)

3-4 (I) NTH: indicates the number of nearest neighbors to be
considered for reflexive properties (if INDIKA
equals zero, then NTH equals zero)

5-14 (F) AX: X-dimension of the study area (AXZmaximum absolute
difference between the X-coordinates of the point
pattern)

15-24 (F) 0Y: Y-dimension of the study area (OY>maximum absolute
difference between the Y-coordinates of the point

pattern)



Coordinates of the point pattern: (2F10.4)

One card per point. Each card contains:

Columns 1-10 (F) ABC: X-coordinate of a point

11-20 (F) ORD: Y-coordinate of a point

This set of cards must be ended with a card containing:

Columns 9-10 (I) NCON: control variable
= -1 (the preceeding point pattern was the last)
= -2 (read in coordinates of the next point
pattern. The values specified in the control
card of the previous pattern are not modified)
= -3 (read in new control card and coordinates for

the next point pattern)

END OF INPUT DATA
Example
1) control card (pattern 1 and 2)
2) coordinates of the point pattern 1
NCON -2
3) coordinates of the point pattern 2
NCON -3
1) control card (pattern 3)
2) coordinates of the point pattern 3

NCON -1



NOTE: In order to be consistent with the present dimension of the arrays

in the program the following limits must be observed:

number of points < 500

NTHS 10



OUTPUT

Printed output:

1) Number of points and density of the pattern
2) Average distance to nearest neighbor of the observed
pattern and of the one expected under the hypothesis of
randomness. Also computes the observed over expected
ratio of nearest neighbor distances.
Optional printed output:
This output is produced only if the number 1 has been assigned
to the control variable INDIKA in the control card (see Input Data)
3) Reflexive properties
-of the observed pattern
-of the one expected under the hypothesis of randomness
-difference between observed and expected values

-average distance to lst., 2nd.,...Nth nearest neighbor.

Punched Output

No punched output
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C

C

INPUT DATA EXAMPLE

5 1060 1060
e 9324 +1886
« 8496 02862
3033 «3311
® L]
o (]
° L]
L] o
908263 907554

END OF INPUT DATA

OQUTPUT EXAMPLE
NEAREST NEIGHBOR STATISTICS

NUMBER OF POINTS= 200
DENSITY= 200000

AVERAGE DISTANCE TO NEAREST

EXPECTED IF RANDOM= 35355
OBSERVED= 035466
OBSERVED/EXPECTED= 1,00312

REFLEXIVE PROPERTIES

SAMPLE VALUES

«640000
0350000
e 270000
260000
¢230000

THe VALUES

621500
0386262
0240062
0149199
0092727

NE IGHBOR

DIFFERENCE

2018500
s036262
2029938
«110801
0137273

AVERAGE NeNoDISTANCE

0354656
¢569992
e712424
«854581
e968388

NEIGHBOR NER.

WP WN -



PROGRAM CUNIV

PURPOSE

Given a set of observations on a variable, say x, this program:

1) forms two dimensional arrays containing the number of observations
of the variable X in each class of grid cells whose dimensions are
specified in the control card; and

2) counts the number of cells in each frequency class for the
corresponding univariate distribution.

The set of observed values may correspond to either a rectangular

or square study region, the shape of the cells may be either rectangular or

square, and the number of cells in the X-direction may differ from the number

of cells in the Y-direction.
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PROGRAM CUNIV (INPUT,OUTPUTsPUNCH)
COMMON INDEXs INTsMMsNNsM(60+60)

C
C **********************************************************************
C

READ DATA GIVEN BY COORDINATES AND FORM MATRIX
C **********************************************************************
DIMENSION XC(10UQ)sYC(1000)sN(1000)sMO(60560)
DIMENSION IVAR(6)sNSIZ(4)sMSIZ(4)
DO 555 KAPO=1s2
READ 100Vs INDEX
GO TO (192)sINDEX
1 READ lOOl9NOB$91NT9XDIM9YDIM$(NSIZ(I)9M51Z(I)91=1,4)
READ 1002, IVAR
READ IVAR»(XCUI)sYC(I)oN(I)sI=1oNOBS)

DO 100 I=1s4
IFINSIZ(I)eEWQeVUeOReMSIZ(1)eEQeO) GO TO 100
A=NSIZ (1)

B=MSIZ(1)

NN=XDIM/A

MM=YDIM/B

A=NN

B=MM

KE=MSIZ(1)

KI=NSIZ(I)

DO 101 K=1sKE
DO 101 J=1,KI
101 M(KsJ)=0
DO 102 L=1sNOBS
I1=YC(L)/B+1.0
JJ=XCIL) /A+140
KK=KE=11+1
102 M(KKsJJ)=M(KK s JJ)+N(L)
CALL SUMM(KEsKI)
100 CONTINUE
GO TO 555

**********************************************************************

READ DATA GIVEN BY MATRIX AND FORM NEW MATRIX
**********************************************************************
2 READ 1003sNRsNCsINT»(NSIZ(I)sMSIZ(I)sI=10s4)
READ 10025 IVAR
READ IVAR»s ((MO(IsJ)sJ=1sNC)sI=1sNR)

2¥akaXa!

C
DO 200 I=1y4
IFINSIZ(1)eEQeOeOReMSIZ(]I),EQe0) GO TO 200
IFINSIZ(I)eEQeNCoANDSMSIZ(1)4EQeNR) GO TO 199
MM=NR/MSIZ(1)
NN=NC/NSIZ(1)

C

DO 201 J=1sNC
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K=1
NT=MM
I11=1
10 1A=0
DO 202 L=KsNT
202 TA=IA+MO(LsJ)

M(IIsJ)=1IA
K=K+MM
NT=K+MM=1

II=11+1
IF(NTeLEsNR) GO TO 10
201 CONTINUE

I1S1Z=MS12(1)
DO 203 J=141SIZ
K=1
NT=NN
JJ=1
11 IA=0V

DO 204 L=KoNT
204 TA=IA+M(JsL)
M(JeJJ)=1A
K=K+NN
NT=K+NN-1
Jd=JdJ+1
IF(NTeLEeNC) GO TO 11
203 CONTINUE
199 KE=MSIZ(1])
KI=NSIZ(1)
CALL SUMM (KE»KI)
200 CONTINUE
555 CONTINUE

R R R L T e I T LIt s r T o
FORMAT DECLARATION
FFEH U U3 T I I I3 I I I B I I I NI I T I T KT I I T K
1000 FORMATI(111)
1001 FORMAT(2I592F1040+815)
1002 FORMAT(6A10)
1003 FORMAT(31595X¢815)
STOP
END

BN
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SUBROUTINE SUMMUINRsNC)
COMMON INDEXs INTsIMsINsNX(60560)
DIMENSION KOUNTE(30)

**************ﬁ************************************i******************

COUNT UNIVARIATE
03636 30 06 36 26 26 36 6 96 36 96 36 34 30 6 36 % 36 3336 % 26T 336 3636 3636 363 036K 301 36 96306 I I HEI 3 I I I I 2

200

202

201

DO 200 =130
KOUNTE(1)=0

DO 201 I=1sNR

DO 201 J=1sNC

K=0

L=0

K=K+ INT

L=L+1

IF(NX(IsJ)eLToeKeOReLaEQe30) GO TO 201
GO TO 202

KOUNTE(L)=KOUNTE(L)+1

**********************************************************************

FIND MAXIMUM CLASS INTERVAL
36 33636 9 36 96 36 3 96 3 3 363 3 36 3 3 36 36 3 3 3036 3494 36 363 35 K 3 36 36 30 330 9 9 FE 343 34 35336 3K 330 9600 3 3 I3 3 9694 36 34 3 2

150
175

250

J=0

DO 150 I=1530
L=30=1+1
J=J+KOUNTE(L)
IF(JeGEsl) GO TO 175
CONTINUE

CONTINUE

GO TO (1s2)s INDEX

PRINT 500sIMsINsNRsNCs INT
GO TO 3

PRINT 550sNReNCsINT
CONTINUE

DO 25V I=1slL

K=I-1

PRINT 501sKsKOUNTE(I)

PUNCH 60Us (KOUNTE(I)sI=1sL)

****i*****************************************************************

FORMAT DECLARATION
26 36 363 9 3 3 336 36 96 36 H 3 343636 3 9 2 I K 3 9 36 36 9690 3638 36 9 I3 2 6 3 36 36 936 6 T 330 96 369 96 3380 300363 33 B3 39603 0 0

500

550

501

FORMAT(21H1IUNIVARIATE FREQUENCY//

116HOSIZE OF SQUARESI6s1H¥*13/

29H GRID OF I144,1H*1392Xs7THSQUARES/
416H CLASS INTERVAL=16//

37HO Xs6Xe4HF (X) /)

FORMAT(21H1IUNIVARIATE FREQUENCY//

19H GRID OF I491H¥1392XesTHSQUARES/
216H CLASS INTERVAL=16//
37HO Xoeb6Xo4HF(X)Y/)

FORMAT(1Xs1691110)



600 FORMAT(1I10)
RETURN
END



INPUT DATA

Abbreviations:
(A): alphanumeric field
(1): integer value (must be right adjusted in its field)

(F): floating point number (must be punched with a decimal)

Control card (1I1)

Columns 1 (1) INDEX: Specifies the form of the input data
= 1 (each element of the data gives the
coordinates of the location and the
number of observations at that location.
= 2 (the data 1s presented as a matrix of
NR x NC cells and each element of the
matrix represents the number of obser-

vations at the corresponding cell)

Observed distribution cards

Only one of the following (a or b) sets of cards is required, depending
on the value specified for INDEX in the control card. This set of cards must

follow the control card described above.



a) INDEX = 1

Distribution control card (2I5,2F10.0,8I5)

Columns 1-5 (1) NOBS: total number of observations

6-10 (1) INT: grouping size for counting purposes

11-20 (F) XDIM: dimension of the study area in the
X~-direction

21-30 (F) YDIM: dimension of the study area in the
Y-direction

31-35 (I) NSIZ(1l) Each pair NSIZ(1)-MSIZ(I) indicates

35-40 (I) MSIZ(1) the desired number of columns and

41-45 (I) NSIZ(2) rows,respectively,of the matrix on

46-50 (I) MSIZ(2) which the count operation is to be

51-55 (I) NSIZ(3) performed. A maximum of four

56-60 (I) MSIZ(3) different pairs is allowed simul-

61-65 (I) NSIZ(4) taneously.

66-70 (1) MSIZ(4)

Format specification card (6A10)

Columns 1-60 (A) IVAR: this is the variable format in which the
observed values are to be read, i.e.,
(2F10.4, 1I10) (must be punched with

the parentheses)

Observed values cards (IVAR)

Columns (F) XC: X-coordinate of the location
(F) YC: Y-coordinate of the location

(1) N: number of observations at the location



b) INDEX = 2

Distribution control card (315,5X,815)

Columns 1-5 (I) NR: number of rows in the data matrix
6-10 (I) NC: number of columns in the data matrix
11-15 (1) INT: grouping size for counting purposes
21-25 (I) NSIZ(l) Each pair NSIZ(I)-MSIZ(I) indicates
26-30 (I) MSIZ(1l) the desired number of columns and
31-35 (I) NSIZ(2) rows.respectively, of the matrix on
36-40 (I) MSIZ(2) which the count operation is to be
41-45 (1) NSIZ(3) performed. A maximum of four
46-50 (1) MS1Z(3) different pairs is allowed simul-
51-55 (I) NSIZ(4) taneously.

56-60 (I) MSIZ(4)

Format specification card (6A10)

Columns 1-60 (&) IVAR: this is the variable format in which the
observed values are to be read, i.e., (1014)

(must be punched with the parentheses).

Observed values cards (IVAR)

Reads in the matrix ((MO(I,J), J=1, NC), I=1, NR) of observed
values in format IVAR as specified above and follows the row order (lst row,

2nd row, ...,NRth row)

END OF INPUT DATA

NOTE: In order to be consistent with the present dimension of the arrays
in the program the following limits must be observed:

XC(I) <1000 MO(I,J) < 3600
YC(1) € 1000 NR £ 60

N(I) <1000 NC <60



OUTPUT

Printed Output

1)

Punched OQutput

Count of the number of cells within each frequency class
of the corresponding univariate distribution (i.e., number
of cells with INT, 2INT, 3INT,...,iINT observations, where

INT is the grouping size).

a) Punches the information contained in 1) above for further

use (Format (1I10))

NOTE: These printed and the punched outputs are produced for every grid

size as specified in the "distribution control card" (see Input

Data).



C INPUT DATA EXAMPLE

C
1
85 1 50 ¢
(2F106491110)
41,0685 51e7585
41,8828 5163944
4169067 5204488
4104042 52¢0768
° °
° °
° °
° °
2966699 3362549
2
10 10 1
(1014)
4 2 2 4 2
2 0 1 5 0
1 3 2 3 4
3 2 1 4 1
1 1 1 4 0
2 2 2 2 3
1 1 4 2 2
2 4 2 1 2
3 2 2 3 2
4 2 1 0 2
C END OF INPUT DATA
C

C OUTPUT EXAMPLE

fo—rs
o
o
®

O P NINNFUN- O

UNIVARIATE FREQUENCY

SIZE OF SQUARES
GRID OF
CLASS INTERVAL=

X

VO ~NOWMPH N = O

10 # 5

10 # 10 SQUARES

F(X)

8

OO0 OQOONNWE WO

1

ONMNWWMWOKrHRKEN -

O 0 O O | b =

n

PN N

10

OWWLWWHEHENDWNN &

10

(]

W W NL KON =



14
15
16

UNIVARIATE FREQUENCY

SIZE OF SQUARES

GRID OF

5 ¥ 5

CLASS INTERVAL=

X

VoW HPFWNHO

10
11
12
13
14
15
16

FIX)

1

O OO OO ONWKF NOO WK

20#10
SQUARES
1

UNIVARIATE FREQUENCY

GRID OF

5 % 5

CLASS INTERVAL=

X

VO~NOWML WOVON O

FiX)

=N~V O~ QOO0

SQUARES
1



PROGRAM FITUNIV

PURPOSE
This program fits the following univariate models to observed
distributions:
1) Poisson:
2) Binomial
3) Negative Binomial
4) Neyman's Type A
5) Poisson-Binomial
6) Poisson-Negative Binomial
Given an observed univariate distribution, the program:
1) computes statistics (mean, variance, variance/mean ratio) of
the observed distribution;
2) estimates the parameters corresponding to the above models
using moment and maximum likelihood methods; and
3) compares observed to expected values by means of the chi-square

goodness—-of-fit test.

References:

Rogers, A. (1965). A stochastic analysis of the spatial clustering of
retail establishments. Journal of the American Statistical Association,
60, 1094-1103.

Rogers, A. and Gomar, N. (1969). Statistical inference in quadrat
analysis. Geographical Analysis, forthcoming.

Rogers, A. (1969). Quadrat Analysis of Urban Dispersion. Environment,
forthcoming.
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PROGRAM FITUNIV
REAL N
DIMENSION INDEX(6)s NN(5)

COMMON F(100)s PHI(100)/PARAM/Ul>

(INPUT»OUTPUT)

Vo

HKs NOBSs NSUPs N

3 36 U3 35 36 B 36 3 3 3 3 I I 3 36 9 I 36 I I 3 3 3 3 I I A I 3 I I3 33t 3 3 36 3 3 3 I 36 I I I 3 I 3 I I I 96 I I I A I I 36 W

SUBROUTINES

POISSON DISTRIBUTION

POISSN = PARAMETERS AND FREQUENCY
BINOMIAL DISTRIBUTION

BINOM = PARAMETERS AND FREQUENCY
NEGATIVE BINOMIAL DISTRIBUTION

NEGBI = PARAMETERS AND FREQUENCY
NEYMAN TYPE A DISTRIBUTION

NTAPAR = PARAMETERS

NTAFRQ =FREQUENCY

POISSON BINOMIAL DISTRIBUTION

PBPAR = PARAMETERS

PBFRQ = FREQUENCY

POISSON NEGATIVE BINOMIAL DISTRIBUTION
PNBPAR = PARAMETERS

PNBFRQ = FREQUENCY

CHISQ = CHI SQUARE GOODNESS-OF=F
FACT = FACTORIAL FUNCTION

IT TEST

3 35 3696 2 9 3 36 9% 3636 36 3 3 36 3 36 36 3 3 336 36 9 3 36 33 3 36 3 36 36 3 3 3 I 3 36 3 3 36 I 36 I I3 3 96 I I 6 I I 36 I I 3 I 36 % %

I 3 36 96 36 9 369 I I 3 I 3T 3 3 I I3 16 336 6 33 36 3 3 I 36 3 I 3 NI 3 I 36 3 3 I I I I I 3 3 6 I 3 I I3 I 3 I3 3 I I3 I 3 ¥ %

READ DATA

2 36 T3 W 3 9 36 36 3 3 3 3 3 3 3696 I 36 33 3330 3 3 3 I 3 36 36 K I 3 I 33 I I I I I W I W I I I W36 I I I K 3 3 I W ¥ I ¢

603
903
601

READ 903, INDEXs
FORMAT (6I1ls 4Xo
DO 10 I = 15100
READ 901» F(I)
FORMAT (F1060)
IF (FCI) oLTe
CONTINUE

NN s
511y

NSOP
I5)

901
0) GO TO 11

10

36 3 3 36 3 6 96 3 I 3 33 I I I I 2 I T3 I I I I3 I I I I I I I I 3 336 36 3 I 36 I I 36 I I I I 36 36 I I I 36363 I I 3 I IE I 9 I X

COMPUTE SAMPLE STATISTICS

3 3t J 96 9 3 3 3 3 36 I 3 I 32 I I I I K36 36 I 36 39 I 36 336 K3 6336 I 36 3 3 I I I 36 369 I3 36 3 I 3 30363 I I 3 9 3 ¥ ¥ I %

11 NCONTR = ABS(F(I)) = 1.
NSUP = NSOP + 1
NOBS =1 -1
IF (NSUP oGTe NOBS oORe NSUP LEQe
N = Oo
SUMRF = 0.
SUMR2F = U
SUMR3F = 0,

1) NSUP = NOBS



[aNaNAKA!

50

DO 30 I = 1eNOBS

IF (F(I) «EQe 0O) GO TO 30

R =1 =1

N = N+ F(1)

SUMRF = SUMRF + R¥*F(1])

SUMR2F = SUMR2F + R*%2#F(])

SUMR3F = SUMR3F + R¥®*#3%F(])

30 CONTINUE

Ul = SUMRF / N

U2 = (SUMR2F =~ N¥®U1%#2) / (N = 1l,)

U3 = (SUMR3F = 3,%ULl#SUMR2F + 2o%N*U1l#%##3) / (N 3. 2e¢/N)
RATIO = U2 7 Ul

vV = (U2 - Ul) 7 U]

HK = Ul /7 V

TEST = (2.#U2%#2 ~ Ul#(U2 + U3)) / (U2##2 - Ul*(U] Uz U3))
PRINT 202s Uls RATIOs U2

202 FORMAT (1H1/13H SAMPLE MEAN » F15659 5Xs 20HVARIANCE/MEAN RATIO

1F1265 /7 17H SAMPLE VARIANCE » F1545)

PRINT 201s TEST

201 FORMAT (/70H MOMENT ESTIMATOR OF THE EXPONENT OF A POISSON BINOMIA

1L DISTRIBUTION ¢ F1065/7/)

**********************************************************************

CALL RELEVANT SUBROUTINE
o 3 AE 3 3 9 36 39 H I3 I 63 I 3333 2 I 3 T3 B I I I I 6B 63 36 699266 9 I 2606 3 I 36 96 9 6 96 I 2%
DO 1000 I = 16
INDEXI = INDEX(I)
IF (INDEXI oEQ@e 0) GO TO 111
GO TO (501% 502s 503, 504s 505, 506) INDEXI
501 CALL POISSN
GO TO 1000
502 CALL BINOM
GO TO 10uV
503 CALL NEGBI
GO TO 1000
504 CALL NTAPAR
GO TO 1000
505 IF (NN{1) oEQse 0) NN(1) = 2
DO 510 I1 = 195
IF (NN(II) «EQe 0) GO TO 1000
CALL PBPAR (NN(II))
510 CONTINUE
GO To 1000
506 CALL PNBPAR (TEST)

1000 CONTINUE

111 IF (NCONTR oEQe O) STOP

GO TO (6019 603) NCONTR
END



SUBROUTINE POISSN

REAL N
COMMON FR(100)s PHI(100) / PARAM / Uls Vs HK» NOBSs NSUPs N / FRQ
1/ F(100)

C
C 303 36 34 36 3 34 3 336 3 3 b 33 I I I It I B I 3 I3 36 I I I I I I 36 3t He I I I I A ] W W I I3 I3 I 36 36 696 99 9% 6 3
C

POISSON DISTRIBUTION - PARAMETERS AND FREQUENCY
C  F IR eI I I 3T 36 I I I 33U 30 3K 3T I I I T I I T NI T I I 2696063 36006 36 36 96 T W I
PRINT 101s Ul
101 FORMAT (//10Xs 33HFITTING OF A POISSON DISTRIBUTION //12Xs
117H MOMENT ESTIMATOR 5 5X» 4HM = 5 F8e4)

FI(NSUP) = Q.
DO 50 I = 2sNSUP
50 F(I = 1) = FR(I - 1)
DO 60 I = NSUPsNOBS
60 FINSUP) = F(NSUP) + FR(I)

PHI(1) = EXP( =Ul)#N
SUM = PHI(1)
DO 10 I = 3sNSUP
XI =1 -2
PHI(I - 1) = PHI(]l - 2%yl / XI
10 SUM = SUM + PHI(I - 1)
PHI(NSUP) = N - SUM
PRINT 100
100 FORMAT ( 7/ 13X, 9H OBSERVED s 8Xs BHEXPECTED / 13Xs 1 H FREQUENCY
ly 7Xs 9HFREQUENCY )
CALL CHISQ(NSUP, 1)
RETURN
END



C

SUBROUTINE BINOM

REAL N
COMMON FR(100)s PHI(100) / PARAM / Uls Vs HKs NOBSs NSUPs N / FRQ

1 /7 F(100)

C eI N 3 3k 3 6 I I 2 I3 I B3 B I I I I W I 363 I IE I I 36 36 2 9 2 3 W2 I B3 3 I 9 36 3 35 3¢ 3 36 3 3 36 3% 9 I 3%

C BINOMIAL DISTRIBUTION - PARAMETERS AND FREQUENCY
R A R R R R T R R R 2 d b L L Sy v vy

101

50

60

10

100

XN = NOBS - 1

P = Ul 7 XN

NN = XN

PRINT 101s NNs P

FORMAT (//10Xs 44HFITTING OF A BINOMIAL DISTRIBUTION WITH N = » I3

1/7 13Xs 1THMOMENT ESTIMATOR s 5Xs 4HP = 3 F8,4)

FINSUP) = Qo

DO 50 I = 2o:NSUP

F(I - 1) = FR(I - 1)

DO 60 I = NSUPsNOBS
FINSUP) = F(INSUP) + FRI(I)
Q@ =1 - P

PHI(1) = N * Q##NN

SUM = PHI(1)

DO 10 I = 3sNSUP

XI =1 -2

PHI(I = 1) = (XN =~ XI + lo) * P # PHI(I - 2) / (X] * Q)

SUM = SUM + PHI(] - 1)

PHI(NSUP) = N - SUM

PRINT 100

FORMAT ( / 13Xs 9H OBSERVED » 8Xs 8HEXPECTED / 13Xs 1 H FREQUENCY

1s 7X» 9HFREQUENCY )

CALL CHISQ(NSUPs 1)
RETURN
END
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SUBROUTINE NEGBI

REAL N

COMMON FR(100)s PHI(100) / ANNEX / S(1UU) /7 PARAM / Uls Vs HKK>
INOBSs NSUPs N / FRQ / F(100)

36 9 3 3 9 3 3 A 33 I 3t I 3 A K B A I I I K 3 I I W B I I K 3 3 3 3 I I I I 36 I 3 I I I I W I 3 3 I I I I WX I 35 M 9% W ¥ I M

NEGATIVE BINOMIAL DISTRIBUTION - PARAMETERS AND FREQUENCY
36 35 4 3 U 38 3 2 3 39 63 3 36 3 I 3 3 363 36 36 96 36 33 3 3 343 3 3 303 90 36 303 3 3 I H I 3 36 36 96 3 3 96 96 I 46 36 36 9 9 9 9 I 3638 96 3 96 96 36 ¢
HK = HKK
IF (HK +LTe 0) GO TO 25
PRINT 100s Uls HK
100 FORMAT (//10X9s 43HFITTING OF A NEGATIVE BINOMIAL DISTRIBUTION //
112Xy 18H MOMENT ESTIMATORSs 5Xs 4HM = s F8e4s 6Xs 4HK = o9 FB8e4&)
KIT=1
GO TO 15

3 3k 3438 3 3 3t 3 34 K He 36 33 30 330 3 I I B K I3 3 3 I 3 3 36 3¢ 36 3 36 363 I I8 I 36 I 36 I I IE I I I I I I I X I I W3¢ I I % % K %N

MAXIMUM LIKELIHOOD ESTIMATORS
3 35 3% 8 3 3 9 3 3b 3 3 3 H 3 I K W I 3 3 I 6 3 I 3 I3 36 A I FE A I I I K 36 I W IE I 3K I IE I W I I I W I I I I I I I I I ¥ 3 W KN
26 INDEX = O
St1y = N - FR(1)
DO 10 J = 3,NOBS
10 S(J = 1) = S(J = 2) = FR(J = 1)
5 R = HK / (HK + Ul)
Q = N * ALOG(R)
QPRIME = N¥(1e/HK = 1le/(HK + Ul))
DO 20 J = 2sNOBS
XJ = J = 2
Q=Q + S(J = 1) / (HK + XJ)
20 QPRIME = QPRIME - S(J = 1) / (HK + XJ)*%2
HKl = HK - Q / QPRIME
PRINT 200s HKs Qs QPRIME
200 FORMAT (90Xs FBe4s 2F10¢4)
IF (MK1 oLTe 0) HK1 = HK / 2
IF (ABS(HK1 = HK) oLTe 040001) GO TO 2
HK = HK1
INDEX = INDEX + 1
IF (INDEX «EQe12) RETURN
GO TO 5
2 PRINT 300s Uls HK1
300 FORMAT (/30H MAXIMUM LIKELIHOOD ESTIMATORSs 5Xs 4HM = s FB8e4s 6X
14HK = » FBe4)

% 33696 3 3t 3 I3t 3 F6 I H I e A I A I I I I I I I3 23 I I I 3 36 I 3 36 3 I 3636 36 I 36 3 36 34 3 3 6 I I I I I I I 3 I XK

COMPUTE FREQUENCY DISTRIBUTION
9236 3046 I3 3 3 I 3 3 69 3 036 I 303 336 T I3 33 I 36 I3 36 3 36T 0636 I 26 3 39 36 36 3 30 36 I3 3 3636 26 963 % 3 I 36 ¢

HK = HK1
KIT=0
15 CONTINUE
FINSUP) = 0.
DO 50 I = 2sNSUP
50 F{I - 1) = FR(I ~ 1)
DO 60 I = NSUPsNOBS
60 FINSUP) = F(NSUP) + FR(I)



R = HK /7 (HK + Ul)

Q = le = R

PHI(1) = N#R##HK

SUM = PHI(1)

DO 9 I = 3,NSUP

XI =1 =2

PHI(I = 1) = PHI(] = 2)%Q*(HK + XI ~ 1le¢) 7/ XI
9 SUM = SUM + PHI(] -~ 1)

PHI(NSUP) = N - SUM
PRINT 99

99 FORMAT ( / 13Xs 9H OBSERVED » 8Xs 8HEXPECTED / 13Xs 1 H FREQUENCY
1y 7Xs 9HFREQUENCY )

CALL CHISQ(NSUPs 2)

IF(KIToEQel) GO TO 26

RETURN
25 PRINT 101
101 FORMAT (//10Xs 43HFITTING OF A NEGATIVE BINOMIAL DISTRIBUTION /7

1% VARIANCE SMALLER THAN MEAN MOMENT ESTIMATORS DO NOT EXIST*)

HK = 100,

GO TO 26

END
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SUBROUTINE NTAPAR

REAL N» M

COMMON F(100)9e PHI(100) / ANNEX / G(100) / PARAM / Uls VVs XM,
INOBSs NSUPs N

BB P 3 3 3 3 3 3 3 9 A I W I I I I I I W3 3 3 I I 36 36 3 36 I I I3 I 3 I I I S 3 36 9 I W49 I 3 I I % %

NEYMAN TYPE A DISTRIBUTION - PARAMETERS
I3 B33 3 30 W 3606 I3 0 3333 I 2 I A B3 30363 3 I I T 3 3T K I3 8 I3 I I I I 9 9 39 B

V = VvV
IF (V oLTe O) GO TO 25
M = XM

PRINT 100s My V

100 FORMAT (//10X» 41HFITTING OF A NEYMAN S TYPE A DISTRIBUTION // 12X
ls 18H MOMENT ESTIMATORS » 5Xs 4HM = 5 FBoel4s 6Xo 4HV = o F8e4)
CALL NTAFRQ (VgMs2)

T30 3E T 30 04 A 0 3 3 3030 0303 6 2 T AE S0 3 390 30 236 3 36 306 3006 3636 36 96 3 30 90 6 36309 3 36 36 9696 3696 36 30 630 36 9 3 3 30 3696 7 9 7 % ¢
MAXIMUM LIKELIHOOD ESTIMATORS
A3 33T I I I IS I W I T 33 I 39 I 33 I 3T I I3 I 96 I 36 2 3 6
26 INDEX = U
5 CALL NTAFRQ (VsMs1)

Q = -~ N¥Ul

QPRIME = 0o

G(1) = PHI(2) / PHI(1)

DO 10 I = 1,NOBS

XI =1
G(I + 1) = (XI + 1e) * PHI(I 4+ 2y /7 PHI(I + 1)
Q =Q + F(I)*G(1])
10 QPRIME = QPRIME + F(I)*G(I)*(1le/V = (V+1)%(G(] 1) GlI))/VE®2)

V1 = V - Q / QPRIME
PRINT 200s Vs Qs QPRIME
200 FORMAT (90Xs FBe4s 2F10e4)

IF (VI oLTe 0) V1 =V / 2
M=Ul / V1
IF (ABS(V1 = V) 4LTe 040001) GO TO 2
V = vl
INDEX = INDEX + 1
IF (INDEX 0EQe12) RETURN
GO TO 5

2 PRINT 300s My V1

300 FORMAT (/30H MAXIMUM LIKELIHOOD ESTIMATORS s5Xs4HM = sF8eb 96X

14HV = » FB8e4)
CALL NTAFRQ (V1sM, 2)
RETURN

25 PRINT 101
101 FORMAT (//10Xs 41HFITTING OF A NEYMAN S TYPE A DISTRIBUTION //
1* VARTANCE SMALLER THAN MEAN MOMENT ESTIMATORS DO NOT EXIST*)

V = 10,
M=Ul /V
GO T0 26

END
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SUBROUTINE NTAFRQ (Vs Ms INDEX)
REAL N»s M
COMMON FR(100)»s PHI{(100) / PARAM / Uls VVs XM, NOBSs NSUPs N / FRQ

1 /7 F(100)

3 Bk 30 3 36 36 38 36 3 3 3 3 36 35 3 3 30 3 36 330 2 30 I 36 3 96 36 96 3 36 336 I 3 3 9 I 3 I K I I I 2 I I3 I I M I3 I 3696 I 9 3696 % I I % ¥

NEYMAN TYPE A DISTRIBUTION - FREQUENCY
330 36 36 34 I 36 3 96 36 3 36 36 30 5 33K 33 35 A KT 360 3363 I I I 30 3 I I I I F 3 I 26 I 99 I 3 96 969 96 I I 3¢ ¢

999

11

50

60

21

160

10

EX = EXP( -V)

PHI(1) = EXP(M*(EX -~ 1,))%*N

LIMIT = NOBS + 2

IT = 2

TOTAL = 0Oo

K= 11 -1

DO 11 J = 1K

L =11 ~J

TOTAL = TOTAL + V#*%(J - 1)#PHI(L) / FACT(J - 1)
XK = K

PHI(II) = M®V*EX*¥TOTAL / XK

IFCINDEX oEQel oeORe Il oNEo (NSUP - 1)) GO TO 1
FINSUP) = Q.

DO 50 I = 29NSUP

F(I - 1) = FR(] - 1)

DO 60 I = NSUP,NOBS

FINSUP) = F(NSUP) + FR(I)

SUM = PHI(1)
DO 21 1 = 34sNSUP
SUM = SUM + PHI(] - 1)

PHI(NSUP) = N - SUM

PRINT 100

FORMAT ( 7/ 13Xs 9H OBSERVED s 8Xs 8HEXPECTED / 13Xs 1 H FREQUENCY
ls 7Xs SHFREQUENCY )

CALL CHISQINSUPs 2)

RETURN

IT =11 + 1

IF (Il oLEo LIMIT) GO TO 999
RETURN

END
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C
C
C

SUBROUTINE PBPAR (NN)

REAL Ns M

COMMON F(100)s PHI(100) / ANNEX /7 G(100) / PARAM 7/ Uls PPs XMy
1INOBSs NSUPs N

236 9 W36 3 B T A I I IS I 3K 6 I 6 I I W 36 I I 36 I T 36 A I 3 I I I I3 I B30 I K 3 3 IE 96 3 I I W I 96 96 96 ¥ I ¥ % %

POISSON BINOMIAL DISTRIBUTION - PARAMETERS

L Y s 2 2T R TR R L R TR R R R R IRV g e
XNN = NN
PRINT 100»s NN

100 FORMAT (//10Xs 52HFITTING OF A POISSON BINOMIAL DISTRIBUTION WITH

IN = o 127)

B I 363 36 36 35 36 3 3t 4 96 3 3 3 30 36 3 3 3 33 36 90 36 3 343 3 I 36 36 336 3 3K 36 9 3 36 3¢ 9 I 36 303 M 36 36 3 38 3 I I 36 3¢ 46 3 I I I W I I 9 W B I 3

MOMENT ESTIMATORS
3630 3 F0 36 30 30 3036 3036 3630 90 3090 H 3 393628 0 3 3 3036 363 30 0 3436 36 36 336 96 36 36 36 36 36 3636 3696 3 36 36 96 36 36 36 3696 36 9636 96 36 36 96 3 6 3 3 3¢
INDEX = O
IF (PP oLTe O0) GO TO 118
P = PP / (XNN = 1,)
IF (P «GTe 1e¢) GO TO 128
M = (XNN = lo) ¥ XM / XNN
PRINT 102s M, P
102 FORMAT (/12Xs 18H MOMENT ESTIMATORSs 5X» 4HM = » FB8e4s 6Xs 4HP =
1F8s4)
CALL PBFRQ (Ps Ms NNs 2)

¥ 3 36 38 3 3 3 3 3 3 3 36 36 3 36 3 3 3 33 3 36 3 I3 K 3 I 33 36 I 36 36 3 3 3% 3¢ % 36 I I I I 3 9 3 3 ¥ 36 I 96 I I I I 3 3 I I3 W %%

DOUBLE ZERO FREQUENCY ESTIMATORS
336 23 3 39 36 3¢ 3 36 3 I 36 30 3 K I3 I I I 39 3 I I I 3 3 I 30 I I I W3 3 3 9 I I I I K A I 9 I K I I I I I I 396 b K%
18 C = XNN * ALOG(F(1) / N) / Ul
IF (C oLTe -XNN) GO TO 138
IF (C oGTe =lo) GO TO 148
IF (NN oNEes 2) GO TO 51

P = 2 + C
M = Ul /7 (XNN # P)
GO TO 99
51 P = 1l
JNDEX = U
6 Q = C #¥ P + 1o — (le = P )Iu%NN

QPRIME = C + XNN # (1o = PI®#X(NN = 1)

P1 = P - Q / QPRIME

PRINT 200s Ps Qs QPRIME

IF (ABS(P1 = P) oLTe 0.0001) GO TO 98

P = Pl

JNDEX = JUNDEX + 1

IF (UNDEX oEQe 12 oORe P oLTe 06001) GO TO 321

GO T0 6
98 P = P1
M = Ul /7 (XNN * P)

99 PRINT 10ls Ms P
101 FORMAT (/33H SAMPLE ZERO FREQUENCY ESTIMATORS s 2Xs 4HM = » F8e4s
16Xo 4HP = o FB8oe4)

363696 36 3 3 36 36 30 30 36 30 3 36 36 3036 30 303636 3 36 336 30 96 3636 36 9 H 3 36 96 6 36 36 30 3 96 36 130 96 96 3330 96 36 2 36 30 246 96 3696 36 3 36 98 3 3 3 % 3¢
MAXIMUM LIKELIHOOD ESTIMATORS



4

C ****ﬂ*******i********%************************************************

5 CALL PBFRQ (Ps Ms NNy 1)
Q@ = = N¥U1
QPRIME = U,
G(l) = PHI(2) / PHI(1)
DO 10 I = 1sNOBS
XI =1
G(I + 1) = (XI + lea) % PHI(I + 2)
Q@ =Q + F(I)®G(I)
10 GPRIME = WPRIME + F(1)#*G(I)*((XNN

/ PHI(I + 1)

= le) /7 (XNNXP) (XNN*®P P

1le}*(G(I + 1) = GUI)) / (XNN¥P*#2))

Pl = P - Q / QPRIME
PRINT 200s Ps Qs QPRIME
200 FORMAT (90Xs FBoel&y 2F10e4)
IF ( Pl oLTs O0) Py =P / 2
IF (Pl oGToe 1) Pl = (16 + P) / 2
M = Ul / (XNN#P1)

IF (ABS(P1l = P) oLTe 040001) GO TO 2

P = pl
INDEX = INDEX + 1

IF (INDEX oEWe 12 oORe PelLTe 04001) RETURN

GO TO 5
2 PRINT 300s My P21

300 FORMAT (/30H MAXIMUM LIKELIHOOD ESTIMATORSs 5Xs 4HM = 5 F8e4s 6X»

14HP = » F844)
CALL PBFRQ (P1lsMs NNy 2)
RETURN

118 PRINT 119

119 FORMAT (/7 * VARIANCE SMALLER THAN
1 EXIST#)
GO TO 18

128 PRINT 129

129 FORMAT ( / *¥ U2 IS TOO LARGE
1IMPOSSIBLE BY MOMENT ESTIMATORS*)
GO TO 18

138 PRINT 139

139 FORMAT (/ * FO IS TOO SMALL
1POSSIBLE BY SAMPLE ZERO FREQUENCY
GO TO 321

148 PRINT 149

149 FORMAT (/ * FO IS TOO LARGE
1POSSIBLE BY SAMPLE ZERO FREQUENCY

321 P = 49
M = Ul /7 (XNN * P)
GO TO 5
END

SUBROUTINE PBFRQ (Ps Ms NNs INDEX)

REAL Ns» M

MEAN MOMENT ESTIMATORS DO NOT

POISSON BINOMIAL DISTRIBUTION

POISSON BINOMIAL DISTRIBUTION IM
ESTIMATORS*)

POISSON BINOMIAL DISTRIBUTION IM
ESTIMATORS*)

COMMON FR(100)s PHI(100) / PARAM / Uls PPy XMs NOBSs NSUPs N / FRQ

1 7 F(100)
C

C **%**%****#***************************************%***l*******#****#**



.C POISSON BINOMIAL DISTRIBUTION - FREQUENCY
C 3 36 3t 3% I 3 3 3 B 3 3 3 K 3 3 3 3 3 303 IR 3 I 3 336 336 3 I3 I3 I 36 3 3 3 3 I I 303 3 3 5 36 3 3 I 3663 I 36 I I I 3% 3 % X
PHI(1) = N¥EXP(M¥((1le ~ P)¥%NN - 1lo))
LIMIT = NOBS + 2
. I1 = 2
999 TOTAL = 0.
K = NN
IF ((II = 1) oLTe NN} K = II - 1
DO 11 J = 1K
L =11 -J
11 TOTAL = TOTAL + FACT(NN)#P##(J ~ 1)#PHI(L) / (FACT(J 1)*FACT (NN
1= J)t(le — P)¥{) =~ 1))
XK = I] -1
PHI(II) = M¥P#(]le ~ P)#¥(NN = 1)%TOTAL / XK
IFCINDEX ¢EQel <ORs II «NEo (NSUP = 1)) .GO TO 1
FINSUP) = 0o

DO 50 I = 2sNSUP

50 F(I - 1) = FR(I = 1)
DO 60 I = NSUP,sNOBS

60 F(NSUP) = F(NSUP) + FRI(I)
SUM = PHI(1)

. DO 21 1 = 3,NSUP

21 SUM = SUM + PHI(] - 1)
PHI(NSUP) = N - SUM
PRINT 100

100 FORMAT ( 7/ 13Xs 9H OBSERVED s 8Xs BHEXPECTED / 13Xs 1 H FREQUENCY
lsy 7Xe 9HFREQUENCY )
CALL CHISQINSUPs 2)
RETURN

10 IT = I1 + 1
IF (11 o+LEe LIMIT) GO TO 999
RETURN
END
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SUBROUTINE PNBPAR (XK)

REAL Ns» Ms K» Kls KMy MM

COMMON F(100)s PHI(100) / ANNEX / G(100) / PARAM / Uls PPs XM»
INOBSs NSUPy N

**********************************************************************

POISSON NEGATIVE BINOMIAL DISTRIBUTION - PARAMETERS
**********************************************************************
PRINT 100
100 FORMAT (//10Xs 51HFITTING OF A POISSON NEGATIVE BINOMIAL DISTRIBUT
1ION /)
INDEX = U
MOM = 0

**********************************************************************

MOMENT ESTIMATORS
B33 3 3 36 3 3636 33 3030 K0 W I I I I I B AT I AT 96T 336 36 960 36 9060 36 3626 N 6 ¥
IF (PP «LTe O0) GO TO 118
IF (XK «GTe 0) GO TO 128
MOM = ]
KM = - XK
PM = PP / (KM + 1,)
MM = (KM + le) % XM / KM
PRINT 1025 KMy MM, PM
102 FORMAT (/12Xs18HMOMENTS ESTIMATORS s5X94HK = sF8e4s6Xs4HM =
1F8e4s 6Xs 4HP = 4 F8,4)
CALL PNBFRQ (PMs MM, KMs 2)

***i******************************************************************

RATIO FIRST TWO FREQUENCIES ESTIMATORS
***%******************************************************************
18 UNDEX = ©
C = ALOGIUL # F(1) / F(2)) 7/ PP
IF (C eGEe 1 eORs C oLEes 0) GO TO 148
P =1s 7 C
6 @ = C # P - ALOG(1e + P)
QPRIME = C - 1e /7 (1o + P)
Pl = P - Q / QPRIME
PRINT 200s Ps» Qs QPRIME
IF (ABS(P1l - P) oLTe 04001) GO TO 98
P = Pl
JNDEX = JUNDEX + 1
IF (UNDEX +EQe 12 oORe P oLTe 04001) GO TO 789

GO TO 6
98 P = P1
K=PP /P - 1

IF (K «LTe 0) GO TO 138
M= Ul /7 (K * P)
- PRINT 101s K» My P
101 FORMAT (/* MOMENTS AND RATIO FIRST TWO FREQUENCIES ESTIMATORS* 2Xs
14HK = » FBoels 6X9 4HM = 5 FB8als 6Xs 4HP = 5 F8o4)
CALL PNBFRQ (Ps My Ky O)

C FIF B3 3330 I S I I T I I I I I 66 I 6T 626 362 3696 I3 22300260 I3 KM N
C MAXIMUM LIKELIHOOD ESTIMATORS



7

C 333 30 3 3 3 3 3 3 H A6 3 3 3 I 33 36 3 36 3 3 3 I I H 3 I3 F 36 336 3 3 36 336 I 36 36 I 3 39 3 36 96 I I I 3 2 3636 96 H I 9 36 36 96 363 3 W

5 Q = - N¥U]
QPRIME = U,
G(1l) = PHI(2) / PHIC(1)
DO 10 1 = 1sNOBS
Xl = 1
GUI + 1) = (XI + 1e) # PHI(I + 2) / PHI(I + 1)
Q =Q + FI(II*G(])
10 QPRIME = QPRIME + F(I) * G(I) * ((K + le) / (K * P) (K #® p P

1+ 1e) * (G(I + 1) = G(I)) / (K % P¥%2))
Pl = P - Q / QPRIME
PRINT 200s Ps Qs QPRIME
200 FORMAT (9UXs F8e49s 2F10e4)
IF (Pl oLTe 060U5) RETURN

C

CALL PNBFRQ (PlsMp K o1)

TOTAL = O,

DO 20 1 = 3sNOBS

LIMIT = 1 - 2

SUM = 0,

DO 21 J = 1eLIMIT

XI =1

XJ = J

21 SUM = SUM + PHI(J + 1) % XJ *P1##(] - J= 1) / ((X] XJ)y #* (X1

C

IXJ = le) * (lg +PL)%®%(] - J -~ 1))
20 TOTAL = TOTAL + F(1l) * SUM / PHI(])
Kl = TOTAL /7 (N * M * (P1- ALOG(le. +P1)))
M= Ul / (K1 * P1)
IF (ABS(P1l = P) oLTe 06001 oANDe ABS(K]1l = K) oLTe « 1 ) GO TO 2
P = Pl
K = K1
INDEX = INDEX + 1
IF (INDEX oEQel2) RETURN
CALL PNBFRQ (Ps Ms Ky 1)
GO TO 5
2 PRINT 300s Kly Ms P1
300 FORMAT (/30H MAXIMUM LIKELIHOOD ESTIMATORSs 5Xs 4HK = 9 FB8els 6Xo
14HM = » FB8o4s 6Xs 4HP = 4 FB8e4)
CALL PNBFRQ (P1lsMy K1,2)
RETURN

118 PRINT 119

119 FORMAT (/ * VARIANCE SMALLER THAN MEAN MOMENT ESTIMATORS DO NOT
1 EXIST#*)
GO TO 18

128 PRINT 129

129 FORMAT (/ % K IS NEGATIVE POISSON NEGATIVE BINOMIAL DISTRIBUTIO
IN IMPOSSIBLE BY MOMENTS ESTIMATORSH)

GO TO 18

138 PRINT 139

139 FORMAT (/ * K IS NEGATIVE POISSON NEGATIVE BINOMIAL DISTRIBUTIO
IN IMPOSSIBLE BY RATIO FIRST TWO FREQUENCIES METHOD*)
GO TO 789

148 PRINT 149



laNaN XA

149

789

%

FORMAT (/7 # P = 0 POISSON NEGATIVE BINOMIAL DISTRIBUTIO
IN IMPOSSIBLE BY RATIO FIRST TWO FREQUENCIES METHOD#)

IF (MOM .EQe 0) RETURN
K = KM

M = MM

P = PM

GO 1O 5

END

SUBROUTINE PNBFRQ (Ps Ms Ky INDEX)

REAL N»s My K

COMMON FR(100)s PHI(100) / PARAM / V, PPy XMs NOBSs NSUPs N / FRQ
1 7 Ft100)

3 363 38 36 3636 3 36 3 3 3 33 3 I 3 I 3639 36 36 96 3 I 36963 I 3436 363 9 3 3 I 3¢ 36 I I I 366 I 3 3 39 9 6 I 3 6 3 I I 36 36 3 9 W I 36 96 I 3% %

POISSON NEGATIVE BINOMIAL - FREQUENCY
LR R R R R L R L 2 I T TR T LT T Y ¥ TR

999

11

50

60

21

100

10

PHIC(1l) = N #* EXP(M * (le / (le + P)%%K = 1))
LIMIT = NOBS + 2

I1 = 2

TOTAL = Q.

KK = 1l -1
PROD = 1.

DO 11 J = 1,KK
L =11 «J

XJ =J

PROD = PROD * (K + XJ = 1)

TOTAL = TOTAL + PROD * P¥#(J ~ 1) #* PHI(L) / (FACT(J 1) * (1,
1 Py##(y - 1))

XK = KK

PHI(IL) = M ¥ P # JOTAL / (XK % (l¢ + P)®%(K + 1e))

IFCINDEX «EQel eORe II oNEe (NSUP - 1)) GO TO 1

FINSUP) = Q.

DO 50 I = 24NSUP

F(I - 1) = FR(1 - 1)

DO 60 I = NSUPsNOBS

FINSUP) = FINSUP) + FR(1)

SUM = PHI(1)

DO 21 I = 34NSUP

SUM = SUM + PHI(I - 1)

PHI(NSUP) = N -~ SUM

PRINT 100

FORMAT ( / 13X, 9H OBSERVED s 8Xs BHEXPECTED / 13Xs 1 H FREQUENCY
ls 7Xs 9HFREQUENCY ) -

CALL CHISQ{NSUPs 3) :
IF (INDEX oEQe 2) RETURN

IT = I1 + 1 ,
IF (Il oLEes LIMIT) GO TO 999
RETURN

END



NOON

aNaNaXa

[aNaRAXA!

SUBROQUTINE CHISQ(NSUPs NPARAM)
COMMON FR(100)s PHI(100) / ANNEX /7 NG(50)e NG1l(5 ) / FRQ 7 F(1 )

3 36 3 36 3 3 3 3 3 W 3 36 3 36 3 3 I 39 3 I 36 3 I 3 36 3 I 3 309 I I H I 3¢ 3 34 3 36 T 36 I I I 32 3 I I I 3 9696 38 I 3 K 3 I 9 I 3 I % 3¢

CHI~

SQUARE GOODNESS—=OF=-FIT TEST

T 3R 3 34 3 2 3 3 3 3 30 I 330 3 3 30 3 It 3 I 36 K 36 I 36 I I 36 H 36 I 36 I 3 3 3 3 I I 3436 I 2 I 3 It I 3¢ 36 36 3¢ 36 3 36 I I I 369 W 3 S NN

K =20

T 36 3 3 36 36 3 3% 3 9 36 36 K 33 3 3 36 3 F 3 3 3 36 30 I 3 36 36 3236 30 36 3 36 3 3 35 3F 3 36 36 37 36 36 3 4 3% 36 I 36 3F 35 3638 3 P69 I 3 3698 36 36 I % %6

GROUP DATA FOR MINIMUM EXPECTATION EQUAL 5
338 336 36 34 I3 36 I 303 Ho B I I I I I F 3K 3 33 3 30 30 KU I3 36 36 4 3T 3636 36 3000 9430 34 96 3030 36 2 26 0 3¢

20

21

30

10
110

23
50

0O 10 I = 1oNSUP

IF (PHI(I) «GEe 5 «ANDe K oEQ. 0) GO TO 10
SUM = O

DO 20 J = T +NSUP

SUM = sUM + PHI(J)

IF {SUM o,GEe 5) GO TO 30

CONTINUE

IF (K «EQe 0) GO 7O 21
NG(K} = NG(K) + NSUP = 1 + 1

GO 70 11V

K=1

NG(1) = NSUP - I + 2
GO TO 110

K=K+ 1

NG(K) = J =1 + 1

I = J

CONTINUE

ISUM = 0

IF (K ¢EQe O) GO TO 50

DO 23 1J = 15K

ISUM = ISUM + NGI(1J)

NSAME = NSUP =~ ISUM

NDF = NSAME + K - NPARAM - 1

#3336 36 3 48 58 38 363 3 3 35 35 36 3 303 336 3 36 3 309 336 36 26 338 3 3 36 36 3 36 36 ¢ 36 K 35 36 3 30 3 3 3 3F 3 36 3 34 3 3 336 26 36 3¢ 36 3F 6 9 % %

GROUP DATA FOR MINIMUM EXPECTATION EQUAL 1
T B 33 3 303696 34 3 23036 3 B 3 30 3633 3696 2 3636 330 3036 363 36 3 0 3036 36 30 0 36 3 I 3636 36 36 36 3 36 98 3 36 36 36 963 36 66 96 26 3636 2 9 62

520

521

Kl =0

DO 510 I = 1sNSUP

IF (PHI(I) oGEe 1 o«ANDe K1 «¢EQe 0) GO TO 510
SUM = Ve

DO 520 J = [sNSUP

SUM = SUM + PHI(J)

IF (SUM oGEe 1) GO TO 530

CONTINUE

IF (K1 0EQe, O) GO TO 521

NGL(K1l) = NGI(K1l) + NSUP -1 + 1
GO TO 61v

Kl =1

NG1(1) = NSUP - 1 + 2

GO TO 610



NNONnN
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530

510
610

523
550

Kl = K1
NG1(KX1)
I =0
CONTINUE
ISUM = 0
IF (K1 «EQe 0O} GO TO 550

DO 523 1IJ = 19Kl

ISUM = ISUM + NG1(1J)

NSAME1 NSUP -~ 1SUM

NDF1l = NSAMEl + K1 - NPARAM -1
L =K

IF { L «GTe K1) L = K1

Ly = L + 1

IF (K #EQe 0) GO TO 204

IF (K1 oEQe 0) GO TO 203

1+
C o~
|
—
+
—

***********************i***%******************************************

PRINT GROUPED DATA
R I3 303 38 3034 3 30 03 33 3 I I I I I I I IR 3 33 T I3 3698 3 3396 363U 36 336 T 3696 36 % 9 3 3 3¢

220

199

211
209

203
212

219
204

221
200

201

DO 220 [ = 1L
IJ=1+-1
PRINT 199 1Js F(I)s PHI(I)s NG(I}s NG1(I)

FORMAT (5Xs I35 6Xs F6e0s 9Xs FB8o02s 80Xs I35 1 Xs I3)
IF (K «EQe K1) GO TO 204

IF (L .EQe K1) GO TO 203

DO 211 ! = LJsK1

1 =1 -

PRINT 209y IJs F(I)s PHI(I)s NG1(1)

FORMAT (5X»s I35 6Xs F6e0s 9Xs FB8e2s 93Xs 13)
GO TO 204

DO 212 I = LJsK

I =1 -1

PRINT 2199 IJs F(I)s PHI(I)s NG(I])

FORMAT (5Xse 135 6Xs F660s 9Xs F8e2s 80Xs I3)
LK = K1 + K - L + 2

DO 221 I = LKsNSUP

IJ=1 -2

PRINT 200s IJs F(I =~ 1)s PHI(I =~ 1)

FORMAT (5Xs I3s 6Xs F660s 9Xs FB8e2)

NR = NSUP = 1]

PRINT 201s NRs F(NSUP)s PHI(NSUP)

FORMAT (5Xs I3y 1H+ » 5Xs F660s 9Xo F8e2)

******l***ﬁ***********************************************************

COMPUTE CHI-SWUARE FOR MINIMUM EXPECTATION EQUAL S
el AR A A AL S A S AR A RS L L EL T L TT TE R TR TR TR 3 2 N R e g gy

18

15

IF (NDF oLEs 0) GO TO 80

CHI = 0,

IF (NSAME oEQe U) GO TO 15

DO 18 I = 1sNSAME

SUM = (F(1) = PHI(I))*%2 / PHIC(])
CHI = CHI + SUM

IF (K «EQoe 0) GO TO 231

L =290



NNO O

DO 123 I = 1K
NK = NG(1)
SUMF = 0,
SUMPHI = U,
DO 124 J = 1sNK
NIJ = NSAME + L + J
SUMF = SUMF + F(NIW)
124 SUMPHI = SUMPHI + PHI(NIJ)

L =L + NK
SUM = (SUMF <« SUMPHI )##2 / SUMPHI
123 CHI = CHI + SUM

231 PRINT 300s NDFs CHI
300 FORMAT (2uXs *NUMBER OF DEGREES OF FREEDOM¥, [5 / 38Xs *CHI SQUARE
1%y FB8e3)
GO TO 1
80 PRINT 301s NDF
301 FORMAT (2UXs *NUMBER OF DEGREES OF FREEDOM#*s 15 / 3 X, %*CHI SQUARE
1 TEST IMPOSSIBLE®*)
1 IF (NDFl1 «LEe 0) GO TO 800

*%*****************************************************%********#**li*

COMPUTE CHI-SWUARE FOR MINIMUM EXPECTATION EQUAL 1
********************************************************************ﬁ*
CHI = O,
IF (NSAMELl oEQe 0) GO TO 815
DO 818 I = 1sNSAME]
SUM = (F(I) = PHI(I))*%2 7/ PHI(I)
818 CHI = CHI + SUM

IF (K1 +EQe O) GO TO 931
815 L = O
DO 923 1 = 1K1
NK = NG1(1])
SUMF = Oo
SUMPHI = 0,
DO 924 J = 1,NK
NIJ = NSAMELl + L + J
SUMF = SUMF + FI(N1J)
924 SUMPHI = SUMPHI + PHI(NIJ)
L =L + NK
SUM = (SUMF = SUMPHI)*##2 / SUMPHI
923 CHI = CHI + SUM
931 PRINT 300s NDFls CHI
RETURN
800 PRINT 301s NDF1
RETURN
END

FUNCTION FACT(N)

*****%#*********ﬁ*****%**********************l***#*******************#



/)_’V

C FACTORIAL FUNCTION
C ¥ 9 2 3 W I 30 33 303 3 3 9 36 96 3 3 363 2 3 3 I W I 3 3 3 I 3 I I 36 3436 3 3 I F I I 33 3 I W I3 3 3F 3 3 3% 36 36 35 3 % 3 % % %

FACT = 1le

IF (N oLEe 1) RETURN

DO 10 I = 2N

X =1

10 FACT = FACT#*X
RETURN
END



INPUT DATA

Abbreviations:

(1):
(F):

integer value (must be right adjusted in its field)

floating point number (must be punched with a decimal)

Control Card (6I1,4X,5I1)

Columns 1l

2

3

(1)
(D)
(1)
(1)
(1)
(1)

INDEX(1):
INDEX(2):
INDEX(3):
INDEX(4):
INDEX(5):

INDEX(6):

The vector INDEX(I) contains integers from
0 to 6 which indicate the models to which
the observed distribution is to be fitted.

If any of the elements of INDEX(I) are:

=] (the Poisson Distribution is fitted>

=2 (the Binomial distribution is fitted)

=3 (the Negative Binomial distribution is
fitted)

=4 (the Neyman's Type A distribution is fitted)

=5 (the Poisson-Binomial distribution is fitted)

=6 (the Poisson~Negative Binomial distribution
1s fitted)

=0 (no model is fitted)

(see example below)



Columns 11 (1) NN(l): Specifies the value for the exponent
12 (@) NN(2): of the Poisson-Binomial distribution
13 (1) NN(3): (no more than five different values
14 (D) NN(4): are allowed)
15 (1) NN(5):

Examples:

INDEX(1L) = [1,2,3,4,5,6] All six models are fitted and the

NN (J) = {2,3,4,5,6] Poisson Binomial is fitted with
exponents 2,3,4,5 and 6.

INDEX(I) = {1,4,0,0,0,0] Only the Poisson and the Neyman's

NN (J) = [0,0,0,0,0] Type A models are fitted.

Note that when less than six models are desired, the rest of the vector
INDEX must be filled in with zeros. The same applies for the vector NN

whenever the Poisson-Binomial model is not requested.

Observed distribution cards

One card per value. lach card contains:

Columns 1-10 (F) F(I): observed values for frequency classes
(0 through maximum)

This set of cards must be ended with a card containing

Columns 9-10 (I) NCON: control variable

-1 (the preceeding set of data was the last)

-2 (read in observed values for the next

distribution and the previous control

card is not modified)

-3 (read in new control card and observed

values for the next distribution)




END OF INPUT DATA

Example
1) control card (distribution I and II)
2) observed distribution I
NCON = -2
3) observed distribution II
NCON= -3
1) control card (distribution III)
3) observed distribution III
NCON = -]
NOTE: In order to be consistent with the present dimension of the arrays
in the program, the following limit must be observed:

dimension of the vector F(I) X 100



OUTPUT

Printed output

1) Statistics of the observed distribution:

- mean

-~ variance

- variance/mean ratio

2) For each theoretical model:

- parameter estimation (using method of moments, maximum
liklihood, sample zero frequency, ratio of first to second
frequencies as relevant)

~ observed and expected values

- chi-square goodness-of-fit test (this test is performed
using a minimum expectation equal both to 5 and 1)

Punched output

No punched output.

TTITIIT P




_C INPUT DATA EXAMPLE
C
123400 00000
10
. 27
34
14
12
3
-3
134000 00000
40
22
13

bt - O O C W WN OO

1

C END OF INPUT DATA



C OUTPUT EXAMPLE

SAMPLE MEAN 20U0000 VARIANCE/MEAN RATIO .78788
SAMPLE VARIANCE 157576
MOMENT ESTIMATOR UF THE EXPONENT OF A POISSON BINOMIAL DISTRIBUTION «854

FITTING OF A POISSON DISTRIBUTION

MOMENT ESTIMATOR M= 2,0000

OBSERVED EXPECTED
FREQUENCY FREQUENCY
o) 10, 13453
1 276 2707
2 34, 2707
3 14, 23.04
4 126 9602
5+ 3e 527
NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 54562
NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 54562
FITTING OF A BINOMIAL DISTRIBUTION WITH N = 5
MOMENT ESTIMATOR P= 04000
OBSERVED EXPECTED
FREQUENCY FREQUENCY
0 100 778
1 27 25492
2 34, 34656
C 3 14, 23604
4 12, Te68
5+ 36 10602

NUMBER OF DEGREES OF FREEDON 3
CHI SQUARE 8.791

NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 10.480

FITTING OF A NEGATIVE BINOMIAL DISTRIBUTION
VARTIANCE SMALLER THAN MEAN MOMENT ESTIMATORS DO NOT EXIST

FITTING OF A NEYMAN'S TYPE A DISTRIBUTION
VARIANCE SMALLER THAN MEAN MOMENT ESTIMATORS DO NOT EXIST



7

SAMPLE MEAN 200000 VARIANCE/MEAN RATIO 4,54545
SAMPLE VARIANCE 9,09091
MOMENT ESTIMATOR UF THE EXPONENT OF A POISSON BINOMIAL DISTRIBUTION 03962

FITTING OF A POISSON DISTRIBUTION

MOMENT ESTIMATOR M= 2,0000

OBSERVED EXPECTED

FREQUENCY FREQUENCY
0 40, 13653
1 220 27607
2 13» 2707
3 6o 18604
4 6o 9602
5 20 3661
6 3 10,20
7 3e 034
8 Os 009
9 le 602
10 le «00
11 Oe e 00
12 Qe 200
13 1. 000
14 le 000
15+ le s 00

NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 800432

NUMBER OF DEGREES OF FREEDOM 5
CHI SQUARE 122.495

FITTING OF A NEGATIVE BINOMIAL DISTRIBUTION

MOMENT ESTIMATORS M= 2,0000 K= 05641
OBSERVED EXPECTED
FREQUENCY FREQUENCY

0 40, 42657
1 224 18,73
2 13 11642
3 6e Teb62
4 Ge 5029
5 2e 3077
6 3e 2673
7 3. 1099
8 O l1e47
9 le 1009
10 le 081
11 O 061
12 Oo 046
13 lo 035
14 1, 026



15+ 1, 83

MAXIMUM LIKELIHOOD ESTIMATORS M= 2,0000 K= 06114
OBSERVED EXPECTED
FREQUENCY FREQUENCY
0 400 41616
1 220 19027
2 13, 11.89
3 6o 7093
4 Ge 548
5 20 387
6 3 2077
7 3a 2001
8 O le46
9 1, 1,07
10 1, 079
11 Oo 058
12 Ue o43
13 le 032
14 1, 024
15+ 1le o 71

NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 14467

NUMBER OF DEGREES OF FREEDOM 9
CH1I SQUARE 5,009

FITTING OF A NEYMANS'S TYPE A DISTRIBUTION

MOMENT ESTIMATORS M= e5641 V= 3,5455
OBSERVED EXPECTED
FREQUENCY FREQUENCY

Q 4V, 57682
1 22 3034
2 13, 6601
3 6o Te33
4 6o 691
5 20 550
6 3 397
7 3e 2077
8 Oe 1e¢94
9 le 1637
10 le 97
11 O 068
12 Oe e 46
13 le 031
14 1, 021
15+ lo. 039

NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 78,832



NUMBER OF DEGREES OF FREEDOM 9
CHI SQUARE 125003

MAXIMUM LIKELIHOOD ESTIMATORS M= 141439 V= 167483

OBSERVED EXPECTED

FREQUENCY FREQUENCY
0 40, 38487
1 22 1353
2 13, 14419
3 6e 11.29
4 6e 7695
5 2e 533
6 3e 3046
7 3. 2418
8 Qe 1e34
9 lo 080
10 l. 046
11 Ue «27
12 Ve e15
13 le 208
14 le e04&
15+ le 005

NUMBER OF DEGREES OF FREEDOM 4
CHI SQUARE 104996

NUMBER OF DEGREES OF FREEDOM 7
CHI SQUARE 174519



PROGRAM CBIV

PURPOSE

Given sets of observations on two variables, say X and Y, the

program:

1) forms two dimensional arrays containing the number of observa-
tions of each variable in each of the cells of a grid whose
dimensions are specified in the control card; and

2) counts the number of cells in each frequency class for the
corresponding bivariate distribution.

The sets of observed values may correspond to either a rectangular

or a square study region, the shape of the cells may be either rectangular
or square, and the number of cells in the X-direction may differ from the

number of cells in the Y-direction.



ay: T4



-RUNs S,
LGOe
'
PROGRAM CBIV (INPUTsQUTPUTsPUNCH)
COMMON INToINKsM(60960)9sNAUX(60960)
DIMENSION XC(1000)sYC(1000)sN(1000)sMO(60060)
DIMENSION IVAR(6)
DO 555 KOUNT=192
READ 1000, INDEX
GO TO (1+2)9INDEX

36 36 38 36 I I8 3 3t I ¥ 3 3 3 I 3 9 3B 36 I 3 36 3 I 3 33 3 I 3 30 36 3E 35 96 36 3 36 3 I I 36 38 36 3 36 I 35 36 I 36 36 36 33 3¢ 36 I T I 6 W 3 I 3 ¥

READ DATA GIVEN BY COORDINATES AND FORM MATRIX
33033 2 A R FE I3 23 33 3 I I I I 2 B3I I 330 96 3638 36 36 238 30 6 3 36 3 3 3 36 3636 36 96 36 38 94 36 34 96 26 3 e
1 READ 1001sNOBOSsINTsXDIMsYDIMINSIZsMSIZ
READ 1002sIVAR
READ IVAR» (XC(I)sYC(I)sN(I)s1=1+sNOBS)

[aNaXala

IF(NSIZeEQeOeOReMSIZLEQeO) CALL EXIT
A=NSIZ

B=MSIZ

NN=XDIM/A

MM=YDIM/B

A=NN

B=MM

KE=MS1Z

KI=NSIZ

DO 101 K=1sKE
DO 101 J=1sKI

101 M(KsJ)=0
DO 102 L=19sNOBS
I11=YC(L)/B+1s0
JJI=XCIL)I/A+160
KK=KE=II+1

102 M(KKsJJ)=M(KKsJJ)+N(L)
GO TO (1259175)9 KOUNT

36 30 % 9 3 9 3 b I 3 I I3 33 36 I I I I I 36 I I I 363 6 I I 3 I I I 3 I I 6 3 I 3 3 W 3 I I I I I 3 I 3438 36 3 36 A I 9 35 96 I I %
READ DATA GIVEN BY MATRIX AND FORM NEW MATRIX
T 36 9 96 F6 3 36 3 36 3 36 9 36 36 96 3 69 36 336 9 36 36 3 3 3 3 36 36 36 96 3 36 36 95 96 3 3 36 36 2 46 36 36 36 3t 36 3 33 36 3 63 6 6 36 96 9 36 96 3 3 3 K 9%
2 READ 1003sNRoeNCsINT9NSIZ9sMSIZ
READ 1002sIVAR
READ IVARs ((MO(I1sJ)eJ=1sNC)sI=19NR)

[a¥ N e Xa!

IF (NSIZeEQeOeOR MSIZLEQseO) CALL EXIT
MM=NR/MS1Z
NN=NC/NS1Z

DO 201 U=1sNC
K=1
NT=MM
I1=1
10 IA=0
DO 202 L=KsNT



NNOO

202 1A=1A+MO(L»J)
M{IIsJ)=1A
K=K+MM
NT=K+MM~1
1I=11+1
IF(NTeLESNR) GO TO 10
201 CONTINUE

DO 203 J=1eMSIZ
K=1
NT=NN
JJd=1
11 IA=0
DO 204 L=KsNT
204 l1A=zIA+M(JsL)
M({JedJ)=IA
K=K+NN
NT=K+NN=-1
Jd=Jdd+1
IF(NTeLESNC) GO 7O 11
203 CONTINUE
KE=MS1Z
KI=NSlIZ

GO TO (1259175)9 KOUNT
125 INK=INT
DO 150 1=1¢KE
DO 150 J=19KlI
150 NAUX(IsJ)=M(IsJ)
GO TO 555
175 CALL SUMM (KE K1)
555 CONTINUE

T3 3 446 30290 T I I3 T I 30 I3 I I 9 2 3 I I I I 9 36 3 3 38 336 I 38 36 36 3436 36 30 35 3 330 3 038 34 6 I 96 36 3 2 ¢
FORMAT DECLARATION
3932 I3 33 0 36336 36 3 3530 3 3 35 36 3 3696 96 30 9638 36 36 38 98 96 36 2695 36 96 36 6 3 36 6 T30 35 9056 63 30 38 030 31 934 203 30 303 H H N
1000 FORMATI(111)
1001 FORMAT(21552F10609215)
1002 FORMAT(6A10}
1003 FORMAT(315+5X9215)
STOP
END



SUBROUTINE SUMM (NRsNC)
COMMON INT25sINT1sNB(60s60) 9sNA(60+60)
DIMENSION KOUNTE(60960)sMARGX(60)9sMARGY (60)

C
TOC e 3t 36 36 36 30 3 96 3 3 36 36 96 3 33 30 36 38 3 3 I 3 36 I 3 3096 36 3 I 36 36 36 36 3 3 36 3 3 3 3 36 3 3 34 36 3 3 W 35 963 3 W3 36 35 3 96 % 3 9 % %

C FIND MAXIMUM CLASS INTERVAL FOR BOTH VARIABLES
C A 33t M3 3t 36 3E K 36 363 I 3 363 3 36 33 363 363 36 3 23t 36 3 3 3 3 I 36 3 I 36 36 96 3 3 3 I 3 I 3 3 396 I I I 36 3 36 9 9 I ¥
A=NA(1s1)
B=NB(1ls1)
DO 46 I=1sNR
DO 46 J=1sNC
C=NA(1J)
IF(CoLEsA) GO TO 47
A=C
47 D=NB(1sJ)
IF(DoLEoB) GO TO 46
B=D
46 CONTINUE

Ti=INT1
T2=INT2
IX=A/T1+1e5

) IY=B/T2+1e5
IF(IXeGTo60e0ReIYeGTo60) GO TO 98
DO 200 I=1s60
DO 200 J=1+60

200 KOUNTE(IsJ1)=0

¥ 5 33 338 3036 5630 30 34 3 3 20 9 36 3 303 3636 H 9 3 36 369 36 3 2 3 336 3 3 96 3 9 I H I 6363 I3 3 3 36 I 34 3E 96 36 36 I I 3 I 4 96 96 6 9 % I 3%

COUNT BIVARIATE
T I 3T I I I3 T I I I3 I I K I I I 29 I35 I 36 3 98 I I 3 96 2696 9 0
DO 201 I=1sNR
DO 201 J=1sNC
K=0
L=0
202 K=K+INT1
L=L+1
IFINA(IsJ)elLToK) GO TO 203
GO TO 202

[AX AN ANA]

203 KK=0
LL=0
204 KK=KK+INT2
LL=LL+]
IFI(NB{IsJ)oLTeKK) GO TO 201
GO TO 204
201 KOUNTE(LsLL)=KOUNTE(LoLL)+1

PUNCH 501s1Ys1IX
. DO 120 I=1sIX
DO 120 J=1s1Y
120 PUNCH 500sKOUNTE(IsJ)

T 333 F I IO I I A I I 303 K B 3 I S I T 3536 266 36 3 96 3 49096 I 309006 2696 36 S R
REDUCE 7O 20%*20 THE MATRIX KOUNTE TO BE PRINTED

(ANANA)



N

aNaNaka!

2N aNaKA)

W I W I 9 W36 I I K K I 3 T W W B 3 38 36 3 IE I I I 363 36 I I3 3 W3 I I 3 3 I 3 3 I 3 48 36 I 3 I W I I 3536 IS¢ 36 I I I I 9 3 ¥ *

IF(IYeLE«20) GO TO 135
DO 131 I=1sIX
NVERT=0
DO 130 J=20,1Y
130 NVERT=NVERT+KOUNTE(IsJ)
131 KOUNTE (1920)=NVERT

135 IF(IXeLEe20) GO TO 136
DO 132 JU=1+20
NHOR=0
DO 133 1=20,IX
133 NHOR=NHOR+KOUNTE(I¢J)
132 KOUNTE(209J)=NHOR

136 CONTINUE

T 243 3 36 36 3 3% 3 35 3 B3 3 309 3 3 3E 336 3 W3 I I3 3 36 36 36 3 A I 3 3 3 36 36 I I I 38 3635 3 3 38 3 363 3096 I 3 3¢ 2 3 36 P 2 9 N

COMPUTE MARGINALS

39 336 33 U 36 39 I 33 I 3 3 B I I I3 9636 36 HI6 33 I 6 33 I3 36 38 36 36 6 9 3 96 3 36 0 3 36 6 3636 38 3 3 o 3690 3 698 3% 9 9% 9 36
DO 150 1=1+920
MARX=0
MARY=0
DO 151 J=1920
MARX=MARX+KOUNTE(Js 1)
MARY=MARY+KOUNTE(15J)

151 CONTINUE
MARGX { 1) =MARX
MARGY ( I ) =MARY

150 CONTINUE

PRINT 400sNRsNCsINT1sINT2
PRINT 4019 (((KOUNTE(I9J)9J=1520) sMARGY (1)) sI=192 )
PRINT 402
PRINT 403s (MARGX(I)sI=1+20)
50 CONTINUE
GO TO 99
98 PRINT 404s1IXs 1Y
99 CONTINUE
RETURN

3 3 3 3 3 3 3 I It 3 W A W3 W 2 F 3K W I I I I I I I3 I I K I 3 A 36 3 I I 36 3 I I I I 3 I I I I IE I 96 I I 3 I3 3 %

FORMAT DECLARATION
3 36 3 3 3 33 H 3 ¥ I I I 3 33 A I 36 I WK KW I I I I I S I I I I I 3036 3 I I I 3 9 2 36 I 9 96 I I I I I 9 6 I ¥ 36 I 96
400 FORMAT(19H1BIVARIATE COUNTING//
19H MESH OF 1391Xs1H*1352Xs7THSQUARES/
218H CLASS INTERVAL 1l=16/
318H CLASS INTERVAL 2=16»85X98H MARG. Y//)
401 FORMAT(1X92014+1130/)
402 FORMAT (8HOMARGe X/)
403 FORMAT(1Xs2014)
404 FORMAT (25HOCHANGE DIMENSION KOUNTE(I2s1HsI291H)/)
500 FORMATI(1I110)
501 FORMAT(215)
END



INPUT DATA
Abbreviations:
(A): alphanumeric field
(I): 1integer value (must be right adjusted in its field)
(F): floating point number (must be punched with a decimal)
Two similar sets of data are required as inputs to this program. The
first corresponds to one of the variables, say Y, and the second corresponds

to the other variable, say X.

Control card (1I1)

Columns 1 (I) INDEX: specifies the form of the input data.
= 1 (each element of the data gives the
coordinates of one location and the
number of observations at that location)
= 2 (the data is presented as matrix of NR
X NC cells and each element of the matrix
represents the number of observations in

the corresponding cell.)

Observed distribution cards:

Only one of the following (a or b) sets of cards is required, depending on

the value specified for INDEX in the control card.



a) INDEX = 1

Distribution e¢ontrol card (2I5, 2F10.0, 2I5)

Columns
1-5 (D) NOBS: total number of observations
6-10 (D) INT: prouping size for counting purposes.
11-20 (r) XDIM: dimension of the study area in the
X-direction,
21-30 (F) YDIM: dimension of the study area in the
Y-direction.

31-35 (D NSIZ|: The pair NSIZ-MSIZ indicates the desired

_

36-40  (I) MSIZ /' number of columns and rows, respectively,

—

of the matrix on which the count opera-

tion is to be performed.

Format specification card (6A10)

Columns
1-60 (A) IVAR: this is a variable format in which the
observed values are to be read (must be
punched with the parentheses, i.e.,

(2F10.4, 1I110)).

Observed values cards (IVAR)

Columns
(F) XC : X-coordinate of the location
\ (F) YC : Y-coordinate of the location

(D) N ¢ number of observations at the location




b) INDEX = 2

Distribution control card (3I5, 5X, 2I5)

Columms
1-5 (D) NR : number of rows in the data matrix
6-10 (D) NC : number of columns in the data matrix
11-15 (1) INT : grouping size for counting purposes
21-25 (L) NSIZ: the pair NSIZ-MSIZ indicates the desired

26-30 (1) MSIZ: number of columns and rows, respectively,

of the matrix on which the count opera-

tion is to be performed.

Format specification card (6A10)

Columns
1-60 0:9) IVAR: this is the variable format in which the
observed values are to be read (must be
punched with the parentheses, i.e.,

(10 14) ).

Observed values cards (IVAR)

Reads in the matrix ((MO(I1,J),J=1,NC),I=1,NR) of observed values in format

TVAR, as specified above, and in row order (lst row, 2nd row,......, NRth row),

END OF INPUT DATA

NOTES :

a) Care should be taken to ensure that comparable matrices are used (matrices
with the same number of rows and columns, respectively). In order to do that,
NSIZ and MSIZ in distribution X must be equal to NSIZ and MSIZ in

Y, respectively.




b) In order to be consistent with the present dimensions of the arrays in

the program the following limits must be observed:

XC(I)< 1000
YC(I) < 1000
N(I)< 1000
MO(I,J) < 3600
NC< 60

NRE 00



OUTPUT

Printed output:

1) Count of the number of cells within each frequency class

ponding bivariate distribution.

(i.e., number of cells with

INTx and

2INTx and

iINTx and

INTy, INTx and 2INTy,......, INTx

INTy,2INTx and 2INTy,......, 2INTx

INTy,iINTx and 2INTy,......, iINTx

observations, where:
INTx: grouping size for

INTy: grouping size for

2) Marginal distributions of X and Y distributions

(i.e., number of cells with INTx, 2INTx,......

and number of cells with INTy, 2INTy,......

Punched output

of the corres-

and jINTy

and jINTy

and jINTy

X-distribution

Y-distribution

1INTx observations,

iINTy observations)

a) Number of columns and rows of the matrix in 1 above(Format 2I5)

b) Information contained in 1 above (Format 1I10)



0

. C INPUT DATA EXAMPLE

11

11

11

11
(1114)

O OO0 ONO M~

NIT ANAN~ANO ST~

NOAIFO O —~A~0OO0O

Ot MNed ONOO N~

TN AO AN~

O NNOA~NOMOO

OMNMNNOO~NOO~O

N—=~ O~ NOODO YN

DA O ANON

NDOMNMN~A NDODNOOY

ONNNMMOAM~ANO~

11

11

11

11
(1114)

o N

O~

o™

O N —~t

—~ e~ O

O o~

NN O

[e By Ne

—~ O OON

N~ O~

C OO NO

O MO ~

O e~ t"O

14O MOmM

N O

~O OO~

- O~ 0N

N~ OO

O NO~

2

o

2
C END OF INPUT DATA

1



C OUTPUT EXAMPLE

BIVARIATE COUNTING

MARG,

11 * 11 SQUARES
CLASS INTERVAL 1= 1
1,

CLASS INTERVAL 2=

MESH OF

50

0o 0 0 0 0 00 0 0 0 O

2

8

21 18

42

0 0 0 0 O

0

2

1

13 14 10

17

0o 0 0 0 0 O
00 0 0 0 0 0 0 0O

0 0 o O

0

11

o 0
0o 0 0o 000600 0 0 0 0 0 0O

0

0

0

0

0 0 0 0 0 0 0 O

0 O

0

c 0 0 000 ® 0 0 0 0 0 0 0 0 O

0o 0o 0 06 0 000 0 0 0 0 0 0 O

0O o

0

0o 0o 0 0 06 00 0 0O O O 0 0 0 O

0

6.0 0o 0 0 0 0 0 0 0 0 0 0 0 O

0O O

0

0O o 0o 0o 00 00 0 0 0O O 0 0 O

o o 0o 0 06 000 0 0 0 0 0 O0 O

v}

o 0o 0o 0 06 000 000 0 0 0 O

o 0

0

0O 6 0o 0 0O 000 0 0 0 0 0 0O

6 0o 0 0 06 00 00 060 0 0 0 0 O

6 0o 0 0 06 0 00 0 0 00 0 0 O

U

t0 0 0 0 0 O

6 0 0 0 0 0 O 0 O

0o 0o 0o 0 0 0O 00 0 0 0 0 0 0 0

0

0o 0 0 0 00 00 0 0 0 0 O0 o0 O

U

0 60 0o 06 00 00 0 0 0 0 0 o0 O

MARG. X

0O 6 0 0 O

0

4 2

8

40 39 26



PURPOSE

PROGRAM FITBIV

This program fits the following bivariate models to observed

distributions:

1)
2)
3)
4)

5)

Generalized Bivariate Correlated Poisson (GBCP)
Compound Bivariate Correlated Poisson (CBCP)
Bivariate Correlated Poisson (BCP)

Contagious Bivariate Negative Binomial (CBNB)

Compound Bivariate Uncorrelated Poisson (CBUP)

Given an observed bivariate distribution, the program:

1)

2)

3)

Reference :

Rogers, A.
Dispersion

computes statistics (mean and variance of each marginal
distribution, covariance and correlation coefficient) of

the observed distribution;

estimates the parameters of the above models using the

method of moments (except for the last which uses the method

of maximum likelihood); and

compares observed to expected values by calculating the chi-square

goodness~of-fit test.

and Martin, J. (1969). Bivariate Quadrat Analysis of the

of Employment and Population in Urban Areas, WOrki;E Paper.

Center for
Berkeley.

Planning and Development Research, University of Californa,



J ST



- RUN»Sp 99099200V U,

LGOe

¢
PROGRAM FITBIV(INPUTsOUTPUT»PUNCH)
COMMON F{(30930)
COMMON/DISTR/SAMPLE(60960) o XMARG(60) 9 YMARG(60) s NCyNR/PARAM/UL U 1
1oU20,U029ULL/NB/T(120)9s1SUMWKE
DIMENSION INDEX(5)

3636 30 3 36 3 3 34 3303 T3 e 330 3383 36 3 36 98 56 3 K36 360 33 36 34 363 363 0 40 36 3 I 303 366 36 36 36 36 3 T 2020 353830 48 3696 6 363090 9 96 9 26 3¢
SUBROUTINES

GENERALIZED BIVARIATE CORRELATED POISSON
GBCP1 = PARAMETERS

GBCP2 = FREQUENCY

COMPOUND BIVARIATE CORRELATED POISSON
CBCP1 = PARAMETERS

CBCP2 = FREQUENCY

BIVARIATE CORRELATED POISSON

BICP1 = PARAMETERS

BICP2 = FREQUENCY

CONTAGIOUS BIVARIATE NEGATIVE BINOMIAL
CBNB1 = PARAMETERS

CBNB2 = FREQUENCY

COMPOUND BIVARIATE UNCORRELATED POISSON
CBUP1 = PARAMETERS

CBUP2 = FREQUENCY

CHITEST = CHI SWQUARE GOODNESS—-OF-FIT TEST

PRINTT = PRINT OQUTPUT

OQUTPUTT = PRINT OUTPUT IN FINAL TABLE FORM

FACT = FACTORIAL FUNCTION

3 333 2 I H T I I T I 30 I I 30 23433 B I I 6T I I 2 3T I I I I 363 I

AN AR AN AN ANAN AN AN AR AN ARAN A NA N AR AN AR A NAR AN AN AN AN ANANAN S

DO 8 1=1560
DO 8 J=1+60
8 SAMPLE(15J)=0,0
<
98 READ 1U0ls INDEXsIOPT1+I0PT2
1001 FORMATI(51193Xs211)
99 READ 10043NCsNR
1004 FORMAT(215)
READ 1002 ( {(SAMPLE(I9J)9J=19NC)sI=14NR)
1002 FORMAT(1F1040)
READ 1003sCON
1003 FORMAT(1F2.0)
NCONTR=ABS(CON)-1,0
C
CC KRR BB I T A 2 T I T I I3 3 3 I I3 I T3 20 3636 36 3 6 NI I I3 I 3 363 3 I BN

C COMPUTE MARGINAL DISTRIBUTIONS
€ 3 A3 B 36 3 3 39 I 38 33 6 H 36 36 3 36 3 23 30 36 I 36 36 336 3 30 3 36 36 3 T 30 2 36 28 F 3 I 30 35 26 30 36 3435 9 96 T 46 3690 36 96 0

DO 103 J=19NC
SUM1=U,60
DO 102 I=1»NR



NN N0

102 SUM1=SUM1+SAMPLE(1+J)
103 XMARG(J)=5UM1

DO 101 I=1sNR
SUM2=0,60
DO 100 J=1sNC
100 SUMR=SUM2+SAMPLE (1))
101 YMARG(1)=5UM2

3t 3% 38 3 30 W 3 36 3 M H I 349 30 K I I K I I3 b I 3 I I I I I I I A I 33 I I I I I I 36 3 3 3 I W 26 I K I I I I I 36 K 3 %%

COMPUTE SAMPLE STATISTICS
36 56 36 3% 3 3t 3 $b 9t 3¢ 30 3 3 3t 4 K 36 3 36 36 3 38 36 3 3 3 3 I 3 I 3 36 K 3t 3 I 36 3 3 3 I W I I 36 3 3 R A I I K 36 I 3 I 396 6 I % K
0B8S5=0,0
5X1=060
SX2=0,0
SY1=0,.0U
SY2=060
SXY=Q60

DO 200 I=1sNC
IF(XMARG(I)eEQeVe0) GO TO 200
0BS=0BS+XMARG (1)
R=1=1
IF(R.EQs0UeQ) GO TO 200
SX1=SX1+R#*#XMARGI(])
SX2=SX2+R*#2# XMARG( 1)

200 CONTINUE

DO 201 J=1sNR

Q=J~1

IF(YMARG(J) eEQeUe0eORcQeEQeQes0) GO TO 201
SY1=SY1+Q#*YMARG(J)

SY2=SY2+Q# ¥ 2% YMARG (J)

DO 202 K=1sNC
R=K=1
IF(RoEQeOeO0eORe SAMPLE(J9K) ¢EQeOe0) GO TO 202
SXY=SXY+R*#Q¥SAMPLE(JsK)
202 CONTINUE
201 CONTINUE

Ul10=5X1/0BS

U01l=SY1/08S
U2U=(SX2-0BS*#U10#%2)/(0BS-1)
U02=(SY2-0BS*#UQ1#%#2)/(0BS-1)
Ull=SXY/0BS~U10#*UQ1

SDX=SQRT (U20)

SDY=SQRT (U02)
RO=U11/(SDX*SDY)

ISUM=NC+NR

DO 1 I=1+9ISUM
$=2060

DO 2 K=1s1
L=1-K+1



[aXaNA!

aNaNaXa)

(AN

0l

IF(KeGTeNReORoLsGToNC) GO TO 2
S=S+SAMPLE (KsL)
2 CONTINUE
1 T(1)=5/0BS
T30 4040 30 3 34 40 00 3 30 9 B 3 30 3 I T I 3 30 B3I I I B T 6 I 303 I A2 T 8 036 38 3 3 BB 6 30 3 96 B 0 3

CALL RELEVANT SUBROUTINE
338 3636 90 3636 34363 9836 3630 36 303636300 I3 36 H I I I BTN K I I KT I I I3 2T AN TN
LLL=0
DO 301 LL=1+5
KE=3
LLL=LLL+]
INDEXI=INDEX(LL)
IF{INDEXI«EQeO) GO TO 111

GO TO (501+502+50395049505) 9 INDEXI
501 CALL GBCP1 :
GO TO 300
502 CALL CBCP1
GO TO 300
503 CALL BICP1
GO TO 300
504 CALL CBNB1(OBS)
GO TO 300
505 CONTINUE
DO 301 KE=1s2
CALL CBUP1(0OBS)
300 CONTINUE

T T I 23 3 303 H I I3 3 3 0 A 36 2 I B 36333 I 36 38 366 3 36 3 3638 I 30 3 3695 3 3 26 4599 6 36 96 6 36 3636 36 36 6 3 ¢

AGGREGATE SAMPLE VALUES BELOW MINIMUM NUMBER OF OBSERVATIONS

F B T3 T 32 3 336 3 3 F I I I I 3 B33 I I I 33 I3 I I 3 I 9 30 I 36 KA T2 I3 T2 3%
NOBS=5

NOBS 1S MINIMUM NUMBER OF OBSERVATIONS

* 9 3 %
IC=0

12 JC=NC-IC

NVERT=0

DO 10 I=1sNR
DO 10 J=JCeNC

10 NVERT=NVERT+SAMPLE(IvJ)
IF(NVERT-GEeNOBS) GO TO 11
[C=IC+1
GO TO 12

11 IF(JCeEQeNC) GO TO 13
DO 14 I=1sNR
AG=0,0
AF=O¢O
DO 15 J=JCoNC
AG=AG+SAMPLE( I+ 4)

15 AF=AF+F({1+J)
SAMPLE(1sJC)=AG

14 F(]+JC)=AF
NC=JC

13 IR=0

18 JR=NR-IR



NHOR=0
DO 16 J=1-,JC
DO 16 I=JRsNR
16 NHOR=NHOR+SAMPLE (I sJ)
IF{NHORsGEeNOBS) GO TO 17
IR=IR+1
GO TO 18 ,
17 IF(JReEQa.NR}) GO TO 21
DO 19 J=1»JC
EG=0°U
EF=0,60
DO 20 I=JRsNR
EG=EG+SAMPLE(TI+J)
20 EF=EF+F(1sJ)
SAMPLE(JUR»JI=EG
19 F(JRyJ)=EF
NR=JR
21 CONTINUE

IF(IOPT1eNEel) GO TO 4
PUNCH 30005 ((F(IsJ)osJ=1sNC)sI=19NR)
3000 FORMAT{1F10.6)
4 CONTINUE

IF(IOPT2+EQel) GO TO 299

CALL PRINTT(OBSs INDEXIsROsKE)

GO TO 301
299 CALL OQUTPUTT(OBS»INDEXIsROsKEsLLL)
301 CONTINUE

111 IF(NCONTReEQeV) STOP
GO TO (99998) sNCONTR
END



SUBROUTINE GBCP1
COMMON/PARAM/U1UsUQ019U209UQC29sUL1/NTA/EMESENE sUs VoW
R R 2 T e e e R e e s T 2 a L

C PARAMETERS ESTIMATES BY THE METHOD OF MOMENTS
R 2 L S AR T sy R R e e e R R R P R TR R R AR AT A S

EME=U20/UlU~1,0
ENE=UO2/UVU1=-140
U=U10/EME
v=UO1/ENE
wW=U1l1/(EME#ENE?
A=U
IF(VeGEsU) GO TO 15
A=V

15 IF(WeLEsA) GO TO 16
W=A

16 CALL GBCP2
RETURN
END

SUBROQUTINE GBCP2

COMMON F(30+30)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) s YMARG(60) s NCoNR/NTA/EMEsENE »U
loVeW

C
- C W 3 3 3 3 36 I & 34 3 B 3 I 96 36 9 B 3 33 336 3 It 36 I K 36 I BT I 2 I I 3636 3 b 36 I 203 I 3 B T I 36 3 Ik 3 96 I I 3 I 35 I 3 3¢ ¥4 33

C COMPUTE CONSTANTS
C 3 303 45 36 3 9 I 3 3 3 36 I I 3 3 I 3 3 30 3 36 36 3 3¢ 36 3 3 I I W WA 36 36 33 36 36 9 W 36 3 I3 36 3 I I 3 9 3 2 I 336 B I I 35 3 96 S I #
A=EME+ENE
A=EXP(~A)
B=EXP(=EME)
C=EXP(=CNE)

Cl=WH#EMEH*A
C2={U—W) *EME*B
C3=WH*ENE¥*A
C4={(V~-W)*ENE*C

% S35 3 3t 36 98 36 38 3 3 36 34 3E 36 36 36 3 3 46 W 3 36 3 4 3 3636 36 3 36 K 3636 3 H 2 W 3 3¢ I 33 I 36 I I I I 3t I I I I I ¥ I W K k%

COMPUTE INITIAL VALUES

3 H W 3 3t 3 3 36 3 W 343 W 3 36 36 W T 33 I I 3 K 3 I 3 3K 3 I WK K I I I3 W I 330 I I I3 3 I W I I I 3t I I K I I 3 3 ¥ 36 %
D=(U=W)*(B=140)+(V~W)*(C=140)+W¥*(A~160)
F(lsl)=EXP(D)

[aNaNANS]

% 3 3% e 36 3 36 3 3 3 3 9 3 3 I I B A I W 36 I AW 3 I I I I I3 33 3 W39t 3 3 3 3 36 6 9 b 36 I 36 I 3 36 36 ¥ 98 3 3 3 3 3 W % %

COMPUTE FIRST COLUMN
33 0 F 3K B0 096 333303036 3 333 I 336 33 36 I 36 3 3606 I 3 I BB I I 0 2636 3 AT I N
DO 100 NX=2sNC
IX=NX~-1
SUM1=0.0
Cll=C1l/1X
C12=C2/1X

Nnonn

DO 50 I=1s1X



NONO

L=1-1
A=EME##( I1-1)#F (1sNX=1)/FACT(L)
50 SUM1=SUM1+A
F(1sNX)=SUM1%*(C114C12)
100 CONTINUE

***********************?*****************%**************************ﬁ*

COMPUTE EVERY ROW
**&***&%**********************l***************************&***********

DO 200 NX=1sNC

DO 200 NY=2sNR

[Y=NY=-1

SUM1=0.0

SUM2=0,0

C21=C3/1Y

c22=C4/1Y

DO 150 I=1»slY

L=I=-1

DO 151 J=19NX

K=d=1

A=ENE**(I-l)*EME**(J—l)*F((NY—I)o(NX+1-J))/(FACT(L)*FACT(K))
151 SUM1=SUM1+A

B=ENE®*%(I-1)#F (NY=19NX)/FACT(L)
150 SUM2=SUM2Z2+B
200 FINYsNX)=C21%SUM1+C22%5UM2

RETURN

END

v



SUBROUTINE CBCP1
COMMON/PARAM/ULUsUO19U209U025U11/CCBP/CAB19B29B129A

C T 36 36 96 38 9 3 3t 3 36 W B 9 3 ¥ H 3 I 9 3 3 I I I 3 I H I 6 I 396 336 3 K 3 33 I I 3 e e I3 39 I I 3038 3 I 3 I I I I 96 I 96 I I ¥ I

C PARAMETER ESTIMATES BY THE METHOD OF MOMENTS
S NI I I IO N I K I I I I 3T I J I I I NN N

C

DELTA=U10/U01
ALFA=(U20~UO1*DELTA)/(UOL1*DELTA*%*2)
CA=UOL/ALFA
Bl2=DELTA*ALFA%*#*2-Ul1/CA
IF(812e¢GTe0.0) B12=-0.01
B2=~ALFA-B12

IF(B2+GTe0e0) B2==0,01
Bl=B2/DELTA+(1eU/DELTA-1,0)%B12
IF(BleGTeVe0) B1==0.01
A=z1.0-(B1+B2+B12)

CALL CBCPZ

RETURN

END

SUBROUTINE CBCP2
COMMON F(30+30)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) » YMARG(60)sNCsNR/CCBP/CAsB19B2

1s8125A

C 3 3536 36 3 96 3 4 6 9 A3 36 I 36 3 3 36 2 36 I 3 3 36 35 36 636 30 96 35 36 36 36 36 9 396 3 3 I 6 I 36 I I 36 I 3 46 I 3 I 35 3 3496 I I I I 396 % I I3 %

C COMPUTE DENSITY
C M6 330 3 36338 3596 3636 K396 K303 30 903 0 9 336 336 336 36 36 36 360 3 36 3 3636 9 2 36 I 36 3 3 I I 3 K 3

10
20

40
54
50
100

IF(NReGESNC) GO TO 10

NRP=NC

GO TO 20

NRP=NR

CONTINUE

DO 100 IR=1sNRP

DO 100 IS=1,1IR
D=A##(1,~CA=IR)*¥B1#%(IR-]S)*B12¥%¥%(]S~1)
C=B1#B2/ (A%B12)

SUM=0,0

DO 50 I=1s1S
L=IR=IS+1-1

J=[15~-1

K=]-1

N=IR+1=2

Q=1

IF(NosEQaU) GO TO 54

P=CA+N

DO 40 M=1sN

P=P-1

Q=Q*P

G=(=1e)*¥® (IR+I=2)%Q*C*%(1-1)/(FACT(L)*FACT(J)*FACT(K))
SUM=SUM+G

F(IRs1S)=D*SUM



200

E=B2/B1

DO 20V IR=1sNR

IX=1IR+1

IF(IXeGTeNC) RETURN

DO 200 IT=IXsNC
FIIRyIT)=EX*(IT-IRI¥F(ITs IR}
RETURN

END



C
C

SUBROUTINE BICP1
COMMON/PARAM/ULvYsU0L1sU205U025UL1/DPOIS/CsBsD

3638 3 3 M 3 3 3 3 36 36 W 3 36 K 3 I I I 36 36 I I K 36 I I I 36 I I A I I I 3 36 36 K I IE I I I I I I 36 I 35 35 36 96 I I I 55 6 I 9 96 9 I % %

. C PARAMETER ESTIMATES BY THE METHOD OF MOMENTS

»

C

ann

NN O

¥ 3 3 3t 3 3 3 I 3 36 3 3 It 3 I K I I I I K I I I 36 I I 6 I I I 3 3 3 3 3 I I I I I I 3 I I I I I W IE I I 6 W I I ¥ I W %
C=U10
B=UO1
D=U11

DMAX=C
I1F(BoGEsC) GO TO 1
DMAX=8

1 IF(DeLE«DMAX) GO TO 2
D=DMAX=0sv1l

2 CALL BICP2
RETURN
END

SUBROUTINE BICP2
COMMON F(30,30)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) s YMARG(60)sNCsNR/DPOIS/CsBsD

3 336 3 33 3 230 33630 3 3 I I I I B 3K K3 I I I I I B I I I I I 33 3 I K I 33K TN

COMPUTE CONSTANTS
336 3 3 36 36 30 36 30 303030 303 36 36 36 36 30 36 33 36 3096 36 3309090 35 9096 303 3635 36 36 35 36 36 336 36 36 34 3 3094 3 36 2 26 3696 96 969 6 366 3 3 3 9 0 %
R=C+B-D
S=C-D
T=8-~D
CONST=EXP(=R)

3 36 36 3 3% 3 3 36 3 3 3 I F K I I Fe 3 3 36 I K I I I3 I I e I I3 K3 W 3 M I 3 3 I 3 I 3t I I I I 3 I W9 I I IE I I I W % I W % %

COMPUTE FREQUENCY DISTRIBUTION

3 3% 3838 3 3 36 38 3 3 96 I 3 I 3 3 38 H W 336 3 I I 3 I I I M I I I I 3 I 9 4 I 3 I I 6 3 9 6 3 I I I 3 I I 3 I I ¥ K ¥ Wk
DO 1 I=1sNC
DO 1 J=1,NR
K=1
IF(JeGEe1) GO TO 10
K=d

10 CONTINUE

SUM=0,0
DO 2 L=1»sK
II=1-L
JI=J=L
LL=L=~1
IF(SeEQeOeOeANDeI1eEQe0O) GO TO 3
U=S##]1
GO TO 4
3 U=sle0
4 IF({TeEQeOU0QsANDoJJEQLD) GO TO 5
VaT*#JJ
GO TO 6
5 V=1,0




6 PzUkyRD**| |
W=P/(FACT(IT)®*FACT(JJY*FACT(LL))
2 SUM=SUM+W
1 F(Jol)=CONST*SUM
RETURN
END



SUBROUTINE CBNB1(0BS)
COMMON/PARAM/U1U»UO15U209U025UL11/NB/Q(120) sJsKE/BCD/GAMIBET s AMAY
C
C He SRS T3 A3 3 93 A O 35 46 346 239 3 3 3363 I e I I UK I 39 I 3 I 236 3 3 B35 36 236 I I I3 30 9 3

- ¢ PARAMETER ESTIMATES BY THE METHOD OF MOMENTS
C % 9% 3 3¢ 3 3¢ 3 45 38 3 3 36 H I I 3o 36 I I I I e 3 I I 3 36 3 363 I I I W 3 I K I I I 3 I 36 I I 3 I 36 36 I 3 I I I 3 I8 96 3 ¥
US1=0,0
SM2=0,0
DO 10 K=1sJ
G=K~1
US1=US1+Q(K})*G
10 SM2=SM2+Q(K) *G#*%*2
US2=0BS* (S5M2-US1##%2) /(0BS—1.0)

AMAY=U01/U10
T=ALOG(US2)
R=ALOG(US])
GAM={T=~R)/ (1l 0+AMAY)
V=GAM# (1 V+AMAY)
S=EXP(V)
W=US1%¥GAM
BET=W/(5-1,0)
CALL CBNB2
RETURN

END

SUBROUTINE CBNB2

COMMON F(30530)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) s YMARG(60)sNCoNR/BCD/GAMSBETsA
IMAY

3t 3 3 38 2 3 3 3 36 3 3 36 3636 9 3 3 336 3 3 36 36 3 3 3 I 36 36 I I I I 363 36 3 I I I3 I I3 3 3 I I I I 34 36 3 3 36 I I I I 6 I I % HH

COMPUTE CONSTANTS
% 3638 36 3 3% 3t 3 3¢ 36 3 3 I 36 3 3 F W W I3 I 3 3 3 I 36 36 I I K K 3 3 I3 3 363 9 3 396 3 I I I I I I 396 I I K I I I W 9 % %
TT=BET*(1+0+AMAY)
SS=GAM*( 10+AMAY )
RR=GAM*AMAY
T=EXP(~TT)
S=EXP(=5S)
R=EXP (=RR)

NNON

S 3 30 9 3 36 3 3 3 30 36 3 3 I 3 W I W I 3 A I I I K 3 W 3 K I W I W W 36 F I I I I I I I I I I I I 96 I I3 I 3% %

COMPUTE FREQUENCY DISTRIBUTION
¥ 3 35 3% 3 3 b R 3 I 303 WA 3 33 I 3 3 3638 3 I 3 9 I 3 30 96 36 F6 9 I3 0 36 3¢ 3 I I 3 36 3 3 I I I ¥ I 36 I 36 I I I I I ¥ W3 W K %
DC 1 I=1sNC
DO 1 J=19NR
N=1+J-2
Q=1.0
IF(NsEQeU) GO TO 2

[akaNaka

P=BET/GAM+N
DO 3 M=1sN
P=P-1.0



3 Q=Q%p

2 CONTINUE
F Jol)=THQH(R=S)##(J=1) ¥ (1e0~R)¥X(I=1)/(FACT(] *

L CONTINGE 1)*FACT(J 1))
RETURN
END



NnoOonNnnNn
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SUBROUTINE CBUP1(0BS)
COMMON/DISTR/SAMPLE(60560) s XMARG(60) s YMARG(60) sNC9NR/PARAM/XBAR»YB
1AR»U205U029UL11/BNB/ALFAYBETASACAP/NB/Q(120) 9 JoKE

IF(KEoEQe2) GO TO 17

3 35 30 35 38 3t 3 31 3 3 35 3 I 3 2 A B 3 3 36 363 I I 3 H 3 336 2 I K I 39 I3 I N 3t 3 I3 I 4 6 338 53 36 B 33 38 3F 3 I I 3 % 36 96 33 W % %

PARAMETER ESTIMATES BY THE METHOD OF MOMENTS

3t 35 3t 36 3% 36 36 36 3F 3 36 36 3 3 3 3 3 3 3 I I 36 I 3 I 3 W H K I 3 I I 3 I 3 I 3 3 3 I I K 3 W K K I I I 3 I I A I I I I I I ¥ I ¥ %
US1=0.0
SM2=0.0
DO 9 K=1sJ
G=K~1
US1=US1+Q(K) *G

9 SM2aSM2+Q(K) #G*¥*2

US2=0BS#{5M2-US1#%2) /(0BS=1,0)

ACAP=YBAR/XBAR
ALFA=US1##2/(US2~US1)
BETA=(1.0+ACAP)#US1/{US2-US])
CALL CBUP2

RETURN

17 CONTINUE
344403 30 3036 3030 3 2030 33 30 3696 36 36 96 3038 36 96 36 30 36 36 36 3600 36 336 3000 3 36 96 9 6 36 IE 38 6 36 2690 3 36 330 9636 36 36 36 3 3 3 36 34 3 3 36 3 3

MAXIMUM LIKELIHOOD PARAMETERS ESTIMATION
W 36 463 35 3 26 3 3E 9 3 I3 36 3 3 I H 33 36 36 3 36 36 36 3 3 363 33 K 3 I 36 36 I 3 K F I I I 6 3 I 36 3 3 I3 I I K I3 I I I I AW KK
W=Q(1)
T=ALOG1O (W)
C=(=1.0)%#T/(XBAR+YBAR)
2=0se
A=Ool
IF(C=10)39495
3 1I=2
GO 10 6
I=1
IF{1sEQel) A=(-A)
Z=2+A
T=CH*2
Y1=ABS(T)
T=160+2
P=ALOG10O(T)
Y2=ABS(P)
BxYl-Y2
D=ABS({8B)
IF(DeLESVL001l) GO TO 4
IF(14EQel) B=(-B)
[F{BelLTo0s0) GO TO 8
A=A/10.
[=]=(=1)%%]
GO TO 6
4 Z1={XBAR+YBAR)/Z
7 T=1.0+(XBAR+YBAR})/Z1
W=ALOG(T)

oo oW,

51=090



(o‘é

523000
DO 10 I=1sJ
X=0.0
DO 11 K=1l»sl

11 X=X+Q(K)
G=1
V=(1e0=X)/(21+G=1,0)
S={1oU=X1/(Z214+G-1,0)%#2
S51=S51+V
52=52+S

10 CONTINUE

F=W=S1
T=Z1+XBAR+YBAR
P=le/T=10o/41+452

Z=71
Z1l=2~F/P
U=Z1-2
U=ABS(U)
IF(U«LE.060001) GO TO 15
GO TO 7

15 ALFA=Z
BETA=ALFA/XBAR
ACAP=YBAR/XBAR
CALL CBUP2
RETURN
END

SUBROUTINE CBUP2

COMMON F(30530)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) s YMARG(60)9sNCesNR/BNB/ALFASBETA
15 ACAP

C
C=BETA+ACAP+1.0
C
C B F 3 3 3% 3 A 9 B 36 3E 3 3 I 223K I I3 I W I P 3 I I I 3336 e T W 36 I 26 I 3 36 3 A6 I I I 36 I 3 W 3 I I 9 I % ¢
C COMPUTE FREQUENCY DISTRIBUTION
C 3 96 3 3% 3 3 3 ¥ 3F 3¢ 3 I 33K I I I 33 3 I 36 36 I 36 I I 36 36 I I I 363 36 I I 3 34 3¢ 3 I 3E 30 I I I 36 36 I 3 I I I I I I I3 3 I I I I I W%
DO 1 I=1sNC
DO 1 J=19¢NR
N=1+J-2
Q=1e
IF(NeEQ.O) GC TO 2

P=ALFA+N
DO 13 M=1>sN
p=p-le

13 Q=Q#%P

2 5=2.0-(ALFA+J+1)
FIJo 1) =QRBETARKALFARACAP#* (J-]1)#C#S/(FACT(I-1)*¥FACT(J 1))
1 CONTINUE



RETURN
END
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SUBROUTINE CHITEST(NP)
COMMON F(30+30)
COMMON/DISTR/SAMPLE(60960) s XMARG(60) 9 YMARG(60) sNCoNR/TEST/NDF(3)
1CHISQ(3) s AMINEX
DIMENSION CHI(SU0)sFRQ(900)
%438 3 3
AMINEX IS MINIMUM EXPECTATION
3 9 38 3
AMINEX=2,0
M=NC#NR
N=NC+NR

DO 100 KOUNT=193
L=1
GO TO (4v95U0s60) sKOQUNT

W 3 33k 3 33 3 36 3 3038 36 I 3 3 B I W I I 36 36 3 I I 3 36 I3 I T 36 3 36 I I I3 I I 8 3 3 36 3 I I 3¢ 3 3 96 3 W 3 I 9 3 9 ¥ I #

AGGREGATION ALONG ROWS
3 3¢ 3% 3F 36 3 3 3 A 3F 3 3 3 3 3 3 3 3 3 36 3 3 R W I I 39 3 I 3 I I I 33 F 3 3 F I I 3696 I 36 36 3 I I 35 I 36 36 3 N 39 T 9 3 6 I % %
40 CONTINUE
DO 10 I=1sNR
DO 10 J=1eNC
CHI(L)=F(1l9J)
FRQ(L)=SAMPLE(IsJ)
10 L=L+1
GO TO 70

6 3t 4k 34 3 36 35 9 38 3 35 3 36 36 3 3030 35 309 98 36 36 I 35 3 343t I 3F 36 3 363 3 IE 36 3 36 36 36 3 36 303 36 335 3 36 3 3 3 36 36 9 96 9 I 3 3 I I 96 I 39 I % 9%

AGGREGATION ALONG COLUMNS
6303 0 36 30 31086 3030 F0 3 2 303 03 3 03 3096 3 06 343638 330 096 36 3 36 30 36 96 30 36 96 340 2 366 36 36 36 98 3 3636 36 363 36 3696 9 2096 36 96 2
50 CONTINUE
DO 11 J=1sNC
DO 11 I=1sNR
CHI(L)=F(IsJ)
FRQIL)=SAMPLE (I9J)
11 L=L+1
GO 70 70

B30 3436 3 328 3 38 37 3 3 36 3 34 336 3 36 38 37 3038 3t 34 3 33 36 3 36 909 30 3 3 3 36 35 3 36 36 2036 36 3 3 36 S 3% 3 3 26 3 34 36 3 36 36 96 36 96 36 96 3 9 96 9 %

AGGREGATION ALONG DIAGONAL
***%***ﬂ**************%*************************%*%ﬁ***********i******
60 CONTINUE
DO 12 I=1»sN
DO 12 K=1l»l
I[I=]-K+1
IF(KeGToeNCoeOReIIeGTeNR) GO TO 12
CHI(L)=F(IIoK)
FRQ{L)=SAMPLE(1I,K)
L=L<+]1
12 CONTINUE

33 363 36 B 3 30 B 3302 33 9 H e 30 K 3 3 36 3030 36 33636 I 3 36 33 36 3 2 I 3t 36 3 I 346 36 F6 38 6 36 38 3 3 36 36 3 3 3 3 9 3 3 36 996 3 9 ¥ 5

COMPUTE CHI SQUARE
333 3040 H 30 3 3030 33 T3 30 H 3 W I H H A0 AT I I IO I I 6 3 3 F I 235 30 2600 2 3 500 496 30 43 0 3 AN

70 K=0



ONNN

J=1

14 SUM1=0,0
SUM2=0,0

15 K=K+1
SUM1=SUM1+CHI (K)
SUM2=SUM2+FRQ (K)
IF(KeEQeM) GO TO 18
IFISUM1.LTeAMINEX) GO TO 15
CHI(J)=SUM]
FRQ{J)=5UM2
J=J+l
GO T0 14

18 CHI(J)=5UM1
FRQ(J)=SUM2
IF(CHI{J)eGE.AMINEX) GO TO 19
CHI(J=1)=CHI(J=1)+CHI(J)
FRQ{J=1)=FRQ(J-1)+FRQ(J)
J=Jd=1
19 NDF(KOUNT)=J~1-NP
SUM=0.0
DO 20 I=1sJ
B=(FRQII}-CHI(I))##2/CHI(I)
20 SUM=SUM<+B
CHISQ{KOUNT) =5SUM
100 CONTINUE
RETURN
END

FUNCTION FACT(N)

3 36 3 3 38 36 36 3 4 F 33 3 I 30 36 3 3 3 3 A I3 I 3 W30 I T I I A I K I 38T I I I I I 2 I I I I I I I 33 I W

FACTORIAL FUNCTION
W 3 W 3t 36 3 3 36 9 W A A I 33 W I I 33 I 36 3 I F I 3K I I K 3 W I I I I 3 36 I 3 I I I I I I I3 I I I I I I K 3 K A
FACT=1,
IF(NeLEel) RETURN
DO 10 I=25N
X=1
10 FACT=FACT*X
RETURN
END
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SUBROUTINE PRINTT(OBSs INDEXIsRO9KE)

COMMON F(30+30)

COMMON/PARAM/U1UsUO1sU209U025U11
COMMON/DISTR/SAMPLE(60960) » XMARG(60) 9 YMARG(60)sNCsNR/NTA/EMESENE»U

1oVeWw/CCBP/CA»BLlsB2sB129A/DPOIS/CeBD/BNB/ALFA,BETA9ACAP

COMMON/TEST/NDF (3) sCHISQ(3) s AMINEX/7BCD/GAMBE T » AMAY
DIMENSION XMTH(30),YMTH(30)

W 3 3 36 3 ¥ 3 3 3 3 36 U 3 3 W W 33 I 3 36 30 I I 363 3 30 I 3 36 30 Ik 36 I 35 36 I I I 3 2E 3 3 36 A 3 3 3 I 6 I W I I I 3 963 6 I 3%

PRINT TITTLEs STATISTICS AND PARAMETERS
3 4636 36 o 3 36 36 36 6 9636 H 3 36 36 9 33 3 9 36 3 3 36 3 036 376 363 93 36 36 36 3 30 36 36 6 303630 30 636 96 90 36 6 9 36 3096 36 36 36 56 36 9696 96 9 9 36 3¢

501

502

503

204

505
506

507
5

PRINT 1500sR0O»U105,U205U115U01,U02+08BS
GO TO (5019502550395049505)9 INDEX!I
PRINT 20UUsEMESENEsUsV oW

NP=5

GO TO 5

PRINT 20019CA981sB2+B125A

NP=3

GO TOC 5

PRINT 1999sCsBsD

NP=3

GO T0 5

PRINT 19979sGAMsBET s AMAY

NP=3

GO TO 5

NP=3

IF(KEeEQe2) GO TO 507

PRINT 1998sALFAsBETAsACAP

GO 70 5

PRINT 1996sALFAsBETASACAP
CONTINUVE

9 36 93 3 36 3 K 3 I I I I I 3 A I I I I H I I I FH I F 36K F I 36 3 W W I I I3 A I IR I I I I I W 6K K W W W

PRINT OBSERVED AND EXPECTED BIVARIATE DISTRIBUTION
R R T s T a2 2y 3

2=08BS

DO 1 I=1sNR

DO 1 J=1sNC

[I=]=1

Jdad=-1

F(lsJ)=F(1sJ)%*0BS
IF(l1eEQaNRoANDoJoEQeNC) GO TO 1
PRINT 2002911 9JJsSAMPLE(IsJ)sF(1yJ)
Z=Z-F(1sJ)

CONTINUE

F(NRsNC)=Z

PRINT 2003911sJJsSAMPLE(NRINC) sF(NRSNC)

CALL CHITEST(NP)

3636 33 I I 3 I 96 3 3636 KK 3 33 I 36 I I I I 36 3 I I A 33K I I 363 3 3 3 I I F I3 I I 36 3% 3 9 3 I 36 3 I I 3 I I I I 33 3 X

PRINT CHI SQUARE TEST
3369 3 36 3 303 3 30 3030 303630 363 I I H I 300K I H I T I T TN IR N

PRINT 2050 sAMINEXsNDF (1) sCHISQ(1)9sNDF(2)sCHISQ(2)9sNDF(3)sCHISQ(3)
PRINT 2100



\Z

- C
C W33 3 96 36 3k 2 36 36 3 36 3 36 3 3 3 36 37 3 36 34 30 36 3 36 3t 35 36 2 3 363 36 36 I 3 I 3¢ 3 I I I 36 3 3 A IS I 3 I 3636 I 36 9 I W I I % I W%

C PRINT OBSERVED AND EXPECTED MARGINALS
C 3 33638 90 338 3 38 30 36 96 3 30 38 3 3 K I3 I 3 96 I I 3 I 3 3 36 3 I 36 K 3 I 3 36 3 36 36 I I 3 3 I 3 I I 36 I I 3 36 3 I 3% 36 I ¥ 36 9 9 ¥ I ¢ I 3¢
DO 10 J=1sNC
SUM1=0,0
SUM3=0,0
DO 11 I=1s9NR
SUM3=SUM3+SAMPLE ([,+J)
11 SUM1=SUM1+F(1sJ)
XMARG(J)=5UM3
10 XMTH(J)=5UM]

DO 12 I=1sNR
SUM2=0,0
SUM4=0,0
DO 13 J=19NC
SUM&4=SUM&G+SAMPLE (T 9J)

13 SUM2=SUM2+F(1sJ)
YMARG( 1) =SUM4

12 YMTH(1)=SUM2

e C

IFINR=-NC121922523

21 CONTINUE
DO 14 I=1sNR
J=1=-1

14 PRINT 21019JsXMARG(I) s XMTH(I)sJsYMARG(I)sYMTH(])
K=NR+1
DO 15 I=KsNC
Jzl=1

15 PRINT 21V39JsXMARG(I) s XMTHI( 1)
RETURN

22 CONTINUE
DO 16 I=1sNR
J=1-1

16 PRINT 21019JeXMARG(I) s XMTH(I)sJsYMARG(I) 9 YMTH(])
RETURN

23 CONTINUE
DO 17 I=1sNC
J=1-1
17 PRINT 21019J9sXMARG(I) s XMTH(I)9sJs YMARG(I) s YMTH(I)
K=NC+1
DO 18 I=KsNR
J=1-1
18 PRINT 21U23JsYMARG(I) s YMTH(I)
RETURN
C
C ********i*******************************i******%******i***************
'C FORMAT DECLARATIONS
C *******i%*************************************************************
1500 FORMAT(58H1BIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION (CORReCOEFF
3o=F6oQ91H)///
16H E(X)=F100495Xs7THVAR(X)=F10049s5Xs9HCOVIXsY)=F1 o&/



26H E(Y)=F106495X97THVAR(Y )=F106495Xs9HNERcOBSe=Fbe //)

1996 FORMAT{(40HOCOMPOUND BIVARIATE UNCORRELATED POISSON//
942H PARAMETER ESTIMATES BY MAXIMUM LIKELIHOOD/
114X s5HALFA=F1004/
214X 9 SHBETA=F1004/
317X92HA=FL10e4///
434H OBSERVED AND EXPECTED FREQUENCIES//
55X9 1HY ¢4 X9 1HX21UXo BHOBSERVED» 10X s8HEXPECTED/ )

1997 FORMAT(39HOCONTAGIQUS BIVARIATE NEGATIVE BINOMIAL//
945H PARAMETER ESTIMATES BY THE METHOD OF MOMENTS/
113X9s6HGAMMA=F 1064/
214X 9 5HBETA=F10e4/
317X92HA=F1044///
434H OBSERVED AND EXPECTED FREQUENCIES//
55X91HY 94 X9 1HX91UX98HOBSERVED» 10X s8HEXPECTED/)

1998 FORMAT (40HOCOMPOUND BIVARIATE UNCORRELATED POISSON//
965H PARAMETER ESTIMATES BY THE METHOD OF MOMENTS/
114X:5HALFA=F1064/
214Xo5HBETA=F10.4/
317X92HA=F10e4///
434H OBSERVED AND EXPECTED FREQUENCIES//
55Xo1HY 24X 9 LHX 910X BHOBSERVED» 10X o 8HEXPECTED/ )

1999 FORMAT(29HOBIVARIATE CORRELATED POISSON//
945H PARAMETER ESTIMATES BY THE METHOD OF MOMENTS/
117X 2HA=F10e4/
217X92HB=F10.4/
317Xe2HD=F10Q04///
434H OBSERVED AND EXPECTED FREQUENCIES//
55X0 1HY v4 X5 1HX 9 1UX 9 BHOBSERVED s 10X o BHEXPECTED/ )

2000 FORMAT(41HOGENERALIZED BIVARIATE CORRELATED PQISSON//
945H PARAMETER ESTIMATES BY THE METHOD OF MOMENTS/
117X+2HM=F1064/
217X92HN=F10Qe4/
317X92HU=F1044/
417X92HV=F10e4/
517X 2HW=F10e4///
634H OBSERVED AND EXPECTED FREQUENCIES//

T5X91HY 94X s 1HX 910X 9 8HOBSERVED s 10X 9 8HEXPECTED/)

2001 FORMAT(38HQCOMPQOUND BIVARIATE CORRELATED POISSON//
945H PARAMETER ESTIMATES BY THE METHOD OF MOMENTS/
117X92HK=F 1004/
216X93HB1=F10e4/
316X93HB2=F10e4/
415X94HB12=F10 44/
517X92HA=F10e4/ 7/
634H OBSERVED AND EXPECTED FREQUENCIES//
75X9 IHY 94X 9 1HX 9 1UX 9 BHOBSERVED » 10X s 8HEXPECTED/ )

2002 FORMAT(1X921592F1804)

2003 FORMAT(1XsISolHtolbolH+sFlT7e4sFl8o4///)

. 2050 FORMAT(39H-GOODNESS OF FIT (MINIMUM EXPECTATION =F2s o1H)//
130X918HDEGREES OF FREEDOM»S5X9s10HCHI SQUARE/
223H AGREGGATION ALONG ROWSe11XsI3516XsF10e&/
326H AGREGGATION ALONG COLUMNS+8Xs13916XeF10e4/
427H AGREGGATION ALONG DIAGONAL s 7X913916XsF10e4//)

2100 FORMAT(23H MARGINAL DISTRIBUTIONS//

M



\\4

15X9 1HX 95X 9 BHOBSERVED 95X 9 BHEXPECTED 94X s 1HY 95X 9 BHOBSERVED 9 5X s SHEXPEC
2TED/)
2101 FORMAT(1X9s1592F13c491592F1304)
2102 FORMAT(32X91592F1344)
- 2103 FORMAT(1Xs1592F13,64)
END



W

SUBROUTINE OQUTPUTT(OBSs INDEXIsROsKEsLLL)
COMMON F(30+30)
COMMON/PARAM/U10sU01sU20sU025U11
COMMON/DISTR/SAMPLE(60960) 9 XMARG(60) s YMARG(60) s NCoNR/NTA/EMEsENE »U
loVoW/CCBP/CA3B19B2sB12+sA/DPOIS/CsBsD/BNB/ALFAYBETASACAP
COMMON/TEST/NDF(3) 9CHISQ(3) s AMINEX/BCD/CAMsBET s AMAY
DIMENSION XMTH(30)sYMTH(30)9sNUMB(30)+PROB(30)sP 5(3)
g 32636 3 3 30 2 9% 9 0 2 3036 96 36 3 3 6 85 9 K 36 36 030 903 3698 3636 I 36 9 36 3 96 3 03035 36 363 336 36 3 4 38 3 36 3 36 F e 3 35 3 I ¢

C SUBROUTINE TO PRINT QUTPUT IN FINAL TABLE FORM
C 3336 330369 3830 336 33 F 3 3330 TE I 3696 3 9 343 36 3 96 9 36 36 36 9 3 30 396 346 36 3 26 3 9% I 36969 36 I 96 96 9 34 3 56 36 9 3t 3¢
DO 9 I=1sNC
9 NUMB(I)=I-1

Z=08S
DO 1 I=19NR
DO 1 J=19eNC
F(IeJ)=F(I+J)¥*0OBS
IF{I1eEQoNRoANDeJaEQsNC) GO TO 1
L=Z-F(leJ)
1 CONTINUE
F{NReNC) =Z

DO 2 J=19NC
SUM1=0,0
SUM3=0,0
DO 3 I=1sNR
SUM3=SUM3+SAMPLE(I,J)
3 SUM1=SUMI1+F(1sJ)
XMARG( J) =SUM3
2 XMTH({J)=5UM1

DO 4 I=19NR
SUM2=0,.0
SUM4=0,.0
DO 6 J=1sNC
SUM4=SUM4+SAMPLE (1 sJ)
6 SUM2=SUM2+F(1+J)
YMARG(1)=SUM4
4 YMTH(I1)=SUM2

IF(LLLeNEs1) GO TO 7

PROB(1)= 3.84
PROB(2)= 5499
PROB(3)= 7481
PROB(4)= 9,49
PROB(5)= 11610
PROB(6)= 12660
PROB(7)= 14010
PROB(8)= 15650
PROB(9)= 1690
PROB(10)=18630
PROB(11)=19,70
PROB(12)=21,00



501

502

503

504

5V5

506

507

PROB(13)=22.40
PROB(14)=23,70
PROB(15)=25.00
PROB(16)=26430
PROB(17)=27+.60
PROB(18)=28,90
PROB(191=30610
PROB(20)=31.40
PROB(21)=32,70
PROB(22)=33690
PROB(23)=35020
PROB(24)=36040
PROB(251=37.70
PROB(26)=380,90
PROB(271=40,10
PROB(28)=4130
PROB(29) 242,60
PROB(30)=43,80

PRINT 100
PRINT 1015 (NUMB(1)sI=1NC)
PRINT 102

DO 10 I=1sNR

Il=[=-1

PRINT 1039119 (SAMPLE(I9J)oJ=19NC) s YMARGI(I)
PRINT 1045 (XMARG(J)sJ=19NC)s0BS

PRINT 105sR0»U1l0UsU01,U205U025U11

CONTINUE

GO TO (5010502950355049505) 9 INDEX!
PRINT 200sEMEsENEsUsV oW
NP=5

GO TO 5

PRINT 2019CA9BleB2+B12sA
NP=3

GO TO 5

PRINT 1999CesBoD

NP=3

GO TO 5

PRINT 197sGAM»BET s AMAY
NP=3

GO T0 5

NP=3

GO TO (506+507) 9KE

PRINT 198sALFA+BETAsACAP
GO T0O 5

PRINT 196sALFASBETA»ACAP
CONTINUE

CALL CHITEST(NP)
PRINT 101s(NUMB(I)sI=1sNC)
PRINT 102

DO 11 I=19NR



NOOoN NNOnNnN

N

(2}

[a¥a¥a)

Ii=1-1
11 PRINT 10391l (FlIeJd)pJd=1oNC)sYMTHI(I)

PRINT 1049 (XMTH(J)sJ=19sNC)»0BS

DO 8 I=1s3
K=NOF (1) ,
IF(KoGTo30) K=30
8 PO5(1)=PROB(K)
PRINT 106sNDF (1) sCHISQ(1)sP0O5(1)sNDF(2)sCHISQ(2)sP 5(2)9sNDF(3)sCHI
15Q(3)»P05(3) s AMINEX
RE TURN

3 3 3 3 36 3¢ 36 36 36 3 3¢ 38 3 3656 30 3 3 I 3036 36 H 3 36 36 3 I 33 36 36 36 9 34 36 I I I 96 I 3 3 36 36 36 I 26 I I 36 3 9 I 3 9 % ¥ I 3 3%

FORMAT DECLARATIONS .
T3 93 36 338 36 3 3 36 e H K 3 463 3 36 I 3 K 3 36 3 3090 9656 36 3036 9 3 03 336 96 36 303 36 5636 3 36 36 96 3 36 36 36 36 36 36 36 9 9 96 96 9 9 X X 3¢

100 FORMAT(1H199X943HBIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION//)

33398 % 3 3% 43¢ 3

THE NUMBER ABOVE THE ASTERISK INDICATES NUMBER OF COLUMNS
169635 36 3 3 3 2 % %

101 FORMAT(18X»s1HX/

119Xs 918)
* %
102 FORMAT(1H+924Xs 9(8X) s 10HMARGINAL Y/
* 3

111Xs1HY)

103 FORMAT(1HU913XsI295Xe 9FBe291F1262)
3% 4t
104 FORMAT(1H=99X s 11HMARGINAL X » 9FB86291F1262)
* 3¢

336 363 9% 36 36 3

105 FORMAT(1HU/
l1HO»9X917THSAMPLE STATISTICS//
210X912HCORRCOEFFo=F944/
317XesSHE(X)=F9e4/
417TXe5HE(Y)=F9 o4/
515Xs THVAR(X)=F9e4/
615X9» THVAR(Y)=F9e 4/
T13Xs9HCOVIXoY)=F9e4)
106 FORMAT (1H=~/
11H=99X s2UHGOODNESS OF FIT (%*#)/
239X918HDEGREES OF FREEDOM»5Xs10HCHI SQUAREs13Xs5HP o 5/
39X923H AGGREGATION ALONG ROWSs11XsI16913Xs1F106498X91F1 o4/
49X026H AGGREGATION ALONG COLUMNS8Xs16913Xs1F1 +498Xs1F1 o4/
59X927H AGGREGATION ALONG DIAGONAL»7X9I16913Xo1F1 e498X9s1F1 o4//
69X925H (#*¥)MINIMUM EXPECTATION=F5,2)
196 FORMAT(1H199X939HCOMPOUND BIVARIATE UNCORRELATED POISSONs6Xs13HPAR
SAMETERS(*)//
155X s6HALFA =F 1064/
255X96HBETA =F10e4/
355X96HA =F1004/
41HO954X936H(*) ESTIMATION BY MAXIMUM LIKELIHOOD///)
197 FORMAT(1H199X9+38HCONTAGIOUS BIVARIATE NEGATIVE BINOMIALs7Xs13HPARA



IMETERS(#)//
155X s 6HGAMMA=F 1044/
255X»6HBETA =F10e4/
355X06HA  =FlUe4/
41H0»54X935H(*) ESTIMATION BY METHOD OF MOMENTS///)
198 FORMAT(1H19s9X»39HCOMPOUND BIVARIATE UNCORRELATED POISSONs6Xs13HPAR
9AMETERS (%) // .
155X96HALFA =F 1044/
255X 96HBETA =F 1064/
355X s6HA =F10e4/
41HO954Xs35H(*) ESTIMATION BY METHOD OF MOMENTS///)
199 FORMAT (1H1s9Xs2BHBIVARIATE CORRELATED POISSONs17Xs13HPARAMETERS (*
9177/

155X 96HA =F1004/
255Xs6HB =F10e4/
355X96HD =FlUe4/

41lHO 954X 0 35H(*) ESTIMATION BY METHOD OF MOMENTS///)
200 FORMAT(1H199Xs4VUHGENERALIZED BIVARIATE CORRELATED POISSONsS5Xsl3HPA
9RAMETERS (%) //
155X96HEME =F10e4/
255X96HENE  =F10.4/
355X96HU =F10e4/
455X 96HV =F10e4/
555X s 6HW =F10e4/
61HO»54Xs35H(*) ESTIMATION BY METHOD OF MOMENTS///)
201 FORMAT(1H1s9Xs»37HCOMPOUND BIVARIATE CORRELATED POISSON»8X s 13HPARAM
QETERS(%*)//

155X 96HK =F10e4/
255X96HB1 =F1l0e4/
355X96HB2 =F10e4/
455X96HB12 =F10e4/
555X96HA =F1004/

61HOs54Xs35H(%*) ESTIMATION BY METHOD OF MOMENTS///)
END



INPUT DATA

Abbreviations:
(I): integer value (must be right adjusted in its field)

(F): floating point number (must be punched with a decimal)

Control card (5I1,3X,21I1)

\
Columns 1 (1) INDEX(1)| The vector INDEX(I) contains integers
2 (I) INDEX(2)| from O to 5, and they indicate the

3 (1) INDEX(3) ) models which are to be fitted to the

-~

4 (I) INDEX(4)| observed distribution. If any of the

5 (I) INDEX(SL elements of INDEX(I)
= 1 (the GBCP model is fitted)

= 2 (the CBCP model is fitted)

3 (the BCP model is fitted)

= 4 (the CBNP model is fitted)

5 (the CBUP model is fitted)

0 (no model is fitted)
9 (1) IOPT1: control variable to indicate whether
the punching of the theoretical dis-
tribution is required for further use
= 1 (punch distribution values in
FORMAT (1F10.6))
= 0 (do not)
10 (1) IOPT2: control variable which specifies the format
of the output
= 1 (output in matrix form)

= 0 (output in vector form)



Examples

INDEX(I) = [1,2,3,4,5] All five models are fitted. No punched
IOPT1 = output is produced and the printed
I0OPT2 = 0 output is in vector form.

INDEX(I) = [1,3,0,0,0] Only the GBCP and the BCP models are

fitted. The values of these two
theoretical distributions are punched,
and the printed output is in matrix form.
NOTE: Whenever IOPT2 equals 1 the number of columns (NC) of the matrix
after aggregation (see note at the end) needs to be specified (NC<10).
This number must be punched in the space above the asterisks in
formats 101,102,103,104, in subroutine OUTPUT (see program listing),

i.g., suppose number of columns NC = 10, then 101 FORMAT (18X, 1HX/19X,

1018).
*k

Dimension of the matrix of observed values (215)

Columns 1-5 (I) NC: number of columns in observed distribution.
6-10 (1) NR: number of rows in observed distributionm.

Matrix of observed values (1F10.0)

Insert one card for each observed value following the row order (first,
all the numbers in the first row, second, all the numbers in the second row,

etec.)



Each card contains:

Columns

1-10 (F) SAMPLE(1,J): observed value (I1,J)

This set of cards must be ended with a card containing

Columns

1-2 (1) NCON: control variable
= -1 (the preceeding set of data was
the last)

= -2 (read in dimension and observed values
for the next distribution and the
control card of the previous distri-
bution is not modified)

= -3 (read in new control card, and the
dimension and observed values for

the next distribution.)

END OF INPUT DATA

Example
1)
2)

3)

2)

3)

1)
2)

3)

control card (distribution I and II)

dimension of the matrix of the observed distribution (distribution I)
matrix of observed values (distribution I)

NCON = -2

dimension of the matrix of observed distribution (distribution II)
matrix of observed values (distribution II)

NCON = -3

control card (distribution III)

dimension of the matrix of observed distribution (distribution III)
matrix of observed values (distribution III)

NCON = -1



NOTES :

a) The original data are grouped after computing the sample

b)

c)

statistics in order to reduce computer time. The number of
columns and rows is reduced until a given number of observations
(NOBS) 1is reached. This value has been set equal to 5, but it
can be modified by entering the desired value for this variable
in the main program.
The chi-square test is computed by grouping the expected values so
as to obtain a minimum expectation (AMINEX) equal to 2. Again this
value can be modified by entering the desired value for this
variable in subroutine CHITEST.
In order to be consistent with the present dimension of the arrays
in the program, the following limits must be observed:

NC <30

NR £ 30



Pa

OUTPUT

A selection of the printed output can be made (see control card in
Input Data). The information contained is the same in both cases, but

its formal arrangement is different (see Output, Example).

Printed output

1) Statistics of the observed distribution
- mean (X)
- variance (X)
- mean (Y)
- variance (Y)
- covariance (X,Y)
- correlation coefficient
2) For each theoretical model:
- parameter estimates (using method of moments and/or
maximum likelihood)
- observed and expected bivariate values
~ observed and expected marginal distributions

- chi-square goodness-of-fit test.

Punched output

It is optional (see control card in Input Data)
a) For each theoretical model:

- expected values for each frequency class (Format (1F10.6))



+ C INPUT DATA EXAMPLE
C

13400 1
7 6

- 21
18

= b s
COCOCOROOCOOOOO0OCOCOLENNIHOFHFNSEVEPRENHFROSWVLORCN O

-1
C END OF INPUT DATA



eC OUTPUT EXAMPLE

BIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION (CORRGCOEFFe=

OEMX) =
E(Y)=

1

02645
09421

VAR(X) =
VAR(Y) =

1,7295
1.0550

COMPOUND BIVARIATE CORRELATED POISSON

COVI(XoY)=
NEROOBS.=

PARAMETER ESTIMATES BY THE METHOD OF MOMENTS

K=
Bl=
B2=

Ble=

A=

304383
~e1923
~02622
~e0118
l1e¢4663

OBSERVED AND EXPECTED FREQUENCIES

VLWWLVWLWLWNNNNHEE R EER, OO0

+

GOODNESS OF

SUNHCHIFVLHCTLNNFECPEWLN KL OX

+

FIT

OBSERVED
210000
18,0000

80000
200000
1,0000
13,0000
14,0000
100000
10000
400000
400000
560000
240000
20000
200000
240000
400000
30000
10000

DEGREES OF FREEDOM

EXPECTED
3204503
199488

Te9151
205654
27383
14,6341
1265139
603608
205140
08537
402595
209100
103660
05378
10127
13529
1.0021
05466
208522

(MINIMUM EXPECTATION = 2,)

AGREGGATION ALONG ROWS 10
AGREGGATION ALONG COLUMNS 9
AGREGGATION ALONG DIAGONAL 9
" MARGINAL DISTRIBUTIONS
X OBSERVED EXPECTED Y
s 0 40,0000 523566 0
1 390000 3804817 1
2 2600000 181880 2
3 80000 609919 3
4 80000 409819

OBSERVED
5060000
420000
170000
120000

02867)

03872
121,

CHI SQUARE
1867193
1566235
19,2867

EXPECTED
6346177
3608764
137394

607664



BIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION

E(X)=
E(Y)=

1

02645
e942]

VAR(X)=
VAR(Y) =

167295
1.0550

COVI(XsY)=
NERQOBS.=

COMPOUND BIVARIATE UNCORRELATED POISSON

PARAMETER ESTIMATES BY THE METHOD OF MOMENTS

ALFA=
BETA=
A=

35837
208342
07451

OBSERVED AND EXPECTED FREQUENCIES

WWLWWWANRNNNNNE PR R SR OO O0OO0 O

+

GOODNESS OF

FWVNPOPLPVNFHOPLONNFCPrWVUNKFOX

+

OBSERVED
21,0000
180000

80,0000
2840000
1.0000
130000
140000
100000
10000
460000
400000
500000
400000
200000
240000
200000
200000
460000
3,0000
160000

DEGREES OF FREEDOM

EXPECTED
216794
1609662

864913
3e4513
1.2405
1266415
126537
Te7146
366972
165307
4oT14]
Se7482
461321
22811
1,0689
loe4276
200526
16996
160620
607474

FIT (MINIMUM EXPECTATION = 2,)

(CORRCOEFF o=

AGREGGATION ALONG ROWS 12
AGREGGATION ALONG COLUMNS 13
AGRAGGATION ALONG DIAGONAL 13
MARGINAL DISTRIBUTIONS
X OBSERVED EXPECTED Y
0 4000000 4004627 0
1 39,0000 3704207 1
2 2640000 220377 2
3 8.,0000 1064915 3
4 800000 105875

OBSERVED
5000000
4200000
17,0000
12,0000

0 2867)

«3872
121,

CHI SQUARE
16,4488
13,9686
15,5768

EXPECTED
518287
3842377
17.944
129891

(7



BIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION (CORRGCOEFFe= ¢2867)

E(X)= le
EtY)= °

2645
9421

VAR(X)=
VAR(Y) =

167295
1,0550

COVIXoY)=
NEReOBSe=

COMPOUND BIVARIATE UNCORRELATED POISSON

PARAMETER ESTIMATES BY MAXIMUM LIKELIHOOD

ALFA=
BETA=
A=

346026
208491
07451

OBSERVED AND EXPECTED FREQUENCIES

WOWWWLWWLWNNNNNH P R~ OO0 00 O <
SLVNFRFCPULUNFROPULNFHOLWVWNM C X

+

+

GOODNESS OF

OBSERVED
210000
180000

80,0000
200000
10000
13,0000
1400000
10,0000
1.0000
40000
40,0000
50000
400000
200000
200000
2¢0000
20000
400000
3,0000
10000

EXPECTED
2106393
1609686

864998
304551
le2414
1246433
1246664
Te7232
306998
15306
4,7188
507546
461351
22810
10678
164292
200540
106995
10608
607315

FIT (MINIMUM EXPECTATION = 2,)

AGREGGATION ALONG ROWS
ALONG COLUMNS
ALONG DIAGONAL

AGREGGATION
AGREGGATION

MARGINAL DISTRIBUTIONS

0

£ WN —= O X

BSERVED
4000000
390000
260000
800000
80000

DEGREES OF FREEDOM

12

12

12

EXPECTED Y
4064306 0

374436 1

2240577 2

1064967 3

105713

OBSERVED
5060000
42,0000
17,0000
12,0000

«3872
121,

CHI SQUARE

1604328
13,9523
1564565

EXPECTED
518 42
3862634
179573
1269752
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»C INPUT DATA EXAMPLE
C
25000 00
7 6
® 21
18
8

2
0]

1
0
13

(-]
S

—
COO0OO0COHOOCOCOCCOCOCWLWENNHOHNSVPErRRFRNFC

-1

C END OF INPUT DATA

’



,C OUTPUT EXAMPLE
C
BIVARIATE ANALYSIS OF OBSERVED DISTRIBUTION

v X
0 1 2 3 4 MARGINAL Y
Y
0 2100 18.00 8000 200 1.0 5 o
1 13,00 14,00 10.00 1.00 400 420
2 4400 5000 400 2,00 260 174
3 2000 2000 4,00 3,00 140 12.
MARGINAL X 40400 39,00 2600 8400 860 121
SAMPLE STATISTICS
CORReCOEFFo= 2867
E(X)=  1.2645
E(Y)= 09421
VAR(X)= 17295
VAR(Y)= 1055V
COVIXeY)= 3872

GENERALIZED BIVARIATE CORRELATED POISSON PARAMETERS (%)

EME = +3678
ENE = 1197
U = 3+4383
v = 78685
W = 304383
(#)ESTIMATION BY METHOD OF MOMEN®
X
0 1 2 3 4 MARGINAL Y
Y
0 19,48 15613 8465 4,02 2042 4947
1 14609 12,75 8,00 4001 2065 4165
2 5094 6,03 44,09 2012 le.56 19,81
3 2647 2082 208 1,20 le42 999
MARGINAL X 41498 36673 22482 1lle42 805 121.
GOODNESS OF FIT (##)

! DEGREES OF FREEDOM CHI SQUARE P o
AGREGGATION ALONG ROWS 12 9.8 21,
AGREGGATION ALONG COLUMNS 12 803573 21,
AGREGGATION ALONG DIAGONAL 12 969518 21le

(##)MINIMUM EXPECTATION= 2600



BIVARIATE

1}

1%

CORRELATED POISSON PARAMETERS (%)
A = ls2645
B = «9421
O = 03872
(#)ESTIMATION BY METHOD OF MOMEN
X .
0 1 2 3 4 MARGINAL Y
Y
0 19062 17621 Te55 2621 0e.48 4Te 7
1 10.89 17615 10486 4015 le12 44616
2 3.02 6487 6633 3625 loll 2 «58
3 0656 1,66 2006 le42 365 9e2
MARGINAL X 3708 42,88 26079 11,03 6022 121
GOODNESS OF FIT (%)
DEGREES OF FREEDOM CHI SQUARE P o
AGREGGATION ALONG ROWS 11 1343971 1967
AGREGGATION ALONG COLUMNS 11 16665 1 1967
AGREGGATION ALONG DIAGONAL 11 1567 71
(#%)MINIMUM EXPECTATION= 2,00
CONTAGIOUS BIVARIATE NEGATIVE BINOMIAL PARAMETERS (#)
GAMMA= 02749
BETA = ¢9853
A = e 7451
(*¥)ESTIMATION BY METHOD OF MOMEN
X
0 1 2 3 4 MARGINAL Y
Y
0 21.68 14,39 60ll 2611 Oe64 44493
1 15022 12,92 6,68 2072 0495 38449
2 6483 7.06 4031 2002 Oe8 2le 2
3 2049 3,04 2613 113 TeT7 16456
MARGINAL X 46022 37641 19.23 Te97 1017 121.
GOODNESS OF FIT (#x)
DEGREES OF FREEDOM CHI SQUARE P e
AGREGGATION ALONG ROWS 12 1 o 314 21
AGREGGATION ALONG COLUMNS 13 2203723 22e4
AGREGGATION ALONG DIAGONAL 13 2349155 2204
(#¥)MINIMUM EXPECTATION= 2,00
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