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FORTRAN [V COMPUTER PROGRAM FOR FITTING OBSERVED COUNT DATA TO DISCRETE DIS-

TRIBUTION MODELS OF BINOMIAL, POISSON AND NEGATIVE BINOMIAL

by

Charles W, Ondrick and John C. Griffiths

INTRODUCTION

Data may be divided into two distinct types,
measurement and count. Measurement data exhibits
a continuous range in variation whereas count data
varies in discrete steps. The present discussion and
computer program is concerned primarily with count
data and the positive binomial, Poisson, and nega-
tive binomial discrete distribution models.

The types of frequency distributions generated
are dependent upon sampling arrangement, measure=
ment technique and distribution of the constituents
to be analyzed, Consider a conceptual experiment
where the outcome can be thought of as success or
failure, for example quartz grain (success) and not
quartz grain (failure). Constant probability models
such as the positive binomial and Poisson are expect=
ed if the following conditions are fulfilled (Student
1919, p. 211):

1. The chance of a point falling on a parti-
cular item is the same for each point.

2, The chance of a point falling on a parti-
cular item is the same for each particular
item,

3. The fact that a point has fallen on a par-
ticular item does not affect the chance of
subsequent points falling on that item,

According to Student (1219), condition three
is often unfulfilled. If a point falling on a partic-
ular item, for example a quartz grain, decreases the
chance of points falling on quartz grains, the posi-
tive binomial discrete=distribution model is expected.
The negative binomial distribution model, a noncon-
stant probability model, is expected, however, if a
point falling on a quartz grain increases the chance
of points falling on quartz grains. The negative bi-
nomial has been called a contagious or epidemic dis-
tribution because the occurrence of cases of a conta=
gious disease is clustered, that is if one case is found
the chances of finding additional cases may be in-
creased, The distribution free statistic chi square

(X2) may be used to test the similarity of the observed
to the expected frequency distribution model.
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Positive Binomial and Poisson Distribution Models

If the above conditions one through three are
fulfilled and the probability of occurrence of a par-
ticular item ranges between approximately .05 and
.95 the positive binomial frequency distribution may
be an appropriate model.

The positive binomial is defined as

N(q +p)"
where (N) is the number of trials (traverses), (n)
number of points within a trial, p the probability of
an occurrence and q the probability of nonoccur-
rence (1-p). The general term for the expansion of
the positive binomial is
n X n=X
P, == P q

X" XT(n=X)!
where n, p, q have been defined above and X is the
number of successes or events, PX is the expected

probability of the event (success).

The Poisson model may be considered a spe=
cial case of the positive binomial model. If condi-
tions one through three above are fulfilled and the
probability of occurrence of a particular item is less
than .05 or greater than .95 the Poisson frequency
distribution is the expected model. The general term
for the expansion of the Poisson is

_ X
Px '——ﬁ-E?-—;‘(l e
Negative Binomial Distribution Model

The negative binomial may be used as an al-
ternative model, This is a nonconstant probability
model and condition three above is not fulfilled. If
a point falls on a particular item the probability that
the next point will fall again on that item tends to be
increased. A detailed theoretical discussion of the
negative binomial is presented in Bliss and Fisher
(1953).

The negative binomial is defined as
N(a-p) 7

where N, remains as previously defined, p the pro-
bability of occurrence of the event, q the probabil-
ity of nonoccurrence; and P=X/kand q=1+P, The
exponent k is first approximated by the equation
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and then successively substituting new trial values
of k in the equation

Z;= 5<Er.—rx>"\””<’ s

i
until the Z value equals zero. In order to make the

Z values converge on zero (0,00005 in the present
program) the Newton=Raphson technique is used and
a derivative of Z is then calculated (DZ value).

The values R, P and Q in the program output
are the estimates of the parameters of the negative
binomial and L is the number of iterations required
for Z to converge on zero. P and Q are defined
above (p,q) and R is equal to P/Q.

The general term for the expansion of the
negative binomial is

oo kXDt %
x© XT(R-DT K

GEOLOGICAL EXAMPLES

The geological literature is markedly defi-
cient in the use of positive binomial, Poisson and ne=-
gative binomial models when in fact much of the data
collected are in the form of counts. Examples in=
clude petrographic modal analysis, estimations of
grain packing, and frequency of natural resource tar-
gets. Griffiths (1960a, 1960b, 1962, 1967) and
Ondrick (1965, 1968) provide examples of the fitting
of observed petrographic modal analysis data to ex-
pected distribution models and their geological inter-
pretation, Griffiths and Drew (1966) and Griffiths
(1966) extend the applications to the search for nat-
ural resources.

The fit of the observed distribution of sphene
in the Rensselaer Graywacke, Rensselaer County,
New York to both the Poisson and negative binomial
models is given in Figure 1, The sampling consisted
of 40 sets of 5 points each per thin section or 4800
sets for the 120 thin.sections counted. Note the ex=
tended tail of the observed distribution toward the
higher number of successes and the smaller value of

X2 (4.79) for the negative binomial fit in compar-
ison to the Poisson fit (213.49). In the observed dis-
tribution there are too few 1 successes and too many
2, 3, 4 successes to fit the expected Poisson distri-
bution, It is concluded therefore that sphene is a
rare mineral in the Rensselaer Graywacke and that it
occurs throughout the rock in blobs and blotches.,
That is, during point counting, if a point falls on
sphene the probability that the next point will land
on sphene is increased. The probability of occurrence

is in fact .03 (P =X/, = .03),
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Figure 1,- Observed distribution of sphene in Ren-
sselaer Graywacke, Troy, New York compared with
expected Poisson and negative binomial distributions.

An example of the fit of the observed distri-
bution of quartz in the Cow Run Sandstone to the pos-
itive binomial distribution is presented in Figure 2.
The sampling consisted of 6 traverses of 200 points
each per thin section or 156 traverses for 26 thin sec=
tions, It is concluded that quartz is a common min-
eral in the Cow Run Sandstone and is distributed ran-
domly with constant probability throughout the rock.

Another example of a negative binomial dis-
tribution is illustrated by the frequency of occurrence
of epidote in thin sections of the Rensselaer Gray-
wacke; the sampling arrangement is similar to that of
sphene given above and the conclusions concerning
the distribution of epidote are that it occurs also as
blobs and blotches and is not distributed randomly
through the rock,

In a somewhat different context the frequency
distribution of successes in a simulated grid sampling
of Kansas for oil and gas occurrences again yields a
negative binomial distribution, The original data are
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Figure 2,- Observed distribution of quartz in Cow Run
Sandstone St. Marys, West Virginia compared with
expected positive binomial distribution,

published in Griffiths (1966, Table I, p. 192) and the
sampling arrangement consisted of 401 sets of 5 wells
with 5 mile spacing between wells. This frequency
distribution is rejected by chi-square if compared with
a positive binomial (P<0,001) and fits a negative bi-
nomial (90>P>80), The implications are that the oil
and gas fields of Kansas are clustered and not random=
ly distributed,

PROGRAM DESCRIPTION

A flow diagram depicting the systematics of
the discrete distribution computer program is presented
in Figure 3. Observed discrete frequency distributions
may be compared against expected positive binomial,
Poisson and negative binomial models, Options are
provided to calculate either the expected constant
probability models (Poisson or positive binomial) or
the contagious distribution model (negative binomial)
or both, If the observed frequency is compared a=
gainst a constant probability model, it will automa-
tically be compared against the Poisson if the pro-
bability of occurrence is less than .05 and to the
positive binomial if the probability of occurrence is
equal to or greater than ,05,

Limitations
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Figure 3.=Flow diagram for Discrete Distributions
computer program,

is to be calculated, the number of frequency classes
and the size of (n) should be limited to no greater

than 10,

Approximations of the probability values of
the positive binomial for n = 11 to 49 and 50 to 100
may be obtained from the National Bureau of Stan=
dards, "Tables of the Binomial Probability Distribu-
tion" (1950) and from Romig (1953) respectively.

The calculation of the expected Poisson and
positive binomial distributions require the computa-
tion of the factorial of certain parameters. If the ex-
pected frequency of these constant probability models



Data may be classified into a maximum of 60
classes for the negative binomial distribution.,

Input to Program

Card 1 Contains the number of problems
to be analyzed., FORMAT I5
Contains four parameters (right
justify all parameters). FORMAT
(215, 2F10.0)

Card 2

Columns
1-5 Number of classes in frequency

distribution

Distribution option (see Distribu-

tion Option below)

N = number of trials (traverses

or sets)

n = number of points within a

trial

6-10
11-20
21-30

Cord 3 Contains an 80 column alpha-

numeric title

Contains the format for the data

of the form (FX. X, FX. X)

Contains the data, which in-

cludes the class (0., 1., 2., 3.

..60.) followed by the frequency

within the class.

Cards 2 through 5 + N are repeated for each
problem to be analyzed.

Card 4
Card 5+N

Distribution Option

The observed data are fitted to the expected

Poisson or positive binomial and a X2 comparison is
executed by punching a 6 in column 10 of input Card
2. The observed frequency distribution may be com-
pared with the expected negative binomial model by
punching a 4 in column 10 of input card 2, Both the
expected Poisson or positive binomial and negative
binomial distributions may be compared against the
observed discrete distribution by punching a5 in col=
umn 10 of the same parameter card,

Program Compatibility and Adaptation

The program described here has been com-
piled and executed successfully on the GE 635, IBM
360/ Models 50 and 67 and the IBM 1130 computers.
The card reader and printer peripherals have been
assigned variable names which may be set equal to
the particular numerical designation at a given com=
puter center by changing the statements MAIN 82
and 83,

Minor program modifications are necessary
for a successful compilation and execution on the
IBM 1130 computer, The DIMENSION statements
must precede the COMMON statements in all sub=
routines, Statements MAIN 120, 125, and 135 must
be altered to delete the variable format option pro-
vided in larger computers, Logical IF statements are
not compilable on the 1130 therefore statements FACT
70 and 75 have to be altered to:

20 IF (KJ=N) 21, 45, 21

21 IP=1P=(KJ-N)
Remove DIMENSION statements from MAIN program,
Because of the limited core size of the IBM 1130 com-

puter the subroutines POSBI and NEGBI must be placed
in overlay.
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Listing of program

NNOONhONNONNOHND

10
15

20

25

30

35

40

45
50
55

60

NI I NI NN I TN IR KN NN NI NN RN RINFRRHEXRENMA N
HHEHREERERERXRRRXRNXUXDISCRETE DISTRIBUT IONSH %% % 336 93 3 % 3 6 % ¥ %% HXMA I N
NN H I AH TN IR TN R H KN HIH RN RN RN RR XX RRMA LN

PARAMETER CARD ONE NUMBER OF SETS OF DATA IN FORMAT 15, MAIN
PARAMETER CARD TWO CONTAINS FOUR PARAMETERS IN THE FOLLOWING ORDEMAIN
NUMBER OF CLASSES OF DATA, OPTION NEGATIVE BINOMIAL FIT ONLY MAIN

(PUNCH A 4)y OPTICN POISSON/POSITIVE BINOMIAL FIT ONLY{PUNCH A 6)sMAIN
OPTION BOTH NEGATIVE BINOMIAL AND POISSON/POSITIVE BINOMIAL FIT MAIN
(PUNCH A 5)yNUMBER OF SETS OF N POINTS COMPOSING THE DISTRIBUTIONsMAIN

NUMBER OF POINTS WITHIN A SETe FORMAT(215492F1040) MAIN
PARAMETER CARD THREE AN 80 COLUMN ALPHANUMERIC TITLE CARD. MAIN
PARAMETER CARD FOUR FORMAT OF DATA CARDS (FXsXs FXeX) MAIN

KK K NI I WK NN RN H NN NN IR HH R R REMA LN
COMMON X(60)sY(60) sTITLE(20) sFMT(20) sNCLASsBIGNsSMLLNSAVEXsSFyVAR MAIN

COMMON IRDOsIWR MA TN
DIMENSION PHI(60) sCHI(60)9sACC(60) sPROB(60)EK(60)sZ2(60)9DER(60) MAIN
DIMENSION DZ(60) sAEXP(60)sZEXP(60)9PX(60)9CHISQ(60) 9AOBS(60) MATIN
IRDO=5 MAIN
IWR=6 MAIN
READ (IRDOs5) ISETS MAIN
FORMAT (15) MAIN
DO 80 I=1sISETS MATIN
READ (IRDO910) NCLASsNOPTNsBIGN s SMLLN MAIN
FORMAT (215+2F1040) MAIN
READ (IRDOs15) TITLE MAIN
FORMAT (20A4) MAIN
READ (IRDO+2C) FMT MAIN
FORMAT (20A4) MAIN
DO 25 J=1sNCLAS MAIN
READ (IRDOWFMT) X(JYsY(J) MAIN
CONTINUE MAIN
SF=040 MAIN
SFD=040 MAIN
SFD2=0.0 MAIN
DO 30 J=14sNiILAS MAIN
SF=SF+Y(J) MAIN
SFD=SFD+X(J)*Y(J) MAIN
SFD2=SFD2+(X({J) %24 ) %Y (J) MAIN
CONTINUE MAIN
AVEX=SFD/SF MAIN
VAR=( (SFD2)/SF)=(AVEX*%2) MAIN
STOV=SQRT(VAR) MAIN
WRITE (IWRs35) MAIN
FORMAT (1H1) MAIN
WRITE (IWRs40) - MAIN
FORMAT (//1H s40X950H*n**x#x%x#%xDISCRETE DISTRIBUTIONS PROGRAM*#%#%MAIN
1% %% ) MAIN
WRITE (IWRs45) TITLE MAIN
FORMAT (//1H 925X +20A4//) MAIN
WRITE (IWR»50) MAIN
FORMAT (1H +40Xs THAVERAGE 98X 9s8HVARIANCE 98X 18HSTANDARD DEVIATION/)IMAIN
WRITE (IWRs55) AVEX9sVARSTDV MA TN
FORMAT (1H 939X9FB8e3+s8XsF8e3913XsFFe&//) MAIN
IF (NOPTN=5} 60s70565 MAIN
CALL NEGBI MAIN
GO TO 75 MAIN

10
15
20
25
30
35
40
45
50
55
50
65
70
73
75
30
82
33
85
90
95
100
105
110
115
120
125
139
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
250
255
260
265
270



[aNaNa]

65
70

75
80

10

15

20

25
30
35
40
45

CALL POSBI MAIN
GO TO 75 MAIN
CALL POSBI MAIN
CALL NEGBI MA TN
CONTINUE . MAIN
CONTINUE MAIN
sTOP MAIN
END MA IN
SUBROUTINE FACTRI(KJsIP) FACT
******************************************************************FACT
SUBROUTINE TO CALCULATE THE FACTORIAL OF A NUMBER FACT

R IR K NN R KN IR R R XN HHRHRE RN X RRAHRR XXX RXRXFACT
COMMON X(60)sY(60) sTITLE(20)sFMT(20) sNCLAS»BIGNsSMLLNYAVEXsSFsVAR FACT

COMMON IRDOsIWR FACT
IF (KJ=1) 5495410 FACT
IP=1 FACT
GO TO 45 FACT
N=1 FACT
DO 30 1=1+KJ FACT
IF (I=1) 35,415,420 FACT
IP=KJ*(KJ=N) FACT
GO TO 25 FACT
IF (KJeEQeN) GO TO 45 FACT
IP=]P*(KJ=N" FACT
N=N+1 FACT
CONTINUE FACT
WRITE (IWRs40) FACT
FORMAT (1H +53X4+24HLOOP INDEX LESS THAN ONE) FACT
CONTINUE FACT
RETURN FACT
END FACT
SUBROUTINE POSBI POSB
NI NI R R NH I RN HI R KRR NN RH R EERHRRRHER AR XXX XXX XPOSB
SUBROUTINE O CALCULATE THE POISSON/POSITIVE BINOMIAL posB

HH NI A KRR I H IR A NI R NN NN R AR AR R AR KR AR ERPOSB
COMMON X(60}sY(60) sTITLE(20)sFMT(20) sNCLASIBIGN»SMLLNSAVEXsSFsVAR POSB

COMMON IRDOsIWR PosSe
DIMENSION AEXP(60) 9ZEXP(60)sPX(60)sCHISQ(60)sA0BS(60) POSB
P=AVEX/SMLLN POsSB
IF (P=0s05) 5435435 POSB
O F IR I H N KN IR KR KNI HE X RN KRN R RHHER R RH KRR AR E AR HEAXPOSB
GENERATION OF /THE POISSCN DISTRIBUTION pPOsB
LR R L R R R S L Ry T R Y R TR T Y Yok )
WRITE (IWRs10) pose
FORMAT (///1HQ0s48X935HCALCULATION OF THE EXPECTED POISSON) pPOSB
WRITE (IWRs15) POSB

FORMAT (/1HO 927X s 5SHCLASSs5X 9 20HEXPECTED PROBABILITY#5Xs18HEXPECTEDPOSB

275
280
285
290
295
300
305
310

10
15
20
25
27
30
35
40
45
50
55
60
65
70
75
80
85
EAY
95
100
105
110

10

20
25
27
30
35
40
45
50
55
60
65
70
75
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20
25

30

35

40

45

50

55

60
65

70

1 FREQUENCYs5Xs18HOBSERVED FREQUENCY) POSB

ZLN=040 POSB
ZiM=04C POsB
ZLP=0.0 POsSB
DC 25 J=1sNCLAS POSB
JA=J=1 POSB
CALL FACTR(JASIP) pPosB
PXUJY=AVEX*¥xJA/ (FLOAT(IP)*24718%*AVEX) pOsB
ZEXP(J)=BIGN*PX(J) POsB
ZIN=ZLN4PX(J) pose
ZLM=ZLM+ZEXP(J) POSB
ZLP=ZLP+Y (J) POSB
ARITE (IWR920) JASPX () sZEXP(J)sY(J) POSB
FORMAT (1HO929Xs13910X9F12e89TXsF15e498X9F1544) pPOsB
CONTINUE posB
WRITE (IWRs30)ZLNsZLMsZLP POSB
FORMAT (1HOs28Xs6HTOTALS 98X sF12e897X9F154498X9F1544) posB
GO TC 5¢C POSB
NN H R AT HH IR N M NN F RN H RN RN RRE R AR R R XX XXX XPOSB
GENERATION OF THE POSITIVE BINOMIAL DISTRIBUTION POsB
ER R 2 R T T R R T T R R R R Y R Y R R R 2 X =TekY:)
MA=SMULLN POSB
WRITE (IWR»40) POsB
FORMAT (///1HOs43X945HCALCULATION OF THE EXPECTED POSITIVE BINOMIAPOSB
L) posB
WRITE (IWRsi5) POSB
ZLN=0eC POsSB
ZILM=040 POSB
ZLP=040 posB
DO 45 JU=1sNCLAS posB
[=J=1 POSB
KOK=MA=1 PoOsB
CALL FACTR(MA»JJ) posB
CALL FACTRI(I»JQ) POsB
CALL FACTR(KOKsJNV) POS8
PXEJ)=FLOAT(JI) #(PH*])*(1e=P ) *# (KOK) /(FLOAT(JINVI*#FLOAT(JC)) POSB
ZEXP(J)=BIGN*PX(J) POSB
ZLN=ZLN+PX{J) POSB
ZLM=ZLM+ZEXP(J) POSB
ZLP=ZLP+Y (J) POsB
WRITE (IWRs20)TePX{J)sZEXP(J)sY (J) POSB
CONTINUE PosB
WRITE (IWR930)ZLN»ZLMsZLP PoOsB

RN EMR KR X HH IR M HHIH NI R N AR X F LR RAR IR KX R H XX HXXPOSB
FOLDING EXPECTED-OBSERVED CLASSES (IF )1leC IN A TAIL CLASS FOLD) POSB

KM NN F R NI I HH KRNI KRR HHH AKX R RR R HE XN H R RHH XA RPOSB
KX=1 POSB
J=1 posB
AOBS(1)=Y{1) POsSB
AEXP(1)=ZEXP(1) ~POSB
IF (ZEXP(KX)=140) 55480+80 POSB
KX=KX+1 POSB
ACEBS (J)=A0BS(J)+Y (KX) POSB
AEXP(J)=AEXP(J)+ZEXP (KX) POsSB
IF (AEXP(J)=1e0) 65480580 pose
KX=KX+1 POSB
AEXP(J)=AEXP(JI+ZEXP (KX) POSB
AOBS(J)=A0BS(J)+Y (KX) POSB
IF (KX=(NCLAS+1)) 60460470 POSB
WRITE (IWRs75) POSB

80

85

90

95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
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75 FORMAT (//110941X s 49Hux#%xALL CLASS FREQUENCIES ARE LESS THAN ONE*POSB

1% ) POSB

GO TO 190 posB

80 DO 85 J=29sNCLAS POSB
AEXP(J)=ZEXP(J) POSB
AOBS(J)=Y (J) POsSB

IF (ZEXP(J)=1e0) 90985485 POSB

85 CONTINUE POSB
90 Ji=J POSB
SUM1=0.0 POSB
SUM2=0e0 POSB

DO 95 JA=JUZsNCLAS POSB
SUM1=SUM1+ZEXP(JA) POSB
SUM2=SUM2+Y (JA) POSB

95 CONTINUE POSB
AEXP(JZ)=SUM1 POSB
AOBS(JZ)=5UM2 POSB
KK=0e0 POSB

IF (AEXP({JZ)=1e0) 1001054105 POsSB

100 KK=140 POSB
AEXP({JZ=1)=AEXP(JZ=1)+AEXP(JZ) POSB
AOBS(JZ=1)=A0BS(JZ=1)+A0BS(JZ) POSB

I3 3 9 I 56 I A I K N M K W IEW K K H I N WK I N N HH N HHRNHH R AR H*AXXPOSB
COMPUTATION OF CHI SQUARE POSB

WK H R NRRII TN H I TN RN RN HTH RN HH RN REH AR RRX R AR ARXHRRRXXPOSE

105 IF (KK=1) 1154110110 PQOsSB
110 KA=JZ~1 POSB
GO TO 120 POSB

115 KA=JZ POSB
120 IF (KA=2) 13041309125 POSB
125 S=0.0 pPOSB
GO TO 140 PQSB

130 WRITE (IWRs135) POsSB
135 FORMAT (//1HO 929X s T4H®k®%x%%%x%%NO CHI SQUARE WAS COMPUTED DEGREES POSB
10F FREEDOM ARE ZERO¥# %3#%#% %% %5t ) POSB

GO 7O 190 POSB

1640 DO 145 I=1sKA POSB
CHISQ(I)=(AOBS(I)=AEXP(I))*#2/AEXP(]) POsSB

145 S=S+(A0BS(IVY=AEXP(I))##2/AEXP(]) POSB
WRITE (IWR9450) POSB

150 FORMAT (1H1+53Xs25HCALCULATION OF CHI SQUARE) POSB
WRITE (IWRs155) POSB

155 FORMAT (//1H 942X s46HCLASS OBSERVED EXPECTED CHI SQUARPOSB
1€) POSB

DO 160 J=1sKA POSB
LOVE=J=1 POSB

160 WRITE (IWR»165) LOVEsAOBS(J)sAEXP(J)sCHISQ(J) POSB
165 FORMAT (1HOs464X91295XsF8e095X9FBe335X9F943) POSB
KB=KA=2 POSB

IT (P=e05) 18041809170 POSB

170 WRITE (IWRs175) SsKB POsB
175 FORMAT (//1H0s36Xs31HCHI SQUARE TO A BINOMIAL FIT = +sF9e395H WITHsPOSB
11Xs1393Xy18HDEGREES OF FREEDOM) POSB

GO TO 190 POSB

160 WRITE (IWR»185) SeKB POSB
185 FORMAT (//1HO 936X s30HCHI SQUARE TO A POISSON FIT = sF9e395H WITHs1POSB
Y913+3X918HDEGREES OF FREEDOM} POsSB

150 CONTINUE POSB
RETURN POSB

END POSB

380
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5

10

15

20

25

390

35
40
45

50
55

60

SUBROUTINE WEGBI NEGB
LR R R R 2 R R R T L R T S T L 2T el

SUBROUTINE TO CALCULATE THE NEGATIVE BINCMIAL NEGB
IR NI RN H K KWK KRR R WK NN R R AR R REH XXX XNEGE
W R I K BRI R IR R F I BRI K R H R KK NN HH KR HE AR HE XN KX XNEGS

FIRST K = (AVERAGE)*#%2/(VARIANCE = AVERAGE) NEGSB
Z VALUE = SUM(CUMULATIVE FREQUENCY/FIRST K + CLASS) = (SUM OF NEGB
FREQUENCIES * (LN(1e0 + (AVERAGE/ESTIMATE OF K(L))))) NEGB
WHERE Z(L) = S(AX(J)/EK(L) + X(J)) = NLOG(1le0 + AVEXOEK (L)) NEGB
DERIVATIVE DZ = S(AX(J)/((EK(L) + X(J)#*%2) = N*(AVEX)/EK(L)*(EK(L)NEGB
+ AVEX)) NEGB
THEN  EK{L+1) = EK(L) + 2(L)/DZ(L) NEGB
L=NUMBER OF Z AND DZ VALUES CALCULATED NEGB
R = AVERAGE/(EK + AVERAGE) NEGB
P = AVERAGE/EK NEGB
C = 1e0 + P NEGB

***%*%%***********************************************************NEGB

COMMON X(60)sY(60)sTITLE(20) sFMT(20) sNCLASsBIGNsSMLLNSAVEX sSFsVAR NEGB
COMMON IRDOsIWR NEGB
DIMENSION PHI(60) sCHI(60)sACC(60)sPROB(60)9EK(60)9Z(60)9DER(60) NEGB
DIMENSION DZ2(60) NEGSB
WRITE (IWRs5) TITLE NEGB
FCRMAT (1H1925X920A4//) NEGB
WRITE (IWR»10) NEGB
FORMAT (1HO938X955H*x**%xCALCULATION OF THE EXPECTED NEGATIVE BINOMNEGB
LTTAL#®*x%%) NEGB
L=1 NEGB
EK(L)I=((AVEX*#2)/ (VAR=AVEX)) NEGB
WRITE (IWR»s15) NEGB
FORMAT (//1H 962X sTHFIRST K) NEGB
WRITE (1WRe#20) EK(L) NEGB
FORMAT (1H +58XsF1lleb//) NEGB
KEY=0 NEGB
WRITE (IWRs25) NEGB
FORMAT (1H »55Xs7HZ VALUEs7Xs8HDZ VALUE) NEGB
DO 125 L=1460 NEGB
SY=040 NEGB
SACC=0.0 NEGB
SDER=0.0 NEGB
DO 30 J=1sNCLAS NEGB
SY=SY+Y(J) NEGB
ACC(J)=((SF=SY)/(EK{LI+X(J))) NEGB
SACC=SACC+ACC (M) : NEGB
DER(J)I=((SF=SY)/ ({EK(L)+X(J))*%2)) NEGB
SDER=SDER+DER (J) NEGB
CONTINUE NEGB
PT2=(SF*(ALOG(1e0+ (AVEX/EK{L))))) NEGB
Z(L)=SACC=-PT2 NEGB
PT3=( (SF*AVEX )/ (EK(L)*(EK(L)+AVEX))) NEGB
DZ(L)=SDER=-PT3 NEGB
WRITE (IWRe35) Z(L)sDZ(L) NEGB
FORMAT (1H 951XsF12e693XsF14e8) NEGB
KEY=KEY+1 NEGB
GO TO (409509909659105) sKEY NEGB
IF (Z(L)) 455130485 NEGB
EK(L+1)=EK(L) =041 NEGB
GO TO 125 NEGB
IF (Z(L)) 559130460 NEGB
KEY=KEY=1 NEGB
GO TO 45 NEGB
EK(L4+1)=EK(L)+(Z(L)/DZ(L)) NEGB

10

150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300



65
70

75
80

85
S0
95
100
105
110

115
120

125
130
135

140

145
150

155
1

160

165

170

175

180

KEY=KEY+1

GO TO 125

IF (Z(L)) 709130475
KEY=KEY=2

GO TO 100

IF (2(L)=0400005) 1309130480
KEY=KEY=2

GO TO 60

EK(L+1)=EK(L)+041
KEY=KEY+1

GO TO 125

IF (Z(L)) 1109130s95
KEY=KEY=2

GC TO 85
EK(L+1)=EK(L)+(Z(L)/D2(L))
KEY=KEY+1

GO TO 125

IF (2(L)) 11551309110
KEY=KEY=2

GO TO 60

IF (Z(L)+0400005) 12041304130
KEY=KEY=2

GO 7O 100

CONT INUE

WRITE (IWRs135)

FORMAT (1HO 942 X9 20HMAXIMUM LIKELIHOOD Ks8Xs 7THFINAL

WRITE (IWRs140) EK(L)sZ(L)sL

FORMAT (1H 945X 9F144836XsF14e804Xs13/7/)

R=AVEX/(EK(L)+AVEX)

P=AVEX/EK (L)

Q=160+P

WRITE (IWRs145)

FORMAT (1H1)

WRITE (IWRs150) TITLE

FORMAT (1H 925X920A4&/7/)

WRITE (IWRs155)

FORMAT (1H 941X 1l4H R
Q )

WRITE (IWRs160) RsPsQ

FORMAT (1H +41XsF144893X9F1l4a893XsF1l4a8//)

J=1
PHICJ)=(SF/Q**EK (L))
J=Jd+1l

SPHI=0e0

DO 170 J=24NCLAS

PHI(U)=(((EKIL)+X(J)=1a0)%*R)/X(J))¥PHI(J=1))

SPHI=SPHI+PHI (J)
CONTINUE

SPROB=0.0

DO 175 J=1s"ICLAS
PROB(J)=PHI{J)/SF
SPROB=SPROB+PROB( J)
CONTINUE
STOT=PHI(1)+SPHI
DEF1=SF=STOT
DEF2=140«SPROB

IF (DEF1=0e2) 19541954180
NOP=NCLAS+5
LKV=NCLAS+1

CC 185 J=LKVsNOP

93X 1l4H

11
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185

150

195

200

205

210
215

220

225

Y{J)=0e0
CONTINUE
NCLAS=NCLAS+5

DO 190 J=1sNCLAS
A(J+1)=X(J)+1.0
CONTINUE

J=1

GO TO 165
CONTINUE

AAZ=040

DO 200 J=1sNCLAS
CHICJ)=(Y(J)=PHI(J) ) *%2/PHI(J)

AAZ=AAZ+CHI(J)

CONTINUE
WRITE (IWR»205)

NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB
NEGB

FORMAT (1H 918Xs5HCLASSsB8Xs1BHEXPECTED FREQUEMNCY s8Xs18HOBSERVED FRNEGB

1EQUENCY 98X 9 10HCHI SQUARE$8X s 11HPROBABILITY)

DO 215 J=1sNCLAS

WRITE (IWRs210) X{(J)sPHI(JI)sY (L) sCHI(J)}9PROBI(J)

FORMAT (1H 918X9F5e0912X9F10eb49s16X9F10eb914X9FB8e398XsF11e8)
CONTINUE

WRITE (IWR+220) STCTsSFsAAZ+SPROB

FORMAT (1HOs17Xs6HTCTALS912XsF10e4916X9F10e4914X9FBe398X9F11e8)
IVAN=NCLAS=3

WRITE (IWRs?25) IVAN

FORMAT (/1H ) 917 Xs4HWITHe I491X9 18HDEGREES OF FREEDOM)

WRITE (IWRs145)

RETURN

END
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Input

4

5 5 48004 S5e
THE DISTRIBUTION OF SPHENE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYe
(2F5e0)

04208
le 4744
2e¢ 984
3¢ 19,
4o le
8 -6 1564 Te

THE DISTRIBUTION OF QUARTZ IN THE COW RUN SANDSTONE»STeMARYS WEST VIRGINIA
(2F540)

Oe 2
le 10
2¢ 260
3e 45,
4o 39.
5S¢ 21
6o 11,
Te 2e
6 4 4800, 5e

THE DISTRIBUTION OF EPIDOTE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYe
(2F1040)

Oe 2797
le 1288
2e 501,
3. 155,
4o 47
5e 12.
6 5 401 S5e

AREAL (GRID) SAMPLING OF THE STATE OF KANSAS FOR NATURAL RESOURCE TARGETS
(2F540)

Oe 257
le 104,
2e 29
3 8
b4 2e
5. 1.
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Output

X%k’ nn#%¥DISCRETE DISTRIBUTIONS PROGRAM® % ¥ %% %% %%

THE DISTRIBUTION OF SPHENE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYos

AVERAGE VARIANCE STANDARD DEVIATION

0el52 0196 0et429

CALCULATION OF THE EXPECTED POISSON

CLASS EXPECTED PROBABILITY EXPECTED FREQUENCY OBSERVED FREQUENCY
0 0485875133 412240064 420840000
1 0.13078067 6277472 47440000
2 0400995840 4748003 9840000
3 06400050552 204265 1940000
4 0400001924 040923 140000
TOTALS 100001518 480040729 480040000

CALCULATION OF CHI SQUARE

CLASS OBSERVED EXPECTED CHI SQUARE
0 4208 41224006 le794
1 474 627747 374655
2 98 474800 524719
3 20 24518 1214317
CHI SQUARE TO A POISSON FIT = 2134486 WITH 2 DEGREES OF FREEDOM

14



THE DISTRIBUTION OF SPHENE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYs

TOTALS

WITH

*#*x#tCALCULATION OF THE EXPECTED NEGATIVE BINOMIAL*%*xx

FIRST K
0e528422
Z VALUE DZ VALUE

~94869441 141461221712
134035468 348445330071
14999516 247470122355
Ce070945 230634404194
0«¢000097 22970763027
04000002 229470675677

MAXIMUM LIKELIHOOD K
Oe47421228

THE DISTRIBUTION OF SPHENE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYe

FINAL Z
0400000286

R P Q

0424308173 . 0632114660 1e32114660
EXPECTED FREQUENCY OBSERVED FREQUENCY CHI SQUARE
420641502 420840000 0.000
48448527 47440000 Qe242
8668744 9840000 led24
174164 190000 Oel43
366771 140000 1e949
067998 0«0000 0e799
061773 040000 06177
00398 040000 04039
0640090 040000 04009
040020 040000 04002
479949993 480040000 44789

7 DEGREES OF FREEDOM

15

PROBABILITY

0487628130
0410101099
001809885
0400362843
0400076606
0400016663
0400003695
0400000830
000000188
000000043

0699999987



vepaspaaes) [SCRETE DISTRIRUTIONS PROGRAMsswwsasuss

THE DISTRIBUTION OF QUARTZ IN THE COW RUN SANDSTONE,ST,MARYS WEST VIRGINIA

CLASS

7

TOTALS

CHI

AVERAGE VARTANCE
3,449 1.965

STANDARD DEVIATION
1,4019

CALCULATION OF THE EXPECTED POSITIVE BINOMIAL

EXPECTED PROBABILITY
0.00864988
£.05880042
0.17130664
0.27726526
0.26925760
0.15688873
n.05078588
0.00704559

1,00000001

EXPECTED FREQUENCY

1.3494
9.1729
26,7238
43,2534
42.0042
24,4746
7.9226
1,0991

156,0000

CALCULATION OF CHI SQUARE

CLASS OBSERVED
0 2.
1 10.
2 26,
3 45,
4 39.
5 21.
6 11,
7 2.

SQUARE TO A BINOMIAL FIT

EXPECTED CHI SGUARE
1,349 0.314
9.173 0,075

26.724 0.020

43.253 0.071

42,004 0.215

24.475 0.493

7,923 1.195

1,099 0.738
= 3,120 WITH 6

16

OBSERVFD FREQUENCY
2.0000
10.0000
26,0000
45,0000
39,0000
21,0000
11,0000
2,0000

156.0000

DEGREES OF FREEDOM



#n XA ¥’k AXDISCRETE DISTRIBUTIONS PROGRANMM M3 %3 % % %%

THE DISTRIBUTION OF EPIDOTE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYs

AVERAGE VARTANCE

0e625 0804

STANDARD DEVIATION

068967

THE DISTRIBUTION OF EPIDOTE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NoYo

#xxx*CALCULATION OF THE EXPECTED NEGATIVE BINOMIAL*%*%%%

FIRST K
24191608

Z VALUE
~34051632
=14301038

04915579

04038703

0000079

06000000

MAXIMUM LIKELIHOOD K
2403009546

Dz VALUE

15451919103
19.65296126
24488831378
22481491234
22472366954
22472348310

FINAL 2Z
0400000000

THE DISTRIBUTION OF EPIDOTE IN THE RENSSELAER GRAYWACKE RENSSELAER COUNTY NeYe

R P Q
0023557637 0630817516 1430817516
CLASS EXPECTED FREQUENCY OBSERVED FREQUENCY CHI SQUARE
O 278242639 27970000 0.078
le 133045969 128840000 le363
2 47449026 50140000 le434
3. 15042901 15540000 Oela7
e 4445223 4740000 0el137
Se 1266492 1240000 0¢033
6 344914 00000 34491
Te Qe 9435 0«0000C 06943
8e 02508 00000 04250
9 060658 040000 0«065
10 060171 0e0000 0017
TOTALS 479949940 480040000 74963
WITH 8 DEGREES OF FREEDOM

17

PROBABILITY

0457963831
027720769
0409893804
0603131043
0400927549
0400263525
0400072738
0400019657
0400005227
0.00001372
0+00000356

0699999876



AREAL

CLASS

5

TOTALS

CHI SQUARE TO A BINOMIAL FIT

GRID

Hrxux k¥ A¥DISCRETE DISTRIBUTIONS PROGRAMM®# %% %3 %5 %

SAMPLING OF THE STATE OF KANSAS FOR NATURAL RESOURCE TARGETS
AVERAGE VARTANCE STANDARD DEVIATION
0e496 0e624 Qe7899

CALCULATION OF THE EXPECTED POSITIVE BINOMIAL

EXPECTED PROBABILITY
0659294832
0832667972
0607199254
0400793273
0400043704
0400000963

1.,00000000

EXPECTED FREQUENCY
23747722
13049985

2848690
3.1810
Oel752
00038

40140000

CALCULATION OF CHI SQUARE

CLASS OBSERVED
o] 257
1 104,
2 29
3 11,

EXPECTED CHI SQUARE
2376772 le554
1304998 5564

284869 0000
34360 174370

244490 WITH 2

18

OBSERVED FREQUENCY
25740000
10440000

2940000
840000
240000
140000

40140000

DEGREES OF FREEDOM



AREAL GRID SAMPLING OF THE STATE OF KANSAS FOR NATURAL RESOURCE TARGETS

TOTALS

WITH

*#x*¥%¥CALCULATION OF THE EXPECTED

FIRST K
16927149
Z VALUE DZ VALUE
0.083118 1669696223
~06067420 1432904809
0e004351 1650424724
0000015 1649365490
04000000 1449361795
=04000000 1449361777
MAXIMUM LIKELIHOOD K FINAL 2
197932439 =0400000011

AREAL GRID SAMPLING OF THE STATE OF KANSAS FOR NATURAL RESOURCE TARGETS

R
0420046154

EXPECTED FREQUENCY
25745324
102.1833

3065139
8e1l36
240246
0e4853

40068534

3 DEGREES OF FREEDOM

NEGATIVE BINOMIAL®»%%

P Q
0625072158 1425072158
OBSERVED FREQUENCY CHI SQUARE

25740000 04001
10440000 06032
290000 0.075

840000 0.001
240000 04000
10000 0e545
4010000 0e656

19

PROBABILITY
0e64222552
0e25482123
0407609471
002023362
000504911
0400121039

0499963461



KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN 1V Computer Program for Fitting Observed Count Data to Discrete

Distribution Models of Binomial, Poisson and Negative Binomial

Date: December 1968

Auther, organization: Charles W, Ondrick, Kansas Geological Survey, and John C. Griffiths

The Pennsylvania State University

Direct inquiries to: Authors or

Name: D.F.Merriom Address: Kansas Geological Survey

Kansas University, Lawrence, Kansas 66044

Purpose/description:  Fits observed count data to Poisson, positive binomial and negative binomial

discrete distribution models. The observed distribution is comparad to the theoretical

by the method of Chi square.

Mathematical method:

Restrictions, range:

Computer manufacturer: GE or IBM Model: 635 or 360/67

Programming language: FORTRAN IV

Memory required: K Approximate running time:

Special peripheral equipment required: none

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

Program has been run successfully on the GE635, IBM 360/ Models 50 and 67 and

IBM 1130 computers.,
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COMPUTER CONTRIBUTIONS

1. Mathematical simulation of marine sedimentation with IBM 7090/7094 computers, by J.W.Harbaugh, 1966.

2. A generalized two=dimensional regression procedure, by J.R.Dempsey, 1966.

3. FORTRAN 1V and MAP program for computation and plotting of trend surfaces for degree 1 through 6, by
Mont O'Leary, R.H.Lippert, and O.T.Spitz, 1966.

4, FORTRAN Il program for multivariate discriminant analysis using an IBM 1620 computer, by J.C,Davis and
R.J.Sampson, 1966.

5. FORTRAN [V program using double Fourier series for surface fitting of irregularly spaced data, by W.R.
James, 1966.

6, FORTRAN 1V program for estimation of cladistic relationships using the IBM 7040, by R.L.Bartcher, 1966.

7. Computer applications in the earth sciences: Colloquium on classification procedures, edited by D.F.
Merriam, 1966,

8. Prediction of the performance of a solution gas drive reservoir by Muskat's Equation, by Apolonio Baca,
1967.

9. FORTRAN [V program for mathematical simulation of marine sedimentation with IBM 7040 or 7094 com~
puters, by J.W,.Harbaugh and W.J.Wahlstedt, 1967,

10. Three-dimensional response surface program in FORTRAN Il for the IBM 1620 computer, by R.J.Sampson
and J.C,Davis, 1967.

11. FORTRAN |V program for vector trend analyses of directional data, by W.T.Fox, 1967,

12, Computer applications in the earth sciences: Colloquium on trend analysis, edited by D.F.Merriam and
N.C.Cocke, 1967,

13. FORTRAN |V computer programs for Markov chain experiments in geology, by W.C.Krumbein, 1967.

14, FORTRAN IV programs to determine surface roughness in topography for the CDC 3400 computer, by R.D.
Hobson, 1967,

15. FORTRAN Il program for progressive linear fit of surfaces on a quadratic base using an IBM 1620 computer,
by A.J.Cole. C. Jordan, and D.F.Merriam, 1967.

16, FORTRAN |V program for the GE 625 to compute the power spectrum of geological surfaces, by J.E.Esler
and F.W.Preston, 1967,

17. FORTRAN |V program for Q-mode cluster analysis of nonquantitative data using IBM 7090/7094 computers,
by G.F.Bonham=Carter, 1967,

18. Computer applications in the earth sciences: Colloquium on time=series analysis, D.F.Merriam, editor,

19. FORTRAN Il time-trend package for the IBM 1620 computer, by J.C.Davis and R.J.Sampson, 1967,

20. Computer programs for multivariate analysis in geology, D.F.Merriam, editor, 1968.

21. FORTRAN |V program for computation and display of principal components, by W.J,Wahlstedt and J.C.
Davis, 1968,

22. Computer applications in the earth sciences: Colloquium on simulation, D.F.Merriam and N.C.Cocke,
editors, 1968,

23, Computer programs for automatic contouring, by D.B.Mcintyre, D.D.Pollard, and R, Smith, 1968,

24, Mathematical model and FORTRAN [V program for computer simulation of deltaic sedimentation, by G.F.
Bonham=Carter and A.J.Sutherland, 1968.

25, FORTRAN [V CDC 6400 computer program for analysis of subsurface fold geometry, by E.H.T.Whitten, 1968,

26. FORTRAN |V computer program for simulation of transgression and regression with continuous=time Markov
models, by W.C.Krumbein, 1968,

27 . Stepwise regression and nonpolynomial models in trend analysis, by A.T.Miesch and J.J.Connor, 1968,

28. KWIKR8 a FORTRAN 1V program for multiple regression and geologic trend analysis, by J.E.Esler, P.F.
Smith, and J.C.Davis, 1968.

29, FORTRAN 1V program for harmonic trend analysis using double Fourier series and regularly gridded data for
the GE 625 computer, by J.W.Harbaugh and M.J.Sackin, 1968,

30. Scmpli]ng ggeologiccl population (workshop on experiment in sampling), by J.C.Griffiths and C.W.Ondrick,

31. Multivariate procedures and FORTRAN |V program for evaluation and improvement of classifications, by
Ferruh Demirmen, 1969,

32. FORTRAN [V programs for canonical correlation and canonical trend-surface analysis, by P.J.Lee, 1969,

33. FORTRAN 1V program for construction of Pi diagrams with the Univac 1108 computer, by Jeffrey Warner,
19695

34. FORTRAN 1V program for nonlinear estimation, by R.B.McCammon, 1969,

35. FORTRAN 1V computer program for fitting observed count data to discrete distribution models of binomial,
Poisson and negative binomial, by C.W.Ondrick and J.C.Griffiths, 1969.
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