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ABSTRACT

The Cumulative Data Statistics (CUDS) program was written
in FORTRAN IV for an IBM System/360-195 to statistically analyze
volume calibrations for the accountability tanks-at the Savannah
River Plant. The management of nuclear materials requires
accurate measurement data and a knowledge of the uncertainty
associated with the measurements (weighing, sampling, analyzing,
and converting instrument readings to volume). The program offers
optimum flexibility in processing and listing discrete data,
thus providing a valuable tool for calculating liquid tank
inventories.
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INTRODUCTION

The management of nuclear materials requires accurate
measurement data and a knowledge of the uncertainty asscciated
with the measurements, including random and systematic errors.
It is assumed that knowledge of an existing bias, its direction,
and magnitude is applied to the data before the measurements are
reported. Measurements include weighing, sampling, analyzing,
and converting instrument readings to volume in accordance with
a calibration equation.

Many of the materials accounted for in the Nuclear Materials
Management System at the Savannah River Plant are measured in
solution. The accurate measurement of the volume of solution
and the assessment of the uncertainty associated with that volume
measurement are important parts of the total measurement.

Calibration data are obtained for various transfer and
storage tanks used for accounting of material. Because many of
the tanks are not of single vertical cross-sectional dimensions
[e.g., coils are installed in and displace liquid only in the
lower portion of the tank (Figure 1)], volume calibrations are
more appropriate, and each such tank calibration is subdivided
into appropriate sections of constant vertical cross section.
Each section is treated statistically as if it were a separats
tank, and the equations developed are applied only to the
appropriate section. If a transition region exists at the junction
of the sections of the tank, a gap is left in the data to gover
e transition--the equations are not solved for their intersectiomn.

The Cumulative Data Statistics (CUDS) computer program was
written to convert the raw data associated with a tank calibration
and to analyze the data using the cumulative data statistics
method. The output includes the best estimate of the calibration
equation, the estimates of the random error and the three separate
systematic errors, and details that are useful in identifying
maverick data points. The application of the output from the
CUDS computer program is described on page 26.
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SALIENT POINTS

The computer code for Savannah River Plant purposes is
programmed to process a maximum of 9 sets of calibration data.
Each set may contain a maximum of 250 data points comprising a
maximum of 5 subsets. The input cards within a set need not
be sequential because the computer code orders the data correctly
prior to processing, The ability to define subsets and the use
of variable formatting for decimal precision permit optimum
flexibility in obtaining desired output.

If desired, an instrument factor constant may be used to
convert the data before analysis to provide results for use
with a replacement instrument of different type, make, or range
for routine operation other than the instrument used for the
calibration. This presumes the uncertainty in the calibration
correlation between the instrument used for the tank calibration
and the substitute instrument to be small (or negligible) compared
to the uncertainty in the tank calibration., This is usually
the case, because the cross-calibration between instruments may
‘be treated by normal independent data techniques, which give
lower uncertainties than the cumulative data method required
of the tank calibration data.

The data for each subset of each calibration run are
treated according to the cumulative data statistics methods
of J. Mandel! as restated by R, J. Jones.? The systematic
and random error variances are computed from the equations
derived by C. G. Hough.?® .

The raw data are cumulated and each data point is converted
to volume and standard instrument reading before being treated
statistically. Data points that make unusually large contribu-
tions to the total variance are flagged as either "suspect'" or
"maverick" depending on the magnitude of the contribution. If
either end point for a subset exceeds the maverick test value,
that point is deleted and the calculation is redone without it.
This is repeated as often as necessary until neither end-point
contribution exceeds the maverick criterion. Interior or imbedded
mavericks are not deleted; they are merely flagged,

Bartlett's test is performed on the residual variance data
to detect unusually good or poor runs before combining the data
from the different runs to obtain the best representaticn of the
calibration. Fisher's test is performed on the combined data
to detect significant differences in slopes of the individual
calibration curves.



Considerable effort is expended in preparing to calibrate
a tank and collecting the data, especially for the remote
(nonaccessible) tanks. In addition, plant operations may have
to be interrupted for a few days to collect the data; therefore,
overall effort is reduced if a greater number of data points
are obtained than may prove necessary as opposed to having to
reschedule the work. Therefore, provision is made to treat the
data using the cumulative data points incrementing by 1, 2, 3,
or 4. Incrementing by 1 treats each data point, incrementing
by 2 treats every second data point, etc., All possibilities
are investigated, e.g., incrementing by 3 treats data points
1, 4, 7, etc., points 2, 5, 8, etc., and points 3, 6, 9, etc.
This permits an after-the-fact choice of the optimum number and
location of data points to establish a lower residual variance
and a sufficient level of confidence.



EQUATIONS USED IN THE PROGRAM

The equations used in the CUDS program are described below
and are written using the acronyms illustrated in the Appendix.

Conversion of Raw Input Data

Equations 1-3 are used to convert the raw input data to
standard values. The raw data are usually in calibration readings
for X (normally a manometer) and weight units for Y. X values
are corrected for density of the manometer fluid and the calibra-
tion fluid at their respective temperatures, and Y values are
converted to cumulative volume:

i
Y; = 2: YT3) SV/DT; 1< i <N (1)
j=1

where
Y; = corrected cumulative volume of Y for the ith peoint

YIj = measured incremental addition of weight or volume of Y
between the (j - 1)th and the jth point

5V

standard value {conversion constant between YI and Y
at standard conditions, e.g., liters/pound at 4°C)

DT{ = correction to standard value of calibrating fluid at
fluid temperature at time of measurement '

N = total number of data points in a set

Xj = XIj(DM;j/DTj) 1<igN (2)

Xj = corrected value of X (calibration instrument reading}
at the ith point,

XIj = measured value of X for the ith point

DM; = correction to measuring instrument (density of manometer
fluid, etc.) at temperature of the instrument

DT; = correction to standard value of calibrating fluid at
fluid temperature at time of measurement

N = total number of data peints in a set

-9 -



Ri = (X;/IF) l1<igN (3)

Ri = corrected reading expected from a substitute or
replacement instrument

Xj = corrected value of X (calibration instrument reading)
at the ith point

IF = conversion factor (substitute instrument to calibration
instrument at standard conditions)

N = total number of data points in a set

Calculation of Cumulative Statistics

Equations 4-10 are used to calculate the slope and intercept
of the straight line representing the data, the residual random
variance, the variance of the slope, the variance of the intercept,
and the covariance of the slope and intercept based on cumulative
data.

A = (X‘nn) (YL) - (XL) CYnn) % (4)
Xnn - XL
B - tmn - YL (5)
Xnn - XL
where

A = alpha parameter for a subset
B = beta parameter for a subset
Xp = first X value of a subset
Xpn = last X value of a subset
Y = first Y value of a subset

Ynn = last Y value of a subset

we S ((B(Xi  Yionun) - 01 - Yi-num))z) (JCN; 1>

i=L+num (X3 - Xi-num)
(6)

RV = random residual variance
B = beta parameter (Equation 5)
L = subscript of first X and Y values of a subset

nn = subscript of last X and Y values of a subset

- 10 -



num = incremental value defined to a subset, e.g., L =1,
nn = 7, num = 2, This would permit processing the lst,
3rd, 5th, and 7th X and Y variables of a subset

JCNT = number of pairs of X,Y data points processed from a subset
RS 7
where
BV = beta variance for a subset
RV = random residual variance (Equation 6)
Xy, = first X value of a subset
Xnn = last X value of a subset
pac - SR G
Xnn - XL (8)
where

+ ABC = alpha-beta covariance of a subset
RV = random residual variance (Equation 6)
X, = first X value of a subset

¥nn = last X value of a subset

o (RV) O O
Xnn - Xp (9)
where
AV = alpha variénce of a subset
RV = random residual variance (Equation 6)
X, = first X value of a subset
Xnn = last X value of a subset
F= JINT - 1 (10)
where
F = degrees of freedom of a subset

JCNT

number of X or Y values processed from a subset



. 2
[B(Xi - Xi-num) = (Yi = Yi-num)] 1<igmnn (11)

—
y
<

[

I

(X{ - Xi-num)

ICV; = individual contribution
B = beta parameter for a subset (Equation 5)
Xy = individual X value of a subset
Y; = individual Y value of a subset
nn = subscript of last X and Y value of a subset

num = incremental value defined to a subset, e.g., L =1,
nn = 7, num = 2, This would permit processing the
1st, 3rd, 5th, and 7th X and Y variables of a subset

Equations 12-23 are used if and only if a nonzero value is
entered in Column 72 of the subset and decision card (Figure 5),
and the number of calibration runs is greater than one. Equation 12
calculates Bartlett's test for homogeneity of the residual random
variances for each subset from multiple calibration runs.

kilo kilo

> LDE; | I VA-( ) LDFy In ZULU
i=1 i=1 |
ccs = (12)
kilo
1 1 1
1 e
T 3kilo - D Zl LDF; | || kilo

i=

LDF4

n

i=1

where
CCS = corrected chi square
LDF = degrees of freedom for individual residual variance
of the subsets
1n = natural log

- 12 -



VA = average residual variance (Equation 13)
ZULU = individual residual variances of the subsets
kilo = number of calibration runs processed

Equation 13 calculates the statistically weighted average
residual variance for each subset.

kilo

Z LDFy ZULU;

i=1 (13)
kilo

E: LDFj

i=1

VA

1

where
VA = average residual variance

LDF = degrees of freedom for individual residual variance

of the subsets N
ZULU = individual residual variance of the subsets
kilo = number of calibration runs processed

Equations 14-17 calculate the average value for X1, XN, Yi,
and YN for each subset, and assume that the X1, Y1 values do not
differ significantly among runs.

kilo '
x={ > X )/kilo (14)
i=1
kilo
XNB = xN; |/ kilo (15)
' i=1

- 13 -
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Y1B = Y1; }/kilo (16)
i=1
kilo

YNB = ZE: YN; }/kilo (17)
i=1

where
XIB = average value of all Xl's
Xl = first X value of each subset
XNB = average value.of all Xn's
XN = last X value of each subset
Y1B = average value for all Y1l's
Yl = first Y value of each subset
YNB = average Y value for all Yn's'®
YN = last Y value of each subset
kilo

1

number of calibration runs to be processed

Equation 18 calculates the F ratio of between slope to
within slope variance for each subset.

kilo kilo 2
fR = (kilo{ 5 Bvxg?) - > BV | éiﬁiiioxfBi) (18)
i=1 i=1
where
FR = F test ratio
BVX = beta value of each subset (Equation 5)
X1B = average value for all X1's (Equation 14)
XNB = average value for all XN's (Equation 15)
kilo = number of calibration runs processed
VA = average residual variance

- 14 -



If the F test ratio for the subset is smaller than the value
kilo

of P = 0,10 for the values of 2: LDFj and (kilo - 1), average
i=1

statistics are calculated by Equations 19-23.

P = {XNB) (Y1B) - (X1B) (YNB) (19)

AL YNB - X1B

where

ALP = alpha average

_ YNB - YIB (20)
BET = N5 —X1B

where

BET = beta average

BVA = 5wE -Vils)kilo (2
where

BYA = beta variance average

VA = average residual variance (Equation 13)

ABCA = Einggxi?%)kilo 22
where

ABCA = alpha-beta covariance average

- (VA) (XIB) (XNB) (23)

AVA = (XNB - X1B)kilo

where

AVA = alpha variance average

- 15 -



DESCRIPTION OF THE PROGRAM

CUDS was written in FORTRAN IV for an IBM System/360-195
using card input. The flowchart is shown in Figure 2, and the
FORTRAN listing is given in the Appendix.

The CUDS program permits considerable user flexibility in
obtaining desired data processing and output. This is accomplished
by allowing the user to define to the computer code the conver-
sion constants, data card sequence numbers, subset ranges, a
subset sample selection code, required decimal precision, units
of measure, and an equation default code.

Program Input

Program input includes two cards containing chi square and
F test probability points (Figure 3}. These values are used
with Equations 12 and 18 to accept or reject the hypothesis
that the individual slope variances are homogeneous, and between
slope to within slope variances are also homogeneous.

A title card (Figure 4) is used to enter the title of
each set of calibration data and the date the data were obtained.
A conversion constant (Columns 41-47) may be entered if needed
to correct the raw data to corrected data. If this field is
left blank or zero, the program sets the conversion constant
equal to 'l' to prevent multiplication by zero. The units of
measure (pounds, inches, percent, etc) and the desired number
of decimal places for each unit output are required input by
the user. No default options are available for these fields.
An instrument factor constant may be entered if readings are
desired from a replacement instrument (perhaps used for routine
operation) of different type, make, or range other than the
instrument used for the calibration. If such a constant is
entered, the program prints statistics based on the calibration
instrument and also for the converted (replacement) instrument
values. If such a constant is not entered, the program prints
statistics based only on the calibration instrument readings.

A subset and decision card (Figure 5) is used to divide
each set of calibration data into subsets, to define the sample
to be processed from each subset, to specify whether multiple
runs are to be averaged, and to enter the decision value for
determining which variables are to be discarded as maverick
data points.

- 16 -
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FIGURE 5

Subset and Decision Card
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The option code (Column 71) is used to define the sample
to be processed from each subset and permits using every data
point, or every second, third, or fourth data point starting with
the first, second, third, or fourth data point for a maximum of
10 combinations within a subset. The option codes are 0, 1, 2,
3, or 4 (Figure 6). A numeric default code greater than zero
entered in Column 72 causes the multiple sets for a calibration
to be averaged.

Individual data cards (Figure 7) follow the subset and
decision card. Each data card must have its sequence number
entered in Columns 51-53 because the program uses this number
to order the data. As a result, the data cards may be submitted
for processing in any order as long as they remain in the same
set and the last data card is followed by a card with a '1' in
Column 80.

Program Qutput

The following cutput listings are examples obtained from
typical inventory tanks. X

e Raw input data converted to corrected data in the standard
units desired (Figure 8).

e Statistics based on the calibration instrument readings
(Figure 9).

e Statistics based on a replacement instrument (Figure 10).
This list will not be printed if an instrument factor
conversion constant has not been entered on the title card.

e The weighted average variance for all calibration runs on
a tank and the average values for the calibration equation
and the average variances (Figure 11). These statistics
will not be printed if the calibration sets are less than
two or the default option code (Column 72, Figure 5) is
zero or blank.

The correct deck setup for processing the CUDS program is
shown in Figure 12.
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Option Code 0O Option Code 1

1 1 2 1 2 3 1 2 3 4 1
2 3 4 4 5 6 5 & 7 8 2
3 5 6 7 8 9 9 10 11 12 3
4 7 g 10 11 12 13 14 15 18 4
Option Code 2 Option Code 3 Option Code 4

1 2 i 2 3 1 2 3 4

3 4 4 5 6 5 6 7 8

5 6 7 8 9 9 10 11 12

7 8 10 11 12 13 14 15 16°

The first row of each matrix denotes the starting variable
and each colum denotes the incremental value in each subset.

21 -

FIGURE 6 Subset Sample Definition
L) FROM DBR 2241 PAGE
l7 oF
[T&8 NUMBER
. . R
Y X DT DM i
Increment | Value Value Value Se
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8.3-H TANK CALIBRATION RUN #l 9/41/11
CCMPUTER RUN ON 03/167/13 AT 08 HRS 13 MIN

DATA CUNVERSION

R-VALUE X—-VALUE ¥Y-VALUE

1 Q. 1.33 428.08
2 Q. 2.75 685.55
3 O. 414 913.01
4 0. 5453 1i4l.39
5 O. 6.89 1368.86
6 G 8.28 i596.33
7 Q. 9.68 1822.80
8 Q. 11.01 2051.20
9 Q. 12.37 V 2278.27
10 0. 15.61 2485.69
il Q. 14.94 i 211lz.24
12 Q. 16.27 2939.71
i3 G. 17.75 3iaT7.63
14 O. 19.408 3395.10
i5 O. 20.42 3622.57
lo 0. 2l.84 3850.49
i7 C. 23.20 | 4075 .41
18 O. 24.56 43363%
i9 a. 25.86 4534.26
20 Q. 2T1.28 4761.73
21 0. 28.70 4989.19
£z Q. 30.00 541606
23 0. 31.39 5443 .67
2% Q. 32.84 5671.60
25 0. 34.17 5898.61

FIGURE 8 Data Conversion
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CUMULATIVE STATISTICS
CLMPUTER k:JN ON Q3/16/73 AT 08 HRS 13 MIN
8«3—H TANK CALISRATION RUN #1 /L1711

CALCULATION # 8, 15T SECTION, STARTING WITH THE 2ND VARIABLE AND INCREMENTING BY 4

FIRST X 2+75 INCHES FIRST ¥ 685,55 LITERS
LAST X $8.29 INCHES LAST ¥ 11588.03 LITERS
ALPHA 228 .0917 LITERS

BETA 166 .3485 LETERS 7/ INCHES

RESIDUAL VARIANCE 41 .7850

S8ETA VARIANCE 0.6375

ALPHA-BETA CUVARIANCE —-1.7533

ALPHA VARIANCE 119.7302

DEGREES OF FREEDGM 12

NUMERATOR INCIVIDUAL FLAGGED
X~ VALUE Y—VALUE SIGN CCNTRIBUTION  ICV/RV  VARIABLES FACTOR
o 8.28 1596.33 15.0642 0.361 '
1) 13.61 2485.69 NEGATIVE 1.3907 0.033
L4 15.08 3355.10 NEGATIVE 0.0487 0.001
18 24.56 4306434 NEGATIVE 0.0223 0.001
22 30.00 5216406 NEGATIVE 5.3290 0.128
26 35.48 6126.53 NEGATIVE 0.5397 0.013
30 40.68 T036440 NEGATIVE 386,908 Fe261 MAVERICK 3.50
34 46.19 7946, 27 NEGATIVE 8.1718 0.196 -
38 5175 BE55,68 43,1413 1.032
42 57.25 G166.92 NEGATIVE 2.4578 0. 059
40 6273 10017.170 NEGATIVE 0.1196 0.003
50 68429 11585.(3 3841682 0.913

FIGURE 9  Statistics Based on Actual Converted Instrument Reading



CALCULATION & 1, 2NU SECTION,

) 60

CCMFUTER RUN ON Q3/16/73 AT 08 HRS

CUMULATIVE STATISTICS

8.3—H TANK CALIBRATION RUN #5

FIRST ¥

LAST ¥

142.1355 LITERS / PERCEN

NUMERAT Gk

SIGN

NEGATIVE

NEGATIVE

NEGATI VE

NEGATIVE '

NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE

NEGATIVE

NEGATIVE

REGATIVE

NEGATIVE
NEGATIVE
NEGATIVE

NEGATLVE
NEGATAVE
NEGATIVE

NEGATIVE

NEGATIVE

FIRST R b PERCEN

LAST R 150. PERCEN

ALPHA —452.4204 LITERS

BETA

RESIDUAL VARIANCE 1384 .3064

BETA VARIANCE 24.7198

ALPHA-BETA COVARIANCE =-2323.6572

ALPHA VARIANCE 348548.57159

DEGREES OF FREEDOM 25

INCIVIOUAL
R—VALUE Y-VALUE CONTRIBUTION
41 96 1322¢€.30 56841459
42 99. 13546.11 3T8T.6h22
“3 i01. 138€4.CS 5£8. 1459
44 103. 14182.53 583.7578
45 105. 14500.97 583.7578
4o 108. l4d1Be49 3952.0977
47 110. i5137.329 5%9.58613
48 112. 15455437 568, 1459
49 ila. 15773.35 568.1459
50 116, 16094.53 £d1.1345
51 119. le4l2.G35 3952.0977
52 121. 16730.03 568.1459
53 123« 17CG4 8. 53 559.5813
54 125. 17367.37 EE3.7578
25 128. 17685081 3685.596l
56 130. 18004.24 583.4162
57 132. 18321.77 553.0782
58 134. 18640.06 559.2351
59 136. 18%58.19 553.0782
139. 19275.12 3$51.3719

64 lal. 19595.C7 615.2656
62 L43. 19913.05 568.1459
63 l45. 2023154 59,2351
o4 L48. 20549447 3951.3719
65 150. 20667.51 563.7578

FIGURE 10 Statistics
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ICV/RY

0.410

2aT36

Ga4l0
Q.422
0,422
2.855
Q.433
Qual0
0.410
0.492
2.855
0.410
Qe433
0.422
2.807
0.421
0.400
Ga4%33
0.400
2.854
[P A
Q.410
0.433
2.854

Q.422

13 MIN

9/20/171

STARTING WITH THE 1ST VARIABLE AND INCREMENTING BY 1

12908.32 LITERS

20867.91 LITERS

FLAGGED

VARIABLES

SUSPECT

SUSPECT

SUSPELT

SUSPECT

SUSPECT

SUSPECT

FACTOR

2430

2430

230

Based on Replacement Instrument Reading



EARTLETTS TEST USING *X* VALUES
COMPUTER RUN DN 03716/73 ~ AT Q38 HRS 13 MIN

% SECTION 1 »% CORRECTED CHI SJUARE PROBABILITY GREATER THAN P = Q.10

F=TEST BETWEEN TG WITHIN SLCPES = 2a7357
CORRECTED CHI SGUARE = 1.0681
OEGREES LF FReEJUA = 50

*¥ BETWEEN SLOPES VARIANCE GREATER THAN WITHIN SLOPES VARIANCE wITH

PROBABILITY LESS THAN P = 0.]0 %%

*% SECTIGN z *» CORRECTED CHI SQUARE PROBABILITY LESS THAN OR EQUAL Ta P = D035

F~TEST BETWEEN TGO WITHIN SLOPES = 2+4719
CORRECTED CHI SQUARE = 2843243
DEGREES UF FREEQOM = 31

**% BETWEEN SLOPES VARIANCE GREATER THAN WITHIN SLOPES VARLANCE WITH

PROBABILITY LESS THAN P = (.1y *%¥

FIGURE 11  Bartlett's Test Using Instrument Readings

/*

End of Set t

Date Cords

Subse! ond Decision Card

Title Card

End of Set !

Dota Cards -

Subset ond Decision Card -

Title Card o

F Test Probobility Points H

Chi Square Probability Points

CUDS

Program Ceck L

FIGURE 12 Program Deck
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USING THE PROGRAM OUTPUT

Calibration equations are simply a restatement of the values
of alpha and beta for each section of the tank:

u
Volume = o + BX] (24)
L

where L is the lowest accepted value of X for that section, and

U is the highest accepted value of X for that section. Equation
24 should not be used outside the range of data used in the
correlation. Although the intersections of the calibration
equations for the adjacent sections of the .tank can be calculated
from the simultaneous solution of the equations, the value should
be used only to confirm the location of the junction between
sections indicated by the blueprint. The transition from one
section of tank to another is seldom sharp; therefore, operation
with liquid levels in the transition region should be avoided
because of the inability to assess the volume and the uncertainty
associated with an estimate of the volume in that region,

The uncertainty associated with a volume calculated from
the calibration equation for a section of tank is composed of
two components: systematic and random errors.

The variance associated with the systematic and the random
errors for the section of tank containing 'the liquid surface
must be combined before extracting the square root to determine
the uncertainty of the volume. The systematic variance is given

by

V(E)S = (alpha variance) + (2)(X) (alpha-beta covariance)
+ (X)%(beta variance)

(25)
The random variance is given by
V(E)R = (X) (random variance) (26)
and the uncertainty of the volume measurement is
Uncertainty = it ¥W(R)g + V()R (27)

where t is the value of Student's t at the desired confidence level.
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APPENDIX - FORTRAN Listing

COMPILER OPTIONS — NAME= MAIN,OPT=00,LINECNT=58,S51ZE=0000K,

OGO OoOO N0 OO0 0000 A0 OOOOOnn OO0 OnO00O0n

SOURCEEBCOIC,LISTsNODECK +LDADyMAP NOEDGIT 1D, NOXREF
THE CUMULATIVE DATA STATISTICS (CUDS) PROGRAM WAS WRITTEN TO
STATISTICALLY ANALYZE CALIBRATION DATA OBTAINED FROM SAVANNAH
RIVER PLANT INVENTORY TANKS. THE FOLLOWING LEST INCLUDES A
DEFINITION OF EACH ACRONYM DEFINED TO THE PROGRAM.

DM AND OT ARE VARIABLES USED TU CONVERY XI AND Y1 VALUES 7O
CORRECTED VALUES.

X1 ANO YI ARE RAW INPUT DATA POINTS.

CIF* IS AN INSTRUMENT FACTOR CONSTANT USED TGO CALCULATE *RY VALUES
R VALUES ARE OBTAINED BY DIVIDING X{I) BY 'IF*,

X AND ¥ ARE COURRECTED XI AND YI VALUES.

D IS5 A CUMULATIVE TGTAL OF YI*'S.

SV IS A CONVERSION CONSTANT USED IN CALCJULATING Y(J*'S).

A — CALCULATED ALPHA PARAMETER.

B — CALCULATED BETA PARAMETER.

RV — CALCULATED RANDOM VARIANCE PARAMETER.

ICV — CALCULATED INODIVIDUAL CONTREIBUTION PARAMETER.

ABC — CALCULATED ALPHA-BETA COVARIANCE PARAMETER.

CLASS — DATA STATEMENT USED YO DENOTE ARITHMETIC SIGN OF ICV
NUMERATOR BEFORE SQUARING.

BB — NUMERATOR OF ICV EQUATIUN.

ICRY — INDIVIDUAL CONTRIBUTION DIVIDED B8Y RANDOM VARIANCE.

BY — CALCULATED BETA VARIANCE PARAMETER.

AY — CALCULATED ALPHA VARIANCE PARAMETER.

GRADE — LEVEL OF ICRV SIGNIFICANCE.

STGN — CLASS{I),I=1,2

CODE - GRADE(I},I=1,3

DA - DM VALUE READ FROM INPUT CARD.

DB - DT VALUE READ FROM INPUT CARD,

YA — Y1 VALUE READ FROM [NPUT CARD.

XB — XI VALUE READ FROM [NPUT CARD.

ZULU — THE INDIVIDUAL SUBSET RANDOM VARIANCES FOR X VALUES,
VA — AVERAGE RANDOM VARIANCE. a

CCS - CORRECTED CHI SQUARE.

TBIRD ~ SUMMATION OF (DEGREES GF FREEDOM FOR SUBSET VARIANCES
MULTIPLIED BY NATURAL LOG OF SUBSET VARIANCES).

JBIRD — SUMMATION OF (1 DIVIDED BY INDIVIDUAL SUBSET DEGREES OF
FREEDOM]) .

BULU — THE INDIVIDUAL SUBSET RANDOM VARIANCES FOR *R?* VALUES.
LOG — DENOMINATOR OF BARTLETTS? TEST EQUATION.

X1 -~ THE FIRST *X* VALUE QF EACH SUBSET.

XN - THE LAST fx* VALUE OF EACH SUBSET.

Y1 — THE FIRST *Y* VALUE OFf EACH SUBSET USING *X' VALUES.

YN — THE LAST *Y' VALUE OF EALH SUBSET USING 'X* VALUES.

R1 = THE FIRST *R* VALUE OF EALH SUBSET.

RN — THE LAST '"R*® VALUE OF EACH SUBSET.

Y2 — THE FIRST *Y* VALUE OF EACH SUBSET USING °*R" VALUES.

YM - THE LAST *¥' VALUE OF EACH SUBSET USING *R® VALUES.

KILO — TOTAL NUMBER OF SETS TO BE PROCESSED.

NK — TFOTAL NUMBER OF SUBSETS PER SET.

MIKE ~ TOYAL NUMBER OF SETS USING AN *IF* CONVERSION CONSTANT.
ISUM — ANY ONE DIGIT NON ZERQ NUMBER DENOTING MULTIPLE RJUNS ARE TO
BE AVERAGED.

0 OV B



D0 - r W

)

i1

12

13

14

15

15

o0 non

o0

o0

[xNel g! [z aN gl

(g}

LTD — SET EQUAL TO *1' IFf ISUM GREATER THAN ZERO AND PERMITS
MULTIPLE RUNS TO BE AVERAGED.

ALP — ALPHA AVERAGE

8ET - BETA AVERAGE.

BYA — BETA VARIANCE AVERAGE.

ABCA - ALPHA BETA COVARIANCE AVERAGE.

AYA - ALPHA VARIANCE AVERAGE.

REAL *8 X(250)+XT14250),0T{2503,Y(250)¢¥I{250}),DM(250),R(250):1F.D,
L5VsA,B.RV,ICVI250),ABC,CLASSC2) /" NEGATIVE® /,BBL250Q), ICRV{2
250) 4BV, AV,GRADE{3)/" SUSPECTMAVERICKY/ ,CODE,SIGN, YA, XB, DA,
3DBeZULULT45) ¢ VASCCS TBIRD JBIRD 4 LOGBULUIF+5) + XL {F+5] o XNEI#5},Y1L(T
G451+ YNIF+5)RILF,5);RN1F+5),Y2(9,5),¥YM{I,5)

REAL *8 X1BeXNBsYL8,YNByRLByRNDY2B+YMBBVXI(9,5) ,BVRI9,5),BVZ2+FRyA
LLPyBET,BVA,ABCA, AVA

REAL *4 ABLE{S5}/* 1ST 2ND 3RD 4TH 5TH'/,FOX,.BOXsBEE/"® ' /4PROB{9
i:2)

REAL *4 TROB(952)

INTEGER *2 F,LOF(945)+IDF(9,5)

INTEGER *4 LXsLR,LYRX

DIMENSION XW{ 1L} o XX(41) e XY{DT),X2{18)

EQUIVALENCE (XW(Ll)sFT(L)}, (XA(L)oZL000)s AXY{1}+22{%)) s (XZL1)4FS
{1} *

LOGICAL *1 XULb6),YU(O) yRULO)»TITLE(4O), IFMTIS) ,IFMRIT)FT{4l),21(1
163)1,22{225),FS{T2),CATLB),DD(9),TT{B),BLK{G)/" v/

DATA FS/%ULHO sT2 414 4T8,FF,0:T26:FFe04T45,F12.0,T71sA8,TB9,F6.3,T10
18:A89T121,F4,21%/4CAT/ Y  A4F4.2'/

DATA FY/*{1HO ¢ T2413+sT234F10a0sT57,FL0.0+TIL4FL0.0)/+ IFMT/*01234"/

DATA Z1/%(1HO ,T27¢THFIRST XyT35,F10.3,¥48,6A1,T79,THFIRST Y,T87,F1
10.3,T99,6AL//T2T6HLAST X4T35,F10.3,T48:6A1,T79,6HLAST Y,T87:F10.3
21 79946AL/ /727 ySHALPHA,T50,F15.4,T68,6A1}3"/,IFMR/*02468BRX" /

DATA Z2/°{LHO s T2T 4HBETA¢ TS50 FLl5easTOBsOALsTTS LH/ 2 TTT6AL//T2T41T
LHRESIDUAL VARIANCE,TS50,FL5.4//T2T413HBETA VARIANCE,T50,F15.4/ /727,
221HALPHA—BETA COVARIANCE,TS5Q¢F1l3.4//T2T¢14HALPHA VARIANCE 4750 ,+F15.
34/1T27,18BHDEGREES OF FREEDOMT4O,13)%/

READ CHI SQUARE PROBABILITY TABLE.

READ (5+94) L(PROB{LsJ)eI=1:9),d=1,2)

READ F TEST PROSABILITY TABLE.

READ (5494) LITROBLIJ)yI=1,9)43=21,2)



a2
a3

52
53

55
56
57
58
59

60

62

WOOO N

OO0

OG0

INITIALIZE DATYA SET COUNTERS AND DATA TABLES TO ZERC.

LTD=0
MIKE=0
KILO=0

DO 2 1=1+9
DO 1 J=1,5
X1{1.4)=0.
XN{T+Jd)=0.
Yill.J}=0.
¥YN(Is+d)=0.
R1{I,4)=0.
RN{Is»J)=0.
¥2{1yJ}=0.
YM{1:J)=0.
CONTINVUE
CONTINUE

READ TEITLE CARD AND INCREMENT DATA SET COUNTERS B8Y '1°‘.

READ (5495,END=84} TITLE.SV'H.HD.HY,KU.YU'RU,IX.IY,[R,lF
KILO=KILO+1
IF tIFaNELD.) MIKE=MIKE+]

READ SUBSET AND DECISION CARD. 5

READ (5+956) N1, ,MLyNZ2 M2, N3 4M39NGyMPSNS51M5951952,LF2I5UMN
IF (ISU".EQ-O' LTD=1

0=0.

NN=0

L1=0

NK=1

NX=[X+1

NY=1Y+1

NR=IR+1

JX=NX

IF (IX.LT.IY) JX=NY
RX=NR

IF (IRLLTLI¥) RX=NY

CALL CDATE(DD+TT)
DDI{7)=BLK{1}
DOHBI=BLK(2)
DD(9)=BLK (3}
TTi5)=BLKI(1)
TTloe)=BLK(2)
TT(T)=BLK{3}
TT(8)=BLK(4)

READ DATA CARDS.
DO 4 I=1,250

READ (5+9T,ERR=4,END=5) YA,XB,DA,D8yN,LC
IF {(LC.EQ.1) GO TO 5

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

127

128

129
130
i3l
132
133
134
135
136
137
138
139
140
lal
142
143
144
145
146
141
148
149
150
151
152
153
154
155
156
157
158
159
160
tel
la2
163
164
165
166



103
1 0%

105
106
107
108
109

110

=4 & WO e

o0

YI(N}=YA
XI(N)=XB
DT{N}=DA
OMIN)=0DB
NMN=NN+ L

CONT INUE

IF {51.GEJ52) GO TO 6
GO 10 7

WRITE {6+498) TITLEsHsMDyMY,00,TT

GO TO 3
CONTINUE

WRITE {6.99) TITLE,M,MU,MY,DD,TT

WRITE {6,100}
EQUATIONS 1 THRU 3.

DO 10 J=L,NN
X(Jd)=XI(J)={DM{J) F/DTLJ}}
R{J)=0.

1F {1F.EQ.Q) GO TO 8
RUJISX{JYI/EF

D=0D+Y1 {4}

IF [SV.£Q.0.00) Sv=1.00
Y{J)={Sv*D}/DT{J4]}
EX=X{J)*{ 10*=*[X}+.5D0
X{J)=LX/{10.B0%*IX)
LR=R{J)*{ 10%*IR)+.5D0
R{JI=LR/(10.00%%[R}
LY=Y{J)1*{ 10%%[Y)+.500
Y{JI=LY/{10.D0%%1V]}
Ll=L1+1

IF {L1.NE.26) GO TO 9

WRITE (6+99) TITLEyM,MD¢MY,0D,IT

L1=0

CONTINUE
FT{20)=IFMT{NR)
FT{30)=IFMT(NX)
FT{40)=IFMTINY)

PRINT RAW DATA CONVERSIONS.

WRITE {6,FT) JyR{JIX{J) YL}

CONTINUE

NUZI=1
NUMB=0
JJ=N1
NiN=M]1
NUM= L

KEY=1

31

167
168
169
170

179
180

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
230



111
113
115
117
119
121
122
124
126
128
129
130
132
133

135
137
138
139
L41
142
143
144
145
147
148
143
151
152

155
156
157
153
160
161
162
163
165
166
167
168
170
171
172
174
175
176
177
179
180
181
183
184

L2

13

14

15

16

17

13

19

20

21

22

23

24

DETERMINE SUBSET AND INCREMENT VALUES.

IF (LF.EQ.O0) GO TO 12

IF {LF.EQ.2) GO TO 21

[F (LF.EQ.3} GO TO 23

1F {LF.EQ.4) GO TO 26

IF {LF.EQ.1.AND.NUI.EQ.1)
GO TD 40

LF (LF.EQ.0.AND.NUZ.EQal)
T1F (LFLEQ.0.AND.NUZ.EQ.11)
IF ILF.EQ.O0ANDNUZ-NEL2Z)
NuUM=2

GO TO 30

[F (LFLEQ.Q0.AND.NUZ<NE.3}
KEY=2

HRENNES

GO TO 30

[F ILF.EQ.0.AND.NUZLNE G}
NUM=3

GO TO 30

IF [LFaEQ.0.ANDNUZNELS]
KEY=2

Ja=dJ+1l

GG TO 30

IF (LFL.EQeQ.ANDANULZ«NELS)
KEY=3

JJd=JdJ+2

GO TO 30

IF [LF.EQu0«ANDNUZ.NE.T}
NUM=4

GO 7O 30

[F (LF.EQ.O.AND.NULZ.NE.B)
KEY=2

JJd=J4J+1l

GO TO 30

IF (LFL.EQ.O0ANDANUZNE 9]
KEY=3

Jdd=JJe2

GO TQ 30

IF (LF.EQ.0eANDeNUZ-NE«1D)
KEY=4

JJ=JJ+3

GO TO 30

[F (LFL.EQ.2.ANDJNUZ.NE.1}
NUM=2

GO 1O 30

IF (LF.EQ.2.AND-NUZ-NE.2}
KEY=2

Jd=ddrl

GO g 30

IF (LFeEQe3ANUNULZNESL])
NuM=3

GO 10O 30

[F [LF.EQ.3.AND.NUZ.NE=2)
KEY=2

Jd=JdJ+l

GO T4 30

NUM=1
GO TO 30
GO TO 13

G0 YO 14

GO TO lé&

G0 10 17

GO TO 18

GO To 19

G To 20

GO TO 40

6o TO 22

GO TU 40

G0 1O 24

GO Ta 25

- 32 -

223
224
225
226
227

229
230
231
232

234
235

237
238
239
240

‘24l

242
243
244
245
246
24Tt
248
249
250
251
252
253
254
255
256

258
259
260
261
262
263
264
265
266
267
268
269
210
271
272

274
275
276
277
278



185
186
183
189
190
191
193
194
195
197
198

200
202

204
205
201
208
209
210

211
212
213
214

216
217
218
213
220
221
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237
238
2139
24)
241
242
243

23

26

27

28

29

(SN aRa R el

32

GO 10 30

IF {(LF.EQ-3.AND.NUZ.NE.3) GO TO 40
KEY=3

NN NNE ¥4

GU TO 30

IF (LFaEQa#.AND.NUZ.NE.L)} GO TO 27T
NUM=4

Gu T0O 30

IF (LF-EQ.4.AND.NUZ.NEL2} GO TO 28
KEY=2

Jd=dd+l

GO TO 30

IF (LF.EQ.4.AND.NUZ.NEL3) GO TO 29
KEY=3

Jd=d4+2

GU TO 30

IF (LF.EQ.#.AND.NUZ.NE,4)} GO TU 40
KEY=4

JJ=JdJ+3

L=JJd

DU 31 T=L ¢NNsNUM

EQUATIONS 4 THRU 11.

CONTINUE

Nh=1-NUM

A={ L XINNIRYCL B —CALLI®EY UNNI ) FUXANNE-XLL) )
B=(YINNI-Y{L)} }/UXINNI-X{L))

BVX{KILOyNK)=B

JONT=0

K=JJ+NUM

RV=0.

DO 32 I=KeNNe NUM

JONT=JONT #}

IE ((XL1)-X{I-NUM}}.EQ.0L.} GO TO 32

FCVIT = (B XL T)=XLI=NUMII={Y{ D) =Y (I-NUMI} J*k2/{X{T)-X{T-NUM) ]}
RV=ICV{I}+RY

CONTINUE

RV=RV/JCNT .
ZULU{KILOsNK) =RV

BY=RV/{X{NN)-X{L)})

ABC=—RV*XIL)/ (XINNI=-XIL))
AV=RV*XLL}EX{NND /A {XINNI~XILE)

F=JONT

LDFIKILOLNK)=F

NUMB=NUMB+1

BOX=ABLE(KEY)

FOX=ABLEINK)

WRITE (6,101) DD TT,TITLE ;MsMD MY ,NUMB ,FOX ,BOX, NUM
2i{18)=1FMR(T )

Z1t28)=IFMTINX)

Z1{60)=1FMT[NY)

11(82)=1FMRLT)

Z1192)=1FMTI{NX)

I10123)=TFMTINY)

Z1{154)}=TFMRL JX)

219
230
281
282
283
284
28%
286
237
288
289
290
291
292
293
29%
293
296
291
298
239
300
30l
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
azi
328
329
330
331
332
333
334



244
245

247
248
249

250
251

252
253
254
255
256
257
259
261
262
264
265
266
268
270
272
273
274
275
277
279
280
281
282
283
284
286
288
289
290
29}
292
293
29%
295
296

297
298
299

lzEzly

aon

33

34

35

36

37

[zNa N

38

PRINT RESULT OF EQUATION 4.

WRITE (6,Z1) X{JJ)sXUsY{JS)aYUSXINNDI pXU»Y (NN} sYU A, YU

Z2(25)=IFMR(J X}
Z2{B85)=IFMR{JX)
22(11TI=1FMR{JX)
Z22(157)=1FMR{ JX)
Z2(190)=[FMR{ JX}

PRINT RESULTS OF EQUATIONS 5 THRU 10.

WRITE (6,22) BsYUrXUsRV,BV,ABC AV F

WRITE (6,102)

L2=0
LT=15
DO 38 I=K,NN,NUM

BRI =8*{X{I)-X(I-1)}~(¥Y{l)-YI-1))

SIGN=CLASS{1)

IF (BB{1)sLT.0.) SIGN=CLASSE2)
IF {(IX{I)-X{[-1)).EQ.0.} GO TO 38
ICRVEE)=ICVYII)/RV .
IF {ICRV(I).LT.S52) GO TO 33
CODE=GRADE{L3)

GO TO 34

IF {ICRVII).GE.SL1) CODE=GRADE(2])
tF (ICRVII).LT.S1) CODE=GRADE(1)
iF {ICRV{I).LT.S51) CODE=GRADE{!l)
CONTINUE

L2=L2+]

LT=L T~}

IF (LT.EQ.0) GO TO 35

IF (L2«.NEL26) GO TO 36

WRITE (6,103} DD, TT

L2=0

CONTINUE

KB=5

BIRD=52

IF (ICRVII).LT.52) BIRD=S1

IF {ICRVII}.GELSL) GO TO 37

8 LRD=BEE

KB=1

FSI{18)=TFMT{NX)

FS{Z2T)=IFMTINY)

FS(37)=IFMR(JX]

FS{68)=CAT(KSB)

FS5{69)=CATIKB+]1)
FS{T70)=CAT{KB+2)
FS{T1I=CAT(KB+3}

PRINT RESULT OF EQUATION ll.

WRITE (6,FS} LeX{TdeYCE)ICVII) ¢SIGN,ECRVIT),COOE BIRD

CONTINUE
NUZ=NUZ+]

335
33s
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
397
353
359
360
361
362
363
364
365
3606
367
364
369
370
37l
372
3r3
374
375
3786
377
373
379
380
isl
382
383
354
385
386
isT
EY-1:
389
390



3400

301
303
365
397
309
310
311
313

316
317
318
319
320
321
322

324
326
327
328
329
330°
332
333

335
337
338
339
340
342
343
344
345
347
348
349
350
352
353
354
355
356
357
358

359
36l
363

-

Con

41
42

45

48

e XNl

JK=K
DELETE MAVERICK END POINT VARIABLE.

IF {ICARV{JK}.LT.S2.ANDLICRVINN).LT.52) GO TO 41
I[F (ICRVIJK}.GE.S2.ANDLICRVINN} .GE.52} GD TO 39
If (ICRY{JK)GELS2) JJ=JdJd+NUM
IF (ICRV{NN).GE.S2] NN=NN-NUM
NUZ=NUI-1

GO TO 30

IF (ICRVIJK) «GTLICRVINN}) JJ=JJ+NUM
IF (ICRVIJK}LLELTCRVINND) NN=NN-NUM
NUZ=NUZ~-1

GO TO 30

XHIKILONK)=X1JJ)
AN(KILONKI=XINN)
YIKILO,NK}=Y (JJ}
YN{KILOZNKI=Y{NN)

NK=NK+1

NUMB=0

NUZ=1

IF (NK.EQ.6) GO TO 47

GO TO (42+4304%445:406)4NK
JJ=N1

Nh=M1

GO 70 11

IF (NZ2.LT.1l} GO TO 47

JJd=N2

NN=M2

60 TOo 11

IF (N3.1T.1) GO TO 47

JJ=N3

NN=M3

Go 10 11

IF {N4.LT.1) GO TO 47

JJ=N4

NN=M%

GO0 T0 11

IF (N5.LT.1) GO TO 47

JJ=N5

NN=M5

GO 70 11

IF (IF.EQ.0.) GO TO 3

NK=1

NUMB=0

NUZ=1

JJd=N1

NN=M1

NUM=1

KEY=1

DETERMINE SUBSET AND INCREMENT VALUES.
I1f (LF.EG.0) GO TOD 49

[F (LF.EQ.2) GO TO 58
IF {(LF.EQ.3}) GO TO 60

391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
13
414
415
416

418
419
420
421
422
423
424
425
426
427
428
429
4390
431
432
433
434
435
436
437
4348
439
440
441
442
443

445
Lipb



365
367
369
370
arz
374
376
an
3718
380
sl
382
383
3185
386
387
389
390

392
3%
395
396
ER
399
400
401
403
404
405
406
408
409
410
411
413
414
415
416
418
419
420
421
423
424
425
426

429
430
432
433
434

437
438

49

50

51

52

53

54

55

56

57

58

59

60

61

62

IF (LF.EQ.4) GO TO 63

IF {LF.EQ.1.AND.NUZ.EQal)
GO 10O 77

[F {(LF.EQ-0.AND.NUZEQ.1)
IF (LF.EQ.O.AND.NUZ.EQ.1])
IF {(LF.EQ.0.AND.NUZ.NEL2}
NUM=2

GO TO &7

If (LF.£Q.0.AND.NUZ.NE.3)
KEY=2

UNENNES

GO TO 67

IF {LF.EQ.0.AND.NUZ.NEL4)
NUM=3

GO TO &7

IF {LFLEQ.0.ANDNUZ.NELS)
KEY=2

Jd=Jdel

GG TO &7

IF (LF.EQeQ«ANDNUZJNESH)
KEYy=3

JJ=JJ+2

GO TO &7

IF (LF.EQ.0.AND.NUZ.NE.7)
NUM=4

GO TQ &7

1F (LF.EQ.0.AND,NUZ.NELB}
KEY=2

Jd=dJd+l

GO TO &7

IF {LF.EQ.0.AND.NUZ.NE.9)
KEY=3

Jd=JJd+2

GO TO &7

IF {NUZ.NE.LQ) GO TQ 77
KEY=4

Jd=JJ+3

GO TO &7

IF (LF.EQe2.ANDaNUZ.NE.1)
Jd=JJ+2

NUM=2

GO YO o7

IF (NUZ.NE.2)} GO TG 77
KEY=2

Ji=JJ+l

GO TO &7

IFf (LF.EQ.3.AND.NUZ.NELL)
NUM=3

GO TO 67

IF (LF.EQ.3.AND.NUL.NE .2}
KEY=2

Jd=JJ+l

GO TO 67

IF INUZ.NE.3) GO TO 77
KEY=13

JI=JJ+2

GO

10

NUM=1

GU0

GO

GO

GQ

GO0

GO

GO

GO

GO

GO0

TO
T

TO

T0

TG

TO

TQ

TO

T0

T0

T0

TG

6T

67
50

51

52

53

5%

55

56

57

59

61

62

36 -

467
448
449
450
451
452
453
454
455
455
457
458
459
460
48l
462
463
46%
465
466
467
468
469
470
471
472
473
474
475
415
477
4Td
479
480
481
482
483
%84
485
488
487
488
489
490
491
492
493
494
495
498
497
493
499
500
501
502



439
442
442
443
444
446
441
448
449
451
452
453
454
456
457
458
459
460
461

462
463
464
465
465

. 467

468
469
470
472
473
474
475
476
@T?
478
479

481
482
483
4 84
485
486
%87
488
489
490
491
492

493

63

64

65

66

67

68

OO0

69

coooO

GO TO &7

IF (LF.EQ.4.AND.NUZ.NE.1} GO TO 64
NUM=4

GO T0O &7

IF (LFeEQue#<AND.NUZ.NE.2) GO TO 65
KEY=2

Jd=JJ+l

GO TO 67

IF (LF.EQ.4.AND.NUZ.NE.3) GO TO 66
KEY=3

Jd=3Je2

GO 1O 67

IF (LF.EQ.4.AND.NUZ.NE.4) GO 1D 77
KEY=4

JJ=JJ+3

L=4J

00O 68 1=L,NNsNUM

CONTINUE

Nh=1-NUM

EQUATIONS 4« THRU 1l1.

A=({RINNI®RY{L)I)-IRILI*Y(NN)}) /JTRENNI-RIL) )
B={Y{NN}-Y{L) F/{RANNI-RE{L)}

BVR(MIKE,NK)=08

JONT=0

RV=0.

K=JJ+NUM

DO 69 [=K NNy NUM

JONT=JCNT #]

IF ((RUIJ=RII-NUM))EQsDa) GO TO 69

LCVIE)={B*{RLII-R{I-NUM) I=(Y(I}-Y(I-NUM}I} ) %*2/{RLII-R{1-NUM})

RV=ICV{I)+RV

CONTINUE

RV=RV/JCNT

BULU(MIKENK) =RV

BV=RV/{R(NN)-R{L})

ABC=—RV*RIL)}/ (R{NN}-RELI}

AV=RV¥R{L)*¥RINN) / (RINN}-RIL}) -
F=JCNY

[IDFIMIKEsNK)=F

NUMB=NUMB+1

BOX=ABLE{KEY}

FOX=ABLEINK)

WRITE (64101} DD TT,TITLE yMyMDsMY s NUMB, FOXoBIX s NUM
Z1(18)=1FMR{6)

21(28)=1FMT{NR)

L1660)=IFMT{NY]}

Z1482i=1FMR{6}

21(92)=LFMTINR)

Z1(123)=1FMTINY)

CZ1(154)=IFMR{RX)

PRINT RESULT OF EQUATION 4.

WRITE (65211 RUJJIIsRULYL{IIIYUSRINND GRU,Y (NN YUs Ar YU

503



494
%95
496
497
498

499
500
501
502

504
505

508
510
511
513
514
515
517
519
52

522
524
526
527
528
529
530

533
535
536
537
538
539
540
54l
542
543

544
545
546
547

548
550

o000

170

71

[ 4

73

74

[sXelgl

[alakel

Z2{25)=1FMRI(RX])
Z2(85)=IFMRIRX)
L22{11T)=IFMRIRX}
2Z2{1STY=IFMR{RX}
Z2{190)=[FMR{RX)

PRINT RESULTS OF EQUATIONS 5 THRU 10.

WRITE {6,22) B.YUsRU,RV:8V,ABCsAV,F
WRITE (64104}

L.2=0

LT=15

DO T5 1=K NNsNUM
BB(I)=B*{R{I})-RII-L)I=UYLL}-YII~1))
SIGN=CLAS55{1L)

IF (BB{I).LT.0.) SIGN=CLASS{2}

IF (ARCII-RII-1}).EQ.0.) GO TO 75
ICRVIT)=ICY(I}/RV

IF CICRVII).LT.52) GO TO 70
COOE=GRADE(3)

GO TO 71

IF {ICRVIL).GE.S1) CODE=GRADE({Z2)
{F (ICRV{I).LT.51) CODE=GRADE(L}
CONTINUE

L2=L2+1] B
LT=LT-1

IF (LTLEQ.Q) GO TO 72

IFf (L2.NEL26) GO TO 73

WRITE (6,105) 0D,TT

L2=0

CONTINUE

KB=5

BIRD=52

IF {ICRVII).LT.S52) BIRD=S1

IF (ICRVIT).GE.51) GO TO 74

KB=1

BIRD=BEE

FSIL8)=TFMT{NR])

FS{2T)=1FMT(NY)

FS{3T)=IFMRIRX)

FS(68)=CATI(KB)

FS5{69)=CATILKB+1)

FS{TO}=CATIKB+2)

FS{TL)=CAT(KB+13)

PRINT RESULT OF EQUATION 11.

WRITE (6,FS) I,RET)Y({I)oECV{I},SIGN,ICRVII)}y CODE,BIRD
CONTINUE

NUZ=NUZ+1

JK=K

OELETE MAVERICK END POINT VARIABLE.

IF (ICRVIJK)oLT.52.ANDLICRVINN).LTLS52) GO TO 78
IF (ICRVIJUK).GE.S2.AND.ICRVINNDI.GE.S2) GO TO 76

559

561
502
563
564
565
566
567
568
569
STO
571
572
573
574
575
5746
517
578
579
580
581
582
583

%85
586
547
538
584
590
591
592
593
594
595
5496
597
598
5499
600
601
od2
603
604
605
bub
&507
6408
609
61y
61l
612
6l3
6l4



552
554
5586
557
558

562
563
564
565
566
SeT
568
569
570
571
5713
574
575
576
517
579
580
581
582

584

585
586
587
589
590
591
592
594
595
596

7o

17

78
19

80

8t

82

83

@ OO

IF (ICRVIJK}.GELS52) JJ=JI+NUN
IF [ICRVINN).GEL.S2) NN=NN—NUM
NUZ=NUZ-1

GO TO 67

IF {ECRVIJKIGTLICRVINN]) JI=JJ+NUM
1F {ICRV{JK) o LELTCRVINND } NN=NN—NUM
NUZ=NUZ~-1

GO T0 &7

RI(MIKENKI=R{ 44}
RN{MIKESNKI=R (NN)
Y2{MIKE.NK)=Y{JJ)
YMIMIKE,NK)=Y (NN}

NK=NK+1

NUMB=0

NUZ=1

IF (NK.EQ.6) GO TQ 3

GO TO (79,80:+81,82,83) 4NK
JJ=N1

NN=M1

GO TO 48

IF (N2.LT.1} GO TO 3

JJ=N2

NN=M2

G0 TO 48

IF (N3.LT.1) GO TO 3

JJ=N3

NN=M3

GO TO 48

IF (N4.LT.1} GO TO 3

JJ=N4&

NN=M4

GO TO 48

IF (N5.LT.1l) GO TO 3

JJ=N5

NN=M5

GO TO 48

If MULTIPLE RUNS ARE TC BE AVERAGED {EQUATIDNS 12 THRU 23).

IF {KILO.LE.1.OR.LTD.EQ.1} GO TG 93
NK=NK~-1

WRITE (6,106) DD,LTT

DO 88 J=1.NK

Ya=0.

1PH=0

TBIRD=0.

JBIRD=0.

BV=0.

Bv2=0.

DO 85 I=1,KIiLO
VA=VAH(LDF{T + J)*ZULULL 4+ 4))
IPH=IPH+LOF(I+J}
TBIRD=TBIRD+{LDF {1+ JI*DLOGC(ZULUL{T ) })
JBIRD=JBIRD+{ 1.DO/LOF(14J})
BY=BVX{ Lo J)*E2+8V

By2=BV2+¢BVX{I,J}

615
6l6
617
618
619
620
621
622
623
624
623
626
627
628
629
630
631
632
633
634
635
6356
537
638
639
640
641
642
643
644
645
b40
647
648
649
650
651
652
653
654
655
656
657
658
659
669
661
662
663
&64
665
bbb
667
668
669
670



613
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
63]
632
633
534

636
637
638
639

640
642
64%

646
648
649

650
651

85

86

ca0o

[pNsNsNal--N-NeRalaNnl
=

CONT INUE

VA=VA/IPH

X18=0.

XNB=0.

Y1B8=0.

YNB=0.

DO 86 [=1,KILO

X1B8=X18+X1{1,J}

XNB=XNB +XN(1,J)

Y1B=Y1Be¢Y1(I,J)

YNB=YNB+YNI{1,J)

CONTINUE

X1B=X1B/KILD

XNB=XNB/KILO

Y1B=Y1B/KILO

YNB=YNB/KILD

ALP={ I XNB*Y1B]}-(X1B*YNB))/{XNB-X18}
BET=(YNB—YIB) /(XNB~X1B)

BVA=VA/[{ XNB—X1B) *K[LD)
ABCA={—-VA*X18)/{ {XNB~X1B)*KILO)
AVA={ YA*X1B*XNB) 7/ {{ XNB—X1BI*KILO}
Bv2=BY2**x2

FR=A(IKILO®*BY }-8V2) /{KILO*(KILO~1) ) ) *{LIXNB-X1BI*KILO)}/VA}
LOG=1.004{11.00/(3.D0*{KILO-1)) )%t JBIRD-[1.D0O/IPH)))
CCS={{1PH*DLOGIVANI-TBIRD}/LDG

%

PRINT CALCULATED *F* TEST AND CORRECTED CHI SQUARE VALUES.

IF {CCSLTL.PROBUKILO-1+1)) WRITE (6,109) JsFRSCLS,IPH

IF (CCSJGELPROBIKILO-1¢2}) WRITE {64108} JyFR4CCS,IPH

IF LCCS.GELPROBIKILO-1,1) AND.CCSLLYPROBL{KILO-1,2}] WRITE
1 JsFR4CCS,IPH

If (FRJLELTROB(KILO~1,2)) GO TO 87

WRITE 16,110)

GO TO 88

PRINT RESULTS OF EQUATIONS 14, 15, 19y 13, 22,y 16, 17, 20,
AND 23.

WRITE {(64111) X1B8,Y1B,ALP,VA;ABCA,XNByYNDBET +BVA,AVA
CONTINUE

(6+107)

21,

IF MULTIPLE RUNS ARE TO BE AVERAGED FOR *R" VARIABLES {(EQUATIONS

12 THRU 24}.

IF (MIKE«LEel «OR«IF.EQ.D.) GU TO 93
WRITE (6,112) DD,TT

D0 92 J4=1sNK

VA=0.

[PH=0

TBIRD=C.

JBIRD=0.

Bv=0.

Bv2=0.

DO 89 [=1,MIKE
VA=VA+{IOF{T, J)*BULULT+J))

- 40 -

6T1
672
673
6T4
675
616
6Tt
678
619
680
681
652
683
684
adh
686
b8l
648
&89
69U
a9l
692
693
694
695
6496
697
698
6599
700
701
702
703
104
705
700
107
708
]
TLG
711
712
713
714
715
716
717
Tla6
719
720
T21
122
723
124
725
726



264
265
566
567
568
569
570
571
572
373
374
375
576
3T7
378
» 79
»80
381
)82
283
284
385
5856
587
»88
» 89
290
91
192
293

9%
196
398

100
raz
ro3

T4
rgo

o7
708

r0o9
F1d
7Lt
712
713

89

90

oo

IPH= IPH+IOF(I ¢J)
TRIRD=THBIRD+{IDFL I, J)*0LOG(BULULI,J)})

JBIRD=JBIRD#( 1.DO/IDF({144))

BV=BVR{1,J)xx2+8YV

BV2=AVZ+BVR{] +4)

CONT INUE

VASVA/IPH

R18=0.

RNB=0.

¥28=0,

YMB=0.

DO 90 [=1,MIKE

R1B=R1B4+RLII,J)

RNB=RNB#RN(I, J)

Y2B=Y28+Y2({1,J)

YMB=YMB+YM{ [, J)

CONTINUE

R1B=R1B/MIKE

RNB=RNB/MIKE

Y2B=Y2B/MIKE

YMB=YMB/MIKE

ALP={ (RNB*¥2B)-(R1B%YMB} ) /{RNB-R18)

BET=({YMB—¥2B) /{RNB-R1B)

BvA=VA/{{RNB-RLB)*MIKE}

ABCAS{—-VA*R1B)/{ {RNB-R1B)*MIKE)

AVA={VA*R1B*RNB) / ({ RNB—R1B)*MIKE) s
BY2= BV 2%*2

FR={ U {MIKE*BV)=-BV2) 7/ (MIKE*{MIKE-L)} ) *{ ({RNB—-RLB}*MIKEI/VA)
LOG=1.00+({1.D0/{3.00%{MIKE=1) )} ) *{JBIRD~-{1.00/IPH] )}
CCS=({ IPH*DLOGIVA))}-TBIRD}/LOG

PRINT CALCULATED *F' TEST AND CORRECTED CHI SQUARE VALUES.

IF (CCS.LT.PROBIMIKE-1,13) WRITE (64109} J,FR.CCS,TIPH

IF {CCS.GE-PROBIMIKE-L1,2)) WRITE (564108} J,FR,CCS,IPH

IF (CCS-GE.PRUOBIMIKE—Ly 1} aANDLCCSALT.PROBIMIKE-1,2)) WRITE (65107)
1 JyFR,,CCS»IPH

IF {FR.LE.TROBIMIKE-L,2}) GO TO 91

WRITE (6,110)

GO TO 92

PRINT RESULTS OF EQUATIONS 14, 15, 19, 13, 22+ 16, 17s 20y 21,
AND 23.

WRITE (65113) R1B,Y2B+ALP,VA,ABCA.RNB,YMB,8ET,BVA,AVA
CONTINUE

CONTINUE

sToP

STOP

FORMAT (18F4.2)

FORMAT {40Al¢F7.5,312+:6A1,6A1,6A1+311,F6.5)

FORMAT (1013,773,2F4%.2,TTL:2I1)

FORMAT (FB.21Fb6a242F10.6,5T51,13,T80411)

FORMAT (LHLsT38,40ALTBBy12,"/%+12,%/°:12//T47,7 CONPUTER RUN ONT, L
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127
728
T29
730
731
73z
733
134
T35
136
T37
738
739
140
741
742
T43
T44
745
T46
T4T
743
T49
750
751
T52
753
754
755
756
757
758
759
160
761
762
163
T64
165
T66
67
768
T69
770
i7l
172
7713
1174
775
176
177
T8
179
780
T81
782



114
115
716

717

718

719

720

121

T22

123

124

125
726

127

728

729

99
130
101

102

103

104

105

106

107

108

109

110

112

113

LX32A1, /7 32A1 4/ 45ALs*AT %, 2AL1 4" HRS" 42X s2AL 4% MIN'S/77177771174
2A1,T32,"SUSPECT TEST VALUE [5 GREATER THAN OR EQUAL TOD MAVERICK TE
35T VALUE")

FORMAT (1HL¢T38,40A14T8B412,%/%,12,%/%412//T47¢*LOMPUTER RUN ON"y1
LiXeZALl "7 "e2A1,"/%+5AL AT  *32A1," HRS",2X,2A1," MIN',4Al1)

FORMAT (1HOT59,*DATA CONVERSION'//T27'R-VALUE"T61, " X-VALUE® +T95
1,"Y-VALUE")

FORMAT (1H1,¥756, "CUMULATIVE STATISTICS*//T47,COMPUTER RUN ON' 41X,
LZAL"/" 42AL," /" 45A1 AT *,2A1,* HRS 7,2A1,°" MIN',4ALl//T38,40A41,1
288512,/ %,124%/*,12/7/726,*CALCULATION #°,13,%,%,A4,* SECTION, STAR
3TING WITH THE?' pA4,' VARIABLE AND INCREMENTING BY *,102)

FORMAT (1HO»T48, " INDIVIDUAL®yTT70, "NUMERATOR?® s TLD9,*FLAGGED* /T114+*X
L=VALUE® ,T29, " Y=VALUE s T4 T, *CONTRIBUTION®, TT3, 'SIGN® 4 TI0,,*ICV/RV?, T
2107, *VARIABLES?¢T120,*FALTORY)

FORMAT (LlHL,T4T7,COMPUTER RUN DN ¢LlX22AL,% /"2 2A1,7/"5A1,*AT ¢,2A
11" HRS "52A1+" MIN®o4AL//T48,* INDIVIDUAL®,T70, NUMERATORY , T 109,
2FLAGGEDY/T11l, *X-VALUE" ,T29,'Y-VALUE® 4T47, *CONTRIBUTION® ,T73,*SIGN"
3,T90,*ICV/RV? ,T107, *VARIABLES®,T120,*FACTOR }

FORMAT (1HO+T48, * INDIVIDUAL',T70, *NUMERATOR®, T1G9,"FLAGGED' /T11+*R
I-VALUE" 3 T29 ' Y-VALUE" 4 T4 Ty *CONTRIBUTION® s T734 "SIGN* 9 TS0, Y ICV/RV", T
2107, "VARTABLES"Y,T120,*FACTOR?)

FORMAT (LHLsT47, COMPUTER RUN UN®"+LXs2AL,*/ %241,/ "+5AL, AT '424
1le' HRS "52A1," MIN"+4AL//T48,* INDIVIDUAL® ,TT70, *NUMERATOR" 4T109,"
2FLAGGED* /T11+*R—VALUE" ;T29,'Y-VALUE" +T4T, *CONTRIBUTIONY »T73,*SIGN?
3,790, "ICV/RV"® ,T107, "VARIABLES',T120,"FACTORY)

FORMAY (L1HL+T50, *BARTLETTS TEST USING **X'*™ VALUES*//T43, ‘COMPUTER
1 RUN ON"31Xs2A1," /7% 2281,/ "%3A1,%AT ?,2A1,% HRS",2X,2Al1,' MIN',4A
2L7)

FORMAT (1HQ,T35,%%* SECTION " ,J1s" %**',4X,"CORRECTED CHI SQUARE PR
10BABILITY LESS THAN OR EQUAL TO P = (.10'//TLlL,'F-TEST BETWEEN TQ
ZHITHIN SL3IPES = * y)FLlOe4s5X+"CORRECTED CHI SQUARE = *yF10.4,5X,y"DEG
AREES OF FREEDOM = *,14/)

FURMAT {LHOsT35,%%% SECTION *"401l," *%7,4X,'CORRECTED CHI SQUARE PR
10BABILETY LESS THAN OR EQUAL TO P = 0.,05%//T11'F-TEST BETWEEN TO
2WITHIN SLOPES = ",F10.4,5X,'CORRECTED CHI SQUARE = ', FLl0.4%,5X,"DEG
3REES OF FREEDOM = *,14/)

FORMAT (LHOQ,T35,%%% SECTICN ",01l," *%',4X,CORRECTED CHI SQUARE PR
LOBABILITY GREATER THAN £ = 04.10"//TLl4,"F~TEST BETWEEN YU WITHIN 5L
20PES = *,Fl0.4,5XTCORRECTED CHI SQUARE = ',Fl0.4,5X,?DEGREES UF F
3REEDOM = ',I4/)

FORMAT (1HO,TL6,***x BETWEEN SLOPES VARIANCE GREATER THAN WITHIN 3L
10PES VARIANCE WITH PRUBABILITY LESS THAN P = 0.10 *%')

FORMAT (lHOT2,*X1-BAR *yFlOu4,2X,'Y1-BAR ", FL0.4,T40, YALPHA AVERA
1GE *+Fl0a4sTH6565,"RANDOM VARTANCE AVERAGE®,F9.4,7T100,%A-8 COVARTANCE
2 AVERAGE "yF1l0a4//T2+"XN—BAR *3F104+T21y "YN-BAR '4F1l0e4,T41, "3ETA
3 AVERAGE "4Fl0D.4,T66,"BETA VAR[ANCE AVERAGE ®*+Fl0.4,T100,7ALPHA VA
4RTANCE AVERAGE ', Fl0.4//)

FORMAT (1HL,T50,°BARTLETTS TEST USING **R** VALUES'//T43,'COMPUTER
1 RUN ON"y1X»2AL1,% 7" 32A1 /7 +5AL, AT ", 281, HRS",2Xs2A1,"' MIN',4A
21/}

FORMAT (1HO»T2,"R1-8BAR *4Fl0+4+'Y1-BAR 'y F10.4+T40, ALPHA AVERAGE
1'9F1044,T66," RANDOM VARIANCE AVERAGE"F9.4,T100,*A~B COVARIANCE AV
ZERAGE ', FlO.4//T2,'RN-8BAR "yF1l0.4+T2Le*'YN-BAR *,Fl0.%,T41,"BETA AY
3ERAGE * yFlOe4sT66+'BETA VARIANCE AVERAGE *,FlO0a4,T100s"ALPHA VARIA
4NCE AVERAGE *+F1l0.4//)

END
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783
784
785
786

738
789

791
192
793
794
795
796
197

793

~ 800

801
802
803
804
305
806
807
808
809
8140
Bl1
812
§13
8l4
815
gl6
BL7
318
819
820
821
g§22
323
824
825
826
827
828
829
830
831
832

834
835
836
837
838





