


The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall have
no liability, consequential or otherwise, of any kind arising
from the use of this program material or any part thereof.



INTRODUCTION

This package of statistical programs for the Hewlett- Packard 9100A /B
calculator has been designed to assist you in your statistical problem solving.
Many of the programs contained in this Volume are actual customer supplied
programs or customer suggested programs. A future package, Volume II will
be generated from additional programs submitted by you, our customer.

We hope that you will find this package valuable in your everyday statis-
tical computations. Your comments and suggestions for future statistically
related calculator applications are welcome. If you develop a calculator
program which you would like to have included in STAT-PAC VOLUME II,
please forward it to us for review. Please write your programs in a format
containing: Program Description, Reference, User Instructions, Program
Steps, and a typical Example illustrating how you employ the program. All
programs placed in Volume II will, of course, be included with credit to the
author and company affiliation.

We wholeheartedly hope that this collection of statistical programs will
significantly reduce your computational ""chores' and increase the 9100 Calcu-
lator's usefulness to you.

Sincerely,

HEWLETT-PACKARD COMPANY

Dave Cole

Applications Engineer
P.O. Box 301

Loveland, Colorado 80537

DC/bd
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This package is divided into ten sections, these being:

I — General Statistics
I — Distribution Functions
IIT —  Test Statistics
IV —  Curve Fitting
V — Harmonic Analysis
VI —  Sampling Theory
VII —  Analysis of Variance
VIII — Operations Research
IX — Reliability and Quality Control
X —  Plotter Programs

The programs included in each section are designed to be both functional
and informational in that many are general enough to be applied directly to any
statistical data reduction problem, whereas others are quite specific in appli-
cation. The specialized programs such as Buffon Needle Experiment, Fourier
Series - Sampled X(t), Gompertz Curve Fit, Weibull Distribution Via Failed
and Suspended Sets, Control Ellipses Plot, and others demonstrate the variety
and range of problems solvable on the Hewlett- Packard 9100 Calculator.
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I-1
I-2
I-3

I-4
I-5

I-6
I-7

I-8

I-9

I-10
I-11
I-12
I-13
I-14
I-15
I-16

IT-1
I1-2
II-3
I1-4
II-5
I1-6
II-7
II-8
II-9
II-10
II-11
II-12
II-13
I1-14
II-15

Section I GENERAL STATISTICS

Mean, Standard Deviation and Probable Error
Mean and Standard Deviation of Grouped Data
Cumulative Mean (X.) and Cumulative Standard

Deviation (s.)

Two Variable Sums of Squares (With Corrector Option)
Mean, Variance, Moment Coefficient of Skewness,

Moment Coefficient of Kurtosis

Covariance and Coefficient of Correlation

Permutations
Combinations

Histogram Generation (Without Plot)
Arithmetic, Geometric, Harmonic, Means
Random Number Generator (Uniform)
Random Number Generator (Normal)
Normal Probability Paper Plot Points

Buffon Needle Experiment
Median Finder

Universal Four Operations Program

Section II DISTRIBUTION FUNCTIONS

Normal Probability Integral
Inverse Normal Integral
Binomial Distribution

Poisson Distribution

xz — Chi Square Distribution
Hypergeometric Distribution

t — Distribution

Beta Distribution

F — Distribution

Negative Binomial Distribution
Gamma Distribution

Log Normal Distribution
Error Function

Joint Normal Probability Density

Cumulative Binomial Distribution

1

9100B ONLY

9100B ONLY

9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY



II-1
II1-2
I1I-3
ITI-4

ITI-5

I11-6
ITI-7

ITI- 8
I1I-9
I11-10
III-11

II1-12
I1-13
I11-14
II-15

II1- 16

-1
Iv-2

Iv-3
V-4
IV-5
V-6
-1
IvV-8
V-9
IV-10
Iv-11

IvV-12

Section III TEST STATISTICS

t Statistic for Means of Two Samples

Paired Observation Test

t Statistic — Testing a Mean X Equal to pg

XZ Statistic — Testing a Population Variance Equal to

a Value %
E(2 - CI;i Square Evaluation Expected Values Equal
E. =E

i

X2 2 X 2 Contingency Table

z@—}éChi)Square Evaluation Expected Values Unequal
E. # E,
i

XZ — 2 x K Contingency Table
t Statistic For Testing Correlation Coefficient
Bartlett's XZ Statistic for Variance Homogeneity

Calculated Y., Residual, and Accumulated Residual
of a Linear Regression

Statistic for Durbin-Watson Test
Statistic for Serial Correlation Coefficient (Order 1)
Spearman's Rank Correlation Coefficient

F — Test For The Ratio of Two Sample Variances
(Snedecor)

r — Distribution

Section IV CURVE FITTING

Linear Regression and Correlation Coefficient

Linear Regression With Means, RMS Values, Variances,
And Correlation Coefficient

Multiple Linear Regression 3 Variable 9100B ONLY

Multiple Linear Regression 4 Variable 9100B ONLY
Normal Equation Coefficient Updater (Corrector) 9100B ONLY

Least Squares Fit — Power Curve
Least Squares Fit — Exponential

The Least Square Parabola 9100B ONLY
Cubic Regression (Least Squares) 9100B ONLY
Linear Least Squares: Y = A + BX (With Error Statistics)

Multiple Linear Regression (3 Variable) 9100B ONLY

Statistics Family
Gompertz Curve Fit



Iv-13

Iv-14

V-1
V-2
V-3

VI-1
VI-2
VI-3

VII-1
VII-2
VII-3
VII-4

VIII-1
VIII-2
VIII-3

X-1

IX-2
IX-3
IX-4

X-1
X-2
X-3
X-4

Section IV CURVE FITTING (Con't)
Program For Simultaneous Solution of Four
Equations in Four Unknowns With Printer
Least Squares Regression Y = cOXa + c1Xb

Section V. HARMONIC ANALYSIS

Sine Wave Curve Fit
Fourier Analysis (12 Ordinate Scheme)
Fourier Series [Sampled X(t)]

Section VI SAMPLING THEORY

Sample Size n For Continuous Data
Sample Size n In Sampling For Proportions
Neyman Allocation In Stratified Random Sampling

Section VII ANALYSIS OF VARIANCE

One Way Analysis of Variance m x n

Two Way Analysis of Variance

Two Way Analysis of Variance with Replicates
Analysis of Variance F Test For Column Means

Section VIII OPERATIONS RESEARCH

Queueing Model
Queueing With Finite Customers
Queueing With Infinite Customers

Section IX RELIABILITY AND QUALITY CONTROL

Weibull Distribution Parameter Calculation For
Failure Data

Weibull Distribution Via Failed and Suspended Sets

General Statistics For Quality Control
Repeatability

Section X PLOTTER PROGRAMS

Histogram Generation (With Plot)
Normal Curve Overlay

Normal Curve Plot (General)
Cumulative Probability Functions

9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY

9100B ONLY



X-5
X-6
X-T
X-8
X-9
X-10
X-11
X-12

X-13
X-14
X-15
X-16
X-17
X-18
X-19
X-20

Section X PLOTTER PROGRAMS (Con't)

2 — Chi Square Distribution

Linear Regression And Plot

Linear Regression (Print-Plot)

Power Curve Regression and Plot
General Power Curve Regression and Plot
Exponential Regression And Plot

Cubic (Third Degree) Regression Plot

Least Squares Regression (Linear, Parabolic,
Power, Exponential)

Log Normal Distribution With Plot
Gompertz Curve Plot

Buffon Needle Experiment (With Plot)
Contour Ellipses

General Parametric Plot (Self-Scaling)
General Point Plot

Axes Plot

X Control Chart Plot

9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY
9100B ONLY
9100B ONLY
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The table below lists those programs which are found published in the

9100A/B Libraries or in the PLOTTER PACKET, 09100-76999.

These

programs, in most cases, have been modified for printer accommodation and
are included in the STAT-PAC in order to arrange all your statistics programs
into a single compact packet. These programs will be denoted by a A following

their STAT-PAC numbers.

TITLE

Mean and Standard Deviation of Grouped

Data

Histogram Generation (Without Plot
Random Number Generator (Uniform)
Normal Probability Integral

Poisson Distribution

X2 — Chi Square Distribution

F - Distribution

t Statistic for Means of Two Samples

X2 — Chi Square Evaluation Expected
Values Equal (Ei =E)

xz 2 x 2 Contingency Table

¥2 Chi Square Evaluation Expected
Values Unequal (E; # Ej)

Linear Regression and Correlation
Coefficient

Multiple Linear Regression 3 Variable

Least Squares Fit — Power Curve
Least Squares Fit — Exponential
The Least Square Parabola

Program For Simultaneous Solution of
Four Equations in Four Unknowns With Printer

One Way Analysis of Variance m x n
Two Way Analysis of Variance

I-2

I-9

I-11

II-1
I1-4
I1-5
I1-9
Imi-1
ITI-5

IT1-6
II1-7

Iv-1

IV-3
IV-6
V-1
Iv-8
IV-13

VII-1
VII-2

Two Way Analysis of Variance With Replicates VII-3

Weibull Distribution Parameter Calculation

For Failure Data

Histogram Generation (With Plot)
Normal Curve QOverlay
Cumulative Probability Functions

IX-1

X-1
X-2
X-4

STAT-PAC No.

9100B Library

9100B Library
9100B Library
9100B Library
9100B Library
9100B Library
9100B Library
9100A Library
9100B Library

9100A Library
9100B Library

9100B Library

9100B Library
9100B Library
9100B Library
9100B Library
9100B Library

9100B Library
9100B Library
9100B Library
9100B Library

9100B Library
9100B Library
9100B Library



TITLE

Linear Regression And Plot
Power Curve Regression And Plot
Exponential Regression And Plot

STAT-PAC No.

X-6
X-8
X-10

Plotter Packet
Plotter Packet
Plotter Packet



Each program has built-in printer commands eliminating your need to
change the programs to accommodate a printer. These print commands have
been incorporated both at input and output points in the programs. The USER
INSTRUCTIONS do not assume that a printer is attached to the calculator, and
contain PRESS: CONTINUE's between various output displays. If the printer
is used, the USER will find that the calculator is automatically advanced through
the output displays printing the results. However, if no printer is used, the
operator advances through the output displays by use of the CONTINUE key as
indicated in the instructions. Similarly, if no printer is used,the operator must
press a final CONTINUE after the last display to place the calculator "in-ready"
for another case.

To convert the STAT-PAC programs for use without a printer, the PRINT
program commands should be replaced by STOP's and CONTINUE's. To assist
in these changes, the program step pages have been annotated to locate the pro-
gram steps requiring alteration. These annotations are:

s : change step to STOP
All other PRINT commands should be replaced by CONTINUE's

9125A PLOTTER PROGRAMS

Section X of the STAT-PAC contains 20 programs for the calculator/printer/
plotter combination. These programs, such as Curve Fitting, Histogramming,
Distribution Function Plotting, and Point Flotting, make optimum use of the plotter.
The plotting section of the STAT-PAC contains general purpose plotting programs
for:

a. Plotting data points prior to an analysis

b. Plotting general functions such as families of parametric
distributions

It also contains very specific programs for plotting various distribution
functions; normal, log normal, x2 (Chi-Squared), and others relating to regression
analysis. Where possible, plot programs have been included for applications
from the various ten sections.




Each program in the STAT-PAC is documented with:

1. Program Description, Mathematical Formulas, References
2. USER INSTRUCTIONS

3. EXAMPLE Problem

4., Program STEPS

To ensure proper usage, the user should review the program description
and mathematical formulation to verify its acceptance for his problem. Since
many of the programs are customer programs, and since a variety of references
were employed, a mathematical verification is justified.

Next, the program should be keyed into the calculator using the program
steps. If the 9120A printer is not available, the PRINT commands (steps)
should be replaced by the appropriate STOP or CONTINUE command.

Finally, the program EXAMPLE should be run to verify proper interpreta-
tion of the USER INSTRUCTIONS and error-free program step entry.




Programs which generate statistics for sets of data {X }, {X Y.}
{X. Y;, Z } etc., use the FLAG to signal that the last entry {X }, {X Y.},
has been entered The USER INSTRUCTIONS for this operation are given below

USER INSTRUCTIONS

USER RESPONSE

—» DISPLLAY

0 Z
I —— Y
0 —X

X

ENTER DATA: Xi—>
"entered"

PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE

Here the user places the input data
into the prescribed dlsplay register.
The data is "entered' via the "CONTINUE".

The FLAG is set after all data has been
"entered’'.




Several of the STAT-PAC programs contain "error correcting options''.
These options allow the user to correct for data input errors without re-entering
the entire data set. The USER INSTRUCTIONS are seen below:

USER INSTRUCTIONS

USER RESPONSE

—» DISPLAY

0 Z
i Y
0 X

ENTER DATA: Xi———>X
, PRESS: CONTINUE

Has all data
been correctly
"entered'?

Has all the data
been "entered' free of
errors?
YES

Employ
Correction Option

PRESS: SET FLAG <—
PRESS: CONTINUE

10

Enter the elements of the desired data
set {Xn} .

Here the user reviews his input data to
verify that each element of {Xn} has
been "entered". The set of data actually
"entered' may contain errors, however,
the "entered' set {Xp'} contains the
desired set {X }.



o

The program step pages employ the following mnemonics:

KEY

" O~ wm © O N OO o AW N = O

CLEAR

ROLL A
X->()
yau

v

ENTER EXP

MNEMONIC

CLR

RUP
XTO
YE
DN

EEX

11

CODE
00
01
02
03
04
05
06
07
10
11
12
13
14
15
16
17
20
21
22
23
24
25

26




KEY

0
xly
ROLL

CHG SIGN

CLEAR X
y-)( )
STOP
FMT

IF FLAG

GOTO( )
PRINT

END

CONT
IFx=y
IF x<y
F x>y
SET FLAG
Xl
T

PAUSE

ACC +

RCL

MNEMONIC

UP
XEY
RDN

CHS

DIV

CLX
YTO
STP
FMT
IFG
GTO
PNT
END
CNT
X=Y
X<Y
X>Y
SFL

Iyl

PSE

AC+

RCL

12

CODE

27
30
31
32
33
34
35
36
37
40
41
42
43
44
45

46

47
50
52
53
54
55
56
57
60

61



KEY

TO POLAR
ACC —
intx
Inx
TO RECT
Xe()
hyper ~
sinx
tanx
arc -

cosXx

ASUBY

RETURN

MNEMONIC

POL
AC-
INT
LN
RCT
XFR
HYP
SIN
TAN
ARC
COS
EXP

LOG

SUB

RTN

13

CODE

62

63

64

65

66

67

67

70

71

72

73

74

75

76

77

77

—
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STAT-PAC NOMENCLATURE

The following list defines the mathematical notations used in the package.

NOTATION
SR STIR ST
X, ¥, M

Sys S, Oy
sXy , cov (X, y)
Txy

pe,

n, N, n, ny
f

a3

A4

M3

My

nPr, P?

ncr ! C;‘l , i'l )
A

G

H

RN

r.c.f.

p(X), £(X)
P(X), I(X), P
B(r, n, p)

15

DEFINITION

subscripted sample points
sample means

sample standard deviations
Covariance of X and Y
Coefficient of Correlation between X and Y
probable errors

number of data points
frequency of a data group
moment coefficient of skewness
moment coefficient of kurtosis
3rd moment about the mean

4th moment about the mean

permutations of n things taken r at
a time

combinations of n things taken r at
a time

arithmetic mean

geometric mean

harmonic mean

random number

relative cumulative frequency
probability density function
probability distribution function

binomial distribution




NOTATION
y, n, V, df

()
F(X)
InX

logX

R R

w

At

exp (X)
var (X)

rms’ rms
ag> 21> 29, 23
aps 21, 29, 43

X, yz’ 7y, xz’

DEFINITION

degrees of freedom

Gamma function

cumulative distribution function
natural logarithm of X

logarithm (base 10) of X

null hypothesis

alternative hypothesis

t statistic

level of significance

chi-squared statistic

observed frequency

expected frequency

slope of linear regression line
intercept of linear regression line
root mean square of X, Y

coefficients of polynomial regression
coefficients of multiple linear regression
chfﬁcients of linear multiple correlation
radian frequency

time increment between sampled data
cosine coefficients in a Fourier Series
sine coefficients in a Fourier Series

F statistic

N factorial

average (expected) value

range of a data set

estimate of some parameter (i.e. ,§X )

X
e

variance of {Xi }



SECTIONI GENERAL STATISTICS

Page Number

I-1 Mean, Standard Deviation and Probable Error 1
I-2 Mean and Standard Deviation of Grouped Data 4
1-3 Cumulative Mean (X.) and Cumulative Standard 7
Deviation (s.)
I-4 Two Variable Sums of Squares 10
(With Corrector Option)
I-5 Mean, Variance, Moment Coefficient of 14
Skewness, Moment Coefficient of Kurtosis
I-6 Covariance and Coefficient of Correlation 17
I-7 Permutations 20
1-8 Combinations 23
I-9 Histogram Generation (Without Plot) 9100B ONLY 26
I-10  Arithmetic, Geometric, Harmonic, Means 30
I-11 Random Number Generator (Uniform) 33
I-12 Random Number Generator (Normal) 36
I-13 Normal Probability Paper Plot Points 39
I-14  Buffon Needle Experiment - 44
I-15 Median Finder 9100B ONLY 48

I-16  Universal Four Operations Program 53




STAT-PAC
MEAN, STANDARD DEVIATION AND PROBABLE -1

ERROR

This program calculates the mean, X; standard deviation, S probable
error, pe.; the standard deviation from the mean, Sg; and the probable error
of the mean, pe.

n-1

n
\/%1 (X, - X)? \/Z(Xi)z-n(ﬁ)z
s = =
SX

pe, = .6745SX pe; = . 67455

References: 1. Reference Data for Radio Engineers, International Telephone and
Telegraph Corporation, 1956.

9. Treatment of Experimental Data, Worthing and Geffner, John Wiley
And Sons, 1943.




STAT-PAC
I-1

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A
PRESS: END
ENTER PROGRAM

—» PRESS: CONTINUE

—» DISPLAY
0 Z
i Y
0 X

(i indicates point to be entered)
ENTER DATA: Xi —»X
PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY
Sx—— %
X Y
n X
Sx = Standard deviation
X = Mean
n = Number of data points

PRESS: CONTINUE
DISPLAY

pel
S_X
X

>N

L To run another case

Sample Data

1
2
3
4
5
Results:
1.581———— 7 _S_'_x
3.0 ——Y X
5 X n
4T — 7] pe
1.066————Y pe,
| .707————XA Sg




STAT-PAC 1-1

00
01
02
03
04
05
06
07
08
09
Oa
0b
L Oc
- 0d

11
12
13
14
15
16
17
18
19
1la
1b
1c

20
21
22
23
24
25
26
27
28
29
2a
2b
. 2c¢
- 2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

10

CLR

1
XTO
d
XEY
STP
IFG
1
a
PNT
PNT
UP
X

AC+

RDN
DIV
RDN
N
XEY

RUP
PNT

20
01
23

17
30
41

43

" ENTRY

o

13
45
45

27

36
60

o0

27
17
27
01
33
40
17
00
44
00
05
17

27

01

34

40
17
27
61
22
35
40
15
36
15
36

2%

34

17
27
01
34

~ 15
31

35
17
31
76
30
22
45

40
41
42
43
44
45
46
47
48
49
43
4b
4c
4d

50
51
52
53
o4
55
56
57

PNT
XEY
DN

DIv
YTO

g

PNT
GTO

END

45
30
25
76
35
40
16
21
06
07
04
05
36
22

36

16

45
45
44
00
00
46




STAT-PAC
I-2 A

MEAN AND STANDARD DEVIATION OF GROUPED DATA

This program calculates the mean, X, and standard deviation, S, of a set of data points X1, X9, * ¢ =, Xg with
frequencies f1, f9, * -, fg respectively. The equations used are

M

fi X;

x|

]
AT
—h

Reference: Introduction to the Theory of Statistics
by Mood and Graybill

McGraw - Hill 1963
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STAT-PAC
A

USER INSTRUCTIONS

EXAMPLES

DEPRESS: X Y Z onthe 9120A
PRESS: END

ENTER PROGRAM
———®PRESS: CONTINUE
— ™ DISPLAY

[l

(i indicates pair of points to be entered)
ENTER DATA:

fi———-—>Y

Xi~——>X

PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY

= Standard Dev'iation
Mean
= Number of Data Points

5 M| m
[

SAMPLE DATA

W W W N =

DN = W W

SAMPLE DATA

Xy

41
38
37
38
40

£

N o W

18
22

CIENTIN

X

=.9010
9.38

i
[ I 7]
<



STAT-PAC I-2

00 CLR 20 40 + 33

01 XTO 23 41 DN 25 I
02 ¢ 16 42 V16 oL
03 1 01 43 UP 27 o
04 XTO 23 44 f 15 o
05 d 17 ‘ 45 UP 27
06 XEY 30 46 ¢ 16 )
07 STP 41 ENTRY 47 DPNT 45 - S i
08 IFG 43 48 PNT 45
09 2 02 49 GTO 44 ) )
0a 8 10 4a 0 00
0Ob PNT 45 4 0 00 s
. 0c PNT 45 4c END 46
. 0d RUP 22 ‘ ‘ T
10 ¢ 16
11 RUP 22
12 + 33
13 YTO 40
14 ¢ 16
15 RUP 22
16 X 36
17 XEY 30
18 X 36
19 AC+ 60
la 0 00
1b UP 27
lc d 17
1d UP 27
20 1 01
21 + 33
22 YTO 40
23 d 17
24 0 00
25 GTO 44
.26 0 00
L 2T 7T 07
“ 28 YE 24
20 f 15
2a UP 27
2b DN 25
- 2c c 16,
~2d DIV 35
30 RDN 31
31 X 36
32 XTO 23
33 f 15
34 1 01
35 RUP 22
36 - 34 , o ‘ ‘ o
37 DN 25 R o =f
38 DIV 35 o -
39 YE 24 V , e ‘ n
3a e 12 ‘ , ' 9
3b CHS 32 ‘ o ‘ ZhX;
- 8¢ DIV 35 ’ ’ L Egx,
- 83d e 12 !



STAT-PAC
2]

CUMULATIVE MEAN (X,) AND CUMULATIVE I-3
STANDARD DEVIATION (s )

This program calculates the cumulative mean (}_(c) and the cumulative
standard deviation (s c) from summary information, namely N, =X and %(X)2,
thus saving time where NO and N1 are large, or where the individual values are
not available from storage. The program employs the following formulas, where
the zero (0) subscript refers to previous data and the one (1) subscript refers to
current data.

X, + =X NoX, + N, X
. T 0 1 _ 2070 11
Cumulative Mean —XC = Np * Ny = N, + Ny

Cumulative Standard Deviation = s c

1
2 2 , 21 2
L (N + N)(E(Xp) + = (X)) - (TXy+ zX,)
c (N0 + Nl)(N0 + Ny - 1)
2,2
s, = (s.)
Nc - Nl * NO

""This work was supported by the U.S. Atomic Energy Commission, "

This program was written by Mr. L. E. Snodgrass of Sandia Corporation,
Albuquerque, New Mexico.



STAT-PAC
I-3

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y
PRESS: END
ENTER PROGRAM

—» PRESS: CONTINUE

DISPLAY

0
0
0

M N

ENTER DATA:
=X2 —> Y
zX§ —» X
PRESSZ CONTINUE
ENTER DATA:

ZXO——>Y

PRESS: CONTINUE
ENTER DATA:

PRESS: CONTINUE

DISPLAY
SC —_— Y
S¢ ———X

PRESS: CONTINUE
DISPLAY

Nyo — X

X, ——Z

——To run another case

on the 9120A

PRINT

Sample Calculations

Original Experiment

Data| Ny | =X, zx(z) so | Xy
2.5
2.1
2.5
2.1
2.1 11.3125.73 {.219092.260
Current Experiment
2 —
Data Ny 2X1 ZX1 s1 X1
3.0
3.1
3.2
4.0 13.3| 44.85 {.45735]3.325
Cumulative Results
Se Sg )_(c
.64614 | .41750 | 2.733




STAT-PAC I-3

00 CLR 20 40 RDN 31

01 STP 41 ENTRY 41 PNT 45

02 PNT 45 42 PNT 45

03 PNT 45 43 END 46

04 + 33 '

05 YTO 40

06 d 17 -

07 DN 25

08 1 01

09 STP 41 ENTRY

0a PNT 45

0b PNT 45

Oc + 33

0d YTO 40

10 e 12

11 RDN 31

12 UP 27

13 X 36

14 YTO 40

15 c 16

16 0 00

17 UP 27

18 UP 27

19 2 02

1la STP 41 ENTRY

1b PNT 45

lc PNT 45

1d + 33

20 YTO 40

21 f 15

22 1 01

23 - 34

24 YTO 40

25 a 13

26 f 15

27 X 36

28 YTO 40

29 b 14

2a RCL 61

2b DIV 35

2c UP 27

2d d 17

30 X 36

31 c 16

32 - 34

33 b 14 ] B
34 DIV 35 No+Ni-1
35 DN 25 4 T
36 UP 27 (Ng + Ny - D(Ng+Ny)
37 J 76 ; (le +2X0)2
38 CNT 47 . ;

39 RDN 31 =x%,2 + X2
3a PNT 45 S o

3b PNT 45 zX1+ ZXp
3¢ f 15 ‘ ‘
3d XEY 30 N1+No



STAT-PAC
TWO VARIABLE SUMS OF SQUARES I-4
(WITH CORRECTION OPTION)

This program computes the sums of squares for a table of points (Xi’ Yi)‘

The quantities computed are:

ZX = Sum of X Values

2Y = Sum of Y Values

Z)Xz = Sum of Squared X Values
Y2 = Sum of Squared Y Values
XY = Sum of XY Products

n = Number of Data Pairs

This program has an option for correcting erroneously entered data. The
program prints the computed quantities and also leaves them in the calculator memory
for further use.

To correct for erroneously entered data the error data is re-entered (with
the error) and the sums are corrected automatically.

10



STAT-PAC
I-4

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A

PRESS: END

ENTER PROGRAM

PRESS: CONTINUE ==

DISPLAY

0
i
0

M N

»ENTER DATA:

Yi—>»Y
Xj—»X

CONTINUE

PRESS:

NO

Has all
data been correctly
entered?

Were any
data input errors
made ?

PRESS: GO TO (5)(0)
PRESS: CONTINUE

DISPLAY
0 Z
i Y *
0 X
—» RE-ENTER DATA:
Yj———» Y

Xj— X

PRESS: CONTINUE

Have all
error sets been
re-entered?

»PRESS: SET FLAG

PRESS: CONTINUE
DISPLAY
n Z
Y Y
=X X
PRESS;: CONTINUE
DISPLAY
=XY Z
> y2 Y
>X2 —— X

To run another case

-

*j represents an index on erroneously
entered data sets, independent of i.

11

EXAMPLES
1)
i X Y
1 1 1
2 3 2
3 4 4
4 6 4
5 8 5
6 9 i
7 11 8
8 14 9




EXAMPLES (Con't)

STAT-PAC
I-4

EXAMPLES (Con't)

Results:
n = 8
Y = 40
=X = 56
=XY = 364
Y2 = 258
X2 = 524

2)

Same as before but the first data set

is entered erroneously as 1, 2

After the entry of (14, 9)
PRESS: GO TO (5)(0)
PRESS: CONTINUE

DISPLAY
Q——— 7
11— Y
0—X

RE-ENTER THE ERROR

2—» Y
11— X

PRESS: CONTINUE
PRESS: SET FLAG

PRESS: CONTINUE

i X Y

1 1 |<2>(error)
2 1 1 (entered
3 3 2 correct
4 4 4 set)

5 6 4

6 8 5)

7 9 7

8 11 8

9 14 9

12

Results:

Same as Example 1



BOA B 8 )
[ A

STAT-PAC I-4

04 ]

05

06 )

07

08 o

09 .

Oa )

0b ENTRY

0Oc N

0d | -

10 a 13 50 0 00 cemmmesa s sna oy s

11 PNT 45 51 UP 27 -

12 PNT 45 k2 1 01 S TR

13 AC+ 60 N 53 UP 27 -

14 UP 27 54 0 00 SR S

15 X 36 55 XTO 23 T -

16 XEY 30 56 9 11 YT

17 YE 24 57 STP 41 ENTRY R

18 a 17 58 IFG 43 | B

19 + 33 59 3 03 RS

1a YEX 24 5a a 13 TR R S —— B

1b d 17 50 PNT 45 - :

lc DN 25 5c PNT 45 ) : _ -

ld X 36 5 AC- 63 : :

20 b 14 60 UP 27 e

21 + 33 61 X 36 S .

22 YTO 40 62 XEY 30 S S

23 b 14 63 YE 24 e

24 DN 25 B 64 d 17 IS S

25 DN 25 ) 65 - 34 v e

26 X 36 66 YE 24 o

27 c 16 67 d 17 e U

28 + 33 68 DN 25 v e

29 YTO 40 69 X 386 T~

2a c 16 6a b 14 :

2b a 18  6pb XEY 30 R S—

2¢c vp 27  6c - 34 T B R EE
. 2d 1 01 " 6d YTO 40

30 + 3 70 b 4 .
31 Yro 40 71 DN 25 N SRR SO
32 a 13 : . 72 DN 25 ) : i | ; n' (error number)
33 + 83 78 X 86 T e
3¢ 0 00 4 ¢ 16 L 2 n

35 UP 27 75 XEY 30

37 GTO 44 77 YTO 40 . .
38 0 00 78 ¢ 16 il
39 b 14 79 a 18 o

32 a 13 Ta UP 27 e
3b UP 27 | 7% 1 o0 o S R ¢

34 UP 27 | 7d YTO 40 FLLE
s R I R



STAT-PAC
MEAN, VARIANCE, MOMENT COEFFICIENT OF I-5

SKEWNESS AND MOMENT COEFFICIENT OF KURTQSIS

This program computes the mean, variance, coefficients of skewness and
kurtosis, and standard deviation of a table of data. The equations used are:

— 1 I
Mean = X = — X X.
Variance = S2 - g X2 -n (X)2 - S8
- Il- 1 i=1 n_ 1
n n
m, = Sramoment = L » x3_.3 % 3 X2 .9 (}?)3
3 no;_4°1i n . i
i= i=1
~ 2124 4 2 3 62 0 2 . =4
m, = 4th moment == izlxi - =X izlxi +H(X) 2=3 X; -3 (X)
mg
ag = moment coefficient of skewness = —S?
. . . mgq
ay = moment coefficient of kurtosis = -g;l—

The user may wish to replace the (n - 1) divisor in the variance equation by
n. If so, place a zero (0) in step (4)(3).

Reference: Theory and Problems of Statistics: M.R. Spiegel McGraW—Hill, 1961,

14



STAT-PAC.

To run another case

15

I-5
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z on the 9120A i X5
PRESS: END 1 2.1
ENTER PROGRAM 2 3.5
3 4.2
— PRESS: CONTINUE 4 6.5
—» DISPLAY 5 4.1
0 7 6 3.6
i ————————Y 7 5.3
0 — X 8 3.7
ENTER DATA: Xi —» X 9 4.9
PRESS: CONTINUE
Results:
Has all
data been
entered? S8 12.509
S2 1.564
X 4.211
PRESS: SET FLAG as 198
PRESS: CONTINUE S 1.250
DISPLAY ay . 068
SS - n 9.000
S2 Y
X X
PRESS: CONTINUE
DISPLAY
1l —— 7
ag———Y
S — X
PRESS: CONTINUE
DISPLAY
2 Z
aq Y
n X



STAT-PAC I-5

00 CLR 20

02
A

44

01 XTO 23
02 (¢] 16
03 XTO 23
04 d 17
05 XTO 23
06 b 14
07 1 01
08 XEY 30
09 STP 41
0a IFG 43
0b 3 03
Oc 2
0d PNT
10 PNT
11 UP 27
12 X 36
13 AC+ 60
14 X 36
15 UP 27
16 DN 25
17 X 36
18 b 14
19 + 33
la YTO 40
1b b 14
lec DN 25
1d c
20 + 33
21 YTO 40
22 c 16
23 d 17
24 UP 27
25 1 01
26 + 33
27 YTO 40
28 d 17
29 + 33
2a 0 00
2b UP 27
-~ 2¢ RDN 31
2d GTO
30 0 00
31 9 11
32 RCL 61
33 UP 27
34 d 17
35 DIV 35
36 YTO 40
37 f 15
38 DN 25
39 UP 27
3a X 36
3b d 17
3c X 36
3d RDN 31

T

"~ ENTRY

40 -

41
42
43
44
45
46
47
48
49
4a
4Db
4c
4d

50

51
52
53
54
55
56
57
58
59
5a
5b
5c
5d

60

61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
({]
7d

RUP
XEY

DN
DIV

PNT
PNT
YTO

.
R

c

Mxm*%mlgxmxww*‘

a

o
o+ 2K

DIV
Vv
DIV
UP

RDN
PNT
PNT

-
il

c

g %NO o g

a

MO

34

22
30

34
25
35

15

45
45
40
13

16
,27‘4‘ "

15

27
03
36
12
36
25
34
17
35
15
27

36
36

GE T

36
25
33
13
35
76
35
27
01
31
45
45
14

27

15

27
04

36 -

16
36

25

34
15
27
36
06
36

01

80

81
82
83
84
85
86
87
88
89
8a
8b
8c

8d

91
92
93
94
95
96
97
98
99
9a

o+ %Nmff

S
<

P I iv

)
=

Div
DIv

UP

RDN
PNT
PNT
END

36
25
33
17
35
15
27
36
36
36
03
36

Y S

17

35

35
17
27
02
31
45
45
46




COVARIANCE AND COEFFICIENT STAT-PAC
OF CORRELATION I-6

This program determines the covariance and coefficient of correlation derived
from a table of data containing X and Y observations as given below:

X Y
X1 Yy
X Y,
Xn Yn
1 2 =
Covariance = SXY = 7.1 1 X, -X)(Y,-Y)
1 1
- Lo {ZXY - = zx.zY}
Coefficient of Correlation = r = SXY
XY S
SxSy
This program computes
g _ 1
X = TZXi
-z _ 1
Y = TZ
5, = _1_{ <zxi)2}
X 1 5
2
Y n-1 5
Sxy
and
'xy

Reference: Statistical Theory with Engineering Applications, A. Hald,
John Wiley & Sons, 1960,

17



STAT-PAC
I-6

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

PRESS: on the 9120A
PRESS: END

ENTER PROGRAM
= PRESS: CONTINUE
— DISPLAY

0
i
0

X <N

ENTER DATA:

Y ——»Y
Xi —» X

PRESS: CONTINUE

data been
entered ?

YES
PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY
Y Z
X Y
n X
PRESS: CONTINUE
DISPLAY
SY2 Z
S, 2 Y
X
Sxy X
f PRESS: CONTINUE

18

A
DISPLAY
S Z
Y
SX Y
rXY X
L To run another case
EXAMPLE

X Y
1 1
3 2
4 4
6 4
8 5
9 {f

11 8

14 9

Results:

5 Y
7 X
8 n
8.00 SYZ
18, 86 SXZ
12,00 SXY
2,83 SY
4,34 SX
L9977 vy




STAT-PAC -6 .

00 CLR

01
02
03
04
05
06
o7
08
09
Oa
O0b
Oc
0d

XTO
d
XTO
C
XTO
b
XTO
a
1
XEY
STP
IFG

20
23 .
17
23

16

23
14
23
13
01
30
41
43

03

16
45
45
60
72

27
36
30
24
17
33
24
17

25

Cge

14

33
40
14

22
27
36
16
33
40
16
13

2T

ol ‘,

33

w0

13
33
00
30
27
00
44
00
14
17

27

ENTRY

40

41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50

51
52
53
54
55
56
57
58
59
5a
5b
5c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
Tc
7d

DIV
YTO

uPp

UuP

DIv

DN
DIV
YTO
UP

UP

CNT

DIv
DN

15

27
36
13
35
25
34

13

27

01
3¢

25
35

17
16
27
12
27
36
13
35
25
34
13
27
01

34

25
35
40
16
14
27
15
27
12
36
47

13

35
25

34

13
27
01

34

25
35
40
14
12
27
13
35
15

40 -

81
82
83
84
85
86
87
88
89
8a
8b
8¢

91

92

93
94
95
96
97
98
99
9a
9b
9¢

9d

UP 2

a
DIV
PNT
PNT

UP
UP
PNT

PNT
RUP

RUP

DN
DIv

RUP
PNT
PNT

END




PERMUTATIONS ?’IP;AT- PAC

This program evaluates the formula for the permutations of n objects
taken r at a time:

_ n! _ n
nFr = n-r)! ~ P,

nn-1)n-2). .. (n-r+1)

20



STAT-PAC

I-17
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A 1. gPg = 5! = 120
ENTER PROGRAM
‘ 2, gP, = 1680

—» PRESS: CONTINUE.

DISPLAY
0 Z
0 Y
0 X
ENTER DATA:

n ———mY
r ——» X

PRESS: CONTINUE
DISPLAY

P
n
r

>IN

To run another case

21

3. How many different numbers can
be formed by using six out of the
nine digits, 1, 2, 3, ... 9 ?

gPg = 60480.



STAT-PAC I-7 A B B

G E e A B B R AR L BT E BN R OTT B B w8 R B WD R WS W oa B ¥ W R

00 CLR 20
01 STP 41 ENTRY

02 UP 27 -
03 DN 25 i )
04 XTO 23 ) o
05 c 16 o
- 06 - 34 i
'z 07 CLX 37 o
- 08 X>Y 53
- 09 DN 25
0a STP 41
: 0b RDN 31 s
i 0c AC+ 60
= 0d UP 27 )
10 1 01"
11 RDN 31
12 X=Y 50
13 2 02
14 0 00
15 DN 25
16 X 36
17 UP 27
18 1 01
19 - 34
la £ 15
i 1b GTO 44
<< 1le 1 01
& - 1d g,,2,¢ ,M,,Qz O ;‘ e
*. 20 RCL 61
z 21 c 16
i 22 PNT 45
23 PNT 45
24 END 46
- r
" n
n-r

22




COMBINATIONS IS_TéAT— PAC

This program evaluates the formula for the combination of n objects taken
r ata time:

_ n! _ n
nCr (n-r)!' r! Ce

n(n-1)(n-2) ... (n-r+1)
r!

23



STAT-PAC

I-8
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A
8C4 = 70,
PRESS: END

ENTER PROGRAM

—» PRESS: CONTINUE
DISPLAY

0
0
0

ENTER DATA:

>IN

PRESS: CONTINUE

DISPLAY

n
CI‘
n

r

e N

To run another case

24

In how many ways can a group of
600 people be selected from 602
people? Use the identity.

602C 600 = g02Co = 180901

nCr = nCar



STAT-PAC I-8

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11

12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21

22
23

CLR

STP
XTO
d
1
AC+
RDN
f
XEY
d
X<Y
1
a
RCL

DIV
DN

X

1
UuP
CHS
AC-
GTO

0

7

e
YE

d
XEY

-+
PNT
PNT
END

20
41
23
17
01
60
31
15
30
17
52
01
13
61

35
25
36
01
27
32
63
44
00
a7
12
24
17
30

33
45

45
46

ENTRY

25



9100B ONLY
STAT-PAC
I-9 A

HISTOGRAM GENERATION (WITHOUT PLOT)

This program generates a histogram table of ten windows given a data set of positive numbers, In
addition, it determines the mean (Mx) and the variance (gxz) of the raw data, and the mean (Mh) and variance

(o hZ) of the normalized histogram data, Since the raw data is normalized by the program to values 0< h< 10,
the new mean and variance are given by

Mh - Mx
w

ghz = O-XZ
WZ

where W is the histogram window width (normalization factor). The window width W is chosen such that all

normalized data entries X/W will lie between 0 and 10, Thus, if the data ranges from 0 -—»200, a W of 20
would be proper,

This program uses Indirect Addressing. The (+) registers are used for storage whereas the (—)
registers are used for program steps.

26



9100B ONLY

STAT-PAC
I-9 A
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
DEPRESS: X Y Z onthe 9120A DISPLAY
ENTER PROGRAM: (Starting Address is (-0)(0) )
PRESS: GO TO (-) (0) (0) o2 —— 7
x
PRESS: CONTINUE MX Y
DISPLAY 0 X
0 Z PRESS: CONTINUE
0 ¥ DISPLAY
0 X
0"h2 Z
ENTER DATA: W—»X
Mh Y
PRESS: CONTINUE 1 X
—»DISPLAY
PRESS: GO TO
N Z PRESS: — To consider another
t of data,
N Y PRESS: 0 Set of data
1 X
PRESS: 0
ENTER DATA: X-—» X
PRESS: CONTINUE EXAMPLE

Has
all data
been entered?

PRESS: SET FLAG

PRESS: CONTINUE

rDISPLAY
% of data points
% Z in Group)
K  E— Y |((Number of data
Grou points in Group)
A roup (Group #)

PRESS: CONTINUE

Is Group
less than 10?

PRESS: CONTINUE

27

The data set is:

104, 92, 83, 78, 58, 135, 146, 24, 74, 85, 81,
128, 140, 113, 79, 78, 53, 42, 34, 85, 96, 110,
133, 158, 171, 108, 84, 90, 73, 11, 51, 118,
68, 139, 92, 109, 89, 124, 91, 116,

The data varies between 0 and 200 so W is
chosen to be 20,

Result

Group

]
b
aQ

O WO IO UT b O DD
[y
O O U = O D =
[
-3
o

[y

9
»
it

3,132
4,679

1252, 644 o-h2
93. 575 M

2
it
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¥
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STAT-PACL-9

Minus 40 6 06 ... ... _ 8 YTO 40 ..
01 XTO 23 . ™ 41 o0 00 ... . . .8 ¢ 16 .. ..
02 ©O0 00 . 42 0 00O _ _ .. ... 8 b 14 . ..
03 XTO 23 ... ... .4 o0 0O . 8 DIV 3 .
S04 101 . 44 0 00 . 84 EEX 26 .
‘05 XTO 28 . .4 0 00 . 8 2 02
o6 2 0 ... __ 46 0 00 . .8 X 36 R
407 XTO 23 ' . 41 o0 00 . . 8 1 01 [ B
.08 3 0 . .48 0 00 . 18 RUP 22 N
109 XTO 28 49 1 01 . 8 + 3 i
i 0a 4 4 - 4a 9 11 . 8 XFR 67 .
. 0b XTO 23 4 0 00 ' . 8 c 16 .
/0 5 06 : . 4 0 00 . 8 XEY 30 )
i od XTO 28 44 0 00 84 PNT 45 8 )
10 6 ©0 .. _._.... . 50 IFG 43 ... ... ... 90 PNT 45 . . ... ..
11 XTO 23 . . 51 1 01 ' ... .91 UP 27 . . ...
12 7 o . . ... .52 d& 17 . ......9 1 0
13 XTO 28 . .53 CLX 37 . .....9 0 00 . .. ..
14 8 10 .. .54 1 01 .. .94 X>Y 53
15 XTO 23 . .. . 55 + 8 .. .. ... .9 6 06 ..

16 9 11 _ 56 SFL 54 - ... .96 0 00
17 STP 41  _ ENTRY 57 GTO 44 | 97 RCL 61 . .
18 XTO 23 .. B8 3 03 . 98 UP 27 .
19 a 13 . . .59 d 17 ... .. .....9 b 14 .
<i1a 1 01 . b5a YTO 40 . %9 DIV 3 . |
“i1p CHS 32 50 b 14 . . 9% YTO 40

““i1c RDN 31 '5¢ CLX 37 | . . 9 f 1B
" 1d DN 25 ... 5d UP 27 0 L 9 X 86 . ...

26 o .......a0 f 15
11 . . _.al X 8 .. ...
33 ... .. _ a2 DN 25 . ... .
40 . ... a3 = 34 ...
34 a4 b 14 ..
07 .. .. .. ... _.ab DIV 35
34 ... -ae f 15
00 . . ‘a7 UP 2T e ,

o e E

20 1 ‘
: 21 + 33 , .81
©o22 UP 27 . 162
.'23 DN 25 . .. . ... .63
24 STP 41  ENTRY 64
25 IFG 43 = - 865
26 5 05 . .. ... _ 66
27 a 13 8T

b

=+ o

~
O

28 PNT 45 .68 U 2T ... .:a8 0 00 R
29 PNT 45 . .. ... .. 69 00 ... a9 PNT 45 ..
22 UP 27 . 6a 00 ... ..aa PNT 4 S8 =
2 X 36 . 6b o006 . ab a 18 -

00 ? ac DIV 35

2c AC+ 60 . 6¢ 2
24 ... ...ad XEY 30

. 2d XEY 30 .. . .. 6d

=
Hoocoomgo il 1

&
i
k)
i
E
%
4§
¥

b
]
y
#
§
#
#
¥

o0 i e K
o0 Ky
00 T e
OO zi K2 - W

00

. 80 a 13 . .70
8 DIV 3% . ..m
.82 DN 25 72
- 83 INT 64 . .73
-84 vUP 27 T4
©.:85 EEX 26 I T R £

1136 9 11 .76 00 S
87T 4+ 3 T 00 K4 Ky
38 YTO 40 8 00 oot oA
39 - 34 o i 79 01 o K5 -

11 R S e = i
0 G Ke ¢ zx?
00 R P R B

3a 4 4 . . Ta
3 CLX 37 . Tb
3¢ CLX 37 i 7c
8d YE 24 T

[\
o
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STAT-
ARITHMETIC, GEOMETRIC, HARMONIC I-10 PAC

MEANS

This program calculates the arithmetic, geometric, and harmonic means of
a set of n data values. The program evaluates the following formulas:

A = ;11- X, (arithmetic mean)

M=

i=1

G = %W/ Xy Xg oo X (geometric mean)

n

nMB
[y
DA bt

Reference: Theory and Problems of Statistics, Murray R. Spiegel, McGraw-
Hill, 1961,

30



STAT-PAC
I-10

USER INSTRUCTIONS EXAMPLE

DEPRESS: X  onthe 9120A Data: 2, 4, 8

PRESS: END
Results:
ENTER PROGRAM
— = PRESS: CONTINUE 3.42857 ——7Z Harmonic mean
4.00000——Y Geometric mean
7 DISPLAY 4.66667T——X Arithmetic mean
i —mmm— 7
i — Y
i ~— X

ENTER DATA: Xi —» X
PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

H
G
A

XN

To run another case

31



STAT-PAC I-10

= 00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

. 1OA

11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR

1
XTO
d
YTO
C
UuP
UP
STP
IrG

2

a
PNT
PNT

UP

DIV
DN
EXP
XTO
UP

DIV
YTO

UP

DIv

20
01

23
17
40
18

27

27
41
43
02
13
45

45

27
01
60
17
30
36
40
17
27
01
30
35
16
33

40
16
15
27
01
33
25
44
00
06
17
65
27
15

35
25
74
23
14
12
27
15
35
40
13
27
16
35

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50

Uup

RUP
PNT
RUP
PNT
RUP
PNT
PNT
PNT
GTO

END

32

14
27
13
22
45
22
45
22
45
45
45
44
00
00

46




STAT-PAC
-11 A

RANDOM NUMBER GENERATOR
(UNIFORM)

This program calculates uniformly distributed random numbers (RN) in the range 0 < RN, = 1 using the formula
given below: !

RN, = [ +RN; )] ° - me. { [+ + RNG gy ] 8}

RNi is the current random number and RN(i-l) is the last calculated random number. More than 10,000

random numbers may be generated before values are repeated.

33



STAT-PAC

I-11 A
USER INSTRUCTIONS EXAMPLE
DEPRESS: X on the 9120A RN1 =.5310
PRESS: END RN. = .6918
ENTER PROGRAM:
RN, = .3712
PRESS: CONTINUE
{ RN, = .6890
DISPLAY 4
A
TO RESET PROBLEM

PRESS: END

34



STAT-PAC I-11

10
11
12
13
14
15
16
17
18

‘CLR 20

up 271
T 56

+ 33

DN 25

upP 27

X 36

DN 25 .

uP 27
X 36
DN 25 .

up 27
X 36

DN 25

UupP 27
INT 64

- 34

DN 25
DPNT 45 S
GTO 44

0 00

1 01

END 46

B e W W OB R B =
B S T T T T
S e e om W o o e P - =

35




STAT-PAC

RANDOM NUMBER GENERATION (NORMAL) I-12

This program generates a sequence of Normally distributed random num-
bers with mean and variance 7 and o2 . The generation technique involves
transforming Uniform random variabled” to normal variables by the formulas:

1

_ 2
Ni =(-21np i)1 cos (27 » ”i+1)

N. = (-2 In pi)z sin (277 - U i+1)

i+l
where (pi, "i+1) are independent uniform random variables, 0 = by = 1.

The N; thus generated are normally distributed with mean zero and unity
variance,

The set {N1} are modified to generate a more general set of mean (i ) and

variance (0;21 ) by

1§

n.

g N. +1n
i an

n. = oN. ,+n
i+l n i+l

The set {nl} is now distributed normally with mean n and variance 0121 .

Reference: Handbook of Mathematical Functions, U.S. Dept of Commerce,
Applied Mathematics Series, 1964, page 953.
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STAT-PAC

I-12
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
DEPRESS: X Y onthe 9120A pp o b
SET: RADIANS 0= By < 1
SET: Decimal Wheel as required O0=pg=1
PRESS: END
EXAMPLE

ENTER PROGRAM —_—
PRESS: CONTINUE 2 = 1
DISPLAY noo= 3

0 Z pg = .75

0 Y

1 X i = -3
ENTER DATA: Results:

g —— Y The histogram seen below represents

il — X the first 120 samples generated by this

PRESS: CONTINUE
DISPLAY

0

0

2

ENTER DATA:

M N

pg —»=Y
pp —»X

I:PRE SS: CONTINUE

DISPLAY
i+l Z
| Y
ni X

The program will automatically
continue to generate and print a series
of {n,} until the operator presses
STOP.

*p1 and pg are two initializing uniform
random variables such that:

37

program. The histogram was generated
by program STAT-PAC X-1. The super-
imposed normal curve was generated by
program STAT-PAC X-2. The computed
mean and variance are:

—

Deomputed = 2.99
2 _

“n computed 1.01

w = .55




STAT-PAC I-12 .

00 CLR 20

01 1 01
02 STP 41
03 PNT 45
04 PNT 45
05 XTO 23
06 d 17
07 DN 25
08 76
09 XTO 23
Oa C 16
0b 2 02
0Oc STP 41
-1 0d PNT 45

10 PNT 45

11 AC+ 60

12 LN 65
13 UP 27
14 2 02
15 X 36
16 DN 25
17 CHS 32
18 76
19 RUP 22
la UP 27
1b T 56
1c X 36
1d 2

20 X 36

21 DN 25

22 UP 27

23 cos 738
24 RUP 22

25 X 36

26 RUP 22

27 SIN 70

28 X 36

29 ] 16 )

2a X 36

2b RUP 22 )
2¢ X 36

24 d 17

30 + 33
31 RUP 22
32 + 33
33 DN 25
34 PNT 45 s
35 SFL 54
36 f 15
37 UP 27 |

38 w 56
39 + 33

3a DN 25

3p UP 27

3c X 36

3d DN 25

40

41
42
43
44
45
46
47
48
49
4a
4b
4c

4d

50

51
52
53
54
55
56
57
58

UP
DN
UP

DN
UP
INT

27

YE

YE

IFG 43 &

12
27
15

%Hv%co o e

01
02

o=

END

38
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27

25
64

24

R I
06

=
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STAT-PAC
NORMAL PROBABILITY PAPER PLOT POINTS I-13

This program determines the Relative Cumulative Frequencies, in percent,
from a set of grouped data. The percentages can be plotted on Normal Probability
graph paper for determining the normalcy of the data.

Formulas used:

, 100 .
r.c.f.(i) = =&+ = f,
N j=1 1
n
N = = f
i=1
n = Number of Groups

)
I

Frequency of the ith group

The input data consists of a Cumulative Frequency table of grouped data as
illustrated below.

Group Group Description Frequency
1 Below Boundary 1 f1
2 Boundary 1 to Boundary 2 fo
n Above Boundary (n-1) fn

Reference: Introduction to Statistical Inference, J.C.R. Li, Edward Brothers, Inc.,
1957,
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STAT-PAC
I-13

USER INSTRUCTIONS

DEPRESS: X on the 9120A
PRESS: END

ENTER PROGRAM

PRESS: CONTINUE

DISPLAY
0 —— 7
0 ——Y
0 ——X

—» ENTER DATA: N —/» X
—» PRESS: CONTINUE

DISPLAY
0 ———7Z
i—m—m—mmY
0 ——X

ENTER DATA: Upper Boundary and
Frequency

UB. —» Y

f; ' —» X

PRESS: CONTINUE
DISPLAY

Mo
X N

a0
o
2R

*

After the nth group is entered, N is
printed again.

To run another case

*If printer is used, the print blocks
will be:

i
UB;

i
r.c.f., %

40

EXAMPLE
Group | Grouped description | Frequency _
1 Below 20 6
2 20 to 30 12
3 30 to 40 25
4 40 to 50 39
5 50 to 60 48
6 60 to 70 47
7 70 to 80 36
8 80 to 90 22
9 90 to 100 10
10 100 to 110 5
N = 250
Results:
i =1
UB; =20
f; = 6
r.c.f..%= 2.40
= 2
=30
=12
= 7.20
= 3
=40
=25
=17.20
= 4
=50
=39
=32.80
= b
= 60
= 48
= 52.00




STAT-PAC
I-13

EXAMPLE (Con't)

UB; =170

r.c.f, i%= 70. 80

= 80
= 36
= 85.20

= 90
= 22
= 94.00

=100
= 10
= 98.00

10
=110

=100. 00

The r.c.f;% are plotted on the
following “graph.
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STAT-

AC I-13

43

. 00 CLR 20 : 27 .
i 01 XTO 23 . 41 PNT 45
02 4 17 42 PNT 45 R
03 STP 41 ___.. 43 PNT 45 ; b
04 XTO 23 44 PNT 45 R
05 e 12 _ 45 PNT 45 RN S
06 PNT 45 46 GTO 44 R
07 PNT 45 47 0 00
08 PNT 45 48 0 00
09 1 01 49 END 46 S
0a XEY 30
0b STP 41 " ENTRY ) R -
0c RUP 22 ) R
. 0d PNT 45 I A R
10 RUP 22 ) N .
11 PNT 45 L
12 RUP 22 o i
13 PNT 45 . o
14 UP 27 o
15 f 15 i I
16 + 33 ; .
17 YTO 40 . o
8 f 15 o
19 e 12 e
la DIV 3 o
1 EEX 26 | ) T
le 2 02
X 86 . i . ]
20 4 17 .
21 UP 27 L i
22 1 01 . R N B
23+ B3 I
24 DN 25 B
25 XTO 23 e
26 d 17 N
27 RDN 31 . N
28 PNT 45 s ) ‘
29 PNT 45 . o N N
2a PNT 45 ) ” o
2b DN 25 N
2¢c f 15 R
30 e 12
31 X=Y 50 e
32 3 03 )
33 ¢ 16 ) e T
8¢ 0 00
35 RDN 31 o e R S
3 1 01
37 + 33 ] -
38 0 00 P
39 GTO 44 7 - oup #
32z 0 00 i AN S
83b b 14 E N
3¢ e 12 I It A
. 8d UP 27 . ) c.f




BUFFON NEEDLE EXPERIMENT IS_TEET-PAC

This program simulates the well known Buffon Needle Experiment described
in the reference. The problem is to determine the probability that a needle of length
a will intersect a line on a grid of lines separated by distance d. The geometry
of the experiment is seen below:

e S

The needle of length a < d is randomly tossed on the grid. By considering
the angle 6 between the needle and a line of the grid, and the distance Y between
the upper tip of the needle and the line it intersects or the nearest line below it,
the possible relations can be derived: :

O0<so6=1q
0=Y=d

The needle intersects a line when:
0<Y=<asin 6.

It can be shown that the probability of an intersection is theoretically given
by: 2a
Pr=d

This formula involving 7 has intrigued mathematicians since it allows one
to experimentally determine 7 .

This program randomly chooses a 6 from a uniform distribution such that:

O0<s8=+7gq
then independently choose a Y from a uniform distribution such that:

0=<Y=1
The grid distance d is defined to be 1.

_ 2a
Thus PT =

The value of Y is then compared against

Y <=asin 6.
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STAT-PAC
I-14

If Y is less than or equal to asin 6 , an intersection has occurred,
The number of failing throws is then used to evaluate the experimental probability:

Pe = # successful
E successful + failed

The program displays:
# trials
Py
P

and proceeds to toss another needle.

Reference: Theory of Probability, M. E. Munroe, McGraw-Hill, 1951,
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USER INSTRUCTIONS

STAT-PAC
I-14

EXAMPLE

DEPRESS: X Y Z onthe 9120A

SET: [ [RADIANS]|

PRESS: END
ENTER PROGRAM
PRESS: CONTINUE
DISPLAY

0
0
0

ENTER DATA:

XN

RY——-»Z *

Rg —» Y
a —» X

PRESS: CONTINUE

DISPLAY
Trials — Z
P Y
E
PT X

The program continues indefinitely.

*Ry is an initializing value for the
routine which generates the random
values of Y. RY should be 0 <Ry =<1,
Rgis a similar initializer for gener-
ating Rg. R should not equal Ry. Ry
should be 0<Rg=< 7.

46
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Results after 2100 trials,

P, = .312
P, = .318
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STAT-PAC I-14

00 CLR 20
01 STP 41 ENTRY
02 PNT 45
03 PNT 45
04 XTO 23
05 d 17
06 RUP 22
-1 07 XTO 23
08 a 13
- 09 2 02
1 0a X 36
0 0b 7w 56
.. 0c DIV 35
. 0d YTO 40
10 c 16
11 T 56
12 RUP 22
13 + 33
14 DN 25
15 UP 27
16 X 36
17 DN 25 .
18 UP 27
19 X 36
1a DN 25 |
‘1. 1b UP 27
2l X 36 ,
. 1d DN 25
.20 UP 27
21 INT 64
22 - 34
23 YTO 40
24 b 14
25 7 56
26 X 36
27 DN 25
28 SIN 70 :
29 vp 27
2a d 17 ¢ ‘
2b X 36
2c a 13
. 2d UP 27
80 o« 56
. 81+ 33
32 DN 25
33 UP 27
34 X 36
35 DN 25
36 UP 27
37 X 36
38 DN 25 °
39 UP 27
32 X 36
3b DN 25
3¢ UP 27
3d INT 64

40
41
42

43

44
45
46
47
48
49
4a

~ 4b

4c

4d

50
51
52
53
54
b5
56
57
58
59
5a
5b
5¢c
5d

60

61
62
63
64
65
66
67
68
69
6a
6b
6c

YTO

DN
X<Y

YTO

XEY
DIV

PSE
RDN
GTO

END

34
40
13

25
52
05
06
50
05
06
12

01
83

40
12
15
44
06
00
15
27
01
33

15
12

30

33
27
25
30
35
16
57
14

31

44

01 -
01

46

47

27

i
B EE |



9100B ONLY

MEDIAN FINDER ?_’Ii%T-PAC

This program determines the median of a set of n numbers (X.). The
median is defined as: !

M = The middle value, or the arithmetic mean of the
two middle values, of a set of numbers which
have been arranged in order of magnitude.

Thus the median of the set { 8, 5, 4, 8, 10, 4, 3, 6, 8 } is 6 because
when arranged in order { 3, 4, 4, 5, 6, 8, 8, 8, 10 } 6 is the middle value.

This program determines the median M of a set of data unordered by
magnitude.

The "median finding'" portion of this program was written by Mr. E. J.

Schmidt, ITT Federal Electric Corporation, Paramus, N. J. Various input-
output modifications were made for user convenience.

Reference: Theory and Problems of Statistics, Murray Spiegel, McGraw-Hill Book
Company, 1961, page 47.
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9100B ONLY
STAT-PAC
I-15

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y onthe 9120A
PRESS: END

ENTER PROGRAM: Side A followed
by Side B

PRESS: GO TO (-)(0)(0)
PRESS: CONTINUE
—»DISPLAY

0——7Z
00— Y
0—X

ENTER DATA: Mg‘Fss—»X
(Mguess can be any member of {Xi}
except X

guess = Xmax’ or Xguess =
Xmin)

PRESS: CONTINUE

»DISPLAY
0 ————7Z
i —Y
0 —X

ENTER DATA: Xi—>X
PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
A DISPLAY

or

DISPLAY

0——7
1——y|
0———X

—To run another case

*f this display appears the value of
Mguess was too close to Xmjp or
Xmax- A new value of Mguess was
cal?cu ated by the program and the
program is ready for re-entry of
{Xﬁ . Return to the point of Xj

entry, and repeat USER INSTRUCTIONS.

49

EXAMPLE

{X;} = {8,5,4,8,10,4,3,6,8)}

Let Mguess = "

Result: M = 6

Let Mguess =9
Note that the DISPLAY:
0—7Z
l——Y
0—X
appears indicating that Mgyegg Was too
near Xy or X, . But, by re-

entering the data set:

Result: M = 6



STAT-PAC 1-15

. 00 CHS 32 Plus 40 DN 25 80 CNT 47

01 X=Y 50 Page 41 GTO 44 81 CNT 47
02 5 05 ~ 42 0 00 82 CNT 47
03 4 04 43 a 13 83 CNT 47
04 4 04 , 4 c 16 84 CNT 47

05 CHS 32 o - 45 GTO 44 ; - 85 CNT 47
06 X=Y 50 46 0 00 . 86 CNT 47 o
07 5 05 ‘ 47 a 13 © 87 CNT 47 o
08 8 10 48 ¢ 16 . 88 ONT 47 i
09 a 13 49 UP 27 . 89 CNT 47
0a UP 27 42 b 14  8a CNT 47 i
0b UP 27 - 4p + 38 - ~ 8b CNT 47 )
Oc PNT 45 s 4c 2 02 P 8¢ CNT 47 o
0d PNT 45 @ 44 DIV 3 84 CNT 47 -
10 GTO 44 50 DN 25 . 90 CNT 47 N
1 - 34 51 GTO 44 91 CNT 47 -
12 0 00 52 0 00 92 CNT 47 o
13 0 00 53 a 13 . 983 CNT 47
14 f 15 54 b 14 94 CNT 47 1
15 GTO 44 55 GTO 44 95 CNT 47 i
16 0 00 56 0 00 - 96 CNT 47 L
17 a 13 | ‘ 57 a 13 97 CNT 47 I
18 f 15 - S 58 b 14 ) - 98 CNT 47 B
19 UP 27 59 UP 27 - 99 CNT 47 b
la. e 12 5a a 13 . 9a CNT 47 o
i1b + 383 ) 5b + 33 . 9b CNT 47 @ o
i 1le 20 020 5¢ 2 02 . 9¢ CNT 47 ; ;
i.1d DIV 85 . , 5d DIV 35 i 9d CNT 47 ' |
20 DN 25 o 60 DN 25 : . a0 CNT 47
21 GTO 44 81 GTO 44 .. i al CNT 47 i o
22 0 00 62 0 00 . . a2 CNT 47 R
23 a 13 A 63 a 13 - a3 CNT 47 o
24 e 12 84 CNT 47 a4 CNT 47
25 GTO 4 65 CNT 47 . . ab CNT 47 e
26 0 00 ) 66 CNT 47 a6 CNT 47 o
27 a 13 V 67 CNT 47 a7 CNT 47 B

28 e 12 4 68 CNT 47 a8 CNT 47
29 UP 27 69 ONT 47 . a9 CNT 47

22 d4 17 6a CNT 47 = aa CNT 47
2b  + 33 6b CNT 47 ab
2c 2 02 6c CNT 47 ‘ ac
~2d piIv.3%  6d CNT 47 - ad

© 8 DN 25 70 CNT 47 =
31 GTO 44 ‘ 71 CNT 47 I PR S S FOS
32 0 00 72 CNT 47 o :
38 a 13 - 73 CNT 47 = eeeeieeieedeeiioe o
3 4 17 74 CNT 47 . ;
35 GTO 44 75 ONT 47 P e S A

0 00 76 CNT 47 e -

a 13 77 CNT 47 e - ‘

d 17 78 CNT 47 IS S SOUN SR
39 vp 27 - 79 CNT 47 o :

(]

+

2

16 o Ta CNT 47 = i
33 V b CNT 47 R L =
02 ~7c CNT 47 S R B
- 3d DIV 35 - 7d CNT 47 ~

50



STAT-PAC I-15

bl
b2
b3
b4
b5
hé
b7
b8
b9
ba
bb
be

¢ bd

cl
c2
c3
c4d
chb
cb
c7
c8
c9
ca
ch
B eTe
T cd

o

dl
d2
d3
d4
ds
deé
a7
ds
do
da
db
de
. dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT_

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

o

47
47
47
47
47

47

47
47
47
47
47
47
47

47

47
47
47
47
47
47
47

47
47
47
47

47

a7

47

47
47
47
47
47

47
47
47

47

47
47
47

s

00
< 01
02
03
04
05
06
07
08
09
0a
0b
Oc

Loa

20
41
45

45

23

11

Minus
Page

 ENTRY

o1
30
23

16
23

o7
23
w0

10
11
12
13
14
15
16
17
18
19
1la
1b
lc
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c

’;‘3Vd N

o %

41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

XTO

EEX

XTO

STP
IFG

PNT
PNT

YTO

YE
YTO

X>Y

RDN

23
34
15
26
11
23
17
00
41
43
10
01
45
45

40
34
15
24
11
40
11
53
05
01
31

24

07
01

33
40
o7
16
22
30
52
06
14

14

52
06
17

52

07
01
00
27
01
27
67

15
33
00
44
01

34

ENTRY

1B

50

51
52
53
54
55
56
57
58
59
5a
5b
5¢

5d

60

61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
Tc

31
24
10
01
33
40
10

17
30 ‘
53

07

06 |

s

53
07
10
15
53
o7
13

44

04

03

24
16

24

4404




81
82
83
84
85
86
87
88
89
8a
8b
8¢

91
92
93
94
95
96
97
98
99
9a
9b
9¢c

5

al
a2
a3
a4
ab5
ab
a’
a8
ad
aa
ab
ac

S

bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be

kd

STAT-P

9d

3
XFR

o
o

Il = <O

>
=

>
g =+

Q

Y

Sy
o :

AC I-15

67
07

24
10
34
05
32

52 ¢
1
1
24

13

0 S .

e
40
11

00

27
22 ;

44
00
04
32
53

13
06
o

15 =
01

3
44

11
01
50
33
01
04
72
04
50

L33

10

2
03

50
33
02
04
72
02
50
33
02

A0

: c()

cl
c2
c3
cd
ch
c6
c7
c8
c9
ca
chb
cc
cd

do

dl
d2
d3
d4
ds
dé
dv
ds
do
da
db
dc

dd

52

72

01
50
33

03

04

72
00
50

33
03
10

72
01

50
33
04
04
72

02

32
50
33
04
10
72

0

wou o R
P ——

P |
H

:



STAT-PAC

UNIVERSAL FOUR OPERATIONS PROGRAM I-16

This program will perform a given arithmetic operation on a list of numbers.
It will add, subtract, multiply or divide each number in the list by a given constant
designated by the operator. The user enters the constant and the type of operation
in a single entry. The program saves time in operations such as unit conversions,
and it is not necessary to write a special program for each type of operation.

Although printout of each result is included, the program may be used

without a printer by changing the PRINT commands in steps (2)(4), (3)(6), (4)(6) and
(5)(6) to CONTINUE commands.

This program was written by Monsieur Claude Cardot, of Laboratoires
De Marcoussis, Centre De Recherches De La Compangme Ge’néral D'Electricité,
Marcoussis, France
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STAT-PAC
I-16

USER INSTRUCTIONS

EXAMPLES

PRESS: Z onthe 9120A
PRESS: END
ENTER PROGRAM

— PRESS: END

PRESS: CONTINUE

DISPLAY
0 —7Z
1] ———Y
0 ——X

ENTER DATA: K (operating number)»X

PRESS: +, -, X, or + to designate
desired operation

PRESS: CONTINUE
DISPLAY

L/
K— Y
1— X

*Denotes Insignificant Display
ENTER DATA: Xi —» X
PRESS: CONTINUE

—»DISPLAY
Result — 7
K Y
X X

ENTER DATA: Next Xi —»X

L PRESS: CONTINUE

For new operating quantity K and/or
new type of operation,

54

1.

2.

K =7g—»X

Operation: =
X, RESULT
5.770 1.837
3.438 1.094
7.123 2.267
4,999 1.591
6.283 2.000

K = 8in 650 — g X

Operation: x (Multiply)

X RESULT
231.4 209.72
579.6 525.30
788.9 714.99
187.3 169.75
422.17 383.10




STAT-PAC 1-16

CLR

1
RUP
STP
AC+

1
X=Y

RCL
UuP

XEY
DIV
DN
X=Y

RCL
RUP

XEY
RDN
PNT
STP
RUP

RDN
GTO

RCL

RUP

STP

RUP

XEY
PNT
STP
GTO

RCL
RUP

20
01 !

22

41
60 |
34 .

01

50 °

02
161 .
61
33

01

50

03 A;Vj j; ‘.
14 Y

27

01

30

35

25

50

o4

14

61 -

22

(0} F B

41 ‘
36

30

31

45

41

22
15

31

44
02
01
61
22

41

33
22

15
30

45

41

44
03

02
61
22
o1 ¢

4d

5

40

41
42
43
44
45
46
47
48
49
4a
4b
4c

52
53
54
55
56
57
58
59
5a
5b

STP
XEY
UP
DN
RUP
PNT

STP
GTO

RCL
RUP

STP
XEY
UuP
DN
DIV
RUP
PNT
STP
GTO

END

30
27

a

o5

34
22
45

41
44

04 -
01

61

22
01;

30

27

25
35

22

45

41
44
05
01
46
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II-1
II-2
I1-3
I1-4
II-5
I1-6
II-7
II-8
II-9
II-10
II-11
II-12
II-13
II-14
II-15

SECTION II DISTRIBUTION FUNCTIONS

Normal Probability Integral
Inverse Normal Integral
Binomial Distribution

Poisson Distribution

x2 — Chi Square Distribution
Hypergeometric Distribution

t - Distribution

Beta Distribution

F- Distribution

Negative Binomial Distribution
Gamma Distribution

Log Normal Distribution
Error Function

Joint Normal Probability Density

Cumulative Binomial Distribution

9100B ONLY

9100B ONLY
9100B ONLY

9100B ONLY

Page Number
1

4

7
10
13
16
21
24
29
35
38
43
46
49
52



NORMAL PROBABILITY INTEGRAL

This program computes the integral of the standardized normal distribution

_1g2
P(X)= —= f e2" dz (X =7)
J2T /o
The following equations are used
H(727)
_er 2 L
where .
@ n
__2 e‘X 2 2n+|
erf(X) T nZ:o 3 (2n ) X

Reference: Handbook of Mathematical Functions
by Abramowitz and Stegun

National Bureau of Standards 1964

STAT-PAC
-1 A



STAT-PAC

TI-1 A
USER INSTRUCTIONS EXAMPLES
DEPRESS: X Y onthe 9120A X= .3 P(X) = .618
PRESS: END
ENTER PROGRAM X =-.3 P(X) = .382
PRESS: CONTINUE
—»DISPLAY X=0 PX) =.5
X =3 P(X) =.999
0 z
0 Y
1 X

ENTER DATA: X—»X
PRESS: CONTINUE

DISPLAY
0 Z
P(X) Y
X X

To run another case




STAT-PAC II-1 o

00 CLR 20 40 RDN 31

01 1 o1 o - 41 DIV 35

02 STP 41 ENTRY - 42 RDN 31

03 CNT 47 B 43 YE 24

04 X=Y 50 . = 44 a 13

05 0 00 45 + 33

06 a 13 46 YE 24

07 GTO 44 47 a 13

08 1 01 = 48 YE 24

09 2 02 49 b 14

0a 21 4a X>Y 53

ob 5 05 4b 3 03
. 0c XEY 30 4c a 13
. 0d GTO 44 4d a 13 .

10 6 06 . 50 UP 27 .

11 0 00 o 51 2 02

12 XTO 23 . 52 DIV 85

13 c 16 : ; 53 . 21

14 X<Y 52 54 5 05

15 SFL. 54 55 4+ 83

16 CHS 32 856 1 01

17 UP 27 57 IFG 43

18 2 02 58 XEY 30

19 Vv 76 59 - 34

la DIV 385 L 5a CLX 37

1b DN 25 L ~ 5b RDN 31

lc UP 27 : - 5¢ XEY 30

1d X 36 - 5d c¢ 16

20 Up 271 ... 60 PNT 45 S

21 DN 25 61 PNT 45

22 RUP 22 62 GTO 44

23 EXP 74 83 0 00

24 DIV 3 64 0 00

25 2 02 . 65 END 46

26 X 36 ~

27 T 56

28 V78

29 DIV 35

2a 1 01

2b YTO 40 )

2c a 13

.2d_RUP 22

30 DIV 35

31 YTO 40
32 b 14 )

33 2 02

34 DIV 35

35 EEX 26

36 1 01

37 0 00

38 CHS 32

39 RUP 22

32 YE 24

3b b 14 .
3¢ RDN 381 V

3 + 33




INVERSE NORMAL INTEGRAL STAT-PAC

This program determines the value of X such that

X 22
e 2
. = P
-o V27

where P is given., This program performs the inverse of Program STAT-PAC II-1
Normal Probability Integral. P represents an area under the normal curve where
X is the upper limit of integration,

The following equations are used:

erf (—L,—)
2
2 @© n
2 X2 % 2 2n+1
erf(X) = = € n=0 1-3 ...+(2n+1) X

Reference: Handbook of Mathematical Functions, Abramowitz and Stegun,
National Bureau of Standards, 1964,
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STAT-PAC

I-2
USER INSTRUCTIONS EXAMPLES
PRESS: X on the 9120A 1. P = .5000, result, X =0.0
PRESS: END
2, P = ,841344746, result, X=1.0
ENTER PROGRAM
—» PRESS: CONTINUE 3. P = .,999999713, result, X =5.0
DISPLAY

4. P = .022750132, result, X =-2.0

0 —»7
0 —»Y
0 —— =X

ENTER DATA: P —— X
PRESS: CONTINUE
DISPLAY

X
X
X

»d N

———— To run another case

To observe the program converging
on the proper value of X, place a
PAUSE in step (6)(7).




STAT-PAC II-2

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

. 0d

1o

11
12
13
14
15
16
17
18
19
1a
1b
1c

1d

20

21
22
23
24
25
26
27
28
29
2a
2b
2¢

- 2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c

A3d g

CLR

STP
PNT
XTO

b
UP

1
XTO

C
CHS

6

5
YTO

d
UP
C
-+
YTO
d
CLX
XEY
X<Y
SFL
CHS
UP

DIV

20
41

45

23
14
27
01
23

16
32
06

21
05

40

17
27
16
33
40
17
37
30
52
54
32
27
02

- 76 A

gy

25
27
36
27
25
22

74

35

02

36
56
76
35

01
40
15
22
35
40
12
02
35
26
01
00
32
22

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
be
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
7c

[od

YE
RDN
RDN

DIv
RDN

=+ o

IFG
XEY

CLX
RDN
XEY

X>Y

GTO

24

12
31
33
31
35
31
24
15
33
24
15
24

12

53

04
00
15
27
02
35
21
05
33
01
43
30
34

37
31
30
14
27
25
34
47
27
25
55
26
32
11

53
11
06
25
00
53
10
16
27
16
53
10
02
44

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90

91
92
93
94
95
96
97
98
99
9a
9b

PNT
PNT
END

01
o0
27

32
21
01

36
40 |
16
44

01
00

op

10
02
44
01
00

17
27

27
45
45
46

16 .

52 .

P(X)



BINOMIAL DISTRIBUTION ISIT3AT-PAC

This program evaluates the Binomial (Bernoulli) distribution

B(r, n, p)= ,C,. ®F (1-p)""

where:
P = probability of a success
r = number of successes
n = number of trials

Reference: Probabilistic Reliability, Martin Shooman, McGraw-Hill, 1968.



STAT-PAC
I1-3

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A

PRESS: END
ENTER PROGRAM
——3» PRESS: CONTINUE

DISPLAY
0 ——2Z
0 —Y
0 —X

ENTER DATA: Probability
p ——mm» 7
n——>»Y
r —» X

PRESS: CONTINUE
DISPLAY

B(n,r,p) — Z
n————Y

r —X

L To run another case

What is the probability of twice obtaining
obtaining a 3 on six rolls of a die?

1
po= 6
6
2

il

B(2, 6, %) .2009388



STAT-PAC 1I-3

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1id

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39

CLR
STP
XTO

d
YTO

c

1
AC+
RDN
YTO

b

f
XEY

d

X<Y

RCL
DIV
DN

Uup

CHS
AC-
GTO

LN
XEY

DN
EXP

XEY
LN

DN
EXP

up
PNT

PNT
END

20
41
23
17
40
16
01
60
31
40
14
15
30
17

52
01
17
61
35
25
36
01
27
32
63
44
00
14

65
30
17
36
25
74
36
01
27
14
34
12
30
65

36
25
74
36
16
27
17
45
45
46

ENTRY



STAT-PAC
II-4 A

POISSON DISTRIBUTION

A B -A

~ where A may be estimated by

The Poisson density function is defined by f(m; X ) =

\ = the expected value of Xi n=0,1, 2, ...)
e8]
A0 e—>\

2 Y AR XA
Z —pr—— = € ZOT =e’'e =1
=0 n=

The Poisson density function is a discrete density which is used to evaluate such things as component failure
probabilities. It is also used to approximate the Binomial Distribution when the number of events (N) is large
and the probability that an event will happen (p) is small i.e., a general rule of thumb is for p < .1 and

Y =Np< 5. -

>\ =

Reference: Mathematical Statistics
by John E. Freund

1962 Prentice-Hall

10



STAT-PAC

-4 A
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A A Poisson distribution is given by
PRESS: END _
s gy = (e ™
ENTER PROGRAM ’ - n!
PRESS: CONTINUE Find: a) £(0; .72)

— ENTER DATA: A _ _

A =.72, nl—O, n2—0

n, —»7
£(0; .72) = . 48675226

ng —Y
A X
—» PRESS: CONTINUE b) £(3;.72)
N
DISPLAY N
A=.72, n1=3, n2=3
n, ——X
nl_ f(3;.72) =.03027988
z f(n;/>\\)—— Y
n=ny
£(n, :\) X
i’ If 3% of the electric bulbs manufactured by a
company are defective find the probability that
in a sample of 100 bulbs
a) Between 1 and 3 bulbs will be defective.

NO Expected no. A
0 of bulbs that} = X = (.03) (100) = 3
are defective
YES 3

5 f(n;3) = . 59744482

n=1

PRESS: CONTINUE
A
where M\ =3, n1—1, n2=3

b) Less than or equal to 2 bulbs are
defective

2 f(n;3) = .42319008
0

11



STAT-PAC II-4

00
01
02
03
04
05
06
07
08
09
Oa
0p
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
PNT
XTO
C
YTO
b
RUP
XTO
d
XEY
CHS
EXP
UuP

LN
UuP

XEY
EXP
RUP

YTO

XEY
X=
ARC

XEY
DN
DIV
XEY
UPp
AC+

RDN
RCL

20
41
45
23
16
40
14
22
23
17
30
32
74

27

16
65
27
14
36
30
74
22
36
40
13
14
27
27

01
34
53
02
14
31
36
22
44
02
01
13
22

27

00
30
50
72
01
30
25
35
30
27
60
14
31
61

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
44

50
51
52
53
54
55
56

STP
PNT
PNT
CLX
XTO

RUP

12

41
45
45
37
23
15
17
22
50
00
00
27
01
33

40
14
16
44
00
14
46



STAT-PAC
-5 4

X? CHI SQUARE DISTRIBUTION

This program evaluates the Chi Square Distribution Integral for a given value of X2 and v degrees of freedom;
i.e., the program evaluates

2
X
2 I -1 =Tz 2
P(X",v)= -————f 2'e 2d1 02X
21//2]_—'(%) o
The series approximation used to evaluate the integral is
2
X
2 - I/ 2,2 e }
P(X ,»)=(2X") _F(V;rz) {HZ' (V+2)v+4) (v+er)

Reference: Handbook of Mathematical Functions
by Abramowitz and Stegun

National Bureau of Standards 1964
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STAT-PAC

-5 A
ER INSTRUCTIONS EXAMPLES
DEPRESS: X Y Z onthe 9120A P(7.88, 1) =.995
PRESS: END P(10.6, 2) =.995
ENTER PROGRAM P(12.8, 17) = . 251

——»PRESS: CONTINUE

ENTER DATA:

Yo——— Y
y —» X

PRESS: CONTINUE

DISPLAY

14

GENERAL FORM
P(X2,v)



STAT-PAC II-5

00
01
02
03
04
05
06
o7
08
09
Oa
Ob
Oc
0d

11
12
13
14
15
16
17
18
19
1la
1b
1c
1d

5o

21
22
23
24
25
26
27
28
29
2a
2b
2c

2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
CNT
XTO
d
YTO
C
2
DIV
YTO
f
DN
LN

upP

d
UuP
1
+
2
DIV
YTO

DN
DN

EXP
UuP

CHS

EXP

INT

EXP

DIv

DIvV

20
41
47
23
17
40

16
02
35

40
15
25
65

2T

17

27
01
33
02
35
40
12
25
36
25

4

27

32
74
36
12

27

64

50
04
04
02
65

36
25
74

36

16
76
35
17
35
27
02
34
00
50
06
13
25

15

ENTRY

40
41
42
43
44
45
46
47
48
49
4g
4h
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
7b
Tc
7d

DIV
GTO

EXP

UP
C
Y|
DIV
DIV
DN
UP

XTO

XTO

XEY

AC+

DIv
EEX

CHS
X<Y

15

35
44
03
06
04
65
36
25
74
36
17
27
02
36

25
35
27
04
34
52
05
00
02
o3
06
01
25
35

27
16
55
35
56
35
25
76
36
27
17
23
15
00

23
12
01
30
02
60
16
36
15
35
26
11
32
52

80
81
82
83
84
85
86
87
88
89
8a
8h

7 07
4
e 12
+ 33
DN 25
X 36
C 16
UP 27
d 17
PNT 45
PNT 45
END 46

04




9100B ONLY

HYPERGEOME TRIC DISTRIBUTION ISITé\T-PAC

This program computes various functions associated with the hypergeometric
distribution which is given by:

(x) Gix

(n)

where [ n, k ] is the smaller of n and k.

i(X) = X=0,1,2,..., [n, k]

N - is the number of items (successes and failures) in a finite population.

n - is the number of items drawn in sample without replacement from
the population.

k - is the number of failures in the finite population.
X - is the number of failures in the sample.

f(X) represents the probability of exactly X successes and n - X failures in the
sample of n items.

The function

M X

F(X) = f(r)

r=0
yields the probability of X or fewer failures in the sample of n items.
The mean and variance of the distribution are given by

k

-

2 k(N -k)n(N - n)
T N(N-1)

g

This program determines f(X), F(X), 1, o, and o2, It uses program
STAT-PAC I-8, COMBINATIONS, as a subroutine.

Reference: Handbook of Tables for Pﬁrobability and Statistics, Chemical Rubber Co.
1966, -
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9100B ONLY

STAT-PAC
TI-6
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A N
PRESS: END n
ENTER PROGRAM: Side A followed by | X
Side B.
. 1000 Y X=0
DISPLAY . <
0 7
0 Y 7000 Z
1 X -6000 Y x-=1
1. X
ENTER DATA:
N——>»7 1.0000 v/
n ——»Y .3000 Y X=2
kK ——X 2. X
—» PRESS: CONTINUE
.3600 7
L DISPLAY . 6000 Y (p, o, 02)
—_— . 1.2000 X
£(X) vl x=0, 1,
X x| 2,...)

When X exceeds [n, k] the final
display appears:

DISPLAY

To run another case

17




STAT-PAC 1I-6

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15

.18

17

~ 18

19

1a

1b
1lc

1d

20

- 21
- 22

23

24
. 25

- 26
27
28
29
2a
2b
2¢c

o 2d

30

31
32
33
- 34
35
36
37
38
-39
- 3a
- 3b
3¢

.3d,

CLR
XTO
C
XTO
7
1
STP
PNT
PNT
XTO
b
YTO
a

RDN.

YTO

9
UP

C
X>Y

6

2

b
UP

C
X>Y

6

2
GTO

SUB

YTO

XFR

20
23
16
23
07
01
41
45
45
23
14
40
13
31

40
11
27
16
53
06
02
14
27
16
53
06
02
44
77
34
00
00
40
10
67
11
27
14
34
13
27

.16

34
25
44
77
34
00
00
67
10
36
40
10
67

A

Plus
Page

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78

79

7a
7b
7c
7d

UpP

GTO
SUB

XFR
XEY
DIv

XFR

XEY

YTO
uP
PNT

PNT
uPp

YTO

= Q
= o
o

>
O o
o

mmlgxmxld
o

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

27
13
44
77
34
00
00
67
10
30
35
67
07
30

33
40
07
27
16
45
45
27
01
33
40
16
13
44

01
02
67
11
27
14
34
36
13
36
44
34
02
03

47
47
47
47
47
47
47
47
47
47
47
47
47
47

18

9100B ONLY

80
81
82
83
84
85
86
87
88
89
8a
8b
8¢
8d

90
91
92
93
94
95
96
97
98
99
9a
9b

" 9¢
9

a0
al
a2
a3
ad
ab
a6
a7
a8

- ag
. aa
ab
ac
ad

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47

47
47
47
47
47
47
47
47
47
47
47
47

47,

47
47
47
47
47
47
47
47
47
47
47
47
47

a7

47
47
47
47
47
47
47
47
47
47
47
47

47

v

V f AIhterm;e‘dﬂiate

Results
N

n



STAT-PAC II-6

b0
bl
b2
b3
b4
b5
b6

S b7

b8
b9
ba
- bb
~ be
bd

c0
cl
oe2

"3
c4
N 15
. cé6
ey
.. c8
- c9
ca
cb
cc
cd

s

dl
d2
d3
d4
ds

- dé
d7

.. d8

1 d9
da
db

" de
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page

19
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STAT-PAC II-6

00 UP 27

Minus
01 0 00 Page
02 XTO 23
03 f 15
04 XTO 23
05 e 12
06 RDN 31
07 XTO 23
08 d 17
09 1 01
0a AC+ 60
0b RDN 31
Oc f 15 .
0d XEY 30
10 d 17
11 X<Y 52
12 2 02
13 1 01
14 RCL 61
15 DIV 35
16 DN 25
17 X 36
18 1 01
19 UP 27
la CHS 32
1b AC- 63
1c GTO 44
1a 0 00
20 c 16
21 DN 25
22 RTN 77
23 UP 27
24 XFR 67
25 9 11
26 XEY 30
27 - 34
28 DN 25
29 X 36
2a XTFR 67
2b 9 11
2c DIV 35
2d DIV 35
30 UP 27
31 1 01
32 - 34
33 DN 25
34 DIV 35
35 b 14
36 UP 27
37 a 13
38 X 36
39 XFR 67
3a 9 11
3b DIV 35
3c DN 25
3d XEY 30

40
41
42
43
44
45
46
47
48
49
43a
4b
4c

XEY
PNT
PNT
PNT
PNT
PNT
PNT
GTO

END

76
30
45 S
45
45
45
45
45
44
33
00
00
46




t-DISTRIBUTION %T:’}T'PAC

This program evaluates the t-distribution integral for a given value of t and
y degrees of freedom; i. e., the program evaluates:

_'y+1

t 2 I
Pt )= [ r(lpR) e 3y dx

~® Syw I‘(%)

The series used to evaluate the integral are:

v EVEN
s 1 2. 1.3 4 1-3 ... (y-3) v -2
P(t,’)/)—Slne {1+§ (o)) 8+ﬂcos 9+...+2.4 T (_}/_2) COS ¢]
v ODD

P(t,7)=g1;@ + 2_c;>_se [Sine {1+—§— cos® e +... +%§ 8}/:3% cos? ~ 2 e}]

where: 1t

Reference: Handbook of Mathematical Functions, Abramowitz & Stegun,
National Bureau of Standards (1964).

21



STAT-PAC
II-7

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z on the 9120A

SET: RADIANS |

PRESS: END
ENTER PROGRAM
— PRESS: CONTINUE

DISPLAY
0 Z
0 Y
0 X
ENTER DATA:
Et statistic) t —»Y
degrees of freedom) y —» X

PRESS: CONTINUE
DISPLAY

Y

2
o

To run another case

22

General Form:
P(t,y)

A) P(2.201, 11) = 0.975
B) P(2.5 , 23) = 0.99
C) P(0.26 , 10) = 0.60



STAT-PAC II-7

00
01
02
03
04
05
06
07
08
09
Oa
O0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c

2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
XTO
C
YTO
d
UP
RDN
Vv
Drv
DN
ARC
TAN
XTO

COS
uP

YTO

*CLX

RDN

SFL
XEY

UuP

X=

IFG
UP
DN
DIv
DN
UP
INT

SFL
DN

UP
DN

RDN
AC+
RCL
DIV

20
41
23
16
40
17
27
31
76
35
25
72
71
23

13
73
27
36
40
14
37
31
01
50
05
05
54
30

27
02
50
04
14
43
27
25
35
25
27
64
50
54

21
25
03
34
27
25
01
33
31
60
61
35
14
36

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
b6
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75

AC=-

DIv
DN
CLX

UupP
DN

ly!
DIV

CLX
RDN

up
PNT

CNT
END

23

25
36
01
33
27
63
63
15
53
03
13
25
13
70

36
43
06
03
27
25
13
73
36
13
33
02
27
56

35
25
36
37
27
25
01
34
55
02
35
37
31
33

16
27
17
45
47
46



9100B ONLY

BETA DISTRIBUTION %T‘QT‘PAC

This program determines the Beta Distribution which is given by:

ra+p+2) X% (1-x)P
I'(a+ 1) T (B+ 1)

£#(X) =

where

0<X<1
-1< B

1< @

The program also calculates the mean and vari 9
of the distribution. These are given by: () variance (92)

- a+1
# o+ B+ 2

2 (@+1)(B+ 1)
T (@+p+2)2(a+B+3)

The program uses program 09100-70024, GAMMA FUNCTION, as a
subroutine thus restricting @ and pto values less than 68.

Reference: Handbook of Tables for Probability and Statistics, Chemical
Rubber Company, 1966.
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9100B ONLY

STAT-PAC
11-8
USER INSTRUCTIONS EXAMPLE
PRESS: X Y Z onthe 9120A g = .5 f(X) = 1.2732
— 2 _
PRESS: END a = .5 o = ,0625
X = .b o= .5
ENTER PROGRAM: Side A followed by
Side B.
—» PRESS: CONTINUE Error Cases
DISPLAY If g<«-1
0 7 DISPLAY
0 Y B Z
1 X -1 Y
-1 X
ENTER DATA:
8 i E I e<-1
& —— 3 Y DISPILAY
X——» 7
) o yA
PRESS: CONTINUE -1 Y
DISPLAY
= If X<0
f(X Z
o) g DISPLAY
n X X Z
0 Y
To run another case 0 X
If X>1
DISPLAY
X— 7
1l ——— Y
l — X

If an error display occurs:
PRESS: END

PRESS: CONTINUE
ENTER DATA:

25



STAT-PAC II-8

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
- 33
+ 34
35
36
37
38
- .39
3a
' 3b
3¢

30

CLR
1
STP
PNT
PNT
XTO
C
YTO
b

DN
YTO
a

UuP
1,

CHS
X>Y
UuP
STP
XEY
DN
X>Y
UuP
STP
C
uPp
0
X>Y
uP

STP

X<Y
UPp
STP
DN
LN
UP

DN
EXP
UP

UuP

DN
LN
UP

DN
EXP

YTO

20
01
41
45
45
23
16
40
14
25
40
13
27
01

32
53
27
41
30
25
53
27
41
16
27
00
53
27

41
01
52
27
41
25
65
27
14
36
25
74
27
01

27
16
34
25
65
27
13
36
25
74
36
40
11
02

Plus
Page

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

CLX
XTO

XTO
GTO
SUB

XFR

XEY
DIv
YTO

27
13
a3
14
33
44
77
10
01
67
11
36
40
11

01
27
14
33
37
23
12
23
15
44
77
10
01
67

11
30
35
40
11
01
27
13
33
37
23
12
23
15

44
77
10
01
67
11
30
35
40
34
15
44
34
06

80
81
82
83
84
85
86
87
88
89
8a

.8b
8¢
8d

90
91
92
93
94

95

96
97
98
99
9a
9b
9¢
9d

a0
al
a2
ad
ad
ad
ab
a7
a8
a9
aa
ab
ac
ad

06

01
34
40
17
27
25
64
34
37
44
34
00

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

(1-X)Pxe

T (A)

02

£1(X)



STAT-PAC II-8

b0
bl
b2
b3
b4
b5
: b6
b7
b8
- b9
ba
bb
be

~ bd,

cO
cl
c2
c3
- c4
. chb
c6
c?
c8
c9
ca
cb
ce
cd

do
di
d2
d3
d4
ds
dé
d7
d8
dg
da
db
de
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
END

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
46

Plus
Page




XY

CLX
1
+
5
+
DN

DIV

53
37
01
33
05
33
25
27
36
60
02
30
35

- 03

12
35
02
35
33
12
35
07
35
01
34
12
35

35
05
33
06
00
35
15
35
34
27
21
05

33

65
36
25
33
56
27
33
25
65
27
02
35

.25

STAT-PAC II- 8

Minus
Page

40
41
42
43
44
45
46
47
48
49
43
4b
4¢
44

50
51
52
53
54
55
56
57
58
59
ba
5b
ac
5d

60

61
62
63
64
65
66
67
68
69

6a
:6b
6¢C

6d

70

71

72
73
74
75
76
77
78
79
Ta
7o
7c
7d

EXP

CNT
RTN

XEY
DIv

33
25
74
27
15
27
17
53
05
02
52
05
11
44

06
03
01
33
25
36
44
04
05
25
35
27
01
34

44
04
06
25
47
77
14
27
13
33
02
33
25
27

36
27
01
33
25
36
14
27
01
33
25
30
35
13

28

80

- 81

82

. 83

84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

%+ H%;

w
®)

o
RE RGO ge 1 X

DIv
XFR

uPp
XFR

RUP
PNT
PNT
END

27 ;

33
25
36
40
34
12
27
14
27
13
33
02

33
25
35
67
34
15
27
67
34
12
22
45
45
46



9100B ONLY

STAT-PAC
-9 A
F-DISTRIBUTION
This program evaluates the integral of the F distribution density function
® Iﬁ(V1+Vz) < 12t <V_1> Vi/2
V2
Q= v, v, v, Vi +Vy dx
O
2 2 V2
for given values of F, Vl’ V2 .
The integral is evaluated by means of the following series:
V2 EVEN
V2-2
v Vo (Vo +2), . (V,+V, -4)
Q (F/V,V,) = 1-(1-%) 1/2[1+VLX+...+ 1 1 2 1 X 2
2 2:4. .. (Vy-2)
V2 ODD
Vas [V, Vo(Vy+2) . . (Vy+V -4 Vi-2
Q(F/VI,V2)=X Tl +—= 1-X)+. ..+ 1-X) 2
2
2.4, , ., (V1—2)
V1 and V2 both odd
Q(F/Vl, V2)= 1-A+B
(2 2-4,.,.(V,-3) vV, -2
r {9+sin9cosa [1 +2/3 cos26 ...+ 2 cos 2 6} } Vo > 1
3:5,.. (V2—2)
A=<
26
L W Vz_ = 1
F
8 = Arc Tan 72
vV, -1
2 ), vV, +1 (Vo +1)(V, +3). . . (V,+V,-4)
2 ! 2 2 2 2772
2 . V2 L2
_ sin§ 4 cos 613 1+ sin 91+...+
B= f”_<vz-2)r 3 3. .. (V;-2)
3 :
Vy -3
= V., =1 . 2
, - sin 81} Vl >1

1 ﬂF
91 = Arc Tan B
Reference: Handbook of Mathtzematical Functions, Abramowitz and Stegun, National Bureau of Standards (1964)
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9100B ONLY

STAT-PAC
II-9

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A
SET: | [RADIANS

PRESS: END

ENTER PROGRAM: Side A followed by Side B
— PRESS: END
PRESS: CONTINUE
ENTER DATA: F ratio —» Z

V, for numerator —» Y

V2 for denominator —» X

PRESS: CONTINUE

DISPLAY

QF/ V,Vy) —2
0 ——Y
0 —X

To caleulate significance level for new data,

30

General Form Q (F/Vl’ Vz)

Q(4.21/17,6) = 0.05
Q(11.4/4,5) = 0,01
Q3.79/ 17,17 = .05



STAT-PAC 1I-9

00
- 01
02
03
04

05

- 06
07
08
09
Oa

- 0b

- Oc
0d

10
11
12
13
14
15
- 16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
PNT
PNT
XTO
f
YTO
€
RDN
YTO
b
X
DN
+

DN
DIV
f

UupP
1
XTO
C
2
DIV

DN

uPpP

INT

X=Y
3

XEY

DIv
DN
upP
INT
X<Y

SFL
RCL
AC~

XEY
AC+

RUP

20
41
45
45
23
15
40
12
31
40
14
36
25
33

25
35
15
27
01
23
16
02
35
25
27
64
50
03

06
12
30
02
35
25
27
64
52
10
01
54
61
63

30
60
01
22
34
27
25
40
17
12
27
04
34
15

Plus Page
ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
44

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
7o
Te
7d

uPp
CLX
X=
YTO

DN
DIv

e en

zo§+»-4;><o
o

@)

OH»PS*%IN
o

uP
CHS
DN

LN
upP

DIV
DN

EXP

ITG

XEY
CLX
UP

PNT

PNT
GTO

33
27
02
34
37
50
05
17
40
15
25
35
17
36

16
36
01
33
40
16
25
02
34
15
44
04
01
16

27
01
27

32

80
81
82
83
84
85
86
87
88
89
8a
8b
8c

8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9c
9d

a0
al
a2
a3
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad

o
UuPpP
DIv

DN
INT

o

15
27

02
35

25
64
27
27

65
22

25
74
23
16

01

34
27
25
02
34
31
36
55
22

52
11

11
25
56
36
16
35
02
35
44
34
00

00

02
36




- b0

- b1
b2

. b3
- b4
b5
= 1 b6
o I Y
£ b8
N ¢
. ba

- bb
2 be

bd

cl
c2
c3
c4
chb
c6
c7

c8
> c9
. ca
: i cb
- (e]6]

ed

- d1
d2
d3
d4
d5

- dé
-d7
:d8
. d9
‘da
db
~de

:4d

a0

" CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

ONT

STAT-PAC 1II-9

a7

47
47
47
47

47
47
47

47
47
47

47
47
47

Plus

Page

a7

47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47

47

32



STAT-PAC 119

00
01
- 02
: 03

- 04

L0

© . 06

Cor
08
09
" Oa
- 0b
-+ Oc
" od

10
11
12
13
14

.15

- 16

17

118

19
la
1b
1c

1d

a0

21
22
23

s 24

25
0 26
27
- 28
-29
2a
2b
2c

2d

30
. 31
- 32
33
34
35
.36
38
39
3a
3b
3¢
3d

c

= by
O 1 o eV 1

g
-
<

]

o

R=

oot o+ e

Mo eSS

B o LI SR o gl B SR

e

@]

®)

40
16
24
14

15

35

12 .

36
31
76
72
71
27
70

40
34
15
27
36
40
17
61
01
50
07
04
23
14

15

33
04
34
12
27
02
34
53
04
06
40
34
12

25
35
17
36
14
36
01
33
40
14
25
02

- 34

27

Minus
Page

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
bc
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79

Ta.

b
Tc

RDN
RUP
X<y

RDN

DIv

uP

RUP
RUP

LN
XEY

RDN
EXP

YTO
YE

YTO
DN

24
34
12
44
02
07
43
11
06
22
30
03
53
05

17
02
35
27
25
01
34
31
36
22
52
05
06
31

16
35
01
27
17
34
76
22
36
22
76
65
30
15

36
31
74
36
14
36
40
16
24
34
15
40

25

33

80

81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢

9d

a0
al
a2
ad
a4
ab
aé
a7
a8
a9
aa
ab
ac

‘ad

COS
UP

YTO

UP

YTO

XTO

SFL

X<Y

CLX
XTO

o
<

o
HEHO SR Mo+ 0

=

cQ
oot
b

PNT

734

27
36
40
17

15
27 .
or .. .
40

34
12
23

14
54

34

52

23

27
17
76
36
12
70

12
33
02
36
56
35
16
30
34
01
33
37
27
45

14

03
14
37;

36




STAT-PAC II-9

b0 PNT 45 Minus , I I
bl GTO 44 Page A S A
- b2 + 33 S T
b3 0 00 o
b4 0 00

 p5 END 46 ;

34




-PAC
NEGATIVE BINOMIAL DISTRIBUTION ISIT?(;P

This program computes various functions associated with the negative binomial
distribution which is given by:

f(X) = (X + T - 1) pqu ,

r-1

where X=0,1,2,3,...,andg= 1-np.

Definitions:
p - is the probability of success of a given event.
q - 1is the probability of failure of a given event.

f(X)- is the probability that exactly X + r trials will be required
to produce r successes.

The cumulative distribution F(X) is given by

X
FX) = = ()
A=0

The mean and variance of the distribution are given by:

= X
=y
O'2= .Iﬁ.

P

This program computes p ,02, f(X), and F(X).

Reference: Handbook of Tables for Probability and Statistics, Chemical Rubber
Company, 1966.
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STAT-PAC

1I- 10
USER INSTRUCTIONS EXAMPLE
PRESS: X Y Z on the 9120A =4
PRESS: END p=.9
ENTER PROGRAM: Results:
—» PRESS: CONTINUE 5
.4938 02
DISPLAY 30ss, 0
0 Z ,
S s .6561 F(X)
"6561 £(X)
ENTER DATA: 0. X
r—» Y [
.9185 F(X)
p—>X | 2624 £(X)
PRESS: CONTINUE 1. X
5 - " 0656 £(X
0_2 Y L2. X
u X ;
. . 9973 F(X)
—
DISPLAY 3. X
F(X) z
£(X) Y
X — X

unity.

To run another case:

—— PRESS: END

—— Repeat until F(X) is sufficiently near

36




STAT-PAC II-10

00
01
02
03
04
05
06
07
08
09
Oa
Ob
P Oc
- 0d

,1;0 ;

11
12
13
14
15
16
17
18
19
1a
1b
S B ¢

- 1a

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c

. 2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c

3d

CLR
XTO
C
XTO
9
1
XEY
STP
PNT
PNT
XTO
b
YTO

a

DIV
AC+
DIV
UP

1
XEY
DN

X

2
XEY
UP

e

PNT

PNT
UP
LN
DN
EXP
UP

uP

DN
LN
UP
DN
EXP

YTO

UuP

e

20
23
16
23

11
01

30
41
45
45
23
14
40

13

35

60
35
27
01

30

34
25
36
02
30
27
12

45

5
13
27

14
65
36
25
74
27
01
27
14
34
25

27
16
36
25
74
36
40
10
16
27
13
33

01

ENTRY

40
41
42
43
44
45
46
47
48
49
43
4h
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
bb
a¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
7b
7c
7d

XTO
XTO

RDN
XTO

AC+
RDN

XEY
X<Y
RCL

DIV
DN

UuP

CHS
AC~
GTO
YEX
DN

DN

YEX

YTO

up
PNT
PNT
UP
YTO

GTO

END

34

13

27
01
34
00
23
12
23
15
31
23
17
01

60
31
15
30
17
52
06
05
61
35
25
36
01
27

32
63
44
05
02
24
10
25
36
25
24
11
33
40

11
27
16
45
45
27
01
33
40
16
44
02
01
46
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9100B ONLY

GAMMA DISTRIBUTION ISITﬁI‘_PAC

This program determines the Gamma Distribution given by:

£ _ X% e
(X)— F(&+1)ﬁ°‘+1 (0<X<(D)

X
, P

where o and P are parameters with limitations:
a>-1

and
>0

This program incorporates program 09100-70024, GAMMA FUNCTION,
and is restricted to values of @ < 68,.98.

Also evaluated are the mean ( ¢ ) and variance (62) of the distribution

H o= pla+1)
= p2(a + 1)

Q
Do
{

Reference: Handbook of Tables for Probability and Statistics , Chemical Rubber
Company, 1966,

38



9100B ONLY

STAT-PAC
II-11
USER INSTRUCTIONS EXAMPLE
PRESS: X Y Z onthe 9120A Parameters:
PRESS: END B = 2
ENTER PROGRAM: Side A followed @ = .5
by Side B X= 3
DISPLAY f(X) =  .15418
0— 7 2 = 6

ENTER DATA: The program has three input data
checks, these being:

B Z
o ———>» Y

X X 1, ise>-1?
PRESS: CONTINUE 2, is B> 0?

FéX) Z 3. isX>0?

0é e—" Y

3 Z

If any of these checks indicate bad
To run another case data, the calculator STOPS indicating
the type of error by DISPLAY.

Error 1. (g < 0)
DISPLAY

XN

p
0
0

Error 2. (@ < -1)
DISPLAY

o
-1
-1

XN

Error 3. (X < 0)

DISPLAY
X——-72Z
0Q————Y
0——X

39



STAT-PAC II-11

00 CLR 20 Plus 40 UP 27 80 UP 27

01 1 01 Page 41 YTO 40 81 + 33
02 STP 41 ENTRY 42 d 17 82 DN 25 R
03 PNT 45 43 UP 27 83 LN 65 Lo
04 PNT 45 44 DN 25 84 UP 27 , ‘
05 XTO 23 45 INT 64 - 85 2 02
06 ¢ 16 o 46 - 34 . 8 DIV 38 ... ...
07 YTO 40 47 CLX 37 87 DN 25
08 b 14 48 X>Y 53 88 4+ 33
09 DN 25 49 CLX 37 89 DN 25
0a YTO 40 4a 1 01 8a GTO 44
0Ob a 13 4b + 33 8 = 4
0c UP 27 4c 5 05 8 0 00 i
od 1 01 4d  + 33 8d 0 00 .
10 CHS 32 50 DN 25 90 CNT 47
11 X>Y 53 51 UP 27 91 CNT 47
12 UP 27 52 X 36 ‘ 92 CNT 47
13 STP 41 53 AC+ 60 . 93 CNT 47
14 DN 25 54 2 02 - 94 CNT 47 B
15 0 00 55 XEY 30 , 95 CNT 47
16 X>Y 53 56 DIV 35 96 CNT 47 @
17 UP 27 57 3 03 97 CNT 47
18 STP 41 58 = 34 98 CNT 47
19 UP 27 59 e 12 ' 99 CNT 47 i
la ¢ 16 5a DIV 35 9a CNT 47 i
1b XEY 30 50 2 02 9b CNT 47 :
o 1le X>Y 53 V 5¢ DIV 35 3 9¢ CNT 47
1a UP 27 5d + 33 B .94 CNT 47 . =
20 STP 41 , 60 e 12 a0 CNT 47
21 a 13 ‘ 61 DIV 35 . al CNT 47
22 DIV 35 62 7 07 a2 CNT 47
23 DN 25 63 DIV 35 o a3 CNT 47 B
24 CHS 32 64 1 01 ad CNT 47
- 25 EXP 74 65 = 34 A a5 CNT 47 i
. 26 UP 27 66 e 12 o a6 CNT 47
27 ¢ 16 67 DIV 35 a7 CNT 47
28 LN 65 68 6 06 A a8 CNT 47
- 29 UP 27 ‘ 69 DIV 35 a9 CNT 47
T 2a b 14 6a b 05 ~aa CNT 47
. 2b X 36 ‘ 6b * + 33 & ab CNT 47
" 2¢c DN 25 6c 6 06 ac CNT 47
2d EXP 174 6d 0 00 V ad CNT 47
30 X 36 70 DIV 35 N -
- 81 b 14 71 f 15 V e e ]
2 82 UP 27 N 72 DIV 35 , L BRI R
.83 1 01 73 - 34 = R
84 4+ 33 74 UP 27 B
38 a 13 7% . 21 : o ST
3 LN 65 76 5 05 “
- 387 X 36 77 + 33
© 88 DN 25 78 f 15
7 39 EXP 174 79 LN 65
3a DIV 35 7a X 36
-3 YTO 40 ’ 7 DN 25
8¢ 9 11 Tc  + 33 -
- 3d b 14 ‘ d 7 56
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STAT-PAC II-11
© b0 CNT 47 Plus T
bl CNT 47 Page ‘ G
b2 CNT 47 T R
b3 CNT 47 S
b4 CNT 47 %
b5 CNT 47 V ; D U
b6 CNT 47 o I D A
b7 CNT 47 :
b8 CNT 47
b9 CNT 47
ba CNT 47
bb CNT 47
" be CNT 47
~ bd CNT 47

c0 CNT 47
. ¢l CNT 47
c2 CNT 47
c3 CNT 47
cd CNT 47 R SR
c5 CNT 47 N
c6 CNT 47 ' ‘
c7 CNT 47
c8 CNT 47
c9 CNT 47
ca CNT 47

cb CNT 47
cc CNT 47 o
..ed CNT 47 S

d0 CNT 47 ‘
dl CNT 47 N o

d2 CNT 47 , ! ‘ T
d3 CNT 47 ‘ N TR
d4 CNT 47 ; S
d5s CNT 47 i ‘ .
dé CNT 47

d7 CNT 47

d8 CNT 47

d9 CNT 47 - N N
da CNT 47 R
db CNT 47 s .
~ de CNT 47
~dd CNT 47
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STAT-PAC II-11

11
12

14

2c

- 2d

Ay P g

81

UuP 27
f 15
up 27
d 17
X>Y 53
1 01
0 00
X<Y 52
1 01
7 07
GTO 44
2 02

+ 33
DN 25
X 36
GTO 44
1 01
3 03
DN 25
DIV 35
UpP 27
1 01
- 34
GTO 44

EXP 74

0

4

Minus
Page

00

DN 25
XFR 67
9 11
XEY 30
DIV 35
b 14
UPp 27
1 01
+ 33
a 13
X 36
XEY 30

X 36 |

"PNT 45 |

PNT 45
END 46

42
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STAT-PAC
LOG NORMAL DISTRIBUTION II-12

This program computes the value of the log-normal distribution for a
given set of parameters, a, u, ¢ , over a specified range of X,

Definitions:

1 (ln[X-a]-‘u)2
fX) = (X-a)o/27 P T 202

where
X >a

The program determines f(X) over a range
Xi = X = Xf

in increments of AX.

= Xnitial
£ = Zfinal

Reference: Probability and Statistics for Engineers, Miller and Freund, Prentice
Hall, 1965, page 1.
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STAT-PAC

II-12
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A a =0 AX =
o =1 Xe =
PRESS: END p =1 Xi =
ENTER PROGRAM Results: X £(X)
PRESS: CONTINUE .1 .01708
.2 . 06627
—» DISPLAY .3 11722
.4 . 15902
0 Z .5 . 19030
0 Y .6 . 21237
1 X T .22706
.8 .23602
ENTER DATA: .9 . 24063
1.0 .24197

a——»7
0 ————»Y
p ——»X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
2 X
ENTER DATA:

[P RESS: CONTINUE

DISPLAY
£(X) z
X —Y
AX—o— Z
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STAT-PAC II-12

,QOO,

01
02
03
04
05
06
07
08
09
O0a
0b
Oc

0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c

21
22
23
24
25
26
27
28
29
2a
2b
2¢c

31
32
33
34
35
36
37
38
39
3a
3b
3c

- 3d

24

'CLR

1
STP
PNT
PNT
AC+
DN
YTO

d

0
up
UP

2

STP

PNT

PNT
XTO
C
YTO

XEY
LN
XEY

DN
UP

DIV

DIV
DIv
DN
CHS
EXP
UP

DIv

UP

01
41
45
45
60
25
40

17 -

00
27
27
02

41

45

45
23
16
40
14
25
40
13
16

17
34

27

ENTRY

ENTRY

27

0
1

42
43
44
45
46
47
48
49
43
4h
4c
4d

. 50

51
52
53
54
55
56
57
58
59
S5a
5b
5c
5d

60
61
62

- 34
DN 25
DIV 35

T 56

v 78
DIV 35

2 02

v 6
DIV 35

c 16
UP 27

a 13
PNT 45
PNT 45

a 13
UP 27

C 16

+ 33

YTO 40

c 16

b 14
X>Y 53

1 01

b 14
X=Y 50

1 01

b 14
GTO 44

0 00

0 00
END 46
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| STAT-PAC
ERROR FUNCTION II-13

This program computes Erf (X) as defined below:

X 2
Erf (X) = 2 f -t
VT e dt

The program applies the approximating expansion given in the reference.

1
Erf (X)=1 -
® [1+ a;X + :112X2 + a3X3 + a4X4 + a5X5 + a6X6 ]16
where
ag = - 0705230784
ag = . 0422820123
ag = . 0092705272
ag = . 0001520143
ag = . 0002765672
ag = . 0000430638

3 10_7 The absolute error resulting from this approximating function is less than

Reference: Approximations for Digital Computers, C. Hastings, Jr. Princeton
University Press, 1955.
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STAT-PAC

I1-13
USER INSTRUCTIONS EXAMPLE
1)
DEPRESS: X on the 9120A X = 2.3
PRESS: END Erf(2.3) = .99885680
ENTER PROGRAM )
2
—» PRESS: CONTINUE X X
Since Erf ( 9 )=2 f f(t) dt
DISPLAY V2 0
0—1Z where f(t) is the normal probability
0———mY density.
11— X
The Erf program can be used to
ENTER DATA: X —»X determine normal probability integrals.
PRESS: CONTINUE
Thus
DISPLAY
Erf(X) — % s S f(t)at = Erf( A )
ErféX — v 0 /2
Erf(X)— X
= ,68268936
To run another case Thus
1
/ f(t)dt = .34134468
0
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STAT- PAC-1I-13

20

23

02
03
07

04
30

97 O

02

36

00 CLR &
01 1 01
02 STP 41
03 PNT 45
04 PNT 45
05 XTO
06 f 15
07 UP 27
08 . 21
09 0 00
0a 7 07
0b 0 00
Oc 5 05
- 0d 2
10 3
11 0 00
12 7
13 8 10
14 4
15 XEY
16 X 36
17 UP
18 X 36
19 . 21
la 0 00
1b 4 04
« - le 2 02
o 1d 2
.20 8 10
21 2 02
22 0 00
23 1 01
24 2 02
25 3 03
26 XEY 30
27 X 36
28 RDN 31
29 + 33
2a RUP 22
2 XEY 30
: 2¢ f 15
.24 X
- 30 . 21
31 0 00
32 0 00
33 9 11
34 2 02
35 7 07
36 0 00
37 5 05
38 2 02
39 7 07
3a 2 02
3b XEY 30
3c X 36
-~ 3d RDN 31

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
be
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
Tc

7d

RUP
XEY

N'—h

= OO OOO°

XEY

RDN

RUP
XEY

><H5

Oy =X N oo

o)
Moo

M

W
b oo+ O
Koo Z

>
Mbowoowkooo o

33
22
30
15
36
21
00
00
00
01
05
02
00
01

03
30
36
31
33
22
30
15
36
21
00
00
00

02

07
06
05
06
07
02
30
36
31
33
22
30

15

36
21
00
00
00
00
04
03
00
06

03

10
30

36

48

80

81
82
83
84
85
86
87
88
89
8a
8b

- 8c
o 8d

90

91
92
93
94
95
96
97
98
99
9a

‘DN

DN
LN
Uup

DN
EXP
XEY

XEY

DIV

XEY

uP
DN
DN
PNT
PNT
END

33
01
33
25
65
27
01
06
36
25
74
30

35

01

30
34

27
25
25

45
45

46




STAT-PAC

JOINT NORMAL PROBABILITY DENSITY I-14

FUNCTION

Two random variables X and Y are said to have a Bivariate Normal
Distribution if their joint density function is given by

#(X,Y) = ZnsXSYlfl - e PX,Y)
where
px, v)= L X-%? _, X-X(Y-7) , (v-D?
) _— =
2(1 - r2) { sX2 Sg Sy sYZ }
r =  Correlation Coefficient Between X and Y
X = Sample Mean of X
Y = Sample Mean of Y
Sy = Sample Standard Deviation of X
Sy = Sample Standard Deviation of Y

X and Y are random variables

This program evaluates f(X, Y) for given values of r, X, Y, Sy Sy» X,
and Y.

Reference: Introduction to Mathematical Statistics, R.V. Hogg, A. T. Craig, 1959,
page 218, Macmillan,
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STAT-PAC
II-14

USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A X = -1
PRESS: END Y =
ENTER PROGRAM _

Sx = 1.5
——» PRESS: CONTINUE < _ 5
DISPLAY Y
Tr = 7
0 —o-—7 _
1 — v Yy = 2
0 ——X X - 1
ENTER DATA: Results:
Y—»Y
X —»X f(X, Y) = .0400399
PRESS: CONTINUE
DISPLAY
0 7Z
2 Y
0 X
ENTER DATA:
SY —_—Y
S, —»» X
X
PRESS: CONTINUE
DISPLAY
0 7
3 Y
0 X
ENTER DATA:

r —» 7

Y——»Y

X —»X
PRESS: CONTINUE

DISPLAY

(X, YY) —»=Z
(X, Y)—>»Y
f(X, ) X

L To run another case

50



00 CLR

01 1
02 XEY
03 STP
04 PNT
05 PNT
06 XTO
07 d
08 YTO
09 C
0a CLR
0b 2
0c XEY
0d STP

STAT-PAC II-14

20 40

01 ‘ ~ - 41
30 ! - 42
41  ENTRY 43
45 44
45 45
23 : - 46
17 , | 47
40 48
20  4a
02 4p
30 4c
41  ENTRY 4d

45 50

45 51
23 52
14 53
40 54
13 55
20 . 56
03 : L 57
30 .~ 58
41  ENTRY 59
45 f ba
45 5b
24 - 51¢

1T o 5d

30 . 860
34 L 61
24 62
17 63
16 64
34 o f - 65
40 < 66
16 8T
17 68
3 69
25 o ~ 6a
40 . 6b
12 - 6e

86 . 64

Sl o

36 !
412
3B ‘

13

35

17

27

36

14

DIv
DIV

Ve

16
27
36
13
35
35
25
33
12
27
36

01
30

34

02
30
36
31
32

35

25
74
30
76
35
02
35

56

35
14
35

13
35

25
27

27

45
45

45
45 ‘ ,
I T T |

00

46 |
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where:

CUMULATIVE BINOMIAL DISTRIBUTION

STAT-PAC
II-15

This program determines the cumulative binomial distribution given by:

P{X=r} =

B(r, n, p)

p
r
n

I =]

|l

B(r, n, p)

nCr pr (l‘p)n_r

Probability of a Success

Number of Successes
Number of Trials

52



STAT-PAC
-15

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A
PRESS: END
ENTER PROGRAM

—» PRESS: CONTINUE

DISPLAY

0
0
0

ENTER DATA:

N

p ——»7Z
n— »Y
r ——» X

PRESS: CONTINUE

DISPLAY
P(Xsr) —7Z
n ———Y
r X

PRESS: CONTINUE
DISPLAY

1-p ——
P
0

XN

lee— To run another case

53

If the probability of a successful trial
is .25 (p = .25) and if 8 trials are to
be performed, (n = 8), what is the
1(g)robal)oility of at least 5 successes,

r =5).

P(X =5)=.0273



00
01
02
03
04
= 05
086
07
08
09
‘ O0a
o 0b

.24
25
26
27
. 28
29
2a
2b
2c

2d

31
32
33
34
35
- 36
137
.38
139
:3a
3b
3c
3d

STAT-PAC

CLR
STP
XTO
a
YTO
b
RUP
XTO
C
1
RDN
X=Y

I-15

20
41
28
40
14

22
23
16
01
31
50
03

37
50
04
00
25
16
34
35
40
17
14
30

22
33
31
30
60
61
35
25
36
17
36
01

32
60
15
30
37

- 52

02
06
16
65
30
14

36

30

LB

YR

" ENTRY

40

41
42
43
44
45
46
47
48

49
. 4a
. 4b
. 4c
L 4d

_Vsow .

51
52
53
54

55
56
57
- 58
- 59

UP_

DN
EXP

UP

PNT
PNT

UP

XEY

PNT
PNT
PNT
PNT
PNT
GTO

END

54
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Im-1
III-2
II1-3
-4

-6
-7

I11- 8
III-9
II-10
m-11

I-12
Im-13

II1- 14
II-15

III-16

SECTION III TEST STATISTICS

t Statistic for Means of Two Samples
Paired Observation Test
t Statistic -~ Testing a Mean X Equal to pg

x2 Statistic - Testing a Population Variance Equal
to a Value %

x2 — Chi Square Evaluation Expected Values
Equal (E; = E)

¥2 2 x 2 Contingency Table

x2 - Chi Square Evaluation Expected Values
Unequal (E; # Ej)

x2 - 2 x K Contingency Table
t Statistic For Testing Correlation Coefficient
Bartlett's x2 Statistic for Variance Homogeneity

Calculated Y
of a Linear Ifegression

Statistic for Durbin-Watson Test

Statistic for Serial Correlation Coefficient
(Order 1)

Spearman's Rank Correlation Coefficient

F - Test For the Ratio of Two Sample Variances
(Snedecor)

r - Distribution

, Residual, and Accumulated Residual

Part Number
1

4
8
11

14

17
20

23
26
29
32

35
38

41
45

49



STAT-PAC
II-1A

t STATISTIC FOR MEANS OF TWO SAMPLES

This program calculates the value of the 1 statistic from the equation
X-Y
/ ZXi=XPP+ 2 -YP

x Ny Nx+ny =2

where X1 , X2 i xnx and Y1 , Y2 , Yny are samples from normal populations with means fLy and,u.Y,

both with same variance az . The number of degrees of freedom N = (nx+ny - 2) . The sample means are

calculated by the equations.

2 X

Xz Ny fy

The sample estimates of the standard deviations are also displayed. These are calculated by the equations

sz / Z(Xi-Y)z Sy: Z(Y| _—Y-)Z
ne1 -1

Ny

This program may be used to test the null hypothesis it y = y Where we don't assume knowledge of o2,

Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee

Second Edition

John Wiley and Sons, Inc. 1965



STAT-PAC
-1 A

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y on the 9120A
PRESS: END
ENTER PROGRAM
PRESS: CONTINUE
—» DISPLAY

M N

(i indicates point to be entered)
ENTER DATA: Xi —» X
PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE
—» DISPLAY

7
j—Y
— X

(j indicates point to be entered)
ENTER DATA: Yj———" X
PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

Xl
N

PRESS: CONTINUE

DISPLAY
0 z
SY Y
Sx X

PRESS: CONTINUE
DISPLAY

-t
M N

PRESS: CONTINUE To restart a new
problem

EXAMPLE

X 79, 84, 108, 114, 120, 103, 122, 120

v o1, 103, 90, 113, 108, 87, 100, 80, 99, 54

92.50
106.25

il
0

16.82
16.64

SEve

il

1.73
16.00

=
1



STAT-PAC ITI- 1

00 CLR 20 40 GTO 44 80

01 1 01 41 0 00 ; 81
02 XTO 23 42 4 04 ‘ 82
03 a 13 43 0 00 83
04 XEY 30 44 UP 27 84
05 STP 41 ENTRY 45 e 12 85
06 IFG 43 46 UP 27 86
07 1 01 47 b 14 ‘ 87
08 ¢ 16 48 PNT 45 g V 88
09 PNT 45 49 DPNT 45 4 89
0a PNT 45 4a ¢ 16 A 8a
0b YTO 40 ” 4b UP 27 , 8b
~ Oc d 17 ‘ 4c  a 13 ’ 8c
.04 UP 27 4d UP 27 : 84
10 X 36 50 1 01 ‘ ‘ 90 DIV 35
11 AC+ 60 51 = 34 91 |yl 85
12 d 17 52 DN 25 92 d4 17
13 UP 27 53 DIV 35 93 UP 27
14 1 01 54 d 17 94 0 00
15 + 33 55 UP 27 95 RDN 31
16 0 00 56 1 01 , 96 PNT 45 S
17 UP 27 57 - 34 97 PNT 45
18 RDN 31 58 f 15 98 PNT 45
19 GTO 44 59 XEY 30 ‘ 99 PNT 45
la. 0 00 52 DIV 35 92 GTO 44
1b 5 05 5b RUP 22 9 0 00
- 1le 4 17 ~ 5c Vv 76 9¢ 0 00
' 1d RDN 31 ’ 5d RUP 22 _ 9d END 46
20 RCL 61 60 76
21 RUP 22 ‘ 61 UP 27
22 DIV 35 62 0 00
23 YTO 40 63 RDN 31
24 e 12 64 XEY 30
25 X 36 65 PNT 45 S
26 e 12 A 66 PNT 45
27 X 36 67 1 01
28 DN 25 68 UP 27
29 - 34 69 a 13
2a YTO 40 6a DIV 35
2o f 15 b 1 01
. 2¢ a 13 ‘ 6c UP 27
.24 UP 27 i 6d  d 17
30 1 01 70 DIV 35
31 X<Y 52 , 71 RDN 31
32 4 04 72+ 33
33 3 03 ‘ 73 YE 24 R R Et EEEE
34 RCL 61 74 a 13 S e bm
35 XTO 23 , 75 2 02 ‘~
3 ¢ 16 y 76 - 34
37 YTO 40 . 77 DN 25
38 b 14 78  + 33 _
39 4 17 79 YTO 40 .
3a XTO 23 - 7a 4 17 :
3b a 13 7 ¢ 16
3 CLR 20 7¢ UP 27 S
-~ 38d 1 01 oord f 15 ‘ T




PAIRED OBSERVATION TEST

Given a table of paired observations as illustrated below,

sample X, Yi
1 X1 Y,
3 X3 Y3
n Xn Yn

STAT-PAC
IT1-2

this program determines the statistics associated with the difference, D, defined by

t (test statistic) = D
S—
D
y(degrees of freedom) = n -1
Application
Hy:= Py = uy
HA: = UX _T/ K
@ = confidence level (.05)
t = D
55



STAT-PAC
I11-2

Conclusion:

Ift > (t% . 1), we reject the hypothesis H0

Reference: Statistics in Research, by Ostle, Towa State University Press, 1966.



STAT-PAC

111-2
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A Sample X Y
PRESS: END 1 14. 17.
2 17.5 20.7
ENTER PROGRAM 3 17, 21.6
4 17.5 20.9
——» PRESS: CONTINUE 5 15.4 17.2
— DISPLAY
h—>
i v Results
|° X Sg = 4472
ENTER DATA:
Xi—> X D =-3.2
PRESS: CONTINUE
t =-—"T,1554
Has all y = 4
data been
entered? n = 5

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY
Sx Z
SD Y
D X
PRESS: CONTINUE
DISPLAY
t Z
Y Y
n X

To run another case




STAT-PAC III-2

00 CLR 20 40 XTO 23

01 1 o1 » 41 b 14

- 02 XTO 23 42 UP 27 B S ST
03 a4 17 43 4 17 TN W
04 XEY 30 44 Y 76 ’E T
05 STP 41  ENTRY 45 DIV 35 o A ]
06 IFG 43 . 46 b 14 0. N U
07 2 02 47 UP 27

.08 1 01 48 ¢ 16 5

.09 PNT 45 ... .49 PNT 45 S

< : 0a PNT 4 4a PNT 45 4 S
-1 0b XEY 30 - 4p XEY 30
0 - 34 4c DN 25

~ . 0d DN 25 L 4d XEY 30 .

10 vp 27 50 DIV 3
11 X 36 . 50 4 17
12 AC+ 60 52 UP 27 : *
13 4 17 : 53 1 01
14 UP 27 . .54 = 34
15 1 01 - 55 4 17 B
.16+ 33 56 PNT 45 - R
117 YTO 40 57 PNT 45 :

18 a4 17 4 58 END 46 o
19 o o0 R R
1a UP 27 : ’
1b RDN 31
lc GTO 44
d 0 00

20 5 05 | ;, T RN S
21 4 17 j ‘
22 upP 27 o R S
23 1 01 - L o
24 - 34
25 YTO 40 o b SN DU
26 d 17 o . R « o
27 f 15 e L
.28 XEY 30
29 DIV 35
" 2a YTO 40

2b c 16 - i- - .
2c f 15
2d UP 27 - S -

.. 80 X 386 SR N O 3 2
.81 d 17 A RS E T SR SO
33 e 12 ; : ] ) : ) B = ST TR
34 XEY 30 ‘ L 4 :

3% - 34 ‘ R0 R et St
36 d 17 - . o o
37 UP 27 , » S ;- 5

38 1 01 1 A SN S S
39 - 34 : R EE n
~3a DN 25 ) R T S e
‘3b DIV 35 r V A A 23 A =p;2
3¢ DN 25 R TEEE TP
sd v 76




t STATISTIC - TEST A MEAN X STAT-PAC
EQUAL TO p ImI-3

_ This program calculates the test statistic t used in testing a sample mean
X equal to a value uo.

Hypothesis

H 0" U =M

H,: TR TN
test statistic e

t = X - Hg

5%

where _
' X = Sample Mean

SX = Sample Standard Deviation

S¢ = SX.

Jn

a is the level of significance
and

n is the number of observations in the sample
Conclusion:

Reject Hj if t > ’%n-l, a/z)l

Reference: Statistics in Research, by Ostle, Iowa State University Press, 1966.



STAT-PAC

III-3
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z on the 9120A X = 175
PRESS: END S = 2
ENTER PROGRAM noos B
- PRESS: CONTINUE Test to see if o=l where

DISPLAY

0
0
1

<IN

ENTER DATA:
Sy —» Y
X — X
PRESS: CONTINUE
DISPLAY

0 —— 7
0O — Y
2 — X

ENTER DATA: Eo —»X
PRESS: CONTINUE
DISPLAY

t ——
Ho—
3 — X

To run another case

= N

b, = 188 and @ = 05

HO . u = 188
HA : u # 188
o = .05

Results: t = -2.01395

Conclusion: Since t(14, .025) = 2,14,

the test statistic t (-2.01395) is not
.1
greater than It(n-l, @/) | (2.14)

and the hypothesis H0 is accepted.



STAT-PAC II-3

Pagel

00 CLR 20 .
01 1 01 N .
02 STP 41 ENTRY . ]
03 PNT 45 :
04 PNT 45
05 RUP 22
06 Vv 76
07 XEY 30 N
08 RDN 31
09 DIV 35
0a DN 25 ]
0b AC+ 60
.. 0c O 00 ' ‘
.04 UP 27 '
10 UP 27 “
11 2 02
12 STP 41 @ )
13 XTO 23 : e
14 4 17
15 RDN 31
16 RCL 61 B
17 RDN 31
18 XEY 30
19 - 34
la DN 25
1b XEY 30
1c DIV 35
1d d 17
20 UP 27
21 3 03
22 PNT 45
23 PNT 45
24 END 46
Ho
X
5%
10



x2 STATISTIC STAT-PAC
TESTING A POPULATION VARIANCE -

EQUAL TO A VALUE 002

This program determines the test statistic necessary to test a variance against
a given value., The equations used are:

2
x2 - (o '21 5 = x2 (Chi-Squared)
o
where
n = Number of data observations in sample
s2 = Sample variance
0“:) = Given value to be tested against
Hypothesis:
H : 02 = orz
(o] o
H,: a 02 < 02
A- -] O
b 02 > o2
° 0
Level of significance: «
- S 2 2 2 2
Critical regions: X" < Xn-l, 1-2/9 »y X“>X n-1,e/2

Reference: Introduction to Statistical Inference, Jerome C.R. Li, Edwards
Brothers, Inc., 1959,

11



STAT-PAC
I11-4

USER INSTRUCTIONS EXAMPLE

DEPRESS: X Y Z onthe 9120A A sample of 10 observations is drawn

from a population. The observations;

PRESS: END
4.8, 3.2, 3.6, 4.8, 6.1, 5.6, 4.7, 5.3, _
ENTER PROGRAM 5.1, and 7.5 ,
PRESS: CONTINUE have a sample variance
s2 = 1,52622
DISPLAY Question: Is the population variance
equal to 4 ?
0 Z 9
0 Y (05 = 4)
1 X
Hypothesis:
ENTER DATA: H: 02=4
: o 2 2 2
nz—_>z HA.0<4 (X <Xn-1,a/2)
o2 > 5 2 2. o2
—_’.
PRESS: CONTINUE Level of significance o = 5%
DISPLAY Results: X2 = 3.43400
X2 Z Conclusion: Xg 9.5 2.70039 ,
X% — Y 2 9
X4 — X -
To run another case

The computed X2 lies inside the critical
region so the H, is accepted.

12



I1-4

LY T

L.

~ ENTRY |

13




X2 CHI SQUARE EVALUATION
EXPECTED VALUES EQUAL (E; = E)

This program calculates the value of X2 by the equation

where
O3

E — expected frequency of Oy is E=

— observed frequency

Reference: Mathematical Statistics
by John E. Freund

Prentice - Hall 1962

14
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a1-5 A



STAT-PAC
-5 A
USER INSTRUCTIONS

EXAMPLES

DEPRESS: X on the 9120A
PRESS: END
ENTER PROGRAM
PRESS: CONTINUE
—» DISPLAY

(i indicates point to be entered)
—~ |\ ENTER DATA: O;——X
PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

To run another case

15

The table shows the observedand expected frequencies
in tossinga die 120 times. Calculate X2 for testing
if the die is fair.

FACE if1 2 3 4 5 6

25 17 156 23 24 16
20 20 20 20 20 20

O; Observed Frequency
E; Expected Frequency

E =20
X2 =5.0
n =6



STAT-PAC III-5

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

CLR
1
XTO
d
STP
IFG
1
b
PNT
PNT

UP

20
01
23
17
41
43
01
14
45
45
27
36

60

00
o7
17

27
01
33
40
17
25
44
00
04
24
17

o1

34
40
17
61
27
17
35
40
15
36
15
36
31
34

15
35
17
22
45
22
45
22
45
45
45
45
44

00

ENTRY

40 0 00
41 END 46

16




STAT-PAC
1II-6 &

X% 2 x 2 CONTINGENCY TABLE

This program calculates )(2 for a 2 x 2 contingency table containing observed frequencies. The table is
shown below.

OBSERVED RESULTS

1 I TOTALS
GROUP A a b a+b
GROUP B c d c+d

(Note there is only one degree of freedom.) The equation used to evaluate Xz is

(ad-bc)?(a+b+c+d)
(a*+b)(ctd)atc)(b*d)

X"

Reference: Mathematical Statistics
by John E, Freund

Prentice - Hall 19862

17



STAT-PAC
II1-6
USER INSTRUCTIONS

EXAMPLES

DEPRESS: X Y onthe 9120A

PRESS: END
ENTER PROGRAM
—®» PRESS: CONTINUE

DISPLAY
0 yA
0 Y
1 X
DATA:

2 —— Y
b— X

PRESS: CONTINUE

DISPLAY
0 Z
0 Y
2 X
ENTER DATA:

C—»Y
d — X

PRESS: CONTINUE
—— DISPLAY

18

FREQUENCIES OBSERVED

I I -

GROUP A 75 (a) 25 {(b)
GROUP B 65 (c) 35 (d)
x% = 2.381



STAT—PAC III—G

00
01
02
03
04
05
06
07
08
09
0a
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
1
STP
PNT
AC+
XTO
b
YTO
a

DN
DN
2
STP
PNT

AC+
XTO
d
YTO
c
RCL
XEY
AC+
X
a

UP
b
+

DN

X
C
UuP
d
+
DN
X
YE
a
d
X
b
up
c

X
DN
DN
UuP

20

01
41
45
60
23
14
40
13
25
25
02
41
45

60
23
17
40
16
61
30
60
36
13
27
14
33
25

36
16
27
17
33
25
36
24
13
17
36
14
27
16

36
25
34
25
27
36
12
36
13
35
00
27
22
45

ENTRY

ENTRY

40 PNT 45
41 END 46

19




X? CHISQUARE EVALUATION
EXPECTED VALUES UNEQUAL (E; # Ej)

This program calculates the value of X 2 by the equation

2
X 2- i (0] —Ej)
i=l Ej
where O; — observed frequency

E; — expected frequency of 05

Reference: Mathematical Statistics
by John E. Freund

Prentice - Hall 1962

20
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STAT-PAC

-7
USER INSTRUCTIONS EXAMPLES
. The table shows the observedand expected frequencies
DEPRESS: X Y Z onthe 91204 of some numbers. Calculate X°.
PRESS: END R
1 1 2 3 4 5 6
ENTER PROGRAM
Observed
—»PRESS: CONTINUE Oi - Frequency 50 47 56 5 14
> DISPLAY By - pobected | g 6 46,75 51.85 54.4 8.25 9.15
requency

>
1

4,844

(1 indicates points to be entered)
ENTER DATA:

oj—> Y
Ej—»X

PRESS: CONTINUE

NO Has all
data been

entered?
YES

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

To run ancther case

21



STAT-PAC III-7

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c

CLR
1
AC+
f
STP

IFG
1
b
PNT
PNT
XEY
UP
X

DN
XEY
DIv

20
01
60
15
41
43
01
14
45
45
34
30
27
36

25
30
35
01
60
00
27
27
44
00
03
61

271
L

34

00
31
45

45
45

45
44
00
00
46

ENTRY

22



STAT-PAC

«2 _ 2 x K CONTINGENCY TABLE I8

This program calculates xz for a 2 x K contingency table containing
observed frequencies. The table is shown below:

1 2 3 4 5 TOTALS
A aq a9 ag . aK N A
B b1 b2 b3 bK NB
TOTALS N1 N2 N3 NK N

The number of degrees of freedom y =K-1

The equation used to evaluate XZ is:

2 N | 22  ap? a2 N | b1?2 b2 b2
X = N + .. .+ + N N + N + .. .+-N—‘- - N
A B 1 2 K

+
Ny Ny Nk

Reference: Mathematical Statistics, John E. Freund, Prentice-Hall, 1962,

23



STAT-PAC

TII- 8
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y onthe 9120A (2 x 3) Table
PRESS: END I m | m
ENTER PROGRAM A 2 5 4
—» PRESS: CONTINUE B 3 8 7
> DISPLAY 2= 022
0 : v =2
i X
ENTER DATA:

PRESS: CONTINUE

data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
— DISPLAY

24



STAT-PAC III-8

00
01
02
03
04
05
06
o7
08
09
O0a
0b
Oc

0d.

10

11
12
13
14
15
16
17
18
19
1la
1b
1c
1d

20

21
22
23
24
25
26
27
28
29
2a
2b
2¢
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

CLR
XTO
d
XTO
C
1
XTO
b
STP
IFG
3
d
PNT

PNT

AC+
UupP
DN
+
YTO
a
XEY
DN
RDN
X
a
DIV
XEY
YEX

YTO

CLX
UP

RUP
GTO

RCL

20

23
17
23
16
01
23
14
41
43
03
17
45
45

0

27
25
33
40
13
30
25
31
36
13
35
30
24

17
33
40
17
25
31
36
13
35
30
24
16
33
40

16
14
27
01
33
40
14
37
27
22
44
00
10
61

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
Sa
5b
5¢c
bd

60
61

DN
UP

CLX
RDN
PNT
PNT
PNT
PNT
GTO

END

25

33
40
13
17
36
12
35
16
27
15
35
13
36
34

25
33
14
27
02
34
37
31
45
45
45
45
44
00

00
46




STAT-PAC

t STATISTIC FOR TESTING CORRELATION 1II-9
COEFFICIENT

This program calculates the test statistic necessary in testing the hypothesis

that correlation coefficient p is equal to zero. The equations used are:

¢ _ rv n-2
J1-12

n-2
where:

n = number of data points

r = estimate of the correlation coefficient
Application:

H0 : p=0

H, : p#0

o Confidence level

t : ra/n-2

~1- r2

Conclusion:

If t>t , we reject the hypothesis HOO

(1"6_21’- s n- 2)

Reference: Statistics in Research, B. Ostle, Iowa State Press, 1966.
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STAT-PAC
I11-9

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A

PRESS: END
ENTER PROGRAM
—» PRESS: CONTINUE

DISPLAY

0
0
1

ENTER DATA

M N

r —» Y
n —» X

PRESS: CONTINUE
DISPLAY

t
r
n

> N

—— To run another case

27

Given the data and results from the

second example of Program STAT-PAC IV-1
LINEAR REGRESSION AND CORRE-
LATION COEFFICIENT, determine

if p=0,

=
n
e/

Result:

It

ts 3.57624

Choosing « = .05, t g75 3 = 3.18.
Thus the test statistic t>t
(3.57 >3.18)

and we reject HO .
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STAT- PAC I11-9

01 1 01

1“00 CLR 20““:'ff’fff

§ RO L R R B 0 D 2 e B S0 R B e g

CEETWY 6

02 STP 41 ENTRY

03 AC+ 60

04 UP 27

o5 2 02

06 - 34

07 DN 25

08 (R

09 X 36 .

0a RUP 22

ob XEY 30

0O0c DN 25 '
_0d UP 27

10 X 36

io0 1 o0t

12 XEY 30

13 - 34

14 DN 25 )

15 v 718

16 DIV 35

17 UP 27

18 RCL 61

19 PNT 45

la PNT 45

1b END 46 .

28
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BARTLETT'S x2 STATISTIC FOR VARIANCE %’ﬁ'g‘PAC
HOMOGENEITY -

This program computes a X2 statistic defined as:

K
finS2- = f InS.2
2 _ i=1 ' 1
X = g (1)
1+ 1 = 1).. 1
3(K-1) N1 f1 Zfi
where: Si2 = A Sample Variance
fi = The Degrees of Freedom Associated With Si:2
K = Number of Sample Variances
2 K 2
S —_ ot f.s
i=1 1
f
K
f = = f.
i=1 1!

This X2 statistic has an approximate X2

freedom.

distribution with K - 1 degrees of

This statistic may be used to test the hypothesis that the K sample variances

S?, Sg, c e ey SI2{ are all estimates of the same population variance o2,
a2 2 2 . 9
H, = Sl’ SZ’ e e ey SK are each estimates of g4,
Hy = S%, Sg, C ey Siz{ are not all estimates of ¢2,

Statistic: Xz as defined in (1)

2 2

Conclusion: If the computed x“ exceeds X, » the hypothesis H  is rejected.

Reference: Statistical Theory with Engineering Applications, A. Hald, John Wiley &
Sons, 1960.
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STAT-PAC
I11-10

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A

PRESS: END
ENTER PROGRAM
PRESS: CONTINUE

DISPLAY

0
i
0

M N

ENTER DATA:

P2 »y

fi—>X

PRESS:

CONTINUE

Has all
the data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY
0o — 7
X2 — Y
K-1 X| (d.f.)

To run another case

30

The variances in the table represent
variances in gas mileage measured
during road testing. f; is obtained from
the number of cars in each sample road
test. The samples represent slight
changes in topology and local climatic
conditions.

. 2
i fi Si
1 20 5.5
2 15 4.3
3 15 4.9
4 18 5.7
5 20 5.1
Results
x2 = .3804

d.f. =4

Application

H _: The 5 samples variances each
represent the population variance,

HA: The 5 samples variances do not
all represent the population variance

a : .05

Conclusion: 5
X“05 = 9.4877,
2
Xcomputed does not

exceed X205 .

The hypothesis Ho is not rejected.



STAT-PAC III-10

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1ib
- 1
S 1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c

2d |

50

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
d
XTO
C
XTO
b
1
XEY
STP
IFG
4
0

PNT

PNT
UP
1
AC+
XEY
DIv
C
XEY
.l.
YTO
c
XEY
1
XEY

DIv
DN
XEY

X
RDN
YE

d

+
YTO

d
RUP
DIv

20 -

23
17
23
16
23
14
01
30
41
43
04
00
45

45
27
01
60
30
35
16
30
33
40
16
30
01
30

35
25
30
36
31
24

17

33

40

17
22
35
65

A36 =

14

33

0

14
00
31
15
30

01

33
00
44
00

11

ENTRY

40
41
42
43
44
45
46
47
48
49
43
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73

DIV

UP
UupP

DIV
DN

DIv

UP

DN

DIv

XEY
DIV

UP

RDN
PNT
PNT

GTO

END

31

17
27
12
35
25
65
27
12
36
14
34
40
13
16

27
01
27
12
35
25
34
03
35
15
27
01
34
25

35
01
33
13
30
35
15
27
01
34
00
31
45

45

44
00
00
46

Numerator

T In §;

-1

=t 52
=1

i
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STAT-PAC
CALCULATED Yc’ RESIDUAL, AND ACCUMULATED III-11

RESIDUAL OF LINEAR REGRESSION

@

This program calculates the quantities defined below for the linear
regression model

Y=mX+Db
given m, b and n the number of data points;

Ye

€

calculated Y = mXi +b

i

residual at Xi = Yi -Y

Cc
e,
1

s

accumulated residual =

i=1

This program is to be used with programs STAT-PAC II-12 and III-13.

This program was written by Mr. Guy D. Nell, Clifford Shaw and Associates,
Investment Advisors, Dallas, Texas.

Reference: Statistics — An Introductory Analysis, Taro Yamane, Harper & Row, 1964,
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STAT-PAC
I-11

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y 2Z
PRESS: END

ENTER PROGRAM
DISPLAY

0
0
0

—® ENTER DATA:

<N

m———m»Y
b—»X

PRESS: CONTINUE
DISPLAY

>IN

rENTER DATA:

PRESS: CONTINUE
DISPLAY

- @
M HN

NO

Has all
data been
entered?

PRESS: SET FLAG

PRESS: CONTINUE
DISPLAY

Z:ei
n
0

>IN

on the 9120A

t To run another case

EXAMPLE

m = L1789

b = 8.07317

Given Results

i X Y Ye ej

1 1 9.1 8.85 ] -.25

2 5| 8. 8.46 .26

3 2 9.5 |[9.63 .13

4 1 9.0 1|8.85 | -.15
Zei = -.00015

n =4

33



STAT-PAC II-11

01
02
03
04
05
06
07
08
09
Oa
0b
Oc

11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38

0d

CLR

STP
PNT
PNT
XTO

a
YTO

b
CLR

1
XEY
STP
IFG
2

PNT
PNT

UP

PNT
PNT
PNT
GTO

END

50 {

41
45
45
23
13
40

14

20

o1
30
41

43

 ENTRY

ENTRY

02

17

45

45

27
14
36

13

33
22

30

25
34
01

60

15
45

45

27
00
31

30 -

01
33
00

44

00
14
61

27

00
45
45
45

00
00
46

44

34
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STAT-PAC
STATISTIC FOR DURBIN-WATSON TEST II-12

This program computes the Durbin-Watson statistic d, defined as:

n-1

2
d = i_z—_:l (ei+1 B ei)

Wheff the data values {e + are the residuals calculated by program STAT-PAC
III-

This test statistic is used to test for any serial correlation of the &4 term
associated with the linear regression model

Yi=mXi+b+si

The error term ¢; is in general a random regression disturbance term
which is independent of )& and Y. In many business and economic cases, the €4
may indeed be dependent thus reducing the usefulness of the above linear model.

This program was written by Mr. Guy D. Nell, Clifford Shaw & Associates,
Investment Advisors, Dallas, Texas.

Reference: Statistics — An Introductory Analysis, Taro Yamane, Harper & Row, 1964,
page 809.
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STAT-PAC

II1-12

USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y on the 9120A Using the e (residuals) from the data
PRESS: END of program STAT-PAC III-11, determine

ENTER PROGRAM
—» PRESS: CONTINUE
DISPLAY

0
i
0

»ENTER DATA:

> N

ei —»X

PRESS: CONTINUE

NO Has all

data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

A 0 ——

n

Mot N

To run another case

36

the Durbin-Watson statistic d.

i ei

1 -.2474

2 .26315

3 . 1315

4 -.1474
Results:

d = 2.0993

This statistic is now used to test for
serial correlation as described on
page 811 of the reference.



STAT-PAC I-12

00 CLR

01
02
03
04
05
06
07
08
09
O0a
0b
Oc

11
12
13
14
15
16
17
18
19
la
1b
1c

& 1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

0d

1
XTO
b
XEY
STP
PNT
PNT
XEY
RDN
XTO
a
UP
X

AC+
1
up
b
+
YTO
b
DN
RUP
STP
IFG

PNT
PNT
uP

UuP
YE

XEY

DN
Uup

DN
XEY

AC+

20

01
23
14
30
41

45
45
30

31
23
13

27 :
36

25

60
01
27
14
33
40
14
25
22

41

43
03

AT

5

45
27
36
27
24
13
30
34
25
27
36
25

30

 ENTRY

ENTRY

60

00
27
01
27
14
33
40
14
00

44
01

13
61

40

41
42
43

44

45
46
47
48
49
43
4b
4c

DIv

UuP

RDN
PNT
PNT
GTO

END

35

14
27
01

34
00
31

45
45
44

00

00
46

37




STAT-PAC

STATISTIC FOR SERIAL CORRELATION COEFFICIENT 1113

(ORDER 1)

This program determines the serial correlation coefficient of order 1,
given by:

e
N9
>
[~
<
T.
—

H
p—t
f
e
nMBitM s
[y
>
Jrnds
(V)

where the data set {Xi} is any time ordered set of data.

This statistic is used to test the statistical independence of a series of
successive observations.

The circular correlation coefficient can be obtained by entering one extra
data value, Xp41? equal to Xq -

This program was written by Mr. Guy D. Nell, Clifford Shaw & Associates,
Investment Advisors, Dallas, Texas. '

Reference: Statistics — An Introductory Analysis, Taro Yamane, Harper & Row,
1964, page 866.
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STAT-PAC

I11-13
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y on the 9120A 1) Determine the serial correlation
coefficient of the residuals computed
PRESS: END by program STAT-PAC III-11 .,

ENTER PROGRAM
—» PRESS: CONTINUE
DISPLAY

0
i
0

M N

> ENTER DATA:

x; ——= X

PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

0
n

Ty
To run another case

M N

39

i X; = e

1 -.2474

2 . 26315

3 . 1315

4 -. 1474
Result: ry= -.3316

2) Determine the circular correlation
coefficient of the residuals of example
1.

i Xj = €
1
2
3
4
5
Result: rcircular =-.,0792



STAT-PAC III-13

ENTRY

. 00 CLR 20
S 01 1 01
02 XTO 23
03 b 14
04 XEY 30
05 STP 41
06 PNT 45
07 PNT 45
08 XEY 30
09 RDN 31
0a XTO 23
Ob a 13
.o0d UP 27
10 b 14
11+ 33
12 YTO 40
13 b 14 .
14 0 00
15 UP 27
16 RDN 31 =
17 STP 41 ENTRY
18 IFG 43 ‘
19 3 03
la 6 06
1b PNT 45
lc PNT 45 :
1d vp 27
20 YE 24
21 a 13
22 XEY 30
23 X 36
24 UP 27
25 X 36
26 DN 25
27 AC+ 60
28 0 00
29 UP 27
2a 1 01
2b UP 27
2¢ b 14
2d  + 3
30 0 00
31 YTO 40
32 b 14
33 GTO 44
34 1 01
35 7 07
36 1 01
37 - 34
38 UP 27
39 RCL 61
32 DIV 35
3b 0 00
3¢ RDN 31
38d PNT 45

40 PNT 45
41 END 46

40

Ct-1
n



STAT-PAC
SPEARMAN'S RANK CORRELATION I11-14
COEFFICIENT

The statistic to measure the degree of association between two variables
X and Y, when the distributions of X and Y are unknown, is called a distribution -
free statistic. Spearman's rank correlation coefficient was developed to measure
the association between X and Y and depends only upon the ranks ( or order) of
the X and Y observations. This statistic is given by:

6 »d2

rs = 1-1m2-0)

where
number of paired observations (Xi’ Yi)

Q =
i

The variance of the Spearman's coefficient is:

For n >20, the statistic r s is approximately normal bounded by +1.
Its distribution is in fact a truncated normal distribution as seen below.

1

Use of r  statistic - 0 +|

We want to test the dependence between X and Y. To do this, we test the
null hypothesis that the population rank correlation coefficient pg is 0. The Z
statistic is a standardized normal variable with unit variance.

The statistic rg can also be applied subjectively since it possesses properties
similar to the regression coefficient r. That is

-lsrg=1

where (+1) indicates complete agreement in order of the ranks and (-1) indicates
complete agreement in the opposite order of the ranks.

Reference: Statistics — An Introductory Analysis, Taro Yamane, Harper & Row,
1967, page 467.
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STAT-PAC
I1-14

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A
PRESS: END
ENTER PROGRAM
PRESS: CONTINUE
—» DISPLAY

0
i
0

>IN

»ENTER DATA:

Y —» Y
X —» X

PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

XN

L T'o run another case

42

See next page.



EXAMPLE

STAT-PAC
I11-14

The following table lists the average grade attained in a student's
senior year and the number of extra curricular activity events the student

participated in.

The data was taken at Panther High School, El Paso, Texas.

Conclusion:

X Y Rank  Rank
Average Senior Number of

Student | Year Grade Activities X Y

1 82 18 9 5

2 67 11 18 11

3 91 25 4 1

4 98 17 1 6

5 74 10 15 12

6 52 9 20 13

7 86 13 6 9

8 81 14 10 8

9 75 15 14 7

10 83 23 8 2

11 89 21 5 3

12 92 8 3 14

13 95 20 2 4

14 79 2 12 19

15 73 6 16 16

16 78 5 13 17

17 65 0 19 20

18 84 12 7 10

19 69 7 17 15

20 80 4 11 18
rg = .6150
Z = 2.6809
o, = . 2294

Since Z represents a standard normal variate, a Z value of
2,68 means that r s is 2.68 standard deviations from 0 in the
sampling distribution of r s Thus, the null hypothesis that p s

is equal to zero is rejected.
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STAT-PAC TIII-14

00 CLR 20
01 1 01
02 XEY 30
03 STP 41 ~ ENTRY
04 1FG 43
05 1 01
06 a 13
07 PNT 45
08 PNT 45
09 - 34
0a DN 25
0b UP 27
Oc X 36
0d 1 01
10 AC+ 60
11 UP 27
12 f 15 °
13+ 33
14 0 00
15 UP 27
16 RDN 31
17 GTO 44
18 0 00
19 3 03
la f 15
1 UP 27
1c X 36
id 1 01
20 - 34
21 f 15
22 X 36
23 e 12
24 UP 27
25 6 06
26 X 36
27 DN 25
28 XEY 30
29 DIV 35
2a 1 01
2bh XEY 30
2¢c - 34
2d f 15
30 UP 27
31 1 01
32 - 34
33 XEY 30
34 DIV 35
35 DN 25
36 Vv 78
37 DIV 35
38 PNT 45
39 PNT 45
3a GTO 44
3b 0 00
3c 0 00
3d END 46

44
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STAT-PAC
F — TEST FOR THE RATIO OF TWO SAMPLE II1-15
VARIANCES (SNEDECOR)

This program determines the probability that an experimental value of

F(v 2) is greater than or equal to F ( 15 2), FT meaning F theoretical.
This probability o is given by:

=P, (F=2 Fr)
o0
v \' v
V] +V 71 Y2 1
o = I‘(lg 2) V12 V22 f F2—1 (vdF )
\A1 \P) +V9
T (5 F —Lz—
rz)r@) T (vy+vyF)
SZ
where F(vl, vz) = —21— = ratio of two sample variances
2
This integral is evaluated by the formulas:
ViF
1. for —< 1,
Vo /VF
a = arctan —1-
2m 2n o0 . . 2j
o =1- M_)COS asin""a |y, »» (m+n)...(m+n+j-Nsin™a
r (m)1(n) n j=0 m+1)...(@m+j)
viF
2. for— >1,
V2
V2
a = arctan ‘;F?
2n © . . 2j
o = '(m+n) cos asm Z m+n)...(m+n+j-1)sin™a
' (m)(n) = (m+1). .. (m+j)
In both cases: vy

_ 1 V2
m=%5=,n=5

This program determines « when F, Vi and Vg are given.

This program was written by professors Marcel Gauthier and Jean-Claude
Warmoes, of Ecole Polytéchnique, Universit€ de Montréal, Canada.

Reference: Le Contrdle Statistique des Fabrications, René Cavé, Editions Eyrolles.
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STAT-PAC

II-15
USER INSTRUCTIONS EXAMPLE
SET: | [RADIANS | vy Vo Fexp Result
DEPRESS: X Y 7 onthe 9120A 19 3 5.9 10
——» PRESS: END 1 1 1 .50
ENTER PROGRAM 1 60 | 120 1.66 .01
9 30 2.57 .025
DISPLAY
0 — 7
0 — Y
0 —X
ENTER DATA:

Vi——» 7
Vg ———» Y
F —»X

PRESS: CONTINUE

DISPLAY
1 Z
1 Y
1 X
PRESS: END
ENTER PROGRAM 2
PRESS: CONTINUE
DISPLAY
—_— 7
P(F= FT)— }Y{‘

To run another case:
—————Repeat USER INSTRUCTIONS.
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STAT-PAC II-15

00 CLR 20
41
45

01 STP
02 PNT
03 PNT
04 XTO
=L 05 a
- 08 2
07 DIV
"~ .08 YTO
S 09 c
- 0a DN
i - 0b 2
i 0c DIV
- 0d  YTO
10 d
11 c
12 DIV
13 a
14 X
15 1
16 X>Y
17 2
18 6
- 19 d
:.la UP
“-1b YE
< 1le c
1d YTO
20 d
21 DN
22 1
23 XEY
24 DIV
25 SFL
26 DN
27
28 ARC
29 TAN
2a  SIN
2b UP
2c X
~i2d  YTO
230 a
22381 1
© 82 XTO
33 e
- 34 XTO
.35 b
36 UP
137 f
38 +
39 YTO
3a f
3b d
3¢ +
3d UP

45
23
13

35

16
25
02
35

17

16
35
13
36
01
53
02
06
17
27
24
16

40

ENTRY

02 ...

e w e R o A R

0

25
01
30
35
54
25
76
72
71
70
27
36
40

13
01
23
12
23
14
27
15
33
40
15
17
33

27

40
41
42
43
44
45
46
47
48
49
~ 4a
- 4b
4c

- 4d

50
51
52
53
54
55
. 56
57

- 58

59
b5a
5b
be
5d

60

61
62
. 63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
.79
Ta
b
- Tc

o7d

 Program 1

GTO

LN
XTO

LN
UP

LN

cEQW >
TH KO *czgzg%m i

47

25
16
33
01
34
25
30
35
14
36
13
36
40
14

12

33

12
14
30
35
01
26
32
04
53
06
05

01

27
44
03
07
12
65
23
14
13
65
27
17
36

65

34
13
76
72
70
73
65
27
16
36
02
36
14

80

81
82
83
84
85
86
87
88
89
8a
8b
8c

8d

90

"END

25
33
40

14

43

10
14
1
23

13
01
27
27

46




STAT-PAC III-15

00
01
02

- 03

- - 04
- 05

- 06

07

. 08

- .09
. = 0a

" 0c

od ...

10
11
12
13

14

15

16
£ 17
18
S19

" 1la
1b
1c

: 1d i s

20

121
22
23
24
25

26

27
28
29
2a
2b
2c

2d

30

31

32

33
- .34
.35
=36
2 37
38
39
3a
3b
3c

3d

CLR
9
UP
a
X<Y
SFL
CNT
d
UP
UP

YTO

YTO
up

CHS
Uup

20
11
27
13
52
54
47
17
27
27
01
50
02

4.

53

02
03
34
25
27
27
65
24
15
33
40
15

44

00
13
56
76
65
27
15
33
40
15
12
27

01

52
06
03
50
04
14
33
40
12
27
15
32
27
14

Program 2

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
5%
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72
73
74
75
76
77
78
79
Ta
b

EXP
IFG

UuP

XEY

DN

up

UP

PNT
PNT
PNT
PNT
PNT
PNT
END

33
40
14
00
23
15
16
27
44
00
13
33
40
12

15
32
24
14
33
40
14
00
23
15
16
27
17
33

44
00
13
15
24
14
33
25
74
43
07
03
27
01

30
34
25
27
27
45
45
45
45
45
45
46

48




STAT-PAC
r — DISTRIBUTION I11-16

Given n pairs of values (Xi, yi). Program STAT-PAC IV-1 allows us
to determine the line of best fit Y = mX + b as well as the correlation coefficient

r exp (r exp r experimental).

r - Lov(x.y) onv=(n-2) df
exp ﬁarxvary

The present program evaluates

a = Probability Hr exp' S ra]
by using the relationships:

t _ n-2 .
(v=n-2) = /172

t2 (v) =—?r2 (n-2) = F(1, v)
l1-r ’

where r, is a given theoretical or expected value.

Consequently the series approximation for the F distribution (STAT-PAC
ITI- 15) can be used here.

This program was written by professors Marcel Gauthier and Jean-Claude
Warmoes of Ecole Polytéchnique, Université de Montréal, Canada.

Reference: Le Contr0le Statistique des Fabrications, Rene Cave, Editions Eyrolles.
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STAT-PAC

I11-16

USER INSTRUCTIONS EXAMPLE
SET: RADIANS Determine P, [| rexplz r, |
DEPRESS: X Y Z onthe 9120A
PRESS: END v T exp Result
ENTER PROGRAM 1 1 - 98717 -10

10 .5760 .05

PRESS: CONTINUE 50 4991 02
DISPLAY 45 .3721 .01

0 - 100 .3211 . 001

0 Y

0 X
ENTER DATA:

V—--»Y (n-2)

rexp—’X

PRESS: CONTINUE

DISPLAY
11— Z
1— Y
l—X
PRESS: END
ENTER PROGRAM 2
PRESS: CONTINUE
DISPLAY
Z
X

To run another case:
Repeat USER INSTRUCTIONS.
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STAT-PAC II-16 ~ Program 1

00 CLR 20 . 40 e 12 .80 76

01 STP 41 = ENTRY 41 XTO 23 .. 81 ARC 172
02 PNT 45 42 b 14 - 82 SIN 70
03 PNT 45 . 43 UP 27 ... 83 COS 73

04 vp 27 44  f 15 . 84 LN 65

05 X 36 45 + 33 85 UP 27

o6 1 01 - 46 YTO 40 o 86 ¢ 16

o7 XEY 30 . 47 f 5 87 X 36

08 - 34 48 d 17 V 88 2 02

09 XEy 380 49 4+ 383 89 X 36

0a DIV 3 4a UP 27 . 8a b 14

Ob DN 25 = 4b DN 25 8 + 33

0c X 36 ] v 4c ¢ 16 8 DN 25 i
) 0a 1 o0 | 4 + 38 8 + 33

10 RDN 31 . .. 50 1 01 - 90 YTO 40

11 XTO 283 = 51 = 34 91 b 14

122 a 183 52 DN 25 o 92 IFG 43

13 2 02 53 XEY 30 o 93 9 11

14 DIV 38 . 54 DIV 35 94 8 10

15 YTO 40 55 D 14 95 9 11

16 ¢ 6 56 X 36 96 XTO 23

17 DN 25 57 a 13 97 a 13

18 2 02 58 X 36 98 1 01

19 piv. 3B 59 YTO 40 99 UP 27

la YTO 40 532 b 14 - 9 uP 27
ib a4 17 5b e 12 ‘ 9b END 46 A
lc ¢ 16 - 5¢  + 33 !

a DIV 85 . . 5d YTO 40

£ 20 a 13 60 e 12

21 X 38 61 Db 14

22 1 01 62 XEY 30

23 IFG 43 63 DIV 35

24 3 03 ) 64 1 01

25 3 03 65 EEX 26

26 d 17 66 CHS 32

27 UP 27 67 4 04

28 YEX 24 68 X>Y 53 o

29 ¢ 16 69 7 o7 ;
2a YTO 40 6a 2 02

2b d 17 6b 1 o1 }
2¢c DN 25 6c UP 27 ;
2d 1 01 6d GTO 44
30 XEY 30 70 4 04

31 DIV 35 712 02

32 SFL 54 72 e 12

33 DN 25 73 LN 65

3¢ Vv 76 74 XTO 23

35 ARC 72 7% b 14 ) - -
36 TAN 71 76 a 13 : i

37 SIN 70 ) 77 LN 65

38 UP 27 78 UP 27 -
39 X 36 79 d 17

3a YTO 40 72 X 36 s g
3b a 13 b LN 65 :

3¢ 1 01 ¢ - 34 ) o
~3d XTO 23 d a 13 i IR D
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STAT-PAC I

I _..

00 CLR 20
01 9 11
02 UP 27
03 a 13
04 X<Y 52
05 SFL 54
06 CNT 47
07 d 17
08 UP 27
09 UP 27
0a 1 01
0b =Y 50
Oc 2 02
0d b 14
10 X>Y 53
11 2 02
12 3 03
13 - 34
14 DN 25
15 UP 27
16 UP 27
17 LN 65
18 YEX 24
19 f 15
1a + 33
1b YTO 40
1c f 15
1d¢ DN 25
20 GTO 44
21 0 00
22 a 13
23 s 56
24 v 76
25 LN 65
26 UP 27
27 f 15
28 + 33
29 YTO 40
2a f 15
2b e 12
2¢ UP 27
2d 1 01
30 XY 52
31 6 06
32 3 03
33 X=Y 50
34 4 04
35 b 14
36 + 33
37 YTO 40
38 e 12
39 UP 27
3a f 15
3b CHS 32
3c UP 27 ¢
3 b 14

6

Program 2
40 + 33
41 YTO 40
42 b 14
43 0 00
44 XTO 23
45 f 15
46 c 16
47 UP 27
48 GTO 44
49 0 00
4a a 13
4b + 33
4c YTO 40
4d e 12
50 f 15
51 CHS 32
52 YEX 24
53 b 14
54 + 33
55 YTO 40
56 b 14
57 0 00
58 XTO 23
59 f 15 |
5a c 16
5 UP 27
5¢ d 17
5d + 33
60 GTO 44
61 0 00
62 a 13
63 f 15
64 YEX 24
65 b 14
66 + 33
67 DN 25
68 EXP 74
69 IFG 43
6a 7 07
6b 3 03
6c UP 27
6d 1 01
70 XEY 30
71 - 34
72 DN 25
73 UP 27
74 UP 27
75 PNT 45
76 PNT 45
77 PNT 45
78 PNT 45
79 PNT 45
7a PNT 45
7b END 46

52

e s s s

N P RS By ————— N ——-




SECTION IV CURVE FITTING

Page Number

V-1 Linear Regression and Correlation Coefficient 1

V-2 Linear Regression With Means, RMS Values, 4
Variances, And Correlation Coefficient

V-3 Multiple Linear Regression 3 Variable 9100B ONLY 7

Iv-4 Multiple Linear Regression 4 Variable 9100B ONLY 13

V-5 Normal Equation Coefficient Updater 9100B ONLY 20
(Corrector)

IV-6 Least Squares Fit — Power Curve 24

Iv-7 Least Squares Fit - Exponential 27

V-8 The Least Square Parabola 9100B ONLY 30

Iv-9 'Cubic Regression (Least Squares) 9100B ONLY 35

IV-10 Linear Least Squares: Y =A + BX 40
(With Error Statistics)

IV-11  Multiple Linear Regression (3 Variable) 9100B ONLY 44
Statistics Family

IV-12 Gompertz Curve Fit 55

IV-13  Program For Simultaneous Solution of 9100B ONLY 60
Four Equations in Four Unknowns With
Printer

IV-14 Least Squares Regression Y = coXa + c1Xb 66



STAT-PAC
Iv-14A

LINEAR REGRESSION AND CORRELATION COEFFICIENT

This program calculates the equation of the straight line of best fit of a set of data points. The best fit is
determined by minimizing the sum of the squares of the deviations of the data points from the line.

The program calculates m and b for the equation:

Y = mX+b
The program also calculates a correlation coefficient r, an indication of goodness of fit. Note:r -1<r <1
where the sign corresponds to the slope m. If r =0, there is no correlation, and if r =+1, there is
perfect correlation or a perfect fit.

The defining equations are:

% (X; - X)?2
i=1
b = Y -mX
n n
.2 Yi E_: Xy
where ¥ = -2 and X = -
n n
n . _ n n n
51 (Xi -X)(Yi-Y) ni§1)%Yi_(é1Xi)(§1Yi)

r =
\/§ .4 -%)2 (Y - ¥)? \/[néxiz '(inaxi)z] [n %Yiz ‘(éYi)z}
= i=1 = : - :

Reference: Mathematical Statistics
by John E. Freund
Prentice-Hall, 1962



STAT-PAC

-1 A
USER INSTRUCTIONS EXAMPLES
X Y
DEPRESS: X Y Z onthe 9120A
PRESS: END 26 92 _
30 85 r=-.96
ENTER PROGRAM - 121.04
44 78 :
—» PRESS: CONTINUE 50 81 m=-1,03
DISPLAY 62 54
68 51 Y=-1.03X +121.04
74 40
(i indicates pair of points to be entered) - -
ENTER DATA: [ —
0 1
Yi ——»Y =.0
A X —»X 1 3 L
PRESS: CONTINUE 2 2 _
m=.9
3 4
Has all 4 5
data been Y=.9X+1.2
A entered?
PRESS: SET FLAG
PRESS: CONTINUE
L— DISPLAY

goh
M N




STAT-PAC IV-1

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

10

11
12
13
14
15
16
17
18
19
1a
1b
lc
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
d
XTO
C
XTO
b
1
XTO
a
XEY
STP
IFG
3

a
PNT
PNT
AC+
Uup

XEY
YE

YEX

YTO

RDN
XEY

GTO

20
23
17
23
16
23
14
01
23
13
30
41
43
03

13
45
45
60
27
36
30
24
17
33
24
17
25
36

14
33
40
14
22
27
36
16
33
40
16
13
27
01

33
40
13
00
31
30
00
44
00
14
13

27

01
34

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5Y¢]
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72
73
74
75
76
77
78
79
7a
b
7c
7d

c

o

o %xm MO g goT o

25
23
13
12
27
13
35
24
15
35
40
12
36
12

36
17
30
34
40
17
16
27
15
27
36
13
36
25

34
40
16
14
27
15
27
12
36
13
36
25
34
17

27
25
76
35
16
76
35
17
22
30
35
24
12
12

80
81
82
83
84
85
86
87

36

15
30
34
12
45
45
46



STAT-PAC

LINEAR REGRESSION WITH MEANS, RMS VALUES, Iv-2

VARIANCES, AND CORRELATION COEFFICIENT

This program fits a curve of the form Y = mX + b, solving for the slope
(m) and intercept (b), given the input data (X, Y,), (Xz, Yz), e (X, Y )
for any number of sets (n). n-on

The means (Y and X), rms values (Y rms and Xrms), standard deviations
(cY and ¢X), and correlation coefficient (r) are also found.

The following equations are used:

=X
T n

1) Y = -Zh—; X (means).

2) N = XY - XY (intermediate value).

/=5 /3 Y2 2
- 2 _ /ZY° . _ _ zX
3) Yrms =,/Y = = ; Xrms —ﬂ = =

6) b= Y- mX (intercept).

r= (correlation coefficient).



STAT-PAC
V-2

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A
PRESS: END
ENTER PROGRAM

— PRESS: CONTINUE

DISPLAY

Z In indicates
— Y| the data set
— X (Xn’Yn) to

be entered.

OB O

—»ENTER DATA:

Yn—PZ
Xn——>X

PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

b NS
M N

PRESS: CONTINUE

DISPLAY
n ——1%7%
Yrms— Y
Xrms — X

PRESS: CONTINUE

A
DISPLAY
n yA
oY Y
oX X
PRESS: CONTINUE
DISPLAY
r Z
b Y
m X
— To run another case
EXAMPLE
Data: X v
1 3
0 1
(n =5) -.5 0
2 5
-2 -3
Solution:
Y = 1.2
X = .1
Yrms = 2.966
Xrms = 1,360
oY = 2.713
oX = 1.356
m = 2
b =1
r =1



STVAHT— PAC 1V-2

00
01
02
03
04
05
06
07
08
09
O0a
0b
- Oc
¢ 0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR

XTO
a
XTO
b
XTO
c
XTO
d
1
AC+
f
XEY

CLX

STP
IFG

3

b
PNT
PNT
UPp
YEX

a

+
YE

a

X
RDN

RDN

YE

YE

CLX
RDN

GTO

UP

AC-

20

23
13

23

14
23
16
23
17
01
60
15
30
37

41
43
03
14
45
45
27
24
13
33
24
13
36
31

24
14
33
24
14
25
27
24
16
33
24
16
36
31

24
17
33
24
17
37
31
36
44
00
11
27
01
63

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
b7
58
59
da
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

UP

DIV
YTO

UP
XEY
DIv
YTO
RDN
PNT
PNT
RUP
DIv
RDN
XEY
YTO
RUP

Div
YTO

DN
UP
uP

DIv
YTO

RDN
v

PNT
PNT

up
UP

DN

XEY
DIv
YTO

uPp

16
27
15
35
40
16
27
13
30
35
40
13
31
45

45
36
12
22
35
31
30
34
40
12
17
22
35
40

17
25
76
27
14
27

35
40
14
31
76
45
45

14
27
13
27
36
25
34
12
30
39
40
12
76
27

80

81
82
83
84
85
86
87
88
89
8a
8b
8¢
8d

90

91
92
93
94
95
96
97
98
99
9a
9b
9¢
ad

XEY
PNT
PNT
UuP

DN
XEY
DIV

16
27
36
17
30
34
15
31
76
30
45
45
27

12

367

25
30
35
13

27

12
36
16
30
34
12
45
46




9100B ONLY

STAT-PAC
V-3 A

MULTIPLE LINEAR REGRESSION
THREE VARIABLE

This program fits any number of data points (Xi’ Yi’ Zi) to a linear, two variable equation of the form:

Z:ao+a1X+azY

where X and Y are the independent variables.,

Development:

The constants a,s 2y and a, of the equation may be found by solving simultaneously the following normal
equations which represent thé least square plane (approximating plane) formed by the data points.

ZZ = a0n+a1 ZX+512 ZY
XXZ=a XX-+a > x? +a, X XY
ZYZ =a, ZY+a1 ZXY +a2 ZYZ
In the program the constant a9 is found from solving the equations by matrix algebra. Therefore,

n(Ex2Tyz -2 Xz TXY) - LX(E X TYZ - Ty TXZ) + 2 TXTXY - TY £XD)
D

Where D (the determinant) = | n X >Y
rx Ix? Ixy
¥y T xy Yv2

After finding a9 the solution is reduced to two equations in two unknowns which are:

M=an+a ZX
o) 1

N=a ZX+a ZXZ
o) 1

whereM:(Zz-aZZY) N=(2XZ - 2,2 XY)

These two equations are then solved for ao and ;.

Reference:
Introduction to the Theory of Statistics
Mood and Graybill
McGraw-Hill, 1963



9100B ONLY
STAT-PAC
IV-3 A

USER INSTRUCTIONS

EXAMPLES

DEPRESS: X Y Z on the 9120A
PRESS: END

ENTER PROGRAM: Side A followed by Side B

—® PRESS: CONTINUE

—® DISPLAY

ENTER DATA: Z.—» Z, Y. —» Y, X;—»X
1 1

PRESS: CONTINUE

Has last
set of points
been entered ?

PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY
ag——— Z
a —————Y
49

— To reset problem

(A) Equation of the form:

Z=a, +a1X+a2Y

Input data:
X Y Z
1 0 3
0 1 4
1 1 6
3 4 19
2 2 11

Solution:

Z=1+2X + 3Y

(B) Equation of the form:

7 = a, +a, (logX) + az(log Y)

Note to enter data ;
ENTER: Z; —»X

PRESS:
ENTER: Y; —»X
PRESS: log X
PRESS: 4
ENTER: X; —»X
PRESS: log X
Input data:
X Y Z
1 2 4.6505
1 1 4.5
4 3.63 5.9841
10 5 6.8495
8 16 6.9082
13 7 7.1504
3 10 5.9542
Solution:

Z=4.5+2 (logX) +

.4999 (log Y)



STAT-PAC IV-3

- 00
01
02
03
04
05
06
07

- 08

- 09

 0Oa

. 0b
- Oc

o

10

11
12
13
14
15
16
17
18
19
1a
:1b
1c

1a.

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
a
XTO
b
XTO
C
XTO
9
XTO
f
XTO

XTO

XTO

RDN
STP
ITG

PNT
PNT

YTO

XEY
YE
YE
RDN
AC+
UP

XEY

YTO

RUP

20
23
13
23
14
23
16
23
11
23
34
15
23

34

12

23
10
01
23
17
31
41
43
07
01
45
45

40

34

17
36
30
24
13
33
24
13
31
60
27
36
30

24
34
12
33
24
34
12
25
36
16
33
40
16
22

Plus
Page

ENTRY

40
41
42
43
44
45
46
47
48
49
45
4b
4c
4d

50
51
52
53
54
55
56
5%4
58
59
S5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
Tc
7d

up

XEY

YE

YE

XFR

upP

RUP

YT

RUP

YT

CL

0]

O

X

<
ge

oolgaalu

O

@)

27
36
30
24
10
33
24
10
67
34
17
36
27
36

22
24
11
33
24
11
14
33
40
14
22
24
34
15

33
40
34
15
01
27
17
33
40
17
37
27
44
01

07
24
34
15
17
27
01
34
40
17
44
34
00
00

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
90
9¢c
ad

a0
al
a2
a3
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47



STAT-PAC V-3

b0
bl
b2
b3
b4
- b5
- b6
b7
b8
b9
ba
bb
bc
bd

VCOA

cl
- c2
- c3
cd
ch
c6
ct
c8
c9
ca
ch
ce
cd

do
di
d2
d3
d4
ds
deé
d7
ds
do
da
~db
de
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

10



STAT-PAC IV-3

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

©od

10
11
12
13
14
15
16
17
- 18
19
la
1b
o 1e
' 1d

- 20
21
- 22
. 23
24
25
- 26
27
- 28
- 29
- 2a
- 2b
"~ 2¢
2d

30

31
32
33
34
35
36
37
38
39
3a
- 3b
- 3¢

(3d

DN

f

X
CHS

X
RUP
YE

e
YTO

NN )

=
® +
S

YTO

g
HT I ZX XKoot

c

e

+Z M

CHS

25
15
36
32
36
22
24
34
12
40
34
12
36
17

36

31
33
13
27
36
17
36
25
34
27
24
34

12

40
34
12
14
36
36
25
34
14
27
15
36
13

- 36

02
36
25
33
40
34
15
24
11
27
25
15
36
32

Minus
Page

40
41
42
43
44
45
46
47
48
49
43
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
ac
bd

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
Tc
7d

& &
a1l gxo K
Z

=0
aat+ gxe X
Z ge!

=
o)

=
XKoo K
z

=)
o]

)
tZaXoKar

>
h (R
=

DIV
YTO

36
22
30
17
36
67
34
12
36
31
33
22
30
14

36
12
36
31
34
15
22
36
13
36
31
33
17
22

36
16
36
31
34
15
22
36
14
36
25
33
67
34

15
35
40
11
27
25
14
36
12
30
34
13
40
13

11

80
81
82
83
84
85
86
87
88

- 89

8a
8b

- 8¢
8d
w0
.91

92
93
94
95
96
97
98
99
9a
9b
9c
9d

’aO

al

a2

a3
a4
ab
ab
a7
a8
a9
aa
ab
ac
ad

RUP

XEY

YTO

upP
YTO

YE

YTO

XTO

CLR
YE

UP
DIV

RUP
XEY
DIV
DN
IFG

AC+

36
16
30
34
40
16
15
27
17
40
17
24

3¢

40
34
15
23
14
20
24
34
15
16
27
17

35

30
35
25
43
14
04
60

24

27

‘22 e




STAT-PAC IV-3

b0 SFL 54
bl GTO 44
- b2 9 11
b3 d 17
b4 AC- 63
b5 XEY 30
b6 YE 24
b7 e 12
b8 f 15
b9 DIV 35
ba e 12
bb XEY 30
be X 36
bd RDN 31

c0 - 34
¢l RUP 22
c2 YE 24
c3 9 11
c4d RUP 22
¢ PNT 45
¢c6 PNT 45
c¢?7 END 46
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9100B ONLY

MULTIPLE LINEAR REGRESSION STAT-PAC
FOUR VARIABLE V-4
Xy =ay +agXgy + agXg +a,X, (1)

This program determines the coefficients of the normal equations
required for determining the least squares regression equation (1). An
option is available for correcting erroneously inputted data.

Given a set of data points (Xli’ X2 i» X35 X 41) the normal equations are
defined as:

alN + a22X2 + a3ZX3 + 3.42X4 = EX1

2 _

alz‘,X2 + azZ:X2 + a32X2X3 + a4ZX2X4 = Z)X1X2
2 _

a12X3 + a22X2X3 + a32X3 + 3.42X3X4 = 2X1X3
2 _

a12X4 + a223X2X4 + a,3Z>X3X4 4+ a4Z)X4 = 2X1X4

. 2 2 2
The quantities, N, ZXZ, 2X3, ZX4, ZXl, ZXZ, ZX3, 2X4, ZX1X2,

2X1X3, ZX1X4, ZX2X3, ZX2X4, ZX3X4 are computed and outputted in a manner
convenient for immediate application of program STAT-PAC IV-13, Simultaneous

Solution of Four Equations in Four Unknowns.

Reference: Theory and Problems of Statistics, Murray Spiegel, Shaum's
Outline Series, McGraw-Hill Book Company, 1961, page 273.
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9100B ONLY
STAT-PAC
Iv-4

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

NO

DEPRESS: X Y Z

PRESS: END

Side A followed
by Side B

PRESS: CONTINUE

ENTER PROGRAM:

r—> DISPLAY

0
i
0

XN

ENTER DATA:

X9g——» Y
X1—» X

PRESS: CONTINUE

DISPLAY
0 Z
i Y
0 X
ENTER DATA:

Xq—— Y

PRESS: CONTINUE

Have all sets
(X1, X2, X3, X4) been

entered correctly?

Has the data
been entered free of
errors?

YES ENTER:

Updater
Program

NO

L PRESS: SET FLAG

on the 9120A

14

PRESS: CONTINUE

The coefficients are now printed out
ready for entry into program STAT-PAC
IV-13. These are printed as follows:

-~

N

ZXZ
zZXqs f Equation 1
Z:X4
ZXl )
Z)Xz )
zX3
ZX2X3
ZX2X4
ZX1X2J
=X 7

A d

Equation 2

3
ZX%X3

zX3 Equation 3
ZXgX,
ZX X
ZXy
ZX9Xy
ZXgXyr
X2

4

Y

o
~

Equation 4

To run another case: Repeat USER
INSTRUCTIONS,

*If an error has been made in entering
any of the sets (X1, Xg, X3, Xy), re-
enter the correct sets and run the
UPDATER program STAT-PAC IV-5,
Normal Equation Coefficient Updater.
DO NOT alter any of the storage reg-
isters as you load the UPDATER
program.



9100B ONLY
STAT-PAC
Iv-4

EXAMPLE

X1'= al + a2X2 + a3X3 + ::14X4

Xy Xy X3 Xy
4 1 1 1
7.5 1.5 2 3
8 - 3 5
13 4 6
Results:
N = 4,0 ZXq = 10.0 )
zX, = 3.5 % X9X3 = 9.0
ZXsq = 10.0 Equation 1 EX% = 30.0 » Equation 3
zX = 15. =
4 5.0 2X3X4 46.0
=Xy = 3.5 ) X, = 15.0"
zxg - 8. 25 ZX,X, - 12.5
2X2X3 = 9.0 ¢ Equation 2 Z‘X3X4 = 46.0 » Equation 4
XX, = 12.5 zxg1 = 71.0
ZX1X2 = 33.25) ZX1X4 = 144.5 |

Upon inputting these coefficients to program STAT-PAC IV-13, the
regression coefficients 2y, Ay, g, and a, are determined.

15



STAT-PAC 1V-4

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10

11
12
13
14
15
16
17
18
19
la
1b
1c

- 1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
23
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
d
XTO
C
XTO
b
XTO
a
XTO
9
XTO
8
XTO

7
XTO
6
XTO
5
XTO
4
XTO
3
ARC
GTO
0
0

CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

20
23
17
23
16
23
14
23
13
23
11
23
10
23

o7

23
06
23
05
23
04
23
03
72
44
34
00
00

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
b5
56
57
58
59
ba
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a
7b
Tc
7d

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47

47

16

47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

80
81
82
83
84
85
86
87
88
89
8a
8b
8c

8d

90

91
92
93
94
95
96
97
98
99
9a
9b
9¢c
9d

a0
al
a2
a3
a4
ab
ab
a7
a8
a9
aa
ab
ac
ad




bl
b2
b3
b4
b5
b6
b7
b8
b9
ba.
bb
be
bd

10
cl
c2
c3
c4
ch
c6
c7
. E 08

- c9
.ooca
~ . ¢cb
- cc
~cd

© o do
coodl
d2
ds3
S a4
- db
de
d7
ds
- d9
da

. db
: de
.. ad

STAT-PAC

B0 CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT,

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

v

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47

47

AT

47
47
47
47
47
47
47
47
47
47
47
47

AT

17

¢




STAT-PAC 1V-4

01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10

11
12
13
14
15
16
17
18
- 19
1a
1b
- 1c
14

20
. 21
22

. 23

.24
25
26

27
28
29

. 2a
- 2b
2c

2d |

30
Ll 31
- 32
33
34
- 35
- 36
37
. 38
39
3a
- 3b
3c
3d

XTO

2

f
up

1

+

0
STP
IFG

PNT
XTO

YTO

UP
AC+
DN
RDN
YE
YTO

XEY
DN

RDN
YE
YTO

RUP
UuP

DN
YE

YTO
UP
UP
STP
PNT

PNT
YTO

RDN

23
02
15
27
01
33
00
41
43
13
02
45
23

00

40
01
27
01
60
25
31
24
17
33
40
17
30
25

36
31
24
07
33
40
07
22
27
36
25
24
13

33

40
13
00
27
15
27
00
41
45
45
40
34
15
31

Minus
Page

ENTRY

ENTRY

46

40
41
42
43
44
45

47
48

49

4a
4b
4c

- 4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62

- 63

64
65

- 66

67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
7c
7d

YE

YTO
XEY
DN
UP
RDN
YE

YE

DN
XEY
YE
YE

DN
uPp

RDN
YE

YTO
RUP
YE

YTO

RDN
XFR

RUP
RDN
YE

YTO
XFR

RUP

RDN
YE

18

24
14
33
40
14
30
25
27
36
31
24
10
33
24

10
25
36
30
24
02
33
24
02
25
27
36
31
24

11
33
40
11
22
24
16
33
40
16
31
67
00

22

36
31
24
06
33
40
06
67
01
22
36
31
24
04

‘80f

81
82
83
84
85
86
87
88
89
8a
8b
8¢

- 8d

00

91
92
93

%4
- 95

96
97
98

- 99

9a
90
9¢

9d

a0

al

a2
a3
a4
ab
ab
a7
a8

. a9

aa
ab

: ac
- ad

33

40
04
24

67
34
15
36
31
24
05
33

40

; 05

67
01
22
36
25
24
03
33
40
03
00
27

; 00,

02
15
27
17
27
16
45
14
27
12
22
45

00

44




STAT-PAC IV-4

b0
bl
b2
b3
fol
b5
b6
b7
b8
b9
ba
bb
be
bd

c0
cl
c2
c3
cd
ch
cb
- c7
c8
c9
ca
cb
cC
- cd

do
dl
d2
- ds
- d4
ds
dé
d7
ds
do
- da
- db
dc
dd

UP
XFR
4

up
XFR
3
PNT
XFR
7
UuPpP
C
RUP
PNT
XFR

up
XFR

up
XFR

PNT

uPp
XFR

RUP
PNT

XFR

uPp
XFR

UuP

PNT
PNT
PNT

UuP
UP

STP

27
67
04
27
67
03
45
67
07
27
16
22
45
67

11
27
67
02
27
67
06
45
14
27
67
03
22
45

67
10
27
67
05
27
00
45
45
45
00
27
27
41

Minus
Page .

19



NORMAL EQUATION COEFFICIENT UPDATER
(CORRECTOR)

9100B ONLY
STAT-PAC
IV-5

This program is to be used to correct the summations computed by program
STAT-PAC IV-4. To correct for erroneous data entered into the above program,

simply repeat the same erroneous entries into this UPDATER program.

20



STAT-PAC
IV-5

USER INSTRUCTIONS

DEPRESS: X Y Z onthe 9120A
PRESS: GO TO (-)(0)(0)

ENTER PROGRAM:

PRESS: GO TO (-)(0)(0)

PRESS: CONTINUE

—» DISPLAY

0 — Z
0 —Y
N————X

ENTER DATA: (Erroneous Data Set)

Xz——> Y
X1—~—> X

PRESS: CONTINUE
DISPLAY

0
0
N

M N

ENTER DATA:

Xy—>Y
Xg—— X

PRESS: CONTINUE

Have all
erroneous sets been
re-entered?

PRESS: SET FLAG
PRESS: CONTINUE

The coefficients are now printed out

ready for entry into program STAT-
PAC IV-13. These are printed out
as follows:

See program STAT-PAC IV-4.

21



STAT-PAC 1V-5

- 00
- 01
- 02
- 03

04

05

06
< 07
08
- 09
- 0a
o 0b
- 0c
od

10

11
12
- 13
14

15

16

17
18
19
j}% la
T 1b
- 1c
- 1d

20
22
23
24
25
26
27
28
29
2a
2b
2c

-.2d

30

31
32
». 33
34
- 35
36
37
2. 38
M;;39
3a
3b
3c

3d

d
UuP
uPp

f
CNT
STP
IFG

9

d
PNT
XTO

0
YTO

1

UuP
1
AC=-
DN
RDN
YE
d

YTO
XEY
DN

.RDN |

AYE,

YTO

RUP

STP
PNT
PNT
YTO

RDN
YE

17
27
27
15
47
41
43
11
17
45
23
00
40

- 01

27
01
63
25
31
24
17
34
40
17
30
25
36

31

24

07
34
40
07
22
27
36
25
24
13
34
40

13

roo’

27
27
15
41
45
45
40
34
15
31
24
14

34

Minus
Page

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
be
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

YTO
XEY
DN
UP
RDN
YE
YE

DN

XEY
YE
YE

DN
UP

RDN
YE

YTO

RUP
YE
YTO

RDN
XFR

RUP

RDN
YE

YTO
XFR
RUP
RDN
YE

YTO

40
14
30
25
27
36
31
24
10
34
24
10
25
36

30
24
02
34
24
02
25
27
36
31
24
11
34
40

11
22
24
16
34
40
16
31
67
00
22
36
31
24

06
34
40
06
67
01
22
36
31
24
04
34
40
04

22

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

al
al
a2
a3
a4
ad
a6
a7
a8
a9
aa
ab
ac
ad

YE 24
0 00
XFR 67
- 34
f 15
X 36
RDN 31
YE 24
5 05
- 34
YTO 40
5 05
XFR 67
1 01
RUP 22
X 36
DN 25
YE 24
3 03
- 34
YTO 40
3 03
0 00
UP 27
GTO 44
0 00
0 00
f 15
UP 27
d 17
UPpP 27
c 16
PNT 45
b 14
UupP 27
e 12
RUP 22
PNT 45
a 13
UpP 27
XFR 67
4 04
Xy
X9
VXN
?IX2A 4
h X2X3
mX Xy
XX




STAT-PAC IV-5

fol4]
bl
b2
b3
b4
- b5
b6
b7
b8
)
ba
bb
be
bd

cO
cl
c2
c3
c4
ch
c6
c7
c8
c9
ca
cb
CcC
cd

do
dl
d2
d3
d4
ds
dé
a7
ds
do
da

UP
XFR
3
PNT
XFR
7

UP
C
RUP
PNT
XFR

UPp
XFR

up
XFR

PNT

UuP
XFR

RUP
PNT
XFR
UP

XFR
UP

PNT
PNT
PNT
UP

UuPp
STP

27
67
03
45
67
07
27
16
22
45
67
11
27
67

02
27
67
06
45
14
27
67
03
22
45
67
10
27

67
05
27
00
45
45
45
00
27
27
41

23




STAT-PAC
-6 A

LEAST SQUARES FIT - POWER CURVE

This program computes the least squares fit and correlation coefficient of N pairs of data points for a power

curve of the form:
Y =axP (@ >0)

The equation is linearized into InY =binX+ Ina

_ N2 (InX InY)-2InX2 InY
NY(InX)2 = (3 In X)?

where

NYInXInY = (X InX)(XInY)

and r=

«\/[NZ(InX)2~(ZlnX)2][NZ(InY)2-(Z InY)ZJ

_ 2y ZinX
9 N N

Note: Xi >0 and Y; >0, i=1,---,N

Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee

John Wiley and Sons 1965
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STAT-PAC
A

V-6
USER INSTRUCTIONS EXAMPLES

DEPRESS: X Y Z onthe 9120A Y =axP

PRESS: END X Y

ENTER PROGRAM 1. 0001 25. 58

—» PRESS: CONTINUE 3.16 14.55
— DISPLAY 10 9.26
31.6 5.63
100 3.48
316 2.12

1000 1.7

(i indicates pair of points to be entered)

ENTER DATA: r =-0.9964
Y,—»Y b = -0.4022
Xji—»X a = 23,5871

PRESS: CONTINUE

y = 23, 5871x " - 4022
Has all
data been
entered?
X Y
1 3
PRESS: SE A
SS: SET FLAG 9 4.2574
PRESS: CONTINUE 3 5.2248
DISPLAY 4 6.0417
5 6.7624
r Z
b Y
a X r = 1.000
=.505
= 3.000
Y - 3% 505

25
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STAT-PAC 1V-6

00

01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
- 2¢
- 2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
d
XTO
C
XTO
b
1
XTO
a
XEY
STP
IFG

4

0
PNT
PNT
LN
XEY
LN
XEY
AC+
UP

X
XEY
YE

d

+

YE

YTO
CLX
RDN
XEY

GTO

20
23
17
23
16
23
14
01
23
13
30
41
43
04

00
45

45

65
30
65
30
60
27
36
30
24
17
33

24

17
25
36
14
33

40

14
22
27
36
16
33
40

16

13
27
01
33
40
13
37

31

30
00
44
00
14

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72
73

75
76
77
78
79
Ta
b
7c
7d

SRR

3w

=

O

YTO

c
gt go o

U

He X

13
27
01
34
40
13
12
27
13
35
24
15
35
40

12
36
12
36
17
30
34
40
17
16
27
15
27
36

13
36
25
34
40
16
14
27
15
27
12
36
13
36

25
34
17
27
25
76
35
16
76
35
17
22
30
35

80
81
82
83
84
85
86
87
88
89
8a
8b
8¢

24

12

12
36

15 -

30
34
12
30
74
45
45

46



STAT-PAC
-7

LEAST SQUARES FIT - EXPONENTIAL

This program computes the least squares fit and a correlation coefficient of n pairs of data points for an ex-
ponential function of the form: bx

y =ae (a>0)
The equation is linearized into

Iny =Ina +bx
or

Y =A+bx

Using a linear regression method,

b - nyxY - 2x2Y
ny x2 — (Y x)2

Y -bYx
n

A=

a=eA

the correlation coefficient is given by

nxY-2x2Y.
V[nzx (202 |[nT¥2-(2 1))

r:

Note: Yi> 0O i=1,-+-,n

Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee

John Wiley and Sons 1965
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STAT-PAC

V-7 A
USER INSTRUCTIONS EXAMPLES
bX
DEPRESS: X Y Z onthe 9120A GENERAL FORM: Y =ae
ENTER PROGRAM e 1o
——» PRESS: CONTINUE 1.2 11. 67 r = 1.000
7.4 935. 64 a =4.998 o7
Y =4.998e 10
X Y
(i indicates pair of points to be entered) - 9 16
ENTER DATA: 1.31 1. 61 r =-1.000
Y, ———»Y 1.95 1.16 b = -.503
X >.4 =
S 9. 58 85 a =3,103
PRESS: CONTINUE Y = 3.103e" - 903X
NO Has all
data been

entered?

PRESS: SET FLAG
PRESS: CONTINUE

-———DISPLAY

P oR
XN
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STAT-PAC IV-T_

00 CLR 20 40 d 17 o
01 XTO 23 ‘ 41 ¢ 16
02 a 13 42 X 36 ) )
03 XTO 23 = 43 UP 27 o
04 b 14 44 RCL 61
05 XTO 23 45 X 36
06 c 16 46 DN 25
07 1 01 47 - 34
08 XEY 30 48 YTO 40
09 YTO 40 49 ¢ 16 o
0a d 17 4a d 17
0b STP 41 ENTRY 4b UP 27

- 0c IFG 43 4c a 13
0d 3 03 4d X 36
10 9 11 50 e 12
11 PNT 45 , 51 UP 27
12 PNT 45 A 52 X 36
13 XEY 30 53 DN 25 T
14 LN 65 54 - 34 i
15 AC+ 60 55 YTO 40
16 UP 27 56 a 13
17 X 36 57 d 17
18 XEY 30 58 UP 27
19 YE 24 59 b 14 )
1a b 14 5a X 36
b + 33 , 5b f 15 ) -
le YE 24 5c vP 27
1d b 14 5d X 36 : T
20 DN 25 60 DN 25
21 X 36 61 - 34
22 ¢ 16 62 a 13
23 + 33 63 X 36 o )
24 YTO 40 64 DN 25 B ~ o
25 ¢ 16 65 v 76 ,
26 RUP 22 66 UP 27
27 UP 27 67 ¢ 16 )
28 X 36 68 XEY 30 ,
29 a 13 69 DIV 3
22+ 33 V 6a YTO 40 I R
2b YTO 40 6b b 14 o : R
2c a 13 6c c 16 :
2d CLX 37 6d UP 27 ”
30 UP 27 70 a 13 i s »
31 4 17 71 DIV 35 L R
32 UP 27 72 e 12 1
33 1 o1 73 UP 27 S T R e R SRR EEETIETES
3¢ + 3 : 74 DN 25
35 0 00 7 X 36 [ DR R
36 GTO 44 76 f 15 =8
37 0 00 77 XEY 30 L .
38 9 11 78 - 34 e
39 4 17 79 d 17 .
3a UP 27 7a DIV 35 ’ [ * B o
3b 1 01 T b 14 =
3¢ - 34 7c RDN 31 s Sl S h bbb
3d YTO 40 7d EXP 74 ;



9100B ONLY

STAT-PAC
V-8 A
THE LEAST SQUARE PARABQOLA
Development:
The least square parabola approximating the set of points (X1 , Yl) ..... (Xi’ Yi) has the equation:

_ 2
Y—ao+a1x+a2x
where the constants a_, a,, and a,, are determined by solving simultaneously the following normal equations:
o’ "1 2 "
ZY=a0n+a12X+a2 X
>XY=a 2X+a ZX2+a 5 x3
2 0.2 1 3 2 4
ZXY=ao X +a12X +a22X
In the program the constant ag is found by matrix algebra; the determinate (D) involved in the solution is:
n Sx 3 x2
D = rx Ix? sx°
sx? sx3 3 x4
The equation for ay is therefore:

ay = (n(EX?Ex?%Y - SXPEXY) -SX(ZXTX?Y - TX2IXY) +3 Y [sxzx3 - (2x%)2])
D

After finding ay the solution is reduced to two equations in two unknowns which are:
N=an+a, 2 X
_ 2
M=a ZX +ay ZX
where M =SXY-a,ZX° and N=3Y-a, IX?

These equations are then solved for a o and ay.

NOTE: Curves with the following equations may also be fitted with this program:

Y= a + a;X (1)
log¥ =a, +aX 2)
logY =a_ +a;X + a2X2 (3)

Y= aj +ay logX (4)
log¥ = a_ +a; logX (5)
logY =a  +ay (logX) + a, (logX)2 (6)

An equation of the form of (6) is solved in the examples.
The general form, representing all of these equations, which can be fitted is:

£(Y) =2, +a; £(X) + 2512 (X)

Reference:
Publisher -- McGraw-Hill

Authors -- Alexander M. Mood & Franklin A. Graybill
Introduction into the Theory of Statistics -- 2nd Edition (1961)

30



9100B ONLY

STAT-PAC
V-8 A
USER INSTRUCTIONS EXAMPLES
DEPRESS: X Y Z onthe 9120A (A) Equation of the form: Y = a_ +a;X+ay X2
PRESS: END Data :
ENTER PROGRAM: (Side A followed by Side B)
X Y
PRESS: END
3 29
T—-——-——b PRESS: CONTINUE 0 9
—»DISPLAY S %
1.5 11
(i indicates 4 46
pair of points 1 7
to be entered)
2

Solution: Y=2 +3X +2X

ENTER DATA:
(B) Equation of the form:

Y ——»Y 2
log Y= a_+ajlogX +ay (log X)

Xj—»X

PRESS: CONTINUE Note: Data to be entered is log¥,, logX;;
1’ 2
therefore to enter data sets:

ENTER: Y;,—X
PRESS: log X
PRESS: 4
ENTER: X; =Y
PRESS: log X

Has all the data
been entered?

PRESS: SET FLAG

Data:
PRESS: CONTINUE
DISPLAY X Y
1 2.7183
ag Z 2 35.1595
ay Y 3 245,3746
ag X 4 1188.7946
5 4530. 5750
To calculate coefficients for new data: Solution: log¥Y = .43 + 3.0 logX + 2.30 (log X)2
PRESS: END
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STAT-PAC IV-8

e s R o w

32

- 17,‘~A

Uzzf S

- 00 CLR 20 Plus 40 a
01 XTO 23 Page 41 RUP 22
02 ¢ 16 42 X 36
03 XTO 23 - 43 XEY 30
04 D 14 .44 YE 24
05 XTO 23 45 - 34
06 a 13 46 e 12
07 XTO 23 47+ 33
08 - 34 - 48 YTO 40
09 f 15 49 - 34
0a XTO 23 4a e 12
0b - 34 4 1 01
o0 e 12 * ~ 4c UP 27
- 0d 1 01 4d 4
10 XTO 23 50 + 33
11 d 17 51 YTO 40
12 RDN 31 .52 d 17
13 RDN 31 58 CLX 37
14 STP 41 _ ENTRY 54 UP 27
15 IFG 43 155 GTO 44
16 5 05 56 1 01
17 8 10 57 3 03
18 PNT 45 58 XFR 67
.19 PNT 45 59 - 34
= la AC+ 60 52 e 12
1 X 36 5b UP 27
<. 1l¢c XEY 30 5¢ f 15
~1d YE 24 . bd UP 27
.20 ¢ 16 60 X 36
21+ 33 61 b 14
... 22 YE 24 62 RUP 22
© .23 ¢ 16 63 X 36
24 UP 27 ‘ 64 RUP 22
25 DN 25 f -65 CHS 32
26 X 386 : 66 X 36
27 DN 25 ; 867 YE 24
28 YE 24 68 d 17
29 - 34 69 1 01
2a f 15 6a - 34
2b + 33 6b YE 24
2¢ YE 24 4 “6c d 17
2da - 34 v ted d 17
.80 f 15 70 RUP
;81 DN 25 71 X 36
32 X 36 72 DN 25
. .33 XEY 30 73+ 33
184 YE 24 74  a 13
.3 b 14 75 UP 27
2386+ 33 76 X 36
87T YE 24 77 d 17
- ~: 38 b 14 - 78 X 36
£.89 X 36 79 DN 25
3a a 13 . Ta - 34
3b XEY 30 b b 14
3¢+ 33 . Tc¢ UP 27
3d_YTO 40 . T4 X

88

81

82
83
84
85
| 86
87

88
89
8a
8b

8¢
8d

90

91
92
93

- 94

95

. 96

97
98
99
9a
9
9c¢
9d

aOA

al

a2

a3

a4
- ab
a6
a7
a8
- a9
~aa
“ab

ac

ad_

=R
O
Z "

!

o c

RUP
XEY
GTO

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

P EE Z M Koo




STAT-PAC IV-8

bl
b2
b3
o
b5
b6
b7
b8
b9
ba
bb
- be
bd

cO
cl
c2
c3
c4
ch
cb
c7
c8
c9
ca
chb
cC

do
dl
d2
d3
d4
ds
dé
- d7
ds8
dg
da
db
de
dd

b0

CNT 47

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

Pius
Page
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STAT-PAC IV-8

00
01
02
03
04
05
06
o7
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
'~ 1b
1c
1d

20

021
22
23
24
25
26

27
28
29
2a
2b
2c
2d

.30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

36
36
31
34
12
22
36
13
36
31
33
17
22

36

16
36
31
34
15
23
34
12
22
36
14
36
31
33

25
31
36
12
36
31
34
22
24
34
15
31
35
14

30
36
31
34
24
16
13
22
23
34
15
36
31
34

Minus
Page

40
411
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
Sa
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a

YTO
CLR
XFR
UuPpP
up
Div
RUP

XEY
DIV

DN
IrG

AC+

YE

upP

RUP
SFL
GTO

AC-
XEY
YE

DIV

XEY

RDN

RUP

YE

RUP
PNT
PNT
PNT
PNT
PNT
PNT
END

40
13
20
67
34
12
27
16
27
17
35
22
30
35

25
43
06
02
60
14
24
34
12
27
13
22
54
44

04
13
63
30
24
12
15
35
12
30
36
31
34
22

24
34
15
22
45
45
45
45
45
45
46
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9100B ONLY
STAT-PAC
CUBIC REGRESSION (LEAST SQUARES) V-9

This program determines the best fit least squares cubic for a set of N
points (Xi’ Yi)‘ The cubic is given by:

y = ag+ a1X + azxz + a3X3
The normal equation required for determining the coefficients are:
_ 2 3

Y = aON + alzx + 2, 2XT + aSZX

ZXY = aOZ‘X + alzxz + a22X3 + :9.3.EX4

=X2Y = aOZX2 + a12X3 + 2122X4 + a3ZX5

=xX3Y = a Z‘X3 +a ZX4 +a 2X5+a ZX6

0 1 2 3
This program determines the summations (= ) which are then input to

program STAT-PAC IV-13, Simultaneous Solution of Four Linear Equations in

Four Unknowns, (With Printer), for determination of 2, a1, 29 and ag .

The data points and the cubic regression curve may be plotted by the use
of program STAT-PAC X-11.
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9100B ONLY

STAT-PAC
V-9
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
A
DEPRESS: X Y Z on the 9120A DISPLAY
PRESS: GO TO (-)(0)(0) »X2 y4
»X3 Y
ENTER FROGRAM : »x4 X
PRESS: GO TO (-)(0)(0) PRESS: CONTINUE
——3= PRESS: CONTINUE DISPLAY
DISPLAY =XY yA
>X2 Y
0 7z »X3 X
i Y
0 X PRESS: CONTINUE
—» ENTER DATA: DISPLAY
Yi —»Y x4 yA
Xj ——» X X5 Y
X2y — X
PRESS: CONTINUE
PRESS: CONTINUE
DISPLAY
Has all 3
data been =X Z
entered? »x4 Y
X9 X
PRESS: CONTINUE
PRESS: SET FLAG
DISPLAY
PRESS: CONTINUE
> X6 7
DISPLAY =X3y—— Y
00— X
N VA
ZX Y __To run another case
=X2 X
PRESS: CONTINUE
DISPLAY
X3 i/
Y Y
=X X

PRESS: CONTINUE
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9100B ONLY

STAT-PAC
Iv-9
EXAMPLE EXAMPLE (Con't)
X Y Upon inputting these values in to
program STAT-PAC IV-13, the
-2 -23 coefficients are found to be:
-1 2 a = 5
0 5 0
al = -2
1 4 ag = -2
2 17 2, _ 3
Results
N = 5
ZX = 0
=x% = 10
=x3 = 0
ZY = 5
=X = 0
X2 = 10
=x3 = 0
=x4 = 34
=Xy = 82
=X2 = 10
X3 = 0
x4 = 34
X% = 0
=X2y = -18
£xX3 = 0
*x4 = 34
X9 = 0
=x6 = 130
=x3y = 322
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STAT-PAC 1IV-9

00
01
02
03
04
05
06
o7
08
09
0a
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

CLR
XTO
d
XTO
C
XTO
b
XTO
a
XTO
9
XTO
8
XTO

PNT
AC+
UP
XEY
YEX
YEX
XEY

XEY
YEX

YEX

XEY

XEY

YEX

YEX

XEY

20
23
17
23
16
23
14
23
13
23
11
23
10
23

07
23
34
15
23
34
12
01
30
41
43
07
17
45

45
60
27
36
30
24
16
33
24
16
30
36
30
24

14
33
24
14
30
36
30
24
13
33
24
13
30
36

Minus
Page

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
7c
7d

= c o
Ho+ o3+ =Hgaogo

O

O

Q
0, ©

(VM)
oo}

30
24
34
15
33

34
15
30
36
30
24
34
12

33
24
34
12
25
36
30
24
11
33
24
11
30
36

30
24
10
33
24
10
30
36
25
24
07
33
40
07

00
27
17
27
01
33
40
17
33
00
44
01
11
17

9100B ONLY

80
81
82
83
84
85
86
87
88
89
8a
8b
8¢
8d

90

91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
ad
ab
ab
a’
a8
a9
aa
ab
ac
ad

UP
f
UP
C
PNT
b
UupP
e
UP
f
PNT
C
UuP
b

UP
a
PNT
XFR
UP
uP
PNT

UPpP
XFR

UuP
XFR

PNT
UP
UuP
XFR

PNT
XFR

=x3y

27

15

27
16

45
14
27
12
27

15
45
16

27

R SR

PRt

13

45

67
11
27
16
27
14

45 S

13
27
67
34

15
27
67
10
45
14
27
13
27
67
34
15
45
67



STAT-PAC IV-9

bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be

bq

cl
c2

e

34

12
27
67

07

27

00
45

45
45
45
45
45

44

00
00
46

Minus
Page

39

9100B ONLY




STAT-PAC
LINEAR LEAST SQUARES: Y = A +BX IvV-10

(WITH ERROR STATISTICS)

This program computes the linear regression coefficients A and B, the root
mean square error (ERMS), the error in each coefficient, sp, sy, and the "t"
statistic for each coefficient tp, tg. Given a set of data points X;, ¥;, i = 1, n,
the following formulas are employed:

=Y =X
>XY >X2
A= n zX
=X X2
B Y - nA
B = X

= (Residuals)? = 5Y2 - 2ATY + 2ABTX - 2BEXY + nA2 + B2 X2

ERMS = /= (Residuals)?

n-2
o = (ERMS)2
B >x2 . (2X)
n
SA = ZXZ . SB
n
A
t, = ==
A N
B
t = 2
B Sp

This program was written by Mr. Patrick Ward of the U.S. Army Ballistic Research
Laboratories, Aberdeen Proving Grounds, Maryland.

Reference: Introduction to the Theory of Statistics, Mood and Graybill, 2nd Edition,
McGraw-Hill, page 351.
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STAT-PAC
Iv-10

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z

PRESS: END

ENTER PROGRAM 1:

PRESS: CONTINUE
—»DISPLAY

0
i
0

ENTER DATA:

Yi —» Y
Xy —»X

PRESS: CONTINUE

Has all
data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

1
B
A

Pd IN

PRESS: END

ENTER PROGRAM 2: (do not alter
the DISPLAY)

PRESS: CONTINUE

DISPLAY
ERMS — Z
sp——— Y
sp ——— X

PRESS: CONTINUE

on the 9120A

DISPLAY
0 —— 7
tg——— Y
ty —— X

To run another case: repeat
USER INSTRUCTIONS

41

EXAMPLE

Y1 = 3

Xl = 0

Yz = 0

X2 = 1

Y3 = 213

X3 = 2

Y4 = =36

X4 = 3

Y5 = -69

X5 = 4
Results: B = -18

A = 13

ERMS= 10. 80123

sg = 3.41565

SA = 8.36660

tB = -5.26986

tA = 1.55380



STAT-PAC IV-10

00
01
02
03
04
05
06
07
08
09
O0a
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c

2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
d
XTO
9
XTO
8
XTO
C
1
XEY
STP
IFG
4

0
PNT
PNT
AC+
UP
XEY
YE
YEX

DN
XEY
YE

YEX

DN
DN

XEY
YEX

YEX

20
23

17

23
11
23
10
23
16
01
30
41
43

04

00
45
45
60
27
36
30
24
17
33
24
17
25
36

30

24
11
33
24
11
25
25
36
30
24
10
33
24

10
16
27
01
33
40
16
33
00
27
31
44
00
14

Program 1

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
b5
56
57

58

59

5a
5b
e
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74

uPpP
DN
YEX

RUP

RDN
PNT
PNT
END

42

01
34
17
36
15
27
36
25
34
40
13
15
24
11

27
25
24
11
22
36
12
27
17
36
25
30
34
13

35
40
13
16
36
12
30
34
15
35
40
14
13
27

01
31
45
45
46

00
01
02
03
04
05
06
o7
08
09
0a
0b
Oc

od

10
11
12
13
14
15
16
17
18
19
la
1b
1c

- 1d

50

21
22
23
24
25
26
27
28
29
2a
2b
2¢

2d

NH-:

-l

4 c 0 ’
TEZXO XHge X mv+ 2K

wn

-l

: vl = 4 c
t oo + 2+ OOMEMQN*U

c

27

12
36
13
22
36
15
36
25
34
14
27
24

L1

3 &

25

33

02
32
36
13
27
36
16
36
25
33

B .

27
36
17
36
30
24
10
33
25
33
16
27
02

i Prog‘r:am 2 ‘




STAT-PAC IV-10

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

40
41
42
43
44
45
46
47
48
49
4a
4Db
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢

°d

60
61
62
63
64

DN
Div
YTO
€
C
uP
d
X
f
uPp
X
DN

d

upP

(]

X
DN
XEY
DIv
upP

C
DIv

e
XEY
DIv

RDN
v
XEY

PNT
PNT
uPp

XEY
Div

RUP
DIV

RDN
XEY
PNT
PNT
END

25
35
40
12
16
27
17
36
15
27
36
25
34
17

27
12
36
25
30
35
27
16
35
12
30
35
12

76

31
76
30
76
45
45
27
13
30
35
14
22
35
00

31
30
45
45
46

43




9100B ONLY
MULTIPLE LINEAR REGRESSION (3 VARIABLE) STAT-PAC

STATISTICS FAMILY v-11

This program consists of 3 parts ¢ i isti i i
the regronsion poam. p omputing statistics associated with

Z=ag+ a1X +a5Y (X1 =ag+ alxz + a2X3)

PART a

determines the correlation coefficients between X, Y, and Z using
the equations:

e —p. - ZXY- ZXZY
XY 23 n
nSXSY
_ X7 - SX=Z
'xz “T12 7 n
n SXSZ
_ _ =YZ - =Y=Z
ryz =T13 7 —n__
nSY SZ

S?( = % {ZXZ _ (ZnX)Z}

2
2 1 2 (=Y)
Sy = 1 {EY '_n_}

2 1 2 (ZZ)
Sz = ¥ {ZZ - -

This program must be run first in the sequence.

PART b computes the coefficients of linear multiple correlation given by:
1
2 2 2
- - i + T3 -2r ol 5T 2
RZ,XY = R1.23 = 13 i2 — 1371223
" 23
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9100B ONLY

STAT-PAC
v-11
1
2 .2 o>
_ _ I'iog + g = 2P 4ol AT 2
Ry yz =Ry 13~ 12 ¥ Tg3 - 2r 3T oT9g
1- r%3
I L
Ry,xz =R3 19= |T13+ T3 - 2r T oreql 2
2
] 1- ris

A coefficient of linear multiple correlation will have a value between Oand 1.

Zero indicates no linear relationship between the variables whereas 1 indicates
a perfect dependence.

PART ¢

determines the constants 20y 2y, and aq from the equations
defined by program STAT-PAC IV-3. PART c can be run
immediately following PART a if the coefficients of linear
multiple correlation are not desired.

Reference: Theory and Problems of Statistics, M.R. Spiegel, McGraw-Hill, 1961,
page 271,
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9100B ONLY

STAT-PAC
v-11
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
PART a LTO rerun PART a
PRESS: END
DEPRESS: [X 7 |on the 9120A
PRESS: END EXAMPLE
ENTER PROGRAM: Side A followed
by Side B i X Y Z
—» PRESS: CONTINUE 1 1 0 3
2 0 1 4
—»DISPLAY 3 1 1 6
4 3 4 19
i Z 5 2 2 11
0 Y
0 X
results:
ENTER DATA:
SZ = bH,8856
Z; —» 7 _
Y% ¥ SY = 1,3565
X. —w» X S = 1,0198
i X
PRESS: CONTINUE ryy - 0820
Iyo = . 9263
Has all rXY - - 8386

data been
entered?

PRESS: SET FLAG
PRESS: CONTINUE
DISPLAY

S
5¢
5%

PRESS: CONTINUE
DISPLAY

NN

ryz
'z
ryxy

M N
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9100B ONLY

STAT-PAC
Iv-11
USER INSTRUCTIONS EXAMPLE (Con't)
PART b RX,YZ 1.0000
RY,XZ 1.0000
DEPRESS: X Y Z onthe 9120A Ry xy = 1. 0000
]

PRESS: END
ENTER PROGRAM :
PRESS: CONTINUE

DISPLAY
Rx yz—%
Ry xz—Y
Rz xy—X
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9100B ONLY

STAT-PAC
V-11
USER INSTRUCTIONS EXAMPLE (Con't)
PART c a, =  3.0000
ay =  2.0000
DEPRESS: [X|[Y|[Z] on the 9120A
a; =  1.0000

PRESS: GO TO (-)(0)(0)
ENTER PROGRAM
PRESS: GO TO (-)(0)(0)
PRESS: CONTINUE
DISPLAY

él’&’&’
M N
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STAT-PAC IV-11

00
01
02
03
04
05
06
07
038
09
Oa
0b
. Oc
©od

Alof

11
12
13
14
15
16
17
18
- 19
1la
1b
: 1lc
- 1d

20
21
22
23
- 24
25
26
27
28
" 29
2a
2b
2c
2d

30
31
32
33
34
35
- 36
37
38
39
3a
3b
3c
3d

CLR
XTO
a
XTO
b
XTO
c
XTO
9
XTO
f
XTO

XTO

XTO
RDN

STP
IFG

PNT
PNT
YTO

XEY
YE
YE
RDN
AC+
UP

XEY

YTO

RUP

20
23
13
23
14
23
16
23
11
23
34
15
23
34

12

23
10
01
23
17
31
41
43
07
01
45
45
40

34
17
36
30
24
13
33
24
13
31
60
27
36
30

24
34
12
33
24
34
12
25
36
16
33
40
16
22

Plus
Page

ENTRY

Part a
40 UP
41 X
42 XEY
43 YE
44 8
45 +
46 YE
47 8
48 XFR
49 -
49 d
4b X
4c UP
4d X
50 RUP
51 YE
52 9
b3 +
54 YE
55 9
56 b
57 +
58 YTO
59 b
ba RUP
5p YE
be -
5d f
60 +
61 YTO
62 -
63 f
64 1
656 UP
66 d
67 +
68 YTO
69 d
6a CLX
6b UP
6c GTO
6d 1
70 7
71 d
72 UP
73 1
74 -
75 YTO
76 d
77 XFR
78 -
79 e
7a GTO
7b -
7c 0
7d 0

9100BONLY

80
81
82
83
84
85
86
87
88
89
8a
8b
8¢
- 8d

90

91
- 92
93
: 94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
- a4
ab
ab
a7
a8
- a9
- aa
~ab
ac
'ad

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

na

47

47
47
47
47
47
47
47
47
47
47

47

47

47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47

47

47

V4% e e e




STAT-PAC 1V-11

b0
bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be
bd

c0
cl
c2
c3
c4
ch
c6
c7
c8
c9
ca
cb
ceC
cd

do
dl
d2
d3
d4
ds
de6
d7
ds
do
da
db
de
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page

Part a
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STAT-PAC IV-11

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
i3
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c
2d

. 30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

UP
f

GTO

SUB

DIV
DN

DIv
XFR

27
15
44
77
10
14
40
34
17
67
10
27
12
44

(i
10
14
40
34
16
67
34
15
27
14
44
77
10

14
40
34
14
67
34
16
30
27
67
34
17
45

45

13
27
15
27
14
36
17
35
25
34
17
35
67
34

Minus
Page

Part a
40 d
41 DIV
42 XFR
43 -
44 b
45 DIV
46 YTO
47 -
48 a
49 ¢
4 UP
4b f
4c UP
4d e
50 X
51 d
52 DIV
53 DN
54 -
55 d
56 DIV
57 XFR
58 -
59 d
5a DIV
5b XFR
bc -
5d c
60 DIV
61 YTO
62 -
63 d
64 XFR
65 9
66 UP
67 e
68 UP
69 b
6a . X
6b d
6c DIV
6d DN
70 -
71 d
72 DIV
73 XFR
74 -
75 c
76 DIV
77 XFR
78 -
79 b
Ta DIV
b XFR
7c -
7d d

17
35
67
34
14
35
40
34
13
16
27
15
27
12

36
17
35
25
34
17
35
67
34
17
35
67
34
16

35
40
34
17
67
11
27
12
27
14
36
17
35
25

34
17
35
67

9100B ONLY

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢c
9d

YTO
¢

up

XFR

PNT
PNT
STP
STP
uPp

Div

Div
DN

uP
RTN
END

40
34
16
27
67
34
13
45
45
41
41
27
36

17

;3 5 .

25
34
17
27
00
34
25
35
25
76
27
77
46




STAT-PAC IV-11

00 GTO 4 Minus

01 SUB 77 Page

02 2 02 !

03 c 16

04 GTO 44

05 SUB 77

06 4 04

07 6 06

08 YTO 40

09 - 34

0a 9 11

0b GTO 44

0c SUB 77 :

0d 4 04

10 6 06

11 YTO 40

12 - 34

13 8 10

14 GTO 44

15 SUB 77

16 4 04

17 6 06

18 XFR 67

19 - 34

1a 8 10

1b UP 27

le XFR 67

Jlda - 34
“2 20 9 11 ,

21 PNT 45 5

22 PNT 45

23 GTO 44

24 SUB 177

25 2 02

26 (o] 16

27 0 00

28 UP 27

29 UP 27

2a STP 41

- 2b STP 41

2c f 15
.24 UP 27
.30 YE 24
.31 - 34
. 132 d 17

33 YTO 40

34 f 15

35 e 12

36 UP 27

37 YE 24
3 38 - 34
.39 c 16

3a YTO 40

3b e 12

' 3c d 17

3d UP 27

40
41
42
43

Y
45

46
47
48
49
4a
4b

- dc
- 4d

! 50

51
52

. 53

54

55

56
57
58
59
ba
5b
be

¢ 5d

- 60
- 61

62
63
64

N 15]

66
67

- 68

69
6a
6b
6¢c

- 6d

70

71
72

.73

‘ Part ,b

YE

YTO

RTN

YTO

DN
RTN
END

24
34
13
40
17
77
15
27
36
12
27
36
25

83

9100B ONLY

27
15
36
17
36
02
36
25
34
17
27
36

o1

30

34
25
35
25
76
27
15
27
24
17
24
12

40

15

25
77
46

52
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00 YE
01 -
02 f
03 UP
04 DN
05 f
06 X
07 CHS
08 X
09 RUP
0a YE
Ob -
Oc e
0d YTO

e T s T

B o OO B RGO A EG W R

10
11
12
13
14
15 RDN
16 +
17 a
18 UP

Ma Mo i

- 19 X
cla d

= 1 X

©o1d -

lc DN

20 UP

21 YE
22 -
23 e
24 YTO
25 -
26 e
27 b
28 X
29 X
2a DN
2b -
2c b

. 24 UP

; i % 30 e =

31
32

STAT-PAC IV-11

34
12
40
34
12
14
36
36
25
34
14 :

36
13
36
02
36
25
33
40
34
15

24
11

27

41
42
43

44

45
46
47
48
49

L 4a
. 4b
~ 4c

- 44

- 51
- b2

53
54
55
56
57
58

59
~ ba
: bb

5¢

860
61
. 62
63
64
' 65

66
67

68
69

6a
6b
6c

- 8d

T
71

72
73

.74
... 75
76
77
78

79

Ta
- Te
- 7d

DN
XFR
DIV
YTO

upP
DN

XEY

Part c

95

15
36
32
36
22

17
36
67
34
12
36

-2 S

22
30
14
36
12
36
31
34
15
22
36
13

33
17
22
36
16
36
31
34
15
22
36
14

.36

33
67
34
15
35
40
11
27
25
14

36
12

53

30

36

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8

90
- 91
92
93
94
95
96
97
.. 98
.99
- 9a
- 9b
- 9¢

a0
al
a2
. a3

a4
ab
aé
a7
a8
a9
aa
:ab
ac

9100B ONLY

a
YTO
a
RUP

YTO

,’ gdAWAvA e

c
UupP

d
DIV
RUP
XEY
DIV
DN
IFG

b

8
AC+

d

13

22
36

40 R
13 R

16

30 ...

34
40
16
15
27

17
24
34
12
40
34
15
23
14
20
24
34

27
17
35
22
30
35
25
43
14
10
60
17

' ad YE 24

15




STAT-PAC IV-11

b0
bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
bec
bd

c0
cl
c2
c3
cd
cod
. ¢6
c7
: c8
c9
ca
cb

b
UPpP

a
RUP
SFL
GTO

AC=-
XEY
YE

DIV

XEY
RDN
RUP
YE

RUP
PNT

PNT
END

14
27
13
22
54
44
13
03
63
30
24
12
15
35

12
30
36
31
34
22
24
11
22
45
45
46

Minus
Page

Part c

54
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STAT-PAC

GOMPERTZ CURVE FIT v-12

This program fits a GOMPERTZ curve to observed data. The GOMPERTZ
curve is given by the equation:

X
b
Y, = ka®)

or

log Yc =log K + bX log a

The usual geometric form of the curve is given below:

e

]
Xy |=0 XN XoN X3N

3N Observations:
Notice that the curve is divided into 3 sections, each having N observations.

The b, log K, and log a are determined by computing the quantities:
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STAT-PAC
IvV-12

log X

log a

il

1 [21 zg - (2y)°
N 21+ 23-222
(b-1)

56



USER INSTRUCTIONS

STAT-PAC
IvV-12

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A

PRESS: END
ENTER PROGRAM :
—» PRESS: CONTINUE

DISPLAY
0O ———127
0 ——Y
0 —X

ENTER DATA: N —» X
PRESS: CONTINUE

»DISPLAY
):

ENTER DATA:

>N

Group 1li—7Z
Group 2i —Y
Group 3i —X

PRESS: CONTINUE

NO
YES
DISPLAY
loga Z
b—Y
logK ——X
—» PRESS: CONTINUE
k DISPLAY
Y Z
X" Y
N X

To run another case:

PRESS: END

—(repeat for X =1, 2, . . . )

EXAMPLE

The following table shows the kilowatt
requirements of a group of atomic
power plants,

Year X July Kilowatts
1954 0 226 )
1955 1 244
1956 2 265 » Group 1
1957 3 2817
1958 4 290 J
1959 5 317 )
1960 6 316
1961 7 362 » Group 2
1962 8 378
1963 9 417 )
1964 10 442 )
1965 11 461
1966 12 526 Group 3
1967 13 566
1968 14 649
7
Group 11 226
Group 21 317
Group 31 442
N =5 Group 12 244
Group 22 316
Group 32 461
. 265 Input
: 362 $ b
526 data
287
378
566
290
417
649




STAT-PAC
IvV-12

EXAMPLE (Con't)

Results:

log a
b

log K

Y
X

N

L | U T O | ¥ | T VI | A | A § O I | SO 1 B V N

.49712
1.04514
1.87293

234.44858
0.00000
5.00000

246, 88231
1. 00000
5.00000

260. 58266
2.00000
5. 00000

275.71470
3.00000
5.00000

292.46981
4,00000
5. 00000

311.07049
5.00000
5.00000

331,77638
6.00000
5. 00000

354. 89147
7.00000
5.00000
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STAT-PAC IV-12

00 CLR 20 40 b 14 80 LN 65

01 XTO 23 41 e 12 81 uvp 27 .
02 d 17 42 UP 27 82 e 12

03 STP 41 ENTRY 43  f 15 88 X 36
04 XTO 23 44 - 34 8 DN 25

05 a 18 45 UP 27 85 EXP 74 ! ‘

06 1 01 46 4 17 86 UP 27 |

07 XTO 23 47 - 34 87 ~a 17 .

08 ¢ 16 48 DN 25 88 X 36

09 STP 41 ENTRY 49 DIV 35 89 b 14 .

0a PNT 45 4a RDN 31 8a + 33 )

0b PNT 45 4b LN 65 8b DN 25

0c LN 65 4c XEY 30 8¢ EXP 74

0d XEY 30 4d  a 13 L 8a UP 27 N
10 LN 65 50 DIV 35 90 e 12 0

11 AC+ 60 51 DN 25 91 UP 27

12 4 17 52 EXP 74 92 a 13

13 RUP 22 53 XTO 23 93 PNT 45 S

14 LN 65 54 ¢ 16 94 PNT 45

15 + 33 55 LN 65 95 1 01

16 YTO 40 56 UP 27 96 XEY 30 R
17 4 17 57 a 13 97 AC+ 60
18 ¢ 16 58 X 36 98 ¢ 16 -
19 Up 27 59 DN 25 99 GTO 44
la a 13 5a EXP 74 92 8 10
1b X=Y 50 5b UP 27 9 0 00

lc 2 02 5¢c 1 01 9¢ END 46

1d 6 06 5d - 34

20 1 01 60 DN 25

21  + 33 : 61 UP 27

22 DN 25 62 X 36

23 GTO 44 63 DN 25

24 0 00 64 DIV 35 )
25 7 07 65 ¢ 16

26 d 17 66 UP 27

27 UP 27 67 1 01

28 e 12 68 - 34

29 X 36 69 DN 25

2a f 15 6a X 36

2b UP 27 6b YTO 40
- 2c X 36 6¢ d 17 )

2d DN 25 6d DN 25 )

30 - 34 70 EXP 74

31 a 13 71 LOG 75

32 DIV 35 72 UP 27

33 f 15 73 CLX 37 :
34 UP 27 74 XTO 23 .

35 + 33 75 e 12 | ‘ mk
36 e 12 7 ¢ 16 .

37 XEY 30 77 UP 27 ;

38 - 34 7 b 14 e
39 d 17 79 EXP 74 sGrpl
3a 4+ 33 7a LOG 75 :
3b DN 25 b PNT 45 S =Grp3
3¢ DIV 35 7c PNT 45 f - i
3d YTO 40 7d DN 25 xore2

99



9100B ONLY

STAT-PAC

Iv-13
PROGRAM FOR SIMULTANEOUS SOLUTION OF FOUR

EQUATIONS IN FOUR UNKNOWNS
WITH PRINTER

This program in its original form was written by Dr. Stefan J. Medwadowski, a Consulting Structural
Engineer in San Francisco. One of his hobbies is programming the -hp- 8100A.

4x4 SYSTEM OF LINEAR ALGEBRAIC EQUATIONS

Given a system of linear algebraic equations:

11 X1 A pXgtA g X3 A Xy = Py
A91 Xy t2gg Xg F 293 Xy T Ay Xy T Py
agy ¥p t23gXg tA33 X3 Az Xy = P3
A1 Xy vyp Xg vz X3 TRy Xy T Py
or a matrix notation:
—a11 212 213 a14ﬁ ~x1— ~Pl—
291 292 423 394 X2 Py
231 232 233 234 X3 P3
341 242 %43 44 _x4 Py

i.e., [ai]-] {Xi} = {pi} withi, j=1, 2, 3, 4

Such systems occur frequently in the solution of boundary value problems of structural mechanics, such as
those which arise in the theory of thin elastic shells or plates.

It is assumed that the solution of the system exists; i.e., that the determinant of the s coefficient matrix does
not vanish. The coefficients aij are assumed real. J

NOTE: None of the determinates of the leading submatrices may be zero, or

| 211 | 7 0
| 211212 |
| 221 293 |
| 211 212 213
| 291 39 293 | # 0
| 231232 233 |
Should one or more of these conditions exist (and should therefore the illegal operation light come on),
it may be removed by re-arranging the sequence of the equations within the system. It is always possible to
do this as a consequence of the postulated existence of a unique solution.

Method of Solution: Cholewski's Method

Reference: Salvadori and Baron, Numerical Method in Engineering, Prentice-Hall, 1952.
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STAT-PAC
v-13
USER INSTRUCTIONS EXAMPLE
DEPRESS: X onthe 9120A 2x1 + Xg + 3x3 +X, = 7
PRESS: END Xy + 4x2 + Xg = 10
ENTER PROGRAM: Side A followed by Side B 3x1 - 5x3-2x4 =10
PRESS: CONTINUE 8x1 - Xg + 4x3 + 2x4 = 22
ENTER DATA: a.. (or P.) —» X
1 1 Xy 3 Xg -1

NOTE: Data is entered row by row in the

following order with a CONTINUE Xg 2 Xy 2

following each entry:

3110 F120 130 2940 Py

421> 293- 293, 394> Py

331> 2325 433> 3345 P3

3410 2490 843> A4y Py
DISPLAY

PRESS: CONTINUE

DISPLAY
* Z
* Y
Xy X
PRESS: CONTINUE
DISPLAY
* Z
* Y
X3 X
PRESS: CONTINUE
DISPLAY
* Z
* Y
X

*4
To rerun program:

Repeat USER INSTRUCTIONS

*Denotes Insignificant Display

61



STAT-PAC IV-13

00
01
02
03
04
05
06
07
- 08
- 09
0a
0b
Oc

0d

10
11
12
- 13
- 14
15
16
17
18
19
la
1b
1lc

14

20
21
22
23
24
25
- 26
27
28
29
2a
2b
2¢c
- 2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
PNT
RDN
STP
PNT
RUP
DIV
YTO
f

RDN
STP
PNT
RUP

Driv
YTO
e
RDN
STP
PNT
RUP

Div
YTO
b
RDN
STP
PNT

RUP

DIv
YTO
a
STP
PNT

UuP
uP

f

X
STP
PNT
XEY

YTO

DN

STP
PNT
XEY
STP
PNT
XTO

DIV

20
41
45
31
41
45
22
35
40
15
31
41
45
22

35
40
12
31
41
45
22
35
40
14
31
41
45
22

35
40
13
41
45
27
27
15
36
41
45
30
34
40

16
25
12
36
41
45
30
34
41
45
23
17
16
35

Plus Page
ENTRY

ENTRY

ENTRY

ENTRY

ENTRY

ENTRY

ENTRY

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta

7c
7d

YE

RUP

RDN

Div

YE

YTO

24
17
14
22
36
31
34
16
35
24
13
40
34
15

25
36
41
45
30
34
16
35
41
45
22
15
30
36

31
40
34
12
30
41
45
30
34
40
16
17
36
12

22
36
31
33
41
45
30
34
24
13
40
34
17
16

62

ENTRY

ENTRY

ENTRY

ENTRY

80
81
82

83

84
85
86
87
88
89
8a
8b
8¢
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
t1¢]
9d

a0
al
a2
a3
ad
ab
ab
a7
a8
a9
aa
ab
ac
ad

X

RUP

RDN

STP
PNT
XEY

DIv

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

36
14
22
36
31
33
41
45
30
34
13
35
24
34

12
40
33
01
16
36
22
30
47
47
44
34
00
00

47
47
47
47
47
47
47
47
47
47
47
47
47
47

ENTRY



STAT-PAC IV-13

b0
bl
b2
- b3
o b4

b5
b6
b7
b8
b9
~ba
- bb
“be
‘bd

cO
cl
ey
c3
‘cd
cb
cb
c7
c8
c9
ca
cb
“. Qe
~cd

- dl
d2
d3
d4
d5
dé
d7
d8
do
da
db
dc
. dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page
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00 XFR

01
02
- 03
04
. 05
06
o7
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
- 18
.19

- 1a
.o 1b
o 1e
- 1d

21
22
23
24
25
26
27
28
29
2a
2b
2c

- .2d

-+ 30
31
32
33
34
35
- 36
- 37
38
39
3a
3b
3c
. 3d

f
XEY
X
RDN
-+
STP
PNT
XEY
a
DIV

YTO

0
STP
PNT
UpP

67
34
15
30
36
31
33
41
45
30
34
13
35
40

00

41
45
27
27
15
36
41
45
30
34
40
16

17

36
12
22
36
31
33
41
45
30
34
25
27
24
34

12
40
13
36
24
34
17
16
30
36
30
24
34
17

Minus
Page

ENTRY

ENTRY

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4a

" 4b

4c
44

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
Tc
7d

ENTRY

ENTRY

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9c
9d

al
a2
al
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad

RUP

UuP

o+ xo0

XFR

PNT
PNT
DN

XEY
PNT
DN

PNT

34
22
24
34
17
16
36
31
34
40
17
15
36
13

27
12
36
25
33
16
27
14
36
25
33
25
24
34

12

17
27
67
34
16
45
45
25
30
45
25
45




STAT-PAC 1V-13

bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be

bd

el
. c2
c3
cd
ch
c6
c?
c8
c9
~oca
. c¢cb
1 oce

.ed

a
PNT
[&]
PNT
PNT
XFR
C
PNT
PNT
PNT
CLR
STP
STP

CHS

CHS
CHS
CHS
CHS
CHS
CHS
CHS
CHS
CHS
YTO
YTO
YTO
YTO

END

13

45
16
45
45
67
34
16
45
45
45
20
41

41

32
32
32
32
32
32
32
32
32
32
40
40
40

40

46

Minus
s Page

'S
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STAT-PAC
LEAST SQUARES REGRESSION v-14
Y = ¢ X2 4 c1Xb

This program calculates the coefficients of the equation Y = Co X2+ CIXb

of least squares fit of a set of data points. The exponents a and b are any real
numbers specified by the user.

Defining Equations are:
=x®sxPy _ sxdysxd*P

C =
1 »xP sy _ (532 +D]2

[ZX2Y - bp=x?*P]

(¢
0 rX2a

where all Xi > 0.

66



STAT-PAC
Iv-14

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y onthe 9120A

—» PRESS: END

ENTER PROGRAM
PRESS: CONTINUE
DISPLAY

0
0
0

SIS

ENTER EXPONENTS:

A ——> Y
b——» X

PRESS: CONTINUE
DISPLAY

0
0
0

PN

~—»ENTER DATA:

Yi——PY
X; —»= X

PRESS: CONTINUE

Has all
data been
entered?

NO

PRESS: SET FLAG

PRESS: CONTINUE
DISPLAY

A 7|ADenotes

C1

cg ——— X| Display

Y| Insignificant

67

tTo run another case, Repeat
USER INSTRUCTIONS.

EXAMPLE
X Y
1 9
4 44
9 ~699

16 ~4056

_ 1

a =3

b = 3

Results:

10



STAT-PAC IV-14

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

~0d

11
12
13
14
15
16
17
18
19
la
1b
1c

Vldw

50

21
22
23
24
25
26
27
28
29
2a
2b
2c

L2

30
31
32
33
34
35
36
37
38
39
3a
3b
3c

84

CLR

STP
PNT
PNT
XTO
b
YTO
a
CLR
STP
IFG
4
C
PNT

PNT
LN
XTO
8
UP
a
X
DN
EXP
X
UP
X
RDN
AC+

RDN
XEY
DIv
UuP
X
YEX
8
b
X
DN
EXP
X
UP
X

DN
YEX
C
+
YEX
C
XEY
YEX
d
+
YEX
d

DN
YEX

20
41
45
45
23

14

40
13
20
41
43
04
16

45

45
65
23
10
27
13
36
25
74
36
27
36
31

60

31

30
35
27
36
24
10
14
36
25
74
36
27
36

25
24
16
33
24
16
30
24
17
33
24
17
25
24

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
T7a
7b
7c
7d

YEX

DN
YEX

DN
Drv

10
36
25
76
24
11
33
24
11
44
00
11
24
11

40
11
12
36
17
27
15
36
25
34
27
24
11
40

11
25
27
36
24
16
15
36
25
24
16
34
25
35

27
25
25
24
11
36
12
30
34
15
35
31
45
41

80
81
82
83
84
85
86
87
883
89
8a
8b
8¢
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢c

9

‘aO

al
a2
ad
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad

OO0 OO0 0O OOOOOO0O

OO OO0 OO

T OO0 0O O0OCcCOOOCOCO

00
00
00

00

00
00
00
00
00
00
00
00
00
00

00

00

00

00
00

00
00
00
00
00
00
00
00

0

00

00
00
00
00

00
00
00

00
00
00
00
00



STAT-PAC 1V-14

b0

00

00

0 00
bl 0 00
b2 0 00
b3 0
b4 ] 00
bb 0 00
b6 0 00
b7 0 00
b8 0 00
b9 0 00
ba 0 00
bb 0 00
. be 0
~ bd 0 00
c0 0 00
cl 0 00
c2 0 00
c3 0 00
c4 0 00
ch 0 00
c6 0 00
c7 0 00
c8 0 00
c9 0 00
ca 0 00
chb 0 00
cc 0 00
cd 0 00
do 0 00
d1 0 00
d2 0 00
d3 0 00
d4 0 00
ds 0 00
deé 0 00
d7 0 00
ds8 0 00
d9 0 00
da 0 00
db 0 00
dc 0 00
dd END 46
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SECTION V HARMONIC ANALYSIS

Page Number
V-1 Sine Wave Curve Fit 1

V-2 Fourier Analysis (12 Ordinate Scheme) 9100B ONLY 5
V-3 Fourier Series [Sampled X(t)] 9100B ONLY 13



SINE WAVE CURVE FIT %T?T—PAC

This program accepts discrete samples of a curve of the form:
Y(t) =Cq + Cq sin | wgt+ o ]
where «, and t are known and determines c, i and ¢. The function Y(t) is

obtained for N discrete values of t at At increments for one complete cycle
of Y(t).

The quantities cys C1> and ¢ are obtained from the relations:

- 1
0 ° N Y, >

.2 ¥ 21k
A = N kZ:31 Yk cos N

2 N . 27K
B = N k2;1 Yk sin N
cy = A2 + B2

_ A
¢ = arctan B

Restrictions: N should be chosen such that at least 8 samples are obtained
for the complete sine wave cycle.

Reference: Measurement and Analysis of Random Data, J.S. Bendat, A.G. Piersol,
John Wiley & Sons, 1966, page 287,



STAT-PAC
V-1

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X on the 9120A

SET: [ | RADIANS |

PRESS: END

ENTER PROGRAM
—» PRESS: CONTINUE
DISPLAY

0
0
0

>IN

ENTER DATA: N—»X
PRESS: CONTINUE

DISPLAY
0 ———7
n ———Y
0 ——X

ENTER DATA: Yn———>X
After the Nth data value Y,, is

entered: N
DISPLAY
¢ —m 7
ci—Y
€0

To run another case

yit) =c, + ¢, sin [t + ol

0
_360° . 21 .4
wy =5z Or 37 radians/hr.

.262 radians/hr.

(;)1 =
At =1 hr.
t(hr.) y(t)
1 1.953
2 1,998
3 1,977
4 1.888
5 1,740
6 1.540
7 1.303
8 1.046
9 L1817
10 . 541
11 .327
12 . 159
13 .047
14 . 001
15 .023
16 .111
17 .260
18 .460
19 . 696
20 .953
21 1.213
22 1,459
23 1.673
24 1. 841
N =24 Data Set
Vi —>» Ya4
N =12 Data Set
Yo Ygr + + ¢ Y24
N=28 Data Set

Y3, Ygr + - ¢ Y24



EXAMPLE (Con't)

STAT-PAC
V-1

Results for all these sets

¢ = 1
c = 1
c(l) = 1

y(t) =1+ 1sin [.262t + 1]




STAT-PAC V-1

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
ib
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
XTO
a
XTO
b
STP
XTO
d
1

UP
e
<+
0

STP

PNT
PNT

XEY

XTO

COS
XEY

RDN
YEX

YTO

20
23
13
23
14
41
23
17
01
27
12
33
00
41

45
45
27
01
30
60
30
12
27
17
35
56
36
02

36
25
23
16
73
30
36
31
24
14
33
40
14
25

16
70
36
25
24
13
33
40
13
17
27
12
50
04

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
b5
56
57
58
59
b5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

DIV
YTO

UP

POL
UuPpP

DIv
XEY
YEX

YTO

XEY
RUP

PNT
RUP
PNT
RUP
PNT
PNT
PNT
PNT
PNT
PNT
GTO

END

06
00
27
44
00
10
15
27
17
35
40
11
14
27

13
62
27
02
36
17
35
30
24
11
40
11
30
22

45
22
45
22
45
45
45
45
45
45
44
00
00
46




FOURIER ANALYSIS
(12 ORDINATE SCHEME)

9100B ONLY
STAT-PAC
V-2

This program computes the first four sine and cosine terms of the Fourier

Series obtained from 12 observed ordinates. The 12 ordinates, Hgr Hi»
represent the value of some function f(X) evaluated at X=0, 2w, . .
respectively. 6° 6
This program computes 2g, 21, 2y, g, 3y, bl’ b2, b3 and b4
where
i(X) = ay +2a,Co8s X + a,Cos 2X +agcos 3X + a,cos 4X +. . .
+ blsin X + bzsin 2X + b3sin 3X + b4sin 4X + .,
The following formulas are applied:
Vi = pritrn Wy = pyp-epg
Vo = Pat Py Wog = bg- Py
V3 = p3tlg W3 = w3~ ¥
Vy = pgtig Wy = pg- Vg
Vs = Ugtiyg Wg = p5- Wy
1
ay = 15 [U0+V1+V2+V3 +V4+V5+L16]
1 3 1 1., /3
21°% [“o*‘% Vit gVa-g V5 V- vl
1 1 1 1 1
ag=% [Bo+ 3Vi- 2Ve-V3-3Va+ 3V5+1g !
1
ag =g [pg-Vy+Vyg-rg]
1 1 1 1 1
ay=5 [Ppo-2Vi-3Vy+V3-3Vg-3V5+ 1!
1 1., ./3 V3 1
by=5 [gWy FgWy+ Wy +5 W, ~+ 5 Ws |
1 By, LBw, Lw, L
by =5 [FWy A5 W, Y5 W, X5 Ws |
1
1l By LBw Lw, L
by =5 [ Wy G Wy MWy 5 Ws

U'Z’ . s e ull

. 11g¢

6

Reference: The Calculus of Observations, Sir Edmund Whittaker and G. Robinson,

Dover Publications, 1967, page 267.



9100B ONLY
STAT-PAC
V-2

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A
PRESS: END
ENTER PROGRAM 1: Side A followed
by Side B

PRESS: CONTINUE
DISPLAY

0 Z

0 Y

1 X
ENTER DATA:

po ——»>Z%

pl1——Y

pg —X
PRESS: CONTINUE

DISPLAY

0
0
2

ENTER DATA:

M N

py ——»7

p4g —»Y

pg —»X
PRESS: CONTINUE

DISPLAY

PRESS: CONTINUE

DISPLAY

0O ——
0O —m8M—
4 —7M8M—

ENTER DATA:

M N

pig—>Y
pg—»X

CONTINUE

[PRESS:
DISPLAY

r::‘.‘:F
>IN

When the display is:
DISPLAY +

M IN

5
5
5

PRESS: GO TO (-)(0)(0)
ENTER PROGRAM 2
PRESS: GO TO (-)(0)(0)
[PRESS: CONTINUE

DISPLAY
bj— 7
j —Y
j ——X

To run another case, repeat
USER INSTRUCTIONS




9100B ONLY

STAT-PAC
V-2
EXAMPLE
Mo = 0
by = . 262
Lo = .524
K3 = .1786
By = 1,047
bg = 1.309
Fe = 0
K = -1.309
Lg = -1.047
Hg = - .86
Big = - - 524
Py = - .262
Results:
ao = 0
al = 0
g = 0
ag = 0
ay = 0
by = 97T
b2 = -,453
b3 = .262
b4 = -,151
Or

f(X)=.977sinX - . 453 sin2X +.262sin3X - .151sin4X ...

The p; and resulting Fourier series are plotted in the example of program
STAT-PAC X-18.



STAT-PAC V-2 Program 1

00 CLR 20 Plus 40 AC+ 60 ‘ 80 CNT 47

01 1 o1 Page 41 YTO 40 81 CNT 47 .. ... .. .
02 STP 41 ENTRY 42 5 05 ... 82 CNT 47 ... . .. .. ...
03 PNT 45 43 DN 25 83 CNT 47 ... . . ... .
04 AC+ 60 4 4 04 84 CNT 47 . .. . ...
05 XTO 23 , 45 STP 41 - . ENTRY 85 CNT 47 0 S
06 d 17 46 PNT 45 86 CNT 47 : i
07 YTO 40 ‘ 47 PNT 45 87 CNT 47

08 c 16 48 AC+ 60 88 CNT 47 .
09 0 00 49 ARC 72 L 89 CNT 47 S
0a RDN 31 42 GTO 44 ‘ 8a CNT 47 = ' .
0b 0 00 4b - 34 8b CNT 47 .
O0c AC+ 60 4c 0 00 ; 8 CNT 47
0d YTO 40 44 0 00 ‘ 8d CNT 47 .
10 b 14 50 CNT 47 90 CNT 47 . ... .. .. ...
11 DN 25 51 CNT 47 91 CNT 47 .. ..
12 2 02 52 CNT 47 - 92 CNT 47

13 STP 41 ENTRY 53 CNT 47 93 CNT 47

14 AC+ 60 54 CNT 47 - 94 CNT 47

15 PNT 45 V 55 CNT 47 . 95 OCNT 47 ,

16 XTO 23 56 CNT 47 V 96 CNT 47 .

17 a 13 57 CNT 47 , 97 CNT 47 o
18 YTO 40 58 CNT 47 - 98 CNT 47 . . .
19 9 1 59 CNT 47 99 CNT 47

la. 0 00 5a CNT 47 : . 9a CNT 47

1b RDN 31 5b CNT 47 - 9b CNT 47

lc 0 00 5c CNT 47 9¢ CNT 47

1d AC+ 60 5d CNT 47 o 9d CNT 47 ' .
20 YTO 40 60 CNT 47 a0 CNT 47

21 8 10 61 CNT 47 al CNT 47

22 DN 25 62 CNT 47 V a2 CNT 47 )

23 3 03 63 CNT 47 a3 CNT 47

24 STP 41 ENTRY 64 CNT 47 a4 CNT 47 i
25 PNT 45 65 CNT 47 ‘ a5 CNT 47 )
26 AC+ 60 66 CNT 47 ; ‘ a6 CNT 47

27 YE 24 67 CNT 47 a7 CNT 47

28 9 11 68 CNT 47 i - a8 CNT 47 )
29 + 33 69 CNT 47 a9 CNT 47 )
2a YTO 40 6a CNT 47 . aa CNT 47 )
2b 7 07 6b CNT 47 ~ ab CNT 47

2¢ - 34 6c CNT 47 ac CNT 47
2d - 34 6d CNT 47 ad CNT 47
30 YE 24 70 CNT 47

31 9 11 71 CNT 47

32 a 13 72 CNT 47

33 XEY 30 73 CNT 47

34 + 33 74 CNT 47 -
35 YTO 40 75 CNT 47 o , -

36 a 13 76 CNT 47 ‘ U
37 - 34 77 CNT 47 ‘~ »

38 - 34 78 CNT 47

39 YTO 40 79 CNT 47 A
32 6 06 7a CNT 47 B - 8 B bbb
3b 0 00 7b CNT 47 1

3¢ RDN 31 7c CNT 47

3d 0 00 7d CNT 47




STAT-PAC V-2

b0 CNT 47

bl
b2
b3
- b4
. b5
b6

T

b8
b9
ba
bb
be

Cl
c2
c3
c4
chb
cé
c
c8
c9
ca
cb
cC

. do

cidl
d2
d3
d4
ds
dé
d7
ds
d9
da
- db
- de

.. dd

 bd

c0

cd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

ONT |

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

47
47
47
47
47
47
47
47
47
47
47
47

a7

a7

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47

Plus ‘

Page

47

Program 1




STAT-PAC V-2 Programl1

00 YE 24  Minus 40 X 36 ... ... 8 7 07T ... .
01 ¢ 16 = Page 41 2 02 .. 81 UP 27 ...
02 + 33 42 DIV 3 ... 82 2 02 . .
03 YTO 40 43 b 14 8 DIV 3 .
04 - 34 44 4+ 33 . 84 DN 25
05 f 15 ,, 45 4 17 . ... 8 = 34 .
06 - 34 L 46 uUP 27 86 a 13
07 - 34 47 2 2 87T uP 27
08 YE 24 ‘ 48 DIV 35 .. 88 2 02

- 09 ¢ 16 49 DN 25 o -8 DIV 3 i

. 0a d 17  4a + 38 . 8 DN 25 | . .
- Ob XEY 30 .~ 4b XFR 67 .. .8 + 33
. 0c + 33 _ 4c T 07 . 8 6 06
©0d YTO 40 o 44 UupP 27 84 DIV 35

e Y T, > T

10 d 17 .50 2 02 . .. .. 90 2 02 - ...
11 - 34 .. .81 DIV 38 . _.......91 UP 27 __ ... . -
12 - 4 52 DN 25 . . .92 PNT 45 . . .. . ..
13 YTO 40 ; 53 = 34 .. .93 PNT 45 S . .
14 - 34 . 54 a 13 94 b 14
15 e 12 o 55 UP 27 .. ...._95 UP 27 . .
16 DN 25 56 3 03 o 96 d 17 N
17 0 00 57 ¥ 78 .97 - 84
18 AC+ 60 . 8 X 36 98 XFR 67 ..
19 UP 27 , 59 2 02 .99 7 07 N S S
la RCL 61 "Ba DIV 35 . 9a + 33
©1b o+ 33 ‘ 5b DN 25 9 XFR 67
lc YTO 40 i 5¢ - 34 - " 9¢ 5 05
14 £ 18 5d XFR 67  9d - 34 | | .

20 DN 25 ; .60 5 05 ......a0 6 06 . ... ...
21 XFR 67 61 - 34 ... .al DIV 3 . ... ..
22 8 10 ‘ : 62 6 06 ‘a2 3 03 I R S
23 XEY 30 63 DIV 35 o .. a3 UP 27 ... ... .
24 + 38 e 1 01 a4 PNT 45 |
25 YTO 40 L 65 UP 27 . ......a5 PNT 45 . . _____.
26 e 12 66 PNT 45 5 ‘a6 b 14 s
27 - 34 o 67 PNT 45 a7 UP 27 .
28 - 34 68 XFR 67 a8 f 15
29 YTO 40 69 5 05 a9 UP 27
2a 8 IO 6a UP 2T ‘aa 2 02
2b f 5  6b b 14 _ ______ab DIV 3 .
2¢c UP 27 6c + 33 . _ac DN 2
i o  6a £ 15 . ad - 34 ! o

30 2 02 : ‘ 70 UP 27 . . B
31 DIV 35 1 71 2 02 - e e
32 0 00 .72 DIV 3
33 Up 27 .73 DN 25 R S et
384 PNT 45 S 74+ 33 - S
35 PNT 45 , 75 d 17 o
36 XFR 67 ‘ 76 UP 27
37 - 34 72 o2 . .
- 38 f 15 . 78 DIV 35 o T P SO
39 XTO 23 79 DN 25

3a f 15 . Ta - 84 e
3 UP 27 Tb e 2

3¢ 3 03 7c - 34 -
3d. v 16 ; ~ 7d XFR 67 PR ST RO SR

10
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STAT-PAC V-2 Program2

00 XFR 67 Minus 40 UP 27 .. 80 END 46 ... .. . ...

01 - 34 Page 41 a 13 e N S
02 e 12 42 X 36 N D
03 XTO 23 .. 43 DN 25 . . S N B
04 f 15 V 44 - 34 .
05 XFR 67 _ 45 e 12 , ,
o6 9 11 , 46 UP 27 .
07 XTO 23 47 a 13 TR D
8 b 14 48 X 36 U SR B
09 3 03 49 DN 25 N S S S S S
oa v 76 = 4a - 834
Ob UP 27 4 6 06 : S
Oc 2 02 4c DIV 35

0d DIV 38 44 2 02 | IS SO S B

=

10 YTO 40 : - 50 UP 27 , e
11 a 13 I 51 PNT 45 S N R
12 ¢ 16 52 PNT 45 Lo
13 UP 27 ‘ 583 ¢ 16 U S S

14 2 02 54 vp 27 P
15 DIV 3 55 d 7
l6 f 15 A 56 = 34 N N -
17 UP 27 ! - o - 57 e 12 ‘ N L
18 g 13 ‘ : - 58  + 33 - ¢
19 X 36 V 59 6 o6 AR
la. DN 25 52 DIV 35 L
1b + 33 5b 3 03 L T U T
lc a4 17 5c UP 27 o L :

ld + 88 . 54 PNT 45 s . . R

20 b 14 V . 60 PNT 45
‘- 21 UuP 27 61 ¢ 16 o .
22 a 138 62 UP 27 .
23 X 3 68 a 13
24 DN 25 . 8 X 38 SR S S
2 + 38 . 65 UP 27 S
26 e 2 . 66 f 15 , T S S
2r vp 27 87T X 36
28 2 02 68 DN 25 e
29 DIV 35 ) .69 - 84 U DR S
2a DN 25 . 6a b 14 RN S S SO
2b + 33 6b UP 27 T RS DU R
2¢c 6 06 ‘ 6c a 13 ; L
2d DIV 35 o 6d X 36 ‘

80 1 o1 70 DN 25 o P
.81 uUp 2t Tl 4+ 33 B o o ST
.32 PNT 45 S 72 e 12 v
33 PNT 45 73 UP 27 SO b B
34 c l6 74 a 13 RS B o U
35 UP 27 : 75 X 36 o Py
% 86 a 13 76 DN 25 B0 DN St S
.87 X 36 , 77T - 34 . Wy
.88 UP 27 ‘ 78 6 06 ) L e s s
89 f 15 79 DIV 35 N N T o LE
8 X 36 7a 4 04 B Ok
"3b DN 25 70 UP 27 O U U T
3¢ + 33 7c PNT 45 N W
8 b 14 A 7d PNT 45 TS D S S U AU

12




9100B ONLY
FOURIER SERIES [SAMPLED X(t)] \S;T?T°PAC

This program calculates the first 15 Fourier sine or cosine coefficients
associated with a discrete (sampled) time function X(t).

Definitions:
X(t) = X(kat) , k =1,2, ... , N
at = sampling interval chosen such that the highest frequency
present in X(t) is
1
fmax s 24t
N/2 9 N/2 -1
- mqk 2mgk
Xk A0 + é Aq cos ( N ) + q2=21 qum (_%L_) (1)
A =2 g X, cos 2mqk =1, 2 N 4 (2)
q - N k=1 k N » 4 = 1, s ' 9 -
B =2 IZ\I X, sin 279K =1, 2 Ny 4 (3)
q N k _ 1 k N b q » ’ b 2 -

This program computes either Aq, eq. (2) or Bq, eq. (3) for q=1, 2, ... 15,

Assumptions:

Nat = T (period of X(t) ).
N is even

At points where X(t) is discontinuous, the midpoint value should
be used for the input value.

Reference: Measurement and Analysis of Random Data, J.S. Bendat, A.G. Piersol,
John Wiley & Sons, 1966, page 287.



9100B ONLY

STAT-PAC
V-3
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
A
SET: RADIANS | By 7,
DEPRESS: X Y Z on the 9120A gg ¥
PRESS: GO TO (-)(0)(0) CONT: ‘
ENTER PROGRAM gi? %
PRESS: GO TO (-)(4)(b) Bijg—X
CONT: )
SET: PROGRAM Bi3 Z
PRESS: (sinX) or (cos X) for Bjy——Y
appropriate series. Big—X
SET: RUN L_
To run another case:

PRESS: GO TO (-)(0)(0)

PRESS: CONTINUE EXAMPLE
DISPLAY Determine the sine terms for the
0 Z following function: [sinx —» (-)(4)(b)].
0 Y
0 X N =20
—» ENTER DATA: N—»X
k At X(t)
»PRESS: CONTINUE 1 .92
DISPLAY % jé
4 .8
N——%Z 5 1.0
K—— Y 6 1.2
0—X 7 1.4
8 1.6
—ENTER DATA: X, —»X 19 1.8
After X,. has been entered, the ‘0 2.9
N, . X 11 2.0
results “are displayed and printed. 12 2.0
DISPLAYS ﬁ %;8
A 15 2.0
B 7| 16 2.0
By Y 17 2.0
By — X| 18 2.0
CONT: 19 2.0
By ——— 7| 20 1.0
Bs Y
Bg X
CONT: ‘

14



9100B ONLY

PART NO,
STAT-PAC
-3
EXAMPLE (Con't) v

Results:

By = -.63138
By, = _.30777
B3 =  -.19626
B4 = -,13764
B5 = ~,10000
B6 = -.07265
B7 = -.05095
B8 = -.,03249
B9 = -.01584
B10 = 0.00000
Bll = .01584
B12 = . 03249
B13 = . 05095
B14 = . 07265
B15 = . 10000
-

| N . ——
1
{ ' 20
! 10 At =]
3

15



STAT-PAC V-3

00 CLR

01
02
03
04
05
06
07
08
09
Oa
0b
Oc

11
12
13
14
15
16
17
18
19
1a
1b
1c

21
22
23
;,f’ 24

: 25
26
27

28

ooa

XTO
1
XTO
2
XTO
3
XTO
4
XTO
5
XTO
6

XTO

7
XTO
8
XTO
9
XTO
a
XTO
b
XTO

XTO

20
23
01
23
02
23
03
23
04
23
05
23
06

23

23
10
23
11
23
13
23
14
23
16
23
17

15
41
23
34
12
27
27
02
30
35
67
34

oAk

33
40
34
15
35
00
41
45
45
22
35
02

36

07

Minus

Page

23

'ENTRY

s

ENTRY

40
41
42
43
44

- 45

46
47
48
49
43
4D
4c
44d

50
51
52

- 53
- 54

55
56
57
58
59
5a

- 5b

5c

= 5d

60
61
62
63

64

65

- 66

67
68
69
6a
6b

! 6c
6d

70
71
72
73
74
75
76
77
78
79
Ta

T7c

7d

01
22
40
00
67
34
15
36
56
36
25
70
36
15

33
24
01
24
02
24
03
24
04
24
05

24
06

24

07

24
10
24
11
24
13
24
14
24
16
24
17
24

12

24
15
67
00
30
01
33

06
53
04
02
67

80

81
82
83
84
85
86
87
88
89

‘:Sa.
b

8c

8d_,

- 90

91
.92
93

94
95
96

97
" 98
.99

9a
9b

: 9¢
- 94

a0

al
a2
a3

} ad
~ab
- aé

a7
a8
ad
aa

ab

ac

ad

Up

PNT
PNT
RCL
XEY
UP

PNT

UP

PNT
XFR

up
XFR

UuP
XFR

PNT
XFR

Up

15
30
02
35
67
34
12
36
53
02
06
67

27
27
45
45
61
30
27
17
45
16
27
14

45
67

27
67
10
27
67
07
45
67
06

27




STAT-PAC V-3

b0 XFR 67 Minus
bl 5 05 Page i :
b2 UP 27 i
b3 XFR 67 I
M 4 04
b5 PNT 45 e
b6 XFR 67 i
b7 3 03 )
b8 UP 27 )
b9 XFR 67 '
‘. ba 2 02 .
. bb UP 27
- bec XFR 67
bd 1 01 )
~¢c0 PNT 45 ‘ V o :
¢l PNT 45 : : '
" ¢2 XFR 67
c3 - 34
c4d d 17
¢5 UP 27
c6 UP 27
c?7 PNT 45
c8 PNT 45
c9 PNT 45
ca PNT 45
cb GTO 44
e 0 00
ed 0 00
- d0 CHS 32
dl CHS 32
. d2 CHS 32
©. d3 CHS 32
. d4 CHS 32
. d5 CHS 32
- d6 CHS 32
d7 CHS 32
d8 CHS 32
d9 CHS 32
s da YTO 40
“db YTO 40
‘dc YTO 40
. .dd_YTO 40 |
N
© x-Z

iqu -



SECTION VI SAMPLING THEORY

Page Number
VI-1 Sample Size n For Continuous Data 1

VI-2 Sample Size n In Sampling For Proportions 5
VI-3 Neyman Allocation In Stratified Random Sampling 9



SAMPLE SIZE n FOR )
CONTINUOUS DATA ‘Sf’ff\lT PAC

This program calculates the necessary sample size (n) required to achieve
a desired precision (d), assuming a small risk « that the precision may not be
reached. The equations required are:

Lo t2 Sz
o d2
Do
L= 1y 0o
N
where
t = t statistic associated with a(a = .05, t = 1,96)
d = Chosen margin of error
s2 = Sample variance
N = Population size in sampling units

The quantity n represents the sample size required to ensure:

P.(|7- Tz d)= a

where

y = Sample unit mean

Y = Population unit mean

Reference: Sampling Techniques, Cochran, Wiley, 1965, page 75.



STAT-PAC

d —» 7
§2 ——» Y
t —»X

PRESS: CONTINUE

DISPLAY
0 ———7Z
0 —Y
2 —X

ENTER DATA: N —» X
PRESS: CONTINUE
DISPLAY

n
N
0

M N

To run another case

VI-1
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A Ottumwa National Forest
PRESS: END »
ENTER PROGRAM
—» PRESS: CONTINUE i

DISPLAY

0 —— 12

0O ————Y

1 —X
ENTER DATA:

In the spring of 1969, a complete deer
population head count was made of the
Ottumwa National Forest. This forest
is 8 miles by 10 miles. The sampling
unit was a square with 2 mile sides.
The population unit mean was 40
deer. (Y =40). The population unit
variance was determined to be 25.

(s = 25)

In order to determine the deer
population following the 1969 fall
harvesting, how many units (2 mile
squares) must be sampled in spring
1970 within a unit margin of error
of 10% Y? (d=4)

t = 1.96

d = 4

2 = 25

N = 4x5=20
Results:

n = 4.6

Thus 5 squares must be sampled to
obtain a new deer population.



STAT-PAC

07 XEY
08 RUP
09 UP
O0a X
0b DN
Oc DIV
0d YTO

10 d
11 CLR
12 2
13 STP
14 XTO
15 e
16 YEX

18 UP
19 DN
1a DIV
1b 1
i 1c +
1 1d DN

=20 DIV

21 UP

22 RCL
23 PNT
24 PNT
25 END

VI-1

20
02
41
23
12
24
17
27
25
35
01
33

25

27
61
45
45
46

ENTRY

- F - -

no







SAMPLE SIZE (n) IN SAMPLING FOR STAT-PAC
PROPORTIONS VI-2

This program calculates the necessary sample size (n) to achieve a desired

recision d, assuming a small risk o that the desired precision may not be reached.
fPr (lp-Plzd) = a ]

The equations used are:

2
n = tz(p_pz) = t pPa
o d2 d2
No
n = .5
1+ —
"N
where,
t = t statistic associated with a (¢ = .05, t = 1, 96)
d = Desired precision
p = Sample proportion
N = Population size
q =1-p
P = Population proportion

Reference: Sampling Techniques, Cochran, Wiley, 1965, page 75.
5



STAT-PAC
VI-2
USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z onthe 9120A

PRESS: END
ENTER PROGRAM
— PRESS: CONTINUE

DISPLAY
0 Z
0 Y
1 X
ENTER DATA:

d—»7
p—»Y
t ——»X

PRESS: CONTINUE

DISPLAY
0—m—7Z
0— Y
2—X

ENTER DATA: N —»X
PRESS: CONTINUE
DISPLAY

n
N
0

P N

To run another case

Last year a small sample of TV
watching habits was taken in
Livingston, Montana. This sample
indicated that 70% of the Livingston
TV sets were used for more than

4 hours per day.

How large a sample is necessary to
accurately determine what propor-
tion of TV owners are using their
sets over 4 hours per day?

N = (total number of sets)= 1500
p = .7(estimated proportion)

d = 0.1(desired precision)

a = .05 (t =1.96)

In = 77|




STAT-PAC VI-2 .

1 01
STP
PNT
PNT
XTO

02
03
04
05
06 f 15

41
45
45
23

07 DN
08 UP
09 X
0a XEY
0b -
0Oc DN
0d

25
27
36

25

10 X
11 DN
12 DIV 35

13 f 15

14 UpP 27
15 X 36
16 DN 25
17 X 36

18 YTO 40

19 d 17

la CLR 20
1b 2 02
lc STP 41

1d XTO

20 e 12
21 YEX 24

22 d 17

23 UP 27

24 DN 26
25 DIV 35
26 1 01

27 + 33

28 DN 25
29 DIV 35
2a e 12

2b UP 27

2¢c 0 00

- 2d PNT

PNT
END

30

31 46

CLR 20

30
34 @

25 -

V23V e i

45

"~ ENTRY g
ENTRY )

EREE o







NEYMAN ALLOCATION IN STRATIFIED ‘S,-rffo,T' PAC

RANDOM SAMPLING

This program calculates the optimum allocation of a fixed number of samples
between the N strata.

The equation used

N, s

L #hlslh

n = Number of Items to be Allocated

N, = The Number of Items in Strata h

8, = Standard Deviation of Strata h

n, = Number of Items Allocated in Strata h
N = Number of Strata (N =< 6)

Reference: Sampling Techniques by Cochran, Wiley, 1965.



STAT-PAC

VI-3
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
PRESS: CONTINUE
SET: FIXED POINT EDISPLAY
DEPRESS: X Y Z onthe 9120A h Z
PRESS: END gh §

ENTER PROGRAM A To run a new case, return to the

PRESS: CONTINUE beginning of the USER INSTRUCTIONS.

DISPLAY EXAMPLE
0 Z
0 Y
0 X
See next page.
ENTER DATA:

N———>»Y
n ——»X

PRESS: CONTINUE
—» DISPLAY

0
h
0

M N

ENTER DATA:

s, ——»Y
Np ——» X

L—— PRESS: CONTINUE

DISPLAY
1l —— 7
]l ——Y
] —X

(When this display appears, all data
has been entered.)

PRESS: END
ENTER PROGRAM B

10



STAT-PAC

VI-3
EXAMPLE

The following table shows the stratification of all farms in Milliken County,

altnd éche average sugar beet tonnage/acre per farm in each stratum for the year
968.

Farm Average Standard Number for
Stratum (h) Size (acres) Tonnage/Acre Deviation s, farms Ny,
1 0 - 50 9 4.1 21
2 50 - 100 13 6.3 62
3 100 - 150 16 8.2 104
4 150 - 200 17.5 10.1 181
5 200 - 250 20 9.0 75
6 250 —— 19.6 5.8 14

Great Mountain Sugar would like to determine if its 1969 ""Increased
Tonnage Incentives' plan has been effective by taking samples of 100 Milliken
County farms. How should they distribute the 100 samples ?

N = 6

n = 100

Nh Sy

N, = 21, Sy = 4.1

Ny = 62, Sg = 6.3

N3 =104, S3 = 8.2

N4 =181, S4 =10.1

Ng = 75, sg = 9.0

N6 = 14, Sg = 5.8
Results:

n, = 2

ny = 10

ng = 22

ny = 47

ng = 17

ng = 2

11
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STAT-

00

01 STP 41
02 PNT 45
03 PNT 45
04 AC+ 60
05 DN 25
06 1 01
07 XEY 30
08 STP 41
09 PNT 45

"~ 0a PNT 45

e
E

0b X 36
0Oc YTO 40

10 0 00

11 RDN 31

CLR 20
V)ENTRYW

Ll

PAC VI-3

" TENTRY

12 DN 25
13 2 02

14 XEY 30
15 STP 41

16 PNT 45

17 PNT 45 &
18 X 36

19 YTO 40
la c 16

1b O 00

lc RDN 31 -
ld DN 25 .

21 XEY 30

22 e 12 .

23 X<Y 52 | .
24 6 06
25 2 02

26 0 00
27 STP 41

28 PNT 45
29 PNT 45
22 X 36

40
14

04

06
02

45
45
36
40

00 |
31
30

12
52

00 3“ -
41

ENTRY

B T S

ENTRY

40
41
42
43
44

45
46
47

- 48
o 49
. 4a

- 4b

4c

4d

50

51
52

53

54
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57
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59
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5b
be

5d

60
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65
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6a
6b
6¢c

~ 6d

oo
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b
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LT

0
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5
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e
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6
2
0
STP
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DPNT

YTO

RDN
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PNT
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YTO
YEX
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DN
YEX

YTO
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o

e ]
O

Program A

00
31

05
30

52
00

41
45

45
36
20

11

00
31

06
30

12

52
06
02

00
41
45

45
36

10

24

10
40
10
17

12

06
02

25
24
11

40
11
33

16

33 .
14
33

13

33

15
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40
15
01
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STAT-PAC VI-3

’@ pd

bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
bc

c0
cl
c2
c3
cd
ch
c6
c7
c8
c9
ca
chb
cec

do
dl
dz2
d3
d4
d5
d6
a7
ds
d9
da
db
dc
dd

ZOOQOOoOOoOOoOOCOOQOOOOD

=

00 1
01 UP
02 d
03 UP
04 f
056 DIV
06 DN
07 PNT
08 PNT
09 2
0a UP
0b c
0c UP
0d f

===k r==- === ===

00

00

00

00

00

00 |

00

00

00

00
00

00

00

00
00

00

f60i4’ :

00

00

00

00
00
00

00

00
00
00

= 00

00
00
00
00
00
00
00
00
00
00
00
00
00
46

01
27
17
27
15
35
25
45
45
02
27
16
27
15

Program B

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20

21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
ad

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

Program A

DIv
DN
PNT
PNT
e
=Y
5
6
3
UP
b
uP
f
DIv

"DN

PNT
PNT

DIv
DN

PNT
PNT

YEX

XEY
UP

DIv
DN

PNT
PNT

=Y

YEX

XEY
UuP

DIV
DN

13

35
25
45

45
12

50
05

06

03

27 .

14
27
15
35

25
45

45

12
50
05
06
04
27
13
27
15
35
25

45
45
12
50
05
06
05
24
11
30
27
15
35
25

45
45
12
50
05
06
06
24
10
30
27
15
35
25

50

51
52
53
54
55
56
57

PNT

PNT
PNT
PNT
PNT
PNT
CLR
END

45

45
45
45
45
45
20
46




VII-1
VII-2
VII-3
VII-4

SECTION VII ANALYSIS OF VARIANCE

One Way Analysis of Variance m xn
Two Way Analysis of Variance
Two Way Analysis of Variance with Replicates

Analysis of Variance F Test For Column
Means

9100B ONLY
9100B ONLY



STAT-PAC
VII-1 A

ONE WAY ANALYSIS OF VARIANCE m x n

This program separates the total variance in a table of data into a portion due to chance and a portion

due to differences between and population means underlying each column of sample data, It then calculates the
variance ratio.

nm(m - 1) < X, - X)
T = JE 1 ]
n-1 m 2 X.. - X))
SR PR o
with Vy=n- 1 degrees of freedom
Vy =n (m - 1) degrees of freedom
where
- A 3 3
= mm 121 %51 Xy
< _ 1 %
5T om0 Xy

{n-1) {JIZI

Y
1
v B
-t
HN
=
)
]
El fovy
Coda
Tgl=1
[y
[
g B
—-
e
R
S
[\U]
—

nm(m - 1) {
F = j

I
[y
-
IME M s
>
Do
1
ll—‘
o
s
[y
-
8 =
=
]
o
[\]
1
B~
M =
p—
M
IR
=t
s
o
+
2|
ro
[IIng =]
-
™ g
|
o
&
R
H_/

Reference: Freund, John E,, Mathematical Statistics, Prentice Hall (1962)



STAT-PAC

VII-1 A
USER INSTRUCTIONS EXAMPLE
DEPRESS: X on the 9120A General form
j Columns
PRESS: END 1 2 ] ) . . n
ENTER PROGRAM
L Xy Xy
PRESS: CONTINUE n
—» DISPLAY 2
0O————7Z
o v i Rows Xij
0————X
ENTER DATA: n Columns—»Y, m Rows-»X m X X
ml mn
PRESS: CONTINUE
> DISPLAY Columns
0O—— Z 172 203 161
j———Y jth Column 185 172 149
i —— - X ith Row Rows 165 187 183
Enter data 194 183 156
Column by Column
ENTER DATA: X;; —>X 212 179 144
PRESS: CONTINUE
F = 5,01
vy = 2
Vg = 12
F ——— 7 |F=variance ratio
v v U, =degrees of free-
1 dom in numerator
Vg™~ X |l,=degrees of
freedom in
denominator
L.«— PRESS: CONTINUE for new case




STAT-

AC VII-1
CLR 20 .
XTO 23

9 1
XTO 23

b 4
STP 41 ENTRY
XEY 30 ‘ ‘
PNT 45
XEY 30
PNT 45
PNT 45
YTO 40

c 16
up 27

1 01

+ 33
YTO 40

d 17
XEY 30
CLX 37
RDN 31 =
XTO 23

a 13 ‘
STP 41 ENTRY
PNT 45
PNT 45
YEX 24
b4

+ 33 :
YEX 24

b 14
up 27

X 38
AC+ 60
DN 25

a 3
UupP 27

1 o1

+ 33

d 17
X>Y 53

i 01

5 05
DN 25

b 14
Uup 27

X 36
DN 25
YEX 24

9 11

+ 33
YEX 24

9 11
CLX 37
RDN 31

1 01

40
41
42
43

AA
Er

45
46
47
48

. 49

4a

 4b

4c

4d

50

ol
52
53
54
55
56
57
58
59
ba
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70

71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

34

23
13
37

00

23

14
52
01

17
27
01
34

0

17
61
27
36

16

35

17
35
25
34
40
12
31
24

11

17
35
25
30
34
12
30
34
30
35
16
36

27

01
34
40
15
25
35
17
27
01
34
25
36
27
16

10

80

81
82
83
84
85
86
87
88
89
8a
8b
8¢
8d

36

15
30
47
22
45
22
45
22
45
45
45
45

-







9100B ONLY
STAT-PAC
VII-2

TWO WAY ANALYSIS OF VARIANCE (m x 4)

This program analyzes the total statistical variance in a table of data by separating the total variance
into two parts, the variance among rows of data, and the variance between columns of data, and comparing each

to the variance due to random influence, In a table of four columns and m rows it calculates the variance ratio

between columns,
4 T o2
5 (XJ.-XV 3
j=1
4 m _ _ —. 2
) > (X,;-X,-X +X) / (m-1) (3)
i=1  i=1 U

with V1 = 3 degrees of freedom

B

and v, = 3(m-1) degrees of freedom

and the variance ratio between rows:

m
_i__z/(m_l)
i=1
2 S o o 2
) i§1 (xij-xj-xi+x) / 3(m-1)

with V1 = m -1 degrees of freedom

19
X
&

V2 = 3(m-1) degrees of freedom

where: ; m 1 4
X == X.. X == 3 X
} m i§1 g R =
Y
_ 1 42 If Vy = degrees of freedom in numerator
X = __ X.. _ : .
4m - Z is1 ij Vy = degrees of freedom in denominator
The equations used by the program are:
1 m 2 1 4 m 2
wenfy B8 ) S5 w0
4 i=1Llj= 4mlj=1 i=1
r 2 1 4 m 2 | 4 rm 2 m [ 4 2 [ r4 m 2
o{s 3 -t 2wl s[5 k] S AR AN
j=1 i=1 4m “j=1 i=1 m j=1%=1 4 i=1%j=1 2m-j=1 i=1
1 4 m 2 1 4 m 2
w518 )" Sl E )
F = m j=1 i=1 4m Lj=1 i=1
¢ 1 4 m 2 1 4 m 2 ; 4 2 L ;12 % 2
wm{s % X, -__[z by x..}-*z[z x..}-_z[z x:| +_[ x}}
j=1 i=1 j=1 i= 1 m j=1ti=1 1 4 i=11tj=1 1 2m Lj=1 i=1 H

Reference: Freund, John E., Mathematical Statistics, Prentice Hall (1962)
5



9100B ONLY

STAT-PAC
VII-2 A
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
T
j Columns A DISPLAY +
1 2 3 4
9 Fc Z F ratio between columns
V1 V, degrees of freedom
i Rows DATA TABLE in numerator
V2 V, degrees of freedom
in denominator
m PRESS: CONTINUE

DEPRESS: X Y Z onthe 9120A
PRESS: END

ENTER PROGRAM: Side A followed by Side B
PRESS: END

— PRESS: CONTINUE

DISPLAY
0 — Z
0 —— Y
0 ——X

ENTER DATA: m —-—+X number of rows in

data table
PRESS: CONTINUE
DISPLAY
0 —-—F— 7
A j —m Y
j — X
ENTER DATA: Xi.-—PX j = column
] i=row
(data entered row by row)
PRESS: CONTINUE

YES

DISPLAY
r F ratio between rows
1T V, degrees of freedom
in numerator
V2 _ V., degrees of freedom

in denominator

To re-run program:

—-¢— PRESS: END

EXAMPLE

General form

j Columns

1 2 3 4

X11 . .. X14

i Rows X..
1]

ml’ m4

Columns
58.2 49,1 60.1 75.8

Rows | 56, 2 54.1 70.9 58.2
65.3 51.6 39.2 48,7

F = 0.43

F, = 0,92
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STAT-PAC VII-2

00
01
02
03
04
05
06
07
08
- 09
Oa
0b
Oc

11

12
- 13
14
- 15
16
17
18
19
la
1b
1c
1d

20
‘21
22
23

25
26
.27
28
.29
- 2a
2b
2¢c
2d

CLR
XTO
a
XTO
b
XTO
c
XTO
9
XTO
8
STP
RUP

YTO.

1
STP
PNT
XTO

YE

YE
UP
AC+
CLX
RDN
STP
DNT
YE
YE

YE

YE

UP

AC+
CLX
RDN

STP

PNT
YE

YE

ch:A

20
23
13
23
14
23
16
23
11
23
10
41
22

Plus
Page

ENTRY

0

tif R

01
41
45
23
07
24
13
33
24
13
27
36

L

- ENTRY

37

31
02
41
45
24
07
33
24
07
24
14
33
24

dAﬁié?wf o

27
36

60

37
31
03
41
45
24
07

33
24

ENTRY

.. 8d

'ENTRY

40
41
42
43
44

45

46
47
48
49
4g
4pb
4c
4d

50
51
52
53
54
b5
56
57
58
59
5a
5b
5¢c
5d

60
61
62
63
64
65
66
67

68
69
_Ba

6b
6¢c

70

71
72
73
74
75
76
77

78

79
Ta

b

O

7d

YE

YE
UP
AC+
CLX
RDN
STP

PNT
PNT

CLX
RDN

GTO

CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT

24
16
33
24
16
27
36
60
37
31
04
41
45

45

24
07
33
24
o7
24
10
33
24
10
27
36
60
24

07
25
24
11
27
36
37
31
33
44
34
00
00
47

¥47,V,

47
47
47
47
47
47
47
47
47
47
47

47

ENTRY

80
81

- 82

83
84
85
86
87
88

. 89

8a
8b

. 8¢
- 8d

90

91
92
93
94
95
96
97
98
99
9a
9b
9¢c
9d

a0
al
a2

a3

a4
ab
a6
a7

a8

a9

aa

ab
ac

_ad

44%‘,L

47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
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47
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47
47
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47
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1j




STAT-PAC VII-2.

b0 CNT

bl
b2
b3
PRI o
‘- bb

" b6

f;zb7
. b8
. b9
ba
bb
. be

bd

c0

el
- c2
- c3
c4d
cd
cé
c7
- c8
c9
S eca
“¢b
i e
- cd

- do
- dl
d2
d3
d4
ds
dé
a7
ds
do
da
db
dc
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

47

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page




DIV

Div
DN

AC+

DN

uPp
YE

DN
UP

DN

DIV

24 |

11
01
34
37
52
06
10
61
63
27
36
04

35
25
34
60
13
27
36
14
27
36
25
33

16

o7

36
25
33
27
24
10
25
27
36
25
33
17
35

15

34
27
24
11
04
35
15
34
40
13
12
22

34

3B

STAT-PAC VII-2

Minus
Page

40
41
42
43
44
45

. 46

47

- 48
49

49

- 4b

4¢
44

50
51
52
53
54
55
56
57
58
59
5a
5b
5ec
5d

60
61
62
63
64

65

66
67
68

69
~ 6a
6b

6c

XEY

RUP

YTO

DN
DIV

UP

DN
XTO

UP

XEY
PNT
PNT
UP

DIv

30
22
34
40
14
25
35
17
27
01
34
25
23
17

36
27
03
36
30
45
45
13

~
i

14
35
03
36
27

17
36
30
45
45
44
06
16
44
33
01
01
46
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9100B ONLY
STAT-PAC

TWO WAY ANALYSIS OF VARIANCE WITH REPLICATES VI-3 A
(THREE WAY)

This program analyzes the total statistical variance in a table of data by separating the total variance

into three parts, the variance among rows, the variance between columns, and the variance due to interactions,

Computational Equations

S5 5 o [FEE ]
SST = -— X..
i i r . Lur  knm i b r ur
1 li[n m :‘2 1 [li:: % m 2
SSA = — >y . -—— ) X:]
nm i j T 1jr knm i i T 1jr
1 n m k 2 1 k n m 2
SSB = — X.. - —
= P ] m[E T E
LS 3 [% N QR AN 8
SSI = = -1 X -1 X +—L X
m i i T 1jr nm i ] rz ijr km i {1 T 1]1‘] kmn [IZJZ ; ]_Jr]
SSA kn(m - 1)
FR " k-1 SSE
SSB kn(m -1)
Fe "@-1 SSE
SSI kn (m - 1)
Fil *&-Da-y SSE
SSE = SST - SSA - SSB - SSI r=m
m
a (n=8)
Xijjr
k
i=k n

Reference: Mathematical Statistics, John E. Freund, Prentice Hall, 1963

11



9100B ONLY

STAT-PAC
VI-3 A
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
DEPRESS: X Y Z onthe 9120A
PRESS: END DISPLAY
ENTER PROGRAM 1: Side A followed by Side B -
F Z
PRESS: END row
V1 Y
PRESS: CONTINUE V2 X
DISPLAY
PRESS: CONTINUE
0O — Z DISPLAY
0O ———Y
0 —— X F
column
1 tit 1 ¥
, rows columns repetitions
ENTER DATA: kK =7, n =Y, m —X V2 —ee—— X

—

PRESS: CONTINUE

DISPLAY

i—m—m—m7Z row
j Y column
by X repetition

ENTER DATA: Xijr — X

PRESS: CONTINUE

X
Entered?

NO

DISPLAY

[

z Intermediate
1 Y results, DO
I x NOT ALTER.

PRESS: GO TO (-)(0)(0)
ENTER PROGRAM 2:
PRESS: GO TO (-)(0)(0)
PRESS: CONTINUE

PRESS: CONTINUE

DISPLAY
Finteraction 2
v, Y
v, —— X

EXAMPLE

n =3 columns
AL

~

[ 58.2 56, 2 65. 3
52,6 41.2 60.8

49,1 54.1 51.6
42,8 50,5 48,4

k=4 rowsT
60.1 70.9 39.2} m=2
58. 3 73.2 40,7 repetition
75.8 58, 2 48.17
L 71.5 51,0 41,4
Results:
F = 4,42 F _9.39
row column =
V1 =3 V1 = 2
V2 = 12 V2 = 12
Finteraction = 1% 93
V1 = B
v = 12



STAT- PAC VII—3

gpm e s w

11
12
13
14
15
16
17
1 18
19
1 ¥:)
1b
1c

1d

S22
.- 23
24
25
. 26
: 27
128
- 29

23,
- 2b
. 2¢

2

30

31
.- 32
: 38
- 34
35
S 36
37
- . 38
39
3a
. 8b
- 3¢

3a

T

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

210 Plus ’
41 ENTRY

Page

- 43

41
42

44
45

46
47

48
49
43

| 4b
- 4e
W4d‘

50

‘; 51
- b2

53
54

. 55
- 56
- 57

58
59

¢ ba
. 5b
- 5c

5d

60
- 61

62
63
64
65
- 66

87
' 68

69
6a

~6b
_ . 6c
- 6d

70
71
72

73
74

75

76

77
78
79

’;7a

b
Tc
7d

Program 1

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

'CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

9d CNT. 47 .

ac CNT 47

Eelal 2

a0 BN A T R e

80 CNT 47 | __ :
81 CNT 47 [ _ ... ...
82 CNT 47 __ .. ...
83 CNT 47 S

84 CNT 47 .

85 CNT 47
86 CNT 47

87 CONT 47 . .
88 CNT 47 . | )
89 CNT 47 . e
8a CNT 47 =
8 CNT 47 |
__ 8 CNT 47 = =
Vde,hQN;T_,AZ I AR N S
90 CNT a7
91 CNT 47 .. ... .

92 CNT 47 | .

. 93 ONT 47 .. ... __
. 94 CNT 47 . .. __ .
95 CNT 47 .. ... .
96 CNT 47 .. ... __
97 CNT 47 ... .. __
98 CNT 47 ... .
99 CNT 47 . ... .. ..
9a CNT 47 ... ... _.

9b CNT 47 ...

9¢ CNT 47

T R R R SR R W A

a0 CNT 47

B SRR B nﬁ"ﬁmwmmvﬁ-mﬁmkﬁaﬁﬁw e mw%
FEN > P ki

S e o e 30

al CNT 47 :

a2 CNT 47

a3 CNT 47

a4 CNT 47 e s

_...ab CNT 47 SN

a6 CNT 47 I T

a7 CNT 47 .
. a8 CNT 47 S -
.a9 CONT 47

aa OCNT 47 R

ab CNT 47 I




£ PR
i <“‘ ¢

. Program1l

s 3 <
T E . e R T B F F T & F E b R T

ba CNT 47 B N ok -
bb CNT 47 | i o I
bc CNT 47 ) e
bd CNT 47 ) ‘ TR T T TR A A
c0 CNT 47 ) ) S T T
cl CNT 47 ) i I
c2 CNT 47 ) o S D
c3 CNT 47 ) ) I T
c4 CNT 47 o

c9 CNT 47 ] ) R e e
ca CNT 47 IO U
cbh CNT 47 o . e
cc CNT 47 e L IO A
cd CNT 47 o i .
~:d0 CNT 47 . . ) B - -
dl CNT 47 o e
d2 CNT 47 L . N
- d3 CNT 47 ! ; U S -
d4 CNT 47 R 3 . .
d5 CNT 47 I Y o
dé CNT 47 i . S P
d7 CNT 47 . ) ) . I DU
d8 CNT 47 A . _“ o
d9 CNT 47 = ) . ) S -
da CNT 47 . .- B
db CNT 47 ) .- .
de CNT 47 ~ o S DU
. dd CNT 47 ) [




00 XTO 23
01 2 02
02 1 01
03 + 33
04 YTO 40
05 9 11
06 GTO 44
07 SUB 77
08 9 11
09 c 16
0a YE 24
0b 5 05
Oc + 33

STAT-PAC VII-3

h Minus‘
Page

~0d YE 24

11 GTO 44
12 SUB 77
13 9 11
14 c 16
15 YE 24
16 4 04

17+ 33
18 YE 24
19 4 04

' 1a GTO 44

. 1p SUB 77
i le 9 11

03
33
24
03
. 25 GTO 44
. 26 SUB 77

B4 YE A

- 27 9 1
28 ¢ 16
29 YE 24 )
2a 2 02
2b + 33
2¢ YE 24 .
2d 2 02 T
30 GTO 44
31 suB 77
32 9 11
33 c 16 -
34 YE 24
35 8 10
36 + 33 }
-+ 37 YTO 40
- .38 8 10 |
© 39 GTO 44
32 SUB 77
3b 9 11
3¢ C 16

40
41
42
43
44
45
46
47
48
49
43
4b
4c
4d

- 50
51
52
53
54
55
56
57
58
59
5a

- 5b

. be

- ad

60
61

- 62
63
64
- 65
- 66
67
68
69

‘ 'j76a

~ 6b
6¢c

. 8d

72
73
74
75
76
17
.78

79

Ta
b
7c

| 1d

70
71

XFR

UP

DN

XFR

up

12
33
24
34
12
44
77
11
16
24
34
15
33

24
34
15
67
01
27
36
67
00
33
40
00
37
23

,Olm,”. :

31
24
11
14
53
00
02
67
05
27
36
67

36
25
33
67
03
27
36
25
33
67
02
27

15

o4

_ Programl1l

80
81
82

83
84
85
86
87
88
89
8a
8b
8c
8d

,90_

91
92

- 93

94

95
96
97
98
99

- 9a
- 9b
- 9¢

9d

Va()

al
a2

- a3

ad

. ab

1
a7
a8
a9
. aa
- ab

ac

.ad

-

XFR

STP

n -
<

x o
=+ I-‘U'IO._lé 0o 4+ R o,

1o

67

27
36
25
33
67
34
12
27
36

25

67
34
15
27
36
25
33
25
27
27
41
25

16

50

05
03
01
33
13
27
17
50
16
05
01
33

33

40

| e e e o | -



STAT-PAC VII-3  Programl 7 e

- bO a 13 Minus
bl XFR 67 Page
b2 9 11 :
b3 RDN 31
b4 STP 41 = ENTRY . .
b5 PNT 45 - .
b6 PNT 45
b7 UP 27
b8 X 36
b9 AC+ 60
<. bb 7 07 . R
i be o+ 33 , : [ ’ ‘
i bd YE 24

c0 7 07
¢cl DN 25 A T
" ¢2 GTO 44 o ;
c3 a 13 ‘ : o S T
c4 5 05 ! : : : . .
cb DN 25
c6 XFR 67
c7 7 07
c8 YE 24
c9 1 01 - ‘ AU
ca + 33 , PR D
cb YE 24 N NN
< ee 1 01 P [ : fN,AEM S
.ed UP 27 . S SN S

40 X 3
dl RDN 31 , o o
@2 YE 24 T N
a3 6 06 ; N
4 + 33 T
%5 YE 24 .
6 6 06
a7 CLX 37 V N ‘ N
d8 XTO 23 = : B )
@@ 7 o1 ‘ o S
da XTO 23 - o
db a 13

dc RUP 22
_ dd RTN 77

16




STAT-PAC VII-3

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

0d_

10
11
12
13
14
15
16
17
- 18
19
1a
1b
1c

1d

20

21
22
23
24
25
26
27
28
29
- 2a
2b
2c
2d

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

YTO
1
f
UP
X
d
DIV
C
DIV
b
DIv
e
XEY

YTO

XTO

XFR

up

DIV

DIV

YTO

XFR,

Uup

Div

DIV

YTO

XFR

DIV
XFR
XFR
UP
DIv

DIv
DN

40
01
15
27
36
17
35
16
35
14
35
12
30
34

40
12
23
15
67
00
27
16
35
17
35
15
34

40

05
67
01
27
14
35
17
35
15
34
40
04
67

06

27
17
35
67
05
34
67
01
27
17
35
14
35
25

Minus
Page

Program 2

YTO
3
RCL
XFR

PNT
PNT
CNT
XFR

uPp
XFR

UuP

YTO

34
40
03
61
67
05
34
67
04
34
67
03
34
17

27
01
34
16
36
14
36
25
30
40
17
35
40
02

67
05
36
14
27
01
34
40
14
25
35
27
17
45

45
47
67
02
27
67
04
36
16
27
01
34
40
16

17

85
- 86
- 8r

80

81

82

83
84

88
89
8a
8h

. 8c
-8 b

90
91
92
93
o4

95
96

97

98
99

" 9a

9b
9¢c

9d

piv 3 .
UpP 27 .

d 17 -
PNT 45 @S

PNT 45 . .-
CNT 47 .
XFR 67 3

2 02
UP 27 L
XFR 67 )

3 03 o

X 36 o

b 14
UP 27

c 16

X 36

DN 25

DIV 35

UP 27

d 17

PNT 45 S B
PNT 45

PNT 45 i
PNT 45 o
PNT 45

PNT 45

END 46







ANALYSIS OF VARIANCE F TEST FOR MEANS

STAT-PAC
VII-4

This program operates on 2 or more columns of data containing equal numbers
of items, classified according to a single criterion:

K
X1 X9 %X43 - - - X
X91 X9 -

X31 %39 -

The program generates an Analysis of Variance Table containing the sums of
squares among the column means and within each group. This essentially amounts
to breaking down the total variation in the data to its component parts, i.e. , among
and within groups. It subsequently computes the corresponding mean squares and
F ratio for testing the hypothesis that the means of the columns are not significantly

different.

ANOV Table
Degrees
of Mean
Sum of Squares Freedom Squares
K R 2 K R 2
Among Means Sam= X< (= . Xij) -] = . p2 . Xij K-1 Sam/K-1
i: 1 ! = 1 = J b df
R N 1
K R 9 K R 9
Within Groups Swg= = = (Xi’ - Z (= Xi') N-K Swg/N-K
i=1j=1 Y =1 [j=1 Y d
R 2
K R 9 K R 2
Total St= = = (X..)° - = = X; N-1
i=1 j=1 U i=1 j=1 J
N

19




STAT-PAC

VII-4
K R 9 K R 2
= (= X.) - = > X
i=1 j=1 1 i=1 j=1 U
R N
K-1 Sam
F = _ K-1
Swg
N-K
T T (X.) - = (= i.)
i=1 j=1 Y i=1 |j=1 U
R
N -K
Where:

Index of Rows

s
Il

= Index of Columns

= No. of Columns

No. of Rows

= Total Number of Observations

Z W R T
i

For abbreviations in the program:
Sam = A-B
Swg =C-A

The calculated F is to be compared with the value found in a table of F
percentiles at vy = K-1, 2 =N-K. The hypothesis is rejected if Fcalc. > Ftable .
The latter will depend on the level of confidence used in the table (usually 95%).

Data is entered column by column beginning with column 1. Thus data is

entered as X11’ X21, X31, o e ey XRl; Xlz’ Xzz, e ey XRZ; ete.

This program was written by Dr. Thomas F. Brodasky of the UPJOHN COMPANY,
Kalamazoo, Michigan.

20




STAT-PAC

VII-4
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A K
PRESS: END 1 2 3
A 1(2.10 2,20 3.00
ENTER PROGRAM 2 [3.00 2.30 2.20
—» PRESS: CONTINUE R 3 (2.60 2,90 2.80
» DISPLAY 4 12.50 2.60 2.80
512.80 2.10 2.40
0 ——— 17
00— Y
00— X
df 1 = K - 1 = 2
PRESS: CONTINUE
Answer:
Sam = 0.1373
Has the last
entry of the jth column Swg = 1.3200
been entered?
St = 1.4573
Sam/K-1= 0.0687
PRESS: SET FLAG |
| Swg/N-K= 0.1100
*Aft .
er all columns are entered; F..1e = 0.6242
PRESS: GO TO (4)(9)
F = 3.89 (@ 95%
table :
PRESS: CONTINUE confidence)

DISPLAY

Sam
Swg
St

M N

PRESS: CONTINUE
DISPLAY

Sam/K-1 — Z
| Swg/N-K — Y
F—m7m7M—7-X

To run another case:

-«—— PRESS: END

21




STAT-PAC VII-4

00 CLR 20 ‘ 40 1 01 80 UP 27

S 01  XTO 23 41 YEX 24 V 81 RUP 22

.02 9 11 42 9 11 82 DIV 35

03 XTO 23 43 + 33 83 XEY 30
04 a 13 44 YEX 24 84 PNT 45

05 XTO 23 | 45 9 11 85 PNT 45

06 b 14 46 GTO 44 86 PNT 45
07 XTO 23 47 0 00 87 PNT 45

08 c 16 48 b 14 : 88 END 46

09 XTO 23 49 da 17 ‘ ‘,
. i 0a d 17 4a UuP 27
.. 0b CLR 20 4b X 36
. 0c STP 41 ENTRY 4c b 14

04 IFG 43 | 4d DIV 35

10 2 02 ‘ , 50 YTO 40
11 7 07 ; 51 f 15 . i
12 PNT 45 B 52 c 16
13 PNT 45 53 XEY 30
14 UP 27 54 - 34 -
15 X 36 55 YTO 40
16 UP 27 ‘ 56 d 17 e
17 RDN 31 57 a 13 - .
18 a 13 58 UP 27
219 + 33 59 c 16 )
. la YTO 40 5a - 34 ) .
©1b a 13 5b RUP 22
1c 1 01 5¢ a 13 B
1d RUP 22 5d XEY 30 ) ) _
20 AC+ 60 60 f 15
21 CLX 37 61 - 34 .
22 UP 27 ‘ A 62 d 17 i
23 UP 27 ) 63 RDN 31 L
24 GTO 44 A 64 PNT 45 S i
25 0 00 65 PNT 45 i
26 c 16 66 1 01 i
27 e 12 67 YEX 24 -
28 UP 27 ‘ 68 9 11 ) I
29 b 14 89 YTO 40 1
2a + 33 6a a 17
" 2b  YTO 40 6b - 34 i
2c b 14 6¢c RDN 31 e
24 f 15 ~ 6d DIV 35 o
380 UP 27 70 YTO 40 - '
31 X 36 71 e 12 4 [N TR U S .
32 e 12 72 a 13 i b
33 DIV 385 73 UP 27 SR St b Sl S
34 c 16 74 c 16 . *
35 + 33 & 75 - 34 ) o
36 YTO 40 ; 76 UP 27
37 c 6 17 b 14
38 f 15 i 78 XEY 30 ‘ AT S R SO
39 UP 27 79 a 17 o i
3a da 7 7a - 34 S I R e el EEEEEEL e
3b + 33 ; 7 RDN 31 -
3¢ YTO 40 ‘7¢ DIV 35 o S0t i A
3d d 17 ‘ 7d e 12 : )

22



VIII-1
VIII-2
VIII-3

SECTION VIIIT OPERATIONS RESEARCH

Queueing Model
Queueing With Finite Customers
Queueing With Infinite Customers

Page Number
1

5
9



QUEUEING MODEL g’fé_Tl- PAC

The program determines P, (the probability of a waiting line of length n)
and n (the mean value of a waiting line) for a single-station Queueing problem.

The equations used are:

A \n A
Ppo= (g)@a-x)
A
n = I _’l—)\
1 - 4
\ H)

where

Mean service rate

Mean arrival rate A < 1
. o

B =
I

Number of units in the waiting line,

Reference: Introduction to Operations Research, Churchman, Ackoff, and Arnoff,
Wiley, 1964,



STAT-PAC

VIII-1
USER INSTRUCTIONS EXAMPLE
DEPRESS: X Y Z onthe 9120A If the mean arrival rate is 10units/day,
E and the mean service rate is 20 units/day,
PRESS: END what is the probability of 4 units in the
ENTER PROGRAM waiting line?
PRESS: CONTINUE L
—» DISPLAY A = 10
o 2| peoo= 20
0 Y
E X| Results:
ENTER DATA: P4 = .03125
n ——w 7 n = 1
A ——» Y
g — X

PRESS: CONTINUE
DISPLAY

[CX=1Rv)
=]
M N

To run another case :

L PRESS: CONTINUE




STAT-PAC VII-1

01
02
03
04
05
06
07
08
09
O0a
0b
Oc

. 0d

10
11
12
13
14
15
16
17
18
19
1la
1b
1c
B !

CLR
1
STP
PNT
PNT
DIv
YTO
e
1
XEY
YTO
f
e

RUP

XEY
LN
X
XEY
EXP
RUP
X
uPp
RCL
DIV
2
PNT

..PNT

END

20

01

41

45
45
35
40
12
01

30 |
34

40
15

w12 \» o

30
65
36

30
74

22
36
27

ENTRY

22

61

35

02
45







STAT-PAC
VIII-2

QUEUEING WITH FINITE CUSTOMERS

This program computes the "'average number in system, n' and the
""queue length, LQ" when the following parameters are known:

N = Number of Available Customers

M = Number of Service Channels

MTTR = Mean Service Channels

MTBF = Mean Time Between Calls for Service Per Customer

The recursive equation applied is:

X (N-n+1) P _ nP, when 0=n=s=M
1-X n-1 MP_when M<n=<N

where
X = MTTR
MTTR + MTBF
and
Pn = Probability of n customers in the system.
The above recursive formula is iteratively applied to solve
n =Py (average number in system)
% Pp
D1 .
F = ¥ (efficiency factor)
X-1
and LQ = N(1-F), (queue length)

This program varies M (number of service channels) and iteratively solves
for n, F, and Lg .

For certain highly unlikely combinations of N, MTTR and MTBF, an overflow
condition will occur. However the program is protected against this eventuality and
it re-cycles to the initial DISPLAY when an illegal combination is attempted.




STAT-PAC
VIII-2

Computing times for each channel value (M) can range between 30 - 60
seconds.

This program was written by Mr. E.J. Schmidt of ITT Federal Electric,
Paramus, N.J. '

Reference: Finite Queueing Tables, Peck and Hazelwood, Wiley, 1958.



STAT-PAC
VIII-2

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z

PRESS: END

ENTER PROGRAM

—» PRESS: CONTINUE
DISPLAY
0 Z
0 Y
1 X
ENTER DATA.:
N————»7
MTTR—» Y
MTBF—» X
EPRESS: CONTINUE
DISPLAY
M Z
n————Y
LQ—-—— X

.——— To run another case:

on the 9120A

Given a ""system' with 625 units
(customers) each having a 30,000
hour MTBF, and maintenance condi-
tions such that the MTTR is 50 hours,
find the average number in system

(1 ) and the queue length LQ for vary-
ing M (number of channels).

Input data:

N = 625 (number of units -

customers - available)
MTTR = 50 (mean time to restore)

MTBR = 30,000 (mean time between
failures, at 'failure it
"calls' for service')

Results ;

31.72550
30.73671

1.41706
37776

.09101
.05116

1,04723
.00731



S

TAT-PAC VIII-2

00

2d

8d

01
02
03
04
05
06
o7
08
09
Oa
0b
Oc

0d

11
12
13
14
15
16
17
18
19
1a
1b
1c

JAd

21
22
23
24
25
26
27
28
29
2a
2b
2c

31
32
33
34
35
36
37
38
39
3a
3b
3c

CLR
XTO
9
1
STP
PNT
PNT
DIv
YTO
d
DN

0
YTO
C

'RUP

1

+
YTO

b
RUP

+-
YTO

£
EEX

9

3
CHS
XTO

a

20
23
11
01
41
45
45
35

40

ENTRY

17

25
00
40

16

01

33
40
14

22
33

o

15

26
11
03
32

23 .

27
01
27

32

60

61

16
52

05
07
25

17
36

15
36

12
27
14
52
30

47

25
35
27
25
12

36

40
41
42
43
44
45
46
47
48
49
4a
4b
4c

4d

51
52
53
54
55
56
57
58
59
5a
5b
5c

5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70

71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

25

24
11
33
40
11
26
11

10
52
00
00

25

13

40
13
25
44
02
02
20
24

11
13 -

35
40
13
16
35
01

34
27

80
81
82
83
84
85
86
87
88
89
8a
8b
8¢

17
30 .

33 -

31
32
36

21

11

52

07

16
30
35

14
36
16

30

64
44
01
00
31

5.8

90

s

36
14

13

22
45

45
4
16

31
44
01

10-95




STAT-PAC
VIII-3
QUEUEING WITH INFINITE CUSTOMERS

This program computes the ""queue length' of a system when the following
system parameters are known:

K = Number of Service Stations

1l

MTTR Mean Service Time

MTBF = "Ensemble’ Mean Time Between Calls for Service
From Total Source of Customers

The equation applied is:

1
@ (k-mp | 20 n + 1
1 gK
K-R K!
where,
R = _MTTR
MTBF

LQ is defined to be "average length of non-empty queues".

This program varies K (number of service stations) and determines L

Q
for each K. The user can optionally output
AVS =  Average Time In System
AVW =  Average Time In Waiting

This program was written by Mr. E.J. Schmidt of ITT Federal Electric,
Paramus, N.J.

Reference: Finite Queueing Models, Peck and Hazelwood, Wiley, 1958,



STAT-PAC
VIII-3

USER INSTRUCTIONS

EXAMPLE

DEPRESS: X Y Z
PRESS:

on the 9120A
END

ENTER PROGRAM
—® PRESS: CONTINUE

DISPLAY
0 yA
0 Y
1 X
ENTER DATA:
MTTR —»Y
MTBF —» X
—» PRESS: CONTINUE
DISPLAY
0 yA
K Y
X
Lg

PRESS:

SET FLAG
PRESS: CONTINUE

- DISPLAY
K Z
Ayg —Y
Ayyw ——X

To run another case

PRESS: END

10

Consider the problem posed by program
STAT-PAC VIII-2. To convert the finite
model for an infinite model, determine
the ensemble

MrBF - Unit MTBF
For the example,
Unit MTBF = 30,000
N = 625
Thus
MTTR = 50
ensemble MTBF = 48
Results:
K = 2,
= *
LQ . 37225
= 3.
= .05130
= 4.
= .00790
= 5.
= . 00115
= 6.
= .00015

*PRESS: SET FLAG - CONTINUE to obtain:
A = 68.61227

VS
A = 18.61227

VW
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00
01
02
03
04
05
06
o7
08
09
Oa
0b
Oc

0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
23
2b
2¢c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
1
STP
PNT
PNT
YTO
9
DIv
YTO
f
DN
INT
UP
1

+
YTO
a
XTO
d
XTO
e
XTO
b
XTO
C
f

UuP

20
01
41
45
45
40
11
35
40
15
25
64
27

o1

33
40
13
23
17
23
12
23
14
23
16
15
27
14

35
16
36
40
16
14
27
12
50
03
04
01
33

40

14
44
01
14
43
05
05
01
27
37
60
13
50
04

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c

4d

50
51
52
53
54
55
56
57
58
59
5a
5b
Y]
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a
7b
7c
7d

YTO

RCL

X>Y

XTO

SFL

GTO

RUP
DIV

DIv

07
17
27
16
33
40
17

61
13
53
05 .

01

23

54

01
44
01
07
17
22
35
13
35
27
15
34
01

31
36
31
30
33
31
36
25
35
13
30
27
37

31

45
45
41
43
07
11
44
00
17
27
24
11
40
11

82
83
84
85
86
87
88
89
8a
8b




X-1

IX-3
IX-4

SECTION IX RELIABILITY AND QUALITY CONTROL

Weibull Distribution Parameter Calculation For
Failure Data

Weibull Distribution Via Failed and Suspended
Sets

General Statistics For Quality Control
Repeatability

9100B ONLY

9100B ONLY

|
D

Page Number
1

17
21




9100B ONLY

STAT-PAC
X-1 A
WEIBULL DISTRIBUTION PARAMETER

CALCULATION FOR FAILURE DATA

The Weibull probability density function ig given by

(b-1) X 4b
_ bX -(45-)
f(X)= — b €8
and the cumulative distribution function is given by
X,b

FiX)=1-@ g

For a set of data, the Weibull parameters b and 8 are to be calculated for these functions.

A common application is to use Weibull analysis for failure data where all samples are tested to failure. To use
the program, list the items in order of increasing time to failure. The number of items and times to failure are
entered. The parametersb ,8 , andr are displayed. r is a correlation coefficient indicating goodness of fit.
The time required for 10% (B1p) to fail is displayed and times to other failure percentages (Bg) may be re-
quested.

The Median Rank (M. R.) is calculated by the equation
j—.3
N+4

where | =failure order number

M.R. =

N = number of samples tested
This is an approximation of F(X).

The cumulative distribution function is linearized into the form

1
bLnX —-bLn8=LnlLn (T:T:m)

A least squares fit is performed which calculates the slope, intercept, and correlation coefficient. The solution
is similar to the linear regression program 09100-70803. Thus estimates of b and 8 are obtained.




9100B ONLY

STAT-PAC
X-14A

USER INSTRUCTIONS

EXAMPLES

DEPRESS: X onthe 9120A

PRESS: END

ENTER PROGRAM: Side A followed by Side B
— PRESS: CONTINUE

ENTER DATA: N-—» X

»PRESS: CONTINUE

DISPLAY
0 Z
0
i — X

(j indicates point to be entered)

ENTER DATA: t. —» X (Data must be
J ordered)

YES
PRESS: CONTINUE

DISPLAY

—» PRESS: CONTINUE

DISPLAY

0 —— 7
B%
%

(first time will be 10%)

L ENTER DATA: %—»X
TO RESTART A NEW PROBLEM

PRESS: END

TEST DATA
Hours to failure (must be ordered)
34
60
75 N = 6 (number of samples)
95
119

158

r = .999

8 = 104.091

b = 1.953
B10 = 32.887
B90 = 159.539



STAT-PAC IX-1

00
01
02
03
04
05
06
07
08
09
0a
0b
Oc

10

11
T 12
13
14
. 15
16
17
. 18
- 19
1a
1b
i 1e
- 1d

20
21
22
23
24
- 25
26
27
28
29
2a
- 2b
- 2c

2d

30
31
32

.. 33
- 34
- 35
36

37

38

-39
3a
3b
3c

3d

0d

CLR 20

XTO 23
d 17
XTO 23
c 16
XTO 23
b 14
STP 41
PNT 45
DPNT 45
XTO 23
8 10
UupP 27
. 21
4 04
+ 33
DN 25
XTO 23
9 11
1 01
XTO 23
a 13
STP 41
PNT 45
DNT 45
LN 65
UPpP 27
a 13
up
. 21
3 03
- 34
XFR 67
9 11
DIV 35
1 01
XEY 30
- 34
1 01
XEY 30
DIV 35
DN
LN
LN 65
XEY 30
AC+ 60
UP 27
X 36
XEY 30
YE 24
d 17
+ 33
YE 24
d 17
CNT 47
DN

25

Plus
Page

ENTRY

~ ENTRY

25

40
41

AO
e 7

43

- 44

45
46
47
48

- 49

4a
4b
4c

 4d

50
51
52
53
54
55

- b6

57
58
59
5a
5b
5¢
5d

60
61
62
63

64

65
66
67
68
69
6a
6b

" 6c

6d

70

71
72
73
74
75
76
77
78

‘79

7a
7b
Tc
7d

YTO

upP

XFR

XEY
up

RDN

X>Y

XTO

XEY

DN
GTO

UuPpP

DIv
YE

DIV
YTO

e

HOo -t o Ko
4

o
O

2
o

[=Nahy |

36
14

an

33
40
14
22
27
36
16
33
40
16
13
27

01
33
67
10
30
27
00
31
53
06
04
23
13
30

25
44
01
10
12
27
13
35
24
15
35
40
12
36

12
36
17
30
34
40
17
16
27
15
44
34
00
00

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9c

od

a0

al
a2
a3
a4
a5
a6
a7
a8
a9
aa
ab
ac
ad

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

,47,

47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47

47



STAT-PAC IX-1

b0 CNT 47 Plus
bl CNT 47 Page
b2 CNT 47

b3 CNT 47

o 1A AT

- - i OCNT 47

" b5 CNT 47
b6 CNT 47
b7 CNT 47
b8 CNT 47
b9 CNT 47
. ba CNT 47

- bb CNT 47
. bec CNT 47
bd CNT 47

c0 CNT 47
¢l CNT 47
- e2 CNT 47
:¢c3 CNT 47
c4 CNT 47

cd CNT 47

c6 CNT 47

c?7 CNT 47
c8 CNT 47
-1 c9 CNT 47
© . ca CNT 47
. cb CNT 47

cc CNT 47
" cd CNT 47

d0 CNT 47
dl CNT 47
d2 CNT 47
d3 CNT 47
d4 CNT 47
d5 CNT 47
d6 CNT 47
d7 CNT 47
d8 CNT 47
d9 CNT 47
da CONT 47
db CNT 47
dc CNT 47
_dd CNT 47




27
36
13
36

215

=19

34
40
16
14
27
15
27
12
36

13

Q20
(s ¢}

25
34
17
27
25
76
35
16
76
35
17
22

30
35
24
12
12
36
15
30
34
12
32
35
30
74
30
32
47
22
45
22
45
22
45
45
27
01
30

35

Minus
Page

40
41
42
43

44
T

45
46
47
48
49
4b
4c
44

50

51
52
53
54
55
56
57
58
59
ba
5b
5c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72

YTO

RUP

oy
z

o
O

>
QOO M

@]

Up

L

EEX

DIv

XEY
CHS
DIv
DN
LN
LN

O+ @ Ko

RDN
EXP
XEY

CNT
RUP
PNT
RUP
PNT
RUP
PNT
PNT
STP

GTO

END

40
15
22
65

a9
<1y )

12
01
00
23

17
27

&

26
02
35

01

QA

34
30
32
35
25
65
65
27
15
36
12
33
00

31
74
30
17
47
22
45
22
45
22
45
45
41
44

04
10
46







9100B ONLY
STAT-PAC

WEIBULL ANALYSIS VIA FAILED AND SUSPENDED [X-2
SETS

This program determines the Weibull parameters b, and 6 , from a grouping
of failure data into sets of failed items and suspended items.

A Weibull analysis is obtained by proper choice of a representative point
from each failed set. This representative point is the latest failure in the set of
failed items.

The Weibull distribution function is given by:

px®- 1) (X

f(X) = T

The program outputs:

r , Goodness of Fit

b , Weibull Slope

M, Median Life

Q5 5%, Rank at any point X

R, Median rank at any point X

Qgs, 95%, Rank at any point X
9, Time for 63.2% to fail
By, Time required for 10% to fail

The formulas applied are:

_ N+1- AK—l

KK_AK—1+TK =1 <1
\1+N- 20 S - El Ty
where:

Ak = The mean order number of Kth representative point
S; = Size of the (i + 1)th suspended set
T, = Size of the il failed set
N = Total number of failed and suspended sets

The latest failure in Ty has a median rank given by
AK - .3
Rk =N~ .4

The 5% and 95% ranks at point whose mean order number is X is



9100B ONLY
STAT-PAC
IX-2

ty = -1.645 + .2885 ay + .0565 ozg for ag < 0
ty = -1.645+.2871 ay + .041 a2 for a >0
tgs = 1.645+.2871 ay - .041 af for ag < 0
tys = 1.645 +.2885 ay - .0565 o3 for ag >0

Note that t5 is always less than zero and t95 is always greater than zero.

= 2(11\;+23Q = the skewness of the rank

CY3 a"/—

The cumulative distribution
-(X)b
FX)=1-e ©

is linearized into the form

_ 1
bInX - blné =Inln ( 1o F(X))

The Xi used for this linearizing are the latest failures in each failed set.
The program can optionally output the time required for Y% to fail.
Program Assumptions:

R< 1
0155 o5 < 1
The sets Si are ordered from shortest life to longest life.



USER INSTRUCTIONS

9100B ONLY
STAT-PAC
IX-2

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A
PRESS: END

ENTER PROGRAM 1: Side A followed
by Side B

PRESS: CONTINUE

PRESS: (X -»)(-)(e)
(X )(-){®)

ENTER DATA:

N ——»Y
F ——»X

(F is the number of failed sets)
PRESS: CONTINUE
—»ENTER DATA:
S, ———» 7 (Size of the (i+1)
suspended set)
T; ——» Y (Size of the ith
failed set)
X, —> X (Latest failure in
failed set)
PRESS: CONTINUE

DISPLAY

Q5
R
Q95

Have all
sets been
entered?

DISPLAY

P b
M N

(Y = 0 when all sets have been
entered)

PRESS: END
ENTER PROGRAM 2: Side A
PRESS: GO TO (-)(0)(0)
ENTER PROGRAM 2: Side B
ENTER DATA:

N —»Y
F —»X

PRESS: CONTINUE
DISPLAY

=o'
M N

PRESS: CONTINUE

DISPLAY
N Z
0 Y
0 X
—»PRESS: CONTINUE
DISPLAY
0 Z
B% Y
% X
L 1f another B% is desired enter the
% »X.

To run another case, repeat
USER INSTRUCTIONS.



9100B ONLY

STAT-PAC
IX-2

EXAMPLE (Con't)

Input Data
N = 18
F = 4
S T X
2. 3. 1740.

1. 2. 2700.

2. 1. 3510.
4, 3. 4304,
9 9

Results:

Qg R Qg5
.05654 . 16592 .33118
. 14569 .29675 .48201
.20883 .37670 .b6538
. 69452 . 85640 . 95876

M = 3362.62

b = 2.329

r = 91171
N = 18

) = 3935.60
BIO% = 1497.78
B50% 3362. 62

10
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00

01
02
03
04
05
06
o7
08
09
0a
0b
Oc
0d

10
11
12
13
14
15

.16
17
18

- 19

- 1la

1b

1c
1d

20
- 21
=22
- 28
24
25
26
27
28
29
2a
- 2b
2c

$2d

30

31
32
33
34
35
36
37
38
39
" 3a
3b
3c

3d

CLR
XTO
d
STP
RUP
1
RUP
+
YTO
a
RUP
XTO
b
STP

PNT
LN
YE

e

+
YE

e
YTO

c
XEY
DN
UP

20
23
17
41
22
01
22
33
40
13
22
23
14
41

45
65
24
34
12
33
24
34
12
40
16
30
25
27

36
23
05
67
34
15
33
40
34
15
16
30
17

22

a3

40
17
61
13
64
34
31
36
15
22
34
17
33

Plus
Page

ENTRY

ENTRY

Program 1

40
41
42
43
44
45
46
47
48
49
4q
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
Tc
7d

DN

DIv

¢

AC+
RCL

QH

Z .
S5e v e

co 1 g

COOOOOOoOODODOOO

[=N=jooNoNoleNoNeNoNoNo NNl

COCOOCODOODOoOOODOCOO

@)

25
35
16
60
61
21
03
34
13
64
44
34
0o
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00

00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

11

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
a4
ab
a6
a7
a8
a9
aa

- ab

ac
ad

QOO0 OCOODOOoCOOOoOOO COOC OO0 OOCOODOO: =+

QOO0 OOCOOCOoOOOCOCOS

00

00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

a3, ty + tgg

.576c5



STAT-PAC IX-2

b0

bl
b2
b3
b4
b5
b6
- b7
. b8
b9
[ ba
" bb
be

Cpd

cl
; c2
- c3
Fc4
- ¢5
c6
c
c8
c9
ca
.. ¢cb
. cc

o cd

dl
d2
- d3
i d4
a5
- dé
d7
d8
do
da
db
~dc
ad

PO O0000000000S OO0 o

OO0 CCODO0O0O D!

00 . Plus
00 Page
00

00

00

00

00

00

00

00

00

00

00

Program 1

12




00
01
02
03
04
05
06
07
08
09
Oa
0b

N
ve

0d

100

11
12
13
14
15
16
17
18
19
1a
1b
1lc

| 1a

a0

21
22
23
24
25
26
27
28
29
2a
2b
2¢c

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢

.8d

L2d

UP

STAT-PAC IX-2

27
21
06
34
25
35
14
30
33
40
14
27

2y |
Ul

34 V

30

32
35
25
65
65
27
27
36
24
10
33
24

25

24
11
33
24
11
67
05
36
67
07
33
40

.07

13
64
35
27
01
33
22
34
36
31
30
35

80

Minus
Page

‘10

Program 1

40
41
42
43
44
45
46
47
48
49
43a
4b

A

4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c

6d.

70
71
72
73
74
75
76
77
78
79
Ta
- 7b
- Te

7d

N
W hu:xjscnm-qm'

oMU RO

RUP
XTO

X>Y
RUP
YE

RUP

+

® 3w

13

b
23
05
01
33
22
23
16
34
34
02
36
67
05

22
36
25
35
40
00
21
05
07
05
06
30
36
27

36
21
00
01
05
05
36
00
22
23
06
53
17

11

22

33
24
00
22
13
33
21
02
10
10
05
40
13

80

81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

‘90.

91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
ad
a4
ab
a6
a7
a8
a9
aa
ab
ac
ad

J
]

22

UpP
X 36
UP 27
. 21
0 00
5 05
6 06
5 05
XEY 30
X 36
X 36
1 01
. 21
6 06
4 04
5 05
- 34
DN 25
+ 33
XFR 67
6 06
YE 24
0 00
X>Y 53
a 13
d 17
YE 24
0 00
RUP 22
- 34
- 34
DN 25
+ 33
a 13
UP 27
INT 64
- 34
DN 25
- 34
YE 24
0 00

 XFR 67 =



STAT-PAC IX-2

b0
bl
b2
b3
b4
b5
bé
b7
b8
b9
ba
bb
be
hd

c0
cl
c2
c3
cd
cb
c6
c7
c8
c9
ca
cb
ce
cd

do
dl
d2
d3
d4
ds
dé
d7
dg
do
da
db
dec
dd

0
RUP
XFR

9

PNT

YTO

X>Y
UuP
Uup
STP
GTO

RUP

GTO

00
34
22
67
05
36
22
36
16
33
22
33
14
24

14
64
34
30
24
14
22
45
45
14
27
01
34
40

14
53
27
27
41
44
33
01
00
22
34
44
07
02

Minus
Page

Program 1
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00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
- 2b
2c
- 2d

30
31
32
33
34
35
36
37
38
39
3a
"3b
3c
3d

<
O &
@]

=

O

o) >

X
KO g g )

=y

[
[ 4

o

23
13
40
12
67
34
12
27
36
27
67
10
36

13

24
07
36
30
24
07
30
34
24
07
67
34
15
36

25
30
34
67
o7
30
35
40

14

23
17
67
34
12

36
67
10
34
13
35
25
74
27
21
06
11
03
01

Plus
Page

Program 2

AN
1Y

41
42
43
44
45

46

47
48
49
4a
4b

Ao
i

4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

DIv

UP

RUP
PNT

upP
GTO

END

Nnr

05
36
25
65
27
14
35
25
74
23
16
67

TN
LU

27

36
67
11
27
13
36
25
30
34
17
36
25
76
24

07
35
16
27
14
22
45
12
27
44
34
00
00
46

15
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00
01
02
03
04
05
06
07
08
09
O0a
0b

N~
ug

0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c

1d

20
21
22
23
24
25
- 26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

16
65
a7
14
36
02
65
65
34
14
35
25

7A
[

27

00
45
45
40
13
01
27
14
35
40
17
13
65

23

12
01
00
23
15
27
26
02
35
01
34
30
32
35

25
65
65
27
17
36
12
33
00
31
74
30
15
45

Minus
Page

Program 2

40
41
42
43
44
45

TYRTIY

PNT
STP
GTO

END

45
41
44
02
03
46

16
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STAT-PAC
IX-3

GENERAL STATISTICS FOR QUALITY CONTROL

This program written by J.S. Madachy of Monsanto Research Corp.,
Miamisburg, Ohio, determines various statistics useful in quality control. Given
a sample of n observations the following statistics are computed:

X = Sample Mean

s)z( = Sample Variance

S< = Sample Standard Deviation

)_(“+ 3SX = Upper 3 Sigma Limit

X - 3SX = Lower 3 Sigma Limit

Xmax -X = Maximum Positive Excursion From Mean
X - Xmin = Maximum Negative Excursion From Mean
an1 ax = Maximum Observation

X min = Minimum Observation

R - Range (X .y - Xmin)

The sample mean and variance are given by:

n
}_(=_l.. > X.
n =

i=1 !
n
2. Z Xl2 - (ZXi)z
X_ 1=1 n
n-1

This program has been designed for use with the 9120A Printer but can be
used without the printer by placing STOP statements in program locations containing
PRINT statements as shown. Replace other PRINT statements with CONTINUE.
Results appear in the Y register.

17



STAT-PAC
IX-3

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: Y on the 9120A
PRESS: END
ENTER PROGRAM

PRESS: CONTINUE

o
M N

Is input
data printing
desired ?

YES
PRESS: f

— ENTER DATA: Xl —»X
—» PRESS: CONTINUE
DISPLAY

11— Z
l——Y
i —X

ENTER DATA: Xi —»X

Is this the
last x; to be
entered?

PRESS: SET FLAG
PRESS: CONTINUE

(i is input data number: i =2,3,...n)

The general statistics will now be
printed in the following order:

n  # of Data Entries

X  Mean Value of Data Set
g2 Variance of Data Set

18

X

s.. Standard Deviation of Data

p.§
Set
X + 3s
X - 3sX
Max Xi - X
X - Min X
Max Xi
Min Xi
Range
EXAMPLE

The following measurements represent
the observed diameters of ball bearing
produced by machine A,

Input data:

. 157
. 152
. 150
. 141
. 135
.116
.133
.128
. 146
. 123
. 121
. 139

ek bl e b b ek el ok ok ok ok ek

= 12

1.13675
. 00017
.01310

B
Il

e

i

n 0
il

™



STAT-PAC
X-3
EXAMPLE (Con't)

X + 3sX =1.17606
X - 3SX =1,09744

Max X, - X= .02025
X - Min Xi = ,02075

Max Xi =1,157
Min X, =1.116
Range = .041

19



STAT-PAC IX-3

C1d

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

9d.

10

11
12
13
14
15
16
17
18
19
la
1b
1c

a0

. 3d

21
22
23
24
25
26
27
28
29
2a
2b
2¢c

h.2d

31
32
33
34
35
36
37
38
39
3a
3b
3c

CLR
1
XTO
d
STP
YTO
C
RDN
X>Y

RUP

XTO

STP
RDN

RUP
up

xX>Y
YTO

X<Y
YTO

DN

UP

AC+
UuP

IFG

YTO

UP

RUP

20
01
23
17
41
40
16
31
53
10

22
23

10

ENTRY

R

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4D
4c

4d

50
51
52
53
54
55
56
57
58
59
9a
5b
5¢C
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

XEY
DIv
PNT
DN

UP
PNT
PNT

PNT
PNT

UP

PNT
UuPpP
PNT
DN

44
01
14
45
34
15
27
17
35
45
40
16
15
36

12
30
34
25
30
35
45
25
76
27
45
45
33
33

16
27
25
33
45
22
34
45
45
33
13
34
14
27

16
34
45
25
45
45
14
27
13
45
27
45
25
34

20

80
81
82
83
84
85
86
87
88
89
8a
8b
8c

8d.

MgOA

91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

45
45

45
45
45
44
00

00

31
43
11
06
45

02
03

44
00

14
45
45
45

44
02
05

46

54

BB N




STAT-PAC
REPEATABILITY IX-4

This program computes parameters associated with the repeatability of a
measuring (or experimental) process. The statistics are given by:

sample = Collection of ny repeat readings on a single piece
X = A reading on a piece
ny = Number of repeat readings on a piece
X, = Average Value of the itP Sample
2 . .th
8y = Variance (error) of the i~ Sample
n = Number of pieces testﬁd
X = Pooled Mean =+ = X,
n ._ i
i=1
22
Se ~ Spooled error iz 1 Sei
n
STV = Strue value - s?—( 52
i~ e (measure of spread)
n
1
- - 2 2
SRDG ~ Sreading ~ ’\/Se * Sty

The program determines additional statistics including

3Se’ 3STV’ 3sRDGr
+ 3STV’ X-3sTV

X
? §-3s

+38ppgy RDG

This REPEATABILITY program was written by Mr. John Barr of Delco-Remy
Division of General Motors, Anderson, Indiana.

Reference: According to Mr. Barr, "the techniques used throughout this program
are derived from analysis of variance procedures. However, to my
knowledge, there is no published reference available that would explain
and deal with Repeatability in exactly the same manners we have used."

21



STAT-PAC

IX-4

USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
DEPRESS: X on the 9120A PRESS: END
PRESS: END ENTER PROGRAM B

ENTER PROGRAM A
PRESS: CONTINUE

—» DISPLAY

0 Z
0 Y
0 X

—» ENTER DATA: X——»X
PRESS: CONTINUE

DISPLAY
0 Z| (j=number
J Y| of points
0 X! enteredin

this sample)

Has all
data from this sample
been entered ?

NO

PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY
ni Z| (i issample
X Y counter)
sa, X
ei

Have all
samples been
entered?

22

PRESS: CONTINUE

=X

ENTER DATA: ny
PRESS: CONTINUE
DISPLAY
n Z
X Y
0 X

PRESS: CONTINUE

DISPLAY

Sefror Z

STV Y

SRDG X
PRESS: CONTINUE
DISPLAY

38error_ Z

3sTV Y

SSRDG—— X
PRESS: CONTINUE
DISPLAY

A

X- 3sTV————Y

X+ 3sTV_X
PRESS: CONTINUE
DISPLAY

X Z

§ - 3SRDG— Y

X + 3SRDG_ X

To run another case, return to the
beginning of the USER INSTRUCTIONS.



STAT-PAC
IX-4
EXAMPLE

This example was supplied by Mr. Barr.

Consider an example concerning switch operating forces where we are
trying to determine the part of the variation of readings due to repeatability
and the part that is true variation of switches. Shown below are force
measurements on ten switches where each switch was checked three times.

Switch Repeat Readings
No. I IT I1T
1 4.0 4,25 4.0
2 3.5 3.5 3.5
3 4.75 5.25 5.0
4 4.5 4.75 4.5
5 3.25 3.5 3.5
6 2.5 3.0 3.0
7 3.5 3.5 3.75
8 4.0 4.0 4.0
9 2.5 2.75 2.5
10 2.75 3.25 3.0
Results:
ny = 3. ny = 3.
X = 4,083333 X = 2.83333
1 9 6 9
Sa1 = .02083 Se6 = ,08333
21 = 3. _1;1_1 = 3.
X2 = 3.50000 X,7 = 3.58333
2 _ 2 _
S a9 = 0.00000 S o7 = ,02083
il_l = 3. 31 = 3.
X3 = 5, 00000 X8 = 4,00000
_ 2 -
Se32 = ,06250 Sa8 = (0.00000
El—l = 3. El = 3.
X = 4,H8333 X = 2.58333
4, 99
Sa4 = ,02083 809 = ,02083
ny = 3. ny = 3.
X = 3.41667 e = 3.00000
5) 9 10 9
Se5 = ,02083 Selo = .06250

23



STAT-PAC

IX-4

EXAMPLE (Con't)

il =

n

error

n W
H
<

RDG

w
n

error

=
<

RDG

+ 3s

- 3s
X + 3s

(Rl B s TR
w
%)

H 3
< <

RDG
RDG

10.
.65833

D =W Ul Rk W NN

. 17678
.76144
.78169

. 53033
.28431
. 34506

.65833
.37403
. 94264

.65833
.31327
.00339

24



rvaer

CLX
UuP

RDN
YTO

GTO

XEY
DIV
XEY

XTO

YTO

RDN
YTO

RUP

XEY
YEX

YEX

ENTRY

13 .

gram A
DN 25
Up 27

X 36
UP 27
C 16
+ 33
YTO 40
C 16
b 14
RUP 22
+ 33
YTO 40
b 14
YEX 24
a 13
1 01
+ 33
YTO 40
a
CLR 20
YEX 24
7 07
DN 25
YEX 24
8 10
RDN 31
YEX 24
9 11
RUP 22
PNT 45
RUP 22
PNT 45
RUP 22
PNT 45
PNT 45
PNT 45
PNT 45
CLR 20
GTO 44
0 00
1 01
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
0. 00

25

80

81
82
83
84
85
86
87
88
89
8a
8b
8c

8a

90

91
92
93
94
95
96
97
98
99
9a
9b
Sc
9d

a0

al
a2
a3
a4
ab
ab
a'’
a8
a9
aa
ab
ac

ad

QOO OO0 OOOCOoOOOO T

T OO OO0 OOOOO.
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STAT-PAC IX-4

o]
bl
b2
b3
b4
Jo15)
b6
b7
b8
b9
ba
bb
be
bd

c0
cl
c2
c3
c4d
ch
c6b
c7
c8
c9
ca
cb
ce
cd

do
dl
d2
d3
d4
db
dé
a7
d8
do
da
db
de
dd

00

01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

w0 |
pom ZOoOOoOoOOoOOOOoODOODOO 0000000000000 D O000000000OOOO
X g

Div
YTO

CLR
STP
PNT
PNT
UP

XEY
DIv

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00

00
00
00
00
00
00
00
00
00
00
00
00

46

24
17
13
35
40
17
20
41
45
45
27
17
30
35

Program B

ENTRY

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

- 40

41
42
43
44
45
46
47
48
49
4a
4b

4d

YEX

YEX

DIv

XEY
RUP
CNT
RUP
PNT
RUP
PNT
RUP

PNT
PNT
YTO

RUP
Na
CNT
RUP
PNT
RUP
PNT
RUP
PNT
PNT
XTO

26

24
12
24
16
13
35
30
22
47
22
45
22
45
22

45
45
40
16
25
27
36
25
36
14
30
34
01
32

22
33
31
35
12
34
40
12
17
33

15
76
27

12
76
22
76
47
22
45
22
45
22
45
45
23
15

50
51
52
53
54
55
56
57
58
59
5a
5b
bc
bd

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
Tc
7d

YEX
X
RUP

RUP
CNT
RUP
PNT
RUP
PNT

RUP
PNT
PNT
XTO
XEY

UuP
DN

RDN

CNT

RUP
PNT
RUP
PNT
RUP
PNT
PNT
DN

UuPpP
DN

03
36
24
15
36
22
36
15
22
47
22
45
22
45

22
45
45
23
12
16
30
34
27
25
33
33
16
31

47
22
45
22
45
22
45
45
25
12
34
27
25
33

w



RUP
PNT
RUP
PNT
RUP
PNT
PNT
PNT
PNT

. END

27
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SECTION X PLOTTER PROGRAMS

Page Number

X-1 Histogram Generation (With Plot) 9100B ONLY 1
X-2 Normal Curve Overlay 7
X-3 Normal Curve Plot (General) 10
X-4 Cumulative Probability Functions 9100B ONLY 13
X-5 x2 - Chi Square Distribution 19
X-6 Linear Regression And Plot 23
X-7  Linear Regression (Print-Plot) 28
X-8 Power Curve Regression and Plot 39
X-9  General Power Curve Regression and Plot 9100B ONLY 37
X-10 Exponential Regression And Plot ’ 44
X-11 Cubic (Third Degree) Regression Plot 9100B ONLY 49
X-12 Least Squares Regression (Linear, 9100B ONLY 55
Parabolic, Power, Exponential)
X-13 Log Normal Distribution With Plot 75
X-14 Gompertz Curve Plot 78
X-15 Buffon Needle Experiment (With Plot) 9100B ONLY 83
X-16 Contour Ellipses 9100B ONLY 89
X-17 General Parametric Plot (Self-Scaling) ’ 9100B ONLY 96
X-18 General Point Plot 101
X-19 Axes Plot 105

X-20 X Control Chart Plot 109



9100B ONLY
STAT-PAC
X-1 A

HISTOGRAM GENERATION (WITH PLOT)

This program generates and piots a histogram of ten windows given a data set of positive numbers. In
addition, it determines the mean (M, ) and the variance(c ,2) of the raw data, and the mean (M) and the
variance ( o hZ) of the normalized histogram data, Since the raw data is normalized by the program to values
0< h <10, the new mean and variance are given by

M, = M

h = °x
v 2
op2= Ox
W2

where W is the histogram window width (normalizing factor)*. The program plots the histogram and stores Mh

and ahz for use by program STAT-PAC X-2 which can be used to plot a normal curve over the histogram.

This program uses Indirect Addressing and is self-destructing of the registers +(0,0) through +(d,d).
Thus, to rerun,the A side must be re-entered in the calculator.

NOTE: To generate a histogram with 1 cm. wide windows, place 2's in locations (-)(6)(c), (-)(7)(8), and
(-)(8)(5).

STAT-PAC

X-1 and X-2

Histogram Generation (With Plot)

Histogram generated by program STAT-PAC X-1.
The Normal Curve Overlay generated by program STAT-PAC X-2.

N
—— 5 T~

* The window width W is chosen such that all normalized data entries X/W

will lie between 0 and 10, Thus, if the data ranges from 0— 200, a W of
of 20 would be proper.




9100B ONLY
STAT-PAC
X-1 A

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS:. X Y VA on the 9120A
PRESS: END

Using the origin controls, locate the pen at
X=1in., Y =1in,

SET: Decimal Wheel at 6 or less

ENTER PROGRAM: Side A followed by Side B
PRESS: CONTINUE

DISPLAY

R —

2 |
60— Y ‘
ENTER DATA: W—» X
PRESS: CONTINUE
DISPLAY
N——— Z N is the
number of
N Y data points
1———— X entered.

ENTER DATA: XN-I-i-)X
PRESS: CONTINUE

Has
all data
been entered?

PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY
: (% of data points
% z in Group)
K AT Y (No. of da).ta points
in Group
Group X (Group %)

PRESS: CONTINUE

Plot Window

DISPLAY

crx2 S /
M
X
0

PRESS: CONTINUE
DISPLAY

a

o T

= =8
=2
Mo N
- J

=
i}

EXAMPLE '

The data set is:

104, 92, 83, 78, 58, 135, 146, 24, 74, 85, 81,
128, 140, 113, 79, 78, 53, 42, 34, 85, 96, 110,
133, 158, 171, 108, 84, 90, 73, 11, 51, 118, 68,
139, 92, 109, 89, 124, 91, 116,

The data varies between 0 and 200 so W is
chosen to be 20.

Result

Group Ka %
2.5

-

10
15.
11 27.5 N =40
17.5
12.5
7.5
2.5

0 W -J D D W N
(=R L | [ T S R

[y
o

o2 - 1252644 o, 2=3.132
93.575 M, =4.679

The histogram plot is given with the normal
curve superimposed. The normal curve
resulted from running program 09100-70904
following completion of the Histogram
Generation program.
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STAT-PACX-1

01
02
03
04
05
06
o7
08
09
O0a
0b
Oc

- o0d

11

12
13
14

15
16
17

18

23

25

- 19
- 1la
:1p

1c

1d

22

24

26
- 27
28
. 29
‘ 2a
' 2b

2c

2

30

31
32
33
34
35

36

37
38
39
3a
3b
3c

3d

CLR
XTO
S
XTO
8
XTO
7
XTO
6
XTO
5
XTO
4

3}
STP

[ 28 B 5

PNT
PNT
XTO

CLX
XTO

XTO

GTO

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT |

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT

XTO

23
11
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10
23
07
23
06
23
05
23
04

03"

41
45
45
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13
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02
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00
44
16
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47
47
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47
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Page

o0

a7
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40
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A
24

43
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- Ba

5b
5c

. ad

60
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66
67
68
69
~_6a
. 6b

6c

6d

.70
71
72
73

74
75

76

77
78
79
Ta
7b

7c
7d

CNT

CNT

FIRTT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

ONT
LOBA I §

CNT
CNT

CNT

CNT

ONT
wiN L

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT

47
47
47
47
47
47
47
47
47

A7
axt

47
47

.

a7

A7
i
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47
47
47
47
47
47
47
47
47
47
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47
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47
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80
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83
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87
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89
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o1

g1

92

- 93

94

.95
96

’:a2

97
98
99
9a
9b
9¢c
9d

a3
a4
:ab

’jfa6

- a7

*;a8

‘a9

. aa
- ab

~ac

ad.

CNT

a0

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

N
UN1

CNT
CNT

CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

(CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

a7
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47
47
47
47
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STAT-PAC X-1 o e
b0 CNT 47 Plus 1 ! .
bl CNT 47 = Page E e L
b2 CNT 47 : L

b3 CNT 47 i N R

M CNT 47

b5 CNT 47

b6 CNT 47

b7 CNT 47

b8 CNT 47

b9 CNT 47

ba CNT 47 o § ‘ DRI
bb CNT 47 e . 1
.~ be CNT 47 ) ‘ ! : ‘
~ bd CNT 47 - S TR N T T S

23
01
01 A ‘ o ) .
32 o o S
31 LI . . . - - - S U
25 A
o1 T |
33
27
- 25 4 T
- ca STP 41 = ENTRY S T P
. ¢cb CNT 47 - R

- cc IFG 43
coed 4 1T

AR o . , | -enrd
~ dl PNT 45 U AR R Ny
"~ d2 PNT 45 o N ]
. d3 UP 27 F o

¢ X 3 | o o

- ds AC+ 60

' dé XEY 30
47 a 13
d8 DIV 35
d9 GTO 44
da - 34
do 0 00
de 2 02
dd GTO 44




STAT-PAC X-1

00
01
02
03
04
05
06
07
08
09
Oa
0b
. Oc
~ 0d

10
11
12
13
14
15
- 16
- 17
- 18
19
1la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
- 2b
2c

.24

3
0

AT

DN

03
00
25
64
27
26
11
33
40
34
01
37
37

A

00

00
00
00
00
00
00
00
00
00
00
00
00
00

e

02
13
37
01
33
54
44
00
17
44
33
16

205

14
37
27
26
11
33
40
34
04
34
00
27

Minus
Page

L4

40
41
42
43
44
45
46
47
48
49
43
4b
4c
44

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c

~ 6d

70
71
72
73
74
75
76
77
78
79
7a
7b
7c

- 7d

CODOODO0OOOOCOOLOC

FMT

FMT
DN
XEY

00
00
00
00
00
00
00
00
00
00
00
00
00
00

40
34
01
14
35
26
02
36
01
22
33
67
34
01

30
45
45
22
27
o7
05
36
22
30
01
34
05

00

00
36
25
42
25
27
05
00
00
33
25
42
25

30

80

81
82
83
84
85
86
87
38
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

- a0

al
a2
a3
a4
ab
aé
a7

- a8

a9
aa

- ab
. ac
~ad

XEY

marm
rivil

FMT
DN

EEX

XEY
FMT
DN
UuP
FMT
DN
RCL

DIv

16523

KA

Odﬁw\,,, P ——

30
42
25
27
05
00
00
35
01
00
53
03
04

00
27
42
25
05
26
03
30
42
25
27
42
25
61

27
14
35
40
15
36
15
36
25
34
14
35
15
27




b0 0 00
- bl PNT 45
- b2 PNT 45
1 b3 a 13

b4 DIV 35

b5 XEY 30

b6 RDN 31

b7 DIV 35

b8 DIV 35

b9 DN 25

ba XEY 30

bb XTO 23

be f 15

bd YTO

cO e

ci UP 27

c2 1 01

c¢c3 PNT 45

c4d PNT 45

ch 0 00

c6 UP 27

c?7 UP 29
.c8 FMT 42

c9 UP 27

ca END 46

STAT-PAC X-1 |
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STAT-PAC
X-2 A

NORMAL CURVE OVERLAY

5 . . 2 .
This program generates a normal curve given mean M, and variance o h - The program determines

h

Y from: 2
1 - (h- My,)
Y= ——— e

o Var 202,
. R P L eA s . by ona : 2 . i a1 e :
by varying h irom 0 to 10 in increments oi 0.1. The program requires that M; and o h be stored in the i and
e registers respectively prior to execution. This program was intended to be used in conjunction with program

STAT-PAC X-1 Histogram Generation (With Plot). To plot in units of centimeters, place a 2 in locations (2)(5)
(2)(c), and (4)(a).



STAT-PAC
X-2 A

USER INSTRUCTIONS EXAMPLE

PRESS: STOP M, = 4.679 0.2 = 3.132

Using the origin controls, locate the pen at
X =1in., Y =1in.

See plot below
SET: Decimal Wheel at 6 or less
PRESS: END

ENTER PROGRAM

PRESS: CONTINUE

STAT-PAC
X-1 and X-2

Histogram Generation (With Plot)
Histogram generated by program STAT-PAC X-1.
The Normal Curve Overlay generated by program STAT-PAC X-2.




STAT-PAC X-2

o0

01
02
03
04
05
06
07
08
09
Oa
0b

- 0c
- 0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢c

31
32
33
34
35
36
37
38
39
3a
3b
3c

L8d

2d

DIV

DN

CHS
EXP
uPp

C
DIV

c
U KO O U]

12
76
27
56
27
02
36
25
76
36
40
16
00
27

40

17
15
34
25
27
36
12
27

02

36
25

35
25

a9

74
27
16
35
07
05

00
00 .

36
17
27
05

|00

00
36

25
42
25
17
27
21
01

33

01

00

21
01

40

41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70

71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

X>Y

EEX

XEY

FMT
DN
FMT
UP
XEY

XEY
FMT

XEY
FMT

53
01
00
00
27
27
42
27
15
27
05
00
00
36

04
00
34
00
30
42
25
27
10
00
33
26
02
30

42
25
42
27
30
00
30
42
25
27
10
00
34

26

02
30
42
25
42
27
30
27
05
00
33
25
30
42

80

81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91

uUP

DN
FMT
DN
FMT
UP

UP
UP
FMT

UP

END

opNZT

h

Mp




STAT-PA
NORMAL CURVE PLOT (GENERAL) XT3 T-PAC

This program generates a normal curve given the mean and variance of the
normal distribution. The curve plotted is given by:

_ (h-p)2
Y(h) = _e 202
a/2n
where p = Mean of distribution
o2 = Variance of distribution

The program is written to vary h between 0 and 10, in increments of
0.1. To decrease the plotting time, change Ah in locations (3)(d) and (4)(0).

To convert the plot from units of inches to centimeters, place 2's in
locations (2)(b) and (3)(4).

To place axes on the plot with program STAT-PAC X-19, AXES PLOT, use the
following input values:

Yonitt = Xnist = O
Y e = T - 06667
Xscale = 1
origin = Xorigin - 0
Yie = -1

Xtic =1

10



STAT-PAC
X-3

USER INSTRUCTIONS

PRESS: STOP
Using the origin controls, locate the
pen at X=1in., Y=1 in. (2.54 cm.,
2.54 cm.).
SET: Decimal wheel at 6 or less.
PRESS: END
ENTER PROGRAM

—» PRESS: CONTINUE

DISPLAY

0 —17Z
0O ——Y
] —X

ENTER DATA:

2 Y
py —»X

PRESS: CONTINUE
The normal curve is now plotted.

To run another case

L— PRESS: END
STAT-PAC
X-3
Normal Curve Plot (General)
EXAMPLE 1.

i} 5
o 1
2. u_= 5
gé= 2

11



O w,
SV R Y

P
H

[
o

5¥
WAL

g

i

kd
E

Fra

S..1d e

il

o

L hoay

5w

01 1

02 STP
03 PNT
04 PNT
056 AC+
06 DN

07

08 UP

09 s

0a UP

0b 2

Oc X

0d DN

wOEWEE S W @ omow

10 v

11 X
12 YTO
13 o]
14 0
15 UP
16 YTO
17 d
18 f
19 -
1a DN
1 UP
1c X

20 UP

21 2
22 X
23 DN
24 DIV
25 DN
26 CHS
27 EXP
28 UP
29 C
2a DIV

01
41
45
45
60
25

ENTRY

76

27

56
27
02
36

36
40
16
00
27
40
17
15
34

25 |
27

36

02
36
25

35

zsf

6

e

32
4
27 |

16
35
07
05

000

00
36

17

27

05

00

00
36
25
42
25
17

27
21

STAT-PAC X-3 » -

,40;

41
42
43
44
45
46
47
48
49
4a
4b
4c

12

01

33
01
00
21

01

53 ... ...
o1 =

06 @
20
42
27
46

,h ;
g2
o I,VI,




9100B ONLY
STAT-PAC
CUMULATIVE PROBABILITYXFUNCTION X-4 A

INTEGRAL OF THE FORM: F(x) =f f(u) du WITH PLOT
a

This program evaluates the integral of a function f(u) between any lower limit a and a successively

incremented upper limit,

A modification of Simpson's one third rule is used to perform the integration. The following equations

are used:
%
For j =0, _£ f(u) du = h/6 [1/3 f(a) + 4/3 f(xj+1) +1/3 f(xj+2)}
%
For j >3, 3[ f(u) du = h/24 [f(xj_3) + 5f(xj_2) +19 f(xj—l) + 9f(xj)]
j-1
Notes:

Due to the manner in which the program is written, the function will initially be integrated over an area formed

by twice the increment; thereafter, integration will proceed by one increment at a time,

To integrate with some constant (a) as a lower limit (other than zero), in the program steps in the f(u) subroutine
add a to u to form u' and form f(u'). For a lower limit of zero simply form f(u). In each case the upper limit
will exceed the lower by some multiple of the increment depending on the number of times x is incremented by

depression of the CONTINUE key,

To integrate from some lower limit to a specified upper limit without continually depressing the CONTINUE
key, enter a Pause at step (5) (7). Then just before the incremented upper limit (shown in a flashing display)

reaches the desired upper 1imit, depress PAUSE--this will stop the program after the next integration,

If a plotter is available a plot of the function being integrated may be obtained by inserting a plot subroutine
at (-9) (0). This plot subroutine scales the calculated X and F(X) by multiplying them by Xcoef and Y
respectively,

coef

Reference: Numerical Analysis
by
Faiser S, Kunz
McGraw-Hill Book Company, Inc,

13



9100B ONLY
STAT-PAC

A

USER INSTRUCTIONS

USER INSTRUCTIONS

DEPRESS: X Y Z onthe 9120A
Using origin controls, position pen at (0, Y)*
PRESS: END

ENTER PROGRAM: Side A followed by Side B
PRESS: GO TO

PRESS: —

PRESS: 0

PRESS: 0

SET: PROGRAM | |

Starting at (-0) (0) enter the program steps to
form the function f(u) to be integrated; u is
located in the Y register. After forming f(u)

place it in the Y register. The last step of
the subroutine must be:

RETURN

NOTE: Registers (~0) thru (-8) are available for
programming and storage of f(u).

SET: | IRUN |
PRESS: END

PRESS: CONTINUE

DISPLAY

ENTER DATA:

h ———» 7
Y — Y

coef
Xcoef £

PRESS: CONTINUE

DISPLAY

ff(u) du— Z
(

-a)——Y
0 —X

14

Each successive "CONTINUE" increments the
upper limit and evaluates the integral using the
increment upper limit, The integral is plotted
after each x incrementation.

If no plot is desired, place a RETURN in (-9)(0)
and CONTINUES in (0)(1) and (0)(2).

EXAMPLE

Obtain the cumulative distribution function of the
normally distributed random variable X of vari-
ance 1 and mean value of 0

The probability density function of X is

, X
P(X) = — e 2
vemr
The cumulative distribution function is given by
X
QX) = f P(u) du
-

The lower limit (- @0 ) can be replaced by a = -4
without loss of accuracy.

The program steps to generate P(u) are given
on page 2 .

Data: Ycoef = 3760, Xcoef =1000,h=,1

Results
X

X+4 /: 4P(u)du X
0.5 . 000201 -3.5
1.0 . 001318 -3.0
1.5 . 006178 -2.5
2.0 . 022719 -2.0
2.5 . 066775 -1.5
3.0 . 158622 -1.0
3.5 . 308504 -0.5
4,0 . 499968 -0,0
4.5 . 691432 0.5
5.0 . 841314 1.0
5.5 . 933162 1.5
6.0 .977218 2.0
6.5 . 993758 2.5
7.0 . 998618 3.0
7.5 . 999736 3.5
8.0 . 999937 4.0

*The Y (inches) must be determined by trial.



9100B ONLY
STAT-PAC

X-4 A
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A ey

- 1d

00
01
02
03
04
05
08
07
08
09
- Oa
0b
Oc

*1od

11
12
13
14
15
16
S 17

18
19
1la
1b
1c

a0

21
22
23

24
' 25

26
27
28
29
2a
2b
2c

2d

50
31
- 32

.33
.34
35
36
37
38
39
3a
3b
3¢

3d

CLR
FMT
DN
STP
PNT
PNT
XTO
f
YTO
e
DN

YTo

d

CLR
GTO
SUB

42
25
41
45
45
23
34
15
40
34
12
25
40

17

20
44
77
34
00
00
02
04
35
12
27
00

.50

STAT-PAC X-4

06

03
01
50
07
00
02
50
07
10
00
30
11
22

36

31
60
01

11

31
24
13
31
36
31
60
05

31

Plus

Page

- ENTRY

40

41
42
43

44
45
48

47
48
49
4a
4hb
4c

- 4d

50
- 51
52

53
54
55
56
57
58
59
5a

: 5b
- Be
- 5d

60

61
62
63
64
65
66

67
: 68
69
“6a

6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79

Ta

7b
Tc
7d

YE

RDN

RDN
AC-
DN

YE

XEY
AC+
RCL
UP

24
14
31
36
31
63
25
01
24
16
30
60
61
27

80

81

- 82
: 83
. 84
1)

86
87
88
89

- 8a

8b

~ 8¢
8d

90
91
92
93

94
95
96
97

98

299
- 9a

9b
9¢c

. 9d |

{ a0
~al
a2

ad

. a4

ab
a6

a7
a8
a9
_.aa
“ab
‘ac
B a'd‘ ¥

44“HA

04
13
12
27
17
36
44
01
02
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47

7 .

47
47
47
47
47
47
47
47
47
47
47
47
47

A

4T




STAT-PAC X-4

b0
bl
© b2
b3
b5
.. b6
7
b8
- b9
. ba
bb
.. be
bd

c0

el
c2
c3
4
ch
c6
. c7
c8
c9
- ca
- ¢cb
ce
cd

do
dl
: d2
d3
d4
ds
- dé
a7
ds
- d9
da
db
de
dd

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47

47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page

17

00
01
02
03
04
05
06
07
08
09
0a
0b
Oc
0d

10
11
12
13
14
15

CHS

DN
uPp

DIv
DN
CHS
EXP
UuPpP

uPp

DN

DIV
RTN

04
32
33
25
27
36
02
35

25

32
74
27
56
27

02

36

25
76
35
77




STAT-PAC X-4

00
01
02
03
04
05
06
07
08
09
Oa
0b

Oc

. 0d

11
12
13
14
15
. 16
.17
. 18
- 19
1a
1b
1c

LA

20 .

.21
- 22
© 28
24
25
26
27
. 28
29
2a
- 2b
- 2c

2d

30

31
32
33

- 34
" 35
36
37
38
39
3a
3b
3c

3d

4-. )

CHS
+
DN
UP
X
2
Div
DN
CHS
EXP
uPp
T
UP

X
DN

DIv

RTN
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

27

32 Page
33
25
27
36
02 o
35 :

o5 fExamp’le
32
74
27
56

04- j Minus

36
25
76
35
77
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

AT

47

47
47
47
47
47
47
47
47
47
47
47
47
47 -

40

T

41
42
43
44
45
46
47
48
49
49
4b
4c
4d

50

51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7o
7c

- 7d

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47
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80

81
82
83
34
85
36
87
88
89
8a
8b
8¢

8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9c
9d

a0
al

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT

'XFR

RUP
XEY
XFR

XEY
RUP
FMT
DN

RTN
END

47
47
47
47
47
47
47
47
47
47
47
47

47

.67‘

34
15
36
22
30
67
34
12
36
30
22
42
25

77
46

47




CHI-SQUARE DISTRIBUTION

This program will plot the distribution

vy L,
1 (22 2

2
Y(x) = e
2
2"/2 rih)

for specified even values of v , the number of degrees of freedom desired.

The axes will also be plotted.

STAT-PAC

X-5

x2 ~ Chi Square Distribution
- Family of 2 curves

Curve 1 n=
Curve 2
Curve 3
Curve 4

5= =
oo
o o &

19

STAT-PAC
X-5 &



STAT-PAC
A

X-5

USER INSTRUCTIONS

PRESS: STOP

Using the origin controls, locate the pen in the
lower left corner of the paper.

SET: Decimal Wheel at 6 or less
PRESS: END
ENTER PROGRAM

PRESS: CONTINUE

The axes will now be drawn

NOTE: X axis increments ~ 1,4
Y axis increments = .05
—» DISPLAY
0; Z
0 Y
0 X

ENTER v : v (Degrees of Freedom) ——» X
NOTE: v=2,4,6. ..
PRESS: CONTINUE

- The distribution will now be plotted. When it

is completed, the calculator will return to
accept anew v .

If it is not desired to wait for the termination
of a distribution:

PRESS: STOP

PRESS: GO TO (5)(6)

L PRESS: CONTINUE

NOTE: To plot distributions for higher degrees
of freedom, decrease the scaling factor

in locations b-9, b-a, b-b,

Execution of this program destroys the first
two registers of program steps. To rerun the
program the magnetic card must be re-entered,

20



STAT-PAC X-5

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1la
1b
1c

1d

20

21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR

5

0

0
AC+
DN
DN
FMT
DN
UP
IFG
SFL
UP

RCL
AC-

AC+

IFG
SFL
INT
IFG
SFL

EEX

X<Y

DN
IFG
SFL
XEY
FMT
DN
XEY
IFG
SFL
XEY
UP

RDN
XEY
IFG
SFL
XEY
FMT
DN
XEY
IFG
SFL
XEY

20
05
00
00
34
60
25
25
42
25
27
43
54
27

61
63
33
60
07
05
43
54
64
43
54
05
26
03

52

04
13
25
43
54
30
42
25
30
43
54
30
27

05
00
33
31
30
43
54
30
42
25
30
43
54

30

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
Tc
7d

SFL
FMT
UP
GTO

CLR
FMT
UuP
STP
XTO

XEY

XEY
UP

DIV
LN
XEY

XEY
EXP
XTO

Ol = O

GTO

YEX
DN

YTO
21

22
34
25
30
43
54
30
44
00
10
43
05
06
20

54
42
27
44
00
01
20
42
27
41
23
01
30
01

30
27
02
35
65
30
36
30
74
23
00
01
34
00

50
07
11
25
36
27
44
06
14
24
00
25
36
40

ENTRY

80
81

Q£

[e V4
83
84
85
86
87
88
89
8a
8b
8¢
8d

90
91
92
93
94
95
96
a7
98
99
9a
9b
9c
9d

a0
al
a2
a3
a4
as
a6
a7
a8
a9
aa
ab
ac
ad

EEX

3
CHS

oO°

AC+
RCL

YTO

DN
LN
UP
up
YEX

YTO

DN

DN
EXP

UP
uP
CHS
DIv
DN
EXP

DN
YEX

YTO

00
26

neo

03
32
27
21
00
06
34
60
61
33
40
12

25
65
27
27
24
01
40
01
02
34
25
36
25
74

27
12
27
36
02
32
35
25
74
36
25
24
00
40



STAT-PAC X-5

bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be

Lbd

¢c0
cl
c2
c3
cd
co
cé
c7
c8
c9
ca
cb
cc

dl
d2
d3
da4

.cd

0
XEY
DIV

=
t
e

-
tﬂ{xjc:c'.nt‘.«::x;»cjd) Al

il b ~
ZEZ00A0OG
= H ‘

GTO

CLR
FMT

UP

GTO

END

00

30
35
26

36
12
27
36
03
05
00
36

05

00
00
52
16
16
25
42
25
44
10
13
20
42

a7

44
05
06
46

04
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STAT-PAC
X-6 A

LINEAR REGRESSION AND PLOT

This program calculates the equation of the straight line of best fit of a set of data points. It also plots each
data point and the straight line determined by the calculated equation. The best fit is determined by mini-
mizing the sum of the squares of the deviations of the data points from the line.

The program calculates m and C for the equation:

Y= mX+C
The program also calculates a correlation coefficient r, an indication of goodness of fit. Note: -l1<r<1
where the sign corresponds to the slope m. I r =0, there is no correlation, and if r==1, there is

perfect correlation or a perfect fit.

The defining equations are:

n
> (X -X)(Y,-Y)
m = i=1
> (x,-X)?
i=1
C = Y-mX
n n
Z Yi z Xl
where Y = 12111 and X = 1:1n
%‘J . . n n n
X.-X Y.-Y XY, - X, Y.
& 5 ) ( i ) _ ni§1 ;Y5 (12,;1 1)(]‘E1 1)
n —_2 n n 2 n 2 n 2
/ i§1 %o %07 2 0 /[ ZX P ] [ngl holg Yi)]

Reference: Mathematical Statistics
by John E. Fruend
Prentice-Hall, 1962
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STAT-PAC

X-6 A
USER INSTRUCTIONS USER INSTRUCTIONS (con't)
PRESS: STOP ENTER PROGRAM B: (Starting Address is (0)(0))

Note: Use the origin controls to locate the pen
in the lower left corner of the paper (on
intersection of border lines if graph
paper is being used).

PRESS: END

PRESS: CONTINUE

ENTER PROGRAM A: (Starting Address is (0)(0) DISPLAY
SET: Decimal wheel at 6 or less
PRESS: END
r Z

PRESS: CONTINUE C v
ENTER TRANSLATION CONSTANTS*: m X

Yenigk —> Y

Xonitt — X PRESS: CONTINUE
PRESS: CONTINUE ENTER SCALING CONSTANTS: Yscale — Y
ENTER SCALING CONSTANTS*: X - X

scale
Yscale ™ Y PRESS: CONTINUE
Xscale - X Note: The straight line of best fit is now plotted.

As the pen approaches any of the boundaries,

*See General Plotter Instructions PRESS: STOP

PRESS: CONTINUE

—» DISPLAY
EXAMPLE
i Z
0 Y
1] X _
Yohift = 0}
Xshift = 0
ENTER DATA: Yi e 4
X, —&» X =
1 Yscale 1}
PRESS: CONTINUE Xscale =1
Note: (Xi’ Yi)is now plotted
X Y
1 1
2 2
Has
all data 5 5
been .6 6
entered? T 7
Results
T = 1
c = 0
m = 1




STAT-PAC
X-6 A

T - - +
i
i
| / .
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STAT-PAC X-6 Program A

00 CLR 20 40 YEX 24

01 XTO 23 41 9 11

02 a 18 42 YTO 40

03 XTO 23 43 9 11 o
04 b 14 ... ... 44 RDN 31
05 XTO 23 _ . 45 - 34 I
06 c 16 f . 46 XEY 30 b
07 XTO 23 47 YEX 24
08 4 17 . 48 8 10 ) N
09 STP 41 ENTRY 49 YTO 40 @ IR
0a YTO 40 L . 4a 8 10 . I S

0Ob 9 11 ~ 4b RDN 31 _ S
0c XTO 23 4c - 34 ) ) ) e
04 8 10 .~ 4d 5 0 o
10 CLR 20 R 50 O 00 R .
11 STP 41 ENTRY 51 0 00 ) o
12 YTO 40 N 52 X 36 ) b
13 7 07 . 53 RUP 22 ! R
14 XTO 23 b4 X 36 ) I S
i5 0 00 . .~ 55 XEY 30 i R
16 a 13 56 YEX 24

17 UP 27 57 0 00

18 1 01 58 YTO 40

19 + 33 59 0 00
la YTO 40 52 RDN 31 )
ib a 13 5b DIV 35 N
lc CLX 37 & 5¢c XEY 30
1d UP 27 ' 5d YEX 24 )
20 STP 41 _ ENTRY . g0 7 07 . .
21 AC+ 60 . 81 YTO 40
22 UP 27 62 7 07 i
23 X 8 63 RDN 31

24 XEY 30 ‘ 64 DIV 35

25 YEX 24 ‘ 65 DN 25

26 d4 17 , 66 XEY 30 )
27 + 33 67 FMT 42 .
28 YEX 24 68 UP 27 ) ]
29 d 17 69 FMT 42

2a DN 25 6a DN 25

2b X 36 ~ 6b GTO 44

2¢c XEY 30 6¢c 1 01

2d YEX 24 ‘ 6d 6 06

30 b 14 70 END 46 .

31 + 33 , T T

32 YEX 24 P

33 b 14

34 DN 25

35 RDN 31

36 X 36

37 XEY 30

38 YEX 24

39 ¢ 16

32 4+ 33

3b YEX 24 , o :

3c ¢ 16 , ‘ o

~3d RUP 22 ‘
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STAT-PAC X-6

01
02
03
04
05
06
07
08
09
Oa
0b
Oc

0d

11
12
13
14
15
16
17
18
19
la
1b
1c

2 1d

21
22
23
24
25
26
27
28
29
2a
2b
2¢
2d

31
32
33
34
35
36
37
38
39
3a
3b
3c

3d

00 L

He o,

e
d

o

( ==
MP NP e A

i

YTO

uP

UuP

1 ZXRe KO

DIV

DIV

RUP
XEY
Div

YTO

25
01
34
40

19
o

12
30
35
24
15
35
40
12

36

12

36
17
30
34
40
17
16
27
15
27
36

13
.86

34
40
16
14
27
15
27
12
36
13
36
25

.84

27
25
76
35
16
76
35
17
22
30
35
40
13

Program B

40
41
42

AA
%

45
46
47
48
49
4a
4b
4c
4d

50

=

94
52
53
54
55
56
57
58
59
b5a
5b
5c

5d

60

61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
Tc

+ o e +

RUP
YEX

YTO

RDN

DIv

DN

FMT
DN

RUP
YTO

GTO

END

27

12
36
15
30

QA
o

13
41
40
14
20
23
16

42

27

41

nn

ov
25
15
36
05
00
00
35
31
24
10
40

10

33

13
36

u

33

22

24
11
40
11
31
34
12
35

25
36
16
42
25
22
33
40
16
44
05
03
46




STAT-PAC

LINEAR REGRESSION (PRINT PLOT) X-1

This program calculates the equation of the straight line of best fit of a

set of data points. It also plots each data point and the straight line determined
by the calculated equation. The best fit is determined by minimizing the sum of

Qavmafiviin LyRRivaily 110 TRV LAV A VATV Ta il 0N

the squares of the deviations of the data points from the line.
The program calculates m and C for the equation:
Y=mX+C

The program also calculates a correlation coefficient r, an indication of
goodness of fit. Note: -1 =r =1 where the sign corresponds to the slope m.
If r =0, thereis no correlation, and if r = +1, there is perfect correlation
or a nprfpr-f fit

~a & T AAVe

The defining equations are:

n —
iZ; X - X - Y)
m =
n
» X;-X)
i=1
C = Y-mX
n n
— ?1 Yl _ lél Xi
where Y =122 = and X =
n n

% . -X)Y. - T) n n n
r= 1:1( i” i~ _ n i§1X1Yi'(1>=31X1)(i§1Yi)
n n T ) n n
%2 _ 52 = 2 2 2 9
\/izl(xl X) i§1(Y1 Y) [Il1=1Xi (1§1Xi) :l [n 151 1 -(izlYl) ]

Reference: Mathematical Statistics, John E. Freund, Prentice-Hall, 1962.
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STAT-PAC
X-T

USER INSTRUCTIONS USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z onthe 9120A PRESS: END

PRESS: CLEAR
PRESS: STOP

ENTER PROGRAM B

Using the origin controls, locate the PRESS: CONTINUE
pen in the lower left corner of the
paper. DISPLAY
PRESS: END r — Z Correlation
Coefficient
ENTER PROGRAM A c ——— Y Intercept
PRESS: CONTINUE m-——X Slope
DISPLAY ENTER SCALING DATA:
0 Z Yscale—> Y
0 Y Xscale—» X
0 ———X
PRESS: CONTINUE

ENTER SHIFT DATA:
(The least fit straight line will now be

Yshift — Y plotted.) . To terminate, PRESS: STOP .
Xshift =™ X

PRESS: CONTINUE EXAMPLE
ENTER SCALING DATA:
Y Y : Yshift = 0}
scale —» Xetier =0
Xscale —»X shift
Y =1
PRESS: CONTINUE scale
Xseale = 1
DISPLAY
1] —— 7 X Y
0 —— Y 1 1
0 ————X
2 2
(n - number of the data point to 5 5
be entered)
.6 .6
ENTER DATA: o T
Yp——>Y Results:
Xp ———» X
r = 1
PRESS: CONTINUE . _
When all the data points have been m = 1

entered:
For plot, see page 25.
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STAT-PAC X-7 Program A
00 XTO 23 V 40 YEX 24 00 DN 25  ©ProgramB
01 a 13 A 41 9 11 : 01 1 01
02 XTO 23 i 42 YTO 40 02 - 34
03 b 14 43 9 11 03 YTO 40
04 XTO 23 ‘ 44 RDN 31 04 a 13
05 ¢ 16 , 45 - 34 , 05 e 12
06 XTO 23 . ‘ 46 XEY 30 06 XEY 30
07 d4 17 47 YEX 24 : - 07 DIV 35 )
08 STP 41 = ENTRY 48 8 0 08 YEX 24
09 YTO 40 49 YTO 40 09 f 15 - :
0a 9 11 4z 8 10 0a DIV 35
0b XTO 23 4b RDN 31 - 0b YTO 40 .
0Oc 8 10 4c - 34 Oc e 12
- 0d STP 41 ENTRY 4d 5 05 z 0d X 36
10 YTO 40 50 0 00 .10 e 12
11 7 07 - 51 O 00 11 X 86
12 XTO 23 : , 52 X 36 i 12 4 17 «,
13 0 00 V 53 RUP 22 13 XEY 30 )
14 a 13 54 X 36 A 14 - 34
15 UP 27 N 55 XEY 30 15 YTO 40
16 1 01 ‘ 56 YEX 24 : : - 16 d 17 ! )
17 + 33 57 0 00 17 ¢ 16
18 YTO 40 58 YTO 40 - 18 UP 27
19 a 13 59 0 00 19 f 5
la CLX 37 5a RDN 31 la UP 27
ib UP 27 5b DIV 35 1b X 36 -
.. lc STP 41 ENTRY 5¢ XEY 30 1lc a 13
. 1ld PNT 45 5d YEX 24 . 1d X 38
20 PNT 45 60 7 07 ‘ 20 DN 25
21 AC+ 60 61 YTO 40 21 - 34
22 UP 27 62 7 o7 22 YTO 40 )
23 X 36 63 RDN 31 4 23 ¢ 16 :
24 XEY 30 64 DIV 35 24 b 14
25 YEX 24 65 DN 25 25 UP 27
26 d 17 66 XEY 30 26 f 15 )
27+ 33 67 FMT 42 27 UP 27
28 YEX 24 68 UP 27 28 e 12
29 4 17 69 FMT 42 .29 X 36
2a DN 25 6a DN 25 B 2a a 13
2b X 36 6b GTO 44  2b X 36 ,
2¢ XEY 30 ’ 6c 1 01 B 2¢c DN 25 '
2d YEX 24 6d 4 04 c 2d - 34 ‘
30 b 14 70 END 46
31+ 33 i
32 YEX 24
33 b 14
34 DN 25 = :
35 RDN 31 B
36 X 36 : 3
37 XEY 30
38 YEX 24
39 ¢ 16
3a + 33
3b YEX 24
3c c 16
~ 3d RUP 22

30



30 4 17 70 DN 25
31 UP 27 71 X 36
32 DN 25 y ‘ 72 ¢ 16 B
33 Vv 76 78 FMT 42 i USRI S
3¢ DIV 3 74 DN 25 .

3% ¢ 16 75 RUP 22

36 v 16 76 + 33 o o
.. 87 DIV 35 L 77 YTO 40

38 a4 17w e 16
39 RUP 22 79 GIO 44 o demed
=4

82 XEY 30 72 5 05 T e
8b DIV 3 -~ gy 3 03 T
8¢ YTO 40 = END 46 7 T

- 3d a 13 s R R
40 e 12 b O
41 X 36 s I
42 £ 15 L s
43 XEY 30 R
44 - ¢ e I
45 a 15 . 5 I T N
46 PNT 45 S i
47 YTO 40 B
48 b 14 b
49 CLR 20 I
4a XTO 23 ) EE B
4 ¢ 16 ) I
4c FMT 42 ) o
4d UP 27 - )

50 STP

51 AC+

60

~ ENTRY

52 DN 25
53 f 15 I S
54 X 36 L.
55 5 05 S
56 0 00
57 0 00
58 DIV 35 f

59 RDN 31

5a YEX 24 i

5b 8 10 )

5¢ YTO 40
5d 8 10

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

+
a
X
b
+
RUP
YEX
YTO
RDN

€
DIv

33
13
36
14
33
22
24
11
40

11
31 -
34

12
35

31




STAT-PAC
X-8 A

POWER CURVE REGRESSION AND PLOT

This program computes the least squares fit and correlation coefficient of N pairs of data points for a
power curve of the form:

The program will also plot each data point and the curve after the unknowns have been calculated.

The equation is linearized into InY = blnX + lna

_ N2 (InXInY) - 2InX 2InY

h b
where NZ(lnX)z - me)z
and . - N2 (InXInY) - (2 InX) (2 InY)
\/[NZ (nx)% - ( Zlnx)z] [N T (InY)? - Zlny)z]
n oa - zl\lInY_ Zlénxb

Note: Xi>0’ Yi>0’ 1=1,---,NandXshift>0

Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee
John Wiley and Sons, 1965
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STAT-PAC

X-8 A
USER INSTRUCTIONS USER INSTRUCTIONS (con't)

DEPRESS: X Y Z onthe 9120A Printer l
PRESS: STOP DISPLAY

Using the origin controls, locate the pen in the

lower left corner of the paper. r Z
ENTER PROGRAM A: (Starting Address is (0)(0)) b v
PRESS: END a X

L J

PRESS: CONTINUE
ENTER TRANSLATION CONSTANTS*:
Yot Y

Xshift —» X Note: Xshift >0

PRESS: CONTINUE
ENTER SCALING CONSTANTS*:

Y . — Y
scale
X — X
scale

~» PRESS: CONTINUE

DISPLAY
0 Z
0 Y
i X

Each data point will be plotted

as entered.
ENTER DATA: Yi — Y
Xi -— X

PRESS: PRINT

PRESS: SET FLAG
PRESS: CONTINUE

ENTER PROGRAM B: (Starting Address is (0)(0))

PRESS: END
PRESS: CONTINUE

PRESS: PRINT
PRESS: CONTINUE

The Plotter will now plot the least squares
curve. To interrupt the plot or stop it when
finished, PRESS: STOP.

To re-run program, return to beginning of
USER INSTRUCTIONS, ENTER PROGRAM A
and proceed as before.

*See general Plotter instructions.

33

EXAMPLE
X X
1.2 15,25
1.7 6. 68
2.3 4. 54
2.9 1.74
4.4 . 87
4.8 .51
5.7 .33
7.2 .23
8.4 17
Let:
_ _8.4-1.1 _ | units
Xshift = 1.1 scale = 15 " " inch
v -0 _ 15.25-.17 __, units
shift scale ~ 10 ~“ nch
Solution:
r = -,9952
b = -2.384
a = 24,949
Y = 24, 949 x~2- 384



STAT-PAC
X-8 A

N |
\
d| | , ,
\‘ :
on SN —
| . T o
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STAT-PAC X-8 Program A

00 CLR 20 40 RUP 22 80 00

0
01 STP 41 ENTRY 41 XEY 30 ; 81 0 o0 i
02 XTO 23 42 - 34 82 0 00 .
03 a 13 43 C 16 83 0 00 - ;
04 YTO 40 44 DIV - 35 84 0 00
05 b 14 45 5 05 85 0 00
06 CLR 20 46 0 00 86 0 00 )
07 STP 41 ENTRY 47 0 00 87 0 00
08 XTO 23 48 X 36 88 0 00 |
09 ¢ 16 49 RUP 22 89 0 00 .
0a YTO 40 4a X 36 8a 0 00
Ob d 17 4p CLX 37 - 8b 0 00
0c CLR 20 4c RDN 31 8¢ 0 00
0d 1 01 4d XEY 30 8d 0 00
10 XTO 23 50 FMT 42 90 0 00
11 0 00 51 DN 25 91 0 00
12 STP 41 ENTRY 52 FMT 42 92 0 00 ;
13 LN 65 53 UP 27 93 0 00 .
14 XEY 30 54 YEX 24 94 0 00
15 LN 65 55 0 00 95 0 00
16 AC+ 60 56 IFG 43 96 0 00
17 UP 27 b7 6 06 97 0 00
18 X 36 58 1 01 98 0 00
19 XEY 30 59 1 01 99 0 00
la YEX 24 Sa + 33 9a 0 00
1b 8 10 5b DN 25 9b 0 00
lc + 33 5¢ GTO 44 9¢c 0 00
1d YEX 24 5d 1 01 ad 0 00
20 8 10 60 0 00 a0 0 00
21 DN 25 61 e 12 al 0 00
22 X 36 62 UP 27 a2 0 00
23 XEY 30 63 X 36 a3 0 00
24 YEX 24 64 RUP 22 a4 0 00
25 9 11 65 YEX 24 a5 0 00
26 + 33 66 7 07 a6 0 00
27 YEX 24 67 X 36 a7 0 00
28 9 11 683 RDN 31 a8 0 00
29 DN 25 69 - 34 a9 0 00
2a RDN 31 6a YEX 24 aa 0 00
2b X 36 6b f 15 ab 0 00
2c¢ XEY 30 6c DN 25 ac 0 00
2d YEX 24 6d STP 41 ad 0 00
30 7 07 70 0 00
31 + 33 71 0 00
32 YEX 24 72 0 00
33 7 07 73 0 00 X ‘
34 DN 25 74 0 00 shift
35 EXP 74 75 0 00 Yo
36 XEY 30 76 0 00 shift
37 EXP 74 770 00 X cale
38 UP 27 78 0 00 : : 4
39 b 14 79 0 00 . Yscale
3a - 34 Ta 0 00
3b d 17 7b 0 00 X
3c DIV 35 7c 0 00
3d a 13 7d 0 00 AX
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STAT-PAC X-8 - Program’B

b0 0 00 V 10 UP 27 50 RCL 61 7

bl
b2
b3
b4
b5

00 11 YEX 24 ‘ 51 AC- 63 .
00 12 9 11 52 + 33
00 13 DN 25 53 AC+ 60
00 ‘ 14 X 36 V 54 DN 25
00 , 15 RUP 22 L 55 LN 65

b6 00 16 XEY 30 . 56 YEX 24
b7 00 17 YEX 24 57 1 01

b8 00 18 8 10 - 58 YTO 40
b9 00 , 19 YTO 40 , f 59 1 01 T

ba
bb
be
bd

00 la 0 00 : : 52 X 36 T B
00 1b e 12 - 5b DN 25 1
00 lc X 36 : 5¢ EXP 74
00 ; : ~1d DN 25 . f . 5d YEX 24 =~ 7

D000 OoO0OoO000O O

g
f

c0 00 20 - 34 A 60 0 00

cl 00 21 UP 27 61 YTO 40 | N
c2 00 4 22 DN 25 62 0 00 :
c3 00 23 f 15 , 63 X 36

c4 00 24 CHS 32 . 64 b 14 -
c5 00 25 DIV 3 .. 85 = 34 .
cé 00 26 DN 25 o 66 4 17 o
c7 00 27 UP 27 . 67 DIV 35 .
c8 00 28 YEX 24 68 e 12 . b
c9 00 29 e 12 , 69 UP 27 ° o
ca 00 22 X 36 6a a 13

ch 00 2b XEY 30 6b - 34
ce 00 2c YEX 24 6c ¢ 16

cd 00 | 2d 0 00 B - 6d I

g
<!

dl
d2

00 30 - 34 70 5
00 31 XEY 30 710
00 ; . -~ 32 YEX 24 72 0 00
X
U

ds 00 - 83 8 10 £ 36 o
d4 00 ‘ 34 XEY 30 ... 74 RUP 22
ds 00 8% DIV 3 .75 X 36 [

dé 00 36 XEY 30 . 76 DN 25 )

a7
ds

00 37 EXP 74 , 77 XEY 30
00 38 YEX 24 78

= oo
g co ¢

do 00 , 39 9 11 £ 79 I
da 00 3a RDN 31 ‘ - Ta
db 00 3b DIV 35 . Tb .
de 00 , 3c e 12 o -~ Tc .
, . dd _END 46 8 RUP 22 . 7d pemdeene
ProgramB [ -

C:‘x
-

00 27 _ 40 XTO 23 -
01 36 ; 41 0 00 - | R T .
02 XEY 30 42 YTO 40
03 YEX 24 N 43 1 01 T B e R Rl
04 8 10 44 STP 41 e N
05 RDN 31 ‘ 45 CLR 20 TR R A S
06 XEY 30 46 c 16 ~ ‘ R
07 X 36 47 UP 27 RERE
08 RDN 31 48 8 10 R ZO S A
09 - 34 49 DIV 35 , : et ‘
0a f 15 4a a 13 ) B R e ;
0Ob X 836 , E 4b XEY 30
0c. D 25 4c - 34 ; R SRk hiiiehl RSl AALEEEEELTES
0 V% 4d AC+ 60 o o
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9100B ONLY
}S{T.SLT-PAC
GENERAL POWER CURVE REGRESSION )
AND PLOT

This program computes the least squares fit and correlation coefficient of
N pairs of data points for a power curve of the form:

Y=ax+C

The program will also plot each data point and the curve after the unknowns have
been calculated.

The equation is linearized into InY = blnX + lna

where b~ NZ(nX InY) - 2 InX 3 inY
NZ(InX)2 - (Z1nX)4
and
NZ (InX 1nY) - (Z InX)}(= InY)
Tr =
\/ [NZ (InX)2 - (zlnx)z] [Nz(1nY)2 - (>:1nY)2]

ma= 20X . 20Xy,

NOTE: Xi>0’ Yi >0,i=1, ..., N

C is the Y-Intercept Value at X = 0 or at X = @, The value for
C may be entered directly if it is known. If C is unknown the user is advised
to first run one of the exponential regression programs (Y = aebX) utilizing the
first 3 or 4 minimum Y-value data points. The resulting value for a may
then be entered as the value for C.

Reference: Statistical Theory and Methodology in Science and Engineering by
K.A. Brownlee, John Wiley and Sons, 1965.
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9100B ONLY
STAT-PAC
X-9

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z

SET: Decimal Wheel at 6 or less

PRESS: STOP

Using the origin controls, locate the

pen in the lower left corner of the
paper.

PRESS: END

ENTER PROGRAM: Side A followed
by Side B

PRESS: CONTINUE
ENTER DATA:
C—»7

Yshift —» Y
Xshift —»X

(C #0)

PRESS: CONTINUE

ENTER DATA:

PRESS: CONTINUE

DISPLAY

0
i
0

~—p ENTER DATA:

M N

Y, ——>Y
Xj —»X

NOTE: Plot points are of the form:

—+}2AY

PRESS: CONTINUE

Has all
data been
entered?

on the 9120A

38

PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY
r————=7
b—Y
a—X

r, b, and a will be printed out

PRESS: CONTINUE

The plotter will now plot the least
squares curve, To interrupt the plot,
PRESS: STOP. The plot is self-
terminating.

To run another case, return to the
beginning of the USER INSTRUCTIONS,

enter the program and proceed as before.

*AY is the desired tolerance on Y.



EXAMPLE
C = 10
Yohitt 0
Xshift 0
DY = 3
Yecale = 30
Xscale = 1
i X Y
1 1 18
2 2 30
3 3 44
4 4 56
5 5 73
6 ¢] 96
7 7 121
8 8 151
9 9 196
10 10 276
Results:
T = .99
b = 1.45
a = 7.07
STAT-PAC
X-9

General Power Regression and Plot *

b

Y =aX" +C
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41
45
23
13
25
40
34
15
30
34
40
14

T

45
45
31
36
40
34
12
31
05
00
00
35

Plus
ENTRY Page

20

ENTRY

16

30
31
35
40
17
20
01
22
40
00
41
43
06

13
45
45
65
22
67
34
15
30
31
34
25
65
60

ENTRY

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
Tc
7d

UP

XEY

EXP
XEY

COOCODOOLOOLOODODOO

27

80
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82
83
84
85
86
87
88
89

: 8a
8b

8c

o 8d

90
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92
93
94
95
96
97
98

- 99
: 9a
- 9b
" 9c
9d

:kaOV

al

. a2

a3
a4
ad
a6
a7

a8
. a9
aa
;ab

ac

ad

D000 O0O O !

OO0

00
00
00
00
00
00
00
00
00
00
00
00

0o
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
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00
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STAT-PAC X-9

b0

bl
b2
b3
: b5
. be
b7

. b8
b9
ba
- bb
- be

bd

0

cl
c2
c3
c4
ch
- c6
D e7
- c8
c9
ca
- ¢b
~ee

- do
dl
d2

- d3

- d4

- ds

- dé6
d7
d8

- d9

- da

-~ db
dec
dd

‘“OOOOOOOOOOOOOO*

OO0

OO0 0000 OOOO OO,

00
00
00
00
00
00
00
00
00
00
00
00
00

00

o0

00
00
00
00
00
00
00
00
00
00
00
00

00

00

00
00
00
00
00
00
00
00
00
00
0o
00

|00

Plus
Page
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g
Koo 1 o

CLX
uP

RUP
GTO

o+

Minus
Page

40
41
42
43
44
45
46
47
48

49

A

4ad
4b
4c
44

50
51
52
53
54
55
56
57
58
59
ba

- 5b

5c
5d

60
61

. 62

63
64
65
66
67
68
69
6a
6b
6¢
6d

70

71
72
73
74
75
76
77
78

79
Ta

b
7c
7d

RUP
YE

RDN

RUP

XEY
YE

YTO

DN

UP
DN

CHS

DIV
DN
up
YE

XEY
YE

XEY
YE

XEY

22
24
11
36
31
34
24
15
25
27
36
30
24
10

31
30
36
31
34
15
36
25
76
27
24
07
25
36

22
30
24
10
40
00
12
36
25
34
27
25
15
32
35
25
27
24
12
36
30
24
00
34
30

24
10

30
42

80
81
82
83
84
85
86
87

88

89
8a
8b

8c

8d,

91
92
93

. 94

95

. 96

97
98
99
9a
9b
9¢c

9d

a0
- al

a2

- ad
a4
- ad
- ab
- a7

a8

a9

aa
ab
ac

~ad

XEY

AC+
RCL

AC-
AC+
DN
LN

up
XFR

DN
EXP
UP
XFR

35

30
74
24
07
31
35
12
22
23
00
40
01

45

20
16
27
10
35
05
00
00
36
13
30
34
60

61

63

33

25
65
27
67
01
36
25
74
27
67

00



w0

cl
c2
c3
c4
ch

- ¢c6
.7
. c8
9
-, ca
. ¢b

ce
cd

do

g2

dl

d3
d4
ds
dé
ar
ds

Ya :
5% o X

J
tonm%m

Qv =ard

X<Y

RUP
XEY
EEX

X<Y

DN

XEY

FMT

DN
GTO

CLR
FMT
up

END
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STAT-PAC
X-10 A

EXPONENTIAL REGRESSION AND PLOT

This program computes the least squares fit and a correlation coefficient of n pairs of data points for an
exponential function of the form:

_ bx
y= ae

The program also plots each point and the least squares curve after the unknowns have been calculated.

The equation is linearized into

Iny = Ina+bx
or

Y = A+bx
Using a linear regression method,

. Z x Y - Z X Z Y

nY x2 - ( 2x )2
A 2Y-bXx
n
A

a= e
the correlation coefficient is given by

r= n zx Y - Z p:4 Z Y

\/[anz-(Zx)z] [nZYz-( Y)z]

Note: Yi>0 i=1, -+ :.n

Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee

John Wiley and Sons, 1965
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STAT-PAC
X-104

USER INSTRUCTIONS

USER INSTRUCTIONS (con't)

DEPRESS: X Y Z onthe 9120A

Using the origin controls, locate the pen in the

lower left corner.

ENTER PROGRAM A: (Starting Address is (0){0))

SET: Decimal wheel at 6 or less
PRESS: END

PRESS: CONTINUE

ENTER TRANSLATION CONSTANTS:

Yoniet ™ ¥

Xonist = X

PRESS: CONTINUE
ENTER SCALING CONSTANTS:

Ysca_le - Y
Xscale ™ X
—» PRESS: CONTINUE
DISPLAY
Z
Y
i X

Each data point will be plotted
as entered.

ENTER DATA: Yi — Y

X, —+» X
i

PRESS: PRINT

Is
(Xl , Yi ) the

last data

point ?

PRESS: SET FLAG
PRESS: CONTINUE

ENTER PROGRAM B: (Starting Address is (0)(0))
PRESS: END

PRESS: CONTINUE

DISPLAY
Z
b Y
T X

PRESS: PRINT
PRESS: CONTINUE

The least squares curve y= aebx will now be
plotted. To interrupt the plot or stop it when
finished, PRESS: STOP.

To re-run program return to beginning of USER
INSTRUCTIONS, ENTER PROGRAM B and proceed
as before.

45

EXAMPLE
X X
.5 7.12
1.2 11.67
2.9 38.85
3.3 48. 03
4.8 138.70
5.6 262. 00
7.4 935. 64
. _ 7.4-.5__  units
Let: Xopiet = % Xscale 2715 ~ * 5ineh
935. 64-5 units
= > T S
Yohift 5 Yscale = 10 ~100 inch
Solution: a =4.925
b= .7056
r= .9998
Y = 4. 925¢" 105X
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X-10

ISTAT-PAC
®-10° )
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STAT-PAC X-10

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

o

10
i1
12
13
14
15
16
17
18
19
1la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

XEY
YEX

YEX

DN
XEY
YEX
YEX

DN
RDN

XEY
YEX

YEX
RUP

EXP
RDN

DIv

RUP
XEY

20
41
23
13
40
14
20
41
23
16
40
17
20
01

23

00
41
30
65
60
27
36
30
24
07
33
24
07

25
36
30
24
11
33
24
11
25
31
36
30
24
10

33
24
10
22
74
31
13
34
16
35
14
22
30
34

ENTRY

ENTRY

ENTRY

Program A
40 d
41 DIV
42 5
43 0
44 0
45 X
46 RUP
47 X
48 CLX
49 RDN
4a TMT
4 DN
4c FMT
4d UP
50 YEX
51 0
52 IFG
53 S5
54 b
55 1
56 +
57 DN
58 GTO
59 1
ba 0
5b DN
5¢ UP
5d YEX
60 8
61 X
62 e
63 UP
64 X
65 DN
66 -
867 UP
68 YEX
69 7
6a XEY
6b YEX
6c 8
6d STP
70 0
71 0
72 0
73 0
74 0
75 0
76 0
77 0
78 0
79 0
Ta 0
7b 0
7c 0
7d 0

1o
-1

17
35
05
00

nn
uu

36
22
36
37
31
42
25
42
27

24
00
43
05
14
01
33
25
44
01
00
25
27
24

10
36
12
27
36
25
34
27
24
07

24
41

00
00
00
00
00
00
00
00
00
00
00
00
00
00

I

80

81
82
83

QA
O

85
86
87
88
89
8a
8b
8c

8d

90

91
92
93
94
95
96
97
98
99
9a
9b
9¢

9d,

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

D000 OOO0O -

o

ol
OO OoOOoOOCOoCOoCOOOOO O

o
Do
Hw)

e
e b
e

XEY

o.




11
12
13
14
15
16
17
18
19
1a
1b
1c

21
22
23
24
25
26
27
28
29
2a
2b
2¢c

©o2d

20"

31
32
33
34
35
36
37
38
39
3a
3b
3c

3d

40

41
42
43
44
45
46
47
48
49
43
4b
4c
4d

1d

10 YTO

0
X
DN
v
YEX
8
YTO
8
XEY
YEX

9
X

up

RCL

DN
uP
YEX
9
DN
DIv
YEX

DN
DIV

UP
DN
CHS

XEY
YEX

XEY
DIV
DN
EXP

YEX

XTO
RDN
STP
CLR
UP
DIV

XEY

AC+.

o
00

36
25

76

24
10
40
10
30

24
1

36

27

i

36
25

27
24
11
25
35
24
00
25
35

12

27

25
32
36
15
33
30
24
10
30
35
25
74

2

6677

23
01
31
41

20 ¢

16
27
06
35
13
30
34
60

34

STAT-PAC X-10

Programv B

50
51
52

53
54
55
56
57
58
59
5a
5b
5S¢
5d

60
61

62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76

7T

78
79
Ta
7b
7c

RCL
AC-
+
AC+

DN
YEX
0
YTO
0
X

DN
EXP
YEX

W
gmlc‘x*-‘ﬂ
@)

c

)
ogo e goe g
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61
63
33
60
25
24
00
40
00
36
25
74
24
01

40
01

~ 4

36
14
34
17
35
12
27
13
34
16
35
05

00
00
36
22
36
25
30
42
25
44
05
00
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9100B ONLY

STlix:'lI‘— PAC
X-
CUBIC (THIRD DEGREE) REGRESSION PLOT

This program plots the data points and the cubic curve associated with a
third degree regression curve fit. The raw data points may be plotted before or
after program STAT-PAC IV-9 is run.

The curve being plotted is given by:

v - 2 3
f(X)—Y—a0+a1X+a2X +agX

where the a are determined by program STAT-PAC IV-9. The user specifies the
following:

Xax = Largest Value of Xi’ to Be Plotted at X =10 in; or 25.4 cm.
Xmin = Smallest Value of X5 to Be Plotted at X=0in; or 0 cm.
Ymax = Largest Value of Y., to Be Plotted at Y=5in; or 12.7 cm.
Ymin = Smallest Value of Y, to Be Plotted at Y=0in; or 0 cm.
Xfinal = The Point to Which f(X) is Desired for Prediction
X. 1.1 = The Point from Which f(X) is Desired to Be Plotted.

initial X > X )

( initial =~ “*min

The point { X nax> Y } is plotted at X = 10 in., or 25.4 cm. in order to leave
5in., or 12.7 cm. of plotting surface remaining so that £f(X) may be plotted beyond
the limits of known (Xi’ Yi) for prediction purposes. The plot position of the points
X max’ and Y max May be changed by altering program steps (+)(0)(6) through (+)(0)(8)
for X hax’ and (+)(1)(7) through (+)(1)(a) for Y ax
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X-11

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

A

PRESS: STOP

Using the origin controls, locate the
pen in the lower left corner of the
paper.

DEPRESS: X Y Z onthe 9120A
PRESS:; END

ENTER PROGRAM: Side A followed
by Side B

PRESS: CONTINUE

—» ENTER DATA:

X nax—> Y

Xmin —» X

PRESS: CONTINUE
ENTER DATA

Ymax Y

Ymin X

Have data
points been plotted
previously ?

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY
0 Z
1 Y
0 X
—» PRESS: CONTINUE
DISPLAY
0 Z
i Y
0

A

I
»>ENTER DATA:

Yi—PY
Xi———>X

PRESS:

CONTINUE

NO Has all

(X Yi) been
plotted?

PRESS: SET FLAG

PRESS: CONTINUE

DISPLAY

0
i+ 1
0

XN

NaENTER DATA:

ag————» Z
ag——» Y
aj—» X

PRESS: CONTINUE

ENTER DATA:

Xinal —> 2
Kinitial > ¥
ao —» X

PRESS: CONTINUE
The cubic curve is now plotted. The
plot will automatically stop when X

reaches Xﬁnal .

L To run another case

*The point (Xi’ Yi) is plotted as

B\\_/(Xi , Y1)
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STAT-PAC
X-11

EXAMPLE

Using the data from the example of program STAT-PAC IV-9.

X Y
-2 -23
-1 2

0 5

1 4

2 17

Let: 5

Xmax -

Xmin = -2

Y - 17}

Ymin =~23

a3 = 3

3.2 = = 2

a 1 = -2

Xfinal _ 2.5

Xinitial = ~2

ao = 5

The resulting plot is shown

STAT-PAC
X-11

Cubic (Third Degree) Regression Plot
Y =5- 2X - 2%2 + 3%°

Cubic coefficients determined by program STAT-PAC IV-9,
points and fitted curve generated by program STAT-PAC X-11,
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STAT-PAC X-11

00
01
02
- 03
L 04
- 05
06
07
08
09
Oa
S 0b
. Oc
ood

‘ 1,0‘

11
12
13
14
15

- 16
17
18
19
‘1a
1b
1c

L

20

21

22

23
24
25
26
27
28
29
2a
2b
2c

2d

.. 30
381
.32
33
--134
.85
.36
.37
- 38
39
3a
3b
3c

3d

CLR
STP
PNT
PNT
UP

5
EEX

3
RUP
DIV
DN
AC+

0

UP
up
STP
PNT
PNT

IFG

STP
IFG

PNT
PNT
RUP
XTO

Nl ey

&
XEY
RDN

20
41
45
45
34
27
05
26
03
22
35
25
60
00

27
27
41
45
45
34
27
02
05
00
00
22
35

25

40
16
23
17
00
27
01
27
00
43
07
00
41

43

07
00
45
45
22
23
14
12
34
15
36
16
30

31

Plus Page
ENTRY

ENTRY

ENTRY

40

DN
XEY
FMT
DN
UuPpP

RDN
FMT
DN

XEY
RUP

RDN
XEY
FMT
DN

RUP

XEY
RDN

DN
XEY

FMT
DN
FMT

STP
PNT
PNT
XTO

YTO
RDN

DN
GTO

34
17
36
25
30
42
25
27
05
00
34
31
42
25

30
22
33
31
30
42
25
22
33
30
31
34
25
30

42
25
42
27
00
27
14
27
01
33
00
44
02
16

41
45
45
23
14
40
13
00
31
25
44
34
00
00
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ENTRY

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
a4
ab
a6
a7
a8
ag

aa

ab
ac
ad

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47

47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47




STAT-PAC X-11 ..., 9100B ONLY

b0 CNT 47 Plus

bl CNT 47 Page

. b2 CNT 47

. b3 CNT 47 B

- b4 CNT 47

© b5 CNT 47

' b6 CNT 47

- b7 CNT 47 1
b8 CNT 47

b9 CNT 47 o
ba CNT 47 o

bb CNT 47 -
bc CNT 47 )
bd CNT 47 A
c0 CNT 47 - ) S
cl CNT 47 o S S )
- ¢2 CNT 47 ; ! o
~¢3 CNT 47 4 : L
¢4 CNT 47
c5 CNT 47 : « .

c6 CNT 47
- ¢7 CNT 47
' c8 CNT 47 R 4 ' R

. ¢9 CNT 47 o ‘ ‘ ) N o

‘1 ca CNT 47 , . . e
“cb CNT 47 ‘

cec CNT 47

cd CNT 47

d0 CNT 47

© dl CNT 47

~ d2 CNT 47
' d3 CNT 47

©d4 CNT 47 et
~d5 CNT 47 | ~ ‘ :
d6 CNT 47 V
d7 CNT 47
d8 CNT 47
d9 CNT 47
da OCNT 47 . . o i
~db CNT 47 , N
de CNT 47 :

- .dd CNT 47
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STAT-PAC X-11

00
- 01
- 02
03
04
05

06
07
08
09

0b

~ 0Oc
- ENOd
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39
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XTO

9
DN
STP
PNT
PNT
XTO

8
YTO

f
DN

XEY
YE

XEY

XEY
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RUP

XEY

23
11
25
41
45
45
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10
40
34
15
25
40

34

12

34
26
02
35
40
34
17
67
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15
27
14
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27
36
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13
30
36
30
24
13
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33
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27
36
36
67
11
36
25
33
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10
33
16
34

Minus
Page
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4c
4d

50
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52
53
54
55
56
57
58
59
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5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c

o

Mo gl Ko
3

c

=)
Z

FMT
DN
XFR

17
36
67
34
15
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15
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9100B ONLY

LEAST SQUARES REGRESSION STAT-PAC
(Linear, Parabolic, Power, Exponential) X-12

. This program allows the user to calculate and plot the equations of four
different regression curves with a single entry of his discrete data.

This regression package is divided into six individual programs as
described below and has an error correcting option.

I. MAIN PROGRAM

All data and scaling factors for the four regression programs are entered through
this program. Also entered is a desired tolerance on the regression equations.
As each data point is entered, a vertical line is plotted above and below this

point to allow the user to see if the particular regression curves are within this
tolerance.

The main section of the program calculates and accumulates the sums which are
needed to generate the least squares coefficients.

II. MAIN PROGRAM CORRECTOR

This is an optional program which may be run if while running the MAIN PROGRAM
the user has entered incorrect data points. The program simply deletes these
incorrect points from the series of accumulated sums and plots an "X" over such
points.

III. LINEAR REGRESSION & PLOT

This program calculates a & b for the equation: Y = bx + a.
The defining equations are:

n — R—
=z (X -X)Y, -

p=_1i=1

n %2

= (Xi‘X)

i=1
a= Y-bX

—_ 1 0 _ 1 n
where: X =-— X X.;Y=—n— z Y,

ng=1 i=1 1

IV. PARABOLIC REGRESSION & PLOT
This program calculates 2y, a1, 29 for the equation Y = ag + aX + azch
The coefficients are found by simultaneously solving the following normal equations:
ZY¥Y=a,n+a, X +2 =X2
0 1 22
Z:XYzaO 2X+a1 zX + aq zX

ZXZY = ao ZXz + a1 EXS + a.‘2 =X

3
4
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STAT-PAC
X-12

V. POWER CURVE REGRESSION & PLOT

9 VY 24 SVl v L

This program calculates the correlation coefficient and a and b for a power
curve of the form Y = aXb.

The equation is linearized into 1nY = bInX + lna

where . _n =X (InX 1InY) - ZInX ZlnY
n=(InX)4 - (Z1nX)~2

and _ nZInX InY - (Z1InX)(=1nY)
v [n=(InX)? - (21nX)2] [ nZ(nY)2 - (Z1nY)2]

ZInyY ZinX b
n

Ina=

VI. EXPONENTIAL REGRESSION & PLOT

This program claculates the correlation coefficient and a and b for an
exponential function of the form Y = aebX,

The equation is linearized into InY = lna + bX
or Y=A+bX

Using a linear regression method,

nTXY - TXZY
nzX2 - (=X)2

Y - bZX

A=

the correlation coefficient is given by

nzZXY - XY
'S /Tazx2- (2X)2] [n=¥2 - (2Y)?2T
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STAT-PAC
X-12

To convert the program for plotting in centimeters, make the following changes:

Program Step Change to
I (-)(0)(8) 1
(-)(0)(9) 9
(-)(0)(a) 7
(-)(c)(5) 2
(-)(c)(6) 0
I (-)(9)(0) 5
(-)(9)(1) 0
(-)

(9)(2)
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STAT-PAC
X-12

USER INSTRUCTT

PRV

DEPRESS: X Y Z onthe 9120A

PRESS: STOP

Using the origin controls, locate the

pen in the lower left corner of the paper.

SET: Decimal Wheel at 6 or less
PRESS' END

ENTER MAIN PROGRAM:
Side A followed by Side B

PRESS: CONTINUE
ENTER SHIFT FACTORS:

Y
X

—»Y

shift > X

shift
PRESS: CONTINUE

ENTER SCALE FACTORS:

Y
Xscale

scale
PRESS: CONTINUE

—»Y
—» X

ENTER DESIRED TOLERANCE ON Y:

AY —» X
PRESS: CONTINUE
—»DISPLAY

0
i
0

> N

ENTER COORDINATES:

Y, Y
X;—»X

A NOTE: X, > 0, Y. >0
PRESS: CONTINUE
[Point is plotted as

4

}AY
POINT (X.,Y

,Y)

data been correctly
entered ?*

PRESS: SET FLAG
PRESS: CONTINUE

DISPLAY

0— 7] (n=total
0g—Y number of
n—— X| data points)

*Check the printer output to determine
whether any incorrect data points have
been entered in the program. If an
error has been made, enter the correct
values until all correct (Xj, Y;) sets
have been entered.

If all entered data is correct, proceed
to the regression programs.

Otherwise:

PRESS: GO TO (-)(0)(0)

ENTER MAIN PROGRAM CORRECTOR
PRESS: GO TO (-)(0)(0)

PRESS: CONTINUE

>DISPLAY
00— 7
10i— Y
0o— X
ENTER it SET OF COORDINATES TO

BE DELETED:

Yy — Y
Xy —X

PRESS: CONTINUE

Have all incorrect
coordinates been
entered?

PRESS: SET FLAG
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USER INSTRUCTIONS (Con't)

9100B ONLY
STAT-PAC
X-12

USER INSTRUCTIONS (Con't)

PRESS: CONTINUE

DISPLAY
0 ——— Z| (K = number
0 —— Y| of data points
10K X| deleted)

Any of the four regression programs
may now be run in any order any
number of times. Individual
instructions are given below. All
curves are self-terminating.

b

POWER CURVE: Y = aX
PRESS: GO TO (-)(0)(0)
ENTER PROGRAM

PRESS: GO TO (-)(0)(0)
PRESS: CONTINUE

DISPLAY

r
b
a

M N

PRESS: CONTINUE

The curve is now plotted.

EXPONENTIAL CURVE: Y = aePX

(Same as POWER CURVE)

LINEAR CURVE: Y=DbX +a

(Same as POWER CURVE except
without r)

PARABOLIC CURVE: Y=a0+a1X+a2X2

PRESS: GO TO (-)(0)(0)
ENTER PROGRAM A
PRESS: GO TO (-)(0)(0)

PRESS: CONTINUE

59

DISPLAY

a,O —_—

ay

ag
PRESS: GO TO (-)(0)(0)
ENTER PROGRAM B
PRESS: GO TO (-)(0)(0)

PRESS:

P IN

CONTINUE

The curve is now plotted.

EXAMPLE
Xshift = Yghift = ©
Xscale =+ 8
Yocale = 16
AY = 3

X Y

1 5

2 12

3 34

4 50

5 75

6 84

7 128
PARABOLA: 1.64X2 + 6.64X - 4.00
EXPONENTIAL: 4.63e" 2% r = .96
POWER: 4.66X1-68 - 904

LINEAR: 19.79X - 23.7
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STAT-PAC X-12 General Loader 9100B ONLY

00 Plus 40 00 80

0 0 0 il

o1 o0 00 Page 41 0 00 , 81 0 00 .
02 0 00 42 0 00 .82 0 00

03 0 00 43 0 00 .8 0 00

04 0 00 44 0 00 84 0 00 )
05 0 00 45 0 00 8% 0 00

06 0 00 - 46 0 00 8 0 00

07 0 00 47 0 00 87 0 00 ;

08 0 00 ‘ 48 0 00 ‘ 88 0 00 %

09 0 00 , 49 0 00 ‘ 89 0 00 .
0a O 00 4a 0 00 8a 0 00

0Ob 0 00 ‘ 4b 0 00 8 0 00

Oc 0 00 4c 0 00 8 0 00 IR
od 0o 00 44 0 00 ” 8 o0 00 i
10 0 00 o 50 0 00 .80 0 00 L
11 0 00 51 0 00 91 0 00 i
12 0 00 520 00 92 0 00 .

13 0 00 53 0 00 ; 93 0 00

14 0 00 54 0 00 ; 94 0 00 )

15 0 00 55 0 00 .95 0 00

16 0 00 56 0 00 96 0 00

17 0 00 57 0 00 97 0 00 —
18 0 00 58 0 00 98 0 00 ]

19 0 00 , 59 0 00 99 0 00

la. 0 00 5. 0 00 9a 0 00

i1b 0 00 ‘ 50 0 00 9p 0 00

1c 0 00 5¢ 0 00 9¢ 0 00

1d 0 00 5d 0 00 94 o 00

20 0 00 60 0 00 ‘ a0 0 00

21 0 00 V 61 0 00 al 0 00 .
22 0 00 62 0 00 , a2 0 00 .
23 0 00 63 0 00 . a3 0 00 i
24 0 00 64 0 00 ) a4 0 00 )
25 0 00 65 0 00 .. a» 0 00 L.
26 0 00 66 0 00 f a6 0 00 o

27 0 00 67 0 00 a7 0 00 )
28 0 00 68 0 00 a8 0 00

29 0 00 69 0 00 a9 0 00 i
2a 0 00 6a O 00 ~ aa 0 00

2b 0 00 6b 0 00 - ab 0 00 i

2¢ 0 00 6c 0 00 ~  _ac¢ o0 00 .
24 0 0 ~ 6d 0 00 . . ad 0 00 . 1
30 0 00 i 70 0 00

31 0 00 ‘ 71 0 00

32 0 00 72 0 00

33 0 00 73 0 00 - -
34 0 00 74 0 00 i

35 0 00 ‘ 75 0 00

36 0 00 _ 76 0 00

37 0 00 , 77 0 00

38 0 00 78 0 00

39 0 00 79 0 00

32 0 00 , 7a 0 00

3b 0 00 7o 0 00

3¢ 0 00 ¢ 0 00 ) o
3d 0 00 7d 0 00
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STAT-PAC X-12  General Loader 4 ~ 9100B ONLY

- b6
Y

b0 0 00 Plus
bl 0 00 Page
b2 0 00
b3 0 00
b4 0 00
b5 0 00
0 00
; 0 00
. b8 0 00
- b9 0 00
“ . ba 0 00
= bb 0 00
be 0 00
bd 0 00
c0 0 00
el 0 00
- c2 0 00
‘e300 00
¢4 0 00
¥ es) 0 00
cb 0 00
c7 0 00
c8 0 00
c9 0 00
. ca O 00
i ch 0 00
© . ce 0 00
~.ed 0 00
do 0 00
dl 0 00
c.d2 0 00
o d3 0 00
- d4 0 00
- db 0 00
- de 0 00
d7 0 00
ds 0 00
dg 0 00
- da 0 00
-db 0 00
‘de 0 00
dd CLR 20
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00
01
- 02
. 03
04
05
06
07
08
09
27 0a
- 0b

LN
- ucC

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
©1d

20

_ 21
.22
23
24

25
26
29
28
29
2a
2b
2¢

;2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

o od

STP
XTO
d
YTO
C
CLR
STP
UuP

5
0

0

DIv

[ TO
b

<
X

RUP
DIv
YTO
a
CLR

STP
UuP

RUP
LN
YE

-

23
17
40
16
20
41
27
05
00
00
35

AN

4V

14

22
35
40
13
20
41
27
13
36
40
34
00
20

23

34

12
23
34
15
01
23
00
22
41
43
17
10

45

ENTRY

ENTRY

ENTRY

45

60
27
65
24
03
33
24
03
22
65
24
04
33

41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50

51
52
53
54
55
56
57

58

59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a
7o
Tc
7d

General Loader

‘]
{

=t

v

X g K <
FJENZ*—'M+HFJFJ><A=-

XEY

EXP
XEY
LN
UP
XEY
YE

YE

DN

EXP

XEY

YE

YE

XEY

XEY
YE

24
04
36
30
24
01
33
24
01
25
36
30
24
34

15
33
24
34
15
25
27
36
30
24
34
12
33
24

34
12
25
74
30
65
27
36
30
24
02
33
24
02

25
74
36
30
24
06
33
24
06
30
36
30
24
05

63

9100B ONLY

80

81
82
83
84
85
86
87

88

89
8a
8b
8c

90

91

92
93
94
95
96
97
98
99
9a
9b
9c
9d

a0
al
a2
a3
ad
ab
~ab
a'’
a8
ad
aa
ab
ac

ad

+
YE
5
DN
UP
X
XEY

<rTaney

XEY

XEY

33

24
05
25
27
36
30
24
11
33
24
11
30

36 .

24
10
33
24
10
30
36
30
24
07
33
24
07

17
34
14
35
16
22
30
34
13
36
67
34
00
33



STAT-PAC X-12

b0
bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be
bd

cO
cl
c2
c3
cd
ch
c6
c7
c8
c9
ca
ch
cc
cd

do
d1
d2
d3
d4
ds
dé
a7
d8
d9
da
db
de
dd

RDN
XEY
FMT
DN

RDN
XEY

RDN

XEY

FMT

DN

RDN
+

XEY
RUP
FMT
DN
UuP

CLX
RDN
FMT
DN
FMT
UP

31
30
42
25
31
30
34
34
31
30
42
25
31
33

30
22
42
25
27
05
00
34
37
31
42
25
42
27

24
00
01
33
25
44
02
06
01
34
40
00
25
46

General Loader

Minus
Page
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00
01
02
: 03
04
05
06

- 07

08
09
Oa
- 0b
Oc
od

10
11
12
13
‘14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

QO

RUP
STP
IFG

PNT
PNT

AC-

UP
LN
YE
YE

RUP

XEY

YE

YE

DN

XEY
YE

YE

DN
UP

XEY

01
00
01
23
34
17
22
41
43
16
13
45
45

63

27
65
24
03
34
24
03
22
65
24
04
34
24
04

36
30
24
01
34
24
01
25
36
30
24
34
15
34

24
34
15
25
27
36
30
24
34
12
34
24
34
12

Corrector

40
41
42
43
44
45
46
47
48
49
43,
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
b5c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
7c
7d

DN 25
EXP 74
XEY 30
LN 65
UP 27
X 36
XEY 30
YE 24
2 02
- 34
YE 24
2 02
DN 25
EXP 74
X 36
XEY 30
YE 24
6 06
- 34
YE 24
6 06
XEY 30
X 36
XEY 30
YE 24
5 05
- 34
YE 24
5 05
DN 25
upP 27
X 36
XEY 30
YE 24
9 11
- 34
YE 24
9 11
XEY 30
X 36
XEY 30
YE 24
8 10
- 34
YE 24
8 10
XEY 30
X 36
XEY 30
YE 24
7 07
- 34
YE 24
7 07
YE 24
0 00
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80

- 81
82

. 83
. 84
. 85
86
87
. 88

. 89
8a

- 8b

. 8¢

S 8d

‘50

91
. 92
93
.. 94
- 95
96
97
98
- 99
. 9a
9b
- 9¢
9d

’504

al
a2
a3
a4
. ad
. a6
a7
a8
- ad
~aa
ab
ac

~ad

4
T ol .

D

—

\%

22
30
33
31
42
25
22
34
34

3Q:iiq

31

33
33
30
22
42
25
22




STAT-PAC X-12

b0
bl
b2
b3
b4
b5
b6
b7
- b8
b9
ba
- bb
be
bd

‘004

el
c2
c3
c4
ch
c6
c'’
c8
c9
ca
chb
ce
cd

DN
RUP

RUP
XEY

CLX
RDN
XEY
FMT

DN
FMT

UupP
YE

END

25
22
34
34
22
30
34
34
37
31
30
42
25
42

27
24
34
17
01
33
25
44
00
03
01
34
25
46

Corrector
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STAT-PAC X-12

00
01
02
03
04
05
06
07
038
09
Oa
Ob
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
. 1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30

31
32
33
34
35
36
37
38

39
3a

3b
3¢C
3d

ROL
XFR

0
DIV
YTO

d
Uup

f
XEY
DIV
YTO

XEY

DIV

61
67
00
35
40
34
17
27
15
30
35
40
34
16

30
36
31
36
12
22
36
25
34
67
34
17
27
15

36
25
34
67
06
33
15
27
67
34
16
36
67
11

30
34
25
35
27
25
67
34
16
36
67
34
17
30

Linear

40
41
42
43
44
45
46
47
48
49
4g
4D
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
be
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

couvuatu ltagol 1+ 0

34
37
31
23
34
16
40
34
17
45
45
41
i4
27

26
02
36
17
30
34
23
34
14
40
34
00
24
34

00
67
34
14
33
40
34
00
67
34
17
36
67
34

16
33
67
34
00
27
17
34
14
35
07
05
00
00
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80
81
82
33
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
29
9a
9b
9c
9d

a0
al
a2
a3

el 1

H® 1o giEo © A

=

Z

X Q

Lo or Vv

EEX
X<Y

DN
XEY
FMT
DN
GTO

CLX
UP

uPpP
FMT
up
END

52
11
16
30
31

34

13 |

36 .
37
53
05

-

1b

05

26
03

52

05
16
25
30
42
25
44
05
16
37
27

27
42
27
46

16



100
01
02

03

04

- .05
- 06
- 07
08
09
Oa
Ob
. 0c

fod Y

10

11
212
13
14
15
16
17
18
19
: 1a
“1b
1c
1d

20
- 21
22
23
24
25
26
27
- 28
29
2a
2b
2c

2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

RUP

XFR

STAT-PAC X-12

67
03
27
36
67
02
27
67
00
36
31
30
34

40

34

00
67
34
12
22
36
67
04
27
36
25
34
40

34
01
67
04
27
67
03
36
67
01
27
67
00

36

a1

30
34
67
34
00
35
40
34
00
76
36
67
34

Power

40
41

49

Ta

43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
S5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70

71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

01
76
35
67
34
00
27
67
03
36
67
04
30
34

67
00
35
67
34
00
30
74
23
34
00
40
34
01

45
45
41
14
27
26
02
36
17
30
34
23
34
16

40
34
17
24
34
17
67
34
16
33
40
34
17
67

9100B ONLY
80 -
81 1
82 XEY
83 LN
84 X
85 XFR
86 -
87 0
88 XEY
89 EXP
8a X
8b XFR
8c -
8d d
90 UP
91 d
92 -
93 b
94 DIV
95 7
96 5
97 0
98 0
99 X<Y
9a b
9b 7
9¢ XEY
9d RDN
agl c
al -
a2 a
a3 X
a4 CLX
abh X>Y
a6 7
a7 3
a8 5
a9 EEX
aa 3
ab X<Y
ac 7
3

ad




STAT-PAC X-12 Power ’ 49100B ONLY

b0 DN 25
bl XEY 30
b2 FMT 42
b3 DN 25
b4 GTO 44
b5 7 07
b6 3 03
p7 CLX 837
b8 UP 27
b9 UP 27
ba FMT 42
bb UP 27
bec END 46
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STAT—PA‘C X-12

00

01

02

. 03
S04
= 05
© 06
= 07
08
09
i Qa
I 0b
L 0e

' XFR

0
UuP
XFR

XFR

DN

UuP
XFR

XEY
DIV

67
00
27
67
34
15
36
15
27
67
04
36
25
34

4o

34
00
67
00
27
67
11
36
15
27
36
25

B

34
01
67
00
27
67
34
12
36
67
04
27
36

25
34
67
34
01
36
25
76
27
67
34
00
30
35

Exponential

40
41
42
43
44
45
46
47
48
49
4q
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
7a
b
7c
7d

YTO

XFR
XEY
XFR
DIV

XFR

RDN
EXP
XTO

40
34
02
67
34
00
27
67
34
01
35
15
27
25

36
67
04
30
34
67
00
35
67
34
02
31
74
23

34
00
40
34
01
45
45
41
14
27
26
02
36
17

30
34
23
34
02
40
34
03
24
34
03
67

02
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80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢c
9d

a0
al
a2
a3
a4
ab
ab
a7
a8
a9
aa
ab
ac
ad

33
40
34
03
67
34
01
36
67
34
00
30
74
36

67
34
03
27
17
34
14
35
07
05
00
00
52
16

02
30
31
16
34
13
36
37
53
07
10
05
26
03

e i < i e “ .



STAT-PAC X-12

. b0
bl
h2

- b3
b4
b5
b6
b7
b8
b9
ba

" bb
be
bd

c0
cl
c2
‘e3
c4
.¢cb
c6
c7

X<Y

7

8
DN
XEY
IFG

b

b
FMT
UP
SFL
FMT
DN
GTO

7
8
CLX
UP
UP
FMT
uPpP
END

52
07
10
25
30
43
14
14
42
27
54
42

25
44

07
10
37
27
27
42
27
46

Exponential
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STAT-PAC X-12

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1la
1b
1c
- 1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c

2d

éQV

31
32
33
34
35
36
37
38
39
3a
3b
3c

3d.

XFR
8
Uup

XFR

RDN
XFR
RUP

XFR

RDN
XFR
RUP
XEY
RDN

YTO
XFR
UP
XFR
upP

XFR

DN

67
10
27
15
36
02
36
67
11
36
27
36
36
25

34
15
27
36
67
07
36
31
34
67
11
22
36
67

00
36
31
33
67
10
22
30
36
36
31
34
40
34

00

67
05
27
15
36
67
11
27
67
06
36
25
34

Parabolic

40
41
42
43
44
45
46
47
48
49
43
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
ba
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7o
Tc
7d

Program 1

f 15

X 36

YTO 490
- 34

1 01

Uup 27
XFR 67
8 10

X 36

XFR 67
9 11

uP 27
X 36

DN 25
- 34

12

X 36

DN 25
YE 24
- 34

1 01

- 34

YTO 40
- 34

2 02

XFR 87
5 05

XEY 30
XFR 67
9 11

X 36

XFR 67
8 10

UuP 27
XFR 67
6 06

X 36

DN 25
- 34

XFR 67
- 34

2 02

XEY 30
UP 27
XFR 67
0 00

X 36

RUP 22
YE 24
- 34

0 00

RUP 22
XEY 30
- 34

DN 25
XEY 30
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80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9D
9¢c
9d

al
al
a2
a3
‘a4
ab
ab
a7
a8
a9
aa
ab
ac
ad

DIV
UP
DN
e
XEY
XTO
4
XFR
9
RUP
X
RDN

YTO
2
XFR
6
XEY
XFR
8
RUP
X

DN

RDN

YTO

XFR.

35

27
25
12
30
23
34
04
67
11
22
36
31
34

40
34
02
67
06
30
67
10
22
36
25
34
67
34

00
36
67
34
02
27
15
36
31
34
40
34
03
67



STAT-PAC X-12

- bo
bl
b2
b3
b4
b5
b6
b7
b8
b9
ba
bb
be

bd

cO
cl
c2
c3
c4d
cb
c6
c7
c8
c9
ca
cb
ce
- cd

a0

dl
d2
d3
d4
db
dé
d7
ds
do
da
db
de
dd

9
XEY
XFR

0

X
DN
RDN

X
RDN

XFR

XEY
Div
YTO

DN

XFR
XEY

XFR

DIV
YTO

XFR

UP
XFR

PNT
END

11
30
67
34
00
36
25
31
36
31
34
67
34
03
30
35
40
34
03
25
36
67
34
02
30
34
67
34
00
35
40
34
00
67
34
03
27
67
34
04
45
46

Parabolic

Program 1
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STAT-PAC X-12

00
01
02
03

04

05
© 106
07
08
© 09
0a
0b
Oc
0d

10

11
12
~13
.14
15
16
17
18
19
1la
1b
v :10

1d

20

21
22
23
24
25
26
27
28
29
2a
2b
2¢c

2d

.. 30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

XTO

a
YTO

b
DN
YTO

XFR

XFR

RUP

XFR

23
34
13
40
34
14
25
40
34
16
14
27
26
02

36

17
30
34
23
34
11
40
34
10
24
34
10
67

34
11
33
40
34
10
25
27
27
36
67
34
13
36

67

34
14
22
36
67
34
16
33
25
33
67
34
10

Parabolic

40
41
42
43
44
45
46
47
48
49
4a
4h
4c
4d

50
51
52
53
54
b5
56
57
58
59
Sa
5b
5¢
5d

60
61
62
63
64
N 15)
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74

Program 2
UP 27
d 17
- 34
b 14
DIV 35
7 07
5 05
0 00
0 00
X<Y b2
6 06
d 17
XEY 30
RDN 31
c 16
- 34
a 13
X 36
CLX 37
X>Y 53
1 01
a 13
5 05
EEX 26
3 03
X<Y 52
1 01
a 13
DN 25
XEY 30
IFG 43
6 06
8 10
FMT 42
UP 27
SFL 54
FMT 42
DN 25
GTO 44
1 01
a 13
CLX 37
UP 27
UPpP 27
FMT 42
UP 27
END 46
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L.OG NORMAL DISTRIBUTION STAT-PAC
WITH PLOT X-13

This program computes the value of the log-normal distribution for a given
set of parameters, a, p ,0, over a specified range of X.

Definitions:

1 -al-p)2
i(X) = X-a) 0,27 exp [~ (In [;(02 al -p) ]

where
X v a

The program determines f(X) over a range

X. =X =X
i f

in increments of AX.

STAT-PAC
- X-13

Log Normal Distribution Curves

Axis Parameters:

Y

Examples I shift
I

[

Konitt = O
jang
b v Ycate = -1
Axis plotted by program Xsca.le =1
STAI\T-PAC
X-19 Yorigin =0
L origin =0

Ve = -1

ic
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STAT-PAC

Yplot —» Y
plot —»X *

PRESS: CONTINUE

76

X-13
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
AA
DEPRESS: X Y Z onthe 9120A DISPLAY
PRESS: END £(X) 7,
X Y
ENTER PROGRAM AX X
—» PRESS: CONTINUE —£(X) is now plotted.
DISPLAY ‘“— When X = Xf
0 yA
(1) )SE *YPIOt 500/ Yocale
500
ENTER DATA: plot Xscale
a4 — 7
T ——» Y EXAMPLES
p—X I. II.
PRESS: CONTINUE a = 0 a = 0
o = 1 o = 1
DISPLAY L o= .5 o= 1
0 7 AX = .1 AX = .1
0 Y X = 15 Xg = 15
2 X Xiji = .1 X; = .1
ENTER DATA: III. W
AX —— 7, a = b a = 5
Xf——»Y g = .5 o = .5
X, ——=X b = .5 yoo= 1
PRESS: E AX = |1 AX = .1
RES CONTINU Xp - X Xp - 15
DISPLAY Xj = 5.1 X; = 5.1
0O — 7 For all cases
0O ————Y
3 ——X Yplot = 5000
ENTER DATA: Xplot = 900



STAT-PAC X-13

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

0d

10
11
12
13
14
15
16
17
18
19
la
1b
1c

a0

21
22
23
24
25
26
27
28
29
2a
2b
2c

C9g

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR

1
STP
PNT
PNT
AC+
DN
YTO

d

0
UP
UP

2

STP

PNT

TONTT
I“IN 1

XTO
c
YTO
b

DN
YTO
a
0

UP
UuP
3

STP

PNT

PNT
XTO

YTO

Div

UuP

DN
DIv
DN
CHS
EXP

20

01
41
45
45
60
25
40
17

00 -

27
27
02
41

45

45
23
16
40

14

25
40
13
00
27
27
03

A1

45
45
23
11
40
10
16
27
17
34
25
65
27

15

34

25
27
36
02
35
12
27
36
25
35
25
32
74

ENTRY

ENTRY

ENTRY

40
41
42

43

AA
b 3

45
46
47
48
49
4a
4b
4c

4d

50
51
52
53
54
55
56
57
58
59
5%
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
7o

DIv
UP

PNT
PNT

YTO

XEY
YEX

YTO

RUP
YEX

YTO

XEY
RUP
FMT
DN

UuP

X>Y

FMT
UP
CLR
FMT
UP
END

7

27
12
35
16

[>1rd
Lt

17
34
25
35
56
76
35
02
76

35

12
10

27
13
45
45
33

16
30
24
11
40
11

36
22
24
10
40
10
36
30
22
42
25
16
27
14

53
02
10
50
02
10
42
27
20
42
27
46

(X =

Yp:500_Y

500X

AX

scale

scale



STAT-PAC
GOMPERTZ CURVE PLOT X-14

This program plots the data values used in calculating a Gompertz Curve
(STAT-PAC IV-12) and plots the Gompertz curve best fitting these data points.

The Gompertz curve is given by:
X
Y = kaP™)
or by:

log Y =log K + pX log a.

The parameters log K, b, and log a are determined by program STAT-PAC
IvV-12.
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STAT-PAC
X-14

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

DEPRESS: X Y Z
PRESS: STOP

Using the origin controls, locate the
pen in the lower left corner of the

paper.

SET: Decimal Wheel at 6 or less

PRESS: END
ENTER PROGRAM
—» PRESS: CONTINUE

on the 9120A

DISPLAY
0 Z
0 Y
0 X
ENTER DATA:

Ymax —» Y
Ymin — X
PRESS: CONTINUE

»DISPLAY

0
i
0

M N

ENTER DATA:

Yi—————)-Y
Xi—————bX

PRESS: CONTINUE

A
+-NO

Have all
data sets been
entered ?

PRESS: SET FLAG

f PRESS: CONTINUE
DISPLAY

0
n
0

M i N

ENTER DATA:
loga —» 7
b —»Y
log K—» X

PRESS: CONTINUE

To run another case:
L—PRESS: END

* The point Xmax
X = 8 inches (20.3 cm.)

(n = number
of data points
entered)

The Gompertz curve will be plotted.
To terminate: PRESS: STOP

will be plotted at

The point Ymin will be plotted at

Y = 0 inches.
The point Ymax - Ymin
at Y = 5 inches (12.7 cm.)

will be plotted

EXAMPLE

See next page.




STAT-PAC
X-14

EXAMPLE
The table below lists the sales (100 1b. bags) of commercial fertilizer at
Farson's General Feed Store, Wray, Colorado. The store's management would

like to predict its fertilizer volume to determine if a branch feed store should
be opened in nearby Haxton.

Qtr'ly Sales (Y)

Year Qtr. X (100 1b. bags)
1966 - 1 0 124 )
2 1 160 Results from program
3 2 163 STAT-PAC IV-12
4 3 144
1967 - 1 4 195 )
2 5 222 )
3 6 241 loga = -1.1
b = .94
4 7 313 o log K = 3.16
1968 - 1 8 305
2 9 356
3 10 363 )
4 11 458
1969 - 1 12 406 L
2 13 441
3 14 550 J
N =5
Run No. 1
Xmax = 14
Ymax = 500 | |
Ymin =0 Notice that by changing Xmax
from 14 to 30, a better estimate
Run No. 2 of future fertilizer sales is obtained.
Xmax = 30
Ymax = 1000
Ymin =0
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STAT-PAC
v. 14

X-14
= Gompertz Curve Plot
Run 1; _
Xma.x = 14 -
Ypax = 500 -
i Yimin = 0 //
/
/ -
///
700 /v/
L
//
//
600 //
[\ 4// g
e
500 - //
[N //m
/ Parameters for
// N Axis Plot
’ Yenite ~ 0
Kemgt = 0 )
Yocale = 100= (Ve /Ymin) /5
Xseale - 1.75 = Xma.x /8
Yorigin = 0
Xorigin = o
Yiie 100
Xye 74
. S W S U SR [ e 0 S SO
1966 1967 1968 1969 1970 1871 1972
STAT-PAC
‘ X-14
| Gompertz Curve Plot
! Run 2:
r max = 30
i— Yoax = 1000
Y = 0
=
|
1400 -
-
1200 -
-
i
1000 -
=
Parameters for
800 ~ Axis Plot
Yonite 0
- Kot~ O
Yscale - 200
600 - - Xieate = 375
Yorigin =0
Xorigin -~ 0
Ytic = 100
Zsic =4

L 1 I SR 1 | | 1
1967 1968 1869 1970 1971 1972 1973 1974
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STAT-PAC X-14

01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10

11
12
13
14
15
16
17
18
19
1la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
24
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

CLR

STP
PNT
PNT
XTO
a

coumi

XEY
DIv

EEX

RUP
DIV
DN
AC+

XEY
FMT
DN
UupP

RDN
FMT
DN

20

41
45
45
23
13
34
02
05
00
00
30

35
(0s

26
03
22
35
25
60
00
27
01
27
00
47
47
47

41
43
05
16
45
45
22
23

17 -

15
36
22
30
13

34
12
36
25
30
42
25
27
05
00
34
31
42
25

TNTRY

ENTRY

40

41
42

L

43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
15%5)
56
57
58
59
5a
5b
be
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
T7c
7d

RDN

XEY

Lxnid oA

RUP
FMT
DN

XEY
RUP

RDN
DN

FMT
DN

FMT
UP
UP

UP

GTO

1 RO

STP
PNT
PNT
XTO

YTO
DN
YTO

UP

UuP

LN

DN
EXP

31

33
30

[P AV

22
42
25
30
22
34
31
33
25
42

25

42
27
00
27
17
27
01
33
00
44
02
00
01
34

00
41
45
45
23
17
40
16
25

40

14
00
27
27

16

65
36
25
74
27
14
36
17
33
01
74
75
35

82

ENTRY

o0 0000
N = OO

83

85
86
87
88
89
8a
8b
8c

| 8d

91
92
93
94
95
96
97
98
99
9a

XEY
UuP

RDN

FMT

RUP
DIv

DN
GTO

END

4
27
13 V

34
12
36
25

30
27
15

36
31

2

25
22

35

01

21
33
25
44
06
16

46

Y .
min

log a




9100B ONLY
STAT-PAC

BUFFON NEEDLE EXPERIMENT X-15
WITH PLOT

This program simulates the well known Buffon Needle Experiment described
in the reference. The problem is to determine the probability that a needle of length
2 will intersect a line on a grid of lines separated by distance d . The geometry
of the experiment is seen below:

oy %,

The needle of length a < d is randomly tossed on the grid. By considering
the angle 6 between the needle and a line of the grid, and the distance Y between
the upper tip of the needle and the line it intersects or the nearest line below it,
the possible relations can be derived:

0<es<s7g
0=<Y=sd

The needle intersects a line when:
0<Y=<asino .

It can be shown that the probability of an intersection is theoretically given

_ 2a
PT* ard

by:

This formula involving # has intrigued mathematicians since it allows one
to experimentally determine 7 .

This program randomly chooses a 8 f;'om a uniform distribution such that:
O0<o=r7g
then independently chooses a Y from a uniform distribution such that:
0=sY=1
The grid distance d is defined to be 1,
2a

Thus PT= p .

The value of Y is then compared against

Y < a sin 9.

83



9100B ONLY
STAT-PAC
X-15

If Y is less than or equal to a sin 6, an intersection has occurred.

The number of failing throws are then used to evaluate the experimental probability:

# successful
successful + failed

Pp=

The program displays:
# trials

Pgp
D

- T

and proceeds to toss another needle,

STAT-PAC
X-15

Buffon Needle Experiment (With Plot)

Monte-Carlo simulation of throwing needles
onto a grid.

Reference: Theory of Probability, M. E. Munroe, McGraw-Hill, 1951,
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STAT-PAC
X-15
USER INSTRUCTIONS EXAMPLE
SET: RADIANS
SET: Decimal Wheel at 6 or less RY = .5
PRESS: STOP
Ry, = .50
Using Origin Controls, set Origin
at X =0in., Y=41in., or (X =0 cm., a = 50
Y = 10 cm.). '
PRESS: END Results after 2100 trials:
ENTER PROGRAM: Side A followed
by Side B Pp = 312
PRESS: CONTINUE
P = .318

DISPLAY

0 Z

0 Y

1 X
ENTER DATA:

Ry—» Z *
Rg—» Y
a —» X

PRESS: CONTINUE

DISPLAY
Trials—— 7
Pgr——— Y
P’I‘ —_— X

The program continues indefinitely.

*Ry is an initializing value for the
routine which generates the random
values of Y. Ry should be 0=Ry = 1.

Rg is a similar initializer for gener-
ating Rg. Rg should not equal Ry. Rg
should be 0=Rg=7.
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STAT-PAC X-15

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

. o0d

10

11
12
13
14
15
16
17
18
19
1la
1b
.o 1e
o 1d

20
21
22
23
24
25
26
27
28
.29
2a
-2b
2¢
2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
. 3d

CLR
EEX
3
XEY
FMT
DN
CNT
EEX
3
FMT
DN
2
EEX
3

FMT

DN

3
EEX

3
FMT
DN

4
EEX

3
FMT
DN

5
EEX

3
FMT
DN

6
EEX

3
FMT
DN

7
EEX

3
FMT
DN
FMT

- UP

IFG

3

9
CLR
SFL
GTO

0

4
CLR
FMT
UP

5
EEX

20
26
03
30
42
25
47
26
03
42
25
02
26
03

42

25
03
26
03
42
25
04
26
03
42
25
05
26

03
42
25
06
26
03
42
25
07
26
03
42
25
42

27
43
03
11
20
54
44
00
04
20
42
27
05
26

Plus
Page

40
41
42
43
44
45
46
47
43
49
49
4b
4c
44

50
51
52
53
54
55
56
57
58
59
b5a
5b
5c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
b
7c
7d

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

02
23
11
01
41
45
45
23
17
22
23
13
02
36

56
35
40
16
56
22
33
25
27
36
25
27
36
25

27
36
25
27
64
34
40
14
56
36
44
34
00
00

47
47
47
47
47
47
47
47
47
47
47
47

47
86
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ENTRY

80
31
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9c
9d

al
al
a2
a3
a4
ad5
ab
a7
a8
a9
aa
ab
ac
ad

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

a7

47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

a sin o

plot



STAT-PAC X-15 9100B ONLY
b0 CNT 47 Plus

bl CNT 47 = Page

b2 CNT 47 A o T
b3 CNT 47 L ‘ . - 1
b4 CNT 47 ‘ | ~ » :
b5 CNT 47
b6 CNT 47 o , ; o
b7 CNT 47 i ‘

b8 CNT 47 ! e
b9 CNT 47 S -
ba CNT 47 : ‘
bb CNT 47 ‘ - o R

bc CNT 47
bd CNT 47 -
c0 CNT 47 = - B .
cl CNT 47 ,
c2 CNT 47 S D
¢3 CNT 47 -
cd CNT 47 -
ch CNT 47
c6 CNT 47
c7 CNT 47
c8 CNT 47
2 ¢9 CNT 47 . }
.. .ca CNT 47
~ ¢cb CNT 47
.2 ce CNT 47 AU
- ed CNT 47 o
©~ d0 CNT 47
.. .dl  CNT 47
. d2 CNT 47 )
d3 CNT 47
~d4 CNT 47
d5 CNT 47
dé6 CNT 47
d7 CNT 47
d8 CNT 47
d9 CNT 47
da CNT 47 )
db CNT 47
dec CNT 47
dd CNT 47 |
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STAT-PAC X-15

00
01
02
03
- 04
05
. 06
07
- 08
09
Oa
- 0b
“Oc
0d

10
11
12
13
14
15
16
17
18
219
la
1b
lc
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2¢
2d

30
31
32
33
34
35
. 36
37
38
39
3a

3b
3c
3d

DN
XTO
8
SIN
uPp

uPpP

DN
UPp

DN
UP

DN
UuP
INT
YTO

DN
X<Y

25
23
10
70
27
17
36
40
07
13
27
56
33
25

27
36
25
27
36
25
27
36
25
27
64
34
40
13

25
52
03
03
50
03
03
12
27
01
33
40
12
15

44
03
14
15
27
01
33
40
15
12
30

33
27
25

Minus
Page

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
7a
7b

7d

XEY
DIV

PSE
CNT

UuP
EEX
XFR

FMT
DN

XFR
UuP
EEX
DN
XFR

COS

]
>~

t= o’
N OO \‘l._\éwtrj\‘l+l\3

>

<
HoY
®)

30
35
16
57
47
13
27
26
03
36
67
11
42
25

67
07
27
26
03
36
25
34
67
10
73
27
17
36

26
03
36
67
11
30
34
25
42
25
67
11
27
26

02
33
o7
26
03
53
07
16
05
26
02
27

40
88

9100B ONLY

80
81
82
83
84
85
86
87
38
89
8a

9
XEY
FMT
UP

b
RDN
GTO

+

L5}

4
END

11
30

42

27
14
31
44
33
05
04
46



9100B ONLY
CONTROL ELLIPSE STAT-PAC

X-16

Individual or separate control of related variables will result in errors of
"over' and ''under' control. These errors become more pronounced if the variables
are correlated. Control of individual observations, assuming that they come from
a bivariate normal distfibution, may be done by means of a control ellipse or by
meands of Hotelling's T4 (1) control chart. The results obtained by each method
are identical.

This program accepts the sample variances and the covariance, sample
size, and Fq obtained from the F tables with a significance level of @, and outputs
the approximation to x 2 denoted T2, the analytical calculations for the ellipse,
and the plot. The plot indicates pictorially the nature of the out-of-control conditions.

The following equations are used:

2
A ()
Ay (<)
A - Sy
¢ — The angle of rotation = arc tan | —g—
| Sxy

b = Length of the semi-minor axis = ./\,T?
a = Length of the semi-major axis = >L1T2

The plot is generated by calculating r, the radius from the following equation:

r =S8
“ l-ecos 6

where: — eccentricity
— magnification factor

— angle through which r is rotated to plot the complete ellipse (3600)

o' o
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STAT-PAC

References: (1) Hotelling, Harold, '"Muiltivariate Quality Control, "Techniques of
Statistical Analysis, Ed. by Eisenhart, Hastay, and Wallis, McGraw-
Hill, New York, 1947,

(2) "Quality Control Methods", J. Edward Jackson, Industrial Quality
Control, Vol. 12 (7), January, 1956.
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STAT-PAC
X-16
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
AA
DEPRESS: X Y Z onthe 9120A DISPLAY
SET: [DEGREES| | M Z
Y
SET: Decimal Wheel at 6 or less q)z X
Using the origin controls, locate the PRESS: CONTINUE
pen in the middle of the paper. This .
point corresponds to X, Y. DISPLAY
PRESS: END b Z
a Y
ENTER PROGRAM: Side A followed 0 X
by Side B
PRESS: CONTINUE
—» PRESS: CONTINUE
L_The calculator returns to the second
DISPLAY data entry point to allow the uzser to
input new values for Sxy, Sy“ and SX
0 Z and plot the new corresponding ellipse.
0 Y
0 X To rerun the program from the beginning:
L :
ENTER DATA: PRESS: END

X,Y Scale »7 Problem NOTE: To run the program and plot

on metric paper, GO TO
§ : § ?ggs)/mch location (+)(2 )(2) and enter a 2.
The plot is incrementing by 3°.
PRESS: CONTINUE To speed-up the plot, GO TO
location (+)(7)(6) and enter the
DISPLAY appropriate increment.

0
0
T2

=N

EXAMPLE
————4

PRESS: CONTINUE See next page.
- DISPLAY

0
0
0

e N

ENTER DATA:

Sxy—» 7
f ? SX2 — »X

PRESS: CONTINUE
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STAT-PAC
X-16

EXAMPLE

The Cumminsky Chemical Company of Williams, Michigan has two
chemicals, A and B, that they are trying to control simultaneously since the
quality of the final product, C, depends on the joint effect of these two chemicals.

The following sample data has been determined:

Xscale:Yscale = 10
Fa=3.12 (@a=.05)
N = 75
Sxy = 68.87 CASE 1
et
< .

The calculator computes and prints out:

T = 6.325479
A= 174.261350

Ay = 36.418650
angle of rotation = 46.105932°
semi-minor axis length = 15.177794
semi-major axis length = 33.200702

CASE 2 is obtained by using Syy = -68.87 .

e T TIITIRNIE (
+ [ C
|

I - H
t t - \\ !
4 ™ X, :
£ ASK| A
\
_ ]
I 1
: T
: i : (W -
: i : I
— 7 ~ / - i !
LY A Y ) i
LY 7 NG 1t :
Y 7
N : Vi
\ : 7
1 : // //
A W ;
\\ A\l i
7 -\A // ; \]
7 ¥ - t
7 o : ‘\\
: AN N
1 A ya - —
7 N A
Y —
AT -
| o
T
‘ i i
P T
\; N ,/ B
N A N 7 1CA ' i ——{
= ;
~ o L
_ i
i = =
e~
[
i
HE T !
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STAT-PAC X-16

00
01
- 02
. 03
04
05
06
07
08
09
- Oa
Ob
Oc

- 0d

11
12
13
14
15
16
17
18
19

- 1a

1
. 1c

1d

20

21
© 22
523
24
25
26
27
28
29
2a
2b
2c

..2d

- 30
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP

PNT
PNT

DTN
IVLALIN

YTO
C
RDN
1
YTO
d
2

X

DN

A

d
UP

1
DN
DIv
YTO

CLR

PNT

(ENT

UuP

DIv
YTO

CLR
STP
PNT
PNT
AC+

DN
YTO
RDN

DN

») o
Z+ 0 g Xk

20
41
45
45

a1
oL

40
16
31
01
34
40
17
02

36

25

J0
17
27
01
34
25
35
40
14
20
14
45
45

16
27
05
00
00
35
40
16
20
41
45
45
60

25

40
17
31
36
25
34
04
36
15
27
12
33
25

Plus Page
ENTRY

ENTRY

36

40
41
42
43

AA
“Tx

45
46
47
48
49
4
4b
4c
4d

50
51
52
53
54
515)
56
57
58
59
B5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
i
78
79
7a
7b
Tc
7d

DIv

PNT
PNT

RDN
N
RDN

DN

XTO

UP
CLX
PNT
PNT
DN
RDN

DN
RDN
GTO

27
36
31
30

QA
[0 4

25
76
34
40
12
33
33
02
35

9100B ONLY

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
ad
a5
a6
a7
a8
a9
aa
ab
ac
ad

CNT
CNT
CNT
CNT

INTT
wiN 1l

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
‘CNT
CNT
CNT
CNT
CNT
CNT
CNT

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

47

47
47
47

Arz
T

47
47
47
47
47

47

47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47




STAT-PAC
b0 CNT
bl CNT
. b2 CNT
b3 CNT
b4 CNT
b5 CNT
b6 CNT
b7 CNT
b8 CNT
b9 CNT
ba CNT
bb CNT
be CNT
bd CNT
‘c0 CNT
cl CNT
c2 CNT
. ¢c3 CNT
c4 CNT
cb CNT
c6 CNT
c7 CNT
- c8 CNT
o e9 CNT
ca CNT
cb CNT
.ce CNT
ed CNT
d0 CNT
dl CNT
dz2 CNT
d3 CNT
.dd CNT
- db CNT
dé CNT
d7 CNT
d8 CNT
-d9 CNT
da CNT
db CNT
‘de CNT
dd CNT

X-16

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47
47
47
47
47
47
47
47
47
47
47
47
47
47

47

47
47
47
47
47
47
47
47
47
47
47
47
47

Plus
Page

94
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STAT-PAC X-16

- 00
01
02
03
04
05
06
07
08

09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
lc
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3¢
3d

X
DN
XEY

DN
v
XTO
8

UuPpP
a

DIV

YTO

COSs
SIN
RUP

DN

COS

36
25
30
34
25
76
23
10
27
13
35
40
15
36

33
27
37
23
17
73
22
23
13
15
36
01
30
34

15
35
13
36
40
11
27
17
30
66
40
34
15
23

34
12
27
12
73
36
12
70
22
36
25
34
12
73

Minus
Page

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
b5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢C
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

UP
XFR

27
67
10
36
25
34
12
73
27
67
34
15
36
67

34
12
22
23
34
12
12
70
36
25
33
12
70
27

67
10
36
25
34
67
34
12
27
16
35
30
31
35

25
30
42
25
17
27
03
33
03
06
02
52
11
o7
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9100B ONLY

80
81
82
83
84
85
86
87
38
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
9b
Sc
9d

a0

DN
XTO
d
COos

up

25
23
17
73
27
15
36
01
30
34
15
30
35
67

11
36
17
30
44
02
11
20
42
27
44
33

10

46



9100B ONLY
STAT-PAC
X-17
GENERAL PARAMETRIC PLOT
(SELF - SCALING)

This program permits the plotting of a family of curves F(X, a, b) where
aand b are parametrically varied. The program scales itself and outputs the
plotter scaling constants so that axes may be placed on the plot.

The entire family may be plotted using the same set of scaling constants,
or each may be individually scaled to plot full range.

The function to be plotted f(X) = F(X, a, b) is placed into the calculator
by the user as a subroutine. The subroutine then evaluates F(X, a, b) where
X is varied from

X '——»Xm

min ax

The parameters a and b remain constant until the curve is completed.
Then the user may parametrically vary a and b to generate a family of curves.

STAT-PAC
X-17

General Parametric Plot (Self-Scaling)
Example 1

Family of WEIBULL Distribution Functions
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9100B ONLY

STAT-PAC
X-17
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
A
DEPRESS: X Y Z onthe 9120A ENTER DATA:
PRESS: STOP Xmax ™Y
SET: Decimal Wheel at 6 or less
PRESS: CONTINUE
Using the origin controls, locate the
pen in the lower left corner of the The calculator now evaluates F(X, a, b)
paper. over the range Xp,in — Xmax searching
for F and Fmin-
PRESS: END max min
F(X, a, b) is now plotted. =
ENTER PROGRAM: Side A followed
by Side B DISPLAY
PRESS: GO TO (-)(3)(0) 1— 7
Yshift Y
SET: PROGRAM X:h;ft
Enter the subroutine which generates PRESS: CONTINUE
F(X, a, b) leaving F(X, a, b) inthe Y
register. The last step should be L__DISPLAY
RETURN. Registers (-)(3) thru (-)(d)
are available. The flag is not avail- 2 ——— Z
able. The quantities X, a, and b are Yscale— Y
found: Xgscale™
X registers X and e *If 1 is placed in the Z register F(X, a, b)
a register (-3 f is plotted using scaling constants of the
b —— register (-) e previous run.
Do not alter registers e, (-)f, or (-) e.
SET: [_|RUN] EXAMPLE
PRESS: END Generate a family of Weibull Distribu-
i i i by:
PRESS: CONTINUE tion Functions given by |
(b-1) x,P
—» ENTER DATA: F(X, D, e)=bib___ «(7)
5}
Qor 1—»7Z *
h——»Y for the cases: (b) (a)
a—»X 1. 8 =100, b=3.0
2. 6=100, b=2.5
PRESS: CONTINUE 3. =100, b=2.0
4. 6 =100, b=1.5
YES 5. 6 =100, b=1.0
X min = 1, Xpax ™ 200
For cases 2, 3, 4, and 5 use the same
NO scaling constants as for case 1.
* (i.e., place a.l1in the Z register.)
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STAT-PAC X-17

- 00
- 01
02
03
- 04
.05
06
.07
.08
- 09
O0a
0b
. 0Oc
- 0d

10
11
112

13
14

15

16
17
18

19
i 1a
- 1b

1c
1d

20
21
122
23
.24
25
26
27
28
29
2a
2b
2c
.2d

. 30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR 20

STP 41
PNT 45
PNT 45
XTO 23
- 34
f 15
YTO 40
- 34
e 12
DN 25
0 00
X=Y 50
1 01
b 14
d 17
UPp 27
f 15
- 34
YTO 40
€ 12
GTO 44
- 34
0 00
3 03
1 01
STP 41
PNT 45
PNT 45
XTO 23
d 17
YTO 40
c 16
- 34
5 05
0 00
CNT 47
DIv 35
d 17
XEY 30
- 34
AC+ 860
EEX 26
9 11
9 11
XTO 28
b 14
CHS 32
XTO 23
a 13
RCL 61
+ 33
YTO 40
e 12
c 16
XY 52

Plus Page
ENTRY

ENTRY'

40
41
42
43
44
45

46
47
48

49

43
4b
4c

4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢c
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6¢c
6d

70
71
72
73
74
75
76
77
78
79
Ta

7c
7d

8

DN

SFL
GTO
SUB

IFG

I w3

joi]

DIv

FMT

GTO

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
93
94
95
96
97
98
99
9a
Sb
9c
9d

a0
al
a2
a3
a4
ab
a6
a7
a8
ad
aa
ab
ac
ad

RCL 61

AC-
UP

CNT
DIV

XEY

AC+
UP

CNT

DIV
YTO

CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT
CNT

63

27

03
47
35

17

30
34
60

05
00
47

35
40
16
13
27
14
34
05
26
03
44
34
00
00

47
47
47
47
47
47
47
47
47
47
47
47
47
47

27



STAT-PAC X-17

b5

. bo CNT 47 Plus
bl CNT 47 Page
b2 CNT 47
b3 CNT 47
b4 CNT 47

CNT 47

b6 CNT 47
b7 CNT 47
b8 CNT 47
b9 CNT 47
ba CNT 47
bb CNT 47
bec CNT 47
bd CNT 47
c0 CNT 47
cl CNT 47
c2 CNT 47
c3 CNT 47
cd CNT 47
ch CNT 47
c6 CNT 47
c? CNT 47
c8 CNT 47
c9 CNT 47
ca CNT 47
ch CNT 47
ce CNT 47
cd CNT 47
do CNT 47
di CNT 47
d2 CNT 47
d3 CNT 47
d4 CNT 47
ds CNT 47
deé CNT 47
d7 CNT 47
ds8 CNT 47
d9 CNT 47
da CNT 47
db CNT 47
de CNT 47
dd CNT 47

00 DIV 35 Minus
01 YTO 40 Page
02 a 13

03 RCL 61

04 AC- 63

05 + 33

06 AC+ 60

07 DN 25

08 GTO 44

09 + 33

O0a 4 04

0Ob 4 04

Oc 1 01

0d UP 27

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
4d

UP

PNT
PNT

EEX

UP

XEY

UP

RDN
PNT
PNT

UupP
UP
GTO

CNT
CNT

UPpP
XFR

XEY
LN

DN
EXP
UP

XFR

upP
XFR

LN

DN

EXP
DIv

14
27
17
45
45
05
26
02
27
13
30
36
27
16

36
02
31
45
45
00
27
27
44
33

01
47
47

27
67
34
15
27
01
34
25
30
65
36
25
74
27

67
34
15
36
27
67
34
12
65
36
25
74
35
12

99

50 UP 27
51 XFR 67
52 - 34
53 e 12
54 DIV 35
55 XFR 67
56 - 34
57 f 15
58 XEY 30
59 LN 65
ba X 36
5b DN 25
5¢ EXP 74
5d CHS 32
60 EXP 74 .
61 X 36
62 RTN 77
._T_

F(X,a,b)

Subroutine



FETG Y b
b B

.

STA T- PAC 4X-Al 7 Examples

30 UP 27 30 SIN 70 ) - .
31 XFR 67 31 UP 27
32 -~ 34 32 .21
33 f 15 33 9 11
34 UP 27 34 7 07
35 1 01 3% 7 07
36 - 34 36 X 36
37 DN 25 37 e 12
38 XEY 30 38 UP 27
39 LN 65 39 + 38
32 X 36 - 3a DN 25
3b DN 25 3b SIN ~ 70
3c EXP 74 3¢ UP 27 ) )
34 UP 27 ; 3d . 21
40 XFR 67 40 4 04
41 - 34 41 5 05 )
42 f 15 42 3 08
43 X 36 ‘ 43 X 36
44 UP 27 44 DN 25
45 XFR 67 45 - 34
46 - 34 46 e 12
47 e 12 fExample 47 UP 27 .
48 LN 65 #1 48 3 03
49 X 36 49 X 36 | -
4a DN 25 Weibull 4a DN 25 pcExample
4b EXP 74 Family 4b SIN 70 #2
. 4c DIV 35 4c UP 27
44 e 12 4 21
50 UP 27 50 2 02 Fourier Series
51 XFR 67 51 6 06 | used in Example Lo
52 - 34 52 2 02 from STAT-PAC X-18 @
53 e 12 53 X 36
54 DIV 35 54 DN 25
55 XFR 67 55 + 33
56 - 34 , 56 e 12
57 f 15 57 UP 27
58 XEY 30 » 58 4 04
59 LN 65 ‘ 59 X 36
52 X 36 5a DN 25 \ .
5b DN 25 5b SIN 70
5c EXP 74 5c UP 27
..5d CHS 32 5d . 21
60 EXP 74 60 1 01
61 X 36 61 5 05
62 RTN 77 62 1 01
63 END 46 ; 63 X 36
7 64 DN 25
65 = 34
66 RTN 77
67 END 46
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STAT-PAC
GENERAL POINT PLOT X-18

This program plots a series of points (Xi’ Yi)' The program is written to

plot (Xm ax " Xmin) at 15 inches (38.1 cm.). To convert the X axis to units of
centimeters, place 3000 in locations (0)(6) through (0)(9). This will cause
(Xmax - Xmin) to be plotted at 15 cm. >

The Y axis is programmed to plot (Ymax - Ymin) at 5 inches. To convert
to units of centimeters, place 2000 in locations (1)(8) through (1)(b).

STAT-PAC X-18
General Point Plot

Points plotted by program STAT-PAC X-18,
Curve plotted by program STAT-PAC X-17.
Data taken from the example of program STAT-PAC V-2.
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STAT-PAC

X-18
USER INSTRUCTIONS USER INSTRUCTIONS (Con't)
DEPRESS: X Y Z onthe 9120A PRESS: CONTINUE
PRESS: STOP To run another case
SET: Decimal Wheel at 6 or less EXAMPLE
Using the origin controls, locate the Plot the data from the example of
pen in the lower left corner of the program STAT-PAC V-2.
paper.
PRESS: END o
ENTER PROGRAM 16 262 9
PRESS: CONTINUE s _ qrID
TER DATA 2 6 .524 3 Xmax 15(6)
——»ENTE : o _
. N 3 6 .786 4 Xmi = 0
max—» T _
X i > X 4 8 1.047 5 Ymax" 1.309
a
PRESS: CONTINUE og | 1.309 | 6 Y inin= -1.309
) 6L 0 7
ENTER DATA: 6
I
Yoax > Y 7 6 -1.309 8
Ymin—>X 87 |-1.047 | 9
PRESS: CONTINUE g% -.786 | 10
DISPLAY 105 | -.524 | 11
0 Z 117 | -.262 | 12
i Y 6
0 X
The curve fitted thru these data points
— ENTER DATA: is obtained by the use of Program
STAT-PAC X-17 (General Parametric
Yi—»Y Plot). _
PRESS: CONTINUE
Has all
data been
entered?
PRESS: SET FLAG
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STAT-PAC
X-18

EXAMPLE (Con't)

Plot the Fourier Series obtained from
the example of program STAT-PAC
V-2 .

f(X)=.977 sinX-, 453 sin 2X+. 262 sin 3X-
. 151sin4X
- A
XmaX =15 (6)

Xmin =0

a=0
b=0
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STAT-PAC X-18

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17
18
19
1a
1b
1c
1d

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR
STP
PNT
PNT

UP

STP
PNT
PNT

STP
IFG

PNT
PNT
RUP
XTO

oyl
OEO X1 oo
Z

joN |

20
41
45
45
34
27
07
05
00
00
22
35
25
60

00
27
27
41
45
45
34
27
05
00
00
00
22
35

25
40
16
23
17
00
27
01
27
00
41
43
06
16

45
45
22
23
14
12
34
15
36
16
30
31
34
17

ENTRY

ENTRY

ENTRY

40
41
42
43
44
45
46
47
48
49
4g
4b
4c
4d

50
51
52
53
54
55
56
57
58
59
5a
5b
5¢
5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74

DN
XEY
FMT
DN
UP

RDN
FMT
DN

XEY
RUP

RDN
XEY
FMT
DN

RUP

XEY
RDN

DN
XEY
FMT
DN

FMT

36
25
30
42
25
27
05
00
34
31
42
25
30
22

33
31
30
42
25
22
33
30
31
34
25
30
42
25

42
27
00
27
14
27
01
33
00
44
02
13
20
42

27
44
00
00
46
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STAT-PAC
AXES PLOT X-19

This program will plot the abscissa and ordinate axes. It was written to be
used in conjunction with the other plotter programs to facilitate interpretation and
interpolation of plotted data.

The required inputs are:

X ovee, Y o — These should be the same as used
shift> ~shift in the previously run problem.
Xscale’ Yscale — These should also be the same as

used in the previously run problem.

— Simply the value you wish the axes
cross-point to take on. Must be
expressed in terms of the scaling
constants.

Xori gin’ Yorigin

Xti o Yti c — The desired distance between tic marks.

Must also be expressed in terms of the
scaling constants.

The axes will then cross at scaled point

500

o s
shift ’Yscale

( 500 [

X X

scale origin - origin ~ Yshift 1 )

and the scaled distances between tic marks on the X and Y axes will be

500 500 .
< | [X,;.]and |g——| [Y,..] respectively.
[Xscale} e Yscale tic

NOTE: All entries should be made in terms of the problem variables,
To convert this program to recognize centimeters rather than inches as the
basic unit of scaling, program a 2 in location 0-9 and a 6 in location 5-9.
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STAT-PAC
X-19

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

PRESS: STOP

Using the origin controls, locate the
pen in the lower left corner of the
paper, or if plotting axes on a graph
which has just been plotted, leave the
pen at the location dictated by pressing
the STOP key.

SET: Decimal Wheel at 6 or less
PRESS: END

ENTER PROGRAM

PRESS: CONTINUE

ENTER TRANSLATION CONSTANTS:

—_—Y
C— X

Yo hift
X shift
PRESS: CONTINUE
ENTER SCALING CONSTANTS:

Y
X

scale »Y

scale > X

PRESS: CONTINUE
ENTER DESIRED ORIGIN*:

Y —»Y

—»X

origin
Xorigin
NOTE: Y
X

Yonhift

origin — Xshift

R
origin

\

PRESS: CONTINUE
ENTER TIC MARK INCREMENTS:

Y
X

icm_>Y
ic X

t
t

PRESS: CONTINUE

106

*NOTE: Y 1igin Xorigin® Ytic 274
Xtic are expressed in terms

of the scaling constants

(i.e., the problem variables).

The axes will now be plotted.

To rerun the program, re-enter the
magnetic card and proceed as before.

EXAMPLE

See next page.



STAT-PAC

X-19
EXAMPLE
Let:
_ - units
Yshift = -500 units Yscale 500 noh
_ . units
Xshift = -500 units Xscale 500 inch
_ . units
Yorigin = 1500 units Ytic 500 tic mark
- 2000 units X Sy units _
origin 1 tic . tic mark
: P
~ 4500
STAT-PAC Y
X-19 ‘
Axes Plot L_}
L
|
}
(2000, 1500)
-500 0 500 . 1000 1500 ) [ \ | | ; | | ) ‘ ‘ ) l'TOC!()l x
L 1 L | I— 1 4 1 1 i | 13 L H_/

- 1000

f‘ 500

L .500

107

xtic = 250 units




£
B, WY

ﬁ,;SdﬁA

. 2b

2d

w o w

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc
0d

10
11
12
13
14
15
16
17

1b
1c

21
22
23
24
25
26
27
28
29
2a

2¢c

31
32
33
34
35
36
37
38
39
3a
3b
3c

TR

'CLR
STP
XTO

40

41
23
16
40
17
20
41
27

05 -

00
00
35

STAT-PAC X-19

. ENTRY

ENTRY

“
2

35

00

20 .
41
27
16 -

40

'ENTRY

34

14

35

24

Ll

25 |

34

30

24

00

40

00

40

16
20

41
27
24

00

31
36
24

14
16 -

31
35
17

30
52
72

34

52

ENTRY

41
42
43
44
45
46
47
48
49
4a
4b
4c

4d

50

51
52
53
54
55
56
b7
58
59
da
5b
5¢c

- 5d

60
61
62
63
64
65
66
67
68
69
6a
6b
6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

40 3

AC+
CLX
IFG
SFL
XEY

FMT
DN

UP
IFG
SFL
UP
RCL
AC~

AC+

5
IF
SFL
INT
IFG

SFL
EEX

X<Y

DN
IFG
SFL
XEY
FMT
DN
XEY

IFG
SFL
XEY
UP

RDN
XEY
IFG
SFL
XEY
FMT
DN

,OéAH;Aa:

16
50
72

34

34
60
25 -
37

43

54
42

25

27
43
54
27
61
63
33
60
07
05
43
54
64
43

54
05
26
03
52
11

00

25
43
54
30
42
25
30

43
54

30

27

05 &

00
33
31

30 .

43
54
30
42

25
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L 80

81

82

83

84
85
86
87
88
89
8a
8b
8c

8d

90
91
92
93
94
95
96
97
98
99
9a
9b
9¢
9d

a0
al
a2
a3
a4
ab
a6
a’
a8
ag
aa
ab

XEY
IFG
SFL
XEY
RUP

DN
XEY
IFG
SEL
XEY
GTO

RUP
XEY
IFG
SFL
XEY
FMT
DN
FMT
UP
IFG

UP
RCL
AC-
RDN
SFL
GTO

CLR
FMT
UPp

END

30

43
54
30

22

34
25
30
43
54
30
44
04

16

YR

30
43
54
30
42

25
42

27
43
13
10

27
61

63
17
31
14
54
44
03

13
20

42
27
46

R




STAT-PAC

X CONTROL CHART PLOT X-20

This program constructs an X Control Chart and plots observed samples
on the chart. The control chart consists of lines at X, X = Sy, X+ 28y, and

X+ 3sX .
In general the levels X+ 2sx are warning levels, and X + 3s
control limits. The user determines.

x are termed

X — Expected Value of Population
Sy — Expected Standard Deviation of Population
At — t Axis Increment
X + 3sX
X + ZsX
X + Sy
b +
+ —
+ X -8y
-+ + <
4 X - ZsX
X - 35y

X CONTROL CHART

This program has an option of updating the control chart as observations

aro available,
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STAT-PAC
X-20

USER INSTRUCTIONS

USER INSTRUCTIONS (Con't)

SET: Decimal Wheel at 6 or less
»PRESS: STOP

Using the origin controls, locate the
pen in the lower left corner of the
paper.

DEPRESS: X on the 9120A
PRESS: END

ENTER PROGRAM

PRESS: CONTINUE

DISPLAY

0 ——7
0 ————v
0 ——X
ENTER DATA:

At —» 7
sx —>Y
X —»X

Has the chart
grid been previously
generated ?

PRESS: SEL FLAG

—»PRESS: CONTINUE

—» DISPLAY
00— 7
n—————Y
0 —X

(n represents the entry to be input;
if this is not the first pass at the
chart, place the correct n —=Y).

ENTER DATA: Xn —» X

— PRESS: CONTINUE
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If program Axis Plot STAT-PAC X-19
is to be run, use:

Yenitt -~ 98- X
Yscale = SX
Xshig = O
Xgcale = At
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+30
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STAT-PAC
X-20

STAT-PAC
X-20

X Control Chart Plot

Control Samples Taken From Injection Molding Machine Number 2

po S e o e
10:00a. m. 12:00 2:00a.m. 4:00p. m. 6:00p.m.

TIME

EXAMPLE

Xl = .50
Xs = .25
X3 = .78

X = .97
X = .16
.50
.25
.94
.10
. 82

e
I
(SR N Y S G R Y
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ST

00
01
02
03
04
05
06
07
08
09
Oa
0b
Oc

od

o

11
12
13
14
15
16
17
18
19
la
1b
1c
1d

20
21
22
23
24
25
26
27
28
29

23
Zb
2¢c
2d

30

31
32
33
34
35
36
37
38
39
3a
3b
3c
3d

CLR

STP
AC+
RUP
XTO
d
PNT
0
RUP
PNT
RUP
PNT
PNT

PNT

IFG

4

4
EEX

3
RUP

+

4
EEX

3
X<Y

4

4

b

FMT
DN

2
EEX

3
FMT
DN
UP

+
DN
FMT
DN

EEX

FMT
DN

EEX

FMT
DN
FMT
UuPpP

EEX

AT-PAC X-20

20
41

60
22

23 .

17

45
00

22
45
22
45
45

o

s

04
04
26
03
22
33
04
26
03
52
04
04
14

42
25
02
26
03

42

25
27
33
25
42
20
06
26

o .

42
25
07
21
05
26
03
42
25
42
27
05
26

ENTRY

40

41
42
43
44
45
46
47
48
49
4a
4b
4c

4d

50
51
52
53
54
55
56
57
58
59
ba
5b
576
5d

60
61
62
63
64
65
66
67
68
69

6a
op

6c
6d

70
71
72
73
74
75
76
77
78
79
Ta
7b
7c
7d

XEY
STP
XEY
PNT

XEY
PNT
PNT
YTO

DIv

LA

DN
FMT
DN
uPpP

RDN
FMT
DN

RUP

RDN

02
44
01
06
00
27
42
27
27
01
30
41
30
45

30
45
45
40
16
27
12
27
05
36
25
33
15
34

12
35
05
26
02
36
16
27
17
35
05

40
02
36

25
42
25

27

05
00
34
31
42
25
22
33
33
31
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ENTRY

80
81
82
83
84
85
86
87
88
89
8a
8b
8c
8d

90
91
92
03
94
95
96
97
98
99
9a
9b
9c
ad

a0
al
a2
ad
ad
ab

FMT
DN
RUP

RUP
XEY

RDN
XEY
FMT
UP

FMT
DN

RDN

XEY

DN
XEY
FMT
DN
FMT
UP

UP

42
25
22
34
22
30
33
31
30
42
27
42
25
31

30
34
34
25
30
42
25
42
27
00
27
16
27
01

33
00
44
04
14
46
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