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Introduction

The 21 programs of Stat Pac I have been drawn from the fields of general
statistics and related areas.

Each program in this pac is represented by one or more magnetic cards and a
section in this manual. The manual provides a description of the program with
relevant equations, a set of instructions for using the program, and one or more
example problems, each of which includes a list of the actual keystrokes
required for its solution. Program listings for all the programs in the pac appear
at the back of this manual. Explanatory comments have been incorporated in
the listings to facilitate your understanding of the actual working of each pro-
gram. Thorough study of a commented listing can help you to expand your
programming repertoire, since interesting techniques can often be found in
this way.

On the face of each magnetic card are various mnemonic symbols which
provide shorthand instructions to the use of the program. You should first
familiarize yourself with a program by running it once or twice while following
the complete User Instructions in the manual. Thereafter, the mnemonics on
the cards themselves should provide the necessary instructions, including what
variables are to be input, which user-definable keys are to be pressed, and what
values will be output. A full explanation of the mnemonic symbols for magnetic
cards may be found in appendix A.

If you have already worked through a few programs in the Standard Pac, you
will understand how to load a program and how to interpret the User Instruc-
tions form. If these procedures are not clear to you, take a few minutes to
review the sections, ‘ ‘Loading a Program’’ and ‘‘Format of User Instructions,’’
in your Standard Pac.

We hope that Stat Pac I will assist you in the solution of numerous problems
in your discipline. We would very much appreciate knowing your reactions to
the programs in this pac, and to this end we have provided a questionnaire
inside the front cover of this manual. Would you please take a few minutes
to give us your comments on these programs? It is in the comments we receive
from you that we learn how best to increase the usefulness of programs like
these.
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A WORD ABOUT PROGRAM USAGE

This application pac has been designed for both the HP-97 Programmable
Printing Calculator and the HP-67 Programmable Pocket Calculator. The most
significant difference between the HP-67 and the HP-97 calculators is
the printing capability of the HP-97. The two calculators also differ in a few
minor ways. The purpose of this section is to discuss the ways that the programs
in this pac are affected by the differences in the two machines, and to suggest
how you can make optimal use of your machine, be it an HP-67 or an HP-97.

Some of the computed results in this pac are output by PRINTx statements. On
the HP-97, these results will be output on the printer. On the HP-67, each
PRINT command will be interpreted as a PAUSE: the program will halt,
display the result for about five seconds,then continue execution. The term
““PRINT/PAUSE” is used to describe this output condition.

If you own an HP-67, you may want more time to copy down the number dis-
played by a PRINT/PAUSE. All you need to do is press down any key on the
keyboard. If the command being executed is PRINTx (eight rapid blinks of the
decimal point), pressing down a key will cause the program to halt. If the com-
mand being executed is PRINT STACK (two slow blinks of the decimal point),
the number in the display will remain there until the depressed key is released;
then the next register in the stack will be displayed, and so on. After display of
all four registers, the program will halt execution if a key was pressed at any
time during the display of the stack contents. In both cases, execution of the
halted program may be re-initiated by pressing GE.

HP-97 users may also want to keep a permanent record of the values input to a
certain program. A convenient way to do this is to set the Print Mode switch to
NORMAL before running the program. In this mode, all input values and their
corresponding user-definable keys will be listed on the printer, thus providing
a record of the entire operation of the program.

Another area that could reflect differences between the HP-67 and the HP-97
is in the keystroke solutions to example problems. It is sometimes necessary in
these solutions to include operations that involve prefix keys, namely, {J] on the
HP-97 and 12, B, and B3 on the HP-67. For example, the operation is per-
formed on the HP-97 as and on the HP-67 as B(10X]. In such cases, the
keystroke solution omits the prefix key and indicates only the operation (as



here, (10¥]). As you work through the example problems, take care to press the
appropriate prefix keys (if any) for your calculator.

Also in keystroke solutions, those values which are output by the command
PRINTx will be followed by three asterisks (***).
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BASIC STATISTICS FOR TWO VARIABLES

BASIC STATISTICS FOR TWO VARIABLES

KW (20)  Xp(De) Xk (20)

START Xy, (Z+)

This program calculates means, standard deviations, covariance, correla-
tion coefficient, coefficients of variation, sums of data points, sum of multi-
plication of data points, and sums of squares of data points derived from a
set of ungrouped data points {(xi, y),i=1,2, ..., n}, or grouped data points
{(xi, yi, ), 1=1,2, ..., n}. f; denotes the frequency of repetition of (x;, y;).

zxi y:%

i=1 i=1

S—

n
means X =

standard deviations s, I
n -

’ 27(12 - nx?
or sy = _—
n

2y;? - ny*

S =
v n-1
2 _ ny2
(or sy’ = V ___Ey, o )
n
. 1 1
covariance Sxy = SXiyi - — X2y
n-1 n
| 1
orsg,’ = — | Zxiyi - - 2x3y
n n
correlation coefficient %, = S
xSy
Coefficients of variation V, = S_x <100 , V, = —?_i - 100
X y

Note: n is a positive integer and n > 1.
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STEP INSTRUCTIONS o AIT?SSrIns KEYs | o OU s
1 Load side 1 and side 2
2 | Initialize (A ] 0.00
3 | To set print mode* oo 1.00
4 | For grouped data points, go to 8
5 | For ungrouped data points,
do 6~7
fori=1,2,..,n
6 | Input x; X;
Yi Yi (8] i
7 | If you made a mistake in
inputting x, and y,, then
correct by — Xy
Y i-1
8 | For grouped data points
do 9~10
fori=1,2,.,n
9 | Input x X;
Yi Yi
f; f; (0] 2f;
10 | If you made a mistake in
inputting x,, y. and f,, then
correct by — X
Y
fu a 2ff
11 | Calculate means: x N ol & | x
y v
i 12 | Calculate coefficients of
variation: Vy R oo Vy
Vy R/S Vy
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STEP INSTRUCTIONS DATAUNTS | KEYS DATAIUNITS

13 | Calculate standard deviations:

Sy Sx

s, S,

s, s\

s, R/S s,
14 | Calculate: covariance

Sy o Sey

S,y R/S Syy
15 | Calculate correlation

coefficient y,, (D] Yy
16 | Calculate sums: 3x; (€] 3X;

2y 2y;
XY, R/S py v

17 | Calculate sums of squares

3x;2 a 2x;2

2y? R/S 2y

For a new case, go to 2

*Note: to clear print mode

press — CLF

©

Example 1:
For the following set of data, find the means, standard deviations, covariance,

correlation coefficient, coefficients of variation, and the sums.

x| 26 30 44 50 62 68 74
yi | 92 8 78 81 54 51 40

Keystrokes: Outputs:
(A ] » 0.00
[A] » 1.00
26 20 » 26.00 ***  (x)

92.00 ***  (y1)
1.00 **x



100 GIED 100 @

100 EAED 100 @

30 GIED 85 @

44 GIED 73 @

50 GLED 81 @

6 EIfED 5+ B

68 ELED 51 @

74 EIED 40 @

v

v

v

v

v

v

v

©

v

R/
R/
/

v v

100.00 ***
100.00 ***
2.00 ***

100.00 ***
100.00 ***
1.00 ***

30.00 ***
85.00 ***
2.00 ***

44.00 ***
78.00 *¥*
3.00 **x

50.00 ***
81.00 ***
4.00 ***

62.00 ***
54.00 ***
5.00 ***

68.00 ***
51.00 ***
6.00 ***

74.00 ***
40.00 ***
7.00 ***

50.57 ***
68.71 ***

36.58 ***
29.10 ***

18.50 ***
20.00 ***

17.13 ***
18.51 ***

01-04

(X2)
(y2) (error)

(x2)

(y2) (correction)

(x2)
(y2)

(X3)
(ys)

(x4)
(y4)

(x5)
(ys)

(x¢)
(¥e)

(x7)
(y2)

(X)
)

(Vx)
(Vy)

(sx)
(sy)

(s%)
(sy)
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(D] —» —354.14 ***(s, )
R/S —303.55 ***(s,,)
B —0.96 *** (‘ny)
18 » 354.00 *** (3x;)

v

v

R/S » 481.00 *** (Zy;)

R/S » 22200.00%** (2x;y;)
a > 19956.00%** (2x,2)

R/S > 35451.00%**(3y;?)

Example 2:
Apply the program to the following set of grouped data.

X; 48 52 38 44 41
y; /1561 115 143 136 1238
f; 1 3 1 6 2

Keystrokes: Outputs:
(A » 0.00
(A] » 1.00

4.8 EIED 15.1 EIED 1 @

4.80 *%%  (x,)
15.10 ***  (y))
1.00 *%% ()

5.20 ¥¥*  (x,)
11.50 *%*  (y,)
3.00 ¥%*  (f,)
4.00 ***  (3f)

5.2 ENED 1.5 EEED 3 0

I0ENED 0ENED 40 10.00 ***
10.00 ***  (error)
4.00 **x*
8.00 ***

10 EAED 10 @ED 43 10.00 ***
10.00 ***  (correction)
4.00 **x*
4.00 ***

3.8 EHEED 14.3 18

3.80 ¥%*  (x,)
14.30 ***  (y,)
1.00 ***  (f,)
5.00 ***  (3f)



4.4 GUED 13.6 GUED 6 B

4.1 12.8 CIED 20

[%2]
Q

R/

v

v

R/

v

v

R/

v v

R/

v Vv

v

v v

Bg B85 B5 B
(/2] w w 7]
@ ofp Wg Wg Hg

R/S

R/S

v Vv ‘L

R/S

\ 2 4

4.40 *x*
13.60 ***
11.00 ***

4.10 **x*
12.80 ***
2.00 ***
13.00 ***

4.52 **x
13.16 ***

9.93 **x*
8.42 **x*

0.45 **x*
1.11 ***

0.43 **x
1.07 *x

58.80 ***
171.10 ***
770.22 ***

268.38 ***

01-06

(X4)
(ya)
(fs)
(2f)

(xs5)
(ys)
(£5)
(2f)

(x)
42
(Vx)
(Vy)

(sx)
(sy)

(%)
(sy")
(sxy)

(Sxy)
(¥xy)

(Exi)
(EYi)
(Zxiy1)

(Exi2)

2266.69 *** (Zy;?)



02-01

FACTORIAL, PERMUTATION AND COMBINATION

FACTORIAL. PERMUTATION AND COMBINATION

START P? n-n! men+n,P, men=Ch

This program finds the extended range factorial (n can be greater than 69),
permutation and combination. Permutation and combination are functions
of the factorial, but this program will not use the factorial key, so that better
accuracy and larger range can be obtained.

The equations are:

Factorial nl =nm-)@0=2) - - -2 -1
: m!
Permutation mPh= — 2 _ =mm-—1)...(m—n+1)
(m —n)!
! -1D...(m-n+1
Combination mCn = m _ m(m )...(m - n )
(m - n)!n! 1 -2 ... n

where m, n are integers and 0 < n < m.

Notes: 1. Py, = 1, ,P, = m, ,Pn, = m!
therefore n! should be used for large m.

5. In calculating n!, the accuracy will be
reduced for n>69, since it is calculated by
taking Log., ie

n! = log™* [log (n) + log [(n-1)!]]



STEP

(6] ~ W N

INSTRUCTIONS

Load side 1 and side 2
Initialize

To set print mode*
Goto5or6or7
Calculate n!

(i()n <169

(i) n>69**

Calculate P,

Calculate ,C,

For a new case, go to 2

*Note: to clear print mode

press —

**In Print Mode, the 3-number
result will be printed out

automatically.

INPUT
DATA/UNITS

KEYS

/

/

ENTER ¢

ENTER ¢

mlalﬂﬁna

CLF

02-02

OUTPUT
DATA/UNITS

0.00
1.00

n!
n
exp. of 10

decimal No.

mPn
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Examples:

1. 5! =120

2: 69! = 1.711224524 X 10%

3. 70! = 1.197857069 X 101°
4. 100! = 9.332622518 X 10%%7
5. 27Ps = 9687600.00

6. ;3C, = 1088430.00

Keystrokes: Output:
(A - 0.00
0 » 1.00
5 > 5.00 Hk*
120.00 ***
69 » 69.00 *k*
1.711224524 498 ***
70 » 70.00%**
100.00 ***
1.197857069 ***
100 » 100.00 ***
157.00 *%**
9.332622518 ***
27 50 27.00 ***
9687600.00 ***
73 40 73.00 ***

1088430.00 ***

(5H

(69"

(10100)
(decimal no.)

(10157)
(decimal no.)

(27P5)

(3C4)
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Notes
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MOMENTS, SKEWNESS AND KURTOSIS
(FOR GROUPED OR UNGROUPED DATA)

MOMENTS,SKEWNESS AND KURTOSIS ST1-03A

START Xi(Z+) X(Z-) yitfi(Z+) Yh +fn(Z-)

For grouped or ungrouped data, moments are used to describe sets of data,
skewness is used to measure the lack of symmetry in a distribution, and kurtosis
is the relative peakness or flatness of a distribution. For a given set of data

{xlv XZ’ e ’ xn}:

1 n
It moment X = = 2 X;

ni=

1
2" moment m, = — 2x2 -X?

n

1 3 -
3 moment m; = - 3x® - = X 3x?2 + 2¥°

n n

1 4 _ 6 _
4™ moment m, = - Sx;t - — X Sk + 2% 3x2? - 3%

n

Moment coefficient of skewness

mg
M= m,
Moment coefficient of kurtosis
my
72 = 2
my

This program also provides the option for calculating those statistics for grouped
data (using similar formulas as for ungrouped data):

data Y1 Y2 Ym
frequency f, f, f

Note that for this case, 15* moment

m
2fix

- i=1
x N
m
fi
i=1

Reference: Theory and Problems of Statistics, M. R. Spiegel, Schaum’s Out-
line, McGraw-Hill, 1961



STEP

(S, NS - ¢S B \o]

11
12

15

INSTRUCTIONS

Load side 1 and side 2
Initialize
To set print mode*
For grouped data, go to 12,
Do 6~7 fori=1,2, .., nfor
ungrouped data
Input x;
If you made a mistake in
inputting x, then correct by —
Calculate: x
Calculate: m,

ms

m,
Calculate: vy,

Y2
For a new case, go to 2
Do 13~14forj=1,2,.., m
for grouped data
Input
and
If you made a mistake in
inputting y, and f,,, then

correct by

Goto 8

*Note: to clear print mode

press —

INPUT
DATA/UNITS

Yi

KEYS

CLF

03-02

OUTPUT
DATA/UNITS

0.00
1.00

m;
m;
m,

Y1
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Examples:
1. Ungrouped data
i 1 2

X | 21 35 42 65 41

3

4

5

6

7

8 9

36 53 3.7 49

X =4.21,my =1.39, my =0.39, my =5.49

v, =0.24,y, =2.84

Keystrokes: Outputs:
(A] — 0.00
70 » 1.00
2183 » 2.10 **x*
48 » 4,00 ***
4 > 4.00 ***
1.00 ***
358 + 3.50 ***
4208 —» 4.20 ***
3.00 *ok*
6508 > 6.50 *k*
4.00 ***
4.1 080 - 4.10 ***
3.6 8 » 3.60 Hk*
538 » 5.30 ***

(xy)

(x2) (error)

(X3) (correction)

(x2)

(x3)

(X4)

(x5)

(X6)

(x7)



378 » 3.70 ***
490 > 4.90 #**
9.00 ***
B | > 4.2] #kk
> 1.39 Hk*
R/S —» 30 HHx*
R/S > 5.49 ***
(D) > (.24 #*x*
R/S > 2.84 ¥k
2. Grouped data
j 2 3 4 5
Yi 3 2 4 6
f; 4 5 3 2 1

X =313, m =198, my =2.14, my = 11.05

v =0.77, y, = 2.81

Keystrokes: Outputs:
a » 0.00
(A ] » 1.00
3 48 > 3.00%**
4.00 ***

(Xs)

(X9)

(X)

(my)
(my)
(my)
()

(v2)

(y1)
(f1)

03-04



03-05

2 50 » 2.00 *x*

2.00 kkk

5 58 » 5.00 ***

5 s8 » 5.00 **x*

5.00 ***

4 310 » 4,00 ***

3.00 ***

3.00 ***

6 20 » 6.00 ***

2.00 ***

4.00 ***

1 18 » 1.00 ***

1.00 ***

5.00 ***

(6] » 3,13 ***

» ].98 **x*

R/S » 2.14 **xx*
R/S » 11.05 ***

(D] » (.77 ***

R/S > 2.8] ***

(y2)
(f2)

(ys)

(error)
3)

(ys)

(f5) (correction)

(ys)
(f3)

(o)
(f)

(¥s)
(£5)

(9]

(my)
(my)
(my)
(71)
(72)
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Notes
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RANDOM NUMBER GENERATOR

RANDOM NUMBER GENERATOR

*u; +di -n; +ei +X;s5n

Random numbers are useful in a wide variety of applications, e.g., simulation,
sampling, computer programming, numerical analysis and games. This pro-
gram calculates (1) uniformly distributed numbers, (2) random integers, (3)
normally distributed numbers, (4) exponentially distributed numbers, (5)
mean, standard deviation and counter of the numbers generated.

This program calculates:

1. Uniformly distributed pseudo random numbers u; in the rangea < u; < b:
The multiplicative linear congruential method is used.

Uiy = fiy (b —a) +a
wherei =0, 1, 2, ... and

fi+1 = fractional part of (997 f;)
f, = 0.5284163.

The period has length 500000, i.e., 500000 different numbers can be
generated before repeating. The least significant digits (the righthand digits)
of u; are not as random as the most significant digits (the left-hand digits).
Thus random digits, if needed, should be taken from the most significant
end of the numbers. This generator passes the chi-square frequency test
for uniformity, serial test and run tests for randomness.

If a different sequence of numbers is desired, a different starting value
f, (0 <f, < 1) can be used. Some program steps (the starting value stored
under (@) ) must be changed accordingly. Note that if 107 X f, is not
divisible by 2 or 5, then the period of the generator has length 500000. All the
tests mentioned above should be applied to the new generator before using it.

2. Pseudo random integers d; such that 1 < d; < k:

Suppose u; (i = 1, 2, ...) is a sequence of uniformly distributed pseudo random
numbers between 0 and 1.

di = 1 + integer part of (ku;)
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3. Normally distributed pseudo random numbers n; if the mean m and the
standard deviation o are given:

Suppose u; (i =1, 2, ...) is a sequence of uniformly distributed pseudo random
numbers between 0 and 1.

Let
vi=Qu-1) , vs=Quy -1

S =v?+v,? i=1,2,...)

If S = 1, discard the two uniform numbers u;, u;;, and generate the next two
numbers in the sequence until S < 1. Then compute the normally distributed
numbers according to the following equations

n = o v, \':%{—m
Niyy = 0 Vy \':.%’.ﬁ+m

4. Exponentially distributed pseudo random numbers e; with mean u:

Suppose u; (i = 1, 2, ...) is a sequence of uniformly distributed pseudo
random numbers between 0 and 1.

e = — mlny

5. The mean X, standard deviation s and counter n of the random numbers
computed:

where x; can be u;, d;, n; or ;.

Reference:

Donald E. Knuth, The Art of Computer Programming, Vol. 2, Addison-
Wesley, 1971.
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STEP INSTRUCTIONS paTauNTs | KEYS | o SUTRUT
1 Load side 1 and side 2
2 | For random integers, go to 6
For normal numbers, go to 9
For exponential numbers,
goto 12
3 | Input interval range for
uniform numbers a
b Lol A | b
4 | Perform 4 fori=1,2, ... (4] u,
5 |Forxands, goto 14
6 | Input maximum integer
desired k Lol & ] k
7 | Perform 7 for i=1,2, . .. (6] d;
8 |Forxands, goto14
9 | For normal numbers, input
mean m
and standard deviation T [ 1] o
10 Perform 10 for i=1, 2, . . . n;
11 |For x and s, go to 14
12 | Input mean for exponential
numbers “ ne M
13 | Perform 13 fori=1,2, ... 0 e
14 | Optional: Calculate the mean a X
the standard deviation s
the counter R/S n
15 | To continue the calculation,
go back to 4, 7, 10, or 13
16 |For a new case, go to 2
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Example 1:

Generate a sequence of uniform pseudo random numbers between 0 and 1.

Keystrokes: Outputs:

0 no > 0.00 *¥*  (a)
1.00 ***  (b)

0.83 **x*
0.56 ***
0.27 **x*
» 0.04 ***
0.20 ***
0.75 ***
0.83 **x*
0.95 *x*x*

v

v

v

v v

v

@@ Oooooooans
v

0.55 **x* (mean)
0.34 **x* (s)
8.00 *** (counter)

v

R

~

S
S

v v

0

» 0.68 ***
0.63 ***
0.22 **x*
etc.

v

> ) >N > H
4

v

Example 2:

Use the random number generator to simulate the successive tosses of a die.

Keystrokes: Outputs:
60 B 6.00 *** (k)

v

5.00 ***
4.00 ***
2.00 **x*
1.00 ***
2 .00 ***
5.00 ***
etc.

v

v

v

v v

goooaa
v
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Example 3:

A professor decides to assign grades randomly and without bias to the stu-
dents. The grades should have a normal distribution with average grade being
75 and standard deviation being 10. How can the random number generator
be used for this purpose?

Keystrokes: Outputs:

75 10 63 » 75.00 *** (m)
10.00 *** (o)

» 87.42 ***

> 77.17 ***

> 67.44 ***

»> 81.23 ***

> 89.91 ***

> 85.32 *xx
etc.

Example 4:

Suppose a radioactive substance emits alpha particles at a rate such that on
the average, one particle is emitted every 5 seconds. Note that the amount
of time between two successive emissions has the exponential distribution
with mean 5. Generate a sequence of random numbers so that each of them
can be used as the amount of time between two emissions.

Keystrokes: Outputs:
500 5.00 *** ()

v

v

0.93 **x*
2.92 *xx*
6.49 ***
» 15.93 **x*
8.14 ***
1.44 *x*
etc.

v

v

(oJofojofolo]
A

v v
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Notes
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HISTOGRAM

HISTOGRAM

START P? Xmin+Xmax xi(Z+) xk(Z-)

0
9
8
7
6
5
4
3
2
1
0

A
min

A histogram or bar chart can provide a meaningful way of representing tabular
data or the output of an algorithm. By viewing a histogram, trends and biases
can be spotted easily.

This program sorts input data into 24 intervals or bins of equal width between
specified upper and lower limits.

One is added to the bin whose number is calculated. This procedure is repeated
for all x values in the data set. After all data has been input, pressing [ B,
(R/S B will cause the printout of the total number of inputs, the mean of the
inputs, and the standard deviation of the inputs. Pressing O gives the

number of inputs in each bin and a representation of the histogram. The bins are
arranged in maximum x value to minimum x value order.

The 24 intervals are stored three at a time in registers R; ~ Rg.

Incorrect values may be deleted at any time by keying them in and pressing
@ . However, if the value is out of bounds, then ‘‘Error’’ will be displayed.
Press and continue.

To start the program you must specify the minimum expected value Xpi,
and the maximum expected value Xpay.
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Equations:

For the histogram:

2x

n

.. 3x2 - n x?
standard deviation = —
n_

yi=1+INT | 24Xt = Xmin
Xmax — Xmin

mean =

where
y; = interval number
X; = input data
Xmin = lower limit of histogram
Xmax = upper limit of histogram

INT = integer part of

Remark:

Because each interval is represented by only three digits, overflow from one
interval to the next lower interval will occur for most of the intervals if there
are more than 999 counts in the interval.

STEP INSTRUCTIONS AT TS | KEYS | oot s
1 Load side 1 and side 2
2 | Initialize (A} 0.00
3 | To set print mode* (B ] 1.00
4 Input minimum value Xmin
maximum value Xmax Xmin , Xmax
5 |Do6~7fori=1,2,...,n
6 | Input x; X; (D] i

7 | If you made a mistake in
inputting x,, then correct by — Xk a i-1

8 | List histogram [ A ] LIST
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STEP INSTRUCTIONS DATAUNITS | KEYS DATAIUNITS
9 |Printn, X, s ) "
R/S 3
R/S S

10 For a new case, go to 2

*Note: to clear print mode

press—
©
Example 1:

Compute a histogram of the following data with Xy, =0, Xpax=24.(18.1,
14.3, 8.4, 0.7, 20.2, 14, 17.2, 24, 8.8, 5.7, 13.2, 22.1, 15.7, 18.9, 23).

Keystrokes: Outputs:
(A} » 0.00
(8] » 1.00
24 > 0.00 *** (Xmin)
24.00 ***  (Xpmax)
18.100 » 18.10 ***
1_ kK%
1430 > 14.30 *%%*
Q. kkk
8.40 » 8.4( ***
3- kK k
070 » (.70 ***
4, *kx
990 » 9.90 *** (error)
5_ k3kk
9983 » 9.90 ***  (correction)
4, ®*%
2020 > 20.20 ***
5_ kkok
14.08 » 14.00 ***
6. ***
1720 > 17.20 ***

7 %k kK



2408

8.80)
570
1320
22,10
1570
18390
pX] D |

R/S

v

v

v

v

v

v

v

v

R/S

v v

v

24.00 ***

8. k%%

8.80 ***
9. kkk

5.70 ***
13.20 ***

11, #%x*
22.10 ***
12, #kx*
15.70 ***
13, ***
18.90 ***
14, **x
23.00 ***

15.00 ***  (n)
14.95 *** (%)
6.71 *¥*%  (s)

0.00 ***
1.00 ***

1 kkk

1.00 ***
2.00 ***

0' %k %k k

2.00 ***
3.00 ***

O. %k k

4.00 %

O. kKK

4.00 **
5.00 ¥

Q. ***

05-04
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5.00 ***
6.00 ***

1. *%xx*

0. **x*

7.00 ***
8.00 ***

0. k% xk

2. kkk

9.00 ***
10.00 ***

Q. k¥

10.00 ***
11.00 ***

(0. ***

11.00 ***
12.00 ***

Q. ***

12.00 ***
13.00 ***

Q. **k

13.00 ***
14.00 ***

1. ***

14.00 ***
15.00 ***

2' kkk

15.00 ***
16.00 ***

1. Fxk

16.00 ***
17.00 ***

0. ***
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17.00 ***
18.00 ***

1. **x

18.00 ***
19.00 ***

PR

19.00 ***
20.00 ***

0, *%x*

20.00 ***
21.00 ***

1. ***

21.00 ***
22.00 ***

Q. *k*

22.00 ***
23.00 ***

1. ***

23.00 ***
24.00 ***

2. kkk

0 2 4 6 8 10 12 14 16 18 20 22 24
i —_— i
X min X max
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ANALYSIS OF VARIANCE (ONE WAY)

ANALYSIS OF VARIANCE (ONE WAY)

START P? X (2£+) Xim(Z-) +X;;s,;Sum,

The one-way analysis of variance is used to test if observed differences
among k sample means can be attributed to chance or whether they are
indicative of actual differences among the corresponding population
means. Suppose the i sample has n; observations (samples may have
equal or unequal number of observations). The null hypothesis we want
to test is that the k population means are all equal. This program gen-
erates the complete ANOVA table.

1. Mean of observations in the i sample (i=1, 2, - - -, k)
I X
X; =n_ E Xij
i j:I

2. Standard deviation of observations in the i'" sample

Y
)

Si = [ j—El Xij® — niiiz)/(ni -1 ]

3. Sum of observations in the i sample

n;

Sumi = E Xij

j=1

4. Total sum of squares

k n; 2
k n, ( Zl Zl xij)
TSS = 2 2 xpo S 7

=1 j=1




10.

11.

12.

. Treatment sum of squares

z Xn) (
=1
TiSS = !

n

. Error sum of squares

ESS = TSS - TrSS

Treatment degrees of freedom

df, =k -1

. Error degrees of freedom

k

df, = 2 n — k

. Total degrees of freedom

k

df, = df, +df, = X, n,— 1

i=1
Treatment mean square

TrSS

TrMS =
df,

Error mean square

ESS
df,

EMS =

The F ratio

TrMS

|

i

F =——— (with degrees of freedom df;, df)

EMS

Reference:

J. E. Freund, Mathematical Statistics, Prentice Hall, 1962.
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STEP INSTRUCTIONS AT TS | KEYS | o s
1 Load side 1 and side 2
2 | Initialize a 0.00
3 | To set print mode* (8] 1.00
4 | Do4 ~ 8fori=1,2, ..,k
5 | Do6forj=1,2,..n
6 | Input x;; Xij j
7 | If you made a mistake in
inputting x;,, then correct by Xim (D] -1
8 | Calculate: mean x; X;
standard deviation s; Si
sum Sum; Sum,
9 | Calculate: total sum of squares [ 1 ] TSS
treatment sum of squares TrSS
error sum of squares R/S ESS
10 | Calculate degrees of freedom
df, bl c | df,
df, R/S df,
df, df,
11 | Calculate:
treatment mean square (1] TrMS
error mean square EMS
F ratio R/S F
12 | For a new case, go to 2
*Note: to clear print mode
press — CLF
Q)
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Example:

The following are the scores obtained in an achievement test by random
samples of students from four different schools:

i1 2 3 4 5 6 7
School1 |88 99 96 68 85
School2 |78 62 98 83 61 88
School3 |80 61 74 92 78 54 77
School4 |71 65 90 46

Calculate the ANOVA table and test the null hypothesis that the differences
among the sample means can be attributed to chance. Use significance level
a = 0.01.

Keystrokes: Outputs:

(A ] » 0.00

6 » 1.00

88 » 88.00 ***

99 > 99.00 ***

2.00 ***

96 > 96.00 ***

68 » 68.00 ***

85 » 85.00 ***

(E | 87.20 ***  (X;)

R/S » 12.15 ***  (s9)
R/S » 436.00 *** (Sum,)
78 » 78.00 ***
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62
» 62.00 ***
2.00 ***
98
» 08.00 ***
3.00 ***
83
» 83.00 **x*
4.00 ***
61
—» 61.00 ***
5.00 ***
88
» 88.00 ***
] 6.00 ***
» 78.33 ***  (X,)
— > 14.62 ***  (s,)
— 470.00 *** (S
§ um,)
» 80.00 ***
1.00 ***
61
» 61.00 ***
) 2.00 ***
» 74.00 ***
3 3.00 ***
—» 92.00 ***
N 4.00 ***
— 78.00 ***
. 5.00 ***
— 54.00 ***
6.00 **x*
71
—» 77.00 ***
] 7.00 ***
- » 73.71 *** X.
. (X
— > 12.6] *** (s:))
» 516.00 *** (Sumj)
3
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71 > 71.00 ***
66 » 66.00 ***  (error)
66 » 66.00 ***  (correction)
65 » 65.00 ***
90 » 90.00 ***
3.00 ***
46 > 46.00 ***
4.00 ***
€ | » 68.00 *** (X,
> 18.13 **% (s,
» 272.00 *** (Sum,)
Do » 4530.00 *** (TSS)
» 930.44 *** (TrSS)
RIS » 3599.56 *** (ESS)
Do » 3.00 **¥*  (df))
R/S » 18.00 ***  (dfy)
> 21.00 ***  (dfy)
0 » 310.15 *** (TrMS)
» 199.98 *** (EMS)
R/S » 1.55 *%*  (F)
ANOVA Table
j SS df | Ms | F

Treatments | 93044 | 3 | 31015 | 1.55

Emor | 359956 | 18 | 19998 |

Total | 4530.00 | 21 §

Since F = 1.55 does not exceed F g, 3,13 = 5.09, the null hypothesis can not be
rejected. We conclude that the means of the scores for the four schools are
not significantly different.
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TWO WAY ANALYSIS OF VARIANCE
(NO REPLICATIONS)

TWO WAY ANALYSIS OF VARIANCE
(NO REPLICATIONS)

START P? re+c Xij (Z+) Xim (Z-)

The analysis of variance is the analysis of the total variability of a set of data
(measured by their total sum of squares) into components which can be
attributed to different sources of variation.

The two way analysis of variance tests the row effects and the column effects
independently. This program will generate the ANOVA table for the case
such that (1) each cell only has one observation and (2) the row and column
effects do not interact.

Equations:

1. Sums

1,2, ..., r

[

Row RS, = Z Xij

J

Column CS, = . x, j

1

1,2, ..., c

2. Sums of squares

Total TSS = 23x;2 - (23xy)?/rc

Row RSS = z ( 2 Xij )2/C - (szlj)z/rc
1 7

Column CSS = 2 ( E X )z/r - (Z3xy)?/rc
J i

Error ESS = TSS - RSS - CSS
3. Degrees of freedom
Row df, =r -1
Column df, = c -1

Error df; = (r-1) (c - 1)



4. F ratios

Row F,

Column F,

Reference:

RSS ESS
df, / df;
CSS ESS
df; / df;

07-02

Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill,

1969.

STEP

S~ 0w D

10
11
12
13

14
15

INSTRUCTIONS

Load side 1 and side 2
Initialize

To set print mode*
Input: number of rows r

number of columns ¢

Do 5~9fori=1,2,...,r
Do 6forj=1,2,...,c
Input x;;

If you made a mistake in
inputting x;,, then correct by
Calculate row sums RS;
Re-initialize for columns

Do 11~14forj=1,2,...,c¢c
Do 12 fori=1,2, .., r

Input x;;

If you made a mistake in
inputting x,;, then correct by
Calculate column sums CS;
Calculate F ratios: Row F,

Column F,

INPUT
DATA/UNITS

KEYS

ENTER ¢

afao

OUTPUT
DATA/UNITS

0.00
1.00
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STEP INSTRUCTIONS bathonTs | KEYS | pormiiis
16 | Calculate degrees of freedom:
row df, oo df,
column df, df;
error df, R/S df,
17 | Calculate sums of squares:
row RSS o RSS
column CSS Css
error ESS ESS
total TSS R/S TSS
18 |For a new case, go to 2
*Note: to clear print mode
press — CLF
©
Example:

Apply this program to analyze the following set of data.

j Column
i 1 2 3 4
1 7 6 8 7
Row 2 2 4 4 4
3 4 6 5 3
Keystrokes: Outputs:
(A — 0.00
a > 1.00
KN ENTER +JER C ] » 3.00 ***  (r)
4.00 ***  (c)
70 » 7.00 ***
60 > 6.00 ***
2.00 ***
£y 0| » 8.00 **x*




8
o0
20

» 7.00 **x*

4.00 %
> 28.00 ***

» 2.00 ***

40

1.00 ***
» 4.00 ***

40

2.00 **x*
> 4.00 *xx

40

> 4.00 %

o0
40

4.00 ***

> 4.00 ***

0

1.00 *%**
7.00 ***

)

v

2.00 ***
7.00 ***

60

v

58

v

3@

v

a8
0

v

4.00 %
18.00 ***

v

> 0.00 ***
7.00 **x*

20

v

40

v

» 4.00 ***

60

3.00 ***
13.00 ***

v

40

v

1.00 *%*x*
4.00 ***

v

(RSy)

(RS,)

(error)

(correction)

(RS)

(CSy)

07-04
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v

v

v

16.00 ***

1'00 kkk

v

4.00 *x*

v

v

v

17.00 ***

l'm kkk

v

v

4.00 ***

3.00 ***

3.00 ***

v

v Vv

vV v Vv

R/S
R/S

R/S

vV vV v v

Row
Column
Error

Total

ANOVA

SS

26.00
3.33
6.67

36.00

df

2
3
6

14.00 ***

11.70 ***
1.00 ***

26.00 ***
3.33 ®kx*
6.67 ***
36.00 ***

F ratio

11.70
1.00

(CSy)

(CSy)

(CSy)

(Fv)
(F2)

(dfy)
(df)
(df)

(RSS)
(CSS)
(ESS)
(TSS)
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Notes



08-01

ANALYSIS OF COVARIANCE (ONE WAY)

ANALYSIS OF COVARIANCE (ONE WAY)

START New i  Xytyy (Z49)  Xim#yim (2-)  +Sx;:Sy,

ANALYSIS OF COVARIANCE (ONE WAY)

The one way analysis of covariance program tests the effect of one variable
separately from the effect of a second variable, if the second variable represents
an actual measurement for each individual (rather than a category).

Suppose (xj;, y;;) represents the j*™ observation from the i*" population (i = 1,2,
...,k,j =1,2, ..., n;). Note that samples may have equal or unequal number
of observations. The analysis of covariance tests for a difference in means of
residuals. The residuals are the differences of the observations and a regression
quantity based on the associated second variable. The analysis of covariance
procedure is based on the separations of the sums of squares and the sums

of products into several portions. This program will generate the complete
ANOCOY table.

Equations:

1. Sums and sums of squares

SXi = Exij (l = 1,2,...,k)
J

TSSx = 2 Exuz - —(22)(11)2

WSSx = TSSx - ASSx
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2. Degrees of freedom

3. Mean squares and F statistic

ASSx
AMSx = 229X
X df,
WMSx = —WOSX
df,
AMSx

F, = with degrees of freedom df,, df,

WMSx
By changing x;; to y;;, similar formulas for y;; can be obtained.

4. Sums of products

(22xy5) (22yy)

S

1

an) ( z}’n)
ASP = Z ( J - j _ (szi)(zﬁyu)
1 i ni

1

TSP = sz“ Yis —

WSP = TSP - ASP

5. Residual sums of squares

TSSy = TSSy - __(ip)z_
TSSx

Wssy = wssy - _(WSP
WSSx

ASS§ = TSS§ -WSS§
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6. Residual degrees of freedom

df, = Eni -k -1

1

7. Residual mean squares and F statistic

AMS? = ASSy
y af,
WMS? = WSSy
y af,
AMSy
= ——): with degrees of freedom dfj, df,
WMSy§

ANOCOV Table

Residuals

ssx SP  ssy |degreesol ggg Mgy F statisti

degrees of
freedom

Among means df, ASSx ASP ASSy df, ASSy AMSy F
Within groups df, WSSx WSP WSSy df, WSSy WMSy

Total TSSx TSP TSSy TSSy

Remarks:
1. Fx can be used to test if the X means are equal (ANOVA for X).
2. F, can be used to test if the Y means (not making use of the X values)
are equal (ANOVA for unadjusted Y).
Reference:

Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill, 1969.



STEP

—_

N (o o WD

10

11

12

INSTRUCTIONS DATAUNITS

Load side 1 and side 2 of card 1

Initialize

To set print mode*

Do 5~9fori=1,2,...,k

Initialize for new i

Do6forj=1,2,...,n

Input x;; and y;; Xij
Yii

If you made a mistake in

inputting x;, and yin, then

correct by Xim
Yim

Calculate the it" sums Sx;
Sy;

Calculate: the total sum of
squares for x
Among means sum of squares
for x
Within groups sum of squares
for x
Calculate: the total sum of
squares for y
Among means sum of squares
fory
Within groups sum of squares
fory
Calculate: F,

F,
degrees of freedom df,

df,

KEYS

0]
a
a

R/S

R/S

a

/S

/S

/

D Pl D
7] w a

/

R/S

08-04

OUTPUT
DATA/UNITS

0.00
1.00

Sx;
Syi

TSSx

ASSx

WSSx

TSSy

ASSy

WSSy

y

df,
df,
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STEP INSTRUCTIONS

13 | Load side 1 of card 2
14 | Calculate: the total sum of
products (SP)
among means SP
within group SP
15 | Calculate: TSSy
WSSy
ASSy
16 | Calculate: residual mean
squares
WMSy
the F statistic
the degrees of freedom df,
df,

17 For a new case, go to 1

*Note: to clear print mode

press —

Example:

10

12

1
3 6

(k=3,n,=n, =ny =4)

N
< X <K X < X

Keystrokes:
Load side 1 and side 2 of card 1

N QW N (N

INPUT
DATA/UNITS
3 4
1 2
8 11
3 5
10 13
3 1
8 7

KEYS

R

BB
0 Yd @

D
=
w

2
=
w

R,

w

bl

o
BBB o

o
<
w

CLF

OUTPUT
DATA/UNITS

TSP
ASP
WSP

TSSyY
WSSy
ASSy

AMSyY
WMSy

df,
df,



Keystrokes: Outputs:
(A ] » 0.00
a > 1.00
o > 1.00 ***
3SEED 0@ — 3.00 ***
10.00 ***
2 8 > 2.00 *k*
2.00 **x*
5 5 > 5.00 ***
3.00 ***
5 50 » 5.00 Hkx*
5.00 **x*
2.00 ***
1 8 > 1.00 ***
A ENTER + BN C] » 2.00 ***
11.00 ***
4.00 ***
a + 8.00 ***
R/S > 37.00 ***
(6] > 2.00 ***
4 12 — 4.00 ***
12.00 ***
1.00 *s:*
3EEED 123 > 3.00 Hok*
12.00 ***
2.00 H**
3 10 > 3.00 ok
10.00 ***

(error)

(correction)

(Sxy)
(Syn)

08-06
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5 ENED 130

>
>

v

R/S

v

v

| CIED 6 O

v

2 EED 5 B

3 EEED s O

v

v

| EIED 7 @

v

e
=
(7]

v Vv

~

v

I@E>D
BB, Bo
> 8

v

bl
SES
wpn

v

v

v

/
/

(3 1]
a

v Vv

R/S

v

13.00 **
4.00 *xx

15.00 ***
47.00 ***

1.00 ***
6.00 ***
1.00 ***

2.00 ***
5.00 ***
2.00 ***

3.00 ***
8.00 *x*
3.00 ***

1.00 ***
4.00 *xx

7.00 *%*x*
26.00 ***

17.00 ***
9.50 ***
7.50 ***

71.67 ***
55.17 ***
16.50 ***

5.70 ***
15.05 ***
9.00 ***

(Sxz)
(Sy2)

(Sx3)
(Sys)

(TSSx)
(ASSx)
(WSSx)

(TSSy)
(ASSy)
(WSSy)

(Fx)
(Fy)
(df,)
(dfy)



08-08

Load side 1 of card 2

(¢ ] » 27.00 ***  (TSP)
R/S » 20.75 ***  (ASP)
R/S » 6.25 *** (WSP)

oo > 28.78 ***  (TSSY)

R/S > 11.29 *%%  (WSSY)
RIS » 17.49 ***  (ASSY)

(| > 8.75 ¥*%  (AMSY)
> 1.41 ¥¥%  (WMSY)
> 6.20 **%  (F)

> 2.00 ***  (dfy)

R/S > 8.00 ***  (dfy)

ANOCOV Table
Residuals

 |df ssx sP ssy|df ss§y Msy F
Among means | 2 9.50 20.75 5517 2 1749 875 6.20
Within groups | 9 7.50 6.25 16.50| 8 11.29 1.41

Total | 17.00 27.00 71.67| 2878
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NORMAL AND INVERSE NORMAL DISTRIBUTION

NORMAL & INVERSE NORMAL DISTRIBUTION ST1-09A
START

NORMAL & INVERSE NORMAL DISTRIBUTION s

p? x+#(x) x+Q(x) Q(x)+x

This program evaluates the standard normal density function f(x) and the
normal integral Q(x) for given x. If Q is given, x can also be found.

The standard normal distribution has mean 0 and standard deviation 1.

Equations:

1. Standard normal density

1 -

X
f(x) = e 2
2

f(x)

Q(x)

2. Normal integral
1> -5
Q(x) = — f e 2 dt
\V2r"

Polynomial approximation is used to compute Q(x) for given x.
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Define R = f(x) (b;t + b, t2 + bgt® + byt + bst®) + €(x)

where |e(x)| < 7.5 x 10~#

1

t = , r=20.2316419
l+r|x|
b, = .319381530, b, = -.356563782
by = 1.781477937, b, = -1.821255978
bs = 1.330274429
Then Q(x) = R if x =0
1-R if x <0

3. Inverse normal

For a given Q > 0, x can be found such that

©
=_1 e 2 dt

VoL

The following rational approximation is used:

Co + cit + cot?

+ €Q)
1 + dit + dot? + dyt3

Definey =t -

where |€Q)| < 4.5 x 1074

if0<Q=<0.5

Vln 1
Q2
t=
\/m L if0.5<Q<1
(1-Q)?




09-03

co = 2.515517 d, = 1.432788
c; = 0.802853 d, = 0.189269
¢, = 0.010328 d; = 0.001308
y if0<Q=<0.5
Then X =
-y if0.5<Q<1
Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1970.

STEP INSTRUCTIONS AT UNTs | KEYS | o U s
1 Load side 1 and side 2 of
card 1
2 | Initialize a 0.00
3 | Load side 1 and side 2 of
card 2
4 | To set print mode* a 1.00
Optional: Step 5
5 | Input x to compute f(x) X f(x)
6 | Input x to compute Q(x) X (D] Q(x)
For a new case of x, go to
5o0r6
7 | Input Q(x) to compute x Q(x) X
For a new case of Q(x), go
to7
*Note: to clear print mode
press — (0
STO
a
STO
a
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Example 1:
Find f(x) and Q(x) for x = 1.18 and x = -—2.28.

Keystrokes: Outputs:
Load side 1 and side 2 of card 1

(A > 0.00
Load side 1 and side 2 of card 2
8] » 1.00
1.1809 > 1.18 ***

0.20 *** (f(1.18))
1.180 > 1.18 ***

0.12 *x* (Q(1.18))
2.28 (D] > D08 *kk

0.99 *** (Q(-2.28))
2.28 » —D .28 Hkk

0.03 ***  (f(-2.28))

Example 2:
Given Q = 0.12 and Q =0.95, find x.

(If you have run through Example 1, then you can proceed; otherwise you
have to load programs as described in Example 1).

Keystrokes: Outputs:
0.123 » (.12 ***

1.18 *** (x)
0953 » (.95 ***

-1.65 *** (x)
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CHI-SQUARE DISTRIBUTION

CHI-SQUARE DISTRIBUTION

START P? v+T'(3) x=f (x) x+P (x)

This program evaluates the chi-square density

v _1 _X
f(x) = 2
22 r ( )
where x =0
v is the degrees of freedom.
f(x)
1
P(x)
0 X

Series approximation is used to evaluate the cumulative distribution

P(x) = fo f(t) dt

[N

Xk
(2> (y+) k](v+2)(v+4) (v +2K)

The program computes successive partial sums of the above series. When
two consecutive partial sums are equal, the value is used as the sum of
the series.
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Notes: 1. Program requires v < 141. If v > 141, erroneous overflow will
result.

2. If both x and v are large, f(x) may overflow the machine.

r(Z)=(2-1 )
2 2
If vis odd,

JONGOIGDRON0
4.1‘(%)=\/F

Reference:

3. If viseven,

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1970.

STEP INSTRUCTIONS baTauniTs | KEYS | pariins
1 Load side 1 and side 2
2 | Initialize (A ] 0.00
3 | To set print mode* (8] 1.00
4 | Input degrees of freedom v v I'wi2)
Optional: Step 5
5 | Input x to compute f(x) X (D] f(x)
6 Input x to compute P (x) X £ P(x)
(i) For a new case with the
same v goto 5 or 6
(i) For a new case with
different v, go to 2
*Note: to clear print mode
press —

©
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Example 1:
If degrees of freedom v = 20, find f(x), P(x) for x = 9.6 and x

Keystrokes: Outputs:
[A] —» 0.00
(6] » 1.00
20 » 20.00 ***

362880.00 ***  (I'(20/2))

9.6 0 > 9.60 **x*

0.02 *** (f(9.6))
9.3 > 9.60 **x*

0.03 **x* (P(9.6))
153 » 15.00 ***

0.22 ok (P(15))
1508 > 15.00 ***

0.06 *** (f(15))
Example 2:

If v = 3, find f(x) and P(x) for x =7.82.

Keystrokes: Outputs:
(A ] » 0.00
(6] — 1.00
3 > 3.00 ***

0.89 *** (I'372y)
7.8208 » 7.82 Hkx

0.02 **x* (f(7.82))
7.8283 > 7.8 kkxk

0.95 *** (P(7.82))

15.
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Notes
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t DISTRIBUTION

t DISTRIBUTION ST1-11B

p? x+f(x) x+P(x)

This program evaluates the t density function f(x) and the cumulative
distribution P(x) for a given x and degrees of freedom v.

Equations:
1. Density function
r v+ 1 ) v+
2 2 2
f(x) = (1 + 2 )
v
Vay T (L)
2
f(x)
P(x)
0 X X

2. Cumulative distribution function

Py = | oy

Let 6 = tan™! (—\/l_j'—_J:)
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(a) veven
. 1 2 1-3 4
Let R = sinf 1+7003 6 + cos 160 + . ..
" 1-3:5 ... (¥3) cos v—20
2:4:6 ... (v2)
(b) wvodd
ﬂ’ if v =1
Lt R=<L7
E) -+-£ cosf {sin() [1 +—2c0520+...
T T 3
24...(3) cos’ 2 0 if v>1
1-:3...2
1+R .
5 if x>0
Then P(x) = IR
LIS if x<0
3 if x
Remark:

The program requires ¥<<141 for f(x), otherwise erroneous overflow will result.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, Na-
tional Bureau of Standards, 1970.
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STEP INSTRUCTIONS aTAuNTs | KEYS | o or e
1 | Load side 1 and side 2
2 | Initialize a 0.00
3 | To set print mode* (8] 1.00
4 | Input degrees of freedom v v v
Optional: Step 5
5 | Input x to compute f(x) X D] f(x)
6 | Input x to compute P(x) X (€] P(x)
7 (i) For a new case with the
same v go to 5 or 6
(i) For a new case with a
different v, go to 2
*Note: to clear print mode
press —
©
Example 1:
Find f(x) and P(x) for x = 2.2, v = 11.
Keystrokes: Outputs:
(A » 0.00
(6] » 1.00
110 » 11.00 ***  (v)
2203 —» 2.20 *** (x)
0.97%** (P(2.2))
2208 » 2.20 **x* (x)
0.04 *** (f(2.2))



Example 2:
Find f(x) and P(x) for x = —1.75, v = 30.

Keystrokes: Outputs:

(A » 0.00

8] » 1.00

30 > 30.00 ***

IWAY cHs o > —1.75 ***
0.09 ***

.78 3 » —].75 Hkx
0.05 ***

)

(%)
(f(—1.75))

(x)
(P(—1.75))

11-04
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F DISTRIBUTION

F DISTRIBUTION

x+P(x)

P?

This program evaluates the integral of the F distribution

hdl
14
I~1+V2 7‘—11},2

O O™

for given values of x (>0), degrees of freedom v;, v,, provided either v, or
v, is even.

P®x) f

P(x)

0 X

The integral is evaluated by means of the following series:

(1) v, even

P(x) =t 2 [l+%(1—t)+...

v,-2
+ v(v, +2)... (v, +1y —4)(1_0T]
4...(v,-2)

(2) v, even

Px)=1-(1-1t2 [1+%+...

v,—2
+V1(V1 +2)...(v; tv; - 2
2:°4..(v-2)



v,
wheret = —2
v, + v X

12-02

Note: Usually v, is identified as the degree of freedom for numerator, and v,
is identified as the degree of freedom for denominator.

STEP INSTRUCTIONS DATAIUNITS

1 | Load side 1 and side 2

2 | Initialize

3 | To set print mode*

4 |Input v, 2

5 Input v, v,

6 Input x to calculate P(x) X

7 For a new case go to 2

*Note: to clear print mode
press —

Examples:
1. v, =7, v, =6

P@4.21) = 0.05
2. v, =4,v, =20

P(2.25) = 0.10
Keystrokes: Outputs:
(A ] » 0.00
0 — 1.00
7 » 7.00 **x*
60 » 6.00 ***
4218 » 4.2] ***

0.05 ***
4 » 4.00 ***
208 » 20.00 ***
2253 p 2.25 *xx
0.10 ***

OUTPUT

KEYS | paTA/UNITS

0.00
1.00

Qa8

vy

V2

P(x)

CLF

©

(vy)
(v2)
(x)
(P(x))

(v1)
(v2)
(x)
(P(x))
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MULTIPLE LINEAR REGRESSION

MULTIPLE LINEAR REGRESSION

START P? X4 (24) Xpto(2-)

For a set of data points {(xi, yi, i), 1 = 1,2, ..., n} this program fits a linear
equation of the form

z =a+ bx + cy

by the least squares method.
Regression coefficients a, b, ¢ can be found by solving the normal equations:

3z = an + b 2x; + ¢ Jy;
3xizi = a 2x; + b 2x2 + ¢ 2xy; i=1,2,...,n
Syizy = a Jy; + b 3xyy; + ¢ y?

_ A-B

[n3x? — Cx)?][nZy2 — Sy?] — [nZxy: — (Sx) Sy |2

where A = [n3x? - (3x)?] [nZyiz - Cy) Czy)]

B = [nzxi}'i — (2xp) (EYi)] [nzxizi = (2xy) (EZi)]

[nzxizi - (Exi) (Eli)] -C [nzxiYi - (2xp) (EYi)]

b= nzxiz - (2)(1)2
1
a = - (3z; - ¢ Zy; - b 3x)
a Ezi + b EXiZi + c Eyizj - l (Eli)2
R? = .
(Eziz) - @
n

Reference: Introduction to the Theory of Statistics, Mood and Graybill,
McGraw-Hill, 1963



STEP

g b~ W N

10

11

DATA/UNITS

INSTRUCTIONS INPUT
Load side 1 and side 2
Initialize
To set print mode*
Do 5~6fori=12,...,n
Input x; Xi
Yi Yi
Z z;
If you made a mistake in
inputting x,, yx, and z,
then correct by — X
Y
Z
Calculate coefficients: a
b
c
Calculate the square of
multiple correlation
coefficient R?
Calculate estimated z from
regression, input: x X
y y

Repeat step 9 for different
. y)'s
Recall sums: 2x;
2y,
3z
Recall sums of squares: 2x;2
2y?
3z32

KEYS

ENTER ¢

ENTER ¢

ENTER ¢

ENTER ¢

8sf

/

R/S

R/S

2 E
oaBBa

R/S

R/S

13-02

OUTPUT
DATA/UNITS

0.00
1.00

R?

3X;
2y,
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STEP INSTRUCTIONS

13 | Recall sums of cross
products: Zx;y;
2%z
2z,

14 | For a new case, go to 2

*Note: to clear print mode

press —

Example:

INPUT
DATA/UNITS

A set of data points are given as the following

1 2 3
x |15 045 18
yi 107 23 16
z 21 40 41

KEYS

CLF

4

2.8
4.5
9.4

OUTPUT
DATA/UNITS

Xy
2xz;

3yz;

Find the regression line, coefficients a, b, ¢, R?, Z, sums, sums of squares, and

sums of products.

Keystrokes:
(4] >
(8 ] »

1.5 GNED 0.7 GAED 2.1 @ —

9 ENED 9 E5ED 9 @

Outputs:
0.00
1.00
1.50 **x*
0.70 **x*

2.10 %
1.00 %

9.00 ***
9.00 ***
9.00 ***
2.00 ***

(error)
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9 9 ' 9.00 ***
9.00 *** (correction)
1.00 ***

0.45 2.3 4@ ——> 0.45 **x
2.30 **x

4.00 ***
2.00 ***

1.8 1.6 EEED 4.1 @ —» 1.80 ***

1.60 ***
4,10 #kk
3.00 ***
2.8 4.5 9.4 — 2.80 ***
4.50 ***
9.4Q ***
4.00 ***
(E | » —(0.10 *** (a)
R/S » (.79 **x* (b)
» ].63 *xk ©)
(A ] » 1.00 *** (R?)
(9) » 0.998411259 *%**
B
2 ERED 3 (6] » 2.00 ***
3.00 ***
6.37 *** (2)
» 6.55 *** (2xy)
» 9,10 *** (Zyy)
R/S » 19.60 *** (2z)
Jo) » [3.53 *¥* (2x3)
» 28.59 *** (Zy;»)
R/S > 125.58 *** (2z%)
(E | » 17.57 *x* (2xiy3)
» 38.65 *** (2x;2;)
R/S » 59.53 H** (Zyizy)

Regression line is
z = —0.10 + 0.79x + 1.63y
Forx =2 andy = 3,7 = 6.37
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POLYNOMIAL APPROXIMATION

POLYNOMIAL APPROXIMATION

START P? N

POLYNOMIAL APPROXIMATION

Suppose X, X;, ..., Xy are equally spaced points (x, < xy) at which the cor-
responding values f(x,), f(x,), ..., f(xy) of a function f(x) are known.

This program approximates in the least squares sense the function f(x) by a
polynomial of degree m, where 2 < m =< 4. The special Chebyshev poly-
nomials for discrete intervals are used.

Equations:
Let f,(x) be the orthogonal polynomials (x = 0, 1, 2, ..., N) such that

fo x) =1

£, (x) =1 -%"_and

(n+1) (N-n) f,;; (x) = 2n+1) (N-2x) f,(x) - n (N+n+1) f,_,(x)

where
n=1,2,..., m-1
Then let
.., £.) _N+n+D)!(N-n!
(2n + 1) (N!)?
n
f £ = D (i) %)
j=0
and

¢, fv)
(fn’ fn) )

a, =



14-02

This program computes all values of (f, f,) forn= 0, 1, 2, 3, 4. If the degree
m = 4, all terms are used; if m = 3, (f, f,) is replaced by zero in later calcula-
tions; and if m = 2, (f, f,) and (f, f;) are both replaced by zero.

Let gn(u) be the symmetrical form of the orthogonal polynomial in the domain
-1 <u <1 such that

g(u) =1 gi(u) =u
and

Q+DN_ oy N +n+1)

@+ 1) (N-n) @+ 1) N ®

gnri1(0) =

where

The program computes the coefficients of the polynomial
N

zangn(U)=bo+b1u+b2u2+b3u3+b4u4. )

n=0

Then gy (u) is shifted to a proper interval between x, and xy by letting

u=p+ax
where
_ =2
a——
XN — Xo
B _ XN + Xo
XN — Xo

The transformation is done in two steps. First, let z = u - 3, thus (1) becomes

cotcrz+tcepz?+c3z +cy2t ?2)
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where
Co=by +b; B+b, B +by B +by B
c; =b; +2b, B+ 3b; B + 4b, B
c; = b, + 3b; B + 6by B
cg=by +4b, 8B
cy = b,.

Then set z = ax and (2) becomes

dy +d; x +dy, x2 +d; x® +d, x* 3)
where

d=dc(i=0,1,2,3,4).

(3) is the polynomial approximation for the function f(x).
Note: N = 4 has to be satisfied in order to make the program work.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1970.

STEP INSTRUCTIONS oataUNTs | KEYS | o Al
1 Load side 1 and side 2 of card 1
2 | Initialize a 0.00
3 | To set print mode* (8] 1.00
4 | Input N** N N
5 |Do6fori=0,1,2,...,N
6 |Inputy; (x;) yi(x;) (0] i
7 | Input n for nth order fit n (€ | 0.00
8 |Load side 1 and side 2 of card 2
9 | To continue execution of

program a 1.00
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STEP INSTRUCTIONS oaTAunTs | KEYS | o SUTERT
10 Input xy Xn ENTER 4
and x, Xo (6]
11 | To obtain the coefficients: d; d,
d,
d,
ds
di
12 | To evaluate y from the X (D] y
polynomial
13 For a new case, go to 1
**N = No. of data -1
*Note: to clear print mode
press —
©

Example:

Find a third order polynomial approximation for the following data.
X 1 125 15 175 2 225 25 275 3

f(x) | 2.72 3.49 4.48 575 7.39 9.49 12.18 15.64 20.09

(Note: f(x) = e¥)

Keystrokes: Outputs:

Load side 1 and side 2 of Card 1

(A ] » 0.00

(6] » 1.00

8 » 8.00 *** (N)
2.7208 » 2.72 k%
3.490 » 3.49 *x*

2.00 ***
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4430 b 4.48%%*
5750 b 5.75 *k

4.00 ***
7390 5> 7.39 *¥x

5.00 ***
9490 > 0.49 **x

6.00 ***
12.188 > 12.18 *¥x
15.64 8 > 15.64 **x
20.09 0 > 20.09 ***
3@ > 3.00 *** ()

Load side 1 and side 2 of Card 2

o
3EIED 1 0 O

1.00
3.00 ¥%*  (xy)
1.00 *%%  (x,)

v v

> —1.79 ***  (d,)
» 7.03 %% (d,)
» —3.85 %% (d,)
> 131 **%  (dy)
» 0.00 ¥+ (d,)
208 > 2.00 ***

7.35 %%x  (9)



14-06

308 > 3.00 ***
20.06 *** ()
1ne > 1.00 ***

2.69 **¥*  (¥)

The polynomial is -1.79 + 7.03 x -3.85 x? + 1.31 x3.

25+

15+ o
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t STATISTICS

t STATISTICS

i

START P? Xi#tYi (24) XY (Z-)  +Dsspi

I. Paired t Statistic

Given a set of paired observations from two normal populations with means
Ky, Mz (unknown)

X; X Xo Xn
Yi Y1 Y2 Yn
let
Di =x -y

The test statistic

which has n - 1 degrees of freedom (df) can be used to test the null hypothesis

Ho: iy = po

Reference:

Statistics in Research, B. Ostle, Iowa State University Press, 1963.
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II. t Statistic For Two Means

Suppose {x,, Xg, ..oy xm} and {y,, Yo, ees yng} are independent random
samples from two normal populations having means w,, g, (unknown) and
the same unknown variance o2.

We want to test the null hypothesis

Ho: py -, =d

Define

1 1 3x2 — X% + y2 — ny?
n, n, n, +n, -2

We can use this t statistic which has the t distribution with n; + n, — 2 degrees
of freedom (df) to test the null hypothesis H,.

Note: n,, 2y;, 2yZ, n,, 2x;, 2x? are in registers R, through Re.

Reference:

Statistical Theory and Methodology in Science and Engineering, K. A.
Brownlee, John Wiley & Sons, 1965.

STEP INSTRUCTIONS bATAUNITS | KEYS | o SAONITS
1 Load side 1 and side 2
2 | Initialize a 0.00
3 | To set print mode* (8] 1.00
4 | For paired t statistic, go to 6
5 | For t statistic for two means,

go to 11
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STEP INSTRUCTIONS DATAUNTS | KEYS | p SUTRuT o
Paired t statistic:
6 |Do7~8fori=1.2,...,n
7 | Input: x; X;
Yi Yi i
8 | If you made a mistake in
inputting xy, yi then correct by X
Yi (0] i-1
9 |Calculate: D D
Sp Sp
test statistic: t
degrees of freedom df
10 |For a new case, go to 2
t statistic for two means:
11 Do12 ~13fori=1.2,...,n,
12 |Input x; X; on i
13 | If you made a mistake in
inputting x,, then correct by — Xk Lol & | i-1
14 | Null hypothsis test d [ (] d
15 |Do16~17forj=1.2,...,n, yi on i
16 | If you made a mistake in
inputting y,, then correct by — Y Lol & | j-1
17 |Calculate: t el o] t
df df
18 |For a different value of d d [ 1] d
Calculate: t o t
df df
19 |For a new case, go to 2
*Note: to clear print mode
press —
©
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Example 1:
X1 14 175 17 175 154
¥, 17 207 216 209 172

D =-320
Sp = 100
t = -7.16
df =4.00
Keystrokes: Outputs:
0 » 0.00
(6] » 1.00
4EMED 1708 » 14.00 ***
17.00 *%*x*
17ERED 158 » 17.00 ***
15.00 ***  (error)
17TEED 150 » 17.00 ***
15.00 ***  (correction)
17.5 20.7 » 17.50 ***
20.70 ***
17 @ED 2168 > 17.00 ***
21.60 ***
17.5 @ED 20908 » 17.50 ***
20.90 ***
15.4 17.2 > 15.40 ***
17.20 **x*
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R/S

R/S
R/S

v

v

v v

Example 2:

x: 79, 84, 108, 114, 120, 103, 122,
y: 91, 103, 90, 113, 108, 87, 100,
n, = 8

n, = 10

Ifd = 0(.e., Hp: u; = o)

thent = 1.73, df = 16.00

Keystrokes:

(A >
QO >
900 >
84 (A ] >
SN A | >
900 >
10807 3 >
1140 0 >
12000 3 >
103 (A} >
1200 >

=3.20 ***
1.00 ***

4.00 %

120

80, 99, 54

Outputs:
0.00

1.00
79.00 sk
1.00 *%**

84.00 ***
2.00 ***

99.00 ***
3.00 ***

99.00 ***
2.00 ***

108.00 ***
3.00 ***

114.00 **
4.00 **x

120.00 ***
5.00 ***

103.00 ***
6.00 ***

122.00 ***
7.00 ***

(D)
(sp)
(t)

(df)

(error)

(correction)
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2000 > 120.00 ***

0 —» 0.00 ***  (d)

am0n > 91.00 **x*

10300 O » 103.00 ***
2.00 ***

w00 > 90.00 ***

e > 113.00 ***
4.00 ***

10800 O » 108.00 ***
5.00 **x*

3700 > 87.00 ***
6.00 ***

1000 O » 100.00 ***

g0l » 80.00 ***
8.00 ***

SRl A | > 99.00 ***

400 > 54.00 ***
10.00 ***

B > 173 %55 (1)

R/S » 16.00 ***  (df)
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CHI-SQUARE EVALUATION

CHI-SQUARE EVALUATION

START P? O¢Ei(2+)  Ow+Ex(Z-) *xq2

This program calculates the value of the ) statistic for the goodness of fit test
by the equation

(0; - B

2 =
X E,

1

I M:

—

where O; = observed frequency
E; expected frequency

If the expected values are equal
20;
(E =E = for all i )
n
2 —

nEOf
X2 T30,

then

- 20

Note: In order to apply the goodness of fit test to a set of given data, com-
bining some classes may be necessary to make sure that each ex-
pected frequency is not too small (say, not less than 5).

Reference: Mathematical Statistics, J. E. Freund, Prentice Hall, 1962

STEP INSTRUCTIONS baTAUNTS | KEYS | o oot o
1 Load side 1 and side 2
2 | Initialize (A ] 0.00
3 | To set print mode* 8] 1.00
4 | For equal expected values,
goto 10
5 |Do6~7fori=12,....,n
6 | Input: O O,

E, E, i
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STEP INSTRUCTIONS AT uniTs | KEYS | oot s
7 | If you made a mistake in
inputting O, and E,, then
correct by — Ok
E, 0 i-1
8 | Calculate x? (€ ] X2
9 | For a new case, go to 2
10 |Do11~12fori=12,...,n
for equal expected values
11 Input: O; O, (A] i
12 | If you made a mistake in
inputting Oy, then correct by — Oy, (6] i-1
13 | Calculate:x X,
E D] E
14 | For a new case, go to 2
*Note: to clear print mode
press — CLF
©

Examples 1:

Find the value of x? statistic for the goodness of fit for the following data set:

O 8 50 47 56 5 14
E; 9.6 46.75 5185 544 825 9.15

X,Z =4.84

Keystrokes: Outputs:
(A ] » 0.00

(8] — 1.00

8 9.6 » 8.00 ***

9.60 ***
1.00 ***
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50 46.75 5 50.00 ***
46.75 ***
47 D 51850 > 47.00 ***
51.85 *xx
3.00 ***
56 54.4 > 56.00 **
54.40 **x
5 8.25 > 5.00 ¥
8.25 **x

v

100 100 100.00 *** (error)

100.00 ***
100 1008 » 100.00 *** (correction)
100.00 ***
5.00 ***
14 EEED 9.15@ > 14.00 ¥+
9.15 **x*
6.00 ***

v

4.84 ¥ (x?)

Example 2:

The following table shows the observed frequencies in tossing a die 120 times.
»¢ can be used to test if the die is fair.

Note: Assume that the expected frequencies are equal.
number 1 2 3 4 5 6
frequency O; 25 17 15 23 24 16

X,, = 5.00
E =20.00



16-04

Keystrokes: Outputs:
0 » 0.00
(5] » 1.00
25008 > 25.00 ***
17008 » 17.00 ***
2.00 **x*
900 —» 19.00 ***  (error)
190 3 » 19.00 ***  (correction)
2.00 ***
500 — 15.00 ***
230008 » 23.00 ***
4.00 **x*
2400088 > 24.00 ***
5.00 ***
600 > 16.00 ***
6.00 ***

> 5.00 %% (x2)
20.00 ***  (E)

(o) o)
4

v
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CONTINGENCY TABLE

CONTINGENCY TABLE

+Xx2;Cc *RiiR2; T

Xt (5)

START 2xk: Xqj4-+(Cj)

Contingency tables can be used to test the null hypothesis that two variables
are independent.

I. 2 x k CONTINGENCY TABLE

i 1 2 k | Totals
1 X117 Xq2 X1k R,
2 Xo1  Xan Xok R,
Totals | C, C, Ck T

Test statistic

1 i i

T
X =&
Degrees of freedom df = k - 1

Pearson’s coefficient of contingency C. measures the degree of association

between the two variables
Cc = L
VT + X

II. 3 x k CONTINGENCY TABLE

i 1 2 k | Totals
1 X11 X2 e Xpk R,
2 X21 X22 Xak R,
3 X34 X32 X3k R,

Totals | C, C, Cy T
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This program computes the ) statistic (with 2(k - 1) degrees of freedom) for

testing the independence of the two variables. Also Pearson’s coefficient of

contingency C., which measures the degree of association between the two
variables, is calculated.

Equations:

k
Row sum R; = E x5 1=1,2,3

3
Column sum C; = 2 Xij ] 1,2, ..,k

Chi-square statistic

3 k
(XI_E)
Xz_ EZ jE' ij
i=1j=1 ij
3 k

Contingency coefficient

Reference:

B. Ostle, Statistics in Research, lowa State University Press, 1972.
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STEP

A WD

10
11

12

INPUT
DATA/UNITS

INSTRUCTIONS

Load side 1 and side 2

Initialize

To set print mode*

For2 xkgoto5

For3 x k goto 11

Do6~7forj=12,...,k

for 2 x k

Input: xy; Xyj
X2j X2j

(Optional) Calculate column

sum C;

If you made a mistake in

inputting x,, and x,,,, then

correct by — X1

(Optional) Calculate column
sum C,, (correction)
Calculate: x?
C.
Calculate: row sums R,
R,
total T
For a new case go to 2
Do 12~13forj=1,2,...,k
for 3 X k
Input x,; X1
X2j Xzj
X3 X3j
(Optional) Calculate column

sum C;

KEYS

R/S

OUTPUT
DATA/UNITS

0.00
1.00
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STEP INSTRUCTIONS oaTAUNTS | KEYS | o STAUNITS
13 | If you made a mistake in
inputting Xy, , Xz, and Xap,
then correct by — Xin
Xaon
Xan j-1
(Optional) Calculate column
sum C,, (correction) R/S -C,
14 | Calculate: x? (D} X2
C. C.
15 | Calculate: row sums R, G R,
R, R/S R,
R, R/S R,
total T R/S T
16 | For a new case go to 2
*Note: to clear print mode
press — CLF
©

Example 1:

A random sample of 250 men and 250 women were polled as to their desires
concerning the ownership of television sets. The data in the following table
resulted. Apply the program to analyze the result of the poll, i.e., can the
hypothesis that the desire to own a television set is independent of sex be
rejected?

Results of Sample Poll on Television Ownership

Classification Men Women | Total
Want television . .............. 80 120 200
Don’t want television .......... 170 130 300

Total | 250 250 500
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Keystrokes: Outputs:

(A ] » 0.00

(A ] » 1.00

80 170 @ > 80.00 ***
170.00 ***

120 1303 > 120.00 ***
130.00 ***

v

13.33 #%% (53

x2 = 13.33 > legg(l) = 6.63

Thus, the hypothesis that desire to own a television set is independent of sex
is rejected.

Example 2:

Find test statistic x* and coefficient of contingency C, for the following set
of data.

1 2 3
Al 2 5 4
B3 8 7
Keystrokes: Outputs:
(A ] » 0.00
20 » 1.00
2 380 » 2.00 Hk*
3.00 ***
R/S » 5.00 ***  (C))
5 3B » 5.00 ***
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R/S » 13.00 *** (C,)
6 N G | » 6.00 ***  (error)
R/S + 15.00 ***  (Cy)
6 9 + 6.00 **¥*  (correction)
2.00 *xx*
R/S » —15.00 *** (-C,)
4 0 > 4.00 ***
3.00 ***
R/S » 11.00 *** (C,)
(o] > 0.02 ¥+ (X)
» 0.03 *** (Co)
€ | » 11.00 ¥ (R))
R/S » 18.00 *** (R,)
R/S » 29.00 ***  (T)

Example 3:

Find test statistic x? and coefficient of contingency C, for the following set
of data.

i 1 2 3 4

1 36 67 49 58
2 31 60 49 54
3 58 87 80 68
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Keystrokes:

—
»

»
>

36 EIED 31 EIED 58

R/S

—

67 EIERD 60 EIED 87

R/S

v

4 EERD 49 EIEED 80

R/S

v

aQ—

49 EITERD) 49 EEERD 80

v

aQa —

R/S

4 EIEED) 49 GIEED 80

v

Q0 —

R/S

Outputs:
0.00
1.00
36.00 ***
31.00 ***
58.00 ***

125.00 *** (C,)

67.00 ***

60.00 ***
87.00 ***

214.00 *** (C,)

4.00 ***
49.00 ***

80.00 ***
3.00 ***

(error)

133.00 *** (C,)

49.00 ***
49.00 ***
80.00 ***
4.00 ***

178.00 *** (C,)

4.00 ***
49.00 ***
80.00 ***

(correction)

~133.00 *** (-Cy)



58 D 5+ EIED 68

R/S

a —

v

R/S

v Vv

B
@

R/

R/S

R/S

vV v v Vv

58.00 ***
54.00 ***
68.00 ***
4.00 ***

180.00 ***

3.36 ***
0.07 ***

210.00 ***
194.00 ***
293.00 ***
697.00 ***

(Cy

)
(Co)

Ry
(R2)
(Rs)
(T)

17-08
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SPEARMAN'’S RANK CORRELATION COEFFICIENT

Ri*S, (Z¥)  Rk*Sk (=-) +rs;z

Spearman’s rank correlation coefficient is a measure of rank correlation under
the following circumstance: n individuals are ranked from 1 to n according to
some specified characteristic by 2 observers, and we wish to know if the 2
rankings are substantially in agreement with one another.

Spearman’s rank correlation coefficient is defined by

where n = number of paired observations (x;, y;)
D; = rank (x;) - rank (y;) = R; - §;

If the X and Y random variables from which these n
pairs of observations are derived are independent, then
rs has zero mean and a variance equals to

1
n-1

A test for the null hypothesis
Hy: X, Y are independent

is using

z = 1,Vn — 1

which is approximately a standardized normal variable (for large n, say n=10).

If the null hypothesis of independence is not rejected, we can infer that the
population correlation coefficient p(x, y) = 0, but dependence between the
variables does not necessarily imply that p(x, y) # 0.
Note: -1 =1, =1
r; = 1 indicates complete agreement in order of the ranks and ry =
- 1 indicates complete agreement in the opposite order of the ranks.

Reference: Nonparametric Statistical Inference, J. D. Gibbons, McGraw
Hill, 1971



STEP

—_

a |~ 0w DN

INSTRUCTIONS 5 A'TNAF/'L‘;"IITS
Load side 1
Initialize
To set print mode*
Do 5~6fori=1,2,----,n
Input R; R;
S S

If you made a mistake in

inputting R, and S,, then

correct by — R
S
Calculate: rg
z

For a new case, go to 2

*Note: to clear print mode

press —

KEYS

(o)
a

CLF

18-02

OUTPUT
DATA/UNITS

0.00
1.00
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Example:

The following data set is the result of two tests in a class; find r, and z.

X Yi Ri S
Student | Math Grade | Stat Grade | Rank of x; | Rank of y;
1 82 81 6 7
2 67 75 14 11
3 91 85 3 4
4 98 90 1 2
5 74 80 11 8
6 52 60 15 15
7 86 94 4 1
8 95 78 2 9
9 79 83 9 6
10 78 76 10 10
11 84 84 5 5
12 80 69 8 13
13 69 72 13 12
14 81 88 7 3
15 73 61 12 14
Keystrokes: Outputs:
0 » 0.00
(6 » 1.00
6 7 —» 6.00 ***
4JEIED 110 > 14.00 ***
11.00 ***
3 4 > 3.00 **x*
4.00 **x*
1 2 > 1.00 ***

4.00 ***



18-04

11 CIED s B > 11.00 **x
8.00 ***
5.00 %k sk
5 5 » 5.00 ***  (errors)
5.00 **x*
6.00 kkk
5 50 » 5.00 ***  (correction)
5.00 ***
5.00 ***
15 @D 158 > 15.00 ***
15.00 ***
6.00 ***
4 1 > 4.00 ***
7.00 Kok %k
2 9 > 2.00 *x*
9‘00 )k k
8_(x) %k %k k
9 ENED 6 @ + 9,00 %
6.00 ***
9.00 ***
10 1083 » 10.00 **x*
10.00 ***
10.00 ***
5 5 » 5.00 ***
11.00 ***
8 13 > 8.00 ***
13.00 ***

12.00 ***
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13 12 » 13.00 ***
12.00 **x*
13.00 ***

7 3 » 7.00 ***
3.00 ***
14.00 ***

12 14 » 12.00 ***
14.00 ***
15.00 **x*

(E ] > 0.76 ***  (I;)

R/S » 2.85 **¥* (z)




Notes
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X AND R CONTROL CHARTS

X AND R CONTROL CHARTS

START P? Xij(£+) Xik(E-)  * Xmax*Xmin

In quality control, a chart is used to decide periodically whether a process is
in statistical control. The use of such a chart facilitates the detection and
elimination of assignable causes of process variation, thereby reducing
rejects and rework, improving product quality, and lowering inspection cost.
The x chart and R chart are two of the most frequently encountered, they
deal with measurement data.

Suppose x;; represents the j™ data point from the i samiple,i =1, 2, ..., m
and j = 1, 2, ..., n. This program computes (1) the sample mean X and the
sample range R;, (2) the over-all mean X and the average range R, (3) the
upper control limit Uy and the lower control limit L for X, and (4) the upper
control limit Ui and the lower control limit Ly for R.

Equations:

1. n

ii = E Xij/n
j=1

Ri = Xmax = Xmin

where Xpay 1S the maximum of the x values and Xy, is the minimum of the
x values in the i sample.

2. m

where A, is the factor for the X chart, which can be found in the following table.

4. Lg = DsR

Ug = D,R
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D; and D, are factors for the R chart, which can be found in the table.

Factors for determining from R the 3-sigma control limits for x and R charts.

Number of Factors for R chart
. Factor for
observations
in subgroup * chart Lower limit Upper limit
n A, D, D,
2 1.88 0 3.27
3 1.02 0 2.57
4 0.73 0 2.28
5 0.58 0 2.11
6 0.48 0 2.00
7 0.42 0.08 1.92
8 0.37 0.14 1.86
9 0.34 0.18 1.82
10 0.31 0.22 1.78
11 0.29 0.26 1.74
12 0.27 0.28 1.72
13 0.25 0.31 1.69
14 0.24 0.33 1.67
15 0.22 0.35 1.65
16 0.21 0.36 1.64
17 0.20 0.38 1.62
18 0.19 0.39 1.61
19 0.19 0.40 1.60
20 0.18 0.41 1.59

All factors are based on the normal distribution.

The table is reproduced from Statistical Quality Control, by Grant and
Leavenworth, 1972, with permission of McGraw-Hill Book Company.



19-03

STEP INSTRUCTIONS b A'lrrl‘\?tll,;lrlTS KEYS | o taONITS
1 | Load side 1 and side 2
2 | Initialize a 0.00
3 | To set print mode* (6] 1.00
4 |Dob5~9fori=1,2,..., m
5 |Do6~7forj=1,2,...,n
6 | Input x; X;; j
7 | If you made a mistake in
inputting x;,, then correct
by ** — Xik (D] j-1
8 | Calculate: Xmax Ximax
Xmin a Ximin
9 | Calculate: the mean x; (] x;
the range R; bl A | R
10 | Calculate: X 70 X
R oo R
11 | Calculate the x limits:
the lower A, (] Lx
the upper [ 1] Uz
12 | Calculate L D, no La
13 | Calculate Ug D, na Ua
14 | For a new case, go to 2
*Note: to clear print mode
press — ©
STO

**Note: If there are two or more

X;«'S entered incorrectly (one

follows the other), then do not

try to correct them, go to step 2.




Example:
For the following set of data, find the lower and upper control limits for
X and R. j
i 1 2 3 5
1 10.04 10.00 10.02 10.01 10.02
Sample 2 10.00 10.01 10.03 10.02 10.01
3 10.02 10.02 10.02 10.04 10.01
(Note: n = 5,A,= 0.58,D; = 0,D, = 2.11)
Keystrokes: Outputs:
(A ] » 0.00
(6] » 1.00
10.04 » 10.04 ***
1.00 ***
10 » 10.00 ***
10.02 » 10.02 ***
3.00 **x*
11.11 @0 » 11.11 ***  (error)
4.00 ***
11.11 8 » 11.11 ***  (correction)
3.00 *k*
10.01 » 10.01 ***
4.00 ***
10.02 > 10.02 ***
a » 10.04 *** (X1 max)
B > 1000 *okx (Xl min)
(A ] » 10.02 *** (X))
[A] » 0.04 ***  (R,)
10 » 10.00 ***
1.00 ***
10.01 » 10.0] ***
2.00 ***
10.03 > 10.03 H*x*
10.02 » 10.02 ***

4.00 ***

19-04
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10.01 » 10,01 *xx
» 10.03 *** (X5 max)
B » 10.00 *** (XZ m‘m)

(A ] » 10.01 ¥¥% (%)

o » 0.03 *** (R,
10.02 » 10.02 **x*

1.00 ***
10.02 » 10.02 ***
10.04 @ » 10.04 ***  (error)
3.00 ***

10.04 & » 10.04 *** (correction)
10.02 » 10.02 ***
10.04 » 10.04 **x*
10.01 » 10.01 ***
a » 10.04 *** (X3 max)
> 10.01 *** (X3 min)
no > 10.02 *** (X,
0o » 0.03 ¥** (R,
D0 > 10.02 *** (%)
oo » 0.03 ***  (R)

» 10.00 *** (Ly)
» 10.04 *** (Up)

o
&
a

» 0.00 *** (Lg)

)

-

—_

(=

@
4

» 0.07 *** (Ur)

Reference:
Grant and Leavenworth, Statistical Quality Control, McGraw-Hill, 1972
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Notes
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OPERATING CHARACTERISTIC CURVES

OPERATING CHARACTERISTIC CURVES

START P?  fin: N

This program evaluates the probability P, of acceptance for a single sampling
plan with finite or infinite lot size.

Equations:
1. Finite lot size

The hypergeometric distribution is used to evaluate the probability P,. The
lot size N, sample size n and the acceptance number ¢ (maximum allowable
number of defectives in the sample) should be given. The probability P,,
which is the ordinate of the type A operating characteristic curve, can be
computed for the different values of the fraction defective p in the lot.

C

P = D f(x)

x =0

M N-M
X n - x
N
n
where f(x) is the hypergeometric density function, M is the number of defec-
tives in a lot which is calculated as the integer part of Np.

f(x) =

The recursive relation

_ (x = M) (x - n)
o+ D =T N - M-n+x s+ ¥

x =0,1,2,...,n - 1)

is used to find the probability

P, = xio f(x)
(")
(+)

with starting value

f(0) =
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N
The binomial coefficient ( ) is computed by the formula
n

N _ NN - 1) ... (N-n+1)
n - 1 -2+ ... n

2. Infinite lot size

The binomial distribution is used to evaluate the probability P,. The sample
size n and the acceptance number c¢ should be given. The probability P,,
which is the ordinate of the type B operating characteristic curve, can be
computed for different values of the fraction defective p.

P, = XZO £(x)

n
fx) = (x) p* (1 -y

The recursive relation

where 0<p<I.

_ p(n - x)
fx +1) = GFD (T D f(x)

x=0,1,2,...,n-1)
is used to find the probability
C
P. = D fn)
x =0
with starting value

f0) = (1 - p)"

Remarks:
1. The program requires that 0 < p < 1.
2. For the type A curve (finite lot size), if c = 0, P, = f(0).
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3. For certain combinations of N, n ,and ¢ (usually when they are large), an
overflow condition will occur. In that case, the program halts and the
display shows all 9’s.

4. If the lot size is finite (type A), the execution time mainly depends on the
sample size n and the acceptance number c; the larger they are, the longer
it takes.

5. The type A OC curve for finite lot sizes is really a set of discrete points,
since defectives can occur only as whole numbers. For very large lot
sizes, these points come very close together, giving a practically con-
tinuous curve.

Type B OC curves can be considered as suitable approximations to type
A OC curves, provided the sample size n is small compared with the lot
size N (in general, if n/N < 0.1).

6. The lot size N has a relatively small effect on the type A OC curve as
long as n/N is not large. The absolute sample size n is a much more con-
trolling factor in determining the type A OC curve.

7. The acceptance number c¢ affects drastically the probability of acceptance
for the type B OC curve for any given fraction defective p.

References:

1. Dodge and Romig, Sampling Inspection Tables, John Wiley and Sons,

1959.
2. Grant and Leavenworth, Statistical Quality Control, McGraw-Hill,
1972.

—T . |di+ ou1'pu'r —

iSTEP INSTRUCTIONS DATA/UNITS L KEYS | DATA/UNITS

1 ELoad side 1 and side 2

|2 |initialize @ | o000

| 3 | To set print mode* | 8 | 1.00

4 |For infinite lot size (type B), |

f |go to 11

I

| 5 |Forfinite lot size (type A), do 6~ 9

? 6 |Input lot size N N

|7 |input: sample size n » ' n

; ‘ acceptance number c (D] c

|8 _|Calculate probabilty P, P P,



STEP INSTRUCTIONS
9 |For a different p, go to 8
10 |For a new case, go to 2
11 Input: sample size
acceptance number
12 |Calculate probability P,
13 |For a different p, go to 12
14 |For a new case, go to 2
*Note: to clear print mode
press —
Example 1:

INPUT
DATAUNITs | KEYS
n
c D]
p a
CLF
@

20-04

OUTPUT

DATA/UNITS

Find the type A OC curve for the sampling plan with N = 200, n =
and c = 0 (compute P, forp = 0, 0.02,0.04, 0.06, 0.08, 0.1, 0.12, 0.14).

Keystrokes: Outputs:
(A » 0.00
(5] » 1.00
2008 » 200.00 *** (N)
20 0] D] » 20.00 ***  (n)
0.00 ***  (¢)
(0] € | » (.00 ***
0.023 » .02 **x*
0.65 *x*
0.04@3 > (.04 ***
0.42 **x*
0.06 3 > 0.06 ***

0.27 **x*

20
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0.083 > 0.08 ***
0.17 ***
.13 > 0.10 ***
0.11 ***
0.123 > 0.12 *¥
0.07 ***
0143 > 0.14 *%*
0.04 ***

Pa

1

11
91
81
74
61
51
At
37
21
At

+ t t } + } + P
0 02 .04 06 .08 .1 .12 .14

Example 2:

Find the type B OC curve for the sampling plan with n = 200, ¢ = 1
(compute P, for p = 0, 0.01, 0.02, 0.03 and 0.04).

Keystrokes: Outputs:

0 » 0.00

0 » 1.00

200 100 > 200.00 *** (n)
1.00 *** (c)

0 > 0.00 ***

1.00 **x*



0012 3

0203

0.3 3

042 3

» 0.0] **x*
0.40 ***
» 0.02 ***
0.09 ***
» (.03 **x*
0.02 ***
» 0.04 **x
2.656338303-03 ***
Pa
1_
\“
8+
6T
4+
21

20-06
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SINGLE- AND MULTI-SERVER QUEUES

SINGLE - AND MULTI-SERVER QUEUES

HeA+nsp +P, +Py -Lg-L ~Tq-T

1. Infinite Customers

Suppose there are n (n = 1) identical stations available to service calls from
an infinite number of customers. Let A be the arrival rate of customers (Pois-
son input), u be the service rate of each server (exponential service), and
let the service discipline be first-come, first-served. Assume all customers
wait in a single line and are directed to whichever station is available. Assume
further that, no customers are lost from the queue.

This program computes the following values for given n, A and u.

Equations:

1. The intensity factor

B
I
T I>

(p must be less than n)
2. The probability that all servers are idle

1 -1

k n
P0= p_+_p—
4 k!
n! 1-P
n

3. The probability that all servers are busy

nPO
w(2)

4. The average number of customers in the queue

=
|

z_
Il

'b

P

n-

he)
o

L, =

he)
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5. The average number of customers in the system (waiting or being served)
L=L,+p
6. The average waiting time in the queue

Lq
)\

T, =

7. The average flow time through the system

L

T=—"
A

8. The probability of waiting longer than time t

P(t) = P, e (M

Remarks:
1. n must be an integer greater than or equal to 1.
2. p < n, otherwise the queue increases without bound.

3. X\ and u are rates, that is, numbers per unit time.

I1. Finite Customers

Suppose there are n (n = 1) identical stations available to service calls. This
program handles the case in which demand arises from a finite rather than an
infinite population of customers.

Let the number of customers m be fixed; let a be the mean time between
service calls; and s be the mean time to serve one customer. Given m, n, s
and a, this program computes the following values.

Equations:

1. The average number of customers in the system (waiting or being served)

m

Y kQ.

k=0

m

Qx

k=0
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where
Q =1
kQx ifl <k <n
(m—-—k+1)pQ, =
nQx ifn<k<m
and

=5
p a
2. The average flow time through the system
T =alL

3. The average number of customers in the queue

Lq=m[(p+l)(—ltl——l)+l:|

4. The average waiting time in the queue
T, = al,

5. The over-all efficiency factor of the system

F=-(p+1) (%-1)

1. For large values of m and/or small values of p, the calculation of Q in the
routine under [} (] may underflow. To avoid this, the program tests to see if
Qx <10%.If it does, the program will halt its recursive solution for Q, and go
directly to the calculation of L. This should not affect the calculated value of L.

Remarks:

2. For certain combinations of m, n, s and a, an overflow condition will
occur. In that case, the program halts and the display shows all 9’s.

3. The execution time for L depends on m; the larger m is, the longer it
takes. A rough estimate of the time for this routine (8 (c]) is given by m/30
minutes.
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4. Suppose instead of knowing s and a, the service rate u of each server and
the arrival rate A are given. Then the following formulas can be used to
compute s and a in order to run this program.

1

S _

n

_1

a p—g—

A

A

Note that =—
P 14

References:

1. H. M. Wagner, Principles of Operations Research with Applications to
Managerial Decisions, Prentice-Hall, 1969.

2. James Martin, Systems Analysis for Data Transmission, Prentice-Hall,
1972.

3. Hillier and Lieberman, Introduction to Operations Research, Holden-
Day, 1970.

4. Peck and Hazelwood, Finite Queuing Tables, John Wiley and Sons,
1958.

STEP INSTRUCTIONS baragnTs | KEYS | pout s
1 Load side 1 and side 2
2 | For finite customers go to 11
3 | Do 4 ~ 9 for infinite customers
4 |Input M
A A

n n (A]

5 |Calculate P, (6]
Py 5] Py

6 |Calculate: L,

L
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STEP INSTRUCTIONS DAPUT o | KEYS | b oL ONITS
7 | Calculate: T, (D] Tq
T (0] T
8 | Input t to calculate Pt) t a P(t)
9 | For a different t, go to 8
10 | For a new case, go to 2
11 Do 12 ~ 16 for finite customers
12 | Input: number of customers m
number of servers n [A] m
13 | Input: service time ]
arrival time a a p
14 | Calculate: customers in system L
time through system T
15 | Calculate: queue length (0] Lq
waiting time in queue (D] T,
16 | Calculate efficiency factor F a F

17 | For a new case, go to 2

Example 1:

Bank customers arrive at a bank on the average of 1.2 customers per minute.
They join a common queue for 3 tellers, each teller serves at a rate of 30
customers per hour. Find p, Py, Py,, Ly, L, Ty, T and the probability P(2) that a
customer will have to wait for more than 2 minutes.

60

. 30 .
Note: Service rate u =——= 0.5 customers per minute
Arrival rate A = 1.2 customers per minute

Keystrokes: Outputs:

5 1.2 0 0.5 = (w
1.20 *** N
3.00 ***  (n)

2.40 **%  (p)
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5 0.06 ¥¥%  (P,)
> 0.65 %%%  (Pp)

2.59 *** (L)
> 4.99 ¥kx (L)

v

2.16 ***  (T,)
> 4.16 *** ()

JV

00 R 86
4

208 > 2.00 *** (1)
0.36 ***  (P(t))

Example 2:

A laundromat has 12 washers which require an average of 4 hours of ser-
vice after every 60 hours of operation. If there is only one service person
in the laundromat, find p, L, T, L,, T, and F.

Keystrokes: Outputs:
12 1720 » 12.00 ***  (m)
1.00 ***  (n)
4ESED60 0 @ > 4.00 ¥5%  (s)
60.00 ***  (a)
0.07 ***  (p)
> 1.64 *** (L)

(o} o)
v

98.66 *** (T)

0.95 *** (L)
57.24 ***  (T,)

v

@ o0
v v

0.92 *xx* F
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Notes
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PROGRAM LISTINGS

The following listings are included for your reference. A table of keycodes
and keystrokes corresponding to the symbols used in the listings can be found
in Appendix E of your Owners Handbook.

Program Page
1.  Basic Statistics for Two Variables ...................... L01-01
2. Factorial, Permutation and Combination - -.-.c.c.vvo.... L02-01
3. Moments, Skewness and Kurtosis

(For Grouped or Ungrouped Data) .................... L03-01
4. Random Number Generator ...................cocuun.. L04-01
5. Histogram . ........ ... L05-01
6.  Analysis of Variance (One Way) ....................... L06-01
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LO1-01

Basic Statistics for Two Variables

881 #LBLA as?  ST09

882  CLRG ase 28

862 CFé Initialize 859  6SBY

884 CF1 868  GSBS

285 CF2 861 RTN

(L1 28 062 *LBLE

887  CLRé 8632 SF1 Correction for xy, vy, fx.

a0e P2s @64  GSBD

(L8 @ 86s CF1

G1e kTN 866 RTN

811 *LBlLa Set flag O for print. @67 xLBL3

a1z SFa 668 F1e

a12 1 869  GT04

a4 RTN aze I+

615 *LELC Correction for x, yk. 671 RTN

ate Fa® @72 sLBL4

@17 GSB@ @73 i-

a1e iF1 e74 RTN

a1 Y 875 *LBLb

a2e z- are x X,y

621 GSBY @77 GSBY

822 GSBE& are R/8

a23 CF1 079 Xzy

624 RTN @88 GSBY

825 «xLBLE 881 GSBE

26 Fa” Input xi, yi. @82  RIN

827  6sea @83 xLELb

g8 K2Y 884 X

@29 I+ 885 5T08

63e¢  GSBS a8¢ Y

@31 GSBE 87 25

a32 RTN esg  ST08

833 #LBLD Input x;, vi, fi. 089  P2S V. V.

634 STOC 898 3 v

835 F1? 291 EEX

036 CHS 892 2

837  ST+9 892 X

a3e X3 @94 X2y

839  STOB 895  LSTX

a4e Ré a9¢ x

641 STOR 97 2y

842 Rt 298 RCLe

0843 Fa? @99 =

844  GSBE 186 5SBY

845 RT 181 R/S

b4 ABS 182 Y

847  6SBY 183 P2S

648  STOI 164  RCLB

049 xLBLZ 185 F2s

856 RCLB 186 B

851 RCLA 187 6SBS

852 6SB3 188  6SB&

853 DSZI 189 RTN

#54 G102 118 sLPLc

855 RCLY 111 S

0856 P2S 112 6GSBY

REGISTERS
0 1 2 3 5 6 7 8 9
x o
SO _ S1 S2 S3 S4 S5 S6 S7 S8 S9
y x; Tx;? Syi Ty;? X Vi n

A xi 5y c ¥ = E T




L01-02

13 R/S 169  GSBY

114 xay xSy 178 RN

115  G6SBS 171 sLBLd

116 ESBE 172 S

117 RTN 173 RCLE

118 #LBLe 174 B

119 s 175 X Tay

126 *LBL! 176 175

121 &5 sk sy’ 7 GSBS

122 RCLY 78 GSBE

122 28 179 RTN

124 ENT?T 180 xLBLe

125 X2y 181 RCLE

126 1 182 6SBY x, Ty

27 - 182 ksS "

iz ¢ 184 x2v Sxv;

129 IX 185  ESBY

13@ & 18¢€ R7S

131 ESBS 187 )

132 Fa? 188  RCLE

133 GSBS 189 F&S

134 CFz 198 GSBY

135 R4S 191 ESBE

136 LSTX 192 RTN

137 S 192 xLBLe

138 Xey 194 28

139 SF2 195  RCLV

148 6TOM 196  FCLS 2 w2

141 RIN 197 F35 I Tv;

142 xLBLd 198 GSBY

143 X 199 R/S

i44 Y Zee X2y

i45 PES 281 G5BG

146  STO6 282 GsBe

147 RCL8 282 RTN

148 RCL4 264 rLELe

149  RCL@ 285 Xe

158 X ' Z8€ PRTX

151 _ Sxy Sxy 287 X2y Print x;, vj.

152 RCLS 288 PRTX

152 1 289 RTN

154 - 21e xLBLY

igg ;S :i; P;?; Subroutine for print.

157  STOE 213 RTN

158  GSBS 214 xLBLB

159 R#S 215 Fo?

ig? szg E:‘; g?f‘ Subroutine for space.

162 P2

163  ENTt

164 Y

165 1

16€ -

167 &

168 &

LABELS FLAGS SET STATUS

A Start Bty (24 [Coxitvi ) [Pxivi i [Fxiaviotc [0 Print FLAGS TRIG DISP
2 Print ® Used © Used “ Used S " x-(Correct) ; N peg w | Fix
O Print x;, y; | Used 2 Used 3 Used 4 Used 2s,’ 1 U X | GRAD [l | SCI
5 B 7 5 Space Tprint 3 ST ENG




L02-01

Factorial, Permutation and Combination

@81 xLBLA 857  LSTX
g82  CLRG Initialize 858  Xx<y?
082 LFa 259  GSB6
804 a ese  ST107
@8s RTN <9 1
806 xLELE Set flag O for print. @62 8101
287 SFe 863 +
peg 1 a64  ST06
@82 TN 865 CLx
@1e  xLELD a6e  X=Y?
a11 2y 867  6T03
812 GSBa 868  xLBLE
FTERe fnutm. 1 for mPo. 669 Ry
814  G3Ba are 1
015 KY7 671 RCLI
a@1eé G102 &7z +
a1z ENTt €72 sT01
o18 @ avd  Xsyv
612 K=Y? 8?8 ET0S
aze G103 67¢  RCL7
821 arv X2y
622 ére +
822 @79 LSTX
224 o -
828 - 81 kCLE
@ze  §T01 82 x
a2? ke @87  ZTO6
gz2e  ST07 684 CTOR
829 xLBL! 085 ¥LBL4
a3e  RCL7 @86 Ré
631 1 a87 Ri
32 - a8 GSBa mPy=m
632 CTa7 989  GSBb
a34 X a9 RTN
835 Dszl @91  xLBL6
a3k CT01 @92 £TO6
£37  ESBa 697 X2y
&32  6SBb 294 RTN
39 RTN 095 xLELS
@4e  xLBLZ B9€  RCLS
841 é 897  ESBa
a42 N @98 GSBb
943 *LBL3 Error 299 RTN
@44 ENTT 18@ xLEBLC
a4s 1 il GSBa
@4€  GSEa 182 s701
347  GSBb 182 sT02
a48 RTN 184 '3 Input n for n!
@49 ¥LBLE ias5 5
gse X2Y 186 X2y
0851  ESBa 187 X£y?
es52 2y Input m, n for ,C, 188 ET09
@852  GSBa 189 X2y
es4  XY? 18 -
855  GT02 11 sto1
a5¢6 - 112 LSTX
REGISTERS
0 " mon 2L og(60M-..|° (n - i) ° ° Used 7 ®nn °
S0 S1 S2 S3 Sa S5 S6 S7 S8 S9
A B C D T 6o




L02-02

113 N¢

i14 Loc

115 sT0Z2

i16  RCL1

117 ENTt

e LoG

18 5T+

1286 xLeL7

121 [SszI

122 GTOE

i2 craz

124 xLBL?7

128 RCLZ

12€ INT

127 G5Ba

i2e  RCL2

129 FRC

i3e 1a*

131 DSPY

132 GSBa

132 DsF2

i34 RCL1

138 ESBe

13€ RsS

137 R¢

138 R$

139 RS

ide Rt

41 RTN

142 xLBLE

1:3 RCL; Take log (n —1).

145 -

146 &T03

147 LGE

48 ST+2

148 G107

:2&17 tLBbS' For n < 69.

152 ESBa

153 GSBb

154 RTN

.

;gg ‘L?EQ Subroutine for print

157 PRTX

158 RTN

{

}zg ng;g Subroutine for space.

161 SPC

162 RTN

LABELS FLAGS SET STATUS
A Start ® Print? C nnt O mtn>mPy [Emtn>mnCy |0 Print FLAGS TRIG DISP
° Print | Space ‘ ‘ ‘ ‘ e DX oes x| mx w
0 C, T ml! 2 Error 3 mPo. mCo mPi. mC, 2 1 X GRAD O scl [
2 0O X RAD [ ENG

> Output ° x2y 7 n>69 5n>69 9n<69 3 3 X n_2




LO03-01
Moments, Skewness and Kurtosis

(For Grouped or Ungrouped Data)

a@1  *LBLA 257 F17

@62  CLRG @58 CHS

@82 P25 Initialize @59  ST+1

e84 CLRE 268 X2y

885 25 61 x

Gee  CFl 962 ST+2

@s7  CFo 863 LSTX

o6e 4 864 x

a8s  RTN 865 ST+

918 #LBLa Set flag O for print. 066  LSTX

€11 SF@ 367 M

@12 1 868  ST+4

13 RTH 069  LSTX

814 xLBLE G7e M

€15  ST0A a71 ST+5

@1€  GEBY Input x; for ungrouped data. G72  RCLC

@17 I+ &73 1

@18 L6L! a7 F17

@19 F3S a7 CHS

628 RCL4 a5 '

621 KCLS 877 700

822  RCLS 78 GSEBY

@2z Fds @79 6SB8

624 ST01 @88 RN

625 Re 381 ¥LBLE

ggg bfgf ggg G‘S’gll] Correction for yp, f,.

628 §T02 @84 CF1

829 RCLA 285 RTN

e3e k 486  *LELk

231 yx 287  RCLZ

@32 F17 age  KCLI

833 CHS 283 = -

834 ST+4 @9  ST06

635 RCLA 891  €5BY

636 4 892 G5B

a37 yx 892  RTN

838 F17 €94 LELc

439 CHS 295  RCL3

@4e  ST+5 @9  RCL1

841 RCL1 297 =

242 GSBY 298 RCLE

042 GSBB @99 xz

@44 RIN 186 STOS

845 *LELC 181 -

bae EsB3 Correction for x; 102 5107

@47 SF1 ke 182 G5B9 M2

a4e 3- 184 RS

049 GSBI 185  RCL4

@56 CF1 186 RCL3

851  RTN 187 RCLE

852 LBLD 188 x ms

gg;’ GSE; Input y;, f; for grouped data. i?g x3

855 X2y 11 -

856  GSBY 112 RCLI

REGISTERS

° Tnor2h PExorShy: [Extorsty?] xtor styd PExtor oyt |® %ome || my - Ca—
S0 S1 S2 S3 5 v, 55 3 S6 >, S S8 tn s
A Xi & c 0 E I




L03-02

113 : 169 Fg?

114 RCLE 178 SFC Subroutine for space.

115 RCLS 171 RTN

116 x

117 2

118 X

119 +

128 STOS

121 6SEI

122 RsS

1232 RCLS

124 FCLE

125 RCL4

12€ x me

i27 ]

28 X

129 -

3@ FCLE

131 RCLZ

132 X

132 [

134 x

138 +

3¢ RCL1

137 :

132 RCL®

39 2

4@ 3

i41 x

142 -

142 SToe

144 GSES

145  &SRe

146 RTN

147 aLBLd

148 RCL3

149 RCL7 n

i5e 1

151 .

152 5

152 yx

154 €

155 G6SBY

156 R/S

157  RCLE

158  RCL7

159 X2

168 + ”

161 6SBY

162  6SB8

163 RTN

64 oLeLs Subroutine for print.

16€  PRTX

167 RTN

168 xLBL8

LABELS FLAGS SET STATUS

A Start B xi (24) © xic (2-) Oyitfi (S4) [Fyitfic (E-) [0 Print FLAGS TRIG DISP
a Print? DX Comy,mymy |9y ys e ' Correction 0 ON OFF DEG x —_—
0 ! Used 2 3 4 2 1 x GRAD scl
5 6 7 8Space 9Print 3 ; : RAD ENGZ




L04-01

Random Number Generator

981 #LBLa Input a, b, clear secondary 857 #LBLS

0802 28 registers. 858 #LBLC

883  (LRG 859  6SB?

684 P28 8s8  STO0?

685  GT0c¢ 861  6SB?

@86 *LBLA 862 2 Normal number generator.

087  GSB? 862 X

688 RCLC 264 1

689  RCLD 865 -

a18 - 866  ST02

611 X u; 867  RCLZ7

812 RCLD 868 2

613 + 863 X

014 #LBL2 e7e 1

815 PRTX 671 -

1€ STO9 arz  stot

€17 I+ a73 wP

are  RCLA ar4 X2

e19 + 75 1

62e  STOA G7e  X4Y?

621 RCLS 77 €T0S

622 X2 are R

623 RCLB 679 ENT?

24 + ase LN

@25 STOoB 881 2

826 1 @82 x

a2 RCLI 083 CHS

28 + @84 X2y

@29 ST01 @8s H

@38 RCL9 8¢ e

631 RTN as7  sTOE

32 *LELb 688  RCL!

€33 ST0D 889  GEB6

@34 GSBa a9 RTH

35  RCLD nputk. 891 *LBLC

636 *LELS @92  RCL8

837  PRTX 892  RCLZ

638 SPC 894 xLELE

832 RTN 695 x

@4@ xLBLB 89¢  RCLC

041 6587 a9v X

042 RCLD Random digit generator. 69e RCLD

843 X 899 +

344 INT 188 102

@45 1 181 #LBLA

046 + 182 GTOk

a47 6702 183 sLBLD

642 *LBLc 184 ESB7

649 STOC 185 LN

ase 2y , 186 CHS

851 STGO nputm, g. 187 RCLD Input u, exponential

852 Gsea 188 x random number.

653  RCLD 189 &T02

54  GSB4 118 *LBLE

855  RCLC 111 SPC %

a5¢ 6703 112 X

REGISTERS

° ‘v, ¢ v, ° ¢ ° ° Ty 5/-21n8/s |°
SO S1 S2 S3 S4 x; S5 .\;xlz S6 S7 S8 S9 n
A Used 8 Used C borao O aorkormor u fir1 ! index n




L04-02

113 6SB4

114 R/8

118 S s

116  GSB4

117 R/S

118 28

119 RCLY

128 P2S

121 ESB4 n

122 SPC

123 RTN

124 xLBL4 Subroutine to print.

125  PRTX

126 ETN

127 sLBL@

28 .

129 5

138 z

131 &

132 4 "

133 1 !

134 3

13§ 3

136 STOE

137 a

138 <T0A

39 ST08B

148 ST01

141 SPC

142 RTN

142 xL5L7

144 RCLE

145 9

14€ 9

147 7 ]

Lee N andom number generator.

149 FRC

158 STOE

151 RTN

LABELS FLAGS SET STATUS
A ° ~d; © i P e EoXisin FLAGS TRIG DISP
@ alb— > > > ON OFF
atv o cmto ou ° 00 x| DEG x | FX ¥
OugtoRg [ Used 2 3Print, space |4 Print 1 x | GRAD U | sci U
2 O x| RAD (1| ENG

° Used © ni nist 7997 x u; K o 3 X n




L05-01

Histogram
081 xLBLA Initialize 857 RCLD
082  CLRG 858 2y
283 P25 859  X=Y?
084 CLRE ase  6SB2
085 =8 861  RCLC
a8é CFe 862 -
es?  CF1 062 RCLA
oas e 064 17%
@88 RTN 065 x
@1e  xLBLC 066 INT
811 Ré @67 1
a1z &sBe 1NPUt Xmin, Xmax - 868 X2y
813 sTOC @60 +
e14 L3 o7e  LSTX
e15  sTo00 arl 3
#1€  GSE8 872 :
817  6SB7 ar? INT
é1e GSE7
a1s Xy
ace -
a21 2
622 4
27 STOE
624 =
625  STOA
@2 RIN
@27 LBLE
028 a
[ZER (1))
a3e £34
€31 Gseeg Correction
032 3-
833 SF1
#34  G3Be
@35 CF1
@3 RN
637 #LBLD
@38 sToe
839 [
048 STOI Input x;.
641 RY 697  &T09
042 GBS 698 LBLd
842  RCLC 293 7
44 Y2 188 CHE
645 6708 181 x
646 Ré 82 e
847  RCLD 102 RTN
248 2 184 *LBlo
643 XY? 185 SPC
256  GTOe 186 @
251 @ 187 sTal Listing
g5z x2¥ 188 RCLC
053 I+ 189 STO0B
@54 =xLBlLc 118 %LBLS
855 ST0¢9 111 1521
856  RCLE 112 2
REGISTERS
0 "1,23 [Pase  |PPr.a9  ["10,11,12 [213,14,15 16,17, 18 [119,20,21 [P22,23,24 [° n
S0 St S2 S3 54 3, 55 ¥ 2 S6 3y, 573y, SEyxiv; S9
B
(Xmax — Xmin)/24 Xemin. last range Xemin © Xemax JE 2 "Counter 1-8




L05-02

113 sT09 169 RCLY

114 GSBe 178 z

115 RCLi 71 x

116 EEX 2+

uz 3 173 PRTX

18 x 174 STOB

i19 INT 175 RTN N .

128 DsPe 176 #LBLB Set flag O for print.

121 PRTX 177 SFe

122 SPC 178 1

123 Dspz 179 RTN

124 1 189 sLELb

125 §T08 181 6SB7

126  63Be 182  63B7 Forn, %5

127 RiLi 182 Pzs

i2e EEX 184  RCLY

29 3 185 F3§

i3e x 18€ GBS

131 FRC 187 RS

132 EEX 188 5

132 2 189 GSEE

i34 x 198 RsS

135 INT .91 I3

136  DSpa 192 GSBE

137 PRTX 93 ESBT

138 SPC Listing 112"4 LgTN

e T ! 5— ‘LbLi Subroutine for print

140 a 19 F@

a1 STOS 197 PRTX

142 GSEBe 198 PTN

143 RCL 199 kLEL7 s i

144 EEX T Fa» ubroutine for space

145 3 281 SPC

4 x 282 RN

47 FRC 203 *LBLZ

148 EEX 284 RCLA Correction for input

i49 3 295 2 equals to Xpmay .

158 x 286 :

151 INT 2687 -

152 [DSPe 8¢ RTN

152 FRTX

154 SFC

155  DSFE

15¢  RCLI

157 8

158 xX>Y?

159 GT0S

168 RTN

i61 xLBlLe

162  RCLE

163 PRTX

164 RCLC

165 RCLA

166 RCLI

167 3

168 x

LABELS FLAGS SET STATUS
A Start B Print © Xmax: Xmin | Input £ Correct O Print FLAGS TRIG DISP
a List Y onix:s Cy 910* © Used ' Correction o ON Oir DEG X X B
0 1 2 3 4 2 1 X RAD | SCI [
Error Sorting Cor. f0r Xmax|” R gADD sa

5 Listing ° 7 Space 8 Print 9 Printindex |3 3 x n




L06-01

Analysis of Variance (One Way)

881 xLELR 857 RTN

882 CLKG 658 #LBLS

283 P2S 859 P2S Clear registers for new i.

684  CLRG Initialize 668  CLRE

885 28 861 28

286 CFa 62 RTN

687 CF1 863 *LBLD

aeg CFz 664  6SB3 Correction

(L) a 865 -

@1e RTN 86¢  63SBS

@11 »LBLC Input x;j. a467 RTN

a12 F27 868 #LBLB Set flag O for print.

612 6589 869 SFe

@14 6SB3 are 1

815 I+ arl RTN

&16  *LBLS 872 *LBlLa

a1z F2s @73 RCL4

a1e RCL4 ar4 RCLT

a12 RCLS ars Xz

a2e Fas ave kCLe

a21 ST0B er? : TSS

822 R az sTo8

23 ST0A az9 -

a24 R 8ge  ST08

@25 G3BZ 881  G3B3I Trss

82¢  €Sea agz R/

az2z? TN 833  RCLS

@28 «LBLE @84  RCLS

@629 1 a8s -

83e  ST+9 88¢  STO!

831 SFz 887  GSB3

632 RCLA 888 RsS

32 ST+7 089  RCLA ESS

@34  RCLE @9e  RCL!

835 ST+4 @91 -

23 F3S a9z sTO02

@37  RCLS X 893 63B3

638 P2 ' 094  GsE@

639 ST+s 295 FTN

@48 RCLA a%¢  xLBLE Subroutine for space.

G41 Xz a97 Fa?

a42 F2s a9e SPC

643  RCLS 899 RTN

@44 F2$ 1ee xL2L3 Subroutine to print.

a45 £ 181 Fas

bae  STHS 182 FETS

a47 % 183 RIN

848 GSB3 184 ¥LBLb

642 R/S 185 RCLS

658 8 s 18 1 af

851 ESB3 ! 187 - !

852 R/S 168 ST03

853 RCLA 189  G5B3

854  6SB3 1@ RsS

855 6SBE 111 RCLE

) sum 112 RiLs o

REGISTERS

% 1ss "1ss  Foess [ oaf, [f mex? Pt e, Tyexg P oExg °
0 > 2 B S4-\-:’(i S x;? 6 2y 7 Sy;? e Zxiyi s9 n
A Ixi, dfy B sx F C o € |




L06-02

113 -

i14  STOA

115 65B3

116 R/S

117 RCLR

118 RCL3 df,

119 +

28 6SB3

21 £spe

122 RTN

123 xLBlc

124 RCL1 TMs

125  RCL3

i2¢ .

127 6SBZ

128 R/S

129 RCLZ EMS

138 RCLA

131 <

132 GSB2

133 RS

134 B

i35 GSES

i3 6SBe F

137 STOE

138 RTN

LABELS FLAGS SET STATUS

A Start B print? Cx“ - P Xim (22)= [E %, 5, sum; © Print FLAGS TRIG DISP
7S, ... df, s |° © " correction | o N A pec w0 | Fx «x
0 Space ! 2 3 Print 4 2 New data 1 X GRAD SCI !
5 6 7 8 ¥xi, Tx; 9CLREG 3 § z RAD ENG




L07-01

Two Way Analysis of Variance

681 sLELA @57 RCLé
282 CLRG Initialize 858 x
082 Cra 859 =
084 a a6e  STO7
0es RTN 861 CHE
a8 xLELC @62  RCL2
aev 2y Inputr, c. 063 +
g88  ST0S 864 STO!
ees  Gse? 865 RCL3
a1e R 86¢  RCLE
11 a67 £
a1z 668 RCL?
813 062 -
a4 o7e  ST0Z
ars a7t RCL4
ale Input xi. 672 RCLS
@17 ESBS 672 =
a1e Xe ar4  RCL7
§19  oT+z o7 - FoFs
828 RCLA aze s103
221 1 az RCLZ
ez22 + aze +
823 &T0A aze CHE
824 GSES a8e  RCL!
825 RTN @81 +
62¢  xLEBLe 682 ST04
@27  RCL7 @83  RILS
828 CT+1 084 1
@29 Xz Calculate RS;. 285 -
838 ST+3 386 ST0S
831 xLELA 287  RCLe
632 RCL7 age 1
832 4 egg -
634 STOR ase STO6
635 STO7 691 x
@36 X2y @92 cT07
@37  6SBY @92 *
@38 G5Bg @94 sT08
839 RTN 895  RCL2
848 xLEBLE ase RCLS
g:i} g‘;:‘ag Re-initialize for column. gg; e
643 a 99 3
044 sT02 18e  &see
845  STOR 1681 65B9
046  (SBE 182 ko8
047 FTN 183 RCL3
248 xLBLc 184  RCL6
@43 ROL7 cs 95 =
ase XE ! 16¢€ kCLE
851 ST+4 187 %
e52  GTo@ 188  GSBS
853 *LBLd 189 6588
054 RCL1 FiLFs 112 RIN
55 XE 111 *LBLd
856  RCLS 112 RCLS
REGISTERS

0 ‘.‘.}.‘.}x,j,TSS 2).I}.Ix,f,RSS3Used AUsed ® rr-1 6c,cfl " Used 8 Used

S0 St S2 53 Sa S5 S6 S7 S8

A B . C D E |




L07-02

113 6SBS

114 RsS df,, df,, df

115 RCLé

116 [5:5)

117 R/S

i18  RCL?

119 6SBS

128 6sBeg

121 RTN

122 #lBle RSS, CSS, ESS, TSS

122 RCL2

i24  ESB9

125 R/S

126 RCL2

127 6SB%

i2e R<S

129 RCL4

136 GSB9

131 RS

132 RCL1

133 6SB9

134 €SB3

135 RTN

izg ';g;g For correction of x;y, or

138 CHS i

139 ST+7

14e Xz

41 §T-2

142 RCLA

142 1

i44 -

145 STOR

14¢ G5B

147

;:e nglg Set flag O for print.

49 SFa

15e 1

151 RTN

zgg ‘L?EE Subroutine for print.

154  FRTX

15§ RTN

156 «xLBLE

157 a7 Subroutine for space

15¢ 3PC

1592 RTN

LABELS FLAGS SET STATUS

A Start ® print? Citer Exim (251> | Print FLAGS TRIG DIsP
@ RS, O Re-int. ¢ ~cs; GoF,, Fy... [ooRSS | o D% | oee v | Fx ®
0 0toRa.R; | 2 3 4 2 voLx GRAD SCI
5 6 7 8 Space 9Print 3 i i AAD ENG?




L08-01

Analysis of Covariance (One Way)

(Card 1)

581 #LALA 857 RCLA

#82  CLRG 85 +

283 F3s Initialize 859  STOA

084  CiRG 860  RCLS

985  Pas 861 RCLB

89 CFe 662+

087 ] 863 STOB

088  ST08 664 RLL6

883 RTN 865 RCLC

518 *LBLE o6+

611 Fzs 667  STOC

a12 e For new i. 668  RCL7

617 S704 869  RCLD

814 ST05 g7+

615 5706 e71  STOD

016 sT07 072 RCL®

817 ST08 873 RCLE

818 5709 e74 +

e19  P3s @75 STOE

828 1521 #76  Pas

621 RCLI 677 RCLS n

622 GsBB g7e  ST+@

622 6581 g7e  F2s

624  FIN 088 ST+@ _

825 *LELY Subroutine to print xj, 881  RCL4 Pl

82€ Re vii 682 FPs o

827 FRTX 683  GSBS

a28 * e84 Fzs !

829 PRTX 085  RCL6 Zyij)?

9 L6 5 2Yii

g3 RIN 886  GSBE ™

831 slbLe Set flag O for print. 887 RCL4

032 sFa 888  RCLE

232 1 883  x

434 ST08 898  RCLS

635  RTN 291 N

636 ¥LELD 892 FP2s

837 Fao Correction for Xim, Yim- 893 ST+5

238 G5B9 094  F2S

639 Xy 895 RCLE

ase - 89€ RCL4

041 5709 @97 PS

842 G5B@ 698  GSB@ i

843 G5B1 099 R/S

244 RIN 188 Ri

645 *LBLC : 181 GSBO

446  Fe? nput for xij. V- 182 ©SBI 5

847 G5B9 183 RS

048 X2 184 #LBLS

045 I+ 185 «x2

856 5709 186 RCLS

851  65B8 187 =

852 6581 188 ST+2

853 RTN 189 RN

054 $LBLE 118 #LBLa Tss

855 P 111 RCLB *

856  RCL4 112 RCLA

REGISTERS

O i, ' rss, Used wss, |* Tsp, *used  [° wse T wssg P10 |7
500, Sirss, [P used [P wss, [Mig S S Sxivii e
A rexg Tk STy E3yi? & EIxivii J' =12,k




L08-02

113 6387 169 -

114 RS ASS, i7e B

115 RCL2 171 =

116 RCLA 172 csBe

117 5386 173 RS

18 RS WSS, 74 P2S

119 - 175 RCL2

126 ST03 176  RCLI

121 6SB8 177 1

122 6SB1 i7e -

22 RS 17 :

124 ¥LBLe Tss 186 RCL3

125 RCLD v 181 p2s

126 RILC 182 KCLE

127 P2 183 RCLI

128 G387 184 -

129 P26 185 B

138 RS ASS 19€ B F

31 R3S v 187 6SBé Y

132 FOL2 188 RS

133 RLL 189 RCLI

134 GSBE 19e 1

135 25 :91 - of

136 R/S 192 GSB@ '

137 - 197 RS

138 F3S WSSy 194 RCLE

139 §703 195  RCLI

148 F2S 19€ - df,

41 GeBe 197 G5B :

142 6Bl 198 GSBI

142 RS 199 FTN

i 3 .

i:; tLB';»z For (TSS)yor, Eg? 'LELBQ Subroutine for print.

146 RCL@ 282 PRTX

147 : 282 RTN

148 - 284 LELI

149 $701 285 Fa? Subroutine for space.

150  GSBE 206 SPC

151 RIN 287 RTN

igg 'Leiz For (ASS)y or y

154 RCLE

155 2

156 -

157 s702

158 GSB@

159 RTN

168  #LBLb

161 RCL2

162 RCLI

163 1

164 -

165 +

166  RCL3

167 RCLe .

168 RCLI x
TS - - \‘LAE[E)LS — - FLAGS SET STATUS

tart New i Xijtvij (£4) [Oximtyim (£-)Esyiisyi Print FLAGS TRIG DISP
3 TSS,; .. P Fy: < d © Print ! ON OFF
0 x DEG Xx FIX X

O Print ' Space 2 3 4 2 1 X GRAD Klel]
5 © ASS, 7 7SS, By Ex;i/n; TPrintxij, vij | i ;:; Fro EN_G_Z_,




L08-03

(Card 2)

@@81  xLBLc 657 B
@82 GSBZ 858  GsBe AMSg
@82 RCE 859 RS
884  RCLA @68 RCL7
865 FCLC @61 RCLe
(23 x 862 RCLI wuisg
aa7  RiLe 863 -
aes : 064 1
89 TSP @65 -
o1e  ST04 866
&11 Goee a67
e12 RS @ase
€12 RCLS
a14  RCLA
@15 RCLE
e1€ X
@17  FRCL&
o1€ B ASP
[DE]
528
821
822
a2z
624
25
826
azv?
az2e
az29
@3e
631
@32 g
633 RiLI
834 = TSS; e Fo7
835 - 891 3PC
€36 SE@ &892 FTN
637 Fr8 @93 xLELZ
e3e F2s 094 CFe
€39 CL3 895  RCLE

FE&

L

z

dfy

WSP
dfy

Subroutine for print.

Subroutine for space.

)

Subroutine for setting
flag O for print.

]

840 896 1
41 897  X=y?
[ZH 098  SFe
043 FOL3 @99 RN
@44 B
@45 - .
046 ST WSSy
047 68
@8 R
@49 - ASSo
@58  GSBE Y
@51  65B1
852  R/S
653 sLBLe
254  RCLI

=

856 -

REGISTERS

0 2
n; TSS, Used WSS, TSP, ° Used © wsp wss;  |P1or0 i

o S2 S3, S4 . S5, S6 (. S7 2 S8, S9
Zn; TSSy Used WSS, Exij Exii? Syij Ty;;? Exijvij Nigj

- D .. E vy
I3y Tyt LExiivij i=1,2,..k




L08-04

LABELS FLAGS SET STATUS

A B c D 3 0

N c Print FLAGS TRIG DISP
a b c d . e A 1 ON OFF

TSP; ... TSS: ... AMSy; ... o MOl Des x| Fx x
0 Print ' Space 2 Used 3 4 2 U X giéD ) 2&3 ]

] 2 b L |8
5 6 7 8 9 3 3 x n 2




L09-01

Normal and Inverse Normal Distribution (Card 1)

681 sLBLA 857 2

a8z : 858  CHS

083 2 858 STO7

004 3 268 .

085 1 061 3

286 € 062 1

207 4 @63 3

688 1 064 3

689 9 065 8

€18 STO03 666 1

a1l 1 967 5

a12 . o68 3

613 3 869 ST08

a14 3 378 Pas

615 [ 671 z

816 2 872 .

@17 ? 073 5

@1 4 @74 1

619 4 @75 5

o20 2 Store constants for normal a7e 5

621 9 distribution. &7 1

622 ST04 are 7

623 ! @79 sT01

624 . 88 .

625 4 681 ]

626 2 082 a

027 1 @837 2

aze Z @84 &

029 5 085 5

638 5 ase 3

831 9 887 £T0Z

032 7 a8g .

933 & 289 i

@34 CHS ase 1

@35 ST05 391 @

23€ 1 292 3

637 . 692 >

e3g H 294 2 s

633 8 895 ST03 tore Cl:\l;ssan(s for

&40 1 @96 1 inverse N.D.

@41 4 097 .

042 7 298 4

643 7 599 3

244 9 ) 2

045 3 181 7

846 7 182 8

e47  STO6 187 g

048 . 104 ST04

843 ki 185 )

658 5 186 1

@51 (3 187 8

852 5 188 g

852 (3 189 2

854 3 118 P

855 7 111 3

856 8 112 STOS

REGISTERS

’ ‘ ’ o bs ° by T S ® b, °
SO S1 Co S2 c, S3 c S4 d, S5 ds S6 ds S7 S8 )
A F S 5 ‘




L09-02

113
114
115
116

i18
119
i2e
121
122
122
124
125

NN N N

LA%ELS FLAGS SET STATUS
A B D E
Start FLAGS TRIG DISP
a b d e ON OFF
o 1) X | DEG X | FIX &
g 3 0 1 1) X | GRAD sci
5 5 5 5 2 X RAD ENG |
3 X n




L09-03

(Card 2)

@81 «¥LbBLE 857 X
282 1 858  RCLE
8837 STOh Store 1in Rp for print. 59 x
284 RTN ase Fe”
@85 *LELC 61 €5B9
666  GSBY 862 Fa?
087 5701 862  SSBe
888  ENT? 064 ETN
@89 x Input x and compute f(x). 865 xLEL1
e1e 2 866 CFa
611 * 667  RCLI
@12 CHS 068 [HS
612 ex @69 STO1
014 Fi @78 GSBe
a15 2 671 1
a1é X arz2 XY
a1z X @73 -
18 = @74 STO9
619 ST0Z 75 65
G2e GBS evé  Goge
a21 GSEE &r?  RCLS
822 ©SB2 aze RTN
823 RCLE @79  xLBLE
624 RTN @ge  GSBY
925_ ‘LE:""-D 881 nea Input Q(x) and calculate x.
@2¢  GSBY ag2  GToe
@27 STOL 883 1
@28  G3BS 0884  XzY?
829  GSBC 885 cTO@
@38 RCL1 o8¢ RY
@31 Xx<e” @87 .
32 6701 Input x and calculate Q(x). ase 3
833 Sfe a89 X2y
834 xLBLc 69e  Xyy?
a3s 1 @91  GSBE
836 RiLl 292 ENTt
837 RIL3 a9z x
638 X @94 12X
@39 + e9s LN
48 17% #9¢ X
&41  ENT? 097 2§
842 ENTT ase  ST07
643  ENTT 299 RCL3
844 RCL4 iae x
245 x 181 RCLE
B4€  RCLS 182 +
@47 + 183 RCL?7
42 X 184 X
649  RCLE 185  RCL!
58 + 186 +
es1 X 187  RCL7
852  RCL? 188  RCLE
253 + 189 x
854 X 118 RCLS
655 RCLE 111 +
856 + 112 RCL7
REGISTERS

0 T ) . L. 5 b 6 by 7 by 5, 9 Used

SO S1 Co S2 c, S3 c S4 d S5 ds S6 ds S7 L S8 S9

A 1o %100 c g ]I




L09-04

i13 x 169 RTN

114 RCL4 i7@ sLBLZ Restore 1 to Ra.

115 + 171 1

116  RCL7 172 STOA

117 x 173 RTN

118 1

119 +

128 +

121 RCL?

i22 XY

22 -

124 28

128 F1?

12€ CHS

127 GSBY

28 GSBs

129 CF1

i3e RTN

i31 xLELS

132 &R Fori-@

32 1

134 -

135 CHS

13¢ RTN

137 ¥LELS Subroutine to print.

132 RCLA

138 e

i4@  GSE7

41 [

142 FETN

143 xLBL7

144 Ry

145 FRTX

14€ RT

147 FTN

§:§ “&?tg Subroutine for space.

56 x>a”

151 SFC

152 Ré

153 RTN

15 aiols Gear s frcctin

i5¢  X>e?

157  E35B4

158 R4

i59 RTN

168 *LBL4

161 STOR

162 CLX

162 ST0A

164 RTN

165 *LBL3

166 RCLB

167 X>@”

168 6582

LABELS FLAGS SET STATUS
A © Print? © x> 1(x) D x—Q(x) Fax)-x O x positive FLAGS TRIG DISP
a b cQ(x) d B 1Q(x)> .5 ON OFF
0o 1 X DEG x FIX

0 Error 1x<0 21-Rp 3Rg>0? [*0~Ra 2 1 X GRAD scl U
5 Ra—Rg © Space 7 Print 8 9 Print 3 i - i RAD ENG




L10-01

Chi-Square Distribution

881 xLBLA 857 rx
882  CLRE ass8  RCL2
282 Cre Initialize 2859 2
804 CF1 066 :
aes [} 861 CHS
286 RTN 862 ex
667 ¥LBLE Set flag for print. 863 x
L1 SFa 664 2
289 1 865 RCLI
a1e RTN 866 yx
811 *LBLC 867 =
a1z 6589 Input v. 268  RCL3
a13 1 869 *
614 STO3 o078  ST05
a1s X&Y Calculate I'(2- az1 F1?
616 2 2 472 6SBY
817 + az3 F1?
818 §701 074  GSEE
a19 INT 875 CF1
92e  LSTX 876 FTN
821 X#Y? 677 *LELE
622 €701 @78 Gibe Input x, calculate P(x).
82z 1 879  RCLZ
az4 - 688  FCL!
a2s N! @81 B
826  GIBI 682  STxS
327  &sB8 883 2
eze  ST03 884  RCL!
829 (26 485 X
239  xLEBLI age  STO6
831 . 087 1
632 S ase  STo4
233 X=Y? 089 xLEL3
634 GTOZ 898  RCLZ
@35 X2y 891  RCLE
ase 1 as2 2
837 - @93 +
a3 STx3 894 STOc
@39 GTO1 495 B
840 xLBLZ @9¢ k(L4
641 Pi 0897 X
@42 X 898 STo4
642 RCL3 @99 +
644 X 188 ¥zY?
645  ST03 181 6703
0846 GBS 182 RCLS
847  65BR 183 X
a48 RS 184 G5B
049 *LELD i85  6SRE
@56 SF1 186 RTN
ggé "&g's'; Input x, calculate f(x). igé ‘ng; Subroutine for print.
852  sT02 189 FRTX
@54 RCL1 118 RTN
855 1 11 xLELS
0856 - 112 fFas
REGISTERS

0 ' v2 ° Sire2) M used [P of ® Used 7 8 o

so S1 S2 S3 Sa S5 S6 S7 S8 S9

A B C D € ]




L10-02

113 SPC
114 RTN Subroutine for space.
LABELS FLAGS SET STATUS
A Start B Print? CooTw2) [Px—1(x) £ x—>P(x) O Print FLAGS TRIG DISP
’ ° ‘ ‘ °fb | Pt o Y| bes x| Ex
0 Tp=2"% 2 (%) 3P(x) 4 2 v 0 x GRAD [} SCI o
5 6 7 8 Space 9 Print 3 i ; AAD EEL




L11-01

t Distribution

57 X2

Y
ese 2

Initialize

Set flag O for print.

Compute I'(v/2).

Input ».

Input x, compute f(x).

Compute R(x)

847 CHS

odg e

048 X

e STek

85! GSE7

852  ESBS For even v.

ps3  RTH

054 *LEL«

55 !

ese £T02

REGISTERS

0y ! 2 % Used o % Used © Used "20/m, R |® Used ¢
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A

x B w2 Crw+1/2) 0 £ !




L11-02

For odd ».

33
e
-1
71

1
1
1

D' ' D ) I 0D M 0O D L) ~d 4 T T T4 "d
113 2 A D g M N & G 1) X £ 5 ) ~) T en 4

LR R R R T )

5
™D W W oDl

£y BT

Compute P(x) from R(x)
for x < 0.

Compute P(x) for x > 0.

Subroutine to print

Subroutine to space

LABELS FLAGS SET STATUS
A Start B print C v O x—f(x) Ex—+P(x) O Print FLAGS TRIG DISP
ER; b ) ] e 7 B ON OFF
1 /2 integer |V even i Used odd + 0 " DEG X -
0P(x), x>0 | 2/2 nointeger [2 /7 x 3 even v +odd v 2 1 x | GRAD scl
~ - 2 x RAD ENG
 Space O P(x), x<0 | Prnt & Forevenv |0 Foroddv |3 5 " n_ 2




L12-01

F Distribution

ggé téﬁ;z 857  RCL4
gg; CFé @68  *LBLS
#61 1
686  RTN 862  ST05
887 sLELE Set flag O for print. 063  RCLZ Even v,
08e  SFe 064 -
g?g RT; 265 €103
@66  RCLZ
811 «LELC Input v, . 867 2
e12 01 068 s
@13 GSBY 269
614 RIN a7e
@15 *LELD o7
216 sT02 Input v a7z
917 6369 673
@18 RIN 274
@19 $LELE a7s
620 GSEY Input x. €76
821 $T06 c77
622 ENTT a7e
823 RCLI ave
624 x 88
825 RCLZ 081
226 + a8z
827  RCLZ 832 s
ggs x2v @84 RCL3
g B 285
a3 $703 536 y
631 RCL 087 €145
ggf & If v, even then go to LBL d g8e D521
o e else go to LBL e. 6gs  CT03
#96 ¥LELZ Even v
835 ] 891  RCLS "
J 0 a CLS
g;g Z}EQ @92  RCL4
293 x
g;g b;?; 894 717
295 GBS
@48 xLBLd ;gs Fllg'?
@41 RCL3 897  6sB&
042 RCL2 298 RIN
443 2 899 sLBLe
?:; sTo7 188 CF!
i o
647 STO4 183 sT01
648  RCLI 104 2y Forodd v,
049 2 185  sT02
@50 - 186 1
ggé K 187 RCL3
= 188 -
253 sTOI 189 s703
g;; xxyg 118 6SBd
11 SF1
856 6705 112 1
n REGISTERS
2
vy or v, v, or v, N t,1-t 4("‘/2 or t1/2 5 Used © X Used 8 Used 9 Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D [l
41 Used




L12-02

112 X2y

114 -

115 6SBY

116  G3B8

117 R/S

i18 sLBLY Subroutine for print.

119 Fa?

i28  FRTX

121 RTN

122 #LELE Subroutine for space

122 Fa?

124 SPC

i25 ETN

LABELS FLAGS SET STATUS

A Start © Print? v O v, E xP(x) © Print FLAGS TRIG DISP
a b 9 even v, € odd v, 1 v, even o ON O)EF DEG ® X ®
0 1 output 3 for P(x) 4 2 10K GRAD (! SCI
5 for P(x) © 8 Space 9 Print 3 i [ ; RAD ENGZ )




L13-01

Multiple Linear Regression

281 *LBLR a57 X2
d82  CLR& 858  6SB2
683 (Fe Initialize 259  ST+i
084 CF1 068 RIN
08s ] 861 sLBLE
aec RTH 862 RCLE
887 sLBELC 062 RCL4
@ee  STOC 264 x
089 R 865  RIL7
@18 ST0B a6¢ Xe
e R a67? -
@12 ST0R a6g  STOD
813 ESB7 @62 RCLE
a14 7 a7@  RCL3
@15 STal a71 X
61 Re Input x;, vi, 7i- 872 RCLE
@17 G5Bl @73 RCLY
a1e & az4 X
@19 gt0I avs -
828 RCLE Compute Xx;, Xy, ove X
€21 GEBY Ix?, Ty, Tz er?  stOC
822 G5Bl Syizi, Tzix;- @7g  RCL& Calculating a, b, c.
823 k] 879  RCL1
a24  STOI 08@ x
825 RCLC 881 RCLV
a2¢6 G5B9 882  KCL®
827  G&Bl1 283 x
228 RCLA @84 -
229 RCLB 885  STOR
38 x @3¢ RCLE
@31 GEBZ 287  RCL2
832 §T+1 age X
832 RILA 683 RCL7
@34  RCLC @9¢  ROLS
63s X 91 X
836  GiB2 892 -
837 ST+2 692 <TO0B
@38 RCLB 894 x
@39  RCLC 895  RCLC
@48 x 696 X2Y
841 6SBZ2 897 -
842  ST+2 ase  RCLL
643 1 @99  RCL®
&44  6SB2 186 RCLS
845 ST+0 181 X
@46 RCLE 182 R{L8
047  6SBY 182 xz
048 RIN 104 -
849 xLBL! 185 x
gg? g;‘f‘, Subroutine for Sxj, Ex;? .. igg RC;‘;
852 RCLI 188 -
853 3 189 s
054 - 118 STOC
855 s701 111 RCLER
856 R 112 RCLA
REGISTERS

0 n T Exiy;i 2 Sxiz; 3 Syiz 4 ox 5 xy? 5 72 (S 8 3y, 9 3y

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
Used, a ® Used, b 2 Binb,c © lnxxi? - (2xl] [FnZa? - mx? |




L13-02

112 RCLC 169 6SBI

114 X 176 ENT? Calculating approxi-

115 - 171 RCLC mated z value for given

116 RCLD 172 x X,y

117 B 173 X2y

118 STOB 174  RCLE

119 RCLY 178 X

12 RCLC 17€ +

121 RCLE 177 RCLA

122 X 178 +

123 - 179 63BS

124 RCLE 188 RTN

128 RCL7 181 xlBLe

12¢ X 182 Fa? . v

27 - 83 SPC =X 2Vie 22

i2e  RCLO 184 3

29 = a 185 ST0I

38 STOA 186  G6TO8

31 GSE7 i87 RTN

132 R/S b 188 xLELd

132 RCLE 189 3

134 GSBS 198 ST

135 R/S ¢ 191 GiBE

13¢  RCLC 192 RTN

137 GSEY 192 »xlLELe . - .

138 R/€ 194 @ =XV 2Xizi 2YiZi

139 xiBlLa 195 sT0I

148 FKILA 19€  GSEE

141 RCLE 197 RTN

14z x 198 sloLE

43 RCLE 1£21

i44  RCLZ RCLi

145 x GSBS Print for LBLa

14€ + RS LBLb

147 RCLC 2 GT0E LBLc

‘;:g RU;_? Calculating R? 285 ‘Lglg

158 + 28¢ SF1

151 RCLS® 287  GSBC

152 Xe 288 CF1

152 RCLE 282 RTN For correction of xy,

154 % 21@ xLELB Yk Zk-

155 - 2 SFe

156  RCLé 1

157  RCLS RTN

158 Xe Z14 xLEBL7 Set flag O for print.

159 RCLE 215 Fe?

168 B 21€ SFC

161 - 217 #LELS

162 £ 218 Fe? Print x;, vi, Z;.

163 6SB7 219 PRTX

164 RTN 22e RTN

165 =#LElLk 221 sLBL2

166 A2y 222 F17 Change sign for

167  GSB7 223 CHS correction.

168 X2y 224 RTN
N 5 _ LABELS FLAGS SET STATUS

Start Print? © Input " Correction |© »a;b;c O Print FLAGS TRIG DISP

a ~R? ° xty-z RSO CIESSNCHNN CS v ! Correction | ONOFFL L Ex %
0 ! 2 CHS 3 4 2 1 X GRAD scI [
5 6 7 Space 8 Print 9Print 3 ; :: AAD ENGZ




L14-01

Polynomial Approximation

(Card 1)

1 for print

857 ST+6

Initialize 858 cT08
859 sLBLe
B66  RCL8
B61 ENT?
862 +

Input N. 062 1 Calculate fo (i) f(x;).
264 +
863 b 4
866  RCL7
867  RCLE
268 -
869 x

Input y,. 678 K=y
arl kCL7
e72  RCL®
€72 +
874 1
a7s +
are X
677 RCLE
are X
ar9 -
ase  RCL7
281 kCLE
@882 -
883 £
ag4 RCLE
a8s 1
ase +
as? STO8
age B
889  RCLY
a9e a4
a91 ST09
a9z RTN
£92 sLEBLE
894 Fa? Input order of polynomial.
895  FRTX
asé HTT
897 2
asg  x=y°
699 GioZ
186 CLX
181 3
182 X=Y?
183 6703
164 oLX
185 4
186 X=v?
187 6T04
188 oLX
189 ]
116 H
111 xLBL2
112 CLX

REGISTERS
o T iffhao PG a () e | () [t e |0 20 7 5 @ 0 ) Hx;)
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
B C 5 \




L14-02

113 169 X2y

114 178 X

115 7 ST0S

116 172 LSTX

117 172 RCLé

118 174 X

119 175 sT07

128 176 CLx

121 177 R/8

12 i78 #LELd (f, i)

123 179 RCL7

124 186 RCLS

125 181 1

126 8z M

127 183 +

128 184 e

129 185 RCL?

13 186 RCLE

131 187 -

132 i8¢ N

133 182 x

134 198 RCLS

135 191 ROLE

136 192 1

137 - 193 +

138 2 194 €708

139 x 185 +

148 STOE 196 B

141 B 197 RCL7

142 2 198 NY

142 X 199 ENT?

144 cT08 Zee X

145 Ry 201 £

14€ 2 ez RTN

147 + 283 xLBLE

e oy oFe Set flag O for print.

149 B 285 1

58 ST0s 8¢ STGA

151 RCL2 2er  RIN

152 X

152 ST-1

154  RCLE

15§ FCLZ

156 X

157 §T03

158 RCL7

159 RCL7

168 FCL7

161 Z

16z -

162 B

164

165

166

167

16€

LABELS FLAGS SET STATUS
A Start B Print? C N Ty~ £ n O Print FLAGS TRIG DISP
a b c d e 1
© ) it e DK oee x| ex w

0 Print | i 2 Used 3 Used T Used 2 1 x | GRAD I | sci
5 6 7> 8 9 (i) flxp) |3 3 i RAD ENG?




L14-03

(Card 2)

961 sLbLo 857 RCL7
802 Rt 958 XY
993 Rt 959 x
504 3 968 ST+8
pes + B61 LSTX
996 ENTT 962  RCL9
087  ENT? 963 x
o68 5 864 RCLS
w89 - 065  x
a1e = 966 ST05
o11 2 867  LSTX
a2 x 068 STx8
013 3 969  RCL6
a14 z aze X
815  RCL? Continue a71 ST+
g1+ 872 RILS
017 sTo7 873 §7-3
aig KCL4 874 *LELE
a19 X ars RCLA
aze g1-2 are xya?
821 LaTx ar? SFa
022 RCLS ave 1
g23 e !
824 5704 ose
825 Rt #81
8zé Rt a8z Input xp, Xo .
Bz7 4 ag2
g2+ 084
822 ENTH 085
038 ENTY a8€
631 7 887
o3z - oge
032 = og2
034 3 ase
a3s X 891 RCLE
a3e 4 a9 -
03 - 893 §706
a3s ECLE 894 2
839 Xz 895  RCLS
o x 99 =
041 sTO6 037 sT0€
a4z LETX 898 RCL1
84z RCLE a99 RCLE
044 x 188 RCLZ
045 5708 81 x
B4€ (33 182 +
847 ENTT 183 RCLE
248 ENTT 104 ENTT
@9 ENTH 185 x
258 3 186 kL3
851 - 187 X
052 = 8+
@52 7 189 s701
o4 x 18 ReL2
055 4 11 RCLE
g5 = 1z RCLZ
REGISTERS

o " bocado Fbicrdr P brcady |bycady |Tbascads |° Used | Used Used |

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A 1 for print 8 C o JE !




L14-04

112 x

1 2 Output dg, dy, dy, ds,

115 X da.

116 +

1z sroz

118 RCL4

119 RiL6

128 x

121 3

122 X

123 8T+3

124 RCLE

125 X

126 GT+Z

127 3

128 z

129 RiLe

130 x . S

131 §7+1 nput x, calculate y.

132 RILS

132 RCLE

134 X

135 4

3¢ X

137 ST+4

138 RCLE

139 X

148 1

141

142

143

144

14§

id46

147

148

i49

158 N

151 RCL1

152 ;

153 x csBe

154 ST+ RTN

155 RCL8 SLELS

i5¢ LCHS Fa2 Subroutine for space

157  ENTt SPC and print.

158  ENT?t *LELE

159 ENHT?t Fa?

166  STx2 PRTX

161 X FTN

162 STx2

163 X

164 STx4

165 X

166 STxS

167 RS

1668 xLBLe

LABELS FLAGS SET STATUS
i OSetflag0  |© 1d ‘ © Print FLAGS TRIG DISP
a (continue) [P xnTxqo Cdy,d,, dx9 e 7 ON OFF
o 0 X | DEG X | FIX X

° ' ° 3 ¢ 2 1 X | GrRaD U | sci O
> ° 7 B Print 9 Used 3 S § RAD EnG 0




L15-01

t Statistics

UOT  ¥LBLA esv -

oez  (re ese  §T-2

ees CF1 Initialize 859 Xz

004 e ece  ST-3

865  ST01 9] RCL1

e@e  ST102 (/3] 1

eer  ST03 ee3 -

eas RTN ec4 §T01

809 xLBLC Input x;, y; for paired t @cs  GSEE

10 Fe? statics. 133 RTN Set flag O for print.

811 6SBS 8ET  sLELE

e12 - 8ce SFe

a17  ST+2 Beq 1

e14 Xz av RTN

015  ST+Z 71 sLBLS Print x;, y;.

61€  RCL! T2 s

ez ! 72 SFC

e18 + ers PRT:

a19 §T01 7S Ny

620  €5B0 8ve  FRTX

ezl RTH erv RTHN

622 #LBLE B, Sp. ti, df, 678 #LBLu Input x; o y; for t

023 RCL2 078 GSE[? statics for two means.

ez4 RCL! ase Z

A2s z eel

eze  ESB! es2

8z7  GSEC 22 RCLI

228 R/S e 1

829  RCL3 gas +

838  RCLZ age  ST0!

831 XE 8T GSee

032 RCL1 aee GSEL

833 H egs RTH

a34 - e°@ xLBLc

@35 RCLI /21 sT67

e3¢ 1 @32 6SBe

e37 - @37  GSB!

e3e £ 854 F1©

/3¢ X ess RS

@48 GSEO @%¢  RCLI 4

041 R/S @a7  ST04

842 RCLI €32 RCLE

843 X @39 STOS

044 B 180 RCLZ

048 = 181 sT0€

a4 ESBe 182 é

a47 RS 183 ST0!

64¢  RCL! 184  STOZ

849 1 165 ST0Z

esé - 186 RCLY

851 csee 1a7 SF1

@52  6SB1 1e¢ RTN

853 RTN 189 sLBLJ

@s4  sLBLD For correction of xy, yi. 118 RCLE

ess Fa? 111 RCLS

856 6589 112 Xe

REGISTERS

© Used Tnongng Used Used m 5 vx © rx? 7 By tm -2 |°
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D i




L15-02

169 xLBLE@
17e Fat
171 FRTY
172 RTN
173 sLBL!
Fac Subroutine for space.
17 SFC
176 RTH
t,, dfy
For correction of xy or yy.
LABELS FLAGS SET STATUS
[ start B Print C xity; O e tyy - €-D,Sp .. |° Print FLAGS TRIG DISP
Cxiovi  Pxworve [ d- Ctidh ’ | Newd o N s w | X w
0 Print 1 Space 2 3 4 2 1 X GRAD scr [
- _ 2 © x| RAD ENG_ ()
> g 7 8 IPrintx,y; | 3 X n_2
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Chi-Square Evaluation

881 #LELA 857 RCL3
082 CFa Initialize 858 =
083 CF1 as58  ST-2
284 [ B6@  RCL!
285  S101 861 1
#0€  ST02 862 -
pe7  ST03 063  STO!
eee  RTN 264  6SBS
809  *LELC 865 RTN
18 Fa° 866 ¥LELa For equal expected
811 65BS 867  65BE frequency.
812 &T03 s+ 868 ST+2
0132 - 869 Xz
814 Xz 878  ST+3
215  RCL3 871 RCL1
o1€ 3 872 1
@y eT @73 +
a1g  RCL1 874 cTd1
@19 1 875  6SB8
0226 + 07€ GSET
@21 sT0! a7?  SF1
azz  6SB8 a7e RN
823 RIN 979 #LBLb
3;: ILEIJ.E gg;? §,§§ For correction Oj.
826 6701 X2 282 Xz
@27 ROLE ! R
828 G5BT #84  RCLI
825 GSBE 885 1
@36 GIBY 8¢ -
a31 FTN 8gr <101
83z aLBLI 088  G3BS
232 1 289 GSBY7
834 RCLI NG a9  FTN
035  RCL3 : 891 &LELE Set flag O for print.
23¢ x 892 sFe
837 RCLZ a9z 1
e3¢ B 294 kTN
Q (L2 L9
b
241 6387 897 =Y
842 6SBS 898 PRTS
842 FTN 899 X2y
244 #LBLd 108 FRTK
845  RCL2 181 FTN
S:; ReL1 jgf, ‘Lf‘;‘, Set flag 1 for equally
848 coBe 194 CTOE expected frequency.
049 GSB7 185  FIN
ase RTN 186 sLBLS Subroutine for print x.
851 sLBLD For correction O, E 167 Fé?
852  Fe? ’ i S 188 FRTX
853 6589 189 RTN
gg; 038 H‘; ‘Li‘é'q Subroutine for space.
856 Xz 112 SPC
REGISTERS
0 1 n 2 Used 3 Used 4 5 6 7 8 E]
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D |




L16-02

113 RTN
LABELS FLAGS SET STATUS
A Start B Print CO1E,~ 00, TE, R O Print FLAGS TRIG DISP
a S+ b o 1 E e 1 ON OFF
0; (X+) Op (X-) Equal E, . f DEG x X x

0 Ty, 3 4 2 1 X GRAD SCI

- 2 O RAD ENG
5 6 7 Space & Print 9 Print 3 3 z n_2
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Contingency Table

281 *LBLA - 857 #LBLa

882  CLRE Initialize 858  SFe Set flag for print.

203  CFo 859 1

884  CF1 268 RTN Print x,j, x.

085 [ 261 xLBLY

296 RN 62 X2y

807 xLBLB Input x,j, X, for 2 x k. a63 PRTY

288 Fe? 264 X2

209 G5B9 865  PRTX

a1 [ 866  RTN

a1t sT07 867 ¥LBLb Ixk

a12 R¢ 268 Fa?

a1z €588 869  GSBS INPUL X}, Xy, X

e14 RN 878 sTOC

215 LBLD 71 F1o

816  RCL@ 872 CHS

a17  RCL4 2xk ar2  ST+3

a18 x @ 874  sT08

819 RCL1 @75 5707

a2 E @76 ENTt

821 RiLO a77 x

822 RCLS 978 sTo08

823 RCLZ a7 R

824 : @88 sLBLé Input X, Xy, for 3 x k

825 x a8l STOB and2nk >

026 + a8z F1° ’

827 RCL8 083 CHS

828 - 084  ST+2

829 s70D 885  ST+@

830  GSB7 886  ST+7

831 RS 887  ENTt

832 RCLD 2%k ase x

833 RCLa c @89 ST09

034 RCLD © 298 RY

835 + 891  STom

836 : 292 F1°?

837 X @93 CHS

838  GSBY7 894 ST+l

839 G5B6 895 ST+

o480 RTN 896  ST+7

041 ¥LBLE 2k 297  ENTt

042 RCLI 298 x

243 GSB7 RiRa, T 899 RCL7

044 R/S 180 E

245  RCL2 181 ST+4

04 GSBY 182 RCLS

047 RsS 183 RCL7

848 + 184 B

849 GSBY 185  ST+5

@58  GSB6 186  RCL8

851  RTN 187 RCL7

852 #LBLC 2 x k correction. 1688 =

853  SF1 189 ST+6

854  65BB 11e 1

855  CF1 11 fF12

856  RTN 112 CHS

REGISTERS

0T ' R, 2 R, 3R, 432 x1i/C; [° 22 xyi/c 6 2 x3i/C; c 8 x5 9 e
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A 1 xaj C X3 D X2 E « |




L17-02

113 RCLE 169 RCLE

114 + 178 6587

115  STOE 171 3L}

116  6SB? 172 #LBLc 3 x k correction.

117 65B€ 173 SF1

118 CF1 174  ESBb

119 R/S 175 CF1

126 RCL7 176 FTN

121 6587 177 wLBL8 Print X}, X3}, Xaj-

122 6SB¢ 178 R4

123 RTN 179 R

124 *LBLd 186 PRTX

125 RCL1 181 Rt

126  RCLE 182  FRTX

127 RCL3 183 Rt

128 + 184  PRTX

129 + 185 kTN

i3 sToe s i86 eLol? Subroutine for print.

132 RCL1 188 PRTX

133 = 189 RTN

;gg ggf:: ;g? “‘i’ég Subroutine for space.

13¢  R(L2 192 SFC

137 B 192 RTH

138 §7+9

139 RCLé

148 RCL3

141 £

142 ST+9

143 RCLS

144 1

145 -

146  RCLE

147 x

148 GSB7

149 RS

156  ENTt

151 ENTt 3k

152 RCLe ©

153 +

154 .

155 X

15€¢  6SB?

157  6SB6

158 RS

159 sLBlLe

168 RCLI 3xk

161 6sB7 Ri R Ry T

162 RS

163 RCL2

164  6SB7

165 RS

166  KCL3

167 6587

168 RsS

LABELS FLAGS SET STATUS

A Start B x,j %y C Correction |V x*; C, ERRT O Print FLAGS TRIG DISP
a Print O lnput3x k |® Correction |9 x*; C¢ ©R,; R, Correction | ON OiF DEG X EX %
0 Used ! 2 3 4 2 1 kS GRAD el
5 5 Space 7 Print 8 Print 9 Print 3 i :‘ AAD ENG
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Spearman’s Rank Correlation Coefficient

@81 *LELW 057 2y
082  C(LRG a58  PRTX
@3 CFO Initialize 059  xzv Print R;, S;.
@94 CF1 866  PRTX
865 ] 861 RTN
aec RTN 862 sLELO Subroutine for print.
g:; tLﬁgg 863 Fe?
864  PRTX
889 G5BY Input R;, S;. 865 RTN Subroutine for space.
e1e - 066 sLEBLI
a1 Xz 867 Fe?
q:é EL: a68 SPC
é S [
a14  ST+2 * ki
e15  RCLI
&1€ 1
a1z F1?
o1 CHS
a19 +
aze sT01
821 [3:1:1
82z GiBI
823 RTN
024 xLELE
a2s 1
826  RiL2
ez2v €
a2e x
29 RCLI
a3le Xe
31 1
a32 -
632 RCL1
@34 X
&35 H
636 - ",
@37  GiRE ¢
83¢ [ 36
839 FCL1
a48 1
(L] -
e42 X
642 X
044  GSBe
845 GiB1
84¢ RTN
847 sLBLD
648 SF1
249 CIBC For correction.
ase CF1
es1 RTN
@52 sLBLE
g
ggi “F? Set flag O for print.
855 RTN
856 =LBLS
REGISTERS
0 s 2 E 3 5 5 7 5 3
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D




L18-02

LABELS FLAGS SET STATUS
A Start B Print C(x4) U (x-) Eorg e ’ Print FLAGS TRIG DISP
= 0 c T ° ) ON OFF
- X DEG X FIX X
0 1 2 3 a x GRAD SCI
_ _ . . 2 x | RAD ENG
5 B 3 P n_2
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X and R Control Chart

381 *LELR 857 RsS

882  CLRE 858 sLBLE

2832 CFa Initialize 259 RCLS

864 CF1 ase SB9

aes a 861 RTN

8¢ RTN Store 1in R for print. 862 #LBLa

887 ¥LELE @63 CF1

aeg 1 064 L6

eed  STOE 865 1

aie RTN 866 +

211 #LELC 667  ST06

g1z ST0@ asg  RCL2 X

@12 RCL4 869 RCL1

@14 STOR aze =

€15 RCLS a71 GSRY

e1é  STOB 672 ST+7

817 RlLe 873 RsS

818  GSBY 874 #LELa

19 F19 @75 RCL4

Bre 6701 areé RCLS

821 a Input xjj. @z - R;

@22 £701 aze

823 S0z 879

@24 ST02 086

§25 2y 81

426 ST04 asz2

427  <70% 283

828 3F1 84 5

829  xLBL1 083

e3e  klLs a8é

a3 44 287 RTN

a3z xv? @8e  xLELb

832 STO4 @89  RCLE

@34  RCLS a9e  RCLE

835 X2y 891 =

836 x<v? @92 €703 R

37 §T05 892  63B9

838 Fa? 894 6587

839 CHS a9s RS

g4e  ST+2 89¢ xLELc

241 Xz 297  RCL3

042 Fa? agg X

943 CHS 899 RCL7

844 ST+3 188 RCL6 L

645  RCL1 161 *

84¢ 1 182 Xey

a47 Fe? 183 -

(21 CHS 184 3

@49 + 185 (3453

ase <701 186 *LELc

851 6589 187  LSTX

852 RTN 188 2 Ux

853 #LBLE 189 x

854 6587 Xemax» Xmin 118 +

ass RCL4 111 GSES

856 65B9 112 6587

REGISTERS

0 Xij ' 2 Zxij 3 x;i?, R M Xmax 5 Xemin 5 m 7ok 8 xR 9 Used
S0 S1 S2 S3 Sa S5 S6 S7 S8 S9
A Last Xmax B Last xmin C P |E 1 for print !




L19-02

113 R/S

114 *LBLd

115 RCL3 Lr

116 X

117 G5B9

118 6Se7

119 2]

128 xLBlLe

121 RCL3 Ur

122 X

123 GSB9

124 L5B7

128 RTN

126 xLELD Correction X .

127 ST08

128 RCLA

129 8T04

136 RCLE

131 &T08

132 RCLE

133 SFe

134 ESBC

135 RCLA

136 ST04

137  RCLE

138 STOS

139 Cre

148 RCLI

141 RTH

142 "‘rj'L'Q Subroutine for print.

142 RILE

144 X>8?

145 [

146 Fi

147 RTHN

148 sLELR

149 R

158 PETX

151 RTN

152 sLBL7 Subroutine for space.

153 RCLE

154 X>8?

155 3PC

156 (33

157 RTN

LABELS FLAGS SET STATUS

A Start ® Print © i (540 2 i S [F xmax Xmin |° Correction FLAGS TRIG DISP
@ X, Ry °X, R < Ly, Ux 9 Ly © Ug 1% data o D“f O oes x FX X
0 >0 2 3 4 2 10 W | GRAD L) | sCI ]
5 o 7 Space 8 Print 9 Print? 3 i I i: RAD ENG i




L20-01

Operating Characteristic Curves

861 xLBLA es? H

682 cFe @58  LSTX

083 CLRE Initialize 859 RCL1

804 8 6@  RCL4

28s RTN 861 -

88¢ *LELB Set flag 0 for print. 862 RCL2

087 SFe

eeg 1

289 =TN

818 ¥LELC Store N.

811 GBI

a2 8701

@12 FTN

014  xLELD

815 §T03 Store n, c for finite lot

a1€ size.

e17

ere

@19

@2e  GSEJ

@21 RTN

822 xLELE

a2i GSB4

a24  GSBI

225  FCL1

82¢ X

827 INT

g2 ST04

@29 RCLI

&3e RiLZ Finite lot size.

831 GSEa

€32 RILI

832 RIL4

34 -

&35

a3é

37

a3e £

839 €705

ad4e  CT06

641 STO7

@42  RCLZ

a42 a

@44 ST08

845 X=y?

04€  ESBS

847 slBLe

848  RCL4

@49 -

ese  RrCLe

851 RoLZ

as52 -

853 X

854  RCL8

855 1

856 +

REGISTERS

° "Nn 2 np P cto ['m ® f0) e 7 counter |® Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C o] |




L20-02

113 169 RCLE

114 178 x

115 171 RCL4

1€ 172 x

17 172 sT04

118 174 ST+S

119 175 RCL7

120 176 1

121 77 +

122 178 sT07

122 179 ROLE

i24 188 X#Y°

125 Input n, ¢ for infinite lot 181 G702

12€ size. 182 1

127 183 RCLS

128 184 K72

129 185 Xay

i3a 18¢  ESEZ

131 87 RS

132 188 xLELe

132 189 RCLZ

134 198 GSB3

138 191 RS

136 192 RIN

137 193 xLELS

138 194 RCLS

139 195  63B3

id8 196 RS

141 197 FTN

4z 19¢ LBLZ Subroutine for print.

143 199 F@?

144 288 PRTX

145 a1 FTN

}46 382 ‘L5L4 Subroutine for s

147 283 Fa? pace.

148 284 SPC

149 288 FTN

5@

151

152

153

154

155

15¢

157

158

159

166

161

162

163

164 -

165  RCL?

16€ 1

167 +

168 B

LABELS FLAGS SET STATUS

A Start B Print © N O nte— € pop, O Print FLAGS TRIG DISP
3 S ;
t ik ’ ¢ nte ° P o D% | vee w | Fx x
o P, T Hx+1) Used 3 Print @ z 1 [ x| GRAD scl (]
ERR T R G c E 5 sT06 |0 SRR I




L21-01

Single- and Multi-Server Queues

281 *LELA 857 RCLI

262 G5B9 858  RCL3

083 ST01 259 -

864  STOI 068 :

285 RY o 861  STO4 La, L

086 ST02 862  SPC

287 Xz @63 FRTX

688  €T05 864  R/S

269 < 665 #LBLC

o1 $T03 066  RCL3

211 PRTX 067 +

@12 RS 068  ST06

@13 #LELE 869  PRTX

014 1 e7e  R/S

815 ST04 871 #LELD

a1e ] @72 RCL4

617 $LELI 673 RCLZ To T

218 RCL4 074 :

619 + 875 SPC

626 LSTX a76 PRI

@21 RCL3 a77 RS

522 x 878 ¥LELD

622 RCL1 279 KCLE

624 RCLI 988  RCL?

625 - 81 +

26 1 882 PETX

a27 + 883 RS

828 o 884 $LELE

223 ST04 Po. Py 285  SPC Pl

338 R 886  PRTX

231 0821 887  RCLI

032 €701 a88  RCLS

633 1 889 x

634  RCL3 598  RCLZ

635 RCLI 891 -

636 = @92 X

237 - 093 CHS

838  RCL4 0894 e

639 XY 895 RCLI

640 = 896 x

641 STGI 897  PRTX

642 + 898  SPC

843 1% 899 R/S

844 SPC 106 #LBLS

045  PRTX 101 Ré Printu, A, n.

046 R/S 182 [

647 *LBLB 183 SPC

848 RCLI 184 PRTX

249 x 185 Rt

85  ST01 186 PRTX

a51  PRTX 187 Rt

852 R/S 188  FRTX

853 #LBLC 189 RIN

854 , RCLI 118 *LELa mn

855 * RCL3 111 6388

85¢ x 112 ST02

REGISTERS

0 " nm 2 An S Lok |Proct [® Lo, |"zka.-F [ a 9 Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E | Used, Pb




L21-02

113 Re 169 ST05

114 8701

115 RS

116 *LBLb ’

117 8<B8 T

(18 <708

119 B

126 S703

21 PRTX

22 RS La

122 #lBLe

124 CLX

125 §707

126 1

127 $T04

128 $705

129 sT06

138 *LELZ

31 RCL2

132 RCL4

133 0v0

134 xav

135 RCL3

136 X2

137 s

138 RCL1

139 RCL4

W B
142 + -

143 X

144 RCLS

i45 X

146 ST05

147 EEX

148 CHS F

149 a

158 a

151 %0Y?

152 €702

152 Re Printm, n,s, a.
154 ST+6

(55  RCL4

156 X

157 ST+7

158 RCLI

159 RCL4

168 1

161 +

162 ST04

163 Xv?

164 €103

165 sLBL2

166  RCL7

167 RCL6

168 B

LABELS FLAGS SET STATUS
o Sopy Py [Colg ol [PoTesT [FoPw) 0 FLAGS TRIG DISP
mtn— P Sta—p C LT Gl =T [°-F ! o MU bes x| oA x
S S LS : o et | s
° 7 8 Print 9 Print 3 i i n_2
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Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

SYMBOL OR
CONVENTION

White mnemonic:

X

Gold mnemonic:

X
8
X4y

(A

~~
> BX

N>

+X,Y, 2

*X, Yy, Z

INDICATED MEANING

White mnemonics are associated with the user-
definable key they are above when the card is
inserted in the calculator’s window slot. In this case
the value of x could be input by keying it in and
pressing Y.

Gold mnemonics are similar to white mnemonics
except that the gold £J key must be pressed before
the user-definable key. In this case y could be input
by pressing (1 @3.

4 is the symbol for G- In this case is
used to separate the input variables x and y. To |
input both x and y you would key in x, press EXUZD,
key in y and press Y.

The box around the variable x indicates input by
pressing 0.

Parentheses indicate an option. In this case, x is not
a required input but could be input in special cases.

+ is the symbol for calculate. This indicates that
you may calculate x by pressing key £3.

This indicates that x, y, and z are calculated by
pressing Y once. The values would be printed in
X, Y, z order.

The semi-colons indicate that after x has been calcu-
lated using @, y and z may be calculated by

pressing .

The quote marks indicate that the x value will be
“‘paused’’ or held in the display for one second. The
pause will be followed by the display of y.

The two-way arrow <> indicates that x may be
either output or input when the associated user-
definable key is pressed. If numeric keys have been
pressed between user-definable keys, x is stored.
If numeric keys have not been pressed, the program
will calculate x.



SYMBOLS AND CONVENTIONS (Continued)

SYMBOL OR
CONVENTION

P?
(A

INDICATED MEANING

The question mark indicates that this is a mode
setting, while the mnemonic indicates the type of
mode being set. In this case a print mode is con-
trolled. Mode settings typically have a 1.00 or 0.00

| indicator displayed after they are executed. If 1.00
is displayed, the mode is on. If 0.00 is displayed,

it is off.

The word START is an example of acommand. The
start function should be performed to begin or start
a program. It is included when Iinitialization is
necessary.

This special command indicates that the last value
or set of values input may be deleted by pressing

Three dots (...) indicate that additional output |
follows. See User Instructions for complete
description of variables output.
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