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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. Ifthe command being executed is PRINTx (eight rapid blinks of the 
decimal point), pressing down a key will cause the program to halt. Ifthe 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 1i7iJ. 

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, D on the 
HP-97 andD, II, and GIon the HP-67. For example, the operation I lOX 1 is per­
formed on the HP-97 as D 110 x 1 and on the HP-67 as III lOX I. In such cases, the 
keystroke solution omits the prefix key and indicates only the operation (as 
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here, 110 x I). 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 

START x ty,e> +) XktVd)) x t p..-) X k + () ) 

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> Yi), i = 1, 2, ... , n}, or grouped data points 
(<Xi> Yb fi), i = 1, 2, ... , n}. fi denotes the frequency of repetition of (Xi> Yi). 

covariance 

n 

means X = LXi n i=\ 

standard deviations Sx = 

~ , 1 
or SXy =­

n 

(or sx' = 

s = y 

(or sy' = 

n 

Y - - LYi n i=\ 

~ !.Xi2 - nX'l 
n - 1 

~ !.Xi2 - nx? 

n 

~ !.Yi2 - ny2 

n - 1 

~ !.Yi2 _ ny2 

n 

correlation coefficient YXy = ~ 
SXSy 

) 

) 

Coefficients of variation V x = : . 100 
X 

V = ~ ·100 , y -

Y 
Note: n is a positive integer and n > 1. 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode* DD 1.00 

4 For grouped data points, go to 8 

5 For ungrouped data points, 

do 6-7 

for i=1, 2, ... , n 

6 Input X; X; I!I:Dm 

Y; Y; III i 

7 If you made a mistake in 

inputting Xk and Yk, then 

correct by -4 Xk I!I:Dm 

Yk m i-1 

8 For grouped data points 

do 9-10 

for i=1, 2, ... , n 

9 Input X; X; I!I:Dm 

Y; Y; I!I:Dm 

f; f; II If; 

10 If you made a mistake in 

inputting Xk, Yk and fk' then 

correct by -4 Xk I!I:Dm 

Yk I!I:Dm 
fk a If;-fk 

11 Calculate means: x Dill 
-
X 

--
Y liD Y 

12 Calculate coefficients of 

variation: Vx Dill Vx 

Vy liD Vv 
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f---- ---- --
13 Calculate standard deviations: 

---- f----

s, om s, 

s, liD s, 
---- I-- --

s; om s; 
f--- --

s' , liD s' , 
f-

14 Calculate: covariance 
----- --_o-

s" om s" 

s" 
, 

liD 5,; 
15 Calculate correlation 

coefficient y" om y" 
--- t--

16 Calculate sums: lXi 011 lXi 

lYi liD lYi 

lXiYi liD lXiYi 

17 Calculate sums of squares 
--

lXi2 011 lXi2 

lYi2 liD lYi2 
---- --

For a new case, go to 2 

-Note: to clear print mode 
--

press -> [lli) 

@) 

Example 1: 

For the following set of data, find the means, standard deviations, covariance, 
correlation coefficient, coefficients of variation, and the sums. 

Xi 26 30 44 50 62 68 74 
Yi 92 85 78 81 54 51 40 

Keystrokes: Outputs: 

D ~ 0.00 
DD ~ 1.00 
26 m&mJ 92 II ~ 26.00 *** (xd 

92.00 *** (Yl) 

1.00 *** 
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100 lmDiD 100 iii ~ 100.00 *** (X2) 

100.00 *** (Y2) (error) 

2.00 *** 
100 lmDiD 100 m ~ 100.00 *** (X2) 

100.00 *** (Y2) (correction) 

1.00 *** 

30 lmDiD 85 iii ~ 30.00 *** (X2) 

85.00 *** (Y2) 

2.00 *** 

44 lmDiD 78 iii ~ 44.00 *** (X3) 

78.00 *** (Y3) 

3.00 *** 

50 lmDiD 81 iii ~ 50.00 *** (X4) 

81.00 *** (Y4) 

4.00 *** 

62lmDiD 54 iii ~ 62.00 *** (xs) 

54.00 *** (Ys) 

5.00 *** 

68lmDiD 51 iii ~ 68.00 *** (X6) 

51.00 *** (Y6) 

6.00 *** 

74lmDiD 40 iii ~ 74.00 *** (X7) 

40.00 *** (Y7) 

7.00 *** 

alii ~ 50.57 *** (x) 

liD ~ 68.71 *** (y) 

alii ~ 36.58 *** (Vx) 
liD ~ 29.10 *** (Vy) 

am ~ 18.50 *** (sx) 
liD ~ 20.00 *** (Sy) 

am ~ 17.13 *** (s~) 

liD ~ 18.51 *** (s;) 
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a II • -354.14 ***(SXY) 
liD -------------. -303.55 ***(sx~) 

a II • -0.96 *** ('YXy) 
a II • 354.00 *** (IxI) 
liD • 481.00 *** (IYj) 
liD • 22200.00***(IxIYI) 
a II • 19956.00***(Ixj2) 
liD • 35451.00***(IYI2) 

Example 2: 

Apply the program to the following set of grouped data. 

Xi 4.8 5.2 3.8 4.4 4.1 

15.1 11.514.3 13.6 12.8 

fi 3 6 2 

Keystrokes: Outputs: 
B----------_ • 0.00 
aB .1.00 
4.81mDi1J 15.1 ImDiIJ 1 II • 4.80 *** (XI) 

15.10 *** (YI) 
1.00 *** (fl ) 

1.00 *** 

5.2 ImDiIJ 11.5 ImDiIJ 3 II • 5.20 *** (X2) 
11.50 *** (Y2) 
3.00 *** (f2) 
4.00 *** (Ifj) 

10 ImDiIJ 10 ImDiIJ 4 II • 10.00 *** 
10.00 *** (error) 
4.00 *** 
8.00 *** 

10 ImDiIJ 10 ImDiIJ 411---__ • 10.00 *** 
10.00 *** (correction) 
4.00 *** 
4.00 *** 

3.8 ImDiIJ 14.3 ImDiIJ 1 II • 3.80 *** (X3) 
14.30 *** (Y3) 
1.00 *** (f3) 
5.00 *** (Ifj) 
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4.4 mmm 13.6 mmm 6m ~ 4.40 *** (X4) 

13.60 *** (Y4) 
6.00 *** (f4) 

11.00 *** (If I) 

4.1 mmm 12.8 mmm 2m ~ 4.10 *** (xs) 

12.80 *** (Ys) 

2.00 *** (fs) 

13.00 *** (If I) 

am ~ 4.52 *** (x) 

liD ~ 13.16 *** (y) 

am ~ 9.93 *** (Vx) 

liD ~ 8.42 *** (Vy) 

all ~ 0.45 *** (sx) 

liD ~ 1.11 *** (Sy) 

all ~ 0.43 *** (s~) 

liD ~ 1.07 *** (s/) 

am ~ -0.31 *** (SXy) 

liD ~ -0.28 *** (sx;) 

am ~ -0.62 *** ('YXy) 

all ~ 58.80 *** (Ixl) 

liD ~ 171.10 *** (IYi) 

liD ~ 770.22 *** (IxIYi) 

all ~ 268.38 *** (Ixj2) 

liD ~ 2266.69 *** (IYI2) 
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FACTORIAL, PERMUTATION AND COMBINATION 

FACTORIAL PERMUTATION AND COMBINATION 

START P? n .. n l mtn"l,P" m t n+ l1C" 

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 

Permutation 

Combination 

n! n (n-l) (n-2) ... 2 . 1 

m! 
= m(m - 1) ... (m - n + 1) 

(m - n)! 

m! m(m - 1) ... (m - n + 1) 

(m - n)! n! . 2 ..... n 

where m, n are integers and 0 .s;; n .s;; m. 

Notes: 1. mPo = 1, mPI = m, mPm = m! 
therefore n! should be used for large m. 

m 

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

n! = log-l [log (n) + log [(n-l)!]] 
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INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize a 0.00 

3 To set print mode' m 1.00 

4 Go to 5 or 6 or 7 

5 Calculate n! 

(i) n '" 69 n II n! 

(ii) n>69" n II n 

liD expo of 10 

liD decimal No. 

6 Calculate mPn m ImDi1J 
n iii "mPn 

7 Calculate mCn m ImDi1J 
n II mCn 

For a new case, go to 2 

'Note: to clear print mode 

press ---> @ill 

@) 

"In Print Mode, the 3-number 

result will be printed out 

automatically. 
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Examples: 

1. 5! = 120 

2; 69! = 1.711224524 x 1098 

3. 70! = 1.197857069 x 10100 

4. 1OO! = 9.332622518 x 10157 

5. 27P5 = 9687600.00 

6. 73C4 = 1088430.00 

Keystrokes: Output: 

B • 0.00 
• 1.00 iii 

5&------.... • 5.00 *** 
120.00 *** 

69& • 69.00 *** 
1. 711224524 +98 *** 

70& • 70.00*** 
100.00 *** 
1.197857069 *** 

100 & ------+ • 100.00 *** 
157.00 *** 
9.332622518 *** 

27mDB51iJ • 27.00 *** 
5.00 *** 
9687600.00 *** 

73 mDB411 • 73.00 *** 
4.QP *** 
1088430.00 *** 

(5!) 

(69!) 

(10100) 

(decimal no.) 

(10157) 

(decimal no.) 

(27P5) 

(73C4) 



03-01 

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

MOMENTS SKEWNESS AND KURTOSIS 

START x(1+) XkO>l YJtfdJ:+) Yhtfh(I:-) 

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 

{Xl> X2, ... ,xn }: 

n 

1st moment "X .!. I Xi 
n i=1 

2nd moment m2 I xj2 -X2 
n 

3rd moment I xj3 3 
m3 

n n 

4th moment IXi4 
4 

m4 - -
n n 

Moment coefficient of skewness 

- I xj2 x 

- IXi3 x 

'Yl ---­
m2

3/2 

Moment coefficient of kurtosis 

+ 2"X3 

+~X"2 IXi2 - 3"X4 
n 

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

data 

frequency 

Note that for this case, pt moment 
m 

Ifixi 
i=1 

x=----
m 

Ifi 
i=1 

y, Ym 
f, 

Reference: Theory and Problems of Statistics, M. R. Spiegel, Schaum's Out­
line, McGraw-Hill, 1961 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 
1 Load side 1 and side 2 

2 Initialize m 0.00 
3 To set print mode* am 1.00 

4 For grouped data, go to 12, 

5 Do 6-7 for i = 1,2, ... , n for 

ungrouped data 

6 Input X; X; iii i 

7 If you made a mistake in 

inputting X., then correct by ---+ X. B i-1 

Calculate: x alii -8 
X 

9 Calculate: m2 aB m2 

m3 .. m3 

m. .. m. 
10 Calculate: y, am y, 

Y2 .. Y2 

11 For a new case, go to 2 

12 Do 13-14for j = 1,2, ... , m 

for grouped data 

13 Input Yj ImDiIJ 
and fj m j 

14 If you made a mistake in 

inputting Yh and fh' then 

correct by Yh ImDiIJ 
fh II j-1 

15 Go to 8 

*Note: to clear print mode 

press ---+ @ill 

@) 
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Examples: 

1. Ungrouped data 

i 

\2\ 

2 3 4 5 6 7 8 9 

Xi 3.5 4.2 6.5 4.1 3.6 5.3 3.7 4.9 

x = 4.21, rn2 = 1.39, rn3 = 0.39, rn4 = 5.49 

'Yl = 0.24, 'Y2 = 2.84 

Keystrokes: Outputs: 

D ~ 0.00 

DD ~ 1.00 

2.1 iii ~ 2.10 *** (Xl) 

1.00 *** 

4 iii ~ 4.00 *** (X2) (error) 

2.00 *** 

4. ~ 4.00 *** (X2) (correction) 

1.00 *** 

3.5 iii ~ 3.50 *** (X2) 

2.00 *** 

4.2 iii ~ 4.20 *** (X3) 

3.00 *** 

6.5 iii ~ 6.50 *** (X4) 

4.00 *** 

4.1 iii ~ 4.10 *** (xs) 

5.00 *** 

3.6 iii ~ 3.60 *** (X6) 

6.00 *** 

5.3 iii ~ 5.30 *** (X7) 

7.00 *** 



3.7 iii -----------.... ~ 3.70 *** (xs) 

8.00 *** 

4.9 iii ------------+~ 4.90 *** (X9) 

Dlil 

Dm 

liD 

liD 

DID 

liD 

2. Grouped data 

Keystrokes: 

B 
DB 
31m1!i1J41D 

9.00 *** 

~ 4.21 *** (x) 

~ 1.39 *** (m2) 

~ .39 *** (m3) 

~ 5.49 *** (m4) 

~ 0.24 *** C'YI) 

~ 2.84 *** (Y2) 

2 3 4 5 

3 2 4 6 

4 5 3 2 

x = 3.13, m2 = 1.98, m3 = 2.14, ~ = 11.05 

Yl = 0.77, Y2 = 2.81 

Outputs: 

~ 0.00 
~ 1.00 

~ 3.00*** (Yl) 

4.00 *** (fl) 

1.00 *** 

03-04 
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2ImDi1PID ~ 2.00 *** (Y2) 

5.00 *** (f2) 

2.00 *** 

~ 51mDi1J5ID ~ 5.00 *** (Y3) 
(error) 

~ 
5.00 *** (f3) 

3.00 *** 

5 ImDiIJ 511 ~ 5.00 *** (Y3) 

5.00 *** (f3) (correction) 

;d: 2.00 *** 

41mDi1J3ID ~ 4.00 *** (Y3) 

~ 3.00 *** (f3) 

3.00 *** 

61mDi1J2ID ~ 6.00 *** (Y4) 

2.00 *** (f4) &± 4.00 *** 

IImDi1JIID ~ 1.00 *** (Y5) ~ 
1.00 *** (f5) 

5.00 *** i!= 
om • 3.13 *** (x) 

om ~ 1.98 *** (rn2) i!= 
liD ~ 2.14 *** (rn3) 

liD ~ 11.05 *** (rn4) ~ 
OlD ~ 0.77 *** ( 'Yl) 

l 
liD ~ 2.81 *** ('Y2) 

~ 
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RANDOM NUMBER GENERATOR 

RANDOM NUMBER GENERATOR 

"u ... d +n ... e ... X:sn 

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: 

I. Uniformly distributed pseudo random numbers Uj in the range a < Uj < b: 
The multiplicative linear congruential method is used. 

Ui+1 = fi+1 (b - a) + a 

where i = 0, 1,2, ... and 

fj+ 1 = fractional part of (997 fj) 

fo = 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 UI 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 
fo (0 < fo < 1) can be used. Some program steps (the starting value stored 
under m @) ) must be changed accordingly. Note that if 107 x fo 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 dl such that 1 ~ dl ~ k: 

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

dl = 1 + integer part of (kul) 
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3. Normally distributed pseudo random numbers nl if the mean m and the 
standard deviation u are given: 

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

Let 
VI = (2ul - 1) 

S = Vl
2 + V2

2 

V2 = (2ui+1 - 1) 

(i = 1, 2, ... ) 

If S ~ 1, discard the two uniform numbers Uj, UI+! and generate the next two 
numbers in the sequence until S < 1. Then compute the normally distributed 
numbers according to the following equations 

v- 2;n S + m 

V- 2;n S + m 

4. Exponentially distributed pseudo random numbers ei with mean JL: 

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

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

s 

Reference: 

Donald E. Knuth, The Art of Computer Programming, Vol. 2, Addison­
Wesley, 1971. 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 For random integers, go to 6 

For normal numbers, go to 9 

For exponential numbers, 

go to 12 

3 Input interval range for 

uniform numbers a ImIB 
b DB b 

4 Perform 4 for i=1, 2, ... B u; 

5 For x and s, go to 14 

6 Input maximum integer 

desired k 011 k 

7 Perform 7 for i=1, 2, ... III d; 

8 For x and s, go to 14 

9 For normal numbers, input 

mean m ImIB 
and standard deviation (]" DB (]" 

10 Perform 10 for i=1, 2, ... B n; 

11 For x and s, go to 14 

12 Input mean for exponential 

numbers J1, o iii J1, 

13 Perform 13 for i=1, 2, ... iii e; 

14 Optional: Calculate the mean II x 

the standard deviation liD s 

the counter liD 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: 

o ImDiIJl DB ~ 0.00 *** (a) 

1.00 *** (b) 

B ~ 0.83 *** 
B ~ 0.56 *** 
B ~ 0.27 *** 
B ~ 0.04 *** 
B ~ 0.20 *** 
B ~ 0.75 *** 
B ~ 0.83 *** 
B ~ 0.95 *** 

II ~ 0.55 *** (mean) 

liD ~ 0.34 *** (s) 

liD ~ 8.00 *** (counter) 

B ~ 0.68 *** 
B ~ 0.63 *** 
B ~ 0.22 *** 

etc. 

Example 2: 

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

Keystrokes: Outputs: 

6011 ~ 6.00 *** (k) 

II ~ 5.00 *** 
II ~ 4.00 *** 
II ~ 2.00 *** 
II ~ 1.00 *** 
II ~ 2.00 *** 
II ~ 5.00 *** 

etc. 
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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 mmm 100 m ~ 75.00 *** (m) 

10.00 *** (0") 

m ~ 87.42 *** 
m • 77.17 *** 
m ~ 67.44 *** 
m ~ 81.23 *** 
m ~ 89.91 *** 
m ~ 85.32 *** 

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: 

50m ~ 5.00 *** (/J-) 

m ~ 0.93 *** 
m ~ 2.92 *** 
m ~ 6.49 *** 
m ~ 15.93 *** 
m ~ 8.14 *** 
m ~ 1.44 *** 

etc. 
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10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
o 

HISTOGRAM 

HISTOGRAM 

START P? XmntXmn X (1:+) Xk(2: ) 

~ , 
min. 

I-

1 
r 1 I , 

max 

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 D II, 
m, m will cause the printout of the total number of inputs, the mean of the 
inputs, and the standard deviation of the inputs. Pressing D B 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 Rl - Rg. 

Incorrect values may be deleted at any time by keying them in and pressing 
II. However, if the value is out of bounds, then "Error" will be displayed. 
Press &13 and continue. 

To start the program you must specify the minimum expected value Xmin 

and the maximum expected value xmax • 

;:: .. 

;:: .. 

;:: .. 

;:: .. 

= - . 



Equations: 

For the histogram: 

Remark: 

Ix 
mean =-­

n 

standard deviation 
= '\ ,t"-I-x-2-_-n-x-2-

V· n-l 

[

Xi - Xmin 
Yi = 1 + INT 24 ------

Xmax - Xmln ] 
where 

Yi interval number 
Xi input data 

Xmln lower limit of histogram 
Xmax upper limit of histogram 
INT integer part of 

05-02 

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 INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode* iii 1.00 

4 Input minimum value xmin ImDiIJ 
maximum value Xmax rI xmin r xmax 

5 Do 6-7for i=1, 2, ... , n 

6 Input x; x; II i 

7 If you made a mistake in 

inputting x., then correct by --> x. II i-1 

8 List histogram aD LIST 
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9 Print n, X, s Dlil n 

liD x 
liD s 

10 For a new case, go to 2 

-Note: to clear print mode 

press-> (illJ 

@) 

Example 1: 

Compute a histogram of the following data with Xmin =0, Xmax =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 

m • 1.00 
ocmDia24m • 0.00 *** (Xmin) 

24.00 *** (xmax) 

18.1 m • 18.10 *** 
1. *** 

14.3m • 14.30 *** 
2. *** 

8.4m • 8.40 *** 
3. *** 

0.7m • 0.70 *** 
4. *** 

9.9m • 9.90 *** (error) 

5. *** 
9.911 • 9.90 *** (correction) 

4. *** 
20.2m • 20.20 *** 

5. *** 
14.0m • 14.00 *** 

6. *** 
17.2m • 17.20 *** 

7. *** 

-~ 
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241iJ • 24.00 *** 
8. *** 

8.81iJ • 8.80 *** 
9. *** 

5.71iJ • 5.70 *** 
10. *** 

13.21iJ • 13.20 *** 
1l. *** 

22.11iJ • 22.10 *** 
12. *** 

15.71iJ • 15.70 *** 
13. *** 

18.91iJ • 18.90 *** 
14. *** 

231iJ • 23.00 *** 
15. *** 

Dm • 15.00 *** (n) 

liD • 14.95 *** (x) 

liD • 6.71 *** (s) 

DD • 0.00 *** 
1.00 *** 
l. *** 

1.00 *** 
2.00 *** 
o. *** 

2.00 *** 
3.00 *** 
o. *** 

3.00 *** 
4.00 *** 
o. *** 

4.00 *** 
5.00 *** 
o. *** 



.-
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~ 5.00 *** 
6.00 *** 
1. *** 
6.00 *** 
7.00 *** 

~ o. *** 

7.00 *** 
8.00 *** 1= 
o. *** 
8.00 *** 1= 9.00 *** 
2. *** 
9.00 *** 1= 
10.00 *** 
o. *** 1= 
10.00 *** 
11.00 *** 1= o. *** 

11.00 *** 
~ 12.00 *** 

o. *** 

12.00 *** 
13.00 *** 

~ 
o. *** 

~ 13.00 *** 
14.00 *** 
1. *** ~ 
14.00 *** 
15.00 *** ~ 2. *** 
15.00 *** 

~ 16.00 *** 
1. *** 
16.00 *** ~ 
17.00 *** 

~ o. *** 

j 



o 2 , 
Xmin 

4 6 8 
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17.00 *** 
18.00 *** 
1. *** 

18.00 *** 
19.00 *** 
2. *** 

19.00 *** 
20.00 *** 
O. *** 

20.00 *** 
21.00 *** 
1. *** 

21.00 *** 
22.00 *** 
O. *** 

22.00 *** 
23.00 *** 
1. *** 

23.00 *** 
24.00 *** 
2. *** 

10 12 14 16 18 20 22 24 
-x , 

X max 
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ANALYSIS OF VARIANCE (ONE WAY) 

ANALYSIS OF VARIANCE(ONE WAY) 

START P? x 10+) x,mO::: ) "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 ith sample has nj 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 ANOYA table. 

1. Mean of observations in the ith sample (i = 1, 2, - - -, k) 

_ 1 nj 

XI =- L Xu 
nj j=1 

2. Standard deviation of observations in the ith sample 

3. Sum of observations in the ith sample 

I Xi) 

j=1 

4. Total sum of squares 

k 

TSS ~ 
i=1 



5. Treatment sum of squares 

(it j~ xu) 
TrSS 

k 

L 
i=i 

6. Error sum of squares 

ESS = TSS - TrSS 

7. Treatment degrees of freedom 

df1 = k - 1 

8. Error degrees of freedom 

9. Total degrees of freedom 

10. Treatment mean square 

TrMS 

11. Error mean square 

EMS 

12. The F ratio 

k 

L nj-l 
i=i 

TrSS 

ESS 

k 

L nl 
i=i 

TrMS 
F = (with degrees of freedom dfb df2) 

EMS 

Reference: 

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

06-02 
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STEP INSTRUCTIONS INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode' iii 1.00 

4 Do 4 - 8 for i=1, 2, ... , k 

5 Do 6 for j=1, 2, ... , n; 

6 Input x;; Xjj II j 

7 If you made a mistake in 

inputting X;m, then correct by Xim II j-1 

8 Calculate: mean X; II X; 

standard deviation s; .. s; 

sum Sum; .. Sum; 

9 Calculate: total sum of squares DD TSS 

treatment sum of squares .. TrSS 

error sum of squares .. ESS 

10 Calculate degrees of freedom 

df, Dlil df, 

df2 .. df2 

dfa .. dfa 

11 Calculate: 

treatment mean square DII TrMS 

error mean square .. EMS 

F ratio .. F 

12 For a new case, go to 2 

'Note: to clear print mode 

press ~ @0 

@) 
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Example: 

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

1 2 3 4 5 6 7 

88 99 96 68 85 

School 2 78 62 98 83 61 88 
School 3 80 61 74 92 78 54 77 

School 4 71 65 90 46 

Calculate the ANO V A 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: 

m ~ 0.00 

iii ~ 1.00 
88m ~ 88.00 *** 

1.00 *** 

99m ~ 99.00 *** 
2.00 *** 

96m ~ 96.00 *** 
3.00 *** 

68m ~ 68.00 *** 
4.00 *** 

85m ~ 85.00 *** 
5.00 *** 

II ~ 87.20 *** (XI) 

liD ~ 12.15 *** (Sl) 

liD ~ 436.00 *** (Suml) 

78m ~ 78.00 *** 
1.00 *** 
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62m • 62.00 *** 

2.00 *** e=; 
98m • 98.00 *** 

3.00 *** ~ 
83m • 83.00 *** 

4.00 *** E= 
61 m • 61.00 *** 

5.00 *** F= 
88m • 88.00 *** 

6.00 *** F= 
II • 78.33 *** (X2) 

F= liD • 14.62 *** (S2) 

liD • 470.00 *** (Sum2) 

80m • 80.00 *** f!= 
1.00 *** 

61 m • 61.00 *** f!= 
2.00 *** 

74m • 74.00 *** &= 
3.00 *** 

92m • 92.00 *** F 
4.00 *** 

78m • 78.00 *** F 
5.00 *** 

54m • 54.00 *** F 
6.00 *** 

77m • 77.00 *** F 
7.00 *** 

II • 73.71 *** (X3) 

~ liD • 12.61 *** (S3) 

liD • 516.00 *** (Sum3) 

I 
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7111 ~ 71.00 *** 
1.00 *** 

6611 ~ 66.00 *** (error) 

2.00 *** 

66ID ~ 66.00 *** (correction) 

1.00 *** 

6511 ~ 65.00 *** 
2.00 *** 

90 II ~ 90.00 *** 
3.00 *** 

4611 ~ 46.00 *** 
4.00 *** 

II ~ 68.00 *** (X4) 

liD ~ 18.13 *** (S4) 

liD ~ 272.00 *** (Sum4) 

aD ~ 4530.00 *** (TSS) 

liD ~ 930.44 *** (TrSS) 

liD ~ 3599.56 *** (ESS) 

all ~ 3.00 *** (df1) 

liD ~ 18.00 *** (df2) 

liD ~ 21.00 *** (df3) 

all ~ 310.15 *** (TrMS) 

liD ~ 199.98 *** (EMS) 

liD ~ 1.55 *** (F) 

ANOVA Table 

55 df M5 F 

Treatments 930.44 3 310.15 1.55 

Error 3599.56 18 199.98 

Total 4530.00 21 

Since F = 1.55 does not exceed F.01 ,3,18 = 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? rtc Xq(L+) xlm(~) 

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 ANOV A 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 

Row RS j = L XiJ 
j 

i = 1.2 •...• r 

Column CSJ = L XiJ 
i 

= 1.2 •... , c 

2. Sums of squares 

Total TSS = IIxiJ2 - (IIxiJ)2/rc 

Row RSS = f: ( t XiJ ) 2/C - (IIxiJ)2/rc 

Column CSS = t ( f: XiJ ) 2/r - (IIxlJ)2/rc 

Error ESS = TSS - RSS - CSS 

3. Degrees of freedom 

Row df1 = r - 1 

Column df2 = c - 1 

Error df3 = (r - 1) (c - 1) 

F 
j 
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4. F ratios 

Row Fl 
RSS / ESS ---- ---
df1 df3 

Column F2 
CSS / ESS ----
~ df2 

Reference: 

Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill, 
1%9. 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode' m 1.00 

4 Input: number of rows r r ImDm 
number of columns c c II c 

5 Do 5-9 for i=1, 2, ... , r 

Do 6 for j=1, 2, ... , c 

6 Input X;j Xi; m j 

7 If you made a mistake in 

inputting X;m, then correct by Xim II j-1 

8 Calculate row sums RS; aD RS; 

9 Re-initialize for columns am 0.00 

10 Do 11-14 for j=1, 2, ... , c 

11 Do 12 for i=1, 2, ... , r 

12 Input X;j Xij m i 

13 If you made a mistake in 

inputting Xhh then correct by Xhi II i-1 

14 Calculate column sums CS; all CS; 

15 Calculate F ratios: Row F, am F, 

Column F2 liD F2 



07-03 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

16 Calculate degrees of freedom: 

row df, am df, 

column df2 liD df2 

error df3 liD df3 

17 Calculate sums of squares: 

row RSS all RSS 

column CSS Jill CSS 

error ESS liD ESS 

total TSS liD TSS 

18 For a new case, go to 2 

"Note: to clear print mode 

press -> @ill 

@) 

Example: 

Apply this program to analyze the following set of data. 

Column 
2 3 4 

1 7 6 8 7 
Row 2 2 4 4 4 

3 4 6 5 3 

Keystrokes: Outputs: 
D ~ 0.00 

iii ~1.00 

31mDi1J4m ~ 3.00 *** (r) 

4.00 *** (c) 

7m ~ 7.00 *** 
1.00 *** 

6m ~ 6.00 *** 
2.00 *** 

8m ~ 8.00 *** 
3.00 *** 
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7m ~ 7.00 *** 
4.00 *** 

DB ~ 28.00 *** (RS l ) 

2m ~ 2.00 *** 
1.00 *** 4m ~ 4.00 *** 
2.00 *** 

4m ~ 4.00 *** 
3.00 *** 

4m ~ 4.00 *** 
4.00 *** 

DB ~ 14.00 *** (RS2) 

4m ~ 4.00 *** 
1.00 *** 

7m ~ 7.00 *** (error) 

2.00 *** 
711 ~ 7.00 *** (correction) 

1.00 *** 
6m ~ 6.00 *** 

2.00 *** 
5m ~ 5.00 *** 

3.00 *** 
3m ~ 3.00 *** 

4.00 *** 
DB ~ 18.00 *** (RS3) 

011 ~ 0.00 *** 
7m ~ 7.00 *** 

1.00 *** 2m ~ 2.00 *** 
2.00 *** 

4m ~ 4.00 *** 
3.00 *** 

DlI .. 13.00 *** (CS l ) 

6m ~ 6.00 *** 
1.00 *** 4m ~ 4.00 *** 
2.00 *** 
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~ 6m • 6.00 *** 
3.00 *** 

am • 16.00 *** (CS2) 

~ 
8m • 8.00 *** 

1.00 *** 4m • 4.00 *** 
2.00 *** 

5m • 5.00 *** 

~ 
3.00 *** 

am • 17.00 *** (CS3) 

7m • 7.00 *** 
1.00 *** 

4m • 4.00 *** 

~ 
2.00 *** 

3m • 3.00 *** 
3.00 *** 

am • 14.00 *** (CS4) 

am .11.70*** (F1) J liD • 1.00 *** (F2) 

am • 2.00 *** (df1) -± liD • 3.00 *** (df2) 

liD • 6.00 *** (df3) 

-± all • 26.00 *** (RSS) 

liD • 3.33 *** (CSS) 

liD • 6.67 *** (ESS) 
1= liD • 36.00 *** (TSS) 

ANOVA 1= 
SS df F ratio 

~ Row 26.00 2 11.70 
Column 3.33 3 1.00 

~ Error 6.67 6 

Total 36.00 

1 
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ANALYSIS OF COVARIANCE (ONE WAY) 

ANALYSIS OF COVARIANCE (ONE WAY) 

START New I x1'Y,(}+) X"y,(\) .. SxSy 

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, ifthe second variable represents 
an actual measurement for each individual (rather than a category). 

Suppose (xu, Yu) represents the jth observation from the ith population (i = 1,2, 
... , k, j = 1,2, ... , nt). 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 
ANOCOV table. 

Equations: 

1. Sums and sums of squares 

ASSx 

SXi = I Xu (i 
j 

1,2, ... ,k) 

WSSx TSSx - ASSx 



2. Degrees of freedom 

df1 = k - 1 

3. Mean squares and F statistic 

AMSx ASSx 
df1 

WMSx = WSSx 
df2 

AMSx . 
Fx = wIth degrees of freedom df1• df2 

WMSx 

By changing XiJ to Yu. similar formulas for Yu can be obtained. 

4. Sums of products 

TSP 

( ~Xij) (~yij) 
ASP = I ] ] 

i ni 

WSP TSP - ASP 

5. Residual sums of squares 

(TSP)2 

TSSx 

(WSP)2 
WSSy = WSSy - -W-S-Sx-

TSSy TSSy 

ASSy = TSSy - WSSy 

08-02 
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6. Residual degrees of freedom 

dfa = k - 1 

7. Residual mean squares and F statistic 

AMSy 

WMSy = 

ASSy 

dfa 

WSSy 

df4 

F 
AMSy 

WMSy 
with degrees of freedom dfa• df4 

ANOCOV Table 

Residuals 
degrees of 

SSx SP SSy 
degrees of 

SSy MSy 
freedom freedom 

Among means df, ASSx ASP ASSy df3 ASSy AMSy 

Within groups df2 WSSx WSP WSSy df. WSSy WMSy 

Total TSSx TSP TSSy TSSy 

Remarks: 

F statistic 

F 

1. Fx can be used to test if the X means are equal (ANOVA for X). 

2. Fy 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. 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 of card 1 

2 Initialize D 0.00 

3 To set print mode- DII 1.00 

4 Do 5-9 for i=1, 2, ... , k 

5 Initialize for new i m i 

6 Do 6 for j=1, 2, ... , nj 

7 Input X'j and Yii Xu ImI!iIJ 

Y'j a j 

8 If you made a mistake in 

inputting X'm and Y'm' then 

correct by xim ImI!iIJ 

Y'm iii j-1 

9 Calculate the ith sums Sx, II Sx, 

Sy, liD Sy, 

10 Calculate: the total sum of 

squares for x DD TSSx 

Among means sum of squares 

for x liD ASSx 

Within groups sum of squares 

for x liD WSSx 

11 Calculate: the total sum of 

squares for Y DD TSSy 

Among means sum of squares 

for Y liD ASSy 

Within groups sum of squares 

for y liD WSSy 

12 Calculate: Fx Am Fx 

Fy liD Fy 

degrees of freedom df, liD df, 

df2 liD df2 



08-05 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

13 Load side 1 of card 2 

14 Calculate: the total sum of 

products (SP) all TSP 

among means SP liD ASP 

within group SP liD WSP 

15 Calculate: TSSy am TSSy 

WSSy liD WSSy 

ASSy liD ASSy 

16 Calculate: residual mean 

squares all AMSy 

WMSy liD WMSy 

the F statistic liD F 

the degrees of freedom df3 liD df3 

df. liD df. 

17 For a new case, go to 1 

'Note: to clear print mode 

press -> (@ 

@) 

Example: 

2 3 4 

x 3 2 1 2 

Y 10 8 8 11 

x 4 3 3 5 
2 Y 12 12 10 13 

x 1 2 3 
3 Y 6 5 8 7 

(k = 3, n t = n2 = n3 = 4) 

Keystrokes: 

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

B ~ 0.00 
all ~1.00 

II ~ 1.00 *** 

31mDi1J 10m ~ 3.00 *** 
10.00 *** 
1.00 *** 

21mDi1J8m ~ 2.00 *** 
8.00 *** 
2.00 *** 

51mDi1J5m ~ 5.00 *** 
5.00 *** (error) 

3.00 *** 
51mDi1J5ID ~ 5.00 *** 

5.00 *** (correction) 

2.00 *** 

11mDi1J8m ~ 1.00 *** 
8.00 *** 
3.00 *** 

21mDi1J 11 m ~ 2.00 *** 
11.00 *** 
4.00 *** 

II ~ 8.00 *** (SXl) 

liD ~ 37.00 *** (SYl) 

II ~ 2.00 *** 
41mDi1J 12m ~ 4.00 *** 

12.00 *** 
1.00 *** 

31mDi1J 12m ~ 3.00 *** 
12.00 *** 
2.00 *** 

31mDi1J 10m ~ 3.00 *** 
10.00 *** 
3.00 *** 
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F 
51mDi1J 13 m • 5.00 *** 

13.00 *** F 4.00 *** 

II • 15.00 *** (SX2) F liD • 47.00 *** (SY2) 

m • 3.00 *** F 
11mDi1J6m • 1.00 *** 

6.00 *** F 
1.00 *** 

21mDi1J5m • 2.00 *** F 
5.00 *** 
2.00 *** 

~ 31mDi1J8m • 3.00 *** 
8.00 *** 
3.00 *** 

~ 11mDi1J7m • 1.00 *** 
7.00 *** 
4.00 *** 

II • 7.00 *** (SX3) 

~ 
liD • 26.00 *** (SY3) 

DB • 17.00 *** (TSSx) 

liD • 9.50 *** (ASSx) 

liD • 7.50 *** (WSSx) 

~ DB • 71.67 *** (TSSy) 

liD • 55.17 *** (ASSy) 

liD • 16.50 *** (WSSy) 

om • 5.70 *** (Fx) 

~ 
liD • 15.05 *** (Fy) 

liD • 2.00 *** (df!) 

liD • 9.00 *** (df2) 

I 
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Load side 1 of card 2 

all • 27.00 *** (TSP) 

liD • 20.75 *** (ASP) 

liD • 6.25 *** (WSP) 

am • 28.78 *** (TSSy) 

liD • 11.29 *** (WSSy) 

liD • 17.49 *** (ASSy) 

all • 8.75 *** (AMSy) 

liD • 1.41 *** (WMSy) 

liD • 6.20 *** (F) 

liD • 2.00 *** (df3) 

liD • 8.00 *** (df4) 

ANOCOV Table 
Residuals 

df SSx SP SSy df SSy MSy F 

Among means 2 9.50 20.75 55.17 2 17.49 8.75 6.20 
Within groups 9 7.50 6.25 16.50 8 11.29 1.41 

Total 17.00 27.00 71.67 28.78 
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NORMAL AND INVERSE NORMAL DISTRIBUTION 

NORMAL & INVERSE NORMAL DISTRIBUTION 

START 

NORMAL & INVERSE NORMAL DISTRIBUTION 

P? x"'f(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 

2. Normal integral 

1 f(x) = --e- 2 
yz:; 

f(x) 

o x 

1 f 00 

Q(x) = -jx e 2 dt 
yI2; x 

Polynomial approximation is used to compute Q(x) for given x. 



Then Q(x) = I R 

l-R 

3. Inverse normal 

where le(x) I <7.5 x 10-8 

1 
t = -- , r = 0.2316419 

1 +rlxl 

b l = .319381530, b2 = -.356563782 

b3 = 1.781477937, b4 = -1.821255978 

bs = 1.330274429 

if x ~ 0 

if x < 0 

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

f
oo t2 

1 --
Q=- e 2dt. 
~ x 

The following rational approximation is used: 

where I e(Q) I < 4.5 X 10-4 

-V In ~ 
Q2 

if 0 < Q ~ 0.5 

t = 

if 0.5 < Q < 1 

09-02 
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Co = 2.515517 
Cl = 0.802853 
C2 = 0.010328 

Then x = 

Reference: 

y 

-y 

d1 = 1.432788 
d2 = 0.189269 
d3 = 0.001308 

if 0 < Q ~ 0.5 

if 0.5 < Q < 1 

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

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

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* m 1.00 

Optional: Step 5 

5 Input x to compute fIx) x 1'1 fIx) 

6 Input x to compute Q(x) x II Q(x) 

For a new case of x, go to 

5or6 

7 Input Q(x) to compute x Q(x) II x 

For a new case of Q(x), go 

to 7 

*Note: to clear print mode 

press --> @) 

&m 

a 
&m 

m 

F 
F 



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 

--------------------------+~ 0.00 

Load side 1 and side 2 of card 2 

iii 
1.1811 

1.18m 

2.28 mmJ m 

2.28 mmJ II 

Example 2: 

Given Q = 0.12 and Q =0.95, find x. 

~1.00 

~ 1.18 *** 
0.20 *** 

~1.18*** 

0.12 *** 

~ -2.28 *** 
0.99 *** 

~ -2.28 *** 
0.03 *** 

09-04 

(f(1.18)) 

(Q(1.18)) 

(Q(-2.28)) 

(f( -2.28)) 

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

Keystrokes: Outputs: 
0.1211 ~ 0.12 *** 

1.18 *** (x) 

0.9511 ~ 0.95 *** 
-1.65 *** (x) 
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CHI-SQUARE DISTRIBUTION 

CHI-SQUARE DISTRIBUTION 

START po v.n ) x.l(x) x.P(x) 

This program evaluates the chi-square density 

f(x) 

where x ~ 0 

" is the degrees of freedom. 

f(x) 

Series approximation is used to evaluate the cumulative distribution 

P(x) = LX f(t) dt 

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. 

3. If v is even, 

If v is odd, 

r (~) = (~ - 1 ) (~ - 2 ) (4) r (4) 
4. r(4) = y;-

Reference: 

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

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode' m 1.00 

4 Input degrees of freedom I' I' &1 [(1'/2) 

Optional: Step 5 

5 Input x to compute f(x) x II f(x) 

6 Input x to compute P(x) x II P(x) 

(i) For a new case with the 

same I' go to 5 or 6 

(ii) For a new case with 

different 1', go to 2 

'Note: to clear print mode 

press ---> @ill 

@) 
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IF 
Example 1: 

If degrees of freedom v = 20, find f(x), P(x) for x = 9.6 and x 15. IF 
Keystrokes: Outputs: F B ~ 0.00 

iii ~1.00 

208 ~ 20.00 *** IF 
362880.00 *** (f(20/2» 

9.611 • 9.60 *** IF 
0.02 *** (f(9.6)) 

9.611 • 9.60 *** IF 
0.03 *** (P(9.6)) 

1511 ~ 15.00 *** IF 
0.22 *** (P(15)) 

1511 ~ 15.00 *** IF 
0.06 *** (f(15» 

~ 
Example 2: 

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

Keystrokes: Outputs: 

B • 0.00 

~ 
iii ~1.00 

38 ~ 3.00 *** 
0.89 *** (f(3/2» 

7.8211 ~ 7.82 *** 

~ 
0.02 *** (f(7.82» 

7.8211 ~ 7.82 *** 
0.95 *** (P(7.82» 

I 
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t DISTRIBUTION 

t DISTRIBUTION 

START P? v 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 

f(x) 

." 
--------------~L-------~~--__.x o x 

2. Cumulative distribution function 

P(x) f x f(y)dy 
-00 



(a) II even 

Let R = sinO {I + ~ cos 2 0 + J...:l. cos 40 + ... 
2 2·4 

+~~~~~--~~cos u 1'3'5 (11-3) 11-2 11 } 

2'4'6 (11-2) 

(b) II odd 

Let = {2: 
R 20 

7T 

2 
+ - cosO 

7T 

Then P(x) 

Remark: 

2'4 ... (v-3) 
1 '3 ... (11-2) 

{

l;R 

l-R 
2 

if II = 

if 11>1 

ifx>O 

ifx=e;O 

11-02 

The program requires 11< 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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INPUT OUTPUT 
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize 

3 To set print mode' 

4 Input degrees of freedom v 

Optional: Step 5 

5 Input x to compute f(x) 

6 Input x to compute P(x) 

7 (i) For a new case with the 

same v go to 5 or 6 

(ii) 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: 

D 
II 
11m 
2.211 

2.2m 

B 0.00 

m 1.00 

v m v 

x II f(x) 

x II P(x) 

@ill 

@] 

Outputs: 
~ 0.00 
~ 1.00 
~ 11.00 *** (v) 

~ 2.20 *** (x) 
0.97*** (P(2.2» 

~ 2.20 *** (x) 
0.04 *** (f(2.2» 
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Example 2: 

Find f(x) and P(x) for x = -1.75, v = 30. 

Keystrokes: Outputs: 
B ~ 0.00 
II ~I.oo 

30m ~ 30.00 *** (v) 

1.75_m ~ -1.75 *** (x) 

0.09 *** (f( -1. 75» 
1.75 _II ~ -1.75 *** (x) 

0.05 *** (P( -1.75» 
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F DISTRIBUTION 

F DISTRIBUTION 

START P? Vl V2 x ... P(x) 

This program evaluates the integral of the F distribution 

P(x) =f 00 

x 

for given values of x (>0), degrees of freedom Vb V2, provided either VI or 
V2 is even. 

x 

The integral is evaluated by means of the following series: 

(1) VI even 

V2 [ - V 
P(x) = t 2 1 + ~(l - t) + ... , 2 

11,-2 ] 
V2(V2 + 2) ... (V2 +v1 - 4) -2-

+ (1-0 
2 . 4 ... (VI - 2) 

(2) V2 even 

2" VI v, [ 
P(x) = 1 - (1 - t) 1 + 2t + ... 

112 -2 
V 1(V1 + 2) ... (V2 +V1 - 4) -2-] + t 

2 . 4 ... (V2 - 2) 



where t = __ Jl..=...2 __ 

V2 + VI X 

12-02 

Note: Usually VI is identified as the degree of freedom for numerator, and V2 

is identified as the degree of freedom for denominator. 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize a 0.00 

3 To set print mode' m 1.00 

4 Input v, v, m v, 

5 Input 1'2 1'2 iii 1'2 

6 Input x to calculate P(x) x II P(x) 

7 For a new case go to 2 

'Note: to clear print mode 

press ---> @ill 

@) 

Examples: 

1. VI = 7, V2 = 6 

P(4.21) = 0.05 

2. VI = 4, V2 = 20 

P(2.25) = 0.10 

Keystrokes: Outputs: 

B • 0.00 

II • 1.00 

7B • 7.00 *** ( VI) 

61D • 6.00 *** ( V2) 

4.2111 • 4.21 *** (x) 

0.05 *** (P(x» 

4B • 4.00 *** ( VI) 

20lD • 20.00 *** ( V2) 

2.2511 • 2.25 *** (x) 

0.10 *** (P(x» 
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MULTIPLE LINEAR REGRESSION 

MULTIPLE LINEAR REGRESSION 

START P'} Xt (, +) X,,, L,) .. t 

For a set of data points {(Xh Yh ZI), i 
equation of the form 

1, 2, ... , n} this program fits a linear 

Z = a + bx + cy 

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

IZI = an + b IXI + C IYI 

I IXIZi = a IXi + b I Xj2 + C IXiYI 1,2, ... , n 

IYlzl = a IYi + b IXIYI + C IYi2 

b= 
[nIxlzl - (Ixl) (Izl)] - c [nIxIYI - (Ixl) (IYI)] 

nIxI2 - (IXI)2 

n 

Reference: Introduction to the Theory of Statistics, Mood and Graybill, 
McGraw-Hill, 1963 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode' iii 1.00 

4 Do 5-6 for i = 1,2, ... ,n 

5 Input X; X; ImDiD 

Y; Y; ImDiD 

z; Z; m i 

6 If you made a mistake in 

inputting xk, Yk, and Zk, 

then correct by -> Xk ImDiD 

Yk ImDiD 

Zk m i-1 

7 Calculate coefficients: a II a 

b liD b 

c liD c 

8 Calculate the square of 

multiple correlation 

coefficient R2 aD R2 

9 Calculate estimated Z from 

regression, input: X X ImDiD 

Y Y alii z 
10 Repeat step 9 for different 

(x, y)'s 

11 Recall sums: ~x; am ~x; 

~Y; liD ~Y; 

~z; liD ~z; 

12 Recall sums of squares: ~X;2 am Ix;2 

ly;2 liD ~y;2 

~Z;2 liD Iz;2 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

13 Recall sums of cross 

products: ~XiYi 011 ~XiYi 

~XiZi liD ~XiZi 

~YiZi liD ~YiZi 

14 For a new case, go to 2 

'Note: to clear print mode 

press --> @ill 

@) 

Example: 

A set of data points are given as the following 

2 3 4 

Xi 1.5 0.45 1.8 2.8 

Yi 0.7 2.3 1.6 4.5 
Zi 2.1 4.0 4.1 9.4 

Find the regression line, coefficients a, b, c, R2, Z, sums, sums of squares, and 
sums of products. 

Keystrokes: Outputs: 
D ----------..... 0.00 

II • 1.00 
1.5 ImDia 0.7 ImDia 2.18_ 1.50 *** 

0.70 *** 

91mDia91mDia98 

2.10 *** 
1.00 *** 

---.... 9.00 *** 
9.00 *** 
9.00 *** 
2.00 *** 

(error) 



9imDm 9 mmm 9 m ---.... ~ 9.00 *** 
9.00 *** 
9.00 *** 
1.00 *** 

0.45 ImIB 2.3 mmm 4 CI _ 0.45 *** 
2.30 *** 
4.00 *** 
2.00 *** 

1.81m1B 1.6 mmm 4.1 CI- 1.80 *** 
1.60 *** 
4.10 *** 
3.00 *** 

2.81m1B 4.5 mmm 9.4 CI- 2.80 *** 
4.50 *** 
9.40 *** 
4.00 *** 

• -0.10 *** II 
mB-----------------+ 
mB-----------------

~ 0.79 *** 
~ 1.63 *** 

~ 1.00 *** aD-------­
lospl ~ m:mm ------+ ~ 0.998411259 *** 
lospl m 

• 2.00 *** 2 '~mH a II ------
3.00 *** 
6.37 *** 

a &I ---------~ 6.55 *** 
.9.10*** mB-----------
• 19.60 *** 

• 13.53 *** 
mB-----------------+ 
am --------­
mB-----------------+ 
mB1------------------+ 
a II ---------

• 28.59 *** 
~ 125.58 *** 
~ 17.57 *** 
• 38.65 *** mB-----------------+ 

mB-----------~ 59.53 *** 

Regression line is 

Z = -0.10 + 0.79x + 1.63y 

For x =2 and y = 3, z = 6.37 

13-04 

(correction) 

(a) 
(b) 
(c) 

(R2) 

(z) 

(Ix!) 
(IYi) 
(Izi) 
(IXi2) 
(Iy!2) 
(IZ!2) 
(IXiYi) 
(IXiZi) 
(IYiZi) 
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POLYNOMIAL APPROXIMATION 

POLYNOMIAL APPROXIMATION 

START P? N Y,lx,) n 

POLYNOMIAL APPROXIMATION 

Suppose xo, Xlo ... , XN are equally spaced points (xo < XN) at which the cor­
responding values f(xo), f(XI), ... , f(XN) 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 :s;; m :s;; 4. The special Chebyshev poly­
nomials for discrete intervals are used. 

Equations: 

Let fn(x) be the orthogonal polynomials (x = 0, I, 2, ... , N) such that 

fo (x) = 1 

2x 
fl (x) = 1 - - and 

N 

(n + 1) (N-n) fn+! (x) = (2n + 1) (N-2x) fn(x) - n (N +n + 1) fn_l(x) 

where 

Then let 

and 

n = 1,2, ... , m - 1. 

(N + n + 1) ! (N - n) ! 

(2n + 1) (N!)2 

n 

(f, fn) = L fnCD f(Xj) 
j=O 



14-02 

This program computes all values of (f, fn) for n = 0, 1, 2, 3, 4. If the degree 
m = 4, all terms are used; if m = 3, (f, f4) is replaced by zero in later calcula­
tions; and if m = 2, (f, f4) and (f, f3) are both replaced by zero. 

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

and 

(2 + 1) N n(N + n + 1) 
(n + 1) (N - n) ugn(u) - (n + 1) (N _ n) gn-I(U) 

where 

n = 1,2, ... , m - 1. 

The program computes the coefficients of the polynomial 

N 

L an gn(u) = bo + bl U + b2 u2 + b3 u3 + b4 u4
• 

n=O 

Then gn(u) is shifted to a proper interval between Xo and XN by letting 

u={3+ax 

where 

-2 a 

{3 

(1) 

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

(2) 
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where 

Then set z = ax and (2) becomes 

(3) 

where 

dj = r:i Cj (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 INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 of card 1 

2 Initialize D 0.00 

3 To set print mode* m 1.00 

4 Input N** N II N 

5 Do 6 for i = 0.1.2 •...• N 

6 Input Y; (x;) y;(x;) a i 

7 Input n for nth order fit n II 0.00 

8 Load side 1 and side 2 of card 2 

9 To continue execution of 

program aD 1.00 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

10 Input Xt< XN ImDiII 
and Xo Xo Dlil 

11 To obtain the coefficients: d, DB do .. d, .. d2 .. d3 .. d. 

12 To evaluate y from the x Dm 9 
polynomial 

13 For a new case, go to 1 , 

**N = No. of data -1 

*Note: to clear print mode 

press -> @ill 

@) 

Example: 

Find a third order polynomial approximation for the following data. 

x 1 1 .25 1.5 1.75 2 2.25 2.5 2.75 3 

f(x) 2.72 3.49 4.48 5.75 7.39 9.49 12.18 15.64 20.09 

(Note: f(x) = eX) 

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

B -------------. 0.00 m -------------------------.. 1.00 
8 II -----------------------.. 8.00 *** 

2.nm 

3.49m 

-----------..... 2.12 *** 
1.00 *** 

-----------..... 3.49 *** 
2.00 *** 

(N) 
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4.48m ~ 4.48*** 

~ 3.00 *** 

5.75m ~ 5.75 *** 
4.00 *** ~ 

7.39m ~ 7.39 *** 

~ 5.00 *** 

9.49m ~ 9.49 *** 

~ 6.00 *** 

12.18 m ~ 12.18 *** ~ 7.00 *** 

15.64m ~ 15.64 *** ~ 8.00 *** 

20.09m ~ 20.09 *** ~ 9.00 *** 

311 ~ 3.00 *** (n) ~ 
Load side 1 and side 2 of Card 2 

aD ~1.00 ~ 
3m&mJlalil ~ 3.00 *** (XN) 

1.00 *** (xo) -= am ~ -1.79 *** (do) -= .. ~ 7.03 *** (d1) .. ~ -3.85 *** (d2) -= .. ~ 1.31 *** (d3) 

~ .. ~ 0.00 *** (d4) 

r!± 2am ~ 2.00 *** 
7.35 *** (9) I 

~ 



laID 

----------_~ 3.00 *** 
20.06 *** (9) 

----------_~ 1.00 *** 
2.69 *** (9) 

The polynomial is -1.79 + 7.03 x -3.85 x2 + 1.31 x3 • 

y 

25 

20 

15 

10 

5 

o '-----+---+----1----... x 
1 2 3 

14-06 
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t STATISTICS 

I STATISTICS 

START P? X,+y, (/:+) Xk+Yk (L-) ... 5 SD 

I. Paired t Statistic 

Given a set of paired observations from two normal populations with means 
1L1o IL2 (unknown) 

Xi X, 

Y, 

let 

SD 

The test statistic 

SD So =--
Vn 

D 
t=-

So 

Yn 

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

Reference: 

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

Suppose {Xl> X2, ... , Xnl} and {Yl> Y2, ... , Yn2} are independent random 
samples from two normal populations having means 1-'1., 1-"2 (unknown) and 
the same unknown variance a2. 

We want to test the null hypothesis 

Define 

We can use this t statistic which has the t distribution with n1 + n2 - 2 degrees 
of freedom (df) to test the null hypothesis Ho. 

Reference: 

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

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize a 0.00 

3 To set print mode' m 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 INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

Paired t statistic: 

6 Do 7-8for i = 1,2, ... , n 

7 Input: Xi Xi ImDiII 
Yi Yi m i 

8 If you made a mistake in 

inputting X., Y. then correct by X. ImDiII 

Y. m i-1 

9 Calculate: [) 01 [) 

So liD So 

test statistic: liD t 

degrees of freedom liD df 

10 For a new case, go to 2 

t statistic for two means: 

11 Do 12 - 13 for i = 1,2, ... , n, 

12 Input Xi Xi au i 

13 If you made a mistake in 

inputting X., then correct by -> X. all i-1 

14 Null hypothsis test d am d 

15 Do 16-17 for j = 1,2, ... , n2 y; au j 

16 If you made a mistake in 

inputting Y., then correct by -> Y. all j-1 

17 Calculate: t am t 

df liD df 

18 For a different value of d d am d 

Calculate: t am t 

df liD df 

19 For a new case, go to 2 

'Note: to clear print mode 

press -> @0 

@ 



Example 1: 

x, 14 17.5 17 17.5 

y, 17 20.7 21.6 20.9 

D = -3.20 
SD =1.00 
t = -7.16 
df = 4.00 

Keystrokes: Outputs: 
-------------+~ 0.00 D 

II -------------+~ 1.00 
141mB 17m 

171mB 15m 

-------.... ~ 14.00 *** 
17.00 *** 
1.00 *** 

-------.... ~ 17.00 *** 

15.4 

17.2 

15.00 *** (error) 

2.00 *** 

171mB 15m -------.... ~ 17.00 *** 
15.00 *** (correction) 

1.00 *** 

17.5 1mB 20.7 m ------.. ~ 17.50 *** 
20.70 *** 
2.00 *** 

171mB 21.6 m -------.... ~ 17.00 *** 
21.60 *** 
3.00 *** 

17.5 1mB 20.9 m ------.... ~ 17.50 *** 
20·90 *** 
4.00 *** 

15.4 1mB 17.2 m ------.... ~ 15.40 *** 
17.20 *** 
5.00 *** 

15-04 
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II ~ -3.20 *** (D) .. ~ 1.00 *** (SD) .. ~ -7.16 *** (t) 

~ 
.. ~ 4.00 *** (dt) 

Example 2: 

x: 79, 84, 108, 114, 120, 103, 122, 120 
y: 91, 103, 90, 113, 108, 87, 100, 80, 99, 54 
n1 = 8 
n2 = 10 

~ Ifd = o (i.e., Ho: J.Ll = J.L2) 
then t = 1.73, df = 16.00 

Keystrokes: Outputs: 

B ~ 0.00 

II ~ 1.00 

~ 
790B ~ 79.00 *** 

1.00 *** 

840B ~ 84.00 *** 
2.00 *** 

~ 990B ~ 99.00 *** 
3.00 *** (error) 

99011 ~ 99.00 *** 
2.00 *** (correction) ;J 1080B ~ 108.00 *** 
3.00 *** 

114 0 B ~ 114.00 *** F 
4.00 *** 

1200 B ~ 120.00 *** F 
5.00 *** 

1030 B ~ 103.00 *** ~ 
6.00 *** 

~ 1220 B ~ 122.00 *** 
7.00 *** 

I 
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1200 a ~ 120.00 *** 
8.00 *** 

oos ~ 0.00 *** (d) 

910a ~ 91.00 *** 
1.00 *** 

1030 a ~ 103.00 *** 
2.00 *** 

900a ~ 90.00 *** 
3.00 *** 

1130 a ~ 113.00 *** 
4.00 *** 

1080 a ~ 108.00 *** 
5.00 *** 

870a ~ 87.00 *** 
6.00 *** 

1000 a ~ 100.00 *** 
7.00 *** 

800a ~ 80.00 *** 
8.00 *** 

990a ~ 99.00 *** 
9.00 *** 

540a ~ 54.00 *** 
10.00 *** 

om ~ 1.73 *** (t) 

liD ~ 16.00 *** (dt) 
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CHI-SQUARE EVALUATION 

CHI-SQUARE EVALUATION 

START P? Q,tE,(Z:+) OktE .. (}::) .. x / 

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

where observed frequency 
expected frequency 

If the expected values are equal 

(E = Ei = ~i for all i ) 

then 

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 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize a 0.00 

3 To set print mode' m 1.00 

4 For equal expected values, 

go to 10 

5 Do 6~7for i = 1,2, .... , n 

6 Input: 0; 0; ImDiII 
E; E; II i 
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STEP INSTRUCTIONS INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

7 If you made a mistake in 

inputting Ok and Ek, then 

correct by ~ Ok ImDlII 
Ek m i-1 

8 Calculate x," II x," 

9 For a new case, go to 2 
--~-

10 Do 11-12 for i = 1,2, ... , n 

for equal expected values 

11 Input: 0; 0; am i 

12 If you made a mistake in 

inputting Oh, then correct by ~ Oh am i-1 

13 Calculate: x: all X2 
2 

E am E 
-.-~ 

14 For a new case, go to 2 
---

--

-Note: to clear print mode 
-_. .----- ~. 

press ~ @ill 
.--

@) 

Examples 1: 

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

OJ 8 50 47 56 5 14 

Ej 9.646.7551.8554.4 8.25 9.15 

X 2 = 4.84 
1 

Keystrokes: Outputs: 

B -------------~ 0.00 
iii -------------~ 1.00 
8mmm9.6m -------_~ 8.00 *** 

9.60 *** 
1.00 *** 
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50 ImDiIJ 46.75 m ------_~ 50.00 *** 
46.75 *** 
2.00 *** 

471mDi1J 51.85 m ---------+~ 47.00 *** 
51.85 *** 
3.00 *** 

561mDi1J 54.4 m ------_~ 56.00 *** 
54.40 *** 
4.00 *** 

51mDi1J 8.25 m -------_~ 5.00 *** 
8.25 *** 
5.00 *** 

100 ImDiIJ 100 m -------.... ~ 100.00 *** (error) 

100.00 *** 
6.00 *** 

100 ImDiIJ 100 m -------_~ 100.00 *** (correction) 

100.00 *** 
5.00 *** 

141mDi1J 9.15 m -------.... ~ 14.00 *** 
9.15 *** 
6.00 *** 

II-------------_~ 4.84 *** 

Example 2: 

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

Note: Assume that the expected frequencies are equal. 

number 

frequency OJ 

x/ = 5.00 

E = 20.00 

2 3 4 5 6 

25 17 15 23 24 16 
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Keystrokes: Outputs: 

m ~ 0.00 

II ~1.00 

25am ~ 25.00 *** 
1.00 *** 

17am ~ 17.00 *** 
2.00 *** 

19a m ~ 19.00 *** (error) 

3.00 *** 

19a II ~ 19.00 *** (correction) 

2.00 *** 

15a m ~ 15.00 *** 
3.00 *** 

23am ~ 23.00 *** 
4.00 *** 

24am ~ 24.00 *** 
5.00 *** 

16a m ~ 16.00 *** 
6.00 *** 

am ~ 5.00 *** (X.22) 

am ~ 20.00 *** (E) 
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CONTINGENCY TABLE 

CONTINGENCY TABLE 

START 2xk Xllt ·(e) Xlht +(2::) .x 2 C c +R1 R2 T 

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

I. 2 X k CONTINGENCY TABLE 

~ 2 k Totals 

x" X'2 X'k R, 

2 X2, X22 X2k R2 

Totals C, C2 Ck T 

Test statistic 

Degrees of freedom df = k - 1 

Pearson's coefficient of contingency Cc measures the degree of association 
between the two variables 

Cc = VT : )f 
II. 3 X k CONTINGENCY TABLE 

~ 2 k Totals 

1 x" X'2 X'k R, 

2 X2, x22 X2k R2 

3 X3, X32 X3k R3 

Totals C, C2 Ck T 
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This program computes the X- statistic (with 2(k - 1) degrees of freedom) for 
testing the independence of the two variables. Also Pearson's coefficient of 
contingency Ce , which measures the degree of association between the two 
variables, is calculated. 

Equations: 

Row sum RI 

Column sum Cj 

Total T 

k 

~ Xu 
j = 1 

3 

~ Xu j 
i = 1 

3 k 

~ ~ Xu 
i = 1 j = 1 

Chi-square statistic 

3 k 
~ ~ (Xu - EU)2 

i = 1 j = 1 Eu 

1,2,3 

1,2, ... , k 

T(±±~)-T 
i = Ij = 1 RI Cj 

Where the expected frequency 

Contingency coefficient 

Reference: 

B. Ostle, Statistics in Research, Iowa State University Press, 1972. 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize m 0.00 

3 To set print mode- am 1.00 

4 For 2 x k go to 5 

For 3 x k go to 11 

5 Do 6~ 7 for j = 1,2, ... , k 

for 2 x k 

6 Input: X'j X'j I!ZIDiD 
x2j X2i m j 

(Optional) Calculate column 

sum Cj m Cj 

7 If you made a mistake in 

inputting X'h and X2h, then 

correct by --+ X'h I!ZIDiD 

X2h ra j-1 

(Optional) Calculate column 

sum Ch (correction) m -Ch 

8 Calculate: x2 iii ¥ 
Cc m Cc 

9 Calculate: row sums R, II R, 

R2 m R2 

total T liD T 

10 For a new case go to 2 

11 Do 12~13 for j =1,2, ... , k 

for 3 X k 

12 Input x· x" mmm 
x., x.; mmm 
X3 i X3i am j 

(Optional) Calculate column 

sum Cj .. Cj 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

13 If you made a mistake in 

inputting X'h , X2h and X3h , 

then correct by -> X'h IIZIIIiD 
X2h IIZIIIiD 
X3h all j-1 

(Optional) Calculate column 

sum Ch (correction) .. -Ch 

14 Calculate: x' am x' 

Cc .. Cc 

15 Calculate: row sums R, all R, 

R2 .. R2 

R3 .. R3 

total T .. T 

16 For a new case go to 2 

-Note: to clear print mode 

press -> (illJ 

@) 

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: 
B ----------------------~. 0.00 
DB • 1.00 

80 1mDi11170 II • 80.00 *** 

120 1mDi11130 II 

170.00 *** 
1.00 *** 

------_. 120.00 *** 
130.00 *** 
2.00 *** 

---------------------__ • 13 .33 *** (~) 

~ = 13.33 > ~.99(l) = 6.63 

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

Example 2: 

Find test statistic ~ and coefficient of contingency Cc for the following set 
of data. 

2 3 
A 2 5 4 
B 3 8 7 

Keystrokes: Outputs: 
B --------------------~ • 0.00 

DB 
21mDi11311 

• 1.00 

• 2.00 *** 
3.00 *** 
1.00 *** 

mD------------------~ • 5.00 *** 

• 5.00 *** 
8.00 *** 
2.00 *** 

(C1) 



mB------------------~ ~ 13.00 *** (C2) 

~ 6.00 *** (error) 

9.00 *** 
3.00 *** 

mB ------------------+ ~ 15.00 *** (C3) 

~ 6.00 *** (correction) 

9.00 *** 
2.00 *** 

mB ---------------+~ -15.00 *** (-C3) 

----------.~ 4.00 *** 
7.00 *** 
3.00 *** 

~ 11.00 *** mB---------------------+ 

II ~ 0.02 *** 
~ 0.03 *** mB-------------------+ 

~ 11.00 *** 
~ 18.00 *** 
~ 29.00 *** 

II 
mB--------------------~ 
mB-------------------+ 

Example 3: 

(C3) 

(~) 

(Cc) 

(R1) 

(R2) 

(T) 

17-06 

Find test statistic x: and coefficient of contingency Cc for the following set 
of data. 

1 234 

1 36 67 49 58 
2 31 60 49 54 
3 58 87 80 68 
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~ Keystrokes: Outputs: 
m • 0.00 

am • 1.00 
I 

361mDi1J 31 ImDiIJ 58 a II • 36.00 *** I 

~ 31.00 *** 
58.00 *** 
1.00 *** .. • 125.00 *** (C1) F 

F 
67 ImDiIJ 60 ImDiIJ 87 a II • 67.00 *** 

60.00 *** F 87.00 *** 
2.00 *** 

~ .. • 214.00 *** (C2) 

ed: 
4 ImDiIJ 49 ImDiIJ 80 a II • 4.00 *** (error) 

~ 49.00 *** 
80.00 *** 
3.00 *** .. • 133.00 *** (C3) F: 

491mDi1J 491mDi1J 80 a II • 49.00 *** F= 49.00 *** 
80.00 *** 
4.00 *** F= .. • 178.00 *** (C4) 

F= 
4 ImDiIJ 49 ImDiIJ 80 a II • 4.00 *** (correction) F= 49.00 *** 

80.00 *** 

~ 
3.00 *** .. • -133.00 *** (-C3) 

J 
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58 ImIB 54 ImDm 68 a iii ~ 58.00 *** 
54.00 *** 
68.00 *** 
4.00 *** 

liD ~ 180.00 *** (C4) 

am ~ 3.36 *** (x) 
liD ~ 0.07 *** (Cc ) 

all ~ 210.00 *** (R1) 

liD ~ 194.00 *** (R2) 

liD ~ 293.00 *** (R3 ) 

liD ~ 697.00 *** (T) 
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SPEARMAN'S RANK CORRELATION COEFFICIENT 

SPEARMAN S RANK 
CORRELATION COEFFICIENT 

START P? R +S, ().;.) 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 

rs = 1 
n(n2 - 1) 

n = number of paired observations (Xi> YI) 
Di = rank (XI) - rank (YI) = RI - SI 

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 

n - 1 

A test for the null hypothesis 

Ho: X, Y are independent 

is using 

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) I- 0. 

Note: - 1 ..;; r. ..;; 1 
rs = 1 indicates complete agreement in order of the ranks and r. 
- 1 indicates complete agreement in the opposite order of the ranks. 

Reference: Nonparametric Statistical Inference, J. D. Gibbons, McGraw 
Hill, 1971 
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STEP INSTRUCTIONS INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 

2 Initialize II 0.00 

3 To set print mode' m 1.00 

4 Do 5- 6 for i=1, 2, - - - - , n 

5 Input R; R; ImDiD 

S; S; a i 

6 If you made a mistake in 

inputting R. and S., then 

correct by --> R. ImDiD 

S. m i-1 

7 Calculate: rs .. rs 

z liD z 

8 For a new case, go to 2 

'Note: to clear print mode 

press --> @ill 

@) 
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Example: 

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

Xi Yi Ri Si 
Student Math Grade Stat Grade Rank of Xi Rank of Yi 

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: 

D • 0.00 

II • 1.00 
61m1mp II • 6.00 *** 

7.00 *** 
1.00 *** 

14 1mDiI111 II • 14.00 *** 
11.00 *** 
2.00 *** 

31mDi11411 • 3.00 *** 
4.00 *** 
3.00 *** 

I1mDi11211 • 1.00 *** 
2.00 *** 
4.00 *** 
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lllmDill8 m ~ 11.00 *** 
8.00 *** 
5.00 *** 

51mDi115m ~ 5.00 *** (errors) 

5.00 *** 
6.00 *** 

51mDi1151D ~ 5.00 *** (correction) 

5.00 *** 
5.00 *** 

151mDi1115 m ~ 15.00 *** 
15.00 *** 
6.00 *** 

41mDi111m ~ 4.00 *** 
1.00 *** 
7.00 *** 

21mDi119m ~ 2.00 *** 
9.00 *** 
8.00 *** 

91mDi116m ~ 9.00 *** 
6.00 *** 
9.00 *** 

10 ImDiII 10 m ~ 10.00 *** 
10.00 *** 
10.00 *** 

51mDi115m ~ 5.00 *** 
5.00 *** 
11.00 *** 

81mDi1J 13m ~ 8.00 *** 
13.00 *** 
12.00 *** 
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13 IIII!m 12 II ~ 13.00 *** 
12.00 *** 
13.00 *** 

~ 7.00 *** J 3.00 *** 

12 IIII!m 14 II 

II 
liD ----------+ 

14.00 *** 

~ ~ 12.00 *** 
14.00 *** 
15.00 *** 

~ 0.76 *** (rs) 

~ ~ 2.85 *** (z) 

;d: 
J 
~ 
F! 

F! 

F! 

~ 
J 
~ 
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i' AND R CONTROL CHARTS 

x AND R CONTROL CHARTS 

START P? x')(l:+) Xk(Z-) .xmax"xmn 

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 XiJ represents the jlh data point from the ilh sample, i = 1,2, ... , m 
and j = 1,2, ... , n. This program computes (1) the sample mean x and the 
sample range Rj, (2) the over-all mean x and the average range it, (3) the 
upper control limit Ux- and the lower control limit Lx for x, and (4) the upper 
control limit UR and the lower control limit LR for R. 

Equations: 

1. 

Ri = Xmax - Xmln 

where Xmax is the maximum of the x values and Xmin is the minimum of the 
x values in the ilh sample. 

2. 

3. 

m 

X = L xi/m 
i=l 

m 

LRdm 
i=l 

where A2 is the factor for the x chart, which can be found in the following table. 

4. LR = D3R 

UR = D4R 
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D3 and D4 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 
Factor for 

Factors for R chart 
observations 

x chart 
in subgroup Lower limit Upper limit 

n A2 D3 D4 

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. 
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INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

STEP DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 Initialize D 0.00 

3 To set print mode' iii 1.00 

4 Do 5- 9for i=1, 2, ... , m 

5 Do 6-7for j=1, 2, ... , n 

6 Input x;; Xli II j 

7 If you made a mistake in 

inputting X;k, then correct 

by" -> Xik m j-1 

8 Calculate: xmax II Ximax 

Xmin II ximin 

-
9 Calculate: the mean X; DD X; 

the range R; DD R; 

10 Calculate: x Dlil X 

R Dlil R 

11 Calculate the x limits: 

the lower A2 DlI Lx 

the upper DlI U-X 

12 Calculate LA 0 3 Dm LA 

13 Calculate UA D. DII UA 

14 For a new case, go to 2 

'Note: to clear print mode .-
press-> @) 

IimI 

II 

"Note: If there are two or more 

X;k'S entered incorrectly (one 

follows the other), then do not 

try to correct them, go to step 2. 
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Example: 

For the following set of data, find the lower and upper control limits for 
x and R. 

Sample 

(Note: n 

Keystrokes: 

D 
iii 
10.04 a 
lOa 

10.02 a 
11.11 a 
11.1111 

10.01 a 
10.02 a 

II 
II 
DD 
DD 

lOa 
10.01 a 
10.03 a 
10.02 a 

2 
3 

10.04 
10.00 
10.02 

5,A2= 0.58,D3 

2 

10.00 
10.01 
10.02 

3 

10.02 
10.03 
10.02 

4 

10.01 
10.02 
10.04 

5 

10.02 
10.01 
10.01 

= 0,D4 = 2.11) 

Outputs: 
~ 0.00 

• 1.00 

• 10.04 *** 
1.00 *** 

• 10.00 *** 
2.00 *** 

~ 10.02 *** 
3.00 *** 

~ 11.11 *** (error) 

4.00 *** 
~ 11.11 *** (correction) 

3.00 *** 
• 10.01 *** 

4.00 *** 
• 10.02 *** 

5.00 *** 

~ 10.04 *** (Xl max) 

• 10.00 *** (Xl min) 

~ 10.02 *** (Xl) 

• 0.04 *** (R l) 

• 10.00 *** 
1.00 *** 

• 10.01 *** 
2.00 *** 

~ 10.03 *** 
3.00 *** 

~ 10.02 *** 
4.00 *** 
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~ 
10.01 & ~ 10.01 *** 

5.00 *** 
~ 

II ~ 10.03 *** (X2 max) 

II ~ 10.00 *** (X2 min) == D • 10.01 *** (X2) 

D ~ 0.03 *** (R2) 

10.02& • 10.02 *** 
~ 

1.00 *** 
~ 10.02 & • 10.02 *** 

2.00 *** 
10.04& • 10.04 *** (error) 

&: 3.00 *** 
1O.04ID ~ 10.04 *** (correction) 

2.00 *** &: 10.02 & ~ 10.02 *** 
3.00 *** 

10.04 & ~ 10.04 *** ~ 4.00 *** 
10.01 & • 10.01 *** 

5.00 *** ~. 
II ~ 10.04 *** (X3 max) 

II ~ 10.01 *** (X3 min) I::: aD ~ 10.02 *** (X3) 

aD ~ 0.03 *** (R3) 

I::: 
am • 10.02 *** (X) 
am ~ 0.03 *** (R) I::: 
0.58 a & ~ 10.00 *** (Lx) 

a& ~ 10.04 *** (Ux-) I::: 
oalD ~ 0.00 *** (LR) 

I::: 
2.11 a II • 0.07 *** (UR) 

Reference: Ii=: 
Grant and Leavenworth, Statistical Quality Control, McGraw-Hill, 1972 

F= 
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OPERATING CHARACTERISTIC CURVES 

OPERATING CHARACTERISTIC CURVES 

START P? fin N ntC P"'P'l 

This program evaluates the probability P a 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 Pa . The 
lot size N, sample size n and the acceptance number c (maximum allowable 
number of defectives in the sample) should be given. The probability Pa , 

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 

Pa = I f(x) 
x = 0 

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. 

The recursive relation 

(x - M) (x - n) 
f(x + 1) = f(x) 

(x + 1) (N - M - n + x + 1) 

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

is used to find the probability 
C 

Pa I f(x) 
x = 0 

with starting value 

f(O) = 
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The binomial coefficient (:) is computed by the formula 

(~) 
N(N - 1) ... (N-n+l) 

1 . 2 ..... n 

2. Infinite lot size 

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

c 

Pa = L f(x) 
x = 0 

f(x) = (:) px (1 _ p)n-x 

where O~p<l. 

The recursive relation 

f(x + 1) p(n - x) f(x) 
(x + 1) ( 1 - p) 

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

is used to find the probability 

C 

Pa L f(x) 
x=O 

with starting value 

f(O) (1 - p)n 

Remarks: 

1. The program requires that 0 ~ p < 1. 

2. For the type A curve (finite lot size), if c 0, Pa f(O). 
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3. For certain combinations of N, n ,and c (usually when they are large), an 
overflow condition will occur. In that case, the program halts and the 
display shows all 9's. 

4. Ifthe 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 :s; 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. 

2. 

STEP 

1 

2 

3 

4 

5 

6 

7 

8 

Dodge and Romig, Sampling Inspection Tables, John Wiley and Sons, 
1959. 

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

INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

Load side 1 and side 2 

Initialize m 0.00 

To set print mode' m 1.00 

For infinite lot size (type B), 

go to 11 

For finite lot size (type A), do 6~ 9 

Input lot size N II N 

Input: sample size n ImDiIJ n 

acceptance number c II c 

Calculate probability p. p II p. 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

9 For a different p, go to 8 

10 For a new case, go to 2 

11 Input: sample size n ImIm n 

acceptance number c aID c 

12 Calculate probability p. p all p. 

13 For a different p, go to 12 

14 For a new case, go to 2 

'Note: to clear print mode 

press --+ @ill 

@) 

Example 1: 

Find the type A DC curve for the sampling plan with N = 200, n = 20 
and c = 0 (compute Pa for p = 0,0.02,0.04,0.06,0.08,0.1,0.12,0.14). 

Keystrokes: Outputs: 

B ~ 0.00 

iii ~ 1.00 
200 II ~ 200.00 *** (N) 

20 ImI!m Om ~ 20.00 *** (n) 

0.00 *** (c) 

011 ~ 0.00 *** 
1.00 *** 

0.0211 ~ 0.02 *** 
0.65 *** 

0.0411 ~ 0.04 *** 
0.42 *** 

0.0611 ~ 0.06 *** 
0.27 *** 
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0.0811 • 0.08 *** 
0.17*** 

0.111 • 0.10 *** 
0.11 *** 

0.1211 • 0.12 *** 
0.07 *** 

0.1411 • 0.14 *** 
0.04 *** 

Pa 

1 
.9 
.8 
.7 
.6 
.5 
.4 
.3 
.2 
.1 

L--+ __ ~ __ ~ __ ~ __ +-__ ~~ ___ p 
0 .02 .04 .06 .08 .1 .12 .14 

Example 2: 

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

Keystrokes: Outputs: 
EI • 0.00 

iii .1.00 

200mmiIJ 1 D m • 200.00 *** 
1.00 *** 

ODII • 0.00 *** 
1.00 *** 

200, c 

(n) 

(c) 



0.01 a II 

0.02 a II 

0.03 a II 

0.04 a II 

----------+~ 0.01 *** 
0.40 *** 

---------_~ 0.02 *** 
0.09 *** 

---------_~ 0.03 *** 
0.02 *** 

----------+~ 0.04 *** 
2.656338303-03 *** 

Pa 

1 

.8 

.6 

.4 

.2 

0 .01 .02 .03 .04 
P 

20-06 
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SINGLE- AND MULTI-SERVER QUEUES 

SINGLE - AND MULTI SERVER QUEUES 

lit, tn... ..R "'Pt ... Lq ... L ... Tq ... T t ... P(t) 

I. 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), JL 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 JL. 

Equations: 

1. The intensity factor 

A p =-
JL 

(p must be less than n) 

2. The probability that all servers are idle 

Po = [ I 4 + pn ] -1 

k=O k. n! ( 1 _ ~ ) 

3. The probability that all servers are busy 

4. The average number of customers in the queue 

L = P Pb 
q 

n-p 
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5. The average number of customers in the system (waiting or being served) 

6. The average waiting time in the queue 

Lq 
T =--

q A 

7. The average flow time through the system 

L 
T=--

A 

8. The probability of waiting longer than time t 

Remarks: 

1. n must be an integer greater than or equal to 1. 

2. p < n, otherwise the queue increases without bound. 

3. A and IL are rates, that is, numbers per unit time. 

D. Finite Customers 

Suppose there are n (n ;a. 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 

L k Qk 
k=O 

L= 
m 

L ~ 
k=O 
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where 

and 

Qo = 1 

(m - k + 1) P Qk-l 

s 
p = a 

2. The average flow time through the system 

T = aL 

if 1 ~ k ~ n 

ifn<k~m 

3. The average number of customers in the queue 

4. The average waiting time in the queue 

Tq = aLq 

5. The over-all efficiency factor of the system 

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

Remarks: 

1. For large values of m and/or small values of p, the calculation of Qk in the 
routine under 0 @) may underflow. To avoid this, the program tests to see if 
Qk < 10-90 . If it does, the program will halt its recursive solution for Qk and go 
directly to the calculation of L. This should not affect the calculated value of L. 

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 (0 @) is given by m/30 
minutes. 
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4. Suppose instead of knowing s and a, the service rate J.L of each server and 
the arrival rate }.. are given. Then the following formulas can be used to 
compute s and a in order to run this program. 

Note that 

References: 

s=-
J.L 

1 a=-
}.. 

}.. 
p=­

J.L 

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 INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

2 For finite customers go to 11 

3 Do 4 ~ 9 for infinite customers 

4 Input /J. /J. ImDiIJ 
A A ImDiIJ 
n n D p 

5 Calculate Po iii Po 

Pb iii Pb 

6 Calculate: Lq a Lq 

L a L 
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7 Calculate: To m To 

T m T 

8 Input t to calculate P(t} t II 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 ImDi1I 
number of servers n aD m 

13 Input: service time s ImDi1I 
arrival time a am p 

14 Calculate: customers in system aB L 

time through system aB T 

15 Calculate: queue length am Lo 

waiting time in queue am To 

16 Calculate efficiency factor F all 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, Po, Pb , Lq , L, Tq , T and the probability P(2) that a 
customer will have to wait for more than 2 minutes. 

(

Note: Service rate JL = !~ = 0.5 customers per minute) 

Arrival rate A = 1.2 customers per minute 

Keystrokes: 
.5 ImDiIJ 1.2 ImDiIJ 3 B 

Outputs: 

----_ 0.5 *** 
1.20 *** 

(JL) 
( A) 

3.00 *** (n) 

2.40 *** (p) 
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II ~ 0.06 *** (Po) 

II • 0.65 *** (Pb) 

II • 2.59 *** (Lq) 

II • 4.99 *** (L) 

m .2.16*** (Tq) 

m • 4.16 *** (T) 

211 • 2.00 *** (t) 

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, Lq, Tq and F. 

Keystrokes: Outputs: 
121mDia I OD • 12.00 *** (m) 

1.00 *** (n) 

41mDia60 0 II • 4.00 *** (s) 

60.00 *** (a) 

0.07 *** (p) 

011 • 1.64 *** (L) 

011 • 98.66 *** (T) 

om • 0.95 *** (Lq) 

om • 57.24 *** (Tq) 

011 • 0.92 *** (F) 
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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 ..................... . LOI-OI 
2. Factorial, Permutation and Combination ................ . L02-01 
3. Moments, Skewness and Kurtosis 

(For Grouped or Ungrouped Data) ................... . L03-01 
4. Random Number Generator ........................... . L04-01 
5. Hi~ogram ......................................... . LOS-OI 
6. Analysis of Variance (One Way) ...................... . L06-01 
7. Two Way Analysis of Variance ...................... . L07-01 
8. Analysis of Covariance (One Way) ..................... . LOS-OI 

Cardl 
Card 2 

9. Normal and Inverse Normal Distribution ................ . L09-01 
Card 1 
Card 2 

10. Chi-Square Distribution .............................. . LIO-OI 
11. t Distribution ....................................... . Lll-OI 
12. F Distribution ...................................... . LI2-01 
13. Multiple Linear Regression ............................ . L13-01 
14. Polynomial Approximation ........................... . LI4-01 

Card 1 
Card 2 

15. t Statistics ......................................... . LIS-OI 
16. Chi-Square Evaluation ............................... . LI6-01 
17. Contingency Table .................................. . LI7-01 
18. Spearman's Rank Correlation Coefficient ................ . LIS-OI 
19. x and R Control Chart ............................... . LI9-01 
20. Operating Characteristic Curves ....................... . L20-01 
21. Single- and Multi-Server Queues ....................... . L21-01 
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Basic Statistics for Two Variables 

ee: .~B,-" :rs STC9 
ee;: [LIl'- p·c 
.B? eFt Initialize ISS .se9 
u< cr:! .n .see 
9L'~ Cco? 8£: 11TH 
eOe p" .£2 .lILE 
se' CL." .£3 S~: Correction for xk. Yk. fk . 
9Bf p"'" 864 • sio 
8tP f .£5 CF: 
el(~ "'TN 96£ IITN 
f" 'LBL, Set flag 0 for print. 8£~ .LeLl 
r:.: SI'C 1'8 Fl" 
e' • '.9 HD4 
flH /1n; .If l+ 
'l~ .LELC Correction for xk. Yk. ", 11TH 
fIt 1'8" '72 .LBL4 
01- .sr.e 87:: l-
elf SF! t('4 ~TH 
r.!~ x:~· e'· .LBU 
f.2f : e~f x,Y 
e.:: .SF9 e77 .se9 
3.2': 'SB~ e~2 , "£' 
C':7 c-r:; ,'0 x ... \· 
e2.f (;Tk eBe .SB9 
!'c- .LB~P BEl .SBB 
f.':,- F~-- Input X,_ VI' es;: RTN 
e2~ .ssc Be? .LBL" 
r.:t v'_ B;>< 
e2~ .. r.e~ fToe 
f:J~' 'SF:' 'St X'"-
£I::': ~sef: it~- p·e 
8,2 ~H: eSf Hoe 
!'J? fLB!.[ Input Xi. VI' f j • ee~ p" V ... Vy 
f", ST:::~ e?e 
0?~ F1'" ~5': EE_~ 
l'=~' t [H£ e9:-
e~' ST+5' eo' 
a:'£' PI .94 ...... , 
G?:- srDE e!J~ LST.'~ 

l'4r r, ~9i 

e4; STan f!~':" u ..... ' 

~4.: 111 89f_ /leLt 
B·t:' Fe-- ~9~ 
844 .see :96 .se~ 
e4~ P1 18: R"S 
e4, AFS :82 X'V 
~4' 'SF~ H~2 P;S 
04, C'~nT 18.; ReLe 
IH~ t!..B~2 lP~ P;5 
B~e peLf :06 
~., RC!." 18~ .589 eo, 'SBJ 18,- .ses 
8-=:~ DC"" 18.0 RTN 
85< no~ :10 .LBL, 
e~~ RC:"~ III r.s, P"C, Of':' ,se~ 

REGISTERS 
0 ;. l' 12 1

3 I' 16 T 1
8 I" 1:fj 

so_ 
1
51 

152 153 r 55 
1
56 r 1

58 
1
59 

n v l:Xj l:Xjl 1:Vi EVi
2 

IXj Vi 

A 

" 1" re 1E I' v, 
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U:J 11/5 /69 '589 
U4 x:y .... Sy 17. 11TH 
U! 1:SB9 171 .uJL.I 
Wi I:SB8 17Z S 
117 11TH In IICLE 
U8 .ut. 174 + 
U9 S I~ x 1 .. 
IZ. .uJL1 176 I/X 
IZI P:E s,r'. Sy J"'~ '589 
IZZ IICL9 178 '588 
IZ:J P:S 179 11TH 
IZ4 EHTt lIB .uJL. 
IZ! x:y lSI IICU 
IZ€ I 182 '589 l:Xj. ~Vi 
IZl - lez R/S 
Ize • 184 x:y EXjVi 
IZ!! IX 18S '589 
138 • 186 R/S 
I:JI '58!! 1°'" P:S 
13Z FZ' I" IICL8 
1:J3 'SB8 le~ P:S 
134 CFZ 198 'SB9 
:~ 11/$ 191 '58e 
IZ6 L5TX 192 liTH 
1''7-'' S 193 .LBLe 
I:JS x:r 194 P:S 
139 SF2 19S lICL7 
148 'TOJ 19£ lICL5 :Ex,', l:Yjl 
14J ~rH 197 P:S 
142 *LBLII 198 'SF!) 
143 i1 199 lI/$ 
14" K"V 288 X:\' 
145 P:$ 281 'Seg 
146 STOll 282 'Se8 
147 lICH 283 liTH 
14B lICL4 284 *LBU 
149 lICL8 285 X"' 
ISO x 

sXY' Sxy 28. PRTX Print Xi. Vi. 
15; - 287 K:r 
152 lieu 288 PRTX 
153 I 289 11TH 154 - 218 .LBL~ 15:5 

21J Fe" Subroutine for print. 
156 P"< 

ZJZ PRTX I~' STOE 
ZI3 liTH ISS '5B9 

1~9 lI/$ Z14 .LBLB 
16f P:S 215 F8" 

Subroutine for space. 
16J lICL9 Zlc SPC 
162 P:S 217 liTH 
I£Z EHT1 
164 X:Y 
I~ I 
1£6 -
If:' 
16e · LABELS FLAGS SET STATUS 

A Start B XjtVi (1:+) C x. tV. (I;-) DXj.Vi.1i E Xk. Yk. fk o Print FLAGS TRIG DlSP 

• Print b Used c Used d Used 8I:Xj •••• 1 l:-ICorrect. ON OFF 
0 0 ~ 

DEG ~ I FIX i<l 
o Print Xi. Vi 1 Useo 2 Used 3 Used 4 Used 2 Sy' 1 0 Kl GRAD 0 SCI 0 

2 0 ~ RAD 0 ENG 0 
6 7 8 $pace 9 Print 3 

3 0 il n~ 
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Factorial, Permutation and Combination 

:~i l~f~, 
,~, LSTX 

Initialize 85e XOl'" 
IO? CF8 859 .5B£. 
ee~ e '68 5107 
8e~ R1N 86J 1 
89f .LBL8 Set flag 0 for print. 8 .. = 5TOI 
ee~ SF8 '6, + 
le~ 1 864 ST06 
8P? RTH 865 ,.". 
~;e .LBLD .6£ X=Y" 
81 ; X~\ .. 

867 H03 
812 '58. Input m, n for mPn 868 .UU 
it''':'' ... , 8(,9 F~ 
814 (;58. 

'70 1 
81~ X.~':"'" '"' lIeLl 
elf ,roz 8~-:- • 8' • EHTt ,", 5TOI ltIE: e 
81? Xrr"" .74 X>YrI 

e2e HOJ 8~ (;105 

8"j '" 876 lieu 
B22 1 877 x,y 
82? x=yl"l 878 • 
eo' (;T04 8:'9 L5TX 
.' 
e'· - 888 · 
82f $10: 88: lIeL6 
82- PI Be2 x 
8"c, 5T:J~ 88:1 5TO£ 
8"0 .ULl 884 (;TO' 
eJe PCL~ 88~ .LBU 

8" 1 ,S£. R~ 

e7~ - 887 R~ mPI =m 
p',:" ST07 888 .58. 
8:14 889 .5& 

8'· lJ5Z1 '98 11TH 

8Zf (;TOI '91 .UL6 

e" (;58. 892 5TO£ 

8Je .S/lI, .93 X;!Y 
8!~ 11TH .94 11TH 

848 .UL2 .95 .ULS 

e41 8 896 IICL6 

842 t97 .58. 
.43 .LBLJ 

Error t98 (;5& 

844 £HTf "9 11TH 

'4~ 
, II. OLBLC 

'4£ .se. 1.1 (;58. 
I.:? 5TOI 

'47 (;5& 1.3 5T03 Input n for nl 
.45 11TH 1.4 £. .49 lLBL£ 115 9 
15. x:y 186 x:y 
151 (;58. Input m. n for men 1'7 XlY~ 
.52 X:Y 1.8 (;T09 
153 .58. leg X:Y 
154 X:-.Y'" U. -
155 .T02 ;g ~~~~ - -

REGISTERS 
0 r m,n 12Log(88' ...... 13 en - i) I' s 

1
6 

Used T 18 
n-1 1

9 
m 

so r' t 1
53 

1
54 S 

1
86 

1
57 

1
86 

1
59 

A I" Ie 0 IE I' m-88 
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113 H! 
114 LOG 
!1~ ST02 
II. IICLl 
117 £HTt 
lie LOG 
119 ST+2 
lze .ulL7 
IZI DSZl 
IZ2 'Toe 
IZZ 'T07 
124 .LIL7 
125 lIet:! 
IZ. IHT 
127 'SB. 
Ize IICL:! 
129 FIle 
139 Ie' 
131 DSP9 
132 'SB. 
133 DSP:! 
134 IICLl 
IlS GSB~ 
136 II./S 
137 II~ 
138 III 
139 II./S 
14. IIf 
W 11TH 
142 .ULe 
143 IICLJ Takelofdn -11. 
144 I 
145 -
146 ST03 
147 LOG 
14B ST+2 
149 'T07 
I:J • • LBL9 Forn<::69. 

I:JI H! 
15Z 'SB. 
1:s3 ,-
154 11TH 
1:S:S .uIL. Subroutine for print. 

156 F.? 
1:s7 PIT)! 
I:JB 11TH 

Subroutine for space. 1:J9 ~ 
161 Fr 
llil $PC 
162 11TH 

LABELS FLAGS SIT STATUI 
A Stort B Print? rr+nl o mtn~",Pn Emtn .... mCn 0 Print FLAGS TRIG DlIP 
• Print b Spoce c d . , ON OFF 

0 0 II 
DEG II/ 

FIX II 
.. c. ' ml 2 Error 3 m'o.meo' • m'l.mel 2 , 0 II GRAD 0 SCI 0 

7 n>1II 3 2 0 I) RAD D· ENG 0 
Output 4y n>1II n .. 111 3 0 I) n~ 
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:~ .IJL. 
cu'. 

.. ! P:S 
"4 CLI" 
~ P:S 
Nt CFJ .. ~ CF. 
eee 8 
eef /lTH 
'It *L8L, 
ell SF. 
f'':'' 1 
.13 /lTH 
814 .L8LB 
el~ 5TO~ 
.li .SB9 
e'- 1+ 
elf' .L8Ll 
81? P:S 
eze /lCL4 
B'!It /lCL~ 
.22 IICL9 
e2~ P"' 
e24 STOJ 
,~ F:J 
8Zf 5T03 
.27 ~j 

82f 5T02 
ezg /lCL~ 
838 3 ". Y' 
832 Fl" 
8" CHf 
'34 ST+4 
,~ /lCLiI 
'3i 4 
8'- "' .or Fl" 
C?Q CHS 
848 ST+~ 

84: /lCLl 
84: • 589 
84" .588 
'44 /lTH 
(t<f~ alJLC 
.46 .589 
8e SFI 
84r Z-
.49 .581 
es8 CFl 
85: /lTH 
85:' aLBLD 
IS:? X"V 
es4 '589 
es~ X:\' 
lSi .589 

0 rn or l:fj 

SO e' 
A Xi 1

8 

Moments, Skewness and Kurtosis 
(For Grouped or Ungrouped Data) 

.". .. 
est CNS 

Initialize .,9 Sr.J 
K. x:y 
.£1 x 
K:? ST+Z 
'63 UTX 
K4 x 
865 ST+3 

Set flag 0 for print. 166 UTI: 
e.? " 

K. ST+4 
Kg UTX 
'~8 x 
.7J ST+S 

Input Xi for ungrouped data. .72 RCLC .', J 
.74 Fl" 
e'w CIIS 
.7i + 

'-7 STOC 
.7e .589 
'7!t .SS8 
es. /lTH 
e81 .LlLE 
882 SF) 
.eo • ssr. 
884 CF: 
I~ 11TH 
'86 .IJL~ 
.B7 IICLZ 
.8e /lCLl 
889 
898 5TO£ ,,: .589 
.92 .588 
893 11TH 
894 tLBLc 
'lI! /lCL3 
896 /lCLl ,a- • 
89. /lCL6 
899 )(' 

1 .. ST08 
181 -

Correction for )(k' III 5T07 -
1'3 .589 
1'4 R/S 
1., /leu 
lK /lCLJ 
1'7 IICL6 
I.e y 

Input Vj. fi for grouped data. 1.9 J 
ue , 
Ul -

00 l1eL 
REG! TERS 

12IxiorIfi!i 13t-.2 ortfrli21·Ixtl or T.fml 51: .... or DrIi4 16. "i,m.. r m:a 

1
82 1$3 154 

1:xi 5 IXj2 
1
56 

1:y, IS7 
ty,2 

Ie n 
0 IE 

Correction for Vh. fh . 

• 

m, 

m, 

1
8 .' I" m, 

1
58

1:,.. t" n 

I' 
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g: + 169 
~c leu In Subroutine for .~. 

115 1IC18 171 11TH 
116 x 
117 2 II. x 

II' • 
12t ST'" 
121 "" 122 1/$ 
113 1ICL5 
124 1ICL6 
:15 IICU 
116 x .". 
127 4 
12B X 

IZlI -
131 ICU 
131 teLJ 
132 x 
133 6 
134 x 
I~ • 
13£ tell 
137 + 
138 teU 
139 X' 
148 3 
141 x 
142 -
143 $TOIi 
144 "" 145 '58B 
146 11TH 
147 *LBL. 
14B IICL' 11 
14' tel 7 
158 I 
151 
152 5 
153 y. 
154 • 
I" "" 156 11/$ 
157 IICl6 
15t ICl7 
159 X· 1. 
168 + 
161 '58' 162 ,-
163 11TH 
164 .w, Subroutine for print. 
165 FI~ 

166 PIITX 
11i~ 11TH 
168 *lILB 

LABELS FLAGS SET STATUI 
Start ex, (1:+) x. (1:-) v,tl, (1:+) f v, tl, (1:-) a Print FLAGS TJIIQ DIIP 

• Print? b~x c .... lnJ •rns .".,. d-+YI ;12 . 1 Correction ON OFF 
o 0 I!!I 

DEG ~ I FIX III 
1 Used 2 3 4 2 1 o I!!I GRADO SCI 0 

2 o I!!l RAD 0 ENG 0 7 Spoc:o Print 3 
3 o I!!I n--2-
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Random Num&er Generator 

~ .U~. Input I, b, clear secondary :e:f:E p.c 
registers. .3 CLIi" ese "'7 

.4 P:S '6e STII7 
II! ,TO, 8£1 '587 
88£ .~IU e6Z 2 Normal number generator. .. ~ 'SI;' 8£3 X 

NB IICLC fl4 I 
N!I IICLe fl~ -
'I' - 866 ST02 
.11 , ", 8£;' IICL7 
812 IICLD ~6e 2 
'13 · e69 , 
fl4 .ULZ '78 I 
'J~ PIITX 871 -.10 ST09 872 STilI 
J" I. en .p' 
'IS IICLR 674 X' 
819 • 8~' I 
828 STDI: 876 XiY" 
821 IICU 877 'TD~ 
.22 X' .78 III 
.23 IICLS '7~ £HTt 
.24 • .S8 LH 
.25 SToe .e: 2 .u I .8Z , 
.27 IICLI .83 CHS 
12S • 8B4 x:r 
129 STOI eB~ . 
Il. 1ICL9 .8£ (Yo 
131 'TH .8? STOB 
832 tLIU. .B8 IICLl 
.33 5TOC .89 '$86 
.34 

,_ 
Input k. e!lB 11TH 

8~ IICLD 891 .LILC 
t36 .LBl.3 ,00 IICLB 
.37 PIITX 'liZ IICL2 
.3B SPC .94 *LBl.6 
.39 11TH .,~ y. 

148 tLBI.B ." IICLC 
'41 '.7 897 x 
842 IeLD Random digit generator. 898 IICLD 
843 x 899 • 
844 IHT lee 'TOZ 
845 I 1'1 .UIL,/ 
846 • 1.2 .'TIJI> 
847 'T02 1'3 tLBI.D 
841 tLBI.. 1'4 'rB7 
14' STIJC 185 LH 

'" lC:f Input m, o. lfl eNS Input Il. exponential 
lSI STGII I" IICLe random number. 
852 ca. lee x 
85:J IICLD 189 'T02 
t54 ~ II. .LBI.£ 
m IIC~C III SPC j( -'T03 :12 r 

R 

• I' VI r v, 1
3 J S 

·16 r ", tv' -2 In mj9 
po r' 1

52 

1
53 1~1;Xi 5 1:x12 ISS F7 ISS IS9 

" 

" Utod r Utod t bora IOfkormorll IE fi+1 J index n 
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m ~; 
.lI5 S . 
116 '5IU 
Jl7 R/S 
JIll ros 
WI 1ICI..9 
128 P:S 
121 'SB4 n 
122' SPC 
123 11TH 
124 .ulL4 Subroutine to print. 
125 PIITK 
12£ 11TH 
127 *LIL. 
128 
129 5 
138 Z 
131 8 
132 4 u. 
133 I 
134 £ 
I~ J 
136 STOE 
137 • 138 STO~ 
139 SToe 
14. STOl 
14! SPC 
142 11TH 
143 .ulL7 
144 IICLE 
145 9 
14. 9 
147 7 Random number generator. 
14e X 

WI FI1C 
158 STOE 
151 11TH 

LABELS FLAGS SET STATUS 

"u, -+dj ~ni "., -+x;s;n 0 
FLAGS TRIG IIISP 

·.tb-+ b k" C mto-+ d ll .. . 1 ON OFF 
0 0 iii DEG iii FIX iI 

0110 to R. 1 Used 2 3 Print, SPKe 4 Print 2 1 0 iii GRADO SCI 0 

7997xUI 8 3 2 0 iii RAD 0 ENG 0 
Used "I. "1+1 3 0 l1li n-L 
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Histogram 

Sf: .~~~~ Initialize ~~ , KeLD 
"2 e58 x:y 
te:? p" SS9 X=Y" 
"4 CUI' .6. 'S8.'? 
,,~ P:S '.6J RCLC 
.e£ CFe 8£2 -
.t' CFI 86? RCL~ 
ees e 864 I.'X 
eep RTN 86~ , 
el • • LBLe e66 IHT 
.11 R, ef~ I 
BI2 .ses Input Xmin. xmax . e£P ,~:y 

BIZ STor 86~ + 
'14 Rf 8~e LSTr. 
8I~ STOD 871 :; 
816 .ses 07: 
817 .587 973 IHT 
'18 .587 874 I 
ltl? x:y e'· + 
8ze - 87( 5101 ,0' 2 e'" I 
.2: 4 e'o -
823 STDE Ell!' :; 
824 e8t. 
tt2~ STO~ e81 -
82(, 11TH 88" .TOI 
8'- .LBLE 8E3 .LBL9 
828 t .84 IICL9 
.29 STOI ee~ Dspe 
'3t x:r 88£ .SBB .,. 

'SSB Correction 8B7 'SB~ tP':O :- 888 DSP2 83:; SFI 
ee~ CFI 834 '5S, 8911 R/S 

835 CFl 891 IITN 83£ RT~ ,00 .LBLJ 837 .LBLD 89J .5801 .38 STOe 894 Fl~ 
839 e e9~ CHS 
'48 5rO: Input Xi. e~6 ST+i 
841 R, 

8~7 .T09 
842 .SB8 '!lP .LBL. 
'43 IICLe 899 3 
U4 ~>Y" I.e CHS 
'4~ .Toe lel " '46 II, 1.2 18' 
.47 ReLD Ie? 11TH 
848 x:y 184 .UL. 
'49 X)Y" ISS SPC 
.58 GTOB 1.6 e Listing 
'51 8 Ie: STOI 
.52 x:y leB lIeLe 
'53 1+ 189 STOB 
.54 'LBL. lie .ULS 

:;~ ST09 ;11 1521 
lie B II' 2 

REGISTERS 
0 

1'1.2.3 1
2

4.5,6 137• 8,9 1'10,11,12 5 , 16 .1' IS I" x; 13,14,15 16,17,18 19,20,21 22,23,24 n 

so IS' 1S2 1S3 154 
Ex; 5 IXjZ 156 

Iy; IS7 IVi' 158 
Ix, Vi 159 

n 

A 
fa xm .... last range Ie Xmin 

0 IE --II Counter 1-8 (xrnax -xmin)/24 xmox 24 
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113 ST09 1.9 RCL9 
IH 'SS. 17e -
IlS RCU 171 x 
II. £EX ' 172 • 
117 3 173 PRTX 
liB x 174 STOS 
II!! IHT 17S RTH 
Ize DSPS 17 • • LBLS Set flag a for print. 

IZI PRTX 177 SF. 
IZ2 SPC I~e I 
123 DSP< 179 RTH 
124 I ISB .LBL~ 
12:: STD9 181 'S17 
J2. 'SSe 182 'S17 For n, x,s 
127 RCU 183 I':S 
128 £EX IB4 RCU 
129 3 ISS P:S 
138 X 18. 'SIB 
13J FRC IS~ R/S 
132 ££X ISB X 
133 3 IS!! 'SIB 
134 X 198 IV'S 
13S IHT 191 S 
13. DSPS 192 'SSB 
:37 PIITX listing 193 '517 
138 SPC 194 RTH 
139 DSP2 19S .LBLS Subroutine for print. 
148 8 196 F8' 
14J 5T09 19~ PRTX 
HZ 'SSe :'8 11TH 
143 IICU 199 *LBL7 Subroutine for space. 
144 ££X 288 Fl' 
14S • 28J SPC 
J4£ x 212 11TH 
147 FIIC 283 .LILZ Correction for input 
14B ££X 284 IICL~ equals to X maK . 
14!! 3 20S 2 
ISS x 28. 
IS! IHT 2e~ -
ISZ DSPS 2ee 11TH 
IS3 PIITX 
IS4 SPC 
J~ DSP2 
IS. IICLl 
IS7 8 
Ise x>y' 
IS9 'T05 
168 11TH 
J6! .LBL. 
J62 IICLI 
1.3 PRTX 
164 RCLC 
HiS IICL~ 
16. IICLl 
167 3 
168 x 

LABELS FLAGS SET STATUS 
A Start B Print C xmax• xmin D Input E Correct o Print FLAGS TRIG DlSP 
a List b n; x;s c y d lOX • Used 1 Correction ON~FI o 0 I!!I 

DEG ~ I FIX ~ 
o Error 1 Sorting 2 Cor. for xmax 3 4 2 1 0 !!l GRAD 0 SCI 0 

5 Listing 6 7 Space 8 Print 9 Print index 3 2 0 !!l RAD 0 ENG 0 
3 0 !!l n---2-
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Analysis of Variance (One Way) 

::2 'L"~~ 85~ 11TH 
CLII' 858 .LBL9 

.3 p.c .59 P:S Clear registers for new i. 
814 CLII' Initialize 868 CLII' 
815 p.' 861 P:S 
8I€ CFe .62 11TH 
ee~ CFl 863 .LBLD 
ee8 CF: 864 '583 Correction .. ~ 8 8£5 Z-
eIt 11TH 866 '588 
6" .LBLe Input Xij' 867 11TH 
81: Fr 868 nBLB Set flag 0 for print. 

81? '5B9 869 SF. 
814 '5~3 878 1 
815 1+ 871 RTH 
eli .LeLS ,~O:- nBL. 
817 p.' 8n IICU 
elF; IICU 874 IICL7 
819 RCL5 875 IC' 
828 p.c 876 IICL. 
821 5T08 8~~ TSS 
822 /11 878 SToe 
8" STOll e7~ -
624 III 88t 5T08 
tt.?S '583 881 '5B3 TrSS 
82( '5B8 882 II/S 
8r 11TH 883 IICL5 
8.?E: .LBLE .84 IICLB 
829 1 .8S -
838 51+9 .86 STOI 
831 5F: .e7 '583 
832 IICL~ 888 R"C 
833 ST+7 889 IICLI ESS 
634 IICL8 '98 IICLl 
8'· ST+4 891 -
83t p.' '92 5T02 
837 IICL9 Xi 893 '583 
e3f P:S 894 '588 
839 ST+6 '95 11TH 
848 IICL~ '96 • LBL8 Subroutine for space . 

841 X' 89~ Fe? 
'4:; P:S 89f $PC 
'43 IICL9 899 11TH 
844 p.' 188 .LBL3 Subroutine to print. 
845 181 Feo 
84£ ST+5 182 PIITX 
'4~ I: 183 11TH 
'48 '583 184 .LBLI> 
849 11/5 185 IICU 
85' S s, 18( 1 dl, 'c. '583 1'7 -
852 R'S 188 5T03 
.5J lieu 189 '583 
854 '583 U8 11/5 
855 '588 Sumj Ul lIeL6 dis 
85€ '588 U2 lieu 

REGISTERS 

°TSS 1: T,SS 1 ESS 1
3 

dl, r' 1:IXij 2 5};tI:xij)2/niI6l:nj r IIxij 1
8 

IXij 1
9 

k 

IS" f' 1
52 r jS4

I:Xi 51:)(j2 1S6
l;y, IS7 

IYi' 158 
. IXiVi 1

59 
n 

A IXiJ.df:a 18 
I)(ij2, F r 0 IE I' 
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m -
STOll 

US 'SS3 
U6 R/S 
U7 RCLII 
U8 RCL3 df, 
U9 • 
12. 'SS3 
121 'SB8 
IZl RTH 
IZ3 tLBLc 
124 RCLI TrMS 
125 RCL3 
126 • 
127 'SB3 
128 II/S 
IZ9 IICL2 EMS 
13. IICLI! 
III , 
132 '5B3 
133 II/S 
134 
135 '5B3 
136 ,sse F 
IJ7 STOB 
13B 11TH 

LABELS FLAGS SET STATUS 
A Start Bprint? )(ij 11:+)-+ OX.., (1;-)-+ Ex, 5i. suml o Print FLAGS TRIG DlSP 
a TSS •.. , b df l •••• C TrMS ... d . 

1 Correction ON OFF 
0 0 III 

DEG ~ I FIX ~ 
o Space , 2 3 Print 4 2 Newdltl , 0 III GRAD 0 SCI 0 

2 0 III RAD 0 ENG 0 5 • 7 8 :EXj. 1:x12 CLREG 3 
3 0 III n~ 
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Two Way Analysis of Variance 

H: .LBJ.~ ~? IlCU 
.. 2 CLIl' Initialize ~B x 
H~ CFe ~9 + 
H4 e t68 5TO~ 
N! IlTN 16: CHS .... tL8L.[ "2 IlCL2 
,,~ x ..... · Input r, c. BE3 < 
tef 5TD! K4 5TOI 
889 'SSg f6!: IlCL3 
B:e RI "6 IlCLI: 
811 5TO. 167 • 
812 'SS9 K8 IICL7 
.13 ,sse K9 -
8H 11TH 87e 5T02 
'1~ _ULD 871 IlCL4 
elf ST<~ Input Xij- B72 IlCL~ 
e17 'SB9 .73 .. 
Ble X' • 74 IlCLi 
819 ST<2 87~ - fl. Fl 
'28 IICL~ 876 ST03 
821 1 .77 /lCL2 
8" . '76 < 
8ZZ STO~ 879 CHS 
824 'SBS 8B8 IICLl 
B2!i /lTH 881 < 
82€ _LBL, 8S2 ST04 
8'-". ReL; 88:? /lCL~ 
828 ST<l 8e4 1 
82~ X! Calculate RS j _ 8B~ -
e38 ST<J 88. STOS 
831 _UU 8e7 //cL. 
832 /lCL? 8ee 1 
It:!? 8 8eS -
834 STaR 898 STO. 
8~ ST07 891 x 
83f X~" 892 ST07 ,,- 'SB9 893 
83e ~SB8 894 STOB 
lJ~c· /lTH 8~ IICL2 
84e _LBU· 89£ RCLS 
'4: RCL~ Re-initialize for column. 89;' 
'42 STOt: 898 /lCLS 
8., e 899 • 
'44 5T02 1.B 'SSB 
'4~ STO~ 181 '5B9 
84£ UBS lB<' 11.'5 
84~ RTH 1.3 /lCL3 

F 
'48 _LBLc 1.4 /lCL. 
'49 RCL, CSi 185 • .58 g! I'. IICU 
~1 ST<. 1.7 , 
~2 HOe le8 'SB9 
es~ .LBL. 189 ,sse 
~4 RCLl Fl. f2 llS /lTH 
8S~ X! III tL8L.. 
~i RCLS ll? Ilcis 

REGISTERS 
0 I' I:l:Xij. TSS 12I:I:xjj2,RSS13 Used 14 Used • r, r - 1 16 

C,C - 1 17 Used 1
8 

Used 1
9 

0 
F 

so 
1
51 

1
52 

1
53 IS. • ISO r 1

58 

1
59 

A i,i 1
8 

r Ie 0 IE 1 
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11:1 em 
U4 11-'5 df,.df2 ,df, 
U5 RCl.6 
U6 em 
U7 II/S 
U' RCl.7 
Ug em 
lzt "" 121 11TH 
122 .uc.. RSS, CSS, ESS, TSS 
123 RCI.2 
124 "., 
1~ 11/$ 
126 lieu 
127 'SSg 
12' 1//$ 
1" IICL4 
138 'SS9 
131 II/S 
132 RCLl 
In 'SB9 
134 'SBB 
lOS 11TH 
136 *LBLE For correction of xirn or 
137 'SB9 ""I-
138 CHS 
139 ST+7 
146 )If 

141 ST-2 
142 IICL~ 
143 1 
144 -
145 STO~ 
146 'SS9 
147 11TH Set flag 0 for print. 
148 ,LlLB 
149 SF8 
156 1 
151 11TH 
152 'LIL9 Subroutine for print. 

153 Fe' 
154 PIIT)I 

155 11TH 
156 ,L'U Subroutine for space. 

157 Fe' 
158 SPC 
159 11TH 

LABELS FLAGS SET STATUS 
A. 5tlrt B Print? C rtc-+ °Xil (~+I-+ EXin (I-)-+ o Print FLAGS TRIG DlSP 
a -+RSj b R.-int. C -+CSj d-+F1 • F2 ••• e .... RSS; ... 1 ON OFF 

0 0 ill DEG ill FIX ill 
o Oto R.,R, 1 2 3 4 2 1 0 iii GRAD 0 SCI 0 
5 6 7 SSpace 9Print 3 2 0 I!!l RAD 0 ;NG2O 

3 0 iii 
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Analysis of Covariance (One Way) (Card 1) 

:~ .~~~ e~~ IICLA 
ISS + ,,! p" Initialize ~9 STOA ,,4 CLI/' '6e IICLS 

~ p" '0; IICLB -CF8 8£; + 
.87 e '6" SToe 
!HIS STOB 80< IICL£ 
889 'TH 8£~ IICH 
818 .LBLS BOf + 
ell p" 

'6~ STOt 
eI2 8 For new i. 86t IICL7 
813 ST04 ~6~ IICLL 
814 STO~ '7e + 
e'· STD. 8~' STOD 
8U ST07 eo, IICLB 
'I~ ST08 '"' IItL£ 
8IS fT09 8~4 + 
• 19 p' • .~. STO£ 
'2e 15:1 e~( P:S 
e21 IICLl .~- IICL9 l;nj 
.22 .SBe 87f ST+' 
82! .SEI 87S P:S 
':!4 11TH ,Be ST+8 

1; (1:xij)2 8Z~ .LBL9 Subroutine to print Xjj. 8e; IICU 
'26 III Vij' 882 p" n, 

.'" PIIT.': ., 882 .SB8 

.2S lit 88< P:S 
I (I:Yijl' .29 PRTr. '8~ IICL6 

.3e 11TH .8i .SB8 n, 
831 ,LBLe Set flag 0 for print. '8~ IICU 
.32 SFe '8f IICH 
'33 1 '85 , 
(t~4 ST08 .9f IICL9 
8~ 11TH 8·' 
.3£ 'LBLr Correction for "im. Vim. 89: p" 
e!; Fe' 89; S'T+~ 
838 'SB9 e9~ P" 
839 X'V e9~ IICL6 
'48 z- 8!1f IICU 
84: 5105 89~ p" 
'42 .S8e 89E .sse 'xi 

84J .SBI 89~ II/S 
.44 11TH 18f III 
'4~ .L8LC Input tor Xij. Vij- 1.: .sse 
'46 F." 1.::: .S81 SVi 

'4~ 'S89 I.: ~/S 

'48 x:r I •• .LBL6 
'49 !+ Ie~ X· 
~. STC9 I.f IICU 
~I .sse I'~ • 
~:! .581 I.E 51+2 
~3 11TH I'~ 11TH 
1154 .LBL£ II( .LBL. TSS, 
II5!i p" ll; IICL8 
~£ IICU ll:' IICL~ 

REGISTERS 

o Inj I'TSS, 12 U .... 1
3 

WSS" I" TSP j 5 U .... 1
6 

W5I' 17 WS89 181 or 0 I" i 

~nl 15 'TSSy 152 
U .... I"" WSSy 1

84 
IXII 51:Xij' 

1
56 

IVij e7I 
2 VII 1

58 
IXiiVij e" "i .. j 

AIIxl1 (81;I)(lj :l Ie IIVII 
0 

1:1:Yij' IE II:xij~ij II i -1. 2"" k 
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llJ I:SB7 165 -
114 R/S ASS. 17f + 
11~ RCU 1" 
lle RtL~ 172 I:Sft 
11;- 'SB' /7, R.'S 
llE R/S WSS. 174 P!S 
11~ - I~r ReL2 
12f ST03 17£ ReLl 
121 I:SB. I"' I 
122 I:SBI 17f -
12: R/S 17: 
12. ~LBL. TSSy 18B ReL3 
12~ ReLD 181 I':S 
:2f ReLC IS2 RtL. 
12;' I':S IS? lIeLl 
12t '5S7 18. -
125 P:S ISf 
13e II/S ASSy 18f Fy 
13: P:S IS;' 'SBe 
132 IItL2 ISf 11.'$ 
13:- lIeLe 189 lIeLl 
134 GS8. 1ge I 
13f p •• 19: - dl, 
ll( 11/5 192 ,sse 
Ir - WSSy 

19, rus 
13f P:S 19. Reu 
l3S ST03 IY. RCLl 
14B I':S 19f - dl, 
141 I:SBe 19;' I:sse 
142 I:SSI 19f G~'h 14, R/S 19~ 

14, .. LBL7 For (TSSlxory 
2.e .UL8 Subroutine for print. 

1"~ X' ze: F.' 
14£ ReU zez PRTX 
14;' Ze:- RTH 
14E - Z8< .LSLl Subroutine for space. 14P STOI Zr. F.' 
ISf GSSe 28C SI'C 
lSI 11TH 28;' RTH 
IS: .LSLC For (ASS)x or V IS:; X' 
IS4 lieu 
15~ + 
15(, -
IS;' ST02 

, 
156 'SBe 
155 RTH 
168 .LSU 
16/ ReL2 
162 ReLl 
16Z I 
164 -
I~ + 
16( ReL3 
16;' ReLl F. 16e ReLl 

LABELS FLAGS SET STATUS 
A Start B Newi c Xijtvij (1::+) ox .. tv .. 11:-, ESxi;Syi o Print FLAGS TRIG DlSP 
a TSS.; ... b F}l;'" c d ePrint 1 ON OFF 

0 0 Iiil DEG Iiil FIX iil 
o Print 1 Space 2 3 4 2 1 0 Iiil GRAD 0 SCI 0 

6 ASS. 8I1:xij/nl 9 Print Xii. Vlj 3 2 0 IIiI RAD 0 ENG 0 
7 TSS. 3 0 III n-L 
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(Card 2) .i .~~c f57 • .SB2 .,8 .SIt AMS9 
.~ l/eL£ .,9 R/S 
114 I/Cl.A ". RCl? .., IIClC 1161 lIeL. - " 1162 IICL: WM59 .7 IICU 116J -
.8 • 164 1 
• 19 - TSP 16~ -.1. ST04 166 • 811 .see 167 .sse 
812 //.'5 .68 II/S F 
813 IICl~ 169 • ~14 IIClA 87. .see 
81~ RC!.[ 871 11,'5 
81£ ., 

'72 'CLI .17 IICl' 873 1 df, 
818 ASP 874 -
819 - .75 .see 
'Z' GS88 87£ R/S 
821 R '$ .77 IICU 
82:; - WSP 878 IICL1 
8ZJ ST06 879 - df, 
8,24 • 588 88 • J 
8Z~ .581 881 -
.26 11TH 882 .see 
8Z7 .Ul. .B1 .S8J 
.,28 P~c .84 11TH 
829 IICU .85 *LBl. Subroutine for print. 
83e p~c 8B. r.~ 
831 PCl4 887 PRTX 
Bl,z ,~. 8BB 11TH 
83J IICU .B9 .LeU Subroutine for space. 
834 TSSQ "8 r.· 
ej~ - 89J SPC 
83f .see .92 11TH 
817 R ·s 891 .UL2 Subroutine for setting 
.38 P:S 894 cr. flag 0 for print . 
• 39 PCLJ 895 lIeLB 
84e p~c 

896 1 
841 lIeL6 897 x=y,:, 
842 >:'i .98 srs 
841 lIel.! 8~9 11TH 
844 • 
8of~ - WSSQ 
'4( STO, 
.47 .sse 
848 R.···S 
.49 - ASSQ 
85. .see 
151 .Sel 
.52 II'S 
153 .lele 
1154 'CLI 
.S~ 1 
856 -

REGISTERS 
0 

l:nj I' TS5. 1 Used I' wss. r TSP j 5 Used 1
6 

WSP I' WS59 1
8 

lor 0 1
9 

i 
SO :Enj I'TSSy 152 

Used IS3wssv 1$4 l,;)(ij S~Xi·jl IS6 IS7 
:EVill 18 IS9 EYij I:XiJYij nj"J 

A 1;1:)(jj I" , Ie I:l:Yij o IIVij2 IE I:I:XljVij I' IIXij I" 1.2 .... k 
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LABELS FLAGS SET STATUS 
A B C 0 E o Print FLAGS TRIG DlSP . b c TSP; ... d TSSo; ... • AM59; ... 1 ON OFF 

0 0 III 
DEG ~ I FIX III 

1 2 Used 3 4 2 1 0 iii GRAD 0 SCI 0 o Print Space 
2 0 I!!I RAD 0 ENG 0 5 6 7 8 9 3 
3 0 I!!I n---L 
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Normal and Inverse Normal Distribution (Card 1) 

:~ .LBL~ ~7 , 
858 CHS 

883 2 ~g H07 
884 3 168 .. ~ : 8£1 3 
8B£ £ .62 1 
887 4 .63 S 
"8 : 864 3 
889 9 8.~ 8 
liP 5T03 16£ 
'1: 1 86, c 

812 868 ;; 
In J .69 ST08 
'14 ? ,~e P:S 
8,e e 8" 2 
.1£ 2 8'2 
e'- ~ 8" , " c 

'If. 4 674 1 
el~ 4 87~ 
828 , 

Store constants for normal S"'f ~ 
.<1 9 distribution. 8" 1 
822 ST04 87f 
8Z~ ! 175' 5101 
824 ,se 
I,e S 88: B 
'2f 2 8S2 8 
8'- 1 88, 2 
8.?S ;:: '84 B 
829 e 'BS e 
838 5 'S£ ;; 
'3: ~ .87 STOZ 
6" .Sf 
e3, S '8~ 8 
834 CHS .9B : 
8~ ST~ '91 • '3£ '92 3 
1'- '9;; 2 
83S 894 B Store constants for 
839 8 ,~ ST03 inverse N.D. 
e4' : .9£ 1 
'4: 4 '97 
'42 ;' .9f 4 
843 - 899 3 
.44 9 lee 2 
84S 3 181 
.4. 1.2 8 
'4, tTOt le3 B 
848 1'4 ST04 
'49 ;; l~ 
~e 5 lef 1 
~: 6 J87 e 
852 5 I.S 9 
63 , J.9 Z 
'54 Z J18 6 
8SS III 9 
856 S 112 STOS 

REGISTERS 
0 I' 12 1

3 
r 14 b5 

5 .,. I" b, 17 b, 1
8 

b, 1
9 

SO r' Co 1
52 

C, 1
53 

C, i d , 
55 d, 1S6 d, r f8 IS9 

A 

1
8 Ie 0 IE I' 

I 
~ 
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U3 
114 B 
11~ 8 
IU I 
!J; 3 
ue B 
119 B 
12B STOb 
121 P:S 
122 B 
123 STO~ 
1:!4 STOll 
125 RTH 

LABELS FLAGS SET STATUS 
A Start B C 0 E 0 

FLAGS TRIG DlSP 
a b c d . 1 

ON~FI I OOIii DEGIii FIX il 
0 1 2 3 4 2 101ii1 GRADO SCI 0 
5 6 7 • 9 3 201i1 RADO ENG 0 

3 0 iii n----L.-
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(Card 2) 

Nl .L8U ,,~ x 
N2 1 "e IICL:? 
N~ STO~ Store 1 in RA for print. "9 X 

N~ 11TH ." F'? 
N~ .L8U 1161 '$19 
Ni .$19 1162 F'-.. ~ STOl .6. .$16 
.. 8 EHTf 116~ 11TH 
.. 9 Input x and compute f(x). ~ .UU 
ele :? .6. CF. 
ell · .67 lieU 
e12 CHS "8 CH5 
813 0' 1169 5TOl 
P14 Pi .78 '58c 
ftl~ , 171 1 
81£ " '7. x:y 
81 ~ ... BiZ -
elf e~4 5T09 
rtJ9 5TC= ,~ GSB9 
82C 'f'P!' 876 .5B6 
80 ' G58' .77 IICU 
8"" .583 ';'6 11TH 
82: IICL, '79 *LBLE 
e24 RTH 888 .589 
82! 'LBLe 881 r.<,' Input Q{x) and calculate x . 
8Zf G589 • 82 .T08 
8'- 5TO: '83 I 
e28 G5~ 884 X~Y" 
'29 '5BC ." .TO. 
e3. IICU 88. RI 
831 r.(8" e8~ 
8" 'TOI Input )( and calculate Olxl. 888 S 
83~ SF. 8SS' x:r 
8J4 .LBL, 89. >:'"'' 
83S I '91 .S8B 
83( IICU 89Z EHTf 
'J~ RCt? e93 x 
e3f v e94 l/X 
839 · 895 LH 
84e I.X e96 IX 
'41 EHT! 897 P:S 
e~2 EHT! 8gB STO~ 
843 EHH 899 IICL3 
844 IICL4 188 x 
e4~ .' 181 IICLl 
'4£ tCL~ 1.2 • 
'4~ • 183 IICL7 
'4e 18~ ) 

849 IICH liS IICLl ". · 186 • 
"I x 187 IICLl 
"2 IICLl 118 IICL6 
'53 • 119 x 
"4 ) He IICLS 
"5 IICLB III • es. • llZ IICL7 

REGISTERS 
0 f' x 12 fix) 1

3 , r b, 
5 

~ 1
6 

b, I' 1
8 

b, 1
9 

b, 
so IS'e. 1S2 c, i

53 
C, i$4 5 

1
56 [57 158 

i
S9 d, d, d, t 

• lorD 181 or 0 i
e 0 iE i' 
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U:f x '" ITN 
U4 IICU 171 ~1l2 Restore 1 to RA' 
U~ • 171 I 
Uli teL7 172 STIM 
U7 x In ITH 
UB I 
U' • 
12. • 
121 teL7 
122 x:y 
12:f -
124 ,:S 
I~ FI~ 

121i CNS 
127 G58' 
128 G_ 
129 CFI 
a. ITH 
al .W8 For(1-a) 
U2 SFI 
l:f:f I 
1:f4 -
1:f5 CHS 
a6 ITH 
IT.' nIL9 Subroutine to print. 
I:fB IICLI! 
1:f9 X>.? 
14. GSB7 
141 IU 
142 11TH 
143 t:LBL7 
144 IIJ 
145 PRTI: 
146 It 
147 11TH 
14B ~IL(i Subroutine for space. 
10 IICLI! 
19 )(>.~ 

I~I spe 
152 IIJ 
1~3 11TH 
154 .LBL5 Cleaf RA for calculating 
ISS lieu a(x). 
156 x>.? 
157 G584 
158 I1J 
159 11TH 
168 t:LBL4 
161 SToe 
IIiZ CLX 
11i3 STOll 
11i4 11TH 
IIiS t:LBL3 
166 IICLB 
167 'Ot? 
I liB GS8Z 

LABELS FLAGS SET STATUS 
A Bprint? ,,~f(x) D x .... Q(x) EO(x, .... x o x positive FLAGS TRIG DlSP 

• b Calx) d . , a(x».5 ON OFF 
o 0 iii 

DEG iii I FIX il 
o Error 1 x<O 21 ..... RA 3 RB >O? 40-+RA 2 , 0 !!I GRAD 0 SCI 0 

5 RA -+RB • 9 Print 3 
2 0 III RAD 0 ENG 0 

Space 7 Print 3 o iii n---2.-



L1~1 

-.r irJL~ 
N~ Cl.'" 
NZ CFe 
"4 CFl 
~ e 

'" 11TH 
.. 7 .L.BU 

"e SFe 

"51 J 
.le ~TH 

'" .LBLe 
BIZ '5e~ 
'13 J 
'14 HOZ 
8I~ xov 

816 0 

81-
BlS 5TOI 
8'· IHT 
828 :"5TX 
eZI X_I(" 
.ZZ GTOI 
82J J 
824 -
8Z~ H! 
826 'Se9 
827 .SBB 
828 STO:? 
829 R/S 
838 .LSI.: 
831 
832 ~ 
833 x=y' 
.34 .TD2 
.3S yoy 

.36 I 
8?'~ -
838 STx:? 
839 'TOI 
848 .LBL:? 
'41 PI 
.42 [" 

843 IICLJ 
844 , 
B4S ST03 
B4£ .589 
847 .58e 
t4B II'S 
849 .LBLO 
85. SFI 
lSI ~BL. 
852 .589 
853 STO~ 
854 tell 
155 I 
ts6 

0 l' 11/2 I2 x 

[SO 15 • 152 

A I" 

Chi-Square Distribution 

f!17 y. 
85e IICL2 

Initialize 859 2 
868 ; 

861 CHS 
.62 e' 

Set flag for print. .£3 , 
B64 2 
86~ IICLl 
860 Y' 
tf~ 

Input I). 868 ~CL3 
8£9 • 

Calculate r( ~ ) 
e:'9 ST~ 
en Fl" 
972 .589 
8:'3 FI? 
874 .588 
,~ CFI 
876 11TH 
0~- .LBLE 
878 'SBe 
'79 IICLZ 
B88 IICLl 
B81 
882 STxS 
883 2 
884 IICLl 
885 , 
B86 ST06 
887 I 
.88 5T04 
.89 .LBL3 
.91 IICL2 
.91 IICL. 
892 Z 
893 • 
.94 ST06 
.95 ; 

896 IICL4 
8·- ,,' 

898 5T04 
e99 • 
lee X_Yo 
leI .T03 
lez IICL!' 
Ie3 x 
184 .SB9 
185 .W 
le6 11TH 

Input x. calculate fIx). I.:' .LBL9 
lIB Fl· 
leg PIITX II. 11TH 
III ~~~ 112 

REGISTERS 

13 
I, rlv/2) I' Uted 5 fix) 16 

Uted I' 
153 1S4 5 f56 T 

Ie 0 IE 

Input x, calculate Pix). 

Subroutine for print. 

18 
1
9 

1
58 

1
59 

I' 

I 
1=1 

I 

~ 



L10-02 

113 SPC 
114 RTH Subroutine for space. 

LABELS FLAGS SET STATUS 
A Start B Print? p~rlpI2) °x-+f(x) E x....,..P(x) o Print FLAGS TRIG DlSP • b c d e f(x) 1 Pix) ON OFF 

0 0 6iI 
DEG 6iI I FIX !iii 0 1 II = Yz? 2 rl%) 3Plx) 4 2 1 0 !iii GRAD 0 SCI 0 

• 7 8 Space 9 Print 3 2 0 iii RAD 0 ENG 0 
3 0 iii n--2-



L11-01 

t Distribution 

= .~~ 
,,~ X:Y ", Z 

.3 cn ", • 114 CFl Initialize '" 5TOI 
lIS • iiI IHT - RTH ." LSTX 
.7 .I.BLS Set fI~ 0 for print. 163 XJfY" 
.8 5Fe 16. HOI ., I It~ 1 
'1. RTH .66 - Comput. r!./21. 
'11 'LlII.C B6~ H! 
'1': 5Toe Input II. t6E 5T03 
.13 '517 .69 RTH .14 'SB! .7. ~ILI 
.15 RTN .71 
816 .LILe Input)(, compute fix). .~- 5 .. 
'17 '517 8~J "=Y~ 'Ie STOll '~4 'T02 
81~ RCU .~ X:Y 
82e '51. 876 I F 
eo, SToe .~. -
822 RCLB 878 5T'3 
.2? I '79 HOI 
.24 • 8BB .LIL2 Compute Rbd. 
'2~ 'SI. 'Bl Pi 
.2f. STOC feZ IX 

F 
12~ RCl~ .e3 RCL3 eze ReLe .84 x 
.25 ReLB .~ ST03 
.38 8B6 RTH 
.Jl Pi .87 .LBL£ F 
8" w. RCLe 88f STOll 
8~?' .- 189 'SB7 
834 !X 898 1le5 
83S "1 IICL. 
836 I 192 11M 
8'7'" IICL~ 893 IX 
838 X' '94 • U9 RCte 895 TIIH~ 
84. • 06 STOZ 
84: · 89~ ReL. 
'4= RCLB 898 Z 
84J 1 199 • 144 · IBB IHT 
'4~ " /81 LSTX 
846 1.2 XJfY? 
84~ CHS 1.3 'T04 
14E y. 1'4 • 149 x 115 STOS ", SToo 186 ~IL. 
.51 '5B7 1.7 ReLZ For even II. "2 'SB! 1.8 COS 
"3 RTH 1.9 X' 
854 .UL. II' 5TOJ 
ISS I III ReLZ 
8S6 ST03 llZ 51H 

REGISTERS 
o • I' 12 8 13 

Used I' sin 8 5 Used 16 
Used r 281 •• R 18 

Used [9 

'"' 151 
1
52 

1
53 

1
54 5 158 r 1

58 IS. 
A x 1

9 
r!./21 Ie n 1v + 1I/2) 

0 IE I' 



L11-02 

113 STIH llif PI 
114 IItU 17. • 115 2 17J .eL7 
IU liar? 172 • 117 CTot In IeLIl 
II. • 174 CTtHi 
II' I 175 11TH 
IZf - 176 .L.II.' III STOI In .eLi 
Il2 I 178 teLIl 
123 STtHi 17f 'T06 
124 ~3 I .. .TH 
IZ5 1eL3 181 ~8 
12' x 1.2 teu 
127 1eL5 183 leLA 
IZB I 184 'TtHi Il9 • 185 .TH 
13f x 186 ~BL' Compute P(xl from R(x) 
131 LSTX 187 'I)'~ for)«O. 
132 1 188 'Tot 133 + 189 x:y 
134 5T05 U. 1 
135 • 191 -
136 ST.' 192 eHS 
137 OSZI 193 2 
138 'T03 194 • 139 teL' I" 'S87 
14. lieu 196 'SB5 141 x 19i 11TH 
142 F!? 19B ~BL' Compute Pix) for x > o. 
143 'TO. 199 X:Y 
144 lIeLA 2 .. 1 
145 'TtHi 2'1 • 146 ~. 2.2 Z 
147 11TH 2.3 
148 .aU 2.4 '587 
149 I1CLZ 285 'SB5 15. 2 286 11TH 
151 X 2.7 .L.II.7 Subroutine to print. 
152 Pi 2.8 Fe? 
153 • 2eg PIlTX 
154 5T07 For odd p. 21' 11TH 
155 I1CU 211 ~:; 
15' 1 21Z F" Subroutine to space 157 ST05 213 SPC 
158 ST-' 214 11TH 
159 X=Y1 
168 H09 
1'1 SF! 
16Z ,sa 
1'3 CFl 
1'4 IICLZ 
165 COS 
166 X 

167 2 
168 • 

LABELS FLAOS SET STATUS 
A Start Bprint "~ " ..... f(x) e x ..... P(x) o Print FLAGS TRIO DlSP 
a 1'/2 integer b...,," II C d • Used ,_v ON OFF 

o 0 Il!I 
DEG ~ I FIX Il!I 

OP(., •• >0 1 ,,/2 no integer 2..ji:. 3 even JI 4_" 2 , 0 Il!I GRAD 0 SCI 0 
2 0 Il!I RAD 0 ENG 0 s.- P(".,';O 7 Print 8 For even" 9 For odd" 3 
3 o III n~ 



L12-01 

F Distribution 

:2 .~~~, "7 I1CL4 

"t .SB9 
.. 3 CF" Initialize 8S9 11TH 
.. 4 CF'l 80e 'LBL~ 
W- 8 861 1 
88. I1TN 862 STDS 
.. 7 .LlLB Set flag 0 for print. 86J //CL3 Even "I' .. e SF'8 804 -
889 1 80s ST03 
'1' 11TH 866 I1CL2 
'11 .LlLe Input III. '0' 2 
812 STOl 868 • 
'13 .SB9 '(9 '-
814 11TH 87. 5T+5 
el~ .ULD 8,1 OSZ1 
eli ST02 Input liZ' 872 'T03 
el~ .SB9 873 noz 
812 11TH 874 .LBLZ 
~19 .LILE 8:'5 l1eLZ tz. 'SB~ Input x. '76 Z 
.21 ST06 e~- • 822 EHTt 878 ST02 
823 l1eLl 8'· I1CL7 
824 ); 

'88 2 
8~ l1et:: .81 • 'If • 882 ST07 ,,- l1eL2 883 
818 X:Y '84 I1CL3 
829 88~ , 
838 ST03 88. X 
831 I1CLl 887 ST+S 
832 2 1f"1 even then go to LBL d 888 DSZl 
BZ7 · else go to LBl e. 889 .r03 

Even "._ 834 F'lIe B911 .LBLl 
835 • 891 I1CLS 
'3£ X='(f'I 892 I1CU 
837 .ro. .93 X 
P?8 .TOE 

'94 F'J' 8?9 11TH 895 .SB9 
'4' .LBL. 89. F'1' 841 I1CL3 897 .SBB 
'42 I1CL2 '98 11TH 
.43 2 899 .LIL. 
844 Sr07 lee CF'l 
'45 • For even" •. 181 I1CLl 84i Y' 182 I1CLZ 847 STD4 183 STOl For odd "I' 
'48 I1CLl 184 x:y 
.49 Z 185 ST02 
858 - 186 1 
"1 2 187 I1CL3 
"1 • 188 -
853 STOI 189 5T03 
854 • 118 .SB. 
:: X"Y' 111 SF') 

.rDS 112 1 
REGISTERS 

0 
rill 01'112 12112 or"l 13 

t. 1 - t I~l2ort",/2 5 Used I" x r Used 1
8 

Used 1
9 

USBd 

ISO F' T52 IS> T54 5 T56 TS7 
1
58 IS9 

A 

1
8 Ie 0 IE I' USBd 



L12·02 

UZ X:Y 
114 -
US GSB9 
U6 'SIB 
U7 11/5 
US • UL9 Subroutine for print . 

U9 F'" 
12' PIITX 
121 11TH 
122 .ULB Subroutine for space. 

123 F'~ 
124 5PC 
125 11TH 

LABELS FLAGS SET STATUS 
A Start B Print? "~ 0"2-+ E x-+P(x) o Print FLAGS TRIG DlSP . b c d even 1'1 e odd lit 1 1'1 even ON~l o 0 II!I 

DEG ~ I FIX II!I 
0 , 

2 output 3 for P(x) 4 2 , 0 iii GRAD 0 SCI 0 

5 for Pix) 6 7 8 Space 9 Print 3 2 0 II!I RAD 0 ENG 0 
3 0 II!I n 2 



L 13-01 

Multiple Linear Regression ., 
i[TL~ ~7 lit 

N2 Cll" ISS .582 
.. 3 cr • Initialize "9 ST+I 
.. 4 crl lJ6e 11TH 
~ • 1J61 *IoBl.E 

* 11TH IJ6Z IICL. 
.. 7 .LILe 8li3 IICL4 
NS STOC "4 X 

~'!I III .65 RCL7 .,. STae 1J6€ X' 

'" '1 8li7 -
" ' 5TO~ 168 5TOO 
813 '58~ .69 IICL. 
814 ~ .78 IICU 
9!~ 5TOI '71 X 

816 IU Input Xi. Vi. Zj' .72 IICU 
8'" .581 .73 1ICL9 .. 
818 8 .74 x .,S 5T01 87S -
ez8 ReL8 Compute 1:Xj. :tv,. :Ez i ; 87£ , 
.21 .589 Ix,]. Iv,], tZil; IXjV,. '7~ STOC 
822 .581 :Ey,z"tzjXj' 87S ReLe Calculating a, b. c . • n 9 '79 IICLl 
.24 ST01 888 , 
,.~ RCLC eel /lCL7 .,. 

.589 .82 RCLS 
'2~ '581 .8Z x 
82E R(,L~ .84 -
.29 peLS .e5 STOR 
.3D > .8£ RCLe 
831 '5F:! '8, RCL" 
{P''' ST" .88 x 
BJ'J RC!,,~ .89 RCLl 
834 ReLC 89B RCL9 
8?~ 891 , 
.:?£ .se: '92 -
83" ST+2 893 5Tae 
.38 RCLe .94 x 
fl3~ peLe .9S RCLe 
.48 89£ x:r 
'41 .582 .97 -
'42 sr+J .ge ReLD 
843 1 .99 Reu 
.44 '582 188 RCLS 
'45 ST •• 181 x 
.4€ IICL. 182 /lCLS 
,4, .589 183 X' 
,4S 11TH lB4 -
'49 .L8LI 185 > 
.58 .582 Subroutine for 1:)(j, l:Xjl .. 18. IICLA 

'" ST+; 18~ X' 
.52 IICLl le8 -
"3 3 189 
"4 - 118 STOe 

:~ ST~! III IICLB 
II .. RCL~ 

REGISTERS 
0 n -T l:xiVi 12 IXjzj 13 

:EViZj r 1:x,2 5 IVi2 16 
.tZjl I' EXj 18 

IVi 19 
IZi 

SO lSI 
1
82 IS3 IS4 !Ss \50 IS' 1

50 IS9 
A 

UI8d, a I" Used, b Ie zi. B in b, C o (n:Exj] _ (l:Xj)l J IE nIxj' - Itxil,2 l' 



L13-02 

u:r RCLC IIi' '$19 17. ENTf Calculating .pproxi· U4 x 
171 telC mated z value for given U, -
172 X x, y. Uli IICLD 

117 • 173 X:Y 
UB STili 174 IICLB 
U9 IICU 1:'5 X 

128 IIClC 171i • 
121 RCLB 177 IICLA 
122 X 178 + 
12! - 179 'SB9 
124 IIClB 188 11TH 
1~ RCl7 181 ,LBle 

182 F'8" 
E)(j. IYi. IZi 121i X 

lSJ SPC 127 -
128 IICU 184 6 

lEIS STCl 129 • a 
181i (;TOB 138 STOll 

131 'SB7 lSi 11TH 
lee *LBlJ 

IXj]. IYi], IZi2 13':' R/S b 
189 3 In IIClI 

134 '$19 :ge STOI 
ll11 'SBB lZS 11/5 c 
192 11TH 13£ IICLC 
193 ,lBlo I:xiYj, IXizi. Iy.zj 137 'SB9 
194 8 138 ~/S 

139 ,lBl. 195 5TOl 
:48 IICLII 1" 'SB8 
141 IICl9 197 11TH 
142 x 198 ,LBlS 
143 RClB 199 ISZI 

28S RCli 
Print for LBLa 

lH RCl2 
Z.l 'SB9 LBL b 145 x 
Z8Z R/S LBL c 14. • 
Z8J H08 147 RClC 
Z.4 RTH 148 ttL3 Calculating R2 
ZIS .tBlD 149 X 

158 • Z.6 SF'l 
IS: RCL9 2.7 'SBC z.e CF'l F or correction of "k, lS= X' 

Zeg IITII 
Vk. Zk' 

:5:1 RCU 
218 ,LBlB lS4 • 

155 - Zl1 SF'S 
1'6 RClt 212 1 

213 11TH 
Set flag 0 for print. 

1'7 RCU 
Z14 'lBl? I'B X· 

159 IICU ZlS F'80 

Iii' Z16 SPC 
Z17 'LBU Print Xi. Vi. zi-

1.1 -
ZlB F',o 162 • 

163 'SB7 219 PRTX 
164 11TH Z28 RTH 

Z21 .tBl2 Change sign for 16S .Uli> 
222 F'j0 

correction. 166 K:Y 
2Z3 CHS 167 'SB7 

16B x:y Z24 11TH 
LABELS FLAGS SET STATU~ 

A Start B Print? C Input o Correction E ....,..; b;c o Print FLAGS TRIG OISP 

1 Correction ON~FI FIX III 
d -+1:xI1, ... el;XiYi •... o 0 il 

DEG ~ I 
a .... R1 b xty-+z C -+1;" ••••• 

2 'Oil GRAD 0 SCI 0 3 4 

RAD 0 ENG 0 
0 1 EXit I:xi~ 2 CHS 

2 0 III 
n-2.... 9Print 3 

3 0 il 
6 7 Space 8 Print 5 



L14-01 

Polynomial Approximation (Card 1) 

or; .ee ... It!:;" ST+£ 
88~ [L~G Initialize e58 Groe 
eeJ CF'f. 859 .LBL. 
e'4 CF: e6B RCLS 
8t~ e eli: tHTf 
ee, ~TN e62 
.p' 'LeL, Input N. 863 Calculate fnlil f(Xi)' 

8eE Ft" 864 

." p~r,...,' 86~ x 
e/e 5T07 86£ RCL? 
8' . Fe" 8£:' RCL6 
e:::- SP[ 86e 
pI -:' r;:TN 8£9 x 
Pl. .LBLD Input Vi. e7~ X:Y 
e!~ F: " 871 RCU 
~:< 'TO;" 87. RCLE 
P' • SFl It:'::' 
elE Fe" e~4 

81? PRT,\' B'· 
e.?~ S10! 976 y 

821 S10:: e~7 RCLS 
e~2 STC::' en 
e'j~ ST04 B7~ 

.24 STO~ 888 ~CL7 
po. " 8Bl RCLS 
8Z5 STOi e82 
8'" .LBLe 8B3 
[Pc.: eN RCLS 
829 £10£ '8~ 
838 ~CL{ .8£ + 
F' 0 8B7 ST08 
e3;; BSE 
~J? Fe" eep RCL~ 

OJ4 P~'T,\ e~e x:y 
f.J~ ,e" e·' STO~ 

e3f SPc '~2 RTH 
Po.?:' F E 8g? 'LBLt Input order of polynomial. 
e3f .LBL ;- 8~4 Fe" 
eJ~ F8" e9~ PRTX 
84f PRTX 896 tHTf 
841 S1+1 80 ' 2 
84~ 89B X='r'? 
843 f?CLi 89g 'T02 
844 lice le8 CLX 
e4~ 18: 3 
84< le2 X'Y" 
84~ le3 'T03 
848 ST+'? 184 CLX 
849 ST09 185 4 
85e '58. 18. x:':'? 

ItSJ 5T+3 187 'T04 
852 '58. lBB CLX 
85, Sr.4 189 B 
854 '58. 118 
B55 ST+S III .UL2 
85£ 2 112 CLX 

REGISTERS r (f,fo),ao 12(f,f\),a1 13 
(f,f2I.al )4 (f,fJl.al S I" (f,f4l.a4 2j I' N 1

8 19 
fn(i) f(Xi) 

so 151 1
52 

1
53 154 f" 1

57 \58 
1
59 

A 1 for print I" Ie IE I' 

. 



L14-02 

::: .f~f; 169 x:y 
17e x 

JJ5 CLX 1;'; ST09 
JJ6 STOS 1~':' LSTX 
JJ? .LBL4 ::-3 I1CL6 
lIB RCLl 174 , 
JJ9 RCLl p~ ST07 
US I 176 CLX 
121 STOB 177 R'>c 
122 + J7S .LBL~ If,fil 12;:' 179 RCL7 
124 STOI lee I1CLS 
125 'SB~ lSI I 
126 5Hz :S2 + 
12? .5801 ISZ • 128 Sr.3 IB4 HI 
IZ9 (;SB. 185 RCL? 
138 Sr.4 IS6 ReLS 
131 (;5801 187 -
132 ST.;.C ISS HI 
13? RCL? 189 .v 
134 RCLl 19B ReLS 
13S RCL7 191 RCLS 
136 1 192 1 
137 - 19:; • 138 2 194 STOB 
139 x 195 + 
148 ST06 19£ 
141 • 197 RCLl 
142 Z 198 H! 
143 i 199 EHTf 
144 STOB 2.e x 
;45 RJ 2el • 146 2 2.2 11TH 
147 • ze3 .L8L8 Set flag 0 for print. 
148 RCL6 ze4 SF. 
149 ze~ I 
Ise ST06 2.6 STOll 
lSI RCL3 2t17 11TH 
152 x 
IS:> ST-I 
154 RCLB 
155 RCL3 
15£ x 
15? ST03 
158 RCL7 
159 RCL7 
16. RCL? 
It I 2 
162 -
163 • 
164 5 
US x 
166 3 
167 • 
168 ms 

LABELS FLAGS SET STATUS 
A Start B Print? N~ o Vi-+ E 

n~ o Print FLAGS TRIG DlSP 
a b c d . (tn. tn) 1 VI,i>l ON OFF 

0 0 I!l ·DEG KI FIX IjI 
o Print i , 

2 Used 3 Used 4 Used 2 , 0 KI GRAD 0 SCI 0 
2 0 II RAD 0 ENG 0 5 6 7 i>1 8 • 1.1iI Ilx,) 3 
3 0 III n-L 



t 
r 

L14-03 

(Card 2) 

= *I'i; 1S7 tel~ 
ISS x:y 

.. 3 /It 159 y ... 3 '" ST+8 
er. + 161 LSTX 
tI£ ElITt 16Z teU 
"7 EHTt 163 x 
lit ~ 86 • teL5 
.. 9 - ~ x 
lIB • 86£ ST05 
'II 2 867 LSTX 
.12 , .IiS STxS 
.13 3 869 teLIi .14 • .7e x 
II~ /lCL7 Continue I~I ST+I 
.16 + 172 teL8 
el7 ST07 '73 ST-3 
'IS /lCL. 17. $l.BLB 
.19 x .75 teLIl 
.Z. ST-2 .7£ 'Oe" 
.Zl LSTX I~' SF • 
• Z2 IICH '78 I 
.Z:: >: .75 R/S 
.Z4 5TO. .88 .LBU 
~ lit lSI x:y 
.Z£ lit .82 /;589 Input leN. Xo· 827 • .e3 x:t· 
.ze • .8. /;588 
IZ~ EHTt 885 -
838 EHTf .8£ ST08 
e" 7 .87 L5TX 
e32 - .B8 2 
.3::- • .89 x 
934 3 898 • 
l'J5 > .91 IICLB 
83£ • e92 + 
837 -+ .93 STO£ 
838 IICL£ ". 2 
'3~ vo> e95 IICLe 
e.8 , 

89£ • 841 STO. "7 STOB '.2 LSTX .98 IICLI 
.43 IICLS 899 /lCLf: ••• , lee /lCL2 
84~ STOB III x 

••• /If 1.2 • ,.7 EHTf 1.3 teLIi 
848 EHTf II. EHTt 
84' EHTf JI5 • 158 3 116 /lCL3 
151 - 1.7 x 
152 + lee + 
153 7 1.9 5TOI 
15. X lie teL2 
15! • III /leLf 
15£ • 112 /lCU 

REGISTERS 
0 r .bo.Co.do 1

2
. b l. CI.d l 13b2.Cl.dl rbl,Cl.dl 5 t>..o..do ,6 Used rUsed 1

8 
Used ,9 

p;o 151 
1
52 

1
53 I"' 5 

1
56 

1
57 r" 1

59 

A 1 for print 1
8 J 0 IE I' 



L14-04 

U3 x I" IICI.I 
U4 Z 111 CSU Output do. dJ, dz• d,. 
U' X 171 '1'5 <4-
U6 + 17Z ICI.Z 
U7 STIIZ In csu 
U8 1ICI.4 174 '1'5 . U, 1ICI.6 175 1ICI.3 
121 x 176 '", 
IZI 3 177 '1'5 
122 x 178 1ICI.4 
IZ3 ST+3 In '"' IZ4 IICI.. 1111 '/5 
125 x 181 IICI.' 
126 5HZ IBZ ",,, 
12;' 3 1B3 III'S 
IZ8 • 1B4 11TH 
129 IICL. 185 *L1I.0I 
I:JI x 186 "" Input x, calculate 9. 131 ST+l 1B7 ST07 
132 IICL5 IBS IICLZ 
133 IICL6 189 r. 
134 x HI. IICL7 
135 4 191 )It 
13. x 192 IICL3 
137 ST+4 1'3 x 
138 IICL6 194 + 
139 x 1" IICL7 
148 I 196 3 
141 197 y. 
142 5 1ge IICH 
143 x 199 x 
1f4 5T+3 zee + 
145 LST)I 281 IICL7 
14£ • 2.2 )It 
147 RCL. 2.3 )It 
14e x 284 IICL' 
149 ST+2 285 x 
IS8 4 286 + 
151 • 2.7 IICLI 
152 ReL. 288 + 
153 x 28!1 "88 154 ST+l 218 RTH 
I~ IICLS 211 *LIL' Subroutine for SIMCI 15£ CHS 212 ". .nd print. 
157 EHTf 2J:J SI'C 
158 ENTf Z14 *'-11.8 
159 ENTf 215 Fe'! 
16. STXZ 216 PIIT)I 
16l x 217 RTH 
162 STx3 
163 x 
164 ST"4 
165 " 16. STX5 
167 R/S 
168 *'-fL. 

LABELS FLAGS SET STATUS 
SSetfl ... 0 E o Print FLAGS TRIG DlIP 

• (continue) bxNtXo C .... do• d, • d x-+9 . 1 ON OFF 
00l1li 

DEG l1li I FIX l1li 
0 1 2 3 4 1 o III GRAD 0 SCI 0 

~ g ~ RAD 0 ENG 0 7 SPrint 9 lJHd 3 n-2-
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t Statistics 

:~ tt~~: 
Ir.j; 5T-2 
ese Yo! 

HZ II Initialize 85~ ST-;; 
"4 5TOI 868 /lCLl 
~ 5T02 861 I 

"6 5T03 862 -
'8~ 11TH 86;; STOI 
888 tLeLe 864 ,sell 
,,~ r8" Input Xi. Vi for paired t 1165 /lTN 
818 C5S9 statistic. 866 .ULe Set flag 0 for print. 
O!! - 86~ sre 
61': 5r+2 86S I 
81;; X' 869 11TH 
814 ST+J 8711 tLeL9 
81~ /lCLl 8:'1 x ..... ' 

Print Xi. Vi. 
81£ I 872 SP[ 
8'" + B73 PIITX 
81B STOI e--, , X" 
81~ .SeB 8'" PIITX 
8Z11 IITN 8e. /lTH 
821 *1.81.£ 8" *1.8L ... 
822 IICL2 O,So,tl,df l 

8'0 'S88 Input Xi or Vi for t 
.23 IICLl 97~ 5T+2 statistic for two means. 
8N 888 XE 
e2~ 'SBI 8e: 57+3 
82£ 'S8e 882 IICLl 
82:' 11.'5 B83 I 
8Ze /lCL3 884 + 
829 /lCL2 8S5 5TOI 
836 X' 886 'SB8 
e~l /lC~1 887 '5Bl 
8'0 ; 888 11TH 
~3? - 889 .tBt, 
8;;4 /lCLl 898 STD7 
8'" I 891 /lCLl 
8::e - 892 5T04 
8;;, 1193 /lCL2 
83S IX 894 5T05 
e3~ .SeB 89~ RCL3 
• 48 R 'S 89 • 5T06 d 
841 /lCLl 897 II 
842 IX 898 5TOI 
843 ~ 899 5TOZ 
844 ~ lee 5T03 
845 .SB8 leI /lCL7 
.46 R"S lez .see 
847 /lCLl Ie:; .581 
848 I 184 /lTH 
849 - 18!5 tULtI 
'58 .588 1.6 /lCL£ 
Ir.jl .5BI 187 /lCLS 
.52 11TH 188 X' 
1r.j3 .LBLD 189 /lCL4 
1r.j4 r8" For correction of xk. Yk. lIB 
~ 'SB9 111 -
Ir.j£ - liZ IICU 

REGI TERS 

o Used r n, "I. n2 I' Used 1
3 

Used I' n, 51;)(1 16 
1;)(j2 r d 18

"1 +n2 -2 19 

SO L' 1
52 e 1

84 5 

I
S6 IS7 I

SB IS9 

A 

1
8 r D IE I' 
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/13 + 1£9 *'.811 
/14 /lCL2 178 F'~ 
/15 X' 171 SPC Subroutine for space. 
116 /lCLl 172 11TH 
117 • 
118 -
/19 /lCLl 
128 /lCL4 
121 + 
122 2 t2. dfl 
123 -
124 ST08 
125 
12€ IX 
1" .. 1 
IZ8 /lCLl 
129 
13e I 
13~ /lCL4 
13::: 
133 + 
134 IX 
135 x 
136 IICL5 
137 /lCL4 
US • 
139 IICL2 
148 IICLl 
141 
142 -
143 IICL7 
144 -
145 x:y 
146 
147 'SBf 
14e II/S 
149 IICLe 
158 'S88 
151 'SSI 
152 11TH 
153 *LBU 
154 'SBt 
155 ST-2 

For correction of xk or Vk. 156 X' 
157 ST-3 
158 lIeLl 
159 I 
168 -
161 STOI 
162 ,SBt 
163 'SBI 
164 11TH 
165 *LBL8 Subroutine for print. 
166 F'? 
167 PRTlC 
168 11TH 

LABELS FLAGS SET STATUS 
A Start Bprint xjfYj o xk tVk""" E~D.SO ... 0 Print FLAGS TRIG DlSP 
a xlorYi bXkorYk c d~ d t1;df2 

, ON OFF 
0 0 III 

DEG ~ I FIX ~ o Print 'Space 2 3 4 2 , 0 III GRADO SCI 0 

• 7 8 9 Print Xi. Vi 3 2 0 III AAD 0 ~NG20 
3 0 III 
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Chi-Square Evaluation 

.1 ILILII = RCL3 
eez CfI Initialize • 
III CFI "g 51-2 
.4 • ." tell ,., 5101 161 I - 5102 162 -.7 5103 163 5101 
tIS 11TH 164 'SIB 
'" IL8LC 165 11TH 
.1. Ft" 16E ILIL. For equll.xpected 
.1: '5" 1/67 UBI frequency. 
81Z 5103 1:+ '" 5T~Z 

'13 - 169 X' 
.14 X' '7' 5T~3 
,.~ IICL;; '71 tell 
'1( • .7Z I 
817 5HZ '73 .~ 

'Ie IICLl '74 $TOI 
'I~ I .75 'SBS 
'Zr. ~ 87. '517 
'Z: 5101 .17 SFI 
.22 'SBS 87S 11TH 
en 11TH .79 ILIL. 
'Z4 .LBLE es. 'SBB For correction of 0i. .25 FlO 881 5T-2 
'Z. 'TOI x,' tSZ ::2 

."' lIeL.? 8S3 51-3 .. 

.ZS '5P7 884 IICLI 

.:!~ 'SBS .~ I 
83. '517 .S. -
131 11TH .S7 5TOI 
.3Z .UL: 88S 'SBS 
'3~ I .S9 '517 
.34 rcLl , ." 11TH x, 
.~ IICLJ "1 .LlLB Set flag 0 for print • .3. x • 9Z 5Fe 
.37 IICLZ .93 I 
US • .94 11TH 
.39 IICLZ .~ .L8L!I Print OJ. E j • 

848 - • 96 Sl'C 
.41 '517 .97 X:Y 
'42 '5BS .9S PIIT" 
.43 11TH '99 lC:Y 
144 ILILII If. PIIT" 
14S rcLZ 1'1 11TH 
.4£ IICLl lIZ IL8Lt Set flag 1 for equal 
147 • 1.3 SFI expected frequency. 
He 'SBS 1.4 'TO£ 
149 '5B7 ItS 11TH 
r.st 11TH IK 1L8L8 Subroutine for print x. 
"I ILILO For correction OJ. El. 

1.7 fI? 
r.sz Fe? 1'8 PIIT" m '519 119 11TH 
r.J4 5T03 118 1L8L7 Subroutine for print. 
m - III Ft'! 
r.J£ X' 112 5PC 

REGISTERS 
0 r n 12 Used 13 

Used I' 5 I" I' I" 1
9 

ISO 15
' 152 153 

1
54 5 

1
56 157 ISO 1

59 

A 
1
9 Ie 0 IE I' 



L16-02 

113 11TH 

LABELS FLAGS SET STATUS 
A Stlrt Bprint cOitEr .... O.tE. E XI' o Print FLAGS TRIG DlSP 
• 01 (E+) bo" (E-) c X,' dE . , 

Equal Ei ON OFF 
0 0 iiJ 

OEG iiJ I FIX iii 
0 1 x2' 2 3 4 , 0 iiJ GRAO 0 SCI 0 

2 0 II RAD 0 ENG 0 
7 Space 8 Print 9 Print 3 

3 0 II n-L 
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Contingency Table 

ILl: .LeL'; "7 .LBL. 
88Z eLll' Initialize "8 SF. Set flag for print. 
88~ CFe 859 I 
884 CFl 86' InN Printx,j. x2j. 
.,~ 8 861 .LeL9 
88. 11TH 862 11:)' 

887 .UL8 Input xli. xli for 2 x k. ,.J PRTX 
886 Fe" 864 X~V 

889 .589 8(5 PRTX 
818 • 866 11TH 
81l STC7 8f7 .LeLI. 3xk 
81Z II, 868 F" 
81J .sse 8£9 .SeB Input Xlj. xli_ )(3j-

814 11TH 878 STOC 
815 .LBLD 871 Fl" 
.It IICLe 872 CNS 
er" IICL4 2xk 873 ST+3 
818 ,10: x' 874 STO. 
819 IICLl 875 ST07 
828 87£ EHTt 
821 Rete 8" " 8Z2 IICLS 878 ST08 
823 lIeL2 679 II~ 
824 .Be .LBL' Input X,j. x1i. for 3 x k 
B2~ 881 STOB and 2 x k. 
82(, + 8B2 FI" 
8" lIeLe 883 CNS 
828 - 884 51+2 
82~ STOC 885 ST+' 
83e .587 88£ 51+7 
8" ~·,S .e7 £HTt 
8" I?c:..r 2xk 8B8 x 
8!J ~eLe C, 889 ST09 
8!-4 IICLO 8ge IU 
83'~ + 891 STOll 
8~£ , 892 Fl" F 
837 I" 1193 CNS 
83f .587 894 ST+l 
839 'SBi '~5 S1+e 
848 11TH 8% S1+7 
841 .ULE 2xk 897 £HTt 
842 IICLl RI • Rl , T 898 x 
843 .587 899 Ret? 
844 R."S 1.8 , 
845 IICL.? 181 S1+4 
84( .5B? 182 IICU 
847 I/.'S 1.3 RCL7 
845 + 1'4 • 
849 GS87 185 51+5 ". .SS6 186 RCLB 
lSI 11TH I'~ RCL7 
1S2 .L8LC 2 x k correction. 1.8 • 
1S3 SFI 189 ST+6 "4 .SSB liB 1 
855 CFI III FI? ". RTH liZ CNS 

REGISTERS 
o T l' R, 12 R, T R, 141:1 x,jlCj 5 l:l x2j/Cj 16 1:1 X31/ej 17 Cj 18 , X'i I" xi 

ISO 151 102 1
53 154 55 15S -[57 [58 [59 

A [8 x2j rc 
0 x' [E k I' Xli x3i 

.. 
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113 IICLE 169 /!eLI 
IH + 17e '587 
115 STO£ 171 11TH 
116 '587 172 ~8Lc 3)( k correction. 

117 '586 In 5F! 
118 cn 174 ,SSt 
119 II/S 17S cn 
IZI IICL7 176 11TH 
IZI '587 177 ~e Print x,l_ x2i. Xli' 

IZZ '586 178 fI~ 
123 11TH 1:'9 II~ 
124 ~4 18e PIITX 
IZS IICLI 181 IIf 
126 IICL2 182 PIITX 
127 IICL3 183 IIf 
128 + 184 PIITX 
IZ9 + ISS 11TH 
138 5T08 3xk 186 ~8L7 Subroutine for print. 
131 IICL4 X' 187 FI" 
132 IICLl 188 PIITX 
133 . 189 IITN 
134 5T09 198 tUL6 Subroutine for spac:e. 
135 IICLS 19: F8' 
136 IICL2 192 5PC 
137 • 193 flTIi 
138 ST+9 
139 IICL6 
148 IICL3 
141 
HZ ST+9 
143 IICL9 
144 I 
145 -
146 IICU 
147 X 

148 '587 
149 11/5 
158 EHTf 3xk 
151 EHTf c. ISZ IICU 
153 + 
154 + 
155 IX 
156 '587 
157 '586 
158 II/S 
159 tUb 3xk 
168 IICLl R,.A l • RlI T 161 '587 
16Z II/S 
163 IICLZ 
164 '587 
165 II,'S 
lli6 lieu 
167 '587 
168 II/S 

LABELS FLAGS SET STATUS 
A Start B XIi. Xli Correction o x';c, E A,;R1 ;T o Print FLAGS TAIG DlSP 
• Print blnput 3xk C Correction d X';Cc e RI ; Rl 1 Correction 

ON ~Fl I oOIill DEGii FIX IiiI 
o Used I 2 3 4 2 101Xi GRADO SCI 0 

7 Print 8 Print 9 Print 3 
201lll RAD 0 ENG 0 

Space 3 0 IIlI n-L 
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Spearman's Rank Correlation Coefficient 

"1 tLIU 157 x:y 
N2 caG 158 I'IITX 
.,3 CF • Initialize 159 X:Y Print RI,Si' 
N. CFI '" PIITX 
.,5 e 861 11TH 
Nf 11TH t62 tLBL~ Subroutine for print . 
"7 • LILe 863 F'~ eee F'" 864 PIITX = ee9 '589 Input Ai. Si- 865 11TH Subroutine for SPice. 
'Ie - "6 tLBLI 
81: X' 867 F.ft 
tt:.::' Flft .68 SPC 
813 CHS 869 11TH 
8H ST+2 
'IS RCLl 
81£ I 
817 no 
.Ie CHS 
819 • 
8lf 5rD: 
821 ,ss. 
822 'SBI 
e2? IITII 
824 .LBLE 
,.'!~ 

, 
82f lIeL2 
eo- f 
8.?f '. 

82:' IICLl 
838 X' 
831 1 
S'7-: -
It']''' IICU 
834 , 
e~~ 
83,- - rl,l 
It?: ,see 
(tJS R .[ 
83~ IICU 
•• e 1 
841 -
84':- ". 
843 .. 

844 'S88 
e.~ '581 
e.f 11TH 
e4~ .ULD 
e.e SF! For correction. 
e.~ 'SIC 
858 en 
.~. 11TH 
852 .LIL8 
153 SF. Set flag 0 for print. 
854 1 
"5 11TH 
15. .UU 

REGISTERS 
0 l' n 12 1:0j2 1

3 I' S 

1
6 /' 1" -19 

SO 1s1 
1
82 

1
83 

1
84 S IS6 1"' ISO IS9 

A 

I" Ie 0 IE l' 
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LABELS FLAGS SET STATUS 
A Start B Print (I:+) o (I:-) E ~rs,z o Print FLAGS TRIG DlSP . b c d . 1 (1:-) ON OFF 

0 0 iii DEG Ii) FIX Ii) 

0 1 2 3 4 2 1 0 Ii) GRAD 0 SCI 0 

5 6 7 8 9 3 2 0 III RAD 0 ENG 0 
3 0 Ii) n-4-
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i and R Control Chart 

HI 'Let~ .57 R/S 
H: CtR' lSe .tBLE .. ;; CF. Initialize 1S9 RCt5 
"4 CFI 86' .SB9 
.~ 0 861 rTH 
88( RTH Store 1 in RE for print . 862 .tIL. 
.. 7 .tBte .1i3 CFJ "6 I 864 RCtli 
H9 STO£ iii! 1 
el. 11TH 866 • 
.11 .tBU 867 ST06 
eJ.? STOe 86e RCt2 Xi 
81? RCt4 869 RCU 
8/4 STO~ .7. t 
II! Ret! 871 .SB9 
81£ STOB .72 51<7 
817 RCte .13 R/S 
.IB .5B9 874 *LIL. 
819 FlO I~ RCU 
82. .TOI .7f RCt5 ,0' 8 Input Xij- 877 - R, 
822 STOI .n ST>B 
823 ST02 879 .SB9 
aZot ST03 "8 .587 
82! X:Y .e! R/S 
'2( ST04 182 .tIL. ,0" STO~ .B3 RCt? 
.28 SFI 884 RCLi 'i 
e2~ .LeU '8! · ~3' RCt4 "Ii .SB9 
'3J V" .87 RTH 
• 32 X' Y" 188 *LBt • 
.;;3 ST04 .89 RCLB 
.34 /lCtS .98 RCL6 
'3! X:Y 191 • R 83. UY" .92 ST03 
.:17 STOS .93 .SB9 
.3e F'" .94 .SB7 
839 CHS '9! R.'S 
.48 ST+2 .96 .LILe 
'41 X' .97 ReL3 
.42 F8" .ge X 

HZ CHS 199 RCl.7 Lx .44 ST'3 'I" RCLIi 
14! RCU leI t 
.46 I 182 II:)' 
847 F'- 183 -
.48 CHS 1.4 .SB9 
149 > II! R/S 
158 srol 186 *LILe 
lSI .SB9 1.7 LSTX Ux 152 RTH 1.8 2 
m *LIL£ 189 Yo 

154 .SB7 "max. "min 118 > 

'" ReU III .SB9 
1S6 UB9 112 .SB7 

REGISTERS 

o Xij I' n /2 IXij 13 
IXjj1 • R J4 xmax 5 "min /6 m /' IXj /8 IR j /" Und 

[so j' 1
52 

1
83 

1
54 s /86 IS' I

S8 J"" 
A Lal_ /8 Lastxmin J 0 IE 1 for print I' 



L19-02 

113 '/S 
114 *LBLoi 
11' teL3 LR 
I1t X 

117 'SB9 
I1B '587 
119 '/S 
IZ8 .ULe 
121 /lCL3 UR 
122 X 

123 '589 
124 '587 
I~ 11TH 
12t .LILD Correction Xjk. 

12? SToe 
ItB /lCU 
129 ST04 
138 /lCLB 
131 ST~ 
132 /leL. 
133 SF. 
134 '58C 
135 /lCU 
13t ST04 
13? /lCU 
138 ST05 
139 CFe 
14e /lCLl 
141 'TH 
142 *LBL9 Subroutine for print. 
143 /lCLE 
144 lO.? 
145 'T08 
14t RI 
J47 /lTH 
14B .ULB 
149 RJ 
158 PIITK 
1'1 11TH 
152 .UL7 Subroutine for space. 
153 IICLE 
154 X>.,? 
155 BPC 
1st /II 
157 /lTH 

LABELS FLAGS SET STATUS 
A Start Bprint C Xlj (E+) o x" (E-) E Xm ... Xmi'l o Correetion FLAGS TRIG DlSP 

a Xlj. Ri b x, R C Lx. U. d LR • UR 11· data ON OFF 
0 o iii DEG III FIX III 

0 1 j>l 2 3 • 2 1 o III GRAD 0 SCI 0 

5 6 8 Print 9 Print1 3 2 o iii RAD 0 ENG 0 
7 Space 

3 o iii n----1-
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~e: tLBU; e,,, eFe 
ee: fLRG 
ee. r 
ee~ RTN 
eft .LBLE 
ee~ SFt 
'8;' 
ae.o RTN 
.Ie ,LBtC 
e: : .SfJ 
8;~ sro! 
[?I" nil 
f!14 .tBLD 
f!t~ ~TO::; 

f.I£ V"" 
61:-- STO: 
813 GSEJ 
r,1':' X:\' 
e:e GS8] 
f,21 ~nl 

82:: .LKE 
e::: .SF4 
f!2~ .583 
80< RCLl 
e::,' , 
82"" I~T 
82f ST04 
02:- prf I 

8?C R'" ~ 

eJI .Sf. 
(pC' Rrl I 

8"''' RCt4 
f/34 
e?~ ~CL2 
8!( 'SEc 
8J~ R1 
f/J£ 
(pc:; £105 
~4r 5T06 
84: STG~ 
942 Ret] 
e4? e 
844 SToe 
e4~ X=-':''' 
84£ 'SB~ 
84~ .LBLe 
84f RCL4 
84." 
8Sf RCLE 
er • RCL2 
85:: 
853 
e54 RCLe 
8S! 
'Sf 

r N. n 

so t' 
I" 

Operating Characteristic Curves 

12 n, p 

1
52 

Set flag 0 for print. 

Store N. 

Store n, c for finite lot 

p.r:--
f.5S LsrX 
(tS~ ReL! 
80B RCL4 
8f-! 
e62 RCL2 
8t:: 
'£4 
ef.~ 
966 
e£~ 

86~ 
8i~ 
87e 
e" 
8'0 
e~J 
8~4 

8~~ 
Po;f. 
8'­
e~8 ,-. 
8se 
eo' 
eS2 
eSe 
eN 
8S! 
esf. 
aB~ 
eef 
eeg 
998 
8!'! 
e·o 

eS3 
894 
89~ 
e96 
89~ 
e9S 
9~~ 
18e 
181 
182 
1'3 
184 
18~ 
let 
le~ 

leE 
189 
Jlf 
III 
ll2 

RCL€. 

STO£ 
51+7 
RCLJ 

I 
RCLE 

STOB 
XfY" 
.raB 

I 
Ret:" 
X,'Y~ 

.583 
R""$ 

f:LBLt.. 

LST;; 

.589 
STre 

I 
STC7 

• 
S100 

CLX 
x=yo 
GTOB 

.ULl 
R> 

I 
RCL7 

• 
STO~ 
X,'Y" 
.T07 
RCL~ 

• 
L5TX 

RCL6 

5TO£ 
GTOI 

REGISTERS 

13 
C, flO) 14 M 5 flO) 1

6 
,c 

I
S3 IS4 S5 IS6 

Ie 

17 . counter 1
8 

Used 

IE I' 

1
9 
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llZ 11TH 169 IICts 
ll4 .lll7 178 x 
llS IICl6 171 IICl4 
116 11TH 1~" .. 
ll7 .ULB 173 sT04 
llB I 174 ST+S 
ll9 '51Z 17S IICl7 
128 11TH 17£ I 
121 *LBL9 l~"" • 
122 sT06 17B sT07 
123 X:Y 179 IICL6 
124 11TH IBe X_yo 
12S .l8Ld Input n, c for infinite lot lSI 'T02 
126 sT06 size. IB2 I 
IZ7 )I:Y IS3 IICL! 
Ize sTOI IS4 X~\" 

129 '513 18~ )I:Y 
138 X:Y 186 '583 
13: '513 187 R.·-S 
132 11TH ISB .LILt 
13J .LlLe IB9 IICL3 
134 sT02 19B '513 
13S '584 191 11/5 
136 ,sB3 192 11TH 
137 5T02 193 .LBLS 
138 IICL2 194 IICLS 
139 I Jg~ '513 
He - 19£ R/5 
14J CHs 19~ 11TH 
142 198 .LIL3 Subroutine for print. 
143 sTOB 199 F." 
144 L5TX 2.e PIITiI 
14S IICLl Z81 11TH 
146 Y' 2.2 .LIH Subroutine for space. 
14, 5T03 283 F8? 
14B I/CL6 284 SPC 
149 B zes 11TH 
ISS 5T07 
lSI X=Y· 
IS2 '586 
IS3 CLX 
IS4 IICLl 
ISS X:Y 
IS6 X>Y° 
IS? 'Tm. 
IS8 IICL3 
159 5T04 
16. 5T05 
1.1 *LIL2 
I.Z IICLl 
16J IICL7 
164 -
IDS I/CL7 
16£ I 
167 + 
168 + 

LABELS FLAGS SET STATUS 
A Start B Print C N o ntc~ E p;.-p. 0 Print FLAGS TRIG DlSP 
a f(x) b c d ntc-+ . p-+p • 1 

ON OFF 1 1 o 0 Kl DEG Kl FIX iii 
o p. 1 f(x+ 11 2 Used 3 Print 4 Space 2 lOKI GRAD 0 SCI 0 

5 c, flO) 6 flO) 7 c 81 9 ST06 3 2D!!l RADD ~NG2D 
3 0 Kl 
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Single- and Multi-Server Queues 

:~ '~~~; 
.~;' IICLl 
~8 lIet3 

HZ STOI 8S9 -
te. STOI '6' · te~ ~J p 861 STD. Lq, L 
N6 5T02 .62 5pe 
te;' X:Y 86: PIITX 
•• e STO~ 864 11.'5 
ee~ B6~ .I.&t 
118 5r03 86£ IICI.3 
.1 : PIITX ,£;' • 
812 II.'S 868 STD. 
81:: ,1.&8 869 PIITX 
~14 I e7. 11.'5 
8:5 STD. 871 .1.&0 
81£ e e,z IICU 
'I~ .1.81.1 873 .IICI.2 Tq, T 
elB IICI.4 874 · el~ • e~ $PC 
828 LSTX .7. PIITX 
821 lIel.3 .~~ 11/5 
822 , .7B .I.&D 
82~ lIel.l 879 IICI.6 
"24 IICI.! .8. IICL2 
82~ - eel t 

9Zt: 1 ,ez PIITX 
82;' • .83 11/5 
82f' .84 *L&E 
829 STD. Po, Pb .IIS SPC Pit) 

'31 ~J 88£ PIITX 
831 DS::1 .e7 IICU 
832 'TOI '8B IICI.~ 
e33 1 .89 • 
834 IICLl f98 IICI.2 
8~ IICU 891 -
83£ 892 Yo 

'Z7 - 89: CHS 
838 IICI.. 1194 .' 839 X·V .95 lIetI .. , t 89£ , 
'.1 STOI 8" PIITX 
•• z • 89£ SPC 
•• 3 I 'x e9~ II'S 
844 SPC 188 .LBL9 Print u, ~. n. 
•• 5 PIITX 1.1 111 
84£ 11/5 1'2 111 
.47 .L&B 1.3 $PC 
•• 8 IICLl 18. PIITX 
.49 .y I~ lit 
." STOI 186 PIIT)( 
~I PIITX 1'7 It 
~2 11/5 1.8 PIITX 
~3 "-BLC 1'9 11TH 
~4 lIetI 118 .LBL. m,n 

= 1IC1.3 111 "'8 
X 112 ST02 

REGISTERS 
0 r n,m 12 ~,n 13 

p 1'4 ,Lq, k 
. ,8 

11,0., L U;a,. I' l:kO., -F 18 • 19 Used 
SO l' 1

82 

1
53 

1
54 • 

1
86 

1
57 

1
58 

1
59 

A 

1
8 Ie 0 IE fUsed, Pb 
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::! III lli9 ST05 
STO: 1711 SPC 

lJS R/S 17J PIITX 
JlIi .UlLI. p 

172 R/5 
Jl7 'SB8 173 .uLe T 
JIB 5T08 174 RCLB 
JIg • 175 • 128 5T03 176 PIITX 
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Appendix A 
MAGNETIC CARD 

SYMBOLS AND CONVENTIONS 

SYMBOL OR 
CONVENTION 

INDICATED MEANING 

White mnemonic: 
x 

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 B. 

B 

Gold mnemonic: 
y 
x 

all 
xty 
B 

00 
B 
(x) 

B 
+x 

B 
+x, y, z 

B 

+x; y; z 

B 

+"x ", y 

B 

<I> x 
B 

Gold mnemonics are similar to white mnemonics 
except that the gold a key must be pressed before 
the user-definable key. In this case y could be input 
by pressing a II. 
t is the symbol for miDm. In this case miDm is 
used to separate the input variables x and y. To 
input both x and y you would key in x, press miDm , 
key in y and press B. 
The box around the variable x indicates input by 
pressing mm B. 
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 B. 
This indicates that x, y, and z are calculated by 
pressing B once. The values would be printed in 
x, y, z order. 

The semi-colons indicate that after x has been calcu­
lated using B, y and z may be calculated by 
pressing m. 
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 <I> 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. 
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SYMBOLS AND CONVENTIONS (Continued) 

SYMBOL OR 
CONVENTION 

P? 

D 

START 

D 

DEL 

D 

+x; ... 

D 

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 a command. The 
start function should be performed to begin or start 
a program. It is included when initialization is 
necessary. 

This special command indicates that the last value 
or set of values input may be deleted by pressing 
D. 
Three dots ( ... ) indicate that additional output 
follows. See User Instructions for complete 
description of variables output. 
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