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ABSTRACT

This report is usea to perform polynomial regression analyses and is
written in BASIC for the Tektronix 4052 computer. Data entry is permitted
from the keytoard and the computer program plots descriptive statistice for
X and Y values. Analysis of variance table for each degree regression
selectec is provided. Regression curve plotted against the data. List and
plot of resicduals. Coefticient for each degree regression with standard
error and t-test. Estimated Y for input X. The degree of regression may
be changed which does not exceed that selected during initialization,
without re-entering the data.

FIN No. A6043--LOFT Instrumentation
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SUMMARY

This document is used to perform polynomial regression analyses and is
written in BASIC for the 4052 computer. The objective of this report is how
the program works and the regression technique used. Also, the program is
convenient ana fast. The maximum degree of fit, >1 < 12 for 16K machine
<25 tor 24K 3¢K machine. Program displays the mean, variance, minimum,
maximum, and correlation tor X and Y values. Plots the data previously
enterea. Allows selection of the deyree of regression. Any degree that
does not exceed that selected during initialization may be designated.
Graphs the present selected degree polynomial, displays the coefficients,
stanrard error, and T-statistics. Displays the Y-estimate for any desig-
natead X-value. The estimate is based on the current selected degree.
Permits storage of data so the machine may be turned off without loss.
Aduitional gata may then be added or deleted from the keyboard. Displays
the preliminary analysis of variance table to assist in selection of the
vegree of regression, and for the present selected degree. Produces a plot
of X and Y agawnst the standaroized residuals tor the present selected
degree and displays the table ot X and Y values and the Y-estimate resi-
duals. A list of various statistics and how they are calculated in the
program is given in this report. A numerical example of a linear polynomial
15 also given in the report.
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POLYNOMIAL REGRESSION FOR THE TEKTRONIX 4052 COMPUTER

1. INTRGDUCTION

Polynomial Regression program for the Tektronix 4052 computer, under
nighly interactive operator control, will fit a polynomial regression to
cata pairs of the form X, Y.

[f X values are in arithmetic progression, it is possible to greatly
recuce the computations by using orthogonal polynomials.

After the maximum degree of regression (25 degree highest) is specified
vy the user, aata may be entered from the keyboard or from previously cre-
ated magnetic tape files. Any degree of regression less than the selected
maximum may be fit, and data may be edited. The reader should be familiar
with degree of function that fits the data and make decision accordingly.

When a certain degree of polynomial fits the data, we can estimatle the
coefficients and thus determine a least square fit, statistics, the residual
error (square of the stanocard error of the estimate) for each degree,
K-square value for each degree regression. The appropriate degree of
regression may be found quickly by use of preliminary analysis of variance
table, where it is not known what function fits the data.

Appendix A has the examples of output. Data entered in the machine,
plot of the cata points, Preliminary AOV (Preliminary Analysis of Variance
Table), statistics, residuals, analysis of variance table, coefficients,
etc. Appendix B has the program written in Tektronix 4052 BASIC language.
Appendix C contains listing of Tables for F-distribution and Students
t-distribution.



2. METHOUDS
. 1 2 P ;
A polynomial of the form y = .o + a]x + 821 o an® apx is fit to

the vata of the form X,Y. Normal equations are formed as data are entered.
After all data are entered, normal equations are reduced by the square root
(CHOLESKY) method discussed in References 1, 2, 3, 4, and 5. Good results
are obtained using the Square Root Procedure.

2.1 Specifying Maximum Degree Regression

Uuring the initialization phase of data entry, the maximum degree of
regression must be specified (in all cases the maximum should be as minimal
as practicable). KRequired computations depend quadratically upon the maxi-
mum aegree specifiec, so four times as much computation is required for
Degree 4 as for Degree 2.

Another reason for keeping the maximum degree minimal, is numerical
aitficulty of high cegree poiynomial regression. The method used in this
prooram will generally detect an unstable matrix process and will auto-
matically reduce the maximum degree permitted.

2.2 Selecting Degree Regression

Several means are available for selecting the appropriate degree of
regression. The first methoa is graphically based, and allows the plot of
any regressior curve that does not exceed the preselected maximum. The
curve 1s plotted against the data and the degree of regression appearing tc
tit best is selected.

The second method requires use of the PRELIM AUV (preliminary analysis
ot variance) key, which initiates a display of a table centaining informa-
tion four each degree of regression from linear to the maximum degree selec-
teg. This teble contains the following information:



4.

The orthogonal polynomial sum of squares for each degree

The residual error (square ot the standard error of the estimate)
for each degree

A sequence cf independent F-tests for significance of the highest
oroer term (see Table C-1 of Appendix C)

The R-square value for each degree regression.

The appropriate degree ot regression may be found quickly by use of the

preliminary analysis ot variance table.



3. DEFINITIONS
3.1 Matrices

The theory that will be used here will require some of the mathematical
technigues of matrix algebra. These techniques are discussed without proof.

l. A matrix i1s an array of numbers, consisting of m rows and
n columns. It is denoted by a bold face capital letter (X, Y).

2. The (i, J) element of a matrix is the element occurring in row i
and column j. It is usually denoted by a lower case letter with

subscripts (°i 0..).

ol ¢
3. A matrix is called rectangular if m (number of rows) # n (number

of columns).

4, A matrix is called square if m = n.

5. In the transpose of a matrix A, denoted by A'; the element in the
J'th row and i'th column of A is equal to the element in the
i'th row ana j'th column of A'. ATl win denote the inverse

of A.

6. A matrix with m rows and 1 column is called a column vector.

7. A matrix with one row an¢ n columns is called a row vector and is
usually denoted by a prime.

8. A matrix with one row and one column is called a scaler.

o«
.

Two matrices, A ana B, can be added (subtracted) if the number of
rows (columns) in A equals the number of rows (columns) in B.

10, Two matrices, A and B, can be multiplied if the number of columns
in A equals the number of rows in B.



3.2 Statistics

List of various statistics how they are calculated in the program for
coetticients ana analysis of variance table. The arithmetic mean or the
mean of a set of N numbers X , Xp, X3y « « oy XN is cenoted by x and
is detined as

Ix

o h b
X = X mean = — (1)

ang variance of x is

t(xi - x)¢ zx% -(x)*n

YAR{R) & —pesoepye & ety (2)
The arithmetic mean or the mean of a set of N numbers Yis Yoo y3, s B o
yy 15 denotea by y ang is defined as
- £y,
y = y mean = —= (3)
variance of y 1is
Hy, - y¢ 1yl - (¥« n
VAK(y) = | e TR ) (4)
covariance 1is
COVix,y) = ————;51—*5— or = L (5)
v(Ex“)(zy°) (n - 1)V VAR(x) * VAR(y)

where

X = (x = x)

y = (y -y 5



TOTAL 55 - (RESIDUAL)®

R-SQUAKE =

TOTAL SS
$...8 2
(Zy© - YtYi) - I(RESIDUAL)
- 7 - (6)
(zy" - ‘szi)
where
TGTAL SS = (z¥? - vev )
T Z ~ 2
(RESTDUAL) = (Y - Y EST)".

In the analysis of variance table for selected degree, R-Square, a measure
ot the closeness of the fit, is also displayed.

U < R-5quare < 1, perfect fitsR-Square = 1. The AOV table pro-
vides a test ot the significance of the presently selected degree.

Estimate of y for x and RESIDUALS

Y ESTIMATE is calculated from given value of x and y and calculated
ceefficients for a certain degree of polynomial.

We begin by fitting a first degree polynomial. Y estimate for a first
cdegree polynomial would be

Y EST = a5 + a)x (7)
for a second gegree polynomial would be

Y EST = 30 + 3]x + 32x2 (8)



anc a thiro degree polynomial would be

. ) - 9
Y EST = 3 * ayx ¢ a2x’ + a3x3 (9)

and so on

where ag, 3], 52, 33, . . . are calculatea coefficients for a given set of
data.

Residuals are calculates from given value of y minus Y EST (estimatea
value ot Y).

RESIDUAL = Y - Y ESTIMATE

The program will plot the residuals.



4. POLYNOMIAL REGRESSION MODEL

Let us suppose that we have evidence that a quantity y, is functionally
related to a quantity x, by y = f(x). The general procedure is to collect
data (various values of y and x) anu estimate or test hypothesis about the
parameters in f(x). The reader should be familiar with degree of the func-
tion thet tits the data well and make decision accordingly. A general model
15 discussed without proof. For simplicity, a linear model is discussed
with minimal proof showing how cifferent statistics are arrived and a
numerical example illustrates the theory in the next section.

4.1 Generalized Polynomial Model

A polynomial model can be written as
y = By * B]xJ + Bzxz ¥ 20 » T xe i (10)

There are two situations in which an experimenter may want to use a
polynomial model:

|.  Where he knows, theoretically or otherwise, that his data fits a
polynomial of Degree P or less, and he wishes to find the maximum
likelihood or least squares estimate of the 'i’ set confidence
intervals on the ’i’ or test hypotheses about the 'i’

g where it 1s not known what function fits the data; a search must
be made to finoc a polynomial of low degree that adequately
describes them.

5. A simple discussion of how to select a degree of regression is
given. The generalized polynomial model uses normal equations.

The normal equation X'X8 = X'Y, where 8 can be solved by finding the
inverse of X'X, and get g = (x'x)“ X'Y., This equation plays an important part
in estimation and testing hypothesis about the parameter in the model.



Various methods of solving this equation are: where X and Y are known
variables and @ an unknown parameter. Therefore, B8 will have the
necessary calculated coefficients.

4.2 fEstimating and Testing Coefficients in a Polynomial Model

Lonsider the Model

+B.x,. t el (11)

Y5 % B * PRy T Boloy ¥ Bahyy

" —
it we let x,. = x,, X,. = xz. | T x%, we get the particular model
L - P e ¢
y. =B, *+ Byx, +8 X+ gxd ej (12)
O Mk o Tl o M i Nl

The pertinent matrices are

rl X) le x% g _n X zx% zx?-'
1 X, xg xg Ix, tx? tx? tx:
X = 1 Xy xg xg X'X = zxi zx? tx: tx?
. _tx Ix, Ixy Ix, '
_} X, xﬁ xi | (13)




-
gy,
t)(..yi
X'y =
2
B35
3
btx}yii
R
%0
P -
y -
| BI
.y' -
y =| ¢ 8=].
I-yn - &
L.

Where X and Y denote a matrix, and X',Y' will denote the transpose of X

(14)

(15)

ano Y, then the polynomial model is exactly like the linear model discussed

below.

4.3 A Simple Linear Model

A simple Tinear model is Yi = B] + 021(1 + s

where B] and 82

scalar constants, e, is the measurement error.

equation are.

i a y
1 1
1 X y- 8
g5 2 Y = l - 1
. > . e 8
l ln yn ¢

It is easy to see that

- PO

Ix. Ix

10

'],2,-..."
are unknown scalar constants and % and y; are known
Matrices for the linear

(1€)

(17)



tx? -IX,
-1 ] 1 1
S W i — (18)
nt(xi - x)? -Ex,om

and
Ly,
X'y = (‘9)
B35
- 2
Thus, 8 =] _ = $ XY'-——-—_z_
B, nt(xi - Xx) l Belrg * NRYR,

. Bk o= xlyy - y) LT
or B, = - v By =Y - 8K (20)

* Bx, - x)¢€
where 8, is the slope of the line, or, in other words, it is the change
in E(y) per unit change in x, and g is the value of E(y) when x = 0.

Since the COV(B) = S'l oz. we see that

N =~ oztxi
COV(B,, B,) = - ———— (21)

n(txi - x)

. ozzxi

VAR(8,) = — (22)
nk(x. - x)
1

and

b o
VAR(BZ) B ——, (23)

Bxg - x)°

1



To minimize VAR(E?). we choose our x, such that &(x i ;)2 is as large
as’possible. ’10 minimize VAR(n]), we choose the X sufh that

zxf/t(xi - ;)Z is as small as possible, Since t(xi - x)2.§ txf,

the VAR(8,) is minimum it x; are chosen such that x + 0. This also makes
tpe CUV(B,, 32) = 0. Note: It is assumed that n is fixed. To estimate

az, we note that any of the following formulas can be used:

o = ity (Y - vxsThew) = Lo (v ) (24)
‘Tn_l‘ﬂ” - X8)'(Y - XB) (25)
: FTL'L‘) (Y'Y - 8'S8) (26)
2x; - Xy, - NI
(20x; - x)y; - ¥)] com

| -7
Tr=2] Iy, - y) - .
n - Z i 1 z(xi - ;) 2

4.4 Procedure to Fino the Polynomial That Best Fits the Data

For example, if the reader is not familiar with the degree of poly-
nomial that best fits the data, he shall begin by fitting a first degree
polynomial y = By * B,x * e, as shown in Table 1 ana then test the
hypothesis. If by using the F test we decige that 8, = 0, we conc lude
that the line y = B, + e fits the data adequately. To look for the
value of F refer to Table C-1 of Appendix C. Proceed downward under column
headea r = n - p until n-p is reached. Then proceed right to the column
heaa By > 9 - I, the result is the required value of F where n the number
of incepencent observations in the sample (sample size) and p the parameters
that must Le estimatea. If instead we decide that 8, # 0, we fit the second

degree polynomial, by looking at Y = B] + azx + B3x2 + e as in Table 2,

it we conclude that 62 # 0, we next fit the cubic Y = !] + B?x aqxz +
64x3 +e. If F is not significant, we concluoe that By = U and a seconc

degree polynomial . ‘equately fits the data. If F is signiticant, we conclude

12



that 8, = 0 and that a second degree polynomial adequately fits the data.

If F is signiticant, we conclude that 8, # 0 anc proceed to fit a fourth

degree polynomial of the data.

To arrive at the quantities in Table 1, we use the normal equations

be low

n Ix E Ly.

.l . i (28)

Ix, Ex 62 lx’y,i

. I# ty 2

B =, |x'ys= » 'y =ty (29)

8. Ix;;
‘

E(RESIDUAL)® = [y - (B, + B,x)]° (30)
or

. 2

= [Y - Y EST] (31)
TABLE 1. ANALYSIS OF VARIANCE FOR LINEAR POLYNOMIAL

SV OF $S MS F o
TCIAL n -1 yy' - §zyi

2 2
2 TOTAL SS - (RESI)® (TOTAL SS - (RESI)
REG -1 TOTAL SS - (R
p SS - (RESI) -1} ST
'(res1)?
/=0y
2

RESID n - p*  (RESIOUAL)? MARL

13




1 degree of freedom for 8,

1 degree of freedom for 8,

Reg regression

RESI

residual

DF = degree of freedom

SS B sum of squares

MS - mean of sum of squares

F = tests for significance of the highest order term.

To arrive at the quantities in Table 2, we use the normal equations below

: R AT
nooEx, EX 4 Ly,
2 3 - 4
Iy X D] a | = | Exyy (32)
Z 3 4 - Z
R i Y |2 ]

Wwe theretore continue in this fashion until we arrive at the first
nonsignificant result; if we obtain significant results for linear,
quadratic . . ., up to a p - 1 degree polynomial and then obtain nonsigni-
ficance for a polynomial of degree p, we conclude that a p - 1 degree
polynomial fits the data. However, in most cases this is not desirable.
More cesirable is a low degree polynomial that represents the data.

14



TAGLE 2. ANALYSIS OF VARIANCE FOR QUADRATIC POLYNOMIAL

SV DF SS MS F

TOTAL n =1 Y'Y - Ytyi

2 TOTAL S5 - (RESI)  TOTAL SS - (RE31)?

REG p -~ ) TOTAL SS - (RESI)
(p - 1) (p -1

//RESIDUAL)Z
(n-p)

2

RESIU n - p* (Y'Y - ax'Y) or (RESIDUAL)

(REST)? gt
ip = 3
| degree of freedom for 3
| degree of freedom for 3,
1 degree of freedom for a,

a -
0 rtyi
8 =|a x'Y =1Ly, x Y'Y = Iyz
1] LS B
. l
a, Ly. x¢
- £d - y‘ Yl

or
KESIDUAL)Z = [Y = (3, + 3,x + 3, x ))°
\RE ot Xt '

< [y - ¥ EST}?

15



Whenever we conclude that a certain degree polynomial fits the data,
we can then estimate the coefficient and thus determine a least square

curve.
Two things in the above procedure that need discussing are:

1. The nonsignificance of 2 result does not imply that the data
actually came from any specified degree of polynomial., It is
merely a procedural criterion for establishing what polynomial is
acequate.

Suppose it is decided that the quadratic mode)

y =By B+ 93,(2 ‘e, (33)

is an adequate representation of the data. Examination ot the
linear mocel y = 8‘ + 82x + e]. and the term e], which we

assumeo took on the aspect of & random variable, has a strong com-
ponent of x2 in it. This may introduce a bias in the error sum

of squares for linear. Similar remarks hold when we decice that
pth gegree polynomial fits the data. The remainder sum of

squares for the lower degree may be biased.

Some statisticians recommended that two consecutive nonsignificant
results appear before a decision is made on the degree of poly-
nomial. Suppose, for example, that the first two consecutive non-
signiticant results are found when testing By = 0 and when

testing By * 0; then we conclude that a linear polynomial fits

the data.

¢.  The computing involved is not difficult for a low-degree polynomial
(Table 1 requires no difficult computations; Table 2 requires that
we solve a system of three equations with three unknowns) when
obtaining the sum of squares because of B]. 82, 33. If, however,

16



the data fit a polynomial of degree 3 or more, the computation can
become guite troublesome, if hand calculated but program is
capable ot hanaling up to 25 dearees.

If the x values are in arithmetic progression (or equally spaced), we
can greatly reduce the computations by using orthogonal polynomials. Ortho-
gonal polynomial is not discussed in this report. The program automatically
uses orthogonal polynomials when appropriate.

The coefficient table displays the coefficients of the fit and the
stancarc error for each coefficient. The standard error may then be used to
set confidence intervals for the coefficients. If the fit for the present
selectea ocegree i1s not perfect, the T statistics for each coefficient will
be displayed. The t-test is a test that the coefficient is equal te zero.

Reterring to Table C-2 of Appendix C proceed downward under column

heacea V = n - 1 until entry n - 1 is reached then proceed right to column
heaoea t*9%5 or t+95. The result is the required value.

17



5. NUMEKICAL EXAMPLE OF CALCULATING QUANTITIES
This section calculates a simple numerical medel for a linear equation.
It could be extended to 2nd and Kth order. For the higher order, matrix
theory, is used in the program.

A simple numerical linear model is

y. = a_ * ax, 2 Y 2 o' o N (34)

The points used for this example are
X=1,3,4,6,8,9,11, 14 andY=1,2,64,4,5,7,8,9. (35)

These constants can be expressed as matrices

- ao
]

The transpose of matrix x and y denoted by x' and y' and are expressed

g
J
-

PR = e —

—

» ¥ 0

- OO S W

 —
-

CONOEDLEN -
%
™
"

T
]
.

oy e
x' = [I 346891 M] ana y (12445789) (37)
(1 1]
1 3
1 4 -
¢ oy T )y 6 [8 563 (38)
15468911 14 1 8 56 524
1 9
1 1
(1 14

186



where n = E; zx‘ = 56, tx€ = 74

o ! 524 -56] . [524/1056 -56/1056
419237367 | -56 8" |-56/1056  &/1056
_ [ 0.49621212 -0.05303030 -
-0.05303030  0.00757575
-‘-
2
4
o[ o] fs). [ao
"’[1346891114] 7 [364] (40)
8
9]

LY 40
[tx‘.yi] 3 [364] (41)

The matrix equation X' x6 = X'Y are called the normal equation,

: [X—JT][XY] . [s"](xlv) (42)

™)

. Ei' - [s"](x'n (43)

o

™)

8 will have the calculatea scaler constants for 4 and a,. Substituting
the values obtained in Equations (39) and (40) in Equation (43)

g =

0.49621212 -0.05303030] {40 | _ | 0.545455600 (44)
-0.05303030 0.00757575) (364 0.63636100

where (81) and (52) are known scaler constants (NEW 3, and NEW a‘)
calculatea from X5 and y; ore shown as

19



E, = 30 = 0.545455600 (45)

82 = 5] = 0.63636100 (46)

where il is the slope of the line, or in other words, it is the change in
E(y) per unit change in x, and 52 is the value of E(y) when x = 0, is
y-intercept (estimated value of y is Y EST = 0.545455600 + 0.636361000x).

To estimate o°, the mean sum of squares for residuals is

o = (;‘1 77 ['y) - (y'xs”'x'y)] (47)

substituting the numerical values in Equation (47)

AT} a0)(0.5a5455600Y] _ [1 21.418224
. (6) [}56 : (364)(0.636361000)] [6 (255) - (231.6354040)] (48)

. % (256 - 253.4536280) = % (2.546372) = 0.42439533 (49)
where
p‘q
2
4
vv=orl= (124457809 g . 256
7
8
| 9]

y'x ana S‘]x‘y are calculated in Equations (40) and (44). Also,

' . ' e :y K
y'x = x'y (zxiyi) : (50)

20



Statistics

Lx
.1 . 56
XMean = 8 7

Y4

E(x, = x)

VAK(x) =~y = 3 = 16.85714285
Ly.

YMEAN = n‘ =-3—°-=5
(yi e .y)? 56

VAR(y)‘T‘-—’T—‘B

COV(x,y) = i -_i1£{i_i_?)] : Ixy - nxy
\/(xi - X)(y; - ¥) (n=1)VAR(x)VAR(y)
3 364-E*7*5 d 364-280
W(18.85714285)*8  7/150.8571428
i 84 p 84
7%12.28236157 ~ B5.97674099
= 0.977008422
where
n = 8
X = ]
¥ . 5

21
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(52)

(53)

(54)

(55)

(56)

(57)

(58)



364

L

ixy

VAK(x)

VAK(y)

256-200) - (2.54545) _ 53.45455
T 56

168.857/4265

R'SQUARE » 56"
= (0.95454554 (59)
where
£y2 = y'y = 256
9tyi = §%40 = 200
Y EST = 0.54%4%5600 + 0.636361000x )
Y EST = Estimated value of y for every change in x.
(Y - Y EST) (Y - ¥ EST)g
X Y Y EST RESIDUAL (RESIDUAL )
1.000000 1.000000 1.18i818 -0.181818 0.03305778
3.000000 Z.000000 2.454545% -0.454545 0.20661115
4. 000000 4. 000000 3.090909 0.909091 0.82644645
6. 000000 4.000000 4.363636 -0.363636 0.13222114
8. 000000 5. 000000 5.636364 -0.636364 0.40495914
9.000000 7.000000 6.272727 0./27273 0.5289607
11.006000 8.000000 7.545455 0.454545 0.20661116
14.000000 . 000000 9.454545 -0.454545 0.2066111€
(KESIOUAL ¢ = (Y - v EST)? = 2.54545, (60)

Analysis of variance for linear polynomial.

n - |1 degree ot freedom is

Total sum of square for




TOTAL SS = yy' - yIy, = zyg - yIy, = 256 - 5%40

= 256-200 = 56. (61)

Regression SS = 56-2.54545 = 53.45455. (62)

Regression MS = Esﬂ%gégi%?_éé (63)

where SS = Sum of squares.

Regression MS = 2222492 = 53 45455 (64)

where MS = Mean sum

tor linear Equation (p) = 2, one degree of freedom for 3, and one for
) for quadratic Equation (p) will be equal 3

. __Regression MS 53.45455)(6) , 320.7273 .
A 7 : L"7—§zg-%1—l-= = 126.00024 (65)
(Kesidual)/(n - p) -5454% 2.54545

RESIUUAL = Residual degree of freedom = n - p = 8 - 2 = 6 (66)
RESIDUAL SS = Resicual sum of squares = (Residual)2 = (2.54545) (67)
Mean sum of squares for RESIDUAL (68)

Z (Residual)z _ 2.54545
. U+F T

"

0.42424167. (€9)
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6. POLYNOMIAL REGRESSION OPERATING INSTRUCTIONS

Uperating instructions follow the hardware and data tape structure

requirements.

Questions requiring @ yes or no respcnse are ended with a colon (:) or
a question mark (7). The yes or no may be shortened to Y or N. When a
number value is neeced, the equal sign and the question mark (=7) will be
displayed. Enter the value and press RETURN. The bell is activated to
gain attention when operator action is necessary. When the bell rings, the
requirement will be identified by a displayed message.

6.1 Program Loading

Insert the program and data tape for regression analysis. Next, place
the overlay card on user definable keys. The program may be loaded auto-
matically by pressing AUTO LOAD; or manually by typing FIND8, OLD, and RUN
or pressing KEY 15 (INITIALIZE). The RETURN key must be pressed after each
of the three typed entries when in manual code.

The polynomial regression program is contained on 6 tape files,
number 8 through 13. The operating system, utility subroutine and user
definable key assignments are contained in File 8, which always resides in
memory ouring program execution. Files 9 through 13 contain specific por-
tions of the program and are called by pressing the user definable keys.

Unly one of these files may be in memory at any time. If the required
portion of the program is not in memory, the operating system on File 8 will

summon the correct file to perform the action requested.

6.2 Program Execution

When the program has been loaded, tne I/0 light will go out. Data may
now be entered from the keyboard or from existing magnetic tape files.

It ENTER DATA is pressed, the number of the first cata file must be
entered when requested, and a scratch file must be designated. DATA FROM
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TAPE will cause the program to request the numeric designation of the first
data file, the total number of data files, and the designation of a scratch

file.

When the file information has been entered, program execution 1s begun
by using the user definable keys. Subsequent data entries will be stcred
on consecutive magnetic tape files.

Interactivity oetween operator and machine is featured throughout this
program, and keys may be used in any sequence. Following is a list of user
getinabie keys. See Figure 1 for example of key card.

SHIFT KEYS

1 13 15
STOP OATA DELETE INITIALIZE
ENTRY ANY

2 ; 2
; , % 5
. oeere STATISTICS

SHIFT KEYS
18
PLOT
RESIDUALS

L] ¥ b 10
; PLOT & 5 ESTIMATE
: CURVE % # YFORX :

INEL 2 2368

Figure 1. Key card example.
USER CEFINABLE KEYS DESCRIPTION
Key
Key No. Function
ENTER DATA 1 Initializes the program and allows entry of data from

the keyboard.

RESUME ENTRY é Permits data entry from the keyboard to be resumed.
Program initialization is simplified, and data entries
continue from the stopping peint (refer to STOP

ENTRY).

UELETE LAST 3 Deletes the last data poinu entered and requests
reentry. Repetitive use permits deletion of more than
one point.
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USER DEF INABLE KEYS DESCRIPTION

(continued)

Key
Key No. Function

CORRECT ANY 4 Enables any data point to be corrected.

STATISTICS 5 Displays the mean, variance, minimum, maximum, and
correlation for x and y.

PLOT DATA (3 Plots the data previously entered.

SELECT DEGREE 7 Allows selcction of the degree of regression. Any
degree which does not exceed that selected during
initialization may be designated.

PLOT CURVE 8 Plots the data as does the PLOT DATA key, then graphs
the present selected degree polynomial.

PRINT COEFS g Uisplays the coefficients, standard error, and
T-statistic for the present selected degree
regression.

ESTIMATE ¥ 10 Uisplays the y-estimate for any designated x value.

FOR X The estimate is based on the current selected degree.

STOP ENTRY 1 Permits storage of data so the machine may be turned
off without loss. RESUME ENTRY may be used later to
continue data entry.

DATA FROM l¢ Initializes program and allows entry of cata

TAPE from magnetic tape. Additional data may then be
added from the keyboard.

DELETE ANY 13 Allows aeletion of any data point.

LIST DATA 14 Displays a data table.

INITIALIZE 15 Initializes the Polynomial Regression program.

PREL IMINARY 16 Displays the preliminary analysis of variance table

ACV to assist in selection of the degree of regression.

AQY 17 Displays the analysis of variance table for the
present selected degree.

PLOT 18 Produces a plot of x or y against the standardized

RESTUUALS residuals for the present selected degree.

RESTODUALS 19

Displags the table of x and y values, the y estimate
anag RESIDUALS.
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6.2.1 COutput Options

Uutput cptions are as shown in Appendix A.

May be selected from the following list:

 §8 Uescriptive statistics for x and y.

¢. hAnalysis of variance table for each degree regression selected.

3. Regression curve plotted against the data.

4, List and plot of residuals.

5. Loefticients for each degree regression with standard error and
t-test.

6. Estimated y for input x.

The degree ot regression may be changed without reertering the data.

6.2.¢ Hardware Requirements

A Tektronix 4050 series graphic system with 16K memory is required.
64K memory will permit handling of larger degree regressions. The peri-
pheral device (the hard copy unit must be attached tu exercise all the
options available in the software). The program will execute without this
device, but permanent copies of the output data will not be available.

6.2.3 Data Tape Structure

All data stored on tape must be in binary form. Data may be stored on
one tape file or several, but files must be consecutive.

Data on tape must be arranged in the following manner in each data
tile:
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FILE NUMBER OF POINTS FIRST SECOND .......e......LAST
NUMBER ON THIS FILE POINT POINT .ococvvnccnnee .POINT

A point consists ot an x, y pair. The program resides on File 1 and
Files & through File 13. A scratch tile, required for storage of normal
equations and other variables, is most effective when it immediately
prececges the first cata file.

The most etficient program operation reguires data storage on the pro-
gram tape. Premarkec files are available on the program tape as shown

below:
File Number Recommended
humber of Bytes Use
14* 2,600 Scratch File
15 220 Data File
16 220 Data File
84 2,200 Data File

If data tiles are stored on separate data tapes rather than on the
program tape, tapes must occasionally be removed and replaced during execu-
tion. When another tape must be inserted, the bell sounds an¢ a message is
displayea to indicate the necessary tape change.

6.2.4 Internal Data Storage

The number of data points that may be stored internally is dependent
upon the value of variable D(15). O0(1%) is located on line 3180 of file
Number 9, and is set to 100. The variable may be increased to a larger
value by altering the code in that line. If your system is not larger than
16k, it cannot be altered.
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7. CONCLUSION

Polynomial regression for the Tektronix 4052 computer performs with a
variety of options. Displa,s data on the screen that may be used to verify
the accuracy of entries at any time. Simple statistics for X and Y are
displayea, but caution is advised. Minimum and maximum are recalculated
when data 1s plotted; not before. Because calculations are not accomplished
prior to the plot, incerrect values will be shown if deletions have occurred
since the last plot was displayed. Preliminary analysis of variance initi-
ates and displays several statistics that are helpful in deciding which
degree of regression toc select. From the coefficient of the fit, and the
standard error for each coefficient, standard error then may be used to set
conficence intervals for the coefficients. If the fit for the present
selectea degree is not perfect, the T-statistics for each coefficient will
also be aisplayed. R-square, a measure of the closeness of fit, is also
calculated and displayed. The residuals are displayead and the difference
plotted between the actual Y and the estimated Y value. A1l the results
are hand calculated and verified.
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APPENDIX A
EXAMPLES OF OUTPUT
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APPENDIX A
EXAMPLES OF CGUTPUT

Ihe following are examples that were used in this report.
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Ve

¥EEDATAREX
COMMENT:NOU. 16,1981

XI = XXXXXXX o YI = YYYYYYY

1 Al
1 1
2 3
3 4
N 6
S 8
6 S
? il
8 14

WONAL BN~



1+3

es”1

08’1

ee°e

ooy

en*e

00’6

2= e e Do D D= =

3%



EXXPRELIMINARY AOU TABLEX:%

COMMENT:NOV. 16,1581
X=AXIS = XXXXXXX ,

SOURCE SS
TOTAL 236.00000
MEAN 200.20000
TOT ADJ 36.00008
X1 33.435433
X2 0.17178
Xt3 8.68120
xXt4 0.46368

Y-AXIS = YYYYYYY
RES ERROR

9.42424
0.47474
9.357312
9.608962

126.00000
8.36184
8.14169
8.76048

(1,6)
(1,5
(1,4
(1,3

R-SQUARE

9.934343
8.9376.3
8.9359063
8.967342



COMMENT:NOU, 16,1581

MAX. DEGREE = 4 , X = XXXXXXX , Y = YYYYYYY

XMIN = | YMIN = |
XMAX = 14 YMNAX = 9

H=3

X MEAN = 7
VAR(X) = 18.8371428371

Y MeAN = §
UARCY) = 8

COR(X,Y) = 8.9770084208918



8¢t

EXXANALYSIS OF UARIANCER:®:

COMMENT:NOU, 16,1981

X = XXXXXXX » Y = YYYYYYY
SOURCE DF Ss

TOTAL 4 36

REG | 53, 4343434343
RESID 6 2.34543434346

R-SQUARE = 0.9343543434343

53.4345454543
0.424242424243
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E+l

9.5¢
TRXXRRKK

.08
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™~ O | ¢ - ™ ~N -

#0.00

3= 3= D D D D 3



Ny

¥ExCOEFFICIENTSY1X

COMNMENT:HOV, 16,1981

A & URAXEXX

8 DATA POINTS

Y = YYYYYYY

cach>
8.5434343543455
8.636363636364

MAX DEG = 4

STD ERROR
8.458818353901
2.08366917785875

T
1.18882473603
11.2249721603



SYSHYSh e~ SrSISP 6 000000°6 000000° P! 8
SrSeSh e SEPSYS° L 0000800 °8 eeppee°11 '
g2222L°0 222222°9 000000 2 000000 °6 9
$9£9E9 "0~ ¥9£9£9°S $00000°S 900000 °8 S
9£9£9¢C *0- 9E9L9E Y 000000° Y 9000009 v
160606°0 606060 ° 800000y 00eee0 "y £
SYSrSro- SrEPSH°2 090009 2 900000 °L <
gigiI8l "0~ gi8iIgl’l 000008 ! 900000 °1 I
WNAIS3Y 183 A IA IX 1

1 338930 ' AAAAAAA = 1A f ORXKRMRS = 14
1861491 "NON:LNIWKHO )
525 WNAISIARXE



ee°s ooy ee-e

LR

|
i
T  ede
O

AEEXA R
1861 3" nON ¢ LNIHL0D




1+3

90°1 059 ee'o |

-

eel'2

T oL.n

STYNAISIN IZIGHYANYLSE SO X -= | 33¥030 oq's

RNXREENK
I86 RS "NONLINIWKHOD




by

F¥EANALYSIS OF UARIANCES:%

COMMENT:NOU. 16,1981

K o= XHEXXXX 4 Y = yyvyyvy
SOURCE DF SS

TOTAL 7 36

REG 2 33.62632469%
RESID 3 2.37367330302

R-SQUARE = 0.937612940982

26.8131623473
0.474735061003

356.4802656261



E+1

» 50

1

1.00

XXXXKXK

- D & > -J w
. . . . .
N O n v ™ ~N L

#0.00

T 3 D D S I v



9v

Y¥XCOEFFICIENTSsx%
COMMENT:NOU, 16,1981

K o= HEAXKXKX 5 ¥ = yyvyyyy

cach) STD ERROR T

8. 194808086203 08.735835295033864 0.236823506429
0.77228694%50852 0.233782708526 3.30343527086
-0.00917267788761 9.0152488277863 -0.601533315496

N = O -

8 DATA POINTS MAX DEG = 4
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896802°6 990009 ‘6 ooeees’r! 8
6E6610°0 19008%°2 000089 °8 eeeeen‘ll 4
$89265°0 96£cOv 9 000000 °¢2 200000 °6 9
cresss e~ $H098L°S 200000 °S 000000 °8 B
8OLB6Y "0~ 80L86Y ¥ 000000y 000000 °9 4
118298°9@ 681LEI1°E 290000 ' 000000 *v £
ciiezro- ciiegey e 800008 °2 008000 °t <
6202v0°0 126456°0 svceed ! eeeese ! I
WNAIS3IN 183 A 1A IX I

S 3UNIA ' AMRAAAA = TA ¢ XXXNXRX = IX

I861 91 "NON:LNIHNOD
EEESWUNQISINRXX



8e°9 28y 89°2 ee's
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SIYNAIS3IN J3ZIGNYANUAS S0 K - 2 338730

1861 ¢94* NON

MARKRAK
+IN3IWKWO0D
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1+3
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09

KEXANALYSIS OF UARIANCEXX:

CONMENT:INQU, 16,1981
X = XXKXXXNX 5 Y = YYYYYYY

SOURCE DOF SsS
TOTAL ? 36
REG 3 53.7873291602
RESID 4 2.29247083978

R-SQUARE = 0.939063020718

NS

17.9025897201
0.373117709943

31.2370355113



1+3  es°1! ee°1l 8s‘e ee'e

- +— - oo.wj
1

ee°c

90°E

oo’y

08’9

L
o

e8s

00°6

91 °NONL J
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TEsCOEFFICIENTS XY
COMMENT:NOV. 16,1981

¥ o= XEXEXEX » ¥V = YYYYYYY

cacn STD ERROR T

9.542811599183 1.24472400042 0.436089927566
8.521171943097 8.714862225067 8.72903522954824
8.0316209437267 0.109661261468 9.288351103237
-9.80179342981302 U.004769808244526 -0.376415970184

W N - O -~

8 DATA POINTS NAX DEG = 4
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APPENDIX B
PROGRAM LISTING FOR 4052 TEKTRONIX MACHINE
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APPENDIX B
PROGRAM LISTING FOR 4052 TEKTRONIX MACHINE

This appendix is used to perform polynomial regression analysis and 1s
written in Basic for the Tektronix 4052 computer. The polynomial regression
program is contained on 6 tape files, numbered 8 through 13. Program can
be automatic loaved, or by find 8, OLD, and RUN. Files 9 through 13 contain
specific portions of the program. Only one of these files may be in memory
at any time. File 2 through 7 are dummy files.
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T ——

R 1S
~ v

"ql’

130 PRINT
160 PR
170 r'i\.io!‘:
180 i"RINT

170 REM

290 FPEINT

~

230

v ANl 8

Lew OLb

w
’/
g4
4
;™
1&
'y
Ls
-l
e l
4
P
P 3

s
_ 7

32
:';3
b
S7
Gu
4
44
46
48
49
el
<

T
o

60
a4
GO
ab
69

1™

v o
’

’ J

s b

’
/7

30
13
Wl
87
315

vt T MY
LR L

N
o4
GU T

Fy=3

.

)
-

FROGRAM rITLEJ®
FOLYNOMIAL REGRESSIONJJJY®

XX FIuLlL 2 [HRU 2 ARE DUMMY FILES.

LLAUOL rioni AL REGRESSIONIILIJJIFRESS KEY #1» 20 OR 12°

(VTol@

BU U 2000

F7=4

oy 70
F9s3

ol TU
F7=12
by 10
=23
Lo TO
F7=24
GO TO
Fy=26
wll 10
Fe=27
Lo 10
FY=3<
Lo 10
r9=7

GO 10
Fg=-2
el TO
[9=6

GO 10
F9Y=8

GO TO
GO TO
F9=13
GO TO
F9=25
Gu 10
F9=33
Lu 10
P934
GO TO
F9=33
a0 TO
FRINT
INFUT
FIND

u

2000
~900
2000
2000
2000
2000
L0000
£000
2000
L0000
2000

2000
g6

2000
2000
2000
2000
200u

‘LJINSEKRT PROGRAM TAFE AND FRESS "*RETURN®'® GG* 3
s



6% 0Lb
PO REM  ¥XOFERATING SYSTOMXX

LOO
119
120
130
140
130
160
170
180
190
200
210
wel
R
240
L90
260
270
289
2920
Q0
10
320
550
340
a0
160
370
380
370
400
410
420
420
440
450
G )
170
400
470
00
w10
HaQ
% 20
340

[ =% =
wd sl

1)
570
580
w90
&00
(’-10

IF Bil72) THEN 150

IF DC17)=W0 THEN 150

FRINT *"GGLINSERT PROGRAM TAFE AND FrREGS **"RETURN®®, *3
INFUT + %

DC17)=WO

GU TU INT(F9%0.1)4W1 OF 180,200,220+260
FIND QU L4437

GO 10 289

FIND #U024):10

60 U 2890

FIND D(243:11

60 10 .80

IF F9<24 THEN 240

IF De9)<-W1 THEN 200

FIND PDC24)312

GO 170 280

IF 0C10) WO THEN 220

FIND @DC24):13

DELETE 20019998

APFEND @D(24) 12000

50 TO 2000

Cé6=uW1

HE TURN

KEM  %%READ IN NORMAL EQUATIONSkX

1F D(9)=W0 THEN 640

1F D{1) WO THEN 390

FRINT *"JERROR: REQUESTED OFERATION IS IMFOSSIEBLE SINCE®
FRINT * A SCRATCH BLOCK WAS NOT FROVIDED! FOR X’X*
LEND

LwOSUR 350

PRINT "JRESTORING NORMAL EQUATIONS FROM SCRATCH FILE #"iD(W1)
FIND @LC2S)iD(W1)

DIM FoOdWB)

Co6=Wo

FOk CY=WS TO W8

FQCC?2)=D(C?)

NEXT LY

FOoCwa)=Dn(16)

p2=pC17)

READ PLD2S) XS YSeZSoNo 1

D<E172)-D2

L2=D{Wa)+Wl1

N3=02+Wi

LELETE CeFoCO

M (WA s (D2y03)sCOCL2)»DOCLCIS)+W1HW2)
READ RBD(25)IF

Ir FOWa)=W0 THEN 600

FOR 109=WS TO W8

N<C?)=Fo(C?)

NEXT C9

1F NOT(C6) THEN 640

PRINT *JERROR IN READING FROM SCRATCH FILE -- THERE®
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620
630
4540
650
660
670
680
690
700
/10

)
%

730
/740
750
/60
)!"0
/80
7’90
300
210
120
830
340
13450
P60
370
S0
30
2000
SO0
G0
LS00
20455
490
T b
<050
J060
2070
2080
<070
2100
2110
e LY
J130
2140
2150
2160
2170
<180
<190
'9QQ
S000
L0010
SO20
< N30

FRINT "WAS NOT ENOUGH DATA IN THAT TAFPE FILE. GGGGG*
END
RETURN ;
REM (XRELAL DATA POINTS ONE-BY~ONEXX
IF F1>N UR D(23) THEN 480
IF D(W3)=W1l THEN 820
IF CS THEN 790
L9=W1
Hl=-n(w2)
CA=0(W2) Wl
C4=Ca+W1
IF CA-D(W2)+4D(W3) THEN 750
FETURN
FIND @DC25):CA
IF TYP(O)< W3 THEN 720
KREAD @BL25) 106
Co6=W0
READ @D2S) Db 117
IF C& THEN 720
RE TURN
Dé=L0O(F1yW1)
N7=DO(F1,W2)
RETURN
18 DC17)<>W0 THEN 890
FRINT *GGLIINSERT DATA TAFPE AND FRESS *°*RETURN®'*, 'J
INFUT F$
C172)=0.,29
KE TURN
KEM INITIALIZE CONSTANTS
[k
DIM (26 s IS (20)9FS(1)2FO(B) 9y X$(20)9Y$(20)»2%(45)
=0
NE13)=32
NCs4)=33%
2602010
F'RINT
SET KEY
W
Wl-1
W2=2
Wi=4
W44
=9
Wé=é
W=/
W=8
WY =y
UN FUF 0 IHEN 210
Cé&6~WO
| O=WO
ol 10 100
NEM O OKK¥EERXREKRE (L #Y ENTER & [ UADKERE F XXX XXX
GU TO =F9 Ut 2040y 2190
GO 10 100
M RORR KRR K KO R ORI ROKOR OF KR KOR R ROE K RO KRR RN
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FPRINT "LE¥$ENTER DATAXXXJ"®

P=WO

PREINT JYOUR DATA AND THE NORMAL EQUATIONS WILL BE AUTUMATICALLY®S
PRINT " S0UORED UNLTAFPE. YOU MAY STORE THEM ON THE STAT. vaL. A%
FRINT " [AFE LISELF (FILES_.#14 10 34 ARt AVAILARLE) K  ON *3
FRINT *"r0Uk uWMN DATA TAPE. NIOTES THE.FROGRAM WILL RUN FASTER *
FRINT *IF YOU STORE THEM ON THE STAT. VOL. £ TAFE.®

FRINT *Jiu YOU WANT TO STORE IHEM ON (HE STAT. VOL., 3 TAFE: "3
INFUT F$

IF F$="N* THEN 21690

bF F$<-"7* THEN 2110

Ue17)=Wl

GUSUE 2830

B0 T (00

SR R R R RO R RO KRR RO R KRR O R R K KK

FRINTD “LexxxLCAD DATA FROM TAFEXXX"

-
L4

D= W0

CRINT *dis (HE POLYNUMLIAL REGRESSION 'ROGRAM AVAILABLE®
SRINT ON YOUR DATA TAFE [N FILES #8 TO #13 & *j
INFUT 9

IF F$="N* HEN 2270

IF Fe<>*Y" THEN 2210

dil/s =4l

LUSUE 0830

PRINT *JHOW MANY DIFFERENT DATA FiLES uu JOU HAVE = )
INFUT F 1

UiWZ)=INT U 1)

IF D(Wd)-wl THEN 2280

Lu=Wo

wuSJUb 8%

+1=1.0E4100

/7=l

LULULR G6U

i Lo THet 2610

PO AR A R KKK K K AOR KR KRR XK KR O K RO R X
LM AXREXEURM SKLLOTON UF NORMAL CQUATIONSXAXKKXX
LI=W1

DO12=DClLr i U7R07

FOR G2=W1 1 L2

FiWR1»C2)=F W10 2103

cAC2sD3i=F (L2 D3I HLIXRLIZ

CET LY Sir

NeEXT G2

v (I P o
9 . 7.2 1t2)4 o
Leal Y 00 7 4 el Lo
AL
EAL W e
Piwor=ptws: Al D6
L wy) LiWo X e

diw/ ) =0lW7 s mln U/
diWBI=DiWb, MAXK U7
N=NTtWl

LF DaW3)-wd THeN 56V
N FDC1SG) THEN 2360

63



~a80
2?0
2699
2610
2620
ChAv
~O80
L6550
wtrlow
LbH/U
aldd
‘:‘f’ l’. \-"
b /9%
LSOO
2olb
LOUV
LHLL
whd
LOb4
2685
Lo6Bb
2667
<670
L7100
rFEptt
w740
i
L7 A
s
S
L 11
' 7720
SE00
<810
2820
<839
— 340
2850
2860
2370
L 88¢C
~8%0
S0
«710
7w
1950
e IV
aeTe)
« 760
P
2980
a?290
J000

UOCivr Wit =lio
AUANI WL =D

BC TU 2360

Aadt

W = 0019) TEix 2040 5
De23) Wi

IF BDiWl)-=W0 IHEN 2740

OuLUE B9C -
FRemt “doiODRkaNo «URMAL LQUATIONS ON TaAFPE FLLE ¢#'+ 0wl

thivg @Di20) s bWy

G Fo9w-2 Tk 2689

Whal CDCES)I LA, (B L%

AL @BoLG)ip(wl )

LW

G TO JoVe

LO-WO

FIRENT TENTER X-AXKLD LABEL & UNITS (20 LHAR,.,, = 'j§

INFUT X%

CIANT "ENTLK 1~AXIS LABEL & UNITS (20 CHAR.,) = '3

LiUT Y

FRINT "ENTER CUMMENT(ToST Lo UATE » SERS® LTL (485 CHAR.) ) =

INFUT Z%

WRiITE WD20) X8y 7 Bv LNl F

wkOSE

JF NOTCO)Y THEN 2740

PRINT "gdl AalTa. LRRORS THIS FILE 1S MARK'LD 100 UMALL ' BGBGSSS

EN i
PhanT CJOU YJdU WISH TO eNTER UATA BY HAND NUOUWE s

aNb L *

I Isaied -
A 8= 0 dliw LOO

il v Wt (HEN 2640

boto i

LNL

PL AR RN AR AR L A R AAKRE KRR AR AARKE NN R AR

O KRR ECUMNIU SN L T LALLLAT LUNEE AR KRR KX ¥

PRINGD "JdaAXXINL I LALLZAT JONXRX "

LR 5.5

DELSIsdS

L Li294)«0(25) (HEN 2880

el /i=uWd

P P Lt slivuwl

Wiwo/ 1.0 +J0U0

Diwo)s LW

Diws )= W)

LlWwd) ~DiWé) .
1= WG

B3 VAT aMEMURY. 8000) t W) X8

U O CORES B 5 3 AR N I St B P94 -

FPRAN SNUTE o lWé&YS LLAVE A& APt FROGKRAM un vATA) INT
FRANT (HE AALHING UNTIL TULY TU CHANGL TAPLS! ! 1 bBLL"
FRINT ¢ JALGU» WHEN THE *“*RULY LIGH! 1S ON YUOUL SHOULD
PRINT INTERRUFT O THE PROGRAM  (BY I'RESSING A " LSER

NOT "

. B



3010
2020
3030
2040
4050
S060
3v70
3080
30720
S100
5410
4120
*130
3140
X3 et
LY

3170

S180
S170
3200
3210
3220
S230
3240
$a00
Jdév
3270
380
3270
3300
310
3320
R RAY
3340
RS
1360

379
n).’;Q\.‘
AFIN S,
Vil
2020
PO
<040

Bt

16O
Vil
~U80
VA 2
< 4V0
Liv
wldQ
2130
21490

e
2135

FRINT " DEir INAEBLL KEY*" OR THE. "*BREAR*® KEY) UNLESS *;
FRINT *THE BLINKING 7 IS VISIBLE ! :GuGS"

FRINT “JENTER THE MAX. DEGREE I"IT JESIRCD = "3
INFUT F1

D(Wa)=INT(H1)

L CWA) w0 AND D(W4)«<=02 THEN 3110

FRAINT "JUicikOR:  WITH YOUR "53D33*K MACHINE THE MAX. JEBGREE MUST*;
FRINT * BE IN THE KANGE:_1 1 <= MAX. DEGREE <= "}
FRINT D23 "S6GECL"

oud TO 2020

d2=CWa ) Wl

L3=D2Z4+Wl

D10 )= Wl

OC13)=uwl

UClé)=W1

VAT

Goz 9

D13, =1000

18 =32

U2l )=100

LIM Cowad)re (L U3y O(N2)2DOCDCLIS)I4WL2W2) »i70C(WB)

I =W0

FRINT "JYOUR SCRATCH TAFPE FILE MUST GE &T LEAST*;
PRINT 11%C246U2%D3)4* BYTES LONG.*

PRINT "YOUK GATA FILES MUST BE AT LEAST “511xXW2%xD(15)3%
FRINT * BYIES LONG."

IF LL7)<. Wl THEN 3300

FRINT "JDETAULTY FOR SCRATCH FILE IS #14.,°

PRINT "DEFAUCT TOR LST DATA FILE IS #195.°

FRINT 2 ENTER [HE SCRAICH FILE & = *3

INPUT 1

LCWL)=INT 13

FRINT "Jd eNTER THE 18T LATA FILE # = *j

LNFUT K

W) INTC(FL )

aF DCW2)<Wl THEN 3330

L R lwWE I =0 wl) HEN 5330

e Ui

KEM %x%iltc #10 ENTRY»CORFECT» ETC %X

IF F2<W0 THLN 100

4F 0C12) OR F9<W7? [HEN 2080

wlUsUR 2390

LOSJUl 4700

iF ¢920R7 HEN 2080

LD

U TO FY UF 780927809 21009437053290+3290» 46508250
U\.? l\J L\JO

i DUid) HEN Z2.0v

PIRINT "LEAs _UUME UATA ENTHYX%X®

FRINT "JINSERT ML CAPC WITH YOUR UATA OAND ENTER THE SCRAVCH®;
FrRINT * FIilLE # 11 {DEFAUL] 14 Al

INPUT F}

ilF Fl W1 THEN 21290



2160 FIND F1

2170 REAL B33:X9: 78248 Ns D

21680 GOCSUB 510

2190 U1l=WO

2200 GUSURB J40

2210 1IF D1=D(W2)+0{W3) - Wl THEN 2820

2220 Cl=WU

wed0 IF LC13) THEN 2290

L2400 SUSUB 2290

2230 Dl=BlW2)1D(w]) Wl

<260 LGOLUE 400

2270 60 T3 l820

L2080 wEM  AKLUNFL UATA BUFFER ONTOD TAFE BLUCK #D1xx
2290 1P Dl<p(Wd) OR Wi=-p(W2)+D(W3,) HEN 430
2300 iF CBrU(15) OR NOT{(L9) THEN 2430

2310 COUUR 8%0

2320 DlWwl)= (Wl 01)xDC(WL)

L2330 FRINT "JOETORING "7C87 ¢ DATA FPOINTS ON TAPE FILE #*sIn
<340 FLND @DC2S) D1

2350 Cé6-uWo

23460 WRiTE @L{25):C8

<370 IF C8<=0 THEN 2410

weBC LIt DOCCBIWD)

wd?70 WRITL @257 :00

~400 DI DOMDCIG )Wl W,

410 CLUSL

L4420 IF o iHEN 2639

<930 RKETUKN

w440 REM $XRLAD i UF BLUOCK $D1 INTO QUFFERXX
2450 GULURB US0

L4460 IF Wl<(W2) HEN 2570

L2470 PRINT "JREALING UATA POINIS 'ROM TAPE (T ILe J2'5Dd
J400 v INLD @DC20D) 0L

JAY0 Lo WO

L9000 REAL @D2L) L8

2910 1IF CB«.=W0 THEN 25860

<920 CB=08 MIN 0C13)

ww30 DIM DO(CBIWL» W)

2940 READ @D2%):00

2950 DIN DOCDCLIS)4W1rW2)

wab0 LY=Cé

2070 RETURN

L0880 REM X% OURM URKELCTON UF NORMAL EQUATIONS%X
<090 C3=Cr

w600 Lllo)=ii2X40C7x0L7X07

2610 L3 )=W0

w62V FOh C2=kl 1L 42

."630 | Sl wirbe)d “';I.‘v\vl P S LD

2O%0 L2 D3 I=FC2y D3 203D

wbo0 C3-L3%De

w660 NEXT L&

2670 FUR C2=W2 T0 [2

2680 FILU2sD2)=F(C2yD2)4C3

2690 CE=CI%Lo6

2700 NEXT C2



2710 LIF C7<W0 THEN L7460

L7220 DAWGI=D(WS) MIN L6

2730 D(WH)=0(WE) MAX Dé

L7480 DCWZy=D(Ws s MIN L/

2700 DWB)=D(WB ) NAX L7

2760 RETUKRN

L7700 REM O EXDBEGIN ENTRY BY HANLXX

J/00 PRINT O "LEXXDATA CNTRY (ROM THE KEYBOAKD®x%"

2770 D1=-Wl

LB00 CB=W0

JUIO FEM ARRLOUME eNTRY BY HANDXX

L8220 L1=Wo

2830 L7=wl

<840 LOLGUE B850 )

L0041 KEN XXk X-AXIS LABEL & Y-AXIS LABEL XXX

2842 FPRINT "ENILLK A-AXIS LABEL & UNITS (20 CHAR. ) = *j

eB43 INFUT X$

L840 PRINT "ENTER —-AX1S LABEL & UNITS (20 CHAR, ) = *3

28446 INFUT Y$

2847 PRINT "ENTER COMMENTS: TEST IDyLATE»SER$»LTC(4S CHAK: )) = *j
2848 INFUT Z%

L0000 VRINT “JARLC THE X175 EVENLY SFACED: *3

2860 INPUT I'$

2870 uilbi=Wd

<880 IF r$#="N®* ThEN 2930

<820 IF F$4:-°Y" THEN 28350

<700 UCl4) =Wl

APL0 P RINT "JENTER INITIAL X AND STEF SIZE = *;

2920 INFUT LC2052DC49)
<230 IF C8=H0 ThHEN 2960
2940 1F CesD(1S) THEN 3040
<2750 60O8UR 2290

2960 oULUbL 507¢

wP7¢ Ly=Wl1

SP280 Dl=DW2) DLWy
=920 D(23)=0(W3)

S000 wlWI)=l(WI 1wl
5010 LO(WlyWl =i

3020 O(WIsw2rml)!
2040 LB=W1

$040 wOLUB 3070

40850 GU 10 2940

A060 LEM  ¥xENTLN UNL cUINT BY HANLXX
S070 FRINT "Jd"iNlwl)

SOCO v (0 <314 Uil ;'.7'7"0'3}.300

JO090 RINI X = *"30(20):* ENTER 1 = *
3100 INFUI D%

S110 LU$=D%&"yy» LELBE"

3120 Uo6=VAL D)

A130 IF DoOn-+-1.CL4288 THEN 31690
$140 D20 =D 20 10017

3150 GO TO 3070

3160 DOCCBIILyW2) =16

SL70 DOCCEH WLy Wil 2=D(20)

..

67



31860 D(Z0I=L(I0)+D(19)
3120 GO0 T0 3220

3200 "RINT " ENTER X»Y = ")

3210 INCUT LOCEIWI»W1)»DOCTBHWI Y W2)
3220 D&=D0LBYWL Wi .
3230 D7=DO(CB+W1rW2)

2240 6OSUB 2590

32599 C8=L84+W1 =
3260 N=N1W1

$270 RETURN

3280 REM XXCORRECT/DELETE ANY FOINTXX
329G C1=W0

4300 1I"AGL

S310 IF ¥r9=Wé6 THEW 2340

AS20 PRINT " xkxCORRECT* S

3330 GOG TO 33590

S340 FRINT "XXkLECCTE®

S350 PRINT " ANY rOINTx%x%"*

4360 6OSUR 340

3370 PRINT “JENTER X» XEFS = "3

3830 INFUT JérHE

3390 PRINT "ENTER Y» YEFS = “j

S400 LINiUT D7sF/7

3910 i 6=ABLII6)

S420 F7=AbSF7)

K420 V 4-4Wl

3440 wlbull J700 i
SA450 IF | 4=w0 THEW S5/ v
J460 LIF NUOTWD®) Thilwn 2300

3470 IF 9=Wé6 ThHEN 3530

5480 FPRINT "ENTER NEW XYV = "5

SA490 INFUL DésD7

aaQ0 L7=W1

AWl LlsSuUp J2SY0

3520 G0 V0 5540

S930 N=N wi

S540 1F B7 THEN J3570

AO80 FRINT "JCAN' T CORReol UR DELETL THIS AIR UINCL TAPELFILE #°i
3560 FPRINT aBScll,3* HAS MORE THAN *3D135)8* XoY FAIRS ON I7,°
3570 ULaWo

3980 € 10 2370

S970 ir | 9=kéd IHEN 28630

2600 LO(F3vwl =D&

3610 DOCFIrW2 =07

3620 o0 10 3720

Jléw\:’ LF v \‘:»“,,.,'\;c Vit ~»/".l’\)

649 o' S

3650 VO F2=r34Wl TG CY

3660 WOl uswl DO F2yWl)

3670 DO Grw2r =000 2y W)

3680 o=y )
S6Y0 NEXI I L

3700 CB=.8 wl

3710 PRINT *X DELETERS®

3720 C7=-Wl




3730 Lé6=Fé
A740 L/7=r7
3750 GOSUE 2990
S3760 GO {0 3370
G770 REM  XXLUGK FOR (XeY) = (Dé6r[7)%K%K
2780 IF pl=Dd(Wo ) rdEN 3840
S770 GOSUE 4010
YWO0U 1F F3+=C8 IHEN 39460
3810 IF DlW3)<W2 THEN 3920
2820 IF DC12) THEN 3840
Sus0 GOSUR 2290
S840 d4=-1"4
SB90 Ui=DlWZ)
J860 wlSUR 2450
28670 GOSUEB 4010
3880 1F Fa«=LL THEN 3260
43890 Dl=L14Wl
900 IF DL<D(W2)40(W3; THEN 3860
3710 Ll=D1-Wl
A720 FRINT "JNCG DATA PULINT IS EQUAL 70 THE ENTERED®
I930 FRINT * XY VALUES? *shée&s /st TRY AGAIN."
32240 © 4=W0
3750 WETURN
WOV 1 o=Le
3970 | 7=L7
3980 PRINT “JACTUAL XoY VALUES T JUND = "sDesD7
3770 (LTURN
1000 EM  XXSEARCH BUFFER FOR LD6»D7%X%
40410 IF COw=WU I1HEN 4060
1020 FOR #3=W1I 10 Cd
G030 IF ABS(DO(Fas Wl - D61 :F6 THEN 4050
4040 IF ABSIRr 3wy 07)<=F7 THEN 4210
4050 NEXT F3
1060 Fi3=08+W1
4070 IF ©B8<DC(LL) UR D9 THEN 4190
400 FI=LC107 el
40 HUGULR 24800
3100 IF ABSB(LGO SyWlo-Dé) ~"6 THEN 4120
4110 iF ABS(DOWG SrWd) 070 .=F7 THEN 4200
4L20 F3=F3+Wl
4130 READ @L23)i0250C3
4140 [F o6 THLMN 4170
4150 I¥ ABS(CZ- oI+ rFé& UR ABS(C3-D7)F7 THEN
4160 [Dé&=0E
4170 G7=C3
V120 L8=I3
G150 RETURN
200 LB=13
3210 [0o6=R0CIF3rwl .
G200 Lo ulil bdywa)
430 i TURN
3240 AEM RRPR Lo Juk DATAXX
4250 1F WOICLCed s anNl O(W3) “W2 THEN 4270
4260 LUSUE WUSU
270 PRINT "LAXXXUATARXR"3;"J"




FRINT "COMMENT I "3d%9 " d°"
FRINY * XI = "§X$:"* ’
PRINY. * J3X X34 ¥I"
CO=W0

PO Fl=W1l 0 ®

LOLUL 660

CRINT ¢l:D69 07

NEXT F1

PRINT *JJd°

LND

WEM  KXDCLLIE LAST XX
wOCLB 340

LF Ji=Uiwaltlitwd) -Wwl THEN 4470

wUSLB 2290

Ul-iW2) riiwd) Wi

Lo=WO

wUSUE 2400

W U7 THEN 4470

A Wl LN 960

PRIy CJdbaN’l BellTL LAST PAIR SINCE THE TAFE ILE [S 10U LONG.GG"
CNL

IF CB.-W0 THEN 4310

IF N-W1l THEN 29230

B(WEr=D(W3) Wi

GU 10 4400

06 J0CL8rWl)

L7=D0lL3rWld)

I EER ™ 4

LOSUE 25Y0

L Wa

¥i

LO=Lu-Wi

Ne- Wl

DBULOI=PCE0 -l a?)

CRANG “*EXFALL ‘oNtWLF Y DELCTEDXEkX®
1 L8, WO THEN 5040

D(W3)=D(WS) Wi

Li Wl

G0 T0 2930

wEl KXPREFARE FOR LTOFXX

Cl=w0

LULUE 2290

LOLUlR 4700

LND

REr #%STORL WIRMAL EQUATIONSE*

i Bi13) THEN 48290

TOUWWL) L =W0 THEN 4810

S0SuB 4830

PCRAINT CJYDUR LATA IS ON *5D(W3)5 " TAFE MILES (#°30(W2)
PRINT * TO #*yL(N2i4DCWN3) WL "),"
FRINT "JOTGRING JORMAL CQUATIONS ON (AFE 1ILD #*'3D(Wl)
cIND 2DC25) i DB(Wl)

Wi =Wl

WRITE 2D0250) sa$r Y $rZ8sNslioF

whubl

IF Lo ThHEN 43899




4810 L(13)+=Wl
4820 RETURN
482C¢ PRINT "Jdalatal CZRROR:  THIS FILE IS MARKZLD 700 SMALL i GGGGGG*
4840 WD
Y977 LO TO 100
SO00 nEmMm o kkkkxr [LE $11 STATy FRELIM AUV HEDUCT INKXXXX
2010 IF r7=23 T.LN 100
L2020 IF F9<W3 THEN 100
2020 LF 1'9=W8 1HEN 100
2040 IF 1 9=W7 THEN 2080
«030 IF F9:W7 THEN 2090
<060 aUSUB 340
2070 G0 70 109
L0860 LND
£090 IF y¥7=12 1TdlN 3358
<100 G03%UB L10LW
130 ¥ F9RL<>>135 kN 100
120 6O TO 2910
LU T RERARR AR EARRR S RAA KA R KR AR KR RN R RN KKK R AR R AR R XK
L0 NEM RRRFILL x Xy REDUCE Yy AND INVERT 508K 550K KK KK XK KKK K KKK K KX %
<190 IF DEW2)=Wwl THEN 2880
L1600 S0bLLE 340
2L70 PRINT "LJLEXX" "INVERTING"® MATRIXXXX%XJ®
2100 REM FILL NORMAL EQUATIONS
SLY0 FoO=D(W4)
2200 LF FLUAW2 THEN 2280
2210 Fa=y1
2220 FOR Fl=W2 TUO ¥S
2230 FOR F2=F1 1O F9
2240 F(F1sF2)=F (F4»F21W1l)
2200 NEXT #2
2260 Fi=k1
2270 NEXT F1
2280 LIWL)=F{WlyW2)
L2900 CUW215F (W2ryuWd)
J300 ClWSI (Wl 3)
2310 CiWd) = (W2 103)
LY H(U' ) = “1
2230 0f Qr=-Wi
2340 U(11)=W0
S350 REM  FPERFORM "OSQUARE-ROOT* REDUCTION
2360 F{WlsWL)=OUROH WisW1))
J370 Fa3=W1/F(W1xWl)
2380 FOR Fl=W2 10 03
JE390 FAWL»FL)=F(WlsF1IXF3
<400 NEXT F1
2410 LH6=RULI2)-F(WlD3)7W2
L4200 ra=Wi
2450 (UK Fl=W2 TU D2
J440C FOR F2=F1 10 L3
J450 UR F3=WL 10 ¢ 4
28860 FAFLyF2I=F(FLI»F2)-FAFSeFL1IBF(F39sF2)
2470 NEXT F3
~480 NEXT 72
JA90 F3=F(Fi1esF1)

71



RATVIV]
<910
2520
29530
2540
25950
wwbO
e9/70
L9580
2990
600
2610
2620
2630
2640
2650
LH00
A}‘: ;'O
L6680
w670
2700
2710
2720
2730
L 740
2750
- /’60
2770
2760
2790
2800
J810
L2820
<330
2840
2850
LBe0
L8720
880
L8270
2700
2910
2913
2915
2920
2930
2940
2950
L9260
2970
2980
L9920
5000
3010
3020

iF 3.0 O0E-10 THEN 2620

IF C6-WO THEN 2620
Cé6=Co6-F(F1s03)"W2/F3
FAF1»F1)=8QR(I"3)
F3=W1/F(F1eF1)

FOR F2=F1+W1 10 L3
FAF1F2)=F(F1yF2)%F3
NEAT F2

4=l

NEXT 7 i

GO (0 27490

KEM REDUCE UEGREE -~ BECAUSE UF

Fo=F4-Wl

D2=r4

U W4 - o

FOR F2=Wl TO L2
FAF2oFL)=F(F203)
NEXT Fd

D3=f1

BiM CO(F4)

FRINT "idMAX. DECKRED KREDUCED 10

FOR F2=Wl T0 WO%L20
NEXT F&2

REM INVERSION

FOR F2=D2 TO0 W2 STEF
FOF29F2)=W1/F i 2,12)

Wl

F4=F2

FOR F3=r2-§1 170 W1 STEF
L2=wO

FOR Fi=F4 10 2

C2=C2~F(F3+F 1) KF(F1sF

NEXT F1
FAF32F2)=C2/F (F32F 3)
F4=F3

NEXT F3

NEXT 12

FiWLsWL)=W1l/F (WlvWl)
LUiwy ) =Wl

Ik UIKN

FOE M AR AR AR KR KKK 0K KOKOK K KKK KKK R KOK KKK AOR X OKOKKR K X R R X
[ AEL L ROROKOKOK XK K KK XK XK OR RO HOR KKK

REM  XXXRKXEXRIRELIM.

<)

A0V

INSTABILITY

"iFSs "GLLGEGL”

FRINT LI ¥¥X/RELIMINARY AOV TABLOXXXJ®

FRINT "COMMENT:"iZ$:°
FRINT "X-AXIS = "iX$}

FRINT *SOURCL S8
FRINT * K-5QUARE "
F4=F(W1sD3)

F4=F 44F 4

FRINT *“JTOTAL *»

F2=0C12)

LOSUE 3290

FRINT "J_.MEAN o
Fa=F4

GUSUE 3290
F3=D(12)FA4

Jl

72

V-AXIS = *iY$i"J*

RES FRROK

nFE* 3



IUSV
SU40
3050
3060

3070 'S

5080
3070
3100
3110

3120 CZ

3130

J140 |

3159
31690
3170
5180
3190
4200

S210

"-‘—0
3230

3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
S940
3350
3358

ya60
3370
3380
3390
3400
3410

53420
3430
3440
5450
J460
3470
H480
A450
L1000
2910
3520
3530
3540
5000

FRINT abJ* s
Fe2=F3

LGUSUE 3290

VRINT

=Wo

FOR Fl=w2 0 b2
F=F(F1yD3)
F2=F2%F2
FOsFOtE2
=i-F 1

, 3= WO

4=W0

WF Ce=W0 1 HEN
F4=(3-FSi)/C2
C3I=F2/F4
FRINT * Jx™*
HOUSUB 3290
Fa2=F4
GOSUER
F2=03
LoOsURB
PRINT USING
FRINT USING
NEXT F1
FRINT *JJ"
LND

IF ABS(F2)
FRINT USING
KETURN
FRINT USING
RETURN

KEM
REM
FRINT
FRINT
PRINT

el IUT

5180

Wli" il

Pl

4290
'.‘x’Jl{l,.l’r‘n'll)lilzcz
TOOXy "Ry L 6DTIFS/F S

1000 UR ABS(F2)<0.01 AND
"IXy 3DJODYSCIF2

3*IF2

*3X22E+ 5

ARRORR AR XRRKPICINT
'LCUﬁHENT"‘Z"'J'
"MAx., DEGREE = *"3D(W4)3" » X =
CXMIN = "3DCWE)y *YMIN = *50(W7)

PRINT *XMAX = "3D(Wé)» "YMAX = *"iD(W8)

FRINT "JN = "3§N

IF D(W?) < WO THEN 3470

CWL)=F{Wl,W2)

LW4)=F(WZ2D3)

CWw3)=f(Wi1yD32)

ClWZ,=F(W1lrW3)
IF D3:W3 THEN

L(W2)=F(W2:W2)

F4=Li{Wl)/N

La=N-Wl

Fa=io(w2)-F4kNXF4) /02

FRINT "JX MEAN il 4

PRANT *VAKX) "IrF3

Fu=C(W3d) /N

F2=(D(12)~-FOENRFS)

FRINT *JdY MEAN =

PPRINT *VAR(Y) =

5470

&
Lo
o

7C2
e
vF2

73

F2<:W0 THEN 3320

AKROKR KA R OR OR OKOROK R OKOR R R KR ROK R ROEXOR R KRR E KRR R KRR R SR KX X
SIMPLE STATISTICORKRKRRERKRRRKKR I RARA KKKXK

"IX$i" o ¥ = "5YSJ"



360
3570
S980

<000
2010
2020
2030
2040
2050
2060
<070
2080
2090
2400
2110
2120
2130
=149
21350
2160
«l70
180
2190
L2800
LA 5

2230
2240
2250
.‘.‘."60
2270
.)280
2290
<300
2310
2320
2330
2340
L350
2360
370
~380
<370
<400
<410
420
430
SA4/0
L450
L2460
2470
2480
2490

FLledLtWa) FARNXKFSD ) /SAR(F2%XF3) /€2
FPRINT *JCOR(XyY) = "$F18"Jd"
LND

REM SRXKkXF L[ #12 - AOV» COEFy FLUT DATAs cTOXEXXK
LF F9=23 THEN 5000

IF F9x23 THEN 2090

IF F2<W3 THEN 100

if F9-W7 THEN 107

IF + 9<.-W7 THEN 2070

LD

LOSul 247

GO 10 1CO

IF D(W9)=W1 THEN 2120

LOSUB 340

Gl Tu 100

IF D10 )=-W0 THEN 2150

IF F9=24 THEN 21%0

GOSUR 2230

IF ¢2:30 THEN 100

GO 10 F9-23 OF 219002530+ 3510+2/80

PO RROKROR R KK O R R AR R0 KRR KKK KA KA KR K A A KRR R K A AKX
FEM KRRARKREOLE L U7 DEGRELXKERREEEXAKEKRRERXXRKKR XX
GOSUB 2230

END

FOEM RORROR R ROROR AR ROR XK KR KOO R R KRR KRR AN A AR KK
REM  ARXXENTER DEGREEs CALC. COEFs AND CALC. SIGHMAX
FAGE

FRINT “SELECT LEGREE («=";D(W4)i*) OF REGRESSION = "3}
INFUT F1

0¢CiQr=~Wl

DNClii=Wo

D4=INT(ABS (F1))+Wl

P'RINT

IF D402 THEN 2240

LS =Wo

FOR Fi=W1 10 b4

i 3=WO

FOR r2=F1 10 D4

Fa3=F34F(F1loF)%F<(F2+03)

NEXT F2

COCF1)=F3

PS=D3tFCF1y03) Wl

NEXT i1

JF D4 =Wl THEN 22440

C2=F(W1,D3) W2

PRINT "JR-SQUARLE +JOR DEGREE "+D4 Wls" FIT = *#¢DS~CH)/(0(12)-C2)
FRINT *J°*

C2=pC12)-DS

LS=W0

IF C2<DC12)%1.2E-10 THEN 2490

IF La=:N THEN 2490

DS=BUR(CE/IN-114))

HC10)=u4-wWl

74



G0 e TURN
Lol nWeM R R R R R P PP ST TSt IRTITIeeTITIT
2000 qEnm AxxxxxxxXxCALC. AND PRINT AGQV TABLE R RO ROR KRR KRR KX
2930 PRINT "LIXX¥ANALYSIS OF VARIANCEXXX%XJJ "
2940 IF DC10) T[THEN 2574
SUN0 PRINT *J AN AOV TABLL DOES NOT E£XIST WHEN THE SELECTED "3
2960 PRINT "DEGREE IS ZERQ.JJ®
2970 END
LO74 URINT "COMMENT :*sZ2¢%3° 4"
anleo PRINT "X = "iXe¢3* e ¥ = "i¥S5" "
2980 FRINT "SOURCE DFLI 881 MS1I F°*
2090 FO=DC12)-F(W1yD3)"W2
L2600 RINT “JTUTAL "IN-W1FY
2619 F4=W0
JOL0 LF D41W2 THEN 2660
L2630 FOR Fl=W2 10 L4
JOGO FA4= 44F (P 1 13) W2
2600 NEXT F1
L6600 F3=0R0ALGS
2670 F2=F4/0C10)
SO0 L2=WO
J690 LF F3=WO0 THEN 2710
2700 C2=F2/F 3

2710 PRINT “JREG "FOCI0)yFa4yrZ,C2
720 FRINT "JRESIL "IN-L4yFL-F4yF 3

J730 PRINT "JJR-SQUARE = *3F4/F5
2740 PRINT "JJ4?
750 END
TG0 TR R R OR KK O AR KR OK KKK KK KOKOKOK KK KK K KK K K OKKOK KR OK KK K R K
JAT0 REM O EXKRRK e AXKREPICINT COEFS « XOKROK KK XK XK KK XK K KKK KK KRR KK ¥
L7890 PRINT “LIXXKXCOEFFICIENTSXXX";*J"
L7054 PRINT “COMMENT ("3 Z%3°d"
2789 PRINT *X "1 X%y " ’ Y = *5Y$*J°
790 FRINT "Jddll COCIXI STL ERROR®;
2U00 IF uU=W0 HEN 2830
2810 FRINT "I T1°
~820 GO 10 28B40
J850 FRINT
JU40 FOR Fil=W1l 10 D4
wBul Fo=Wo
JB6O FOR FZ2=F1 10 D4
'B70 FO=FOH+F (F1sF2) W2
<880 NEXT F2
J8%0 FO=SAK(FS)xDY
2900 FRINT "Jd*"#F1-W1»COCF1)sFSe* "5
LY10 1F FO=WO THEN 29240
720 FRINT COCF1)/F5
2930 GO 10 2950
S940 FRINT
2950 NEXT F1
JZ60 FRINTD "JJ* N DATA FUINTSIMAX DEG - *sh(Wa)r"JJ"
L9770 END
STBOEM  RRKOR KR R OR R R R OR K RORROR KRR KRR KR K KRR KKK KRR R R
SUUU LM KRR AR R RRRRRE LU T DAT AR SRR ORROR K OK KK KOK OK KOK KKK KKK K K
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3000 GULUE 3040

J002 GUSLE 50095

3003 KLTURN

DSOS HEM FARRE R AR R AR RE R RN AR AR X R X
3030 REM *xXSET WINIIWs DRAW AXISe PLOT DATA» AND RETURNX
3040 WINDUW 09130»09100

AO45 VIEWFORT S92125¢5995

S050 REM DRAW BOX

3060 IF NOT\DC(23), AND D{W3)<W2 THEN 3080
3070 GCSUB 850

5080 PAGE

JO070 MOVE @D(18):0+0

J100 DRAW @D(18):130+0

3110 UKAW @2DC18):130.,100

3120 DRAW @DC1IB) 102100

5130 URAW PDC18)i09+0

3140 REM SET WINDOW

5150 FS=WS

160 GUSUB 3770

J170 FO(Wl )=k 2

S180 FOW2)=F3

3190 FO=W/

3200 LOSUER &4/7Q

S2L0 FOLWS)=F2

3220 FO{Wé)I=F3

3230 5+l

4240 GOSUE 3850

SaaQ FS=WS

4260 GUSUE 38950

S270 WINLOW FOCWLl vFO(W2IsFO(WD) 9 FO(WS)
3280 REM MAKRE AX1S AND LABEL I7

3290 GOSUB 4130

300 REM  FLOT ¥ AT EACH DATA FOINT
3310 (S=W0

3320 F2=0.34/72%K<F 0CW1)-FOCW2) )

320 F3=20.,4/754%(FO(WL)- FO(WE))

$340 DINS)=1.0E4+200

33950 LiWd)=—-DTWS)

SA60 V(W 1=0{WS)

A370 DW=l Wo)

3380 FUR 1=Wl Tu W

3370 QUSUR 460

3400 MOVE eDC1griliots Syil74F 3

S410 PRINT @D18g)i"x*

S3420 W) =D{WY) MIN U6

S430 WS =D(WéE) MAX Lis

3440 L W/ =1 W/) MIN I/

AA50 Liwg)=DhlWwd) ™MAX L/

24460 NEXT 1

A470 HOML @DC18):

5480 RETURN

SATO IEM RO KOR SRR KKK KO KK KOK KKK 580K KOKOKOK KK K KR KO % KK K KKK RO & K
3500 REM  ®eexkxxf LUl UATA AND KEGRESSIONKXXERRERE R R KOK KRN KKK
3510 GOSUE 3040
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3520
3530
3540
355

3560
3570
3580
S070
3600
3610
3620
56350
S640
S600
Jt:-o\")
3665
A3670
,&(:UO
3690
3700
/7 L0
3720
A730
A740
V700
3769
3770
3780
5790
a800
A810
3820
3830
3840
3850
S660
2870
5880
2890
S3900
3710
A720
3230
AY40
3950
3960
3970
A760
3990
4000
4010
4020
4030
4040
4050

CRINT @bclg) e JJDECGREE *sD(10)
Fo=L{WoS)

LOSLE 3700

MOVE RLDCIBIIF&F 7

FO=(U(We)-D(WS))) /7DC21)

C2=D(21)

IF D4:=W2 THEN 3610

FO=D(WE)~DIWS)

Ca=uWl

FOR F1l=W1 10 C2

Fé&=l 64F S

ousun 3700

LRAW @RUCIB, iFbsi1 7/

NEXT i1

HOME @DCiE) 2

GUSUER 50007

LND

POLM KR AOR o AR K O K KR OK KK 0K 00K K KKK KOK KO K KK XK KX K
WEM KRR RRAXAREXALVALUATE FOLY., AT F 6 XXXFXRERKKXK
F7=W0

FOR F8=D4 U W1l STEF Wil

F7=F7%F&6+CO(F8)

NEXT FB

RE TURN

PO T O R OKOK 0O KOK K KO O KK KK KK KOK K K OK 8 0K K K KKK KKK K
REM  kxxXxxkx ¥k INCREASE WINDOW BY 1.,16%XKXXKKEXKKKKXK
F2=1.2%0C(F5)-0.2%D(F5+W1)

F3=1 o 1XDCFES4WL) -0 1XDC(FS)

iF F2<:F3 THEN 3820

Fa3=r3+Wil

F2=F2-Wl

FRETURN

FOP M O KOK 0K OR K 0K R 0K 08 0K KK K 0K 0K K OK K KOKOK KKK KOKOKR 4 KOK KR KKK X
KEM  *XKXEXADJUST THE WINDOW FOR NEAT 1T ICSRXKKKKKKAOKXEK
F1=(FO(FS94W1)-FO(F3S) )/ (FS+W3)

F2=10"INT(LGTC(F1))

Fl=Fi1/r2

IF i7191.4142.3562 THEN 3960

Fle=23.16227766 THEN 3920

2XF 2

U 37960

F Fi=>7,071067812 THEN 3950

F2=WOXF2

w0 170 3960

F2=10%F2

F1=INTCFOCHFS) /T )

FI3=F2R(F1+Wd)

IF F3<FOWFS) THEN 4010

t 3=F3~F2

GO TO 3980

FOCFS)=FJ3

FO=FO+WL

FL=INTCHFOQCIG)Y 2D

F3=F2%(F1 W2)

I FOCES)F A THEN 4080
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4060
4070
40860
40%0
4100
4110
4120
4130
4140
4150
4160
4170
4180
4120
4200
4210
4220
4230
1.240
12950
4260
4270
4280
4290
4500
4310
4320
4330
43490
4350
4360
4570
4360
G000
2001
95002
w005
5008
2010
5020
w0 50
D040
2050
GO
5070
wouo
L5090
au74
00%é6
<100
2110
w200
w9710
9920
9290

F3=F34+4F2

LU TUu 4050

FOLFa)=F3

FOCFStWL il 2

KRETURN

FUE D RO KKK 00 8 08 K A0 OK KOKOKOK OK K K 5 8 KO K OK X KOK KRR RO KR KK K K K X
PR RRRORRRR N A MO L AX TS KRR OOK KKK OK K OKOK KK K KKK IO OK KO X KKK X XX
AX15 POC1IB)IFO(W3)»FO(WT)

F9=W8 '

GOSUE 4210

FS=W4a4

GUSUE 4210

RETURN

FOE BT O RORK A A RO R KOO KKK KK OOK KK KK KK K KK K KOK OK OR K O KX KK X KX X
FEM  ARRRORROR R LA LE L AN AL S 0RO K K KOK K K KKK KKK XOK KKK K KKK K K K
FA=FO0(rg—-uWl)

FO(W4)=FO(Wl)

C2=(FO(W6)-FO(WS) ;7138

FOCWE) =FO(WS)

FI=ABS (FO(FS5-W3)4F4) MAX ABSC(FO(FS—-W2)-F4)
J=INT(LGT(F2)+1.0E-8)

2=10 F3

1=FO(FG—-W2) -FA/ W2

O(FS)=FO(F3)1F4

IF FO(FS)2FL THEN 4340

MUVE @DOI8) . H0(Wa4) »FO(WB) L2

FRINT @LC1I8): USING *~L.2DyS " IFO(FS)IXF2

Lo 10U 4290

1F ¢ 3=W0 THEN 4380

FO(FS)=F1

MOVE @DC18)IF0(W4)»FO WB)I4C2

FRINT @DC18): USING "282HFDeS" 0" E*F3

RETURN

f
I
f
t

KEM %% ROUTINE 10 FPRINT X$sY$sZ2%- X AXIS» Y AXIS LABELS AND

REM %X A COMMENT LINE AT THE TOF. WE WILL HAVE TO ADJUST
REM %% WINDOW AND VIEWFORT TO MAKE IT FIT NICELY.
WINDOW O09130+,09100

VIEWFORT 5012595995

MOVE GO0

FRINT "J i X$s

HUME

PRINT *“Jdddld0"

FRINT * "3

FOR L=1 TU LENC(Y®)

AS=LEG(YS»L 1)

FRINT A$:"HJ' 5

NEAT L

HUME

FRINT *J COMMENT "7 Z%

HOME

RE TURN

IF DC10)<8 THEN 5950

FPRINT *JUERIVATIVES NOT AVAILABLE ABOVE THE 4th DEGREE."®
GO TU 6400

FRINT *DEGREE SELECTED WAS *#DC10)s"JdJd*

78

IHE



G000 FRINT USING 6600 F(x)="3C0C1)3*+(*3COC2)3"*)X"%
6010 IF DC10)=1 THEN 6300

6020 PRINT USING 6620:1°+("3CO(3)3")X"2"%%

6030 [F I(10)=2 [HEN 6300

G040 PPRINT USING 646208 4C(*3CO(4)3°)X"3"

0G0 IF D(10)=3 THEN 6300

H060 FRINT USING 6620:"+4(*3C0(3)3")X"4"%,

6300 PRINT "J°*

G310 FPRINT USING 6630! "du/dx=("3CC(2):*")IX"0";
6315 IF DC10)=1 THEN 6400

£330 FRINT USING 66208 "+ "s2%XCO0(3) ") X" 0",
6340 IF D€10)=2 THEN 6400

H350 FPRINT USING 66201 4("33%0L0¢4)3“ )X ="y
6360 IF L(10)=38 THEN 6400

HGA70 FPRINT USING 662014+ (*34%xCO0(3)5* )X 3"
65400 RETURN

G600 IMAGE S98+4d.4d92394d.4cdy2a89 9

H620 IMAGE Ja+4d.40v4398

6630 [MAGE /8y»4d.4dr43rs

JO00 HEM  ®xkX%FILE £#13 — ESTIMATES» RESIDUALS» ETOXXXXX

2010 IF F9<31 THEN 100
2020 IF DCWY)< W1 THEN 100
2030 1F DC10)<WO THEN 100
L0040 GO 10 F9-31 UF 2070-29309232092700
JOTO R T 0R0R R K 0 K K OK K K K K OK K KO 0K K K KK K OK0OKOK KK R OK K KK K KO XK KKK K OK X
JOGU ENM RRAOKROEKRORRORE ST T MA T E SO0 OK KK OROK % 80K KK K 0K K K OK K OK KOk XK X
2070 PRINT "LXXXESTIMATESkXxX"
JO80 FRINT "JFOR EITHER SINGLE X VALUES OR A TABLE OF*"s
JO090 PRINT * X VALUES (ENTER S OR T): "5
<2100 INFUT F$
2110 IF +r$="5" THEN 2230
120 LF r$<-°*T" THEN 2080
J130 PRINT "JENTER INITIAL X» FINAL X» AND STEF SIZE = "5
2140 INFUT FérF29FS
2150 GOSUER 3580
2160 PRINT "JX = *iFé6s°Y EST = "3F7
2170 Fé6=F&64F%5
2180 IF SON(F6-F 2)<»8GN(FS) THEN 2150
2190 IF F6=F2 OR Fo6=F24FS THEN 2220
2200 Fé=F2
2210 60 170 2150
L2220 PRINT *JJ°*
S230 END
L2940 KEM SINGLE X ESTIMATES
2250 FRINT *JX = %*j
L2260 INFUT F6
J270 GOSUR 3580
J280 PRINT *1 KY EST = *§F7
290 GO TO 225¢C
JO00 nbtM R R A R KRR KRR R YRR R KRR KRR AR R KKK X
JALU mEM R R RRAXRTUININT RS L DUAL SO0 OK K KK KK R KK RO K KR KX KX
2320 IF NOTCDCZ3)) AND D(W3) W2 THEN 2340
2330 u0Sub 450
2340 PRINT L1 ¥XXRESIDUALS XXX J"
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2340
2345
2350
2360
2370
« 380
2390
2400
2410
S420
2430
440
2450
2460
2470
2480
'490
S500
2910
2920
2930
2040
S2L50
AT 1Y)
2070
L0880
2090
< H00
2610
L6620
2630
2640
L2650
L6660
2670
L6680
2690
2700
2710
e /720
2730
<740
al o
“ 760
2770
< /80
2790
2800
810
2820
2830
<8340
L850
L2860
2870

FRINT "COUMMENIT:"3Z%:"J"
FRINT * XI = *iX®#* » YI = "jY$"
FRINT * 1 X1
FRINT " RESIDUAL "
LO=WO

F3=W0

F4=40O

FUR F1l=Wl TO N

GUSUB 660

Fé6=06é

GOSUB 3580

F2=D7~F7

FRINT USING 'SLisS"IF1
LGOLUE 2630

né=n/7

GOSUR 2630

né=r 7

wuUsSUEB 2630

[é6=F2

GOSUB 2630

FRINT

P 4=l 441 2KF2

LE T 1=1 THEN 580

D2M)=F3/F4
ODClti=wl
FPRINT *“JJ*

LND

YI

DEGKLE

sDC10) 3 ° 0"
Y EST*S

LF ABS(DGE) = -1000000 UR ABS(DG) <1.0E~3 AND L6<>WO THEN 2660

FRINT USING *-8D.6bsS" D6
KE TUKN
FRINT USING *3X»5E»S5" 106
RETURN

FCEP R ROROK O KOROR R HOKKOK KK KOR XK KKK KKK A KRR RO KRR KRR XX X
REM KR AR PR INT DUREBIN=WA TS 0N 50808 K0K0K0OK KK XK OKOKOK KKK KKK

PRINT *"L*¥XDURBIN-WATSONX®%J"
TP D11y -Wo THEN 2890

LE NOTCRCZ3) ) AND D(W3) W2 THEN 2740

vosSUE 890

Co=W0

F3=WO

F4=W0

FOR F1=W1 TO N
GOSULE 660

Fé=1é

LGOSUE 3580
F2=p7-F7

Fack 44 2%F 2

IF F1=W1 THEN /B6O
F3=F34+(F2-F5) W2
Fo=F2

NEXT F1
D22)=F3/F4




J880 Dl1li=W1

2890 FRINT "JDURBIN-WATSON STATISTIC = "3DC22)5 *Jd*

2900 END

DGUO LM RORROROROR JOK KOR KOK KKK KK KKK IOKOKOK K OKOKOK KKK OKOK KK KKK K OK XK XOK KO CK KKK
JP20 REM ROk ULOT O RESTINUAL S 30K KK KKK XOK KKK KKK KKK 0K KKK K X

2930 FRINT “LxXXFLUT LTANDARDIZED RESIDUALSXxx®

2935 PRINT * XI = "iX$3" » YI = *3Y$3" » DEGREE "3DCi0O)s3"J"
2940 IF DS<>WO0 THEN 2970

2950 FRINT "JFERFECT FIT -~ ALL RESIDUALS ARE O°*

2960 END

2970 FRINT “JPLOT XI VS. STANDARDIZED RESIDUALS UOR®

2980 FRINT * 71 VS. STANDARDIZED RESDUALS (ENTER X OR Y) § "5
2990 INFUT F$

3000 C1=WO

2010 IF F$="X" THEN 3040

2020 IF F&<."Y" THEN 2940

S030 Cl=W2

5040 WINDOW 0913009100

1045 VIEWFORT 5912595995

050 Ls=F*%

3060 REM MAKE THE BOX

A070 1F NOT(DC23)) AND DC(W3) W2 THEN 3100
3080 COSUEB 850

S0920 F$=I%

5100 FAGE

3110 MOVE @D(18):0+0

3120 DRAW @D(18):130+0

A130 DRAW @0C(18)3:130,100

5140 DRAW @LC18):02100

5150 DRAW @DC18):090

160 HOME @GDC18):

3162 GOUSURBR 4230

A178 PRINT e@eDcieH) et JUEGREE *sDC10)%°* ~— *"3F$s
3180 FRINT @L<18):" VS STANDARDIZED RESIDUALS®
5190 REM  ADJUST HURIZONTAL WINDOW
3200 FO(WS)=-WS

3210 FOCWE) =WS

B220 FO(W?7 ) =Wl

S230 FO(WL))=D(WSHC 1) X1 20, 2%XD(W64C1)
3240 FOW2)=D(WHHUL )41 4101 XD(WS+CL)
3250 IF FOMWL1)<>FOCW2) THEN 32890
3260 FO(WL)=FO(Wl)~W1

1270 FOW2)=F0O(W2)+W1

3280 FS=W1

2290 GOSUBR 3650

A300 WINIOW FOWLI ) »yFO(W2) 2 OCWS) »FO(WS)
3310 GOSUB 31930

320 C2=0,34/72%(1 0(W1)~-FO(W2))

3330 C3=0.4/34X(FO(WS ) -FOWE) )

3340 (S=W0

3350 F3=W0

3360 1 4-WO

3370 FOR F1l=W1l 10 N

3380 GOSUE 660

3390 Fé6=Dé
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A400
5410
S420
3430
3440
3450
14460
3470
3480
5490
3500
A010
3520
35930
3540
3550
3560
3570
3580
4970
3600
3610
3620
3630
3640
3650
34660
3670
S680
3690
5700
3710
3720
3730
5/40
A790
5760
3770
‘ I’.’\)
3790
5800
5810
S820
3830
840
3850
S0660
870
3880
A890
3900
3910
3920
3930

GOSUEB 3580

F2=D7-F7

Fa=F 4+F 2%k 2

1F Fl=Wl THLHN 3460

F3=F3+(F2~FS5) W2

FS=F2

[F C1l=W0 [THEN 4480

Lée=0n7

F2=F 2/D5

MOVE @DC18) iD6+C2»F24C3

FRINT @RC1B) 1%

NEXT F1

D(22)=F3/F4

DCe11) =Wl

HCME @Da1e)

END

FOLM OO K ROROK A KKK AR K RO OK K K K0OK0K KOK K OR KK KOK KOK KK K KK OK OO ROR X KX K %
REM  KRRXKKRRRXLVALUATE FOLY . AT F OXXNOKOKOK K KR XXOKOKOKK KK K XX
F7=W0

FOR F8=D4 TO W1 STEF ~W1

[[7=F 7%F64C0(F8)

NEXT I8

RETURN

FOE BT 0K OKOK K AR KO KK KO OKOK KK K KK 0K 30OK0OK 0OKOK KK KKK KOK KK KK KO OK KOK KK K X
REM  KRXXXKXXXXALJUST WINDOW FOR NEAT TICSKEKKIOKXEEEKX
Fl1=(FO(FS+W1)-FO(FS))/(FS54W3)

F2=10" INTC(LGT(F1))

F1=F1/F2

IF F141.414213562 THEN 3760

IF F1=:3,16227766 THEN 3720

F2=W2%XF2

CO 10 3760

IF F1=37.071067812 THEN 3750

F2=W9%F 2

GO TO 3760

F2=10%XF2

F1l=INTC(FOC(FSI/F2)

F3=F2%(F14+W2)

IF F3.FO0(FS) THEN %810

F3=F3~F2

GO TO 3780

FO(FS)=F3

Fo=IFStWl

F1=INTC(FOC(FS)/F2)

F3=F2%K(F1-W2)

IF FOCF9)<F3 THEN 3880

F3=F3+4F2

GO 10 4850

FO(FS)=F3

FO(FS+W1 ) =F2

RETURN

FUE M OK 0RO KKK OKOR RO ROK R KK R KK KK OOK K XOR K KOK OR KOK R KOO X KOOK KR KRR KK X
FEM ORI MA R L A0 T 500008 K OKOROK KOK K KOK KOK K 0K OK KOK KR JOKOK XK OKOF O X
AXLS PDCIB)IFO(W3)X s FO(W?)
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3740 F9-W8

3990 L6OSUbL 4010

A960 | L4

4970 wOSUE 4010

A980 KETURN

AGT0 NEM RN K KRR OK RO KK OK 0K OK K KK KK S0OKOK R OK KKK K OKOK 0K R KOKOKOK KO K K %
4000 WEM  AREXRXKEXLABEL AN AX TS K0KKOKOKOKOK KKK KK KK K0OK KOKOKK 0K 30K K OK K K K
4010 FA4=FO(FS5~W1)

4020 FO(WA)=FO{(W1)

4030 CL=C(FO(W6)~FO(WS)) /138

4040 FO(WE)=FOC(WY)

4000 FI=ABS(FO(FS-WI)+4F4) MAX ABS(FO(FS-W2)-F4)
4060 F3=INT(LGT(F3)+1,0E-8)

4070 F2=10"~F3

4080 F1=FO(FS-W2)-FA4/uW2

4090 FO(FS)=FO(FS5)+F4

4100 IF FO(FS)>F1 THEN 4140

4110 MOVE @LC18)IFOWA) yFO(WB)IHC2

4120 FRINT PDCI8) ! USING "~D2L9S"IFOC(FS)IXF2
4130 GO 10 4090

4140 IF F3=WO0 THEN 4180

4150 FO(FS)=F1

41460 MOVE @PDCIB)IFO(WA) v FO(WB)I4L2

4170 PRINT @DC18): USING *2A8r+4FDsS*":* E£°3F3
4180 RETURN

ALT0 REM  KORKOKOROKSOR AR KOKOKOKOK KKK KOK K OK OKOK 0K OKOKOKOROR KK KKK KKK KKK KKK K K KK K X
42350 WINDUOW 59130502100

4240 VIEWFORT 09130205100

4250 MOVE 301

4260 FRINT "J*i X%

4270 HOME

4280 FRINT *JuaJdJdJJdJd*

4290 PRINT * *3

4300 FOR L=1 TO LieN(YS)

4310 A$=SEG(Y$sL 1)

4320 NEXT L

4340 HOME

4250 FRINT *COMMENT I3 ZS$

4360 RETURN
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APPENDIX C
POLYNOMIAL TABLES

This appendix contains Tables (-1 and C-2 that show the required values

of polynomial regression.

This appendix also contains F distribution and "students" t distribu-
tion tables respectively., It is best to use F-test to decide what degree
polynomial fits the data agequately, then estimate the coefficient and,
thus, determine a least square curve. It is possible to define 95% to 99%,
or other confidence intervals, by using the table t distribution in
Appendix C-2.
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TABLE C-1. THE F DISTRIBUTION*

f

flir, + r?)/Z](r‘/rz)rl/zurllz-'
Pr(F i ') . (T e )ﬂ dw
o Try2rie 201 s rwre,) T2
r, =P -1
n-p L

PriF < f) rp \ ) 3 4 5 6 7 8 9 10 12 15
0.9% ) 161 200 216 225 230 234 237 239 241 242 248 26¢
0.975 648 80O 864 900 922 937 9ag 957 963 9€9 977 9gs
0.99 4052 4599 5403 5625 5764 5859 €928 5982 6023 6056 6106 6157
0.9% 2 18.5 19.0 19.2 19.2 16.3 1e.3 19.4 19.4 19.4 19.4 19.4 16.4
0.97% 38.5 3¢.0 30.2 39.2 9.3 30.3 30.4 39.4 39.4 39.4 30.4 0.4
0.99 8.5 99.0 99.2 99.2 9.3 99.3 99.4 99.4 99.4 99,4 90.4 56,4
0.95 3 10.1 9.55 9.28 9.12 9.01 8.9 8.89 8.85 8.81 g.7¢ 8.74 £.70
0.97% 17.4 16.0 15.4 15.1 14.9 14,7 14.6 14.5 14.5 144 14.3 14.3
0.99 34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 21.2 271 26.9
0.95 4 7.7 6.94 6.59 6.39 6.26 6.16 €.09 6.04 6.00 5.96 5.9 5.66
0.575 12.2 10.6 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 §.66
0.%9 21.2 18.0 16 7 16.0 15.5 15.2 15.0 14.8 14.7 1a.5 1a.e 4.2
0.95 5 6.6 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 a.74 4.68 a.62
0.975 10.0 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43
0.99 16.3 13.3 12.1 1.4 1.0 10.7 10.5 10.3 10.2 10.1 9.89 9.72
0.95 6 5,09 5.14 a.76 4.53 4.39 4.28 a.21 4.15 4.10 4.06 4.00 .08
0.97% 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27
0.99 13.7 10.9 9.78 9.15 8.75 g.47 8.26 £.10 7.98 7.87 7.72 7.56
0.95 7 5.59 a.74 4.35 a.12 .97 3.87 3.79 3.73 3.68 3.64 3.57 1.5)
0.975 8.07 6.54 5.89 5.52 5.29 5.12 a.59 4.90 4.82 4.76 a.67 a.57
0.99 12.2 0,55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31
0.95 8 5.32 4.46 4.07 3.84 2.69 3.58 3.50 3.44 3.29 3.35 3.28 3.22
0.97% 7.5 6.06 5.42 5.08 4.82 465 4.53 4.43 4.36 4.30 a.20 410
0.99 1.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.9 5.8 5.67 5.62
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TABLE C-1. (continued)

»f
r[(r‘ + rZ)IZ](rl/rz)rllzw'l/Z-‘
door S T ™

r(r'/2)r(72/?)(l + r'u/rz)

0
r, =P -1
n-p )

rifctl - 1 2 3 : 5 6 7 8 9 10 12 15
0.9% 9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 .14 3.07 3.00
0.975 .21 5.71 5.08 4.72 4.48 4.32 4,20 4.10 4,03 3.96 3.87 3.7
0.99 10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.3% 5.26 5. 4.%6
0.%5 10 4.96 4.10 3.71 3.48 3.3 3.22 3.14 3.07 3.02 2.98 2.9 2.85
0.975 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.8% 3.78 . 3.62 3.52
0.99 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4,94 4.85 4N 4.56
0.95% 12 4,75 3.89 3.43 3.26 n 3.00 2.9 2.85 2.80 2.75 2.69 2.62
(.97% 6.55 5.10 4.47 4.12 3.89 373 3.61 3.51 3.44 3.37 3.28 3.18
0.99 9.33 6.93 6.95 5.4) 5.06 4.8?2 4.64 4.50 4,39 4,30 4,16 4.01
0.95 15 4.54 3.68 3.29 3.06 2.90 2.79 2.7 2.64 2.59 2.54 2.48 2.40
0.975 6.20 4.77 4.15 3.80 3.58 3.4 3.29 3.20 3.12 3.06 2.96 2.86
0.99 8.68 6.36 5.42 4.89 4.56 4.32 4.4 4,00 3.89 3.80 3.67 3.52

* This table is abridged and adapted from "Tables of Percentage Points of the Inverted Beta Distribution," Biometrika, 33 (1943). It

is published here with the kind permission of Professor E. S. Pearson on behalf of the authors, Marine Merrington and Catherine M.
Thompson, and of the Biometrika Trustees.
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TABLE C-z. PERCENTILE VALUES (tp} FOR STUDENTS t DISTRIBUTICON WITK v DEGREES OF FREEDOM
(shaded area = o)

v
(n - 1) t0.995 t0.99 t0.97% t0.95 t0.90 t0.80 t0.7% t0.70 t0.€60 t0.55
1 €3.66 31.82 12.71 6.31 3.08 1.376 1.000 0.727 0.325 0.158
Z $.92 6€.96 4.30 2.92 1.89 1.0€1 0.816 0.617 0.28¢ 0.142
3 5.84 4.%4 3.18 2.35 1.64 0.97¢ 0.765 0.584 0.277 0.137
b 4.60 3.75 2.78 2.13 1.3 0.¢41 0.74) 0. 56¢ 0.2Mn 0.134
5 4.03 3.36 2.57 2.02 1.48 0.920 0.727 0.559 0.267 0.132
6 3.71 2.4 2.45 1.04 1.44 C.S0€ 0.718 0.553 0.2€5 0.131
7 3.50 3.00 2.36 1.90 1.42 0.8%6 0.7 0.549 0.263 0.130
8 3.36 2.€0 ¢.31 1.86 1.40 0.889 0.706 0.546 0.262 0.130
9 3.25 2.82 2.26 1.83 1.38 0.883 0.703 0.543 0.261 0.12¢
10 3.17 2.76 2.23 1.81 1.37 0.87¢ 0.760 0.542 0.260 €.12¢9
1 3.1 2.72 2.20 1.80 1.36 0.87¢ 0.697 0.540 0.260 0.12¢
12 3.06 2.€8 2.18 1.78 1.36 0.873 0.69% 0.539 0.2%9 0.12€
13 3.01 2.65 2.16 1.77 1.35 0.870 0.69% 0.538 0.25%¢ 0.128
14 c.%6 7.62 2.14 1.76 1.34 0.86€ 0.692 0.537 0.2%8 0.128
15 2.95 Z.6C .13 1.75 1.34 0.866 0.691 0.536 0.258 C.128
16 ¢.52 Z.58 2.1¢ 1.75 1.34 C.E65 0.690 0.535 0.258 0.128
17 2.50 2.57 2.11 1.74 1.33 0.663 0.689 0.534 0.257 0.128
18 ¢.88 ¢.5% 2.10 1.73 1.33 C.g62 0.€88 0.534 0.257 0.127
19 2.86 2.54 2.09 1.73 1.33 0.861 0.688 0.533 0.257 c.127
<0 2.84 2.53 2.08 1.72 1.32 0.860 0.687 0.533 0.2%57 0.127
¢l 2.83 2.52 2.08 1.72 1.32 0.85¢ 0.686 0.532 0.257 0.127
22 2.82 Z.51 2.07 1.72 1.32 0.858 0.686 0.532 0.256 0.127
23 2.81 2.50 2.07 1.71 1.32 0.858 0.685 0.532 0.256 0.127
4 2.80 2.49 2.06 1.7 1.32 0.85%7 0.685 C.531 0.256 0.127
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TABLE C-2. (continueg)

v

(n-1) t0.995 t0.99 tC.975 t0.95 t0.S0 t0.80 t0.75 t0.70 t0.60 t0.55
és 2.79 2.4€ 2.06 1.71 1.32 0.85€¢ 0.682 0.531 0.256 0.127
26 2.78 Z.4¢8 2.06 1.71 1.32 0.856 0.684 0.531 0.256 0.127
<7 2.77 2.47 2.05 1.70 1.31 0.855 0.684 0.531 0.256 0.127
28 2.76 2.47 ¢.05 1.70 1.31 0.855 0.683 0.530 0.2%6 0.127
29 2.76 2.46 2.04 1.70 1.31 0.854 0.683 0.530 0.256 0.127
30 2.75 2.4¢6 2.04 1.70 1.31 0.854 0.683 0.530 0.256 0.127
40 2.70 ¢.4z ¢.02 1.68 1.30 0.851 0.681 0.529 0.255 0.126
€C 2.66 2.39 2.00 1.67 1.30 0.848 0.679 0.527 0.258 0.126
120 Z.62 2.36 1.98 1.66 1.29 0.845 0.677 0.526 0.254 0.126
- 2.58 2.33 1.56 1.645 1.28 0.842 0.674 0.524 0.253 G.126

Source: R. A. Fisher and F. Yates, Statistical Tables for Biological, Agricultural and Medical Research
(5th egition), Table 111, CTiver and Boyd Ltd., Edinburgh, by permission of the authors and
publishers.




