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ABSTRACT

For any non linear function Y=f(X) regression may be
obtained by fitting a polynomial. The general form of the
polynomial regression is as given under:-

n 2 m
Y = aO + alX + a2X e T e llol s s Nl P amX + €

where, Y is a dependent variable.

The coefficients ao, al, ceee @ are the regression
coefficients and are determined by the least square method of
parameter estimation. The power order m is chosen so as to
minimize the sum of squres of deviations from the line. The
user'smanual gives the details of a computer programme for
polynomial regression. In the programme powers of an indepen-
dent variable are generated to calculate polynomials of
successively increasing degrees. If there is no reduction in
the residual sum of squares between two successive degrees of
polynimals, the programme terminates the problem before com-
pleting the analysis for the highest degree polynomial speci-
fied. The output of the program includes regression coeffici-
ents for successive degree polynomials, analysis of variance
table for successive degree polynomials, table of residuals
for the final degree polynomial and plot of Y values and Y
estimates versus base variable X.

This manual also describes various statistics given in



the programme output with example, input data specifications
and output description. The programme is written in
FORTRAN IV. The manual also gives hardware and software

requirements of the programme.
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1.0 INTRODUCTION

Regression represents a mathematical equation expre-
ssing one random variable as being correlativelv related to
another random variable or several random variables. The
regression equation may be any function that can be fitted
to a set of observed variables. If the variables are linear-
aly :elated, then the regression is called linear regression.
In non linear regression, the variables are not linearly

related.

For any non linear function Y = F(X) regression may be
obtained by fitting a polynomial. The general form of the

polynomial regression is as given under

Y =a  +a;X+ a2X2 + ceeneen +ax" + € viw s {1)

The coefficients a sy, eeeee ,a, are the regression
coefficients and are determined by the least square method of
parameter estimation. The power order m is choseén so as to
minimize the sum of the squares of deviations from the line.
The power m should be much lower than the sample size N in
order to have a sufficient number of degrees of freedom
(N-m-1) and to have a reliable estimate of the standard devia-
tion. Generally the value of m is between 2 and 4 as it is

very difficult to physically explain higher degree of m.




It is preferable to plot the data first to have a prel-
iminary idea about the value of m or the degree of polynomial

to be filled to the data.

1t Purpose and Capabilities

The programme calls various subroutines to perform the
regression analysis. The programme prints the regression co-
efficients and analysis of variance tables for polynomials of
successively increasing degrees. The programme also optionally
prints the table of residuals and a plot of Y values and Y.

estimates.

The programme for polynomial regression can cater upto
100 observations and 10th degree polynomial. To handle more
observations, the dimensions in the main programme should be

changed.

12 Definitions of the Terminology Related to the Topic

a. Sum of squares due to regression:

This represents the portion of wvariance due to
regression. This is given by following equation:-

SSDR = 5 (¥} -§)° o 2

1=1
where,

9]
0
&l
v )

sum of squares due to regression
Y.' : Estimated value ©f dependent variable
b : Mean of dependent variable

Total number of observations

2



The number of degrees of freedom (NDF) will be equal

to the degree of polynomial.

b. Mean squares due to regression :
Mean squares due to regression is the ratio of sum of
squares due to regression and number of degrees of freedom.

SSDR AT

where
MSDR : Mean squares due to regression

NDF : Number of degrees of freedom
c. Sum of squares from regression

Sum of squares from regression is the portion of

variance which is due to deviation from regression.
N

SSFR = I g =y g2 o )
: i i
i=1
where,
SSFR : Sum of squares from regression
Yi : Observed value of dependent variable
Yi : Estimated value of dependent variable

The number of degrees of freedom associated with it

is equal to (N-m-1l). Here m is the degree of polynomial.

d. Mean squares from regression :
Mean squares from regression is the ratio of sum of
squares from regression and number of degrees of freedom.

SSFR- (5)

MSFR = S——



where,

MSFR : Mean squares from regression.
e. F Value:

F value is the ratio of mean squares due to regression
and mean squares from regression.

MSDR
« »: 0 (67

F value = MSFR

1.3 Scope

The programme for polynomial regression can be used

for the analysis of trend in the hydrologic data.

1.4 Hardware and Software Requirements

Fortran compiler and simple fortran instructions are
required to run the programme. The programme has been imple-
mented and modified on DEC-2050 and VAX-11/780 system.
However, the same programme can be used with little or no
modifications on any other computer system also. The memory
requirement depends upon the length of the data which will

modify the dimension statement of the programme.
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2.0 SPECIFIC METHOD

The regression coefficients are estimated by the
method of least squares for the sum of sqguares of residuals.

The sum of squares of residuals is given by the following

eguation
N 2
et = I (2 = ¥.) e (7)
gl o *
where,
- : . th =
Yi : Estimated 1 value of Y
.th
Yi : Observed i value of Y
Estimated ith value of v is given by the

following equation for m degree polynomial.

W ez 2 m
Yi = a0 -~ alXi + a2Xi e e + amXi
The N equations are
Y! = a + a,X, + a X2 + + a x?
1 o JE==al, 21 m 1
[ 2 m
Y2 = & + alX2 + a2X2 +  cee. + amx2 e L81)
Y' =a + a.X + a X2 + + a x™
n o 1%n 2°n RilaS m n

The above equations can be written in matrix form

as follows:

o
Py
Il

] [a] e

Nxl vector of observations

(g |
<
e |
I

Nxm matrix

[
fal
I



Dﬂ = mxl vector of unknown parameters

Equation (9) can be written as :

[XTJ [¥] = [XTJ [x] [2] oow (110)

Solution of equation (10) is obtained by pre-multip-
=1
lying by [XT X]
L ‘ =i
e = e
=i
of [k = gf %7 [v] ERREL L
Here[A]is a vector of m regression coefficients.

o A General Description

2.1.1 Programme description
The computer programme for polynomial regression

consists of the main routine named PREG and five other sub-
routines named GIATA for data matrix generation for poly-
nomial regression, ORDER for rearrangement of intercorrela-
tions, MINV for matrix inversion, MULTR for multiple linear
regression and PLOT for plotting. Subroutines are described
below:

A. Subroutine GDATA( N,M,X,XBAR,STD,D,SUMSQ )

Tﬁis subroutine generates independent wvariables upto
the mth power (the highest degree polynomial specified) and
calculates means, standard deviations, sums of cross products
of deviations from means and product moment correlation

coefficients. The calling arguments are :

N : Number of observations

M : The highest degree polynomial to be fitted



XBAR

STD

SUMSQ

Input matrix (Nxm+1). When the subroutine

is called data for the independent variables
are stored in the first column of matrix X
and data for the dependent variable are
stored in the last column of the matrix. Upon
returning to the calling routine,genera-
ted powers of the independent variable are

stored in columns 2 through m

Output vector of length m+l containing means
of independent and dependent variables
Output vector of length m+l containing
standard deviations

Output matrix containing correlation
coefficients

Output vector of length m+l containing sums
of products of deviations from means of

independent and dependent variables

B. Subroutine ORDER (M,R,NDEP,K, ISAVE,RX,6RY)

The purpose of this subroutine is to construct from

larger matrix of correlation coeffcients a subset of matrix

of intercorrelations among independent variables and a vector

of inter-correlations of independent variables with dependent

variable. The calling arguments are:

M

R

Number of wvariables and order of matrix R
Input matrix containing correlation

coefficients



NDEP

ISAVE

RX

RY

The subscript number of theudependent
variable

Number of independent variables to be incl-
uded in the forthcoming regression, K must
be greater than or equal to 1

Input vector of length K+1, containing, in
ascending order, the subscript numbers of K
independent variables to be included in the
forthcoming regression, upon returning to
the calling routine, this contains in
addition, the subscript number of the depen-
dent variable in K+1 position

Output maltrix (K x K) containing intercorr-
elations among independent variables to be
used in forthcoming regression

Output vector of length K containing inter-
correlations of independent variables with

dependent variable

C. Subroutine MINV (A,N,D,L,M)

The subroutine is used for matrix inversion. Various

calling arguments are :

A

e

Input matrix destroyed in computation and
replaced by resultant inverse
Order of matrix A

Resultant determinant




L 3 Work vector of length N

M : Work vector of length N

D. Subroutine MULTR(N,K,XBAR,STD,D,RX,RY, ISAVE,
B,SB,T,ANS)

This subroutine performs a multiple linear regression
analysis for a dependent variable and a set of independent

variables. The calling arguments are

N s Number of observations
K 2 Number of independent variables in regression
XBAR : Input vector of lengthm+lcontaining means

of all the variables

STD s Input vector of lengthmtlcontaining standard
deviations of all the variables

D : Input vector of lengthmtlcontaining the
diagonal of the matrix of sums of cross
products of deviations from means for all
variables

RX ¢ Input matrix (K x K) containing the inverse
of intercorrelations among independent
variables

RY : Input vector of length K containing inter-
correlation of independent variables with
dependent variable

ISAVE : Input vector of length K+1 containing sub-
scripts of independent variables in ascending
order. The subscript of the dependent varia-

ble is stored in the last K+1 position

9




B : Output vector of length K containing regress-

ion coefficients

SB 2 Output vector of length K containing stand-

ard deviation of regression coefficients

TF : Output vector of length K containing t
values
ANS : Output vector of length 10 containing the

following information:

ANS (1)
ANS (2)
ANS (3)

ANS (4)

ANS (5)

ANS (6)

ANS (7)

ANS (8)

ANS (9)

ANS (10)

intercept

multiple correlation coefficient
standard error of estimate

sum of squares attributable to
regression (SSAR)

degreesof freedome associated
with SSAR

mean sqguares of SSAR

sum of squares of deviations
from regression SSDR

degrees of freedom associated
with SSDR

mean squares of SSDR

F wvalue

E. Subroutine PLOT (NO,A,N,M,NL,NS)

The purpose of this subroutine is to plot Y values and

Y estimates versus base variable X. The calling arguments

are:

10



NL

NS

Chart number

Matrix of data to be plotted. First
column represents base variable and
successive columns are the cross
variables (maximum 9)

Number of rows in A

Number of columns in matrix A ( This is
equal to the total number of variables,
maximum is 10)

Number of lines in the plot. If @ is
specified 50 lines are used

Code for sorting the base variable data
in ascending order

0 if sorting is not necessary

1 if sorting is necessary

2.1.2 Programme modifications

The programme capacity can be increased or decreased

by making changes in dimension statements. The following are

the general rules for the Programme modifications.

(a)

(b)

The dimension of array X must be greater than or
equal to the product of N (m+1) where N is the
number of observations and m is the highest degree
polynomial to be fitted.

The dimension of array DI must be greater than or

equal to the product of (m x m) .

L



(c) The dimension of array D must be greater than or

equal to (m+2) (m+1)/2.

(d) The dimensions of arrays B,E,SB, and T must be
greater than or equal to the highest degree
polynomial to be fitted, m.

(e) The dimensiqns of arrays XBAR,STD,COE,SUMSQ and
ISAVE must be greater than or equal to (m+l).

(f) The dimension of array P must be greater than

or equal to 3XN.

2.2 Data Requirement

The data of independent and dependent variable for
which the regression analysis is to be performed, are
required. The pairs of independent and dependent variables

should be complete without any gap.

2.3 Analysis

The analysis of 93 years stage data of river Narmada

at Broach is given in subsequent sections

The general form of the regression equation is :

n 2 m
Y = ao + alx + azx £ e . amx + €

The highest degree of polynomial to be fitted to the

stage data is 2. So the regression analysis will be perform-

ed for two cases.

12
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4

Case II

Case I

(a) -Regression coefficients are calculated by method

of least squares and are

24.6236 & 0.0611

(b) Sum of squares due to regression and sum of

squares from regression are calculated by

equation 2 and 4 and are 250.38 and 1615.39
respectively.
(c) Mean squares due to regression and mean squares

from regression are calculated by equations 3 & 5

and are 250.38 and 17.75156 respectively.

(d) F value is given by equation 6. The F value is
14.10 .
(e) Improvement in terms of sum of squares is equal

to the improvement in sum of squares due to

regression, so this is equal to 250.38

For Case II the analysis is done in similar way.

Advantages and Limitations

13



2.4.1 Advantages

upto 100 observations and 10

The program for polynomial regression can deal with

th degree polynomial. 1In the

programme powers of an independent variable are generated

to calculate polynomials of successively increasing degrees.

If there is no reduction in the residual sum of squares

between two successive degrees of polynomials, the programme

terminates the problem before completing the analysis for

the highest degree polynomial specified.

Limitations

1. The programme cannot deal with variables with
missing data.

2. The degree of polynomials will always start from
one.

3. The relationship developed should not be used

-for extrapolation as the confidence intervals on the

regression line become very wide as the distance from
X is increased. Secondly the relationship or the
equation of regression line may be different outside

the range.

Programme Details

The listing of the source programme is given in

Appendix I. Input data specifications and output details

have been described in Appendix II and III. The test data

14



for which the programme has been run and corresponding data
file and output file have been given in Appendix IV, V and VI

respectively.

15



3.0 RECOMMENDATIONS

The programme for polynomial regression can deal with
upto 100 observations and 1oth degree polynomial. If a
problem is satisfying above two conditions then the programme
can be used as such. However, if a problem is having more
than 100 observations or if greater than il degree
polynomial is desired, the dimension statements must be
changed according to the rules given for programme modifica-

tion

16
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APPENDIX I

Polynomial Regression Programme

MABTER FOLYHOMIAL REGRESEION

DIMEMEION XOU100 s RTOT0G s DAL RO = E010 0  BRIIOY 5
T4y ¥RARCTL s GTRI1L - CREL 10 BUNBRIIL Y- TEANE L3 2

ZANGIIO s PLI00 Y s TITLECR Y
OPENCUMIT=0:FILE="FPREG.DAT s STATUS="0LR"!
OPENAT T4 FILE="PREG QUT < RTATUS= "HEW
FORMAT(IS:12:1%0

FORMATLI2F& . )

FORMATI1A" POLYNORIAL REGRESSIOM.. .. "1
FORMATL /s * MUMRER OF ORBERUASIOME 16/}
FORMAT( " PRLYNONIAL REGRESBION 0F REGREE' 21X}
FORMATLC INTERQERT(2F20.4:

FORMATL s © REGRESEION COEFFICIENMTRTSALAFRO.81 )
FORMATIIHO/20%s* ANALYSIS OF YaRIENCE FORsX4s

1 REGREE OF FPOLYMOMIAL

FORMATIIHO: 10 "ARURCE OF VARTATION 5« "BEGREE 0F
134k "BUN OF s T SHREAN s SXa THF 4% “ INPROVEMENT IH
STERMAS /26 » ‘FREEDOK s A¥s ‘BRUARES ‘= TN s “BQUARS < XXy
JEHVALUE s 1 'OF St OF SRURRER" X

FORMATL "ORUE TR REGRESSINON s ¥¥sT4:F12:2
1sF10.2:F7,.2:F12, 20

FORMATL" DEVIAION ARQUT REGRESSIDN s
FRRMAT(OY s ‘TRTAL. “s 118 T6sFI L. 20 ¢
FORMATL Y HNQ IMPROVEMENT “ :
FORMAT(IHOS /27" TARLE OF RESIMIALR S

114 HORRERUATION MO, S¥s7HX WALUE: P 0HY UALUE: ¥
2I0HY ESTINATE s 7xsQHRESIDUAL /¥
FORMAT(IX:186:F 18, 8eF 14, 5sF17 . 3sF15. 51

FORMAT(BOALY

REAR(S1&ITITLE

REARIG: 1 NaMaNPLOT

WRITELEs16ITITLE

URITE(&s 2

WRITE(&-41H

READR INPUT RATA

L=

RQ 110I=1sM

d=L4T

REARLSa%r XAT1a¥i t)

Cabl GRATAIM:M:X:YRARSTR: Da QUNER)

M=ttt

=0, 0

HT=h-1

RQ 200 I=1s4

I8AVE(T =1

CAtl ORRER{HMsDMM- T I8AUE DIE)

Catt MIMUIRI-I:DRET:RsT!

CALL MULTRIM: I+ ¥BAR STR:SUMAR BRI £ ISAVE R SR TaANE
REITE(&sT: [

IF(ANBL Y 140.120:2 20

b

5!F13 r?i‘F}’:’r?."

L)
G
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VﬂP‘AHCE OF EERTIMATE

FH=M- ﬁ

EY=SED FN i

STANDARD DEVIATIONS OF PECRESSION COEFFICIENTS
RO 130 J=1ak,

L1=KRld-14d

L=ISAVE(.L}

CROLI=CORTIARS(IRNLLI /DL Y i g8Y 1y
COMPUTER T-Ualits

TAdy=R{LY ERL A

STANDARD ERRDE 0F COTIMATE
BY=B0RT/ARBISY !

F oUalUE

Fi=H

SRARK=S8AR/FH

SEREM=CEDRFN

F=08ARK/SEDENM

ANS(1 RO

ANS (2 =R

AMS(Z1=8Y

ANEL 4 ' =BERAR

ANS(Sr=FY

ANS L& =EEARK

AME( 7 r=8808

ANEIB =Y

ANE (R r=880AK

AMS (10 =F

RETURMN

MR

GURRDUTINE PLOTIMD A MM ML MBS
DIMEMEIOH QUTCIAL YRR
FORMATAIMI s 800l ' CRART 13070
FORMATAIR sF11 . a:8%00n1
FORMATIIH

FORMATII0H 123458780

FORBAT (1001 )

FORMAT(IH o 18K 101H

1

1
FORMATIIHO DX 11F 10 41
MEL=HL

IF(HR S s 10

CORT RASE WARIARLE IM ABDLMDIME DRDER
nR 15 I=isH

R 14 Aela

IF(ALT I-ALdr) 4:14511

L=I-M

I~ b

l'

£=1sM

L aa= 1 2l 2

L=
2

el

i
L4
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LL=tL4M
F=aill
pili=aclil

i2 AlLL Y =F

14 COMTINUE

18 COMT IMUE

OTEST MLL

18 IFOMLLY 20:18:20

18 MLL-S0

0] WRITE(&xty MO

REWIMO 12
WRITEL13:4:
REWINR 13
REARLTIZaSr BLAMICS (ANG(T aI=14%0
REWINR 12
C FIND SCALE FOR PARE WARIARLE
YECAL=(AIMI-A0 Y Y ORLOAT (N -1 )Y
L FINR QCQLE FOR CROBE UARIARLE

‘—HXH
BQ 40 t=M1sHD
IF(alLi=THINY 28228328

26 IFCALIY-YHAX) 40240530
28 YHIN=ALL
GOTO 40
0 YMBE=AL L)
4% COMTINUE

FEOAL=CYMAX-YHINY SO0, 0
L FIND BARE UARIARLE PRTMY PRSITION
AR=4011
L=1
Y =H~1
I=3%
43 F=I-1
APR=RARHFRABCAL
IFCACLY-XPRY SOS0.70
84 Re S8 IX=1.101
58 QUT LT A =R AN
RO &0 J=1aMY
Ll=l+. i
AP L - YMINY 2 80AL 141 .0
QUT (P r=aNG L &)
&0 CONT INUE
HRITE (8 2 AP IQUT LI e IT=t 401

L=t 41

BOTO B0
il WRITEC(LT
an I=141

T=7/9



B84

B8&

ki

100

103

114
1fs

130

s

IFCI-NLL 4T 84584

YXPR=AINY

GoTR S0

WRITE(&sT)

YPR{1 I =YHIN

DQ PO KM=1s%
YPR(KME1 Y =YPROKMNIFYSCAL R0, O
YPR{11=YNMAN
WRITE(&sBI(YPRIIP I IP=1511"
RETURN

ENR

SURRDUTINE GRATA(MaM: ¥ XBAR TRy R RUHERY
RIMENSION XO1rs¥XRARCLY:BTROL DOy RUMHA LY

IF(M-11 103510550
Li=0

no 100 I=2:4
Li=Li+N

DR 100 t=1sM
L=bitt

=t -N

XL Y=X i eno gy
MM=M+1

DF=N

L=0

N0 115 I=1a2HM
KRARLI h=f1.

N0 118 Jd=tiaM
Lob+t
ABRAR(II=¥RARITI 1 +XILY
XRAR(I'=XRARLTI/DF
o0 130 I=1.H4K
STRILv=02,
Lmlimmet vhidi 2
DR 180 I=tsd

HES G

RO 1740 K=iaH
L=

RO AT0 d=1app
L2=Nhl =148

T2 L2 -XRaR L
STR L =BTRIA4TD
RO 170 I=iad
Li=phil-31dk
Ti=X (L1t -¥Ras(l}
=41
RALY=DOLr+T14T2
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1840

ROLY=ROLY-STROIIRETROLN/DF
L=

RO 180 I=1.4M

L=L+I

SUMSR(IY=DIL]
STR(IY=SART(ARSIDRIL Y1)
CALCULATE CORRELATION COEFFICIENTY
L=0

Q190 JS=1afM

Do 190 I-<lsd

=L+

DAL I=RILYA(STRETIRSTRO SN
CALCULATE STANDART REVIATION
DF=BRRTIDF-1.07

R 200 I=1sHK
STR(IZ=STRAIIADF

RETURN

ENR



APPENDIX IT

Input Specifications

Data file contains control cards and data cards

(i) Control Cards

Card Variable Description Format
First TITLE Title of the problem A
Second N Number of observations I5
M Highest degree poly-
nomial to be fitted 1
NPLOT Option code for plott- Il

ing Yy values and Y
estimates versus base

variable X

0 if plot is not required

1 if plot is required
(ii) Data Cards

Input data are read into the computer one
observation at a time i.e. each pair of X and Y values

in free format.

I¥-1/1



APPENDIX III
Output Description

The output for the polynomial regression programme includes

(1) Regression coefficients for successive degree

polynomials.

(2) BAnalysis of variance for successive degree

polynomials.
(3) Table of residuals

(4) Plot of Y values and Y estimates versus base

variable X.

I1I-1/1




APPENDIX IV
Test Data
The programme for polynomial regression has been run on
93 years (1887-1979) annual peak stage data of river Narmada
at BROACH. This has been done in order to see the trend in the

data. The stage data is given below :

Silist - Year Stage Sl. Year Stage £1. Year Stage

No. (m) No. (m) No. (m)
1. 1887 26.50 39. 1925 225000 7. 1963 23.00
2. 1888 21.00 40. 1926 29.50 78. 1964 25.25
3. 1889 23.50 41. 1927 28.00 79. 1965 23.00
4. 1890 2500 42. 1928 27.50 80. 1966 20.60
Sie 180 22.50 43. 1929 25.00 81. 1967 28975
6. 1892 27.50 44. 1930 3050 82, 1968 38.50
7. 1893 24.50 45. 1931 29.50 83. 1969 29. 60
8. 1894 30.00 46. 1932 29.00 84. 1970 41.50
9. 1895 240,510 47. 1933 34.00 85. 1971 26.00
10. 1896 30.00 48. 1934 29.50 8f. 1972 32.00
11, 1887 207 0.0 49. 1935 23.50 87. 1973 36.50
12. 1898 30.00 50. 1936 26.50 88. 1974 29.98
13. 1899 18.25 51. 18937 30.50 89. 1975 28.50
14. 1900 28.00 52008 30.50 90. 1976 26.50
I e o 26.50 53. 1939 34.00 91. 1977 26.99
16. 1902 20.50 54. 1940 26.50 92. 1978 29.54
IS = leRals) 23.:50 55. 1941 29.00 93. 1979 31.49
18. 1904 2510 56. 1942 34.50

19, 1905 30.70 57 1943 25.50

20. 1906 32..50 58. 1944 35.00

21. 1907 25.00 59. 1945 33.00

22. 1908 24.50 60. 1946 27.50

23. 1909 700 OISOl 31.50

24, 1910 25250 62. 1948 29.50

25 1905 20.50 63. 1949 29.00

26. 1912 28.00 64. 1950 35.00

27. 1913 33.00 65 1957 2350

28. 1914 21.50 66. 1952 23.50

29. 1915 24.50 67. 1953 33.00

30. 1916 27.50 68. 1954 29.50

v 90T 27.00 69. 1955 28.50

32. 1918 19550 70. 1956 27.00

33. 1919 32.50 Tk e 27.50

34. 1920 22.50 200 1G58 25.50

35. 1921 24.50 73 959 33.00

36. 1922 24.50 74. 1960 25.50

37« 1923 30.00 755 1961 25.20

38. 1924 27.00 76. 1962 32.30

IV-1/]
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TEST INPUT
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L YEARS STAGE RATA AT BROACH
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APPENDIX VI

TEST OUTPUT

£ DATA AT BROACKH
FERESEIND

P2 YEARS BIaG
F: S b‘s!'l'l-'l‘l'r

POLYNONIAL

HUMBER OF QBRERVASIONG kS

POLYNOMIAL REGRESEION NOF DREGREE
IMTERCEPRT 24,8238

ek

REGRESSINN CREFFICIEMTRE
AR5 B

ANALYSIS RF UARIENMCE FOR IDEGREE OF POLYNOMIAL

0 SOURCE OF VARIATION RERREE N SUM OF  HEAM F INPROVEMENT INTERHS
FREEDQN  SOUARES  SOUARE  VALUE OF SII6 OF SOUARES
OMME TR REGRESSTON 1 250,38 250,38 14,10 250,38
DEYIAION AROUT REGRESSION 91 1415.3% 17575
TATAL 92 184%,77

POLYNOMIAL REGRESSIONM OF REGREE 2
INTERCERT 27,8287

REGRESSIOH COREFFICIENTE

O.11G8& SRR (a1
(4]
AMalYSIS OF UARIENCE FOR PREGREE OF POLYMOMIAL
O SQUHRELE OF VARTATION REGREE OF  SUX OF  MEAN 7 IMPROVEMENT INMTERME
FREEDRON SRUARES  SOUARE Yat UE OF SUM OF SQUARES
antiE TR REGRERSIOM 2 241.,0% 136,58 732 10,71
REYIAION ARQUT REGRESEION 90 1604 &8 17,83 )
TRTAL wE 1R&TRTT

POLYNOMIAL REGRESSION. .oy

PQLYNOMIAL REGREERIOM OF REGREE 2

{
TARLE OF RESIRUALS
QREERUATION NQ. s 5 uallE Y WAtUE Y ESTIMATE RESTRUAL
1 1. OOoah 28, 50000 22, 94902 2,95017
2 200000 2. 00000 24.05888 -3.045888
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&1 00000
AT TATATAL
A AT
&4, 000nG
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A& GOOO0
&7 G000
LB OGO00
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7200008
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TE Q0000
77, 00000
J’S * ﬁﬁﬁo'ﬁ
T8 00000
LA A TATATA]
81, 20000
B2 QOO0
B3, 00000
84, 00000
8. 00000
L EATA T TATA]
87, 00000
8800000
22, Q0O0O0
O L0000
2100000
2. 00000
23, 00000

34 0000k
24, 80000
290000t
A4 ROO00
20« SO000
AR 00000
32, 00000
D7 B0000
T, 80000
s U AT
20 Q000
I8 00000
28, SO0
s IATATA A
R A AL
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