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ABSTRACT

The derivation of relationships among hydrologic variables is of great
importance for the transfer of information from few gauged sites to many
ungauged sites. This relationship may be between one dependent variable and
one or more independent variables. The general form of the multiple linear
regression is:

X1 = Ba1 + Bzxz - E’>3X3 ceeeat Bm Xm + €

where;

Xl 1s dependent variable

X2 ,.....,Xm are independent variables and

Bl,. .o .,Bm are regression coefficients

The user's manual gives the details of the computer programme for multiple
linear regression. The selection of the different sets of independent variables
and designation of a dependent variable can be made as many times as desired.

The output of the programme includes means and standard deviations
of dependent and independent variables, correlation coefficients between inde-
pendent variables and dependent variable, regression coefficients, standard
error of regression coefficients, computed t-values, intercept, multiple correlation
coefficient, standard error of estimate, analysis of variance for multiple reg-
ression and table of residuals.

The manual describes various statistics given in output with test example
and input data specifications. The programme is written in FORTRAN . The

manual also gives the limitations of the programme.
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1.0 INTRODUCTION

The derivation of relationships among hydrological variables is of great
importance for the transfer of information from few gauged sites to many
ungauged sites. This relationship may be between one dependent variable and
one independent variable. This may also be among one dependent variable and
several independent variables. The regression analysis is useful in the estimation
of missing data in hydrologic series . The use of correlation and regression
analysis has been enhanced greatly by the advent of computers.

The association of three or more variables can be investigated by multiple
linear regression and correlation analysis. The general form of the multiple
linear regression is given below:

Koy = By % B Xop® isei +B X + € (1)
pls m

in equation (1) Xl is a dependent variable and X2 ..... Xm are independent
variables.

If equation (1) is linear i.e. if all the variables (dependent and independent)
are in linear form, the regression is referred as the multiple linear regression.
The association between the variables of nonlinear relations in hydrology is
often transformed to linear form for the multiple regression analysis as it
is easier to treat linear equations.

If a regression equation with m parameters is fitted to a set of N data
points of variables Xl’ XZ""'Xm ,the number of degrees of freedom will
be N-m. If the number of parameters is equal to the sample size the regression
equation will pass through all the points as there is no degree of freedom.
It can not be used for prediction as the errors of parameters are inversely
proportional to the number of degrees of freedom.

In designing the multiple linear and nonlinear regression relations the

selection of dependent and independent variables is very important. The depe-




ndent variable is defined by the problem itself. The independent variables are

selected by the following two criteria:

(i) They have been observed in the past concurrently with the dependent
variable so that the regression equation may be established, and they

will continue to be observed in the future also so that X, may be pred-

1
icted from them when necessary.

(ii) The variables are selected for investigation by a subjective method on
the grounds that the analysis of physical phenomenon indicates an effect
on dependent variable by the independoent variables.

These criteria are necessarily subjective when the services or surveys
have been established for gathering the hydrologic data. Various variables to
be observed are decided by some criterion of subjective nature.

Many variables Xm+l’ X are neglected as they are not known to

m+2

affect Xl' The random term € j.e. the difference between predicted Xl, and

the observed XI encompasses all neglected variables and all errors.

1.1  Purpose and Capabilities of the Programme
Multiple linear regression analysis is performed for a set of independent
variables and a dependent variable. In the programme the selection of different
sets of independent variables and designation of a dependent variable can be
made as many times as desired. The programme carries out the following oper-
ations:
1. Reads the title of the problem.
2. Reads subset selections i.e. different sets of selections of independent
and dependent variables for multiple regression.
3. Calls various subroutines to calculate means, standard deviations,
simple and multiple correlation coefficients, regression coetficients,

T values and analysis of variance for multiple regression.



4. Prints the results,

The programme for multiple linear regression can deal with upto 40 variables

including both independent and dependent variables.

(c)

(d)

Definitions of the Terminology Related to Topic
Standard deviation of residuals: This is defined as the standard deviation
of the differences between the observed and estimated/predicted values

of dependent variable. This parameter is a measure of the closeness

~ with which the estimated values approach the observed values.

Multiple c orrelation coefficient: The correlation coefficient is a measure

of the linear association of two variables. In the case of multiple regress-

ion, the two variables are the‘ estimated and observ;'-:d values of the dep-

endent variable. Thus the multiple correlation coefficient is the ratio

of the standard deviation of estimated values to that of observed val_ues,i-e-
R=s — ees(2)

Coefficient of determination : The square of the multiple correlation

Coefficient(Rz)is called coefficient of determination. This indicates part

of the variance which has been accounted for by multiple regression.

Partial correlation coefficients : The partial correlation coefficient
measure the association of the dependent variable Xl with any given
independent variable X, . The partial correlation coefficient may be

determined by the following equation:

2 2
(1-R2)- (l-Rl)

I‘Z*

i’ 2

(1-R2)

2

I- R}

= 1- -
l' 2 o--(3)

R



where :

ri . Partial correlation coefficient for 1th independent variable
Ri : Multiple correlation coefficient between Xl and all the independent
variables

R.: Multiple coefficient between X1 and all the independent variables

excedpt X i

(5) Beta coefficients

The effect of individual independent variable on the dependent variable

may be measured by a dimensionless form of the regression coefficient. Each

variable can be expressed in the following form:

X, =By + By Xy # wenns3 X
oF & By B B
5= 5 S K TS
1 1 ] [
3 X By BS, X, B.S. . X
Sho=m— t essssss —
B L e S 5 W3
CR SR L SR e ()
5, P S, M |5
| 2 m
where, B'1 jeeesy B! are the beta coefficients.
1.3  Scope

The programme for multiple linear regression can be used where the

association of three or more variables has to be investigated.

l.4 Hardware and Software Requirements

FORTRAN compiler and simple FORTRAN instructions are required to run






2.0 SPECIFIC METHOD

(i) Parameter Estimation

The parameters of the multiple regression are estimated by method of

least squares for the sum of squares of residuals. The sum of squares of residuals

is given by the following equation:
N 12
& w5 Wy -y )
=]

where :

Xl: Observed value of dependent variable
XI; Estimated value of dependent variable

Estimated value of the dependent variable is given by:

Xl = Bl + BZXZ + BBX3 £ aeone +Bm =
For e™ = 0

[ Y] = [XIB]
(x170Y1 = (X1 [X]B)
X X7 1x470v] = X TxT xaTixas)
(8] = (X x1'1x1"1v)
where:
[B]: Matrix containing M regression coefficients
[X]: (NxM) matrix containing independent variables
[Y]: (Nx1) matrix containing dependent variable
(ii) Statistics Calculated in the Programme for Multiple Regression

Formulae used for the calculation of various statistics are given in subs-
equent sections:

(@)  Mean of the variable (dependent or independent)



z
where: x = [;—

——

X: Mean
.th :
Xi: i1 value of variable
N : Total number of observations

(b) Standard deviation

N 2
I X=X wus I(R)
g =, I=l : )1/2
(= R=1_
where :
g : Standard derivation
(c) Correlation X v/s Y Sxy
r =
" XY Sx Sy_
(X -X) (Yi-"Y")/ N-1
i=1

5 s i o: (9)
(2 (X -X)2 £ iy, -¥ ¥ )
. i i
i=1 i=1
where .
r . Correlation X v/s Y
XsY

(d)  Regression coefficient

Regression coefficients are calculated by the method of least squares

(e) Standard error of regression coefficient

S
e l
By = 5 j ..(10)

where bi (N - M)(l-Ri2 )

S Standard error of ith regression coefficient



S. : Standard deviation of residuals

S. : Standard deviation of )(i

R. : Multiple correlation coefficient of Xlwlth respect to all variables
except the variable Xi

(f) T value

regression coefficient
Tvaltes= standard error of regression coefficient ...(11)

(g)  Sum of squares due to regression

Z

1

O (12)

SSDR = | |

|
where :

SSDR : Sum of squares due to regression

X'1 : Estimated value of dependent variable

X1 : Mean of dependeni variable

(h)  Sum of squares from regression

- X)) 2 L)

where:
SSFR : Sum of squares from regression

Xl : Observed value of dependent variable
(i) Mean squares due to regression

Sum of squares due regression wa(18)
Number of degrees of freedom

Mean squares due to regression =

Number of degrees of freedom will be equal to number of independent

variables.

(j)  Mean squares from regression
Sum of squares from regression
Number of degrees of freedom

Mean squares from regression = ossll5)



(k)

{111)

Number of degrees of freedom will be equal to N-M
Multiple correlation coefficient

This is the square root of coefficient of determination.

Multiple correlation coefficient = ‘l R

= ‘[Surn of squares due to regression
Sum of squares about mean

N B
{ X! - %)
) 2] !
N ) «.(16)
3 (xl-xl)

=]
Sum of squares about the mean is the sum of squares due to regression
and sum of squares from the regression.

(1) Standard error of estimate

Standard error of estimate = J/Mean square from regression

= |IN 2
X, =X N- M
J%Zl( e AL ) Gx (17
(m) F v alue

Mean squares due to regression
Mean squares from regression

F value =

Tests of Hypothesis

F-Test: A test of the hypothesis that the regression equation is not expla-

ining a significant amount of variation in X, can be made by calculating the

F value which is the ratio of mean squares due to regression to mean squares

from regression.

The hypothesis is rejected if F value for the regression equation exceeds




E ; ;

1- a, M-I, N-M where (1- @) is the confidence level. In other words regression
equation explains significant amount of variation in Xl if F value is greater
h
MBI o s NG,

The values of cumulative F distribution for v l(numerator (M-1) and v.(deno-

2
minator (N-M)) are given in table 2.

T-Test: A test of hypothesis that the iJCh independent variable is not
contributing significantly to explain the variation in dependent variable is

made by calculating the T-value. The hypothesis is rejected at |- o probability level

1t ymilie ExceRds e /2, N-M. In other words ith variable is significant at I-q

level if t value is greater than t, ~a/2, N-M.

Percentile values (ta \)) for the t distribution with v degrees of freedom
b]

are given in table |.
2.1  General Description/Programme Description

2.1.1 Programme description
The multiple linear regression programme consists of the main routine
named MREG, a special input subroutine DATA and four other subroutines.
The subroutines have been described below:
(a) SUBROUTINE DATA (M,D)
The purpose of this subroutine is to read an observation from input device.
This subroutine is called by the subroutine CORRE and must be provided
by the user. If size and location of data fields are different from problem
to problem, this subroutine must be recompiled with proper format state-
ments. Various calling arguments are:
M :The number of variables in an observation
D :Output vector of length M containing the observation data

(b) SUBROUTINE CORRE(N,M,I0,X,XBAR,STD,RX,R,B,D,T)

10




c)

This subroutine computes means, standard deviations, sums of cross products
of deviations, and correlation coefficients. Various calling arguments
are :
N : Number of observations N must be greater than or equal to I
M : Number of variables M must be greater than or equal to |
IO : Option code for input data
0 if the data are to be read in from subroutine DATA
|1 if data are already in CORRE
X If 10=0, X is 0.0, if 10=1, X is input matrix (NxM) containing data
XBAR  Output vector of length M containing means
STD  Output vector of length M containing standard deviations
RX  Output matrix (MxM) containing sums of cross products of deviat-
ions from means
R Output matrix containing correlation coefficients
B Output vector of length M containing the diagonal of the matrix
of sums of cross products of deviations from mean
D  Working vector of length M
T  Working vector of length M
SUBROUTINE ORDER (M,R,NDEP,K,ISAVE,RX,RY)
The purpose of this subroutine is to construct from larger matrix of
correlation coefficients a subset matrix of intercorrelations among
independent variables and a vector of intercorrelations of independent
variables with  dependent variable.
The calling arguments are:
M : Number of variables and order of matrix R

R : Input matrix containing correlation coefficients

11



(e)

NDEP : The subscript number of the dependent variable
K 3 Number of independent variables to be included in the forthcoming
regression, K must be greater than or equal to 1.

ISAVE : Input vector of length K + | 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
dependent variable in K+l position

RX : Output matrix (KxK) containing intercorrelations among independent

variables to be used in forthcoming regressior

RY : Output vector of length K containing intercorrelations of indep-

endent variables with dependent variable

SUBROUTINE MINV (A,N,D,L,M)

The subroutine is used for matrix inversion. Various calling arguments are:

AT, Input matrix destroyed in computation and replaced by resultant
inverse

N Order of matrix A

D . Resultant determinant

| R Work vector of length N

M Work vector of length N

SUBROUTINE MULTR(N,K,XBAR,STD,D,RX,RY,[SAVE,B,SB,T,ANS)
This subroutine performs a multiple linear regression analysis for a depen-

dent variable and a set of independent variables. The calling arguments

are:
N Number of observations
K . Number of independent variables in the regression

XBAR ., |Input vector of length M containing means of all the variables

STD . Input vector of length M containing standard deviations

12




RX

RY

ISAVE:

ANS
ANS(1)
ANS(2)
ANS(3) :
ANS(4) :
ANS(5) :
ANS(6) :
ANS(7) :
ANS(8) =
ANS(9) :

ANS(10) :

of all the variables

Input vector of length M containing the diagonal of the matrix
of sums of cross products of deviations from means for all variables
Input matrix (KxK) containing the inverse of intercorrelations among
independent variables

Input vector of length K containing intercorrelations of independent
variables with dependent variable

Input vector of length K + 1 containing subscripts of independent
variables in ascending order. The subscript of the dependent variable
is stored in the last K + 1 position

Output vector of length K containing regression coefficients

Output vector of length K containing standard deviation of regression
coefficients

Output vector of length K containing t-values

Output vector of length 1) containing the following information
Intercept

Multiple correlation coefficient

Standard error of estimate

Sum of squares attributable to regression (SSAR)

Degree of freedom associated with SSAR

Mean squares of SSAR

Sum of squares of 'deviations from:regression SSDR

Degrees of freedom associated with SSDR

Mean squares of SSDR |

F Value

2.1.2 Programme Modification

Programme capacity can be increased or decreased by making changes

in dimension statements. Input data in a different format can also be handled

13



by providing a specific format statement in subroutine’ DATA. In order to fami-
liarize the user with the programme modification, the following are the general
rules.
(1) Changes in the dimension statements of the main programnme MREG :
(a) The dimension of arrays XBAR,STD,D,RY,ISAVE,B,SB,T and
W must be greater than or equal to the number of variables M.
(b) The dimension of array RX must be greater than or equal
to the product of MxM.
(c) The dimension of array R must be greater than or equal
to (M+1)M/2.
(2) Changes in the input format statement of the special input sub-
routine,DATA *
The subroutine DATA is normally written by the user to handle
different formats. for different problems. The user may modify
this subroutine to perform testing of input data, transforming

of data and so on.

2.2 Data requirement
Data of various variables among which multiple linear regression has
to be performed are required. The pairs of dependent and independent variables

should be complete.

2.3 Analysis
The following model has been used to correlate discharge with area and
average annual maximum 24 hour rainfall depth:

=B, +B.A +B.I s L19)
Q =By +B, 3

where.:

Q : Mean annual flood in thousands of cusecs

14




A : Watershed area in thousands of square miles

I : Average annual maximum 24 hour rainfall depth in inches

BI’BZ’B are the regression meffficients,

3
The calculations for various statistical parameters are described in subse-

quent sections:

(a) Means
The mean of Q,A and I have been calculated using equation(7) and are
21.772,1.52 4,2.450 respectively.

(b)  Standard deviations
Using equation (8) the standard deviations of Q,A and I are 32.050, 2.422
and 0.47 7 respectively.

(c) Correlation coefficients between A and Q and I and Q using equation(9)are

rA, Q = 0‘994

rl’ Q = 0.590
(d) Regression coefficients
The regression coefficients are calculated by the method of least squares.
The regression coefficients and the intercept are 13.151 , 0.011 and
1.65700 respectively.
(e)  Standard error of regression coefficients
Using equation(10) standard errors of regression coefficients are 0.56 2

and 2.852 .

(f) T values
Regression Coefficient

T value = -
Standard error of regression coefficient

T value = 1 .'151
0.562
for A

= 23-“1“
o -
1<« / 2, N-M or tg7s,11 1S 2.201 from table | T,

value for A is greater than t 975.11° So the variable A is significant at 95%
] ’

15




(h)

(i)

(j)

(k)

(1)

probability level.

_ 0.011
T value for | =.853

= 0.004
| T| value for I is less than t97s,11® So the variable Is not significant
at 95% probability level.
Sum of squares due to regression

14 o
SSDR - 'zl(Qf' - Q)
B

= 13182.6 3
Sum of squares from regression
14
i=1
= 171.099

Mean squares due to regression

Mean squares due to regression = -—-—-—131282‘62

= 6591.312
Mean squares from regression
Mean squares from regression = H_il_09_8_
= 15.554

F value

Using equation (18), F value is 423.758. F value is greater than F|_,

M-1, N-M ©F F952 11 °F 3.98. So the model Q = 13.15105 A + .001119]
Ty = LA

Is explaining significant amount of variation in Q.

; - e _|Sum of squares due to regression
Multiple correlation coefﬁaent—‘[ Sum of squares about mear

14 3
_ i=1
b 14
£ (Q-0 )2

=l *

16
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(m)

2.4

2.4.1

2.4.2

13182.62305

)1/2

= (—T3353.72168

=, 99357

Standard error of regression = JMean squares from regression

g J 15.554

= 3.9439 1

Advantages and Limitations

Advantages

(i) The parameters of a linear model or a model which can be trans-
formed to linear can be estimated.

(i) The programme for multiple regression analysis can deal with
upto 40 variables (included both independent and dependent vari-
ables).

(iii) Any variable in the set of original variables can be designated
as a dependent variable and any number of remaining variables
can be specified as independent variables.

(iv) Selection of a dependent variable and a set of independent variables

can be made as many times as desired.
Limitations

(1) All the observations of independent and dependent variables should

be complete.

17




(i1) Subroutine DATA should be written by the user depending upon
the problem.

(iii) ~ The regression equation should not be extrapolated beyond the
range of independent variables because of two reasons. Firstly,
the confidence intervals in the regression line become very wide
as the distance from mean value is increased. Secondly,the relation

may be different in the extrapolated range.

2.5 Programme Details

The source programme listing and input specifications have been given
in Appendix I and II. Various statistics printed in the output are described in
Appendix III. Test data is given in Appendix IV. Input data(data file) and output

file are given in Appendix V and VI respectively.

18




3.0 RECOMMENDATIONS

The programme for multiple regression analysis can deal with upto 40
variables (dependent and independent both). The format for input data bas
been set free. For the input data, the subroutine DATA should be written by
the user. If there are more than 40 variables, the dimension statements in
the main programme must be modified to handle the particular problem. The
selection of different sets of independent variables and designation of a dependent
variable can be made as many times as desired.

The regression analysis should be carried out carefully and the dependent
and independent variables should be chosen on the basis of their physical signi-
ficance. In regression analysis, it is possible to improve the model by including
cross product terms by multiplying together two independent variables to form
a new variable. Before carrying out the regression analysis the form of the

model should be decided on the basis of rational analysis.

19
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TABLE - 1

Percentile values(ta \) for the t distribution with v degrees of freedom
1

a
v 0.75 0.80 0.85 0.90 0.95 0.975 0.995 0.9995
1 1.0005 1.376 1.963 3.078 6.314 12.706 63.657 636.619
2| 0.816 1.061 1.386 1.886 2.920 4.303 9.925 31.598
3| 0.765 0.978 1.250 1.638 2.353 3.182 5.841 12.941
4| 0.741 0.941 1.190 1.533 2.132 2.776 4.604 8.610
i 5| 0.727 0.920 1.156 1.476 2.015 2.571 4.032 6.859
6| 0.718 0.906 1.134 1.440 1.943 2.447 3.7 5.959
7| 0.711 0.896 1.119 1.415 1.895 2.365 3.499 5.405
8| 0.706 0.889 1.108 1.397 1.860 2.306 3.355 5.041
9 0.703 0.8383 1.100 1.383 1.833 2.262 3.250 4.781
10| 0.700 0.87 1.093 1.372 1.812 2.228 3.169 4.587
11| 0.697 0.876 1.088 1.363 1.796 2.201 3.106 4.437
12| 0.695 0.873 1.083 1.356 1.782 2.179 3.035 4.318
13| 0.6%4 0.870 1.079 1.350 1.771 2.160 3.012 4.221
14 0.692 0.868 1.076 1.345 1.761 2.145 2.977 4.140
15| 0.691 0.866 1.074 1.341 1.753 2.131 2.947 4.073
16 | 0.690 0.866 1.071 1.337 1.746 2.120 2.921 4.015
17 | 5.689 0.863 1.069 1.333 1.740 2.110 2.898 3.965
18 | 0.688  0.862 1.067 1.330 1.734 2.101 2.878 3.922
19 | 0.688 0.861 1.066 1.328 1.729 2.093 2.861 3.883
20 | 0.687 0.860 1.064 1.325 1.725 2.086 2.845 3.850
21| 0.686 0.359 1.063 1.323 1.721 2.080 2.831 3.819
22| 0.686  0.858 1.061 1.321 1.717 2.074 2.819 3.792
23 | 0.685 0.858 1.060 1.319 1.714 2.069 2.807 3.767
24| 0.685 0.857 1.059 1.318 1.711 2.064 2.797 3.745
25| 0.684 0.856 1.058 1.316 1.708 2.060 2.787 3.725
26} 0.684 0.856 1.058 1.315 1.706 2.056 2.779 3.707
27| 0.684 0.855 1.057 1.314 1.703 2.052 2.771 3.69%0
28| 0.683 0.855 1.056 1.313 1.701 2.048 2.763 3.674
29 | 0.683 0.854 1.053 1.311 1.699 2.045 2.756 3.659
30| 0.683 0.854 1.055 1.310 1.697 2.042 2.750 3.646
35| 0.682 0.852 1.052 1.306 1.690 2.030 2.724 3.591
40 | 0.681 0.851 1.050 1.303 1.684 2.021 2.704 3.551
45 | 0.680 0.850 1.048 1.301 1.680 2.014 2.699  3.520
50| 0.680 0.849 1.047 1.299 1.676 2.008 2.678 3.496
55| 0.679 0.849 1.047 1.297 1.673 2.004 2.669 3.476
60 | 0.679 0.848 1.046 1.296 1.671 2.000 2,660  3.460
70 | 0.678 0.847 1.045 1.254 1.667 1.994 2.0648 3.435
80 | 0.678 0.847 1.04 1.293 1.665 1.990 2.638 3.416
90 [ 0.678 0.846 1.043 1.291 1.662 1.987 2.632 3.402
100 | 0.677 0.846 1.042 1.290 1.661 1.984 2.626 3.390
200 | 0.676 0.844 1.039 1.286 1.653 1.972 2.601 3.340
300 [ 0.676 0.843 1.038 1.285 1.650 1.968 2.592 3.323
400 | 0.676 0.843 1.038 1.284 1.649 1.966 2.588 3.315
509 | 0.676 0.843 1.037 1.284 1.648 1.965 2.586 3.310
1000 [ 0.675  0.842 1.037 1.283 1.647 1.962 2.581 3.301
w | 0.67449 0.84162 1.03643 1.28155 1.64485 1.95996 2.57582 3.29053
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TABLE 2

Cumulative Distribution forv | (Numerator)and v,(Denominator) Degrees of

F reedan
" f
U T R S R R gt o [EETD ST U R

n |P ;

1 0005 | .0%62| .0%50 | 0138 | 0% | .016 | 022 | 027 | 032 035 | 035 | 042 | 045
001 25| .10 | 00| 013 | 021 | 028 | .034 | .030 | 044 | .043 | 051 | .054
008 .02 | .0m51| 018 | .032 | .084 | .054 | .062 | .068 | .073 | .078 | .082 | .085
010 | .o25| .010 | 029 | .047 | .062 | .073 | .082 | .089 | .095 | .100 | 104 | .107
.025 15| .026 | 057 | 082 | .100 | .113 | .124 | 132 | (139 | 144 | 149 | 153
.05 .02 054 | 099 | .130 | .151 | .167 | .179 | .188 | .195 | .201 | .207 | .211
.10 025 | 117 | 181 | 220 | .246 | 268 | 279 | 289 | 298 | .304 | .310 | .315
.25 172 | .389 | .49¢ | 553 | 591 | 617 | .637 | .650 | .661 | .670 | .680 | .684
.50 1.00 | 1.50 [ 1.71 | 1.82 | 1.89 | 1.94 | 1.08 | 2.00 | 2.03 | 2.04 | 2.05 | 2.07
.15 5.83 | 7.0 | 8.20 | 8.58 | 8.82 | 895 | 9.10 | 9.19 | 0.26 | 9.32 | 9.36 | 9.41
.50 30.9 | 49.5 | 53.6 | 5.8 | 57.2 | s8.2 | 58.9 | 59.4 | 59.9 | 60.2 | 60.5 | 60.7
.95 te1 | 200| 216 | 225 | 230 | 27| 237 | 23v | 241 | 242 | 243 244
975 648 800 804 900 922 937 | 948 957 | 963 969 973 977
.99 405 | soor| seonl sez| sie: ssy 593i| s9st| co2t| 606![ 608'| 611t
995 16| 2000) ziGel 225t| 23Mr] 234 2391 3% MI? 24| 243|244
95 4061| S000] 5400| S0 | 5703 | SBeY| 5931 398 60D 6060 | 6091 611
9995 | 62| 2000| z1e¢| 225¢] 231¢| 23a| 237) 239¢) 241|262 243 244

2 0005 | .o¢s0| .0ss0| omz| 011 | .020 | .029 | .037 | .044 | 050 | .056 | .061 | .065
.00 20| .00 | .0%8| 016 | (027 | .037 | .046 | 08¢ | 061 | .067 | 072 | 077
.005 oi50| .os0| 020 | 038 | .0ss | 069 | 081! 091 | 099 | 106 | .112 | .118
.01 "0920| 010 | 032 | .056 | .075 | 082 | .105 | 116 | 125 | 132 | .139 | .144
.025 ‘13| 026 | 062 | 004 | L1191 138 | 153 | 165 | 175 | 183 | 190 | 196
.05 .0050| 053 | 105 | 144 | 173 | 194 | 201 | 224 | 235 1244 | 251 257
.10 020 | 111 | 183 | 231 | 265 | 280 | 307 | 321 | 333 | .342 | 350 | .356
.28 133 | 333 | 439 | 500 | .540 | .568 | .588 | .604 | .616 | .626 | 631 | .64I
S0 667 | 100 [ 113|120 | vas | 128 f 30 132 1,33 | 134§ 135 | 1,36
75 2.7 [ 3.00 | 315|323 3,28 ] 3.30 3,34 3,350 4.37 | 3.38 ] 3.39 | 3.39
0 8.53|9.00[9.16|9.24 |9.290 | 9.33 | 9.35 | 9.37 | 9.38 | 9.39 9.40 | 9.41
.95 18.5110.0 1 19.2 119.2 | 19.3 | 19.3 1 19.4 | 19.4 | 19.4 19.4 | 19.4 | 19.4
075 | 38.5 | 39.0 1 39.2 | 39.2 | 303|303 {304 39.4 1 50.4|30.4|39.4 | 39.4
.99 98.5 | 99.0 | w9.2 |90 2 {9011 90.3|99.4 | 99.4 | 90.4 | 99.4 | 99.4 99.4
.995 198 [ 199 [ 199 [ 199 199 199 199 | 199 199 | 199 | 19 199
599 908 | 909 | 999 | o909 | 999 | 999 | 999 | 999 | 999 | 999 | 999 | 99
9995 | zo00| 2000| 2000 20000 2000| 200t| 2000\ 2000( 200¢| 200'| 200'| 200!

3 0005 | .oed6| .0450! 04| 012 | 023 | .033 | .043 | 052 | .060 | .067 | .074 | .079
.001 L0M9 | 0110 | 0371 .018 | .030 | .042 | .053 | .063 .072 | .079 | .08¢ | .093
005 | .ou6| .ots0| 021 | .041 | 060 | .077 | .002 | 104 | 115 124 | 132 | 138
.01 oo | 010 | 034 | 050 [ 083 | .102 | 118 | .132 | 143 | 153 | .161 | .168
.028 ‘12| 026 | .065 | .100 | .129 | .152 | 170 | .185 | 197 [.207 | .216 | .224
.05 ‘46| 052 | .108 | .152 | .185 | 210 | .230 | .246-| .259 | .270 | .279 | .287
.10 019 | 100 | .15 | 230 | 276 | .304 | .325 | .342 | .356 | .367 | .3i6 | 384
28 S22 | 317 | aze | ase | 31| .s61 | .582 | 600 | 613 | 624 | .633 | .4
.50 “sss | st | 1.00 | 106 | 110 |tz | s | e | rar | ras | 119 ] 120
15 202|228 236 2.39 | 2.4 | 2.42 [ 2.43 [ 2.44 | 2.44 | 2.44 | 2.45 | 2.48
.90 .54 | 5.46 | 5.30 | 5.34 | 5.31 | 5.28 | 5.27 [ 5.25 | 5.24 | 5.23 | §.22 | 5.22
.95 10.1 | 9.55 [ 9.28 [9.12 [ 9.01 | 8.94 | B89 | 8.85 | B.81 | 879 | 8.76 | 8.74
.975 174 16,0 15,6 [ 151 | 1e0 | 147 | 16| 145 | 145 | 144 | 144 ) 143
.99 341 | 308 20.5 (28,7 [28.2 279|227 | 27.5 | 27.3 | 27.2 | 27.1 | 27.1
995 | s5.6 | 49.8 | 47.5 | 46.2 [ 45,4 | a4ls [ 44.q | 940 143,91 43.7 | 43.5 w34
2990 167 | 149 | tar | w37 ] was | asa| w2 oasng a0 | 129 | a0 | 128
‘o005 | 266 | 237 | 225] 218 | 24| 211 | 209 | 208 | 207 | 206 | 204 | 204

Read .0+68 »5 00056, 200! a3 2000, 1624 a3 1620000, etc.
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"
15 | 20 | 24 |30 | 0 | s0 | 60 | 100 | 120 | 200 | 500 | =
.0005 051 | .os8 | .062 | .066 | .069 | .072 | .074 | .077 | .078 | .080 | .081 | .083
.001 060 | .067 | .071 | .075 | .079 | .082 | .084 | .087 | .023 | .08% | .091 | .092
.005 093 | .101 ] .10s | .109 | 113 | c116 | cuas | La20 | 122 | 124 | 126 | 127
.01 s | a4 | 28 | 132 ] 037 | 139 | 141 | 145 | 146 | 148 150 | .151
.025 61| o170 | c17s | 180 | L1se | 187 | 189 | (193 | 194 | 196 | .198 | .199
.08 220 | 230 | .235 | .240 | .245 | .248 | .250 [ .254 | .255 [ .257 | .259 | .261
.10 325 | 336 | .342 | .347 | .353 | .356 | .358 | .362 | .364 | .366 | .368 | .370
.28 eon | .11z | .19 | 127 | 734 | 738 | 741 | 747 | 749 ] 752 ) (754 ) 756
.50 2.00 | 2121213 2,15 | 216 | 2.17 | 2.17 | 2.18 | 2.18 | 2.19 | 2.19 | 2.20
.78 9.490 | 9.58 | 9.63 | 9.67 | 9.71 | 9.74 [ 9.76 | 9.78 | 9.80 | 9.82 | 9.84 | 9.83
%0 61.2 | 61.7 | 62.0 | 62.3 | 62.5 | 62.7 | 62.8 | 63.0 | 63.1 | 63.2 | 63.3 | 63.3
.95 246 | 248 | 240 | 250 | 251 | 252 |252 | 253 [ 253 | 254 | 254 | 254
9758 o8s | 993 | 997 | 100t | 101t | 1010 | o1 [ 1000 | 101t | 102t | 1020 | 1020
99 o1t | 6210 | 623 | 6261 | 629 | 6300 | 631+ | 6331 | 6341 | 635t | 6360 | 63
.995 2460 | 248 | 2490 | 2508 | 2510 | 251 | 253 | 253 | 2540 | 2540 | 2540 | 2590
.999 616 | 6210 | 623 | 6260 | 6299 | 6300 | 6310 | 633 | 6342 | 6391 | 636* | €IT*
0995 | 2460 | 248 | 249¢ | 250¢ | 2518 | 252¢ | 2524 [ 253¢ | 253¢ | 253¢ | 254¢ | 254
.0005 076 | .083 | .094 | .100 | .108 | .113 | 116 | 122 | .124 | 127 ) 130 | .182
.001 088 | .100 | .107 | c11a | 121 | cn26 | 129 | 235 | 137 | 140 | L1243 | (148
.005 130 | c143 | 150 | 157 | .165 ] L169 | 173 | 179 | 181 | QB4 | 187 | .189
.01 as7 a7 | 178 | J1se | 193 | 198 | (201 | .207 | 209 | .212 | .218 | .217
.025 210 | 7224 | 232 | 239 | .247 | .251 | .255 | .261 | .263 | .266 | .269 [ .271
.08 272 | .286 | .294 | .302 | .309 | .314 | 317 | .324 | .326 | .329 | .332 | .334
.10 art | 386 | .394 | 402 | 410 | 415 | 418 | 424 | 426 | .429 | 433 | 434
.25 657 | 672 | .80 | .689 | .697 | .702 | 708 | 710 | .713 [ 716 | .T29 [ 721
.50 1.38 ] 1,30 [ 1.40 | 161 | 1.42 ] 1,42 ) 1.43 | 1.43 | 1.43 | 1.44 | 144 | 144
.78 3,41 | 3.43 | 3.43 [ 3.¢4 | 3.45 | 3.45 | 3.46 [ 3.47 | 3.47 [ 3.48 | 3.48 | 3.49
.90 942 | 9.44 | 0.45 | 9.46 | 9.47 | 9.47 | 9.47 | 9.48 | 9.48 | 9.49 | 9.49 | 9.49
.95 19.4119.4|19.5]19.5(19.5]19.5]19.5|19.519.5|19.5] 19.5 | 19.5
.975 304 | 39.4|39.5]39.5]|39.5[39.5]|39.5]|39.5|39.5]|39.5]|30.5]39.5
.99 90.4 | 99.4 | 99.5|%0.5|99.5] 99.5|99.5|99.5|99.5]|99.5|99.5|9.5
995 199 | 199 | 199 | 199 |199 | 199 [199 | 199 [199 | 199 | 199 | 200
.999 999 | 999 | 999 | 999 999 | 999 | 999 | 999 | 999 | 999 [999 | 999
9998 | 2000 | 2000 | 200t | 200t | 200 | 2000 | 200t | 200t | 200* | 200* | 200" | 200t
.0005 093 | 109 | 117 | 127 | 136 | 143 | (147 | .156 | 158 | (162 | .166 | .169
.001 107 | 123 | o132 | o142 | Las2 | c1se | (162 | 171 | 173 | L1077 [ (181 | (184
.005 154 | 172 | 1st | 91 | 200 | 207 | o201 | 220 | 222 | 227 | .23 | 204
.01 185 | o203 | .212 | .222 | .232 | .238 | .242 | .251 | .253 | .258 | .262 | .264
.025 241 | 259 | .269 | 279 | .289 | .205 | .299 | .308 | .310 [ .314 [ 318 | .321
.05 304 | 323 | 332 | .342 | .352 | .358 | .363 | .370 | .313 377 | .382 | .384
.10 402 | 420 | 430 | 439 | .449 | 455 | 459 | 467 | 469 | .474 | 476 | .480
.28 658 | 675 | .84 | 693 | .702 | .708 [ .711 | 719 [ 721 | (724 | 728 | .730
.50 1.20 | 1,23 [ 123 | 124 [1.2s [ 125 | 128 | 1.26 | 1.26 | 1.26 | 1.27 | 1.27
.78 2.46 | 2.45 | 2.46 | 2.47 [ 2.47 | 2.47 | 2.47 | 2.47 | 2.47 | 2.47 | 2.47 | 2.47
.90 5.20 | 5.18 | s.18 | $.17 [ 5.16 | 5.15 | 5.15 | 5.14 | S.14 | 5.14 | 5.14 | $.13
.95 8.70 | 8.66 | 8.63 | 8.62 [ 8.59 | 8.58 | 8.57 | 8.55 | 8.55 | 8.54 | 8.53 | 8.53
978 14.3 | 14.2 | 14.1 | 14.1 | 14.0 | 14.0 | 14.0 | 14.0 | 13.9 | 13,9 | 13.9 | 13.9
99 269 |26.7|26.6|26.5|26.4|26.4]26.3(262]26.2]|20.2)26.1]126.1
.995 43.1 | 42.8 ) 42.6 | 42.5 | 42.3 | 42.2[42.1 | 42.0|42.0|41.9 | 41.9 | 41.8
.999 127 | 126 | 12¢ | 125 |25 |12s [ 124 [124 124 124 | 124 | 123
9995 [ 203 [201 | 200 [199 | 199 | 198 | 198 | 197 | 197 | 197 | 196 | 196
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1 2 4 6 8 9 10 1 12
.0005 JOM4 | .0W50 .013 .036 057 | .066 | .075 | .082 | .089
.001 L0818 | .0°10 .019 .046 .069 | .079 | 089 | .097 | .104
.005 044 | L0250 043 .083 L4 ) 126 | L137 | 145 | 153
.01 .18 | .010 .063 109 L143 | 156 | (167 | .176 | .185
.025 .01 | 026 104 .161 (198 | 212 | 224 | 234 | .243
05 (0444 | 052 187 221 .261 | .275 | ,288 | .298 | .307
.10 .018 | .108 .243 314 .356 | .371 | .384 | .394 | .403
.28 117 | .309 484 .560 .601 | 618 | .627 | .637 | .645
.50 549 | 828 1.00 1.06 1.09 | 1.00 [ 1.10 | 1.12 | 1.13
.75 1.81 | 2.00 2.06 2.08 2.08 (2,08 )|208(208]2.08
.90 .54 | 4.32 411 4.01 3.95|3.94|3.92|3.91]3.9
.95 7.71 | 6.94 6.39 6.16 6.04 | 6,00 | 5.96 | 5.94 | 5.91
.975 12.2 | 10.6 9.60 9.20 8.98 | 8,90 | 8.84 | 8.79 | 8.75
.99 21.2 | 18.0 16.0 15.2 14.8 | 14.7 | 14.5 | 14.4 | 14.4
.995 31.3 | 26.3 23.2 22.0 21.4 |21.8 | 21.0 | 20.8 | 20.7
999 74.1 | 61.2 53.4 50.5 49.0 | 48.5 | 48.0 | 47.7 | 47.4
9995 106 | 87.4 76.1 71.9 69.7 | 68.9 | 68.3 | 67.8 | 67.4
0005 L0843 | 0850 014 .038 .061 | .070 | .081 | .089 | .096
.001 .0817| .10 .019 048 .074 | 085 | .095 [ .104 | .112
.005 03| 0850 045 .087 L120 | 134 | .146 | 156 | .165
.01 .0917] .010 064 14 LA51 | 165 | .177 | (188 | .197
.025 .01 028 107 167 208 | .223 | .236 | .248 | .257
.08 .0M3| .082 .160 .228 2271 | (287 | 301 | 313 | L322
.10 .017 | 108 247 322 .367 | .383 | .397 | .408 | .418
.25 113 | 308 483 . 560 604 | 618 | .631 | .641 | .650
.50 528 | .799 .965 1.02 1.05 | 1.06 | 1.07 | 1.08 | 1.09
.15 1.69 | 1.85 1.89 1.89 1.89 | 1.89 | 1.89 | 1.89 | 1.89
.90 4.06 | 3.78 3.52 3.40 3.34 | 3.32 [ 3.30 | 3.28 | 3.27
.95 6.61 | 5.79 5.19 4.95 4.82 [ 4.77 | 4.74 | 4.71 | 4.68
.975 10.0 | 8.43 7.39 6.98 6.76 | 6.68 | 6.62 | 6.57 | 6.52
.99 16.3 | 13.3 1.4 10.7 10.3 | 10.2 | 10.1 | 9.96 | 9.89
995 21.3 | 18.3 15.6 14.5 14.0 | 13.8 | 13.6 | 13.5 | 13.4
.999 47.2 | 37.1 3.1 28.8 27.6 | 27.2 | 26.9 | 26.6 | 26.4
9995 63.6 | 49.8 41.5 38.5 36.9 | 36.4 | 35.9 | 35.6 | 35.2
. 0005 .03 | 0050 014 .039 .064 | 075 | .085 | .094 | .103
.001 J817] L0010 020 .050 .078 | .090 | .101 | .111 | .119
005 .043| .0%50 .045 .090 (126 | .140 | .153 | (164 | .174
.01 L0017 010 066 118 J157 | .172 | .186 | 197 | (207
.028 .11 025 109 172 L215 | .231 | 246 | .258 | .268
.08 043 052 .162 233 279 | .296 | .31 | 324 | L334
.10 017 | .107 249 327 375 | .392 | .406 | .418 [ .429
.25 11 302 481 .561 606 | .622 | .635 | .645 | .654
.50 .515 | .780 942 1.00 1.03 | 1.04 .| 1.05 [ 1.05 | 1.06
.18 1.62 | 1.76 1.19 1.78 1.78 | 1.77 | L7 | .77 | 177
.90 3.78 | 3.46 3.18 3.08 2.98 | 2.96 | 2.94 | 2.92 | 2.90
.95 5.99 | 5.14 4.53 4.28 4.15 | 4.10 | 4.06 | 4.03 | 4.00
978 8.81'1.26 6.23 5.82 5.60 [ 5.52 | 5.46 | 5.41 | 5.37
99 13.7 | 10.9 9.15 8.47 8.10 | 7.98 [ 7.87 | 7.79 | 1.72
995 18.6 | 14.5 12.0 1.1 10.6 | 10.4 | 10.2 | 10.1 | 10.0
999 35.5 | 27.0 21.9 20.0 19.0 | 18.7 | 18.4 | 18.2 | 18.0
9995 46.1 | 34.8 28.1 25.6 24.3 | 23.9 | 23.5 | 23.2 | 23.0
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"
1 2 3 4 5 6 7 L] 9 10 11 12
. 0005 L0%42| .0350 | .0%8| .014 | .027 | .040 | .053 | .066 | .078 | .088 | .099 | .108
.001 L0817 .0010| .0276| .020 | .035 | .051 | .O67 | .081 | .093 | .108 | .115 | .125
.005 L0442 0250 .023 | .046 | .070 | .093 [ .113 | 130 | .145 | .159 | .171 [ .181
.01 .07 010 | 036 | .067 | 096 | .121 | .143 | .162 | .178 | .192 | .205 | .216
.025 L0210 025 | 068 | .110 | .146 | .176 | .200 | .221 | .238 | .253 | .266 | .277
.05 L0042| (052 | .113 | .164 | .205 | .238 | .204 | .286 | .304 | .319 | .332 | .343
.10 L017 | 107 | .190 [ .251 | .297 | .332 | .359 | .3B1 | .399 | .414 | .427 | .438
.15 L110 | 300 | .412 | .481 | .528 | .562 | .SBB | .608 | .624 | .637 | .649 | .658
.50 506 | .767 | .871 | .926 | .960 | .983 | 1.00 | 1.01 | 1.02 | 1.03 | 1.04 | 1.04
.75 1.57 | 1.70 | 1.72 | 1.72 | 0.70 | 1,70 | 1.70 | 1.70 | 1.69 | 1.69 | 1.69 | 1.68
.90 3.59 | 3.26 [ 3.07 [ 2.96 | 2.88 | 2.83 | 2.78 | 2.75 | 2.72 | 2.70 | 2.68 | 2.67
.95 1559 | 4.74 | 4.35 | 4.12 | 3.97 | 3.87 | 3.79 | 3.73 | 3.68 | 3.64 | 3.60 | 3.57
975 B.07 | 6.54 | 5.89 | 5.52 | 5.29 | 5.12 | 4.99 | 4.90 | 4.82 | 4.76 | 4.71 | 4.67
.9 12.2 | 9.55 | 8.45 | 7.85 | 7.46 | 7.19 | 6.99 | 6.84 | 6.72 | 6.62 | 6.54 | 6.47
995 16.2 | 12.4 [ 10.9 [ 10.0 | 9.52 | 9.16 | 8.89 | 8.68 | B.51 | B.38 | B.27 | B.18
999 29.2 ( 21.7 | 18.8 | 17.2 ['16.2 [ 15.5 | 15.0 | 14.6 [ 14.3 | 14.1 | 13.9 | 13.7
L9995 37.0 | 27,2 | 23.5 | 21.4 | 20.2 | 19.3 | 18.7 | 18.2 | 17.8 | 17.5 | 17.2 | 17.0
0005 .0M2] 0250 0248 | .014 | .027 | .041 | .055 | .068 | .081 | .092 | .102 | .112
.00l L0817} 0010 .0276| .020 | .036 | 053 | .068 | .083 | .096 | .109 [ .120 | .130
.005 .042| .0250) .027 | .047 | ,072 | ,095 | .115 | .133 | .149 | 164 | .176 | .187
.01 L0317 .010 | .036 | .068 | .097 | .123 | .146 | .166 | .183 | .198 | .211 | .212
025 L0f0| 025 | .069 | .i11 | (148 | (179 | .204 | .226 | .244 | .259 | .273 | .28
.08 L0%42] 052 | .113 | .166 | .208 | .241 | .268 | .291 | .310 | .326 | .339 | .351
.10 L017 | .107 | 190 | .253 | .299 | .335 | .363 | .386 | .405 | .421 | .435 | .445
.25 L109 | 298 | .411 | .481 | .529 | .563 | .589 | .610 | .627 | .640 | .654 | .661
.50 499 | .757 | .860 | .915 | .948 | .971 | .988 | 1.00 | 1,01 | 1.02 | 1.02 | 1.03
.75 1.5 | 1.66 | 1.67 | 1.66 | 1.66 | 1.65 | 1.64 | 1.64 | 1.64 | 1.63 | 1.63 | 1.62
.90 3.46 | 3.11|2.92 | 2.81)|2.73|2.67|2.62|2.59 | 2.5 |2.54|2.52]|2.50
.95 5.32 | 4.46 .07 | 3.84 | 3.69|3.58|3.50]3.4¢ | 3.39 | 3.35/(3.31(3.28
L9178 7.57 | 6.06 | 5.42 | 5.05 | 4.82 | 4.65 | 4.53 | 4.43 | 4.36 | 4.30 | 4.24 | 4.20
9 11.3 | 8.65 | 7-59 | 7.01 | 6.63 | 6:37 | 6.18 | 6.03 | 5.91 | 5.81 | 5.73 | 5.67
995 14.7 | 11.0 | 9.60 | 8.81 | 8.30 | 7.95 | 7.69 | 7.50 | 7.34 | 7.21 | 7.10 | 7.0l
999 25.4 | 18.5 [ 15.8 | 14.4 | 13.5 | 12.9 [ 12.4 [ 12.0 | 11.8 | 11.5 | 11.4 | 11.2
L9995 31.6 | 22.8 | 19.4 [ 17.6 | 16.4 | 15.7 | 15 14.6 | 14.3 | 14,0 | 13,8 | 13.6
0005 .01 0050 | .0248( .015 | .027 | .042 | .056 | .070 | .083 | .094 | .105 | .115
.001 .0#17| .0210| .0277| 021 | .037 | .054 | .070 | .08S | .099 112 | 123 ] 134
005 L0442 0250 | .023 | .047 | 073 | .096 | .117 | .136 | .153 | .168 | .181 | .192
.01 L0017 010 | .037 | .068 | .098 | .125 | .149 | .169 | .187 | .202 | .216 | .228
025 .0?10| .025 | .069 | .112 | .150 | .181 | .207 | .230 | .248 | .265 | .279 | .291
.05 L0240 .052 | 113 | .167 | .210 | .244 | .272 | .296 | .315 | .331 | .345 | .358
.10 017 | 107 | 191 | .254 | .302 | .338 | .367 | .390 | .410 | .426 | .441 | .452
.25 L108 | .297 | .410 | .480 | .529 | .564 | .591 | .612 | .629 | .643 | .654 | .664
.50 .494 | .749 | .852 | .906 | .939 | .962 | .978 | .990 | 1,00 | 1.01 | 1.01 | 1.02
.75 1.51 | 1.62 [ 1.63 | 1.63 | 1.62 | 1.61 | 1.60 | 1.60 | 1.59 | 1.59 | 1.58 | 1.58
.90 3.36 | 3.01 | 2.81 [2.69 | 2.60 | 2.55 ] 2.51 | 2.47 | 2.44 | 2.42 | 2.40 | 2.38
.95 5.12 [ 4.26 | 3.86 | 3.63 | 3.48 [ 3.37 [ 3.29|3.23 | 3.18 | 3.14 | 3.10 | 3.07
975 7.21 [ 5.71 | 5.08 | 4.72 | 4.48 | 4.32 | 4.20 | 4.10 | 4.03 | 3.96 | 3.91 | 3.87
.9 10.6 | B.02 | 6.99 | 6.42 | 6.06 | 5.80 | 5.61 [ 5.47 | 5.35 | 5.26 | 5.18 | 5.11
995 13.6 | 10.1 | 8.72 | 7.96 | 7.47 .13 | 6.88 | 6.69 | 6.54 | 6.42 | 6.31 | 6.23
999 22.9 | 16.4 | 13.9 | 12.6 | 11.7 1]10.7 ] 10.4 | 10.1 | 9.89 | 9.71 | 9.57
L9995 28.0 [ 19.9 | 16.8 | 15.1 | 14. 3.3|12.8]12.4 | 12.1 | 11.8 | 11.6 | 11.4

26




27



L1
"y 1 2 3 4 s 6 7 8 9 10 11 12
P

10 - 0005 L0041 50| 00| 015 | 028 | 043 057 | 071 | 085 | .097 | .108 | .119
.001 L0817 010 .m77 | 021 | 037 | 034 | 071 C87 | 100 | 114 | (126 | .137
005 41 L0950 022 | 048 | 073 | 098 | 119 | 139 | 1356 171 | (185 | .197
.01 L0817 010 | J037 | 069 | 100 | 127 | (481 | 172 | 190 | .206 220 | .233
025 L0010 025 ] 069 | L1123 | L1501 | 183 | (210 | .233 | .252 | .269 | .283 | .296
.05 L0410 052 | 114 | (168 | 211 | .246 | .275 | .299 | .319 | .336 | .351 | .363
.10 L0017 | 106 1 191 | L255 | (303 | 340 | .370 | .394 | .414 | .430 | .444 | 457
.25 107 | .296 | 409 | 480 | .529 | ,565 | .592 | .613 | .631 | .645 | .657 | .667

.50 A90 | (743 ) B45 | 899 | 932 | .954 | 971 | 983 | .992 | 1.00 | 1.01 | 1.01
.75 1.49 1 1.60 | 1.60,f 1.59 | 1.50 | 1.58 | 1.57 [ 1.56 | 1.56 | 1.55 | 1.55 | 1.54
.90 3.28 | 2.92 | 2.73 { 2.6 | 2.52 | 2.46 |'2.41 [ 2.38 | 2.35 | 2.32 | 2.30 | 2.28

-5 4.96 | 4.10 [ 3.71 | 3.48 1 3.33 | 3.22 | 3.14 | 3.07 | 3.02 | 2.98 | 2.94 | 2.91
915 6.94 | 5. 46 | 4.83 [ 4.47 | 4.24 1 4.07 | 3.95 | 3.85 [ 3.78 | 3.72 | 3.66 | 3.62

99 10.0 [ 7.56 | 6.55 | 5,99 | 5.64 | 3.29 | 5.20 [ 5.06 | 4.94 | 4.85 | 4.77 | 4.72
L0995 12.8 | 9.43 | 808 | 7.34 [ 6.87 | 6.54 | 6.30 [ 6.12 | 597 | 5.85 | 5.75 | 5.66
599 20,0 | 14.9 | 12.6 [ 11.3 ] 10.5 | 9.92 | 9.52 | 9.20 ; 8.96 | 8.75 | R.58 | B.44
L9995 25.5 [ 17.9 [ 15.0 | 13.4 [ 12.4 | 11.8 | 11.3 [ 10.9 | 10.6 | 10.3 | 10.1 | 9.93

11 - 0005 L0041 | 0350 0749 | 015 | 028 | 043 | .58 | .072 | .0B6 | 099 | .111 | .121
-001 L0816 | 0010 | 0?78 021 | .038 | .055 | .072 | .088 | .103 116 | 129 | . 140
.005 L0440 050 023 | 048 | 074 | 099 | L1201 | .141 158 174 | .188 | .200
.01 JRIG) 010 | L037 | L069 | 100 | (128 | .153 [ 175 | .193 210 | 224 | (237

I .025 L2101 .025 | .069 | 114 | .152 | .185 212 | .236 | .256 273 | 288 | .30%
| .05 P41 052 ) 114 | (168 | 212 | 248 | (278 | .302 | .323 | .340 | .355 | .368
| .10 .07 106 | 192 | 256 | 305 | 342 | (373 | .397 | (417 | (435 | .448 | .461
i 5 107 | .2905 | .408 | .481 | .529 | .565 | .592 | .614 | .633 | .645 | .658 | .667
.50 C486 | 739 | 840 | 893 | (926 | .948 | 964 | .977 | .986 | .994 | 1.00 | 1.01

| 78 S I O et T 0 e . o S I W 0 o O O . 0 o O §
" .90 3.23 1 2.8 | 2.66 | 2.54 | 2.45 | 2.39 | 2.34 |-2.30 | 2.27 | 2.25 | 2.23 | 2.21
.95 4.84 | 3.98 | 3.59 | 3.36 | 3.20 | 3.09 | 3.01 | 2.95 | 2.90 | 2.85 | 2.82 | 2.79
975 6!72 1 5.26 | 4.63 | 4.28 | 4.04 | 3.88 | 3.76 | 3.66 | 3.59 | 3.53 [ 3.47 | 3.43
.99 9.65 | 7.21 | 6.22 ( 5.67 [ 5.32 | 5,07 | 4.89 | 4.74 | 4.63 | 4.54 | 4.46 | 4. 40
995 12,2 | 8.91 | 7.60 | 6.88 | 6.42 | 6.10 | 5.85 | 5.68 | 5.54 [ 5.42 | 5.32 | 5.24
999 197 | 13.8 [ 11.6 | 10.3| 9.58 | 9.05 | 8.66 { 8.35 | 8,12 | 7.92 ! 7.76 | 7.62
L9995 23.6 | 16.4 | 13.6 | 12.2 [ 11.2| 10.6 | 10.1 { 9.76 | 9.48 | 9.24 | 9.04 | B.88

12 . 000S L0414 0050 | .0%M9| 015 ) ,028 | .044 | .058 | 073 | .087 | .101 | 113 ] .12¢
001 L0816| 0210 P78 021 | .038 | .056 | .073 | .089 104 | 118 | (131 | .143
008 L0439 0350 .023 | 048 | 075 | .100 | (122 | (143 | .161 | .177 | (191 | .204

.01 .06 .010 | .037 | .O70 | 101 | .130 | 155 | 176 [ .196 | .212 | .227 | .241
.025 L0910 ,025 | .070 | .114 | 453 | ,186 | .214 | .238 | .259 | .276 | .292 | 30§

| .05 41| 052 | 114 | (169 | .214 | 250 | .280 | .305 | .325 | ,343 | .358 ( .372
.10 016 | (106 | 192 | .257 | (306 | 344 ! 375 | 400 | 420 | 438 | .452 | 466

.25 L106 | 295 | 408 | 480 (530 | .566 | 594 | .616 | .633 | .649 | .662 | .671

.50 484 | 735 | B35 | .888 | .921 [ .943 | .959 | .972 [ .981 | .98G | 995 ; 1.00
S 1.46 | 1.561 1.56 | L.55 | 1.54. | 1.53 | 1.52 | 1.50 J 1.31 | 1.50 | 1.50 | 1.49
.90 3.18 { 2.81 [ 2,61 2.48 | 2.39 | 2.33 | 2.28 | 2.24 [2.21 | 2.19 | 2.17 | 2.1§

.95 4.75 | 3.89 [ 3.49 1 3.26 | 3.11 | 3.00 | 2.91 | 2.85 | 2.80 | 2.75 | 2.72 | 2.69
975 6.55 | 5.10 | 4.47 | 4.12 | 3.8B9 | 3.73 | 3.0601 [ 3.51 | 3.44 | 3.37 | 3.32 | 3.28
.99 9.33 [ 6.93 | 5.95 ]| 5.41 | 5.06 | 4.82 | 4.64 [ 4.50 | 4.39 | 4,30 | .22 | 4.16
995 11.8 | 8.51 | 7.23 | 6.52 | 6.07 | 5.76 | 5.52 | 5.35 | 5.20 | '5.09 99 | 4.91
999 18.6 | 13.0 | 10.8 | 9.63 | 8.89 | 8.38 | 8.00 | 7.71 | 7.48 | 7.29 | 7.14 | 7.01
L9903 22.2 | 15.3 | 12,7 | 11.2 | 10.4 | 9.74 | 9.28 | 8.94 | B.66 | 8.43 .24 | B.OB
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10

12

n
15 20 24 30 40 50 60 100 | 120 | 200 | 500 -
. 0008 q4s | o177 | c10s | 215 | 238 | .251 | .262 | (282 | .288 | .299 L3113
001 164 | o197 | .218 | 236 | 258 | 272 | .282 | .303 | .309 (321 ] (331 | J338
.005 ‘226 | 260 | .279 | (299 | .320 | .334 | 344 | .36s | 370 | 380 391 | 397
.01 263 | 297 | .316 | .336 | .357 | .370 | .380 | .400 | .405 415 | 424 | 431
025 327 | 360 | .379 | 308 | (419 | 431 | 481 | 459 | 464 474 | .4B3 | .488
.05 303 | 426 | .444 | 462 | 481 | .493 | .502 | .518 | .523 531 | 541 | .546
10 486 | 516 | 532 | .549 | .567 | .578 | 586 | .602 | .605 | .614 621 | .625
.28 691 | .7ae | 727 | g0 | 754 | 762 | .767 | 979 | 782 JIB8 | 793 | .797
.50 1.02 | 1.03 [ 1.04 | 1.05 | 165 | 1.06 | 1.06 | 1.06 1.06 | 1.07 | 1.07 | 1.07
.15 1s3|1.s2 | 1.52 1 1.50 | 1.51 | 1.50 | 1.50 [ 1.49 | 1.49 | 1.49 1.48 | 1.48
.90 2.24 |'2.20 | 2.18 | 218 | 2.13 | 2.12 | 2.11 | 2.09 | 2.08 | 2.07 2.06 | 2.06
.95 285 | 2.77 | 2.74 | 2.70 | 2.66 | 2.64 | 2.62 | 2.59 | 2.58 | 2.56 2.55 || 2.54
975 352 3.42 (3,37 [ 3.31 | 3.26 | 3.22|3.20)3.15}3.14 |3.12 3.09 | 3.08
.99 4.56 | 4.41 | 4.33 | 4.25 | 4.17 [ 4.12 | 4,08 | 4.01 | 4.00 | 3.96 3.93 | 3.91
995 5.47 | 5.27 | 5.17 | 5.07 | .97 [ 4.50 | 4.86 [ 4.77 | 4.75 | 4.71 4.67 | 4.64
999 8.13 | 7.80 | 7.64 | 7.47 | 7.30 | 7.19 | 7.12 | 6.98 | 6.94 16.87 | 6.81 | 6.76
9995 9.56 | 9.16 | 8.96 | 8.75 | 8.54 | 8.42 | 8.33 | 8.16 | 8.12 | 8.04 | 7.96 7.90
.0005 148 | 182 | 200 | 222 | (246 | .261 | .271 | .293 | .299 | .312 324 | L33t
.00t tes | 202 | 222 | .243 | .266 | 282 | 292 | .313 | .320 | .332 | .343 .353
005 231 | .266 | .286 | .308 | .330 | .345 | .355 | .376 | .382 | .394 403 | 412
.01 268 | 304 | 324 | .344 | 366 | .380 | .391 | .412 | 417 | .42 439 | 444
.025 “332 | 368 | 386 | 407 | 429 [ .442 | 450 | .472 | 476 | 485} .495 .503
.08 308 | .433 | .452 | .469 | .490 | .503 | .513 [ .529 | .535 | .543 | .552 559
.10 490 | 524 | .s41 | 550 | .578 | .88 | .05 | .614 | 617 | .625 | .633 | 637
.25 694 | .719 | 730 | 744 | .75B | .767 | .773 | .780 | 788 | .794 | .799 ,803
.50 v.02 | 1.07)1.03]1.04]1.05]1.05]1.05]1.06]|1.006]1.06 1.06 | 1.06
18 1.50 | 1,49 | 1.49 | 1.48 | 1.47 | 1.47 | 1.47 | 1.46 | 1.46 | 1.46 | 1.45 1.45
.90 217 12,121 210 | 2.08 | 2.05 | 2.04 | 2.03 | 2.00 | 2.00 | 1.99 | 1.98 | 1.97
.95 2.72 | 2.65 | 2.61 | 2.57 | 2.53 | 250 | 248 | 2.46 | 2,451 2043 ] 2.42 2.40
975 3.33 | 3.23 | 3.17 | 3.12 | 3.06 | 3.03 | 300|296 2.94 292 2.9} 2.88
.99 4.25 | 4.10 | 4.02 | 3.94 | 3.86 | 3.81 | 3.78 | 3.71 1 3.69 | 3.6¢ | 3.62 } 3.60
995 5.05 | 4.86 | 4.76 | 4.65 | 4.55 | 4.49 | 4.45 | 4.36 | 4,34 | 4.20 | 4.25 | 4.23
.99 732 | 7.00 | 6.85 | 6.68 | 6.52 | 6.41 | 6.35 | 6.21 | 6.17 1 6.10 | 6.04 | 6.00
.9995 g.52 | 814 |7.94 | 7.75|7.55 | 7.43|7.35|7.18 | 7.14 | 7.06 | 6.98 | 6.93
L0005 152 | 186 | .206 | .228 | .253 | .269 | .280 | .30 | .311 | .323 | .337 | 345
.001 472 | 207 | .228 | .250 | .275 | (291 | .302 | .326 | .332 | .344 | .357 [ .365
005 235 | o272 | 202 | .315 | .330 | .355 | .365 | 388 | .393 | .405 | .417 | .42¢
.01 273 | 310 330 | 352 | .375 | .391 | .401 | .422 | .428 | .441 [ .430 | .458
.025 337 | 374 | 304 | 416 | .437 | .450 [ .461 | .4B1 | .487 | .408 | .SO8 | .54
.05 404 | 439 | .458 | .478 | 499 | .513 | .522 | .541 | 545 | .556 | .565 | .571
.10 406 | 528 | .s46 | .564 | 583 | .505 | 604 | 621 | 625 | .033 | .641 | 647
528 605 | 721 | 734 | 748 | 762 | 771 | 777 | .789 | .792 | .799 | .BO4 | .BOS
.50 100 | 102 [ 1.03 ] 1.03] 106 1,08 1.05|1.05]1.05]1.05]1.06]1.06
.75 148 | 147 1,40 | 1.45 | 145 | 1,44 | 149 [ 143 | 143 ] 143 | 142 ] L. 42
.90 211 12.06 | 208|200 [ 199197 ] 196 1.94 | 1.93 | 1.92 | 1.91 | 1.90
.95 2.62 | 2.54 | 2.51 | 2.47 | 2.43 | 2.40 | 2.38 | 2.35 | 2.34 | 2.32 | 2.31 | 2,30
.978 3.18 | 3.07 | 3.02 296291 | 287|285 |280]|2.79 276274272
.99 4.01 | 3.86 ] 3.78 | 3.70 | 3.62 | 3.57 | 3.54 | 3.47 | 3.45 | 3.41 | 3.38 | 3.36
995 472 | 4.53 | 4.43 | 4.33 | 4.23 | 417 [ 412 | 4.04 | 4.01 | 3,97 |3.93 3.9
.999 6.71 | 6.40 | 6.25 | 6.09 | 5.93 | 5.83 | 5.76 | 5:63 | 5.59 | 5.52 | 5.46 | 5.42
.9995 7.74 | 7.37 | 7.18 | 7.00 | 6.80 | 6.68 | 6.61 | 6.45 | 6.41 | 6.33 | 6.25 | 6.20
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L4

1 2 3 4 5 6 7 8 9 10 11 12
P
0005 0041 0950 009 015 | .029 | .045 | .061 | .076 | .091 | .105 | .117 | .129
.001 L0416 | .10 .0279| .021 | .039 | .0S7 | .07S | .092 | .108 | .123 | .137 | .149
005 L0039 .02S0| .023 | .049 | 076 | .102 125 | 147 | L0166 | (183 | 198 | .212
.0t .06 | .010 | .037 | 070 | .103 | .132 | .158 181 | .202 | .219 | .235 | .249
025 0MO| L0285 | L070 | 116 | (156 | (190 | 219 | .244 | .265 | .284 | .300 | 315
.05 L0241 .05) 115 170 | 216 | .254 | 285 | (311 | (334 | .351 | .368 | .382
.10 016 | 106 | (192 258 | 309 | .348 | 380 | 406 | .427 | .440 d61 475
25 105 203 | .407 | .480 | .531 | .568 | .596 [ .618 | .637 | .652 | 007 676
50 478 | 726 | .826 | .878 | .911 | .933 | .948 | 960 | .970 | .977 | .984 | .989
.75 143 [ 152 ] 1.52 | 1.50] 1.49 | 1.48 | 1.47 | 1.46 | 1.46 | 1.45 | 1.44 ) 1.44
.90 3.07 | 2.70 | 2.49 | 2.36 | 2.27 | 2.21 | 2.16 | 2.12 [ 2.09 | 2.06 | 2.04 | 2.02
.95 4.54 | 3.68 | 3.29 | 3.06]2.90|2.79|2.71|2.64 2.5 |2.54]|2.51/[2.48
975 6.20| 4.76 | 4.15 | 3.80 | 3.58 | 3.41 [ 3.29 | 3.20 | 3.12 | 3.06 | 3.01 | 2.96
.99 868 | 6.36 | 5.42 | 4.89 [ 4.56 | 4.32 | 4.14 | 4.00 | 3.89 | 3.80 | 3.73 | 3.67
.995 10.8 | 7.70 | 6.48 | 5.80 | 5.37 | 5.07 | 4.85 | 4.67 | 4.54 | 4.42 | 4.33 } 4.25
.999 16.6 | 11.3 | 9.34 | 8.25 | 7.57 | 7.09 | 6.74 | 6.47 [ 6.26 | 5.08 | 5.03 | 5.81
L9995 19.5 | 13.2 | 10.8 | 9.48 | 8.66 | 8.10 | 7.68 | 7.36 | 7.11 | 6.91 | 6.75 | 6.60
. 0005 %40 .0e50| .0250 | .015 | .029 | .046 | .063 | .079 | .094 | 109 | .123 | .136
001 L0016 .0%10) (0279 | .022 | .039 058 | .077 | 005 | .112 | .128 | .143 | .156
.005 0039 .0250| .023 | .050 | .077 | 104 | 129 | (151 | 171 | (190 | .206 | .221
.01 6] .010 | 037 | 071 | (105 | 135 | .162 | (187 | .208 | .227 | .244 | .259
.025 om0 028 | 071 | 117 | .158 | (103 ] (224 | 250 | .273 | .292 310 | .325
.05 000 051 | 115 | 172 | .219 | .258 | 200 | (318 | 340 | .360 | .377 | .393
.10 016 | .106 | .193 | 260 | .312 | .383 | 385 412 | 433 454 | .472 | .485
.25 L104 | 292 | .407 | .480 531 | .569 | .598 | .622 | .641 | .656 | .671 | .681
.50 4720 718 | .816 | .Bo8 | 900 | 022 | .938 | .950 | .959 | .966 | .972 | .977
75 1.40 | 1.49 | 1.48 | 1.47 | 1.35 | 1.44 | 1.43 | 1.42 | 1.41 | 1.40 | 1.39 | 1.39
.90 297|259 238 |2.25)|2.16|2.09]2.04|2.00]|1.96]|1.964|1.91 | 1.89
.95 4.35 | 3.49 | 3.00) 2.87 | 2,71 [ 2.60 | 2.51 | 2.45 | 2.39 | 2.35 | 2.31 | 2.28
975 $.87 | 4.46 | 3.86 | 3.51 | 3.29 | 3.13 | 3.01 | 2.91 | 2.84 | 2.77 | 2.72 | 2.68
.99 ‘$.10 | 5.85 | 4.94 | 4.43 | 4.10 | 3.87 |'3.70 [ 3.56 | 3.46 | 3.37 | 3.29 | 3.23
.995 9904 | 6.99 | 5.8 | 5.17|4.76 | 4.47 | 4.26 [ 4.09 | 3.96 | 3.85 | 3.76 | 3.68
999 14.8 | 9.95 | 8.10 | 7.10 | 6.46 | 6.02 | 5.69 | 5.44 | 5.24 | 5.08 | 4.94 | 4.82
9995 17.2 | 11.4 {9.20 | 8.02 | 7.28 | 6.76 | 6.38 | 6.08 | 5.85 | 5.66 | 5.51 | 5.38
0005 .040| .0250| .0s50| 0151 .030 | .046 | .064 | .080 | .096 112 | 126 139
.001 16| 00| 0079 022 | .040 | 059 | 079 | 097 | .115 | .131 | .146 | .160
.005 00| .0250| 023 | 050 | .078 | .106 | .131 | 154 | .175 | .193 | .210 | .226
.01 L0816 .010 | .038 | .072 | .106 13 J165 | 189 | 211 | L2301 ) (249 | .264
.025 omo| 025 | .omv | 117 | 150 | (195 | 227 | .253 | .277 | .297 | .315 | .331
.05 om0 051 | 116 ) 173 | L2201 | (260 | 293 | .321 | 345 | .365 | .383 | .399
.10 016 | 106 | 193 | 261 | .313 | .355 | .388 | .416 | .439 | .459 | .476 | .491
.25 104 | .291 | .406 | .480 | .532 | .570 | .600 | .623 | .643 | .059 | .671 | .684
.50 469 | 714 | 812 | 863 | .808 | 917 | .932 | .944 | .953 | .961 | .967 | 972
.18 1.30 | 1.47 1 1.46 | 1.44 | 1.43 | 1.41 | 1.40 ] 1.39 | 1.38 | 1.36 | 1.37 | 1.36
.90 2930 2.5¢ 233219210 |2.04|1.98|1.94|1.91|1.88]|1.85]1.83
.95 4.26 | 3.40 | 301 | 278|262 |2.51 |2.42|2.36|230)225]2.21 2,18
978 .72 | 4.32 | 3.72 | 3.38 | 3.15|2.99 | 2.87 | 2.78 | 2.70 | 2.64 | 2.59 2.54
.9 7.82 | 5.61 | 4.72 | 4.22 | 3.90 | 3.07 | 3.50 | 3.36 | 3.26 3.17 | 3.09 ] 3.03
995 9.55 | 6.66 | 5.52 | 4.89 | 4.49 | 4.20 | 3.99 | 3.83 | 3.69 | 3.59 | 3.50 | 3.42
099 14.0 | 934 | 7.55 | 6.50 | 5.98 | 5.55 [ 5.23 | 4.99 | 4.80 | 4.64 | 4.50 | 4.39
9995 16.2 | 10.6 | 8.52 | 7.39 | 6.68 | 6.18 | 5.82 | 5.54 | 5.31 5.13 | 4.98 | 4.85
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1 2 3 4 5 6 7 8 ) 1o | 11 12
. 0005 00| .D®50| .0%50! 015 | .030 | .047 | .GGS | .082 | .098 | .114 | 129 | .143
.001 .0%16| .010| 080 022 | 040 | 000 |'.080 | .09 | (107 | .134 | 150 | .164
.05 .040) .0%50| 024 | ,050 | .079 | .107 | 133 J186 | 178 | 197 | L2150 .23
.01 16| .010 | 038 | 072 ! 107 | L3138 | 167 | L9192 | (255 | 235 254 | .170
025 om0 028 | 071 | .1ta ! o161 | 197 | 229 | (257 | .281 | 302 | 321 | 337
.05 0240 051 | L1161 174 222 | .263 | .296 | .325 | .349 | .370 | .389 | .406
.10 016 | c106 | 193 | (262 | .318 | 357 | .391 | 420 | .443 | (464 | .481 | .497
.28 103 | .200 | .406 | .480 | .532 | .571 | .601 | .625 | .645 | .661 | .676 | .688
.50 466 | .709 | ,807 | .858 | .890 | .912 | .927 | .93Y | .948 | .035 961 | .966
.15 1.38 | 1.45 | 1.44 | 1.42 | 1.41 [ 1,39 | 1.38 | 1.37 | 1.36 | 1.35 | 1.35 | 1,34
.90 2.88|2.49(2.28 2,14 205 |1.98|1.93|1.88 | 1,85 1.8 | 1.791.77
.95 4.17 | 3.32 | 2.92 | 2.69 | 2.53 | 2.42 { 2.33 | 2.27 | 2.21 | 2.16 | 2.13 | 2.09
975 5.57 | 4.18 | 3.59 | 3,25 | 3.03 | 2.87 | 2.7 2.65 | 2.57 | 2.51 | 2.46 | 2.41
.99 7.56 | 5.39 | 4.51 | 4.02 | 3.70 | 3.47 | 3.30 | 3.17 3.07 | 2.98 | 2.91 | 1.84
L9985 9.18 | 6.35 | 5.24 | 4.62'| 4.23 | 3,95 | 3.74 | 3.58 | 3.45 | 3.34 | 3.25 | 3.18
999 13.3 | 8.7717.05 [ 6.12 | 5,53 | 5.12 [ 4.82 | 4.58 | 4.39 | 4.24 | 4.11 | 4.00
9995 15.2 {9.90 | 7.00 | 6.82 | 6.14 | 5.66 | 5.31 | 5.04 | 4.82 | 4.65 [ 4.51 | 4.38
. 0005 .0°40| .0250| .0m50| .016 | .030 | 048 | .066 | .084 | 100 | 117 | .132 | .147
001 .0%16| .0%10| .0280| 022 | .042 | .061/| .08t | 101 | .119 |} 137 | .153 [ .169
005 040 .0m50| .024 | .0s1 | .080 | .108 | .135 | .159 | .181 | .201 | .220 | .237
.01 16| .010 | 038 | .073 | 108 | .140 | 169 | (195 | 219 | 240 | .259 | .276
.025 09| 025 | o7t | .119 | .162 | .199 | .232 | .260 | .285 | .307 | .327 | .344
.05 om0 051 | 116 | 175 | .224 | .265 | .299 | .329 | .354 | .376 | .395 | .412
.10 016 | (106 | .194 | .263 | .317 | .360 | .394 | 424 | (448 | .460 | .4BB | .504
.15 103 | 290 | .405 | .480 | .533 1 .572 | .603 | .627 647 | 664 | 68O | .691
.50 463 | .705 | .802 | .854 | .885 | .907 | .922 | .934 | .943 | .950 | .956 | .961
.75 1,36 | 1.44 | 1.62 | 1.40 | 1.39 | 1.37 | 1.36 | 1.35 [ 1.34 | 1.33 | 1.32 | 1.31
.90 2.84 | 2.44 | 2.23)2.00|2.00(1.93 ] 1.87 | 1.831.79 ] 1.76 | 1730 A5T)
.95 4.08 [ 3.23 | 2.8 | 2.61 | 2.45|2.34 | 2.25 | 2.18 | 2.12 [ 2.08 | 2.04 | 2.00
975 542 | 4.05 | 3.46 | 3.13 | 2.90 | 2.74 | 2.62 | 2.53 [ 2.45 | 2.39 | 2.33 | 2.9
.99 7.31 | s.18 | 4.31 | 3.83 | 3.51 ] 3.29 | 3.12 | 2,99 2.89 | 2.80 | 2.75 | 2.66
995 8.83 | 6.07 | 4.98 | 4.37|3.99|3.71 | 3.51|3.35/[3.223.123.03]2.95
999 12.6 | 8.25 | 6.60 | 5.70 | 5.13 [ 4.73 | 4.44 | 4.21 | 4,02 | 3.87 | 3.75 | 3.64
L9995 14.419.25|7.336.30 | 5.64 | 5.19 | 4.85 | 4.59 | 4.38 | 4,21 | 4.07 | 3.95
. 0005 0040 0050 | .o251| .016 | 031 | .048 | .067 | 085 | .103 | .320 , .136 | .152
001 L0816 | .0210| .0°80| .022 | .041 | .062 | .083 | 103 | .122 140 | 157 | 174
.005 00| .0150| .024 | 051 | 081 | .110 | 137 | 162 | 185 | .206 | .225 | .243
.01 co6| 010 | 038 | 073 | 109 | 142 | 172 | (199 | 223 ) 245 | 265 .283
.025 .0%9| 025 | .071 | .120 | .163 | .202 | .23 264 | .290 | .313 | .333 | .35t
.05 00| 051 | .116 | .176 | (226 | (267 | .303 | .333 | .359 382 | .402 | .419
.10 016 | .106 | .194 | .264 | .318 | .362 | 398 | .428 | 453 | .475 | .493 .510
.25 102 | .280 | .405 | .480 | .534 | .573 | .604 | 629 | .650 | .667 | .680 695
.50 461 | .701 | .798 | .849 | .880 | .901 | .917 028 | .937 | 945 | .951 | .956
.73 1.35 | 1.42 | 1.41 | 1.38 | 1.37 | 1.35 | 1.33 1 1:32 L 1.31 | 1.30 1.29 | 1.29
.90 2,79 | 2.30 | 2.18 | 2.06 | 1.95 | 1.87 | 1.82 | 1.77 | 1.74 | 1.71 1.68 | 1.66
.95 4.00 J.!SI 2.796 | 2.53 | 2.37 | 2.25 | 2.17 1 2.10 ] 2,04 | 1.99 | 1.95 | 1.92
975 529 3.93|3.3¢|3.00 ] 279 263|251 241233227 ]|2.22 2.17
.99 7.08 | 4.98 | 4.13 | 3.65 | 3.34 | 3,12 |2.95| 2.82]2.72|2632.56 2.50
995 849|580 | .73 4141 3.76 | 3.49 [ 3.29|3.03|3.01 290282 2,74
.999 12.0 | 7.76 | 6.17 | 5.31 | 4.76 [ 4.37 | 4.09 | 3.87 | 3.6 | 3.84 | 3. 43 3.3
L9995 13.6 | 8.65 | 6.81 | 5.82 | 5.20 | 4.76 | 4.44 [ 4.18 | 3.98 | 3.82 | 3.60 .57
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Ly ! 1
15 20 L 24 30 40 50 0 100 | 120 | 200 | 500 -
0008 179 | .226 | .254 | .287 | .325 | .350 | .369 410 | 420 | (444 | 467 | .4B3
00! 202 | .250 | .278 | .311 | .348 | .373 | .391 [ .431 L442 | (465 | .488 | .503
L00S 271 320 | (349 | .381 416 | .441 | 457 | 495 | .504 | 524 543 559
.01 311 | .360 | .388 | .419 | .454 | 476 | 493 529 | .538 | .559 | .575 | .590
025 378 | .426 | .453 | .482 | .515 | .535 [ .851 585 | .592 | .610 | .625 | .639
.05 445 | 490 | .516 | .543 | .573 | .592 | .606 637 | .644 | .658 | .676 | .685
.10 534 | 575 | .598 | .623 | .649 | .667 | .678 | .704 JT10 | L7287 (735 | (746
.25 116 | 746 | .763 | .780 | .798 | .810 | .B18 | .833 L8319 | .B4B | .B56 | .B62
.50 978 | oo | .994 | 1.00 | 1,01 | 1.01 | 1,01 | 1.02 1.02 | 1.02 | 1.02 | 1.02
15 1.32 | 1.30 | 1.29 [ 1.28 | 1.27 | 1.26 | 1.26 1.25 [ 1.24 [ 1.24 | 1.23 | 1.23
20 1.72 | 1.67 | 1.64 | 1.61 | 1.57 | 1.55 | 1.54 | L1.51 1.50 | 1.48 | 1.47 | 1.46
.95 2,00 | 1.93 | 1.89 | 1.84 | 1.79 | 1.76 | 1.74 1.70 | 1.68 | 1.66 | 1.64 | 1.62
975 2.31 | 2.20( 2,04 | 2,07 [ 2.01 | 1.97 [ 1.94 1.88 | 1.87 | 1.84 | 1.81 | 1.79
.99 2.70 | 2.55 | 2.47 | 2.39 | 2.30 | 2.25 | 2.21 2.13 | 2.11 | 2.07 | 2.03 | 2.01
995 3.01 | 2.82 | 2.73 | 2.63 | 2.52 | 2.46 | 2.42 2.32(2.30 | 2.25 | 2.21 | 2.18
999 3,75 13.49 | 3.36 | 3.22 | 3.07 | 2.98 | 2.92 | 2.79 2.76 | 2.69 | 2.63 .59
9995 ¢10|3.80 | 3.65)3.48|3.323.22(3.15]3.00 2.97{2.89 | 2.82 | 2.78
L0003 185 | .236 | .266 | (301 | 343 | .373 ) .393 | .44 453 | .480 | .504 | .525
001 200 | 250 | .290 | .326 | .367 | .396 | .415 461 | 473 | L5001 524 | 545
005 279 1 .331 | .362 | .396 | .436 | .463 | .481 524 | .534 | .559 | .581 | .599
.n 310 | 370 | 401 | .435 | 473 | 498 | .516 | .556 | .567 . 592 613 | .628
.025 387 | 437 | 466 | .498 | .533 | .556 | .573 | .610 620 | 641 | .662 | .674
.05 454 | .502 | .529 | .ss2 | .591 | 613 | .627 | .658 .669 | .685 | 704 | 71T
.10 542 | .585 | .o09 | .636 | .664 | .6B3 | .696 | .724 L7131 | 747 | LT62 | LIT2
35 ¢ | .720| .752 | .769 | .787 | .806 819 | .828 | .B46 | .851 | .861 | .870 | .B77
.50 972 | .983 | 989 | 994 [ 1.00 | 1.00 | 1.01 | 1.01 [ 1.01 1.01 | 1.02 | 1.02
.15 1.30 | 1.28 | 1.26 | 1.25 | §.24 | 1.23 | 1.22 1.20 | 1,210 1.20 | 1,19 | 1.19
90 1.66 | 1.61 | £.57 | 1.54 | 1.51 | 1.48 [ 1.47 1.43 ) 1.42 | 1,401 [ 1,39 ] 1.38
.95 1.92 | 1.84 | 1.79| 1.74 1.66 | 1.64 | 1.59 | 1.58 | 1.55 | 1.53 | 1.51
L9715 2.18 | 2.07 | 2.01 | 1.94 1.83 | 1,80 | 1.7 1.72 [ 1.69 | 1.66 | 1.64
99 2.52 | 2.37| 2.29 | 2.20 2.06 |2.021.94|1.92|1.87}1.83]1.80
995 2.18 .60 | 2.50 | 2.40 . 2230 2.18 {209 {2.06}2.01]1.96(1.93
999 3.40 | 3.15]3.01 | 2.87 | 2,73 | 2.64 | 2.57 | 2.44 2.41 | 2.34 | 2.28|2.23
9995 3.68 39 | 3.2¢ | 3708 | 2.92 | 282274 |2.60]2.57]12 9| 2.41)2.37
0095 192 | .246 | .278 | .318 | .385 | .398 | .421 | 478 .493 | .527 | .561 | 585
001 216 | 270 | .304 | .343 | (389 | (420 | 444 | 497 | 512 548 | 579 | .602
0G5 287 | .343 | .376 | .414 | .458 | .488 | .510 | .550 | .572 607 | 633 | .652
.01 0328 | .383 | .416 | .453 | .495 | 524 545 | .592 | .604 | .633 | .658 [ .679
025 396 | .450 | .481 | 515 | .555 | .581 | .600 | .641 | .654 .680 | .704 | .720
.05 463 | .S14 | .543 | .875 | .611 | .633 | .652 | .690 | .700 119 | (746 | LT59
.10 550 | .596 | .622 | .650 | .682 | .703 | .717 | .750 | .758 L1716 | 793 | 806
.25 125 | 758 | 776 | 796 | .816 | .830 | .B40 | .880 (B85 | .877 | .B88 | 896
.50 L0967 | .978 | .983 | .989 | .994 | .©98 | 1,00 | 1.00 1.01 | 1.01 ] 1,01 | 1.01
15 127 | 125 | 124 | 122|121 | 1220 | 109 [ 117 | 10T ) 116 1.15 | 1.15
.90 1.60 | 154 ] 1.51 | 1.48 | t.¢64 | 1.41 [ 1,40 | 1.36 | 1.35 | 1.33 1.31|1.29
.95 1.84 01,751 1.70 | 1.65 | 1.59 | 1.56 | 1.53 [ 1.48 | 1.47 | 1.44 1.41 ] 1.39
915 2.06 [ 1.94 | 1.88 | 1.82{1.7¢ | 1.70 ] 1.67 | 1.60 | 1.58 1.54 | 1.51 ] 1.48
9 2,35 | 2.20 | 2.12 03 |1.94 | 1,88 1.84]1.75[1.73]|1.68|1.63}1.60
.995 2.57 | 2.39|2.20]2.19]|2.08 201 |19 |1.8|1.83 1.78 | 1773 | 1.69
999 3.08|2.83 (2069 |2.56|241|231|225]|2.11 209|201 (193] 1.8
.9995 3.30 | 3.02 | 2.87 | 2.71|2.85 | 2.45 (238|223 |2.19|2.11 2.03 | 1.98
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"
vy 1 2 3 4 s 6 7 8 9 10 11 12
P
120 0003 ,0%40 | 0450 | .0051| .016 | .031 | .049 | .067 | .087 | .105 | .123 | .140 ‘156
.001 J016| 0710 0281 | .023 | .042 | .063 | .084 | .105 | .125 | .144 | .162 | .179
.005 .39 0250 .024 | .0S51 | 080 | .111 | .139 | .165 | .189 | .211 | .230 | .249
.01 ,0%16] .010 | .038 | .074 | .110 | .143 | .174 | .202 | .227 | .250 | .271 | .290
028 L0991 025 | .072 | .120 | .165 | .204 | .238 | .268 | .205 | .318 | .340 | .359
.05 .0039| 051 | .127 | .177 | .227 | .270 | .306 | .337 | .364 | .388 | .408 | .427
.10 L016 | .105 | .194 | .265 | .320 | .365 | .401 | .432 | .458 | .480 | .500 | .518
.25 102 | 288 | 405 | .481 | .534 | .574 | .606 | .631 | .652 | .670 | .685 | .699
.50 458 | 697 | 793 | .844 | .875 | .896 | .912 | .923 | .932 | .939 | .945 | .950
IS 1.34 | 1.40 | 1.39 [ 1.37 | 1.35 | 1.33 | 1.31 | 1.30 | 1.29 | 1.28 | 1.27 | 1.26
.90 2.7512.35|2.13 | 1.99 | 1.90 | 1.82 | 1.77 | 1.72 | 1.68 | 1.65 | 1.62 | 1.60
.95 3.92|3.07|2.068)|2.45|2.29|2.18(2.09|2.02|1.96|1.91|1.87|1.83
915 5.15 | 3.80 | 3.23 | 2.89 | 2.67 | 2.52 | 2.39 | 2.30 | 2.22 | 2.16 2.10 | 2.05
99 6.85 | 4.79 | 3.95 | 3.48 | 3.17 | 2.96 | 2.79 | 2.66 | 2.56 | 2.47 | 2.40 | 2.34
995 8.18 | 5.54 | 4.50 | 3.92 | 3.55 | 3.28 | 3.09 | 2.93 1 2.81 | 2.71 | 2.62 | 2.54
999 11.4 | 7.32 | 5.79 | 4.95|4.42 | 4.04 | 3,77 | 3.55[3.38|3.24 |3.12|3.02
9995 12.8 | B.10 | 6.34 | 5.39 | 4.79 | 4.37 | 4.07 | 3.82 | 3.63 | 3.47 | 3.34 | 3.22
™ . 0005 0039 | 0050 | 0?51 016 | .032 | .050 | .06% | .088 | .108 | .127 | .144 | .161
.001 J0f16 | L0010 0281 023 | .042 | .063 | .085 | .107 | .128 | .148 | .167 | .185
.005 0039 | .0e50| .024 | .052 | .082 | .113 | .141 | .168 | .193 | .216 | .236 | .256
.01 L0016 | .010 | .038 | 074 | .111 | .145 | .177 | .206 | .232 | .256 | .278 | .298
025 008 | 025 | .072 | .121 | .166 | .206 | .24t | .272 | .300 | .325 | .347 | .367
.08 L0239 | 051 | 117 | .178 | .229 | .273 | .310 | .342 | .369 | .394 | .417 | .436
.10 016 | .105 | .195 | .266 | .322 | .367 | .405 | .436 | .463 | .487 | .508 | .525
.23 102 | .288 | .404 | .481 | .535 | .576 | .608 | .634 | .655 | .674 | .690 | .703
.50 455 | .693 | .789 | .839 LB70 | .891 | .907 | .918 | .927 | .934 | .939 | .945
.75 1,32 | 1.39 | 1.37 | 1,35 | 1.33 | 1.31 | 1.29 | 1.28 | 1.27 | 1.25 | 1.24 | 1.24
.90 2.71 | 2.30 | 2.08 | 1.94 | 1.85 | 1.77 | 1.72 | 1.67 | 1.63 | 1.60 | 1.57 | 1.5
.95 3.84 [ 3.00|2.60|2.37 2.2t |2.10| 2.00 | 1.94 | 1.88 ) 1.83 | 1.79 | 1.75
975 5.02|3.69|3.12|2.79 |.2.57]|2.41|2.29 )| 2.19 | 2.11 | 2.05 | 1.99 [ 1.94
.9 6.63 | 4.61 | 3.78 | 3.32 /302 | 2.80 | 2.64 | 2.51 | 2.41 | 2.32 | 2.25 [ 2.18
995 7.88 | 5.30 | 4.28 | 3.72 | 3.35 |, 3.09 [ 2.90 | 2.74 | 2.62 | 2.52 | 2.43 | 2.36
999 10.8 | 6.91 | 5.42 | 4.62 [ 4.107] 3.74 | 3.47 | 3.27 | 3.10 | 2.96 | 2.84 | 2.74
9995 12.1 | 7.60 | 5.91 | 5.00 | 4.42 | 4.02 | 3.72 | 3.48 | 3.30 | 3.14 | 3.02 | 2.90
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1\\ ]
re | N 15 20 4 .30 40 50 60 | 100 | 120 | 200 | 500 | =
L N _
120 L0005 199 | 256 | 293 | .338 | .av0 | .429 | 458 | .524 | .543 | 578 | 614 .676
.001 ‘923 | 282 | 319 | .363 | 415 | .453 ] 480 | 542 | 568 | .50S 1 .63 .691
.005 297 | 356 | 393 | 434 | 484 | .520 | .545 | 608 | 623 | 661 | 702 .733
.01 338 | 397 | 433 | 474 | 522 | .ss6 | 579 | .636 | .652 | .688 | .725 | .735
.025 306 | 464 | 498 | 536 | .s8o | 611 | 633 | .684 | 698 | 720 | .762 | .780
.05 613 | 527 | .ss9 | 594 | 634 | .661 | .682 | 727 | 740 | 767 | 78S .819 .
.10 sen | 609 | 636 | .667 | .702 | .726 | 742 | .78t | 791 .B15 | B3R} B!
.28 "730 | 765 | (784 | .805 | .828 | .843 | .853 | .877 | .884 | .BOT | 011 | .9
.50 ‘061 | 972 | o1 | 983 | 980 | .992 | .994 | 1.00 | 1.00 | 1.00 | 1.01 | 1.0i
ith 124 | 2z |zl e | s | nar L rae s | 13 112 ) LT a0
.50 1ss | 148 | 1,45 | 141 | 137 [ 1.3 132 ) 1.27 1 1.26 | 124 121 | 1.19
.95 175 | 166 ] 161 | 1.55 ] 1.50 ) 1.46 | 143 | 137 | 135 1321 1.28 ) 1.25
975 195 | 1,82 1.76 | 1.69 | 1.61 | 1.56 | 1.53 1 1.45 | 1.43 | 1.39 | 1.34 } 1.31
.99 219 | 2,03 | 1.95 | 186 | 1.76 [ 1.70 | 1,66 | 1.56 | 1.53 | 1.48 | 1.42 ) 1.38
.995 237|200 [2.00 1,08 | 1.87 | 180 | 175 | 1,64 | 1,61 | 1.56 | 1.48 ] 1.43
599 278 | 2.53 | 2.40 | 2.26 | 2.11 | 2.02(1.95|1.82|1.76|1.70 | 1.62 1.54
.9995 2.96 | 2.67 | 2.53 | 2.38 | 2.21 | 2.11 | 2.01 | 1.88 | 1.84 | 1.75 | 1.67 1.60
- L0005 207 | 270 | 311 | 300 | 422 | 469 | .s05 | .599 | .624 | .704 | .BO4 | 1.00
.001 232 | 296 | .358 | .386 | .e48 | 493 | .s27 | 617 | .649 | .719 | .B19 | 1.00
005 sor | 3721 412 | .ec0 | 518 | 559 | .s92 | .671 | .699 | .762| .843 | 1.00
.01 “y49 | 413 | 452 | .499 | .ss4 | 595 | .625 | 699 | .724 | .782 | .8581) 1.00
.025 418 | 480 | 517 | .s60 | 611 | .o45 | 675 [ .741 | .763 | .813 878 | 1.00
.05 “agd | 543 | 577 | 617 | 663 | .694 .720 | 781 | .797 | .840 | .896 | 1.00
.10 570 | 622 | .es2 | 687 | 726 | (752 | 774 | .m26 | 638 | 877 | 919 1 1.00
.28 Gas | 773 | 193 | .816 | .842 | .860 | .872 | .901 | .910 | 932 | .057 | 1.00
.50 ‘o6 | 967 | .972 | 978 | 983 | .987 | .985 | .993 | .994 | 967 | .999 | 1.00
.15 1220 119 | tae | 16| 1.e | 103 | 112 | 109 | 1,08 1 1207 | 1.04 ) 1.00
.90 149 | 142 1,38 | 1,38 | 1,30 | 126 | 1.24 | 308 | 117 | 113 | 1.08 ) 1.00
.95 167|157l rsa | sa6 1,39 | 138 |12 {124 | 122 ) 17 | 1.t ) 1,00
915§ 183 | 171 | 164 | 1.57 | 1.48 | 163} 1,30} 1,30 | 1.27 | 1.21 [ 1.13 | 1.00
.99 204 | 1.88 ] 1.79 | 1.70 | 1,59 | 1.52 | 1.47 1 1.36 | 1,32} 1.25 | 1.15 1 1.00
.995 219|200 1.90 | 1.79 | 1.67 | 1.59 | 1.53 | 140136 ) 128 | 1.17 | 1.00
999 2.51 | 2.27 | 2.13 ] 1,99 | 1.84 | 1.73 | 1.66 | 1.49 | 1.45 ‘ 1.34 | 1.21 | 1.00
9995 265|237 | 222|207} t9n [ 1,59 | 171 | 1,53 | 1,48 1.36 | 1.22 | 1.00
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APPENDIX 1

SOURCE PROGRAMME

HASTER HMULTIFLE REGRESEIR

RIMEMOION XRARIACY-STRIS0: RIS sRY (407 IGAVE (40 s RI40 Yy
IGROADY s T{A0Y M A0 s ALA0Y

DIMEMSION RA{1800RIE20 - ANE 10 TITLE(BD
OPEN(UNTIT=8:FILE="HRER, DAT s 8TATUR= D"}

OPEMIUNIT=46s FILE="HREG. . QUT "2 STATUE="NEUW"
QPEMIUNTT=1 2:FILE="F DAT s WTAYHS= TMEU 7

FORMAT(BOAT

FORMAT(SX: "MULTIPLE REGRESEION. (v "/ 38
T/SELECTION v v vy 120

FORMAT (1% "UARTABLE © 5 2 "REAM - 31X "STAMDARD 5 2 "TORRELATION s
1LYy "REGRESSION « 1¥a 7STR, ERRNE:2Ma ‘COMPUTER SLH NN 13K
ZREVIATION 24Xs&RY VS Ya4x "COEFFIENMT « 1 "0F BER.COFF 75
I1Xs7HT UalUE!

FORMAT(IR s 14+4F11, 30

FORMATI10H REPENDENT

FORMAT(IHO/10H IMTERCERTS10XaF148,.57/7° HULTIPLE CORRELATION s
IFLX.5/77 ST, ERROR OF ERTIMATEaF13,53/70

FORMAT(IHO 21X © ANALYSEIS OF VARIANCE FOR REGRESRION//R¥s
1/80URCE OF VARTATION «¥Ms ‘DEBREER 2 Ty "SUY OF 0 10 "HEAN' 5
26%: °F YALUE/30%y ‘0OF FREEDROH 24X “SRUARES "y ¥y "SRUARES )
FORMAT(* ATTRIRUTARLE TR REGRESSION ‘2 I&:2F14.T.F11,2/° DEVIA
1TIRN FROM REGRESSION EER T .Y

FORMATOIH SX-THTOTAL « 19X TARFIR, T

FORMATIIATIZD

FORMATIIH s15¥- "TARLE OF RESIDUALS /7 CABE MR, "5 BMs7RY Yalubs
15X 10HY ESTINATE &¥-QHRERIDUAL ¥

FORMATIIH +T&:F15.5:2F14 .50

FORMATL ¢ MUMBER O S ECTINM MAT SPECTYETEN, DB TEEMIMNAT
FORMAT(‘ "THIS MATRIX IS SINGULAR, THIS SFLECTION IS SKIP
FORMAT{LZFIG, S

REAR  FROBLEN FPARARETER CARD

REARIG1YTITLE

URITE(L1XTITLE

REARLR RN NG

0=4

Eney
s
oo
0 7

1

Bl

CALL CORRE (MssI2: 4« “RARSSTRaRE R RsBs 7Y

REWINDR 12

TEST MUMBER OF SELECTIONE

IFINMSI10B. 1082107

WRITE(SEs13)

G T2 00

DR 200 I=jsNE

WRITEA&s20Y

REARIS 10 HRESTaMREF ¥ (IEAVEL L1a t=1 5K

NRERI. .., OFTION CORE FOE TARLE RESIDUALS
& IF TABRLE IS HDT REQUIRED
1 IF TaRLE T8 40T RQUIREDR

MDEF, ..., DEPEMREMT WARIARLE

I-1/8



3

115

Krvessrsr N OF INREPEMREMT WARTABLES INCLUDER
ISAYE..,. A VECTOR CONTAINING THE INDFPENRENT VARIARIES INCLUBFR
CALL ORDER (MsRsNDEP:K: TSAUE sBYRY

CALL MINV(RY:KRETRaT)

TEST SINGULARIYY OF MATRIY IMVERTER

IF(RETY 112:140:112

HRITE(&s14)

80 TR 200

CALL HULTR(M3K s XBARISTR:RsRXsRY s ISAYE s Ra SR T2ANST
FRINT MEANS:RTANRARD DEYIATIONS: INTERCORRELATIONS RETHEEN
¥ AMDR Y>REGRESEION COEFFICIENTSsSTAMDARD DFYTATIONS OF
REGRESSION COFFFTCTENTS:AMD COMPUTER T-yAtUES

M=t

HRITE(&s 2}

B0 115 J=la

L=TSAKE (1}

WRITE(&s4) Ls¥BARILYsSTRILYsRY(SY s BROSTsSROLN s TL LY
HRITE(&sS)

L=ISAYE (MM}

WRITE(&34) LaXBAR(L)sSTR(LY

PRINT INTERCEPTs{UL.TIPLE CORRELATION COFFFICIENTsANR
STANDARR ERROR OF ESTIMATE

URITE (& &YANSI1T s ANSI2Y s AN T)

PRINT AMALYSIS OF WARIANCE FOR REGRESSION

HRITE (&« 7

L=ANS(8]!

WRITE(&s8) KaANSI4 aANS S aANE 10T LaANSIT 1o ANS(TY
L=h-1

SUM=ANS/41+ANEB(T )
URITE(&sD1 LaGUN
IF(MREST Y 20020021240
FRINT TARLE 0F RESIRUALSR
WRITECS-20 ]

WRITE(&s12

MM=TRAVE (K41}

DR 140 IX=isN

READR (12:17F (WiLrs d=1aM0
SUM=ANGI LY

RO 120 =1k

L=I8AKE U
SUM=8UM+IU (L eR( O
REST=W (MK -2UM
WREITE(S:127 II.WIMMYSUNSREST
REWIND 12

COMTIMUE

COMT IHUE

aTap

MR

SURRQUTIME DRATAHs R
DRIMENEION R{1:
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Y
LA <>

Do Y
L]

Al

ds >
DL A

FORMAT(IF10, 33
THIS SUBRQUTINE IS CALLED BY SUBRRUTINE
REAR(SsEI(R(IYs 1=t My

MRITE(1s 12 IRII T s T=La )

RETURN

END

SUBRQUTINE MINV{AsN;s Dat

RIMENS méé”?d’r'ﬂlh

SEARCH FOR LARBEST ELEMEMT

D= I
L

Mit=—t
DR af k=1qM
Mic=p 4
L=t
Wiki=t
KR=p4e
BIGA %thr‘
RE 20 =k
IZ=N%/

RO 20 Is

(ARS(RIGAI-ARSIALILNYY 15220220
RIGA=ALL.L)
Lk =]
WKy =t

r-rm‘rn UF
INTERCHANGE gDuS
d=t o
1 e R i
KI=k-N
B A I=isH
KI=HTN
HOLR=-A/KT
‘-!I—d.""_g-"-k i
ﬂF*I1— £ 4T
ALATY=HOLD
INTEFCH%M; CRLUMNS
=HIE Y
YFJ* F 145245528
JE=MNELT-1
DR 40 f=1aH
R
JI=P3d
HOLR=-41 1y
ALK I=AL 4T
Al r=HR R
RIVIRE CRLHth BY HINUS PIvET
TE RTHEAY TAR AL AR
D=0
RETURN

CoRRE
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48

th
L]

“ 4

Thoon
FJ €3

P W
L

03 -d =d
Lth

116
120

&t

DR 58 I=1aM
IF(T-K150:55250
TK=MK41
AlIRI=Aa0Ik YA -RIGA:
COMTINUE

REDUCE MATRIY

DO &S I=1:M
=Mt I

HOL D=4/ I,
Id=1-H

DO ST d=labt
IA=T 4N
IF(I-H1&0s &8 &0
IR A-H a2 85042
KA=1.-THE

AT =HoL Dkt 4a0T A
CONTINUE

RIVIRE ROQW RY PIVDT
gl=k-N

RO 78 J=tisM

fo =t N
IF(-RIT075:70

All=alkd RIBA

A

&

CONTINUE
FRODUCT OF pTUOTS
D=NERIGH

REPLACE PIVOT BY RECIPRRCAL
ALkk=1 .0 RIGA

CONTIMUE

FINAL ROW AND COLUMM INTERCHAMGE
fo=H

H=l8-11
IF (K 15001502105
T 4K

IFLI-RII20.1200108
dQ=NRik-1
JE=MR(I-10

RO 110 belap
RLEN L N

HOLR=A( 4y

HI=URt

AL r=—f1 4T
ALLTI=HOLD

SNy

IF R0 1004125
KI=k-N

Rt 130 I=1+M

KI=k T+

HOLD=A/(KI}
SI=iI-kt
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130

et
>
o]

o
e
rJ

147

108

144

150

AKTI=—A0 2T
ACTY=HOLD

&0 TQ 100

RETURN

END

SURRQUTINE CORRE(MsMs I0s%s XRAR STRIRXsRsRaDs TJ
RIMENSION %01} cXRAR(TIaQTRIL1YaRY (1Y sR(1T sR(T 1e
IR(TYsT(L}

INITIALISATION

DR 100 t=1.

R0, 0

Tidr=0,0

f= (M2

RO 102 T=1sK

R{It=0.0
Fi=H
L=g

IFLIQr 10841274105
RO 108 t=1sH

DG 107 I=1:N

L=t41
TOLr=ToAr4X4L Y
FRARILY=T( 1)
TO=T( LY /PN

B2 115 T-=1sM

Me=0

L=T-N

DR 110 4=1.M

L=t 4N
DELi=X{Ly-T(
BO=R{AT+R( 0

RE 115 d=1.H

D 115 K=1.

M= +1
ROMCI=ROMOFROEROR
G TR 208

IFON-MY 130+130:125

Ki=M
G TQ 127
k=4

RO 140 I=tskk
CALL DATAIMaD)
RQ 140 t=1.M
TOLI=TO4R 8
f=L+1

R¥ (L a=00 ty

FRE 1R

RQ 150 t=14H
XRAR( LI=T (1)
TE=TO L /FrR
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1?0

18

18R

190

rJ
2 R
|2 ]

rJ
r
L |

225

ra
B
)

L=4

00 IBC I=iskk

M=0

RO 170 t=1.H

L=ttt
ROSY=RY{LI-TC L2

B 180 =14
ROLI=ROL4DO LY

RO 120 K=t

=41

ROHCI=R{ MR, ITERIK Y
IF(N-K} 205+205:185
KE=N-tk

DR 200 I=1sKK

M=t

CaLl DATAIMaDRY

RO 190 d=1sM4

ARARL L =YRaR L1 4D0 4y
ROLY=ROL-T 0y
BOLI=ROL4D 0

DR 200 f=1aK

DR 200 K=1ad

NLEH S 3
ROMCI=ROMOAR, BV eDROK Y
=0

RR 210 t=1:M

ARARL Lr=XRAR( . AFH
R 2140 k=14

Ji= g

ROMCOI=RIMOI-RIER(K PN
M=0

DR 220 d=1.K

o=t

STROLY=CaRT{ARSIR{ I Y 1}

RO 220 t=1:H

RQ 220 K=ta¥

o= k-t o0

L=fkl{ -1 14K

RYCLY=RO My

L=Mrik-1144

RY(LYSROM
IF(BTR(RBTR(K) 122542225225
R(HCY=0.0

6 10 230
ROMI=ROIOQZ(STR . ORSTRIEY b
COMTINUE

FN=GART(FN-1.0}

DO 240 d=1:4
STRELY=QTRI LY /FN

L=-H
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DR 250 I=1.H
L=l M4t

250 RO I=R¥(L:
RETURM
EMD

SURRQUTINE ORRER/IMaRsNDREP:sIE sRMa R
RIMEMSION RO1YsTRAUEI1EsRY(1ts £
HM=0
MNN=1
50 FORMAT( /20%: ‘MATRIX AND YECTOR SELECTER BY QRRER- /)
R 140 .t=1sk
2=I1SAVE(N
IF(NREP-{ 21122: 17Es 122
122 L=MREP+{L2%L2-L21/2
GQ 7O 125
12 L=t 24 (MREPEMREP-NREP /2
128 RY{ Er=RILY
Rt 130 I=1a1K
Li=ISAVE(I:
IF{LI-L21127.128:128

AYE
RYY

127 SLAAL2RL2-L2Y 2
G0 TR 129
128 SN0 JAME 11 & B § Fie

12¢% KM=HK+1

120 RY(HMMI=R{L}

120 FORMAT(IOFIZ. 80
NM=Mb£

140 CONT INUE

150 FORMAT( /10F12, 47
ISAUE (K41 r=NREP
RETURN
END

SURRQUTINE MULTR(M: s XRAR TR RaRXRY s TRAVE s RaCRs TH AN
RIMEMSION XRAR(1I:8TRAL BN sRY (1 aRI1 - TRAVE (L s
IR(1IsBRITI T aaNE 1
MK=K+1
€ BETA WFIGBHTS
RO 100 t=lak
100 RON=0,0
RO 110 S=1sK
Li=Kh( =11
RQ 110 I=1:K
L=t 14l
110 ROLI=ROLHRY(IIRRNLLY
RM=0.0
BRQ=0.0
L1=TSAVE (MK}
C COEFFICIENTS OF DRETERMIMATION
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DA 120 T=1:f

RU=RE+R(IIARY (T

REGRESSINN CREFFICTIENTR
L=18AVELT
BODI=ROTPROSTROLL AETRIL Y
INTERCERT

RO=BOHR{TrR¥RARLL Y
RO=¥RARILLI-RD

S OF SQUARES ATTRIBUTARLE TQ REGREGEION
SEAR=RMEDR(LLY

MULTIPLE CORRELATION CREFFICIENT
EM=RQRT(ARBIRNY Y

SUM OF SQUARES OF DREVIATIONS FROM REGRESSIOH
SARE=N(L 1 -C8AR

UARIANCE OF ESRTIMATE

FH=N-f-1

SY=CEIR/FHN

STANDARDR DEVIATIONS OF REGREESIOH CREFFICIENTS
B 130 A=l

Li=feld-114d

L=ISAVE( Y
SROLY=SART(ARS{IRMILT r/ DAL T I REY 1Y
COMPUTER T-UALUES

TLLY=ROL 7SRO

STANDARD ERROR OF ESTINATE
SY=ERRT(ARS{SY ¥}

FoUaLUE

Fr=K

CEARK=C8AR/FY

SERRK=88NR.FH

F=0SaARM/EE0EN

ANGI1Y=RD

AMS(2Y=RH

AME (2L -RY

AHEL4 =8EAR

ANSIRI =R

AMEL &1 =C8ARN

ANEL T =GERR

ANSIRI=FN

ANB/(PI=0RNEM

ANS(10)=F

RETURN

ENDR
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APPENDIX 1I
INPUT SPECIFICATIONS
Data file contains control cards, data cards and selection cards:

(1) Control Cards:

Card Variable Description Format
First TITLE Title of the problem A
Second N Number of observations Free

M Number of variables

NS Number of selections

(ii) = Data Cards:

Since input data are read into the computer one observation at a time,
each row of the variables (dependent and independent) is given in one line in
free format. The input subroutine DATA is written by the user depending upon
the type of problem.

(iii)  Selection Cards:

The selection card is used to specify a dependent variable and a set
of independent variables in a multiple linear regression analysis. The selection
cards are given after data cards. The selection card is prepared as follows:

Variable Description Format

NRESI Option code for table of residuals 12

00 if table is not required

0l if table is required

NDEP Dependent variable designated
for the forthcoming regression analysis 12
K Number of independent variables 12

included in the forthcoming regression
analysis
ISAVE Vector containing independent variables(num-

bers of independent variables are given
in 12 format)
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APPENDIX Il

OUTPUT DESCRIPTION

The output of the multiple linear regression analysis programme includes

the following statistics:

(a)
(b)
(c)

(d)
(e)
(f)
(g)

(1)

Means

Standard deviations

Correlation coefficients between the
dependent variable.

Regression coefficients

Standard error of regression coefficients
Computed T values

Multiple correlation coefficient

independent variables and

Analysis of variance for the multiple regression

Standard error of estimate
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APPENDIX IV
TEST DATA
The following data has been used to illustrate the use of programme.

The data has been taken from 'Statistical Methods in Hydrology' by CI. Haan

page 201.
SN @ Q 2 |
(1000 cfs) ( 1000 Mile”) (inches)
i 15:50 1.250 157
Pl 8.50 0.871 Ay
5,5 85.00 5.690 19
4, 105.00 8.270 1:9
5 24.80 1.620 21
6 3.80 0:.175 2.4
7 1.76 0.148 3.2
8. 18.00 1.400 2l
9. 8.75 0.297 2.9
L0 .25 0.322 22
15155 3.56 0.178 2.8
755 1.90 0.148 2ol
1.3, 16.50 0.872 Zail
14. 2.80 0.091 2.9

Here Q is discharge in thousand cfs, A is area in thousand square miles,
[ is 24 hour rainfall depth in inches. Q is a dependent variable while A and

| are independent variables.
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145351

15.50
8.50

85,00

;

L )
4 0 CO D0 B
[ I TN o N T
ND oD

o TA

1.90
16,58
2,80

RELATIONSKIF

1,250
0,871
5690
8.270
1,820
Q.173
0.148
1,400
0.2%7
0.322
0.178
0,148
0,872
0,091

0101020203

RETWEEN 0 AND AREA AMD INTEMRITY OF RAINFALL

1.70
2.10
1.90
1,90
2.10
2.40

V20
2:70
2,90
2.90
2.80
2.70
2.10
2,90

APPENDIX
TEST INPUT
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APPENDIX VI

TEST OUTPUT

RELATIOMGHIP RETHEEN 0 ANR AREA ANR INTEWEITY OF RAINFALL
M TIPLE REGREGSION. vv v

SELECTION cvevs 1

UARIABLE  MEAN  STANDARD  CORRELATION REGRESSIOM STR. ERROR COMPUTER

NQ., REVTATION ey COEFFIENT OF REG,COEF. T YALUE
REPENDRENT
1 21,722 32,050
0
INTERCERT 165700
MULTIPLE CORRELATION 0,89357
2TR, ERRQR QF ESTIMATE 2,943%1
4] ANALYSIS OF UYARIANCE FOR REGRESSION
SQURCE OF YARIATION REGREES Sl OF MEAN F valUE
OF FREEDOM SRUARES SQUARES
ATTRIRUTARLE TQ REGRESSION 2 12182, 423 §5%91.:412 423,758
REVIATION FROM REGRESSION i1 171,099 13,754
TQTAL 13 13353.722

MULTIPLE REGRESCSION, vvvrs

SELECTION . vrvee 1

TARLE OF RESIDUALS

CASE MO, Y UALUE Y ESTIMATE RESTRUAL
1 {5, SO0O0 18,11483 ~2,61483
7 QSO0 1213004 -4 ,£TI704
1 85, 00000 74,50771 8,457229
4 108 . Q000 11643782 =-S,43742
5 24,8000 22,98520 1,81480
& 1, 80000 1,98529 -0, 18429
7 1,74000 1,43917 -1,R7917
8 18, 00000 20, 09868 -2,09848
9 8, 75000 5, 59531 31,1549

10 8, 25000 ,92409 2, 32591
11 1,56000 4,02922 -0, 46922
12 1,90000 1,42757 -1,73357
12 14, 50000 12,14821 1,151%9
14 2,80000 2,8R8420 -0, OR420
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