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ABSTRACT

A generalized computer program was developed to
fit selected functions to experimental data by the
method of least squares. This program is character-
ized by a wide selection of functional forms for the
independent and dependent variables, an extensive
listing of descriptive statistics, and a simple input
form that facilitates program use.
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INTRODUCTION

In general, there are two reasons for estimating the parameters
of an analytical function from a set of observed values. In one
case, the fitted function is to be used for interpolation and/or
extrapolation, For this use, the functional form is of interest
only to the extent that it is both adequate and simple. In the
second case, the parameters of the fitted function have physical
meaning and the fitting determines these physical values. For this
use, the functional form is determined by the physical situation

and may be simple or extremely complex.

Whenever the functional form is linear in the parameters
{(the regression coefficients), a linear least squares program can
be used. The computer program described in this report has the

special advantages of:

e Wide selection of functional forms for the independent and

dependent variables
# Extensive listing of descriptive statistics

e Simple procedure for the user

Appendix A contains the mathematical formulation of the
program. Appendix B contains the detailed input instructions and
the routine input form. Appendix C contains a sample output for

the problem in Appendix B.
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SUMMARY

This computer program obtains a least squares fit to X sets
of observed values (Y, Xl, C ey X6) by fitting the following

linear form:

~ n
H(Y) = biF3
i=1

where ﬁ(Y) is a selected function of the dependent variable Y,
the bi are the regression coefficients to be determined, and the
F, are selected functions of the independent variables Xj. This
program has upper limits of 6 independent variables, 20 terms, and
500 sets of observed data, These limits could be increased to
accommodate larger problems. The following statistics are calcu-
lated: the means, the standard deviations, the pairwise correla-
tions, and the maximum and minimum values of the dependent and
independent variables; the regression coefficients bi and their
standard errors; the multiple correlation coefficient, the
standard error of estimate, and the ratios of the calculated value
to the observed value of the selected function of the dependent
variable. A plot of the observed value and calculated value as a
function of the first independent variable is also provided under
user control.




DISCUSSION

MATHEMATICAL FORMULATION

This program calculates from K sets of observed values
(Y, Xg1, ---» Xgj) that set of coefficients (b;, ..., b.) of the

linear form in b;:

~

Hy = byFygy * boFyp + ... + byFyy,

which minimizes

K

- 2
= 2 Wx(Hg - Hy)
k=1

where

H, = value of a specified function for the k™% observed
value of the dependent variable Y,

F,; = value of a specified function for the k' observed
values of the independent variables Xy 3

W, = a normalization or weighting factor that equalizes

the variances of all Hk

This minimum value of Z and the corresponding b; are obtained
by the usual methods of the differential calculus by solving the
following set of n equations in n unknowns (see Appendix A for

details):

5z
= 0; i=1, ..., n (1)

If this system is nonsingular, then a unique set of coefficients

bi exists.
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STATISTICAL ASPECTS OF THE PROBLEM

For each given value of Fyi, the observed Hy are assumed to
I

be normally distributed with a mean of z:biFki and a variance
i=1
Ske. If the variances are not equal for all values of F,;, then

the weighting factor W, is used such that Sk‘?/wk = s% is constant.

This situation is illustrated in Figure 1 for the case

Hy = b1Fg1 * baFye

where
Fgp = 1
Fra = Xy
or
Hy = by + bpXy,

At each of the three values Xy;, Xp;, and X33, the mean of the

observed Hy 1is ﬁk = b, + byXyy. This is the mean about which the
observed values of Hy are normally distributed with a variance 52,
The small bell-shaped curves at each value of ﬁk represent normal

distributions with equal variances.

by + baX3y

X1y Xzt X31

FIG. 1 ILLUSTRATION OF STATISTICAL ASPECTS OF LEAST SQUARES




INPUT FOR THE COMPUTER PROGRAM

The input for this program is listed on a routine form
(Appendix B) that allows up to 6 independent variables, 20 terms
in the fitted equation, and 500 sets of observed data. Each term
involving independent variables is formed from multiplicative
combinations of the following functicnal forms:

Independent Variables Dependent Variables
1 ek
[x,1% [ExP(¥)]*
[EXP(X;)1¥ [LN(Y)]®
[LN (X4 1" [SIN(Y)]®
[SIN(X;) 1" [cos(Y)]E

[cos(x5) 1"
[X; 1ELN(X4)

(X; J1PEXP (X;)

In performing the minimization of Z; the user has the option
of specifying the following weighting functions:

Option Result
0 Wy = 1
1 Wix read in
2 Wx = 1/H(Yy)
3 W = 1/[H(Y) ]

1 et e e e e =
PRI



OUTPUT FOR THE COMPUTER PROGRAM
The standard output includes the following:

e Problem title

e Model definition (functional form of the fitted equation)

# Regression coefficients, their standard errors, and their
"t values

e Constant term, if present in the model

e Standard deviation and mean of each term in the model

e Simple correlations between the terms F; and H

e Multiple correlation coefficient, whose square gives the
percentage of original variation in the data, which is
accounted for by the fit of the model

e Standard error of estimate

The following output may be obtained at the option of the
user.

¢ Analysis of variance for the fit

¢ Table of simple pairwise correlations, means, standard devia-
ations, maximum values, minimum values, and ranges of the
original dependent and independent variables before functional

transformation

e Listing of the value of H,, the calculated value of Hy, the
ratio of the former to the latter, the original independent

variables Xy, and the W, of each data point

® Plot of the observed Hy, and the calculated ﬁk versus the
first independent variable




SUBSETS OF THE DEFINED MODEL

Once a given model has been selected, any subset of the
model's terms may be selected for subsequent fits, without reading
in a new set of data. Each subset of terms is defined on the
routine form (Appendix B). The only restrictions are that the
dependent variable is fixed and if a constant term is included in
the original model, all subsets must also contain a constant.

This problem selection feature is described more fully on the
input form (Appendix B}.
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APPENDIX A

DETAILED MATHEMATICAL FORMULATION

Definitions
P ikaki Ekakm
L(WxFxiFgm) = LWkFkiFkn -
K K EW,
k
Spy = ﬁ(WkaHk)'
= '
Sim = ﬁ(kakika)
EW, H
__H_ ) K kk
T IW
k k
o IWFy
k
LT o,
" k
i(kakiPkm)’
Ti, =
o Vsiismm
C;, = inverse element corresponding to T;,
S,
1l
By = b-‘\fw——
1 1 SHH
Mathematical Development
Given the problem of minimizing
K Ao
Z = 2, Wy (Hy - Hy)
k=1

where

n
Hy = 2 bsFyy
i=1




then

A o ~ OH
W — - IW, H = 1]
3D; T ] ’ PR e B
or a set of n equations in n unknowns
EwkaFki = Ewkblelel + e + lz{wkankani; is= 1, ey 11
(A-1)
Case I — Constant term.
If Fyj = 1 for some i = r; k=1, ..., K; then
n
br = H - E biFi (A"Z)
i=1
i#r
Substituting (A-2) into the other (n-1)} equations (A-1)
i(WkaFkiy = i(WkPlekif by +
(A-3)

I [
+ E(Wka,r-lei) by_y * E(kak,r+lei) bray

! -
+ L.t E(kakani) b,; 1=1, ..., r-1, r+1, ...n

Scaling the matrix of coefficients'E(Wkakaif by dividing by
S

i

S and the right-hand side vector E(wkaFki) by fS;;Suy

iivmm

gives
" R - -

1 Typ +-- r),n-1 Tin By Ty

Toy 1 . T2n By Toy

_ (A-4)
1
.1 Too +o- Tn,n-1 1 | _Bn_ _rnH_

Although the notation in the matrix and vectors of (A-4)




implies that the dimension is n, the quantities subscripted r are
missing in accordance with the preceding equation (A-3) so that

the actual dimension is n-1.

After inverting and solving for By, the regression coefficients

arec

Sty

¥
511

i#r (A-5)

bi = Bji

and the constant term b, is given by (A-2}.

= total sum of squares with degrees of freedom

S
HH
equal K-1

n-1
RES = Sgy - 2, b.S,. = residual sum of squares with
1t degrees of freedom equal K-n

l=
i#r
DFgpg =.degrees of freedom of residual sum of squares
S RES = gtandard error of estimate
DFrES
Cyy
S(bi) = S8 5 = standard error of regression coefficients
igr =1

~ 1 Cs
S(b,) = S\V[ + LLF;F, = = standard error of constant
g ﬁwk im Sim '

Case II - No constant term.

The procedure for Case II is the same as Case I except that
E(wkaFkif is replaced by EWyHgFyj and E(WkPkkaif by ZWyFypnFy; -

In this case, there is no b, by definition.




APPENDIX B
DETAILED INPUT INSTRUCTIONS

The routine input form (Figure 2) used with this program is
composed of five major sections: (1) job control cards,

(2) identification card, (3) term definition cards, (4) subset
definition cards, and (5) data cards. A detailed description of

their use follows:

Job Control Cards

Four 05/360 job control cards (excluding/* at the end) are neces-
sary. Of the four, the user need fill out only the two standard
JPB cards with the desired entries.

Identification Card

(one card per set of data - all entries right justified)

Card Column Identification Remarks
1-48 Problem title Up te 48 alphanumeric
characters in length
49-51 Number of data points Maximum - 500
53 Number of independent Maximum - 6
variables
55-56 Number of terms in fit Maximum - 20

including constant
58 Weight opticn 0 - Wy =1

1 - Wy read in

3 - W, = 1/[H(Y.)]?
60 Number of subsets of n = 0,1 - defined model
the Qefined model to only
be fitted n = 2-9 - defined model
and n-1 other
subsets will
be fit
Maximum - 9
62 Simple correlation 0 - simple correlations
between input not calculated
variables 1 - simple correlations

calculated



Identification Card (continued)

Card Column Identification Remarks
64 Table of input data, 0 - table is printed
calculated function, 1 - table is not printed

and ratio for each
data point

66 Analysis of variance 0 - table is not printed
table - table is printed
68 Plotting option 0 - not plotted
- plotted

Term Definition Cards

A term definition card is required for each set of data to
describe the functional transformation desired for the dependent

variable.

In addition, a card is required to define each term of the model
because each term is made up of available functional transforma-
tions of the independent variables. The desired transformations
are selected by specifying the one-character conversion code from
the following:

Conversion Code Functiocn
0 1 (constant term)
1 [X;1E, [Y]E
2 [EXP(X3) 1%, [EXP(Y)]F
3 [LN(X;) 1%, [LN(Y)]E
4 [SIN(X;)1E, {SIN(Y)]E
5 [cos(X;) 1%, {cos(¥)1®
6 [Xy1PLN(Xy)
7 [X;17EXP (X;)

The exponent E is the power to which the transformed variable is
tc be raised and may have as many as five characters with decimal
point, 1.e., -5.12, 3.32., All unused independent variables and
unused terms are left blank. A constant term can be included in
the model by selecting conversion code zero (blank) for all inde-
pendent variables,




0S/360 LINEAR LEAST SQUARES PROGRAM

This routine obtains a least squares fit 1o K emperimental dota points (Y, X|, Xz ---Xg) by fitting the following
linear form:
NTRMS
H(Y) =§b(1) FI

Whnere H(Y} is o specified function of the dependent voriable Y raised to o specified power, B(l) is o parameter to
be determined, and F(I) is the product of spacified functions of the independent variables X(J) raised to specified

powaers.
B TR ARDS
1/ EBIK[Z3[2[018] I8l [ 3[2]0[8], [L]o]219],1o[ol&], (o4, Ielololal T, 1,1, [8[2]7]7]-]
s, L[5t 3[els]-loly ] ITI,le;31)1, "'C i
v ’ TE (P TKIN[T]GIHIT "LIMISIGILIETVIETLT=11]1
/i /LiS|ITISIQIR EIXE C LIS|4.6]4
/Gl L [SIY[SITIN] [O/D] (%
IDENTIFICATION CARD (ONE REQUIRED PER K _DATA POINTS)

" STUILTETCIRITIET TATETTIO] [CTPINIVIER]STT] Problem
R N N A O O ) O A O Title

3|0 Number of experimental values (limit 500

2 Number of independent variables (limit &) ) .
114 Mumber of terms in fit including constant {limit 20) Right justify
i) Weight option: O-Wj=1; [I- Wireadin] , 2-Wj=1/H{Yj); 3-Wi=1/ [H(Yj)]? ail entries in
= 7 Number of subsets of the defined model 1o be fit - uscally | columns 49-68
® 1 Simple correlation between variables: O-not colculated , | - coleuloted
110 Table of ratios: O -printed; |- not printed
s 7 Anolysis of varignce fable: O-not printed; |-printed
= |/ Platting option: O-no plot; |- plot

. . EXPONENTS AND CONVERSION CODES FOR TERM DEFINITION
Conversion code C:

Term O (dependent variable}

[} Fungtion c Eunctien c Function

I YE 2 [ExP(y)E 3 [LNeY)E

4 [sINtYHE 5 [cos(y)€
Term 1-20 (independent varioble}

c Function c Function [ Function

0 | l DetE 2 [ExpP Xt
3 [LNEXEINE 4 [SINX(IE 5 [cosixE
6 DX LN} 7 X (]E EXP(X{(J)

Include decimal points with exponents and leave blank unused independent variobles and unused terms.
A comstont con be input by leaving the line for the indicoted ferm blank.

W

FiG. 2 ROUTINE INPUT FORM

e o meme . . - .
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Y-DEPENDENT VARIABLE

MM/WW

Term C Exponent

0 F1/l-Iol ]

X X(2) X(3) x4 X(5) X(6)
Term C Exponent Exponent C Exponent C Exponent C Exponent C Exponent
| &) o [ T 7 x ¥
T ] T ] Lad L3 L3

g T—Z’, T :: : 3 Gl iia 14 L3

4 ™1 T AEE ™ £ i [y
5 ™ T T ] IE] or L3 [
8 O 3 il 7] 2 4y
771 F i R ¥ &
8 ] ¥ m ! B ki3 7Y
g - B o fir & L] o)
10 | T it [ 13 2T

1 ™ O t by k] R
12 ™ H @ L = L) [
13 1 F @ 1 = Y 75
1471 F m T " td T T =
5 F 0 | & ™ Ty
16 - 3 i - & Eid ]

17 | T m 7 v 27 [T
18 ] I i 1 & 25 77 &5 £ &7 ety
ol [ O [ [® ¥ 2o 7T & [F5 a7 3
20 T B i | g 25 2T ) £ ] 43

additional selection.

PROBLEM SELECTION CARDS

The problem selection cards which follow may be omitted if number of problem selections in identification cord is
equal to |. If the rumber of problem selections is more thon |, then one selection card must be filled out for each

N {Right justify oll entries)
LY & 3 @'.‘ 8 ﬂ\

LN NN

A d"_z-\‘?cei? et gr\? &
13 Jep fol 142 131 4
0 2 B i l
i il 8 i B 11
O 3 E T g ]
O 3 r o o

DATA POINTS

Use IBM 360 general purpose coding form (OSR 22-157) with one data point per line

Y X{1) X2} X{3) X(4) X(5} WEIGHT
Cols. =10 Caols, t1-20 Cols. 21-30 Cols. 31-40C Cols. 41-50 Cols. 51-60 Cols. 61-T0Q Cols. Ti-80
Leove blonk unused independent variobles ond use E£10.4 format FEL-TTZ2IE4TE]+I0T 1]

FIG. 2 Continued




Problem Selection Cards

These cards define the subsets of the defined model which are to
be fitted. If the only fit desired is the defined model, then
these cards are omitted. One problem selection card is necessary
for each subset fit required. A maximum of nine fits are possible.

Card Column Identification Remarks
1-2 Number of terms in subset to be Maximum - 18
fitted
3-4 Table of input data, calculated 0 - table is printed
ggﬁgtlg?ﬁtand ratio for each 1 - table is not
P printed
5-6 Analysis of variance table 0 - table is not
printed

1 - table is printed

7-8 Index of first term in subset
relative to defined model

9-10 Same for second ternm

11-12 etc.

Data Points

The observed values of the dependent and independent variables
are listed one set per card in the following order: Y, X(1),

X(2), ..., X(6) and WEIGHT by an 8E10.4 format. If WEIGHT is

left blank, the WEIGHT is chosen from one of the previously

defined weighting options.-

In Figure 2, the routine input form is filled out for the following

problem:

LN(Y) = by + bpLN{Xy) * bgX; + b, LN (X5} .

The data for the problem are given in Figure 3.
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FIG. 3 SAMPLE DATA




APPENDIX C

DETAILED OUTPUT

The output from the program is best described by reference to
Figure 4, which is the output for the problem given in Appendix B.

The first item listed is the form of the equation that has been

fitted. Each independent variable is listed as a component

of each term but always with an exponent of zero wherever the
variable does not appear explicitly in that term. The other items
of the output are labeled and are self-explanatory. All items
beyond the "Standard Error of Estimate' are printed at the option

of the user.

SAMPLE PROBLEM

SELECTION NUMBER 1

€ LNLY)I#% 1.00) = B0 1)#¥{ (X{E) Y% 0.0 b#( (X{2))%% 0,0 )
+80 2)%{ LNUX{L})¥% 1.00)%( (X(2))%% 0.0 )
w80 3)%( (X{1) %% 1,C0)%( (xi2))%* 0.0 )

+B( a) x| (X(L))&% 0.0 )*{ LN(X{2))#¥* 1.00)

FIG. 4 SAMPLE OUTPUT
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SAMPLE #ROBLEM

SELECTION NUMBER - 1

TERM REGRESSION STD. ERROR COMPUTED MEAN STANDARD CORRELATION
CUEFFICIENTS OF REG. CQEF. T VALUE DEVIATION E{X) ¥S HIY}
L1 -0.564140 01 ¢.123750 01 -4,55862
2 -0.154760 02 0.270090 01 -5.72995 0.403520 0l 0.19732D 00 0.99588
3 0.856490=01 0.117810~-01 7.27021 0.5%5L70 02 0.967370 01 099791
4 0.484030 02 0.821010 01 5.89552 0.139380 01 0.512280-01 0.99318
HiY) 0.430150 01 0.24872D 00
MULTIPLE CORRELATION 0.9994%
STD.ERROR UF ESTIMATE 0.862820-02
ANALYSIS OF VARIANCE FOR THE REGRESSION
SOURCE UF VARIATION DEGREES SUM UF MEAN F VALUE
OF FREEDOM SUUARES SUUARES
ATTREBUTABLE TO REGRESSION 3 0.17920D 0l 0.597350 00 0.80240D 04
DEVIATION FROM REGRESSION 26 0.19356D-02 DaT44450-04
TOTAL 29 0.179400 01

CORRELATEON CUEFFICIENTS,MEANS+STANDARD OEVIATIONS »MAX VALUES.MEN VALUES.RANGES

XKtl}

L1¥1]

¥il)

MEAN
sTo D

MAX

MIN
RANGE
¥ VYALUE

1 3.5447E
2 3.7201E
3 3.8T33E
& 40086k
5 4.1300E
& %.1536E
7 4,1T64E
a 4.1992€
9 4.221%E
10 4.,2435E
11 4.2651E
12 4,28T0E
13 4,3089E
14 4.3306EF
15 4.3525E
L& 4,3749E
17 4.3981E
18 4,4229E
1% 4.45C4E
20 4. 4B84TE
21 4. 9B884E
22 4 492CE
23 4,4971E
24 4 50LTE
25 4.50b5E
26 4.5115E
27 4.5168E
28 4.5225E
2% 4.5283E
30 . 4.5346E

EV

X1}
1.00000
0.99325
0.95183
Q. 515k 7E
0.9673TE
0.66000E
0. 30000E
0. 36000E

¥ ESTIMATE

3.54060 00
3.72680 00
3.,87940 00
4.00890 00
4.12350 00O
4.14960 00
4216800 00
4419110 00
4.21860 00
4.2382D0 00
4.26190 00
40289650 00
4.30920 00
4.33260 00
4.35950 Q0
%4.3900L 00
4.41200 00
4.43730 Q0
4.46580 00
4.48580 00
4.49370 00
4449010 GO
4.49810 00
4,50620 CO0
4,5G27D 00
4.51080 00
4,50730 00
4.51550 QC
4.51210 0O¢C
4.5203D 0C

F

xiz)
1.08000
0.97313
02 0.40352E 01
o1 0.197368 00
0z C.41900E C1
02 0.34010E Q1
02 0.73900E QO

TABLE UF RATIDS

RATIOD Xl

1,00128 00 3.00000 0
9.98226-01  3.50000 ©
$.9841E-01 4.QG000 O
9.9992E-01  4.50000 0
1.0016E 90 5,00000 O
1.0010E 30 5.10000 ©
1.002CE Q¢ 5.20000 O
1L.0019€ 0 5.300C0 O
1.0007€ 0O 5.40000 0
1.0043E 0O 5,.5000D 0
1.00Q%E 00 %.60000 0
F.99295-01  5.70000 O
F.9993£-01  5.80000 O
9.9954E-01 9,90000 0
9,9838E-0)  6.0000D O
9.9657E~01 6.,10000 O
9.9685E-01 6.20000 0
9,96T6E-01 6.,3000D 0
9.9655E-01 6.40000 O
G.99T6E-01  6.50000 O
9.9882E~0L 6.51000 0
1,0004E 00 6.52000 0
9.9978E=01 4,5300D0 0
9.9900E=01 &,54000 O
1.0008€ 09 6,55%000 C
1.C0C2E 00 6.56000 0
1.C021E 00 6.570QD ©
1.0016E 00 $.5809D 0
1.0036E 00 6.59000 O
L.C032E 00 6.6000D0 O

IG. 4 Continved

- 23 -

YilL

1., 00000
0.75801E
0.15993E
0u3L90E
0. 34630F
0. 58560

02
02
02
02
0z

Kiz)

1 3.40.l00
1 3,55500
1 3.68900
1 3.8070D
1 3.91200
I 3.93200
1 3.95100
1 3.97000
1 3.98500
1 4.08700
1 4.02500
1 4.04300
1 4,06000
1 407700
1 4.0940D
1 4.11l00
1 4.1270D
1 4,1430D
1 4.15900
1 4.L1T7400
1 4.17600
1 4.17700
L 4.17900
1 4.18l10C
1 4%.18200
1 4.1840D
1 4,18500
L 4.14700
1 4.18800
1 4.19000

wT

1.,00400D
1.0000D
1.00¢QL
1.00000
1.00000
1.00000
1.0000D
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
190000
1.00000
1.00000
L .00000
1.00000
1.00000
1,00000
1.00000
1.00000
1.00000
L.0Q0Q00
100000
1.0000D
1.00000
1.00000
1.00000D
1.00000
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SAMPLE PROBLEM

SELECTION NUMBER 2

{ ENgY)®* 1,000 = B( Li*{( {x(1))** 0.0 )={
+8L 3)%( (XTL) )% 1.00)%(

+8( 4)%{ (X{1})%% 0.0 b*(

SAMPLE PRUOSLEM

SELECTION NUMBER 2

MULTIPLE CORRELATION 0.99878

(X{21i*% 0,0 1

(X{Z2¥)*% 0.0 )

LNEX{2Z2) %% 1.00)

TERM REGRESSION STO. ERROR COMPUTED MEAN
COEFFICTIENTS OF REG. COEF. T VALWE
1 d.13234D 01 0234570 00 5.64177
3 0.134540-01 0.166120-02 l1i.10881 0.57517D 02
4 0.137510 O1 0.313700 00 4.383548 0.139380 01
Y) 0.430150 01

STD.ERROR OF ESTIMATE Q.12736D-01

TABLE OF RATIGS
¥ VALUE Y ESTIMATE RATIO Xl

1 3.5447E 00 3,56030 00 9.9563E~01 3.00000
2 3,.7201€ 00 3,7)13%D 00 1.0018€E 00 3.50000D
3 3.,8733E 00 3.8566u 00 1.0043E 00 4.00000
4 4.0086E 00 3.99220 00 1.0041€ Q0 4.50000
9 %, 13006 00 4412190 00 1.0020E 0G 5.00000
-] 4,1536E 00 4,14730 00 Ll.COL5E Q0 5.10000
T 4.LTH4E Q0 #.17240 00 1.0010E 00 5.20000
8 4.L992E 00 4,19750 00 1.00C4E 00 5.3000C0
g 4.2214E Q0 4422250 00 9.9975E-01 5.40000
10 4,2435E 00 4,247TL0 00 9.9914&E-01 5.5000D
11 4,2651€ 00 427170 00 9.9844E-01 5.60000
12 4,2B870E 00  4.2963D 00 9.9783E~01 5.7000D
13 4.3089E 00 4.32060 00 9.9731e-01 5.80000
14 4,3306E 00 4.34480 00 9.96T4E-Q1 5.9000D
15 44,3525 00 4.36B90 00  9.9623E-01 6.00000
16 4,3749E 00 4.3931lD 00 9.9585E-01 6.10000
17 4.3941E 60 4.4149D 00  9.9976E-01 6.20000
18 4.4229% 00  4.44070 00 9.960lE-01 6.30000
19 4.%504E Q0 4.46440 00 9,9686E-01 6.40000
20 4,484TE 00 4,4878D0 00 9.9930E-01 6.50000
21 4,46884E 00  4.49030 00 9.9957e-01 6.51000
22 4.,4920E Q00 4,4925D0 00 9.9989E-01 6.5200D
23 4.49TLE 00 4.49500 00 1.0005E 00 6.53000
24 4,5017E 00 4.49750 00 Ll.00C%9E OC &6.54000D
25 4,5065E 00 4.49970 00 L.OC15E 00 6.55000L
26 4,5115E Q0 4,50220 00 1,0021E 00 6.56000
27 4,5168E 00 4.5044D 00 1.0028E Q0 6.57000
28 44,5225 00 4.50690 00 1.0035E 00 6.58000
29 4,5283E 00 4.50900 00 1.0043E 00 6.59000
30 4.5346E 00 4,51150 00 1.0051E 08 6.60000

FIG. 4 Continved
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STANDARD
DEVIATION

0.9267370 01
0.51228D-01
Q.248720 QQ

xi2)

3.40L00
3.55500
3.68900
3,8G700
3.91200
3.93200
3.95100
3.97000
3.96%00
4,00700D
4.02500
4.0430D
4.06000
4.0T700
4, 09400
4.L1110D
4.12700
4414300
4.15900
4, 17400
4.1760D
4, 17700
4.1T900
4.18L00
4,i8200
4418400
4,18500
4,18700
4,16800
4.19000

CORRELATEION
FIX) V5 HIY)

0.99791L
0.99318

w7

1.00000
1.0009D
1.00000
1.0000D
1.00000
1.00000
1L.00000
1.0000D
1.00CC0
L.0000D
1.00000
1.0000D
1.00000
1.00000
1.0000D
L.00000
1.000CD
1.00C0D
1.00000
1.0000D
1.00000
1.0000D
1.004000
1.0000D
l1.00000
1.0000D
1.00000
1.00000
1.00000
1.00000

T AT T e 8




2

LHART

o m— o ——— s

42535E 00 #m-m=mmmmbommmmmmemd oo oo onis

— 3 i e
* '
X ]
x v

= "
> &

>x 1
1
L |
i
1
> .
1
!

||||| ———— e — —————

B
=
3
B
»
*

b

—_ — -—

||||||||| + ———————— —
1
b
]
]
1
'

|||||| ———h ———————
]
1
]
]
]
[]
1
!

1
||||||||| - —————
1
]

1
I
1
1
i
1
T
||||||||| b - —
o
o
s
~
)

"
<+

=Y ———

=

bemmrm———

[+]

¥ 4.130E

oxmw

L=

-—+

Frmmm e ——————— = e e o e

3.941E CQ

——— e - —

lllllll -
*
> 0g

e

3.T43E 0O #=—-—-

PP

A

Kmwmwow e

3.545 QC

3.000E Ol 3.,360F Ol 3.720k Ol 4.0B0E Cl 4.440F 01 4.800FE 01 5.160F 01 5.520& 01 5.880E Ol 6.240FE 0l 6.600¢ Q1

FIG. 4 Continued

26

B ok 2 L L i

%

T




