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‘1.  THEORY

A problem, which is encéuntered réther frequently in
experimental research, is to find a functional expression for a
relationéhip between a number of variablesvfrom a set of data
obtained by experiments. The most widely used method for solving

this problem is the "Least Squares Fit".

" The basis of this method is to approximate the data

DL(x,y,z), (which ‘are assumed to be a function of three in-

. dependent variables) by a regression function D(x,y,z) in such

.a way that the sum of squares of the residuals rL(x,y,z) =

DL(x,y,z) - D(x,y,z) becomes a minimum .

n
= 2 .
s = I [D006y,2) - Dlxy,2))" = min

n = total number of data

For a four-dimensional regression analysis (three in-
dependent variables) the regression function has the following

form :

~

Ny My

D = £ ¥ = R .« g. . h
D(x,y,2) PN a5k £3(x) ¢ 950y« By (2)

“where aijk are unknown coefficients of the regression subfunctions

L £500, 9., and hy(2)
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These coefficients can be determined by minimizing. the sum of

squares of residuals:

_:gg_ = 2 L g (D, - 5)2] = 2 g '[(ﬁ -D) . f.g.hh] =0
oa aaijk' L=1 D | L=1 L | i7j k

The minimization process leads to a system of m x m linear
simultaneous equations where m is the product of the total number of

subfunctions fi(xj, gj(y), and hk(z):

i

Solving these equations givés the regression coefficients aijk’.
from which the values of the regression function D(x,y,z) can be

determined for arbitrary values of x, y, and z.

As an illustration of the basic procedure the following
equations for a two-dimensional regression analysis (one inde-

pendent variable x) are obtained:

n. .
, i |
D(x) = .Zl a; £,(x) = af 00 + a,fo(x) + viot a  f (%)
i= A
. - n _ 2
S = % [DL(x) - D(x)]
L=1 .
. s, D - 3D(x) _
8. -2 % [D(x) -DB0) 53X = 0
- , 5

°4; L=1
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n : -
R [D(x) - DGO £,00 = 0
n . : n
T D f.(x) = T Dx)Ff.(x)
p= bR L=1 T
" no n n W n ]
v £ f v f.f, .... % f£f_f . a Y D_f
fu=1 171 L= 12 L?l 1 ni 1 L=1-L 1
n n n n
> ff v f.f eee o £ f . a * D f
b2l 522 Lo 2| |22
n n n n
lzf £y T .f ....Ef .f . a . %D f .
LL=1 ni L=1 ni 2 L=l»nl nl_ n{ =1 L n{

The governing -equations for the three and four-dimensional re-

gression analysis are found in a way similar to those for a two-

dimensional problem.
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2. PROGRAM CURVE

2.1 Purpose
i The purpose of the program CURVE is a regression analysis

!
of data with one or two independent variables.

. This analysis is gased on the following regression
funcéions:
_one indépéndent variabie:
- ng
D(x) = iil a £, ()
two independent variables:

; . - n, n.
. B hR

= J
D(x,y) = Z ¥ a,. f£.(x) g.(y)
’ i=1 =1 3 J

The data have to be arranged in the following form:
D (I,J) I= l,}f¢,NR subscript related to variable x

J E.},...,NP'subscript related to vériab1e~y

where x = constant for all values D(I,J=L1..NP)

constantAfor all values D(I=1...NR,J)

I

- Y

For two-dimensional problems (one independent variable)

"y .dis assumed to have a constant value of 1.

‘By selecting the proper code numbers the following

types of regression subfunctions can be utilized:
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Code Number fi(u), gj(u)
1 A
2 u
3 /u
E 4 1/u
) 5. u2
6 u3
, 7 .loglou
i 8 : _ %/u

Unless épecial provisions are made the program will in
_ a'Subse&uent step reject da%a whose residuals after the firét
'-1eas£-squéres fit lie beyond a defined constant band-width. This
band-width is twice.the standafd error of estimate (standard
deviation of residuals) multiplied by a_factor which has to be
specified by the user. 1In a final steb the program will repeat

the regressionAanalysis for those data which were not rejected.
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2.2 Logical Flow Chart

Two~dimensional
Regression

N Solve*{ UNIFORM

Outxx -+ REJECT

Solve 4 UNIFORM

CURVE
CURFIT Outxx
. Three-dimensional
Regression
- o Qutxx
NONUNL Solve
———— e ———— - — ————— 4
1
|
|
o | REJECT [~ Outxx
=y
sl
[&]
@ |
‘M
¥ . g’_/. ' < 1
{ "'Outxxl
S NONUNI
E, *4Solve|
o
RS

END
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2.3 Descfibfioﬁ of Sﬁbprégfams

(1) Main program CURVE

Purpose: Inpuf of data
o : 1. control variables
z o 2. fdata
3. arguments of variable x (and y)
4.. code numbers of regreséion subfunctions
| . C£500 (and g(y))
The soufce program is'written in such a form, that
after executing the regression analysis with a certain set of
funptiohs fi(x) (or fi(x) and gj(§)5Aother éets of functions will

- be read in and the regression analysis will be repeated.

(2) Subprogram CURFIT

Purpose: Calling of regression subroutines in pre-
. : © " scribed order (see the logical flow chart)

Output: original data

arguments of variable x (and y)

(3) Subprogram OUTXX

Purpose: print out of arrays (original data; residuals,
'fitted daté),output is printed in columns of"8
(Format El4.4),headings are provided by the

calling program
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(4) ‘Subprdgram SOLVE

Purpose: Solution of systems of simultaneous equations'
(modified version of the matrix pack sub-

| . routine)

. (5) Subprogram REJECT
I Purpoée: 1. calculation of total numbervof data, éuh of
 squares of residuals, standard erfor of
estimate (standard deviation of residuals)
before rejection
2. rejecfion of data, whose residuals 1lie
beydnd a certain (constant) band-width
- 3. calculation of total number of data, sum

. of squares and standard error of estimate

after rejection

Outpuf: 1. residuals béfore rejectipn
2. tbtal number of data, sum of éqdares and
standard errér before rejection
- 3. rejected data
4. residuals aftér rejection
5. total humber of data,sum-of squares, and

standard error after rejection

' (6)' Subroutine UNIFORM
Pufpose: Two dimensional regressicn analysié (one

independent variable x)
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1. scéling of variable x
(logarithmic or linear scale)
2. calculation of values of regression
subfunctions fi(x) .

: 3. generating and solving the system
of simultaneous equations for the
regression coefficienté

4. calculation of fitted,daté

‘5. calculation of residuals .

Qutput: 1. 1list of regression subfunctions fi(x)
énd’code numbers of selected functions
2. coefficient_matrix and right-hand side of
system of simultaneous equations
3. vregression coefficients -

4. ‘fitted data

(7) Subroutine NONUNI

Purpose: Three dimensional regression analysis (two
' independent variables x and y)
1. scaling of variable x
(logarifhmic or linear scéle)
24 calculatidn of values. of regressidn sub-
functions fi(x) and gj(y)
3}"generating and solving the system of
simultaneous equations for the regnessibn

coefficients
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4. calculation of fitted data

5. calculation of residuals

© Qutput: 1. 1list of reéression subfunctiéns fi(x), gj(y)
and code'number of selected functions
2. coefficient matrix and right hand side of
system of simultaneous equations |
3. regression coefficients

4., fitted data

‘2.4 Input

Card A Control Variables FORMAT (4I5S, F10.0)

Cols.
1-5 NP = maximum number of data per value of variabie X
(NP € 40)
6-10 | NR = maximum number of valueé for variable x
(MR < 165)
15 scaling of variable x
1 x' = x (lineaf scale)
2 x' = nglox (iogarithmic scale)
20 number of independent variables
1 | one independent variable x
2' two independent variables x and y
21-30 :PRO = band-width factor for rejection

(PRO = 1.50....2.0)
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Card B Data FORMAT (10F8.0)

Data D(i,J) have to be arranged row by row
D(1,J = 1,2,...,NP)

D(2,J = 1,2,...,NP)

Card C Arguments of variable x FORMAT (10F8.0)

Two-dimensional regression analysis:

Card D1: _Number of regression subfunctions FORMAT (Il)

NF = total number of regression subfunctions fi(x)

“NE S g

Card El: Code numbers for regression subfunctions:

FORMAT (8(I1, 1x))
code number i for regression -

subfunctions fi(x) "see page 5

In case the regression analysis should be repeated with
different types of subfunctions an unrestricted number of cards

of type D1 and E1l can be added.

‘ Card Fl: Blank card

Terminal for repetition of regression analysis

Three-dimensional regression analysis:

Cafd D2: Argumentslof variable y FORMAT (10F8.0) ‘

-11
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‘Card E2: Number of regression subfunctions FORMAT (2(I1,1x))

Col. 1 NF

total number of subfunctions fi(x)

NE S 8

Col. 3 NG = total number of subfunctions gj(y)

NG S8  NE¥ NG S 30

Card F2: Code number of regression subfunctions £f;(x)

FORMAT (8(Il,1x))

see page 5

Card G2: Code number of regression subfunctions gj(.)

-FORMAT (8(I1l,1x))

see page 5

In case the regression analysis should be repeated with
different types of subfunctions an unrestricted number of cards of

type E2, F2, and G2 can be added.

Card H2:- Blank Card

Terminal for repetition of regression analysis..

2.5 Limitations, Remarks

(1) Maximum values for control variables
< . ‘ :
NR - 165 maximum number of arguments for variable x

< . ' .
- 40 maximum number of data per argument of variable

NP
x or maximum number of arguments for variable y
respectively

165 x 40 = . 6600 maximum number of data
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L (2)

(3)

)

NF

8 maximum number of subfunctions f,(x)

tA

NG < 8 maximum number of subfunctions gj(y)

NE % NG < 30

Sequence of code numbers

The code numbers i (and j) for the selection of re-
gression subfunctions £.(x) (and gj(y)) have to be

arranged in increasing order, for instance 1, 4, 5 not

1,5,4

- Arrangement of data

y(J)

. (5

x(I) = constant for all values D(I,J = 1...NP)

constant for all values D(I=l...NR, J)

Zero and negative arguments of x and y

In case the independent variables x' = x -and y

_loglox

have arguments less than or equal to zero, a value of

zero is assigned to the following subfunctions:

Code Number fi(u), gj(u)

4 ‘ V 1/u
7 loglou
8 _%/u

Zero values of data

Zero values of data D(I,J) = 0.0 are considered as
missing data. 1In case it is their true value, a very

small quantity should be assigned to them.
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(6) Rejection of data

In case the rejection of data and a subsequent second
least squares fit should be suppressed, card CURVE 56
in subprogram CURFIT (NOREJ = 2) has to be replaced

% by NOREJ = 1.

A7) Réquifed'field length

CM = 100 000

. 8
i
2.6 ‘Nomenclature
Arrays
| STR (165,40) - Data D(I,J)
AGE (165) o Variable X(I)
X (40) o - Variable Y(J)
RES (165,40) Residuals )
ST>(165) - : Fitted data D(I) one independent
. - variable o '
DAT (165,40) ‘ Fitted data D(I,J) two independent
' - variables
AG (165) . Scaled variable x'(i)
-_P (8,165) - .Regreséidn subfunctioné fi(x)
G (8,40) ‘ " Regression subfgnctions gj(y)

KT (8) . code numbers for selected sub-

functions fi(x)
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XX (8)

A (30,30)
Variables

NR . =

NP : =

" NF 3 =
NG =

SNOM =

- PRO =

Branching Indices

NSE -

NCODE

- NCODE

-15

code numbers for selected sub-
functions gj(y)
coefficient matrix for system of

simultaneous equations

_ total number of arguments for

variable x

total number of arguments for
4variableAy or total number of data

per argument of variable x

ni = total number of selected
subfunctions fi(x)

nj‘= total number of selected

subfunctions gj(y) ‘ \
total number of data

band-width factor

Scaling of variable x

"NSE =1 x' = x (linear scale)

" NSE = 2 x' = 1og, o (logarithmic scale)

number of independent variables

NCODE = 1 one independent variable x

2 two independent variables

x and y
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NOREJ

rejection of data

NOREJ = 1 no rejection of data

NOREJ = 2 rejection of data with

H

subsequent second least

squares fit

-16
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2.7

PROGRAM LISTING

=17
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PROGRANM CURVE (INPUTSTAFELIEIRPUTOUTPUTY TAPEZ=0UTPUT) CURVE ™ 15

4 CURVE 2
- (HH##n*%*#%%&##&#*%*%*#%&**k*%#w#*%*é%*#&%#%%%*%%%**%{HHH#*#***&*%*&%**#*&#%CURVF 3f
4 #CURVE  &:
I REGRESSION ANALYSIS OF DATA WITH ONE OR TWO INDEPENDENT VARIABLES #CURVE &
4 ‘ . #CURVE  6;
'************Q*****’****“*****************************‘”‘““*****************CURVE 71
4 . - CURVE R
"COMMON/UNTA/STR (165+40) yRES(165940) 9 AGE (165) s AG(16E) oF (B4165)y - CURVE 9
1ST(165) sKT(8) sNSEsNCODE sPROSNOM CURVE 10
COMMON/NONA/DAT (165540) sG(RB940) 9X(41) sKX (B) CURVE 11,
~-DIMENSION A(30430) CURVE 12

10=2 : CURVE 13

C CURVE 14
'C INPUT DATA CURVE 185,
C ' CURVE 16
READ (INs400) NP yNRINSESNCODE,PRO CURVE 17!

DO 100 I=1lsNR : ' CURVE 18
READ(IN9401) (STR(Iy4N)sNz=14NP) CURVE 19’

100 'CONTINUE . CURVE_20
READ(IN9401) (AGE(I)eI=19NR) CURVE 21

GO TO (1014102)NCODE ' ‘CURVE 22

'C ' CURVE 23
C ONE INDEPENDENT VARIABLE ‘CURVE 24
c : ' CURVE 25
101 READ(INy402) NF. CURVE 26

" IF(NFLEQ.0) GO TO 150 CURVE 27
READ(INy403) (KT(J),J=19NF) CURVE 28

NG=1 CURVE 29

. NFG=NF CURVE 30
CALL CURFIT(NP4NR, NF,NGqNFGoA) CURVE 3Y

_ GO TO 101 CURVE 32
"C - - - CURVE 33
C ‘TWO INDEPENDENT VARIABLES CURVE 34
C - . CURVE 3%
102 READ(IN9401) (X(I)sI=1sNP) CURVE 36
103 READ(IN9402) NF NG CURVE 37
IF(NFLEQ.0) GO T0O 150 CURVF 38

READ (INs403) (KT (J) eJ=1sNF) CURVE 39
READ(IN9403) (KX(I)sI=1sNG) CURVE 40

NFG=NF #NG CURVE 41

CALL CURFIT (NP NRoNF yNGoNFGsA) CURVE 42

GO TO 103 CURVE 43

400 FORMAT(415sF10,0) CURVE 44
401 FORMAT(10F840) CURVE 45
402 FORMAT(119e3Xe11) CURVE 46
403 FORMAT(8(I191X)) CURVE 47
150 CALL EXITY ‘ . CURVE 4R
END CURVE 49
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FORMAT(1H19//910X926HSECOND LEAST SQUARES FIT :

237+59 =19
T TSUBROUTTINE™ CURFIT(NP,NR.NF.NC KFGyA) - ’ T CURVE 50
! , COMMON/UNIA/STR(IOSqao)9RES(105940)yAGE(léS)oAC(lé‘)oF(8 165) » CURVE 51
. 1ST(165) sKT (8) sNSESNCODE s FRO 9 SNOM -~ CURVE 52°
COMMON/NONA/DAT(165,40)qC(R940)yX(4])1KX(8) CURVE 53!
| DIMENSION A(hFCoNFG) CURVE 54,
10=2 CURVE &5,
P NOREJ=2 CURVE 56
3 GO TO (1009103)NCODE CURVE 57;
< ' CURVE 58]
C°  ONE INDEPENDENT VARIABLE ‘CURVE 59*
o c s CURVE 60‘
| 100 DO 101 I=1yNR _ CURVE 61!
3 DO 101 ‘N=1,Np CURVE 62]
b RES(IoN)=0,0 CURVE 63;
) 101 CONTINUE =~ CURVE 64!}
5 - WRITE(I10+300) CURVE 65!
) WRITE(I0s301) ‘CURVE 66/
+ CALL OUTXXA(STR,AGEsNP, NP) CURVE 67
3 ‘WRITE (1049302) CURVE 68|
7 "CALL: UNIFORM (NP yNRoNFoA) CURVE _69;
A S 760 TO (15045102)NOREJ CURVE 70
5 102 WRITE(10+303) _CURVE._71.
b . CALL REJECT(NPyNR) CURVE 72
7 WRITE (104304) _ZCURVE_ 73
3 ‘CALL UNIFORM(NP sNRsNF yA) CURVE 74
D : GO YO 150 ‘ CURVE 75
C h : CURVE 76
C TWO INDEPENDENT_ VARIABLES CURVE 77
C CURVE 78
» - 103 DO 104 I=1eNR CURVE 79
3 - DO 104 N=14NP "CURVE 80
7 RES(I1sN)=0,0 CURVE 81:
3 104 CONTINUE CURVE g2
D WRITE(I0+305) CURVE 83
3 WRITE(10430)) ‘CURVE 84
7 ' CALL OUTXX(STRsAGE sNP4NR) CURVE_'85
5 WRITE(104306) ' “CURVE 86
p WRITE (10+307) CURVE_ 87!
A P=NP , CURVE 88
3 NPH=P/2.0+046 ‘CURVE_ 89
B X(NP+1)=00e0 -~ CURVE 90
7 DO 105 I=1,NPH - CURVE 91
1 J=1+NpPH CURVE 92,
3 WRITE(I10308) TeX(I)eJsX(J) __CURVE 93
& 105 CONTINUE | : "CURVE 94°
o _WRITE(104302) CURVE 85
n - CALL NONUNI(NP,NR,NFoNGoNFC9A) CURVE 96
5 GO _TO (1504106)NOREY . _CURVE 97
7 106 WRITE(I05303) - CURVE 98
3 'CALL REJECT (NP 4NR) CURVE 99
D WRITE(I09304) CURVEL10Q
o - CALL_NONUNI (NP4 NR¢NF , NGsNFGyA) CURVE1R]
i 300 FORMAT(1Hl9e//sS1XeH*ONE INDEPENDENT VARIAbLE*o/) CURVE 102
1 301  FORMAT(//910Xs15HORIGINAL CURVE103
il 302 FORMAT(1H)ls//910Xs25HFIRST CEAST SGUARES FIT CURVE 104
303 FORMAT(1H1s//310Xs1AHDATA REJECTION CURVE10S
L 304, CURVELD®&:
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305 FORMAT(IHly//v‘SlX #TWO INDEPENDENT VARIABLES'M/) CURVELQ7
306 FORMAT(////7910Xe#Y=COCRDINATES#4/) CURVE108
307 FORMAT(10Xs2 (#POINTH#91]1XestY*920X) /) CURVE1N9.
308 FORMAT(10X92(I3y 8X9Ell 4415X)) CURVEL10
150  RETURN CURVE111l.
END

CURVE112

v b oy g

o A s e ¥ i

[PV R ESUINIL RPN
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T TTSUBROUTINE TOUTXX (SYAGEYRP I NR) CURVEITS
DIMENSION S(165¢40) 4AGE (165) CURVE114 .

10=2 CURVE 115

DO 100 L=1sNP,y8 CURVE116

NASL CURVEL17

L NE=L +7 : " CURVELlS8B
IF (NE.GToNP) NE=NP CURVE11S
WRITE(IOe300) (NeN=NAJNE) CURVE120
WRITE(IO09301) CURVE121

- DO 100 I=14NR : CURVE 12?2
TWRITE(T09302) AGE(IY, (S{Is+N)YyN=NASNE) CURVE123

100 CONTINUE ‘ - CURVE124
300 FORMAT(///7+11Xs# X% 96X yB8(11X913)) CURVE125
301 FORMAT (/) S CURVE 126
302 FORMAT(SXSEL12e495XK9BE1Ge6) "CURVE127
RETURN CURVE128

END ;

CURVE1?9
. i

i
|
{
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L. T TTTSUBROUTINETSOLVE(CyRy Xg kD) CURVETRT
DIMENSION C(NyN) oBR(IN) o X(N) 9A(30931)+IROW(30) CURVE 131
10=2 ’ : CURVE132
M=N+1 CURVE133
DO 100 1=1sN CURVE 134
IROW(I)=1 CURVE135%
AlTyMY=B(]) " CURVE136
DO 100 J=14N CURVE 137
A(TsJ)=C(IsJ) CURVE 1 38

100 CONTINUE ' CURVE139
T DET=1, ‘CURVE 140
DO 106 I=14N CURVE 1141
BIG=0,.0 CURVE142

DO 101 II=IsN . CURVE143
IF(BIGGE«ABS(A(ITsI))) GO T0 101 CURVE 144
BIG=ARS(A(IILI)) CURVE 145
K=11I CURVE 146

101 CONTINUE . CURVE 147
IF(BTIGeGTe0s0) GO T0 102 CURVE 148
WRITE(I0s300) CURVE149

~ CALL EXIT CURVElSO
102 IF(KeEQ.I) GO TO 104 CURVE 151
L=IROW(I) CURVE 152
TROW (1) =1ROW (K) CURVE )53
IROW(K) =L CURVE154

DO 103 Jz=leM CURVE1SS
Z=A(14J) CURVE 156
AlIoJ)=A(KyJ) CURVE157
AlKeJ)=Z CURVE 1S58

103 CONTINUE "CURVE 159
104 Z=A(T,1) CURVE 160
DET=Z4#DET "CURVE1Ll61

DO 105 J=z=leM CURVE162
 AlIsd =A(IsU)/2 CURVE163
105 CONTINUE CURVE 1l 64
IF(1.EQ.N) -GO TO 107 CURVE 165
I11=1+1 CURVETG&

DO 106 K=I1sN CURVEL&T
L=A(Ky]) CURVEiG8

DO 106 J=14M CURVE 169
A(KoJ)~A(K9J)“Z*A(1sJ) CURVELTO

106 CONTINUE ' : “CURVELT]
107 X(NY=A(NyM) CURVELTZ
I1=N CURVE 173

108 Z=0.0 CURVE174
DO 109 J=IlsN : CURVE17S
Z=7+A(I=19JV#X () CURVELT6

109 CONTINUE" CURVELTT
T=1-1 CURVETT7¢
X(I¥=A(IoM)=2 . - CURVET7G

T IF(TI.GTs1) GO TO 108 CURVE1RO
‘300 CURVE 18]

FORMAT(////910Xs#SINGULAR CUtFFICIEN1 MA]RIX*)

RETURN
END

CURVE1R?

CURVE183
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SUBROUTINE "REJECTINPRNR) CURVET8E -
COMMON/UNIA/STR<165,40),Rtﬁtlesoao),AG&(léb),Ao(lsa),F(a,lba), CURVE 185 -
- 1ST(165) sKT(8) sNSEWNCODE +»PRO S SNOM ' CURVE 186
- 10=2 , CURVE 187
WRITE(10+300) CURVE 188
- CALL OQOUTXX(RESsAGE s NP 9NR) CURVE189
€ A : . CURVE190
C ‘COMPUTE SUM OF SQUARES AND STANDARD ERROR CURVE191
€ - CURVF192 -
SUM=0,0 "CURVE193
DO 100 I=]1,4NR CURVE194
DO 100 L=1g¢NP CURVE 195
UM:RES(I;L)*RES(IoL)+SUN CURVE196 .
100 CONTINUE. CURVE197
WRITE(IOs301) SNOM CURVE 1SS .
WRITE(I05302) SUM CURVE199 °
STD=SQRT (SUM/SNOM) CURVEZ00
WRITE (10s303) STDsPRO CURVEZ201
'€ ' o : CURVE?20?
C REJECT DATAs COMPUTE NEW SUM OF SQUARES AND STANDARD ERROR CURVE?203
C . , CURVE?04
‘STD=PRO%*STD ‘CURVER205 |
WRITE(10+304) CURVE206
‘DO 101 I=l4NR CURVE207
DO 101 L=lsNP ‘ CURVEZ(S8
IF(ABS(RES(I4L))«LE.STD) GO TO 101 CURVFE209
SNOM=SNOM=140 . "CURVE210
SUM=SUM=RES (T sL)*RES(IsL) CURVE211
RES(IsL)=20E+300 CURVE212
WRITE (10,305) AGE (I) 4L CURVE?213
101 CONTINUE CURVEZ214
WRITE(I05306) CURVE215
) CALL OQUTXX(RESsAGEsNPsNR) CURVEZ)6
WRITE(105307) SNOM CURVEZ17
WRITE(10s308) SUM CURVEZ218 .
STD=SQRT (SUM/SNOM) CURVEZ19
WRITE (10,309) STD,PRO CURVEZ20
300 FORMAT(//910X9#RESIDUALS BEFORE REJECTIOMS) CURVE?221
301 FORMAT(///7/910Xs#TOTAL NOe OF DATA REFORE REJECTION¥#,14XsF740) CURVEZ2?2
302 FORMAT(/910Xy#SUM OF SQUARES BEFORE REJECTION#¢13XeE1)e4) CURVEZ223
303 FORMAT (/910X #STANDARD ERROR BEFORE REJECTION#913X9E11.4910Xs#BANDCURVEZ24
1-WIDTH FACTOR¥*45XsF6,43) CURVE225
304 FORMAT(/// 210X #REJECTED DATA 183 11X o#X# 9 12XetPOINT#4/) CURVEZ2Z26
305 FORMAT(30X9E11a4s9R912) CURVEZ2T .
306 FORMAT(///77/7+10Xs¥RESTDUALS AFTER REJECTION#) CURVE228 -
307 FORMAT(////910%s#TOTAL NO. OF DATA AFTER REJECTION#¢14X9F740) CURVE?229
308 FORMAT(/910Xe#SUM OF SQUARES AFTER REJECTION#413X9E1]e4) CURVEZ230
330G FORMAT(/910Xs#STANDARD ERROR AFTER REJECTION#¢13X9E1labyel0Xs#BAND=CURVE23]-
YWIDTH FACTOR#,8XyF6,3) CURVE232
RETURN CURVER33 |
END

CURVEZ34 .
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SUBROUTIN‘“UNIFORM(NP,NH,NF9A) , CURVEZ3S™
COMMON/UNIA/STR(16594O)9RES(166940),AGE(165)oAG(léﬁ)aF(Bqlﬁs)o CURVE236

] 1ST(165) sKT(B) ¢« NSEsNCODE + PRO 9 SNOM CURVE 237
DIMENSION. A(thNF)sR(B)sP(B) CURVE 238
10=2 CURVE?239

h WRITE(105300) . CURVEZ240
3 WRITE (105301) - " CURVEZ24)
7 : WRITE(105302) (KT(L)yL=1sNF) CURVE 242
C ‘ - A "CURVEZ43
C LOG. OR NON=L0Gs SCALE FOR VARTABLE X CURVE?244
TC _ . , CURVEZ4S
S GO TO (1005102) NSE CURVE 246
p 100 DO 101 I=14NR CURVEZ47
a AG(1)=AGE(I) ‘CURVE248
7 101 CONTINUE CURVE 246
I , WRITE (104303) CURVE250
A G0 TO 104 ‘CURVEZ251]
7 102 DO 103 I=14NR " 'CURVER252
] T AG(I)=0.0 : CURVE253
3 : IF(AGE (1) eGT40,0) AG(I)=ALOGIO(AGE(T)) CURVE 254
A 103 CONTINUE : "~ CURVE2S5
' ~ WRITE(I0+304) ~ _CURVE?2%6
- C ] _ g , CURVE247
c ‘COMPUTE _VALUES OF REGRESSION SURFUNCTIONS F "‘CURVEZ258
N o ’ o : ‘ CURVE 259
P 104 DO 107 I=)sNR CURVE260
3 CF(leIy=ls0 ‘CURVEZ61
] F(2,1)=AG(]) CURVE?262
5 F(5,1)=AG(I)#AG(I) CURVEZ63
| Flas1)=F(591)#AG (1) CURVEZ64
] 7 IF(AG(I)eLEs0.0) 1054106 CURVE?265
} 105 F(3sI)»F(491)—F(791)—F(R 1)—0.0 _ CURVER66
) . GO TO 107 CURVE267
] 106 F(3,1)=SQRT(AG(I)) CURVE26R
] “Fl4eI)=1e0/AG(]) CURVEZGG
3 CF(791)=ALOGLO(AG(I)) CURVE?70
/ _ _-F(891)-S@RT(F(3yI)) CURVEZ7]
] 107 CONTINUE CURVE27?2
3 D0 108 J=1NF CURVEZ2T3
3 KK=KT (J) CURVE274
/ DO 108 I=14NR CURVEZTS
| : F(Js1)=F (KKsI) " CURVE276
) 108 CONTINUE A CURVEZTT
C V ‘ ' - CURVEZR2TH
C GENERATE SYSTEM OF STHULTANEGUS 'EQUATIONS CORVEZ2T7S
“C » A : - CURVEZ&O
h DO 109 J=1+NF CURVE?ZB1
p B(J)=0.0 . CURVEZ2R2
] - D0, 109 K=1l4NF " CURVEZ2R83
p A(JsK)=060 CURVE 284
g 109 CONTINUE CURVEZ285
1  SNOM=(.0 CURVEZ286
] DO 111 1=1.NR CURVEZ287T
- DO 111 L=14Np CURVEZ8HR
/ IF(STR(IsL)eEQ.0.0) GO -TO 111 CURVEZE9
B IF(RES(IsL) eaGTo1e0E+300) GO TO 111 CURVF 290
T SNOM=SNOM+*T1.0 ) CURVEST
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DO 110 J=1loNF CURVE2Q?
B(J)=STR(IsLI®F (Js 1) +B (D) CURVE293

DO 110 K=l,yNF CURVE?94

Al K)—F(KvI)*F(JsI)+A(J,K) CURVEZ95

110 CONTINUE CURVE 296
111 CONTINUE CURVE297

C CURVE 298
:C SOLVE SIMULTANEOUS EQUATIONS ‘CURVE 299
C ' : CURVE3NO
CALL SOLVE(AsBygR9NF) CURVE301
. WRITE(109305) CURVE30?2

DO 112 J=14NF : CURVE3N3
WRITE(105306) B(J)s (A(JeK)9sK=19NF) CURVE3IN4

112 CONTINUE CURVE3NS
WRITE(10,307) CURVE3NE
WRITE(IO0s308) (R(J)sJy=19sNF) CURVE3NT

(o CURVE30NS
C ‘COMPUTE FITTED DATA CURVE309
C ' ‘CURVE3L0
DO 114 I=1yNR CURVEZ]]
ST(I)=0.0 CURVER12

DO 113 J=1g¢NF CURVE313

ST =F (JeT)#R(J)+ST (1) CURVEZ31l4

113 CONTINUE CURVE315S
1)4 CONTINUE CURVE316
WRITE (104309) CURVER317

DO 115 I=1oNR CURVE3)R
 WRITE(I06310) AGE(I)¢ST(I) CURVE319
115 CONTINUE ‘ CURVE3R20_

C R CURVEZRZ21]
C ‘COMPUTE RESIDUALS CURVE32?2
c - R » CURVE3?23
DO 116 I=14NR CURVF 324

DO 116 L=leNP CURVE3?PS
RES(I4L)=0e0 : ' . CURVE3?26

_ “IF(STR(IsL) eNEoe0aD) RES(IsL)=STR(IsL)=ST(I) : CURVE3?7
116 CONTINUE - ' - _CURVE3?2H.
300 FORMAT(//910Xs#LIST OF FUNCTIONS OF X 1= CONST. 2= X 3CURVE3P9
1= SQRT(X) b= 1/X3%) , CURVE330

301 FORMAT(37Xs46BHS= Xitu2 6= X##3 7= LOG10 (X) 8- X#%#,25,//) CURVE331
302 FORMAT(10Xs21HUSED FUNCTIONS OF X $46XsB(I11¢2X)) _ CURVE332
303 FORMAT(//910Xe#VARIABLE X = X (NON=LOGoe SCALE)¥*4/) : CURVE333
304 FORMAT(//910X9#VARIARBLE X = LOGIO(X)%#4/) - CURVEZ334
305 FORMAT(//s10Xe#SIMULTANEQUS EQUATIONSH#4/) - CURVE335
306 FORMAT(10X3E12.5910XeB(F12:541X)) : CURVFE336
307 FORMAT(////910Xs34HCOEFFICIENTS A(IL) A(IY#F (1) 9 /) - CURVE337
308 FORMAT(6X98E15.4) - ' ~ : CURVE 338
309 FORMATI(///916Xe# X9 13Xs#FITTED DATAg/) . .+ "CURVE339
310 FORMAT(1X92(9XsE1le4)) _ CURVE340
RETURN . ' o : CURVE341

END A ' - . : CURVE34?
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. I .
T T T T SURROUTINE NONUNT (NP Y NRINFsNGeNFG e A) CURves4§‘
COMMON/UNIA/STR(165940) sRES(165940) s AGE(165) ¢ AG(16S)4F (89165) CURVE344
1ST(165) +KT (8) yNSE4NCODE,PRO s SNOM CURVE345
COMMON/NONA/DAT(165940) 4G (8940) 9X(4]1) ¢KX(8) CURVE346
DIMENS1ON A(NFC:NFG)9R(?0).6(30) CURVE34T
10=2 ‘CURVE348
WRITE (I04300) CURVE349
WRITE(IO0+301) CURVE 350
WRITE(I0¢302) (KT(L)sL=)sNF) CURVE3S]
WRITE(IOs303) CURVE3S?
WRITE(106304) ‘ CURVE3S3
WRITE(IOs305) (KX{L)YslL=1sNG) CURVE 354
C : : CURVE3SS
C LOGe OR NON=LOGs SCALE FOR VARIABLE X CURVE25%6
C ' : CURVE357
GO TO (100s102) NSE CURVE358
100 DO 101 I=1sNR CURVE3S9
AG(T)=AGE(]) CURVE3AQ
101 CONTINUE ' CURVE36]
WRITE(102306) CURVE3AZ
GO TO 104 CURVE363
102 DO 103 I=14¢NR CURVE364
AG(I)=0.0 ' - CURVE365
IF(AGE (13 e6GT0040) AG(I)=AL0OG)O(AGE (1)) CURVE 366
103 CONTINUE CURVE36GT
. WRITE(106307) CURVE 368
C S - CURVE 369
.C COMPUTE VALUES OF REGRESSION SUBFUNCTIONS F AND G CURVEZ3TO
C CURVE371
- 104 DO 107 I=1oNR CURVE3T7?
F(IyT)=1a0 CURVE373
F(2sI)=AG(I) CURVE374
’ F(5,[)=AG (1) #AG (1) CURVE3T75
F6o1)=AG(I)#F (551) CURVE3TE
IF(AG(I) eLEs0.0) 105,106 . CURVE3T7T
105 FU341)=F (4sI)=F(7s1)=F (Bs1)=0.0 CURVFE 378
GO TO 107 CURVE3TY
106 F(3,1)y=SQRT(AG(])) CURVE3RO
- F(491)=10/AG(T) ‘CURVE38]
F(7s1)=ALOGLlO(AGI(I)) CURVE3R2
CF(BeI)=SQRT(F(351)) CURVE383
107 CONTINUE ° CURVE 354
DO 110 L=1sNP CURVE385
- 6lel)=1e0 CURVE 386
G(2sl)y=X{(L) CURVE387
G5 L) SXAL) EX (L) CURVE 3Aa8
GlesL)=XAL)*G(SsL) _ CURVE3RY
L IF(X(L)oLE-0,0) 108,109 ~ CURVE3YD
108 G(39L)-G(49L)—C(loL)—G(HyL)—O 0 S CURVE 391
GO TO 110 ' CURVE 392
109 G(39L)—SQRT(X(L)) CURVE3493
: GlaelL)=1e0/X(L) ‘CURVE 394
G(79L)»ALOGIO(X(L)) CURVE3GSH
B _ G(BsL)=SGRT(G(3sL)) CURVE306
110 CONTINUE CURVERSGY
DO 111 J=1leNF CURVEIGA
KK=KT (J) CURVE399
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. DO 111 I=1,NR CURVE400
FlJe1)=F (KKs 1) CURVE401

111 CONTINUE: 4 CURVE4D?
DO 112 J=1sNG CURVE403

KK=KX (J) CURVE404

) DO 112 L=1yNPpP CURVE&4 05
- G(JsL)=G(KKsL) CURVE406
~ 112 CONTINUE - CURVE4 07
C CURVE408
'C ‘GENERATE SYSTEM OF SIMULTANEQUS EQUATIONS CURVE409
e  CURVE410

DO 113 J=1¢NFG C CURVE411
B(J)=0.0 ‘CURVE412

DO 113 K=1sNFG CURVE413

: A(JoK)=0,0 CURVE4 14
113 CONTINUE CURVE41%

: SNOM=0.0 . CURVE416
DO 115 I=1sNR CURVE 417

DO 115 N=lyNP CURVE4]LR
IF(STR(IsN) «EQ,0.0) GO TQ 115% "CURVE419
JF(RES(IaN) «GTo1.0E+300) GO TO 115 CURVE420

SNOM=SNOM*1 40 CURVE 421

DO 114 J=14NF CURVE422

DO 114 L=19¢NG CURVE&4?23

NV= (J=1) #NG*+( CURVE4 24
B(NV)-STR(IsN)*F(J,I)*G(LoN)+B(NV) CURVE42%

DO 114 JH=19NF CURVE426

DO 114 LH=19NG CURVE427
NH= (JH=1)#NG+LH CURVE4?28

] A(NVoNH)—F(JHsI)*G(LH9N)*F(JaI)*G(L9N)*A(NVyNH) CURVEL29

« 114 CONTINUE CURVE430
115 CONTINUE CURVE43)

C CURVFE 432
T SOLVE SIMULTANEOUS EQUATIONS - CURVE433
C : CURVE434
TCALL SOLVE(A3BWR9NFG) CURVE435
WRITE(I0s308) CURVE436

DO 116 T=1oNF CURVE437
JE=(I=1)#NG#+] CURVE438
JA=JEENG=1 . CURVE439

WRITE (I04309) (R(J) s J=JE4JA) CURVE44D

116 CONTINUE - ‘ CURVE441

C _ ' CURVE442
< COMPUTE FITTED DATA CURVE443
c : CURVE 446
DO 117 I=1sNR CURVE44S

DO 117 L=lsNp : CURVE4 46
DAT(I4L)=0,0 ‘ ; CURVE44T

DO 117 J=1oNF CURVE4 48

DO 117 K=14NG CURVE4A49
CNV=(J=1) #NG+K CURVE&S(

, " DAT(TsL)=F (Jy I)“b(hoL)“R(NV)+DAT(I’L) CURVE4R]
117 CONTINUE CURVE 452

, WRITE(10,310) CURVES4S3
- CALL QUTXX(DAT+AGEsNPsNR) CURVE 454
T o R . CURVE4SS

C COMPUTE RESIDUALS CURVE456

C - S CURVEGLST
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. DO 118 I=14NR : : ' - N . CURVE 458

DO 118 L=lyNp - : . CURVEG459
RES(IslL)=0,0 - c CURVE460
, IF(STR(IsL) eNEcQOe0) RES(ToL)I=STR(IsL)=DAT(I L) ' ) A CURVE46]
118 CONTINUE o o CURVE462
300 FORMAT (//910Xs#LIST OF FUNCTIONS OF X 1~ CONST. 2= X 3CURVE463
1= SQRT (X) b= 1/X3) ' CURVE464
30) FORMAT (37Xsb46HG= Xt 6= Xuit3 7= LOGLO(X) Be X##425,//) CURVE4HES
302 FORMAT (10Xs21HUSED FUNCTIONS OF X 1+46XaB(I1192X)) - . CURVE 466
303 FORMAT(//9+10Xe#L IST OF FUNCTIONS OF Y ¢ 1= CONST, 2= Y 3CURVE4ET
1= SQRT(Y) b= 1/Y3) CURVE 468
304 FORMAT(37X346HE= YtHup 6= YH#3 7= LOGlo(y) B Y#2,25,//) CURVEG4ES
305 FORMAT(10Xs21HUSED FUNCTIONS QOF Y $46X98(1192X)) CURVE4T0
306 FORMAT(//9)10X9#VARIARLE X = X (NON=LLOGe SCALE)#*4/) CURVE4TY
307 FORMAT(//910Xe#VARIABLE X = LOGLO(X)34/) : CURVESLT?
308 FORMAT(//910X942HCOEFFICIENTS A(LsJ) 3 ALToVHF(TIRG(J) 9 /) CURVE4T3
309 FORMAT(6X98E15.4) ‘ - CURVE4T4
310 FORMAT(1IH19//910Xs13KFITTED DATA .9//) , : _ CURVE4TS
RETURN ' CURVEA4T6

END | o T CURVE4T77

i
+
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3. PROGRAM MULTI

3.1 Purpose

The purpose of the program MULTI is a regression analysis

of data with three independent variables x, y,_and z. This analysis

is based on the following regression functions:

n. n, n .
D(x,y,z) = ¥ I z a... f.(x) g.(y) h (2z)
RERS 121 §=1 k-'-"-lA ijk i 37 k

The data have to be arranged in the following form

D(I,J) I=1...,NR subscript related tb variable x
J=1,...,NFP subscript related to variables
y and z
where x = constant for all values D(I,J=l...NP)

constant

<
1]

}for all values D(I=1l...NR,J)
constant

. N
1l

The types of subfunctions, which can be selected for

£ (0, gj(y), and h (z) as well as the information about data

rejection are identical to those given on page 5 for program

CURVE.
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3.2 Logical Flow Chart .

No Data Rejection

MULTI . Outxx |
REGRES Solve
: Outxx
l"'__'—'——_""“y
§ |
|
| REJECT Outxx
|
.
.
! }
: REGRES Solve
| Outxx
-
4

-30
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3.3 Description of Subprograms

(1) Main Program MULTT:

Purbose: Input of data
j : | . 1. control variables
| 2; data
3. argﬁments of variable x, y, and z
4. ‘code numbers. for regreésion subfunctions
£;(x), 9,(), and hy(2)
Calling of regression subrou?ines in préscfibed

order

Output: Original data
arguments of variables X, y and z

‘headings

The source program is written in such a form, that
after.executing the regression analysis with a certain set of
functions fi(x), gj(y), hk(z) other sets of functions will be

read in and the regression analysis will be repeated.

(2) Subprogrém REGRES

Purpoée: Poqr—dimensional regressidn analysis (thrée.
independent variabies Xy, ¥, Z)
l: scaliﬁg of variable x
(logarithmic or iinear scale)
2. 'qélculation of values of regression

subfunctions fi(x), gj(y), hk(z)
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3. generating and éolving{the system of
simultaneous equations fér the regression
coefficients

4. calculation of fitted dafa

5. calculation of residuals

Output: 1. 1list of regression subfunctions fi(X),
_gj(y), hk(z) and code numbers of selected
functions | |

2. regression coefficients

3. fitted data

(3) Other subprograms
The remaining subprograms OUTXX, SOLVE, and REJECT, used
in this progtam, are identical to those described on

page 7 for program CURVE.

3.4 Input

Card A Control Variables FORMAT (3IS5, 5X, F10.0)

Cols. .
1-5 "~ NP = maximumlnumber of values for variable y (or z)
(NP < 40)
6-10 . NR = maximum number of values for variéble X

(NR S 140)
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15

21-30

1Card

‘Card

card

:Card:

Card
Col.

Col.

Col.

 Card
Card

. Card

-33
. scaling of variable x
\ . 1._x' = x (linear scale)
2 x' = loglox (logarithmic scale)
PRO = band-with factor for rejection
(PRo =1.5...2.0) | |
B. Data FORMAT (10F8.0) °
- Data D(I,J)»have to be arranged row By oW
D(i, J=1;2,...,NB)
ﬁ(é, J=1,2,...,NP)
C Arguments of variable x
D ‘Arguments of variablé‘y FORMAT (10F8.0)
E Arguments of variable z
F Number of regression subfunctions FORMAT (3(I1l,1x)
1 NF = total number of subfunctions fi(x) NF S g
3 NG = total number of‘subfunctions gj(y) NG S 8
5 NH = total number of subfunctions:h (z) NH <7
G fi(x)
H code numbers of regression subfunctions gj(y)
I  (see page 5) Ay (2)

differeﬁt

of type G,

FORMAT (8(I1, 1x)

In case the regression analysis should be repeated with

types of subfunctions, an unrestricted number of cards

:H, and I canvbé added.
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Card J: Biank Cafd

Terminal for repetition of regression analysis

3.5 ‘Limitations, Remarks
t N

?(l) Maximum values for control variables

? " NR < 140 maximum number of arguments for variable x
' NP S 40 - maximum number of arguments for variables
y and z

140 *‘40 = 5600 maximum number of data

NF - 8 maximum number of subfunctions.fi(x)

NG < 8 maximum number of subfunctions gj(y)

NH‘S 7 maximum nﬁmber-of subfunctions hk(z)
NEF NG * NH S 50

(2) Arrangement of data

X(I) = constant for all values D(I,J=l,...,NP)
Y]

= constant for all values D(I=1,...,NR,J)
Z(J)

For further limitations and remarks concerning sequence

of code numbers, zero and negative arguments of x, y, z,

zero values

of data, rejection of data, and required field length see page 13.
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3.6 Noméﬁéiatdré
‘Arrays'
. STR (140,40)
’:AGE (140)
"X (40)

Y (40)

'RES (140, 40)

iDAT (140,40)

AG (140)
'F(8,140)
¢(8,40)
'H(8,40)
KT (8)
KX (8)
XY (8)

“A (50,50)

Variables
. = )
NF =n, =
NG = n. =
"NH =n- =
SNOM =

- PRO L=

total
total

total

total

total

total

-35

data D(I,J)

variabie X(I)

variable Y(J)

variable Z(J)

residuals

fitted data D(I,J)

scaled variable x'(I)
regression.sqbfunctions fi(x}

regression subfunctions gj(y)

- regression subfunctions hk(z)

code numbers for selecfed subfunctions fi(x)
code numbers for selected subfunctions gj(y)
.code numbers for selected subfunctions hk(z)
cpefficient matrix for system of

simultaneous equations

number of arguments of vapiable X
number of arguments of variable y (or z)
numbér of sélected subfﬁhctions fi(x)' B
number of séleétéd subfunctions gj(y)
humbep of selected subfunctions hk(z)

number of data

band-width factor



237.59

Branching Indices

NSE Scaling of variable x
- NSE =1 x' =x (1inear scale)
NSE = 2 x' = loglox (logarithmic scaie)

NOREJ rejection of data

NOREJ

1 no rejection of data

NOREJ = 2 rejection of data with subsequent

second least squares fit

-36
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3.7

PROGRAM LISTING

-37
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"ZpﬁognAm MULTT (INPUT,TAPEI:INPUT.OUTPUTQTAPE2=OUTPUT) ' ' ~ MULTI

CALL REJECT(NPSNR) o - o ' CMULTI

1

KR T MULTY 2
**\'f*"*s‘# ,e*%*-k%-k*%f--.& .H LR 3"‘**“’************”*****":***‘”**************V**“?*VULTI . 3
o o eMULTT 4

# REGRESSION ANALYSIS OF DATA hITH THREE INDEPENDENT VARIABLES C#MULTI S
R #MULTT 6
**.ﬁ’.&i&**%t%w%s ’k-&n‘ﬂ-*-:}%-r- *\r'u"krv ic%«*-ﬁ‘*{‘r*i&v***##*&%’H}*%**s}&%%**ﬁhi&%%%&***i«*%%ﬁ#MULT)' 7

— % MULTI 8
3. COMMOM/TRIU/STR(laoyuo)oDAT(laOoQO)oRFS(140940)9AGE(140)yAG(140)q MULTI 9
1X(A1)9Y(41)-F(ﬂq140),G(9’40)sH(8a40),KT(8)9KX(8)9KY(8)gSNOMqNSto MULTI 10

_2PRO o o , MULTI 11

3 DIMENSTON A(SOqSO) ' R o . ‘ MULTI 12
3 IN=1 - DS ‘ - ' o o - MULTI 13
3 - 10=2 _ L L - . MULTI 14
5 - NOREJ=? ' » ‘ L ' , - : . MULTI 15
. C R ‘ N o ] T B - MULTI 16
c INPUT DATA ' : ) . a R L ' MULTT 17

c , ' o : - ' - o © MULTI 18
v © U READ(TIN400) NPsNRINSEIPRO : T ‘ 7 MULTT 19
3 DO 100 1=IsNR : T MULTTI 20
r READ(IN,401) (QTK(IoN)’N lamp) S . L MULTI 21
) 106 CONTTINMUE : R ‘ _ o , _ . MULTI 22
3 B READ(In9e401) (AG F(I)»I 1 sNR) - - - MULTI 23
g C READ(INe40L1) (X(I)sI=)obip) o ] MULTI 24
) CREAD(INg401) (Y(I)sI=14NP) : R L o ~_ MULTI 25
3 101 READ(INS402) NFsNGoNH - . . S . MULTI 26
; TIF(NFLEQ0) GO TO 150 - _ : : T MULTY 27
) CREAD(TN402) (KT(I) s I=1sNF) _ _ ' - MULTI 28
g L READ(IN9402) (KX(I)s]=19NG) : - o : - S MULTI 29
A j REAND(TN9402) (KY (D) s I=1sNH) T , - . MULTI 30
C : - - L : - o  MULTI 31

C OUTPUT'DATA - I - » , MULTI 32

g C ; ' R ‘ ‘ - MULTI 33
i HRITt(TOoBOu) - T R L MULTT 34
i CALL OUWXX(QTQsAGEvNPsNR) : - : , : MULTI 35
gt WRITE (10,301) . o , MULTI 36
;.  WRITE(109302) ' ' . ~ A ‘ ~ : MULTY 37
£ CETE _ T ) ‘ . _ - MULTT 38
5 NPH=P/2.0+%+0+6 e - ' ' MULTT 39
; NF HENF %0 G*NH T , : : . » - MULTT 4o
O X(NP#1)I =Y (NP+1)=0,.0 T . : S 5o ' MULTI 41

DO 162 I=sleNPH : v E ‘ . : ' . o MULTTI. 42

JEI+NPH : - - ' MULTI 43

U WRITE(IOe303) TaX(D)sY(I)sJsX (I sY () : . MULTI. 44

1072 COMTINUE ' ' T o g ) ' MULTI 45

C: ‘ : o o ' . MULTI 46
nC CALL REGRESSION ROUTINES L - L _MULTI 47
e . ' - -~ o ) B T TMULTT 48
P NO 103 J=1eNR . o . , _ 0 MULTI. 49
DOI03 N=lemp g o S : 3 MULLTT 50
RES(I.N)=S0,0 - . ‘ - : - . MULTI 51

103 COMTINUE , A T ‘ ' MULTT 52

. o WRITE(109306) ‘ S T ' ' - . MULTI 53
B CALT REGHES (NP RHyNE 3176 s WHs NEH AT - - - MULTT %4
L TG0 THD (1504104) NOREY : : : L : _ MULTI 55
B 104 WRITE(I0530%) . ‘ ' T MULT1 86
? 57
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WRITE (10,3086) MULTT 58,
CALL REGRES(NP ¢NRoNF ¢NGyNHyNFHsA) "MULTI 59
300 FORFAT (IR 77 TUX s #ORTGTNAL DATA $%4/77) MULCTT 60
301 FORMAT(////7/s)10Xe#COORDINATESH#y/ Y MULTTI 61 .
302 FORMAT(10Xv2(**PO]NT*911X9*\*91‘€x9*2*92()x)9/) MULTI 62.
, 303 FORMATI(LIO0Xe2(I398X9FE11e49B8X9FE11ebslBX)) . MULTT 63
T304 FORMAT (LHY /751 0K #FIRST LEAST SQUARES FiT#s/) MULTI 64
305 FORMAT(IHl1e//s10Xe¥DATA REJECTION#®4/) MULTI 65
308 FOPMAT (IHL 9/ /10X e*SECOND LEAST SOU’\RE_S FIT%*e/) MULTI 66
- 400 FORMAT(315¢5XsF10.,0) MULTT 67
407 FORMAT(IGFE.D) MULTT 6K
402 FORMAT(B(I191X)) MULTT 69
150 CALL EXIT MULTT 70
END MULTT 71

3
\

e e e e e | e e o
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CSUBRQUTINE OUTXX(SeAGE s NP sNR) MULTI 72
DIMENSTON S{140+40) sAGE(140) MULTTI 73

- 10=? _ MULTI 74
DO 100 L=lgNpyR MULTY 75
NA=L o MULTI 76
NE=L+7 ‘ MULTT 77
TF(NE.GT«NP) NE=NP MULTI 7R
WRITE(10+300) (NyN=NAINE) MULTYY 79
WRITE(104301) MULTT 80

DO 100 I=1s¢NR . , MULTI 81
WRITE(IO9302) AGE(I) s (S(TsN) 4 N=NAYNE) MULTI 82

100 CONTINUE _ E MULTI 83
300 FORMAT(///911Xe#X#t9HXaB(11X913)) MULTI 84_
301 FORMAT (/) MULTI 85
302 FORMAT(SX9E12:.4¢5XeBELIG,4) MULTI B6
RETURN ‘ ‘ MULTI BY

END - MULTI 88
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SURROUTINE SOLVE(CsByXaN) MULTI 89
DIMENSTON CININTsB (N v XIN) s A(G016T) ¢ IROW (S MULTTI 90
10=2 MULTI 91
TM=N+] MULTT 92
DO 100 I=1,n MULTI 93
—’ TROW(I) =1 MULTI 94
A(Y«M)y=B() MULTI 95
DO TI00 J=1,4N MULTT 96
A(T+)=C(Ied) MULTI o7
100 CONTINUE MULTI 98
DET=1, : MULTI. 99
DO T06 I=1yN MULTTI100
. BIG=0,0 MULTT101
DO 10) TI=IsN , MULTTI102
IF(RIGGEABS(A(ITIsI))) GO To 101 MULTI103
BIG=ABS(A(TI, 1)) MULTI104
_ K=11 . MULTT105 .
101 CONTINUE MULTT106
IF(R1G.6Te0.0) GO TO 107 MULTI107 -
WRITE(I10s300) MULTITO08 -
CALL EXIT MULTTII09 -
1072 IF(K.FEG.1) GO TO 104 MULTT110
L=IROW (1) MULTI)I1Y
TROW (1) =TROW (K) - MULTIV1Z
TRO¥ (K) =L MULTTI113
DO 103 J=)atd MULTTIY14
Z=8(14J) MULTI11S
AlTod)=A(KsJ) MULTI116
A(KeJ)=Z MULTI117
103 CONTINUE MULTIlL8
104 7=8(1,47) MULTT119
T DET=Z#DET MULTILZ0 .
DO 108 J=1.M MULTILN2]
ATy N=a(T 0V /7 MULTTI127
105 CONTINUE , MULTI1Z23
IF(TWEQaRN) GO T0 107 MULTT124
IT=1+1 MULTILZS
DO 106 K=11sN MULTI1Z26
7=A (K1) MULTI27
DO 106 J=1yw MULTIIZE
A(hsJ)—A(KsJ)-7*A(IsJ) MULTIL1Z2G
106 COMTINUE o MOLTTI30
107 X(NY=A(NyM) MULTT13]
LS . MULTTI3Z
102 7=0.0 MULTI133
DOY0G J=T 4/ MULTTT34™
22742 (1=19J) %X (J) MULTI13%
109 CONTTTUE MULCTT136"
I=1-1 MULTI137
XTIV =a{T M) =7 TMULTITIR
IF(Y«GTel) GO TO 108 MULTI139
TInGT FnbﬂuT(////»1nxg*SINGHFKW“(OFFFICItNT“NATRIx33 MULTTILS0™
- RETURN MULTIYS)
. ENG

MOLTTI142
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SURROUTINE WEJECT(NP MR Y MULTI143
. COMMOV/TRID/QTR714Oaan)9DAT(]40940)9RFS(140940)9ACE(140)oAG(140), MUCTIT44
I1X(461)4Y(41)) QF(FHU#O) yG(Re40) qH(891+0) s KT(B) s KX(R) o KY(B) sSNOMINSEy MULTI1EH
2PRO TMULTYIT46
I0=2 - ' R : - MULTI147
- WRITE (TO9300) - . _ MULTTI48
. CALL. QUTXX(RES.AGE sNP4NR) : MULTT149
¢ . , T MULTT150
c COMPUTE SUM 0OF SQUARES AND STANDARD ERROR ‘ MULTT151
C : MULTIYSZ2
SUM=(,0 - ) ' ‘ : . : _ MULTII®3
T DO 100U T=1e¢NR _ MUtTIlgé_
v D0 100 L=1ykp - s . MULTI1SS
SUM=RES (T2 LI#RES (T +SUW . . ‘ ' MULTTIS6
100 CONTINUE : o MULTI1ST
WRITE(10s301) SNOM : , : MULTI158
WRITE (104302) SUM » : ' MULTI159
STD=SQRT (SUM/SNOM) . . MULTI160
A WRITE(IOs303) STDWPRO : MULTTI16A1
C ' MULTTI162
c - REJECT DATA, COMPUTE NEW SUM OF SQUARES AND STANDARD ERROR MULTI163
C N : ‘ MULTI164
. STD=PRO#STD . - . MULTI1RS
WRITE (109304) . - . MULTIl66
DO 101. I=14nR : : o MULTI16T
DO 101 C=1sNP : MULTI168
CIF(ABSIRES(TelL)) oLELSTD) GO TO 101 . MULTI1é9
SNOMz=GR(OM=1,.0 ~ MULTIl70
SUM=SUM=RES (TaL ) ¥RES(TsL) : MULTILT7)
RES(TeL)=2aUE+300 . , MULTTY 72
WRITE(10,305) AGE(I),L - ' MULTI173
101 COMTINUE . A . . MULTI174
WRITE(109306) ' . MULTI17S
CALC nUTXX(Rrs,AGF,un,nQ> : . MUCTTIY76
WRITE (104307) SNOM MULTI177
WRTTE(TOW308Y SUM - MUCTTLIT7S™
STD=SART (SUM/SNOM) : o : MULTI179
WRTTE (109 309Y ST PRY ' ' MULCTITRO™
300 FORMAT(//9 10Xy #RESIDUALS BEFORE REJECTION#) MULTTI181
30T FORMAT (/7775 V0K y#TOTAL rid. OF DATA HEFORE REJECTIOK*»I&X”FT—’Y”‘“'MULT{l@Z
307 FORMATY (/90X #SU OF SQUARES BEFORE REJECTION#413XeE1)e4) . MULTI183
T ”jﬁj_roQWETTVTTWKT*STENDEWD”ERPOR”HEFORE*REJECTION¥?I3XTETT?KTTUX?*BﬂNDMUETTIHE"
1-WINTH FACTOR® 35X FA.3) _ MULLTT1RS
UL FORTAT(/775 V0K s ¥REJECTED OATRA :*.11x,*x*slax,*PorNTﬂ,/) MOLTIY®E
305 FORMAT(30XsEY11e4990Ks12) : : < MULTIIBY
T30 E T FOREY /77777 s LXK HRESTIDUALS T AF TER T REJECTTON) TTMULTTYIRB
307 FORMAT(////7¢10Xs#TOTAL NO, OF DATA AFTER REJFCTION*y14X9F7 0) MUL TI189
T RO FORMAT (/S LR TR SUMTOF TSQUARES TAF TERTREJECTTON# Y I3XTEL 5 4) MULTTIIQ0™
308 FORMAT (/sl0Xe#STANDARD FRROR AFTER REJECTION#413XeF1le49)0Xs#BAND=MULTI1G]
IWIDTH FACTORF 5XF63) _ , ' T MULCTTT9?™
RETURN . : : - . . MULTT193

TENDT _ — - , . : TMULTIT94
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SUBRCUTINE PEGRES(NPsNRsthNG NHoNFHyA) MULTI19%
- COMMON/TRIT7STR (1409400 sOAT (140 40).9+5(140940>,AFE(lao).AG<140). MULTI1G6
I1X(61) sY(41)sF (Bo140) 9G(Bs40) sH(B40) ¢KT(8B) s KX (8) 9 KY (8) s SNOM9NSEs MULTILNGT7
2PR0 N MULTI1G8
DIMENSION A(NFHyNFH) ¢R(50) 48 (50) MULTI199
10=2 MULLTTI200
WRITE (10,300) MULTIZ20)
WRITE (105301) MULTIZ02
WRITE(I04302) (KT(L)gl=14NF) MULTI203
WRITE(10,303) MULTI?04
WRITE(10,304) - MULTIZ205
WRITE (104305) (KX(L)oL=1eNG) MULTIZ206
WRITE(1043056) MULTIZ207
WRITE (10307 MOLTIZ08
WRITE (109308) (KY(L)sl=14NH) MULTIZ09
¢ , MULTIZ210
C LOG. OR NON~={0Ges SCALE FOR VARIABLE X MULTIZ21])
C MULLTTI212
GO YO (100s5102) NSE CMULTIZ213
00 DO 10) T=1snR MULTIZ214
AG(T)=AGE(]) MULTIZ215
1017 CONTINMUE MULTTZ216
WRITE (104309) MULTIZ217
GO TO 104 MULTIZ1R
102 DO 103 I=s1¢NR MULTIZ1@
AG(T)1=0.0 : MOLTTI220
IF(AGE(I) eGTo0,0) AG(I)=ALOGIO(AGE(T)) MULTIZ221
103 CONTIMUE : MULTTIZ22
. WRITE(ID9310) MULTIZ223
c i , MULTT1224
C COMPUTE VALUES OF REGRESSION SURBFUNCTIONS Fy Gy AND H MULTI225
C : oo ' MULTIZZ26
104 DO 107 J=1.0R - MULTTI227
F(1l,.I)=1,0 MULTIZ22R
F(2a1y=AG(I) MULTIZ229
FISs D =AG(Nr+AG () MULTTI?30
F(&eT)=AGII)%F (551) MULTI231
TF(AG(TYLEWn.0) 105,108 MULTTZ232
105 FU391)=F (49 1) =F(T7s1)=F(B891)=0.0 MULTI?33
GO Y0 107 MULTIZ234
106 F(3:1)=SCRT(AG(T)) MULTIZ35
FaS Ty =1 0/76G(T) MULTTZ2367
F(7+1)=ALOGLO(AG(])) MULTIZ237
FOE S Iy =SaRTUF (35 10T MUCTYZ238
107 CONTIMUE MULTI239
- THOTYIG CET Y NP T TMULTTZ2407
G(lal)=1,0 MULTTIZ241
CUZ3 Iy =X (LY MULTT242"
GG L) =X (L) %X (L) MULTIZ43
IR YN EICTINE MULCTTI2¢44
‘ TF(X(L) e LE0,0) 1084109 MULTI?45
» 108‘?14.{Y:TTETETEGX7?E”EGTRTE)=o.o MULTIZ4 6
| GO TO 110 MULTI?47
TS TG R ZEYSSART (D)) MULTI?4R™
n Glasl)=10/X (L) MULTT249-
: TGOS IYETL0G T () MULTT250”

G(RyL)Y=SERT(G(351))

S MULTIZ5]
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170 CONTTNUE MULTTI287
0O 113 L=lyhP MULTIZ53
H{T:LY=1.0 MULTIZRG
H(2sL)=Y (L) “MULTIZSS
HS,y L)y =Y (LY*Y () MULTTI256
H(Aa L) =Y (L) *H(SsL) ‘ MULTIRSY
TV L LELOT0Y 111117 MULTT258"
111 HZeL)=H(4sL)Y =R (T7oL)=H(84L)=0.0 - MULTIZ259
TG0 T0 113 MULTIZ60
112 H(3.L)=SGRT(Y (L)) MULTIZ261
H{asL)=1.0/Y (L) - MULTTZ262
COHA(TWL)=ALOGYO LY (L)) 5 MULTIZ?63
T R{RGLY=SERT(H(39L)) MULTIZ64
113 . CONTINUE g MULTIZ265
T D0 115 J=)eNF MULTIZ266
KK=KT (J) MULTIZ267
IF (J«EG.KK) GO TO 115 MULTIZ?68
DO 114 I=1,4NR MULTIZ269
 F(JsI)sF (KK ) MULTI270
114 CONTINUE MULTIZ271
115 CONTINUF MULTTI272
NO 117 J=1eNG MULTI273
KK=KX () MULTIZ274 .
IF(JeFQ.KK) GO 10 117 MULTIZ275
DO 116 L=1eNP MULTIZ276
G(Jal)=G(KKsL) MULTI277
114 COMTINUE MULTIZ?78
117 CONTINUF MULTIZ27S
DO 119 J=lsNH MULTI?R0
KK=KY (J) MULTIZ2R]
IF(JEQ.KK) GO TO 119 MULTIZ282
NO 118 L=1sNP ' MULTIZ?83
. H{JgsL) = (KKsL) MULTIZR4
118 CONTINUE MULTTIZ85
119 CONTINUE MULTI286
c . . _ MULTIZB7
C GENERATE SYSTENM OF SIMULTANEQUS EQUATIONS MULTTZ288
C . : MULTIZRYG _
. DO 120 J=lsNFH MULTTI290
R{J)=0a0 MULTIZ291]
DO 120 K=zl NFH MULTI292
AlJeKY=0,40 MULTI?93.
120 CONTINUE MULTIZ294
SNOM=(0,.0 MULT126%
NGH=NG*MH MULTIZ296
DO 122 I=14NR MULTIZ267
DO 122 N=14NP "MULTIZ98
TF(STR(I«N) «aFR400) GO TO 122 MULTT299
1IF(RES(TsN) o GT. MULTI300

<1 0E+300Y GO 70 122
SHNOMZSMNOM+ ] o 0 : : o

CMULTIZ0)

D0 721 J=T9NF
DO 121 K=1,NG

MULTT302
MULTI303

DO 721 L=)1g¢NH - _
MV (J=1) #NGH+ (K=1) #NH+L

MULTT304
MULTI305

RNV =S TR OIS HF (s DR G IR s K % H Iy NYFEENY)
DO 121 JH=1eNF '

MULTI306
MULTI307 -

DO 121 KH=] NG
DO 121 LH=1.NH

MULTYI 308

C UMULTI309
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’ SR TIR=TT ¥ NGR® (RS Ty ¥R+ LA SUCTTTG
ANV aNS) =F ( JH-I)*G(KH»&)*H(LH N)*F(J;I)*G(Koﬂ)*H(LsN)+A(NV9NS) MUILLTI31)
. 127 CONTINUE MOLTTI312
1272 CONTINUE MULTI313

e : _ MULTTI314
C SOLVE SIMULTANEOUS - EQUATJIONS MULTI31S
e T MULTT316
. CALL . SOLVE (A4RB¢RsNFH) MULTTI317
URITE(TCG 31T MULTI318

DO 123 J=lyNF MULTI319
JT=0J-1)V#NGH MOLTYI3Z20

WRITE (10+312) — MULTI321
00123 K=1,NG MULTT3Z2

CJASJT A (K=1) i+ ] MULTI323

JE= JAeNH=1 MULTTI326
WRITE(I04313) JeKa (R(M) eM=JA,JE) MULTI325

123 CONTINUE MULTI326

C MULTI327
C COMPUTE FITTED DATA MULTI3?28
C ' . MULTI329
DO 124 I=1eNR MULTT330

NO 124 N=z=14Np MULTI331

DAT (I NY=0,0 MULTI332

DO 124 J=)1sNF MULTI333

DO 124 K=1lsNG MULTTI334

DO 124 L=14NH MULTI335

NVE (J=1) ¥NGR+ (K=1) #NH+L MULTI336

DATUY oMY =F (Jo 1) ¥G (Ko} #H (L yN)#RINV)+DAT (T aN) MULTTI337

. 124 CONTINUE MULTI338
. WRITE(I0s314) MULTI339
CALL OUTXX(DATSAGE smMPaNR) MULTTI340

C L ‘ MULTI341
°C COMPUTE RESIDUALS MULTT3%42
C _ ' MULTI343
DO 125 T=10R MULTT 344

NO 125 NzlyNp "MULTI1345
RES(T, M)y =0.0 MULTI346

: IF(STR(TeN) eNEoQo0) RES(IsN)aSTR(IsN)=DAT(IsN) MULTI347
125 CONTINUE ‘ A , MULTI348
300 FORMAT (//910%e#LIST OF FUNCTIONS OF x 1~ CONST, 2= X IMULTI349
1=~ SERT(X) b= 1/K3) . MULTI3%0

301 FORMAT(3ITXshAHB= X¥&D 6= Xi#t#3 7= LOGL0O(X) B= X¥#,254//) MULTI3SL
TR0 FORMAT (L 0K 21HGSED FUNCTTIONS OF X T46X58(1152%)) TTTTMULTTIS?
3N3 FORMAT(//s10Xe#LIST OF FUNCTIONS OF Y @ 1= CONST, 2= Y 3MULTI3R3
I="SORT(Y) SRR VALD) _ MOCTI S5,

304 FORMAT (37 X046HE= YD b= Y##3 7= LOG1O(Y) Be Y##,25,//) MULTI3BS
TAOE FORMAT TR 21HOSED . FORCTTONS OF Y 1 36XsR(ITy2X)) TOMULTT3SE
308 FORMAT(//910Xs#LIST OF FUNCTIONS OF 7 : 1= CONST. 2= Z © 3MULTI3S7
1= SORY(Z)Y 4= /%) o T MULTIZSE

307 FORMAT(37Xe4ANE= Z%##2 6=, Z%%3 7= LOGl0(2) Be Z%#%42%4//) MULTI3S9
30 FORMAT(TOXs 2TAUSETT FUNCTIORS OF 7 56X 8(I152X)) MULTT360
3N FORMAT(//910Xs#VARTABLE X = X (NON=[ 0Ge SCALE)#4/) MULTI361

TN T EFORNMET (/7 TG

311

FVERTABLE X =060

XY ¥57)

.

T{KY 97
312 FORMAT (/)

FOQ”AT(///olﬂAgHIHLOLFFTCIENTS A(TodaK) ¢

MULTTI362

A(I9’J9K)<«F(1)*G(J)'>HMULTI’%6?

MULTT36%

MULTI3RS

BT FORMAT (TIOR3

314

=Ryl e B X e WS =%y 290X e 7TETDWG)
FORMAT(1H)s//910Ke 13HFITTED DATA

t9//)

MULCTI366

-MULTIZET
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RETURN MULTI36R
END M_ULTI36<) |
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