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DESCRIPTION OF PROGRAM

PURPOSE

There are many instances in which experimental data are available but
no theoretical equation has been derived for expressing the relationship
between two physical parameters. Sometimes the theoretical equation is

known but is too complicated or cumbersome for use in mathematical evaluation.
A polynomial is often used to approximate this relationship. If the coefficients

of the polynomial are determined from the available data by the least squares
procedure, the resulting equation can be used to evaluate the dependent
variable with statistical validity from given values of the independent variable.

This program generates an approximating polynomial by the least squares
technique. The equation so derived contains as many termsa as necessary to
bring the standard error of the dependent variable within a range specified by
the user.

GENERAL DESCRIPTION

Provision has been made for a maximum of 100 observations and a
polynomial expansion up to the 15th degree.

This program is based on the assumption that a set of experimental data
can be fitted to a polynomial of the form:

Y = AO+Alx +A2x2 ........ e +A15x15,
The linear form Y * AO -+Alx is tried as a first approximation. The
coefficients (A's) are computed and the standard error of the dependent
variable (Y) is compared to a predetermined maximum value. If the error
is greater than the maximum value, the process is repeated, adding a term of
the form AN xN (where N = 2,3, . . . ., 15) until the error is within the
tolerance. In each case the coefficients are computed by the least squares
technique. The calculations utilize FORTRAN floating point arithmetic. A
modified Gaussian elimination technique is used to solve the resulting set of
linear equations,

INPUT FORMAT

All input to the program must conform to the specifications for fixed and
floating point constants as outlined in the 1620 FORTRAN Manual. The input
to the program consists of two types of records. The first record is read
into the 1620 by Fortran Statement 1 which ia "READ, N, TOL, LAST." The
next N records are the observations and are read into the 1620 by statement
20 "READ, X(I), Y(I)" or if SW1 is on by statement 30 "READ, X({I), Y(I),
W(I). " See page 1 of the appendix for explanation of the symbols used. The

exact format of these N records is dependent upon the setting of SW1. It is
important to note that data are always entered with one observation to the
record.

If after obtaining a compiete output, it is desired to enter a new TOL
and/or LAST, this can be accomplished through the console typewriter under
control of SW4. See Operating Notes for details.

QUTPUT

All output is presently on the console typewriter. This can be easily
modified by changing any of the PRINT statements to PUNCH statements.
SW2 and SW3 control the format of the output.

SW2 ON causes the following format to be printed for each order poly-
nomial fitted:

NORD TOL S 2 N
0 COEFFICIENT
1 COEFFICIENT
: .
[ . *
NORD COEFFICIENT

SW3 ON causes the following additional output to be printed provided
SW2 is also ON:

A A
X(1) Y(1) Y(1) Y(1) - Y(1)
. . . .
D . AY ° A
X(N) Y(N) Y(N) Y(N) - Y(N)

All output will be obtained for the order polynomial being fitted if
NORD = LAST or if S2 £ TOL. I the output occurs under either or both of
these conditions, the machine will halt after printing. See Operating Notes
for switch settings before depressing START.

MACHINE REQUIREMENTS

Any IBM 1620 for which a FORTRAN compiler has been written.
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ABSTRACT

[BM 1620-POLYNOMIAL CURVE FITTING *CARD=
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W, R. Graves
AUTHOR-  JBM Corporation
Mohansic System Laboratory
Advanced Systems Development Dlvilion
2651 Strang Boulevard -
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DIRECT INQUIRIES TO AUTHOR

THIS PROGRAM GENERATES AN APPROXIMATING POLYNOMIAL BY THE
LEAST SQUARES TECHNIQUE. THE EQUATION SO DERIVED CONTAINS
AS MANY TERMS AS NECESSARY TO BRING THE STANDARD: ERROR-OF
THE DEPENDENT VARIABLE WITHIN A RANGE SPECIFIED BY THE
USER, OR TO FIT A 15TH ORDER POLYNOMIAL. PRINTING OF
INTERMEDIATE COEFFICIENTS AND THE PRINTING OF A TABULATION
OF OBSERVED VS CALCULATED VALUES OF THE DEPENDENT VARIABLE
ARE UNDER THE CONTROL OF PROGRAM SWITCHES AS IS THE
INCLUSION OF WEIGHTING FACTORS. THE CALCULATIONS UTILIZE
FLOATING ARITHMETIC WITH AN 8 DIGIT MANTISSA. IBM 1620,
20K CORE, 1622 CARD READ-PUNCH.

THIS PROGRAM AND ITS DOCUMENTATION WERE WRITTEN BY AN
1BM EMPLOYEE. IT WAS DEVELOPED FOR A SPECIFIC PURPOSE ANL
SUBMITTED FOR GENERAL DISTRIBUTION TO INTERESTED PARTIES
IN HOPE THAT IT MIGHT PROVE HELPFUL TO OTHER MEMBERS COF
THE DATA PROCESSING COMMUNITY. THE PROGRAM AND ITS
DOCUMENTATION ARE-ESSENTIALLY IN THE AUTHORS ORIGINAL
FORM. IBM SERVES AS THE DISTRIBUTION AGENCY IN
SUPPLYING THIS PROGRAM. QUESTIONS. CONCERNING THE USE OF
THE PROGRAM SHOULD BE DIRECTED TO THE AUTHORS ATTENTION.

‘Modifications or revisions to this program, as they occur,
will be announced in the appropriate Catalog of Programs .
for IBM Data Processing Systems. When such an announce-
ment occurs, users should order a complete new program
from the Program Information Department.
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OPERATING NOTES

Continue to Next Order Polynomial when Computer Halts after Printing.

Turn SW4 ON

Depress START

When typewriter is activated, key in a value for TOL and LAST
followed by a #,

Turn SW4 OFF

Depress RELEASE

Depress START

Note: If error is made while keying in this data, depress RELEASE and

Start with SW4 ON. This will cause the typewriter to be activated
and the whole record must be keyed in again. '

2. ERROR E7 OCCURS.

3. If it i desired to compare

wn
.

You have probably divided by zero in the calculation of S2 between
statement 160 and statement 161. The reason for this is that the
order of the polynomial is within 1 of the number of observations.
The coefficients calculated here will be correct, but the standard
error S2 will be distorted. If you continue to the next order
polynomial, ERROR F6 will occur as a result of taking the square
root of a negative number when calculating S2.

2
(Yi - Yi) rather than the present S2
1= 1
against TOL, delete the two FORTRAN statements immediately following
statement 160 and re-assemble the program. .

Most questions about the program can be resolved by reference to the
accompanying flow chart and FORTRAN listing. A complete analysis of

the actual storage requirements of the program has not been made. The
program did exceed memory by 1011 positions when assembled with the
trace routine so there is very little space available for additions or lengthy

modifications.

A considerable amount of storage could be gained by deleting that portion
of the program dealing with weight factors.

-3~

L

VL

OPERATING INSTRUCTIONS CARD SYSTEM

Clear Memory . .
RESET, INSERT, 310000300002, RELEASE, START
INSTANT STOP

Ready Typewriter for Normal Fortran Output
Margins 10 and 95.
Tabs every 17 positions.

Load Program
Ready 1622 Read Hopper with Program Deck
RESET - 1620
LOAD - 1622
"LOAD DATA" will type out after loading is completed.

Ready Paper in Typewriter
Place Data Cardsin 1622 Read Hopper
Set Congole Switches
OVERFLOW CHECK SWITCH - PROGRAM
ALL OTHER CHECK SWITCHES - STOP
PROGRAM SWITCHES:
ON X OFF
) Weight Factors No Weight Factors
2 Print Pelynomial

Coefficients For Each
Order Fitted

List Coefficients Only
When NORD I LAST or
S2 £ TOL.

3. . Print Table of Observed v8

Print Table of Observed vs
Calculated After Listing Calculated Only When
Coefficients, NORD = LAST or S2 £ TOL.,
* 4 Continue ‘Present Problem Read Next Set of Data

{Normally off)
* See pp. 3 for additional information on SW4.

VII. Depress START ---- Or INSERT 4907500.

COMPUTER

TECHNOLOGY




APPENDIX

(D
m
w(D
A(L J)

LAST
Sum X(J)
Sum Y(J)
NORD

S1

S2

S3

SYMBOLS USED IN FORTRAN PROGRAM

i value of independent variable.
ith value of dependent variable.
Weight factor of ith obgervation.
Matrix of coefficients of normal ei;uatiqns.
Number of observations.
Allowable value of standard error.
Highest order polynomial to be fitted.
X J-1 '
Z (WD (xi)
=1
N 3 (D (xS -1
iZ_ 1 (Y1) (Yi) (Xi)¢ -

Order polynomial fitted.

Calculated value of Yi using Xi (also called ¥i).




FLOW CHART

®,_) Read;, N, TOL, LAST ]
o Print, NORD, TOL, S2, N

POLYNOMIAL CURVE FITTING

OFF Read, x(l),
Y(D
Iz1toN
ON
Read, X(D, Y(D), WD Print Polynomial Coefficients
IZ 1toN
Set up matrix for
order 1.
Accept,
TOL, LAST
Solve for Polynoniial
o Coefficients y
™
L . v Print Tabulation
Calculate
S2

@_9 Set up for next order polynomial ‘ FF




C POLYNOMIAL CURVE-FITTING
c
‘g W R GRAVES 16M NEW ORLEANS
";“’”“DIMENsnon'x(foo) ,Y(100),A(16,16), SUMX(317, SUMY(T57,W(100) Do rek ieL
~771 READ,N,TOL, LAST : ' - tew TEINTNéEAg&nﬁé) )16
DO 4 =18 | e i 3)167,165
P E— L AL
READ, X | Y(1) ‘ = 21
20 3¢ 0;X{ ( )s 167 DO 169 1=1,N
. ___ 30_READ, X(I) Y(1) W) » * 31=0,
10 CO?TINUE ; Dé=?é§ §K3 NORD
F(S : ) , SR
= I; engE1§x' CH 1)70,50 ; 168 g; $}T§(J+l KK)FX(T)%%]
60 vi(1)=t, ‘ 5
70"5L(JM>)<(1);0. 165 PRINT,X(T),Y(T],5T,53
SUMX(2)=0, ) —E’F(NORD:MO 173, 173
SUngsiéo. — — 170 IF(SZ-TOL)173 173,171
SUMY(1)=0. —121 NORD=NOR
SUMY(2)=0, ] 2 NORD
DO_90_l=1,N Srt)z0.
SUMX( 1)=SUMX{1)+W (1) ' g =0,
sur4x§2%=sur4x£zg+w Wrx%l; ( )’ ggM}(;;xo?DT]ko.
SUMX (3 )=SUMX (3 )+W{ 1 )=X (1 )FX(1) . . =
= SRR Dt by
: 0 SUMY(2)=SUMY {2 }W( =X CIIRY ()
i, ° NORD21 (2)+( ) SREAED _ 172 SUMY(NORD+1) SUMY(NORD+I)+Y(I)*X(l)**NQRD*W(])
.91 IF(SENSE SWngH k)92,93 . ‘ ' 173 ggus !
92 ACCEPT,TOL,LAST ; ~ : -
a5 LoNGRD+1 , — . _ IF(SENSE SWITCH B)T7T,1
= KK=L+1 : :
DO 101 T=1,L
DO 100 J=1,L
I K=d=1+1
100 A(1,J)=SUMX(IK)
101 A(T,KK)=SUMY(1)
DO 140 i=1,L
Aé&K |%~-1. - -
KKK=i+1. . : i, :
DO 110 J=RKK,KK S %) : T
110 A(KK,J)=0., . =
C=1./A(1,1) — ) = » . &
DO_120 I1=2 KK . e ‘ .
DO 120 J=RKK,KK : , ~
120 A(Il, J)-A(II,J)-A(I J)*A(ll 1)*C _ » : ' '
DO 140 Tl=T,L )
D0 lho J=KKK, KK
150 A(T1,J)=A(11+1,J)
D0 160 J=T N
$1=0.
S1=S1+A(T, RK)
DO 150 I=1 ,NORD
150 S1=S1+A(1+1,KK)*X(J)**]
160 S2=52+(S1-Y{J))*(S1-Y(J))
$2=(52/8)%*.5
IF(SENSE SWlTCH 7)163,161 , - : , .
161 IF(NORD-LAST) 162,163,162 : : |
162 1F(S2-T0L)163,163,171 ' _ — 8

163 PRINT,
PRINT, NORD, TOL, 52, N _q-

/‘.»\‘
N
/’\\
N
" h
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SAMPLE PIK)BIJShk 1

NO WEIGHT FACTORS

D

- -

-
|
|
i
i
'

’

o

—1.0000000E=03 & 7140470E=08  _ §1 ... __

"2.0000000
=.99999999.

00000000

13709614

... SAMPLE PROBLEM 2 __NO

35

WEIGHT FACTO

67653 ‘
sosu777E—02

—5.0000000
=l .0000000

}

7.0000000
6.0000000

-3.0000000 .
~2.0000000

5.0000000

L .0000000_______£.0000000

)]

-1.0000000
00000000,

3.0000000
2..0000000.

7 .0000000
6..0000000.
5.0000000

,00000000
00000000

.00000000
.88567484

- 6.82L47925E-02
k %3

35

.00000000
00000000

"¢ -5.8891750E-02
. 7.3669823E-03

2.9999999
2..000000Q

1.0000000E-07
00000000.

.00000000
1.0101370

7.2010479E-02

35

1.0000000
2.0000000.

4 "ANYANOD HILSI93d Au0T THL 4-TI89 WHOL

)

1.0000000
.00000000

1.0000001
00000000,

-1 0000000E-07
00000000

-.16878278
2.7903453E-02

{

. 3.,0000000
4 ,.0000000

-1.0000000
=2.0000000

-1.0000000
=2 .0000000

.00000000
00000000,

-9.6864043E-OL
00000000

_1.2667654E-02

35

5.0000000

-3.0000000

-3.0000000

.00000000

=.22962000

) :v‘rn'm’nnvgé

‘,4. R )
w0 WCa11ma ‘Alvanoa uassieaw auon 3uf 4-ties nyos

‘l ,8020588E-02
-3.1670640E-03

7.5153L401E-05
.00000000

1,2528518E-02

)

gk
.

1.045601
=,2155043

N

B 1142057E-02
-1.89390L45E-03

“=2.2981124E-05

2.6586L468E-06

)

00000000
1.05493L9

1.430%4736E~02

5

-.23916686
5.6848L405E-02

-6.1416738E-03
5.1292009E-04

RO

m:wn—ommrwn-om$»~_opww—owN~E~—oL

-2,8836L16E-05
6.9676638E-07

0 0

.

NS

00000000
1.0419582

1.1866621E-02

35

N

-,20453217
3.3#09581E—02

O

3.1708200E-05
=1.8186513E-0kL

~1.2040700E-06
1.0740927E-06

-3.6192355E-08
.00000000

1.2140386E-02

1.0428216
-.20598632

35

3.3852269E-07
6 4,796813E-05

—2.06044LOE-Oh
7.8117300E-07

1.1782136E-06
=5.4157920E-08

PARTIAL OUTPUT

£.5021779E-10

.00000000

1.3673123E-02

35

1.053779%
~-.2273

W N =t OO O NV B\ M O oo~ ov e w

id

9792
%.3658105E-02
-1.0574389E-03

1

.

3,623 1047E-0K
-3.7879753E-05

4. 80585606-07
-3.4203367E-07

[V

|

AD Cd~ O\

.=5.2506785E-10

Z.3551077E-08
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‘SAMPLE PROBLEM 3

NO WEIGHT FACTORS

~ 2 1 i v 30000000 2 229&379 11
: 0 3.0090909 :
st 1.8918182
M 2 .30000000 1.3773300 11
s —0 1.0160840
: 1.8918182
LE2 19930069 .
£ 3 ~.30000000 3..1790805E-02 1
g =l : 01698140 .
H .0097709
~E__2 - .19930069
HEE 4.955322LE-02 )
_&#_=5.0000000 =5..2500000 =5.2h44062 =5.5938000E-03
7z -k,0000000 -3.0000000 -3,0055949 5.5949000E-03 :
¢ 5 em=3.0000000 . __=1,5500000_______-1.5574595 7.45950006-03
. 7 =2.0000000 -.60000000 -.60268089, 2.,6808900E-03
- _=1.0000000_ 15000000 15606057, -6.0605700E-03
- .00000000 1.0000000 1.0160840 -1.608L4000E~02
R 1.0000000 '2.2500000 2.2747087 -2 .4708700E-02
<. 2.0000000 4.3000000 4,2292542 . 7.0745800E-02
" e 320000000, 0000 03, =2..7039900
- 4.0000000 11.400000 11,%15388 -1.5384000E-02
o~
o
°
(:
o
s
o)
©
.wv G
7N
O




