006¢90 PROGRAM DESCRIPTION I Page | o

Fitting Polynomials of Degree M to Data

Program Title

Contributor's Name __G0rdon L, Olson

Address

City State/Country Zip Code

Program Description, Equations, Variables The problem is the followlng. Given n data pairs

S = Z(yL -En(x‘-_))g where the sum (and all following sums)
extends from i=1 to n. Rather than solving the system of simultaneous linear

equations derived by setting the partial derivatives of S with respect to each of

the coefficients of Qm €qual to zero, this program utilizes an_other method which

appears to avoid the problem of loss of accuracy due to the matrix inversion

involved in the usual method., We begin by constructing m+l polynomials, |7 (x),

j=0,1,...,m, with the property: S =ZP;; (x‘-_)fk(xL) =0 if j#k.
The desired polynomial Q,(x) is then easily expressed as a linear combination
of these basis polynomials if their form is chosen properly. These polynomials

are constructed as followss PR, (x) =1, P (x) =x+ By, and
Pi(X) = (x +§")P‘,'(X) + C"I}_z(x), for j=2,3,ooo.mo

Necessary Accessories_ Iumber of memory modules = 1 +INT((56 +2n)/64)

Operating Limits and Warnings_NO_internal scaling is performed. When dealing with very

large or very small numbers for x and/or y, .scale the numbers before enterring them,

Reference(s) .1.-S Was adapted from an old (1966) FORTRAN program written for the Ames
Laboratory of the U,S.,A.E.C. (program distribution #360400266110003),

This program has been verified only with respect fo the i le given in Prog O P . User

P of the prog: ial and without rek upon any repx ion or ipti Q the progr

P

pts and uses this program material AT HIS OWN RISK, in reliance solely upon his own

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS PROGRAM MATERIAL, INCLI

. UDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM MATERIAL.
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The requirement that Pé (x) be orthogonal to 1}., (x) and 1;_2(::) yields

2 2
B. = = z X;_zlz-' (X;ﬂ) , C. == Z P;_'(X‘-')
1 = f;_,(’&) (4 = P;g(x‘;)
The orthogonal”ity of 1; (x) to lower order polynomials is assured by the form

of the recursion relation.
If we let Qm(x) =k§°D“P§ (x) and solve the m+l least squares equations,
we have, S YLPA(XI.)
* TR Rep

Then the definition of Pf (x) can be used to convert the D’- coefficients to the

form ;ri = a, +a,X, +azx: + 000 +ahx: .

To test the goodness of the least squares fit, two quantities are computed,
the correlation coefficient given by
2 Z ( §;_ = 3; )2

T TRy 57
and the mean deviation of the computed curve from the data

M = Zlil}JL "Y;,l/n-

For a good fit r* will be close to 1,0 and YMD will be small compared to the

where y = Z yL/n,

values of y;.

As written the program works for m<6., There is no inherent reason why
m could not be as large as 10 or 15, This can be done by modifying several
lines of the program. If M is the largest value of m which will be used, replace
the following rumbers as indicated,
old# 6 new# M in lines 92 and 128

7 1M 105, 115, 194

23 17+M 99, 147, 189

24 184M 680 156

30 18+2M 87, 125

36 18+3M 297

37 19+3M 3, 16, 301 (37.9 becomes (19+3M).9)

Required number of memory modules = 1 +int((38 +3M +2n)/64).
Noke shurese beglng o Rey 11437,

Size = 19+3m + an
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Sample Problem (Sketch if Desired)

represented by:

x (m)

1 2 3 &

5
=153 150 135 95 70

What was the initial height and velocity of the ball?

Where is it at 6 seconds?
What polynomial exactly goes through the above five points?

An Object that is thrown off of a building speeds up as
it falls due to the acceleration of gravity.
X =X, + vVt + $gt2,

where x is the position, x, the initial height, Vo the initial velocity, and

g is the acceleration due to earth's gravity,
for a rubber ball,

The position of an object can be

The following data were obtained
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SOLUTION:
Input Function Display Comments

(USER) set USER mode
(XEQ) SIZE O47 allocate registers (37 +2n)
CF 29 improves labels on output
(XEQ)_LSQ XENT Y, A |prompt for data entry

1 (ENTERY) 1..000 input the five data pairs

153 (A) 1.000

2 (ENTER?%) 2.000

150 (A) 2.000

3 (ENTER$) 3.000

135 (A) 3,000

n (ENTER®) L, 000

95 (A) 4,000

5 (EISJIERQ) 5,000

790 (A 5..000
(B) AO=1,8690E2 first check to see if a linear
(R/S) A1=-2,2100e1 equation fits the data -
(c) R42=9,1511E~1 not very good fit
(R/S) YMD=8, 6800EQ

2 (b) AO=1, 52040E2 Xo fit a quadratic curve
(R/S) A1=7,0471LE0 Vo
(R/S) A2=-4,9286E0 1o
(c) R42=9,7882E-1 good fit to the data
(R/S) D=4, 1486E0
(D) 19,800 height in meters at 6 seconds

I (b) A0=2,1000E2 coefficients of a curve which
(R/s) A1=-1,1925E2 will go through all five points
(R/S) A2=8,4292E1
(R/S) A3=~-2,4250E1

_(R/s) A4=2,2083E0 .

(C) R42=1, 0000EQ YMD/T50 =78, 7E-9, which is the
(R/S) YMD=1, 3000E-6 1imit set by the 10 diglts of

the calculator,

The (R/S)'s shown above are not necessary when the

printer is attached,
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USER INSTRUCTIONS

Page H of

- (?-:1295:10) 37 +2n
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Enter the program or load the 6 sides of
program cards, and set USER mode,
2 | Execute LSQ. (XEQ) LsQ XENT Y, A
3 | Enter (x,y) pairs, i=1,2,,.,,n. Calcula- Xy (ENTER?) X3 |
tor will respond with number entered, Yy (A) i
L | Option: Remove a previously enterred Xy (ENTER #) X3
pair, Must be enterred exactly as done ¥y (a) n -1
originally, other wise DATA ERROR will
be displayed.
5 | Compute the coefficients for a least m (B) ag
squares fit to a polynomial of degree m. (R{S) a1
(&/S) ay
6 | Compute the correlation coefficient and (¢) rl
mean deviation of curve from data, (rR/S) YMD
7 |For a given x value, compute 9 using x (D) fr
the fitted polynomial,
8 |Option: Relist the coefficients., (d) aq
(®/s) a1
(®/S) i
9 |Option: To list the (x,y) pairs that (XEQ) L X1
were enterred in step 3, execute L, (R/S) Y1
(r/s) X2
: :
(R/S) Ym
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SIZE:
(HP-41C)
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
10 | To save execution time when fitting m (B) ag
curves of several degrees to one set of (R/S) a,
data points, compute the curve of lowest ; ;
degree with B (step 4). Then with the (R/S) ay,
next higher order execute b. Any of m! (b) 2,
the steps 6-9 may be done between these (R/S) ay
least squares fits, but not steps 3 or 4, ; E
If the data is alterred, begin again (R/s) apt
with executing B,
11 | To start over with a new set of data, (XEQ) LsQ XENT Y, A
execute LSQ and go to step 3.
NOTES
a | When the printer is attached, the (R/S)'is shown above are not necepsary.
b | Execution time is approximately 4rm seconds when executing with B,|and
4n(m* -m) with b (step 10),
¢ | The program is 570 bytes long., If one iLs limited [{in the number of|memory
modules that are available, the routine [for listirlg the (x,y) data) pairs
can be deleted (program steps 329 - 360)
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Oe7 D97 Xaic

STEP/ KEY CODE STEP/ KEY CODE
LINE  KEY ENTRY (67/97 only) COMMENTS LINE KEYENTRY  (67/97 only) COMMENTS
E1eLEL “LSE clear registers ﬁ-—lwf STO IMND switch y;
Az CLRGC and initialize 45 MY and yp
A% I7.0 loop for 45 ST- @z decrease loop
B4 STO B2 enterring (x,y) 47 ST- 81 indices and n
as ¥ EHT ¥ pairs 42 -::-I- @d
., A" 49 RCL IHND switch x;
ac AYIEW prompt user az
B7 STOP s@ STO IND and xp,
oSeLEL A enter data @1 |
A9 MY 51 MEQ 88 ;:39;1’ loop
1@ STO IMD xq Sz RCL 84
Bz 53 RTH
11 H<>Y Sq4«LBL 16 loop for next
12 ISG @2 55 ISG @1 (x,y)
= 56 GTO 17
B_}_.,, STO IND yi g; a | data Paig
14 ISGC @2 S5 1.-¥ - not foun
1S RCL @2 S9+LEBL b m'>m
16 37 6@ STO B3
17 — compute the 61 GTO @z
1 2 number of ~AZ+LEBL B m-»ai's
19 - enterred pairs 63 STO B3
26 INT 54 & begin
21 STO 64 553 STO 835 a series of
2z ®EQ @o set up 55 STO 11 complicated
2Z RCL @4 loop index r;w? 1 nested
24 STOP 1 &2 STO 24 loops
25 GTOo A =9 GTO 8o that
2a+LBL a remove a pair rEe+LEL &2 find
27 STO 13 3= Ry3 71 RCL @85 the best
28 KLY 2 RCL @9 £it
22 5TO0 12 ;xi-)Rlz r3 o coefficients
36 XEQ 15 . got loop index 32 E?g ‘1
3i«LEL 17 7S S
Z2 RCL IND i':g through 7E+LEL 83
Al 77 RCL B6
32 IsSG 91 72 RCL @2
34 RCL 12 79 s
35 K=¥Y7?T xj = xj? 2@ CHS
36 GTO 16 81 STO 19
37 RCL IHND 8z RCL a2
a1 22 STO 83
2 RCL 13 o4 1
39 HeyT yi =5t 25 ST+ 45
48 GTO 14 | ~ 26 RCL 85
41 1 | found correct 27 =6
42 ST- @z pair ag +
42 RCL IND 89 B
B2

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specific information on keystrokes. The Function Index is found &t the very back of the Handbook. Refer 10 Appendix E &
67 or 97 “OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for exact keystrokes.
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Oe7 097 Naic

STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS

oG STO IND 122 ISG @i

¥ 132 GTo es .
21 & nested 134+LEL @& contime
Qz 3T- Z 125 B
93 RDH computations 136 STO @s
94 STO IHD 1327 STO &7
Q5 RCL 85 139 #Eﬁ 15
a7«LEBL 94 : 141 1
98 RCL ©1 omial 142 STO 12
Q9 23 polyn 142 RCL @5

196 + fitting 144+ BL @=2

181 RCL IND 145 ¥=87

» is too 146 GTO 14

162 STO 13 147 23

1 El 3 R I: L 1 E' complicated 1 <3 8 +

184 =*x 149 RCL IND

16 7 to b

- 1A5 ST+ 2 156G RCL IND
17 RIH ai

188 RCL IND meaningfully 151 \RCL 12

Y document 152 =

189 RCL 11 152 +

1160 =* 154 STO 12

111 + 155 RIH

11Z RCL 13 156 24

112 STO IND 157 -

< 152 GTO as

114 RIHN 1S9«+LEL 18

115 7 166 RCL IHMD
116 ST- 2 a1 |
117 MH<>Y 151 RCL 12 t
118 STO IND 162 242

z 162 ST+ 88

119 ISG @i 154 %

126 GTO 84 165 ST+ B&

121 RCL 85 166 1

122 ¥EGQ 14 157 ST+ 81
12Z+LEBL @5 158 RCL IHND
124 RCL 81 ai

125 24 169 RCL 12

126 + 176 *

127 RCL IMD 171 ST+ av

® 172 IsSG 81

122 & 172 GTO 11

129 5T- 2 174 RCL @87

136 RDH 175 RCL @13

131 ST+ IND 176 ~

'e

= Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE” for specific information on keystrokes. The Function Index is found at the very back of the M. Refer to Appendix € in

s 67 or 97 “OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.
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Oe7 D97 Xaic
STEP/ KEY CODE ' STEP/ KEY CODE
LINE KEYENTRY (67/97 only) COMMENTS LINE KEYENTRY  (67/97 only)
177 ECL a5 222 SCI 4
178 17 222 ARCL ¥
iva + 224 AvIEW
126 HJ>Y 225 FC7 21
121 STO IHNMD 226 STOP
Y 227 156G 61
122 STO 13 2 =TO a9
182 RCL B85 229 STOoF
1584 X=@G°7" 238« BL C
i85 GTO a3 231 @
1835 HEG 14 232 STO 16
137+LBL 132 232 STO 11
128 RCL 61 234 STO 12
139 232 235 S5T0 132
198 + 235 HEGQ 15
191 ECL INID Z23A7+LEL a7
b4 Z2=2e 1
19z RCL 13 239 ST+ iai
1935 * 248 RCL IWD
194 7 at
195 S7- 2 241 ST+ 11
198 RIHN 242 Is5G 61
127 ST+ IHI 24 GTO a7
Y 244 RCL Qa4
128 ISG @i 245 5T~ 11
199 GTO 13 =46 XEG 15
2808 RCL a5 247+LBL 12
281 RCL 63 248 RCL IHD
282 H>Y7? "ni
283 GTOa Az 249 HEG I
284+« BEL o @ list the 258 STO 14
285 RFECL 63 coefficients 251 RCL 11
28 1 252 -
287 + compute the 2593 ¥12
a8 ¥EQ 14 loop index 254 ST+ 13
289 TONE S =5 1
21a+LEBL A9 256 ST+ @Al
211 RCL @1 257 RCL IHND
212 FIX @& 50|
213 1 assemble a 2582 RCL 11
214 - label for the =239 -
215 INT coefficient 2e8 XKTe
216 A" | 261 ST+ 12
217 RARCL ¥ 252 RCL IHID
218 £ 13 ’_:-- Bl
212 17 262 RCL 14
226 + 254 —
221 RCL IHD 253 HBS
= ' 256 ST+ 16
Note: MhWJlCOMER’SHANNOO(ANDPMGWNGGUM"MM" on k 8. The Fi

67 or 97 “OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

Page ) of

COMMENTS

display the
coefficient

| compute r2

~and YMD
Cinitialize
registers

loop to
find ¥

Yy Ryq

loop to find
. sums for
‘r? and YD

A

%~ R0

A =2

}R13 +(yi-y)

-2
Ryo +(y5-y)

Rig "’lyi'-’;\'i‘

ion index is found at the very back of the Handbook. Refer 10 Appendix E !
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Oer 097 )z[nc

STEP/
LINE  KEY ENTRY

KEY CODE
(67/97 only)

Nots: Reler to "HP-41C OWNER'S HANDBOOK ANO PROGRAMMING GUIDE™ for specific ink

- 383

IS A1l
SoTo 12
2859 RCL 13
RCL 12
2v e

o272 "Rt2="
3 HECL X
4 TOHE S
AVIEW
FC? 21
STOF
RCL 15
RCL B4
238 -
“YMD=-
ARCL ¥
AVIEW
RTHN

= STOF
Z2a86+LBL 14
287 1 EZ3
238 -~

289 1

29a +

291 5T0 A1
292 RTH
293+«LEL @8
2294 RLCL a4
295
29¢c
237
23=
=29
Faa
381
39z

lTl

+%\F*+M*M
m
e

A
- —
zO
[y
4

384
Ias5+LEBL 15
3as RCL 15
Fay STO Al
385 RETH
3ac«LEL I
318 STO GG
311 @

312 STO @7
312 ECL a3
314 STO 14
31S5+LBL B1

COMMENTS

STEP/
LINE KEY ENTRY

KEY CODE
(67/97 only)

Page 9 of /)

COMMENTS

label and
dmpMyrz

label and
display YMD

compute
loop
indices

compute index
for looping
through the
data and
save it
inR15

reset the
loop index

given,x,A
compute y
from the
fitted curve

229+LEBL

RCL 14
17
+

RCL IHI

ST+ @A7
RCL 9@
ST* A7
DSE 14
GTO At
RCL @7
RCL 17
+

RTH
--Lu
H“ER 13
CLX

322+ BL 12

N
]
5

-

) o] Oa) 0] )

EE;.] S G o o L) Gl
AU VI W U )

Gl
$of
"] b

—

FIX @
le.l

1

L

ARCL =
(13 '_:--
RCL IHD

SCI 4
ARCL =
AV IEN
FC? 21
STaOP
RIMN
ISG a1
FIX @
ll\‘.'n
ARCL ®
- ’_=n-
RCL IHD

SCI 4
ARCL X
AVIEW
FC? 21
STOF
RDH
ISG a1
GTO 12
RTH
ENMD

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

hon on key The Fi

bon index is found al the very back of the Handbook. Reter 10 Appendix € in

assemble the
coefficients
to compute
the curve

list all the
(x,y) pairs

|
assemble

label

display x4

assemble
label

| display y;
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS

OU] used SiZE 37+2n TOT.REG..119+2n  USER MODE

loop index ENG FIX sci_4  oN_X oFF____

counter for input DEG X RAD GRAD

m

051 n

0 FLAGS

INIT
sum2 # S/C SET INDICATES CLEAR INDICATES

sumj 9 1 e better appearing

sumét output

101 B5

ad

Cs

used

used

used

151 used

used

20 a3

35 used

x1 {(will stary at [19+3M,

vi see discugsion in

%2 program ddscription I)

Lol y2

ASSIGNMENTS

FUNCTION KEY FUNCTION KEY
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CARD LABELING

XXXHP - 1D xxx

KEYBOARD
SYSTEM 1 |
CONFIGURATION £ nemory modile required,

printer is optional

¥ = agtagX 4apx” +aqx +"°+a'mxm
-» ai z’

A
X*y



FITTING POLYNOMIALS OF DEGREE USERS’ LIBRARY PAGE 1
M TO DATA PROGRAM NUMBER: 00609C OF 3
PROGRAM REGISTERS NEEDED: 82

ROW 4 (16 : 25)

ROW 5 (25:32)

ROW 1 (1:4)
ROW2 (5:7)
ROW 3 (8: 15)

| | (T
A

ROW 13 (94 : 101)

ROW 16 (121 : 129)

ROW 17 (129 : 138)

ROW 18 (139 : 147)




FITTING POLYNOMIALS OF DEGREE USERS’ LIBRARY PAGE 2
M TO DATA PROGRAM NUMBER: 00609C OF 3

ROW 19 (148 :'157)

8 :

ROW 20 (15

ROW 2

LT |

(o} :
o .

ROW 32 (259 : 267)




FITTING POLYNOMIALS OF DEGREE USERS’ LIBRARY PAGE 3
M TO DATA PROGRAM NUMBER: 00609C OF 3

ROW 37 (301:310)

ROW 44 (356 : 361)
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