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JU D ¢ VProgram Deseription |

Program Title __APproximation by Legendre Polynomials up to degree 7.
\) Contributor's Name 0¥+ Henrique E. Adler
Address Rua de S.Jodo de Brito, 136
City Oporto Country Portugal Postal Code
\- J
(Pro.gram Description, Equations, Variables __>_Set of m+1 equally spaced data po i}:’ts (x5, Ym
(i = 0...m) is anproximated by a sum of Legendre Polynomials ¥ =§SakPk(t),
O T
where n £ 7; k =0,..n; t =px +4q} p = 2/(xmfx0); q = —(xm+x0)/(xm—xo);
: LT
and ay ={Z2k+1)/2]( Pp(t)ydt . P (t) is the Legendre Polynomial of degree k.
L 3

The Legendre Polynomials of lowest dregree are:

Po(t) =13 Pi(8) = b5 Po(t) = (3t3-1)/2; P5(t) = (5t5-3t)/2.

The recurrency relatiom used in this program is:

(k+1)Pp+1(t) = (2k+1)tP(t) - kP (t).

This is used for finding the best n value,

4 5
The program computes the half sum of squard errors: Mk/2 =%a yodt -28&§/(2k+1).
: ey :

There is a choice of 3 integration formunlas: Trapezium,

Simpson and Newton-—

Cotes(S). Use Trapezium only for scattered and numerous

data points. For

points forming a smooth curve, use Simpson when m is even, or Newton-Cotes

(best.acewracy) when m is multiple of 4, The final result reads:

¥ ag + ayt + aoPo(t) + ang(t) + eaves + anPn(t). If you prefer the result

.. . . .- A 2 n
in form of a power series: with argument x, (y = €5 + C]X + CoX +....€,.X ),

convert a; into ¢y using the coefficient econversion program existing in the
Users’ Library, SO &I3

conserved without any alteration.

In this case, all register contents must he

Operating Limits and Warnings Make y entries with care, False entries: ecannot be

correected. The more data points you have, the better the accuraey will be,

Hiph deorce approximation with few data points is impossible. After ecomple-

tion of sten 8.0f the User Instructions, pressine of R/S will cawse ERRCI-

display, which ean be cleared by pressing CIX followed by the right key,

\_

J

)
This program has been verified -only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

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

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. ’ .
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{50 5 2 0 Program Description 11 R
Skétchies) -

" Sample Problem(s) Approximate the following set of data points by a polynomial:
x 0 1 2 3 A 5 6 7 8 9 10 {m = 10 (even),
¥ 0 0.2 0.8 1.5 2.7 3.7 5.2 6.7 8.3 9.9 11.5 |smooth curve:
.Keystrokes: 10 E 0 10 — 7,000 Simpson rule.,

5 ﬁ@@ﬂ (because n is ecertainly not greater than 5) ~—» 0.

0 m/s| .or/sl .8 [2/s] 1.5 /8] 2.7 [R/S] 3.7 [»/S] 5.2 6.7[r/s| 8.3 2/l 9.0 [r73]
11.5275] ——» 5.900, (end) - |

Bl — k= 0. ay = 44500 /2 = 12,714 %%

1, x> 6,086 0,367
2, XX 1,322 0.018 ¥
) 5 Takale —0.315 x> 0,004  best fit with ny = 3.
: L, XXX 0.051*** 0.003** practically no improvement
56""“ . 00321",()( . ] ..0.006’00{ ‘Vith nl = 1*.
Disregard a, and as. 5.000 (end)
‘Solution(s) __¥ = %.450 + 6.086% + 1.322P5(t) — 0.315P=(%). t = 0.,2x - 1

Prepnare projeections: 3 —p 3.,000. Make projections: x —a—- j‘r
Result:

X 0 1 2 3 L 5 6 7 8 9 10

A

v 0.60 0.2F 0.74 1.53 2,56 3,79 5.17 6,68 8.27 9.9C¢ 11.5%

The approximation is satisfactory.,

_/

: - N
|| Reference(s) Willers, Methoden der praktischen Analysis, Berlin, 1028, p.257 f'i?'.ﬁ

Willers, Numerische Integration, Goeschen, Berlin, 1923, p.45 ff.

Meyer zur Capellen, Instrumentelle Mathematik fuer den Ingenieur, Girardet,

Tssen, 1952, n,371 £f.

The above sample problem was taken from Willers, Numerische Integration, p.5h.




_TRAPEZE §/MPSON

me Xo 'fm ----- Legendre Approximation .
N-c. ..

1 Uy -~ w1

Ly

o kidy Ruld > O m - XY
STEP INSTRUCTIONS 5 A!&F/,S;rrs KEYS 5 AOTUAT,.S:TTS
A |Load side 4 ands/de 2, 1 lo.oco
2 {Input wupper limit Xm, X ENTA [ ] |xm
3 |Input lower Uimit Xe. Xo Encel [T [xe
4 linput m, m LI 1 |Im
J | Select [ntegration formula, 1L ]
for Trapezium formula: [f1la] [7000
for Simpson formula: [ f J[b 1 |7.000
for Newton-Cotes (5) Formula-: 7.000
6 |Select degree n of oo/vnomza[ [ 11
6al| for n=7 or Ris][ ] |o.
6b| for n<7 _(may be skipped) H [Ris]1[__ 1 |o.
7 | Input y value Y (RIS |i+4
8 | Repeatl step 7 for all y duta. After the [ J_1 .
| last (nput (y,) nis displayed. 1 |n
9 |Output coefficients ay and sum of [ JC ]
_!squared errors Mu/2. (B 1L 1 |koay, Mg
Ao Optional: Display a, (O</< n) K (¢ J[__ 1 |ay
14 | optional: Make brmecl'/on based on ca. L JL_J .
Known x value. dearee N . (may be skipped)| X L] Y
42| 0ptional: Preoare Dro/ecz‘ton based on [
__la known x va/ue c{eﬂi’ee ny (osn <m). | Ny (DI 1 |ny
43| Optional: Rebeaf‘ steo 14 for c(eaffee nyd X LE J[L_| Y
1]
- [
*) Last display: n. Write down all I
k, a, ano{ ML /2 valies. The best L]
A value is. the least k for which 111t
My is nearly Q. Call [t ny. Disre- C JC_ 1
' aarc{ all coefficients with k>hHy. 1T
Make orozecfzom‘ dearee Ay /si‘eos [ 1[_]
12 a/uc{ 13). [ ]
- L1 ]
1]
11
[ JC ]
LI ]
1]
[ I ]
1]




QU 2L U l’l'()gl'illll l;HSllllg | Page 4 of §
~STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
101 ¥ LBl o 2,_3: 9—?’ 4:) Setting for X ; 74 v;2
CFO 3564 0 T 5TO+ 2364 09)] T
CFA__|35elol| pao © fermula .y RCLS 340s| °M
2 03 o 060 A 04
M GTO S 2208 STO I 35 33
J [# LBLb | 3225 13 Setting for GTOo9 2,208
| sFo 35 5400 Simpson formula ¥LPLYS [3{2505
CF A 3564104 p=2 GSB3 | 3412203
3 03 ¥LBLY | 342509
210 GT09g 2209 STo O |  23co}
¥ LBLc |322543| Setting for R+ 355>
CEO 35¢-{ 00| Newton-Cotes (5) sSTC A 33 04
S F4 355404 formula (N-C) RCL b 3404
2 ol 070 X 74
2 0%) b=22.5 PESs 3443
. 83 stTor(i) 3364 24
5 5 RCLI 353K
* LBL 9 [34195089 X 711 @k+4)y;
CFa 35641092 STO+(i)| 336404 bm
120 CLREG 31H3 STO+(i)| 22 612H
Px S 34 HY P= S 2142
CLREG 324 43 RCLE 345 | if k<n, start
X2 3552 152 I 3434 | a new loop
5T0 3 3303 080 ReL I 35 3}
% 7 4 X <Y 32 #4
STO L 3301, GY0 S 2205
& S| m even? (Simpsan) RCL3 3403
+ 84 | m multiple of 42 RcLS 3408
FRAC 32831 (v-c) X =y 33, 54
230 X ¥ O 3464 | 7if not, Errer, GTOod 3224 44
Y GTC A 29244 4 04
7 R ¥ 3553 + &4
- 54 4/ _ Xm = Xo sTO 8 3308
2 oa| /P= 2 090 X=Y 3254 |if m=k,start
< ' 84 GTo8 22083 | last loop
STO C 3543 GSB6 |242206
- 54 ENTER4 4-:
RCLC 3H43 |- , ' + G
= 31 ‘7=—-§M F4 2 35 T{04
540 CHS E) m —Xo GTOO 2200 | multiply y;
5TOo D 334k FO<¢ 35 74{ 00
7 o7 F2 7 35 7102 | by Trapeze,
F4 7% 357404 GTO 7 22017
STO0+2 | 238104 Store desired n 100 ENTER ¢ 44 S;‘mpson or -
R[S LBHL (nsT) + 6{
5TOE 33145 SFEL 355402 | N~C cogfficlents
0 ~ 00} <TO 7 22,07 .
*LBLS [3{2508 XLBLO [3{2500
| GSP 6 | 342206 FO*% 3574 00
50 ¥XLPLYT7 |3{2507 Y GTO 9 23209
| RCL 2, 3402 pm SFO 355400
= ar 4 04
STO Y4 330K . 6 06
P2 S EXICEA R 110 GTO A 20 cA
STO+0 | 336{ 00 ¥ LPLI9 [3{2508
Pa= S 34 43 T cFo 35 64 GO
REGISTERS - ST R
4 . A 6 7
e (8) ! Pw (t) 2 b m ’ m -.g'-;;. Y > t,used counter ‘5,§_4"i dt
50 ae S1 a, S2 a, S3 04 S4 a, S5 as S6 ag 57 vy S8 o 59 o
A c 4/P : D q E I k




‘D0 94U Program Listing 11 Page 5 of &
STEP KEY ENTRY KEY CODE COMMENTS - STEP KEY ENTRY KEY CODE COMMENTS
F2? 357102 S5TO-5 ]| 335408
GTO 7 2207 170 RCLS 3405
SFEL 355402 - — YEY
R 6 cé RCLE 3445
Yy [¥LBeLd |3{d504 1521 34 34
: X 74 RCLT 3534
7 lo¥} X <Y 32 774
120 - 84 GTO3 220%
GTO 7 2207 ¥ LBLd (322544
% LBLD | 3{2503 P (t)= RcLE 345 |
RCL S 3405 K+4 - GTOO 22 00
Rci4 34 04 4 180 ¥ LBLE |34 2545
X 74 @'uu)(tpu“PM-O P& S 3442
ENT £ 44 o RCLO 34 oo
ENT £ ni] +tPy Pz S Yy
RCcLO 34o0 STO K 33 0H4
- . 54 R ¥ 3553
130 A 04 RCLC EYRE
RCLI 35 34 = g4 | t=px+gq
A/ x 3562 RCLD 3444 '
- 54 + G4
X 74 190 5TO S 3305
+ 61 1 g4
RCL 1 34 04 STO0 1 35321 p
RTN 3528 GT03 2209 |3
¥ 1LBL6 (312506 ¥ LBLE (3125047 ;%PNCC)
PSP O 2300 GSB3 |3{12203
140 RIS 84| Input y; ¥ LBLY 13{2509
DSP3 2303 STOO 3300
RCL?S® 3408 R¥ 3553
I ) o2 ) ST0 A 3304
- RCL > 3403 t~—2—'—-4 200 Gspd [242204
T 84 -m X 74
X KT STO+H[ 2364 04
4 04 RCLI 35 B H
- . 54 RCLE 34 45
5T0 § 3305 ISZ1I - 34 34
150 Rt 355> X >y 29 84
RTN 3gal GTOH 22 0K
¥ LBLDP {34254 DSPAa 2304
RcL g 34 09 RCILH 3404
STO S 3305 210 GT0O 2200
[¢] 00 +4 ¥ LBLC |34 254>
STo1 3533 J—M _Lgyzdt STO 1 3533
¥ LDLL (342502 2 'K~ 3 ¥ L4 [34 25 o4
PsPo 2300 -4 DsSP3 2303
- X — 34 9H 1’4 ) gl 3142
%0 ENT § Al — 5 —Gx RCL(()  3HAH
¥ 64 o 2k+4 P2 5 31 43
4 o4 GTOO 2,2 00
+ I 64 ¥ LBLD [34 2544
GSP4 342204 220 STOE ERY S
- — 348y ¥ LeLo[aflascee
X2 AL 54 RTN 36522
XY 352% GTO A 2244 Lock
Y LABELS FLAGS SET STATUS
S =vror B*k,ang‘c K+ ax P R Ex+ 9 [sMpswn FLAGS TRIG DISP
.d
2TRPz [|° SMPSN |° NWTN-CTy e "NwrN-ersl DT o 2 | Rx
:o. 1 2 3 4 2 1 0 X GRAD O SCI O
= y 2 0O RAD O ENG,.O
RS IR 6 7 8 9 3 1 0 ® n 3

o e




