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ORTHOGONAL POLYNOMIAL COMPUTER, PROGRAM

c ORTHOGONAL POLYNOMIAL CURVE-FITTING =~ MAIN PROGRAM;
c BUBROUTINES ORFIT AND POWSER, AND FUNCTION PCTSQ, ARE REQUIRED.
c
DOUBLE PRECISION A,B,G,D,E,FAC,POLCO,US®,USQCO,UVCO,X,Y,YPOL
DIMENSION A(B), B(B), B(B), D(B), E(B), POLCO(B)
DIMENSION X(100),,Y(100), UVCO(15), USRCO(13)
c
C ARRAYS:
c
C A ALPHA COEFFICIENTS IN ORTHOGONAL POLYNOMIAL RECURRENCE RELATION
C B BETA COEFFICIENTS IN ORTHOGONAL POLYNOMIAL RECURRENCE RELATION
C 6 COEFFICIENTS OF ORTHOGONAL POLYNOMIAL SERIES
C D RESIDUAL SUM OF SQUARES
C E SQUARE OF COEFFICIENT G/VARIANCE OF G, FOR SIBNIFICANCE TESTING
c
C POLCO COEFFICIENTS OF SIMPLE POLYNOMIAL FOR Y
C uvco COEFFICIENTS OF POLYNOMIAL FOR UNNORMALISED VARIANCE OF Y
C USQCO COEFFICIENTS OF POLYNOMIAL FOR SQUARE OF RANDOM UNCERTAINTY
c
c saxkx INITIAL INPUT #kxis
c

ARY%



o000 n

C

WRITE (&,120)
READ (5,130) MAXD1
IF (MAXD1,GT.7) MAXDi=7
WRITE (4,140)
READ (5,150) N
IF (N.LE.100) GO TO 10
WRITE (&,160)
GO TO 110

10 WRITE (4,170) N
MAXD=HAXD1+{
IF (MAXD.GT.N) MAXD=N
DO 20 I={,N

20  READ (5,180} X(I),Y(I)

¥¥x¥% PRELIMINARY FITTING *¥¥%%

o000

CALL ORFIT (X,Y,A,B,6,D,E,N,MAXD)
WRITE (6,190)
JOPT=0
DO 30 J=1,MAXD
IF (J.BE.N) GO TO 40
I=d~-1
§D=DSORT (D (J) /FLOAT(N=J))
SE=E(J)
PC=PCTS0(SE,N=J)
PC 15 PERCENTAGE SIGNIFICANCE OF COEFFICIENT
IF (PC.BE.95.) JOPT=J1
30 WRITE (4,200) J1,SD,PC
40 WRITE (6,210) JOPT

ORTHOGONAL POLYNOMIAL COMPUTER PROGRAM (CONTINUED)

¥x%4¥ INFORMATION FOR A SPECIFIED DEGREE OF FIT #¥#x#
ENTER DEGREE

50 WRITE (46,220)
READ (5,130) JDEG!
IF (JDEG1.LT.0) GO TO 110
JDEG=JDEG1 +1
IF (JDEG.LE.MAXD) GO TO 60
WRITE (6,230)
B0 TO S0

YA
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OoO0O0000

aOo0o0

60

70

COMPUTE POWER SERIES (SIMPLE POLYNOMIAL) COEFFICIENTS
CALL PDWSER (A,B,G,JDEG,N,POLCO,UVCO)

WRITE (&,240)
WRITE (6,250) (POLCO(J),J=1,JDEG)

COMPUTE NORMALISING FACTOR FOR SGUARE OF RANDOM UNCERTRINTY
FROM RECIPROCAL OF DEGREES OF FREEDOM RDF, RESIDUAL SUM OF SQUARES
IN D, AND EMPIRICAL EQUATION FOR STUDENT T

RDF=1./FLOAT (N=JDEG)
FAC=D(JDEG) #*RDF# (1,96+2,36%¥RDF+3, 2%¥RDF##2+5, 2¥RDF % *3,84) #42
MDEG=2#%JDEG-1
DO 70 J=1,MDEG
USRCO(J)=UVCO(J) *FAC
WRITE (6,260
WRITE (6,250) (USQCO(J),J=1,MDEB)

TABULATE DATA VALUES, DEVIATIONS AND UNCERTAINTY
WRITE (&,270)

DO 100 1=1,N
YPOL=0.0D0
D0 80 J=1,JDEG
JI=JDEG+1~J
80 YPOL=YPOL*X (1) +POLCO(JJ)
USR=0,0D0
DO 90 J=1,MDEG
JI=MDEG+1=J
90 US@=USQ#X (1) +USQCO(JJ)
YDEV=Y(1)=YPOL
RUNC=0, 0
IF (USR.6T.0.0D0) RUNC=DSGRT(USQ)
XX=X(1)
YY=Y (1)
YP=YPOL
100  WRITE (4,280) XX,YY,YP,YDEV,RUNC
GO TO 50
110 WRITE (6,290)
STOP

14
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ORTHOGONAL POLYNOMIAL COMPUTER PROGRAM (CONTINUED)

120
130
140
150
160
170
180
190

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
LI0N
200 FORMAT
210 FORMAT
220 FORMAT
230 FORMAT
240 FORMAT
{F X=)

(1HO,32HENTER MAXIMUM DEGREE OF FIT .(12))

(12}

(33H ENTER NUMBER OF DATA VALUES (I3))

(I3)

(21H TOO MANY DATA POINTS)

(7H ENTER ,I3,29H PAIRS OF (X,Y) VALUES (2F10))

(2F10.5)

(1HO,37HDEGREE RESIDUAL STANDARD PERCENTABE/12X,27HDEVIAT
SIGNIFICANCE)

(I5,618.6,F13.2)

(18H SUGGESTED DEGREE~-,12)

(1HO,32HENTER DEGREE (12), OR -1 TO EXIT)

(16H DEGREE TOO HIGH) )

(59H POLYNOMIAL COEFFICIENTS, LISTED IN INCREASING POWERS 0

250 FORMAT
260 FORMAT
270 FORMAT
1/60H
280 FORMAT
290 FORMAT

(4616.8)

(47H COEFFICIENTS FOR SQUARE OF RANDOM UNCERTAINTY-)

(1HO, 10X ,4HDATA,10X,36HPOLYNOMIAL RESIDUAL  RANDOM UNC
X Y Y Y - Y(POL) OF Y(POL))

(4612.5,612.4)

(1HO,17H END OF EXECUTION)

END

REAL FUNCTION PCTSQ@ (TS@,NU)

TSQ CONTAINS THE RATIO OF THE SQUARE OF A COEFFICIENT TO ITS
VARIANCE (CORRESPONDING TO THE SQUARE OF THE STUDENT T): PCTSQ
1§ THE PERCENTAGE LEVEL AT WHICH THE COEFFICIENT CAN BE SAID TO
DIFFER SIGNIFICANTLY FROM ZERO.

ANU=FLOAT (NU)

X=ANU/ (TSQ+ANU)

RTX=5QRT (X)

NUODD=NU-NU/2#2

SUH=0,

IF (NU.EQ,1) GD TO 30

TERM=1,

DO 10 J=2,NU,2
IF (SUM.BT.TERM*{,E10) GO TO 20
SUM=SUM+TERM

10
20

30 IF

TERM=TERM#X#(1,-1,/FLOAT (J+NUDDD))
SUM=5UM#SQRT (1. ~X)
(NUODD.GT.0) SUM=0.6356619772% (ACOS(RTX)+SUMXRTX)

PCTE@=100. *SUN
RETURN

END
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ORTHOGONAL POLYNOMIAL COMPUTER PROGRAM (CONTINUED)

SUBROUTINE ORFIT (X,Y,A,B,6,D,E,N,MAX)

METHOD FROM G.E.FORSYTHE, 'GENERATION AND USE OF ORTHOGONAL
POLYNOMIALS FOR DATA FITTING WITH A DIGITAL COMPUTER',
J.S.1.A. M.y, VOL 5, 2, JUNE 1957, PP 74-88

DOUBLE PRECISION X,Y,P,A,B,G,D,E,Q,R,5,5R,5B,56,5D,RN
DIMENSION X(N), Y(N), P(100}, Q(100), R(100)
DIMENSION A(MAX), B(MAX), G(MAX), D(MAX), E(MAX)

SA=0,0D0

§6=0.0D0

§D=0.0D0

RN=1,0D0/N

DO 10 I=f,N
P(1)=1.,0D0
Q(I)=0.0D0
SA=SA+X (1)
86=56+Y (1)

10  SD=SD4+Y(1)*Y(I)

A(1)=8A%*RN

B(1)=0,0D0

G(1)=5SG#RN

D(1)=SD-G(1) %SG

E(1)=1,0D020

IF (D(1).67.0.0D0) E(1)=6(1)%56#(N=-1)/D(1)
SD=N

J=1

AR
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OO0

o000

20 IF (J.BE.MAX) RETURN
S8A=0,0D0
§B=0.0D0
86=0.0D0
DO 30 I=1,N
R(I)=Q(1)
@(I)=P(I)
PCI)=(X(I)=-A(J))*¥Q(1)=B(J)#R(I])
S=P(I)#P(])
SA=SA+X (1) %8
SB=8B+S
30  SG=86+Y(D)#P (1)

J=J+1

A(J)=5A/SB

B(J)=8B/5D

G(J)=8G/SB

D(J)=D(J=1)=G(J)*G(J)*8B

E()=1.0D20

IF (D(J),BT.,0.0D0) E(J)=G(J)*5G*(N-J)/D(J)
SD=SB

G0 TO 20

END

USING THE RECURRENCE RELATION, COMPUTE THE COEFFICIENTS
F(L,J) OF THE J-TH ORTHOGONAL POLYNOMIAL

DO 20 J=2,K
H=0,0D0
J=d+1
D0 20 L=i,dd
FL,d9)=H=F (L, J) %A (J)=F (L, =11 ¥B ()
20 H=F(L,J)

POLYNOMIAL COEFFICIENTS FOR Y
30 DO 40 L=1,MAK

COEF (L)=0,0D0

DO 40 J=L,MAX
40 COEF (L) =COEF (L) +F (L,J) %6 (J)

POLYNOMIAL COEFFICIENTS FOR UNNORMALISED VARIANCE OF Y

Yy



POLYNCMIAL COEFFICIENTS FOR UNNORMALISED VARIANCE OF Y

MU=2%MAX-1

DO 50 L=1,MU
Uvco(L)=0,0D0

VCO=1,0D0/FLOAT(N)

uvco () =veo
IF (MAX,LE.{) RETURN
DO 70 J=2,MAX
VCo=vCco/B(J)
M=2#J-1
DO 70 L=1i,M
§C0=0.0D0
Ki=1i
IF (L.GT.MAX) Ki=1+L-MAX
K2=L+{-K1
DO 60 K=Ki,K2
60 SCO=SCO+F (K,J) ¥F (L-K+1,J)
70 UVCO(L)=UVCO (L) +SCO*VCO
C
RETURN
C
END

Yy



(Sgebesai Jolds 1y 0 failinst 51 JolS (icks Sy Camge (32
o g gl o eolaiul gl miw o0 el ISy B —Canl diged aw Jold Canvg oy
Loz Olyz 5o oslatul 9 )50 (Al S ol (gesl IS 5o
e O Cawgay 50 0l Caw g dalip 0, Sles ygol (6l ¥ L VY Joaz ;0 0als ools Sledlb!
Sy90 b9y 40 A Ale> diwle ol Caws @l I L AT S8 05 3 eolaiul 050 el
onl 50 odel Cuws 4 ol s Kis ead oolatwl Al Coro 4 g g o dule olatul
ol 00l dlre Jliel (3, VA L Jolro glu caclan cdo 3l oolainl b Cangn

I holes o,led Jilug el pdlS 5 soal cans 4 loosls polie 5l cas VY ) Jgox
Sde glgie a4 X g adsd v o leie 4 YL osls >l slaosls VS cwl 00,57 o jd
: 1 - 4 NI
ol o Slaye (n%eS by &5 gl gl sl wmdoe (LA 1)) 7 0id s g sl
aS Conl oY sl ceslinY g X oo alayly o Slee paad (gl ool ools 0 o lasbinl 51 ise
Sle g, 9590 cpl 50 .85 ool g o 1y, X o Bolad slhas LT aS 09l ools oyLis g
Govb 4 iy edX) g ely) lp ol D 9o e VY dgas 5l o,@ polae 1SO 5168
as L}o)‘).a GOM Pr wu )L&.Q.A as .59.“,(5@ o.,\.lo\ Ji.u r L: ] <IYF er(y) /er(X) as
elie Slarye (eS8 oy, crlplie 5 w5505 /200l dales ood ol oty o 5l S
)|)5 oolasul Sy90 oals LS‘J:’ S )bw < Cwg l; all Cewgus 4O 03 M}» &9) BL o]
aol 5l oolatul b .ol jgas 50,5 0,5 lhas 5l a5 e o Cawd 4 slaools Lol dsa o 5
wd o ly p3 29,5 b allas oolo O 3l glaiinn a5 sl slales wiz slaill,

DEGREE RESI[DUAL STANDARD PERCENTAGE

DEVIATION . SIGNIFICANCE
0 +»150309=-02 100.00
1 «126028~02 96.11
e = 643462-903 99«96
3 «641446-03 66«60
4 +673798=-03 36.77

SUGGESTED DEGREE=- 2

ENTER DEGREE (I2), OR ~1 TO EXIT
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POLYNOMIAL COEFFICIENTS, LISTED IN INCREASING POWERS OF X-
. Q7273964+000 —-.11222161-001 . 85781873002

COEFFICIENTS FOR SQUARE OF RANDOM UNCERTAINTY-
.3IB979504-005 —-.21527711-004 .45708054~004 —.40537128-004
. 12833299-004

DATA POLYNOMIAL RESIDUAL RANDOM
X Y Y Y — Y(PDL) UNCERTAINTY

» 22000 . 27044 . 97069 —.22595-03 . 786203
. 30800 . 27031 .97010 . 21303-03 -.7311-03
. 35500 . 96945 . 26984 -.38684-03 637303
« 45000 . 926989 . 76943 « 4632503 . 346503
« 96200 . 96927 . 26914 . 12785-03 « 366303
. 65700 . 26841 « 26907 -.&5944-03 .&6157-03
. 76800 « 77042 «. 76718 «12394-02 . 6529-03
. 88800 « 26954 69354 - 13463705 .6471-03
« 79800 76911 « 97008 —.97383-03 - 6126—03
1.1480 97131 27116 -14818-03 .6180~03
1.24%0 «97174 . 97211 —.36514-03 «7493-03
1.3850 97407 97365 .41816-03 «1134-02

ENTER DEGREE (12), OR -1 TO EXIT

=1

END OF EXECUTION
»
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DEVIATION SIGNIFICANCE
0 1.05171 100.00
1 » 929832 98 .58
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q + 455227 50«25
3 416441 95.13
6 « 428974 1137
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DEGREE RESIDIJAL STANDARD PERCENTAGE

DEVIATION SIGNIFICANCE
o 1510748 100.00
i — 1 5927. 44 100.00
« 4800¢ 2 1539.71 100.00
+6079: 3 534.002 100.00
i 4 S03.890 98.04
HLI93; ) 499.663 79 « 50
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ENTER DEGREE (I2), OR =1 TO EXIT
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DATA POLY$0H!AL REGIDUAL  RANDOM UNC

X Y Y =Y {POLY OF Y(POL)
4.9200 1390.0 1361.5 28.502 481.8
4,9500 1450.0 1386, 6 63,402 439.1
5.0500 1500.0 1472,2 27.774 392.1
5.1500 1600.0 15460.9 39,132 33B. 6
9.2100 1650.0 1615.5 34.496 313.1
5.3000 1750.0 1699.5 50,491 284.2
5.4700 1820.0 1865.0 -44.990 256.9
5.5000 1890, 0 1895.1 =5, 1311 253.1
5.5800 2000.0 1976.9 23,0914 253.8
3.6100 2010.0 2008. 1 1.8932 254.3
9.7300 2100.0 2135.9 -35.856 259.8
3.8100 2160.0 2223.7 ~63.710 265.2
5.9000 2270.0 2325.2 -95.19%4 271.6
6£.1000 2500.,0 2561.2 ~61.201 283.2
6.23500 2750.0 2748.3 1.7459 287.6
6.5000 2950, 0 3080.8 ~130.84 286.2
6,7000 3300.0 3367.4 ~67.434 278,95
6.9000 3410.0 3674.3 -264.25 267.5
7,1000 3800.0 4003.4 -203.35 255.80
7.2000 3810.0 4177.0 -366.97 2350, 6
7.3000 4800.0 4357.0 442,95 246,3
7.5000 4500.0 4737.9 -237.86 241.,3
7.6000 5100.0 4939.3 160.70 241.0
7.7000 5300.0 5140.6 151.43 242.3
7.8000 5220.0 9366.1 -1456.06 245.1
7.9000 5400.0 9992.2 -192.17 249.4
7.9000 6100.0 9592,2 907.83 249.4
8.0000 6500.0 9827.3 672,69 254.8
8.1000 6100.0 6071.9 28,104 261.2
8.4000 6900.0 6866.9 33,126 284.3
8.6000 7350.0 7452.6 -102.60 300.4
7.0000 8900.0 B8776.2 123.79 328.8
9.5000 10100. 10762, -662.29 351.,0
9.6000 12200. 11210, 990.24 353.8
10,100 14000, 13735, 265.28 363.9
10.500 14600, 16143, -1542.¢% 375.4
11,400 22500. 23096, -596.44 435.5
11.900 28700, 28061, 639.21 468.2
12,100 31500, 30302, 1158.1 473.1
12,600 36000, 36614, -514.14 452.3
13,200 45000, 45682, ~681.72 410.1
13.3500 92000, 30898, 1101.9 483.3
13.300 S1000. 50898, 101.88 483.3
13.800 56000, S6613. -612.90 694.9

ENTER DEGREE (I12), OR =1 TD EXIT
=1

END OF EXECUTION
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