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8. 1 Shoenberg&Reinsch 0I5t Bt
(Shoenberg&Reinsch Smoothing function)
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n—1 _ 2 _ n-2
(3t8-3) f, = pz[gi f(Ti)J N 4(1- p) ZATi(ciz ree,, +Ci+12)
i=0

%; 3=
UF., F, GeE&norza7T, fi=f(t)eL<, Fl=[ fy .. f., 1.
¥, 0 0
G'=[ g, ... g, 1. D% n*n O#iE1 O, D=| 0 - 0 |LE%
0 0 @n—l
T 5,

(1) Shoenberg&Reinsch M BLE% : 1 RIAMEDIHKREH T EE
IERE IR BT DR SME E LT, IRICH T 2 1 R E s, & s, 35264, B (B O
ZFED 11T 1 IR E O RS- Boundary Condition Z#H L TW\W5) #E& n X7 X T

Bl =[ s, 0 ... 0 —s,, 1&9%. Q % n*n OH#IE3 OXAITHITKRO L 5 ICEHRS
%L
[—1/ Az, 1/Az, 0 0 0 |
1/Az, —(1/At,+1/Az)) 1/Ar, 0 0
o = 0 1/Az, -(1/A7,_, +1/Az;) 1/Ar, 0
0 . /A7, | ~(1/Az, ,+1/A7,,) 1/Az,
i 0 1/Az, -1/Az,, |

Rf mEY RSN L LT, MRERICE T D L IRBUMES, L s, B EZ D TWD 3IRATZ
Av f(O) 1, (R415) E1E, (R4-16) »HR,C=H, =3(Q] F-B)) LitihTx %,

(%8-4)  R,C=3(Q]F-B)%tlx. C=3R,(QF-B)

ZIZTR,. C. HyZ4ENOHEET L L
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_2ATO Az,
Aty  2(Ar,+Art)) AT,
R, = At 2(A7,, +At,) At,
At 2(At, s +A7, ,) At
| AT, 2AT, 1
[ Co | [ 3[7,.7,1g =35, ]

¢ 3[71 7Tz]g _3[70971 ]g

C=|c¢ | H,=| I3r,7,]g-3r,.7,]g

cn—2 3[Tn_2 s Tn_l ]g - 3[Tn_3 5 Tn_z ]g
LCnt ] L 35,377,018 i

FIOBT (X83) O f, & BEETLROL RS
(#£8-5) f,=p(G-F)' D (G—F)+§(l—p)CTR2C

e U84) #uEATS &

f,=p(G-F)'D?(G —F)+§(1—p)3(R2‘Qf F-R,'B)" R,3(R, OF-R,'B)
=p(G-F)'D*(G-F)+6(1- p)R,"O/ F-R,”"B,) (O F-B))

f,EF 5, =2pD(G-F)+12(1- p)(R, 'O/ ) O/ F—QR, 'B)) =0 O L & f/h & 72
%, & C=3R, " (QF - B)) o CTEXET LUK LD
(7£8-6) pD?(G-F)=2(1-p)Q,C

Zhiz 30/ D #wmimic# g 5 L 3p0/ (G-F)=6(1-p)O/D*’Q,C . (X 84) 15
30/ F=R,C+3B, THHDT, CIZELTEETSLHER (X86) IrkLns:

(87 (6(1_p)Q1TD2Q1 +PR,)C = 3p(Q1TG—Bl)

C=3pUsL<U" " =[ u, ... u |#zEHL T LR EXET L

n—1
(8-8) (6(1—p)Q1TD2Q1 + pR,)U = QITG_BI

CORERNTU 2RO, PPREZRDLZENTED, £/, U ZHWT (L86) #FEX
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[IEAC IR - Wb A N

@s9  F=6-2UZP) procoG_e(-p)D°0OU
p

K 4-ITU 2 HNTEZIETERNERY, (K44) NDO3IRATTIA L DOEHRERDD Z &
NTXD,

[ =r@)=1,
fil = fi(zr,) = A_fl —2pAtu, — pAtu,,
Az,
17 =12(@)=6pu,
fi3 _ fi(3) (r,) = fi(Z) (7)) _fim (7)) _ 6p(u,,, —u,)
AT, Art,

1

(#8-10)

(2) Shoenberg&Reinsch M F;ELBEI%K : 2 RO E=0 DimKREHE (BEHREH)
HERRIT IS BIRR SR L L CURRICH T B 2 RIS ¢, =0 & ¢, =0 £ %, O] % (n-2)

*n OHIE 3 OXAITH], TRO K IIZEET D L

[1/A7, —(1/At,+1/A7) 1/Ar, 0 0
0 1/Ar, —(1/A7, +1/At,) 1/ Az,
0, =/ 0 /A7, - (/A7 +1/Az,) 1/ Az, 0
0 /A7, , -(1/Az, , +1/A7, ;) 1/ Az, 0
i /A7, , (/A7 ; +1/Az, ) 1/Az, ., |

MY IR E L CUIRRAICE T 2 2RI IE= 0 TH D 3IRAT T4 » f(t) X, (X

4-17) F721% (K 418) 16, R,C,=H,THY, H,=30,F Lk T& %,

(%811)  R,C,=30QF £711, C,=R,'H,=3R,'Q'F

Ry Cy. H,% 48T s L
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[2(At, + A7) AT,
AT, 2(At, +At,) At,
R, = At 2(Ar, , +AT)) A,
Az, , 2(At, , +A7, ;) At
L Az—n—ii Z(A Tn—S + Az—n—z )_
i ¢ ] i z,,7,1g —3[7,,7,1g — AT,
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C,=|c¢ |. H;= 3,7, 1g -3t ,.7,]1g
cn—} 3[711—3 > Tn—2 ]g - 3[711—4 > Tn—} ]g
_cn72 ] _3[711—2 > Tn—l ]g - 3[Tn—3 > Tn—2 ]g - Cn—lATn—Z |

(8-3) O f, ZATHIORTEEEST LROLIITRD
(#812)  f, = p(G—F)TD2(G—F)+§(l—p)C3TR3C3
“hiz (A 811) AT s L
_ 2 _ _
f,=p(G-F)'D 2(G—F>+§(l—p>(3R3 '0]F)" R,(3R," Q1 F)
=p(G-F)' D (G-F)+6(1- p)(R," QI F)" R,(R,”" QI F)

[, EF 75, =2pD™ (G- F)+12(1- p)(R," 01 ) R,(R,QNF =00 & S L 1%, =
nN&C, =3R,"QIGalli- CEHEXETLUXEARD

(#8-13)  pD*(G-F)=2(1-p)0,C,

R30I D’ EREDICHET B L 3pQl (G-F)=6(1- p)0iD*0,C,. (X 811) » b
30"F=R,C,ToHn0T, C,IcBLTEET S LR (X 813) 1Ikkeis

(%8-14)  (6(1-p)O, D*Q, + pR,)C, =3p0, G

C,=3pU,eLTU] =[ u .. u,, |2EHLTEREEZES L

n

(£815) (61— p)O! D*Q, + pR)U, = 0!G

5/7



CAGD(Computer Aided Geometric Design)? /=& D gl IR DI U Hev> 8

ZORERNTU, &Rk, PP REEZRDL LN TED, £, U, zHnT (X 813) %
FEEFERAERD
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p
K 482U,z THEZETERALRD, N 44) "H3RATITA L ORBLEZRDD Z
EMTED,

1 =1fG)=1,

, Af;
fl=flz)= o 2pAtu, — pAtu,,,

.
(£817) ’
[ =12 @) =6pu,

f.(z’(r. )—f.(z)(r.) 6p(u.,, —u,)
3 _ (3) _Ji i+1 i i/ _ i+1 i
fo=1m )= At, ~ Ar,

1

8.2 Shoenberg&Reinsch O FEFLEAHICL Y B-REEZKRH D
(1) 1RO DA
MGLBRep DR D= A~ Z 7 %1% 8.1 D “Shoenberg&Reinsch O i LB : 1 kB
DIRGEM” 12X PPREAZRD, TNE BAT T4 1k, T7bb BREARDL LD TH
Do

//Smooth this line by Schoenberg and Reinsch smoothing function, given
//starting and end end condions, data points x, the weight dy at the data point,
//and a mean deviation max_deviation.
//If dy[i] becomes bigger, deviation at x(i) becomes bigger.
//n can be any number greater than or equal to 2.
//1st derivatives at the start and end points will be begin and end.
//Point data are approximations.
MGLBRep(
const MGLBRepEndC& begin,//Begin end condition
const MGLBRepEndC& end, //End end conditoion
const MGNDDArray& tau, //Data point abscissa
const MGBPointSeq& g, //Data point ordinates.
const double* dg, //Weights at tau[i] for i=0,..., tau.length()-1.
double max_deviation, //Maximum of the weighted MEAN DISTANCE
//of the approximation
bool dev_is_mean=true //true if max_deviation is mean, false if max_deviation
//is maximum deviation for each point.
//when true, Sum((max_deviation/dg[i])**2) >= Sum(((g(i)-pout(i))/dgl[i])**2),
//when false, max_deviation>=maximum of (distance from g(i) to pout(i)).
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MGLBRepEndC& begin, end 134 #,50 1 IR EE ATIT 5, dgicitog, # A1+ 5, B
D IO JKI D OBEN O FFAE % max_deviation TA 195, (X 82) @ S(f) 23,

2
n—1 41
dev_is_mean=true ® L %, S(f)= Z[ 5(;( )] Z[max_?;wanon} L h X
i=0 i i=0 i

9. E7-. dev_is_mean=false ® & &, g, — f(r,) DH Kffi<=max_deviation & 722 & 5 il
énéo

(2) HHBEEREMN RED 2RBME=04E75)
WD A NT 7 X EEBMAESRMIZ L D Shoenberg&Reinsch O NEELEEIZ LV B-EH %
RODLHEDTHD, ZITEANOROBIROREZH T LNTE D,

// Construct Line B-rep of order 4 by Schoenberg and Reinsch smoothing
// function from point data with approximation weights and max deviation.
//(tau(i), points(i,.),dpli]) are one pair.
//Approximation is done for the following expression to hold:
//Sum((max_deviation/dpl[i])**2) >= Sum(((points(i)-pout(i))/dp[i])**2),
//where pout are smoothed data.
//If dp[i] becomes bigger, deviation at tau(i) becomes bigger.
//***End conditions are free end condition.*
MGLBRep(
const MGNDDArray& tau, //Data point abscissa
const MGBPointSeq& points, //Point seq data
const double* dg, //Weights for each points
double max_deviation, //Maximum of the weighted mean
//distance of the approximation
MGBPointSeq* pout=0); //new points corresponding to points will be output,
//if pout specified.

dg (T3 og, # AT %, BBO IO RN OBENOFFAE Z max_deviation TA¥ 2%, (K

8-2) »S(f) 7. S(f)= Z[g, 5;(7)} <="Z_l(max—§§”“”0”J LB LR
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