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11. MGCLORET2HEHE
11. 1 HEyx1KRFER

a, BXOb, BEE, x, #RH LT HROXCTERSNS ntlive - KHRAOMERD 5,

j=n-1

(z£11-1) Za x; =b, for i=0,...n-1

(1) 3oE#N—&FFEX (n=3 : RKEEA 3 EHOENFFEX) Ofif : bz3sol_(
void bz3sol_(const double * a, const double * b, double * x, int * iflag);

bz3sol_0id 3 OAKEE A ETr 1 kG (30D 1 IEIER) Offa R 5,
R

j=n-1

(%11-2) Zal/ ; for i=0,1,2

TRISN, ROT 077 L) 2 bOBS alliZa,; ZRAD K 512, KBS b IZIb, &2 AT

L. BAlx Ik s %, Iflag (IFRRO bz & 1T 125, a DITHIED 0. TR KD
bhigholo T 2niREND,

(R11-3) all=lag . @y, @y, Q01511585 Gp 5 A1y 5y

(2) 2IE (totally positive) 724 n yoiE 7 1 ITFEXDfE : factorizeBandLU & solveBandLU
4 1E(Totally positive) T, EAR v 7 4 > 772 L TH U ADHEEIENFIHTE 5 n ooy 1 IR 5HE
KOEIZFIREND (R YT 4 7 BUER— 72 1 IRFREXUITRIA TE 20, x4

XA EE Gt a,  1=0,...,n-1 O L E 721345 OE) 73 nbandu T, AEIERHGHE G
ffa, D FEITLEOME) 23 nbandl 72, *AHATEN & 72 582 1 IR GHEA, 712 B-Spline Ofif

(R S5, blbfac 134751 |a, |0 LU 584170, blbsly 1220 LU 4yfid A Cisk b

b, M7w 7T ATOAEYOFMAEIT, FLRKEFHE 27 T 5 ThH% LINPACK OF|H
HEIZH]» TV A,

//LU Factorization
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int factor izeBandLU(
MGBPointSea& W, ///< contains interesting part of the matrix M.
///< W. length ) =nlower+1+nupper=nband (band width of M), and
///< W.sdim()=n(order of the matrix M).
///< The diagonals (or bands) of M(i+j, j) are stored in W as W(i+nupper, j)
///< for i=—nupper, ..., nlower, and j=0,..., n-1.
///< Explicitly, M has nlower bands below the diagonal and nupper bands above the
///< diagonal. Thus the band width nband=nlower+1+nupper (=W. length()).
///< For exapmle, the interesting entries of M of order 9, whose nlower=1 and nupper=2
///< would appear in the 4 subscripts of W(i, j) as follows:

///<
///< j= 0123 456 7 8
///< = x x 02 13 24 35 46 57 68,

i=0
///< i=1 x 01 12 23 34 45 56 67 78,

///< i=2: 00 11 22 33 44 55 66 77 88,

///< i=3 10 21 32 43 54 65 76 87 «x.

///<

///< Al'l other entries of W not identified in this way with an entry of M
///< are never referenced.

int nlower ///<number of bands of the matrix M below the main diagonal.

)

nbands=W.lengthO=17% M & 3> KiE, L E#FT 5, Nlower [L/3 F{TFI M OXff LY T
/32 RiE, nupper x4 LD LD N2 NiE &3 % &, nupper=nbands — nlower — 1 TH 5,

W.sdimO=n & LT, W I nbandssn OFT51 % LTEZ, 415N OBH%EM =|a,, |25 &

a.. . . OFEIX W(i+nupper, DI I NS, 1TFIMO LU SfEOFERNFE L WiIKEND, 2

i+, ]

D HIIfER A solveBandLU IZA ) LCRER x; 23R 5.,

() n=9 T. nlower =1, nupper =2 DFA . 175 [aiij@ﬂﬁj e O Z=nbands=1+2+1=4 T,

WEDIZIZRD X H TS5,
. .. X 4y
(11-4) WG,)=

T, xFEFAI—T, MEANLTHEL, 2 REND Z L0,
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/// solveBandLU returns the solution of the linear system MxX = A.
/// solveBandLU is the companion routine of factorizeBandLU, and
/// factorizeBandLU executes the LU-Factorization for M in W.
/]
/// NOTE: This program is translated to C++ from BANSLV of the book
/// “A Practical Guide to Splines” by Car| de Boor, Springer-Verlag
void solveBandLU(
const MGBPointSeq& W, ///< factorized LU matrix is input
///< which is obtained by factorizeBandLU
///< Left-bottom triangle including the diagonal contain L
///< right-upper triangle excluding the diagonal contain U.
///< Refer to factorizeBandLU
int nlower, ///< number of bands of the matrix M below the main diagonal.
const MGBPointSeq& A, ///< right hand side vector. A. length() is W.sdim()
///< =n(order of the matrix M).
MGBPointSea& X ///< solved X will be output. X. length() will be A. length(),
///< and X.sdim() will be A. sdim().
)

AlengthO=W.sdim(O=n, A.sdimO=nsd &3 % &, AlEn*nsd DITFNE B2 D LN TE,
M* X=ADHBADAZ AL, MEXPEIND,

(3) FERAHEATIN 2RI L 5 n ooz 1 IR OfE : factorizeCholelLU & solveCholelU

SERFRTH (K1) Ty ay=a, ifilsi, »>a, =0 for ij>=nbands T % X 3 7247%1a, |)
D n BN 1 RITERNEZa L A —fFEIC L Wk D, factorizeCholell (L= L X % — 45 fiR
([a!.,.]= LDL") %47\ . solveCholelU | % factorizeCholelU @%Sﬁ%fﬁb‘“(ﬁﬁxj ZRD D,

void factorizeCholelU(

MGBPointSeq& W ///< contains nbands diagonals in W(.,j), with the main diagonal
///< in W(.,0). Precisely, W(i, j) contains C(i+j, j), i=0,..., nbands-1, j=0,..., n-1.
///< W. length ()=nbands, and W.sdim()=n is the order of the matrix C.

///< For example, the entries of a 7 diagonal symmetric matrix C of order 9
///< (nbands=4) would be stored in W(i, j) as follows:

///<

///< J= 01 23 456 7 8
/1/< i=0: 00 11 22 33 44 55 66 77 88
///< i=1: 10 21 32 43 54 65 76 87 x,
///< i=2: 20 31 42 53 64 75 86 x x,
/1/< i=3: 30 41 52 63 74 85 x x x.
///<

///< All other entries of W not identified in this way with an entry of C
///< are never referenced.
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///< 0On return, W contains the Cholesky factorization C= LDxL-transpose
///< with W(0, j) containing 1/D(j, j) for j=0,..., n-1.
///< And W(i, j) containing L(i+j, j) for i=1,..., nbands-1, and j=0, ..., n-i-1.

)
W.lengthO=nbands (34} 4 2 & 0 724 O 48, W.sdimO=n & 4% &, W (X nbands*n D175

LEZHZLRTE, ATHIN OBHEM =|a, | ETB L. a,, O WG, DICHBLT,

factorizeCholeLU Z IEOMH T (i=0,...,nbands 1, j=0,...,n"1) . WiZix = L 2% —f LDL" 7%k

b, W (0)) forj=0,...,n-1 lil/Dj’j <. W (i, j) XL

Y for i=0,...,nbands-1,

#) n=9 T. nbands=4 4. wlliTkD X S ITHMA S5,

. ap
(#X11-5) wll=

ZIT,xFEFAI—T, MEANLTHEL, 2 REND Z L0,

/// Solves the linear system C#X = A, provided W contains the Cholesky
/// factorization.
/// The Cholesky factorization is obtained by factorizeCholelLU. See factorizeCholeLU.
/]
/// NOTE: This program is translated to C++ from BCHSLV of the book
/// “A Practical Guide to Splines” by Carl| de Boor, Springer-Verlag
void solveCholelLU(
const MGBPointSeq& W, ///< contains the Cholesky factorization
///< for C, can be obtained by factorizeCholelLU
///< Refer to factorizeCholelU.
const MGBPointSea& A, ///< right hand side vector. A. length() is W.sdim()=n(order of
the matrix C).
MGBPointSea& X ///< solved X will be output. X. length() will be A. length(),
///< and X.sdim() will be A sdim().

)

AlengthO=W.sdim(O=n, A.sdimO=nsd &3 % &, AlEn*nsd DITFNE B2 D LN TE,
M* X=ADHBRADAZ AL, MEXPEIND,
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(4) ¥Ry T4 o T E2NEL T A7 n oiESE 1 Ik FFE M : factorizelU & solvelU
VR T 47 (Tbb, RN ELND X OIITOANRZZ1TH) WBELT H —fi%H
7o n LN IR FREXOMERD 5,

//LU factorization using pivot.
//Factorize A to LU in the linear equation A*X=B.
//Using output A, the solution of A*X=B is obtained by solvelU.
//Here, L is n by n lower triangular matrix and U is n by n upper
//triangular matrix. U's diagonal is (1).
void factorizeLU(
MGMatrix& A,//left-hand side matrix of n*n is input, and
//factorized LU matrix will be output where n=A.length().
//left-bottom triangle including the diagonal will contain L,
//right-upper triangle excluding the diagonal will contain U.
int* id //array of int id[n].
//pivot id will be output in id[i] for i=0,...,n-1
);
AT n*n OITHITEN X A*X=B ® A # AT 5, LU BOFRERENRH IS5, Id iEn
TCDHEIMEDESN TR > MEBMAMINT 572 OIZFIH &2, factorizeLU D)) % solveLU

IZ A1 5,

//solve the linear equation A*X=B to get X inputting factorize A and B.
//A and id are obtained by factorizelLU.
void solvelLU(
const MGMatrix& A,
//factorized LU matrix is input which is obtained by factorizelU.
//left-bottom triangle including the diagonal contain L,
//right-upper triangle excluding the diagonal contain U.
const int* id,//array of int id[n] which contain pivot id in id[i] for i=0,...,n-1.
//this is the output of factorizelU.
const MGBPointSeq& B,//right hand side vector. A.length() is W.sdim();
MGBPointSeq& X //solved X will be output. X.length() will be A.length(),
//and X.sdim() will be A.sdim()
);
factorizeLU |2 & W LU 53R SN7-1THA & R v MEHRidn] &#r FEXKOALBE AL,

fig X 23R 5,

11. 2 BfE&ES
(1) mgDefint

b
M (O 1 REHRKMOBSOM [ f(x)dx &~ RIEKBEELEARHL 24X (double

5/8



CAGD(Computer Aided Geometric Design) D 7= & D gl HIFRDHK V) 1

exponential formula)iZ X Y kK® 5,
mgDefint (X7 7L — K& LT, BUERE e % 12t 5, mgDefint (3555 X[ D S i
(x=a, b) I[ZBWTEEARNE (FrfEA) OFRICHHIRTE 5L 9 El ST D,
() A7 7 L— MIFERLAR, EH . 48 55, /NE ) EEE. TFortran77 |2 &
DEMERAE Y 7 b U =7 — ] IZIER STV D Fortran 7’1 275 A DEFINT % C++D %7 >
TU—MELIZbDTH D,

// Integrate FUNC (L=0) or F (L=1, see below) over finite interval (a,b) by
// the DE formula (double exponential formula).
// Function's return value: integral of FUNC (L=0) or F (L=1)
template<class func>
double mgDefint(
func& f, //Function object for integrand. f(x) returns
//the target integration function's value.
double a, //lower bound of integration
double b, //upper bound of integration
double eps,//absolute error tolerance
int1=0 //0or 1
//If 1=0 then integrate f(x) over (a,b)
//If I=1 then integrate F(x) over (a,b)
//In case of I=1 f must be defined as follows:
// IF (-c .LT.y .LT. 0) THEN f(y) = F(b - y)
// IF(O .LT.y .LE. c) THEN f(y) = F(a-y)
// wherec=(b-a)/2.
)

Bk f 23847 V=2 b, §72b 5 fx)7 double KT X 5727 T A func DA VAKX A f
b
7, '[f(x)dx DR f(x) & L TAJIT 5, mgDefint 12 Z ORI O X[ la, bl OFEsr OftF A
Zeps [CINED L OB DT 5, L% 0 & AT D (default ) 23, HiA x=a, £7-
X ICBWTHRERH THD & & 1=1 &7 5, L=1 OB ()i, TOBEK f(EKRD X >
TN T A — e LT B F) A AT % -
x=a-t for a<=t<(a+b)/2,
x=b-t for (a+b)/2<=t<b

(2) mgGausp

b
BE O 1 IEARKMORS O [ f()dx & H T ADARIZL Y R 5.
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(F) A7 7 b— MIALEWRTRR, S D, 48 2, /NE ) BfE. [Fortran77 12 &
AEEEEY 7 h =T — ] IZIEEES N TW5 Fortran 7 2 75 A DGAUSP % C++0O R %7
YL —MELIEZEHDTH B,

// Legendre-Gauss quadratuer formula over (a,b)

//  --- input parameters ----
// f = class to evaluate the integrand
// a = lower bound of integration
// b = upper bound of integration
// n = number of points of the formula, must not larger than 16
// - Function's return value is result of integration
template<class func> double mgGausp(
func& f, //Function object to evaluate the function f(t).

//f(t) must return double value.
double a, //lower bound of integration
double b, //upper bound of integration
int n=10//number of points of the formula, must not be larger than 16

11. 3 —HFEXDMA mgNlbit
FEX f(x) =0 O 2 HfEFHREIZ LV kD D,

//Compute the solution f(x)=0.
// SOLUTION OF A NON-LINEAR EQUATION BY BISECTION METHOD AND REGULA
// FALSI METHOD.
//Function's return value will be the solution x obtained.
template<class func>
double mgNIbit(
func& f, //Function object to evaluate the fucntion.
//must return double value.
double xI, //LEFT HAND SIDE VALUE OF THE SOLUTION
double xr, //RIGHT HAND SIDE VALUE OF THE SOLUTION
double eps, //tolerance allowed for the convergence in world coordnate
int itr, //MAXIMUM NUMBER OF REPITITION
int& ier //Error code. =0:solution successfully obtained
// =1:mgNIbit did not converg, and solution not obtained.

)5

mgNIbit 1% T > 7L —hE LT, f(x)=00fiEa kD5,

() A7 7 L— MIFERER. R 70 A g NE ) EEE. [Fortran77 (2 &
HEMEHE Y 7 b 27— [ E N TS Fortran 7' 1 7' Z 4 NLBIT % C++OB%T
Tr—MELTZHDOTH D,

f&D*fxr)<0. TH D L 97 xl & xr 25 2 C, fx)=0 Ofit% ., —/43% (Bisection) ZiX3A 9 H
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EOURIZEVRD D, TWRT DN, =a— T 7V ERE L L TR EN,
Eps (ZUCHCHIE D 72D DR AGE, itr 13RIV IZLEETH Y . ZOREE#E: D ZL TAHO
RAZERIPHICIOR L g v o 7z & & id der=1 TRIFT 5,

(F1£) mgNIbit 1 —4rik(Bisection) & (X S 40 BIEZ G L TitZ RO 5, Z 00X L &
K it [B] 720 4 0 35,
(1) =4 x1 & xr & DO x=(xl+xr)/2 DOfLE & @ [x], <17 [xxe] OWEF; 2312
HLHMEHW L TR ZRD D,
Q) BEARIBE: I MELRTKROARIZE Y, o —>0EE x1 & xr Z VT
WO, x ZRked>, Z/MELFECHENC LY, x] £2id xr Z AN Z RO K LIZ
%2,
xr—xl

(11-6) x=xr —mf(xr)
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