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EEDRN
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MATLAB

12 data Eolnts

10 -

HEEE - 1R

linear interpolation

FH - (IBEAY ORT 1 7 R%R)

BUBEE : #R
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MATLAB

spline interpolation
T T T

T - (IHEARF ORT 1 7 2FR) BiEEE : R 3/39

MATLAB

7045 A interp.m

x = 1:57;

y = [4; 9; 2; 3; -3];
xq = 1:0.1:57;

% RO
yq = interpl(x, y, xq);
plot(xq, yq, %, y, ’b*’);

%h AT ZA U

yq = interpl(x, y, xq, ’spline’);
plot(xq, yq, x, y, ’b*’);

T3 f— (IBWAZE OKRT 1 0 RFH

HfEEEE : HR 4/39

X iR aEfE

T x OBAM F(x) Off : BEEARTS5A5NS
E¥x=0,1,2345 = BBEf=( f H 6 6 6

X 3 #8248 (piecewise linear interpolation)
K@ [0, 1], [1, 2], [2, 3], [3.4] [4,5]: F¥fEZ —RATKRY

Lo(x) x €0, 1]
Li(x) x€]1,2]
f(x) =1 Ly(x) x€[2,3]
L3(x) x €[3, 4]
Li(x) x € [4,5]

Lo(x), L1(x), La(x), Ls(x), La(x) : —R=

T - (IHEARE ORT 1 7 RFR)

BEatE - wr 5/39

X 43 %R T A

FH - (IBREAY ORT 1 7 2%R)

HfEEEE : R 6/39



X iR

—RE Lo(x) 1 Lo(0) =1y, Lo(1) = A
1 T 1 T
Lx)=fhx *°[ 1 + ax *f
0 ! 0 !
0 05 1 0 05
= fy ¢o(x) + f P1(x)

—IRBAE do(x), p1(x) DYz T REEM

0(0) =1, ¢o(1)=0
¢1(0) =0, (151(1) =1
FH E— (IHEKRE ORT 1 7 2FER) 7/39
X 9 R A
1 T 1 T
Lo(x) = f x 05 - 1 & fx 9T .
0 ! 0 L
0 05 1 0 05
= fo ¢o(x) + fi ¢1(x)
—RBE go(x), 1(x) DI T N E M
¢0(0) =1, (150(1) =0 = ¢0(X) =1-—x
?1(0)=0, ¢:1(1)=1 = ¢i(x)=x
T — (URMEAY DR 1 2 R%R 7/39
X 2R E
— R do(x), d1(x) & 1 FATHEE
¢0(X—1):{ é Eizég ; ¢1(X—1)={ (1) Eizg
L) =fL2) = =
Li(x) = A do(x = 1) + fo d1(x — 1)
—RBEE do(x), pa1(x) & 2 FATHH
w-2={ 5 623 a-a-{) £ZY
L2(2) = f27 L2(3) = f3 ——
La(x) = > ¢o(x — 2) + £ ¢1(x — 2)
FH E— (IBEKRFE OKRT 1 7 2FR) HAERTE : RS 8 /39
X 2R E
X g A
Lo(x) = fo o(x — 0) + f $1(x — 0)
Li(x) = fi go(x — 1) + f d1(x — 1)
Ly(x) = fo o(x — 2) + 5 h1(x — 2)
L3(x) = f3 go(x — 3) + fa d1(x — 3)
Lo(x) = fa o(x — 4) + f5 d1(x — 4)
T3 H— (IMEAE ORT 1 7 AER) WIEEE : WA 9/39

“EBEBOX DR AR

=0(0,0) FEEf
=A(1,0) PBIBUE £y
=B(0,1) PFAHKIE SR

_)RF%@ ¢0,O(X7Y)7 ¢1,0(X7 }/)v ¢0,1(X7 y) :
(;50,0(070) = 17 ¢0,0(170) = 07 ¢0,0(07 1) =0

$10(0,0) =0, ¢10(1,0) =1, ¢1,0(0,1)=0
$01(0,0) =0, ¢01(1,0) =0, ¢1(0,1) =1

481 AOABIZH 13 B2 —R=R Loas(x,y) :

Loas(x,y) = fo ¢oo(x,¥) + fa d10(x,¥) + 15 ¢o1(x, y)
= Loag(0,0) = fo, Loas(1,0) =fx, Loas(0,1)=1fg

T i (UREAZE DH7 1 7 AER) 10/3
—ZHEAB DX IR
=0(0,0) FEHIE L
sA(1,0)  BABUE £y
= B(0,1) FEARUE f

—REIE oo(x, ), d10(x,¥), doa(x,y) :
$00(0,0) =1, ¢00(1,0) =0, ¢00(0,1)=0
= ¢oo(x,y)=1—-x—y
$10(0,0) =0, ¢10(1,0) =1, ¢1,0(0,1)=0
= ¢10(x, y) = x
¢o,1(0,0) = 0, d)oJ(l,O) = 0, d)oJ(O, 1) = 1
— ¢>0,1(X7Y) =Yy

HIE AOABIZH 1T 2 — R Loan(x,y) :
Loa(x,y) = fo doo(x,y) + fa d10(x,y) + fa do1(x, y)
= Loas(0,0) = fo, Loas(1,0) =fx, Loas(0,1) =1fg

FH - (IBEAY ORT 1 7 R%R)

HfEEEE : HR 10 /39

“EHEM O X DR R
i .
AOAB = 2
RP(x,y)
AOAP =2, AOPB = % APAB = I’Z’Y
I
APAB AOPB AOAP
¢0,0(X7}’) = m7 ¢1,0(X,,V) = M’ ¢o,1(X7Y) = AOAB
X R R
loo— g APAB  AOPB . AOAP
OAB =0 °AOAB ' * AOAB ' ® AOAB
FH E— (IHEKRFE OKRT 1 7 2R 11 /39

“EBEBOX DR AR

APjPPk
Pi
RPi(x,y) ERIES
RPi(x,y) BBUES
R Pr(xk, yi) BEEUE £,

%Eiﬁk AP,‘PJ'P;( ‘:B H%:-)}Zﬁ
Liju(x,y) = fi Niji(x,y) 4+ fi Nji(x,¥) + fi Niij(x,y)

FH - (IBREAY ORT 1 7 2%R)

HfEEEE : R 12/39



“EBEBOX DR AEE

Niji(x,y) = LU B

igk\X,Y) = AP;PP, 0 atP;, Py
APPP, [ 1 atP,

Nji(x,y) = APP,P, { 0 at Py, P;
AP;P;P 1 at Py

Nkij(x.y) = APP;P, { 0 atP;,P;

EH E— (IBEERF ORT 1 7 REH) BEHE : FHlE 13 /39

=ZEHEH DX IR

ﬁPi(x;,y;,z;) E§§SZ1IE f; ,ﬁPJ(XJ,yJ,ZJ) Fﬁﬁﬁﬁﬁ
R Pu(xe yio ze)  BEBUE £, RPi(x,y,z) BBIES

Lijxy =i Nijur+ 6 Njgri + fie Nipig + i Niijx

Mool goy — OPPIPPL 1 st
ikl 2 - OPPPkP/ - 0 at Pj,Pk,PI
<>P PPkP/ 1 at Pj
Nikri(x,y,2) = OP,P,P/P, PkPI 0 at Py, PP
Ny (yoz) = SPPIPPL 1 at Py
kLig\Xs Y, Z OPPPkPI - 0 at PI7Pi7Pj
N (ey.z) = OPPPAP 1 atP
1ig,k\ X5 Y5 OP P PkPI 0 at P,’,Pj,Pk

T H— (IREAY ORT 1 7 R¥H) EEtS : 14 /39

2754 VR’
T x DRI £(x) DIE & BEIH F/(x) DI : BESATEALND

E#x=0,1,2345 = BRIEf=F H H 6 f f

WRB S = do, dh, dy, d3, di, ds
AT 54 V%R (spline interpolation)
K@ [0, 1], [1,2], [2 3], [3,4] [4 5] : ABfEZ=RATRY
Q(x) x€][0,1]
@Qi(x) xe[1,2]
f(x)=< Q(x) xe[2, 3]

&(x) x€[3,4]
Qu(x) x€[4,5]

=RADOEH CTHEBAEIRE — f(x) ILEHTIE S H AR

T 15/39

T - (LAY OKRT 1 7 RFER)

2T Z4 VR

s —
45 : :

4k

351

3

B \

2F -

HfEEEE : R 16 /39

it i (IRMAZ OA7 1 2 AR

AT T4 VM

ZERA Qo(x) 1 Qo(0) = fo. Qo(1) = fi, Q(0) = do, Q(1) =
1 T 1 T
Qol(x) = fi x 05 - 1 + fx 05 b -
0 L 0 L
0 0.5 1 0 05 1
0.5 T 0.5 T
m
+ do X 0 + dl X 0 -\/
05 : 05 -
0 0.5 1 0 0.5 1

= fo do(x) + f P1(x)
+ do Yo(x) + dr Y1 (x)

T - (IHERY ORT 1 7 RFR) EHE 17 /39

274 VR

=OREEE do(x), ¢1(x), Yo(x), v1(x) BT R E LM
#0(0) =1, (1) =0, #(0)=0, #(1)=0

?1(0) =0, ¢1(1) =1, ¢(0)=0, #(1)=0
1/10(0) = 07 1/10(1) = 07 %(0) = 17 1!’6(1) =

1/’1(0) = 07 ¢1(1) = 07 wi(o) = 07 d)i(l) =

HfEEEE : HR 18 /39

FH - (IBEAY ORT 1 7 R%R)

AT T4 V-

ZIRBIE do(x), ¢1(x), (%), va (x) BB T N E Rl
¢0(0) =1, ¢0(1) =0, ¢6(0) =0, ¢6(1) =
= ¢o(x) = 2x3 = 3x2+1
¢1(0) =0, ¢1(1) =1, d)ll(o) =0, ¢’1(1) =
= ¢1(x) = —2x° + 3x2
to(0) =0, (1) =0, ¢5(0) =1, (1) =0
= 9o(x) = x(x — 1)?

¥1(0) =0, ¥1(1) =0, +4(0)=0, ¢3(1)=1
= 1(x) = x*(x — 1)

T - (IHERE OKRT 1 7 RFER) - 18 /39

2T Z4 VR

B
do(x) =2x3 = 3x2+1  ¢1(x) = —2x3 +3x2
to(x) = x(x — 1)? Ui(x) = x*(x = 1)
BEH
Pp(x) = 6x% — 6x @1 (x) = —6x2 + 6x
Po(x) = (x —1)2+2x(x — 1) (x) =2x(x — 1) + x?
e

o(x) =12x =6 ¢{(x) = —12x+6
(x)=6x—4 T(x) =6x—2

HfEEEE : R 19 /39

FH - (IBREAY ORT 1 7 2%R)



AT T4 V#HE

AR VZ 1|

Qo(x) = fy go(x — 0) + fi p1(x — 0) + o o (x —

Qs(x) = 3 ¢o(x — 3) + fa d1(x — 3) + ds tho(x — 3) + dy Y1(x — 3)
Qa(x) = fa do(x — 4) + f5 P1(x — 4) + da tho(x — 4) + ds Y1 (x — 4)

) 0) + dy ¢1(x — 0)
Qu(x) = fi go(x — 1) + fo 1(x — 1) + di Yo(x — 1) + da Y1 (x — 1)
Q(x) = f do(x = 2) + f3¢1(x = 2) + o Yho(x — 2) + d3 Y1 (x — 2)
) )
) )

T E— (IHEKRFE ORT 1 7 2FR) HAERTE : R 20 /39
BAR T T4
BRRXTZ 4 V#E (natural spline interpolation)
BB RICH T 2B E SN WG
ﬁ@ﬁ@%#bzf74/ﬁﬁéﬁm
&%
o &M D ERR
o Miikm T &M DIED 0
FH - (IREAE ORT 1 7 2%EH) WIEEE : MR 21 /39
BAXTZ4 V@[
BRRT 4 VB TH D -DDEM
(0) = 0 x =0 TCZEMDDED 0
{'(1) = 6’(1) x =1 TS N EiR
7(2) = Q(2) x =2 TCIIEWMIIER
7(3) = QU(3) x =3 TR NES
7(4) = QY4) x =4 TTREMD A ER
0 = Q/(5) x=5TIHEHBIDENO
4
—6fy+6f —4dy—2d; = 0
—6f, + 6 —4d; —2d, = 6fy— 6f; +2dy + 4d;
—6f, + 6 —4d, — 2d; = 6fi — 6 + 2d; + 4d>
—6f4 + 6fs —4d, —2ds = 6f3 —6f, +2d53+ 4d,
FH E— (IBEKRFE OKRT 1 7 2FR) HAERTE : RS 22 /39
BRRTZ4 V#HE
REDWIRE do, dy, do, ds, dy, ds & K& B HRRN
do +4di  +d = 3(h—f)
d +4d, +ds = 3(f—f)
dy +4d;  +d, = 3(fi— )
dy +2ds = 3(fs— 1)
TR
21 do 3(h— 1)
141 dy 3(h —f)
1 41 d | | 3(6—-A)
141 | | 3(h—h)
14 1]|d, 3(f — )
12 ds 3(f — fa)
FH H— (IHEAE ORT 1 7 2FR) WIEEE : WA 23 /39

BAR T 24 vk

1751

—= N
o
[
i
(S
N =

IFEERHT — FEA —
REDWRE dy, dy, o, ds, dy, ds BT KDBZENTE S

T A= (IREAE DA 1« 2 AEH) HiHEHE : iR 2 /39
EI\\\Z? 7 4 y*ﬁﬁaﬁ
EEM
21 1T do
1 41 d;
141 >
[do d d d3 d, d5] 141 ds
1414
1 2] [d
21 do 21 d,
[do d1]{1 2} |:d1}+[d1 dz]{l 2 | |:d2]+“
>0
FH = (IRIEAP D7 1 2 AEH) iR : 25 /39
MATLAB
7 7 1 )b natural spline.m
n=6;
£f=103;2;4;5;4;21];
el = ones(n,1);
e0 = 4x*ones(n,1);
e0(1) =2
e0(n) =
A = spdiags([el e0 ell, -1:1, n, n); % =EXATTS
[U] = chol(A);
T = (IREAE DT 1 2 AEH) HIEAA : 26 /39

MATLAB

7 7 4 JU natural_spline.m

b = zeros(n,1);

b(1) f(2)-f(1);

b(n) f(n)-f(n-1);

b(2:n-1)=f(3:n)-f(1:n-2);
= 3%Db;

% Ad = b --> transose(U) Ud =b
= transpose(U)\b;
U\y;

o<

(IBEARF ORT 1 7 RFH)

HfEEEE : R 27 /39



MATLAB MATLAB

6
55
>> full(U)
ans =
1.4142 0.7071 0 0 0 0
0 1.8708 0.5345 0 0 0
0 0 1.9272 0.5189 0 0
0 0 0 1.9315 0.5177 0
0 0 0 0 1.9318 0.5176
0 0 0 0 0 1.3161
151
e 1 15 2 25 3 35 4 a5 s
T - (IRIEAZ OAT 1 REFR) 28 /39 TH M— (UPIEAS D7 1 2 REH) 32/39
MATLAB MATLAB
>> natural_spline >> full(transpose (U)*U)
>> d
ans =
d =
-1.8421 2.0000 1.0000 0 0 0 0
0.6842 1.0000 4.0000 1.0000 0 0 0
2.1053 0 1.0000 4.0000 1.0000 0 0
-0.1053 0 0 1.0000 4.0000 1.0000 0
-1.6842 0 0 0 1.0000 4.0000 1.0000
-2.1579 0 0 0 0 1.0000 2.0000
FH H— (IREAE ORT 1 7 2EH) WIEEE : W 29 /39 FH - (IREAE ORT 1 7 2R WIEEE : MR 33 /39
MATLAB F&H
X 73 HR e #
>> A%d - b o MEIMICH T ZEHE
ans = o BEXHE%E—RATHME
o BRI CEKAIB LN TIEAL |
1.0e-15 * N
AR VZ |
0.8882 o BEENRICH 1T 2 BAEE & fRER
0.444(1) o HEXME%E=RATHA
3 E - ME S AN
-0.2220 ] %E‘é&lﬁ’(ﬁl‘)bf/%bb
0 N = N
0 BRI S 4 #E
o BB =ICH T ZEEE
o MIREN %KD B EIL—RAER
FH E— (IBEKRFE OKRT 1 7 2FR) BEETE : MR 30/ 39 T E— (IHEKRFE OKRT 1 7 2FER) BUEETE R 34 /39
o
MATLAB L K— k (MATLAB Grader)
>> full(A)
ans =

MATLAB grader [
#tD 1 2024 6 A 248 (BEE) 00:10 AM

O OV P, O
= b =, O O O
N = O O OO

O = = OO

2 1
1 4
0 1
0 0
0 0
0 0

FH - (IBEAY ORT 1 7 R%R) HfEEEE : R 31/39 FH - (IBREAY ORT 1 7 2%R) BUBEHE : #R 35/39




8% : 754 VHHE
#h(x) 2 RAT x = 0,1 BHICHED
dp(x) = ax(x — 1) = a(x2 - X)

i)

FH E— (IHEKRE ORT 1 7 RER) AHE 36 /39
9% : 754 8
BRIC , ,
X X
¢1(X):a(?—5) +b
$»1(0)=b=0,

61(1) =a(f%> tb—1

i--o(3%)

= —2x3 + 3x?

a=-6, b=0

FH - (IBEAE OFT 1 7 RER) HiEEEE : R 37/39

18 : 2751 U
Po(x) IE3RATx=0,1%FRICKED
o(x) = ax(x — 1)(x — b)

G
o(x) = a{(x — 1)(x — b) + x(x — b) + x(x — 1)}
Uh0) = ab=1
Yo(l) =a(l-b)=0
a=1, b=1

Po(x) = x(x — 1)(x — 1) = x(x — 1)?

FH E— (IBEKRFE OKRT 1 7 2FR) BEatE : W 38 /39
8k 7254 > @HE
R#RIC

Un(x) = a{(x = 1)(x = b) + x(x — b) + x(x = 1)}

U4(0) = ab=0,
(1) =al-b) =1

Pi(x) = x(x = 1)(x — 0) = x*(x — 1)

FH - (IHEAF ORT 1 7 2FH) HfEEEE : R 39/39



