High-dimensional data analysis HW#4
104225020 WAN-CHI, LIANG
1. Draw cubic B-spline bases (orderd) with &, = 0,&; = A, &, = 2A
Order4(M=4)
K=1M=4
$0=0¢ =48, =2A
K+2M=1+8=9

Augmented knots are

Let {

TIST ST3 ST ST5STg STy S Tg < Tg St
DTti=1=13=7,=§=0
2) 1s=85=A
3) T6 =17 =Tg =Tg =¢, = 24

> Note: In order to be equally spaced (A= ¢, — 50 =¢,—¢,),Tuse A=1 inR program.

+ m=1 K+2M-1=1+8-1=8
Bi1(x) =1(t; £ x<7141),i=123456,738
Bij(x)=0 ~1=1,
B1(x) =0 ~1,=13
B3;1(x) =0 ~13=1,4
By1(x) =1(0<x <A)
Bs1(x) =I(A < x < 24)

B6,1(x) =0 vT6=1y
B7,1(x) =0 ~1;,=1g
B8,1(x) =0 vTg="T

B-splines of Order4{M=4),m=1
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+ m=2

K+2M-m=1+8-2=7

X —T; Tivy — X
Bip(x) = ———Bj; (x) + ————Byy1,(%),i = 1,2,3,4,5,6,7
Tiy1 — T Tiv2 — Tiy1
X—T1 T3 — X
Bi,(x) = B,,(x)+ B, (x
1,2() — 1,1() — 2,1()
X—T T — X
= Li0+———x0
T, — T T3 — 1T
=0
X —T, Ty — X
B,,(x) = B, (x)+ B2, (x
2200 = By () + T Bay (0
X—T Ty — X
= 2404+ ———%0
T3 — 1 Ty — T3
=0
X — T3 Tg — X
B:,(x) = B2.,(x) + B, (x
3200 = T2 Bay (00 + B (0
X — T3 Tg — X
= * 0+ I(0<x<A)
Ty — T3 Tg — Ty
A—x
=——](0<x<A)
A
X —Ty Tg — X
B.o(x) = Bs(x) + B:,(x
4,2 (%) —— 4,1 (%) e — s 51(x)
X —Ty Tg — X
= I(0<x<A)+ I(A < x<24)
T5 — T4 T — 15
X 20N — x
=ZI(OSx<A)+ I(A < x<24b)
X — Tg T; — X
B:o(x) = B:,(x) + Bs 1 (x
2(0) = - B33 (0 + LBy (0
X — Tg T; — X
= I(A<x<2A)+ * ()
T6_T5 T7_T6
x—A B-spli f Order4(M=4),m=2
— I(ASX<2A) -splines of Order4(M=4),m=
A T T T
X —Tg Tg— X - R : i
Bgo(x) = Bg1(x) + B;,(x i — i ;
6200 = By (0 + By (0 INTE S i
=2 4 0+ 224 08 | | | 5
T7-Te Tg—T7 o~ w | |
g ° ;
X =1, Tg— X b 3 '
B,,(x) = B, (x) + Bg 1 (x :
7200 = - LBy () + 2B () |
X—T To — X S i
= L 40 +———%0 | | |
T8_T7 Tg_TS 5 1 i
=0 D7| } ; }
0.0 05 1.0 15 20




+ m=3 K+2M-m=1+8-3=6

X—T; Ti43 —
B;3(x) = ————B; »(x) + —= Bi+12(x),i = 1,2,3,4,5,6
Tiv2 — T Ti+3 — Ti+1
X—17 Ty — X
B = B + B
1,3(x) — 12(x) T, 2,2 (%)
X—T Ty — X
= 1*0-]— 4 (0
73— 11 Ty — 12
=0
X —1y Tg — X
B = B + B
2,3(x) s — 1, 2,2(%) P— 3,2(x)
X — 1Ty
= *0+ [—I(0<x<A)
Ty — 12 5 — 13
_A- x[A_ 100 < x < A)
A a2 x
A — x\?
=<—) 100 < x < A)
A
Bas () = 2 Bj ,(x) + —— B, ,(x)
33X R 32X -1, 42X
xX—13 [A—x 6 — X [x 2A —x
_ [—I(OSx<A) + [—I(O§x<A)+ I(ASx<2A)]
Tg — T3 A 6—T4A A
2A — x
[—1(o<x<A)] Xl0<x<n)+ I(ASx<2A)]
x(A—x) x(2A—x) (20 — x)?
= < _— <
[ ot |0 Sx <)+ 1A < x < 20)
_ (T3 100 < <A)+(2A_x)ZI(A< < 2A)
- 202 =% 202 =%
Bys () = By, (x) + —— Bs,, (x)
43X T —1, 42X 1. 52X
X — T4 [X 20 —x T
- [—I(OSx<A)+ I(ASx<2A)]+ ]
T6_T4A -
X 2A — —x[x—A
ZA[ I(0<x<A)+ I(A<x<2A)] I(A<x<2A)]
21(0 <A)+x(2A_x)+(x_A)(2A_x) I(A < x < 2A)
=g 0=x 202 A2 =%
2 —3x2% 4+ 8xA — 4A?

—1(0 < x<A)+< )I(ASx<2A)

~ 242 2A2



X —Tg Tg— X
Bs3(x) = Bs,(x) + B2 (x)
715 Tg — 16
X—T5 [x—A Tg— X
= [ I(ASx<2A)]+ *0
T, —15L A Tg — Tg
—X_A[x_AI(A< <2A)]
I =%
x — A\?
=( ) I(A < x < 20)
A
X — Tg Tg— X
B = B + B
63(x) —— 62 (%) To — 1, 72(x)
_ X — Tg L0+ Tg— X .0
Tg — Tg Tg — 1y
=0
B-splines of Order4(M=4),m=3
= [ | i | [



+ m=4 K+2M-m=1+8-4=5

X —T; Tiyg — X )

Bia(x) = ———B;3(x) + ————By413(x),i = 1,2,3,45
Ti+3 — T Tita — Tit1

X—T

Ts
Bi4(x) = . Tl By 3(x) +
1

— 2 B,,(x)
X 7 23X

Tg —
X—T Ts — x [(A — x\°

= 0+ ( ) I(0<x<A)
Ty — T T — Ty A

:A;x[(A;x)zl(os;KA)l

- (AA;x>31(O <x <A

x_TZ T6_x

B4(x) = B, 3(x) + B3 3(x)
5 — 12 Te — 13
X —T, l A — x\*
_ ( ) 10<x< A)l
Ts — Ty A
L TeTX {(—sz +4xA>I(0 <x<Ah) +M1(A <x< ZA)}
T6 - T3 2A2 - ZAZ h
= f[(A_x)zl(o <x <A)l
A A -
2A-x {(_3x2 - 4xA> I0<x<A)+ R ZA)}
2A 242 - 242 B
x(A—x)%  3x3 — 10x2A + 8xA? (24 — x)?
:l e + e ](OSX<A)+TI(ASX<2A)
_ <7x3 — 18x2A + 12xA2)1(0 cx<t)+ M;(A < x <20)
43 - 4A3 -
X — T3 T7 — X
B;4(x) = B3 3(x) + B, 3(x)
6 T3 T7 = Ty
_ X — T3 {<_3x2 +4XA>I(O <x< A) +(2A—_x)2](A <x< ZA)}
T6 - T3 ZAZ - 2A2 -
—3x? + 8xA — 4A?

7, —x ( x?
+ {—I(OSx<A)+< )I(Aﬁx<2A)}

T, — T4 (242 242
- i{<w)1(o cxen+ B cn e ZA)}
2A 202 - 202 -
2A—x{x_21(0<x<A)+<—3x2+8xA—4A2>I(A<x< ZA)}
20 |24 Y T 202 B
_ —4x3 + 6x2AI(O <x <)+ 4x3 — 18x2%A + 24xA? — 8A3 1A < x < 20)
43 = 473 -
_ —2x3 + 3x2AI(O <x <)+ 2x3 — 9x2A + 12xA? — 4A3 1A < x < 20)
2A3 - 2403 B
— x(_z";A: ) j0<x<m)+ G 9xA22312A2) 4 I(A < x < 20)



X — Ty Tg— X

B = B B
4,4(x) P—— 4,3(x)+_[8__[5 5,3(%)
_x =1y xP 10 <x<8)+ —3x? + 8xA — 4A? 1A < x < 28)
T T, 202 = 202 =%
Tg—Xx |[/x—A 2
+ ( ) I(A < x <27)
Tg — Tg A
_ox (x? 10 <x<8)+ —3x2% + 8xA — 4A* I8 < x < 20)
T a2 v 202 =
Mk (x_A)ZI(A< < 24)
A A =
3 —3x3 4+ 8x%A — 4xA* —x3 + 4x*A — 5xA* + 2A°
=m1(03x<A)+ Ve + e I(A < x<2A)
3 —7x3 + 24x%A — 24xA? + 8A3
= l0<x <)+ e I(A < x < 20)
Bs () = ——> By 3(x) + ——— B (x)
54X) = — 53X —— 63X
X—1T5 [(x—A 2 Tg— X
_ ( )I(ASx<2A)+ 0
Ts — s A To = Te B-splines of Order4(M=4),m=4
x4 (x_A>21(A< < 20) °
A A =X .
x — A3 © |
=<—) I(A < x < 20) 5
A
2
$ =
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B-splines of Order4(M=4),m=2

B-splines of Order4(M=4),m=1
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B-splines of Order4(M=4),m=4

B-splines of Order4(M=4),m=3
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spline bases (order4) with knots which are equally spaced have much more

As we seen above, cubic B

Comments

smooth trend when m is increasing.



2. Draw a figure for orderl~4 with &, = 0,&; = A, &, = 2A (like Figure 5.20)
+ Order1(M=1), m=1
K=1M=1
$0=081 =48, =2A
K+2M=1+2=3

Augmented knots are

Let {

T1ST2 ST3 S.t.
1) 1, =¢6,=0
2),=6=A
3) T3252=2A

> Note: In order to be equally spaced (A= ¢, — EO =¢,—¢,),Tuse A=1 inR program.

K+2M-1=1+2-1=2
Bi1(x) =I(1; S x < 1341),i =1,2
Bi1(x) =1(0 <x <A)
B,1(x) =1(A < x < 24)



+ Order2(M=2), m=1
K=1M=2
$0=0,81 =48, =2A

K+2M=1+4=5

Augmented knots are

Let {

Ty ST ST3 STy ST St
Dty=1,=45=0
2) 3 =6 =A
3) Ta=T15=¢,=2A

»  Note: In order to be equally spaced (A= ¢, — EO =¢,—¢,),Tuse A=1 inR program.

K+2M-1=1+4-1=4

Bi1(x) =1(t; £ x<71;41),i=1234
Bji(x)=0 ~1,=1,
B,1(x) =1(0<x <A)
B3 1(x) =I(A < x < 24)

B4,1(x) =0 vT,=715

+ Order2(M=2), m=2
K+2M-m=1+4-2=3

X — T T — X
B2 (x) = —l'Bi,1(x) + LBi+1,1(x):i =123

Tiv1 — T Tivz = Tiy1
x—T1 ’L'3—X
B = B + B
1,2(95) P—— 1,1(x) s — 1, 2,1(95)
X—T T3 — X
= Li0+—>T1(0<x<A)
T, — T T3 — Ty
A—x
=——I1(0<x<A)
A
x_Tz T4,_x
B = B + B3 (x
2,2(%) -1, 2,1(x) Ta— 15 3,1(%)
X—T Ty — X
_ 210<x <A)+—=—"1(A < x <20)
T3 — T, Ty — T3
X 20 —x
=K1(0Sx<A)+ I(A < x <2h)
X — T3 Tg — X
B3,2(X) = 83,1(95) + B4,1(x)
Ty — T3 5~ T4
X—T Ts — X
= 1A <x <20) +—=—%0
T4 — T3 Ts — T4

x—A
=T1(ASx<2A)



+ Order3(M=3), m=1
K=1M=3
$0=0,¢ =48, =2A

K+2M=1+6=7

Augmented knots are

Let {

T ST, S T3S T4 ST5 < Tg S T7 St
Dti=1=13=§=0
2)t,=86=A
3) 15 =T =77 =§, = 2A

»  Note: In order to be equally spaced (A =¢, — EO =¢,—¢,),Tuse A=1 inR program.

K+2M-1=1+6-1=6
Bi1(x) =1(t; £x <7141),i =123456
Bj1(x)=0 ~1,=1,
Byi(x) =0 ~1,=1;
B31(x) =1(0 < x <A)
By1(x) =I(A < x < 24)
Bs1(x) =0 15 =1

B6,1(x) =0 vT6=1y

+ Order3(M=3), m=2
K+2M-m=1+6-2=5

X —T; Tiyy — X
Bi,z(x) = —lBi,1(x) + LBHm(X).i =1,2,3,4,5

Tiv1 — T Tivz = Tiy1

X — _Tl T3_x
B1,2(x)=,[2 B11(X)+ Bz1(x)—T2_T1*0+T3_T2*0=0

X—T Ty — X X—T Ty — X A—x
B,,(x) = 2821(x)+ 2 "B, (x) = 240+ ——J(0<x<A)=——I10<x<A)

’ T3 — ’ 4 —T3 T3 — Ty Ty — T3 A
— T3 Tg — X

Bs,(x) = 83 1(x) + B4 () = I0<x<A)+ I(A < x<2h)

T4 T T4_ T3 TS_T4

X
I(A < x < 20)

x 20 —
:ZI(OSX<A)+

6 — X
B4’2(X) = B41(X)+ BSl(x) = I(A<x<2A)+ * ()
Ts — Te — Ts — Ty Te — 15
x—A
=2 CIA < x < 20)
A
X—T T7 — X
Bs,(x) = Bs 1(x) + Bs 1(x) = > %0+~ *x0=0
T — T; — Tg — Tsg T; — Tg
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+ Order3(M=3), m=3
K+2M-m=1+6-3=4

X —T; T; — X
Bis(x) = ————B;,(x) + — > Bj1,(x),i = 1,2,3,4

Tit2 —Ti i+3 — Ti+1
X — Ty — X X—T T, — X [A—x
By s(x) = : Byo(x) + i By, (x) = L s 0+ — I(OSx<A)]
T3_T1 T4__ 2 T3_T1 T4__T2 A
_A—x[A—x1(0< <)
2 | a =X
A — x\2
=(—) 100 < x < A)
A
X — Ty Tg — X
B = B + B
2,3(x) s — 1, 2,2(%) P— 3,2(%)

XxX—1, [A—x Ts — X [x 2A —x
_ [—I(OSx<A) + [—I(O§x<A)+ I(ASx<2A)]
Ta— Tl A T5 — T3 LA A

2A — x
X10<x <)+ I(ASx<2A)]

[—1(0 <x< A)]

_|xa-xn  x@A-x) 100 < <A)+( _ )21(A< < 20)
~ | az 2 =% 202 x
_ 3 +4xA1(0< <A)+(2A_x)21(A< < 24)
X 202 =%
X — T3 Tg — X
B33(x) :TS_T B3 (x) + g By,2(x)
3 6 4
X —1T3 [X 2A —x Te
= [—I(OSx<A)+ I(ASx<2A)]+ ]
T5 — 73 LA -

X 2N — x
[1(0<x<A)+ I(ASx<2A)]+

~2A0A
i —1(0<x<A)+ x2A-x) -8)@A-x) I(A < x < 2A)

=242 x 202 A2 =X

x —1(0<x<A)+ —3x7 + 8xA — 40" I(A < x < 2A)

=242 x 202 =X

X — Ty T; — X X—T4 [x—A T, —X
Bys(x) = By, (x) + Bs ,(x) = 1 <x <2+ £ 0
Te — Ty T; — Ts Te— T4l A T; — Tg

—X_A[X_AI(A< <2A)]
A 4 =%

2

=(x;A) I(A < x < 2A)
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B-splines of Order1(M=1),m=1
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Comments

After a series of complicated computations of splines, I plot all B-splines figures under different conditions.

By the figures, I obviously find that @when m=1, B-splines patterns of order1-4 are the same, only differ

from the ith B-spline basis ; @when m=2, B-splines patterns of order2-4 are the same, only differ from the

ith B-spline basis ; ®when m=3, B-splines patterns of order3-4 are the same, only differ from the ith B-
spline basis ; @when order is increasing, the pattern becomes more smooth.
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R Codes
###20161122 HWA4H#HH#
HH1:M=4##
par(mfrow=c(2,2))
#m=1#
rm(list=Is(all=TRUE))
delta =1
B11 =
B21 =
B31 =
B41 = function(x) {(x>=0&x<delta)}
B51 = function(x) {(x>=delta&x<2*delta)}
B61 =0
B71 =0
BS81 =0

curve(B41,xlim=c(0,2),main="B-splines of Order4(M=4),m=1",ylab="B-
spline,m=1",font.main=2,col=1,Ity=1,lwd=2)
curve(B51,xlim=c(0,2),main="B-splines of Order4(M=4),m=1",ylab="B-
spline,m=1",font.main=2,col=2,Ity=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()
legend(0.03,0.95,legend=c("B41","B51"),lty=1,col=c(1:2))
#m=2#

rm(list=ls(all=TRUE))

delta =1

B12 =0

B22 =0

B32 = function(x) {((delta-x)/delta)* (x>=0&x<delta)}

B42 = function(x) {(x/delta)*(x>=0&x<delta)+((2*delta-x)/delta)* (x>=delta&x<2*delta) }
B52 = function(x) {((x-delta)/delta)* (x>=delta&x<2*delta)}
B62 =0

B72 =0

curve(B32,xlim=c(0,2),main="B-splines of Order4(M=4),m=2",ylab="B-
spline,m=2",font.main=2,col=1,lty=1,lwd=2)
curve(B42,xlim=c(0,2),main="B-splines of Order4(M=4),m=2",ylab="B-
spline,m=2",font.main=2,col=2,1ty=1,lwd=2,add=TRUE)
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curve(B52,xlim=¢(0,2),main="B-splines of Order4(M=4),m=2",ylab="B-
spline,m=2",font.main=2,col=3,Ity=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.25,1,legend=c("B32","B42","B52"),lty=1,col=c(1:3))

#m=3#

rm(list=Is(all=TRUE))

delta =1

BI13 =0

B23 = function(x) {((delta-x)/delta)"2*(x>=0&x<delta)}

B33 = function(x) {((-3*(x"2)+4*x*delta)/(2*(delta"2)))*(x>=0&x<delta)+((2*delta-
x)"2/(2*(delta"2)))*(x>=delta&x<2*delta)}

B43 = function(x) {(x"2/(2*(delta"2)))*(x>=0&x<delta)+((-3*(x"2)+8*x *delta-
4*(delta”2))/(2*(delta"2)))*(x>=delta&x<2*delta) }

B53 = function(x) {((x-delta)/delta)"2*(x>=delta&x<2*delta)}

B63 =0

curve(B23,xlim=c(0,2),main="B-splines of Order4(M=4),m=3",ylab="B-
spline,m=3",font.main=2,col=1,Ity=1,lwd=2)
curve(B33,xlim=c(0,2),main="B-splines of Order4(M=4),m=3",ylab="B-
spline,m=3",font.main=2,col=2,lty=1,lwd=2,add=TRUE)
curve(B43,xlim=c(0,2),main="B-splines of Order4(M=4),m=3",ylab="B-
spline,m=3",font.main=2,col=3,lty=1,lwd=2,add=TRUE)
curve(B53,xlim=c(0,2),main="B-splines of Order4(M=4),m=3",ylab="B-
spline,m=3",font.main=2,col=4,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.25,1,legend=c("B23","B33","B43","B53"),Ilty=1,col=c(1:4))

H#m=4#

rm(list=ls(all=TRUE))

delta =1

B14 = function(x) {((delta-x)/delta)"3*(x>=0&x<delta)}

B24 = function(x) {((7*x"3-18*x"2*delta+12*x*delta"2)/(4*delta”3))* (x>=0&x<delta)+((2*delta-

X)"3/(4*(delta’3)))* (x>=delta&x<2*delta)}
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B34 = function(x) {((-2*x"3+3*x"2*delta)/(2*delta"3))*(x>=0&x<delta)+((2*x"3-
9*x"2*deltat12*x*delta”2-4*delta"3)/(2*delta"3))*(x>=delta&x<2*delta)}

B44 = function(x) {(x"3/(4*delta"3))*(x>=0&x<delta)+((-7*x"3+24*x"2*delta-
24%x*delta"2+8*delta”3)/(4*delta3))*(x>=delta&x<2*delta)}
B54 = function(x) {((x-delta)/delta)"3*(x>=delta&x<2*delta)}

curve(B14,xlim=¢(0,2),main="B-splines of Order4(M=4),m=4",ylab="B-
spline,m=4",font.main=2,col=1,lty=1,lwd=2)
curve(B24,xlim=c(0,2),main="B-splines of Order4(M=4),m=4",ylab="B-
spline,m=4",font.main=2,col=2,1ty=1,lwd=2,add=TRUE)
curve(B34,xlim=c(0,2),main="B-splines of Order4(M=4),m=4",ylab="B-
spline,m=4",font.main=2,col=3,Ity=1,lwd=2,add=TRUE)
curve(B44,xlim=c(0,2),main="B-splines of Order4(M=4),m=4",ylab="B-
spline,m=4",font.main=2,col=4,lty=1,lwd=2,add=TRUE)
curve(B54,xlim=c(0,2),main="B-splines of Order4(M=4),m=4",ylab="B-
spline,m=4",font.main=2,col=5,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()
legend(0.25,1,legend=c("B14","B24","B34","B44","B54"),lty=1,col=c(1:5))
R R R B S R R R R s e s s R p s e A S D L B B B BB R L
HH2HHH

#2 1:M=1,m=1#

rm(list=ls(all=TRUE))

delta =1
Bl11 = function(x) {(x>=0&x<delta)}
B21 = function(x) {(x>=delta&x<2*delta)}

curve(B11,xlim=c(0,2),main="B-splines of Orderl(M=1),m=1",ylab="B-
spline,m=1",font.main=2,col=1,lty=1,lwd=2)
curve(B21,xlim=c(0,2),main="B-splines of Order](M=1),m=1",ylab="B-
spline,m=1",font.main=2,col=2,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,Ity=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.03,0.95,legend=c("B11","B21"),Ilty=1,col=c(1:2))

#2 2 I:M=2m=1#

rm(list=Is(all=TRUE))
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delta =1

BI11 =0

B21 = function(x) {(x>=0&x<delta)}

B31 = function(x) {(x>=delta&x<2*delta)}
B41 =0

curve(B21,xlim=¢(0,2),main="B-splines of Order2(M=2),m=1",ylab="B-
spline,m=1",font.main=2,col=1,Ity=1,lwd=2)
curve(B31,xlim=¢(0,2),main="B-splines of Order2(M=2),m=1",ylab="B-
spline,m=1",font.main=2,col=2,Ilty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.03,0.95,legend=c("B21","B31"),lty=1,col=c(1:2))

#2 2 2:M=2,m=2#

rm(list=Is(all=TRUE))

delta =1

B12 = function(x) {((delta-x)/delta)* (x>=0&x<delta)}

B22 = function(x) {(x/delta)*(x>=0&x<delta)+((2*delta-x)/delta)* (x>=delta&x<2*delta)}
B32 = function(x) {((x-delta)/delta)* (x>=delta&x<2*delta) }

curve(B12,xlim=c(0,2),main="B-splines of Order2(M=2),m=2",ylab="B-
spline,m=2",font.main=2,col=1,lty=1,lwd=2)
curve(B22,xlim=c(0,2),main="B-splines of Order2(M=2),m=2",ylab="B-
spline,m=2",font.main=2,col=2,lty=1,lwd=2,add=TRUE)
curve(B32,xlim=c(0,2),main="B-splines of Order2(M=2),m=2",ylab="B-
spline,m=2",font.main=2,col=3,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.25,1,legend=c("B12","B22","B32"),lty=1,col=c(1:3))

#2 3 I:M=3m=1#

rm(list=ls(all=TRUE))

delta =1

B11 =0

B21 =0

B31 = function(x) {(x>=0&x<delta)}

B41 = function(x) {(x>=delta&x<2*delta)}
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B51 =0

B61 =0

curve(B31,xlim=¢(0,2),main="B-splines of Order3(M=3),m=1",ylab="B-
spline,m=1",font.main=2,col=1,Ity=1,lwd=2)
curve(B41,xlim=¢(0,2),main="B-splines of Order3(M=3),m=1",ylab="B-
spline,m=1",font.main=2,col=2,Ilty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.03,0.95,legend=c("B31","B41"),lty=1,col=c(1:2))

#2 3 2:M=3,m=2#

rm(list=Is(all=TRUE))

delta =1

B12 =0

B22 = function(x) {((delta-x)/delta)*(x>=0&x<delta) }

B32 = function(x) {(x/delta)*(x>=0&x<delta)+((2*delta-x)/delta) * (x>=delta&x<2*delta) }
B42 = function(x) {((x-delta)/delta)* (x>=delta&x<2*delta)}

B52 =0

curve(B22,xlim=c(0,2),main="B-splines of Order3(M=3),m=2",ylab="B-
spline,m=2",font.main=2,col=1,lty=1,lwd=2)
curve(B32,xlim=c(0,2),main="B-splines of Order3(M=3),m=2",ylab="B-
spline,m=2",font.main=2,col=2,lty=1,lwd=2,add=TRUE)
curve(B42,xlim=c(0,2),main="B-splines of Order3(M=3),m=2",ylab="B-
spline,m=2",font.main=2,col=3,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()

legend(0.25,1,legend=c("B22","B32","B42"),lty=1,col=c(1:3))

#2 3 3:M=3m=3#

rm(list=ls(all=TRUE))

delta =1

B13 = function(x) {((delta-x)/delta)"2*(x>=0&x<delta)}

B23 = function(x) {((-3*(x"2)+4*x*delta)/(2*(delta"2)))*(x>=0&x<delta)+((2*delta-
x)"2/(2*(delta"2)))*(x>=delta&x<2*delta)}

B33 = function(x) {(x"2/(2*(delta"2)))* (x>=0&x<delta)+((-3*(x"2)+8*x *delta-

4%(delta’2))/(2*(delta’2)))*(x>=delta&x<2*delta)}
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B43 = function(x) {((x-delta)/delta)"2*(x>=delta&x<2*delta) }
curve(B13,xlim=¢(0,2),main="B-splines of Order3(M=3),m=3",ylab="B-
spline,m=3",font.main=2,col=1,Ity=1,lwd=2)
curve(B23,xlim=¢(0,2),main="B-splines of Order3(M=3),m=3",ylab="B-
spline,m=3",font.main=2,col=2,Ilty=1,lwd=2,add=TRUE)
curve(B33,xlim=¢(0,2),main="B-splines of Order3(M=3),m=3",ylab="B-
spline,m=3",font.main=2,col=3,Ity=1,lwd=2,add=TRUE)
curve(B43,xlim=c(0,2),main="B-splines of Order3(M=3),m=3",ylab="B-
spline,m=3",font.main=2,col=4,lty=1,lwd=2,add=TRUE)
abline(v=0,lty=2)

abline(v=0.5,lty=2)

abline(v=1,lty=2)

abline(v=1.5,lty=2)

abline(v=2,lty=2)

#locator()
legend(0.25,1,legend=c("B13","B23","B33","B43"),Ity=1,col=c(1:4))
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