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Non uniform weighted cubic B-spline based on all positive basis

Ji Peipei' , Zhang Guicang', Wang Kai', Meng Jianjun’
1. College of Mathematics and Statistics, Northwest Normal University, Lanzhou 730070, China;
2. Mechanical T&R Institute, Lanzhou Jiaotong University, Lanzhou 730070, China

Abstract: Objective The construction of B-spline basis functions has always been the focus of computer-aided design. The
purpose of its research is mainly to solve the problem that the curve generated by the traditional method is fixed relative to
the control vertices. The transformation form mainly incorporates the shape into the constructed basis function parameters to
increase the flexibility of the curve, that is, to introduce free parameters to the expression of the classic Bernstein basis
function or the extended Bernstein basis function, and adjusts the value of the parameter to adjust the shape of the curve. In
recent years, researchers have proposed a large number of B-spline improvements, and they are mainly focused on two func-
tion spaces, namely, polynomial function space and trigonometric function space. The spline basis functions constructed in
these two function spaces have their own advantages in addition to local adjustments to the corresponding curves. The spline
curve constructed in the polynomial function space can be degenerated into a classic B-spline curve and has the advantages
of simple calculation. Conversely, the basis function constructed in the trigonometric function space has the advantage of
the derivation and cyclability of the trigonometric function. Both have high-order continuity, enabling the accurate represen-

tation of circle, ellipse, parabola, sine, cosine, cylindrical spiral, etc. The main purpose of this study is to combine the
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advantages of constructing spline basis functions in these two function spaces and use the weighting method to integrate the
basis functions constructed in the two function spaces. The newly introduced weighting factors can be used as global param-
eters to make new extensions, and the flexibility of the curve is further enhanced. However, from the above two perspec-
tives, some defects still exist. The reason is that the curve is edited and processed through the control vertices of the model,
similar to the traditional method. When the control vertices are given, the curve is relatively fixed. Method First, construct
a set of cubic rational basis functions in the polynomial function space and prove that they are fully positive. Then, use the
weighting idea to weigh the newly constructed cubic rational basis functions and the cubic triangular basis functions con-
structed and new Bernstein basis and prove that it retains all the good properties of the classic Bernstein basis functions.
Subsequently, the new extended basis is linearly combined to obtain the non-uniform cubic weighted B-spline basis, and its
properties are studied. Finally, the definition and properties of the corresponding cubic spline curve are given, and the
application of the new curve is given based on it. Result Experiments show that the curve constructed by the weighting
method in this study retains the respective advantages of the polynomial function space and the trigonometric function space
and also has local adjustment. At the same time, the introduced weighting factor also strengthens its global adjustment and
further enhances the flexibility of the generated curve. It can improve the shortcomings of changing the curve shape only by
adjusting the control vertices. Conclusion In this study, the new Aaf -B-spline curve constructed by the weighting method
has a structure similar to the classic B-spline curve while retaining the same properties as the classic B-spline curve, such
as convex hull, symmetry, geometric invariance, and change. In addition, the curve constructed by the weighting method
in this paper has some unique advantages: first, it has two local shape parameters that can be adjusted locally; second, the
weighting factor introduced can be used as a global parameter, and the generated Aa3 -B-spline curve can perform global
adjustment; third, the Ao -B-spline curve constructed by the weighting method retains the respective advantages of the pol-
ynomial function space and the trigonometric function space. The results show that the shape parameter selection scheme of
the constructed curve is correct and effective, which reflects the superiority of the method in this study over other similar
methods in the literature. In addition, the construction method with parameter expansion base given in this study and the
selection method of shape parameters are general, which can be extended to construct B-spline and triangle surfaces with
shape parameters.

Key words: Aaf -Bernstein basis; weighted A -B-spline; non-uniform; total positive; local adjustment property
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L,o,n + 3 span( ) HEMEZS ], 458575 8
KRUWUKa, =a,, =a,, =a,, i, CR-BHELHE
NGRS =R B HEAEE FERIML, XS T u,,, =
w, +jh, h >0, =123 4K, HETHETE

1 1

1 2
ql'zg; pi+l,0:€; Pi+1,1=?; Pi+1,2:?;

2 2

2 1
Pi+1,3:?; f;+1,0:?; .fi+|,1=?; fi+1,2:?;

1 1

fi+l,3 :g§ €3 = 6
IUHT, CR-B AEZR I S LA I 5] =R B RFEARSE,
2.2 EMEA=ZXEIEBHEEXENER

EH 3 MM NMIEE v e [uy,u,,, ],

2&(”) =1,
i=0

WX w e [u,u,,), i =3,4,,n, 0%
S(u) =0,j#i-3,i-2,i-1,i, HF

S, (u) =eAy(t;0.),S. ,(u) = Zf”Aj(tl,a)

&mw::Znﬁxml>soo—unmg
ﬁﬁzﬂﬂ%?‘lﬁl g

ZS(u) = ey (t50) + 2 f A (150,) +

me4u 1) + gy (15a,)
EH 4 JEfME. A o e [0,1]
u, <u <u,, ,AS,(u) >0,
MW X @, € [0,1] 88K e, f,,piynq, >0 1
A0, j = 0,1,2,3 k6 M (BR ROk 45,
2012) BPAI45 S, (u) >0,

3

= ZAj(ti;ai> =1
j=0

W

EH S BT M MMERE o e [0,1],
;SO(U,) ’Sl(u)’“'ﬂsn(u)% TEIETJ [u3’ n+1:| J:éj%
PR,

JEHHLE, e R, i =0,1,,n ,uelu;,u,,,],
ZIES(u) = Zglsxu) =0 Xt e, e [0,1],
H
S(”i) = el +f;,0§i—2 +pi,0§i—l =0
$'(u) = L +2)e,(dy = £) +

. +2)qg._h.
M(aq _gi_z)] =0

hi_,

(L) 1200 + ey - ¢ +

L

§"(u;) =
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2(2a; + 1)q,
h2 i ({i—l _gi—Z)] =0
i-1

AP, i =34, ,n+1 o TR LM A
BT

e,({is = &) + (e +fio +pio)lin +

Pio(&io =4in) =0

= (a; +2)e(fis = 8n) +
DIl ) =0
Qo; +1)e,(Liy -¢in) +

20, + 1)q, \h?
M(gi—l _gi—2> =0

hi,
e +fo+po =1 XN A REATHI N
€ 1 Pio
(OL. +2)Q~_|h-
—(a +2)e. 0 LT =/Hi1T
‘Mi = ( ' )L hi—l =
2a. +1)q.  h?
(2a, +1)e, 0 %
hi—l
e.q; h,
O 2a, +1)(a, +2)(h, +h,_,) >0
i-1

W, ¢y =4, =4, =0,i=34,n+1,
EHe 2iEME X uelu,u,,, ], a,e[0,1],
i =3,4,--.n, (S_5(u),S;,(u),S, (u),S;(u))
FIZ T T, AL A I,
WX Fue [u,u,],i=34,,n, A
(Sis(w), S5 (u), S (u),S;(w)) = (A (t;50,),
A (t50,) A (tsa0) Ay (tsa,) YH, ,50H

€; fi,o Pio 0
H = 0 fi,l Pia 0
0 fi,z Pi2 0

0 fis pis 4
HHa e [0,1], t,(u) = (u-u)/h .

K (A (150) A (150,) Ay (1) Ay (1
a)) B AW T, R4 IE SR, D E R
(S 3(u), S5 (u), Sy (u),S;(u)) H4 18 pK K2 [H]
T, P —HRGE e IE S, A e H, 2
—A AR AT S A BE AL A TE AR R

MEE o, € [0,1] ,WIRBA e, f.,,p;q: > 0K
3o MBIFET ATRAIHES N, H, BT
ST 1,0 H, ZBEVUERE , A, S HEA

fi,o Pio Yioih;
= hl qi29;, >0
fi,l Pin i-1
fi,o Pio|
fi,z Pin
h,(30,_7h;,, +0_0h +30,7_h_) +
9(0‘i+1 + Z)Ti—lhi—lhi-] i
(o, +2)v,,7:h,
qi29;5 >0
Ti
fi,o Pio
lf,',s Pis
(o; +2) (a;,y +2)8:0,,h;_h;
r T €i1€i40 t
i-1Ti
h,(30,_7h,,, +0_0h; +30,7_h_) +
97, 7hi G
(o, +2)(a; + 2)0-i+17i—1h§
e. . +
TiilTi L+2ql—2
(a; +2) (ayyy +2)y, .k,
r T 429, >0
i-1Ti
fi,l Pi
fi,z Pin
h, (30, 7h,,, +0,_0h +30,7,_h,_)
' ' €ingio >0
9<ai +2)<ai+1 +2)h?71h?+1 ]
fi,l Pi
fi,z Pis
h, (30, 7h,,, +0,_0h +30,7_h, )
€iaqi t

9(a, +2)7,h h
(o, +2)8,,,h,

i+1

€€ >0

T;
fi,2 Pin 5/+1h1
= €1 > 0
fi,3 Pis i+l

A SR H, AEAr 542 B R

ERT  ESE HMEEAE S A U Al
i =34, .0 CHIRRSEOHEE o, € [0,1] B, =K
A HIEREL S, (u) TR AL,

ERT . BE IR A R B ¢ s, AR
— Pt TS AR A w,,, W HA CP S T
EEMN «, e [0,1] ,iTENH
Si(uin) =4
Si(u'y) = piao
Si(us,) = (ai+1hf2)q;

i
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ERIR, SK=E, iEE,

2EE / EF2EEMNIEITI=IRII B #5

(e, +2)(piy Rl Pi+1,0)

h

S i(uiy) =

i+l

St = (L) (s +2)4

i

S,z’( ui++l )

2
(hl ) [(40‘”1 +2)p5+|,0 - (4a;,, + 8)1’”1,1 +

i+1

22 + o p)pian + (2 =28, pii 5]

M BRI RER MG 1, A S(u),,) =
SiCury) 5 S/(ufy) =S (uyy) 8" (uyy) =5 (us,),
FH IG5 AT HIE

(700 B D o e 4 S E =W B L E DO 1Y
EARSS) CR-B RERIE S, (u) 1E H u, FEAET
NECE, k=2,3,4,7 =2 JU3ES, (u) X SINE
gtk ¢ IR €7 (¢ RORAIELE) 0 AT
L2 S, (w) MR 4 BaBib RS -k .

3 EMSMIN raB -B

DIZIRAEHIE A, (1) M=K =M B (1) BT
H 855 ImABUEAR X =R BRI A, (1) FI=IR =0

1.0

0.9}
0.8}
0.7}
0.6}
0.5}
0.4+
0.3}
0.2}
0.1}

T (1)

T (1)

0 010203 040506070809 1.0
t
(ai=1

T (1)

T (1)

0 01020304050607 0809 1.0

t
(c)A=04

B, (1) TR YR, GBI AaB -Bern-
stein 3, Fl Ao -Bernstein & L P4l & LAEYY
ST AeB -B FEZRIE  IFBIF R AN 2 AL
3.1 oS -Bernstein X if £ H443&E

EX3 T VYeel0,1],a,8e[0,1],A €
[0,1] , AaB -Bernstein FEIER T, (1) = A4, (1) +
(1 =A)B,(t) ,H, A (r) T B.(1) 535 (2)
AN () RE SCIHE R AR, B
Ty(t) = A(1 =0)*(1 —at) +

T

(I—A)(l—sm?)( Bsmf)
T, (t) = A2 +a)i(l —1)* +
(1 —)\)sm*(l - s1nf)(2 +B -8 smf)

2 (5)
T,(6) = A2 +a)t" (1 — 1) +

(1 —/\)0087(1 - cos — )(2 +B - Bcosf)

T,(t) =A(1 —a+at)t” + (1 =A) -

(1 — cos %t)z(l — Bcos %t)

B & AN A S 8UE T A aB - Bernstein % 1) 4]

1.0
0.9¢
0.8r
0.7¢
0.61
0.5¢
0.4r
0.3r
0.2r
0.1f

0 010203 040506070809 1.0
t
(b)i=0

1.0
0.9
0.8f
0.7¢
0.6
0.5
0.4
0.3r
0.2r
0.1r

0 010203 040506070809 1.0
t
(d)1=08

B 1 Ao -Bernstein FELEA [ SEUHE T 1) ES
Fig. 1 TImages of Ao -Bernstein basis under different parameter values( (a) A =1 ;(b) A =0;(¢c) A =0.4;(d) A =0.8)
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%, Ho A = 1 BN = A A () WA
B A =0 W2 =R =Mk B () WEHMR, Y
A #0HA#1B,H AaB - Bernstein %219 K14,
Hrp o MBEUEEM, a =8 = 1/2 ,1 43HL0. 4
0.8,
3.2 FEHSM raB -B HEENEX SHR
T AaB -Bernstein 5z 11 i 2 78 455 il T A3
72 I O T AN ELAA T AR AT IR M, H R e i o 4 ik
A2 F iR st 1) 6 0 B () L, A B AE 2R (5) A Sl
b R — AR ST I A aB -B FEESIE (fRIFK Aag -
B AEAREL) i Tl &k k1T,

S FAEMTEFI uy < u, < -
HPEREU = (uy,u,, - u,,) o &
hy=u,  —u;,t(u) =(u-u)/h,
j=0,1,,n+3
MTAEREWERSE o, B, € [0,1],i =0,1,-,

n TR HITE ) AaB -B FESIL N

< Upig ’iE

Di(”) =

Di,()(tg) = diT3(ti;)\l,ai,,Bi) u e [ui’u’i-ﬂ)
Di,l (lm) =

3

z Ci+|,jTj(ti+1 A1 @ 5By ) u € [ug,u,)
j=0
Di 2<li+2> =

z bz+21 _}(tl+2 AT L) ’BL+2) u e [ui+2 ’ui+3)
Di,3(li+3) =
@3 To(tia 34 0,0,,B,.3) ue [u;,,u.,)
O u $ [ui 5ui+4>

(6)
A, T(e505,0,,8) (G = 0,1,2,3) HA(S) s
AL PR
BT HE R a,.b,, e .d, 018, X H 3
AaB -B AESRAEIEATIRM 1) D, (u) 1P T & B
f C#ELE;2) D(u) XA [uy,u,, | R RN
fi Htb 22 s 5, Al LSRR ECY
= [A2a;,, +1)(a,, +2) +

(1 =) (28, + 1) (B +2) J(hy + hyy)

mn = [/\(a”l +2> + (1 _)‘>(:8i +2)J(h' +hi+l)
h. +371.h h h
@, =)\M+(1 _,\)M
3(az+l +2)hz+l (B 2)h‘1+1
b, =A iy +3Tf-'zhi-1 +(1 _A)’M

3(o; +2)h;_, (Bi_ +2)h?-1

3(q, +2>0-i—2h?

G 30, Tishiy + 0,0 b +30,,7h,
(B, + 2):“*;72}1?
(I -2X)
M Vioh o + o hy + v hy
(l _ A 3(az+] +2)O-z+lh’2
i 30-1+IT h + 0-10L+]hz+] + 3O-ITL+1hL+2
o+ 2w ‘
(1 _ /\) (BL )/‘LHI i
MVl + gty hiyy + v,
b, = /\[(a +2)6.h llr:~| +(oz,.,+2)'yi_1hiyq.2]+
Ti ” Ti "
- +2)v.h, -, +2)w._h,
(1-1) [(BL-l v, L-1M+] +(:81-1 o, 1”572]
Vi Vi

by = Ade,; + (1 - Moy,

Cio = Agi, + (1 =2A)n,_,

T

e = G g
T P R —
G =A (Oli+2)hi_1qiil +<1 A)(Bi—l +2)hi—lniil

b5,3 =Ade + (1 - A)x,

Cin = AYiq ., + (1 - )‘)wini—l
(ai+ +2)6i+ hi (ai+ +2)’Yihi+
R TRy ]
(B, +2)vi+ h, (B, +2)w;h,,
)\)[ _ ] X2 " lnl-l]

TE X 4 éfn‘%é’m MERRU ST a,B,
[0,1] F1 LA RE a, b, e d, FRR(6)H
W3 ANSHIY AaB -B RESEE,

MY O AT R AaB -B RS
D,(u) ¥ Ao -B FEZEE, K2 RECATNS
BB, ¥925) AaB -B 553 D, (u) WIEE,

SIR 2 XMEE i e 2, PGSR
1)a, +by+c, =1
2) b, e, =1
3) b, +¢,, =1
4) b, 5 + ¢y td; =1

i

5)d;, = Cis1,0
6) bi+2,0 =€z
7) bi+23 = Qi3

R P W IR 3 T

1 ™
h,, [)‘m (2 +a,) + 7(1

Aia) (2 +B0) ]

(ci+1,1 - Ci+1,0)
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0.8

0.6

04

D (1)

02

-1 0 1 2
t
@A=0,8=0
0.8

0.6 |

041

D (¥

02|

-1 0 I 2
1
(©)A=1/2,a=0,8=0
& 2
Fig. 2

0.8

0.6

0.4

D (1)

02

~

®Ai=1,a=0
0.8

0.6

04+

D

02+

-1 0 1 2 3
t
dA=1/5,0=0,=0

15 Mo -B FEAHEREIR
Images of uniform AaB -B-spline bases

((a)A=08=0;)A=1,a=03(c)A=12,=08=0;3(d)A=1/5,a=0,8=0)

9)

1
E[)‘Hl(z +a,,) + %(1 - /\i+1)(2 +B..) ]’

(C£+l,3 - Ci+1,2) =

1 T
H[Ai"Z(z + ai+2) + ?(1 - )‘i+2) (2 +,8i+2) ]
<bi+2,1 - bi+2,0)

10)

1 T

h;,, [/\”2(2 + ai+2) + 7(1 - )‘i+2) (2 +:Bi+2) ]
(bi+2,3 - bi+2,2) =

1 T

- H[)\H?)(z + ai+3> + 7(1 - Ai+3) (2 +Bi+3)]
ai+3

) (%)z[uz vda,) +(1-A,)m (B, +1/2) 1d,

i

(%)2{[/\”1(2 + 40£L-+1) + (1 - /\i+1)7r2(18i+1

1/2):Ici+1,0 - [4Ai+1(2 + ai+1) + (1 - )‘i+l)(1
BH])"TZ:ICHI,I + [4)‘”1(1 +oa,) + (1 =2,

—+

+

2
T
7]‘3”1,2 + [2/\”1(1 - ai+1)Jci+],3}

2) ()20

h.

i+1

- ai+l>ci+l,0 + [2A,,(2

2
K
ai+l> + (1 - )\i+l> 7161\*—1,1 - I:/\i+l4<2 + ai+1)

(1 - )\i+l>(1 +18i+1)1T2}ci+1,2 + [2Ai+1(1 +2ai+l)
(I =A,) (B + 1/2)'“'2]@41,3} =

(%)2{[2)‘“2(1 + 2ai+2) + (1

i+2
1/2)’1T2]bi+2'0 - [/\i+24(2 +a,,) + (1 -21,,)(1
Bi+z)ﬂ2]bz+z,1 +[02(2 +a,,) +

- /\i+2 ) (Bi+2

2
(1 =A,) %}buz,z + [)‘nz(z -2a,,,) Jbi+2,3}

(hL)2 { [)‘i+2(2 - 2ai+2) ]bi+2,0

i+2

13 )

(A

i+2

@) + (1 -X,)( +Bi+2>ﬂ-2]bi+2,2 +[2X,,,(1
2a,,) + (1 = A,,) (B, + 1/2)'”2]1)”2,3}

+

+

—+

—+

—+

+

2
22 4 aiy) + (1=A) T b ~[A,,4(2+

+
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J T2 + da) + (1= M) (B +

1
(i

1/2)7 Ja,,,

A o= 1B, BIRFORRBUR S IA B HE&
FEMREG Y A = 0 B, IR RECE =K =1 B FE4R
SR, W A AT SRR, IR S
Bom e B e [0,1] I, CT-B FESEEE G, (u) TERATY
AR ¢ (n = 1,2,3,--+) B ESEE, T E
CT-B FEARIM AR AT A 2 ¢ (0 = 1,2,
3,00 FBTEESLYE,

T H R 15 JE ¥ 21N AL AaB -B R4S
Aaf -Bernstein 3 bR FE = YA BEEE R =k — A 5
INEAREIR, BT LAAE R ST INAL AaB -B HEAAHEH A
CT-B FEAHLHN CR-B FEASSEARLL B2 T, BRI HAT #1
FEN e | 37iE 2 o v S el s s DU 9
3.3 JEHSMI AoB -B HE ML

3.3.1  ARHSIINAL AoB -B FEAR IR 0 E 5P
S HEARK SN KR U M A

W.(i =0,1,--,n) € R/R’,n =3 XEEN o,
Bi E[O,l],n BS,LL € I:u35un+11 5%

W) = 3 D,(n)W,

FAEESTINAL Ao -B FEZA T2k (RIFK AoB -B FESS
HHES DI
B N Fue [u,u,],i=3,4,-,n,AaB-
B HERINZ B W, (u) FTRR R
W(u) = iDJ(u)W] =
éaiWH +o W, 5 +coW, )T, (1;5A,,0,,8;) +
(bW, 5 +e,W,_ )T, (1,37, ,0,,B,) +
(b, W,y +c,W. )T, (13, ,a,,8,) +
(bW, , +e W, +dW)T, (15, ,0,,B;)
(7)
MIERREL D, (u) MIAEFIAE AR, AaB -B
FERMME W(w) BAGRHAZE, BX v e [u,
wiyl,io= 3,4, 0, Wu) TG BA W,
W, W_ W IEMMNEZ N, A, NI D, (u)
A IEPERT LLE Y IR W () BA HE WA 295
Wk, X EMEMZ W(w) EHT &R,
PRER A IE S, A HAEAS BN I B,
EH 8 MR EARFIE Y S mE U M o= 3,
4, on AR A w, BA b E O EAEYS) AaB -B

ZIE D, (u) FEIZ R O7F 8, bt o, 8, e
[0,1],k=2,3,4,7 =2, AN XA S u, A
W(u,) = [Ae, + (1 = A)x, ]W,_, +

[)\fw + (1 - A)yi,OJWi—Z +

[Apig + (1 =X)m, W, (8)
W (u,) =hi{[)\<a,.+2>e,.+(1 SN (B, +2)x,] -

i

(Wi—Z - Wi—3) +
[ACo; +2)q, + (1 =A) (B, +2)n,, ]h,
hi,
(Wifl - WFZ)} (9>

W(u) = (%)2{[2)\(2% t1)e, +2(1 —A) -

(2,3i-1 + l)xiJ(Wi—:% - Wi-z) +
(222, + 1)q,, +2(1 = A) (2B, , + 1)ni—1]h? .

hiy
(Wifl - Wifz) } (1())
3.3.2  C° N FC"™ &Lk

H AaB -Bemstein 3 T/(z,5A,,a,,8,),j = 0,1,
2,3 By PR, AR AR I MG (2014 ) 48 H A4 =K
B 5) B BESL CP N RO iSRS, nTAR IR B,

EH9 Xtk e ZT ,MFIERSE o, B, € [0,
1] H ow, A5, WAEAEE S AaB - B FER T
W(uw) e 0 BikE] ¢ N FCM 4k,

W WA= o8, € [0,1], 1 (9) Fl

=(10) 114
W, -W._, =
[2A(2a; + 1)e, +2(1 = A)(2B._, + 1)x,]h,
M, '
W (u,) +
[A(a, +2)e, + (1 =A) (B, +2)x, 1k}
A '
W (u;)
W.,-W_ =
[20(2a; +1)q,, +2(1 =A)(2B8,, + 1)n,_, ]k}
WM, '
W' (u,) -
(A, +2)q,, + (1 =) (B, +2)n,_, 1k}
ho M W (u;)
X,
M, | =
hi—lm(ai +2)q + (1=A) (B, +2)n,,] -
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I:)‘(ai +2)e, + (1 = A) (B, +2)xi]h? +
(A, +2)g,, + (1 =A)(B,., +2)n,,] -
[2A(2a; +1)e, +2(1 =A) (2B, + 1)x; Jhh, |

WO () = W (u) = o
[ 2 = G s+
(oo - (ol on

Hﬂ?ﬁ\ﬁiﬂ% ﬂ(ti;/\i’aiyﬁi) ’j = 031’2,3 E/\J
S g PR S P A

D2,,(0) - (1YL«

(5]
(o - (L), ]s
()

L
hicy
1
hiy

hf:' D§£)1,1<0) - (hill)jDEﬁp(l)]:

J . . .
JIT0 (Lia) + 79 (Lia) + 19 (13a) ] =

17)] X0 - (hi)’ x0 =0
P R (12) 5
W<j>(ui+) -wY (u) =

[
[
[
()T ©sa) + 79 (030) + 19 (050,) ] -
(
(

[- () p2aa) - (5 o] -
(W, =Wi5): =

Ty (Wi W) +o (W, =W, 5)
FIHR(11) |, gE— 015

W (uf) = W (u]) =

- +2)eh; - +2)q, k]
[(OL, )e; lTij_(a; )qz—l la-i]']W”(ui) +
‘Mi‘ ’ h,_, ‘M,‘ X
202a; +2)eh, 22, +1)q. 1
[ ( L‘M ) [t + ( 12 )qz—l z—l]Wr<u£): -
i hi—l ‘Ml‘

o2 W' () + oYW (u,)
3.3.3  JaiBiE st

A ASZEMG (2014) $2 A9 =k =M HEY 2 B
FEZR ) R S I BV AT L, A -B AR SRHITZR W(w)

g 3 ANRIIEIRBE, o, B, TEABUE ] &
T, AT RLE S AR T AR S EUEXT Ao -B ARSI kil
Tr)eEhia , =l (7) lAL RS A v LAY e
M2 A = 1 B2 =0 B B FEARMZR Y
A= ORHE=IR =M BHZMZE, A #0HA#1
B, oy ,a,00,,,00,,85.8 BB W2 B
W(u),u e [u,,u,, | FIER, 852, ERSE o
WBBIXEN [, ,u,,, | B4 BRI, mik
RSB B, HMSEIEH [u,,u,,, ] B4 B2k
JEAR, HEAN, ATLATR I A £E W(w) BETE IR S B
MR AR, B o FN B, BUBG I, AL W,
AW, RO TR S WL, WL R B
Ko Wi BEE o F1 B, RGN, M4 W(w) #inl
HW,_ LW 5o BB G, MEE W(w) $553 5 m)
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