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{ci(x) =0 i€ E= {12, mJ,

ci(x) <O, i€ 1= {me+ 1, -, m}, (Y
ci(x):R"_)R ,i= 1, .y m, m 2 n. (1)
, Pachenichnyi[ 1], Dianielm, Polyak[3]
; Dennis [4] s
; Tong [5] , ; .
(1), (1) : Max
max {0, ¢;(x)/, (1) , :max {0, ¢(x)) = 0,
i€ 1. (1)
ci(x) =0, i €E,
PO = /0 eix)) = 0. i €T, (%)
(2) Max ,
, /6] Hilbert
. : (2)
(.
SAbe I 2- , R++ R+

{x>0 x €ER} {x 20, x €RJ.

1
[7] Chen- Mangasarian max{0, ci(x )}
* :2007- 12- 01
(10671163, 60474070) ; (06A 069, 07A001, 06C824) ;
(1975- ),

(1962 ),
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pi(x, u),
pi(x, u) = q(ci(x), u), i € I,
o) - ®(w | L), BZO,
7 - max{0, @}, H= 0,
o eﬁs
p(S) = (1+ 673)2;
Clo 1) = J‘_wmax{o, - W) O(s)ds = Hln( 1+ eg),((ﬂ, W € Rx R,,,
)
. ~ uln(l+ e v ), u> 0, 3
pi(x, u) = max{ 0, ¢i(x )}, u= 0. (3)
(2) : z=(x,u) € R"xR,, H: R"<xR, ~ R"
{cE(x)
H(z): = H(x,u): = = (4)
p(x, u) )
cE(x) ci(x),1 € E,p(x,u) = (pm+1(x,u), ---,pm(x,u))l, pi(x, u) max{ 0,
ci(x)},i €1 .
H(x, u) z= (x,u) € R" X Res ; (x,0)
H(x,0)= F(x). u>0 ,H(x,u) x  Jacobian
SH (%, u) = .'_.xCE(x) , (5)
“eep(x)  e(x)= 0,i € E  Jacobian
apm:l(x, u) apm;rl(x,u)
Ox1 0% n
."-xp(x,u) = (6)
agm(x,u) agm(x, u)
Ox1 O0xn
Opifxouw) e deilx)
i(x, U u ci(x . .
pax, = T o, i€ Li= L
I+ e u
(4)
mxinr(x,u): %H(x,u)TH(x,u). (7)
u>0 , g(x, u)r = or(w,u)= ~H(x,u) H.(x, u); Hessian SPr(x,u) =
G(w,u)+ H(x, u)" " *H(x, u), G(x, u): = . H(x,u)" " H(x,u).
2
(D , [8].
1( Gauss — Newton )
§€(0,1),0€(0,1), 1€(0,1),¥y> 0, z°= (x° u € R"x R,
Oo= 1, k: = 0;
: u= 0, . g(x" u*) =0, = ik 4 (2).
2 AP € R":

(LH (M b)) H (b)) s = - g (2 ). (8)
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3 ¢ W™= minf gy, ) dh, Ge1= minf O, IF(xF+ ak) I17).
WH (<" + sk, u™ ) I <0llH (F, uf) 1,
LA Axk, 5 . 4 .
4 (1) N= & (81 i= 01, .. :
rixt+ §axt,ub) <ot ub)+ 08 (gt k)t st (9)
PRI L WL
(2) Hg(x™1 ub) I <k, = minf 0 1, W'Y, O 1= minf O, 1F(x"1) 117%;
ke 1 k
u = u, Ox1= O
5 ¢+ k=Fk+1, 1
3
1
1 L(z% = {z= (x, u)ER”XR+| NH(z) II* < ||H(z)||} ,
(v,u) € L(z°%, “vep(x), “ver(x) Lipschitz . oci(x),c(x), ecp(x), aer(x)
1 x, y € L(Z%), bi, ba, b3, ba, rg, 11> 0,
||cE(x) I < b1, ||(21(x) < by, |l o ce(x) < b3, - xcl(x) I < ba,
I ven(x)— eep(y) Il <rella=y I |l .".xC](x)— ea(y) I <rpllx =y Il
> (3) s .
1 1 , pi(x, u) R" X R++ ,

() pi(x,u) R" X R, ;

(2) pi(x,u) R"XR Lipschitz ;

(3) dim p (6 w)pila’s w) = Bepi(x,0)pi(x,0). = L2, s, (10)

Pl u) pi( u)x COpi(x.0)  pi(x.0)  x;  Clakd”

(3) u>0 , pi(x,u) . Prs) = m,
supp( P) = R, limsup A(s) + Ils P = 0< oo /10] 3. 1(vii) g( @ 1) R?
~ N aci(z)_ Jdei(x) . .

1 z—(u,x)ER X Ry T Ox; T axj,LEE,]—l,Z,
ey n x  Lipschitz , ci(x) ny, pi(x,u)= q(ci(x),
u) Ran+ .

(2), (x',u1)and(x?% us) R"x R 2
| piasun) = pi(a w2 1= 1 qla(x'), w) - glex), uz) | =
| j max{ 0, c;i(x') =1 ui | s}P(s)ds - .[oomax{(),cl(x ) =1 ual s}P(s)ds| <
I max{ 0 ci(x') =1 url sj- max/0, cf(x?) =1 ual sj1 Q(s)ds <
7w| (ci(xl)—l utl s) - (ci(xz)—l w2l s) | P(s)ds <
| ci(x') = ci(x?)1 P(s)ds+ J-_ool ui— w2 ll sl PO(s)ds =

Lei(x')= ci(x?) 1+ kL ui— ual Sballa'= 2211+ k1 ui— ual <
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2max{ b, k/ ||(x17u1)— (xz,uz) = I ||(x1, wi) - (xz, ua) Il
(2) )
(3), pi(x,0) = max{0, ci(x)} = 0,
L (5 w)pi(a’ w) = Bupilx, 0)pi(x, 0) 1= 1 p (s w)pi(x u)= 01=
5% il pi(x’ . u)- pi(x.0) 1< &
Xj
pi(x,u) (x,0)

L pe (s w) 1ol pilx’ u)= pi(2.0) 1<

pi(x,0) = max{0, ci(x)] Z0, max{0, ¢i(x)} = ci(x),

(3)
. . {x CE(x)} . .
2 z € R" x Ry, See(x)= | n, “H(z)' - H(z)
Saer(x)
u> 0
i dei(x) Oci(x) dei(x) ]
Ox 1 Ox2 Oxn
acmﬂ(x) acmﬂ(x) 0 em (%)
Ox 1 Ox 2 Oxn
. Ocm+1(x) Ocm+1(x) 0 cem+1(x)
SaH(z) = e w N T R a—
acm:z(x) 0 Cmv2(X) 0 Cm+2( %)
In+ae T om, mr2t T, me2t T
; L0 cn(x) ) LOcn(x) ; L0 cn(x)
" O0x 1 " 0 x2 " 0 xn
o(x)
li= —S—77 € (0.1),i €1, vank( " H(z)) = rvank( - we(x)) = n,
1+ e
SH(z2) H (z) .
3 1 (3), H(z) z=(x,u) € R" xR,
1(1) z € R"X Ry, pi(x,u),i €1 ; 1
eep(x) x  Lipschitz , ci(z)=ci(x),i €E z i, H(z)
H(z) z= (x,u) € R"x R,
(7) u= 0
minr(«x, 0) = %H{x,O)TH(x,O): %F(x)TF(x), (11)
r(x,0) x OH (x,0)"H(x,0): = g(x,0), 0.H(x,0) H{(x,
0) x Jacobian
4 (7) r(x,u) (x,u) € R"x R+
Aime g(x' u)= g(x,0). ,
lg(ax', u)— g(x,0 Il = Il WH(x",u)'H(x', u)= 0H(x,0) H(x,0) Il <
. cE(x/) Il e ||cE(x/)— ce(x) I+ 1l -'..CE(x/)— ep(x) e Mep(x) I+

I .-'.xp(x’, u)p(x’, u)—- 0 (x,0)p(x,0) Il
1 1(3)
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x g(x ,0)= 0 (11) . (11)
/8] 10 12 ,
1 1 (3), 2h = (xk, uk) 1 s
Se(xt) n, (1) u"10; (2) (") ;(3) limllg(x",u) =0 ()10
2 1 (3).  {(x",u)) 1
e(x") n,
(1) (') X (11 ;
(2)f WH (2", u*) 11} 0 (x) (1)
1 .
3 1 (3).  {(«F, d")) 1 L x
[« , el x") n.  O:H(x ,0)0H(x ,0) . ()
L
2 {x*) x (1) , E—+ oo L uflo,
1 ut
uF Smax{ 1L, u’) WH (<" 0) 7= 0(WH (" 0)- H(x",0) I’) = O( llx"= x" 1I?),
H(x,0) X Lipshcitz . k x , axH(x* ,
0)'0.H(x",0) .
N e (C(xk, uk))_lg(xk, uk) I <
WG o)) e W H (xR, W)™ e TH (2%, u®) = H (", b )(xF - 27 ) Il =
O(WH (" )= H(x",0)= “H (" u")a"=2") )=
O(llxf= 2" 11%)+ 0(d")= o¢ llxF= x" 1I?). (12)
H(z) . E "+ o =1
WH (™ ™) = Hx™, W™= H(x",0) Il =
O(lx™'= 2" 1)+ o(u™") = o(llx"= 2" 11’ + 0(u*) =
O(llx"=x" 1) = o NH (" ") 117,
laf— x" 1= o IH(«", u*) 1). (13)
(12), (10) (IG(x", u)) e H (xR )T E~+ oo
I [ G N P R =
lax* T+ o af= x" 112 <Ly WH", ") I+ o llxh= &7 117,
H  Lipschitz WH (<% u* )= H(x",0) Il KLy llx" = x" 11+ 0(d"), (13)
E "+ oo | M= 1, (12) 3
4
1 . Matlab , [12].
§= 0.5,0= 0.5x 10" N= 0.95, v= 0.5, WH(z) Il <107° 1,
r(xo) r(x*) x r(x,u) . 1

[5] (  2), &= lleg(x) 1+ e (x) Il
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1
Tab. 1 Numerical results

r(xo) r(x")
HS14 (1, 1) 5 3 (0.8229,0.9115) 0. 062 5 5. 193 1e- 007
(- 1,- 1) 9 5 (-~ 1.8221,- 0. 411 1) 40625 9. 827 9e 008
HS22 (2,2) 21 1 (0.895 5, 1. 008 9) 8 4 924 9e 013
(1.5,1.5) 23 12 (0.929 1,0. 965 3) L5625 2 032 1e 013
HS35 (-2,-2,-2) 23 12 (0 1056,0.105 6, 0. 1056) 12 1. 999 5¢- 013
(-1,-1,-1) 17 9 (0-0756,0.0756, 0. 0756) 3 8 068 7e- 011
HS63 (0,0,0 15 8 (1.4348,0.8207,4 7189) 3. 761 Oe+ 003 2. 238 3e- 014
(2,2,2) 1 6 (4.7521,0.559 1, 1. 4508) 173 5. 067 7e- 013
2
Tabh 2 Compare numerical results
m & (5] [5] €
HS14 2 (1, 1) 8 2.923 7e— 008 43 1. 104 Oe— 007
(0,0 7 2.162 3e— 008 34 1. 188 S5e— 006
(- 1L-1 9 3.370 7e- 008 21 3. 224 le- 006
HS32 5 (0. 1,0 7,0.2) 1 4.539 9e- 007 6 1. 538 6e— 006
(0,0,0) 6 3. 827 9e— 008 6 3. 305 0e— 007
(- L-1,-1 10 2.307 6e— 008 8 1. 182 8e— 010
)
) ) 1 )
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Research on the effect of R— peak in ECG wave by smoothing filtering

HUANG Jirwen'"?, WANG Weilian®
( 1. Department of Physics, Basshan Teacher’ s College, Baoshan 678000, China;

2.8chool of Information Science and Engineering, Y unnan U niversity, Kunming 650091, China)

Abstract: By using smoothing filter, the high frequency noise in signal can be reduced. But it also makes
the R— peaks distorting, and then affecting its amplitude. In this work, the tolerance of R— peak in different
situation, such as different sampling and different interval of QRS wave, after smoothing filtering was analy zed
and discussed. The theory analysis and experiment results were provided. It will be useful for ECG signal pre-
cessing.

Key words: smoothing filtering; ECG; R— peak; effect
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A smoothing method for solving the nonlinear system of equalities and inequalities

YANG Liu, CHEN Yanrping, TONG Xiae-jiao
(School of Mathematics and Computational Science, Xiangtan University, Xiangtan 411105, China)

Abstract: It is concerned with a new algorithm for solving the nonlinear system of equalities and inequali-
ties. By using the so— called max function, the inequalities are transfered into equalities and a system of
semismooth equations is set. Then a smoothing Gauss— Newton method is introduced for solving the reformu
lated system. The global and local convergence are studied under suitable conditions. Numerical examples are
given to show that the new approach is effective.

Key words: system of equalities and inequalities; semismooth function; smoothing method; global conver

gence.



