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HETLAN ) R AOGCTSE, SCHR (7] BF7C 1 SRR 4E_E 28 0BT R Sk, 4SO Ly Fow
m AEAHE, HE SCanh:

Ly = {x = (21,Z) € R x R™ | ||x||cosh < x,},

XH 0e(0,3) ek, || || o LREER. 20 =2 i, B Ly B~ =k
e K
K™ :={z = (z1,) € Rx R™ | ||z]| < 2.1}
FSCHR (8] FOEHE 2.1 WIAN, Ly (04
(Lg")" =L% _g={z=(21,2) € Rx R™ 1 ||z||sinf < 21}

B, 20 # 2 0, BIHE Ly ASE BXHE R, B E 2 —FraAER AR HE.
TEARSCH, FRAVH ST SCIRHE ELAN r) @, HBCEEAUN: KA (2,y,t) € R" x R" x R® fif
13
x €Ly, y€ Ly, (x,y) =0, F(x,y,t) =0, (1.1)
Hiz = (z4,...,2,) € R,y = (y1,...,yr) € R, z;,y; € R™, (-,-) RAREKJLEB AR,
F:R"x R" x R® — R"* J&—MNELAMREL, Ly C R™ M L C R™ 4y Alje— e HERI T
FITH O EHE R KRR, BRI
Lo=1Ly" x---x Ly, Ly = (Ly*)" x---x (Ly")",
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Hrrng,on. >1 Hn= ZT: g T SCEEELAR ) LR — SRR AT S BCA A, —T

i=1

RN 0 # 5 W, %I —SRARXARHEL A IR, i A AR X AR HEDC AL i 3L A
FTORARIEARIRZ . 53—, | SCIRHE BLAN R — SRR T2 I AN R L, HAE Sk
[1-6] FF it 7C 9 531 TEL A e LA B [ N e ) e DL 25 . ek, 25 0 = 4 i, T S
ELAM ] RRED A SCHR [9,10] HAE S B A ] A

FEARSCH, FAVGE T —ASB A SRAR T SCIRIHE TLAN fr) UK G Y 5. 5 3CHR [4-6] Tt
TP FWEEA T, BATWFIERA T — B4R 81 S B R EOR. AEE A% T,
FAREM 78R4 Nl =S (a) SR ERIEAF PIFERR SRR T (1.1) 1)
fift. (b) WAEACFHIT — D ICLA R A, MBNENRFII WS BZE . (o) AR AR
AR T, BANEAUP IR RS T L (1.1) M. B SEaRaf SRR AT
L2 AR H AT ).

2 & FEIR

B, BATE AN AL ZFrifE K™ = {z = (21,2) € Rx R™ 7| ||Z| < a1} HKKEKIL
BRI M TEREN 2= (21,2) € Rx R™ ™, y = (y1,9) € B x R™71 3E L HBUA

zoy=(z"y, :17+ 112),
HEATuR e = (1,0,...,0)7 € R™. 455¢ © = (21,7) € R x R™™1, & SCWHRAE[E

L L X1 i‘T
S B S
K T, € Rm=Ux(m=1) Sy sifE. BAsHERN v,y € R™ #A Loy =xo0y.
XTAERE = (z1,7) € R x R™, Hilk gl
x = A (x)er(z) + Ao(z)ca(x),

/\l:':l

_ (1,
Ai(x) = o1 + (=1)|Z]], ci(x) =1 2

5 (1,

NFFAEAE S AR RHE A &, X B w € R 2
fige, BA1E X

lw|| =1 BEREFE. MAREED

2% = A (2)%e1(7) + Ao (2)Pea(w).
BEAh, Wz € K™, WA Ao(x) > Mi(x) > 0, #FATE X
VI i= /A (2)er(z) + v/ Ae(z)ea(x).
Sl 2 =zox, x=\/To /T
FEROK, FRATTHE T SCIRHE AN 1) R A Fe A B — A e ARt T AR . ik, X TAERE
0 € (0,%), FAE SR

G Rm)(m

A = tanf 0
0 Im—l
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AR A, FEIEER), B R 2

Al =

m

tanf 0
[ ctan c pmxm

0 Im—l

FHSCHR [8] H A E B 2.1 AT AN
Ly =A K™ ALy =K™.

AR IR 6T R

Ya,, (11,a,b) = Apa+ A0 — \/(Ana)? + (A710)2 + 2p2e,m,

KH e, = (1,0,..,0)7 € R™. T3 FLH T v, M—LePER, HEME B 2 050k
[11] PR E 1 A 2,
B3 2.1 () v, MM (1,a,b) € Ry x R™ x R™ QbR BA0, 36 HA

(Ya,)p = —2pL5 em, (Va,)0 = (In = L' Laga)Amy (¥4, = (I — Ly, L) ALY

Hrbw = \/(Ana)? + (4;,10)% + 4p2e,,.
(ii) a,, WEEAMERR, B 44, (0,a,b) =0 <= a € LY, be (L§)*, {a,b) = 0.
L 2= (,2,y,t) € RxR"x R"x R*. FIff wa, , FATE L% H : RI+2+E — RiF2n+t

I
F(z,y,t)

H(z):= | Ya, (1,21,91)
Y, (u', Ty, Yr)
HISCHR [11) AR 1 AT
x€ Lyg,ye Ly, (z,y) =0<=z; € Ly, y; € ( Ly")", (zi,y5) =0(=1,...,7),
WG 2.1 WA H(2) #EAEE A 2 € Ryy X R™ x R™ x R* QbS] 1, 3F FHiwi 2
H(2)=0<= pu=0H (v,y) &) AN S

NHAOR H HHESE EERE R AT, A SR R .
Bi% 2.1 &% (F/(z,y,t) = ¢, HFAFFEEM A € RS u = (u,...u,) € R™ x -+ x
R™ v = (v,...,0,) € R™ X -+ x R" (u,v) # 0 #H &

FI(%@/?t)(UaUaA) =0= ﬁﬁ iO € {17 "‘7T} /fi?glf (uioavio) 7£ 0 E— <uiovvio> > 0.

BB 2.1 O N T 3 HrsRARSA AL IR RO E T A=Wk, LEan Sk [9,10]. fEABGB
2.1 M, BATA IR 513, HRARIER RIS WSCHR [11] e 3.
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SIEE 2.2 HfR% 2.1 OLRY, H(2) BITESCLLRRE H (2) 7EAEE A 2 € Ry x R" X R" X R
Kb FEAETT ).

3 Bk

AT AN RAE) SRR TR A ) TG S RO R

Bk 3.1 (— MRS EOLEE)

BEBO ERSE N, N\, 7,0 € (0,1). EHHIE AT 20 := (uo, 2%, 8%,4°) € Ryy x R™ x
R™ x R, iEWZH v € (0,1) W2 po > . B —AIEFH {ne} W2 Yoo m < n < oo,
EKH > 02 MHREMNER 2 Co = [|HE), fo == ymin{l, [[H(z")[]}. & p =
(1,0,0,0) € R+l & k= 0.

HE 1 R (| H(2M)|| = 0, Wi 1EEAR.

B 2 SRR N AT R

H(z") + H'(z") A" = By, (3.1)
MR RTTTH AZF = (Apg, Azk, Ayk AtF) € R x R® x R™ x R-.

£ 3 g
[H (2" + A2")|| < 7|H(2")|| — Aul|AzF|, (3.2)

W4 ay, =1, FDIR 5.
- R RS I ST YT R 2R | G 5

IH (25 + 8" A < (14 1) Ch — Ao|6'AZH|2. (3.3)
& oy = Ok, R
5?% 5 &= _ + a2t B mp= o — R
Crrr = (1= 7)Ci + [ H(zM )], (34)
B = min{y, y[|H (=%, B} (3.5)

L ki=k+1, #LHR

EIE 3.1 ﬁu%‘Eﬁxw’iQ UL, A FIE3 AR L= A — AT T {28 = (ug, 2%, s%,y*)}
HEXFAR k>0 &4 w, >0 F | H(R)| < (1+nx)Ch.

W BT EAN WL 25 € Ryy x R* x R* x R* M ||H(2%)|| < (1 +n3)Ch. HIT5I3 2.2
AL H'(2%) dEE R, LU ER 2 24T BN

Tim [[F(2* + 6'A25) | = [ H ()] < (14 ) Cp = Jim [(1+ me)Ch — Aol 1A,
W R DAFAE— DRV 2 (3.3). XRWIDER 4 ZWATHY. Bk, JATATAIAEL IR 5
IS b+ 1 AR 2P = 2%+ Ak, BUERATIER #1 € Ryy x B" x R" x R

FHGE*Y] < (1 + 9pg1)Crpa. FSE B, R TFEA (3.1) PHE— A0 LA 3
Aﬂk—fﬂk‘i’ﬂlﬁﬁ nOékG(Ol] U\&ﬂk>079‘in

Mi+1 = Mg + OékA[Lk = (1 — Oék)ﬂk + Oékﬁk > 0. (36)
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XFEW A € Ry, x R™ x R™ x RY. WhAb, BB 5 al4n
= — 1 1 k+1
Ck+1 = 1 Ck+ ||H(Z )Hu

1+ 1+ Mt

T P15

(14 0641)Crp1 = e Cr + [[HEZ|| > |H (M)
R FRATT AT LA B R 458 ik 2F € Riy x R* x R x R* Fl ||H(2%)|| < (1 + ) Ch
XFTHEA kO, W] Rk 3.1 724 2R IR HO A 2MT € Ry x R™ x R™ x R* Al
| H (") < (14 9%41)Crar. A 20 € Ry x R x R" x RE Fl || H(20)|| = Cy < (1410)Ch,
H R 02 VA G ] R B R

4 WSS

4.1 2R

G138 4.1 W {2% = (up, 2%, vk, tF)} RFE 3.1 FEAERERFA, WXTETA R k> 0 3%
JE pg > B A g > g

UERH W e > Be MTHEAS kO, W (3.6) TN ppry > (1 — ap) B + B = Br >
Bt BN po > v > Bo, MIEHEZHIAGNE TN THAW k> 0 W& up > Be. FIHIXAE
10, FATATLLE (3.6) #E— P12 g1 < (1 — o) pn + Qi = fue.

5138 4.2 HEVE3EMFY {Cn} K.

UERD WR o FAPER 3 724, AR 22 3.1 n] 40

[H DI < HEO < [1HEN] < (14 m)Cs (4.1)
BN o PR 4 724, A
[H (Y < (1 +m)Cr (4.2)
M (4.1) I (4.2) TTEDRFFAR k> 0 84 | HE) < (1 + ) Ch, $ETT I (3.4) 178
Crp1 = (1—7)Cr+ 7l [ HE")|

< (1 — Tk)Ck + Tk(l + nk)Ck
= (14 7me)Ch

Nk
= |1+ C
( 1+77k+1> ¥

(1 + nx)C.

IN

AN Z n < oo, WCFHICHR [12]) FEIEE 2.2 ATHT {C) ) WSk

§|iﬂ 4.3 % {2F) Rk 3.1 PRI, N Jim. [|2F L — 2% = 0.
WE IR o BR324, 4 o, =1 FFH

DI < 7l H )] = Ml AZHP < (14 m)Cr — Mllar Azt (4.3)
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B0 o HIPHE 4 722, W (3.3) TH

I (D)< (14 m)Cr = Aol lar 2|, (44)
& A= min{, Ao}, WIHT (4.3) B (4.4) FTRIXFFIAH & > 0 #6

)< (14 m)Cr — Mlan A8, (4.5)

PRSE, X THAI k>0, B (34), (4.5) B T <7 = < 1A

1+77

Cry1 = (1 - Tk>Ck + Tk||H(zk+1>||
< (1= 72)C + [(1 4 1) Cr — Ao AZF||?]
= (1 + 7m) Cr, — T M| AZF

)\ k2
< -
< (1 +m)Ck 1+?7||041cAZ [t
BRI

A
m”oﬂcAZkH2 (1 +m7:)Cr — Crpr. (4.6)

Ko {Cy} WSO B Jim e =0, M (4.6) A7 klirgo||akAzk|| =0, F&H -k =
o AZF TSNS BT

TR 4.1 B {28 = (up, 2%, y%, t0)} REIBEVE 3.1 PAERIERTHI, W {24} MAERE S
2* #AE H(z) = 0 WIfif.

UER H 513 4.2 ATEIAAAE— N E L C* > 0 115 limg oo Cr, = C*. 1T Jim g, =0, #
Jim 7 =1, B (3.4) A3

hm |H (= )|| = klggo C— — (1 —7-1) =C*. (4.7)
FHEFRATER C* = 0. 858, WRAETLH 2 k615 (3.2) oz, B || H (2| < 7| H (2P|
MNFEFZH k %‘KESZ_L WA C* < 7C*, figEH 7€ (0,1) W C* = 0. PERAME EAAAE
fatr k>0, 4k >k 0 oy #HDER 4 #5E. BN 2* & {28} RS, AR—Metk, AR
lim 2% = 2%, W H(z) KSR

k—o0

Jim [ (M) = [|H (") = C*. (4.8)

RN {8} SIREEIREAT A, SUFEAE 65 > 0 15 limy oo B = 8% BUEARBE 8% > 0, 3KAT]
BHEHTIE. B G BT TR E >0 f

B < min{y, || H(")[*} < 4l H ()], (4.9)

ST T 45 )
[H(z")] > ;ﬂ* > 0. (4.10)
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PUAEFRATTFEAE WA 70 P A8 5
W1 BENTAER E >k #HA ap > >0, XBHE ¢ — N B4l (3.3) 7T

Aacl| AZF[* < Dol A2¥|* < (14 i) O — [|H (2]

XA (4.8) PR Jim 7, =0 K Jim AzF = 0. I, 4 (3.1) WL k — oo W1 H(2*) =
Brp. HEE (4.10) 715G |H(2")|| = 8° <AH()|. BT v € (0,1), AVA [|H(=")|| =0, &
AT (4.10) AHI7JE.

%2 #or. BUE lim oy = 0. & Qg = a0, W4 Jim & =0, FFAZ k> k B

[H (" + @A) > (1 +m)Ck — AoflarAz"|
> HE)| = AeflanAz].

5)l:e

kA kY| — k

IHGE+ @D = HEDI ) oAk, (4.11)
(677

A 4.1 T = lim g > Jim G = §° > 0. KR H(2) 76 = ASRELETR, Hid

(4.11) FHIPIL k — oo H 15

H(z)"H'(2*)Az* > 0. (4.12)
F—J7M, M (3.1) A4
H(z")TH'(2")A2" = —||H(") > + 55" < =1 = )| H (=), (4.13)

B BB REY ot < |H)| UE B < A HE)) i (412) B (4.13) 7750
(L= HEIP < 0. 81Ty € (0,1), MATH [ (=")| = 0, A (4.10) F&. B, BATAT
# 6" = 0 11 By IS, BAFAE—AFA) {25} AEF lim [[H ()] = 0, A0 (4.7)
C* =0, B kh—>nolo |H ()| =0, #EMi il H(z) BESANER H(2*) = 0.

EIB A2 B {5} RHEE 3L PARKRFSL W (20— IR 2, W
k

lim 27 = z*.

k—oo

WE 5B 4.3 FISCHR [13] H ) 8.3.10 RIANZE 1B KA.
4.2 FHER RS

B 4.3 Bzt RHAE 3 PAEMBRFI {2F) MEREA, IFH F 1 27 LR
¥ Lipschitz ¥E2:. WERTAK V € 0H (2*) #RATRM, M {27} $di® 2+, IFHA

1254 =2 = O(ll=" = 2"II*), [H ("] = O(IH(")]*).

ME HISCHR [11) 51 6 AIAN H(2) £ 2 miesd el i, HERIT 300k [14] &3 8
FRIER, ATAT AR rA S RIE T 27 (1 2% #A

12 + Az — 2 = O(]|* — =*|1*), (4.14)
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IH (2" + AZ8)|| = O([H (")]1%). (4.15)

BTV € OH (2*) #RAEAEAT S, #UEh SCHR [15] H iamid 3.1 n]HFEAE D HE C > 0
AR T 7R BE T 2* 1 2% #A

|H' (%)~ < C. (4.16)
R, B (3.1), (4.9) A1 (4.16) FIANMFTAE AL T 2* (1 2% #H
IAZF < [H ()7 H1Bep — H)IF < Oy + DI H ("]
XRIXS A RSEILT 2 1) 2~ WA
1AZ"] = O(|[H (=")[*). (4.17)
Hi (4.15) A1 (4.17) AIEOXS A AR HGE T 2 19 28 #0F
[H (2" + A8 ||+ M[AZF)? < 7| H (2")]].

B, XA RS EE T 2* 10 25, o = 1 WL (3.2), BF 221 = 2F + Ak BE5E (4.14)
A (4.15) ATH1E BEARAL.

5 HESXE
A FATFE 3.1 HEATHUE SR, SHIUE N
A =0.01, \y =0.01, 7=0.5, 6 = 0.8, o = 1073, v = 1074, 1, = 0.95.
ZAEHENA (| H (7)) < 107C.
F RN IR A AR R:
min f(x) = %xTQx +ctz st Az =0, x€ Ly,

KR Qe R™ Z—DMHIEERME, ce R", Ae R>™" Hbe R'. ZHEK KKT Lk
SEAE NI T SCIRIE T AN ) AL

x € Lo, y € Ly, (x,y) =0, Fx,y,t) =0, (5.1)
Hrp
_ AT} —
Flag,) = @774 t-vte) (5.2)
Az —b

FEHE RIS, AT HEMBN n(= 20), Ly = Ly x Lyp> x Lyp* x Ly Fln; =2
(i =1,....4) MK . B S, JRATE B — MTHRAERE A € RO, SRE~ A &
T = (Z1,To, T3, T4) € intLy, HH z; = ((|lai]| + 1)ctand, a;) € intLy* Fl a; = rand(n, — 1, 1),
L b= Az. WA, BATRIABIEH 4 2 I 4 ¢ € intLy, HFiEE Q = nBBT /| BBY|,
ZXHE B =rand(n,?). ATEE 2° = 4° = (1,0,...,0)T F° = (0,...,0)T ERHI4E 5. A
DR W AT A 10 N, BUE SRS TR 1, B AITHMACPUS SRR AL AR
YCEUR CPU I Ja] P 214
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2 1. B0 3.1 KR e 45

6=z h=z =1
n AIT ACPU  AIT  ACPU  AIT  ACPU

100 6.8 0.08 6.6 0.09 .7 0.08
200 6.6 0.19 6.3 0.25 7.4 0.27
300 7.0 0.47 6.5 0.45 7.6 0.59
400 6.9 0.91 6.2 0.79 7.1 1.08
500 6.9 1.41 6.3 1.39 7.3 1.65
600 7.0 2.24 6.4 2.17 7.4 2.34
700 6.8 3.27 6.2 3.17 7.2 3.47
800 7.0 435 6.5 4.40 7.3 4.83
900 6.9 5.92 6.3 5.64 7.0 7.34
1000 7.0 8.44 6.4 7.84 7.2 10.77

HE& 1 T RUE Y, 509k 3.1 2R A U, e AR RS RIS CPU Al gta] LG

B L LRSI, BEAN, FRATERILSFE 3.1 KA e JT 75 (R 3R ARIR B L AN 32 il R
BRI, X0 I SEIAT IR B R e 1.
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A DERIVATIVE-FREE SMOOTHING ALGORITHM FOR SOLVING
GENERAL CIRCULAR CONE COMPLEMENTARITY PROBLEMS

SHAO Can-ran, TANG Jing-yong
(College of Mathematics and Statistics, Xinyang Normal University, Henan 464000, C’hma)

Abstract: In this paper we study a derivative-free smoothing algorithm for solving the
general circular cone complementarity problem. By using a smoothing function, we reformulate
the general circular cone complementarity problem as a system of smooth equations and solve it
by Newton method. The algorithm adopts a new nonmonotone derivative-free line search and
it has global and local quadratic convergence under some suitable conditions. Numerical results
show that the algorithm is very effective.

Keywords: general circular cone complementarity problem; smoothing algorithm;
derivative-free line search; quadratic convergence
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