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SHRINKING PROJECTION METHOD WITH ALLOWABLE RANGES

Sr A EEH %35 D shrinking projection method

s RS ARAT IR 22T AT S24 (Yukio Takeuchi)
Takahashi Institute for Nonlinear Analysisl

1. &

2008 #:1Z, Takahashi-Kubota & Z# [10] (&G4 ED BB LD iterative method ZHEEL £ L 7=
247, Kimura-Takahashi [6] i method Z R U TE 2 54 DR L M EZ IR L & U7, Jfrifsm e 2
ROFEEORR BRI L AF#EED REL TT. Type P & FFHEN 2 54D Banach 42T O RE SUL IS
BRI 722451 C 9. T D method 1&BIAE shrinking projection method & IFFIENTWE . 2014 4F, Kimura [5]
132 ® method % N — ZIZFA2HE B L 7z iterative method Z32E L £ L7z, TOHHET, Type PIZ2WT
1Z, Ibaraki-Kimura [4] IZ & % iterative method BEEL £9°. T o DWFICHIE T, FHH I AHIF
% F§D shrinking projection method 2#2ZE U £ U7z, ZDB@RET, AARLEAE L SIREENP 5L 2B DY £
L7z, Z® method i, 2K T Kimura 5] D7 A T7DH 5 1 DOfRREEA S TEET. K
1%, Z® method DEAREDMHIZ LIRE U, Type P IZE# 3 2 B2 FlD A% ZR LU ET.

C,Q % Q C C %723 Banach ZHOAMNHNEAL L, w € C 95 2 = ny(w) € C ZEKT S
method &R T 2HMEFIHREZRZET. 21 € C D5 2yy = nge(w,) & UT, BERINTIE {2, } DVER I T
FT. {z,} 12 Q DRANHPIRT 2 Z DRI NT VB L UET. 2y =21 =1 &L, 20 = ny(y1) € C
ELET. BUEGIRICE S L, @EIIHEDOHIRIZE ST, 20 LIIDAUETELRS yy € CHELNET.
z3=nu(y2) €C L ULET. ZORIZUT, BHEITE {y,} ZUDBBONET; {2,) LM LOGFLTT.

|z, — ynll % step n @ error LIFOET. ||z, — yn|| < bp & by, < M %5723 b, M € [0,00) DHFAET B
EEZATHEVERA. b, FZDerror D ERTT. ZOLE | ||a, — yul| BAD/NEWEGEIFE L, {y,} 1T
WIRS B &SI~ EEA. BUATE, Y, cn b <00 ZIEL, {yn} D Q DRADIRYUK % LRFET
&5 case BWERINE L. LHL, Y onen bn < oo ¥ lim, by, =0 & W 5 1% error OMEIZEIIH A FH
b 2D, ZOZRMERITT, Ly} O Q DRADEPIR" ORFAZFRT HMEIBHNTVET. 2D
BRIZ, BUR T, error DFRIFMRETRED D TRV EEFITEZET.

— 73, #FAHIF (allowable range) A,, &% method IZAfET 2 C OHMALEETH Y, y, € A, forn e N
RO, {yn} BB D u e Q IHERINZIFTRINIRT 2 Z L 2 HFEL 9. BIEOHIRIZE 5T, yugt1 € Angt1
BELNRNE E2E, BIEEIRIIFITTEZ A, TN TH, 2D method IZDWVWT, 2L |lyn, — ul| P
TS5 RNELTH, 4y, & u DIREDEGRD 1 DEFEZADILHNTEET.

2. HEfiff

AFICHELHELASEMHPICHALET. N & RIZEEHRLEEHOESTT. ke NIZDOWT,
Ny={jeN:1<j<k}2UZ7J. FI35% Banach [, E* T E DN 2/ TY. e EX y* € E*ITD
WT y*(z) & (z,y*) &R UET. [(z,v")] < ||z||lly*]| LU £9. Be I$FHAEK Sp (320K E L
F9. CIXFIZIEEELEE2EL, “non—empty” WO KRFTITBMINET. RO ERHPRILL T
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o Suppose C'is a closed convex subset of E. Then C is weakly closed.
E 5 E* ~NOEHICEE J(normalized duality mapping) (ZIRDFRIZE R I N E T
Jo={a* € E:(x,x") = [lz|||=*]|, [lo*]| = llzl|} for x€ E.
Hahn-Banach OFEH L Y Jz #£ 0 TT. £7z, J(azr) = aJz (a € R) DMERIIEZ TT.

E OEBEE C S RANDE f W5 coercive &1, lim, ||z,]| = oo &7z M4 {z,} C C PHEIT
lim, f(z,) =00 2{ii7z3T 2L TY. C 5 E~NDEQRT OAHLTEEE F(T) LR LUET.

Banach 5[] E 1%, N ZRIEDIARIZ L > T, B OMNEELFZEZAONET. KT, E = B L AR
5L E EIZERP (reflexive) LIFIENET. ZD L &, B* D weak topology & weak* topology t&—3(3
%728, “weak topology” DAZMAL £9. z,y € Sg IZ2WT, limyo(||z + ty|| — ||z]))/t PFHET D L
&, E13W 5% (smooth) & IHENFE . E AR (strictly convex) 13, || - || AEF|MIZAR D L ETT,
z,y € E(x#y) & ac (0,1)1IZ20WT, (1 —a)z+ay|? < (1—a)|z|?+alyl|®> EDHF {z,} Dz e E
ZHERU {||zn ||} 23 ||2]| CDERT 22 51 {2, )} ¥ 2 (23R L & B 1% KadecKlee property %&£ &
WWET. E %A Banach 28 & $3UL, IRD EFRDIKALL £

o Any bounded sequence {z,} in E has a weakly convergent subsequence.
% < OEELLFERIIRONENT OFARK 2 FiRA» SEINET.
Lemma 2.1. Let C be a closed conver subset of a reflexive Banach space E. Let f be a lower semi-
continuous strictly convex function from C into R. Suppose f is coercive. Then there is a unique u € C
satisfying f(u) = infyec f(z) € R.

C %13 M [EJE Banach Ml E OBIMESG L LET. DL &, |- || 4 weakly lower semi-continuous %*
DFEME Lemma 2.1 £V, 2 € E 22T, ||z — z,|| = inf.ec ||o — 2| 2T72F 2, € C HME1 DIFEL £
. ED S C O EANDEMN (metric projection) Po % Pecx = 2, forx € E TEHLET.

AT, B2 OB S, 5 74 ksE ™ EJF Banach 25 (smooth strictly convex reflexive Banach
space) & L& UTHRWET. F %S 24038 A% Banach 22/ & UE§. ZOZMTOREAHIEL, £
FORBTHILT2HELH D £TH, RITEARET. ZOEMTIE, RO (1)-(4) PHILL E T

(1) E* is smooth, strictly convex and reflexive.
(2) J is a bijection from E onto E*; we can regard J as a mapping from E onto E*.
(3) J is norm to weak continuous.
(4) The normalized duality mapping J* from E* onto E and J~! are coincide.
B ¢ ERORZEHZLET: d(z,y) = ||2)? - 2(z, Jy) + ly|> for 2,y € E. TD pIE Ex ENS RAD
Alber @ bi-function [1] EFEHENE T . ¢* % E* x B* 15 R~ Alber ® bi-function & 32UE, ||y| = ||Jy||
La=JJr &0, d(x,y) = ||Jyl|? — 2(J* Tz, Jy) + | Jz||? = ¢* (Jy, Jz) 215 £T.
E DHRESE C 6 E* ~DER A WP (monotone) & 1F, IRDGEMETH T I L TY:
(x —y, Az — Ay) >0 for z,y € C.
Bz, (z—y, Ax — Ay) = 0561 o = y £ 725 & EPEFEHLF (strictly monotone) & IFO £ 7.
¢, 0" & JDEZEKRT LR J OWEDS, LN Z ERBRBITHRTEET:
(5) é(z,y) = ¢*(Jy, Jo) > (||lz[| = [ly])* > 0 for z,y € E.
(6) &(-,y) is weakly lower semi—continuous and strictly convex.
(7) ¢(x,y) =0if and only if z = y.
z,y € EXTHIE, (5) &0 1o(y,2) > 3(|lyll — ||z]))? > 0. BEIZ, ROLEXSF SN KT

2.1) (@ =y Jz) = 5(I2l® = [ylI*) = sll2ll® + 3llyl* = (v, Jz) = 30(y. 2).
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ZDZeho, MOAERNVBELTSZEHHSHTL & D: For o,y € E,
(2.2) (@=y, Jy) < 3llal® = 3lyl* < (= —y, Ja),
(—y, Jx = Jy) = 56y, x) + 5¢(z,y) > (=]l = [y])* = 0.
BEL (B)IZE> T, IRD (8) WKL L £7:
(8) Suppose a sequence {x,} in E satisfies lim, (z, — y, Jz, — Jy) = 0. Then,
limy, ||z = [yl = T, [Tz = {1 7y]],
lim,, ¢(y, xn) = lim,, ¢(zn,y) = lim,, ¢*(Jy, Jz,) = lim,, ¢*(Jzp, Jy) = 0.
LB2h, (x—y,Jr—Jy) =046 d(y,2) =0 &L o=y DRV LET. £oT,
(9) J is strictly monotone.
CIZHMZERELEY. 2D E, 2=Pox & z€ C and infyec(y — 2, J(z —x)) > 0 1ZFEMETT:
(10)  infyec(y — Pox, J(Pcx —x)) > 0.

3. BRI
1B S 97k [E Banach 28/ F TH#MULET. C 2 EOHSEALLET. FS %2 C 05 E* ~D
MCOBEHOMBELE L, FC % C 5 E~OMTOEHOBE LET. IROBREBIEEZ A ET:
MG, ={A € FE. : Ais norm to weak continuous and monotone},
MG ={U e F° : JU is norm to weak continuous and monotone},
MG ={S e FC:J(I-S8)is norm to weak continuous and monotone},
T ={U e FC : (& = Ux) — (y — Uy), JUz — JUy) >0 for z,y € C},
T8 ={S e FC: (Sx — Sy, J(x — Sz) — J(y — Sy)) >0 for z,y e C}.
TS, TS % Type P, Type R LIFOET. C LOHCERD S RN EE, MG ORRIZ, s ZMA TE
L E73. Type P, (Type Q) & Type R DFHIZ DWW T I, Aoyama and co—authors [2] Z BB L T 723\,
Hilbert 22T, ((x —y) — (Tx — Ty),Tx — Ty) > 0 for z,y € C %§ii7=3 T € FC % firmly nonexpansive
EIPOET. ZOZEMTIE, TNS4DDBIE—HLET. LA L, BEbDRETIE, Type P & (Type Q)
OMWEIZD»R Y B £F; AR TIE Type Q 2V ELA. 72, MG, MG, ME 2HEAT ZEFRIZDN
TE, FEPSHNLDTERLERA. ZOEMEFNT, MG = {JU : U € M$} OHERIIEZTT. %<
DEERIERD J € MG (I € MG) B SEPNET; (3), (9).
WERHIEE 2] IZNE U CTHEfFL £ 3. Type P & Type R 13dH 2 BTN TS :
(p1) S€TS ME)ifand only if U =1 — S € TF (ME).
S, UD—HIZOWT 1 DOMEERR T L, MAHIET oMEERbET. ROZLZTMRAL£T.
SeFCeLU=I-S¢ 3, S=I-URDT,z,ycCIiZDVT,
(Sz— Sy, J(I - S)xr —J(I = 8)y) =(I—-U)x—(I—-U)y, JUx — JUy).
BEHERIROBIMRMEL L £7.
(p2) TE C MG, TS c M, (IeTENTS IEEM).
UeTS YLET. 20L&, JUREHTT: JPRFALY, UeFC L2,y e CIZDWT,
(3.1) (x —y,JUz — JUy) — ((x — Uz) — (y — Uy), JUx — JUy) = (Ux — Uy, JUz — JUy) > 0.
JU 7% norm to weak continuous 2R3 5 Z & H JIZLMHFETIEH V FHA. FHiZ |Ux|| = || JUx| for
r€CEMERALET. C DRH {z,} P ueCIZHINKRTDLL, a, = ||Uzy| + |Uu|| £ LET.
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FEICne N 2EELET. 31), (222 UeTS &b,

20 = ull(lUzn]l + [Uull) = llzn = ull(|JUza]| + [ TUul]) = |20 — ull| JTUzy — JUul|
> (xy —u, JUzy — JUu) > (Uzy, — U, JUz,, — JUu) > (||Uzy|| — |Uun|))? > 0.

Uu=00D, &, |Uzy| < |z, —ul| EEBETT. {Uz,} & Uu=0I1ZPKL, {JUz,} & JUu = 0* 1258
IWRLUET. Uu£02LET. a, > ||Uu| >0 & LEAERLD,

lzn = ull > 3= (Uan — U, JUzn — JUu) > = (Ul — [Uul])?

= (0 + [Vl 20l = a, (1 220)" > o (1 - 20 5
ZORERE limy, |z, —ul| =0 £ 0, {a,} E2|Uul| > 0 PR U RTNIERD FHA. 20205, F
O ZDOARERNIZ & - T, lim, (Uz,, — Uu, JUz,, — JUu) =0 215 % 7.

L7zh 5T, (8) & 0, lim, [|Uzy,| = [|Uul| = limy, || JUz,|| = || JUu|| LIXROBHRERET:

lim,, (U, Uu) = lim,, ¢*(JU,, JUu) = 0.
{Uz,} BERTI P SFWRT 285 285 9. MW {Us,,} v € EICHMETHEUET.
@ (-, Uu) P weakly lower semi—continuous & 9,
0 = limj ¢(Uzy,, Uu) = liminf; p(Uz,,;, Uu) > d(v, Uu).

ZORRIZLUT, ¢(v,Uu) =0, HlB, v =Uu2BE7. {Uz,} DFICRT 2HMAINE Uu iZHFHIRT 22 &
ERERLE LR LdoT, {Un,} BEP UuiZHIRLUET. 2D {(Uz,}, Uu & ¢ & {JUz,}, JUu &
P WCEEHZ L, {JUz,} DS JUu IZHNIRS 2 Z 2 A5 0 £9. JU IE norm to weak continuous T .
SeTS e U=1-ScTE ERABETTH»S, ZZETOHERE (p1) IS&-T, (p2) 2BET.

2, E H Kadec—Klee property 22 LET. ZDL &, (p3) B LET:

(ps) U and S are continuous if U € 75 and S € TS
UeTEIZ2WT, {z,} COMue CIHIURT 2L &, {Uz,} 1& Uu iZFIPURL lim, |Uz,|| = ||Uu| &

RFEATT. o T, (U, } F U IZHIURL, U € TS 13#EHRAREHRIZRDET. LizdoT,SeTS $
HHETT. E* 5 Kadec—Klee property R0 51F, HERIZ (py) 2HERTE £ T,

(pa) JU and J(I — S) are norm to norm continuous if U € 7¢ and S € 75

C %85 78k 0 [ Banach 22 E QARG L UET. MRIERT 5720,V € FOIzo0T,
WD A, D, #FALET. A D, BV IEFELETH, V ORBEEVTHIRILIFZVTL & .

A=JI-V), Dy=Nzec{yeC: (Va—y,Az) >0} for z e C.

SeTS eUET. 2 € NeeD, ETHUL, (Sz—2,J(z— S2)) > 0forz € C. ZZTa=2,F5L
—lz=82||? >0, L7 >T NyeeD, C F(S) 2FFF. EHFE Y, F(S) C Nyec D, BIZIFEWTT.

(ps) F(S)=NgecD, for S € TE.
CIZHMZERETNE, D, BHSPIZEHNTT. 20L& (ps) 5, RO ERITHATT:

(ps) F(S) is closed and convex for S € TS

B € FC MEST Npec Dy = Muec{y € C : (Bx —y,Az) > 0} £ ¢ 2732 & f#ICBeCC &
KEUET. Be FO»ilifiEz 51, J A norm to weak continuous & 9, A = J(I — B) % norm to weak
continuous TF. NyeoDy # ¢ 1IME TR KM BRDT, CC ZHELIERDIFAD UEFIAH D £T. BeCC
IZ2WT, v € NyeeDy 22618 v e F(B) TEA, ue F(B) TH u€NgecD, LXMWY FEA.

E % Kadec—Klee property 2D LEF. ZDEE, (p3) & (ps) £, IRD EERITHAS »»TT:

(pr) S eTE M F(S) # 0 %ii7-HIE, S ecC.
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—5,BeCC O BgTS L% B HETOEERTT. Br =22 forz € C = [0,1] &£ ThIE, B IZ#E,
F(B) ={0,1}, 2 (Bz — 0,Az) = (22 - 0)(z —2?) >0 forx € C. L7zH>T, BeC’ TT. B TS
WS TT: (By— Bz, Ay—Az) = -1)((3 -1 -(1-1) <0, 7z%ZL,y=1/2,2=1. B¢ ME b
HSMHTU &S, IROKM %2 BecC oz 2% U7z
F(B) ¢ Nyec Dy, F(B) is not convex, and A = J(I — B) is not monotone.
4. BRMEE

ZOHID 3 DD lemma A, FA7zH D method DEAFEGE 2R L 7.

Lemma 4.1. Let E be a strictly convex reflexive Banach space. Let D be a non—-empty closed convex
subset of E. Let xg € E and let {z,} be a sequence in E satisfying

(4.1) lzo — znll < lzo — Znt1ll < ||xo — Ppxol| for n € N.
Then {z,} has a weakly convergent subsequence. Furthermore the following hold:
(1) Suppose a subsequence {xn;} of {xn} converges weakly to u € D.
Then, u = Ppxo; {xn,;} converges weakly to Ppxy.
When E has the Kadec—Klee property, {,,} converges strongly to Ppxq.
(2) Suppose every subsequence of {z,} converges weakly to a point of D.
Then, {x,} converges weakly to Ppxg.
When E has the Kadec—Klee property, {z,} converges strongly to Ppxo.
R, {llzo — zul|} 1 |wo — Ppxol| & 1 2D LR & T 2IMADFITT. ZOWED {||zg — z,||} DI
FNZTEET 5 Z LIFEATY. {z,} EHIORT 2 H05 255, RO (4.1) 27z L 7.
DT {xn,} W ue DIZFTRRT DL LET. KEDNS, {an, } 13 (4.1) 2L, {zo — 2, } 120 —u
WZHEIPURL £3. || - || A% weakly lower semi—continuous, u € D & (4.1) &0, IROAREREHS N TT:

lzo — ul| < liminf; ||zg — zp, || < lim sup; lzo = xn, || < llzo — Ppwo|| < [|zo — ul|.

U735 T, |lzo — ul| = |lzo — Ppxol| = limy [|xg — ap, || EVE . ZDRM T T Ppag E—ETI®5,
u = Ppxg 2 ET. {2, } 1§ Ppxg ITHWERL £, {z,,} BEETTS, {2,} 2 Ppao IZHPURL X
T, ZZETOFEMRD S, E D Kadec—Klee property &R TIE, {xg — 2, } & 29 — Ppxo [ZHIGRL, {z,} %
Ppzo \CHEIPCRUEF. (1) 2R LE L. (2) ZRUET. {2, OFIKRT 2HMAFOPERELET D D
MEULET. (1) &0, MTOFIERT 25455 DURIEIE Pprg TY. L7di> T, {x,} »° Ppao IZFIUR
L £9. E» KadecKlee property £ CTIiX, H (1) &9, T ONFRIZHEPERTT .

Lemma 4.2 1% Lemma 4.1 2 5B ZIZEANET. Z O lemma 1 Tsukada @ lemma [11] & B2 BI6R
AFRHET. LA L, ZOGEMHIZ Tsukada @ lemma % 5 DIEP 0K T .

Lemma 4.2. Let E be a strictly convex reflexive Banach space. Let zg € E and let {D,,} be a sequence
of closed convex subsets of E satisfying Dyy1 C Dy, forn € N and D =N, Dy, # ¢. Let x1 = Pp,x¢. For
n € N, define xyn11, K, and z, respectively by

Tntl = PDn+1I07 Kn = {y S Dn : ”IO - y” < HxO - :E’VL+1H}7 Zn € K’VL'

Then {z,} and {z,} converge weakly to Ppxg.
Furthermore, when E has the Kadec—Klee property, {x,} and {z,} converge strongly to Ppxy.

fRE. FEDOn e NIZDOWT ¢ # D C Dpyy C D, LHEENFZOMED S, {x,} 1 (4.1) iz LE
FCT. {z,) BHIKT BHAAERHEET. {2,,) % u € B CHIRT 2HH0], m € N & ThE,
{@n,}n;>m C D & Dy, G E Y, ue Dy, 25T 0 €D TT. {2,} DEEDPS, neNIZDNT,
lzo = znll < ll@o — Tn1ll < [lwo — 2nt1ll < ll@o — Tnall < [lwo — Ppaol-
LAtioT, {z) & (A1) M7 LET. me N ZEIT {zliom C Am C Dy & 0, FRICSIIURT 2 555
FIOWHRENE D DA TY. Lemma 4.1 (2) &0, EbIZiEmEEET.
Remark 4.3. Lemma 4.2 T, {D,} TABEZDIZIRDOZ L7213 TY: {D,} & FE OFMNESDIIT D,y C
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D, forne N & D=n,D, # ¢ %ifi7- 7. Lemma 4.2 ® £kl {D,} OERHN & & TT. £/, {D,}
DIEEDEDH { Dy, } 12, ZDMHEIZERL £ Dy, C Dy, for k € N, D = Ny Dy,.. Fa725 D method
IZBWT, ZOHFIFEFICEZETT; HlX1X, shrinking projection method IZB W T, 1 DDEHRD AH)
MAOER & EAREOIBARB R ADELIOZFIL T < #2TF. Kimura-Takahashi [6] 1%, $H¥% & {D,}
DEBHA DML LT, BEIZZDHEEIZE/LTVET.

Lemma 4.3. Let E be a smooth strictly convex reflexive Banach space. Let C' be a closed convex subset
of E and let B € C¢. Then,

(1) Forz € C, D, is non—empty, closed and convez.

Furthermore, for a sequence {y,} in C, the following hold:
(2) Each D,, = Njen, Dy, and D = Npen Dy = Nnen Dy, are non—empty, closed and convez.
(3) Suppose {yn} converges strongly to some v € D. Then, v € F(B).

. FEEOzeCiZOWT, BeCY &Y, 0# NyecDy C D, 72, C BHMNTE 25, D, OEHL
PRFEDOMEE LY, D, BFAMTT. L ->T, (1) & (2) IEHSHTT. ZD5M NT, J iE norm to weak
continuous TE 5. B Wi L D, A= J( — B) % norm to weak continuous T3 .

{yn} H v € DITHPIRL B 25 Ef72 DT, {Ay,} DERIZER D ZEBRORXN»5bhrh £7:

[ Aynll — 1AV | = 17T = B)ynl 17 = B)o||| = [I(I = B)yall — (1 = B)ull|
< |[(yn —v) = (Byn — BV)|| < llyn — 0|l + || Byn — Buv]|.
neNIZDOWT,veD =NyenDy = MpenDy, C Dy, £9,0<(By, —v,Ay,) THY,
0 <(By,, — v, Ay,) = (By, — v, Ay,, — Av) + (By, — v, Av),

(Byn — v, Av) < || Byn — Bo|[|Av|| + (Bv — v, Av),

(Byn — v, Ay, — Av) < ||By,, — Bv|||| Ay, — Av|| + (Bv — v, Ay, — Av)
P UTWET. LihoT, {y,} v e DITHRIKRT 2205, (3) 287!

0 < (Bv —wv, Av) = (Bv — v, J(v — Bv)) = —|lv — Bo||?, thatis, v€ F(B).

5. FrAHIF % B D AERGLEIE

Theorem 5.1. Let E be a smooth strictly convex reflexive Banach space which has the Kadec—Klee prop-
erty. Let C be a closed convex subset of E and let B € C©.

Let xg € E, wy € C, Dy = Dy, and 1 = Pp,xo9. Let Ay = C\(D1 U {w1}) and let y; € A;. For
n € N, generate D1, Tnq1, Ang1 and yni1 as below: Dypyy = Dy N Dy, , 2ny1 = Pp, 20,

An+1 = {y €Dy ||Z'0 - y” < ”10 - -T'n,+1”7y # yn} and  Yp41 € An+1~
Then, either of the following holds:
(1) A, #¢ forn e N.
In this case, {x,} and {y,} converge strongly to Ppxy € F(B), where D = NpenDy, .
(2) Ay =0 for some k € N; the procedure is stopped.
In this case, either yp_1 € F(B) or wy € F(B) holds.

5. v € CIZDWVWT, Be€CY & Lemma4d.3 (1) &9, D, 3IHAEFNTT. £5C,C, {w1} & Dy = Dy,
I3IEEAN T, T = PDll‘O PEIELET. Ay = s PHELNELA. Ay 75 asiﬁ%li, y1 € Ay R D, Dy, xo
& A BERTEET. Dy FHEEMNTT. UL, o= B ULNETA. A £ b ype A &L
O, FHiEahiiT TEET. TOFHEIFT A, =020D ke NITHES LFIELET.

(1) ZR_ U ET. WWEIZ {Dn}, {zn}, {4An} & {yn} ZERTE, LZFEHHIA» S, {D,} & Dyyr C D,y
forn e N& D=n,D, # ¢ %729 C ODFMEADFITY. Lemma 4.2 TEHELZ K, 252 £T;
K, ={y € D, :|lzo —y| < |lzo — nt1ll}, Yn+1 € Any1 C Kpn, TY. Lemma 4.2 X9, {z,} & {y,} &
Ppxo [ZHEIR LU £9. {y,} #* Ppro (ZHIUKRT %2 DT, Lemma 4.3 (3) 5, Ppxy € F(B) 213% 7.



(2) ZRUET. CIRUESTTLOERTY. {wi} & Dy BIEZEHNTY. A = O\(D1U{w1}) =0 21K
ELET. C=D1U{w} 9, w; € Dy, DEVET; —||Bwy —w1||? = (Bwy — w1, Aw;) > 0. wy € F(B)
BIRET. DDk e NIZDOWT, Dy, g1 & Apgr = 0 BVERS N2 L UK T Dy & Dy 1BIEEHINTY .
Ky ={y €Dy :lzo—yll <llwo— w1} £V, xp, 2041 € K & K # 0 2R ET. 0 = Apr1 = Ke\{vn}
L0,y €K, THY, Ky 3—REATY. yp = 2 = 21 DREVET. yp = 2441 € Diy1 C Dy, £,
—|1 By — ykll* = (Byr — yr, Ayr) > 0, L7zh o Ty, € F(B) B340 7.

BeTE and F(B) # ¢ £ $HUE, F(B) = NyecD: C D BEME Y, Ppay = Pp(pyro 2% Ppxo € F(B)
MHENPNET. 72, Theorem 5.1 DIEMN R RFEPELHEANDOWEAN A2 HEZ LIZHL<HD EFEA.

1 HiCRARTZRRIZ, BB A Z R 2 L &, BIEOHIED S D, DERX Pp, xo OALE IR IHEE (BUIEEE
BOM LM EORERENRER ) LEZXBHRETT. Pp, xg 3w EOGFLEICTES, BHEFE E D,y
EERTEEFEA. LW oT, FEHIH A, 2lELTVWET. A, OBREALHABETTS, —EOREIE
Fom s, BEFEVHTET Dy, € A, BIBERDLZTLED; 2Dy, ROFHEDO D, #EKLET.

1T ue QZHT method ZF X, Y, oy bn < 00 X limy by =0 & WS EEIX, by, % step n DIRFAED
FREEBR LS, REOHEBLFETEILE2EBHMUELL. HIZIE A, ={yc O |ly— 2z.|| <bn} %FF
AEPHE LT L UET; 2, 1 target point TY. ZD L E, {by} 1Y oy by < 00 ¥ lim, b, =0 %
WU TENREVERA. 72720, step o T Yng+1 € Ang+1 DESNRNVE EFHEIFFLL TS {b,} D
ZM 1% method DERNMEITHEEL £97. Biw L {y,} 2w ITHPERT 2 Z ARSI N TN TH, BIEDHIR
DS Ynor1 € Apgr1 ZRFONT, BEFIHFRE IFILTII08H0 £7.
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