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INTF wINZERJIC I31F % strongly relatively nonexpansive
sequence DWW T

(On strongly relatively nonexpansive sequences in Banach

spaces)

KOKZETZE &R 20 (Kohsaka, Fumiaki)*
Department of Computer Science and Intelligent Systems,
Oita University

BE

NGy NERIC BT BBEFICH U, strongly relatively nonexpansive sequence
EVOIHREERT D. i, COREZFOERYN O E X 5B ESOH
IAEHZEANS. EHIC, BRONTDEREEZERFAZOTRMEL relatively
nonexpansive BREDILENE RMEICICHT 5.

1 FC®IC

X ZNFyNEREL, C% X OEBTEVCEMNESR LT S. {S,} 2 C LOERFT
HERHRES F = or, F(Sp) BETHEVEDLTS. TOLE, 2y =2€C,

xn+1=Snxn (n=1,2,...)

KKDEBENZZEIGEMY] {x,} B F OBRICPRT 27200 +7&42EET 5.
Bruck—Reich [9] IZEGRDOEIFHAREZERL, {Sp} HN—DDEHRS: C = C Hh57x3%|
{S,S,...} THBFEI, {z,} DELZEEF L. BEICED, Aoyama-Kimura—
Takahashi-Toyoda [2, 3] IE&F] {5, } IcHT Z5aIEAKHZER L, OV OEAHZ
ERT B TZDERAEERLE. TOBERIE, Bruck-Reich I X 28IEAL K2 —
k558D TH5.

* ROKZ TR GEEBHRY AT LIT2R, T870-1192 A2 H B E 700; email: f-kohsaka@oita-
u.ac.jp
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X [5] T3, strongly relatively nonexpansive sequence &3 BF {S,,} iCx9 5
BREEB L. E5IC, {Sp} WCDOREZFOBRAICOVT, AF {z,} D#HELEEZ
Z8T B L LI, relatively nonexpansive BROILERE M HIENDIGH % #Eiw LTz,
AR TIRAN 5] THOLNIERO—WICOWTHRRT 5. %7z, HRAEHAROERAME
& relatively nonexpansive BARDFE BN RIENDFEAF ZHENT 5.

2 H(E

ARTHMO RS FUEHRILTERYFEMTHS LT3 RENT, ThFhEHE
GOEEGRUEDEBESADEGTEERT. X ENFTyNEHLTE L E, ZORNNEH
# X*TRY. £, e X* Lz e X I, z*(z) Z (z,2*) TRIZLLHB. X
DRG] {z,} DBz € X ICHIERT 2 L RUBEIKRT 2 L%, Thfhz, - z KU
Tp, =2 TERY. X ODBREE F DO/ IVLDEKRTOAREZ int F TEI. /NF v N2
DTS B ROV TS, TR [10,15,21,22) IC0E5 . 55, BHMEIAF v %
X 25 X* \NOHNEH J BERFNCTERTHE L, {z,} X DRFITze X
ICHINRT B & ¥, {Jz,} B Jz IKABPRT BT L EES.

X ZWoENFyNEEL, C % X DETEVHAMES LTS, Fiz,

o(z,y) = ||z||? - 2(z, Jy) + |ylI* (Vz,y € X) (2.1)

KX DB p: X x X 5 REEDS (¢f [1,11)). BIES: C - X DFREHEES
{z€C:82=2}% F(S) T&Y. £/, 2€ CH S DEENAEIRTH B LiE, C DA
5l {2} Tzn = 25D ||S2p — 2,]| = 0 BT ELONEETHEESS. S OFHA
MRS LRDERE F(S) TET (¢f [16]). B S: C - X KT 28O0 DES
5z23%.

e SH () MTHBLX, F(S) A0 THY, FEDue F(S) £z e CicDNT,
d(u, Sz) < ¢(u,z) BV IUDT L=ZED (cf. [4]).

o F(S) = F(S) 279 (r) DB % relatively nonexpansive B L E 5
(cf. [13,14)).

o SH (st) BTHBLE, SH () MTHD, 51T, {2} B C DERAFT,
&(u, 2n) —d(u, Szn) = 0B B u € F(S) IZDWTHDILDEGIE, (Szn, 2n) —
0LZBTLRES (cf [4]).

o F(S) = F(S) %#¥#1=9 (sr) BIDE(§7% strongly relatively nonexpansive B &
=5 (cf [8,12,16]).



X WELIERMNTHNE, ) HOER/R S: C — X OARERES F(S) KHMER LK
5 (cf [14)).

C ZWOMIENTYNEM X OBTHEVHAMESGLEL, {Su} 2 C 5 X \DOFRK
SITF = (Now, F(Sn) WETHVEDLTS. TD&E, {S,} M strongly relatively
nonexpansive sequence TH % & &, LTFAKDIIDT LZES (c¢f [5]).

o HED ne NIHLT, S, 14 (1) BTHS.
o {2,} B C DERRBIIT, d(u,2n) — d(u,Snzn) = 0 BHB u € FIZDWVTHED
UDEDIE, ¢(Spzn,zn) > 0 L&SB.

Tz, {S,} BRME (Z) 2T T L1, {2:} D C DEREIT ||Snzn — 2| — 0 ZiTz
T EE, {2} DEEOFBIEEFIORMBDS FICBTBRIEEES. THIT, {S,) H'%
% (B) Zflzd L&, C DEBDZETHRVERBDIES B & N OEROBFEMG] {n;}
ICHL, BBEHRS: C— E & {n;} OMAH {n,} BEEL, F(S) = F RU

iz 5up | n, = S| =0

AERDIDTELHEES.

R 2.1. CZI/ONEINT vNER X DETEVEHMEREL, 5: C - X ZXEIR
BROBEBRELTS. TOLE, RBKDIID.

o Bi&% {S,S,...} H strongly relatively nonexpansive sequence TH 3 Z &iF, S
W (sr) THBT L LRAETHS.

o B85 {S, S, ...} W&M (Z) %##7= 3 strongly relatively nonexpansive sequence
THBHT kI, S H strongly relatively nonexpansive EfRTH S & LFAT
H5.

&0 (B) Wz E N3 C ik, 4 (Z) DTS NB DDA RETHB.

BE 2.2 ([5)). C RBOMENAFvNER X OZETEVEMESEL, {Sa} % CH5
X ~DEEFIT F = (12, F(Sp) PETHVEDET S, TOLE, {S,} HRME (B) %
Wl TR BIE, {S,) &M (2) ZHET.

C ZBOSPTHRBROZERNF v NER X OZTHAVEMESGL TS L&, AR
Dz e XITHNUT, ¢(22,7) = mingec ¢(y, ) ZHlzT 2z, € C B—RICERETS. X
M5 C ED generalized projection IIg & Io(z) = 2, (Vz € X) KK DEBEINS

129
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(cf [1,11]). K<HENTWVBLIIK, (2,2) e X xC LT HLE,

z2=Ic(z) <= sup(y— 2,Jz - Jz) <0
e (2.2)

> #(y,2) + ¢(2,2) < (y,z) (YyeC)
MDD, ¥z, lIc: X — X & strongly relatively nonexpansive TH D, F(llg) = C
MER DD, BT, X BeNV MERTHENE, I & X H5S C E\DE#HE L —X

¥5.

BB ¢ DEE (2.1) 1ED, (2o} & {yn} DEEDZNF v NER X DEREFITS
BEE, |2, — yo|| = 0 THIUE (20, yn) — 0 RO ITD. ROBEIL, X HA—™T
BNE, ZORPRD DT LR FET 5.

8 2.3 ([11]). X ZBEODAE—RONFyNERE L, {z,} & {yn} & X DRFUT
H(Tn,yn) = 0 BHEITEDET S, Tz, {2} & {yn) DPBEL LB —HRERTHS
£3%. COLE, |z, —yal > 0 &5,

ROFELRLELED.

B 2.4 (). X BEODANFYNEREL, F 2 X ORTAVHEMES LTS,
{z,} % X DEFIT,
¢(u, Tnt1) < S, 2,) (VREN, u € F)

ZWlcTHDETH. TOLE, RBHDILD.

(a) X N—BHTHNE, {ITr(z,)} IFRIRT 3.
(b) X* 7 Fréchet 845 FI4EH /W LS, int F BAZETHEWVWESIE, {r,} $3EIK
T35,

& 2.5 ([5,6]). C Z—RICHEDL M A—RONT v NER X OETEVAMES LT S
¥ Ilc 3 X DEBOETHEWVERES LT/ WVLDEKRTRERTHS.

3 Strongly relatively nonexpansive sequence (X9 2 YR
EE

&% (Z) Z¥i1= 9 strongly relatively nonexpansive sequence {S,} ic¥ L, RDULK
EFEAL D AT D.
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EE 3.1 ([5)). X BN E—ROAF vy NEREE L, C % X DETESEMES L
T35, {S,) % C EOBBIITF = (=, F(S,) BETHNEDE L, S5l {2} %
1=z €C,

$n+1=Snmn (n=1,2,...)

KE->TERTS. E7z, {S,) Q&M (2) Zi%7-7 strongly relatively nonexpansive
sequence THBHET5H. TDEE, R ILD.

(a) CHIAYIRY FTHBH, int F DETHRVESIE, {2} & limy, T (z,) iCHRINE
T%.
(b) J HEFIHICBERETHNE, {2} & lim,, T (z,) ICBIGRT 5.

BRY| {Sp} KHTHRRENEDISILfEDbNDINE VWS T LZ2HEETB7D, (a) D
ALRHODIRG 2 DR 5.

(a) DIEBADMEES. 5 p e F 2ARCEETSL, &S, & (1) BTHBDT,
(ol = IZns1])? € ¢, Tnt1) = B0, Snzs) < d(®,22) (YREN)  (3.1)
LD, {$(p, 2n)} OREAEET B C L RT {2,) DERERES. o,

QS(p: xn) - ¢(p; Snmn) -0

&7%%. {Sn} I& strongly relatively nonexpansive sequence THBDT, ¢(SpTn,Tn) =
0L%D, HE23ICKD ||Spzn —zn|| = 0 285, {S,} 135K (2) 2HEI=3 DT,
{zn} DEBROBIGREHFIOHERIZ F ICBT 5. %z, (3.1) MEED p e FIZDWTHK
DALDDT, i 24 D (a) KD IIp(z,) > z€ F 755,

CHRaAYNRIITHBLE, {z,} DERY] {z,,} Tuec CIKBINRTZELDDH5.
LEOERICLD, ue F %%, ko7, generalized projection DEAME (2.2) &

(u— p(zy),Jzn — Jp(z,)) <0 (Vn €N) (3.2)

2185, (32) BT, n=n; & UTHIREET B2, (u—2Ju—J2) <0 53, X
BHRBNTEHRH, u=20>. £oT, z, = z = lim, IIr(z,) Z218%5.

R, int F WZETHRWVIBEEREZZS. X O—KROEHNS, X* I—RICHOHNHTHS.
XoT, & 24D (b) &0 {z,} BRNKRT ZDT, #iEDFE LAKICL THERER
5. O
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4 HREARICTT BICA

AT, ©H 3.1 ZEFAERHEOSAMEICERT 2. X Z1XFynEHE L,
A: X 52X 93 cokE, ADERE, BEERUCITST&
DA)={ze X: Az #0}, R(A)= ] Az, G(A)={(z,z*):z" € Az}
zeX
CEDEEDE. H2e XHWADBETHBLIZ Az 0PV UDT LEZEWN, ADER
LUROEER A0 TET. ADVBMFERARTHS LI,

(z,2%), (1, ¥") € G(A) = (2 —y,2" —y") 20

BEDIUDTLESS. BAAR APBRKTHZ LR, GA) CGB)MDA#BL
KAEFEREB: X - 2X MEELEVWT L %S 5. Rockafellar DEH [17,18] i<
& o T, proper T FEEke MR f: X = (—o0,+00] DEMD af: X — 2% 13K
BAL KB, TOBRE, (0f)"10)={z€ X : f(z) =inf f(X)} L% 3.

C ZIBONERBOUNF v NEE X OBTHEVHGESL L, A: X - 2X° ZHHRME
RA&RT

D(A) cCc [)J'R(J+ )A) (4.1)
A>0

EHETEDET S, TOEE, BEA>0IKDVT, Qfz = (J+ I )z (Vz € C) I
IDEBINBZEBRQLZ ADUYINRYFEES. QL 3—HEHTHY, (4.1)iIck-
TC LDB{ERS. Eh, F(QF) = A0 BRLIID. Fic, X BESICEARNTS
D, A: X = 2X° BBABATHSHLE, R(J +IA) = X* BMEED X > 0 ILDWVTH
DIID (cf [19,22]). TOBPA, C=X OFT (4.1) BVRIL, Q{: X - X &%5. O
FEATIC DV TIE XK [22] BT 5 L B,

HEBERARDOVVYILARY MCETIROMERZEETH 3.

B 4.1 (7). X ZELMERBOIFuNEEE L, C % X OZETEVEAMER LT
5. A: X = 2X BHFAKHET A1) Zillc3dDed5%. COLE, RPEDILD.

(a) FED A\ pu>0, z,y € CIEDNT

Ao (Q4z, Q1Y) + pé (Qity, Q5x) + 1o (Qfiz, z) + Ao (Qfry,y)
< 2¢ (Qiz,y) + uo (Qfy, x)
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D D,

(b) X A& HIC—HRIC Gateaux WA FIBEAR /WL EFKEDE L, (N} ZEDKFHIT
inf, Ay > 0 BT EDLT B, CDEE, {2,) D C OEFIT 5, — u BT
”anmn — Tn|| 2 0 T HOIE, uid A"10ICBT 3.

Wl 41 ZAVD L, RERT T ENTES,

M 4.2. X 2B\ v NERT—RIC Gateaux MOTTEER / VL EFHDED L L,
C% X DETHRVHMESRLTS. A: X - 25X ZHBAGRET QL) L A 040 %
mMIzTHDE L, {N\,} ZEDEFIT inf, A\, > 0 BiE/=TED LTS, CDEE CLoD
B85 {Qf } &% (Z) Z#% 727 strongly relatively nonexpansive sequence T b,
Mooy F(QF) = A710 B b 320,

. ERDn e NIZOWT, F(QF) = A0 THBDT, F=22, F(QL) = A~10
L7%%. &, {2} B X OFRFFIT,
$(t,2n) — ¢ (4, QF, zn) = 0
DHBuec FIZDVWTHDIIDETSL, #E 41D (a) lckoT,
¢ (42 2n) < O(20) = 6 (v, Q% 2n)  (Yn EN)

WEOILD. £oT, ¢(QF 2n,20) = 0 &7 D, {Q4! } i& strongly relatively nonex-
pansive sequence TH 5.

7z, {zn} &2 C OFRRIIT ||QF zn — zn|| = 0 BHET LEDLL, {z,,} BFD
HBIT 2, — 2 ZTTEOLT S, COLE, FISMT inf; Ay, >0 &

HQj\qni In,- - wni

BROUDDT, HE 41D (b) kY 2€ F k3. £oT, {QL } 3% (2) ZHT:
7. =

EH 3.1 LHHRE 4.2 h BRONKEEERS. TDRERIE, Rockafellar [20] 12 & > T3k
S hiGEBEREICET 2R EED—RLTH 3.

]—>0

EE 4.3. X,C, ARU {\,} 2HE 42 LALEDET 3. 8l {z,) B2 =2 € C,
Tn1=Q% zn (n=1,2,...)

KEOTEETSD. TD&E, XD ID.
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(a) CHIAVNRY L TH B, int A0 BETHRNVEDIE, {zn} & limy, Ta-10(zn) I
NS %.
(b) J HEFleicssEsi ch g, {z,} & limy, Ha-10(zn) ICHPRT 5.

5 Relatively nonexpansive B{ROBRFIICHT 5

Ric, B 3.1 % relatively nonexpansive EROHEHICHT 5 HEAE AREICHE
FH$5. £ETIE, me NRUK ={0,1,...,m} ZRET 5. ROFHEPLETHS.

B 5.1 ([4)). X 2—RICELDME—ROAFyNEMEL, C % X DETEVE
MES LT 5. {T),Ts,...,Tn} & C iS5 X O relatively nonexpansive EfDH
RRFIT F = e, F(Tx) BETHEVBDLL, {Ao, M1,..., Am} Z (0,1) DHEREBIT
ST e = 1 BRDIOEDLT B, Ee,

V=J10J+MJIT1+ + AndTr)
ETB.CDLE V:C— X & IIcV: C — C i strongly relatively nonexpansive B
BTHY, F(V) = F(IIcV) = F #8 D 11.

#E 5.2 ([5]). X B—RICESDE—RTAF v NERE L, C % X OZETRVHNE
BT3B, (T} % CHBE X D (1) MOBKOFT F = 2, F(T,) BETHENED
LU, {an} % (0,1) OBFIT inf, an > 0 RO ILDEDL TS, THLE,

Sp = cJ ! (and + (1 —an)JT,) (Vn€N)
TEEINBEH/HY {S,} 3 strongly relatively nonexpansive sequence T b b,
Ny F(Sp) = F WAL D ILD.

i 5.1 LHEE 5.2 ZHVWTRERYT. &3, FERHICX [5, §6]) IKBIF BAFEZHNVS.

T 5.3. X Z—RICIELHE—RONFyNERLL, C % X OETEVEAMES
3%, {T1,Ty,...,Tm} % C H5 X N\ relatively nonexpansive ERDH R T
F =N, F(Ti) WETEVEDEL, Mk :n €N k€ K} % (0,1) DBFITREZH
b3 s.

o FED n e NIZDWVT, Y pogdnk =1 BEDIID.
o TBD ke KIZDWT, infy Apg > 0 BEDIID.
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CDLE,
Sn =M™ (Anod + M1 JTi+ -+ ApmdTw) (VR €N) (5.1)

KX DEBENBERY {S,} 3% (B) 277 strongly relatively nonexpansive
sequence TH Y, oo, F(S,) = F BRI D.

BERA. X9, 5.1 05 (o0, F(S,) = F &RBTENDDB. R,

Up=J ! An.0 J + f: 2n JTx | (¥Yn€N)
2 - /\n,O k=1 2— )‘n,O

EBLE, MESLLICKD, B U,: C — X I strongly relatively nonexpansive TH D,
F(Up) = FARDILD. &oT, ooy F(Un) = F #0 TH%. &z,

Sy = IpJ ™t (->‘g—’°J+ (1 - 1\72‘—0-) JUn> (Vn € N)

LIEBTLICEET S. LT, i 5.2 V3 &, EfF {S,} & strongly relatively
nonexpansive sequence & 7%% C BB,

R, {Sp} W&EME (B) 2= LZRY. B% C OEBOETEVERTIE
Tael, {n} ZNOEEOHMEMII LTS, RELD, 1 > Mg > infohpe >0
(Vke K ={0,1,...,m}) THBDT, {n;} DEHF] {n;,} LIEDE Ao, A1, ..., Am B
FIEL,

m An, k=X (VK € K)

J—ro0
BEDIUD. Yok =1 (VneN) THBDT, Y M =1,%3. ZTT, 5K
S:C—>C#%
S=HcJ N +MJITL+ -+ AndT})

CEDEETS. @E5.12AVSL, F(S)=F(S)=F &#%%. YFC, Th %2 C Lo
EEEgL L,

Va=J Y ApdT (WneN), V=71 NJT
k=0 k=0
L&D, CH5 X \DEBF|{V,} LBBRV:C - X BEDB L, S, = IV, (Vn eN)
RUS=1cV k7% pec Fe¥dL, ke K ktyec Bico¥, (p| — |[Teyl)? <
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o(p, Try) < d(p,y) &b, {Tvy: k€ K,y € B} BERTHS.

sup “JVm_y — JVy“ = sup
yEB I yEB

<3|

k=0

%%, J TR X DEBOETHRVWERER LT/ NV LOBRT—REFRTHSHDT,
(5.2) h5

ZAm wJTky — Z)\kmy
k=0

(5.2)
eyt = M| 500 [ Tigl] 50 (= 00)

sup “Vnijy - Vy” = sup “J‘IJij - J’IJVy“ -0 (j— x) (5.3)
yEB yeEB

AEES . XDic, ME 25 &0, [ 1& X DEBOETRVERES LT/ ILLAOEKRT
—BEETHZDT, (5.3) 5

sup HS"" y— Sy“ = sup HIICVniJ_y - HCVy“ -0 (j— o)
yEB

MES. DED, lim; sup,ep ”Sn,.jy ~ Sy” =0 MDD, &oT, {Sn} 35%MH (B) &
) ra O

JEFE 3.1, HifE 2.2 RUKHRE 5.3 S RDYGREHZ1ES.

EE 5.4. X, C, {T1,Ts, .., T}, FRU {Ms:neN, ke K} 253 LALE
D&T3. 5 {z,} 2z =2€C,

Tni1 = HoJ 7 OnodZn + A1 JT1Z0 + -+ + Aemd Tnzn) (m=1,2,...)
KE-TREBTS. TDLE, RHEHILD.

(a) C AT N THBD, int F BAETEVESIE, {2,) & limy Tp(z,) ICHRIGR
T3,
(b) J HERIRNCBESETH N, {2n} 13 lim, Tp(z,) ICRIGRT 5.

6 Relatively nonexpansive B{RDBIHEIKICN T BIGH

SCHR [5] Tld, & D —HRMIC relatively nonexpansive BROAEKICH L, & (B) %2
#7239 strongly relatively nonexpansive sequence Z# 9 5 FEIC DWW TaEmWLZ. &
CTR, ZTTELNEEREZHENT 5.
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iR 6.1 ([5]). X Z—RICIESDE—RMIAF v NERE L, C % X OZETHRVEIME
B7&9%. {T,} Z C Hh5 X ~\O relatively nonexpansive BIFEDF|T F = Mooy F(Tn)
METEZNEDETS. {Mp:neN, ke {0,1,...,n}} % (0,1) OBIITREHET
LEDET B,

o FEDn e NIZHLT, TP Anp = 1 DD D
e inf, /\n,O > 0,
o (0,1) DBF { M}y BEEL, lim, > heo | Ak — Akl = 0 BSERDILD.
CDEZE,
Sn=HcJ ' Anod + An1JTi + -+ + A ndTn)  (Vn € N)

CXDEEESNBEH/RY {S,} %M (B) 2%/ T strongly relatively nonexpansive
sequence TH D, ", F(S,) = F B D ILD.

EH 3.1, #iE 2.2 RUHE 6.1 H 5 RONGREERE 3.
EE 6.2 ([5]). X,C, {Tn}, F, {Myr:neN ke {0,1,...,n}} RV {S,} ZHE 6.1
EACEDETSB. FF {zn} B z1=2€C,

Tn+l = Onln (n=1,2,)
KEO>TEERTS. TODLE, RBPKDILD.

(a) CHIAIRT FTHBD, int F BZETHRVEDIE, {z,} & lim, Tp(z,) icHITR
9 5.
(b) J BEFIMICTIESE T HNUE, {zn} 1& lim, Tp(z,) ICHIGRT 5.

FH621CBVT, (M :neN ke {0,1,...,n}} %
_J12¢t (k=0,1,...,n-1),
71127 (k=n)
ETBERDZRZIBHIENTES,

% 6.3 ([5]). X Z—RRICHEL M E—ROWNF vy NERBE L, C % X DZETEVENES
£9%. {Tn} Z C 5 X N\ relatively nonexpansive BEDFIT F = oo, F(T,)
PETEVEDE L, ¥ {z,} # . =2 €C,

J.’E]_ -+ JTl.’Bl)

:EQIHCJ_]' ( 5
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1 1
T+l = HcJ“l (—J:Bn +-JNzp+- -+

5 i anTn 1Zn + JT :rn) (Vn > 2)

2
KEDEHTS. TOLE, IBKDIUD.

(a) CHAVIRY L THB, int F BETEVESIE, {zn} 1 lim, Tr(z,) IKHENR
7 5.
(b) J BAEFIcsER THNE, {z,} & lim, Tp(z,) IKHIRT 5.
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