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FERABEGOAFRBRERFOT & o FEEAEHSHBRBRERDT &)

NN TEKREE #AK K  (Tomonari SUZUKI)

1. ¥

2003 FLARE, EHIZIEFMAFEBORB T M EZFOT 7= [16-26,
28-36]. 2003 £ &5 DIF [16) BHIRE N IETH BB, T DR 2IRE
L7cDIZ 2000 4 BTHB. 5, TORIXDERD B AR
FFMOARRETHBEL DX 1998 E8 HTHZH 5, BHIIDZL AML-
TE 10 FEDO/, JEHKEROAERZ L TR LICkKD. FEEAKEBED RS
A—RXTHEIEBICHTEINT, LTERLIESBTESLS A TE
A, B (26, 4] Ik D, ZFOMEELFAZANKLES THS. AB\TIR, #
DFX [26, 34]) DiRFiE — FBAEERIBHDE — BELVWEBRSTWAS.

2. YEfi

AR TRHRBICEZIEBZVLDOIEBRS. &, CZICEBRENTVERNE
|ICOWVTI, 37, 39| TSRO L.

E® 1. Banach 2] F DFMNES C L TEBEINLEH T HIEHRKXEMR
(nonexpansive mapping) THd &, |Tz—-Ty|| < |lz—y|| BIXTD z,y € C
N LUTHYIIDT L THS.

IEEAREBRICBEIT 24 A RBREEEEMNHERATNTVS. [1,2,4, 5, 9-
11, 13, 14] F. HIXIX, 2006 FEDFHX [9] TiX, TE B uniformly nonsquare T
C HER] LLSREDOT TCOEEERMNHEHINTNS.

B2 {St):t>0} 2 C LTEBENEBEREKELTS. LITD3IERMEZE
Teg & ¥, {S(t):t >0} 3FEHEAHEF (nonexpansive semigroup) & PRI 3.
(NS1) §XRTD t>01IZDWVT, S(t) RIFMAESRTH 3.
(NS2) $XTD 5,t >0 IDNT, S(s+1t) = S(s) o S(t) BKILT 5.
" MSC (2000). 47H20, 47H10.
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(NS3) §RTD z € CIK2WVT, [0,00) 225 C ~DEHK t — S(t)x VT
H5.

BEDRLTIHEAH DL ) ICEREZ T 503, % DXERTIZ, XD (NSO)
BIREL TV, 28, ZETHBRZERIZ, (NSO) ZRELTHLERLSTY,
FRILT 5.

(NSO) S(0) i3 C L CERINAESEHRTH 3.

T 3. H£E C MIELEKEMRICEIT B FPP (fixed point property for nonex-
pansive mappings) Z#2 L1, C ECEBREI N TR TOIBRERIITH)
BEE->ZLTh3.

FPP X, A%, ZDOX I ICEBINDIREDLDTHS. LrL, JEIEREARIC
BILTIEZd b LS E FPP &) T EMIERE IS VL. R, FEILRF
BICB9 % FPP bRAIRICERTEZ 5.

EE 4. #£4 C VIFBKREEICET S FPP (fixed point property for nonex-
pansive semigroups) 22 &1, C ETERE N TR TOIFERFIEFHH
BAEAEZE-O L THB.

3. FEHREB OB R ERE

FRER IOV TRR B RIS, FEIEALRICE T 2 R REEDOELRITONT
WAL, LIZEH OO, Eid, JEEREFICHET 2RI RUEEHDOEEIZ 7
FELR\ . ks, FEEAERICET 2 FEBIRERIZ [26] TAEHS LT
260 (KFOTHEL) H—2L2%l, Lhrd, HEBTSHI VAR L
FCHPINTVLEINLTHS. (bHLBA,CBNTHD EWVWHRER, B »
Banach ZZRTH % L WIHIREEFH S I LM TENITHRITR S 25..)

b 5 AFEED THEELEV, V) DIIRTLEHRT, EBICIIERIZFET 2.
Thbb, FERERBEOLBIESOFEEEEIIE—D Lk, TH
B SEBEOBERE, L) T L —BRNLREREOAERERICET 5 E
SBIZEET 5. EBE, FER LRSI TREERKETH L Z LXK

S(s)oS(t)=S(s+t)=S(t+s)=_5(t)oS(s)
L MBICIHEATE 3. Ao KREOEREOTERER I, EEOND
BRD, 5 DOD%X (3,5, 6,8, 15] CHHINTWS. 2% b, FRILANFHICET
ZABSEEHEIZ 6 DDHRIXTHHINT VS, LEHIILWMTES. ZhEhn
OFEBIZ BT BIREL, E ' Banach ZHThH h C EAMBETHD L)%
H2REUTDE Y ICETS.
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(i) C 2322327 b (DeMarr [8] 1963)
(i) E 2—BRdhT, C FHR (Browder [5] 1965)
(iii) C 439§ /37 | T complete normal structure % #> (Belluce & Kirk
[3] 1967)
(iv) C 238§ a > 87 +CIESME R K> (Lim [15] 1974)
(v) C23§ga 87 b b L BER» ORI T, EBARERICET 2 FPP
& conditional FPP %> (Bruck [6] 1974)

(vi) C PIRIBAREMICBI S 5 FPP 2> (Suzuki [26] 2006)
ST RESDICHRINRBOTE AER LIRS
EE 5 ([26]). C % Banach 2] E OBMEE LT 3. {S@t):t> 0} 2 C E

TERINLIFFBRER L T 2. C BIEERERICET 2 FPP 285 L{KE
TS5 ZDEE, {S(t):t>0} FILFRHE 2R,

ZOFEBOTERICHEL T, U TORYEESEEL B ER: LT3,
WRIEE 6 ([26]). 0<a<f,0<7<8 %L Ta/s HHEHEME 22 LS ek
Blo, B, r & LS. (0,0 DWILEET {A,) % A = {r} &

Anyy = U {la—tl, |6 -1t}

t€An

TEDS. A=, 4, EBL. ZDLE, A DA 0,0 TH 3.
EHE 5 DA, 7,
|1S(e)z — S(B)=]
= ”S(max{a, B}z — S(min{a, ﬂ})m”
= ||S(min{e, B} + | — Bz — S(min{e, 8})z||
= ||S(min{e, 8}) o S(Ja - B])x — S(min{a, 8})z||
< [|8(le - B)z — =
MWD DZ LICHERTS. C LOEBKEHR T %
Tz = %S(l):c + g S(m)z
EEETD. RELD, T IIFBMR 2 C 28>, Thbb, 2 i3
z=§5up+§swp
ZW7-9. Hohiz
(1) I1S(1)z — 2|| = 2||S(m)z — ||
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A D L.

M =max {||S(t)z — z|| : t € [0,n]}
A={te(o,n]: ||S(t)z — 2| = M}

EBC.LteADEE,
M= |50z =
< 5 15()z — Szl + 3 15(t)z = S(m)2|

102~ th)z — 2l + 5 1S(m — t])z - =]

Wi+

<
<

N

£ 2T,
1S = thz — 2| = [|S(lw — t])z — 2| = M
Thbb, |[1-t], |t—tje ADBRDIUD. $E-T

tecA = |1—-t|,|r—-tjeA

RRTLHTE. HBIEHG XD, A DEAEIZ [0,7] Th 5. #FEHE (NS3)
b, ARBABETHBDS, A=[0,n] 283. 1, 1€ A THSH5,

(2) 1S(W)z — 2| = [|S(m)z — 2| = M

B3 (H)EQ) & M=2M BRHID. ZOWHERZABAZES &,
M=0%8B2%. koT, St)z =2 DB3FTRTD t € [0,7] TRHILD. *
BEME (NS2) kD, TRTD ¢t > 0T S(t)z = 2 BRDILD. DFY, 2 &
{S(t):t >0} DHBAHRTDH 5. O

EHE 5 ICOWTIE, BBR [27) T Lidh 7. TEHOBEZT TIERRED
EEMADNEL DD O TEEY DRBTH o7/, avEa—F I X 28EX
Br LT BME0AERZIRBTELI LBROFICTE -7 RiZ, iEHZRT
b 52T 508 MEOAHIIHEBER 6 ICd 5. #3X (21, 26] XA UHFicH
BRE st MBI 177 AIZEESS 5. X [21) 2HRMT 3R, MY
EHL 6 ICHkER L 7208, BEEROSERZ A CHHT sRER LW I) &R
D SR L BEDOL oAV Ea—F TR FLIATBHSD
MLbankw, 2LUT, 17y BRI &) REEERE LT, SEIEEA T
BN Y, HENCTEAT 5 Z ST E.
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4. 3
SEH 5 DWEILHT 5. Thbb, KOEHELIEHT 3.

EE 7 ([34]). C % Banach % E OFER L 55, T % O Fom@sn
THBRERET S, C PIRIERERICEIT 2 FPP 285 LRET 2. -0
EE T ZARBEZ2R.

REBAICER LTI Crandall & Liggett [7] OEEE BB E T 2. MTFOMBS
U3 Crandall & Liggett OFEHHSES Ic#Min 3.

fHBNEE 8 (Crandall & Liggett [7]). C LOBM J, & S (t=>0) %
1 t : : n
Sz = T3 T+ T3 TJz, S(t)x = nanolo Jem
TRERYT 5. J, BSEHRTE 5 T &2 Banach DFENEEIMRIEL TV 3. Z 0

EE, DITH Do,
() $RTD z€C & teo,o0) HLT, MF {Jn"c) a;tum?z, L

2%, t B L TIIAHE—RRICRT 2.
(ii) {S(¢) : ¢ 2 0} iF C EDFFIRAREHTH 3.

X 7 DR, JEfL ARy {S(t):t >0} 2HBIERSICk>TERT 2. K
EICED, {S(t): ¢t > 0} BIEFBE 2 € C 2. e > 0 HERICEET
5. lﬂﬁﬁﬁlﬂ%ﬁ&:i h,veN Zﬁﬁﬁilf'ﬁ tell,2l L n>vIiTNLT

2 = Jim"™2l| = [|S(t)z — Jym"zll < &
BRDMD. BT, n>v En<k<2n 2¥-THREKE & nicL T

lz — Jimkz| < e
BERYIID. n>v DL E,

Tz — Jl/nz"z“

1/n
- 2n-ty_ IR g, an,
” 1+1/ Sy 2 T+1/n Y

|

1/n Tz — TJym2"2||

1+1/n

1/n
uTz—J/n?n )+ +/1/ - el

— T .] 2n-1 _+_

1
<
~1+1/n
: 1
<
~1+1/n

1
Tz — Jyn2™" 1zH + (
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DD LD. TOFEEZBRVEL T

1Tz — Jyn?"2)|
STyimiTe- K (1 1 +11/n) ©
< e 17 (- )
< m Tz — Jia" 22| + (1 — (T_Tli‘/';)?) €
< g 17 A (- )
S g I7e e+ (0 )
Thbb,

Tz — Joy@n)™z||

= ||Tz - J1n*"2||

< 7 1Tz = el + (1= 7)€

@5 . n—ooo £T5L, lim,(1+1/n)" =exp(l) THBE056,
Tz — z|| = [|Tz — S(2)=||

< exp(—1) [Tz — S(1)z|| + (1 — exp(—1)) €

= exp(—1) ||Tz — 2|| + (1 —exp(—1)) €
285, >0 XERLZDT,

1Tz — 2|| < exp(-1) ||Tz — 2|

BEZD. 0<exp(-1)<1 &0, Te=2 T4bb 23T DABRTHSZ
LB AR, a

B TH o7 lim, (1 4+ 1/n)" = exp(l) BHTET, L THEL»>7%D%
RELBHITWS.
EHS LEHTICKD, UT2EB3.

SEIE 9 ([34]). C % Banach 2] £ OPAMBRAE LT 3. UTRAMTH 5.

(i) C PFEIERERIZBIT 5 FPP 2R .
(ii) C VFEIERERRICBIT % FPP 2 K.
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() B2 DEROAREROFEICHET 2EHTH D, (i) IZEBEOESIE

WCHBEAABRICBET 25 TH S, BUcEZ B L, () DA3G) &b, 330
CHOREDO L ) ICEZS. (FH5 2BBOREMEHE LSRG - 0l
Bicdh 3.) o, BERMEICR 2 Db, FEHICD ko Tk, e
THIC.. FERREHON) T -y a VIR ARBEBRD NY - av kb
DRDDPRODTRROD, EEZTWE, BUBLICE S, EEHIcd X
DHo TR\,

SE TH

(1] J. B. Baillon, Quelques aspects de la théorie des points fizes dans les espaces de Banach.
1, II. (in French), Séminaire d’Analyse Fonctionnelle (1978-1979), Exp. No. 7-8, 45 pp.,
Ecole Polytech., Palaiseau, 1979. MR0557363

(2] J. B. Baillon and R. Schéneberg, Asymptotic normal structure and fized points of non-
ezpansive mappings, Proc. Amer. Math. Soc., 81 (1981), 257-264. MR0593469

(3] L. P. Belluce and W. A. Kirk, Nonexpansive mappings and fized-points in Banach
spaces, Illinois J. Math, 11 (1967), 474-479. MR0215145

(4] F. E. Browder, Fized-point theorems for noncompact mappings in Hilbert space, Proc.
Nat. Acad. Sci. USA, 53 (1965), 1272-1276. MR0178324

[5] , Nonexpansive nonlinear operators in a Banach space, Proc. Nat. Acad. Sci.

USA, 54 (1965), 1041-1044. MR0187120

[6] R. E. Bruck, A common fized point theorem for a commuting family of nonezpansive
mappings, Pacific J. Math., 53 (1974), 59-71. MR0361945

[7] M. G. Crandall and T. M. Liggett, Generation of semi-groups of nonlinear transforma-
tions on general Banach spaces, Amer. J. Math., 93 (1971), 265-298. MR0287357

[8] R. DeMarr, Common fized points for commuting contraction mappings, Pacific J. Math.,
13 (1963), 1139-1141. MR0159229

[9] J. Garcia Falset, E. Llorens Fuster and E. M. Mazcuifidn Navarro, Uniformly nonsquare
Banach spaces have the fized point property for nonezpansive mappings, J. Funct. Anal.,
233 (2006), 494-514. MR2214585

[10] K. Goebel and W. A. Kirk, Topics in metric fized point theory, Cambridge Studies in
Advanced Mathematics 28, Cambridge University Press (1990). MR1074005

[11] D. Goéhde, Zum Prinzip def kontraktiven Abbildung, Math. Nachr., 30 (1965), 251-258.
MRO0190718

[12] G. H. Hardy and E. M. Wright, “An introduction to the theory of numbers”, Fifth
edition, The Clarendon Press, Oxford University Press, New York, 1979. MR0568909

[13] M. Kato and T. Tamura, Weak nearly uniform smoothness and worth property of -
direct sums of Banach spaces, Comment. Math. Prace Mat., 46 (2006), 113-129. MR2
283075

[14] W. A. Kirk, A fized point theorem for mappings which do not increase distances, Amer.
Math. Monthly, 72 (1965), 1004-1006. MR0189009 .



110

[15] T. C. Lim, A fized point theorem for families on nonexpansive mappings, Pacific J.
Math., 53 (1974), 487-493. MR0365250

[16] T. Suzuki, On strong convergence to common fired points of nonexpansive semigroups
in Hilbert spaces, Proc. Amer. Math. Soc., 131 (2003), 2133-2136. MR1963759

[17] , Some remarks on the set of common fized points of one-parameter semigroups
of nonezpansive mappings in Banach spaces with the Opial property, Nonlinear Anal.,

58 (2004), 441-458. MR2073537

(18] , An ezample for a one-parameter nonezpansive semigroup, Abstr. Appl. Anal.,

2005 (2005), 173-183. MR2179441
[19] , Strong convergence of Krasnoselskii and Mann’s type sequences for one-
parameter nonexpansive semigroups without Bochner integrals, J. Math. Anal. Appl.,
305 (2005), 227-239. MR2128124

(20] , The set of common fized points of an n-parameter continuous semigroup of

mappings, Nonlinear Anal., 63 (2005), 1180-1190. MR2211589

[21] , The set of common fized points of a one-parameter continuous semigroup of

mappings is F(T(1)) N F(T(v2)),Proc. Amer. Math. Soc., 134 (2006), 673-681. MR
2180883 -

[22] , The set of common fized points of a one-parameter continuous semigroup of
nonezxpansive mappings is F (%T(l) + %T(\/i)) in strictly convex Banach spaces, Tai-

wanese J. Math., 10 (2006), 381-397. MR2208273

(23] , Common fized points of one-parameter nonezpansive semigroups in strictly
convez Banach spaces, Abstr. Appl. Anal., 2006 (2006), Article ID 58684, 1-10. MR2

211674

[24] , Some notes on one and n-parameter nonexrpansive semigroups, Bull. Kyushu

Inst. Technol., 53 (2006), 25-33. MR2237620
[25) , Characterizations of common fized points of one-parameter nonexpansive semi-
groups, and convergence theorems to common fized points, J. Math. Anal. Appl., 324
(2006), 1006-1019. MR2265097

[26] , Common fized points of one-parameter nonezpansive semigroups, Bull. London

Math. Soc., 38 (2006), 1009-1018. MR2285255

, SEHE AR D 3 E B )88, in The Structure of Banach Spaces and Function
Spaces (K.-S. Saito Ed.), RIMS Kokyuroku, 1520 (2006), pp 70-77.

(27]

(28] , Browder’s type convergence theorems for one-parameter semigroups of nonez-
pansive mappings in Hilbert spaces, in Proceedings of the Fourth International Confer-
ence on Nonlinear Analysis and Convex Analysis (W. Takahashi and T. Tanaka Eds.),

pp. 599-607, Yokohama Publishers, 2007. MR2298743

[29] , Browder’s type convergence theorems for one-parameter semigroups of non-
ezpansive mappings in Banach spaces, Israel J. Math., 157 (2007), 239-257. MR2342
448 :

(30] , Some notes on Bauschke’s condition, Nonlinear Anal., 67 (2007), 2224-2231.

MR2331873

[31] , Some comments about recent results on one-parameter nonexpansive semi-

groups, Bull. Kyushu Inst. Technol., 54 (2007), 13-26. MR2371765




111

[32] , Some notes on common fized points of one-parameter TONETPANSIVE SEMigroups,
in Proceedings of the International Symposium on Banach and Function Spaces II (M.

Kato and L. Maligranda Eds.), pp. 431-436, Yokohama Publishers, 2008.

(33] » Mosco convergence of the sets of fized points for one-parameter nonezpansive

semigroups, Nonlinear Anal., 68 (2008), 3870-3878. MR2416091

» Fized point property for nonerpansive mappings versus that for nonezpansive
semigroups, Nonlinear Anal. (2008), doi:10.1016/j.na.2008.05.003.

(34]

[85] T. Suzuki and W. Takahashi, Strong convergence of Mann’s type sequences for one-
parameter nonexpansive semigroups in general Banach spaces, J. Nonlinear Convex
Anal., 5 (2004), 209-216. MR2083912

y Fized point theorem and strong convergence theorem for one-parameter non-
expansive semigroups in general Banach spaces, in Proceedings of the International
Symposium on Banach and Function Spaces (M. Kato and L. Maligranda Eds.), pp.
345-357, Yokohama Publishers, 2004. MR2146938 '

[37] W. Takahashi, Nonlinear Functional Analysis, Yokohama Publishers, Yokohama, 2000.
MR1864294

[38] AT and NEEHKE, FRTURRABRR, HEEE (1977).
(39] B, JERULBIRURITEE, TR (1988).
[40] E=F%h, JEMTERE, IRFEESNE (1977).

[36]




