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>.-I\-{ 7' 1) 'Y i''~fi0)1't~009 ~:f:IJJJ~~JI 
(FIXED POINT THEOREMS FOR A FAMILY OF >..-HYBRID 

MAPPINGS) 

~7K:l:ffi (TAKANORI IBARAKI) 

;f:JW~OO:u:*~ ~~~$ 
(COLLEGE OF EDUCATION, YOKOHAMA NATIONAL UNIVERSITY) 

I. fi t:66fC: 

:zfs:lrn/i:::stt:'fi, ~;J,,~;J,, r ~Fs9fc::toit 01F~i~'s'.ftJmO)~iJJgJEJ:l~~~T 0. 1975 i:J::fc: Baillon 
~~~~~r~M~~~01F~*'s'.90)~iJJgJEJ:l~~Lk. 

~!I 1.1 (Baillon [3]). C ~~JJ,,~JJ,, !--~FEil H 0)~1:'lJ:vY1:fWtJ:M8•-B-t L, T ~ C 7J'G 
C A..O)gF:fJA*'s'.ft t T 0. gJIJ { Xn} ~ .l-)(r1:AE~9 0; C O){f)&'.O)jf; x t L, ff)&'.O) § ~~ 
n ict-tVC 

t't0. [.O)t~, gJrJ {xn} ia: T O)~JjJgA..~IN5R9G. 

c.O)JEJ:lfi, 1F~i~I.;J,,::i'- FJEfltr1¥ii'-n01:f~tJ:M15f!1:'dfl0. JEJ:I 1.1 O)_:i:.:sifi~iJJg 
A..0)4:Z.SR'li.tiit1:tJ: < , 1¥tE'li. t~ L -Cv '0. :z[s:Wf5'[.l-)(~fc: Baillon ~O)~iJJ,~JEJ:lfi§; < O)ijf 
5'[~tJ~Wf5'[~fitJ:-::> -C ~ t.: (ffU;Uf, [1, 4, 5, 17, 27] ~~*¥,ij). ~fc:, Brcuk [4, 5] O)Wf5'[1:'fiJE 
t11.1 ~1,-:r ,y /\~FEll""-~si L, -z-O)fillJJJJO)~tc:.1.-)(r0)1:fffltJ:filfI1JJJEt1t~ Lt.:. 

~N.l~Jm 1.2 (Bruck [5]). C ~~~8tJ:1,j-,y1\~Fdl E 0)1:f3'f.008$7:1'.itt L, N(C) ~ 
C tJ,G-z--tl§:!fa}-A..0)1F~*'s'.ft:@:#:O).ittT0. c.O)t~, .l-)(rtJ~nx'..U:T0. 

lim sup 11~ f Tix-T (~ f Tix) II= 0. 
n-+oo TEN(C),xEC n i=O n i=O 

~1J, 1963 i:J::fc: DeMarr [6] ia:1,j- 'Y /\~Fdl1:'PJffitJ:1F~*'s'.SJmfC:!ffl9 0.l-)(rO)~.iffi~iJJ 
gO):(¥tEJEJ:I~~ Lt.:. 

~Im 1.3 (DeMarr [6]). C ~l\T'Yl\~Fdl E O):::I:1/J~7 rtJ:8$7J'.ittT0. [.O)t~, C 
tJ, G -z--n § :!fa}-A..O) PJffitJ:1Ft!A*'s'.S)jjJi~.iffi~iJJ,~~~--::>. 

c. O)ijf5'[.l-)(~, §; < O)ijf5'[~fc: et ~ ~.iffi~iJJ,~O)Wf5'[tJ~tJ:~ :n -C ~t.:tJ~1¥tEJEJ:IO)Jj.tJ: G -f, 
~iJJgA..O)lliftJ![~:::J<6604:Z.SR7Eflfc:OO-t 0Wf5'[t~§; < :f&-b-n -c~t.: (fJUx..ii', [2, 12, 13, 16, 18-
21,25] ~~*~). [.O)q:tt:' Shimizu and Takahashi [19] O)*a5f!~~fl'Lct '?. 
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~f:m 1.4 (Shimizu and Takahashi [19]). C ~l:'..J\;""-J\; r~FEIJ H 0)~1:iJ:v'008tf~7J'-1::'tt9 
0. St T ~ C iJ'i:i""t"-hEl:!lt~0)1F:J3t7(~~1: ST= TS ~trMitd...,, ~Jffi1'IJJ2iJ1:-(¥tE90 
t90. {an}~ [O, 1] J:O)JJ(:yiJ'Z: 

00 

lim an = 0, Lan = 00 
n--+oo 

n=O 

~trlilltc9t90, g:y'lj {xn} ~Ur'Z:~ffl90; x EC, Xo = x t L,, ff~O)§~~ n tCJ,j'l,"[ 

2 Ln L .. 
Xn+l = anX + (1 - an) ( )( ) S'T1 Xn n+l n+2 

k=O i+j=k 

t 9 Q. C. 0) t ~ g:y'lj { Xn} t;J:~Jffi1'1/Jg PFX ~5fil~.l(5R9 G. tdi. l,, F t;J: S t T O)~Jffi1'1/J 
J~:@:{,$;0).1:';-1:, PF ta: H 7J'i:i F O)J:~O)jj!gffit!lrJ-1;1:a&G. 

c. O)~ff!Hi Baillon ~ (~ff!! 1.1) 0)-'f.?'t~fflv '"C, 2 "J0)1Ft!1;7(~~0)~Jffi1'1/J2~0)~5R~ 
ff!!~~ l, "[l, '0. 2f>:lrn/i::X:1:ti c. -h G 0)$tfilvf~~~;jfgtc, Baillon ~0)1'1/Jg~:I]!O)-'f.?'t~ffll,' 
tc 1::: ;1;""-,1; r ~FEIJ'Z:O)~Jffi1'1/J2~ffl!~t.& -5 . 

2. tfl@ 

2f>:lrn/i::X:1:ti, H ti~l:'..J\;""-J\; r~FEIJ (real Hilbert space) t l,pg:ffi (inner product)~(·,·)* 
L, c.O)pgfliiJ'G~iJ'-h0/ J\;b (norm)~ 11 · II 1:*9- *tc, C ti H 0)~1:iJ:v'tf~7J'-1:'i-t 
9 0. t,J,~, ~tcWT IJ iJ1iJ:v '~H IJ, 2f>:lrn/i::X:1:ti'/:lttc H ti~l:'..J\;""-J\; r- ~FEil t L, C ta: H 0) "~ 
1:IJ:v '" ~7:l'-1::'t t 9 0 c. t t 9 0. * tc, N t N0 ti/llJHC:iEO)~~:@:f,$:0).1:';- t1F~O)~~:@: 
{,$;0)·1:';-~*9c. t t90. i,j EN (i :S j) tCJ,j'l,"[ N(i,j) := {k EN: i :S k :S j} t90. 
C ~ H 0)1¥J8tf~7J'-1::'tt90. c.O)t~, H O)ff~O)jc x tCJ,j'l,"[ 

llx - xoll = min llx -yll 
yEG 

tiJ:0 C O)jc Xo iJ,~~tC1¥tt9 Q, "t"C. T: H O)jc x tcttL, c. O)J: -5 iJ: C O)nxo ~J,j'J;l;~ 
-li"0~~~ H 7J'i:i C O)J:~O)ffil1ift!lJ,ti; (metric projection) tll¥cf, Pc T:*9-

T ~ C 7J'i:i H ~O)~~t9 0. F(T) ta:~~ T 0)1'1/Jg (fixed point) :@:f,i,:0).1:';-t9 0, 
9IJ:bi:i F(T) = {x EC: x = Tx}. ~tc 4 "J0)1Ftl*~~ftO)~ffl~~9-

• T iJ11Ffl* (nonexpansive) T:a&0 tti, C O)ff~O)jc x,y tCJ,j'l,"[ 

IITx - Tyll :S llx - YII 
iJ1fll<;:U:9 0 t ~ ~ v, -5 ; 

• T iJ11Ff$~ (nonspreading) T:a&0 t ti, C O)ff~O)jc x, y tcJ,J'l, "[ 

IITx - Tyll 2 :S llx - Yll 2 + 2(x - Tx, y - Ty) 

iJ1fll<;:U:9 0 t ~ ~v, -5 ( [15] ~~lffl) ; 
• T 7J'l\--{'f 1) 'Y F (hybrid) T:a&0 tti, C O){f)&;O)n; x,y tCJ,j'l, "[ 

IITx - Tyll 2 :S llx - Yll 2 + (x - Tx, Y - Ty) 

1J'f1X:U:90t~~l,\'5 ( [24] ~~lffl); 
• ..\ E lR t 9 0. T 7J' ..\-J\--{ '1' 1) 'Y F (..\-hybrid) T:a!'> 0 t ti C O)ff)&;O)n; x, y tCJ,j' l, "[ 

IITx - Tyll 2 :S llx - Yll 2 + 2(1 - ..\) (x - Tx, y - Ty) 

iJ1fll<;:U:90t~~v''? ( [l]~~lffl). 
T ~ ..\-J\--{7' 1) 'Y F~~t Ltct~~iJ'flX:U:90 ( [1,15,24] ~~~!ffl). 

• F(T) ti008.1:';-T:a!'i0; 
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• >. = 1 O)t~, TtiJF1'lt*'c'®0; 
• >-=O O)t~, Tti1F{$~c-i50; 
• ,\ = 1/2 O)t ~, T ta:1,--{'1' 1) 'Y Fc-i50. 

9tJ:vti, >.-l'l-1' :t' 1J ,y F~~tiJFfi*, 1F1$~, "-1' 7" 1J ,y FO) 3 -:JO) :15 A7.f:~A.,tt~~O) 
7 5 Al"® 0. ~Jc, J 7.f:i'ffe+!IH'r t L, {TJiu 7.f: C '/J' G H A..O)~{Jfm t 9 0. C 0) t ~, 
{TjLEJ '/J' (>.)-l'l-1''1' 1J 'Y F~~fmc-i50 tti, ff:~O) J E J tc:JtL -r, ®0~~ >.j '/J't¥tEL 
Ti iJ, >-r"-1' '1' 1) 'Y F~~l"®0 C t t5E.ili9 0. 9iJ:b!i, (>.)-l'l-1' 7' 1J 'Y F~{[JfmO):g.~{J 
ia:~tJ:0~~>. c- >.-l'l-1''1' 1J 'Y F~1Jc-t.&v,tv'-5~'9Kc-i50. 

CCC', ,\-l'l-1''1' 1) 'Y r'~~O)J:t{*{Jlj1,f:~9 ( [1] 7.r~~). 

'WIJ 2.1 (Aoyama, lemoto, Kohsaka and Takahashi [1]). ,\ E [O, 1) t L, 

,\(1 - ,\) + ✓2(1 - ,\) 
a= 1- ,\2 ' 

t90. B = {x EH: llxll-::::: a} t L, H 7J'G H A..O)~{[J T 1,f:.l)(rc-JE.ili90. 

{ 0 (x E B); 
Tx = x/llxll (x (j_ B). 

CO)t~, T ti ,\-l'l-1''1' 1) 'Y Fc-i50. 

3. ::!=U!l~iJJ,~JEl'i 

:zrs:wc-ia: (>-)-"-1':t' 1J ,y F~~-rmic:!ffl9 0:t=Hm~ih£JEl'i7.f'.~w/i9 0. *'f, ia: t:6btc:IN* 
5Efci[C:!0~iJ:2-:JO)~y!J7.f:JE.ili90: ~flj {cj} 7J'~{tf: (s) 7.f:n/ilJfc9tti, 

00 

{f:;@1:0) j EN ic:JtLT Cj E (0, 1) 7J'-:J, LCj = 1 
j=l 

7.f'.n/ilJtc9t~7.rv''?. *tc, =m~flj {cn,i} 7J'~{tf: (ds) 7.f'.n/ilJtc9tfi, ~{tf: (s) 7.f'.n/ilJtc9~flj 
{ci} 7.f'.fflv'T, c1,1 = 1 t L, {f:@1:0) n EN (n 2 2) ic:JtLT 

oo n-1 

Cn,j = Cj (j = 1, ... , n - l) 7J'-:J Cn,n = L Cj = 1 - L Cj 

j=n j=l 

n 

{f~O) j EN [C:J,fL, l➔im Cn,j = Cj, 7J'-:J{f~O) n EN [C:J,fL, LCn,j = 1. 
n oo 

j=l 

::JZtc:~{tf: (s) 7.f'.n/ilJtc9~fiJ {cj} t~{tf: (ds) 7.f'.n/ilJtc9=m~frJ {cn,j} O)J:tf*fJU7.f'.~9. 

'WIJ 3.1. {f:;@1:0) j EN /C:J,fL, Cj = 1/2i t:to< t~flj {cj} ti~{tf: (s) 7.rnlillk9. CO)~y!J {cj} 
7.r fflt, ,re, ~{tf: ( ds) 7.f'.n/ilJfc9 =m~frJti::J{O)J: -5 /C: 7J: 0; 

{ 1111} {111 1 1} 
{c4,iLEN(l,4) = 2' 4' 8' 8 '{cs,j}jEN(l,5) = 2' 4' 8' 16' 16 ' ... 
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:<Eil 3.2 ( [10]). a, b ~ a s b ~rr/iitc91ffl[RFEIJ (o, 1) J:O)~~ t L, { an} ~MIRFEIJ [a, b] J:O) 
~JrJt9G. {cj} ~?k{ti: (s) ~rr/iitc9~7rJtL, {Cn,j} ~?k{ti: (ds) ~rr/iitc9=_m~7rJt9G. 
C ~ H O)Fci)8$5t!fH'i' t L,' {Tj LEN ~ C 7J' G "t"-hEI :!if""-0) (..\)-l\--{ '1' l) 'Y F~~/mC: 9 0. 
}~JU {xn} ~~O)J::'5fc:mnx90: X1 ~ C O){f,jO)ji:;tL,, {f,iO)nENfc:Jtvr 

n 

Xn+l = anXn + (1 - an) L Cn,jTjXn 
j=l 

t 9 0. i:. 0) t ~ (/J # F := njENF(Tj) C:9 G t, {xn} ti F O)a,j0g z fC:~1&5R9 0. 

:<Ef:i 3.3 ( [10]). b ~lffl!RFEIJ (0,1) J:O)~~tL, {an} ~lffl!RFEIJ (0,1) J:O)~JrJc' 

lim an= 0, 
n-+oo 

00 

Lan= oo 
n=l 

~rr/eyfc9C:9G. {cj} ~?k{4 (s) ~rr/iitc9~7rJtL, {Cn,j} ~?k{tj: (ds) ~rr/iitc9=_m~7rJt9 
0. c ~ H O)FciJ8&~5t-i/'t L, {TjLEN ~ c 7J'l:>"t"tlE!:!if""-O) (..\)-l\--{'j'l) 'Y F~~Jmt 
90. J~Jrj {un} ~~O)J: '? tc:,mnx90: q,u1 ~ C O){-fJjO)jct L, {-f,jO) n EN fc:JtVr 

Un+l = anq + (1 - an) (bun+ (1 - b) t Cn,jTjUn) 

C:9G. [.O)t~ 0 # F := njENF(Tj) C:9GC:, gJrJ {un} ti F O)ji:; v = Ppq ""-5i~3(5R 
90. 
5iJi 3.4. JE:E!!! 3.2 & rJ 3.3 ti [10] fc: ;tot,' -r, ~{iJmO)?R{tf:ti J:: lJ ~Jl&i'f"Jt;J:{Jxn:c'filESJl~ tl -r 
t., 'G. :2fqfi::X:c'fi, ..\-J\--{ '1' 1) 'Y r'~~O)~ § l, LV 'G tc~, (..\)-l\--{ '1' 1) 'Y r'~fl7mtc:~Nn: l, 
rc~-r:s rm c tc. 

~fC:, DeMarr ~ (n:f!!! 1.3) O)~O)#iPf!liJJgO):f¥tEJ'.Ef!l!~1~G. 

:<Ef:i 3.5 ( [10]). C ~ H O)fl°fft;J:M8tt~5t-ii'tL, J~~"F-i/'9G. {Tjhu ~C iJ'G 
"t"tlEl:!if""-O)r'iJ~t;J: (..\)-l\--1'1' 1) 'Y F~~/mC:90. [.O)t~ {TjLEJ O)#Jffi)f!liJJJ~7J'fffr9 
0. 9t;J:tJt>, njE1F(Tj) ta:~•-B--r:ta:t;i:t.,,. 

i:. i:. c'n:f!i! 3.5 O)filESJHc ti, ~O)-ttfi!ljJJ:Ef!i!iJ'i0~tc: 1;J: G. 

~W:J:<Ef:i 3.6 ( [10]). k EN t L, C ~ H O)fl°J'i!t;J:$:$f.i;-t9 0. L := SUPx,yEC llx -yll t 
L, {TjLEN(l,k) ~ C 7J'l:>"t"tlE!:!if""-O)fl°~t;J:~fi:YrJ C:9 0. T1 ~ ..\-J\--{'j'l) 'Y F~~t L, 
{f,jO) n E N fc:Jt l, -C, C 7J' G H ""-0)~~ Sn ~ .LJ-rc'n:~9 G. 

i:.O)t~,{f,iO)nEN~~L-C,~O))f~rt~PX~9G. 
1 + 211 - ..\I 2 

sup ((Snx -y) + (Snx -T1y), y -T1y) S ---L . 
XNEG n 

tm!lJJJi:f!i! 3.6 O)filESJJiJ'f:>~O) Bruck~ (-ttfi!lJJJE:E!i! 3.7) O)fm!lJJn:f!i!iJ,~{i'0 ( [10] ~~Jffl). 

~W:!:<Ef:i 3.7 ( [10]). C ~ H O)fl°fft;J:M8$5t.i/'t L, ..\1(C) ~ ..\ iJ, ll - ..\I s 1 ~rr/iitc 
9 ..\-J\--{ '1' 1) 'Y F~fl~{,f,;O).i/' t 9 Q. [. 0) t ~' ~O))f~rt7J'PX~9 Q. 

lim sup 11~ t Tix -T (~ t rx) II= 0. 
n-+ooTE>-,(G),xEG n i=O n i=O 
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5i~ 3.8. ffff!IJJAE~ 3. 7 kl:, ffff!IJJAE~ 1.2 O)~~O)~flf:iJ' J: IJ Jtt,, 7 5 7:c'ruIJ!Jl~ tn: :t5 IJ, ~ 
ft c 0)00tl:O)~f4tJi...n --rv '0. tcti. L, ffff!IJJJE~ 1.2 ii1,-r '.1/ 1\~FEIJO)nxJ1~ 1:JD 0 O)c-il:ut 
tJ:'.w'.~c':f'Jt5JH;:tJ: -::i --Cv ,tJ:1,, 'iJ\ ffff!IJJAE~ 1.2 ~ ~;J..,«;J.., }- ~FE!Jc'~ ;t tc~-@rf;: ti:f'Jt~f;:tJ:-::i 
--Cv'0. 

CC c'JE~ 3.2 &:CJ 3.3 tJE~ 3.5 0)]1[~8"JiJ:*a:W: t l, --C.:XO) 2 -:JO)::flJJ.~AE~~1,lj\0. 

~ 3.9 ( [10]). a, b ~as b ~rr/i!itc91ffl!RFEIJ (0, 1) J:O)~~t L, {an} ~MIRFEIJ [a, b] J:O)~:VrJ 
t90. {ci} ~~ff (s) ~rr/i!ltc9~frJt L, {cn,j} ~~ff (ds) ~rr/i!ltc9=m~:VrJt90. C ~ 
H O),~fWtJ:008l'f~5t~ftt L,, {TjLEN ~ C 7J'Gi--h§:!ir--'\.O) PJ~tJ: (>.)-l\,{'j'l) "J F~fj 
~ t 9 Q. gfrJ { Xn} ~ .:XO) J: '? f;:ffijpjt9 G: X1 ~ C O)ff'.w'.O)jc t L,, {f'.w'.O) n E N i;:J,j" L, l 

n 

Xn+l = anXn + (1 - an) L Cn,jTjXn 
j=l 

t90. CO)t~ F := njENF(Tj) t90t, {xn} ii F O)Jb0g z [;:~q:ll5R90. 

~ 3.10 ( [10]). b ~lffl!RFEIJ (o, 1) J:O)~~t L, {an} ~lffl!RFEIJ (0, 1) J:O)~frJc-

lim an= 0, 
n-+oo 

n=l 

~rr/i!itc9t90. {ci} ~~{4 (s) ~rr/i!itc9~Jllt L, {cn,i} ~~{4 (ds) ~rr/i!Jt.:9=m~J1Jt 
90. C ~ H O)fl3'f.iJ:008$5t~ftt L,, {TjLEN ~ C 7J'Gi--hEJ:!irA,.O)PJ~tJ: (>.)-l\,{/' 
1J 'Y F~ft~t90 .• ~:VrJ {un} ~.:XO)J:-5 f;:ffijp,\t90: q,u1 ~ C O){f'.w'.O)jct L, {f'.w'.O) 
n EN fc:J,f L, l 

Un+l = anq + (l - an) (bun+ (1 - b) t Cn,jTjUn) 

t 9 0. c. 0) t ~ F := njENF(Tj) t 9 0 t, gfrJ { Un} ii F O)jc v = Ppq --'\.5!li~5R9 0. 

~:rite: (>.)-J\,{7' 1) "J F~fj~fc::t51,,,--cJ',tJ:0~~A fc::t5ft0 2-:JO)PJ~tJ: A-l\,{7' 1) '.1/ }:' 

~~0)1Jij~~9 ( [11] ~~lffl). 

-wiJ 3.11 ( [11]). H = lR2 t L, C = {(x, y) E lR2 : lxl + IYI S 1} t 9 G. C 7J' G i--h§:!ir--'\.~ 
fj T t S ~l-J,rc'JE~90: ff'.w'.O) C O)jc (x,y) J,j"L,'"[ 

T(x, y) = (-x, y), S(x, y) = (x, lxly). 
CO)t~, C iiflWiJ:008~-@rttJ:0CtWIJ:JGiJ'c'S t T iiPJ~tJ:~~ttJ:0. 9;1J:.pt, 
TS = ST c'db0. ~:Jc, T ii1Ftit:kt tJ: 0iJ'1Ff$~c-iitJ: <, S ii1M$~t tJ: 0iJ'1Ftit:kc-ii 
iJ:v', ~ Gf;:, ..:t-.n.:f-hO)::fl}Jg~ftt~Jffi::flJJg~ftii 

F(T) = {(x, y) : x = 0}, F(S) = {(x, y) : y = 0}, F(T) n F(S) = {(0, 0)} 

c'Jb0. 

Jj'M:. ::zfs:@f~ii JSPS f3j.@fj!t 19K03632, 19H01479 O)!ljJpjt~'.3l:tJ-tc t 0)1:'9. 
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