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Ji!,g~ft~~FEIJ X l:OJ~~ T: X---+ X ti, {f~O) x, y EX tcJ,J-L, T 

d(Tx, Ty) :S:: d(x, y) 

~J:J.tc.9 t ~, 1Ftlt::k~ft trnftJ'n0. ~,1;~,1; l-~FJJtc:stt 01FtJt::k~ftOJ~j}j#.0li{t( 

ti, ~ * ~"* iJ: cfrtiJ"tlf~~ :h T :t51J, -t :h G OJ~< ti1Ftlt::k~ft~OJ~lffi~j}j#.G£i:ft(""­
t ~~ft~ n --r1., '0. * tc., ili:i+:ti:¥cfiliiiJ:rffUtlliJi!.e/!Jl~FJJOJ~ffl[1:, ~,1;~,1; l- ~FEIJOJ~~fl:: 
tc it iJ:-::i T 1.,' 0 7 :9''-z-;J;~FEIJJ:: OJ~lffi~j}j,~.lfl{t( ""- t t;t~ ~ :h, ffi1JIY-JiJ:filf~iJ,i]g/u c' 
1.,,0. 

:$:fic'ti, 1.,,tJaj)0 Browder m!OJ~Jffi~j}]£Jlr{t(~7 :$f'-z-;J;~FEIJJ::c'~.:t, [3] c'tle 

~~ :htc.~~H@OJ~~OJ8*-airtcxtJ;G9 0W~~ffl1., ,--r,~JIJOJ~:X5R'li~~ L,tc.. 

2 ~fjffi 

]i!,g/!Jl~FEIJ X 0) 2 -~ x, y EX fCJ,f L,, T [O, d(x, y)] ---+ X TJ' 1 (0) = x, 1 (d(x, y)) = y 

~J:J.tc.9~~~{tOJ t ~, , ~ x, y ~ft/MB t 9 0rffUtlliffit 1.,,-5. {f~O) x, y E x fcJ,tL,, 

C:hG~ftlffiBt 9 07MU:ttl!ffiiJ"-=>tlfc:(+tE9 0 t ~, X ~rMU:ttl!Ji!.elill~FEIJ t 1.,,-5. :$:t~c'ti, 

:g.ft!MB x, Y E x rctt L, trffUtlliffiiJ"~~rc:f¥t1:9 0 c t ~fin:: L,, ft!MB x, Y E x OJlfiUtlli 
ffi, OJ{t~ [x,y] c'il&Gb9. *tc., t E [O, 1] fcJtL,T, [x,y] J::0)£ 1 ((1-t)d(x,y)) ~ 
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tx EB (1 - t)y t S Gb l,, x t y OJ8~it t \,,' -5. 2: t-Ui: J: -::i -C, X J:0)8~1:tOJ-fi:~iJ, 

§~~i:JE6bGn0. 

jfiiji:{!!jj!g~~rdJJ:O) 3 £ x, Y, z E X ~L J: -::i l/E~~ n0mCTt-t!!-=:.~ID 6(x, Y, z) = 

[y, z] u [z, x] u [x, y] ~c:~"tL-C, -=fOJ.lt~-=:.~ID 6(x, y, z) = [y, :z] u [z, x] u [x, y] c JR;2 ii 

d(y, z) = IIV - zll, d(z, x) = llz - xii, d(x, y) = llx - VII 

-Ji:'J-J.tr:ttOJt VCJE~~n0. ~dci:.O)t ~, p E 6(x,y,z) OJlt~£p E 6(x,y,z) 

t §~ti:JE~~n, {f~O) x, y, z EX t{f~O) p, q E 6(x, y, z) tc:J,tl,-C, p, q OJlt~£ 

p, <i E 6(x, y, z) iJ, 
d(p, q) :::; 11:v - <ill 

-Ji:'J-J.tc9t~, X ti CAT(O) ~rdltl!iff:fn0. *tcic{JliW: CAT(O) ~rdl-Ji:7:$f'-z-;1;~rdl 

tl!if~. 

7~i-z-;1;~rdl1:ia:~OJ::f~rtiJ,JJXIJ1L-::)i:. tiJ)~PGn-Cv'0. {f~O) x,y,z EX t 
t E [0, 1] fi:J-f l,-C 

d(z, tx EB (1 - t)y) 2 ::::; td(z, x) 2 + (1 - t)d(z, y) 2 - t(l - t)d(x, y) 2 . 

d(x, u) 2 - d(x, v) 2 + d(y, v) 2 - d(y, u) 2 ::::; 2d(x, y)d(u, v). 

r({xn}) = inf limsupd(xn,Y) 
yEX n--+oo 

1:JE~90. *tc, v EX 7J' {xn} O)~;ilr8"]$JL'c'®0tfi, 

r({xn}) = limsupd(xn,v) 
n--+oo 

7J'/JX IJ }L-::) c. t-Ji:l.t' -5. 7 )"t?-Jv~rdlti:.:tal.t' -C ta:, ~ WJ,~CVIJ O)~;iliB"Jr:f:lJL)ta:-~fi:;E* 

0 c. t 7J)9ia Gn lV'G. ~ G ti:, Xo E X 7J) { Xn} O){f~O)J:f~5HU { XnJ O)~;iliB"]r:f:lJL) 1:® 

0 t ~, {xn} fj: Xo ti: ~ ~3l.}R9 0 t1,,,-5. 
~O)filH!JHi [7] ti:;t3\,, 'l X 7J'fc{rni CAT(l) ~rdJO) t ~ [i:)JX IJ l[-::) 2: t 7J'~~ n -Cl.t' 0 

iJ\ 7 ~i?-Jv~rdlti:.:tal.t 'l t ~iEBJHj::2js:f/{B"Jti: iol~c'® 0. 

ff&M 1 (Kimura-Sato [7]). X -Ji:7:$f'?-Jv~rdlt l,, x EX t90t~, X l:OJ~W,~ 

JIJ {xn} t-=fOJ~ill:B"Jr:f:lJL,v EX fi:J-fl,-C d(x,v):::; limsupn--+ood(x,xn) 7J'/JXIJl[-::). 
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ffli)m 2 (He-Fang-Lopez-Li [4]). X ~7:)f'-z-;J.;~F.llc: L,, x EX C:90C:~, X l:OJ,~ 

JIJ {xn} 7J' v EX fZ: ~ JN5R901'J;Gf;f d(x,v)::::; liminfn--+oo d(x,xn) 'h'f&/J"il.'J. 

ffff~ 3 (Kimura [5]). 7 :)f'-z-;J.;~F.!J X O),~Jlj {xn} 7J' v EX fZ: ~ lN5R9 G c:{,&:Ji:'.9 

0. C. 0) c: ~, ®Gp EX tz:ttVr { d(xn,P)} 7J' d(v,p) fZ:!N5R9 01J; G f;f' {xn} fi v tz: 
lN5R90. 

~- T: X --t X OJ~;J]g~{;ii:~ FixT c"® Gb9. 91'J;:bi:i, FixT = {z EX I z = 

Tz }. ~ft T tJ,7 :)f'-z-;J.;~F.IJJ:O)~Ft!t::k~{jO) c: ~ Fix T tiM8ffii'r c: iJ; 0 c. c: 'h'ffi G 

:h'"fv'0. 

X O)~c"7J;v'M8ffiir Cc: x EX tz:ttL,, d(x,px) = infyEC d(x, y) ~'JJtc9 Px EC 

iJ,~~fZ:f¥1:t90. C.OJ Px ~fflv''"f, ~9P: X --t C ~ P(x) =px c"JE~L,, C l:~OJ 
]EgliJtjtj; C: ~ ~-

7 :)f'-z-;J.;~F.ll:to ~ -U~F.IJJ: c"Ji:a ~ :htc ~ * ~--* iJ;~90J~::$:1¥-J•11:JUz: 'Jv' -r fi 
[1, 2] ~~R~Ht~. 

7 :)f'-z-;J.;~F.!Jfz::tov ,-r fi, 2 ,~OJ8ff.j'/i'riJ' §~fz:Ji:a~ :h '"f :to fJ, 3 ,~.L:,ZJ:OJ~mHIOJ 

,~fZ:J-j-9 0 8ff.j'firfZ:'Jv'L fi, 2 ,~0)8ff.j'fir~~ fJ ~ L,fflv'G c. c: c"JE~~ :h0. L,iJ, L,, 

-rO)~ s l'J;Ji:'.~ti8ff.j'fir~I&0g0)/1ifif¥tz: {t'(1'¥ L, re t 0) c: 1'J; fJ, ~ * ~--* l'J;m-~tz::toi., ,-r 
~-~~c.:si•i'r~~.:si.~OJJE~~,~mooOJ~•O)uff.j'/i'rc"ffirel'J;~•~Ji:'.a9.:si• 
tz:, r0:Jff.j'firOJ/1ifir¥tz: {t'(1'¥ L, l'J;i., ':n~~:Ht~ L, re t OJc" ® fJ, **~O)_±ff.j'/* c" t m~l'J;f9:1!1rJ 

~tl=l.-::i'"fv'0. 

>E'.!! 1 (Hasegawa-Kimura [3]). X ~7 :)f'-z-;J.;~F.ll C: L,, .§. k = 1, 2, ... , N fZ:J-j-L, L 

Tk: X --t X ~~F:f=Jt::k~9C:9G. {0:0,0:1,0:2, ... ,0:N} ~ ~f=oak = 1 ~'JJ-re9.i:£0)~ 
~C:90. x EX fZ:J-j-L,'"[, 

N 

U(x) = argmin L o:kd(Tkx, y) 2 

yEX k=O 

c:Ji:'.~9 0 c:, ~iJ,r&, fJ "il.'J. 

(i) U(x) f;t~gffiirc"® fJ, L,tc'/J'-::i '"f U: X --t X f;t~,fiffi~9c: L, '"fJi:a~ :h0; 

(ii) u fi~Ft!t::k~9c"®0; 

(iii) nf=l Fixn 7J'~c"iJ;t,,iJ;Gf;f FixU = nf=l Fixn. 
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*~~~.~~~~~~*~-~~M90#~~~B~ili~~9~fil~90. *~W60 
fc::, ili{t{gJIJ~'±:JvG~@ffl ~ tl0cfrtfc:::Jot, ,y, gJIJ;,'.f~;ljfc::~60 Gtl0 C. t ~7F L, -C:Jo 

~11 2. {T1, T2, ... , rN} ~ 7 ,,J'-z~ ,1,,~rrtr x J: ~~~~ ntdF:J:Jt;*~•~~~H~ t 9 

0. {o:o,o:1,0:2,--•,ow} c ]0,1[ ~ Lf=oo:k = 1 ~'JJ.fc9~JrJt L,, u EX C:90. C. 

~t~, 

x E argmin (o:od( u, y )2 + t o:kd(Tkx, y )2 ) 
yEX k=l 

~'JJ.fc:9 x E X iJ,~;ljfC::t¥t!:9 0. 

r.~~9~iiEBJHi [6] fi:"t"~*fil:1'19iJ:ff~:B"iJ'7F~tl-Clt'0. C. C. ~fi:¥c~~WJ90k60, 

iiEBJJ~W-rfi:7F9. 

!iEBfa.l. ~- U: X--+ X ~ x EX fc::JtL, L 

U x = argmin (o:od( u, y )2 + t o:kd(Tkx, y )2 ) 
yEX k=l 

~~~9 0. C. ~t ~, ~9 1 J: ~ U fa;~ftffi~{t~ilS ~, ~ Gtc::, m1J,~-~®0 C. tiJ, 

P7J'0. ~~,x,x'EX ttE]O,l[tc::JtL,-C 

N 

o:od(u, Ux) 2 + L o:kd(Tkx, Ux) 2 

k=l 
N 

~ o:0 d(u, tUx EB (1- t)Ux') 2 + L o:kd(Tkx, tUx EB (1 - t)Ux') 2 

k=l 
~ o:0 (td(u, Ux) 2 + (1 - t)d(u, Ux') 2 - t(l - t)d(Ux, Ux')2) 

N 

+ L o:k (td(Tkx, Ux) 2 + (1 - t)d(Tkx, Ux') 2 - t(l - t)d(Ux, Ux')2) 
k=l 

~ t ( o:od(u, Ux) 2 + t, o:kd(Tkx, Ux) 2 ) 

+ (1 - t) ( o:od( u, U x')2 + t, o:kd(Tkx, U x')2) - t(l - t)d(U x, U x')2 
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ttJ:IJ, J:-::i-C 

t(l - t)d(Ux, Ux')2:::; (1 - t)a0 (d(u, Ux') 2 - d(u, Ux)2) 
N 

+ (1-t) Lak (d(Tkx,Ux') 2 -d(Tkx,Ux)2 ). 

k=l 

d(Ux, Ux')2 :::; a0 (d(u, Ux') 2 - d(u, Ux)2) 
N 

+ L O',k ( d(Tkx, U x') 2 - d(nx, U X ) 2 ) 

k=l 

~fflG~0-~G~,~-~M-~ 

d(Ux', Ux) 2 :::; a0 (d(u, Ux) 2 - d(u, Ux')2) 
N 

2d(Ux, Ux') 2 

N 

+ L ak (d(Tkx', Ux) 2 - d(Tkx', Ux')2) 
k=l 

'.SL ak (d(Tkx, Ux')2 - d(Tkx, Ux) 2 + d(Tkx', Ux) 2 - d(Tkx', Ux') 2 ) 

k=l 
N N 

:::; L 2akd(Tkx, Tkx')d(Ux, Ux'):::; 2 L akd(x, x')d(Ux, Ux') 
k=l k=l 

:::; 2(1- a0 )d(x, x')d(Ux, Ux') 

ttJ:IJ, LJciJ'-::iT 
d(Ux,Ux'):::; (1-ao)d(x,x') 

~tf 0. 1 - ao < 1 ~ i:5 0 7J' G U 1;:1:m,1,¥~~ i:5 IJ, J: -::i -c::r:iJJB x = U x E X -JJ,~Jii_ 

fC:1¥tE9 0. r. ~ t ~, U ~JE'.RJ: IJ 

□ 



156

AE'.!! 3. {T1, T2, ... , TN} ~7 :$f'-z-;1,,~rEIJ X J:~J.E~~tltdFtlt*~f~O)~~H~t L,, 

F = nf=l FixTk =/- 0 ~1&/E90. ~ k = 0, 1,2, ... ,N fC::°t-;fL,, {a~} ~i_EO)~~ylJt L,, 

~'i:'.1&J.E9 0: 

• ~ n EN fc::"t-;fL, L I:f=o a~= 1; 

• limn--+oo a~ = O; 

• itS0 a,b E ]O, 1[ iJ't¥tEG--C, ~ n EN t k = 1, 2, ... ,N fC::"t-;fL,--C a :Sa~ :Sb. 

fc::~ -:J L/E~9 0. i:O) t ~, {xn} fiilS0 Ppu fc::L/3tl;R9 0. tc.tc.L,, Pp fi X ;IJ,t; F J: 

""'-0) Ji!§/iflt~Jifj; ~ JS 0 . 

!iES.F.I. F.'HIJ {xn} iJ"-:l.ilUC::J.E66Gtl0 i: tfiJ.Effil 2 ~ ~biJ'0. ~n EN t t E ]O,l[fC:: 

"t-f L, L, Xn O)J.E~~ ~ 

N 

a~d(u,xn) 2 + L°'~d(TkXn,Xn)2 

k=l 

N 

:S a~d(u, txn EB (1 - t)Ppu) 2 + L a~d(TkXn, txn EB (1 - t)Ppu) 2 

k=l 

:St ( a~d(u,xn) 2 + t,a~d(TkXn,Xn) 2 ) 

+ (1 - t) ( a~d(u, Ppu) 2 + t, a~d(Tkxn, Ppu) 2 ) 

- t(l - t)d(xn, Ppu) 2 

:St ( a~d(u,xn)2 + t,a~d(nxn,Xn) 2) 

+ (1 - t) ( a~d(u, Ppu) 2 + t, a~d(xn, Ppu) 2 ) 

- t(l - t)d(xn, Ppu) 2 
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:'S t ( a~d( u, Xn) 2 + t, a~d(TkXn, Xn) 2 ) 

+ (1 - t) (a~d(u, Ppu) 2 + (1- a~)d(xn, Ppu)2) 

- t(l - t)d(xn, Ppu) 2 

N 

(*) a~d(u,xn) 2 + La~d(nxn,Xn)2 '.Sa~ (d(u,Ppu) 2 - d(xn,Ppu)2) 
k=l 

c: iJ: IJ, d(xn, Ppu) '.S d(u, Ppu) :IJ".{f~O) n E N c'nl<; IJ :tz:--::::> Cc: ib'Vib'0 O)c', {xn} f;t 

~ W 1,'HIJ c' il5 0 . 

{EUlJ: IJ limn--+oo a~= 0 l:'®0 C c:~fflv'0 c:, ~ k = 1, 2, ... , N tc_t,f L, "C, (*) :IJ,G 

c:iJ: IJ, ~ Gtc O < a :S a~ l:'®0 C c::IJ,G, ff~O) k = 1,2, ... ,N tc.ttL"C 

limn--+ood(TkXn,Xn) = 0 :IJ".fiG:h0. L L c', {xn} O){f~0)$:5}ylj {xnJ tc_t,j-l..,"[, 

{ Xn,} 0))$r;ilrS"Jr:j:lil,) V :IJ". F = n:=1 Fix Tk tC::~9 0 L C: ~7R"t" '?. { d(xn,' TkXn,)} ti 0 

fC::~5R9 0 O)c', l$r;iliS"Jr:j:liC,,O)n:~J: IJ k = 1, 2, ... , N tc.tt L, "C 

r({xnJ) = limsupd(xn,,v) 
i-+oo 

:S limsup(d(xn,' TkxnJ + d(TkXn,' nv)) 
i-+oo 

:S limsupd(xn,,v) = r({xnJ) 
i--+oo 

~fl0. J:-:> l Tkv 1l; { XnJ 0))$r;ilrS"Jr:j:liC,, C: iJ: 1J, .::C0)-~•11:J: 1J v = Tkv :IJ".p_x; 1J tf."'J. 

J:-:i"C VE F c'®G. 

Wrf(*)J:IJ, 
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c' ® G L. C: i,p G d( u, Xn) <::: d( u, Ppu) iJ,{fJ.iO) n E N c' nl/; 1J }L-::). v E F c' ® G L. C: C: 

:fmJm 1 ~ I_) 

9;1J;p~ d(u,Ppu) = d(u,v) t;IJ;.gO)c', v = Ppu 1J'1ijG-tLG. {xnJ ~j: {xn} O){f:i'£t0) 

!m5HiJti--=itcOJc', JE~~ IJ {xn} ~i Ppu ~c.~ ~:lZ5R9G c:. tiJ,tJiJ,--=itc. ~ Gfc.J::.ict 
[qj;Jifc. L, 1.", tf;i!] 2 ~ J:§1,,' G t 

7J' G d( u, Ppu) = limn--+oo d( u, Xn) 7J'1ij G-tL, tf;i!] 3 ~ IJ { Xn} ~j: Ppu fC.~)(5R9 G L. C: 

iJ,ff-~-tLtc. □ 
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