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‖Tx − Ty‖ ≤ ‖x − y‖, x, y ∈ C; T ����	��, ���*+�,� {kn} ⊂ [1,∞) �
limn→∞ kn = 1, �- ‖T nx − Tny‖ ≤ kn‖x − y‖, n ≥ 1, x, y ∈ C.  x ∈ C �� T �!" ,
�� Tx = x, # F (T ) � T �!" �.

!" �$.�	���%&�/0'1, *2()3*456 [1]. +,-7� {T nx},
x ∈ C .8*9:/;<!=0>1. ?�@ Mann ,-A29>1, 7� {xn} 3B�;

xn+1 = anxn + (1 − an)Txn, n ≥ 0, (1.1)

4C x0 ∈ C DEF5.

6GH+ Mann ,-278I9>1, Nakajo : Takahashi [2] J;<=>�� CQ ?@�

,-AB, * Hilbert �� H C	��� T K�;,-
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

x0 ∈ C,

yn = anxn + (1 − an)Txn,

Cn = {z ∈ C : ‖yn − z‖ ≤ ‖xn − z‖},
Qn = {z ∈ C : 〈xn − z, x0 − xn〉 ≥ 0},
xn+1 = PCn∩Qnx0,

(1.2)

4C PK �D H E K �FGLM, K � H �
���, NHII7� {xn}9>1E PF (T )x0.

*O [3] C, KPH+ (1.2) C��	���JK,-�;
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

x0 ∈ C,

yn = anxn + (1 − an)T nxn,

Cn = {z ∈ C : ‖yn − z‖2 ≤ ‖xn − z‖2 + θn},
Qn = {z ∈ C : 〈xn − z, x0 − xn〉 ≥ 0},
xn+1 = PCn∩Qnx0,

(1.3)

4C θn = (1 − an)(k2
n − 1)(diam C)2 → 0, L n → ∞, NHII9>1E T �!" .

CQ	��� Ishikawa ,-AB�;
⎧⎪⎪⎨
⎪⎪⎩

x0 ∈ C,

yn = anxn + (1 − an)Txn,

xn+1 = bnxn + (1 − bn)Tyn,

(1.4)

@R Ishikawa ,-AB0S�� {xn} 9>1E T �!" [4].

*O [5] CKPC (1.4) 56 CQ ?@, 8M,-279>1, NOT0O��BU Nakajo
: Takahashi �VW, P?@56E��	��� Ishikawa ,-ABQII7�9>1.

;R�P06E�ST:X%
(1) ⇀ -U9>1, → -U9>1.

(2) ww(xn) = {x : ∃xnj ⇀ x} #� {xn} �9VY�.

Z[ 1.1 * Hilbert �� H CÆK;R!WÆ
‖u − v‖2 = ‖u‖2 − ‖v‖2 − 2〈u − v, v〉, u, v ∈ H.
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Z[ 1.2[6] T : C → C ���	���, C � Hilbert �� H 4d
���. �� C

C7� {xn} 3e;Rab: (1) xn ⇀ z; (2) Txn − xn → 0, c z ∈ F (T ).
Z[ 1.3 C �� Hilbert �� H �
���, PC �D H E C @�FGLM. x ∈ H,

z ∈ C, c z = PCx WfQ
〈x − z, y − z〉 ≤ 0, ∀ y ∈ C.

Z[ 1.4[5] C � Hilbert �� H �
���, H C7� {xn}, u ∈ H, g q = PCu, ��
{xn} �9VY� ww(xn) ⊂ C �-dh

‖xn − u‖ ≤ ‖u − q‖, ∀n, (1.5)

c xn → q.

2 \]^_
NiT0C Ishilawa ,-AB (1.4) j6 CQ ?@, QIIe�9>1.
Z[ 2.1 C � Hilbert �� H �4d
���, T : C → C ���	���, kf [0, 1]

C�7� {an}∞n=0, {bn}∞n=0, 8M an ≤ α, 0 < α < 1, � bn → 1. 0S7� C C {xn}∞n=0 �;⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

x0 ∈ C,

yn = anxn + (1 − an)T nzn,

zn = bnxn + (1 − bn)T nxn,

Cn = {z ∈ C : ‖yn − z‖2 ≤ ‖xn − z‖2 + θn},
Qn = {z ∈ C : 〈xn − z, x0 − xn〉 ≥ 0},
xn+1 = PCn∩Qnx0,

(2.1)

4C θn = (1 − an)(k4
n − 1)(diam C)2 → 0, L n → ∞, c {xn} 9>1E PF (T )x0.

`a lmO [7], T * C C4!" , . F (T ) 	�.
;RII Cn ���.
?�@, Cn �0SWf!WÆ 〈2(xn − yn), z〉 ≤ ‖xn‖2 − ‖yn‖2 + θn, ME* z  n�.
;RII F (T ) ⊂ Cn, ∀n. ?�@, ∀ p ∈ F (T ),

‖yn − p‖2 = ‖an(xn − p) + (1 − an)(Tnzn − p)‖2

≤ an‖xn − p‖2 + (1 − an)‖T nzn − p‖2

≤ an‖xn − p‖2 + (1 − an)k2
n‖zn − p‖2,

�

‖zn − p‖2 = ‖bn(xn − p) + (1 − bn)(Tnxn − p)‖2

≤ bn‖xn − p‖2 + (1 − bn)‖T nxn − p‖2

≤ bn‖xn − p‖2 + (1 − bn)k2
n‖xn − p‖2,

ME

‖yn − p‖2 = ‖xn − p‖2 + (1 − an)(k4
n − bnk4

n + bnk2
n − 1)‖xn − p‖2

≤ ‖xn − p‖2 + θn,
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gh p ∈ Cn, ∀n.
;RII

F (T ) ⊂ Qn, n ≥ 0. (2.2)

i Qn �0S:X% 1.3 ME xn = PQnx0, Ejk ‖xn − x0‖ ≤ ‖p − x0‖, ∀ p ∈ F (T ). lo
{xn} 4d, �

‖xn − x0‖ ≤ ‖q − x0‖, q = PF (T )x0. (2.3)

L n = 0 m, ME F (T ) ⊂ C = Q0.
kf F (T ) ⊂ Qn, l xn+1 � x0 * Cn ∩ Qn @�LM, iX% 1.3, ME

〈xn+1 − z, x0 − xn+1〉 ≥ 0, ∀ z ∈ Cn ∩ Qn.

ipqkfM F (T ) ⊂ Cn ∩ Qn, rR�!WÆÆK, nsC z ∈ F (T ) ÆK. oi Qn+1 �0S
p; F (T ) ⊂ Qn+1, lo (2.2) ÆÆK.

;RII
‖xn+1 − xn‖ → 0. (2.4)

?�@, i Qn �0Stq xn = PQnx0, � xn+1 ∈ Cn ∩ Qn ⊂ Qn, tM

‖x0 − xn‖ ≤ ‖x0 − xn+1‖.
UI7� {‖x0−xn‖}�ur�. C 4d, limn→∞ ‖x0−xn‖�*.oi xn = PQnx0: xn+1 ∈ Qn,
tM 〈xn+1 − xn, xn − x0〉 ≥ 0.

lmX% 1.1 M

‖xn+1 − xn‖2 = ‖(xn+1 − x0) − (xn − x0)‖2

= ‖xn+1 − x0‖2 − ‖xn − x0‖2 − 2〈xn+1 − xn, xn − x0〉
≤ ‖xn+1 − x0‖2 − ‖xn − x0‖2 → 0 as n → ∞.

l xn+1 ∈ Cn, ‖yn − xn+1‖2 ≤ ‖xn − xn+1‖2 + θn, 4
‖yn − xn+1‖ ≤ ‖xn − xn+1‖ +

√
θn.

tM ‖yn − xn+1‖ → 0. oi (2.4) ÆtM ‖yn − xn‖ → 0.
l bn → 1, {xn} 4d, ME

‖zn − xn‖ = (1 − bn)‖xn − Tnxn‖ → 0.

sEE T nzn = yn − an(xn − Tnzn), tM ‖xn − Tnzn‖ ≤ ‖xn − yn‖ + an‖xn − Tnzn‖. i
@Æ4

‖xn − Tnzn‖ ≤ 1
1 − an

‖xn − yn‖, an ≤ α,

tM ‖xn − Tnzn‖ ≤ 1
1−α‖xn − yn‖.
‖xn − Tnxn‖ ≤ ‖xn − Tnzn‖ + ‖T nxn − Tnzn‖

≤ 1
1 − α

‖xn − yn‖ + kn‖xn − zn‖ → 0.

tI ‖xn − Tnxn‖ → 0.
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g k∞ = sup{kn : n ≥ 1} < ∞,

‖xn − Txn‖ ≤ ‖Txn − Tn+1xn‖ + ‖T n+1xn − Tn+1xn+1‖
+ ‖T n+1

xn+1 − xn+1‖ + ‖xn+1 − xn‖
≤ k∞‖xn − Tnxn‖ + ‖Tn+1xn+1 − xn+1‖ + (1 + k∞)‖xn+1 − xn‖ → 0,

ME

‖xn − Txn‖ → 0. (2.5)

i (2.5):X% 1.2ME ww(xn) ⊂ F (T ). lm (2.3)Æ:X% 1.4, ME {xn}9>1E PF (T )x0.

b 2.2 O [3, 0% 2.2] �NO0% 2.1 �uv, ?�@, g bn = 1 Cg4� n, c
zn = xn, yn = anxn + (1 − an)T nxn.

CQ	���4=v/0�w�?@, 7� {xn} 0S�;
xn+1 = tnx0 + (1 − tn)Txn, n ≥ 0, (2.6)

4C x0 ∈ C, {tn}∞n=0 � (0.1] C�,�. Hilbert ��C�7� {xn} *;�dh;9>1 [8]:
(1) tn → 0;
(2)

∑∞
n=0 tn = ∞;

(3)
∑∞

n=0 |tn − tn+1| < ∞ x limn→∞ tn

tn+1
= 1, xn >1wFy. *O [5] C0S7� xn �

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

x0 ∈ C,

yn = tnx0 + (1 − tn)Txn,

Cn = {z ∈ C : ‖yn − z‖2 ≤ ‖xn − z‖2 + tn(‖x0‖2 + 2〈xn − x0, z〉)},
Qn = {z ∈ C : 〈xn − z, x0 − xn〉 ≥ 0},
xn+1 = PCn∩Qnx0,

(2.7)

o,-Jz< (2.6) �>1wF.
P@R�,-ABp{E��	���.
Z[ 2.3 C � Hilbert �� H �4d
���, T : C → C ���	���. f

{tn} ⊂ (0, 1), 8M limn→∞ tn = 0. C C7� {xn}∞n=0 0S�;⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

x0 ∈ C,

yn = tnx0 + (1 − tn)T nxn,

Cn = {z ∈ C : ‖yn − z‖2 ≤ ‖xn − z‖2 + θn},
Qn = {z ∈ C : 〈xn − z, x0 − xn〉 ≥ 0},
xn+1 = PCn∩Qnx0,

(2.8)

4C θn = (1 − an)(k2
n − 1)(diam C)2 → 0, L (n → ∞), c7� {xn} 9>1E PF (T )x0.

`a :0% 2.1 �II|x, Cn ���.
;RII F (T ) ⊂ Cn, ?�@, CDE� p ∈ F (T ),

‖yn − p‖2 = ‖tn(x0 − p) + (1 − tn)(Tnxn − p)‖2

≤ tn‖x0 − p‖2 + (1 − tn)‖T nxn − p‖2 ≤ ‖xn − p‖2 + θn.
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lo p ∈ Cn, ∀n ≥ 0.
;RII F (T ) ⊂ Qn, ∀n ≥ 0. i Qn �0S:X% 1.3 tq xn = PQnx0. @ÆEjk

‖xn − x0‖ ≤ ‖p − x0‖, p ∈ F (T ), � {xn} 4d
‖xn − x0‖ ≤ ‖q − x0‖, q = PF (T )x0. (2.9)

i xn+1 ∈ Qn, tM
〈xn+1 − xn, xn − x0〉 ≥ 0. (2.10)

i (2.9) Æ:X% 1.1, M

‖xn+1 − xn‖2 = ‖(xn+1 − x0) − (xn − x0)‖2

= ‖xn+1 − x0‖2 − ‖xn − x0‖2 − 2〈xn+1 − xn, xn − x0〉
≤ ‖xn+1 − x0‖2 − ‖xn − x0‖2.

i@ÆtM {‖x0 − xn‖} �ur�, tM

lim
n→∞ ‖xn+1 − xn‖ = 0. (2.11)

iQ xn+1 ∈ Cn, ‖yn − xn+1‖2 ≤ ‖xn − xn+1‖2 + θn, Ejk ‖yn − xn+1‖ ≤ ‖xn − xn+1‖+
√

θn,
ME

‖yn − xn+1‖ → 0, � ‖yn − Tnxn‖ = tn‖x0 − Tnxn‖ → 0.

|x0% 2.1 �II ‖xn − Tnxn‖ → 0 :

‖xn − Txn‖ → 0. (2.12)

i (2.12)Æ:X% 1.2ME ww(xn) ⊂ F (T ). i (2.9)Æ:X% 1.4tI {xn}9>1E PF (T )x0.

cd KPCy}~Uz{|�}.
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