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1 ,-
�
����� (Xt)0≤t≤1 �.

dXt = AtXtdt + btdt + σtdBH
t , X0 = 0, (1.1)

�/ A, b, σ �0
�1��2� (BH
t )0≤t≤1 �����3�� H > 1

2 �
���4�. 
�

�����0��562�78�6���, ������9:��������  !"!#
;. "$<#=%
������
$%
&&��''.

>()*+(
,#;,?)$-*�+@+(��
$%
&&�<#, ./,,@0-1
.2���4�,$ [3, 7, 8]/03����
$%
&&,$ [1, 4, 6, 9]/0101.2��4

�
$%
&&, $ [2, 5] A53
���4��
$%
&&. ,@
� Ornstein–Uhlenbeck

��, $ [16] /03�
$%
&&26,���3B3
$%
&&''. $ [17] A53

� Cameron–Martin 1.7
� Ornstein–Uhlenbeck ���
$%
&& CÆ84�. "$

9�32:5;, 6A53
� Cameron–Martin 1.7, =%
������
$%
&&.

7�<, =87=60DE�>?�<#F
$%
&&@=''
�����. 9)ÆG
<#30A*1. ()*1.28+��BF�
$%
&&''�>?. 1972 C, $ [15]

:D3 Stein ;�26<�EF1.�=�>?BF89�
$%
&&@=''. 2005 C, $

[10] /03GH0-1.2��4�BF89�
$%
&&''2�ÆIJH0-1.2�
��4�BF89�
$%
&&@=''; 2005 C, $ [11] K:8��;@/03ÆIJH
0-1.2������''; $ [14] > 2011 C/03()* Banach 1.=�>?�''2
�89�()* Stein ;��A. $ [17] A53GH0-1.2�
� Ornstein–Uhlenbeck �

�BF�
$%
&&@=''. "$A5=B
�����IBF�
$%
&&@=''.

2 JKLM
GH0-1.�

Ω = {ω ∈ C([0, 1]; Rn) | ω0 = 0},

��LM�=NNO. PQCR1. (Ω,F , (Ft), ν), �/ ν �S<OD�� (Xt(ω))0≤t≤1 =

(ωt)0≤t≤1 �.;� (1.1) �
���>?, (Ft)0≤t≤1 �OD��TE�7= σ- F�J2� F

�OD��TE� σ- F�. � (BH
t = (BH

1 (t), . . . , BH
n (t)), t ≥ 0) � R

n- P=���, /G

(1) ,@ i = 1, . . . , n, (BH
i (t), t ≥ 0) � H > 1

2 �UP
���4�, 6,VD i,

Eν [BH
i (t)] = 0, Eν [BH

i (t)BH
i (s)] =

1
2
(t2H + s2H − |t − s|2H), s, t ≥ 0,

(2) H i �= j, (BH
i (t), t ≥ 0)  (BH

j (t), t ≥ 0) �8IJD�,

QK�=���� n *
���4�. �W, BH
i (s)  BH

i (t) �R;L�
Cov(BH

i (s), BH
i (t)) =

1
2
(s2H + t2H − |t − s|2H).

X L2(Ω; dt × ν) = {h | h : Ω → [0, t] × R, Eν [
∫ 1

0
|hs|2ds] < ∞}. �

K(t, s) = cHs
1
2−H

∫ t

s

uH− 1
2 (u − s)H− 3

2 du, (2.1)
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�/
cH =

√
H(2H − 1)

B(2 − 2H,H − 1
2 )

. (2.2)

2&/ B(·, ·) � beta ��. F$ [2], � I
H+ 1

2
0+ (L2(Ω; dt × ν)) Æ8 (H + 1

2 )-Hölder T
�
Riemann–Liouville %
_U. `V_U K : L2(Ω; dt × ν) → I

H+ 1
2

0+ (L2(Ω; dt × ν)) 4E�
(Kh)t =

∫ t

0

K(t, s)hsds,

�/ h ∈ L2(Ω; dt × ν). � K−1 � K �a_U, QH H > 1
2 ,

(K−1h)t =
1

Γ( 3
2 − H)

(
t

1
2−Hh′

t +
(

H − 1
2

)
tH− 1

2

∫ t

0

t
1
2−Hh′

t − u
1
2−Hh′

u

(t − u)
1
2+H

du

)
, (2.3)

�/ h′ � h �W��. XY$ [2, 4� 3.3], Ω 2� Cameron–Martin VbZ4E�
HH = {Kh | h �c9+(��6 h ∈ L2(Ω; dt × ν)},

�d%�

〈Kh,Kg〉HH = 〈h, g〉L2(Ω;dt×ν) = Eν

[ ∫ 1

0

〈ht, gt〉dt

]
.

�� F WX Kh �;VW�4E�
DhF (ω) = lim

δ→0

1
δ

(F (ω + δ(Kh)) − F (ω)) .

Ω 2�Y[��Æ8�
FC∞(Ω) = {F | F (ω) = f(ωt1 , . . . , ωtn), 0 < t1 ≤ t2 ≤ · · · ≤ tn ≤ 1, f ∈ C∞(Rn)}.

K:4EZY[�� F +@ Kh �;VW��
DhF (ω) =

n∑
i=1

〈∇iF, (Kh)ti〉Rn ,

�/ ∇iF = ∇if(ωt1 , . . . , ωtn) ��� f �;VW��\ i 8]b. e? DF : Ω → HH 4E�
〈DF,Kh〉HH = DhF.

D �4E;�� Dom(D).

3 [\]^_`a[bc[de
"$^�+(f
;� (1.1) �g� A 2� σ �a σ−1 �.: _>`� C  Ĉ, S<

|At − As| ≤ C|t − s|, |σ−1
t − σ−1

s | ≤ Ĉ|t − s|. (3.1)

7hK: Bismut ;@, i�ja&&kl/0
������
$%
&&.

fg 3.1 ,VD F ∈ Dom(D)  Kh ∈ HH , 
����� X �
$%
&&�

Eν

[
F

∫ 1

0

〈(
K−1

∫ ·

0

βudu

)
t

, dBt

〉]
= Eν [DhF ], (3.2)

�/ βt = σ−1
t ((Kh)′t − At(Kh)t).
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hi (1)mn/0
������ja&&. X β � R
nPc9��,,VD� r ∈ (−ε, ε),

OD�� (Xt)0≤t≤1 �]
;��

dXt(r) = AtXt(r)dt + btdt + σtdBH
t (r), (3.3)

�/ BH
t (r) = BH

t + r
∫ t

0
βsds. �]
;� (3.3) �A Xt(r)0≤t≤1 ∈ Ω �. d

drXt(r)
∣∣
r=0
_>6

,VD (ht)0≤t≤1 ∈ L2(Ω; dt × ν), (Kh)t = d
drXt(r)

∣∣
r=0

. ,!& (3.3) �ob+@ r > r = 0 �

pW�, kl<�

d
d

dr
Xt(r)

∣∣∣
r=0

= At
d

dr
Xt(r)

∣∣∣
r=0

dt + σtd
d

dr
BH

t (r)
∣∣∣
r=0

.

j� (Kh)′tdt = At(Kh)tdt + σtβtdt, 6 βt = σ−1
t ((Kh)′t − At(Kh)t).

(2) F$ [2] BZ, _>��4� (Bt)0≤t≤1, S< BH
t =

∫ t

0
K(t, s)dBs. j�

BH
t (r) =

∫ t

0

K(t, s)d
(

Bs + r

∫ s

0

(
K−1

∫ ·

0

βudu

)
v

dv

)
.

,VD t ∈ [0, 1], X

ρt = exp
{
− r

∫ t

0

〈 (
K−1

∫ ·

0

βudu

)
s

, dBs

〉
− r2

2

∫ t

0

(
K−1

∫ ·

0

βudu

)2

s

ds

}
.

F (2.3) B<(
K−1

∫ ·

0

βudu

)
s

=
1

Γ( 3
2 − H)

(
s

1
2−Hσ−1

s ((Kh)′s + As(Kh)s)

+
(

H − 1
2

)
sH− 1

2

∫ s

0

s
1
2−Hσ−1

s ((Kh)′s + As(Kh)s) − u
1
2−Hσ−1

u ((Kh)′u + Au(Kh)u)
(s − u)

1
2+H

du

)
= I1 + I2 + I3 + I4,

�/
I1 =

σ−1
s

Γ( 3
2 − H)

(
s

1
2−H(Kh)′s +

(
H − 1

2

)
sH− 1

2

∫ s

0

s
1
2−H(Kh)′s − u

1
2−H(Kh)′u

(s − u)
1
2+H

du

)
I2 =

H − 1
2

Γ( 3
2 − H)

sH− 1
2

∫ s

0

u
1
2−H(Kh)′u(σ−1

s − σ−1
u )

(s − u)
1
2+H

du

I3 =
σ−1

s As

Γ( 3
2 − H)

(
s

1
2−H(Kh)s +

(
H − 1

2

)
sH− 1

2

∫ s

0

s
1
2−H(Kh)s − u

1
2−H(Kh)u

(s − u)
1
2+H

du

)
I4 =

H − 1
2

Γ( 3
2 − H)

sH− 1
2

∫ s

0

u
1
2−H(Kh)u(σ−1

s As − σ−1
u Au)

(s − u)
1
2+H

du.

7h
c,2&3Bde. F K  K−1 �4EBZ I1 = σ−1
s (K−1

∫ ·
0
(Kh)′udu)s = σ−1

s hs.

j� ∫ 1

0

I2
1ds ≤ Ĉ2

∫ 1

0

|h|2udu. (3.4)

F (2.1) B<

(Kh)u = cH

∫ u

0

∫ v

0

s
1
2−HvH− 1

2 (v − s)H− 3
2 hsdsdv,



6� YSZM: N�[\OPQNRSNT]^U 1061

fg

(Kh)′u = cH

∫ u

0

v
1
2−HuH− 1

2 (u − v)H− 3
2 hvdv.

j�∫ 1

0

I2
2ds =

∫ 1

0

(
H−1

2

Γ( 3
2−H)

sH− 1
2

∫ s

0

cH

∫ s

v

v
1
2−HuH− 1

2
u

1
2−H(σ−1

s −σ−1
u )

(s − u)
1
2+H

(u − v)H− 3
2 duhvdv

)2

ds

≤ (H − 1
2 )2c2

HĈ2

Γ2( 3
2 − H)

∫ 1

0

∫ s

0

v1−2H

( ∫ s

v

(s − u)
1
2−H(u − v)H− 3

2 du

)2

dvds

∫ 1

0

|h|2udu

≤ (H − 1
2 )2c2

HĈ2B2( 3
2 − H,H − 1

2 )
Γ2( 3

2 − H)(2 − 2H)

∫ 1

0

|h|2udu. (3.5)

kZ I3 BhA�

I3 =
σ−1

s Ass
1
2−H

Γ( 3
2 − H)

(Kh)s +
σ−1

s As(H − 1
2 )sH− 1

2

Γ( 3
2 − H)

∫ s

0

s
1
2−H − u

1
2−H

(s − u)
1
2+H

(Kh)udu

+
σ−1

s As(H − 1
2 )

Γ( 3
2 − H)

∫ s

0

(Kh)s − (Kh)u

(s − u)
1
2+H

du.

(3.6)

XY [2, l� 3.1], _>`� C1, S<

|K(s, t)| ≤ C1t
1
2−H . (3.7)

j�, F Hölder i!&BZ

|(Kh)s| ≤
(∫ s

0

K2(s, u)du

) 1
2

(∫ 1

0

|h|2udu

) 1
2

≤ C1s
1−H

√
2 − 2H

(∫ 1

0

|h|2udu

) 1
2

. (3.8)

F$ [12] BZ_>`� C2 < 0, S<∫ s

0

s
1
2−H − u

1
2−H

(s − u)
1
2+H

du = C2s
1−2H . (3.9)

F$ [13, 4� 3.6] BZ Kh � H-Hölder �1��, j�, F (3.6), (3.8)  (3.9) BZ_>
`� C3, S<∫ 1

0

|I3|2 ds ≤
(

4C2
1C2Ĉ2+4

(
H−1

2

)2
C2

1C2
2C2Ĉ2

Γ2( 3
2 − H)(2 − 2H)(4 − 4H)

+
C2

3C2Ĉ2
(
H− 1

2

)2

Γ2( 3
2 − H)

) ∫ 1

0

|h|2udu. (3.10)

F (3.8) B<∫ 1

0

I2
4ds =

∫ 1

0

(
H − 1

2

Γ( 3
2 − H)

sH− 1
2

∫ s

0

u
1
2−H(Kh)u

(
σ−1(As − Au) + (σ−1

s − σ−1
u )Au

)
(s − u)

1
2+H

du

)2

ds

≤ 4(H − 1
2 )2C2Ĉ2C2

1

Γ2( 3
2 − H)(2 − 2H)

∫ 1

0

(∫ s

0

u
3
2−2H(s − u)

1
2−Hdu

)2

ds

∫ 1

0

|h|2udu

≤ 4(H − 1
2 )2C2Ĉ2C2

1B2( 5
2 − 2H, 3

2 − H)
Γ2( 3

2 − H)(2 − 2H)

∫ 1

0

|h|2udu. (3.11)

^� h �0
c9��, QF (3.4), (3.5), (3.10)  (3.11) B< Eν [ρ1] = 1. kZ∫ ·

0

βudu ∈ I
H+ 1

2
0+ (L2(Ω; dt × ν)).
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j�, XY$ [12, 4� 2],
(
BH

t (r)
)
0≤t≤1

� ρ1ν 7�
���4�. fg (Xt(r))0≤t≤1 >>?
ρ1ν 7�
� (Xt)0≤t≤1 >>? ν 7�
�8`, 6,VD F = f(Xt1 , . . . ,Xtn) ∈ FC∞(Ω),

Eρ1ν [f(Xt1(r), . . . ,Xtn(r))] = Eν [f(Xt1 , . . . ,Xtn)].

,2&!&ob r pW�<
d

dr
Eν [ρ1f(Xt1(r), . . . ,Xtn(r))]|r=0

= Eν

[
d

dr
ρ1

∣∣∣∣
r=0

f(Xt1 , . . . ,Xtn)
]

+ Eν

[
d

dr
f(Xt1(r), . . . ,Xtn(r))

∣∣∣∣
r=0

]
= −Eν

[
F

∫ 1

0

〈 (
K−1

∫ ·

0

βudu

)
t

, dBt

〉]
+ Eν [DhF ] = 0.

j�, ,0
c9�� h, 7:
$%
&&ED:

Eν

[
F

∫ 1

0

〈(
K−1

∫ ·

0

βudu

)
t

, dBt

〉]
= Eν [DhF ]. (3.12)

q=;h, H h ∈ L2(Ω; dt × ν), r=0(
K−1

∫ ·

0

βudu

)
0≤t≤1

∈ L2(Ω; dt × ν).

j�, ,VD h ∈ L2(Ω; dt × ν), 
$%
&& (3.12) ED. K:jk;@, kA,VD F ∈
Dom(D), 
$%
&& (3.12) ED. Al.

7hi�
$%
&&>mCnsd''
�����.

fg 3.2 �CR1.� (Ω,F , (Ft), μ). /G>CR>? μ 7

(1) OD�� X �.
dXt = AtXtdt + btdt + σtdY H

t , (3.13)

�/ Y H
t =

∫ t

0
k(t, s)dYs 6 Y ��1mC;

(2) ,VD F ∈ Dom(D) � Kh ∈ H = {Kh | h�c9+(��6h ∈ L2(Ω; dt × μ)},

Eμ

[
F

∫ 1

0

〈 (
K−1β·

)
t
, dYt

〉]
= Eμ[DhF ], (3.14)

�/ βt = σ−1
t ((Kh)′t − At(Kh)t), Q X �>? μ 7�
�����.

hi F;� (1.1) ZmnA5 Y ���4�. FCÆ84�Z_>Bt�� (Γt)0≤t≤1 �

�1c90A]L�� (Lt)0≤t≤1, S<

Yt =
∫ t

0

ΓsdBs + Lt.

7h
ooA5:

(1) X F = 1, Q DhF = 0. F (3.14) B<

Eμ

[
F

∫ 1

0

〈 (
K−1β·

)
t
, dYt

〉]
= 0.

oj� Eμ[F
∫ 1

0
〈(K−1β·)t,ΓtdBt〉] = 0, j�

Eμ

[∫ 1

0

〈 (
K−1β·

)
t
, dLt

〉]
= 0. (3.15)



6� YSZM: N�[\OPQNRSNT]^U 1063

,VD n ∈ N, 4EuW,

τn = inf{0 ≤ t ≤ 1 : |Lt| ≥ n}.

,@0
�1�� LtI[0,τn], X (K−1β·) = LtI[0,τn], Q
σ−1

t ((Kh)′t − At(Kh)t) = (K(LI[0,τn
]))t.

2:f
;��A�

(Kh)t = e
∫ t
0 Asds

∫ t

0

e−
∫ s
0 Auduσs(K(LI[0,τn

]))sds.

kZ_>`� C, S<

|(Kh)t − (Kh)s| ≤
∣∣∣∣e∫ t

0 Asds

∫ t

s

e−
∫ s
0 Auduσs(K(LI[0,τn

]))sds

∣∣∣∣
+

∣∣e∫ t
0 Asds − e

∫ t
0 Asds

∣∣∣∣∣∣ ∫ t

0

e−
∫ s
0 Auduσs(K(LI[0,τn

]))sds

∣∣∣∣
≤ C|t − s|.

(3.16)

j�, Kh ∈ HH . p Kh Fv (3.15) B<

Eμ

[ ∫ t∧τn

0

〈Lt, dLt〉
]

= 0,

fg, ,VD t ∈ [0, 1], Lt = 0.

(2) � {ei : i = 1, . . . , n} � R
n 2�pqr, X F = 〈YT , ei〉. 7h/0 〈YT , ei〉 �W�. ,

@ R
n- Pc9�� α, � Y H

t (r) = Y H
t + r

∫ t

0
αsds. PQ/7]
;�

dXt(r) = AtXt(r)dt + btdt + σtdY H
t (r). (3.17)

/G2:;��A X(r) �. d
drXt(r)|r=0 = (Kh)t, Q
αt = βt = σ−1

t ((Kh)′t − At(Kh)t). (3.18)

F Y H �4EBZ
Y H

t (r) =
∫ t

0

k(t, s)d
(

Ys + r

∫ s

0

(
K−1

∫ ·

0

βudu

)
v

dv

)
,

j� Ys(r) = Ys + r
∫ s

0
(K−1

∫ ·
0
βudu)vdv. fg

Dh〈YT , ei〉 =
d

dr
〈YT (r), ei〉

∣∣∣∣
r=0

=
∫ T

0

〈(
K−1

∫ ·

0

βudu

)
s

, ei

〉
ds. (3.19)

q=;h, X F = 〈YT , ei〉, F
$%
&& (3.14), B<

Eμ[Dh〈YT , ei〉] = Eμ

[
〈YT , ei〉

∫ 1

0

〈(
K−1

∫ ·

0

βudu

)
t

, dYt

〉]
= Eμ

[∫ T

0

〈Γ∗
t ei, dBt〉

∫ 1

0

〈(
K−1

∫ ·

0

βudu

)
t

, dYt

〉]
= Eμ

[∫ T

0

〈
ΓtΓ∗

t ei,

(
K−1

∫ ·

0

βudu

)
t

〉
dt

]
. (3.20)
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5s (3.19) 2� (3.20), klB<

Eμ

[ ∫ T

0

〈
(ΓtΓ∗

t − I)ei,

(
K−1

∫ ·

0

βudu

)
t

〉
dt

]
= 0. (3.21)

,VD g ∈ L2(Ω, dt × μ), X σ−1
t (Kh)′t = (Kg)′t, Q

(Kh)t =
∫ t

0

σs(Kg)′sds.

j� (
K−1

∫ ·

0

βudu

)
t

=
(

K−1

∫ ·

0

[
(Kg)′u − σ−1

u Au

(∫ u

0

σs(Kg)′sds

)]
du

)
t

= gt −
(

K−1

∫ ·

0

[
σ−1

u Au

(∫ u

0

σs(Kg)′sds

)]
du

)
t

= gt − Ptσ
−1
t At

∫ t

0

σs(Kg)′sds

− (H − 1
2 )tH− 1

2

Γ( 3
2 − H)

∫ t

0

−u
1
2−Hσ−1

u Au

∫ u

0
σs(Kg)′sds

(t − u)
1
2+H

du, (3.22)

�/
Pt =

t
1
2−H

Γ( 3
2 − H)

+
(H − 1

2 )
Γ( 3

2 − H)

∫ t

0

1
(t − u)

1
2+H

du.

kZ
Eμ

[∫ T

0

〈
(ΓtΓ∗

t − I)ei, Ptσ
−1
t At

∫ t

0

σs(Kg)′sds

〉
dt

]
= Eμ

[ ∫ T

0

〈
σs

∫ T

s

Ptσ
−1
t At(ΓtΓ∗

t − I)eidt, (Kg)′s

〉
ds

]
= Eμ

[ ∫ T

0

〈
σs

∫ T

s

Ptσ
−1
t At(ΓtΓ∗

t − I)eidt, cH

∫ s

0

u
1
2−HsH− 1

2 (s − u)H− 3
2 gudu

〉
ds

]
= Eμ

[ ∫ T

0

〈 ∫ T

u

(
cHu

1
2−HsH− 1

2 (s − u)H− 3
2 σs

∫ T

s

Ptσ
−1
t At(ΓtΓ∗

t − I)eidt

)
ds, gu

〉
du

]
= Eμ

[ ∫ T

0

〈 ∫ T

t

Dsds, gt

〉
dt

]
, (3.23)

�/
Ds = cHt

1
2−HsH− 1

2 (s − t)H− 3
2 σs

∫ T

s

Puσ−1
u Au(ΓuΓ∗

u − I)eidu.

`�

Eμ

[ ∫ T

0

〈
(ΓtΓ∗

t − I)ei,
(H − 1

2 )tH− 1
2

Γ( 3
2 − H)

∫ t

0

−u
1
2−Hσ−1

u Au

∫ u

0
σs(Kg)′sds

(t − u)
1
2+H

du

〉
dt

]
= Eμ

[∫ T

0

〈 ∫ T

u

(H − 1
2 )tH− 1

2

Γ( 3
2 − H)

−u
1
2−Hσ−1

u Au

(t − u)
1
2+H

(ΓtΓ∗
t − I)eidt,

∫ u

0

σs(Kg)′sds

〉
du

]
= Eμ

[∫ T

0

〈
Qu,

∫ u

0

σs(Kg)′sds

〉
du

]
, (3.24)
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�/
Qu =

∫ T

u

(H − 1
2 )tH− 1

2

Γ( 3
2 − H)

−u
1
2−Hσ−1

u Au

(t − u)
1
2+H

(ΓtΓ∗
t − I)eidt.

(3.24) BhA�

= Eμ

[ ∫ T

0

〈∫ T

s

(σsQu) du, (Kg)′s

〉
ds

]
= Eμ

[ ∫ T

0

〈∫ T

s

σsQudu, cH

∫ s

0

t
1
2−HsH− 1

2 (s − t)H− 3
2 gtdt

〉
ds

]
= Eμ

[ ∫ T

0

〈∫ T

t

(
cHt

1
2−HsH− 1

2 (s − t)H− 3
2

∫ T

s

σsQudu

)
ds, gt

〉
dt

]
= Eμ

[ ∫ T

0

〈∫ T

t

Esds, gt

〉
dt

]
,

(3.25)

�/
Es =

(
cHt

1
2−HsH− 1

2 (s − t)H− 3
2

∫ T

s

σsQudu

)
.

F (3.21)–(3.23) 2� (3.25), B<

Eμ

[∫ T

0

〈
(ΓtΓ∗

t − I)ei −
∫ T

t

Dsds −
∫ T

t

Esds, gt

〉
dt

]
= 0.

fg (ΓtΓ∗
t −I)ei−

∫ T

t
Dsds−∫ T

t
Esds�Bqwr� 0. oj� (ΓtΓ∗

t −I)ei−
∫ T

t
Dsds−∫ T

t
Esds

�Bqwr�
Eμ

[
(ΓtΓ∗

t − I)ei −
∫ T

t

Dsds −
∫ T

t

Esds

∣∣∣∣Ft

]
.

j�
Eμ

[
(ΓtΓ∗

t − I)ei −
∫ T

t

Dsds −
∫ T

t

Esds

∣∣∣∣Ft

]
= 0.

X t xk T ,

(ΓT Γ∗
T − I)ei = 0.

�W,VD T ∈ [0, 1], ΓT ΓT = I. t Y ���4�, 6 X ��. (1.1) �
�����. Al.

4 st
CR;/, ?)ÆG<#3CR>?BF�
$%
&&@=''�>?. "$uu Malli-

avin %
�;, V:3=%
���>?�
$%
&&, =vF Lévy vQ<��%
���
>?BF�
$%
&&@=''. "$^�ywg� w�g��x+(�, >2v�<#/
yPQ+(zH7��>?�
$%
&& ''>?.

xy zz{|}{~ |}�~�{�u.
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