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010 Poissonl O Lévy U [

Happy families are all alike; every unhappy family is unhappy in its own way.

Lev Tolstoj, Anna Karenina

00000 Poisson U 0O Poisson 0000 Poisson DO OOOOMO
LevyOOOOOOOODOOODODOOODODODODODbDODObOODO
gobooo

1.1 Poisson ][] [ Poisson [] []

1.1.1 OOdd

0000 (Q,F P)0000000000000O0000000000
D000 (X )er0000000000000TO0000000000
0000

D0000weQ000000000 A=A(w)DOOOOODOAD
0010000000

P(A)=1000000000AO0O000O0OODOOweADDO0
Aw)0OO0O0

000000000

(X)er00ODD0O0O000 (QFP)000O0O0OOOOOOOOOO
wODODOO0O0O0O0O0D0teTOOOOOO01000000

t— Xi(w)

D000000000 wOOOOOOwOOO
0000¢teTOO0O0 lim,_; X,(w) = X;(w)
0D00000000000000000
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Definition 1 0000 X, 0000
O0o<s<t<u<oOOODOOX;,-X,0 X,— X, 0000000000
00{X,}0000000000000ooooo

0000 X=(X,)0OOOOOoooooooooooooooo
()OoooooDoO000D X, —-X,0000t—-sOODOODOOO
(2)0 X, 0000000 o0ODOt00O0OooooO
3)0000000D0D0DweQOOO00O0OOODODOOODOO

1.1.2 OO0OO04gd

00 XO0Ooooooooot+t— X, 00O0ooooboooooo
goxgobooboobobooboobbooboobboooobooo
gogboboooogooboboooon

Definition 2 \JDOOOOODOO0OO0O0OD {N,}OOO (1) ~
B3)0oo0oooo{N} 0000000000000 oOoO0ooooo
{N}00000000AN000O000000000000D\OO00
Oo00ooooooooomoooon
(1)0<s<t<u<wv,Ny—N,ON,—N, 000

(2) P(Nipar — Ny = 1) = Adt

(3) P(Nipar — Ny > 2) =0

(P(Npyar — Ny, = 0) = 1 — Adt)

00 (2)0000 P(Nyas —Ni=1) =M +0o(h)000000000

P(Neyn — N, = 1
hm ( t+h t )

h—0+ h =

00000000@3)0000 P(Nyp—N, =2)=o0(h) P(Nypp—N, =
0)=1-XM+o(h), 000 0oh)00000000,00000000
P(Niyn — Ny > 2)

lim =
h—0+ h

gogbobooogd
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O0000D0oO00OOoOoOoOOOOO0OO0OOO0OO0OO0OO0O0O0O0 (HWOOOoO
00000000000000000 2Mooooooooooogd
00 3)oD000oooooooooooo

gboogoboobboo Xoobooobbooobt-» X, 0000
gogodgoobobbobooboboboboobodgbbobodgoooooon
gogbboboogn

Theorem 1 {N,} 00000000 NIOOOOODOOO0OOOOE>00
Oo0oONODOODOOOOMOOO0O00OO0DO Po(X)DDOO

Proof. OO t0O mDDDDDmDDDDDDDDDD%DDDDDD
L =t00000000000000000000000000000

m

At
000000000000000000000 N,000000 m, =0
m
0000000000000 (N, ~ Bin(m,2)000)0000000

dt=~L—-00000 m—oco0000PN,=n)=P() (N, =n))
k=1

m . A, Moo
=L P(Ny) = Tim 5 Cp()"(1 = —)
e (m—n)!n!( m) )
g e (A"
n! n!

q.e.d.

Theorem 2 0000 {N}0000

(1)0oo0

(2)0<s<t000 Ny — Ng~ Po(A(t—s))
(1),(2)00000000{N,})000000A 00000000000
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P(Nyyn — Ny =1) =e )\h
= (1 —=hX+o(h))A\h
= M+ o(h)
P(Nyp — Ny >2) =1—P(Nyp — Ny=1)— P(Nyyp, — Ny =0)
=1—e MM —e M
=1—(14+M)(1 =M+ o0(h)) =o0(h)
000D0O0000oobOoOO0oooooo0Ddag.ed.

Proof. (2)00

Definition 3 00O 0O0O0O0O0ODO0O Dy, Dy,--- 00000000000
00000000 {N}00000000000O0

Theorem 3 DU DO UOOOOOOO Dy, Dy,---000000O00O0O0ODO
00000000ooooooooooo {NJOOOODOOOOoooo

Prrof. 00 tO00O0OD0OOO0OODOO Dy,,Dy,,.. . 000000000OO
goooob p,0togbbgoboooobuo pybbooooooo
0Dy, D,,...000000 D,,,Dy,...0t0000000000 D,00
gogduooooooooboboo
gooogoooooouooooobbn
gooooooo
P(Nyp — Ny > 2) = P(N, — Ny > 2)
000D, D,,...00000000exp(\)00D000
P(Ny — No > 2) = P(D1+ Dy < h)
D+ Dy ~T(2,A)00 = [T e Asds
:—[)\se*)‘s]g—i—foh e ds
:_)\he—kh_[e—)\s]g
eM=1-XM+oh)00 =1-—eMAh+1)
=1—(1—=Xr+o(h))(Ah+1)
= o(h)
0000000000000 (1)~3)Uooooooooooooo
O Oq.e.d.

Theorem 4 D0 00O 0OO0OO0OOOO0DOO0OOOOODOOOODOOO
gogoobobbbbbouduooogobbbobbbotbouoooooon
gopooog
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Proof. OODOODOODOOOOODOODODODODODOOOODOO
gboobobobobooooooooabobobobooooogog

{(NODODOOO
A= fim EBen = N
h—0+ h

000n=1,2,---0000
P(Nt+h — Nt = n)

Ap = lim oooo
h—0+ h
P(Nyyn — N, =
AzhmJJﬂ;—ﬁ:AﬁﬁM+~c:§nMDDDD
h=0 h n=1
Niin — N
mDDDDDDDDDDDDDD):J@Jﬁi%——ﬁ
—0+
~ lim (E((Nt—i-h —N)?)  EWNin — Nt)Q)
h—0+ h h

= Zn2/\n -0
n=1

= Zn2/\n
n=1

ggbboouooogoboo
M=\ =0n=2,3,--")

oo
fig P =N =1y POV =N 22)
h—0+ ]’L h—0 ]’L

goooboobOoboobognbdag.ed.

1.1.3 O0Uooooon

Ul X, X....000000000DO0DO0DOOODbOObOOO0O0OO0
gogoobbobobbobdodooooouobboboobobooooooon
goobooooboboobob XO000OOND Xp,X,,...0000
gobboooboobbooobooobboobboooooooboosooog
gogbobobuogogbobbogo

Definition 4

(1.1)

g — X1+ Xo+ -+ X0 (N>0)
10 0 (N =0)

gbgboboobgobdobobogouobobobobobobobg
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Theorem 5 DO O0O0O0OO0OO0OOO
(DE(S) = E(N)E(X)
2)V(S) = E(N)V(X) + V(N)E(X)?
(3)Ms(t) = Gn(Mx(t)) = My(log Mx (t)) = My (Cx(t))

Proof.
(1)

E(S) = E(E (S\N))
E(SIN=n) =E(X,+ -+ X,)
= E(nX)
=nE(X)00O
E(S|N) =NEX)ODOOO
(2)
V(S) = V(E(S\N))+E(V(5!N))
V(S|IN =n) =nV(X)O
V(S|N) = NV(X)
V(E(S|N)) + E(V(SIN)) =V(NE((X)))+ E(NV(X))

—E2(X)V(N) + V(X)E(N)

Mi(t) = B(¢*) = B(E(e"|N))
("IN =n) = E(e™)"0 O

E(ets|N) — E(etz)N

goo

E(E(e™)™) = E(Mx (1)) = Gn(Mx(1))

gogd

E(Mx(t)") — B(eap{N log Mx(t)})

Definition 56 NOOOOODOOOOOOOOOOSODOOOOOOOO
goooNODOODbOobOooboooS, gooobobobboooog

Proposition 1 OO0 O0000000O0OOO
(1)0O0O E(S) =AE(X)
(2)00 V(S) = AE(X?)

Proof.
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Ms(t) = My(log Mx(t))
= exp{A(e# ¥ — 1)}
= exp{\(Mx(t) — 1)}
goag
Cs(t) = log Ms(t)
= M Mx(t)—1)00
kOO +t=000000000
c$(0) = A\M(0)
= \E(X")
(1)
dodgd1gddoododoon
E(S) = AE(X)
(2)
dogd20000o0d0ddaooo
V(S) = AE(X?) qed.

1.1.4 Poisson D0 0O0O00OO Lévyd O

00000 Poisson 0000000 Lévy0OO0O0000000000
0oo

(O, F,P)000000000000QO0T=[0,7]00000000
00000000007 <o0o00007T=+40000000 T = [0, +00)
000000000 7000000000

(F)ier O FO sub-o-fields 0000000000000000000
0000000 000 /00000000000 s—w(s)000 ¢t0
0000000000000 o-field0000

Definition 6 TO 0 LévyO DO (2(t))er 00 QOO mO000000
00 (1)-(5)0000000000000

(1) 2(0) =0 a.s.!

(2) ) 00000000 OO0D0<ty<t;<---<tpt; €T, 00
00000 2(t) —2(t_,)0000)

(3) 2(t) 0000000 (OO0 2(t+h)—2(t) 0A00000¢0
noog)

1000 as. 0 ‘almost surely’ (0000 000)0000000
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(/)2() 00000 (000000 teT\{0} 0000 e>0000
P(lz(t+h)—2(t)| >€) =0 ash—0)

(5) z(t) O cadlag D0 0000 (cadlag : right continuous on T with
left limits on T \ {0})

O00m>10000m=100000 2(¢)0000000000
goodoooobobobbbooooobtonooon
Az(t) = z(t) — z(t—).

00000000 X, My, x,. 0000000 AO0O0OO0O
) 0000000 NOOODOOOoooooo
AeBR™\{0}))0DO

N(t,A) = ) 1a(Az(s)), t > 0.
0<s<t
000000000 +t000 2()0 ADD0D0DO0DODO0DO0O00OO0O0O0O000
O0000Lévy00 20000 cadlagDO0O0O0O0O0ACR™\{0}00
0000 AeBR™\{0}) 000 N(t,A) <+ccas. 0000

N((a,b] x A) = N(b,A) — N(a, A),

000 Tx(R™\{0)000000000000000000 «<b00
0000000 NOOO E[N((a,b] x A)] 000 Poisson 000000
0000000000 (ay,b] X Ar, ., (ar,b] x A, € B(T x (R™\ {0}))
0000 N((ay,b1]xA4y),...,N((ar,b,] xA,)000000000OPoisson
ggbbooodobo

Proposition 2 (Lévy-Ité decomposition theorem, [25] Theorem 1.42) z(t)
0 Lévy0 00000 2() 0000000000

2(t) =tc+ oWt / /<1 (dsdz) + / /||>1 (dsdz),

for a.e. w for allt € T.

D00 ceR™, o0 mxmOO00000((W(®#))wer, W(0)=00 mO
0 (00 )WienerD OO N(dtdz) 00000 N(dtdz) = E[N(dtdz)] 0O
0 Poisson 0000000000 N(dtdz) = N(dtdz) — N(dtdz) 000 O
000 W) Ot (fy flye 2N(dsdz) + [§ fi,15, 2N(dsdz)) DO D OO
D00000000000000
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000 f) [2N(dsdz) O [, [2N(dsdz) 0000000000000
00000000000000000
Poisson 1000000000

p(A) = E[N(1, 4)], A e B(R™\ {0}) (1.1)

0000000 LévyOOOOoooooO p0000000
/m (1A |2 u(dz) < +o. (12)
R™\{0}

NOOODOOOOO PoissonDOOOOOO

N(dtdz) = N(dtdz) — dtpu(dz).

00000000
000000 p(dz)O

/ |z|p(dz) < +o0,
2121

00000 2¢) 0000000000

¢
2(t) =t + oW (t) + / / 2N (dsdz),
0 JR™\{0}

where ¢ = ¢+ f‘z‘>1 zp(dz).

R™\{0}0000 x0 (1.2)0000000000000000000
OLévy 000 LévyOOODOO0O0O0ODO Lévy-Khintchine 0 0 00O
goog

Proposition 3 (1) 20 R™\{0} 00 LéoyyOOOOOOODODOO
E[ef€*)] = @O ¢ e R™, (1.3)
where
W@):wqa—%@mﬁ%y+/@“@—1—u¢@hzﬂgmwy(L@

D00ceR™ oo’ 000000000, O (2.2) 0000000000

(2)ce R", 00 oo >0000 (1.2 0000 BR™\{0})00O
o-finite 00 p 00000(1.3), (1.4)00000000 000000
0020 LéwyOOOOOO
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000 [27] Theorem 810000 [8] Sect. 0000000

D, = {t € T;Az(t) # 0}0000000 as. 0 TOOOOODO
00000 Ac R*\{0}0000uA) < +oo0000D, 3¢t —
S sctan(sendeassy 00000000000 Poisson 00000000
00 D,>tw—p(t)=Az(t)0 Poisson 0000000

1.1.5 LévyO QO oQ

(1) Poisson O O

OO0 A>0000 Poisson 0000 [0,+c0) 00000000000
gogobooooodgn

(i) No=0,AN,=N,—N,_ 0 00 1

(i)s<t000 N,—N, 0 F,0000

(i) 0000 4,6,00000 s>00000 Nyyps—Ny, O Niyys— Ny,
goooo

(iv)

1
k!
0000 (iv)0 (1)-(1ii) 000000 (cf. [25] Theorem 1.23)0 Poisson
000 LévyOOO Mgy D0O0O0b=0,0=00000

P(N,=k)= —(A)"e™ k=0,1,2,....

(2) OO Poisson 0O

00 Poisson 00 Y; = M v, 00O (V) k=1,2,..0000000
Op000i1id0000000ON,O((Y,)DODOOoOOoOooOOo A>0000
PoissonOUOOOUOOOOODO Y, = gLIYkDDDDDDDDDDDD
Poisson DO 0O0O0O0OY, 000000000

t
Y :/ / z N(dsdz),
o JR™\{o0}

000 N(dsd2)DO0O000O Msu(dz)DOO T x (R™\ {0}) 00 Poisson
gooooooobon
(3) Stable 0 00

Lévy O O pO
dz
/,L(dZ) = CO‘|Z|T+0¢’

000000 LéwyODODODOODOODOOOODOOO0DO awe(0,2)0000
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p00 $™1'0000a()>0000

z ., dz
p(dz) = cal ) e

|27z
Oo0o0ooooOoo0o0oooDoOo0oooooOoO0oO00oo0ODOm=100
000 0000000

dz
/"L(dz) — (C—]-{Z<O} —I'_ C+1{Z>O})|z|m7

where c_ > 0,cy > 0.

(4) Wiener 0 O

(1.4)0000000 ¢c=0,00" =, p=0000000 (00O )Wiener
00 (BrownOO)OO0OOO

Wiener 0 O (Brown O O)W(¢)(O W(0)=0000000)000 60
00000 LévyOOOOOO

WienerDDDDDDDDDDDDDDDDC_%W(ct)D W) ooo
O for all ¢ > 00

1.1.6 0OOOOO

O00o0D LévyODOOOOOODOODODODOO

Proposition 4 ([19] Theorems 9.4, 9.5)
(1) X()00O0DO00000000000000

X(t)=ax+tc+oW(t) // N(dsdz), t >0
Rm}

000 4(2)0 Jgy(2)?u(dz) <0000000000f:R—-RO
C*(R)0DD0D000

Y(t) = f(X(1)

0000000000000 Y(#),t>00000000
d d 1d?
dY (t) = é((DMH7£@UWWWU+§%§X®MWt

[0 () - FX0) - E X O) )
R\(0) dr
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[ O +9() - PO ),
R\{0}

(2) X(t) = (X'(t),..,X9¢) 00000000 00000000
X(t)=x+tc+oW(t) // N(dsdz), t > 0.

ooog cERd,JD dxmOO00 v(z) = [%J( O dxmOOOOOO
DDDDDDDDDDDDDDW():(Wl()...,Wd(t))TD mQO00
O Wiener OO QOQOQO

N(dtdz) = (Ny(dtdz1) =1y <y pu(dzr)dt, ..., Ny (dtdzm) =1, <1y (dzm)dt)

0000000 N;0000 Poisson UOO0O00O0O LévyO O pj,75 =
1,.mOOODOODODODOOOODOODOOXYt) DOODODOO0OOO

Xi(t) —xz+tcz—|—20” —|—Z/ /R\{o} Vi (2 dsdz]) 1=1,....d.

fRT'—=RO C}RHYODODODOO

000 73D yzmmm ;000000
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000000000 dW() 000 N(ddz) 000000000000
000000000

01)b=0,7(2)=0,0=1000 f(z)=220000000000
0oooo

OV (1)) = 2W ()W (1) + %th QW)W (1) + dt.

oo
df (W () — dt = 2W (£)d(t)

ooo
/ W(e)dW, = S(W ()"~ T)

(2)b=0,v(2)=20=0000 f(z)=2*0000 000 X(t) =
2(t) = [y [#N(dsd2)0 00000000000

af (=(1)) = / (((0) + 2)? — 2(1)® — 222(8) (=) e

+ /{(z(t—) + 2)% — 2(t—)*} N(dtdz)

— /zQM(dz)dt + /(22(t—) + z)zN(dtdz)
goooo

2(t)? = T/Z2M(dz) + /Ot/(zz(t—) + 2)zN(dtdz).

oo D

T=[0,7],T<+00c0000TO00O0O0O0R" 000 orR-000
0000, 7)00000000000 (cadlagpaths) 000000 D = D(T)
0O000D(T)0D0O00000000000 Skorohod D0 dp 0000
000000O00dy O

dr(f, g) = mf{[f(t) = g(r()[ + |7(t) — 1]}

000000070 TO0 TOOOOOOOO0O000O0 7(0)=0,7(T) =
TOOOOOOOOO0OO0O00O (D(T),dr) O Skorohod 000000
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0000 (D(T),dy) 000000000000 4 00000000
0000000 (see [2] Sect. 12)0

D([0,4+00)) O [0, +00) 00 cadlag0 000000000000 000
OdO0O0O Fréchet DO O OOO

1
2n

[M]¢

d(f7g): (1/\d[0n(f7g))7

Il
—_

n

0000 (D([0,400)),d) 00000000000
Udsup-0

(f,9) =S (1A sup [£(s) - g(s)]),

o 2n s€[0,n]

000000000 (D(0,400)),d°) 0000000000000
0oo

1.2 0000O0O0O0: 000000

000000000 (Doo0)00ooNODOOODODODOoOoODOOOoOOd
ggboboouoogobbobuoooon

gbooooobgooboobuoobboobobboobooboooon
gogooobbbbbbddoooooooboboobbouooooon
ggbbbooooobbbooobobbbooobboo

0100000000000000
D000000000000000A000O0O0O000A0O0O0O0O0O
00000000P(A)=1/20

0000P(A) =1/20
0000000000000000000000000000000
0D00000000000000000000 200000000000
0D00000000000000000000000000000000
D0000000000000000000000000000000
0000000000000000000000000000000

goboobboobobooobbomuooobboooboogon
gogbboouoggobobuoogobobog
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1 NOOOO-00000oo0oon

000I001000000000000000000000001/N
0oono

000000000000

D00 r0000000000000000N' 0000000000
00000000000000000000001/N"0000
0000000 KNI, =N"00000000000000000
D000000000000000000000000000M@ 00
0D0000-000000000000000000000000000
D00000000000000000000000000000 (@
D00 N000000000000
D000000000000000000000000000000
0D000000000000000000000NDOOOOOOOO0
0000 000000000yNH, =8 C, 00000000000
0000000000000

D000 000000000000 yH,000000000000
0oooon

U200000N=3r=200003H,=60000 6000000
goooo

O00000000oo-00000000O00ooO0o0oooooooo (0O
gogbbbooobbboooobbmoobbooodubo

gogbboooogbobobad

gogllogilioogbooo1bgooboon

g0o00ooO0obOobo0obo0oobDoboobobog ye,oboobobo
ggbboboogn

ooonroooooooooooog ye,00booooboboo
ggobooodg

ggbobogbbodggobooobobogbobboobbbouooon
goobb-oogbobobbbbbuouooooboobbbbbboody
gbobobobohnoooooooooobmoooobobobon
ggbbbuoooobbbuooooto

U3 0N=4r=3000000I-1II0DDO0O00O00OO0O0ODOOO0OD0O
gogbobuoggobobod
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D00O0ILII0000000000000000000
000000000000000000000000000 3000
00000000000000000000000000000000
D00000000000000000000000000 A=000
00000000 B=000=00000000002000000000
P(AUB)=1,P(A)=1/3,P(B)=2/3000000000
0000000000000000000000000000000
D000000000000000 ADOOOOOOOOOOOOO0O
000000 P(A)>00000000000 P(A)=00000000
0000000000000000000000000M
0D000000000000000000000000000000
D0000000000000000000000000000000
D0000000000000000000000000000000
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20 0O0000OOSDE

Let me have men about me that are fat; Sleek-headed men and such as sleep o’
nights: Yond Cassius has a lean and hungry look; He thinks too much: such

men are dangerous. W. Shakespeare, Julius Caesar, Act 1, Scene 2

0000000000000 oooooooO (SbEyoooooood
gogoobobbbbbobdodooooogonbbobbbtouooooaon
ERERE

21 OD0o0boooooboboobouooobood

(Q,F/,P)000000000000000000 (Fer D00 (1),
(i) 000000 wusual condition (0O O00O0)0000000O0 (1) Fo
O0FO000D0O0ODO () 00000000000 the usual condition O
ggbbobogoobbboooobobobuoogooo

0000 (X)er 00000 ¢t0000 X,0 £-0000000 OO
0000 (adapted) DODOO0D0 X :[0,4] x Q0000 ¢>00000
B(0,)®F-00000000000000000(0000D0)0000

caddlagD 0o oooooO0O MO0000Db000O0OO0DObOO0O0oonO
ERERE

(1) M; € L'(P), t€T (2.1)

(2)00 s<t000 E[M|F)=M,as., steT. (22
000 (2)00000
00 s<t¢t000 E[M|Fs] > Ms,a.s., s,teT,

O0000000000X,0 00000oooooooooo@ouoo
0o
00 s<t000 E[M|Fs] < Ms,a.s., s,teT,
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0000000000 X, 0 0O00b000o0o0ooooo

0000 T:Q—[0,400]00 OO0 teTOOODO {T<t} R
000000 OboODO0o0obOooobboobooo 70000

0=Ty<T) <..LT, L. 00000000O0T, — 400 asOO
00o0oooooooo M000000O0oo0o0ooooboooDoooon
0000000 My, O0O0ODO0ODOOOOOODODOOODOOOO
ooooooo

0000000000 00b0obO0oboo0obuoonogd DoobO optimal
sampling theorem O [J [0 [J

0000 X;000000b0b00b00 ;0000000 cadlagh 00O
00 A 0000

Xy = Xo+ My + Ay

gogoooobbobbbbbotbodugobuoddoooooogoon
ggbboooogn
100 (00)Poisson00 N,OOOOOOODODOOOOOOOOOO

Nt:Nt+t7

00000000 N, =N,-t0000000000 (0000000
000)oo0o0o

000000 Lévy00 2()0000000 [ |z]u(dz) < +o0000
0000 LévyOO 2(t) = 2(t) — [y ds [2p(dz) 00000000000
0oo

2.11 00O0boboooooobobboooo

000000000 X,000000000000000000 (00
00)00000 Aw) 000000 (00)000

/:h(u)qu - /St h(s)dM, + /St h(s)dA, (2.3)

goboooood

0000 A(w)00 QxR 000-fleld POODOOOOOOOOOOO
gooogoopPOo0bOooboobOoobooboobobbonn
o-field00 00
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t— A, 0000000000000000200000000000
0000000 ['h(s)dM, 000000000000
000000=ty<t;<t,<..<t,00000000 )00

n—1
h(t) - hol{o} (t) + Z hil(ti,ti+1}(t)7
1=0

D00000000000000 O F-0000 |kl <400 as. 00
D000000SO000000000000000 (w)0000000
00000000

D000 heSOD cadlag0 00000000000 MOOOOO
000 I(h)0DD0D000000

I(h) :h(O>M0+Zhi(Mti+1 - My,)
=0
I(hyDOAO MODODDOOOOOODOOO
I(hyDOOOooooooo

()OO M,=W(t) BrownO0) 000 M, =N, (0000 Poisson
00)0000 I(W(H)000D00000000000000

E[I(h)(8)|Fs] = 1(h)(s),s <t

(2) I2(h)(t) — [y h3(s)d[M], 000000000000
(3) EI*(h)(t)] = Efy h*(s)d[M],]

000 MO MO2000000 (200000000 [25)Section I1.6
000)000 (1)00000 [24] Proposition 2.5.70 000

00 (1)0000ooooooooooo(@ueDoDOoOOOODOO
00dM, = ¢(t)dW ()00 0 dM, = ¢(t)dN(t) D000 0000I(h)(t) =
Jo hls)aM, = [y h(s)o(s)dW (s)00 T I(h)(1) = [y h(s)AN(s) = [5 h(s)é(s)dN(s)
o000 I(hOO0O0O0O000O0o0oM™

00 )00000 hw I(h)O0OLAN2 x [0,+00), P x dM],) 000
ogoooood LQ(Q,}",P)DDDDDDDDDDDDDDDDDDD

000 SO L2(Qx[0,+00), PxdM],) D0 O000000O0OA € LA(2x
[0,4+0),PxdM],)00000000SO000000OODODOODOOIDO
I:L*(Qx[0,+0),PxdM],) -DO0O00OO0ODOOOOIOO0O0OOO0
ood
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0000000000 I(h),he L3 x [0,+00), P x d[M],) 0000
000

()00 ,8000 h,ge LA x [0,400), P x d[M],) 0000

I(ah + Bg) = al(h) 4+ BI(g),a.e

(2)0<t; <ty <t;000

ts to i3
/ h(t)dM, / h(t)dM, + / h(t)dM,
t1 t1 t2

W) 000 M,=N,0000 ¢t— I(h) 00000000

BI(h)(t)] = 0,t >0

hm:AVMWﬂM&HWJ@mzlh@mWM%

00000 (F)O Lévy0D 2()000000000 usual condition
00000000000000000
00000000 ND00000000000000

I@%i/ﬂdﬁustxm /¢ ((s,1] x dz),

gogobooooboo

oooooon o0 ¢ 0O

@+ P ue) < oo

ggoboobooogn
googoo

/ /0 (s )N (dsdz)
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gogbooboboogn

Z % t tz+1 )

gogoooo
//\hs 2)|Pdsu(dz)] < +oo (2.4)
00000 A(t,z) D0OOOOO0O0O0O00O0O0OOOOOOOOOO0O00OO

gogbboooobbbuooobbbdudm=10000

Theorem 6 (Kunita-Watanabe 00 OO c¢f. [10], [25] Theorem 1V.43)
MO (QF,P)00D00O0OOO 2000000000000000O
000 2000000 ¢(t),¢(tz) 0000

M, = M0+/¢ )AW (s //wtszdsdz)
000000

gobobobuooogobooogo
goooo

22 JO0O00oOoooooond

) 0R™O00 LévyD OO0 LévyO DO p(dz) 0000000000
Yy O

(&) = Ele"& )] = eXP(t/(ei(g’z) — 1 —i(&, 2)1{z1<1y)1u(d2)).
gooogooooooono
= = dsdz) — <v-p(dz)ds),
() = (2(8) e 2nl0) = [ /Rm\{o} 2(N(dsd2) = Lcry.p(d2)ds)

0000000 N(dsdz) O TxR™\{0}000000 ds x u(dz) O
Poisson 0000000000 Lévy00 0000 0000

g = inf{a > O;/ |2|*p(dz) < +oo}
|21<1
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ooooon
/ N |2]2u(dz) < 400 (2.5)
R™\{0}

gopooodg
00000000000 (SbE)yoDooooOoO

Xt::z:+/ ds+/ F(X,_)dW (s //mm} X,_, 2)N(dsdz).

(*)

0000000000000000000000000000000000
b(z)] < K1+ [z]), [f(x)] < KA+ [z]), |g9(z, 2)] < K(z)(1 + |z]),

b(z) = b(y)| < Llz —y|, [f(z) — f(y)| < Lz —yl,
l9(z,2) — g(y, 2)| < L(2)|z — yl.
000 K,LOOOOOK(z),L(z) D

/ (K7(2) + IP(2)}u(d2) < +o0,
R™\{0}
gododoboooooooooon p> 20

Theorem 7 0 pO000O000O0ONz), f(z),9(x,z) DODDODODOODO
000000 SDE (x) 000000000000 »,O00OO

ggoo

0000 SbEODOODOO
x(r) =z + /Ot b(xs(x))ds + iv(xs_(x), Az(s)), xo(zr)=x. (2.6)
s<t
000> ‘00000000oooooood
iv(w, Az(s)) —lli%{ Z v(z, Az(s / ds/ v(z, 2)pu(dz)},
s<t s<t,|Az(s)|>e |Z|>E

cf. [9] Chapter II.
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00 y(z,2):RxR™ = R‘000 b(z) : R* = R0 c>*0000
D0000000000000000000000 v(2,00=00000
ooog

oooood

()—x+/ﬂ5xs ds+/h/<1 zo_(z),2)N(dsdz) (2.7

/ / @) )N (dsd)

OO0 NODOOODO Poisson 000000 N(dsdz) = N(dsdz)—dspu(dz),
V() = b(@) = [0 (@, 2)u(dz) 0000000 y(z,2) O Lyazndu(z)
gogooobbobbobbooooodduybbbbbbooooo

87(

Yz, 2) = 5 z,0)z + (z, 2) (2.8)

0000 A(x,z) =o(|z]) as 2 — 00
gooooobobod
(A.0O)00 0<pg<20000 ¢,C,00000p—0000O

Chp* PRI < / 2zt pu(dz) < Cop* PRI
lz|<p
(A1) () 000 p>20000 keN\{0}DODOO

/[’yxz]p (dz) < C(1+ |z])?, sup/] (x,2)|Pu(dz) < 400

()OO §>00000

_ o, 0 .
inf{y" (57 (2, 0) (5 (2,0)"y;0 € RY} = oy’

on R™
(A.2)00C>00000

+ 8—7(:15,,2))\ >C

inf det(/
in | det( o

d
zeR" zesupp u

00 (A.2) 00 flow ¢g(2)(w) : R* = RY 2,(z) — 2(z) 00000
goooooooo
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030 00000000000
0 (1)

You must take your chance, And either not attempt to choose at all Or swear
before you choose, if you choose wrong Never to speak to lady afterward In way
of marriage: therefore be advis’d. W. Shakespeare, The merchant of Venice,
Act 2, Scene 1

00000 Wiener-Poisson 0 O O [ integration-by-parts formula 0 O
000000 Skorohod OO0 6(Z) 0000000000

3.1 Poissonll 0000 Integration-by-parts
0O

Malliavin 0 0 0 0 0O O O jump-diffusion 00 SDEOOOOOOODO0O
0000oo0bOo0ooboooooooobooooboooobooooooo
000000 MaliavinOOOOOOOOOOODOOODODOOOODOOO
0o0o0o0booooooboooon

00000 dO00O Poisson OO0 FO0OOO integration-by-parts [ [
0o0o0dooodoooboooooooooooooooo GoooogrF
0GOO0O0O0 0000 H(FG)ODODODODODO0O00ooooooo
o000

B06(F)G) = El6(FYH(F,G)] (3.1)

00000000 (3.1) O integration-by-parts 000000 OO0
000D0000o0ooboDog “Ob00” Poisson HOO0OOODOOOOO
guoooon

Joobo0o0dg FOO0OO0OODOOOODODODOO0OODOOOOO0
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O000000000pe(de) 0 FOOOOOODOODOOOOOOppe(de)O
Fourier transform pr(v) 0 El¢,(F)|000000000O¢,(x) = exp(—i(x,v))
00000000000 0D0¢=9,,G=10000k000000

E[0¢,(F)] = E[0" " ¢u(F)YH(F, 1)] = ... = E[¢,(FYH(F. H(F, -, H(F, 1)))]

0000000000 eR'0000 |¢,(F)] <1000000KH(F,H(F,---, H(F,1))) €
[rO000000000C, 000000000 multi-index k0000

|B[0*¢u(F)]| < Ch, Vv (3.2)

0ooo
kg, = ()%, D0 DD OOHF,H(F, -, H(F,1)) e LP 0000
000000 k0000

[0*||pr(v)] < Cy, Vo

goo
1 ) |l L~
(320" [ i)
O|l|<|k|—d000 0000 well defined O 0 O O[26] Lemma (38.52)
goog

Fouriee 000000000 00000 pr(de) 0000000000
0000 dpr(z) 000000000000

3.2 Poisson 00 Picard U [0 [

U=Tx(R™\{0}))0000000000 w(Tx{0}) =0, w({u})<1
forallu, 00 N(A)<4co00000 Aed 000 w(A) < +oo00
000000 Q0000000 w= (2000 U0000000 U
0 U OO0 Borel o-field 0 0 00 N(dtdz) = dtp(dz) 00 0O

Q00 o-fielld00 w(A) € F,,AcUY000000000 /0000
(Q, F) 0000000 N(dtdz) := w(dtdz) O Poisson D OO O0O0O0O0
D0000000 ARO0O0D0OD0O0 (Q,F,P) O Poisson 000
0DoQ

00 ¢(p)0 @(p):ﬁz|§p\2]2u(dz), p>0000000 order OO
DO0DO0000000¢>00 a€(0,2)0000

©(p) > cp™ as p—0 (*)
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OO0 Lévy OO pO Lebesgue DO D DOOOOOOOOOOODOO

Remark. order DO 0O Picard D DD O OOOODO LévyOD DO DO OOO
0000000 2—-0000000D00000D0 «0ODOODODOO
000 0000000000000 0000OOd

0000 Poisson 00O (Q,F, ) 00000000 (Malliavin O00)

00000000 Q0000 (w,000)wDd000
w=(t,z)000N(du) = N(dtdz), N(du) = N(du) — N(du) D0 OO
0000 (Ux, UF)ODO0000000

pt(dudw) = N(w, du)P(dw) p~ (dudw) = N(w, du)P(dw).

000 |p|l=p"+p 0000
Poisson OO OO0 O00OO0OOODOOO0O DU,UEUDDDDDD
u= (t,2) = (t,21, .., 2,) €U DO OO € : Qg — Q0

e w(B) = w(EN{u})
5?{ . QQ — Qg O
efw(E) =w(EN{u}®) + 1g(u).

000000000 etw=woef 000D

ooo
if uy # uy then 5?}1 osfg = 5222 05311, 01,0, € {+,—}
ooo
epocl =elt, 61,0, € {+,—}
goog

FO000000 FOOODOOOO D, O
D,F=Foef —F (3.3)

00000000 000 RO000 ARO0D0O0O0O0OOO0O0O00O0O
000 w00000 D, 0O well defined 0000000 N(u)® Pyas. O
0000000

D,000000000000000000000

D.(FG)= FD,G +GD,F + D,FD,G, a.s.
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D=(D,wy 00000046000000000000

Z,0 Z, € L2(UX QU@ Fo,p )00 ||Z] < +co 00000000
0000 Z0000

ZezZ0oO

5(2) = /U 2,0 c- N (du) (3.4)

000000000000000/ 0000000 FOOO
Ew&@hdﬂ/DJ@N@ﬂ (3.5)
U

(see [20] (1.12))

3.3 Wiener-Poisson [ [ ][ Sobolev [ [J

3.3.1 Wiener OO Sobolev 0O

K, =L}(T;R™O0000f=(f,....f")eK, 000
win=3 /T F(5)dW(s).

gooop, 0
X = g(W(fl)v o 7W(fn))’

0000000000 Xooooooooooo g(ey,....x,) OO0OOO
B(R™)-00O00(xyq,..,x,) 0 00000000000000000 n e NO
X O Malliavin-Shigekawa OO0 m OO0 0000000

DX =3 LW (), W)l (3

000000000 (t,...t;) €000 Dl , =D,---D, 0000

7777 3

I000000p>10000X eP, 0000 |-, 0

(/;ZXXQﬁ)M1>UP (3.7)

[
X |osp = (Enxm +) E
j=1
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00000000 D =D
OO0 P 00000

dt =dt,---dt; 0000 Do, O |- losp

7777 t]’

5 1o
Dop="P1 .

00000000 Dy, C LP(Q,F,P) 0000 000 D7, j=1,..,1
0 Dy, 00000000

3.3.2 Poisson 00O Sobolev D O

U =T x (R™\ {0}) 000 A(p) = {u € Us 1(w) < p},
0(p) = [ap YW N(du) = [i, 1,y [2171(dz) DOOODO0 (u) = |2
foru=(t,2)0000Lévy 00 psatisfiesan 000000 000 0<

a<2000
lim inf #lp) >0 (3.8)
p—0  p®
00000000
0000 M(du), M(da) 000 M(du;du) 00000000000
0000000 {(u,u) = (ug, .o, up,u);u; Fu, i =1, .., k00
o NI(du) = ﬁv(u)QlA(l)(u)N(du), Ni(dw) = NE(duy) - - N (duy),

— ~ ~

M (du; du) = M (du)M (du)
000 k000000 {(u,u) = (u, ..., ug, u); for some i u; = u} OO

k
o M(du;du) =Y M(du®)® M(du).0p,—u
=1
00000000 u®=u\{u} O (k-1)-000000000
UxQ0000000 D, 0 Sect. 320000000000 D viewed
as that D : L*(Qy) — L*(QuK,)0OODODDOOO (cf. [20], p.487
Remark)J 0000 Ky = L2(U, N)O
u = (ug,..,ux) = ((t1,21)y -, (tr, 26)) = (6,2) 0000 |u| = |z| =
maxj<i<k |2 and y(u) = [z1|---|2%|0000 OO0 ¢f =¢f o---0ef O
000 Dy=Dt=D,,---D, 000000
000 DOOOOOO0O0OOO

(1)  D(XY)=(DX)Y + X (DY) + (DX)(DY)



34 030 000000000000 (o)

(2) Xoef =D, X +X
(1) 00
D*(XY) = D(D(XY)) = D{(DX)Y + X(DY) + (DX)(DY)}
— (D?X)Y + (DX)(DY) + (D*X)DY
+DXDY + XD?Y + DXD*Y
+(D*X)DY + (DX)D*Y + (D*X)(D?*Y)
00
D(XYZ)=D((XY)Z)=D(XY)Z+XYDZ + D(XY)DZ

= (DX)YZ + X(DY)Z + (DX)(DY)Z + XYDZ
+(DX)Y(DZ)+ X(DY)(DZ)+ (DX)(DY)(DZ)
(H)oooooooo

D (XY)=(XY)oel — XY =(Xog/)(Yogl)— XY
0000000000 (2)00
Xoef oel =(Xoel)oel =(Dy, X+ X)oel,

=Dy,(Dy, X+ X)+ D, X + X
= Dy, Dy, X + Dy, X + Dy X + X
00 ‘0007000000

Lemma 2 FOOOOOO ¢ O o(F) € LP(Q), o(F+ D,F) € L*(U x
Q)000oooog

Dyp(F) =p(Foey) —@(F) =p(F + D,F) —¢(F).  (3.9)

000 [19] Theorem 12.8 0000
00000 DOOOOOOO

k
Flagi= (1Fap+ > 8| [
P 0,0,p k/zl A

¥ |

u

v(u)

M@ﬂ)w
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0000000000 k=1,2,..,p> 10
peCe(U)DDOO

N(g) = / o(t, 2)N(dtdz), K(p) = / o(t, )N (dtdz)

0oo0O0P, 0 X i )
X =f(N(¢1), -+, N(en))

D0000000 X00000000000 f(zy,..3,) 00000
BR™-0000 (zy,..,2,)000000000000000
Dy, 000 P,0000 |-|x,00000000000

5 |lk.0,
Dk,O,p - PQ P

0000 Dyoyp C LP(Q, Fo, B) 0000 Diyu= (up,.yu;),5=1,...,1
0 Dy, 00000000
ZDDL%Tngmmmmmmmmmémsmt3QDDDDDDD
00000 V=V,00 Vuo=0000 N=N-NOOOODOOO
00000000 kE=0000

V. b . 1/p
Vi~ :E/ u Mdu] , 3.10
Whiny = 2| [ [t ]"¥rta) (3.10)
k>1000
Dk/v p B 1/p
Vo, = 3 IVIGE, + .EL/ s Afdmdu]}
IViizo, {H los. Z O ETET] Ik

(3.11)
00000000
X, =14, 000000000000000

Theorem 8 ( Theorem 3.2in [6] ) A 000000 p>200000
00000 e=clk,p) 0000000 s>20 0<p<1000

~ 1_1 ~
|6(VXP)|]€7O7P S cgp(p)2 2s ||k+p,0,(k+p)s (31>

goog voobooooooo
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3.3.3 Wiener-Poisson O 0 0 Sobolev O O

(QF) 0000 Q=0 x0,F=FeF000w=(w,w) Qi
0000000 P=PAR0O (Q,F)000O0OO0OOOOOOOOO FO
PODO0OOOOO FOO0O0OOO ofields F@{é, %}, {6, }0F 00
O00F,F/RO0000000000 (QF,P)0 Wiener-Poisson 0000
000000 W(t)(w) =W(t)(w) = wi(t), N(dtdz)(w) = N(dtdz)(we) =
wy(dtdz) 000000000

(h1,ho) = (f1, fo)x, + (91, 92)k

0o0o0o0ooooOoooobooooboooog hy=fieg e KOOOO
O D, D,000 Dy&id,idoD, 0000000000 e 00000
000 QO0O0000000et (wy,ws) = (wy,eEws)
P=PeP 000000 P, P,000 Pl 1P, 0000000
p>2000
Dkyl’p:’]s|"k,l,p

ggon

k l
oo (iS5 ()
P Ovl7p ICZ Z A(l)kl Tll

'=11'=0

DIDFF
7(u)

th)p”mdu@)”p

000 Dy, =D,&D, 00000 D,,, 00000000
(tyu) 0P

o
Dy = mk,l:O Mp>2 Dk,l,p

oooo
000000000 46,6000 éid,ideé0D0000000O0DDOO
00 60

§=0®0.
0000000000 3500000000000

Proposition 5 Z = U@V, € L*(Q; K) 000 Vi) =0, U; € Dom(d),

V. € Dom(6) 0000000000000 HeDy,,000

E[H)(Z)] = E| / D,H U, dt + / D, H V, N(du)]. (3.12)
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00000 || e Il 17,0 000000, € LA(Q;K,) 00O

k l Dl/Dk/Ut /2A l/p
Ul ::<(]p N E[/‘ (/1 Ze bt m) Afdu]) .
Uk U116, k/Z:l; A \ el y(u) (du)
(3.13)
V,e XKy O Vg =000000000k=0000
1 ’ 2 2 l/p
Dy, -
Vo, = E/nu”t“ dt Mm} 3.14
Vi, = [A(l)[ - () (3.14)
k>1000
. 2
Dl/Dk/V _ 1/p
Vi, = V + E[/ /7': w2 dt Mdu;du]}
g {H los. ku:uZ: A(F X A(1) v(u)y(u) ( )

Do0o0Z=U,eV, 00000

~ 2y1
1Zllkap = (UK 1y + 1VIR2,0)?

goon
O0o000n>0,p>2000

D) = {U, € LK) ; |U]|ap < +00}
DY = {V, € LA Ks) 5 Vo) = 0, | V17, < +00}
~ ~(1 ~(2
Dy, = Dk,E,p) D Dk,E,p)
D3 = Mo NMp>2 Dy
O0oooon
oo dooon

Lemma 3 k,/ 000000 p>20000000
(i) U={U,} eD;{) 000000000 c=c(kl,p) 0000
0D |kip < cllUlkis1 (3.15)

(ii) V={V,} e Dy 0000 00000 c=c(kl,p) 000000
00 s>20 0<p<1000

< 1_1
‘6(VXP)‘]€J,ID < cp(p)2 e
ooooon

H;—i-p,l,(kﬂ))s (3-16)
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40 UOoodog

Incessant is the change of water where the stream glides on calmly: the spray
appears over a cataract, yet vanishes without a moment’s delay. But none of
them has resisted the destructive work of time. Kamo no Chomei (1155-1216),
Hojoki/The Ten Foot Square Hut (Japanese classic)

00000 Wiener-Poisson 00000000 FOOOO 700000
00000007 =e, =€ 0000e, o FOOOOOOODOOFDO
0o0o0ooooooooo

4.1 (ND)OO
4.1.1 SO000000

L. SchwartzO OO ORYO0 C*000000000SO000peS
ggoobooog

lollan = ([ 3000 - Y0+ PePlat @)
+j<m
form=1,2...000000¢S, 000 SOOO0OOODOOODOODOO
0008 CSy,,m=1,2,.0000
ESGEGECEN -

[Vll2m = sup  [(p,9)| (4.2)

PESam, |l¢llam=1

000000000 (p¢) = [e@)d@)de S, 000 SOO0O0DD
00000000000000

Soo = My>1S2m; S—oo = Um>15-9m,
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googd
SO0000000000 (SO0000D0)0000D0oO00oooooo

Proposition 6 (/16] Theorem 2.14) O ® € & OO0 k,m € N O
(fa): fo € L*(RY) O

O = (L+]a])* Y Dfale

|a|<m

gogbbooogooboogao
ggoo

Proposition 7
§=8,., =8,

ogood
0000 28] 0 WienerOOODOOOOOO
Helllam = 1(1+ |2 = A)"plo (4.3)
gdoootdotdotouooouoouoooooouoouooa
S/:Um21éi2m

ooo
Cm={ge &A™y e C, there exists g, € S
such that |[A™"¢g, — A7"g|lec — 0 (n — +00)}

000 ¢CO000000000000000A=(1+z2-A)0000
000000000 Wiener-Poisson 0000 & 00000000000
000000 (cf. [29))0

pesSOOO00O00O

b(0) = Fola) = ()" [ e oty)dy

0000 ¢eS000000000000000000000000 (T
000
FS=8, FS' =8
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oooo

D00000 FOOOODO ¢(v) =Ee»MOo00000oooon
000000000 SO0000000 FOOOOO pe(z)=Fo(x)00
00000 soooo

oooo

Ye(v) = B[P @] (4.4)
forGeD,O0D00ODO0ODDODO

Definition 7 ((ND) 0 0O)
0000 FO (ND)OOOOOOOOOooOOO p>1L,Ek>0000
Be(2,1100000

sup sup sup
p€(0,1) Rd TEAR(p)
\ =1

-1 p
(=600 [ 10 DPPL oy Nla)) o2 < o0
o
(4.5)
Ddodooooooooooy ouooooooooono ¥ = (Ei,j),
T

El

00000 ((0,50) + ()" [y, N(dw)) 00D 0 DWiener-Poisson
0000000000000000000000

Proposition 8 e D, 000 (ND) OOOO0OOO0O000O0O0O0OO
000 neNDOOD kIleN,p>2000 C=Chy,>000000

IEW%(m<CG+WU"WM%wwuwwNQW)W&p (4.6)

lv[>1

0000 p|>10000000000000 B, = A(jo] ),

1 o= ~
QF(U) = (vla Zv/) + T 1 ‘eZ(UjDuF) - 1‘2N(du)7

[olPe(o]77) /.

> = ([p(D,F)(D:FYdt)yD00000 ¢>00000
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Rmmm(ﬂ%>ODDDDDDDDDDDDDkaér<¥—1ﬂ

gogbooogod .

(0%
=1-—=({1+-—)>0 4.7
00000000 g=1-50000000000 k,s00000

(i) (ND) 000000 supj,p= supyepr B[lQ7(v) ™ o fP.1p,] OO
p>1k=0,1,2,. 0000000000000
[P0 N ) > o /B (0. D)L 1y N ()
for v >10000<¢<1000000000000000RB, =
A(|v|77)0 By = {supyeao-1e) [ DuF| < [0]71}0
00
D,F)
ZF(w) =z :—z'i(v’ iy
( ) t ( ) "U’QQF(U)
(e‘i(”’f)“F) —1).1p,(u)
_1
[v[e(v]77)QF (v)
O000000ZF(w)=2ZFw) e ZF(v) 0000
000

ZF(U) = ZF(U) =

eo(F) = (Z¥(0)D; @ ZF (v)Dy)ey(F)
gooooooo

E[Ge,(F)] = Ele,(F){8(Z" (v)G) + §(Z" (v)G)}]

000
Ele,(F)G] = Ele,(F)0(ZF5(ZF - - - §(ZF §(GZY)) - - )]
000
8(Z" (v)) = 8(2" (v)) + 0(Z" (v))
0ooooooo

Lemma 4 (ND) 0000000000 kleN,p>2000C0C>0
goooo

C _
10(Z" (1)) kap < m’F‘k,lwﬁp sup [Q" (v) ™ k141,39 G130

lv|>1
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~ C 1 _ 1.1 _
(2 @)ty < pye(le ﬁ)2u+%”FMMWFFpKyYU)1Muyﬂﬂw¢ﬂ
v[>1
(4.8)
000 K=k+p+1,p =3k+pko

Proof of Lemma 4.
The first inequality follows from the extended Meyer’s type inequality
(Lemma 3), and from the Holder’s inequality :

XY Zlkps1p < X k1,3 Y kat1.3p] 2]k 41,3p-
For the second inequlaity, we use Theorem 8 in Sect. 3.3 as Vx, =

ZF(/U)G = ZF(’U)Gl{‘MSh)‘fl/ﬁ}. Then we have

~ 1 14t = ~
16(Z7 (0)G) i < (0] 77) 25 ZF () GIIR s i

Here we use a Holder’s inequality

C ~ ~ _
I Eu ) R @7 () i 17| Gliv

125 @)GIR s pymo < 1
lv[*e(lv]~7)

where Fu(v) = (ei(”’D“F) — 1)1B,(w)-
We use the mean value theorem

1
Duth(G) = (D) /0 DG + 0D G)do

for G = (v, D, F) and t(z) = ¢*—1. Further we parametrize u = |v|~/%4
for sufficiently large |v]. As |u| < [v[7"# with ¥ < 8 < 1, we have
0|77 < Jo|™", and

| Dl 1))
By(u)

1
:/ Hv\(‘%’,Du/DuF)/ OY(DyF + 0Dy (v, D, F))d|>N (du)
Bv(u) 0

<Pl 1 DuDuP)PN da).
|a|<1 v

Hence HFu(v)H;erm, < ¢|v||F|k4+p+114- Combining this with the above,
we have the assertion for the second inequality. q.e.d.
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godoodd
10(GZ") |k

1 1.1+ 1 _
somu+wm|w2“%mmwwxmfw>mwmew

goon
ERERE . .
1 1l L _
o el ) < ol
ggon

gboobooboobobobobobogbuobuonobged.
gogbbbouoooobbooooon

Proposition 9 Fe D, 0 (ND)OOOOOOOOOO0OOOO mOO
0kl p>2000C,>000000

90 Flisp < Cua(Q 1A+ 1P lkip) 0]l -2m (4.9)

B<m
foroeSOOODO

g
Em@%ﬂ=Ev?“”ﬂwmw@

- / (V) B[ . Gldv = / ¢(v)ve(v)du

gogooooggd
Step 1 D000 yvg eSS 000000000

(1= 8)We(v) = BIG(L+ ) (F)*) ™)

j=1
000000 8000000 nO000 k,pODOOO |RHS.|O

d
j=1

< Ol + |F*)? kil Gl (1 + [o]?) 7072
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0000000
0Do0ooO0
(1 + o) 2 (1 = A) ¢ (v)] < Cl(1+ [F )|k pl Gliig
nd n<2m/q 000000000 (41)00
bclzm < Cm|Glrip,m =1,2, ..

with some k =k, =1,,p=p, 0000000 ¢vg eSS, 000000
Step 2 (4.9)00000000000Step 100

lpo Fliy,= sup |E[po FG]
|Glk,1,p=1

< sup | / be()p(v)du
‘le,l,pzl

< sup [[Pgllaml| @l -2m

‘le,l,pzl

<G sup |Glegpllell-2m
|G|k,l,p:1

000 (5.10)000000q.e.d.

00000 ®€8.,,0 FeED,O00O ¢oF 0 D, 0000000
00000000000Up>18-0,=8'000000 €8 0 F €Dy
00000 ¢oF0 D _000000O00O0ODO

Definition 8 F O (ND)OOOOOOO0OOOOOO TeSOOODO
O ToF O

<TOF7G>:S/<FT7E[G€i.F]>Sa GEDoo
00 Db, 0000000000000000

g sgudoboouoggooo

Proposition 10 F e D, 0 (ND) OOO0O0OO0OO0O0O0O GeD,0O0O
00000 neNODOO kIeN,p>2000 C>00000

[ (v)] < CL+ [0]*) 2" FIR 1, Gl (4.10)
0ooooon

G=10000310000000000000DO FOOOOODOO
000 pe(y) DO0DOODODODOOOOO



46 040 0DOO0O00OOO0O0O

4.2 OJO0O0OOOO

4.2.1 0O00O0O0O0OOOOO

F O Wiener-Poisson 000000000000 ¢p(v) = B[]0
0000000 & =¢, o FOOOOODOODO((ND)OOOODDOO
00000000000

00 (R) FOOO (R)0O0D0D0D0OOO00O0O0O0O k=0,1,2,... 0
000p>10000000

Z sup |0., Dy, F o k[P + Z sup |0,,0,, Dy, Foef|P| < +00

i—1 1211 ij—17I<t

sup F
teT,ucA(1)k

0000000000
00 (D)00O0O0SDEDD F=X,000 (R)00000

OO0 (ND)OoOOoOoOOOoOooooooOoooooooooooooo
ERERE

R:/Dﬁ@uwwzzF

T

R’:L/(8DUﬂ0£X8DUﬂUTdt
T

R}:i/éﬂlpFBAﬁﬁuﬂUTdup>>O
T

goog aDt,OF = ath,zF‘zzo
RN
Q) = (', (R+ K))

Qp(v) = (v, (R+ f(p)vl)
veRY p>00B,= 7 Joj<, 22 1(d2)0 B < B,

ooog o =%
w(p

|v]?

Definition 9 (1) F 000 (ND2)0O0OOOO R+ K 000000
0000 k000p>10000

sup El(v,(R+ K)oetv)™] < 400
veR,|jv|=1,ueA(1)*
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ggboboogooo
(2) FOOO (ND3)ODOOGooo R+KO0ODOODOODO kO
U0 p>1000000 po>00000

sup sup Ell(v, (R+ K,) 0 egv) P[] < +o0
0<p<po yeR jv|=1,uc A(1)*

ggboboodobboo

Lemma 5 FOOO (R)OOO0O00O0CO
()00 (ND2) 000 (ND3)OOOO000
(i) 00 (ND3) 000 (ND)OOOOOO

gogon

Proposition 11 (R) OD0000 (ND2)OOOO0OO0OO0O00O
(1)000 n000 C>0000 kl,pOOOO
|E[Gey(F)]] < Cle)(1+ [uf*) 2" |Gliapl FIiyp sup HQT (0)} it

|v|>1
ogoooood
1

Q"(v) = (v, 5"v) + ————
ole(o]5) I

|ei(”’D“F) — 1|2N(du)
(2)

sup [{Q" (v)} " rup < +o00

[v|>1

0000 kL,p0O00OOOODOO

0o

005000 (ND)OOOOOOOOOO (1)00000000000
080000000000

0000 (2)0000

[P0 RN ) > ¢ /B (0. D)L 1y N ()

for vl > 10000 <c¢< 100000000(ND)DOODOOOO
SUD|y»1 SUDuept E|Q7 (v) ot 0000 p>1,k1=0,1,2,..000
000000000000 (2)000000 ged.
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050 UO00b0DO0O0O00OO
0 (1)

A friend of Diagoras tried to convince him of the existence of the gods, by
pointing out how many votive pictures tell about people being saved from storms
at sea by dint of vows to the gods, to which Diagoras replied that there are
nowhere any pictures of those who have been shipwrecked and drowned at sea,
Marcus Tullius Cicero (1st century BC), De natura decorum IIT 89

00000 F=X,(SDEOD)00000O030000000000 pi(z,y)
Ut—00000000000000

5.1 0000000 (Markov chain 0000
0)

Sect. 22000000 SDEOOOOOO

i(z) = 2 + /0 b(a(2))ds + 3" (s (2), Ax(s)). (5.1)

s<t

goooood

xe(x) =2+ /0 b (zs(x))ds + /0 /Z<1 Y(zs— (), 2)N(dsdz) (5.2)

v t [ A (@) 2) N dsdz)

O00 NODODOO Poisson 000000 N(dsdz) = N(dsdz) — dsp(dz),
V(x) =0b(z) — f‘z‘>1’y(x,z)u(dz) 0o0oooooo

9 1 .
()5, 2)] < il



20 050 000000000000 (II)

000000 4(z,2)000

0
—Z(x,O)z +5(z,2), ke N%on {|2] <1} (5.3)
DO0D000D0O000

0000000 z4(z) 0 Sect. 22000 (A.0) ~ (A.2) 00000 (A.3)
000000000000

(A.3)

(3-a) 0<f <1000 c= [, 2p(d2),b=0000000000 ue S
000

/ (2, 0)? 1y oy (2)pa(dz) = P20 (5.4)
{lz|<p}

as p—0
(3-b) p=1000

lim sup | zp(dz)| < +oo (5.5)
=0 J{e<|z|<1}

00000000 () 0000o0o0ooobooO(.l)o
dxy(x) = dO(zi—(z)), xo(x)=0 (5.6)

000000000000 SDE (5.6) 000000000 ([11] Theorem 3.1) O
gobooggo

O1(y) = ¥ ()t + /O (A 2N (dsdz) + / Ay, 2)N(dsdz)}

|z|<1 |z|>1

gagn
0000000000 (A.2) 000000000000 (s <t): R —

R0 24(z) = doy(zs(x)) 0000000000 (15 Section 1, [1]; 00O

(v(z,2) =X(z)z000000000000) [25] Theorem V.65 0000)
Sect.3.10 000000000 Picard 23]00000000O00O0ODO

Proposition 12 (/23] Theorem 1])
(A.0) ~ (A3) 00000000 O¢t>00000 a¢(x) O Cp*-0000
y—pi(z,y) 0000

oboooooo 1200000000
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Theorem 9 (general upper bound)
0000 p(x,y) ODODODODODOODOOO:

d
(a) suppi(z,y) <Cot B as t— 0, for some Cpy >0, (5.7)
x?y

pi(x,z) = 75 as t—0 uniformly in . (5.8)
() 000 keNYOOD Cp,>00000

(k) _ (kl+d)
sup|p; (z,9)| < Cpt™ "7 as t—0 (5.9)
x?y

oooo p® 0 yODOOD k00000000

000000000000 0000O000ODO0D00 (a)DO0OD0supdOOO
00 {x=y}00 attain0 000000000

d
pi(r,z) < t 8 as t—0
(x000000)D00 0000 1000000000000 0O00O0
pe(0) ~ CtH/e

ast—000000000000000000000 0 ([4] Section 2-4)
D00000000x(zx)00000 MarkovDDOOOOOOw(dz) O

(1212 A p(dz)
TP A Dy(dz)

O0000000RYDO0O0O0OOOOO0OODOOO0 dv ~dp (p0 v OO0
O00000)0000 Radon-Nikodym OO & NOoOooo000oo0ooon

v(dz) = (5.10)

dp
000 (4,)%0, 4, : R™" L RIOOODO0ODOO00D0O0 Ag(z) = =,
Aps1(x, 21, ey Tpg1) = Ap(z, 21, oy 2p) + Y(An(x, 21, ooy ), Tpg1) T € RY [

00000 80000 (21,..., %) — Ap(z,21, ..., 2,) 000 p® 00000
nooos=,8,0000

Definition 10 (accessible points) S OO RIOOO0O0ODODO)O accessible
points 00 O0O0S\S OO0 asymptotically accessible points 0 0 00

000000 accessible points 0 x 00 2(s) 0000000000000
»(x)JO0OO0O0D0O0O0ODOOOO0DOOO0OOOOOD S, 0000000800
ugoaooaon

0 2000000 H, :supp p — Py = o+ {y(x,2);2 € supp p} OO
22441,z 00000000P"™ ={ye P, ;21 € Pz €P._, i=



02 050 000000000000 (II)

2,..n—1}, n=1,2,..(o=2)00000000 PV =p, 0000 P O
00 200 2(x)0000000 n0000000000000000000O0
2,y eRiy£2)0000a(z,y)0ye PP 000000000 000000
000000000000 az,y) = +oo 00 00a(z,y) = inf{n;y € Up<, Sk}

000000000000000 LévyD0O00000u(dz) = 3. knba, (d2)
O0mO0 Lévy 0000 (an;n e N)O RIOOODO (ky;neN)DDOO0OO
Oooo0O00ooo

(1) |an| decreases to 0 as n — o0,

(ii) kn > 0,

(iil) 200 o knlan|? < 400
0000000000

N = N(t) = max{n: || > /%) = log(%). (5.11)

Theorem 10 (/5] Theorem 2 )
x00000000000000y#£20000
(a) ye SOOODO0 a(r,y) <4+ocoOO00O

pe(z,y) = t@V=dB g ¢ 0 (5.12)

() ye S\S (afr,y) =+oc0)0000
bz)=000 f >p0000¢t—-0000 logpe(z,y) 00000000
r=r@®o0000000o0ooog:

N 1 1 1
= —min Y (w, log(—) + log(wn!)) + O(log() loglog()) (5.13)
n=0 n

000 minmtmum 00 &,,n=1,2,..000
|y - An1($7§17 ’énl)‘ S tl/[j/y (514)

00 ag,..,ay 00000000000000000w,=4# ofa, 00000
000 @, 0000000n; =" jw, 0000

00000 (5.11)0 (5.14)00000000000000¢t0000000
00000 (5.14)00000000000000 (5.11)000000000 g
0000000000000

z0 a, 00000000000 m=1z=0,a,=2")000 (b)O
Lebesgue 0000000000000 ye&(=[0,1)0000000000
0000012000 ¢t>0000 y—p(z,y) 0 SOO0O0OO0O0OODO
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5.2 0010000

ooooOooboooboooboooboobOoUobDoOOLévyo poooo
gobobooboobbooboboooobobooobbvbbOOoOobbOoOonDo
oooooboooooo0 ez 000 LévwODOvOOoOoooooooooO
Ob00ob0b0obUbU0 z 000002z 00000000 Markov chain O
good

00 10(a)000

Lemma 6 (accessible points00000000) (&n),eN O RIODODOOO
0 (ii.d.) 00 (5.10)0000000000 v(dz)000002(s) 000000
0000 Markov chain (Up),.N O Uo = , Upp1 = Up +v(Up,§p41),m €N
DDDDDDDDyERdDDDDD n>l,y=v2>0000 ¢c>00000
ec(0,1]000 P(U,—y|<e)>e¢’0000000000000000
ud

p(z,y) > Ct"HO=D/B 4 £ 0 (5.15)

000000 (n,y,)000000000000
00 g(x,dz) =d(Hiv)(2),z € P,\{z} 00000000 Hlv=voH 'O
O00000000D0000D00000

P(|Un - y’ <e€) = /P o / 1{zn;|zn—y\§e}(zn)g(xadzl)'“g(zn—ladzn)
R n—1

(5.16)

O000LévyOOOO0O (dimsupp v=0)000000y=00000P(|U,—
y| <€) >ce” 00 y O Markov chain0 0000000000000 (5.16)0
gboboobooboobboobooobon

U0o0ooooooooodMarkov chainOOOOOOOOoOO

(pn),eNn 000000000 RY - RY0000000 Markov chain (V;,),, .\
00V = wo(z), Vat1 = Vot (pnt107)(Va, €p+1) 0000000000 ((Pn)neN
0000000 (), N O

o, = sup (low(y) =yl + |¢Ly) — 1)) (5.17)
kgn,yeRd

gboogoo

Lemma 7 (000000 ) Choose y # x. OO (vn),eNsVn € [0,+00], OO
Ell:ll]l]l:ll:l(Kn)nEN,Kn>0DDDDDDDDDDDDDDDD.'Dl:ll:l n



o4 050 000000000000 (II)

0000 (g, 0 ¢, < K,0000000000000000V, 000
C,>00000

if Y <+oo, then P(|Vp,—y|<e) <Cpe’™ forall e¢>0, (5.18)
uoaooaon
if Yn =400, then P(|V,—y|<e)=0 for e€>0 smal (5.19)

gogooooon
uogoooooooo:
()00 I'< 400000 py(z,y) =01 ast — 0
(3) 00 '=+400 0000000 neNOOO pz,y) =o0(t") ast — 0
00007 =min,(n+ (y —d)/6) 0000

0000000 D (K, 000 () 0000000000000000
0000n>10y¢ P 0000000000 ¢, 000000000 ¢,
000000000y ¢ Q™M O0D00oonOooNooooo

QY = {zn-1 + (¥n 0 7)(2n-1,2); 2 € supp v, 2,1 € QL V}

UO00000K,>00ex>0000000000000,0 4oc0000O0
goobogo

0 point mass0 000 00n > a(z,y) D00 P(|Up—y| <€) >c e (0,1]
000000000600 py(x,y) > Cte@v)=d/8
000000000000 n<a(z,y) 0000 K,0OOOOOOOOO

0y¢Q™Ooooooooooo
P(|V, —y| <e) =0 for >0 small
0000 (5.18), (5.19) 0000 4, = 40000000000 > a(z,y) 0000
00(.18) 0000 4, =0000 (¢, = id)0
0000T =a(z,y)—d/0000000

pi(w,y) = e =0 (5.21)

Theorem 10(b) 0 00

% = ([0, ]/ ~) 0008 =08, 000000001 0000000
D 00 [0,¢4*0000000000000000000000
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r(t) =tV 00002 (s) 0 Lévy OO plyz<m(2) 000 Lévy 0O 0O
"(s)0 Lévy 00 plqsn () 000 Levy0O0D000000 27(s) =
Az ( )1{‘AZ(U <rys # ( ) Zugs Az(u)}ﬂAz(u)br}

)O [0, 000000000000 B, 0

o &
Zugs
7 (s
/ £(Se) Py, (Sh) (5.22)

{#5=k}

_{Q/Hm>@&nmm0k<;)@m<(/ung@Mu@)}
tk/ /fSh ,Sk) dsy -+ -dsg

00000000000 f0S,0000 ([O,t]kDDDDDD)DDDD
S, €S 00000z(r,S,z) 000 SDECDODODODOO

ru(r, S ) = @ /0 " du [ e Gnansea) @) 629

_|_Z (x —(r, S, )Azr(u)>+ Z ’Y(JUsf(TaStax)vff)

u<s 5;€5¢,8;<s

0000, N0000000000000000 (1id)0000

1|25} (2)-p(d2)
f 1{|z|>7"}(z):u(dz)

(z)=000000000000<r<10000 a4(r,S,,z) 0000000
00000
00 (&,),eN 0000000 Markov chain(Uy), yOOO0O00000000
U =aand Uy = U +9(Up, &), n €N
0012000000 (A.0) through (A.3) 0000 0x(r,S;,2) 00000
00 s>0000C20000 ps(r,Spz,y) 0000
0000<s<t0000S8=00000000012000000 u(dz)00
0 1f2)<}-4(dz) 000000000000000 z4(r,0,2) (= zs(r, S, 2)|5,20)
00000 ps(r,0,z,dy) 000000000 ps(r,0,z,dy) = ps(r, 0, x,y)dy
0000000000002 (s)0 2"(s)000000000xs(r,Se,z) 00
000 ps(r, S, x,dy) = P(zs(r,Se,x) edy) 000000000000

p(dz) =

ps(rastvxvdy) _/dz(l)/ psl(r,(l),x,z(')) gr(z(l)adzl)
P
0

X/dzi/ p82—81(r7®azlvzi) gr(zivdZQ)
P
1
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/ / /
"'/dznll/P psnl—snlfl(ra®>an—laan—l)gr(znlfladznl)pt—snl (T’,@,an,dy)
Z,
ny—1

it Sy € Sip, 000 gr(z,dz) = Pz +7(x,&) €dz) 0000
000002 (s)0 2"(s) 000000000 NO factorization(cf. [9] p. 71)
EEERERN

ps(z,dy) —/Sps(r,St,x,dy)dPt,r(St)
t

000000 120000000dy00000000 py(e,y) 00000000
O ps(r, S, x,dy) 0 dP,,-as.0 dy 0 0000000000000000000
00oooo

pa(,y) = /S (ps(r S0, 2, dy) /dy) (y) AP (S1).

000 (ps(r, Si, x, dy)/dy)(y) O dP;,®@dy—a.e. 00000000000 ps(r, S, z,y)
0000 (dPyls,, 0 S, 000000000000 (ps(r, S, @, dy)/dy)(y) O
ds® dy—a.e. 000000000000000) 00 v ps(a,y) 00000
0000000 gy ps(r,St,z,y)0 ds-as. 0000000000 ps(r,Se,x,y)

Odsae. 000000000 0O0O0OOO

s=tdoaaaog
pt(xay) = / pt(Ta Stuxuy)]st,T(St) = Zpt(k)ruxvy) (524)
St k=0
oo
pt(kar7x7y) = / pt(rv Stuxay)dpt,r(st)
Stk

0oo )

pe(x,y)dy = B [P(ai(r, S, 7) € dy)] (5.25)

= B BT Py (r, 8, 2) € dy|S1, €], - Es,)]

ogooad

000 S €e80000 S€8,000 n=k0000
P(xy(r, Sy, x) € dy|St)

— g

®#St[

P(xy(r,Sp,x) €dy : [y — UL | < tY7|S,, €7, ..,60 )] (5.26)

T S !
+EW T P(ay(r, Spyw) € dy s |y — U, | > €718, 6]

0000000000 y=a(r,S;,x) with S; € S, 000 P(ly — UL | <
/8y = EWOSM Py — Uz, | < tV/F¢r, .60 )] 000000 ()™, 000
000 e, 00000000000 W,,0000
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n e NODODOO (w,)Ng, w, e NU{O}O 0y =3 0, 0000000
O0D0000OW,D00 tk, D Poisson 0000000

P(for all n <N, W;, =w, and |y—U,,| < /0

1
< Hﬁzow—(tkn)w"e*“f"

|
n'

ugbobooboodan

log P(for all n < N, W, =w, and |y— Uy, |< /8%y

N
< = (wnlog(1/(thn)) + log(w,!) + thy) (5.27)

n=0

N
== > (wnlog(1/(thy)) +log(wy!)) + O(1)
n=0
RN (wn)ﬁf:ODDDD ng e NOOOOOOOOO (x)0000D0ODO0OOO

deterministic chain (A},), O |y—Agl|gtl/ﬁlDDDDDDDDDDDD wi
O00: (%) wy, = (# of a,’s which appear in &7, ..., ) and n; = SN w, 00
0040 U, 0000000¢ 00000 000000000000
(5.27) 0O

. <
1%Pcmmemw@weW$tht“’ﬂ”‘Nv (5.28)

Wy =w, and |y—Uj; | < 1/

N
< - mv%}nz (wy log(1/(tky)) + log(wy,!)) 4+ O(log W)
n=0
O00W, 000 th, O Poisson 00000000n < NOOOO tk, 00
tSN k0000000000 ElexpW,] < 4000000 P(W,, > N3) <
CeNODoooooo

P(W, > N* and |y — UL | <tV/7) < Ce™N" < Cemclloe/0) (5.29)

0000000000000000000000000w, <N (000 n <
NYHYDOOOOOOOODODODO0O0O0Oooooo0 (W =o0(N)M)oooo

log |W| = O(Nlog N) = O(log(1/t)loglog(1/t))

oooo

ze(r,0,2) 0 (5.23) 00000000000 S, =000000000p(r,0,x,y)
0000000000000 9 ()00 p(r0,z,y) <Ct P ast - 000
O000p(r,Se,2,dy) 0000000000000000 S € Spnysé7,.080, O
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00 P(xy(r, S, ) € dy| Sy, &, ... &0 ) /dy = Ot ¥y ast - 00000000
000
Z(w)0 (¢)000000000(5.24) 0 FubiniDO OO0

log(E""180m BWOS™ (P2 (r, Sy, ) € dy < [y — UL | < /718,67, ..., €0)]/dy)
(5.30)

N
< log (¢~ exp(— mvivnz (wn log(1/(tky)) + log(wy!))

n=0

+0(log(1/t)loglog(1/1))))

N
< —min ) (wnlog(1/(thn)) +log(wn)) + O(log(1/¢) loglog(1/1))
n=0
goon

U20000000000D0000OO0

Lemma 8 y = x4(r, S¢,2),5; € Sty O Uy, = Apy(,&7,...,§,,) 000000
OO0 k>00 Co>00000000 p>k000O

]5 , T\®n /
J ol ‘St,nlE(N )@ 1[P(|y— Ugll > tl/’B ‘ Sta&{v'-'7§11;1)]

< n1Coexp[—(p — k)(log(1/t))?]
ast— 00000

., & 00000000000000 E™ e [Play(r, Sy, x) € dylSi, &, ..., &) /dy] =
Ot P ast—-00000000 {ly—Up,|>¢/}0 (u)®™ 000000
0002 (w0 (£)0000000000 800

EPIsun O P(gy(r, S 2) € dy - |y — Ur | > tY78,, €7, 60 )] /dy

< Gt~ expl—(p — k) (log (1/))?], as ¢ — 0
oooo

log(ET 15t BU™™ [P(ay(r, Sy, 3) € dy < |y — UL, | > 17|y, €, ..., €0.)]/dy)

<—(p-— k)(log(l/t))2 + m<a]i[<4 logny + log Cj + O(log(1/t))
nis

< ~(p — K)(0g(1/1))* + O(log(1/1))

0000(5.29)00 W,, < N300 W,,00000000000000max,, <y logn; =
log N* = O(log(1/t)) 000 0000000p>k 0000000000000
(5.30) 000000000000
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00 gherlsen gpr®m [.]O0n;=0,.,NPODOOOOOOOOOO

1Og(EPt’T‘ngN45t,k F () E#5t [P(x(r, S¢, ) € dy|St, &7, ...,égﬁst)}/dy)

N
< - mi/bnz (wn log(1/(tky)) + log(wy!)) (5.31)

n=0

+O(log(1/t)loglog(1/t)) + O(log(1/t))
(5.25), (5.31) 00

N
log pi(x,y) < —min > (wnlog(1/(thn)) + log(ws!)) + O(log(1/t)loglog(1/t))

n=0
(5.32)
deterministic chain Ay, (z,&1,...,&,,) O O Markov chain Uy O &i,...,&,, O
(5.11) 0000000 {ap;n=0,.,N}ODODODDOOOOODODOOOODOOO
0dooooooooooa q.e.d.
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