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1 E0OREOEMHNTT S iEH

WL i 2BIS 2 0%, plf] = [ fdp e RT ZLITT 5.

(X = (Xt > 0),PB) %, PB(Xg = ) = 1 %A% 1 Xof@E75 Y VB L, (F,t > 0)
EZOHREH 74NV —Yared s SHORATHARE A C REIXL, ARIDTEET 2 R% %2
Ty=if{t >0: X; € A} &, 1 HaeRIIML, T, =Ty &2<. TOLE, 759 NIy

DT oMmREEIH o T0WS: x e R\ {0}, t >0 &, A% F -l F extL,
lim PE[F|Ty > s] = PSB[F)) (1.1)

DD D. TIZT, PP X X =2 & RBMNFMEI Nz 3 KTRy L VBETHS. 2%D, 2>00k
X, Xo=12 2482 3Ky LEREPES T ThHD, 2 <00 EX, X -Xg=—2 433X
Ny LR PBes = v 22 2. (1.1) oL, Kl s FTOXREOLEAT 750 VEBHOMRTH
7z, PsBes i3, ¥ OGBSI T 5T &8 (Brownian motions conditioned to avoid zero) & %% Z
EMTED. X512 PP (R AFEHEARIC N U CHMIBER L 72 2 IR, Thbb

PP [h(Xe)l(my=iy] = h(z), t>0,z€R (1.2)
LR BIEEBE h(x) = |2| ZHWVT,

dPsPes| 7, = %1{%»} APy |5, t>0 (1.3)
ERFB ISR TWS (Doob @ h ). £7=, nP 275 v EFNCET 2 0 £hH b ORFEWEHIE
(Brownian excursion measure away from zero) &3 % ¥, t — nP[h(Xy)1 i sn] EIEQEBRE 4 5.
Lo TZoERE C tBLL,
h(X¢)

C

& Foo I well-defined TH D, P SRERME L 72 5. PP 1% Brownian meander @, 0 IZFE > T Ik
VWEWSEMFITBREODZFMOMB L LTHEOAZMETS H 2P, AT 2. £, PP =
PP T+ APPS T B e AHISRTV S, Fkid, PP b ADTE ullOZMT 75 Y vl &
PR, 22T, 77 v VEEBIHIRN (recurrent) TH 523, 3 RITA v wILERIL@EER (transient) TH
2729, PB y PsBes (3 H\VICHR (singular) ZRHIETH 2 Z L ICHEET 3.

sBes _
d]P)O |]:t -

Lirsey -dnlz, t>0 (1.4)



PLED 107 7 v VEBNCR 3 2558E, 1 XIT Lévy @ffic—bEntwnb. £73 Yano [12] I8k -
T, AU 7 VR Rz 0t Lévy RIS OWTHFHN 54, Yano [13] % Panti [8] % Tsukada [11] iZ
X o TIENH Lévy e —ffb X iz, X512, Takeda—Yano [10] IC Xk > T, X h—BEREMHEDTTE
o[B8 D ST Lévy FEDOICRIZOWTEH L S, Takeda [9] 12 & - T, ZDEEAKOEETN SN
7. 9] T, HEAKOERBZED © EREZEIICOWTHNEY, AT, EARBOEREZENICOWT

U

2 EOEEOSRMAHT Lévy B2

(X = (X0t > 0),Py) % 1 JUE Lévy BRET 5. > 01HL, FYX = 0(Xes <) ¥ L, Fy=(Noy F¥
PEMBZ 4L L —Yared b 5T Fy = U(Utzo ft) 35, PyleN] = N TiizgEh b
Lévy-Khinchine 88 () &, T v eR, 0 >0 ¥ v[l A2?] < oo 22D v({0}) =0 %A= FT R _LOMNIE
v (Lévy BIEEX WD) MFEELT,

B = —ivA — %O—W + /R(ei’\“’ 1 ielgeny)r(de),  AER 2.1)

EREZZLBNBTHS. ZIZT, o2 B3IV 7 UBATHS. RETEUTERET 5.

RE. (X,Po) \&HIFHY (recurrent) 378bH, EED § > 0I1IHL,

Py |:/ l{er,\<5} dt:| =00, 6>0. (2.2)
0
DIAZL, 2OFEED ¢ > 01T L,
/m‘—l ’dA< (2.3)
Cx) .
o 1ga—v\)

B D LD,

Bertoin [1, Exercise IL4] I2 k% ¥, (2.3) O FCREHWAITH 2 Z & &, ki (point recurrent) T&H
5ZRAMETH 5. HERIEE, (FEDaec RIZHL, Po(T, <oo)=1DBWRHIIDI 2T, ZOR
ED TR, UTOBRZADEIY IO EBHLHNTVS.

(i) (X,Po) AR T Y vitaf (compound Poisson process) Tld7a.
(ii) EAIER] (regular for itself) TH 5. bbb, Po(To =0) =1 25D 7D,
(iii) v[1 A Jz|] = oo.

(iv) ¢ > 0xfL, UTFRALT ¢-L Y LRY MNEE (g-resolvent density) r, DFET %: FREDIEEA]
HIBSEL f w2hfL,

[ #airta) de =y [ | e, dt] . (2.4)
R 0

X510 1y 1E R A RAOME:.
(v) M, >y = O



TN BHIZDOWTIE, Bertoin [1] % Kyprianou [7] #&@ Xz, 22T, B hL %

hz) = lim {ry(~2) = r,(0)},  weR (2.5)

TEDD. THAUPPERT 5025 2IEEHHTR WY, [10, Theorem 1.1] I2X 2 LI T 5. 2D h Z{EES
LYILRY b+ (renormalized zero resolvent) ¥\ 5. X5 m? %

m? =Py[X]] =0? + / r?v(dz) € (0,00] (2.6)
R
LEDD. 1<y <1IIHL,
v
) () = h(x) + 3% reR (2.7)

Y35, ZOrE[10]12&By, MY >0TH5. L= (L, t>0)%0I1CBI2RAERN (local time) ¥ 5
5. ZDLE,

P, [/ e 1 st] =ry(—x), ¢>0,z€eR (2.8)
0

ZAHT. THIT, nk 0 FbD DOFEENE (excursion measure) &5 5.
[10, Theorem 8.1] 12 &% &, A" IFFASEHBIEIC T L CIEFRMBK L 2 5.

EHE 2.1 ([10, Theorem 8.1]). -1 <~y <1, z€R &FT5. ZDLE,
P [h(X) L rpory) = B (2), n[h(X)linsn] =1, t>0. (2.9)
1<y <LIBLT, HO = {z eR: kM (z) > 0} ¥ H) = HO U {0} iEswT 5. corx, H))
R, [0,00), (—00,0] DWFRHICKS. EH 211k, (1.3) % (1.4) LA, Doob @ h EHIC X -
TH = BHERAER ERT 2 LB TE S,

RO (X,)
— =ty -dP eHM D x,
PO, = T () o0 el

KN X)ryssy -dnlr, =00t %

(2.10)

v¥ze, #2126, POrlr = PYr, 0<s <t BMHITo. Thriiikamcky, PO
& Foo LCEHTES. CITHEBEDL > 0L, EHPLPO(T) >t) =1THB. LENoT,
PONTy = 00) =1 &40, (X,PO) 13 0 1ERET 5 2 2i3BW. —HTP(Ty < 00) = 1 DT, Hic
P, ¥ PO & Foo LR (singular) TH 2. LUFTE, e #MITEE 1 OEESHE L, ¢ > 0L
e, =efqT 5.

EHE 2.2 ([10, Corollary 8.2]). ZD & &, >0 &A157% F,-AlHRLEE Fy et L, DUFHRGIS 5.
(i) lim P[F|Ty > e,] = PO[F], zeH®;
Jim, P
(ii) lim Po[F|Ty > T, = PEVR), «e HED;

(iii)  lim P, [F|Ty > Ty ) =PY[F), —-1<y<1, 2eH.
a—00, b—00,

a—b
a¥s




F7z, Péﬂ & Lévy meander @ 0 1T > TI RV E WD K ITIBIED T ¥ & AREHIIH 5 H 2 FOMR
YLTRONSHIETH B 57, FEET 5. PO i, €OEBOREMT Lévy 1@ (Lévy processes
conditioned to avoid zero) & MIh 3.

MFR (1.1) TREBNL s OMRZE 2 7eh, 2 TR Y X LRINA ey, Ty, Tia,—py DA FIED MR
BEEZATVWS. 7Y RABRADANEEZ S & LT (random clock) ¥ W5 . ZDJ & alkiatOFik
13X X EFRETHILH H S, Knight [6] &7 7 7 v B2, Chaumont [2] % Chaumont-Doney [3, 4]
% Doney [5, 7] W IERED ST Lévy #F2 (Lévy processes conditioned to stay positive) 12, Yano—
Yano [14] 3IEHGERAIC, Panti [8] AL & D BWEMFOT, € oEEOSEMFS ) Lévy BfED I W
TW5.,

3 REMZFHOHR

R (X, PO)) o BB PRI oW TR 5 72,

Q;={gngﬂw} (3.1)

Q@:{gpxgz—m} (3.2)

Qb = {hmsupXt = —liminf X; = oo} (3.3)
t—o0 t—o0

LEFET D, (X, Py) BERNERELLER2S, P (Ql7)=1TdH5.
FIE 3.1 ([9). —1<~<1iTHL,
POY(Q uQL uQLT) =P (EEJX” = oo) =1 (3.4)
BD D, XHIIm?<oco TR,
(1£7) A&V (@)

—— P eV prx,
PO@) =4 2 M0 PY(QL7) = 0 (35)
1?” L=0DY X,

ASAE D 37D,

WHL3L &Y, (X, PY)) HIEH (transient) TH 2 & LA 5.

4 REEZEFOFROUIBMENDGHA

Yo D&M Lévy Mol E — b L7=d 0 LT, WIMERD 5. MENEI, @31 %
JGHL &S

KREITIE, Lévy B2 (X,Py) M (transition density) p,(-) ZHor$5. 2 e HO icxtL, HiEE
PO %

PO = / PofdLu)(Pig o PY”) + 1) (@)Y (4.1)
0



YEFET B, EL, Pyo & Xo =2, X\, =0 &72% Lévy bridge & L, o WE3EAE (concatenation) ¥ L,
Po[dLy] = pu(—2)du & L. PO 3 IICIEHERBIE TN L ICEE T 5. [ [0,00) — [0,00) %,

0< f(0)+ /OOO Flu)du < (4.2)

EAETEME TS, -1 <~ <1IZLT, MERiE Q) %

(vf) — L"O) .pl
G [f(Leo)]

CERT DY, DUT OSRMA SWRHEDO MR E ALY 5.

) (4.3)

I 4.1 ([10, Theorem 8.3]). -1 <y <1t L, 2 e HM 253, v =, HRA F-AlHLEEKF,
DOWT, DUIT2RRALT 5.

o RIRST) o
O B e - @

o .. P Ef(Ly,)]
() M B, [F (L, )

P, [th(LT{a,fh} )]

= Q.Ecj:Lf) [Ft];

i lim =QIF], —-1<~<1.
(i) R S N7 ) [Fi] 7
axs Y

f=li=0y &35, f(Lt) = lin>y THELD, TUIERPEEOZKIAFRT Lévy iifie 2%, L7
HBoT, EHALTIIEH 22—t VWA 5. EHA1 DLS LR EE R 5 Z & ZLER&E (penalization)
LS. ALGEREICEM 3.1 2@ T 52T, UTBEBIIT»5.

FE 42 -1<y<1tl,zeH 55, zorz, PY({lime|X| = 00}®) =0 THEH 5,
0 < f(0) + [ fu)du < 00 H7=F f:[0,00) = [0,00) 1AL, QU (lim, o] X, = 00) =1 L 3.
Xeizm?i<oo By, POOQL ) =0TH52s, QU QL uQL) =12 ro.
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