Compound Poisson model @ Gerber-Shiu E9#
vald A (PR, i R (KRR

1 Gerber-Shiu B@# & &

IEDERFY 7 b6, IEDOREEZ KO8 Poisson i 2 & U 7 hiikdfs {R(t)}
N(t)
(1.1) Rit)=u+t—> Uk, u>0, Uy=0,
k=0

% surplus WL EMES: 2 2, {N(t),t > 0} 1 Poisson rate p @ Poisson #f&, {Uy, k = 1,2,---}
GHESAAD F OIFEHA ddd rv’s TN} L3N P E[UL] = pup ODFTE L “safty loading

1—ppr>0” Z2RET . Surplus R(t)
RSO R4 Z 7 = inf{t > 0: R(t) < 0} T —~ A

EET S, T2 LMWEBERD surplus R(t—) & Wk Ugi/smaim Veznddam

|R(7)| 225 ¥ 2 penalty BB w(z,y) %M1 RE g Q/TTWfW‘

L*2) 2 0% BIEMGEICE D 51w 22 B9 ¢ T, “fRiath 7+ bankrupt /j_a:(;)m t

DDA I BERLINS: overshoot

(1.2) d(u) = E, [e‘”” w(R(T—), ’R(T)D] , « >0 is discount rate.

¢ 1%, I2EFH A T Gerber-Shiu BI%k & W ([3], [4]), FHRBEIOSE & £4% L DISHDH 5. “u,
o, Fya & ¢(u) £ OBIKBAR” 0% HEE L L2 IREBA TR Tw 32, F BMERSGE X2
DERILIIN T, RIZICRBIRDE ETH 3.

AGEEH T, w %

(1.3) W(T,Y) = La>a,y>b}s a,b > 0 are arbitrarily fixed constants,

EL, F D48 gD a” (ef. 2.1, CO%EM%z2 Pp LEiLT D) THHEE, ¢ DEKIEZEZ
%.t(, ) % Lévy metric £ T 5 & &, R}F L OMERHEZER] (22 v) DdT Pp IF dense subset 722>
5, Fl e p T D F e P 2 LBIBECERTES. Thbb “— D F T3 ¢ OLEEET
B %, > a2 I L=y a YHSEATEE A BARRIORk e 3

2 EfER

Surplus J#F2 (1.1) @ path 283 % 2 &C, ¢ Dilie THAMATEA (x) BBENS: (x) 13—
ZROD, 2N %3570, Laplace Z¥#i%179:

~

21 0=3) {pF) ~ (ot a) b sh 4@ () 00 B = [ due o),

2T, w(s) E/ due " / F(dz)w(u,z —u). &£ <12, w % (1.3) &T9U,
0 u

— e 1
w*(s) = / ) F(dx) g{e_sa —e~s@bt
a+

1 Z ol Cramér-Lundberg & 7L &N, B ¢t COMRMEHOBREEZRT.
*2 Penalty BI#tE LT, w=o—y, w=1—exp{—(z—|y|) —cly|}, c >0, BEBREIN T 2.
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Lis. Ll (2.1) Tk ¢(s) BED ¢(0) RATH B, 22T s KT 2 HER

~

(2.2) Lundberg eqauiton pF(s)—(p+a)+s=0,

DIEfR% 7, (v exponent) £ 55, s=7r, DEE, (21) T { } =0 %D ¢(0) 2192 2 LK 2*3:

o0

- 1
(2.3) ¢(O) = pw*(ra) =p / F(dx> 7{677&!(1 — e Ta (:cfb)}.
a+b [e7
EE 2.1. F 2“0 MoMEA” &1F, BB M >0, 0 < a; < ... <ay, BXUY, EH

O<pp<l, k=1,...,M, IZxfL,
M
k=1

BT ETHL HL O(x;a) 13 “OLE o ICHMEERD?D S 6 B, (24) D&kz2 Pp TET. o
(2.1), (2.2) D « exponent r, & FI € Pp TH2 I L2HH. LEERDREZHCT,

EE 2.2 (EH). Zpo F1id (24) £9%. = (1.3) iKW T % Gerber-Shiu BI# o BA 1%
Z Pk
0(u) = Bu [ Lingroya mmisn] = p Y (07" = e ) Ty Ku)-
k=0 ¢

M u
- m / dv (Itvzay = Iwzar—by) Hatb<any K(u—v)
k=0 0

k
- > p (a3 u— a
tIT Ku) = Z (—p)* - elpta) (u—(k.a)) (u— (k,a)) Tus (k.-
kez '

BE Lz (kayy PESPS B0, Lid K(u) 0fidicBlins Y () WHRMTSHS. o

kezi!
EE 2.3, (i) MO Fe2icxl, (2.2) ZREMNICHE 2 LIXIZIEATRE. 2 2T ry ([CICRT 23581
KI5 {(6],r)} ZHIRT 223, ]| —0h <c(rl—€))? £xD, ZDUURIFED TR,
(i) D Fe P2 IcNLIX, FTe Pp T “e(FF')<e, pr=pum” E%2b5D%MRL, 20 FI
I ER 22 ZEMT S, o

Xk
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1 Lundberg model
N; % v— Poisson process & L Y; 2371 F D iid. £ § 5.

Ny
Si=t=3Y 1)
j=1
So=0%DTE<OIZRL, BERAZERT 5.
T, = inf{t > 0; S; < k}
D70 Y > 0as. &L, F ® Laplace Z# ¢(3) & 8 = 0 DEFF T analytic &3 5. £, il
H(P(Ty = o0)) WIE L 7 5554
vE(Y) <1 (2)
EHIAKETS. Flkdensity f b2 L THEFHLD, - BILIBEZTH 5.
We study the following generating function:
(3)

U(k7 gv /87 '-Y) = E(eichiﬁ(kfsTk)f'Y(STk_ 7/6))

2 ZTCVy=k— Sr, | overshoot EWMHEN V), = Sy, — k |F the surplus prior to ruin & FFE#L % (GS).
U OiiZfaz ki, Gerber-Shiu 2 &L —MRD Ty, Vi, Vi DREE DD DB B Z 03— D FIoxf

LCHRETH 5 T L2 NITRT.

2 U, U formula

Theorem 1. ) U(0.¢.8.7) — U(0.C.a + )
_ y 6y D5 7Y) — )Gy &Y Y Y
ﬂ](a7Caﬂ7’Y)_1_U(0,<7a’O) Oé+'y_ﬁ (4)
T LU RURK,,,) D (00,0 TD LEH
Define
2(Gy) = Jim SU(0,¢,5,7) ()
and
2(¢) = Z(¢,0) (6)
Theorem 2. The function z(¢) is a positive decreasing convex function and satisfies that
z2(¢) = vo(v + ¢ — 2(0)) (7)
and ¢
Z(O:V‘f‘g—m- (8)
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Moreover, we have
Z(¢,7) = vo(v+ ¢+ —2(0), (9)
0<Z(0,7) <vé(v) (10)

and

V(b(ﬁ) — Z(C>’7)

U(O7C7ﬂ77)zy+c+’77z(4)*ﬂ (11)
3 density of (T, Vi, Vi)
Define
Go(t,s) = do(t — s) +VSZ t) f"*( —5). (12)
n=1
Then we have
Theorem 3. The density of (Ty, Vo, Vo—) is
fo(t,z,s) = ve "'Go(t, s) f(x + ). (13)
Define .
=5 OO ey, (14)
n=1
Define o -
() = [degte =) 32 ) (15)

Theorem 4. The density of (Tk, Vi, Vi—) is

(s+k)NO t
frt,z,s) =ve " f(x + 5) (1{s+k20}G0(t,s+k) +V/ dv/ duGO(t—u,s-l—k—v)Gl(v,u))
k 0

(16)
Thus Vi, have the tail distribution of f. T} and Vj are conditionally independent given Vj_.
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Large financial market (2 3 1J % &5 & P Gm

BT s RIS AE B LR 2 4F

R — 2y M ETIVIE, AREOKRALR & OfaE pE 2 e U, Z OFE 5| {iifg 2 AR
RTHEREFE TE T IV T . — HARER Cld o] BERME DFES: % K E L 7z large financial
market (2351} 5 I EHEHIT DOV T, FHZEEPZAE L O#EIZ O WTOH L WY T —
FEBNTS.

(Q,F,P) ZHERZEME U, F = (F)epon ZBHEDORMEZWZT 74V ML —Yared
5. W] SRR AE O fE IR E DA% ERE 2 B I <V F U T =V DFIS = (S"),en TH
L, 28 % large financial market & FER. F7-HE R 5 HARBD» 6 2 5 68BEE K IZxX L,
SK = (S™)ner % K-small market & FES. BN 222 &0 (FRHER) Dfif&i@EfE L LT
SV=1%2FZ5. 005 T XNTOMMMIFHEAER SO I K 2EG Ik E2RTHDETS.

¥ 9, % small market SX (281 B FKEKIE % HHR~ =7y bETIVEREBKIZE S
35,

T 1. RIFfEAfFHEAR 7 ©, ARG I XV F V7 —)WICET 5 R MVIERFE
DR T SE-integrable (H € L(SK) £ EL ) 2B D%, small market SE 125 1) 5 #EHEHE
(trading strategy) LW, X OIZHERE MR H - SE XD L EEHMANITEY H-SKE > -
b L & FHEMER H X \-admissible TH 5 &\ S . SKEIZEIF 5 \-admissible 725 E#E
MERRDESGE HE ERL, Hml =, HE L EETS.

BEMIK H IR EEORERLI BT 2REEEZR L, MEEBD H - SK IXHIE H 125
T2 (H5]) HsE 2 RS, F 72 admissibility S/FIXRBEEELEVPIEER L RE L5 %
[FEEVERZR ] IR ZHER T 2 Z 2 ic e LTH D, MECHm e BEET L F V7 — b
HERIZ B W TAREN &S 28D, NFBEEHOR—X—F 1~ (credit line) & AR I &
MWTES. FHMIZSE W 1] Z22RI Nz,

ETEHELUZ Hm X, 2RI B W T H 2 BIRE DRSSO A% B 2 B EMIED 2
TATHAHZ EIZIERET 5. large financial market TIXHS| AT 5872 & PE DS EBRMEFAAE T 5
720, HZEZt € [0,T), BLUOEwe QILL->TIRETI2EEOEANE RS L5 EE
KD 7 5 A% EZBHRETHS. T2 Tld De.Donno-Pratelli[?] 12 & D EA X N7z, FELR
otk I ¥ IVF 7 —)LIZET B generalized stochastic integral IZ X 2 EHEZHHAT 5.

EFE 2. % H" % 5 small market SE» 2B HBEMIKE 95, H=(H"),en D 2] DE
kT S-integrable (H € L(S) £ FHL ) TH 5, T b bMERRBTBREDS] (H" - SKn),en D E
IVNVF T —IVIET Cauchy$ & 725 & & H = (H") ey & —HALEEHIE (generalized
strategy) LWL, £ ZDMBRE IV F U r—V &2 H-S L EE, HO SIZBT 5 — b
KT (generalized stochastic integral) & WS, X SIZHF (H™) ey D3—HRIZ M\-admissible
ThHbEE, Hik M -admissible TH 5 &S . \-admissible 78— AL E IR A DES %
Horoe v ¢

Beae e X, BRI Y R CIEOE 2G5 L5 EEEK oZ %23, Z
D & 5 B 22 IS HBEAE T UL, % < O (BERZR) HERV Z OMIEZELS Z 212 &
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D, TWE LR DOBR O Mg LH), ZORRBERRZELIZHETSTHAS. Lk
Do THILZ 74 F v AT BT BN LY — T v P ETVIRBERRIPFEL BN &
MEFE XN S, large financial market TIEBRZ 2R BEB R OB VIAET 508, REE T
RDEEIL A DDHERRIZOWTHMRT 5.
EE 3. (i) small market SK 1Z2B1F % 1-admissible strateqy H € HE H3

(H-S®)r >0 a.s. 722 P{(H-S¥)r >0} >0

Zii7z3 & &, H%Z SM 1281 2 BEWS (arbitrage in a small market) & WP,

(i1) 1-admissible generalized strategy H € H'™9¢ 73
(H-S)r >0 a.s. »2 P{(H-S)r >0} >0
Wiz 9 e &, H % —BALEERS (generalized arbitrage, (GA)) & FEE.
(i) small market \Z BT 2 EEMIEDF] (H) ey DHRD 256420723 L &, (H")en &
MR R ERES (asymptotic arbitrage of the first kind, (AA1)) & FE3;
(iti-a) B 2EBDI e, | 0PFIEL, En e NIZDOWT H" € Himdl L7325,
(i4i-b) B BERDE ¢, 1 0o BLVIERE a BFEL, TRTDne NIZH LT
P{(H"-S")r >c,} >a>0
ANDRVAC IS
(iv) small market \Z 5 F B HEEMIEDF] (H™)en DIRD 2542729 & &, (H") ey &
BRI BUIRERE S (asymptotic arbitrage of the second kind, (AA2)) &I,
(iv-a) TRTDn e NIZDWT H* € H{ml L7325,
(iv-b) HDER c>0DPFIEL,
limsup P{(H" - S*")p > c} =1

DEKILT 5.
LD &S REEESIFIE LR\ E Z | large financial market S (&% V2 S EEL & B S
(NA)sman, (NGA), (NAA1), (NAA2) Ziii7=3 &\ 5.

large financial market X = ((S™)pen, 1, V) 2F X 5. TZTVIE S =11R02HL
WERHEIF D SO X B EIGIlifsE R L, EMEE ISV F U Tr—IThs LT 5. K% O
PO VICERT DL, KEMERES L OCZREED V IZX2E5MiikIEzhEh 2 B &
O L &d. UzAo TH L large financial market Z = (55 )pen, +,1) 25X 2 2 2 &
5. AFEHTIE, L~y —T v b ZItB T3 EBEREGEEZ GO~ =Ty F XIZET
55 UTR L, X oICEEMATIZ X o THRBEMRMEDVDRIFET 572D DFRMEIZD
WY 5.
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FHEEBRZ T« ) T 11269 Difat kel

ok - BET mE Bt
(FEFEMEE  BOK - L RE E®)

1 BEOBE
AHMPCIE, BOLT 74 F Y AORHCEELH 2RO TS, FBHET T 1 ) F 1 EFLEIENS,

FRATEFED € TIVITN S 2 RAEBDOHEEME L EL T 5, 5. NEBWRG#EFE X = log(S) 1&. HHEDS &
T, BUFOMERBERRIZHE S LET 5.

t t
Xt:X0+/ bsder/ v exp(Vy) dBg,
0 0

t
V=V +/ auds +qWH, (H,5) € (0,1) x (0, 00).
0

7272 L. B 3E%E Brown &), WH 12 Hurst $530 H OIEEE Brown METH B, ZI T, BRI F 1V
TAMEVIZEENE H L n B BABHELZWRHNIOEERTHY, Zhs 2 EREM BN S W SHEE
MRBEL R T — X o e T 5 Z & 03, AHEDOHKTH 5,

2.1 FRIREERE

ARIETIR, MFOF—2 Y, = (VLY YY) BBlEhBRNEEZ 5,

1 (]+1)5n
— / exp(Vs) ds
Jon

¢ _
Y =log on ) s

[2
+ gcj, j€1{0,1,2,--- ,n—1}, £=(n,m)eZ3. (1)

TIT. 6, BT X OBMENET. {()jer RMSIANHREMEER ) 4 22 KT, ZOBRPWEF VI, £ 3
SRVF UV D CIREFNBT B ZEINARER & Delta I SEIEIND, U A X {(}jer DEDTR
AR, B Y, (ZEIRERE O, O BHRAMEEE X O ZRE#E S5, TEHO, IS5ICHBEREKLZED
WELW, F72, BEIERE 6, 2/~ i, Taylor diflE Euler-Maruyama JEUZ & D,

; 1 U D) n (3+1)on = i )
AY; ~ 571/]'5" (Vs = Vi—s, ) ds + EACJ' ~5) /ﬂn W =W, )ds + EACj

LIEBEND, 72U, A RRRIIOEDZ L BERERS, AEEH T, LidEMzRAL, BT —20
#2453 I E R Gauss RIRERS & AR UBOEBREEZH T, #HEREZMKT 5,

22 HEEEODHEK

B, P CEBI Y, oafiEgRT I Th, 27 By, = (41, ,yn) = Yo(w) € R™ 125D
%, (H,v) = (H,n0H) O & (Hy,0p) %. LR Whittle BRI

n—1
1 g 1 1 4 . 1
- m _— il V=1(i—j)A Aars
Ueo(H,v) i [W log gHyy()\) d\ + o 3:1 <2ﬂ » e gﬁy(/\) d)\) Ay; Ay;



% (H,v) CELTER/MET 5508 LTERT 5, 72701,
2
9N = () + 1), A€ [=m,7].

TIT, fr R Gauss BFE (& [TV WH W, ds}jens U {AG) ez DARY B VEIEE TN

FNET, IO E, REERO= (H,n) ST 2MER0, 2, UTFTEHT 2,
0 = (fe,o,700) , teZ2.
ABE T, HER 0, L TEONE, UTOMRERNT S,
EE 1. ©=[H_,Hy] x [n_,n:] C(0,1) x (0,00) & L. UTFD&HEEHEET 3.
0 < inf nd, < sup nd, < oo, §, =0 asn — oo,

nely nely

inf  md2? = mé*+ = 0o as n,m — oco.
He[H_ ,Hy]

LOrE, HEROI (}iezy BREEL O = (H,n) KW UTH Bk 22T, $abb, /T
0o = (Ho,no) € © 125 L. BUF ORERINF AL 0 37D -

RO e>01H L, lim Py {H@ - 00H > s} —0.

n,m—00

S 3Rk
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EXPECTED EXPONENTIAL UTILITY MAXIMIZATION OF INSURERS
WITH A GENERAL DIFFUSION FACTOR MODEL : THE COMPLETE
MARKET CASE.

MR (FRRERT). BF MEE. FR S (BLNZH RS (BTE))

(REBEEOEM] ZRHHZDOHBED—RUWAIERERD 7 /9 —ET I T TOIRKENHE
HERWREREMOBRBEREMEDREHE & KEEE KD S,

(U F, P, (F)mo) & 7 1 VR — 1 SHERERE T B, 727200 Fy = 0{Waps ZiLjcpss <
t,j > 1} Thb, ZI T, (Wt)tzo X n4+m RICHEHET Z VE@J, (pt)tzo SHEN>0%2HD
Poisson 82 | (Z;)i>1 (&F—270 v & B DRI RIEAMEREE DI, £72. (Wi)i>0, ()0, (Zi)i>1

FHWIHNL T 5,
L. ROWHBETVEHZ R D,

o SRATTHEERE : dSY = SPr(Yy)dt, S) = s,
o i(i=1,---,m) & HDMEREFEMMKHEFE :

dsi = §i {m(yt)dt +> a;’f(y;)dwf} . Sh=sl,
k=1
o 77 U X—iE : dY; = g(Yy)dt + o (Ye)dW;, Y(0) =y € R™
ZZT. opldmx m-AEATFIBEEL, op 13 n x m-AEATFIBIEL.  r 13 RAGBIEL, p & R™-MEREEL,

g Li Rn_%ﬁ‘(“%éo
Bz, VAZEEE LT, XD Cramér-Lundberg €7 )V % W5 :

Ry = x+ ct — Ji,

V%3
ZZT, zIWHHERE, ¢ > 0 1XNALRBREIR, J, = Z Z; ThbB, £l AJs:=Js— Js_

i=1
LEHKTDHLE, JITHHT S Poisson 7 VX LAREIEE >0 ERVIVES U C [0,00) (25
LT, RDOELDIZEHET S :
N([0,8] x U) := Y 1y(AJ).
0<s<t
D&, ROFMEIRET 5,

(A1) r,p,g,0p, 05 IERIEMIZ Lipschitz S:MF % 7297,

(A2) op(x) IZIERIITHITH 2,

(A3) z,n e RMIZK LT, ROV DE D% py, o > 0 BFHET S -

pilnl* < nop(x)op(a)n < pzlnl.

(Ad) r ZHETHIR
i % i ZFHOBBREEOKROMRAER, 1= (1,--- ,1)* 95L&, KAt IIB T 2HRBttDHE
PEIERE XT 3R & 723,

t S~ . dst dso
XF=R +/ ml 2u (T ) u
t t 0 {Z gi S0

=1

. /0 {c+m(u(Yy) — r(Y)1) + (V) X7} du + /0 mhop(Yy)dW,, — ; Z;.

AGEEHTIX, RO B Z W 72 (RIR AL D Bl &R 2 D
1



(P) V(t,z,y) == sup E [—e*aX?x’y’"].
r€ALT

712Uy Ay EFFR R RE G 2R,
(2= DFIE]
(1) BREIEFRELZ W T, JERA#IZ N T4 X 72 Hamilton—Jacobi—Bellman(HIB) /52
X(0.1) #EHT 5, (X HIBAREKX(0.1) D sup [ [ IZBWT, sup Z#EKT 5 7 I&
TER™
Bt £ BRI DA IZ 72 5, )
(2) HIB A (0.1) (2 BolEIg O5Efli 7 2 RA U7 RO OFIEZ T 5,

(3) HIB #2 (0.1) Z FAWT, Verification Theorem (Hei# kIE DA 7 234 2 (12 B HHE
WTHoE & 2MILT D EH) 23T 5,

FEE BRUEHEEIE A o, [ (P) IZBE S 5 HIB SRERIERD X 512745,

v o1, . 1 *
sup |-+ 57 0p(y)op(y) Vs + ftr(of(y)af(y) Viy)
ot 2

TeR™ 2
0.1) +1op(Y)o s (y) Vay + {c+ 7" (u(y) —r(y)1) + r(y)z}Ve + 9(y)"Vy
+A O{V(t, x—zy)—V(t,z,y)tv(dz)| =0,
V(T,z,y) =U(x).

DL E,

V(t’ .'E, y) = _e_a‘(tuy)x_b(t:y),
1% (0.1) DIFIZH B, 727U, a & bIERETET -
da 1 . . )
a—? +5tr(or(y)or(y) D2a) + (Da)* {g(y) — o1 (y)op(y) " (uy) — r(y)1)}

(Da)*o(y)os(y)* Da+r(y)a=0, a(T,y)=q,

— Q|

O 3o (v)* D) + (DY) {aly) — o5(0)oy(y) " (nly) — r(u)1)

~oswos 2+ 5 () = )1 - o))

a
*)—1 LDa
(op(y)ap(y)*) <,u(y) —r(y)1 — op(y)os(y) a) tca
B A/O@ (ea(S,y)z ~ 1) (dz) =0, b(T,y)=0.
0
BRI KD EENE SN S,
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SECOND ORDER UNBIASED SIMULATION METHOD FOR REFLECTED STOCHASTIC
DIFFERENTIAL EQUATIONS

TATSUKI AKIYAMA, ARTURO KOHATSU-HIGA, AND TOMOOKI YUASA

1. INTRODUCTION
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2. FIrsT ORDER UNBIASED SIMULATION METHOD FOR RSDEs wiTH PO1SSON KERNEL METHOD
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Asymptotic behavior of lifetime sums of random simplicial

complex processes
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Jump processes on the boundaries of random trees
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Regularity estimates for anisotropic nonlocal operators
by Jamil Chaker (Bielefeld University)

(Joint work with Moritz Kassmann)

In this talk we study weak solutions to nonlocal equations driven by integro-differential
operators of the form

Lu(z) = lim (u(y) — u(z)) p(z, dy),
e—0 R\ B (z)

where (u(z, ) epa is a symmetric family of measures. Given u(z,dy) and u,v € L%(R?)
we define the corresponding bilinear forms

ewn) = [ [ ule) = uw)w(a) = o) .y da.

For given o, ..., aq € (0,2) consider the family of measures (ftaxes(, dy)) cre defined
as follows

d
praxes (7, dy) = O | (2 — ap)lwe — vl T dyp [ [ 60y (dwi) |, 2 € RY
k=1 ik

and the metric on RY

d(z,y) == sup {Ifck — | O L, <y (2, ) + ]1{\xk—yk|>1}(af7y)} ;
ke{1,...,d}
where apay := max{aq,...,aq}. We denote balls in the metric d with radius r > 0 and

center x € R? by M, (x). The family fraxes(z, ) plays the role of the reference family for
wu(z,-) in the sense that we assume the corresponding energy forms to be locally compa-
rable.

The aim of this talk is to study weak solutions to
Lu=f in M, (z) (1)

for sufficiently smooth f. Under suitable assumptions on the family p(z,-) we prove
an a priori Holder estimate for weak solutions to Lu = 0 with the help of a weak
Harnack inequality. Let © € R? be open. To put the problem into a functional analytic
framework, we define appropriate function spaces. Weak solutions are defined with the
help of symmetric nonlocal bilinear forms. The space of test functions consists of all
functions u € L?(Q2) with u = 0 on Q¢ and

/Rd /Rd (u(y) — w(2))? p(z,dy) dz < .



This space is denoted by HA(R?). Solutions are defined on the space V#(Q|R?), which
consist of all functions u € L?(Q) with

/Q/Rd(“(y) — u(2))? p(z, dy) dz < oco.

To obtain the weak Harnack inequality, we have to derive some functional inequalities for
our bilinear forms such as a localized Sobolev-type inequality and a Poincaré inequality
for functions from the space of solutions.

We obtain two main results. The first is a weak Harnack inequality for weak superso-
lutions to (1).

Theorem 1. Let f € LY(M;(0)) for some g > max{2, (a1)™ 1 + -+ + (aqg) "1}
Let u € V“(M1(0)|Rd), u >0 in M;(0) satisfy

E(u,d) > (f,¢)  for every non-negative ¢ € Hlﬁ\tﬁ(o) (RY). (2)

Then there exists py € (0,1), ¢1 > 0, independent of u, such that

1/po
inf u>c ][ u(x)P0 da — sup 2/ u (2)u(z,dz) — || f .
My (0) 1( My 0) (=) ) vetyy © S\ (2)p(w, dz) = [ fllzaarys o))

The a priori Holder estimate for weak solutions follows from the weak Harnack inequal-
ity and a decay of oscillation for weak solutions. Using these two estimates we deduce
an Holder estimate for weak solutions, which is the second main result of this talk.

Theorem 2. Assume u € V“(Ml‘Rd) satisfies
E(u, @) =0 for every non-negative ¢ € Hx/h (RY).

Then there are c; > 1 and § € (0,1), independent of u, such that the following Holder
estimate holds for almost every x,y € M1
2

u(z) = u(y)] < allullocle -yl (3)
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MAKIKO SASADA

In the diffusive hydrodynamic limit for a symmetric interacting particle
system (such as the exclusion process, the zero range process, the stochastic
Ginzburg-Landau model, the energy exchange model), a possibly non-linear
diffusion equation is derived as the hydrodynamic equation. The bulk dif-
fusion coefficient of the limiting equation is given by Green-Kubo formula
and it can be characterized by a variational formula. In the case the system
satisfies the gradient condition, the variational problem is explicitly solved
and the diffusion coefficient is given from the Green-Kubo formula through
a static average only. In other words, the contribution of the dynamical
part of Green-Kubo formula is 0. In this talk, we consider the converse,
namely if the contribution of the dynamical part of Green-Kubo formula is
0, does it imply the system satisfies the gradient condition or not. We show
that if the equilibrium measure p is product and L? space of its single site
marginal is separable, then the converse also holds.

As an application of the result, we consider a class of stochastic models
for energy transport studied by Gaspard and Gilbert in [1, 2], where the
exact problem is discussed for this specific model.
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On properties of optimal paths in First Passage
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2. Cheeger E#
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V(G1OGs) = Vi x Vs,
E(G10Gs) = {{(x1,11), (x2, y2) Hx1 = 22, {y1,y2} € En}
U{{(z1,11), (2, 2) Hw = yo, {1, 22} € Er}.

IOrE d>3 LT A(TOZ) > 0 2. KAERELT d> 5 CHLTRE
Pe < py DEOILDZEPHSNT WS [7]. FHZHERZ S 7 &5 LD Cartesian F2 7
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Some properties of density functions on maxima of solutions to
one-dimensional stochastic differential equations

Tomonori Nakatsu (Shibaura Institute of Technology)*

1 Introduction

This talk is based on [4].
In this talk, we shall deal with the following one-dimensional stochastic differential equation (SDE),

¢ ¢
X =1 +/ b(s, Xs)ds +/ o(s, Xs)dWs, (1)
0 0

where b,0 : [0,00) X R — R are measurable functions and {W4, ¢ € [0,00)} denotes a one-dimensional standard
Brownian motion defined on a probability space (2, F, P). We will consider discrete time maximum and con-
tinuous time maximum which are defined by M7 := max{Xy,, -+, Xy, } and My := maxo<;<7 X, respectively,
where the time interval [0,7] and the time partition A, : 0 <t; < --- < t, =T, n > 2 are fixed. We use the
notations pan, puy, and px, to denote the density functions of Mz, My and Xr, respectively.

The first goal of the talk is to show lower and upper bounds of ppn. Due to the structure of the upper
bound obtained here, it is not immediately apparent whether we can show the pointwise convergence of pasy (x)
as n — oo for a fixed x. As the second goal, we will show the pointwise convergence of prz () to pay(z) as
n — oo for a fixed x by means of an integration by parts formula. Finally, we will prove the positivity of pas,.
and a relationship between pys, and px,..

2 Main results

Assumption (A)
We assume the following.

(A1) Fort € [0,00), b(t,),o(t,-) € C}(R;R) uniformly with respect to ¢ € [0,00).

(A2) There exists ¢ > 0 such that |o(t,z)| > ¢ for all (¢,z) € [0,00) x R.

Theorem 1. Assume (A). Then, the probability density function of Mz, pur satisfies
n n—k

1 = 1 oy ems0)?
n_1 Z 227L7k71 H @(DT('I)) € K < Pmy (1‘)
2 i=1

Vi
mimy? k=1 k

n—1 n—1
< T 2 _ 1 1 e_MQ(I:-;O)2 " 1 B M2($729)2
MpM, = (2o Vi Vin
for any x € R, where
2 (tisy —
Dj(x) = M(x,xo),iz L k—1

titir1

2
and p(x) := fjoo e~z dy, and my,mg, My, My > 0 do not depend on x,y € R and s,t € [0,T]
*This research was supported by JSPS KAKENHI(17K14209)




Assumption (B)
We assume that the diffusion coefficient of (1) is of the form o(t,z) = 01(t)o2(x) and the following assump-
tion.

(B1) For t € [0,00), b(t,-) € CZ(R;R) uniformly with respect to t € [0, 00).
(B2) o1(-) € CP([0,00); R) and there exists ¢; > 0 such that |o1(t)| > ¢; for any ¢ € [0, 00).
(B3) 02(-) € C3(R;R) and there exists ¢ > 0 such that |o2(z)| > ¢ for any z € R.

The following proposition provides an expression of pas,..

Proposition 1. (Proposition 4 of [3]) Suppose (B). Let ag > xo be fixed arbitrarily. Then, there exists a
random variable Hy(1,a9) € LP(Q, P),Vp > 1 such that

puir (@) = EP [Liarpsay Hr (1, a0)]
for every x > ay.
Theorem 2. Suppose (B). Let ag > o be fized arbitrarily. Then, there exists a random variable H(1,a9) €
LP(Q, P),Vp > 1 such that

patp(@) = B [Larpsay HE(L 00)|
for every x > ag. Moreover, H}(1,aq) converges to Hr(1, ap) almost surely and in LP(Q), P),¥p > 1.
Corollary 1. Let ag > x¢ be fized. Then, we have, for x > ag

Py (z) = prry (),

as n — o0o.
Theorem 3. Suppose (B). Then, pyr.(x) > 0 for all x > xg.
Theorem 4. Suppose (B). Then, it holds that

lim sup w > 1.

200 PXp(T)
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Remark on pathwise unigueness for SDEs driven éwyL
processes

ATSUSHI TAKEUCHI* andHIROSHI TSUKADAT

Considerl-dimensional stochastic differential equations (SDESs) drivenéyylprocesses:
t t t
X = X+ /O a(Xs)ds+ /O b(Xe) V& + /O o(Xs.)dZs, 1)

whereW = {W; t > 0} is al-dimensional Brownian motion artl= {Z ;t > 0} is al-dimensional levy process.

We shall investigate the pathwise uniqueness for the SDE. Recall the known results on the pathwise uniqueness for
the SDEs {) whereZ is a stable process of indéx< a < 2 with parametergr_, r) characterized by the triplet

(Va, O, vﬁ_yu(dz)) as follows:r,, r_ are non-negative constants with <r_, and

Vv (d2) =271 Tpeq) + T4 L0 } A2 Vo = —/

zv? . (d2).
‘Z|>1 I'f,l'+( )
e Itis well-known that the pathwise uniqueness holds, i, c are Lipschitz condition.

e As for the case without the procegs that is, whenc = 0, Yamada and Watanabé][have proved the
pathwise uniquness #is locally Lipschitz continuous andis locally 1/2-Holder continuous.

¢ In case where the driving process is a symmetric pure-jump type, thatis,avhen0andr_ =r ., Komatsu
[2] has done it is locally 1/ a-Holder continuous.

e As for the case without the proceds that is, wherb = 0, Fournier [L] has proved the pathwise unique-
ness ifa is decreasing and continuous ands increasing anda — 3)/a-Holder-continuous wher@ =
B(a,r_/ry) € [a—1,1] satisfies thafy {|1+2F —1-Bz}v? | (d2=0.

e When the procesZ is a spectrally stable process thatiis,= 0, Li and Mytnik [3] have done ifa is
decreasing and continuous anis locally 1/2-Holder continuous andis increasing and locallyo — 1) /a-
Holder continuous.

In this talk, we study the problem on the pathwise uniqueness of the solutions to the HR#®ge(eZ is a

Lévy process characterized by the triplg§ —“*, 0, vg~“* (d2)) wherevy " is the Levy measure given by

Vg"a+ (dZ) = p(Z) (|Z|7a771]1(z<0) + |Z‘7a+7lﬂ(z>0)) d27
wherep is a bounded measurable function such that

p(0+) = lim p(2) >0, p(0-)= lim p(2) >0,

*E-mail addresstakeuchi@sci.osaka-cu.ac.jp , Postal address: Department of Mathematics, Osaka City University, Sugimoto
3-3-138, Sumiyoshi-ku, Osaka 558-8585, Japan.
T E-mail addressd15sacOp04@st.osaka-cu.ac.jp , Postal address: Department of Mathematics, Osaka City University, Sugimoto

3-3-138, Sumiyoshi-ku, Osaka 558-8585, Japan.



anda_, a; € (1,2) such thawr- < a., andy, *“* is the drift parameter given byp " = — [, zv, %" (d2).

Our class of driving processes includes parts of stable processes, truncated stable ones, tempered stable ones
and relativistic stable ones. In this talk, we shall obtain the condition on the drift coeffeci@nd the Hblder

conditions on diffusion coefficients ¢ under which the pathwise uniqueness can be justified for the SDE driven

by such processes.

e For eachN > 0, there exists a positive constait(N) satisfying with

Ib(x) — b(%)| < K1(N)|x—%|®P)/2_ forall |x|, || <N. )

e For eachN > 0, there exists a positive constatit(N) satisfying with

le(X) — ¢(R)] < Ka(N) [x— /(@ =P/ for all [x], [ < N. ®3)

Theorem 1 Leta_ = a; =: a andp(0—) < p(0+). Write o = B(a,p(0—)/p(0+)) where
p(0—)?sir?(mta) — {p(0+) + p(0—) cog )}
p(0-)ZsirP(a) + {p(0+) + p(0-) cosma)}? |

Suppose that the coefficients of the SIEsatisfy the conditiong2), (3) with 3 € (0, By), and that the function a
is decreasing and the function c is increasing. Then, the pathwise uniqueness of the solutions to theca8BE
be justified.

B(a.,p(0-)/p(04)) = 7 arccog

Theorem 2 Leta_ < a. Suppose that the coefficientshac satisfy the condition€), (3) with 8 € (0, 1), and
that the function a is decreasing and the function c is increasing. Then, the pathwise uniqueness of the solutions to
the SDE(1) can be justified.
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N AT, L IRITEDEIRTTHARYE —Z D GD 7 5 AZEEFN5, UL, TRTOZRITCHD
Y — XA PER DRI HETIX AR\, RFH TIEZIRTTH A ¥ — X 040 D3R 43 il 7] BE & 7
55 —IREEES OBBRMEIZ DO W T 2 FPRETH 5,
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Consider a dynamical system f: X — X of a compact space X. The theory of large deviations

deals with the behavior of the empirical mean
1
5;:g(ém—i—éf(@—i—---—i—éfnq(@) as n — +00,

where 0, denotes the Dirac measure at . We put a Lebesgue measure | - | on X as a reference
measure, and ask the asymptotic behavior of the empirical mean for Lebesgue almost every
initial condition.

Let M denote the space of Borel probability measures on X endowed with the topology of
weak convergence. We say the Large Deviation Principle (the LDP) holds if there exists a lower
semi-continuous function .# = .Z(f; -): M — [0, 4o00] which satisfies the following:

- (lower bound) for every open subset G of M,

ool n .
— : > — ;
lém}rnf - log [{z € X: 0 € G}| ;reléf(uL

- (upper bound) for every closed subset K of M,

limsupllog|{x € X:0 € K} < —inf A (u),
n—+oo N HEK
where log0 = —oo, inf ) = co and sup ) = —oco. The function .# is called a rate function.

For a transitive uniformly hyperbolic system with Holder continuous derivative, the LDP was
established by Takahashi [6], Orey and Pelikan [5], Kifer [4], and Young [8]. For non-hyperbolic
systems, few results on the LDP were available until recently. A substantial progress has been
made in [1] in which the LDP was established for every multimodal map with non-flat critical
point and Holder continuous derivatives that is topologically exact. Our aim here is to establish
the LDP for unimodal maps with non-recurrent flat critical point. We also study the structure
of the set of zeros of the rate function for a concrete unimodal map.

In what follows, let X = [0,1] and f: X — X be a unimodal map, i.e., a C' map whose
critical set {x € X: Df(z) = 0} consists of a single point ¢ € (0,1) that is an extremum.
We say f is topologically exact if for any open subset U of X there exists an integer n > 1
such that f*(U) = X An S-unimodal map is a unimodal map of class C® on X \ {c} with
negative Schwarzian derivative. Let w(c) denote the omega-limit set of ¢. The critical point c is
non-recurrent if ¢ ¢ w(c), and is flat if there exists a C* function £ on X \ {c} such that:

(i) £(x) = 400 and |Dl(x)| — +o00. Here, x — ¢ indicates both as x — ¢+0 and x — ¢—0;
(ii) there exist C'* diffeomorphisms &,  of R such that £(c) = 0 = n(f(c)) and |£(z)[/®) =
n(f(x)) for all z near c.

The flat critical point ¢ is of polynomial order if there exists a C3 function v on X such that
v(c) > 0 and for all z near ¢, £(z) = |z — ¢["®). Define .7 = .Z(f; -): M — [—00,0] by

F) = h(v) — [log|Df|dv if vis f-invariant;
|- otherwise.

The —.% is not lower semi-continuous. Hence, we introduce its lower semi-continuous regular-
ization . = Z(f; -) by
S (u) = — inf sup F (v),
31 peg
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FIGURE 1. The sets of zeros of the rate functions for the family {f,}p~0-

where the infimum is taken over all open subsets G of M containing .

Theorem A. ([2]) Let f: X — X be a topologically exact S-unimodal map with non-recurrent
flat critical point that is of polynomial order. Then the LDP holds. The rate function is given
by S .

We now consider a parametrized family { f;}y~0 of unimodal maps given by

9P — 12V 1 for e [0,1]) {1/2):

folw) = 1 for x = 1/2.

The 1/2 is a flat critical point of polynomial order. Theorem A applies to the map f,. This map
has an invariant measure that is absolutely continuous with respect to the Lebesgue measure.
This measure is finite if and only if b < 1. In this case, the normalized measure is denoted by
Hach- We have a complete characterization of the zeros of the rate function for f:

Theorem B. ([2]) The following holds for {fy}:
- for 1/v/6 < b < 1, Z(fy;p) = 0 if and only if there exists p € [0,1] such that p =

poo + (1 — p)ttacp:
- forb>1, Z(fp; ) =0 if and only if p = do.

Combining the result [7, Theorem A.2] and that of Freitas and Todd [3] one can show that
b€ [1/V6,1) = pacpy € M is continuous (continuous in the L* norm). Also, one can show that

Hac,p converges weakly to dg as b 1. As a consequence, the set of zeros of the rate function for
f» depends continuously on b > 0 (See FIGURE 1).
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Multiray generalization of the arcsine laws for
occupation times of infinite ergodic transformations

Toru Sera (Kyoto Univ.) and Kouji Yano (Kyoto Univ.)

In this talk, we consider a certain distributional convergence of occupation time ra-
tios for ergodic transformations preserving an infinite measure. We give a general limit
theorem which can be regarded as a multiray extension of the 2-ray results by Thaler [3]
and Thaler—Zweimiiler [4]. We also explain applications to interval maps with indifferent
fixed points.

1 Multiray generalized arcsine laws

Let N > 2 be an integer. For a € (0,1) and 8 = (B4,...,8y) € [0,1]" with Zf\il B =1,
let (Zt(a’ﬁ))tzo be a skew Bessel diffusion process, starting at 0, of dimension 2—2« € (0, 2)
and with skewness parameter 8 on N rays which are all connected at 0. In the special
case of N = 2 and a = ff; = 5 = 1/2, this process is nothing else but a standard one-

dimensional Brownian motion. Let us denote by Az(-a"g ) the occupation time of (Zt(a’ﬁ )>t20
on i-th ray up to time 1 for i = 1,..., N. Barlow—Pitman—Yor [1] showed

' N
(AEQ’B)XVI = (Zj\z §j>i17

where &1, ..., &; are R, -valued independent random variables with the one-sided a-stable
distributions characterized by E[exp(—\¢;)] = exp(—FiA*) for A >0, i =1,..., N. In the
special case of a = 51 = 1/2, the A?’B is arcsine distributed.

2 Main results

Let (X, B, i) be a standard measurable space with a o-finite measure such that p(X) =
oo, and let T : (X,B,u) — (X,B,u) be a conservative, ergodic, measure preserving
transformation (which is abbreviated by CEMPT), i.e., uT—' = pand Y, o, 1a(T*z) =
00, p-a.e.r, for any A € B with pu(A) > 0. -

Assumption 2.1. The state space X is decomposed into X = Zf\il X, +Y for the rays
X; € Bwith u(X;) =00 (i =1,...,N) and the junction Y € B with p(Y) = 1 such that,
when the orbit (T*x)y>o changes rays, it must visit the junction.



We will denote by H,(z) the n-th hitting time of (T"x),> for Y. Set
N (2) = max{k > 1; Ty Ty € X3}, e,
= (000,

where max () = 0. Note that 7 is the n-th X;-side excursion length of (T*z);>o from Y,
and the sequence ({™),>1 is stationary w.r.t. a probability measure puy := u(-NY).

Assumption 2.2. The sequence (£"),,>1 under py may be regarded to be i.i.d. in a certain
asymptotical sense.

Set Spi(z) == Sp—y Ix,(T"x) for n >0, i = 1,..., N. We now give our general limit
theorem as follows.
Theorem 2.3 (S.-Yano [2]). Let o € (0,1) and 8 = (By, ..., 8x) € [0, 1] with N, 6 =
1. Suppose that T is a CEMPT on (X, B, 1) and that Assumptions 2.1 and 2.2 hold. We
consider the following conditions:

(i) For eachi=1,...,N and X\ > 0,

1
lim py (6 > Ar)

— BA.
A (> =P

(ii) For any probability measure v < pu on X,

N
(n_lsn,i>£\;1 under v - (Aga’ﬁ)> '

n—>00 i=1
Then, (i) implies (ii). Furthermore, if 8 € [0,1)Y, then (ii) implies (i).

The case N = 2 was due to [3] and [4]. The proofs in [3] and [4] were based on the
moment method, which does not seem to be suitable for our multiray case. We adopt
instead the double Laplace transform method, which was utilized in the study [1] of
occupation times of diffusions on multiray.
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d.Y; = a(t)dyB; + b(t)dt ,tel0,L]

D (e;)ien 1B T B3R Fourier £ (SFC-0O) (e;,d,Y) ZIRTEFRT 5.

(5, daY) == /0 Lei(t) d,Y, = /0 La(t)ei(t) d, B, + /0 Lb(t)ei(t) dt.

E% 2 (Noncausal Wiener BB DHEERM S D SFC-S) EED i e NIZX U, ae; €
LY*THD LT 5. Skorokhod B [} - dBIT & B RS

dX, = a(t)dB, + b(t)dt ,t€|0,L]

D (e;)ien (2T B 13 Fourier {2 (SFC-S) (e;,dX) ZIRTEET 5.

(01, dX) = /0 Y () dX, = /0 " at)eilt) dB, + /0 Cb(t)estt) dt.
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ﬂﬂ:/ijﬁﬂQw
0
X u-A[fE3 T, £ D Ogawa B IFIRTHEZ 6N 5.
L L L L
/F(t)duBt:/ F(t)dBt—l—/ / K(t,s)Df(s)dsdt in L*(Q).
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LyP T 5. %72, e e L?0,L] % compact support £ 3§ 5. ZD & X, ae D Ogawa F#
DIFRD L SIZRRTES.
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(1) #3 Fourier fR¥. (Q,F, P) ZMER%EM, W % (Q,F, P) 1O Brown &, f(t,w)

2100,1]xQ EOT VX LBEBE TS, L2([0,1],dt) DERIEHERILE {p,(t)} LT,

w) = / £t W) pn D dW, (1)

Z f(t,w) D {p,(t)} IZX 9 BHEHE Fourier FAE (SFC) &R, ZZ T z 13 - OFEFELE
&2 &KT, SFC (1) 1%, CONS {p,(t)} B L THERFES dW. DFERIZKDEE S Z LITHE
BY5, HAOHMIZ {f,(w)} 2oL f(t,w) ZFEK TSI Izh D, FRERKIC
BT SFCs B DIEHZ HWARWE & TBRWEIRTO ] BHiER, HW5BEI12E TEW
BIETO] HikE WS, SRIOFEXRTIIMEERT L LT Ogawa B0 %2 IR L, CONS
ELUTIHEEDEDEIRE LR\, A#ETIXE T Ogawa BIZDWTED» D —kim % &
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BWB I ULWEKRTOHERNEE Z5T 5,

1
(ii) Ogawa #&49. CONS {9, (1)} XL T Z/ F(t, W)y (t) / U (£)dW, DRI
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Ogawafﬁfﬁj\ti@‘/ ft,w)dy,W; £EE9,
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1|/t —
] G

2
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(02)  alt)xe(t) € L*([0,1],dt) & supg/o lau(t) xe(t)]Pdt < o0
(03)  a(t)yw(t) € L*([0,1],dt)
@8 1. (01), (02), (03) DT
[ sewra@iw =Y [ ot [ a@uman

N AIRVASR
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2, T —L08k LWO5E, /AR VIIBEAMhr—Lo8ime Yy a2t
53'5%173’7 LHEER IR E NG, T — LBEmIE S SIZEEE Rt 1 — LB R
(Transferable utility game, TU game & %\ & side payment D & 51K — L) £ £ 5 T
2\ — LB (Non Transferable utility game, NTU game ) 2120505, TU game
TTVA Y —DEAE NERES) & N OBITESEDOREK 2N ETERSI N FEEUEREE v T
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BT — L THEKRI N BHE I

(D) v@) =0, 2)VS,Te2Vst.SNT=0;v(S)+v(T) <v(SUT) (supper additivity)

D2DTHb. IO, /AXY - ELTYYaTILy (1944) TlEwbpidEaHh Ly —
LThHDBZ L,

(3) VS €2V v(S) +v(5¢) =0
EIRELTWVS,

W-T, EFED(1),2),3) 2KETSE, (4)FEat(S) > 0iMiETE RV, LA,
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THh-oTHHREDGEEETE, 7D, EIMENHEDORS >V TIVEHE > T\W5,

2. FEMERVRIE
AFEFRTIEME (2016, FEMIERTHIE & IERER . TEUF) 684 35, 266-292) IZHE-> T,
FJENERHIE 2 IRD S IZEET 5.

EE 2.1 (X, F) 2afllzEfed s, 22T, X FETRVHIRES, FII&Rre X &
B o-algebra £ 95, ZDE X, RD 3 DOEMEN -3 F ETERI N-BEEIEIE
BRI IO, (X, F,v) &Kl T 5.

(1-1) v : F — [0,00] (GE&EM)
(1-2) v(@) =0 CFHAEFME)
(1-3) VA,B: AC B=v(A) <v(B) (B

LU s, EEOEMEEZIDIIIEDTLED &, JE\WT T ADIENNTEMHIE —
FRIZH U TR T A VWNEDEH 2B Z DML 5. X oMM 2T
MM U B, 3% (ibid.) (ZIXFENERIE 2 801 5 30 L EOBEEBFIZE I T
5. ZOHGE, YRETNOOMEOMHAEMR, FETHLEH, Mt Thsdr, A&
RIZHZDH, FVMEICRD. T o OB Z T 255 F 0D B HIEIZEARR
il RTZETHS.

AFEROBEME, FEIERRIE B2 NERDEZERTEOE TLAEWY] OT, £TFN
MY LT —L2HHm TR LSS NT W B EHY — LD —f% LT d % BitIENER
BEZEHZLT, WSOH»DHIZBNTEIETHS. My —LHgTHSNTWBIES
REENE Z F TIEMIERHIE ORI AN TH 20T 5B OFEE L Lz,

EFE 2.2. IROSEM %72 9 FENERTIE (X, F,v) & BHFEIERTE & \0» 5.
VAe F, v(A) =0or 1.

fEAY0 & 1 UDELS 22 WHIERTHIEE 1L AL 06 U Dy WS — L &2 il U TE R 7272
T CHBEMIEMERNREZEL IFEDOEHEZF>TWB I e Rbh b,

T4 Y= (LT, T4 Y —0ELE=nHllEMX ThHs) PEEEGDHEIZE
W LSOO & DITEGEEOMER D D, NIZFHARBOES, A, X FIIETI2HEED
¥ilne N &3 5.

(1) M sEfett - VA, | 0 = v(4,) ] 0.
(2) BRIEFFEERENE : VA A, | A v(A) =0 = v(A,) | 0.
(3) Ed S Dl : VA A, | A= v(4,) | v(A).

T TIEER I TR, JEIEEIGHIE T 0(A) + 0(A%) = o(X) AR D 120 & 1Z
57 B RS DS M < HHT 2 BN D . 25 ORI MR
DRFATHHIEMES 2 EANTES, &SI BMIMENIED S, M, BIZOWT BN
13.

SCHk : Grabisch, M., 2016. Set Functions, Games and Capacities in Decision Making.
Theory and Decision Library C. Game Theory, Social Choice, Decision Theory, and Opti-
mization Volmume 46. Springer.



Existence and uniqueness results for one type of first order
conservation laws involving a ()-Brownian motion

by

Yueyuan Gao (MathAM-OIL, AIST c¢/o AIMR, Tohoku University, Japan)

Abstract :

We consider a first order conservation law with a multiplica-
tive source term involving a ()-Brownian motion. We first present
the result that the discrete solution obtained by a finite volume
method converges along a subsequence in the sense of Young
measures to a measure-valued entropy solution as the maximum
diameter of the volume elements and the time step tend to zero.
This convergence result yields the existence of a measure-valued
entropy solution.

We then prove the uniqueness of the measure-valued entropy
solution. We present the Kato inequality and as a corollary we
deduce the uniqueness result. The Kato inequality is proved by
a doubling of variables method; to that purpose, we prove the
existence and the uniqueness of the weak solution of an associ-
ated nonlinear parabolic problem.

In the proof of the associated nonlinear parabolic problem,
we apply an implicit time discretization to obtain a semi-discrete
solution and prove the convergence of the discrete solution by
using It0’s formula and a priori estimates. The convergence re-
sult yields the existence of a weak solution and we then prove
the uniqueness of the weak solution.

Finally we show some numerical results for stochastic Burg-
ers equation.



This is joint work with Tadahisa Funaki and Danielle Hil-
horst.



A RELATION BETWEEN MODELED DISTRIBUTIONS
AND PARACONTROLLED DISTRIBUTIONS

MASATO HOSHINO (WASEDA UNIVERSITY)

In the field of singular SPDEs, there are two big theories: the theory of
regularity structures [4] by Hairer and the paracontrolled calculus [2] by Gu-
binelli, Imkeller and Perkowski. These two theories are based on a common
principle but composed of different mathematical tools. Therefore we can
use either of them according to the situation. For example, the former is
useful to show a universal property of a large number of SPDEs (e.g. [5, 6]),
and the latter is useful to get more detailed information of a specific SPDE
(e.g. [3, 7]). However, there is a gap between the two theories about the
range of application. For example, the Hairer’s theory can be applied to the
3-dimensional parabolic Anderson model

(0 — A)u(t,z) = u(t,z)é(z), t>0, z €T,

for &€ € C~3/27¢(T?) with € > 0, but the GIP theory cannot be.

In this talk, we discuss how to overcome this gap. Recently, Bailleul and
Bernicot [1] are tying to improve the GIP theory. Our plan is to complete
their work by combining the essence of the Hairer’s theory. There is a differ-
ence between both theories about the definition of solutions. In the Hairer’s
theory, the solution is defined as a modeled distribution, which represents a
local behavior of the solution. In the GIP theory, the solution is defined as
a paracontrolled distribution, which is defined by nonlocal operators. Each
definition has an advantage to each other. We compare these two notions
and aim to find a better way.
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On the Gibbs equilibrium in stochastic complex Ginzburg-Landau equations

Reika Fukuizumi

Research Center for Pure and Applied Mathematics,
Graduate School of Information Sciences,

Tohoku University, Japan

Abstract

In Physics, the stochastic Gross-Pitaevskii equation is used as a model to describe Bose-Einstein
condensation at positive temperature. The equation is in fact a complex Ginzburg-Landau
equation with a trapping potential and an additive space-time white noise. I am going to talk
about two important questions and corresponding our results for this system: the global existence
of solutions in the support of the Gibbs measure, and the convergence of those solutions to the
equilibrium for large time. This is a joint work with A. de Bouard (Ecole Polytechnique) and
A. Debussche (ENS Rennes).
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The invariant measure and flow associated to
the ®3-quantum field model

Seiichiro Kusuoka
(Research Institute for Interdisciplinary Science, Okayama University)

We consider the invariant measure and flow for the stochastic quantization equa-
tion associated to the ®3-model on the torus, which appears in quantum field the-
ory. By virtue of Hairer’s breakthrough, such nonlinear stochastic partial differential
equations became solvable and are intensively studied now. In this talk, we present
a direct construction to both a global solution and an invariant measure for this
equation.

Let mo > 0, A be the 3-dimensional torusi.e. A = (R/Z)3, and jo be the centered
Gaussian measure on the space of Schwartz distributions &’'(A) with the covariance
operator [2(—A+m2)]~'. We remark that j is different from the Nelson’s Euclidean
free field measure by the scaling v/2. In order to adjust our setting to those of known
results, we define pg as above. In the constructive quantum field theory, there was
a problem to construct a measure

p(de) = Z~ exp (—U(9)) po(do)
where

v) = [ (Go) - Gt ) ar

A > 0 and Z is the normalizing constant. Since the support of p is in the space of
tempered distributions, ¢* and ¢? are not defined in usual sense. So, we approximate
¢ and take the limit.

Let (f,g) be the inner product on L?*(A;C). For k € Z%, define e(z) := e2™F*
where k - x := kyxq + koo + ksxs. For N € N, denote {j € Z;|j| < N} by Zy, and
let Py be the mapping from S'(A) to L*(A; C) given by

Png = Z (¢, ex)ex.

keZ3;
Define a function Uy on S’'(A) by
A 3\
(o) = [ {Fevora = 3 (e - ane") (o)} do

1 1 N 1 1

cM =N ———, o= .

! 2 Z k2 +mg 2 2 Z B+md)3+md)(13+13+ (11 +12)%2 + 3md)
kGZ“;’V ll,lQEZ?\]

We remark that limy_,eo C™) = limy 0o CSY) = 00, and C™) and C{™) are called
renormalization constants. Consider the probability measure py on S’(A) given by

pn (do) = Zy" exp (—Un(9)) po(do)



where Zy is the normalizing constant. We remark that {ux} is the approximation
sequence of the ®3-measure which will be constructed below as the invariant measure
of the associated flow.

Now we consider the stochastic quantization equation associated to {un} as
follows.

dX{ (@) = dWi(z) — (=5 +mg) X (x)dt

{PN [(PyXNY](2) — 3 (C{N) - 3AC§N>) Py XN (x)} dt
X§'(x) =én(2)
where W;(z) is a white noise with parameter (¢,z) € [0,00) x A and &x(x) is a
random variable which has py as the law, and independent of W;. We remark that
pn is the invariant measure with respect to the semigroup generated by the solution

to the equation. Let XV := PyX" for N € N. Then, XV satisfies the stochastic
partial differential equation

dXN(z) = PydWi(z) — (=N +m2) XY (2)dt

Pl )(@) = 3 = XY @) far (D)

Xo'(x) = Pnén(z)
To apply the Hairer’s reconstruction method, which enables us to transform (1)
for a solvable partial differential equation, we supplementary introduce the infinite-

dimensional Ornstein-Uhlenbeck process Z as follows. Let Z be the solution to the
stochastic partial differential equation on A

dZy(z) = dWy(z) — (=A +md)Z,(x)dt, (t,x) €[0,00) x A
Zo(z) = ((z), reA

where ( is 2 random variable which has pg as its law and is independent of W; and

En. Let XV = xN = z0N 4 A zO3N) g1 ¢ € [0, 00) where

t
P / =B =m) (Py(Py Z,)* — 30N Py Z,) ds, t € [0,00),
0

and decompose XV® into XN(2)< and XN(2:> by means of paraproduct. Then,
we have a solvable, coupled, semilinear and dissipative parabolic partial differential
equation, which the pair (XV:®:< XN:(2)2) satisfies. By applying the technique
of the semilinear and dissipative parabolic equation, we obtain some estimates for
XN@)< and XN(2):> which yields the tightness of X2 As the result we obtain

the following theorem for the ®3-measure and the associated flow.
Theorem 1. For ¢ € (0, 1] sufficiently small, {X™} is tight on C([0, c0); B;/g/%g)}
where B, is the Besov space. Moreover, if X is a limit of a subsequence {XN(’“)}

of {XN} on C([0, 00); BZ/I:,)/Q_E) then X is a continuous Markov process on B4/13/2 °

the limit measure ji of the associated subsequence {Ln@} i an invariant measure
with respect to X and it holds that

/||¢||Z;41/2eﬂ(d¢) < 00
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AW 2 HHET- G (R R PR PRI EIIERE), 2Rk 27 K (B RRAREE TR R &
DHFEWRTDH 5.

ARETIE, 1Rk F#HE TV

{gtqw) = p(z, 1)
Lp(a,t) =V'(q(x)-qlz+1)) - V'(¢(z-1) - q(2)), z € Z

2B BEDEREBIZOWTHERT 5, Fermi-Pasta-Ulam Chain(V (y) = 33% + a1y® + agy?) 12fAFK X
N5 1 IRGCIEFRRE 7 8HE 7OV TIRED FFEHLEBIRDE L T W5 EHGEIEL OG0 o di < K ) FiRE
T&E/, (LU, ZNDEENICEERFIETEINAERIZE LRV, ) 20 &5 REAOREILEUC LI
FETREEOEHEVRFINDE L

A> p(x)=0

zel

A=Y p(@)0y(zy + (V' (a(2) - q(z + 1)) = V'(q(z - 1) - ¢(2))) Dp(a)

Tel

DAREWBRIETHA S EFEZONTE 2, JBETIE, FEFMEOMHEMEHIZE T 2R E, REED
PR OEIEZRET D XD RlERNERHZNA 25 2 L TEMLEZET IV

%Q(mvt) Ip(l',t)
%p(w,t) = (Aq)(x,t) + Noise

DT S 10, B BAE ATV B ([1),[21,[3])0 HHEZ [3] T EHIKIZ BRI S 3/4-40 WL
FifER

Bre(u,t) = —(~A)de(u,t), (u,t) R x Rsg
IZHES . D F b BRI RFEIEDHEREE T VI L TREINT VS,

AR TR, 4] 12X DBEAI N 2D 1 RGBS R TR 2RO T & % (R17F 5 2 ERNESD %
mzrzEsIL

%Qi(%t) = pi(x,t)
%pi(x,t) = (Ag;)(z,t) + Bo; 2p1(x) — Bo; 1p2(x) + noise, i=1,2



RIS B, T D& D BT TV S 22 H-REE- ) A XTS5 A7 — ViR 2 ENS Z & T, i EY
(mesoscopic) ZEDIERHIFER 2 KT HREA L UTHE ALY < iR

W (t, .k, i) + O X' (k)0 W (t, 2, ki) = CW (t, 2, k,i), (t,z,k,i) € Ryg x Rx T x {1,2}

X, X;
ta ki) = /dy L YRk K )3 (KY(W (£, 2, K ) = W (t, 2, ki
OW (ki) = 3 [ e (R e ()Y () =Wt k. 0)

NEHRINE, TIFE—WTEr—FA, keTIZBD 77—V ITE—RTH3B, BIZZDRILVY Y HRADMIZ
XU TR 2 A7 — VSR %2 B D Z & T, % Dfiftld 5/6-73 B HLHC 2 X

re(u,t) = —(~A)§e(u,t), (u,t)eR x Ryg

DIFIZINRT B 2 2R U7z, [4] DFRICE>TIDETNVTREDEFIEHMBEC D THS S L Fillshn
TWA, SEZENEFHALZZ &I2khd, RETREZLE LTI 5/6 LW FHLWEEDR I &,
BEGHERME TV ORI RIZ L D RBEROEFREZAEL TOWRWI DD 5, o TARIZILED) R
17 & B D BEILHUC T A DI HIHR KB B R > T WD,
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Characterization of the explosion time
for the Komatu-Loewner evolution

Takuya Murayama (Kyoto University)

1 Introduction

The Komatu—Loewner equation is a correspondence to the Loewner equation in multiply connected do-
mains. Bauer and Friedrich [1] established its concrete expression in standard slit domains of the upper half
plane H, and then, Chen, Fukushima et al. [2], [3], [4] investigated some properties of the Komatu-Loewner
evolution generated by it.

In this talk, I shall give a behavior of the image domain at the explosion time of this evolution, which
is a refinement of a part of the study in [1]. The proof is based on a probabilistic expression of the solution
that was developed in [2], [3] and [4], together with a general theory of complex analysis.

2 Review on the Komatu—Loewner equation

We fix N € N. Let C; C H, 1 < j < N, be horizontal slits (i.e., segments parallel to the real axis) and
K = Ujvzl C;. We call a domain of the form H \ K a standard slit domain.

Take a simple curve v : [0,¢,) — D satisfying v(0) € OH and ~(0,t,) C D. For each t € [0,t,),
there is a unique conformal map g; from D onto another standard slit domain D; with the hydrodynamic
normalization a

gt(z) =z + Zt +o(z7h), z— oo,

for some a; > 0. The image (1) := g:(v(t))(= lim,_, () 9¢(2)) € OH of the terminal point ~(t) is called
the driving function of g;. The quantity a:, called the half plane capacity of the set ¥[0,t] relative to g, is
strictly increasing and continuous in ¢. Thus we can reparametrize the curve v in such a way that a; = 2¢.
Under these settings, g;(z) satisfies the following Komatu—Loewner equation:

9 gu(2) = ~2mU, (9e(2).E). g0lz) = 2 € D. )

The function W (-, &), & € OH, is a unique conformal map from D onto another slit domain D with oo
mapped to 0 and ¥ p/(z,&) ~ —7 1z — &)L as 2 — &.
Since Wy (z,&) = —m (2 — &)}, the celebrated Loewner equation

d 2
—gi(2) = —~———, go(2) =z €H,
dt 9:(2) — &(t)
corresponds to the Komatu—Loewner equation in D = HL
Since the image D; of g; above changes as time passes, there is also an ODE describing the motion
of the slits C;; of D;. We denote the left and right endpoints of C;; by z;(t) = x;(t) + iy;(t) and

27 (t) = x}(t) + iy;(t), respectively. Then, they satisfy the Komatu—Loewner equation for slits:

%yj (t) = =273, (2 (1), £(1)),
%Ij (t) = —27RYp, (2;(1),£(1)), ®
25 () = —2mRUp, (5 (1), £(2).

We now follow this procedure in the opposite direction. Namely, for a continuous function ¢ : [0, c0) —
R, we first solve the Komatu-Loewner equation (2) for slits. By doing so, the family {D;} are determined,
and then we can solve (1) for ¢;(z), z € D.



We denote by t¢ the explosion time for the ODE (2).
t: =te Asup{t > 0;]g:(z) —£()[ > 0}, z€D,

is the explosion time of g;(z). Putting F} := {z € D;t, < t}, t < t¢, we can check that g;, t € [0,t¢), is a
unique conformal map from D \ F; onto D; satisfying the hydrodynamic normalization with a; = 2t.

The bounded set F; is not necessarily a curve but a (compact) H-hull in the sense that F; = HN F,
and that H \ F} is simply connected. We call both g; and F; the Komatu—Loewner evolution driven by &.

3 Characterization of the explosion time

It is a natural problem what happens if ¢, is finite. A reasonable guess is that the evolution F} should hit
the slits Uj C; at the time t¢. In terms of the slits C;; of Dy, this means that C;; is absorbed into the
real axis for some j as claimed in [1, Theorem 4.1].

Justifying this description is, however, not so trivial. The endpoints z;(t) and 2} (t) of the slits C}; is
merely the solution to the ODE (2), so, for some j, C;; may degenerate to one point or collide with each
other before reaching OH.

Our main theorem settles this problem as follows:

Theorem 1. Ifts < oo, then
lim min dist(Cj¢,&(t)) = 0. (3)

t e 1<j<N

The conclusion (3) obviously implies lim; »;, y;(t) = 0 for some j, which is exactly the observation by

[1].

For the proof, we assume that the conclusion does not hold. It suffices to extend the solution z;(t)
and 27 (t) beyond t¢ so that the corresponding {Cj;} still represent N disjoint slits in H. To this end, we
interpret the complicated evolution g; and F; in D as a simpler one g{ and F; in H, which is the method
essential in [4]. ¢? and F; extend to a Loewner evolution in H over the time interval [0,¢¢]. Then, by a
version of Carathéodory’s kernel theorem (cf. [5, Theorem 15.4.7]), {g; 0 (¢?)~';t < t¢} extends to a family
of conformal maps over [0,%¢]. This implies that the limits z;(t¢) and 2] (t¢) still represent N slits in H.
We are thus led to a contradiction.

If time permits, I shall also explain the finite time explosion of the stochastic Komatu—Loewner evolution
(SKLE) for specific parameters.

We define the domain constant k as

1
z—&o
SKLE 5, is a Komatu-Loewner evolution driven by the random function § determined by the system of
SDEs (2) and

K(D,&) = 2 Jim (\I/D(z,fo) + % ) . & € OH.

dé(t) = —k(Dy, &(t))dt + V6dB, (4)
where B; is a one-dimensional standard Brownian motion.
Proposition 2. Let ¢ be the explosion time for the SDEs (2) and (4). It holds that ¢ < oo almost surely.
Proposition 2 is proven by interpreting SLEg as SKLE JB.k similarly to the proof of Theorem 1.
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Radial processes on RCD*(K, N) spaces

Kazumasa Kuwada and Kazuhiro Kuwae
(Tohoku University and Fukuoka University)

1 RCD*(K, N)-SPACE

Let CYP(X) be the set of Lipschitz functions on X. Let Ch: L?(X;m) — [0, 0] be given by

Ch(f) ::;inf{ lim / |Dfn|* dm ‘ fo €CHP(X)NLA(X;m), fr — f in LQ(X;m)},
X

n—oo

D(Ch) :={f € L*(X;m) | Ch(f) < oo},
where |Dg| : X — [0, 00] is local Lipschitz constant of g : X — R defined by

Dylla) o= T ) =001

For f € L?(X;m) with Ch(f) < oo, we have |Df|,, € L?(X;m) such that

Ch(s) = 5 [ DS am. (1.1)

We call |Df|,, minimal weak upper gradient of f. To state the precise definition of |D f|,,, we
need some notions in optimal transport. We call (X,d, m) to be infinitesimally Hilbertian, if
Ch satisfies the parallelogram law. Note that minimal weak upper gradients also satisfies the
parallelogram law if (X, d, m) is infinitesimally Hilbertian. It means that there exists a bilinear
form (D-, D-) : D(Ch) x D(Ch) — L'(X;m) such that (Df, Df) = |Df|?. We denote the (non-
positive definite) selfadjoint operator associated with 2Ch by A. Throughout my talk, we will
assume K € Rand N € [1,00].

Definition 1.1 We call that (X,d,m) is an RCD*(K, N) space if it satisfies the following con-
ditions:

(i) (X,d,m) is infinitesimally Hilbertian.

(ii) There exists zo € X and a constant ¢,C > 0 such that Vy(zq) < Ce"”.

(iii) If f € D(Ch) satisfies |Df|w < 1 m-a.e., then f has a 1-Lipschitz representative.

(iv) For any f € D(A) with Af € D(Ch) and g € D(A) N L>®(X;m) with g > 0 and Ag €
L (X;m),

3 | 10rPagan~ [ (Dg.DARgdn > K [ IDfEgdm s [ (Ap2gdm



2 MaAIN RESULTS

>

if

For p € X, let the radial function r, : X — R be given by ry(z) := d(p,z). Let k := =5
. We

N >1,:=0if N =1, and s.(t) := sin(y/xt)/v/k and cot,(t) := (logs(t)) = s, (t)/sk(t
interpret so(t) as limg_05.(¢)(= t).

Let X = (2, M, (X¢)t>0, (Pz)zex) with a filtration (.%;)i>0 be the diffusion process canoni-
cally associated with (£, F). Let o, be the first hitting time of X to {p}. Our main theorem is a
stochastic expression of the radial process r,(X;). A simplified version can be stated as follows:

=

~—

Theorem 2.1 (Stochastic expression of radial process)

i) For the part process Xx of X on X \ {p}, there exists a positive continuous additive
\{p}
functional Az in the strict sense and a one-dimensional standard Brownian motion B such
that

rp(Xt) — 7p(X0) = V2B + (N — 1) /Ot coty orp(Xs)ds — Ay (2.1)

holds for allt € [0,0p] Py-a.s. for allz € X \ {p}.

(i) If the condition (R2) below is satisfied, then (i) holds for X in place of X\{p} and (2.1) holds
for allt € [0,00[ Py-a.s. for every x € X. In particular, f(rp(Xt)) is a semimartingale.

Definition 2.2 We say that p € X satisfies the condition (R1) if r;t € L (X;m). We say that
p € X werifies the condition (R2) if there exist & > 0 and Cg, > 0 such that

_ b / dm _ Ce
m(Be(p) JBep) ™» €
for any & €]0,&]. Note that (R2) immediately implies (R1).

Lemma 2.3 Suppose N > 1 and that there exists Cyy > 0 and § > 0 such that m(B,(p)) < CyrY
holds for r € [0,0[. Then p € X satisfies the condition (R2).

Note that this sufficient condition holds for any p € X on N-dimensional Alexandrov spaces
equipped with N-dimensional Hausdorff measure with N > 2.

Assumption 1 E; = 0.
Here F; is the 1-dimensional part of the RCD*(K, N)-space. If Ey # ), then X = E; (see [2]).
Theorem 2.4 Suppose Assumption 1. Then {p} is polar for m-a.e. p € X.

Proposition 2.5 Suppose Assumption 1. Then m-a.e. p € X satisfies (R2).
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Unimodality for stochastic processes in classical and free probability

MRy RI ™ L2017
SERC294E12 H 11 H (H)-12 H 15 H ()
HILRZEFEF v U RAZLL 5 FR—

AbHEE R R BB e B I
FEEERRE L AR M

R CIHTHRAAIE, BAK SER (LBEAY) L ORAMETHS ([3)). 22 TEREME,
HESD 5 % & BRI D W TR 5.

1 BHEMOESE
LIRTCHERD A u D E— R ce ROBIETH D LIE, p DU TFDLSIZRRINEZZ L2V,

i = u({e})d. + f(z)da,
77U f iR = [0,00) & (—o00,0) ETHMIRD, (0,00) ETHIMIEMIMLEETS S, Ml u({c}) 120
LB EHHD. AORIENEIX, DAOEME, BEREDDMIZHN DR 2 e CHE
T 27D BEARNETH S,

2 1RFTITSUVIEENE 1RTERT o0 VIEENDEIEMN

B B fE R 22 M LT E N7z RIERE { By hiso AY LIKOE (ML) 750 VHEITH B 1T

(1) Bp =0, a.s.,

2)EEDO<t) <to<- - <t, XU, By, By, — Byy,+++ , By, — By, W37,

(B) EED 0 <t < s, By — By \ZIEBSM N(0,t — s) IZHED.

EARZTIEERVD. EEBNOSDONDZED, 1R 70 ViEE 2 8T HMAEIEERDGETH Y, EH
SN0, ) IZTRTDt TE— R ODHIGERMH L7 5. HE>T1IRILT 7 7 VB34 TORZI T HilE
TH5.

FIRkIZ, &2 () fER 220 ECEB I N MERERE (W, oo B 1OGHE T 77 VB TH 5 & 1T,
(1) Wo =0,

(2) EE%:\O)O <t <tg < - <ty czjﬁb, th,Wt2 —th,"' ,th —th71 Ciﬁﬂﬂﬁiﬁ,
B)EEDO <t <sITHUT, Wy — Wy I8k s — t DFEEHEY «+ 7' F — P53 46 S(0,1) IZHED.
BAZTI RN, I I CHEAHMERER LI, 5 C L x— REE D EOIRIE L ITIXN 2 i
BoMzERLTED, %®*—&ﬁ®m®$é%fﬁﬁaﬁ&”é&%ﬁ“bﬁ%”@iﬁi::@@%
%?éﬁxm?h%#?@% MDA TERESNZE DT, MERGRIZB T 27N, "HE S DFELD
BSELRoTWAZLIZHEET S, 08t DY + ' F — DY 0MH & 1T T D & S 7 dli 2
%ﬁ%%o%%ﬁﬁ@:a?%é

LIRGEHE 7 D ViEE) % 723 5 ﬁﬁ%i'?/rﬁﬂ‘ OD#FH MAEETH D, S(0,t) IZFTRXRTDLTE—FRO
TaAVNRZ MY R—b2EOHIENGLRD. ULEED>THRBR T 7w VidEhE 722 TORZ THIET
HhBLWZS.

BB 770 EEIILEERE, B A MIERERE, T LT LY BREOREBNLRHITH D, Kb —MITLE
MR B AR ATREERE, L o m R UM IZ B Uik 3T (L B 3, Wolfe ([4], [5], [6]) 5 % HlMZ
HEINTE 2. FRRKIZZ NS OEBEROBIEMIZDOWTE, FITERES, AR, Thorbjernsen ([1],[2])
SIZE > TN T E .



3 WHAHNMNEHA - BRT SV VEHOHERICDWT EHARME

750 VEEIIHROEEE HHOGE S, HREREEZ kL UTANE, ZOAMIX0 TOT IV
R4 6o THB. :@%ﬂﬁﬂﬁ%ﬁ%%“»W\%ﬁfm\‘ﬁ%tﬁﬁ%ﬁ%ﬁ/,L WCEET S (7277 LR 0 TORE
REBIIRTO By LIS, Wy, L HEMNIZ2 2 K 5128 ) & EI2E 5N D ERBIEZE 2 oA fkix

HHELDGETIE px N(0,t), HHOEES “CciuBHS(O t) THB. ZITxEIPADIT=AI A, BIEDH

DEHM72HAAERTHETHD. ZOLE, ZNoOYANANNE T 57 VBB O Bl XY 5 A

pITHRIFELTH D, —RIZIF TR TORLTHRIETIIRL 25, flziEu = 15+1* Lo (R X —+

53A) EEAUE, px N(0,¢) 1t > 1, B S(0,¢) 1&t > 4 THIEIZZ S (HHDYE & Figure 1-6). F*

DRI, MIANHERED & 5720 5 ATHNE, TS OIAD AR & il - ﬁ W75 EEh

(1) ?A’C@H%ZUT‘%HI%&:?&‘%#,

(2) 5 KRR T HUMEIZ 72 5 P,

(3) TR T ORI THIEIZIR SR\,

IZOWTHEET LI ETH Y, KHEHTIEZ MBI T 2R RICOVWTIRHNT 5 FETH 5.

Figure 1: B .5(0,0.25) Figure 2: B .5(0,1) Figure 3: B8 .5(0,2)

.

Figure 4: B S(0,3) Figure 5: pH S(0,4) Figure 6: B S(0,7)
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Approximation and duality problems about refracted
processes

B % (AP RER G SER)

1

X2Y ZEOBOZEF I WVEERIEL L, EDfE2 22 X D, ADEEZLH L &
Y DFEE 2T HOMRBREUDOIEE2 X LY ORIFTARLIFERILIZTS. X &Y B0
THhE Lévy BRET X &Y OEWA N Y 7 hDADEEIZ, Kyprianou-Loeffen(2010) 1%
JEHTERE U %2, R ARRRZHAVTER L. £72, X 2 Y POITNEIEOU % #F
72780 Lévy #HFET X &Y @ Lévy HIEMARR Y X BN AED 2 FzmnWiGEHIzon
T, Noba—Yano(arXiv, 2016) I3JEITEFE U % J&0E MR %2 W TR U 72, ARGEETIE—%
DIEDBRV % Rz 2 WEHEEFE X & Y 23 U T, EimdEfe U % BEEEam 2 AV TRk L,
TOMEEZWL 5.

X LY ZEDBOEEE/-\0 Lévy #@fE & U, U % EEPER %2 FI D THERR & 0 5 JE Hrid
BEdd. ZorE, HE Poisson BREDF] {XM} & {YMW} SR I DT
EREDFI{UMY, T, UM DERTIERS 2 H D EHE L 72\, Noba-Yano(arXiv,
2016) 1%, X 23H T AERD % FErz 72 WIGEIZDWT, RO & 5 AnBlfE %5 U7z, AR
BT, X &Y 2 OEOHO 2R W Lévy @it L U, X & Y DA% BEHRTE
LEFBGEIZOWT, ALEEEZRL 5.

X LY % EOBC & R WVEEEE T, ZNENAA8R X 2 Y 2/FoL 33,
X &YV IZEOBO &R VEREEFL L 22 2720, X & YV DS RITEFE U 2T 5 2
EMTEL. ZOLE UL UNMHOBGRIZSH S Z LIEIH S TIEAR. REHTIE, U
LUDPBATHZ700, U s UDBEFHEMEIZONTHE S, ZOB, —ILRT —
JVEEEE W5,

EDBRO % Fi 7270\ Lévy @RI U AT — )VESEADTEAE L C, BIERZ| D Laplace &
HRIRINEE R T > v VI &2 27 — VSR VT RDE S Z EBHS T W5 (FEL
< 1¥ Kyprianou(2014) % R &). A CIZIEDBKO & Hi 72722\ Lévy @FED 2 7 — L BI%K
T, IEOBRO % R/ 7 W ERRIZHEER U, —MRIE AT — VBB FERZ 2129 5.

AFEHIILAT DO DD UIFHEI WL D TH Y, — LA 7T — VBB O ESE, B
FROMEA, JRATIBRR O (AR, 8 4T@ R0 AR D W TSR T W< . FRITIE,
BT BROERIZOVWTOARR S,

[1] K. Noba. Approximation and duality problems about refracted processes. In prepa-
ration.

[2] K. Noba. Generalized scale functions of standard processes with no positive jumps.
In preparation.



2 JBimBiE

REfELBIE Z & 2 e RIZH L, UMFD KD ICEERL 2 E#T 5:
T, (Z)=inf{t >0: Z;, <z}, T,(Z):=inf{t >0: Z;, = x}. (2.1)

% Z HHERBRENH S P REEI, BT T, , T, £ &L,
X 2 NOEM 227, EOBROZ R 72700 RAEEAEEE L 5.

(A1) (z,y) = EX[e™™] > 013 B(R) x B(R)- =] B

(A2) X ¥ mx % reference measure (ZHfD.

(A3) X Feller %D,

27U, PXide 2T H X OIEAITHS. 72, YV Ik (AD), (A3) LF;bH | reference
measure (2 my ZHD, EOBOZFF-L00 REFEREL T5. 0 & n) 2, TNZEN

XeYDOTOREMEREL TS, 72720, 0 BEEIT irregular RGEIE, 0 2 HFEL 0T
{19 DR ERE DR 2 €A L 72 d O % JAHIE L IR & 3—%.

BE% ¢ : (0,00) X (—00,0) — (—00,0) I

ny [1 - e*TofE};(XTO__’XTO_) [e™]:0<Ty <Tp| <o (2.2)
Ei-3TH0DeT 5. 2O XBEMBEMEEIZ LI2T 5.
JHEHIE n ZLFO XS ITERT S T RTOIEAFHPLEEL FIZH U,
ng [F(U)] = cong [F(Y) : Ty = 0]
+ngy { g; LX) [FlwoY) |, - X:O<TO<T0]
+n) [F(X): Ty =To) 0 (2.3)

G729, 12720, oo FFEELRET, X IZDOWT 0 BHEHFIZH U Tirregular 23546,
ULIEY IZDWT 04 (—o00,0) 12X U T irregular 2556 & ¢ = 0 2729, £7z,

X < Ty, t), t <
N
5, A>Ty, Yic¢w), t2=¢(w).

ThD. FEHE U LB, ¢ e R\{0) &AL 0 TEIET 2 ERBROEN PY & &
BT 5. R R FINT, R 1l ¥ AR DR PY & o 8 U & s 3.

B 2.1, AU X Feller B2 £D. Ko T U IJEHERIETH 5.

(2.4)



Cutoft for lamplighter chains on fractals

hkf B s
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AHEHTIE TV T IA4 RX—F VX LY 4 —72 (lamplighter random walk) D% v b % 7BGIZ DWW Tikin g
5, 297G LEDITVTIAR=TFTLIEGDOEHE[IT VT (={0,1}) ZNMLTTEST T 7 (221G &
WIPND) THY, FVTIAR=T VR F—DIBBED T VX LAT A= DEES IS HIZT VA ALIZT Y
7D on/off DEMEEMAZELDTH Y, (MED) BELEDT VX LY+ — 27 OPHATIEHERICHSEINT WS, A1y
MATZBGLIE, (BR) Va7 @ HONms 23] AEDHIPERT 2BH{DZ L THH, ARvILa
7 EEH OB R O CTHULRTED —DTH 5,

A, TV X LY A — 27 DEHUT K WL (late point) DFZEANEFIZIRI N TN DD, WENZR T Y X LT+ —
7 (BIZIEZ4d>3) EOT Y X LT+—2) D late point 725121EH E VBV, WO HEEZ, SV
TAR=FVRLT F— 2 DEAKERH (mixing time) X7 v b4 7 B4 (cutoff phenomenon) D B D Ffil A
TERMIZHED LWSHADPLINT WS ([2], FAIEHICHEETDLHDE LT [3]), AHEHTIEZ, @ERLYE
A2 TR (GR) ARNZREE (HBEBERRHE LTI I 727XV EDT VR LY 4—2) £EHT, TV 774
R—=F UV ELY 5 — 2 DRGHRHEPA Y F 7BR2HERT 5,

B2 DEMBEIE, LFOI VT IA4R—=F VX LI+ —0 DAy MATBHRIZEHTHMHTH S,

Theorem 1 (Dembo, Kumagai and N. [1]). ARZ'Z 7 D4 {GMN YN &, (i) dp-set Zf: (c71rds < 4B (z,7) <
erds ) & (ii) (uniform) parabolic Harnack REX %7 T LINET 5, ZDL X,
(a) LU {GM}y DEHERNR S, SV TIAR=FVRELI =213 hy bATEREER,
(5) BU{GM)y MBI 5, TV T T4 R—F VALY £ —21% 1T, (GNV) 2L LCHY b 47 %
B, (HU Too (G 13 HARH BRI 2 £ 5, )
Hex DRERZEBRIL (a) DEATH D, (a) DS RERZERIE, 72X L7 4 — 27 PEERNLEA
PRS2 DSEIIZEEF (concentrate) L TWRW, EWD ZETHDDITH U, (b) DE D AER LB 134

BIGRPZ OFEIJZER LT WS, EWVWS 2L THD, TR (o) DHEITREWERMPEEIZRDE 2D
TATTa2EETEI e ailA KEIZRBDHNIE (b) % late point & DBIHIZE KT 2,
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1. EA

MERZEM (X, Fop) &, G=7% £72IERIDMEAT ZRMEH Te = {T,: g € G} OMERHN¥R L
MRS, (X, Fopy Tga) MRV X AT T N THD L, BRMEREREZO EOY T N EFEBIZRZZ LT
Hb. Fl (X, F, o, Tra) BN 70 —=ThH 5 &I, £z 74 ERICHIR U 72 (X, F, u, Tza) DIV
XA T MNIRBIETHD. AHHTIIINSZHIZAN XA LR L1275,

BEBUT AT R AGEFE D AL XA M 2] IEBEIZAI S T2 DS, OGS II R TH - 7. ARFEHE T,
R.Lyons-J.Steif [2] (2 & % Z¢ EOEHATHIRACARED )L X A W2 HGEICRS B, ZOREE RIS 5.
FERATCI, %9 [3] TEA U475 X AGERE O BERGE AU U TV X A %779, BIZ, Ornstein D[
RIBERIZ B 1) B 3BT & 0B EfIc /S EIF 5 2 & ©, M orsRAuRfED )L X 1 M GEH
T5.

TH NGB £ 13 Z D (Lebesgue MIEEIZH 95 ) MHEARE pm 23, BB K D175 TH5 2 6N 5 5
BEIETH B!

P,y ) = det[K (i, 25)]7 24

R? EDOVATBEIAL B K (2,y) = k(x —y) %25 D75 RAURRRITEITBEI AL L 5. KT
1220 &5 BATHIRAGRFICH LT, NV XA HEERT. 2OV A HEE 3] TRLUZ tail HBMEE D
LEICHEWEBETH 5.
2. BRE
TR 22 (X, F,ou), (V,G,v) BAMTHZ & I3HER 1 OES Xy & YV OMDOLEL o BIFIEL T,
1o gp_l =V eRBILTHD. £, RHUINFER (X, F,u, Te), (¥,G,v,Ug) MWEBTH 5 & IR
DR o BFEIELT poT,=U 00 (YgeG) 2B THS.
RUHEZRDORBIZBEWTZ Y POV —EREETH HD, —RIZITTZEAERETIXA . Ornstein
1969 FEI2 d = 1 DRV XA YT MZBEWTZY MY —DRefLRBERE5ZE2RUEZ. TDH%
Ornstein [FBEGRIZMENEREAEH § 2 2 MDA 1T £ TR S 17z [4). AEHTIE 29 £721% R 2MEH
TEGEDHRERD. LTSRS EH TR ZEMED [0,1] EOVR—ZREICFEETH L LT 5.
KRR K (z,y) = k(z —y) %, kPY[0,1] 122 B B8 k € LY(RY) 7 — 1) T2

k(z) = /R Ko

THEALNEHDE TS, FIRE, k(z) = 222 PUAGITHS. 20 SHBBKY K 075 TH
A SN AT BAL L AGRFE (X, F, ) B —RIZEE 5 [5][6]. 22T, R LOIEEABEIES N flE
X = en 0z, () ZRELIFY, X IFRERKE $5H. X ITIEMHEPAYD, FIRTORVIVESKETSH
5. WEOFIBEHE Tpa &35, ROABHTRT EEHTH 5.

EE 1 (FEM). (X, F,u, Te) ERVXAL TH—TH 5.

3. §Tfﬁ§?ﬁ (Z7 H? la7 VZd) K%E%&ﬁ{u (y7 g? v, UZd>
Ornstein D FFHIZENT, IROTEHEIH SN TWS.

EI 2 (Ornstein). (X, F, u, Tga) D Tza-RERAHISEIDF] {E, : n € N} T, & &,-fLMNRTY b0
C—ARAXNVIAY T b THLI, ZOMD E=V, cnén ICEDBEBINNVIAT T M THS.

R? D8] X, = {T10 [2), 2 + gimr) : 2 € gir 29} IZHL, X DHEI%

&n = \/ {{x € X;x(A) =m} :m € No}

AeXy



TEDDE, B2 XD, (X, F,u Tra) DIV A M (X, F, 1, Tga) D Eu-FAEHD )L X A1 M IR
INB. UFOHEREn ITKSRNDT, & DEBEBIZONTRRS,

Fri=ol[{x € X;x(A) =m} :m € No, A € X1] 1T X D5RMAHER u(-|F1) X A< 2 O T 2 ED
AR AL GBI A S, BB EE Ve & UZ ORI FER%E (2,H,1,Vze) EBL. THiZ
(X, F, 1, Tga) D §-FIEMTH S,

{X, :n e N} 25 LAH(RY) EORHIREMERIEE © = {¢., : (z,n) € Z x N} 2k T2 2 LT,
FD TRV EDKGEE

K((n () = [ Ko @) Wdedy

X Z% x N EOHEBATHRAGBREE2RET 5. K OFTBEALELD, ZosuEfix zd AL
FATBIAETH 5. FrBEIE Uy & ULZORHINER%E (V,G,10,Uz) & BX.

N AHOEEDHFE % 11 : Conf(Z? x N) — Conf(Z4) LB &, poll ' =v &45. /-oT, plkv
DREHE 725, Z 2T Ornstein DFEBIFEGRIZE VT, ROEHIHMSNT WS,

EHE 3 (Ornstein). NNV X A Y7 NOEEOHHTRWVWEHEHIINVIA YT N TH 5.
M3 K0, (Z,H,[1,Vza) DNV A MEITEESAL (V,G,v,Uze) DNV A EIZRESINS.
BE 1. (V,G,0,Ug) BRVXA YT S THNE, (X, F, 4, Tra) I ENVIXALT70—Th 5.
4. BEEGERL (Y, G, v, Uga) DRIV X A 1
ZEx NOREY, = {{z} x {1},.... e} x {n}, {z} x {n,n+1...}: 2 € Z4} 1T L, Y Op#El%

mo=\ {{v € Viy(4) = 0}, {y € ¥;y(4) > 1}}

A€Y,

TEDDE, TH2 LD n,-BEBNEIN XA THBZ 2 REIRME LRI NE. 20 n,-HEHE 74
AERERAYVRERLGE S, 2 RERERAY VR TIE, FETONI Y ZHEHD 1 ¥RD Wasserstein
PRt % d BEEE L EOY, IROEHEAH ST WS,

EE 4. (Ornstein) Z AEBRARALE VRIZB VTRV XA M d FEETH U TV 5.

2] LIRBRIZIEREEE K D 7 — ) ZEMDMGED & 0,-FEBRO NNV XA 7 M2 LD diEBlE MR L, B
Ay TV &Y d TONCREFHIT 5. A4 KD n,-BEBORVIAHERREINS.
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Poisson statistics for Gaussian beta ensembles at high temperature
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Let T, 5, (n € {1,2,...},8 > 0) be a symmetric tridiagonal matrix whose entries are inde-
pendent (up to the symmetric constraint) and are distributed as

N(0,1) Xn-1)s
S V2 | Xm-1s N(0,1) X(m—2)8
n,g = VnB .
X3 N(0,1)
Here N (p1, 02) denotes the Gaussian distribution with mean p and variance o2, and Y denotes
the distribution of the square root of the gamma distribution with parameters (k/2,1). Then
the eigenvalues (A1,...,\,) of T}, g have the following joint density

B A24. 422
pn,ﬁ()\la - ,)\n) X H ‘)\j — )\Z"BG T (AT +)‘"),
1<j
which is referred to as Gaussian beta ensembles. These models were introduced in [2]. For
B = 1,2 and 4, they recover the well-known Gaussian orthogonal/unitary/symplectic ensembles,

respectively.
Let

1 n
Lngp =~ > s
j=1

with J) being a Dirac measure, be the empirical distribution of T;, 3. For fixed 3, the empirical
distribution L, g converges to the semicircle distribution, which is well known as Wigner’s
semicircle law. However, Wigner’s semicircle law is not restricted to the case of fixed 5. A
complete description of the global law for Gaussian beta ensembles can be found in [5].

Theorem 1 (Global law). (i) As n — oo with n3 — oo, the empirical distribution L, g
converges weakly to the semicircle distribution, almost surely. This means that for any
bounded continuous function f, almost surely,

n 2 —
[ @izas@ =23 500 > [ @ a,
i=1 -

probability measure with density (2mw)~ — x*1i_991(x) 15 called the semicircle distri-
A babili ith density (2 1V/4 21[ 2] ] lled th icircle distri
bution.)

(i) As n — oo with nf — 2a € (0,00), the empirical distribution L, g converges weakly to a
measure Vo, almost surely. Here the density of vy is given by vo = v/afia(y/ax) with

7332/2 1 R 00 2

e (0} t

o (2) = ———— where fo(z) = |=—— [ t“ ez Ty,
)7 (l‘) \/27 ’ a( )’2 where (l‘) ( )/0 e

1




A central limit theorem is also investigated. Refer to [5] and the references therein for more
details.

The aim of this talk is to show the Poisson statistics for bulk statistics as nf3 — 2« € [0, 00).
For convenience, we consider a rescaled version of T}, 3,

N(0,1) Xm-1)s

. Xm-18 N(0,1) Xmn-2)s

Tn’/B - . * .
X3 N(0,1)
For the global behavior, note that the empirical distribution of ang converges weakly to [iq,

almost surely. Note also that, under this scaling, the case o = 0 is treated similarly in which
the limiting measure is nothing but the standard Gaussian distribution A(0,1).

Theorem 2 (Local law/bulk statistics). For firzed E € R, as n — oo with nf — 2« € [0,00),
the point process

Snp = Z On(r;—E)
j=1

converges weakly to a homogeneous Poisson point process with intensity i (E). Here (A1,...,Ap)
are the eigenvalues of T, g.

By analyzing the joint density, it was shown in [1] that the bulk statistics &, g converges
weakly to a homogeneous Poisson point process with intensity 6z, where

1 E?
0p = ——ex —+2a/lo E —ylpa(d )
o= o (5 & 112~ yia(dy)

We introduce another approach to derive the Poisson statistics via the tridiagonal random
matrix models. In the regime where nf — 2«, the diagonal of T}, g is an i.i.d. (independent
identically distributed) sequence while the sub-diagonal is uniformly “bounded”. This obser-
vation suggests us to use a well-known method of Minami [3]. For this purpose, we need (i)
Wegner’s bound, (ii) Minami’s bound, (iii) exponential decay of Green’s functions and (iv) local
law. Here the local law (iv) requires that E[¢, s(1)] = E[#{)\; € E + n"'I}] — fa(E)|I], for
any bounded interval I. A non-trivial identity 0p = fio(E) is then derived by this approach.

In the model considered in [3], the exponential decay of Green’s functions (iii) and the local
law (iv) are consequence of stationary invariant property. However, it is not the case for the
matrix Tn,g. To show these two properties are the main issue of this approach. Detailed proofs
can be found in the preprint [4].
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Large deviations for intersection measures of some
Markov processes

Takahiro Mori*

The aim of this talk is to analyze the intersection measures in a general setting.

Let p be an integer with p > 2, E be a locally compact, separable metric space and m be
a Radon measure on E with supp[m] = E. Let XM ... X® be p independent irreducible
Hunt processes on FE, with life time ¢, .- (® and start zy, - - - , T, € I, respectively. For
simplicity, we also assume that X ...  X®) have the same law. For each t > 0, under the
condition that all life times ("), - - - | ((P) are grater than ¢, the intersection measre (% is formally
witten as

p
(S(A) = /A/[Ot] Héx(X(i)(si))dsl ---dsym(dx) for A C E Borel.
P =1

Intersection measure is firstly introduced in [[GY92], and until now, only for the cases of

Brownian motion and stable processes, its deep natures have been obtained. ([CRO3], [KMT3])

To deal with the intersection measure in a general setting, we now make five assumptions
on X@. Here R, is the 1-order resolvent, and {T;} is the linear operator determined by the
transition probability p, of X@:

(A1) (Tightness) Ve > 0,3K: compact, such that sup,cp Rilge(z) <e.

(A2) (Transition density) V& > 0 and Vz € E, the transition probability p;(x, dy) is absolutely
continuous with respect to m, and its density p;(-, -) is continuous and bounded on E x E.

(A3) (Trace estimate) There exist p > 0, top > 0 and C' > 0 such that
Clr2 < /pt(x,x)m(dx) < Ct P2, forall t € (0,t].
E

(A4) (Ultra-contractivity) There exist p € (2, %), C' > 0 and t; > 0 such that

T3l 100 < CE#2 forall t € (0,1].

(A5) (Green function estimate)

sup/ Ry(x,y)Pm(dy) < oo, limsup/ Ry 5(z,y)Pm(dy) = 0,
E E

z€E 010 zcE
where

0o 1)
Ry(z,y) =/ e 'p(x,y)dt, Rm(x,y)z/ e 'py(x,y)dt  for z,y € E.
0 0

We can check these assumptions easily, if X® enjoys (sub-)Gaussian or jump-type heat
kernel estimates.
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The occupation measure é,gi) and for each £ > 0 the approximated occupation measure ES%

of X@ until time ¢ > 0 are defined by
. t . . . .
= [ Lo dw- | [ | o), x)ds} m(dz)
0 A LJ[0,4]

for A C E, on the event {t < (¥},
For each € > 0, the approximated (mutual) intersection measure &Ift of XM ... X® until
time ¢t > 0 is defined by

p
fft(A) = /A [/[0 ] Hpg)(X(i)(si),x)dsl .. -dSp] m(dzx)
P =1

for A C E, on the event {t < (W A--- AP}
We define the function J : M¢(E) x (M;(E))? — [0, 00| by

)

u d; Pdp dp
E iy Wi) — A 3 if i = . e F d : = -,
J(s - 1) = ;{ Wown) =} it dm =7 dm  dm

i=1
o0 ; otherwise

for (p6; pea, -+, ptp) € My(E) x (M;(E))P, where (£, F) is the associated regular Dirichlet form
of X and A\, :=inf {E(v,¥);¥ € F, ||¢||» = 1} is the bottom of spectrum.
The first result enables us to deal with £° in our setting:

Proposition 0.1. Suppose (A5) and let t > 0. Then, there exists the random measure (5 €
M (E) such that, in the vague topology of M (E),

6{‘2 — (1 in distribution, as e — 0,
with respect to the probability measure P, :==P(- | {t < (W A--- AP},
U

The following is one of our main results. This extends [KMT3], in which the large deviation
principle is established for the case of d-dimensional Brownian motions before exiting some
bounded open set B C R%:

Theorem 0.2 (Large deviation principle). Suppose (A1) - (A5). Then the tuple

1 1 1
(t—pggs; ge,ﬁ”, - ;ggM) € M(E) x (My(E))

satisfises the large deviation principle as t — oo, with probability f”t, scale t and the good rate
function J.

O
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Behavior of fundamental solutions

for critical Schrodinger operators

PN INEIE e g (A i I E A

201712 H 15 H

1 EERUEBZEVEE
(X hiso BAEBMNE L = —(—A)*72 (0 < a < 2) £33 R EOBIER AT a-ZE BB LT 5,
ZDLE, MET 2T 1407 VERD E(u,u) = (—Lu,u)y, & UT, HBHEREERY pt,z,y) B HER
Ou)Ot = Lu DEAMRE LTHEA 5NB, 22T m iR EONR—ZHE. (- )m & L2RY) 25T 3R
BEET, B, 27— Goy) :/ plt 2, y)dt 12 £ D . DT ORMEAEA LTV 3 IERME 1 %%
Z 5, ’
i sup [ Glepuldy) =0, Jim sup [ Glaputdy) = o
\ ly

a_m:vE]Rd z—y|<a R—00 ;cRd |>R

/ Gz, y)u(dy)pu(dr) < oo

R4 x R4

ZorE, valbTFa v H—HBRE EF(u,u) = E(u,u) —/ u?(z)p(dr) TED., MIGTBEMEE L4 L
TB, HER 0u/dt = Lru i bIAMR ph(t, 2, y) BIHET B < L HHSNTWBA ([1]). & 2 THZ D%
ZILDEARME p(t, x,y) DFH & KT 5,

2 FETRREERR

BRI p 23 TN W] & &R, p (b o, y) 1ETTD p(t, o, y) &7k S nZgEhz2 328 (3
AIROLZENEE VD) BPHEINE, 22T, FTRHUE L OKREIE2RT-DOHES

A(p) = inf {E(u,u) | [ w?(2)p(ds) = 1}
Rd
TRED D, [4] % [5] Tidk. HEAMOLZEMEVRL S B7-DDBEFDERMED. ANu) > 1 279l Tk
Db BNEERNTH D Z LRI NI,
AMp) =102 & pFERETHZ 200, ph(t,x,y) IZTD pt, x,y) L3RR EZ2EET 52 20bhrd,
UL, BERRRIRZBEVWAGZ 5N TWS DX, JtDO IV 7 3 %07 7 7 ViH), (d,«) = (3,2)
DHEIZRONTED ([2,4]). ROHEDTH 5,

Vi ( Vi 5 |z —y|?
Hit,x,y) <c |1+ 1+ t72exp | —co——— 2.1
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— DL EBFEDHALATIE, p(t, z,y) TDEDDEARNZRIRD FENIIRIZHLI N TOWRWA, SEOE
FER T IR AR K TOWNEHR 2 WA, ROBEOE SN,
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lim 278 ph(t,m,y) = Kaoh(@)h(y) (1< d/a<?2)

[Jim (log t)p" (¢, z, y) = Ka,oh(z)h(y) (d/a=2)
lim p#(t,z,y) = Kaah(x)h(y) (d/a>2)

t—o00
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t

BYNERZ T, BEYRER Cyo 12L& tlim k(lt)/ e+ s,z,y)ds = Cqah(x)h(y) DVR B,
— 00 0

FiZd/a>20 &3 k@t)=tThHD, TVI-—FEHEZDEDTH 5,
(2) L2(h2 -m) ED= L2 748k P f(2) = E, {exp(Af)thgf(Xt)} IZBEWT, (PYf fpeam &t
K%bf%ﬁﬁ@@%éo::T\Afuutwﬁ:—fﬂﬁ%éi5@E@Ewﬁ%%%%ﬁ?%éo
(3) FEDIEADER c1,c0 & R @ 2 51 mg,y0 (XL T, B fo(x) Z#EITEIZ & T,
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IRREDUCIBLE DECOMPOSITION FOR MARKOV PROCESSES

Kazuhiro Kuwae

(Fukuoka University)

1. MAIN THEOREM

Let E be a separable metric space and m a o-finite Borel measure on E. We consider
a quasi-regular semi-Dirichlet form (£, F) with a lower bound —v on L*(E;m) (y > 0).
Under the quasi-regularity of (£, F), we may (and do) assume that F is a Lusin topological
space, i.e., F is homeomorphic to a Borel subset of a compact metric space. An m-
measurable subset B of E is said to be weakly (1})i>0-invariant if 1g<Ti1pu = 0 for any
t > 0and u € L?(E;m), equivalently B° is weakly (T});>o-invariant. An m-measurable
subset B of E is said to be (strongly) (T})i>o-invariant if Ty1pu = 1pTiu for any ¢t > 0
and u € L?(E;m). Clearly, the strong (T;)¢>o-invariance implies the weak one. Any semi-
Dirichlet form (€, F) with a lower bound —v on L?(E;m) is said to be strictly irreducible
(resp. irreducible) if for any weakly (resp. strongly) (7;)s>o-invariant set B relative to the
Co-semigroup (13)s>0 of (resp. irreducible) (€,F), m(B) = 0 or m(B¢) = 0. The process
X is called m-irreducible if the corresponding semi-Dirichlet form (£, F) on L?(E;m) is
irreducible (see [4]). A set B(C Ejp) is called nearly Borel if there exist Borel subsets
By, By of Ep such that By C B C By and P,(X; € By \ By,3t € [0,00[) = 0 for all
i € P(Ey). Denote by B"(Ey) (resp. B"(E)) the family of nearly Borel subsets of Ej
(resp. E). A set A is called finely open if for each x € A, there exists a B € B"(E) such
that £\ A C B and P,(op > 0) = 1. The family of finely open sets defines a topology
on F which is called the fine topology of X. X is said to be finely irreducible if for any
finely open nearly Borel set D with D # (), P,(ocp < 00) > 0 for all z € F (see [4]). A set
B C E is said to be X-invariant if B € B"(E) and

P,(X; e Bforallte[0,([, X;— € Bforallt€]0,{[)=1, x¢€B.

A set N C FE is called properly exceptional if N is a nearly Borel m-negligible set and
E\ N is X-invariant. If X has a decomposition E = B; + By + N such that each B;
(i = 1,2) is X-invariant and N is properly exceptional, then each B; (i = 1,2) is strongly

(T3)¢>o0-invariant.

We consider the following conditions:

(A) X is a diffusion process or m-symmetric.
(AC) P,(z,dy) < m(dy) for each x € E and t > 0.
(AC)" For some fixed a > 0, R, (z,dy) < m(dy) for each z € E.
(RSF) R (By(E)) C Cp(E) for each o > 0.
1



Remark 1.1. (1) In fact, (AC) is equivalent to (AC)’. This is proved in [2, Theo-
rem 4.2.2] under the m-symmetry of X, whose proof remains valid provided X is
properly associated with (&, F).

(2) (AC)" is equivalent to Meyer’s hypothesis (L) (see [1, pp. 112]).

(3) In view of resolvent equation, (AC) is equivalent to that R, (x,dy) < m(dy) for
each x € F and any a > 0.

(4) Tt is known that (AC)’ holds if and only if every exceptional is polar (see [2,
Theorem 4.2.4]).

(5) Clearly, (RSF) implies (AC)'.

Our main theorems are the following:

Theorem 1.1. Assume (A). For each x € E, there ezists an E-quasi-open and E-quasi
-closed nearly Borel set E, satisfying the following:
(1) z € E,.
(2) There exists a properly exceptional set N such that E, \ N and E$\ N are X-
moariant.
(3) The part process X, is m-irreducible, i.e., the part space (Eg,, Fg,) on L*(Ey;m)
1s irreducible.
For each x € E, E, satisfying (1)—(3) is unique in the sense that if E, satisfies conditions
(1)=(3) by replacing E, with Ex, then E, = E, g.e. provided E, N E, is not m-polar.
Moreover, for each x,y € E, if E, N E, is not m-polar, then E, = E, q.e.

Theorem 1.2. Assume (A) and (AC). For each x € E, there exists a finely open and
finely closed Borel set E, satisfying the following:

(1) z € E,.

(2) E, and ES are X-invariant.

(3)
If (A) and (RSF) are satisfied, then E, can be taken to be open and closed. For each
z € E, B, satisfying (1)~(3) is unique in the sense that if E, satisfies all conditions (1)-
(3) by replacing E, with E,, then E, = E,. Moreover, for z,y € E, if Ey N E, # 0, then
E, = E,. More strongly, there exists a countable sets {x;} such that E = |J;=, Eg, is a

The part process X, is finely irreducible.

disjoint union.
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LP-INDEPENDENCE OF SPECTRAL RADIUS FOR GENERALIZED
FEYNMAN-KAC SEMIGROUPS

Zhen-Qing Chen, Daehong Kim and Kazuhiro Kuwae

(University of Washington, Kumamoto University and Fukuoka University)

1. PRELIMINARY

Let E be a Lusin metric space and m a o-finite Borel measure on F with full topological
support. We add 0 ¢ E as an isolated point to E. Let X = (Q, Foo, Ft, X4, Py, z € Ey) be
an m-symmetric special standard process on E with lifetime ¢ := inf{t > 0| X; = 0}. Let
(€, F) be the Dirichlet form on L?(FE;m) associated with X. Then (&, F) is automatically
quasi-regular. We further assume that X satisfies (AC). Suppose p is a signed smooth
measure. Let ™ and p~ denote the positive and negative variation measure of p in its
the Jordan decomposition, which are smooth measures. We define A* := AR — AR Let
Fioc be the family of all functions locally in F in the broad sense, i.e., u € F. if and
only if there exist an increasing sequence {O,,} of finely open nearly Borel sets satisfying
U.2, On = E and {u,} C F such that u = u,, m-a.e. on O,,. Since (€, F) is quasi-regular,
every u € Fioe admits an E-quasi-continuous m-version @, and we omit tilde from @, i.e.,
we always assume u € Fio is represented by its £-quasi-continuous version.
Let N* be the continuous additive functional of zero quadratic variation appeared in
a Fukushima decomposition of u(X;) — u(Xp) up to the lifetime. Note that N" is not
necessarily of bounded variation in general. Let F' be a bounded symmetric function on
E x E which is extended to a function defined on Ey x Ey so that F(z,0) = F(0,z) =
F(z,x) for x € Ey (actually there is no need to define the value F(0,y) for y € E). Then
=30 s<t F(Xs—, X) (whenever it is summable) is an additive functional of X. It
is natural to consider the following generalized non-local Feynman-Kac transforms by the
additive functionals A := N* + A" 4+ A of the form

(1) ea(t) :=exp(Ay), t€][0,(].

We define Q:f(z) := Ezlea(t)f(X:)] for any Borel function f. Let Q be the quadratic
form defined by

(2) Qf,9) = E(f,9) +E(u, fg) — H([,9),

where
E(u, fg): /fdu u,g) /gdu<uf>

) i= /E f(@)g(x)u(dz) + / / fa (@) — 1)N (2, dy)pp (dz).



Here (N, H) be a Lévy system of X. Then (Q,F) is lower bounded on L?(E;m) and
associated to (Q¢)s>o under the condition (A):

(A) u + N~ Dy € Shc(X), gy € S(X) and =+ N(F )y € Sh(X).

One can define the LP-spectral radius A\, (X, u, u, F') € [—00, +00] by

.1 o1
(3) Ap (X, p, F) = — | tllglo ;log 1Q¢llpp = _%Egglog Q¢ p.p-

Using the symmetry of {Q;t > 0} and interpolation, it is easy to deduce (cf. [1, (4.2)])
that

1Qtll2.2 < [|Qtllpp < [|Qtllcc,c0  for all p € [1, +00]

and therefore
(4) >‘2(X7U7M7F) Z )‘p(X7uuu7F) Z )‘OO(X7U>MaF) for aupe [L—{—OO]

Thus to establish the LP-independence of spectral radius, it suffices to show Ao (X, u, u, F') <
Moo (X, u, 1, F). For a > 0, denote by X(®) the a-subprocess of X. Let Sk (X) (resp. Sk (X),
St (X)) denote the class of smooth measures in the strict sense of extended Kato class
(resp. Kato class, local Kato class) with respect to X. Let Sy (X) (resp. S}VKl (X)) be
the family of natural Green-tight measures of Kato class (resp. natural semi-Green-tight
measures of extended Kato class) with respect to X and SbO(X) the family of Green-

bounded smooth measures with respect to X.

2. MAIN THEOREMS

Our main results are the following:

Theorem 2.1. Suppose that m(E) < oo and
(5)  thereis a ty > 0 so that Py, is a bounded operator from L*(E;m) to L>(E;m).
If ut + N(2F" — g e Sk (X), then \p(X, u, u, F) is independent of p € [1,00].

Theorem 2.2. Suppose that it +N(eF —1)up € Na>0S Nk, (X)) and Iy € Sk, (XM,
Then the following holds.
(1) Mo(X, u, pt, F') > min{Ao(X, u, p, F),0}. Consequently, A\p(X,u, p, F) is indepen-
dent of p € [1,00] provided Ao(X, u, u, F) <0.
(2) Assume that X is conservative. Suppose one of the following holds:
(i) X is transient and p~ + N(F~ )umg € SbO(X). Assume one of the following:
(a) v~ = max{—wu,0} € LP(E;m) for some p € [1,+00].
(b) gy € Sp,(X) and m(E) < co.
(©) 11wy (F) < oo,
(ii) u € Fioe is a bounded function and p~ + N(F ™)y € Sy W(X(l)).
Then Moo (X, u, 1, F') = 0 if Xo(X, w, i1, F') > 0. Hence \y(X, u, 1, F') is independent
of p € [1,00] if and only if Xo(X,u, u, F') <0.

Theorem 2.3. Assume m € S}VKOO(X(I)). Then A\p(X,u, 1, F') is independent of p €
[1,00].



These three theorems extend the previous known results by the first author [1, 2|, the
second and third authors [4, 5], Takeda [7, 8, 9, 10], and Tawara [11].

One of the significant progress is to remove the irreducibility condition for (£, F). The
irreducibility condition of the given Dirichlet form (&, F) has been assumed to apply the
Donsker-Varadhan type large deviation principle, or to apply the analytic characterization
for the gaugeability of (generalized) Feynman-Kac functionals for the LP-independence of
the spectral radius of (generalized) Feynman-Kac semigroup. Based on the irreducible
decomposition for Markov processes (in the previous talk), we can remove the irreducibility
condition by utilizing the Terkelsen’s Minimax Principle (see [12]).

Secondly, we remove the boundedness condition for the function u appeared in the
generalized Feynman-Kac semigroup (Q)¢>o. The boundedness of u has been needed to
apply the Chen-Zhang type Girsanov transform in order to reduce the case for u = 0.
Applying Terkelsen’s Minimax Principle again, we can prove Theorems 2.1 and 2.2 by
making an exhaustion of increasing finely open nearly Borel sets on which the function «

can be regarded to be bounded.
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