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1 EA

Kardar-Parisi-Zhang (KPZ) 7%, t e Ry = [0,00) Z AR, » e R 2ZEM%E
BMedHLE, h=nh(tx) 2 RANEH L T 5ROMELRFEHT HTERNTH 5.

dh = vd*h 4+ \N(9,h)? + VDW (t,z). (1.1)

ZZT, v,D>0 KN RIZER, W(t,z)lZR, xR EOWERT A~ ) 1 XTH 5.
B h = h(t,z) W KPZ HREX (1.1) D TH 5 & &, u=9,hI3HEZR Burgers 2N

dyu = v?u + \ou? + VDO, W (t, x)

iz 2 enbnd. KPZ RN, [9) TEAZIN, 2L DETIVICH L CTHREES)
DI VX LRRMRENP AR (L) T VERINDE I VPO OSNTE 2. 51T,
FREDORHREEEZLETL2ET VDL, H27TATHLTIE, EFTIVOFHMIZLST
MR AEHEANC AR (L) ICEhEdR I eEZSNTWVWE., 22T, 20k
SRABARL LCoEEE2 KPZEBME L IESZ EI1I2T 5. 20X RmEEDiEEIc
HEBFEMNILEBE LR BN T 2 I L FEELMITRETH 5, £ TRETHEN(1])
DY (well-posedness) DEE 705, FERE, KPZ HEA (1.1) O b 13+ 2 1ER]
MEAR23, ZZHW 0,0 IFHEBEBUZEZINS L EZAOSNDIRNETHD. T2, HEA
(1.1) DIFEALIH (0,h)2 ITB W THBEHROEEZE A5 Z L2, BHEOEKTIIHEEE
BITDLILWTERY. TIT, BASHOBRYAAZITWIRZEYIZERT DBENDH
5. ZO& D BT AEIE, Hairer [IZ X D AIO TRIRI (6], ZDARE, FEKIZK
% ERIVERSE R [7] X° Gubinelli, Imkeller, Perkowski D =KIZ K 5/87 2 b b —)Lfi#
Mr [4] % rhuls &3 D R R IR TR R DB Z FEH S 2 72 D —fikan~ & FR L 7=,
o7 7u—Fi%, BIHZEM LoREERAR#E (fixed point problem) & U TDEAL

*kohei@ms.u-tokyo.ac.jp



IZHDE, ZITRERI) HRERNZ pathwise IZfE< (BIS, MERZER]DTE —DEIET
5 ICIRERM I EM HRAZMS I EIWCREIES) ZEE2ARERIZLEZT 7 NA
(rough path) MmO —MILTH 5. —75, KPZ A% I 7 0 RITKT 5 rfuMlkiR & H
CLUTEHTEZEVWSEHETIE, BERERMEOOMHE U THEERTLHIIILVF U —)L
e e L COREANARDOEND. ZD &S HRiERRINT 7o —F & LTI, Goncalves,
Jara DAY B] IZHWTEHMIZN U TESMMEEITWRDOFEEZRLIZDE, [5] Tl
D—EUEDNFEHI Nz, ZOXIRINVF U T —VEE L TERI NI EEMIIEE
IXRILF—REIEN, I 7080 5BAMISER T 2Bz &E 2 R -3, AfE
T, BMRY Y —HE L IENZET V2R, FHIEFEELRK D LD LD BRIGED
KPZ w2 DOWTHE T 5. H2REICBEWTET IO E M R ORTEE %
WA, 5 3EZEIZEWT O’Connell-Yor € 7L & XN S semi-discrete (RFEIZEE L CTIdHE
fr CAEMNICEI U CHEBUN) ZERE R Y v — AN U T KPZ EHEMED L D LD & WD ok
TR EORE R Z N T 5. BBIZ, HBA4ZEIZBWT, fully discrete (Z2[, B & & 12
) OoEHE LR v — B EE R, REEZHICN U TERYICA T =) VI %275 &
O’Connell-Yor € FIVZINHKR U, B2 KPZ FiEMELS D IO WO AR Z FHER L LT
W 5.

2 RUVIT—EBRBEDER S BIERH

WRIZ, ARETEZDERRY v —BR (HDVIFEIZRY) v — ) OEHEE2BRS.
R ~v— (EEWK), $E/ v— (BER) LIENIZEDTOEZ D LD UMK E WIS
ATHILETERING. WE, EHRLEBHIZZBOE /) —2HYH, TNOHNVE
WIZHBHNZ MG T 2 2 & T—AMIZEET 2R Y —20H2RINEEZD. Kbk T v
RN DT, EHLEEARETIRY)—0#ie UT—ARKDOENRZS. 20D
CLEFHINIDEOELAZIN LB E (MAEKET VI LITHEYIZED D), 1T FIZEE
R —DHE (G8) DMz Pldr) L H<. T E, ERIIEEINDSGKYv—0D
HoEl, EAZMIOT T BOMGEPDOEET—DORIIND T LIZEHINDIEDLES
TeNTES. —f, WEHI—FETRL, E/ Y= I LDEADOLRT I L >
THRIRDEIBGEEZERD. ZOLI RN ERIT L5720, HDHHERZEM (Q,F,P)
EED, QDT wE I VI LRELNR, 72, PWRELIFENEZ NI A=K 3> 0 %[
ETD. ZOLE, FJVXLERweQZXIT, EDOEMI LOMEN M QY %

Q2(dr) = Z—lﬁ exp(BH(r))P(dr), 2% = / exp(BH(m))P (dr)

WEDEDD., 22T, HYIFw ZTEIZEZHHEY LT A N THDH. LOFREDE LT,
FUELEiwe QRBEEORI - 2ERHLTVT, w T ITEXDMERAE Q4 »F
BUZBIHIX N D R S —DREIHEWEDLNDLBEONATH S, ZDXSICEKHIND A
V=B85 R) v —ORE#EFBICH LT, BEOHEREE R TIEE S e
disorder 2% &% W2 & W5 DA, HEARWLMEEM TH D, HIZEERSRL LT, #HiK
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fLefl Zy 3R L HINTE D, WD EBER log Z; 120 L T KPZ E@th ik b
VO PREINTVWDS, ZOLI R FPRICEDE, AFECIEDZEME 5 v X LBREE
BEZZZLIZEEDIHELIRY v —HELIZBEWT, B EREBII N U @iz A — )
v 7 &I7\W, KPZ GBRR (£72130ER Burgers fER) 28H T2 WHMEEZE X S.

3 1T : O’Connell-Yor EF/LICN T 5 KPZ Z &M

ZZTlE, [10] TEA X N7z O’Connell-Yor E 7IVIZX U T KPZ i MEA S D 32D &\
D SEATHISE [8] DAEREZMNT D, FTETNEEHKRTD. NTA—-Xt>0KkUneN%
EEdT2LE, K)Y—OWEIE, AL DEMEE2FF OB [0, > NTH-T,
2(0) =140 z(t) =n2ifiz9d£DL T 5. 7z, FVRXLEEL UTHIARR EO 1R
TEAEHE Brown 8] BV, B®) ... BM %% 2 5. £ Brown &#) BY) = {BU)(t) : t € R}
IZXL, BU(s,t) = BU(t) — BU(s) £ EL Z LIZT 5. ZD& OB

Zs(t,n) = / exp B[BY(0, s1) + B (s1,82) 4+ -+« + B™ (s,_1, )] ds1n1
0<s1< " <8Sp_1<t

7%, ZIZT, dsip1 =ds; --ds,1 BTz, EHBP € (0,00) FTETHD. Z
ZTIFEHEBRNEZ R D720, HDNRTA—=20c (0,00) KO BY B . BM il
SEZR D 1 IR eAEHE Brown JEH) BO 2 W

Zgo(t,n) = / exp [ﬁB(Q to)+0to+B8{BY (to, t1)+- - +B" (t,_1, t)}]dto,n—l
—oo<ltp< - <tp_1<t

EFEZBHI LTS, £z, n = 01T LT Z54(t,0) = exp[BB(t) + 0] LEFEL,
ugo(t,j) = log Zso(t,5) — log Zse(t,j — 1) L BL. TDEE, ROBKTEHMED K
DNLDZ EDHIoNTWS.

Rl 3.1 ([10]). &t > 01T U, MERZEDI {ugg(t, )} jen 1 e o0l ~ B2Gamma(B726,1)
7SS AN A L b, 22T, NI A=K s> 0120 U Gamma(s, 1) ITHERE
BRI T (s) a5 te 1 o) () ZRFO R LOWERDMHTH 5.

ZD &S ML Y 32D O’Connell-Yor & 7V D3 ElBEEUIZ N 9% 27 — )URGK %
ERD., EBWn e NEAT—NLRTA =KL L, EBa>02HNWTS =an /4 D
0=1+a/2yn) £BL. TOEIIINTA—RBRTPOERERIEE, ut =ugy &FHLZ
iz 9 5. HIZ, EEI {a}, TH->T, lim, o = 00 2D limy, o0 ap//n = 0 Z il
THDOEERICEEL, BEEGERE X ={Xx":t€[0,T]} € C([0,7],S'(R)) %,

XP(p) =) (u"(tn,j) — pu)((j — nt — anv/n)/Vn), ¢ € S(R)

jEN

IZEDEDD. ZIT, p,dur(t,)) DMFFETH Y, ME31DEHMELD ¢ & jITK
S\, ZDXE, R ILD.



B 3.2 ([8]). LCTEHRINDMERBEDE {X"},en 1 C([0,T],8'(R)) LKL,
FREE u (ZIR DHEER Burgers iFEADEHZRXANT—TH 5.

1 1 .
Ou = éaiu — E&CUQ + gaz&vu + a0, W (t, ).

4 FHR

ETHEREZITV, ICEMRZENDS, 722 LRV FOESE (Z22) = {{z,y}:
vy €20,z <ylr—yl =1} &35, TIT, NI FIVORKNIRIFES Z L ITE X
5HDETD. 2 <y&MIEIBL2Ke,y e ZLITHL, a5 y~DHLERHD
BTk, 29 =22 2y =y ZH72TROEE {2, ..., 2jp—y} TH>T, a; = (1,0),
a=(0,1) 2T, &i=0,.,]z—y| -1V 2z —2z=a1 FHliTan bk 5%
bDETDH. HDHWE, BB ¢; = {21, 2} ZIAITWHRT, 7= {er,...,ep_y} &R
BldoZLbTES. UTTH, @A EREOTEHVEZEIZL, o 75 ny il
BEE LR DERKOEESE 1, ., £BL. —H, 7V XLER 2R ITHRLM DG %
{we):ee(Z) &L, HETREEEDPRDZOEIITHMZEDD. TNH5DERED
T, 21 <2 THDE IR 2Ky, w0 € 27 1TXNT B BB Z (21, 20) 13,

Z(x1, 1) = Z H exp (W(ez’))

w€lly 2y i=1,..., |xo—x1|

TRERIND. I, EFMDOERL, TNVKVIDLI LT VX LERE {w(e) : e €
Z2)*} DAHIZDNWTIHERS. ERe e NIIHLU, wi(z) =w{z—a,z}) KO wy(z) =
w{r — ag, z}) EENTNKEFARCEEFADT VX LY ML, u, = e1@
v, = e2@ B, HIZ, o= (i,) 1L w(2) = wi(4,5), wa (1) = wy(s,j) &FE
<o BUF, H2EMMERERY, B LCEMBEBR A ZHWT, EGKFRNEOY 1 b
D (ug,vy) = (Yo, h(Yy)) ERI N, WERLELE {Y,,x € N*} DSZE AR D IR
ET D, HIZ, BRET, KEAHEHDT A b {200 ¢ N} LEEHFHDY A b
{e¥209) : j € NMEZENETNMNLFE DA, ZNENDHM4% R KT Ry 2EL Z &
295, 2ok, HERKRDOLE R, = Z(x)/Z(x — o) KT Ry, = Z(2)/Z(z — a3)
YEE, (Rip Roy) 2 (R, Ro) WEED 2 e NN ITH L THRD O L &, TFLEEET
HBEND.

e Inverse-gamma (IG): Z D E 7 )V Id log-gamma AL & LEIFIEND. FfFEp>0>0
75)'9 v > 0 %'ﬂiﬁby

Ri' ~ Gamma(u —0,v), Ry' ~ Gamma(0,v), Y '~ Gamma(u,v)

LEDD., ZDLE, hy) =y & UTEFEWEDRK DD ([11] 22H) .



e Gamma (G): ZDE T )Vid strict-weak BRI & HIFXN D, Fof 5,0, v > 0 Z{E L,
Ry ~ Gamma(u +0,v), Ry' ~ Beta(0,p), Y ~ Gamma(yu,v)
CEDDL., ZDLE, hy) =12 UTEEMELRILD (2] #2H1) .
e Beta (B): 5&ff p,0,v > 0 Z{REL,
Ry ~ Beta(p+0,v), Ry;'~ Beta(0,p), Y ~ Beta(u,v)
CEDDL., ZDLE, Wy =1—y & UTEFEWERKR VLD ([1] 22H1) .
e Inverse-beta (IB): >0 >0, v >0 Z2{KZEL,

R{' ~ Beta(u —0,v), (Ry+1)"' ~ Beta(0,8+ p—0),
Y ! ~ Beta(u,v)

LEDD, ZDLE, Wy =y—1&LUTEEEDRK LD ([12] 22H) .

ZFNETNDETIVDOIFOIE, NIV Y OSMHIZHEKL, 4 DDETIVIE four basic beta-
gamma models LRI NG, ZETIVIE3IDDNRIA =X 4, 0 kv 2FfO>DT, ED
FOTTUVRLEBREOY A b EEDDIEE, i,j €L, TN UT, HEEEE Z,,,(i,7)
ENTA—REHFTLTELL Z LIZT 5.

IEMREARAND. =] D0,T],S'(R)) %2, #HEBICHEZ & 248G DLEMRE
DEREDESAE L, fitHE LT Skorohod fitH%2 52 5. ZD& &, LEOMHKY v—
TV, REFAFIZH L CEYIIZA—Y > 7 %175 & O’Connell-Yor € 7 IVIZHEE T
52 Pbird

EE 4.1. BRE m,n IZHL, Z,0,(m,n) %, TNV (IG), (G), (B) %71 (IB)IZ
ﬂ?éﬁm%ﬁaﬁé.it,g%?»aﬁb,x&—wéhtﬁ%%ﬁiﬁmm@%

g(t m,n) = mlm=tz o1(|mt],n) for (IG),
e(t m n) ~Lmt)=n= 1Zm€1(LmtJ ) for (G)v
~g(t m,n) = '5/22@"”J T Z mem(|2mt ], n) for (B),
~(9(15 m,n) =e —t/49- L2’"’5”1(2771) " mom([2mt],n)  for (IB)

ICEDED, ISIEBDOHEE S > 012U Zsg(t,m,n) = B2 Zs-29(*,m,n) &
5. 20L&, ZneN, >0, 0>0L, mZERRIZTZ L&, HREMR
{Zso(t,m,n) : t € [0, T men \& {Z30(t,n) : t €[0,T]} 12 D([0,T],R) LRI T 5.

Iz, ZOFEE Y, O’Connell-Yor & TIVIZH 4 2 5T 52DFEER 2 AT, BEEURZ2E
AR —FALZG L TH R0 KPZEEMWDEK D LD WD TR 2 BRS, 20720
2, EEWMaZEEL, B=an"4, 0=1+a/(2yn) &T5. ZOLE, ETIV(AG) &
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(G) IZH U TR Zm7(t, §) = B~ Zy 20 (ImB%L), ) EED, —HEFI (B) & (IB) I2
KU TR Zm0(L, ) = B2 Zp2g.m(|2mBP],§) LD B, £z, HEBIEOHEM I
BHbDE L TU™ =log (Z™"(nt,j)/Z™"(nt,j—1)) LB, LD KD RIIAHDELDY
FDB L THYLDERMIZED, &t > 015 URERZEE (U™ (1, §)}jen EIRSZFE S
RS T ebhb. £z, FEI {a, ey & lim, o0 a, = 00 XD lim,, 500 @ /+/n =0
7z HD e L, HEETIVITNT S FmENGERE X™" € D(0,7],S'(R)) %

X () =D (U™ (nt, ) = pmn) o((j = nt = any/n)/v/n) (4.1)

JEN
TEDD. ZITppn =EU™| Thd. ZOLE, WAHHLO.

EE 4.2. X" %#KETNV (IG), (G), (B) £7-1% (IB) {2 LT (4.1) TED - FEEH
LwmfEe s, Z0LE, Hba. > 0D0FELT, a>a Z2HZIEED a iz LT
m=|n"| tHEXr=X"1I"EHRTBE, (X1t €[0,T) nen 13HEE Burgers HFER

1 1 .
Oyu = §a§u — é&cuz + gazaxu + a0, W (t,z)

DEFHETZFIVF =y = {u, : t € [0, 7]} 2 D([0,T],S'(R)) EAAHPHRT 5.
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