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(i) A EEHLEFF(BRW) (i) FALIRSE 5 MG ALEF 5 (BRWre)
(

i) A3 IE) A

(i) BRW #9523 Bl #ife sk £42 % (i) BRWre 8 A1z &
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B ) AR AL (BRW)

R EE AL )

o F0K: Zy=1,V(0)=0. A& & ZAF—K.

0 HF—RENTRIH L F4AT—K, UL FRENETHE
R AT — K. BLBP B SR8 5 L FALSE 5 (BRW).

o ARIMEFIE L AR Rk T FA7 /6 KAy mid A2 AL 69 17 7
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Tk 52 B 9 A B9 LR 5

oI KA IR S A R AL 3
o THER (T, Fir), #vw € T, w 42 (FAHE F)— /A FitAz,
o i.id. ,Cl, EQ, A ,En, Ce EM'E?‘ (H,]:H), El éﬁh\#ﬁﬁ—“i&ﬁ PH.

B (I, F, Pn) 895 fRABBEE DA (e, Fri, Pri).-

P FRAR R ] AR A IR ]
L:=(Ly,,neNT) FRHARFERF.
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)& IR 55 3R 7)) 64 JE B S AL ALGF )

X LE—AFERL:=(L,neNT) &, L #HhTHXNIBsH—F|ErF6
5% X BALGF ).
o 0 8%, A%k ¢ 2 THRAKNERE.
o 1 8%, 4Lk ¢ RTHRBRB EIEL F4 N(p) MNEAT, FANKTH
tF ¢ 69EAEH C(0),1 <i < N(¢). XEFETFHMMRT 24695 1 K.
o fn+18%, # n ROEMT v FRTH(HELIRZH)RE LT
AL 1 2% N(u) NEF, REZEFNATT L LE u i
A G(u),i < N(u). skBP%E n+1 K.

o M ALPHEEHA T u, X(u) = (N(u),C(u),C(u),..Cn(u) ABEI R
22 E¥T e, Law(X (u)) = L1, [u] = n.
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A28 quenched law #= annealed law

o W LR IFB: F oM AL A BT R B BER F A (T, Fr,Pr).
P.: quenched law. 3t & 69812 2.4 E..

o = (Ilw x I', i, @ Fr) LR XMHE P :=Pn_ QP,, B

P(F xG) = / P.(G) dPy_ (L), VF € Fn_,G € Fr.
LEF

P(Il, x -): annealed law (BPP AT L&A RS, 15T AP).
e AR IR A E. &4 B2 L8
MRS, A5 8 B 5 BRWre.

o A, L Lo ABE 1 RIL PHENFALE, TE®RERL

FENET u B3 RS E (N (u), ((w), G(u), ... n(w) AR
FRAAR ) 89 2, W] LA R 5k 5 BRW.
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I A5 &) 2L

BT L# 2290 X Lubachevsky, B., Shwartz, A. and Weiss, A3 34742
44 (parallel simulation) 47 7.

PR "B A", KRR —ANE i B4k (generation) L89B 4L o : N — R.

3 (MAURIE) 9 A% KU 3h 9 5 — AN BLAR 9 52 9L, BAVAS IR 4297 A 6
R V(2) > o(a]) OETF o, ABREZ LT 0HH G K.

it MRS IR G 13 ] 499 2 SRR AAR A B AR () 89 (ALIRIE) A HAL

).
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o NI AE G B KA AR

BRI X AL LR, ho N[ ARG oY # 5 44 o) AL

o Fl: REBA—FAT BB
ro=0<mi <m< -+, || =4, i >0, ( XLz <2’ A ToAr 8K FE)
133 Vi € N, #H V() < o(i).
PP NBEAF @ 6 R G A EME
Poyro(p) i =P{BEAE—F R T %12, &5 V(x;) < (i), Vi e N} =07,> 07

© Pourv(p) B X F; Pouro(p) = OB, REZ KT
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15 2319 AL F %3 S A3 R GRR A A EARIRAT A 89 FF 7 L.
waAzE: M, = ming—, V(x).

@ Hammersley (1974), Kingman (1975), Biggins (1976), s £ 4z & &)
% — W IRAT H M, = O(n).

@ Hu, Shi (2009), Addario-Berry, Reed (2009), & £ 1% & &%
# N RIRAT A M,, — yn = O(Inn).

@ Aidékon (2013), 5 A1z & &9 55 84T A
P(M, —yn —blun > z) — C(z).
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i [ 4769 BRW 69 A &%

Bon(t) = InE (5,00 eV ) ) AR 0031 R T

(Biggins et al?(1991)) év!‘%ffxlréi o(3) = vi + ai B

(D)Fa >0, B Pp(p) > (2)#Fa <0, M Pyyro(p) = 0.
Gantert, et. al.?(2009) 3c < O, st. al0, valnPsy.(p) = c
(Jaffuel(2012)) L REAFHEH o(i) = vi + ai'/3, HEEHK a. 1£1F:
(1) a > ac, W Psyro(p) > 0; (2)%F a < ae, W Pgyrp(@) = 0.

?A branching random walk with a barrier. Ann. Appl. Probab. 1, 573-581.

b Asymptotics for the survival probability in a killed branching random walk. Ann.
Inst. Henri Poincaré Probab. Stat. 47(1), 111-129.

“The critical barrier for the survival of the branching random walk with absorption.
Ann. Inst. Henri Poincaré Probab. Stat. 48 (4), 989-10009.

*La = a8, Shi(2015) HM A& & 69 T A T ARARA Poyro () > 0.
Liu,Zhang(2019) a-stable BRW # [5 7% 5] 4.
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Pouro(9) = P{BE— 55 B2, 243 V(z) < (i), Vi e N}

EXFENREFBEARKY, :={|ul =n:Vi<n, V(w) < (i)},

BEFFHEA p(i) =i+ ai® (A TFer,co,c3 R, c1,c35aH X)

Jaffuel(2012) # o= 1,0 <a < ac, M| hm
Aidékon, Jaffuel®(2011) 5 X #L#l A b Xﬁf (b>2),
(1) & azO,)E"Jnh_{r;o%—c (2) Ha<0,a=1,

In P(Y;,>0)
n A

“The critical barrier for the survival of the branching random walk with absorption.

Ann. Inst. Henri Poincaré Probab. Stat. 48(4), 989-1009.

bSurvival of branching random walks with absorption. Stochastic Process. Appl.

121, 1901-1937.

=C1.

. InP3Y,
lim 2—2n=) (n">0)

n—oQ

= C3.
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3 H = BRWre A 895 %

@ Biggins, Kyprianou (2004) 5| A7 BRWre #2 41,

@ Huang, Liu (2014) IR T AR A (&) 12 B8 F —MARIRAT A AR K1 £

5] A
@ Gao, Liu (2014,2016) *} JuAk Al 69 & SR & BT T 20 B f RN 69 57 20

@ Wang, Huang (2017) #%3§ T sbAZR A &9 P 4 £ Fefi s 9] AL

i AT K E A R AR A 4 [ 25 9] AL
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BRWresk #£ 1% & % — W 4941 A

T @8 R A TR EEFHRA A E LG T
(Mallein, Milos?(2019)) % —Fr#& A1z BRI aG £ K4 T :

inf|m|:n V(.Z‘) -T
logn

EHD, = 01K, K, R—/N5FBEH LGHEER, 0 2 —AF 3

"5, in Probability.

“Maximal displacement of a supercritical branching random walk in a
time-inhomogeneous random environment. Stochastic Process. Appl. 129(9),
3239-3260.

XA LT &AM, ZABRW: M, —yn = O(Inn),
2M, —nE((;) # O(luan), mAM, —T';, = O(lnn).
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= K, 89EARE L

N (u)

kn(0) :=InE, (Z 6_9@(“)) ,0>0, uf=n-1
i=1
BAZ VO > 0, A E(k1(0)7) < +oo. TATAZ L
k() := E(k1(0)) € (—o0, + o0l

FERI0 >0 > 0, K(0) < +oo, K(V) = 0K (9), & L

Ko=0, K,=Y ri(¥)
i=1
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CHF HAVRRE T B HA L E

[ % 5 44 40 54
o BEE:H¥%: M, —yn=0(lnn), B HFHEKEHe(n) = yn+ an®.

o [i#LIRME: M, — T, = O(lnn). B®EMNF
BrFRE R pr(n) =T, + an® (T LT A REALEY).

AF 3t REPLERE, A AR & 69 5 75 9] AL

o LIRMEH B T A MAK(BRWE % BRWrelt), 48 5 #b b ik 25 F A AT 047
LT HFHAT AR AT INE? (RALIRBE i R 69 % 7h)

o bR R AEATHIAE LT AT (AR T804 6.2 —)
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FELER WEAE BRWre A& 5 REMFH) € % 32

S i={Juxw € Too, Vi €N, V(w;) < (i)},
Y, =H{lul =n:Vi<n V() <ec6)}

32 1 Lv&Hong (2023+)
KR HHA op(i) = 9 K; +ai®, E—ZBEXT, P—as. EXTH:
) Ta>3a>00, Xa=3,a>a B, A P(S)>0.

(2) Ta=1a<a H KRaec(0,3) H, A P(S)=0.

(B) $a=10<a<a, M, ?ﬁw-nil (dy Ha% X).

(4)

% ae(0,1),a>0H, #—fwﬁdz (dy BaR#).
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FRER =M RS K

‘iE;Ml = ELTl, U1 = T1 - Ml. iZ}‘E(Tl,fl) /l%/i
P, (Th <2,6 €[0,4]) =E¢ (1{N§A} Zi\il 1{@9}67%"7“(&)) .

Sufficient conditions for In Prob (2 &), a.s. (Z+3), L,,p>1 (B+7%r)
&1 k(0) := E(k1(6)),

o x(0) > 0,30 > 0,9 € (0,0), #Fr(0) < +oo, K(9) = I&' (V).
0 I\ >2 (A1 >3) Ao >2 E(M[M)+E ([E£(|U1\’\2)]A1> < +00.

@ JA3 > 3, (>\3>6)>\4>1,

E(|r1(9 + X)) + E(|61(9)]2) + E([logt E£(N*)]**) < +o00.
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FRER =M EH

In Prob (2 &), a.s. (B+#), L,,p>1 (B+%r)

@ s >0, >1,(Ag >2,A >p)e>0,
E (|logP(N < X5, Ty € [=X5,—¢])[**) < 400

E (|log P£(N < A5, T1 € [0,5))°) < +o0.

) nlin(/\1,)\3/2) > )\6/(/\6 —p), E(]\/f%)/E(U%) < (/\2 — 2)/()\] — 2).
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FEER R FHAH

P SR I ES

o (R1). #|My|,|Uh], Nt RETEA. (R2). 5P L(Ty > 0), Po(Ty < 0)8 £
Rt R
de T (RL). k(0)A — R 8RB, (R2). Ty FihHA 9%,
L (RY). A3 &K A ]G 69 54 /35 AT A, FHARIEBRWre X BX 89
73 69 quenched ) i £ HEE (F40)P c (max;<,, |T;| < n'/3) #a.s. ok
(R2). 4t AT LR GG AL /355047 R, FFARIEBRWre X BX 69735 )
#9quenched JMMa £ EE 69 LP S,
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FEER R FHAH

P SR I ES

o (R1). #|My|,|Uh], Nt RETEA. (R2). 5P L(Ty > 0), Po(Ty < 0)8 £
Rt R
de T (RL). k(0)A — R 8RB, (R2). Ty FihHA 9%,
L (RY). A3 &K A ]G 69 54 /35 AT A, FHARIEBRWre X BX 89
73 69 quenched ) i £ HEE (F40)P c (max;<,, |T;| < n'/3) #a.s. ok
(R2). 4t AT LR GG AL /355047 R, FFARIEBRWre X BX 69735 )
#9quenched JMMa £ EE 69 LP S,

o B A (i) = -0 1K, + ai®, V(¢) = 0. H 2
(2) ¥ a=3,a<a B, R ac(0,3)H, 7EP£( ) 0.
(B) $a=30<a<a, # & W%dl € (—00,0).
(R1) & AL (2) AR A2 T R VAL (3) At 2
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FRER =M RS K

o EHEW, M|, |Ui|, N69&E &, Pe(Ty > 0),Pp(Ty <0)89 £ RAEE, AR
B AN S AP IS, E A LIPS TS T, |My|, |Uy|, N8 T A4
A2 InPL(Ty > 0)], | InP(T1 < 0)|89TAMTIALANANE, X — ERILF
B
min(A1, A\3/2) > Ag/ (X6 — p).

o IBM E T M, = ki () — 964 (0). My 877 £ T AKIEALIRE 4445 %
Wk Yeh. LERGTAZERALTT SEMOAKRNE, {Y, > 1} 28 K4
AR AR EE G MM R, E(M?) = 0.
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FREZER HRRFELMIL

VAL SRR T o ) N A R
(1) *Fran i o) 24 (2). *Fquenched % A&y & K.
B R bR ARBEFM B A AN S b BB R IR 20, min
EAR M R AN F BT RAR LAY,
o 1(0)>0,30> 0,9 € (0,0), #Fr(0) < +oo, K(¥) = IK' (V).
@ I\ > 2,2 >2, B(M M) +E< (B (U3 )] M) < +oo.

o El/\;; > 3, A4 > 1,

E(|r1 (9 + Xa)[*) + E(|51(9)*) + E([log* Eg(N*)]*) < +oo.

(] 3)\"): > (].)\(; 2 l, E (H()ng(A.v S /\,T] S [*)\r) *SD‘/\“) < +00.
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FREZER HRRFELMIL

ALK BT 0
(1) #F#ran o 1 a9 2 K (2). *Fquenched 5= ML &9 & K.
= LR AR R M S A A Kt P R A R F IR E £ 49, Ris
A M R TR T RA R LAY,
@ x(0)>0,30>0,9€(0,0), #1FK(0) < +00, k() = V&' (9).
@ I\ > 2,2 >2, B(M M) +E< (B (U3 )] M) < +oo.
El/\;; > 3, A4 > 1,

E(|r1 (9 + Xa)[*) + E(|51(9)*) + E([log* Eg(N*)]*) < +oo.

SHE([logt Ef (N )] < o0 2E(NM) < +oo.

(] 3)\"): > (].)\(; 2 l, E (H()ng(A.v S /\,T] S [*)\r) *SD‘/\“) < +00.
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i VA _EABAR 89 9] F

Bl1: 3T LT — AN IR —A ST A2 )m B i 2 5 AN B
#(G,i < N) AdR, {G,i < N} RSB, LERDHF AN (1,02), NRk&
EXHH(ALN, ¢ p, 0% THMS AR ®RR). 4o R4 E£EH

o > 6,1 > MEF

E(logE;N(m)) > 0, E[(logt N(m))™] < +o0,

E(o(m)*™) < +00, E(o(m)™™) < +oo.

AR 4 B IX AL 69 L1 383 69 BRWreid 2 b & 49 4 3% & 14,

[ MU 3 A% A AU 3

2023 47 A 30 H 23/



1iE B BE R

TEBAR IR Vitalid sk & 22, FF 25 &) B & #% (many-to-one 5| 3Z),
PRGN R I N4 T ok, AN —F ATk
VO <b<a<1,3Ir>0,

1 In

e AR Yo

21— Z 745+, L@adquenchedEF EP-RAMMET -7 ALK

Tl oo,

ln inf PL; (Vz<n
|z|<av/n =

<b& < eIy = 33)

R M, {M,} &{T,}#quenched mean 57|, HEP-BRKBEETFg,(M;,i <n)T

AMn — foo# T T .

AR 559 4 R AL 75 3 2023 % 7 A 30 H 24 / 31



FRIE Mi £

it Fiid. BRI FeS,, A TR

(Mogul'skit?,1974) & g(s) 5 h(s) A= X4 [0,1] L& F A~ 4R 5 %
2 g(s) < h(s), Vs €[0,1]. & a€(0,1), z € (9(0),h(0), ¥ FHLH 0 F
o ARG FEAIESD S A

lim
n——+o0o nl—2a

InP (VicnS; € [9()n®, h(£)n)|So =2) _ /1 __ ™ot
o 2(h(s) — 9(5))?

“Small deviations in the space of trajectories. Theory Probab. Appl. 19, 726-736.

ds.

fit X BRWrel 747 | AL 89 & & T L Z — & RWredy )M £ R 32,

[ HUIR 3% 4 A% AL 5 2023 47 A 30 H

25 / 31



= {tn tnens, iid. BAETF{R LAapegn i}

BRpE—ANFIE, JIN—FIRERZGENEE { X, fhen, Xn 95 H
A i, Sy, =0 Xy, BAFAR {S, bnen A —7
B 18] B AR 3% T 89 B AL35 5 (RWre).

P, : quenched law;

P: annealed law.
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FEALIRFEAR A 49 Dy £ 4551

% 32 3 Lv, Hong (2023)
Va € (0,3),a€[0,1),b€ (0,1]. AARHFIt,}, MAE—EFHT(F 8, TAR
B A

sty 1118 (VOSiSn |St,+il <n%|S, = x)
zeR

— C <0.

n1—2a

|z|<an>

inf IIIPM (voglgn |Stn+i| < na’ |Stn+n| < T

5, = )
— C.

n172a

R ALZR 3 9 R AL# 3 TR 25



R ALER 357, 89 %5 7

1. Lv, Hong (2023)% s 7 L A/NILSAP — a.5. & XTEXQ—LQ’J*-‘QHE > A
HEFHAREZHPL(S) <0),Pr(S) > 0)69 BAEF AT IRAF].

2. Lv (2023+)%530 T LR AAS AL, EXL TR ZG—BWAS S, TEaH
TS LB B ARIEL, (p > 1) A8 $ L34 P £ (S < 0),P(S1 > 0) 89 £ RBEF#AT
i B TR

3. BRI AP (P,(S1>¢€¢)=1):=p>0, A
ZP(P (v0<1<n 1S, \<n) ) > ph. i A LR A ANAUE P

A AR E TUA oo, X B AR T A A LP s B A 4.
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