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1. INTRODUCTION

1.1. Percolation. Percolation % 7 /L% Broadbent & Hammersley 2 & D
1957 FITEA SN2 WEZ RN TiF 2 b T 2 ET L THS. ETN
BRDEDWCERSINZ. BHEL TS 2 DS E2 ok SO 2ERE E(Z)
TRY. Ble € E(Z4 12, HER p T open, fER 1 — p T closed ¥ I Ik
REEMNICE5 2%, XBIC, open RALFE2ED7F7 G, = (24, {e €
E(Z%) : el open}) % Percolation graph & FESR. #JFRMNICIE, 3853 open T
H B, MENTRNG EZXS. ZDODHK z,y 23 G, DFE UERENR D ICE F
NBZLZX 2L ylZORDoTVIEWVV zoyEL SHIC(r) 2 x %
& G, DEMERTE L, x ZBLY 7 AR — WS, Percolation & 7 /L DHF
FTE, pDEDLZ L EC(r) OHENED LS IKEDL S0 W N EE
BHIZENR 725 . REROESIH SN TN

FIE 1 (Aizenmann-Kesten-Newman ’85 [1]). Suppose d > 2. There exists
pe(d) € (0,1) such that
e for p < p.(d),
P(C(@) < o0, Vo ez =1,

o forp>pe(d),
P3z; |C(z)] = 00; Wy ¢ C(x), |C(y)] < o0) = 1.

Z D pe(d) % d XTT Percolation & 7 /L DEFEFHER L LR, X 512 p < pe(d)
L2 B BEEFHEEG p > po(d) &7 B0, BEFREBE R, EH1ICEN
X, FERFEB TR Y 7 XA X —3FEE T, —AEHEAEE T —DD
IR SAX—DHRET L2 e0bh b, ZDOLIIXHBELHIC, HREH
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FIGURE 1. 2D Percolation graphs (red) as p moves

1.2. Chemical Distance. Percolation graph @27 7 Hfiffi% Chemical dis-
tance EFEX, D(z,y) TERT. ZIUMMLFERIGD open 7D A%zt L, Z
DOEMEE 2 1 RIS 2 &, D(z, y) 3K 0 T a 2 B8 E - 7L ERIGD y
WKERET DA BEZHND Z e BRT WS, 1980 FEdH 72 D 525 Chemical
distance DMHEH 72 ZBEHIAFL I NS K 5127 o Tz, FHIRDATIRDF HT
W3,

IR 2 (Garet-Marchand '04). For any x € R?, there exists pu(z) > 0 such
that for any 6 > 0,
P(|D(0, |[nz]) — nu(x)| > dn; 0 <> [nz]) — 0.
D p(z) % time constant & FER. _EFLDEHIZ Chemical distance D 12
B35 2 REBOEANIHET 2D TH 5. o T, ROMEL L THLMIRE

HEOKRREFREZFARZDODPERTH 2. ZOEFSFTIIRREEFEICO
WTHS.

2. RIFAFRH L 1T

—fRIC, KMREFHIZEZ DI WHEKREOERRS ZDOHE B 2N 5 2/
THb. FNOHOMFERIE, I DI WHREZ VI EHR T30 W) HigE
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RIET D EIZDRMP5. DI, M HICBVWTKRFEAEEIZ, Z0HE
R PELEE LTHHLNTEY, HERHR T —~D—DOTH 5.
RDAEHIE, Chemical distance (ZBH3 2 Kifi 2 JHBL DRI B W Tl A 7z
bOL L TH&ATHS. L&, D(z) =D(0, |z]) & &#L.

FEIE 3 (Antal-Pisztora '96 [2]). Suppose d > 2 and p > p.(d). For any
x € RY, there exist K, ¢ > 0 such that

P(Kn <D(nz) <o) <e .
Garet ¥ Marchand (3 EFE D#ER % time constant F THLER L 7=.

EIE 4 (Garet-Marchand '07 [6]). Suppose d > 2 and p > p.(d). For any
z € R and € > 0, there exists ¢ > 0 such that

P((1+ e)pu(x)n < D(nz) < 00)) < e .
ELIHO IR LRI T TREDORFEICOWTRER .

EIE 5 (Garet-Marchand '07 [6]). Suppose d > 2 and p > p.(d). For any
z € RY, the following limit exists and is negative:
.1
nl;n;oﬁlogP(D(nx) < (1 —=e€)p(x)n).
REOEHICHNZMRIIKRBERED L — MK FIZhTW5. KRif
FDOEME, FERFEZFEHEO L — FEBOEEDIEAB & 02 0 BERRE
BTH5.

3. SPACE-TIME CUTPOINT

COETE, EEXREFEHEO L — IO R N CFEDRERICE W TE
Fie % E % B7-3, space-time cutpoint ZEA T 5. MIETIZEICd > 3 S
p>pe(d) BIRET 2. BRICHELR_ODTEEZEATS. EED 2 € RY,
N > 0Z2WT, Ay(z) =z + [-N,N|? L EL. b5z 002 € 29,
5 > 012DV T Chemical distance (2B F 2ER% By(z) = {y € Z9) D(z,y) <
s} TERT . LDz, By = Bs(0) £ &L 2 2ITT 5.

E# 1 (Space-time cutpoint). Fiz o € [20/21,1). Given s > 0 and x € R,
Asz(n) = {3t > sn, Jw € Ape(nz); {w} = By \ Bi—1}-

MDD PE T, 2 HZ DR & EEENRDN S, Z D% cutpoint
IR, SEIOEFRTIX, SOE D D% closed IZF % ¥, Z Z E£TOD Chemical
distance DER & IR 7 7 2 & — DEAEEDFRNL S L 10 5 EBET cutpoint, £7
FERA E MNEICE T 2HIR%Z L TW2 DT, £ & HT space-time cutpoint
CIEATWS.

RDEHIX, space-time cutpoint IS 5 L — FEIBOBEELZRL TV,

EIE 6. For any e > 0 and z € R,

1
Al(e,z) = lim —logP (Ac.(n)).
n—oo n ’
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FiGure 2. Examples of space-time cutpoints: Basic v.s. Pathological

Moreover, I is convex and homogeneous, i.e.,
IMs+ (1 =N, Ax+ (1= N)a') < M (s,x) + (1 = NI(s,2'),
I(As, Ax) = M (s, x).

4. FHER

HIE T8 54172 space-time cutpoint IZB83 % L — MEEE T Z W T, Chem-
ical distance D FEDKRFEFEHDOL — MEAKEEERT L. Ao E>0
Yz e RUZOWT, B J 2R TERT %:

J(& u) = inf{I(s,u)| s > 0,u € RY s+ p(x —u) > (1+&)u(x)}.
RHBTERERE T2 5.

EI 7. Suppose d >3 and p > p.(d). For any x € RY, there exists & > 0
such that for any € € (0,&),

J(&u) = nh_}ngo % logP ((1+ &)u(z)n < D(nx) < 00).

Moreover, J is continuous in (§,u).

Remark 1. EHEROFEAI, 3] THWOWF 2 — T DmEHEI L
HDHEHWS. —J T, Chemical distance | FPP ¥ I3E\ closed 7234 % 1@
5 ZEMTERNED, Fa— 7 LMK Z #Hil X 8 o v Vo 2D
2. ZNZRET 27291, [6] THROLNMREZID AN AAE
Fa—T7DOFEMICISHL 2.

Remark 2. FEDOKREE L =D cutpoint G LTWVWR ZEEZRT I &
A, EREROEPFHD# YL 125 . X512 ERT/NZITIUL, 2D DO cutpoint
BHNITH 2B REIN, FRARZEFRED L — D cutpoint D L — b
BECTREINZ2FN DN S, —77 EBREBVI, [ABROERIILD IO E S
DPIEFABHTH 5.

Remark 3. =XJtbl E®D Chemical distance ®_EED K{Fz T, cutpoint

PERLTWE Z e EEEOERRERLODLD S, LD IEHEICIX, EROKRE

ML Z 2 R, HIIERD cutpoint 238 5 72912, closed 7ZHHHICHEH EN S &\ o
4



closed curve

neq

FIGURE 3. . RICTCRIRADZ % H#

7R Z %, O F b R 2 BN AR DB CiA® S, & 2 TRWVEE
a2 BT RED D 5 72 Chemical distance B RKEL b LitfHTx %, £
DERFT, COKRREZRIINTHEEEZ 5.

ZRIL T, EEOKFEAFEHIZ R 288 2RO HFLTWa. filx
1F, FRIZEW closed IR T T X 2N HEET 255, 2 TOHMIRIEZH
TR T 272 DICEVK R EPLTHREDN D 5. ZDIRI T, JIERIZ Y 2
FDGFNZH CIAD 5TV S DI TlERWVWDT, KRB RKFEATHL L E
Z2%. —HZRITLDOKIFAZTD cutpoint NENZAIREMEDLH D, ZDE13)E
FiB e KIZBHN 2. DI EX D ZReoGa, Rk K, ili7G O g
BEZELLDHFENREVLLE T 2 LEND 5720, BEIZEMTH 5.

5. SHRDOESL

SEOFERE, ZRTEUULEDLDOTH/NE WV E WS FZHELDOVT VDI DT,
ZRIEDHZER EDVPNSWEEIIMNINT 2R EBE A5 DIFEARTHS. —X
TEDHEL, LTz &K 5 ICKBIZ R 2 WS 2 0E N H 5. ZRTTD
KIFZFRE ORI, 5/ %%t % Dembin K& HFETHRHMHATVWS. RERE
WIZOWTIE, ETidR7Z X 51222 cutpoint Z AR T 2 BN D 5.
Z OffREI & b — &A% multiple cutpoints (ZB 3 B FFEIC O 5 T K.
HWIHEERHD® % cutpoint IZN X D & 5 RBAZHNREEL - THE
LHoTWLK RN DIFFRZFWHETH 2. FERANTIE, Z ORI S
DIHA TV E W,

F 7z, —DO®D cutpoint IZEALTH WL O DRENK->TVWS. fFIZIE
cutpoint (ZEZE 3 % KEff] @ Chemical distance DEK2IE D & 5 2 xE LT
% 7, Deviation 258 D { H VDK E Ik LIERMAZHREBS2 5 DAL
METHZ. SHICZITORIFIE ZALIANTIVEEORRENEDLD D, K
B WEOIA/TE L. £/, 2 2 TORMEN L EDFHMZLFMIE, KMEE
DARY b ETO cutpoint DIFER Y, L— MBI LOBEREEZ2FHICTD
DRV LEELZFETH S L HIFL TN S,
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