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WIRALFROYHE L BFE

A B ENEE

1 BLHic

SRR FRDBAFIT DT, contact procee %H]ic UTHERERS 5o YEER~NDOIGARE LT, o7
o R LR OME T F )V EORRERT. T 7. contact process DEEFIHRICDOWWTIL, directed
percolation problem & DR THIRT o RIRICHHHTIRH 2, CONFTORRDTREZ LD, &
#ROBLIERT o

2 Contact Process ic>w<T

2.1 7o+ XD

D7 RBWE CHEEFMHL T ok RI3, B4 ROFTHEARSOTV S, £33 [MTHBRREREYS
DIEBOEFINV] LE->TRTHSIEHPDEVTH S 5o BFNICHD K- - BFIOHRXIE, Harris
Kk BoDTHBY, d KT simple cubic lattice Z4%E X 5, Bt i38EL 33, BIEFHze 2’ L
ICHEREH (2, 1) D> TNV B, (2, 1) 3EL0 D L DfEEE 5, 0 REERTAL, 1 BBREEERTLE
X5, 51 FIvIR (REYZ7 V9T 06 1) BROLIICEZ S, 1)0—1 at rate Ax { BT
LORBBEDKEE }o ii)1-0at rate 1, {HL, A 13785 A — 5 ThHo, BERERT, i) D7 vk 2T,
AR R L. i) ZERERERT
2.2 Contact Process ¢HiZ 7/ o€ X ,

RDT v+ XL, contact process &ABHNCIZHETH %, 1) ¥F_ LD Schldgl’s first model,? ii)
Reggeon Quantum Spin Model,® iii) & 2EOEREKEDE F .Y
2.3 graphical representation

7o Zit, space-time Z¢ x [0,00) FICRD KD icFET T ENTE S GEL ik, D.Griffeath® %%
HBol &),

[1}: 9, BBRFRTEHLIC, FDL z x [0,00) T rate 1 @ Poisson process {UZ;n > 1} & X 5,
b5, (U =0, (UZ - Us_,n =1,2,3,... Jr. (i) PUZ Uz, > 1) = e~t o, BBIE
BASFrR S Eric, £DL (z,y) x [0,00) IT rate A D Poisson process {T,f”y);n > 1} 2EXL S, ¢
Bbb, ()TEY =0, ()T =TSV n = 1,2,3,... B, (§§") PTEY —TEY > ) = e, HL
CCT(xy) BIEFBERERD, TRO5 (2,9) # (v,7) £ET5, ELT, 757 Z? x [0,00) kicid,
& Uz U § OISk, T ORIt 2 55 y ~NORAEBHAL L1t 30 1 IRTROBAIES
n3a7570—P%ERE1 IR LT ’ I

[2]: t = 0 TOYMHHRELE X 5o CCTIRFIE LTRILICRLIzE D ic, t =0 TeTRL 72 2 plicRgy
FHBWBIBEEEZL L o

[8]: B 1 BRI/ R LIV —WZHE> TIPS EA~BHIE DR X I KB ET IWT W, THb5, KH]
OFFTAKRZ branch §2 (CHBRPERT) o (HUKHIDKRICERICKRH S BI/E&ITIX, T D branch
DFERZALIE L E4 5 (B i coalesce § 3 EEXTHEW), Tl AEMIEESIcS2 oo & &iTid,
e ® CTHET 5 (BREERT).
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[4): B] &AL LOBATIT> TV, H 50Xt F THDILE, KETYIHHD LN TV S
BFEL, & OBZITORBRENE L5, K1 i, Bt TiZeTv—7 &N 16 DD FRESRELT
WBEIRT ok ABRENLI LIS,

C @ representation K % &, contact process {3 space-time M _|T®D percolation problem & &A73H %
S EMBGMBTEHEA Do F1:Z D graphical representation {2, §2.5 TEIHF 3 & HIT, process M survival

RIS % DITBIL D0
2.4 extinction of the process

AR S A = {2 : 9(a,t) = 1} c z! tHah 3B,

1) bLbd, BRFEZALTVEDNRS, PHHREEIC X STHT 4 — 0t - 00 E12B, BERSIE, &
¥&T-rAC constant rate T n(z) =1 — 0 755'33:. D, —F A =0 ERBNEFNLBIRT -0 DEETH
BMoTHD (DOEEKT, 8 i3 process A, D absorbing state B\ trap &5 TV 3o

2) HIRARTH » Thy MWN&STL, THIREIC L S5F A - 0 L7135 Z L RBITRE %, FIAE.
1>2dA 3785 A <1/(2d) TR A » 0 LB ERBBICHETEL Do '

P(A; =0 forsomet>0)=1, (2.1)

DEE, 7ot extinct THBENDH, A < 1/(2d) T, 2ToVIREIG LT, 7 D*!zzli extinct
TH 5%,
2.5 survival of the process
L L., EERTIIERPRIETDICKEL EBE > 0 ITBWTH A 30 EIXSTRVWT ENBHY A
B0 TROLEFREM L 0 ERRE | LPRFTIEFREBEFET 20TH S, COLIWHE, 1%
bbb
P(A; #0 forallt>0)>0, (2.2)

DEE, TokRidsurvival TH B LWV, FEHAEIX4EY IZEZL SN BH. T T Tid contour method
(8K\ Vg Peierls argument & W o> THELVY) T large deviation estimate D HEEIGH L= AV TRL
TH% (BRI

¥ ¢ survival (2.2) {3, P(Ay=0forsomet>0)<1 EWH I ETHBEIEICHERT D0 LT, ©BN
& &3, P(A =0 forsomet> 0) DEPRERDZETH B, M1 DEI KT u R, Z¢ x [0, 00)
Lot (HFEH) OBRETRIND, CITik, COBEEFMOL O, treeset T 2E X 3,

T = {(z,t) € R x [0,00) : |z — y] < 1/2 for some y € A;}. (2.3)
5 BRRO T EiEET 5o -
P(A, =0 for somet > 0) = P(T is bounded). (2.4)

$RH5, B R x [0,00) LOMEE Ticxts 2FHIicRE SN/ LK b, FHic. d=1 DBARE
1 &Koo+ 1 (RoeDFEH EORIEE R 50T, 2 RITHITHE U TIE & 4fe Peierls argument HIGHT
& 5o '

C CTid. Bramson-Gray ifif » T, T% separation time OEE K THHEL T, KiToWT O
IFNEIC L > T EBBEZBA I EICT 5, & CTUW I, separation time & i tree set THASEST v d B B5|
WD, d=1DBAEICIE, (BFRX contact process ITX L Ti) B ZlicBW\WT, width W, 2EHT 5
CEBTES,

W, = max{z : 9(z,t) = 1} — min{z : 9(z,t) = 1} + 1. (2.5)

DK =00k, SHEERLD, Wb1 12IHETHER > M/ (142 W1 EIHEBHER < 1/(1+4)).
THDBIEDTRE Do L>TIBKENE width WIS KDERICH B 05 5B, T A8 bounded
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T TuexWextinct THEDIR, TN HLLDOOTHIHLt TW, = 1 (FRb5 BREFH—A
2 ER-T. SOREDLYIMERT HANCHEBLTLEISLVWIFAETH S0 COLIRBIER, K
RS DIt Vo —FiT, BB D i WEROHBHEROFHMICXT U Tid. large deviation estimate &IF
HhaFEBHIShT WS, ChEHWSE, 0<C < 0,0 < R<1B3EHERVT. IO width
Wo=11837a+eRicxLT,

1CR!

P(T is bounded, K =0) < — SSTEL (2.6)
IRIALE 7770 T (N
CH)KIo\WT OREEEYRIIEED 0 <@ Ao < ) THKT.
P(T is bounded, K < k) < f\CIf', k=0,1,2,3, .. (2.7)
PR o5,

LT\ A > max {A, sup IZI(CRI)/IQ)} EFTHUSERD (BHFERR) YRR LT P(T is bounded)<
1 BEOSNBEIELIENRBEDTH S,

contact process MIBSICiT. BIERIICA, C,RERDL L b TE D, T DEER, 1 #RIT contact process
12X > 54 T survival TH 2 2 EHRE S0

contact process |3 (& CTIFZEL {ITBRIZVDS) attractive system TH 38, & DHEEICIE. coupling
method EFFITNAHENEIT. d=1DEEIZA > Ao Tsurvival L SHIE, d> 1 DEEITIE, A > Ao/d
Tsurvival ThH B EWTRESEY,

X 5, BloHER ( attractive renewal measure %‘}b) ZHWSEE, b EBWLERMNE S B, Holley
& Liggett? iz, —A¥IC d ¥RITD contact process {2, A > 2/d Tsurvival TH 3 S & A IFRFL TV 3,

Remark. & @ survival WEFRER . 20 HVERLLTOEN, $1E0BE. COI LR
DERRETIIBRIC S\ T D reversibility 5B TV S & E2BHT 3, chicoWTit. B - 8%
DR 10) BB Lo
2.6 tHizfS

Pl EDEED S contact process i3, BREEEN < 1/(2d) Tid extinct TH D, A > 2/d Tid survival TdH
BT LMo T ERRICR, CODH B (D) & HEERYET extinction A 5 survival ~NORIEH
BI B, I TO order parameter {3, t = 0 TREEN I/~ ATH BIBED survival probability pyA3
BYTH B,

px = P(survival for Ag = {z}). (2.8)

RO EDFHENTNEY,

i) 1/(2d) £ A.(d) £ 2/d, ii) pa = 0 for A < A,(d), iii) pa > 0 for A > A;(d), iv) py is a non-decreasing
function of A, v) py is continuous on [Ac(d), ).

A=2(d) T =0THBIE (FTROL2REBTHS LS &) i, B Besuidenhout &
Grimmett T & - TS hitY,

3 MBEERTBOMHEEZNVEOOMK

Ziff 513, 75 F KA LORORIGICN L TRIBIISHEFH R EFNVERELD,
CO — CO(ads), Oz — 20(ads), CO(ads)+ O(ads) — CO,. (3.1)

C CC, ads I3FRAE~DREIKHE (adsorbed state) 23, TS IZFDEF MK LT computer simulation
TV, CO OGEIXNET B/¢5 2 — g8, /NEVWE HICRERIZO iBbhTLEL., FhkEWnE
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i CORBMmMbNTLEY, EBIRIGHIEE A E%R LI, ChicxdL <, PHDEEIIZ. Kt
BT 5 S &R 2IRCRECOVTFEY R b L— b Lo BIZORER, EROMBRIGTR >N
poisoning state T, HFIIWVHW 3 active state [IZHIET 5 & Ebh 3, |

Grannan & Swindle (313, B C D Ziff SOEF A% L oflE(L L7y U L ohiFofEEIZ CO
&0 D2RHETIIE A NS L e 7V ERE LI, TR0 5, ){1,2,..,N} W) NEOH
FHEBET B i) BISFALICHOTIC | OK T rate pi TRETS (<i<N)o BL. S/, mi=1
ELTBL (pil3f i DR o )i # j185 2 DDRFPHD H- 7059 CRRIGLTRE L %UDF%
K oWRET 5.

W, FHEOTRT L. COEFAR, t) € {0,1,2,..,N}Z* RBTaeR EBRES (d IR
DRIT) o £ LT, TukRii)ii) i3EHTH, :

£(z,t)=0—iatratep; (1<i<N),

(é(z, 1), &(v, 1)) = (3,75) — (0,0) at rate oo for |z — y| = 1,1 # J.

CDTaERE(T, 1) Dt — 0o TORBNE LTRD 2 >BEXSNB, 1) £(x,1) = i for all a(Th%E
6B ) o — S OREITIZ S ERIGIREBIET %0 TROLL(1LISN)RBENS, T2k RDtrapic
o T3, FIDEWEE T, 6t i ORI FIc X 3 poisoning state Tdh B,

2) £ ST d trap NS, 0 (FBFL) BVoE T dH 5 rate THEEL T KIGHRFET %0
active state &BERZTH 5 I,

# 9" Grannan & Swindle i3, N=2 D & & {i3—RAXDIRITT poisoning state LMFELISWI E%FEAL
119, ERTIR. N2 3DIBSIESTHES S5 ho

Fold, CoTat R & §2 THIBHL 72 contact process &% 3 ¥ { H# L T

1
< 2dA(d) +1’
DEEFITIE, §IR&GIT trap INB T ERBIBVWEWSEIEREE .0 & T TA(d) iX d ¥RIT contact process D
ERAETH %0

&AM, §2 TR LI iTA(d) € 2/d BEERHENTWBD T, 1/(2dA (d)+1)>1/5 Thdo, &£
T pi < 1/5 LFRIESIC trap ENB T LRIV, CDTEE, Z P =1E0WHIEHELD, EO¥
N26135, EDG(1 i< N)iTd trap SNTXWT EWBHDIFE BB, RENR ST, JOBEE

iR {p} D5 A -5 ED pi = 1/N(1 < i < N) ORDIEK OFRBFFRCE VTR TD 1SN
XL T o < 1/(2dX.(d)+ 1) EHRZDOTH B0 WEDIFRE, EDGICH trap SNTILVEEER active
state BELETE B T &ICiR3Y,

C DFZ. contact process DIFFLAH, AUEREOEEEF NV E W I —HL2 B0 7 ot R icxid 384T
L2 EWS CEDRWIKIE-TWB &k S ic@Bbh 3,

B 2T RicHd % computer simulation Tid, EEEITIZ N = 3 T active state BEFEET B E VD
HELH2LHTHBY, £/, D Grannan & Swindle DEFNIZE /) T —DBDHRTH5Tohs, b
LHEDILF SDEHICTAT— LT ) T—DREFRICOVTREBROMELHE N 3,

(3.2)

4 Directed Percolation & o BI&k (BER ﬁg KoWwT)

contact process (JERFE(d) THEABR LYo PIAI. order parameterpy it fractional fgﬁiﬁfﬁ'ﬁ
BER > THRT 3 J EBTFHINTVW S,

pa ~ (A = A (d))P D, (4.1)

COBERBFFICBAL T, IRICEIRBFEMNINT VWS, TR B, [ dIRITD contact process DEERIE
¥id. d+ 1 R5CD directed percolation problem DEEFRIER &RBHHZHD <Y |,
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directed percolation (= DWW T it Kinzel'D a8\ \id Durrett! Y DB/ XERTHS I &EIKT 5. d+ 1
D directed percolation IV T, open bond »» 578 AREEEL cluster CHMBATH HHER%:
0(p) = B(IC| = o0) &/ &, HIEFRMEpc(d + 1) BB >T p < pe(d + 1) Tidd(p) = 0 TH B,
P> pe(d+1) TIZO(p) > 0 £12 % (T BFEAD SRR £ T percolate $3), £ LT pc(d + 1) 3ff5
T,

6(p) ~ (p = pold + 1))P4+D), (4.2)

ORRICIREES C EMBTHEEN TV S,
HDFHRIICDBEERDL > TH 5.

B(d) = B(d + 1). | |  (4.3)

POEEFRIEERIT > WTIZ, rel 17 28D &, _

directed percolation DEEFFEEUZ. 2 KITRICXT LT b exact solution {33RD SN TWEV, L LBE
@ Baxter 5D X8 Tid. conjecture & L TAEID B HEHELS ST SN TWS, Licl~7ficonT
i3, B(2) = 199/720 A3 conjectured value TH B, 2IRILD directed percolation izX$4 3 exact solution
BRI L TEWERICROD SNBEDTHA I Ho BRICDWTDHRENEH 5 COREIR. AEVRICH S
BOABE T RBEICHY T 5,

S TConH | CoRDODHER

5.1 BERIROLDFICBIT DK

IR TRIIMFORRBROSF CHES ATV 3, RITIEMENI7IEHIEH Griffeath,” Liggett,®
Durrett!? it X > TH X Sz, F 7. Bezuidenhout & Grimmett & contact process i=3id 2 BFFY
icFEn 3L Hic, BILD percolation problem (ZX13 AW X DEEXIGHE U THEBR FR2 /T %
CEMIREANDDD B, . MWK FFRD hydrodynamic limit LW TOHRBBA TH 3. < Hit.
B OB FRICWHW S Kawasaki exchange 20X 7 bDEFE X, T D exchange rate ZHEEKIT
CFRELLICHGEREL B EEER D LD TH B, |
5.2 Multi-valued Processes

contact process (% {0,1} D2{HLME STV T o R TH » 1ohs, Bokk4 R Ei#H» o SHEEILEEE3
e ZABHFRE N LD (FRROMBEREDO NEEFALED1HITHB) WE. AEBEWSH 2D
DRREDISH B & & transition A — B BBITIERFA LD BOFEEICHBI Uz rate TR B EE I %E
A— B &¥EE, constant rate EC A E X A--» BLEBLL 2 &iTT %, & LT, contact process {2
2 (a) D& kKN B, |

1) BFDORNER &% X 12 epidemic model

KA 513 partial immunization process([X]2 (b)), KT imperfect immunijzation process (K2 (c)) %
EX. PR EEERC b CABIC K > T #HEEF~72), Durrett,Nevhauser 32 (d) D& 572
RITXFL T, WL 2 BEREREE-2,

2) EERDEF LV

WA, E4 K, LR, K2 (e)D&LS f;%%\ PRIl & computer simulation {2 & » THFFE LAE
MR, #h 53, K2 () TREN S L 5 73HF LD Lotka-Voltera model DEf4 73 variation %
computer simulation {T & > THFLL TV 5%V, Durrett, Swindle 132 (g) DL > RFBEMRTLT. T
REICBIT 2 1 &2 DRFICRIL THRELHEREETWEY),

3) 20ofth

BulL Bramson & Griffeath {2, K2 (h) iZ/RL7z & 5 7%, cyclic particle system &BRIN 2 ZRDEEFS
HO NIKFHEICOWT, 1 RTDBEITREIERZE1E1:%,
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5.3 Annihilating Process, Multi-Particle Annihilation

1)Bramson & Gray {3, branching annihilating random walk &BEiFh 2 ROFEEHER UL, DR
{Z. rate 1 C branching L. rate pCjumping § BHFHTH B, I D branching B{A Vit jumping DL
R2HFUEI B FRICRI L iR, FCIXTHERET 2 bDTH . Hoid. 2USTL T TReSKE
W &2l process i extinct Ly F7: 1 (IRITDIBE eV NEWE EiC survival TH B & EXBEICIHEAL
TW3, ¥BEMITIZ. DRIt non-attractive TH 5 & EBEEKZEN, Bramson & (¢, % 7: annihilating
branching %3 rate 1 THEC V., single annihilation 25 rate § THEZ BRI OVWTHEEL TV E27,

Bt Dickman (3% E D €7V & LT branching, jumping }27¥ multi-partilce annihilation 7 573
BRICHOWT, EHPERLI computer simulation TFTRTWVWS2), Tk ld. < DF & Bramson-Gray O
HETRIT TS5 C &2l L), |
5.4 T Dfts '

2D, ROLSTAENID [RF] KEFThB EE I 1) FE HGEODEADD 5 aggregation
model (BQ\WMRDEF ) ok 2ZELTICEET 2TH73Y), 2)multi-offspring branching process DTE
H5TRICBEd 2 Sudbury(rigorous argument),V) EZZ, Tretyakov(computer simulation %)% DRFE, 3)
A+ B — 0 (A, B |3 diffusive) &V 7 diffusion-controlled reaction {T$i} % density @ t — co TOM
WD, YRR PRI B IKEHOWF. ChicHoW\WTid, Bramson-Lebowitz 234\ { D hERE/S
FERERELTVBE), /e, KARL D CABEERAVTHELTWSY,

6 RB¥

PRI TROWRIT. FILITROAEOHFR L SEBRLTL 32 b0 LHF I 3, 1) iERTORIEG
s Bricx OXRMEEE. 29 — Vo 2)Bak & O self-organized criticality 2783 EF I, Wi, FE. &
225 OHIED € 5 1L OREN 3) BRI~ 4 — b b ¥ O 4)DLA D745 — vickid- 5 ERArH
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