LECTURE 7 il st
‘4 L\QV 'flrn(_ J\ (ans (AJ!’“’\ Chaps OH graphs
', C_hlpf_‘l_fjﬂ‘%@&(ﬁka abelian sandpile model) |
. [Bak- ng Weisenfeld | <3 physiaisls,  [Bjorner- Lavog 2 - Shuf*]

Fitst injroduted by phystcsts % a mathenatical model for ,amas% like avalanches
THE GAME:

_ o Mulh‘]k cd?ts or leops

C (V F) Sinnpch cormed-ed )(‘mffc grqph
NV=In] | chip. configuration (= (C.J Jc,,)e Z?o

AWN&Y\ng_g_hgff c.v<de3(v) CaN
A Conﬁaumﬁon 'S gtablke. f.all verfies. are stgble

Start with an inifial conf.gura'hon c,,.,,,,t ;

STEP:Tf v 15 not Sfablt then mowe ane. chip. fiom v. 10 each, mtghbor oy
| This is colled. £_m§ verdex . (physssts cail ﬂppllng} ;
L___n_ngi For -f‘,xgol mnl,a/ canﬁgum{:an C,n,,,-[- The reg,hL sl a/mes be the same.
. no duajter fhe ardec. Vou fire the “Vertices. : :
. i%. either. The game never. s?‘ops ac it stops.at. Some -Fmax m(,u cq.fgsumm,. Cshhu_ ,
(Thaxmﬂl&nm.&@_&*iﬁ A akls R - ERAE W iquotes bl later e -
.4/ ﬁ“"“ used, sink for . |
M We have o spec:al ver'tex c; called ”ﬂve smk G| D hetng el
. Al chnps that go .into the® sink’ dlSappear‘ o

LC ggZ’, For Qa. Swen C,m; fhc Cl'up Peﬂ‘lﬂg gavmwrlh a Slh.k alum\/ MOPS
. . at the same. C ,a,, : _

Def . Given an. nr;nﬁ.al.co.nﬁgumhvn C,m+ f b;h. jon i1 the prouss oqa- p[aymg
. The Chlp ﬂrmg 3“’“" fo 3., Fpm c,,,,f ~w~é Cs}-ub(‘ H, i :
g G %

. :Rdﬁé\OIEY\:Pt"DCGSS (Markov.chmns). e R
. Stades.t Al stable. configurations. W e N Sithe pracess S A L.
.A'Lo_m Randamlx/ pick o erlex vu# ‘ . s %mw\u £oe avalanches) .

: Add pne Cth Jo.v. and slabaiite #chps = amount of sngw,

3 X "ll'i»'l:. - ‘\"‘4\% po“\‘—.
§78 G , kaov c%am Ging M N,
S s e o bl re':“"f' :‘.g‘g. :
. L JMertiay .




rw e C . Sl A T
,_/§ ‘/cw STV AN e AT N

. . . . . . - . . . . . . . . .

® . . . . . . . «® . . . . . . -

SN ISRy S S

@9 vy ey Gl

Qef : A stable conF ¢ .15 called recurcent f There is a non 2o ppb. 1o
corve Jo. ¢ from any ofter. sfuke .(ie. a. directed path fron any Verfor % ()

Thim1 © The sieady. state distrbbion 1s the uniform distribution on asr.

rccvmen}conF
:Ibm_f— # recurrent conﬁgumﬁms #smnnmg imsvf‘G ‘: hin
Poof of '.Cdnﬂug'ﬂcefdema' YEDSVSRIE R

“Diatnand Progerty. :s:upéos:e it Eonfigoruion ¢ Has. m:or'; rre nsfabe. .

verihces W AV | i M m
e o ‘ . Ak, r‘m o v blenm.ta
g Ll .“q"“/ \f“v : remamu ey

L€ D Afler firin umcan-ﬁm.,,v_._._. o
Sy Wk “V\, m/*““"“ ot T pmd e L by -

:Cia”'hl. C”’ daqg nr,d dcpmal w/wfhcr DV ’ﬁm (4 0"‘ V fl,ﬁf'
. .ie. Fhe firing opermtions commw’e with, eﬂd? 0ﬂ¥fl‘ . o ,
.E‘,X.’ SRR b 2 ‘é’ s:f,*\sm % . »‘.' . g . . _.. . _:. . . o , “’. A . . G

. - - - .

e W / v Vv

- - . . o . C A i TG

3 3egrlpl

66— ——— O - - .

e e
N




[

- . . . . . .

EXxenuse | \Me buc“ a\mys C}“ @ dlafmna’ or hexr

L o . Wwhether verfies. amaql/am?f or .m'h-a{llacmf

3 ¥
]

rected. qrup

Ao emma . Suppose T.15. a. (Fpmbty MﬁnM
erLymg heh—‘ h,.

w

. . - . . .

h" whode . .

)MA Loyl L

-




