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Finite Markov Chains and
Algorithmic Applications

OLLE HAGGSTROM

London Mathematical Society
Student Texts 52

Olle Haggstrom, Finite Markov Chains and Algorithmic Applications
(London Mathematical Society Student Texts, Series Number 52),
Cambridge University Press, 2002.
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V IRKLLETEITDEE (TN) (FRISNTULVRON,
> & ZI1E, poly(n) 55/,

v IREOHERECIRIE n =26 T, BFISHEUIHKZE 1.74 x 10163
[lwashita et al. 2013].

v MED S D EOBMREONZ LTS #PREE [Provan 1986]

O KA CTIEIMCMCE CEIMUEE I ZETE L.

*H. Iwashita, Y. Nakazawa, J. Kuwahara, T. Uno, S. Minato, Efficient
computation of the number of paths in a grid graph with minimal perfect hash
functions, Hokkaido University TCS Technical Report, TCS-TR-A-13-64, 2013.
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# steps of MC per sample 7T =30

# samples M =10’

8.40 * 101>  8.55 * 101> Th 27m

1.74 * 101%3  1.78 * 10163 1h 33m
unknown  2.09 * 10%'7  2h 4m
unknown  6.35* 103 5h 44m
unknown  6.07 * 10%41>  23h 20m
unknown  1.196 * 107667 96h

(approx. is the average of five trials)
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| Rejection sampling

Rejection sampling:
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Importance Sampling:

BIRES=1F4AZER" (ZHiET)



Rejection sampling

Rejection sampling

(}L@—ﬁﬁyjuyd

1. Xe€e |:| u..a.r.
2.X € b XZd .
ZOTRITNIZICRD.

—E&

i
HhOE=nNfex&
FO—FRER.

31



Rejection sampling

Rejection sampling

(}L@—ﬁﬁyjuyd

1. Xe€e |:| u..a.r.
2.X € b XZd .
ZOTRITNIZICRD.

GLe

HAO=Nzx(&
(}t@—ﬁﬁx.

L) RIEAKE N EXDERIFIFEN
I

32



| MCMCE

Rejection sampling:
HEESXDLOICERZEMZED, FAFCERIT IR
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MCHEEFI D&V Zim/z= 9.
VX,Y €5, Pr(X - Y) =Pr(Y - X)
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# steps of MC per sample 7T =30

# samples M =10’

8.40 * 101>  8.55 * 101> Th 27m

1.74 * 101%3  1.78 * 10163 1h 33m
unknown  2.09 * 10%'7  2h 4m
unknown  6.35* 103 5h 44m
unknown  6.07 * 10%41>  23h 20m
unknown  1.196 * 107667 96h

(approx. is the average of five trials)
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#EBRIFE X (a.k.a. self-avoiding walk)

O MCOUINERESE] (mixing time): poly(n)?

O 8D poly(n) BFEIGERY) 2L T XA?

O03-378
v R 1.628, £5: 1.782, [Bousquet-Melos, Guttmann Jensen, 2005]
v EBOfR 1.744550 =~ 10024168  RHESTB?
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Q2] logy10/Q| log;ﬁ 191 log0/Q log;ﬁ

2 0.301030 0.301030 6.87454E+61 61.837244 0.241552

12 1.079181 0.269795 6.34481E+69 69.802419 0.241531

184 2.264818 0.251646 1.78211E+78 78.250935 0.241515

8512 3.930032 0.245627 1.52334E+87 87.182798 0.241504

1262816 6.101340 0.244054 3.96289E+96 96.598012 0.241495

575780564 8.760257 0.243340 3.1375E+106 106.496580 0.241489

7.8936E+11 11.897275 0.242802 7.5597E+116 116.878505 0.241485

3.2666E+15 15.514096 0.242408 5.5435E+127 127.743787 0.241482

4.10442E+19 19.613252 0.242139 1.2372E+139 139.092430 0.241480

1.56876E+24 24.195556 0.241956 8.403E+150 150.924433 0.241479
1.82413E+29 29.261056 0.241827
6.4528E+34 34.809748 0.241734
6.94507E+40 40.841676 0.241667
2.2745E+47 47.356885 0.241617
2.26675E+54 54.355403 0.241580
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STEHRIZEOMCMCE —
“ValiantEtEl” (since 1979)

#PIRIEEIRNA € RICXT UTC, IARZ € RZABE
Pri(l1—e)A<Z<(14¢e)A]=1-6
TZIET B (poly(input, e 71, log 6 1)) TSN D H ?

Vijay Vazirani (PD at Harvard U.)

MCMC%??OD—Q: Mark Jerrum (PhD at U. Edinburgh in 1981)
Alistair Sinclair (PhD at U. Edinburgh in 1988)
B )L DEHEDNE

Eric Vigoda (PhD at UC Berkeley in 1999)
» Detailed balance equation

B> T I38X BT /AED
» Self-reducibility

O AR T B NEIEE D IH ?
> Mixing timeDAZAT




ST BHEIZOMCIMOE (JN\—=XF> i)

1971, Cook, NPTER IR

1971, Karp, 210DNPSEEfEIRE

1979, Valiant, sTBE 270 5 A#PDIEER

1979, Khachiyan, LPis in P (#&F{A3E)

1982, Aldous, J3w U > 0% 7% G UTEmixing timef#AT

1984, Valiant, PACEE D12l

1986, Jerrum, Valiant, Vazirani, 3{ X E\F &S >A LB >TU >
1987, Lovasz, d R ITIMAMATE DR TEH1.999 A AUA B g%

1989, Jerrum, Sinclair, mixing time BT I=sbD > 05 > 5k
1989, Toda, PH — P#P

1991, Dyer, Frieze, Kannan, (A {AI&EDFPRAS

1996, Propp, Wilson, SBE2H> 1) > 7J (cftp)

1997, Bubley, Dyer, mixing timef#AT D= DRI T > Tk
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DS IDMITES

AP:T0=5T6 = (V,E)
BleB: GO ES(IMED HDM ?

MI7EES (independent set) X € V: XOEZRBITHEED &> TIEULIFIRLY.

X ={1,8,10}
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