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Introduction to Advanced MCMC

Reversible-jump MCMC (RJMCMC)

* RJIMCMC & Metropolis-Hastings (MH) &£y B, EHTER%

ERTRER.
o HENMMETT 2%, #ALLE. BREEE. YitanEE sy
ZBH

o {IBHE: Peter Green (1995), T "B#E" B MCMC;

o Bl B8 BIF3|N Jacobian FIET, 7 MH #EZ KRR "M%
8" (detailed balance).
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MH EiEREZREQN A

° EHETR: HEPKRE » 5EERS o« WIREHREERNZEF
(B z, 2’ € R?);

o QIFFTTE: BHEESHANNAR (NTEEFQBPERLEET
%), zeRy 2 eRY ) m:
o TEEN—MRENRNEE ¢(2' | z), BAWMEEARARZIEL;
o EEEILE 7(x) 5 n(a), BAEXEARELE;

° #it: MH BSEAHHRE "HFHFE" (detailed balance), FHF
IR -

RRAE: S5INEETES Jacobian {EIEII—
IL:\lLa e

N IS O

—iXIEF2 RIMCMC B4
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B ERRS T m(z) TGRS IFHETER D /RATRE:

m(z)q(a’ | p)a(z,2") = w(2')g(x | 2')a(a’, 2)

SINRENER v~ g(u), MWEREMER:
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RIMCMC RJ#ESZ R NR,

RIMCMC HIEZHEFH Jacobian FEIN:

m(z")g' (')
m(z)g(u)

A2, u)
O(z,u)

a(z,z') = min {1,

|

o uu': T E (MSHETAE);
g(u): HEITENRNEE

aa((xl’“;) ’ : Jacobian 175I=;

° RIEBUEETHRRFAFESUE—H.
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4 R T A JR

AT HHE—/AFETTHe (diffeomorphism), EE i B 4E T &4

d + r =d r’
~— M~ =~ =
T u 2 w

e r cRY, 2/ € RY;
o u,u't HHEBNTE, AT "HEAN HEEE
° AIBIENMEIINEEHEFTERLHUIFREH.
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RIMCMC HiES TR

O HAMRES: == (k 6i), REA kK

O RIUIREEEY &', HERSHE O

O ERMHYMEE u~g(u), MWEEMR: (2/,v) = h(z,u);
O HTEEZER a(z,1), RERBER

O HEBNREFRENRE =.
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Ref:

® Stochastic Computation Research Triangle @ University of Bristol
https://people.maths.bris.ac.uk/ mapjg/slides/tdtut4.pdf

® Reversible Jump MCMC (RJMCMC) @ University of Colorado Boulder

https://www.colorado.edu/amath /sites/default /files/attached-
files/rjmcmc.pdf
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https://people.maths.bris.ac.uk/~mapjg/slides/tdtut4.pdf
https://www.colorado.edu/amath/sites/default/files/attached-files/rjmcmc.pdf
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Langevin Monte Carlo (LMC)

BAZ AR (U(x) = —logn(x)):
dX(t) = =VU(X(t))dt + V20dB;
THEAIEEhRYIEE:
dBy ~ N(0,dt - 1)
B X (t) l—NIMEE:

t' —x = —VU(x)dt + N(0,20%dt)
'~ N (a: — VU (z)dt, 202dt)

REBE ' WETE.
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LMC X #R Metropolis-adjusted Langevin algorithm(MALA), H3IF
Stochastic gradient Langevin dynamics (SGLD), EEBIEZIEHEFIEIE
mi%o

* BTy BARFRIBIL (diffusion limit theory) 34T, BHEBRAHA
iid ESHBAT, SEEZERHA 0574,

Gareth O. Roberts, Jeffrey S. Rosenthal, Optimal Scaling of Discrete
Approximations to Langevin Diffusions, Journal of the Royal Statistical Society
Series B: Statistical Methodology, Volume 60, Issue 1, January 1998, Pages 255—
268, https://doi.org/10.1111/1467-9868.00123
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Hamiltonian Monte Carlo

HMC(#2FR Hybrid Monte Carlo) @i 7£5 $1 = 18] ARG i sh =,

EB—&ORAXE. EEETEERS>THHEREGR, B3 TEE
A SRR T SRR RER. HMC ﬁﬁﬁﬁﬁﬁ:‘lﬂn SRIES X
HidiE, BOTERUNENETE, NmMiRE 7T RENE.

SIN—HHEIEE M (momentum), B FRISHKEXIRES .

2, HMC TEAESHEEHTEMRE. (pyro ERRIEHME, HEH
TERSET . ERARRHMRED. )

* &% [B ] WMEWMAFENS
* 3% [B #4]: The intuition behind the Hamiltonian Monte Carlo algorithm

* &% STAT 535: Statistical Machine Learning (UW)
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https://www.bilibili.com/video/BV1Pa411K7gR
https://www.bilibili.com/video/BV1yT4y1P78g
https://faculty.washington.edu/yenchic/19A_stat535/Lec9_HMC.pdf

Introduction to Advanced MCMC

*ESHEBRT, REBRZEEEXRAR 0.65-0.8, BURTF leapfrog &
#HETK.
Beskos, A., Pillai, N. S., Roberts, G. O., Sanz-Serna, J. M., & Stuart, A. M.

(2013). Optimal tuning of the hybrid Monte Carlo algorithm. Bernoulli, 19(5A),
1501-1534.
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No-U-Turn Sampler (NUTS)

No-U-Turn Sampler (NUTS) & Hamiltonian Monte Carlo (HMC) &%
H—MBENT R. ERNZROBER: EXELIREPEIIRENTKE,
MBS F RS L HRAIRE ).

&4 HMC FEBRIRERMTE L. R L Kb, REBETERE
URESHZE; WR L AKX, XTRERRERNETE, HERE
sk mE R

NUTS pafifia R . RS EFRNUIEHAT H=k" (U-turn) 1754,
FRUAZ LTS .
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NUTS {8 Fi—#iE 1AH0Z R — X4 (binary tree) ZEHg3RAER—5FI&E
FiEEE, HdENT:

° NHEMATSHE, MIMGBLHETE, FiRtaEHNIT.
).

* NN RRT—MRE (LBEMZHE), EH leapfrog RS EFMEAET
HEEYR.

s HEE—®BY, WHREEM—E, MEERNFE LEHEK (5
m%—%m%lﬁ,%:%ML T, BZRME 45, B
).

s TE—SYRE KEEAZHIM "U-tum”: RIFTEBHNTERSE
“1g3L" iR E BHITHIE =
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EIMHEAZBEER: € ¢ ¢ ARTYHEHITHTE, p 2Y
BIZhE, NFHT:

(¢"—q)-p<0
MRIZAFRNTFE, RAREREEEFREESE K", LhTNE
WEHITRY B . X—FIB AT L7 = X Ry #3812 Hr sk 131 T
=%, NUTS NMEIFRMTH L —EM R EN—MREEAREER,
MR AE 15

* 2% [B #h]: NUTS &£ 4B by Michael Betancourt
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https://www.bilibili.com/video/BV1wb411B795?p=2

Introduction to Advanced MCMC

A MCMC BRREHE:
® MCMC Implementation (Github)
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https://chi-feng.github.io/mcmc-demo/app.html
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