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data { model {

Int T; for(tin 3:T)
Int Y[T]; beta[t] ~ normal(beta[t-1], s_mu);
int Z;} for(tin 1:T)

Y[t]~poisson(Z*¥prob|t]); }
parameters {
real beta[T];
real<lower=0>

S _mu;}

transformed parameters { o
real prob|[T]; STAN@:_I\
oAl (R,Python A SFEUH )

prob[t,1]<-exp(beta[t]); }
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data { model {

Int T; for(tin 3:T)
Int Y[T]; beta[t] ~ normal(beta[t-1], s_mu);
int Z;} for(tin 1:T)

Y[t]~poisson(Z*¥prob|t]); }
parameters {
real beta[T];
real<lower=0>

S _mu;}

transformed parameters { o
real prob|[T]; STAN@:_I\
oAl (R,Python A SFEUH )

prob[t,1]<-exp(beta[t]); }
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Example 1  Kitajima & Kikuchi (2015
BAHEDHZHASD

Numerous but Rare: An Exploration of Magic

Squares Citation: Kitajima A, Kikuchi M (2015) Numerous but
Akimasa Kitajima™2*, Macoto Kikuchi®? Rare: An Exploration of Magic Squares. PLoS ONE
10(5): e0125062. doi:10.1371/journal.pone.0125062

Pinn K, Wieczerkowski C (1998)
Paralell Tempering (Replica Exchange MCMC)
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Wang-Landau algorithm

1.Initialize Weightsw(FE) Set C < 1/e
2.Set/Reset Histogram |H(E) « O‘
3.Metropolis-Hastings update with the weight w( £ (x))
4.If the current state is © and £ = E(x)
discount: w(FE) +— w(k) xC
Increment: HFE)« H(E)+1
5.1f H(FE) becomes “sufficiently flat”

‘ C «+ \FC‘ and Goto 2 else Goto 3.
6. If Cbecome sufficiently small then quit.




Example 2 é“chao@

Chaotic Dynamical Systems

Search for rare initial conditions
that gives rare trajectories

e.g., Coupled Standard Map

K k.

27 2
Un41 = Un + Up4-1

K k.

2 27
Yn+1 = Yn + Tpi1

Probability of regular trajectory (fragments)
embedded in chaotic sea




Our method

M Initial Condition Sampllng (deterministic systems)

initial condition T
Define “Mixing Time” Tc(x()
Calculate the distribution P (T¢)

B Muticanonical (or Parallel Tempering)
= efficient sampling with correct prob.



Multicanonical Sampling

K ko
f_\ Upt1 = Un — ;Sln(Qﬂ'Un) + o sin(27 (vn + yn))

Simulation of Upt1 = vn+ %;?H )
‘ the dynamical systent:+1 = #o — 5 sin(2myn) + o sin(27 (v + ya))

\} Unt1 = Yn + Tpt1
Metropolis-Hastings

iterations

"

Optimization of Weight
by Wang-Landau (or entropic sampling) iterations

S~




Results(Figures)

See arXiv:1003.2013

Multicanonical Sampling of Rare Trajectories in
Chaotic Dynamical Systems

Akimasa Kitajima, Yukito Iba

Computer Physics Communications
Volume 182, Issue 1, Pages 1-280 (January 2011)



