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Stan

Stan is a probabilistic programming language implementing full Bayesian statistical inference
with

® MCMC sampling
approximate Bayesian inference with
 Variational inference

and penalized maximum likelihood estimation with
e Optimization

Stan is coded in C++ and runs on all major platforms

Stan is freedom-respecting, open-source software
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1.2 k54> (CmdStan)

2.R(RStan)

3.Python (PyStan)
4.Matlab (MatlabStan)
5.Julia (Stan.jl)

6.Stata (StataStan)
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CRAN (https://cran.r-project.org)
FDIT—H Ak (http://cran.ism.ac.ip’@ &) Mo T H0SDA V A—ZF A HA—k9 5

€ | @ htips://cran.r-project.org - shinystan w B 9

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows an
want one of these versions of R:

CRAN .
Mirrors s Download R for Linus
What's new? s Download R for (Mac) 05 X
Task Wiews ® Download R for Windows
Search . . o . .
R is part of many Linux distributions, vou should check with vour Linux package management
About R the link ahove.
R Homepage Source Code for all Platforms

The B Journal

Windows and Mac users most likely want to download the precompiled hinaries listed in the u

Software source code. The sources have to be compiled before vou can use them. If vou do not know
RSF’& probably do not want to do it

F Binaries

%@ » The latest release (2015-08-14, Fire Safety) R-32.2 targz, read what's new in the late
ATASE

Documentation
hanuals

FAQs
Contributed

* Sources of R alpha and beta releazes (daily snapshots, created only in time periods he

® Daily snapshots of current patched and development versions are available here. Pleas
features and bug fixes before filing corresponding feature requests or bug reports.

* Source code of older versions of B is available here.

s Contributed extension packages

Questions About R
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Edit the system PATH.

Current value:
P ATH=c:¥R tools¥bin;c: ¥R tools¥goc-4. 6. 3¥bin; C:¥ProgramData¥Oradei¥Javal]. ..

¥Perl¥site¥hin; C:¥Perl¥hin;c:¥Program Files (x36)¥Intel¥CLS Clientd¥;
+¥Program Files¥Intel¥CLS
(2

ent¥; 3eSystemRoot¥system32; SoSystemRootds;

suSystemRoot3u¥System3 2¥Whem; 35 Y STEMROOT ¥ System 3 2¥WindowsPo. ..
c:¥Program Files (x86)¥Hewlett-Packard¥HP Performance Advisor;
[truncated]

Save version information to registry

<Ea6 || a0 | [ #est
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RZHFEENL T install.package(“rstan”, dependencies=TRUE)
EANLT,REEICE)

"-Il

ALi W T NI bR IEIIHLII-___'I‘LCI.I I_ RSy y

18 g_loss =- numeric{length(stan_seed_num))

19 # k11 =- numeric(length(stan_seed_num))

20 A 1 ;

1:1 simple_gmm_funcftrue_param, learning_sample_num, test_sample_num, learning_sample_seed, test_sample_seed, stan_see
Console

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome To redistribute it under certain conditions.
Type "license()' or 'licence()’ for distribution details.

R is a collaborative project with many contributors.

Type "contributors()’ for more information and

"citation()’ on how to cite R or R packages in publications.

Type "demo()’ for some demos, "help()’ for on-line help, or

"help.start()" for an HTML browser interface to help.

Type 'q()' to gquit R.

[workspace loaded from C:/Users/watanabelab/Desktop/stan_for_R/simple_gmm/.RData]

> install.packages("rstan”, dependencies = TRUEp
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1. functions{}:t D7 OV TRHWAA—Y EEDE LI LT S)
2. data{} BT ILICWH BT —20NAIN—IN\SGA—=2DBREEE TS

3. transformed data{}; T—2DHF TE S UNDNIEFL-LVEDDEE ELEEF1TS



4. parameters{}: TN T FHINTA—IDEEEEE T S

5. transformed parameters{}:/\TA—2NDHFTEE LU DULEZT LHELDODES LULEEITD
6. model{}: YTV T LW AT Moo=t DZEERRT S

7. generated quantities{}: & H TV T THRONIZ/N\SA—FBIZFHE T HIENTELSTAYY

¥, model 7 Ao LI E A RE A
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int: gAY
real: 3224 &
real<lower=0,upper=1>:8x/IME0, RAIE1DEHK (DB THHIFIEDITEHIENTES)
real a[N] : Z#alCEHODERZHISNDEFIEZEE
vector[NE:NRITAR I ML (ERITEH)
simplex[N]:NRIFTRI )L THRFOA
matrix[N,MI:NfTMFI D 1T5I(E R (T EE)

cov_matrix[M]:MITMZFI D 573 8L 3£ 53 81T 51
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p(xlp) = p*(1 —p)* %, ¢(p) x p*1(1 —p)F

STANDOI—F
data{ T—RAENNAIN—INTA—FENDRBEEET SHT70Y7Y

int<lower=0> n;
int<lower=0, upper=1> x[n];

J \ _ \

parameters{ BTG T HNTGA—RADEEEEXTSH7099
real<lower=0, upper=1> theta;

) )

model{ log(w) +logp(x"W)ETEET 7 AVY
increment_log_prob(beta_log(theta, 1,1));
for(i in 1:n)

increment_log_prob(bernoulli_log(x[i], theta));

}
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library(rstan)
rstan_options(auto_write=TRUE)
options(mc.cores = parallel::detectCores())

n <- 100
true_theta <- 0.2
X <- numeric(n)
for(i in 1:n){

}

if(runif(1) < true_theta ) x[i] <- 1
else x[i] <- 0

RTstanZ X179 2T=H DB

file:stand—F DT 74 IL 4
data:stan LTS T—4
(T A4 ILELiter/2D3/\—2 ()

iter: B ETHEYIRL

chains: F1E{EZZE Z 5[

a

#

learning data <- list(h = n, x = x
fit <- stan(file = "bernoulli.stan", data =
learning_data,

iter = 2000, chains = 4)

traceplot(fit, warmup=T)

post_theta <- extract(fit, permuted=T)
plot(post_thetaStheta, rep(0,
length(post_thetaStheta)))
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= print{fit)

Inference for stan model: bernoulli.

4 chains, each with iter=2000; warmup=1000; thin=1;

post-warmup draws per chain=1000, total post-warmup draws=4000.

mean se_mean sd 2.5% 25% 50% 75% 97.5% n_eff rhat
theta 0.22 0.00 0.04 0.14 0.19 0.22 0. 24 0.30 13211 1
'Ip_ -53.69 0.02 0.71 -55.72 -53.86 -53.41 -53.23 -53.18 1847 1

samples were drawn using NUTS(diag_e) at Tue Oct 20 14:37:25 2015.

For each parameter, n_eff 1is a crude measure of effective sample size,
and rRhat is the potential scale reduction factor on split chains (at
convergence, Rhat=1).

> |

mean:Y> 7)) DFEY) se_meandZHEIRE sdAZERE 2.5~97.5: 00 m n_effHIHUTILH AKX
Rhat:Gelman,Rubin DI HIFEIEIE Ip_ BRI DIE
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(x —p)° u 2 2\—(B1+1) 1
p(x|w) = %P\ 557 , @ (u|a) < exp ~ 7% 1002 , 0(0%|f1, B2) x (0°)~ P17 Hexp —P2—
data{ real mu; //parameter of center
int<lower=1> n; real<lower=0> vari: //parameter of varia
vector[n] x; } TG RT—R AV

mode (increment_log_prob(normal_log(...)) &R L)

transformed data{ m H ormal(0,alpha);
real<lower=0> alpha; //hyperparameter of center vari ~ inv_gamma(betal, beta2);
real<lower=0> betal; //hyperparameter of variance X ~ normal(mu, sgrt(vari));
real<lower=0> beta2; //hyperparameter of variance }
alpha <-100; generated quantities{
betal <- 5; real sigma; //stardard deviation
beta2 <- 5; sigma <- sqrt(vari);

}

O (o] -~ }
t INAIN—=INGA=FERADDROH TSIz,
parameterst transformed dataJ B2 ([Z52 b 16
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1 ly — Ax||?
p(ylx,w) = exp (— >,<p(AI/1) < | | exp(—A1|4;;
; [ [exp(-21,])

2T 2 i,f
data{ for(i in 1:n){
int<lower=0> n; //number of samples squared_error <- squared_error + dot_self(y[i]-x[i]*A);
int<lower=0> N; //dimension of x }
int<lower=0> M; //dimension of y }
matrix[n,N] x; model{
matrix[n,M] y; for(i in 1:N){
real lambda; //hyperparameter of A for(j in 1:M){
} increment_log_prob(-lambda*fabs(A[i][j]));// for lasso
parameters{ // increment_log_prob(-lambda*pow(A[i][j],2)); //for ridge
matrix[N,M] A; }
} }
transformed parameters{ increment_log_prob(-squared_error);
real<lower=0> squared_error; }

squared_error <- 0;
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p(x|w) = (1 —a)N() + aN(x —b),e(w) x a® (1 —a)? lexp| —

functions{
real gmm_log(real x, vector ratio, vector mu){
vector[rows(ratio)] sum_term;
int K;

K <- rows(ratio);
for(k in 1:K){
sum_term[k] <- log(ratio[k]) + normal_log(x, mu[k],1);
}
return log_sum_exp(sum_term);
}
real gmm_vector_log(vector x, vector ratio, vector mu){
vector[rows(ratio)] sum_term;
real log_model;
intK;
intn;

K <- rows(ratio);
n <- rows(x);
log_model <- 0;

for(iin 1:n){
for(k in 1:K){
sum_term[k] <- log(ratio[k]) + normal_log(x[i], mu[k],1);
}

log_model <- log_model + log_sum_exp(sum_term);

}

return log_model;

EHiiXD)

1
2 X 1002b

}
}
data{
int<lower=0> n; //number of samples
vector[n] x;
real<lower=0> phi; //hyperparameter for mixing ratio
}
transformed data{
real<lower=0> beta; //hyperparameter for centers(unmodeled)
beta <- 100;
}
parameters{
simplex[2] ratio; //mixing ratio
real mu; //center of component
}
model{
vector[2] mu_dash;
mu_dash[1] <- 0;
mu_dash[2] <- mu;

//priors
ratio ~ beta(phi,phi);
mu ~ normal(0,beta);

for(iin 1:n){
x[i] ~ gmm(ratio, mu_dash); //increment_log_prob(gmm_log(x[il, ...))&REC
}
}
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HESHpw|x™) < exp(—HW) ) oH2T)o T
1LwODHWHEHEZRO T .t =0&F 5

2fHBNE#HZEp~N(O,1)THESESD

3.w'(0) =w® p'(0) = p,eFROTRDBFIERXZW = w (L)IZHDZETEYRT
! 1_/ EaH 1(T) / 1_/ / 1 / 1_/ 1 EaH, 1
plt+s _p(T)_Eﬁ (w'®), wi(+1) =wi(r)+ep T+, p't+1)=p TS =550 (W'(r+1))
4.min (1, exp (}[(W’(L),p’(L)) - }[(W(t),p(f))))d)ﬁﬁzf“w(”l) = w'(L),Z5THITNIFEWED = w®

2

H(w,p) = HW) + =

5. t=t+ 1ELTABRLWLVS U TILOEM TR FNIX21ICES

KLEeEWLWRELITROH TN BEH D ELTNo-U-Turn Sampler(NUTS)H Y . STAND T 74 ILE T ILT ) X LHEZNUTSTH S
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(https://sites.google.com/site/iwanamidatascience/voll/support tokushu)

- EHBENSORAXIETE: NI ToERTHIILOERIZESEEMIAM
(fHEX[ZRstanDFI M EL->TLVS)

Bayesian Data Analysis

(FTERICRstanDBINFH ST NS FHEB DA NEINFLEOTLEDELDKLYFELLY)
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