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C. 1 Stan (6.2.2 )

Stan

6.2.2 Stan Stan RStan

Stan

1 data {

2 int<lower=0> N;

3 vector[2] x[N];

4 }
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5 parameters {

6 vector[2] mu;

7 vector<lower=0>[2] sigma;

8 real<lower=-1,upper=1> rho;

9 }

10 transformed parameters {

11 vector<lower=0>[2] sigmasq;

12 matrix[2,2] Sigma;

13 sigmasq[1] = pow(sigma[1],2);

14 sigmasq[2] = pow(sigma[2],2);

15 Sigma[1,1] = sigmasq[1];

16 Sigma[2,2] = sigmasq[2];

17 Sigma[1,2] = sigma[1]*sigma[2]*rho;

18 Sigma[2,1] = sigma[1]*sigma[2]*rho;

19 }

20 model {

21 for(i in 1:N){

22 x[i] ~ multi_normal(mu,Sigma);

23 }

24 }

25 generated quantities{

26 real delta;

27 real delta_over;

28 real delta_over2;

29 real rho_over;

30 real rho_over05;

31 delta = mu[2] - mu[1];

32 delta_over = step(delta);

33 delta_over2 = delta>2 ? 1 : 0;

34 rho_over = step(rho);

35 rho_over05 = rho>0.5 ? 1 : 0;

36 }

Stan

— (statement)

Stan {}

C. 4. 1

Stan

3

• #

• //

• /* */
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data data

1 2

N N int

< > lower upper

N 0 <lower=0>

( [ ]) ([ ]);

1 ; ( )

3 x x[ ]

(array) [] x[N]

N x

x[N] vector[2] x N

N 2 20

vector Stan

Stan C. 4. 2

4 data

model

generated quantities

parameters

6 vector[2] mu 2 2

7 vector<lower=0>[2] sigma 2

2

sigma 0

< >

8 −1

+1

transformed parameters parameters

11 vector<lower=0>[2] 7

12 2 2× 2 Sigma

matrix [2,2]

2 2

13 14 sigma sigmasq

pow( 1, 2) 1 (

2 ) 2

15 18 Sigma

sigmasq
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model model

2

Stan ( )

x[i] ~ multi_normal(mu, Sigma); i

2

i for 1 N i 2

~ ( )

mu Sigma

(transformed) parameters

generated quantities stan() print()

pars

generated quantities generated quantities

g(·)
26 30

31 delta

32 step()

step() delta 0 (> 0) 1 0

33 a ? b : c a

TRUE b FALSE c

Stan

Stan

Stan .stan ( model.stan )

C. 2 data

R Stan

1 N <- 20

2 x <- structure(.Data=c(

3 6,11,10,13,17,10,10,7,9,1,14,7,7,11,12,12,14,12,7,13,

4 7,11,14,13,16,12,8,15,12,3,17,11,9,11,14,12,11,15,11,17),.Dim=c(20,2))

N structure() .Data c()

.Dim

1 c()

( data.R )
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C. 3 RStan

RStan R Stan RStan

Stan R

R #

1 library(rstan) #

2 scr <- "model622.stan" # Stan

3 source("data622.R") # data

4 data <- list(N=N,x=x) # data

5 #

6 par<-c("mu","Sigma","rho",

7 "delta","delta_over","delta_over2","rho_over","rho_over05")

8 war <- 1000 #

9 ite <- 11000 #

10 see <- 1234 #

11 dig <- 3 #

12 cha <- 1 #

13 fit <- stan(file=scr, model_name=scr, data=data, pars=par,verbose=F,

14 seed=see, chains=cha, warmup=war, iter=ite)

15 print(fit,pars=par,digits_summary=dig) #

16 plot(fit, pars=par)

17 traceplot(fit, inc_warmup = T, pars=par)

1 RStan ∗5)

2 11 stan()

6

9 10

13 14 stan()

stan() Stan C++

Stan file Stan data

4 pars

seed chains

warmup ( ) iter

fit

15 print()

pars stan()

∗5) R
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digits_summary

16 17 C.5

RStan ( chap6.R )

Stan

Stan R RStan

Stan

C. 3. 1
print()

(

)� �
mean se_mean sd 2.5% 25% 50% 75% 97.5% n_eff Rhat

mu[1] 10.131 0.012 0.822 8.466 9.600 10.137 10.661 11.748 5045 1
mu[2] 11.944 0.011 0.790 10.395 11.423 11.942 12.466 13.524 4755 1

� �
mean EAP se_mean EAP

sd (post.sd) 2.5% - 97.5% 95%

n_eff Rhat R̂

R̂ 1.1 1.2

2

C. 4 Stan

C. 4. 1
1 Stan 7

data parameters

model

( ) transformed parameters

generated quantities

• functions{}
• data{} Stan

• transformed data{} ( )

transformed parameters{}

• parameters{}
transformed parameters

• transformed parameters{}
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• model{}
• generated quantities{}

transformed parameters

•
transformed data

model generated quantities

model{}

C. 4. 2

int

real

vector

row_vector

matrix

(array) x[2] 2 1 x

matrix[2,2] x[2,3] 2×2 2×3

2 x

ordered

positive_ordered

simplex 1

unit_vector 2 1

corr_matrix 1

cov_matrix

cholesky_factor_cov

cholesky_factor_corr
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Stan

1 ( ) Stan

(

) ( ) (

)

Stan 22 multi_normal()

6 mu 12 Sigma

� �
multi_normal(mu, Sigma) mu Sigma

mu

vector[2] mu;

real mu[2];

Sigma

matrix[2,2] Sigma;

real Sigma[2,2]

� �

• (int real) ( ) int x;

• ( ) int x[10];

• ( )

vector<lower=-3,upper=3>[n] x;

C. 4. 3 Stan

Stan ∗6)

1, 1; 2, 2

( ) 1, 1; 2, 2

int int_step(int( real) x) 0, x ≤ 0; 1, x > 0

int min(int x, int y) x, x < y; y,

int max(int x, int y) x, x > y; y,

∗6) Stan Reference
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real pi()

real e()

real sqrt2() 2

real log2() 2

real log10() 10

int < (int(real)), (x<y) x y (x < y) 1

0

int <=(int(real)), (x<=y) 1, x ≤ y; 0,

int > (int(real)), (x>y) 1, x > y; 0,

int >=(int(real)), (x>=y) 1, x ≥ y; 0,

int ==(int(real)), (x==y) 1, x = y; 0,

int !=(int(real)), (x!=y) 1, x �= y; 0,

int !(int(real) x), (!x) 0, x �= 0; 1, x = 0

int &&(int(real) x, y),(x&&y) 1, x �= 0 y �= 0; 0,

int ||(int(real) x, y), (x||y) 1, x �= 0 y �= 0; 0,

real if_else(int , real x, real y) x, �= 0; y,

if_else(a,b,c) a ? b : c

if_else(x>2,1,0)

x>2 ? 1 : 0

real step(real x) 1, x > 0; 0,

int is_inf(real x) x ±∞ 1

0

int is_nan(real x) x NaN 1

0

real fabs(real x) x |x|
real fdim(real x, real y) x− y, x ≥ y; 0,

real fmin(real x, real y) x, x ≤ y; y,

real fmax(real x, real y) x, x ≥ y; y,

real fmod(real x, real y) x y

x− �(x/y)�y, (�·� )

real floor(real x) x

real ceil(real x) x

real round(real x) x

�x	, x− �x� ≥ 0.5, �x�,

real sqrt(real x)
√
x

real cbrt(real x) 3
√
x

real square(real x) x2

real exp(real x) ex

real exp2(real x) 2x

real log(real x) loge(x)

real log2(real x) log2(x)

( ) l ( )
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real inv(real x) x−1

real inv_sqrt(real x)
√
x−1

real inv_square(real x) (x2)−1

real hypot(real x, real y) 2 x y√
x2 + y2, (x, y) ≥

0,NaN,

real cos(real x) cos(x)

real sin(real x) sin(x)

real tan(real x) tan(x)

real acos(real x) arccos(x),−1 ≤ x ≤ 1,NaN,

real asin(real x) arcsin(x),−1 ≤ x ≤ 1,NaN,

real atan(real x) arctan(x)

real atan2(real x, real y) arctan(x/y)

real cosh(real x) cosh(x)

real sinh(real x) sinh(x)

real tanh(real x) tanh(x)

real acosh(real x) cosh−1(x), x ≥ 1,NaN,

real asinh(real x) sinh−1(x)

real atanh(real x) tanh−1(x),−1 ≤ x ≤ 1,NaN,

real logit(real x) log x
1−x

, 0 ≤ x ≤ 1

real inv_logit(real y) 1
1+exp(−y)

real inv_cloglog(real y) 1− exp(− exp(y))

real lbeta(real alpha, real beta) log Γ(a) + log Γ(b)− log Γ(a+ b)

real tgamma(real x) Γ(x), x /∈ {. . . ,−3,−2,−1, 0}
real lgamma(real x) log Γ(x), x /∈ {. . . ,−3,−2,−1, 0}
real digamma(real x) Γ′(x)/Γ(x), x /∈ {. . . ,−3,−2,−1, 0}
real trigamma(real x)

∑∞
n=0(1/(x+ n)2),

x /∈ {. . . ,−3,−2,−1, 0}
real lmgamma(int n, real x) πn(n−1)/4

∏n
j=1 Γ(x+ (1− j)/2),

x /∈ {. . . ,−3,−2,−1, 0}

real expm1(real x) ex − 1

real fma(real x, real y, real z) x× y + z

real multiply_log(real x, real y) 0, (x = y = 0);x log y, (x, y �= 0)

real log1p(real x) log(1 + x), x ≥ −1

real log1m(real x) log(1− x), x ≤ 1

real log1p_exp(real x) log(1 + exp(x))

real log1m_exp(real x) log(1− exp(x)), x < 0

real log_diff_exp(real x, real y) log(exp(x)− exp(y)), x > y

real log_sum_exp(real x, real y) log(exp(x) + exp(y))

real log_inv_logit(real x) log logit−1(x)

real log1m_inv_logit(real x) log(1− logit−1(x))
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C. 5 RStan

RStan� �
stan(file, model_name = "anon_model", model_code = "",

fit = NA, data = list(), pars = NA, chains = 4,

iter = 2000, warmup = floor(iter/2), thin = 1,

init = "random", seed = sample.int(.Machine$integer.max, 1),

algorithm = c("NUTS", "HMC", "Fixed_param"),

control = NULL, sample_file = NULL, diagnostic_file = NULL,

save_dso = TRUE, verbose = FALSE, include = TRUE,

cores = getOption("mc.cores", 1L), ..., boost_lib = NULL, eigen_lib = NULL)

� �
Stan

file Stan (

) model_name

fit

model name "anon_model"

model_name file model_code

model code Stan

file

fit

fit ( ) NA

C++

data

pars NA

chains 4

iter (

) 2000

warmup

iter

iter/2

thin 1

init "0": 0 "random": Stan

seed

seed "list":

seed Stan 1 R

C. 6 213

R

Stan 1

as.integer as.integer

NA

algorithm Stan NUTS HMC

Fixed_param

sample file

tempdir()

� �
print(x, pars = x@sim$pars_oi,

probs = c(0.025, 0.25, 0.5, 0.75, 0.975),

digits_summary = 2, ...)

� �

� �
plot(x, pars, display_parallel = FALSE,

ask = TRUE, npars_per_page = 6)

� �
� �

traceplot(object, pars, inc_warmup = TRUE, ask = FALSE,

nrow = 4, ncol = 2, window = NULL, ...)

� �

C. 6

∗7)
∗8)

∗7) Stan reference 2.12.0 8

∗8)
N R R

+
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y ~ bernoulli(theta);

Bern(y|θ) =
⎧⎨
⎩

θ y = 1

1− θ y = 0
, θ ∈ [0, 1], y ∈ {0, 1}

y ~ bernoulli_logit(alpha);

BernLogit(c|α) = Bern(c|logit−1(α)) =

⎧⎨
⎩

logit−1(α) y = 1

1− logit−1(α) y = 0
,

α ∈ R, c ∈ {0, 1}
2 n ~ binomial(N,theta);

Binom(n|N, θ) =
(
N
n

)
θn(1− θ)N−n, N ∈ N, θ ∈ [0, 1], n ∈ {0, . . . , N}

2 n ~ binomial_logit(N,alpha);

BinomLogit(n|N,α) = Binom(n|N, logit−1(α))

=
(
N
n

)
(logit−1(α))n(1− logit−1(α))N−n, N ∈ N, α ∈ R, n ∈ {0, . . . , N}

–2 n ~ beta_binomial(N,alpha,beta);

BetaBinom(n|N,α, β) =
(
N
n

)B(n+α,N−n+β)

B(α,β)
, N ∈ N, α ∈ R

+, β ∈ R
+,

n ∈ {0, . . . , N}
n ~ hypergeometric(N,a,b);

HG(n|N, a, b) =
(a

n
)( b

N−n
)

(a+b

N
)

, a ∈ N, b ∈ N, N ∈ {0, . . . , a+ b},

n ∈ {max(0, N − b), . . . ,min(a,N)}
categorical(theta);

Cat(y|θ) = θy, N ∈ N, N > 0, θ ∈ R
N N , y ∈ {1, . . . , N}

k ~ ordered_logistic(eta,c);

OrdLogis(k|η, c) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

1− logit−1(η − c1) k = 1

logit−1(η − ck−1)− logit−1(η − ck) 1 < k < K

logit−1(η − cK−1)− 0 k = K

K ∈ N, K > 2, c ∈ R
K−1, ck < ck+1 for k ∈ {1, . . . ,K − 2}, η ∈ R, k ∈ {1, . . . ,K},

k = 1, k = K logit−1(−∞) = 0, logit−1(∞) = 1 c0 = −∞,

cK = +∞
2 ( ) y ~ neg_binomial_2(mu,phi);

NegBinom2(y|μ, φ) = (
y+φ−1

y

) (
μ

μ+φ

)y (
φ

μ+φ

)φ
,

η ∈ R, μ ∈ R+, φ ∈ R+, y ∈ N, E[Y ] = μ = eη, V [Y ] = μ+ μ2

φ

n ~ poisson(lambda);

Poi(n|λ) = 1
n!

λn exp(−λ), λ ∈ R
+, n ∈ N
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y ~ multinomial(theta);

MultiNom(y|θ) = (
N

y1,...,yK

)∏K
k=1 θyk

k ,
(

N
y1,...,yK

)
= N!∏K

k=1
yk!

,

K ∈ N, N ∈ N, θ ∈ K , y ∈ NK ,
∑K

k=1 yk = N

y ~ normal(mu,sigma);

N(y|μ, σ) = 1√
2πσ

exp
(
− 1

2

(
y−μ
σ

)2)
, μ ∈ R, σ ∈ R

+, y ∈ R

y ~ skew_normal(mu,sigma,alpha);

SkewN(y|μ, σ, α) = 1
σ
√

2π
exp

(
− 1

2

(
y−μ
σ

)2)(
1 + erf

(
α
(

y−μ

σ
√

2

)))
, μ ∈ R, σ ∈ R

+,

α ∈ R, y ∈ R

t y ~ student_t(nu,mu,sigma);

t(y|ν, μ, σ) = Γ((ν+1)/2)

Γ(ν/2)
1√
νπσ

(
1 + 1

ν

(
y−μ
σ

)2)−(ν+1)/2
, ν ∈ R

+, μ ∈ R, σ ∈ R
+,

y ∈ R

y ~ cauchy(mu,sigma);

Cauchy(y|μ, σ) = 1
πσ

1
1+((y−μ)/σ)2

, μ ∈ R, σ ∈ R
+, y ∈ R

2 y ~ double_exponential(mu,sigma);

DExp(y|μ, σ) = 1
2σ

exp
(
− |y−μ|

σ

)
, μ ∈ R, σ ∈ R

+, y ∈ R

y ~ logistic(mu,sigma);

Logis(y|μ, σ) = 1
σ
exp

(−y−μ
σ

) (
1 + exp

(−y−μ
σ

))−2
, μ ∈ R, σ ∈ R

+, y ∈ R

y ~ gumbel(mu,beta);

Gumbel(y|μ, β) = 1
β
exp

(
−y−μ

β
− exp

(
−y−μ

β

))
, μ ∈ R, β ∈ R

+, y ∈ R

y ~ lognormal(mu,sigma);

LogN(y|μ, σ) = 1√
2πσ

1
y
exp

(
− 1

2

(
log y−μ

σ

)2
)
, μ ∈ R, σ ∈ R

+, y ∈ R
+

2 y ~ chi_square(nu);

χ2(y|ν) = 2−ν/2

Γ(ν/2)
yν/2−1 exp

(− 1
2
y
)
, ν ∈ R+, y ∈ R+

2 y ~ inv_chi_square(nu);

Invχ2(y|ν) = 2−ν/2

Γ(ν/2)
y−(ν/2−1) exp

(
− 1

2
1
y

)
, ν ∈ R

+, y ∈ R
+

y ~ exponential(beta);

Exp(y|β) = β exp(−βy), β ∈ R
+, y ∈ R

+

y ~ gamma(alpha,beta);

G(y|α, β) = βα

Γ(α)
yα−1 exp(−βy), α ∈ R

+, β ∈ R
+, y ∈ R

+

y ~ inv_gamma(alpha,betae);

InvG(y|α, β) = βα

Γ(α)
y−(α+1) exp

(
−β 1

y

)
, α ∈ R

+, β ∈ R
+, y ∈ R
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y ~ weibull(alpha,sigma);

Weib(y|α, σ) = α
σ

(
y
σ

)α−1
exp

(− (
y
σ

)α)
, α ∈ R

+, σ ∈ R
+, y ∈ [0,∞)

y ~ pareto(y_min,alpha);

Pareto(y|ymin, α) =
αyα

min

yα+1 , ymin ∈ R
+, α ∈ R

+, y ∈ R
+, y ≥ ymin

theta ~ beta(alpha,beta);

Beta(θ|α, β) = 1
B(α,β)

θα−1(1− θ)β−1, α ∈ R
+, β ∈ R

+, θ ∈ (0, 1),

θ = 1 θ = 1 0 −∞
α, β > 0

y ~ uniform(alpha, beta);

Unif(y|α, β) = 1
β−α

, α ∈ R, β ∈ (α,∞), y ∈ [α, β]

y ~ multi_normal(mu,Sigma);

MN(y|μ,Σ) = 1
(2π)K/2

1√
|Σ| exp

(− 1
2
(y − μ)′Σ−1(y − μ)

)
, K ∈ N, μ ∈ R

K ,

Σ ∈ R
K×K , y ∈ R

K

t y ~ multi_student_t(nu,mu,Sigma)

Mt(y|ν, μ,Σ) = 1
πK/2

1
νK/2

Γχ((ν+K)/2)

Γ(ν/2)
1√
|Σ|

(
1 + 1

ν
(y − μ)′Σ−1(y − μ)

)−(ν+K)/2
,

K ∈ N, ν ∈ R
+, μ ∈ R

K , Σ ∈ R
K×K , y ∈ R

K

theta ~ dirichlet(alpha);

Dirchlet(θ|α) = Γ(
∑K

k=1
αk)∏K

k=1
Γ(αk)

∏K
k=1 θ

αk−1

k , K ∈ N, α ∈ (R+)K , θ ∈ K

θ θi = 0 θi = 1 0

−∞ i αi > 0

W ~ wishart(nu,Sigma);

Wish(W |ν, S) = 1
2νK/2

1

ΓK( 1

2
)
|S|−ν/2|W |(ν−K−1)/2 exp

(− 1
2
tr(S−1W )

)
,

K ∈ N, ν ∈ (K − 1,∞), S ∈ RK×K , W ∈ RK×K

ΓK() ΓK(χ) = 1
πK(K−1)/4

∏K
k=1 Γ

(
χ+ 1−k

2

)
W ~ inv_wishart(nu,Sigma);

InvWish(W |ν, S) = 1
2νK/2

1

ΓK( 1

2
)
|S|ν/2|W |−(ν−K−1)/2 exp

(− 1
2
tr(SW−1)

)
,

K ∈ N, ν ∈ (K − 1,∞), S ∈ R
K×K , W ∈ R

K×K

C. 7

1 20 y = lnx x

Stan (Stan RStan

) Stan
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10000

1000 12345 1

transformed data exp()

transformed parameters pow() normal(

,SD)

N<-20;x_log<-c(3.844,4.035,3.986,4.030,3.932,4.040,3.788,3.896,3.929,

4.072,3.477,3.882,3.895,3.908,3.945,3.980,4.028,4.137,3.930,4.016);

2 C.7.1 generated quantities

3 C.7.1 50 10

20000 ( 1000

)

1 Stan

data{

int<lower=0> N;

vector<lower=0>[N] log_x;

}

transformed data{

vector[N] x;

for(n in 1:N){

x[n] = exp(log_x[n]);

}

}

parameters{

real mu;

real<lower=0> sigma;

}

transformed parameters{

real<lower=0> sig2;

sig2 = pow(sigma,2);

}

model{

for(n in 1:N){

x[n] ~ normal(mu,sigma);

}

}

2 Stan

data{

int<lower=0> N;

vector<lower=0>[N] log_x;

}

transformed data{

vector[N] x;

for(n in 1:N){

x[n] = exp(log_x[n]);

}

}

parameters{

real mu;

real<lower=0> sigma;

}

model{

for(n in 1:N){

x[n] ~ normal(mu,sigma);

}

}

generated quantities{

real<lower=0> sig2;

sig2 = pow(sigma,2);

}


