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MMoottiivvaattiioonn In a probabilistic program

'usual' conditioning is ddeetteerrmmiinniissttiicc:: .

WWoorrkkss when observations

▪ are samples from joint data distribution.

WWoonn''tt  wwoorrkk when observations

▪ independent samples from marginal distributions,

▪ summary statistics,

▪ distributions in closed form or as samplers,

▪ reflect partial knowledge about future.

IInnttuuiittiioonn CCooiinn  fflliipp OObbsseerrvviinngg  aa  vvaalluuee

Posterior after  observations :

OObbsseerrvviinngg  aa  ddiissttrriibbuuttiioonn

Assume we just know that :

Now  is an observation of :

CCoonnddiittiioonnaall  pprroobbaabbiilliittyy

Probabilistic programming requires computing :

For conditioning on distribution :

DDeeffiinniittiioonn Probabilistic program computes

Our objective is to infer

By definition, density of  fiven :

*) Probability of observing all possible draws of  from , each according to its probability .

PPooppuullaattiioonn  ooff  NNeeww  YYoorrkk

DDaattaa

   PPooppuullaattiioonn SSaammppllee11 SSaammppllee22
   (N=804) (n=100) (n=100)

mmeeaann 17,135 19,667 38,505
ssdd 139,147 142,218 228,625
00%% 19 164 162
55%% 336 308 315

2255%% 800 891 863
5500%% 1,668 2,081 1,740
7755%% 5,050 6,049 5,239
9955%% 30,295 25,130 41,718

110000%% 2,627,319 1,424,815 1809578

MMooddeell

PPoosstteerriioorr

p(x|y) ∝ p(x)p(y|x)

p(x|y = c)

x
y

∼ Beta(α, β)
∼ Bernoulli(x)

n ∘. . . ∘ ∘yn y2 y1

x| ∼ Beta (α + , β + n − )y1:n ∑
n

i=1
yi ∑

n

i=1
yi

= k∑n
i=1 yi

x| ∼ Beta(α + k, β + n − k)y1:n

yi Bernoulli (θ = )k
n

x| ( ∼ Bernoulli(θ)) ∼ Beta(α + nθ, β + n(1 − θ))y1:n

p(y|x)

p(y|x) = (1 − xxy )1−y

y ∼ Bernoulli(θ)

p(y ∼Bernoulli(θ)|x) = (1 − xxθ )1−θ

= exp ( (y) ⋅ log (y))∑y∈{0,1}
pBern(θ) pBern(x)

p(x, y) = p(x)p(y|x)

p(x|y ∼ D) ∝ p(x)p(y ∼ D|x)

y ∼ D x

p(y ∼ D|x) ∝ exp ( (log p(y|x)) q(y)dy)∫Y

= p(y|x∏Y
)q(y)dy∗

y D q(y)dy

← Quantilesz1…n

m ∼ Normal (mean, ) , ∼ InvGamma ( , )sd
n‾√

s2 n
2

n
2

sd2

σ = , mu = log m −log ( / + 1)s2 m2‾ ‾‾‾‾‾‾‾‾‾‾‾‾‾√
σ2

2
|m, ∼ LogNormal(μ, σ)z1…n s2
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