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« F7| ¢14) (Handwriting Recognition)

91 4] (Speech Recognition)
7} 2= (Noise Reduction)

o Al ol 7] (skill Inference)



Running Example: A8 <olU7] (Skill

Inference)

Skill

Player 5: 80
Player 1: 70
Player 4: 60
Player 2: 30
Player 3: 30

e

-

Data

Player 1 Beats Player 2
Player 1 Beats Player 3
Player 1 Beats Player 4
Player 4 Beats Player 2
Player 4 Beats Player 3
Player 5 Beats Player 1

N

/
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» Probabilistic Graphical Models

» Probabilistic Programs

pl =s1 + random(Gaussian(0,beta));

p2 =s2 + random(Gaussian(0,beta));

if (p1 > p2 + epsilon) thenr = 1; // p1 wins
else if (p1 < p2 — epsilon) thenr=-1; // p2 wins
elser=0; // draws



» Frequentist Inference
e Maximum Likelihood Estimation (MLE)

e Maximum a Posteriori (MAP)

» Bayesian Inference



A A Lopf7]



Posterior AlAF 54 (Bayes’ rule)

POs|lryd =
= PRTs= x PHSE P I—21:4 X P
= P oC rss (s)




Posterior AJAF v}

» Deterministic Approximate Methods

e Expectation Propagation
 Variational Message Passing

» Simulation-based Methods

e |mportance Sampling
e Markov-Chain Monte Carlo Simulation (MCMC)



$-2)9) S8 77

> Program -2 = o] &3l A& =27

Program Splitting:
for efficient MCMC

Weakest Precondition:
for reducing rejection rate

Program Slice:
for eliminating unnecessary computation

Fo = HA H W ofo|tjo]So] LhE Zlo]at
N (12 A AT F)




oA A Ay Lold”7] (TrueSkill Model)

s[0] = random(Gaussian(mp[0],sp[0]));

s[1] = random(Gaussian(mp[1],sp[1]));

s[2] = random(Gaussian(mp[2],sp[2]));

v[0] = random(Gaussian(0,beta));

v[1] = random(Gaussian(0,beta));

v[2] = random(Gaussian(0,beta));

p[0] = s[0] + v[O];

p[1] =s[1] + v[1];

p(2] = s[2] + V(2]

if (p[0] > p[1] + epsilon) then r = 1; // p[0] wins
else if (p[0] < p[1] — epsilon) thenr=-1; // p[1] wins
elser=0; // draws
observe (r == 1);

return (mp,sp);



Bayesian Inference Systems for Probabilistic
Programs

> Infer.net

e Probabilistic C#

e Micorosft Research Cambridge

e EP(Expectation Propagation),
VMP(Variational Message Passing) Al-&

» Church

e Probabilistic Scheme
e MIT, Standford
«  MCMC(Markov-Chain Monte Carlo) Af-&

»> R2

e Probabilistic C#
e Micorosft Research India (and SNU)
e MCMC + Program Analysis/Verification Technique Af-&
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