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Probabilistic Programming

ÅStart with your favourite paradigm (fun, logic, imp),
add random to get probabilistic behaviour,
add constraintsto condition on observed data,
ŀƴŘ ƛƴŘƛŎŀǘŜ ǿƘƛŎƘ ǾŀǊƛŀōƭŜǎΩ ŘƛǎǘǊƛōǳǘƛƻƴǎ ǘƻ ōŜ inferred.

ÅBetter than writing code for probabilistic inference from scratch.

ÅMany academic and commercial systems: BUGS, Figaro, pcc, 
Church, Dimple, Hansei, STAN, Infer.NET/Fun, R2, Factorie, BLOG, 
ProbLog, Alchemy, Venture, Anglican, Wolfe, HakaruΣ 9ŘǿŀǊŘΣ ΧΦ

ÅAcademic prizes (egin computer vision), and large-scale adoption in 
some commercial services (egMicrosoft Office Clutter, etc)

ÅSemantics pioneered by Kozen, Giry, Jones/Plotkin, Panangaden et 
al, Ramsey/Pfeffer
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Data Scientists?

Source: Kaggle



AJ KoΣ w !ōǊŀƘŀƳΣ [ .ŜŎƪǿƛǘƘΣ ! .ƭŀŎƪǿŜƭƭΧ ¢ƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ƛƴ ŜƴŘ-user software engineering. ACM Computing 2011

End-User Programmers?





Traces of Users

EUSESEnron

Spreadsheets 4447 15770

With formulas 1961 9120
Proportion with 
formulas 44% 58%

Felienne Hermans and Emerson Murphy-IƛƭƭΥ 9ƴǊƻƴΩǎ {ǇǊŜŀŘǎƘŜŜǘǎ 
and Related Emails: A Dataset and Analysis. ICSE-SEIP (2015)



Probabilistic Programming already 
Empowers (Some) Spreadsheet Users!



Demo: Flaw of Averages

Source: http://probabilitymanagement.org/



Empowering Spreadsheet Users

ÅModern spreadsheets incorporate end-user database 
functionality previously in separate applications

Åά! data enthusiast is an educated person who believes that 
data can be used to answer a question or solve a problem. 
These people are not mathematicians or programmers, and 
ƻƴƭȅ ƪƴƻǿ ŀ ōƛǘ ƻŦ ǎǘŀǘƛǎǘƛŎǎΦέ όtŀǘ IŀƴǊŀƘŀƴ нлмнύ

ÅGoal: empower data enthusiasts, not professional 
programmers or data scientists

ÅExisting spreadsheet tools for probabilistic models
Åaccessible to highly advanced spreadsheet users,

Åbut out of reach of most data enthusiasts 



Example: InfernoDB
Automatic Machine Learning for Relational DBs

Sameer Singh 

(with Thore Graepel)



Automated Machine Learning

ÅAbstractions: Classification, Clustering
ÅML experts improve methods

ÅData scientists translate problem into the abstraction

ÅNot so with Probabilistic Programming
ÅNot an easy abstraction for the data enthusiast

ÅObjective: Use probabilistic programming
ÅWithout data enthusiast needing to write code

ÅWithout ML expert learning a new domain

ÅIdea: derive probabilistic program from schema
Å[ŜǾŜǊŀƎŜ Řŀǘŀ ŜƴǘƘǳǎƛŀǎǘΩǎ ƪƴƻǿƭŜŘƎŜ

ÅLot of effort spent in designing databases
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Example: Recommendations

ÅPredict Age, Gender, 
Occupation given the 
ratings

ÅPredict Movie genres 
given user details

ÅPredict ratings for a new 
movie given its genres

Rating

Rid
UserId
MovieId
Rating
Timestamp

User

Uid
Gender
Age
Occupation

Movie

Mid
Title
ReleaseDate
URL
Action
Adventure
Animation
Χ
War
Western
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Row i in User

Component u in JU

Row j in Movie

Component m in JM

Row k in Ratings

Component r in JR

Component u in JU

C
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m

 in
 J

M

Automatic Model Suggestion

Rating

Rid
UserId
MovieId
Score

User

Uid
Gender
Age

Movie

Mid
Genre
Year
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The InfernoDBdemo is a UI 
showing each table.

Colorson the left show the 
inferred cluster for each 
node.

The pink cells were missing in 
the raw database, and have 
been automatically filled in 
by inference.



A simple example
(slides in this section adapted from a talk by Tom Minka)



A simple example

I secretly toss two coins

I tell you that they are NOT both heads.

What is the probability that the first coin is heads?



How do we specify the model?

ÅProbability distribution
Åmost flexible, dense, opaque

ÅFactor graph
Åless flexible, clear (for small graphs)

ÅSimulator
Åmore flexible, clearer for large graphs



Model for a fair coin

ὴὧέὭὲπȢυ πȢυ (Bernoulli distribution)

coin

Bernoulli

bool coin  = random()<0.5;

(Factor graph) (Simulator)



Model for two coins problem

coin1 coin2

&

both

heads

bool coin1  = random()<0.5;
bool coin2 = random()<0.5;
bool bothHeads= coin1 & coin2;

ὴὧέὭὲὴὧέὭὲὴὦέὸὬὌὩὥὨίȿὧέὭὲȟὧέὭὲ)



Bayesian inference

ÅMathematical approach
Åsolving integrals

ÅSimulation approach
Årejection sampling

ÅMessage-passing approach
Ålocal operations on factor graph
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!ŦǘŜǊ ƳŀƴȅΣ Ƴŀƴȅ ǊǳƴǎΧ
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We observethat bothHeads is F

F

Attaching data to the model

bool 

bool

bool 


