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Why Relational?

 The real world is composed of objects that have
properties and are related to each other

 Natural language is all about objects and how
they relate to each other
 “George got an A in Geography 101”



Attribute-Based Worlds

Smart students get A’s in easy classes

Smart_Jane &  easy_CS101 ➠ GetA_Jane_CS101
Smart_Mike &  easy_Geo101 ➠ GetA_Mike_Geo101
Smart_Jane &  easy_Geo101 ➠ GetA_Jane_Geo101
Smart_Rick &  easy_CS221 ➠ GetA_Rick_C

 World = assignment of values to attributes
/ truth values to propositional symbols



Object-Relational Worlds

 World = relational interpretation:
 Objects in the domain
 Properties of these objects
 Relations (links) between objects

∀x,y(Smart(x) & Easy(y)  & Take(x,y)
                          ➠ Grade(A,x,y))



Why Probabilities?

 All universals are false
 Smart students get A’s in easy classes

 True universals are rarely useful
 Smart students get either A, B, C, D, or F

C student

The actual science of logic is conversant at present onlyThe actual science of logic is conversant at present only
with things either certain, impossible, or entirely doubtful with things either certain, impossible, or entirely doubtful ……

(almost)

James Clerk MaxwellJames Clerk Maxwell

Therefore the true logic for this world is the calculusTherefore the true logic for this world is the calculus
of probabilities of probabilities ……



Probable Worlds

 Probabilistic semantics:
 A set of possible worlds
 Each world associated with a probability
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Representation: Design Axes

Attributes Objects
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World state

Propositional logic  Propositional logic  
CSPsCSPs

First-order logicFirst-order logic
Relational databasesRelational databases

Sequences

AutomataAutomata
GrammarsGrammars

Bayesian netsBayesian nets
Markov netsMarkov nets

n-gram modelsn-gram models
HMMsHMMs

Prob. Prob. CFGsCFGs



Outline

 Bayesian Networks
 Representation & Semantics
 Reasoning

 Probabilistic Relational Models
 Collective Classification
 Undirected discriminative models
 Collective Classification Revisited
 PRMs for NLP



Bayesian Networks

nodes = variables
edges = direct influence

Graph structure encodes independence assumptions:
 Letter  conditionally independent of Intelligence given Grade
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BN semantics

 Compact & natural representation:
 nodes have ≤ k parents  ⇒ 2kn  vs. 2n  params
 parameters natural and easy to elicit

conditional
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in BN structure
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Full joint distribution specifies answer to any query:
   P(variable | evidence about others)

Reasoning using BNs

Letter

Grade

SAT

IntelligenceDifficulty

Letter SAT

Probability theory is nothing butProbability theory is nothing but
common sense reduced to calculation.common sense reduced to calculation.

Pierre Simon Pierre Simon LaplaceLaplace



Outline

 Bayesian Networks
 Probabilistic Relational Models

 Language & Semantics
 Web of Influence

 Collective Classification
 Undirected discriminative models
 Collective Classification Revisited
 PRMs for NLP



Bayesian Networks: Problem

 Bayesian nets use propositional representation
 Real world has objects, related to each other

Intelligence Difficulty

Grade

Intell_Jane Diffic_CS101

Grade_Jane_CS101

Intell_George Diffic_Geo101

Grade_George_Geo101

Intell_George Diffic_CS101

Grade_George_CS101A C

These “instances” are not independent



Probabilistic Relational Models

 Combine advantages of relational logic & BNs:
 Natural domain modeling: objects, properties,

relations
 Generalization over a variety of situations
 Compact, natural probability models

 Integrate uncertainty with relational model:
 Properties of domain entities can depend on

properties of related entities
 Uncertainty over relational structure of domain



St. Nordaf University
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Relational Schema

 Specifies types of objects in domain, attributes of each
type of object & types of relations between objects
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Probabilistic Relational Models
 Universals: Probabilistic patterns hold for all objects in class
 Locality: Represent direct probabilistic dependencies

 Links define potential interactions
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[K. & Pfeffer; Poole; Ngo & Haddawy]
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Prof. SmithProf. Jones

Welcome to

CS101

Welcome to

Geo101

PRM Semantics
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Instantiated PRM BN
 variables: attributes of all objects
 dependencies: determined by 
   links & PRM
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Discovering Hidden Types

Internet Movie Database
http://www.imdb.com



Actor Director

Movie

Genres Rating

Year
#Votes

MPAA Rating

Discovering Hidden Types

Type Type

Type

[Taskar, Segal, Koller]



Directors

Steven Spielberg
Tim Burton
Tony Scott
James Cameron
John McTiernan
Joel Schumacher

Alfred Hitchcock
Stanley Kubrick
David Lean
Milos Forman
Terry Gilliam
Francis Coppola

Actors

Anthony Hopkins
Robert De Niro
Tommy Lee Jones
Harvey Keitel
Morgan Freeman
Gary Oldman

Sylvester Stallone
Bruce Willis
Harrison Ford
Steven Seagal
Kurt Russell
Kevin Costner
Jean-Claude Van Damme
Arnold Schwarzenegger

…

Movies
Wizard of Oz
Cinderella
Sound of Music
The Love Bug
Pollyanna
The Parent Trap
Mary Poppins
Swiss Family Robinson

…

Terminator 2
Batman
Batman Forever
GoldenEye
Starship Troopers
Mission: Impossible
Hunt for Red October

Discovering Hidden Types


