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



Object-Relational Worlds

Vx.y(Smart(x) & Easy(y) & Take(x &
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= World = relational interpretation:
= Objects in the domain
= Properties of these objects
=« Relations (links) between objects



Why Probabilities?

= All universals are false (almost)
= 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 only
with things either certain, impossible, or entirely doubtful ...

Therefore the true logic for this world is the calculus
of probabilities ...
James Clerk Maxwell



Probable Worlds

= Probabilistic semantics:
= A set of possible worlds
=« Each world associated with a probability

course difficulty
student intell.
grade
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Representation: Design Axes

Probabilistic

Epistemic state

Categorical

: n-gram models
Bayesian nets
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First-order logic
Relational databases

HMMs
Markov nets Prob. CEGs
Propositional logic Automata
CSPs Grammars
Attributes Sequences

World state

Objects



Outline

Bayesian Networks
» Representation & Semantics
= Reasoning

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



%’ | Bayesian Networks
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nodes = variables
edges = direct influence

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



BN semantics

conditional local full joint
@ independencies + probability = distribution
@ @ in BN structure models over domain

P(d,i,g.1,s)=P(d)P(i}P(g] d,i)
Pt g)P(s i)

= Compact & natural representation:
= nodes have = k parents = 2kn vs. 2" params

= parameters natural and easy to elicit



%’ | Reasoning using BNs
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Full joint distribution specifies answer to any query:
P(variable | evidence about others)



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

01
Intell _George iffic_Geo1 01
Grade _George Geo10% 1




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

Teaches

n .
Q -
L .
O =
© .
D .
Ll

Welcome to

Geo101

Difficulty
Welcome to

CS101

Difficulty



Relational Schema

= Specifies types of objects in domain, attributes of each
type of object & types of relations between objects
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%P 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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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
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