
Latent Concept Expansion Using 
Markov Random Fields

Donald Metzler and W. Bruce Croft
University of Massachusetts Amherst



One Minute Summary

ÅTechnique
ïUse MRF retrieval model to find latent concepts
ïLatent concepts can be used for query expansion (RF or 

PRF) or to generate concepts related to a query

ÅContributions (Theoretical)
ïQuery expansion within term dependence model
ïQuery expansion using arbitrary features

ÅContributions (Practical)
ïGenerates meaningful single and multi-term concepts 

from a query
ïConsistent and significant improvements in retrieval 

effectiveness over [ŀǾǊŜƴƪƻΩǎRelevance Models
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Related Query Expansion Work

ÅExpansion with Single Terms
ïRocchio ώwƻŎŎƘƛƻ Ωтмϐ
ïModel-Based Feedback ώ½Ƙŀƛ ŀƴŘ [ŀŦŦŜǊǘȅ Ωлмϐ
ïRelevance Models ώ[ŀǾǊŜƴƪƻ ŀƴŘ /ǊƻŦǘ Ωлмϐ

ÅExpansion with Multi-Term Concepts
ïLocal Context Analysis ώ·ǳ ŀƴŘ /ǊƻŦǘ Ωллϐ

ÅExpansion with Term Dependence
ïVery little work ώIŀǊǇŜǊ ŀƴŘ Ǿŀƴ wƛƧǎōŜǊƎŜƴ Ψтуϐ

ÅExpansion with Arbitrary Features
ïNothing (?)
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[ŀǾǊŜƴƪƻΩǎRelevance Models

ÅA query is an inaccurate representation of a true 
information need 

ÅRelevance models build richer query 
representations by mixing term probabilities 
computed over top ranked documents
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[ŀǾǊŜƴƪƻΩǎRelevance Models

ÅPros

ïRelatively straightforward to implement

ïState of the art retrieval effectiveness

ÅCons

ïMakes unnecessary distributional assumptions 
(e.g., multinomial LM)

ïNo notion of term dependence

ïNo easy way to incorporate arbitrary features
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Latent Concept Expansion:
Improving upon Relevance Models

ÅProposed approach
ïUse Markov Random Field model for IR ώaŜǘȊƭŜǊ ŀƴŘ /ǊƻŦǘ Ψлрϐ

ÅPros
ïLess strict distributional assumptions

ïAllows modeling of term dependencies

ïAllows arbitrary textual and non-textual features

ÅCons
ïSlightly more complex to implement, depending on features used

ÅEffectiveness
ïWill modeling term dependence help?

ïWill more complex features help?
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Markov Random Field Model

Å P(w | D) is assumed multinomial
Å P(D) is often assumed uniform

Å Undirected graphical model
Å Different edge configurations lead to 

different dependence assumptions
Å Can use arbitrary features
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Latent Concept Expansion

ÅAssumption

ïThere exists some set of latent concepts (E1Χ Ek) that the 
user had in mind when formulating the query

ÅGoal is to find these latent concepts

ÅUses

ïGenerating concepts

ïQuery expansion (relevance / pseudo-relevance feedback)
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Latent Concept Expansion
Step 1: Build Expansion MRF
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Latent Concept Expansion
Step 1: Build Expansion MRF
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Latent Concept Expansion
Step 2: Find k Most Likely Concepts
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Computing Concept Likelihood

ÅSame idea as Relevance Models, except we use a 
more complex joint distribution

ÅOnly sum over known-relevant or pseudo-
relevant documents

ÅNo explicit assumption that P(D) is uniform
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Latent Concept Expansion
Step 3: Construct Augmented MRF
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Latent Concept Expansion
Step 4: Rerankusing Augmented MRF
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Relationship to Relevance Models
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Relationship to Relevance Models
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Relationship to Relevance Models
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Relationship to Relevance Models
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Evaluation

ÅGenerating concepts

ïIllustrative examples

ÅQuery expansion

ïOne term concepts

ïOne and two term concepts

ÅRobustness
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Concept Generation Example
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