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Motivation

• Different user needs
– Ambiguous queries

• Apple, Jaguar, Band…

– Multi-faceted needs
• Britney spears (news, videos, photos…)

• Information redundancy
– Many duplicate or similar results



Motivation

• Existing approaches

Non-learning

MMR
 IA-Select
 xQuAD
 PM-2
…

Learning-based

SVMDIV



• Typical methods
– MMR: Maximal Marginal Relevance

• Predefined utility function

Query
Relevance

Similarity with 
selected documents

Non-learning Methods



Non-learning Methods

• Typical methods
– xQuAD: Explicit query aspect diversification

• Predefined utility function

relevance
diversity

1) Heuristic predefined utility function;
2) Limited features incorpoated;



Learning-based Methods

• Typical method
– SVMDIV

• Only focuses on diversity, discard the relevance
• Propose to optimize subtopic coverage based on 

maximizing word coverage

How to model both 
relevance and diversity?
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Our Approach

• Relational Learning-to-rank approach (R-LTR)
– Considering both content of individual documents 

and relations among documents.

• Formalization
– Four key components: input space, out space, 

ranking function f, loss function L
Difference



Challenges for R-LTR

How to define ranking function

How to define loss function



Definition of Ranking Function

1) Top-down user browsing behavior;
2) NP-hard, greedy sequential approximation

Sequential Ranking Process



• Definition

• Relational function
– Minimal Distance

– Average Distance

– Maximal Distance
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Definition of Ranking Function

• Relevance features
– Traditional LTR relevance features, such as: TFIDF, 

bm25, LM, Proximity……
• Diversity features

– Subtopic diversity: semantic distance based on topic 
distribution.

– Text, title, anchor diversity based on cosine similarity;
– ODP-based: existing ODP taxonomy
– Link-based
– url-based
– …



Definition of Loss Function
Sequential Ranking Process

Model the generation of the result list 
in a Sequential way
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Loss function: 
likelihood loss of the generation probability

How to define 
properly?



Definition of Loss Function
Plackett-Luce Model

Detailed definition
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maximize the sum of the likelihood function



Learning

• Unconstrained optimization problem
– Stochastic Gradient Descent



Prediction
Sequential Prediction Process
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Experiments

• Dataset: 
– Diversity task in TREC Web track 2009, 2010, 2011

• Evaluation measures (K=20):
– TREC official evaluation measures: ERR-IA, a-NDCG, NRBP;
– Traditional diversity measures: Precision-IA, Subtopic Recall;

• Baseline methods:
– QL, MMR, xQuAD, PM-2, ListMLE, SVMDIV

• Platform:
– Indri toolkit (version 5.2)



TREC Official Measures

R-LTR approaches show better performance!





R-LTR approaches also shown better performance!



• Robustness Analysis
– Win/Loss Ratio (vs QL)

Experiments



Experiments 

• Offline Training Time
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Conclusion 

• Contributions
– Propose a novel relational learning-to-rank

framework for search results diversification
– The R-LTR is very general and can be easily 

extended  to other fields such as summarization 
or recommendation.

– Extensive experimental evaluation
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