
Ranking Methods in Machine Learning



Example 1: Recommendation Systems
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Example 2: Information Retrieval



information

Example 2: Information Retrieval



Problem: Millions of structures in a chemical library.
How do we identify the most promising ones?

Example 3: Drug Discovery



Human genetics is now at a critical juncture. 
The molecular methods used successfully to 
identify the genes underlying rare mendelian 
syndromes are failing to find the numerous 
genes causing more common, familial, non-
mendelian diseases . . .

Nature 405:847–856, 2000

Example 4: Bioinformatics



Nature 405:847–856, 2000

With the human genome sequence nearing 
completion, new opportunities are being 
presented for unravelling the complex genetic 
basis of nonmendelian disorders based on 
large-scale genomewide studies . . .

Example 4: Bioinformatics



Types of Ranking Problems

Instance Ranking

Label Ranking

Subset Ranking

Rank Aggregation

?



Instance Ranking
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Label Ranking
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Subset Ranking
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Rank Aggregation
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Types of Ranking Problems

Instance Ranking

Label Ranking

Subset Ranking

Rank Aggregation

? This tutorial



Part I
Theory & Algorithms

[for Instance Ranking]



Bipartite Ranking

Relevant (+) …doc1+ doc2+ doc3+

Irrelevant (-) …doc1- doc2- doc3- doc4-



Bipartite Ranking



Bipartite Ranking



Is Bipartite Ranking Different from 
Binary Classification?



Is Bipartite Ranking Different from 
Binary Classification?



Is Bipartite Ranking Different from 
Binary Classification?



Is Bipartite Ranking Different from 
Binary Classification?



Is Bipartite Ranking Different from 
Binary Classification?



Is Bipartite Ranking Different from 
Binary Classification?



Bipartite Ranking:
Basic Algorithmic Framework



Bipartite RankSVM Algorithm

[Herbrich et al, 2000; Joachims, 2002; Rakotomamonjy, 2004]



Bipartite RankSVM Algorithm



Bipartite RankBoost Algorithm

[Freund et al, 2003]



Bipartite RankBoost Algorithm



k-partite Ranking

Rating k …doc1k doc2k doc3k

Rating 1 …doc11 doc21 doc31 doc41

Rating 2 …doc12 doc22 doc32 doc42

…



k-partite Ranking



k-partite Ranking:
Basic Algorithmic Framework



Ranking with Real-Valued Labels
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Ranking with Real-Valued Labels



Ranking with Real-Valued Labels:
Basic Algorithmic Framework



General Instance Ranking
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General Instance Ranking

ri



General Instance Ranking



General Instance Ranking:
Basic Algorithmic Framework



General RankSVM Algorithm

[Herbrich et al, 2000; Joachims, 2002]



General RankBoost Algorithm

[Freund et al, 2003]



Application to Information Retrieval (IR)



Learning to Rank in IR



General Subset Ranking
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General Subset Ranking



Subset Ranking with Real-Valued
Relevance Labels

doc1
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Subset Ranking with Real-Valued
Relevance Labels



RankSVM Applied to IR/Subset Ranking

[Joachims, 2002]

Standard RankSVM



RankSVM Applied to IR/Subset Ranking

RankSVM with Query Normalization 
& Relevance Weighting

[Agarwal & Collins, 2010; also Cao et al, 2006]



Ranking Performance Measures in IR

Mean Average Precision (MAP)



Ranking Performance Measures in IR

Normalized Discounted Cumulative Gain (NDCG)



Ranking Algorithms for Optimizing
MAP/NDCG
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