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The State of Search

Results are generally independent of what
the user has done or learned.

The state of search is mostly stateless.

A But what if the user first did the foIIowmq
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Context In Information Retrieval

A Context
i/ dZNNByd Gl ail F20dza 60N L
I Longterm preferences
I Demographics: gender, age
I Geographic: current location, location in query
|

L I User activity: queries issued, results clicked, pages
viewed

A Challenge: Enable a context representation
focused on user activity to reflect the task In
which the user Is currently engaged.




ClassBased Context: A Simplified View

|dentified

Query  TaskRelevant [Intent
““’P Context ““‘”‘”P

Use Behavior
to Update Context
A Challenges:

I Accurately classify results and queries
I ldentify and represent taskelevant context
I Use intent distribution (e.g. for ranking and prediction)



Talk Overview

A Introduction

—» Refined Expertmennett & Nguyen, SIGIR 2009]
I Accurate classification inta hierarchy.

A ClassificatiorEnhanced Rankirgennettet al., WWW 2010]
I Obtaining & using a class distribution to improve ranking.

A Predicting Short S N L VY [wkddal ACikng2010f
I Updating & inferring intent from query and context.

A Summary



Classifying Web Pages into Topic:
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An Example Taxonomy

(0N}
< Software
Animation
< Literature

Board

Games
[ card )
Games
| Games)
Online

Games

Computer

A Here: use classification as a basis for context representation.

A More generally: weltaxonomies have been repeatedly
demonstrated to be useful in improving browsing and search.
[Dumais & Chen, 2000; Dumais et al., 2001, Zhang et al.] 2005
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Classifying a Web Page
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furthering Elven interests. We were formed in the city of Neverwinter, but have since moved on. Most of us now live in the village we call tel'Ruid, or the Glade, deep in the northern forests of
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er. Edler naa ai tanya effula en'dagora, ar'lye
assen nomin pelie ren. Mellonea, arigothea,

e. Life 15 a balance between happiness
t avoid. Disruption of the balance is not
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The Actual Label?
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Problems with Hierarchical
Classification

A Data are very sparse at the leaf nodes in a
hierarchy.

A Errors made at higher levels propagate to
f 2SN f SISt ad M LINBR
propagation.

A As we travel up the hierarchy, thtffusity of

general concepts can lead to more complex
RSOAAAZ2Y & daeRrimadsis & Tt




RefiInement

Top-down to reduce error propagation
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Refined Experts
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Top-down to reduce error propagation



Hierarchical Learner

The training examples of the

OS
Computer board gamegategory include all
f documents belonging to the

Software _
gamescategories.

Animation
Arts J< -
Literature

Games




Other Select Related Work

A McCallum et al. (1998)

I Shrinkage of parameters based on parents to help improve
data sparsity problems.

A Jordan & Jacobs (1994) HME, Ruiz & Srinivasan (199¢
variant of HME

I Experts at leaves and gating at internal nodes fit with EM
algorithm.

A Xue et al. (2008)

I Two stageg category search to reduce to a smaller
dynamic hierarchy and then classify into smaller hierarchy.



Contributions of Refined Experts

A Identify and address two underlying machine
learning issues for hierarchical classification

A Derive general framework applicable to other
base learning algorithms

A Focus on largscale taxonomies where joint
optimization Is difficult



Training Distribution




Test Distribution Drift




RefiInement

A Use crossalidation on the training set to predict
test distribution.

A Training examples are predicted to be at node
unioned with actual at node.

A Computational complexity

I Training: Parallelization by level. Cost primarily cross
validation.

I Testing: Prediction cost is the same.



Complex Decision Surfaces




Complex Decision Surfaces




Modeling NonLinear Decision
Surfaces

A Union of two or more linear surfaces is nbnear
In general.

A Given a binary feature capturing whether a
document belongs to a child, the surface
becomes linear again.

A Introduce metafeatures where membership is
predicted from the bottorrup before making a
top-down final decision.



Extending with Metafeatures
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Refined Experts

A Starting at leaves, use cresgalidation to produce
metafeatures for a node.

A At top, run refinement training algorithm
augmented with metafeatures.

A Computational complexity

I Training: Parallelization by level. Cost about 2x
refinement.

i¢SadAYy3IY t NBRAOGAZY 0O2al
experts from bottom. Can be distributed.



The Refined Experts Solution

A Error Propagation
I Predict the test time distribution at a node.
I Incorporate when training model.

A Complex decision surfaces high in the hierarchy
Pi¢NFAY GaFANRG 3IFdzSaaé¢ YWPRS
I Make use of expert information when making final
prediction topdown.



A Hierarchical Web Ontology

A DMOZ Open Directory project

I http://www.dmoz.org/, Open source web
ontology.

Search | the entire directory

Top: Computers: Computer Science: Organizations: ACM (59) Description

e Chapters (9)
o Journals (/8)

o Special Interest Groups (30)

e Association for Computing Machinery - International scientific and educational
organization dedicated to advancing the arts, sciences, and applications of information
technology.



http://www.dmoz.org/

Experiment Setup

A Base classifier: Line&VM

A Data representation: bagf-words,tf-idf, unit sphere
normalization.

A All methods optimize FISEu)

A Selected 9 subierarchies of ODP data

I Adult, Computer, Game, Health, Home, Kids & Teens, Reference,
Science, Shopping

I 22635 categories total
I Number of Documents: 1,188,524/ 509,454 (train/fest

A Here we present the average results for these-bidrarchies.
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Adding Expert Information

_ Hierarchical SVM Refined erts

Macro F1 0.302
Micro F1 0.365

=—#— Hierarchical SVM (baseline)
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Refined Experts Summary

A Refinement: addresses error propagation
I 8-13% improvements overall
I Training Is slightly more time
I Prediction is computationally as efficient
A Refined Experts: Refinement + complex surfaces
I 20-28% improvements overall
I More intensive training and testing
I Highly parallelizable
A Future Work
I Value of information by considering weights of bottam categories.
I Use of insights in approximate graphical models.

A Our learning model is flexible. The badassifier can be replaced
by any other learners.



Talk Outline

A Introduction

A Refined Expert@ennett & Nguyen, SIGIR 2009]
I Accurate classification inta hierarchy.

=» ClassificatiorEnhanced Rankirgennettet al., WWW 2010]
I Obtaining & using a class distribution to improve ranking.

A Predicting Short S N L VY [wkddal ACikng2010f
I Updating & inferring intent from query and context.

A Summary



ClassificatiorEnhanced Ranking

A Longstanding general research intuition that
classification can help rank search results.

~diversification of
results, personalization profiles.

A Obtaining relevance gains challenging
I Query Classification: little information-@words)
I Uncertainty in both query and doc classification.
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Select Related Work

Broder et al. (2007); Gabrilovich et al. (2009)

I Match ad classes to query classes.

I Infer query classes using weight derived from search engine/ranker.
Sahami & Heilman (2006)

I Aggregate words of returned results as context for qugugry kernel for
qguery suggestions.

Beeferman & Berger (2000)
I Clustering of queries using bipartite graphequires clicks on shared queries.

Beitzel et al. (2007)
I Classify queries to route to appropriate datab&sakin to vertical selection.
Y55 [/ dzLJ Hnnp YR RSNAGI G0ADBSE O6{ KS
YIFNR]12dl Oa Su |fd WYWnpo
I Use external resources (e.g. WordNet and intermediate taxonomies) to
improve query classification over 800 manually labeled (unrevealed) queries.



ClassificatiorEnhanced Ranking
Contributions

A Use class information to improve relevance
directly.

A Develop features that measure:
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properties).
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Dealing with Class Uncertainty

A Predict URL classes.

A Infer query class using class of result URLS,
weighted by estimated relevance.

A Add new features derived from the class
distributions of query and results to the
ranker.

A Learn model incorporating class information.
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Query Class = What the user want

A Assumption: ideal query class distribution is an
aggregate of the class distributions of relevant
URLS.

A To estimate query class, weight URL classes by
relevance of the URL.

A To estimate URL relevance, use click distribution:
to predict URL relevance.



Types of Ranking Features

A URL Features: a feature whose value depend:
only on the URL.

A Query Features: a feature whose value
depends only on the query.

A QueryURL: a feature whose value depends or
both query and URL.



URL Features

A URLClassEntropy
I Entropy of P(class | URL).

I Intuition: URLs on fewer topics may be preferred
higher In the ranking (more focused).



AURLClaGe=

Specificity of a URL
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Specificity of a URL

A URLClassEntropy

Oficial NFL Sites AFC Teams

=
: 2 ) @Ik
AR N

ARIZONA
CARDINALS

WORD FROM
THE BIRDS

ARIZONA

|
B . roLamis
Ak 5 Py
FGSTF ®T VA %:’

For Camp Info
Click Here!

0.95 sports/football
0.05 shopping/sports 0.29




Specificity of a URL

A URLClassEntro
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