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Overview

Motivation and context

v

v

Exploiting query logs

v

Adaptive search

v

AutoEval: evaluating adaptive search

Current work

v
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Background

v

Natural language processing (NLP) at Essex goes back a very
long time

» Information retrieval (IR) emerged later

> Essex combines both

» Essex: particular focus on practical applications

» Funded research projects (EPSRC, TSB, BT, EU ...)

» About 10 PhD students in the wider area of IR + NLP

O
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Context

» Collection of documents, e.g.
digital library, local Web site, intranet

» Not Web search in general

» Ad hoc queries
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Problems

» Common problem with too many matches
» General queries
» Ambiguous queries
» Short queries
» Data sparsity problem
» Typical intranet problem: recall can be important
(e.g. single matching document)
» Express information need as a query
» Usable knowledge sources not available
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Another Problem

THINGS ON THE FRONT PAGE.  THINGS PEDPLE GO TO
OF A UNIVERSITY WEBSITE THE SITE LOOKING FOR
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PRESIDENT

VIRTUAL TOUR
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PARKING

USABLE
INFORMATION CAMPDS

MAP.

(Source: http://xked.com/773)
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Our Approach

» Search system that makes suggestions using automatically
extracted domain knowledge
» But ...

» Domain knowledge is noisy and incomplete
» System suggestions not always useful /helpful
» Document collection is changing

» Learn from the users’ interactions

» Improve system over time by adapting to the users’ search
behaviour

» No single user profile but “community profile”
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University of Essex :: Search results — Mozilla

Edit View Go Bookmarks Tools Window Help

@o@ Q @ [Frorrvnns

about the university

maps

departments

business

. 4 Home F5Bookmarks S mozilaorg S mozillaZine S mozdev org

virtual tours
job vacancies
research and expertise

key dates

prospective students

Targeted results.
Were you looking for any of

new and current students

Language and Linguistics?

Search results

= Results for web pages and other online documents
= Results from the phonebook

Results for web pages and other online documents

You searched essex.ac.uk for fanguage
Results 1-10 of estimated 5150 ordered by relevance

D G il s Uiy s O
. Department of Language and Linguistios at
itp:wmessex.ac.ukfinguistics

University of Essex students : English language requirements

.. of Essex ;: International students : English language requirements skip to content ...

mySkills; Academic Skils at Essex - Skills - Language
.. Acadermic SKIls at Essex — Skils — Language Skip to: site ..

Department of Language and Linquistics at the University of Essex, UK

- Who to contact Modern Language Courses BA Language Studies BA Modern Languages

BA ... Department of Language .

Academy; Modem Languages; Depariment of m

Staff | alumni | visiting
you are here: home > search

Your query returs a large nurmber
of matching documents.

Refine Guery

You may add words to your query
or replace it by any of the following
terms;

courses add/substitute
centre add/substitute
studies add/substitute
skills add/substitute

university of Esaex
addisubstituts

dEParMent of language
add/substitute

computation day add/substitute
information add/substitute

linquisties

DD

| ESk=E
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Partial Domain Knowledge (Web Site)

registration

dates } [ card

-

[
[ office } [regulations}
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A Different Model

library
opening
times

library
homepage
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Partial Domain Knowledge (Digital Library)

O
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Applying Domain Knowledge - General Idea

v

Combine standard search system with initial domain model

v

Utilize domain model to construct

» query refinements
> query relaxations

v

Visual graph representation for navigation

v

Present suggestions alongside matching documents

O
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Log Data Example (Web site)

33136 1FEEOF65A1DA07ABE70F497C900D5SE7E  Wed Jan 02 08:36:02 GMT 2008 \

0 0 O posrgarduate application form \
posrgarduate application form posrgarduate application form
33137 1FEEOF65A1DA07ABE70F497C900D5E7E Wed Jan 02 08:36:58 GMT 2008 \

1 0 1 application application application<r>

.S S
13

Utilizing User Access Patterns - Real Al @ BCS - Oct 2014



Overview Log Data Adaptive Search Adaptive Navigation Evaluation Current Work Conclusions

Log Data Example (Digital Library)

903779;guest;83.33.xxx.xxx;83et8b7j010eh4vlht3ucj8dll;en;
("pomegranate fertilization");search_sim;;0;-;;;2007-10-05 13:52:30

1889115;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71ul0s2aff6;en;
("mozart") ;search_url;;0;-;;;2008-06-24 22:02:52

1889118;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71uls2aff6;en;
("mozart") ;view_full;;1;;;;2008-06-24 22:03:03

1889120;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71ul0s2aff6;en;
Klavierkonzerte;search_res_rec_all;;0;-;;;2008-06-24 22:03:55

1889121 ;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71u0s2aff6;en;
("klavierkonzerte");view_full;;1;;;;2008-06-24 22:04:10
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Using Log Data to Acquire a Domain Model

v

Queries submitted by users

v

Identify sessions

v

Associate related queries (many possible ways of doing so)

v

Result is a query association graph (of some sort)

O
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Using Log Data to Acquire a Domain Model - Example

903779;guest;83.33.xxx.xxx;83et8b7j010eh4vlht3ucj8dll;en;
("pomegranate fertilization");search_sim;;0;-;;;2007-10-05 13:52:30

1889115;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71ul0s2aff6;en;
("mozart") ;search_url;;0;-;;;2008-06-24 22:02:52

1889118;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71uls2aff6;en;
("mozart") ;view_full;;1;;;;2008-06-24 22:03:03

1889120;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71ul0s2aff6;en;
Klavierkonzerte;search_res_rec_all;;0;-;;;2008-06-24 22:03:55

1889121 ;guest;71.249.xxx.xxx;8eb3bdv3odg9jncd71u0s2aff6;en;
("klavierkonzerte");view_full;;1;;;;2008-06-24 22:04:10
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Using Log Data to Acquire a Domain Model - Example

8eb3bdv3odg9jncd71uls2aff6 xxxx 1889115 xxxx mozart xxxx 2008-06-24 22:02:52
8eb3bdv3odg9jncd71uls2aff6 xxxx 1889120 xxxx klavierkonzerte xxxx 2008-06-24 22
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Using Log Data to Acquire a Domain Model - Example

O
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Our Log Data

» We use query logs collected on different collections, e.g.

» University of Essex intranet search engine:
more than 2 million queries (since Nov 2007)

» The European Library:
1.8 million interactions (Jan 2007 - Jun 2008)

» Query log analysis (not discussed here)

» Bootstrap (adaptive) domain models
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Adaptive Search

Towards Adaptive Search

» Start by employing initially extracted domain knowledge
» Observe user interaction with the system
» Incorporate clickthrough trails

» Use this implicit relevance feedback to adjust domain
knowledge accordingly

» Do this fully automatically

» Aim: evolving domain knowledge that adjusts to the users’
search behaviour

» Should learn common patterns over time,
e.g. “‘map” — ‘“campus map”
» Should deal with seasonal terms appropriately,
e.g. ‘registration”
This should improve search ...
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... and Navigation

Fle Edit View History Bookmarks Tools Help

@ > v e

http y/localhost :B080/AATermModel Test v [@v

|| search | |

Your searched for "computer vision'.

[associated t

1 *computer’

D0 teckars motes O aymthetic

[ learning [ player [ dictionary

—
add to query ][ submit as new query

Documents 11020 out of 337 hits:

o Sl Tite

Using subroutines If playing X, computer uses lines 1, 3,5, ... the algorithm f playing O,
computer uses moves 2, 4, 7 7 Lookup-table 7 Uses the compuler as an slectronic [ computer |
dictionary ? EompUisL T~
ttp/athen a.comp.rgu.ac. ukistafiabiCR3002/Slidesichaptert_student pf
% :
Research Groups, School of Computing, RGU
Research Groups, School of Gomputing, RGU rgu.ac.uk AtoZ | Cont.. ... and Dundee Seottish

Informaties and Computer Science Alliance (SICSA) of the ... .. leading departments of Computer
Science across Seotland €E-Mail 9Extemal

itp:fivevew comp.rgu.ac. uldocs/info/grou psire search htm

Cogitive Enginee ring Research Group, School of Computing, RGU
Rational (ACT-R) for simulating human eomputer interaction in healtheare Human erors

Human factors modls for enhanced computer based training Video communications: Fully

Mulimedia) L, Aberdeen Pieto Murano, computer Science Research Gentre, Interactive

Systems

itp:/fvevv comp.rg . ac, ukidoes isfindex him|

Com Seminars
Gomputing Seminars _https/www .comp rgu.as ukidoos/ssminars’ The School of Gomputing

Documents continued ...

Done
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Automatic Domain Model Adaptation

Variety of adaptation models, including:

» Exploiting Maximum Likelihood Estimates (MLE)
Formal Concept Analysis (FCA)
Ant Colony Optimization analogy (ACO)
Enhanced Query Flow Graph (QFG)
Hybrid Approach: Documents + Query Logs

v

v

v

v

» Adaptive Intranet Navigation
. no time to look at any of these approaches ...
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MLE: Domain Model derived from Query Logs

ql q2 MLE
registration online registration 0.045
registration registration office 0.035
registration timetable 0.025
registration enrol 0.020
online registration registration 0.211
registration office careers centre 0.053
registration office albert sloman library 0.053
enrol course enrolment 0.050

O
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Adaptive Search

MLE: Domain Model derived from Query Logs Il

freshers week

department timetable

freshers ball registration office

calendar
|
timetable

online registration registration

transcript

enrol

payment

course enrolment
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MLE: Reminder - Original Domain Knowledge

registration

dates } card essex }

\

office egulatl ons
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Adaptive Search

User Study!

» Studied 3-year log file of Essex search engine
(about 1.6 million queries)

» Sampled frequent and less frequent queries

» User study to assess quality of derived term suggestions using
a variety of log-based and document-based methods (e.g.
extracting suggestions from snippets of best matches,
association rules approach, query flow graphs, maximum
likelihood estimation...)

» Maximum Likelihood approach very accurate (but sparse)
» Query Flow Graphs better coverage and consistent

> Session-based approach seems ok, but more fine-grained
session identification is better

!(Kruschwitz et al., 2013) in JASIST
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FCA Approach to Adaptation?

> Lattice structure representing terms and corresponding
documents

» Concept in lattice defined by objects (URLs) and attributes
(terms)

2(Lungley, 2012) PhD thesis, University of Essex
O
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FCA Approach to Adaptation Il

» Learn from past user queries (implicit relevance judgements)
using relative judgements (Radlinski & Joachims, 2005)

» Train a classifier (SVM) that associates terms with documents

» Rerun lattice construction

.S S
28
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FCA: Architecture

NL Query

—— T
Document
— Indices

4

Document

URL : Terms Collection

Predictions (URL :
weighted terms)

URL : Terms
(Adapted)

¥

| ) ogged Relevance Data| . .
Latice Exploraion Lattice/Document | __}  Machine Learning
Representation Module
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Adaptive Search

FCA: Screenshot

matically Maintained D in Knowledge

attice for ‘Polioy statement on equalty and diversity and code of practice on disabilityin employment
(Check extent for. special arrangements for parking and access to

Codes and Policies
Codes and Policies Policy Statement & Code of Practice on Students with Disabilies May 2003

Calendar of the Uriversity of Essex: - Rules Governing the Driving and Parking of Vehicles within Uni
‘when the car parking charge is paid and .. does not guarantee that car parking places, in accordance

Calendar of the Uriversity of Esses - Student Handbook - The Campus
‘top of page ] Car Parking Students resident in campus . The Quays, are prohibited from parking a
vehicle on

parking

‘Room Booking Charges - Coference Office
access and car parking Booking Please contact Lisa Vincent

Calendar of the Uiversity of Essex:
of the University P Parking and Driving of .. the Driving and Parking of Vehicles within

Calendar of the Upiversity of Essesz - Academic Regulations, Regulations relating to Conduct
the Driving and Parking of Vehicles within

Calendar of the Uriversity of Esses - Rules Governing the Driving and Parking of Vehicles within Uni
‘when the car parking charge is paid and . does not guarantee that car parking places, in accordance

Calendar of the Uriversity of Esses - Student Handbook - The Campus
top of page ] Car Parking Students resident in campus . The Quays, are prohibited from parking a
vehicle on

Calendar of the Uriversity of Esses - Acaderic Regulations, Regnlations relating to Conduct
the Driving and Parking of Vehicles witin v
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FCA: Results®

» User study similar to MLE evaluation (using MSN logs)
» Sampled frequent and less frequent queries
» User study to assess quality of derived term suggestions

» Compared these terms to alternatives, e.g. association rules
approach, and unadapted FCA lattice

» FCA adaptation beats both alternatives
» Drawback: complexity
> Task-based evaluation (using Essex Web site): mixed results

3(Lungley et al., 2012) at ECIR 2012
O
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Ant Colony Optimisation®

» Biologically inspired model. Ants wander randomly, and upon
finding food return to their colony while laying down
pheromone trails. Trails are then followed by ants and
reinforced if they find food eventually. Trails also evaporate
over time.

> ldea: learn associations as they become popular, allow for
forgetting relations as well

*(Albakour et al., 2011) at ICTIR 2011
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Adaptive Search

ACO: Results®

>

Again: user studies to assess quality of derived term
suggestions

Two studies: Essex university logs (Essex), European Library
logs (TEL)

Compared these terms to alternatives, e.g. Google
suggestions, association rule approach, snippet processing

Essex: ACO beats all alternatives and suggestions improve
over time

TEL: ACO better than association rule approach but not
snippet baseline

Suggestions derived using different methods can be
complementary (TEL)

®(Kruschwitz et al., 2011)
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ACO: Longitudinal Study on Field Force Engineers®

» Applying ACO in a realistic call centre setting

» BT engineers both in the field and the call centre

» Search engine indexing different information silos

» A/B testing applied to MLE, AR and ACO

» Finding: low uptake , but ...

» Higher uptake of ACO suggestions than the alternatives

» Statistically significant increase after training phase

. more details in the book chapter

®(Albakour et al., 2013)

O
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Adaptive Search

Enriched Query Flow Graphs’

» Build query flow graphs (QFG) from the query logs
» Update the weights of the edges based on the number of clicks

» Experimented with different co-efficient factors of query click
bands

Co-v0(q,4") + C1.01(q,4") + Cr-0x(q, q')
Y er, LiGipi(q, r)

w(q,q') =

» Evaluation framework: AutoEval

» Results: overall improvement over standard QFG; boosting
queries that are followed by a single click has a positive
impact; eliminating queries with no click has a negative impact

"(Albakour et al., 2011) at AIRS 2011
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35



Overview Log Data Adaptive Search Adaptive Navigation Evaluation Current Work Conclusions

Automatic Domain Model Adaptation

Variety of adaptation models, including:
» Exploiting Maximum Likelihood Estimates (MLE)
» Formal Concept Analysis (FCA)
Ant Colony Optimization analogy (ACO)
Enhanced Query Flow Graph (QFG)
Hybrid Approach: Documents + Query Logs

v

v

v

v

Adaptive Intranet Navigation
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Hybrid Approach: Motivation®

8(Adeyanju et al., 2012) at SIGIR 2012
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Conclusions

Hybrid Approach: Motivation Il

Car Parking Hom e Estate Management Section Helpdesk Report a Fault

http://www2.essex.ac. ges/ ing.htm

Car Parking Frequently Asked Q
Car Parking Frequently Asked Questions Hom e Estate Management Section

hitp://www2.essex.ac ges| Qs.htm

OCCASIONAL USERS CAR PARKING PERMIT
OCCASIONAL USERS CAR PARKING PERMIT University of Essex Car Parking

http://www2.essex.ac. i 20Users %20Parking%20Permil

000 University of Essex :: Search the University of Essex website
EE][Himw/ww ex.a 20parki ¢ (@r coogle
Holiday cott...- Huvilanet MOKKILOMAN... a cottage  Kivisuon yritykset Key 2010 Do...uncil (ARC) http://www... Basics.html  Getting Start._1, Version 2 _ Informer » Log In
374 results
SEARCH
Car Parking Suggestions

< estate management helpdesk
<, visitor parking charges

< contact details car parking
<> student support

< pay display parking

< car parking estates

< car park

<y postering

> opening houes estate

<. registering car

< estates

< visitor parking
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Hybrid Approach: Document-Based + Log-Based

v

Observation: models appear to be complementary

v

Various pros and cons for each approach

v

Hence: bootstrap an initial model (using subsumption
hierarchies)

v

Evolve model over time using log data

v

Result is a hybrid model

O
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Example: Initial Subsumption Hierarchy Model
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Example: Normalised Subsumption Hierarchy Model
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Example: Automatically Adapted Model

A > P (freq=2) ==> Iw(A,P) =2/7 = 0.29

A > Q (freq=3) ==> lw(A,Q) = 3/7 = 0.42

A F(freq=2) ==> Iw(A,F) = 2/7 =0.29
(refinements from user query logs)

. all the details in our SIGIR'12 paper
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Adaptive Intranet Navigation: Motivation®

v

Not search but browsing/navigation

v

Domain model has exactly the same structure, but nodes are
URLs and not queries

v

Again: domain model learned from query logs (capture
knowledge of intranet users to help others)

Instead of proposing query suggestions: propose links

v

Therefore: build a clickgraph using same methods
(MLE, ACO, QFG ...)

v

°(Saad & Kruschwitz) at IRFC 2011 and ECIR 2013
e N
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Adaptive Intranet Navigation: Example

¢ 5 STUDE
University of Essex

Studywithus  LifeatEssex International Departments Research Business

(WM Essex Suggest - International

TOP DESTINATIONS FROM THIS LINK
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Adaptive Intranet Navigation: Results

v

Task-based evaluations within a local Web site

» Main measure: navigation trails (steps and time taken)

v

Finding of experiment one: adding suggestions (using MLE)
outperforms standard Web site without suggestions

v

Finding of experiment two: ACO outperforms MLE approach

Utilizing User Access Patterns - Real Al @ BCS - Oct 2014 45
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Adaptive Intranet Navigation: Summarisation

Guidance and support m
10 help you reach your

full potenti

Study withus  Life a- International  Departments  Research  Busif studying Alumni  Aboutus
‘We're busy behind the

+ FIND A COURSE + PROSPECTUS vvisiTus el T IN TOUCH

Clearing and
Adjustment 2013

Second for student
satistaction

Welcome to our new
students

Inspiring opening for

g opening for The F The Fonm

Celebrating our {
graduates
y
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Adaptive Intranet Navigation: Reminder

library
opening
times

library
homepage
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Adaptive Intranet Navigation: Summarisation'®

v

Again: domain model of terms

v

Applying ACO to summarise documents as you are browsing

v

Single document vs. multi-document summaries

v

Finding: potential for navigation

v

Profile-based summaries lead to significantly shorter
interactions

10(Alhindi et al. at ECIR 2013) and (Alhindi et al. under review)

O
Utilizing User Access Patterns - Real Al @ BCS - Oct 2014 48



Overview Log Data Adaptive Search Adaptive Navigation Evaluation Current Work Conclusions

AutoEval: Evaluate Adaptive Search'!

v

Limitations of user studies

v

Evaluate suggestions without recruiting subjects

v

Compare different models automatically

v

Idea: use log files and exploit past user interactions

\ ’ current day

n actual modification
12
1/4
score = (1/2 + 1/4 + 1/1)/3 = 0.583

1(Albakour et al., 2011) at ECIR 2011
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AutoEval Results (Web Site)

o1

: AN

i —— nootropia

o002 y
o

135 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

Weeks: 10ct 2008 - 23 Dec 2009

O
Utilizing User Access Patterns - Real Al @ BCS - Oct 2014 50



Overview Log Data Adaptive Search Adaptive Navigation Evaluation Current Work Conclusions

AutoEval Results (Digital Library)

o018

o016

o001

o012

0008

0006

0004

0002

12 3 4 s 6 7 8 9 10 u 2 1B 1 15 16 1 1B 19
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AutoEval (Hybrid Approach)

=@=5_SHREC =k=A SHREC ==QFG

0.14
012 //“
01 A
g
5008
w
& 0.06
s

o o
o o
LS

I

1 2 3 4 5 6 7 8 9 10 11 12
Batch/Week number
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Current Work

Current Work (Selection)

>

University of Essex site search

(Dyaa Albakour, Deirdre Lungley)

Prototype in operation for BT's mobile workforce, since
summer 2012 see (Albakour et al., 2013)

> Profile-based summarisation (Azhar Alhindi)

» KTP project with MBS Group / Signal combining adaptive

profiling with search, summarisation and filtering

New KTP project just started with the Minority Rights Group
on civilian-led monitoring of human rights violations

EU FP7: SENSEI project on summarisation of conversations
in social media

Centre for Doctoral Training: Intelligent Games and Game
Intelligence (IGGI), just started with first cohort of 12 PhD
students
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Conclusions

» Adaptive search by exploiting query logs
» Focus on site search, digital libraries etc.

» Adaptive domain models can be learned, experiments with
different approaches demonstrate this

» Have to deal with noisy data
» Data sparsity

» Navigation support as a suitable alternative to query
suggestions
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See you again next month?
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