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Change is Everywhere in IR

m Change is everywhere in digital information systems
= New documents appear all the time
= Document content changes over time
= Queries and query volume change over time g

= What's relevant to a query changes over time [Sass
s E.g., U.S. Open 2072 (in June vs. Sept) -

= User interaction changes over time ,
m E.g., anchor text, “likes”, query-click streams, social networks, etc.

= Relations between entities change over time
m E.g., President of the US is <> [in 2008 vs. 2004 vs. 2000]

sugares
yams

m Change is pervasive in digital information systems
.. yet, most retrieval systems ignore it !
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Digital Dynamics Easy to Capture

H E a Sy to Ca ptu re Jusan Punais

search Activities:

am interested in algorithms and interfaces for improved information retrieval, as well as general
sues in and hu.ma.n. computer interaction. [ joined Microsoft Research in July 199

. B l I t feW to O I S O r = on E.“"ldE variety of information access and management i
amm ding: textpe i me b rch, qu .
I n t I t arch and navigation, and user/task modeling. :
d |

rior to coming to Microsoft, I worked on a statistical method for concept-based retrieval known
Latent Semantic Indexing. You can find pointers to this work on the

SIAM-SDM 2012, Apr 27



Web Dynamics
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User Visitation/ReVisitation
Today’s Browse and Search Experiences
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Overview

m Change on the Web

= Content changes over time

= User interaction varies over time (queries, re-visitation,
anchor text, query-click stream, “likes”)

= Tools for understanding Web change (e.g., Diff-IE)

= Improving Web retrieval using dynamics
= Query trends over time
= Retrieval models that leverage dynamics
m Task evolution over time
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[Adar et al., WSDM 2009]

Characterizing Web Change

Content Changes

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

m Large-scale Web crawls, over time
= Revisited pages
= 55,000 pages crawled hourly for 18+ months
= Unique users, visits/user, time between visits
m Pages returned by a search engine (for ~100k queries)
= 6 million pages crawled every two days for 6 months
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Measuring Web Page Change

® Summary metrics

= Number of changes

= Amount of change

= [ime between changes
s Change curves

= Fixed starting point

= Measure similarity over
different time intervals

= Within-page changes
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Measuring Web Page Change

® Summary metrics
= Number of changes —

mm—

m 33% of Web pages change

m 66% of visited Web pages change
m 63% of these change every hr.

= Amount of change
= [ime between changes
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s Avg. Dice coeff. = 0.80
m Avg. time bet. change = 123 hrs.

m .edu and .gov pages change
— infrequently, and not by much
m .com pages change at an
intermediate rate, but by a lot
m popular pages change more
frequently, but not by much




Measuring Web Page Change

® Summary metrics
= Number of changes
= Amount of change
= [ime between changes

s Change curves

= Fixed starting point

= Measure similarity over
different time intervals
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Change curve for
httpi//losangeles.craigslist.ora/hsh/
Knot point at 10 hours

Change curve for ‘
http:/allrecipes.com/ ‘
Knot point at 261 hours |
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Measuring Within-Page Change

m [erm-level changes
= Divergence from norm

m cookbooks
m salads

m cheese

m ingredient
m bbg

m “Staying power” in page
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Example Term Longevity Graphs
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[Adar et al., CHI 2009]

Revisitation on the Web

= Revisitation patterns
= Log analyses
= Toolbar logs for revisitation
= Query logs for re-finding
= User survey to understand intent in revisitations

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

____ _ N—

User Visitation/ReVisitation
What was the last Web page you visited?

Why did you visit (re-visit) the page?
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Measuring Revisitation

® Summary metrics
. . = 60-80% of Web pages/yo\wsﬂ
= Unique visitors _ you;ve visited before
= Visits/user = Many|motivations for ewsAi
c
= Time between visits — 23,
. . . ©
= Revisitation curves & | \
= Histogram of revisit § :
2

EWEIS
= Normalized
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Four Revisitation Patterns

m fast
= Hub-and-spoke Vi [ R
= Navigation within site [ —

. Hybrid gt | =
= High quality 7astpages ‘!

n Medium =
= Popular homepages
= Malil and Web applications

m Slow
= Entry pages, bank pages |
= Accessed via search engine
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Relationships Between Change
and Revisitation

= Interested in change
ACM ” ‘ | = Monitor
m Effect change

= Transact

s Change unimportant
= Re-find old

o 7 Mar2011: Doc

gl Nt = Change can interfere
; with re-finding
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[Teevan et al., SIGIR 2007/]
[Tyler et al., WSDM 2010]
[Teevan et al., WSDM 2011]

Revisitation and Searc
(Re-finding)

m 60-80% of the Web page visits are re-revisits

m 33-43% of queries are re-finding

= Repeat query (33%)
m Q: microsoft research
= Click same or different URLs Repeat

_ Query

= Repeat click (39%) ~
m http://research.microsoft.com/ Quee‘:y
m Q: microsoft research;, msr

= Big opportunity (43%)

New
Click

%
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Building Support for Web Dynamics

Content Changes

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2(qos 2009

User Visitation/ReVisitation
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[Teevan et al., UIST 2009]
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Interesting Features of Diff-IE

Always on

3, the free encyclopedia

Help

toolbox

[ ] . .
anti-competit

n upheld by the court
s pursued a number of philanthr —
donating large amounts of money to
s and scientific
the Bill
5 Foundation, es ed in 2000.

i L SO USSRt [ PR N PR P 1 R -

I

Born
Residence

€D Internet | Protected Mode: On

-

Try It: http://research.microsoft.com/en-us/projects/diffie/default.aspx
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Examples of Diff-IE in Action



Expected New Content

TODAY'S PAPER | VIDEO | MOST POPULAR Digital /Home De LogIn | Register Now

~

SHOP NOW AT
MARCJUACOBS.COM

€

Debt Collector

BECOME A DIGITAL SUBSCRIBER »

Search
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S" *» Subscribe to Home Delivery | Personalize Your Weather

‘WORLD OPINION »

U.s.

POLITICS
NEW YORK
BUSINESS
DEALEOOK
TECHNOLOGY
SPORTS
SCIENCE

Is Faulted for
Tough Tactics
in Hospitals

= PMET
One of the nation’s largest

Borderlines: One Island,
Two Countries

Divided islands, like Market
in the Baltic Sea, conform to
a version of Sayre’s law: thy
smaller the territory, the
more confusing the border.

- Brooks: Creative Monopoly
- Bruni: Usual Scapegoats

Mega Millions Solution

- Draft: Is Texting Writing?
+ Loyal Opposition: Romney

medical debt-collection
companies is under fire in
Minnesota for placing
employees in hospitals and
demanding patients pay
before receiving treatment,
documents show.

and the N.Y. Primary
MARKETS » At 2 2

S.&P. 500 Dow
97 13,001.5

The New Hork Times
OPINION Nasdaq
2,961.60

* |4 WEEKS FOR 99¢

Drew Litton for

Late Innings for the Sports Cartoon GET QUOTES My Fo
B O 2PMET

Even before the newspaper industry started shrinking,

editors began to view sports cartoonists as vestiges of a

bygone era. Above, Drew Litton’s take on the issue.

® Post a Comment | Read (308)

Hints of Collusion
Between News Corp.
and British Minister

v PMET
Evidence presented at an
inqui T

H
W CAMPAIGN 2012

THE CAUCUS
y suggested that I With Primary Field, Romney Looks to Win Big
culture minister, or an aide By MICHAEL D. SHEAR

claiming to speak for him,
worked covertly to help win
approval for a takeover of
the BSkyB network.

Five states vote Tuesday in primaries that party leaders
hope will cement Mitt Romney’s status as the nominee.

- After Delav
+ Obama Call

re Primary, Gingrich Wil 'Reassess' Race 5:18 PM ET
ents in Scandal 'Knuckleheads' 4:20 PM ET

& Post a Comment | Read (11)
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Monitor

You follow 20 people -

pfromthenc F

d-HEMAA
DRARNT
SERANE

Challenge
about 4 hours ago

huffingtonpost
uffi n
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Serendipitous Encounters

Take 5 minutes to play Toyota recall + KONY 2012 - Children living in bus * Solar flare
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Unexpected Important Content

July 19-23 2009

IGIR 2009 conference opens in a few day 5 = Sheraton Boston Hotel
ortheastern University. The conf < full of exciting ever e tions are strong
and still growing. We are looking forward to an exciting week.

L

Standard
information.

cial tourism
n Saturd

Arrival at the conference

Tutorial and doctoral
ered for a tutorial o
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Understand Page Dynamics

Susan Dumais

ighlighting web content cl
inf i i

sonal profiles, publications, contact details s

Jaime Teevan: \

Jaime Tee D jate a 1stitute of Technology.
Publicati

peo
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Expected

Expected
New Content

Monitor
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[Teevan et al., CHI 2010]
Studying Diff-IE

m Internal study of Diff-IE (3k people, 1+ months)

= Logging &

m Hash of URLs visited =
= Amount of change when revisited

m Feedback buttons @

m Survey
= Prior to installation
m After 1 month of use

m Experience interview E‘z S
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Diff-IE Results

m People revisit more w/ Diff-I1E
m 1t week: 39.4% of visits are revisits t
= 4t week: 45.0% of visits are revisits L

m Perception of change increases

m Amount of change seen increases
= 1stweek: 21.5% revisits changed, by 6.2% t
= 4t week: 32.4% revisits changed, by 9.5% P

m Diff-IE is driving visits to changed pages
= It supports people in understanding change
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Overview

m Change on the Web

= Content changes over time

= User interaction varies over time (queries, re-visitation,
anchor text, query-click stream, “likes”)

= Tools for understanding Web change (e.g., Diff-IE)

m Improving Web retrieval using dynamics
= Query trends over time
= Retrieval models that leverage dynamics
m Task evolution over time
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[Elsas et al., WSDM 2010]

Temporal Retrieval Models 1
(content-based)

m Current retrieval algorithms look only at a single
snapshot of a page

m But, Web page content changes over time

m Can we can leverage this to improve retrieval?

= Pages have different rates of change
m Different priors (using change rate vs. link structure)

m Terms have different longevity (staying power)
m Some are always on the page; some transient

= Language modeling approach to ranking
P(D|Q) 4P(D){P(Q|D)
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Temporal Retrieval Expt 1

m 18K queries, 2.9M returned documents
= Crawled docs weekly, for 10 weeks

= Judged docs for relevance, only once
m 5-point scale: Perfect/Excellent/Good/Fair/Bad

m Subset of 2k “navigational” queries
= Queries that have a "Perfect” judgment

= Assume these relevance judgments are
consistent over time

m Measure changes in nDCG
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Relevance and Page Change

m Page change is related to relevance

Change vs. Relevance

30% “Bad” pages Change Bad Fair Good Excellent Perfect

60%

60% “Perfect” pages change

m Use change rate as a document prior (vs. priors
based on link structure like Page Rank)

= Shingle prints to measure change
P(D|Q) qP(D)-P(Q|D)
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Relevance and Term Change

m [erms patterns vary over time

s Represent a document as a mixture of
terms with different “staying power”

= Long, Medium, Short

P(Ql D) :/ILP(Ql DL)_I_/IM P(Ql DM)"'ﬂ*sP(Ql Ds)
P(D|Q) < P(D){P(Q|D)|
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Temporal Retrieval Results
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Dynamic Model + Change Prior

Change Prior
Dynamic Model

Baseline Static Model
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nDCG cutoff



[Radinsky et al., WWW2012, submitted]

Temporal Retrieval Models 2

(behavior-based)

m Initial evaluation: assumed relevance is “static” over time

m But, relevance often changes over time
s E.g., SIAM SDM -- in 2012 vs. in 2011
m E.g., US Open 2072 -- in June (golf) vs. in Sept (tennis)

m E.g., March Madness 2072 -- before/during/after event
m Before event: Schedule and tickets, e.g., stubhub
m During event: Real-time scores, e.g., espn, cbssports
m After event: General sites, e.g., wikipedia, ncaa

m Current evaluation

m Collect relevance judgments, query frequency, interaction
data, and page content over time
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Relevance over Time

= Query: sigir
= Why is old content

ranked higher?

= User interaction data
(e.g., query-clicks,
anchor text) more
prevalent for older
documents

= Need to weight user

behavior signals
appropriately
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SIGIR 2010

SIGIR Iraq

SIGIR Reports
Special Inspector
General for Iraq
Special Interest Group
on Information
Retrieval

Sigar

KDD 2010

JACM SIGIR

Morev

Welcome to SIGIR | Home

An Iraql ﬁsherman pushes hIS boat off-shore to depart on his daily fishing trip. View the Report
www._sigir.n \a

ACM SIGIR Special Interest Group on Information Retrieval Home Page

Welcome to the ACM SIGIR Web site. ACM SIGIR addresses issues ranging from theory to user
demands in the appllcatlon of computers to the acquisition, organization

home [ACM SIGIR 2010
ACM-SIGIR 2010 was held at UniMail, Geneva, Switzerland between 19th
Thankg to all the participant | The story continues with ACM-SIGIR 2011

SIGIR 2009 Archive | SIGIR'09 2009
The SIGIR 2009 conference ran July 19-23, 2009, in Boston, Massachusef oston
Hotel and Nonheastem Unwersny The conference was chock full of

Welcome to The 34th Annual ACM SIGIR Conference

The 34 th Annual ACM SIGIR Conference Important Dates. 17 Jan 2011
papers due; 24 Jan 2011 FuII research paper submissions due

2011

SIGIR'08 - Singapore
SIGIR is the major international forum for the presentation of new research results and for the
demonstration of new s stems and techniques in the broad field of

About SIGIR

About SIGIR The Office of the Special Inspector General for Iraq Reconstruction (SIGIR) is the
essort the Coalmon P ovlslonal Authority Office of

ACM SIGIR - News

SIGIR News 2011. Get ready for SIGIR 2011 in Beijing, China! SIGIR invites applications for Donald
B Crouch Travel Grants to help cover the cost of travel, living
v.sigir.o

SIGIR - Wikipedia, the free encyclopedia
SIGIR may refer to: Special Inspector General for Iraq Reconstruction; Special Interest Group
on Informatuon Retrleval a Specnal Interest Group (SIG) of the Association for




Temporal Retrieval Expt 2

m Data
= Queries and clicked URLs, over 4 months

R Time Series
Tim¢ Surprise: FDA .

May-2011 Jun-2011

= Actual user search behavior over time (implicit
measure)

= Model temporal dynamics of behavior
= Use model predictions to improve ranking
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Time Series Modeling

m Model search behavior as time series
s Assume that the series of behavioral observations Y; ...Y,, is
generated sequentially based on some underlying structure
(e.g., a sequence of state vectors)

m Linear State Space Model (SSM)

= Let X; be a state vector at time t, then a semi-linear state

space model is defined by:
Y, =W(O)X; + € (observation egn.)
X, =F(0)X;_1+ G(O)e;_4 (state transition egn.)

= Model state with Holt-Winters decomposition

= Smoothing
= Trend
= Periodic/Seasonal

w
_
“
=
=
-
o
~
®
E (
=
o
=
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Experimental Details

m Learn: Time series models of user behavior
s Can be query or URL dependent

m Predict: Future query and click behavior

s Ranking models
= Predicted clicks as the only feature for ranking
m Temporal (+other) features as input to learned ranker

m [hree types of features
= No user behavior (i.e., just content)

= Historical average of user behavior
m Uniform, Linear, Power

= Temporal models of user behavior
m Smoothing, +Trend, + Trend+Periodicity

m Measure: Correlation (predicted vs. actual) rankings; Win/Loss
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Experimental Results

m Predicted clicks as the only feature

General Mubarak, bridesmades, willow smith, facebook com

Tail
Periodic
Dynamic

Table 4: Pear

using our temporal mo istically significant differ

performing algorithm (p . are shown in bold.

m Best-performing queries

Number Of Clicks

Feb-2011 Mar-2011 day Jun-2011

Figure 6: Dominant query shapes for queries where

s
temporal model yielded better rankings than baseline

rankers.
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Temporal IR Summary

= Improve Web search by modeling temporal
dynamics

s Content-based models
= Rate of page change
= Detailed term-level changes

m Behavior-based models
= Query frequency over time
= URL click patterns over time

s Ongoing work
= Combing content and behavior features

s Detecting surprise and periodicity
= Modeling events
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Relating revisitation and change allows us to
— ldentify pages for which change is important
— ldentify interesting components within a page

People revisit and re-find Web content
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Temporal IR:
Leverages change
for improved IR

2006 2007 2

2006 2007 2(qos 2009

Diff-1E: Supports (and
influences) interaction
and understanding




Opportunities and Challenges

m [emporal dynamics are pervasive in information systems
m Influence many aspect of information systems

m Systems: protocols, crawling, indexing, caching

= Document representations: meta-data generation, information
extraction, sufficient statistics at page and term-level

= Retrieval models: term weights, document priors, etc.
m User experience and evaluation

m Better supporting temporal dynamics of information
= Requires digital preservation and temporal metadata extraction

= Enables richer understanding of the evolution (and prediction) of
key ideas, relations, and trends over time

= [ime is one important example of context for IR
m Others include: location, individual, tasks, etc.
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Thank You !

m Questions/Comments ...

= More info,
http.//research.microsoft.com/”sdumais

Diff-1E ... try it!

http://research.microsoft. com/enus/pr0|ects/d|ff|e/default aspx
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