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Talk outlineTalk outlineTalk outlineTalk outline

� MotivationMotivationMotivationMotivation

� Potential applicationsPotential applicationsPotential applicationsPotential applications

� Related workRelated workRelated workRelated work

� ApproachApproachApproachApproach

� PagePagePagePage----level template detectionlevel template detectionlevel template detectionlevel template detection

� Regularized isotonic regressionRegularized isotonic regressionRegularized isotonic regressionRegularized isotonic regression

� Some experimental resultsSome experimental resultsSome experimental resultsSome experimental results
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Templates: Templates: Templates: Templates: www.findbestcasinos.comwww.findbestcasinos.comwww.findbestcasinos.comwww.findbestcasinos.com
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Templates: Templates: Templates: Templates: www.findbestcasinos.comwww.findbestcasinos.comwww.findbestcasinos.comwww.findbestcasinos.com

CopyrightCopyrightCopyrightCopyright
messagemessagemessagemessage

AdvertisementsAdvertisementsAdvertisementsAdvertisements

Look and Look and Look and Look and 
feelfeelfeelfeel

Links forLinks forLinks forLinks for
navigationnavigationnavigationnavigation
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Templates make surfing easyTemplates make surfing easyTemplates make surfing easyTemplates make surfing easy

� OneOneOneOne----click navigation within a siteclick navigation within a siteclick navigation within a siteclick navigation within a site

� Place important links on multiple pagesPlace important links on multiple pagesPlace important links on multiple pagesPlace important links on multiple pages

� Common look and feel Common look and feel Common look and feel Common look and feel 

� Surfers have been conditioned to look for Surfers have been conditioned to look for Surfers have been conditioned to look for Surfers have been conditioned to look for 
sidebars and sidebars and sidebars and sidebars and topbarstopbarstopbarstopbars

� Provide page update statusProvide page update statusProvide page update statusProvide page update status

� Accommodate fine printAccommodate fine printAccommodate fine printAccommodate fine print
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But, good to detect themBut, good to detect themBut, good to detect themBut, good to detect them

� Web ranking Web ranking Web ranking Web ranking 

� Do not match query to text in templatesDo not match query to text in templatesDo not match query to text in templatesDo not match query to text in templates

� Duplicate detectionDuplicate detectionDuplicate detectionDuplicate detection

� Do not shingle text inside templatesDo not shingle text inside templatesDo not shingle text inside templatesDo not shingle text inside templates

� SummarizationSummarizationSummarizationSummarization

� Do not use text within templates for summaryDo not use text within templates for summaryDo not use text within templates for summaryDo not use text within templates for summary

� IndexingIndexingIndexingIndexing

� Save space by indexing common part onceSave space by indexing common part onceSave space by indexing common part onceSave space by indexing common part once

� …
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Two lines of attackTwo lines of attackTwo lines of attackTwo lines of attack

� SiteSiteSiteSite----level template detectionlevel template detectionlevel template detectionlevel template detection

� PagePagePagePage----level template detectionlevel template detectionlevel template detectionlevel template detection
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SiteSiteSiteSite----level template detectionlevel template detectionlevel template detectionlevel template detection

� Templates = Templates = Templates = Templates = pagepagepagepage----fragmentsfragmentsfragmentsfragments that recur that recur that recur that recur 
across several pages of a website.across several pages of a website.across several pages of a website.across several pages of a website.

� egegegeg, copyright, navigation links, copyright, navigation links, copyright, navigation links, copyright, navigation links

� PagePagePagePage----fragment can befragment can befragment can befragment can be

� HTML code (tags), visible text, DOM nodes HTML code (tags), visible text, DOM nodes HTML code (tags), visible text, DOM nodes HTML code (tags), visible text, DOM nodes 
(structure + text)(structure + text)(structure + text)(structure + text)

� Simple twoSimple twoSimple twoSimple two----pass algorithm pass algorithm pass algorithm pass algorithm 

� Hash pageHash pageHash pageHash page----fragments and count occurrencesfragments and count occurrencesfragments and count occurrencesfragments and count occurrences

� Mark templates in second passMark templates in second passMark templates in second passMark templates in second pass
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AdvantagesAdvantagesAdvantagesAdvantages

� No labeled training data neededNo labeled training data neededNo labeled training data neededNo labeled training data needed

� Very high precision Very high precision Very high precision Very high precision 

IssuesIssuesIssuesIssues

� Inefficient when pages are not processed in site orderInefficient when pages are not processed in site orderInefficient when pages are not processed in site orderInefficient when pages are not processed in site order
� EgEgEgEg, in a web crawler pipeline, in a web crawler pipeline, in a web crawler pipeline, in a web crawler pipeline

� Need to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sites

� Marking siteMarking siteMarking siteMarking site----level templates for new websiteslevel templates for new websiteslevel templates for new websiteslevel templates for new websites

� Not all templates are siteNot all templates are siteNot all templates are siteNot all templates are site----level in naturelevel in naturelevel in naturelevel in nature
� Low recallLow recallLow recallLow recall

SiteSiteSiteSite----level template detectionlevel template detectionlevel template detectionlevel template detection
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A nonA nonA nonA non----site level templatesite level templatesite level templatesite level template
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Advantages:Advantages:Advantages:Advantages:

� No labeled training data neededNo labeled training data neededNo labeled training data neededNo labeled training data needed

� Very high precisionVery high precisionVery high precisionVery high precision

Issues:Issues:Issues:Issues:

� Inefficient when pages are not processed in site orderInefficient when pages are not processed in site orderInefficient when pages are not processed in site orderInefficient when pages are not processed in site order
� EgEgEgEg: in a web crawl pipeline: in a web crawl pipeline: in a web crawl pipeline: in a web crawl pipeline

� Need to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sitesNeed to maintain hashes and counts for all sites

� Marking siteMarking siteMarking siteMarking site----level templates for new websiteslevel templates for new websiteslevel templates for new websiteslevel templates for new websites

� Not all templates are siteNot all templates are siteNot all templates are siteNot all templates are site----level in naturelevel in naturelevel in naturelevel in nature
� Low recallLow recallLow recallLow recall

Features of siteFeatures of siteFeatures of siteFeatures of site----level detectionlevel detectionlevel detectionlevel detection

Only use pageOnly use pageOnly use pageOnly use page----level level level level 
informationinformationinformationinformation

Learn a general model Learn a general model Learn a general model Learn a general model 
for templatesfor templatesfor templatesfor templates
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PagePagePagePage----level modellevel modellevel modellevel model----based detectionbased detectionbased detectionbased detection

� Problem: Find templatesProblem: Find templatesProblem: Find templatesProblem: Find templates

� Using only information local to a webpageUsing only information local to a webpageUsing only information local to a webpageUsing only information local to a webpage

� Detect all templates: not just siteDetect all templates: not just siteDetect all templates: not just siteDetect all templates: not just site----level level level level 

� No manually labeled training dataNo manually labeled training dataNo manually labeled training dataNo manually labeled training data

� Our approachOur approachOur approachOur approach

� Obtain training data via siteObtain training data via siteObtain training data via siteObtain training data via site----level approachlevel approachlevel approachlevel approach

� Learn a classification model for Learn a classification model for Learn a classification model for Learn a classification model for “templatenesstemplatenesstemplatenesstemplateness”

� For each internal DOM node For each internal DOM node For each internal DOM node For each internal DOM node 

� Enforce a global Enforce a global Enforce a global Enforce a global monotonicitymonotonicitymonotonicitymonotonicity property of property of property of property of 
“templatenesstemplatenesstemplatenesstemplateness”
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Automatically labeling dataAutomatically labeling dataAutomatically labeling dataAutomatically labeling data

� Use siteUse siteUse siteUse site----level approachlevel approachlevel approachlevel approach

� 3,000 website (200 3,000 website (200 3,000 website (200 3,000 website (200 webpageswebpageswebpageswebpages per site)per site)per site)per site)

� Obtained ˜1M labeled DOM nodesObtained ˜1M labeled DOM nodesObtained ˜1M labeled DOM nodesObtained ˜1M labeled DOM nodes

� Labeled data has a biasLabeled data has a biasLabeled data has a biasLabeled data has a bias

� Some template DOM nodes labeled as nonSome template DOM nodes labeled as nonSome template DOM nodes labeled as nonSome template DOM nodes labeled as non----
templates templates templates templates 

� False negatives are noiseFalse negatives are noiseFalse negatives are noiseFalse negatives are noise

� Extract general structural and content cues Extract general structural and content cues Extract general structural and content cues Extract general structural and content cues 
from the DOM nodesfrom the DOM nodesfrom the DOM nodesfrom the DOM nodes

� Generalize over the siteGeneralize over the siteGeneralize over the siteGeneralize over the site----level training datalevel training datalevel training datalevel training data
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Cues used implicitly by humansCues used implicitly by humansCues used implicitly by humansCues used implicitly by humans

Placement Placement Placement Placement 
on screenon screenon screenon screen

Link DensityLink DensityLink DensityLink Density

BGColorBGColorBGColorBGColor

Aspect Aspect Aspect Aspect 
RatioRatioRatioRatio

Average Average Average Average 
Sentence SizeSentence SizeSentence SizeSentence Size

Fraction of text Fraction of text Fraction of text Fraction of text 
outside anchorsoutside anchorsoutside anchorsoutside anchors
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“TemplatenessTemplatenessTemplatenessTemplateness” classifierclassifierclassifierclassifier

� Extract features of DOM nodes from cuesExtract features of DOM nodes from cuesExtract features of DOM nodes from cuesExtract features of DOM nodes from cues

� Learn weights for these featuresLearn weights for these featuresLearn weights for these featuresLearn weights for these features
� 2222----class problemclass problemclass problemclass problem

� Logistic regression classifierLogistic regression classifierLogistic regression classifierLogistic regression classifier

� Simple classifier, avoids fitting noise in the dataSimple classifier, avoids fitting noise in the dataSimple classifier, avoids fitting noise in the dataSimple classifier, avoids fitting noise in the data

� “TemplatenessTemplatenessTemplatenessTemplateness” = probability of belonging to template = probability of belonging to template = probability of belonging to template = probability of belonging to template 
classclassclassclass

� Separate classifiers learned for nodes of different sizesSeparate classifiers learned for nodes of different sizesSeparate classifiers learned for nodes of different sizesSeparate classifiers learned for nodes of different sizes

� Each node in the DOM tree is classifiedEach node in the DOM tree is classifiedEach node in the DOM tree is classifiedEach node in the DOM tree is classified
� Past work classify segments of web pagesPast work classify segments of web pagesPast work classify segments of web pagesPast work classify segments of web pages

� Segmentation might mix template and nonSegmentation might mix template and nonSegmentation might mix template and nonSegmentation might mix template and non----template template template template 
contentcontentcontentcontent
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MonotonicityMonotonicityMonotonicityMonotonicity of of of of “templatenesstemplatenesstemplatenesstemplateness”

A DOM node is a template A DOM node is a template A DOM node is a template A DOM node is a template 
if and only if if and only if if and only if if and only if 

all its children are templatesall its children are templatesall its children are templatesall its children are templates
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HighHighHighHigh----level idealevel idealevel idealevel idea

� Each node is classified in isolationEach node is classified in isolationEach node is classified in isolationEach node is classified in isolation
� Classifier scores neednClassifier scores neednClassifier scores neednClassifier scores needn’t be monotonict be monotonict be monotonict be monotonic

� Classifier might misclassify nodesClassifier might misclassify nodesClassifier might misclassify nodesClassifier might misclassify nodes

� PostPostPostPost----processing processing processing processing “templatenesstemplatenesstemplatenesstemplateness” scoresscoresscoresscores
� Enforces Enforces Enforces Enforces monotonicitymonotonicitymonotonicitymonotonicity

� Corrects misclassifications by smoothingCorrects misclassifications by smoothingCorrects misclassifications by smoothingCorrects misclassifications by smoothing

� “TemplatenessTemplatenessTemplatenessTemplateness” scores are real numbers scores are real numbers scores are real numbers scores are real numbers x(ix(ix(ix(i))))

A node in the DOM tree is a template if and only A node in the DOM tree is a template if and only A node in the DOM tree is a template if and only A node in the DOM tree is a template if and only 
if all its children are templates if all its children are templates if all its children are templates if all its children are templates 
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Regularized isotonic regressionRegularized isotonic regressionRegularized isotonic regressionRegularized isotonic regression

Given raw scores x(1),Given raw scores x(1),Given raw scores x(1),Given raw scores x(1),…,,,,x(nx(nx(nx(n) for nodes in a tree, find ) for nodes in a tree, find ) for nodes in a tree, find ) for nodes in a tree, find 
smoothed scores y(1),smoothed scores y(1),smoothed scores y(1),smoothed scores y(1),…,,,,y(ny(ny(ny(n) such that i = ) such that i = ) such that i = ) such that i = parent(jparent(jparent(jparent(j) ) ) ) 
implies implies implies implies y(iy(iy(iy(i) ) ) ) ≤ y(jy(jy(jy(j) ) ) ) and minimizeand minimizeand minimizeand minimize

Σ αiiii | x(ix(ix(ix(i) ) ) ) – y(iy(iy(iy(i)))) | + βiiii | y(iy(iy(iy(i) ) ) ) – max max max max i = i = i = i = parent(jparent(jparent(jparent(j)))) y(jy(jy(jy(j)))) |
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The algorithmThe algorithmThe algorithmThe algorithm

� Lemma: For LLemma: For LLemma: For LLemma: For L1111 distance, each distance, each distance, each distance, each yyyyiiii must equal must equal must equal must equal 
some some some some xxxxjjjj

� The optimal solution found using a dynamic The optimal solution found using a dynamic The optimal solution found using a dynamic The optimal solution found using a dynamic 
programprogramprogramprogram

� Complexity: Complexity: Complexity: Complexity: O(nO(nO(nO(n2 2 2 2 log n)log n)log n)log n), , , , nnnn = tree size= tree size= tree size= tree size

� Equals complexity of algorithms for nonEquals complexity of algorithms for nonEquals complexity of algorithms for nonEquals complexity of algorithms for non----
regularized isotonic regression (regularized isotonic regression (regularized isotonic regression (regularized isotonic regression (β = 0)= 0)= 0)= 0)

� On a Pentium 4, 3GHz, 512MB running On a Pentium 4, 3GHz, 512MB running On a Pentium 4, 3GHz, 512MB running On a Pentium 4, 3GHz, 512MB running 
FreeBSD: around 60ms for FreeBSD: around 60ms for FreeBSD: around 60ms for FreeBSD: around 60ms for cnn.comcnn.comcnn.comcnn.com (n=292)(n=292)(n=292)(n=292)
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The complete pictureThe complete pictureThe complete pictureThe complete picture

� Obtain training data via siteObtain training data via siteObtain training data via siteObtain training data via site----level approachlevel approachlevel approachlevel approach

� Classification model for Classification model for Classification model for Classification model for “templatenesstemplatenesstemplatenesstemplateness”

� Designed features for DOM nodesDesigned features for DOM nodesDesigned features for DOM nodesDesigned features for DOM nodes

� Each DOM node labeled by a logistic regression Each DOM node labeled by a logistic regression Each DOM node labeled by a logistic regression Each DOM node labeled by a logistic regression 
classifierclassifierclassifierclassifier

� Enforce a global Enforce a global Enforce a global Enforce a global monotonicitymonotonicitymonotonicitymonotonicity property of property of property of property of 
“templatenesstemplatenesstemplatenesstemplateness”

� Formulate it as regularized isotonic regression Formulate it as regularized isotonic regression Formulate it as regularized isotonic regression Formulate it as regularized isotonic regression 
over treesover treesover treesover trees

� Optimal solution via dynamic programOptimal solution via dynamic programOptimal solution via dynamic programOptimal solution via dynamic program
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Accuracy: fAccuracy: fAccuracy: fAccuracy: f----measuremeasuremeasuremeasure

0.770.770.770.770.750.750.750.75LinksLinksLinksLinks

0.930.930.930.930.710.710.710.71ATATATATRandomRandomRandomRandom

0.660.660.660.660.630.630.630.63TextTextTextText

0.730.730.730.730.690.690.690.69LinksLinksLinksLinks

0.710.710.710.710.650.650.650.65ATATATATCommonCommonCommonCommon

0.600.600.600.600.560.560.560.56TextTextTextText

SmoothSmoothSmoothSmoothBasicBasicBasicBasicData Data Data Data 
SetSetSetSet

� Data: manually Data: manually Data: manually Data: manually 
classified DOM classified DOM classified DOM classified DOM 
nodes in nodes in nodes in nodes in webpageswebpageswebpageswebpages

� Results:Results:Results:Results:

� PagePagePagePage----level level level level 
approach works approach works approach works approach works 
very wellvery wellvery wellvery well

� Smoothing Smoothing Smoothing Smoothing 
improves improves improves improves 
classification classification classification classification 
accuracyaccuracyaccuracyaccuracy
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Application: Duplicate detectionApplication: Duplicate detectionApplication: Duplicate detectionApplication: Duplicate detection

� Data:Data:Data:Data: 2359 pages from 3 lyrics websites 2359 pages from 3 lyrics websites 2359 pages from 3 lyrics websites 2359 pages from 3 lyrics websites 

� 1711 duplicate pairs (same song, different 1711 duplicate pairs (same song, different 1711 duplicate pairs (same song, different 1711 duplicate pairs (same song, different 
websites)websites)websites)websites)

� 2058 non2058 non2058 non2058 non----duplicate pairs (different songs, same duplicate pairs (different songs, same duplicate pairs (different songs, same duplicate pairs (different songs, same 
website)website)website)website)

� Errors occur when shingles hit template Errors occur when shingles hit template Errors occur when shingles hit template Errors occur when shingles hit template contencontencontenconten

� PageLevelPageLevelPageLevelPageLevel detects more templates than detects more templates than detects more templates than detects more templates than SiteLevelSiteLevelSiteLevelSiteLevel

1781 (86.5%)1781 (86.5%)1781 (86.5%)1781 (86.5%)1712 (83.2%)1712 (83.2%)1712 (83.2%)1712 (83.2%)1885 (91.6%)1885 (91.6%)1885 (91.6%)1885 (91.6%)2058205820582058NonNonNonNon----dupsdupsdupsdups

529 (30.9%)529 (30.9%)529 (30.9%)529 (30.9%)730 (42.7%)730 (42.7%)730 (42.7%)730 (42.7%)1299 (76%)1299 (76%)1299 (76%)1299 (76%)1711171117111711DupsDupsDupsDups

Full textFull textFull textFull textSiteSiteSiteSite----levellevellevellevelPagePagePagePage----levellevellevellevelTotal pairsTotal pairsTotal pairsTotal pairs
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General paradigmGeneral paradigmGeneral paradigmGeneral paradigm

� Identify a global property to be satisfied by Identify a global property to be satisfied by Identify a global property to be satisfied by Identify a global property to be satisfied by 
a function on a structurea function on a structurea function on a structurea function on a structure

� Operate on local structuresOperate on local structuresOperate on local structuresOperate on local structures

� Smooth by enforcing the global propertySmooth by enforcing the global propertySmooth by enforcing the global propertySmooth by enforcing the global property

� EgEgEgEg, , , , unimodalityunimodalityunimodalityunimodality and class membership in a and class membership in a and class membership in a and class membership in a 
hierarchyhierarchyhierarchyhierarchy

� Recently applied to some bio dataRecently applied to some bio dataRecently applied to some bio dataRecently applied to some bio data
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ConclusionsConclusionsConclusionsConclusions

� PagePagePagePage----level modellevel modellevel modellevel model----based template detectionbased template detectionbased template detectionbased template detection

� Used no manually labeled training dataUsed no manually labeled training dataUsed no manually labeled training dataUsed no manually labeled training data

� “TemplatenessTemplatenessTemplatenessTemplateness” monotonicitymonotonicitymonotonicitymonotonicity

� Regularized isotonic regression Regularized isotonic regression Regularized isotonic regression Regularized isotonic regression 

� might be of independent interestmight be of independent interestmight be of independent interestmight be of independent interest

� PagePagePagePage----level generalizes over the sitelevel generalizes over the sitelevel generalizes over the sitelevel generalizes over the site----level level level level 
datadatadatadata
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Thank you!Thank you!Thank you!Thank you!
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