
Inferencing)in)Informa-on)Extrac-on)

Denilson)Barbosa,"Univ."of"Alberta,"denilson@ualberta.ca"

Haixun)Wang,"Google"Research"MTV,"haixun@google.com"

Cong)Yu,"Google"Research"NYC,"congyu@google.com"

Knowledge)is)a)Core)Part)of)Search)

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 2"

Overview)

• Conceptual"overview"of"knowledge"base"populaFon"
!  inference"(or"reasoning)"can"happen"anywhere"

• The"inference"step"is"needed"to"integrate"heterogeneous"facts"
!  mulFple"sources,"with"different"levels"of"coverage"and"credibility"

!  possibly"contradictory"
!  extracted"with"different"tools,"on"different"corpora,"at"different"points"in"Fme"
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Knowledge)Inferencing)

• Earlier"Challenges"
!  CreaFng"Knowledge"Base"from"scratch"with"good"enough"accuracy"and"
coverage"

!  Performance"at"WebYscale"

• Current"Challenges"
!  Merging"knowledge"from"different"extracFon"sources"

!  Beyond"simple"fact"seeking"

!  Long"tail"coverage"

• Knowledge"Inferencing"
!  Fuse"knowledge"from"mulFple"sources"using"probabilisFc"reasoning"

!  Infer"addiFonal"knowledge"through"sophisFcated"NLP"and"ML"techniques"

!  Using"advanced,"humanYpowered"techniques"to"extract"long"tail"knowledge"

"
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Outline)

• Knowledge"Inferencing"
• Part"I"(Denilson):"Joint"Inferencing"and"Knowledge"Fusion"
• Part"II"(Haixun):"Deep"Language"Inferencing"with"Learning"
• Part"III"(Cong):"Long"Tail"Knowledge"ExtracFon"
• Conclusion"
"
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Roadmap)

• Knowledge"Inferencing"
• Part"I"(Denilson):"Joint"Inferencing"and"Knowledge"Fusion"
• Part"II"(Haixun):"Deep"Language"Inferencing"with"Learning"
• Part"III"(Cong):"Long"Tail"Knowledge"ExtracFon"
• Conclusion"
"
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Raw)facts)

• SPO"triples"with"a"confidence"score,"possibly"indicaFng""truthfulness"
!  Sources:"Wikipedia"Infoboxes;"Open"RelaFon"ExtracFon;"web"tables;"human"
annotaFons;"DOM"tree"parsing;"…"

• Example:"triples"from"the"
NELL"SVO"corpus""
menFoning"Seoul"and"South"Korea"
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raw
facts

extraction

Extrac-ng)raw)facts)

•  Just"one"example:"parsing"and"exploiFng"dependencies"among"
words"

• For"the"tradeYoff"between"effecFveness"and"efficiency"of"typical"NLP"
methods"see"[Mesquita"et"al."2013]"
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South"Korea" " "’s"capital""" "Seoul"



Clustering/DeFduping)raw)facts)

• Given"similarity"funcFons"for"S,"P,"and"O:"
!  Repeat:"merge"all"S,"P"or"O"that"are"sufficiently"similar"

!  UnFl:"convergence"
!  Similarity"funcFons"may"take"semanFcs"(e.g.,"types)"into"account"

!  Ex:"Resolver"[Yates"and"Etzioni,"2009]"
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S) P) O)
Bill"Gates" founded" Microsol"Corp"

William"Gates"III" founded" Microsol"
Steven"Paul"Jobs" coYfounded" Apple"Inc"

Steve"Jobs" founded" Next"
Steve"Jobs" returned"to" Apple"

synonyms?"

raw
facts

extraction deduplication knowledge

Leveraging)known)clean)data)

•  Joint"inference"of"relaFonal"panerns"predicFng"relaFons"
• To"leverage"clean"facts"from"a"KG"we"need"to"

!  link"the"enFFes"in"those"facts"to"their"menFons"in"SPO"corpus"of"raw"facts"

!  refine"the"similarity"funcFon"to"compute"the"similarity"between"predicates"in"
the"KB"and"the"text"in"the"“P”"column"of"the"SPO"corpus"
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Matrix)factoriza-on)

• Ex:"[Riedel"et"al,"2013]"

•  Issue:"lack"of"good"negaFve"facts"
to"train"the"model"
!  probabilisFc"models"were"sensiFve"to"
the"choice"of"“random”"negaFve"facts"

• ReYcast"the"problem"as"one"of"
recommending"relaFons/panerns"
for"S,O"pairs"
!  nicely"grounded"on"the"theory"of"
matrix"factorizaFon"
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Joint)inference)on)raw)facts)+)constraints)

• “Classical”"Data"Cleaning"approach:"filter"out"facts"that"do"not"
conform"to""know"set"of"constraints/ontological"rules"

• PROSPERA"[Nakashole"et"al."2011]"
!  MapReduceYbased"knowledgeYharvesFng"engine"combining"panernYbased"
gathering"of"relaFonal"fact"candidates"with"weighted"MaxSatYbased"
consistency"reasoning"to"idenFfy"the"most"likely"correct"facts"
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PROSPERA)

• Manual"set"of"logical"constraints:"

• Grounding"based"on"approximate"
string"similarity"

• Can"have"domainYspecific"constraints"
"
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Evalua-on—PROSPERA)

• PROSPERA"vs"NELL""
!  Never"Ending"Language"Learning,"CMU"project"[Mitchell"et"al,"2015]"
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Knowledge)extrac-on)with)graphical)models)

•  [Pujara"et"al"2015]""
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Probabilis-c)SoO)Logic)

• The"construcFon"of"the"Knowledge"Graph"="finding"the"most"likely"
graph"given"the"extracted"facts"and"ontological"constraints"
!  ProbabilisFc"Sol"Logic"[Broecheler""et"al,"2010]:"relaxing"binary"truth"values"to"
the"conFnuous"domain"turns"inference"into"a"convex"opFmizaFon"problem"
that"can"be"computed"fast"and"scales"very"well"
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Evalua-on—PSL)

• Compared"against"165th"iteraFon"of"NELL"

• Used"YAGO"to"link"enFFes"to"menFons"in"the"raw"facts"

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 17"

From)data)fusion)to)knowledge)fusion)

• Knowledge"Vault"[Dong"et"al"2014,"2015]"
• Key"ingredients:"

!  MulFple"Web"Extractors"operaFng"at"WebYscale"

!  Graph"based"priors"for"the"likelihood"of"each"candidate"triple"
!  Knowledge"fusion"based"on"agreement"among"extractors,"sources,"and"priors"

• At"scale:"mapYreduce"fusion"algorithm"
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Sources)

• TXT:"text"extracFons"

• DOM"tree"extracFons"
!  75%"of"all"extracFons"

• ANO:"schema.org""
annotaFons"

• TBL:"Web"tables"
!  Schema"matching/table"
understanding"approach"
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Thanks to Xin Luna Dong (Google) 

DOM)Tree)extrac-ons)

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 20"



Fusion)in)the)KV)

• Extract"1.6B"facts"from"the"Web,"over"~4.5K"relaFons"and"1.1K"
enFty"types"

• EsFmate"thee"likelihood"of"each"fact"based"on"different"kinds"of"
priors"
!  271M"high"confidence"(>0.9)"candidate"facts""

• Train"classifiers"for"each"relaFon"and"extractor"labeled"according"to"
a"local"closed"world"assumpFon"
!  a"candidate"is"deemed"false"only"if"contradicts"a"known"fact"

!  features:"an"indicator"of"the"number"of"sources,"and"the"mean"score"of"the"
extractor"for"that"candidate"
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Fusion)in)the)KV)

• Fusion"on"the"predicFon"of"the""
different"classifiers"and"also"
on"the"number"of"systems"that"
extract"the"candidate"

• The"ulFmate"goal"is"to"accurately""
predict"the"likelihood"of"each""
candidate—need"to"map""
extractor"scores"into"probabiliFes"
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Knowledge)Vault—some)remarks)

•  Impressive"undertaking"at"massive"scale"

• Nice"combinaFon"of"machine"learning"and"data"cleaning"approaches"

• Where"do"the"best"facts"come"from?"
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Quiz)

• What"is"the"moon"made"of?"
!  A)"cheese"
!  B)"rocks"and"metals"

!  C)"valuable"metals"

!  D)"all"of"the"above"

• By"moon"here"we"mean"Earth’s"(the"planet"you’re"on"right"now)"
only"natural"satellite"
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What)is)the)moon)made)of?)
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What)are)we)(humans))teaching)the)machines?)

• From"the"NELL"corpus:"
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Challenges)

• ValidaFon!"
• The"many"kinds""
of"knowledge"
!  factual,"commonYsense,""
ontological,"ephemeral,"…"

• Dealing"with"intricacies"of"natural"language"
!  context"of"the"extracFons;"author"bias;""

• The"need"for"accurate"truthfulness"values"
• The"need"for"logical"constraints"

!  can"we"learn"useful"constraints"from"data?"

• Fusion"with"generalizaFons"and"temporal/facts/
!  “historian"at”"""“faculty"member"at”"""“professor"at”"""“works"at”"

• Valida-on!)
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Roadmap)

• Knowledge"Inferencing"
• Part"I"(Denilson):"Joint"Inferencing"and"Knowledge"Fusion"
• Part"II"(Haixun):"Deep"Language"Inferencing"with"Learning"
• Part"III"(Cong):"Long"Tail"Knowledge"ExtracFon"
• Conclusion"
"
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Text)understanding)is)the)key)

question understanding 
(internal 

representation) 

answer 

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 29"

There)are)two)types)of)knowledge)
)

question understanding 
(internal 

representation) 

answer 

knowledge knowledge 
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question understanding 
(internal 

representation) 

answer 

knowledge knowledge 

“What people know when they know a language.” 
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Knowledge)about)Language:)An)Example)

●  Mary"puts"on"a"coat"every"Fme"she"leaves"the"house."
she"="Mary"(possible)"
"

●  She"puts"on"a"coat"every"Fme"Mary"leaves"the"house."
she"="Mary"(impossible)"
"

●  Every"Fme"Mary"leaves"the"house"she"puts"on"a"coat."
she"="Mary"(possible)"
"

●  Every"Fme"she"leaves"the"house"Mary"puts"on"a"coat."
she"="Mary"(possible)"

from Prof. Maria Polinsky, Harvard 
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Genera-ve)vs.)Informa-on)Theore-c)Linguis-cs)
)

The"most"famous"Chomsky"quote:"

"

• Colorless/green/ideas/sleep/furiously./
/

• Furiously/sleep/ideas/green/colorless./
"
"
."."."It"is"fair"to"assume"that"neither"sentence"(1)"nor"(2)"..."has"ever"
occurred"in"an"English"discourse."Hence,/in/any/sta9s9cal/model/for/
gramma9calness,/these/sentences/will/be/ruled/out/on/iden9cal/
grounds/as/equally/‘remote’/from/English."Yet"(1),"though"nonsensical,"
is"grammaFcal,"while"(2)"is"not."
"
"
"
"
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Could)Chomsky)be)wrong?)

• Colorless"green"ideas"sleep"furiously."
"

• Furiously"sleep"ideas"green"colorless."

• AssumpFon:"probabilisFc"models"assign"zero"probability"to""
unseen"events."
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Modeling)a)sequence)of)words)

Two)words:)

A)sequence)of)words:)
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hidden variable 

Pereira,"Fernando"(2000)"“Formal"grammar""
and"informaFon"theory:"together"again?”"

Sta-s-cal)inferencing)

•  ""Assume"#"hidden"classes"="15"

•  ""Using"EM"to"learn"the"model"from"a"newspaper"corpus,"we"get:"
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How)can)machines)understand)short)Text)(e.g.,)queries))

"

• watch"harry"poner"
"

• harry"poner"watch"
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Hua"et"al,"ICDE"2015"

Short)Text)(e.g.,)search)queries))

watch)for)kids)

""""""""""""""""i)""""""""""""""""""""""""""""""""""ii)"""""""""""""""""""""""""""""iii)"
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It’s not 
a fair 
trade!! 

Document)cap-ons)
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A)seman-c)network)for)text)understanding)

Nodes:  Concepts (noun/verb/preposition phrases, etc) 
Edges:  isA, head-modifier, sibling, co-occurrence 

Probase [Wu et al, 2012] 
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Knowledge)in)Probase)

•  It"is"about"what/people/know/when/they/know/a/language."
"

•  It"is"not"about"right/or/wrong."It’s"usage."
"

•  Words/phrases/constructs"evoke"a"network"of"concepts"which"lead"
to"understanding."
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What)can)Probase)do?)

Freebase"
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isA)Extrac-on)

•  Hearst"panern"
NP"such"as"NP,"NP,"...,"and|or"NP""

such"NP"as"NP,*"or|and"NP""

NP,"NP*,"or"other"NP""

NP,"NP*,"and"other"NP""

NP,"including"NP,*"or"|"and"NP""

NP,"especially"NP,*"or|and"NP""

"

•  …"is"a"…"panern"
NP""is"a/an/the"NP"

"
"

"

"

•  domes9c/animals/such"as"
cats"and"dogs/…"

""
•  animals"other"than"cats"

such"as"dogs"…"
"
"
•  China/is"a"developing/

country./
""
•  Life/is"a"box"of"chocolate./
"
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How)hard)is)it?)

●  …/ci9es/in/Asian/countries/such"as"Japan"and"China/…"
"
"
"
"

●  …/ci9es/in/Asian/countries/such"as"Beijing"and"Tokyo/…"
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animals"

dogs"

cats"

dogs"

isA" isA"

…"animals"other"than"cats"such"as"dogs"…"
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household"pets" animals"

repFles"

isA" isA"

…"household)pets)other"than"animals"such""
as"rep-les,"aquarium"fish"…""

repFles"
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Itera-ve)Informa-on)Extrac-on)

SyntacFc"
panerns" Knowledge"
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Challenge:)Seman-c)DriOs))))))))))

"
"

"""""""""""""""""""""""""""""""""a"driling"point"

Overcoming Semantic Drift in Information Extraction, EDBT  2014 
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Scores)

• Typicality"

• Vagueness"

• BLC"(basic"level"of"categorizaFon)"

• Ambiguity"

• Similarity"
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foundaFon"for"
inferencing""

Typicality)

"

"

"

"

bird)

"""“robin”"is"a"more"typical"bird"than"a"“penguin”"

"

"
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BLC)(basic)level)of)categoriza-on))

"

"

"

"

MicrosoO)

largest)OS)vendor)company)
high"typicality"p(c|e)" high"typicality"p(e|c)"

…" …"

soOware)company)
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BLC)(basic)level)of)categoriza-on))
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PMI"

For"given"e,"log"P(e)"is"a"constant."
"
PMI"degenerates"into"log"typicality."
"
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A)be^er)measure)
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Concept)Learning)

China) India)

country(
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Concept)Learning)

China) India)Brazil)

emerging(market(
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body) taste)

wine(

smell)
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china) popula-on)

country(
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collector)of)fine)china)

earthenware(
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Bayesian)
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Context"Dependent"ConceptualizaFon"
IJCAI"2013"

Probabilis-c)model)for)query)understanding)

Given"a"query"Q"="q,"our"goal"is"to"produce"a"structured"
output"Y"="y,"which"represents"our"understanding"of"q.""
"
Y"consists"of"three"parts:""
"
1.  segmentaFon"(S),""
2.  term"labels"or"concepts"(Z),"and""
3.  a"tree"(E)"that"represents"the"dependency"structure.""
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Find)the)best)understanding)of)q)
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Modeling)P(Y|Q))

1.  S"="{t1,"…,"tN}"is"a"sequence"of"terms"where"each"term"is"in"the"vocabulary."
2.  Z"="{z1,"…,"zN}"is"the"term"labels"associated"with"each"term"in"the"segmentaFon"S."

3.  E"is"a"set"of"directed"edges"between"the"terms.""
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Modeling)P(Z,)E|S,)Q))

●  Z0"is"the"root"of"the"tree."
"

●  This"splits"the"probability"of"observing"the"tree"E"as"a"product"of"probabiliFes"of"
individual"edges"in"the"tree.""
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Modeling)))))))))))))))))))))))))))))))))))))))).)

●  The"edge"and"the"term"label"of"the"node"are"jointly"inferred.""
"

●  Edge:"a"relaFonship"between"two"concepts."They"depend"on"each"other."
"

)
P(Z,)E)|)S,)Q))=)P(Z)|)S,)Q))P(E)|)Z,)S,)Q))

)

labeling relation 

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 67"

Head)Modifier)Analysis)

Query Intent 

toy  kids 

kids  toy 

find toys for kids 

find toys for kids 
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Head)Modifier)Analysis)

• “toys"for"kids”"appears"more"frequently"than"“kids"with"toys”"in"
search"
"

• when"“toys”"and"“kids”"appear"together"in"a"query,"“toys”"is"usually"
the"head"
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Challenge)

HeadYmodifier"signals"are"not"from"a"robust"model."
"
●  Signals"are"context"agnosFc."We"want"to"know,"given"two"terms"

t1"and"t2"in"a"query"q,"how"likely"t1"is"the"head"of"t2?"
"

●  It"is"not"clear"how"to"generalize"to"any"two"terms"in"any"query."
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Roadmap)

• Knowledge"Inferencing"
• Part"I"(Denilson):"Joint"Inferencing"and"Knowledge"Fusion"
• Part"II"(Haixun):"Deep"Language"Inferencing"with"Learning"
• Part"III"(Cong):"Long"Tail"Knowledge"ExtracFon"
• Conclusion"
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Long)Tail)Knowledge)Extrac-on)

Logical"and"linguisFc"inferencing"are"core"horizontal"techniques"that"
will"help"us"address"mulFple"challenges"in"informaFon"extracFon."

Long)tail)knowledge)extrac-on)is"a"specific"applicaFon"challenge"
• As"knowledge"becomes"the"norm"in"Web"search,"long"tail"content"
has"become"increasingly"important"to"users’"overall"search"
experience"
!  Long"tail"enFFes"in"popular"domains"
!  Long"tail"domains"

"

It’s"not"a"new"problem:"

))))Informa-on)extrac-on)from)Wikipedia:)moving)down)the)long)tail)
""""Fei"Wu,"Raphael"Hoffmann,"Daniel"S."Weld,"KDD"2008"

But"a"very"difficult"one:"if"it"is"in"Wikipedia,"it"is"not"really"long"tail!"
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Crowd)Sourcing)to)the)Rescue)

Fully"automated"approaches"rarely"work"well"

• E.g.,"a"lot"of"the"long"tail"content"may"not"even"be"online!"

"

Two"recent"crowd"sourcing"approaches"

• CrowdFill,"Park"and"Widom,"SIGMOD"2014"

• Quizz,"IpeiroFs"and"Gabrilovich,"WWW"2014"

"
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CrowdFill)

No"more"microYtask,"tableYfilling!"

"

"
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Advantages)and)Challenges)

Advantages)

• Workers"observe"and"learn"from"each"other"

• Workers"can"prioriFze"the"tasks"themselves"

"

Challenges)

• Enable"simultaneous"operaFons"
!  Concurrent"conflict"resoluFon"

• Quality"goals:"the"system"does"not"want"to"accept"arbitrary"entries"
!  Cardinality:"the"final"table"must"have"at"least"n"rows."
!  Value:"some"rows"may"have"preYspecified"values"in"some"columns"

!  Predicate:"some"rows"may"have"condiFons"in"some"columns"
•  A"more"general"Value"constraint"
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Concurrent)Execu-on)Mechanism)

Central"server"keeps"track"of"all"primiFve"operaFons"from"worker"
clients"

• Client:"insert(r),"fill(r,"A,"v)"
• Server:"insert(r),"replace(r,"q,"V)"
"

For"each"filled"value"from"a"worker,"a"row"with"new"internal"idenFty"
is"created,"this"is"crucial"for"concurrent"edits"

•  If"there"are"simultaneous"edits,"two"new"rows"will"be"created"and"
conflict"resoluFon"can"happen"later"without"delayed"the"
propagaFon"of"the"updated"values"
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Compensa-ng)Workers)

Task"owner"provides"a"total"budget"for"filling"a"table,"instead"of"
pricing"each"individual"cells."

"

Workers"are"compensated"based"on"how"much"value"they"
contributed"to"the"final"table:"

• Filling"more"number"of"cells"

• Filling"more"difficult"cells"
!  Weighted"columns"

!  Weighted"primary"key"cells"

"
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Compensa-ng)Workers)

Task"owner"provides"a"total"budget"for"filling"a"table,"instead"of"
pricing"each"individual"cells."

"

Workers"are"compensated"based"on"how"much"value"they"
contributed"to"the"final"table:"

• Filling"more"number"of"cells"

• Filling"more"difficult"cells"
!  Weighted"columns"

!  Weighted"primary"key"cells"

"

• Preliminary"results:"$10,"~11"minutes,"to"obtains"20"rows"of"
SoccerPlayer"informaFon"

"
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Quizz)

• Key"challenges"
!  Finding"knowledgeable"users"is"extremely"hard"for"long"tail"topics"

!  Making"those"people"work"for"money"is"even"harder"
•  Domain"experts"who"are"educated"or"otherwise"busy"professionals"

• Key"insights"
!  Using"adverFsing"campaign"to"recruit"users"

!  Using"games"to"keep"users"engaged"

• Quizz:"acquiring"knowledge"about"long"tail"topics"using"
crowdsourcing"mechanisms"that"are"difficult"to"obtain"using"
automated"means."
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Overview)of)the)Quizz)System)
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The)Quizz)
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Ad)Campaign)to)Recruit)Users)

• Users"are"not"paid,"they"are"
simply"interested"in"the"topic"

• The"adverFsing"campaign"does"
cost"money!"

• Using"disease/symptoms/as"an"
example"topic"
!  PaFents"
!  Doctors"
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Campaign)Op-miza-on)

• Two"important"desirable"traits"about"parFcipaFng"users"
•  Enjoying"the"quizz"and"thus"happy"to"complete"them"

•  Competence"in"answering"the"quizz"quesFons"correctly"

"

• The"Ad"Campaign"needs"to"opFmize"for"anracFng"users"who"are"
both"enjoying"the"quizz"and"competent."
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The)Quizz)

• CalibraFon"quesFons"
!  EsFmate"user"quality"

• CollecFon"quesFons"
!  Where"real"uFliFes"are"

• Using"informaFon"gain"to"
measure"the"value"of"a"user"
session"
!  Higher"with"bener"quality"
!  Higher"with"more"volume"
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User)Par-cipa-on)

Barbosa,"Wang,"Yu,"Inferencing"in"InformaFon"ExtracFon:"Techniques"and"ApplicaFons."ICDE"2015,"Seoul,"Korea" 85"

User)Par-cipa-on)
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Cost)of)Acquisi-on)
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Quality)of)Answers)
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Conclusion)

• Knowledge"extracFon"is"becoming"mature"
!  A"combinaFon"of"human"and"automated"techniques"make"the"quality"of"
Knowledge,"especially"for"popular"enFFes"in"popular"domains,"very"high"

!  But"abundant"advanced"challenges"sFll"remain"

• Heavy/Logical"inference"happens"too"late:"we"need"to"understand"
the"source"(text)"so"as"to"qualify"the"raw"facts"

• Knowledge"of"language"and"staFsFcal"inferencing"hold"the"key"for"
text"understanding"and"informaFon"extracFon."

• More"challenges"lie"in"the"long"tail"

"
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