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Construction of Heterogeneous
Information Networks from Text

Philosophy: Not extensive “labeling” but exploring the power
of massive text corpora!
qMining phrases (the minimal semantic units)
qEntity recognition and typing
qAttribute discovery (entity, attribute name, value)
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Attribute Discovery
qGiven text corpus (news, tweets, web documents)

qU.S. President Barack Obama told reporters …
qPresident Blaise Compaore of Burkina Faso said …
qCanada ’s Prime Minister Justin Trudeau and his wife

Sophie arrived … Justin Trudeau, 43, ...
qFind

q$COUNTRY: president, prime minister …
q$PERSON: wife, age …
q(U.S., president, Barack Obama)
q(Burkina Faso, president, Blaise Compaore)
q(Canada, prime minister, Justin Trudeau)
q(Justin Trudeau, wife, Sophie), (Justin Trudeau, age, 43)
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Google’s Systems (Alon Halevy et al.)
qBiperpedia (VLDB’14): attribute name extraction

qWith query log (“canada prime minister”), replace entity
mentions (“canada”) with E and noun phrases (“prime
minister”) with A, and then find E-A patterns:
q“E ’s A”, “E A”, “A E”, “A of the E”, etc.

qTake E-A patterns to web documents for attributes:
qE: U.S., A: president (“E A”)
qE: Canada, A: prime minister (“E ’s A”)

qPlace the attributes on the hierarchy (Location.Country)
qReNoun (EMNLP’14): slot filling

qPre-defined set of attributes, human annotations,
learning
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Google’s Approaches on Attribute Extraction

q Given Google’s query log, web text and knowledge bases
q “Obama wife name”… “Japan asian population”, “Brazil female latino population”, “Princeton

economist”…
q “Obama’s wife, Michelle Obama, is a lawyer...”, “Princeton economist Paul Krugman was

awarded...”…
q Obama: $Person, $President; Japan, Brazil: $Location, $Country; Princeton: $Organization,

$University…

q Biperpedia (VLDB’14): Attribute Name Extraction from query log
q $Person: wife name, daughter name
q $Country: asian population, female latino population
q $University: economist

q ReNoun (EMNLP’14): Fact Extraction for Noun Phrase Attribute
q (Obama, wife, Michelle Obama)
q (Princeton, economist, Paul Krugman)



Google’s Approaches on Attribute Extraction

q Latte (WebDB’15 Best Paper): Concept (Type) Hierarchy Extraction with attribute features
q {country, address, zip code}: $University (sub) - $Location (super)
q {online payment, non profit, tax return}: $University (sub) - $Organization (super)
q {daughter name, wife name, age}: $President (sub) - $Person (super)

q ARI (WWW’16): Attribute Name Structure Extraction with rule-based grammar
q Long-tail distribution of attribute names
q $Person: $FamilyMember (name) - daughter, wife, mother, daughter name, wife name
q $Country: ($Gender) ($Ethnicity) population - asian population, female latino

population



Limitations
qProblem setting

qSimultaneously extract attribute names and values?
qValues for an open set of attribute names?

qData sources
qQuery streams are unavailable.
qAnnotations are expensive: only for general-domain
qMassive text corpora are unlimited!

qPoor precision and recall using E-A patterns
q“A, E” pattern: “… yesterday, Obama …”
qMissing long structure: “President Obama ’s government

of U.S.” (“A1 E1 ’s A2 E2”???)
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Data to Network to Knowledge
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Bring Phrases to Behavior Modeling
qTweeting behavior

qEvent summary
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Tensor Fails
qTweeting behavior

qEvent summary
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Two-Level Matrix and “Tartan”
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CMU Tartans
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Optimize with MDL Principle
qMaximize the number of bits by encoding the Tartan
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Encoding Tartan: Dimensions
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Encoding Tartan: Dimensional Values
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Encoding Tartan: Time Slices
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Encoding Tartan: Behaviors
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Encoding Tartan: Entries
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Greedy Search for the Local Optimum
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Time complexity:



Experimental Results
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qDM/ML research trend summaries with DBLP data



Experimental Results
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qEvent summaries with Super Bowl 2013 tweets



Summary
qStructuring text into heterogeneous information networks
qObservations, Representations, Models

qToPMine/SegPhrase: Quality phrase mining
qClusType: Entity recognition and typing
qMetaPAD: Data-driven automatic attribute discovery for

attributed network construction
qIntegrating text mining techniques
qMeta Pattern Mining

qIntegrating phrases into behavioral analysis
qObservations, Representations, Models

qCatchTartan: Dynamic multicontextual. Tensor fails.
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Conclusion
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Data-Driven Behavioral Analytics
qMining behavior networks with social and spatiotemporal

contexts to support intelligent and trustworthy systems
qMining for behavior prediction and recommendation
qMining for suspicious behavior detection

qStructuring behavioral content and integrating behavioral
analysis with information networks
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Thank you!

Data-Driven Behavioral Analytics:
Observations, Representations and Models
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