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2012: Google introduces the knowledge graph

Gor ;8|C‘ Official Blog

Search is a lot about discovery — the
basic human need to learn and broaden
your horizons. But searching still
requires a lot of hard work by you, the
user. So today I’'m really excited to
-~ launch the Knowledge Graph, which will
help you discover new information
Dl o A G 0 e o et o 8 quickly and easily.

Amit Singhal, 2012
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Reality 2012: Google introduces the phrase

“knowledge graph”

Go :8'(“ Official Blog

Introducing the Knowledge Graph: things, not
strings

Search is a lot about discovery — the
basic human need to learn and broaden
your horizons. But searching still
requires a lot of hard work by you, the
user. So today I’'m really excited to
launch the Knowledge Graph, which will
help you discover new information
quickly and easily.

Amit Singhal, 2012
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1994 presentation: What the Web is

Tim Berners-Lee, Geneva, WWW
The Need for Semantics in the Web

https://www.w3.org/Talks/ WWW94Tim/



1994 presentation: What the Web is

Tim Berners-Lee, Geneva, WWW
The Need for Semantics in the Web

e ”.documents on the web describe real objects and imaginary
concepts, and give particular relationships between them...



The Semantic Web vision article, which attempted to capture Tim’s
approach, appeared in 2001

PRI SEMANTIC

e
L] a
5 5
PRCTANES
A new form of Web content
% that is meaningful to computers
2 will unleash a revolution of new abilities
S
Fobi e
R : ] by
5 ) : TIM BERNERS-LEE,
i = g JAMES HENDLER and
R } : ORA LASSILA
e g
S L e e

NASA IS&T, Jan 01 www.mindswap.org



DAML
Notional Schedule

Tetherless World Constellation




Example — Semantic Search ca. 2010
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Semantic Search ca. 2015
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Goggle Jim hendler Q

All News Images Videos Maps More Settings Tools
About 360.000 results (0,27 seconds)

Prof. James A. Hendler

https://www.cs.rpi.edu/~hendler/ ¥

Professor James A. Hendler. Tetherless World Professor of Computer, Web and Cognitive Sciences

Director, Rensselaer Institute for Data Exploration and ... J ames H en d Ie r -<:
Researcher

James Hendler - Wikipedia

https:/en.wikipedia.org/wiki/James_Hendler v

James Alexander Hendler (born April 2, 1957) is an artificial i

Polytechnic Institute, United States, and one of the originators ... James Alexander Hendler is an artificial intelligence researcher at

Institutions: Rensselaer Polytechnic Institute U... Spouse(s): Terry Horowit qussslaer Polytechnic Ipsﬁluta. Ur)itpd S_Lates. and one of the

Known for: Significant Contributions to the Se... g of the Web. Wikip

Research - Books - Honors Born: April 2, 1957 (age 61 years), Queens, New York City, New York,
United States

Jim Hendler - Google Scholar Citations Spouse: Terry Horowit
scholar.google.com/citations?user=JNPbTdIAAAAJ&hl=en v Southern Methodist University, Yale University, Brown

HTN planning for web service composition using SHOP2. E Sirin, B Parsia, D Wu, J Hendler, D Nau. University

Web Semantics: Science, Services and Agents on the World ... Influenced by: Tim Berners-Lee, Dana S. Nau, Ben Shneiderman,
Eugene Charniak, Edward Feigenbaum, Jack Minker

Fields: Artificial intelligence, Semantic Web

jahendler (@jahendler) | Twitter

https://twitter.com/jahendler?lang=en v

Semantic Web geek, Web Science evangelist, Open Data nerd and (somewhat reluctantly) Big Data
lead. usually USA. cs.rpi.edu/~hendler. Joined July 2008.

People of ACM - Jim Hendler - Association for Computing Machinery
https://www.acm.org/articles/people-of-acm/2018/jim-hendler ¥
People of ACM - Jim Hendler. August 9, 2018. You are credited with being an originator of the semantic frmrm a4
web, an initiative to extend the World Wide Web to ... Robots for Integrating Web
Kids: marker-p...  Science:
i... Exploring... andprobl...  Understa.

dblp: James A. Hendler o el 2013

'

https://dblp.uni-trier.de » Persons

View 5+ more

List of computer science publications by James A. Hendler. pe°p|e also search for

James Hendler | IBM Center for The Business of Government
www.businessofgovernment.org/bio/james-hendler v
Apr 20, 2018 - James Hendler is the Director of the Institute for Data Exploration and Applications and

i
the Tetherless World Professor of Computer, Web and ... Tim Nigel Wendy Hall  Jen
Berners-Lee  Shadbolt Allemang Golbeck

Jim Hendler - Rensselaer Polytechnic Institute - VideoLectures.NET Claim this knowledge panel Foedback




Google 2009
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EXPERT OPINION

Contact Editor: Brian Brannon, bbrannon@computer.org

The Unreasonable
Effectiveness of Data

Alon Halevy, Peter Norvig, and Fernando Pereira, Google

For many fasks, Choose a representation
words and word that can use unsupervised

combinations provide learning on unlabeled

all the representational data, which is so

machinery we need much more plentiful
to learn from fext. than labeled data.



Google 2012
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Peter Norvig 4. Towards a semantic web: using
the data that's available

So at Google we try to connect our customers with the information they want, and we do that using all the tools available. Now we
hear a lot of talk about the Semantic Web and that's coming along, but it's not quite here yet in that there is some markup on the
Web that's explicit declaration: I'm an object of this type and I'm related to this other type of object. And wherever that's available,
we'll use that. But most of the information that's on the Web is not in that formal type of markup, most of it is designed for human
consumption, not designed for computer databases to deal with, and so we have to go with what we're given, and if most of what
we're given is text, then we're going to have to figure out what the words in that text mean. And if they aren't in a formal database
language and if some of it is in images or videos or tables or other type of information, we're going to use all of that. So we'll take
as much as is provided to us and where it's missing, where there is no formal computer representation, we'll go with what was
given to the humans and make as much sense of that. So we're creating a sort of semantic interpretation of texts or images that
weren't intended in that form.




Google 2013
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Keynote - Ramanathan V. Guha

Light at the End of the Tunnel

A significant fraction of the pages an the web are generated from structured databases. A
longstanding goal of the semantic web initiative is to get webmasters to make this structured
data directly available on the web. The path towards this abjective has been rocky at best.
While there have been some notable wins (such as RSS and FOAF), many of the other
initiatives have seen little industry adoption. Learning from these earlier attempts has guided
the development of schema.org, which appears to have altered the trajectory. Two years after
its launch over 4 million Internet domains are are using schema.org markup. In this talk, we
recount the history behind the early efforts and try to understand why some of them
succeeded while others failed. We will then give an update on Schema.org, its goals,
accomplishments and where it is headed. We will also discuss some of the interesting
research problems being addressed in the context of this effort.




Impressive results
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GOOgIe ‘ Alces Alces

Al Images Videos News Maps More ~ Search tools

About 581,000 results (0.58 seconds)

Moose - Wikipedia, the free encyclopedia

https://en.wikipedia.org/wiki/Moose ¥ Wikipedia

The moose (North America) or elk (Eurasia), Alces alces, is the largest extant species in the deer
family. Moose are distinguished by the broad, flat (or palmate) ...

Alaska moose Elk
The Alaska moose (Alces alces The elk, or wapiti (Cervus
gigas) or giant moose or ... canadensis), is one of the ...

More results from wikipedia.org »

ADW: Alces alces: INFORMATION

animaldiversity.org/accounts/Alces_alces/ v

Alces alces, commonly called moose in North America and Eurasian elk in Europe, have a circumpolar
distribution in the boreal forests of the Northern ...

Eurasian elk videos, photos and facts - Alces alces | ARKive
www.arkive.org » Species » Mammals v ARKive ~

The Eurasian elk (Alces alces), together with its close relative the moose (Alces americanus), is the
largest living deer species, and is easily recognised by its ...

Mooseworld: Moose Species and Population
mooseworld.com/mooseman/index.htm v

All moose on Earth belong to one species (Alces alces linneaus). (For the scientific classification of the
moose in general see the Species link at the bottom of ...

ITIS Standard Report Page: Alces alces

www.itis.gov/serviet/.../SingleRpt?... ¥ Integrated Taxonomic Information System ~

Species, Alces alces (Linnaeus, 1758) — moose, orignal, Eurasian Elk. Direct Children: Subspecies,
Alces alces alces (Linnaeus, 1758) — European elk.

North American Mammals: Alces americanus - Smithsonian
www.mnh.si.edu/mnal/image_info.cfm?species... ¥ National Museum of Natural History ~
Image of Alces americanus. Image includes representation of bark shredded from tree by antler rubs
and of muddy wallow. Click to enlarge. (85 kb).

Animal

The moose or elk, Alces alces, is the largest extant species in the deer
family. Moose are distinguished by the broad, flat antlers of the males;
other members of the family have antlers with a dendritic configuration.
Wikipedia

Scientific name: Alces alces

Height: 4.6 — 6.9 ft. (Adult, At Shoulder)

Lifespan: 15 — 25 years

Conservation status: Least Concern (Population increasing) Encyclopedia
of Life

Trophic level: Herbivorous Encyciopedia of Life
Mass: Male: 840 — 1,500 Ibs (Adult), Female: 440 — 790 Ibs (Adult)

People also sear: View 15+ more

ﬁoe deer Bear

Feedback
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Google's knowledge graph has been big news this year, but Baidu claims to have been integrating its own version -‘box
computing' - since 2009. It works in the same way as the Knowledge Graph, displaying relevant data and information directly on
the SERPS above the main results.

L
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0

XRBR

| 30 Unforgettable Tom Cruise Moments

/N
Tom Crume ard Trope
Trurder’ 30 Years Lanee

Obsarver - 1

Official Tom Cn.nsa Website

Www tomesuise. o

Tom Crusse Desperato To
Tate Su Back — But Livie
Katie Hoimes Vows To Fight!

Radir Ovine - 60

That Changed Hollywoed Forever

Thete are faw working actors today &5 poarizng as Tom

Cruise. From his insane movie sturts 10 N deeo.
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Tom Cruise - IMDb
Ptz fwww b, comnamenmeod0129 «
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Bom: 44l 03, 1962 (age 58) - Symacuse. NY

Height: 5 7°
Net worth: S570 miicn USD [2017)

Bpouse: Katse Heimas (m. 2006 - 2012)
Neni Rogars (m. 1957 - 1990)

Partner: Foriops Cruz (2001 - 2004)
Upcoming mevies: Top Gun. Mivsrick

Movies
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2010-2012 saw a major uptake in use of Semantic Web
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e 7° | auaaaaeT What is driving the main research in industry?
ENTITY SEARCH for advertising
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(P. Norvig, WWW 2016, 4/16)



Knowledge graphs...

= ... are not perfect

= Or: the importance of

human editors lce cube

Product category

An ice cube is a small, roughly cube-shaped piece of ice (frozen water),
conventionally used to cool beverages. Ice cubes are sometimes preferred over
crushed ice because they melt more slowly; they are standard in... wikipedia.org

Height: 5' 7" (1.73m)

Spouse: Kimberly Woodruff (m. 1992-present)
Parents: Doris Benjamin, Hosea Jackson

Children: Darrel Jackson, O'Shea Jackson Jr., Shareef Jackson, Karima
Jackson, Deja Jackson

Feedback

© Peter Mika, 2014.
YAHOO! YAHOQ!



Knowledge graphs...

= ... are not perfect

= Or: the importance of
human editors

© Peter Mika, 2014.

Michelangelo
Artist

Michelangelo di Lodovico Buonarroti Simoni , commonly known as Michelangelo,
was an Italian sculptor, painter, architect, poet, and engineer of the High
Renaissance who exerted an unparalleled influence on the... wikipedia.org

Born: March 6, 1475, Caprese Michelangelo
Died: February 18, 1564, Rome

Parents: Ludovico di Leonardo di Buonarotto Simoni, Francesca di Neri del
Miniato di Siena

Feedback

YAHOO!

YAHOOQ!



Facebook’s open graph protocol (OGP)
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Some others

Tetherless World Constellation

It's not so hard to find out, there are already lots of companies using SW technologies, some of which are:

New York Times (data.nytimes.com)
Facebook (The Open Graph protocol)
Google (The Knowledge Graph)

IBM (Watson, see also this interview)
BBC (World Cup 2010)

Boeing (Testimonials)

O'Reilly (Semantic SEO)

Rotten Tomatoes (Toy Story 3)
Monster.com (Semantic Search)

Adobe (XMP)
eBay (Headphones)

edited 03 Nov '"12, 13:00 answered 03 Nov '12, 08:08
fadirra
accept rate: 21%

here is a recent about Semantic Web technologies at BBC: htip://www.cmswire.com/cms/information-management/bbcs-
adoption-of-semantic-web-technologies-an-interview-017981.php




SW technology is deployed around the world in libraries
and museums

Tetherless World Constellation
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BBC Ontologies
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Sports Ontology Olympics 2012 Track Cycling

Summer Olympics
sport:RecurringCompetition

lmcnw«lng&vm

2012 Olympics

sport:DivisionalCompaetition

lumhuom.lon
Men's Sprint

l-mmc«nm
sport:award

Men's Sprint Semifinals
sport:KnockoutCompetition
l-pon:nuam

Men's Sprint Semifinals
Heat 1
sport:Round

lwcmwmm

Men's Sprint Semifinals
- Heat 1 Race 1

sport:UnitCompetition




But what about rest of the original vision?
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DIVE Into data

Discover
Integrate
Validate
Explain

Thinking outside the (database)
box...

nsselaer Sifies of Feseerch




Metadata lets us DIVE into data

Discover

Find datasets and//or content (incl. outside your own organization)

Integrate

Link the relations using meaningful labels: “reconciliation”

Validate

Provide inputs to modeling and simulation systems

Explore

Develop (multimodal) approaches to turn data into actionable
knowledge

a
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) Rensselaer



Metadata lets us DIVE INTO DATA
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Find datasets and//or content (incl. outside your own organization)
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Link the relations using meaningful labels: “reconciliation”
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How does one discover resources in linked data?
With great difficulty

Tetherless World Constellation, RPI

legislation
.gov.uk

Geographic O

Publications O

User-generated content Q
Government O

Cross-domain O

Life sciences O

As of September 2010 €@ (® @

Rensselaer

why not change the world?™|
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It's not enough just to describe the data elements...

— T
~— Date

Smith James June 4
Person—— Jones Fred May 17
O’Connell Frank April 3
Chang Wu February 21
Hoffman  Bernd December 9

\ /




P o .
. AN Describing a dataset ... requires a context
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1976 Dates
of Birth

Smith James June 4 OO
Person—— Jones Fred May 17

O’Connell Frank April 3

Chang Wu February 21

Hoffman  Bernd December 9

\ /




Describing a dataset ... requires a context
How do we capture more of this information?

Tetherless World Constellation

1976 Cancer
Mortality

Smith James
Person+—— Jones Fred

O’Connell Frank
Chang Wu
Hoffman Bernd

\

June 4
May 17
April 3
February 21
December 9

/
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Challenge: Linked Metadata
“A Small World of Big Data”

Tetherless World Constellation

Data

o

S~ US Census
A A (etavos)
Geowore =

o

MetaData/

remver 2011 @ ®O@

Linked Semantic Web “metadata” documents can be used to link very large databases in
distributed data systems. This leads to orders of magnitude reduction in information flow for
large-scale distributed data problems.



Metadata lets us DIVE INTO DATA

Discover

Find datasets and//or content (incl. outside your own organization)

Integrate

Link the relations using meaningful labels: “reconciliation”

Validate

Provide inputs to modeling and simulation systems

Explore

Develop (multimodal) approaches to turn data into actionable
knowledge
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) Rensselaer



75~ e Linked Data STILL needs semantics

o - i > 5 H
ot - Tetherless World Constellation

e Data is converted into RDF and SPARQL ed
— creates huge graph DBs less efficient than the original DB

e Data is converted from DB into SPARQL return on demand
— much better, but you must know the mapping

e owl:sameAs is (ab)used to map data to data

- but that only lets you map equals — which is an easy mapping to
express in many ways

e defining equality correctly in a model theory is much harder, and thus the abuse,
but let’s leave that for another talk

e SKOS provides thesaurus-like linking terms
— But too often it is only used within a single entity




Making Metadata work for integration

« OWL was based on a model having to do with inference and
reasoning

 Not ”’Big Data” and integration

 Proposed solution: rework OWL

« Add key features for the world of linked data
« Part-Whole
 Procedural Attachment
« Simple temporal relations
« Ability to close (hamed) graphs

« SEE: https://lwww.slideshare.net/jahendler/on-beyond-owl-challenges-for-
ontologies-on-the-web

a
3%

) Rensselaer



Metadata lets us DIVE INTO DATA

Discover

Find datasets and//or content (incl. outside your own organization)

Integrate

Link the relations using meaningful labels: “reconciliation”

Validate

Provide inputs to modeling and simulation systems

Explore

Develop (multimodal) approaches to turn data into actionable
knowledge
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Metadata can help to "Close the loop”

Prediction

Wit

Model

We have to close the loop between the correlational nature of
predictive data analytics (machine learning) and the “causal” models
we need for science (natural & social) and engineering!




Metadata lets us DIVE INTO DATA

Discover

Find datasets and//or content (incl. outside your own organization)

Integrate

Link the relations using meaningful labels: “reconciliation”

Validate

Provide inputs to modeling and simulation systems

Explore

Develop (multimodal) approaches to turn data into actionable
knowledge
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Data Exploration

Tetherless World Constellation, RPI

Challenge: Can metadata help us explore/understand the data
(structured or unstructured) in archives, collections, datasets,

etc? -
@ Rensselaer.




nsselaer Agent-based language project (RPI) why not change the world?*

Agent: The 2008 Summer Olympic Games, officially known as the Games of the XXIX Olympiad and commonly known as Beijing 2008, was a major
international multi-sport event that took place in Beijing, China, from August 8 to 24, 2008.

User: What can you tell me about the Beijing National Aquatics Center?
Agent: The Beijing National Aquatics Center, also officially known as the National Aquatics Center, and colloquially known as the Water Cube, is an aquatic
center that was built alongside Beijing National Stadium in the Olympic Green for the swimming competitions of the 2008 Summer Olympic Games.

User: Tell me more about the Beijing National Stadium.
Agent: Beijing National Aquatics Center is east of Beijing National Stadium.

User: What is Beijing National Stadium? Submit
Agent: The Beijing National Stadium, officially the National Stadium, also known as the Nest of Bird, is a stadium in Beijing, China. The stadium was
designed for use throughout the 2008 Summer Olympic Games and Paralympics. The stadium is currently used mostly for football matches.

Agent-based guide tells user about information on a tourist site

User can ask questions about it
Using game-based story-telling approach and limited language




First demo covered ~500 topics

re: 2008 Beljing

ummer Olympic Games Ll

Aquati
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Badminton
Baseball
Basketball

Gymnastics
Handball

Softbell
ble Tennis
Taekwondo

Tennis

Besing National Indoor Stadium
Belling National Stadium
Glympic Gree

Olympic Green Archery Field

* These include venues, sports, athletes, special events,
and date information
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— topics can be linked along these dimensions (ie. same sport,
same date, same place, etc.)
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why not change the world?®

Agent: The 2008 Summer Olympic Games, officially known as the
Games of the XXIX Olympiad and commonly known as Beijing 2008,
was a major international multi-sport event that took place in Beijing,
China, from August 8 to 24, 2008.

User: I remember watching the 2008 Swimming events. Tell me about
Michael Phelps

Agent: Michael Fred Phelps Il is a competition swimmer and the most
decorated Olympian of all time, with a total of 22 medals. Phelps also
holds the all-time records for Olympic gold medals, Olympic gold
medals in individual events, and Olympic medals in individual events
for a male. In winning eight gold medals at the 2008 Summer Olympic
Games, Phelps took the record for the most first-place finishes at any
single Olympic Games. Five of those victories were in individual
events, tying the single Games record. In the 2012 Summer Olympic
Games in London, Phelps won four golds and two silver medals,
making him the most successful athlete of the Games for the third
Olympics in a row.

Submit

« Example: Mich
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« Agent reasons about a network of connected entities and chooses the
best next one to discuss based on a combination of factors
— Consistency, Novelty and Ontological relationships

e @ Rensselaecr IDEA

ata Exploration and Applications




:@ Rensselaer why not change the world?®
Under the hood — a knowledge graph

NEXT BEST

at: 1.0000

onstraint: L0000

» Different settings of these factors can lead to different presentation order.
— Settings can be pre-determined for pedagogical or application specific needs
— Agent can learns users’ interests and preferences over time, adjusting the settings

The® Rensselacr IDEA

Institute for Data Exploration and Applications
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* Automate Agent Creation combining:

Information Extraction: Using anew
"living information extraction" technique,
we will be able to create a "never-ending
extractor" which will be pulling from web
documents information about entities and
events, and the relationships between
them.

The new system can work in a dynamic
node, and does not need human annotated
samples for training, but it works best if
there are a number of known relationships
between pages to build off of.




Our Approach iy ot change the world?”

* Automate Agent Creation combining:

Semantic Web: The Semantic Web
provides a number of known relationships
between pages on the Web in a number of
domains. Using general knowledge
sources, like dbpedia and Yago, and
specialized knowledge sources, like the
data from musicbrainz, the reviews from
Yelp (which have semantic annotations)
and even the Open Graph of Facebook
(which is available in a semantic web
format), provides a jumpstart for the
language extraction.

However, the Semantic Web relates pages,
but doesn't have any sort of
"understanding" of what is on the pages.

1 IICESE INCLIDODTCIACL L1 J1UlN
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Our Approach iy ot change the world?”

* Automate Agent Creation combining:

Cognitive Computing : Cognitive
Computing, can allow us to have a better
way of accessing information about the
entities found on the Web and finding other
information about the same entities using
various kinds of search and language
heuristics. This allows us to have more
organized information, rapidly generated,
about the entities being explored.

However, given a large graph of entities
(even the organized linked-open data cloud
has information about billions of things),
how do we choose what to display next? If
the best we can do is provide links, all of
the above isn't much better than choosing
a page and clicking from there.

1he@® ljg}?‘gclacr LDHEA
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Our Approach

* Automate Agent Creation combining:

Story-telling Technology: Interactive
storytelling techniques are being explored
to take information in the kind of
"knowledge graph" resulting from the
above, and tailoring the presentation to a
user using storytelling techniques. It is
aimed at presenting the information as an
interesting and meaningful story by taking
into consideration a combination of factors
ranging from topic consistency and novelty,
to learned user interests and even a user’s
emotional reactions. The system can
essentially determine "where to go next"
and what to do there in the organized
information as processed above..
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Rensselaer Metadata as “story telling” why not change the world?®

e.g. Turning University Archive Metadata
into narrative “tours” (Mei Si, 2017)

Archive Metadata Includes:

Places &
Events

And links between them
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Summary

Tetherless World Constellation, RPI

e The long-standing goal of the "Semantic Web
initiative” is to create metadata

- this was a key part of the original vision

e But more and more we need to start to focus
more on enriching the metadata

— To help provide more semantics for the data linking
e For discovery

e For integration

e And to use the metadata in new and exciting
ways
- Using the Semantics to power new technologies

e Closing the loop between correlation and causation research
e Providing new ways of interacting with the metadata collections

Rensselaer




You can help: share your solutions

New Journal: Data Intelligence

Data Intelligence
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Society, but due to the inefficiency of cur data practices
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Metadata for libraries and collections
is one of the topics we are interested
in, please consider submitting a
paper!
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Dean Allemang
James Hendler

Copyrighted Material

SECOND EDITION

Semantic
Web

for the
Working
Ontologist

Effective Modeling
in RDFS and OWL

Questions?

Tetherless World Constellation

By the way:

We are working on a 3rd edition
(different publisher) with more
explicit linked data coverage (and a
third author, Fabien Gandon)
+ please send me
comments/thoughts/etc.

(email address at


http://www.cs.rpi.edu/~hendler

