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2012: Google introduces the knowledge graph

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



Reality 2012: Google introduces the phrase 
“knowledge graph”

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



The original web 
proposal (1989)
was actually a 
knowledge graph!

23 years before Google!!



1994 presentation: What the Web is 
Tim Berners-Lee, Geneva, WWW

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

The Need for Semantics in the Web



1994 presentation: What the Web is 
Tim Berners-Lee, Geneva, WWW

The Need for Semantics in the Web

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



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

The Semantic Web vision article, which attempted to capture Tim’s 

approach, appeared in 2001
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DAML

Notional Schedule

Now

Later

2001: We will change the world!
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Example – Semantic Search ca. 2010
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Semantic Search ca. 2015
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Google 2009 
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Google 2012
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Google 2013
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Impressive results

Google finds embedded metadata on >40% of its crawl – Norvig, 2016

Google “knowledge vault” reported to have over 3.5 billion “facts” (links) 
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Not just Google…
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2010-2012 saw a major uptake in use of Semantic Web

• What drove the change?

–Maturation of Linked Data technologies

•Embedded markup

–RDFa (and schema.org)

•SPARQL endpoints

–graph database standard

•Lightweight Knowledge

–A little semantics goes a long way
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What is driving the main research in industry?
ENTITY SEARCH for advertising

(P. Norvig, WWW 2016, 4/16)
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Facebook’s open graph protocol (OGP)

2012: Extending the Social Graph
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Some others
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SW technology is deployed around the world in libraries 
and museums

Lora Aroyo, 2011
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BBC Ontologies

Many demos 2012 Olympics
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But what about rest of the original vision?

• Machine-readable markup on the Web exceeds 
anything we predicted in 2001…

– And linked-data/KGs without semantics are too weak for 
many applications 

• ”Linked data semantics” and “KG inferencing” are new names for 
the old issue – we need semantics in data linking!

• … but the interoperability issue that drove the 
original vision is still challenging

– Because the story is about METADATA 

– Not just linking!!!



Office of Research

DIVE into data

Discover

Integrate

Validate

Explain

Thinking outside the (database) 

box…



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

26
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How does one discover resources in linked data?
With great difficulty
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Why?

Smith James June 4

Jones Fred May 17

O’Connell Frank April 3

Chang Wu February 21

Hoffman Bernd December 9

Person

Date

It’s not enough just to describe the data elements…
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Describing a dataset … requires a context

Smith James June 4

Jones Fred May 17

O’Connell Frank April 3

Chang Wu February 21

Hoffman Bernd December 9

Person

Date

1976 Dates 

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

Smith James June 4

Jones Fred May 17

O’Connell Frank April 3

Chang Wu February 21

Hoffman Bernd December 9

Person

Date

1976 Cancer 

Mortality 

dates 
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Data

MetaData

Challenge: Linked Metadata

“A Small World of Big Data”

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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Linked Data STILL needs semantics

• Data is converted into RDF and SPARQL’ed

– creates huge graph DBs less efficient than the original DB

• Data is converted from DB into SPARQL return on demand

– much better, but you must know the mapping

• 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

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

• SKOS provides thesaurus-like linking terms

– But too often it is only used within a single entity



• 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 (named) graphs

• SEE: https://www.slideshare.net/jahendler/on-beyond-owl-challenges-for-

ontologies-on-the-web
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Making Metadata work for integration



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”

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

Challenge: Can metadata help us explore/understand the data 
(structured or unstructured) in archives, collections, datasets, 
etc?
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Agent-based language project (RPI) 

• Agent-based guide tells student 

about modern Chinese tourist site 

(in Chinese)

• Student can ask questions about it 

(in Chinese)

• These examples are in English 

(text) because presenter doesn’t 

speak Chinese.

• 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 
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First demo covered ~500 topics 

re: 2008 Beijing Olympics

• These include venues, sports, athletes, special events, 

and date information

– topics can be linked along these dimensions (ie. same sport, 

same date, same place, etc.)
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• Example: Michael Phelps 



43

Under the hood – a knowledge graph

• 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 
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• 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

Under the hood – a knowledge graph
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Our Approach

• 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.  
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Our Approach

• 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.  

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.
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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.  

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.

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.
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Our Approach

• 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.  

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.

Cognitive 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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e.g. Turning University Archive Metadata 

into narrative “tours” (Mei Si, 2017)

Metadata as “story telling”

Archive Metadata includes:
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Cognitive and Immersive Systems Lab
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Summary

• The long-standing goal of the “Semantic Web 
initiative” is to create metadata
– this was a key part of the original vision

• But more and more we need to start to focus 
more on enriching the metadata
– To help provide more semantics for the data linking

• For discovery
• For integration

• And to use the metadata in new and exciting 
ways
– Using the Semantics to power new technologies

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



New Journal: Data Intelligence

Joint publication of MIT Press and 
Chinese Academy of Science

Metadata for libraries and collections 
is one of the topics we are interested 
in, please consider submitting a 
paper!

http://www.data-intelligence-
journal.org/

You can help: share your solutions
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Questions?

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 ) 

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

