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Time line

I Paper Age
—— B Sequential Processing Age
—fl Proprietary DB Age
—[ Relational Age
— [ Post-Relational Age

These days, we are drowning in data
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1000 Exabyte Age

Transactions

Zettabyte Age
Interactions
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www.c-data.nl

We have created more data since 2005
than we have in the previous 40,000 years.
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Limits of Relational

Google doesn't store it's data in
relational databases. There isn’t a
database that could handle it

Storage

There are many DBMS’s now that
outperform relational by 50x (Hadoop,
Mapreduce, Columnar DBs etc)

Performance

Relational databases rely on metadata
to create and communicate
distinctions.

Complexity

Sir Tim Berners-Lee
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Web 3.0/ Semantic Web

 What is it, and how does it turn data into
information and knowledge?

N

Three key distinctions in Web 3.0
(aka the Semantic Web)

* A uniform way to refer to specific instances.
* One way to declare all facts.

* A way to describe
classes/categories/types/sets

in a way that allows computers to categorize
some data for us.

N



Instances

e Anything individually identifiable

— People

— Organizations

— Cars

— Documents

— Contracts

— Transactions

— Etc.

A

Historic Treatment

* Create a table

* Giveitan “id” or “key”

Securities
ID Company
022095103 Phillip Morris
761713106 Reynolds
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Historic Treatment

* To get data out, you need to know the table and
the column (the metadata).

| |

4

Securities
Company
02209S103 Phillip Morris
761713106 Reynolds

Historic Treatment

gt

CID Company
022095103 Phillip Morris
761713106 Reynolds

To get data out of dozens of
systems, you’d need to know
dozens of bits of metadata.

l Companies

lsecu rities

ID

Company

022095103

Phillip Morris

76171310

6 Reynolds

e

Stocks

Key Company

022095103 Phillip Morris

761713106

Reynolds

Comp Company
022095103 Phillip Morris
761713106 Reynolds
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This doesn’t scale

Web 3.0 approach

» Skip the metadata (for identification).
* Everything is a resource.
* Everything gets a “URI” (think URL).

C cusip:02209S103 )
——

http://www.cusip.com
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| know what you’re thinking...

Does this mean everyone has to use the same id?

Won'’t this be like every “universal id” system we’ve
ever seen?

Nope.

This doesn’t require that everyone use the same id,
only that if you use the id you refer to the same
thing.

2

What if two systems assign
different identifiers to the same
thing?
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<sameAs>

interlinking the Web of Data

The Web of Data has many equivalent URIs: e i Dem R Q
This service helps you to find co-references

between different data sets.

Enter a known URI, or use Sindice to search first. Ssindce  Fort Collins Q

Search results from Sindice, with co-references applied

“&inoce "City of Fort Collins, Colorado” @
hitp:/fdbpedia.orgiresource/Fort_Coliins,_Colorado
http://rdf freebase.com/ns/guid 9202a8c0400064 1f8000000000018714
<sameAs> http:fsws.geonames.org/5577 147/
http:/fumbel.orgiumbelinefwikipedia/Fort_Collins,_Colorado
http:Awnv rdfabout.comirdfiusgovigeofusico/countiesflarimer_countyffort_collins

“Ginoce "Fort Colling Public Library” @
http://dbpedia.org/resource/Fort_Collins_Public_Library
http:#fmpii.defyagofresource/Fort_Collins_Public_Library

http:#rdf freebase.com/nsfguid 9202a8c0400064 1f800000000065beec
http:/fumbel.orgiumbelinefwikipedia/Fort_Collins_Public_Library

<sames>

= "Fort Collins-Loveland Municipal Airport” @
[ http:ffdbpedia.orgiresource/Fort_Collins-Loveland_Municipal_Airport

Z

Onedtwolapysdasserrffacts

cusip:filedBy

[ cusip:022095103 )/ \AQ cusip022095 )

cusip:name
\ “Altria Group, Inc.”

C cusip:02209S
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Anatomy of a triple

Of a “property”

URI URI

URI
McComb:John )| br:parentOf

The Logical Model of the Semantic Web

Subject Predicate Object
URI URI URI
URI URI Literal

A
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Triples

4/20/2010

Subject Predicate Object
McComb:John br:parentOf McComb:Dave
McComb:Dave br:parentOf McComb:Addie
McComb:Dave br:parentOf McComb:Eli

McComb:John

McComb:Dave

i

McComb:Dave

Here’s where the magic is....

br:parentOf

br:parentOf

br:parentOf

McComb:Dave

McComb:Addie

11
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Triples to Graphs

Linked Data

The “join” is done at the
instance level

* No metadata was harmed in the making of
this join.

- The metadata wasn’t even interrogated.

« In fact, it just isn’t necessary.

12
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Schema

* In traditional systems, “schema” defines
physical structure as well as hinting at
meaning, and must be defined before data
can be stored.

* In “Semantic-land” the schema is “logical”
(not physical) and “late” (can be bound after
the instances have been created).

Classes, Categories, Sets, Types

‘ Companies

13



Current Approaches

* Humans assign things to categories.

* Things get one primary category and that
category’s parents.

* Once assigned, items stay in their categories.

Web 3.0 approach

“Type” or “Class” is not structural. It’s just another assertion.

Any instance may be many types simultaneously.

rdf:type

sec:PrivateCompany)

rdf:type

( CuSip:022095 k
rdf:type sc:NotGreen )

mf:TobaccoProducer)

;x 28
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Using Existing Classes

Subject Predicate Object
McComb:Dave rdf:type gist:Person
Means “isa”

URI URI URI
@mb:Dave )| rdf:type

;z 29

Making Up Classes
(schema later and local)

Subject Predicate Object

my:RespAdult owl:some br:parentOf

@spAdult )| owl:some br:parentOf

Means: “you are a member of the class of Responsible Adults, if
you are the parent of at least one [Person]”

15
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Inference
Subject Predicate Object
McComb:John br:parentOf McComb:Dave
McComb:Dave br:parentOf McComb:Addie
McComb:Dave br:parentOf McComb:Eli
McComb:John rdf:type my:RespAdult
McComb:Dave rdf:type my:RespAdult

@?SPAC’U“ I owl:some br:parentOf

Integration
Subject Predicate Object
gist:Person owl:equivalent foaf:Person

@erson | owl:equivalent

Means: “any one who is a ‘gist:Person’ is also a ‘foaf:Person’ and
vice versa.

16



IRS definition of a
passenger automobile

* A passenger automobile is a 4-wheeled
vehicle manufactured primarily for use on
public roads that is rated at 6,000 pounds
unloaded gross vehicle weight or less. Certain
vehicles, such as ambulances, hearses, and
taxicabs, are not considered passenger
automobiles and are not subject to the line 36

limits...

Form 4797

. & TopBraid - passenger.owl - Eclipse SDK

i File it Mavigate Project Inference
i P ri- M=
A T Classes 22 =8
W6

=] awl: Thing
awl:Mathing
= vehicle
=@ MotPassengervehicle
O Ambulances
© Hearse
© Taxicab
B Truckorvan
7] Passengeriehicle
O Truck
© van
@ weight
O wheel

HAEEw

Model Resource ‘Window Help

e |PassengerVehicIe

[ty ik i G

B “passenger.owl X P4

= O T properties 2

Class Form (3|
Mame: Passengeriehicle

+ Annotations

~ Class Axioms

rdfs:subClass0f =
@ ehicle

owl:disjointWith ~
O MotPassengervehicle
O lambulances

O Taxicab

0 Hearse

owlequivalentClass =

3 haswheel max 4

E) ratedweight has lessThans000
) ratedweight some Weight

-

4444

4 4

q

[ hasiwheel

[ ratedweight

B unloadedGrossyehicleWeight
owl:versionInfo
rdfs:comment
rdfs:label
rdfs:seedlso

4/20/2010
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Even the definition of classes
is done in triples
@

<6000
SUbClaSSOf ratedWeight hasValue

disjointWith

\©

So where are these “triples”
coming from ?

18



Triples from Databases

a3 o7

P27 Bolt 55
S— S—
P28 Nut 66

c 1D o_ID P ID Qty Price
123 aaoo1 (| P27 4 1.00
~rse— | Anco2 P | 6 1.00

4/20/2010
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Triples from XML/HTML

866 Mozilla Firefox [=1

& /L" H vag) @ hps:/1130.102.66.52 /Annatea /Annoteasenvier = v | () (G

Xooglers: Brilliant! Love it! Now, c... = % Vannotea @ hiips://130.10.. /data/2AN3.pdb (]
- <rdf:Description rdf:about="https:/130. 102 66 52/Annotea/ AggoieaServiet/] 344 1697 18> r

language>en</j3: I.nngunge:- w
policy rdf:resource="hups-/1 30.102.66 52/ Annotea/AnnoteaServieupolicy/ DEFAULT_POLICY />
created>2006-06- 16T09:34: 192 </j. 1:created>

context>
JH(}HH"‘ 17.0/number:447 1 moveto//1/-8200570/-56/118.9

30.102.66.52/ Annotea/AnnoteaServievbody/ 1344169718" >
mjhicBrowserwindows/models/data 2 AN3 pdb* />

o1 Irdl’rdl"pum’l‘\pe— "Literal">

cc:License about=" hIIpzu\ tivecommons org/licensesby-nc/2.0° >

<foal:maker rdf:resource:
C

tation-deg="118 9°

i
iewport height="395" width
nd...,,m.; visible="true" />
pt script="sclect all: spacefill off: wircframe off:" type="jmol"/>

fannotation-nsfgnolggon >

>
pe rdf:resource="hip:/www w3 org/2000/ 10/annotation Type# Cgimengs>
</rdf:Desc rlpllun:-
- <rdf:Description rdf,]bwl,_ hllp\ 1 \«u 102.66.52/Annoteal AnnoteaServiet/| (/@DSS-ED" >

. 1:context> [
Y5//152:A NZ/number: 1045 movetol/ LN 82H-6000-T79/168 3
130.1026652 @ @

Triples from Text
frecd for dg Information
oot Retrieval __ @
el il d
1 oo AR Information
by == Extraction FACT 1 g FACT 2
P cansy g 7 T
imately 39 RT3
Aerotext from Lockheed Martin

20
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Triples and Triple Stores

* Once we’ve harvested a large number of
“triples” we need a place to store and
efficiently access them.

* This is the role of a “triple store,” essentially a
database for these assertions.

Querying
* The equivalent of SQL is SPARQL

PREFIX foaf:
<http://xmlns.com/foaf/0.1/>
SELECT ?name “mbox
WHERE
{ ?x foaf:name ?name .
?x foaf:mbox ?mbox }

* A service that accepts SPARQL queries is
called a “SPARQL End Point”

7
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SPARQL End Points

<>
-
= -

WIKIPEDIA
The Free Encyclopedia

270 million triples
2 million concepts

BBC
Playcount
Data
MySpace
Wrapper
/f
BBC Music

ol

National

2 @

flickr
wraper Virtuoso
# Sponger
- Open A
Calais
] e B> .

<
RDF Book

o
Mashup
K Freebase

RO
& Berlin Reactome |
Bank Ao { = J
= i _ @-_\
. 2
N
~ =k
some i - Ontology '\' \‘
O Sy
o2
‘ - / DB
[ — /
PubMed

As of July 2009
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ROA

* Semantic Web Technology is a natural fit with
Resource Oriented Architecture
— Based on RESTful design principles
— Few verbs, many nouns
— Nouns are the Resources, expressed as URIs

“Web of Things”

* Semantic Technology is also a good fit for the
newly emerging “web of things”
— Sensors
— Motes
— RFID

23
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Transparency

* What governments, and companies, are
discovering.

* Our chance of becoming wise (acquiring
wisdom) will be increased if we can give more

people access to more information and
knowledge.

~

S WEDNESDAY, OCTOBER 14, 2003

DATA.Gcov

HOME | CATALOGS | STATE/LOCAL | ABOUT | FAQ | CONTACTUS | SUGGEST OTHER DATASETS

Text ATA" A

Bshare | BR% ©

DISCOVER. FEATURED TOOL:
PARTICIPATE.
ENGAGE.

Search the following Data.gov catalogs:

7

“RAW” DATA TOOL
CATALOG CATALOG

Welcome to Data.gov How to use Data.gov

The purpose of Data.gov is to increase public access to high value, Data.gov includes searchable data catalogs providing access to

http://data.gov

24


http://data.gov/

This We Know

| Fort Callins, CO  seerc |

There are 8 Factories qwithin 11 mi )

21,294 pounds of 6 Pollutants were released (within 11 mi)

Female (in this town)
There are 32,970 Home Owners and 21,473 Renters (in this town)
62% of people Relocated in the past 15 years (in this town)

5 Bills have been introduced about this location by 3 Members of Congress
since 1993

Tip: Click o any o the: highlighted tems shove to explore the unclerlying data
Sources: 2005 Toxics Release Inventory * 2007 Crime in the Unfted Stetes = IS Census 2000 * GovTrack

Copyright Semantic Arts 2010

What's This We Kno

‘ \VV!\HHWW
Do pNE
m
 Lapone " A8
A =
Lorystate . Fort Collins.
Park. 3

. I i ®

Fiarmony Timneth

FaERIDEY

€ Mep data @20

§Google

Fopulation: 140,712
Households:56,489
Land Area:10.4
Water Area:8.0

NEARBY...
Boulder, CO 40 mi
Denver, CO 58 mi
Lakewood, CO B0 mi
Colorado Springs, GO 121 mi
Pueblo, CO 162 mi

49
This We Knowr: | Fort Calins, CO  seerc |
]
9 q 1
418 Violent Crimes occured or 3.2 per 1000 people g this town;
I
WIOLENT AGGRAVATED  VEHICLE  LARCENY  FORCIBLE  PROPERTY [l
CRIME EURELARY | GelERR ASSALLT THEFT THEFT RAPE CRIME LB
3
418 625 33 314 294 3487 70 4476 1 |
1
@ 1 2
Source: 2007 Crime in the United States
Have some Feedback? Speak SPAROL?
FEEDBACK » Help us improve this site SPARQL » Show the query that gengrated this page »
Apout Us » Contact Us This Ve K
opyright Semantic Arts 2010 50

4/20/2010
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Speak SPAROL?
SPAROL » Show the query that generated this page »

PREFIX o: <http:/ /www_data.gow ontol ogefis
FI¥ ui: <http://wwm thisweknow org/uiff>
FEEFIX ¢ TTTYT, Tdf-=ymean-n=fs

TR =
FREFIX rdfs: <http://omm . wd. org/ 2000/ 01/ rdf-=chemafi>

PREFIX dc: <hetp:/fpurl.crgfdc/element=/1. 1/

FREFIX determs: <http://purl org/dec/termsi >

PREFIX owl: <http:/fwwm.ud.org 2002/ 07/ owlfix

PEEFIX geo: <hetp://wwm. wi. org/2002/ 0L/ geo/ng=dd posfs

PREFIX =mamp: <http://wmme.rdfabout.com/ tdff =chema/ uscensus/ devail =/ zanp/ >
FREFIX foaf: <http://zmlns._comfoaf/0. 1/ >

SELECT “twielent_crime Pcowm
Tburglary Thown
7robbery itowm
taggravaved_assault Thowm
twehicle_thefr Iwowm
tlazceny theft Tsown
tforcible_zape Thown
Tproperty_crime Thown
tumazder oowm
Tpopul avion Mowm

FROM <data> THERE {

Terime_stat oitown TEowm;

violentlrime Pwiolent_crime;

burglary Yburglary;

robbery Probbery;

aggravateddssault Taggravated_assault;

motorifehicleTheft fwehicle_theft;

larcenyTheft tlarceny_theft;

forcibleRape Tforcible_zape;

propertylrime 7property crime;

marder Pmmrder;

:population tpopulation .

FILTER( *own=chttp:/ fwm . cdfabout . comd tdE/ u=gow/ geofus/ cof counties/ larimer_county/ fort_collin=]

13

P

A ;

Summary

We are transitioning into the Post-Relational
Age

Our need to transition is that we can’t deal
with the complexity or rigidity of schema-first
design

Semantic Technology offers a powerful new
approach: modular, roll-your-own schema
accessing far more data than you will ever
have in your corporation

Compatible with ROA & “Web of Things”

}.x 52
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Questions?

4/20/2010
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