Introduction to
Knowledge Graphs
and the

Semantic Web



Questions

e\What are Knowledge Graphs

e\What is the Semantic Web?

eHow aret
eHow aret

e\What can

ney related?

ney being used today?

we expect in the future?
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Access is primarily via information retrieval -
*Key-word queries—ranked document list
*We still need to read the documents or
watch the videos
*We often want an answer to a question:
where is the Census Big Data Day event
“'And so do our machines and apps
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State of the Art?

Google is a good example, but Microsoft, IBM,

Apple and Facebook all have similar capabilities
* 2010 Google acquired MediaWeb and its Freebase KB
* 2014: Freebase: 1.2B facts about 43M entities
* 2015+: Google knowledge graph, updated by text IE

DBpedia open source RDF KB is another
* 800M facts about 4.6M subjects from English Wikipedia, data
available in 21 other languages

* Helps integrate 90B facts from 1000 RDF datasets in the linked
data cloud



Ask: When was Tom Sawyer

000 < [im] & when was tom sawyer written (

(53
u)
|

Go gle when was tom sawyer written Q si m

All Images Videos News Shopping More Settings Tools

About 501,000 results (0.56 seconds)

The Adventures of Tom <
Sawyer

The Adventures
of Tom Sawyer Novel by Mark Twain

.!] Preview book

876

Originally published: 1876

Author: Mark Twain

Text: The Adventures of Tom Sawyer at
Wikisource

Aunt Polly (aunt), Sally Phelps (aunt), Mary (cousin), Sid (half-brother) Cover artist: Created by Mark Twain
Thomas "Tom" Sawyer is the title character of the Mark Twain novel The Adventures of Tom Sawyer
(1876). He appears in three other novels by Twain: Adventures of Huckleberry Finn (1884), Tom Sawyer
Abroad (1894), and Tom Sawyer, Detective (1896).

Characters: Tom Sawyer, Huckleberry
Finn, Becky Thatcher, Aunt Polly, Joe
Harper, Sid Sawyer

- X Genres: Bildungsroman, Picaresque
Tom Sawyer - Wikipedia Fiction, Satire, Folklore, Children's
https://fen.wikipedia.org/wiki/Tom_Sawyer literature

Followed by: Wuthering Heights, The

Feedback Prince and the Pauper

Feedback

People also ask

Where was The Adventures of Tom Sawyer first published?
How old is Tom Sawyer in the book?
What is the setting for The Adventures of Tom Sawyer?

Who is Tom Sawyer in real life?




® ® @Apple Pie by Grandma Op!- X

Tim
& Cnh allrecipes.com/recipe/12682/apple-pie-by-grandma-ople/ e ® ']ﬁ ® F 8 % ® B % ’-ﬁ =
! BROWSE j i i —
a | I reci pes v Find a recipe Ingredient Search n f . n —
Home Recipes Desserts Pies Fruit Pies Grandma Ople's Apple
" 4 Pie
Apple Pie by Grandma Ople . KAk kK 1930

e "This was my grandmother's apple
26 pie recipe. | have never seen another
one quite like it. It will always be my
favorite and has won me several first
place prizes in local competitions. |
hope it becomes one of your
favorites as well!"

Featured in Allrecipes Magazine
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® E Blueberry Pie o
Rate it Share

All-Day Apple Butter
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Apple Pie by Grandma Op'= X

SCHEMA.ORG (GooglePlus rich snippets)
itemprop:url (6) itemprop:mainEntityOfPage (1) itemprop:title (5) itemprop:image (2) itemprop:video (1) itemtype:htt
p://schema.org/VideoObject (1) itemprop:thumbnailUrl (1) itemprop:embedUrl (1) itemprop:name (2) itemprop:descri
ption (2) itemprop:interactionCount (1) itemprop:uploadDate (1) itemprop:aggregateRating (1) itemtype:http://schem
a.org/AggregateRating (1) itemprop:ratingValue (12) itemprop:reviewCount (1) itemprop:author (12) itemprop:recipe
Yield (1) itemprop:nutrition (2) itemtype:http://schema.org/Nutritioninformation (2) itemprop:calories (1) itemprop:fat
Content (1) itemprop:carbohydrateContent (1) itemprop:proteinContent (1) itemprop:cholesterolContent (1) itempro
p:sodiumContent (1) itemprop:ingredients (7) itemprop:prepTime (1) itemprop:cookTime (1) itemprop:totalTime (1) it
A emprop:recipelnstructions (1) itemprop:review (11) itemtype:http://schema.org/Review (11)

itemprop:itemReviewed (11) itemprop:reviewRating (11) itemtype:http://schema.org/Rating (11) itemprop:dateCreate
d (11) itemprop:reviewBody (11)

. &

B ,

Most recipe sites embed semantic data about

“their recipes in an RDF-compatible form using
terms from the schema.org ontology

Search engines read and use this data to better
under-stand the semantics of the page content

3utter



Conversational Bots

Voice-driven conversational
systems like Amazon Echo and
Google Home use knowledge
graphs to help understand
our requests




Where does the knowledge come from?

eKnowledge graphs like DBpedia and Freebase
started with Wikipedia data encoded in custom
ontologies

eSemantic Web technologies are an open source
way to encode the knowledge

eThey are and will continue to evolve

eCurrent: extract data from text documents, e.g.,
articles, newswire, social media, etc.



Who invented the Web?



Who invented the Web?

Vdidn't inven;
the Internes




Semantic Web Origin

Tim Berners-Lee’s original 1989 pro-
posal described a web of relationshi
among named objects unifying many *

information management tasks ,.\ i E
Capsule history (ﬁ) """"" g\

e Guha’s MCF (~94) 5 1 v

e XML+MCF=>RDF (~96) N [ chER.N
* RDF+O0=>RDFS (~99) @J | doam H_ﬁ—
e RDFS+KR=>DAML+OIL (00) o \ o

|ndides desoribes 0
e W3C’s SW activity (01) - ’“> _
e W3C's OWL (03) g Iﬁﬁ

im
rs-Lee
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|
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http://www.w3.org/History/1989/proposal.html



http://www.w3.org/History/1989/proposal.html

W3C’s Semantic Web Goals

Focus on machine consumption:

"The Semantic Web is an extension of the
current web in which information is given
well-defined meaning, better enabling
computers and people to work in
cooperation.”

-- Berners-Lee, Hendler and Lassila, The Semantic
Web, Scientific American, 2001



Why is this hard?

2 UMBC CSEE Colloguium - Microsoft Internet Explorer -0l x|

File Edit View Favortes Tools Help

Computer Science and Electrical Engineering
University of Maryland Baltimore County

Communication-Sensitive Decision Making
in Multi-Agent, Real-Time Environments

Professor Marie desJardins

1:00pm - 2:00pm Thursday, February 14, 2002
Lecture Hall Five
Engineering and Computer Science
University of Maryland Baltimore County

In this talk, I will present ongoing work on developing techniques for intelligent agent
control and coordination in a dynamic, real-time, multi-agent setting. The application
domain, consisting of teams of autonomous air vehicles (4 4Vs), is characterized by
dynamic environments, real-time response requirements, limited information, and unreliable,
low-bandwidth communications. We have developed an initial framework in which agents'
decision making is sensitive to communication availability and costs, tradeoffs among
multiple objectives, and reliability of information about other agents (friendly and hostile) in
the environment.

Marie desJardins is an assistant professor at UMBC. Her ongoing research projects are
developing methods for multi-agentplanning and negotiation and mixed-initiative planning
and knowledgeacquisition techniques.. Dr. desJardins was awarded a Ph.D. from the
University of California at Berkeley and an 4 B. in engineering and computer science from
Harvard University.

after Frank van Harmelen
Host: Timothy Finin, UMBC, finin@cs.umbc.edu =l and Jim Hendler
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What this looks like to a machine...

/2 UMBC CSEE Colloguium - Microsoft Internet Explorer =10l x|
Eile

Edit View Favoites Tools Help

Xopnovtep Tytevyie avd Bireytpryoi BEvyiveepivy |
Yviweporty op Mapywiavd Baitipope Xoovty

Xoppovigatnov—Levornwe Asyioiov Makivy
w MuAti—Ayevt, PeaA-Tipe Evoipovpsvic

IIpo¢eccop Mapre secYapdive

1:007mp — 2:00mp Tyopoday, PePpoopy 14, 2002
Aeywope HaAd Ouwe
EBvywveepivy avd Xopnmotep LTLEVEE
Yviweporty op Mapyiravd Baitpope Xooviy

Iy o ok, T andh mososyr ovyowry wopk ov dswehomuvy Texnnbuso gop
wrshAyser aryset xorTpoh ovd xoopduwarior w o Syropry, psah—TyLs, pulTi—
orysyr osTrvy. Tns ammlyorior Sopony, XOVOLOTIVY 0p TEQHO O QUTOVOUOVD OO
wenmyheo (Ahgo), w xnapayTsoelsd Sy Syropny, sYTREOVLEYTO, DEOATTUYLE
peomovos pebunpspsrto, MpaTed wooppomior, owd vroshofis Aow—Fovdundry
Koppvrexomiovo, 2 nows Sswehomed o uATLah GOOLEWODK W WNLYY OrYSYTO3
BEXL0U0Y POy L0 OSVORTUTE TO Y oppumyorior amonhafiary avd xoo7o,
Toodzopda opovy puinmAs ofpsxniwso, avd pshofiiary op whopuanior afour
ornsp orysvTo (Gorsrdiy awd NOOTIAS) W THE SVELOOVLEYT.

Moiprs dsodoipdive 1o o comorart Tpopsooop o YMBX. Hep ovyowry psosoioxn
TPOPEXTO 0 dsmeromay peTnodo pop puATL—ysYTT Aoy Owd PEYOTLOTIOY OV
mEsdunnonws TAhavnry ard krowhsdysay ooy Texnnbuso. Ap. dsodapdvo
wog cwopdsd o TIn A ppop Ts Ynmspoury op Xadapopno ar Beokehey owd ow
AB. w sppvssowy awd xoumurep oxeevye doop Hopwapd Ynmsporry.

after Frank van Harmelen
Hoot: Typorpy uny, YMBX, dunwzyo.uuby.sdv 3 and .“m Hendler
D T Ewewe




OK, so HTML is not helpful

F

Edit View Favortes Tools Help

Ywviwepoity op Mapyravd Baitipope Xovvty

Xoppoviyatov—EZevolnwe Asyioiov Makivy
w MuAti—Ayevt, PesaA—Tips Bvoipovpsvic F

/3 UMBC CSEE Colloquium - Microsoft Internet Explorer =] 9]

Xoumotep Tyevye avd Biextpiyai EvyiveepLvy j‘

Maybe we can tell the machine what the
different parts of the text represent?

IIpopecocop Mapie decBapdive '

1:007p — 2:00mp Tnopocday, Peppoapy 14, 2002

— title

Agyxwpe HaAi drwe
Bvywveepivy avd Xopnovtep LYLEVEE
Ywwwepoity op Mapyravd Baitipope Xoovty

Iy riuo Tad, [ ondd mpsosyt ovyoury wopk ov dsmshomuy Texnnbuso gop
WTEANYERT QUysET X orTpON atvd X 00pOraiTION W O DY POLpLY, PECATIHE, pUNTL—
avyser osTrvy. Tns amm gy oror Sopony, XOVoLOTivY 0 TEOHO 0P CUTOVOLOVD OO0
wemxhso (AAga), w0 xnopaxTeorlsd By Syvopey svmOOVHEYTO, DEOA-TYLE
peomovos psbupsusvro, Ayersd whoppomior, avd vrpshefis, Aow—Fowdwidry
Koppvryaniove. §2s noms demehomsd o AT QOO SO0 L WNEKY OUYE
BEXLOUWOV O L0 OSVOLTATIE TO YXoppuumyarior cworrafilery avd xooro,
Toadsopdo apory puAnmhs of pexnwso, avd pehafirary op wopparior afovr
ornsp orysvTo (Porsvdhy 0wd nooTIAE) W THE SVTROOVUEYT.

Maprs dsodopdvo wo av comorarr wpopsooop ar YMBX. Hep ovyowry psosopoxn
TPOPEXTO PE BSWENOTLVY (ETHODT G0 PUNTL—OrYEPTRAQVIAPY OV VEYOTLATLOY D
prEsdunnonws Thovney avd kwowhsdysoybnanor Texnniuso.,

~ speaker
time
location

abstract

wao awopdsd o [n.A ppop The Ynwsporry o Xodpopna ar Beprehsy avd ow
AB. w sypvssowy owd youmwursp oxrevye poop Hopwopd Ynmspoury.

Hoot Tuyorpy unw, YMBX, dunvzyo.uuby.sdv #

biosketch

|&) Done ,_ ’_ [_ [\ My Computer
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XML to the rescue?

3 UMBC CSEE Colloguium - Microsoft Internet Explorer =10 5'

File Edit View Favortes Tools Help

Xoumotep Tpevye avd BEAextpryoi Evyiveepivy |
Yviweporty op Mapyiravd Baitipope Xooviy

Xoppovigatiov—-Zevornwe Asyiciov Makivy

<Spea ke [ >IIpo¢eccop Mapie SecSapdive </S pea ke r>

<t|t|e> w MuAti—Ayevt, PeaA—-Tipe Evmipovpevio </t|t|e'

\'4

. 1:00mp — 2:00mp Tnopocday, Pepfpovapy 14, 200! H
<time> o X /time>
<location> Bvnveeptvy avd Xopmotep Tyevee  </lOcatipn>

VT QUYENT KOVTPON ¥d Y 00pOvaTion 1v o SYVOpLY, PEON—TYLE, UNTL—
<abst§§ KT QYT Y, X WOX, HE i

. apeg degdopdivo vo o coowoTarT Tpopsooop o YMBX. Hep ovyowy psosapxn
<bigskgteh

<ho

Yviwepoity op Mapyravd Baitipope Xooviy
Iy ro rahg T andh mpsoser ovyoury wopk ov dswehomury rexnnbuso op

grrwy. Tps ammiayarior dopony, XOvouoTiwy o TEQHO 0 CUTOVOUOVD OiLD
wenuxheo (Alga), 1w xnaporxTsorlsd Sy Swvapiy srmoorusYTO, pEOA-TUYLE
peomovas pebunpsperto, NpaTed wopparior, owd vrpshafis how—Fordwdry
Koppvvexoriovo, S2e nows SemweAoTE0 ¥ MATLOA POOULEWODK L WIHLKY QYEVTOD
S0V oKLY L0 OSVOLTUTIE TO Yoppvmyarior aworhafidary awd yooro,
Toadsodo oypovy puAnmhs o pexniwso, owd pshofidaTy op wpoguarior afour
oTnEp oysTo (Pprevdhy avd NOoTINE) W THE SVELOOVUEYT. ap6 St ra Ct>

dsmshomery LeTnodo fop puATLI-QYSETT Aowmpy owd veyonanior avd
mEsdunnonws Thovney ovd kvowhsdysoybuonor rexnnbuso.. Ap. Ssodapdvo

woo awepdsd o [InA poop Tne Ynmsporry op Xordopro: af%jﬁ?\s and o,
i6Skétch
LR

AB. w sppwssowy owd yopmursp oxisrys poop Hopmopd Y

"

v

Sm: Teporny Py, YMBX, dunrzyo.vufy. sdv </h Ost> z]
|€] Done [ [ [ & My Computer 4

XML fans propose
creating a XML tag set to
use for each application.

For talks, we can choose
<title>, <speaker>, etc.

after Frank van Harmelen and Jim Hendler



XML #= machine accessible meaning

/3 UMBC CSEE Colloguium - Microsoft Intemet Explorer =101 x|

File Edit View Favoites Tools Help

Xopmotep Tytevye avd Bieytpryai BEvyiveepivy :I‘

Yviweporty op Mapyravd Baitipope Xovovty B ut’ to you r m a ch i n e’
ST R s T e e IR LTAES the tags still look like
<CFTC8G.K8 h 0$ecC0O aple 8ecYapdy d :

_ P 2‘_’0: ; °M: Z iy °5&‘9'{cga1(gp_:> this....

TGS o s e - & T E>
APy aTIONE S Im e o </AOY TIOV>
<a[;ﬁfa&m¢?\ IwL?\A‘e%s;ﬂowotwmooxoystskouwfsxnnﬁusotpop The tag names Carry
f’b‘m{m e e s o no meaning.

wenixhso (AAGo), 1o xnopaxTeonlsd By SyvopLy srmmoorusrTo, pEoh-TYLE
psomovos psiuosusrro, Mprrsd whopporion, owd vrpshafhs, how—Fardwidry
Koppvriyoriova. §2s nows dsmeAomwsd o WATION OO SWODK LY WHLKY OrYsVTOD
SN0V POLKUY L0 OSVOLTIWE To Yoppumyarior aworhafilry avd xooro,

Toadsodo oyrovy puAnimAs ofpexnmeo, avd pehafiiary op WW d
oTnep oo (Porsrdhy owd NOOTIAE) W THE SVIROOVLEYT. Brpax’c> X M L DTD s a n
<B Moprs dsodopdive w av aonorart Tpopsooop ar YMBX. Hsp ovyory psosopxn

o
0@&8@%216}%2??}0&0 $op pukm-oysyTT Ay 0 pEyOTLOTIOY D Sc h e m a s h ave I Itt I e o r
mEsd—unnonwld Whoknpy avd krowhsdysayfnorior Texning . dsovdapdivo
woo awopdsd o Tn. A ppop e Ynmspoury op on?\qﬂopmd%)@ ws‘c xn > n o se m a nt i cs
.

AB. w sppwssowry awd youmursp oxeevye poop Hopwopd Yimsbovry.

<n Opmluomw Dy, YMBX, dunrzyo. vuﬁx.56</n[QGT> z]

|&] Done ’_ @ My Computer 4
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after Frank van Harmelen and Jim Hendler



XML Schema helps

<?xml version="1.0" encoding="utf-8"?>
‘<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema'>
<xs:element name="book">
<xs:complexType>
<xsisequence>
<xs:element name="tle" ty tring"/>
<xs:element name="author" ty tring'/>
name="character" Occurs="0" maxOx ="unbounded">

XML Schemas provide a
simple mechanism to
define shared
vocabularies.

XML Schema file

</xs:sequence>
</xs:mmplexType>
ment>

/A UMBC CSEE Colloquium - Microsoft Internet Explos
File Edt View Favortes Tools Help

/3 UMBC CSEE Colloquium - Microsoft Internet Explorer 8 [=] )

File Edit View Favortes Tools Help

Xopmotep I € avd Exeytpryai Bvniveepivy
Y o¢ Mapyravd Baitpope Xooviy

Xopmotep Lyievye avd EAextpiyai Evyiveepivy |
Ywwepoirty op Mapyravd Baitpope Xooviy

Xoppovvigetiov—Levolnws Asgiotov b

oppvvigatiov-Levornws Asyiorov Makivy
ti—Ayevt, PeaA-Tipe Bvaig

<TITXWTL7A'[EV‘[, Pear-Tipe Evorpovpsvic </,CL,[ }\,8>

IIpo¢eccop Mapte BecSapdLve /
<GTE‘§ W 20§ Tnopcday, <I7€bp\mpwl4 onnS(X‘K 8p>

Aeywpe HeAd Prwe
<Tl“ Evyiveepvy avd Xopnvtep LEVYE ’Cl' H8>
<7\,OX% b@w pYiavd Baitupope Xovviy
b e o0 s o o eaprorn oD Y OLTUO V>

<TT
npo¢mcop Maptie §

<Gn§nu 2.0 191‘\1 Say, Deppoapy 14, 200:
<’EL egflope HaAd Orwe l 8>
Evyl vy avd Xopunotep LEVYE T l"lf
<}\'Ox% oYY Yo Mopyravd Baitipope Xoovry
b e oo oy v srom o SAND Y OLTUO V>

Sapsive

<S/omeaKEP>

<a b W awd yoopdwaor w o Syvopry, PSaN-TYLE, PUNTL- < W owd yoopBwaTior w o SYvopy, PEON-TYLE, PURTL
e L TIOV BojL o, OVOLITLYY O TEGILG Of GUTOVOUOUD R 2 mm% \xCTL0 Bojiony, XOVOLITUY O TEHLT O CUTOVOROUG Crp
wenx Ao (Ahqo), w0 xnaooxTEoLlsd By Byvopny SVIROOVIEYTO, DEQN-TUYLE wen o (AAGo), w0 xnoox TELlEd By Spvopax SYIOOVIEYTO, DEON-TULE
peamovas psbunpspsvra, Npated whoppariov, awd vrpshoafhs, Aow-Fovdundry peomovos pebupspsyro, Nparsd whopparior, ovd vpshafis, how-Favdwdr
OB OTIOvO. S orms BemENOTED O LNTION OO SOODK 1Y WY CYEVTOD XTI, Qs Homs SmENOTED 0¥ ATLON BPOEWOPK ¥ WL Gy ST
Beyaou0w porkiy 10 0% amanhafilry avd xoo7a, Bayionow porkavy 10 o X0 Nory od
b0 apovy puAnEhe b pexnmaa, avd pehafihiry of wiasuamioy afout 400 covy WNTLEN o payrimea, ad peNaBiNTy of whopuaTiov aBovr
oy rysuTo (dorzvdhy avd noomhe) w s o / oBot p a) ,C> orpep cryevTo (dorzvdhy awd noomhe) w e sm.mpmmsvr</ olBot p a) ,C>
Mapre woy ¢ a7 YMBX. Hep ovyowy psosaioxn Maos waoy ¢ ar YMBX. Hsp ovyowy psosopxn
<Bt 2080 dop puNT-crysyTT MGy 0D erlmrtou ovd < 1 51030 $0p UATE— m7sv71t)\ozwwy b monmwu b
8j9s, Zopil o QK ol K
wao awapdsd o boon e Ynmsooury o Kahpooma ar Beogaey avd av weo awapded o TpA. poox ms Yrnmsoaury of x&www or Bs v o oy >
AB. w spywsspwy awd xoumursp oxisvxs ppop Hopmopd Yo L OGK "CXT] > AB. w sypwsspwy owd xoumursp oxesvis poop Hopmopd Ym% lOGK TXT]
b b
<1 . v Dz, YMBX, oy o.oufy, s00 = <1 . w b, YMBX, uonvayo.uufy, s

= W

after Frank van Harmelen and Jim Hendler



But there are many schemas

<?xml version="1.0" encoding="utf-8'?>
<xsischema xmins:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="book">

conplte XML Scherga file 1 XML Sche

<xstelement name="title" type="xs:string"/>
<xs:element name="author" type="xs:string",
A e S
<xsicomplexType>
<xsisequence>
<xszelement name="nal" e" type="xs:string"/>
<xszelement name="ri| hd-of" type="xs:string" minOccurs=
maxOccurss={. nbounded/>
<xszelement name="s] ce" type="xs:date"/>
<xszelement name="C_alification" type="xs:string"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<lvecaniancas

<?uml version="1.0" encoding="utf-8"?>
“http://www.w3.0rg/2001/XMLSchema">.

<xs:element name="character" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xsisequence>
<xs:element name="name" type="xs:string"/>
<xstelement name="friend-of" type="xs:string" minOccurs="0"
maxOccurs="unbounded"/>
<xstelement name="since" type="xs:date"/>
<xstelement name="qualification" type="xs:string"/>
</xs:sequence>
</xs:complexType>
</xs:element>

B ollog 0 plorer 1o x| B ollog oso0 plo —iolx|
FEile  Edit View Fav wes Tools/ Help File Edt View Favori Tools Help

</xs:schema:

1xok Bvytveepivy £
aATipope Xovviy

evye avd Exextpiyak Bvyiveepvy ] Xopmyep Tpevye avd BEie
0¢ Mapyravs Bartipope Xovvty Yviw/ poity o Mapyray,

ov-Tevornme Aegioiov Makivy < TiT ré‘ Lviyatiov—Levodime Asyiciov Makivy

~Ayevr, Pead-Tipe Bvapovpsvic </,CL,[ }\,8> ~Tue Bvaipovpsvic < /Ti1 I e)
podeccop Mapte BeGSapsLve T[S(XK 8 > aple 5569a98wo ea k > r'>
! g g p vpcday, Peppvapy 14 p
<’cl 8 ) Ae;x'zg:gz‘:xq;ﬁ::;oaw b / ‘wope Hair Prwe /]TI me>
Bvywveepvy avd Xopnotep E]lsv]r:< Tl H8> VY avd Xopmoutep Ellsv
PYAavd Baitipope Xoovvty .
e SAdRCATIGN>

¢ Mapyiravd Bartpope Xov;
b e o sosor posye v snari S ANO Y OLTUO V>
0N Covd Y 00pBVCTIOY W (2 DYV, PECA-TYLE, UNTI=

< E W P )\ 0 X OOPARIETION 1 & BYeL, DON—TYLS, NI < ab

sv¥ gerr X OTIOV BOpONY, XOVOUITLRY O TEOHO Op CUTOVOUOUT GrD N oTL0v Bopony, XOVOOTUFY 0§ TEGLO O CHUTOVOLOUG 0o
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There’s no way to relate schema

<2xml version="1.0" encoding="utf-8"?>

<xsischema xmins:xs="http://www.w3.0rg/20 1/XMLSchema">
<xstelement name="book">

<xs:complexType>

HEEN EEEEEER I vepion="1.0" encoding="utf-8"%>

1a xmins:xs="http://www.w3.0rg/2001/XMLSchema">
ent name="book">
sicomplexType

Ademek

e ol
<xs:element name="
<xs:complexType>
<xsisequence>
<xs:element nam
<xs:element nam

i
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" mi '0" maxOccurs="unbounded">
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</xsisequence>
</xs:complexType>
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Either manually or automatically.
XML Schema is weak on semantics.




An Ontology level is needed

.8
‘www.w3.0rg/2001/XMLSchema">

<?xml version:
<xs:schema xmins:
<xstelement name="
St
<xsisequence>

XML
Ontology
256

Ontologies add
e Structure
e Constraints
®* mappings

maxOcculs unhounded“/>
s:date"/>

<xs:element name=" quahﬁcauon type="xs:string"
</xsisequence>
</xs:complexType>

</xs:element>

<

<xs:attribute name="isbn" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:schema>

XML Ontology 1

<2xml version="1.

<xsischema xmins:xs="httpy

<xstelement name="book">

<xs:complexType>
<xsisequence>

<xstelement name="title" type="xs:string"/>

<xstelement name="author" type="xs:string"/>

Pt o N
<scomplediil> IIIIIIIIII
<xsisequence>
<xs:element name="name" type:
<xstelement name="friend-of" tyj

XML Ontology 42

encoding="utf-8"2>
//www.w3.0rg/2001/XMLSchema">

<2xml version="1.0" encoding="utf-8"?>
<xs:schema xminsxs="http://www.w3.0rg/2001/XMLSchema">
<xstelement name="book">
<xs:complexType>
<xsisequence>
<xscelement name:

s:string'/>
‘xsistring'/>
‘character" minOccurs='

maxOccurs="unbounded">

<xsisequence>
<xs:element nam
<xs:element nam

ame" ty|

:string/>
riend-of ' type="xs: smng minOceurs="0"

s smng minOccurs="0"

maxOccurs="unbounded"/> maxOccur unded"/>
<xstelement name="since" type="xs:date"/> <xstelement name="since" type- ‘xs:date"/>
<xstelement name="qualificatjal type="xs:string"/> <xscelement name="qualificatidaistype="xs:string"/>

EEKEREE
</xs:element>
</xs:sequence>
<xs:attribute name="isbn" type="
</xs:complexType>
</xs:element>
</xs:schema>

</xs:sequence>
<Jescomplextype> EEEEER
</xs:element>

</xs:sequence>

<xszattribute name="isbn" type="xs:string"/>

</xs:complexType>

</xs:element>

</xs:schema>

xsistring!/>

We need a way to define ontologies in XML
So we can relate them
So machines can understand (to some degree) their meaning




Semantic Web

Use Semantic Web Technology
to publish shared data &
knowledge

Semantic web technologies
allow machines to share
data and knowledge using
common web language
and protocols.

~ 1997

Semantic Web beginning



Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

Data is inter-
linked to support inte-
gration and fusion of knowledge

LOD beginning



The node in the center is DBpedia

[ JON J D About: University of Maryland  x \ Uit

& C (0 O dbpedia.org/page/University_of_Maryland,_Baltimore Co.. o ® gg @ [ E 9 & & % &E:] S

&m ®Browse using ~ [ Formats ~ (% Faceted Browser (4 Spargl Endpoint

About: University of Maryland, Baltimore
County

An Entity of Type : National Space Grant College and Fellowship Program, from Named Graph : http://dbpedia.org,
within Data Space : dbpedia.org

The University of Maryland, Baltimore County (often referred to as UMBC) is an
American public research university, located in Baltimore County, Maryland,
United States, mostly in the community of Catonsville, approximately 10
minutes (8.3 miles) from downtown Baltimore City and 30 minutes (33.5 miles)
from Washington, D.C.

Property Value

dbo:abstract = The University of Maryland, Baltimore County (often referred to as
UMBGC) is an American public research university, located in Baltimore

Counﬁ Mailand| United States mostli in the communiti of Ca‘(onsville|

http://dbpedia.org/page/University of Maryland, Baltimore County



http://dbpedia.org/page/University_of_Maryland,_Baltimore_County

Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge
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Data is inter-
linked to support inte-
gration and fusion of knowledge

LOD growing



Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

Data is inter-
linked to support inte-
gration and fusion of knowledge

... and growing



Linked Open Data

Use Semantic Web Technology LOD is the new Cyc: a common
to publish shared data & o\ source of background
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Linked Open Data

Use Semantic Web Technology LOD is the new Cyc: a common
to publish shared data & - =)= == . _ source of background
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2011: 31B facts in 295 datasets interlinked by 504M assertions on ckan.net

Life sciences

As of September 2011 @D @


http://ckan.net/

Semantic Web: 1, 2, 3

Languages typically divided into three parts:

1. Syntax: legal forms that make up the
sentences in a language

2. Semantics: mapping of sentences to meaning
(perhaps truth theoretic)

3. Pragmatics: everything else (how to do things
with language, knowledge of world, etc.)



1: Syntax

*URIs denote classes, properties, objects, relations
- http://live.dbpedia.org/resource/Alan_Turing

- http://schema.org/Person
- http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

eUse strings for literals

eUse triples to make statements
-dbpedia:Alan_Turing rdfs:type schema:Person.

-“Alan Tu ring is a Person” *URI = Uniform Resource Identifier



http://live.dbpedia.org/resource/Alan_Turing
http://schema.org/Person
http://www.w3.org/1999/02/22-rdf-syntax-ns
https://en.wikipedia.org/wiki/Uniform_Resource_Identifier

2: Semantics

eSemantics maps URIs to the things they denote
in “the world”

eSome of this in in your mind or in how you write
your program

eMeaning of some URIs allow inference
-parent relation is inverse of the child relation

-schema:parent owl:inverse schema:child



3: Pragmatics

eSemantics is more than just about truth
(statements that assert things)

eMust account for commands, requests,
guestions, context, etc.
-Some handled by Web protocols (GET, POST)
-Some by special protocols (e.g., SPARLQ queries)

-Some by having reference KBs of the world (e.g.,
DBpedia) to help identify common entities



Where are we

eThe W3C version of the open semantic web has
been growing steadily

eLanguages and standards are being used in

- BBC uses RDF to make up much of its content online

- Google and Facebook detect AND MAKE USE OF (some)
RDF embedded in html pages

- Google, Yahoo, Microsoft and Yandex formed Schema.org
to develop useful vocabularies

- Data.gov has many datasets in RDF


http://Schema.org/

Wikipedia data

in RDF

&«

C Mt [ dbpedia.org/page/Alan_Turing

DBpedia

o @ S50 Y GE A D

dbpedia-owl:almaMater

dbpedia-owl:award

dbpedia-owl:birthDate

dbpedia-owl:birthName
dbpedia-owl:birthPlace

dbpedia:Alan_Turing

dbpedia-owl:doctoralAdvisor
dbpedia-owl:doctoralStudent
dbpedia-ow!:field

dbpedia-owl:iindividualisedPnd
dbpedia-owl:knownFor

dbpedia:King's_College,_Cambridge
dbpedia:Princeton_University
dbpedia:Royal_Society
dbpedia:Order_of_the_British_Empire
dbpedia:Fellow_of_the_Royal_Society
dbpedia:Officer_of_the_Order_of_the_British_Empire
1912-06-23 (xsd:date)

1912-06-23 (xsd:date)

Alan Mathison Turing

dbpedia:Paddington
dbpedia:Maida_Vale

dbpedia-owl:doctoralAdvisor  dbpedia:Alonzo_Church .

dbpedia:Wilmslow
dbpedia:Alonzo_Church

dbpedia:Robin_Gandy
dbpedia:Computer_science
dbpedia:Mathematics
dbpedia:Cryptanalysis
118802976

dbpedia:Turing_machine
dbpedia:Cryptanalysis_of_the_Enigma
dbpedia:Automatic_Computing_Engine
dbpedia:Turing_test



http://dbpedia.org/page/Alan_Turing

Wikidata

e\Wikidata aims to create an rdf-like KG that can
be read/edited by humans & machines

-Wikimedia project started in April 2012

e\Wikidata clients use the repository, e.g., to
populate Web pages or Wikipedia infoboxes

eBased on ideas from Semantic MediaWiki and
Freebase



http://meta.wikimedia.org/wiki/Wikidata
http://semantic-mediawiki.org/
http://www.freebase.com/

skl Semantic Media Wiki Bt

&« C ff [\ semantic-mediawiki.org/wiki/Semantic_MediaWiki O B ‘e 'In v % oADL =
Create account & Login
Page Discussion View View source History | Searct Q
SMwW _ ) — o
Semantic MediaWiki Semantic MediaWiki (SMW) is a free, open-source extension to MediaWiki — the wiki

software that powers Wikipedia — that lets you store and query data within the wiki's pages.

Navigation

Semantic MediaWiki is also a full-fledged framework, in conjunction with many spinoff extensions, that can turn a
Main page wiki into a powerful and flexible “collaborative database”. All data created within SMW can easily be published via

ST the Semantic Web, allowing other systems to use this data seamlessly.
User manual
Admin manual
o bor st g
Recent changes Semantic MediaWiki .
Register your wiki ) « Getting support
» Introduction to SMW AV Y « SMW Community Wiki &
, « FAQ o List of SMW-using wikis
Links —
o Talks and publications « SMWCon, the Semantic MediaWiki
Download SMW » Testimonials Conference

Report a bug « Semantic MediaWiki 1.8

Source code Wiki of the Month - January « Administrator manual Q ﬂ
Code documentation 2013 « Installation
MediaWiki

e gl The SMW project

* Related extensions

. 04,
trl p l,e A « About the project

Toolbox

What links here Triple A is a site that provides IT « Development roadmap

Related changes architecture information for educational * User manual « Programmer's guide

Special pages organizations. It supports MBO- * SMW reference

Printable version scholen (Dutch secondary schools) e Try out SMW online News  RSS - & Atom
Permanent link wanting to innovate educational « Reporting bugs and wishes

Page information processes. « 10 January 2013: Survey: What do



http://en.wikipedia.org/wiki/Semantic_MediaWiki

Freebase Jearedy

C M [ www.freebase.com/view/en/alan_turing D < @ [Fe) by

=

These people have edited this topic:

i
Alan Mathison Turing, OBE, FRS ( /tjuerm/ TEWR-ing; 23 June 1812 IE B I: E
-7 June 1954), was a British mathematician, logician, cryptanalyst,

and computer scientist. He was highly influential in the development Edit this topic
of computer science, giving a formalisation of the concepts of
“algorithm" and "computation" with the Turing machine, which can be
considered a model of a general purpose computer. Turing is widely
considered to be the father of computer science... More Related Topics
\W/ Read article at Wikipedia

Last edited Dec 12, 2012

Date of birth: Jun 23,1912 Edward Thomas Hall

Date of death: Jun 7, 1854 (age 41 years)
Profession: Mathematician, Philosopher, Computer Scientist, Logician

Country of nationality: United Kingdom
Alan Turing
Also known as: Alan Mathison Turing -
|
William Kingdon Clifford
People
Ada Lovelace
Place of birth: Maida Vale, United Kingdom
Alan Turing Quotes

< Mathematical reasoning may be regarded... 35 Alan Turing elsewhere on the web

¢ Official Website

c¢c No, I'm not interested in developing a powerful brain... s»

“An entity graph of people, places and things, built by a community that loves open data”


http://www.freebase.com/

Google Knowledge Graph

‘(— C f |1 www.google.com/insides

rch/knowledge.html % _"D‘QJ%.!ﬁém—‘

Google

Home Tips & Tricks Features Search Stories Playground Blog Help

3 The Knowledge Graph See it in actic

Learn more about one of the key breakthroughs Discover answers to questions yo
L.L.—.,Jl..t;..—-..:- o S —_— aaal oo

P

Google’s slogan for the knowledge graph: “things, not strings”


http://www.google.com/insidesearch/features/search/knowledge.html

Who wrote Tom Sawyer?

oo / [FJwhat is the name of the au. X

€& - C fi (O https//www.google.com/webhp?gws_rd=ssl#g=what+is+the+name+... ¢ ( @ §1 % @ S oo

Google

who wrote the adventures of tom sawyer Y n fim
who wrote the gilded age huckleberry finn and the

adventures of tom sawyer

what is the name of the author who wrote the adventures of

tom sawyer

Press Enter to search.




=> object in the FB

Sl Facebook Open Graph e

€  C fi [)ogpme O B WU 0 uwvY e LAdL S

The Open Graph protocol

Introduction
The Open Graph protocol enables any web page to become a rich object in a social graph. For instance, this is used on
Facebook to allow any web page to have the same functionality as any other object on Facebook.

‘While many different technologies and schemas exist and could be combined together, there isn't a single technology which
provides enough information to richly represent any web page within the social graph. The Open Graph protocol builds on
these existing technologies and gives developers one thing to impl Developer simplicity is a key goal of the Open
Graph protocol which has informed many of the technical design decisions.

Basic Metadata

To turn your web pages into graph objects, you need to add basic metadata to your page. We've based the initial version of
the protocol on RDFa which means that you'll place additional <meta> tags in the <head> of your web page. The four
required properties for every page are:

* og:title - Thetitle of your object as it should appear within the graph, e.g., "The Rock".
* og:type - The type of your object, e.g., "video.movie". Depending on the type you specify, other properties may also




speech => text =>

entities => task

&«

(e ﬁ‘ [} www.apple.com/ios/siri/

)

Apple’s SIRI

SIRI engineers
from Al/SW

community

w A

0wy G P d

Store Mac iPod

[

iI0S

Siri. =2
Your wish is
its command.

Siri lets you use your voice to send

schedule meetings, place
calls, and more.* Ask Siri to

do things Ju ing the way you

talk. Siri is so e se and does

u'll

and more ways to use it.

so much finding more

iPhone

£ -

& What's the w(=W
»

today

iPad

iTunes Support Q

What's New

Overview

€6 Be there in 30 minutes

| update

Reac

D
Be there in 30 minutes

What is i0S

SIRI needs lots of semantic data about entities in the world



IBM’s Watson

€« C M [ www-03.ibm.com/innovation/us/watson/ 5 B

Industries & solutions  Senvices Products  Support & downloads My IBM

IBM Watson: Ushering in a
new era of computing

What's next for Watson?
We want to hear how YOU would put Watson to work. Join the
discussion

c» Learn more

Putting Watson to work Science behind Watson

Cognitive systems like Watson may
transform how organizations think, act, and
operate in the future. Learning through
interactions, they deliver evidence based
responses driving better outcomes.

Watson goes to
work

\ |/
\ ‘;

Getting ready for Wat: I N

[ ] @ @ @ )
Putting Watson to work
Data is growing at extraordina

Take the next step Is your business ready for
Watson? Discover how to prepare your

rates - 800

IBM used Semantic Web technology and data in Watson, see http://bit.ly/X44alE

BoS gy e Ad o

)|

Contact IBM about Watson
& Email IBEM

. Or call us at: 1-800-366-9875
Priority code: 109HF03W

Follow IBM Watson

You
=

Recent news

c» IBM hopes its Watson will become doctor's
sidekick

> IBM Exploring Ways to Use, Sell Watson Cloud
Services

- More Watson news



http://www-03.ibm.com/innovation/us/watson/
http://bit.ly/X44alE

A collection of

useful ontologies

Pers®n - schema.org X

€« C f schema.org/Person

schema.org

Embed in HTML using RDFa

chema.org din T using

understand-able statements

kQ% @ A o Ny @08 QW=
I s

Home Schemas Documentation

Thing > Person

A person (alive, dead, undead, or fictional).

Property Expected Type
Properties from Thing
URL
additionalType
Text
Text
URL
name Text
URL
sameAs
url URL
Properties from Person
additionalName Text

PostalAddress

Organization

Description

An additional type for the item, typically used for adding more specific types from external vocabularies
in microdata syntax. This is a relationship between something and a class that the thing is in. In RDFa
syntax, it is better to use the native RDFa syntax - the 'typeof’ attribute - for multiple types. Schema.org
tools may have only weaker understanding of extra types, in particular those defined externally.

An alias for the item.

A short description of the item.
URL of an image of the item.
The name of the item.

URL of a reference Web page that unambiguously indicates the item's identity. E.g. the URL of the item's
Wikipedia page, Freebase page, or official website.

URL of the item.

An additional name for a Person, can be used for a middle name.
Physical address of the item.

An organization that this person is affiliated with. For example, a school/university, a club, or a team.




Summary

e\Web has made us smarter by sharing information
and knowledge as text, audio and images

eMachines should also be able to use the Web to
publish & retrieve information & knowledge

eHuman forms of knowledge are hard for machines to
understand and generate

eThe Semantic Web is a collection of languages,
ontologies, software tools, services and KBs that are
designed to support machines



