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The World Wide Web is getting 32ars old this yeaand it hasgonethrough a lot of changs. At

first it was just documents with text and hyperlinks and then came photos, videas;lsengines,

social networks and sahat comesnext?| think the next step is that the web is gettinguch more
Semantic. The Semantic Web is all about connecting alathmaking it readable by machinase

have all this useful information in different @dases all over the world, medieaPharmaceutical,
government, personal information and so much more and none of it is connected. What if we could
connect all thatinformation? How would we doit? We use Semantic technologies to connect the

data and make machines understand it. To do that we use technologies like RDF, OWL and SPARQL.

It is totally going to change how people use World Wide Web how they shop, how they make

travel arrangements, how they search is going to change how people interact and use the Web.
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and what opportunities it will bring for people and organizaso

First | will look at the history of the web, and then | will find out what it is all about quickly how it
works and what possibilities it will bringnd thenl will go into the technical details of the semantic

If it wouldn@have been for Tin BernersLee, A scientist at
CERN th&/ebwould not be where it is tday. He saw that
scientist had no way fosharing information easilySohe
had the idea2 ¥ ONXB I {i A y Jtextodatabése \WiH
0 @ LIS R (1j akayttie aMbrld Wide Web (WWV§yill be
referred as the web in this paperput people had little
believe in that ideaat the time, 42 A G g1 ay!
when he haddeveloped all the ®ols required for a
workingweb (HTTPHTML, Web broser, Web Server and
the first Web pagesthat people sawthe huge potential
that the Web had. From there on the internetuse was
growing each dayBut Bernerd.ee browser was very primitive, and in 1993 there came new
browsers such as Celfoom Microsoftand Mosaicwhich was the foundation for Netscape whom
would own the market for the years to com@.)

ble

Picturel: The first photograph on the We®43)

In 1994 Bernerbee founded the World Wide Web Consortium (W3C) which is the main
international standards organization fohe¢ Web (2) . That was absolutely necessary because, as
happens withall new technologieshat are being developed, peoplewho are workingon it have
different ideashow to implementthe same thingandtherefore they come up wit different formats
so there often isnconsistency in how people things e.g. VHS and Betamax, BRey and HDVD
But in the Webscase there was inconsistency in the HTML that time the Gopher protoco(3)
ruled the maket andwas in a format war wittHTML Which they lostbecausethey were greedy
they started to make people pay for usi@ppherwhile BernersLee made hi¥Veb protocol free for
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HTTPANnd aswe have seen over time that when things are open and free more people use it and
there is more variety and fast evolution of the technology.

In 1996 normal companies started get involved withthe
Web, they saw the potenal in advertising theiproducts for
free whereeverybodycould see them. That was the start of”
the so called Deatomboom (4), it was a stock market bubble
which popped in 2001. The cause of the-dotm bubble was __
mostly beause companies had daring business policies,
growth over profit. They were hoping if they built up their
customer base, their profits would also risénvestors —
pumped money into the internet market with false anpicture2: The DotCom Bubblg44)

hyped up hopes of profit mostly in-@mmece. But when

the bubble burst in 2001 there wasshort downtime in the Web businessand many companies
went bankrupt. Bit not everybody because in this time came the biggest internet compaodks/
such as: Google;tiay and Amazon. In thisne also sarted the social network mania that would put
its mark over the next ten yeard-irst there came MySpace which was the most popular social
network in 20065) and then came Facebook which was the most used social network iadhe in
2009(6).

The era after the detom boom has been called wet o

2.0 by many people becausef apposed of how

content was distributedn Web 1.@the web from birth
to the dot com boomjt dramatically changedVeb 1.0 :
was veryprimitive andlinear. There was a webmaster
that controlled the webpageandhim and some experts
generatedcontent on the welpage. S there where
millions of users and growingut only a thousands of .
webmastersand experts, h that the users coulddo
was browse what the webmasters generatéide web f_
was readonly for the usersand therefore content was 4
very limited. The Web 2.0 is all about gatherin =
information the main thing that changed in Web 2.0i
that users started to generate content themges With i e pifference between Web 1.0 and Web 2.1

sites like Wikipedia where they trusted the users to p(45)

in accurate informatiorand it has grown incredibly huge

with over 3.000.00@rticles(7). Blogs also played an important role where people could easily get up
their own blogwith only athree clicks where theycould say whatever thewanted AndYouTube
where users have uploaded more than 80 million videos and it would take you more than 600 years
to see them al(8).
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This is caumg us to stretch the limits of the welbecause ofthe huge amount of databeing
generated. In 2007 the total volume of digital information that is created and replicated globally is
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9ELl 6@ S Q410)dhat meanmtbabthe data created in five years is more than all the data
created from the beginning of the web. That also means it gets hardendotlie information you
need with the keyword based search engines and by browsing.

As most people know, Tim Berndrse invented the Web but the web as it is today is not his original
GraArA2y 2F (KS ¢S owlveth Bay BetnerkeR dnidsiomed it Bpckisé & thBught
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have hoped he continued to fight for lity publishing materials and making statements about the

evolution of the Semantic Web. In 1998 he started defining a roadmap for the semantic web or an
attempt to give a highevel plan of the architecture of the Semantic w@ii)and in 1999 he said:

GL KI @S I RNBI Y -coraphterdibécdmezcépable bfyanalag 4l khe data on
the Webqi KS O2y (iSyix tAylaz IyR GNlIyalOdAizya oSi
2500 GKAOK aKz2dZ R YI1S GKA&a LIRaaArotisday Kl a @ ¢
mechanisms of trade, reaucracy and our daily lives will be handled by machines talking to
YI OKAySad ¢KS WAYyGSttAaSyd 13SydaqQ @2Lx S KI @

The first thing to know about the Semantic Web is that it is a Web of data, where the data becomes

part of the Web. This is in contrast the Web as we know it today. Today itis full of information in

the form of documents aneve use search engines search these documents, but they slilveto

be read and interpreted by humans to get the informatfoom the documents So while computers
LINBaSyid e2dz gAGK GKS AYyT2NYI Gwhényou aré lookihgyfothé dzy R S N.
band Oasi®n Gogle, it shows on the first pag@asis clothing storeOASIFOrganization for the
Advancement of Structured Information Standard®gasis gift shop and Oasis Hong Kong Airlines.

That is not at all what i was looking for. If it were a Semantic Searchldwearch for Oasis where

QOasis is a type abck bandand i would only get results with Oasis the bambis would save a lot of

time.

[ Sii®3 S Fy20iKSNJ SEI YL S® | 2dzWw@S RS OdaR®Re aficea G 1 S
restaurant. You know ghloves romantic comedies and a good steak. What you would do is go to
Google to find what movies are showing at theaters close to wouthen youspendsometime

trying to find a good moviby readingdescriptiors and reviews.Then you check out the séd&houses

in close perimeters tohe theatres. Of course you want to make sure the steakhouse is good so you

try to find reviews about them. This is going to take you a lot of searches, a lot of visits to webpages
and the worst way much time.



The Semantic &b will make tasks like these so much faster and easier. Instead of multiple searches
82dz 62dA R NI GKSNJ a8 NDK F2NJ I O02YLX SE aSyiSy0S
comedy and then go to a steakhouse close proximity.The Semantic Welwill analyze your

response, search the web for possible combinations, and then organize the results to be best suited

for you.And this will only take you a few minutes as the Semantic Web ovdlidhe heavy lifting for

you.

All this is going to get [gsible by linking data together and turning the Web into an open database
and making it understandable my machine&nd that is only going toappen ifpeople releaseheir
raw data on the internetThey are working on this in the Linking Open Data Pr¢je).

The W3 (World Wide Web Consortium) is an internatisstahdardcommunity that is led by the
inventor of the web Tim Berneilsee. It develops standards for the web to ensure the long term
growth on the web. They have made standards for HTML, HTTP, XML and muck2idrey have
already made someéandards for Linké Data, Ontologies and Queries.

To be able to Link Data together W3 made the standRibF whichsithe core of the semantic web
making possible to make metadata (data about data) about resources on the web so that machines
can understand them. What the resource is and how it connects to another resources. For Example
you want to make RDF about yoursahd you have the properties that you are a type of Person with
the full name John Doe and mailbmtindoe@ru.is Now the machine knows thatou are a type of
Person with somepecific name and some mailbox.

They hae also madestandardsfor Ontologies which -

define the concepts and relations used to describe and Rules Trust
represent an area of concerithey are used to classify Proof
the terms that can be used in a particular applicatio Logic

H ‘ Ontology vocabulary

’ RDF + rdfschema

characterize possible relationships and tolpghedata
integration when ambiguities may exist on terms in doc.
different data sets or when an extra bit of knowleddgée
may lead to the discovery of new relationship. It is b

Digital Signature

XML + NS + xmlschema
to describe it by an example: if you have the persg:
aboveJohn Doeand then someonelse makes a Persor
odzi . R2Say Qi dzaS GKS { She o KS dza
termemail. KSy +y SEGN} RSTAYAGAZ2Y &K2dZ R 653 RSAONRAOG.
aFYS a4 GYFAfO2E£d ¢KAA 9EGNI LA BESThey dan dlsg Be2 NI | {
extremely complicatedwith many ontologies connected together to descrieeg. The Aquatic
world. To do this they have made standards like RDF and RDF Schemas, SKOS(Simple Knowledge
Organization System), OWL(Web Ontology LanguagtRIF(Rule Interchange Forméty)We will

take a closer look ahe most common one OWL later.


mailto:johndoe@ru.is

Finally they have made SPARQL standard so that people can make a Query which means technologies
and protocols that can retrievimformation from the Web of Data. The Web of Data is represented in

RDF so we need soniRDF specific query language. This is provided by SPARQL and it makes it
possible to get redts through HTTP or SOAP. Wherople use SPARQL they can extract complex
information whichis returned in a table format. This table can be incorporated into another Web
page, using this approach SPARQL provides a powerful tool to touilekample, complex masip

sites or search engines that include data streaming from tmea®&c Web(15)

The Semantic Web is going to change how you use the web. It is going to make it much simpler and
thus making your life simpler because peaplaternet use is growing fast, las grown 380% since

the year 2000(16) and peopleare starting to think that the web access a fundamental righ¢17).

The purpose of the computer is to do the repetitive and boring things éor, yWloing the boring,
complex and hard work is exactly what the Semantic Web is supposed to do. It is going to take fewer
clicks to get to the data you are looking f@ollect your Interests and share them with others with

an application like Twinél8)you share your interests with other people and they share with you.
You can organize your travel plans better with applications like Tdipltwhich lets you combine
bookings made from different wepages into a single site. Finally you can pinpoint the exact news
you want to see(20 bls. 22)

There are a lot of opportunities for companies and governments in getting involved in the Semantic
Web. International banksould drill into accounts, transactions and financial histories without
requiring many months of expensive IT projects to do so. Financial institutions could assess risk with
greater accuracy because of more relevant data available. Pharmaceutical cesipanidower the

cost of drug developmerif they could easily combine opesource web data with their own data

and therefore save money by using information other people has found instead of doing it yourself
The Semantic Web could also make huge impaie things like National Security, Disaster
Preparedness and Military Operations. The Government collects enormous volumes of data every
day and by linking them to gather more effectively, they can see national security threads forming
before they becomé NBI f A& 5Aald0GSNAR NINBfe KIFLLSYy 6KS
to access all data quickly and being able to mash it up on the fly to get more out of the information
could save a lot of lives when there is little time to get informat{@. bls. 55)

The Semantic Web will no doubt bring sormr
Disruption to the market, making web companie
with bad business models go bankrupt. Ar
companies that are doing nothing instead ( seevers
investing in innovatio might fall behind ! Sa s e =

Or the companies that have inconvenient



Resources, Processes or Values like Western Urdidicould also fall behind. But there is really no
accurate way to tell if there will be any Disruption because | think the semantic well eadiin

the Early Adaptorstage in the Technology Life Cycle. They are still waiting for the killer app and for
morelJIS2LX S (2 22Ay GKS {SYIYyiAO 2So0d ¢Ky®iNGt I NB
might cause disruption. | think only tinveill tell.

If Web 2.0 is about web application and social
networking, and web 3.0 is about
incorporating the semantics of data

interpreted by machines. What happens M
next? Nova Spivack a technology visionary WK W e
and entrepreneurin web development and
developer of Twine thinks that the web
develops in 10 year cycles and that 2010
2020 is Web 3.0 and that it is supposed to lay
the groundwork for web 4.0 that S g s st e s o - omnsmensscon

scheduled for 202@030. Just like Web 1.0

laid the groundwork for wel2.0. He thinks

that the Web 4.0 will be something like WebOS and will work like middleware, where the web will

Semamtﬂl Information Connections

Semantics of Social Connections

A0 NI FdzyOGA2yAy3a tA1S |y h{ TsNdightkvorkias KoBr own f f & =

personal assistan{21)

b2@F {LAGFOl AayQid (KS 2y tRaymand Rurzweil is & invent@riada 2 y
pioneer in textto-speech synthesis, speech recognition technology and more also predicts that there
will be a WebOS by 2029. But he thinks it ldllparallel to the human brain and he said:

dntelligent machines will combine the subtle and supple skills that humans now excel in
(essentially our powers of pattern recognition) with ways in which machines are already
superior, such as rememberingliions of facts accurately, searching quickly through vast

© 0
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LINKEDDATA

We have already talked about the Semantic WasbaWeb of Dah, data of all possible types from
personal data to financial data to pharmaceutical data and just abokirads of datayou can think

of. Linked Data is about using the Web to create typed links between data from different sources
with collection of Smantic webtechnologies e.g. RDF and OWiichwe will examine later.

BernersLee made set of rule@2) known as the Linked Data principleghey are about yblishing
data on the web in a way that all published data becompag of a single global data spacthey
provide a basic recipe for publishing and connecting data

1. Use URIs as names for things
2. Use HTTP URIs so that people can look up those names
3. When someone looks up a URI, provide usafatination, using tke standard§RDF, SPARQL)

4. Include links to other URIs, so thley can discover more things

To be able to make the Web of Data we need hu~e Water Plant s‘ e 9 §

amount of raw data openly available on the wethe
amount of raw data on the web has been rapid
growing ower the years from Universities anc
corporations togovernments BernersLee held a Ted
conference in March 2009 asking people to put re

data out on the web(23) People did what he asked JR—N—Mt Coal Run > W
andstarted to put more data free and vat happened”} :’ e DYONboThOOd §;;,.,

Other people reused the data and did some interestini i e 7 water available for white peoplé24)

things asBerners¢Lee showed in March 2010 Te

Conference(24). For example a lawyer in Zawdle Ohio who took the information from the
Government to checkut which houses had water and in which houses lived black people. He found
out that there was only water with the white people. The County had to pay $10.9 mitlion
compensations

Another example isvhen the earthquake inHaiti | 77 @m0 S e T
happened, theGoogle m@ was notvery good. So = = ) A\v“sm = M,;: P
GeoEye a satellite image compamyt images of Fiji r ‘ ’“q“ _"-l"‘ ""' ¥ ;8‘ ”aﬁ“‘n N
free on the Web Then people started tapdate the _j\;, f?{ ";_.". ""';} g ,.*‘w .w:v_‘,ﬁﬁf_'
Google mapaccordlng to GeoEye images.elven A A ,"'?:f,g\ ,a"” : :n#""’."f“xs'in
AaK263SR 0ft201SR NRI R&sZ NJS'-Fd[@'ﬁl&g‘é;’:{q‘_‘,}v'ff@a\%‘""kzaLJ)\uI
ship and othervery importantthings. This became ::/“hf, ‘?‘m:..g?:’"s’t, : : .u“,'»'.-‘ ‘ g "
X EN s J e e e VA,

the best map to use if you were involved in relief
work in Haitiand probably saved some livg24) Picture8: Haiti map after people on the web updated
(24)



THE LINKED OPEN DATA PROJECT

The objective of the project is to identify and connect all the existing dafathat are available

under open licenses, converting them to linked data with RDF and linked data principles, and
publishing them on the web. In the beginning there where mostly researchers in university research
labs and small companies involved in th@jpct when it was founded in January 2003t since

then it has grown fast. Several big organizatibage got involved like US government, BBC, Flickr

and New York Times. The reason because it is growing so fast is that it is open, anyone can publish a
dataset and connect it to other dataset®5) In Ficture 9 is the Linked Data Project in July 2009

where each cloud is a dataset and the lines show the connections between them, the darker the line

the more connections are between the dataset.

When we surf the web we use Uniform Resource Identifiers, because wa usdorm system of
identifiers and each item is a resource and we use them to identify items on theTwebURI is the
foundation of the Web, it holds it together. Almost everyone knows one type of URI although they
R2y QG (1y26 Al UniormResowde FocafofMvhich@san ddowess that lets you visit a
webpage?(26) URL is a character string that identifies a web resource by representing its network
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