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Outline

= A short history of the Web and Linked Data...
= A short history of Web Services...

= A future vision of Services and processes on the Web
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“"This proposal concerns the management of general
information about accelerators and experiments at CERN
[...] based on a distributed hypertext system. "
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The Web 1989...

“"This proposal concerns the management of general
information about accelerators and experiments at CERN
[...] based on a distributed hypertext system. "

s { ocument = Globally Unique identifiers
by = Links between Documents (href)
o = A common protocol

=
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= A downstripped version of the original idea!

= Success factors:
= Decentralized, global infrastructure
= Simple protocol

—->Allowed the development of a scale-free network...

; 9 ... With various side-effects:

» PETABYTES @O

OF THE WORLD POPULATION
IS USING THE INTERNET.

PAGES ARE INDEXED ON GOOGLE



The Web of data ~1999.. W=
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“If HTML and the Web made all the online documents look like one huge book,
RDF, schema and inference languages will make all the data in the world look like

one huge database” Tim Berners-Lee, Weaving the Web, 1999
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The Web of Data ~1999... “Um::,;s
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\ = Typed Links between Entities

refers = A common protocol HTTP
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Hypermedia Tim
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2 http://www.w3.0rg/2004/Talks/0319- RDF- WGs/sw_stack.png
b http://www.w3.0rg/2007/Talks/0130- sb- W3CTechSemWeb/layerCake- 4.png
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but again needed downstripping to succeed

HWS Linked Data - Design Issues | + l

® 00 Linked Data - Design Issues v

@) @ http://www.w3.org/Designlissues/LinkedData.html (<] ] @' Google Q) E] @

Tim Berners-Lee

Date: 2006-07-27, last change: $Date: 2009/06/18 18:24:33 $
Status: personal view only. Editing status: imperfect but published.
Up to Design Issues

Linked Data

The Semantic Web isn't just about putting data on the web. It is
about making links, so that a person or machine can explore the

web of data. With linked data, when you have some of it, you u X
can find other, related, data. NKED — ‘.

Like the web of hypertext, the web of data is constructed with )¢
documents on the web. However, unlike the web of hypertext, + On the web

where links are relationships anchors in hypertext documents % ‘: Machme»rea
written in HTML, for data they links between arbitrary things NOﬂ ropneﬂfY
described by RDF,. The URIs identify any kind of object or f( R 1 ds
concept. But for HTML or RDF, the same expectations apply to } DF standar
make the web grow: ls Y Lmked RDF
1. Use URIs as names for things OUR DATA 5
2. Use HTTP URISs so that people can look up those names. & 4

3. When someone looks up a URI, provide useful
information, using the standards (RDF*, SPARQL)

4. Include links to other URIs. so that they can discover more things.

Simple. In fact, though, a surprising amount of data isn't linked in 2006, because of problems with one or more of the
steps. This article discusses solutions to these problems, details of implementation, and factors affecting choices about
how you publish your data.

The four rules

I'll refer to the steps above as rules, but they are expectations of behavior. Breaking them does not destroy anything,
but misses an opportunity to make data interconnected. This in turn limits the ways it can later be reused in
unexpected ways. It is the unexpected re-use of information which is the value added by the web.

The first rule, to identify things with URIs, is pretty much understood by most people doing semantic web technology.
If it doesn't use the universal URI set of symbols, we don't call it Semantic Web.

The second rule, to use HTTP URIS, is also widely understood. The only deviation has been, since the web started, a

WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS
AND BUSINESS

EQUIS



Linked Data Principles

Everything gets a URI (papers, people, talks, organizations, topics...)
These URIs are linked via RDF describing relations

Relations are URIs again (e.g. :name)
When I dereference the URIs, I should find more information

about them, defining them.

A OWNR

xmlins.com/foaf/0.1/workplaceHomepage
wu.ac.at

polleres.net#me

12 EQUIS



Linked Data Principles ‘ ‘L i
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Everything gets a URI (papers, people, talks, organizations, topics...)
These URIs are linked via RDF describing relations

1.
2.
3. Relations are URIs again (e.g. :name)
4.

When I dereference the URIs, I should find more information
about them, defining them.

xmlins.com/foaf/0.1/workplaceHomepage
polleres.net#me wu.ac.at
o006 FOAF Vocabulary Specification O
OD @ @ { http://xmlns.com/foaflo.l/shooIHomepage| >v (e‘!w Google Q)
8006 Axel Polleres' Personal Web Page =~ - i ; e — : I’l
7} Axel Polleres’ Personal Web Page Q) (&)
@)d hitp:/ /al.wu.ac.at/~polleres/ ¢ (B~ cooge Q) (3] (#) . . Ao d
o vt | e | ot | Tt | Pt L FOAF Vocabulary Specification 0.98
i Univ.-Prof. Dr. Axel Polleres & T
Full professor at Institute for Information Business of WU
Wien (Vienna University of Economics & Business).

R Property: foaf:schoolHomepage
@ +43-1313:

schoolHomepage - A homepage of a school attended by the person.
Status: testing

Domain: having this property implies being a Person
Range: every value of this property is a Document




Linked Data on the Web: Adoption
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Linked Data Ontologies =
RDF Vocabularies (OWL, RDF Schema)
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= Again: downstripped version of the original idea!

= Success factors:
= Decentralized, global infrastructure
= Simple protocol facebook
= Universal, schemaless data format YAHOO!

bING
- Now accelerated adoption even by big players: Go 8[@

® 006 Home - schema.org " ® 00 Open Graph - Facebook developers
— T Home - schema.org % | B3 Open Graph - Facebook develo... * | + |
Hl Home - schema.org I + l
G:) @ https://developers.facebook.com/docs/opengraph/ c l v [Google Q) E
(< ) @ hitp:/ /schema.org/ ¢ J(B- Google Q) (B3] @ @ facebook developers [TV, BY ocs Tools Support  News Apps
« Type: Song
Social Plugins User_1d: 31764192 amu 5
Open Graph
@ Help people tell rich stories on Facebook
Home Schemas Documentation Overview from your app through a structured,
) strongly typed API.
1 ', Getting Started i
ype: Book,
What IS SChema.Ofg H Facebook APIs 2 A RE G Object ID: 1249814 )
f
This site provides a collection of schemas, i.e., html tags, that webmasters can use to markup their pages Games z
in ways recognized by major search providers. Search engines including Bing, Google, Yahoo! and Yandex Payments or learn more with the Open Graph Overview. ]
rely on this markup to improve the display of search results, making it easier for people to find the right App Center
web pages. Media
N N N N . N Ads for Apps
Many sites are generated from structured data, which is often stored in databases. When this data is




Outline

= A short history of the Web and Linked Data...
= A short history of Web Services...

= A future vision of Services and processes on the Web
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Web Services ~2000

= Why only data?
= The Web is all about services!
= E.g., Travel booking, B2C eCommerce

= Jdea of Web services:

= Make services machine-processable on the Web...
= ... just as we made data machine-readable on the Web
= ... plus enable B2B service provision over the Web

... On the Web, it failed... Why?

EQUIS



Web Service architecture:

Service Oriented Architecture

Discovery
Agencies

Publish

Interact
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Service
Broker

Q=

Service Service
Requester Provider
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W3C dspipaiioees

— Processes

. Discovery, Aggregation, Choreography...
Security \ | Application semantics

i O B - ot

S = S actions graphy c A

d 2 E B xpatn ; o : '
LL| xtensions
e ; Reliability.scon‘:r;:ti;n.Transactions :
AP XML Schema T

SOAP
HTTR, SMTP, FTP, JMS, IIOP, ....

22002 b 2004

a http://www.w3.org/Designlssues/WebServices.html
bhttp://www.w3.org/TR/ws-arch/
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Web Services?

= Downstripped version? Still to be determined:

= Decentralized, global infrastructure?
= Partially, but not at the level of processes

= Simple protocol?
= Is SOAP needed?
= Most services on the Web currently just work over plain HTTP

= WSDL/UDDI implementations did not take off on the Web

= Universal, schemaless data format
= WSDL based on XML

- attempt to fix ~2003: Semantic Web Services

EQUIS
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%r’” Member Submission et .; ------- q .‘.‘.I.I.'._.S....... .....................
o
- Process Model DL-based Types
?""t _____ —
. . . Atomic P Inputs / Qutput
OWL-S: Semantic Markup for Web Services . 1|
.. i O ti Messa I
W3C Member Submission 22 November 2004 3 WQ: //“ S
| e NG e
This version: l Binding to SOAP, HTTP, etc. |
http://www.w3.org/Submission/2004/SUBM-OWL-S-20041122/ ]
Latest version: N — T "wspL L ———
http://www.w3.0org/Submission/OWL-S -E—_———
Authors:
David Martin, SRI International (editor)
Mark Burstein, BBN Technologies A .
Jerry Hobbs, USC Information Sciences Institute (*) " E ssen tl a / I y
Ora Lassila, Nokia
Drew McDermott, Yale University = An OWL ontology on
Sheila Mcliraith, University of Toronto (**)
Srini Narayanan, International Institute of Computer Science (*) top of WSDL

Massimo Paolucci, Carnegie Mellon University

Bijan Parsia, The MIND Laboratory of the University of Maryland at College Park -

Terry Payne, University of Southampton Allowed to model processes
Evren Sirin, The MIND Laboratory of the University of Maryland at College Park

Naveen Srinivasan, Carnegie Mellon University of executable on tOp

Katia Sycara, Carnegie Mellon University of a sin g le service
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Semantic Web Services 2005

W3(w Member Submission
o

Web Service Modeling Ontology (WSMO)
W3C Member Submission 3 June 2005

This version:
http://www.w3.0rg/Submission/2005/SUBM-WSMQO-20050603/
Latest version:
http://www.w3.0rg/Submission/WSMO/
Editors:
Holger Lausen
Axel Polleres
Dumitru Roman
Authors:
Jos de Bruijn
Christoph Bussler (WSMO WG co-chair, WSMX WG chair)
John Domingue (WSMO WG co-chair)
Dieter Fensel (WSMO WG co-chair, WSML WG co-chair)

Martin Hepp

Uwe Keller

Michael Kifer (WSML WG co-chair)
Birgitta K€nig-Ries

Jacek Kopecky

Rub€n Lara

Holger Lausen

Eyal Oren

Axel Polleres

Niimitri RAaman

Ontologies
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Goals

Web Services

Mediators

= Essentially:

Similar in spirit to OWL-S
Focus on advertising service
capabilities, requester goals
and enabling formal matching

between
EQUIS



Semantic Web Services

= Reasons for failure:

= non of the two proposals (WSMO/OWL-S) were built upon the
basic Web architecture (but rather on top of WSDL)... making
things even more complex

= complex service descriptions turned out to be too high an entry
barrier

Plus:
later attempts to create downstripped versions (WSDL-S, WSMO-

Lite) did not address these two basic mistaktes

EQUIS



What's the problem with Web Wﬂm:.:;?
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Services? s

WSDL: Why start with thinking about how to
describe processes without thinking about how
to execute them in a decentralized manner?

Too complex for the Web? ~ Management
Security \ Application semantics

SOAP: Why invent another protocol on top of [ B tas Choreo- o

HTTP? g (<4 actions graphy ~ SCripting
c -
A CF ow.

XML Schema

HTTP 1.1 Namespaces

)

Similarly, efforts outside the W3C (BPEL,
BPMN) not targeted for decentralized execution

EQUIS



Outline

= A short history of the Web and Linked Data...
= A short history of Web Services...
= A future vision of Services and processes on the Web
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An alternative starting point for executing “U

UUUUUU SITY OF

actions/services on the Web:

= A first step towards a ,Web of Actions": Management
= Enable processes directly on top of HTTP: sccuriy Application semantics
= ,HTTP+": Enable redirections of HTTP
results to other HTTP services...

... including simple processes

Trans- Choreo-

actions graphy ~ Scripting

Key Mangt

WSDL
SOAP 1.2

HTTP 1.1

EQUIS



Typical execution of plain HTTP “u:::zi:r::
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= E.g.
= search for Flight from Service 1 in a certain date range
= |ook for a rental car within the dates Service 2

POST /book/flights HTTP/1.1

Host: servicel.com
origin=MUCR&dest=VIE&dateout=2013-11-25&datein=2013-11-26

HTTP/1.1 200 OK
Date: ...

Server: ...
price=300&currency=EUR&departureout=25-11-2013T06:00&arrivalout=25-11TO06:
00&departurein=26-11-2013T19:00&arrivalin=26-11T20:00

POST /book/cars HTTP/1.1

Host: service2.com
city=VIE&arrival=25-11T06:00&departure=26-11-2013T19:00
HTTP/1.1 200 OK

EQUIS



Typically: Centralized execution

Service2
Servicel

= Note: Basic HTTP does
not even allow for simple
sequential processes

EQUIS



,SHTTP+": Decentralized execution

Service2
Servicel

= Processes within HTTP
could enable
decentralized execution

EQUIS



services...

POST /book/flights HTTP/1.1
Host: servicel.com
i origin=MUC&dest=VIE&dateout=2013-11-25&datein=2013-11-26

HTTP/1.1 200 OK
2 Date: ...

Server: ...
price=300&currency=EUR&departureout=25-11-2013T06:00&arrivalout=
25-11T06:00&departurein=26-11-2013T19:00&arrivalin=26-11T20:00

POST /book/cars HTTP/1.1
Host: service2.com

city=VIE&arrival=25-11T06:00&departure=26-11-2013T19:00 EQUIS



... in @ combined ,,HTTP+" call

(mockup)

POST /book/flights HTTP/1.1
Host: servicel.com
origin=MUC&dest=VIE&dateout=2013-11-25&datein=2013-11-26

a9 7
POST /book/cars HTTP/1.1
Host: service2.com
city=dest&arrival=arrivalout&departure=departurein

EQUIS



+HTTP+" ingredients in a nutshell

= At ist core, this needs a functional
programming language on top of HTTP

= Could be based on a standard functional
language such as XQuery

- A powerful extension of HTTP, that would
enable truely decentralized service
execution.

EQUIS



Future work:

User Interface & Applications

Ontology:
Query: OwL Rule:
SPARQL RIF
RDFS
| ————

Data interchange:
RDF
XML |

URI/IRI |

Crypto
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How to bring Semantic Web back in?

 Describe input and output parameters

in terms of RDF

« Use SPARQL to query/transform RDF

« Good news: a combination of SPARQL
and XQuery already exists:

SPA
-—

|

i —

http://xspargl.deri.org/

=
D
F

QL

http://polleres.net/presentations/20110608semtech2011.pptx
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Take-home messages:

= The Web of Data is on the edge of repeating the success
of the HTML Web

= Key success factors:
= Global, unique identifiers (URIs)
= A standard protocol (HTTP)
= A universal data format (RDF)
= Links
= The original idea of ,,Web Services" did not build up on
these success factors

= A different breed of Web Services & Web executable
processes would be possible

= Time to think about Web services and Web Processes
from a different angle!
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= Thanks to:
Claudio Guttierrez
Armin Haller
Andreas Harth
Rene Schubotz
Thomas Steiner
Ruben Verborgh
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Research Topics:

Query languages

Reasoning about Ontologies,
Rules Languages

Logic programming
Semantic Data Management
Semantic Web Technologies
Web Services

Linked Open Data
Configuration Technologies
Data Analytics

Decision Support Systems

Prof. Dr. Axel Polleres (http://polleres.net/) joined the Institute of
Information Business of Vienna University of Economics and Business
(WU Wien) in Sept 2013 as a full professor in the area of "Data and
Knowledge Engineering".

He obtained his doctorate and habilitation from Vienna University of
Technology and worked at University of Innsbruck, Austria, Universidad
Rey Juan Carlos, Madrid, Spain, the Digital Enterprise Research Institute
(DERI) at the National University of Ireland, Galway, and for Siemens
AG's Corporate Technology Research division before joining WU Wien.
His research focuses on querying and reasoning about ontologies, rules
languages, logic programming, Semantic Web technologies, Web
services, knowledge management, Linked Open Data, configuration
technologies and their applications. He has worked in several European
and national research projects in these areas.

Dr. Polleres has published more than 100 articles in journals, books, and
conference and workshop contributions and co-organised several
international conferences and workshops in the areas of logic
programming, Semantic Web, data management, Web services and
related topics and acts as editorial board member for SWJ and I1JSWIS.
Moreover, he actively contributed to international standardisation efforts
within the World Wide Web Consortium (W3C) where he co-chaired the
W3C SPARQL working group. EQUIS



