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Abstract. Despite the enormous amoun ts of information the W eb has made accessible, w e

still lac k means to in terconnect and link this information in a meaningful w a y to lift it from

the lev el of information to the lev el of kno wledge. Additionally , new sources of information

ab out the ph ysical w orld b ecome a v ailable through the emerging sensor tec hnologies. This

information needs to b e in tegrated with the existing information on the W eb and in infor-

mation systems whic h requires (ligh t-w eigh t) seman tics as a core building blo c k. In this

p osition pap er w e discuss the p oten tial of a global kno wledge space and whic h researc h and

tec hnologies are required to enable our vision of net w ork ed kno wledge.
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1 What is Net w ork ed Kno wledge?

The w ealth of information and services on to da y's information infrastructures lik e the In ternet

and the W eb has signi�can tly c hanged ev eryda y life and has substan tially transformed the w a y in

whic h business, public and priv ate in teractions are p erformed. The economic and so cial in
uence

of the W eb is enormous, enabling new business mo dels and so cial c hange, and creating w ealth.

Ho w ev er, w e ha v e barely scratc hed the surface of what information tec hnology can do for so ciet y .

The W eb has enabled information creation and dissemination, but has also op ened the information


o o dgates. The enormous amoun t of information a v ailable has made it increasingly di�cult to

�nd, access, presen t and main tain information. As a consequence, w e are literally dr owning in

information and starving for know le dge. Ho w ev er, systematic access to kno wledge is critical for

solving to da y's problems { on individual and organisational as w ell as global lev els.

Although kno wledge is inheren tly strongly in terconnected and related to p eople, this in ter-

connectedness is not re
ected or supp orted b y curren t information infrastructures. The lac k of

in terconnectedness hamp ers basic information managemen t and problem-solving and collab oration

capabilities, lik e �nding, creating and deplo ying the righ t kno wledge at the righ t time. Unfortu-

nately , this is happ ening at a time when the problems h umanit y has to face are more di�cult than

ev er (e.g., climate c hange, energy and resource shortages, or globalisation).

New metho ds are required to manage and pro vide access to the w orld's kno wledge, for individual

as w ell as collectiv e problem solving. The righ t metho ds and to ols for in terconnecting p eople and

accessing kno wledge will con tribute to solving these problems b y making businesses more e�ectiv e,

scien tists more pro ductiv e and bringing go v ernmen ts closer to their citizens. Th us, the fo cus on

Enabling Networke d Know le dge is essen tial.

�

�

�

�

What is Networke d Know le dge and why is it imp ortant?

Besides the cr e ation of know le dge thr ough observation, networking of know le dge is the b asic

pr o c ess to gener ate new know le dge. Networking know le dge, c an pr o duc e a pie c e of know le dge

whose information value is far b eyond the mer e sum of the individual pie c es, i.e., it cr e ates

new know le dge. With the Web we now have a foundational infr astructur e in plac e enabling

the linking of information on a glob al sc ale. A dding me aning moves the interlinke d infor-

mation to the know le dge level: Web + Semantics = Networke d Know le dge. Know le dge is

the fuel of our incr e asingly digital servic e e c onomy (versus manufacturing e c onomy); linking

information is the b asis of e c onomic pr o ductivity.

F ortunately , curren t dev elopmen ts are helping to ac hiev e these goals. Originating from the

Seman tic W eb e�ort, more and more in terlink ed information sources are b ecoming a v ailable on-

line, leading to islands of net w ork ed kno wledge resources and follo w-up industrial in terest. Due

to its forw ard-lo oking in v estmen t of the Europ ean Commission, Europ e is pla ying a cen tral and

in ternationally recognised role in this dev elopmen t. Since more and more and di�eren t kinds of

information sources b ecome a v ailable, the main goal for the future is to build up on this leadership

p osition.

As an example of a rapidly gro wing information space, Gartner predicts that \By 2015, wir e-

lessly networke d sensors in everything we own wil l form a new Web. But it wil l only b e of value if

the `ter abyte torr ent' of data it gener ates c an b e c ol le cte d, analyze d and interpr ete d." [11 ] Making
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sensor-generated information usable as a new and k ey source of kno wledge will require its in te-

gration in to the existing information space of the W eb. No w is the time to tac kle the next step:

exploiting seman tics to create an o v erall kno wledge net w ork bridging the islands enabling p eople,

organisations and systems to collab orate and in terop erate on a global scale, and bridging the gap

b et w een the ph ysical w orld and the virtual w orld so that the information on the W eb (the virtual

w orld) can directly in
uence activities in the real w orld and vice v ersa. This in tegrated information

space of net w ork ed kno wledge will impact all parts of p eople's liv es.

�

�

�

�

Hyp othesis

It is our c entr al hyp othesis that c ol lab or ative ac c ess to networke d know le dge assists humans,

or ganisations and systems with their individual as wel l as c ol le ctive pr oblem solving, cr e ating

solutions to pr oblems that wer e pr eviously thought insolvable, and enabling innovation and

incr e ase d pr o ductivity on individual, or ganisational and glob al levels.

In our opinion r ese ar ch ne e ds to aim to:

1. develop the to ols and te chniques for cr e ating, managing and exploiting networks of

know le dge;

2. pr o duc e r e al-world networks of know le dge that pr ovide maximum gains over the c oming

ye ars for human, or ganisational and systems pr oblem solving;

3. validate the hyp othesis; and

4. cr e ate standar ds supp orting industrial adaptation.

This o v erall researc h vision is brok en do wn in to three o v erall complemen tary researc h strands,

whic h form the Networke d Know le dge House (see Figure 1).

Figure 1: Net w ork ed Kno wledge House
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So cial Seman tic Information Spaces deal with organization, linking, and managemen t of kno wl-

edge on the W eb. Seman tic Realit y addresses the in tegration of information from the ph ysical

w orld with kno wledge in the virtual w orld (So cial Seman tic Information Spaces), the creation of

kno wledge out of information ab out the ph ysical w orld, and e�cien t mec hanisms to access this

information at large scale via sensors. The tec hnologies created b y these basic researc h strands

are then applied in and customized to a set of application domains, whic h w e iden ti�ed as most

relev an t to our w ork. This in turn requires researc h due to the sp eci�c requiremen ts of the domains.

Of course, the giv en list of application-orien ted researc h domains is not comprehensiv e. A n um b er

of imp ortan t domains are not listed, for example, en vironmen tal monitoring, tra�c managemen t

and in telligen t driving, logistics and trac king, or building managemen t, to name a few, as they are

b ey ond the scop e of DERI at the momen t.

In the follo wing sections w e explain the Net w ork ed Kno wledge House in more detail.

2 Wh y Enabling Net w ork ed Kno wledge?

The W orld Wide W eb has dramatically altered the global comm unications and information ex-

c hange landscap e, remo ving barriers of access, space and time from business and so cial transac-

tions. The W eb has created new forms of in teraction and collab oration b et w een systems, individuals

and organisations. The dramatic dev elopmen t of the W eb and the c hanges it has made to so ci-

et y are only a glimpse of the p oten tial of a next-generation information infrastructure connecting

kno wledge and p eople. By in terlinking the w orld's kno wledge and pro viding an infrastructure that

enables collab oration and fo cused exploitation of w orldwide kno wledge, So cial Seman tic Informa-

tion Spaces and Seman tic Realit y , whic h will b e explained in detail in the follo wing sections, enable

individuals, organisations and h umanit y as a whole to so cialise, access services and solv e problems

m uc h more e�ectiv ely than w e are able to to da y . The W eb is already able to pro vide us with

information, but lac ks supp ort for collab oration, kno wledge sharing and so cial in teraction. An

information infrastructure supp orting e�ectiv e collab oration and augmen ted with in terlink ed and

net w ork ed kno wledge will supp ort h uman capabilities and enable h uman-cen tric access to services

and kno wledge. W e can already see the �rst glimpses of this in curren t online so cial net w orking

sites (curren tly serving h undreds of millions of users), ev en though these sites are just data silos

and do not in terconnect kno wledge e�cien tly .

So cial Seman tic Information Spaces and Seman tic Realit y as a net w ork ed kno wledge infrastruc-

ture also mak e businesses more e�ectiv e and scien tists more pro ductiv e b y connecting them to the

righ t p eople and to the righ t information at the righ t time and enabling them to recognise, collect,

and exploit the relationships that exist b et w een the kno wledge en tities in the w orld.

V annev ar Bush [3 ] and Doug Engelbart [5 ] w ere prop osing similar infrastructures in 1945 and

1962. Ho w ev er, the tec hnology a v ailable then w as not adv anced enough to realise their visions.

Figurativ ely sp eaking, their ideas w ere prop osing jet planes when the rest of the w orld had just

in v en ted the parts to build a bicycle. With the Seman tic W eb e�ort deliv ering standards to in ter-

connect information globally and the So cial W eb sho wing ho w to collab orate on a global scale, no w

a windo w of opp ortunit y has op ened up to mak e these visions a realit y and build a truly global

net w ork ed kno wledge infrastructure.
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3 So cial Seman tic Information Spaces

One of the most visible trends on the W eb is the emergence of \So cial W eb" (or W eb 2.0) sites

whic h facilitate the creation and gathering of kno wledge through the simpli�cation of user con tri-

butions via blogs, tagging and folksonomies, wikis, p o dcasts and the deplo ymen t of online so cial

net w orks. The So cial W eb has enabled comm unit y-based kno wledge acquisition, with e�orts lik e

Wikip edia demonstrating the \wisdom of the cro wds" in creating the largest encyclop edia in the

w orld. Although it is di�cult to de�ne the exact b oundaries of what structures or abstractions

b elong to the So cial W eb, a common prop ert y of suc h sites is that they facilitate collab oration

and sharing b et w een millions of users. Ho w ev er, as more and more So cial W eb sites, comm unities

and services come online, the lac k of in terop eration among them b ecomes ob vious: the So cial W eb

platforms create a set of isolated data silos { sites, comm unities and services that cannot in ter-

op erate with eac h other, synergies are exp ensiv e to exploit, and reuse and in terlinking of data is

di�cult and cum b ersome. The en tities in the So cial W eb are not only data artefacts. Instead, it is

a net w ork of in terrelated users and their concerns as w ell as con ten t that the users are related to

as pro ducers, consumers or commen tors. T o enable mac hines to assist us with the detection and

�ltering of kno wledge, man y of these often implicit links ha v e to b e made explicit.

So cial Seman tic Information Spaces are a com bination of the Seman tic W eb, the So cial W eb,

collab orativ e w orking en vironmen ts and other collab oration tec hnologies. The goal b ehind So cial

Seman tic Information Spaces is to create a univ ersal collab oration and net w ork ed kno wledge infras-

tructure, whic h in terlinks all a v ailable kno wledge and their creators. The resulting infrastructure

w ould �nally enable kno wledge managemen t capabilities as expressed b y visionaries lik e V annev ar

Bush and Doug Engelbart.

Figure 2 sho ws ho w So cial Seman tic Information Spaces �t in to the curren t landscap e: Com-

m unication and collab oration to ols are augmen ted and made in terop erable with Seman tic W eb

tec hnologies. The result is a net w ork of accessible in terlink ed kno wledge, enabling pro ductiv e col-

lab oration and kno wledge managemen t.

Figure 2: So cial Seman tic Information Spaces
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In the follo wing w e list a couple of sp eci�c examples of enabling tec hnologies and describ e where

and ho w they �t in the idea of a So cial Seman tic Information Space. All these tec hnologies are

just starting up and further researc h is necessary to ensure their dev elopmen t in to broadly adopted

tec hnologies. Ho w ev er, con v ergence b et w een some of the di�eren t e�orts are already recognisable

to da y .

3.1 Seman tic So cial Net w orks

F rom the b eginning, the In ternet w as a medium for connecting not only mac hines but p eople.

Email, mailing lists, the Usenet, and bulletin b oards allo w ed p eople to connect and form online

so cial net w orks, t ypically around sp eci�c topics. Although these groups did not explicitly de�ne

so cial net w orks, the w a ys p eople acted and reacted did so implicitly . The early W eb con tin ued this

trend. More recen tly , sites suc h as F riendster and Link edIn ha v e brough t a di�eren t notion of online

comm unities b y explicitly facilitating connections based on information gathered and stored in user

pro�les. Ho w ev er, all these sites are sto v epip es and lo c k the information in: using the so cial net w ork

information for other purp oses, e.g., for prioritising email as discussed in [6 ], requires standardised

data exc hange mec hanisms. Initial crystallization p oin ts to remedy this situation are e�orts lik e the

F riend-of-a-F riend v o cabulary (F O AF

1

) or the Seman tically-In terlink ed Online Comm unities initia-

tiv e (SIOC

2

[2]). The SIOC initiativ e ma y serv e as an example ho w so cial net w orking information

can b e in terlink ed with con ten t suc h as online discussions taking place on blogs, message b oards,

mailing lists, etc. In com bination with the F O AF v o cabulary for describing p eople and their friends,

and the Simple Kno wledge Organization Systems (SK OS) mo del for organizing kno wledge, SIOC

enables the link age of discussion p ostings to other related discussions, p eople (via their asso ciated

user accoun ts), and topics (using sp eci�c \tags" or hierarc hical categories). As discussions b egin to

mo v e b ey ond simple text-based con v ersations to include audio and video con ten t, SIOC is ev olving

to describ e not only con v en tional discussion platforms but also new W eb-based comm unication and

con ten t-sharing mec hanisms.

Some so cial net w orking sites, suc h as F aceb o ok, are also starting to pro vide query in terfaces

to their data, whic h others can reuse and link to via the Seman tic W eb. Th us this information

b ecomes part of the W eb of information, whic h ma y b e used or reused for a v ariet y of purp oses,

pro viding crystallisation p oin ts for a net w ork of kno wledge.

3.2 Seman tic Collab orativ e T ec hnologies

Apart from the sp eci�c data represen tation mec hanisms outlined ab o v e, other mec hanisms and

tec hnologies con tribute to the emergence of So cial Seman tic Information Spaces on the W eb. The

So cial Seman tic Desktop (SSD) [4 ] e�ort (materialised in the EU IP pro ject NEPOMUK [7 ]) is

aiming at organising information on the desktop b y using Seman tic W eb metadata standards. On-

tologies capture b oth a shared conceptualisation of desktop data and p ersonal men tal mo dels. RDF

serv es as a common data represen tation format. As W eb services can describ e their capabilities and

in terfaces in a standardized w a y and b ecome Seman tic W eb Services, on the desktop, applications,

or rather their in terfaces, can b e mo delled in a similar fashion. T ogether, these tec hnologies pro vide

a means to build the seman tic bridges necessary for data exc hange and application in tegration. The

1

h ttp://www.foaf- pro ject.org

2

h ttp://www.sio c- pro ject.org
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So cial Seman tic Desktop has the p oten tial to transform the con v en tional desktop in to a seamless,

net w ork ed w orking en vironmen t, b y obliterating the b orders b et w een individual applications and

the ph ysical w orkspace of di�eren t users.

In con trast to desktop applications Wikis ha v e b ecome p opular W eb-based collab oration to ols

and are widely deplo y ed to enable organizing and sharing of kno wledge. Wikis gained p opularit y

since they enable the managemen t of online con ten t in a quic k and easy w a y b y \group-editing"

using a simple syn tax. Ho w ev er, t ypically kno wledge collected in Wikis cannot b e reused easily

automatically and is only usable for h uman consumption. Seman tic W eb tec hniques applied to

Wikis [8 ] lev erage seman tic tec hnologies to address this c hallenge. They pro vide means to rapidly

acquire formal kno wledge also b y non-kno wledge engineers, and to create a net w ork of this kno wl-

edge link ed with other information sources. A t ypical example is the Seman tic MediaWiki

3

, whic h

enables the ev olution of Wikip edia in to a reusable kno wledge source enabling automatic pro cessing

and h uman supp ort.

4 Seman tic Realit y

Un til no w the virtual w orld of information sources on the W orld Wide W eb and activities in the

real w orld ha v e alw a ys b een separated. Ho w ev er, kno wledge accessible on the W eb (the virtual

w orld) ma y in
uence activities in the real w orld and vice v ersa, but these in
uences are usually

indirect and not immediate. In con trast to this, imagine a w orld where:

� Cars kno w where the tra�c jams are and tra�c can b e managed based on real-time input

ab out the tra�c situation.

� Medical data monitored through b o dy sensor net w orks is automatically included in to a pa-

tien t's electronic healthcare record. Should a critical condition b e detected b y these sensors,

the patien t can b e ph ysically lo cated and the closest do ctor on dut y can b e guided to the pa-

tien t, whilst preparing the necessary resources in the hospital the patien t is to b e transferred

to.

� Y our calendar kno ws ho w long the queue is at y our ph ysician.

� Y our tra v el planner kno ws that the train is dela y ed b efore y ou go to the train station.

� Or generally , scarce resources can b e managed e�cien tly and in-time.

The adv en t of sensor tec hnologies in conjunction with the Seman tic W eb no w pro vides the

unique opp ortunit y to unify the real and the virtual w orlds as for the �rst time w e ha v e the

necessary infrastructures in place or large-scale deplo ymen t will happ en in the short term. Their

com bination will enable us to build v ery large information spaces and infrastructures whic h for the

�rst time facilitate the information-driv en online in tegration of the ph ysical w orld and computers.

Similarly , as the In ternet has c hanged the w a y p eople comm unicate in the virtual w orld, Seman tic

Realit y extends this vision to the ph ysical w orld, enabling no v el w a ys for h umans to in teract with

their en vironmen t and facilitating in teractions among en tities of the ph ysical w orld (In ternet of

Things). The ph ysical w orld will b e represen ted in cyb erspace and information on our en vironmen t

3

h ttp://meta.wikimedia.org/wiki/Seman tic MediaWiki
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will b ecome ubiquitously a v ailable on the In ternet. This in tegrated information space has a wide

range of applications in monitoring, man ufacturing, health, trac king and planning.

W e call it Semantic Realit y b ecause due to the p ossible scale and the o v erall goal of creating

net w ork ed kno wledge, understanding of information, i.e., seman tics, pla ys a cen tral role. Whether

seman tics is based on statistics, logical descriptions, or h ybrid approac hes do es not matter. In

fact, w e b eliev e that a wide sp ectrum of approac hes and their com binations will b e necessary to

co v er the div erse requiremen ts. Seman tic Realit y aims at an in tegrated information space v ery

m uc h in line with the design philosoph y of the original In ternet, whic h em braces comm unit y-

driv en agreemen t pro cesses, emergen t b eha viour and self-organisation, but adding seman tics as a

k ey enabling ingredien t. Without mac hine-pro cessable seman tics suc h a large-scale system cannot

w ork to its fullest exten t. Y et, seman tics m ust b e ligh t-w eigh t, fault-toleran t, m ust supp ort dynamic

c hange, and has to b e able to deal with incomplete, wrong, and noisy information in order to b e

applicable and useful in a global-scale heterogeneous en vironmen t. The rationale for success could

b e along the lines of \a little bit of seman tics gets y ou a long w a y ."

Figure 3 sho ws ho w Seman tic Realit y �ts in to the o v erall picture: Sensors connect the ph ysical

w orld to the computer, So cial Seman tic Information Spaces create and connect virtual w orlds, and

Seman tic Realit y in tegrates these t w o in to one uniform information space whic h will pro vide no v el

w a ys of monitoring, con trolling and in
uencing the en vironmen t, and ho w p eople and en terprises

collab orate.

Figure 3: Seman tic Realit y

The ultimate goal of Seman tic Realit y is \to deliv er the righ t kno wledge to the righ t p eople at the

righ t time." This requires the adequate description of information, p eople and their requiremen ts,

and a temp oral view on data sources, b e they \real" or \virtual", i.e., a uni�ed mo del of ev olution

of (in tegrated) information sources, th us mo ving from a static to a dynamic mo del of the W eb and

the ph ysical w orld. This is curren tly tak en in to accoun t only to a limited exten t on the W eb and

only for \closed" applications, e.g., RSS feeds or blogs.
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Seman tic Realit y shares sev eral goals and prop erties with ubiquitous and p erv asiv e computing

and am bien t in telligence. Though dra wing on a large b o dy of w ork in sensor net w orks, em b ed-

ded systems, ubiquitous and p erv asiv e computing, am bien t in telligence, net w orking, distributed

systems, distributed information systems, arti�cial in telligence, soft w are engineering, so cial net-

w orking and collab oration, and Seman tic W eb, Seman tic Realit y is di�eren t from these researc h

domains as it pushes the b oundaries further b y aiming at large-scale in tegration of (p ossibly iso-

lated) information islands and the in tegration of systems, whic h requires the cen tral use of seman tics

for information-driv en in tegration and a uniform/univ ersal, but ligh t-w eigh t seman tic mo del of in-

formation sources and information.

The sheer size of the p ossible systems p oses quite no v el and unique c hallenges. Seman tic Realit y

systems can only b e built, deplo y ed, and main tained if a large degree of self-organization and

automatization capabilities are b eing built in to the infrastructures and their constituen ts, enabling

automated deplo ymen t (plug-and-pla y), automated (re-) con�guration, automated comp onen t and

information in tegration, and tailored information deliv ery based on user con text and needs in

a service-orien ted w a y . The previous c haracteristics require seman tic descriptions as a cen tral

ingredien t: User requiremen ts and con texts, the constituen ts of the system, the dynamic data

(streams) they pro duce, their functionalities, and requiremen ts { all need to b e describ ed using

ligh t-w eigh t seman tic mec hanisms to enable a mac hine-understandable information space of real-

w orld en tities and their dynamic comm unication pro cesses on a scale whic h is b ey ond the curren t

size of the In ternet.

In the follo wing, w e brie
y discuss some of the core c hallenges and hin t at p ossible strategies

to address them.

Large-scale and op en seman tic infrastructures and 
exible abstractions are required to

enable the large-scale design, deplo ymen t and in tegration of sensor/actuator net w orks and their

data. The in tegration has to happ en on b oth the tec hnical (data and net w ork access) as w ell as on

the seman tic lev el (\What do es the (stream) data pro vided actually mean?"). The infrastructure

has to b e op en and easily extensible to address the heterogeneit y issues whic h go far b ey ond those

seen to date on the In ternet. The infrastructure will dra w on k ey enabling tec hnologies suc h as

(seman tic) o v erla y net w orks using P2P tec hnology to ac hiev e scalabilit y and ligh t-w eigh t seman tic

formats based on RDF and microformats. Middlew are systems suc h as the Global Sensor Net-

w ork (GSN) platform [1 ] are examples aiming at the dev elopmen t of a general-purp ose middlew are

supp orting these requiremen ts. GSN is w ork-in-progress and pro vides a 
exible middlew are la y er

whic h abstracts from the underlying, heterogeneous sensor net w ork tec hnologies, supp orts fast and

simple deplo ymen t and addition of new platforms, facilitates e�cien t distributed query pro cessing

and com bination of sensor data, pro vides supp ort for sensor mobilit y , and enables the dynamic

adaption of the system con�guration during run time with minimal (zeroprogramming) e�ort. The

GSN implemen tation is a v ailable from h ttp://gsn.sourceforge.net/.

Query pro cessing, reasoning, and planning based on real-w orld sensor information will b e

core functionalities to exploit the full p oten tial of Seman tic Realit y . The k ey researc h problems

to o v ercome are the v ery large scale, the n um b er of distributed information sources, the time-

dep endency of the pro duced data (streams), and the fact that the data is unreliable and noisy .

F or query pro cessing this means to supp ort distributed query pro cessing and load-balancing at

large scales with only incomplete views on the state of the o v erall system. In this con text, dis-
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tributed ev en t-based infrastructures are of sp eci�c in terest (\reactiv e" queries). Users should b e

able to register expressiv e, seman tic \patterns" of in terest and b e noti�ed b y the system as so on

as information satisfying their in terests b ecomes a v ailable.

Also, new approac hes for distributed reasoning and reasoning on time-dep endan t information,

taking in to accoun t mo dalities and b eing based on an op en-w orld assumption will b e necessary . The

size and the ph ysical distribution of data will require new approac hes com bing logical and statistical

approac hes whic h will ha v e to trade logical correctness with statistical guaran tees and expressivit y

with scalabilit y . Essen tially , the goal is to enable \The W orld is the Database" scenarios with

supp ort for structured querying, in tegrated views (real-w orld information with virtual information),

aggregation and analyses, and op en, distributed reasoning o v er large, incomplete, and appro ximate

data sets.

Cross-la y er in tegration and optimization will pla y a cen tral role due to the extremely het-

erogeneous en vironmen t { a wide range of sensing devices with v ery heterogeneous hardw are and

pro cessing c haracteristics; information systems and arc hitectures along with virtual information

streams whic h considerably increase complexit y { and the v arious and often con tradicting require-

men ts on the di�eren t system lev els. F or example, sensor net w orks are optimized for life-time and

o�er only primitiv e programming and query mo dels. If this is com bined with the \wrong" distri-

bution approac h, e.g., a distributed hash table for disco v ery and the \wrong" distributed query

pro cessing approac h whic h do es not limit expressivit y of queries, this will lead to an ine�cien t sys-

tem design and limit the life-time of sensors b y draining their p o w er sources b ecause of incompatible

pro cessing strategies at the di�eren t lev els.

Seman tic description and annotation of sensors, sensor data and other data streams will

enable the 
exible in tegration of information and (distributed) disco v ery of information. F or scala-

bilit y , in tegrit y , and priv acy reasons this has to b e supp orted in a distributed fashion, for example,

through seman tic p eer-to-p eer systems. A prerequisite for disco v ery is the meaningful seman tic

description of sensors and sensor data b y the man ufacturer and b y the user; for example, b y the

man ufacturer through IEEE 1451 standard complian t T ransducer Electronic Data Sheet (TEDS)

[9 ], whic h essen tially giv e a (non-seman tic) description of the sensor that can v ery easily b e on-

tologized, or via an on tologized subset of SensorML [10 ] whic h pro vides standard mo dels and an

XML enco ding for describing sensors and measuremen t pro cesses, and b y the user b y extending

these basic descriptions with annotations adding more information, meaning, and links to other

information.

Esp ecially the annotation of sensor data itself will b e highly relev an t to understand the mean-

ing of the pro duced data and share this kno wledge. Visualization en vironmen ts to supp ort the

annotation pro cess will b e of high imp ortance. Suc h en vironmen ts ma y supp ort simple graphical

annotation up to annotation with claims and �ndings in the case of scien ti�c data. This deriv ed

kno wledge then can b e used again in the disco v ery pro cess and will help to prev en t \data gra v e-

y ards" where in teresting (measuremen t) information is a v ailable but cannot b e used b ecause the

kno wledge ab out its existence and meaning has b een lost (the t ypical \PhD studen t �nishes" syn-

drome). Due to the p ossibly large sizes of the pro duced data this p oses additional scalabilit y

problems. As disco v ery , seman tic annotation has to b e supp orted in a distributed fashion, for

example, b y distributed seman tic Wikis.
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Emergen t seman tics, self-organization, and plug-and-pla y are required to build w orking

systems at the en visioned large scales where top-do wn system con trol, con�guration, and enforce-

men t of standards will b e a v ery hard problem or ev en imp ossible. As w e can see from the curren t

comm unit y pro cesses on the W eb, a lot of successful de-facto standards dev elop b ottom-up. Con-

v ersely , these pro cesses supp ort the incremen tal dev elopmen t of standards and kno wledge. The

system m ust b e able to self-organize and adopt its b eha vior in a plug-and-pla y fashion within or-

ganizational b oundaries based on seman tic understanding and agreemen t. Seman tic understanding

and agreemen ts in turn will dep end on dynamic pro cesses whic h supp ort (semi-)automatic assess-

men t of the lev els of agreemen t and their correctness. Suc h emergen t seman tic agreemen ts can

then b e used as the basis for standardization (on tologies). Con v ersely , seman tic formats can b e

adv anced through suc h pro cesses.

Seman tically enric hed so cial net w ork and collab oration infrastructures enable the tar-

geted deliv ery of kno wledge and information based on con text description and actual user needs.

The ubiquit y of information requires means to �lter and direct data streams on a need-to-kno w

basis. The de�nition of user pro�les, needs and con texts are k ey features enabling targeted infor-

mation deliv ery and a v oiding o v erload. So cial net w orking information enables b oth { information

sharing and information �ltering based on in terests and information needs.

Dev elopmen t supp ort and to ols along with exp erimen tal platforms and sim ulation to ols will

b e necessary for e�cien t application dev elopmen t and testing. This means the a v ailabilit y of vi-

sual programming to ols whic h supp ort the dev elop er in designing the acquisition, com bination and

in tegration of data. These designs then can b e compiled do wn to the required target platforms

(b oth sensor and bac k-end platforms, e.g., for business pro cesses). T o test applications, exp eri-

men tal testb eds along the lines of PlanetLab (h ttp://www.planet- lab.org/) are essen tial as man y

of the c haracteristics of Seman tic Realit y systems require exp erimen tal ev aluation under real-w orld

conditions esp ecially in terms of scale and distribution. T o further ev aluate applications, the in-

tegration of exp erimen ts and sim ulations should b e supp orted in a seamless w a y , i.e., a test of an

application in an exp erimen tal testb ed should supp ort the inclusion of sim ulation without c hanges

to the application co de. This means that parts of an application (or the complete application)

should b e able to run on an exp erimen tal testb ed or on a sim ulator or an y com bination of those.

On the application lev el mo dern paradigms suc h as service-orien ted arc hitectures, service mash-ups

and W eb 2.0-lik e functionalities should b e a v ailable and b e supp orted.

In tegrit y , con�den tialit y , reputation, and priv acy are the k ey securit y requiremen ts for

business users and consumers. The pro vided information has to b e resistan t against tec hnical errors

and attac ks, has to b e stored and transp orted in a secure w a y , has to come from authen tic and

trust w orth y sources and m ust ensure the priv acy of its pro viders and users. Ph ysical distribution

can b e b ene�cial here as it helps to a v oid the creation of \Big Brother" scenarios whic h consumers

and legislators w ould not tolerate.

V ertical in tegration of business pro cesses , middlew are , sensor/actuator net w orks relying

on the ab o v e tec hnologies and functionalities will then unleash the full p oten tial of Seman tic Realit y .

Sensor information, coming b oth from virtual and ph ysical sources, are a k ey requiremen t for agile

business pro cesses requiring minimal h uman in terv en tion.
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5 Application-Orien ted Researc h Domains

The W eb has already in
uenced man y di�eren t areas of so ciet y . The in tro duction of So cial Seman tic

Information Spaces and Seman tic Realit y ma y ha v e a similar in
uence, but lik e the W eb, the

transition of these new tec hnologies in to application areas is usually slo w. T o ensure rapid uptak e

and to pro vide maxim um b ene�t to so ciet y , dissemination of researc h should fo cus on a n um b er of

carefully selected application researc h domains. These researc h domains in v estigate the adoption

and uses of So cial Seman tic Information Spaces and Seman tic Realit y , com bining a critical mass

of tec hnology-orien ted researc h with the researc h on needs in sp eci�c application en vironmen ts to

initiate ground-breaking inno v ation. Example researc h domains are:

eHealth and Life Sciences: The ob jectiv e of the eHealth and Life Sciences domain is to reduce

the cost asso ciated with the drug researc h and deliv ery pro cess, making clinical researc h more

e�cien t through data in tegration, and enabling patien ts' self-managemen t of disease through

telehealth, e.g., remote patien t monitoring. Due to the heterogeneit y of the eHealth domain,

seman tics is a crucial ingredien t in ac hieving this ob jectiv e.

eScience: The ob jectiv e of the eScience domain is to impro v e collab oration among scien tists w ork-

ing on computationally in tensiv e problems, carried out in highly distributed net w ork en viron-

men ts. Seman tic supp ort for distributed collab oration and annotation of scien ti�c data and

publications are of particular in terest in our opinion.

T elecomm unications: The ob jectiv e of the telecomm unications domain is to exploit seman tic

tec hnologies for enabling telecoms to dev elop v alue-added comm unication services that will

in terface h umans and mac hines, exploit mac hine-readable data, and impro v e in tra-en terprise

h uman comm unication and kno wledge managemen t. Con text-information generated b y sen-

sors in conjunction with virtual information and uni�ed comm unication pro�les is of particular

in terest to enable new tec hnology-supp orted comm unication paradigms.

eBusiness and Financial Services: The ob jectiv e of the eBusiness and Financial Services do-

main is to apply new tec hnology in the k ey areas of extracting business meaning from unstruc-

tured information, unco v ering meaning within a business con text, smarter Business Informa-

tion Systems that can add meaning as they op erate and comm unicate business information.

6 An example application scenario

T o illustrate the p ossibilities of \Net w ork ed Kno wledge" w e presen t a simple application scenario:

Siobhan Hegart y who liv es in Galw a y is pregnan t with her second c hild. During her �rst pregnancy

Siobhan has su�ered from elev ated blo o d sugar lev els whic h can endanger the un b orn c hild and the

mother. The problem with elev ated blo o d sugar lev els in pregnan t w omen is that the imp ortan t

c haracteristic whic h requires fast reaction is the c hange in the blo o d sugar lev el. Th us measuring

it a few times a da y is not su�cien t but constan t monitoring is required. F ortunately , mobile

sensors are a v ailable whic h enable Siobhan to lea v e the hospital while her general practitioner (GP)

stills get the relev an t information. Siobhan is b eing equipp ed with a mobile blo o d sugar sensor

whic h can transmit readings via Blueto oth. The device is paired with Siobhan's mobile telephone

whic h transmits the sensor readings via GSM. Additionally she gets a GPS device whic h records

her p osition and sends it via her mobile.
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Siobhan's GP , Dr. James Mo oney , en ters the necessary monitoring requiremen ts in to his Care2X

healthcare information system (h ttp://www.care2x.org/) along with rules when to raise an alarm

and to whom. F or example, the system will call Siobhan and w arn her via a syn thesized message,

while James is informed via a text message on his b eep er whic h he w ears all the time. The sensor

readings from Siobhan's blo o d sugar and GPS sensors are directly fed bac k in to James's Care2X

system.

Let us assume that after some time, Siobhan's blo o d sugar lev els c hange dramatically and the

alarm rules are set o�. No w it is imp ortan t to get Siobhan to a do ctor as fast as p ossible, or vice

v ersa { a do ctor to Siobhan. Besides notifying Siobhan and James, the Care2X system accesses the

information system of the hospital and requests a prop osal, whether it is b etter to bring Siobhan in to

the hospital via an am bulance or bring a do ctor to Siobhan. The hospital information system whic h

kno ws the GPS p osition of all do ctors with matc hing skills to help Siobhan and of all am bulances

pro duces an optimal plan based on real-time sensor input from the tra�c con trol system of the

cit y . Giv en the curren t p ositions of a v ailable am bulances and do ctors with the necessary skills,

the optimal strategy is to pic k up the endo crinologist Dr. Sarah O'Connor from her home with a

nearb y am bulance and bring her to Siobhan.

Unfortunately , while this plan w as calculated t w o imp ortan t c hanges to the scenario ha v e hap-

p ened: (1) No more readings from Siobhan's GPS are receiv ed, probably b ecause she has en tered

a building or b ecause the device ran out of battery and Siobhan do es not resp ond to calls on her

mobile and (2) the last blo o d sugar readings sho w some strange and unkno wn pattern whic h neither

James nor Sarah can in terpret. As a reaction, the system no w tries to lo cate Siobhan via other

means: The system tries to determine her p osition via triangulation of her mobile and additionally

informs all Blueto oth access p oin ts in the vicinit y of her last p osition to send a message if they

recognize an y of her Blueto oth devices.

The strange patterns in the blo o d sugar readings w orry James and Sarah and they decide

to use their coun try-wide so cial net w ork of clinical sp ecialists to lo ok for do ctors who probably

ha v e already seen similar patterns. Additionally , they searc h medical databases on the W eb for

annotations describing suc h patterns. As a result of their searc h they �nd information whic h lo oks

similar to the pattern they ha v e seen but the result is inconclusiv e. In parallel, a colleague of them

from Dublin who also participates in the so cial net w ork they sen t the symptoms to, informs them

that the pattern ma y indicate a malfunction of the blo o d sugar sensor and describ es his exp eriences.

In the mean time, Siobhan could b e lo cated b y a Blueto oth access p oin t. T o b e on the safe

side the am bulance with Sarah on b oard is sen t to her lo cation and �nds her in go o d condition.

Ho w ev er, an examination rev eals that indeed her blo o d sugar lev els had c hanged dangerously and

Siobhan is treated on the sp ot. After this successful in terv en tion James and Sarah annotate the

sensor readings to p ermanen tly store their �ndings. Their �ndings are stored in James's Care2X

system, the hospital's information system and also made accessible to other do ctors in the national

infrastructure along with the actual sensor readings in a secure and anon ymized w a y .

7 Core researc h topics for the next y ears

Core researc h ob jectiv es for the next y ears include the foundation for the creation of kno wledge

net w orks and collab oration infrastructures, whic h will supp ort h uman capabilities and enable the

h uman-cen tric access to services and kno wledge on a global scale, op ening up new opp ortunities
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for individuals and organisations. Example topics include:

F oundations for seman tic collab oration: the dev elopmen t of tec hnologies supp orting distributed

collab oration with a fo cus on the Seman tic Desktop and the W eb. Examples include APIs and

on tologies that reuse existing so cial net w orking information from sites to assess the iden tit y

and relev ance of information.

Scalable reasoning and querying facilities for kno wledge: Curren t kno wledge bases are not

able to exploit and analyse kno wledge, whic h w ould b e necessary in order to learn from it. T o

exploit the a v ailable kno wledge, scalable querying and data mining mec hanisms need to b e

dev elop ed. Additionally , dynamic data sources (streams), mo dalities (time, space) and noise

in the data, need to b e tak en in to accoun t and b e supp orted.

F ramew orks for seman tic sensor net w orks: Curren tly sensor net w orks and the data they pro-

duce lac k seman tic description, making it di�cult to in tegrate data coming from large-scale,

dynamic sensor net w orks with existing information. It is necessary to dev elop practical seman-

tic description metho ds for sensors and mobile device middlew are, enabling the in tegration

of sensor data with kno wledge from kno wledge net w orks. This will b e part of a more general

practical and deplo y able seman tic service-orien ted arc hitecture.

8 Creating impact

Kno wledge net w orks are not created in a v acuum, but inside a highly dynamic information in-

frastructure { the W eb, whic h pro vides us with a living lab oratory enabling us to v alidate our

approac hes and h yp othesis, and to impro v e our ideas.

The �rst w a y to v alidate the h yp othesis is to study the usage of emerging net w orks of kno wledge

on the W eb. Man y application areas are dealing with the c hallenges of large, op en, heterogeneous,

dynamic and distributed en vironmen ts. Seman tics is an imp ortan t cornerstone for ac hieving scal-

abilit y of kno wledge in terc hange and in terop erabilit y . Pro jects should v alidate this h yp othesis b y

in v estigating the required researc h and approac hes in application domains, ranging from eHealth

to eGo v ernmen t to eLearning.
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