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(2)

S
IC

S
 – S

w
ed

ish
 In

stitu
te o

f C
o

m
p

u
ter S

cien
ce

N
ational research institute

R
&

D
 in inform

ation and 
com

m
unication technologies

O
bjective: 
conduct advanced and 
focused research in strategic 
areas of com

puter science
S

p
o

n
so

rs:
T

eliaS
onera, E

ricsson, 
S

aab S
ystem

s, 
F

M
V

 (D
efence M

ateriel A
dm

inistration), 
G

reen C
argo (S

w
edish freight railw

ay operator), 
A

B
B

, 
B

om
bardier T

ransportation 
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(3)

C
o

n
ten

ts

T
he aim

: provide an overview
 of the sem

antic w
eb.

M
ain parts of presentation:
1. S

em
antic W

eb – m
otivation and objectives

2. S
em

antic W
eb technologies

3. S
em

antics in action -- exam
ples

4. T
he larger landscape
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(4)

 

1. S
em

an
tic W

eb
: M

o
tivatio

n
 an

d
 O

b
jectives

W
hy do w

e need a com
plem

entary approach?
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T
h

e w
eb

 – co
n

ten
t fo

r h
u

m
an

s 

T
he w

eb – as w
e know

 it:
-

R
ich, global source of inform

ation
-

F
ind inform

ation by surfing the w
eb

�
V

isual inspection of pages, m
ental understanding

-
S

upported by search engines
�

F
ind pages associated w

ith text fragm
ents

-
S

trong support for presentation
T

ypical need: com
bine data on the W

eb:
-

hotel and travel inform
ation m

ay com
e from

 different sites
-

searches in different digital libraries
-

etc.
H

um
ans com

bine such inform
ation easily

-
even if different term

inologies are used!

C
o

m
m

o
n

 
n

o
tatio

n
:

H
T

M
L, ...

C
o

m
m

o
n

 
p

ro
to

co
l:

H
T

T
P

P
rin

cip
le:

D
ecentralised
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W
eb

 co
n

ten
t – m

ach
in

e u
sab

le?

P
rogram

 access to useful inform
ation on the w

eb?
-

A
utom

ate routine tasks
-

S
m

art searches
-

U
se online inform

ation repositories as d
ata  

A
utom

ated use of w
eb content is difficult

-
partial inform

ation is of lim
ited value

-
difficult to m

ake sense of, e.g., an im
age

-
autom

ated conclusions from
 analogies is difficult

-
difficult to com

bine inform
ation autom

atically
�

is <
b

i
b

:
c

r
e

a
t

o
r

>
 sam

e as <
p

u
b

s
:

a
u

t
h

o
r

>
?

�
how

 to com
bine different X

M
L hierarchies?

-
…

C
o

m
m

o
n

 
n

o
tatio

n
:

???

C
o

m
m

o
n

 
p

ro
to

co
l:

H
T

T
P

, ....

P
rin

cip
le:

D
ecentralised
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T
h

e m
issin

g
 lin

k 

   C
entralised

D
ecentralised

H
um

an use

M
achine use

Loosely coupled on
standardised foundation

(w
eb technologies) 

T
ightly 

coupled
M

issing
fram

ew
ork?
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T
h

e ratio
n

ale fo
r th

e S
em

an
tic W

eb

W
e have the w

eb of docum
ents 

(text, m
ultim

edia, ...)
-

Interlinked netw
ork of 

docum
ents

-
P

rovided by independent 
sources

-
U

nderstandable 
representation and uniform

 
access

-
W

eb brow
sers m

ake content 
available to users

-
U

sers m
ake use of content

W
e need the w

eb of data 
xxxxxx

-
Interlinked netw

ork of data 
xx

-
P

rovided by independent 
sources

-
U

nderstandable  
representation and uniform

 
access

-
P

rogram
s  know

 how
 to 

relate data
-

P
rogram

s m
ake use of data 

S
em

antic W
eb (S

W
) =

  
program

m
able data w

eb
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T
h

e w
ay ah

ead

C
om

plications
-

D
ata – stored in databases, applications, w

eb pages, etc.
-

R
epresented in various form

ats
-

S
tructured in various data m

odels
-

F
orm

ats and m
odels change over tim

e
-

D
ata interoperability difficult

A
pproach: 

-
A

bstract from
 concrete representations

-
Interoperability at abstraction level feasible

-
A

bstraction captures “sem
antics”
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2. S
em

an
tic W

eb
: T

ech
n

o
lo

g
ies

C
haracterizations of T

echnologies
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W
h

at is n
eed

ed
?

Languages for describing concrete data
-

E
.g., “13.50” vs. “P

rice: 13.50; C
urrency: E

uro”
Languages for describing types of data (data m

odels)
-

E
.g., P

rice: num
eric m

onetary value; currency; per quantity; ...”
M

ethods/tools for m
apping data m

odels to data m
odels

-
E

.g., ebX
M

L (U
N

/C
E

F
A

C
T

) to eB
ay

M
ethods/tools for searching data

-
Q

uery languages 
M

ethods/tools for interoperation w
ith other w

eb technologies
-

E
.g., w

ith the docum
ent w

eb
E

tc. ...
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S
em

an
tic W

eb
 b

asic b
u

ild
in

g
 b

lo
cks
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R
D

F
 – R

eso
u

rce D
escrip

tio
n

 F
ram

ew
o

rk

B
asic data m

odel – a “triple”
-

triple (
s

,
p

,
o

)
 is such that:

�
“s

”, “p
”, and “o

” stand for “subject”, “predicate”, and “object”, 
respectively

�
conceptually: “p

” connects, or relates the “s
” and “o

”

A
n exam

ple triple:

R
D

F
 is a general m

odel for such triples
-

H
aving m

achine readable form
ats like R

D
F

/X
M

L, T
urtle, n3, 

R
X

R
, …

…
 and that’s it!

(<
h

t
t

p
:

/
/

…
i

s
b

n
…

6
6

8
2

>
,

 
#

 
“

L
e

 
p

a
l

a
i

s
 

d
e

s
 

m
i

r
o

i
r

s
”

<
h

t
t

p
:

/
/

…
/

o
r

i
g

i
n

a
l

>
,

 
#

 
“

i
s

 
a

 
d

e
r

i
v

a
t

i
v

e
 

o
f

 
t

h
e

 
o

r
i

g
i

n
a

l
”

<
h

t
t

p
:

/
/

…
i

s
b

n
…

4
0

9
X

>
#

 
“

T
h

e
 

G
l

a
s

s
 

P
a

l
a

c
e

”
)
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R
D

F
 E

xam
p

le

<
r

d
f

:
D

e
s

c
r

i
p

t
i

o
n

 
r

d
f

:
a

b
o

u
t

=
"

h
t

t
p

:
/

/
…

/
i

s
b

n
/

2
0

2
0

3
8

6
6

8
2

"
>

 
 

 
 

<
f

:
t

i
t

r
e

 
x

m
l

:
l

a
n

g
=

"
f

r
"

>
L

e
 

p
a

l
a

i
s

 
d

e
s

 
m

i
r

r
o

i
r

s
<

/
f

:
t

i
t

r
e

>
 

 
 

 
<

f
:

o
r

i
g

i
n

a
l

 
r

d
f

:
r

e
s

o
u

r
c

e
=

"
h

t
t

p
:

/
/

…
/

i
s

b
n

/
0

0
0

6
5

1
4

0
9

X
"

/
>

<
/

r
d

f
:

D
e

s
c

r
i

p
t

i
o

n
>

S
et of triples form

 a graph – the R
D

F
 graph
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R
D

F
 g

rap
h
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R
D

F
S

 – R
D

F
 S

ch
em

a

S
im

ple form
s of critical “m

eta know
ledge”:

-
w

hat term
s to  use

-
w

hat restrictions m
ust apply

-
w

hat other relationships m
ay hold

R
D

F
 S

chem
a

-
officially: “R

D
F

 V
ocabulary D

escription Language”
�

the term
 “S

chem
a” is retained for historical reasons…

F
orm

alism
 for defining a schem

a:
-

C
lassification: “C

lass”, “type”
-

R
elationships “subC

lassO
f” 

-
etc.
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R
D

F
 su

m
m

ary

R
D

F
 basic m

odel
-

T
riples <

subject, predicate, object>
R

D
F

 syntax
-

T
extual representation of sets of triples

-
X

M
L, N

3, ...
R

D
F

 sem
antics

-
Intended m

eaning of sets of triples
-

C
onstraints

-
Im

plications
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S
K

O
S

 – S
im

p
le K

n
o

w
led

g
e O

rg
an

isatio
n

 S
ystem

s

P
ractical need: sim

plified representation fram
ew

orks
-

for conceptual m
odels

A
 system

 m
ust be sim

ple to allow
 for a quick port of traditional 

data

S
K

O
S

 is a specialised representation fram
ew

ork

S
uitable for thesauri, classification schem

es, subject heading 
system

s and taxonom
ies

-
D

ew
ey D

ecim
al C

lassification, A
rt and A

rchitecture T
hesaurus, 

A
C

M
 classification of keyw

ords and term
s…

-
D

M
O

Z
 categories (a.k.a. O

pen D
irectory P

roject)
W

rapper around R
D

F

A
dapt/define classes and properties w

ithin certain lim
its
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S
K

O
S

 exam
p

le
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S
P

A
R

Q
L

 – Q
u

ery L
an

g
u

ag
e fo

r R
D

F

H
ow

 to use data represented in R
D

F
?

E
xtract / m

atch / find data in R
D

F
 graphs

B
asic need: language for query on R

D
F

 graphs
-

exam
ple: “give m

e the (a,b) pair of resources, for w
hich there is 

an x such that (x parent a) and (b brother x) holds” (ie, return the 
uncles)

Q
ueries  very im

portant for distributed R
D

F
 data!

-
Q

ueries across distributed data bases
T

his is the goal of S
P

A
R

Q
L (Q

uery Language for R
D

F
)

C
om

pare:
-

S
Q

L: query sets of tables of data
-

S
P

A
R

Q
L: query graphs of data
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S
P

A
R

Q
L

 exam
p

le

S
E

L
E

C
T

 
?

i
s

b
n

 
?

p
r

i
c

e
 

?
c

u
r

r
e

n
c

y
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

#
 

n
o

t
e

:
 

n
o

t
 

?
x

!
W

H
E

R
E

 
{

 
?

i
s

b
n

 
a

:
p

r
i

c
e

 
?

x
.

 
?

x
 

r
d

f
:

v
a

l
u

e
 

?
p

r
i

c
e

.
 

?
x

 
p

:
c

u
r

r
e

n
c

y
 

?
c

u
r

r
e

n
c

y
.

}

R
eturns: 

[[<
...49X

>
,33,£], [<

...49X
>

,50,�], 

     [<
...6682>

,60,�], [<
...6682>

,78,$]]
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S
P

A
R

Q
L

 U
sag

e 

Locally, i.e., bound to som
e program

m
ing environm

ents
-

Q
uerying local R

D
F

 databases
R

em
otely, i.e., over the netw

ork
-

separate docum
ents define the protocol and the result form

at
�

S
P

A
R

Q
L P

rotocol for R
D

F
 w

ith H
T

T
P

 and S
O

A
P

 bindings
�

S
P

A
R

Q
L results in X

M
L or JS

O
N

 form
ats

-
big datasets often offer “S

P
A

R
Q

L endpoints” for this protocol
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O
W

L
 – W

eb
 O

n
to

lo
g

y L
an

g
u

ag
e

R
D

F
S

 cum
bersom

e for com
plex use

C
om

plex applications m
ay w

ant m
ore possibilities:

-
sim

ilarity and/or differences of term
s (properties or classes)

-
construct classes, not just nam

e them
-

can a program
 reason about som

e term
s? E

.g.:
�

“if «P
erson» resources «A

» and «B
» have the sam

e 
«f

o
a

f
:

e
m

a
i

l
» property, then «A

» and «B
» are identical”

-
etc.

O
W

L – “W
eb O

ntology Language”
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O
W

L
 o

b
jectives

A
 conceptual m

odel describes som
e dom

ain

O
ntology: form

al description of a conceptual m
odel 

O
W

L is a language for defining ontologies
-

O
W

L is a m
eta m

odelling language – a logical language
T

hree layers of O
W

L are defined: Lite, D
L, and F

ull
-

“O
W

L F
ull” is the w

hole thing
�

C
om

plete logic

-
“O

W
L D

L (D
escription Logic)” restricts F

ull in som
e respects

�
M

echanisable logic

-
“O

W
L Lite” restricts D

L even m
ore

�
E

asily im
plem

entable 
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3.  S
em

an
tics in

 actio
n

 – exam
p

les 

S
em

antical use of w
eb contents and other cases

��
�����

�����
��	



�

����

��

�����
��

�����
���������

�
����

���
��

�
�

 
!�

&
"

�
�������

��

(26)

N
ew

sfeed
s

F
eeds 
-

O
verview

 of new
s 

item
s

-
R

S
S

 form
at

-
S

tructured 
description

�
T

itle
�

D
ate

�
A

bstract
�

etc.
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M
icro

fo
rm

ats

A
nnotate H

T
M

L content w
ith attributes

B
row

ser can offer specific actions
-

e.g., via add-ons
E

xam
ples:

-
geo: locations

-
hC

ard: contact info
-

hC
alendar: event info

-
E

tc.
C

om
pare:

-
S

kype w
eb page annotations
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G
R

D
D

L
 – G

lean
in

g
 R

eso
u

rce D
escrip

tio
n

s...

E
xisting docum

ents m
ay already contain useful descriptions

C
reate R

D
F

 data by system
atic extraction

G
R

D
D

L – G
leaning R

esource D
escriptions from

 D
ialects of 

Languages 

G
R

D
D

L offers a m
echanism

 for retrieving descriptive data from
 

docum
ent

G
R

D
D

L introduces 
-

m
arkup for declaring that an X

M
L docum

ent includes gleanable 
data

-
D

escribing an algorithm
, typically represented in X

S
LT

, for 
gleaning the resource descriptions from

 the docum
ent.



��
�����

�����
��	



�

����

��

�����
��

�����
���������

�
����

���
��

�
�

 
!�

(
"

�
�������

��

(29)

R
D

F
a 

E
nriching w

eb docum
ents by sem

antical annotations
-

W
ithout disrupting ordinary  w

eb docum
ent use

-
E

nabling extraction of R
D

F
 and access as R

D
F

R
D

F
a slightly extends (X

)H
T

M
L by:

-
defining general attributes to add m

etadata to any elem
ents (c.f. 

“class” in m
icroform

ats, but via dedicated properties)
-

provides an alm
ost com

plete “serialization” of R
D

F
 in X

H
T

M
L

S
im

ilar to m
icroform

ats approach but w
ith m

ore rigor and fully 
generic

-
m

akes it easy to m
ix different vocabularies (w

hich is difficult in  
m

icroform
ats)
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(30)

A
p

p
licatio

n
 tren

d
s

U
se of S

W
 technologies

-
C

reating added value w
ithin user organizations

-
T

aking advantage of the investm
ent in X

M
L as a com

m
on form

at
U

sed internally in various softw
are tools, e.g.:

-
C

onfiguration descriptions
-

P
rocess descriptions

-
E

rror reports, etc
U

sed for m
etadata descriptions of digital resources

-
O

bvious usage, of course
U

sed for data integration
-

B
ig payoff! Lots of exam

ples.
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(31)

S
W

 d
ata b

eg
in

s to
 accu

m
u

late o
n

 th
e W

eb

IgentaC
onnect bibliographic m

etadata storage: over 200 m
illion 

triples

T
racking the U

S
 C

ongress: data stored in R
D

F
 (around 25 

m
illion triples)

R
D

F
S

/O
W

L R
epresentation of W

ordN
et: also dow

nloadable as 
150M

B
 of R

D
F

/X
M

L

“D
épartem

ent/canton/com
m

une” structure of F
rance published 

by the F
rench S

tatistical Institute

G
eonam

es O
ntology and associated R

D
F

 data: 6 m
illion (and 

grow
ing) geographical features

R
D

F
 B

ook M
ashup, integrating book data from

, eg, A
m

azon

“dbpedia”: get infobox data of W
ikipedia into R

D
F

S
ee, for exam

ple, the linked data index
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(32)

F
in

d
 th

e rig
h

t exp
erts at N

A
S

A

E
xpertise locater for nearly 20,000 N

A
S

A
 civil servants using 

R
D

F
 integration techniques over 6 or 7 geographically 

distributed databases, data sources, and w
eb services…

C
ourtesy of K

endall C
lark, C

lark &
 P

arsia, LLC
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(33)

P
u

b
lic h

ealth
 su

rveillan
ce

Integrated biosurveillance system
 (biohazards, bioterrorism

, 
disease control, etc) 

C
ourtesy of P

arsa M
irhaji, S

chool of H
ealth Inform

ation S
ciences, U

niversity of T
exas (S

W
E

O
 C

ase S
tudy)
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(34)

S
em

an
tic p

o
rtal fo

r cu
ltu

ral h
eritag

e

C
ourtesy of F

rancisca H
ernández, F

undación M
arcelino B

otín, and R
ichard B

enjam
ins, iS

O
C

O
, (S

W
E

O
 C

ase S
tudy)
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(35)

P
o

rtal to
 P

rin
cip

ality o
f A

stu
rias’ d

o
cu

m
en

ts

S
earch through 

governm
ental 

docum
ents

A
 “bridge” is created 

betw
een the users and 

the form
al bureaucratic 

jargon using S
W

 
vocabularies and tools

C
ourtesy of D

iego B
errueta and Luis P

olo, C
T

IC
, U

. of O
viedo, and the P

rincipality of A
sturias, (S

W
E

O
 C

ase S
tudy)
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(36)

D
ig

ital m
u

sic asset p
o

rtal at N
R

K

U
sed by program

 production to find the right m
usic in the 

archive for a specific show

C
ourtesy of R

obert E
ngels, E

S
IS

, and Jon R
oar T

ø
nnesen, N

R
K

 (S
W

E
O

 C
ase S

tudy)
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(37)

V
o

d
afo

n
e live!

Integrate various vendors’ product 
descriptions via R

D
F

-
ring tones, gam

es, w
allpapers

-
m

anage com
plexity of handsets, binary 

form
ats

A
 portal is created to offer appropriate 

content

S
ignificant increase in content dow

nload 
after the introduction 

C
ourtesy of K

evin S
m

ith, V
odafone G

roup R
&

D
  (S

W
E

O
 C

ase S
tudy)
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(38)

A
d

o
b

e’s X
M

P

M
etadata is added by, e.g., P

hotoshop into files in R
D

F

X
M

P
 is a w

ay of em
bedding +

 vocabulary +
 a set of (public) 

tools (there are also 3
rd party tools to extract the R

D
F

 content) 

U
sed by a num

ber of platform
 solutions
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(39)

 

4. T
h

e larg
er lan

d
scap

e

H
ow

 the S
em

antic W
eb fits in
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W
h

ere d
o

 tech
n

o
lo

g
ies fit in

?
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W
h

ere d
o

 tech
n

o
lo

g
ies fit in

?
 (co

n
t.)
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(42)

E
xam

p
les o

f im
p

lem
en

ted
 S

W
 T

o
o

ls
� T

rip
le S

to
res

• R
D

F
S

tore, A
llegroG

raph, T
ucana

• R
D

F
 G

atew
ay

• M
ulgara, M

yS
Q

L+
S

P
A

S
Q

L

• Jena’s S
D

B
, D

2R
 S

erver, S
O

R
 

• V
irtuoso

• O
racle S

patial 10.2

• S
esam

e, O
W

LIM

• T
alis P

latform

• …

•  R
easo

n
ers

• P
ellet, R

acerP
ro, K

A
O

N
2, F

aC
T

+
+

• O
ntobroker, O

ntotext

• S
H

E
R

• …

•  C
o

n
verters

• flickurl, T
opB

raid C
om

poser

• G
R

D
D

L, T
riplr, jpeg2rdf

• …

•  M
id

d
lew

are

• IO
D

T
, O

pen A
nzo, D

artG
rid 

• O
ntology W

orks, O
ntoprise

• O
racle F

usion 11g

• P
rofium

 S
em

antic Inform
ation R

outer

• S
oftw

are A
G

’s E
II

• T
hetus P

ublisher, A
sio, S

D
S

• …

•  S
em

an
tic W

eb
 B

ro
w

sers

• D
isco, T

abulator, Z
itgist

• O
penLink V

iew
er

• …

• D
evelo

p
m

en
t T

o
o

ls

• S
em

anticW
orks, P

rotégé

• Jena, R
edland, R

D
F

Lib, R
A

P

• S
esam

e, S
W

I-P
rolog

• T
opB

raid C
om

poser

• D
O

M
E

• …
 

Inspired by “E
ntreprise S

em
antic W

eb in P
ractice”, Jeff P

ollock, O
racle. S

ee also W
3C

’s W
iki S

ite.



��
�����

�����
��	



�

����

��

�����
��

�����
���������

�
����

���
��

�
�

 
!$

#
"

�
�������

��

(43)

S
em

an
tic W

eb
 in

 D
o

cu
m

en
t D

o
m

ain

S
em

antic perspective on docum
ent w

eb resources
-

P
reserve and support the docum

ent view
 of resources

-
E

nable sem
antic access to  descriptions em

bedded in resources
-

E
xam

ple: R
D

F
a, sem

antic annotations of X
M

L-based resources
-

D
ocum

ent perspective on sem
antic w

eb resources
-

P
reserve and support the sem

antical access to resources
-

E
nable a docum

ent view
 of sem

antically represented resources
-

E
xam

ples: generation of presentation structure and style sheets 
from

 data
-

D
ual perspectives, but different objectives:

-
S

upporting m
ethods and tools: R

D
F

a, G
R

D
D

L, ...
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S
em

an
tic W

eb
 in

 W
eb

 S
ervices

T
he W

eb S
ervices (W

S
) toolbox enables loose coupling 

betw
een service user and service provider

-
D

etails in interaction controlled by descriptions – W
S

D
L 

B
ut content-related aspects of service use is not fully 

supported:
-

S
ervice discovery, service characteristics, etc

E
m

erging area: S
em

antic W
eb services

-
S

em
antic descriptions extend core W

S
 descriptions

-
S

upport for sem
antic aspects on service use.

T
he aim

: 
-

provide a flexible service fram
ew

ork that addresses the 
challenges of the w

eb – the dynam
ic character of services 

offered on the w
eb
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S
u

m
m

ary
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C
o

n
clu

sio
n

s

T
he S

em
antic W

eb is here to integrate data on the W
eb

-
T

he public w
eb

-
R

estricted w
ebs

-
Intranet 

T
he goal is the creation of a W

eb of D
ata

C
ore technologies/functionalities are standardised

-
R

D
F

, O
W

L, S
P

A
R

Q
L, ... R

D
F

a, ...
A

dditional needs/functionalities in the pipeline
-

B
y extensions to existing technologies

-
B

y additional tools and technologies
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