ifis

Institut fiir Informationssysteme

Knowledge -Based Systems
and Deductive Databases

Institut fr Informationssysteme
TechnischdJniversitatBraunschweig
http://www.ifis.cs.ttbs.de



@ 10 The Semantic Web

10.1 Knowledge representatior s
10.2 The Cyc system

10.3 Representation in the
Semantic Web

" \ ‘ \ \ : ) add - N
Data Proof
Logic

Ontology vocabulary

Digital Signature

Unicode

KnowledgeBased Systems and Deductive Datab&sehristoph Lof¢ IfIS¢ TU Braunschweig



10.1 Knowledge Representation

A For expert systems and deductive databases w
have used logics in the form of basic facts and
simplerules
| DatalogProlog rules
I Fuzzy reasoning

I é # , ﬂe(‘f\:’%{;hh:‘k
7 “ 4 prpsp 8
A Is thatenough to represent all & " it

real world knowledge?
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10.1 Knowledge Representation

A Knowledge representation is concerned with how t
formallythink ( or at | east r ea:

i1t needseé
A A symbol system that represents a domain of discourse

A A formalized reasoning system to allow inference (symbol
manipulation)

I The representation instance is calle#rmowledge base
A There is avast variety of suggested symbol sets,
| anguages and I nference
I With different expressiveness and different complexity
I Rule of thumb: the more expressive, the more complex
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10.1 Knowledge Representation

A There are severalepresentation frameworks
that differ in their degree of expressiveness
I Simple controlled vocabularies (catalogs, glossaries

I Simple relations between entities (classifications,
thesauri)

I Semantic networksonptologies frames)

I Logic systems (first order predicate logic, descriptiol
logic)

I Multilayered extended semantic networkgljltiNet)

expressiveness

W
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10.1 Knowledge Representation

A Basically every representati@atstracts from
the real world to the domain of discourse

I Results of reasoning processes are then reapplied t
the real world

Real World
Real World
mapto KR map back
wuage to real world
representation i et o new

of facts conclusions
n U
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@ 10.1 Mapping the Real World

A Humans reason inatural language , but this is
usually veryambigous
ifoThe chair was placed o

AWhat was broken?
Al't i s not represented in t

foThe dog was pl aced on
AHere it is clear, but still not represented in the sentence
AAnd anyway, which dog was it?

I Good systems neethree kinds

andfuncnonal
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@ 10.1 Mapping the Real World

A A necessary property of representation system:
IS referential unigueness

I Symbolic representations have éxplicitly define
relations forentity references

AAIl ambiguity with respect to entities mustEEEEE,
be eliminated In the internal representatio ;

A That means that all individual
entities get aunigue name
i Dog-1,Dog2,Dog3 , é |
I Unique names are calledstances or tokens
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@ 10.1 Mapping the Real World

Ad0 T he c h &86bh43)(washplkaded on the
table (Table334563232). It (Chai236543) was
broken. o

I Now everything is clear and we can follow entities
t hrough complex stori es

I But problems arise with the actual uniqueness of
names irdistributed scenarios

AThink about the complexnanagement needed for DNS
addresses and IPs in the Internet (IANA, ICANN)

AMoreover, IPs can behanged, reused, etc.
How about other real world entities?
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10.1 Mapping the Real World

A The second property of representation systems
semantic unigueness
All symbols of internal representation must be uniqt

A This means that also Womlense ambiguity has 1¢
be resolved A
Problem ofhomonyms
Money on a bank?

To catch a b
t hi ef é, t o cC

10
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@ 10.1 Mapping the Real World

A Semantic uniqueness is important for using
generalizing rules

I All things that arecaught have beemmoving before.
I The ball was thrown, the thief was running, the cold

wase?!
A Again we need to disambiguate
iritverbank, bank

| catch_objectcatch illness é

I These simple measures lead to
controlled vocabularies
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10.1 Mapping the Real World

A The third property isfunctional uniqueness

I Internal representations must uniquely express the
functional roles
A This includes different sentence structures and
the problem ofsynonyms, too

ifTom catches the ball . TI
AWho catches what? catcher: Todhcaught_thingball

I Tom attends the lesson.Tom participates in the less
Tom took part in the lesson.
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10.1 Mapping the Real World

A Steps from a simplénguistic sentence to a
computerunderstandableepresentation

[ Tom catches a ball. ] disambiguate
references
[ Tom12 catches @all546. j disambiguate
word sense
[ Tom12 catch_objecball546. ) Write as
Z
predicate

[ catch_objecfTom12, ball546) }
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@ 10.1 Linguistic Sentences

A Usually asingle predicate expression is not
enough to reflect the semantics of a sentence

foTom catches a white foot
A catch_objec(Tom, football). %

Ainstance(football, ball).

N
|
A color(football, white). Q -y d

-----------

I But with only these predicates we lose
some structure

A Thefunctional role within predicates is
not clear

A The information is derived from single
sentence and may only be valid here

IA football Il s al ways a bal
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@ 10.1 Linguistic Sentences

A The slot assertion notation  assigns roles to the
different arguments of predicates

| catch_objecfTom, football).
catch_objec{Peter, beercan)

predicate arguments (slots)

I Instance(X0005,catch_objec].
iInstance(X0006,catch_objec].
catcher(X0005, Tom).
catcher(X0006, Peter).
caught(X0005, football).
caught(X0006,beercan).

&slot-predicates

I These expressions also express
functional structure
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@ 10.1 Linguistic Sentences

A But this has also another useful effect we can now
usereification on statements

i The st arstantefX0@05,catch objec).otells us
about a certai KOOGB¥ ent now

A A (binary)relation between some person and a football

I Reifying a relationship means viewing it as an entity

A The purpose is to make it explicit, when additional information
needs to be added to it

A Basically this allows to make statements over statements

I Consi der t he f Retedbeligvesrihgt Tame
caught the footballo

A believes(Peter, X0005).
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@ 10.1 Linguistic Sentences

A The slot and filler notation (frames) now
combines different slot assertions to provide a
structured expression

I The resulting expression is objealr eventcentered

Ainstance(X0005,catch_objec}.
catcher(X0005, Tom).
caught(X0005, football).

Als joined to
catch_objecf X0005, (catcher Tom),(caught football))

slot— aier
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@ 10.1 Linguistic Sentences

A The notations oframes with slots and fillers
was introduced by MarviMinskyat MIT.

| Basically frames ambjects without |
methods L

I They are embedded in a natural O
hierarchicainheritance structure: m
lower frames inherit the current fillers
from upper frameso sl ot

I Frames correspond tgtereotypes or prototypes
In human thinking

AThey describe what is expected of some object
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@ 10.2 The Cyc System De[llllli

A Cyc tries to use knowledge representation as a
base of building a real Al system
| Started in 1984 by Dougldsnatin Austin, TX
i Best funded Al project of all times: $60 Million

I First developed at the Microelectronics and
Computer Technology Corporation (MCC),
founding ofCycorp
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@ 10.2 The Cyc System I)I}[mm

A The aim is to create a program with enough
understanding such that it can learn from
booKsS

I To do this Cyc needs theommon knowledge of a
student in first grade

AHowever, the world knowledge of children at this age is
already quite large

AThis is especially true for understanding stor
e.g., I f somebody st g
he/she is still inside the house '

ASeems trivial, but |
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@ 10.2 The Cyc System I)emaK

A Facts and rules arencoded by humans A
and tested forconsistency by the system ¢*

I If factscontradict each other, humans
needs to resolve them =

| After 10 years aboubne million rules had been
encoded and half of them were used by the system

I Many conflicts could not easily be resolved, althoug|
small child learns to manage timeonsistencies

AThink about fairy tales: a witch is an evil, old woman,
but then witches do not e)
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10.2 The Cyc System UE[
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e

A It is conjectured by the Cyc team that abol®
million rules (called assertions in Cyc) will

Y

suf fi cetellgenckaed! 0

A Currently, Cyc contain aroun@00.000 terms ,
and each has several dozens of assertions

A Thus, Cyc is what is sometimes calleG@FAI ,
or ' Good Ol d Fashione

| I.e.takes duge set of common sense
propositions and generates further propositions via
iInductive and deductive inference
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@ 10.2 The Cyc System Deiolm

A Cyc introducedCycL as an representation
language for knowledge

I Basedb r -arder logic, syntax similar to LISP

A UsingCycL the knowledge base is created

I Knowledge base contaits| a s s iofpthangst | o r
(starting with the most general category: Thing)

IDi vided 1T nmitrothearissa n ds o f

AMicrotheoriescontain a bundle of assertions sharing a set
common assumptions

AFocus on either a certain domain, a particular level of det:
or time interval, etc
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10.2 The Cyc System

A General knowledge: things, intangible things,

physical objects, individuals, collections, sets,
relations...

I Domains p e &nopledge, for example:

I Political geography: general information (e.g.What I
porder?) ands p e anfolmation about towns, cities,
countries and international organizations Human
anatomy and physiology

I Chemistry
| lots of others- seeCycorp web page @
http://www.cyc.com/ cYcorp
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@ 10.2 The Cyc System

A What does Cyc contain?

Intangible Thing Thing
Individual

/ Time

Plants& Animals
Software Professions &
Occupations
Earth & Solar

System Somal Activities

Physical Object
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