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Subiectul 1.

Retele semantice descriptive. Taxonomii.
Concepte si instante. Relatia ISA.
Valoarea regasita prin navigare in refea in
lungul lantului de relafii semantice R1 ...
Rk, plecand dintr-un nod dat.
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Clase si instante
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« O clasé (concept): un set care contine indivizi —==
Un d|V|d (instanta) poate apartlne la mai multe clase
e superclasa- bclasa se numeste tahonomie
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Retelele semantice descriptive permit
reprezentarea economica

4+ Proprietatile:

explicite — la nivelul conceptual
implicite (mostenite) — la nivelul referential
<+ Interogari:
care este inchiderea tranzitiva a relatiilor taxonomice ISA ale
unui nod din retea?
ce valoare este atasata prin relatia semantica R nodului n?

care este valoarea regasita prin navigare in retea in lungul
lantului de relatii R1 ... Rn, plecand din nodul n?

care este calea de relatii semantice ce se poate stabili intre
doua noduri nl si n2?
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~ Interogdriintr-oretea
semantica a2

Care este densitatea corpului Cub2?

2Ceupz: CUb2 ISA Ceps @ Cews = cub
?R*: cub R* densitate = R* = e-fdcut-din ® are-dens
?y: Cub2 e-fdcut-din ® are-dens y = y = 0.8

are-masa

Ty are-dens
@ obiect-fizic
@ —
OIS OO

v
are-inaltime

@ are-razi

” are-latura
are-masa .. «
- . Reteaua semanticd conceptuald
e-facut-din

ﬁ ﬁ @ Reteaua semantica referentiala

are-indltime
are-raza
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Demoni
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Tranzitiile demonilor

L oeQo

la indeplinirea
conditiei proprii

ADORMIT

|
1
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-~ Demoniintr-oretea
semantica =

L oo =
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computeVolCylinder
computeMass

computeVolCube are-vol = P
/ N )

(demon)
~ - 4/ are-masd(demon) =
are-vol Y

@ obiect-fizic
@
Coo ) Com o J( 2 )

are-dens

are-indltime

@ are-razi

.
are-masa . «
" . Reteaua semanticd conceptuala
e-facut-din

ﬂ ﬁ @ Reteaua semanticd referentiala

e-facut-din
are-indltime
are-razd
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- Demonul ComputeMass

m=p*V

ocedure ComputeMass (x)

e e

ea lui x:
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iyt A4 Activarea demonilor

(demonul nu se activeaza)
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Care este masa lui Cub1?

masa

o~~~

are-masa

= e g e
.
1 izi densitate
@ @ obiect-fizic
Orod.. O

P are-dens
are-inaltime

are-masa(demon)

@ are-razi

.
are-masa - «
- . Reteaua semanticd conceptuala
e-facut-din

H ﬁ @ Reteaua semanticd referentiala

are-indltime
are-raza

?C:CublISAC=>» C=cub
—- ?R*:Qc_ubR."i_ R* = 3
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~ Demonul devine ACTIV B

oo oo
— Care este masa lui Cub2? i

2 ?Ceypy: CUb2 ISA Cpyy P Coypy = CUb

?R*: cub R* masa =» R* = are-mas

?y: Cub2 are-masa y = nil &

/ - ACTIV demon ul din v

N
Rl |

4
T |

are-vol _4

(demon) - é -

Py ——

computeVolCube

are-vol —
(demon)
@ obiect-fizic
@ —
corp-geometric ° @ ° o

P are-dens
are-indltime

@ are-razi
.
are-mas3
e-facut-din

are-indltime

are-masd(demon) d| [1d

are-masa

Reteaua semanticd conceptuala
Reteaua semanticd referentiala

are-raza
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g Demonul ComputeMass e actlvl P
cub2
> @ o ogeo
| procedure ComputeMass(x/ m=p*v
-__g_begln |
- ; afla densitatea lui x:
w- s TQ2 CX —— —
' C, R,* densitate = C, = cukb
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Demoni intr-o retea semantica

Care este'masa cilindrului 1?
B ?Coitingrur: CIliNdrul ISA Cejingrys
'__ - CC|I|ndru1 cilindru -

computeVoICyImder
com,,ute.v.ass ?R*: cilindru R* masd =» R* = are-nr

?y: Cilindrul are-masa y = nil
(demon)

-)ACTIVAde onul
’ N U | 4-‘—»
B . are- dens
@ e-facut-din eria densitate
- et
corp-geometric ° @ o o

are-inaltime
@ are-razi
e -facut-din

are-masa
are-indltime

.|

are- vol
(demon)

are- masa(demon)

N are masa
=\

Reteaua semanticd conceptuald
Reteaua semanticd referentiala

are-raza
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procedure ComputeMass(x‘{/ m= p*v
- begin —=
7 afla densitatea lui x:

x ISA C
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= C, =cilindru
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Ontologies

« Rich conceptual schemas:
give formally defined meanings to the terms used in annotations,
transforming them into semantic annotations
“Ontologies serve as metadata schemas, providing a controlled
vocabulary of concepts, each with explicitly defined and machine-
processable semantics. By defining shared and common domain
theories, ontologies help people and machines to communicate
concisely—supporting semantics exchange, not just syntax. Hence,
the Semantic Web’s success and proliferation depends on quickly and
cheaply constructing domain-specific ontologies.”



Ontology
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The study of ontology
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traced back to the work of Plato and Aristotle ——




Plasarea conceptului bone
Intr-o ontologie

\\‘

Class Hierarchy

Thing
+ anatomical entity |
+ material anatomical entity
+ anatomical structure
+ multi-tissue structure
+ bone
+ endochondral bone
- membrane bone

‘lll

——
e

Superclasses & Asserted Axioms

e has_part some osteoblast

» part_of some skeletal system
e bone Class:skeletal system Definition: The rigid support system for the

body.

http://www.ontobee.org/ontology/AEQ?iri=http://purl.obolibrary.org/obo/AEO_0000085



OWL — un limbaj de
descriere a ontologiilor

<+ The World Wide Web Consortium (W3C) set up a
standardisation working group to develop a standard for a
web ontology language => OWL ontology language standard

4+ OWL is based on Description Logics (DLs): a family of logic-
based knowledge representation formalisms that are
descendants of Semantic Networks and KL-ONE, but that
have a formal semantics based on first order logic
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harry.potter@hogwarts.net

lan Horrocks: Ontologies and the Semantic Web



Protége

o9 L

4+ Maediu online de construire si editare de ontologii si creare
de sisteme inteligente

<+ Protégé Desktop supports creation and editing of one or
- more ontologies in a single workspace via a completel

- customizable user interface. Visualization tools allow
for inter ctwe nawgat'lon of ontology relationshif

28
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https://protege.stanford.edu/
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Subiectul 4:

Web-ul semantic. Dati un exemplu de
interogare care nu poate fi rezolvata de
un motor de cautare precum Google, dar
ar putea fi rezolvata prin rationament in
web-ul semantic. Sugerati o solutie la
intrebare.



Semantic Web

o9 e@e

4+ The goal of semantic web research: to allow the vast range
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- of web-accessible information and services to be more -

——

~ effectively exploited by both humans and automated tools
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Ex?arh“ples of queries that cannot be answered
by the actual web search engines

o9 o . P o

> :

-+ The list of presidents of EU countries

-

st of EU countries:
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Examples of queries...
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;German writers contemporary with Beethoven

e

- a book: Music and Literature in German Romanticism, o)
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~ German writers contemporary with #
_ Beethoven *
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Examples of queries...

- - oo

-+ C(Classical example of a semantic web application: —
- — anautomated travel agent that, given various constraintsand

~ preferences, would offer the user suitable travel or vacation
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Key idea behind the
semantic web

~ 4+ Address the problem of offering automated reasoningby
ing the machine accessible semantics to annotation:
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Tehnologiile limbajului scris

> @ o ogeo
4+ Analiza si intelegerea limbajului

-+ prelucrari sub-sintactice
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+ unitdtile lexicale
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~ Instrumente de bazd in PLN
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cenizer: determind granitele unitatilor lexicale
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Instrumente de baza in PLN
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.. POS-Tagger: etichetare la parte de vorbire (dezambiguizare :-i
- morfosintacticad) m—
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Instrumente de baza in PLN
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-+ Lematizator: determina forma de baza a cuvintelor —

—

- v intrare: <tok id="...” POS="...">word</tok>

e: <to = 1d=". ._QJ_POS=H-T'—1r L
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~ Instrumente de bazd in PLN
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-Chunker: detecteazd grupuri nominale
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Instrumente de baza in PLN
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NER (name entity recogniser): recunoaste si clasifica nume
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Amblgmta’;l sintactice
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Subiectul 7:

Puneti in evidenta relafii anaforice si
semantice in textul urmator: “Vreme de
patruzeci de ani viata Ellel Rubinstein
fusese ca o apa statatoare... Sotul el,
David, era un dentist de succes...”



Relatii de rudenie: exemplu

L L

- Vreme de patruzeci de ani viata Ellei Rubinstein ., fusese
- ca o apa statatoare... Sotul éi,, David, era un déntist de
- succes... | —

e
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Relatii anaforice

* coref

* coref-interpret

*  member-of, has-as-member (Inverse)

* isa, class-of (Inverse)

part-of, has-as-part (Inverse)
subgroup-of, has-as-subgroup (1nverse)
has-name, name-of (inverse)

1:[Acteea)... 2:[tanara liberta]... => [2] coref [1]
1:[mdna 2:[lui] dreapta) => [1] part-of [2]



Relatii de rudenie

parent-of

child-of (inverse of parent-of)
grandparent-of and grandchild-of (1nverse)
sibling (symmetrical)

ant-uncle-of, nephew-of (inverse relation)
cousin-of (symmetrical)

spouse-of (symmetrical)

unknown

1:[celui de-al doilea sot 2:[al Popeii]] => [1] spouse-of [2]
1:[sora lui 2:[ Petronius]] => [1] sibling-of [2]






- Evaluarea: de jos in sus
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eltoda =
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function min-max(state, player, depth)

= begin ]

|l if (depth = 0) then return score(state); |

. val = worst(player);

—amt while (mai sunt stdri de generat) begin
- generez o stare -> s; —

ral <- back-up-compare(val, min-max(s, not(player), depth-1), player);
rmdtoarea migcare micgoreaza spatiul de cautare in cazul 1

~
'® N N
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Metoda alpha-beta %
S -

[ // i le @ o
T
1 % MAX
= Va—"
[T 1
X : .
% ] X Un moment din dezvoltarea arborelui in
E o] F# o care apare o situatie particulara: 3
= [o]

Generarea poate
fi oprita!




Metoda alpha-beta

X MAX;_‘“
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Metoda alpha-beta

function alpha-beta(state, player, depth)
begin o9 o@eo
if (depth = 0) then return score(state);
val = worst(player);
while (mai sunt stari de generat) begin
generez o stare -> s;

newval <- alpha-beta(s, not(player), depth-1); =

if player=MAX & newval = val then return(newval);
~else if player=MIN & newval = val then return(newval); _—
else val € back-up-compare(val, min-max(s, not(player), depth-1)4_p z

g 1XMS oarea m1§care micsoreaza spatiul de cautare in cazu n ca

o - U g,
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= ubiectul 9:
Rezolve a problemelor de IA S
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Pasul 1

B Pasul 2

Pasul 3

Pasul 4

Pasul 5

| spatiului starilor

Cele 5 cerinte in modelarea unel

probleme de |IA

oo oe@o

Diferentiaza problema generala de instantele ei

Recunoaste o stare si apreciaza dimensiunea

——
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{iul problemel
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Stari, spatiul starilor, dimensiunea lui

- - L X

star1 finale

stare initiala f\'
N ’O
- A
.

P——

solutia

D ‘




mm Cautarea solutie

<+ Algoritmi si euristici de cautare in spatiul starilor

- 4 Strategii irevocabile ="

-+ ascensionald (hill-climbing)

eqll tentative




e Strategii irevocabile:
hill-cimbing

-+ Cale de intoarcere nu exista

|
1

"-—L%F o functie apreciaza apropierea de solutie

—_




¥

~ Hill climbing

oo

» i s
procedure hill-climbing(initial-state)

begin
current-state <- initial-state;

«“I
N KN

while(current-state) {
f (current-state e stare finald) return current-state;
-new—nelghbour—states <- setul starilor ce pot fi obt

. ‘w 5

’ —

«-‘n
S —

ta —prin operatorll apllcablll ei;




Strategii tentative:
backtracking

<+ Daca o stare nu mai are succesori "ilau urma indarat”

<+ o memorie in care se plaseaza la fiecare pas starile
vecine, diferite de cea in care se efectueaza tranzitia

punct de decizie 1

calea aleas3
noduri amanate si
- memorate
punct de decizie 2

nod amanat si

memorat

a. In fiecare punct in care se face o b. Cand structura de salvare este o
alegere, caile neexplorate se salveaza stiva, explorarea se face in ordinea
intai-in-adancime
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r— while(heap) {

" Backtracking hill-climbing

®o 9P o oo
procedure backtracking-hill-climbing(initial-state)
begin

heap <- initial-state ° J;
solution <- J;

~ current-state <- first(stack);
- heap <- rest(heap);
lution <- solution ° current-state;

. ~

N




Metode de cautare
sistematica (brute-force)

Cautare intai-in-adancime (depth-first search — DFS)
memoria: stiva
function depthFirstSearch(root)
begin
stack <- push(root, J); solution <- J;
while (stack not empty)
{ node <- pop(stack);
solution <- solution ° node;
if goal(node) then return solution;
else push(node’s successors, stack);

}
return FAIL;

end
59



Metode de cautare
sistematica (brute-force)

4+ Cautare intai-in-largime (breadth-first search —
BFS)

+ memoria: coada
function breadthFirstSearch(root)
begin
queue <- in(root, ¢); solution <- J;
while (queue not empty)
{ node <- out(queue);
solution <- solution ° node;
if goal(node) then return node;
else in(node’s successors, queue);

}
return FAIL;

end
60



Metode de cautare
sistematica (brute-force)

+ Cautare cel-mai bun-intai (best-first search)
+ memoria: listd; o functie euristicd de cost
function bestFirstSearch(root)
begin

list <- include(root, J); solution <- J;
while (list not empty)
{ node <- get-first(list);
solution <- solution ° node;
if goal(node) then return solution;
else
{ include(node’s successors, list);
sort list descending;
}

}
return FAIL;

end 61



1]||

r
o 7
ke D9

[P

S — A -
- ) : I ) 5 PE—— =
Q &
S——

QUeL2Q e
Q @

~ Exemplu: best-first
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Problema

o 4o




~ Reguli STRIP

oo

|
|
|
|




~ ReguliSTRIPS

»- oo

‘1|I
‘NER
'EN




. Reguli STRIPS L

| L oo

-




(AN

L

Reguli STRIPS

Ig_l




Diagrama
triunghiulara

N.-=dungimea solutiei in #pasi

unstack(C,

putdown(C)

\ pickup(B)
N+1 <~
\ stack(B,C)
pickup(A) ——
S

-

(Hl
bl |

stack(AB)

solutia



Diagrama
triunghiulara:
kernel'de ordin i

1 unstack(C,A)

putdown(C)

pickup(B)

stack(B,C)

pickup(A)

stack(A,B)

e Multimea predicatelor din oricare

dreptunghi [i,N+1]x[O0,i-1]: starea

de dupa executia regulii i-1
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Starea initiala

o9 o L
1: unstack(A,C)




Starea initiala , : \ - i -
. d | A
Acciaent!
- 4 . 9 o 2
1: unstack(A,C) Descrierea starii de dupa accident:
ontable(C) —

ontable(B)
ontable(A)

aYalaYaala
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Starea initiala , ]

Accident!

oo oo
1: unstack(A,C) Descrierea stirii de dupa accident:
ontable(C) = =
ontable(B) —
ontable(A

b

o3
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‘Concluzia: care e conduita
dupa un accident?
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Proiectul: o arhitectura
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* Fuziunea de ontologii—
___definitie _

|
1

4 Procesul de fuziune ontologica primeste in intrare doua
nai multe) ontologii sursa si returneaza o ontologie care

V) - -

S aYlaYe a | * - -
19411 : 9 C \A C . = -

EL . ) R o

Gerd Stumme, Alexander Maedche. Ontology Merging for Federated Ontologies
on the Semantic Web




~» Abordarile se bazeaza pe euristici de potrivire sintactica si

~semantica care deriva din comportamentul inginerilor ontologi

Y N

e

comportamentul umat

dlurcl

and se confrunta cu sarcina de a imbina ontologii, i. €. se

TN




Cum se pot combina termenii?

7

- - oo

+ Fiind dati doi termeni apropiati, cate unul din fiecare ontologie:

-+ Cei doi termeni sunt echivalenti =» ei pot fi direct aliniati;




7

Cum se pot combina termenii?

®o 9P o oo
<+ Fiind dati doi termeni, cate unul din fiecare ontologie:

<+ Un termen este mai general decat celalalt =» termenul mai specific

e

- (sitoti subordonatii, posibil si fratii lui) pot fi integrati sub termenul
- mai general; o




Cum se pot combina termenii?

 Fiind dati doi termeni, cate unul din fiecare ontologie:
Termenii sunt incompatibili (i.e., identificarea acestora ar cauza probleme de

definire si relationale intre ceilalti termeni) - caz in care:

(1) unul dintre termeni trebuie respins si nu trebuie incorporat,

(2) unul dintre termeni si altii care depind de el trebuie sa fie redefiniti,

(3) trebuie creata o "microteorie” separata, in care termenii si toti ceilalti termeni
care depind de ea exista in paralel

(4) poate fi incorporata o versiune mai slaba a termenului infractional, fara definitiile
sau relatiile care au cauzat inconsecventa



Sugestii de euristici de
aliniere

- 1. Potriviri pe siruri de litere, e.g.: ——

+  Po uckale numelor de concepte (cognate matelfu
nt de asemanatoare (in aceeasn imba) sunt

S

T T e e



- Sugestii de euristici de
__aliniere _

1. Potriviri pe siruri de litere, e.g.:
- Potriviri ale numelor de concepte (cognate matching): nume
t de asemanadtoare (in aceeasi limba) sunt dovezi cz

R = L
B B a
52
) alla (Y ) a
a1l C.

~ |+
[ )
1 \J \A
[ S
S -




- Sugestii de euristicide
__aliniere _

2. Potrivirile ierarhice exploateaza structura de taxonomizare a
ntologiilor. Ele includ:

c———— —

o )
U

Filtrarea ambiguitatii prin superconcepte partajate:

e A 7

Y
- B |1 ¥ ) Y | Y")
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Masuri de aliniere

- - oo

T

» Potrivire de nume (cognate match): compara numele N1 si N2 ale daua,_-
» —,oncepte |
| era subsiruri descrescatoare ale lui N1, talnd{ailrlﬂr

inte compuse sunt impartite in

[

el




Masuri de aliniere

<+ Potriviri pe definitii: compara definitiile Tn engleza D1 si D2 ale
doua concepte. Mai intai, ambele definitii sunt separate in cuvinte
separate (se indeparteaza apostroafele, limioarele de unire etc.) si
toate cuvintele sunt lematizate.

definitia lui M@FOOD: ("any" "substance" "that" "can" "be"

"metabolized" "organism

give" "energy" "build" "tissue")

apoi, se calculeaza 3 valori:

+

+ +

strength = raportul dintre numarul de cuvinte care apar in ambele
definitii si numarul de cuvinte ale definitiei cele mai scurte,

reliability = numarul de cuvinte comune,
defscore = strength * reliability: .
DEFSCORE := (Shared(D1,D2) / min{D1,D2})*Shared(D1,D2)



Masuri de aliniere

- - oo

~« Potrivire TAXONOMICA (intre ontologiile SENSUS si —=
—MIKR(_)KOSMOS) pentru un anumit concept SENSUS _gp_lecte a
of: piel&dm MIKROKOSMOS care sunt "mai




Combinarea scorurilor

 Caracteristicile formulelor de combinare:

sa creasca cu valori in crestere ale NAME, DEF si TAX

sa normalizeze scorurile euristicilor

sa diminueze tendinta scorurilor NAME de a creste rapid

sa atenuarea tendinta scorurilor de TAXONOMIE de diminuare rapida

sa intoarca un scor nenul daca cel putin o euristica intoarce un scor nenul
e SCORE := sqgrt(NAMESCORE) * DEFSCORE * (10 *

TAXSCORE)

cu grija ca daca NAMESCORE sau DEFSCORE sunt zero, ele sunt inlocuite
prin 1, si daca TAXSCORE e 0, el e inlocuit prin 0.01.

Uzual, scorurile de aliniere se plaseaza in scara 0 — 16.
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- Patternurilexicale

~ NPg.....suchas {NP,, NP, ... (and | or)} NP,
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- Patternuri lexicale
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~ such NP as {NP }* {(or | and)} NP
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Dy such authors as Herrick, S
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- Patternuri lexicale
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NP {,NP}*{}or other NP
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~ Patternuri lexicale
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- Patternuri lexicale
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P Patternuri lexicale g

| ~ NP {.} especially {NP ,}* {or] and} NP
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- Patternuriin generarea
testelor =

Zitko B, Stankov S, Rosi¢ M, Grubigi¢ A. (2009) Dynamic test generation over
ontology-based knowledge representation in authoring shell. Expert Systems
N with Applications. 36:8185-8196.
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Exemple de patternuri care
genereaza teste

oo

Care dintre urmatoarele elemente;

shuffle(someOf(desc(B)),
-~ someOf(desc(siblingOf(B)))

o
T T

0000600



Exemple de patternuri care
genereaza teste

oo

A»— Care dintre urmatoarele propietati: _::-
~ propertyP setOfPropertiesOf(B) caracterizeazd
random( descOf(B)) are este

-~ vdlodrle € 'f — .
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