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1 Bayesian networks

Evaluation functions

- Bayesian Information Criterion (BIC)

K K L
BIC(G: D) = -7 log, M +log, (G : D) = - log) M~ M ) H(P,rodice(P;)°)
i=1

n
K=2%_,9iri-1)
g; ...the number of unique instantiations of P; parents, 71 ...the number of variables,
7; ...the number of distinct P; values, M ...the number of observations,
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N; N,
H(P;|rodice(P;)°) = — P og 2= = — o K
l : ]=21k§1 M Nj &2 Nj; ZE M 8 N;;

N, ij --the number of samples, where parents(P;) take the j-th instantiation of values,
N ijk ---the number of samples, where P; takes the k-th value and parents(P;) the j-th instantiation of values.

+ Bayesian score

In Pr(D|G) = In | [ §(P;, rodice(P;)®)
i=1

(2, odicep) = T
i, roaice(r’;)) = —_—
8 ' =1 (Nij+ri_]-)! %

r]
=1
Dynamic Bayesian Networks (DBNs)

« the recursive definition of filtering task

Pr(Xi1leris1) = aPr(ep1| X 1) Pr(Xigler) = aPr(ep1Xiy1) E Pr(Xyq1lx) Pr(xileq.s)

Xt

X} - the set of unobservable state variables at time ¢,
E, - the set of observable evidence variables at time ¢.
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2 Description Logics

—q rule

if (C;nG)elc@

a{Cy,Cy} € L;(a) for somea € V.

then $ =SU(G'}\ (G}, whereG’ = (V;,Eg,Lg),aLlg (a) = Lg(a) U {Cy, C,) and otherwise is the same as L.

—, rule

if (C,uGy)els@

a{Cq,CylNLg(a) = @ forsomea € V.

then ' =5U{G;,G,}\ (G}, where Gapp = (VGrEGrLG(UZ)) and LG(1|2) (a) = Lg(a) U {C(y)2)} and otherwise is the same as L.

—3 rule

if (3R - C) € L;(a) and there existsno b € V such that R € L¢ (4, b) and at the same time C € L (b).

then § =SU{G'}\{G}, whereG’ = (Vg U{b}, Eq U{{a,b)},Ler)and Ly (b) = {C}, Ley (a, b) = {R} and otherwise is the same as L.

—y rule

if (VR - C) € Lg(a) and there existsno b € V; such that R € Ls(a, b) and at the same time C ¢ L (b).

then ' =5U{G'}\ (G}, whereG’ = (Vg,Eg,Lgr),aLlgr (b) = Lg(b) U {D} and otherwise is the same as L.

—c rule

if T ¢ Lg(a)for somen € V.

then $ =SU(G'}\ {G},whereG’ = (Vg, Eg,Lg), aLg (a) = Lg(a) U {T¢) and otherwise is the same as L.

3 Basics of fuzzy logic

Inverse membership
Height

Support

Core

Vertical to horizontal
Horizontal to vertical

Fuzzy inclusion
Cutworthiness
Cut-consistency

P(A;
P(A;
3.1 Negation

Fuzzy negation

Standard negation
Cosine negation
Sugeno negation
Yager negation

Non-involutive negation

Godel negation

AM) = {x € X | A(x) € M}

Height(A) = sup {a|x € A, A(x) = a}

Supp(A) = {x € X | A(x) > 0}
Core(A) = {x € X | A(x) = 1}
Ra(a) = {x € X|A(x) > a}

ta(x) = max{a € [0,1] |x € Ra(a)}
ACBifus(x) < pg(x)forallx € A

s Ay) = PRy, (@), . Ry (@)
s Ay) & PRy, (@), . Ry (@)

if@ < fthen ?ﬁ < ?a(Nl)

??a:a(Nz)

J0= l-a

aa= (cos(mtar) + 1)/2
5_| a= 114—_/[\111

aa=(1- at)yA

—=20=1and =-—=1=0(No)
o O o o
ifa < fthen :ﬁéga(Nl)

1 a=0

= a =
G 0 otherwise

3.2 Implication

General fuzzy implication
Residue implication

R-impl. properties

Standard implication

Eukasiewicz implication

Algebraic implication

S-implication
Kleene-Dienes implication

Generalized fuzzy inclusion

(x:::»y) =(x=y)onx,y e {0,1}
a%}ﬁ:sup{yla/o\y<ﬁ}
aSp=1iff a<pi
156 = f(12)

R ,. . R
@ = f isnotincreasingin «

and not decreasing in f3 (13)

1 if a<
o =R> p= <p
S B otherwise
1 if a<
a :R> B= p
L 1-a+ [ otherwise
R 1 ifa<p
A - otherwise
S

a=:>ﬁ =max(1l - a, )

ACB = inf{A(x) = B(x)| x € Al
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3.3 Conjunction

Definition

Standard c.
Eukasiewicz c.

Algebraic product

Weak conjunction

3.5 Relations
Composition

Comp. properties

First projection
Second projection
Cylindrical extension
Identity relation
Reflexivity
Symmetrictity
o-anti-symmetricity

o-transitivity

o-partial order
o-equivalence

a/o\ﬁ=ﬁ{)\ac(T1)
aABAY)=(app)Ay(T2)
if f <y then(a AB) < (aAy)I(T3)
(a/o\l):a(m
a/s\ﬁzmin(a,ﬁ)
aéﬁzmax(a+ﬁ—l,0)
app=a-p

a iff=1
av/\\]ﬁ= p ifa=1

0 otherwise

R(QS(x, z) = supyey R(x,y) A S5(y,z)
Ro(S0T) =(ROS)OT (Ca)
ROE =R, EOR=RI(C)

ROS)OT=ROT)O(SOT)(Ca)
(R(O)S)'l =1 <O>R-1 (C2)

Ro(SOT) = (RoS)O(ROT)(Cs)

RM(x) = sup, ., R(x,v)
RO(y) = sup _, R(x,y)
AX B(x,y) = A(x) A B(y)
E ={(x,x)|x € A}

ECR

R=R!

RNR'CE

RORCR

reflexive, o-transitive and o-anti-symmetric

reflexive, o-transitive and o-symmetric

3.4 Disjunction

Definition

Standard d.
Eukasiewicz d.

Algebraic sum

Weak disjunction

a\o/ﬁzﬁf/a(sﬂ
av(pVvy)=(@Vp)Vysa
if B <y then (a V ) < (V) (S3)
(@V0) = a(sq)
a\s7‘8=max(a,[3)
aV B = min(a + B, 1)
a©ﬁ=a+ﬁ—a"8

a ifp=0
av\\/fﬁ: g ifa=0

1 otherwise

4 Fuzzy description logic

non-atomic c.
L

T

A

-C

cob
ciD
C>D
IR - C
VR - C

(nC)
mod(C)

wlCl + ..+ wka

axiom
(i:Cla)
(@ )):Rla)
(CCD]|a)

(R1ERy)
(transitive R)

o)

interpretation
0

1

A7 (x)
207

7 @AD7 @

7 (x) VD7 (x)

¢/ (0= D7 ()

sup, R (x,1) A C7 (¥)
inf, R (x, ) = C7(y)
n - C(x)

mod(C” (x))
01 C7 (%) + o + 0 G (%)

satisfied if
c” (i‘f )= a
Rj(ij,jj) >a
o
CCD>za
o
v S
R{ €Rj5
R is o-transitive

Ry = (Ry)"



	Bayesian networks
	Description Logics
	Basics of fuzzy logic
	Negation
	Implication
	Conjunction
	Disjunction
	Relations

	Fuzzy description logic

