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Fuzzy logic

m Lotfi Zadeh
m Concept: truth values may apply partially

m Not able to express uncertainty (rather
truthfulness)

m Logical statements are derived from
natural language statements
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Fuzzy sets

m Sets are identified by linguistic identifiers
“tall”, “young”, “bigger”
m Grade of membership
plz) . zell | 0< p(x) <1
m Fuzzy set A

A={{x, plx))} = o, pw(e)), (e plag)), oo (o, plan)) )
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Membership function

m Age — “young”
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Types of membership functions

m Piecewise linear
Straight lines (increasing, decreasing)

Linear curves

!/ -curve

degree of membership
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Types of membership functions

m Smooth curves

S-curve
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(xo.bx) = 3+ yeos(T52n) <r <+t

' ,I

m-curve

Smooth curves

S -curve X - Curve

dagree of membership




" JEE
Operations

Given A = {(x, pa(z))} and B = {{y, ug(y))} on a joint
universe U.

e fuzzy union: AUB = Aor B2 Amax B
pavp(x) = max(pa(x), pplx)) forallx e U

e fuzzy intersection: AnB =4 and B2 A min B
pang(r) = min(pa(x), pplx)) forallz e U

e fuzzy complement: -4 =notA 21— A4
fimalx) =1 — pa(ax) forallz e U

Fuzzy intersection

m Universe (cylinder capacity): {7 = {1.0. 1.2, 1.4. 1.6, 1.5, 2.0}

« low consumption (LC)
v |10 |12 |14 |18 |18 |20
pee |10 |09 |07 Jos |o2 ]oo

« high acceleration (HA)

t 10 |12 |14 |16 |18 |20
uaa |00 |01 |04 [05 |[o8 1.0

low consumption and high acceleration

( 1.0 12 14 16 |18 20
nLc 1.0 0.9 0.7 05 |02 0.0
HHA 0.0 01 04 0.5 0.8 1.0
min{pre, pga) | 00 01 04 05 | 0.2 00




Operations on fuzzy sets

fuzzy AND fuzzy OR
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Algebraic properties

m Commutativity
aorb=bora
aandb=banda
m Associativity
(aorb)orc=aor(borc)
(aand b) and c =a and (b and c)
m Distributivity
aor(bandc)=(aorb)and (borc)
aand (b or c)=(aandb) or (b and c)
m DeMorgan rules
not (a and b) = ( not a) or ( not b)
not (a or b) = ( not a) and ( not b)
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Algebraic properties

m Absorption
(a@aandb)ora=a
(aorb)anda=a

m [dempotency
aora=a
aanda=a

m Exclusion (not satisfied)
aorTa=zl
aand a=0

Linguistic modifiers

m Approximation of Fuzzy Sets: scalar — fuzzy
set, modifying the "base" of a fuzzy set

about, around, near and close to

m Restriction of Fuzzy Sets: modifying the shape

below and above

m Intensification and Dilution of Fuzzy Sets
intensification: very (n = 2) and extremely (n = 3)
dilution: somewhat (n = 1/2) and greatly (n = 5/7)

op ilat = i)
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Linguistic modifiers

m Graphical representation

of mambership

oegree




