Collective behaviour

fuzzy sets
fuzzy arithmetics
fuzzy logic
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mehka logika?

regulacija sobne temperature if the temperature is just right
leave as is;

if the temperature is too cold
increase heating;

if the temperature is too hot
decrease heating;

Zapis z nastevanjem
A={12345} A=[24]

Zapis z lastnostjo
A={xeR[2<x<4)

Pripadnostna funkcija

1a:X - 0,1}
1 xeA

=10 xea
.

mm):j] iff x € [2,4]

(0 otherwise

Dobro definirani koncepti

MNOZICE

430 5 450 142 150 122 1601 142 17D 17 180 43 190 0 200 8 210 212220

short = {x € R; x < 180}
tall = {x € R;x = 180}




mehka logika

if the temperature is just right
leave as is;

if the temperature is too cold
increase heating;

if the temperature is too hot
decrease heating;

Jjustright = {x € R; 19 < x < 23}
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mehka logika
regulacija sobne temperat if the temperature is just right
leave as is;
if the temperature is too cold
increase heating;
if the temperature is too hot
decrease heating;
too cold = {x € R;x < 19}
mehka logika
regulacija sobne temperat if the temperature is just right

leave as is;

if the temperature is too cold
increase heating;

if the temperature is too hot
decrease heating;

too hot = {x € R; 23 < x}




mehka logika

regulacija sobne temperat

then

then (1
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mehka logika

regulacija sobne temperat © is too cold)

© is too hot)
ng =1

then

Pripadnostna funkcija
up:X = [0,1]
3 iffx € (23]
1p(x) ={4—x iffx €[3,4]
[ 0 otherwise

Dvoumni/nejasni koncepti
full, empty, cold, hot, ...

MEHKE
MNOzICE M A S ST S et

1 iffx <160
Ughort(¥) = § (190 — x)/30 iffx € [160,190
(; 0 otherwise




mehke mnotice

130125 980 145 150 125 160 48 170 175 160 12 190 195200

othterwise

10122 120 1 150 128 150 1 170175 150 s 150 100 20 e 210 18 220 2.

130125 950 145 150 125 160 48 17D 175 T80 12 190 195200

10122 120 1 150 18 150 1 170175 150 s 150 100 200 e 21018 220 2.
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Komplement
- 1 iffxgA
C=A x) = I
#e() 0 otherwise
Presek
1 iffreAandx€B
ANB; X

¢ i k) {o otherwise
Unija
1 iffxeAorx€eB

C=AUB -
i ) 1o otherwise

MNOZICE

Komplement

MEHKE
MNOZICE

C =A4A; pe(x) =1 — ppa(x)

0 1 170 193 150 w5 190 1 200 0 210 51 220,




Minimum
C =ANB; pc(x) =min(up(x), up(x))

Produkt
C =ANB; puclx) = pp(x)uglx)

t-norma *
C =ANB; pc(x) = pp(x) * pg(x)

Omejeni produkt
axb=max(0,a+b—1)

Drasti¢ni produkt
Presek fu iffb =1

MEHKE I e
MNOZICE
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30 125120 1 150 122 150 e 170175 180 s 130 1 200 e 210 21 220 228

Maximu
(x)
Vsota

C =AUB; puc(x) = pa(x) + pp(x) — pa(x)ug(x)

> =AUB; pc(x) = max(ua(x), g

S-norma ¢
C=AUB; () = ua(x) o up(x)

Omejena vsota
aob=min(1,a+b)

Drasticna vsota
Unija (u iffb =0

aeb=4b iffa=0

M EHKE . Ll otherwise
MNOZICE

430 2 440 142 150 12 1601 12 17D 173 160 15 190 1 200

Komutativnost
ANB=BnA, AUB=BUA

Asociativnost

An(BNnC)=(AnB)NnC, Au(BuC)=(AUuB)UC
Distributivnost

An(BuUC)=(ANnB)U(ANC), AUuBNC)=(AUB)N(AUC)
Idempotenca

AnA=A, AUA=A

Absorpcija

An(AUB) =A, AU(ANB) =A, Ang =0, AulU=U

Identieta
ANU=A, AUB=A

>
MNOZICE De Morganovo pravilo
ANB=AUB, AUB=ANnB

Pravilo izkljugitve tretjega

AUA=U

Pravilo kontradiktornosti
ANA=¢




MEHKA
STEVILA

Pripadnostna funkcija ;4 mora biti

ua(x) = (x, &, f)g =

normaln

a, Ixipua(x) =1

konveksna

odsekoma zvezna

_ L&
R[(x

-x)/a] x<X
-x)/B] x>x
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mehka aritmetika

sestevar

mnozenje

deljenje

@y Brdin + (X2, @2, B2)ip = %y + %o 00+ @2, By + Bo)ir

Gy, Budir — (o @2, Bodir = (%o = Xo, @1 + @2, By + Bodi

(@ @0 Brdir X (Fo @2, fohip = (TaXo Xata + For, %1z + TaPihin

(X ay Brdie X (a2, ohig = (%o X1z + %oy — @100, %12 + %oy — Bifodin

(1@, Brie = o,z Boun = (1o, Gactz + o) 33, GEaf + Ba1)/32)

Mehki krmilnik

FLC

—

KB

o

FUZZIFICATION
INTERFAGE

-

zZzY

PROCESS OUTPUT
& STATE

IDEFUZZIFICATION
INTERFACE

DECISION

MAKING

Losic Fuzzy

CONTROLLED ACTUAL CONTROL
SYSTEM
NONFUZZY

(PROCESS)




MnoiZice

c, g , n vy =
Logika

T, F 4 AV, =
Implikacija

ifp theng, pog=-pVva

Modus Ponens

if (x is A) then (y is B) — implikacija
(x is A) — predpostavka

(y is B) —sklep

LOGIKA STRNEETY
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Posploseni Modus Ponens

if (x is A) then (y is B) — implikacija
(xis A") — predpostavka

(yis B*) —sklep

e () = sup[up(x) * pp-p(x, ¥)]
.

Mamdani implikacija

ta-(6,y) = pa(x) * ug(y)

Minimum
a*b =min(a,b)

Produkt

axb =ab

MEHKA

LOGIKA L : :

() = sup|ua: () * (a () * pp ()] = up(¥) * suplpa: () * pa ()]

Singletone A
_ )1 x=x
Har () = {U otherwise
g+ (¥) = pup(y) * sup[pa- () * pa (0] = up(y) * pa(x’)

Mamdani implikacija

MEHKA

LOGIKA
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up(y) = S\_{l‘ﬁlu () * (ua() * up()] = up () * sup[up:(x) * ua ()]

Singletone A’
1 x=x'

1 (x) =

() {0 otherwise

tg (v) = pp(y) * suplua: (x) * ua ()] = pp(y) * pa(x)

Mamdani implikacija

MEHKA
LOGIKA

A0 2130 s 150 125 1660 65 170 173 180 85 190 125 200 25 210 315 220 125

() = sup|ua: () * (a () * pp ()] = up(¥) * suplpa: () * pa(0)]

Non-Singletone A
g+ (¥) = pup(y) * sup[pa- (x) * pa(x)]
x

A0 2130 150 125 1680 65 170 173 180 85 190 125 200 25 210 315 220 25

Mamdani implikacija

MEHKA
LOGIKA

0 e 140 14z 150 132 150 ve 70 75 180 s 100 15 200 2ce 240 v 220 08

() = sup|ua: () * (a () * pp ()] = up(¥) * suplpa: () * pa ()]

Non-Singletone A
g+ (¥) = pup(y) * sup[pa- (x) * pa ()]
x

Mamdani implikacija

MEHKA
LOGIKA




Konjunkcija

if (ais A) and (b is B) then (cis C)

mehka logika e (2) = pe(z) (WMM () * pp ()] * sup[ug+(y) w‘m(m\)
ve¢ pogojev per(2) = min(pc(2), min(ua (), ug ("))

1ih sta

vet pog
Disjunkcija

if (ais A) or (bis B) then (cis C)

te(2) = pc(z) * (\‘\m\/u () * ua(0)] o suplug: () * us(¥)1)

pe-(2) = min(pc(2), max(pp (), us(»)))

Agregacija

if (ais A) then (cis D)

if (b is B) then (cIs E)

tp+ (2) = pp(2) * suplpg: (x) * pa ()]

pg(2) = pp(2) * suplug- () * up()]

C' =D'UE

te(2) = ppr(2) © pg-(2) = max(min(up (2), ua(x)) , min(pg(2), ug ("))
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Centroid
C"=D"UVE

ue (i)
y Ziue )
Defuzifikacija
MEHKA
A Y M -

LOGIKA

Linguistic hedge

par(x) = ppa(0)*

mehka logika a =2 .."“very” (slo. zelo)
o e a =4 ... “very, very” (slo. zelo, zelo)
fersvne a =1.25 ... “plus” (slo. ve¢)
a = 0.5 ... “slightly” (slo. rahlo)

a = 0.75 ... “minus” (slo. manj)

Zadeh (1972) “intensify”
2ua(x) iff pa (x) € [0,0.5]

MG =01 01— ia ) it ua) € [05,1]
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Brain divided

© J Haworth, et al., 31/16y2Q), vimeo.com/70308089

mehka logika

regulacija sobne temperature
mehke mnoice

mehka logika

regulacija sobne temperature
mehke mnoice
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mehka logika

regula nperat i
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mehka logika

regulacija sobne temperat

jate ptic

modeliranje in simulacija

N
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jate ptic
modeliranje in simulacij v splodnem ohrani smer in hitrost leta;

eznja bl

e je sosed dovolj blizu,
ohrani smer in hitrost leta;

ce je sosed predalec in spredaj,
pospesi let;

ce je sosed predalec in kjerkoli levo ali zadaj,
se usmeri proti njemu in upocasni let;

&e je sosed predalec in kjerkoli desno ali zadaj,
se usmeri proti njemu in upocasni let.
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jate ptic
modeliranje in simulacija

Figure 5.5 The observed fuzzy animat perceives two neighbours, one of which is 80% of the visual range away with an

angular offset of ~30° (By), and the other is 60% of the visual rangs h an angular offset of —110

(Ba). An

animats | n and flight speed (bla d blue arrows,

e same flight direct
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al: if (distance is close enough

ek e

a2 (distance i too for) then

distance = 80)

Figure 5.6 Graphical representation of the evals

affset of —30°. The left

of the visual range aw. an angy

direction is keep direction)

ighbour is 80%

tion of the degrees of
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and
{ ~
H P
a6: if  (distanceis too far) and (position i left or bel
a8: if  (distanceis too far) and (position is right or behind)
dis S0 position = -30

5.7 Graph § and a8 for the

al represent

of the visual range 30°. The loft hal

truth of the fification of the outpy

wliet) fiszzy implication (peoduc

then direction is turn left

then  (direction is turs
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modeliranje in simula
1
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jate ptic

modeliranje in simulacij
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jate ptic

modeliranje in sit

jate ptic

modeliranje in sit
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jate ptic

modeliranje in simulacij
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