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Collective behaviour

fuzzy sets
fuzzy arithmetics

fuzzy logic

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;

regulacija sobne temperature 

MNOŽICE

Zapis z naštevanjem
𝐀 = 1,2,3,4,5 ; 𝐀 = [2,4]

Zapis z lastnostjo
𝐀 = 𝑥 ∈ ℝ 2 ≤ 𝑥 ≤ 4}

Pripadnostna funkcija
𝜇𝐀: 𝐗 → {0,1}

𝜇𝐀 𝑥 = ቊ
1 𝑥 ∈ 𝐀
0 𝑥 ∉ 𝐀

𝜇𝐀 𝑥 = ቊ
1 iff 𝑥 ∈ [2,4]
0 otherwise

Dobro definirani koncepti

𝐬𝐡𝐨𝐫𝐭 = {𝑥 ∈ ℝ; 𝑥 < 180}
𝐭𝐚𝐥𝐥 = {𝑥 ∈ ℝ; 𝑥 ≥ 180}



10/26/2018

2

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;

regulacija sobne temperature 

𝑗𝑢𝑠𝑡 𝑟𝑖𝑔ℎ𝑡 = {𝑥 ∈ ℝ; 19 ≤ 𝑥 ≤ 23}

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;

regulacija sobne temperature 

𝑡𝑜𝑜 𝑐𝑜𝑙𝑑 = {𝑥 ∈ ℝ; 𝑥 < 19}

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;

regulacija sobne temperature 

𝑡𝑜𝑜 ℎ𝑜𝑡 = 𝑥 ∈ ℝ; 23 < 𝑥
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mehka logika

if (temperature > 12)&&(temperature < 19) 
then (heating += 1),

if (temperature > 23)&&(temperature < 32) 
then (heating -= 1).

regulacija sobne temperature 

mehka logika

if (temperature is too cold) 
then (heating += 1),

if (temperature is too hot) 
then (heating -= 1).

regulacija sobne temperature 

MEHKE
MNOŽICE

Pripadnostna funkcija
𝜇𝐅: 𝐗 → [0,1]

𝜇𝐅 𝑥 = ቐ
𝑥 − 3 iff 𝑥 ∈ [2,3]

4 − 𝑥 iff 𝑥 ∈ [3,4]
0 otherwise

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

𝜇𝐬𝐡𝐨𝐫𝐭(𝑥) = ቐ
1 iff 𝑥 < 160

Τ190 − 𝑥 30 iff 𝑥 ∈ [160,190]
0 otherwise
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mehke množice

singletone

trikotna

trapezoidna

gausova

TRI 𝑙, 𝑚, 𝑟 ; 𝜇𝐅(𝑥) =

𝑥 − 𝑙

𝑚 − 𝑙
𝑥 ≤ 𝑚

𝑟 − 𝑥

𝑟 −𝑚
𝑥 > 𝑚

0 othterwise

S 𝑚 ; 𝜇𝐅 𝑥 = ቊ
1 𝑥 = 𝑚
0 othterwise

TRAP 𝑙,𝑚𝑙,𝑚𝑟, 𝑟 ; 𝜇𝐅(𝑥) =

𝑥 − 𝑙

𝑚𝑙 − 𝑙
𝑥 < 𝑚𝑙

𝑟 − 𝑥

𝑟 −𝑚𝑟
𝑥 > 𝑚𝑟

1
0

𝑚𝑙 ≤ 𝑥 ≤ 𝑚𝑟
othterwise

G 𝜎𝑙 ,𝑚, 𝜎𝑟 ; 𝜇𝐅(𝑥) =
𝑒
−

𝑥−𝑚 2

2𝜎𝑙
2

𝑥 ≤ 𝑚

𝑒
−

𝑥−𝑚 2

2𝜎𝑟
2

𝑥 > 𝑚

MNOŽICE

Komplement

𝐂 = 𝐀; 𝜇𝐂 𝑥 = ቊ
1 iff 𝑥 ∉ 𝐀
0 otherwise

Presek

𝐂 = 𝐀 ∩ 𝐁; 𝜇𝐂 𝑥 = ቊ
1 iff 𝑥 ∈ 𝐀 and 𝑥 ∈ 𝐁
0 otherwise

Unija

𝐂 = 𝐀 ∪ 𝐁; 𝜇𝐂 𝑥 = ቊ
1 iff 𝑥 ∈ 𝐀 or 𝑥 ∈ 𝐁
0 otherwise

MEHKE
MNOŽICE

Komplement
𝐂 = 𝐀; 𝜇𝐂 𝑥 = 1 − 𝜇𝐀 𝑥
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MEHKE
MNOŽICE

Presek

Minimum
𝐂 = 𝐀 ∩ 𝐁; 𝜇𝐂 𝑥 = min 𝜇𝐀 𝑥 , 𝜇𝐁 𝑥

Produkt
𝐂 = 𝐀 ∩ 𝐁; 𝜇𝐂 𝑥 = 𝜇𝐀 𝑥 𝜇𝐁 𝑥

t-norma ⋆
𝐂 = 𝐀 ∩ 𝐁; 𝜇𝐂 𝑥 = 𝜇𝐀 𝑥 ⋆ 𝜇𝐁 𝑥

Omejeni produkt
𝑎 ⋆ 𝑏 = max(0, 𝑎 + 𝑏 − 1)

Drastični produkt

𝑎 ⋆ 𝑏 = ቐ
𝑎 iff 𝑏 = 1
𝑏 iff 𝑎 = 1
0 otherwise

MEHKE
MNOŽICE

Unija

Maximum
𝐂 = 𝐀 ∪ 𝐁; 𝜇𝐂 𝑥 = max 𝜇𝐀 𝑥 , 𝜇𝐁 𝑥

Vsota
𝐂 = 𝐀 ∪ 𝐁; 𝜇𝐂 𝑥 = 𝜇𝐀 𝑥 + 𝜇𝐁 𝑥 − 𝜇𝐀 𝑥 𝜇𝐁 𝑥

s-norma ⋄
𝐂 = 𝐀 ∪ 𝐁; 𝜇𝐂 𝑥 = 𝜇𝐀 𝑥 ⋄ 𝜇𝐁 𝑥

Omejena vsota
𝑎 ⋄ 𝑏 = min 1, 𝑎 + 𝑏

Drastična vsota

𝑎 ⋄ 𝑏 = ቐ
𝑎 iff 𝑏 = 0
𝑏 iff 𝑎 = 0
1 otherwise

MNOŽICE

Komutativnost
𝐀 ∩ 𝐁 = 𝐁 ∩ 𝐀, 𝐀 ∪ 𝐁 = 𝐁 ∪ 𝐀

Asociativnost
𝐀 ∩ 𝐁 ∩ 𝐂 = 𝐀 ∩ 𝐁 ∩ 𝐂, 𝐀 ∪ 𝐁 ∪ 𝐂 = 𝐀 ∪ 𝐁 ∪ 𝐂

Distributivnost
𝐀 ∩ 𝐁 ∪ 𝐂 = 𝐀 ∩ 𝐁 ∪ 𝐀 ∩ 𝐂 , 𝐀 ∪ 𝐁 ∩ 𝐂 = 𝐀 ∪ 𝐁 ∩ 𝐀 ∪ 𝐂

Idempotenca
𝐀 ∩ 𝐀 = 𝐀, 𝐀 ∪ 𝐀 = 𝐀

Absorpcija
𝐀 ∩ 𝐀 ∪ 𝐁 = 𝐀, 𝐀 ∪ 𝐀 ∩ 𝐁 = 𝐀, 𝐀 ∩ ∅ = ∅, 𝐀 ∪ 𝕌 = 𝕌

Identieta
𝐀 ∩ 𝕌 = 𝐀, 𝐀 ∪ ∅ = 𝐀

De Morganovo pravilo
𝐀 ∩ 𝐁 = 𝐀 ∪ 𝐁, 𝐀 ∪ 𝐁 = 𝐀 ∩ 𝐁

Pravilo izključitve tretjega
𝐀 ∪ 𝐀 = 𝕌

Pravilo kontradiktornosti
𝐀 ∩ 𝐀 = ∅
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MEHKA
ŠTEVILA

Pripadnostna funkcija 𝜇𝐀 mora biti

normalna, ∃𝑥: 𝜇𝐀 𝑥 = 1

konveksna

odsekoma zvezna

𝜇𝐀 𝑥 = 𝑥, 𝛼, 𝛽 𝐿𝑅 = ൝
𝐿[(𝑥 − 𝑥)/𝛼] 𝑥 < 𝑥

𝑅[(𝑥 − 𝑥)/𝛽] 𝑥 > 𝑥

mehka aritmetika

seštevanje

odštevanje

množenje

deljenje

𝑥1, 𝛼1, 𝛽1 𝐿𝑅 + 𝑥2, 𝛼2, 𝛽2 𝐿𝑅 = 𝑥1 + 𝑥2, 𝛼1 + 𝛼2, 𝛽1 + 𝛽2 𝐿𝑅

− 𝑥1, 𝛼1, 𝛽1 𝐿𝑅 = −𝑥1, 𝛼1, 𝛽1 𝐿𝑅

𝑥1, 𝛼1, 𝛽1 𝐿𝑅 − 𝑥2, 𝛼2, 𝛽2 𝐿𝑅 = 𝑥1 − 𝑥2, 𝛼1 + 𝛼2, 𝛽1 + 𝛽2 𝐿𝑅

𝑥1, 𝛼1, 𝛽1 𝐿𝑅 × 𝑥2, 𝛼2, 𝛽2 𝐿𝑅 ≈ 𝑥1𝑥2, 𝑥1𝛼2 + 𝑥2𝛼1 − 𝛼1𝛼2, 𝑥1𝛽2 + 𝑥2𝛽1 − 𝛽1𝛽2 𝐿𝑅

𝑥1, 𝛼1, 𝛽1 𝐿𝑅 × 𝑥2, 𝛼2, 𝛽2 𝐿𝑅 ≈ 𝑥1𝑥2, 𝑥1𝛼2 + 𝑥2𝛼1, 𝑥1𝛽2 + 𝑥2𝛽1 𝐿𝑅

𝑥1, 𝛼1, 𝛽1 𝐿𝑅 ÷ 𝑥2, 𝛼2, 𝛽2 𝐿𝑅 ≈ 𝑥1/𝑥2, 𝑥1𝛼2 + 𝑥2𝛼1 /𝑥2
2
, 𝑥1𝛽2 + 𝑥2𝛽1 /𝑥2

2

𝐿𝑅

FLC
Mehki krmilnik
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LOGIKA

Množice
⊆, ⊈, , ∩, ∪, =

Logika
T, F, ¬, ∧, ∨, ≡

Implikacija
if 𝑝 then 𝑞, 𝑝 → 𝑞 ≡ ¬𝑝 ∨ 𝑞

Modus Ponens
if 𝑥 is 𝐀 then 𝑦 is 𝐁 – implikacija

𝑥 is 𝐀 – predpostavka

𝑦 is 𝐁 – sklep

𝑝 𝑞 𝑝 → 𝑞

T T T

T F F

F T T

F F T

MEHKA 
LOGIKA

Posplošeni Modus Ponens
if 𝑥 is 𝐀 then 𝑦 is 𝐁 – implikacija

𝑥 is 𝐀∗ – predpostavka
𝑦 is 𝐁∗ – sklep

𝜇𝐁∗ 𝑦 = sup
𝑥
[𝜇A∗ 𝑥 ⋆ 𝜇𝐀→𝐁(𝑥, 𝑦)]

Mamdani implikacija
𝜇𝐀→𝐁 𝑥, 𝑦 = 𝜇𝐀 𝑥 ⋆ 𝜇𝐁(𝑦)

Minimum
𝑎 ⋆ 𝑏 = min 𝑎, 𝑏

Produkt
𝑎 ⋆ 𝑏 = 𝑎𝑏

𝜇𝐀 𝑥 𝜇𝐁 𝑦 min 𝜇𝐀 𝑥 , 𝜇𝐁 𝑦 𝜇𝐀 𝑥 𝜇𝐁 𝑦

1 1 1 1

1 0 0 0

0 1 0 0

0 0 0 0

MEHKA 
LOGIKA

Mamdani implikacija

𝜇𝐁∗ 𝑦 = sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋆ 𝜇𝐁 𝑦 =𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

Singletone 𝐀∗

𝜇𝐀∗ 𝑥 = ቊ1 𝑥 = 𝑥′
0 otherwise

𝜇𝐁∗ 𝑦 = 𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 = 𝜇𝐁 𝑦 ⋆ 𝜇𝐀 𝑥′
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MEHKA 
LOGIKA

Mamdani implikacija

𝜇𝐁∗ 𝑦 = sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋆ 𝜇𝐁 𝑦 =𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

Singletone 𝐀∗

𝜇𝐀∗ 𝑥 = ቊ1 𝑥 = 𝑥′
0 otherwise

𝜇𝐁∗ 𝑦 = 𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 = 𝜇𝐁 𝑦 ⋆ 𝜇𝐀 𝑥′

MEHKA 
LOGIKA

Mamdani implikacija

𝜇𝐁∗ 𝑦 = sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋆ 𝜇𝐁 𝑦 =𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

Non-Singletone 𝐀∗

𝜇𝐁∗ 𝑦 = 𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

MEHKA 
LOGIKA

Mamdani implikacija

𝜇𝐁∗ 𝑦 = sup
𝑥

𝜇A∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋆ 𝜇𝐁 𝑦 =𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

Non-Singletone 𝐀∗

𝜇𝐁∗ 𝑦 = 𝜇𝐁 𝑦 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥
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mehka logika

Konjunkcija
if 𝑎 is 𝐀 𝐚𝐧𝐝 𝑏 is 𝐁 then 𝑐 is 𝐂

𝜇𝐂∗ 𝑧 = 𝜇𝐂 𝑧 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋆ sup
𝑦

𝜇𝐁∗ 𝑦 ⋆ 𝜇𝐁 𝑦

𝜇𝐂∗ 𝑧 = min 𝜇𝐂 𝑧 ,min 𝜇𝐀 𝑥′ , 𝜇𝐁 𝑦′

Disjunkcija
if 𝑎 is 𝐀 𝐨𝐫 𝑏 is 𝐁 then 𝑐 is 𝐂

𝜇𝐂∗ 𝑧 = 𝜇𝐂 𝑧 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥 ⋄ sup
𝑦

𝜇𝐁∗ 𝑦 ⋆ 𝜇𝐁 𝑦

𝜇𝐂∗ 𝑧 = min 𝜇𝐂 𝑧 ,max 𝜇𝐀 𝑥′ , 𝜇𝐁 𝑦′

Agregacija
if 𝑎 is 𝐀 then 𝑐 is 𝐃
if 𝑏 is 𝐁 then 𝑐 is 𝐄

𝜇𝐃∗ 𝑧 = 𝜇𝐃 𝑧 ⋆ sup
𝑥

𝜇𝐀∗ 𝑥 ⋆ 𝜇𝐀 𝑥

𝜇𝐄∗ 𝑧 = 𝜇𝐄 𝑧 ⋆ sup
𝑦

𝜇𝐁∗ 𝑦 ⋆ 𝜇𝐁 𝑦

𝐂∗ = 𝐃∗ ∪ 𝐄∗

𝜇𝐂∗ 𝑧 = 𝜇𝐃∗ 𝑧 ⋄ 𝜇𝐄∗ 𝑧 = max min 𝜇𝐃 𝑧 , 𝜇𝐀 𝑥′ ,min 𝜇𝐄 𝑧 , 𝜇𝐁 𝑦′

več pogojev

več pogojnih stavkov

MEHKA 
LOGIKA

Defuzifikacija

Centroid
𝐂∗ = 𝐃∗ ∪ 𝐄∗

𝑦 =
σ𝑖 𝑦𝑖 𝜇𝐂∗ 𝑦𝑖
σ𝑖 𝜇𝐂∗ 𝑦𝑖

Center-of-sums
𝜇𝐂∗ 𝑦 = 𝜇𝐃∗ 𝑦 + 𝜇𝐄∗ 𝑦

Height defuzifier

mehka logika

Linguistic hedge
𝜇𝐀∗ 𝑥 = 𝜇𝐀 𝑥 𝛼

𝛼 = 2 … “very” (slo. zelo)
𝛼 = 4 … “very, very” (slo. zelo, zelo)

𝛼 = 1.25 … “plus” (slo. več)
𝛼 = 0.5 … “slightly” (slo. rahlo)
𝛼 = 0.75 … “minus” (slo. manj)

…

Zadeh (1972) “intensify”

𝜇𝐀∗ 𝑥 = ቐ
2𝜇𝐀(𝑥) iff 𝜇𝐀 𝑥 ∈ [0,0.5]

1 − 2 1 − 𝜇𝐀 𝑥
2

iff 𝜇𝐀 𝑥 ∈ [0.5,1]

naravni jezik
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Brain divided

© J Haworth, et al., goo.gl/l6y2Ql, vimeo.com/70308089

mehka logika

if (temperature is just right) 
then (heating is as is),

if (temperature is too cold) 
then (heating is increase),

if (temperature is too hot) 
then (heating is decrease).

regulacija sobne temperature 

mehke množice

mehka logika

if (temperature is just right) 
then (heating is as is),

if (temperature is too cold) 
then (heating is increase),

if (temperature is too hot) 
then (heating is decrease).

regulacija sobne temperature 

mehke množice
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mehka logika

if (temperature is just right) 
then (heating is as is),

if (temperature is too cold) 
then (heating is increase),

if (temperature is too hot) 
then (heating is decrease).

temperature = 18.7

regulacija sobne temperature 

mehke množice
mehko sklepanje

mehka logika

regulacija sobne temperature 

mehke množice
mehko sklepanje

if (temperature is just right) 
then (heating is as is),

if (temperature is too cold) 
then (heating is increase),

if (temperature is too hot) 
then (heating is decrease).

temperature = 18.7
=> heating += 1.45

jate ptic

modeliranje in simulacija

težnja bližine
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jate ptic

v splošnem ohrani smer in hitrost leta;

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

če je sosed predaleč in spredaj,
pospeši let;

če je sosed predaleč in kjerkoli levo ali zadaj,
se usmeri proti njemu in upočasni let;

če je sosed predaleč in kjerkoli desno ali zadaj,
se usmeri proti njemu in upočasni let.

modeliranje in simulacija

težnja bližine

jate ptic

if (distance is too far) 
then (flight speed is keep speed),

if (distance is too far) 
then (flight direction is keep direction),

if (distance is close enough) 
then (flight speed is keep speed),

if (distance is close enough) 
then (flight direction is keep direction),

if (distance is too far) and (position is in front) 
then (flight speed is accelerate),

if (distance is too far) and (position is left or behind) 
then (flight speed is decelerate),

if (distance is too far) and (position is left or behind) 
then (flight direction is turn left),

if (distance is too far) and (position is right or behind) 
then (flight speed is decelerate),

if (distance is too far) and (position is right or behind) 
then (flight direction is turn right).

modeliranje in simulacija

težnja bližine
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jate ptic

modeliranje in simulacija

težnja bližine

jate ptic

modeliranje in simulacija

težnja bližine
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jate ptic

modeliranje in simulacija

težnja bližine

jate ptic

modeliranje in simulacija

težnja razdalje

jate ptic

modeliranje in simulacija

težnja usklajenosti
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jate ptic

modeliranje in simulacija


