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Fuzzy set Probability
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NG B m lona? John 1uaugasingu 0.8
B Jjohn 1JuAu “AButN” g9

a1 0.8 frulain “Asute” Tu

A1YIYR



AR NUUNSVDIN L

B Complement D814
MA’ = 1-mA Anun 2 wan1salludaszronu

B Union (OR) B Tall \Ju fuzzy set ¥8IAINES
a1 C=AUB B Smart LU fuzzy set U9IAIIULA
MC (x) = max (MAKX), mB(x)) NAUA LA

B [ntersection (AND) B mTall John) = 0.9
0N C=AMB B mSmart (John) = 0.9

MC (x) = min (MA(x), mB(x))
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Fuzzy set

mTall John) [T mSmart (John)

= min(mTallJohn),mSmart (John))
= min(0.9, 0.9)

= UK

John Juaugaazing 110

Probability

B mTall John) [T mSmart (John)
= mTall John) * mSmart (John)
= GEF1012
— 0l

B lanai John LuAugIuazina
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Fuzzy set Probability

B mTallJohn) U mSmart(John) B mTallJohn) U mSmart(John)
= max(mTallJohn), mSmart(John)) = (mTalldohn)+mSmart(John))
= max(0.9, 0.9) - (mTallJohn)*mSmart(John))
= UK = (0.9 + 0.9) - (0.9 * 0.9) = 0.99

B John 1 JuAUEINHIBLANIN B Temail John iunugaiseins
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IF xisA THEN yis B
m Auay B LU linguistic values ﬁagﬂu fuzzy set VDI X WAy y
B if-part ¥99Ng "x is A" 1381 antecedent %38 premise (AUURAFIV)
B then-part ¥89n4) "y is B” Sl conseqguent or conclusion ({Jjaaj‘ﬂ)
) KN
binary logic: p —> g (p and g are either both true or both false.)

fuzzy logic: 0.5p — 0.5g (Partial antecedents provide partial implication.)
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B Fuzzification n1suiastoyaitn dwsu linguistic variable Tviluenszau
anuduaundnlaelvidannanaiu fuzzy set ManwuulidgnsumLUsUY

B Rule Inference N15inUayailaannTun 1 11vN15aLUUAUNFUYBING
lnggranzngianiteulunseiutayaile
B Rule Composition N15U1AIANUBTUYBINYNALIVBITREATY

B Defuzzification nsuUasAnseauauauBnnauligaanudadiu



n15Uszena b

B The Basic Tipping Problem. Given a number between 0 and 10
that represents the quality of service at a restaurant (where 10 is

excellent), what should the tip be?

B The Nonfuzzy Approach ve

Begin with the simplest possible

relationship. Suppose that the tip =
always equals 15% of the total bill.

tip = 0.15

0 > 4 5 B 10
saniice



The Nonfuzzy Approach

Now, the relationship take into account the quality of the service.

0.25
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D'DED 2 4 5 a 10
senvice



Nonfuzzy VS. Fuzzy Approach
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The Fuzzy Approach

Tipping Problem Rules — Service Factor
B [f service is poor, then tip is cheap
M [f service is good, then tip is average

B [f service is excellent, then tip is generous

Tipping Problem Rules — Food Factor
B |f food is rancid, then tip is cheap

B |f food is delicious, then tip is generous
Tipping Problem — Both Service and Food Factors

B [f service is poor or the food is rancid, then tip is cheap
M [f service is good, then tip is average

B [f service is excellent or food is delicious, then tip is generous



Fuzzy Inference Process

Dinner for Two
a 2 inpul, 1 output, 3 rule sysiem

If s=raice & poor ar food s rancsd,

Rule 1
y then 5p s cheap

Output
Tip {5-25%

Ruls 2 |fserace = good, then bp = average |

If seraice = axoellam o fosd =
delicious, han T is pensrous

Rule 3

The mputs ars crspe All riies ars Tha resuts of the The resuftiz a8
{ran-fuzzy) evaluated in paralis! rutes are combined crEn (non-fuzzyl
mumbers imited fo Lsing fuzzy and distified ALmber.

SPECHic range. rERB0NnGg. [defuzzifiad).



Fuzzy Inference Process

B Fuzzification

1. Fuzzify
inputs.

delicious

food is delicious

food = 8

input

0.7

Result of
fuzzification



Fuzzy Inference Process

B Rule Inference

1. Fuzzify
inputs.

excellent

0.0

delicious

service is excellent

or

food is delicious

service=3

input 1

food =8

input 2

2. Apply

OR operator (max).

0.7

0.0

0.7

result of
fuzzy operator



Fuzzy Inference Process

B Rule Inference

Antecedent Consequent
- 3. Apply
1. Fuezify 2. Apply Y
inputs. OR operator (ma). Implication
h Opersior (min).
‘
] J
If  senes b arslent at ot s cledrious then o = geEnemus result of
implication
service = 3 food =8

input 1 input 2



1. Fuzzify
inputs

2. Apply
OR operator
(max)

3. Apply
implication
operator (min)

Antecedent

Consequent

e N ———

If service is excellent or food is delicious then tip = generous
et i 0.7
| 0.0 |
=ervice (crisp ) food {crisp) |
P{sewice==excellenlj =43 H{food==delicious) = 0 .7
If ( 0.0 or 0.7 ) then tip = generous
0.7 > 0.7
00—
max(0.0, 0.7) = 0.7
If ( 0.7 ) then tip = generous

o7

min(0.7, generous)

I tip (fuzzy)
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Fuzzy Inference Process

B Rule Composition

a 3. Apply
1. Fuzzify inouts. A'}ur'uh' n‘ﬁ?car.un
ooerahion method {min),
{0R = maxkh|
\ \ ranci ] cheap
25 25%
service i poor food i rancid tip = chaap
: avRragag
2 [ ] ruila 3 e ] n
|'|u d&ﬂ&tlnmm'
mﬁj £ iy
! £5% 25%
service is good Hp average
axcetlent
el lows BeneToE a ‘
25% 4. Apply
| e Fenieuc [ chatleibeaiin ﬂp nnrhnrnll-!: aggrega u[:;lj.
earvice = 3 food = 8

input 1 input 2 ’_/-V-\

S Result of s
aggregaltion




Fuzzy Inference Process

B Defuzzification B Defuzzification method

B centroid (returns the center

of area under the curve)
a W bisector
B Dehazify the

aggregale output

0 ' 25%  (emnird) B middle of maximum (the
‘ fip = 16.7% average of the maximum
Resut o value of the output set)

defuzzihcaban
M largest of maximum
B The most popular method is

] . B smallest of maximum.
the centroid calculation



Fuzzy Inference Process

£ Apply
fuzzy
T, Fuzzify imputs,
t‘Dﬁ‘ marJ mmo:r |rmr1.l
1 & paor rancid ] ’ \Ghﬂﬂp |
o T 10 I | zaﬁ
| sarvice Is poar or food is rancid
: : ‘ average
2 - /\ ‘ ndo I hoa ] |
fin dependansy ! \ I \
gﬂﬂd on inpifl 2
2 ! 1
1] 10 09 25% 0% aE8e
| i sarvice is good tip = awverage
axcellent
3' delicious it ’ \ |
4. Apgy
I service ks excellent ar food = dulll:hm Hp = generous ﬁmfgﬂ
sarvice = 3 food = 8
input 1 input 2 o™
?.De\ﬁll‘y
cantr
tp = 16.7% i 250

cutput
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ﬂ@ﬁﬁa 1: IF age is young AND previous accepts are several
THEN life insurance accept is high

ﬂ{]sﬁa 2: IF age is middle-aged AND previous accepts are some
THEN life_insurance accept is moderate

ﬂ{]sﬁa 3: IF age is old AND life insurance accept is low
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B (inguistic variable & 3 AUUS
B age (young, middle age, old)
B previous accept (few, some, several)

B life insurance accept (low, moderate, high)

v A

B suUsusaven 4 fuzzy set 3 199 LU
W fuzzy set Guaﬂmqﬁaa (age = young)
B fuzzy set ¥898718NANAU (age = middle-aged)

B fuzzy set ¥89818U1N (age = old)



Degree of Membership

Degree of Membership

" Amun fuzzy set Tuguvaaiandunisiiuauninvasiwlsms 3
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anAIentieeny 33 U inealinsidnlasenis promotion Y8daa1UuNTNY
U 5 AT
B Yundun 1 Fuzzification

B uiastayaiindmsu linguistic variable lviluAnseauauduaun®n

F A A el Degree of membership
age = young 0.10
age = middle-aged 0.25
previous accepts = some 0.20

previous accepts = several 0.60
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B JunduN 2 Rule Inference

B oy utayalifungluguaug
nNU8 1: IF age is young (0.1) AND previous_accepts (0.6) are several
THEN life insurance accept is high (0.1)
AND (intersection) = min(0.1, 0.6) = 0.1
ﬂg"ﬁa 2: IF age is middle aged (0.25) AND previous accepts (0.2) are some
THEN life_insurance accept is moderate

AND (intersection) = min(0.25, 0.2) = 0.2

4%1 = V-] Y] v ¢ v < a
B nszulunsiidssulanunisaatdunsinueeilendunisiduaunidn



n13Uszenaldeanu

B Jumaun 3 Rule Composition
B 11A1AUeiureIng MigIvenmYeasy

B nszuunsiiieulaiunisthnunlansmussngianunun intersect fiu
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B Junaudl 4 Defuzzification
B nsuvdasAnsefuAnmaindnndulugaamidesiy
B nszviumsiisuldiunmsaeauddisuesiuiilingm
B aeAUaI9 (cg) = fiutsiuildns i 2 dauwig fu

4 x, A9 ANAUERIUNlARINNYT |
Zf(xi)xi
cg= = fix) @ Hantunisduaundnvesrianudetuilannng i |
2. (%) N Ag I1UIUNYMNELIVBWIMIUA
i=1

cg = [0.2 x (35+45+55)] + [0.1 x (65+75+85+95)] = 0.59
(0.2 x 3) + (0.1 x 4)

d5U anmaularnusenumeAINULeNu 59%

q Y
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B luszuusea9399 InhInuauuin
B Jgymn - anududouvainisussinanalunsiniingvaletefiaanadodny
Yoy

B 35un - YSuugestumeud 2 Rule inference

%4 1
%) o

B A9uaa) threshold [ uAISEAUANMUIUELITNYUAT
B unungniianuetuninnd threshold wintiuingnilulgludu
walu

B 91UUNHaNAS
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Joum — UseliiuseauanuLdsslulAsan1swaLnanaLls

B i input 2 1 AB project funding W@z project staffing

B 190U project funding Usgneaumie inadequate, marginal, adequate
B nVad project staffing Usgnaume small Lag large.

Nl 3 U9

B |f project funding is adequate or project staffing is small then risk is low.

B |f project funding is marginal and project stajfing is large then risk

is normal.

B |f project funding is inadequate then risk is high.
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lane

B auufinlasen1sudladl project funding =35% Wwag project staffing = 60%

RUTLLHUTZAUANULFLIUDILATINITH

[Mfunding=inadequate(35)=0.5
[Mfunding=marginal(35) =0.2
[funding=adequate(35) =0.0

cry Inadeguate

Prajact Funding
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Small
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Project Staffing

[staffing=smail(60)=0.1
[staffing=large(60)=0.7
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