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I. Fuzzy Basic Arithmetics
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Membership Function

In Fuzzy logic the probability of ”how likely A is true’ is called membership value of A and expressed as
pa. E.g., assuming A = "beer is cold,” pa = 1 when temperature of beer is 5°C, while p4 = 0.5 when

temperature of beer is 10°C, and pg = 0 when temperature of beer is 15°C.

u {temperature)
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Other types of Membership Function

{all real much smaller than 10}

Hs(x)
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{All real close to 12}
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AND and OR

Membership of A AND B and A OR B are given, respectively, as
pranp(z) = min{pa(z), pp(z)}

and

pravp(z) = max{pa(z), pp(z)}
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AND and OR - Crisp/Fuzzy

A: xisclose to 4

B:xiscloseto 5

A AND B

AORB
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Cold Beer

cold worm
()
cold very cold notso very worm

o} 5 10 1.5

%
Temperature (“¢ )



(Contemporary Data Processing Technology (CCOD))

Membership of AND & OR

xiscloseto4 / % Xiscloseto5

/\x is close to 4 AND §

3 4 5 6
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Young & Tall
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A representation of Membership of Young AND Tall
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IF-THEN

Membership of I[F' A THEN B has proposed by many but here we use this Larsen’s proposal.
4 5(2) = a(z) % ()

11



(Contemporary Data Processing Technology (CCOD)) 12

4. De-fuzzification

When A has some different possibility, we determine most possible value of A by calculating the center of
gravity of these membership values.
Yoiba; X (@ —x;) =0
E.g.

\
8 8 8 8 gg

0 1 2 3 4 5 6 7 8 9 10

A{X-1)+2(X-2)+3(X-3)+2({X-7)+(x-9)+13(x-10) = 0
33x = 242
X =7.33
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II. Fuzzy Controller

13



(Contemporary Data Processing Technology (CCOD)) 14

Controll two metro cars
Let’s create a virtual metro system with 2 cars on a loop line with 1000 pixels. Each car has a pair of 3
parameters of speed x, distance to the car in front y and strength of brake z.




(Contemporary Data Processing Technology (CCOD)) 15

Membership function of Speed, Distance and Brake assumed here.

speed distance brake
very slow  mediurn very fast very short  mediur very long very weak mediun very strong
s slow fast WL short long U8 weak strong
1.00 1.00
0.75 0.75
0.50 0.50
0.25 0.25
X 1
0 0 150 300 450 600 750 900 T 0 1.5 3.0 45 6.0 75 9.0

Y max = 1000



(Contemporary Data Processing Technology (CCOD)) 16

Membership value of a rule with specific speed, distance and brake.

E.g.
The membership value below implies how this brake = 4 will be likely
when speed = 7 and distance = 500 under the rule below.

IF x = slow AND y = long THEN z = weak
Assume now x =7,y =500, z=4

Then the membership value of this rule is = (0.72 + 0.35) x 0.31 = 0.3317

speed distance brake
very slow 17 Y very fast very short  rmediur very long very weak mediurr very strong
" slow fast V0 short long V0 weak strong
1.00 1.00
0.75 Q.75 A4 Ao
0.50 0.50 | oo YoM N
0.25 025 ---mmngebee A /
% 1 1 1
o] o 150 300 450 600 750 900 T o] 15 3.0 45 60 75 9.0

¥ max = 1000
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An example of Membership value of one rule

Membership value of brake = 0,1,2,3,4,5,6,7,8,9 when speed = 20 and distance = 650 under the rule
IF speed = medium AND distance = long THEN brake = medium.

Rualae: IT Spoaadcd is rmacdiarn., distamnces Is IOrmnocg. thern roaoamkk Is

Spaada | moawaa Cistom o = | Anaa =T | Peamaw =t T ]
¥ ¥ o> ¥

J
J
J

[SE=a]

¥, > (& B = > o LS5
= = =T o 1 =3 =3
= L= = =t=T=] L = L= (=1
=y Lo s £35S0 [ e > =) (=)
“ac» o» ERsTeTe] «» = «» (=3

From the work by Korol Andrey (2015 Fall)
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Membership value of two rules
Error included below. Later will be corrected.

IF x = slow AND y = long THEN z = weak

Assumenowx=7,y=500,z2=4

speed distance brake
very slow medium  very fast very short medium  very long very weak medium  very strong
1) slow fast 1} short long 1} weak slrong
1.00 1.00 e s s e

0.75 0.75 - weedooafo s _____________________

0.50 DBt Bebnn s

0.25

L ATRIRNE 4 Pl A8 &
VY ¥ .
0 150 300 450 600 750 900 T 0 15 30 45 60 75 90

Y max = 1000

Then the membership value of this rule is # (0.72 + 0.35) x 0.31 = 0.3317
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Membership value of 3 rules for a pair of speed & distance

Rule 1: F x=medium AND y=small THEN z=strong | Rule 2 F x=medium AND y=medium THEN zzmedium |  Rule 3: IF x=medium AND y=large THEN z=waek

ax of rules

From the work by Yulia Bogutskaya (2016 Fall)
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Defuzzified value of break for a pair of a speed and a distance
Speedis very slow AND Distance is very short THEN | Speed is very slow AND Distance is short THEN Brake is | Speed is medium ANDiDistance is short THEN Brake is
Brake is strong strong very strong
Speed |Distance| Brake w1 Speed w1 Distance w1 Brak w2 Speed w2 Distance 3 Brakd u3 Speed w3 Distance u3 Brake | Result
0 150 0 1) 04 0 3 0§ 0 0 0.6 0
0 150 i 1 0.4 0 1 0.6 0 1 0.6 D
1] 150 2 1 0.4 0 1 0.6 0 0 0.6 0
0 150 3 1 0.4 0 1 0.6 0 0 0.6 0
0 150 4 i 0.4 0 1 06 0 1] 0.6 0
0 150 5 o 0.4 0 il 0.6 0 1 0.6 {
] 150 8 1 04 0.5 1 0.6 0.5 0 0.6 0
0 150 i 1 04 1 1 0.6 1 0 0.6 0
0 150 3 4 0.4 0.5 3| 0§ 0.5 1 0.6 0.5
0 150 g i 0.4 0 1 0.6 0 I 06 1
Center of gravity (Brake =7)
07
06
05
04
03
02 —
01 — —
0

1

2

3 4 g 6 7 ]

a

From the work by Kuchur Alexander (2015 Fall)
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Membership value of 3 rules for 3 pairs of speed & distance

e ey Rule 1: IF x=medium AND y=small THEN z=strong Rule 2: IF AND y THEN Rule 2: IF x=medium AND y=large THEN z=wesk
mSp1 | mDsi mBri wer | mSpz | mbsz mBe2 S| moSp2 | mbDsa mBra

© 0.75 © © 0 0.75 0.5 © 0 075 0.5 ©

1 0.75 a a a 0.75 0.5 a a 0.75 0.5 a

= 0.75 0 0 0 0.75 0.5 0 ] 0.75 0.5 0.25

£ 0.75 a a a 0.75 0.5 a a 0.75 0.5 1

= 0.75 0 0 ] 0.75 0.5 0.75 0.375 0.75 0.5 0.25
11,00 | 500.00 5 0.75 0 0.3 0 0.75 0.5 0.75 0.375 0.75 0.5 0

[} 0.75 a 1 a 0.75 0.5 a a 0.75 0.5 a

7 0.75 0 0.3 ] 0.75 0.5 0 o 0.75 0.5 0

) 0.75 a a a 0.75 0.5 a a 0.75 a.5 a

El 0.75 0 0 0 0.75 0.5 0 0 0.75 0.5 0

10 0.75 [ 0 ] 0.75 0.5 0 ] 075 0.5 0

a 0.75 a a a 0.75 0,25 a a 0.75 0.75 a

T 0.75 0 0 0 0.75 0.25 0 0 0.75 0.75 0

2 0.75 a a a 0.75 0,25 a a 0.75 0.75 0.25 0.1875

3 0.75 0 0 0 0.75 0.25 0 o 0.75 0.75 T :

4 0.75 a a a 0.75 0,25 0.75 0.1875 0.75 0.75 0.25 0.1875
11,00 550,00 5 0.75 a 0.2 a 0.75 0.25 0.75 0.1875 0.75 0.75 a

c 0.75 0 1 0 0.75 0.25 0 ] 0.75 0.75 0

¥ 0.75 a 0.2 a 0.75 0.25 a a 0.75 0.75 a

8 0.75 0 0 0 0.75 0.25 0 0 0.75 0.75 0

2 0.75 a a a 0.75 0,25 a a 0.75 0.75 a

10 0.75 a a a 0.75 0.25 a a 0.75 0.75 a

0 0.75 © © 0 0.75 0 © 0 075 T ©

1 0.75 a a a 0.75 a a a 0.75 1 a

= 0.75 0 0 0 0.75 0 0 ] 0.75 i 0.25 01875

3 0.75 a a a 0.75 a a a 0.75 1 1 .

£l 0.75 0 0 0 0.75 0 0.75 o 0.75 T 0.35 01875
11,00 | &00.00 5 0.75 0 0.3 0 0.75 0 0.75 0 0.75 i 0

[} 0.75 a 1 a 0.75 a a a 0.75 1 a

= 0.75 0 0.3 o 0.75 0 0 o 0.75 T 0

) 0.75 a a a 0.75 a a a 0.75 1 a

E) 0.75 0 0 ] 0.75 0 0 o 0.75 T 0

10 0.75 o 0 ] 0.75 0 o ] 0.75 T 0

From the work by Yulia Bogutskaya (2016 Fall)
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Too small to be visible but all combination of speed, distance and brake.

Membership function of 25 rules

T
1
|

From the work by Lishko Aleksandr (2016 Fall)

22
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6. 3-D bar-graph of speed-distance-brake with 25 rules

DISTANCE

From the work by Bokhanov Evgenii (2015 Fall)

23
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3-D surface of speed-distance-brake with limited domain

An example of how to draw for a fixed speed and three diferent value of distances

Distance Speed Bralke [N E=54 Zenter of grawvity Final brake
<00 1=2 o o =
400 1=2 -1 o = =
400 1= = o = =+,
<400 1= = o.25 e <.
<400 1= =+ 0.5 i . 4
400 12 = 0,25 = £,
400 1=2 (=3 0.3333233 s =
<400 1=2 Ed 0156667 i =1
100 12 = o e e v = =
400 1=2 (=] o il n - - N o =
<00 1= 10 o =t
400 =24 o o 7
400 24 1 o i
200 =24 = o ' G
400 =2a he o 7
400 = 3 o T
00 =24 = 0,333333 | 5 3 i
400 =24 = 0. 556667 e 1 s
400 24 Ed 0.3233233 o 1 4
400 =24 = 0, 333333 = ] = = - = = e = = e &
<00 =24 = 0,333333 s
400 24 10 0,.3233333 I
400 25 o o =
<00 26 A1 (u} L =
200 =6 = o o 5 S,
400 365 = =] = a,
200 =5 t o 2 =
400 35 = O555556 = | S,
<00 25 =] o 111111 = I =,
400 26 7 L e o = M 1 =,
<00 25 = 0,.8558282 o = = = = = Ed 3 = 1o s,
<00 25 = 0.555559 =,
400 365 10 0.ss8s8889 (=

From the work by Bokhanov Evgenii (2015 Fall)

DODODO 00T HHN WL LN LY WD DDD 0D
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3-D surface of speed-distance-brake with limited domain (continued)

Cistaarmc = E=H =N S| Fimnaal Braks
T O == =5
1 A = =
i ] == = _
= -+ = =
=100 = [
= == =
= == ==
e E e E | = =
A == =S
B e i | = =L =
e e B e | = Fr——
e | | = ==
s e i | = =
=i = e
s e o | == = _ -1
= T = = _ =
A0 = =
= == e
g e | = g BEr =
o & L | = =g =2
A = L= = _
bl | == -1 =
=Aaa =1 =1
OO == =
L= Bl B | 1= =
=1 o | | = =
L= N o | == =

From the work by Bokhanov Evgenii (2015 Fall)
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A 3-D surface of speed-distance-brake over whole domain

98 points in 3D coordinate

Erake

oo 1000 a

From the work by Yulia Bogutskaya (2016 Fall)

26
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Another 3-D surface of speed-distance-brake over whole domain

Z{De-fuzzified braks)

15 on 1000 ¥ (Distance)

From the work by Kolesnikov Dmitry (2016 Fall)

27
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7. Control metros by 3-D surface of speed-distance-brake

From the work by Muzyka Aleksandr (2016 Fall)

28
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III. Fuzzy Classification

29
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An example of classification - 3 families of fish

bl |

30
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R
R-

Rules to classify as an example

IE 2%
IF X,
E Xy

medium AND X o

small

large

AND X o

AND X o

small

THEN A

medium THEN B

small

HE 0 =1 B o

31
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Memership function for the size of two parts

(& - avg)’
std?

}

p(x) = exp{—

small

medium large

32
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How to estimate avg and std from dataset
How we specify avg and std for each of membership function from dataset given?

Algorithm 1
1. Select mazimum data + minimum data + other randomly chose 5N — 2 data.
2. Sort these 5N data from small to large in each attribute.

3. Deuvide the data in each attribute into 5 groups, that is, very small, small, medium, large, and
very large.

4. Calculate average and stndard deviation in eact devision.
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Question: Which family is this new fish?

=2cm

34
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Takagi Sugeno Formula

Ry If oy is Af, and 29 is A5 and - -+ and xy is A% then y is g".

35
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Takagi-Sugeno rules: Estimation of a single input

Estimation of y for an input x = (x1, 29, - ,Zx)

S 04(x) - )
S Mi(x)

where

Yj

N

My (x) = [ ] in ()

1=1

where pi;;, is i-th attribute of k-th rule

36
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Three rules to classify

2cm

R1IIFX1 = medium AND X2 = small THEN y=1 ===  0gom

=

1.0 small mediu T
[N
o M—\ B B S
0.4
0z e
0 g z 4 6 8

W Xy

Rz: IFX1 = smal AND X2 = medium THEN y= 2

1.0 small mediu large
0.&
06 %\ = 0.18x 0.18 = 0.03
04 <L
oz =i
0 2 4 [ ]
Xz X4
R3i IFX1 = jlarge AND X2z = small THEN y= 3
1.0 small mediu la
[N
i M—\ Mg = 0.01 x 0.71 = 0.01
04 ot
0.z it
) 2 4 3 E o
Xz X4

0.16 x1 + 0.03 x2 + 0.01 x 3 0.25

0.16 + 0.03 + 0.01 0.2
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A benchmark — Iris database

Iris flower dataset (taken from University of California Urvine Machine Learning
Repository) consists of three species of iris flower
setosa, versicolor and virginica.

Each sample represents four attributes of the iris flower
sepal-length, sepal-width, petal-length, and petal-width.

standard
(petals) ——
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Iris Flower Database to design

Setosa

Versicolor

Virginica

1

L2

T3

T4

T

L2

T3

L4

X1

L2

T3

T4

0.56
0.62
0.68
0.61
0.61
0.54
0.73
0.72
0.68
0.65
0.72
0.65
0.68
0.65
0.58
0.65
0.61

0.66
0.70
0.84
0.77
0.68
0.68
0.91
1.00
0.89
0.80
0.86
0.86
0.77
0.84
0.82
0.75
0.77

0.20
0.22
0.22
0.23
0.20
0.16
0.17
0.22
0.19
0.20
0.25
0.22
0.25
0.22
0.14
0.25
0.28

0.08
0.04
0.08
0.08
0.04
0.04
0.08
0.16
0.16
0.12
0.12
0.12
0.08
0.16
0.08
0.20
0.08

0.84
0.66
0.63
0.75
0.76
0.77
0.71
0.85
0.71
0.73
0.78
0.71
0.75
0.77
0.80
0.77
0.81

0.66
0.61
0.45
0.68
0.50
0.66
0.66
0.70
0.68
0.61
0.50
0.57
0.73
0.64
0.57
0.64
0.66

0.67
0.57
0.51
0.61
0.58
0.68
0.52
0.64
0.65
0.59
0.65
0.57
0.70
0.58
0.71
0.68
0.62

0.52
0.56
0.40
0.60
0.40
0.56
0.52
0.56
0.60
0.40
0.60
0.44
0.72
0.52
0.60
0.48
0.52

0.85
0.91
0.82
0.81
0.86
0.72
0.73
0.81
0.82
0.97
0.97
0.76
0.87
0.71
0.97
0.80
0.85

0.57
0.82
0.73
0.61
0.68
0.57
0.64
0.73
0.68
0.86
0.59
0.50
0.73
0.64
0.64
0.61
0.75

0.84
0.88
0.74
0.77
0.80
0.72
0.74
0.77
0.80
0.97
1.00
0.72
0.83
0.71
0.97
0.71
0.83

0.72
1.00
0.80
0.76
0.84
0.80
0.96
0.92
0.72
0.88
0.92
0.60
0.92
0.80
0.80
0.72
0.84

39
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Abg and std of each column
Setom Versicolor Virginica

11 X2 %3 x4 11 %2 %3 x4 11 %2 %3 x4
0.56 (.66 0.2 0.08 0.84 (.66 0.67 052 0.85 057 0.84 0.72
(.62 0.7 0.22 0.04 (.66 0.61 057 0.56 001 0.82 0.88 1
0.68 084 022 0.08 0.63 0.45 051 04 0.82 0.73 0.74 048
0.61 017 0.23 0.08 0.75 0.68 0.61 0.6 081 0.61 0.77 0.76
0.61 068 0.2 0.04 0.76 05 0.58 04 0.86 0.68 048 0.84
054 068 0.16 0.04 0.71 066 0.63 0.56 0.72 057 0.72 08
073 091 0.17 0.08 071 066 052 052 073 0.64 0.74 0.96
0.72 1 0.22 0.16 0.85 07 0.64 0.56 081 0.73 0.71 0.92
0.68 0.89 0.19 0.16 071 068 0.65 06 0.82 0.68 08 0.72
0.65 08 0.2 012 0.73 0.61 0.59 04 097 0.86 097 0.88
0.72 086 0.25 012 0.78 05 0.65 06 097 0.59 1 092
0.65 086 022 012 071 057 057 0.44 0.76 05 0.72 06
0.68 017 0.25 0.08 0.75 0.73 0.7 0.72 0.87 0.73 0.83 092
0.65 084 0.22 0.16 0.71 064 053 052 071 0.64 071 08
053 082 0.14 0.08 08 057 071 06 0.97 0.64 0.97 08
0.65 0.75 0.25 0.2 0.71 064 063 0.43 08 061 071 0.72
0.61 0.77 0.28 0.08 0.81 (.66 0.62 052 0.85 0.75 0.83 0.84

Avg: 0.64 0.80 021 0.10 0.75 0.62 0.62 053 0.84 0.67 081 0.82

Deviation: | 004 | | 07 | 003 | 004 | 004 | | 006 | 005 | 007 | 007 | | 008 | 008 | 008

added by Evgene Borisiuk (on 05 February 2019)
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Iris Flower Database to validate

Setosa

Versicolor

Virginica

X1

X2

T3

T4

X1

T2

T3

T4

X1

X2

T3

T4

0.65
0.62
0.59
0.58
0.63
0.68
0.58
0.63

0.80
0.68
0.73
0.70
0.82
0.89
0.77
0.77

0.20
0.20
0.19
0.22
0.20
0.25
0.20
0.22

0.08
0.08
0.08
0.08
0.08
0.16
0.12
0.08

0.89
0.81
0.87
0.70
0.82
0.72
0.80
0.62

0.73
0.73
0.70
0.52
0.64
0.64
0.75
0.55

0.68
0.65
0.71
0.58
0.67
0.65
0.68
0.48

0.56
0.60
0.60
0.52
0.60
0.52
0.64
0.40

0.80
0.73
0.90
0.80
0.82
0.96
0.62
0.92

0.75
0.61
0.68
0.66
0.68
0.68
0.57
0.66

0.87
0.74
0.86
0.81
0.84
0.96
0.65
0.91

1.00
0.76
0.84
0.72
0.88
0.84
0.68
0.72

41
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Wine dataset to design rules

42

class 1 w2 x3 e w6 T =8 xS »10 11 x12 »x13

14,23 171 2,43 15,6 127 2.8 3,06) 0.28] 2,29 5,64 1,04] 2,92 1065

13,2 1, 78] 2,14] 11,2 100 2,65 2,76] 0,26 1,28 A, 3g] 1,05] 3,4 1050

13,16 2,36 2,67 18,6 101 2,8 3,24] 0,3 2,81 5,68 1,03 3.17] 1185

14,37 1,95 2,5 16, 8] 113 3,85 3,49] 0,24 2,18 7.8} 0.86] 3,45 1480

2 13,24 2,59 2,587 21] 118 2,8 2.69] 0,39 1,82 4,32 1,04] 2,93 735
14,2 1,76 2,45] 15, 2] 112 3,27 3,39] 0,34} 1,97 6,75 1,05) 2,85 1450

14,39 1,87 2,45 14,6 96 2.5 2.52] 0,3] 1,98 5.25 1,02} 3.58 1290

14,06 2,15 2,61} 17,6 121 2,6 2,51} 0,31 1,25 5,05 1.0 3,58 1295

14,83 1,64 2,17} 14 97| 2,8] 2,98 0,29 1,98 5,2 1.03 2,85 1045

13,86 1,35 2,27 16| 98| 2,98 3,15 0,22 1,85 7,22 1,011 3,55 1045

12,37 0,54 1,36] 10,6 = | 1,98 0,57] 0,28] 0,42] 1,95 1,05] 1,82 520

12,33 1.1} 2,28] 16 103 2,05 1,09 0,63 0,41] 3,27 1.25] 1.67] 680

12,64 a1, 2,0 16,8] 2,02| 1.41] 0.53] 0,62 5,75 o, 1.59 as0

13,67 1 1,9 18] 94 2,1 1,79 0.32] 0,73 3,8 12 2.46] 630

> 12,37 1,13] 2,16 19 87| 3,5 3,1 0,19] 1,87 4,45 1.2 2,87 420
12,17 1,45] 2,53 19 104 1,89 1,75 0,45] 1,03 2,95 3. 2,23 355

12,37 1,21 2,56 18,1] B 2,42 2,65 0.37 2,08 4,6 1.19] 2,3 678

13,11 1,01] 1.7} 15 78 298] 3.18] 0.26] 2,28] 5.3 1 3.18 502

12,37 1,17 3, 19,6 78 2,13} 2| 0.27] 1,04 4,68 1. 3,48 510

13,34] 0,94 2,36 17] 110] 2,53 1,3] 0,55 0,42 3,17 1.02] 1,93 750

12,86 1,35 2,32} 18] 122] 1,51 1,25 0.21] 0,94 4,1 0,76) 1,29 630

12,88 2,99 2,4 20 10a] 1,3 1,22 0,24] 0,83 5,4 o0.74] 1,42 530

12,81 2,31 2,4] 24 ag| 1,15 1,09 0.27} 0.83] 5,7] 0.66] 1.36 560

12,7 3,55 2,36 21,5 J.DQI 1,7 12| 0,17 0,84 5 o, 73 1,29 500

3 12,51 1,24 2,25 17,5 85 2| 0,58 0,8 1,25 5.45 0.7 1,51 650
12,6 2,46 2.2 18,5 94 1,62 0,66 0.63] 0,94] 7.1 0. ?E! 1.58 695

12,25 4,72 2,54] 21 89 1,38 0,47 0,53 0,8 3,85 0.7 1,27 720

12,53 5,51 2,64 2s) e | 1,79 0,6) 0,63 1.1 5 o.82] 1,69 515

13,49 3,59 2,19] 19,5 as] 1,62 o,a8] 0,58 0,88 ) 0,81] 1,82 580

12,84] 2,96 2,61} 24| 101] 2.32] o,6] 0.53] 0,81 4,92 o0.89] 2.15 590

From the work by Savchuk Artem (2016 Fall)
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Two sets of membership function from 13 attributes (1)

Membership functions for attribute x1(Alcohol):

wery small small medium large
average 12,432 12,98 13,435 | 14,0875
std 0,024 0,024 00,0263 | o0.0213
. .

NE==riseeriy
N

-0.2

From the work by Savchuk Artem (2016 Fall)
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Two sets of membership function from 13 attributes (2)

Membership functions for attribute x13 (Proline):

average 468,67 661.5 1078
std 3670,89 3003,91 | 2916

wvery small small medium large
o
o

L2 —71T1 T  — S B Sy ey G (s G R S O DN S S S S E— —
Very small  Small — i l_age — very large

e
- EEER e e Y
. ] \f e e S e s sesss
EEE.V/ISSLISESSESS S5 SES7/S85S,

300 1 lspo | | | 700 T obo |l | | [asloo | 1 | -1314:0. - .nT:n

From the work by Savchuk Artem (2016 Fall)
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Rules to classify a wine dataset

45

From the work by Savchuk Artem (2016 Fall)

# if X1 AND X2 | AND X3 | AND X4| AND X5| AND X6| AND X7| AND XB| AND X9[AND X1C| AND X11{ AND X1Z|AND X13 Then
1 large small large |very smalll small large |very large| small large |verylarge| large | medium |verylarge|] A
2 very large |  small large | medium | medium | medium | large |verysmall]l large | medium | large large large A
2 |verysmall| very small| medium |very large|very small] small | medium | small large | medium | large |verysmall| small B
4 medium |verysmall| small | medium | medium | medium [ small large |wvery smalll small large small small B
5 small | medium | large large small small |very smalll medium | small |verylarge] small | medium |verysmalll C
6 |verysmall] small |verylarge|very large| large |very smalllverysmalll large [very smalll medium | small small small C
7 |verylarge| large small small | very large |very larga| small large [verylarge| large | medium |very larga | medium | Other
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Wine data for validation
class xl x2 x4 x5 X6 x7 x8 x9 x10 x1l x12 x13

il 236 23 18]  10s]  295] 33| o2l 23  sm 13 3 1510
w148 23] 164 % 22 24 o2 157 | 11 am 1280

1 o R DY 16] 8 260 276 029 18 sof  115] 29 1320
s . T | 51 31 369 o043 2m T ET- 1150

138 18] 23 12 102 33| 36 02 2% 75 12 3 1547

al 11 uml 168 11|  uss| 128  o1a] 23] 28] 128 307 718

el 16l 22 04 103 11l 102 o037 146 305 os06] 182 870

2 el 151 267 % 8] 295 288 ol 18] 33 136 314 410
1, 166 2,2 24| gl 188 184 o021 103 37l o9 27 an

0% 18 2,6 0wl 33 28] onf 19 33 1 33 985

129 281 27 21 % 154 os| 0s3  om asl  oml 23 600

133 256 23 20| 89 14 os| 03] oe 56| o 247 780

3 sl 37 aml a4 9] 155 050 03] o055 43 o8| 208 520
6l sl 23 20| 9 2 08l 0471 1 a8l 09 208 550

125 38l 22  1ss] 12l 138 om o2 114  su| o] 2 855

From the work by Savchuk Artem (2016 Fall)
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Result of validate rules

No Family A | Family B | Family C | Evaluation
#HL = B = Good
H2 oy = = Not Good
H#3 o S L Not Good
=1 i B = Sood
H#5 X Cther [ 2 MNot Good
Success rate | 100% | 40,00% 100% 40%

by Savchuk Artem (2016 Fall)
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From the work
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IV. Time-series prediction by Fuzzy

48
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Forcasting a value from its history

Assume y(t) is a value of a variable y at time ¢ such as maximum price of a stock
during a day. Then T-S formula for singleton consequeance is as follows
(Taken from Sheta, A. F. () Forecasting the Nile river flow using fuzzy logic
model)

R Tfy(t—1)is AL and y(t —2) is AL and --- and y(t —n+1) is A then y(¢) is ¢'.
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Forcasting a value from other related items

R;: If 21(t) is A} and @5(t) is A% and -+ - and z,(t) is A then y(t) is ¢".
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A stock dataset

Date Open Cloze Date Open Cloze
962007 137793 13878.15 8/972007 13652.32 13270.68
QIS 007 1375784 13778.65 882007 1345723 1365786
OS24 2007 13821.57 13750.06 872007 13487.72 13504.3
SL2007 1376833 13820.1% 862007 1318313 1346878
O30 I00T 13813 52 137687 832007 1346225 1318191
SIISI00T 1374061 13815 56 822007 13357 82 1346333
S/ 1L8SI00T 1340318 13738.39 S/L2007 13211.09 1338237
SLTI2007 1344195 13303 .42 TIIL00T 13380566 1321199
14,2007 1342139 13442 52 TI302007 1326621 1335831
SILI 2007 1329238 13424.88 TIXTF2007 1347268 | 1326547
1272007 1329831 13291.65 2672007 13783.12 1347357
STL2007 131294 13308.39 TI2SI2007 13821 4 1378579
SLOV200T 1311639 13127.85 TI242007 135409 1371655

ST2007 1336074 1311338 TI232007 13851.73 13943 42
SE2007 1330644 13363 35 T202007 1400073 13851.08
Sr52007 13442 85 13305.47 TIIS2007T 13518.79 1400041

A 2007T 13358.39 15344886 TIS2007 1393505 1391822
83072007 13240.54 13357.74 T T00T 13951.96 13971.55
8730720007 13287.91 13238.73 VG007 13907.09 13950.98
B2X02007 13043 07 1328929 TI3200T 13855 86 1390725
8282007 13318.43 1504185 L0007 1357933 13861.73
B2T00T 1337716 1532213 L2007 L3500.4 1357787
8242007 1323178 13378.87 TIO2007 1364859 135007
8232007 1323727 15235 88 TR2007 13612.66 1364597
B2203007 13088 28 15236.13 TIE2007T 1355901 1361158
S2LS00T 13120.05 1308086 TIS2007 13576.24 1356584
S22 2007 1307851 13121.35 TIA200T 13556.87 135773
BT007 1284805 13079.08 TIR00T 1534096 1353543
81672007 12859 52 1284578 G007 1342261 13408.62
8/15/ 2007 15302153 12861 .47 6282007 12427 48 13423 38
8/14 20007 13355 72 13008 92 &272007 1333693 1342773
8/152007 13258 24 13236 53 6262007 1335237 1333766

o1
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V. Fuzzy Clustering

o2
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Fuzzy Relation
*x Example 4 ... X = {green, yellow, red}, Y = {unripe, semiripe, ripe}.

We may assume that a red apple is provably ripe, but a green apple is most likely, and so on. Thus,
for example:

X \Y | unripe semiripe ripe

green 1 0.5 0

yellow | 0.3 1 0.4
red 0 0.2 1

Let’s call this relation R;. Then we think a similar but new Relation.
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Combine two fuzzy relations Now
Y = {unripe, semiripe, ripe}
and
Z = {sour, sour — sweet, sweet }

Let’s call this relation R,.

X\Y |sour sour-sweet sweet
unripen | 0.8 0.5 0.1
semiripe | 0.1 0.7 0.5

ripe 0.2 0.3 0.9
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Combine two fuzzy relations - continued We combine these two relations Ry and Ry by the
formula

ur(w, z) 2 max{min{pa(z,y), nr(y: 2)}},

the result is:

X \Y | sour sour-sweet sweet
red 0.8 0.5 0.5

yellow | 0.3 0.7 0.5

green | 0.2 0.3 0.9




(Contemporary Data Processing Technology (CCOD)) 56

Expression by our daily language
This relation could be expressed by our daily language like
"If tomato is red then it’s most likely sweet , possibly sour-sweet, and unlikely sour.”
”If tomato is yellow then probably it’s sour-sweet , possibly sour, maybe sweet.”
”If tomato is green then almost always sour, less likely sour-sweet, unlikely sweet.”

Or, we could say:

”Now tomato is more or less red, then what is taste like?”
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Clustering by Fuzzy Relation of Proximity

57
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Algorithm 2 1. Calculate a maz-min similarity-relation R = |a;]

2.
3.

Set a;; =0 for all a;; < o and i = j

Select s and t such that agy, = max{a;;|i < j& 1,5 € I}. When tie, select one of these pairs at
random

WHILE ag # 0 DO put s and t into the same cluster C' = {s,t} ELSE 4.
ELSE all indices € I into separated clusters and STOP

Choose u € I — C' such that
; Ui = jrenléyé{; aijlai; # 0}
When a tie, select one such u at random.
WHILE such a u exists, put u into C' = {s,t,u} and REPEAT J.
Let I =1—C and GOTO 5.
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Example: Let’s Start with the following R(0),

7 5 8 6 6 5 9 4 5

1
7
5

3 6 7.9 4 8 6 6

1
3

1 47 6
75 5 7T 5 6

bS5 4

1

8 6 5 1

6 4 5 8 9
B30 75

6 7 5 7T 1
6 9 4 5 6 1

23

.6

41 5 4 31
9 8 4 7 5 7T 6 1

5

4 4

T

H 6 6 6 9 5 3 4 71

4 6 7 5 8 7T 2 41

RO —
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— R(n—f—l).

R™ o R™ till R(™

(nt1) _

Then repeat R

2 5 8 6 2 3 9 4 3

1
2
5

3 6 .79 2 8 3 2

1

1
3
8 6 5 1

1 3 .7 6

H 3 4

1.3

2 4 5 8 9

703 5 4

372

1
1

29 4 3 2 4

6 7 3 71

1

D A4

1

2
9 8 3 4 5 3 6 1

4 3.7

3

2

0

0

1

8 .7

1

1

1

3 2 6 3 9 2 3 2

R —
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Now ssumming « = 0.55 apply [1.] and [2.]

0
.6
.6

9 0
8 .6
T
70 0 .7 0 6

7 0 8 6 6 0
70 0 6 .79 0
0O 00 0 0 0 0 0
8 6 0 0

0

0 .8

0

.6

6 .7 0 .70

6 0 0 .7 .70

6 9 0 0

6 0 0

a7 0 .7 6 0 0 O

0O 0 0 0 0 0 0

0
o 6 70 8 .70 0 0.7

8

9

6 6 6 9 0 0 0 .70

0
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First, set I = {1,2,3,4,5,6,7,8,9,10} and C = { }. Then

Now a15 = ags = a5 10 = 0.9 are maximum and a;5 is randomly selected. Then C' = {1, 8}.
a12 + agy = a1y + agy = 1.5 are maximum and j = 4 is randomly selected. Then C' = {1,8,4}.

a12 + ago + age = 2.1 is maximum, then C' = {1, 8,4, 2}.

= e W

There are no j such that a;; + ag; + a4j + as; is maximum. Then final C' = {1, 8,4, 2}.

* Q16+ Qo + g + agg = 0.6 + 0.9+ 0+ 0.7 = 2.2 seems maximum but actually not because
A6 — 0

Note that ZiEC’ — maneI\C{ZiEC a;jla;; # 0}
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Let I ={3,5,6,7,9,10}

as 10 = 0.9 is maximum. Then renew C as {5, 10}.

asg + a1p 9 = 1.5 is maximum. Then C' = {5, 10, 9}.

There are no j in {3,6,9} such that as; + ag; + a10; is maximum. Then final C' = {5, 10, 9}.
Let I = {3,6,7).

Now ass = agy = agy = 0. Then {3}, {6}and {7}are three separated clusters. In fact,

A

ass ase asy 0
ags aegs agr| = |0
ars Qe Aty 0

SO D icqz6my Gin = MaXje(3671{ D cc @ijlai; # 0} does not exit any more.

In this way, when ao = 0.55, we have 5 clasters {1,8,4,2},{5,10,9}, {3}, {6} and {7} are obtained.
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An example (1) Russian 33 alphabets

64
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An example (2) A set of 13 Japanese characters

3 1 H 3 ] 8 9 10 i 12 13

$I HEEE D$@"~?§3MK

08 03 01 03 o1 ol . B 0 0 08 08 0 0 0 B 0 0 0 0
03 09 o1 03 oo o M o o o o 0 0 0 0w o0 0 0w 0o 0
PN oy P e ey B E_ @ 0 o 08 o0 0 0 0 03 0 0 o o0
I E den| o Mgt o o Sint e S Rea | M o e e

03 03 01 03 01 01
- @ ST o RO G

03 03 o1 08 01 ol
nEIH a0 (o I S e o ([ a8 o ol B N

oa 0 Mo o3 (N Woa l Foa | 1 (WondiRoad| KioZ8 M2l Moz Mot
B[] o ¢ o o o of0ol o 0o 0o 0o o o

IE|§]I 03 a8 | 03 03| 0% | o5 oz WEM 03 (o1 09 |01 | D2
I CER T G T O R T S SO

08 03 03 08 03 03 03 03 1 01 03 01 01
B E 08 o o9 o8 [0 0 o 0 WoWM o o 0 o

o1 a1 | ot ea | ea | o1 [ox| oz | or BETM o1 |03 | 02 .

5 e e e e e s e e e
03 03 03 03 03 08 03 08 03 01 1 01 01 Hﬂ o 09 0 o 0 0 0 08 0 0 0 0 0
@1 91 o1 61 61 oF 01 o1 01 o3 o1 P 09 H K 0 ¢ 0 0 0 o 0 0 0 0 0 0o 0
m 01 01 o1 61 01 o1 01 01 01 03 01 08 1 n M IS (S T T T S S S S

T et
ERETHITEITA WEIESU‘I,WHU:U.SB,]SSC‘USIE{SW, 11'.[1,3,4,9],lﬂ,ﬂ],]ﬂ],[lﬂ]
g

b a0 e mammand gt e =

by g 9409 e mamumand =5k o e <16

i S—
E—-,
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