Linguistic Terms (Termset)

Unive rse of Discourse
label Symbol 1 2 3 4 5 6 7 8
Very Low Ver L 1 0.64 0.09 0.01 0 0 0 0
Low L 1 0.80 0.30 0.10 0 0 0 0
Moreorle ss Low Mor L 1 0.89 0.55 0.32 0 0 0 0
Above Low > L 0O 0.20 0.70 0.90 1 1 1 1
Below Medium <M 1 1.00 0.90 0.25 0 0 0 0
Above Low and Below Medium 0O 0.20 0.70 0.25 0 0 0 0
Between Medium and|[H LM 0 0.29 1 0.36 0 0 0 0
Medium M 0 0O 0.10 0.75 1 0.75 0.10 0
Above Medium >M 0 0 0 0 0O 0.25 0.90 1
Below High <H 1 1 1 1 1 0.90 0.70 0.20
Above Medium and Below High 0 0 0 0 0O 0.25 0.70 0.20
Between Medium and[H M-H 0 0 0 0 0 0.36 1 0.29
More orle ss Hig h Mor H 0 0 0 0 0 0.32 0.55 0.89
Hig h H 0 0 0 0 0O 0.10 0.30 0.80
Ve ry High Ver H 0 0 0 0 0O 0.01 0.09 0.64
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Termset Plot

Memberhip functions

1 @mVer_L
[0.9 mL
0.8 o OMor_L
-0.7 c_su 0> L
0.6 >
o5 & E<M
04 § O
o]
-0.3 g mL-M
-0.1 .y
-0
m<H
O
Universe of — B OM-H
Discourse N~ B - :'| I\ W Mor_H
(@]
5 = mH
> mVer H
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Termset Plot (Inter polated)

Termset

Labels

Discourse
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Example of Fuzz y Relation R
& Modus Panens

Universe of Discourse
Label Symbol 1 2 3 4 5 6 7 8
\eryLow \ér L 1 0.64 0.09 0.01 O 0O O O
Low L 1080 030 000 O O O O
Between Lowand &tlium| L-M 1 0.80 0 0.10 O O O 0)
Medium M 0O O 010 0.75 1075010 O
Between Mdium and Higih M O O 01 075 1 075 0 0.00
High H O O O O 0010030 0.80

o O

o

R:[X xY] - [0,1] _R|>E—

R, | LM

5
_ R3
R_UR R, [M-H M
1=1

R [ H Ver L

T < r|<
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Corres pondin g Fuzzy Graph

L M H > Y
L Rl
L-M RZ
M R3
M-H Ry
H Rs
¥
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Modus Ponens Im plementation: Three Methods

Method 1

a) Relation R is the Union of the Cartesian Products
b) Cylindrical Extension of Input |

Cc) Intersection with Relation R

d) Projection of Intersection

Method 2

a) Relation R is the Union of the Cartesian Products
b) Inner Product <Min, Max> between Input | and Relation R

Method 3

a) A, = degree of rule; applicability (T-norm of Possibilty Measures
between Input | and rule; LHS)

b) Weigh rule; RHS using A, as weights
c) Union of Weighted Outputs
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Method l1a: Union of Fuzz y Relations

Ri(X,y)=
= [ Low(x) x Low(y)]
=Min{Low(x), Low(y}

R Y=L
1 08 03 01 0O O O O O
110 08 03 01]00 00 00 00 00
08|08 08 03 01|00 00 00 00 0.0
03|03 03 03 01|00 00 00 00 00
= (o101 01 01 01|00 00 00 00 00
m | oloo 00 00 00 00 00 00 0.0 00
x | 0o loo 00 00 00 00 00 00 00 00
0 |oo 00 00 00 00 00 00 0.0 00
0 |oo 00 00 00 00 00 00 0.0 00
0 ]oo 00 00 00 00 00 00 0.0 00

R, Y=M
0 O 01 075 1 08 01 0 O
0 |00 00 00 00 00 00 00 00 0.0
0300 00[01 03 03 03 01]00 00
1 oo 00|01 08 1.0 08 01|00 0.0
= |04]00 00|01 04 04 04 01]00 00
2|l 0]oo 00 00 00 00 00 00 0.0 00
n | oloo 00 00 00 00 00 00 00 0.0
x| 0]00 00 00 00 00 00 0.0 0.0 00
o |oo 00 00 00 00 00 00 00 0.0
o|oo 00 00 00 00 00 00 00 0.0

R%.Y)=
=[ Low-Mediun{x) x Mediuny) ]
=Min{Low- Mediunx) Mediur(y}
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Method 1a: Union of Fuzz y Relations (cont.)

R,(X)y)=
= [ Medium(x) x Highly)]
=Min{Medium(x), Hgh(y}

R Y =H
0O 0 0 0 0 01 03 08 1
0 |00 00 00 00 00 00 00 00 0.0
0 |00 00 00 00 00 00 00 00 0.0
0100 00 00 00 00[01 01 01 0.1
= |08|00 00 00 00 00|01 03 08 08
m | 1]00 00 00 00 00|01 03 08 1.0
< |08]00 00 00 00 00|01 03 08 08
0000 00 00 00 00|01 01 01 0.
0 |00 00 00 00 00 00 00 00 0.0
0 J]oo 00 00 00 00 00 00 00 0.0

R4 Y=M
0 0 01 08 1 08 01 0 O
0 |00 00 00 00 00 00 00 00 00
0|00 00 00 00 00 00 00 00 00
0|00 00 00 00 00 00 00 00 0.0
| 0|00 00 00 00 00 00 00 00 00
| o]|00 00 00 00 00 00 00 00 00
n |04]00 00[01 04 04 04 01| 00 00
x| 1|00 00|01 08 10 08 01| 00 00
03|00 00|01 03 03 03 01] 00 00
0 |00 00 00 00 00 00 00 00 00

R(XY)=
=[ Medium- Hightx) x Mediunfy)
=Min{Medium- Higitx) Mediury}

e
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Method 1a: Union of Fuzz y Relations (cont.)

Rs

Y =Ver_L

1

0.64

0.09

001 O 0

0.0
0.0
0.0
0.0
0.0

o O O oo

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

X [ 0.1]0.10
0.3 ]0.30
0.8 |0.80
1 |1.00

0.10
0.30
0.64
0.64

0.09
0.09
0.09
0.09

0.01] 0.0 0.0
0.01] 0.0 0.0
0.01] 0.0 0.0
0.01] 0.0 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ra(X,y)=
= [ High(x) x VeryLow(y)]
=Min{High(x), VeryLow(y}

Y

1.00
0.80
0.30
0.10
X 0.00
0.10
0.30
0.80
1.00

0.80
0.80
0.30
0.10
0.00
0.10
0.30
0.64
0.64

0.30
0.30
0.30
0.10
0.00
0.10
0.10
0.10
0.09

0.10 0.0 0.0
0.29 0.29 0.29
0.75 1.00 0.75
0.36 0.36 0.36
0.00 0.00 0.10
0.36 0.36 0.36
0.75 1.00 0.75
0.29 0.29 0.29
0.01 0.0 0.0

0.0
0.10
0.10
0.30
0.30
0.30
0.10
0.10

0.0

0.0
0.0
0.10
0.75
0.80
0.75
0.10
0.0
0.0

0.0
0.0
0.10
0.75
1.00
0.75
0.10
0.0
0.0
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Method 1b: In put Cylindrical Extension

Example: Y, = X; 0R

Cvlindrical Extension

0.64
0.09
0.01

o O O O O

1 1 1 1 1 1 1
0.64] 0.64 0.64 0.6 0.4 0.64 0p4 0l64
0.09| 0.04 0.0 0.00 0.q9 0.09 0.p9 olo9
0.01l 0.01 0.01 oo o0.q1 0.01 0p1 olo1

0 0 0 0 a U i)

0 0 0 0 a i i)

0 0 0 0 a i i)

0 0 0 0 a i i)

0 0 0 0 a i i)

X,= Very Low

)_<1: Cylindrical Extension(Ver y Low)

o
©
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Method 1c: Intersection of C yl. Ext. with Relation

|Intersection
Cylindrical Extension Relation
1 1 1L 1 1 1 1 1| 1 o8 03 01 0 o0 O o0 b
0.64] 0.64 0.6 0.64 0.44 0.64 0.p4 0|64 Q.640.8 0.8 0.30 0.29 0.29 0.29 0.10 0 (
0.09 0.09 0.09 0.0 0.9 0.09 0.p9 0J09 A.090.3 0.3 0.30 0.75 1 0.75 0.10 0.10 0.1p
0.01f 0.01 0.01 o.0op 0.q1 0.01 O.p1 o001 d4d.¢10.2 0.1 0.10 0.36 0.36 0.36 0.30 0.75 0O}7
0 0 0 0 0 d ( 0 0 0 0 0O 0.1 0.30 0.80 1
0 0 0 0 0 Q ( 0.1 0.10 0.10 0.36 0.36 0.36 0.30 0.75 07
0 0 0 0 0 @ @ 0.3 0.30 0.10 0.75 1 0.75 0.10 0.10 0.1p
0 0 0 0 O @ ( 0.8 0.64 0.10 0.29 0.29 0.29 0.1 0 (
0 0 0 0 0 Q ( 1 0.64 0.09 0.01 0 0 0 0 [0
Minimur, (paftwise)
1 0.8 0.3 0.1 0 0 0 0 D
0.64 0.64 0.30 0.29 0.29 0.29 0.10 0 0
0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 Q.09
0.01 0.01 0.01 0.01 0O0.01 0.01 0.01 0.01 Q.01
_ 0 0 0 0 0 0 0 0
Intersection 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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Method 1d: Pro jection of Intersection

0.3
0.64 0.64 0.30 0.29 0.29 0.29 0.10 0 0
0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 Q.09

0.1

0

0

0 0

0.01 0.01 0.01 0.01 0.01 0.01 Q.01

0

O O O O

M

0

o O O O

0

o O O O

0

o O O O

o O O O O
o O O O O

Projection
1 0.8
Intersection 0.01 0.01
0 0)
0 0
0 0)
0 0)
0 0)
Result: 1 0.8

0.30 0.29 0.29 0.29

0.1 0.09 0}J9

Y, =X, 0R
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Method 2 b: Inner Product

<Min Max>

Example: Y, = X; 0R

Inner Product

XT,= Very Low

R

1064 009 001 O O O

0

<Min Max> Inner Product

[similar to Vector-Matrix
Multiplication, using
<Min Max> instead of <x,+>]

Result:
Y,=X;0R

0.8
0.3
0.1

0

0.8
0.8
0.3
0.1

0

0.1 0.10
0.3 0.30
0.8 0.64

1 0.64

0.3
0.30
0.30
0.10

0
0.10
0.10
0.10
0.09

0.1
0.29
0.75
0.36

0
0.36
0.75
0.29
0.01

0 0 0 0
0.29 0.29 0.10 0

1 0.75 0.10 0.10 0.1
0.36 0.36 0.30 0.75 O

O 0.1 0.30 0.80 1

0.36 0.36 0.30 0.75 Q7

1 0.75 0.10 0.10 0.1
0.29 029 01 O
0 0 0 0 o

0.8

0.30

0.29

0.29 0.29 0.10 0.09 O
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Method 3 a: De gree of Rule A pplicabilit y (A)

Example: Y; = X; 0R

Degree of Rule Applicability RIX_T]
BRI L
R, |ILM M
R;| M H
R, IM-H M
Ry | H Verl

Input: Very Loy 1 0.6 0.09 0.01 0 0 0 lo

Xy Low e 1 08 0.3 01 0 0 0 D

Ver L AND L 1 0.6 0.09 0.01 0 0 0 |(R"a§> A =1

Input: Very Low 1 0.64 0.09 0.01 0 0 0 0

X,: Low-Medium 0 0.3 1 0.36 0 0 0 D

Ver L AND L-M 0 0.3 0.09 0.01 0 0 0 a9 A\,=0.29

Input: Very Low 1 0.6 0.09 0.01 0 0 0 lo

Xg: Me dium 0O 0 0.1 0.75 1 0.75 0.1 0

Ver L AND M O 0 009 001 O O 0 EMa;" A,=0.09
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Method 3 a: De gree of Rule A pplicabi

Example: Y, = X; 0R

it y (A)(cont.)

Degree of Rule Applicabilit_y RIX ¥
R,| L L [
R, |[LM M
R, | M H
R, [M-H M
Rs Ver L

/

Input: Very Low 1 06 009 001 0 O

X,: Medium-High o 0 O 0 0 036 1 029 L

Ver L AND M-H 0 0 O o 0 0 0 O L} A,=0

nput: VeW 1 06 009 001 O O O O

Xs: Hig h 0o 0 0 0 0 01 03 0.8 |1

Ver_L AND H 0o 0 0 0 0 0 0 O 1)@ A:=0
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Methoo

3 b: Wel ghtin g Rules Out put

Example: Y, = X; 0R

Weightin g of Rules Output

0 0 0 0

> AN=1

0 0 0 0 1Q |

Weightin g (min)

1 0.75 0.10 0

o—> A, =0.29

0O 0.10 0.29 0.29 0.29 0.10 0

Qo 000 |

Weightin g (min)

0O 01 0.3 0.8

——> A, =0.09

0O 0.1 0.1 0.09 0.¢

e |

Weightin g (min)

1 0.75 0.1 0

——>

0 0 0 0

Weiahtin a (min)

R| X Y

R, | L @—) 1 08 03 0.1

R, ILM M 1 0.8 03 0.1

R; | M H

R, |M-H M 0 0 0.10 0.75

Rs | H VerlL 0
0 o0 0 O
0 0 0 0
0 O 0.1 0.75
0 0 0 0
1 0.64 0.09 0.01
0 0 0 0

0 0 0 0

Weightin g (min)
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Method 3 c¢: Union of wel ghted Out puts

Example: Y, = X; 0R

Union of Wei ghted Outputs

Output of Rule r,

5 1 08 03 01 0 0 0 o0 b
y 0 0 0.10 0.29 0.29 0.29 0.10 0 |]oO
r 0 0 0 0 0 0.1 0.10.090.49
r 0 0 0 0 0 0 0 o0 4
re 0 0 0 0 0 0 o0 o0 ¢

5
Output=| | Output p 1 0.8 0.3 0.29 0.29 0.29 0.10 0.09 0Jo9

i=1
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Example with Cris p Input (Exactly 3)

Universe of Discourse 1 2 3 4 5 6 7 8
Exactly Three

[daY

Exactly 3 represented as a set

Membership Values

Universe of Discourse
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Example with Cris p Input (Exactly 3)

Second Method

Input = Exactly 3 Exactly 3 B

Output=Exactly 3 o B+ 1 0.8 0.3 0.1 0 0 0 0
| 0o o 1 0 O O 0 O (P<min,max> 0.8 08 03 029 029 029 01 0 |
03 _03 03 075 _1 075_01 01_d
0.1 0.1 0.1 0.36 0.36 0.36 0.3 0.75 0

Note: <min,max>meansthe innerproduct using the min and maxopefator 0 0 0 0 0.1 0.3 0.8
0.1 0.1 0.1 0.36 0.36 0.36 0.3 0.75 0
This is similar to the vector-matrix mutiplication, which is 03 0.3 0.1 0.75 1 075 0.1 01 (.

denoted by the innerproduc&t,+> 0.8 064 0.1 0.29 0.29 0.29 0.1 0

1 0.64 0.09 0.01 0 0 0 0
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Anal ysis of Stora ge Complexity for
Generalized Modus Ponens - Le gend

legend: D Numberofsamping of 4, ie.:| X{| =D, forj=1,...,n

m Numberofsamping fonXe..| Y =m, for&l,..., r

N Numberofnputs,ie..| ¥ =n,fork1,..,r

t Numbersofinguistic values ofeach state vanable A

r  Maxmum numbers ofrues in relation: r=t"n

Ar Maxmum number of active rules in relation : Ar=2"n
(foreach cnsp nput, assuming overapping only among adjacent terms in termset)
Union of Rrelations (for =1,..., 1), ie. | Rl =m D™n
Rule &bke:| T =rnnd+m)

— 4
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Generalized Modus Ponens - Table 1

Analysis of Stora ge Complexity for

(D=11

Inputs |Values Rule s Active Size of Size of
Rule s Caresian Product Rule Table
n t =tn |JA=2"n [ | R =m D™ ||T = (nD+m) 1
2 3 9 4 1,331 297
2 S 25 4 1,331 825
2 7 49 4 1,331 1,617
2 9 81 4 1,331 2,673
3 3 27 8 14,641 1,188
3 5 125 8 14,641 5,500
3 7 343 8 14,641 15,092
ForD=m =11 3 9 729 8 14,641 32,076
(Sampling Points) 4 3 81 16 161,051 4. 455
4 5 625 16 161,051 34,375
4 7 2401 16 161,051 132,055
4 9 6561 16 161,051 360,855
) 3 243 32 1,771,561 16,038
) 5 3125 32 1,771,561 206,250
) 7 16807 32 1,771,561 1,109,262
5 9 59049 32 1,771,561 3,897,234
6 3 729 64 19,487,171 56,133
6 S 15625 64 19,487,171 1,203,12%
6 7 11764¢ 64 19,487,171 9,058,978
6 9 531441 64 19,487,171 40,920,997

Copy
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Analysis of Stora ge Complexity for

Generalized Modus Ponens - Table 2 (D=21)
Inputs | Values Rules Ac tive Size of Size of
Rule s Carnesian Product Rule Table
n t =t"n [AF2*n || R| =m D™ |[T = (nD+m) 1
2 3 9 4 9,261 567
2 5 25 4 9,261 1,575
2 7 49 4 9,261 3,087
2 9 81 4 9,261 5,103
3 3 27 8 194,481 2,268
3 5 125 8 194,481 10,500
3 7 343 8 194,481 28,812
ForD =m =21 3 9 729 8 194,481 61,236
(Sampling Points) 4 3 81 16 4,084,101 8,505
4 5 625 16 4,084,101 65,625
4 7 2401 16 4,084,101 252,105
4 9 6561 16 4,084,101 688,905
5 3 243 32 85,766,121 30,618
5 5 3125 32 85,766,121 393,750
5 7 16807 32 85,766,121 2,117,68%
5 9 | 59049 32 85,766,121 7,440,174
6 3 729 64 1,801,088,541 107,163
6 5 15625 64 1,801,088,541 2,296,87p
6 7 1176449 64 1,801,088,541 17,294,403
6 9 531441 64 1,801,088,541 78,121,837
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