
¾\﹐³﹁ «}1﹋
aG³ÂB﹞1﹋ ² قa? ¿i]°¼﹞ ¶]﹊l±0\

®0a¼G ¶1﹍l±0\

http://courses.fouladi.ir/aai

Fuzzy Expert Systems
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¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi
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هوش مصنوعی پىشرفته
¾1½ «FhÂi ¶a>[

¶a>[ «FhÂi
Expert System

 ﹉Ã¾ ·﹞1±a? wi³G ·¨Æh﹞ ﹏W ¿Ã1±0³G ·﹋ Ei0 ¾aG³ÂB﹞1﹋  ﹉Ã
¾ ¶a>[  ل]﹞ 1±¿ `0h±0]°﹋ ¿﹞Ċ

¿Ã1±0\ a? ¿°F>﹞ «FhÂi
Knowledge-based System
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هوش مصنوعی پىشرفته
¾1½ «FhÂi ¶a>[
1½ ·﹀©µ﹞

L1F°Fi0 `³G³﹞
Inference Engine

(IE)

¿Ã1±0\ ¶1﹍Ã1C
Knowledge Base

(KB)

¶a>[ «FhÂi
Expert System

¾0 ¶]±b0\aC  ·﹋1½ EÂ︺﹇0² Ã1±0\ 1? 0` ¿
 `\ \³O³﹞KB  E﹆?1x﹞]½\ ¿﹞  1Ã

 =Â﹋aG]°﹋ ¿﹞  1G¾ ·NÂF± ± \`³﹞ a|
\³m ﹏q1W ·¨Æh﹞Ċ

 ﹏﹞1m¾ ·Â¨﹋  ﹉Ã \`³﹞ `\ ¿Ã1±0\
Ei0 ·°﹞0\Ċ
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi

L1F°Fi0 `³G³﹞
Inference Engine

(IE)

¿Ã1±0\ ¶1﹍Ã1C
Knowledge Base

(KB)

¾b1﹁ ¾ ¶a>[ «FhÂi
Fuzzy Expert System

 ]︻0³﹇¾b1﹁ L1F°Fi0 j²`¾b1﹁
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

FUZZY RULE

Ei0 aÃb =©1﹇ `\ ¿yam ¾ ·¨¬O ﹉Ã ċ¾b1﹁ ¾ ¶]︻1﹇ ﹉Ãč

IF x is A THEN y is B

 ¿±1?b ¾1½aÂ︽F﹞
Ě¾b1﹁ ¾1½aÂ︽F﹞čę

 ¿±1?b aÃ\1﹆﹞
Ě¾b1﹁ aÃ\1﹆﹞čę¯Zi ¾1½ «©1︻č ( )

( )

A X

B Y

∈

∈

F

F

x

y

X

Y
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

FUZZY RULE

¾b1﹁ ]︻0³﹇ ² ﹉Âi﹑﹋ ]︻0³﹇ ¯Â? D²1﹀G č1لJ﹞

]°°﹋ ¿﹞ ¶\1﹀Fi0 ¿Ã²\²\ ﹅x°﹞ b0 ﹉Âi﹑﹋ ]︻0³﹇č

Rule: 1

IF speed is > 100

THEN  stopping_distance is long

Rule: 2

IF         speed is < 40

THEN  stopping_distance is short

]°°﹋ ¿﹞ ¶\1﹀Fi0 ¾b1﹁ ﹅x°﹞ b0 ¾b1﹁ ]︻0³﹇č

Rule: 1

IF speed is fast

THEN  stopping_distance is long

Rule: 2

IF         speed is slow

THEN  stopping_distance is short

¿±1?b aÂ︽F﹞ ¿±1?b `0]﹆﹞

]°°﹋ ¿﹞ \1NÃ0 ·x?0` ¾b1﹁ ¾1½ ·︻³¬N﹞ ¯Â? ¾b1﹁ ]︻0³﹇Ċ
Ei0 Ei`\ ·O`\ ®1¬½ ·? cÂ± ¿©1G D`³q ¯Ã0 `\ ċ]m1? Ei`\ ¾0 ·O`\ 1G ª]﹆﹞ a﹎0Ċ
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

`1J﹞ č®b² ² ]﹇ ¾ ·x?0ل

Tall men Heavy men 

180 

Degree of 
Membership 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

Height, cm 

190 200 70 80 100 160 

Weight, kg 

120 

Degree of 
Membership 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

IF     height is tall

THEN  weight is heavy
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

MONOTONIC SELECTION

1J﹞ č®b² ² ]﹇ ¾ ·x?0` č0³°﹊Ã <1ZF±0 j²` 1? ¾b1﹁ L1F°Fi0ل

 

Tall men 
Heavy men 

180 

Degree of 
Membership 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

Height, cm 

190 200 70 80 100 160 

Weight, kg 

120 

Degree of 
Membership 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

IF     height is tall

THEN  weight is heavy

 ®b² ¯Â¬ZGĚ¿©1G ę ]﹇ EÃ³t︻ ¾ ·O`\ ¿?1Ã1F¬½ f1i0 a?Ěª]﹆﹞ę
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

﹇1J﹞ čª]﹆﹞ ]°S 1? ¾b1﹁ ¾ ¶]︻1ل

IF         project_duration is long

AND    project_staffing is large

AND    project_funding is inadequate

THEN  risk is high

IF         service is excellent

OR       food is delicious

THEN  tip is generous
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶]︻1﹇

﹇1J﹞ č¿©1G ]°S 1? ¾b1﹁ ¾ ¶]︻1ل

IF         temperature is hot

THEN  hot_water is reduced;

cold_water is increased



·F﹁alÂC ¿︻³°p﹞ j³½

¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

FUZZY INFERENCE

¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`
Mamdani Fuzzy Inference Method

1975, Professor Ebrahim Mamdani of London University 

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

¾b1i ¾b1﹁
¾\²`² ¾1½aÂ︽F﹞

¾b1﹁ ]︻0³﹇ ¿?1Ãb`0
]︻0³﹇ ¶1﹍Ã1C

 ]︻0³﹇ ¿O²a[ ︹Â¬NG
]︻0³﹇ ¶1﹍Ã1C

¾b1i ¾b1﹁aÂ︾
¿Ã1¼± ¿O²a[
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

﹝1Jل

Rule: 1 Rule: 1

IF        x is A3 IF project_funding is adequate

OR y is B1 OR project_staffing is small

THEN z is C1 THEN risk is low

Rule: 2 Rule: 2

IF x is A2 IF project_funding is marginal

AND y is B2 AND project_staffing is large

THEN z is C2 THEN risk is normal

Rule: 3 Rule: 3

IF x is A1 IF project_funding is inadequate

THEN z is C3 THEN risk is high

 ¾ ·¨Æh﹞ ﹉ÃĞ¿O²a[ ﹉Ã . ¾\²`² ²\ ĝ ﹏﹞1mĞ¶]︻1﹇ ·iĝ
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

﹁1J﹞ č¾b1i ¾b1ل

 
Crisp Input 

y1 

0.1 

0.7 

1

0
y1 

B1 B2 

Y 

Crisp Input 

0.2 

0.5 

1

0

A1 A2 A3 

x1 

x1 X 

 (x = A1) = 0.5 

 (x = A2) = 0.2 

 (y = B1) = 0.1 

 (y = B2) = 0.7 

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

 AhÃa﹋ ¾1½ ¾\²`² 0]F?0  ² ]±³m ¿﹞ ·F﹁a﹎
\³m ¿﹞ ·>i1V﹞ ®2 1? a}1°F﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞ ·? 1½ ¾\²`² b0 ﹉Ã a½ EÃ³t︻ ¾ ·O`\ ²Ċ

project_funding project_staffing
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č¾b1﹁ ]︻0³﹇ ¿?1Ãb`0ل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

«ÃaÂ﹎ ¿﹞ 0` ¶]m ¾b1﹁ ¾1½ ¾\²`² ċª²\ ª1﹎ `\
«Â°﹋ ¿﹞ 0︻¬1ل ¾b1﹁ ]︻0³﹇ ¾1½ ª]﹆﹞ ·? 0` 1¼±2 ²Ċ

ċEm0\ ª]﹆﹞ ]°S ¾b1﹁ ¾ ¶]︻1﹇ ﹉Ã a﹎0
 ·y³?a﹞ ¾b1﹁ a﹍¨¬︻ĚAND  1ÃOR ę\³m ¿﹞ ¶\1﹀Fi0

]Ã2 Ei\ ·? 1½ ª]﹆﹞ ¿?1Ãb`0 ¾ ·NÂF± ®0³°︻ ·? ]W0² \]︻ ﹉Ã 1GĊ

 \]︻ ¯Ã0 ċgBiĚ¿Fi`\ `0]﹆﹞ ę\³m ¿﹞ 1©¿ 0︻¬1لG EÃ³t︻ ︹?1G ·?Ě č j²`︹Âx﹆G  1Ã]±0 aÂÂ︽G¶b0ę

7.0

1.0

2.0

5.0

)2(

)1(

)2(

)1(

















By

By

Ax

Ax
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č¾b1﹁ ]︻0³﹇ ¿?1Ãb`0ل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

 

A3 

1

0 X 

1

y1 0 Y 

0.0 

x1 0

0.1 
C1 

1

C2 

Z 

1

0 X 

0.2 

0

0.2 
C1 

1

C2 

Z 

A2 

x1 

Rule 3: 

A1 
1

0 X 0

1

Z x1 

THEN 

C1 C2 

1

y1 

B2 

0 Y 

0.7 

B1 
0.1 

C3 

C3 

C3 0.5 0.5 

OR 
(max) 

AND 
(min) 

OR THEN Rule 1: 

AND THEN Rule 2: 

IF x is A3 (0.0) y is B1 (0.1) z is C1 (0.1) 

IF x is A2 (0.2) y is B2 (0.7) z is C2 (0.2) 

IF x is A1 (0.5) z is C3 (0.5) 
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

¿©1G EÃ³t︻ ︹?1G ·? 1½ ª]﹆﹞ ¿?1Ãb`0 MÃ1F± 1¾ 0︻¬1ل½ j²`

 

Degree of 
Membership 

1.0 

0.0 

0.2 

Z 

Degree of 
Membership 

Z 

C 2 

1.0 

0.0 

0.2 

C 2 

︹Âx﹆G j²`
Clipping Method

¶b0]±0 aÂÂ︽G j²`
Scaling Method

 ¿©1G EÃ³t︻ ︹?1G ja?
ª]﹆﹞ ¿Fi`\ Uxi `\

Ě ĐaF¬﹋ ¿﹎]ÂRÂCďaG﹐1? E︻aię
$ D1︻﹑y0 ¯F﹁` Ei\ b0

 ~1﹀G`0 aÂÂ︽GĚ<au ę¿©1G EÃ³t︻ ︹?1G 
ª]﹆﹞ ¿Fi`\ Uxi `\

Ě ĐaFlÂ? ¿﹎]ÂRÂCďaG ̄ ÂÃ1C E︻aię
$ D1︻﹑y0 aF¬﹋ ¯F﹁` Ei\ b0
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č]︻0³﹇ ¿O²a[ ︹Â¬NGل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

 

0 

0.1 

1 
C 1 

C z is    1 (0.1) 

C 2 

0 

0.2 

1 

C z is    2 (0.2) 

0 

0.5 

1 

C z is    3 (0.5) 

Z Z Z 

0.2 

Z 0 

∑ 

C 3 
0.5 

0.1 

]½\ ¿﹞ ª1N±0 0` ]︻0³﹇ ¾ ·¬½ ¾1½ ¿O²a[ ®\a﹋ ·S`1B﹊Ã ċ︹Â¬NG ¾ ·¨Wa﹞č
 ]︻0³﹇ ¾1½ ¿©1G ¾ ·¬½ EÃ³t︻ ︹?0³GĚ·F﹁1Ã f1Â﹆﹞ aÂÂ︽G 1Ã ¶]m ︹Âx﹆G ę﹞ =Â﹋aG ¾b1﹁ ¾ ·︻³¬N﹞ ﹉Ã `\]±³m ¿Ċ

Ě«Ã`0\ ﹏﹆Fh﹞ =Â﹋aG ﹉Ã ¿O²a[ aÂ︽F﹞ a½ ¾0a?ęĊ
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

︾1J﹞ č¾b1i ¾b1﹁aÂل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

Ei0 ¾b1i ¾b1﹁aÂ︾ ċ¾b1﹁ L1F°Fi0 ]°Ã2a﹁ `\ ª1﹎ ¯Ãa[2Ċ
Ě]m1? AhÃa﹋ \]︻ ﹉Ã ]Ã1? ¾b1﹁ «FhÂi ﹉Ã ¿Ã1¼± ¿O²a[ 1﹞0 ċ«Â°﹋ ¿?1Ãb`0 0` ]︻0³﹇ ]°﹋ ¿﹞ ﹉¬﹋ 1﹞ ·? ®\³? ¾b1﹁ę Ċ

ĚEi0 ]W0² \]︻ ﹉Ã ®2 ¿O²a[ ² ¾b1﹁ ¾ ¶]m ︹Â¬NG ¿O²a[ ċ¾b1i ¾b1﹁aÂ︾ ]°Ã2a﹁ ¾\²`²ęĊ

ċ\`0\ \³O² ¾b1i ¾b1﹁aÂ︾ ¾0a? ¿﹀¨FZ﹞ ¾1½ j²`
 ċ1¼±2 ¯ÃaG ²0ل]F﹞ ªaO c﹋a﹞Ěc﹋a﹞ čcentroid ęEi0Ċ

( )

( )

b

A
a

b

A
a

x x dx
COG

x dx

μ

μ

⋅
=
∫

∫

 

 ( x ) 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

160 170 180 190 200 

a b 

210 

A 

150 

X 



21

P
re

p
a

re
d

 b
y

 K
a

z
im

 F
o

u
la

d
i  

| 
  

S
p

ri
n

g
 2

0
1

7
  

| 
2
n
d

E
d

it
io

n

هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č ¾b1i ¾b1﹁aÂ︾ĚªaO c﹋a﹞ ¾ ·>i1V﹞ęل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
¿±0]¬﹞ ¾b1﹁ L1F°Fi0 j²`

Mamdani Fuzzy Inference Method

4.67
5.05.05.05.02.02.02.02.01.01.01.0

5.0)100908070(2.0)60504030(1.0)20100( 


COG

 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

0 20 30 40 50 10 70 80 90 100 60 

Z 

Degree of 
Membership 

67.4 
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

FUZZY INFERENCE

³°﹎³i ¾b1﹁ L1F°Fi0 j²`
Sugeno Fuzzy Inference Method

Michio Sugeno

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

¾b1i ¾b1﹁
¾\²`² ¾1½aÂ︽F﹞

¾b1﹁ ]︻0³﹇ ¿?1Ãb`0
]︻0³﹇ ¶1﹍Ã1C

 ]︻0³﹇ ¿O²a[ ︹Â¬NG
]︻0³﹇ ¶1﹍Ã1C

¾b1i ¾b1﹁aÂ︾
¿Ã1¼± ¿O²a[

 ¿﹊G ¾ ·?au ︹?1G b0 ³°﹎³i j²`(singleton spike) ]°﹋ ¿﹞ ¶\1﹀Fi0 ¶]︻1﹇ ¿©1G EÃ³t︻ ︹?1G ®0³°︻ ·?Ċ
ĚEi0 a﹀q 1½1O ¿﹆?1﹞ `\ ² \`0\ `0]﹆﹞ ¯Zi «©1︻ b0 n1[ ¾ ·x﹆± ﹉Ã `\ ·﹋ ¿︺?1GęĊ
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

FUZZY INFERENCE

³°﹎³i ﹉>i ·? ¾b1﹁ ¾ ¶]︻1﹇
Sugeno-Style Fuzzy Rule

\³m ¿﹞ ¶\1﹀Fi0 ¾\²`² ¾1½aÂ︽F﹞ b0 ¿u1Ã` ︹?1G ﹉Ã b0 ¾b1﹁ ¾ ·︻³¬N﹞ ﹉Ã ¾1O ·? ċ¶]︻1﹇ ¿©1G ¾0a?Ċ

IF    x is   A

AND   y is   B

THEN  z is   f(x,y)

a﹀q ¾ ·>Ga﹞ ³°﹎³i ﹉>i ·? ¾b1﹁ ¾ ¶]︻1﹇
Zero-Order Sugeno-Style Fuzzy Rule

IF    x is   A

AND   y is   B
THEN  z is   k E?1K `0]﹆﹞

Ei0 E?1K ċ¾b1﹁ ¾ ¶]︻1﹇ a½ ¿O²a[ ċE©1W ¯Ã0 `\Ċ
]±³m ¿﹞ ¿Ã1¬±b1? ¿﹊G ¾1½ ·?au ¾ ·¨Âi² ·? ċ¿©1G EÃ³t︻ ︹?0³G ¾ ·¬½Ċ

( )

( )

A X

B Y

∈

∈

F

F
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

﹁1J﹞ č¾b1i ¾b1ل

 
Crisp Input 

y1 

0.1 

0.7 

1

0
y1 

B1 B2 

Y 

Crisp Input 

0.2 

0.5 

1

0

A1 A2 A3 

x1 

x1 X 

 (x = A1) = 0.5 

 (x = A2) = 0.2 

 (y = B1) = 0.1 

 (y = B2) = 0.7 

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
³°﹎³i ¾b1﹁ L1F°Fi0 j²`

Sugeno Fuzzy Inference Method

 AhÃa﹋ ¾1½ ¾\²`² 0]F?0  ² ]±³m ¿﹞ ·F﹁a﹎
\³m ¿﹞ ·>i1V﹞ ®2 1? a}1°F﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞ ·? 1½ ¾\²`² b0 ﹉Ã a½ EÃ³t︻ ¾ ·O`\ ²Ċ

project_funding project_staffing
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č¾b1﹁ ]︻0³﹇ ¿?1Ãb`0ل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %
³°﹎³i ¾b1﹁ L1F°Fi0 j²`

Sugeno Fuzzy Inference Method

 

A3 

1

0 X 

1

y1 0 Y 

0.0 

x1 0

0.1 

1

Z 

1

0 X 

0.2 

0

0.2 

1

Z 

A2 

x1 

IF x is A1 (0.5) z is k3 (0.5) Rule 3: 

A1 
1

0 X 0

1

Z x1 

THEN 

1

y1 

B2 

0 Y 

0.7 

B1 
0.1 

0.5 0.5 

OR 
(max) 

AND 
(min) 

OR y is B1 (0.1) THEN z is k1 (0.1) Rule 1: 

IF x is A2 (0.2) AND y is B2 (0.7) THEN z is k2 (0.2) Rule 2: 

k1 

k2 

k3 

IF x is A3 (0.0) 
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

1J﹞ č]︻0³﹇ ¿O²a[ ︹Â¬NGل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %

]½\ ¿﹞ ª1N±0 0` ]︻0³﹇ ¾ ·¬½ ¾1½ ¿O²a[ ®\a﹋ ·S`1B﹊Ã ċ︹Â¬NG ¾ ·¨Wa﹞Ċ

Ě«Ã`0\ ﹏﹆Fh﹞ =Â﹋aG ﹉Ã ¿O²a[ aÂ︽F﹞ a½ ¾0a?ęĊ

³°﹎³i ¾b1﹁ L1F°Fi0 j²`
Sugeno Fuzzy Inference Method

 

z is k1 (0.1) z is k2 (0.2) z is k3 (0.5) ∑ 

0 

1

0.1 

Z 0

0.5 

1

Z 0

0.2 

1

Z k1 k2 k3 0

1

0.1 

Z k1 k2 k3 

0.2 
0.5 
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هوش مصنوعی پىشرفته
¾b1﹁ L1F°Fi0

︾1J﹞ č¾b1i ¾b1﹁aÂل

¾b1i ¾b1﹁
Fuzzification

]︻0³﹇ ¿?1Ãb`0
Rule Evaluation

︹Â¬NG
Aggregation

¾b1i ¾b1﹁aÂ︾
Defuzzification

۱ ۲ ۳ %

Ei0 ¾b1i ¾b1﹁aÂ︾ ċ¾b1﹁ L1F°Fi0 ]°Ã2a﹁ `\ ª1﹎ ¯Ãa[2Ċ
Ě]m1? AhÃa﹋ \]︻ ﹉Ã ]Ã1? ¾b1﹁ «FhÂi ﹉Ã ¿Ã1¼± ¿O²a[ 1﹞0 ċ«Â°﹋ ¿?1Ãb`0 0` ]︻0³﹇ ]°﹋ ¿﹞ ﹉¬﹋ 1﹞ ·? ®\³? ¾b1﹁ę Ċ

ĚEi0 ]W0² \]︻ ﹉Ã ®2 ¿O²a[ ² ¾b1﹁ ¾ ¶]m ︹Â¬NG ¿O²a[ ċ¾b1i ¾b1﹁aÂ︾ ]°Ã2a﹁ ¾\²`²ęĊ

`0\ ®b² ¾aÂ﹎  wi³F﹞
Weighted Average

( )

( )

i i

i

i

i

k k

WA
k

μ

μ

⋅

=
∑

∑

³°﹎³i ¾b1﹁ L1F°Fi0 j²`
Sugeno Fuzzy Inference Method

³°﹎³i ﹉>i ·? ¾b1i ¾b1﹁aÂ︾
Sugeno-Style Defuzzification

65

5.02.01.0

805.0502.0201.0

)3()2()1(

3)3(2)2(1)1(









kkk

kkkkkk
WA

 

0 Z 

Crisp Output 

z1 

z1 



·F﹁alÂC ¿︻³°p﹞ j³½

¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

BUILDING A FUZZY EXPERT SYSTEM: CASE STUDY

o]°﹋ ¿﹞ aÂ¬︺G 0` <0a[ D1︺x﹇ ² ]°﹋ ¿﹞ ¾`0]¼﹍± 0` ¿﹋]Ã D1︺x﹇ ċgÃ²ai c﹋a﹞ ﹉ÃĊ
o]°﹋ ¿﹞ E﹁1Ã`\ ~³± ®1¬½ b0 ¿﹋]Ã ¾ ·︺x﹇ ﹉Ã ² \`²2 ¿﹞ 0` <0a[ ¾ ·︺x﹇ ﹉Ã ċ¾aFl﹞ ﹉ÃĊ
o﹞ ¿﹋]Ã ¾ ·︺x﹇ ·? ﹏Ã]>G ·NÂF± `\ ² ]±aÂ﹎ ¿﹞ `0a﹇ ·h﹀﹇ `\ ċ]±³m ¿﹞ aÂ¬︺G <0a[ ¾1½ ·︺x﹇]±³m ¿Ċ

oف]½  č
1ÃaFl﹞ ®\a﹋ ¿u0` ¾0a? n1[ «Â¬pG ¾1½ Ei1Âi 1? gÃ²ai c﹋a﹞ aÃ]﹞ ·? ·Âq³G ¾ ·Ç0`0®
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã ¾ ·︺i³G ]°Ã2a﹁

۱ ę¿±1?b ¾1½aÂ︽F﹞ ︿Ãa︺G ² ·¨Æh﹞ ¾b1i oZl﹞

۲ ę¾b1﹁ ¾1½ ·︻³¬N﹞ ¯ÂÂ︺G

۳ ę¾b1﹁ ]︻0³﹇ E[1i ² L0aZFi0

% ę¾b1﹁ L1F°Fi0 ª1N±0 ¾0a? 1½ ² `0²ل ¾b1﹁ ]︻0³﹇ ċ¾b1﹁ ¾1½ ·︻³¬N﹞ ¾`0_﹎]﹋

' ę«FhÂi «Â|°G ² ¿?1Ãb`0

¾b1﹁ ¾ ¶a>[ «FhÂi ¾ ·︺i³G
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۱ ę¿±1?b ¾1½aÂ︽F﹞ ︿Ãa︺G ² ·¨Æh﹞ ¾b1i oZl﹞

Linguistic Variable: Mean Delay, m

Linguistic Value Notation Numerical Range (normalised)

Very Short

Short

Medium

VS

S

M

[0, 0.3]

[0.1, 0.5]

[0.4, 0.7]

Linguistic Variable: Number of Servers, s

Linguistic Value Notation Numerical Range (normalised)

Small

Medium

Large

S

M

L

[0, 0.35]

[0.30, 0.70]

[0.60, 1]

Linguistic Variable: Repair Utilisation Factor, 
Linguistic Value Notation Numerical Range

Low

Medium

High

L

M

H

[0, 0.6]

[0.4, 0.8]

[0.6, 1]

Linguistic Variable: Number of Spares, n

Linguistic Value Notation Numerical Range (normalised)

Very Small

Small

Rather Small

Medium

Rather Large

Large

Very Large

VS

S

RS

M

RL

L

VL

[0, 0.30]

[0, 0.40]

[0.25, 0.45]

[0.30, 0.70]

[0.55, 0.75]

[0.60, 1]

[0.70, 1]

Linguistic Variable: Mean Delay, m

Linguistic Variable: Number of Servers, s

Linguistic Variable: Repair Utilisation Factor, 

Linguistic Variable: Number of Spares, n

«Ã`0\ ¿¨q0 ¿±1?b aÂ︽F﹞ `1¼Sč
o wi³F﹞ `1|F±0 ®1﹞b

Ě¯Â﹍±1Â﹞ aÂ[1G ęm

o ®1﹎]°½\ gÃ²ai \0]︺Gs

o aÂ¬︺G ¾`² ¶a¼? `³F﹋1﹁ρ

o ¿﹋]Ã D1︺x﹇ ¾ ·Â©²0 \0]︺Gn
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۲ ę¾b1﹁ ¾1½ ·︻³¬N﹞ ¯ÂÂ︺G

 ¾0a? ¾b1﹁ ¾ ·︻³¬N﹞m

 

0.1 0 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Mean Delay (normalised) 

S VS M 

 Degree of 

 Membership 

Ď]°m1? ·Fm0\ ¿︻³°F﹞ ¾1½ ﹏﹊m ]°±0³G ¿﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞
 ︹?0³G ċ1﹞0¿J¨J﹞  1Ã¾0 ·﹆±b²^  ċ﹏﹊m

]°°﹋ ¿﹞ «½0a﹁ ¶a>[ ¿Ã1±0\ b0 ¿﹁1﹋ ¿Ã1¬±b1? =¨︾0
]°°﹋ ¿﹞ ¶\1i 0` ·>i1V﹞ ]°Ã2a﹁ ċ®1﹞c¬½ `³y ·? ²Ċ
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۲ ę¾b1﹁ ¾1½ ·︻³¬N﹞ ¯ÂÂ︺G

 ¾0a? ¾b1﹁ ¾ ·︻³¬N﹞s

Ď]°m1? ·Fm0\ ¿︻³°F﹞ ¾1½ ﹏﹊m ]°±0³G ¿﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞
 ︹?0³G ċ1﹞0¿J¨J﹞  1Ã¾0 ·﹆±b²^  ċ﹏﹊m

]°°﹋ ¿﹞ «½0a﹁ ¶a>[ ¿Ã1±0\ b0 ¿﹁1﹋ ¿Ã1¬±b1? =¨︾0
]°°﹋ ¿﹞ ¶\1i 0` ·>i1V﹞ ]°Ã2a﹁ ċ®1﹞c¬½ `³y ·? ²Ċ

 

0.1 0 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

M L S 

 Degree of 

 Membership 

Number of Servers (normalised) 
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۲ ę¾b1﹁ ¾1½ ·︻³¬N﹞ ¯ÂÂ︺G

 ¾0a? ¾b1﹁ ¾ ·︻³¬N﹞ρ

Ď]°m1? ·Fm0\ ¿︻³°F﹞ ¾1½ ﹏﹊m ]°±0³G ¿﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞
 ︹?0³G ċ1﹞0¿J¨J﹞  1Ã¾0 ·﹆±b²^  ċ﹏﹊m

]°°﹋ ¿﹞ «½0a﹁ ¶a>[ ¿Ã1±0\ b0 ¿﹁1﹋ ¿Ã1¬±b1? =¨︾0
]°°﹋ ¿﹞ ¶\1i 0` ·>i1V﹞ ]°Ã2a﹁ ċ®1﹞c¬½ `³y ·? ²Ċ

 

0.1 0 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Repair Utilisation Factor 

M H L 

 Degree of 

 Membership 
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۲ ę¾b1﹁ ¾1½ ·︻³¬N﹞ ¯ÂÂ︺G

 ¾0a? ¾b1﹁ ¾ ·︻³¬N﹞n

Ď]°m1? ·Fm0\ ¿︻³°F﹞ ¾1½ ﹏﹊m ]°±0³G ¿﹞ ¾b1﹁ ¾1½ ·︻³¬N﹞
 ︹?0³G ċ1﹞0¿J¨J﹞  1Ã¾0 ·﹆±b²^  ċ﹏﹊m

]°°﹋ ¿﹞ «½0a﹁ ¶a>[ ¿Ã1±0\ b0 ¿﹁1﹋ ¿Ã1¬±b1? =¨︾0
]°°﹋ ¿﹞ ¶\1i 0` ·>i1V﹞ ]°Ã2a﹁ ċ®1﹞c¬½ `³y ·? ²Ċ

 

0.1 0 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

S RS VS M RL L VL 

 Degree of 

 Membership 

Number of Spares (normalised) 
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۳ ę¾b1﹁ ]︻0³﹇ E[1i ² L0aZFi0

¿︺?a﹞ ¾b1﹁ ¾]±³ÂC Em1﹍± ¿Ã1¬±b1?

 ]½\ UÂu³G 1G «Â½0³Z? ¶a>[ b0 ]Ã1?
Ĉ\³m  ﹏W ﹏>﹇ `\ ¶]m ︿Ãa︺G ¿±1?b ¾1½aÂ︽F﹞ b0 ¶\1﹀Fi0 1? ]±0³G ¿﹞ ·±³﹍S ·¨Æh﹞

 ︹?1°﹞ aÃ1i b0 ]±0³G ¿﹞ ªb﹐ ¿Ã1±0\Ě ² ¶]m ¶]½1l﹞ ¾1½`1F﹁` ċE±aF°Ã0 ċ1½ <1F﹋ ęĊĊĊ\³m ¾`²2\a﹎Ċ

 

m 

s 

M 

RL 

VL 

S 

RS 

L 

VS 

S 

M 

VS S M 

L 

M 

S 
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۳ ę¾b1﹁ ]︻0³﹇ E[1i ² L0aZFi0

 

Rule m s  n Rule m s  n Rule m s  n 

1 VS S L VS 10 VS S M S 19 VS S H VL 

2 S S L VS 11 S S M VS 20 S S H L 

3 M S L VS 12 M S M VS 21 M S H M 

4 VS M L VS 13 VS M M RS 22 VS M H M 

5 S M L VS 14 S M M S 23 S M H M 

6 M M L VS 15 M M M VS 24 M M H S 

7 VS L L S 16 VS L M M 25 VS L H RL 

8 S L L S 17 S L M RS 26 S L H M 

9 M L L VS 18 M L M S 27 M L H RS 

 

O[²ل ﹇0³︻[
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۳ ę¾b1﹁ ]︻0³﹇ E[1i ² L0aZFi0

 ]︻0³﹇ ¶1﹍Ã1C۱

1. If (utilisation_factor is L) then (number_of_spares is S) 
2. If (utilisation_factor is M) then (number_of_spares is M) 
3. If (utilisation_factor is H) then (number_of_spares is L) 
 

4. If (mean_delay is VS) and (number_of_servers is S) then (number_of_spares is VL) 
5. If (mean_delay is S) and (number_of_servers is S) then (number_of_spares is L) 
6. If (mean_delay is M) and (number_of_servers is S) then (number_of_spares is M) 
 

7. If (mean_delay is VS) and (number_of_servers is M) then (number_of_spares is RL) 
8. If (mean_delay is S) and (number_of_servers is M) then (number_of_spares is RS) 
9. If (mean_delay is M) and (number_of_servers is M) then (number_of_spares is S) 
 

10. If (mean_delay is VS) and (number_of_servers is L) then (number_of_spares is M) 
11. If (mean_delay is S) and (number_of_servers is L) then (number_of_spares is S) 
12. If (mean_delay is M) and (number_of_servers is L) then (number_of_spares is VS) 
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎۳ ę¾b1﹁ ]︻0³﹇ E[1i ² L0aZFi0

Cube FAM of Rule Base 2
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎% ę¾b1﹁ L1F°Fi0 ª1N±0 ¾0a? 1½ ² `0²ل ¾b1﹁ ]︻0³﹇ ċ¾b1﹁ ¾1½ ·︻³¬N﹞ ¾`0_﹎]﹋

¿hÃ³±]﹋ ¾0a? MÃ0` ¿hÃ³± ·﹞1±a? ®1?b ﹉Ã b0 ¶\1﹀Fi0
1Ã

¾b1﹁ ﹅x°﹞ ¾ ·︺i³G `0c?0 ﹉Ã b0 ¶\1﹀Fi0
Ě ]°±1﹞MATLAB Fuzzy Logic Toolboxę
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Ei0 «FhÂi «Â|°G ² ¿?1Ãb`0 ċ`1﹋ ¯ÃaG E¬WbaC ² ¯Ãa[2Ċ

aÂ[ 1Ã ]°﹋ ¿﹞ EÃ1︻` 0` 0]F?0 b0 ¶]m oZl﹞ ¾1½ ¾]°﹞b1Â± 1﹞ ¾b1﹁ «FhÂi 1Ã2 ·﹋ «Â°Â>? «Â½0³[ ¿﹞Ċ

«Ã`0\ EhG ¾0a? ︿¨FZ﹞ ¾1½ EÂ︺﹇³﹞ ·±³¬± ·? b1Â±Ċ

ċ=© E﹞ `\ ¾b1﹁ ﹅x°﹞ `0c?0 ·>︺O
]°﹋ ]Â©³G 0` ¿Ã1½ ·Ã²` ]±0³G ¿﹞

]°﹋ ¿﹞ ﹉¬﹋ «FhÂi ¿Ã2`1﹋ ﹏Â¨VG `\ 1﹞ ·? ·﹋Ċ



42

P
re

p
a

re
d

 b
y

 K
a

z
im

 F
o

u
la

d
i  

| 
  

S
p

ri
n

g
 2

0
1

7
  

| 
2
n
d

E
d

it
io

n

هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 1
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 1
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 2
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 2
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

]m1>± ¿u0` «FhÂi ¿Ã2`1﹋ b0  ¶a>[ Ei0 ¯﹊¬﹞Ċ

 ċ«FhÂi ¿Ã2`1﹋ \³>¼? ¾0a?
 ¯Zi «©1︻ ¾²` a? ¾aFlÂ? ¾1½ ·︻³¬N﹞b0 «Â½0³Z? Ei0 ¯﹊¬﹞Ğ1½ ¶]°½\ gÃ²ai \0]︺G ĝ«Â°﹋ ¶\1﹀Fi0

«Â½]? jaFh﹎ 0` ]︻0³﹇ ¶1﹍Ã1C ²Ċ
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 2
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Cube FAM of Rule Base 3
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 3
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

Three-dimensional plots for Rule Base 3
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هوش مصنوعی پىشرفته
¾b1﹁ ¾ ¶a>[ «FhÂi ﹉Ã E[1i č¿G1︺©1x﹞ \`³﹞

 ª1﹎' ę«FhÂi «Â|°G ² ¿?1Ãb`0

۱ ęª²c© D`³q `\ 1¼±2 ¾ ¶b1? \]N﹞ ︿Ãa︺G ² ل]﹞ ¿O²a[ ² ¾\²`² ¾1½aÂ︽F﹞ ¿°Â?b1?

۲ ęª²c© D`³q `\ ¯Zi «©1︻ ¾²` aFlÂ? ¾1½ ·︻³¬N﹞ ︿Ãa︺G ² ċ¾b1﹁ ¾1½ ·︻³¬N﹞ ¿°Â?b1?

۳ ę ·Ã1h¬½ ¾1½ ·︻³¬N﹞ ¯Â? ¿﹁1﹋ ¿±1m³B¬½ \1NÃ0Ě Ø0\²]W۲'  1G'۰ I¨J﹞ ¶]︻1﹇ 0کaFm0 ]q`\ď1½ ·﹆±b²^ę

% ęª²c© D`³q `\ ]︻0³﹇ ¶1﹍Ã1C ·? ]Ã]O ]︻0³﹇ ®\²c﹁0 ² ċ\³O³﹞ ]︻0³﹇ ¿°Â?b1?

' ę1½ M½ EÃc﹞ b0 ¶\1﹀Fi0 ¾0a? ]︻0³﹇ ¶1﹍Ã1C ¿i`a?

) ę1¼±2 EÂ¬½0 f1i0 a? ]︻0³﹇ ¾0aO0 ®b² «Â|°G

۷ ę¾b1﹁ EÃ³t︻ ︹?0³G ﹏﹊m ¿°Â?b1?

¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi «Â|°G



¿︻³°p﹞ j³½

¾b1﹁ ¾ ¶a>[ ¾1½ «FhÂi
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هوش مصنوعی پىشرفته
¿¨q0 ︹>°﹞

Michael Negnevitsky,

Artificial Intelligence: A Guide to Intelligent Systems,

Pearson Education Canada, 2011.

Chapter 4
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هوش مصنوعی پىشرفته
ª²\ ︹>°﹞

Nazmul Siddique, Hojjat Adeli, 

Computational Intelligence: Synergies of Fuzzy Logic, 

Neural Networks and Evolutionary Computing, 

John Wiley & Sons, 2013.

Chapter 2, 3


