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Widrow-Hoff Learning
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(LMS Algorithm)
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WIDROW-HOFF LEARNING

²`]Ã² ¾aÂ﹎\1Ã «FÃ`³﹍©0
ċ1ف½
Ei0 ¿>Ãa﹆G =Âm ¯ÃaG]°G k½1﹋ «FÃ`³﹍©0 ﹉Ã

 ċ¿Ã2`1﹋ o[1m ċ®2 `\ ·﹋ D1︺?a﹞ ¯Â﹍±1Â﹞ ¾1x[(LMS) Ei0Ċ

EÂ¬½0o 1ل°﹍Âi jb0\aC `\ ®2 \]︺F﹞ ¾1½\a?`1﹋Ě0²کeC ² cÃ³± ف_W ]°±1﹞ę
o¾1¬± kÂC 1x[ `1lF±0 gC «FÃ`³﹍©0
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ADALINE Network
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¾ ·﹊>m Ã﹐0\2¯

ADALINE NETWORK

 ċ®2 1ل﹆F±0 ︹?1G ·﹋ D²1﹀G ¯Ã0 1? ċEi0 ®²aFBiaC ·Â>m `1Âh? ¯Ã﹐0\2 ¾ ·﹊>m¿x[ Ei0Ċ

ADALINE: ADAptive LInear NEuron (NEtwork) +
LMS: Least Mean Square (learning algorithm)

1? D²1﹀G 1¼°G
²aFBiaC ¾`1¬︺﹞®
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ADALINE NETWORK

 «FÃ`³﹍©0LMS

]±`0\ ¿±1h﹊Ã ¿G0^ EÃ\²]V﹞ ®²aFBiaC ² ¯Ã﹐0\2 ¾ ·﹊>m ²\ a½č
]°°﹋ ﹏W 0` ¿x[ aÃ_C0]O ﹏Ç1h﹞ ]°±0³G ¿﹞ 1¼°GĊ

 «FÃ`³﹍©0 1﹞0LMS Ei0 ®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇ b0 aG ¾³﹇č

o¾ ¶]︻1﹇ ¾aÂ﹎\1Ã ®²aFBiaC ¯Â¬tG ¿Ã0a﹍¬½ ·? ﹏W ¶0` ¾0a? ¾1½³﹍©0 ¿mb³﹞2 ċ\`0\
1﹞0 ¾ ·﹊>m ﹏q1W ]±0³G ¿﹞ ·? cÃ³±  ]m1? f1hWĚÂ﹎ ¿﹞ `0a﹇ «Â¬pG ba﹞ ﹉Ã\c± =¨︾0 1½³﹍©0 0aÃb]±aĊę

o «FÃ`³﹍©0LMS ¾1x[ ¯Â﹍±1Â﹞ D1︺?a﹞ 0` «¬Â± ¿﹞ ]°﹋ ¿﹞ ² ¯Ã0a?1°? ¾1½ba﹞ ¾1O 1G 0` ¾aÂ﹎ «Â¬pG 
]°﹋ ¿﹞ `²\ ¿mb³﹞2 ¾1½³﹍©0 b0 ¯﹊¬﹞Ċ

 «FÃ`³﹍©0LMS Ei0 ¶\a﹋ 0]ÂC ®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇ ·? E>h± ¾aFlÂ? ¿¨¬︻ ¾1½\a?`1﹋Ċ
Ějb0\aC `\ ¶eÃ² ·? 1ل°﹍Âi 1لFÂNÃ\ DSPę
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Two-Input ADALINE
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TWO-INPUT ADALINE

 1? «Â¬pG ba﹞n = 0 Ei0 w[ ﹉Ã ·﹋ ]Ã2 ¿﹞ Ei\ ·? č¿﹀°﹞ ¿O²a[ فay ﹉Ã ² E>J﹞ ¿O²a[ فay ﹉Ã

®²aFBiaC ]°±1﹞ Ei`\ ¿x[ a﹎ ﹉Â﹊﹀G
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Mean Square Error
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MEAN SQUARE ERROR

↓
¿u1Ã` ]Â﹞0 č¿︺x﹇ ¾1½ 1ل°﹍Âi ¾0a? ¿±1﹞b wi³F﹞



10

13

Error Analysis



14 شبکه های عصبی مصنوعی
P
re
p
a
re
d
 b
y
 K
a
z
im

 F
o
u
la
d
i  
| 
  
F
a
ll 
2
0
1
7
  
| 
2
n
d
  
E
d
it
io
n
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ERROR ANALYSIS

 1½ ¾\²`² ¿﹍Fh>¬½ gÃaG1﹞↘↙ ³?a﹞ E﹎`1G ² ¾\²`² `0\a? ®1Â﹞ ﹏?1﹆F﹞ ¿﹍Fh>¬½·y
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Stationary Point
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STATIONARY POINT

 ĕ «Â½0³Z± a﹎01-R ﹋ ¶\1﹀Fi0 =Âm ¯ÃaG]°G k½1﹋ «FÃ`³﹍©0 b0 «Â±0³G ¿﹞ ċ«Â°﹋ ·>i1V﹞ 0`«Â°Ċ
 č a﹎0A > 0 Ei0 ¾ai0ai «¬Â± ¿﹞ ·x﹆± ¯Ã0 ċ]m1?Ċ
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Approximate Steepest Descent
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¿>Ãa﹆G =Âm ¯ÃaG]°G k½1﹋

APPROXIMATE STEEPEST DESCENT

 ĕ ¾aÂ﹎\1Ãw[a? (online)  ď¿lÃ0c﹁0 (incremental) ← ¿>Ãa﹆G ®1Ã\0a﹎ b0 ¶\1﹀Fi0 1?

 ¿>Ãa﹆G ®1Ã\0a﹎Ě﹁\1pG¿čę

«Â±b ¿﹞ =Ãa﹆G ·±³¬± ﹉Ã ¾²` 1x[ 1? 0` D1︺?a﹞ ¯Â﹍±1Â﹞ ¾1x[Ě ĊE \³m ¿﹞ ·Fm0\a?ęĊ

 č1½ ®b² ·? v³?a﹞

 čf1Ã1? ·? v³?a﹞
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Approximate Gradient Calculation
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APPROXIMATE GRADIENT CALCULATION

¿ÇcO D1﹆Fl﹞ ¾ ·>i1V﹞č

 «Â°﹋ <au ¾\²`² `\ 0` 1x[ Ei0 ªb﹐ 1¼°GĚ `\ <au ²2ę
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LMS
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LMS Algorithm
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LMS ALGORITHM

 «FÃ`³﹍©0LMS

²`]Ã² ¾ ¶]︻1﹇
½1ف
F©\ ¾ ¶]︻1﹇1

⇓

⇓
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Multiple-Neuron Case
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MULTIPLE-NEURON CASE

 ¿±²a± ]°S E©1W `\Ě¿O²a[ ]°Sę

 axii gÃaG1﹞ ª0W
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ANALYSIS OF CONVERGENCE

k
x  b0 Ei0 ¿︺?1G w﹆﹁

)0(,),2(),1( zzz … kk

ċ¿©0³F﹞ ¾\²`² ¾1½`0\a? ®\³? ¾`1﹞2 ﹏﹆Fh﹞ ra﹁ 1?
k

x  b0 ﹏﹆Fh﹞)k(z \³m ¿﹞Ċ

 ·﹋ «Â°﹋ ¿﹞ D1>K0
ċ]°﹋ ¶\`²2a? 0` ³ق﹁ wÃ0am ·﹋ ®1FhÃ0 ¾\²`² ¾1½]°Ã2a﹁ ¾0a?

 `1|F±0 \`³﹞ `0]﹆﹞Ě¿u1Ã` ]Â﹞0 ę·? \³m ¿﹞ 0a﹍¬½ ®b² `0\a?č
hRx
1 



10

28

Analysis of Convergence
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ANALYSIS OF CONVERGENCE

0 ·>Ga﹞ ¿x[ ¿﹊Â﹞1°Ã\ «FhÂi ¾`0]Ã1C vam²لč
]°m1? ]W0² ¾ ¶aÃ0\ ﹏[0\ ]Ã1? ¶eÃ² aÃ\1﹆﹞Ċ

 b0LMS «Ã`0\č

«ÃaÂ﹎ ¿﹞ ¿u1Ã` ]Â﹞0 ¯Â﹁ay b0č
)()()( kktke

T
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k
xk)(Tz  ¾1O ·? 0`k)(zT
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x «Â°﹋ ¿﹞ ¯Ãc﹍Ã1Oč
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Conditions for Stability
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CONDITIONS FOR STABILITY

¾`0]Ã1C wÃ0am
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Steady State Response
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`1﹎]±1﹞ E©1W Yi1C

STEADY STATE RESPONSE

 `1﹎]±1﹞ E©1W `\Ě¿¬Ç0\čę

¿Ã2`1﹋ o[1m ¾ai0ai «¬Â± ¿﹞ ¾ ·x﹆±
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Example
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EXAMPLE

1J﹞Ě۱  b0%ęل 

 `0]Ã1C ¾aÂ﹎\1Ã Xa± ¾ ·>i1V﹞ 0]F?0α

 «Â±0³F± Ei0 ¯﹊¬﹞ ¿︺﹇0² ¾1½\a?`1﹋ `\R  ² «Â°﹋ ·>i1V﹞ 0`α \³m <1ZF±0 1x[ ² ¿︺i 1? ]Ã1?Ċ
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Iteration One
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EXAMPLE

1J﹞Ě۲  b0%ęل 
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Iteration Two
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EXAMPLE

1J﹞Ě۳  b0%ęل 
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Iteration Three
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EXAMPLE

1J﹞Ě%  b0%ęل 

 j²` 1? ¶]m 0]ÂC  «Â¬pG ba﹞LMS  Ei0 ®²aFBiaC b0 aF¼?Ě1½³﹍©0 b0 ba﹞ aFlÂ? ¾ ·¨q1﹁Ċę
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¿﹆﹁² ®\a﹋ aF¨Â﹁

ADAPTIVE FILTERING

¯Ã﹐0\2 ¾ ¶\aFh﹎ ¾1½\a?`1﹋ b0 ¿﹊Ã č¿﹆﹁² ¾1½aF¨Â﹁

]°﹋ ¿﹞ \1NÃ0 ¿﹆﹁² aF¨Â﹁ ﹉Ã ċ¯Ã﹐0\2 ¾ ·﹊>m 1? ¾aÂ[5G \³°m w[ =Â﹋aGĊ
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Adaptive Filtering
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ADAPTIVE FILTERING

 aF¨Â﹁ ﹉Ã ¯Ã0FIR  Ei0Ě¿½1°F﹞ ¾ ·?au Yi1C čFinite Impulse ResponseĊę

 1? ¾aÂ[5G \³°m w[R ¿O²a[
Ě ² ¾`1O ¾\²`²R1 ¿¨>﹇ ¾\²`²ę

¾aÂ[5G \³°m w[ ¿﹆﹁² aF¨Â﹁
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Example: Noise Cancellation
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EXAMPLE: NOISE CANCELLATION

©︽1J﹞ č¿﹆﹁² cÃ³± ³ل

1x[ ¾b1i «¬Â± ¿﹞ ¾0a? ¶]°°﹋ «Â|°G ¿﹆﹁² aF¨Â﹁
Ě cÃ³± ®2 ª1N±0 ·﹋)۰ ]°﹋ ¿﹞ ف_W ¶]m ¶\³©2 1ل°﹍Âi b0 0` cGa½ęĊ

]°°﹋ ¶\³©2 cÃ³±¶

Electro-encephalogram

¶]m ¶\³©2 1ل°﹍Âi ]m ¿?1Ãb1? 1ل°﹍Âi¶

Ğ1x[ĝ

m č b0 ¿lZ?t ·﹋
1? ¿x[ ¾ ·Fh>¬½ 

 cÃ³±v Ei0Ċ

 ¾ ¶]maF¨Â﹁ cÃ³±
¿﹎\³©2 ³︽© ¾0a? ¿﹆﹁²

aÂh﹞ aF¨Â﹁ b0 ]Â¨﹆G cÃ³±

 cÃ³± ︹>°﹞)۰ cGa½

± aÂh﹞ aF¨Â﹁cÃ³
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Noise Cancellation Adaptive Filter
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NOISE CANCELLATION ADAPTIVE FILTER

cÃ³± ︹﹁` ¿﹆﹁² aF¨Â﹁
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Correlation Matrix
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CORRELATION MATRIX

¿﹍Fh>¬½ gÃaG1﹞
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Signals
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SIGNALS

Âi﹍°1ل ½1

ra﹁ č 1ل°﹍ÂiEEG  ]Â﹀i ¿﹁\1pG 1ل°﹍ÂiĚ¿°︺Ã čEi0 ·Fh>¬½1± ¾]︺? ¾ ·|V© 1? ·|V© a½ę
︹Ãb³G  E[0³°﹊Ã0.2 .. 0.2 ¿i³°Âi ċ)۰  ¶]m ¾`0\a? ·±³¬± cGa½۱۸۰ cGa½

³°Âi cÃ³± ︹>°﹞¿i

k = 1, 2, 3 ¿i³°Âi <²1°G ﹏Â©\ ·?
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Stationary Point
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STATIONARY POINT

®1FhÃ0 ¾ ·x﹆±

 0aÃbs(k)  ²v(k) Fh½ a﹀q ¯Â﹍±1Â﹞ 1? ﹏﹆Fh﹞]°Ċ
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Performance Index



57 شبکه های عصبی مصنوعی
P
re
p
a
re
d
 b
y
 K
a
z
im

 F
o
u
la
d
i  
| 
  
F
a
ll 
2
0
1
7
  
| 
2
n
d
  
E
d
it
io
n

¿﹆﹁² ®\a﹋ aF¨Â﹁

PERFORMANCE INDEX

¿Ã2`1﹋ o[1m

 D1︺?a﹞ «¬Â± ¿﹞ ¾1x[Ě 1ل°﹍Âi D1︺?a﹞ wi³F﹞ `0]﹆﹞ ·Â>m ·﹋EEG Ei0ę

0
 0aÃbs(k)  ²v(k) ]°Fh½ a﹀q ¯Â﹍±1Â﹞ 1? ﹏﹆Fh﹞Ċ
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LMS Response
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Echo Cancellation
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