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LEARNING RULES

¾aÂ﹎\1Ã ¾ ¶]︻1﹇
Learning Rule

·﹊>m ¾1½ f1Ã1? ² 1½ ®b² aÂÂ︽G ¾0a? ¿©0²`jb³﹞2 «FÃ`³﹍©0
Training Algorithm

čn1[ `1﹋ ﹉Ã ª1N±0 ¾0a? ·﹊>m jb³﹞2 ½[ف
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Learning Rules

p1 t1{ , } p2 t2{ , }   pQ tQ{ , }  

• Supervised Learning

Network is provided with a set of examples

of proper network behavior (inputs/targets)

• Reinforcement Learning

Network is only provided with a grade, or score,

which indicates network performance

• Unsupervised Learning

Only network inputs are available to the learning

algorithm. Network learns to categorize (cluster)

the inputs.
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LEARNING RULES

~0³±0

¾aÂ﹎\1Ã ¾ ¶]︻1﹇
Learning Rule
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Training Algorithm

D`1|± 1?
Supervised

D`1|± ®²]?
Unsupervised

¿FÃ³﹆G
Reinforcement
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SUPERVISED LEARNING

D`1|± 1? ¾aÂ﹎\1Ã
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Learning Rule

·﹊>m ¾1½ f1Ã1? ² 1½ ®b² aÂÂ︽G ¾0a? ¿©0²`jb³﹞2 «FÃ`³﹍©0
Training Algorithm
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p1 t1{ , } p2 t2{ , }   pQ tQ{ , }   q
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t

  

 č ·﹊>m Ei`\ ¿O²a[target)(

o\³m ¿﹞ ¶\0\ ·﹊>m ·? ¾\²`²Ċ
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UNSUPERVISED LEARNING

D`1|± ®²]? ¾aÂ﹎\1Ã

¾aÂ﹎\1Ã ¾ ¶]︻1﹇
Learning Rule

·﹊>m ¾1½ f1Ã1? ² 1½ ®b² aÂÂ︽G ¾0a? ¿©0²`jb³﹞2 «FÃ`³﹍©0
Training Algorithm
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REINFORCEMENT LEARNING

¿FÃ³﹆G ¾aÂ﹎\1Ã

¾aÂ﹎\1Ã ¾ ¶]︻1﹇
Learning Rule

·﹊>m ¾1½ f1Ã1? ² 1½ ®b² aÂÂ︽G ¾0a? ¿©0²`jb³﹞2 «FÃ`³﹍©0
Training Algorithm
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Perceptron Architecture
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PERCEPTRON ARCHITECTURE
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hardlims
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HARD-LIMIT TRANSFER FUNCTION

EZi ]W 1ل﹆F±0 ︹?1G

)(nfa 
Input / Output Relation

·NÂF±č
 ®²aFBiaC 1ل﹆F±0 ︹?1G ¿O²a[ ¿F©1W ²\Ei0

⇓
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Single-Neuron Perceptron
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SINGLE-NEURON PERCEPTRON

²\ ®²aFBiaC�﹉G ċ¾\²`²�®²a± ﹉Ã 1? ¿O²a[

«Â¬pG ba﹞
]m1? a﹀q ®²a± o©1[ ¾\²`² 1¼±2 ¾0a? ·﹋ ¾\²`² ¾1½`0\a? b0 ﹏﹊lF﹞ čn=0Ċ
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Decision Boundary

w
T

1 p b+ 0= w
T

1 p b–=

• All points on the decision boundary have the same inner 

product with the weight vector.

• Therefore they have the same projection onto the weight 

vector, and they must lie on a line orthogonal to the 

weight vector
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Example - OR
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OR Solution

w1
0.5

0.5
=

w
T

1 p b+ 0.5 0.5
0

0.5
b+ 0.25 b+ 0= = = b 0.25–=⇒

Weight vector should be orthogonal to the decision boundary.

Pick a point on the decision boundary to find the bias.
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`1J﹞ čOR č﹏W ¶0ل

®b² `0\a? č]m1? «Â¬pG ba﹞ a? \³¬︻ ]Ã1?č

w1
0.5

0.5
=

w
T

1 p b+ 0.5 0.5
0

0.5
b+ 0.25 b+ 0= = = b 0.25–=⇒

f1Ã1? č«Â°﹋ ¿﹞ <1ZF±0 0` «Â¬pG ba﹞ ¾²` ·x﹆± ﹉Ã f1Ã1? ¯F﹁1Ã ¾0a?č
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Multiple-Neuron Perceptron

Each neuron will have its own decision boundary.

w
T

i p bi+ 0=

A single neuron can classify input vectors 

into two categories.

A multi-neuron perceptron can classify 

input vectors into 2S categories.
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MULTIPLE-NEURON PERCEPTRON

\`0\ 0` j\³[ «Â¬pG ba﹞ ċ®²a± a½č

 ®²a± ¾0a? «Â¬pG ba﹞i b0 Ei0 D`1>︻č

w
T

i p bi+ 0=

]°﹋ ¿﹞ «Âh﹆G ·Fi\ ²\ ·? 0` ¾\²`² ¾1t﹁ ċ]W0² ®²a± ﹉ÃĊ

]°S ®²aFBiaC `\� ċ¿±²a±S «Ã`0\ ®²a±
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 ·? ¾\²`² ¾1t﹁S2 \³m ¿﹞ «Âh﹆G ·Fi\Ċ
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®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇
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Learning Rule Test Problem

p1 t1{ , } p2 t2{ , }  pQ tQ{ , }  

p1
1

2
= t1 1=

⎩ ⎭
⎨ ⎬
⎧ ⎫

p2
1–

2
= t2 0=

⎩ ⎭
⎨ ⎬
⎧ ⎫

p3
0

1–
= t3 0=

⎩ ⎭
⎨ ⎬
⎧ ⎫
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PERCEPTRON LEARNING RULE TEST PROBLEM

¿lÃ1﹞b2 ¾ ·¨Æh﹞

p1 t1{ , } p2 t2{ , }  pQ tQ{ , }  

p1
1

2
= t1 1=

⎩ ⎭
⎨ ⎬
⎧ ⎫

p2
1–

2
= t2 0=

⎩ ⎭
⎨ ⎬
⎧ ⎫

p3
0

1–
= t3 0=

⎩ ⎭
⎨ ⎬
⎧ ⎫

q
p  č ·﹊>m ¾\²`²percept)(

q
t

  

 č ·﹊>m Ei`\ ¿O²a[target)(

D`1|± 1? ¾aÂ﹎\1Ã j²`

¿mb³﹞2 ¾ ·︻³¬N﹞
Training Set

1J﹞ ¾ ·︻³¬N﹞čل ½1
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Starting Point

w1
1.0

0.8–
=

Present p1 to the network:

a hardlim w
T

1 p1  hardlim 1.0 0.8–
1

2⎝ ⎠
⎜ ⎟
⎛ ⎞

= =

a hardlim 0.6–  0= =

Random initial weight:

Incorrect Classification.
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STARTING POINT

~²am ¾ ·x﹆±

«Â°﹋ ¿﹞ ~²am 1½ ®b² ¿﹁\1pG ¾ ·Â©²0 aÃ\1﹆﹞ 1?č

w1
1.0

0.8–
=

a hardlim w
T

1 p1  hardlim 1.0 0.8–
1

2⎝ ⎠
⎜ ⎟
⎛ ⎞

= =

a hardlim 0.6–  0= =

Incorrect Classification.

 ¾\²`² `0\a?
1

p «Â½\ ¿﹞ ®1l± ·﹊>m ·? 0`č

i`\1± ¾]°? ·﹆>yE
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Tentative Learning Rule
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TENTATIVE LEARNING RULE

¾aÂ﹎\1Ã ¾`0a﹊G ¾ ¶]︻1﹇

 ¾\²`² ¾0a? ®²a± ¿O²a[ ¿F﹇²
1

p «Â±0³G ¿﹞ ċEhÂ± Ei`\č
۱ ę «Â½\ `0a﹇

1
p←w 

1

 ·﹋ Ei0 ¯Ã0 ﹏﹊l﹞
 «½ Ei`\1± ¾]︺? ¾1½ ·±³¬± ®]Ã\ 1?p←w 

1
 \³m ¿﹞

⇐  1½ ®b² ¿Ã0a﹍¬½ ª]︻⇐ ·﹊>m ¾`0]Ã1C ª]︻
۲ ę «Â½\ `0a﹇

1
p+w 

1
←w 

1

 aFlÂ? ¿½\ E¼Ow
1

  E¬i ·?
1

p
  

⇐
 ¿>±1N﹞ E﹋aWw

1
  E¼O ·?

1
p aFlÂ? ¾1½ ·±³¬± ®]Ã\ 1?
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Second Input Vector
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SECOND INPUT VECTOR

ª²\ ¾\²`² `0\a?

 1? 1½³﹍©0 ¾0a?target a﹀q
Ě¾\²`² b0 ®\a﹋ `²\ ¾0a?ę

i`\1± ¾]°? ·﹆>yE
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Third Input Vector
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THIRD INPUT VECTOR

ª³i ¾\²`² `0\a?

·﹋ ¿F©1W `\
  target ]m1? ¾²1h﹞ ¿O²a[ 1?Ċ

]±0 ¶]m ¾]°? ·﹆>y Ei`\ 1½³﹍©0 ¾ ·¬½ ®³°﹋0Ċ

i`\1± ¾]°? ·﹆>yE
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Unified Learning Rule
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UNIFIED LEARNING RULE

Ei\ ﹉Ã ¾aÂ﹎\1Ã ¾ ¶]︻1﹇

 Ei0 ¿±b² f1Ã1? ®³S
 ®2 ¾\²`² ·﹋1 Ei0č
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Multiple-Neuron Perceptrons

wi
new

wi
old

e ip+=

bi
new

bi
ol d

ei+=

W
new

W
ol d

ep
T

+=

b
new

b
ol d

e+=

To update the ith row of the weight matrix:

Matrix form:



42 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

®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇

MULTIPLE-NEURON PERCEPTRONS

¿±²a± ]°S ®²aFBiaC

wi
new

wi
old

e ip+=

bi
new

bi
ol d

ei+=

W
new

W
ol d

ep
T

+=

b
new

b
ol d

e+=

 axi ¾b1i ª1﹍°½ ·? ¾0a?i®b² gÃaG1﹞ ª0č

¿hÃaG1﹞ ªa﹁č
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Apple/Banana Example
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APPLE/BANANA EXAMPLE

 b³﹞ 1لJ﹞ ď=Âi

¿mb³﹞2 ¾ ·︻³¬N﹞č

¯Ãb1︾2 ¾1½ ®b²č

0a﹊Gč` ²0ل
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Second Iteration
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APPLE/BANANA EXAMPLE: SECOND ITERATION

 b³﹞ 1لJ﹞ ď=Âi čª²\ `0a﹊G
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Check
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APPLE/BANANA EXAMPLE: CHECK

 b³﹞ 1لJ﹞ ď=Âi č¿i`a?

 Ei`\�

 Ei`\�



>> nnd4pr



·﹊>m ¿︻³°p﹞ ¿>p︻ ¾1½ 

®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇
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Perceptron Rule Capability

The perceptron rule will always 

converge to weights which accomplish 

the desired classification, assuming that 

such weights exist.
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PROOF OF CONVERGENCE

¿Ã0a﹍¬½ D1>K0

·﹋ \³m ¿﹞ E?1K
®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇

]½\ ¿﹞ ª1N±0 0` <³¨x﹞ ¾]°? ·﹆>y ·﹋ \³m ¿﹞ 0a﹍¬½ ¿Ã1½ ®b² ·? ·lÂ¬½Ċ
Ě1½ ®b² ¯Ã0 \³O² D`³q `\ę

]°°﹋ ¿﹞ aÂÂ︽G ·>Ga﹞ ¿½1°F﹞ ¾\0]︺G `\ 1½ ®b²
⇓

\³m ¿﹞ 0a﹍¬½ `0a﹊G ¿½1°F﹞ ¾\0]︺G `\ ®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇Ċ

 ĕ 1½`0a﹊G \0]︺G aJ﹋0]WĚ1½ ®b² aÂÂ︽G ę ︹?a﹞ 1? f³﹊︺﹞ ¾ ·x?0` \`0\Ċ
Ě   Ė¾\²`² ¾1½³﹍©0 ·? «Â¬pG ba﹞ ¿﹊Ã\c± ®0cÂ﹞ `1Â︺﹞ę

⇐  ]°m1? ¿x[ aÃ_C0]O ¿FZi ·? ¾\²`² ¾1½ f﹑﹋ a﹎0Ě]°m1? ﹉Ã\c± «Â¬pG ba﹞ ·? ¿°︺Ãę ċ
\³? ]½0³[ \1Ãb ¿Ã0a﹍¬½ ¾0a? `0a﹊G \0]︺G ¶1﹎ ®2Ċ
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Perceptron Limitations

w
T

1 p b+ 0=

Linear Decision Boundary

Linearly Inseparable Problems
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PERCEPTRON LIMITATIONS

®²aFBiaC ¾1½ EÃ\²]V﹞

w
T

1 p b+ 0=

¿x[ «Â¬pG ba﹞
Linear Decision Boundary

¿x[ `³y ·? aÃ_C1± 0]O ﹏Ç1h﹞
Linearly Inseparable Problems

 ﹉Ã 1? ·﹋ ]°﹋ ¾b1i0]O 0` ¿Ã1½³﹍©0 ]±0³G ¿﹞ w﹆﹁ ®²aFBiaC ¿x[ ba﹞]°m1? ﹉Â﹊﹀G ﹏?1﹇Ċ

·V﹀qa?0



·﹊>m ¿︻³°p﹞ ¿>p︻ ¾1½ 

®²aFBiaC ¾aÂ﹎\1Ã ¾ ¶]︻1﹇
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Martin T. Hagan, Howard B. Demuth, Mark H. Beale, Orlando De Jesus,

Neural Network Design,

2nd Edition, Martin Hagan, 2014.

Chapter 4

Online version can be downloaded from: http://hagan.okstate.edu/nnd.html


