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ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɳʄɱɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ 
ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 

 

ɳˉʽˋˁˈˉʹˋʹ ɿʶˎˊ˖˄ʽˁ˗˄ ɲʽˁˍˏ˖˄ 
ɼʰ˄ˈ˄ʰˌ ˍˇˎ Hebb 

ʄˏʻ˃ʽˋʹ ʃʰˊʰ˃ʷˍˊ˖˄ ˃ʶ ɳˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ɾʱʻʹˋʹ 
Back Propagation Algorithm 
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ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ɾʹ ɱˊʰ˃˃ʽˁˈ ɾˇ˄ˍʷ˂ˇ ɲˎʰʵʽˁˇˏ ʆʶ˔˄ʹˍˇˏ ɿʶˎˊ˗˄ʰ ▓: wƻǎŜƳōƭŀǘǘΩǎ Perceptron  

McCulloch & Pitts (1943): ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ ˋʰ˄ ˃ʹ˔ʰ˄ʷˌ ɾʹ˔ʰ˄ʽˁʺˌ ɾʱʻʹˋʹˌ 
Hebb (1949): ɮˊ˔ʷˌ ʰˎˍˇˇˊʴʱ˄˖ˋʹˌ ˃ʰʻʹˋʽʰˁ ʺˌ ʵʽʰʵʽˁʰˋʾʰˌ 
Rosemblatt (1958): ɳˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹΣ Perceptron  
Rumelhart (1985): Back Propagation Algorithm 

ɿʶˎˊ˗˄ʰˌ Ὧ : ʆʰ˅ʽ˄ˈ˃ʹˋʹ ɲʶʽʴ˃ʰˍʽˁ˗˄ ʅˍˇʽ˔ʶʾ˖˄  ὀ ὼ ὼȣὼ  ̀ ʶ н ɼ˂ʱˋʶʽˌ ρȟρ 
Input Signals (Features of input Sample Points): ὼḯ ρ,  Ὦ ρȟςȟȣȟά 

Synaptic Weights:  ʃʰˊʱ˃ʶˍˊˇʽ ˋˎ˄ʱ˕ʶ˖˄ Ἷ ύ  ύ ȣύ   
Bias:  ὦḯύ , Intercept term  ὼḯ ρ 
Induced Local Field - Activation Potential:   ὺ В ύ ὼ 

ɲˎʰʵʽˁʺ ɴ˅ˇʵˇˌ:   ώ •ὺ ÓÇÎὺ ᶰ ρὍὲὥὧὸὭὺὩȟρὃὧὸὭὺὩ 
 

ʅˎ˄ʱˊˍʹˋʹ ʃˊˈˋʹ˃ˇˎ  
(Signum Function ÓÇÎ) 
•ὺᶰ ρȟρ 

ɳˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ɾʱʻʹˋʹΥ ʄˏʻ˃ʽˋʹ ύ  h ˉˈ ὔ labeled ̀ ˍˇʽ˔ʶʾʰ training dataset ὀὲȟὨὲ  

ʴʽʰ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ʰˉˇˁ˂ʾˋʶ˖˄Σ ˉΦ˔Φ Mean Square Error (MSE): ÍÉÎ
Ἷ

В Ὠὲ ώ ὲ  



ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ ˋʰ˄ ɼʰˍʶˎʻˎ˄ˈ˃ʶ˄ˇʽ ɱˊʱ˒ˇʽ 

ɼʰ˄ˈ˄ʶˌ ɱˊʱ˒˖˄ ʄˇʺˌ ʅʺ˃ʰˍˇˌ 
(Signal-flow Graph Rules) 

ɮˊ˔ʽˍʶˁˍˇ˄ʽˁˈˌ ɱˊʱ˒ˇˌ ɿʶˎˊ˗˄ʰ 
(Neuron Architectural Graph) 

ɱˊʱ˒ˇˌ ʄˇʺˌ ʅʺ˃ʰˍˇˌ ɿʶˎˊ˗˄ʰ 
(Neuron Signal-flow Graph) 

ώ •ὺ  

ὺ ύ ὼ 



ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ɾˇ˄ˍʷ˂ʰ ɿʶˎˊ˖˄ʽˁ˗˄ ɲʽˁˍˏ˖˄ 

ɮ˄ʰʵˊˇ˃ʽˁˈ ɲʾˁˍˎˇ Hopfield 

(Recurrent Network with no Hidden Neurons)  

ɾˇ˄ˇˋˍˊ˖˃ʰˍʽˁˈ ɲʾˁˍˎˇ ʃˊˈˋʻʽʰˌ ʆˊˇ˒ˇʵˈˍʹˋʹˌ 

(Single-Layer Feedforward Network)  ɲʾˁˍˎˇ ʃˊˈˋʻʽʰˌ ʆˊˇ˒ˇʵˈˍʹˋʹˌ ˃ʶ ɼˊˎ˒ˇˏˌ ɿʶˎˊ˗˄ʶˌ 

(Multilayer Feedforward Network with Hidden Neurons)  

Signal-flow Graph ʊʾ˂ˍˊˇˎ IIR 1ʹ ̩ʆʱ˅ʹˌ ˃ʶ ɮ˄ʱʵˊʰˋʹ  
(Infinite Impulse Response - IIR Filter with Feedback) 
 ὼὲ: ʅʺ˃ʰ ɳʽˋˈʵˇˎ ˋˍʹ˄ ʵʽʰˁˊʽˍʺ ˋˍʽʴ˃ʺ ὲ 

 ώ ὲ: ʅʺ˃ʰ ɳ˅ˈʵˇˎ ˋˍʹ˄ ʵʽʰˁˊʽˍʺ ˋˍʽʴ˃ʺ ὲ 
 ὼᴂὲ: ɳˋ˖ˍʶˊʽˁˈ ʅʺ˃ʰ ˋˍʹ˄ ʵʽʰˁˊʽˍʺ ˋˍʽʴ˃ʺ ὲ 

ώ ὲ ύ ὼὲ ὰ  



ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ʊʱˋʶʽˌ ʅ˔ʶʵʾʰˋʹˌ ɿʶˎˊ˖˄ʽˁ˗˄ ɲʽˁˍˏ˖˄ όɿɲ) 

 

×ʊʱˋʹ ɾʱʻʹˋʹˌ (Learning) ˃ʶ ˔ˊʺˋʹ ʴ˄˖ˋˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʵʶʾʴ˃ʰˍˇˌ ˃ʱʻʹˋʹˌ όtraining 
sample points) ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄:  
Åʃˊˇˋʵʽˇˊʽˋ˃ˈˌ synaptic weights ύ  ˁ ʰʽ biases ὦ ̀ ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ɿɲ 

Åɳˉʰ˄ʰ˂ʹˉˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʱʻʹˋʹˌ όˉΦ˔Φ ˃ʶ ˁˊʽˍʺˊʽˇ Mean Square Error  - MSE) 
 

×ʊʱˋʹ ɳˉʽˁˏˊ˖ˋʹˌ (Validation)Υ ɳˉʰ˂ʺʻʶˎˋʹ ʵʽʰˁˊʽˍʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˃ˇ˄ˍʷ˂˖˄ ɿɲ 
˃ʷˋ˖ ˉˊˈˋʻʶˍ˖˄ ʴ˄˖ˋˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʶˉʽˁˏˊ˖ˋʹˌ όvalidation sample points): 
Åɳˉʽ˂ˇʴʺ hyperparameters όʰˊʽʻ˃ˈˌ ˄ʶˎˊ˗˄˖˄, ̀ ˍˊ˖˃ʱˍ˖˄Σ ˁˊʽˍʺˊʽʰ ˋˏʴˁ˂ʽˋʹˌύ  
Åɮˉˇ˒ˎʴʺ overfitting 
 

×ʊʱˋʹ ɳ˂ʷʴ˔ˇˎ (Testing) ʶˉʾʵˇˋʹˌ όʰˁˊʾʲʶʽʰύ ˋʶ ˄ ʷʰ ʵʶʵˇ˃ʷ˄ʰ (testing sample points): 
Åɮ˅ʽˇ˂ˈʴʹˋʹ ʴʶ˄ʾˁʶˎˋʹˌ (generalization) ˍʹˌ ʵʽʰˁˊʽˍʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ʶˉʽ˂ʶʴ˃ʷ˄ˇˎ ɿɲ 

 
 



ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ɮ˄ʰˉʰˊʱˋˍʰˋʹ ɱ˄˗ˋʹˌ  

(Knowledge Representation) 
ɲʽʰˁˊʽˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ όˉˊˇʲ˂ʷ˕ʶʽˌΣ ʶˊ˃ʹ˄ʶʾʰ ˁʰʽ ʶˉʽʻˎ˃ʹˍʺ ʰˉˈˁˊʽˋʹύ ˋʶ ʶ˅˖ˍʶˊʽˁʷˌ 
ʶʽˋˈʵˇˎˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ̄ ˇˎ ʻʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ʷ˄ʰ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˃ʶΥ 
 

×ʃˊˈˍʶˊʹ ʃ˂ʹˊˇ˒ˇˊʾʰ όPrior Information) 
 

×ɾʶˍˊʺˋʶʽˌ ς ʃʰˊʰˍʹˊʺˋʶʽˌ ʃʰˊʰʵʶʽʴ˃ʱˍ˖˄ (Observations) 
Åʅˎ˄ʺʻ˖ˌ ʶ˃ ˉʶˊʽʷ˔ˇˎ˄ ʻˈˊˎʲˇ όnoisy sensor errors) 
Åʃʰˊʷ˔ˇˎ˄ ˎˉˇʵʶʾʴ˃ʰˍʰ ʶʽˋˈʵˇˎ ʴʽʰ training όˎˉˇ˂ˇʴʽˋ˃ˈ ˉʰˊʰ˃ʷˍˊ˖˄ύ 
˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ 
 

ü Labeled όʰ˄ˍʽˋˍˇʾ˔ʹˋʹ ˃ʶ ʶˉʽʻˎ˃ʹˍʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶ˅ˈʵˇˎ ˃ ʶ ˃ʶˋˇ˂ʱʲʹˋʹ 
ʶˁˉʰʽʵʶˎˍʺ) 

ü Unlabeled (˔˖ˊʾˌ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶ˅ˈʵˇˎύ 

ɼʰ˄ˈ˄ʰˌ ˍˇˎ Hebb (ˇ˃ˇʽˈˍʹˍʶˌ ˃ʶ ˄ʶˎˊˇ˒ˎˋʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ 1949) 
ʅʶ ʵʾˁˍˎʰ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˗˄˖˄ ʰ˄ʰʵʶʽˁ˄ˏˇ˄ˍʰʽ ˍʱˋʶʽˌ ˋˍʰʵʽʰˁʺˌ ʶ˄ʾˋ˔ˎˋʹˌ ˋˎ˄ʵʷˋʶ˖˄ 
˃ʶˍʰ˅ˏ ʶ˄ʶˊʴ˗˄ ˄ʶˎˊ˗˄˖˄ (synapses between active neurons)Σ ʰ˄ʱ˂ˇʴʰ ˃ʶ ʰˎˍʱ ˉˇˎ 
ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ˄ʶˎˊˇ˒ˎˋʽˇ˂ˇʴʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˃ʱʻʹˋʹˌΦ 
 

ʆʰ ̀ˎ ˄ʰˉˍʽˁʱ ʲʱˊʹ ύ  h ˄ʱ˃ʶˋʰ ˋʶ ʶ˄ʶˊʴʱ ˋˍˇʽ˔ʶʾʰ ό˄ʶˎˊ˗˄ʶˌύ ὭȟὮ ̱ ʶʾ˄ˇˎ˄ ˉˊˇˌ 

ʶ˄ʾˋ˔ˎˋʹ ʶ˄˗ ˇʽ ʱ˂˂ʶˌ ˋˎ˄ʱ˕ʶʽˌ ˍʶʾ˄ˇˎ˄ ˉˊˇˌ ˃ʹʵʶ˄ʽˋ˃ˈΦ ʁ ˁʰ˄ˈ˄ʰˌ ʰˎˍˈˌ 
ˁ˖ʵʽˁˇˉˇʽʶʾ ʷ˄ʰ ˇʵʹʴˈ ʰˎˍˇˊˊˏʻ˃ʽˋʹˌ ˉʶˊʾˉ˂ˇˁ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ 
ˉΦ˔Φ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ ˋʶ Self-Organizing Maps, Boltzmann Machines ˁ ˂ˉΦ  



ʅʆʁʋɮʅʆɹɼɳʅ ɲɹɮɲɹɼɮʅɹɳʅ ϧ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ ʅʆɶ ɾɶʋɮɿɹɼɶ ɾɮɸɶʅɶ 
ɳ˄ˋ˖˃ʱˍ˖ˋʹ ʃˊˈˍʶˊʹˌ ʃ˂ʹˊˇ˒ˇˊʾʰˌ ˋˍʹ ʅ˔ʶʵʾʰˋʹ ɿʶˎˊ˖˄ʽˁ˗˄ ɲʽˁˍˏ˖˄  

(Building Prior Information into Neural Network Design) 

ɳˉʽ˂ˇʴʷˌ ɮˉ˂ˇˉˇʾʹˋʹˌ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ɿʶˎˊ˖˄ʽˁˇˏ ɲʽˁˍˏˇˎΥ 
1. ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˃ʶ ˇˊʽˋ˃ˈ ˉʶʵʾˇˎ ˎˉˇʵˇ˔ʺˌ (receptive field) 
ʾˋˇˎ ʰˊʽʻ˃ˇˏ ʁ ʽˋˈʵ˖˄ ʰ˄ʱ ˁˊˎ˒ˈ ˄ʶˎˊ˗˄ʰ 

2. ɲʽʰ˃ˇʽˊʰˋ˃ˈˌ ʲʰˊ˗˄ (weight sharing)Υ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ 
мл ˁˈ˃ʲˇˎˌ ʶʽˋˈʵˇˎ ˁʰʽ ʷ˄ʰ ˋˍˊ˗˃ʰ п ˁˊˎ˒˗˄ ˄ʶˎˊ˗˄˖˄Σ 
ˇˊʾʸˇ˄ˍʰʽ ˁˇʽ˄ʱ ʲʱˊʹ ύȟὭ ρȟȣȟφ  ɹ ʽʰ ̀ ˎ˄ʱ˕ʶʽˌ с 
ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʶˉʽ˂ˇʴ˗˄ ʶʽˋˈʵ˖˄ ʰˉˈ ˍʽˌ ὼ, Ὥ ρȟȣȟρπ 
ˉˊˇˌ ˍˇˎˌ ˁˊˎ˒ˇˏˌ ˄ʶˎˊ˗˄ʶˌ ρȟςȟσȟτ 

ὺ ύὼ ȟ Ὦ ρȟςȟσȟτ 

 ʅˎ˄ʶ˂ʽˁˍʽˁʱ h ʻˊˇʾˋ˃ʰˍʰ όConvolutional Neural Network) 

Induced Local Fields ς Activation Potential ɼˊˎ˒˗˄ ɿʶˎˊ˗˄˖˄  

ὺ ύὼ ύὼ ύὼ ύὼ ύὼ ύὼ 
ὺ ύὼ ύὼ ύὼ ύὼ ύὼ ύὼ 
ὺ ύὼ ύὼ ύὼ ύὼ ύὼ ύὼ 
 ὺ ύὼ ύὼ ύὼ ύὼ ύὼ ύὼ  

ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʲʰˊ˗˄ ύ h ˉʰʽˍʶʾ ʵʽʰʵʽˁʰˋʾʰ ɾʱʻʹˋʹˌ ˉˇˎ ʻʰ ˉˊˇˋʵʽˇˊʾˋʶʽ ˍʶ˂ʽˁʺ ˂ˏˋʹ 

ɱʶ˄ʽˁʷˌ ʶˉʽ˂ˇʴʷˌ  ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˃ʶ ˇʵʹʴˈ ʃ́ ˈˍʶˊʹ ʃ˂ʹˊˇ˒ˇˊʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʶ˃ˉʶʽˊʾʰˌ  


