
[ Αρτιχλε Ι∆] ���� � ������������ � ���� � �� 

Αδαπτιϖε πρεδιχτιον σψ στεµ οφ σ ιντερινγ 
τηρουγη ποιντ βασεδ ον σελφ2οργανιζε αρτιφιχιαλ νευραλ νετωορκ 

≠ 

ƒ ∞→♣ ±⊃ 2 ⊆⊃ ∈∩�冯其明� � ← ♥ ×ℑ∉�李  桃� � ƒ ϒ → ÷⊃ ℑ∉ 2∪∏ ⊃ �范晓慧� �♠ ♥ϒ →♣ ×ℑ∉�姜  涛� 

�⁄⊕ ∠ℑ   ⊆⊕∈∉∅ ↑⊃ ∈⊕  ℑ ⊂ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ≤⊕∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ � ≤∪ℑ∈∩  ∪ℑ ������ � ° �″ �≤ ∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ϒ  ∉∅  2 ⊕ ∈ ⊃ ∈∩ ⊆⊕  ∪ ∉⊗∉ ∅ ℜ∏  ∈⊃ ∈∩ ∪  ∉∏∩∪ ∠ ∉ ⊃ ∈�′× °� ⋅ℑ ⊗ ⊕  ℘  ⊃ ℜ ⊕ ⊗ℑ∈⊗ℑ ∈⊕⋅ ∠  ⊕ ⊗ ⊃ ℘  ⊃ √⊕ ∠ ℑ  ℑ⊆⊕  ⊕ )  ∪⊕ 

⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊃ ∈∅ ⊂⊕ ¬ ⊃ ∉∈ ∠∉ ⊃ ∈∉ ∅ ⋅ℑ   ⊕∩ ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕℘ ∏  √⊕⊃ ∈  ∪ ⊕ ⊆⊃ ⊗ ⊗ ⊂⊕∉ ∅ ∪ ⊕   ℑ∈⊗ ⋅ℑ ∠  ∉∠ ∉ ⊕ ⊗� × ∪⊕ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ∈⊕ ∏  ℑ ⊂ 

∈⊕  ⋅∉ ⊄ ⋅ℑ ∏  ⊕ ⊗⊃ ∈ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∈∩ ′× ° � ⊆∉⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∈ ℜ ℑ ℘ ⊄∠  ∉∠ ℑ∩ ℑ  ⊃ ∉∈ ℑ ⊂∩ ∉ ⊃  ∪⊆ ⋅ℑ  ⊆ℑ⊗ ⊕⊃ ∈ ∉ ⊗ ⊕  ∉ ⊃ ⊆∠  ∉√⊕ ∪⊕℘ ∉∈2 

√⊕  ∩ ⊕ ∈℘ ⊕ℑ∈⊗ ⊕ ⊂ ∅ 2∉ ∩ ℑ∈⊃ ∨⊕ ∪⊕ ∪ ⊃ ⊗⊗ ⊕ ∈2⊂ℑ∧⊕ ∈⊕ ∏  ∉∈� × ∪ ⊕ℑ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈  ∧  ⊕⊆ ⊗ ⊕ √⊕ ⊂∉∠ ⊕ ⊗∉∈  ∪⊕  ⊕ ⊕ ℘ ∪∈⊃ ∇∏ ⊕  ∪∉⋅ 

⊃  ℘ ∪ ℑ  ℑ ℘  ⊕   ∏ ℘ ∪ ℑ ∅ ℑ   �ℑ ℘ ℘ ∏  ℑ ℘ ∧ �⊂⊕  ⊗ ⊕ ∠ ⊕ ∈⊗ ⊕ ∈℘ ⊕∉∈ ∠  ∉⊗∏ ℘  ⊃ ∉∈ ⊗ ℑ  ℑ� × ∪ ⊕ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ ∉ ∅ ′× ° ℘ ℑ∈ ℜ ⊕∏  ⊕ ⊗ℑ ∉∠ ⊕  ℑ  ⊃ ∉∈ 

∩∏ ⊃ ⊗ ℑ∈℘ ⊕ ∉℘ ∉∈  ∉ ⊂ ∠ ℑ  ℑ⊆⊕  ⊕ � 

[ Κεψ ωορδσ]  ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  �ℜ∏  ∈⊃ ∈∩ ∪  ∉∏ ∩∪ ∠ ∉ ⊃ ∈ �∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ �ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ � ′° ℑ ⊂∩ ∉ ⊃  ∪⊆ 

[ ΧΛΧ νυµ βερ] × °���                [ ∆οχυµ εντ χοδε] Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

♥∈  ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  �∉∠  ⊃ ⊆⊃ ∨⊕⊗ ∉∠ ⊕  ℑ  ⊃ ∉∈ ⊆ℑ ⊃ ∈⊂∧ 

ℑ ⊃⊆ℑ ⊃ ⊆∠  ∉√⊃ ∈∩  ∪⊕  ⊃ ∈ ⊕ ∇∏ ℑ ⊂ ⊃  ∧ � ∧⊃ ⊕ ⊂⊗ ℑ∈⊗   ℑ 2 

ℜ ⊂ ⊃ ∈∩  ∪⊕ ∠  ∉℘ ⊕  � × ∪⊕ ∠∉ ⊃ ∈ℑ  ⋅∪ ⊃ ℘ ∪  ∪⊕ ⊆⊃ ¬ ℜ ⊕⊗ 

ℜ∏  ∈⊕⊗ ∪ ∉∏ ∩∪ ℘ ∉⊆∠ ⊂⊕  ⊕ ⊂∧ ⊃ ℘ ℑ ⊂ ⊂⊕⊗ ℜ∏  ∈⊃ ∈∩  ∪  ∉∏ ∩∪ 

∠ ∉ ⊃ ∈ �′× °� � ℑ∈⊗  ∪⊕    ℑ∈⊗ ∉∠ ⊕  ℑ  ⊃ ∉∈ √ℑ  ⊃ ℑℜ ⊂⊕  ℑ  ⊕ 

⊆ℑ ⊃ ∈⊂∧ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ ℑ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕⊂∉℘ ℑ  ⊃ ∉∈ ∉∅ ′× ° � 

× ∪⊕   ℑℜ ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ′× °  ⊕  ∏ ⊂   ⊃ ∈  ∪⊕ ⊃ ∈℘  ⊕ ℑ  ⊕ ∉∅ 

   ⊕∈∩  ∪ ℑ∈⊗ ∪⊕ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∉∅  ⊕  ∏  ∈ ∅ ⊃ ∈⊕ � ∪⊕ ∠∉ ⊕∈2 

 ⊃ ℑ ⊂ ℘ ℑ∠ ℑ ℘ ⊃  ∧ ∉∅ ∪⊕ ∠ ⊂ℑ∈ ⊃ ℑ ⊂ ∉ ∏  ⊃ ⊂ ⊃ ∨⊕⊗ ≈� � � � ×∉ ⊗ ℑ  ⊕� 

′× ° ⊇ ∏ ⊗ ∩ ⊕⊆⊕∈ℑ∈⊗ ℑ⊗ ⊇ ∏   ⊆⊕∈∪ℑ√⊕  ∉ ⊗ ⊕ ∠ ⊕∈⊗ ∉∈ 

∉∠ ⊕  ℑ  ∉  . ⊕¬∠ ⊕  ⊃ ⊕∈℘ ⊕� × ∪⊕√⊃  ℑ ⊂ ∠  ∉ℜ ⊂⊕⊆ℑ  ⊕ ∪⊕⊗ ⊃ ∅ 2 

∅ ⊃ ℘ ∏ ⊂  ⊃ ⊕ ∉∅ ⊆⊕ ℑ  ∏  ⊃ ∈∩  ∪⊕ ⊂∉℘ ℑ  ⊃ ∉∈ ∉∅ ′× ° �⊃  ℘ ∉⊆2 

∠ ⊂⊕¬ ⊃  ∧ ⊃ ∈ ⊗ ∧∈ℑ⊆⊃ ℘℘ ∪ℑ  ℑ℘  ⊕  ⊃   ⊃ ℘  ℑ∈⊗  ∪⊕ ⊂∉∈∩  ⊃ ⊆⊕ 

⊗ ⊕ ⊂ℑ∧� ♥∈  ⊃ ∈ ⊕  ∠ ⊂ℑ∈  ℑℜ  ∉ℑ⊗� ⋅ℑ   ⊕ ∩ℑ  ℑ∈ℑ ⊂∧ ⊃  

∏∈⊗ ⊕ ∩  ℑ  ⊕ ⋅ℑ ∏  ⊕⊗ ∉⊇ ∏⊗∩ ⊕ ′× ° ≈� �ℑ♥″ ≥♥⁄ ℘ ∉⊆2 

∠∏  ⊃ ∈∩ ⊆∉⊗ ⊕ ⊂ ≈� ℑ∈⊗ℑ ℜ∏  ∈⊃ ∈∩ ∨∉∈⊕ ⊆∉⊗ ⊕ ⊂ ≈� ⋅⊕  ⊕ℑ∠ 2 

∠ ⊂ ⊃ ⊕⊗ ∉ ℘ ∉∈  ∉ ⊂  ∪⊕  ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  � ♦∉⋅⊕ √⊕ � ∪⊕ 

ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅  ∪⊕  ⊕  ⊕ ℘ ∪∈⊃ ∇∏ ⊕  ℑ  ⊕ ⊂ ⊃ ⊆⊃  ⊕⊗ ℜ ∧  ∪⊕ 

∠  ℑ ℘  ⊃ ℘ ℑ ⊂ ∉∅  ⊃ ∈ ⊕  ⊃ ∈∩ ∉∠ ⊕  ℑ  ⊃ ∉∈ ⊃ ∈ ≤∪ ⊃ ∈ℑ�♥∈ ″ ⊕ ∅ � ≈� 
∗ � � ℑ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ⋅ℑ ⊃ ∈⊗∏ ℘ ⊕⊗⊃ ∈ ∉  ⊃ ∈ ⊕  ⊃ ∈∩ 

∠  ∉℘ ⊕  ℘ ∉∈  ∉ ⊂�ℑ∈⊗∇∏ ℑ ⊂ ⊃  ℑ  ⊃ √⊕∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ ′× ° ⋅ℑ  

∠  ∉∠∉ ⊕⊗ ≈� � �� � ∝∈⊗ ⊕  ∏ ℘ ∪ ℘ ⊃  ℘ ∏⊆  ℑ∈℘ ⊕ � ∉∅  2 ⊕∈ 2 

⊃ ∈∩ ℑ∈⊗ℑ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ ′× ° ℜℑ  ⊕⊗ ∉∈ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ 

∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ ⊃ ∈  ∪ ⊃  ∠ ℑ∠ ⊕  ℘ ℑ∈ ∉∅ ∅⊕  ℑ 

∠  ∉⊆⊃  ⊃ ∈∩ ∉ ⊂∏  ⊃ ∉∈ � 

2  ΣΟΦΤ2ΣΕ ΝΣΙΝΓ ΟΦ ΒΤΠ 

× ∪⊕⊂∉℘ ℑ  ⊃ ∉∈ ∉∅ ′× ° ⊃   ⊕ ⊂ ∅ ℘ ℑ∈ ∈∉ℜ ⊕  ⊕   ⊕⊗ ∉∈2 

⊂ ⊃ ∈⊕�  ∪⊕ ⊇ ∏⊗ ∩ ⊕⊆⊕∈ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ ∉∅ 

⊗ ⊃  ℘ ∪ℑ  ∩ ⊕⊕∈⊗ ℜ∧ ∉∠ ⊕  ℑ  ∉ ∩ ⊃ √⊕ ⊃  ⊕ ∉ ℑ⊂∉∉∅ ∏∈℘ ⊕  2 

 ℑ ⊃ ∈ ∧ �≥∉∅  2 ⊕∈ ⊃ ∈∩ ⊆⊕  ∪∉⊗⊃ ∏  ⊕⊗ ∉  ∉ ⊂√⊕ ∪ ⊃ ∠  ∉ℜ 2 

⊂⊕⊆ ℜ ∧ ⊕   ℑℜ ⊂ ⊃  ∪ ⊃ ∈∩ ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈  ∪⊕ ⊆⊕ ℑ 2 

 ∏  ℑℜ ⊂⊕ ⋅ℑ   ⊕ ∩ℑ   ⊕⊆∠⊕  ℑ  ∏  ⊕ ∉∅ ⋅⊃ ∈⊗ℜ∉¬ ℑ∈⊗  ∪⊕ 

  ℑ  ⊕ ∉∅ ′× ° � 

× ∪⊕ ⋅ℑ   ⊕ ∩ ℑ   ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃  ⊆⊕ ℑ  ∏  ⊕⊗ ⋅⊃  ∪ 

 ∪⊕ ⊆∉⊆⊕  ⊕   ∏∈⊗ ⊕  ∠ ℑ ⊂ ⊂⊕   ∉⊃ ∈ ⋅⊃ ∈⊗ ⊂⊕ ∩ � ƒ ∉⊆ 

℘ ∉⊆ ⊆∉∈ √⊃ ⊕⋅ � ∪⊕ ⋅ℑ   ⊕∩ℑ ∉∅ ⋅⊃ ∈⊗ℜ∉¬ ∠  ⊕  ⊕∈  ∪⊕ 

∪ ⊃ ∩∪⊕   ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⋅∪ ⊃ ⊂⊕  ∪⊕ ⊆⊃ ¬ ℜ ⊕⊗ ⊃  ℜ∏  ∈⊕⊗ 

 ∪ ∉∏ ∩∪ ℘ ∉⊆∠ ⊂⊕  ⊕ ⊂∧ � × ∪ ⊕ ⊕ ∠∉ ⊃ ∈  �� ξ � � Η � � � � ξ � � 
Η � � � � ξ � � Η � �� ⊃ ∈℘ ⊂∏⊗ ⊃ ∈∩  ∪⊕ ∪ ⊃ ∩∪⊕   ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

∠ ∉ ⊃ ∈ ⊕ ⊂⊕ ℘  ⊕⊗ ∅  ∉⊆ ∅ ⊃ √⊕ ∠∉ ⊃ ∈  ℑ ⊂∉∈∩  ∪⊕ ⊂⊕∈∩  ∪ ∉∅ 

   ℑ∈⊗ℑ  ∪⊕ ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕⊕∈⊗ℑ  ⊕ ∏  ⊕⊗ ∉ ∅ ⊃ ℑ ∇∏ ℑ⊗  ℑ  ⊃ ℘ 

℘ ∏  √⊕  ℑ  ⊕ℑ  Η� Αξ � � Βξ � χ � × ∪⊕∪∉ ⊃ ∨∉∈ ℑ ⊂℘ ∉∉ 2 

⊗ ⊃ ∈ℑ  ⊕∉∅ ∪⊕ ⊆ℑ¬ ⊃ ⊆∏⊆ ∠∉ ⊃ ∈∉∅ ∪⊕ ℘ ∏  √⊕⊃  ′× ° � ℑ  

 ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .1  ≤ℑ ⊂℘ ∏ ⊂ℑ  ⊃ ∉∈ ⊆⊕  ∪∉⊗∉∅ ′× ° ∅  ∉⊆ 

⋅ℑ   ⊕ ∩ℑ  ⊕⊆∠⊕  ℑ  ∏  ⊕

  ♦∉⋅⊕ √⊕ � ℑ ∅ ∅ ⊕ ℘  ⊕⊗ ℜ∧  ∪⊕ ⊂⊕ ℑ⊄ℑ ∩ ⊕ ∉∅ ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕ 

⊕∈⊗� ∪⊕ ℘ ∏  √⊕ ∉∅ ⋅ℑ   ⊕ ∩ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∠  ⊕  ⊕∈  ℑ 

⊆ℑ¬ ⊃ ⊆∏⊆ ∠∉ ⊃ ∈⋅∪ ⊃ ⊂⊕ ∪⊕ℜ ⊕⊗∪ℑ ∈∉ℜ∏  ∈⊕⊗ ∪  ∉∏ ∩∪ 

ℜ ⊕ ℘ ℑ∏  ⊕ ∪⊕ ℜ ⊕⊗ ∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧ ∅ ℑ ⊂ ⊂ ∉ ∪⊕∅∏ ⊕ ⊂ ℘ ∉∈ ⊕∈ 

⊃ ∈∉ ∏ ∅ ∅ ⊃ ℘ ⊃ ⊕∈ � × ∪⊕ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ √ℑ ⊂∏ ⊕ ∉∅ ′× °  ∪∉∏ ⊂⊗ 

ℜ ⊕∅ ⊕ ⊕⊗ℜ ℑ℘ ⊄ ℘ ∉⊆∠⊕∈ ℑ  ⊕⊗ ℜ∧ ⊃ ∈⊗∏ ℘ ⊃ ∈∩  ∪⊕ ⋅ℑ   ⊕ ∩ℑ  

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ⁄⊕ ℘����� 

≠ [ Φουνδατιον ιτεµ ] ° ∉ ⊇ ⊕ ℘ ����������  ∏ ∠∠ ∉  ⊕ ⊗ ℜ∧  ∪⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉ ∅ ≤ ∪ ⊃ ∈ℑ 

[ Ρεχε ιϖεδ δατε] ���� � �� � �� �[ Αχχεπτεδ δατε] ���� � �� � ��



 ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉∅ ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕⊕∈⊗ ∉ ⊕∈ ∏  ⊕ ∪⊕⊇ ∏⊗ ∩ ⊕⊆⊕∈ 

ℑ ℘ ℘ ∏  ℑ℘ ∧ � ♥∈ ∉ ⊗ ⊕  ∉ ∩⊕  ∪⊕  ⊕⊆∠⊕  ℑ  ∏  ⊕�  ⊕√⊕  ℑ ⊂ 

 ∪⊕ ⊆∉⊆⊕  ⊕  ℑ  ⊕ ⊂∉℘ ℑ  ⊕⊗ ∏∈⊗ ⊕  ∩  ℑ  ⊕ ℜℑ ℑ ⊂∉∈∩  ∪⊕ 

⋅⊃ ⊗  ∪ ∉∅ ∪⊕ ∠ℑ ⊂ ⊂⊕ ℑ  ∪⊕⊂ℑ  � ⊗ ⋅⊃ ∈⊗ℜ ∉¬ � ∪⊕ℑ√⊕  2 

ℑ∩ ⊕ ∉∅  ∪⊕ ⊃   ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃  ℘ ∉⊆∠ ℑ  ⊕⊗ ⋅⊃  ∪ ∈∉⊆ℑ ⊂ 

⋅ℑ   ⊕ ∩ℑ  ⊕⊆∠⊕  ℑ  ∏  ⊕ ∉∅ ⊗ ⊃  ℘ ∪ℑ  ∩⊕⊕∈⊗ ∉ ∩⊕  ∪⊕ ⊕  2 

 ∉∃ Η� ℑ∈⊗  ∪⊕ ∃ Η ⊃  ∪⊕∈ ⊆∏ ⊂  ⊃ ∠ ⊂ ⊃ ⊕⊗ ℜ∧ ℑ ⋅⊕ ⊃ ∩∪  

∅ ℑ℘  ∉ Α� ⋅∪∉ ⊕ √ℑ ⊂∏ ⊕⊃  ⊕ ⊂ℑ  ⊕⊗ ∉  ∪⊕  ℘ ℑ ⊂⊕ ∉∅ ∠ ⊂ℑ∈ 

ℑ∈⊗ ∪⊕  ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∅ ⊕ ℑ  ∏  ⊕ � ′× ° � ⊃  ℘ ∉  ⊕ ℘  ⊕⊗  ∉ 

 ∪⊕ ∉∅  2 ⊕∈ ⊃ ∈∩ √ℑ ⊂∏ ⊕ ′× ° ⊆ ℑ  

′× ° ⊆ � ′× ° � � Α∃Η ��� 

ϒ  ℑ  ⊕⊗ℑℜ∉√⊕� ∪⊕ ∉∅  2 ⊕∈ ⊃ ∈∩ ⊆⊕  ∪∉⊗∉∅ ′× ° 

⊃ ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕⊗⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .2  ≥∉∅  2 ⊕∈ ⊃ ∈∩ ⊆⊕  ∪∉⊗∉∅ ′× ° 

3  ΝΕ Ω ΠΑΡ Α ΜΕΤΕ Ρ ΦΟΡ ΠΡ Ε ∆ΙΧΤΙΝΓ ΒΤΠ 

′× °  ∪∉∏ ⊂⊗ ℜ ⊕ ∠  ⊕⊗ ⊃ ℘  ⊕⊗ ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕ ℑ√ℑ ⊃ ⊂ 2 

ℑℜ ⊂⊕ √ℑ  ⊃ ℑℜ ⊂⊕ ℘ ∉∈ ⊃ ⊗ ⊕  ⊃ ∈∩ ∉∅ ∪⊕ ⊕ ℑ ⊂ 2 ⊃ ⊆⊕ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ � 

× ∪⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∅ ∈∉⊆ℑ ⊂ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ ∠ ∉ ⊃ ∈∉∅ ⋅ℑ   ⊕ 

∩ℑ   ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℘ ∏  √⊕ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ ℜ∧ ⊕¬∠⊕  ⊃ ⊕∈℘ ⊕ ≈� 

ℑ∈⊗ ∪⊕ ∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅  ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ≈�� ⋅⊕  ⊕ ∏  ⊕⊗ ∉ 

∠  ⊕⊗ ⊃ ℘ ′× °  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � × ∪⊕∅∉⊆⊕  ⊕ ⊂ ⊃ ⊕ ∉∈ ⊕¬∠⊕ 2 

 ⊃ ⊕∈℘ ⊕ ⋅∪ ⊃ ⊂⊕ ∪⊕⊂ℑ   ⊕ ℘ ℑ∈ ∈∉ℜ ⊕ ⊕   ⊕⊗∉∈2⊂ ⊃ ∈⊕⊃ ∈ ∉∏  

∠ ⊂ℑ∈ � ≥∉  ∪⊕ ℑ∏  ∪∉∠  ∉∠∉ ⊕⊗ ℑ ∈⊕⋅  ∪⊕ ⊆ℑ ⊂   ℑ  ⊕ 

∠ ℑ  ℑ⊆⊕  ⊕ )  ∪⊕ ⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ ∠∉ ⊃ ∈∉∅ ⋅ℑ   ⊕ 

∩ℑ  ⊕⊆∠⊕  ℑ  ∏  ⊕℘ ∏  √⊕⊃ ∈  ∪⊕ ⊆⊃ ⊗ ⊗ ⊂⊕∉∅   ℑ∈⊗� ⋅∪ ⊃ ℘ ∪ 

℘ ℑ∈   ⊃ ℑ ⊂  ∪⊕ ⊗ ∧∈ℑ⊆⊃ ℘∉∅  ∪⊕ ∠  ∉℘ ⊕   ℜ ⊕   ⊕ �♥⊃  ∪⊕ 

⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ ∠ ∉ ⊃ ∈∉∅℘ ∏ ℜ ⊃ ℘℘ ∏  √⊕∅ ⊃   ⊕⊗∅  ∉⊆ 

⋅ℑ   ⊕ ∩ ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊆⊕ ℑ  ∏  ⊕⊗⊃ ∈  ∪⊕ ⊆⊃ ⊗⊗ ⊂⊕ ∠ ℑ  ∉∅ 

   ℑ∈⊗� 

4  ΠΡ Ε ∆ΙΧΤΙΟΝ ΟΦ ΒΤΠ ΥΣΙΝΓ ΑΡ ΤΙΦΙΧΙΑΛ 

ΝΕ ΥΡ ΑΛ ΝΕΤ Ω ΟΡ Κ 

4 .1  Στατεµ εντ οφ προβλεµ 

× ∪⊕ ∉ℜ ⊇ ⊕ ℘  ⊃ √⊕ ⊃  ∉ ⊕√ℑ ⊂∏ ℑ  ⊕⊗   ⊕∠ ℑ∪⊕ ℑ⊗ � δ ⊃  

 ∪⊕ ∈∏⊆ℜ ⊕ ∉∅  ℑ⊆∠ ⊂⊕ ⊃ ∈ ⊕  √ℑ ⊂ ℑ∪⊕ ℑ⊗� ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ 

∠  ∉℘ ⊕  ∉∏  ∠∏ ℜ ℑ  ⊕⊗ ∉∈  ∪⊕ ℑ√ℑ ⊃ ⊂ℑℜ ⊂⊕ ⊃ ∈∅∉⊆ℑ  ⊃ ∉∈ ∉∈ 

 ∪⊕⊃ ∈∠∏ ℑ∈⊗ ∪⊕ ∉∏  ∠∏ ⊆⊕ ℑ  ∏  ⊕⊆⊕∈ℑ  ∪⊕ ℘ ∏   ⊕∈ 

 ⊃ ⊆⊕� ƒ∉ ∪ ⊃  ∠∏  ∠∉ ⊕�⊂⊕  ∪⊕ ∉∈2   ℑ∈⊗ ∠  ∉℘ ⊕   ℜ ⊕ 

 ⊕ ∠  ⊕  ⊕∈ ⊕⊗ ℜ ∧  ∪⊕ ⊗ ⊃  ℘  ⊕  ⊕ ⊃⊆⊕ ⊆∉⊗ ⊕ ⊂� 

ψ(τ) = φ[ ψ(τ − λ) , ψ(τ − λ − �) , , , 

ψ(τ − λ − ν + �) , υ � (τ − κ) , 

υ � (τ − κ − �) , , , 

υ � (τ − κ − ν − λ + �) , υ � (τ − κ) , 

, , υ � (τ − κ − ν − λ + �) , 

υ π (τ − κ) , , , 

υ π (τ − κ − ν − λ + �)] + Ν (τ) 

⋅∪⊕  ⊕ ψ⊃  ∪⊕∉∏  ∠∏  �′× °� � υ ⊃  ∪⊕⊃ ∈∠∏ ∠ℑ  ℑ⊆2 

⊕  ⊕  � λ ⊃   ∪⊕ ⊂ℑ∩∩ ⊃ ∈∩ ∉∅ ℑ∏  ∉ ⊕∩  ⊕   ⊃ ∉∈ � ν ⊃   ∪⊕ 

 ℑ∈⊄ ∉∅ ⊆∉√⊃ ∈∩ ℑ√⊕  ℑ∩ ⊕⊕ ⊂⊕⊆⊕∈ � π ⊃  ∪⊕ ∈∏⊆ℜ ⊕ ∉∅ 

⊃ ∈∠∏ ∠ ℑ  ℑ⊆⊕  ⊕  � κ ⊃  ∪⊕  ⊃⊆⊕ ⊗ ⊕ ⊂ℑ∧ � τ ⊃  ∪⊕ ⊗ ⊃  2 

℘  ⊕  ⊕ ℑ⊆∠ ⊂ ⊃ ∈∩  ⊃⊆⊕⊃ ∈⊗ ⊕¬ � Ν (τ) ⊃ ℑ ⋅∪ ⊃  ⊕ ∈∉ ⊃  ⊕  ⊕ 2 

 ⊃ ⊕  ⋅⊃  ∪ ∨⊕  ∉ ⊆⊕ ℑ∈ � 

≥∉  ∪⊕ ∠  ∉ℜ ⊂⊕⊆ ∅∉℘ ∏  ⊕ ∉∈  ⊕ ℑ ⊂ ⊃ ∨⊃ ∈∩ ∪⊕ ∈∉∈⊂ ⊃ ∈⊕ ℑ  

⊆ℑ∠∠ ⊃ ∈∩ φ : ψν ≅ υ π ≅ ν ψ ψ � 

× ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ ′× °   ℑ∈ ∅∉⊆  ∉ ⊗ ∧∈ℑ⊆⊃ ℘ 

 ∧  ⊕⊆ ⊃ ⊗ ⊕∈ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ ∈∉∈⊂ ⊃ ∈⊕ ℑ  ∧  ⊕⊆ � ″ ⊕ ⊂∧⊃ ∈∩ ∉∈ 

 ∪⊕  ⊕ ⊂ ∅ 2⊂⊕ ℑ  ∈⊃ ∈∩�  ⊕ ⊂ ∅ 2ℑ⊗ ℑ∠  ⊃ √⊕� ∈∉∈⊂ ⊃ ∈⊕ ℑ  ∅∏∈℘  ⊃ ∉∈ 

ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊃ ∉∈ ℑ∈⊗ ∠ ℑ  ℑ ⊂ ⊂⊕ ⊂ ℘ ∉⊆∠∏  ℑ  ⊃ ∉∈ ℘ ℑ∠ ℑℜ ⊃ ⊂ ⊃  ⊃ ⊕ ∉∅ 

ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ≈�� �  ∪⊕ ∅∏∈℘  ⊃ ∉∈ φ ℘ ℑ∈ ℜ ⊕ 

ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕⊗ ℜ ∧ ℑ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⋅⊃  ∪ ℑ∠∠  ∉∠  ⊃ ℑ  ⊕ 

ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕ℑ∈⊗ℑ ⊂∩ ∉ ⊃  ∪⊆ � ≥∉  ∪⊕ δ   ⊕∠ ℑ∪⊕ ℑ⊗ ∠  ⊕ 2 

⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ ′× ° ∏  ⊃ ∈∩ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⊆ℑ∧ ℜ ⊕ ⊕¬2 

∠  ⊕   ⊕⊗ℑ  
⊥ 
ψ(τ + δ) = Ν Ν φ ( ψ(τ) , ψ(τ − �) , , , 

ψ(τ − ν + �) , υ � (τ + δ − κ) , 

υ � (τ + δ − κ − �) , , , 

υ � (τ − κ − ν + �) , υ � (τ) , , , 

υ � (τ − κ − ν + �) , , , υ π (τ) , 

, , υ π (τ − κ − ν + �)) 
⊥ 
ψ(τ + δ) ⊃  ∪⊕ δ   ⊕∠ ℑ∪⊕ ℑ⊗ ∠  ⊕⊗ ⊃ ℘  ⊕⊗ √ℑ ⊂∏ ⊕ ∉∅ 

ψ � × ∪⊕℘ ∉ ∅∏∈℘  ⊃ ∉∈ ⊃  

Ε = 
� 

� 
( ψ − ψα ) � ��� 

⋅∪⊕  ⊕ ψ α ⊃  ∪⊕ℑ ℘  ∏ ℑ ⊂ ⊆⊕ ℑ  ∏  ⊕⊗ √ℑ ⊂∏ ⊕ ∉ ∅ ′× ° � × ∪⊕ 

  ∏⊗ ∧ ∉ℜ ⊇ ⊕ ℘  ⊃ √⊕⊃  ∉ ⊆⊃ ∈⊃ ⊆⊃ ∨⊕  Ε �⊃� ⊕� ∉ ⊆ℑ⊄⊕  ∪⊕ 

∈∉∈⊂ ⊃ ∈⊕ ℑ  ⊆ℑ∠∠ ⊃ ∈∩ ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕  ∪⊕ ⊗ ⊕  ⊃  ⊕⊗ ⊆ℑ∠∠ ⊃ ∈∩ 

φ � 

4 . 2  Μυλτιλαψερ φεεδφορωαρδ νευραλ νετωορκ ωιτη 

σελφ2οργανιζε µ οδιφιεδ βαχκπροπαγατιον αλγο2 

ριτη µ 

♥∈  ∪ ⊃  ⊕  ⊕ ℑ  ℘ ∪�ℑ ⊆∏ ⊂  ⊃ ⊂ℑ∧⊕ ∅ ⊕ ⊕⊗ ∅∉ ⋅ℑ  ⊗ ∈⊕∏  ℑ ⊂ 

∈⊕  ⋅∉ ⊄�ƒ →→ � ⊃ ∏  ⊕⊗�ℑ∈⊗ ∪⊕⊂ℑ∩∅ℑ ℘  ∉ ζ � � ⊃ ⊃ ∈2 

⊗ ∏ ℘ ⊕⊗ ∉  ⊕∠  ⊕  ⊕∈  ∪⊕⊗ ∧∈ℑ⊆⊃ ℘∉∅ ∠  ∉℘ ⊕  � ϒ ⊗ ⊃ ℑ∩  ℑ⊆ 

∉∅ ∪ ⊃  ∧∠ ⊕∉∅ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⋅⊃  ∪ ⊃ ∈∩ ⊂⊕ 2∉∏  ∠∏  �≥ ↓� 

ℑ∈⊗∉∈⊕ ∪ ⊃ ⊗ ⊗ ⊕∈2⊂ℑ∧⊕ ⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � ⋅∪⊕  ⊕ Ξ ιϕ ⊃  

 ∪⊕ ⋅⊕ ⊃ ∩∪ ⋅∪ ⊃ ℘ ∪ ℘ ∉∈∈⊕ ℘   ∪⊕⊃ ∈∠∏ ℘ ∉⊆∠ ∉∈⊕∈ι  ∉ 

∈⊕∏  ∉∈ ϕ� Ρ ⊃  ∪⊕ ∈∏⊆ℜ ⊕ ∉∅ ∪ ⊃ ⊗ ⊗ ⊕∈ ∈⊕∏  ∉∈� 

Φ ιγ .3  ×∉∠∉ ⊂∉∩∧ ∉∅ ≥ ↓2ƒ →→ ⋅⊃  ∪ 

 ⊃ ∈∩ ⊂⊕ ∪ ⊃ ⊗⊗ ⊕∈2⊂ℑ∧⊕  

# � � � # ∂ ∉ ⊂1��  λ 1�           ϒ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈  ∧  ⊕⊆ ∉∅ ⊃ ∈ ⊕  ⊃ ∈∩



  ♥∈⊗ ⊃ √⊃ ⊗∏ ℑ ⊂ ∈⊕∏  ∉∈ ∉∅ ∪ ⊃ ⊗⊗ ⊕∈2⊂ℑ∧⊕  ℑ∈⊗ ∉∏  ∠∏  

⊂ℑ ∧⊕ ∠ ⊕  ∅∉⊆  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊃ ∩⊆∉ ⊃ ⊗∅∏∈℘  ⊃ ∉∈ � 

φ( ξ) = (� + ⊕¬∠(− ξ)) − � 
− � .� 

≥∏ ∠∠∉ ⊕ ∪⊕  ⊕ ℑ  ⊕ κ ∩  ∉∏ ∠ ∉∅⊃ ∈∠∏  2∉∏  ∠∏ ∠ ℑ  2 

 ⊕  ∈ ∪ℑ ℑ  ⊕ ∉ ℜ ⊕∏  ⊕⊗ ∉  ℑ ⊃ ∈  ∪⊕ ∈⊕  ⋅∉ ⊄ � ∪⊕⊃ ∈2 

∠∏ ∉∅ ∪⊕ ϕ  ∪ ∈⊕∏  ∉∈ ∅∉ ∪⊕ π ∪  ℑ ⊃ ∈⊃ ∈∩ ∠ℑ   ⊕  ∈ ⊃  

→ ⊕  π 
ϕ � 6 

ι 

Ξ ιϕ Ο π 
ι + β ϕ 

Ο π 
ι ⊃  ∪⊕∉∏  ∠∏ ∉∅ ∪⊕ ι ∪ ∈⊕∏  ∉∈ ∉∅∅∉⊆⊕ ⊂ℑ∧2 

⊕ � β ϕ ⊗ ⊕∈∉ ⊕  ∪⊕ ℜ ⊃ ℑ ∉∅ ∪⊕ ∈⊕∏  ∉∈ � 

× ∪⊕ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ∉∅  ∪⊕ ϕ  ∪ ∈⊕∏  ∉∈ ⊃ ℘ ∉⊆∠∏  ⊕⊗ ℑ  

∅∉ ⊂ ⊂∉⋅� 

Ο π 
ϕ = φ( → ⊕  π 

ϕ ) 

° ∉√⊃ ⊗ ⊕⊗  ∪ℑ  ∪⊕ ℘ ∉ ∅∏∈℘  ⊃ ∉∈ ⊃  ⊗ ⊕ ∅ ⊃ ∈⊕⊗ ℑ  

∞∇∈ � ��� � ∪⊕∈  ∪⊕⊕   ∉∉∅ ∪⊕ ϕ  ∪ ∈⊕∏  ∉∈ ⊃ ∩ ⊃ √⊕∈ ℜ∧ 

∆ π 
ϕ � 5 Ε 

5 → ⊕  

� 

(τ π 
ϕ − Ο π 

ϕ ) Ο π 
ϕ (� − Ο π 

ϕ ) 

�ϕ) ↓∏  ∠∏ ∈⊕∏  ∉∈� 

6 
κ 

∆ π 
κ Ξ κϕ Ο π 

ϕ (� − Ο π 
ϕ ) 

�ι ) ♦⊃ ⊗⊗ ⊕∈ ∈⊕∏  ∉∈� 

κ ⊗ ⊕∈∉ ⊕  ∪⊕∅∉⊆⊕ ⊂ℑ∧⊕ ∈⊕∏  ∉∈� 

× ∪⊕ ⋅⊕ ⊃ ∩∪  ℑ∈⊗ ℜ ⊃ ℑ  ⊕ ℑ  ⊕ℑ⊗ ⊇ ∏   ⊕⊗ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ 

 ∪⊕ ∏ ⊂⊕ ℜ ℑ  ⊕⊗ ∉∈ ∩  ℑ⊗ ⊃ ⊕∈⊗ ⊕  ℘ ⊕∈ � 

∃ Ξ ιϕ (τ + �) = Γιϕ (τ) ∆ π 
ϕ Ο π 

ϕ + ∃ ΑΞ ιϕ (τ) 

∃ β ϕ (τ + �) = Γϕ (τ) ∆ π 
ϕ + Β ∃ β ϕ (τ) 

⋅∪⊕  ⊕ Β ⊃ ℑ  ∪ ⊕  ∪∉ ⊂⊗ ⊆⊕⊆∉ ∧ ∅ℑ ℘  ∉�� � Α , Β � 

�� ⋅∉ ⊄ ⊃ ∈∩ ℑ  ℑ ⊆∉⊆⊕∈ ℑ  ∧ � Γ ⊃  ℑ ⊂⊕ ℑ  ∈⊃ ∈∩  ℑ  ⊕ 

⋅∪ ⊃ ℘ ∪ ∩∉√⊕  ∈ ∪⊕  ⊕∠∉∅ℑ⊗ ⊇ ∏   ⊆⊕∈�♥∈ ∉ ⊗ ⊕  ∉⊃ ⊆2 

∠  ∉√⊕ ∪⊕℘ ∉∈√⊕  ∩ ⊕∈℘ ⊕� ∪⊕⊂⊕ ℑ  ∈⊃ ∈∩ ℑ  ⊕ Γ ⊃ ℑ⊗ ℑ∠  ⊃ √⊕ 

∏∠⊗ ℑ  ⊕⊗ℑ  

Γιϕ (τ) = Κ Γιϕ (τ − �) � 

⋅∪⊕  ⊕ 

� < Κ < � , ⊃ ∅ Ε(τ) − Ε(τ − �) > � 
Κ > � , ⊃ ∅ Ε(τ) − Ε(τ − �) < � 
Κ = � , ⊃ ∅ Ε(τ) − Ε(τ − �) = � 

ƒ ⊕ ∇∏ ⊕∈ ⊂∧ � ∪⊕ ∈∏⊆ℜ ⊕ ∉∅ ∪ ⊃ ⊗⊗ ⊕∈ ∈⊕∏  ∉∈⊃ ⊗ ⊕ 2 

 ⊕ ⊆⊃ ∈⊕⊗ ℜ∧   ⊃ ℑ ⊂ ℑ∈⊗⊕   ∉� ⋅∪ ⊃ ℘ ∪  ℑ⊄⊕  ⊆∏ ℘ ∪ ∉∅ ∪⊕ 

⊗ ⊕  ⊃ ∩∈  ⊃⊆⊕� ♥∈ ∠  ⊕  ⊕∈ � ϒ⊂∩∉ ⊃  ∪⊆ ⋅⊃  ∪  ⊕ ⊂ ∅ 2 

∉ ∩ℑ∈⊃ ∨⊃ ∈∩ ∈⊕  ⋅∉ ⊄ ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕ ⊃  ∪ ⊃ ∩∪ ⊂∧ ℑ   ⊕∈2 

 ⊃ √⊕ ≈�� � ϒ ⊆⊕  ∪∉⊗∉∅℘ ∉∈   ∏ ℘  ⊃ ∈∩ ℑ∠∠  ∉∠  ⊃ ℑ  ⊕ ∪ ⊃ ⊗⊗ ⊕∈ 

∈⊕∏  ∉∈⊃ ∠  ∏∈⊃ ∈∩� ⋅∪ ⊃ ℘ ∪  ℑ   ∉∏ ⋅⊃  ∪ ∏ ∠ ⊕  ∅ ⊂∏ ∉∏  

∪ ⊃ ⊗⊗ ⊕∈ ∈⊕∏  ∉∈ ⊗ ⊕∠ ⊕∈⊗ ⊃ ∈∩ ∉∈  ∪⊕ ℘ ∉⊆∠ ⊂⊕¬ ⊃  ∧ ∉∅  ∪⊕ 

∠  ∉ℜ ⊂⊕⊆  ∉ ℜ ⊕  ∉ ⊂√⊕⊗�♥∈   ℑ ⊃ ∈⊃ ∈∩ ∠ ⊕  ⊃ ∉⊗� ∪∉ ⊕ ∈⊕∏ 2 

 ∉∈ ∪ℑ ∪ℑ√⊕ ⋅⊕ ℑ⊄ ⊃ ∈∅ ⊂∏ ⊕∈℘ ⊕ ∉∈  ∪⊕ ∈⊕  ⋅∉ ⊄ ∉∏  ∠∏  

ℑ  ⊕ ⊕⊆∉√⊕⊗∉⊕⊆⊕  ∩⊕⊗ ℜ∧ ∉ ∪⊕ ∈⊕∏  ∉∈� ∪⊕ℑ∠∠  ∉2 

∠  ⊃ ℑ  ⊕ ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕ ⊃  ∉ℜ  ℑ ⊃ ∈⊕⊗  ∪⊕∈ � × ∪⊕ ⊗ ⊕  ℑ ⊃ ⊂  ℑ  ⊕ 

⊗ ⊕  ℘  ⊃ ℜ ⊕⊗⊃ ∈  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ∠ℑ  � 

× ∪⊕ ℑ√⊕  ℑ∩ ⊕ ∉∏  ∠∏  ∉∅ ∪ ⊃ ⊗ ⊗ ⊕∈ ∈⊕∏  ∉∈ ι ℑ ∅  ⊕  

⊂⊕ ℑ  ∈⊃ ∈∩ κ ∠ ℑ   ⊕  ∈⊃ ⊗ ⊕ ∅ ⊃ ∈⊕⊗ℑ  

Ο ι � 
� 
κ 6 

κ 

π = � 

Ο π 
ι 

∞√ℑ ⊂∏ ℑ  ⊕ ∪⊕ ∉∏  ∠∏ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ ι ℜ∧ � 

Σ ι � 
� 
κ 6 

κ 

π = � 

Ο π 
� 

ι − Ο � 
ι 

♥∅ Σ ι � Ε � � Ε � Ι [ � .��� , � .��] � ι  ∪∉∏ ⊂⊗ ℜ ⊕ 

 ⊕⊆∉√⊕⊗∅∉⊃   ∉∏  ∠∏ ∪ℑ ⊂ ⊃   ⊂⊕ ℘ ∪ℑ∈∩ ⊕ ⊃ ∈   ℑ ⊃ ∈⊃ ∈∩� 

• ∪⊕  ∪⊕  ⋅∉ ∪ ⊃ ⊗ ⊗ ⊕∈ ∈⊕∏  ∉∈ι ℑ∈⊗ ϕ⊃ ∈  ∪⊕ ℑ⊆⊕⊂ℑ∧2 

⊕ � Σ ι > Ε � � ≥ ⊇ � Ε � � ℘ ℑ∈ ℜ ⊕ ℘ ∉⊆ℜ ⊃ ∈⊕⊗ ∉∈∉ 

⊗ ⊕∠⊕∈⊗ ∉∈  ∪⊕ ⊃  ⊃⊆⊃ ⊂ ⊃  ∏⊗ ⊕ ⊗ ⊕ ∅ ⊃ ∈⊕⊗ℑ  

Χ ιϕ � 

� 
κ 6 

κ 

π = � 

Ο π 
ι Ο π 

ϕ − Ο ι Ο ϕ 

Σ ι Σ ϕ 

♥∅ Χ ιϕ ∴ Ε � , Ε � Ι [ � .� , � .�] � ι ℑ∈⊗ ϕ ∪∉∏ ⊂⊗ 

ℜ ⊕℘ ∉⊆ℜ ⊃ ∈⊕⊗ ∉ ∉∈⊕ ∈⊕∏  ∉∈ ℜ ⊕ ℘ ℑ∏  ⊕ ∪⊕ ∧ ∪ℑ√⊕  ⊃ ⊆⊃ ⊂ℑ  

℘ ∉∈  ⊃ ℜ∏  ⊃ ∉∈ ∅∉  ℑ ⊃ ∈⊃ ∈∩� 

4 .3  Τραινινγ οφ νευραλ νετωορκ 

× ∪⊕⊃ ∈⊃  ⊃ ℑ ⊂ ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕ ∉∅  ∪⊕ ⊆∏ ⊂  ⊃ ∠ ⊂⊕ ∅ ⊕ ⊕⊗ ∅∉ 2 

⋅ℑ  ⊗ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⊃  �2��2� � ƒ∉ �   ⊕ ∠  ℑ∪⊕ ℑ⊗ 

∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ � ∪⊕⊃ ∈∠∏ √⊕ ℘  ∉ ⊃ ∈℘ ⊂∏ ⊗ ⊕ ∪⊕℘ ∏   ⊕∈∠∉ ⊃ 2 

 ⊃ ∉∈ ∉∅  ∪⊕ ⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ ∠∉ ⊃ ∈∉∅ ⋅ℑ   ⊕ ∩ℑ  

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℘ ∏  √⊕ ℑ∈⊗ ⊃   ⊗ ⊕ ⊂ℑ∧ √ℑ ⊂∏ ⊕�  ∪⊕ ℘ ∏   ⊕∈ 

ℑ∈⊗ ⊗ ⊕ ⊂ℑ∧ ∠ ∉ ⊃  ⊃ ∉∈ ∉∅ ′× ° ⊆ ℑ∈⊗  ∪⊕ ℘ ∏   ⊕∈ ∠ ℑ ⊂ ⊂⊕  

  ℑ√⊕ ⊂ ⊂ ⊃ ∈∩  ∠ ⊕ ⊕⊗� × ∪⊕  ∏ ∠ ⊕  √⊃  ⊕⊗  ⊃ ∩∈ℑ ⊂ ⊃  ′× ° ∠∉ ⊃ 2 

 ⊃ ∉∈ ℑ ∅  ⊕  �  ℑ⊆∠ ⊂⊕  ⊃⊆⊕� × ∪⊕   ℑ ⊃ ∈⊃ ∈∩  ⊕ ℘ ∉∈ ⊃    

��� ∩  ∉∏∠ ∉∅ ⊃ ∈∠∏ ℑ∈⊗ ∉∏  ∠∏ ⊗ ℑ  ℑ ℑ∈⊗  ∪⊕ ∈⊕∏  ℑ ⊂ 

∈⊕  ⋅∉ ⊄⊃   ℑ ⊃ ∈⊕⊗ ⋅⊃  ∪ ↓ ↑ ′° ℑ ⊂∩ ∉ ⊃  ∪⊆ �♥∈   ℑ ⊃ ∈⊃ ∈∩ 

⊃  ⊕  ℑ  ⊃ ∉∈ ∪⊕ ⋅⊕ ⊃ ∩∪ ∅ ℑ ℘  ∉ ⊃ ∈  ∪⊕ ∈⊕  ⋅∉ ⊄ ℑ∈⊗  ∪⊕ 

ℜ ⊃ ℑ ∉∅ ∈∉⊗ ⊕  ℑ  ⊕ ℑ⊗ ⊇ ∏   ⊕⊗�  ∪⊕ ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕ ∉∅ ∈⊕  2 

⋅∉ ⊄ ⊃   ⊕ ⊂ ∅ 2∉ ∩ℑ∈⊃ ∨⊕⊗ ⊆⊕ ℑ∈⋅∪ ⊃ ⊂⊕� × ∪⊕ ∉∠  ⊃⊆∏⊆ 

∈∏⊆ℜ ⊕ ∉∅ ∈∉⊗ ⊕ ⊃ ∈  ∪⊕ ∪ ⊃ ⊗⊗ ⊕∈2⊂ℑ∧⊕ ⊃ �2��2� ⊗ ⊕  ⊕  2 

⊆⊃ ∈⊕⊗ ℜ∧   ℑ ⊃ ∈⊃ ∈∩� × ∪⊕ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊃ ∉∈ ∉∏  ∠∏ ∉∅ ∈⊕∏ 2 

 ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .4  ϒ∠∠  ∉¬ ⊃⊆ℑ  ⊕⊗∉∏  ∠∏ ∉∅ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ 

4 .4  Πρεδιχτιον οφ ΒΤΠ υσ ινγ νευραλ νετωορκ 

× ∪⊕ ⊕   ⊃ ∈∩  ⊕ ⊃  ⊆ℑ⊗ ⊕ ∉∅ ��� ∩  ∉∏ ∠ ∉∅ ⊗ ℑ  ℑ� 

 ∪⊕⊃ ∈∠∏ √⊕ ℘  ∉⊃ ∠  ⊕  ⊕∈ ⊕⊗ ∉ ∪⊕  ℑ ⊃ ∈⊕⊗∈⊕∏  ℑ ⊂ ∈⊕  2 

⋅∉ ⊄ � ∪⊕ ∉∏  ∠∏ ∉∅ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⊃  ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊕⊗ 

√ℑ ⊂∏ ⊕∉∅ ′× ° �   ⊕∠ ℑ∪⊕ ℑ⊗� × ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊕⊗  ⊕  ∏ ⊂ ∉∅ 

 ⊕   ⊃ ∈∩ ⊕ ⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩�� �  ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ √⊕ ⊕   ∉⊃  

⊗ ⊕ ∅ ⊃ ∈⊕⊗ℑ  ∞∇∈ � ��� � → ∉ ⊕⊗ ∪ℑ  ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈ ⊕   ∉ 

Ε ⊃ ℜ ⊕ ⊂∉⋅ � � �� � 

# � � � # × ℑ∈� → ∉∈∅ ⊕   ∉∏  ↑ ⊕  �≥∉℘� ≤∪ ⊃ ∈ℑ         ⁄⊕ ℘�����



Φ ιγ .5  ° ⊕⊗ ⊃ ℘  ⊕⊗∉∏  ∠∏ ∉∅ ⊕   ⊃ ∈∩  ⊕  

ℜ∧   ℑ ⊃ ∈⊕⊗ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ 

5  ΧΟΝΧΛΥΤΙΟΝΣ 

�� × ∪⊕ ∉∅  2 ⊕∈ ⊃ ∈∩ ⊆⊕  ∪∉⊗ ℘ ℑ∈ ℜ ⊕ ∏  ⊕⊗ ∉  ⊕ ℑ ⊂ 2 

⊃ ∨⊕ ∪⊕∉∈2⊂ ⊃ ∈⊕ ⊆⊕ ℑ  ∏  ⊕⊆⊕∈∉∅ ′× ° � 

�� × ∪⊕ ⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ ∠∉ ⊃ ∈∉∅ ⋅ℑ   ⊕ ∩ℑ  

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕℘ ∏  √⊕℘ ℑ∈ ℜ ⊕ ⊆ℑ⊗ ⊕ ℑ ∠  ⊕⊗ ⊃ ℘  ⊃ √⊕ ∠ ℑ  ℑ⊆⊕ 2 

 ⊕ � 

�� ↑ ∏ ⊂  ⊃ 2⊂ℑ∧⊕ ∅⊕ ⊕⊗ ∅∉ ⋅ℑ  ⊗ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⋅⊃  ∪ 

↓ ↑ ′° ℑ ⊂∩∉ ⊃  ∪⊆ ℘ ℑ∈ ℜ ⊕  ℑ ⊃ ∈⊕⊗ℑ ∠  ⊕⊗ ⊃ ℘  ∉� 

[ Ρ ΕΦΕ Ρ Ε ΝΧΕΣ] 

≈�  ↔ ℑ∈⊇ ⊃ ⊂ℑ ⊂ ° ° ℑ∈⊗ ″ ∉ ⊕ ∞ � ϒ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ ∉ ∅ ℑ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕ ⊗ ⊃ ℘ 2 

 ⊃ ∉∈ ℑ∈⊗ ℘ ∉∈  ∉ ⊂ ⊆⊕  ∪∉⊗  ∅ ∉⊃ ⊆∠  ∉√⊕ ⊗ ∉∠ ⊕  ℑ  ⊃ ∉∈ ∉ ∅  ∪ ⊕ 

 ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕   ≈ ♠ � ♥ ∉∈⊆ℑ⊄ ⊃ ∈∩ ℑ∈⊗ ≥ ⊕ ⊕ ⊂⊆ℑ⊄ ⊃ ∈∩� 

���� ������ ���� � 

≈�  ″ ∉ ⊕ ∞ ℑ∈⊗ ↔ ℑ∈⊇ ⊃ ⊂ℑ ⊂ ° ° � ϒ  ⊕ ⊂ ∅ 2 ∏∈⊃ ∈∩ ⊆∏ ⊂  ⊃ √ℑ  ⊃ ℑℜ ⊂⊕∠  ⊕ 2 

⊗ ⊃ ℘  ∉ℑ∈⊗⊃  ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈  ∉ ∪⊕℘ ∉∈  ∉ ⊂ ∉ ∅ ⊃ ∈ ⊕  ⊃ ∈∩∇∏ ℑ ⊂ ⊃  ∧ 

≈ ϒ � ♥ƒ ϒ ≤ ϒ∏  ∉⊆ℑ  ⊃ ∉∈ ⊃ ∈ ↑⊃ ∈⊃ ∈∩� ↑⊃ ∈⊕  ℑ ⊂ ℑ∈⊗ ↑ ⊕  ℑ ⊂ 

° ∉℘ ⊕   ⊃ ∈∩ ≈≤ � ×∉⊄∧∉ � °⊕  ∩ ℑ⊆∉∈ ° ⊕  ����� ���� � 

≈�  ∞  ⊃ ∩ ∉ ∂ � ″ ⊃ ℘ ℑ ℑ  ⊗ ⊃≤ �≥℘ ℑ   ∉∈ ϒ �⊕  ℑ ⊂� • ℑ   ⊕∩ ℑ ℑ∈ℑ ⊂∧2 

 ⊃ ∏∈⊗ ⊕ ∩  ℑ  ⊕ ℑ ℑ ∈⊕⋅ ⊆⊕ ℑ∈ ∉ ∅  ⊃ ∈ ⊕ ∠  ∉℘ ⊕  ℘ ∉∈  ∉ ⊂ ≈ ϒ � 

� ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≥∧⊆∠∉ ⊃ ∏⊆ ∉∈ ϒ∩∩ ⊂∉⊆⊕  ℑ  ⊃ ∉∈ ≈ ≤  � 

≤ℑ∈ℑ⊗ ℑ� ×∉ ∉∈ ∉ ����� ���� � 

≈�  ≤∉  ⊕ → ⁄ � ♣⊕  ℜ ⊕ ♠ ← ℑ∈⊗ ↑ ∉ ⊕ ℑ∏ ⁄ � ϒ∏  ∉⊆ℑ  ⊃ ∨ℑ  ⊃ ∉∈ 

ℑ∈⊗ ⊆∉⊗ ⊕ ⊂ ⊃  ℑ  ⊃ ∉∈ ∉ ∅  ∪⊕ ∠  ∉℘ ⊕   ℑ  ∪ ⊕ ∝ ⊃ ∈∉ ⁄∏∈⊄ ⊃  ⊄ 

→ ∉ � �  ⊃ ∈ ⊕  ⊃ ∈∩ ∠ ⊂ℑ∈≈ ϒ � � ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≥∧⊆∠∉ ⊃ ∏⊆ 

∉∈ ϒ∩ ∩ ⊂∉⊆⊕  ℑ  ⊃ ∉∈ ≈ ≤ � ≤ℑ∈ℑ⊗ ℑ� ×∉ ∉∈ ∉ ����� ���� � 

≈�  ♣�∈ ∪⊕ ≥  ℑ⊄ℑ� ° ∉℘ ⊕  ℘ ∉∈  ∉ ⊂ ⊆∉⊗ ⊕ ⊂∅ ∉ ⊃ ∈ ⊕ ⊆ℑ ℘ ∪ ⊃ ∈⊕ 

 ∠ ⊕ ⊕ ⊗≈♠  � ↑ ⊕  ℑ ⊂ 2⊂∏  ∇ ⊃ ℘ ℑ ⊂ °⊂ℑ∈ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ♥∈ ⊕  ∈ℑ 2 

 ⊃ ∉∈ℑ ⊂����� ������ ��� � 

≈�  ƒ ϒ → ÷⊃ ℑ ∉ 2∪∏ ⊃� • ϒ →♣ ♦ℑ ⊃ 2⊗ ∉∈∩� ≤ ♦ ∞→⊇ ⊃ ∈ �⊕ ℑ ⊂� ∞¬2 

∠ ⊕   ∧  ⊕⊆ ∅ ∉ ⊃ ∈ ⊕ ℘ ∪⊕⊆⊃ ℘ ℑ ⊂ 2℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ℘ ∉∈  ∉ ⊂ ℜ ℑ  ⊕ ⊗ 

∉∈ ℑ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ ≈♠ � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑ ⊕ ≥∉℘ 

≤ ∪ ⊃ ∈ℑ����� ����� ��� � 

≈�  ← ♥ ÷ ∏ ⊕ 2∇∏ ℑ∈ � ← ♥ ≥∉∈∩ 2 ⊕ ∈ ℑ∈⊗ ≠♥→ ⁄ ⊃� ↓∠  ⊃ ⊆ℑ ⊂ ℘ ∉⊆2 

ℜ ⊃ ∈⊃ ∈∩ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ ∅ ∉ℜ ⊂⊕ ∈⊗ ⊃ ∈∩ ⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈℘ ∧ ≈♠  � × ℑ∈ → ∉∈2 

∅ ⊕   ∉∏  ↑ ⊕ ≥∉℘≤∪ ⊃ ∈ℑ����� ����� ��� � 

≈�  ≠♥→ ⁄ ⊃� ♦ ∝ ϒ →♣ ×⊃ ℑ∈2∨∪⊕ ∈∩ℑ∈⊗ ƒ ϒ → ÷⊃ ℑ ∉ 2∪∏ ⊃� ϒ⊗ ℑ∠ 2 

 ⊃ √⊕∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ ℑ∈⊗ ℘ ∉∈  ∉ ⊂ ∉ ∅  ⊃ ∈ ⊕ ℘ ∪ ⊕⊆⊃ ℘ ℑ ⊂ ℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ 

≈ ϒ  � � ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≥∧⊆∠∉ ⊃ ∏⊆ ∉∈ ϒ∩ ∩ ⊂∉⊆⊕  ℑ  ⊃ ∉∈ 

≈ ≤ � → ℑ∩ ∉∧ℑ�♠ ℑ∠ ℑ∈ ����� ��� � 

≈�  ƒ ϒ → ÷⊃ ℑ ∉ 2∪∏ ⊃� • ϒ →♣ ♦ℑ ⊃ 2⊗ ∉∈∩� ♦ ∝ ϒ →♣ ×⊃ ℑ∈2∨∪⊕ ∈∩� 

⊕ ℑ ⊂� ∞¬∠ ⊕   ∧  ⊕⊆ ∅ ∉ ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕   ℘ ∉∈  ∉ ⊂�  � 

≈♠  �♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ≤⊕ ∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ ∉ ∅ ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ � 

���� ������ ��� � 

≈ ��   • ϒ →♣ ♦ℑ ⊃ 2⊗ ∉∈∩� ±♥∝ ♣∏ ℑ∈2∨∪∉∏ ℑ∈⊗ ♦ ∝ ϒ →♣ 

≥∪ ⊕ ∈∩ 2 ∪ ⊕ ∈∩� ⁄⊕  ⊃ ∩∈ ℑ∈⊗ ⊗ ⊕ √⊕ ⊂∉∠⊆⊕ ∈∉∅ ⊕ ¬∠ ⊕   ∧ 2 

 ⊕⊆ ∅ ∉℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩ ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  ≈♠  � × ℑ∈ → ∉∈2 

∅ ⊕   ∉∏  ↑ ⊕ ≥∉℘≤ ∪ ⊃ ∈ℑ����� ����� ���� � 

≈ ��   ×ℑ⊄∏⊆⊃ ƒ∏⊄ℑ∩ ℑ⋅ℑ� ≥∧∏ ∈⊇ ⊃ ♥∧ℑ⊆ℑ ℑ∈⊗ ↑ ℑ  ℑ∧∉ ∪ ⊃ 

↓⊄∏ ∧ℑ⊆ℑ�≥⊃ ∈ ⊕  ⊃ ∈∩∉∠ ⊕  ℑ  ⊃ ∉∈ ℘ ∉∈  ∉ ⊂ ∧  ⊕⊆ ⋅⊃  ∪ℑ  2 

 ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ⊃ ∈ ⊕ ⊂ ⊂ ⊃ ∩ ⊕ ∈℘ ⊕ ≈ ♠ � ↔ ℑ⋅ℑ  ℑ⊄ ⊃ ≥ ⊕ ⊕ ⊂ ♣⊃ ∪∉� �⊃ ∈ 

♠ ℑ∠ ℑ∈⊕  ⊕ � ����� ������ ���� � 

≈��  ϒ  ⊃ ⊕ ⊂ ∝ ←ℑ∈⊗ ↔ ∏⊆∠ ℑ  ⊃≥ →� ≤∉∈  ∉ ⊂ ∉ ∅ ∈∉∈⊂ ⊃ ∈⊕ ℑ ⊗ ∧2 

∈ℑ⊆⊃ ℘ ℑ ⊂  ∧  ⊕⊆∏  ⊃ ∈∩ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄) ∠ ℑ    �∉ℜ 2 

 ⊕  √ℑℜ ⊃ ⊂ ⊃  ∧ � ⊃ ⊗ ⊕ ∈ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ℑ∈⊗ ℘ ∉∈  ∉ ⊂ ≈ ♠ � ♥∞∞∞ 

× ℑ∈∉∈ →→����� ����� ��� � 

≈��  ♠ ∉∪∈ ↓ ↑ ℑ∈⊗ °ℑ∈∉♠ ϒ � × ∪⊕⊗ ⊕ ∠ ⊕ ∈⊗ ⊕ ∈℘ ⊕⊃ ⊗ ⊕ ∈ ⊃ ∅ ⊃ ℘ ℑ 2 

 ⊃ ∉∈ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ℘ ∉∈   ∏ ℘  ⊃ ∉∈ ℑ ⊂∩ ∉ ⊃  ∪⊆ ≈♠  �♥∞∞∞ 

× ℑ∈∉∈ →→����� ����� �� � 

(Εδιτεδ βψ ΛΟΝΓ Ηυαι2ζηονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�           ϒ⊗ ℑ∠  ⊃ √⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ ∉∈  ∧  ⊕⊆ ∉∅ ⊃ ∈ ⊕  ⊃ ∈∩


