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

Ιντελ λιγεντ µ οδελ ινγ ανδ οπτιµιζατιον ον τιµε2σηαρινγ ποωερ 
δισπατχηινγ σψστεµ φορ ελεχτρολψ τιχ ζινχ προχεσσ 

≠ 

• ϒ →♣ ≠ℑ 2⊂ ⊃ ∈�王雅琳� � ♣∝♥ • ⊕ ⊃ 2∪∏ ℑ�桂卫华� � 

≠ ϒ →♣ ≤∪∏∈2∪∏ ℑ�阳春华� � ♦ ∝ϒ→♣ ×ℑ ⊃ 2 ∉∈∩�黄泰松� 

�≤∉ ⊂ ⊂⊕ ∩ ⊕∉∅♥∈∅∉⊆ℑ  ⊃ ∉∈ ≥℘ ⊃ ⊕∈℘ ⊕ℑ∈⊗∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩�≤⊕∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ ∉∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

≤∪ℑ∈∩  ∪ℑ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ′ℑ  ⊕ ⊗∉∈  ⊕ ℑ ⊂ 2 ⊃ ⊆⊕∠  ⊃ ℘ ⊕℘ ∉∏∈ ⊃ ∈∩ ∉ ∅ ⊕ ⊂⊕ ℘   ⊃ ℘∠ ∉⋅⊕ �ℑ∈ ∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂ ∉∅ ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠∉⋅⊕ ∅∉ ⊕ ⊂⊕ ℘ 2 
  ∉ ⊂∧ ⊃ ℘∨ ⊃ ∈℘∠  ∉℘ ⊕   �∞≡°� ⋅ℑ ⊕   ℑℜ ⊂ ⊃  ∪ ⊕ ⊗ℜ∧ ⊆⊕ ℑ∈∉ ∅ℑ∈⊃ ∈℘  ⊕⊆⊕ ∈ ℑ ⊂∅∏ ∨∨∧ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄�ƒ →→ � � ⋅∪ ⊃ ℘ ∪⊃ ℑ⊗ ∉∠  ⊕ ⊗ ∉ 

ℑ∠∠  ∉¬ ⊃ ⊆ℑ  ⊕ ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ∉ ∅ ℘ ∏   ⊕ ∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈℘ ∧ �℘ ∏   ⊕ ∈⊗ ⊕ ∈ ⊃  ∧ ℑ∈⊗ℑ ℘ ⊃ ⊗ ⊃  ∧ � °⊕ ∈ℑ ⊂  ∧ ∅∏ ∈℘  ⊃ ∉∈ ⊃ ∈  ∉⊗∏ ℘ ⊕ ⊗ℑ∈⊗ ∉∠  ⊃ ⊆ℑ ⊂ 

∉ℜ ⊇ ⊕ ℘  ⊃ √⊕∅∏∈℘  ⊃ ∉∈  ⊕ ℘ ∉∈   ∏ ℘  ⊕ ⊗� ℑ  ⊃ ∈∩ ⊂⊕ 2⊂∉∉∠  ⊃ ⊆∏ ⊂ℑ  ⊕ ⊗ ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ℑ ⊂∩ ∉ ⊃  ∪⊆�≥ϒ ϒ� ℜ∧ ∏  ⊃ ∈∩ ⊆∏  ℑ  ⊃ ∉∈ ℑ∈⊗ ⊕ ¬  ⊕ ∈⊗ ⊃ ∈∩ 

 ⊕ ℑ  ℘ ∪ ⊃ ∈∩ ∠ ℑ ℘ ⊕  ⋅ℑ ∏  ⊕ ⊗ ∉ ∉ℜ  ℑ ⊃ ∈ ∉∠  ⊃ ⊆ℑ ⊂ ⊃ ⊆⊕ 2 ∪ ℑ  ⊃ ∈∩ ∠ ∉⋅⊕  ℘ ∪ ⊕⊆⊕�♥∈⊗ ∏    ⊃ ℑ ⊂ ∠  ℑ ℘  ⊃ ℘ ℑ ⊂ ⊕  ∏ ⊂   ∪∉⋅  ∪ ℑ  ∪ ⊕ ⋅∪ ∉ ⊂⊕ 

 ∧  ⊕⊆ ℘ ℑ∈ ∩  ⊕ ℑ  ⊂∧ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∪⊕∠ ∉⋅⊕ ℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ∉ ∅ ∞≡° ℑ∈⊗⊃ ∈℘  ⊕ ℑ  ⊕ ∪⊕ ⊃ ⊆⊕ 2 ∪ ℑ  ⊃ ∈∩∠  ∉ ∅ ⊃  � 

[ Κεψ ωορδσ] ∅∏ ∨∨∧ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄�∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂∉∅ ⊃ ⊆⊕ 2 ∪ ℑ  ⊃ ∈∩∠ ∉⋅⊕ � ⊃ ⊆∏ ⊂ℑ  ⊕ ⊗ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ℑ ⊂∩ ∉ ⊃  ∪⊆ 

[ ΧΛΧ νυµ βερ] × ƒ��� � � � × ↑ ���           [ ∆οχυµεντ χοδε] Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

♥∈ ⊆⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ⊃ ∈⊗∏    ∧ � ⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ℘∨⊃ ∈℘∠  ∉2 
℘ ⊕   �∞≡°� ⊃ ℑ∩  ⊕ ℑ ∠ ∉⋅⊕  2℘ ∉∈ ∏⊆⊃ ∈∩∠  ∉℘ ⊕   ⋅∪∉ ⊕ 

∠ ∉⋅⊕ ℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ℑ ℘ ℘ ∉∏∈ ∅∉�� � ∉∅ ∉ ℑ ⊂ ∠ ∉⋅⊕  

℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ∉∅ ∪∧⊗  ∉ 2⊆⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ∠  ∉℘ ⊕   
≈� � ϒ℘ 2 

℘ ∉ ⊗ ⊃ ∈∩  ∉  ⊕ ℑ ⊂ 2 ⊃⊆⊕ ∠  ⊃ ℘ ⊕ ℘ ∉∏∈ ⊃ ∈∩ ∠∉ ⊂ ⊃ ℘ ∧ � ∠∉⋅⊕  

℘ ∉  ∉∅ ∞≡° ⋅⊃ ⊂ ⊂ ℜ ⊕⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗∉ℜ√⊃ ∉∏  ⊂∧ ⊃ ∈  ∪⊕⊕ √⊕∈ 

∉∅⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃  ⋅⊃  ∪⊂∉⋅ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃ ∈  ∪⊕∠ ⊕  ⊃ ∉⊗ 

∉∅∪ ⊃ ∩∪∠  ⊃ ℘ ⊕ℑ∈⊗ ⋅⊃  ∪∪ ⊃ ∩∪℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧⊃ ∈ ∪⊕∠ ⊕ 2 
 ⊃ ∉⊗∉∅⊂∉⋅ ∠  ⊃ ℘ ⊕� ♦∉⋅⊕√⊕ �⊃ ∅ ∪⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃  

 ∉∉ ∪ ⊃ ∩∪ ∉ ∉∉⊂∉⋅ �⊃ ⋅⊃ ⊂ ⊂⊂⊕ ℑ⊗ ∉ ∪ ⊃ ∩∪ ∠∉⋅⊕ ℘ ∉∈2 
 ∏⊆∠  ⊃ ∉∈ ∉⊂∉⋅ ℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ �≥∉⊃  ⊃ ⊃⊆∠ ⊕  ℑ  ⊃ √⊕ 

 ∉ ⊕ ⊕⊄ ∉∠  ⊃⊆ℑ ⊂ ⊃⊆⊕ 2 ∪ℑ  ⊃ ∈∩∠∉⋅⊕  ℘ ∪⊕⊆⊕ ∪ℑ  ⊕ ℑ ⊂ 2 
 ⊃ ⊆⊕∠  ⊃ ℘ ⊕℘ ∉∏∈ ⊃ ∈∩ ℑ∈⊗  ℑ  ⊕ ∉∅ ∨⊃ ∈℘⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ℑ  ⊕ 

 ℑ⊄⊕∈⊃ ∈ ∉ ℑ ℘ ℘ ∉∏∈ � 

• ⊃  ∪  ∪⊕  ⊕ ⊂ℑ  ⊃ √⊕ ⊂∧ ℘ ∉∈  ℑ∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃ ∈ 

∞≡° �℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ ⊃  ⊆ℑ ⊃ ∈⊂∧  ⊕ ⊂ℑ  ⊕⊗ ∉ ℘ ∏   ⊕∈ 

⊗ ⊕∈ ⊃  ∧ ℑ∈⊗ℑ ℘ ⊃ ⊗ ⊃  ∧ ℑ∈⊗ ∪⊕ ⊃  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠⊃ ∈∉∈⊂ ⊃ ∈⊕ ℑ � 

ƒ∏ ∨∨∧ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ �ƒ →→ � ≈� � � � ⋅∪ ⊃ ℘ ∪⊃ ∈ ⊕∩  ℑ  ⊕  

 ∪⊕⊂⊕ ℑ  ∈⊃ ∈∩ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ℑ∈⊗ ∪⊕ ∪∏ 2 
⊆ℑ∈2⊂ ⊃ ⊄⊕ ⊕ ℑ  ∉∈⊃ ∈∩ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ∪⊕∅∏ ∨∨∧ ⊂∉∩ ⊃ ℘ ∧  ⊕⊆ 

⊃ ∈ ∉ ∉∈⊕ ∅  ℑ⊆⊕⋅∉ ⊄ ≈� � ℘ ℑ∈ ℑ  ℜ ⊃   ℑ  ⊃ ⊂∧ ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕ 

 ∪⊕ ∈∉∈⊂ ⊃ ∈⊕ ℑ  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ∪ ∉∏ ∩∪  ℑ ⊃ ∈⊃ ∈∩ ⊆∏ ⊂  ⊃ 2⊃ ∈2 
∠∏  �⊆∏ ⊂  ⊃ 2∉∏  ∠∏ ∠  ∉℘ ⊕  ⊗ ℑ  ℑ�≥∉ ƒ→→⊃ ℑ⊗ ∉∠  ⊕⊗ ∉ 

ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕  ∪⊕ ⊃   ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠� ≥⊃⊆∏ ⊂ℑ  ⊕⊗ ℑ∈∈⊕ ℑ ⊂ 2 
⊃ ∈∩ 

≈� �ℑ  ℑ∈⊗ ∉⊆  ⊕ ℑ  ℘ ∪ ⊃ ∈∩ ∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈  ⊕ ℘ ∪∈⊃ ∇∏ ⊕ 

⋅∪ ⊃ ℘ ∪⊃ ℜ ℑ  ⊕⊗∉∈ ∪⊕∠∪∧ ⊃ ℘ ℑ ⊂ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩∉∅ ∉ ⊂ ⊃ ⊗ ℑ∈⊗ 

⊗ ⊕  ⊃ √⊕ ∅  ∉⊆  ∪⊕ ↑⊕   ∉∠∉ ⊂ ⊃ ℑ ⊂∩ ∉ ⊃  ∪⊆ ≈� �∉∈⊂∧ ∈⊕ ⊕⊗  

℘ ∉⊆∠∏  ⊕∉ℜ ⊇ ⊕ ℘  ⊃ √⊕∅∏∈℘  ⊃ ∉∈⊃ ∈ ∪⊕∠  ∉℘ ⊕  ∉∅⊃  ⊕  ℑ  ⊃ ∈∩� 

ℑ∈⊗∉√⊕  ℘ ∉⊆⊕  ∪⊕ ∪∉  ℑ∩⊕∉∅℘ ∉∈√⊕∈ ⊃ ∉∈ℑ ⊂ ∉∠  ⊃⊆⊃ ∨ℑ 2 
 ⊃ ∉∈ ⊆⊕  ∪∉⊗  ⋅∪ ⊃ ℘ ∪ ∈⊕ ⊕⊗⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃ ℑ  ⊕∉ℜ ⊇ ⊕ ℘  ⊃ √⊕∅∏∈℘ 2 

 ⊃ ∉∈�  ∉ ⊃ ℘ ℑ∈ ℜ ⊕ ∏  ⊕⊗ ∉ ∉∠  ⊃ ⊆⊃ ∨⊕  ∏ ℘ ∪ ⊃ ∈ ⊕ ⊂ ⊂ ⊃ ∩ ⊕∈ 

⊆∉⊗ ⊕ ⊂ℑ ƒ→→�♥∈ ∪ ⊃ ∠ ℑ∠ ⊕ �ℑ∈  ⊃ ∈∩ ⊂⊕ 2⊂∉∉∠≥ϒϒ ℜ∧ 

∏  ⊃ ∈∩ ⊆∏  ℑ  ⊃ ∉∈ ℑ∈⊗⊕¬ ⊕∈⊗ ⊃ ∈∩ ⊕ ℑ  ℘ ∪ ⊃ ∈∩ ∠ℑ ℘ ⊕ ⊃ ℑ∠ 2 
∠ ⊂ ⊃ ⊕⊗ ∉ ∉∠  ⊃⊆ℑ ⊂ ⊗ ⊃  ∠ ℑ  ℘ ∪ ⊃ ∈∩  ∧  ⊕⊆ ∉∅  ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ 
∠∉⋅⊕ ∅∉∞≡° ⋅⊃  ∪ ƒ →→ ⊆∉⊗ ⊕ ⊂�♥∈⊗ ∏    ⊃ ℑ ⊂ ∠  ℑ℘  ⊃ ℘ ℑ ⊂ 

 ⊕  ∏ ⊂   ∏∩∩⊕   ∪ℑ  ∪⊕ ∉∠  ⊃ ⊆ℑ ⊂  ⊃⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠∉⋅⊕  
 ℘ ∪⊕⊆⊕ℜ  ∉∏ ∩∪ ∉∏  ⊂ℑ  ∩ ⊕⊕ ℘ ∉∈∉⊆⊃ ℘∠  ∉∅ ⊃  ∅∉∞≡° � 

2  ΦΥΖΖΨ ΝΕΥΡ ΑΛ ΝΕΤ ΩΟΡ Κ ΜΟ∆ΕΛ 

2 .1  Αρχηιτεχτυρε οφ ΦΝΝ 

ϒ ⊆∏ ⊂  ⊃ 2⊃ ∈∠∏  2⊆∏ ⊂  ⊃ 2∉∏  ∠∏  ∧  ⊕⊆ ℘ ℑ∈ ℑ ⊂⋅ℑ∧ℜ ⊕ 

 ⊕ ∠ ℑ  ℑ  ⊕⊗ ⊃ ∈ ∉ ℑ ∩  ∉∏ ∠ ∉∅ ⊆∏ ⊂  ⊃ 2⊃ ∈∠∏  2 ⊃ ∈∩ ⊂⊕ 2∉∏  ∠∏  

 ∧  ⊕⊆� ∉ ℑ ƒ →→ ⋅⊃  ∪ µ ⊃ ∈∠∏  ⇔ξ � � ξ � � , � 

ξ µ ⇑ ℑ∈⊗∉∈⊕∉∏  ∠∏ ψ⊃ ⊗ ⊃  ℘ ∏   ⊕⊗ℑ∈⊗⊃  ∈⊕  ⋅∉ ⊄ℑ  2 
℘ ∪ ⊃  ⊕ ℘  ∏  ⊕⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � ×∪⊕ ∈∉⊗ ⊕∅∏∈℘  ⊃ ∉∈⊃ ∈ 

⊕ √⊕  ∧ ⊂ℑ∧⊕ ℑ  ⊕⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ℑ ∅∉ ⊂ ⊂∉⋅� 

�� ← ℑ∧⊕ � 

×∪⊕∈∉⊗ ⊕∅∏∈℘  ⊃ ∉∈ ⊃ ∈  ∪ ⊃ ⊂ℑ∧⊕ ⊃  ∪⊕ ⊆⊕⊆ℜ ⊕  2 
 ∪ ⊃ ∠∅∏∈℘  ⊃ ∉∈ ∉∅ ∪⊕⊂ ⊃ ∈∩∏ ⊃   ⊃ ℘⊂ℑℜ ⊕ ⊂ Α ιϕ ℑ∈⊗⊃  ∠ ⊕ ℘ ⊃ ∅ ⊃ ⊕  

 ∪⊕⊗ ⊕ ∩  ⊕ ⊕ ∉ ⋅∪ ⊃ ℘ ∪  ∪⊕ ∩ ⊃ √⊕∈ ⊃ ∈∠∏  ξ ι  ℑ  ⊃  ∅ ⊃ ⊕  ∪⊕ 

∇∏ ℑ∈ ⊃ ∅ ⊃ ⊕⊗ Α ιϕ � ∝ ⊃ ∈∩ ∪⊕ ♣ℑ∏   ⊃ ℑ∈ ⊆⊕⊆ℜ ⊕   ∪ ⊃ ∠∅∏∈℘ 2 
 ⊃ ∉∈� ∪⊕∈∉⊗ ⊕∅∏∈℘  ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕⊕¬∠  ⊕   ⊕⊗ℑ  

Ο � ιϕ = ΛΑ ιϕ ( ξ ι ) = ⊕¬∠[ − ( 
ξ ι − χ ιϕ 
Ρ ιϕ 

) � ] ��� 

⋅∪⊕  ⊕ χ ιϕ ℑ∈⊗ Ρ ιϕ ℑ  ⊕ ∪⊕ ℘ ⊕∈ ⊕ ℑ∈⊗ ⋅⊃ ⊗  ∪ ∉∅  ∪⊕ 

⊆⊕⊆ℜ ⊕   ∪ ⊃ ∠∅∏∈℘  ⊃ ∉∈ ∉∅ Α ιϕ �×∪⊕∠ ℑ  ℑ⊆⊕  ⊕  ⊕  ⇔ χ ιϕ , 
Ρ ιϕ ⇑ ℑ  ⊕ ⊕ ∅ ⊕   ⊕⊗ ∉ ℑ ℑ∈ ⊕ ℘ ⊕⊗ ⊕∈∠ ℑ  ℑ⊆⊕  ⊕  � 

�� ← ℑ∧⊕ � 

∞√⊕  ∧ ∈∉⊗ ⊕⊃ ∈  ∪⊕⊂ℑ∧⊕ ⊃  ⊆∏ ⊂  ⊃ ∠ ⊂ ⊃ ⊕ ∉∅ ∪⊕⊃ ∈2 
℘ ∉⊆⊃ ∈∩  ⊃ ∩∈ℑ ⊂ ⋅∪∉ ⊕ ∉∏  ∠∏  ⊕ ∠  ⊕  ⊕∈   ∪⊕ ∅ ⊃  ⊃ ∈∩ 

   ⊕∈∩  ∪ ∉∅ℑ ∏ ⊂⊕�≥∉ ∪⊕∈∉⊗ ⊕∅∏∈℘  ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕ ⋅ ⊃  2 
 ⊕∈ ℑ  

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ϒ∏ ∩����� 

≠ [ Φουνδατιον ιτεµ ] ° ∉ ⊇ ⊕ ℘  ���� � ��� � ���� � ��� ���� � ��� � ��� � ����  ∏ ∠∉  ⊕ ⊗ℜ∧ / ���0 ♦ × ″ ⁄° ∉∅ ≤∪ ⊃ ∈ℑ 

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



Φ ιγ .1  → ⊕  ⋅∉ ⊄ ℑ  ℘ ∪ ⊃  ⊕ ℘  ∏  ⊕∉∅ ƒ→→

  Ξ ϕ � 7 
µ 

ι = � 
ΛΑ ιϕ ( ξ ι ) � ⊕¬∠≈ � 6 

µ 

ι = � 

( 
ξ ι − χ ιϕ 
Ρ ιϕ 

) � ] 

��� 

�� ← ℑ∧⊕ � 

×∪⊕ ϕ  ∪ ∈∉⊗ ⊕⊃ ∈  ∪⊕⊂ℑ∧⊕ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕  ∪⊕ ℑ  ⊃ ∉ ∉∅ 

 ∪⊕ ϕ  ∪ ∏ ⊂⊕ . ∅ ⊃  ⊃ ∈∩   ⊕∈∩  ∪ ∉ ∪⊕ ∏⊆ ∉∅ℑ ⊂ ⊂ ∏ ⊂⊕  . 
∅ ⊃  ⊃ ∈∩   ⊕∈∩  ∪� 

Ξ ϕ = Ξ ϕ � 6 
ϕ 

Ξ ϕ ��� 

�� ← ℑ∧⊕ � 

≥∏ ∠∠∉ ⊕ ∪⊕ ∏ ⊂⊕∉∅ ƒ →→ℜ ⊕ ⊂∉∈∩  ∉ ×ℑ⊄ℑ∩ ⊃ℑ∈⊗ 

≥∏ ∩ ⊕∈∉.  ∧∠ ⊕ 
≈� � ∪⊕ ∈∉⊗ ⊕ ⊆⊕⊆ℜ ⊕   ∪ ⊃ ∠⊃ ∈  ∪⊕⊂ℑ∧⊕  

℘ ℑ∈ ℜ ⊕⊕¬∠  ⊕   ⊕⊗ℑ  

Ο � ϕ = Ξ ϕ φϕ = 

Ξ ϕ ( α �ϕ + α �ϕ ξ � + α �ϕ ξ � + , + α µϕ ξ µ ) ��� 

⋅∪⊕  ⊕ Ξ ϕ ⊃  ∪⊕∉∏  ∠∏ ∉∅⊂ℑ∧⊕ � �ℑ∈⊗ ∪⊕∠ ℑ  ℑ⊆⊕  ⊕  

 ⊕  ⇔ α �ϕ , α �ϕ , α �ϕ , , , α µϕ ⇑  ⊕ ∅ ⊕   ⊕⊗ ∉ ℑ ℘ ∉∈ ⊕ 2 
∇∏ ⊕∈∠ℑ  ℑ⊆⊕  ⊕  ℑ  ⊕⊗ ⊕ ℘ ⊃ ⊗ ⊕⊗⊃ ∈  ∪⊕ ∠  ∉℘ ⊕  ∉∅  ℑ ⊃ ∈2 
⊃ ∈∩� 

�� ← ℑ∧⊕ � 

×∪⊕∈∉⊗ ⊕⊃ ∈  ∪⊕⊂ℑ∧⊕ ℘ ∉⊆∠∏  ⊕  ∪⊕∉√⊕  ℑ ⊂ ⊂ ∉∏  2 
∠∏ ℑ  ∪⊕ ∏⊆⊆ℑ  ⊃ ∉∈ ∉∅ℑ ⊂ ⊂⊃ ∈℘ ∉⊆⊃ ∈∩ ⊃ ∩∈ℑ ⊂�⊃� ⊕� 

Ο � = ψ � 6 
ϕ 

Ξ ϕ φϕ 

� 6 
ϕ 

Ξ ϕ φ ϕ � 6 
ϕ 

Ξ ϕ ��� 

ϒ ⊆⊕∈ ⊃ ∉∈⊕⊗ℑℜ∉√⊕� ƒ→→ ∪ℑ  ∪⊕ ℑ⊆⊕ℑ  ℘ ∪ ⊃ 2 
 ⊕ ℘  ∏  ⊕ℑ ∈⊕∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄�→→� � ∉⊃ ℘ ℑ∈ ℜ ⊕  ℑ ⊃ ∈⊕⊗ 

ℑ∈⊗⊂⊕ ℑ  ∈⊕⊗ ℑ  →→� ↓∈  ∪⊕ ∉ ∪⊕ ∪ℑ∈⊗� ƒ →→℘ ℑ∈ 

 ⊕ ℑ  ∉∈ ℑ  ƒ∏ ∨∨∧ ← ∉∩ ⊃ ℘�ƒ← � ℜ ⊕ ℘ ℑ∏  ⊕⊃   ∈∉⊗ ⊕  ∪ℑ√⊕ 

⊗ ⊕ ∅ ⊃ ∈⊃  ⊕∠∪∧ ⊃ ℘ ℑ ⊂ ⊆⊕ ℑ∈⊃ ∈∩� 

2 .2  Ινχρεµενταλ ηψβριδ λεαρνινγ αλγοριτηµ 

♦∧ℜ  ⊃ ⊗⊂⊕ ℑ  ∈⊃ ∈∩ℑ ⊂∩∉ ⊃  ∪⊆ ≈� ⊃ ℑ℘ ∉⊆ℜ ⊃ ∈ℑ  ⊃ ∉∈ ∉∅ 

 ∪⊕∩  ℑ⊗ ⊃ ⊕∈⊗ ⊕  ℘ ⊕∈⊆⊕  ∪∉⊗ℑ∈⊗ ∪⊕⊂⊕ ℑ   ∇∏ ℑ  ⊕ ⊕  2 

 ⊃ ⊆ℑ  ⊕ �← ≥∞� �∞ℑ℘ ∪⊕ ∠∉℘ ∪∉∅ ∪⊕∪∧ℜ  ⊃ ⊗⊂⊕ ℑ  ∈⊃ ∈∩∠  ∉2 
℘ ⊕⊗ ∏  ⊕⊃ ℘ ∉⊆∠∉ ⊕⊗∉∅ℑ∅∉ ⋅ℑ  ⊗∠ℑ  ℑ∈⊗ℑℜ ℑ ℘ ⊄⋅ℑ  ⊗ 

∠ℑ  �♥∈ ∪⊕∅∉ ⋅ℑ  ⊗∠ℑ  �ℑ∈ ⊕ ℘ ⊕⊗ ⊕∈∠ℑ  ℑ⊆⊕  ⊕  ℑ  ⊕ 

∅ ⊃ ¬⊕⊗ℑ ∅ ⊃   ℑ∈⊗ ← ≥∞ ⊃ ℑ⊗ ∉∠  ⊕⊗ ∉ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕℘ ∉∈ ⊕ 2 
∇∏ ⊕∈∠ℑ  ℑ⊆⊕  ⊕  � ↓∈  ∪⊕℘ ∉∈  ℑ  ∧ �⊃ ∈  ∪⊕ℜ ℑ ℘ ⊄⋅ℑ  ⊗ 

∠ ℑ  � ℘ ∉∈ ⊕ ∇∏ ⊕∈∠ ℑ  ℑ⊆⊕  ⊕  ℑ  ⊕ ∅ ⊃ ¬⊕⊗ ℑ∈⊗ ∩  ℑ⊗ ⊃ ⊕∈ 

⊗ ⊕  ℘ ⊕∈ℑ ⊂∩∉ ⊃  ∪⊆⊃ ∏  ⊕⊗ ∉∏ ∠⊗ ℑ  ⊕ℑ∈ ⊕ ℘ ⊕⊗ ⊕∈∠ℑ  ℑ⊆2 
⊕  ⊕  �ƒ∉ ⊆∉ ⊃ ∈⊗∏    ⊃ ℑ ⊂ ∠  ∉℘ ⊕   ⊕ � ∪⊕ ∠ ⊂ℑ∈⊃ ℑ ⊂ 2 
⋅ℑ∧√ℑ  ∧⊃ ∈∩ ⋅⊃  ∪ ⊃⊆⊕� ∉⊃ ∈℘  ⊕⊆⊕∈ ℑ ⊂ ∪∧ℜ  ⊃ ⊗⊂⊕ ℑ  ∈2 
⊃ ∈∩ ℑ ⊂∩ ∉ ⊃  ∪⊆�♥♦←ϒ� ⊃  ∠  ∉∠∉ ⊕⊗ ∉ ∉∈2⊂ ⊃ ∈⊕ ∏ ∠⊗ ℑ  ⊕ 

 ∪⊕  ⊕ ∠ ℑ  ℑ⊆⊕  ⊕  � ×∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩⊃  ∪⊕ ∏⊆⊆ℑ  ∧ ∅∉ 

 ∪⊕♥♦←ϒ � 

ƒ∉⊕ ℑ ℘ ∪⊃ ∈∠∏  �∉∏  ∠∏ ⊗ ℑ  ℑ∠ ℑ ⊃ ⇔ξ ν� , ξ ν� , , , 

ξ ν µ , ψν ⇑ � Ξ νϕ ⊃ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ ∪ ∉∏ ∩∪ ∞∇∈ � ���  ∉ ∞∇∈ � 

��� ℑ ∅ ⊃    � ⁄⊕ ∅ ⊃ ∈⊕⊗ 

< ν � [ Ξ ν� , Ξ ν� ξ ν� , Ξ ν� ξ ν� , , , Ξ ν� ξ ν µ , , , 

Ξ νΛ , Ξ νΛ ξ ν� , Ξ νΛ ξ ν� , , , Ξ νΛ ξ ν µ ] 
× , 

Η ν � [ α �� , α �� , α �� , , , α µ� , α �� , α �� , α �� , 

, , α µ� , α � Λ , α � Λ , α � Λ , , , α µ Λ ] 
× 

⋅∪⊕  ⊕ Λ ⊃  ∪⊕ ∈∏⊆ℜ ⊕ ∉∅∅∏ ∨∨∧  ∏ ⊂⊕� ∞∇∈ ���� ⊃  

 ⊕⋅ ⊃   ⊕∈ ℑ  

⊥ 
ψν � 6 

Λ 

ϕ= � 

Ξ νϕ φϕ � < 
× 
ν Η ν ��� 

 ∉℘ ∉∈ ⊕ ∇∏ ⊕∈∠ ℑ  ℑ⊆⊕  ⊕   Η ν ℘ ℑ∈ ℜ ⊕ ⊕ ℑ ⊂ 2 ⊃⊆⊕∏ ∠⊗ ℑ  ⊕⊗ 

ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ 

Η ν � Η ν � � � Σ ν < ν �ψν � < 
× 
ν Η ν � � � � 

Σ ν � 
� 
Κ 
≈ Σ ν � � � 

Σ ν � � < ν < 
× 
ν Σ ν � � 

Κ� < × ν Σ ν � � < ν 
 

��� 

⋅∪⊕  ⊕  Σ ν ⊃ ∉∅  ⊕∈ ℘ ℑ ⊂ ⊂⊕⊗℘ ∉√ℑ  ⊃ ℑ∈℘ ⊕ ⊆ℑ   ⊃ ¬�⊃  ⊃ ∈⊃ 2 
 ⊃ ℑ ⊂ √ℑ ⊂∏ ⊕ Σ � � Θ Ι � ⋅∪⊕  ⊕ Θ ⊃ ℑ∠∉ ⊃  ⊃ √⊕⊂ℑ  ∩⊕∈∏⊆ℜ ⊕  

ℑ∈⊗ Ι⊃  ∪⊕⊃ ⊗ ⊕∈ ⊃  ∧ ⊆ℑ   ⊃ ¬ ∉∅⊗ ⊃⊆⊕∈ ⊃ ∉∈ ∉∅ ( µ � �) 

Λ ≅ ( µ � �) Λ �Κ⊃  ∪⊕∅∉ ∩ ⊕   ⊃ ∈∩∅ℑ ℘  ∉⋅∪∉ ⊕√ℑ ⊂∏ ⊕ 

⊃ ℜ ⊕  ⋅⊕ ⊕∈ � ℑ∈⊗� �′ℑ  ⊕⊗∉∈  ∪⊕⊕   ∉∅∏∈℘  ⊃ ∉∈ 

# � � � # × ℑ∈�→ ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ         ϒ∏ ∩�����



Ε = 
� 

� 
(ψν − 

⊥ 
ψν ) 

� ��� 

⋅∪⊕  ⊕ ⊥ 
ψν ⊃ ∩ ℑ ⊃ ∈⊕⊗ ∪ ∉∏ ∩∪ ∏ℜ   ⊃  ∏  ⊃ ∈∩ ∪⊕√ℑ ⊂∏ ⊕∉∅ 

Η ν  ∉ ∞∇∈ ���� � ℑ∈ ⊕ ℘ ⊕⊗ ⊕∈∠ℑ  ℑ⊆⊕  ⊕  ⇔χ νιϕ , Ρ νιϕ ⇑ 

ℑ  ⊕ℜℑ ℘ ⊄2∠  ∉∠ℑ∩ℑ  ⊃ ∈∩∏∠⊗ ℑ  ⊕⊗ℜ∧ 

χ νιϕ = χ ( ν −�) ιϕ + � Γ Ξ νϕ (ψν − 
⊥ 
ψν ) #

   (φϕ − 
⊥ 
ψν )( ξ νι − χ ( ν− �) ιϕ )/ Ρ 

� 
( ν−�) ιϕ , 

Ρ ιϕ = Ρ ( ν−�) ιϕ + � Γ Ξ νϕ (ψν − 
⊥ 
ψν ) #

   (φ ϕ − 
⊥ 
ψν )( ξ νι − χ ( ν− �) ιϕ ) 

� / Ρ � ( ν− �) ιϕ 

��� 

⋅∪⊕  ⊕ Γ ⊃ ⊂⊕ ℑ  ∈⊃ ∈∩ ℑ  ⊕�♥∈ ∪⊕⊂⊕ ℑ  ∈⊃ ∈∩∠  ∉℘ ⊕⊗ ∏  ⊕� 

Γ ⊃ ∏ ∠⊗ ℑ  ⊕⊗ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⋅∉ ∪⊕∏  ⊃   ⊃ ℘ 

 ∏ ⊂⊕ ≈� � 

�� ♥∅ ∪⊕⊕   ∉⊆⊕ ℑ  ∏  ⊕∏∈⊗ ⊕  ∩∉⊕ ∅∉∏ ℘ ∉∈ ⊕ ℘ ∏ 2 
 ⊃ √⊕ ⊕⊗∏ ℘  ⊃ ∉∈� Γ ⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ℜ∧ �� � � 

�� ♥∅ ∪⊕⊕   ∉ ⊆⊕ ℑ  ∏  ⊕∏∈⊗ ⊕  ∩∉⊕  ⋅∉ ℘ ∉∈ ⊕ ℘ ∏ 2 
 ⊃ √⊕℘ ∉⊆ℜ ⊃ ∈ℑ  ⊃ ∉∈∉∅ ∉∈⊕⊃ ∈℘  ⊕ ℑ  ⊕ℑ∈⊗∉∈⊕ ⊕⊗∏ ℘  ⊃ ∉∈ � 

Γ ⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ℜ ∧ �� � � 

×∪⊕∈∏⊆ℜ ⊕ ∉∅ ⊆⊕⊆ℜ ⊕   ∪ ⊃ ∠∅∏∈℘  ⊃ ∉∈⊃ ∈ ∪⊕♥♦2 
←ϒ ⊃  ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ ℜ ∧  ∪⊕  ∏ℜ   ℑ ℘  ⊃ √⊕ ℘ ⊂∏   ⊕  ⊃ ∈∩ 

⊆⊕  ∪∉⊗ ≈� � 

2 .3  Σιµ υλατιον 
° ∉℘ ⊕  ⊗ ℑ  ℑ∉∅ ∞≡° ⊃ ∈ ℑ⊆⊕ ⊂  ⊃ ∈∩ ⋅∉ ⊄ ∏ ∩∩ ⊕   

 ∪ℑ  ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℑ⊆∉∈∩ ℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ �℘ ∏  2 
 ⊕∈⊗ ⊕∈ ⊃  ∧ ℑ∈⊗ℑ ℘ ⊃ ⊗ ⊃  ∧ ⊃ ∈∉∈⊂ ⊃ ∈⊕ ℑ �≥∉♥♦←ϒ ⊃ ℑ∠ 2 
∠ ⊂ ⊃ ⊕⊗  ∉ ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕  ∪⊕ ⊃  ⊕ ⊂ℑ  ⊃ ∉∈ � ⋅∪⊕  ⊕ ℘ ∏   ⊕∈ 

⊗ ⊕∈ ⊃  ∧ ℑ∈⊗ℑ ℘ ⊃ ⊗ ⊃  ∧ ℑ  ⊕ ℑ⊄⊕∈ ℑ  ∪⊕ ⊆∉⊗ ⊕ ⊂⊃ ∈∠∏ √ℑ  ⊃ 2 
ℑℜ ⊂⊕ ℑ∈⊗ ℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ ℑ  ∪⊕ ∉∏  ∠∏ √ℑ  ⊃ ℑℜ ⊂⊕� 

ϒ∠∠  ∉¬ ⊃⊆ℑ  ⊃ ∈∩ ⊕  ∏ ⊂  ⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

♥∈ ƒ⊃ ∩� ��ℑ� � ∪⊕⊗ ∉ ∠  ⊕  ⊕∈  ∪⊕⊗ ⊕  ⊃  ⊕⊗∉∏  ∠∏  

ℑ∈⊗ℑ℘ ℘ ∉ ⊗ ⊃ ∈∩ ⊂∧  ∪⊕ ∉ ⊂ ⊃ ⊗⊂ ⊃ ∈⊕∠  ⊕  ⊕∈  ∪⊕ ⊆∉⊗ ⊕ ⊂ ∉∏  2 
∠∏ ∩ℑ ⊃ ∈⊕⊗ ℜ∧  ∪⊕ ⋅ℑ∧ ∉∅ ƒ →→�♥∈ ƒ⊃ ∩���ℜ� � ∪⊕ 

⊆ℑ¬ ⊃ ⊆ℑ ⊂ ƒ →→ ⊕   ∉⊃ ⊂⊕   ∪ℑ∈ � � ℑ∈⊗  ∪⊕  ∉∉ 

⊆⊕ ℑ∈  ∇∏ ℑ  ⊕⊕   ∉∉∅ℑ ⊂ ⊂ ⊗ ℑ  ℑ⊃ ∉∈⊂∧ � � � � �≥∉⊃ ℘ ℑ∈ 

ℜ ⊕℘ ∉∈℘ ⊂∏⊗ ⊕⊗ ∪ℑ ƒ→→ ⊆∉⊗ ⊕ ⊂ ∉ ∅ ℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ 

∪ℑ ∩ ∉∉⊗∅ ⊃   ⊃ ∈∩∠  ⊕ ℘ ⊃  ⊃ ∉∈ � 

3  ΟΠΤΙΜΙΖΑΤΙΟΝ ΜΟ∆ΕΛ 

ϒ∠  ⊕  ⊕∈ �∠∉⋅⊕ ∠  ⊃ ℘ ⊕℘ ∉∏∈ ⊃ ∈∩ ∠∉ ⊂ ⊃ ℘ ∧ ⊃ ∈ ♦∏ 2 
∈ℑ∈ ∠  ∉√⊃ ∈℘ ⊕⊃ ℜℑ  ⊕⊗∉∈ � ∠ ⊕  ⊃ ∉⊗ �♥∈ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈∠ ⊕  ⊃ 2 
∉⊗ � ∪⊕∠  ⊃ ℘ ⊕ ∉∅⊕ ⊂⊕ ℘   ⊃ ℘∠ ∉⋅⊕ ℑ  ⊕∇∏ ⊃  ⊕⊗ ⊃ ∅ ∅ ⊕  ⊕∈� 

♥∈ ∉ ⊗ ⊕  ∉ ⊄⊕ ⊕ ∠ ∪⊕⊗ ℑ ⊃ ⊂∧ ⊗ ⊃  ⊕ ℘  2℘ ∏   ⊕∈∠ ∉⋅⊕ ℘ ∉ ℜ ⊕ 
 ∪⊕⊂∉⋅⊕  ∉∈ ℘ ∉∈⊗ ⊃  ⊃ ∉∈  ∪ℑ  ∪⊕∇∏ ℑ ⊂ ⊃  ∧ ℑ∈⊗∇∏ ℑ∈ ⊃  ∧ 

∉∅∨⊃ ∈℘ ⊆⊕ ⊕  ⊕ ∇∏ ⊃  ⊕⊆⊕∈ ∉∅ ∠  ∉⊗∏ ℘  ⊃ ∉∈ � ∪⊕∉∠  ⊃⊆ℑ ⊂ 

℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ⊃ ⊕ ⊃ ∈ ∅∉∏ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈∠⊕  ⊃ ∉⊗ ℑ  ⊕ ∉∏∩∪  

ℜ ∧ ℑ∈ ∉∠  ⊃⊆ℑ ⊂ ⊗ ⊃  ∠ ℑ  ℘ ∪ ⊃ ∈∩ ∧  ⊕⊆�↓⁄≥� � ×∪⊕∉ℜ ⊇ ⊕ ℘ 2 
 ⊃ √⊕ ∅∏∈℘  ⊃ ∉∈ ∉∅  ∪⊕ ∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂ ℘ ℑ∈ ℜ ⊕ ⊕¬2 
∠  ⊕   ⊕⊗ℑ ∅∉ ⊂ ⊂∉⋅� 

Θ � 6 
� 

ι = � 

πι η ι ���� 

 ∪ℑ  ⊃ � ⊆⊃ ∈⊃⊆⊃ ∨⊕ 

Θ � 6 
� 

ι = � 

( πι ς ι ϑ ι Στ ι ν β ) ���� 

⋅∪⊕  ⊕  πι ⊃  ∪⊕ ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠ ∉⋅⊕ ∠  ⊃ ℘ ⊕� ∧∏ ℑ∈� 

⊄• ∪� η ι ⊃  ∪⊕∠∉⋅⊕ ℘ ∉∈ ∏⊆∠  ⊃ ∉∈⊃ ∈ ∪⊕ ι ∪∠⊕  ⊃ ∉⊗� 

⊄• ∪� ς ι ⊃  ∪⊕ℜℑ  ∪ √∉ ⊂  ℑ∩⊕� ∂ � ϑ ι ⊃ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃ 2 
 ∧ � ϒ�⊆ 

� � Σ � ν π ≅ Σ � ⊃  ∪⊕ℑ  ⊕ ℑ ∪ℑ ℘ ∏   ⊕∈∠ ℑ   2 
⊕ � ⊆ � � Σ � ⊃ ℑ  ⊕ ℑ∉∅ℑ∈⊕ ∩ ℑ  ⊃ √⊕∠ ⊂ℑ  ⊕� ⊆ � �ℑ∈⊗ ν π ⊃  

 ∪⊕∈⊕ ∩ℑ  ⊃ √⊕∠ ⊂ℑ  ⊕∈∏⊆ℜ ⊕ ∉∅ℑℜ ℑ  ∪� ν β ⊃  ∪⊕∈∏⊆ℜ ⊕  

∉∅ℜℑ  ∪� τ ι ⊃  ∪⊕ ⊃⊆⊕∉∅ ∪⊕ ι ∪∠ ⊕  ⊃ ∉⊗�∪� 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕∠  ℑ ℘  ⊃ ℘ ℑ ⊂∠  ∉⊗∏ ℘  ⊃ ∉∈  ⊃  ∏ ℑ  ⊃ ∉∈ ∉∅ 

ℑ⊆⊕ ⊂  ⊃ ∈∩ ⋅∉ ⊄⊃ ∈ ♦∏∈ℑ∈ ∠  ∉√⊃ ∈℘ ⊕� ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ 

ℜ ⊕  ⋅⊕ ⊕∈ ℜℑ  ∪ √∉ ⊂  ℑ∩ ⊕ℑ∈⊗℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃  ∪∉⋅∈ ℑ  

∅∉ ⊂ ⊂∉⋅⊃ ∈∩� 

ς ι = α � + α � ϑ ι ���� 

⋅∪⊕  ⊕ α � , α � ℑ  ⊕∠∉ ⊂∧∈∉⊆⊃ ℑ ⊂℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈ � 

×∉⊕∈ ∏  ⊕ ∪⊕∇∏ ℑ ⊂ ⊃  ∧ ℑ∈⊗∇∏ ℑ∈ ⊃  ∧ ∉∅ ∠  ∉⊗∏ ℘  � 

∉ℜ ⊇ ⊕ ℘  ⊃ √⊕∅∏∈℘  ⊃ ∉∈  ∪∉∏ ⊂⊗ ℜ ⊕ ∏ℜ ⊇ ⊕ ℘  ∉  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ 

℘ ∉∈   ℑ ⊃ ∈ � 

�� ≤∉∈   ℑ ⊃ ∈∉∅⊗ ℑ ⊃ ⊂∧ ∉∏  ∠∏  

Γ � 6 
� 

ι = � 

Γ ι � 6 
� 

ι = � 

θϑ ι Στ ι ν βΓι = Χ ���� 

⋅∪⊕  ⊕ θ ⊃ ⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ⊕ ∇∏ ⊃ √ℑ ⊂⊕∈∉∅ ∨⊃ ∈℘� θ � 

� � ��� � ∩ ��ϒ#∪� � Χ⊃  ∪⊕ ⊗ ⊕  ⊃  ⊕⊗ ⊗ ℑ ⊃ ⊂∧ ∉∏  ∠∏ ∉∅ 

∨⊃ ∈℘� �×∪⊕℘ ∏   ⊕∈⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧⊃  ⊕ ⊂ℑ  ⊕⊗ ∉ ∪⊕ℑ ℘ ⊃ ⊗ ⊃  ∧ 

∉∅⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊕ℑ∈⊗ ∪⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ϑ ι � ×∪⊕ ⊃  ⊕ ⊂ℑ 2 
 ⊃ ∉∈ ∪ ⊃ ∠ ℘ ℑ∈ ℜ ⊕ ∉ℜ  ℑ ⊃ ∈⊕⊗ ℜ ∧ √⊃   ∏ ⊕ ∉∅ ƒ→→ ℑℜ∉√⊕� 

×∪⊕∅∉⊆∏ ⊂ℑ℘ ℑ∈ ℜ ⊕⊕¬∠  ⊕   ⊕⊗ℑ  

Γι = ∅∈∈(ϑ ι , ρ ε ) ���� 

⋅∪⊕  ⊕ ρ ε ⊃  ∪⊕ℑ ℘ ⊃ ⊗ ⊃  ∧ ∉∅⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊕� 

�� ≤∉∈   ℑ ⊃ ∈∉∅ ∪⊕∠  ∉⊗∏ ℘ ∇∏ ℑ ⊂ ⊃  ∧ ℑ∈⊗ ⊕ ℘ ∪∈∉2 
⊂∉∩ ⊃ ℘ ℑ ⊂℘ ∉∈⊗ ⊃  ⊃ ∉∈ 

Φ ιγ .2  ϒ∠∠  ∉¬ ⊃ ⊆ℑ  ⊃ ∈∩ ⊕  ∏ ⊂  ∉∅℘ ∉⊆∠ℑ  ℑ  ⊃ √⊕℘ ∏  √⊕∉∅ ⊆∉⊗ ⊕ ⊂ ∉∏  ∠∏ ⋅⊃  ∪ 

⊗ ⊕  ⊃  ⊕⊗∉∏  ∠∏ �ℑ� ℑ∈⊗⊕   ∉℘ ∏  √⊕∉∅⊗ ⊕  ⊃  ⊕⊗∉∏  ∠∏ ℑ∈⊗ ⊆∉⊗ ⊕ ⊂ ∉∏  ∠∏ �ℜ� 

# � � � # ∂ ∉ ⊂1��  λ 1�      ♥∈ ⊕ ⊂ ⊂ ⊃ ∩⊕∈⊆∉⊗ ⊕ ⊂ ⊃ ∈∩ℑ∈⊗∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ∅∉⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ℘∨⊃ ∈℘∠  ∉℘ ⊕  



  ϑ ⊆⊃ ∈ [ ϑ ι [ ϑ ⊆ℑ¬ ���� 

⋅∪⊕  ⊕ ϑ ⊆⊃ ∈ ⊃  ∪⊕ℑ ⊂ ⊂∉⋅⊕⊗ ⊆⊃ ∈⊃⊆∏⊆ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ 

∉∅ ∞≡°  ∉ ℑ√∉ ⊃ ⊗ ⊗ ⊃   ∉ ⊂√⊃ ∈∩ ∨⊃ ∈℘℘ ℑ  ∪∉⊗ ⊕ ℑ  ∉∉ ⊂∉⋅ 

℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ �ϑ ⊆ℑ¬ ⊃  ∪⊕ℑ ⊂ ⊂∉⋅⊕⊗ ⊆ℑ¬ ⊃ ⊆∏⊆ ℘ ∏   ⊕∈ 

⊗ ⊕∈ ⊃  ∧ ∉∅ ∞≡° � ⋅∪ ⊃ ℘ ∪⊗ ⊕∠ ⊕∈⊗ ∉∈ ℘ ℑ∠ ℑ ℘ ⊃  ∧ ∉∅℘ ∉∉ ⊂ ⊃ ∈∩ 

 ∉⋅⊕ ℑ∈⊗ ⊆ℑ¬ ⊃⊆∏⊆ ∉∅∠∉⋅⊕ �⊕  ℘� 

≥∉� ∪⊕∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂∉∅ ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩∠∉⋅2 
⊕  ∧  ⊕⊆ ∅∉∞≡° ℘ ℑ∈ ℜ ⊕ ⊃⊆∠ ⊂ ⊃ ∅ ⊃ ⊕⊗ℑ ∅∉ ⊂ ⊂∉⋅ 

⊆⊃ ∈ Θ � ⊆⊃ ∈ 6 
� 

ι = � 

(λ ι ς ι ϑ ι ) , 

σ . τ . 

ς ι � α � � α � ϑ ι , 

Γι = ∅∈∈(ϑ ι , ρ ε ) , 

6 
� 

ι = � 

β ι ϑ ιΓι = Χ , 

ϑ ⊆⊃ ∈ [ ϑ ι [ ϑ ⊆ℑ¬ 

���� 

⋅∪⊕  ⊕ λ ι = Π ι Στ ι ν β ; β ι = θτ ι Σ ν β ; ι = � , � , � , 

� . 

4  ΣΙΜΥΛΑΤΕ∆ ΑΝΝΕΑΛΙΝΓ ΑΛΓΟΡΙΤΗΜ 

×∪⊕℘ ∉∈√⊕  ∩ ⊕∈ ℑ  ⊕∉∅ ≥ϒϒ ⊃  ⊆ℑ ⊃ ∈⊂∧ ⊃⊆∠  ∉√⊕⊗ 

ℜ∧ √⊃   ∏ ⊕∉∅℘ ∉∈   ∏ ℘  ⊃ ∈∩ℑ∈⊕⋅  ⊕ ∅  ⊕  ∪∅∏∈℘  ⊃ ∉∈ ∉∅ℑ∈2 
∈⊕ ℑ ⊂ ⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ �″ ƒ ϒ ×�  ∏ ℘ ∪ℑ  ∪⊕ ″ ƒ ϒ × ∉∅ℑ∈ 

≥ϒ ϒ ≈��  ∪ℑ  ∪⊕ ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩  ⊕⊆∠⊕  ℑ  ∏  ⊕⊃ ⊃ ∈√⊕   ⊕ ⊂∧ 

∠  ∉∠∉  ⊃ ∉∈ℑ ⊂ ∉ µ ∪∠∉⋅⊕ ∉∅ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ⊃⊆⊕�′∏ ℜ ⊕ 2 
℘ ℑ∏  ⊕ ∪⊕ℑ ⊂∩∉ ⊃  ∪⊆ ℘ ℑ∈. ∩ ⊃ √⊕ℑ∩∉∉⊗ ∉ ⊂∏  ⊃ ∉∈  ∉ ∪⊕ 

 ⊃  ∏ ℑ  ⊃ ∉∈  ∪ℑ  ∪⊕ ⊕ ℑ  ℘ ∪ ∠  ∉℘ ⊕⊗∏  ⊕⊃ ∠  ∉ℜ ℑℜ ⊂∧ ⊂∉∈∩ 2 
 ⊃ ⊆⊕  ℑ∠∠ ⊕⊗⊃ ∈ ℑ⊂∉℘ ℑ ⊂ ∠∉ ⊃ ∈ℑ∈⊗∏∈ℑℜ ⊂⊕ ∉⊇ ∏⊆∠∉∏  � 

 ∪⊕ ⊕ ⊂ ⊃ ℑℜ ⊃ ⊂ ⊃  ∧ ℑ∈⊗ ℑ  ⊃  ∅ ℑ ℘  ∉ ∧ ℘ ∉⊆∠∏  ℑ  ⊃ ∉∈ℑ ⊂⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈2 
℘ ∧ ∉∅ ∅ ⊃ ∈⊗ ⊃ ∈∩ ∩ ⊂∉ℜ ℑ ⊂  ∉ ⊂∏  ⊃ ∉∈ ℘ ℑ∈. ℜ ⊕⊕∈ ∏  ⊕⊗� ≥∉ ℑ 

 ⊃ ∈∩ ⊂⊕ 2⊂∉∉∠ ≥ϒϒ ℜ∧ ∏  ⊃ ∈∩ ⊆∏  ℑ  ⊃ ∉∈ ℑ∈⊗ ⊕¬ ⊕∈⊗ ⊃ ∈∩ 

 ⊕ ℑ  ℘ ∪ ⊃ ∈∩  ∠ ℑ ℘ ⊕ ⊃  ∠  ⊕  ⊕∈ ⊕⊗ ∉  ∉ ⊂√⊕  ∪⊕ ∠  ∉ℜ ⊂⊕⊆ � 

×∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩⊃  ∪⊕ ∏⊆⊆ℑ  ∧ ∅∉ ∪⊕∠  ∉∠∉ ⊕⊗ ≥ϒϒ 

⋅∪ ⊃ ℘ ∪⊃ ∩∉ ⊃ ∈∩ ∉ ℜ ⊕⊃ ∈  ∉⊗∏ ℘ ⊕⊗⊃ ∈ ℑ∈∉ ∪⊕ ∠ℑ∠ ⊕ ⊃ ∈ 

⊗ ⊕  ℑ ⊃ ⊂�

ϒ ∅∉  ∪⊕ ∩ ⊂∉ℜ ℑ ⊂ ∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ∠  ∉ℜ ⊂⊕⊆ ℑ  

⊆⊃ ∈ 
ξ Ι Ρ 

ν 
φ( ξ) � ∪⊕ ∠  ∉∠∉ ⊕⊗ ≥ϒ ϒ ⊃  ⊕ ℑ ⊂ ⊃ ∨⊕⊗∉∈  ∪⊕∅∉ ⊂ 2 

⊂∉⋅⊃ ∈∩  ⊕∠ � 

�� ≥ ⊕∠� 

♣⊃ √⊕ ∪⊕⊃ ∈⊃  ⊃ ℑ ⊂  ∉ ⊂∏  ⊃ ∉∈ ξ � Ι Ρ ν ℑ∈⊗⊃ ∈⊃  ⊃ ℑ ⊂ ℑ∈2 
∈⊕ ℑ ⊂ ⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ Τ � � ⊗ ⊕ ∅ ⊃ ∈⊕ ⊆ℑ¬ ⊃⊆∏⊆ ⊃  ⊕  ℑ  ⊃ √⊕ 

 ⊃ ⊆⊕  κ ⊆ℑ¬ � ⊃⊆⊕ ⊆∏  ℑ  ⊃ ∉∈ℑ ⊂ ∠  ∉∠∉  ⊃ ∉∈ Π µ ℑ  ⋅⊕ ⊂ ⊂ℑ  

 ∪⊕⊂ℑ  ⊕ ⊃⊆∠  ∉√⊕⊗∠ ℑ  ℑ⊆⊕  ⊕   κ β ℑ∈⊗ Α�℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕ φ 

� ξ � � ℑ∈⊗⊂⊕ Ξ � � ξ � � Ξ ⊆⊃ ∈ � ξ 
� � φ⊆⊃ ∈ � φ� ξ 

� � � κ 

� � � 

�� ≥ ⊕ ∠� 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕∩ ⊃ √⊕∈ ∠  ∉ℜ ℑℜ ⊃ ⊂ ⊃  ∧ ∅∏∈℘  ⊃ ∉∈ 

Π� Ζ κ ⇐Τ κ � � 7 
ν 

ι = � 

Τ �/ µ κ 

� µ (| Ζ κ ι | + Τ κ ) 
( µ +�)/ µ 

���� 

⋅∪⊕  ⊕ Ζ κ ⊃  ∪⊕∩ ⊕∈⊕  ℑ  ⊕⊗ κ ∪ ℑ∈⊗ ∉⊆ √⊕ ℘  ∉�Ζ κ � 

� Ζ κ � , Ζ 
κ 
� , , , Ζ κ ν � �ℑ∈⊗ Τ κ ⊃  ∪⊕ κ ∪ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ⊕⊆2 

∠ ⊕  ℑ  ∏  ⊕�Τ κ � � � 

″ ℑ∈⊗ ∉⊆ √⊕ ℘  ∉ Ζ κ ⊃ ∩⊕∈⊕  ℑ  ⊕⊗ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ 

Ζ κ ι =  ⊃ ∩∈( υ ι ) Τ κ ( 
� 

| υ ι | 
µ − �) , 

ι = � , � , , , ν ���� 

⋅∪⊕  ⊕ υ � , υ � , , , υ ν ⊃ ℑ∩  ∉∏∠∉∅ ∠ℑ ⊃  ⋅⊃  ⊕⊃ ∈⊗ ⊕ 2 
∠ ⊕∈⊗ ⊕∈ ℑ∈⊗ ∉⊆ √⊕ ℘  ∉ ∏∈⊃ ∅∉⊆⊂∧ ⊗ ⊃    ⊃ ℜ∏  ⊕⊗⊃ ∈ ≈ � 

� �� � ⊃ ∩∈�#� ⊃  ⊃ ∩∈∏⊆ ∅∏∈℘  ⊃ ∉∈ �Τ κ ⊃ ∠  ⊕  ⊕∈ℑ∈2 
∈⊕ ℑ ⊂ ⊃ ∈∩ ⊕⊆∠⊕  ℑ  ∏  ⊕ℑ∈⊗ µ ⊃ ℑ ∩ ⊃ √⊕∈ ℘ ∉∈  ℑ∈� µ ∴ 
� � 

♣⊕∈⊕  ℑ  ⊕ℑ∈⊕⋅ ∪⊕∏  ⊃   ⊃ ℘∠ ∉ ⊃ ∈ Ψ κ � Ξ κ � Ζ κ ℜ∧ 

∏  ⊃ ∈∩∠  ⊕  ⊕∈ ⊃  ⊕  ℑ  ⊃ √⊕∠∉ ⊃ ∈Ξ κ ℑ∈⊗ ℑ∈⊗ ∉⊆ √⊕ ℘  ∉ Ζ κ 

ℑ∈⊗℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕ φ� Ψ 
κ � � 

�� ≥ ⊕ ∠� 

♣⊕∈⊕  ℑ  ⊕ ℑ  ℑ∈⊗ ∉⊆ ∈∏⊆ℜ ⊕  ∆ ∏∈⊃ ∅∉⊆⊂∧ ⊗ ⊃  2 
  ⊃ ℜ∏  ⊕⊗⊃ ∈ ≈� �� � ℑ∈⊗℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕ ∪⊕ ∠ ∉ℜℑℜ ⊃ ⊂ ⊃  ∧ Π α 
� Ψ κ ⇐Ξ κ � Τ κ � ∉∅ℑ ℘ ℘ ⊕ ∠  ⊃ ∈∩ Ψ 

κ ℑ   ∪⊕∠  ⊕  ⊕∈∩ ⊃ √⊕∈⊃  2 
⊕  ℑ  ⊃ √⊕∠ ∉ ⊃ ∈Ξ κ ℑ∈⊗ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ Τ κ �⊃� ⊕� 

Π α � Ψ 
κ ⇐Ξ κ � Τ κ � � 

⊆⊃ ∈⇔ � �⊕¬∠� 
φ� Ξ 

κ � � φ� Ψ 
κ � 

Τ κ 
�⇑ � 

♥∅ ∆ [ Π α � Ψ 
κ ⇐Ξ κ � Τ κ � � ∪⊕∈ Ξ κ� � � Ψ κ � ∉⊕ ⊂  ⊕ 

Ξ κ� � � Ξ κ �♥∅ ∪⊕ ⊃⊆⊕ ∪ℑ   ∪⊕√ℑ ⊂∏ ⊕ Ξ κ� � ⊄⊕ ⊕∠ ∏∈2 
℘ ∪ℑ∈∩⊕⊗℘ ∉∈ ⊃ ∈∏ ∉∏  ⊂∧ ⊕¬℘ ⊕ ⊕⊗  κ ⊆ℑ¬ Π µ � ∪⊕∈ Ξ κ� � � 

Ψ κ � 

�� ≥ ⊕∠� 

≤ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊃  ⊕  ℑ  ⊃ √⊕ ⊃ ⊆⊕  κ � ⊃ ∅ κ⊃  ∪⊕ ⊆∏ ⊂  ⊃ ∠ ⊂⊕∉∅ 

κ β �  ∪⊕∈ ⊕ ℑ   ⊃ ∩∈⊃ ∈⊃  ⊃ ℑ ⊂ ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ Τ � ℑ ℘ 2 
℘ ∉ ⊗ ⊃ ∈∩ ∉ 

Τ 3 � = ΑΤ � ���� 

�� ≥ ⊕ ∠� 

♥∅ φ� Ξ 
κ� � � � φ⊆⊃ ∈ � ∪⊕∈ Ξ ⊆⊃ ∈ � Ξ 

κ� � � φ⊆⊃ ∈ � φ 

� Ξ κ� � � �♥∅⊃  ⊕  ℑ  ⊃ √⊕ ⊕ ⊆⊃ ∈ℑ ⊂℘ ∉∈⊗ ⊃  ⊃ ∉∈ℑ  ⊕ ℑ  ⊃  ∅ ⊃ ⊕⊗� 

 ∪⊕∈   ∉∠ ⊕ ℑ  ℘ ∪ ⊃ ∈∩∠  ∉℘ ⊕⊗∏  ⊕ℑ∈⊗ ℑ⊄⊕ Ξ ⊆⊃ ∈ ℑ ∩ ⊂∉ℜ ℑ ⊂ 

∉∠  ⊃⊆ℑ ⊂  ∉ ⊂∏  ⊃ ∉∈ � ⊕ ⊂ ⊕ ∩ ⊕∈⊕  ℑ  ⊕ ℑ ∈⊕⋅  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

Τ κ� � ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∩ ⊃ √⊕∈ ″ ƒ ϒ × 

Τ κ+ � = Τ � / κ 
µ ,   κ = � , � , , ���� 

⋅∪⊕  ⊕ Τ � ⊃ ⊃ ∈⊃  ⊃ ℑ ⊂ ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕�κ ⊃ ℑ∈2 
∈⊕ ℑ ⊂ ⊃ ∈∩⊃  ⊕  ℑ  ⊃ √⊕ ⊃⊆⊕ ℑ∈⊗ µ ⊃  ∪⊕  ℑ⊆⊕ ℑ  ∞∇∈ � 

���� �

⊂⊕ κ � κ � � �ℑ∈⊗∩∉ ∉ ≥ ⊕ ∠� � 

≤∉∈ ⊃ ⊗ ⊕  ⊃ ∈∩  ∪ℑ  ∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂ ∉∅  ⊃⊆⊕ 2 
 ∪ℑ  ⊃ ∈∩∠∉⋅⊕ ∅∉∞≡° ℘ ∉⊆∠  ⊃  ⊕ ⊕ ∇∏ ℑ  ⊃ ∉∈ ℘ ∉∈   ℑ ⊃ ∈ 

ℑ∈⊗⊃ ∈⊕ ∇∏ ℑ ⊂ ⊃  ∧ ℘ ∉∈   ℑ ⊃ ∈ �⊃ ⊆∏  ℜ ⊕  ℑ∈ ∅∉⊆⊕⊗⊃ ∈ 

 ⊕ ⊆ ∉∅ ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊆⊕  ∪∉⊗ ℑ ∅ ⊃    � 

�� °⊕∈ℑ ⊂  ∧ ∅∏∈℘  ⊃ ∉∈ ⊃ ∈  ∉⊗∏ ℘ ⊕⊗ℑ∈⊗ ∪⊕⊕ ∇∏ ℑ  ⊃ ∉∈ 

℘ ∉∈   ℑ ⊃ ∈ ∏ℜ   ⊃  ∏  ⊕⊗⊃ ∈ ∉ ∉ℜ ⊇ ⊕ ℘  ⊃ √⊕ ∅∏∈℘  ⊃ ∉∈ ∉∅  ∪⊕ 

∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂� ∪⊕∉ℜ ⊇ ⊕ ℘  ⊃ ∉∈ ∅∏∈℘  ⊃ ∉∈ ⊃  ⊕⋅ ⊃  2 
 ⊕∈ ℑ  

⊥ Θ � 6 
� 

ι = � 

λ ι ς ι ϑ ι + 

Μ≈ Χ� 6 
� 

ι = � 

β ι ϑ ι ∅∈∈(ϑ ι , ρ ε )] ���� 

⋅∪⊕  ⊕ Μ⊃ ℑ∠ ⊕∈ℑ ⊂  ∧ ∅ ℑ ℘  ∉ℑ∈⊗⊃  √ℑ ⊂∏ ⊕⊃ ℑ∠∉ ⊃ 2 
 ⊃ √⊕⊂ℑ  ∩⊕∈∏⊆ℜ ⊕ � 

�� ×∪⊕∈⊕⋅ ∪⊕∏  ⊃   ⊃ ℘∠∉ ⊃ ∈Ψ κ ∩⊕∈⊕  ℑ  ⊕⊗⊃ ∈ ≥ ⊕∠ 

# � � � # × ℑ∈�→ ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ         ϒ∏ ∩�����



� ⊃ ∅∉ ℘ ⊕⊗ ∉ ℑ  ⊃  ∅ ∧  ∪⊕⊃ ∈⊕ ∇∏ ℑ ⊂ ⊃  ∧ ℘ ∉∈   ℑ ⊃ ∈ℑ℘ ℘ ∉ ⊗ 2 
⊃ ∈∩ ∉ ∪⊕∅∉⊆∏ ⊂ℑ 

Ψ κ ι = 

ϑ ⊆ℑ¬ − ( Ψ 
κ 
ι − ϑ ⊆ℑ¬ ) ⊆∉⊗ (ϑ ⊆ℑ¬ − ϑ ⊆⊃ ∈ ) , 

Ψ κ ι > ϑ ⊆ℑ¬ ; 

Ψ κ ι , 

ϑ ⊆⊃ ∈ [ Ψ κ ι [ ϑ ⊆ℑ¬ ; 

ϑ ⊆⊃ ∈ + (ϑ ⊆⊃ ∈ − Ψ 
κ 
ι ) ⊆∉∈(ϑ ⊆ℑ¬ − ϑ ⊆⊃ ∈ ) , 

Ψ κ ι < ϑ ⊆⊃ ∈ 

���� 

ϒ∅  ⊕ ∠  ⊕   ⊕ ℑ  ⊆⊕∈� ∪⊕ ∠  ∉∠∉ ⊕⊗ ≥ϒϒ ℘ ℑ∈ ℜ ⊕ 

∏  ⊕⊗ ∉ ∉∠  ⊃⊆⊃ ∨⊕ ∪⊕ ↓⁄≥ � 

5  ΙΝ∆ΥΣΤΡΙΑΛ ΑΠΠΛΙΧΑΤΙΟΝ 

×∪⊕ ℑ∠∠ ⊂ ⊃ ℘ ℑℜ ⊂⊕  ∉∅  ⋅ℑ  ⊕ ∉∅ ↓⁄≥ ⋅ℑ  ⋅ ⊃   ⊕∈ 

⋅⊃  ∪ ∂⊃  ∏ ℑ ⊂ ′ℑ  ⊃ ℘� � � � ƒ→→ ⊆∉⊗ ⊕ ⊂ ℜ ⊕  ⋅⊕ ⊕∈ ℘ ∏   ⊕∈ 

⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ ℑ∈⊗℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ∉∈ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ ℘ ⊃ ⊗ ⊃  ⊃ ⊕ ⊃  

⊃ ⊗ ⊕∈ ⊃ ∅ ⊃ ⊕⊗ℑ∈⊗ ⊆∉⊗ ⊃ ∅ ⊃ ⊕⊗∉∈2⊂ ⊃ ∈⊕� ↑ ℑ∈∧ ∅∏∈℘  ⊃ ∉∈ ∏ ℘ ∪ 

ℑ ℘ ∉⊆∠∏  ℑ  ⊃ ∉∈ ∉∅ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ℜℑ ⊂ℑ∈℘ ⊕�∉∠  ⊃⊆ℑ ⊂ ℘ ℑ ⊂℘ ∏ ⊂ℑ 2 
 ⊃ ∉∈�℘ ∉⊆∠ ℑ  ⊃  ∉∈ ∉∅∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ � ∧∈ ∪⊕  ⊃ ℘ 

⊗ ℑ  ℑ∠  ∉℘ ⊕   ⊃ ∈∩ℑ∈⊗ ∉ ∉∈ ⋅⊕  ⊕ ⊕ ℑ ⊂ ⊃ ∨⊕⊗� ×∪⊕ ↓⁄≥ ∉∅ 

 ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠∉⋅⊕ ∅∉ ∞≡° ⋅⊃  ∪ ƒ→→ ⊆∉⊗ ⊕ ⊂ ℑ∈⊗ 

≥ϒ ϒ ∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ⊆⊕  ∪∉⊗ ∪ℑ  ℜ ⊕ ⊕∈  ∏∈∈⊃ ∈∩ ⊃ ∈ ℑ 

⊆⊕ ⊂  ⊃ ∈∩ ⋅∉ ⊄ ⊃ ∈℘ ⊕ ϒ∠  ⊃ ⊂����� � ×∪⊕ ∠  ℑ ℘  ⊃ ℘ ℑ ⊂  ⊕ 2 
 ∏ ⊂  ⊃ ∈ ℑ ⋅⊕ ⊕⊄ ℑ ∅  ⊕  ∪⊕  ∧  ⊕⊆ ⋅ℑ  ℑ∠∠ ⊂ ⊃ ⊕⊗ ℑ  ⊕ 

 ∪∉⋅∈⊃ ∈ ×ℑℜ ⊂⊕� � 

Ταβλε 1  ° ℑ ℘  ⊃ ℘ ℑ ⊂ ⊕  ∏ ⊂   

⁄ℑ  ⊕ 
∞¬∠ ⊕ ℘  ⊕ ⊗ 
∉∏  ∠∏  
� 

° ℑ ℘  ⊃ ℘ ℑ ⊂ 
∉∏  ∠∏  
� 

≤∏   ⊕ ∈⊗ ⊕∈ ⊃  ∧ 
��ϒ#⊆ � � � 

ϑ � ϑ � ϑ � ϑ � 

°∉⋅⊕  
℘ ∉∈ ∏⊆∠  ⊃ ∉∈ 

��⊄• ∪# � � � 

×⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ 
∠  ∉ ∅ ⊃   
�∧∏ ℑ∈ 

↑ℑ ∧ � � 

���� 

��� 
��� 

��� � � 
��� � � 

��� 
��� 

��� 
��� 

��� 
��� 

��� 
��� 

� ��� 
� ��� 

������ 

↑ℑ∧ � � 

���� 

��� 
��� 

��� � � 
��� � � 

��� 
��� 

��� 
��� 

��� 
��� 

��� 
��� 

� ��� 
� ��� 

������ 

↑ℑ ∧ � � 

���� 

��� 
��� 

��� � � 
��� � � 

��� 
��� 

��� 
��� 

��� 
��� 

��� 
��� 

� ��� 
� ��� 

������ 

↑ℑ ∧ � � 

���� 

��� 
��� 

��� � � 
��� � � 

��� 
��� 

��� 
��� 

��� 
��� 

��� 
��� 

� ��� 
� ��� 

������ 

↑ℑ∧ � � 

���� 

��� 
��� 

��� � � 
��� � � 

��� 
��� 

��� 
��� 

��� 
��� 

��� 
��� 

� ��� 
� ��� 

������

  ×ℑℜ ⊂⊕�  ∪∉⋅ ∪ℑ ℑ√⊕  ℑ∩⊕⊗ ⊃  ⊕ ℘  2℘ ∏   ⊕∈∠∉⋅⊕  
℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ∠⊕  ∉∈ ∨⊃ ∈℘⊃ ���� � � ⊄• ∪�ℑ∈⊗ ⊃⊆⊕ 2 
 ∪ℑ  ⊃ ∈∩ ∠  ∉∅ ⊃  ∠ ⊕  ⊆∉∈ ∪⊃ ∏ ∠  ∉ � ��� ��� ∧∏ ℑ∈ � 

≤∉⊆∠ ℑ  ⊕⊗ ⋅⊃  ∪ � ��� �� ⊄• ∪�ℑ∈⊗ � ��� ��� ∧∏ ℑ∈ 

ℜ ⊕ ∅∉ ⊕�⊃ ℘ ℑ∈ ℜ ⊕℘ ∉∈℘ ⊂∏⊗ ⊕⊗ ∪ℑ  ∪⊕⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ∠  ∉2 
℘ ⊕  ∉∅ ∨⊃ ∈℘ ∏∈ ⊕ ∩∏ ⊂ℑ  ⊂∧ � ∠∉⋅⊕ ℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ⊗ ⊕ 2 
℘  ⊕ ℑ  ⊕ ℑ∈⊗ ⊃⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠  ∉∅ ⊃  ℑ  ⊕ ∈∉ ℑℜ ⊂⊕ℑ ∅  ⊕  ∪⊕ 

∉∠  ⊃⊆ℑ ⊂ ⊃ ⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠∉⋅⊕  ℘ ∪⊕⊆⊕⊃ ℑ∠∠ ⊂ ⊃ ⊕⊗ ∉ ℑ  2 
 ℑ∈∩ ⊕⊆⊕∈∉∅∠ ∉⊗∏ ℘  ⊃ ∉∈ � 

6  ΧΟΝΧΛΥΣΙΟΝΣ 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉  ⊕ ℑ ⊂ 2 ⊃⊆⊕ ∠  ⊃ ℘ ⊕ ℘ ∉∏∈ ⊃ ∈∩ ∠∉ ⊂ ⊃ ℘ ∧ ∉∅ 

⊕ ⊂⊕ ℘   ⊃ ℘∠ ∉⋅⊕ � ∪⊕ ⊃⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠ ∉⋅⊕ ∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ 

⊆∉⊗ ⊕ ⊂ ∅∉ ∞≡° ⊃  ⊕   ℑℜ ⊂ ⊃  ∪⊕⊗� ϒ∈⊗  ∪⊕  ⊃ ∈∩ ⊂⊕ 2⊂∉∉∠ 
≥ϒ ϒ ℜ ∧ ∏  ⊃ ∈∩ ⊆∏  ℑ  ⊃ ∉∈ ℑ∈⊗ ⊕¬ ⊕∈⊗ ⊃ ∈∩  ⊕ ℑ  ℘ ∪ ⊃ ∈∩ 

 ∠ ℑ ℘ ⊕ ⊃ ∏  ⊕⊗ ∉ ∉∠  ⊃⊆⊃ ∨⊕ ∪⊕⊃ ∈ ⊕ ⊂ ⊂ ⊃ ∩ ⊕∈⊆∉⊗ ⊕ ⊂ ⋅⊃  ∪ 

ƒ→→� ×∪⊕ ⊃⊆⊕ 2 ∪ℑ  ⊃ ∈∩ ∠∉⋅⊕ ∉∠  ⊃⊆ℑ ⊂ ⊗ ⊃  ∠ℑ  ℘ ∪ ∧ 2 
 ⊕⊆ ∪ℑ ℜ ⊕ ⊕∈ ℑ∠∠ ⊂ ⊃ ⊕⊗ ∉ℑ⊆⊕ ⊂  ⊃ ∈∩ ⋅∉ ⊄�×∪⊕ ⊕  ∏ ⊂   

 ∪∉⋅  ∪ℑ  ∪⊕ ∧  ⊕⊆ ℘ ℑ∈ ∩  ⊕ ℑ  ⊂∧ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∪⊕ ∠ ∉⋅⊕  

℘ ∉∈ ∏⊆∠  ⊃ ∉∈ ∠ ⊕  ∉∈ ∨⊃ ∈℘ℑ∈⊗⊃ ∈℘  ⊕ ℑ  ⊕ ∪⊕ ⊃ ⊆⊕ 2 ∪ℑ  2 
⊃ ∈∩∠  ∉∅ ⊃  �≥∉ ∪∉⋅  ∉ℑ∠∠ ⊂∧ ℘ ∉⊆∠∏  ⊕  ⊕ ℘ ∪∈⊃ ∇∏ ⊕ ℑ∈⊗ 

ℑ⊗ √ℑ∈℘ ⊕⊗℘ ∉∈  ∉ ⊂ ⊕ ℘ ∪∈∉ ⊂∉∩ ⊃ ⊕  ∉⊃ ∈⊗ ∏    ⊃ ℑ ⊂ ∠  ∉℘ ⊕   ∉ 

 ℑ ⊃  ⊕ ⊕∈ ⊕  ∠  ⊃  ⊕  . ⊕ ℘ ∉∈∉⊆⊃ ℘ ∠  ∉∅ ⊃  ⊃  ℑ∈ ⊃⊆∠∉  ℑ∈ 

∠  ∉ ⊇ ⊕ ℘ ⋅∉  ∪∧ ∉∅∅∏   ∪⊕  ⊕  ⊕ ℑ  ℘ ∪� 

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ≠ ϒ→♣ ≤∪∏∈2∪∏ ℑ� ♣∝♥ • ⊕ ⊃ 2∪∏ ℑ� ≠ ∞ • ⊕ ∈2⋅∏�⊕ ℑ ⊂� 

∞¬∠ ⊕  ∉∠  ⊃ ⊆⊃ ∨⊕ ⊗℘ ∉∈  ∉ ⊂ ⊕ ℘ ∪∈⊃ ∇∏ ⊕∅ ∉⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ℘⊗ ⊕ ∠∉ ⊃ 2 
 ⊃ ∉∈ ∠  ∉℘ ⊕  ∉ ∅ ∪∧⊗  ∉ 2⊆⊕  ℑ ⊂ ⊂∏  ∩∧ ∉ ∅∨ ⊃ ∈℘≈♠  � × ℑ∈→ ∉∈2 
∅ ⊕   ∉∏  ↑⊕ ≥∉℘≤∪ ⊃ ∈ℑ����� ����� ���� � ��� � 

≈�  ♦∉ ⊃ ⊄ℑ⋅ℑ ≥ � ƒ∏  ∏∪ℑ  ∪ ⊃ × ℑ∈⊗ ∝℘ ∪ ⊃ ⊄ℑ⋅ℑ ≠ � ↓∈ ∅∏ ∨∨∧ 

⊆∉⊗ ⊕ ⊂ ⊃ ∈∩ ∏  ⊃ ∈∩ ∅∏ ∨∨∧ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄ ⋅⊃  ∪  ∪ ⊕ ℜ ℑ ℘ ⊄ 2 
∠  ∉∠ ℑ∩ ℑ  ⊃ ∉∈ ℑ ⊂∩ ∉ ⊃  ∪⊆ ≈♠ � ♥∞∞∞ × ℑ∈ → ⊕ ∏  ℑ ⊂ → ⊕  2 
⋅∉ ⊄� ���� ����� ���� � ��� � 

≈�  ′∏ ℘ ⊄ ⊂⊕ ∧ ♠ ♠ ℑ∈⊗ ♦ℑ∧ℑ  ∪ ⊃ ≠ � ƒ∏ ∨∨∧ ∈⊕ ∏  ℑ ⊂ ∈⊕  ⋅∉ ⊄�ℑ 

 ∏  √⊕ ∧ ≈♠  � ƒ∏ ∨∨∧ ≥⊕  ℑ∈⊗≥∧  ⊕⊆����� ��� �� � �� � 

≈�  → ℑ∏ ℘ ⊄ ⁄ ℑ∈⊗ ↔  ∏  ⊕ ″ � → ⊕ ∏  ∉ 2∅∏ ∨∨∧  ∧  ⊕⊆∅ ∉∅∏∈℘  ⊃ ∉∈ 

ℑ∠∠  ∉¬ ⊃ ⊆ℑ  ⊃ ∉∈ ≈♠ � ƒ∏ ∨∨∧ ≥⊕   ℑ∈⊗ ≥∧  ⊕⊆� ���� � 

��� ���� � ��� � 

≈�  ϒ ∪ ⊃ ⊕ ♣ � ƒ⊂∉∇∏ ⊕ ° � °⊃ ℜ ∉∏ ⊂⊕ ℑ∏ ←�⊕ ℑ ⊂� ° ∉℘ ⊕  ∉∠  ⊃ 2 
⊆⊃ ∨ℑ  ⊃ ∉∈ ℜ∧  ⊃ ⊆∏ ⊂ℑ  ⊕ ⊗ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ℑ∈⊗ →← ° ∠  ∉℘ ⊕ ⊗ ∏  ⊕  2ℑ∠ 2 
∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈  ∉ ∪ ⊕ ℑ ⊕ ¬℘ ∪ ℑ∈∩ ⊕ ∈⊕  ⋅∉ ⊄ ∧∈ ∪ ⊕  ⊃ ≈♠  � ≤∉⊆2 
∠∏  ⊕  ≤∪⊕⊆ ∞∈∩∈∩����� ����≥∏ ∠∠ ⊂� � ���� � ��� � 

≈�  ↔ ⊃  ⊄∠ ℑ   ⊃ ℘ ⊄ ≥ ♣ � ♣⊕ ⊂ℑ  ♠ ≤ ⁄ ℑ∈⊗ ∂ ⊕ ℘ ℘ ∪ ⊃ ↑ ° � ↓∠  ⊃ 2 
⊆⊃ ∨ℑ  ⊃ ∉∈ ℜ∧  ⊃ ⊆∏ ⊂ℑ  ⊕ ⊗ ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩� ≥℘ ⊃ ⊕ ∈℘ ⊕� ��������� � 

��� � ��� � 

≈�  ×ℑ⊄ℑ∩ ⊃× ℑ∈⊗≥∏ ∩ ⊕ ∈∉ ↑ �⁄⊕  ⊃ √ℑ  ⊃ ∉∈ ∉ ∅∅∏ ∨∨∧ ℘ ∉∈  ∉ ⊂ ∏ ⊂⊕  

∅  ∉⊆ ∪∏⊆ℑ∈ ∉∠ ⊕  ℑ  ∉ . ℘ ∉∈  ∉ ⊂ ℑ ℘  ⊃ ∉∈≈ ϒ � ° ∉℘♥ƒϒ≤ 

≥∧⊆∠ ƒ∏ ∨∨∧ ♥∈∅ ∉⊆ � ↔ ∈∉⋅⊂⊕ ⊗ ∩ ⊕ ″ ⊕ ∠  ⊕  ⊕ ∈ ℑ  ⊃ ∉∈ ℑ∈⊗ ⁄⊕ 2 
℘ ⊃  ⊃ ∉∈ ϒ∈ℑ ⊂∧ ⊃ ≈≤ ����� ��� � �� � 

≈�  ♠ ℑ∈∩ ≥ ″ � ϒ→ƒ♥≥ �ℑ⊗ ℑ∠  ⊃ √⊕ 2∈⊕  ⋅∉ ⊄ 2ℜ ℑ  ⊕ ⊗∅∏ ∨∨∧ ⊃ ∈∅ ⊕  2 
⊕ ∈℘ ⊕ ∧  ⊕⊆ ≈♠ �♥∞∞∞ × ℑ∈∉∈ ≥ ↑ ≤ ����� ������ � 

��� � ��� � 

≈�  ≤∪ ⊃ ∏ ≥ � ƒ∏ ∨∨∧ ⊆∉⊗ ⊕ ⊂⊃ ⊗ ⊕ ∈ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ℜ ℑ  ⊕ ⊗∉∈ ℘ ⊂∏   ⊕ ⊕   ⊃ 2 
⊆ℑ  ⊃ ∉∈ ≈♠  �♠♥∈ ⊕ ⊂ ⊂ ƒ∏ ∨∨∧ ≥∧  ⊕⊆����� ����� ���� � 

��� � 

≈��  ≠ ϒ →♣ ″ ∏ ∉ 2⊂ ⊃ℑ∈⊗ ♣∝ ♠ ⊃ 2∅ ℑ� ϒ∈ ⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈ ⊃ ⊆∏ ⊂ℑ  ⊕ ⊗ℑ∈2 
∈⊕ ℑ ⊂ ⊃ ∈∩ℑ ⊂∩ ∉ ⊃  ∪⊆ ∅ ∉∩ ⊂∉ℜ ℑ ⊂ ∉∠  ⊃ ⊆⊃ ∨ℑ  ⊃ ∉∈ ≈♠ � ≥∧  ⊕⊆ 

∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩ ×∪ ⊕ ∉ ∧ ℑ∈⊗ ° ℑ ℘  ⊃ ℘ ⊕� �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � ���� 

��� ��� � �� � 

(Εδιτεδ βψ ΗΕ Ξυε2φενγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�      ♥∈ ⊕ ⊂ ⊂ ⊃ ∩⊕∈⊆∉⊗ ⊕ ⊂ ⊃ ∈∩ℑ∈⊗∉∠  ⊃⊆⊃ ∨ℑ  ⊃ ∉∈ ∅∉⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ℘∨⊃ ∈℘∠  ∉℘ ⊕  


