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����#   

;"#�� ���"�0 
�� 0 �� !0�� �� �<=  *0 !�4� �0� �1 *00� ��> � �?���0 �� - �� �1 !�4� �-5@� ��  �@ � A�BC ���"�0 �<��"<D0 -5"#@ .�� �@ FC �� !0�� 0-�� �0� �1 

!�4� �-5@� �C�� $0 �>G�� *�@ �<��"<D0 FC HI� J��"���0 FC �� F��"� *�=� !0�� � !��$ K�4� �� - �� .$0 L� �"�� *-5� �M�N ��#�� �=�0�� *0�� �< 9 *$�� 

�"C�� �?���0 ��C0� O� �<=  ���M"�0 �� ;�51 .�"�� *-5� �M�N $0 ������ � 0��� *�@ �G�� J����� �<=  ���M"�0 �� 2-51 ��0 J����� $0 �P� �+�� �& ����1 �� - �� � 

*0�� �@ Q�� �<=  *0 �� !0�� $0 !9 ���M"�0 ��1 .��85@ ���M"�0 $0 J��"���0 *�@ FC ��0 J����� �"C�� �?���0 ��C0� R��S �<=  ��T0 0 !�4� �� 2-@� � �D�, �1 

���M"�0 $0 �,0�� *�=� !0�� ��0%�� 0 !�4� �� -@� �1 ;1 ���� !0%�� UB7 0 *�=� !0�� �" 0� � ��0���5� �� 0-: *$�� ��"51 �-  �,0�� A���� �� ��  .L� *��654�& 

��0�/ $0  �0-��"�0 L�k-mean R�0 � �"C�� �<=  0 �� ��T H��1 � VD�W �0�>��� �"C� !�4� �� -@� .*0�� �"�� *-5� �M�N ;"#�� *�@ �-7 �?-"�0 *�P�  ���9

� -  X��"� O� ;"#�� �4���$9 OY�1 �� ���M"�0 $0 L� ��0 �Z00 - . �"�� ;"��8D0 $0 ���M"�0 $0 H��1 *�P� ��:�� O�  �M�N *-5� �=�0�� ��#�� O� R��6� � � -  �Z00

������ �<=  � L� ��0 *0�:0 R6: [� R�� * �@  �-7 �<=  � -  �,0�N �-7 *39  �5� IEEE  0%/0 ��� ��0 � � -  *$�� ����&X��"� HT�, � 0%/0 ��� ��0 $0 

MATLAB -  ��0� !�4� . �#��� \��<�0 !��$ $0PHP -  ���M"�0 0%/0 ��� ��0 �,0�N R6: .  

��$� %&��'�  

�M�N *-5� �"�� 2���%: �-  ��"51 !-  *0 2]0�> ���P� 2�-7 ;"#�� H���� � �=���� 2�<��"<D0 ��T�/  

 
 

1- �*�+�  

��%�� �-�0  )�"�� 2!��1 0-: 2!��1 R�#7 2*-5� ;�#�� *-5� ( �<=  O�

R�#7 �� !9 H�-=� � �-7 �@  *-5� ;�#�� L� ��6M� �� �"<Y�1 *

�� A����  �@� � �1 �� 50  F���G. Kron -  �Z00 ]1 [ �0�/0 $0 *��#� �

-���1 ��=�� 0 �-�0 ��0 ]2[- ]4 .[ �P/�, ��D�0 �%�8�0 �=���� R��� � ;1

����e��1 �@ ��� ��0-"�0 * . ��#� �4@�G& ���0-70 V=� *$0�� �=���� �@-f�

g�� �� �-7 ;"#�� ;�#�� ]-@ �� �@  �� ��=���� �� -  �"<Y�1 *

-��  ����0 *$0�� ��T .�<=  ��%�� �@  !9 H�-=� � �"���& ;6� � h%� *

�� �1 ��0%�� �,0�� ��  ���� 0 �6�9 !0�� ��6M� �� ?��f� ��1 R���-� ��

�<��"<D0 ����01 ��> ��� �<��"<D0 ��T�/ !��@ �1 �@  i��f� *0�� �<=  *

�� ����0 R�0 �<=  �,0�� ��  ]5 .[��%�� ��1 �N ��2 �� �<=   �� -�0��

�<=  ��6M� $0 ���M"�0 �@ -5� �@ *3 2��j& ]�Bf�0 0 �-7 ;"#�� ��"51 2

51 �>$�� � �-  U�$��- ]6[.  g�� � �<=  ��%�� �@  �-  ��"51 � 0%�� *

                                                             
1
  Electrical cohesiveness 

2  Splitting  
3  Smart grids 

� ���C $0 *��>��: *0��4 �� 0�7 ���M"�0 ��� U��� lN�5� ���> . X�0

��0��m �" 0� *��654�& L� ���� �@ -51 *5  *0-��& �-� *0�� ;�#5� �

0j>6 ]7 [L� � �@ ]0�> *�: � R#: �� �5"=� *7 �� - �� ]8[- ]9 .[

 L� 0��C0�$�� �"�� ��� �� *0 �M�N *-5�8 ���%: *0��  �-  ��"51 !-  *0

R/�4�& �� �5"=� �1 R�0 �-  ��654�& �@ �� ]0�> ���P� � ��C0 * - �� 

]10[- ]11[. �"�� L� �� !�4� �=�0�� ��#�� �M�N *-5�  �"C�� -@�

�� �<��"<D0 �"�0�& �@ [��"�0 �� �:�� �� ��f� �<=  ��C0� � �� -�0�� O

FC J��"���0 HI� ���"�0 FC9 *�=� !0�� �� �10 �� A���� ��  . ��5Y ;@

�� �� 0 �-� ��0 �� ���8� �P� � *��� !0�5� �� 0 �"�� -5Y -�0��  �� !0��

��0� $0 ;��"#� ��T �@  ��1 �=���� .�"�� �:��C �=�0�� ��#�� *-5�11 

                                                             
4  Blackouts 
5  Slow-Coherent generators 
6
  Transient stability 

7
  Graph-Search 

8
  Spectral clustering 

9
  Line admittance 

10
  Power flow 

11
  Hierarchical clustering 
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R�0 �?���0 p��0 �� �<=  .�� 0 ��0 0�5� �� !0�� *��1�1 ��%�� !

;"#�� �� !9 H�-=� � ;"#�� �@ ��  � �"<Y�1 ���/ * �@  �P� � H�"� *

R/�> . $0 ��0�/  2�"�� -5Y �� !9 H�-=� � �<=  ��%�� �� *��654�& L�

O�5<� �@ �"4>$�� �4�� �� �� �4�� �� *1 R�0 . O� *�: �� U70� �

RC�� ��$ ���� 2�<=  $0 g�� �@ �=�0�� ��#�� *  $0 ���M"�0 �� 0 *���5�

�"�� ;"��8D0 ��  �� �" 0� �8�  ���6� ��> !0�5� �� �=�0�� ��#�� *-5� .

�� V���� ��-� �"�� � i�"�� q�B� !��%�@ ��T �� !0��  � *-5�

��0� �8"#�0� �@  ��#�� ��=� ��C �1 �0� g���� 0 p���� �� HT�, *

R�0 �<=  *�1 V�0�� .-��� 0 l���� ��0  L� ��6M� *0�� ���=S0

�"�� R/�> �P� � 
�� ��-56� �$�, � �M�N *-5� ]12[- ]13[  � �

�0� r�C �� *���$ R7� !9 �+�� p��0 !�0� s�+�� . �� L� ��0  H�#��"&

�<=  � OY�1 �4���$9 �<=  O� � H��1 ���Z%: �@  ��0� !�4� �">%� *

- .  ��0�D��� �� � R�0 ���+�� � 
�� ��-56� V�1�� ���"�  �1 ;��0�

 ��-56� �f��: � �1 -�0� ��:� ]0�> � �8��� ���P� � � $0 �� ���tN0

�� �D� -5"#�� �"C�5  ���C 
��  ��-56� ���� HZ�#� H, *0�� -5�0��

-��  U70� -�M� 
�� . ��0�D��� �� R6: ��0 � - �1.   

2 - ��-� 

 ./� .123 45�236�� 7�-�3� ��� ����  

1- �$? ��<� � F�0�  :�� 0 �-7 �<=  O�  !�4� 0���� O� -5��� !0��

�0� : p0)��> �@  (��  �-5@� !�4� �@  ��� �  �@ )�?���0 ( �?���0 ��=�

�<��"<D02 -5"#@ . p�Z �� 0���� *0��V ��� � �@  *E   ��  �� �" ��

G=(V,E) .]0�> F�/ ��0�0 � �@ * �� �"/�> �P� � ����  ���, v�@ �1 �� 

-�0-� ���� -5Y ��� � .��� ��-�� 0 ��P,t� R����� w�/ ��0  � -51

�� ��� !0�� �@ ��1 ��%8��: ���f� ��� O� �� 0 ���� -5Y * . ]0�> !�YG 

�� R�0 ���� � �@�5"�  R �� !0��� � �1,  2 . …. . ��  �1N p�Z �0-f� 

)��> �@ (   ��⊂ � 	 �  �1
�. � � � ��� O� �-5@� !�4� ) �� ���"�0 FC

�����M#�0�� (��> $0 i  ��j �� - �� .�"�� !�Y ��> R6: �M�N *-5� �@   0

�� �-���� �� w�/ ���> ]0�> ���� �1 ��  �@  -5"#@ R6: !�-�: 
�. � � � 

 �>0 �65� � �>0
�. � � �  .  

2-  ��> !$� �@: �����5  !�<� �"C�� )�<�m�D�&��3 ( �<=  ��� � ]0�>

��� 0�7 �� ��"C0 � ����tN0 �-7 -@� . $0 ���tN0 ��0 !��%/0 *0��

��> ������ �@  �� ���M"�0 ;�51 .$ 0 �f��� ��> 0-�� � 	 � � � � 0  

�1 *�N �� R�0   :  

1 .                                                w (i,j) = w (j,i)  ��@ *0��i,j �@    

2.                                                               w(i,j)=0  �>0 
�. � � �. 

3 .�
�. � �  ∑ �
�. ����1
 

 

�� - �� . �>0� � �   ��� � �
�. �   *0��"!$� *00� ��> 0-��4
"  $0

 !������� ��� � �
�. � �� ���M"�0 ;�51 .�"C��  KD�C �����5  !�<�

�� �� ����$ ]0�>   ��@ *0�� !$� U��� �1 ���>
�. � � �   ��0�� ��� � 1 -@� g �& %�� ��� ��0 � 0 ����� J����� � - �� . �:��

                                                             
1  Recursive bisection 
2 Electrical Connections 
3 Topological 
4  Weighted Vertex Degree 

       �M5� -��=� ��� !$� -�51(��� � 0   -��� ��� !$� ��5x�@ � - ��

 !��"�
��� � ��� �t&? �D��f� �� - �����> HT�, ��) g��2-[  0

-�5�=� .(  

 3 .�-7 *�@ �<=  � !$�:    -��� �-7 �<=  *�1 �"C�� �fD�B� *0��

;����� ���M"�0 ��$ ��� !$� U�0�� $0:  

• ���5  !�<� :��� � 1  ��@ *0��
�. � � � ����0 ��0 2

�<=  KD�C5 �� 0 -�5�. 

• J��"���06  :��� � ��� � 1 � ���� � ��� !�  �1���  ��� ! 

�BC R����� V���� ��7 J ��"10 �8  ��<�"�0 ��0 2-5"#@

 �?���0)�<��"<D0 ��T�/9 (�� 0 -�5� . ��0 ��D���  �-� $0 ��

 �<= DC !$� !9 � �1 ��1 ;�@0�C ���M"�0 �@   $0 -5��=� ��� � 1 �  �� ! . 

• F��"� *�=� !0��10  :��� � "�#��� � �#���$ 2%   �1#�� 

 !0��)����,11 ( $0 i ��j R�0 ) - �� i�� !�-� �<=  �>0

;�0���� �  �#��� � �#��� ( F�0�  � FC R��@0 !$� ��0

�� 0 *�1 -�5�.   $0 FC ?��",0 �1 R��5f� ��0 �� ;1 ��

�"�� -  -@0�C 0-: *-5� . 

0-�� �� �1 -�51 �:�� )!$� ( ;"#�� O� *0�� �5f� 2-5"#@ R��S ��0

 �-7�� R��S  F�0�  p��0 �� � R�0 ��y"� � ���& *�=� !0�� ��0 2-5 ��

�� ���y� �f70� *�1 -51 .  

��� !$� �@  �� 0  � FC !9 !��1 UB7 *0�� *��f� !0�5� �� !0��

�"�� ��85@ ��> ����0 ��<�"�0 ��f� ��, ��0 �� 2R/�> �P� � *-5� �@   ��

�"�� O� � �"/�> 0�7 *0�� ;@ *-5� �� %�� - �� . �� J��"���0 ��0���5�

�"�� p��0 ��C0� �"C�� 2*-5� 
12)�<��"<D0 ��T�/ ( -@0�C !�4� 0 �<= 

�"�� p��0 �� *�=� !0�� �1 �D�, � �0� *��0%: *-5�13 �� !�4� 0  -@�

�� UB7 �<=  � *�=� !0�� O� H70-, -��  0-: �"7� �1  � � �� 

�� ���"� ���%: *0�� -5�0�� -5 �� -�M� ��0��84�& !��1 *0]11[.   

 " . 8��9:; <��%  

���"#> ����1 
�� p-56� � ]0�> ���P� � ���t&? J�����  *0

�0� . � R6: !�-� � ���� ]0�> �� �1 -�0� ��:� ���t&? J����� Q�� ��

  0-��& � 
�. �. �  �� A���� -�� .  

1 .�-4� �%�D���� ���t&? : ���t&?G  J����� O�� 	 �  �� �1 R�0

�� i��f� ��$ ��T ���>: 

)1                (                           '()�� � * ��       �+ ���                      ,���      �+ �-� ./0 
�.��10         34567��86 9  

! ��"� ����, J����� O� ��014  �� �1 R�0 2��T0 �B7 %:

!�"� �@ Q���� � �0� R=I� ��  )i�� �� (R�0 �MT .  

                                                             
5  Pure connectivity of the network 
6  Admittance 
7  Line resistance 
8  Reactance 
9  Electrical distance 
10  Average power flow 
11  Real 
12  Internal structure 
13  Island 
14  Real symmetric matrix 
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!$� �>0 �@  J��"10 �� �@ -5 �� ��0�� FC p�<f� *  ) �-� $0 ���M"�0 ��

 �<= DC (��> J��"���0 J����� �� �-4� �%�D���� ���t&? 2 
1) �P� ]�T ��

J��"e��� $0 �@ R5  *2 (�� ��0�� ��  . �"7�!$� �@   ��0�� *�=� !0�� ��

��� -5 �� R 0� 
�� �$�, � *��=f� ���t&? $0 !0��.  

2 .�-  �%�D���� ���t&?: *��� �-  �%�D���� ���t&? �@  *��  �MT ��

�0� .�5f�:   
     )2                 (                                 

'(/)�� �
:;
<
;= 1       �+ ���                      >?@AB0@B0A      �+ �-� ./0 
�.��1

0         34567��86
9   

p���� $0 H�"#� �-  �%�D���� ���t&?3 �� �"�� *0�� � - ��  *-5�

 R�0 �� -�M� %��) g��4-iD0 -�5�=� 0.(  

= .8��9:; �>5� �5��-�  

  ���t&? �G�� ������ J�����)�-4� �%�D���� �� �-  �%�D���� ( -���

�>G�� �@ - �� �" 0� 0 ��$ ����0 *]14[.  

iD0 .�M5� �� ����, �0-�0 �G�� ������ ����4 -5"#@. 

[ .]0�> � H�"� *0%:0 �0-f� �� � R�0 �G�� 0-�� O� �MT )��0%: (

�� ���f� �� . 

 �G�� ������L  ��T �� 00 � C1 D C2 D E D CF  �G�� ������ �(/ 

 ��T �� %�� 00 � G1 D G2 D E D GF �� ;�#��� .�� [ �>G�� $0  ;��0�

 �1, C
2

H 0. �� G
2

H 0   �>0 �65� � �>0G - �� H�"� .�G�� ������ L  ��

 -�0-� ?�� -, � -5"#@ �"#�0� p���� )!$� ��@ �@   O� � �G�� ������ �

�� [�+ �D�<�0 �-� -��  .(�� ��, ��0 �� �G�� ����(/   *��#��� �

0 D G� D 2 ��@ *0��  i �@  �� 
-T -551 .  

3- ���� ���� �1@ 

iD0 .�/�f�:  
   �"�� �� ��> $0 *�0-f� �����5  ��=�� �� *-5� �@  ]0�> � )�"�� ��� �� (

��> �1 *�N �� ;�"#@ �@   *�7 �?���0 �"�� O� �) !$� �"/�> �P� � ��

��� �@  (�"�� � � *0 -�0� �M�f+ �?���0 �8�� .�"�� ��  �� �M�N *-5�
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1  Eigengaps 
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3  Radial projection 
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4  Thévenin’s equivalent impedance 
5  Spectral distance 
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