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Stabilité transitoire des réseaux électriques

Xt=87%
400kv system

Xinf=60

1650MVA
H=5.6s

Pu : 700 ... 1300MW

Qu : -665 ... 990Mvar Pl = 100MW

Vl Vinf

Ω

NB. "Toy problem"...

Sorties : CCT ou classes de sécurité

Entrées : Pu et Qu

�
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BD : 5000 points de fonctionnement (distributions uniformes de Pu et Qu)
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700. 800. 900. 1000. 1100. 1200. 1300.
Pu (MW)

-500.

-250.

0.0

250.

500.

750.

1000.
Qu (Mvars)

Secure
CCT > 155ms

Insecure
CCT < 155ms

Total : 5000 states

800
900

1000
1100

1200 -500

0

500

0

0.1

0.2

0.3

0.4

0.5

0.6

Pu (MW)

Qu (MVar)

CCT (s)

Secure : 3510 states

Insecure : 1490 states

CCTs : par simulation numérique (recherche dichotomique)

ET : ensemble de test (TS) : 2000 états différents
EA : ensemble d’apprentissage (LS) : 3000 états

�
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Conclude

Secure

noyes

yes no

Pu < 950 MW ?

Rule 3 : If (Pu > 950MW) and (Qu > 0Mvar) then Conclude Secure

Conclude

Secure
Qu < 0 Mvar ?

Conclude

Insecure

Terminal nodeTerminal node

Terminal node

Topnode

Rule 2 : If (Pu > 950MW) and (Qu < 0Mvar) then Conclude Insecure

Rule 1 : If (Pu < 950MW) then Conclude Secure

Equivalent If-Then rules :

Hypothetical state

Qu=-500Mvar
Pu=1000MW

�
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Topnode: 3000

1026 Y

543 Y

Successor 3

483N

Successor 4

Qu < 194.19

1974N

Pu > 1096.2
Topnode: 3000

1026 Y

Successor 1

1974N

Successor 2

Pu > 1096.2

-500. -250. 0.0 250. 500. 750.
Qu-Threshold

0.05

0.10

0.15

0.20

0.25

0.30

0.35
Score

800. 900. 1000. 1100. 1200.
Pu-Threshold

0.05

0.10

0.15

0.20

0.25

0.30

0.35 Score

Topnode: 3000

Insecure: 909
Secure: 2091

(c) Tree after the topnode was developed

(a) Top node of the tree

Tree at step 1

Tree at step 0

Tree at step 2

(d) Tree after the first successor was developed

Pu < Threshold
Qu < Threshold

Max score:0.36

Max score:0.09

(b) Test scores as a function of threshold

�
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T18 + L12 + D7
Learning set classification (w.r.t. SECURITY)

Insecure: 909
Secure: 2091

T2: 1026 Y

T3: 543 Y

L1: 479Y T4: 64
N

L2: 57Y L3: 7
N

Pu > 1135.8

Qu < 93.413

T5: 483N

T6: 190 Y

D1: 139Y
T7: 51
N

L4: 22Y D2: 29N
Pu > 1258.1

Qu < 718.64

T8: 293N

T9: 127Y

D3: 45Y D4: 82N
Pu > 1164.6

L5: 166N
Qu < 505.66

Pu > 1209.8

Qu < 194.19

T10: 1974N

T11: 591 Y

T12: 197 Y

T13: 121Y

D5: 104Y
D6: 17

N
Pu > 989.32

T14: 76N

D7: 38Y L6: 38N
Pu > 1027.9

Qu < -359.3

T15: 394N

T16: 32
Y

L7: 7
Y L8: 25N

Qu < -529.8

L9: 362N
Pu > 943.99

Pu > 964.85

T17: 1383N

T18: 78
Y

L10: 4
Y L11: 74N

Qu < -82.17

L12: 1305N
Pu > 1077.0

Qu < -176.1

Pu > 1096.2

Pe=2.3%

7 Deadends
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T6 + L6 + D1

T2: 903
Y

L1: 855 Y
T3: 48

N

L2: 16
Y

T4: 32
N

L3: 14
Y

D1: 18
N

Pu > 1157.9

Pu < 1035.3

Pu - 0.22*Qu>1101.

T5: 2097N

L4: 16
Y T6: 2081N

L5: 6

Y L6: 2075N
Pu - 0.38*Qu>1160.

Pu - 0.17*Qu>1109.

Pu - 0.22*Qu>1089.

Pe=0.1%
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Oblique tree
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output
Threshold

net input = w1*a1 + ... + wn*an + threshold

output

output =  tanh(net input)

net input
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output
Threshold

net input = w1*a1 + ... + wn*an + threshold

output

output =  tanh(net input)

net input
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wn
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an

LAYER
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HIDDEN

INPUT
LAYER
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OUTPUT

�
Ecole KDD - Lyon 19.12.1997 � �

� �
�o����� �	�
�����-� ����� 


± ! È_³}µ Ô�À
��Ç@³0À¿·�Ò¿¾
± Ó�¹&´$Æ¸Ñ¾&¾@ºPn�º0Ñ¾¸ÍÎ¾&Ç�´�µd³0¹�À¿¾ ºk·s´l´�ÆpµËÉ��&´Fºk¾$´k¹¸³/Æ�Ï{·ÅÍ\µXºP·&´nµX³4¹
± � ³2Æu´�µ\¾@ºrn¯Ç¸È¸³}µ Ô�ÀÃÂÄ¾$ÔÅ½¿¾�Æu´Rº 	
	
	 � Ï{·�Æ�ÒÅ¾@º�À¿¾�º0Ñ¾&Ç&�ÅÆpµD´0Ñ¾�³*��Ç�ÍX·_ºRºo¾ º

± ! È_³}µ Ô�À¿¾ÐÍX·Ðºl´�Æ �`Ç$´/�ÅÆ�¾
± ! ³*�`Ç�È`¾@º��f¹J¾3�¿Æ�³0¹`¾@º��0Ç@³4¹¿¹`¾$Ô�µd³4¹¸º
± $ �¾&Ò ÍX¾@º�ÀÅ¾�É�³4¹¿¹`¾�½�Æ�·&´nµ 4
�`¾	� ¾@ºRºo·Jµ�,�¾�Æ�Æ�¾&�ÅÆ �PÏ�·�¹��`¾�Í_³*�~ºR¼&ºx´0Ñ¾�Ï{·&´ 	��

± ��
 �_ºl´P¾�Ï�¾¸¹Ì´�ÀÅ¾@º�½J·�Æ�·ÅÏ �¾$´�Æ�¾@º
± Ê4³*�ÅÆ �Å¹J¾�ºl´�Æ �`Ç$´%�¿Æ�¾�¾$´ �¿¹�Ç@³0À¿·�Ò¿¾ "}Ô�Ñ¾ º
± 7 ½&´�µËÏ µdºo·s´�µd³0¹�¹¸³4¹(1PÍ\µ�¹�Ñ¾&·�µËÆ�¾ �lÀ/µX¶_¾�ÆÖº!Ç�Æ]µ ´%�¾�Æ�¾@ºk¾�´!·ÅÍXÒJ³2ÆpµD´�È¿Ï{¾@º/�

� � 	
.H·ÅÍ\µ\À¿·s´�µd³0¹�Ç�ÆÖ³}µdº0Ñ¾&¾�½�³ �ÅÆ�Ñ¾@¶`µD´o¾¸Æ�ÍÎ¾�º/�ÅÆ 1x·Å½Å½`Æ�¾¸¹Ì´nµXºFºo·`ÒÅ¾
�

Ecole KDD - Lyon 19.12.1997 � �



� �
� ����� �-�4� �
�����
� � ��� � �I� � ��� ��� � ��� �^������ ��� ���

CCT

Pu

Qu

(a) Initial values of the weights are random

α1,10

α2,10

β1

β2

β10

Hidden layer uses

hyperbolic tangent 

Output layer is a linear combination

activation functions.

Pu -0.40132

-0.60271

-0.056020

-0.067897

0.000194

0.000822

Qu

-0.00085

-0.00051

CCT

layer

α1,1
Input

Hidden layer

layer

Output

Pe=0.25%

(b) After training the weights are tuned to fit the problem
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Distribution of approximation errors

in the test set: CCT(SBS)-CCT(ANN) ms

Maximal absolute error = 3 ms

-5 -2.5 0.0 2.5 5
0.0

25.

50.

75.

100.
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175.

Mean absolute error = 0.4 ms

states
Nb of

CCT(SBS)-CCT(ANN) ms
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700. 800. 900. 1000. 1100. 1200. 1300.

Pu (MW)
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Nearest neighbor (state 2276)Pu=1090MW

Zoom around state 4984

Qu=-20Mvar

3000 learning states

Nearest neighbor : state 2276
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± � Æ�É`Æ�¾@ºÁ¾$´kÆ¸Ñ¾@ºo¾s· �&Ô ÀÅ¾Ð¹J¾3�¿Æ�³0¹`¾@º
� Æ�É`Æ�¾@ºÁÀÅ¾�À�Ñ¾&ÇÌµXº�µd³4¹Rn¯Ç@³4ÏÕ½`Æ¸Ñ¾¸ÈJ¾�¹_º�µËÉ�µËÍ\µ ´4Ñ¾�¾$´�µ ÀÅ¾�¹&´�µ#"5Ç&·&´nµX³4¹�ÀÅ¾@º

·s´l´�ÆpµËÉ��&´Fº!º�µ\Ò ¹�µ#"5Ç&·&´nµ+'�º�	
$ Ñ¾@ºo¾s· �&Ô ÀÅ¾Ð¹J¾3�¿Æ�³0¹`¾@ºrn�ºR³ �¿½ÅÍÎ¾ ºRºo¾{ÀÅ¾�ÏÁ³0À�Ñ¾�Í\µXºo·s´�µd³4¹ �UºR³/Æ�´nµ ¾@º

Ç@³4¹Ì´nµ�¹ �`¾@º/�
± � Æ�É`Æ�¾@ºÁ¾$´kÏ Ñ¾$´�È_³ÃÀÅ¾�À�� ½ÅÍ��_º{½�ÆÖ³0Ç�È`¾�¶&³}µXº�µË¹
Ê�Í��_º�½�ÆÖ³0Ç�È`¾�¶&³�µdº�µË¹2n�À/µ\·`Ò ¹¸³Åºl´nµ Ç ½ÅÍ��¸º "�¹<� ½�³ÅºRº�µËÉ�µ�Í\µ ´4Ñ¾ ÀÅ¾

Çs¾�Æ�¹`¾�Æ�ÍX¾ ÀJ³0Ï{·�µË¹J¾ ÀÅ¾�¶¸·ÅÍ\µ À/µD´0Ñ¾ �PÆ�¾ 
 ¾$´
ÀÅ¾ÕÀ2µdºl´P·Å¹`Ç&¾&�

± � Æ�É`Æ�¾@º �4³*�_º n�·�½¿½�ÆÖ³0Ç�È`¾ µ�¹&´0Ñ¾&Ò}Æ_Ñ¾&¾ 4
��µ�Ç@³4ÏÕÉ�µË¹J¾ ÍÎ¾@º�½�³¿ºRºnµ+1
É�µ�Í\µD´0Ñ¾@º�ÀÅ¾@º�·�Æ�É`Æ�¾@º�À¿¾jÀ�Ñ¾sÇ_µXºnµX³4¹!¾$´�ÀÅ¾@ºvÆ¸Ñ¾ ºo¾&· �&Ô
ÀÅ¾�¹`¾&�ÅÆÖ³4¹J¾ º

�
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± ! ³4¹_ºl´$Æ �JÇ�´�µd³0¹�À5Â��Å¹ ·�Æ�É`Æ�¾�ÀÅ¾�À�Ñ¾&Ç_µdº�µX³4¹
� Æ�·Å¹`À�¹_³0ÏÕÉ`Æ�¾{ÀÃÂÄ·&´x´$Æ]µ�É �Ì´Fº�Ç&·Å¹`À2µ\ÀÅ·&´Fº
� ºFºo¾ � Æ�·Å½�µ\À¿¾ÐÏ 6 ¾�Ï{¾Ð½�³ �ÅÆ �Å¹`¾�Ò}Æ�·Å¹`À¿¾ÐÉ`·_ºo¾ÕÀÅ¾�ÀJ³0¹Å¹HÑ¾&¾@º
Ê�Æ¸Ñ¾&ÇÌµXº�µd³4¹�ºR³*�_¶¸¾�¹&´wºF³*�_º21U³4½&´�µËÏ�·�ÍÎ¾

± ! ³4¹_ºl´$Æ �JÇ�´�µd³0¹�À5Â��Å¹-Æ¸Ñ¾ ºo¾&· ��À¿¾�¹`¾&�¿Æ�³0¹`¾@º
0 ¹�µ 4
�`¾�Ï{¾�¹Ì´kÍÎ¾ ºÁ·&´x´$Æ]µ�É �&´Rº�µ\À¿¾¸¹Ì´nµ+"�Ñ¾@º!Ç ³0ÏÕÏ�¾Ð½�³�´o¾¸¹Ì´nµ ¾¸ÍÄÍX¾�Ï{¾�¹Ì´ �&´�µËÍX¾@º
Ó�¹ Ò�Ñ¾¸¹HÑ¾�Æ�·ÅÍ4Æ�¾�ÍX·&´nµX¶_¾�Ï�¾¸¹Ì´zÍX¾�¹Ì´kÍ ³/ÆÖº�À¿¾�Í=ÂÄ·Å½Å½`Æ�¾¸¹Ì´nµXºFºo·`ÒÅ¾
$ Ñ¾@º/�ÅÍO´o·s´�À2µ �-Ç_µ�ÍX¾ �U¶&³}µ�Æ�¾Õµ�ÏÕ½�³¿ºRºnµ�ÉÅÍÎ¾3� �·�µË¹Ì´P¾�Æ�½�Æ¸Ñ¾$´P¾�Æ

± Ó5Ô&´�Æ�·`Ç�´�µd³0¹�À¿¾ÐÆ_Ñ¾&Ò ÍÎ¾@º�À��-Æ¸Ñ¾@ºo¾s· ��ÀÅ¾�¹J¾&�ÅÆÖ³4¹`¾@º
! ³4¹_ºl´$Æ �JÇ�´�µd³0¹�À5Â��Å¹ ·�Æ�É`Æ�¾�ÀÅ¾�À�Ñ¾&Ç_µdº�µX³4¹
½�³*�ÅÆq´$Æ�·`À���µËÆ�¾ÐÍX¾ÐÆ¸Ñ¾@ºP¾&· � ÀÅ¾�¹`¾&�ÅÆÖ³4¹J¾ º

�
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± ! ³4¹_ºl´$Æ �JÇ�´�µd³0¹{ÀÃÂ��¿¹Á·�Æ�É`Æ�¾�À¿¾�À�Ñ¾&Ç_µdº�µX³4¹ n�µ ÀÅ¾�¹&´�µ#"5Ç&·&´nµX³4¹ÁÀÅ¾@º�·&´x´�ÆpµËÉ��&´Rº�¾$´
Ï�¾ º/�¿Æ�¾!ÀÅ¾zÍX¾&�¿Æ�½�³ �_¶&³�µËÆ�ÀÅ¾wÀ2µdºoÇ�Æ]µ�Ï�µË¹J·s´�µd³0¹ � � 4��`·Å¹&´�µD´0Ñ¾jÀ5Â�µË¹(']³2Æ�Ï�·s´�µd³0¹
·Å½Å½�³2Æ�´4Ñ¾&¾�ÀÅ·Å¹_º{Í=ÂÄ·�Æ�É`Æ�¾3�

± 0 ´nµËÍ µdºo·&´nµd³0¹ À¿¾ º�·s´l´�ÆpµËÉ �Ì´FºÁµ\ÀÅ¾�¹Ì´nµ#'�Ñ¾@ºÁ¾$´�ÍX¾&�¿Æv½�³ �¸¶&³}µËÆ¯ÀÅ¾�À/µXºPÇ�ÆpµËÏ µË¹`·&´nµX³4¹
½�³*�ÅÆ�À�Ñ¾/"�¹�µ�Æ�ÍÎ·�À/µXºl´P·Å¹`Ç&¾4	

± � ½Å½ÅÍ µ\Ç&·&´nµd³0¹�À
� � � � ¾$´ �&´�µËÍ\µXºo·s´�µd³4¹¡À����;ÍÎ¾&·Ì¶¸¾/1�³0¹`¾/1U³ �&´��~½�³ �¿Æ2À�Ñ¾$´P¾�Æ�Ï µË¹J¾¸Æ
ÍÎ· É�³4¹¿¹`¾�¶¸·ÅÍX¾&�ÅÆHÀÅ¾ �

± Óf¶¸¾�¹&´/�`¾�Í ÍÎ¾¸Ï�¾�¹&´
± � 
 �_ºl´P¾�Ï{¾�¹Ì´�À¿¾ º{½�³4¹JÀ�Ñ¾�Æ�·s´�µd³4¹¸º!ÀÅ·Å¹_º{ÍX·�À2µdºl´P·Å¹`Ç&¾ � � � �

± � Ñ¾/"�¹�µD´�µd³4¹ÐÀÅ¾�À/µXºl´P·Å¹`Ç&¾@º�ÍD³ÃÇs·ÅÍX¾@ºPn �&´nµ�Í\µXºP·&´nµX³4¹�ÀÅ¾ÐÍÎ·�À�Ñ¾&Ç@³4Ï�½�³Åº�µD´�µd³0¹
ÀÅ¾�Í=ÂÄ¾@º$½`·`Ç&¾�ÀÅ¾@º�·&´x´$Æ]µ�É �&´Rº!À�Ñ¾/"�¹�µ\¾Ð½`·�ÆvÍ ÂÄ·�Æ�É`Æ�¾4	

�
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�v·Å¹_º~É¿¾&· �`Ç@³ �¿½�ÀÅ¾Ð½`Æ�³0ÉÅÍ��¾¸Ï�¾@ºzÍÎ¾ º!Ç�ÍÎ·ÌºRºo¾@º�¹`¾�ºR³0¹&´~½`·_ºw¶JÆ�·�µËÏ{¾�¹Ì´wÀ�Ñ¾/"�¹�µ\¾@º
ÀÅ¾�Ï�·�¹�µ �¾�Æ�¾ ¹J¾�´l´P¾4	

Ê5·�Æ�¾$Ô�¾�Ï�½ÅÍX¾ n�¾�¹
ºx´o·�É�µËÍ µD´0Ñ¾~´$Æ�·Å¹_º�µ ´F³}µ�Æ�¾

0

1

Marge de stabilité (p.ex. CCT)

µ

instable

Degré d’appartenance

stable très stable 

� ¾@º�·�Æ�É�Æ�¾@º��4³*�_º!¾$ÔÅ½ÅÍD³�µD´o¾¸¹Ì´�À¿¾@º~µË¹ ']³/Æ�Ï{·&´nµX³4¹_º�� /OD435*

� � 	 � ³*�_º21x¾�¹¸ºP¾�Ï�ÉÅÍX¾L�4³ ��� ÀÅ¾
	 ¾@ºl´�À�Ñ¾sÇ�ÆpµD´�½`·�Æ �¿¹`¾�� /.0OE?#&%)/40 1�af,?X.XZ,�9 #;3:04,Y0OE�3


�� ��� � n�	 � � 	 � � � ���
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� �
�jµ ��Ñ¾�Æ�¾¸¹JÇ&¾ º~½`ÆpµË¹`Ç_µ�½`·ÅÍX¾@º!¾�¹&´�Æ�¾Õ·�Æ�É�Æ�¾@ºN�4³ �¸º�¾$´�¹`¾$´Rº

1

0

1

0

1

0

µ

1

0

µNET FLOU

Information en sortie

Information Entrée / Sortie

STABLE

INSTABLE INSTABLE

STABLE

marge de sécurité marge de sécurité

GAUCHE

DROITE DROITE

GAUCHEAttribut Attribut

1 seuil net 2 seuils

1 seuil net 2 seuils

Chaque état appartient à une seule feuille

L’information en sortie est discontinue.
Pas d’indication sur la distance à l’autre classe

Un état peut appartenir à plusieurs feuilles
avec différents degrés d’appartenance

L’information en sortie est continue et 
fournit une mesure de la distance à l’autre classe

Types de noeuds de test

�jµdºoÇ�Æ¸Ñ¾�´�µdºo·&´nµd³0¹��4³ �J¾onwÆ�¾&Ç�È`¾�Æ�Ç¸ÈJ¾�À¿¾ � ³4¹`¾@ºkÀÅ¾~´�Æ�·Å¹_º�µD´�µd³4¹�� � ºo¾&��µ�ÍDº/�C	
�
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² Ñ¾�´$È_³0À¿¾ � ³4¹JÇ�´�µd³0¹Å¹`·ÅÍ\µ ´4Ñ¾@º ! ³0ÏÕ½ �Ì´P·&´nµX³4¹�	
� ½Å½`Æ�¾¸¹Ì´ 	 0 ´nµ�Í\µXº 	

� � � ¾�´Rº �h³0¹Å¹`¾ µË¹Ì´P¾�Æ�½`Æ¸Ñ¾�´o·�É�µËÍ µD´0Ñ¾ �FÒ ÍD³0É`·ÅÍX¾&� 	
�h³0¹Å¹`¾ ½`Æ¸Ñ¾sÇ_µXºnµX³4¹ ½�³ �¿Æ ½�ÆÖ³4É¿Í��¾�Ï{¾@º
º�µ�ÏÕ½ÅÍÎ¾@º �~Í ³0Ç&·�Í µdº0Ñ¾@º�	 � ·�µËÉ¿ÍX¾ ½�Æ¸Ñ¾&ÇÌµXº�µd³4¹
½�³ �ÅÆ�½`Æ�³0ÉÅÍ��¾¸Ï�¾@º!Ç ³0ÏÕ½¿ÍX¾$Ô`¾ º��0À2µ � �_º�	

»�Æ �¾@º�É�³4¹ »�Æ �¾@º�É�³4¹

² � Ê �h³0¹Å¹`¾ ½`Æ¸Ñ¾sÇ_µXºnµX³4¹ 	 �S¹Ì´P¾�Æ�½`Æ¸Ñ¾�´o·�É�µËÍ µD´0Ñ¾
'�·�µËÉ¿ÍX¾4	w²�·�Æ�Ò¿¾ º!¾$´�ºo¾�¹_º�µËÉ�µËÍ µD´0Ñ¾@º�	

»�Æ �¾@º�ÍX¾�¹&´ � ³0¹
� �

��
�

� ��� �h³0¹Å¹`¾ µ�¹&´P¾�Æ�½�Æ¸Ñ¾$´P·ÅÉ�	 �PÍ ³0Ç&·�ÍÎ¾3� 	 � µ�Ï 1
½¿Í\µ ÇÌµ ´4Ñ¾�Ç@³4¹JÇ&¾¸½Ì´%�J¾¸ÍÄÍX¾4	

»�Æ �¾@º�ÍX¾�¹&´ »�Æ �¾@º�ÍX¾�¹&´

� � � ÍD³*�_º �h³0¹Å¹`¾{µË¹&´o¾�Æ�½`Æ¸Ñ¾$´o·�É<	
�lÒ}ÍD³0É`·ÅÍX¾&� 	 � ¼�Ï 1
É�³4Í\µ 4��J¾ ºk¾$´~Ç@³4¹Ì´nµË¹��_º�	{Ê�Í��¸º�½�Æ¸Ñ¾&ÇÌµXºÁ¾�´
½¿Í��¸º�ÆÖ³4É �¸ºl´P¾@º 4��`¾ � � ¹J¾�´Rº�	�²Õ·�Æ�ÒÅ¾@º
¾$´wºo¾¸¹¸º�µËÉ�µ�Í\µ ´4Ñ¾@º�	

� ¾�¹&´ � ³0¹

� � 1�² � Ê � � � ² � Ê � ¾�¹&´ � ³0¹� �
� �	 


�
�

� � � � ��� � � � � � � � ¾�¹&´ � ¾�¹&´
�
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���¡ ;¢+£u� ¤n¤

¥ ¦��¢¨§v��©���ª ©�� � �!�Ö£u©k��¢+£u�Õ�

� � ��� �	��� ������� 


� �r��� � � ��������� �-�5�
� ���3� ���������R��� �	��� ��� � � ���
�

� � �
� � � �
�
�&� � ���
� �
���<� � ��� � �
� �	� ���-��� ������� ��� � �
� � � ���

�
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� �
� ��� �	��� ����� � 


.vµdº�µX³4¹�´�ÈHÑ¾@³/Æpµ 4
�`¾�ÀÅ¾ÐÍ ÂÄ¾�Æ�Æ�¾&�ÅÆH¾�¹ Ò�Ñ¾�¹�Ñ¾�Æ�·�Í µdºo·s´�µd³0¹ n

��Ñ¾/"�¹�µ ´nµX³4¹_º~½`ÆÖ³4É`·ÅÉ�µ�Í\µXºx´o¾@º

± Ê�ÆÖ³4É¿Í��¾�Ï{¾@º�À¿¾�Ç�ÍX·_ºFº�µ+"5Ç&·s´�µd³4¹Rn
� � ��������� � �PÏ{·&´�Æpµ\Ç&¾�ÀÅ¾�Ç@³0¹(' �_º�µd³0¹ �¡¾�´ � � � � 1
	 � � � ��������� � � � ��� �
� � 	 ��� À�Ñ¾sÇ_µXºnµX³4¹ À
��ÏÁ³0À��¾�ÍX¾�
 ��� Ç�ÍX·_ºRºo¾ Æ¸Ñ¾&¾�Í ÍX¾

± Ê�ÆÖ³4É¿Í��¾�Ï{¾@º�À¿¾ÐÆ¸Ñ¾&Ò}Æ�¾@ºRº�µd³4¹Rn
��� ��� ��� ������³ � ����� � ��� � �
� � 	��{ºF³2Æ�´nµ\¾�¾@ºx´�µËÏ Ñ¾s¾Ð½J·�ÆvÍX¾ÐÏÁ³0À��¾�ÍX¾�
 � ºR³/Æ�´nµ ¾�Æ¸Ñ¾s¾�ÍÄÍX¾4	

$ ¾�Ï�·¸Æ 4��J¾�n�À���½�³�µË¹Ì´�ÀÅ¾¡¶ �J¾¡ºl´P·&´nµXºx´�µ 4
�`¾4�}ÍX¾@ºwÏ~³0À
�¾�ÍX¾@º�ºR³4¹Ì´�ÀÅ¾@º ']³4¹`Ç$´�µd³4¹¸º
·�Í�Ñ¾s·&´F³�µËÆ�¾@º �ÃÇs·�Æ�À�Ñ¾&À���µ ´Fº!À5Â��Å¹ Ñ¾&Ç�È`·Å¹&´nµ�Í Í ³4¹�·ÅÍUÑ¾&·&´F³}µ�Æ�¾�À¿¾~´P·�µËÍÄÍX¾ "r¹�µ\¾4	
�
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� �
»�Æ�³�µdº�ºR³*�ÅÆ�Çs¾@ºÁÀÃÂÄ¾�Æ�Æ�¾&�¿Æ�º!¾�¹�Ò�Ñ¾�¹�Ñ¾�Æ�·�Í µdºo·s´�µd³0¹
± �S¹JÇ&¾¸Æ�´nµ ´%�JÀÅ¾ÐÆ¸Ñ¾ º�µ À��`¾�ÍÄÍX¾ n�Ï�µ�¹�µËÏ �ÅÏ ´�ÈHÑ¾ ³2Æpµ 4��J¾ �lÇ/'jÏ~³0À
�¾�ÍX¾�ÀÅ¾��q· ¼M¾@º/�
±���µ\·�µdº n¯¾¸Æ�Æ�¾3�¿ÆHÀ��-Ï~³ÃÀ��¾�ÍX¾ÐÏÁ³�¼M¾�¹��PÏ~³`¼M¾�¹Å¹`¾�º/�¿Æ�À/µ ��Ñ¾�Æ�¾�¹&´Fº{Ó � �
± .H·�Æ]µ ·�¹JÇs¾ n�Ñ¾&Ç&·�Æu´�ÏÁ³�¼M¾�¹�¶�µXº21 �·(1�¶`µXº�À�� Ï~³ÃÀ��¾�ÍX¾ÐÏÁ³�¼M¾�¹

»�¾¸¹JÀÅ·Å¹`Ç&¾@º�Ò�Ñ¾¸¹HÑ¾�Æ�·ÅÍX¾@º
± �S¹JÇ&¾¸Æ�´nµ ´%�JÀÅ¾ÐÆ¸Ñ¾ º�µ À��`¾�ÍÄÍX¾ � ÍD³2ÆÖº 4
�`¾�ÍX¾�¹�µd¶¸¾&·���ÀÅ¾ÐÉ`Æ ��µD´ �
� ¾ÕÀ�Ñ¾�½¿¾�¹`À�4��`¾�À¿¾@º�Ç&·�Æ�·`Ç$´4Ñ¾�Æ]µXºl´nµ 4
�`¾@º!À��-½`ÆÖ³4ÉÅÍ��¾�Ï{¾
�PÆ�¾�ÍX·&´nµX³4¹_ºk¾�¹&´�Æ¸Ñ¾&¾-,�ºR³/Æ�´nµ ¾�¾$´�À2µdºl´�ÆpµËÉ��&´nµX³4¹¸º�ÀÅ¾Ð½`ÆÖ³4É`·ÅÉ�µ�Í\µ ´4Ñ¾&�

± ��µ\·�µdº � ÍD³2Æ�º 4
�`¾ ! ³0ÏÕ½ÅÍÎ¾$ÔJµ ´4Ñ¾�À
��ÏÁ³0À��¾�ÍX¾
! ³4Ï�½ÅÍÎ¾�Ô�µ ´4Ñ¾�À�� ½`Æ�³0ÉÅÍ��¾�Ï�¾ � 	

± .H·�Æ]µ ·�¹JÇs¾ � Í ³/ÆÖº 4��J¾ ! ³4ÏÕ½¿ÍX¾$Ô�µD´0Ñ¾�À�� Ï~³0À
�¾¸ÍÎ¾
»�·Jµ�Í ÍX¾ Ó � � 	

� ! ³4ÏÕ½`ÆÖ³4Ï�µXº~É�µ ·JµXº ,`¶¸·¸Æpµ\·Å¹`Ç&¾
�
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� �
� ��� ��� � � ���
� ��� � � ��� � � � ���4��� � ��� ����� � � �
� ���-�������

± 7 ¹ Ç�È`¾�Æ�Ç¸ÈJ¾ �· Ñ¾@¶¸·ÅÍ��`¾�ÆhÍÎ¾@º¡½/¾¸Æ ']³4Ï�·�¹JÇs¾@º¯¾¸¹�Ï~³`¼M¾�¹Å¹`¾wº/�ÅÆ �Å¹`¾!Ç&¾¸Æ�´P·�µË¹J¾
Ò¿·�Ï�Ï{¾�ÀÅ¾�½�ÆÖ³4É¿Í��¾�Ï{¾@º

� Ê�ÆÖ³4É¿Í��¾�Ï{¾@º�À¿¾~´P¾@ºl´�À/µX¶_¾�ÆÖº�µ#"�Ñ¾@º

± 7 ¹ Ç¸ÈJ¾�Æ�Ç�È`¾��· Ñ¾@¶¸·�Í��`¾�ÆH·��¸ºRºnµrÍX·�ÆÖ³4É �¸ºl´P¾@ºRºP¾

� Óf¶¸·ÅÍ��`·&´nµX³4¹!À¿¾BÍÎ·¡¶¸·�Æ]µ ·�¹JÇ&¾B½J·¸Æ+Æ�·Å½Å½�³/Æ�´ �·�Í=ÂRÑ¾&Ç�È`·Å¹&´�µËÍ Í ³4¹BÀÃÂÄ·Å½Å½`Æ�¾¸¹Ì´nµXºFºo·`ÒÅ¾

� Óf¶¸·ÅÍ��`·&´nµX³4¹ À¿¾ Í=Â�µ�¹����J¾�¹`Ç&¾ ÀÅ¾ À/µX¶¸¾¸ÆÖº ½J·�Æ�·ÅÏ �¾$´�Æ�¾@º �P¹�µd¶¸¾&·�� À¿¾ É`Æ ��µD´��
À2µËÏ{¾�¹¸ºnµX³4¹¸º�ÀÅ¾�ÍX· � �>��´�¼�½¿¾�À¿¾�½`Æ�³0ÉÅÍ��¾¸Ï�¾@º 	
	
	��

± � ³�´�µd³0¹�µ�ÏÕ½�³2Æu´o·�¹Ì´P¾on ¶¸·�Æ]µ ·�¹JÇs¾{ÀÅ¾@º{½`·�Æ�·ÅÏ �¾$´$Æ�¾@º ÀÅ¾@º{Ï~³0À
�¾¸ÍÎ¾@º
Ê5¾&�Ì´�Æ�¾�¹`À}Æ�¾ÐÍ Â�µË¹Ì´P¾�Æ�½`Æ¸Ñ¾�´o·s´�µd³0¹�½ÅÍ��_º�À2µ �-Ç_µ�ÍX¾

�
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� �

� ��� ��� �
����� � ��� � � � �� � ��� �5�
� �	� � � ������� ��� �

! ¾ 4
��µ0µË¹Ì´4Ñ¾�Æ�¾@ºRºo¾ �¿¹ �&´nµ�Í\µXºP·&´P¾&�¿Æ�¾�¹ ½�Æ�·&´nµ 4
�`¾
± 0 ¹`¾Õ¾@ºl´nµ�Ï Ñ¾&¾ÕÀ¿¾ � � ³ � � � � � � � � � �?�5Ç&¾�Æ�´P¾@º
± ²�·JµXº�µËÍ '�· �`À Æ�·�µD´ 4
�}ÂÄ¾�Í ÍÎ¾�ºF³�µD´�Æ�¾¸½`Æ¸Ñ¾ ºo¾�¹&´o·s´�µd¶¸¾�ÀÅ¾@ºqÇ@³4¹JÀ/µ ´nµd³0¹_º¨ÀÃÂ��Ì´nµ�Í\µdºo·&´nµX³4¹
�lÇ/' 	�½�ÆÖ³4É¿Í��¾�Ï{¾@º�¹_³0¹(1Uºx´o·s´�µd³0¹Å¹`·�µËÆ�¾@º�� � � ³4ÉÌ´P¾�¹ �J¾@ºhÀ¿¾ '�·��Ç@³0¹vºR¼�¹&´�ÈHÑ¾$´nµ 4
�`¾4	
	
	��

± ��¾ ½ÅÍ��_º��qµËÍ�¾@ºx´{¾�¹ Ò�Ñ¾�¹�Ñ¾�Æ�·ÅÍ}ºR³*�ÅÈ`·�µD´o·�É¿ÍX¾�ÀÃÂÄ¾��q¾&Ç$´%�`¾�Æ �Å¹J¾�·�¹J·�Í ¼&ºP¾�½¿Í��_º
"�¹J¾ÕÀ¿¾ ºk¾�Æ�Æ�¾&�ÅÆÖº
± � · �_ºRºo¾@º�·ÅÍX·�Æ�Ï{¾@º�¶&º�¹¸³4¹ 1xÀ�Ñ¾�´o¾&Ç�´�µd³0¹_º
�lÇ@³ 6�Ì´Fºk·ÌºRºR³0Ç_µxÑ¾@º�½/¾3�¸¶¸¾¸¹Ì´ 6¾$´$Æ�¾~´$Æ �¾@º�À2µ ��Ñ¾�Æ�¾�¹Ì´Fº/�

± Ó�Æ�Æ�¾&�ÅÆÖº!Ò Æ�·_¶_¾@º!¶sºk¾�Æ�Æ�¾&�ÅÆÖº�Ï{·�Æ�Ò/µ�¹`·ÅÍX¾@º
�P½`Æ�³ÃÇ¸ÈJ¾@º!ÀÅ¾@º�'xÆÖ³4¹&´�µ �¾�Æ�¾ º��0À¿¾ '�·�µËÉÅÍÎ¾�·�Ï�½ÅÍ µD´%�JÀÅ¾4	
	
	��

± �uÀ¿¾�¹&´nµ+"5Ç&·s´�µd³0¹�ÀÅ¾@º�Æ¸Ñ¾&Ò/µX³4¹_º¨³	���ÍÎ¾@º�½¿¾�Æ ']³/Æ�Ï{·Å¹`Ç&¾@ºfº&ÂRÑ¾&Ç&·¸Æ�´P¾�¹Ì´�À¿¾jÍX·zÏ~³`¼M¾�¹Å¹J¾
�
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� �
± ! ¾¸Æ�¹`¾�ÆvÍÎ¾�ÀJ³0Ï{·�µË¹`¾�À¿¾�¶¸·ÅÍ\µ\À2µD´0Ñ¾�ÀÃÂ��Å¹ Ï~³ÃÀ��¾�ÍX¾�¾$Ô&´�Æ�·Jµ ´�À5Â��Å¹J¾ �
�

± $ ¾@¶�µ ¾�¹&´ �·�Ç&¾¸Æ�¹`¾�Æ�ÍX¾�À�³4Ï�·Jµ�¹`¾�ÀÅ¾�¶¸·�Í µ\À/µ ´4Ñ¾�À¿¾ÐÍX· � �

± 7 �&´�µËÍ º~· �&Ô�µ�Í\µ\·�µËÆ�¾@ºSnw·Å¹`·ÅÍD¼&ºo¾@º~À¿¾ÕÇ@³2Æ�Æ¸Ñ¾�ÍX·&´nµd³0¹_º��hÈ�µXºl´F³2Ò}Æ�·ÅÏÕÏ�¾@º ��À/µXº21
´�ÆpµËÉ��&´�µd³4¹�ÀÅ¾@ºkÀ/µdºl´o·�¹JÇs¾@ºk·��ÌÔ � ½¿Í��¸º�½`Æ�³0Ç�ÈJ¾ º!¶&³}µdº�µ�¹_º

± � Ñ¾&Çs¾@ºRº�µD´o¾ÕÀÅ¾@º{Ï Ñ¾$´�È¸³0ÀÅ¾@º ']³ �¿Æ�¹�µdºRºo·�¹Ì´�ÀÅ¾@º�Æ¸Ñ¾@º%�¿ÍO´o·s´Rº~µË¹Ì´P¾�Æ�½�Æ¸Ñ¾$´P·ÅÉÅÍX¾@º

± ! ³4¹('xÆÖ³4¹Ì´P·&´nµd³0¹�·_¶¸¾&ÇÐÍX¾@º�Ç@³4¹¿¹`·�µdºRºo·�¹JÇ&¾ ºkÀ���ÀJ³0Ï{·�µË¹`¾
± Ó�¹�Ò�Ñ¾�¹�Ñ¾�Æ�·�Í[�}ºR³ �_º�ÍÎ¾�Ç ³0¹&´$Æ 6³0ÍX¾�ÀÅ¾�Í=ÂÄ¾$ÔÅ½¿¾�Æu´
± � Ñ¾&Çs¾@ºRº�µD´o¾�À�³4¹JÇ �Å¹J¾ ½�Æ¸Ñ¾@ºP¾�¹Ì´P·&´nµd³0¹ ÀÅ¾@º-Æ¸Ñ¾@º/�ÅÍ ´P·&´Fº�ºR³*�_º �Å¹J¾ ']³2Æ�Ï�¾
Ç@³4Ï�½�Æ¸Ñ¾�È`¾�¹_º�µËÉ¿ÍX¾Õ½`·�ÆvÍÎ¾ ºk¾$Ô�½/¾¸Æ�´Fº{È �¿Ï{·�µË¹_º

± � ¼&ºl´%�¾�Ï{¾@º�»{² � �l»�Æ �&´$È(1�²Õ·�µË¹Ì´P¾�¹`·Å¹`Ç&¾/1 � ¼&ºl´P¾�ÏÁº%� �&´�µËÍ µdº0Ñ¾@º�À¿·�¹¸º�ÍÎ¾ º
ºR¼&ºx´/�¾�Ï{¾@ºq¾$ÔÅ½¿¾�Æu´Rº �¸ºnµ_ÍÎ¾ º Ç ³0¹Å¹J·JµXºFºo·Å¹`Ç&¾@ºqÀ/µXº$½�³4¹�µËÉÅÍÎ¾@ºhºR³4¹&´ ']³2Æ�Ï�·�Í µdº0Ñ¾&¾ º
ºR³ �¸º�']³/Æ�Ï{¾�µË¹ '�³2Æ�Ï{·&´nµdº0Ñ¾&¾ �PÏ{·�µdºkÇ�ÂÄ¾@ºl´�Æ�·¸Æ�¾�Ï{¾�¹&´~ÍX¾�Ç&·_º/�

�
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� �
�r����� � ������� � �-�&� � ���-��������� �

± $ ¾@º/�ÅÉ_ºl´�µD´%�Ì´nµX³4¹ ÀÅ¾ÐÍ ÂÄ¾�¹_ºo¾�ÏÕÉÅÍÎ¾�ÀÃÂÄ·Å½Å½`Æ�¾�¹Ì´nµdºRºo·`ÒÅ¾
��Ó�¹�Ò�Ñ¾�¹HÑ¾¸Æ�·ÅÍ4ÈJ·��Ì´P¾�Ï{¾�¹&´�É�µ\·�µdº0Ñ¾�ÀÅ¾ '�· �Ç@³4¹�³4½&´�µËÏ µdºl´P¾
Ó5Ô`¾�ÏÕ½¿ÍX¾�¾�¹-Æ¸Ñ¾&Ò}Æ�¾@ºRº�µd³4¹2n
! ·ÌºB´�Æpµd¶`µ\·ÅÍ�n�¾@ºl´nµ�Ï{·&´nµd³0¹ ÀÃÂ��¿¹�ÏÁ³0À��¾�ÍX¾�ºo·Å¹_º{½`·�Æ�·ÅÏ �¾$´$Æ�¾@º 
 ���
$ Ñ¾@º/�ÅÍO´o·s´�Ç�ÍÎ·ÌºRº�µ 4
�`¾ n�� ���� �

� 1��
�

� � Æ_Ñ¾&¾�Í
� �&´�Æ�¾Õ¾$Ô`¾�ÏÕ½¿ÍX¾ �lÇ�ÍX·_ºRº�µ#"5Ç&·&´nµd³0¹Õ³*�-Æ¸Ñ¾&Ò}Æ�¾@ºRº�µd³4¹��vn
�SÍÌ¾@ºl´ '�·`ÇÌµ�ÍX¾ �Uºo·�� 'f¾$Ô`Ç&¾�½&´nµX³4¹�Æ�·¸Æ�¾&�¨ÀÅ¾�Ç@³4¹_ºl´$Æ ��µËÆ�¾ �¿¹!·�Æ�É`Æ�¾�ÀJ³0¹&´�Í ÂÄ¾�Æ�Æ�¾&�ÅÆ
À¿¾ Æ�¾@º/�ÅÉ_ºl´�µD´%�Ì´nµX³4¹ ¾@ºl´�¹��ÅÍÄÍX¾4��Ï 6 ¾�Ï{¾Õº�µ�Í=ÂÄ¾�Æ�Æ�¾&�¿ÆvÆ¸Ñ¾@º�µ\À
�`¾�Í ÍÎ¾Õ¾@ºl´�´�Æ �¾ º{µ�Ï 1
½�³2Æ�´P·Å¹&´P¾4	

� ']³ �¿Æ�¹�µD´ �Å¹J¾ÐÉ�³/Æ�¹`¾�µË¹ '�Ñ¾¸Æpµ\¾&�¿Æ�¾{ÀÅ¾ÐÍ ÂÄ¾¸Æ�Æ�¾3�¿Æq¾�¹�Ò�Ñ¾�¹�Ñ¾�Æ�·�Í µdºo·s´�µd³0¹��5Æ�·�Æ�¾�Ï{¾�¹&´
½`Æ�³ÃÇ¸ÈJ¾�ÀÅ¾�Í=ÂÄ¾�Æ�Æ�¾&�ÅÆ�Æ¸Ñ¾s¾�ÍÄÍX¾
�lÀ5ÂÄ·��Ì´P·Å¹&´~Ï~³�µË¹_º 4���Â\³4¹�¾�ÔÅ½¿ÍD³}µ ´P¾ÐÉ�µ\¾�¹�Í Â�µË¹ '�³2Æ�Ï{·&´nµd³0¹�ÀÅ¾�ÍX· � ���C	

�
Ecole KDD - Lyon 19.12.1997 8 �



� �
± Ó�¹¸ºP¾�Ï�ÉÅÍX¾�ÀÅ¾~´o¾ ºl´ �lÀ¿¾�´o·Jµ�Í ÍX¾ � �
0 ¹ Ñ¾sÇ�ÈJ·�¹Ì´nµËÍÄÍD³0¹ µ�¹`À�Ñ¾¸½/¾¸¹JÀÅ·Å¹&´ ��³4É_ºo¾�ÆÖ¶_·&´nµX³4¹¸º '�·�µD´o¾@ºÕµ�¹`À�Ñ¾�½¿¾�¹JÀÅ·ÅÏÕÏ{¾�¹Ì´
À
�-Ï~³0À
�¾¸ÍÎ¾�¾$´~µË¹`À�Ñ¾�½¿¾�¹`ÀÅ·ÅÏÕÏ�¾�¹&´�ÍX¾@º �¿¹`¾@º�À¿¾@º�· �&´�Æ�¾@º/�
7 ¹ Çs·ÅÍXÇ&�¿ÍX¾ÐÍX·�ÏÁ³�¼M¾�¹Å¹J¾�ÀÅ¾@º�¾�Æ�Æ�¾&�¿Æ�º!º%�¿Æ�Ç�È`·54��J¾�³4É_ºo¾�ÆÖ¶_·&´nµX³4¹

� ¾@ºl´nµ�Ï Ñ¾&¾ÕÀ¿¾@º!¾ º$½HÑ¾¸Æ�·Å¹`Ç&¾@º�Ï{·&´�ÈHÑ¾�Ï{·&´nµ 4
�`¾@º�� � ��� ����� ��³ � � � ¾�¹�Ç¸ÍÎ·ÌºRº�µ#" 1
Ç&·&´nµd³0¹�� � � ��� ��� ������³ � ����� � ��� � �Á¾�¹-Æ¸Ñ¾&Ò}Æ�¾@ºRº�µd³4¹<	
»~È�Ñ¾@³/Æ �¾�Ï{¾�Çs¾�¹Ì´�Æ�·�Í 1;Í µËÏ�µ ´P¾
� ¾ ºB¾@ºl´nµËÏ Ñ¾&¾ º¡Ç ³0¹_¶¸¾�Æ�Ò¿¾�¹&´v¾�¹�½`ÆÖ³4É`·ÅÉ�µ�Í\µ ´4Ñ¾�¶¸¾¸ÆÖº�ÍÎ¾ º�¶�Æ�·�µ\¾@ºv¶¸·ÅÍX¾&�ÅÆÖº���·Ì¶¸¾&Ç
�¿¹ µË¹&´o¾�Æ�¶¸·ÅÍ ÍX¾�À¿¾�Ç@³4¹("�·�¹JÇs¾ 4
��µ�À�Ñ¾&Ç�Æ�³ 6! O´!¾�¹ �� � 	

��»~È�Ñ¾@³2Æ �¾�Ï{¾�·Å½Å½¿Í\µ Çs·ÅÉÅÍÎ¾kº�µrÍX¾@º�À¿¾3�ÌÔ�½�Æ�¾�Ï�µ ¾¸ÆÖº�ÏÁ³4Ï�¾¸¹Ì´Fº!¾$Ô�µdºl´P¾�¹Ì´ 	
	
	
Ê4³*�ÅÆ�À¿¾@º�¾@ºl´nµËÏ Ñ¾&¾ º � � ��� ����� ��³*� � � �Ç&·�Ï{·�Æ�Ç�È`¾ ��²�³}µX¶JÆ�¾/1 � ·�½¿ÍX·`Ç&¾3�

��¾�½ÅÍ��_º!³4¹ · 6������
� �� ���
	 �� ��

� Ó�¹-½`Æ�·&´nµ 4��J¾l�ÃÇs¾�ÍÎ·ÐÀ�³4¹¿¹`¾�ÀÅ¾@ºk¾ ºl´�µËÏ Ñ¾&¾@º�½`Æ¸Ñ¾sÇ_µXºP¾@º!ºnµ � � ��	
	�	 	
�
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± ² Ñ¾$´�È_³ÃÀÅ¾�ÀÅ¾�Æ�³�´P·&´nµX³4¹ �Uº�µr½`·_º�ÀÃÂÄ·_ºRºo¾ � À¿¾�ÀJ³0¹Å¹HÑ¾&¾@º�	
	
	��

Partitionnement de l’EA en  V parties de meme taille (N/V) ETi

ET1
ET3

ET4

ETv

ET2

Erreur i
Moyenne des Erreuri 
testé sur ETi
Pour chacun  EA i = EA \ ETi
modèle à valider)
utilisée pour construire le 
auxiliaires (selon la méthode 
Construction de V modèles

Modèle
àd’apprentissage

Ensemble 

valider (p.ex. un AD)

�S¹JÇ@³4¹_¶qÑ¾�¹�µ ¾�¹&´Pn�´o¾�ÏÕ½_ºkÀÅ¾�Ç&·ÅÍXÇ&�ÅÍ º �
� � ��	 � ��Ó5Ô�Ç&¾�½&´�µd³0¹ n � ��� �
! ·Ìº{½`·�Æu´�µ\Ç&�ÅÍ µ\¾�ÆNn�� ��� �PÍX¾&·_¶¸¾%1U³4¹J¾/1�³*�&´%�

�
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� ¬�¬��Ö£u����¢f£u����ª ©~����ª

�	��ª  �¦��ªf��� � � ¦���	����¢¨ &£�� �v�Hª

± � ³*�ÅÆ�Çs¾@ºkÀÅ¾ÕÀ�³4¹¿¹�Ñ¾&¾@º

± »�¼�½¿¾@ºÁÀÃÂÄ·Å½Å½¿Í\µ\Ç&·&´nµX³4¹_º

± 0 ¹ ¾$Ô`¾¸Ï�½ÅÍÎ¾ Æ¸Ñ¾&¾¸Í

�
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± ! ·�½Ì´P¾&�ÅÆÖº �· ÉJ·Ìºo¾�À¿¾�Ï�µ Ç�Æ�³0½�ÆÖ³0Ç&¾@ºFºo¾&�ÅÆÖº
� ¼&ºl´%�¾�Ï{¾@ºkÀÅ¾�½`ÆÖ³�´P¾&Ç$´nµX³4¹¸º~¹ �ÅÏ Ñ¾�Æ]µ 4��`¾@º
! ³4ÏÕ½Ì´P¾&�ÅÆÖº
Ó�¹¿Æ�¾&Ò/µXºl´�Æ�¾3�¿Æ�ºkÀÃÂRÑ¾@¶qÑ¾�¹`¾�Ï{¾�¹&´Rº
� � 	 ��µdºl´�ÆpµËÉ���Ñ¾@º�À¿·�¹¸º�ÍÎ¾ÐÆ_Ñ¾@ºo¾&·�� Ñ¾�ÍX¾&Ç$´�Æpµ 4
�`¾�¾$´!¾¸¹�´$Æ �¾@ºkÒ Æ�·�¹JÀ ¹¸³4ÏÕÉ`Æ�¾

± �q·_ºP¾@ºÁÀÅ¾�ÀJ³0¹Å¹HÑ¾&¾@º!ÀÃÂÄ·�Æ�Ç�È�µd¶¸·`ÒÅ¾
! ¾¸¹Ì´�Æ�¾@º�ÀÅ¾�Ç@³4¹`À
��µ ´P¾
� ¾�ÆÖ¶�µ Ç&¾ ºkÇ�Í\µ\¾�¹Ì´%�¾�ÍX¾4�fÏ�·Jµ�¹&´P¾�¹J·�¹JÇs¾{ÀÅ¾@º Ñ¾ 4
��µ�½¿¾�Ï{¾�¹&´Rº 	
	
	
� � 	 � µlÑ¾¸Æ�·�Æ�Ç�È�µ\¾{ÀÅ¾ � �

± ��³4¹Å¹HÑ¾&¾ º{½�ÆÖ³0À
��µD´o¾@º �· ½`·�Æ�´nµËÆHÀ¿¾�º�µËÏ �ÅÍX·&´nµX³4¹¸º
Ó�¹¸¶�µ�Æ�³0¹Å¹J¾¸Ï�¾�¹&´Fº!À¿¾�Ç@³4¹`Ç&¾�½&´�µd³0¹�¾$´!ÀÃÂÄ¾$ÔÅ½ÅÍD³�µD´o·s´�µd³4¹

� .q³4Í��ÅÏ{¾@ºkÀÅ¾�ÀJ³0¹Å¹HÑ¾s¾@º!Ò2µ\ÒÅ·Å¹&´o¾@º 4
�`¾@º��*4���µ}À¿¾�Ï{·Å¹`ÀÅ¾�¹Ì´ �· 6 ¾�´$Æ�¾�¾$ÔÅ½ÅÍ ³}µ ´4Ñ¾@º
�
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± ! ³4¹`Ç&¾�½&´�µd³0¹
�q·_º0Ñ¾&¾�º/�ÅÆ�ÍÎ·�º�µËÏ �ÅÍX·&´nµX³4¹�¹��ÅÏ Ñ¾¸Æpµ 4
�`¾ �FÇ%'�Ç@³4Ï�½�³/Æ�´P¾�Ï�¾¸¹Ì´�¹_³4¹ 1;Í µË¹HÑ¾s·�µËÆ�¾&�
Ó5Ô`¾�ÏÕ½¿ÍX¾@º\n-Æ_Ñ¾&Ò ÍÎ·�Ò¿¾�À¿¾ ½`Æ�³�´P¾&Ç$´nµX³4¹_º 
vÍ ³0Ç&·�Í µdºo·s´�µd³0¹ ÀÅ¾ ¹_³ �¸¶¸¾¸ÍÄÍX¾@º�Ç&¾�¹(1
´$Æ�·ÅÍX¾@º 
4¶¸·ÅÍD³2Æ]µXºo·s´�µd³4¹ Ñ¾&Ç@³4¹_³0Ï�µ 4��`¾{ÀÅ¾�¹_³*�_¶¸¾&·��ÌÔ Ñ¾ 4
��µ�½¿¾�Ï{¾�¹&´Rº 	
	
	

± ²�³0À�Ñ¾�Í µdºo·s´�µd³0¹
� µ\Ò ¹J¾@º 
 ! ¾�¹Ì´�Æ�¾¸ÍÎ¾@º 
 � Ò Æ¸Ñ¾sÒ¿·s´RºqÀÅ¾�Ç ³0¹_ºR³4Ï�Ï{·&´P¾&�ÅÆÖº 
�Æ_Ñ¾@ºo¾&·��ÌÔ Ñ¾$´�Æ�·�¹JÒÅ¾�Æ�º�	
	
	

± Ê�Æ¸Ñ¾&À/µ\Ç$´�µd³4¹
! ³4¹_ºR³0ÏÕÏ{·&´nµX³4¹ 
fÈ_¼¸À Æ�· �ÅÍ\µ Ç_µD´0Ñ¾�
�Ç@³ 6�Ì´Fº�À¿¾@º�Ç@³4Ï�É �_ºl´�µËÉÅÍÎ¾@º 	
	
	

± � �¿Æ�¶¸¾_µËÍÄÍX·Å¹`Ç&¾�¾$´�À�Ñ¾�´o¾&Ç�´�µd³0¹�À¿¾ÕÇ@³4Ï�½�³/Æ�´P¾�Ï�¾¸¹Ì´FºB·�¹¸³/Æ�Ï{· �&Ô
�q·�Æ�Æ�·`ÒÅ¾@º 
 $ Ñ¾&·�Ç$´o¾3�¿Æ�º�¹��`Ç�ÍUÑ¾&·�µËÆ�¾ º 
 � Æ�É`Æ�¾ º ÀÅ¾jÏ{·`Ç�È�µË¹J¾@ºr´F³*�ÅÆ�·�¹Ì´P¾@º 
`»�Æ�·Å¹_º21
']³2Æ�Ï�·s´o¾3�¿Æ�º�	
	
	

�
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... to knowledge

...

50MW Line in ...

100MW Line out ...

Security

margin<0

margin=50

...
voltage collapse

stable

Attributes

...

margin=50*TANH(100-P)+...

IF (P<100MW) AND (Line in) THEN (class=stable)

From data ...

Automatic
Learning

�
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On-line or off-line

Statistical

and ANN

models

 and rules

Decision trees

KB

scenarios

DB

Off-line, automatic, in parallel

security 

 preanalyzed

number of

Off-line in study environment

Large

DB : data base KB : knowledge base

Statistical methods

Decision trees

Artificial Neural Networks

Fast Decision Making

Physical Interpretation

Uncertainty Management

Extraction of

Synthetic Information

by automatic learning

Use of 

Synthetic Information

Numerical Simulations

Random Sampling

Study Definition

Data base generation

Random

� � 	 � Ñ¾&Ç&�ÅÆpµD´0Ñ¾j¶�µXº21 �·(1�¶`µXº�ÀÅ¾@ºwÆ]µXº 4��`¾@º�ÀÅ¾�½¿¾�Æ�´P¾!ÀÅ¾�ºl´P·ÅÉ�µËÍ µD´0Ñ¾Bº/��µD´P¾ �¿¹{µË¹`Ç_µ ÀÅ¾�¹&´
�
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Ê�Æ�¾�Í\µ�Ï�µ�¹`·�Æ�¼�Æ�¾�Ï{·�Æ � º

± � ¾&Ç&�ÅÆpµD´U¼�µË¹ '�³2Æ�Ï{·&´nµd³0¹ � � n}ºo¾@¶¸¾�Æ�·ÅÍ ��	
	�	 ºP¾&Ç&�ÅÆpµD´U¼ÕºoÇ&¾�¹`·�Æpµd³Åº

± � �J·�Í µD´U¼Õ³ '�´�ÈJ¾ � � n�ÀÅ¾$´o¾¸Æ�Ï�µ�¹`¾@º 4��J·�Í µD´U¼�³ '�¾$Ô&´�Æ�·�Ç$´o¾sÀ � ¹_³���ÍX¾&ÀÅÒ¿¾

± � ³*�Å¹`À�Ï�¾$´�È_³ÃÀJ³4Í ³2Ò�¼ÕµXº�¹`¾&¾&ÀÅ¾&À n�º�½/¾sÇ_µ+"5Ç&·s´�µd³4¹�·Å¹`À�¶_·ÅÍ\µ ÀÅ·&´nµX³4¹

± � Ç&¾�¹`·�Æpµd³Åº!º$È_³ �¿ÍXÀ É¿¾ �¿¹`Ç@³2Æ�Æ�¾�ÍX·&´P¾&À n�´F³ ·Å½Å½¿ÍD¼ � � ´R³}³4Í º

� � 	 � � º$½¿¾&Ç_µ#"5Ç&·&´nµX³4¹ µdºw´�µËÏ�¾ÕÇ@³4¹¸º%�¿Ï�µ�¹`Ò 	

� �Ì´ �+µ#'�À�³4¹`¾�½�ÆÖ³4½/¾¸Æ�ÍD¼{³4¹JÇ&¾l�rÏ{·@¼�ºo¾�Æ�¶¸¾�ºP¾@¶¸¾�Æ�·ÅÍ�´nµËÏ�¾@º 	

� � ¾$´j´$È`¾�Ç ³0ÏÕ½��&´P¾�Æ ÀJ³ ´�ÈJ¾ 
 ³4É ']³2Æ���È�µ Ç¸È µD´~µXº�É¿¾@ºl´�º/��µ ´P¾&À 	
	
	
�
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»kÈÅÆ�¾&¾ÕÇ@³4Ï�½�³4¹J¾�¹&´Fº

± �S¹�µD´�µ\·ÅÍ2³4½¿¾�Æ�·s´�µË¹`Ò ½�³�µË¹&´ � 7 Ê �`n
Ó 4
��µËÍ µËÉ`Æ]µ��ÅÏ �0ÀÅ¾/"�¹J¾sÀ ÉM¼�·Ì¶¸·�µËÍX·ÅÉÅÍÎ¾�¾(4���µ�½ÅÏ�¾¸¹Ì´Fº!·Å¹`À�´�ÈJ¾Ìµ�Æ�µË¹�µD´�µ\·ÅÍÅºl´P·&´P¾

± Ó5Ô&´P¾�Æ�¹`·ÅÍ2À2µdºl´%�¿Æ�ÉJ·�¹JÇ&¾ º ��Ó � � n
Óf¶¸¾�¹&´Rº ��È�µ\Ç�È�µ�¹�µ ´nµ\·&´P¾�À�¼�¹`·ÅÏ�µ\Ç@º � '�· �ÅÍ ´Fº���Í ³2·`ÀÐ´$Æ�¾�¹JÀJº ��� � �

± ��¼J¹J·�Ï µ\ÇÐÏÁ³0ÀÅ¾�Í\µ�¹`Ò È_¼�½�³�´�È`¾@º�µdº ��² � � n
� ºFº/�¿ÏÕ½&´�µd³0¹_º�³4¹ È_³�� ´�È`¾�ºR¼&ºl´P¾�Ï µdº�º/�Å½¿½�³Åºo¾&À�´F³ É¿¾�È`·_¶¸¾

� � 	

� 	 � ÍÄÍ¿´�ÈÅÆ�¾&¾ÐÏ{·@¼�¶¸·�Æ�¼ 'xÆÖ³4Ï ³4¹J¾�ºoÇs¾�¹J·¸Æpµd³ ´R³-·Å¹_³�´�ÈJ¾¸Æ �l¾$Ô`·ÅÏÕ½ÅÍÎ¾@º~ÍX·&´P¾�Æ �

� 	 � ³ � ´�È`¾@¼�¶¸·�Æ�¼�À¿¾�½¿¾�¹`ÀJº!³4¹ ´�ÈJ¾�³4É 
 ¾&Ç$´nµd¶¸¾�³�'�´�È`¾�ºo¾sÇ&�¿Æ]µ ´�¼�ºl´%�JÀJ¼

�
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Date base verification and validation

Random sampling of scenarios

Data base generation and management

Data base specification

Study specification 
Specifications

Numerical simulations of scenarios

Building of ground parameter files

�
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± � ´/�`ÀJ¼�ºoÇ ³0½¿¾
��¾%"r¹`¾�³0É 
 ¾&Ç$´nµX¶¸¾ ºw³�'�´$È`¾�ºl´%�JÀJ¼�·Å¹`À Æ�·�¹JÒÅ¾�³ '�´P·�Æ�ÒÅ¾$´�Ç@³0¹`À/µ ´nµX³4¹_º�	
»�¼�½¿¾@º�³ 'j½¿È`¾�¹_³0Ï{¾�¹`·�	 $ ·Å¹`ÒÅ¾�³�'�³4½¿¾�Æ�·s´�µË¹JÒ ½�³�µË¹Ì´Fº�·Å¹`À�'�·��¿ÍO´Rº 	
²�³0ÀÅ¾�Í µË¹`Ò ·_ºFº/�¿ÏÕ½&´�µd³0¹_º�	

± ��·s´o· É`·_ºo¾�½¿¾�Æqºo¾
± $ ·�¹JÀJ³0Ï ºo·ÅÏÕ½ÅÍ µË¹JÒ�º$½¿¾&Ç_µ#"5Ç&·&´nµX³4¹_º
�U¶¸·�Æ]µ ·�É¿ÍX¾@º!·Å¹`À�½`Æ�³0É`·ÅÉ�µËÍ µD´U¼�À2µdºl´�ÆpµËÉ��&´�µd³4¹¸º/�

± Ó5Ô&´�Æ�·�Ç$´o¾sÀ Ò ÆÖ³ �Å¹JÀJº{½`·�Æ�·ÅÏ{¾$´o¾¸ÆÖº
�l·&´x´$Æ]µ�É �&´o¾@º ��ºP¾&Ç&�ÅÆpµD´U¼�µË¹ ']³/Æ�Ï{·&´nµX³4¹ �

± � Ç&Ç&¾�½&´o·�É�µËÍ\µ ´�¼�Ç�ÆpµD´o¾¸Æpµ\·�·�¹JÀ "�ÍO´o¾�Æ]µ�¹`Ò
± � �ÅÏ�É¿¾�Æ�³�'�ºoÇs¾�¹J·¸Æpµd³¿ºw´R³-ºnµ�Ï �¿ÍX·&´P¾

� ²Õ·Å¹_¼�À2µdºoÇ&�_ºRº�µd³4¹¸º �wµD´$È�¾$ÔÅ½¿¾�Æu´Rº
�

Ecole KDD - Lyon 19.12.1997 �R�
� �

� �
�&� �	� �6� ���	����� �
�����
� �(� ���

Extracted ground parameters and status

OP=operating point

Random Sampling

Slave

Slave

Slave

Slave
Slave

OP ED MH

ED=external disturbances

MH=dynamic behavior hypothesis

Simulator input files

DB

Scenarios

A

Data Base

Results

Specs

OPs

EDs

MHs

A
priori posteriori

Simulation engine

Master

�
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Operating point

building and validation

Dynamic simulation

and validation

Valid?

Extraction of 

ground parameters

input files
OP

Dynamic simulator
input files

Ground parameter
specifications

Files from master

"Simulation rejected"

"OP rejected"

"Scenario accepted"

Ground parameters

Results back to master

no

yes

Valid?

no

yes

�
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0 º�µË¹JÒ�ÍD³�� ÍÎ¾@¶_¾�Í ÀÅ·&´P·�Ï�µ�¹�µ�¹`Ò�´F³}³0ÍDº �F¾l	ÄÒ�	�¶�µXº/�`·ÅÍ\µ � ·s´�µd³0¹_º/�

» ��³-ºl´o¾¸½¸º

± � ½�Æpµd³2Æ]µ�ÀÅ·&´P·�ÉJ·Ìºo¾�¶¸·ÅÍ\µ ÀÅ·&´nµd³0¹
� � ºFºo¾@ºRº{¾��q¾sÇ$´w³ ' "�ÍO´o¾¸ÆpµË¹JÒ�³0¹�Æ�·Å¹`ÀJ³0Ï ºo·ÅÏÕ½¿Í\µË¹JÒ-À/µXºx´$Æ]µ�É �Ì´nµd³0¹_º

± � ½�³Åºl´P¾�Æpµd³2Æ]µ�ÀÅ·&´P·�ÉJ·Ìºo¾�¶¸·ÅÍ\µ ÀÅ·&´nµd³0¹
� �q¾&Ç@³4Ï{¾ '�·ÅÏ�µ�Í\µ\·�Æ��wµ ´�È�´�ÈJ¾�ÀÅ·&´P·�É`·_ºo¾
� � ºFºo¾@ºRº ��ÈJ¾�´$È`¾�Æ¨´�ÈJ¾�ÀÅ·&´P· ÉJ·Ìºo¾ÐµXº�Æpµ\Ç�È�¾¸¹¸³ �JÒ È

� �v¾&Ç_µ\ÀÅ¾~´R³ Ï~³0À2µ#']¼�º$½¿¾&Ç_µ#"5Ç&·&´nµd³0¹_º��fÏÁ³0ÀÅ¾�ÍDº��}º�µ�Ï �ÅÍÎ·s´�µd³0¹�´R³}³4Í º

� � Ç&Ç&¾¸½Ì´j´$È`¾�ÀÅ·&´P·�É`·_ºo¾Õ·Å¹`À ½�ÆÖ³0Ç&¾&¾sÀ
�
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� � 
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� ���	� � �-�5��� ��� ���G
 � ��� ��� �

� 
 � ��� �.� ��� ��� �� ��� � � � �^��� � � � �.� � � � �6�<�	�	� � �����

�
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M2,Out2,3

A

B

C

D

6000-10600MW

MONTREAL

4500-10000MW

3000 -5200MW

Churchill Falls

James’ Bay

Manic-Qu\’ebec

LG2 LG3

LG4LG2A

CH-F

Manic5,5PA,3

Outardes 4

Bersimis1,2

»�Æ�·Å¹_º�µ\¾�¹&´wºl´P·ÅÉ�µ�Í\µD´U¼�Í µËÏ µD´Fº!³ '��_·ÅÏ{¾@º ��·@¼�Ç ³2Æ�Æ]µ ÀJ³2Æ 	
�
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± � Í ³4ÉJ·�Í2ºl´P·ÅÉ�µ�Í\µ ´�¼�Ç�ÍX·_ºRº�µ#"5Ç&·&´nµd³0¹
� � ´o·�É¿ÍX¾ �wµ ´�È-Æ�¾@º�½/¾sÇ$´�´F³ ·ÅÍ Í2º�µË¹JÒ ÍÎ¾Ð½ÅÈ`·_ºo¾�Í µË¹`¾ '�· �ÅÍ ´Fº~µ�¹�´�ÈJ¾�Ç ³2Æ�Æ]µ ÀJ³2Æ �

± 7 É 
 ¾&Ç�´�µd¶¸¾ n¯¾�ÔÅ½`Æ�¾@ºRº�ºx´o·�É�µËÍ µD´U¼ÕÍ\µ�Ï�µD´Rºv³4¹�½�³���¾�Æ �4³��vº���·ÌºB· ' �Å¹JÇ�´�µd³0¹~³ '
´R³4½�³0ÍD³2Ò�¼�·�¹JÀ-·Ì¶¸·�µËÍÎ·�É¿ÍX¾~¶_·�Æ�º/�¿½Å½�³2Æu´

± � É�³ �Ì´ ��� � !
	�	 À/µ ��¾�Æ�¾�¹&´w³4½¿¾�Æ�·s´�µË¹`Ò-½�³}µ�¹&´Fº

± �
	�	 À2µ �q¾�Æ�¾�¹Ì´w´F³4½�³4ÍD³ Ò/µ ¾ º��hÍÎ·¸Æ�ÒÅ¾Õ¶¸·�Æ]µ ·s´�µd³0¹_º~µ�¹ ½�³���¾�Æ$�0³ �vº µË¹�¶¸·�Æpµd³ �¸º
Ç@³2Æ�Æpµ\À�³/ÆÖº��4¶¸·�Æ]µ ·�É¿ÍX¾Ð¹��ÅÏÕÉ/¾¸Æq³�' � . ! º~µË¹�³0½¿¾�Æ�·&´nµX³4¹

± ��	�	 ·&´x´�ÆpµËÉ��&´o¾ ºPn
� � ÍD³��vº��5Ò¿¾¸¹J¾�Æ�·&´nµX³4¹��¿´R³4½�³0ÍD³2Ò�¼:�f¹��ÅÏ�É¿¾�Æ�³�' � . ! º{µË¹�³4½¿¾�Æ�·s´�µd³4¹��

± � ´o·s´o¾ ºk·�Æ�¾�½�Æ�¾&Ç¸ÍÎ·ÌºRº�µ#"�¾sÀ ÉM¼ � �p² � Ó �

�
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� ³2·`À&1c�4³�� ¹_³0¹ Ç ³0¹_¶¸¾�Æ�Ò¿¾�¹`Ç&¾ ½`ÆÖ³4ÉÅÍÎ¾�Ï 	
	
	

15000 variants

Min =   6000.    
Max =   1.0529E+4
µ =   7719.    
σ =   1045.    

10310 LF divergences

Min =   6000.    
Max =   1.0478E+4
µ =   7278.    
σ =   846.5    

4734 LF convergences

Min =   6111.    
Max =   1.0529E+4
µ =   8695.    
σ =   740.7    

6000 7000 8000 9000 10000

TR Manic Quebec (MW)
0

100

200

300

400

500

600

Nb. 15000 etats (Total)

Min =   6000.    
Max =   1.0529E+4
µ =   7719.    
σ =   1045.    

2503  LF divergences

Min =   6001.    
Max =   1.0462E+4
µ =   7940.    
σ =   1110.    

12497 LF convergences

Min =   6000.    
Max =   1.0529E+4
µ =   7675.    
σ =   1026.    

6000 7000 8000 9000 10000

TR Manic Quebec (MW)
0

100

200

300

400

500

600

Nb.

� ¾&¾&ÀÅ¾&À�ºo¾ ¶¸¾�Æ�·�Í�µD´o¾¸Æ�·&´nµd³0¹_ºB´F³ É¿¾ "}Ô`¾&À
�
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57 test nodes

58 terminal ones
Other AL methods

MLP: 2.4%

DT

KNN

MLP

Learn

Top-node

Learning set classification
Unstable: 5502
Stable: 2498

Test set classification.
Non detection costs :     Unst.:  1.0     St.: 0.9999

Reference Decision   Tree   Class
Classe-Test Unstable Stable Total

Unstable 1592 30 1622
Marginal 48 23 71

Stable 52 752 804
Total 1692 805 2497

T2: 4520 Y

T3: 3902 Y

L1: 3125 Y
St4: 777

N

Trbj-269*Nb_Comp>5533MW

T13: 618
N

D5: 202
Y

St14: 416
N

Nb_Li_Se<2

Trbj-215*Nb_Comp>5656MW

T23: 3480N

T24: 338
Y

D11: 281
Y

T25: 57
N

L13: 10
Y

T26: 47
N

D12: 18
Y

D13: 29
N

Nb_Comp-Cha<9

Trse>1709MW

Plg4>1749MW

T27: 3142N

T28: 380
Y

D14: 257
Y

T29: 123
N

L14: 24
Y

T30: 99
N

T31: 75
Y

D15: 60
Y

L15: 15
N

Nb_Comp-Cha<10MW

L16: 24
N

Trbjo-0.7Trbje>1832MW

Nb_Li_No<3

Tr7069>1485MW

St32: 2762N

L7079<1

Tr7069>2256MW

Trbj-120*Nb_Comp>6271MW

Name : size(LS)

LS

TS

errors

1.5hour

KNN: 5.7%

22min

Test/st

Pe=4.3%

16hours 1.2ms

CPU Times (USparc 200MHz):

0.5s

0.1ms

�
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� ¹`À-¾@¶¸·ÅÍ��`·&´P¾@º�´$È`¾_µËÆq³Å¶¸¾�Æ�·�ÍÄÍ2Ç@³4¹Ì´�ÆpµËÉ��&´nµX³4¹ µË¹ ½ �¿Æ]µ+"5Ç&·s´�µd³4¹
Ó5Ôj	�É ��µËÍXÀ2µË¹JÒÐ´$È`¾Õ·ÅÉ�³¿¶_¾~´$Æ�¾&¾�³0¹�´�È`¾ �!È_³4ÍÎ¾�ÀÅ·&´P· ÉJ·Ìºo¾�¼`µ\¾�ÍÎÀJº
������������	�
���
������ ������� ����������� � �����  �������� � ����!
����"�# � ����� 
���
�����$�% � &���� ����������! � &���'

���
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�"�# � '��+& 
���
� )(*
�
�# � ����� %� �,�& � �����
 �������� � ����� 
���
�����$�%�-���.�/ � ����� ����"�� � ����!
�� �/�"�"�#�-���/�"�# � ����� ����������& � ����� %� �,�����	������)� � �����
����
�#�$ � ����� 
���
� )(*
�
�� � ����� ��������!�� � ���+&
����
�� � ����' ����/��0( � ����' �������������)	���������� ����'
��������&�& � ����! %� �,�' � ����! ���������*� � ����!
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7 É 
 ¾&Ç$´nµX¶_¾4	
� ��µËÍÎÀ · À¿·s´o· ÉJ·Ìºo¾ Æ�¾�½`Æ�¾@ºo¾�¹&´o·s´�µd¶¸¾�³ '{·ÅÍ Í�½�³ÅºRº�µËÉÅÍÎ¾ '�·�µËÍ��ÅÆ�¾ ÏÁ³0ÀÅ¾@º�³ '�´�ÈJ¾
� ³ �&´$È(1�Ór·Ìºl´o¾¸Æ�¹�½J·¸Æ�´�³ '�´$È`¾ Ó � � ºR¼&ºl´P¾�Ï 	

� ²�³0À¿¾�Í2·ÅÍ Í � µ�¹`À�º�³ '�º$ÍD³�� ·Å¹`À�'�·Ìºl´�½¿È`¾�¹_³0Ï{¾�¹`·
� »�· � ¾Ðµ�¹&´R³-·`Ç&Ç ³*�Å¹Ì´�·ÅÍ Í5½�³¿ºRºnµ�ÉÅÍÎ¾ÕÇ&·��¸ºo¾ º!³ ' '�·�µËÍ��¿Æ�¾
� ² �¿ÍO´nµ�½ÅÍÎ¾ '�· �ÅÍO´Rº���½`Æ�³�´P¾&Ç$´nµX³4¹ Ï�µdº21U³4½¿¾�Æ�·s´�µd³0¹�� �Å¹JÇs¾�Æ�´P·�µË¹Ì´nµ\¾@º
� �v·&´P·�É`·_ºo¾ �wµ�Í Í�Ç@³4¹Ì´P·�µË¹�ÀJ¼�¹`·ÅÏ�µ Çk¶¸·�Æ]µ ·�É¿ÍX¾@º�·ÅÍD³0¹`Ò�ºR¼sºl´o¾¸Ï ´$Æ�· 
 ¾&Ç$´F³2Æ�¼
� � ³�´Rº�³�'�´P¾�ÏÕ½�³2Æ�·�Í¿¶¸·¸Æpµ\·ÅÉÅÍÎ¾@º ��ºP¾(4
�`¾�¹`Ç&¾@º�³�'v¾@¶¸¾¸¹Ì´Fº �����

� $ ¾(4
��µËÆ�¾@º~½`·�Æ�·�ÍÄÍX¾�Í2Ç@³0ÏÕ½ �Ì´P·&´nµX³4¹_º�´R³�Æ�¾&À��JÇs¾�� � Ò¿¾¸¹J¾�Æ�·&´nµX³4¹ ´nµËÏ�¾
� $ ¾(4
��µËÆ�¾@º ·��ÌÔJµ�Í\µ ·¸ÆÖ¼-ºR³ '�´ ��·�Æ�¾ ´F³ ¾$Ô&´�Æ�·�Ç$´�Æ�¾�ÍX¾@¶¸·�¹Ì´ÕÒ}Æ�³*�Å¹`À ½J·�Æ�·ÅÏ{¾$´P¾�ÆÖº
'�ÆÖ³4Ï Æ�· � º�µËÏ �ÅÍÎ·s´�µd³4¹ Æ�¾ º/�¿ÍO´Fº
�
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380 kV

225 kV

Frontier

System map

B.CARS71

A

TAVELS71

Spain

P.CORS71

G.ILES71

GEN.PS71

VIELMS71

BAYETS71

VAUPAS61

FLEACS61

A

B

C

C

D

B

D

E

E

F

F

G

G

H

H

I I

I

L

Belgium

France

Luxembourg

Netherlands

Italy

Switzerland

I, L: study region

Germany

�
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»kÈÅÆ�¾&¾�³0½¿¾�Æ�·&´nµ�¹`Ò ½�³�µË¹Ì´Fº�ºo¾�ÍX¾&Ç$´P¾&À Ï{·Å¹ �J·�ÍÄÍD¼ � � 1 � ºo¾&Ç&�ÅÆ�¾3�
! ³4¹JÇ&¾¸¹Ì´�Æ�·s´o¾k³0¹ À/µX¶_¾�ÆÖº�µD´U¼�³ ' '�· �ÅÍ ´Fº�·Å¹`À Ï~³ÃÀÅ¾�Í\µ�¹`Ò È_¼�½�³�´$È`¾@ºo¾@º
� ¾�¹`¾�Æ�·&´P¾�·ÅÉ�³*�&´ ��!�	
	 º�µ�Ï �ÅÍÎ·s´�µd³0¹ÕºoÇ&¾�¹`·�Æ]µX³Åº
Ó5Ôs´$Æ�·`Ç$´�·ÅÉ�³*�&´ ��	�	 ´P¾�Ï�½�³/Æ�·ÅÍ2·&´x´$Æ]µ�É �&´o¾@º

± .q³4Í ´P·`ÒÅ¾@º���Í ³2·`À�ÍX¾@¶¸¾¸Í º

± $ ³�´R³/Æ�·�¹JÒ ÍX¾@º��0¾$Ô`Ç_µD´P·&´nµX³4¹�Ç&�ÅÆ�Æ�¾�¹&´Rº��fÏ{¾&Ç�È`·Å¹�µ Çs·ÅÍ0½�³ �¯¾�Æ�º

± Ê4³���¾�Æ$�0³ �vº��

± ��µdºoÇ�Æ�¾$´P¾�¾@¶_¾�¹Ì´Fº �F·�Ç$´nµX³4¹�³ '�¶¸·�Æ]µX³ �¸º�½`Æ�³�´P¾&Ç$´nµd³0¹_º/�

�
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�v·&´P·�É`·_ºo¾�³ '�·�É�³ �&´ ����	�	 ¾$Ôs´$Æ�¾�Ï�¾�ºPÇ&¾�¹`·�Æpµd³¿º�³4¹�´$È`¾�Ó � � ºR¼&ºx´o¾�Ï
Ór·�Ç�È~ºoÇ&¾�¹`·�Æpµd³ µdºvº�µ�Ï �ÅÍÎ·s´o¾&ÀÕÀ��¿Æ]µ�¹`Ò � 	 1 !�	 Ï�µ�¹ �&´o¾@º �U¶¸¾�Æ�¼ÁÀÅ¾$´o·Jµ�ÍX¾&À�ÏÁ³0ÀÅ¾�Í��
� ´l´�ÆpµËÉ �Ì´P¾@º�·�Æ�¾ ´P¾�ÏÕ½�³/Æ�·�Í ¶¸·�Æ]µ ·�É¿ÍX¾@º �lÇ&�ÅÆÖ¶¸¾ º/�

��	�	 ·&´x´�ÆpµËÉ��&´o¾ º � � � � À¿·s´o·�É`·_ºP¾ �Uº�µ\Ç&�
.�·�Æpµd³ �¸º�Ç@³4ÍÄÍX·Å½_ºo¾Ð½ÅÈJ¾�¹_³4Ï�¾�¹`· n

± � µË¹`¾�³Å¶¸¾�Æ�Í ³2·`ÀJº �lÇ&·_ºoÇs·`ÀÅ¾@º/�

± .q³4Í ´P·`ÒÅ¾ÕÇ@³0Í ÍX·Å½_ºo¾ �PÍ ³0Ç&·�Í[�fÆ�¾sÒ2µd³0¹`·ÅÍ��

± � ³ÅºRº�³ '�ºR¼�¹`Ç�ÈÅÆÖ³4¹�µdº$Ï �P½ÅÍÎ·�¹Ì´�·Å¹`À ·�Æ�¾&· ÏÁ³0ÀÅ¾@º/�

�
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tripping
Line overload Undervoltage prot∗∗TAVELS71_TRI.PS71_2

∗AVIGNS61_MOTT5S61_1
∗B.TOLS71_GEN.PS71_1

∗L.NEUS61_ZCBAUS61_1
∗ECHALS61_RIVIES61_1
∗L.NEUS61_VALE8S61_1
∗BOISSS71_CHAFFS71_1

∗BISSYS61_G.ILES61_1
∗ORAISS61_SISTES61_1

∗GIVORS61_ZGAROS61_1
∗SSAUBS61_ZSAL6S61_1

∗CHAFFS71_MIONSS71_1
∗CHAFFS72_MIONSS71_2

∗BOUTRS61_SSTULS61_1
∗LAVERS61_SEPTES61_1

∗

HISTORIQUE(SC_1439) : A02 

0.0 500. 1000. 1500. 2000. 2500. 3000.
---  ---

0.0

2.5

5.

7.5

10.

12.5

15. step

∗∗ RABATS61_RABATS31_1∗ E.BOTS61_E.BOTS31_1∗ PALUNS61_PALUNS31_1∗ SEPTES61_SEPTES31_1∗ ROGNAS61_ROGNAS31_1∗ LAVERS61_LAVERS31_1∗ FEUILS61_FEUILS31_1∗ DARSES61_DARSES31_1∗ RASSUS61_RASSUS31_1∗ SSESTS61_SSESTS31_1∗ SSCHAS61_SSCHAS31_1∗ P.ORGS61_P.ORGS31_1∗ RQROUS61_RQROUS31_1∗ C.RHOS61_C.RHOS31_1∗ L.NEUS61_L.NEUS31_1∗ BOUDES61_BOUDES31_1∗ BOLL5S61_BOLL5S31_1∗ VIRADS61_VIRADS31_1∗ TERRAS61_TERRAS31_1∗ AVIGNS61_AVIGNS31_1∗ CTAURS61_CTAURS31_1∗ ARDOIS61_ARDOIS31_1∗ SSCESS61_SSCESS31_1∗ JONQUS61_JONQUS31_1∗ MENTOS61_MENTOS31_1∗ LINGOS61_LINGOS31_1∗ T.VICS61_T.VICS31_1∗ MOUGIS61_MOUGIS31_1∗ P.GR5S61_P.GR5S31_1∗ GRISOS61_GRISOS31_1∗ S.PONS61_S.PONS31_1∗ SISTES61_SISTES31_1∗ SSAUBS61_SSAUBS31_1∗ SSTULS61_SSTULS31_1∗ COUDOS61_COUDOS31_1∗ ESCAIS61_ESCAIS31_1∗ VINS_S61_VINS_S31_1∗ TRANSS61_TRANSS31_1∗ CPNIES61_CPNIES31_1∗ EYBENS61_EYBENS31_1∗ PARISS61_PARISS31_1∗ MOIRAS61_MOIRAS31_1∗

HISTORIQUE(SC_1439) : A61 

0.0 500. 1000. 1500. 2000. 2500. 3000.
---  ---

0.0

5.

10.

15.

20.

25.

30.

35.

40.

step

∗∗PHENIT_1

∗M.PONT_1

∗M.PONT_3

∗M.PONT_2

∗GARD5T_4

∗

HISTORIQUE(SC_1439) : TMIN 

0.0 500. 1000. 1500. 2000. 2500. 3000.
---  ---

0.0

1.

2.

3.

4.

5. step

∗∗
ORAISH_2

∗
ORAISH_1

∗
SSCROH_2

∗
SSESTH_2

∗
SSESTH_1

∗
SSCROH_1

∗

HISTORIQUE(SC_1439) : SURVIT 

0.0 500. 1000. 1500. 2000. 2500. 3000.
---  ---

0.0

1.

2.

3.

4.

5.

6. step

of generators

of generatorsblocking
Tap changer Overspeed prot

�
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MV voltages

Tap positions

NO

Var

Rhone

Azur

Lyon

SO

NO

Rhone

Azur
Var

REGLEURS de ZONE-10 ( ZONE 81 EUROSTAG, RHONE AVEC REGLEURS (L))
REGLEURS de ZONE-7 ( ZONE 81 EUROSTAG, COTE D’AZUR AVEC REGLEURS (L))
REGLEURS de ZONE-4 ( ZONE 31 EUROSTAG, LYON AVEC REGLEURS (I))
REGLEURS de ZONE-8 ( ZONE 81 EUROSTAG, VAR AVEC REGLEURS (L))
REGLEURS de ZONE-13 ( ZONE 81 EUROSTAG, SUD OUEST AVEC REGLEURS (L))
REGLEURS de ZONE-12 ( ZONE 81 EUROSTAG, NORD OUEST AVEC REGLEURS (L))

0.0 500. 1000. 1500. 2000. 2500.
--- Time ---

0.95

1.

1.05

1.1

1.15

1.2

1.25

1.3

ALIM de ZONE-10 ( ZONE 81 EUROSTAG, RHONE AVEC REGLEURS (L))
ALIM de ZONE-7 ( ZONE 81 EUROSTAG, COTE D’AZUR AVEC REGLEURS (L))
ALIM de ZONE-4 ( ZONE 31 EUROSTAG, LYON AVEC REGLEURS (I))
ALIM de ZONE-8 ( ZONE 81 EUROSTAG, VAR AVEC REGLEURS (L))
ALIM de ZONE-13 ( ZONE 81 EUROSTAG, SUD OUEST AVEC REGLEURS (L))
ALIM de ZONE-12 ( ZONE 81 EUROSTAG, NORD OUEST AVEC REGLEURS (L))

0.0 500. 1000. 1500. 2000. 2500.
--- Time ---

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.

U de PCORS71
U de COULAS71
U de BOUTRS71
U de GRAMMS71
U de TAVELS71
U de BCARS71

0.0 500. 1000. 1500. 2000. 2500.
--- Time ---

50.

100.

150.

200.

250.

300.

350.

400.

P de BE
P de AL
P de CH
P de IT
P de ES

0.0 500. 1000. 1500. 2000. 2500.
--- Time ---

1000.

1250.

1500.

1750.

2000.

2250.

2500.

2750.

3000.

P.Cor

IT

Lyon

Esp

AL

Gramm

Boutr

B.Car

Suisse

BE

SO

400kV voltages

Power exports

Tavel

�
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