
WUDLWHPHQW GHV UHSRQVHV LPSXOVLRQQHOOHV

ORQJXHV HQ DQQXODWLRQ G*HFKR DFRXVWLTXH

L1Ndpprxq
� � � � � �

/ P1Mdlgdqh
� � �

E�� O1V1Wìoìfrpv/ HQLW/ Fdpsxv Xqlyhuvlwdluh/ oh Ehoyìgëuh/ Wxqlv
phulhp1mdlgdqhChqlw1uqx1wq/ Id{=+549,4;:5:5<

E2� Gìsduwhphqw WVL/ HQVW/ 79 uxh Eduudxow0:8967 Sdulv Fhgh{ 46
lndpprxqCh{lwh1frp/ Id{=+549,754393<

Uìvxpì � � � � � 	 
 � � � � � 
 � 
 � � 
 � � � � 
 � 
 � � � � � � � � 	 � �� � 
 � � 	 � � � � � 
 	 � � � � � � � 
 � � � � 	 � � � � � 
 	 	 
 � 
 � � � � 	 � � 
 � � � � �
� � � 	 
 � � � � � � � � � � � � 
 
 � � 	 � � � � 
 � 	 � � � 
 � � � � � � � � � � � � � � � � � �  
 � 

� 
 � � 
 � � � � � � 
 � � � � 	 � � � � � 	 � � � � � � � � � � � � � � � � � � � � 
 � � � 
 � � � � 

� � 
 � � � � � 
 � 
 � � 	 � � 	 � � 
 � � � � � � � � � � 
 ! � � � � 	 
 � � � � 
 � � �
� � � � 
 	 � � � � � 	 
 " � � � � 
 	 � � 	 � � � � � � � 
 � 
 � � � � � 
 � � � � � � � � � � � � � 

� � � � � 	 � � � # $ % & ' ( � � � � 	 � � � � � � � 
 � � � � � � � � � � � � � � 	 
 � � �  
 
 � �
� � � � � � � � � � � ) * + ! % � � � � � 
 � � � � � � � 	 � � � � � � 
 � 
 � � 	 � � � � � � � 

� � � � � � � � � � � � � � � , � � � � � 	 
 � � � � 
 " � 
 � � � � � � � � � � 	 
 
 � � � � � � �
� � - � � � � 
 � � � � 	 
 � � � � 
 " � 
 � 
  � � � � � � � . � � 
 � � 
 � � . � � � � 
 	 �
	 � � � � 
 � � � 
 	 � � � � � � � 
 � � � � 	 � � � � � 
 	 	 
 ! / � � � � � 	 	 � 
 � 0 � 
 � � 

� � � � - � � � � 
 � � � � � � � � � � � � � � � � � � � 
 � � 
 � � � � 
 � � � � �  
 � �
� � � � 	 
 � � � � � � � � 
 � � � � � � 
 � � 	 � � � � � � � 
 � � 	 
 � � � . � � � � 	 � � � � � 	 
 � �
� � � � � � � � � � 	 
 � � � � 
 	 �  � � � � � � � . � � 
 � � 
 !

4 Lqwurgxfwlrq
1 2 3 4 5 3 6 4 2 7 7 6 8 6 9 : 4 : ; < ; 3 = > ? 6 3 < 6 @ 7 6 < 2 3 2 7 2 < ; 5 4 A : B 5 6
< 2 ? 2 < A > ? : 4 2 3 A 7 6 < C 6 D : 3 8 E > < C ; 6 3 A ? 6 7 6 C 2 5 A � F 2 ? 7 6 5 ? 6 A 7 6
D : < ? ; F C ; 3 6 6 4 A < 2 ? 2 < A > ? : 4 > F 2 ? 5 3 6 ? > F ; 3 4 6 : D F 5 7 4 : ; 3 �3 6 7 7 6 F ; 5 9 2 3 A 2 A A 6 : 3 8 ? 6 G H I D 4 J G K L M ; 3 : 8 6 3 A : N < 2 A : ; 3
F 2 ? 5 3 N 7 A ? 6 A ? 2 3 4 9 6 ? 4 6 F 6 5 A 2 7 ; ? 4 3 > < 6 4 4 : A 6 ? F 7 5 4 : 6 5 ? 4
D : 7 7 : 6 ? 4 8 6 < ; 6 O < : 6 3 A 4 @ F ? : 3 < : F 2 7 6 D 6 3 A 7 ; ? 4 B 5 6 7 E ; 3 6 = �= 6 < A 5 6 5 3 6 A ? 2 3 4 D : 4 4 : ; 3 8 6 7 2 F 2 ? ; 7 6 6 3 P 2 3 8 6 > 7 2 ? Q : 6 L

R E 6 4 A : D 2 A : ; 3 4 6 = 2 : A C 2 P : A 5 6 7 7 6 D 6 3 A 6 3 A 6 D F 4 ? > 6 7 S
7 E 2 : 8 6 8 E 2 7 Q ; ? : A C D 6 4 8 6 A T F 6 Q ? 2 8 : 6 3 A 4 A ; < C 2 4 A : B 5 6 U R V M W
4 6 < 2 ? 2 < A > ? : 4 2 3 A F 2 ? 5 3 6 4 : D F 7 : < : A > 8 6 D : 4 6 6 3 ; 6 5 9 ? 6
6 A 5 3 P ; 3 < ; 3 8 : A : ; 3 3 6 D 6 3 A 3 5 D > ? : B 5 6 L 1 6 A 6 7 4 2 7 Q ; �? : A C D 6 4 8 > X S F 6 5 < ; D F 7 6 Y 6 4 F 6 ? D 6 A A 6 3 A 8 6 A ? 2 : A 6 ? 8 6 4
? > F ; 3 4 6 4 : D F 5 7 4 : ; 3 3 6 7 7 6 4 8 6 B 5 6 7 B 5 6 4 < 6 3 A 2 : 3 6 4 8 6 < ; �6 O < : 6 3 A 4 U < ; 3 A 6 Y A 6 ? 2 8 : ; � D ; P : 7 6 W D 2 : 4 8 6 9 : 6 3 3 6 3 A : 3 �4 5 O 4 2 3 A 4 F ; 5 ? 8 6 7 ; 3 Q 5 6 4 ? > F ; 3 4 6 4 : D F 5 7 4 : ; 3 3 6 7 7 6 4 L
Z 7 5 4 : 6 5 ? 4 9 2 ? : 2 3 A 6 4 8 6 7 E 2 7 Q ; ? : A C D 6 R V M U 3 ; ? D 2 7 : 4 > ; 5
3 ; 3 W ; 3 A > A > F ? ; F ; 4 > 6 4 F ; 5 ? ? > 8 5 : ? 6 6 3 < ; ? 6 7 6 5 ? < ; D �
F 7 6 Y : A > L R E 2 7 Q ; ? : A C D 6 8 > 9 6 7 ; F F > 8 2 3 4 J [ K 3 E 2 8 2 F A 6 B 5 6 7 6
< ; 6 O < : 6 3 A 2 4 4 ; < : > S 7 E > 7 > D 6 3 A 8 6 8 ; 3 3 > 6 4 B 5 : 2 7 2 9 2 7 6 5 ?
2 P 4 ; 7 5 6 D 2 Y : D 2 7 6 8 2 3 4 7 2 D > D ; : ? 6 8 5 N 7 A ? 6 S < C 2 B 5 6
: A > ? 2 A : ; 3 L R 2 4 A 2 P : 7 : A > 8 E 5 3 A 6 7 2 7 Q ; ? : A C D 6 6 4 A

Devwudfw � \ � � � 
 � � � � � . � 
 
 � � � � � � � � � � � � � � � ] � 
 � � � 

� � � � 	 � 
 � 
 � � � � � 
 � . � � 
 � � � � 	 � � � 	 � � � � � � 
 � ^ 
 � � � � � � � � � � � 
 � �
	 � � � � � � 
 � � � � � �  
 � � 
 � � � � � � � � � � � . � � � � � 
 � � � � � 
 � � � � � � � � � �

 � � � � � � � 
 	 	 � � � � � � 
 � � � � 
 �  
 � � � � � � � � � � � 	 � � � � � 	 � � 	 � � � � � !
\ � � � � 
 � � � � 
 � � � 
 � � 
 � � � � 	 
 " � � � � . � � 
 � 	 � � � � � � 	 $ � � � � 	 �
� _ 
 � % 
 � � � & 
 � � ' � � � � 
 # $ % & ' ( � � � � � �  
 � 	 � � � � � � � � � � 
 	 
 � �
� �  
 � � 
 - � � 
 � � � � � � � �  
 � 	 � � � � � � � ] � � � � � � � � 
 � � � ) * + ! ` � 

� � � � 	 � � � � � � � � � � � . � � � � � 	 � � � � � � � � � �  
 � � � � � � � � � � � � � 
 � �
� � 
 � � � � 	 
 � � � � � � � � � 
 " � � � � � � � 	 � � ^ � . � 
 � . � � � � � � 
 � � � � � 

 � � 
 � � � � . 
 � 
 � � 
 � � 
 � � 
 � � � � 
 � � � � 	 � 
 � 
 � � � � � 
 	 
 � � � � ! \ �
� � � 
 � � � � � � � �  
 � � 
 � 
 � 
 � � 	 � � � ] 
 � � � � � � 
 � � � � � � � � � 
 � � � 
 ]
� � � � 	 
 � 
 � � � � � 
 � � � � � � � � � 
 � � 
 	 
 � � � . � 	 � � � � � � � . � � � � 
 � � � � � � � �

 � � � � � � � 
 	 	 � � � � � � � � � 
  � � 
 � � � � . 
 � 
 � � 
 � � � 
 !

D 2 7 C 6 5 ? 6 5 4 6 D 6 3 A A ? a 4 4 6 3 4 : P 7 6 S 7 2 8 : 4 A ? : P 5 A : ; 3 8 6
F ? ; P 2 P : 7 : A > 8 6 7 E 6 3 A ? > 6 L R 6 4 8 6 5 Y 2 7 Q ; ? : A C D 6 4 R V M
8 E 2 8 2 F A 2 A : ; 3 F 2 ? A : 6 7 7 6 F ? ; F ; 4 > 4 8 2 3 4 J b K 3 E 2 8 2 F A 6 3 A
B 5 E 5 3 6 3 4 6 D P 7 6 F ? > 8 > A 6 ? D : 3 > 8 6 c < ; 6 O < : 6 3 A 4 S < C 2 B 5 6
: A > ? 2 A : ; 3 L Z ; 5 ? 7 E 5 3 8 E 6 5 Y @ 7 6 4 V < ; 6 O < : 6 3 A 4 8 E : 3 8 : < 6
d e f g g g f d h S 7 E : A > ? 2 A : ; 3 i 4 ; 3 A < C ; : 4 : 4 A 6 7 B 5 6 j i k d l m

n o p q r sh t u U ; v R 6 4 A 7 2 7 ; 3 Q 5 6 5 ? 8 5 N 7 A ? 6 2 8 2 F A 2 A : = W g
R 6 < C ; : Y 8 6 < 6 4 < ; 6 O < : 6 3 A 4 3 E 6 4 A F 2 4 P 2 4 > 4 5 ? 5 3 6
> A 5 8 6 A C > ; ? : B 5 6 L 1 2 3 4 5 3 2 5 A ? 6 A ? 2 9 2 : 7 J H K @ 8 6 5 Y 2 7 �Q ; ? : A C D 6 4 w R V M 6 A x Z x U x 7 Q ; ? : A C D 6 8 6 Z ? ; X 6 < A : ; 3
x O 3 6 W @ 8 E 2 8 2 F A 2 A : ; 3 F 2 ? A : 6 7 7 6 4 > 7 6 < A : 9 6 F 2 ? P 7 ; < 4 ; 3 A > A >
8 > 9 6 7 ; F F > 4 4 6 7 ; 3 7 6 F ? : 3 < : F 6 8 6 F 6 ? A 5 ? P 2 A : ; 3 D : 3 : D 2 7 6 L
1 6 A 6 7 4 2 7 Q ; ? : A C D 6 4 ; 3 A F ? ; 5 9 > 7 6 5 ? 4 F 6 ? = ; ? D 2 3 < 6 4 8 2 3 4
5 3 < ; 3 A 6 Y A 6 8 E 2 3 3 5 7 2 A : ; 3 8 E > < C ; L 1 2 3 4 J y K @ 5 3 2 7 Q ; ? : A C D 6
8 E 2 8 2 F A 2 A : ; 3 F 2 ? A : 6 7 7 6 4 > 7 6 < A : 9 6 U V D 2 Y w R V M W @ < ; 3 4 : 4 A 6
S : 8 6 3 A : N 6 ? 7 6 4 < ; 6 O < : 6 3 A 4 2 T 2 3 A 5 3 6 6 4 A : D 2 A : ; 3 8 6 7 E 2 D �
F 7 : A 5 8 6 8 6 7 6 5 ? 4 Q ? 2 8 : 6 3 A 4 7 2 F 7 5 4 : D F ; ? A 2 3 A 6 S < C 2 B 5 6
: A > ? 2 A : ; 3 L z 3 6 > A 5 8 6 6 Y 2 < A 6 8 6 4 F 6 ? = ; ? D 2 3 < 6 4 8 6 < 6 A 2 7 �Q ; ? : A C D 6 2 > A > ? > 2 7 : 4 > 6 8 2 3 4 J { K L z 3 6 > A 5 8 6 F 2 ? 4 : D 5 7 2 �A : ; 3 6 4 A D ; 3 A ? > 6 8 2 3 4 7 2 4 6 < A : ; 3 G L z 3 6 4 A ? 5 < A 5 ? 6 F 6 ? D 6 �A A 2 3 A 8 6 ? > 8 5 : ? 6 7 2 < ; D F 7 6 Y : A > 8 6 4 2 7 Q ; ? : A C D 6 4 2 8 2 F A 2 A �: = 4 6 4 A F ? > 4 6 3 A > 6 8 2 3 4 7 2 4 6 < A : ; 3 [ L R E 2 7 Q ; ? : A C D 6 F ? ; F ; 4 > @
P 2 4 > 4 5 ? < 6 A A 6 4 A ? 5 < A 5 ? 6 6 A 7 E 2 7 Q ; ? : A C D 6 V D 2 Y w R V M 6 4 A
F ? > 4 6 3 A > 8 2 3 4 7 2 4 6 < A : ; 3 b L

y



5 Lqvx!vdqfh gx Ppd{ QOPV

srxu ohv uìsrqvhv lpsxovlrq0

qhoohv orqjxhv� � � � � � � � � � � � � � 	 � � � � 
 � � � 
 � � � � 
 � 	 � � � � � � � � � � � � � � �� � � � � � � � � 	 � � � 
 � � � � 	 � � � � � 	 � � � � � � � � � 	 � � � � � � � 
 
 � � � �
 � � 
 � � � � 	 � � � � � � � � � � � � � � � �  ! � � � � 
 � 	 � � � " � � � � � � � � � �� � 
 
 � � � � 
 � � � � � � 
 � � � � � � � 
 � � � � " � � � � � 
 � #$ 
 
 � 
 � � � � � � 
 � 	 � � 	 " � � � � % � � � � � � & � � " � � � � � 
 � � � �� � � � � 	 � � � � � � � � � 
 ' � � 
 � 	 � � � � � 
 � � � 
 � � ( )* + * 
 � � � 
 � � 
 �� � � , - . / 0 1 0 2 3 4 5 6 & � 7 / 0 � � � 	 � � � � � � � � � � � � � � � � � 
 � �� � � / 0 8 9 0 - : ;0 < = 0 # > � � � � � � � � � � � � � � � � � 
 � � 	 � � � " �
 � 	 � � � � � � 	 � 	 � 
 � 	 � � � � � � 	 � � � � ? � � � � 	 � � 
 % � � � � � � � � 	 @� � � 	 	 � � � � � � � � 	 � � � � � � � � � � 
 � � 	 � � 
 % � � � � 	 � � � � � � 	 � � � � �	 � � 
 % � � � � � � � � 	 # � � � � � � � � � � � � 
 � � � % � 
 � 9 0 � � � 	 � � � � � � �� � � � � 
 � � � � � � � � � 
 � 	 � � � � & : 0 8 A 1 0 B 1 0 2 5 B < < < B 1 0 2 C 4 5 D ;� � � 	 � � � 
 � � � � � � 	 � � � � � � � � � � � 
 � � 	 � � 
 � � � � , 	 � � � � � � � � �% � � � � � � � 	 � � � 6 � � 	 � 
 " � � � � E � � E � � � 	 � 	 � 
 " � � � � � �� 	 � � � � � � � 	 � � � 
 � 	 � � � � � 
 � � � � � � 	 � � � 
 
 � 	 	 � # F � � � � � 	 � �
 � � � � � � 
 � � � � � " � � � � � 
 � 
 � � � � � � � 
 � 	 � � � � 
 � � � � - . / 0 #� � � � � � � � � � � � � � � � � � � � � 
 
 � � 
 % � � � � � 	 � � 
 � � � 
 � � 
 � �� � � � 
 � � � � � � G � � 	 � � � � 	 � � � 	 � � " � � 
 � � � � � H 1 0 2 3 4 5 H & � � � �	 � � � � � � � � � � 
 # � � � 	 " � � � � % � � � � � � � � � � � 
 � � � � � � � 	 � � � � � �� 
 � @

= 0 4 5 A ( D 8
IJJK JJL

= 0 A ( D M NO PQ O Q < / 0 < 1 0 2 3 4 5 � � � 
 � � � � � � � 
 �� 	 � � 
 � � � � � � � � � � � � � � � � � � � �� � H 1 0 2 3 4 5 H B R S ( S E= 0 A ( D � � 
 � 
 , � 6T U V � � � 	 � � � � � � � � � � � � � � � 
 & � 
 � � � � � � � 
 � � � � � � 
 �� � � � � � � 
 � � � 
 � � 
 � � W = 0 A ( 5 D & # # # & = 0 A ( X D # Y 
 � � 
 �
� � � � � � � � � � � XZ[ \ 5 1 ] 0 2 3 ^ 4 5 � � � � � 
 % � : ;0 : 0 & 	 � � � � � � � � � �

 � 
 � � � " � 
 
 � � � 	 � � 	 " � � � � % � � � � � � � � � � � � � 
 � � � � � � 	 	 � � � �� � � 
 % � 
 � 	 	 � � � 	 � � 	 " � � � � % � � � � � � 
 � � � 	 ! � � � � 
 � � � � � �� � � � � # _ � � � � � � � 
 � � � � � � � 
 G 8 E & � 
 � � � � � � � � 	 � � 	 " � �� � � % � � � � � � # ` � 
 � � � � & � 
 � � 
 � � � � " � 	 � � � 
 � � � � � 
 � � �� � � 
 � � 
 � 
 � � � � � 
 � � � � 	 � � 
 � � � � � � � 	 � � 	 " � � � � % � � 
 � 
 � � � " �� a � � � � 
 � 	 � 
 � � � � � � a � � G 8 R < � � � 
 � 	 b � � � � 
 � 
 � � � �" � 
 
 � � � � � � � � � � � 
 � � � 	 � � � 
 � 	 � % b � � � % ! � � � � � 
 � � � � 
 � � 
 
 �� � � � � 
 � � � � � � � � � � � � � � � � � 
 # c 
 � � � � � � � � � 
 � � � � � � � � � � � �� � 
 
 � � � � 
 � � � 	 " � � � � % � � � � � � � � � 	 � � � � � � 
 � � d � # ` � 
 �� � � & 	 � � 	 " � � � � % � � � � � � � � � � � � � � � � � � � � 
 � � � � � � 
 �� � � 
 � � � � 	 � � � � � � � 
 � � � � � � � � � 	 � 
 " � � � � e f f #g 
 � & � � � � � � 
 � � � � 	 � � 
 � � � � � 
 
 � � � 
 � � � 	 " � � � � % � � � � 
 �	 � 
 � � � � � � � � � 
 � � � � � � � 	 � � � 
 
 � 	 	 � � 	 � 
 " � � � & 	 � � 	 " � � � � % � �� � � � � � � � � � 
 � 	 � 
 � 
 � � � � � � � � � � � � � � 	 � � � 	 � 
 � 
 � � � � �� � � � � � � 
 � 
 � � � � 
 
 � # h � � � 	 � � � � � � � � � � 	 � � � � 
 � � � � � � 
 � � �
 � � � � � � � � � � � � � � 	 � � � � � � 	 � � � � 
 � � � � � � 
 � � � � � � 
 � 
 �� � � � � � & 	 � � � " 
 � 	 � � � 
 � � � � � � � � � � � 
 � 
 � � � � 	 � � � � � � � � 
 � � 
� � � � � 
 � � � � � � � � 
 � � " 
 � 	 � 	 � 
 
 " � � � � � � 
 � � � � b � 
 
 � 
 � 	 	 �� � � � � � � � 	 � � 	 � � � = A i D 8 55 2 5 j k l m n o p 4 q j l 5 m n o r < c 
 � � � � �

� 	 � 
 
 � � � � ? � � � � � 
 � � � " 
 � 	 , � � _ s t R � u 6 # � � 
 � � � ! � �� � � � � � � � � � 
 
 � � 
 � 
 � � � � � � � � � 	 � � 
 � � " � � � � b � 
 
 � � � 	 � � � �� � � � � � � � � � � 	 	 � & 
 � 	 
 � 	 � � � � � � � � � 	 � 
 � � � v � 
 % � 
 � � 	 	 � 
 � &� � � � w G x w 8 R V y z { 5 q < A | / ] 0 U D B � 7 | U � � � � " 
 � � 
 �� � b � 
 
 � � � � � � � � 	 	 � � } � 
 � � � � � � � v � 
 % � 
 � � 	 	 � 
 � #
~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � 
 � 	 b � � � � 	 � � � � � 
 � � � � � � 	 � � � 
 
 � 	 	 � � � � 
 � � � � � � � �� � 
 � � � � � � 	 � � e � f � � � � � � � � 
 � � � 
 � � 
 � � � 
 � � � � � � 	 � � � �� � " 
 � � 
 � � � � � � , � � e � f 6 # � � � " � � � � � 	 	 � � � � � 	 � � � � 	 � � � � 
� � � � � � � 	 	 � � � 	 � � 
 � � " � � � � b � 
 
 � � � � � � � � 	 	 � � 
 � u � � � �� � } � � � 
 � � � � � 	 � � � � � � � , � � � & � � e � � � � � � 6 # Y 
 � � �� � � � � � � � � 	 � � 	 " � � � � % � � 
 � 
 � � � " � � � 
 � 	 � 
 � � � � � � �� � � � 	 � � 
 
 � � � � � � � � 	 � � � � � � ! � � � � 
 % � � � � � � � � 
 � � �� 	 ! � � � � 
 � � � � � � � � � � , > � 6 � � � � � � e � #

0 1 2 3 4 5

x 10
4

45

50

55

60

65

70

MMax(M=1)

Mmax(M=L)

E
M

R
E

(d
B

)

itérations

Mmax(M=25)

� � � � � � � � � � � � � �   ¡ ¢ £ � � � ¤ ¥ � � ¤ ¦ § ¨ £ � � © § © � ¤ ¨ £ ¤ ª« � ¬ « � � ¦ � � £ ª ­ £ ® � § �

~ � � � � � � � � � � � � � � � � � � � � � � � � � � ¯ � � � � � � � �° ± � � � � �
> � 
 � � � � � � 
 � 	 � � � � � 
 � � � � � � 	 � � � 
 
 � 	 	 � � � � 
 � � � 	 	 � � �� � � � � 
 � 
 � � � � 
 
 � � 7 	 � � e f f f � � � � � � � � 
 � � � 
 � � 
 � � � 
 �� � � � � 	 � � � � � � " 
 � � 
 � � � � � � , � � � � � � 
 
 � � � � 
 % � 
 � � 	 	 � 
 � " � �² ³ ´ µ 6 # ` � � � � ! � 	 � � " � � � e & � 
 � � � � � � � � � � � 	 � � � � � 	 �� � � � � � � 
 � � � � 
 G 8 R � � � � � ! � � 
 � � � � � 
 � # G 8 ¶ V� � � � � � � � � 
 � · � � � � � � � � � 
 � � � � 	 � � � � � � 	 	 � � � � � � � � � � � � �� � � 
 � � � � � 
 � � � 	 � � � � � � � � � � � 	 � � � � 
 � � � � � � � � � 
 % � � 
 % �� � � ¸ f � � � � � � � � � � � � � � � � � 
 % � � � � � � � � � � � � 
 � � � � � � � � �� � � � � 
 
 � � � 	 � � 
 � � � � � � 	 � � � � � � � 
 � � � � 
 	 � � � � � 
 � � �� 	 ! � � � � 
 � � � � � � � � � � 
 � � � � 
 � � � � � � 	 � 
 � � � � 
 � 	 � 
 � 
 � � � � �� � � � � � � � � 	 � #� � 
 � � � � � 	 � � � � � 	 � � � � � 	 � � � � � � � 
 � � � � 
 � � � � � 	 � � � 
 �	 � 
 � � � � 	 � � � � � � 
 � 
 � � � � 
 
 � & 
 � � � � � � � � � � 
 � � � � � � 	 � �� � � � 	 � � 	 " � � � � % � � � � � � � � � � � � 
 � � � � � 
 � � � � � � � �� � 
 � � � � ¹ � 
 � � � � � 	 � � � 
 � � � � � � � � � º � # > � 	 � � � � � � � � � � � � � �� � � � � & � � � 
 � � � � � & � � 	 � � � � � 
 � � � 
 � � 
 � � � 	 � � � � � � � � 	 � � 	 �" � � � � % � � � � � � � � � � & � � � � � � � � � � � � � & � � � � � � 
 � � " � �� � 	 � � � � � 
 � � � � � � 
 � � � � ¹ � 
 � � � � � 	 � � #

e



0 1 2 3 4 5 6 7

x 10
4

60

65

70

75

80

85

90

95

Mmax(M=1)

Mmax(M=30)

Mmax(M=L)

E
M

R
E

(d
B

)

itérations

� � � � � � � � � 	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � �
6 Sulqflsh gh od vwuxfwxuh

gìflpìh2lqwhusroìh� � � � � � � �  ! " � � " # � � � $ % & ' � # � ( & ! ( � � ' ) � ! ) * � � � " * ' +� , * � � ) # " � � & ! ( � % ' ) " � � - % . & " � ' ) ) � & & � � . * / � - � ) � � � +* / ' � ! ) " & �  . # � � � & � - � ) � ( � � " � * / ! ) # � & & ' ) " � � & !( � % ' ) " � � - % . & " � ' ) ) � & & � 0 . � " � ( ' ) # ( � * ( � � " � ) . # � & � " ! ) #. ) " * / � - ! � � � ) # � ( % ' & ! # � ' ) 1 � � ! 2 ! ) # ! 3 � � � & ! " # ( . * # . ( �� � * � - � � 4 � ) # � ( % ' & � � 5 � � * 4 � ) # � ( % 6 7 8 9 � " # 0 . � / !  � # . � & & � +- � ) # � ) ! ) ) . & ! # � ' ) � � � * / ' : ' ) # ( ' ) 0 . � & � - ' � ; & � � �& ! ( � % ' ) " � � - % . & " � ' ) ) � & & � & ' ) 3 . � : � ) � � � ) # � < ! ) # & � " % ( � +- � � ( " * ' � , * � � ) # " � . - ' � ; & � 1 = � ) � ( ! & � - � ) # ' ) � � � ) # � < �. ) � 0 . � - � ) # > ? ? % ! ( - � & � " @ ? ? ? * ' � , * � � ) # " ! & ' ( " 0 . � ! 2 � *. ) � " # ( . * # . ( � � � * 4 � ) # � ( % . ) � - � � & & � . ( � % ( � " � � ) * ' - % # �� � & � � ) " � -  & � � � & ! ( � % ' ) " � � " # % ' " " �  & � 1 A ) ! * / ' � " � � ! ) "* � % ! % � � ( . ) � � � * � - ! # � ' ) � � B " . ( C * ' � , * � � ) # " � # . ) �* ' - % � ) " ! # � ' ) � . * ' � , * � � ) # � � * � - � % ! ( . ) � * ' -  � ) ! � +" ' ) & � ) � ! � ( � � ) # ( � & � * ' � , * � � ) # % ( � * � � � ) # � # & � * ' � , * � � ) #" . � 2 ! ) # ! � ! % # � " 1 D � # # � ! % % ( ' * / � � " # ! � " � - � ) # 3 � ) � ( ! & +� " !  & � � # " � & ' ) & ! " # ( . * # . ( � � � & ! ( � % ' ) " � � - % . & " � ' ) ) � & & �# ( ! � # � � : . ) � � � * � - ! # � ' ) � � B " . ( E � " # % ' " " �  & � : ! " " ' * � � �F � � G � ( � ) # " " * / � - ! " � � � ) # � ( % ' & ! # � ' ) 1� � < & # ( � - ' � ; & � � " # ! & ' ( " ( � 3 � % ! ( & � � 0 . ! # � ' ) " . � 2 ! ) # � H
IJ K L M N OP Q R S T U K V W X Y Z [ K N \ Q ]

U K V W X ] ^ Y Z [ K N \ Q N O _ 5 C 6
� � " U K V W X Y % � . 2 � ) # ` # ( � " ! � ! % # � " ! 2 � * . ) ! & 3 ' ( � # / - �� � ! � ! % # ! # � ' ) � ' ) ) � 5 % ! ( � $ � - % & � & � a � b c 6 1 d # & � "

U K V W X ] ^ Y " ' ) # '  # � ) . " % ! ( � ) # � ( % ' & ! # � ' ) 1c ' � # U K V W X ] ^ Y L e Z U K V W X Y ] V ^ f e Y Z U K V W X ] W Y ' g e � " #. ) * ' � , * � � ) # ( � � & 2 � ( � < ! ) # h i e i ^ 1 � ! < 3 . ( � > : ' g ' )* ' ) " � � ; ( � & � a � b c * ' - - � ! & 3 ' ( � # / - � � � ! � ! % # ! # � ' ) % ' . (& � " U K V W X Y j - ' ) # ( � ! � ) " � * ' - - � ) # & � " % � ( k ' ( - ! ) * � " � � & !" # ( . * # . ( � � � * 4 � ) # � ( % ! 2 � * C a l B m ? ? � � % ! " " � ) # * � & & � " � �& ! " # ( . * # . ( � # ( ' ) 0 . � � F n m ? * ' � , * � � ) # " : � # 0 . � & ! * ' . (  �'  # � ) . � ! 2 � * & ! " # ( . * # . ( � � � * 4 � ) # � ( % � " # % ( � " 0 . � * ' ) k ' ) +� . � ! 2 � * * � & & � '  # � ) . � ! 2 � * & ! " # ( . * # . ( � # ( ' ) 0 . � � F B m ? ?* ' � , * � � ) # " 1

0 1 2 3 4 5 6 7

x 10
4

65

70

75

80

85

90

95

NLMS tr(750)

NLMS déc/int(750)NLMS déc/int(750)

NLMS tr(1500)

itérations

E
M

R
E

(d
B

)

� � � � � � o � p � q � � r q � � � � � q � � � q � � � � � � � s � � t � � q � � � � � � �� � � � � � � 
 p � � � � � � �
7 Dssolfdwlrq gx Ppd{

QOPV ã xqh vwuxfwxuh
gìflpìh2lqwhusroìh� � % ( � ) * � % � � � & � ! & 3 ' ( � # / - � % ( ' % ' " � � " # � � ! % % & � 0 . � (& � ! & 3 ' ( � # / - � b - ! $ a � b c F & ! " # ( . * # . ( � � � * � - � �� ) # � ( % ' & � � � � < ) � � � ! ) " & ! " � * # � ' ) > 1 u & k ! . # ! � ) " �* / � ( * / � ( & � " b * ' � , * � � ) # " 0 . � ! " " . ( � ) # & � - ! $ � +- . - � . 2 � * # � . ( 3 ( ! � � � ) # 1 v 2 � * & ! " # ( . * # . ( � 5 C 6 :& � 3 ( ! � � � ) # � ) " # ! ) # ! ) � � ! ) " & ! � � ( � * # � ' ) � . * ' � , +* � � ) # C � 5 & � " " � . & " F ` # ( � ! � ! % # � " 6 F & � � # � ( ! # � ' ) w � " # Hxyyz yy{

f W Z | K Z T [ K ] e Z [ K N O _ % ' . ( X L hf W Z | K Z T [ K N \ Q ] e Z [ K N \ Q N O ] V ^ f e Y Z [ K N \ Q } O _% ' . ( ^ i X i ~ f ^f W Z | K Z T [ K N \ M } O ] V ^ f e Y Z [ K N \ M } \ _ % ' . ( X L W ~ f ^
A ) % ( ' % ' " � � ' ) * � � ! � ! % # � ( F * / ! 0 . � � # � ( ! # � ' ) w & � "* ' � , * � � ) # " ! " " ' * � � " ! . $ b 2 ! & � . ( " & � " % & . " 3 ( ! ) � � "� � � [ K ] e Z [ K N O � j � [ K N \ Q ] e Z [ K N \ Q N O ] V ^ f e Y Z [ K N \ Q } O �5 ^ i X i ~ f ^ 6 � # � [ K N \ M } O ] V ^ f e Y Z [ K N \ M } \ � Z � �< & # ( � ! � ! % # ! # � k � " # 3 ' . 2 � ( ) � % ! ( H

U K } O V W X Y L U K V W X Y ] �� �� � � Z | K Z V [ K N \ Q ] e Z [ K N \ Q N O ]
V ^ f e Y Z [ K N \ Q } O Y" � � * ' ( ( � " % ' ) � F & � . ) � � " b % ( � - � � ( " - ! $ � - . - " � �� [ K N \ Q ] e Z [ K N \ Q N O ] V ^ f e Y Z [ K N \ Q } O �! 2 � * X L h j ^ j Z Z Z j ~ � f ^

' g a � l a 4 C 1A ) - ' ) # ( � 0 . � & ! 2 � # � " " � � � * ' ) 2 � ( 3 � ) * � � � & � ! & 3 ' +( � # / - � % ( ' % ' " � ! % % ( ' * / � * � & & � � � & � ! & 3 ' ( � # / - � a � b c ! % +% & � 0 . � F & ! " # ( . * # . ( � � � * � - � � 4 � ) # � ( % ' & � � 1 A ) � � < ) � # % ' . (* � & ! * ' - - � � ! ) " 7 B 9 & � � ( ( � . ( ! % ( � ' ( � | V � Y L J K f � �K Z U K� # & � � ( ( � . ( ! % ' " # � ( � ' ( � | � V � Y L J K f � �K Z U K Z A ) !| � V � Y L | V � Y f \ M N O�� R S [ K N � Z V U K } O V � Y f
U K V � Y Y ZA ) - ' ) # ( � k ! * � & � - � ) # � ! ) " * � * ! " H

| � V � Y L | V � Y Z T
^ f �� �K � K Z � N OP� R S V [ K N \ Q � ] e Z [ K N \ Q � N O

>



� � � � � � � � � 	 
 � � 
 � � 
 � � � �

� � � � � � � � � � � � � � 	 � � � � � � � � � � � � �  ! " # $ � � � % � & � �  � ' " &
� � � � �  ! � ! �  ( � ) * ! � � + � � ! � � , ! � � + & � !  & � � � � + , ! + - � � &  . / �0 1 $ 2 � , ! � ! �  !  & � � � � / � + 3  � 4 + ! �  � " �  " � � � ( � 5 & �  � � � 6
� �  � � " 7 � + ! / 8 / � � # � � � � � & � � ! 7 � � $ 9 0 )

: & � � & + � � � ' " �
� 	 �;

< = � � � � 	 
 � � � � � � � 	 
 � � 	 � � � � �

� � � � � 	 
 � � 
 � � 
 ! � � � � � . � >
	 �;

< = � � � � 	 
 � � � � � � � 	 
 � � 	 � �
� � � � � � � � 	 
 � � 
 � � 
 6 + ! 7 &  � � � � � � � � � 7 � � - � � � � � � + , ! + ?

- � � &  . / � � , ! � ! �  !  & � � � ! �  & � + + � ! � � + & ' " ( 4 + ! �  � " � ?
 " � � � ( � & / ( � 5 & �  � � � � + ( � ! � � � � � . � � � + + � � � + , ! + - � � &  . / �
� , ! � ! �  !  & � � � � / � + 3  � ! � � + & ' " ( 4 � �   � / 8 / � �  � " �  " � � )@ � � � & � ( � � � � + ! � ( � � � � � & / � " + � & � � � � + + � � , " � � � ! + + � � �

7 & � & � � � � A ( � � � � � �  � � � ' " ( � 4 B C D D � � � % � & � �  � � �  ! � ?
� + & ' " � � � + , ! + - � &  . / � � � � � � � ( 4 " � � �  � " �  " � � � ( � & / ( �
4 E C D � � � % � & � �  � � F 0 , 9 B C D D � ) 1 , & �  � � � � + !  & � � � �  A ! &  �
! 7 � � � G � H I � J � � � / � ! � � + � � � � � A � � / ! � � � � � � + , ! + - � ?
� &  . / � $ / ! # � ! � � " � �  � + + � � &  " !  & � � ! 7 � � + , ! + - � � &  . / �
$ / ! # ! � � + & ' " ( 4 " � � � & / � + � �  � " �  " � � 4 B C D D � � � % ?
� & � �  � � $ 9 � D �  $ 9 K D � ) J � � � / ! � ' " � � , ! � � 3 � + ! L - ?
" � � M ' " � + � � � � " # � � " � N � � � N  � � " � � ! 7 � � + , ! + - � � &  . / �
� � � � � � ( � $ 9 � D � �  + , ! + - � � &  . / � $ / ! # 0 1 $ 2 � $ 9 K D �
� � �  � � � � ' " � � � � A � � � " � � ) 1 � � ( � " +  !  � N  � � " ! 7 � � + , ! + ?
- � � &  . / � � � � � � � ( � �  � ! � ! & + + � " � � N & � � / � & + + � " � ' " � � � + " &
� N  � � " ! 7 � � + , ! + - � � &  . / � $ / ! # 0 1 $ 2 � � " � $ 9 � D �  
" � � �  � " �  " � � � + ! � � & ' " � )1 ! �  � " �  " � � � ( � & / ( � & �  � � � � + ( � ! � ! �  ( � � ! � + , ! + - � ?
� &  . / � $ / ! # 0 1 $ 2 N ( � ( L � & � ! & � � & � , " � � � � " N + � � ( � " � ?
 & � � � � � � / � + � # &  ( O

P � � + + � + & ( � 4 + ! � ( � & / !  & � � � ! � + , & �  � � � � + !  & � � � � �  �
/ � & � � � � Q  � " � � ' " , " � � ! � ! �  !  & � � 6 ' " � + ' " � � � &  + , ! + ?
- � � &  . / � "  & + & � ( )

P � � + + � + & ( � 4 + , ! + - � � &  . / � $ / ! # � ! � & + � �  / � & � � � � / ?
� + � # � � � � � � . � � � . � � + � � $ � � � % � & � �  � ' " & ! � � " � � �  + �
/ ! # & / " / � " - � ! � & � �  � " � 0 5 F � � � % � & � �  � ! " + & � "
� � 0 )

8 Frqfoxvlrq1 � � ! � � " + � " � � � , ( � . � ! � ! �  !  & A � � + ! � � & ' " � � � � ( � � �  � � ! � �
+ � � � R �  3 / � � � � � � & � � � � � � � / ! & � � ? + & N � � � � � ( � � �  � �  � � �
+ & / &  !  & � � � + � � � ' " , & + � � � & 7 � �   � ! &  � � � � � � ( � � � � � � & / � " + ?
� & � � � � + + � � + � � - " � � � � / / � � , � �  + � � ! � � ! � � + � � � R �  3 / � � � �

7 & � & � � � � A ( � � � � � � � N ! � � � ( + ! � - & � ) 1 , ! + - � � &  . / � � � � � � � (
� ! � � � � � ! � & � � � �  N ! � ( � " � + , ! � � + & � !  & � � � , " � � ! � ! �  ! ?
 & � � � ( + � �  & 7 � � � � � � � % � & � �  � 4 " � � �  � " �  " � �  � ! � � 7 � � � �
� ( � & / ( � 5 & �  � � � � + ( � � � ( � & / !  & � � 4 + , � � � � � F � ) S + � � 7 & � �  
� � � � & N + � � , � N  � � & � � � � � � � A � � / ! � � � � � & / & + ! & � � � 4 � � + + �
� , " � � �  � " �  " � � � + ! � � & ' " � � , ! � ! �  !  & � � ! 7 � � " � � � � / � + � # ?
&  ( � + " � A ! & N + � ) 1 � � � ( � " +  !  � � N  � � " � ! 7 � � " � � � ( � & / !  & � �

0 1 2 3 4 5 6 7

x 10
4

74

76

78

80

82

84

86

88

90

92

94

iterations

E
M

R
E

(d
B

)

Mmax(M=30)

Mmax(M=60)

alg.prop(M=30)

T U V W X Y Z [ \ ] ^ \ _ ` a b c d W e Y ] f g h Y i e Y ] f g h
` j k l U m i Y X c

A ! & N + � � B � " � F � � � �  � � � � " � ! - � ! �  � ) n � � ! / ( + & � � !  & � �
� + " � � � � � ( ' " � �  � � � 7 � ! &  8  � � � N  � � " � ! 7 � � " � � � ( � & / ! ?
 & � � � + " � A � �  � ! � � � � & ( � 4 " � � & �  � � � � + !  & � � ! � ( ' " !  � )

Uhihuhqfhvo B p q ) : N � " + � ! � � ! � � r ) $ ! R R ! � 6 s @ � / � + � # &  R t � � " � ?
 & � � � A  . � 0 1 $ 2 : + - � � &  . / 7 & ! 2 � + � �  & 7 � @ � � A ?
L � & � �  n � � !  � s 6 S u u u q � ! � � ) � � 2 & - � ! + v � � � � � � ?
& � - 6 7 � + ) M E 6 � w x 6 $ ! R B y y y )

o F p : ) z & + + � & � � 6 s S � � �  & L � !  & � � � � 2  � " �  " � � � q � ! � � ?
7 � � � � � ) : � � + & � !  & � � � ! " # t ( � � � � � � : � � " �  & ' " � � s 6
q � ! &  � / � �  � " � & - � ! + 6 7 � + ) K 6 � w x � � { { | � � � � } ~ � �
} x � �

o � p 2 ) @ ) * � " - + ! � 6 s : � ! + R � & � ! � � S / � + � / � �  !  & � � � A
 . � $ ! # ? 0 1 $ 2 : � ! �  & 7 � � & +  � � s 6 & � � � � � ) F y � �: � & + � / ! � @ � � A ) 2 & - � ! + � 2 R �  � ) @ � / � "  ) 6 v ! � & L �

z � � 7 � 6 @ : 6 J �  ) B y y C 6 7 � + ) B 6 � � ) K C y ? K K � )
o M p 2 ) @ ) * � " - + ! � 6 s : � ! �  & 7 � � & +  � � � � / � + � R & � - v ! �  & ! +

n � � !  � � s 6 S u u u q � ! � � ) @ & � � " &  � � R �  ) S S 6 7 � + ) M M 6
� � ) F D y ? F B K 6 / ! � � . ) B y y E )

o C p r ) * � �� ! � � R ! � � J ) q ! � � & � " + " 6 s 2 � + � �  & 7 � ? v ! �  & ! + ?
n � � !  � 0 1 $ 2 ! � � : % � � v � � � � �  & � � : + - � � &  . / �
A � � : � � " �  & � u � . � @ ! � � � + + !  & � � s 6 S @ : 2 2 v F D D D 6
q " � � � R )

o K p � ) 0 � " 7 � 6 @ ) � ) * � � - ! � � 2 ) r ) $ &  � ! 6 s S �  � � � � ?
+ !  � � � & � &  � S / � " + � & 7 � t � � � � � � � * & - &  ! + � & +  � � ?
� s ) S u u u q � ! � � ) � � : � � " �  ) 6 2 � � � � . ! � � 2 & - ?
� ! + v � � � � � � & � - 6 � � + ) : 2 2 v ? � F 6 � � ) C K � ? C E D 6 � " � �

B y � M )
o E p S ) r ! / / � " � 6 $ ) � ! & � ! � � 6 s u # ! �  v � � A � � / ! � � � �: � ! + R � & � � A ! 2 � + � �  & 7 � @ � � % � & � �  : � ! �  & 7 �: + - � � &  . / & � : � � " �  & � u � . � @ ! � � � + + !  & � � s 6

S @ : 2 2 v F D D B 6 2 ! +  1 ! � � @ &  R )

M


