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	 P C F V`N?PQFHRTcTFhU�PQV]W;N-Wb��¥ ¦ ¢�cDS\Ned¡d^FhPQFHRTG�V`N^V]cTPQV`U���L�¢¤cDV`NeU�m]wedeFhcDP C F�U�m`S\cicg¢�¢.qTy s(q y FhU�PQV]W;N¡u:s �

l oeRTF�m]V`G�V`NeS;RQx�PTW�P C FhcTF RQFHcTw^m]PTcgV`c%P C F d^F�Q)N^V]PQV]W;N-Wb��S[��LT��_e� C V]U C V]c%a;VX�;FhN�V`N-P C F N^F��tPDcTFhU�PQV]W;NA�
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l m]V]N^a?w^V`cQPTV]U[oeRTFhcTFhN?PTS\PQV]W;N�W\�%��RiS\o C LON;PTFhRio�W;m]S\PQV]W;N¨��RiS\G[G[S\Ric��gS;c�a;VX�;FhN§V`NTu ¢�S\Ri{\|gvZ� BDC F[d^F�Y
Q0N^VXPTVXW?N a\V]�\FHN C FHRQF�deF�m]V]�)FhRiSbPTF�m]xzV]a;N^W?RQFHc Sbm]m���FhS\PTweRTFhc�NeW\P�d^V`RQFHU�PTmXx�RQFhmXFh�8S;N?P PQW�P C F&oeweRio�W?cQF�W\�
deFdQ)N^V`N^a&��LT��c*S;cDS\w^PTW;G[SbPiSe�
	�� w^m]PQV`o^m]F�YZV]N?PQFHRTo)W\m`SbPTVXW?N§Riw^mXFHc*�DV]mXm�N^W;P��)F�U�W;NecTV]deFhRTFhdA_)��W;R�P C F���W;RiG[Sbm¤o)W��gFhR*P C F�x�U�W;N?PTRTV Y
�ew^PTF V]cDF��eU�FhcicTVX�;F�V`N£P C F�o)FhRicTo)FhU�PQV]�\F�Wb��S[U�W?G�o�S\RTV]cTW;N&�DVXP C ¥ ¦ ��c��

	 l�Qe�^Fhd£�gW;Rid�W;Rid^FHR%�DVXm]m���F�S;cTciweG�Fhd��
	 j=C RiS\cTF C FhS\d�c�S;Ned§a?RTS;G�G[S\PQV`U�Sbm���weNeU�PQV]W;Nec��DV]mXm��)F�V]a;N^W?RQFHdA_�� C V`U C c C W��*c�P C SbP�P C Fhx§U�S;N
��F�deFhU�W?weo^m]Fhd-��RTW;G�oeS;RTcTV`N^a�V`cicTw^FHc��

	 e�W^d^F�m`S\�)F�m�ciwe�^P�x^o^V`N^a�_t� C V`U C-C S\c%N^W�V]G[oeS;U�PgW;N&��W;RiG�S\m0o)W��gFhRh_?�DV]m]m�N^W\P%��F G[S\deF�w�cQF�Wb�O�
l�oeS\RTP���RQW?G P C FHcQF[V`N?PTRTWtd�weU�PTW;RTx§RQFHG�S;RT�tch_�P C F�oeRTFhcTFhN?P�RQFHo�W?RQP�U�S;N¨�)F�RQFHS\d¨�DVXP C W;weP�S;N?x§oeRQV]W;R
�tN^W��Dm]Fhdea\F�Wb����RTS;o C LON?PTFhRio�W;m]S\PQV]W;N£��RiS\G[G[S\Rich�

R -/, �+251KJ:=�ZX13254(6(J
l#oeS;RTcTF�a?RTS;o C V`c�S-RTFhoeRTFhcTFhN?PiSbPQV]W;N§Wb�=S-PTRTF�F�V]N¨� C V`U C P C F�RQFhm]S\PQV]W;N �3�������K��]^�/_ V]c��eRTW;�\FhN§deW��*N
V`N?PQW�S�� ������]^c`���i��a FHd^a\F�S;Ned�p�FhRTW[W;RDG�W;RTF ����� �>��]�������� �i��� Fhdea\Fhch� � W?RQF�o�RQFHU�V`cQFhmXx;_eS�oeS\RicQF�a?RTS;o C��
V`cDS�PTweoemXF���� �"!#�%$&�(')�+*,�.-/�"01�3254 _^� C FHRQF
	 � S\Ned�! S\RTF�deV]c�kOW\V`N?P*cQFhPTc%Wb��N^W^d^FHc q RTFhcio�FHU�PQV]�\FhmXx-N^W;N^m]F��^V`U�S\m�N^W^d^FhcDS;Ned&m]F��^FHG�FHc�s _
	 $�V`cDS[d^V`cQPTV]N^a?w^V`c C FHd¡G�FHGK�)FhRDW\�6� _)U�Sbm]m]Fhd-P C F a?RTS;o C ���g��� _
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	 0#V]cDP C F�cTF�P%Wb� � ������]^c`���i��a Fhd^a;Fhch_^V � F\��S���weN�U�PQV]W;N£V`N ���lq���� !�s _
	 2pV`cgP C F cTF�PgWb� ����� �>��]������d� �i� � FHd^a\FHc�_tV¸� F;��SK��weNeU�PQV]W;N-V]N���� � ��q BDC V`cDd^FdQ0N^VXPTVXW?N&oeRTFhU�m]w�d^Fhc
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�
	��	�� � ¯�� ���h����� � �H� ¯� 0 � � ° 2
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� q�� s _�� C FhRTF � V]c�S¡RTF�m`SbPTVXW?NA_¤d^FHN^W\PTFhc�P C F&cTF�P�� �!� �"� �#� 4%$ �'& � s LON S c����(������{�A�3�������
���`����� _ ��V`c%P C F�d^W?G[SbV`N&W\�/0�_�V � F\�(� 0"q���s��*)py���W?RDSbm]m
�zV`N � �

	,+ �;FhRTx N^W^d^F§F��^U�Fho^P&P C FzRTWtW\P C S;c�F��^S;U�PTmXx W;N^F�V`G[G�FHd^V`SbPQF¨d^W;G�V`NeSbPTW;R.-£�;x 0/� 2[_DV � F\�
� q 00� 2~s213-�q���s��4) y���W?RDSbm]m3�¨V`N��65�� $ & � !��

	,+ �;FhRTx£N^W^d^F�V]N ! V`c�S-cQV`N^a;mXF�U C VXm`d��DV]P C N^W-d^FHcTU�FhNed�S\N?P�_0V � F\��0"q87�s9) 2�q87�s9) 2:13- q87�s;)=<
��W;RDS\mXm�7¤V`N !*�

R -�R �+2C;368D^9<;�=$134A@.B^2�;3D^@.9
l oeSbP C V`N;PTFhRio�W;m]S\PQV]W;N U�W;NecTV]cTPTc�V]NKo^m]wea\a\V`N^a*V`N?PQW�S*oeS\RicTF�a;RiS\o C � - ) ��� - �3! - �%$ - �3' �(*,�%- - �"0 - �"2 - 4S�deV]c�kOW\V`N?P�oeS;RTcTF�a;RiS\o C �?> ) ��� > �"! > �2@ �3' �(*,�%- > �"0 > �"2 > 4 �;x ciwe�ecTPQV]PTw^PTV]N^a�S�oeSbP C Wb� ��> ��W;R�S
NeWtdeF%A�Wb� � - P C S\P*V]c�U�S\mXm]Fhd¡P C F ��� c`�K��� W\��P C F�V`N?PQFHRTo)W\m`SbPTVXW?NA� BDC FKoeS\P C P C SbP*V`c�ciwe�ecTPQV]PTwePQFhd§V]c
deFdQ)N^FHd&�?x&I�N^W^d^Fhc%W\� � > _B@\_tP C F cQW?weRTU�F�W\��P C F oeS\P C q�� C V`U C V`cgP C F RTWtW\PgWb� � > s _DC _^P C F�PTS;RQa;F�P�W\�
P C F�oeS\P C _�S;NedE@ F _eP C F�cTw�U�U�FHcTcTW;RgW\�G@ V`N£P C F V`N?PQFHRTo)W\m`SbPTVXW?N&oeS\P C > �
|��DV`N^a-PQW�oeRTW;o)FhRTPQV]Fhc�Wb� 0 > S;Ned 2 > q�V¸� F;�KF��tV`cTPQFhN�U�F�Wb�=S\P�G�W;cTP�W;N^F�V]G[G�FhdeV]S\PQF�d^W;G�V`NeSbPTW;R���W;R
S;N?x[NeWtdeF s _^P C FhRTF�V]c%SbP%G�W;cTP=W?N^F�o�SbP C ��RTW;GH@�PQW:C ��l4U�W;NecTPTRiSbV`N?P�W?N&oeS\P C V`N?PQFHRTo)W\m`SbPTVXW?N�V`c=P C SbP
P C FhRTF ��F F��eS\U�PTmXx&W;N^F oeS\P C q�W\��m]FhN^a;P C ��W;R%G�W;RTF s���RTW;G�@ PQWIC �
BDC FhRTF�S;RQF�I[P�x^o�FHc%Wb��V]N?PTFhRio�W;m]S\PQV]W;NA�
	 LON¡S ab�KJG�]��^��� _�� _6��@ �2@LF�4=V`c%V]N 0 > ��l d^W��*NtY�c C VX��P C S;c%P C F F��0FHU�PDWb��S[PTRTF�F S\d�kQweNeU�PTVXW?NA�
	 LON¡S ����� �>��]����>� _�� _ ��@ �M@ F:4=V`c%V]N�2 > ��l RQV]a C PQYZc C VX��P C S\cgP C F F��0FHU�P%Wb��c C V ��PTV]N^a�S�cTV]�^m]V`N^a[Fhd^a;F�W\�
� - ��weRTP C FhR*RTVXa C PgV`N-P C F�RTFhciw^m]PQV`N^a[a;RiS\o C �

	 LON�S\N:N ]��^��� _�� _D@O)0@LF)�C � BDC FDF��0FHU�P�W\�AS;NPNTY�c C V ��P�V`c�PQW V`NecTFhRTP�S cTw��^a;RiS\o C SbP�P C F*S\N�U C W;RQAt�
R 9r�TS�UTVGWYX[Z3Z]\MX[U9^]SO_�` ¹badcfe »³µ \.�LS UTV?ghX �O\ji]S�SM^]VkU(l.i8\MmTnpoqnTV/�TVsr�VkiqVsr�Vki�t(mK\2^�npuvi�S.wx^]nTVQi�S SM^^]Sbghl.S VkZ

^]nTi�S.yTl.nzW�{}|3nTV}^�V#i�w=_�` ¹badcfe » `.~GX[Z�nTVki]VbmTi]VsudV#i�i]VkU�^�S ½ ~ µ _ µ8�ZµQ¶Z¶ `.~QS.i ¶¸·T�8�ZµQ¶Z¶ `.~q^]SO\#r�S.X[Uz�kS��LudyTZ]X[S��TZ�o�X ^�nY^]nLV
¶Z·T�8�¸µT¶Z¶ `.~
i�V#��\2^�X[S��(X ��^�i]S�UTyT�kVkU�X �Y��V#�s^�X[S��z� { � { � {�M��� \Mw9mT�[VkZ
SMu�X ��^]Vki]mfS.��\2^�X[S��TZ�\Mi]VQZ]nLS�o?��S�����X[l.yLi]V;�.{
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¦ W;RiG[Sbm]mXx;_hS\N�V`N?PQFHRTo)W\m`SbPTVXW?N��¡V`c�Sg��w�NeU�PTVXW?N�P C S\P�G[S\oec¤S%PTweo^m]F�W\�tP C F���W?RTG � � - � � > �2A��#C"40PTW�SDoeS\RicTFa?RTS;o C ��� � q]A�V]c=P C F�S\N�U C W;R�W\��P C F�V]N?PTFhRio�W;m]S\PQV]W;NA_?S\NedIC�P C F�PiS\RTa\F�Ph_;V¸� F\��P C F�FhNed�o�W;V]N?P�_?Wb��P C F�V`NtY
PTFhRio�W;m]S\PQV]W;N�oeSbP C � s ¢¤F�P � - S;Ned � > �)F*d^FdQ0N^Fhd[S\c�S;��W��;F\_bP C FhN ��� ) ��� � �3! � �%$ � �3' �(*,�%- � �"0 � �"2 � 4
V`c�d^FdQ0N^Fhd¨S\c���W\m]mXW��*ch_�� C FhRTF�@�V`c�P C F[RTW?W;P�W\� ��> q�V¸� F;��P C F�V`N?PQFhRio)W\m`SbPQV]W;NzcQW?weRTU�F s�S\Ned @ F�V`c�P C F
NeWtdeF�P C SbPDV`G[G�Fhd^V`SbPTF�m]x���W\m]m]W��*cp@�V]N£P C F V]N?PTFhRio�W;m]S\PQV]W;N£oeSbP C �
	 � � ) � - 5 �LA & � � >
	 ! � ) ! - � ! >
	 $ � ) $ -
	 - � ) - - � - >
	

0 � ) 0 - ��0 >��� ���������K�O�/_ ���X� _~���m	� ���`c������d���������d�� �^_ �
5 ���"� ��A 4�� � $�� - &� ���"� �2@&4�� ��� ��A 4b$ 0 - &��� c`���i��a��/_5���X� _~���m	� ����c`�����d�~c`���i��a��/_A��
{ab�KJG�]��^��� _���
��� ��
������ �>��]����>� _����
5 ����A��#� 4�� � $�� - &� ����� �#� 4�� ��A��#� 4b$ 0 - S\N�dq�q"��@ �M@ F�4b$ 0 > S;Ned��6)hC�s

W;R q"�]@ �2@ F 4��$�0 > S\Ned�� ) @ s�s &

	
2 � ) 2 - ��2 >��� ����_��<������� �i�����^_5���X� _~���m	� �`��c����"�d� � ��_�� �����d� �i� ���/_ �

5 ���"� ��A 4�� � $�� - &� ���"� �2@&4�� �"� �2A 4b$ 2 - &��� ����� �>� �����d� �i� ���/_5���X� _~���m	� ����c`�����d�A�����g���.������� �i� �+�^_ ��
������ �>��]��^��� _���
��� ��
/ab�KJG�K]������ _���
5 ����A��#� 4�� � $�� - &� ����� �#� 4�� ��A���� 4b$ 2 - S;Nedq^q3��@ �2@LF�4b$ 2 > S;Ned�� )hC�s

W;R\q"�]@ �M@ F 4��$ 2 > S\Ned�� ) @�s^s &
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	 �
	�� � «��G� ��� � ¯�� � ¯� �h������� � �h��� ¯ � �
y\� � � ��� � � �\� � ¯�� � ¯� ���h�8�B� � � � - S\Ned � > S\RTF&d^V`c�kOW;V]N?P�_�V � F\� � -! � > ) < q���RQW?G � C V]U C VXP
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Fhd^a;Fhc�s �
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¦ V]a;weRTF[y�VXm]m]w�cQPiRTS\PQFhc%P C F P C RQFhF���W?RTG[c%W\��V`N?PQFhRio)W\m`SbPQV]W;N��

+ −>

S

N

n

A

a

(a) epsilon−shift

S

N

n

V

S

N

n

A
q

A

a

s=s’=t

N

V

v

S

N V

+ −>

S

N

n N

V

v

S

N V

(c) right−shift

q

s s’

t

S

N

n

V
q

v

+

V

V A

a

s

s’= t
−>

S

N

n

V

V A

av

(b) down−shift

¦ V]a;weRTF[y�� BDC F P C RQFhF�P�xto)Fhc*Wb��V]N?PQFHRTo)W\m`SbPTVXW?N
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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