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Mohamed Elkadi & Bernard Mourrain

N˚ 2884

Mai 1996
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�P�Ò�a���Ò�� x�PR<QS{\^]R<iJ|�¹¯fb{P{\^m[]cgf3eK[]_aZPiA{�_b^mj\ZP_aQ"[�f3^]R<iJ{PpK_a{PpKR<iº�	�V�	�V�l�	�V�	� ���
�P�Ò��Ti�ÂRVpKY<i�[]|Ph1|�fbZPiN^]RVcgfbi�_a´�
 Z�¹¯fS{�fbi�|PR	¤<Y<pK_K$S^±¹ []Z\¼�Z\[��V�	�V�	�V�l�	�V�	� -:9

�P�Ò��T-�Ò� /6fbi�|PR	{�_b^mj-ZP�aQSR<i�MP_aQS_a`aO<ZPR<i��V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� -:9
�P�Ò��T-�êT��(Ydµ8_apKQªf3eK[]_aZ�|Ph1cgfbiMacb=� d 1�eb U�_Bfig�fhC � �V�	�V�	�V�	�V�l�	�V�	� -aT
�P�Ò��T-�#" �ÂR	cgfbi�`aY<ZPY<p�f3^��V�	�V�V�	�l�	�V�	�V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� -:"
�P�Ò��T-�½��oxfbi�i%fb`aRV|Ph�cgfbi�iDfbZPi�¤<Y<pK_K$"^±¹ []Z\¼�Z\[�fbh�cgfbi�MP_aQS_a`aO<ZPR �V�l�	�V�	� -b~
�P�Ò��T-�.-�LNMPY<_apKO<QSRV|PRV£6Y<¤<_ah\e>�	�l�	�V�	�V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� -b~
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--�Ò� /6fbp�fbcde�Y<ps[]i%f3eK[]_aZº|Ph�pKY<iK[]|Ph�^]_-cgf3^��	�V�	�V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� �Z9
--�êT /�_aZPiKe�pKhPcdeK[]_aZ�|Ph1pKY<iK[]|Ph¥^]_-cgf3^(�	�l�	�V�	�V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� �-�
--�#"  x�PR<QS{\^]Rl|PR	c<_aZPiKe�pKhPcdeK[]_aZ�|�¹½hPZPRVk�fbi�R	|Ph1n-hP_beK[]R<Z�e��V�	�V�	�V�	�V�l�	�V�	� �-�
--�½� t-_-cd^]RVRde�pKY<iK[]|Ph �	�V�	�V�	�V�V�	�l�	�V�	�V�V�	�V�	�l�V�	�V�	�V�	�V�l�	�V�	� ��T
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/�R<i�ZP_be�R<i�_aZ�e�Yde�Y6pKY<|\[]`aY<R<i�$�^�fAi�h\[me�R6|�¹½RH�P{�_ai%Y<ixfbh"i�Y<Q"[]Z�f3[]pKR! Pv�_apKQSR<i#" v�_apKQlh\^]R<i�$
���a�b�3¾����a�]--��/�R	i�Y<Q"[]Z�f3[]pKRVc<_aQSQlhPZ�fbh¥^�fbk�_ap�f3e�_b[]pKRl¿b¾ u��P�A[]R<hP|P_aZPZPYV|PRV�ºf3e�MPY<Qªf3eK[]nIhPR<i
|PR1^±¹½­�Z\[m��R<pKiK[me�Y�|PR1§J[]c<R�Rde¢fbhÄ{PpK_3rsRde¥t-u�vxw¬yl��w¬§�y�wzu��¡t-_a{PM\[�f�¾ u�Z9eK[]{�_b^m[]ig��f<�af3[me�{�_ahPp
e�MPO<QSRa� c<RdeKe�RlfbZPZPY<RH¾±^ $\�% %&  �(' �*)�+ ��� � �,�-��� �������.$P�
�(fbZPi�hPZPR¢{PpKR<Q"[]O<pKR¦{�fbpseK[]Ra��ZP_ahPi�jÁf<��_aZPi�{PpKY<i�R<Z�e�Y�^]R<iVe�p�fg�bfbh-� |PR¥t-c%MPR¬r�f\�¸tIe�_apKc%M

Rde(²	hPZP¤"i�hPpA^]R<i(pKY<iK[]|PhPi	f3^]`aY<kPps[]nIhPR<i�/G{Ph\[]i	ZP_ahPi	f<��_aZPiVfbk�_apK|PY�^]R<i	fbi�{�R<cde�i	fbZ�f3^mj-eK[]nIhPR<i
Rde¦^]R<hPpKi¥fb{P{\^m[]cgf3eK[]_aZPi�R<Z `aY<_aQSYde�ps[]RÁf3^]`aY<kPps[]n-hPR�R4 GR<cdeK[m��Ra�M/�R<i¦fb{P{PpK_-c%MPR<i1fg�bf3[]R<Z9e�Yde�Y
[m^m^]hPi�e�pKY<R<i�{�fbp�nIhPRd^]n-hPR<i�fb{P{\^m[]cgf3eK[]_aZPi $6^�fJpKY<i�_b^]h\eK[]_aZl|PR·iKj-i�e�O<QSR<i�{�_b^mj-ZP_aQ"[�fbh-��� $�^±¹½Yde�hP|PR
^]_-cgf3^]R1|PR�{�_b[]Z9e�i¢[]i�_b^]Y<i���$ ^±¹½Yde�hP|PR1^]_-cgf3^]R�|PR�c<_ahPpKk�R<i¦Rde $�^]R<hPpªe�p�fbc<R<i�pKY<Rd^m^]R<i10��¡§A_ahPi
pKR<QSR<pKcd[]_aZPiJe�_ahPiN^]R<i6[]Z�e�R<ps��R<Z�fbZ9e�i	fbh�i�Y<Q"[]Z�f3[]pKR2 Âv _apKQSR<i3"�v�_apKQ�h\^]R<i4$ ��f3[]ZPiK[Ân-hPR(e�_ahPi
^]R<iJ{�fbpseK[]cd[]{�fbZ�e�ig�
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�¡¹ []ZP`apKY<|\[]R<Z�eV{Pps[]ZPcd[]{�f3^�|PR�^�f¢c<_aZPiKe�pKhPcdeK[]_aZÁf3^]`aY<kPps[]n-hPR�|PR<iApKY<i�[]|PhPiAR<i�e�^]R�£�Y<¤<_ah\eK[]R<Z

¨ n-hPR�^±¹½_aZ�fb{P{�Rd^m^]R<p�f fbhPi�iK[8 �rKfbc<_ak\[]R<ZE|\[]i�c<pKRde9$9©H�¸§�_ahPi"f3^m^]_aZPiSp�fb{P{�Rd^]R<p"p�fb{\[]|PR<QSR<Z9eªi%f
|PYd¼�Z\[meK[]_aZ���f3[]ZPiK[VnIhPR c<R<pse%f3[]ZPi1|P_aQªf3[]ZPR<i�_a´ [m^Vfb{P{�fbp�f�:�eg�7/�_aZPiK[]|PY<pK_aZPi�|PR<h-��{�fbn-hPRde�i
|PR��bfbps[�fbk\^]R<i � � G
d 5 U ����� U d1; J�U�< � G�= 5 U ����� U>=�;@J�Rde�^]R<i�{�_b[]Z�e�i@?2A �CB � G
d 5 U ����� U d1; J%�
? A 5 B � G�= 5 U dED ����� U d ; J�U ����� �F? A ; B � G�= 5 U ����� U>= ; J%�¸o�_ahPp"e�_ah\eS{�_b^mj-ZP�aQSR aHG���� �=� ¨ �
R<i�eAhPZºc<_apK{Pi	c<_aQSQlh\e%f3eK[mµ6hPZ\[me%f3[]pKR�©H�G_aZºZP_be�R�I
b G a2J �KJ AML#N e(O B 3 J APLQN eMRTSUO BV e 3XW�e U�_Kf�gMf C���^]R<i
|\[! GY<pKR<ZPc<R<i-Y � � ����|PRKaª�c/�Rªi�_aZ9el|PR<il{�_b^mj\ZP�aQSR<iVR<Z+d 5 U ����� U d ; U>= 5 U ����� U>= ; ��|PRª|PR<`apKY<i
fbh�{\^]hPi3ZX[]\@G a,J%^ _�� /�_aZPiKe�pKh\[]i�_aZPiJ^]R	{�_b^mj\ZP�aQSRV|PR ��� � U�<c�±�

\ G a
�
U�a 5 U ����� U�a ; J)�

_______

a
�
G�? A
�CB J`I 5 G a

�
J`a]a]abI�; G a

�
J

��� ��� ���
a ; G�? A

�CB JcI 5 G a ; Jda]a]aeI ; G a ; J

_______
U

_a´ a
�
U ����� U�a ; G�� � �6�±��§�_ahPi�f3^m^]_aZPiN��_b[]pNn-hPR(c<RdeN_ak-rsRdeJfb{P{�fbp�f�:�eJn-h�fbZP|¥_aZ�ig¹ []Z�e�Y<pKR<i%i�R $

^±¹½Yde�hP|PRl|PR<i�iKj\iKe�O<QSR<i�{�_b^mj-ZP_aQ"[�fbh-���
 ���£6Y<¤<_ah\e¸fJh\eK[m^m[]i�Yqc<Rde¸_ah\eK[m^I{�_ahPp�c<_aZPiKe�pKh\[]pKR·^]R¡pKY<i�h\^me%fbZ9e¸|PR·|PR<h-�l{�_b^mj\ZP�aQSR<i)a Rde9f

R<Z�hPZPR¡�afbps[�fbk\^]Ra��R<Z�cgf3^]c<h\^�fbZ�e¸^]Rq|PYde�R<pKQ"[]Z�fbZ�e�|�¹½hPZPR·Qªf3e�ps[]c<R·|PRqe%f3[m^m^]Rhg2ikj G�ZX[]\ aQU>ZX[]\lf,J
¨ ��_b[]p�®#-�°æ©H�Â§�_ahPil{�_ah\��_aZPi�c<_aQS{�fbpKR<pV^�f�QSYde�MP_-|PRª|PRª£6Y<¤<_ah\e�$¥c<Rd^m^]R�{PpK_a{�_ai�Y<RSh\^me�Y<ps[]R<h ,
pKR<QSR<Z9e�{�fbp�tIj-^m��R<iKe�R<p�nIh\[¡c<_aZPiK[]i�e�RK$�cgf3^]c<h\^]R<pV^]R¢|PYde�R<pKQ"[]Z�fbZ�e"|�¹½hPZPR¢Qªf3e�ps[]c<R¢|PRªe%f3[m^m^]R
Z1[]\�a � ZX[]\�f R<Z�c<_aZPiK[]|PY<p�fbZ9e�|PR<i�Qlh\^meK[]{\^]R<iS|PR<i�{�_b^mj\ZP�aQSR<i�[]Z\[meK[�fbh-� a@Rde�fS�S/�RdeKe�R
c<_aQS{�fbp�f3[]i%_aZ�{�R<h\e	i�R�µõf3[]pKR"fbhPi%iK[�|�fbZPi(^]R�cgfbi	|�¹½hPZ iKj\iKe�O<QSR"|PR,C � _S{�_b^mj\ZP�aQSR<i	R<Z C
�afbps[�fbk\^]R<ig� �ÂR<iAµ8_apKQ�h\^�f3eK[]_aZPiA|PhºpKY<i�h\^me%fbZ9eA{�fbp(��fbcgfbh\^�fgj ¨ ��_b[]p"®¯TI�<°�_ahE® "Z93°æ©H� _ahºR<ZPc<_apKR
m Ú�%aíDë3ñ %�ôêë3ö�ì�é¡ì�ï  á%è¯ô ö¬ß�ndí%è ñ ��o�o -1pUq�qCr�r�r 
 ���(���$��
���� q ,�������� q>s]t�t]u�vCw�x�q ,Hý * ���	�(����ý(,�
 �]o * þ
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^]R<i�pKY<i%h\^me%fbZ�e�iq|PR8 §�R �Ne�_aZ $ ¨ ��_b[]p�®½�a°æ©H�3{�R<h\��R<Z�e·«de�pKR6�-hPR<i�c<_aQSQSRNhPZPRN`aY<ZPY<p�f3^m[]i%f3eK[]_aZ¢|PR
^�fªQSYde�MP_I|PR�|PR�tIjI^m��R<i�e�R<pJf3^]_apKiJn-hPR	^]R<i�µ¶_apKQlh\^�f3eK[]_aZPiA_ak\e�R<Z9hPR<i�$S{�fbpseK[]p  Â|PR<i¡rKfbc<_ak\[]R<ZPi
|\[]i%c<pKRde�iX$S`aY<ZPY<p�f3^m[]i�R<Z�e�^�f"QSYde�MP_I|PRl|PRV£6Y<¤<_ah\eg�

�ÂR<i�£6Y<¤<_ah\eK[]R<ZPi�fb{P{�fbp�f3[]i�i�R<Z9exfbhPi%iK[I|�fbZPi�^]R<i�e�p�fg�bfbh-�l|PR·u����A[Ò�\_aZ¦®½�3°±��n-h\[-f�c<_aZPi�e�pKh\[me
^]R�pKY<i%h\^me%fbZ�e�|PR1e�pK_b[]i¢{�_b^mj-ZP�aQSR<ig�qR<ZÃ|PR<h-�E�afbps[�fbk\^]R<ig�¡|Ph QS«<QSR1|PR<`apKYa�qR<ZÃi�h\[m�afbZ�e�^�f
QSYde�MP_-|PR	[]Z9e�pK_I|Ph\[me�R�{�fbpN£�Y<¤<_ah\eA{�_ahPpN|PR<h-��{�_b^mj-ZP�aQSR<i�R<Z�hPZPR	�bfbps[�fbk\^]Ra�

�ÂR<iq{�_b^mj-ZP�aQSR<iH\Ei�_aZ9e�fbhPi�iK[ $	^�f	k�fbi�R�|PR�QSYde�MP_-|PR<i�Z9hPQSY<ps[]n-hPR<i·|PRN^]_-cgf3^m[]i%f3eK[]_aZ�|PR<i
¤<Y<pK_aiA|�¹½hPZ�i�j-iKe�O<QSRl{�_b^mj\ZP_aQ"[�f3^±��c<_aQSQSRl^�fªQSYde�MP_-|PR�|PR<i�i�Y<cgfbZ�e�R<i(R<Z1hPZPR�Rde�{\^]hPiK[]R<hPpKi
�afbps[�fbk\^]R<ig��n-hPR(^±¹½_aZ1{PpKY<i�R<Z9e�R<p�fª|�fbZPiN^�f"i%R<cdeK[]_aZ1�P�êT ¨ ��_b[]pl®³����°±��® "-�<°±��®¯TZ-�°æ©H�

��fºµ8_aZPcdeK[]_aZh\ fb{P{�fbp�f�:�e¢Y<`�f3^]R<QSR<Z9e¢|�fbZPi"^]R<i"e�p�f<�afbh-�Ã|PR¥¿��½o��q¿�_ah�fbZP_b^]_ah>®³��~3°±�x_a´
Rd^m^]R�R<iKeAfb{P{�Rd^]Y<R��  !��+ � � ���  !� � � ' �� �^m^]Rli%R<pseD$ªc<_aZPi�e�pKh\[]pKRV^]RlpKY<i%h\^me%fbZ�e(|PRBC {�_b^mj\ZP�aQSR<i
MP_aQS_a`aO<ZPR<i�R<Z�C �afbps[�fbk\^]R<ig�

�ÂR<i2 Gr�fbc<_ak\[]R<ZPi	|\[]i�c<pKRde�i $�fb{P{�fbp�f3[]i�i�R<Z9eV[]ZPYd�-[me%fbk\^]R<QSR<Z�e�R<Zºe�MPY<_aps[]R¢fbZ�f3^mj-eK[]n-hPRS|PR<i
pKY<i�[]|PhPig�b{�fbp�RH�\R<QS{\^]RN|�fbZPi�^�fAµ¶_apKQlh\^]RN|PR6ÀÁRd[m^�_ahS|�fbZPix^]R<ix^]_b[]iq|PR·e�p�fbZPi�µ8_apKQªf3eK[]_aZPi ¨ ��_b[]p
®³� -�°±�Â® �b°�_ahÁ® "3°æ©H�Pwz^]i6i�_aZ�e�h\eK[m^m[]i�Y<iJR<Z¦{�fbpseK[]c<h\^m[]R<pJ{�_ahPp6e�pK_ah\��R<pN|PR<i6µ¶_apKQlh\^]R<i�|PR	pKR<{PpKY<i%R<Z ,
e%f3eK[]_aZº|�fbZPiA|PR<iJ[]|PYgfbh-��|PR�{�_b^mj\ZP�aQSR<i(Rde�_ak\e�R<Z\[]pA|PR<iA��R<pKiK[]_aZPi�R4 GR<cdeK[m��R<i(Y<c<_aZP_aQ"[]nIhPR<i
|Ph�§Ah\^m^]iKe�Rd^m^]R<ZPi%f3e�¤ ¨ ® "3°±�Â® �a°±�Â®³�a�g°±�Â®³��T3°æ©H�
�AR<{Ph\[]iJnIhPRd^]n-hPR<iNe�R<QS{Pig�P^]R<i�fbi�{�R<cde�iJR4 �R<cdeK[mµ¶i�|PR<i�£6Y<¤<_ah\eK[]R<ZPiJ_aZ9eJi�hPi�cd[me�Y	hPZ�pKR<`�f3[]Z

|�¹ []Z9e�Y<pK«de¢c<_aQSQSR¥^]R¥QS_aZ�e�pKR¥^]R<i"e�p�fg�bfbh-� ®¯��°±�N®¯Tb~\�·�g��°±�6®¯Ta��°N_ahER<ZPc<_apKRÁ®¯T3°N{�_ahPp�c<R¥n-h\[
c<_aZPc<R<pKZPRª^�f�`aY<_aQSYde�ps[]R�f3^]`aY<kPps[]n-hPRªpKY<Rd^m^]Ra��tI[]`aZ�f3^]_aZPi�Y<`�f3^]R<QSR<Z�e"nIh�¹½hPZPRªfb{P{PpK_-c%MPR¦f3^]`a_�,
ps[me�MPQ"[]n-hPR1|PhÄcgf3^]c<h\^A|PR<i¢pKY<iK[]|PhPi¢R<iKe¢{PpK_a{�_ai�Y<R1|�fbZPi�®½~3°±�q|�fbZPiª^]R�cgfbiªe�pKO<i�i�{�Y<cd[�f3^�_a´
^±¹¯fb{P{\^m[]cgf3eK[]_aZ�{�_b^mj\ZP_aQ"[�f3^]R8G a 5 U ����� U�a ; JqR<i�e�hPZPRV|PYdµ8_apKQªf3eK[]_aZ�{\^�f3e�RV|PR8G
d 1 S5 U ����� U d 1�
; J%�

�ÂRSkPh\eV|PRSc<RSp�fb{P{�_apseVR<i�eV|PRS|P_aZPZPR<p(^]R<iV{Pps[]ZPcd[]{�f3^]R<il{PpK_a{Pps[]Yde�Y<iV|PR<il£�Y<¤<_ah\eK[]R<ZPi�Rde
i%hPpse�_ah\e�|�¹½Y<cd^�f3[]pKcd[]p�^]RlpK�b^]Rln-h�¹ [m^]iA{�R<h\��R<Z9eqrK_ahPR<pJ|�fbZPi�^�f"e�MPY<_aps[]R"f3^]`aY<kPps[]nIhPR�|PR<i�pKY<i�[]|PhPi
Rde�|�fbZPi�^�f"pKY<i�_b^]h\eK[]_aZ1|PR	iKj\iKe�O<QSR<iN{�_b^mj-ZP_aQ"[�fbh-�����	fbZPi�hPZPR	{PpKR<Q"[]O<pKRV{�fbpseK[]Ra��ZP_ahPiJp�fb{ ,
{�Rd^m^]R<pK_aZPiS^]R<iS{PpK_a{Pps[]Yde�Y<i�|PhÃ|Ph�f3^�|PR¥^±¹¯f3^]`aO<kPpKR1|PR<iS{�_b^mj\ZP�aQSR<iªRdeª|PhEiKj\iKe�O<QSR¥[]Z���R<pKi%R
|�¹½hPZ�[]|PYgf3^±�x§A_ahPi�QS_aZ9e�pKR<pK_aZPiª|�fbZPi�^]R¥cgfbi�^]_-cgf3^ ¨ {�_b[]Z9e�[]i%_b^]Y�©lc<_aQSQSR<Z9eªc<R<i"iKj-i�e�O<QSR<i
[]Z9��R<pKi�R<i6{�R<h\��R<Z9e�«de�pKRAcgf3^]c<h\^]Y<i6{�fbp � ��� � �!��� ���  !� �I§�_ahPi�h\eK[m^m[]i�R<pK_aZPi6c<R<i�pKY<i�h\^me%f3e�i6{�_ahPp·cgf3^ ,
c<h\^]R<pA^]R�pKY<iK[]|Phº^]_Icgf3^x|�¹½hPZPRSfb{P{\^m[]cgf3eK[]_aZ�{�_b^mj\ZP_aQ"[�f3^]Ra�G�	fbZPiAhPZ |PR<h-�\[]O<QSR�e�R<QS{Pig�GZP_ahPi
|PYde%f3[m^m^]R<pK_aZPil^]R<i	e�p�f<�afbh-��|PR�W"�Ât-c%MPR¬r�f�RdeV­���tIe�_apKc%M ®¯Tb�3°±��RdeV J�Â²	hPZP¤1®³���b°±��_a´ ^]R<i	µ¶_aZ ,
|PR<QSR<Z9e�i	|PRl^�f¢e�MPY<_aps[]R"f3^]`aY<kPps[]nIhPR"|PR<i(pKY<iK[]|PhPi(i�_aZ�e(Yde%fbk\^m[]ig�� ¡Z i�h\[me�Ra��ZP_ahPiAYde�hP|\[]R<pK_aZPi
^]Rlc<_aQS{�_apse�R<QSR<Z9e(|Ph�pKY<iK[]|Ph�i%_ahPi�^±¹¯fbcdeK[]_aZº|PRlc<R<pse%f3[]ZPR<i�e�p�fbZPiKµ8_apKQªf3eK[]_aZPi({�_b^mj-ZP_aQ"[�f3^]R<i��
Rde"^]R¥^m[]R<ZÃf<��R<c¥^]R<i¢k�fbi�R<i"|PR�W(pK»akPZPR<p<��§�_ahPiS|P_aZPZPR<pK_aZPi¢|PR<iS{PpKR<h\��R<iªYd^]Y<QSR<Z�e%f3[]pKR<i�|PR
pKY<i%h\^me%f3e�i	cd^�fbi�iK[]n-hPR<i(e�Rd^]i	nIhPR�^]R�e�MPY<_apKO<QSRª|PRS��fbcgfbh\^�fgj���^�f�µ8_apKQ�h\^]RS|�¹½ ¡h\^]R<p¬¾z¿�fbc<_ak\[±��^]R
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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