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Ercan E. Kuruoğlu — Josiane Zerubia

N˚ 4121

February 2001





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

���������	�	
��������� �������������
��! "��#������%$&���	
	�!�'�!
	���(��)*�! ��
�+�-,��	��
�� /.0
����1$&
32546�!
����

798;:=<?>@7�ACBED&8FD&GIHIJKDMLON?GIP;QR<?>&SUTVS=8FD&W&QR<

X%Y[Z�\^]�_a`cbed=fg]Fhjilk3fjmonldpY[nl\q\^]�rR\�isk�Ytmod[]lu
mv\�ixwl]FyFu{z[nsd[d[|F]FyFu[k	nld[dtixm}yjygisdtk	];y

~Chgns��]	f���hgm}ixdti

�-is�[�?nshgf�z[]9hg];k�Y[]�h�k�Y[]�d?�����;�[��`c�[]��thg�tishg���x�s�t��`"���a�tixwl]Fy

�p���F�����[�s�s��� �{d=fgY[]�fgm}k�is��]Fh�fj�[hg]�hjilz[ixh�� � ��� �¡mv\�ixws]Fhg� Ytisy1¢£ns�tdtz9mv\q�?nshgfjisd=f!ix�[�t¤om}k�ixfgmvnsdty!y�mvdtk	]
mofjy-mod=fghjn¥z¥�tk	fgmvnsd¡utz[�[]9fgn�mofjy k	¤v]Fish-isz¥¦�ixd=f�ixws]§n�¦s]Fh�ns�¥fjmvkFix¤1yji�fj]�¤v¤omofg]9mv\�ixwl]�hj�su¥�?]�mvd[w�ns�?]�h�ix�[¤v]9mvd
¦�ishgmvns�ty©¨V]Fi�fjY[]�h^k	nldtz¥mofgmvnsdtyFª¬«-n�¨V]�¦l]�h;uOz¥�[]�fgnfgY[]��[Y{�¥y�m}k�yqns¢�hjilz[ixh©mo\�iswsmvd[wU�[hjn¥k	];ygyFu � ���
mv\�ixwl]Fy9k	nld=fjixmvd®�[d{¨Visd=fg]Fz¯ixhgfg]�¢°isk	fjy9mvd¯fgY[]�¢£nlhg\±nx¢�i5wsh�ixd{�[¤}ixh'¤vn=nl²U¨�Y[m}k�Y®mvyak�ix¤v¤v]Fz®y��?]Fk�²{¤v]sª
X%Yt]�isyjy��t\q�[fgmvnsdty1nx¢¥fgYt]³k	¤}isyjygmvkFix¤ � � �´mv\^isws]Cwl]�d[]Fhjixfgmvnsd'\^n¥z¥]�¤=¤o];isz§fjn-fgYt]³k	nld{¦s]�d=fjmonld fjYti�f!fgY[]
hj]Fis¤xixdtz'mv\�ixwlmodtishg���tixhgfjy�ns¢lfjY[]Chj]Fk�]�mv¦s]Fz§¨%iµ¦s]�¢£ns¤v¤vn�¨¯i-¶'is�tygygm}ixd'¤viµ¨9uF¨�Y[m}k�Y9mod'fj�[hgd9\^];ixdtyIfjYti�f
fjY[]�ix\^�[¤vm·fj�tz¥]�ns¢�fgYt]q¨%iµ¦s]qYtily§i5�-iµ�{¤v]�mvwsY¯z¥mvy�fghjmv�[�¥fgmvnsd1ªq«�n�¨³]F¦s]�h;u¡ygns\^]©]�¸¥��]Fhgmv\^]�d=fjis¤&zti�fji
ygY[n�¨¹mv\^�[�[¤}y�mv¦s]�k�Ytixh�isk	fg]�hjm}y�fjmvkFy�¨�Y[m}k�Yºk	nlhghj]Fyg�?nsdtz¯fjn�[d�z¥]�hj¤o�{mvd[wUYt]Fiµ¦{�=rKf�ixmv¤o];z´z¥mvy�fghjmv�[�¥fgmvnsd�y�u
k�¤o];ixhj¤o�Edtnsd¥re�-iµ�{¤o]FmowlY¡ª � ns\^]�ix¤ofg]�hjdtixfgmv¦s]^z¥mvy�fghjmv�[�¥fgmvnsd�y'Ytiµ¦s]q��]F]�d´yg�[wswl]Fy�fg]Fzy���k�Y¯ily »¯]�mv�[�[¤v¤
isdtz¼¤vnswxr½d[nlhg\�ix¤-z[mvy�fghjmo�t�¥fgmvnsdtyFu�Y[n�¨V]�¦l]�h;uVmvd¾\^nly�f�ns¢§fjY[]kFisyg]Fy^fjY[]Fyg]U\^n¥z¥]F¤vy�ixhj]¿]�\^�[mvhgm}k�is¤Ku
dtnxf�z¥]Fhgmv¦s];z�¨�mofgY�fjY[]ak	nldtygmvz¥]Fhjixfgmvnsd�nx¢&�[dtz¥]Fhg¤v�{modtw��[Y{�{ygm}k�ix¤¡k�nsdtz[m·fjmonldty-ixd�zpfjY[]�hj]	¢£nlhg]�ishg]9kFisyg]
yg�?]Fk	moÀ�ksª§bedUfgY[m}y§hg]F��nlh�f;uIhg]F¤vix¸{mvd[wpygns\^]©nx¢CfjY[]qilygyg�[\^�¥fjmonldty�¤v]Filz¥mvd[w6fjnpfjY[]qk�¤vilygygm}k�ix¤��-iµ�{¤o]FmowlY
\^n¥z¥]F¤!ixd�z���y�mvd[w^fgYt]�hg];k	]Fdlf-hj]Fyg�[¤ofjy�mvd5fgYt]�¤omofg]Fhjixfg�[hj]9nsdEÁ1r½y�fjis�[¤v]az¥m}y�fjhgmv�[�¥fjmonldty�ut¨³]az[]�¦s]F¤onl��i
wl]�d[]Fhjis¤om}yg]Fz¯�£Y[];iµ¦=�=rRfjismo¤v]Fzt�V¦l]�h�y�mvnsd5ns¢�fjY[]a�-iµ�{¤v]�mvwsY5\^n¥z¥]�¤!�tisyg]Fz5nld�fjY[]©ilygyg�[\^�¥fjmonld�fjYti�f fgY[]
hj]Fis¤�isdtzqfgY[] mo\�iswsmvdtixhj�a�tish�f�yCns¢�fgY[] hg];k	]�mv¦s];z�y�mvwsd�ix¤¥¢£nl¤o¤vn�¨-y�isd�mvygnxfjhgnl�[mvk�Á¡rey�f�ix�[¤v]-¤}iµ¨¼¨�Y[mvk�Ypmvy
yg�[wlws]Fy�fg];z��{�6iawl]�d[]Fhjis¤om}yg]Fz^¢£nlhg\¹ns¢1fgYt]'k�]�d=fgh�ix¤?¤vmo\^mof�fgY[]Fnshj]�\5ª&»]'ix¤}y�n^z¥]Fhgmv¦s] d[n�¦s]F¤?\^]�fgY[n¥z[y
¢£nlh'fgY[]�];y�fjmo\�ixfgmvnsd¯nx¢�fjY[]�Y[];iµ¦=�=rRfjismo¤v]Fz�-iµ�{¤o]FmowlY¯z¥m}y�fghjmo�[�[fgmvnsd¯�tixh�ix\^]	fj]�h�y§�tisyg]Fznsd¯d[]�w=i�fjmo¦l]
¢£h�isk	fgmvnsdtis¤·r½nsh�z¥]Fh%y�fjixfgm}y�fjmvkFy�¢£nlh-\^n{z[]�¤¡Àtf�fgmvd[w�ª Â �[h�]�¸{�?]�hjmv\q]Fd=fjix¤1hg];y��[¤ofjy�y�Y[n�¨@fjYti�f-fjY[]�Y[];iµ¦{�lr
f�ixmv¤o];z��iµ�=¤v]�mvwsY\^n{z[]�¤Ck�isd¯z[]Fyjk	hjmo�?]qi�¨�m}z¥]^hjisd[ws]qnx¢%z[i�f�ip¨�Ytmvk�Y®k	nl�[¤vzd[nsf'�?]�z¥]Fyjk	hjmv��];zU�{�
fjY[]�k	¤}isyjygmvkFix¤��-iµ�{¤o]FmowlYp\^n¥z¥]�¤Rª
ÃEÄ=ÅIÆjÇaÈ ��É��s� Á1rey�f�ix�[¤v]�z¥m}y�fjhgmv�[�¥fjmonld¡u;ws]�dt]�h�ix¤vmvyg]Fz§�-iµ�{¤o]FmowlY§z[mvy�fghjmo�t�¥fgmvnsd¡u;Y[];iµ¦=�=rRfjismo¤v]Fz§�-iµ�{¤o]FmowlY
z[mvy�fghjmo�t�¥fgmvnsd¡u[yg�{d=fgY[]�fgm}k9ix�?]�hgfg�[hj]'hjilz[ixh9� � �����Vmv\�ixws]Fhg�lu{d[]�w=i�fgmv¦s]'nlhjz¥]Fh�y�f�i�fgm}y�fgm}k�yFª

Ê&Ë=ÌÎÍCÏ&ÐFÑ�ÒaÏOÓ�Í³Ô=Ó�ÑeÕ�ÖØ×©ÙvÚ=Û=ÜlÝ3ÜaÞx×aÕ�Ë=Ý%ß1ÚsÑ�Ð;Ô¥Ý3Ó�Û�à³Ý�ÍeÝ�Ó�Ñ�á�Ë6â�Ð;ÛlÍeÐFÑeÕ�ÌÎÚ=ãMÌÎÛ^äRÛsÙ}ÐFÑ�ã�Ó	Õ�ÌÎá�Í�ÓFÛ{Ü^å^Ó�Õ�Ëlæ
Ý�ã�Ó�Õ�ÌÎá�Í^ç£ß¡à�â�äeå�ègé!Ê&ËlÝ�ÓFÚsÕ�Ë=ÐFÑ�Í'Ï�Ð;ÚlÖoÜUÖÎÌ·Ò;ÝqÕ�ÐpÕ�Ë=ÓFÛlÒ5Õ�Ë=Ý^êsÑ�Ý�Û=á�Ë®ëxÔ{Ó�á�Ý�ì³íFÝ�Û=ág×¬ç°â�î%ß!ë=è§Ó�Û{ÜEÕ�Ë=Ý
ëlÓFÛ=ÜlÌ·Ó îVÓ�Õ�ÌÎÐ;Û=ÓFÖ?ï?ÓFÞlÍOÙ}ÐFÑ�ÔsÑ�Ð�ðxÌ·ÜlÌÎÛlí�ëlì�à*ÜlÓ�Õ�Óxé



���������	
	�1�9�!
	���"�����I����a� � ��� ����$ #������%$&���	
	�!�'�!
	���(����4����
.0
	���!$�
3254p�!
	��� ���±�+�-,��	��
	a 

	�
 ���� 
 ����� mv\^isws]Fhgmv]§��isz[ish�� � �{d=fgY[|;y�]9z � Â �[¦s]Fh�fj�[hj]©�°� � Â'�Vi©k�nsdtz¥�tm·f��qz � mv\^��nlh�f�ixd=fg];y�ix�¥r
�t¤om}k�ixfgmvnsdtyFulz¥�6¢°ixmofVz¥]�ygnsd6iµ¦�isdlf�ixwl]-k	]�hgfjismod�yg�[h�¤ � mo\�ixwl]�hjmo]-yji�fj]�¤v¤omofjismohj]-nl�¥fgm��=�[]a�£�[fgmv¤om}ygixfgmvnsd�fjns�¥f
fj]�\^�ty��3ª��³]��?]�d�z[ixd=fFu{z¥��¢°ism·f%z¥]-¤}i9�[Y{�¥y�m��=�[]�z¥��k�ix�[fg]��th³� � Â©ul¤o];yCmv\�ixws];yC�[hjn¥z¥�[mofg];yC�[hj|Fyg]�d=fg]Fd=f
z[]Fy-ish�fj]	¢°isk	fjy�dtnsdEz¥|Fygmvhjis�[¤o];y�u[k�nsd[d{�ty�y�nl�ty�¤v]9d[ns\�z¥]9�[hj�[mof z¥]�k�Ytixfgnsmv]�\^]Fdlf;ª ��� Y{�{��nsfgY[Z;y�]��=�[]
¤v]Fy �tish�fjmo];y�hj|�]F¤o¤v]Fy ]	f§mo\�ixwlmod�ixmvhg];y�z¥]q¤ � nsd�z¥]ahj]����[]©yg�[mv¦s]�d=f§�[d[]q¤onlm&¶'is�tygygmv]�d[d[]��°k�]��=�[m&hj]�¦{mo]Fd=f
��z¥mvhg]��=�[]©¤ � ix\^�[¤vmofg�tz¥]^z¥]©¤ � nsdtz[]©yg�[m·f'�[d[]qz¥m}y�fjhgmv�[�¥fjmonldUz¥]^�-iµ�{¤o]FmowlY���z¥|;k	ns�t¤o]qz¥]Fy Y{�=�?nxfjY[ZFyg]Fy
k�¤vilygygm��l�t]�\^]�d=fV¢°ixmofg]Fy�y��[h�¤v]9\^n¥z¥Z�¤v]9z¥]9ws|Fd[|�h�i�fjmonld�z¥]'¤ � mv\�ixws]9� � Â©ª
�³]F��]Fdtz[ixd=f;u[z¥]FyVz¥nsdtd[|�];y³]�¸¥��|Fhgmv\^]�d=fjis¤o];y��[hj|Fyg]�d=fj]�d=fVz¥];y%k�Ytixh�isk	fg|�hjm}y�fjm��=�[];yOmo\^�[�t¤vygmonld[d[]F¤o¤v]Fy

k�nshjhg];y��?nsd�z[ixd=f��z¥]Fy^z¥m}y�fjhgmv�[�¥fjmonldty �!�=�[]F�[]�¤vns�thjz¥]�y�nl�ty�ro��ilygk�]�d=fg];y�u"�=�[m%d[]5y�nldlfq�tisy^z¥]�f��{��]
��iµ�=¤v]�mvwsY1ª�# � is�¥fghj]Fy'z¥m}y�fjhgmv�[�¥fjmonldty§fg]F¤o¤v]Fy$�=�[]^¤v]Fy'¤vnsm}y'z¥]^»]Fmo�[�t¤o¤Cnl�¤vnswsrRdtnshj\^is¤o]ansd=f9|	fg|^�[hjnxr
�?nlyg|�];y�ª��³]��?]�d�z[ixd=fFu¥z[isdty³¤via�[¤o�t�tixhgfVz¥];y³kFisyFu=k�]Fy�\qn¥z¥ZF¤o];y³ygnsd=fV]�\^�[mvhgm��=�[]Fy³d[]��thg]Fdtixd=f³��isyFul]Fd
k�ns\^�¥fj]§¤}i^�[Y{�¥y�m��=�[]'z¥�Ek�ix�[fg]��thFu¥]�f�y�nldlf%fjhgnl��yg��|;k	moÀ%�=�[]FyFª
#§ixdtyOk�]%hjis�[��nlh�f;u�]�d^hj]�¤}isk�Ytisdlf&�=�[]�¤��=�[]Fy&Y{�{��nsfgY[Z;y�];y&�l�tm[k	nsd�z¥�[m}y�]FdlfCis�©\^n¥z¥Z�¤v]�z¥]��-iµ�{¤o]FmowlY

]�f�]�d��[fgmv¤om}ygisd=f³z¥]Fy�hg|;y��t¤·f�i�fjyChg|;k	]�d=f�yO�[�[�[¤vmv|FyVz[ixdtyC¤vi9¤vmof�fg|Fhjixfg�[hj]-yg�[h�¤v]Fy³z¥mvy�fghjmv�[�¥fgmvnsd�yCÁ¡rey�fjix�t¤o];y�u
dtns�ty§�[hjns�?nlygnsdty§�[dt]q¦l]�h�y�mvnsdUws|�dt|�h�ix¤vmvyg|�]5�'�(�=�[]��t]q¤vns�thjz¥]µ��z[�¯\^n¥z¥ZF¤o]�z¥]��-iµ�{¤v]�mvwsY¡ª)�³]Fk	mO];y�f
¢£nldtz¥|�yg�[h9¤ � Y{�{��nsfgY[Z;y�] �=�[]^¤o];y'�tixhgfgmv]Fy§hj]�|�¤v¤v]q]�f9mo\�ixwlmod�ixmvhg]^z¥�®y�mvwsdtis¤&hg]*�	�®y��[mv¦s]Fd=f'�td[]^¤onlmCÁ¡r
y�fjis�[¤v]Vm}ygnxfghjns�?]suly��[wlws|Fhg|F]��tishO�[d[]�ws|Fd[|�h�ix¤vm}ygixfgmvnsd©z[�©fjY[|�nlhgZF\^]%k�]�d=fgh�ix¤{¤vmo\^mofg]lª&+�ns�ty&�thg|;y�]Fdlfjnsdty
|Fwlis¤o]F\q]Fd=f!z¥]Vd[ns�[¦l]�¤v¤o];y¡\^Z	fjY[n¥z¥]Fy�z � ]Fy�fgmv\�i�fgmvnsd©z¥]Fy!�tixh�ix\^Z�fghj]Fy1z � �[dt]³z¥m}y�fjhgmv�[�¥fjmonld©z¥]V�-iµ�{¤o]FmowlY
���=�[]��t]q¤vns�thjz¥]©¢£nsd�z¥|�];y9y��[h9z¥];y9y�f�i�fjmvy�fgm��=�[]Fy9z � nsh�z¥hj]�¢£h�isk	fgmvnsd[dtismohj]qd[|�w=i�fgmo¢�ª � ]Fy§fj]Fy�fjy']	¸¥�?|�hjm·r
\^]Fdlf�ix�¥¸�\qnld=fghj]�d=f��l�t]§¤v]9\^n¥z¥Z�¤v]9z¥]��-iµ�{¤o]FmowlY�� �=�[]��t]§¤vns�thjz¥]'�?]�hj\^]	f�z¥]9z¥|;k	hjmohj]'�[d[]'wsh�ixdtz[]
¦�ishgmv|	fj|�z¥]az¥nld[d[|�];y��=�[m¡d[]a��nl�[hgh�ixmv]�d=f-�tily-,	fjhg]�z[|Fk	hjmofg]Fy�z¥]9¢°i.��nsdEyji�fgm}y�¢°ixm}ygisdlfj]'�tixh-�tdE\qn¥z¥ZF¤o]
z[]'��iµ�=¤v]�mvwsY5k	¤}isyjygm��=�[]lª
/MÈ �;� Æ �.0 
 �´� z¥m}y�fghjmo�[�[fgmvnsdºÁ1r½y�fjis�[¤v]suOz¥m}y�fjhgmv�[�¥fjmonld*z¥]��-iµ�{¤o]FmowlY´ws|�dt|�h�ix¤vmvyg|�]lu�z¥m}y�fghjmo�[�[fgmvnsdºz¥]
��iµ�=¤v]�mvwsY�� �l�t]��[]9¤vns�[h�z¥]lu=mv\�ixwl]�hjmo]§hjilz[ixh-�^yg�=d=fjY[ZFyg]9z � nl�[¦s]Fh�fj�[hj]q�K� � Â'�3u�y�f�i�fgm}y�fgm��l�t]Fy�z � nsh�z¥hj]
dt|�wlixfgmo¢�ª

â�ÝVÕeÑ�Ó3ð;Ó�ÌÎÖ�Ó�Þ21�Û3154{á�Ì61%ÜsÚ©ÍeÐFÚlÕ�ÌÎÝ�Û�4{Û{Ó�Û=á�ÌÎÝjÑ&Ô{Ó�ÑeÕ�ÌÎÝ�ÖtÜ87 ß¡à�â�äeå ç£ß1ÚsÑ�Ð;Ô¥Ý3Ó�Ûqà�Ý�ÍeÝ3Ó�Ñ�á�Ë�â�ÐFÛ=ÍeÐ�ÑeÕ�Ì·Úlã ÌÎÛ
äRÛlÙvÐFÑ�ã�Ó	Õ�Ì·ájÍVÓ�Û{Üpå^Ó�Õ�ËlÝ�ã�Ó�Õ�ÌÎá�Í�ègé³ï�ÝjÍ%ÓFÚsÕ�Ý�ÚlÑ�Í�ÍeÐ;ÚlË{Ó�ÌÎÕ�ÝjÛxÕ³Ñ�Ý�ã9ÝjÑ�á�ÌÎÝjÑVÖÎÝ'â�îVß�ëqÝjÕ%ëlÓ�Û{ÜsÌoÓ�ï�ÓFÞ=Í³Ô¥Ð;ÚsÑVÖ·Ó
Ù}Ð;ÚsÑ�Û=ÌØÕ�ÚlÑ�Ý-ÜsÝ�ÍOÌÎã�ÓFíFÝ�ÍCà%ë:9 é



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� _

: �a�a�����a���

;=<0> �F� È É ���x��? È > @

ACB È > ��?°É Ä �µ�[�D? È > � È�E �DF Ä�G F Å ��?°�l�80IH >KJ ?°� È >  Ä > � L

MON F Ä¿Á1Æ6P �F�¥�&0 Ä�Q ?K���F�2?°���!�D? È > R

@CS Ä � J ÅIÆ �F�T?'0 Ä É 	 � Å 0 Ä ?VUWF / È É Ä 0 X

Y H§����?'¬�[�D? È > È�E ��F Ä S Ä � J ÅIÆ N ��?'0 Ä É 	 � Å 0 Ä ?'U�F / È É Ä 0 Z
[ ªo�]\¿ns\^]�d=fjy%ns¢!fjY[]�«-];iµ¦{�lreX�ixmv¤o];zp�-iµ�{¤v]�mvwsY�# m}y�fjhgmv�[�¥fjmonld ª9ª'ª9ª9ª'ª9ª'ª9ª'ª9ª9ª§ª9ª ^
[ ª � ~Oishjis\q]�fg]Fh`_³y�fjmo\�i�fjmonldbac\E]�fgY[n¥z�nx¢�\Ens\^]Fdlf�y´ª'ª9ª'ª9ª§ª9ª'ª9ª9ª'ª9ª'ª9ª'ª9ª9ª§ª9ª �l�

L P ?'�� 0K�¥�D? È > 	pÄ �*� 0°�F� ;9A

RCB È > �:0'���D? È > � ;9A

dedgf%h�i2jlk�j



� ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�
 �?�©�1$&����4����!
	���
� �=d=fjY[]	fjmvk ix�?]�hgfg�[hj]-h�isz[ish�� � � ����mo\�ixwl]�hj�aYtilyC�?]Fk�ns\^]�mvdtk	hj]Fily�mvd[wl¤o�©��nl�[�[¤}ixh�n�¦l]�hOfjY[]�¤}isy�fVk�ns�¥r
�t¤o] nx¢1z¥];k�isz[]FyCn�¦l]�h³ns�¥fjmvkFix¤�yji�fj]�¤v¤omofg] mo\�isws]�hj�^z¥�[]-fjnamofjy³ns�?]�h�ix�[mv¤vm·f��qhg]Fwlishjz¥¤v]FyjyOns¢¡¨³];i�fgYt]�h³k�nsd¥r
z[m·fjmonldty�isdtzqfgY[]�modtz[]��?]�dtz¥]Fdtk	] nx¢�hj]Fygns¤v�¥fgmvnsdq¢£hjns\�y�]Fdty�nlhCY[mvwsY=fgY1ª&«�n�¨³]F¦s]FhFu�fjY[]�hj]�ishg]��[hjns�t¤o]F\^y
ilygygn¥k	m}i�fj]Fz�¨�mofgY^fjY[]�dtixfg�[hj]�nx¢Ihjilz[ixh&mv\�ixwsmvd[w'�[hjn¥k	]FyjyDa1z¥�[]%fjn�k	ns\^�tishjis�[mv¤omof��9nx¢?fgY[]�¨Viµ¦l]�¤v]�d[wsfgY
fjn6y��th�¢°ilk	]9hjns�[wlY[d[]FyjyVmod¿ygns\^]�kFisyg]FyVfgYt]�¨Viµ¦l]'hg]��t]Fk	fgmvnsdty%n¥k�k��[h-mvdE¦�ixhjmonl�ty�z¥mvhg];k3fgmvnsd�y-z¥m}k3fjixfg];z
�{�afgY[]�mvdtk	m}z¥]Fdtk	]�isd[ws¤v]suly��[hg¢°isk�]�y�fjhg�tk	fg�[hj]su=z¥mv]�¤v]Fk3fjhgm}k�k	nldty�fjixd=fOnx¢IfjY[]-y��th�¢°ilk	]sus¢°isk	fgnsh�y�fgn{n9\�ixd{�
fjn �?]�y���k�k	];ygy�¢£�[¤v¤o��ilk�k�ns�[d=fg];z��{��i§y�mv\^�[¤o]�z¥]�fg]Fhg\^mvd[mvy�fgm}kV\^n{z[]�¤Rª�X%Y[]%k	nlY[]�hj]�d=fOisz[z[m·fjmonldanx¢�fgY[];y�]
hj]���]Fk3fj]Fzp¨Viµ¦l]Fy³mod�fgY[]'hj]Fk�]�mv¦s]�hVns�[f�r½nx¢1�[Y�isyg]§hj]Fyg�[¤ofjyVmvdpfjY[]'wsh�ixd{�[¤}ixh�¤vn{ns²�ns¢1fgYt]§mv\�ixwl]FyV¨�Y[m}k�Y
m}y%hj]	¢£]�hjhj]Fzpfgn�isy�yg��];k�²{¤o]'d[nlmvyg]sª

~Chj]Fyg]�d�k	]qnx¢³yg��];k�²{¤o]qd[nsm}yg]qz¥]Fwsh�isz¥] � ��� mo\�isws]Fy§ygmowld[m·À?k�ixd=fj¤o�¿isdtz¿mof§\�iµ�EY[m}z¥]qmo\^�?nshgfjisdlf
z[]	fjismo¤}y'nsd¯fjY[]�mo\�isws]Fy'isdtzfgY[]Fhg]�¢£nshj]q\�iµ�¿¤v]Filz¿fjn5fgY[]�¤vnlyjy§nx¢�k	hj�tk	m}ix¤Omvd¥¢£nlhg\�i�fjmonld¡ª�X%Y[]^Àth�y�f
y�fg]F�pfjn�¨Vishjzty³hj]�\^n�¦{mvd[wqyg�?]Fk�²{¤o]'d[nlmvyg]'mvyVfjn��[dtz¥]Fhjy�fjisdtz�m·f�y-y�f�i�fjmvy�fgm}k�is¤��[hgnl��]Fh�fjmo];y�ª

X!hjilz¥mofgmvnsdtis¤o¤v�su%y�]F¦s]Fhjis¤-isyjy��[\^�¥fjmonldty^Ytiµ¦l]��?]�]Fd¾\�isz¥]5¢£nlhpz¥]�¦l]�¤vns�[mvd[w´i´y�fji�fjmvy�fgm}k�is¤-\^n¥z¥]�¤
¢£nlh'fgY[]�yg��];k�²{¤o]^d[nlmvyg]sª�X%Y[];y�]�k�isd�?]6yg�[\^\^ishgm}yg]Fz¯isy��Ø�¥��� a^�;� fgYt]^yjk�ixf�fj]�hj]�h�y§ishg]�y�fjixfgm}y�fjmvkFix¤v¤o�
mvdtz¥]F��]Fdtz¥]Fdlf;u%�l�9fjY[]Ed{�[\a�?]�h^ns¢§yjk�i�fgfg]Fhg]Fhjy©mvy�i¤}ixhjws]pd{�[\©��]FhFuV_l�afgYt]5yjk�ixf�fj]�hjmod[w®ix\^�[¤vmofg�tz¥]
isdtzUfgY[]^mvdty�f�ixd=fjisd[]�nl�ty§�[Ytily�]�ixhj]qmodtz[]��?]�dtz¥]Fd=f�hjisdtz¥ns\ ¦µishgm}ix�t¤o];y�u��{�-fjY[]^�[Ytily�]^m}y'�[d[mo¢£nshj\q¤v�
z[mvy�fghjmo�t�¥fg];zEn�¦s]Fh�fgY[]©hjisd[ws]�� ������� �½u [ �%d[n�mod�z¥mo¦{m}z¥�tis¤�yjk�ixf�fg]Fhg]Fh�z¥nl\qmvdtixfg]Fy-fgY[]q¨�Y[nl¤o]ayjk	]Fd[]su !l�
fjY[]9hj]��t];k3fgmvnsd5yg�[h�¢°ilk	]§mvy-¤vishgwl] ¨�Y[]FdEk	ns\^�tishg];z�fjn©fjY[]�ygm#"F]9nx¢!mvdtz¥mv¦{mvz[�tix¤¡hj]���]Fk3fjnsh�y�ª$�dtz¥]�hCfgY[]%Àth�y�fOf�¨³n9isyjyg�[\^�¥fgmvnsdtyFu�mvd=¦lns²{mvd[w§fgY[]-k�]�d=fgh�ix¤{¤vmo\^mofCfgY[]Fnshj]�\5uxmofCYtisy&�?]�]Fd6isyjy��t\q];z
fjYti�f�fgY[]�hj]Fis¤1ixd�z�fgY[]�mv\�ixwlmodtishg���tixhgfjy-nx¢&fgY[]ahg];k	]�mv¦s];z5k	ns\^�[¤v]	¸5y�mvwsd�ix¤1ishg]9mvdtz¥]F��]Fdtz¥]�d=f;u%"F]�hjn
\^];ixd¡u�mvz¥]Fd=fgm}k�ix¤v¤v��z¥m}y�fghjmo�[�[fg]Fz¶'ix�tyjy�m}ixd5h�ixdtz[ns\ ¦�ishgm}ix�[¤v]Fy&� �'�Rª-X%Ytixf�m}y�u�m·¢OfjY[]�fjnxfjis¤!yjk�ixf�fg]Fhg];z
ygmvwsdtis¤?m}y (*),+.-0/1(*2#3 4 576298�: (*2<;�=
>�?#/A@B2DC ���;�4 5 6298�: ( 2'E�F1G ?H@ 2 C�-I/
5 6298�: ( 2'G�J9K ?H@ 2 C�� �K�s�
¨�Yt]�hj]L(*),+;u
(�293 ishg] fgY[]'hj]Fis¤Iisdtz�mo\�ixwlmod�ixhj�q��ixhgfjyVnx¢!fgY[]'fjnxfjis¤�y�mvwsdtis¤Ku¥isdtzM(*2Oisdtz�@B2Cishg] fgY[]
is\^�[¤omofg��z¥]pixd�z�tYtisyg]�nx¢VfgY[]MNKfjY´ygkFi�f�fj]�hj]Fz®k	nl\^�[¤o]�¸¨%iµ¦s]lu�fgY[]Fd®fgY[]phg];ix¤�isdtzfgY[]6mv\�ixwlmodtishg�
��ixhgfjy%Ytiµ¦l]�fjY[]'¢£ns¤v¤on�¨�mvd[w ��nsmvd=f-�[hgnl�tix�tmo¤vm·f��6z[]�dtygm·f��p¢£�[dtk	fgmvnsdba

O ?P( )�+ ��( 293 CQ4 R�<��SUT ;�=
>WVUX ( T),+ -Y( T2#3�<SUT Z �°_l�

�³nld{¦s]�hgfgmvd[w³fgY[m}y¡]�¸¥�[hg];ygygmvnsd§mod=fgn��?ns¤}ixh!k	n{nsh�z¥mvdti�fj]FyFu�¨�mofgY\[&4]?^( T),+ -L( T2#3 C :�_ T �,@�4a`<b E�c ` K ?�d.e#fd.gih C3u¨V]'ns�¥f�ixmvd O ?^[��,@ CQ4 [��S T ;�=
>j?kX [ T�'S T C �£�=�
�tns¤v¤on�¨�mvd[wU¢£hgnl\ fgY[]�fjY[moh�z isyjy��[\^�¥fjmonld¡uOfjY[]¿ix\^�[¤vm·fj�tz¥]Eixd�z´fgYt]E�[Ytisyg]5ixhj]�mvdtz¥]F��]Fdtz¥]�d=f6ixd�z
fjY[]��[Y�isyg]sut¨�Ytmvk�Y¿z¥n{];y-d[nsf�]�¦l]�dEix�[�?]Fish�mvd5fgY[]�¢£nshj\a�[¤}i[u?k�ixd5�?]amvd=fg]�wlhjixfg];z�nl�¥f-fjn6ns�¥f�ixmvd5fgY[]
¢£nl¤o¤vn�¨�mvd[w']	¸¥�[hj]Fyjy�mvnsd©¢£nsh&fjY[]�ix\^�[¤vmofg�tz¥] z¥mvy�fghjmv�[�¥fgmvnsd^¨�Y[m}k�Y^mvyOfgY[]���iµ�=¤v]�mvwsYq�[hjns�tis�[mv¤omof��az¥]Fdty�mof��
¢£�tdtk3fjmonld®�°�?z¥¢j�6a O ?P[�Cl4 [SUT ;�=
>j?kX [ T�'SUT C � [ �

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� [

# ]Fyg�[mofg]CfjY[]CfjY[]�nlhg]�fgm}k�is¤six�[�?]Fis¤lisdtz'fgYt]�ixdtis¤o�=fjmvkFix¤lygmv\q�t¤om}k	mof�� ns¢¥fgY[m}y¡\^n¥z¥]F¤Ku;¢£hj]��=�[]�d=fj¤o�lu;hj]Fis¤·r
¤vmo¢£] � ��� z[i�f�i9z¥]�¦{m}i�fg]%¢£hjns\ fgYt]��-iµ�{¤o]FmowlY�z¥mvy�fghjmv�[�¥fgmvnsd �Ø�s� ��mvd^fgY[]�¢£nlhg\ nx¢�mv\^�[�[¤}y�mv¦s]��?]�Ytiµ¦{mvns�[h
¨�Ytmvk�Y5mvdtz¥m}k�i�fj]Fy��tdtz¥]�hj¤v�=mvd[w^Y[];iµ¦=�=rRfjismo¤v]Fz�z¥m}y�fjhgmv�[�¥fjmonldty�ªVX1n6ilk�k�ns\^\^n{zti�fg]§¢£nlh-y��tk�Y5�?]�Ytiµ¦{mvns�[h
¦�ishgmvns�ty!\^n¥z¥]�¤}yOy���k�Y©isy�»¯]�mv�[�[¤v¤U� �l� �½usixdtz©¤vnswxr½d[nlhg\�ix¤=z¥m}y�fjhgmv�[�¥fjmonldty7� �[���tixdtzafgYt]��§rez¥m}y�fjhgmv�[�¥fjmonld�Î� �1¨V]�hj]9y��twsws];y�fj]Fz�ª

��\qnld[w'fgYt]Fyg]sulfgY[]-¤vnswsrRdtnshj\^is¤¥z¥mvy�fghjmv�[�¥fgmvnsd^�[hjn�¦{mvz[]FyOi9k	nld{¦s]�dtmo]Fdlf�k�Ytnsm}k	]%¨�Y[]�d�nld[]�m}yO�tygmod[w
fjY[]q\a�[¤ofgmv�[¤vmvkFi�fgmv¦s]qd[nlmvyg]©\^n¥z¥]F¤&ygmvdtk	]qY[ns\^nl\qnlhg�tY[mvk�Àt¤ofg]�hjmvd[w�k�nsd{¦s]Fh�f�y�fjY[]^�[hgnl�[¤v]�\ mvdlfjnpfjYti�f
ns¢�isd5ilz[z¥mofgmv¦s]�¶'ix��ygygmvisdpd[nlmvyg]'\^n{z[]�¤Rª

� ?�� C 4 R�BS�� ��� ;�=
> VUX ?�� K ?	�BC X�
jC T�<SUT Z � �� � �P!l�
mof�¢°ixmv¤vy�\^n{z[]�¤v¤omvd[w¬fjY[]¯¤on�¨V]�h6Y�ix¤o¢anx¢9fjY[] � ���0Ytmvy�fgnlwsh�ix\�y6ixd�z¾n�¦s]Fhg];y�fjmo\�i�fj]Fy^fjY[]¯hjisd[ws]¿ns¢
¦�ishgm}i�fjmonldM�v�F� �½ªO�-d[nsfgY[]FhO��nl�[�[¤}ixhO\^n¥z¥]�¤[m}y&fjY[]�»]Fmo�t�[¤o¤�z¥mvy�fghjmv�[�¥fgmvnsd^¨�Y[m}k�Y^y�Y[n�¨V]Fzqygns\^]�z¥]�wlhg]F]
ns¢&yg�tkFk	]Fyjy�mvdE\^n{z[]�¤v¤omvd[w��[hj�tixdEyjk	]Fd[]Fy-isdtz5y�];i�k	¤v�¥f�fj]�h � �s� �Rª%X%Y[]9»¯]�mv�[�[¤v¤�z[mvy�fghjmo�t�¥fgmvnsd�fgYt]��?z¥¢
ns¢!¨�Y[m}k�Y5mvy%wlmo¦l]�d5isyV¢£nl¤o¤vn�¨-y�u

� ?	�BC 4 Á
��� � ���

: ;�=A> V X V �� Z � Z �R�x�

�td¥¢£nshgfg�[d�i�fg]F¤o��mvy�ixd�]�\^�[mvhgm}k�is¤¡\^n{z[]�¤¡¨�mofgYEd[n^fjY[]�nlhg]�fgm}k�is¤{���ty�fjm·À?k�i�fjmonld¡ª³X%Yt]��§r½z¥m}y�fghjmo�[�[fgmvnsd�mvy
hj]��thg];y�]Fdlfj]Fzp¨�m·fjY�mofjy-�?z{¢

� ?�� CQ4 ���� ?KÁ C V �� Z ��� ��� : V � �� Z �	�l�

¨�Yt]�hj] � � ?�� C�m}y&fgYt]�\qn¥z¥moÀt];z��V];ygyg]�¤=¢£�[dtk	fgmvnsd�ns¢tfgYt]%Àthjy�f&f��{��]\� _��½ª��§rez¥m}y�fjhgmv�[�¥fjmonld©m}yOi'y���k�k	];ygy�¢£�[¤\^n¥z¥]F¤1¢£nlh§yg]Fi�k	¤v�¥f�fj]�h;uIisdtzUily�fjY[]©»¯]�mv�[�[¤v¤Oz¥m}y�fjhgmv�[�¥fjmonld¡u�Ytisy-fgY[]^�-iµ�{¤v]�mvwsYUz¥m}y�fghjmo�[�[fgmvnsdUily�mofjy
yg�?]Fk	m}ix¤CkFisyg]sª6«�n�¨³]F¦s]�h;uIfgYt]6�tixh�ix\^]�fg]�h'];y�fjmo\�i�fjmonld®nx¢��§rez¥m}y�fjhgmv�[�¥fjmonldm}y9d[nsfay�fjhjismowlY=f§¢£nlhg¨%ixh�z�v�F���Rª&X%Y[]Fyg]�\^n¥z¥]�¤}yCixhj]�ws]Fd[]�h�ix¤v¤v�9]�\^�[mvhgm}k�is¤Kul¨³]Fhg]%d[nsf�z¥]�hjmo¦l]Fz^k	nldtygmvz¥]Fhgmvd[w§�[dtz¥]Fhg¤v�{modtw9�[Y{�{ygm}k�ix¤
wl]�d[]Fhjixfgmvnsd^\^]Fk�Ytisd[m}y�\�y�isdtz6ishg]lusfjY[]�hj]	¢£nlhg]lulk�ily�]�r½yg�?]Fk	moÀ�ksª!»¯] ishgwl�[]�fgY�i�fVi�fgY[]Fnshj]	fjmvkFix¤v¤o�q\^nshj]
ygns�tdtz'ixdtz§\^nshj]Ows]Fd[]�h�ix¤�\^n¥z¥]�¤ld[]�];z[y¡�?]�z¥]F¦s]F¤onl��];z ¨�Ytmvk�Y9iskFk	nl�[d=fjy��?nxfjY'¢£nsh1kFisyg]Fy?fgYt]��-iµ�{¤o]FmowlY
z[mvy�fghjmo�t�¥fgmvnsd5k�isd�\^n¥z¥]F¤¡ixdtz�fgYt]9Y[]Fiµ¦{�^fjismo¤v]Fz5kFisyg]FyVmod5¨�Y[m}k�Y5�-iµ�{¤o]FmowlY�m}y%�[dtyg�tk�k�]Fyjy�¢£�t¤Kª

� y¡fjY[]CÀth�y�f!y�fj]��¡uµ¨V]�yg�[wswl]Fy�f�fgYtixf1fgYt]³isyjyg�[\^�¥fgmvnsdty¡nx¢¥fgYt]�k	¤}isyjy�m}k�is¤s�-iµ�{¤v]�mvwsY'\^n{z[]�¤B� �'�ld[]F]Fz[y
fjnE��]phg];k	nsd�y�m}z¥]�hj]FzU¢£nsh©i5\qnlhg]^hj]Fis¤om}y�fjmvk^\^n¥z¥]F¤Kª�bed � ]Fk	fgmvnsd¬�¥u�¨³]�¨�mv¤v¤�z¥m}ygk��tygyaixd®mo\^�?nshgfjisdlf
�tY=�¥ygmvkFix¤µ¢°ilk3f1d[nsf¡fjis²s]Fd§mvd=fgn-ilk�k	nl�[d=f¡�{�-fgYt]��-iµ�{¤o]FmowlY'\qn¥z¥]F¤Kª�X%Y[m}y�¨�mo¤v¤s¤v]Filz'�tyIfjn�fgY[]³z¥mvyjk	��ygygmonld
ns¢[ixdais¤·fj]�hjdti�fjmo¦l]O\qn¥z¥]F¤s¢£nlh¡fjY[]�hj]Fis¤lixd�z'mo\�ixwlmodt]�hj� �tish�f�y¡ns¢=fjY[]�hj]Fk�]�mv¦s];z9y�mvwsdtis¤Kª!X%Y[]��[hjns�?]�hgfgmv]Fy
ns¢ fjY[m}ypix¤ofg]Fhgd�i�fgmv¦s]5\^n¥z¥]�¤ dtix\^]F¤o�ºfgY[]UÁ1rey�f�ix�[¤v]¿z¥m}y�fjhgmv�[�¥fjmonld m}y6�thg];y�]Fdlfj]Fz*mod � ]Fk3fjmonld _[ª bed
� ]Fk3fjmonld¿�tu?¨V]�¨�mo¤v¤��[hgn¥k�]�]Fz�fjn�z¥]F¦s]F¤onl�Ens�[h d[]�¨�\^n¥z¥]�¤!¢£nsh � ��� mo\�ixwl]Fy�¨�Y[mvk�YU¨³]akFix¤v¤��T� �! �.!"
� �%
	�/� � �-�".%� �0
12���"
$#6�V 6
'7�89�V
'�"�tªCbed � ]Fk	fgmvnsd [ u¥¨V] ¨�mv¤v¤��[hg];y�]Fd=fVd[n�¦l]�¤I]Fy�fgmv\�i�fjmonld6fg];k�Y[d[m��=�[]Fy%�tily�];z
nld´d[]�w=i�fjmo¦l]�nsh�z¥]�h�y�fjixfgm}y�fjmvkFy9¢£nshafgY[]p]Fy�fgmv\^ixfgmvnsd´ns¢%��ixh�ix\^]	fj]�h�y9nx¢%fgYt]pY[];iµ¦=�=rRfjismo¤v]Fz¯�-iµ�{¤o]FmowlY
z[mvy�fghjmo�t�¥fgmvnsd¡u�¨�Y[m}k�YE¨�mo¤v¤1�?]��tyg]Fz5mvd � ];k3fgmvnsd !^¢£nlh-\^n¥z¥]�¤1À[f�fjmod[wpfgn � ��� mv\^isws];y�ª��³nsdtk�¤o��y�mvnsdty
¨�mv¤v¤¡��]9wlmo¦l]�d�mod � ];k3fgmvnsdU�¥ª

dedgf%h�i2jlk�j



! ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�
� : �����1
	���%$��9�!
	��������)*�! ����� ©,��!
��³�a��� ����
3$��a�������©�

»¯]¿ixhjws�t]pfjYti�fpi¯fjY[]�nlhg]�fgm}k�ix¤v¤v�´\qnlhg]Eygns�[d�z*\^n¥z¥]F¤�k�isd*�?]¿z¥]�¦l]�¤vns�?]Fz*�{�ºhj]Fk	nldtygmvz¥]Fhgmvd[wfgY[]
ilygyg�[\^�¥fjmonldty1ns¢[fgYt]%��iµ�=¤v]�mvwsYa\qn¥z¥]F¤ � �'�Rª&X%Y[]%isyjy��[\^�¥fjmonldty!nx¢[fjY[]��-iµ�{¤o]FmowlY�\^n{z[]�¤{¨³]Fhg]³wsmv¦s]Fdamvd
� ]Fk3fjmonld�lª&»¾Yti�f-m}y%\^mvyjy�mvd[wqmod�fjY[mvy%\^n¥z¥]F¤¡mvyVfjY[]9k	nldty�m}z¥]Fhjixfgmvnsdpns¢1fjY[]9�[hjns�tiswli�fjmonldpk	nldtz¥mofgmvnsdty
ns¢�fjY[]Ehg]��t]Fk	fg];zº¨%iµ¦s];yqisdtzºfgY[]¿yg�ti�fjmvis¤-ixdtzºfg]F\^��nlhjis¤-z¥mvy�fghjmv�[�¥fgmvnsd nx¢§fgYt]Ehg]��t]Fk	fgnsh�y©nsd fgY[]
yg�[hg¢°isk�]sª � mvdtk�]�fgYt]a¨%iµ¦s]Fy�ixhj]��[hjns�tiswli�fjmodtwqmvdUip�[Y{�{ygm}k�ix¤!\^]Fz¥mv�[\5uInsd[]aygY[nl�[¤vzUix¤}y�n6mvdtk�¤o�tz[]amvd
fjY[]�\^n¥z¥]�¤!fgYt]a¨%iµ�6fgYt]�¨Viµ¦l]Fy-ishg]9]��?];k3fj]Fz5¢£hjns\ fgY[]©\^]Fz¥mv�[\5ª-� ¨�m}z¥]�¤v�5isk�k�]��¥fj]Fz5\^n¥z¥]�¤7�v�F_ �
m}y�i�fgfg]Fd=��i�fgmvnsd��{�piq¢°isk	fgnlhV¨�Ytmvk�Y5¦�ixhjmo];yV¨�m·fjY5i^�?n�¨V]�h%nx¢!fgY[]�z¥m}y�fjixd�k	]�a

	 ?^[<Cl4 �[ 3 �'^l�

¨�Yt]�hj] [©mvy�fgY[]�z¥m}y�fjixd�k	]§fgh�iµ¦s]F¤o¤v]Fz��{��fgY[]9¨%iµ¦s]lu � m}y�hj]�¤}i�fj]Fz�¨�m·fjY�fjY[]'fgh�ixd�y�\^mof�fg];z���n�¨V]�h�ixd�z

 z¥]��?]�d�z[y�nld5fgY[]©]�¤v]Fk	fghjmvkFix¤¡�[hjns�?]�hgfgmv]Fy�nx¢&fgYt]a\^]Fz¥mv�[\5ª-X%Y[]Fd¡u�¨V]akFixd¿z¥];ygk�hgmv��]�fgY[]©hg];k	]�mv¦s];z
¨%iµ¦s]'isy � ! � a

� 4�� 2#8 :
�[ 3�� 2 � ���F�l�

�t�[hgfgY[]Fh³¨V]�isyjyg�[\^]-fgY�i�f�fjY[]�hj]���]Fk3fjnsh�yO¢£nlhg\¹i9~&nsm}yjy�nld���nlmod=f%�[hgn¥k�]FyjyOmodpfgY[] �[¤}ixd[]lulfjYti�fVmvyFu=fgY[]
�thgnl�tix�[mv¤vm·f���ns¢���ygkFi�fgfg]�hj]�h�yVmod�fjY[]9�[d[mof-hg]Fwsmvnsd�mvy

� �������
��� � ���s�;�

_ ��ª&���;�l�Vm}y�mvd5fgYt]�¢£nshj\+nx¢ � ]�~Oisws]ayg]�hjmo];y\�v�D^ �&ixdtz5Ytily-mvd=fg]�hj]Fy�fgmvd[wpk�nsd{¦s]Fhgwl]�dtk�] �thgnl��]Fh�fjmo];y�isy
z[mvyjk	�tyjyg]Fz�mod � !��½ªObed � !��½u¥be¤vn�¨ ixd�z�« i�f�"�mvdtix²lnly%k	nldty�m}z¥]Fh�\qn¥z¥]F¤o¤vmvd[wqfgY[]�mvd=fg]Fh�¢£]Fhg]Fdtk	]§mod5\©�[¤·fjmo�t¤o]
ilk�k�]Fyjy-k	nl\q\©�[d[m}k�ixfgmvnsdEy��¥y�fg]F\^y�ixdtzEygY[n�¨V]Fz�fgYtixf��[dtz[]�h-fjY[]Fyg]ailygyg�[\^�¥fgmvnsd�y��£mvdtz¥]F��]Fdtz¥]�d�k	]ans¢
mvd=fg]Fh�¢£]Fhg]FhjyFu1¤}ixhjws]^d{�[\a�?]�h©nx¢�mvdlfj]�hg¢£]�hj]�h�y�u�i�fgfg]�d{�tixfgmvnsd´iskFk	nlhjz¥mvd[w�fgn�_��?ªV�V^l�9isdtz¯~�nlmvyjygnsd´z¥m}y�r
fjhgmv�[�¥fjmonld¬nx¢ mod=fg]Fh�¢£]Fhg]Fhjy��3u�fjY[]�k�Y�ixh�isk3fj]�hjmvy�fgm}kq¢£�[dtk	fgmvnsd*nx¢��0¢£ns¤v¤on�¨-y©ixd*Á1rey�f�ix�[¤v]�z¥m}y�fghjmo�[�[fgmvnsd¡ª
X%Ytmvy'm}y9mvd¯ilk�k	nlhjztixdtk�]©¨�mofgY +-mv²{mvily9ixdtz � Ytisn � y']Fishg¤vmo]Fh'hg];y��[¤of*�o�;_ �½ª +-mv²=m}isy9isdtz � Ytixn�u¡mvd �v�F_��Ru
k�nsdtygm}z¥]�hj]Fz®fjY[]5�[hjns�[¤v]�\ ns¢ \^n¥z¥]�¤v¤omvd[wfgY[]5¤vmo\^mofgmvd[w´z¥m}y�fjhgmv�[�¥fjmonld*ns¢§yg�[��]Fhg�?nlygmofgmvnsdºns¢ i¤vishgwl]
d{�[\©��]Fh%nx¢!dtnsm}y�]§�[�[¤}y�];yVws]�dt]�h�i�fg];z6�{��d[nlmvyg]§ygns�thjk�]FyVhjisdtz¥nl\q¤v�^¤on¥kFi�fg];z6mvd�yg�tilk	]sªOX%Y[]F�pk	nldtygmvz{r
]Fhg];zai-Àt¤·fj]�hj]Fz{r½mv\q�t�[¤vyg]V\q];k�Ytixdtmvyg\�nx¢[fjY[]%d[nsm}yg]³�[hjn¥k	];ygy!�[dtz¥]FhOix�[�[hjns�thgm}i�fj]�isyjy��t\q�[fgmvnsdty�nsdafgY[]
yg�tixfgm}ix¤1isdtz�fg]�\^�?nsh�ix¤1z[mvy�fghjmo�t�¥fgmvnsdty-nx¢Od[nsm}yg]�y�nl�[hjk�]Fy�isdtz�fgY[]Fmoh �[hgnl�tixw=i�fjmonld�k	nldtz¥mofgmvnsdtyFª³X%Yt]��
ishghjmv¦s]Fz5ixf-fgY[]©hg];y��t¤·f-fjYti�f§¤omv\^m·f'z¥m}y�fjhgmv�[�¥fjmonld¿mvy i6yg�=\^\^]	fjhgm}kaÁ1rey�f�ix�[¤v]�¤}iµ¨9u[fgYt]a�tishjis\q]�fg]Fhjy�ns¢
¨�Ytmvk�Y�mvy-hg]F¤vixfg]FzpfgnqfjY[]9�[Y{�¥y�m}k�is¤�]�d{¦{mohjnsd[\^]Fdlf%�tishjis\q]�fg]FhjyFª

Â d[]�nx¢{fgY[]�\^ismod%����y�fjm·À�kFi�fjmonldty¡ns¢=fjY[]�k�¤vilygygmvkFix¤x�-iµ�{¤v]�mvwsY'\^n¥z¥]�¤l¨VilyIfgYtixf!z¥�[]CfgY[]Visyjy��[\^�¥fjmonld
ns¢&iq¤}ixhjws]§d{�[\a�?]�h-ns¢�hj]���]Fk3fjnsh�yVnsd[]9k�isd5mod{¦snl²s] fgY[]�k�]�d=fgh�ix¤�¤vmv\qmof�fgYt]�nshj]�\ isk�k�nsh�z¥mvd[wafjn�¨�Y[m}k�Y
fjY[] z[mvy�fghjmo�t�¥fgmvnsd�ns¢?fjY[]�hj]Fis¤tixd�z6k	nl\q�t¤o]�¸q�tish�f�yOnx¢�fjY[]-hj]Fk�]�mv¦s]Fzq¨%iµ¦s]-is�[�[hjnlisk�Yt]Fy�fgYt]§¶'ix��ygygmvisd
z[mvy�fghjmo�t�¥fgmvnsd¡ª�«-n�¨V]�¦l]�h;u-i¬wl]�d[]Fhjis¤om}y�];z¼¦s]Fhjygmonld¾nx¢9fjY[]¯k�]�d=fgh�ix¤§¤vmo\^mof�fjY[]�nlhg]F\�yjiµ�¥y�fjYti�f�fgY[]
yg�[\ nx¢�i^¤}ixhjws]§d{�[\a�?]�h�nx¢!mRª mKª z�ªC�[hjn¥k	];ygyg]Fy�is�[�[hjnlisk�Y6fgY[]�Á1r½y�fjis�[¤v]9¤viµ¨ �o�l���1¨�Y[m}k�YEk	nsd=f�ixmvdtyVfgY[]
¶'is�tyjy�m}ixd9z¥m}y�fjhgmv�[�¥fjmonldaisy!i�yg��];k	m}ix¤=k�isyg]C�[�[f�k�isdaix¤}ygn-z¥]Fyjk	hjmo�?]�mv\^�[�[¤}y�mv¦s]³ixdtz�yg²s]F¨³];z§��]FYtiµ¦{monl�[hFª
X%Yt]�hj]	¢£nshj]su;fjY[]VÁ1rey�f�ix�[¤v]�\^n¥z¥]�¤{m}y&ixd�]*�l��ix¤v¤o�9¨V]�¤v¤·rv���ty�fgmoÀt]Fzaixdtza\qnlhg]³ws]Fd[]�h�ix¤l\qn¥z¥]F¤Kª \Ensfgmv¦µixfg];z

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� �

�{�fgY[]4 ������ !�%�1
$#0� ��� �0�W�V �%�c��
�� 
	� ����� �% !��� �v�s���RuOixd�z¯fgY[]6hj]Fyg�[¤ofjyanx¢�+-mv²{mvilyaixd�z � YtixnY�v�F_��Vixd�z
be¤vn�¨¾ixdtz�« i�f�"�mvdtix²lnly�� !��½ul¨V] yg�[wlws]Fy�f�isz[ns�¥fjmod[w�fgY[]§y��{\^\^]	fghjm}k�Á1r½y�fjis�[¤o]�\qn¥z¥]F¤t¢£nlhCfjY[]�hj]Fis¤�ixd�z
fjY[]9mv\^iswsmvdtixhj���tish�f�y³ns¢!fjY[]�ygmowldtix¤�mvdpfjY[]9hj]Fk	]Fmo¦l]�h%nx¢Oi^y��{d=fgYt]	fgm}k'ix�?]�hgfg�[hj]'hjilz[ixh;ª

� �  ����
	��q�!�925�	� .0
	�¡�1$�
	2�4p�!
	���

X%Yt] Á1r½y�fjis�[¤o]§z¥m}y�fjhgmv�[�¥fjmonld�¢°ix\^mv¤o�^¨�Y[m}k�Y�¢£ns�tdtz�mv\q�?nshgfjisd=fVix�t�[¤om}k�ixfgmvnsdty�mod6Àtdtixd�k	m}ix¤�fgmv\q]§y�]Fhgmv]Fy
isdtix¤v�¥y�m}yL�o�µ� �¡ixdtz�y�mvwsdtis¤I�[hgn¥k�]Fyjy�mvd[w	�v�F_ �½u¥¨%isy�Àthjy�f�z¥]�¦l]�¤vns�?]Fz6�{� � ]�¦{� �o�l���¡z¥�[hjmodtw©Y[m}y�y�fg�tz¥��ns¢
fjY[]9ws]Fd[]�h�ix¤vm}ygixfgmvnsdpns¢&fgY[]�k�]�d=fgh�ix¤¡¤vmv\qmof-fjY[]�nlhg]F\ isy%fjY[]�nld[¤o��z¥mvy�fghjmv�[�¥fgmvnsd5¢°is\^mo¤v��yg�[wswl]Fy�fg];zp�{�
fjY[]9ws]Fd[]�h�ix¤vm}y�];z�k�]�d=fgh�ix¤�¤vmo\^mof�fgY[]Fnshj]�\5ª��tnsh�z¥]�fjismo¤v]Fz5iskFk	nl�[d=fjy%nx¢�fgYt]9�[hgnl��]Fh�fjmo];y%nx¢�fgY[m}y-z¥m}y�fghjm·r
�t�¥fgmvnsdq¢°ix\^mv¤o�lu�fgYt]�hg];isz¥]Fh�m}yOhj]	¢£]Fhghj]Fz�fgn��o��^ ��isdtzM�v�F_��RªO�¼hj]Fk	]Fd=fOilk�k�ns�[d=f&nx¢�z¥mo¦l]�h�y�]%ix�t�[¤om}k�ixfgmvnsdty
kFixdEix¤}ygnq�?]'¢£ns�tdtz5mod �v���<�Rª�#��[]�fgn^fgYt]9¤vilk�²pnx¢Oi�k	nl\^�tisk	f�isdtix¤v�=fgm}k�is¤¡]	¸¥�[hj]Fyjy�mvnsdp¢£nsh-mofjy-�[hgnl�ti�r
�tmo¤vm·f��Ez¥]Fdtygm·f���¢£�[dtk	fgmvnsdº�°�?z¥¢j�3u�fjY[]©Á1rey�f�ix�[¤v]©z¥m}y�fghjmo�[�[fgmvnsd¿m}y�hj]��thg];y�]Fdlfj]Fz5\^nly�f§k�nsd{¦s]Fd[mv]�d=fg¤v�p�{�
mofjy�k�Ytixh�isk	fg]�hjm}y�fjmvk-¢£�[dtk3fjmonld5¨�Y[mvk�Y5m}yVfgY[]��tns�[hjmv]�hVfgh�ixdty�¢£nshj\�ns¢!mofjy��Iz{¢Owsmv¦s]Fdp�?]�¤vn�¨ a

� ?� C 4�� ;�=
>��,/���� X ��� � � � � R -0/��!y�mvwsd�?�� C c ` K ? ���T Ci��� �0m·¢OÁ��4 R;�=
>��,/���� X ��� � � � � R -0/��!y�mvwsdj?�� C T� � F� � � � ��� � m·¢OÁ04 R ���;�s�

¨�Yt]�hj] X"!$#%�&#�! mvy�fgY[]p¤on¥k�ixfgmvnsd®�tishjis\q]�fg]Fh�ixdtz´ygmo\^�[¤v�k�nshjhg];y��?nsd�z[y§fgnUiEygY[mo¢ f©mvd®fgY[]
¸{rei�¸¥m}y³mvd�fgY[]'�Iz{¢&z[ns\�ixmvd¡u � � �©m}yVfgYt]�ygkFix¤v] �tishjis\^]	fg]FhVisdtz�k	nshjhj]Fyg��nldtz[y�fgnqfgY[]�z[mvyg��]Fhjygmvnsdpns¢
fjY[]%hjisdtz¥nl\�¦µishgm}ix�t¤o]Vixhjns�[dtz�fgY[]%\^]Fisdamvdqisdtix¤vnswl�§fgn'¦�ixhjmvisdtk	]³mod©fgY[]-¶'is�tygygm}ixd©kFisyg]su<�'# Á)( �
m}y§fgYt]pk�Ytixh�isk	fg]Fhgm}y�fjmvka]	¸¥�?nsd[]Fdlf�¨�Ytmvk�Y®y�]�fjy'fjY[]^fgYtmvk�²{d[];ygy'ns¢³fjY[]^fjismo¤}y9nx¢³fgY[]6z[mvy�fghjmo�t�¥fgmvnsd´ixd�zX R (*��( R m}yVfgY[]�yg�{\q\^]�fghj�6�tixh�ix\^]�fg]�h%¨�Y[m}k�YEy�]�fjyVfjY[]�y�²l]�¨�d[];ygyVns¢!fjY[]�z¥m}y�fjhgmv�[�¥fjmonld¡ªbed®fjY[mvya�tix�?]�h;u1¨V]�¨�mv¤o¤³hg];y�fjhgm}k3f�nl�[h�i�fgfg]�d=fjmonld®fgn¿iEyg��];k	m}ix¤�kFisyg]su1d�ix\^]�¤v�¿fjY[]U�^"F]�hjnxr½\^]Fixd?�
yg�{\^\q]�fghjmvk'Á1r½y�fjis�[¤v]^�,+OÁ-+C�%z¥m}y�fjhgmv�[�¥fjmonld¡u[¨�Y[m}k�Y�Y�isyVfgYt]�k�Ytixh�isk	fg]�hjm}y�fjmvk�¢£�[dtk	fgmvnsd

. ?� C 4 ;�=
>j?kX ��� � � � C ���F_l�
¢£nl¤o¤vn�¨�mvd[wafjY[]�yg�[wswl]Fy�fgmvnsdtyVnx¢ � !¥u¡�F_��!ixdtz�z¥�[]'fjn^m·f�y-y�mv\^�[¤vmvk�m·f��lª

� �{\^\^]	fjhgm}k9Á¡rey�fjix�t¤o]9z¥m}y�fjhgmv�[�¥fjmonldty%Ytiµ¦l]�¢£nl�[dtz�y��tkFk	];ygy�¢£�[¤¡ix�t�[¤om}k�ixfgmvnsdty%mvd�¦µishgmvns��y³�thjisdtk�Y[]Fy
ns¢%ygmvwsdtis¤C�[hjn{k�]Fyjy�mvd[w5ixdtz´i5hj]Fk�]�d=f�iskFk	ns�tdlf�ns¢%z[mo¦l]�h�y�]6is�[�[¤vmvkFi�fgmvnsd�y9k�ixd®�?]�¢£ns�tdtz®mod �v�����½ª�bed
��ixhgfgm}k	�[¤}ixh;uCmvd �Ø� �½u��%isd[]�hK��]�](�0� �%�#� �ty�];z*Á1rey�f�ix�[¤v]Ez¥mvy�fghjmv�[�¥fgmvnsd�y^mod¼\^n¥z¥]�¤v¤omvd[w¯fgYt]5k�¤o�[f�fg]Fh6mvd
�t¤·fjhjixrR¨�m}z¥]���ixdtz¿�H$-» ��� � ��� mo\�isws]FyFª&X%Y[] �thgnl�[¤o]F\¹¨³]§y�fj�tz¥��m}y%z¥m �I]�hj]�d=f%modpfgYtixf�¨³]§k	nsd�y�m}z¥]�h
d�ixhjhgn�¨ �tixd�z � � ��mv\^isws];yaixd�z´¨³]�ixmv\ i�fq\qn¥z¥]F¤o¤vmvd[w¿fjY[]�¨�Ytns¤v]pmv\^isws]�¨�m·fjY*yg��];k�²=¤v]ph�i�fjY[]�h
fjYtixd´nld[¤v�¿fgYt]�k	¤v�¥fgfg]�hqixhjmvygmvd[w�¢£hgnl\±d[nld¥rRfjixhjws]�f9ns�¥��];k3fjyamod®fjY[]6mv\�ixws]lªUÂ�fgY[]Fh�¨³nlhg²mod´mv\�ixwl]
�thgn¥k	];ygygmvd[w�¨�m·fjYaÁ1r½y�fjis�[¤o]³z¥mvy�fghjmv�[�¥fgmvnsd�y1mvdtk	¤v�tz¥]L�o� [ �{¨�Y[]�hj]C~&]Fy �=�[]	fgrR~&ns�?]Fyjk	��isdtz'~&]Fy �=�[]	f&y�fj�tz¥�
Á1rey�f�ix�[¤v]�fg]�¸{fg�[hj]Fy9¨�mofgYº¤onld[wxr½hjisd[ws]^z¥]F��]Fdtz¥]�d�k	]�isdtz � ^ �V¨�Yt]�hj] �'�[hg�tnsws¤v�´ixdtz0/I]�hj�[�[m}iEy�fj�tz¥�
is�¥fgnlhg]Fwshj]Fyjy�mv¦s]§Á¡rey�fjix�t¤o]'fj]	¸{fg�[hj]Fy�ixdtz5yg�[wswl]Fy�f-\qn¥z¥]F¤¡]Fy�fgmv\�i�fjmonld�fj]Fk�Y[dtm��=�[];y�ªV�-d[nsfgY[]Fh�hj]�¤}i�fg];z
¨Vnshj²�mod¿mv\�ixwl]a�[hjn¥k	]Fyjygmod[wpmvy �o��� �&¨�Y[]�hj]a~&ns¤vm}ixd[d[mv²sn�¦5ix¤Rª isdtz �'hjmo\ y�fg�tz[� � ]�¦{��hjisdtz¥nl\ À�]�¤}z
\^n¥z¥]F¤vyV¢£nlh�mod¥¢£h�ixhj]Fz�mv\^isws];y�ª

dedgf%h�i2jlk�j



� ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�
� � ��� �^, 	¥�!�a
	�	���(� ��,^����
	� /���������

�tns¤v¤on�¨�mvd[w�fgY[]�ixhjws�[\^]�d=f�y ns¢ � !¥uC�;_ �³isdtz¯mod{¦snl²{mod[w�fgYt]�ws]�dt]�h�ix¤vmvyg]Fzk	]�d=fjhjis¤O¤omv\^m·f�fjY[]�nlhg]F\5u¡¨³]
ilygyg�[\^]�fjYti�fVfgY[]§hj]Fix¤?ixdtz6fgY[] mo\�iswsmvdtixhj�©��ixhgfjy³nx¢�fgYt] hj]Fk�]�mv¦s]Fz�ygmvwsdtis¤��'_��?ª¥�l�Cishg]���nsmvdlfj¤o� +OÁ-+%ª
X%Yt]�hj]	¢£nshj]E¨V]¿d[]�];z fgn k	nsd�y�m}z¥]�h6fgY[]�[mo¦�ishgm}i�fj]Emvygnxfjhgnl�[mvkUÁ¡rey�f�ix�[¤v]Uz¥m}y�fghjmo�[�[fgmvnsd]�v�F_ �'¨�Y[m}k�Y¾mvy
z[]Fyjk	hjmo�?]Fz��{�6m·f�y-k�Ytishjilk3fg]Fhgm}y�fgm}k-¢£�[d�k3fgmvnsdEily�a

. ?��:<� � T C 4 ;�=
>j? X � � ��� � C �����=�
¨�Yt]�hj] � ��� 4�� � T : - � TT ªCX%Y[]'\�ixhjwsmvdtix¤Iz¥m}y�fjhgmv�[�¥fjmonldty%nx¢ � : isdtz � T ishg]'isyVwlmo¦l]�dpmvd4_��?ª1���;_l�3ªOX%Y[]�thgnl�tix�[mv¤vm·f��6z¥]Fdtygm·f���¢£�tdtk3fjmonld5kFixd���]9]F¦�ix¤v�ti�fj]Fz��=�pfjis²=mvd[wqfgYt]'�tns�[hjmv]�h%fgh�ixd�y�¢£nlhg\¹ns¢e_��?ª1�����=�0a

� ��� � ?	�%),+ ���B2#3\C 4 R?H�<�jCkT	��
����
�� ;�=
>j? X � � ��� � C�;�=
>j? X&?��B)�+ ��: - �%293 � T C�C�����:���� T ��� [ �

�³nld{¦s]�hgfgmvd[wVfgYtmvy�mvd=fg]Fwsh�ix¤xmvd=fgn%fgYt]C��nl¤vish¡k	n{nsh�z¥mvdti�fj]FyFu��{��� 4 � ��� 4 � � T : -)� TT ixdtz�� 4a`<b E�c ` K ? 
 �
�� C3u
nld[]'ns�¥f�ixmvdtyDa

� ��� � ?�� )�+ ��� 293 C 4 R? ���jC T	� T �� � �� �j;�=
>j? X � � � C	� � ?� � � � C�������� ��� !l�
¨�Yt]�hj]V¨V]%�tyg]FzafgY[]-z¥]�Àtd[mofgmvnsd^nx¢�fgY[] �V];ygyg]�¤{¢£�[d�k3fgmvnsd�y���� � m}y&fgYt]�"�]�hjnxfjYanlhjz¥]Fh �³];ygyg]�¤{¢£�tdtk3fjmonldqns¢fjY[] Àthjy�f%²=mvdtzI� _<� �³ixdtz � � � 4 � �%T),+ - � T2#3 ª � mvdtk	]lu��©z¥n{];y³dtnxf%]	¸¥�[¤vmvk�m·fj¤o�6is�[��];ixhVmod�fgYt] mvd=fg]�wlhjis¤Ku
fjY[]9ns�[fg]�h�mvd=fg]Fwsh�ix¤�k�isd��?]9]�¦�ix¤v�tixfg]Fz�ygmo\^�[¤v�p¨�Y[m}k�Y�nsd[¤v�p�[hjn�¦{mvz[]Fy%i*���¿¢°ilk3fjnsh�a

� ��� � ?��B)�+ � �%293\CQ4 R�<��� �� ��;�=
>j?kX � � � C	� � ?� � � � C�� � ���µ�x�

� mvdtk�]qmvd¯\qn=y�f�yjk�Y[]�\^];y nld[]qmvy'mvd=fg]�hj]Fy�fg];z¿mvd¯is\^�[¤omofg��z¥]6z¥]	fj]Fk	fgmvnsd¡u¡¨V]q\^is²s]©fgY[]q¢£nl¤o¤vn�¨�modtw
fjhjisdty�¢£nshj\^ixfgmvnsd¯�£mvdlfjn^��nl¤vish-k	n{nsh�z¥mvdti�fj]Fy��

� ?P[���@ CQ4 [ � ��� � ?P[ E�F1G @���[ G�J9K @ C�� ["! � ��� ( @ ( ��� ��� �l�
yg�[�ty�fgmofg�[fgmvd[w^¢£hgnl\ _��?ª1���µ�x�	u¥¨³]9hj]Filk�Y6fjn

� ��� � ?^[��,@ CQ4 [�<�#� �� �j;�=
>�?kX � � � C	� � ?� [<C$��� ���D^l�

Â d�k	]-ixw=ixmvd¡usmvd=fg]Fwsh�i�fgmvd[w9nl�¥f7@p¨�Y[mvk�Y�m}yC�td[m·¢£nlhg\^¤v�qz[mvy�fghjmo�t�¥fg];zqfgY[]�Àtdtix¤�]	¸¥�[hj]Fyjy�mvnsdqm}yCns�[fjixmvd[];z
¢£nlh%fgY[]�is\^�[¤omofg��z¥]sª %

��� � ?P[<Cl4 [ � �� ��;�=A>�?kX � � � C	� � ?&� [�C���� �R�x�l�

»¯]U�[hj]	¢£]Fh�fgn*k�ix¤v¤�fjY[mvy�z¥m}y�fjhgmv�[�¥fjmonld ��� �! �.!" � �%
	� � � �-�".%� �0
12� �%
$#6�V 6
'7�89�&
'�%�tª X%Yt]¿hg];isygnsd*¢£nsh
fjY[m}y�k�Y[nsm}y�]5ns¢�fg]Fhg\^mvd[ns¤vnswl�´mvyqfjYti�f�fjY[m}y�d[]�¨ ws]Fd[]�h�ix¤vmvyg]Fz¬¢£nshj\ nx¢ fgY[]¿��iµ�=¤v]�mvwsY z¥m}y�fjhgmv�[�¥fjmonld
kFixd¿z¥];ygk�hgmv�?]amv\q�t�[¤vygmv¦s]©zti�fji�ixdtz¿m·f�y��¡ª z�ª ¢�ª Y�isy�fgY[m}k�²s]Fh-fjismo¤}y ¨�Y[]�dUk�ns\^�tishg];z�fgn6fjY[]©k�¤vilygygm}k�ix¤
��iµ�=¤v]�mvwsY�z¥m}y�fjhgmv�[�¥fjmonld¡ª

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� ^

�³nldty�m}z¥]Fhgmvd[wqfgY[]9yg��];k	m}ix¤1kFisyg]su¥Á 4 �¥u¥¨V]'�tyg] fjY[]'¢£ns¤v¤vn�¨�mod[w^m}z¥]�d=fjm·f���¢£hjns\ � [ �
� ����

;�=
>j?kX 	 � T C � � ?�� � C � � 4 R� 	 ;�=A> VjX � T
� 	 Z � 	 � � ��� � � �R�¥�;�

mvd _��?ª1�K�s�l��fgn^nl�¥fjismod % T � � ?^[<CQ4 [� � ;�=A> V X [ T
� � Z � �R�s�s�

¨�Ytmvk�Y5m}y��tisygm}k�ix¤v¤v��fgY[]�k�¤vilygygm}k�ix¤¡��iµ�=¤v]�mvwsY5z¥m}y�fjhgmv�[�¥fjmonldEisy�]�¸{�?]Fk	fg];z�ygmvdtk	]'¢£nlh�Á 4 �¥u{fjY[]�\^]�\qr
�?]�h©nx¢�fjY[]�Á1r½y�fjis�[¤v]6¢°ix\^mv¤o�®m}y©¶'is�tygygm}ixd¡ª!+�]	¸{fFuO¨V]pk�nsdtygmvz[]�h�fjY[]�yg�?]Fk	m}ix¤Vk�ily�]pÁ 4 R �°¨�Y[m}k�Yk�nshjhg];y��?nsd�z[yCfjn^fgY[]��Vis�tk�Y{�6z¥m}y�fjhgmv�[�¥fjmonld��3u[��y�mvd[wqfgY[]'¢£nl¤o¤vn�¨�mvd[w^mvz¥]Fd=fgmof���¢£hgnl\ � [ �

� �� �
��� : ;�=
>j? X 	 � C�� � ?�� � C � � 4 	 � �	� : � � � ?�
M-���<�1C� ?P�jC�? 	 Tl-���T C ����� _ T � 	 � � ��� � � ��
� X R �R�x_l�

nld[]9k�isd�nl�¥fjismod % : � � ?^[<CQ4 [ �?^[�T7- � T C � _ T � �R���=�

�tnshansfgY[]Fha¦�ix¤v�[];y9nx¢�Á³u&¨³]pkFixd[dtnxfa]F¦µis¤o��i�fg]^fjY[]pmvd=fg]Fwsh�ix¤Cmvd(_��?ªV�R�x�=�3ª¿��yg�{\^�¥fgnsfgm}k6y�]Fhgmv]Fy
]�¸¥�tixdtygmvnsdty�]	¸¥mvy�f��o�;_ ���1Y[n�¨³]F¦s]FhFu�fgY[];y�]q]	¸¥�tisdtygmonldty�ishg]©d=�t\q]Fhgm}k�is¤o¤v�5¦s]Fhg�5�[dty�fjis�[¤v]qisdtzEd[]F]FzUi
¤}ixhjws]�d{�[\a�?]�h�ns¢ k	nl\q�?nsdt]�d=fjyq¢£nlh^k�nsd{¦s]Fhgwl]�dtk�]sª¬X%Y[]Fhg]�¢£nshj]suC¨V]5z¥n®d[nxf�y��twsws];y�f^�tygmodtwUfjY[]�\��
mvdty�fg];isz�u¥nld[]9k�ixd5�tyg]'d{�[\^]�hjmvkFix¤�mvdlfj]�wlhjixfgmvnsd6fjn^]�¦�ix¤v�ti�fj]+_��?ª1�K�s�l�3ª

X!n^wsmv¦s]9i©¢£]�]�¤vmvd[w6ix�?ns�¥f%fjY[]�k�Ytixh�isk	fg]Fhgm}y�fjmvkFy�ns¢1fjY[mvy�k	¤}isyjy%nx¢�z[mvy�fghjmo�t�¥fgmvnsdtyFu{fgYt]���ishg]'�[¤vnxfgfg];z
¢£nlh�¦�ixhjmonl�tyV¦µis¤o�t]Fy%nx¢�fgYt]�k�Ytixh�isk	fg]�hjm}y�fjmvk�]	¸¥��nld[]�d=f�Á´mvd5�!mvws�thg]����µ�'� � 4 R �	ª
� � ����
����'�!
	�a�/��)*�! �� � ��� �q, 	 � ��
	�����"�+�-,��	��
	a "���������

�tnsh1fgY[]³Y[]Fiµ¦{�=rKf�ixmv¤o];z'�-iµ�{¤o]FmowlY§\^n¥z¥]F¤sfjn��?]�nx¢[isd=�§�[h�isk	fgm}k�ix¤l�tyg]suµnsd[]³y�Y[nl�[¤}z'��]Vix�[¤v]Cfjn-]Fy�fgmv\�i�fg]
fjY[]a��ixh�ix\^]	fj]�h�y-Á*isdtz � ¢£hgnl\ fjY[]anl�tyg]�hj¦s]FzEzti�fjitª�_��?ª&�K�x�=��m}y�dtnxf�mvdi6k�ns\^�tilk3f-¢£nlhg\ ixd�zEm·f
z[n=];y%d[nxf�yg]�]F\¹fgn^�?]9��n=ygygmv�[¤o]'fjn^mod{¦s]Fh�f�mof�fgn^ns�[fjixmvd��tixh�ix\^]	fj]�h%¦�ix¤v�[]FyFª
~Cmv]�h�k	]§mvdW�o� ! �½u=¨�Yt]�hj]�Y[]§�tyg]Fy�fgY[]§Y[]Fiµ¦{�=rRfjixmv¤v]Fz��-iµ�{¤v]�mvwsY6z¥m}y�fjhgmv�[�¥fjmonld�fgnq\^n¥z¥]�¤Iy�];iak�¤o�¥fgfg]FhFu

k�¤vismo\�y�fgYtixf³¢£nlh R � � #¼Á # �¥u¥Á¯mvyVix�[�thgnµ¸¥mv\^ixfg]F¤o���sª [ fjmo\^]Fy³fjY[] hj]Fk�mo�thgn¥k�is¤tns¢¡fgY[] Àth�y�fVd[]�w=i�fjmo¦l]
nlhjz[]�h'\^ns\^]�d=f�nx¢VfgYt]pz¥m}y�fjhgmv�[�¥fjmonld¡ªp«-]6yg�[wlws]Fy�fjy§fjYti�f�nld[]6k�isd¯fgY[]Fd®kFix¤}k	�[¤}i�fj]qfgY[]6�1ª z�ª ¢�ª y'¢£nsh
i�¢£]F¨ Á¾¦�ix¤v�[];y9ixhjns�[dtz¿fgY[m}y'¦�ix¤v�[]�ixdtz¯k�Y[n{nlyg]©fgY[]�nld[]©¨�Ytmvk�Y®wsmv¦s];y fgY[]^�?]Fy�f9À[f'fgn¿z[ixfji[ª^«-]
z[n=];y�d[nsfa�[hjn�¦{mvz¥]6isd{�yjk�Y[]�\^]Fy9fgnU];y�fjmo\�ixfg] � ªEX%Y[mvyamvy©i5fg];z¥mv�tyaisdtz�u&¨³]p��]F¤omv]�¦l]su&�[d[hj]�¤vmvis�[¤v]
¨%iµ�Enx¢V]Fy�fgmv\�i�fgmvd[w¿Á³ª�bedUfjY[m}y9�tix�?]�h;u1¨V]�y��twsws];y�f9ixd¯]Fy�fgmv\�i�fjmonld\^]	fjY[n¥z¯��]F¤onld[wsmvd[w�fgY[]6k�¤vilygy
ns¢ � ���	�T�D� "l�*) " � � � �0�W�'#^¨�Y[]�hj]¿¨V]E]	¸¥�[¤vnsmof�fgY[]Ud[]�w=i�fgmv¦s]Enlhjz[]�h�\^ns\^]�d=f�y�nx¢'fgYt]EY[]Fiµ¦{�=rKf�ixmv¤o];z
��iµ�=¤v]�mvwsY�z¥m}y�fjhgmv�[�¥fjmonld�fjn^]Fy�fgmv\^ixfg]9�?nxfjY5Áºixdtz � ª

����� ���! #"%$'&)(�+*,&.-�"0/1"�2436587:9;2=<�>?"A@CBD245�>�"%<?E!-GFH<�(	&)IJ<�KML�&)<��!$
X%Yt] O fgY5nsh�z¥]FhV\^nl\q]Fd=f-nx¢!Yt]Fiµ¦{�=rKf�ixmv¤o];zp�-iµ�{¤v]�mvwsY5z¥mvy�fghjmv�[�¥fgmvnsd5k�isd5��]9¨�hjm·fgfg]Fd�ily

NM?^[PO1CQ4 � �� [QO � : � �� �j;�=
>�? X � � � C	� � ?� [<C$� � �1[ �R� [ �

dedgf%h�i2jlk�j



�;� ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�

0 1 2 3 4 5 6 7 8 9 10
−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12
Generalised Rayleigh Pdfs

x

p(
x)

alpha=0.7
alpha=1.0
alpha=1.5
alpha=2.0

��mowl�[hj]q� a�¶§]�d[]Fhjis¤om}yg]Fzp��iµ�=¤v]�mvwsY��Iz{¢°y�ª

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� �l�

»¯]suVÀth�y�fj¤o�luVk�Y�ixd[wl]pfjY[]Ensh�z¥]�h�ns¢�fjY[]Emod=fj]�wsh�i�fjmonld isdtzºfgY[]Fd \�is²s]Ei®k�Ytixd[wl]5nx¢ ¦�ishgm}ix�[¤v]Fy� 4 � [{ª � �� � ��� O � :�� ;�=
>�?kX � � � C � �� � O � : � � ?� C���� � � �R�<!l�
+�]	¸{f³¨V]��tyg]�fjY[]-¢£nl¤o¤vn�¨�modtw�mvz[]�d=fgmof��q¢£hgnl\ ���[hjis\^n�¨�m·f�"�ixdtz � fg]Fws�[dU�°�¡ª � ��^tus]*��ª%�l�sª �tªv� !l�l�v���

� �� ��� ��� ?�� C�z{f�4 � � �	� � � � � :T 

� � � � � � :T 


��� � ?�
	-� C �aX R ��� � ?�
jC # R �'� �R�l�x�

fjn^ns�¥f�ixmvd
N	?^[ O CQ4 � O � : � � O T - R 


� � X O T�
 � �� � ��� O � :�� ;�=
>j? X � � � C���� � �R� �l�
$ y�mvd[wqfgYt]'¢£ns¤v¤on�¨�mvd[wqmvz¥]Fd=fgmof��6¢£hjns\ ¶§h�isz¥Y�y�fj]��{d�isdtz5���A"�Y[mv²U�°�¡ªC_x�{�¥u¥]��?ªO_[ª �{� �[ªv�;� � [ �&a

� �� � � � : ;�=
>j? X 
�� O C � � 4 RO 
 ���� � V O Z ��� � ?	
jC�� ����� � ?� C�� � � O � � �R�"^l�

nld[]9ixhjhgmv¦s];y³ixf�fgY[]'¢£nl¤o¤vn�¨�mvd[wa¢£nlhg\©�[¤}i�a

N	? � O C 4 � O � : � ? O T - R C� ? X O T C � O � ? X O� CÁ � X � # O # X R� � �K_s�l�

����� ��2 I.2= #"4&)"�I�� ( &.<� #2 &.<?�!$�����"4&.-���@ �+* � �' "A$!&.(
X!n'ns�¥f�ixmvdqfgY[]-��ixh�ix\^]	fj]�h&¦�ix¤v�[]FyO¨V]-ygns¤v¦s]`_��?ª��°_l�l�!¢£nlhCÁUixd�z � ixwlismod�y�f�fgY[]�]�\^�[mvhgm}k�is¤¥\qnl\^]�d=fjy�NM? � O C%kFix¤}k	�[¤}i�fj]Fzp¢£hgnl\ z[ixfji[ª

X!n�mvygns¤}i�fj]§Á¬mod5]��?ª1�K_s�=�3u¥¨V] f�ix²l] fjY[]9h�i�fgmvnqnx¢

NM? � T O C? N	? � O C C T 4 � ? O - R C � T ?kX O T C� � ? X O C � T<? O T - R C Á � ?kX
T O� C� ?kX O� C � X R # O # X R� � �K_[�;�

� kFixd���]9]�¸¥�[hg];ygyg]Fz�mvdpfj]�hj\^y-nx¢�Á � ¢£hjns\ ]*�?ª¡�°_s�=���0a

� 4 V � ? O T C� O � : � ? O T - R C Á
� ? X O� C Z

� _ O � �K_l�s�

»¯]¿¨Vns�[¤}z ¤omv²s]�fgn*y�nl¤o¦l]4_ ��ª �°_[�µ�©¢£nsh�fjY[]E�tishjis\q]�fg]Fh6Á �tygmodtw´]�\^�[mvhgm}k�is¤�\qnl\^]�d=f6¦�ix¤v�[]Fy
kFix¤}k	�[¤}i�fj]Fz¯¢£hjns\ z[ixfji5¢£nlhafjY[]p¤v]	¢ fqYtixdtzºy�m}z¥]pns¢�fgY[]�]��=�tixfgmvnsd¡ª $-d¥¢£nlh�fj�[dti�fj]�¤v�su�_��?ª%�°_t�;�9m}yai
YtmowlY[¤o��d[nld[¤omvd[];ixh-]*�l��i�fgmvnsdEisdtzEz¥n{]Fy�d[nxf�Y�iµ¦s]�i�k	nl\^�tisk	f y�nl¤o�[fgmvnsd���Y[n�¨³]F¦s]FhFu{¢£nlh-fgYt]�hjisd[ws]9ns¢
¦�is¤o�[];y�ns¢ O u=fgYt]'¶'is\q\�i�¢£�[dtk3fjmonldpm}y�¨V]�¤v¤orR�?]�Ytiµ¦l]Fz�isdtz6¨V] kFixdpis¤o¨%iµ�¥yCy�nl¤o¦l]-_��?ª��°_t�;�C¨�m·fjY�ixd{�
ns¢�fjY[]-d{�[\^]�hjm}k�ix¤tns�¥fjmo\^m}ygixfgmvnsdqfg];k�Y[d[m��l�t]FyCyg�tk�Y�isyO�tmvyg]Fk	fgmvnsd �o� � �½ªCÂ d�k	]-Á¿m}yOnl�¥fjismod[];z�u{y�nl¤o�¥fjmonld
¢£nlh � mvy�y�fjhjismowlYlfgrK¢£nlhg¨%ixh�zq¢£hjns\ _��?ª1�K_l�l�3ª

dedgf%h�i2jlk�j



�µ� ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�
� �^
F� 4����'�!
	���(�+���14����!�

»¯]^fg];y�fj]FzfgYt]�Y[]Fiµ¦{�=rKf�ixmv¤o];z��iµ�=¤v]�mvwsY\^n{z[]�¤Cnld¯¦�ishgmvns�ty§mv\�ixws];y'�[hjn�¦=m}z¥];zU�{����+-_ � � �³]Fdlfjhg]
+ i�fjmonldtix¤Oz � _Ofg��z¥]Fy � �ti�fjmvis¤o];yj��¨�Y[m}k�Y¨V]�hj]©nl�¥fjismodt]Fz�=�5fjY[]6yji�fg]F¤o¤vmofg] _�� � r��^nx¢�fjY[] _C�[hjns�?]Fisd
� �tisk�]a�-wl]�dtk��sª§Â �[h y�mv\a�[¤}i�fjmonldty�ygY[n�¨V]Fz��ty�fgYtixf�fjY[]q¶§]Fd[]�h�ix¤vmvyg]Fz5�-iµ�{¤v]�mvwsY�\En¥z¥]F¤!z¥]F¦s]F¤onl��];z
kFixd\qn¥z¥]F¤Cix¤v¤&fgY[]�kFisyg]Fy�fgY[]�k	¤}isyjygmvkFix¤O�-iµ�{¤o]FmowlY¿\^n¥z¥]�¤CkFixd¡u1ily§]	¸¥��];k3fj]Fz�ªqbedilz[z¥mofgmvnsd¡u¡mof�k�isd
\^n¥z¥]F¤�¦�ixhjmvns�ty�nxfgYt]�h%k�isyg]Fy³¨�Y[]Fhg]�fjY[] fjixmv¤}y�ns¢¡fgY[]'z¥m}y�fjhgmv�[�¥fjmonld6m}y�Y[];iµ¦{mo]FhFª�»]§wsmv¦s] ixd6]�¸¥is\^�[¤o]
¢£nlh&m·f�y!�?]�hg¢£nshj\�ixdtk�]�a1i$��r �Visdtz � ���*mo\�ixwl]�ns¢?ixd©�[hj�tixdqixhj]Fi-mvd©��mvws�[hj]'�K�s��isdtz9fjY[]�k	ns\^�tishgm}ygnsd
ns¢³mofjy9Ytmvy�fgnlwsh�ix\�¨�m·fjY¯fgY[]6k�¤vilygygmvkFix¤Oixd�zUwl]�d[]Fhjis¤om}y�];z¿�-iµ�{¤v]�mvwsY¯\qn¥z¥]F¤&À[fjy'mvd´��mowl�[hg]E�K_l�3ª�X%Y[]
��ixh�ix\^]	fj]�h�y³¨V]�hj]§]Fy�fgmv\^ixfg];zpfjn^��]�Á 4 R � ���©isdtz � 4 �	� R ª»¯]�¢£�[hgfgYt]�h-fj]Fy�fg];z5fgY[]qix¤vwsnlhgmofgY[\ nsd���rR�tisdtz � � ��mv\^isws];y�ns�¥f�ixmvd[]Fz5�{��fgY[]�# «-rD!pixmvhjk�hjix¢ f
ns¢ � ixdtz[mvi�+ i�fjmonldtix¤[¤}ix��y�ª&�-d6]�¸[ix\^�[¤v]-mo\�isws]�m}yCwsmv¦s]Fd�mod6��mvws�[hj]a�°�=�3ª�»¯]��[hjn�¦{mvz¥]-iak	ns\^�tishgm}ygnsd
ns¢�fgY[]§�?]�hg¢£nshj\^isdtk	];yCns¢1�-iµ�{¤o]FmowlY¡ulYt]Fiµ¦{�=rKf�ixmv¤o];zq��iµ�=¤v]�mvwsY�ixdtz�»¯]�mv�[�[¤v¤I\^n{z[]�¤}y�ªOX%Y[]§�!mvws�thg]q� [ �
m}y%mvd�¤vnsw=ixhjm·fjY[\^mvk ygkFix¤v]§ygnqfgYtixfVfjY[]'��]Fh�¢£nlhg\�isdtk	]'z¥m �?]Fhg]Fdtk	]§��]�f�¨³]F]�d�»]Fmo�t�[¤o¤!ixdtzpY[]Fiµ¦{�=rKf�ixmv¤o];z
��iµ�=¤v]�mvwsY5z¥m}y�fjhgmv�[�¥fjmonldEmod5Àtf�fgmvd[wpfgY[]9f�ixmv¤vy k�isd��?]ak�¤o];ixhj¤o��y�]F]�d¡ª #�];y��tm·fj]aY[];iµ¦=�=rRfjismo¤v]Fz��-iµ�{¤o]FmowlY
\^n¥z¥]F¤ � y�ix¤vws]F�[hjismvk�fjixmv¤}y�u¥»¯]�mv�[�[¤v¤¡\^n¥z¥]�¤�YtilyV]	¸¥��nld[]�d=fjmvis¤�f�ixmv¤vy%¨�Ytmvk�Y5k�isd[d[nxf�z¥];ygk�hgmv��] fgYt]'zti�fji
¨V]�¤v¤�]�dtns�[wlY¡ªOX%Y[]9]Fy�fgmv\�i�fg];zp¦�is¤o�[];y�nx¢&Á¬ixd�z � ¨V]�hj]q�sª [ �^ixdtz�s�;_ahj]Fyg�?]Fk3fjmo¦l]�¤v�6mvd�fjY[m}y-k�ily�]lª

_O¸¥�?]�hjmo\^]Fdlf�ix¤v¤o�lu[mof-Ytisy%�?]�]Fd�nl�tyg]�hj¦s]Fz6fgYtixf-\^nly�f-�[hg��ixd¥reixhj]Fi � ���@mv\^isws];y%Ytiµ¦s]9Á � y�mvd�fgY[]
h�ixdtws]0� R � �
� R � ���½ªb½f�Ytily^ix¤}y�n��]F]�dºnl�tyg]�hj¦s]Fz´fgYtixfqmvd ygns\^] � ��� mo\�isws]FyafgY�i�f�k	nsd=f�ixmvdº\^m·¸¥];z
yjk	]Fd[]Fy%isdtz6¢£nlh-y�nl\^] $ «��*z[i�f�i[u=fgY[]9Yt]Fiµ¦{�=rKf�ixmv¤o];zp�-iµ�{¤v]�mvwsYp\^n¥z¥]F¤�¨Vily³dtnxf-y���k�k	];ygy�¢£�[¤ � ���½ªO»]
wlmo¦l]§isd5]	¸[ix\^�[¤v]'nx¢1fjY[m}y�ns�tyg]�hj¦�i�fjmonldpmvd5��mvws�[hj]��P!=�%ixdtz���mowl�[hg]��½�x�3ª

X%Y[m}y³\^iµ�^�?] z¥�t]-fgnafgY[] ¢°isk	f�fjYti�fV¨³]§k	nsd�y�m}z¥]�hj]Fz^nld[¤v�qyg�{\q\^]�fghjmvk Á¡rey�f�ix�[¤v] z[mvy�fghjmo�t�¥fgmvnsdty³mvd
nl�[h�z¥]Fhgmv¦�i�fjmonldE¨�Y[mo¤v]ai�\^nlhg]9wl]�d[]Fhjis¤¡\^n{z[]�¤!kFixdE�?]anl�¥fjismod[];z5y�f�ixhgfgmvd[w�¢£hjns\ wl]�d[]Fhjis¤��£�?nlyjygmo�[¤v�
yg²s]F¨³];zt�9Á1r½y�fjis�[¤v]�z¥]Fdty�mof��¯¢£�[dtk	fgmvnsd¡ª $-d¥¢£nlh�fj�[dti�fj]�¤v�suOmvd¬fjY[mvyqk�ily�]lu�fgY[]�Y[]Fiµ¦{�=rRfjixmv¤v]Fz®�-iµ�{¤o]FmowlY
\^n¥z¥]F¤�ws]�fjyp\a�tk�Y¼\^nshj]Uk	nl\^�[¤om}k�ixfg];z�u%¨�Y[mvk�Y¾m}ypis¤vygn´hj]��t];k3fg];z¼mod¼fjY[]U��ixh�ix\^]	fj]�h�]Fy�fgmv\�i�fjmonld
�thgnl�[¤o]F\5ªa«-n�¨V]�¦l]�h;u�mof9mvy'ip¢£�¥fg�[hj]^hg];y�];ixh�k�Y¿z¥mvhg];k3fgmvnsd¨³]^ixhj]^k	nsd�y�m}z¥]�hjmvd[wtª©Â d[]^ygns¤v�¥fgmvnsdmvy fgn
z[mohj]Fk	fg¤v�´¨³nlhg²®nsd*fgYt]�bqixdtz���k	nl\^��nld[]�d=fjyqns¢�fgYt] � ��� mo\�ixwl]su³mod*¨�Y[mvk�Y¼k�ily�]�nsdt]��tyg]�fgY[]
Á1rey�f�ix�[¤v]'�tixh�ix\^]	fj]�h%]Fy�fgmv\�i�fjmonldpfj]Fk�Y[d[m��=�[]Fy-�[hg];y�]Fd=fg]Fz�mvd0� ���½ª

X%Y[]qisyjy��t\q�[fgmvnsdEnx¢ "F]�hjn�¤on¥kFi�fgmvnsdE��ixh�ix\^]	fj]�h�m}y�is¤vygn �=�[];y�fjmonldtix�[¤v]aygmod�k	]�¨V]�ns��y�]Fhg¦l]Fz � ���
Ytmvy�fgnlwsh�ix\�y'¨�Y[m}k�Y¬ixhj]6y�Y[mo¢ fg];z®¢£hjns\ nshjmowlmod¡ª�bed´fjY[mvy©k�ily�]lu!nld[]pk�isd¬y�mv\^�[¤v�];y�fjmo\�i�fj]�fgYt]py�Ytm·¢ f
isdtzE�[�t¤o¤�fgYt]aY[m}y�fjnswlhjis\ �tilk�²�fgn6fjY[]qnshjmowlmod¿isdtz5fgYt]�dis�[�[¤v��fgY[]©fg];k�Y[d[m��l�t]Fy§y��[wlws];y�fj]Fz5mvd¿fgYtmvy
��ix�?]�h;ª�«�n�¨³]F¦s]�h;ulkFixhj]-\a��y�f%��]�fjis²s]�d�y�mvdtk	]�fgY[]§�tishjis\q]�fg]Fh�]Fy�fgmv\�i�fjmonld^fg]Fk�Ytd[m��=�[];y�Y�iµ¦s]��thgn�¦l]Fz
fjn5��]�¦l]�hj�¿y�]Fdty�mofgmv¦s]qfjn5fgY[]6ygY[mo¢ fFª6X%Y[m}y'mvyaz¥�[]qfgn5fjY[]��tyg]qns¢³d[]Fwlixfgmv¦s]^nsh�z¥]�h'\^ns\^]Fdlf�y'¨�Y[m}k�Y
wlmo¦l] ]F\^�[Ytisygm}yVfgn6yjix\^�[¤v]Fy%d[];ixh%nshjmowlmod1ª

��mvdtix¤v¤o�lu=¢£nsh�\^mo¸¥]Fz6yjk	]Fd[]Fy�wshj]Fi�fj]�h�yg�tkFk	]Fyjy�kFixd��?]�nl�¥fjismod[];z��{�qz[]�¦s]F¤onl�[mvd[wai9\^mo¸=fj�[hj]�\^n¥z¥]�¤
¨�Ytmvk�Y��[hjn�¦=m}z¥];yQ��]	¸¥mo�tmo¤vm·f��pfgn^\^n¥z¥]�¤¡\©�[¤ofgmv\qn¥z[is¤1z[ixfji[ª
� : ��� �³�	4��1
������
bed¿fgY[m}y�hj]��?nshgfFu�¨³]aYtiµ¦s]az[]�¦s]F¤onl��];zEi�ws]Fd[]�h�ix¤vm}ygixfgmvnsd5nx¢OfjY[]©k�¤vilygygmvkFix¤1��iµ�=¤v]�mvwsY5\^n¥z¥]�¤!¢£nsh � ���
mv\�ixwl]Fy�ixd�z¼�[hgn�¦{m}z¥]Fz¼i®d[n�¦l]�¤�fj]Fk�Y[dtm��=�[]E�tily�];z nsd¾d[]Fwli�fjmo¦l]Ensh�z¥]�h�\^nl\q]Fd=fjy^¢£nlhp�tishjis\q]�fg]Fh
];y�fjmo\�ixfgmvnsd¡ª¯X%Y[]�\^n¥z¥]F¤³�[hjn�¦{mvz[]Fy���ya\^nshj]	��]	¸¥mo�tmo¤vm·f��®mvd � � �¹mv\^isws]�\qn¥z¥]F¤o¤vmvd[wisdtz¬ygY[n�¨³];z

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� �;_

��mowl�[hj]9��a ��r �%isdtz � � �@mo\�ixwl]'nx¢Oixd��[hg��ixd5ixhj]Fi

0 50 100 150 200 250 300
0

1

2

3

4

5

6

7

8

9
x 10

−3 Generalised Rayleigh fits to the real image of an urban region

x

p(
x)

histogram               
generalised−Rayleigh fit
Rayleigh fit            

��mvws�[hj]'_�aC«-m}y�fgnswlhjis\¹nx¢O��mow�ªO�[utixd�z�k�¤vilygygmvkFix¤�ixd�zpwl]�d[]Fhjis¤om}y�];zp�-iµ�{¤v]�mvwsY�\^n{z[]�¤IÀ[f�y%fgn�mofFª

dedgf%h�i2jlk�j



�F� ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�

��mowl�[hj]§�Wa �-r½�tixd�z � � �@mo\�ixwl]

0 50 100 150 200 250 300
10

−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

x

p(
x)

X−band data − Rayleigh, Weibull and heavy−tailed Rayleigh model fits

histogram            
Rayleigh             
Weibull              
heavy−tailed Rayleigh

��mvws�[hj] [ aV«-m}y�fjnswlhjis\ nx¢C��mvwtª �tutisdtzEk	¤}isyjy�m}k�is¤Kutws]�dt]�h�ix¤vmvyg]Fz��-iµ�{¤o]FmowlYEixdtz5»¯]�mv�[�[¤v¤1\^n¥z¥]�¤!À[f�y-mvd
¤vnsw=ixhjm·fjY[\^mvk§yjk�ix¤v]FyFª

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� � [

��mvws�[hj]&!�al$�«��!r �%ixdtz´� � R � � ¶'«�"µ� � � �9u?�x\ hj]Fygns¤v�¥fgmvnsd1u[ns�¥f�ixmvd[]Fz��{� � ixdtz¥m}i)+�ixfgmvnsdtis¤¡¤}ix�ty
#§«�ri!^�-mvhjk�hjix¢ f
yg�tkFk	]Fyjy9mvd´]	¸[ix\^�[¤v]Fy9fgYtixf�fgY[]�k	¤}isyjy�m}k�is¤��-iµ�{¤o]FmowlY¯z[mvy�fghjmo�t�¥fgmvnsd´¨%isy9�tdty���k�k	];ygy�¢£�[¤RªEX%Y[]�¢£�¥fj�[hg]
hj]Fyg]Fishjk�Yz¥mohj]Fk	fgmvnsdty'ishg] a©�µ��hj�[d[dtmod[wEi�fgYtnshjns�[wlYyg�[hg¦l]��5nsd � � � mv\�ixwl]Fy§hg];k	nlhjz¥];z¿mvd¦�ishgmvns�ty
k�nsdtz[m·fjmonldty%fgn�w=ixmvd�isd5�[dtz¥]Fhjy�fjisdtz¥mvd[w�nx¢�fgY[]ahg]F¤vixfgmvnsd���]�f�¨³]F]�d5fgYt]9\qn¥z¥]F¤1�tishjis\^]	fg]Fhjy%isdtz�fgY[]
\^];z¥mo�t\ �[hjns�?]�hgfgmv]FyFu³�s�qz¥]F¦s]F¤onl�[\^]�d=f�nx¢§i¯\^nshj]�ws]�dt]�h�ix¤%Y[]Fiµ¦{�=rRfjixmv¤v]Fzº��iµ�=¤v]�mvwsY z¥m}y�fjhgmv�[�¥fjmonld
k�nsdtygm}z¥]�hjmodtw¿fgYt]5yg²s]F¨³];z¬k�ily�]5isyq¨V]�¤v¤Ku³_l�qz¥]�¦{m}y�mvd[wfg];k�Y[d[m��l�t]Fyq�tisyg]FzºnsdºfgY[m}y^d[]�¨ \^n{z[]�¤V¢£nsh
]F¤omv\^mod�i�fgmvd[w�yg��];k�²=¤v]'d[nsm}yg]sª

�+��)��%$&�����V���
����� å�é[ì³ÞsÑ�ÓFã9Ð3ÏCÌØÕ��-ÓFÛ{Ü©ägé¥ì-é¥ë�Õ�Ý�í;ÚlÛ�é	��
������������������
��� �"!#
�%$'&�
)(+*+,-��&��%$'��/.�é	0VÐ�ð;ÝjÑ211ÚlÞ=ÖÎÌÎá3Ó�Õ�ÌÎÐ;ÛlÍ43
îVÝjÏ65!ÐFÑ�Ò73sî2583 �49�:); é

� ;�� ì�é=<&ÓFÛlÝjÑ%>½ÝjÝ)3?1Ié=<�ÚlÑ�ÖÎÌÎÛ{Ó@3�Ó�Û{Ü6à�é�â�ËlÝ�ÖÎÖoÓ�Ô=Ô=Ósé�ìCÜ=Ó�ÔlÕ�ÌÎðµÝ-Õ�Ó�Ñ�íFÝjÕ�ÜlÝjÕ�ÝjájÕ�ÌÎÐ;Û�ÌÎÛpÙ}Ð;ÖÎÌ·ÓFíFÝjæ°Ô¥Ý�Û=ÝgÕeÑ�Ó�Õ�ÌÎÛ=í
ëlì³à¬ÌÎã�ÓFíFÝ�ÍOÚ=ÍeÌÎÛlí'ÓFÖÎÔlË{Ó�æ°Í½Õ�Ó�Þ=ÖÎÝ%ã9ÐxÜlÝjÖ·Í�éBADCECBCGFIH J�
� ."
�&��%$'�K� .L���AI!#
�MN��OPJD��&I�".�.�$Q�@M3�Rlç ��; è"S � R ;T�U
� R T@� 3 �49)99 é

� TK� ê�é�<�Ð3ÏCã�Ó�Û�éVAI� �%J����,/&��%$'��W�X�#Y��".�.���(7*+,-��&��%$'��/.�éE0%Ð	ðµÝjÑZ1¡Ú=ÞlÖÎÌ·á�Ó�Õ�ÌÎÐ;ÛlÍ43{îVÝgÏ[5!ÐFÑ�Ò73sî25\3 ��9)] Rsé
� ^�#_ é+`¼ébaVÐ�ÐxÜlã�ÓFÛté§ësÐ;ã9Ý�Ù}ÚlÛ{Ü=Ó�ã9Ý�Û�Õ�ÓFÖIÔsÑ�Ð;Ô¥ÝjÑeÕ�ÌÎÝ�Í�Ð�Ù&ÍeÔ¥Ý�á�ÒxÖÎÝ;édc@�,@J"��
)(P�e�\��� �gfih��%$'&�
)(?j7��&�$'�"�%kl���

m !n�"JI$'&�
3 ]] ç �)� è"S �)�4^�o�U �)��oKp 3�îVÐ	ðµÝ�ã Þ¥ÝjÑ �49�:] é
� o�� ë[élägé�a³Ñ�Ó;ÜlÍeË�Õ�Ýj×sÛqÓFÛ{Üaägé{å�é{àC×-��Ë=ÌÎÒ¥éqH7
��4(r�L���2AI� �s�'MJD
( .ItEj+�"JI$X�".�tV
K�7�8OVJ����,/&��%.�é&ìOá3Ó;ÜsÝ�ã9ÌÎáq1¡Ñ�ÝjÍeÍ43
îVÝjÏ65!ÐFÑ�Ò73sî2583 �49)]�o é

� ]K�#_ é;äKÖÎÐ	ÏÓ�Û{Ü�0§éKu%Ó�Õ��jÌ·Û=ÓFÒµÐFÍ�élì³Û{Ó�ÖØ×sÕ�ÌÎáOÓ�ÖÎÔ=Ë{Ó	æ°Í½Õ�ÓFÞ=ÖÎÝOÛlÐ;ÌÎÍeÝ&ã9ÐxÜlÝjÖ·ÌÎÛlíVÌÎÛ'Ó21IÐ;ÌÎÍeÍeÐ;Û�4=Ý�Ö·Ü�Ð�Ù¥ÌÎÛxÕ�ÝgÑeÙ}ÝjÑ�ÝjÑ�Í
ÐFÑ�Íeá3Ó�ÕeÕ�ÝgÑ�ÝjÑ�Í�é	ADCBCBCGFIH JD
K� ."
�&��%$'��/.\��vj $rM��
)(+OPJD��&I�".�.�$Q�@M3 ^�] ç ] è"S ��]p-�"U ��]@�)� 3 ��99 Rxé

� :��#_ é7w'é _ ÓFÐlé³ì�ã9Ô=ÖÎÌØÕ�Ú{ÜlÝ%ÜlÌÎÍ½ÕeÑ�ÌÎÞ=ÚlÕ�ÌÎÐFÛ�ÐFÙ1á�Ð;ã9Ô¥ÐFÍeÌØÕ�Ý-Õ�ÝgÑeÑ�ÓFÌÎÛ6á�ÖÎÚlÕeÕ�ÝjÑVÓFÛ=ÜqÕ�Ë=Ýqw%æKÜlÌÎÍ½ÕeÑ�ÌÎÞ=ÚsÕ�Ì·ÐFÛ�é2ADCBCBC
H JD
�/."
�&��%$'��/.8�K� m �/�s�"� ��
.L
�7�8OPJD�"h-
�M�
K�%$'�� 3{ðµÐ;Ö é ì�1�æ T�; ç �4p è"S ��pK^�9�U@]�; 3 ��9 R ^ é

dedgf%h�i2jlk�j



� ! ��������� 89 68T������8 �%�K�	�
��� �� 68T70
'�

0 50 100 150 200 250 300
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

x

p(
x)

UHF−band data, 125<f<950 MHz

histogram            
heavy−tailed Rayleigh

0 50 100 150 200 250 300
10

−5

10
−4

10
−3

10
−2

10
−1

Logarithmic scale

x

p(
x)

histogram            
heavy−tailed Rayleigh

��mvws�[hj]q�9a-«-m}y�fjnswsh�ix\�ixd�z5fgY[]©¤onlwxr½Y[m}y�fjnswsh�ix\ nx¢OfjY[] $ «��¾z[ixfjipisdtz5fjY[]©wl]�d[]Fhjis¤om}yg]Fz5�-iµ�{¤o]FmowlY
\^n¥z¥]F¤IÀ[f

m^n d�mpo



���������	��
	�����������
	�������������� !�"��
$#��%�&
'�%�(�*)+�����,�-�%.%�/�0
12�435
$#6�& 6
'7089�&
'�%� ���

� R � ßCé{ßCé/w�ÚlÑ�ÚlÐ;í;ÖÎÚtéE0VÝ�Û=ÍeÌØÕR×aÔ=Ó�Ñ�ÓFã9ÝgÕ�ÝjÑCÝ�Í½Õ�ÌÎã�Ó�Õ�ÌÎÐ;ÛqÍeÒµÝjÏ&Ý�Ü��?æ°Í½Õ�ÓFÞlÖ·Ý-ÜsÌÎÍ½ÕeÑ�Ì·ÞlÚlÕ�ÌÎÐ;ÛlÍ�é	ADCBCBC H JD
K� ."
�&4F
�%$'�� .q��lj $rM��
)(7OPJD��&I�".�.�$Q�@M3{ÍeÚ=Þ=ã9ÌØÕeÕ�Ý3Ü�ÌÎÛ _ ÚlÛ=Ý ;Kp)p)p é

� 9K� ßCélßOé@w�ÚlÑ�Ú=ÐFí;ÖÎÚaÓFÛ=Ü _ é��¥ÝjÑ�ÚlÞ=Ì·ÓséIåqÐxÜlÝ�ÖÎÖÎÌÎÛ=í Ì·ã�Ó�í;Ý�Í!ÏCÌÎÕ�Ë��?æ°Í½Õ�ÓFÞlÖÎÝ³Õ�Ý��xÕ�ÚlÑ�ÝjÍ�é�äKÛ�OE�@kK.�$'&�.�$���j $�M�7
)(

�7�8AI! 
�MN��OVJ���&I�".I.�$Q�NMtBOPj-ADOP3=å^Ó�Ñ�ÍeÝ�ÌÎÖÎÖÎÝ)3têlÑ�ÓFÛlá�Ý)3 ;pp-� é

�r�4pK� ë[é�w�ÚsÕeÕ�ÌÎÒsÒFÓ;Ü©ÓFÛ=Ü^à�é{â�Ë=Ý�ÖÎÖ·ÓFÔlÔ{Óxé³î³Ð;Ûsæ�a%Ó�Ú=ÍeÍeÌ·ÓFÛpâ&êxì�à Õ�Ý�á�Ë=Û=Ì���Ú=ÝjÍCÙvÐFÑ³Õ�Ó�Ñ�í;ÝgÕ%ÜsÝjÕ�Ý�ájÕ�ÌÎÐ;Û�ÌÎÛ�ËlÌ·íFË
Ñ�Ý�ÍeÐ;ÖÎÚlÕ�ÌÎÐFÛpëlì³à¬ÌÎã�ÓFíFÝ�Í�é1äRÛvOVJ���&"���D�$Q�NM. A
	bADOGF���/3lÔ{Ó�í;Ý�Í 9-�4p�U �4^ 3 ��9)9K^ é

�r���� 1�é=ï�Ýjðx×�é�	B
)(�&�,-(b�N�".�OPJD�)�I
)��$%( $Q���".�éPa%ÓFÚlÕ�ËlÌÎÝjÑeæ��VÌÎÖÎÖoÓ	Ñ�Í4371�Ó	Ñ�Ì·Í43{êlÑ�ÓFÛlá�Ý)3 ��9);)o é
�r��;�� <³é[å^Ó�Û{ÜlÝjÖ·ÞsÑ�ÐFÕ3é!Ê&Ë=ÝVð;Ó	Ñ�ÌoÓ	Õ�ÌÎÐ;Û�ÐFÙIá�ÝjÑeÕ�ÓFÌÎÛ^ÍeÔ¥Ýjá�Ú=Ö·Ó�Õ�ÌÎðµÝ�ÔsÑ�ÌÎá�Ý�Í�éZc�� Y	,@.I$��+�".�.�3 T)] S T)9^�UN^-��9 3 �49)])T é
�r�4TK� â³éxï1é�î³ÌÎÒsÌ·Ó�Í&ÓFÛ=Ü�å�ésësË=ÓFÐsé?j $rM��
)(-OPJD��&I�".�.I$��@M��B$���� m ( h/�/
FXj/�X
��4(r���q$Q.��%JI$'��,@�%$'�� .�
��� m h)h7( $'&�
�%$'��/.�é

_ Ð;ËlÛ�`´ÌÎÖÎÝj×�� ëxÐ;ÛlÍ43=î³ÝjÏ65�Ð�Ñ�Ò+3sîZ583 ��99�o é
�r��^�#_ é?1Ié�îVÐ;Ö·Ó�ÛEÓFÛ=Ü�ì�éIëxÏ&ÓFã9Ì é��\�JD�K.D�-�"h �� m h�h7( $%&I
K�%$'�� . ���\�L�D
���kFX�X
K$%(r�D���q$�.I�%JI$'��,@�%$'��/.#$Q� CG&��)F

�7�!\$'&�.�tEj/�X
�%$Q.��%$'&�.L
���#CP�@M$Q�7���"J"$Q�NMFé1Ý3ÜlÌØÕ�ÐFÑ�Í43/`EÓ�ÍeË=ÌÎÛ=í�Õ�Ð;Û=3/0-â23 ��99)9 é
�r��o�� <³é 1IÝ�Í ��Ú=ÝgÕeæe1IÐFÔ¥Ý�Íeá�Ú¿Ó�Û{Ü _ é 1IÝjÍ �xÚlÝjÕ3él<�Ì·ÜsÌ·ã9ÝjÛ=ÍeÌÎÐ;Û=ÓFÖOÓ	æKÍ½Õ�Ó�Þ=ÖÎÝaã9ÐxÜlÝ�ÖÎÍ-ÏCÌÎÕ�ËEÖÎÐFÛ=íFæ£Ñ�Ó�Û=í;Ý©ÜlÝjÔ¥Ý�Ûlæ

ÜlÝ�Ûlá�Ý;é�äKÛ#ADCBCBC!�\�JD�K.D�-�"h ��#"��K��( $Q�7��
KJPj $�M�7
)(-
����AI!#
�MN�BOVJ���&I�".I.�$Q�NM3µðµÐFÖÎÚ=ã9Ý � 3�Ô{Ó�í;Ý�Í �49)9�U@;pT 3
��9)99 é

�r�4]K� à�é70 é71¡Ì·ÝgÑ�á�Ý;é³à�âOëqágË=Ó�Ñ�ÓFágÕ�ÝjÑ�Ì��3Ó�Õ�ÌÎÐ;Û�Ú=ÍeÌÎÛ=í'Õ�ËlÝ§Ó�ÖÎÔ=Ë{Ó	æ°Í½Õ�ÓFÞ=ÖÎÝ ÜlÌÎÍ½ÕeÑ�ÌÎÞ=ÚsÕ�Ì·ÐFÛ�é OPJD��&I�����K$Q�@M.8���qADCBCBC
$ �%�'&#"�
�%$%��7
)(�(G
���
J)	B��4���"J��"��&"�"3=Ô{Ó�í;Ý�Í T)9K^KUN^-��9 3 ��99)] é

�r��:�� 9 é*� é@1IÐFÖ·Ì·Ó�Û=Û=ÌÎÒµÐ	ð73@5§é@<�ÓFÐ/3lÓ�Û{Ü u éNw%Ñ�ÌÎã^é�ï�Ýjðx× 1¡Ñ�Ð�á�ÝjÍeÍeÝ�Í&Ù}Ð�ÑOäRã�Ó�í;ÝVåqÐxÜlÝ�ÖÎÌÎÛ=íséIäRÛ�ADCBCEC j $�M�7
)(
OVJ���&"�".�.�$Q�NM+�8�KJ��K.��/�"h �����$rM�� �"J"FIfVJ��N�"JI3 _ Ú=ÛlÝ �4^ æ �4] 3 ��9)9 Rsé

�r� R � `¼é u�é�1�Ñ�Ý�ÍeÍ43�<³é�1Ié=êIÖ·ÓFÛ=ÛlÝjÑe×N3=ë[é=ì�élÊ?Ý�ÚlÒµÐ;ÖÎÍeÒ�×N3lÓFÛ=Ü `¼é=ÊVé,�1ÝjÕeÕ�ÝjÑ�ÖÎÌÎÛ=ísé-" ,@!n�"JI$'&�
)(.(Z�D&�$ h/�".q$Q�/	�é
â&ÓFã§ÞsÑ�Ì·Ülí;Ý10³Û=ÌÎðµÝjÑ�ÍeÌØÕK×d1¡Ñ�Ý�ÍeÍ43=îVÝjÏ65!ÐFÑ�Ò73sî25\3 �49)9p é

�r�49K� a é�ëlÓ�ã9ÐFÑ�ÐxÜlÛlÌØÕ�ÍeÒx×¯ÓFÛ=Ü¬å�é�ë[é&ÊIÓ2�*��Ú�é j �X
��4(r��"q�� F43	
K,-.�.�$'
�5(	
K�7���! OPJD��&I�".�.��".�6 j �X��&I�/
K.I�%$%&
�����N��( .7� $Q���dAI�98 � $Q�s��:/
J"$%
�7&I�gé&â�Ë{ÓFÔlã�ÓFÛ�� u%ÓFÖÎÖ%3{î³ÝjÏ 5!ÐFÑ�Ò73 ��9)9K^ é

� ;KpK� å�é[ësÝjÒsÌÎÛlÝ�ÓFÛ=Üd5§é{å^ÓFÐsé)�#�"$%��,/(�(.(G
���
J;	 ( ,@�%�s�"J�é1ä½ß1ß 1�Ñ�Ý�ÍeÍ43¥ïtÐ;Û{ÜsÐ;Û 3,02w#3 �49)9p é
� ;N��� ê�é1ÊVé<0VÖ·ÓFÞ�×¿Ó�Û{ÜUå�é!â³é 0%Ð;ÞlÍeÐ;Ûté �q
�7��������� ���;(	
��)
J j/�X
�%$Q.��%$'&�.��4�J�H+�"JIJD
$Q�lé¿ì�ÑeÕ�ÝjágË u³Ð;Ú=ÍeÝ3

0%Ý3ÜlË=ÓFãg3=å^ìL3 ��9 R 9 é
� ;;�� à�é�à-é*�¥ÌØÕ�ÐlétÊ&ËlÝ³ÍeË=ÓFÔ¥ÝCÐFÙIëlì�à¯Ë=ÌÎÍ½Õ�ÐFíFÑ�ÓFã9Í�é=	B�K!�h�,@�s�"J�: $Q.�$'��/t-3VJ�
"h/�@$%&�.ItB
K�7��AI!#
�MN�	OVJ���&I�".I.�$Q�NM3

^�T S ; R �"U@;9T 3 ��9 R)Rsé

dedgf%h�i2jlk�j



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


