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

-/.103254�6/798;:�25<12>=�?�6@25AB=DCE=�F"GH.1IKJL<MCN=�<�OPC1CN?@?

QSRUTWVYXZVY[\V^]`_badc�egfh]�adc^]�VYXji�kdlnmoadprqh[\V^]�cts\i�XZ]�RUi�]
en]�iufhRhXjT^iufh]wv�RhXyxd]�c^TYXzV|{k}Vt~�cuk��d�h�t[UTWVYc^Xyk

egfhXyT3qUk�qE]�c3XyT3cY]�lyk�VY]���V^a��u�}�t�E�\�S�}�B���}�1�}�M�}�E�!���B���U���B�\�Y�}�E�^�����1�Z�^�d���B�}�\���Y�u�h�����Y�}���������
�9]�]��\fhXZ UXzV¡XZR¢V^fhXyT�k�cYVYXji�ly]�ljk|£dad[hV^Tra�_w UkdlykdRUi�]@�¢p�¤¥kdcY£¦V^cY]�]�T§adR"k©¨dc^Xj�ªVYfUk�V

k�c^]wadq\V^XZp«k�ln¬�XzV^f�c^]�¨>kdc^�§VYa/VYfh]�XZctVYa�Vuk�ln¬�XZc^]&ly]�Rh¨dVYf�b[Uq®VYa/lya}¬¯]�c�a>c^�\]�cgVY]�cYp«Tu°��EQ¥V
XyT�TWfUa}¬�R¦VYfUk�V�V^fh]�VYa�Vuk�l¯¬�XZc^]§ly]�RU¨�VYf,a�_tljk|£da>[\V^T!a�_tk± Uk�ljk�RUi�]��¦ UXZRUkdcY£²V^cY]�]§adR,k
³ ¤S�\XZpr]�RUTWXyadRNk�l´¨dc^Xy��i�k�R� E]�cY]@�\[Ui�]@�� �£®µdµ�¶·Xz_¯adRh]��\a�]�T�Rha�Vwiufha�a>TY]wV^fh]�a> �x5Xyad[NT
¸ TY£5prpr]�V^cYXji�¹�ljk|£da>[\V�TWVYcuk}V^]�¨>£d��º�]�XzV^fh]�c;VYfh]�i�adRUTWVYc^[Ui�V^XZa>R�ad_NV^fh]�adqhVYXyprkdlhljk|£dad[hV��}Rha>c
VYfh]�qhc^a5ad_;a�_3XZV^T�a>q\VYXyp«k�lyXzVL£>�1kdcY]�ad �x�XZa>[UT��N»�]�RUi�]�VYfU]�c^]�TY[hlZV^T�a�_�V^fhXyT`qNk�qE]�c`k�qhqE]�kdc
VYa« E]wa�_�XZR5VY]�cY]@TLV�RUa�V�adRUlZ£§_bcYa>p¼VYfh]!qNa>XZR5V�a�_�x�XZ]�¬Dad_´qUc^k>i�VYXji�kdl½i�Xyc^i�[hXZVt�\]�TYXZ¨>R½�\ h[\V
k�ljTWa�_bc^adp¼V^fh]`VYfh]�adc^]�V^Xyi�k�lMqEadXyR>V�ad_´x�Xy]�¬w�

Electronic Colloquium on Computational Complexity, Report No. 69 (2001)

ISSN 1433-8092




���



� �������	��
����� ����� �������������� "��# �&%��&�'���(*),+������

��a> N]�cWV��&���½]�¨>]�RUTWVY]�XZR�k�RN���²adlZ_b¨>kdRh¨���kdk>TYT
���
	��������������������������������! #"�$&%'��(*)
�����+�-,� �!���� ��
�.�� /�
��0	1 /�
�32-�
!45����	1��76"7�-8-�/"�9;:=<-�
	��1��0"
>�?;@;ACB�DFE=G5GIH;H5J�KCB7A�B.LNM;OCP�A5QCG�R&L�GIS.L�G�M

TUTVTW�
�;(*��)="�X��;Y�Z M5M;[]\�^5^�_5_5_`L1B�A�B.Lba�c�d;QCG�R`L�G�M

eFf&g�h�i7j=k�h;l �b�&!	]	1���#mn�o���="7�&���
�]�����/"�$Cmn����p$!���
X����q���=$r"�sI������	&���t"-u
"�$0"��� ��#v
u�0�
"��1sw�1�����x�;��"Fy#zNv�!(*���
	1!���="�${X���0v| #"���u}�����#v��� ��#v~uIs��;�F����]�;���xv��I��	
������ +���I�;	1�F���
����uC4�!���
	���	�s�(*(*���1��! ��~$0"�sI������	��1�/"�����X�sI�&�
���1���
����(*���������0	
	1���7mn�����
"��x���
�F(*�����F���� �!���I�q$0"�sI�;���q	��1�/"7����X�s����="���!	q)�����	1���I���#v�!�����
!	
"7�1��0 �$0�3!	p��)���!(F"�$�:��
���p�;��$!sF�����nu
!�
"��1s*�1������	pu����������n(�zN"��1sq�1������	�mn����|"��Cs
��� yI�

� �
���}�t�3�o���.�t�����

� Rh]�a�_EVYfh]tp�a5TLV�_b[URU�hk�pr]�R>Vuk�lNqhcYa> hly]�p«T´VYfUk�Vok�c^XjTW]@T�XZRrV^fh]�i�a>RUTLV^cY[Ni�VYXyadRrad_1i�XZcui�[hXZV^T
¬�XzV^f�TYp«k�lylMVYadV^kdlM¬�XZc^]`lZ]�Rh¨�V^f©KTW]�] � ³I¡ °oXjTgVYfU]F¢>[U]�TWVYXyadR�¬�fhXjiuf�ljk|£da>[\V�a�_´kr Nk�ljk�RUi�]��
 hXZRNk�c^£�VYc^]�],badc§p�a>cY]®¨>]�Rh]�c^kdlZly£ ad_&k© Uk�ljk�RUi�]��ªp�¤¥kdcY£ VYc^]�]®_ba>c§k�R�£¤£¦¥ ³ °ra>R
k±¨>cYXj��fUk>T!a>q\VYXyp«k�lgV^a�V^kdlg¬�XZc^]§ly]�Rh¨dVYf½���²]®kdT^TW[Up�]�fh]�c^]�VYfUk�V«kdlZl�§"c^a�a�VuT!ad_tVYfU]
VYc^]�]®fUk|x>]�VYa¦lyXZ]�a>R kd�5¨Wk>i�]�R5V/XyR5VY]�cuTY]�i�V^XZa>R¢qNa>XZR5V^T/adR adRU]®fhadc^XZ��adR5V^kdl�cYa}¬·a�_`VYfU]
¨dc^Xy�M�1��lyl�XZR5V^]�c^p�]@�\Xjk}VY]�Rha\�\]�T a�_3VYfh]�VYc^]�]�k�c^]&VYa� N]�qhljkdi�]��®a>R�XZR5V^]�cuTW]@i�VYXyadR±qNa>XZR5V^T
a�_tV^fh]�¨dc^Xy�,k�RU�,]��h¨d]�T�ad_tVYfU]�VYc^]�]�k�c^]�c^]�¢5[hXycY]@�¦V^a² E]�cY]@k�lyXZ��]��  5£ ]��\¨>]�¤S�\XyTb¨LadXyR5V
qUk}V^fUT�k�lyadRU¨!V^fh]w¨dc^Xy��lyXZRh]@T��Es�XZRNi�]`VYfU]wxd]�cYVYXji�kdlMi�adprqEadRh]�R5V^Tga�_�k�lylM¬�XycY]@T�i�adR5V^cYXy h[\V^]
XZR¦k�R�£�c^]�k>TWa>RUk� UlZ]�lyk|£>ad[\V�¨L[UTWV!k¡lZXyRh]�kdc`VY]�cYp VYa¡VYfh]rV^a�Vuk�l�¬�XycY]«ly]�Rh¨dVYf½�MXZV!TY[}©/i�]�T
VYa«_ba\i�[NTta>R�VYfh]�fhadc^XZ��adR5V^kdl i�a>prqNa>Rh]�R5V^Tta�_�VYfU]!¬�XycY]@T��Ek�RU�¡V^f5[NTta>R�VYfh]�fhadc^XZ��adR5V^kdl
i�a�adcu�\XyRUk}V^]�Tna�_UV^fh]gXZRURh]�c�Rha\�\]@T�a�_hV^fh]¯VYc^]�]gadR!VYfh]g¨dc^Xj�M�|QSR>V^[hXZVYXyxd]�ly£&a>Rh]oprXy¨df5V�VYfhXyRtª
VYfUk�Vok&TY£5prpr]�V^cYXjigljk|£dad[hV;¬�fh]�c^]gVYfh]tfhadc^XZ��adR5V^kdl\qNa5TWXZVYXyadR«ad_M]�kdiufrRha\�\]tXyT;k>T3i�lZa5TW]�k>T
qNa5TYTYXZ UlZ]tVYa&V^fh]�p�Xj�h�\ly]� N]�VL¬o]�]�R«V^fh] fUadc^XZ��adR5V^kdlUqEa>TYXzV^XZa>R/a�_½XZV^TgiufhXyly�hcY]�R/XyToadqhVYXyprkdlK�
»�a}¬¯]�xd]�c�¬o]�TYfha}¬ XyR�VYfhXjT3kdcWV^Xyi�lZ]¯VYfNk}V�VYfU]�c^]¯]��\XyTWV^T;kdRha�V^fh]�c�ljk|£da>[\V´VYfUk�V3cY]@�\[Ui�]�T´VYfU]
VYa�Vuk�lM¬�XycY]�ly]�Rh¨dVYf¡ 5£�µdµ«¶/�t«U[hcYVYfh]�cYpradc^]�¬o]`TWfUa}¬ VYfUk�VgVYfhXjTga�V^fh]�c�ljk|£da>[\V¯TWVYcuk}V^]�¨d£
XyT�k>TW£�prq\V^a�VYXji�kdlZly£«adqhVYXyprkdlK�

«hadc;k`c^]�i�]�R5V;TW[UcYx>]�£&a>R�¨>c^kdqhf�ljk|£da>[\V^T�¬¯]gcY]�_b]�c�V^a��0¬ ¡ �degfU]�qhcYa> hly]�p ad_EprXyRhXyp�Xy��¤
XZRh¨§VYfh]!VYadV^k�ln¬�XZc^]!ly]�RU¨�VYf±a�_;k/ UkdlykdRUi�]@�¡VYc^]�]&fNkdT qhcY]�x�XZa>[UTWly£§RUa�V  E]�]�R±kd�U�\cY]@TYTY]��½�
�9]�¬�XZlyl3¨>XZx>]§k®qhc^]�i�XyTY]§�\]�URhXZVYXyadR¦a�_�V^fh]/qhc^ad UlZ]�p XyR,s�]@i�VYXyadR ³ � QSR,s\]�i�V^XZa>R�µ®¬¯]
¬�XZlylUk�ljTYa ¨>XZx>]gk`TYXZprqhly]�k�c^¨d[hpr]�R>V�¬�fhXjiufrTWfha}¬�T´V^fUk}V�V^fh]�RUk�Xyxd] ¸ TW£�prpr]�VYc^Xji�¹ lyk|£>ad[\V@�
¬�fhXyiuf�cY];¢5[hXZc^]�T�ktVYadV^k�l�¬�XycY]¯ly]�Rh¨dVYf�a�_-®¯�lyad¨ ¯ §�°�±rb§ °���XjT´Rha�V�adqhVYXyprkdlK�I«U[hcWV^fh]�c^pradc^]
k&¨d]�Rh]�cuk�lNlyk|£>ad[\V¯TLV^c^k�VY]�¨>£!_ba>c3 UkdlykdRUi�]@�« hXyRUk�c^£�VYc^]�]@T;XjT3qhc^]�TY]�R5V^]��rV^fUk}Vg[UTY]�T3k&VYadV^k�l
²x³ ��	1�#"��� /�������´����0	´"��1��! �$!�pmp"�	')
"��1��0"�$!$�s�	1��)
)}���1����vquIso���������
�n�
���=v�	`9����´��6���/v��+���
�
Xxv����
mn!	1	1���
	1 /�="7����$!! +�����~������	1 /�����
X*µ¶�.T·�`¸+:5<-��	��1��r"C:5)�����¹��� ��pºp»7yI»7¼���:�"��
vo���
�n½��������I%p¾�¿��
)����7¹��� +�����À���
�3Á´%-�



y

¬�XZc^]oly]�RU¨�VYf�a�_ ® � lyad¨ ¯ §-°|±r¶§ °��|QSRrs�]@i�V^XZa>R���V^fhXjTnljk|£da>[\V´TWVYcuk}V^]�¨>£�XjT´]���VY]�RU�\]@�wVYa VYfU]
i�kdTY]ga�_1 Uk�ljk�RNi�]���p�¤¥kdcY£`V^cY]�]�T���£�XZ]�ly�hXZRh¨wk�V^a�V^kdl\¬�XZc^]glZ]�Rh¨�V^fra�_������

�
	��
§`lyad¨ � §�°�±r¶§ °��«nXyRUkdlZly£&XZV�XjT�TYfha}¬�R!XyRrs\]�i�V^XZa>R��VYfNk}V�VYfhXjT�ljk|£dad[hV�TWVYcuk}V^]�¨d£`XjT�adq\V^XZp«kdl�_badc�k�R�£*£ ¥ ³

XZR�V^fh]&TW]�RUTY]`VYfUk�VtRha«a�V^fh]�ctlyk|£>ad[\V�i�kdR®kdiufhXy]�x>] _ba>ctk�R�£ £ ¥ ³ k�VYadV^k�l ¬�XZc^]wlZ]�Rh¨�V^f
��� § � lZa>¨ � §�° ±r¶§ °t¬�XzV^f ��� �������	��

�MegfhXyT lya}¬o]�ct Ead[hRU�9k�c^¨d[hpr]�R>V XyT�a�_3TYadpr]�XZR\¤
VY]�c^]�TWV3_bc^adp V^fh]�V^]�iufhRhXji�kdlNqEadXyR5V¯ad_½x�XZ]�¬"TWXyRUi�]tVYfh]�cY] ]��\XjTLV¯prkdR�£�adVYfh]�coljk|£da>[\V^T;VYfUk�V
cY];¢>[UXZc^] ly]�T^T¯¬�XZc^]`lZ]�Rh¨�V^f�a>R¡TYadpr]�lZ]�xd]�lyT¯a�_nVYfh]`V^cY]�]d�\ h[hVgfNk|xd] VYa«TWqE]�RN�/V^fh]�R�pradc^]
¬�XZc^]�ly]�RU¨�VYf9adR9a�VYfU]�c�lZ]�xd]�ljT�a�_;V^fh]�VYc^]�]>�1egfU]�lya}¬o]�ct Ead[hRN�9kdcY¨>[hpr]�R5V fUk>T VYa�V^kCª>]
i�k�c^]�ad_ k�lylUV^fh]�TY]tqEa>T^TWXy hly]�VYcukd�h]�¤¥a��MT��5k�RU�«fU]�RUi�] i�kdRhRhadVo E] i�kdcYc^Xy]��rad[hVo �£�k�TWXyprqhly]
XZRU�h[Ui�V^XZx>]wqhcYa�ad_L�

� �����q���+���! #"� �$����x�

�9]!i�adRUTYXj�\]�c�k«�\Xyc^]�i�V^]���¨>c^kdqhf&%#'H)(+*-,!°��N¬�fh]�c^]�( XyT�VYfh]!TY]�V a�_�Rha\�\]�T�kdRU�., XyT
VYfh]«TY]�V`a�_o]@�\¨d]@T���,0/1( ¯ � s�XyRUi�]�VYfU]�¨>c^kdqhfUT ¬o]ri�a>RUTYXy�\]�c�kdcY]� UkdlykdRUi�]@��VYc^]�]@T��1¬¯]
i�k�R�ly]�x>]�lMV^fh]&Rha\�\]@T�TW[Niuf�V^fUk}VtVYfh]&c^a�a�V�XjT�XZR��h]�q\V^f32h�UkdlZl½RUa��h]�T�V^fUk}VtkdcY]wXyRUi�Xy�\]�R5V
VYa�VYfU]«cYa�a�Vwk�c^]rXZR¦�\]�q\VYf ¬«k�RN�²TYa�adR½�`��adc^]�_ba>cYp«kdlZly£d�1V^fh]/�\]�qhVYf©a�_gk�Rha\�\]4�XyT
VYfh]�lZ]�Rh¨�V^f/a�_MV^fh]`TWfha>cWV^]�TWV3qUk�VYf/_bc^adp V^fh]tc^a�a�V3V^a�4E�5egfU]!���U�u�u���u���}�u��a�_ k!Rha\�\]�4rXyR
�\]�q\V^f653XjT¯VYfh]&TY]�V�ad_nRha\�\]@TgVYfUk�V�k�c^]�XyRUi�Xy�\]�R5V�¬�XzV^f&4�k�RU��fUk|xd]w�\]�q\VYf65&° ¬>�

�9]«¬¯ad[hlj�9lZX�ªd]�VYa��h]7URh]/k¡ljk|£da>[\Vwa�_¯k�¨>c^kdqhf7%0'�8(9*:,�°�� XB� ]d�½¬¯]r¬oa>[hly�9lyXrª>]
VYa/p«k�q�V^fh]&¨>c^kdqhf�adR5VYa«V^fh]wVL¬¯a/�\Xyp�]�RUTYXZa>RUk�lnqhlykdRh]d�NQSR®ad[hctp�a\�\]�lK�E¬¯]&i�adRNTWXj�\]�c k
³ ¤S�\XZpr]�RUTWXyadRNk�l1¨dc^Xy�§¬�XzV^f�[hRhXZV�lZ]�Rh¨�V^f�XyR� E]�VL¬¯]�]�R�RU]�Xy¨df� Na>cYXyRh¨�¨dc^Xy�\¤BlyXZRU]�T��5�²]w¬gk�R5V
VYa§]�p! E]���V^fh]!¨>c^kdqhf�XZR5V^a/VYfUXyT ¨dc^Xy��¨>c^kdqhf®TW[Niuf®VYfUk�V ]@kdiuf®Rha\�\]�4&;<(¼XjTtp«kdqhqN]@�
adR5VYawk�Rha\�\]�a�_EVYfU]�¨dc^Xy��¤¥¨dcuk�qUf& �£�k�R�XyRI¨L]�i�VYXyxd]g_b[hRUi�VYXyadR½��«h[hcYVYfh]�cYpra>cY]>�|VYfh]�]@�\¨d]@T�a�_
VYfh]�¨>c^kdqhfrk�c^]¯p«kdqhqN]@�radR5VYaw]@�\¨d]�¤¥�hXyTb¨LadXyR5V�qNk}VYfNT�a�_1VYfU]�¨dc^Xy�\¤B¨>c^kdqhf½�}i�a>RhRh]�i�VYXyRh¨`VYfU]
i�adc^c^]�TYqNa>RU�\XyRh¨§Rha\�\]@T��½egf�[UT��½k�lyk|£>ad[\Vwi�kdR9 E]«�\]7URU]��9 5£9k§¨>c^kdqhf7=?>@' 8(�AB*-,CA�°
¬�fhXyiuf�XjT�krTW[h U¨dcuk�qhf¡a�_nVYfh]w¨>cYXj��¤¥¨dcuk�qhf²�TY]�]*«´XZ¨>[hcY]|¬|°��

egfh]�V^a�V^kdl`¬�XZc^]±ly]�Rh¨dVYf@D�EF=t8= > °/ad_�k�ljk|£da>[\V&= > XjT/V^fh]©R5[Up! E]�c¡a�_!]@�\¨d]@T
[UTW]@�ªXZR,VYfh]®¨>cYXj��¤¥¨dcuk�qhf �´�²]�cY]�_b]�crV^a©VYfh]�fha>cYXy��a>R>Vuk�lg¬�XycY]�ly]�Rh¨dVYf�G�EF=t8= > °rk>T
VYfh]/R�[hp� N]�c&a�_�fha>cYXy��a>R5V^k�l�¬�XycY]@T&k�RN�±V^fh]/x>]�cYVYXji�k�l3¬�XZc^]rlZ]�Rh¨�V^fH(�EF=t8=9>;°wk>T`VYfU]
R5[Up! E]�c&ad_¯x>]�cYVYXji�k�l�¬�Xyc^]�Tw[UTY]��²XyR©VYfh]«¨>cYXj��¤¥¨dcuk�qhf �À«Uadc!TYadpr]«ljk|£da>[\VC=9>g� XZV&fha>ly�hT
VYfUk�V�D�EF=t8=9>�°+'IG7EF=tB=?>;°]°J(CEF=t8=9>3°��

r r

a) b)

K+LNM lPO=l <·X��/"�)��RQ µ¶";¸�"��
v�"�$r"�sI�����+S�T�����Q 0�w���
�-X���0v�zbX��/"�)
� µ�u}¸+� ����µ�u}¸+:PU
$!$0��v� ���� �$!��	
"7���-���Cv���	' ����1����	1)}���=v�0��X3�������Cv���	'0��Q "��
vFu}��$0vF$!!�
��	�"����-�#v�X���	' ����1����	1)}���=v�!��X����x�#v�X;��	
!�VQo�XWVYZSnµ[S T ¸]\ �_^a`�YZSnµ[S T ¸�\·¼q"��
v�b
YZSnµ[S T ¸]\dc��



�

� ����� �`���*�����o���
	��n�
�q�/�� '� $ �}� �����

�9]`XyR5x>]�TWVYXy¨>k�VY]tljk|£da>[\V^T3_badcg hXyRUkdcY£rV^cY]�]�T¯¬�XzV^f�c^]�TYqE]�i�V¯VYa�V^a�V^kdl1¬�XZc^] ly]�RU¨�VYf �\QSR§V^fhXyT
TW]@i�VYXyadR ��¬o]�i�adRUTWVYc^[Ui�V3k�Rrk�ly¨dadc^XZVYfhpH¬�fhXyiufr h[UXZlj�hT;k�V^cY]�]�a�_MTWp«k�lyl\V^a�V^kdlh¬�XycY]�ly]�Rh¨dVYf½�
QSR9s�]�i�VYXyadR7�h�U¬¯]!TYfha}¬PVYfUk�VtVYfU]!fha>cYXy��a>R>Vuk�l½¬�Xyc^]!ly]�Rh¨dVYf®a�_�V^fhXjTtljk|£da>[\VtXjT�adqhVYXyprkdlK�
�9]�¬�XylylhadRhly£�i�adRUTYXj�\]�c�_b[hlylh UkdlykdRUi�]@��VYc^]�]�T��\������\V^cY]�]�T�a�_1prXZRUXZp«k�lN�\]�q\V^f½�d�²]tk>TYTY[hpr]
VYfUk�V�V^fh]rlZ]@k|xd]@Ttad_3VYfU]�V^cY]�]�kdcY]�¨dXyxd]�R± �£�i�a>RUTY]�i�[hVYXyxd]�Rha\�\]�T�adR²k¡fhadc^XZ��adR5V^kdln¨>cYXj�
lZXyRh]d�1egfh]�R½�Ua>Rh]!i�kdR® h[hXyly�®k/ hXZRNk�c^£/VYc^]�]! 5£¡XyRUTW]�cWV^XZRU¨/XZRURh]�c Rha\�\]�T k�RU��]@�\¨d]@T�XZR5V^a
VYfh]r¨dcuk�qUf½�EegfU]�i�adprpradR±¬gk|£�a�_o�hc^k|¬�XyRh¨/V^cY]�]�T�XjT XylylZ[UTWVYcuk}V^]��±XZRV«nXy¨d[UcY] ³ kU���okdiuf

c) d)b)a)

K+LNM l��{l�� ��t�������I��$0"#s5�;����	3�����ou
!�="7�1s �1������	�� ³ �� ��/"��
X;$!��	o"����F$!�#"#45��	�"��=v� ���� �$!��	q"����*!�
�����
���Cv���	��}���
��$r"�sI�����-!� µ¶";¸n!	������-�;)���0(F"�$�:}	1!�
 ����;���� �"�� 	1�
����-���
�x	1�
 � ���	1	1����	3���`���
�3���I���
���#m�"��/v�	�!�qµ�u}¸+�=< 	��1�/"7����X�s~mn!��� 	1�����1��mn�����	-�����;( ���
�3���I����µ� 7¸-"��=v|�;�������
"���(*0��!(*09���	
������mn�����zb$!���
X��������À������	1�
u�zb�1������	xµ¶v=¸+�

XZRhRU]�c�Rha\�\]&XjTtqhljkdi�]���XyR®VYfU]�prXj�h�\ly]!a�_;XZV^T�TY[Ui�i�]�T^TWa>c^T��hkdT�_�k�c`kdT�V^fhXjTtXjT�qEa>T^TWXy hly]!XyR
ad[hcw¨>cYXj�±pra\�\]�lK� egfU]«fhadc^XZ��adR5V^kdl�¬�XZc^]«lZ]�Rh¨�V^f©a�_�TW[Uiuf©k¡lyk|£>ad[\Vw¬¯ad[hlj�9 N]§k�VwlZ]@kdTWV
® ¯nW�lZa>¨ ¯ § °�� ¬@°´° ¬>�hegfh]wqhc^a5ad_nXjTg¨dXyxd]�R�XyR¡VYfh]&�tqhqN]�RU�\XZ�M�
egfhXyT�ljk|£da>[\V XjT`Rha�Vwa>q\VYXyp«k�lB�1TYXyRUi�]�adRh]«i�k�R±c^]��h[Ui�]�VYfh]rfha>cYXy��a>R5V^k�l´¬�XycY]�lZ]�Rh¨�V^f

 5£«TYfhXZ_�VYXyRh¨!V^fh]�TY]tRUa��h]�T3VYa}¬gk�cu�hT�VYfU] c^a�a�V��5egfhXjT3XjT3qEa>T^TYXZ hly]t E]�i�k�[UTY]�V^fh]�fhadc^XZ��adR5V^kdl
¬�XZc^]rlZ]�Rh¨�V^f²ad_3V^fh]/TW[U \VYc^]�]rXjT`XZRU�h]�qE]�RU�\]�R5V!a�_oVYfh]«qhljkdi�]�pr]�R5Vwa�_gXZV^T`c^a5adV��½k>T`lZa>Rh¨
kdT¯XzV�TWV^k|£\T¯XZR¡ E]�VL¬¯]�]�R¡XZV^T�TY[Ui�i�]�T^TWa>c^T �TY]�]*«´XZ¨>[hcY] ³  E°��h»�a}¬¯]�x>]�c@�
«´Xy¨d[hc^] ³  ¡p�]�cY]�lZ£
�\]�kdlyTt¬�XzV^f±k�VYc^]�]&ad_3�\]�qhVYf ³ �UQSR�VYc^]�]@T�ad_�ljk�c^¨d]�c��\]�qhVYf�XZV XjT�RhadV TYa§i�ly]�kdc�¬�fh]�c^]wV^a
qhlyk>i�]�VYfh]«TY[Ui�i�]�T^TWa>c^Tta�_oVYfh]rc^a5adV��MTYXZRUi�]�prXyRhXyp�Xy��XyRh¨¡VYfU]�ly]�RU¨�VYf9a�_¯¬�XZc^]�Tt_bcYa>p�VYfU]
cYa�a�V;¬�XylylhXZRNi�c^]�kdTY]¯VYfh]t¬�XZc^]�lZ]�Rh¨�V^fra�_EVYfh]tTY[h \¤BVYc^]�]@T���egfU]�lyk|£>ad[\V�XyR�«nXy¨d[UcY] ³ igqhlyk>i�]@T
VYfh]�XyRhRh]�crRha\�\]@T!XyR¢TW[Uiufªk�¬gk|£²VYfUk�V�V^fh]¡¬�XZc^]�ly]�RU¨�VYf,XyT�a>q\VYXyprXZ��]�� _badc�VYfh]�c^a5adV
¬�XZc^]�T��\ h[\V�RhadVg_badcgVYfU]&TW[h h¤KV^cY]�]�T��5QSR�«´Xy¨d[hc^] ³ �M��VYfU]&TW[h hVYc^]�]�T�kdcY]�adqhVYXyp�Xy��]@�M�h¬�fhXyly]
VYfh] ¬�XZc^]�T3Rh]�]@�\]���V^a�i�a>RhRh]@i�V;V^fh]�p VYa!VYfh] cYa�adVok�c^]�lZa>Rh¨d]�c��>egfh]�TY]t] �E]@i�V^T¯i�kdRUi�]�lh_ba>c
k/�\]�qhVYf±µrV^cY]�]d�N h[\Vt_ba>c�V^cY]�]�T�ad_;�\]�q\V^f3�/a>c�fhXy¨dfh]�c��UVYfh]�lyk�VWVY]�ctljk|£da>[\V!b«´Xy¨d[hc^] ³ �N°
¨d[Ukdc^kdR>V^]�]@T¯krTYp«k�lylZ]�coV^a�Vuk�l½¬�XycY]`ly]�Rh¨dVYf½�

e axª>]�]�q`VYfhXyRh¨>TnTWXyprqhly]d�@¬o]3k>TYTY[hpr]�V^fUk}V½V^fh]3R�[hp� N]�cnad_\lZ]@k|xd]�T½XyT]§.' ³�� _ba>cnTYadpr]
RUk}V^[hc^kdl\R�[hp! E]�c�� ¥Z2h��QSR�VYfU]g_badlylZa}¬�XyRh¨U�}¬¯]��\]@TYi�cYXy N]g]@kdTY£&cY[UlZ]@T�VYfUk�V3�\]7NRh]�k�VYc^]�]�¤
lyk|£>ad[\V�kdTg¨>XZx>]�R¡XZR�«´Xy¨d[hc^] ³ �M�UegfU]�[URU�\]�c^ly£5XyRh¨«¨>c^kdqhf§ad_nV^fh]wlyk|£>ad[\V�XjT�i�a>RUTWVYc^[Ui�V^]��
XZR§VYfh]wi�a>prp�a>R§¬gk|£��>QSRUTY]�cYV¯VYfh]�cYa�adV��!XyR5VYa!VYfh]wTY]�Vga�_ Rha\�\]@T�(«�t��]@i�[hcuTWXyxd]�lZ£� h[hXylj�
VYfh] VYc^]�] _badc¯VYfU] ® ¯�lZ]�_�VYpra>TWV¯ly]�k|x>]�T¯k�RU�«VYfh]�VYc^]�] _badcoVYfU] ® ¯�cYXy¨df5VYpra5TLV¯lZ]@k|xd]�T���egfh]�R½�
i�adRURh]�i�V´V^fh]gcYa�adV^Tna�_UV^fh]�TY]oVYc^]�]�T´¬�XZVYf ���ds�XyRUi�]¯VYfU]gi�adRhRU]�i�V^XZx�XZVL£wa�_NVYfh]¯VYc^]�]¯XjT�¨dXyxd]�R �
¬o]/i�k�R¦Rha}¬ �\]�T^i�c^Xy N]rV^fh]/ljk|£dad[hV`ad_gVYfh]/x>]�cYVYXji�]@Twk�RU�©]@�\¨d]@T��]«´Xy¨d[hc^] ³ �²XyRU�\Xji�k�VY]�T
VYfUk�VtVYfU]�c^]�k�c^]wVL¬¯a/¬gk|£�T�VYa§qUlyk>i�]�k/Rha\�\]d���;XZVYfh]�c kd Na}x>]&XzVuTtly]�_�V^pra>TWV adc�k� Ea}xd]&XZV^T



�

cYXy¨df5VYpra5TLV`TW[Ui�i�]@TYTYadc@�UegfhXjT�cY]��U]�i�V^TtVYfh]�qhc^XZRUi�XZqUlZ]�a�_3prXyRhXZprXy��XyRh¨�VYfh]�lZ]�Rh¨�V^f®VYa�VYfU]
qhcY]@�\]�i�]�T^TWa>cwRha\�\]§¬�XZVYfUad[\V!XyRUi�cY]@kdTYXZRh¨�V^fh]§¬�Xyc^]/lZ]�Rh¨�V^f¦a�_�XZV^T�TW[h h¤KV^cY]�]d� egfh]�cY[UlZ]@T
i�k�R¡ E]&�\]�T^i�c^XZ E]���k>T¯_badlylZa}¬�T`�TY]�]F«´Xy¨d[hc^]wµ>° �

�½]�V��� E]`k&Rha\�\]tVYa! E]�qhlyk>i�]@�«adR«V^fh]�¨dc^Xy�M�=�½]�V?D��r�\]�RUa�VY]tVYfh]`TY[h \VYc^]�] ¬�fhXjiuf/XyT
cYa�a�V^]��¡k}V��´�{�½]�V�4§ N]`V^fh]wqhc^]��\]@i�]�T^TYadcga�_��n�
	 Q¥_ D � XjTgV^fh]&ly]�_�VYpra5TLVtTY[h \¤BVYc^]�]`¬�XZVYf®c^]�TYqN]@i�VgVYaR4±�XK� ]d�NXzVuT�ly]�k|xd]@Tgk�c^] V^arVYfh]wly]�_�V
a�_�k�lylMa�V^fh]�c�ly]�k|x>]�T¯XZR6D�
}°��hqUlyk>i�]���k� Ea}xd]�XzVuT�c^XZ¨>f>V^pra>TWV�TY[Ui�i�]�T^TYadc@�

	 Q¥_�D��®XyT&VYfh]�cYXy¨df5V^p�a5TLV!TY[h \¤BVYc^]�]«¬�XZVYf¦c^]�TYqE]�i�V!VYa34ªbXB� ]>� XZV^T�lZ]@k|xd]�TwkdcY]rV^a®VYfU]
cYXy¨df5V�a�_�k�lylMa�V^fh]�c�ly]�k|x>]�T¯XyR&D�
}°��Uqhlyk>i�]���k� Ea}xd]�XZV^T�ly]�_�V^p�a5TLVtTY[Ui�i�]�T^TYadc@�

u l u r

v

K+LNM l�{l���� !	p���
�����I���-���À���
��$0�+����(*�;	���	1��u��1������mn����~����	1)}�� ��n�����=�����
�����+��������: ��� !	n)
$0"� ���v
"�u}�745�o���	���!X��C��(*��	���	1�� � ���	1	1���#� ��� !	����������I���3���]���
�x��!X;�I��(*�;	���	1�
u��1������mn���������	1)}�� ������
�=�
���
�+�����������;: ��� !	n)
$0"� ��#v|"�u}�745�3���	n$!������(*��	���	1�
 � ���	1	1���#�

Q¥V�XyT�TWVYcuk�Xy¨df5VW¤B_badc^¬gk�cu�rVYa«�\]@TWXy¨dR�k�R�k�ly¨da>cYXZVYfhp VYfUk�Vti�adRNTLV^cY[Ui�V^T�TY[Uiuf�k!V^cY]�]�¤¥lyk|£>ad[\V@�
s�[Uiuf±kdR�k�ly¨dadc^XZVYfhp ¬oa>[hlj�®TLVuk�cYV�VYa/qUlyk>i�]!RUa��h]�T�V^fUk}V`k�c^]&XyRUi�Xj�\]�R5V VYa/ly]�k|x>]�T��UTWXyRUi�]
VYfh]�XZc¡qhljkdi�]�pr]�R5V§XjT§XyRU�\]�qN]�RU�\]�R5V¡a�_wVYfU]±qhljkdi�]�pr]�R5V�ad_wa�VYfU]�c§RUa��h]�T��¯��_�VY]�c�VYfU]�TY]
Rha\�\]�T¯k�c^]�qhljkdi�]��M�5XzV¯qhljkdi�]@T3RUa��h]�T3VYfUk�V¯k�c^]�XyRUi�Xj�\]�R>V¯¬�XzV^f/V^fh]�p kdRU�/TYa&adR½�5�²] i�kdlZl
VYfhXjTtkdlZ¨>adc^XzV^fhp��g�Y�u�u�}� egfh]&fha>cYXy��a>R>Vuk�l1¬�XycY]wly]�Rh¨dVYf®ad_�krljk|£da>[\V�qhcYa\�\[Ni�]��¡ �£¡~�c^]�]@�
XyT�¨>XZx>]�R�XZR¡VYfU]`_badlylZa}¬�XyRh¨�VYfh]�adc^]�p��
�����������! #"�$&%('*)+' �}�&�����r� ��¥I2 ) ���U�q§3' ³ � �Z�u��,}����� ' �/�S�}�S�}��� �.-u�}�Z���E�u�u�/-����E�����
�}�Y� �1�Z�d�u�u����� �^���h���u���\�B�0,}�&�������®�E�@�d���«� ' �§�U�}���21@�}�N�¥��� �������43S� ���E� ) �b�h���²�b�h���Y�/�^�>�j�����
�«�Z���d�}�\�¯���±�b�h���������§�r�@�d��� �����b�§�U�}���21@�}�N�¥��� �����Y���Z���5�d�b��� '
���§`lyad¨ ¯ §�° �5 b§�°" �*¬@°7628 9*:7; ®=<[	�� °��
>¯�Y�@� ' �o�½]�V D ®  E]�k� hXyRUk�c^£¡VYc^]�]�lyk|£>ad[\V�_ba>c�§d' ³�� lZ]@k|xd]�T i�a>RUTLV^cY[Ni�VY]@�� �£�~�cY]�]��M�
�9]��\]7URU]�VYfh]��Y�@�}�������}�b�@?} �h°�VYa& E]�V^fh] �\XjTWV^k�RNi�]�XyR/ E]�VL¬¯]�]�RrV^fh] TY[Ui�i�]�T^TYadcuT�a�_MVYfU]
cYa�a�V�L������½Rha\�\]@T�ad_��h]�q\V^f·¬&XyR�VYfh]!VYc^]�]@°���«´Xy¨d[hc^]C�/XylZly[UTWVYcuk}V^]�TgV^fh]!c^a�a�V�¬�Xj��VYf�ad_;k
VYc^]�]`i�adRNTLV^cY[Ui�VY]@�« �£«~�c^]�]@�M�hs�XyRUi�] VYfh]`TY[h \VYc^]�]@T¯a�_�D ® k�c^] i�adRUTWVYc^[Ui�VY]��/XZR§VYfh]wT^k�pr]prkdRhRh]�c��A?}/¬@° *�B�BB **?� �h°gi�k�R¡ N]`_ba>[hRU�¡¬�XzV^fhXyR�TW[h h¤KV^cY]�]�T¯a�_ D ® �Ue ar E]wpradc^]�qUcY]@i�XjTW]>�?}[5L°�k�qhqE]�kdc^T ³�� �DC VYXypr]�T«KTW]�]~«´Xy¨d[hc^]���°��½kdRU��V^fh]rfhadc^Xy��adR5Vuk�l´¬�XZc^]�ly]�RU¨�VYf²a�_
D ® XyTVYfh]&TY[hp$ad_ V^fh]�TY]wcYa�adVg¬�Xj��V^fUT �

G�EF=tBD ® °9'
�E
CGF��

³ � �+C ?}B5L° �¬|°

� cY]@i�[hcuTWXyxd] _badc^p![Ulyk�_badcH?� �h°gi�k�R� N]&TWV^k�VY]@�M�EmoadRNTWXj�\]�cgV^fh]wlyXZRh]&TY]�¨>pr]�R5VJI´VYfUk�V
XyT��\]�URh]@�§ �£«V^fh]`lZ]�_�VYpra>TWVtk�RU�§cYXy¨df5V^p�a5TLVgly]�k|xd]@TgkdT¯]�RU�hqNa>XZR5V^T���InXyT�§ � ¬�' ³ � � ¬



¼

n−1

b (1) b (1) b (1) b (1)

b (2)b (2)

b(3)

K+LNM l��.l < u
!�="7�1s��1�����F$0"�sI�;���#� ³ �� ��/"���X;$!��	q"����w$0��"74;��	q"��=v� ���� �$!��	�"����F!�
�
�+�q���Cv���	��`�����
�������	��
����� ���`���
!	��1�����x0	��;µ¶�;¸ \ �����'���-	1!�
 ��x���
�x	1�
u��1������	�"����� ��;��	��1���
 ����#v|!�|������	�"�(*�
(F"��
�����#:�"�$!	1���;µby�¸n"��=v��;µ�»7¸�"�)
)}�#"7�-mn�����0�w���
!	p�1�����;�

XZR«ly]�Rh¨dVYf½���;c^aC¨L]�i�VYXyRh¨ VYfh]�¬�Xyc^]�T�_bc^adp V^fh]�c^a�a�V�VYa&XZV^T3TW[Ui�i�]@TYTYadcuT´adR5VYa&I1c^]�TY[hlzVuT�XyRrkdR
XZR5VY]�cYx}kdlha�_½TYXZ��]H?} �h°�adRrVYfUXyT3lZXyRh]d�5egfh]�c^a�a�V;XjT;i�a>RhRh]�i�VY]@��VYawVL¬¯a`VYc^]�]@T�a�_Mc^a5adVW¤¥¬�Xy�\VYf
?} ����¬@°����o]@i�kd[UTW]gad_UVYfU]�qhlyk>i�]�p�]�R5V;a�_1Rha\�\]�T��|VYfh]�qUcYa�¨L]�i�V^XZa>RUT�a�_NVYfh]�c^a�a�VY¤B¬�Xj��VYfNT�a�_
VYfh]oVYc^]�]gk�RU�!XzVuT´lZ]�_�V�kdRU�wc^XZ¨>f5V�TY[h \V^cY]�]�T´k�c^]o�\XycY]@i�V^lZ£&k>�5¨LadXyRhXyRh¨ kdRU�&Rha>R\¤¥a}xd]�c^ljk�qhqhXyRh¨
�TY]�]*«´XZ¨>[hcY] �5°����;c^aC¨L]@i�VYXyRh¨!VYfh]`c^a5adV¯¬�Xj��V^fUTga�_´lZ]�_�VYpra>TWV�k�RU��cYXy¨df5V^p�a5TLV�TY[h \VYc^]�]@T¯a�_
�\]�q\V^f 5�_ba>c�5 ' ¬ *�BB�B * �«a>R>V^a@IncY]@TW[UlzVuToXyR�kd�5¨La>XZRhXyRh¨rk�RU�§RhadRh¤Ba}x>]�c^lykdqhqhXyRh¨&XyR>V^]�c^x}k�ljT
VYfUk�V�_b[hlZly£�i�a}xd]�c IW�h»�]�RUi�]>�\_badc�kdR5£ � ¥�¬`XzV�fha>ly�UTgVYfUk�V

?} �h°+'  ³ � � ¬@°�� ³
� ���E
CGF��

?}[5L°  ³ °

k�RU�.?}B25°+'I2U�\�9]&TYfha}¬D 5£§XZRU�h[Ui�V^XZa>R¡a>R � ¥ 2�VYfUk�V�VYfh]`_ba>lZlya}¬�XZRU¨�fUadlj�hT �

?} �h°+' ¬
µ  ³ � °" �*¬@° � 	���°�� �µ5°

�  5x�Xyad[UTYly£d�nVYfh]¡XZRN�\[Ui�V^XZa>R,f�£�qEa�VYfU]�TYXyT�� ��¢5[Uk}V^XZa>R µh��XjT�VYc^[h]§_ba>c �Z' 2h��vtTYXZRU¨
��¢5[Uk}V^XZa>R ³ �\¬o]wTYfha}¬"V^fh]wXyRU�\[Ui�VYXyxd]&TWVY]�q��

?} �*° ¬|°+'  ³ � 	�� �¤¬|°�� ³
�E
C2F��

?}B5L° '  ³ � 	�� � ¬@°�� ³µ
�E
CGF��

 ³ C °" �*¬@° C 	�� °

'  ³ � 	�� �¤¬|°�� ³µ��
�E
CGF��

³ C ° �E
CGF��

 �*¬|° CN	����

'  ³ � 	�� �¤¬|°�� ³µ � ³ � 	�� � ³ °
¬
³ W �*¬|° � 	�� ° ¬@°W° �

' ¬
µ ³ � 	�� �

¬
µ  �*¬@° � 	�� '

¬
µ  ³ � 	�� °  �*¬|° 6 � 	�� <B	�� °��



�
�9]²i�k�R Rha}¬ TW[Up [Uq"VYfU]±c^a5adV�¬�Xj��VYfNT/V^fUk}V�a\i�i�[Uc�XyR"ad[Uc§V^cY]�]�lyk|£>ad[\V�¬�XzV^f

��¢5[Uk}V^XZa>R ¬�V^ari�adprqh[\V^]`VYfh]wfUadc^XZ��adR5V^kdlE¬�Xyc^]�ly]�RU¨�VYf�ad_ VYfU]wlyk|£>ad[\V@�

G7EF=t[D ® °+'
�E
C2F��

³ � �DC ?}B5S° ' �E
CGF��

³ � �+C ¬µ � ³ C.°" �*¬@° CN	�� �

' ¬
µ
� �E
CGF��

³ � °
�E
C2F��

³ � �DC  �*¬@° C 	���� ' ¬
µ
� � ³ � ° � ���E

� F��
³ �  �*¬|° � ��� 	 � �

�9]w]�lZXyprXZRUk�VY]`V^fh]wcY]�p«k�XyRhXZRU¨�kdlzV^]�c^RUk}V^XZRh¨«TY[hp$¬�XZVYf¡V^fh]`_badc^p![hljk
�E
� F��

³ �  �*¬@° � 	 � ' ³�� 	�� °  �*¬@° �
µ � [��°

s�XZRNi�] ³ � ' §©k�RU� � '"lyad¨ ¯ §��\VYfU]&fhadc^Xy��adR5Vuk�l1¬�XZc^]wly]�Rh¨dVYf®a�_´VYfUXyTtlyk|£>ad[\V�]�x}kdlZ[Uk�VY]@T
VYa

G�EF=tBD ®� °+'
¬
µ � ³ � °

¬
� � ³ � °  �*¬@° � 	�� � '

¬
µ §`lZa>¨ ¯ §�°

¬
� � § °" �*¬@° 628 9*: ; ®=<[	�� � B

QSRwVYfh]�s�]@i�VYXyadR �\�@¬o];¬�Xylyl�TYfha}¬²VYfNk}V V^fhXjTn Ead[URU�wXjT a>q\VYXyp«k�l5]�xd]�R&XZ_h¬o]¯�\atRhadVnc^]�TWVYc^Xyi�V
XZRhRU]�cgRha\�\]�T3VYa�lyXZ]�adR/¨>cYXj��¤¥qNa>XZR5VuT����tTo_�k�cgkdT3VYfU] x>]�cYVYXji�k�lE¬�XycY] lZ]�Rh¨�V^f§XjT¯i�adRUi�]�c^Rh]��½�
VYfh]�cY]rXjTwadRh]rx>]�cYVYXji�k�l�¬�XycY]�_ba>cw]�kdiuf9Rha\�\]«]��hi�]�q\V`_badc`V^fh]«c^a5adV��M¬�fhXjiuf²cY]@TW[hlZV^T`XyR©k
xd]�cYVYXji�kdl1¬�XZc^]`lZ]�Rh¨�V^f�ad_ (�EF= [D ® °9' ³ ¶§ � ¬@°��U»�]�RUi�]>��VYfh]�V^a�V^kdlM¬�XZc^]`lZ]�Rh¨�V^f�ad_�D ®XyT�D EF=t[D ® °+' �� §`lZa>¨ ¯ § ° �5 b§ °  �*¬|°76 8 9*: ; ®4<B	�� °]° ³ b§ � ¬@°+' ® � lZa>¨ ¯ §�°¤±r¶§ °��

� ����� �`�
	U�����o��� 	���� �� ��  p��� �]� �}� �]���

egfh]²TYXyp�qUlZXji�XZVL£ a�_&V^fh]²VYc^]�]©i�a>RUTLV^cY[Ni�VYXyadR XZR s�]�i�VYXyadRDµ,XjT�XyRUTWVYc^[Ui�V^XZx>]d��»�a}¬¯]�x>]�c@�
¬�XzV^f�krTYadpr]�¬�fNk}Vgp�a>cY]`]�lykd Na>c^k�VY]�p�a\�\]�lK�\a>Rh]wi�kdR�¨>]�Rh]�c^kdlZXy��] VYfhXjT�i�adRUTWVYc^[Ui�V^XZa>R/V^a
 Uk�ljk�RUi�]���£�¤¥kdcY£§VYc^]�]@T�_badc`k�R�£�£ ¥ ³ �E�9]!_�kdi�]wVYfh]�qhc^ad hly]�p VYfNk}Vt_ba>c kdR5£�£ ¥I�U�
VYfh]�cY]�XjT;RUa&¬¯k|£!VYa�[UTW]t]��\¨>]�¤S�\XyTb¨LadXyR5V;qUk}V^fUT3VYa!i�adRhRh]@i�V3RUa��h]�T;¬�XZVYf/VYfh]�XZc¯TW[Ui�i�]@TYTYadcuT
�TYXZRUi�]¡VYfh]®�\]�¨dc^]�]§ad_ XyRhRh]�c�RUa��h]�Tra�_tVYfh]¡VYc^]�]�XjT�p�a>cY]�VYfNk�RZ�5°���»t]�RUi�]d��¬¯]�fUk|x>]
VYa§]���VY]�RN��ad[Uctpra\�\]�lB� moadRUTYXy�h]�c k�i�a>p�qU[\V^k�VYXyadRUkdl´i�XZcui�[hXZV �� �MegfhXyT�i�Xycui�[hXZV�fNkdTtkdR
[hRU�\]�cYly£�XZRh¨²�\XycY]@i�VY]@��¨>c^kdqhfH% '�� (9*:,��¡¬�fh]�c^]&( XjT�x�Xy]�¬¯]��,kdT!VYfh]�TW]�V�ad_t¨>k�VY]@T
k�RU�,XZRUqh[\VW¤¥qEadcYV^Tra�_tVYfh]�i�XZcui�[hXZV«k�RU�Z, �h]7URh]@T«i�a>RhRh]�i�VYXyadRUT� E]�VL¬¯]�]�R V^fh]�p���QSR¢k
qhf�£�TYXji�k�lnXZprqhly]�pr]�R>Vuk}V^XZa>R®a�_  �EXz_3TYadpr]&¨5k}VY]���XjTti�a>RhRh]@i�VY]@�¡VYa £ TY[Ui�i�]�T^TWa>c^T��\VYfU]
]��\¨>]�T´_bc^adp��&V^a`XzVuT;TW[Ni�i�]@TYTYadcuT´p«k|£w N]�Xyprqhly]�pr]�R5VY]@�� 5£�k ¬�Xyc^]gVYfUk�V3TLVuk�cYV^T�k}V��!kdRU�
TWqhc^]�k>�hTolyk�VY]�cga>R/VYarTY]�c^xd]tk>ToXyRhqh[hV¯_ba>c¯VYfh]`TW[Ni�i�]@TYTYadcuT���s�[Niuf�k�i�adRURh]�i�VYXyadR§TWVYcuk}V^]�¨d£
XyTwc^]�k>TWa>RUk� UlZ]rkdT`lyadRh¨�k>T�£�XjT&i�a>RUTLVuk�R5V���������;�ha5]@T`Rha�V�¨dc^a}¬ ¬�XzV^f²VYfh]§TYXy��]«a�_¯VYfU]
i�Xyc^i�[hXzV@�

� i�a>R�xd]�RUXZ]�R>V¯¬¯k|£�VYa��\]7NRh] TY[Uiuf�k&lyk|£>ad[\V¯XyT3VYa�XZRUTY]�cYVoRUa��h]�ToXZR5VYa( V^fUk}VgTW]�cYx>]
kdT�cYa>[\VYXyRh¨�qNa>XZR5V^T�_ba>ctV^fh]r]��\¨>]�T��M»�]�RNi�]�¬o]r�\]7NRh]«k±�Y���\�K�����/�d�Y�^�U� % A '·8(�AB*-,CA�°
� ,�������� ����� ���{�����-"qu���!���`!�C�1���Cv��
 ���!���~!�| ���(*)
���/"7��!�;�="�$� �!�� ��
���	��



�

¬�fh]�c^]&( / (�A���º�a\�\]@T!XyRZ(�A��I( kdcY]¡i�kdlZly]�� �^�}�\�B���5�²�E�@�d�����p«h[hcYVYfh]�cYpra>cY]>�n]@kdiuf
]��\¨>]©B4 C *:4 � °.;1, XjTrprkdqhqE]��ªadR5VYa©k²qUk}V^f¢XZR�% AgV^fUk}V§TWV^kdcWVuT�¬�XZVYf 4 C kdRU�,]�RU�hT¬�XzV^f 4 � k�RU�²k�R�£�adVYfh]�cwRha\�\]radR9VYfh]rqUk�VYf©XjTwk�c^ad[hVYXyRh¨�RUa��h]d� s�XyRUi�]rV^fh]«¨dcuk�qUf7%XyT`[hRN�\]�c^lZ£�XyRh¨�TWa>p�]ri�a>prqh[\V^k�VYXyadRUkdl�i�Xyc^i�[hXzV@�M¬o]�Rh]�]��±VYa� N]«i�k�c^]�_b[hl�k� Ead[hV`c^ad[hVYXyRh¨
Rha\�\]�T��M�tT�VYfU]�c^ad[\V^XZRU¨�Rha\�\]@T`�\a�RUa�V`cY]�qhcY]@TW]�R5V�i�a>prqh[\V^k�VYXyadRUkdl�[hRhXZV^T��EXZV&�\a�]�T�RhadV
prk�ªd]/TY]�RUTY]«_ba>c!c^ad[\V^XZRh¨®RUa��h]�TwV^a±fUk|x>]/k�R¦XyR\¤S�\]�¨>cY]�]«lykdcY¨>]�c`VYfNk�R¦adRU] ¯ ��ena®¨d]�V�k
lyk|£>ad[\V =9>g�M¬¯]�i�k�R9prkdq±V^fh]rRha\�\]�T`ad_?% A�a>R>V^a§Rha\�\]@T`a�_oVYfh]r¨dc^Xj��¤B¨>c^kdqhf® �£±TYadpr]
_b[hRUi�V^XZa>R������ �X(CA��	�

¯ kdRU�§_b[hcWV^fh]�c^pradc^]`prkdq§V^fh]`]��\¨>]�Tgad_�% AMa>R>V^ar]��\¨>]�¤S�\XyTb¨LadXyR5V
qUk}V^fUT`a�_oVYfh]«¨>cYXj��¤¥¨dcuk�qhf½�1egfh]rfha>cYXy��a>R>Vuk�lB�1xd]�cYVYXji�kdlK�MkdRU��V^a�Vuk�l�¬�XycY]rly]�Rh¨dVYf©i�k�R² E]
�\]7URU]���kdTgXyR�s�]�i�VYXyadR ³ �

K+LNM l�
{l < $0"�sI�;���q�����*"���zN"7�1s��1�����w���-v���)���� ��� ³ �� ��/"��
X;$!��	�"����w$0��"74;��	�:`�;)}���  ���� �$!��	�"����
!���
�����
�Cv���	�:
"��=v�U=$!$!�#v~ ���� �$!��	-"�������������!�
X*���Cv���	���½����������="���"�$!$.�#v�X;��	-"����xv�!���� ����#v��r���;(
���Cv���	n���&	1(F"�$!$!����v���)����w�������Cv���	n���&$0"���X;�+��v���)����{�

� XzV^fhXZR"VYfhXjT§pra\�\]�lK�3VYfh]9qhcYXyRUi�XZqhly]±ad_`VYfhXjT§ljk|£da>[\V/¨dXyxd]�R XZR s\]�i�V^XZa>R µ¦XjT§kdlyTYa
k�qhqhlyXji�k� UlZ] _badc�£�¤¥kdcY£�VYc^]�]@T¯¬�fh]�c^]�£�XjT¯lykdcY¨>]�coVYfUkdR ³ �}«´Xy¨d[hc^] ��TYfha}¬�Tok�ljk|£dad[hVo_ba>c
k�µ�¤¥kdcY£¡VYc^]�]�a�_g�\]�qhVYf©µh�1QSR±V^fh]�_badlylZa}¬�XyRh¨N�E¬¯]�¨dXyxd]rTWXyprqhlZ]rc^[hly]�T�adR9fha}¬ VYa¡qhljkdi�]
XZRhRU]�c�Rha\�\]@T�adR�VYfh]w¨>cYXj�§VYfUk�Vt�\]7URU]&k!V^cY]�]�¤¥lyk|£>ad[\Vg¬�XZVYf®TWp«kdlZl1V^a�V^kdlM¬�XZc^]`lZ]�Rh¨�V^f � �

�½]�V �9 E]rk/Rha\�\]!VYa§ E]�qhlyk>i�]@�®adR®V^fh]�qhlykdRh]d�À�½]�V�D����\]�RUa�VY]!VYfh]rTY[h \VYc^]�]!¬�XzV^f
cYa�a�V���kdRU� 4��\]�RhadVY]`V^fh]wqhc^]��\]@i�]�T^TYadc¯a�_ ���TY]�]F«´XZ¨>[hc^]�5°��

	 Q¥_ D+�rXjTgV^fh]&ly]�_�VYpra5TLVtTY[h \¤BVYc^]�]`¬�XZVYf®c^]�TYqN]@i�VgVYaR4±�XK� ]d�NXzVuT�ly]�k|xd]@Tgk�c^] V^arVYfh]wly]�_�V
a�_�k�lylMa�V^fh]�c�ly]�k|x>]�T¯XZR6D 
 °��hqUlyk>i�]���k� Ea}xd]�XzVuT�c^XZ¨>f>V^pra>TWV�TY[Ui�i�]�T^TYadc@�

	 Q¥_�D � XyT&VYfh]�cYXy¨df5V^p�a5TLV!TY[h \¤BVYc^]�]«¬�XZVYf¦c^]�TYqE]�i�V!VYa34ªbXB� ]>� XZV^T�lZ]@k|xd]�TwkdcY]rV^a®VYfU]
cYXy¨df5V�a�_�k�lylMa�V^fh]�c�ly]�k|x>]�T¯XyR&D�
}°��Uqhlyk>i�]���k� Ea}xd]�XZV^T�ly]�_�V^p�a5TLVtTY[Ui�i�]�T^TYadc@�

	 � VYfh]�cY¬�XjTY]d���®p«k|£/ E]wqhlyk>i�]@��kd Na}x>]`kdR�£«a�_�XzVuT�TW[Ni�i�]@TYTYadcuT��
��¨>kdXZR �\XzV�XjT�TLV^c^kdXZ¨>f5VW¤B_badc^¬¯kdc^��V^ar�h]�TYXZ¨>R¡kdR¡kdlZ¨>adc^XzV^fhp % ������� � VYfNk}Vti�a>RUTWVYc^[Ui�VuTTW[Uiuf«k`V^cY]�]�¤¥lyk|£>ad[\V@��% ������� � TWV^kdcWV�V^a&qhljkdi�]�RUa��h]�T�V^fUk}V¯k�c^]¯XyRUi�Xy�\]�R5V;VYa&ly]�k|x>]�T���TWXyRUi�]VYfh]�XZc¡qhljkdi�]�pr]�R5V§XjT§XyRU�\]�qN]�RU�\]�R5V¡a�_wVYfU]±qhljkdi�]�pr]�R5V�ad_wa�VYfU]�c§RUa��h]�T��¯��_�VY]�c�VYfU]�TY]

Rha\�\]�T�k�c^]�qUlyk>i�]��½� XZV!qhljkdi�]@TwRha\�\]@TwVYfNk}V�kdcY]«XyRUi�Xj�\]�R>V�¬�XzV^f©VYfh]�p kdRU�©TWa®a>R½�negfU]
fhadc^XZ��adR5V^kdlU¬�XycY]�ly]�Rh¨dVYf§ad_nk�lyk|£>ad[\V¯qhcYa\�\[Ni�]��/ 5£V% ������� � i�k�R/ E]wi�kdlyi�[hlyk�VY]@�«XZR�VYfU]
TYkdp�]`p«k�RURh]�c�k>TgXZR�s�]@i�VYXyadR�µh�

� ���
�-0��zNv���X����������&"x�
�Cv�� �q!��"�X��/"�)
� Q¤!	pv��-U=���#vF"�	����
���C�
(ou}���'���À�#v�X;��	�µ � ^���¸�0� Q
mn������ \ �=��,C0(*!$0"���$�sI:I�������;���1zNv���X���������!	pv��-U=���#vF"�	������-�C�
(ou}���´���À��v�X;��	3µ � ^���¸�0� Q
mn���� � \ �=�

� �.���5����) ���
!�
X�	q	1!(*)
$!�;:�m��w"�	1	1��(*�F���
"������
�F�C�
(ou}���x����$!�#"#45��	o0	��d\ ��� ������	1��(*�
�="7�����/"�${�C�
(ou}����� �! �



c

u l um u r

v

K+LNM l��{l���� !	p���
�����I���-���À���
��$0�+����(*�;	���	1��u��1������mn����~����	1)}�� ��n�����=�����
�����+��������: ��� !	n)
$0"� ���v
"�u}�745�o���	���!X��C��(*��	���	1�� � ���	1	1���#� ��� !	����������I���3���]���
�x��!X;�I��(*�;	���	1�
u��1������mn���������	1)}�� ������
�=�������������������;: � � !	�)�$0"� ��#vw"�u}�745�����	�$!������(*��	��p	1�
 � ���	1	1���#� ��� (F"�s�u}��)�$0"� ��#vw"�u}�745�-"��Is*���
���	n	1�
 � ���	1	1����	��

�����������! ���$&%('*) ' �}�������r� � ¥ 2 ) £ ¥ ³�) �b�h�~£ ' ³�� �y�^�4,|���¡� ' �±�¥���¥����� � -^��� 3
�}�E�u�u� £ 3W�}���¢�B�Y�u� ���Y�¡�1�Z�d�u�u�D���H�u�}�U���u���\�K�0,}�²�������"�E�@�d����� ' � �h�����21@�}�U�S�}�`�������43
� ���E� ) �b�h���D�b�h���Y�©�^�d�j���K�±���Z���d�}�\�«���P���U���������,�«���>��� �������¢�h�����21@�}�U�S�}�������Y�²�Z���5�d�b�
� ' �������	�� §`lZa>¨ � §�° �����6 ��	�� < ; b§�°  �*¬|° 6 8 9*:�� ®4<[	�� °��
egfh]&qhc^a�a�_�fUkdT� E]�]�R®pra}xd]���XyR>V^a«VYfU]&��qhqE]�RU�hXz�M�1º�a�V^]wVYfNk}V�VYfUXyTt[hqhqE]�ct Ead[URU��XyTtk
¨d]�RU]�cuk�lyXZ�@k}VYXyadR�a�_½egfh]�adc^]�p ¬>��Q¥_M¬o]�TY]�V�£0' ³ �d¬o]�¨>]�V3]��\k>i�V^lZ£wV^fh]� Ead[hRN�r¨dXyxd]�R�_ba>c
 hXZRNk�c^£ V^cY]�]�T��|QSR&VYfU]o_ba>lZlya}¬�XyRh¨�s�]@i�V^XZa>R½�|¬o]gTWfUa}¬©VYfUk�VnV^fhXyT�¨>]�Rh]�c^kdl> Ead[URU�&XjT´adq\V^XZp«k�l
]�xd]�R�XZ_t¬o]¡�\a±RUa�V�c^]�TWVYc^Xji�V�XyRhRh]�c�RUa��h]�T�VYa9lZXy]§a>R�¨dc^Xy�\¤BqEadXyR5V^T��´egfh]�xd]�cWV^Xyi�k�l3¬�Xyc^]
lZ]�Rh¨�V^f®a�_´VYfhXjT�ljk|£da>[\V�XyT�ad �x�XZa>[UT��Negfh]�c^]wXyT�adRh]&x>]�cYVYXji�kdlM¬�XZc^]`_badc�]@kdiuf�Rha\�\]&]��hi�]�qhV
_badc VYfh]�cYa�adV��E¬�fhXyiuf9cY]@TW[UlzVuTtXyR9k§xd]�cYVYXji�kdln¬�Xyc^]!ly]�Rh¨dVYf±ad_?(�EF= [D ®� °�' ��® ���

�����
� ¬d�

»�]�RNi�]d�NVYfU]!V^a�V^kdln¬�Xyc^]&lZ]�Rh¨�V^f±ad_+D ®� XjT�D�EF= [D ®� °�' �������	�� §`lyad¨ � § ° �����6 ��	�� < ;
� § °

 �*¬@° 6 8 9 : � ®=<[	�� ��° ��® ��������
� ¬�' �������	��

§`lyad¨ � § °¤±r¶§ °��

� "w�
	<�`�
	U�����o��� 	����
�� �a p��� �]� �}� ��� �

�9]«TYfha}¬ VYfNk}V`VYfh]« Ead[URU�±¨>XZx>]�R9XZR©egfh]�a>cY]�p ³ _badc�VYfh]rfha>cYXy��a>R5V^k�l�¬�XycY]�ly]�Rh¨dVYf²a�_
k/V^cY]�]!ljk|£dad[hV XjTtV^XZ¨>f5V��1�9]�c^]�ljk}��VYfh]r¨>cYXj��¤¥p�a\�\]�l´TY[Uiuf®V^fUk}Vw]��\i�]�q\V�_badc VYfU]�ly]�k|x>]�T��
¬�fhXyiuf9k�c^]&qhljkdi�]@�®adR9TW[Ui�i�]@TYTYXZx>]wRha\�\]�T adR9k/fha>cYXy��a>R>Vuk�l½¨>cYXj�®lyXZRU]�kdTt N]�_badc^]d�ERha\�\]�T
prk|£± N]«qhljkdi�]��²k�R�£�¬�fh]�c^]�adR9VYfh]rVL¬¯a�¤S�\Xyp�]�RUTYXZa>RUk�l�qhljk�Rh]>�½egfh]r¬�XZc^]rlZ]�Rh¨�V^f©a�_¯kdR
]��\¨>]¡ ��*:4�° XyR±V^fh]rcYa>[\VYXyRh¨¡¨dcuk�qhf9XyT VYfU] �3[Ui�lyXj�\]�kdR9�\XjTLVuk�RUi�]r N]�VL¬o]�]�R ��kdRU�34®a>R
VYfh]wqhljk�RU]d�Us�XyRUi�]`¬¯]`p�]�cY]�lZ£/i�adRUTYXj�\]�c¯VYfU]wfhadc^XZ��adR5V^kdlEi�adprqEadRh]�R>VuTga�_´¬�XZc^]�T��\¬o]`i�kdR
kdT^TW[hpr]tVYfUk�VgkdlZlERha\�\]�TolyXZ]�adR«V^fh]�fhadc^XZ��adR5V^kdlUlyXZRU]��\]�URh]@�/ �£�VYfh]�lZ]@k|xd]@T;a�_MV^fh] VYc^]�]d�
»�]�RNi�]d� VYfh]§qNa5TWXZVYXyadR©a�_�k�Rha\�\]V4H; (�A;XjT!�\]�URh]��² �£©k¡_b[hRUi�V^XZa>R�� � ��� ��(�A ��
¬�fhXyiuf§prkdqUT+4ra>R>V^a&XZV^T3�5¤Si�a�a>c^�\XyRUk�VY]d�>egfh]tfha>cYXy��a>R5V^k�lU¬�XZc^]tly]�Rh¨dVYf/ad_ k�R«]@�\¨d]�(��*a4\°
XyT�� � � ���5(�M° ��� �����5[4\°��½bRhadVY]`VYfNk}V�VYfU]w¨dcuk�qhf¡XZR�x>adlyxd]�T¯k�ljTYa�c^ad[hVYXyRh¨rRha\�\]�Tu°��

�o]�_badc^]!¬¯]r¨dXyxd]&V^fh]rqhc^a5ad_L�M¬o]�p«kCª>]�kdRha�V^fh]�c`kdT^TW[Up�qhVYXyadRUT`k� Ead[hVwk�ljk|£dad[hV _ba>c
k� Nk�ljk�RUi�]��§VYc^]�]�VYfUk�V�p�XyRhXyprXZ��]�TgV^fh]wfhadc^Xy��adR5Vuk�l1¬�XZc^]�lZ]�Rh¨�V^f½�{«ha>cgVYfhXjT�kdT^TY[hprq\VYXyadR½�
¬o]`Rh]�]��§VYfh]�_badlylya}¬�XZRh¨r�\]�URhXZVYXyadR½�Emoa>RUTYXy�\]�c¯VL¬oa�RhadRU]�prq\VL£d�h�hXyTb¨L[hRUi�VtTW]�V^Tga�_´Rha\�\]�T
� � * � ¯ ;3( ad_´TYadpr] ljk|£da>[\V�=����9]wT^k|£rVYfUk�V � � XjTt�h�����21@�}�U�S�}�n�E���A3W��,}�����Z�^�>�E���5�w¬�XzV^f� ¯ Xz_�TYadpr]rxd]�cWV^Xyi�k�l�lyXZRh]/TY]�qNk�cuk}VY]@T VYfh]/RUa��h]�Twad_ � � kdRU� � ¯ �3������´_ba>c&]�k>iuf9qNk�Xycwa�_Rha\�\]�T 4 � ; � � kdRU�34 ¯ ; � ¯ �1XzVwfha>ly�UTtV^fUk}V�� � ���5[4 � ° � � � ���>B4 ¯ °tadc�_ba>c ]@kdiuf±qNk�Xyc4 � ; � � k�RU�34 ¯ ; � ¯ �NXZV�fUadlj�hT�V^fUk}V�� � ���>B4 � °���� � ���>B4 ¯ °��NQ¥_3VYfhXjTtXjT Rha�V VYfh]ri�k>TW]>�



�

¬o]wT^k|£rVYfUk�V � � XyTt�U�}���21@�}�N�¥���´�4,|�����Z�^�>�E�����&¬�XZVYf � ¯ �EmoadRUTYXj�\]�c�k�lyk|£>ad[\Vg_ba>c�k�£�¤Sk�c^£ Uk�ljk�RUi�]���V^cY]�]�D&�5egfh]tc^a�a�V3ad_MVYfh]tVYc^]�]�XjToi�adRhRU]�i�V^]��rV^aw£ TW[h hVYc^]�]�T?D � *B�B�B *aD � �5�²]TYk|£±VYfUk�V�D XyT!fhadc^XZ��adR5V^kdl�a}xd]�cYljk�qhqUXZRh¨N�MXz_g_ba>c�TYadpr]R5 *��d; �
¬_*�BB�B *+£ �/¬�XZVYfH5��'��U�
VYfh]±TY]�V�a�_`lZ]@k|xd]�Trad_ D C XjT/fUadc^XZ��adR5V^kdl�a}xd]�c^ljk�qhqhXyRh¨²¬�XzV^f¢VYfh]9TW]�V/a�_wlZ]@k|xd]@Tra�_ D � �� VYfh]�cY¬�XjTW]>� ¬¯]§T^k|£�VYfNk}V�D XjT!fUadc^XZ��adR5V^kdl;RhadRh¤Ba}x>]�c^lykdqhqhXyRh¨U�Megfh]§_badlylZa}¬�XyRh¨®ly]�prp«k
TLVuk}VY]@T�VYfUk�Vr¬�XZVYfUad[\V«lya>T^T!ad_ ¨d]�Rh]�cuk�lyXZVL£d�´¬o]�i�kdR,kdT^TY[hpr]§V^fUk}V/k±VYc^]�]¡lyk|£>ad[\V�¬�XzV^f
p�XyRhXyp«k�l½fha>cYXy��a>R5V^k�l1¬�XycY]`ly]�Rh¨dVYf�XjTgfhadc^XZ��adR5V^kdl1RhadR\¤¥a}xd]�cYljk�qUqhXZRU¨U�
� ��  �� "D$
	 �}�/���U���Z�}�d���\�9D � ' � -u���Z�}�1�^�u���K�Y�u�r���¦�b�h�/�r�@�d��� �d�0,|���ª� -^�4,|�/�������
�h�}���21@���U�S�}�¯�����Y�/�y�������b�3G7EF=t[D�° ) ���U���^�¡�^�>�j�����/���y�}�d�}�\��D�At�n�h���Y��D�A��j���U�}���21@�}��3
�¥����� �«�E���A3W��,}�����Z�^�>�E���5�®���E�/���U� �h�����21@�}�U�S�}�n�����Y�!�Z�������b��� ' D�A��j�`���r�����Z�����}�&�����U���½�S�
G�EF=tBD ° �
t[h]`V^a/TWqNkdi�]�lyXZprXZV^k}V^XZa>RUT��\VYfh]wqUcYa�a�_´fUkdTg E]�]�R�p�a}x>]���XZR5V^a�V^fh]&��qUqN]�RU�\XZ�1�
�����������! �� $�	 �������U�S�¥�>���u� ��¥ ¬ª�}�1� £ ¥ ³�) �}�N���Z���d�}�\�/� ' � -u�}�y�}�E�u�u�,�K�^�^�
��������§ ' £ � �Z�u�4,|���«���U�}��� �����}�ª�¡�h�����21����U�S�}�o� ���E�������b�©�\�U���`�}�j���S�}�E�u�§��� -u���K�3�u���
�E���z�@�A-^�������5���Z�u��,}�����h�|���U�}���21@�}�N�¥��� �����Y�!�Z���5�d���±� ' ���3�Z�u�}�u�
������
	�� §`lyad¨ � § ° �����6 ��	�� < ; ¶§�°" �*¬@° 6 8 9 :�� ®4<B	�� °��
>¯�Y�@� ' �t�9]�qUcYa}x>]oV^fh]�V^fh]�a>cY]�p  �£!XyRU�\[Ni�VYXyadR«a>R ��_badc3kdlZl{§¡ad_1VYfh]�_ba>cYp §.' £ � �>ena
k|xdadXj�§i�[hp! E]�cuTYadpr] RUa�V^k�VYXyadR½�\¬¯]�XZR5VYc^a\�\[Ui�] V^fh]&TYfhadcYV^i�[\V�� � b§ °9' �������	�� §`lZa>¨ � §|°�����6 ��	�� < ; ¶§ °  �*¬@° 6 8 9 : � ®=<[	�� °wVYa²�\]�RhadVY]«V^fh]§ Ead[URU�¦¨dXyxd]�R�k� Ea}xd]>�½�9]�¬�XZlyl¯qhcYa}x>]«k
TLV^cYa>Rh¨d]�cwcY]@TW[hlZV&V^fUk}V!XyprqhlyXZ]@TwVYfU]/VYfU]�adc^]�p��ns\XZRUi�]«VYfU]�£ � lZ]@k|xd]�TwkdcY]«qUlyk>i�]��©a>R¦k
fhadc^XZ��adR5V^kdlNlyXyRh]d�\a>Rh]�i�k�R¡�\]7URU] V^fh]`prXy�\qEadXyR5V � � a�_nVYfh]`ly]�k|xd]@T��5¬�fhXjiuf§XjT¯VYfh]`qEadXyR5VVYfUk�V�prXZRUXZprXy��]�T�V^fh]§p«k}�\Xyp«k�lg�\XyTWV^kdRUi�]/VYa9k±lZ]@k}_L���½]�V �® E]/VYfU]�c^a�a�V!ad_�VYfh]§VYc^]�]d�
egfh]²�>� ,@���}�B���}� � ad_�VYfh]�cYa�adV!XyT��\]�URh]��� 5£ ��' � �����5�� ° � � � ���> � � °���egfh]/¬�Xyc^]lZ]�Rh¨�V^f¦a�_¯VYfh]«V^cY]�]/ljk|£dad[hV`¬�Xylyl3XyRUi�c^]�k>TW]«XZ_gVYfh]§kd UTYadly[\VY]«x}k�ly[h]«ad_¯V^fh]§�\]�x�Xyk�VYXyadR©XyT
VYa�a� hXy¨U� � R©VYfh]/adVYfh]�c&fUkdRU�M�´¬o]/i�k�R¦¨dXyxd]/k�cY]�¨dXyadR©k�c^ad[hRU�9V^fh]§prXj�\qNa>XZR5V�¬�fh]�c^]
Rha©XZRUi�cY]@kdTY]�XZRª¬�XZc^]�¤¥ly]�Rh¨dVYfªa�i�i�[hcuT��;egfhXyT -^���\�E�²�Y�¥�d���}�¦_ba>c/k9VYc^]�]�a�_�§ ly]�k|x>]�T�XyT
�\]7URU]��r �£�kdRrXZR5VY]�cYx}kdlUa�_1ly]�Rh¨dVYf ? � ¶§ °9' �����¯ 6 �
	�� < b§q°© �*¬@°7628 9*:7; ®=<[	�� °�VYa& Ea�V^f/TWXj�\]�Ta�_1VYfh] prXy�\qEadXyR5V��>Q¥_MVYfh]�c^a�a�V3XjT;qUlyk>i�]��r¬�XZVYfUXZRrV^fhXyToXyR>V^]�c^x}k�lB�}VYfh] ¬�XZc^]�ly]�Rh¨dVYf«Rh]�]��\]@�
XyTwXyRU�\]�qN]�RU�\]�R>V�a�_¯VYfh]§�h]�x�Xyk�VYXyadR½� Q¥_oV^fh]/c^a5adVwXyTwqUlyk>i�]��²a>[\V^TYXy�h]rVYfhXjT&XyR5VY]�c^x}k�lB�MVYfU]
¬�XZc^]«lZ]�Rh¨�V^f¦XZRNi�c^]�kdTY]�T`lyXyRh]�kdcYly£±¬�XZVYf©V^fh]§�\]�x5Xjk}V^XZa>R½�n»t]�RUi�]d�n¬o]/�\]�URh]«V^fh]�� �������S�^�
�d��,������K�����,V^a  E]��� ' prk�� � 2 * � � ��� ? � ¶§ ° �5�¯egfU]±fha>cYXy��a>R>Vuk�l ¬�XZc^]±ly]�Rh¨dVYf"ad_&VYfU] Uk�ljk�RUi�]��§VYc^]�]`XjT�k}V�ly]�kdTWV�� � ¶§ °]°��� �
����� �!�����! #" �%$'&)( �}�U�����d���§���Z�}�d���\� ' ���«��£ 3W�����¡�B�Y�u�r�����b��§P�Z�u��,}��� ) �d��,@���}�B���}� �
�}�E�/� �������¥�u�¡�d��,������K�����*�� �,+1�h���9�b�h� ' �}���Z�������5�§�U�}�Z�}�.-
�%/ ��~°�� ¥ �H? � ¶§ ° )� / �� � ��¥ �H? � ¶§ ° )
0 / ? � ¶£�§ °]° ? � ¶§ °?' ® 6 ����� <¯ ) ���E�
1 / £2� � b§ °9'3� � ¶£�§ ° �¢¶£ �¤¬|°1§ ° ³ ?}¶§ °��
egfh] qUcYa�a�_ i�k�R/ E] _bad[hRU�§XZR§VYfh]`��qUqN]�RU�\XZ�1� �  NTW]�cYx}k}V^XZa>RR�>itqhcYa}x>]�T;VYfUk�VoV^fh]  Ead[URU�
cY]�¨dXyadR/?�¶£�§ °3ad_´k!VYc^]�]`a�_'£ §±lZ]@k|xd]�T¯XjT��\XycY]@i�VYly£/kd�I¨LadXyRhXZRU¨�V^fh]` Na>[hRU��cY]�¨dXyadR�a�_nXZV^T



»  

lZ]�_�VYpra>TWV!bc^]�TYqN]@i�V^XZx>]�ly£/cYXy¨df5V^p�a5TLV�°¯TW[h hVYc^]�]`a�_'§9ly]�k|x>]�TgkdTgTYfha}¬�R�XyR�«´XZ¨>[hcY]��\�hegfhXyT
 N]@i�adpr]@T�i�ly]�k�c�XZ_�adRh]�V^k�ªd]@TgXZR5VYa«k>i�i�a>[hR5VgVYfUk�V�VYfh]&�\XjTWV^k�RNi�]` N]�VL¬o]�]�R�VYfh]wprXj�\qEadXyR>V
a�_NktVYc^]�]¯¬�XzV^f�£�§/ly]�k|x>]�T kdRU�wV^fh]gprXy�\qEadXyR5V�a�_UXZV^T´ly]�_�VYpra5TLV�bc^]�TYqE]�i�V^XZx>]�ly£wcYXy¨df5V^p�a5TLV�°
TW[h hVYc^]�]!XjT ® 6 ����� <¯ ' ? � b£ § °'° ? � b§ °&KkdT�TWfha}¬�R�kd Na}x>]w¬o]�i�kdR�kdT^TW[hpr]wV^fUk}V�VYfU]lZ]@k|xd]�T�ad_tVYfU]¡ly]�_�V^pra>TWV§TW[h hVYc^]�]�k�c^]�V^fh]�§ ly]�_�V^p�a5TLV/ly]�k|x>]�T�a�_ VYfh]�V^cY]�]@°��;ºta}¬ ¬¯]

n−1

.  .  .  .

n−1

.  .  .  .
.  .  .  .

n−1

.  .  .  .

b(n) b(mn)

mn−1

1
/
2

n(m−1)

K+LNM l��tl �'���
�=vF����X;!���
	����&"��1�����;�
�À0$!$!�#vw ���� �$!��	�"7�������
�����I���-"��
v����	p	1�
 � ���	1	1����	-"��
v��;)}���
 �!�� �$0��	�"����x$!�#"#45��	-���]"q�1���������'��$rv�$!!�
��	�!�=v�0 �"����3���
�xu}�;���=v��#vw����X�!�;�
	-���`���
���1�����o"��=v~���	
	1��u�z¶�1������	��
���
��	1������X;!�;��	�"7���xv������ ���$�s~";v7¹��;!��0��X��

k�c^]�c^]�k>�\£�V^a®¨dXyxd]�VYfU]/XZRN�\[Ui�V^XZx>]«qhc^a5ad_L� � [hc&f�£�qEa�VYfU]�TYXyT`XjTwV^fUk}V!kdR5£9lyk|£>ad[\V`_ba>c&k
 Uk�ljk�RUi�]��!VYc^]�]ga�_.§.' £ � ly]�k|x>]�TnVYfUk�V;lZXy]gadRrk�cYa}¬,a�_N¨>cYXj��¤¥qNa>XZR5VuTnRU]�]��UT;k�fhadc^XZ��adR5V^kdl
¬�XZc^]`lZ]�Rh¨�V^f�ad_�k�Vgly]�k>TLV���b§ °`° �� �U¬�fh]�c^] ��®XyT¯V^fh]`lZXyprXzV^]����\]�x�Xjk}V^XZa>R�ad_nV^fh]`cYa�a�V@�\QSR
VYfh]�i�kdTY]¯ad_�§3' ¬>�|VYfh]�prXyRhXyprkdlh¬�XycY]gly]�Rh¨dVYfrRh]�]@�\]��!_badc;k�V^cY]�]gXyT´V^fh]�¬�XZc^]gRh]�]@�\]���V^a
cYa>[\VY]tVYfh] adRhly£rlZ]@k}_MVYa!VYfh]�qEa>TYXzV^XZa>R/a�_MV^fh]tc^a�a�V��5¬�fhXjiuf/XjT�� � �z� � [hc3 Ead[hRN�/]�x}kdlZ[Uk�VY]@T
VYa ���¬|°`° ��6' ��6' p«k}� � 2 * � � � �d2 ��' � � �z��«ha>cgVYfh]!XZRU�h[Ui�V^XZa>R�TWVY]�q½�h¬¯]wi�adRNTWXj�\]�c�kdR
k�c^ hXzV^c^kdcY£®ljk|£da>[\V D _ba>cF£�§,ly]�k|x>]�T��1egfU]/cYa�adV �¡a�_�D XyT&i�adRhRU]�i�V^]��9VYa�£ TW[U \VYc^]�]@T
D � *�BB�B *:D � a�_´§²ly]�k|xd]@T¯]�kdiuf �

�o]@i�kd[UTW]w¬¯]!i�k�R®kdT^TW[Up�]&VYfUk�V�VYfh]!VYc^]�]&XjT�fUadc^XZ��adR5V^kdl½RhadRh¤Ba}x>]�c^lykdqhqhXyRh¨U�5VYfU]�c^]&XyT
k®lZ]�_�VYpra>TWV�kdRU�¦k�c^Xy¨df5VYpra>TWV!TY[h \VYc^]�]>� ¬�fh]�cY]§lZ]@k|xd]�T&a�_�VYfU]§ly]�_�VYpra5TLV�bc^]�TYqN]@i�VYXyxd]�lZ£
cYXy¨df5VYpra5TLV�°tTY[h \V^cY]�]�kdcY]�VYfh]|§�ly]�_�V^pra>TWV«�cY]@TWqE]�i�VYXyxd]�lZ£®c^XZ¨>f5VYpra>TWVu°tlZ]@k|xd]@Ttad_9D&�&�½]�V
D��9 E]wVYfh]wly]�_�V^pra>TWV TW[U \VYc^]�]>� ���² E]&XzVuT�c^a5adV�� D��, N]`V^fh]&c^XZ¨>f5VYpra>TWVtTW[U \VYc^]�]&kdRU� ���
 N]�XzVuT�cYa�a�V@�&«h[hcYVYfh]�cYpra>cY]�lZ]�V��	���\]�RUa�VY]�VYfU]��\XjTYqhlyk>i�]�p�]�R5V�ad_ ��� � �	�"�\]�RUa�VY]�VYfU]
�\XyTYqhljkdi�]�pr]�R5V ad_ ���g�1k�RU� �²�\]�Rha�V^]&V^fh]��hXyTYqhljkdi�]�pr]�R5V ad_ �5� �¯]�i�k�[UTY]&ad_3TW£�prpr]�VYc^£d�
¬o]ri�kdR±kdT^TW[Up�]�¬�XzV^fhad[hV�lya>T^Ttad_3¨d]�Rh]�cuk�lyXZVL£§V^fUk}V`VYfU]�c^a�a�V��§XyT qhljkdi�]@�®V^a§V^fh]�c^Xy¨df5V
a�_ V^fh]`prXy�\qEadXyR5V��hegfh]wTYXzV^[Uk}V^XZa>R�XjTgXylZly[UTWVYcuk}VY]@�/XyR�«´Xy¨d[hc^]�
h���²]`i�adRUTYXj�\]�c¯VL¬¯a�i�kdTY]�T��
¬�fh]�V^fh]�c ��XyT��hXyTYqhljkdi�]@�¡ 5£�k}V�pra>TWV ? � b£ § °¯a>cg 5£�pradc^]tV^fUk�R ? � ¶£�§ °��

QSR±V^fh]|UcuTLV&i�k>TW]r¬¯]rfUk|xd] �� ? � b£ § °�kdRU�9VYfh]�cY]�_badc^] ��H' 2h�½egfU]«fhadc^XZ��adR5V^kdl¬�XZc^]rlZ]�Rh¨�V^f9ad_3VYfU]�V^cY]�]rXyT�V^fh]/TW[Up a�_oVYfh]r¬�XycY]rly]�Rh¨dVYfUT`ad_3VYfU]rTY[h \¤BVYc^]�]@Twk�RU�±VYfU]
¬�XZc^]�T�V^a!i�a>RhRh]@i�V;V^fh]�TY]gVYc^]�]@T��5�¯V3lZ]@kdTWV��}V^fh]�c^]�XjT3k`¬�XycY]�_bcYa>p VYfU]�cYa�adV�VYa ���¡kdRU� ���g�



»�»

1
/
2

(m−1)n 1
/
2

(m−1)n

r r

r

L R

x
L

subtree
leftmost

subtree

x
R

rightmost

x

K+LNM l��{l ���
v��
 +��04;�-	�����){Y=< � zN"7�1sw�1������mn���� � � $!�#"#45��	��=¾��
$�s*���
��$0�+����(*�;	���"��=vF���
����!X;�I�1z
(*��	��q	1��u�z¶�1�����w!	q	1�
�#mn�{�]���
�F���I�����|!	*v�!	1)
$0"� ���v uIs�� �r���;( �����F(*rv�)}�;!�I�#�&��������� !	
v�!	1)
$0"� ���v~uIs�� � �r���;( ���	n(*rv�)}�;!�I�n"��
v	��
�!	�v�!	1)
$0"� ���v~uIs���
������;( ���	n(*0v�)}��0�I�#�

G�EF= [D ��® °�¥
�E
C2F��

G�EF= [D C °]° ¶£ �¤¬|°1§ ���	�|° � �

¥¤£2� � ¶§ °`° �� � °��� � °"b£ � ¬@°1§ � � � °�� �
¥'� � b£ § °��¢¶£ �¤¬|°1§ ° ³ ? � b§ °]°"b£ � ¬@°�§�°��� � � � � ° �� � ° � �
¥'� � b£ § °`° ³ ? � ¶§ °�� ? � ¶§ ° � ? � ¶§ °
¥'� � b£ § °�¥ ��¶£�§ °`° ��n�

QSR�V^fh]�TY]�i�adRU��i�kdTY]d�h¬¯]wfUk|xd] ��� ? � b£ § °�k�RU�¡V^fh]�c^]�_ba>cY] ����I2h�Ns�[UqhqNa5TW]&VYfUk�V� �����5�}° � � �����5 ���3°�L��������&XjTgRha�V¯VYa�VYfU]�c^Xy¨df5V¯ad_����g�hTY]�]�«´XZ¨>[hc^] � k>°��hs�XyRUi�] �� �J2h�
XzV�_ba>lZlya}¬�T¯VYfUk�V ? � b§ °]° ���¥�����VYfUXyT�XjT�kdlyTYa�TYfha}¬�R¡XZR�«´Xy¨d[hc^] � k>°��h»�]�RUi�]>�

G�EF= [D ��® °3¥¤£2� � b§ °]° �� � ° �� � ° ¶£ �¤¬|°1§ ��� � °�� �
¥'� � ¶£�§ °`° ³ ? � ¶§ °`° �� � � � � ° ��	��° � �
¥'� � ¶£�§ °`° ? � b§ °]°��� ��°��	�
¥'� � ¶£�§ °`° ? � b§ °]° � �¤¥ � � ¶£�§ °]°��� �

s�[hqhqEa>TY]`VYfUk�V �!XjT¯VYarV^fh]wcYXy¨df5V�a�_����g�hQSR�«´Xy¨d[hc^] �  ½�\XZV�XyTgXylylZ[UTWVYcuk}V^]���VYfNk}V�VYfU]�¬�Xyc^]
Rh]�]@�\]��/VYari�adRURh]�i�V����¦VYa �!XyT �� �¦ ? � b§ °�°��	��°olyadRh¨N�5egfU]t¬�XycY]�Rh]�]@�\]��/VYa�i�adRURh]�i�V���²k�RU� ���,XyT�k>Tg N]�_badc^]*§;¶£ � ¬@°�� � � ° � �,XZR¡ly]�Rh¨dVYf½�U»t]�RUi�]d�

G�EF= [D ��® °�¥
�E
CGF��

G�EF=tBD C °`°·§;¶£ � ¬@°�� � � ° � � ° �� �ª ? � b§ °]° � � °
¥ � � ¶£�§ °]° ³ ? � ¶§ °]°��� � ���	� ° ��	��° � � °��� � ? � ¶§ ° ���	�
¥ � � ¶£�§ °]° ? � b§ °]° ��	� ���	�|° �� ��°����¥'� � ¶£�§ °]°��� �



»#y

r

r R

b)

r

r L

a)

r r R
L

xR

_
x

xR

_
x

xL

mmb   (2n) b   (n)

xL

mmb   (2n) b   (n)

K+LNM l��{l �����3���I��� �q0	-�;�������´���	-u}�;�
�
v��#vw����X;!�;�{�t"5¸����
�3���I����!	��
���-���������3��0X��I����� ��
´�
¾����3 #"��~	1�������="7����µ ��¸�� � � ����{�
u=¸p���
�����I���-!	p�������
����!X;�I����� � 
 �
���
��mn����x�
���#v��#vw���
 ��;�
���� �� � 
 ��� ��!	 ���� µ �;µ ��¸�� � 
 ¸+�

»�]�RNi�]d��V^fh]¡lyk|£>ad[\V�XZR s�]�i�VYXyadRJ�9XjT�adq\V^XZp«k�lg¬�XZVYfªcY]@TWqE]�i�V�V^a±V^fh]�fhadc^Xy��adR5Vuk�l3¬�Xyc^]
lZ]�Rh¨�V^f½�
«U[hcYVYfh]�cYpradc^]d��VYfhXjToTYfha}¬�T�V^fUk}V¯Rha&ljk|£da>[\V�_badc¯k�R�£�¤¥kdcY£!VYc^]�]ti�k�R/kdiufUXZ]�xd]�_ba>c
k�R�£ £ ¥ ³ k!V^a�Vuk�lM¬�XycY]`ly]�Rh¨dVYf �C� § � lZa>¨ � § °¤±r¶§ °g¬�XZVYf �V� �������	��

�

	 � � �=�&��� �=�����

�9]wfUk|x>] ]��\fhXZ UXzV^]��¡XZR¡V^fhXyTtk�cYVYXji�ly]�ljk|£da>[\V^T¯ad_n UkdlykdRUi�]@�§p�¤Sk�c^£«VYc^]�]@TgadR�k�¨>cYXj�§VYfUk�V
k�c^]§adqhVYXyprkdlg¬�XzV^f,c^]�¨5k�cu�²VYa9VYfh]�XZcrV^a�V^kdlg¬�XZc^]§ly]�Rh¨dVYf b[hq VYa²lZa}¬¯]�c�adcu�\]�c!V^]�c^prTu°��
º�]�XZVYfU]�c�VYfh]«i�adRUTWVYc^[Ui�V^XZa>R�a�_3VYfh]�adq\V^XZp«kdl´ljk|£da>[\V��ERha>ctV^fh]rqhcYa�ad_;a�_3XZV^T�adqhVYXyprkdlZXZVL£d�
k�c^]/ad �x�XZa>[UT�� � Rh]/p«k|£©XyR>V^]�c^qhc^]�V&V^fhXyT�kdT�k�R¦XyRU�\Xji�k�VYXyadR¦V^fUk}V�VYfU]�i�a>RUTWVYc^[Ui�V^XZa>R¦a�_
i�Xyc^i�[hXzVuTg¬�XzV^f®TWp«k�lyl1VYadV^kdlM¬�XZc^] ly]�RU¨�VYf®�\a�]@ToRUa�V�adRUlZ£/qUcYa\�\[Ui�]�i�XZcui�[UXzV�k�cuiufhXZVY]@i�VY[UcY]@T
VYfUk�V�k�c^]«pradc^]/XZR5V^]�c^]�TWVYXyRh¨�_bcYa>p V^fh]/qEadXyR5V!a�_�x�XZ]�¬ a�_�qhf�£\TWXji�kdl;XZprqhly]�pr]�R>Vuk}V^XZa>RUT��
 h[\V¡kdlyTYa©VYfNk}V/V^fhXyT�Rh]�¬�i�XZcui�[UXzV�i�adprqhly]��\XZVL£,pr]�k>TW[UcY]®¨>XZx>]�T«c^XyTY]�VYa,k¦R�[hp! E]�c�a�_
XZR5VY]�cY]@TLV^XZRU¨�RU]�¬DVYfh]�adc^]�VYXji�kdl1qhcYa> hly]�p«T��


 ��	-�]� �]��� � �

»;� �'"��1��!	��/"�:´8o�!:]Á]";v���	�:]º&�!:`�."�(F"�	1	10"C: ³ �!:`�.��$!$0!	�: �+�`8o�0Y`8-�/"�)
� � �/"�mn!�
X�Y]<-$!X;��������
(*	
���������
���-!	1�="�$!!9#"7��0��� ���]8-�/"�)
�
	�º&�����I��! ���z��"�$0$]µ�½��+m�������	1��sI:�23,�<�¸-µ�» �#� � ¸

yC�x¿{��X;���
	�����!��: ³ �!:��|"�"�	1	�:�T �!Y
���;�
�
v
"7��0���
	������-"o ���� �����n ��;(*)�$0������Ns*���
�����1sF���&	1����	1���1s
)����I ���	1	1!�
X��5<-v�4�"��� ���	À!�q½-�����/"�$ ����������(F"7��0����º&���I ���	1	1!�
X�,Is�	�����(*	 O=� µby  � »7¸`y;¼ ��� y � ¼

����,�"#4;"�X;�;:����FÁn�!Y��~�Cv���$!	U����%'�;(*)����/"7��0����YFÁ���)
$!����!��X ����� ºÀ�7m'��� ����%'��(*)
����0��X��
<-v
v�0	1����z¶T���	1$0�+s µ ³ �#"�v�!�
X�:��|<x:
2�,�<�¸�µ�» � � c5¸

� � ��� �´�������

�9]§TYfha}¬ VYfNk}V&V^fh]/RUkdXZx>]«lyk|£>ad[\V&ad_�k� hXZRNk�c^£�VYc^]�]§fUkdT&k�V!ly]�kdTWV�k�fha>cYXy��a>R5V^k�l�¬�Xyc^]
lZ]�Rh¨�V^f¡ad_ ® ¯ Yblyad¨ ¯ § ° � ¬@°`° ¬d�



»��

>¯�Y�@� ' � egfh]!RUkdXZx>]&ljk|£dad[hVtqhljkdi�]@T�]@kdiuf®Rha\�\]�fhadc^XZ��adR5V^kdlZly£¡XZR®V^fh]!prXj�h�\ly]!ad_;XzVuT TY[Ui�¤
i�]�T^TYadcuT��@�9]�UcuTWV�k>TYTY[hpr]3V^fUk}V�V^fhXyT�XjT´qNa5TYTYXy hlZ]>��k�lZVYfha>[h¨df�XzV�XjT´Rha�V;k�ly¬gk|£�T qNa5TYTYXy hlZ]gXyR
VYfh]¯¨dc^Xy�`pra\�\]�lK�}egfh]�R&¬o]¯i�a>cYc^]�i�V½VYfh]o Na>[hRU�! 5£�V^fh]3p«k}�\Xyp«k�l5]�c^cYa>c½¬o]op«kd�\]o 5£�V^fhXyT
kdT^TW[hprq\V^XZa>R½��egfhXjT�p«k}�\Xyprkdl\]�c^cYa>c�XyT�k�V;p�a5TLV�fUkdlz_Mk�¨dc^Xy��[hRhXZV;_ba>c�]�kdiuf�XyRhRh]�c�RUa��h]�a�_
VYfh]3VYc^]�]okdRU�w¬¯]ok>TYTY[hpr]�VYfNk}V V^fh]¯fhadc^XZ��adR5V^kdl�¬�XycY];ly]�RU¨�VYf�a�_\V^fh]3ljk|£da>[\V XjT c^]��\[Ni�]��` �£
qhlyk>i�XyRh¨!RUa��h]�T¯adR5VYa�¨dc^Xy�\¤BRha\�\]@T���egfhXjTgk�prad[hR5VuT;V^a�k�cY]@�\[Ui�VYXyadR/ad_nk}Vgpra>TWV �¯E¶§ � ³ °
XZR!VYfh]¯fhadc^Xy��adR5Vuk�ld¬�Xyc^]3ly]�Rh¨dVYf½�|Q¥_U¬¯]ok>TYTY[hpr];V^fUk}V�¬o]gi�kdR!k�ly¬gk|£�T qhljkdi�]¯k�Rha\�\]¯XyR&VYfU]
p�Xj�h�\ly]!ad_;XzVuTtTY[Ui�i�]�T^TWa>c^T��\V^fh]!fha>cYXy��a>R5V^k�l ¬�XZc^]&ly]�Rh¨dVYf�ad_�k/RUk�Xyxd]&ljk|£da>[\V�D ® ¬�XzV^f §lZ]@k|xd]�T3i�k�Rr E] �\]@TYi�cYXy E]��r �£!V^fh]�c^]�i�[hc^TYXyxd]g_badc^p![Ulyk G�EF= [D ® °+' ® ¯x° ³ G�EF=tBD ®�� ¯ °¬�XzV^f VYfh]²kd�h�hXzV^XZa>RUk�l�i�adRNTLV^c^kdXZR5V/V^fUk}V6G�EF=tBD � °3' 2U�oegfhXjT§c^]�i�[hcuTWXyadR¢]�x}kdlZ[Uk�VY]@T
VYa ® ¯ lZa>¨ ¯ §��½enad¨>]�VYfU]�c�¬�XzV^f±V^fh]«i�adc^c^]�i�V^XZa>R�VY]�cYp�V^fhXjT c^]�TY[hlZV^T�XyR²k�fhadc^Xy��adR5Vuk�l ¬�Xyc^]
lZ]�Rh¨�V^f¡ad_´k�V�lZ]@kdTWV ® ¯nWblyad¨ ¯ § °�� ¬@°]° ¬d�
�9]wqhc^a}xd]`egfh]�adc^]�p ³ �
>¯�Y�@� ' �o�½]�V D ����  E]�k�£§¤Sk�c^£¡VYc^]�]�lyk|£>ad[\V`i�adRNTLV^cY[Ui�VY]@�® �£3% ������� � �1�²]r�h]7URh]�VYfU]�Y�����`�����}�b� ? �  �h°wVYa9 N]§VYfh]/p«k���Xyp![Up a}x>]�c&kdlZl¯fhadc^Xy��adR5Vuk�l;�\XjTLVuk�RUi�]�T!XZR� E]�VL¬¯]�]�R
qUk�Xyc^T3a�_ RUa��h]�T3VYfUk�V¯k�c^]tXyRUi�Xy�\]�R5Vo¬�XZVYf/V^fh]�cYa�a�V�L������ERha\�\]�Toa�_ �\]�q\VYf ¬tXyR«VYfU]tV^cY]�]@°��
vtTYXZRh¨�V^fh]&TYkdpr]`kdcY¨>[hpr]�R5V�kdTgXyR�s�]�i�VYXyadR�µh�\V^fh]wfhadc^Xy��adR5Vuk�l1¬�XZc^]`lZ]�Rh¨�V^f�ad_�D � �� XyT

G�EF=tBD ���� °+' �E
CGF��

£ � �DC ? � B5L° 8�>°

egfh]�c^a�a�V�¬�Xy��V^f ? �  �h°&ad_ k9lyk|£>ad[\V! �£ % ������� � _ba>c�k±VYc^]�] D ���� XyT�¨>XZx>]�R� �£©VYfU]
cY]@i�[hcuTWXyxd]�]�¢5[Uk�VYXyadR

? �  �h°+' b£ � � ¬@°�� ³
�E
CGF��

? � [5L°  �5°

_badc�k�R�£ � ¥ ¬&k�RU�.?}B25°+'�2U�U�tTgXyR�s�]�i�VYXyadR®µh�\a>Rh]wi�k�R®TYfha}¬ V^fUk}V
? �  �U°+'

£ � ¬
£�° ¬ � £ � °  �*¬|° � 	�� � �  �d°

��¨>kdXZR ��TWXyprqhlZ]�kdlZ¨>]� hcuk�XjT�[UTY]��!VYawi�a>p�qU[\VY]¯VYfU]�fhadc^XZ��adR5V^kdl>¬�Xyc^]¯ly]�RU¨�VYf�a�_NVYfh]gljk|£da>[\V
 5£ ��¢5[Uk}V^XZa>R6�h�

G�EF= [D ���� °+' �E
C2F��

£ � �+C ? � [5L°

'
�E
C2F��

£ � �+C £ � ¬
£�° ¬ � £ C °" �*¬@° C 	�� �

' £ �¤¬
£�° ¬

� �E
CGF��

£ � °
�E
C2F��

£ � �DC  �*¬|° CN	�� �

' £ �¤¬
£�° ¬

� �=£ � ° � ���E
� F��

£ �  �*¬@° � ���a	 � � �



»*�

�9]w]�lZXyprXZRUk�VY]`V^fh]&k�lZVY]�cYRUk�VYXyRh¨rTW[hp·¬�XzV^f¡VYfh]`_ba>cYp�[hlyk
�E
� F �

£ �  �*¬@° � 	 � ' £ � 	�� °  �*¬|° �
£ ° ¬ �  
5°

s�XZRNi�]x£ � ' §®k�RU� �R'"lZa>¨ � §���VYfh]�fUadc^XZ��adR5V^kdl\¬�XZc^]�lZ]�Rh¨�V^f«a�_EVYfhXjT;ljk|£da>[\V;]�x}kdlZ[Uk�VY]@TVYa
G�EF=tBD ®� °9'

£ � ¬
£�° ¬ �=£ � °

£ �¤¬
¶£ ° ¬|° ¯

� £ � °  �*¬@° � 	�� �
' £ � ¬
£�° ¬ §`lZa>¨ � § °

£ � ¬
¶£ ° ¬@° ¯

� § °" �*¬@° 6 8 9 : � ®4<B	�� � B  � °

QSR�V^fh]`_badlylya}¬�XZRh¨N��¬o]w¨>XZx>]tV^fh]wqhc^a5ad_nad_�� ]�prp«k ¬ �
>¯�Y�@� ' �t�9]¯i�adRNTLV^cY[Ui�V k�fha>cYXy��a>R>Vuk�l�RUadR\¤¥a}xd]�cYljk�qhqUXZRh¨¯ljk|£dad[hV�D�A�a>[\V a�_ D©¬�XZVYf!TYp«k�lylZ]�c
adc�]�¢5[UkdlMfhadc^Xy��adR5Vuk�lM¬�XycY]`ly]�Rh¨dVYf½�UegfUXyT�XjT��\a>Rh]` �£�i�a>RUTWVYc^[Ui�V^XZRh¨«k�ljk|£dad[hVg¬�fU]�c^]�RUa
qUk}V^fUT`i�c^a>T^T��EQSR±V^fh]�_badlylZa}¬�XyRh¨N�N¬¯]��h]7URh]«kdR±adqE]�cuk}V^XZa>R�adR©k�lyk|£>ad[\V VYfUk�Vwk>iufhXy]�xd]@T
VYfhXjT¯¨da>kdlUXZ_´kdqhqhlyXZ]@�/i�a>cYc^]�i�VYly£d�=«h[hcYVYfh]�cYpra>cY]>�d¬¯]�i�adRUTWVYc^[Ui�Vgk&ljk|£da>[\V�� ¯ a>[\Vga�_�D V^a
TWfha}¬DadR¡¬�fhXjiuf¡RUa��h]�T¯VYa«kdqhqhly£/VYfU]wadqE]�cuk}VYXyadR �

� Rh]�i�k�R k>TYTY[hpr]§V^fUk}V«k�lyl¯Rha\�\]�T�a�_�D·k�c^]§adR VYfh]¡fha>cYXy��a>R>Vuk�lolZXyRh]��\]7URU]��� �£
VYfh]�lZ]@k|xd]@T��5Q¥_½VYfUXyTgXjT3RUa�V¯VYfh]wi�k>TW]>�5TYfhc^XZR{ª�V^fh]`lyk|£>ad[\VoVYa!VYfhXjTglZXyRh]`k�RU��i�a>RUTWXj�\]�c3V^fhXyT
lyk|£>ad[\V@�5� ]�V �  N]¯VYfU]�cYa�a�V�ad_ D&� QSR&V^fh]�UcuTLV;TWVY]�q�a�_EVYfU]gi�adRUTWVYc^[Ui�VYXyadR�a�_ D�Ab��¬¯]��\]�ly]�V^]
k�lyl\cYa>[\VYXyRh¨`Rha\�\]�T;ad[\V�a�_ D¢k�RU�!_badc�]@kdiuf�Rha\�\]�4V;.( � ��� �¯¬¯]�qhljkdi�]gk�c^ad[\V^XZRU¨�RUa��h]
�
/adR®V^fh]«TYkdp�]�qNa5TWXZVYXyadR²kdT 4E�E�²]«i�a>RhRh]�i�V�]@kdiuf�c^ad[hVYXyRh¨§Rha\�\]�� 
«¬�XZVYf²XzVuT�i�adc^cY]�¤
TWqEadRU�hXZRh¨�Rha\�\]4E�½egfh]�R²_ba>c�]@kdiuf9Rha\�\] ��k�RU�9XzVuTwTW[Ni�i�]@TYTYadcuT � � *�B�BB * � � �½i�adRURh]�i�V��VYa�VYfh]&i�adc^cY]@TWqEadRU�hXZRh¨�cYa>[\VYXyRh¨�Rha\�\]�Tg¬�XZVYf¡prXZRUXZp«k�l1V^a�Vuk�lM¬�XycY]`ly]�Rh¨dVYf©L������MiufUk�XyR
VYfh]�cYa>[\VYXyRh¨�Rha\�\]�TgkdT¯TYfha}¬�R/XyR «´XZ¨>[hc^]w¬ 25°���º�adVY] VYfUk�VoV^fh] qEa>TYXZVYXyadRUToa�_ RUa��h]�ToXZR6(
k�c^]!RhadV`kdlzV^]�c^]��±kdRU�®V^fh]�¬¯k|£¡VYa�i�a>RhRh]@i�V`Rha\�\]�T�¬�XZVYf9VYfh]�XZcwTY[Ui�i�]�T^TWa>c^TtXyT�adqhVYXyprkdlK�
fh]�RUi�]`VYfh]w¬�Xyc^]�ly]�RU¨�VYf¡a�_´VYfU]wlyk|£>ad[\V��\a�]�T�RUa�V�XZRNi�c^]�kdTY]` �£«VYfhXjT�p«k�RUXZqh[Ulyk�VYXyadR½�

u

u u u1 2 3

K+LNM lPO���l �À!$!$!�#v� �!�� �$0��	´"7���´��������!�
X��
�Cv���	��;8�04;���3���
�')}��	1���0���
	&���
���
�]�
�Cv���	pµ��;)}���� �!�� �$0��	/¸+:
����!	'!	p"��w�;)���!(F"�$
m�"#sq���o ����
���� �� � ����!��	'	1�
 � ���	1	1����	�mn����*����X5"7�/vF���x���
���
����09��;�I�/"�$=mn����
$!����X����{�À�������
�Cv���	 � � ^ � � ^ � � "����*��� ���
�q	�"�(*��)}��	1!��!����"�	3���
��!�x ����1����	1)}���=v�!��X|���;����!��X���Cv���	��
���
�34;���1��! #"�$�v�!	1)
$0"� ���(*���I�����&���Cv���	n!��������U=X�������!	n������ �$0"7��!�NsI�

�9]rk�c^]�RUa}¬ �\]7URUXZRh¨®kdR±adqE]�cuk}V^XZa>R�adR±VYfh]rljk|£da>[\VtV^fUk}Vw�\a�]�T�RhadV`XyRUi�cY]@kdTY]&VYfU]
fhadc^XZ��adR5V^kdl1¬�XZc^]`lZ]�Rh¨�V^f�ad_ VYfU]wlyk|£>ad[\V@�5�²]&i�kdlZl½TY[Uiuf�k�R¡adqE]�cuk}V^XZa>R�k��¯� �>¤¥adqE]�cuk}VYXyadR �



»#¼

moadRUTYXy�h]�c`VL¬¯a¡XyRhRh]�c&Rha\�\]@T�� k�RU�749kdRU�±VYfh]§TY]�VuT`a�_¯VYfh]�XZc�TW[Ui�i�]@TYTYadcuT � � k�RN� � 
>�
�tT^TW[hpr]®V^fUk}V/� XjT«V^a¦VYfh]9lZ]�_�V�ad_ 4ªadc§qhlyk>i�]@�¢adR¢VYfU]9T^k�pr]�lya�i�k}V^XZa>R"kdTR4E�¯egfU]
adqE]�cuk}VYXyadRDi�adRURh]�i�V^T/� V^a V^fh]V£ ly]�_�V^pra>TWV�RUa��h]�T¡XZR VYfh]©TY]�V�a�_&V^fh]�Xyc®TW[Ui�i�]@TYTYadcuT
� ��� � 
 kdRU�<4�V^a®VYfU] £�c^XZ¨>f>V^pra>TWV&Rha\�\]�T!XZR � ��� � 
 �´egfhXyT!adqE]�cuk}V^XZa>R©�ha5]@TwRhadV
XZRUi�cY]@kdTY]�VYfU]ofha>cYXy��a>R5V^k�l>¬�XZc^]3ly]�RU¨�VYf!a�_\VYfU]oc^]�TY[hlZVYXyRh¨tljk|£da>[\V����9]o_badc^p«k�lyXZ��];VYfUXyTnXy�h]�k �
s�[hqhqEa>TY]�VYfNk}V � �����n(�M° � �������nB4�°��\mofha5TW]��hXyTb¨L[hRUi�V¯TY[h UTY]�V^T � A� * � A
 ; � ��� � 
 a�_½TYXZ��]
£ ]�k>iuf¦¬�XzV^f¦VYfU]§i�a>RU�\XZVYXyadR©VYfNk}V!_ba>c�kdR5£9qUk�Xyc!ad_�Rha\�\]�T � A�; � A� kdRU�d4 A�; � A
 XZV
fhadlj�hT´VYfNk}V � � ���> � Aj° � � �����5B4XA�°��>egfh]��UXZqh¤Ba>qN]�c^k�VYXyadR �+IB5 �D��� 
 �\]�ly]�V^]�T�k�lylhi�a>RhRh]@i�VYXyadRNT
XZR� E]�VL¬¯]�]�R �9kdRU�®XZV^T�TW[Ni�i�]@TYTYadcuT�kdRU�64¡kdRU�®XZV^T�TW[Ni�i�]@TYTYadcuT�kdRU�®i�a>RhRh]�i�V^T ��V^a/VYfU]
Rha\�\]�ToXZR � A� k�RU�R4�V^a � A
 XyR�kdR/adq\V^XZp«kdlN¬gk|£d�5egfhXyTo¬�XylZl1RhadVoXyRUi�c^]�k>TW]�V^fh]�fhadc^XZ��adR5V^kdl
¬�XZc^]`lZ]�Rh¨�V^f¡ad_ V^fh]wlyk|£>ad[\V@�

�9]�¬�XZlylg[UTW]§VYfhXjT�adqE]�cuk}VYXyadRNTwVYa©i�a>RUTWVYc^[Ui�V�k±fhadc^Xy��adR5Vuk�l3RUadR\¤¥a}xd]�cYljk�qhqUXZRh¨¡V^cY]�]
ad[\V&ad_?D�AK�½QSR©adcu�\]�c�V^a�U¨d[hc^]rad[\Vwa>R²¬�fUXyiuf©Rha\�\]@T�VYa��\a¡VYfNk}V�� ¬o]/i�adRUTWVYc^[Ui�V`VL¬¯a
a�VYfU]�c�ljk|£dad[hV^T � � kdRU� � ¯ a>[\V�a�_ D&��9]¡i�adRNTLV^cY[Ui�V � � a>[\V�ad_�D$TY[Uiuf¦VYfNk}V�¬¯]��h]�ly]�VY]¡c^ad[\V^XZRh¨±Rha\�\]�T�k�RU� i�adRURh]�i�V
¨dcuk�qhf�Rha\�\]@T� �£¡�hXZc^]�i�V ]��h¨d]�T��{«U[hcWV^fh]�c^pradc^]d�Ek�lyl Rha\�\]@T�a�_;�\]�q\VYf�5¯kdcY]wqhljkdi�]���a>R�k
fhadc^XZ��adR5V^kdl1lZXyRh]&k}V�£5¤Si�a�adcu�\XyRUk}V^] ��53kdRU�§VYfh]`��¤Si�a�adcu�\XyRUk}V^]�Tgk�c^] [URUiufUk�RU¨d]��½�Us�[Uiuf�k
TLV^cY]�V^iufh]@�§ljk|£da>[\V�XyTg¨>XZx>]�R¡XZR�«´XZ¨>[hc^]~¬�¬�kU�

u,v

u uv v1 21 2 u uv v1 21 2

u v

y=0

y=−1

y=−2

y=−3
w w’

a) b)

K+LNM lPO O=l ";¸�<¤	��1������ /�
�#vF$0"�sI�;���#��½-�Cv���	p���`v���)������]"����3)
$0"� ��#v~"7�psCzN ��I���/v�!�
"���� ���1��u}¸]T��
	1��)="��/"7���F�
�Cv���	����="��o"7���*)
$0"� ���v��;�����
�*	�"�(*�q)}�;	1���!�;��uIs�"~	1(F"�$!$´"�(*���
�I�#��<�v��+�/"�!$´���
������$0"�sI�;���-!� µ¶"5¸�!	�	1���#mn���

QSR�adcu�\]�c&VYa±fNk�RU�\ly]/Rha\�\]@T&V^fUk}Vrk�c^]/adR©V^fh]�T^k�pr]�qNa5TWXZVYXyadR¦a>R¦VYfh]�qhljk�Rh]��´¬¯]
i�adRNTLV^cY[Ui�V´kdRha�V^fh]�cnlyk|£>ad[\V � ¯ a>[\Vnad_ � �  �£ V^fh]okdlZ¨>adc^XzV^fhpP¨dXyxd]�RwXyRw«´Xy¨d[hc^]�¬ ³ ���²]o�haVYfUk�V� �£!�hXyTYqhljkdi�XyRh¨�Rha\�\]�T´ad_ET^k�pr]oqEa>TYXZVYXyadR� 5£&k`TYp«k�lyl�kdprad[hR5V��`XZR�VYfU]o��¤S�\XycY]@i�VYXyadR �
TW[Uiuf�VYfNk}V�Rha VL¬oa�Rha\�\]�T�kdcY]gk}V�V^fh]�TYkdp�]o��¤BqEa>TYXZVYXyadR�k�_�VY]�c�VYfh]¯VYcuk�RNTL_ba>cYp«k}V^XZa>R½�5�½]�V��
 N]tVYfh]�prXyRhXyp![hp fha>cYXy��a>R>Vuk�lh�\XjTWV^k�RNi�]�¨>cY]@k}VY]�c�VYfNk�RV2w E]�VL¬¯]�]�R«Rha\�\]�T3a�_1VYfh]tlyk|£>ad[\V@�
�«p![UTWVt E]&iufha>TY]�R�TY[}©/i�Xy]�R5VYly£�TYp«k�lylK�UTYa�VYfUk�VtXZ_�krRha\�\] 4§XyTgV^arVYfh]!lZ]�_�Vta�_ �®XZR � � �VYfh]�R&4§XyT¯V^arVYfh]wly]�_�V�ad_��®XyR � ¯ �UegfhXjT�i�k�R¡ E]w¨d[Ukdc^kdR>V^]�]@�/ �£§iufha�a>TYXyRh¨ �'	��
 ³ �\QSR
� ¯ �hqUk}V^fUT�i�k�R¡adRhly£§i�c^a>T^T¯ �£/]��\¨>]�¤Si�c^a>T^TWXyRh¨5T��

«nXy¨d[UcY]~¬�¬� ¡TYfha}¬�Tgk«�\]�Vuk�XylMa�_nVYfh]`V^c^kdRUTL_ba>cYpr]@�§x>]�cuTWXyadR�a�_ V^fh]wljk|£dad[hV¯ad_�«´Xy¨d[hc^]
¬�¬�kU�3QSR V^fh]±ljk|£da>[\V � ¯ �oVYfh]�cY]²k�c^]�Rha VL¬oa�RUa��h]�T§VYfUk�V¡k�c^]�qhljkdi�]�� a>R¢VYfh]©T^k�pr]



» �
� @;M����I@·H7O����CB5S5B�@	�5MC?	
 H�E=G5?;?ÀL
���� G5?5?����	�I@CH�O`D��V_�B7M Z [��IH��NO�����[��IH�������� �

� @;M���[��IH��NO��{\�� �;[��IH��NO��7P	�C^�!
� @;M���[��IH����"�{\�� �;[��IH������$# �C^�!
� \��%�I^�!

� ��&�'

K+LNM lPO �{l <-�~"�$!X;����!����( ���="��n)����Cv��� ���	�"q$0"�sI�;���)( � �;���-���*( � �
qNa5TWXZVYXyadR½�\�tlZl1]��h¨d] i�cYa5TYTYXyRh¨>T3XZR � ¯ k�c^] �\[U]tV^a�i�cYa5TYTYXZRU¨>T�V^fUk}Vg¬¯]�c^]tXyR � � a>coa>c¯�\[U]VYa&Rha\�\]@T�VYfNk}V3¬¯]�c^]�k}V�V^fh] T^k�pr]�lya�i�k}V^XZa>R�XyR � � �5s\[hqhqEa>TY]�VYfUk�V;VYfU]�c^]�k�c^]�Rha\�\]�T ��*a4TW[UiufrV^fUk}V¯]��\¨>]�T (��* � Ay°3k�RU�®B4 *:4XA�°;i�cYa5TYT;XZR � ¯ �>� �UXZq§adqE]�cuk}VYXyadR��+IB5 � ��� 
ta>RRD�AUkdRU�
VYfh]&i�adc^cY]@TWqEadRU�hXZRh¨�iufUk�RU¨d]�XZR�VYfh]&i�adRhRU]�i�V^XZx�XZVL£«XZR � ¯ i�k�R¡ E]w[UTW]@�/V^ar]�lyXZprXyRUk}V^]`kdlZl
i�c^a>T^TWXyRh¨>To¬�XZVYfhXyR�]@�\¨d]@To_bcYa>p �®k�RU� 4rVYa�VYfU]�Xyc�TW[Ui�i�]@TYTYadcuT��5»�]�RUi�]>�hk�lyl1VYfh]wi�c^a>T^TYXZRh¨5T
XZR � ¯ i�k�R¡ E]w]�lyXZprXyRUk}V^]��¡¬�XzV^fhad[hV�XZRUi�cY]@kdTYXZRU¨!V^fh]wfhadc^Xy��adR5Vuk�l1¬�XZc^]`lZ]�Rh¨�V^f�XZR6D A �

�9]§TYfha}¬HVYfUk�V�k}_�V^]�c�i�c^a>T^TWXyRh¨>T`¬¯]�c^]«]�lyXyp�XyRUk�VY]��©XyR � ¯ � � ¯ XjT&fUadc^XZ��adR5V^kdl�RhadR\¤
a}xd]�c^ljk�qhqhXyRh¨N�Ms\[hqhqEa>TY]rVYfUk�V � ¯ XjTwfha>cYXy��a>R5V^k�l�a}x>]�c^lykdqhqhXyRh¨²KTW]�] «´XZ¨>[hcY]�¬@µ>°��negfh]�c^]
]��\XyTWV�TW[Ni�i�]@TYTYadcuToa�_½V^fh]wcYa�adV Ia* �&¬�XZVYf � � ���> IK° � � � ���>��°gXZR � ¯ TY[Uiuf�VYfUk�Vg_badc�TYadpr]
lZ]@k|xd]�T ��*a4ra�_nVYfh]wTY[h \VYc^]�]`�\]�URh]��� �£ I´k�RU� �Pad_½VYfU]`TY[h \V^cY]�]w�\]7URU]��/ �£ �!XzV�fha>ly�hT
VYfUk�V � � ���5(�M° � � �����5 ��° � � �����5[4\°��\egfh]�cY]�k�c^]�qUk�VYfUT3_bcYa>p I½VYa@�n�>_bcYa>p I½VYa�4�kdRU�
_bcYa>p ��VYa �ªVYfUk�V;�\a RUa�V�x�XyTYXzV�V^fh]gcYa�a�V�a�_ � ¯ ��s�XZRNi�] � � ���> �1° � � � ���5 � ° � � �����5[4\°��
VYfh]�qUk}V^f�_bc^adp �«V^a �Hi�cYa5TYTY]�TtadRh]�a�_;V^fh]�a�VYfU]�c�qUk}V^fUT��½s�XyRUi�]�Rha§VL¬oa�Rha\�\]�T�TYfUk�c^]
VYfh]�TYkdp�]�lZa\i�k}VYXyadR®a>R®VYfU]!qhljk�Rh]>�N]@�\¨d]@T i�cYa5TYT��U»t]�RUi�]d�1Xz_�V^fh]�c^]�kdcY]!Rha�i�cYa5TYTYXZRU¨>T�XyR
� ¯ ��VYfU]�R � ¯ XyT3fhadc^XZ��adR5V^kdl�RhadR\¤¥a}xd]�cYljk�qUqhXZRU¨U� D�A\XjT;k�ljTYa�fUadc^XZ��adR5V^kdl\RhadR\¤¥a}xd]�cYljk�qUqhXZRU¨U�
TWXyRUi�]�XzVuT�[hRU�\]�cYly£�XZRh¨�¨dcuk�qhf±fUkdTtVYfh]�TYkdpr]�i�a>RhRh]@i�VYXyx�XzVL£�kdRU��V^fh]�ly]�k|x>]�T k�c^]&qhljkdi�]@�
XZR¡VYfU]&TYkdp�]`a>c^�\]�cgadR�VYfh]wfha>cYXy��a>R5V^k�l1lyXZRU]d�

l r

u w v

K+LNM lPO=�{l <V�1�����-$0"�sI�����+( � mn�
�����-,t"��=v �x"7���n	1�
 � ���	1	1����	p���t�����n���I���#� �N��( � !	'������!9����C�/"�$!$!s�745�+��$r"�)
)�0��X�:����
���~"q)="7�����r���;(.,À ����;	1	1��	�mn�����"q)
"����w�����;( �C�

egfh]wqhc^a5ad_nad_ �  UTY]�c^x}k}VYXyadR �«XyTg¨>XZx>]�R¡ N]�lZa}¬ �
>¯�Y�@� ' � �  UTW]�cYx}k�VYXyadRUT��>kU�  ªk�c^]�]@kdTY£©VYa²xd]�c^XZ_b£d�;s�[hqhqEa>TY]¡VYfUk�V � � � � ? � b§ °��;egfh]�R��0/ �.'1/ �V¥ �H? � ¶§ °��Ms�[hqUqNa5TW]wV^fUk}V � � � � ? � b§ °��Eegfh]�R ��0/ ��' � � ��� ? � b§ °2/



» �

��¥ �H? � b§ °�� �  NTW]�cYx}k}V^XZa>RJ�5i�XyT/qhcYa}x>]�Rª �£ ? � ¶£�§ °�° ? � b§ °&' �����¯ 6 ��	�� < ¶£�§ °
 �*¬@° 8 9 : � ® °}° �����¯ 6 ��	�� < ¶§*°¦ �*¬@° 8 9*: � ®�	�� °9' �����¯ 6 ��	�� < ¶£�§�°�§ °+' ® 6 ����� <¯ �=«´XZRNk�lylZ£>�d¬¯]
TWfha}¬ �  UTY]�c^x|k�VYXyadR �>� �

£ � � b§ °9'
£ �¤¬
£ ° ¬ b£ § °\lZa>¨ � §�°

£ � ¬
¶£ ° ¬|° ¯ b£ § °`°

£ �¤¬
¶£ ° ¬|° ¯  �*¬@° 6 8 9 :�� ®=<[	��

' £ �¤¬
£ ° ¬ b£ § °\lZa>¨ � ¶£�§ °��

£ �¤¬
£ ° ¬ b£ § °´°

£ �¤¬
b£ ° ¬@° ¯ ¶£�§ °

° £ �¤¬
b£�° ¬@° ¯ £² �*¬@° 6 8 9 : � ®4<B	��

' £ �¤¬
£ ° ¬ b£ § °\lZa>¨ � ¶£�§ °`°

£ �¤¬
b£ ° ¬@° ¯ ¶£�§ °]°

£ � ¬
¶£�° ¬@° ¯  �*¬|° 6 8 9*: � ��®4<[	��

� £ � ¬
£ ° ¬ b£ § °´°

£ �¤¬
b£�° ¬|° ¯ ¶£ ° ¬@°� �*¬|° 6 8 9*: � ®4<[	��

'���b£ § °�� £ � ¬
£�° ¬ b£ § °`°

£ � ¬
£ ° ¬  �*¬|° 6 8 9*: � ®4<[	��

'���b£ § °`° ³ ? � ¶§ ° � ³ ? � b§ ° �
£ �¤¬
£ ° ¬ ¶£�§ °]°

£ �¤¬
£ ° ¬  �*¬@° 6 8 9 : � ®4<B	��

'���b£ § °`° ³ ? � ¶§ ° �
£ � ¬
£�° ¬ b§�°  �*¬|° 6 8 9*: � ®4<[	�� °��

£ � ¬
£ ° ¬ ¶£�§ °

° £ � ¬
£ ° ¬  �*¬@° 6 8 9 : � ®4<B	��

'���b£ § °`° ³ ? � ¶§ ° � §;b£�° ¬|° £ �¤¬
£ ° ¬

'���b£ § °��¢¶£ �¤¬|°1§ ° ³ ? � b§ °��

ftpmail@ftp.eccc.uni-trier.de, subject ’help eccc’
ftp://ftp.eccc.uni-trier.de/pub/eccc
http://www.eccc.uni-trier.de/eccc
ECCC
 ISSN 1433-8092



