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687:9�;$<�9�=+> ?@9�A$B�<�C�B�D E�F E GHE�C�F27+B�E�;$>�IKJ$L+<�>+J�J�M NPO1E�7+M+L+Q�B�FP9
Q�J$R2=+S�B�C�BHF�L+I+;$<�9�=+>�J�GUTPVW;$<�9�=+>�E�F E GXE�C�M+J�B�F17+J$C�Q�J$7�C�9�E�7�9�F19�7
E�7+M+L+Q�B�M�F�L+I+;$<�9�=+>
9YQ�>+J$<�M+S�B�F�F1Q�Z�Q�S�B1J�G[S�B�7+;$C�>�9�C�S�B�9�F�C@G"J$L+<YN"9 O�T2V:G89�R2J$L+F
C�>+B�J$<�B�R\J�G0]@E�<�9�Q@^ 5�_+F�C�9�C�B�F4C�>K9�C`B�A$B�<�Z1C�<�E�9�7+;$L+S�9�C�B�M1;$<�9�=+>H>K9�FX9[F�E�R2=+S�E�Q�E�9�S�A$B�<�C�B�DaT
baB�C2L+FP9�S�F�J
F�9�ZcC�>K9�CP9�A$B�<�C�B�DWE�F E GHE�C�Fd7+J$7�e87+B�E�;$>�IKJ$L+<�FYG"J$<�Rf9�7
E�7+M+B�=KB�7+M+B�7�CYF�L+I+F�B�CYJ�G�A$B�<�C�E�Q�B�F�?[9�7+M
C�>K9�CY9P;$<�9�=+>
E�F E G@E�C1M+J�B�F
7+J$CHQ�J$7�C�9�E�7�C�>+B2Q�J$R2=+S�B�RYB�7�C�J�G�9dQ�>+J$<�M+S�B�F�F1Q�Z�Q�S�B2J$7
9�CHS�B�9�F�CHG"J$L+<HA$B�<�C�E�Q�B�FPN"9�7

O�Td]@E�<�9�Q$g F�C�>+B�J$<�B�RhF�9�Z�FHB�i�L+E�A$9�S�B�7�C�S�ZPC�>K9�CHB�A$B�<�Z�Q�J�e8C�<�E�9�7+;$L+S�9�C�B�M�;$<�9�=+>
>K9�F29�Q�J�e8F�E�R2=+S�E�Q�E�9�S[A$B�<�C�B�DaT\j@L+<d=+L+<�=KJ$F�B�E�FYC�J
E�7�A$B�F�C�E�;�9�C�BPC�>+BPS�9�<�;$B�<2Q�S�9�F�F2J�G
;$<�9�=+>+F�?`k[>+E�Q�>
kXB2k[E�S�S4Q�9�S�S[l+m�?0M+B�nK7+B�M:9�FHG"J$S�S�J�k[F�o19d;$<�9�=+> E�F1E�7
l+mpE G�9�7+M
J$7+S�ZYE G`B�A$B�<�ZPE�7+M+L+Q�B�MdF�L+I+;$<�9�=+> >K9�F�91A$B�<�C�B�Ddk[>+E�Q�>dE�F[B�E�C�>+B�<@F�E�R2=+S�E�Q�E�9�S+J$<@Q�J�e
F�E�R2=+S�E Q�E�9�S0E�7 T2q[>+BY=+<�J$I+S�B�R�J�G[Q�>K9�<�9�Q�C�B�<�E�r�E�7+;�C�>+BYQ�S�9�F�F1l+m\k[9�F�<�9�E�F�B�M
E�7c^ s�_
N�k[>+B�<�B@C�>+B�F�B@;$<�9�=+>+F[9�<�B[Q�9�S�S�B�M t$F�B�B1^¬��_"O`9�7+MYE�7P^ u�_4N�k[>+B�<�B@C�>+B�Z
9�<�B�Q�9�S�S�B�M O�T
l�L+=+=KJ$F�B�C�>K9�CvE�F[9H;$<�9�=+>2E�7dl+mW9�7+M2>K9�FwA$B�<�C�E�Q�B�F�T[l�J1C�>+B�<�B�B�D�E�F�C�F@9�72J$<�M+B�<�B�M
F�B�i�L+B�7+Q�B x J�G�E�C�FHA$B�<�C�E�Q�B�FYF�L+Q�>cC�>K9�C�?0G"J$<1B�A$B�<�Zy?4A$B�<�C�B�D E�F
F�E�R2=+S�E Q�E�9�SXJ$<2Q�J�e8F�E�R2=+S�E�Q�E�9�SXE�7:C�>+BPE�7+M+L+Q�B�MWF�L+I+;$<�9�=+> x ^ _�t
9�Q�Q�J$<�M+E�7+;$S�ZdkXBYF�9�ZPC�>K9�C E�FH9dm4e8A$B�<�C�B�D�J$<H9�7�l$e8A$B�<�C�B�D�E�7 N�F�J$R2BY9�RYI+E ;$L+E�C8Z
Rd9�Z�9�<�E�F�B[9�F49@A$B�<�C�B�D1Q�9�71IKB[IKJ$C�>1F�E�R2=+S�E Q�E�9�S�9�7+MHQ�J�e8F�E�R2=+S�E�Q�E�9�S�O�TKz�BXQ�9�S�S+9�7�ZHF�L+Q�>
9�7 G"J$<{T0|@J$C�B[C�>K9�CXC�>+B@B�D�E�F�C�B�7+Q�B�J�GaF�L+Q�>d9�F�B�i�L+B�7+Q�B
Q�>K9�<�9�Q�C�B�<�E�r�B�FHC�>+BHQ�S�9�F�F�l+m�tKE�7+M+B�B�M0?KE G E�F�9�7�Z2E�7+M+L+Q�B�M�F�L+I+;$<�9�=+>PJ�G 9�7+M}E�F
C�>+BXF�Rd9�S�S B�F�C0E�7+M+B�DHk[E�C�>H<�B�F�=KB�Q�CXC�JwF�L+Q�>1C�>K9�C ?�C�>+B�7 E�F49�S�F�J@9@F�E�R2=+S�E Q�E�9�S
J$<@Q�J�e8F�E�R2=+S�E�Q�E�9�SaA$B�<�C�B�DPJ�G~TH�+<�J$R�C�>+BY9�S�;$J$<�E�C�>+R2E Q�=KJ$E�7�C@J�G[A�E�B�kH?KE�C@E�F�B�9�F�ZPC�J
M+B�C�B�<�R2E�7+BHE G[9YA$B�<�C�B�DPE�F@F�E�R2=+S�E�Q�E�9�SaJ$<@Q�J�e8F�E�R2=+S�E�Q�E�9�S"?�C�>�L+F�C�B�F�C�E�7+;dR2B�RYIKB�<�F�>+E�=dE�7
C�>+B�Q�S�9�F�F@l+mW9�7+M2nK7+M+E�7+;Y9�7Pl+m:B�S�E�R2E 7K9�C�E�J$7YF�B�i�L+B�7+Q�B1E�F[91=KJ$S�Z�7+J$R2E�9�S+C�9�F��aT
� E�A$B�7Y9�7Yl+m
B�S�E�R2E�7K9�C�E�J$7HF�B�i�L+B�7+Q�B�?$9 E�7�E�FX9�7YE�7�C�B�;$B�<�F�L+Q�>2C�>K9�C E�F
9�7Yl$e8A$B�<�C�B�DY9�7+M E�F49�m4e8A$B�<�C�B�D1E�7y?�J$<4A�E�Q�B�e8A$B�<�F�9+T[V�;$<�9�=+>1E�7Yl+m�Rd9�ZH9�M+R2E�C
Rd9�7�Z1M+E �aB�<�B�7�C�l+mWB�S�E�R2E 7K9�C�E�J$7YF�B�i�L+B�7+Q�B�F�?09�7+MdC�>+B�ZdM+JY7+J$C[7+B�Q�B�F�F�9�<�E�S�ZP>K9�A$B�C�>+B
F�9�R2B07�L+RYIKB�<aJ�G�F�k[E�C�Q�>+B�F�T`|�9�C�L+<�9�S�S�Z�?�F�B�i�L+B�7+Q�B�F`k[E�C�>�C�>+B`G"B�kXB�F�C0F�k[E�C�Q�>+B�F49�<�B4R2J$<�B
E�7�C�B�<�B�F�C�E�7+;KT`]@B�nK7+B@l+m�9�F4C�>+B[Q�S�9�F�F`J�G0l+m�;$<�9�=+>+F4k[>+E�Q�>Y9�M+R2E�C09�7Yl+m
B�S�E�R2E 7K9�C�E�J$7
F�B�i�L+B�7+Q�B1k[E�C�>�9�C[R2J$F�C�F�k[E�C�Q�>+B�F�T@l�J2kXBH>K9�A$BHl+m l+m N�kXBHk[E�S�SaF�B�B1E�7
q[>+B�J$<�B�R�s1C�>K9�C[C�>+B�F�B1E�7+Q�S�L+F�E�J$7+F[9�<�B19�S�SKF�C�<�E�Q�C�O@9�7+MPl+mWx l+m �WT
�0E�7+M+E�7+;d92F�B�i�L+B�7+Q�Bdk[E�C�>�92R2E�7+E R1L+R�7�L+RYIKB�<@J�G[F�k[E�C�Q�>+B�F1E�F�B�9�F�Zao@nK<�F�C1<�B�R2J�A$B
F�E�R2=+S�E Q�E�9�S$A$B�<�C�E�Q�B�FX9�F4S�J$7+;�9�F`J$7+B[Q�9�7HnK7+M29�7�Zat�C�>+B�7Y<�B�R2J�A$B4Q�J�e8F�E�R2=+S�E�Q�E�9�S$A$B�<�C�E�Q�B�F
G"<�J$R�C�>+B1<�B�Rd9�E�7+E�7+;1;$<�9�=+>�9�F@S�J$7+;29�F@J$7+B1Q�9�7dnK7+M�9�7�Z�?+B�C�Q$T�q[>+E�F@E�F�9�7PJ$=+C�E�Rd9�S
=+<�J�Q�B�M+L+<�B2IKB�Q�9�L+F�BdE G[9dA$B�<�C�B�D E�F�F�E�R2=+S�E�Q�E�9�SXN�<�B�F�=0T0Q�J�e8F�E�R2=+S�E�Q�E�9�S�O[E�7 C�>+B�7�E�C
<�B�Rd9�E�7+FKF�E�R2=+S�E�Q�E�9�S�N�<�B�F�=0T�Q�J�e8F�E�R2=+S�E Q�E�9�S�O�k[>+B�7+B�A$B�<X9�7�Z@7�L+RYIKB�<aJ�G+A$B�<�C�E�Q�B�F4M+E �aB�<�B�7�C
G"<�J$R >K9�A$B1IKB�B�7�<�B�R2J�A$B�M0T@q[>+E�F@=+<�J�Q�B�M+L+<�B2Q�9�7PIKBY9�=+=+S�E�B�MPJ$7�9�7�Zd;$<�9�=+> x
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F�L+Q�Q�B�B�M+FPE�7:B�S�E�R2E 7K9�C�E�7+;�9�S�S@C�>+BPA$B�<�C�E�Q�B�F�?�C�>+B�7WC�>+BP7�L+RYIKB�<2J�GHF�k[E�C�Q�>+B�FdE�7:C�>+B
<�B�F�L+S�C�E�7+;YB�S�E�R2E 7K9�C�E�J�7YF�B�i�L+B�7+Q�BYE�FXQ�B�<�C�9�E�7+S�Z2C�>+BHF�Rd9�S�S�B�F�C®F�L+Q�>dC�>K9�C E�F[E�7dl+m\T
q`B�F�C�E�7+;@E G09@A$B�<�C�B�D1E�F`F�E�R2=+S�E�Q�E�9�SKN�<�B�F�=0T$Q�J�e8F�E�R2=+S�E�Q�E�9�S�OKQ�9�7YIKBXM+J$7+B[E�71C�E�R2B4j1N O�T
q[>�L+F@C�>+BY9�IKJ�A$B�B�S�E�R2E�7K9�C�E J$72=+<�J�Q�B�M+L+<�BYQ�9�7�IKBHM+J$7+B1E�7dC�E�R2BHj1N O�T@68C[G"J$S�S�J�k[F
C�>K9�CHC�B�F�C�E�7+;�R2B�R1IKB�<�F�>+E�=�E�7�C�>+BdQ�S�9�F�FYl+m¯9�7+M
E�7�B�9�Q�>
Q�S�9�F�F2l+m�E�F1F�J$S�A$9�I+S�BYE�7
=KJ$S�Z�7+J$RYE�9�S+C�E�R2B$T
mXS�B�9�<�S�Z�?�l+m�E�F4C�>+B[Q�S�9�F�FXJ�Ga;$<�9�=+>+F4C�>K9�CX9�<�B@C�<�E�9�7+;$L+S�9�C�B�M1J$<4Q�J�e8C�<�E�9�7+;$L+S�9�C�B�M0T`j@7+B
J�GaJ$L+<`E�7+E�C�E�9�S�i�L+B�F�C�E�J$7+F4k[9�F4k[>+B�C�>+B�<[l+m�E�F4B�i�LK9�S+C�J1l+mhG"J$<4F�J$R2B`nKD�B�M{N�=KB�<�>K9�=+F
G"J$<fx`��O�T`68C[C�L+<�7+F[J$L+C[C�>K9�C[C�>+E�F[E�FXG89�S�F�B$t�C�>+BH9�7+F�kXB�<@E�F[;$E�A$B�72E�72q[>+B�J$<�B�R�+T
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T`ßXL+C@baB�R2Rd9��@C�>+B�<�BHE�F[91A$B�<�C�B�D C�>K9�C[F�B�B�F@IKJ$C�> T0|@J�k
E�7+M+L+Q�B�C�>+B�M+B�F�E�<�B�MPF�i�LK9�<�B$T

 5
5

V4F�F�L+R2B[E G0=KJ$F�F�E�I+S�B@C�>K9�C4C�>+B�<�BH9�<�B@C�>+<�B�B�M+E�F�C�E�7+Q�C4F�B�C�F[J�G0A$B�<�C�E�Q�B�FU?~9�7+M
?KB�9�Q�>�E�7+M+L+Q�E�7+;d9d5 E�7 F�L+Q�>�C�>K9�C 9�7+M 9�<�B1B�M+;$B�FHJ�Gñ? 9�7+M
9�<�B�B�M+;$B�F@J�Gñ?K9�7+M 9�7+M 9�<�B�B�M+;$B�F@J�G{T

x T¶q[>+B�7 RYL+F�CYR2B�B�C E�7 F�E�7+Q�B x
N�J$C�>+B�<�k[E�F�B x O�T4q[>+E�F[E�R2=+S�E B�FÙx ?+9HQ�J$7�C�<�9�M+E�Q�C�E�J$70T

x 9�7+M
F�E�R2E�S�9�<�S�Z xòT�l�E�7+Q�B RYL+F�C
R2B�B�C E�7c9�7cB�M+;$B$?[kXBdRYL+F�C1>K9�A$B x T:q[>�L+F E�7+M+L+Q�B�9� ?[9
Q�J$7�C�<�9�M+E�Q�C�E�J$70T

q[>+B@G"J$S�S�J�k[E 7+;HS�B�R2R29�E�F[C�<�E�A�E�9�Sa9�7+MdF�JYkXB�J$R2E�C4C�>+B�=+<�J�J�G�T

 5
5 

T1ßXZ�E�7+M+L+Q�C�E�J$7�J$7�C�>+BY7�L+RYIKB�<�J�G[A$B�<�C�E�Q�B�F�Tdq[>+BYE�7+M+L+Q�C�E�J$7�>�Z�=KJ$C�>+B�F�E�FY9�S e
S�J�k[F[L+F�C�JP9�F�F�L+R2BHC�>K9�C E�F@R2E�7+E�R29�Sa7+J$7�e�l+m�TK6"G E�F@7+J$C�Q�J$7+7+B�Q�C�B�M�C�>+B�7�B�9�Q�>
Q�J$R2=KJ$7+B�7�CÙJ�G}RYL+F�C4Q�J$7�C�9�E�7d9HF�i�LK9�<�B$?$G"J$<XJ$C�>+B�<�k[E�F�B Q�J$7�C�9�E�7+F[9HF�E�R2=+S�E Q�E�9�S

This paper appeared in: Discrete Applied Mathematics 138 (2004), 117-132



þ

Ç�È`��ÉK�����57

� â
â

â

ìJï �
�

� �

�
�

å �
�

å å

å
ä å äå ä å

� �
�

� � � 	 ì� � �p�}�
� � �p�~�

��ìò� �

�
� é �

� & � � � ��� & �
� �

í � í � � ��� & � &?� � 	�&� & �
� é ë é

� �
� � ë �

� �
�

� � ��� �
& � � � �

& � 	 �
� 	�&+	 � 	�	 é �
� � � �
� � � � �

�
� �

� � �
� �

� �

/ ��� ' Õ�ð

/ ��� ' Ö ð

� ª '�! £d# * # , ' ���  £��1��#+���1���X��&  � '� *�§ �P� *�,  "! ���$#$%$&$���  "'�( % ! ��� ) � * # ,
 �$��#����2� *�, �������������������0ª '�!� "'�« ¨

Ò ! *�*�§

/ ��� ' Õ�ð

/ ��� ' Ö ð

/ ��� ' × ð

��ô

A$B�<�C�B�DPk[>+E�Q�>P<�B�Rd9�E�7+F@F�E�R2=+S�E�Q�E�9�SaE�7ÙT�ßXL+C�C�>+B�7 kXJ$L+S�Md>K9�A$B1C8kXJ2Q�J$R2=+S�B�C�B�S�Z
M+E�F�·�J$E�7�C4F�i�LK9�<�B�F�?a9HQ�J$7�C�<�9�M+E�Q�C�E�J$70T4l�JK?�kXBHRd9�ZY9�F�F�L+R2B@C�>K9�C E�F[Q�J$7+7+B�Q�C�B�M0T
|@J�kH?�F�L+=+=KJ$F�B@C�>K9�C�Q�J$7�C�9�E�7+F49@Q�S�E�i�L+BXQ�L+C�F�B�C{T`baB�C IKB[C8kXJ@Q�J$R2=KJ$7+B�7�C�F`J�G

T`6"Gy^ _aM+J�B�F[7+J$CXQ�J$7�C�9�E�7d9HF�i�LK9�<�B�C�>+B�7dI�Z2]@E�<�9�Q$g FXC�>+B�J$<�B�R�?$C�>+B�<�BHE�F
9�F�E�R2=+S�E�Q�E�9�S�A$B�<�C�B�D2E�7 9�7+M2C�>+E�FXA$B�<�C�B�D2<�B�Rd9�E�7+F4F�E�R2=+S�E�Q�E�9�S+E�7�T`q[>�L+Fñ^ _
RYL+F�C4Q�J$7�C�9�E�7d9HF�i�LK9�<�B$tK9�7+M2F�E�R2E�S�9�<�S Z�?f^ _0RYL+F�C4Q�J$7�C�9�E�7d9HF�i�LK9�<�B$TXl�E�7+Q�B
E�F�9YQ�S�E�i�L+B$?KC�>+B�F�BYC8kXJ2F�i�LK9�<�B�FHQ�9�7+7+J$C�R2B�B�C@E�7�9Y7+J$7�e8B�M+;$B$?09YQ�J$7�C�<�9�M+E�Q�C�E�J$70T�z�B
Rd9�Z19�F�F�L+R2B�C�>K9�C Q�J$7�C�9�E�7+F[7+JYQ�S�E�i�L+B�Q�L+C�F�B�C�T

Q�J$7�C�9�E�7+F[7+Jd TXßXZPbaB�R2Rd9Hô+?K9�S�S g F[R2B�B�C[E�7dC�>+B1F�9�R2B@7+J$7�e8B�M+;$B
Tdz�BYRd9�ZP9�F�F�L+R2B1C�>K9�C Q�J$7�C�9�E�7+F19 t`J$C�>+B�<�k[E�F�B E�FHC�<�E�9�7+;$L+S�9�C�B�M

9�7+MYkXB@9�<�B[M+J$7+B$T`ßXZ2baB�R2R29@u+?$kXB[Rd9�ZH9�F�F�L+R2B[C�>K9�C4B�9�Q�>2A$B�<�C�B�D�J�G~S�E�B�F4E�729
F�i�LK9�<�B°NPO�T[l�E�7+Q�ByNPO[RYL+F�C[R2B�B�C 9�C ?yRYL+F�CXF�B�BHIKJ$C�> T4ßXL+C@C�>+E�F
E�R2=+S E�B�F4C�>K9�Cè9�7+Mò9�<�BHQ�J$F�E�R2=+S�E Q�E�9�SKE�7}T

Q�J$7�C�9�E�7+FH9d TYbaB�C IKBYC�>+BYF�B�C1J�GXA$B�<�C�E�Q�B�F1E�7+M+L+Q�E�7+;dC�>+E�FH E�7
T0ßXZPbaB�R2R29Hu1B�A$B�<�ZdA$B�<�C�B�D2E�7 S�E�B@E�7P9HF�i�LK9�<�B$?KI+L+C[I�ZdbaB�R2R29Hõ1C�>+B�<�BHE�F[7+J
J$C�>+B�<[F�i�LK9�<�BHE�7}?�E�B$T}x TòE�F[Q�S�B�9�<�S�ZYE�7Pl+m�T
q[>+B[G"J$S�S�J�k[E�7+;�C�>+B�J$<�B�R�k[9�FXL+F�B�MdC�JY=+<�J�A$B@q[>+B�J$<�B�R�Ü+T068C[E�FX7+J$CX7+B�B�M+B�M�9�7�Z�R2J$<�B
I+L+C4E�CXF�B�B�R2F4C�J1IKB@E�7�C�B�<�B�F�C�E�7+;1E�7YE�C�FXJ�k[7Y<�E�;$>�C�?�9�F4E�CX>K9�F4F�J$R2B[J$C�>+B�<XQ�J$7+F�B�i�L+B�7+Q�B
IKB�S�J�kHT

TPmXJ$7+F�E�M+B�<Y9d7+J$7�e8B�R2=+C8ZPR2E�7+E�R29�S`Q�L+C�F�B�C E�7
9dQ�J�e8C�<�E�9�7+;$L+S�C�B�M�;$<�9�=+> T
z�B@L+F�BHE�7+M+L+Q�C�E�J$72J$7dC�>+B�7�L+RYIKB�<[J�G`A$B�<�C�E�Q�B�F@E�7}T

x T`l�E�7+Q�B[9�C`R2J$F�C0J$7+BXQ�J$R2=KJ$7+B�7�C0E�F`7+J$7�C�<�E�A�E�9�S$E�7 ?�E G�E�F`7+J$C
Q�J�e8F�E�R2=+S�E Q�E�9�S"?$kXBHRYL+F�C[>K9�A$BH9�7dB�M+;$B E�7dJ$7+BHQ�J$R2=KJ$7+B�7�C[J�G k[E�C�>v7+J$C
9�M�·�9�Q�B�7�CXC�JYIKJ$C�>ò9�7+M�T`|@J�kWE G�E�F[917+B�E�;$>�IKJ$<XJ�G{E�7d9�7�Z2J$C�>+B�<[Q�J$R2=KJ$7+B�7�C�?
C�>+B�7 E�7+M+L+Q�BH9Y5 E�7ò?+9HQ�J$7�C�<�9�M+E�Q�C�E�J$70T

E�FXC�>+B4·�J$E�72J�G0C8kXJ1=K9�<�C�F�?+F�9�Z 9�7+M T4l�E�7+Q�B <�B�Rd9�E�7+FX9HR2E�7+E�RY9�S
Q�L+C�F�B�CYE�7 ?4I�Z�E�7+M+L+Q�C�E�J$7 Q�J$7�C�9�E�7+FY9PQ�J�e8F�E�R2=+S�E Q�E�9�S4A$B�<�C�B�D
E�7
k[>+E�Q�>2<�B�Rd9�E�7+FXQ�J�e8F�E�R2=+S�E�Q�E�9�S+E�7}T

E�F1Q�J$7+7+B�Q�C�B�M0Tcl�E�7+Q�B E�FHkXB�9���S�Z�C�<�E�9�7+;$L+S�9�C�B�M0?`I�Z
baB�R2R29^�$?`B�9�Q�>
Q�J$R2=KJ$7+B�7�CYJ�G >K9�Fd9�A$B�<�C�B�D�·�J$E�7+B�McC�Jc9�S�S@C�>+B�A$B�<�C�E�Q�B�FdJ�G~T¶6"G1B�A$B�<�Z
Q�J$7+7+B�Q�C�B�M:Q�J$R2=KJ$7+B�7�CYJ�G E�FYC�<�E�A�E�9�S8?4C�>+B�70?[I�Z�C�>+BPE�7+M+L+Q�C�E�J$7c>�Z�=KJ$C�>+B�F�E�F
>K9�F29PQ�J�e8F�E�R2=+S�E�Q�E�9�S4A$B�<�C�B�Da?[k[>+E�Q�>
Q�S�B�9�<�S�Z
E�FY9�S�F�J�Q�J�e8F�E�R2=+S�E�Q�E�9�S4E�7 T
6"G�J$7+B
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Q�J$R2=KJ$7+B�7�C J�G E�F�7+J$7�e8C�<�E�A�E�9�S8?K=+E�Q���9dA$B�<�C�B�D ·�J$E�7+B�M�C�JP9�S�S4J�Gñ?
9�7+M
Q�J$7+F�E�M+B�<YC�>+Bd;$<�9�=+> T
6"G Q�J$7�C�9�E�7+FY9P7+J$7+B�R2=+C8Z�R2E�7+E�R29�S4Q�L+C�F�B�C2J�G

?KC�>+B�7PI�Z2C�>+BHE�7+M+L+Q�C�E�J$7d>�Z�=KJ$C�>+B�F�E�F@E�C@9�S�F�JYQ�J$7�C�9�E�7+F@91Q�J�e8F�E�R2=+S�E�Q�E�9�SKA$B�<�C�B�Da?
k[>+E�Q�>1E�FX9�S�F�J�Q�J�e8F�E�R2=+S�E�Q�E�9�S$E�7~T0z�B[Rd9�ZH9�F�F�L+R2BX7+J�k
C�>K9�C E�F4M+E�F�Q�J$7+7+B�Q�C�B�M
k[E�C�>�B�D+9�Q�C�S�ZPJ$7+BY7+J$7�e8C�<�E�A�E�9�S`Q�J$R2=KJ$7+B�7�C�T1q[>+E�F�7+J$7�e8C�<�E�A�E�9�S`Q�J$R2=KJ$7+B�7�C�Q�J$7�C�9�E�7+F
9�S�S0A$B�<�C�E�Q�B�F1J�G 9�7+M�=KJ$F�F�E�I+S�ZPF�J$R2BHA$B�<�C�E�Q�B�F1J�G{T1baB�C IKBYC�>+B1F�B�CHJ�G@9�S�S
E�F�J$S�9�C�B�MHA$B�<�C�E�Q�B�FXE�7 T`|@J�k E�F49@R2E�7+E�RY9�S$Q�L+C�F�B�CXJ�G T`ßXZHC�>+B[E�7+M+L+Q�C�E�J$7
>�Z�=KJ$C�>+B�F�E�F Q�J$7�C�9�E�7+F192Q�J�e8F�E�R2=+S�E�Q�E�9�S0A$B�<�C�B�Da?`k[>+E�Q�>�E�F19�S�F�JdQ�J�e8F�E�R2=+S�E�Q�E�9�S0E�7vT

V�;$<�9�=+>HE�F ^ �_KE GKE�C`9�M+R2E�C�F`9[S�E�7+B�9�<`J$<�M+B�<�E�7+;
J$7YE�C�F4A$B�<�C�E�Q�B�FXF�L+Q�>2C�>K9�C�?�G"J$<4B�A$B�<�ZYE�7+M+L+Q�B�M2F�L+I+;$<�9�=+> J�GÛ?$C�>+B@;$<�B�B�M+ZYQ�J$S�J$L+<8e
E�7+;Y9�S�;$J$<�E�C�>+R�9�=+=+S�E�B�M2J$7 9�S�J$7+;1C�>K9�C@J$<�M+B�<�E�7+;Y=+<�J�M+L+Q�B�FH9�7dJ$=+C�E�Rd9�S+Q�J$S�J$L+<�E�7+;
J�G[C�>+B2A$B�<�C�E�Q�B�FYJ�G}TPl�L+Q�>c9�7�J$<�M+B�<�E�7+;PE�FHQ�9�S�S�B�M
9 T�V

E�7�9Y;$<�9�=+> E�F�9�7�ZdF�L+I+F�B�CHJ�G4A$B�<�C�E�Q�B�F F�L+Q�>�C�>K9�C�B�A$B�<�ZPA$B�<�C�B�DPE�7
B�E�C�>+B�<@F�B�B�FH9�S�SaA$B�<�C�E�Q�B�F�J�G~J$<@R2E�F�F�B�F@9�S�SaA$B�<�C�E�Q�B�F�J�G±TXq[kXJYF�E�R2=+S�B[G89�Q�C�F

9�<�B�kXJ$<�C�>d<�B�Q�9�S�S�E�7+;Ko
Nf��O

687+M+B�B�M0?�E�CXF�L�à2Q�B�F[C�JHC�9��$B�9�7�Z1=KB�<8G"B�Q�C[J$<�M+B�<�E�7+;1J�G
9�7+M
C�J�9�M+M S�9�F�C1C�J�J$I+C�9�E�7
9P=KB�<8G"B�Q�C2J$<�M+B�<�E�7+;�J�GóT
baE��$B�k[E�F�B$?

Ø`L+C�C�E�7+;�nK<�F�CH9�7+MdC�>+B�7�9�M+M+E�7+;29Y=KB�<8G"B�Q�C�J$<�M+B�<�E�7+;2J�G Z�E�B�S�M+F�9
=KB�<8G"B�Q�C@J$<�M+B�<�E�7+;YJ�G°T
N"5$O

^Y_
687+M+B�B�M0?+C�9���E�7+;Y9�7�Z2=KB�<8G"B�Q�C@J$<�M+B�<�E�7+;YJ�G 9�7+Md<�B�=+S�9�Q�E�7+;1C�>+BHA$B�<�C�B�D

<�B�=+<�B�F�B�7�C�E�7+; I�ZdC�>+BHA$B�<�C�E�Q�B�F�J�G~;$E�A$B�7PE�7P91=KB�<8G"B�Q�C�J$<�M+B�<�E�7+;2J�G{^Y_`Z�E�B�S�M+F�9
=KB�<8G"B�Q�C@J$<�M+B�<�E�7+;YJ�G°T

z�B@Rd9�ZY9�F�F�L+R2B@C�>K9�C E�FXQ�J$7+7+B�Q�C�B�M�9�7+M2C�>K9�C[E�CX>K9�FX7+JYF�E�R2=+S�E Q�E�9�S+J$<[Q�J�e
F�E�R2=+S�E Q�E�9�S�A$B�<�C�B�D�?�G"J$<XJ$C�>+B�<�k[E�F�B@kXB@Q�9�7d9�M+M~C�J19�7�Z1=KB�<8G"B�Q�C[J$<�M+B�<�E�7+;1J�G ?
<�B�F�=KB�Q�C�E�A$B�S�ZPS�9�F�C@J$<@nK<�F�C�?09�F@E�7dG89�Q�C1Nf��O@9�IKJ�A$B$T�l�J2B�A$B�<�ZPR2E�7+E�R29�SKQ�L+C�F�B�CHJ�G E�F
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