
���������
	��
� ������������������������ ��!�"�#$� %�&��' ")(�*,+.-/!�0213!�")�'-��4"5-/67� �98:�)&�6�� �;*,+ <�-/!70=&�>?".��@
A?�
�B"
>?�
���'��CD E�F(�-/�;�:G�&��'0H-I! JK&ML��
*N6O���.��P�Q:R�����S

TVUXWOYKZV[K\^]�UX_a`cbd[Xegf

[ TVYhW�ijUX_�kmlonpUqi�Z

r:str uwvyx{zy|�}:~h�txH�
�=>?�H�O&�+
��")(�-I"��y��-/�)��%� L���!�"
(?��!?��"3�q&��
	�&��.�� %�>?�
������")&����
Q���(H���
�o"
(?��!
>�*N6O���
+� !�0? ���-/")�
��-/��-��� "5 ��+'Q�")(�-I". +'Q�"
(?��-�*,&�>H!
"�&O�H�H&M��")(�-I".��-I!�%�&�")(H�)&�>H%�(�"
(?���
0M%��� !�>?!� "�"' E*,�;�������. +
(
")&��H!�02")(H��*$-/�� E*N>7*a-�*,&�>?!�"�&����H&'��"
(7-/".��-/!�%�&�"
(?�
&�>?%�(�")(� +N!?��"3�q&��
	�Q����
&�*��N")&����

S
T

A C

B D

5

2

1

2
1

2

5

3

3

S
T

A C

B D

5

2

1

2
1

2

5

3

3

2

S
T

A C

B D

5

2

1

2
1

2

5

3

3

S
T

A C

B D

5

2

1

2
1

2

5

3

3

2

2

�g %�>H�
������CD-I�w�H&'�.�
  (� +��H�
&�6�� �
*¡��-/!¢-�� +
&£6O���
�;0=>7�4�;0�"
&��E !H�;-/���?�
&�%��'-�*�*� !?%O�¤����(�-
L���-D!H&�!H!H��%O-I"' L��

L?-I�' E-/67� �¥�¦&��h�
-��t(9�
0M%��;Q��
���?�
��+
��!�"5 !H%§"
(?�X�?&M��")(H�)&�>H%�(�")(� +y�
0M%��;�   (H��+
�XL�-/�' E-/67� ��+,-I�
�¥0=��!H&�")�;0
¨/©�ª «;¬�¨ ©/ª ­ ¬�®�®�® ����(7-¯L���"B�y&�	� !�0M+N&��°�4&�!H+
")�'-� !
"
+'�

±�²¯³�´�³;²5µ·¶¹¸ �B&�!?+
"
�5-� !�")+q+¯>7�t(o-/+ ¨/©�ª «§º S.�
-�"
&�"'-��;&��:»�+
>��F(��4&�!H+
")�'-� !
"
+'Q;&�!H�$�¦&��q�
-��t(��
0=%��
�)Q
-I!�0

±½¼N¾;¿£²¯¾;À�Á¯Â5ÃIÄ'³�¶FµÅ¾;À �B&�!?+
"
�'-� !�")+���&�!H�$��&��Æ�;-��F(½!?&�0=�����Ç�4���H"È��-/!70.�/�
Q;+
>��F(�-I+ ¨ «=ª ÉhÊ ¨ ­¯ª É�Ë
¨ ÉMª Ì Ê ¨ É'ª Í �)-,")&�"5-���&���Î�+
>7�t(Ï�B&�!H+
")�'-� !
"
+'�)�



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û R

���Ü�. +
(�")&�*$-/�� E*� Ý�� ¨ ©/ª « Ê ¨ ©/ª ­/Qy"
(?�{-�*,&�>H!�"9&��y�H&'�Þ")(�-/"D� �;-¯L���+o�'Qy+
>H6�ß·�;�4"9")&�"
(?��+
�
�B&�!H+
")�'-� !
"
+'��13"X +K�
-/+
�¥")&§+
����"
(7-/"K"
(7 +��E !H�;-/�K�H�
&�%��5-�*à +h�;á5>� L�-�� ��!
"K"
&�"
(?�¥*$-/��â¹�H&'���?�
&�67� �;*��
  (?��+' �*,�7� ����*,��"
(?&�02�q&�>��E0��4&��
�
�;�4"5� �w+
&O� L��9 "5�

1B!�%���!H���'-��EQ��q��-/�)�§%� L���!Ï-�ã3!H��"3�q&��)	�ä,"
(7-/". +NßÅ>?+¯".-�0H �
�;�4")�
02%��5-/�H(Ïå�Ëc�)æ ¬�ç ���. ")(Ü"3�q&
+
�è�;�� E-���L����
"5 E�4��+,� ¬ �/Q;+
>7�t(�")(�-I",�y(�-I+q&�!�� �$&�>H")%�&� !?%.�
0M%���+,-/!�0È�g(�-I+y&�!7� �� !7�4&�*� !?%.�;0=%���+'QO-/!�0
-$��-I��-��� "B�oé4ê ª ë -I+
+
&��� �-I"
�;0¥"
&$�
-��t(��
0M%��9�·ì ¬Bí �Kî ç �   (H��!�")(H�9*�-I�� E*N>�*ï�H&M�à !�")(H�È!H��"B�y&��
	
 +N")(H��+
&�� >H"5 &�!�&O��")(H���¦&���� &M�§ !?%��� !?�
-I�N�?�
&�%��'-�*�Q�(7-¯LÇ !?%�-,L?-I�' E-/67� � ¨ ê ª ë �¦&�����L����
�w�;0=%��;�

*�-/�Ç �*� Ý�� ë'ð ñ�©/ª ë'òÅó�ô ¨ ê ª ë
+
>H6:ßÅ�;�4"�")&

¨ ê ª ë º é ê ª ë �¦&�����L����)����ì ¬Bí �Kî ç
ê ð ñ ê ª ë'òÅó�ô ¨ ê ª ë�õ ö ð÷ñ�ëMª ö òÅó5ô ¨�ëMª ö Ë � �¦&�����L����)� í î�æ õ£ø � ¬ �/ù

¨ ê ª ë ú � �¦&�����L����)���·ì ¬Bí �Kî ç

r:sEû uwvyx{üK}:|�ýyþpüKÿy���:x�|��=}��������:}:|�	�
Mvy�
1/��"
(?��+' E*,��� ����-�� %�&��5 ")(�*¤ +�-I�H�7�� �
0§")&¥"
(?�$�E !?�
-I�q�H�
&�%��'-�*¤��&��q"
(?�$*�-/�Ç �*N>7*��?&M�j�H�)&�67� �;*�Qè "
�. E�E�
�?!�0.")(H��&��H"5 E*�-��;�H&'�  !½"
(?���¦&O�E� &M�. !?%2�È-
���°+
"5-/�)"��¦�
&O* -NL����
")����&O��"
(?�,�è&�� �
"
&��è�;Q
+
>��F(�-I+
")(H�§L����)"
���½�. ")( ¨ ê ª ë Ëc�9�¦&��.-��E�?�;0=%���+¥�·ì ¬Bí �hî ç Q7-I!�02"
(H��!Ü�?�
&��B���;0$")&D E*,�H�)&ML��§"
(?�§+
&�� >?"' &�!
�·6���*,&MLÇ !H%�-�� &�!H%��
0M%���+h&��;"
(?���è&O� �
"
&��è�.�¦�
&O*�&�!?���è&�� �
"
&��è��L����
")���¥")&�-/!?&�")(H���'�Ç>H!
"' E�=�q���)�
-��t(
")(H���è&�� ��")&��è�ÈL����
"
�����B&��
�)��+
�è&�!�0? !?%�"
&�")(H��&��H"5 E*�-����?&M�.�

AH��"È>H+�!H&'� ")�
�D")&��4&O*���>?��0H �
�;�4"5� �D�. ")(�-I!����Ü�� ��!
"�-�� %�&��5 ")(�* ��&���*�-I�D�H&'� 6�-I+
�
0w&�!
")(H�� E0=�;-,&O��+
"5-/�)"' !H%��¦�
&�*�-/!��
*��H"3�w�H&'�¤-I!�02�H�)&�%��
��+
+' L��
� �� E*,�H�
&'L� !H%� "5�

<h&M� ��-/!½�q�,�?!�0½-X+'*�-��E�Ç E*,�?�
&ML��
*���!
"� !½")(H�,�?&M�
��������-/!½�H!70½-X��-/")(��¦�
&O* � ")&2���·+'-¯�;Q
6���0=���H")(Hâ¹�H�)+
"X+
�;-/�5�t(��)Q7-/!70�*,&'L��§�H&'� -�� &�!H%9")(� +X��-I"
(Ü&O�O")&�"5-��?L�-�� >H�§�;á5>�-��?"
&9")(H��� µ·ÀHµ �����
��-/��-��� "3�w&O��-/!��
0M%���&�!�")(H�È��-/")(Ï�·�q����-/!�&�6
L� &�>?+'� �o0=&�!?&�6è��"
")���5�
�   (� +. +�")(H�È�H�
+
"§ ")���'-/"5 &�!
&O�H&�>?�¥-�� %�&��5 ")(�*��·+
����")(H��6O&�")"
&�* &��°�� %�>?�
�����)�

<h&M��")&��4&�!�"5 !
>H���9������-/!�� &�&�	���&��§-I!H&�"
(?���Æ��-I"
(��¦�
&�*V�Æ"
&2�/� �H !��B�,"
(7 +Æ"' E*,�,�q��-�� �
�
-�0=�
��-I�
"5 �-��E� � ��&��§")&�"5-��E� ���Æ>H+
��+
&O*,��&O�7")(H���
0M%���+'Q:�q��+
(H&�>7��0�0=&Ï0=���H")(Hâ¹�H�
+
"�+
�
-I�'�F(�&�!�")(H���
0M%���+
")(�-/" (7-¯L��È+
&O*,� Ã4Â5Ápµ�� � ³���²p³/´�³;²5µ·¶¹¸ Q�-I6è&'L��9-I!�0¥6è����&�!�0¥")(H�È�?&M� "
(?���o-�� �)�
-�0=�o��-/�
�)�
�   (�>?+'Q�"
(?�
�;0=%����)é ¬ �/���q&�>��E026è�� %�!H&��
�;0HQ:-I+¥ E�° "��q���
��!H&�"�"
(?���
�;�   (H��0M���?"
(?âF�?�
+
"�+
�
-I�'�t(��y&�>��E02!H&'�c�?!�0
")(H�9�7-/")(j� õ��.õ��§õ ��Qy-I!�0�-I>H%�*,��!
"§")(H���H&'�à6��o"3�q&Ï*,&��
��>H!7 ")+'Qy-/+§+
(?&M��!j !�"
(?�9"
&���&��
�� %�>H�)��R��

Jh���
"'Q��y�È�q&�>��E0�-/%�-� !�"
�)��"
&$�?!�0�-���-I"
(��¦�
&�*�� ")&$���   (H�,��-/")(� +�!?&M�à� õ���õ���õ �,�·")(H�
�;0=%���+§é õ ��-/!70 � õ�� -I�
���¦>��E�Ç-/�)��-/�
�,")(H���
�;��&��
�� %�!H&��
�;0H�)Q�-I!�0.�q��-I>H%O*,��!�"Æ")(H�,�?&M� -/+ +
(?&M� !
 !�"
(?��6è&�"
")&O* &O���g %�>H�
��R��

Jh���
"¥�y�w�q&�>��E0{-I%O-� !Ï"
�)��")&D�H!70{-���-/")(����°>?"¥+' !��B���
0M%���+ �.õ�� QÆé õ ��QÆ-I!�0{� õ�� -/�
�
�¦>��E��Q?"
(?����*N>?+
"X6è�w %�!H&��
�;0HQ�-/!70�")(H���)�
�¦&��)�½0=���H")(Hâ¹�H�)+
"X+
�
-I�'�F(��q&�>��E0��·-� E�H")&��H!70�-���-I"
(7Q�-��¦")���
*�-I�
	� !H%�")(H�.!?&�0M��+2� ¬���¬ é§-I+��)�
-��t(7-/6�� �½�¦�
&�* �K�"! Â�¶$#;Â5À�Ã4Â5¶ � ÃIÀ�¶$#;Ây¼N¾;¿�Á%#�¾;¿KÀ'&y¾)($Ä5³�� � Â+*�&
³;Á � ³�,'µ �-����.

  (H���
�� +�-,�4&�*,���E E��-I"' &�!2"
(7-/"��y�Æ(�-
L��Æ+
�y���?"�>H!70=����"
(?�Æ�
>H%�+
&��·-I�'�:�j(?��!2�y��0=&�0M���?"
(?âF�?�
+
"
+
�
-I�'�F(�� &�&�	� !H%��¦&��9-2�7-/")(�Q��y��>?+
��!?&�"È&�!7� ��"
(?���;0=%���+�")(�-I"9-/�
�$!H&�"��B&O*,�7� ��")�
� ����>7���EQÇ6H>H"È�q�
*N>?+
"§-�� +
&$")�'-
L����
+
� µÅÀD¶$#;Â¥¾/´;´�¾;ÁpµÅ¶¹Â/�;µÅÃ4Â¯²'¶¹µÅ¾;À -��E���;0=%���+ ")(�-/"�-�� �
�;-�0M��(�-
L��È+
&�*,�È!?&�!?âFÝ����)&$�H&'�.�
  (7 +X�y&�>7��0$(�-
L��§"
(?�§��0è�;�4"N&�����-I!��4�;�E�� !H%9+
&�*,�§�H&M�21���-I!��B�
�E�E !?%o*$-¯�½6è�§!H�;�4��+
+'-/�
�½")&o-��t(7 ��L��
&��?"' E*�-��� "3�
Q�+
���¥�� %�>?�
�¥����R���1B!9")(� +h�H%�>?�
�N")(H�N&�!�� �2�È-
�2"
&�-/>H%�*,��!�"h")(H�¥�B>H�
�)��!
"h�H&'�ï +hL� E- ")(H�



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û 3

S
T

A C

B D

5

2

1

2
1

2

5

3

3

S
T

A C

B D

5

2

1

2
1

2

5

3

3

4

S
T

A C

B D

5

2

1

2
1

2

5

3

3

S
T

A C

B D

5

2

1

2
1

2

5

3

3

4

2

2

2

4

2

2

2

2

2

minimum cut

with capacity

2+2+2=6

maximum flow of value 6

4

�g %�>?�
��R���CD-/���H&M�¢�)�4&�!�"5 !
>H�;0H�)�



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û Î

��-I"
(�� õ���õ4�Nõ ��Q
��(� E�F(�"
�5-¯L����)+¯��+ "
(?�È�;0=%�� ��õ��  !�"
(?�È�
��L����
+
��0H �
�;�4"5 &�!��)-$� ��%�-��
"
�5-¯L����
+'-��EQ
+' !��B� ��õ5�  +.��-I�
�
�Ç !H%�!?&�!Hâ¹Ý����
&��?&M�§�
�

1

1

1

1

1 1

S T

A

B

1
1

��� &'��+¥*$-¯�w(7-¯L���"
&�6O����-I!��B�
�E� �
0H�
  (H�w-�� %�&��' "
(7* "
(7-/"N�q�.ßÅ>H+
"N&�>?"'�E !H�;0� +X")(H�w��&��'0Mâp��>7� 	����)+
&�!�-�� %�&��5 ")(�*Þ�¦&��X"
(?�½*�-I�� E*N>�*

�H&'���H�
&�6�� �
*��   (H���?+
��>70=&Ç�4&�0M���¦&��.��&��50=â¯��>7� 	����
+
&�!Ï +¥-I+.��&���� &'��+'�
���76� L���!� !Ï !?�H>H"§åcË��
æ ¬�ç �)Q�L����
"5 ��B��+§�'Q��/Q�-/!70���-/�7-��� "5 ��+.é4ê ª ë ��13!� "' E-��E Ý�� ¨ ê ª ë ")&$Ý����
&Ü��&��
-������
0M%���+'�

R����K+¯��0=���?"
(?âF�?�
+
"�+
�;-/�'�F(£")&��?!�0£-½�7-/")(����)&O*m�9")&�����1/�h!?&���-I"
(� +D�¦&�>?!�0?Qh�
��"
>?�
!£"
(?�
�B>H�
�)��!
"��H&'�.�

3���A?��".éq6O��"
(?��+'*�-��E� ��+
"§��-/�7-��� "B��-�� &�!H%�")(H���7-/")(��
ÎO����&����;-��F(��
0=%��Ü��ì ¬4í �È !�")(H�$��-I"
(7Qh0M�
�B�
�;-/+
�Üé4ê ª ë 6���é/Qh !��B�
�;-/+
� ¨ ê ª ë 6
� é/QK-I!�0� !7�4�)�
-/+
�
é ëMª ê§6��Dé��
 E�?")(H�,�
0M%���� íè¬ ì°� 0M&���+ !H&�"Æ���Ç +
"� !�å�Q��B�
�;-/")�9 "5�
�98y�
� ��")�,�
0M%���+ �. "
(���-I��-��� "3�
Ý����)&O�

S��76Æ&�"
&�+
")���ÏR

r:s;: �<�>=Ç��?@�A	��Ü}�B2
Mvyx{üh}:|�ýhþpühÿh���:xH|��=}��������7}:|�	�
Mvy�
<h&'�¤��-/!��y��6è��+
>?�
��")(�-I"�"
(?���H&'�¤�¦&�>?!�026
�w"
(?����&��'0Mâp��>7� 	����)+
&�!Ï-�� %�&��' ")(�*� +�&��?"' E*�-��C�

AH��"�>H+N+'-¯�w"
(7-/"¥-,+
��"�&O��L����
"5 E�4��+/��Dcæ  +¥- ² � ¶  !{-È!?��"3�q&��
	� E����îE��-/!�02�
FîE�h�NAH��"�>H+
0=���H!?��"
(?� ²p³/´�³�²'µÅ¶¹¸ &O�°-��B>H" "
&�6è� ê ó�G�ª ëIHó�G?ª ñ ê ª ë'òÅó�ô é4ê ª ë �

�����?�
+
"$!?&�")��")(�-I"Ü E�g�q���?��-��H&M� ¨ QX-I!�0��4&�!H+' E0=���Ü-��B>H"J�  !�"
(?��!?��"3�q&��)	�Qg")(H��! "
(?�
-�*�&�>H!
"�&��7�?&M� ")(�-/"È��-I+
+
��+oã3")(H�)&�>H%�(�ä2")(H�Ü�4>?"'Qh +� !�0=���è��!�0M��!�"È&O�>�hQK-/!�0� "9 +MQK !70=���
0?Q�"
(?�
�B&�+
"�&���"
(?���H&'�.�
K>LNMOMQPSR
T@UCVXW+YHÑ[Z ¨]\ T�Ñ�Ù�Ó_^IÓ�Ùa`<b;ÖHÒc��ÒedHÓ7fÇÖAW�ÕÇÒaUtÒ `

ê ógG�ª ëIHógG�ª ñ ê ª ë'òÅó5ô
¨ ê ª ëNõ

ê ó�G�ª ëIHó�G?ª ñ�ëMª ê òÅó�ô
¨/ëMª ê

UEÔhWjikZ�Wl`ÇÔ¥ÒedHÓ�ÔmW�×�Ó�noU�ÕNpHÓ)qgÓ�Õ'pHÓ�Õ�Òei `�Ñ�rc� \



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û S

#�+�-¥+
�è�;�� E-��g��-/+
�;QÇ�q�$(�-
L��$")(�-/" ê ¨ ©�ª ê Ë ë ¨ ëMª Í QÇ+
&�")(�-I"È"
(?���?&M�a�4&�*� !?%�&�>?"�&��y�� +
����-��B"'� �w")(H���?&M��%���")"' !H%� !�")&��/�
sQtvu]uxwoy�#�+
+
>7*,� ¨ ê ª ë  +.0=���H!?�
0��¦&�����L����
�w�7-� �.��ì ¬4í ��-/!70 ¨ ê ª ë Ë��� E�°�·ì ¬Bí �QFî ç �

ê ógG�ª ëzHó�G
¨ ê ª ë�õ

ê Hó�G�ª ë'ó�G
¨ ê ª ë

Ë
ê ógG�ª ëMó�{

¨ ê ª ë õ
ê ó�G�ª ë'ó�G

¨ ê ª ë õ
ê Hó�G?ª ë'ógG

¨ ê ª ë

Ë
ê ógG�ª ëMó�{

¨ ê ª ëNõ
ê ó�{�ª ë'ó�G

¨ ê ª ë

Ë ë'óg{
¨/©�ª ë Ê

ê ó�Gv|o}�©�~¯ª ë'óg{
¨ ê ª ë�õ

ê óg{�ª ëMó�Gv|o}�©�~
¨ ê ª ë

Ë ë'óg{
¨ ©�ª ë

-/!702"
(?���E-/+
"�")���5*a +. !70=���è��!70=��!�"�&��]�K�h�
#a�4&�!H+
�
á�>H��!��B�.&O�O"
(?�.�?�
��LÇ &�>H+X�
��+
>�� "2 +X"
(7-/"2�¦&��X��L����
���4>?"��j-I!�0���L����
���?&M� ¨ QH")(H�½�B&�+
"

&O�Ç")(H�2�?&M� (7-/+,"
&w6è�2+'*�-��E� ���,")(�-/!D&��,�;á5>�-���"
&½")(H����-I��-��� "B��&O�c�h�   (� +9 +,")�
>H�¥6è�
��-/>?+
�2")(H�
�B&�+
"�&�� ¨  +

ê ó�G?ª ëIHógG
¨ ê ª ë�õ ëIHógG�ª ê ó�G

¨�ëMª ê º
ê ó�G�ª ëIHógG

¨ ê ª ë�º
ê ógG�ª ëzHó�G

é4ê ª ë

-/!70§"
(?���' %�(�")â¹(�-I!�0§+' �0M�$ +q���Ç-��B"'� ��")(H�$��-/��-��� "3��&O���K� Jh&�"' E�B��(H&'��")(� +� E*,���E ��+q")(�-/"È E���q���?!�0
-��B>H"/�j-I!�0Ü-��H&'� ¨ +
>��F(�"
(7-/"N"
(?�½�B&�+
"X&�� ¨ �;á5>7-�� +X"
(?�½��-I��-��� "3��&O�@�KQH")(H��!� "2*N>?+
"X6è�§"
(?�
��-/+
�N")(�-I" ¨  +h&��?"' E*�-����   (� +� +� !�0M���;0È")(H���È-
�� !9��(7 ��F(9�y�¥-I�
�N%�&O !H%�"
&��H�)&ML��N")(H��&��H"5 E*�-��E "B�
&O����&��'0Mâp��>7� 	����)+
&�!��
K>LNMOMQP5�
�7Ó
Ò°åcË��)æ ¬�ç �NØ;ÓQW.ÕHÓ;Ò)Z:Ñ�Ùm��Z@UtÒedwÔ
Ñ�Ö=Ùmb�ÓÈ��nèÔmUEÕ'���ln�W�Õ'pXb�W�qxW�b�UtÒaUEÓ�Ô é ê ª ë nvW�Õ'pXiEÓ
Ò ¨ Ø;Ó2ÒedHÓQYHÑ[Z
rÅÑOÖMÕ'pDØ�`ÏÒad?ÓhTOÑ�ÙmpN��T°ÖAi;��Ó�Ù
Ô
Ñ�ÕXWji;��Ñ�ÙmU3ÒedH× \ �7Ó;Òx��Ø;Ó¥ÒedHÓNÔ
Ó
Ò�Ñjrc^/Ó�Ù'ÒeUCb�Ó�Ô�ÒadNWOÒoW�Ù)ÓNÙ
Ó�Wjb�dNWOØzi�ÓhrÅÙ
Ñ�×
��UEÕ�ÒedHÓ �
��+' E0=>�-��
!?��"3�q&��)	 \9� dHÓ�Õ�Òad?Ó�b�W�qxWjb�UtÒ `DÑ�r@��Ó�fÇÖAW�iEÔ�Òad?Ó�b�Ñ�Ô'Ò�Ñ�r ¨ n�W�Õ'p½Ô
Ñ ¨ UEÔ Ñ�qÆÒeUE×+W�i \
sQtvu]uxwoyq�g �
+
"h&���-��E��Qv�Ï +,-§�4>?"'�q�y6è�;� &�!H%�+y")&���6
�Ü0M���?!� "' &�!7QO-/!70� "� +� �*,�O&�+
+' 6�� �N"
(7-/"h� î"�KQ
6è�;��-I>H+
��&�"
(?���)�. +
���X�q&�>7��0½6O���
�
-��t(7-/67� ���¦�
&�*^�� !�"
(?���
��+' E0=>7-��Ç!?��"3�q&��
	D&O� ¨ Qh-I!�0 ¨ �B&�>7��0
!H&�"�6è��")(H�È&�>H")�H>?"�&O����&��'0Mâp��>�� 	����
+
&�!��

Jh&M�§Q
"
(?���4&�+
"Æ&��?")(H�,�?&M�  + ê ógG�ª ëIHógG ¨ ê ª ëyõ ëIHó�G�ª ê ó�G ¨�ëMª êHQ;��(� E� �,"
(?����-/�7-��� "3�9&��?")(H���B>H"
 + ê ó�G?ª ëIHógG é ê ª ë �

��&��,��L����
�Üì�î5� -I!�0 í Fî5�hQO�q��*N>H+
",(7-¯L�� ¨ ê ª ë Ë é4ê ª ë QO&�")(H���
�. +
� í �q&�>��E0�6è�¥�
�;-��F(�-/67� �
�¦�
&O*¤�� !w"
(?���
��+' �0M>�-��;!H��"B�y&��
	��·��(� E�F(½�y&�>7��0w�B&�!�")�'-�0H E�4"q")(H�$0M���?!� "' &�!w&����K�
�°#2� +
&�QÇ�¦&��q��L����
�
í Fî���-/!�0$��L����
�½ì�î��hQ?�q�w*N>?+
"N(�-¯L�� ¨�ëMª ê�Ë���Q?&�")(H���
�. +
�§"
(?�§�
��+' E0M>�-��?!?��"3�q&��
	½�q&�>7��0$(�-
L��
-/!o�
0M%��$�§ ")(�!H&�!Hâ¹Ý����
&���-I��-��� "B��%�&O !H%����)&O*¤ì�")& í QK-/!70w")(H��! í �q&�>7�E0w6è�$�)�
-��t(7-/6�� �����
&�* �
��(7 ��F(Ï +¥ E*,�è&�+
+' 67� �;���M&�"
(?���4&�+
"�&O�H"
(?���H&'�¤ +�"
(?��+'-�*,��-I+N")(H����-/�7-��� "B�w&���")(H���B>H"5�h�

Jh&�"5 E�4��")(�-I"'Q:-�� &�!H%$"
(?���È-¯�;Q��q�È(�-
L����H�)&ML��
02")(H���¦&O�E� &M�§ !?%� �*,�O&��)"'-I!�"�")(H��&��
�;*��
�2� L'uxtoLNM����k��P����9��u����<�������7��  �2� L'uxtoL'MQ¡
¢3Õ�Ó_^IÓ�Ùa`oÕHÓ
ÒkZ7Ñ�Ùm�_nyÒad?Ó7b�Ñ�Ô'Ò�Ñ�rÆÒad?Ó�×+W�V_U�×½Ö=×£YHÑ[Z Ó�f�ÖzW�iEÔ¥ÒedHÓ¤b�W�qxW�b�UtÒ¥`�Ñjr ÒedHÓ�×+UEÕ'UE×�Ö=×£b;ÖHÒ \



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û P

s

a

b

t
¦

1,000,000 1,000,000

1,000,000 1,000,000

1

�g %�>H�
�X3���#ï6�-�0� !?+
"'-I!��B����&��.��&��'0Mâp��>7� 	����)+
&�!7�

s

a

b

t
¦

1,000,000 1,000,000

1,000,000 1,000,000

1

�� %�>?�
��ÎO�°#ï6�-�0� !H+
"5-/!7�4���¦&��¥��&��'0=â¯��>�� 	����
+
&�!J§���(H&� E�4��&�����-I"
(7�

���¥(7-¯L��¥��+
"'-I6��E +
(?�
0�"
(?���B&��
�)�
�B"
!?��+
+�&��Ç")(H�½��&��'0Mâp��>7� 	����)+
&�! -�� %�&��5 ")(�*�� �j(�-I"$-I6è&�>?"�")(H�
�
>?!H!� !?%2"5 E*,�_���h-��F(w+
"
���w&O���?!�0H !?%�-I!�-/>?%O*,��!�"5 !?%2�7-/")(�-/!70.>?�g0H-I"' !?%2")(H���)��+' E0=>7-��;!?��"3�q&��)	
��-/!½6è�� E*,��� �
*,��!�")�;0� !"¨.�g© æ�©
Êª© ç © ��"' E*,�;� <h&M� *�-/!
��+
")���H+ ")(H���
����-I!�6O�� !½")(H�,�q&��
+
"���-I+
�_�
  (7 +9*�-¯�{0=���è��!70w&�!�")(H�$L�-�� >H��+È&O�:")(H����-I��-��� "' ��+'Qg-/!�0w")(H��-��B"
>�-��è!
>�*N6O���È&��:+
"
���H+9*�-
��6è�
�����è&�!H��!�"5 �-��: !�"
(?��+' Ý���&���")(H�� !H�?>H"5����&�!?+' �0M����")(H��!?��"3�q&��
	� !Ï�g %�>?�
�X3��

1����q�D�F(H&
&�+
�9"
(?�o-I>H%�*,��!
"' !H%Ü��-I")(Ï�. ")(Ï")(H�9�
0M%��9&O�Æ��-/�7-��� "3�£��Qq-I+.+
(H&'��!j !j�� %�>H�)��Î�Q
")(H��! -��¦")���2")(H�w�H�)+
"2+
")���{�q��-/�
��� �
�¦"¥�. "
({"
(H�w�
��+' E0=>�-��7!H��"B�q&��
	�&O���� %�>H�
��S�� Jh&'� ��&�>{+
���
��(?���
�È"
(7 +. +�%�&� !H%O�

1��?+
"
����RX&O�7��&��'0Mâ¯��>7� 	����)+
&�!� +§ E*,��� �;*,��!
"
�;0¥�. ")(�6H�)�
-�0M"
(?âF�?�
+
"Æ+
�
-I�'�t(7Q�")(H��!��
-��F(�"' E*,�,�q�
>H+
�D-I!j-/>?%O*,��!�"5 !?%Ü��-/")(��. "
(j-Ü*� !� E*�-��Ç!�>7*N6è���.&����
0M%���+'�   (� +½ E*,��� �;*,��!
"'-I"' &�!�&��Æ��&��'0Mâ
��>�� 	����
+
&�!� +§��-���� �;0¥")(H�9�h0?*,&�!70=+
âl«�-/�
��-�� %�&��' "
(7*�Q�-I!�0��h0?*,&�!�0M+§-/!70�«�-/�)��+
(H&'�q�;0¥")(�-I" ")(H�
!�>7*N6è���X&��O+
"
���H+¥ +¥-�� �È-
��+2-I"¥*,&�+
"/¨§�g© æ�©;© ç © �
Q?�
��%O-I�'0?� ��+
+X&��O"
(?�§L?-�� >?��+X&��O")(H�w��-I��-��� "' ��+'Q��¦&��
-�")&�"5-����
>?!H!� !H%§"' E*,�X&��o¨§�g© æ�©;© ç © �I© æ�©tÊ5© ç © �
�)�   (H�N���
�H�
��+
+' &�!o��-/!�6O�X+' E*,���E �H�
0È6��$&�6H+
���
L� !H%
")(�-/"Æ�q��-I�
�,&�!7� �9%�&O !H%2"
&��B&�!?+M E0M���Æ"
(?�È�O&��)"' &�!½&O�?")(H�,!H��"3�q&��)	�")(�-I"§ + �)�
-��t(7-/6�� ���¦�
&O* �'Q�-I!�0
")(�-/"N�4&�!�"5-� !H+Q¨§� ç �èL����
"' E�B��+'Q=+
&�")(�-I"X-I!�-/>?%O*,��!�"5 !?%��7-/")(���-/!� !70=���;0,6O�.�¦&�>?!�0� !�¨.� ç �è"' E*,�;Q
-/!702"
(?��"
&�"5-����
>?!H!7 !?%�"' E*,����-/!�6O�����' ")"
��!Ï-/+
¨.�g© æ�©;© ç © ¬��)�

s

a

b

t
¦

1,000,000

1,000,000

11
1

999,999
­

999,999
­

�� %�>H�)��S��°# 67-�0� !H+
"5-/!7�4���¦&��.��&��'0=â¯��>�� 	����
+
&�!J§¯®K��+' E0=>�-���!?��"3�q&��)	��



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û �

1

3

1S T

A

B

3

2

�� %�>?�
��P���#ï+' �*���� ��*�-/�
âF�?&M���H�)&�67� �;*��

° ±³²�´ n%µpW�¶

#�+� "�")>H�)!H+9&�>H"5Qh"
(?�Ï*�-/�
âF�?&M� *� !Hâ¯�4>?"�"
(?��&��
�
*m +D-½+
�è�;�� E-�� ��-I+
��&O��-�*,&��
��%���!H���'-����H(?��â
!H&�*,��!?&�!{��-���� �;0 � � ³�� µÅ¶F¸ �,�Æ-/+' E��-��E� �;Q�0M>�-��� "3��*,�;-/!?+X"
(7-/"¥-�*�-I�� E*� Ý;-/"5 &�!{-/!70�-�*$ !7 �*� Ý;-/"5 &�!
�H�)&�67� �;*a(�-
L���")(H���?�
&��O���
"3��"
(7-/"½-/!
�����;-/+' 6�� ��+
&O� >H"5 &�!Ï&O�°")(H�o*� !{�?�
&�67� �
*  +¥%��
�;-/")���."
(7-/!
&��,�;á5>7-���-I!��{�¦�
-I+' 67� �2+
&�� >?"' &�!�&���")(H��*�-/�Ü�?�
&�6�� �
* ��+
�����g %�>H�
��P��
����>H�)"
(?���'*,&��
�;Qg-/!70o*,&��
�
 E*,�è&��
"'-I!�"5� �
Q ¶$#;Â5¸·#�³;Ä5Â2¶�#�Â2Áp³ � Â2¾�´è¶¹µ �-���.�

��&�!?+' �0M���7"
(?�h!H��"B�y&��
	,+
(H&'��!w !w�� %�>?�
��Pg6è�;� &'�.Q�-/!70 "
(H���B&��)�
��+
�O&�!70H !H%¥*�-/�
â¹�H&M���H�)&�67� �;*��
���2	
!H&'� ")(�-I"� "���-/!o6è�¥���' ")"
��!£-/+�-½�E !?�
-I�,�H�
&�%��5-�* -/+��¦&O�E� &M��+�� ¨�¸º¹�ú �½ !o"
(?����-I+
"��E !H�� +
+
(H&��
")(�-I!�0���&��.-��E�:S� !H�;á5>7-��E "' ��+.�E 	�� ¨/©/ª «§ú ��Q���"5���E�
�

»c�

*�-/� ¨/©3« Ê ¨ ©3­
¨ ©B« º 3

¨ ©3­ º R
¨ «p­ º �

¨/«pÍ º �
¨ ­FÍ º 3

¨/©B« õ�¨ «p­ õ�¨/«pÍ Ë �
¨ ©3­ Ê ¨ «p­ õ�¨ ­¹Í Ë �

¨ ¸º¹ ú �
��&�!?+' �0M���¥!?&M�¤")(H���¦&���� &M�§ !?% �E !?�
-I�¥�H�)&�%��5-�* �·��(H���
��-I%O-� !�¼ ¸º¹ ú �D +¥+
(H&��
")(�-/!70{��&���-��E�

 !H�;á5>�-��E "5 ��+�&O��")(�-I".�¦&��'*��)�

½¢�

*� !23º¼ ©B« Ê�Rº¼�©3­ Ê¾¼�«p­ Ê¾¼ «pÍ Ê73�¼;­¹Í
¼ ©3« ÊÆì « ú �

¼�©3­ ÊÆìè­ ú �
¼ «p­ õ ì « ÊÆì ­ ú �

¼ «pÍ õ ì « ú �
¼ ­¹Í õ ì ­ ú �

¼ ¸�¹ ú �
  (� +�A78 0M��+'�B�' 6è��+2")(H�o*� !?â¯�4>H".�H�
&�6�� �;*+¿   &D+
���w��(
�
Q�+
>H�H�O&�+
��"
(�-I"¥")(H��ì « L�-/�5 �-I6�� �� +

*,�;-/!
"�"
&�6O���� E�ÁÀ¤ +w !�")(H���B>H"��§ ")(Â�KQh-/!70��2&�")(H���
�. +
�
Qh-I!�0½+' E*� ��E-I�'� � ��&���ì ­ �·!�-I"
>?�'-��E� �
Q



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û @

6���")(H��0M���?!� "' &�!�&O��-$�4>?"'Qo�o�. E����-�� �,-¯�
+�6è�È�. "
(E�� !�"
(?���B>H"5Q:-I!�0/Ã��. E����!?��L���� 6è�È�. ")(��K�)�
�h-��F(�&O�?")(H�¤¼9L?-I�' E-/67� ��+§ + ")&$6è���$ E�?"
(?�9�4&��
�
��+
�è&�!�0H !H%2�
0M%����4&�!�")�' 6H>H")��+ ")&$")(H�9�B>H"���-I��-��� "B�;Q
-/!70{��&�"
(?���)�. +
�;�   (H��!�")(H���B&�!H+
")�'-� !
"
+�*�-/	��w+
>H�
�w")(�-I"2")(H��+
�wL?-I�' E-/6�� ��+26è��(�-
L��w����-��4"5� ��-I+
")(H���9+
(H&�>��E0H� ��&��Æ���Ç-�*,�7� �;Q
"
(?�È�?�
+
"��4&�!H+
")�'-� !�"Æ+
"5-/")��+ ")(�-I" µ ( À µ·Á�ÀH¾;¶h¿gµ·¶$# � &�¶$#;Â5À �cÀÄ��� Áp¶
Å Â2³����;Â%�w¶F¾w¶�#�Â$² � ¶ .   (H��")(� �'02&�!?��+
"'-I"
��+N")(�-I" µ ( À µÅÁÈ¿KµÅ¶$# � ³;À'�XÆ µÅÁÈÀH¾;¶ ��")(� +¥ +N")(H��&�!�� �
��-/+
�� !½��(7 ��F(�")(H�,+
>�* õ ì « ÊÜì ­ 6è�;�4&�*,��+ õ ���)Q ¶$#;Â5À À Æ �-� Áp¶h²¯¾;ÀH¶¹ÃIµ Å � ¶¹Â.¶F¾�¶$#;Â¥² � ¶ .�#�!70¥+
&
&�!7�°#$� "
(?&�>H%�(½"
(?�¤¼�-/!�0.ì]Ç +§-/�)���¦�
���,")&2"'-I	��,L�-�� >H��+§�E-I�
%����Æ"
(7-/!½&�!?�
Q
")(H�����§ ��E�
6O��ã3+'�E-�*�*,�;0Hä
6��w")(H�9*� !7 �*$ Ý;-/"5 &�!Ï0=&'��!�")&��,&��.���·�q���. E�E��!H&�"��H�)&ML���"
(7 +�(H���
�;�
�

AH��"È>?+È!H&'�a*�-/	��Ü-¥�)�
*�-I�
	?-I6�� �$&�6H+
���
L�-/"5 &�!��   (H��+
�$"3�q&��?�
&�%��'-�*,+È(�-¯L��$+
")�' 	� !H%�� �Ü+
��*,â
*,��"
�' E��Q � � ³�� QK+¯")�
>7�4")>H�
�;� �h-��F(£L�-/�5 �-I6�� ��&��Q»^�B&��)�
��+
�O&�!�0M+�"
&�-��B&�!?+
"
�'-� !�"$&O�Q½wQX-I!�0oLÇ ��B��â
L����
+'-����yá�>�-��� "3���B&�!H+
")�'-� !
"
+½�B&��
�)��+
�è&�!�0�"
&�>?!H�
��+
")�' E�4")�
0�L�-/�5 �-I6�� ��+½�·"
(?��ì]Ç +'�)Qq-/!�0� !?�
á�>�-��E "B�
�B&�!H+
")�'-� !
"
+�")&��
��+
")�' E�B"
�;0{L�-/�' E-I6�� ��+'�aCD !� E*� Ý
-I"' &�! 6O�
�B&O*,��+�*�-I�� E*� Ý;-/"5 &�!7�   (H�£*�-I"
�' E�B��+
-/�)�$")�'-I!H+
�è&�+
��+È&��:&�!H�Ü-I!H&�"
(?���'Qg-/!70w")(H�$�)&O� ��+È&��:�5 %�(�")âF(7-/!70w+' E0=�Ü-I!�0�&�6:ßÅ�;�4"5 L��Ü�¦>H!7�4"5 &�!�-I�
�
 !�")���5�t(�-I!H%��
0?���=>7�t(ÏA78ÈÇ +.-I�
����-��E� �;0 � � ³�� "
&��;-��F(�&�")(H���'�

�°��")(H��*$-/��â¹�H&'��*� !Hâ¯�4>?"�")(H��&��)�
*�QM")(H�q"3�q&�A78ÈÇ +9» -I!�0/½à-I6è&'L��q(�-
L��q"
(?�Æ+'-�*,�Æ&��H"5 �*�>�*��
É À¤(�³;²5¶$&g¶$#;µ·Á�µ·Á,¶¹Ã � Âc(�¾;Ã¤Ê5Â5À�Â5ÃB³��o� � ³��oËxÌ-Í Á%Î   (� +. +�")(H� � � ³�� µÅ¶¹¸�¶�#�Âp¾;ÃBÂ �.Q���(� E�F(Ï��-/!�6O�È+
"'-I"
�;0
-/+.�¦&O�E� &M��+'�
�2� L'uxtoLNM�Ï��kÐ+��P����Ñ �Ò �2� L'uxtoL'MQ¡
Ó Ñ�ÕHÔmU;pHÓ�Ù9W��?�' E*�-��Ô�ÖÕ×q�Ù
Ñ�ØAiEÓ�×ØZ°ÙmUtÒ
Ò·Ó�Õ�U�Õ�Òad?Ó¤rÅÑ�Ù)× ã/*�-I�� E*� Ý���éÚÙ�ÛÜ+
>?6:ßÅ�
�B" ")&�À"ÜlÛ º�� -/!70
Û ú ��ä \7Ý Ó
pHÓ�ÞHÕ?Ó½Òad?Ó$0=>�-���q�Ù)ÑOØAiEÓ�× Ò·ÑoØ;ÓÜãI*� !7 �*$ Ý�� � Ù ¼�+
>H6�ßÅ�
�B"�")&×À Ù ¼ ú é�-/!�0+¼ ú ��ä \
ß Ölq'q�Ñ�Ô
Ó½Òad?Óàq�ÙmUE×+Wjix�xÕád'W�ÔOWXÞHÕNU3Ò·Ó.Ô
Ñ�itÖHÒeU�Ñ�Õ \7� dHÓ�Õ�Ô
ÑXpHÑ�Ó�Ô$ÒedHÓ
p�ÖzW�i'q7Ù
ÑOØzi�Ó�×+nxW�Õ'p�ÒedHÓ½ÒkZ7Ñ
ÑºqqÒaUE×+Wji:Ô
Ñ�itÖ?ÒaUEÑ�Õ?ÔhdNWN^IÓ�Òad?Ó�ÔmW�×�Ó7b�Ñ�Ô'Ò \
  (?�2"
(?��&��
�;*¢(�-/+�-I!o�
-I+
�Ü�7-/�
"$-/!70o-.(�-I�'0��7-/�
"5��13"� +È�;-/+
��"
&w�H�
&'L��¥"
(7-/"��¦&��,��L����
�Ï���;-/+' 67� �
Û���&��§")(H�9�?�' E*�-��K-/!70���L����
�£�¦�;-/+' 6�� �·¼ ��&��§")(H��0=>�-����y�9(7-¯L��DéÚÙ�Û ºâ� Ù�¼Ç�   (� +w E*,���E ��+§")(�-/"
")(H��&��?"' E*N>7*�&���"
(?���H�' E*�-��O +È-/"È*�&�+
"q")(H��&��?"' E*N>7*�&���"
(?�$0=>�-��è�·"
(7 +q�H�
&��è���
"3�D +È��-���� �;0 ¿gÂp³�ã
� � ³�� µÅ¶F¸ �   &��?�
&ML���")(�-/" "
(?���4&�+
"
+.-/�
�È�
á�>�-�����&���"
(?��&��?"' E*N>7*a +N")(H�È(�-/�502��-I�
"'�

AH��"�>H+�+
����")(H���?�
&�&���&O���y�
-I	�0=>�-��E "3�
��A?��"àÛÜ6è���¦�
-I+' 67� ���¦&���")(H���?�' E*�-��EQ:-/!70�¼w6è���¦�
-I+' 67� �
�¦&���")(H��0=>7-��E������(7-¯L��
�

é Ù Û º ¼ Ù ÀcÛ º ¼ Ù � Ë � Ù ¼ ¬
��(?���
��")(H���H�
+
"� !H�;á5>�-��E "3� ��&���� &'��+D���)&O* "
(H�Ï0=>7-����¦�
-I+' 67 E�� "3���B&�!?+
"
�'-� !�"¯ÀÁÙ�¼ ú é��
-I!�0�")(H�
-�� %���6?�'-� E�K�
>7� �2��À Ù ¼Ç� Ù Ë�¼ Ù À��)Qè-I!�0�")(H�X+
�
�B&�!70� !?�
á�>�-��E "B�Ü�¦&���� &M� +È�¦�
&O*�")(H�X�H�5 �*�-��O�¦�
-I+' 67 ��E "B�
�B&�!H+
")�'-� !
"
ÀÈÛ ú�� �

ä å ´ WÔæÖç�µ%è-é

:ystr ê�xÔë>�È	�
z	F}Ö�È�
# Å µ�´�³;ÃI¶¹µÅ¶FÂ
Ê5Ã4³�´v#  +§-2��"3���7 ���-��E� ��>H!70H �
�;�4")�
0?�°%��5-/�?(�åcË��
æ ¬�ç ����(H���
�È")(H�,+
��"Æ&O�HL����)"' E�B��+§��-I!
6è�9�7-/�
"5 "' &�!?�
0� !�")&Ü+¯>?6H+
��"
+wæ�ì$-I!�0�æ ¬ +
>7�t(�"
(7-/"§�;-��F(��
0=%��9(�-I+½-/!���!�0=�O&O !�"w !jæ�ì2-/!�0�-/!��!�0=�O&O !�". !Ïæ ¬ �í ��")��!�6� ��-I�
"5 ")��%��'-I�H(H+K�
���H�)��+
��!�"g�
�
�E-I"' &�!?+
(� �H+K6è��"3�q����!�0? 0O���
��!�"g��!
"' "5 ��+'�q���� ��!�")+Iî/+
���
L����
+'Q
�è��&��7� ��î/�?�
&HßÅ�;�4")+'Q��H�5 !
"
���
+IîI��� ��+�"
&��?�' !�"5Q�+
��!�0=���
+IîI�
�
�B�
 L����
+.�����



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û »

T

Al

Bob

Charlie

Dave

Eve

Fay

Grace

Helen

S

(all capacities are 1)

�� %�>H�)�����à®g�;0=>��B"' &�!Ï���)&O*�*�-/"5�t(7 !?%�"
&�*$-/��â¹�H&'�.�

í ��")��!9�q�N�. E�E��6O�N%O L���!967 �7-/�
"5 "
��%��'-I�H(H+� !9")(H�¥�¦&��5*¢åcË���ï ¬�ðÈ¬�ç �)Q���(?���)�/ï ¬�ð  +�-�� �
�;-�0=�
-,��-I�
"5 "5 &�!�&���"
(?��L����
"5 E�4��+N+
>7�t(�")(�-I".-��E���;0=%���+�%�&�6O��"3�q����!�ï�-I!�0 ð �

#ñ� ³;¶¹²g#;µÅÀ'Ê  !�-�%��'-/�?(� +2-�+
��"X&O�O�
0=%���+X")(�-/"¥0=&�!H&�"X+
(�-I�
�½-I!�����!�0M�è&O !
"'�Æ13!�-�67 �7-/�
"5 "
�
%��5-/�?( -�*$-/"5�t(7 !?%�-/+
+
&��� E-/")��+."
&�+
&�*,���
� �
*���!�")+.&O�9ï��?�
�;�� +
�
� ��&�!H���
� �;*,��!
".&O� ð �)-/!70�L� E�4�
L����
+'-��
���)�=&$"
(H�9*�-/"5�t(7 !?%���-I!�6è��+
����!Ï-I+¥-I! ³;ÁpÁ¯µeÊ5À � Â'ÀH¶ �E�

���¥�È-I!�"�")&��4&�!H+' E0=����"
(H�½��&���� &'�. !H%w&��?"' E*� Ý
-I"' &�!D�H�
&�6�� �
*��q%O L���! -§6� ��-I�
"5 ")�¥%��5-/�?(�Q��H!�0
")(H��*�-/"5�t(7 !?%½�§ ")(o")(H���E-/�)%���+
"�!
>�*N6O����&O�Ç�
0M%���+'�X���2�§ ��E��+
���¥(?&M� ")&w+
&O� L��¥")(� +,�H�)&�6�� �;*¢6��
�
�;0=>7�� !H%� "�")&�"
(?��*�-/�Ç E*N>�* �H&'�c�?�
&�6�� �
*�Q�-/!�02(?&M��")&�+
&O� L��� ".0? �)�
�B"'� �
�

:ysEû òoxHýyÿ>ó[
A	F}���
M}áôõ=�ö@	t� ÿy� üÈ�t}v÷
A?��"N>?+X�H�
+
"N+
���.")(H�§�
�;0=>7�4"5 &�!�")&D*�-/�Ç �*�>�* �?&M��&�!�-I!Ü����-�*,��� �;�,�=>?�H�è&�+
�.")(�-I"X")(H� Å µ�´�³�ÃI¶FµÅ¶¹Â
%��5-/�?(Ü+
(?&M��!Ï !Ï�� %�>H�)���È�)�
�B&��'0M+N")(H���4&�*,��-I"' 6� E�E "3�w�
�
�E-I"' &�!�6è��"B�y����!{�¦&�>?�N+
")�'-� %�(�"�6è&'��+¥-I!�0
�¦&�>?��+
")�'-� %�(�" %� �5� +'�°���È+
����	o-$*$-/�� E*N>7*�*�-I"'�F(� !?%OQ�")(�-/"� +'Q�-X+
��" &��H�
0M%���+�")(�-I"§ +.-I+.�E-/�)%��9-I+
�è&�+
+' 67� �
QÇ-I!�0½ !½� (� E�t(w!H&2"3�q&¥�
0M%���+Æ+
(7-/�)��-X!?&�0M�
� ��&��q���Ç-�*,�7� �;QÇ !½")(H���H%�>?�
��6è�
� &'��"
(?���)�� +
- ´�Â5Ã;(5Â¯²'¶ *�-I"'�F(� !H%��)-�*�-/"5�F(� !H%�")(�-/"§ !
L�&�� L���+.-��E��!?&�0M��+'�)�

  &.�
�;0=>7�4�N"
(7 +y�H�)&�6�� �;*c")&½*�-I��â¹�H&'���q�20=&§"
(7 +'�7���¥�4�)�
-I"
�¥-�!H����+
&�>H�5�4�¥-/!�0�- !H����+M !?	�Q
�B&�!H!?�
�B"2")(H�w+
&�>?�'�4�w�. "
( -��E��6O&M�
+�-/!�0{-��E�7%O �'� +2�. "
(�")(H�w+' !?	�+'Q -/!�0{0H �
�
�B"�-��E���;0=%���+2&��g")(H�
&��5 %� !�-��?6� ��-I�
"' ")�.%��'-I�H(��¦�
&�*à")(H�.6è&'��+X"
&�")(H�.%� �5� +'�Æ#$�E�H�;0=%���+X(�-
L��½��-/��-��� "3��&�!H�;�Æ1B"2 +X�
-I+
�
")&�+
����")(�-I"�"
(?��*�-/�Ç E*N>�* �H&'�¤ !�")(� +N!?��"3�q&��
	��4&��
�
��+
�è&�!�0=+�")&�"
(?��*�-/�Ç �*�>�*�*�-/"5�t(7 !?%O�

���
�E��Q�"
(?�9+' "
>7-/"5 &�!j +§+'�E %�(�"5� � *,&��)�D�B&O*,�7�� E��-/")�
0½"
(�-I!��È-I+§+
"'-I"
�;0�-I6è&'L��;�È��(7-/"� +§�;-/+
�
")&w+
���½ +�")(�-I"�"
(?�¥&��H"5 �*�>�* µ·ÀH¶¹Â%Ê5Â5Ã�ø3Ä'³�� � Âl� �?&M�V�B&��
�)��+
�è&�!�0M+,")&w")(H�¥&��H"5 E*N>�* *�-/"5�F(� !H%��N���
�q&�>��E0�6O�Ï-/"�-�� &�+
+D !�")���)�H�
��"' !H%�-I+D-�*�-/"5�t(7 !?%j-½�H&'�a")(�-I"�+
(� �H+D�E�½>H!7 ")+D-�� &�!H%�"
(?�Ü�;0=%��
#$� â¯�:L��_¿���&��
")>H!7-/")�
� �;Q:��(7-/"�")(H��-�� %�&��' "
(7*^ !�"
(?���H�
��L� &�>?+§+
�;�4"5 &�!���+
"5-/67�� +
(H��+w +§")(�-I" µ (w¶$#;Â
²p³/´�³�²5µ·¶¹µ·Â5Á�³;ÃBÂ�µÅÀ�¶¹ÂlÊ'Â5ÃIÁl&�¶$#;Â5À�¶$#;Â � ³�,5µ ���[� ¼N¾�¿àµÅÁ�µ·ÀH¶¹Â%Ê5Â5Ã .   (7 +Ü +$6O�
��-/>H+
�½�q�½&�!7� �j0=�;-��
�. "
(� !�")��%����)+§"
(?�
&�>?%�(?&�>H"�")(H��-�� %�&��' "
(7*��Ü<h��!7�4� µÅÀ�¶¹Â%Ê5ÃB³�� µÅ¶¹¸Ü²p¾ � Â5Ác(5¾;ÃÈ(5ÃBÂpÂ½µÅÀ�¶$#;Â � ³�,gø ¼N¾;¿
´èÃB¾ Å � Â �.�

1B!½%���!?���'-���Q
%� L���!�-X67 ��-/�)"' ")�È%��'-I�H(�åcË��mï ¬�ðÈ¬�ç �
Q
�q�,�§ ��E�Ç�B�
�;-/")��-X!H��"B�q&��
	DåàùÇË��
æ ¬�ç ù��
��(?���
�wæ ù ËSïûú ð ú ø � ¬ �/ù�Q7-I!�0 ç ù �4&�!�"5-� !H+¥-��E�70? �)�
�B"
�;0$�
0M%���+X&��O"
(?�w��&��'*a�
� ¬ ì��)Q7��&��Nì�î�ïhQ
� íÇ¬ �/�)Q:�¦&�� í î ð Q:-I!�0��·ì ¬Bí �)Q:�¦&�� ø ì ¬Bí ù�î ç ��#2�����
0M%���+N(7-¯L�����-I��-��� "B�w&�!H�;�



Ð�Ñ�Ò�Ó�ÔNÕÇÖ=×�Ø�Ó�Ù.Ú/Û ���

:ys;: ê"	t|�x'óN
J�����:}7|j	�
Mvy�
A?��"�>?+g!H&M��0=��+'�4�' 6è��-,0H �
�;�4"�-�� %�&��' ")(�*�Q=")(�-I"� +g��+
+
��!
"' E-��E� �.")(H���B&O*,�O&�+' "' &�!2&O����&��50=â¯��>�� 	����
+
&�!
�. "
(�")(H�9-/6è&'L����)�
0M>��B"' &�!7�

  (H��-�� %�&��' "
(7* �H�
&Ç�4���
0M+¥ !��H(7-/+
��+'Q�+
"'-I�
"5 !?%9�. ")({-/!��
*,�?"B��*�-/"5�t(7 !?%O�g#�"N�;-��F(Ü�?(�-/+
�;Q7 "
�; ")(H���q�H!70=+È-N�È-
��"
&.%���"È-N67 %�%����È*�-/"5�F(� !H%�Q
&��È "q%���")+��B&�!
L� !��B�
0§")(�-I"È "q(7-/+È�4&�!H+
")�
>��B"
�;0§")(H�
�E-/�
%���+
" �è&�+
+' 6�� ��*�-I"'�F(� !H%��

�����H�
+
"È!H���;0½+
&O*,�Ü0=���?!� "' &�!H+'��A?��"9å�Ë ��ï ¬�ðÈ¬�ç �Æ6O��-26� ��-I�
"' ")��%��5-/�H(7Q>ü D ç 6è��-
*�-I"'�F(� !H%���#ïL����
"
���� + ²¯¾;Ä5Â5Ã4Âl� 6��<ü  E�° ". +N")(H����!�0M�è&O !
"�&O��&�!H��&���")(H���;0=%���+. ! ç �

#�! ³�� ¶¹Â5ÃIÀH³;¶¹µ·À'Ê,´�³;¶$# �) !�å§Q?�. ")(��)��+
�è�;�4"N")&×üï�N +2-È��-/")(�&��è&Ç0H0�� ��!H%�")(�")(�-I"X+
"5-/�
")+X�. "
(
-§!?&�!?âp�B&ML����
�;09L����)"
����Q���!�0=+��. ")( -§!?&�!Hâ¯�B&ML����
�;09L����
")����Q°-/!70D-�� ")���)!�-/")��+�6O��"3�q����!D>?+' !?%w�;0=%���+
!H&�". !�ü -/!�02�;0=%���+. !�üï�

1��xü  +�&�>H�§�4>?�
�
��!�"§*�-I"'�F(� !H%�Q:-I!�0¥�q�È�H!�0�-/!�-�� ")���
!7-/"5 !?%��7-/")(��§ ")(��)��+
�è�;�4" ")&�üïQ�"
(?��!
�q�Ü��-I!� !��B�
�;-/+
�$"
(?��+' Ý��$&��Áü 6���0H +'��-I�'0H !H%�-��E�è"
(?���;0=%���+� !�&O�>ü ��(7 ��F(�-I�
�Ü !�"
(?���7-/")(�Q
-/!702"'-I	� !H%�-��E��"
(?��&�"
(H���
+'�

�="5-/�
"5 !H%§�. "
(9")(H�N�;*,�H"3��*�-/"5�t(7 !?%OQO !9�
-��t(9�?(�-/+
�;Q�")(H�¥-�� %�&��' ")(�*à� &
&�	
+,�¦&���-/!D-�� ")���)!�-/"5 !H%
��-I"
(Ü�. "
(Ü�
��+
�è�
�B"N"
&9"
(?�½�B>H�)�
��!
"2*$-/"5�t(7 !?%O�y1��� "N�H!�0M+2-/!{-�� ")���
!7-/"5 !?%��7-/")(�Q7 "N>H��0H-I"
��+'Q�-/!70
 E*,�H�
&'L���+'Q�")(H���4>?�
�
��!�"�*�-/"5�t(7 !?%£-I+�0=��+'�B�' 6è�;0�-I6è&'L��;�D1���!H& -�� ")���
!7-/"5 !H%o�7-/")(� +���&�>H!70HQ�")(H�
�B>H�
�
��!�"§*�-/"5�t(7 !?%� +�&�>?"
�?>H"5�

1B"��)�
*�-� !?+N")&��?�
&ML���"
(?���¦&O�E� &M�. !H%��
���76� L���!�-X6� ��-I�
"' ")�È%��'-I�H(�å -/!70�-2*�-I"'�F(� !H%JüïQÇ-/!�-�� "
���
!7-/"5 !?%$�7-/")(���-/!½6è���¦&�>H!70HQÇ ��7 "
���� +
"
+'Q� !E¨.�g© æ�©/ÊS© ç © ��"5 �*,��>?+' !H%�-,L�-/�' E-/"5 &�!�&��°�Æ�g�?�

R��Æ1/��")(H���
�� +N!?&�-�� ")���
!7-/"5 !?%���-I"
(7Q�")(H��!4ü  +.-�*�-/�Ç �*�>�*�*�-/"5�t(7 !?%O�
����� �
-
L��È��-/�)".�
����-/+.-I!��������'�� +
�9-/!70$�?�
&'L����7-/�
"5�)R��)�

�=>H�?�è&�+
��ü  +�!H&�"Ü-/! &��H"5 E*�-�� *�-I"'�F(� !H%�QK")(�-/"Ü +'QK+
&�*,��&�"
(?���Ü*�-I"'�F(� !H%�üþý§(�-/+Ü*,&��
�
�;0=%���+'�������?�
&ML���")(�-/"2ü *�>H+
"�(�-
L��9-/!Ï-�� ")���)!�-/"5 !H%���-I")(��

AH��"�å�Ë���ï ¬�ðÈ¬�ç ù ��6è�È")(H�,%��'-I�H(½��(H���
� ç ù �4&�!�"5-� !H+ "
(?�È�;0=%���+ ")(�-/"�-/�)�È�; ")(H���§ !Eü¡&��§ !
ü ý Å � ¶yÀ�¾�¶qµÅÀ Å ¾;¶$# �) �� �
�EQ ç ùÇË�ü ÿ5ü ý �
�

�:L����)��L����
")����&O�Kå�(7-/+�0M��%��
����-/"$*,&�+
"�"B�q&��2��>?�
")(H���'*,&��)�� ��Ç")(H��0M��%��
���½ +�"B�y&OQO")(H��!D&�!H�
&O�H"
(?��"B�y&� !7�� E0=��!�" �
0=%���+. +¥�B&O*� !H%Ü���
&�*£ü -/!�02")(H��&�"
(?���.�¦�
&�*õü ý �

�H !��B�9")(H��*�-I�� E*N>7*^0=��%��)���� +wR�Qyåa +�*�-�0M�9&�>H"�&��7��-/")(H+�-/!�0��B����� ��+'�Ü��>?�
")(H���5*,&��)�9")(H�
�B����� ��+§-/�
�,&O�?��L���!�� ��!H%�"
(�-I!�0��B&�!
"'-� !��
-��t(½&�!?�9-/!½�
á�>�-��
!
>�*N6è��� &O�?�
0M%���+§���)&O*âü -I!�0��¦&��5*
ü ýI�

�°>?"y+' !��B�J© ü ý © � © üâ© Qvü ý *N>H+
"��4&�!�")�' 6H>H")�2*�&��
�N�
0M%���+y"
(7-/!×ü "
&wå§QO-/!70�+
&.")(H���
�¥*N>H+
"
6è�2+
&�*,�$�7-/")(� !£å ��(?���)�$")(H���
��-/�)��*,&��
�2�;0=%���+È&��Èü ý�")(�-I!�&O�Èü��   (� +9 +9-I!�-I>H%�*,��!
"' !H%
��-I"
(Ï�¦&��
ü��

  (� +,�B&O*,�7� ��")��+h"
(?�¥0=��+'�4�' �H"5 &�!D-I!�0È�H�
&
&O�;&O�Ç�B&��
�)�
�B"
!?��+
+h&O�
")(H�¥-�� %�&��5 ")(�*��¾®g��%�-/�50H !H%§")(H�
�
>?!H!� !?%�"' E*,�;QÇ!?&�"5 ��B�$")(�-I"È!?&�*�-I"'�F(� !H%���-I!��4&�!�"5-� !�*,&��
�2"
(7-/!þ© æ�© ��R.�
0M%���+'QK-I!�0w")(� +9 +9-/!
>H�?�è���,6è&�>H!70�")&w"
(?�2!
>�*N6O����&O�Ç�H(7-/+
��+,&O�Ç")(H��-�� %�&��' ")(�*��2�h-��t(D�H(�-I+
�¥"'-I	���++¨§�I© ç ©�Ê © æ�© ��Ë
¨§�I© ç © ��"' E*,���·�q� ��-/!  %�!?&��
��L����
"5 E�4��+w")(�-I"w(7-¯L�� 0M��%��
���DÝ����)&OQÈ-/!70�+
&Ï�q����-I! -I+
+
>�*,��")(�-/"
© æ�©=Ë�¨§�I© ç © �)�
Q�+
&�"
(?��"
&�"'-����
>?!H!� !?%�"' E*,�� +/¨§�g© æ�©C© ç © �
�


