
 

    

April 2006 

NASA/CR-2006-214294 
NIA Report No. 2005-05 
 

 
 

Stable Artificial Dissipation Operators for Finite 
Volume Schemes on Unstructured Grids 
 
Magnus Svard 
Stanford University, Stanford, California 
 
Jing Gong 
Uppsala University, Uppsala, Sweden 
 
Jan Nordstrom 
The Swedish Defense Research Agency, Stockholm, Sweden and 
Uppsala University, Uppsala, Sweden 

 

 

 
 
 
 
 
 
 



 

The NASA STI Program Office . . . in Profile 
 

 

Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA Scientific and Technical Information (STI) 
Program Office plays a key part in helping NASA 
maintain this important role. 

 
The NASA STI Program Office is operated by 
Langley Research Center, the lead center for NASA’s 
scientific and technical information. The NASA STI 
Program Office provides access to the NASA STI 
Database, the largest collection of aeronautical and 
space science STI in the world. The Program Office is 
also NASA’s institutional mechanism for 
disseminating the results of its research and 
development activities. These results are published by 
NASA in the NASA STI Report Series, which 
includes the following report types: 

 
• TECHNICAL PUBLICATION. Reports of 

completed research or a major significant phase 
of research that present the results of NASA 
programs and include extensive data or 
theoretical analysis. Includes compilations of 
significant scientific and technical data and 
information deemed to be of continuing 
reference value. NASA counterpart of peer-
reviewed formal professional papers, but having 
less stringent limitations on manuscript length 
and extent of graphic presentations. 

 
• TECHNICAL MEMORANDUM. Scientific 

and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 

 
• CONTRACTOR REPORT. Scientific and 

technical findings by NASA-sponsored 
contractors and grantees. 

 
 
• CONFERENCE PUBLICATION. Collected 

papers from scientific and technical 
conferences, symposia, seminars, or other 
meetings sponsored or co-sponsored by NASA. 

 
• SPECIAL PUBLICATION. Scientific, 

technical, or historical information from NASA 
programs, projects, and missions, often 
concerned with subjects having substantial 
public interest. 

 
• TECHNICAL TRANSLATION. English-

language translations of foreign scientific and 
technical material pertinent to NASA’s mission. 

 
Specialized services that complement the STI 
Program Office’s diverse offerings include creating 
custom thesauri, building customized databases, 
organizing and publishing research results ... even 
providing videos. 
 
For more information about the NASA STI Program 
Office, see the following: 
 
• Access the NASA STI Program Home Page at 

http://www.sti.nasa.gov 
 
• E-mail your question via the Internet to 

help@sti.nasa.gov 
 
• Fax your question to the NASA STI Help Desk 

at (301) 621-0134 
 
• Phone the NASA STI Help Desk at  

(301) 621-0390 
 
• Write to: 

           NASA STI Help Desk 
           NASA Center for AeroSpace Information 
           7121 Standard Drive 
           Hanover, MD 21076-1320



 

National Aeronautics and  
Space Administration 
 
Langley Research Center  Prepared for Langley Research Center 
Hampton, Virginia 23681-2199 under Contract NCC1-02043 

    

April 2006 
 

NASA/CR-2006-214294 
NIA Report No. 2005-05 
 

 
 

Stable Artificial Dissipation Operators for Finite 
Volume Schemes on Unstructured Grids 
 
Magnus Svard 
Stanford University, Stanford, California 
 
Jing Gong 
Uppsala University, Uppsala, Sweden 
 
Jan Nordstrom 
The Swedish Defense Research Agency, Stockholm, Sweden and 
Uppsala University, Uppsala, Sweden 
 

 

 

 

 



 

 
 

Available from: 
 
NASA Center for AeroSpace Information (CASI) National Technical Information Service (NTIS) 
7121 Standard Drive 5285 Port Royal Road 
Hanover, MD 21076-1320 Springfield, VA 22161-2171 
(301) 621-0390 (703) 605-6000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



���������
	���������������������
�����
��� ���
!#" $��%	���&�'!#(�*)+!#
, �-".�/�'	102!#�43�5 	6�7�98:	�5 	;�<!=" >?":�@���3:�A��3�B	�C DEF�-CG�

HJI�K@L�M�NPOFQSRIUTWV�X Y�ZB[\L]K_^a`BL]K@b/I(L�VJZ@I(Ldc.`(TeV�NgfeThR`(ikj
l fWmnO�oqp]feorits9oqTPuUvBvFw

x�y(z
{4|�}�~�{
�;���(���������������������B�������
�������������g�q���'�q����������������������� ���q�&¡¢��������£��¤�������
�@�g���

�����¥�
�����q���¦������§q�g�������¨��§©�
���g�������'¡¢���]�������ª�¥���������¥���������������q«¨�A����£���«¨���
¬]�9¡
§q�g�������
�����g�;���W���
���������g���&������
�����@���q�������������������#������q�ª®ª£��
���&��£�� �������������£
��¡B��£����q�q��������������«¨�¯«°�
��£��+�±���]¡²�q����³������¦��������� ¬
´ ����«°«¨���q��³.�������a�q�������µ��������«°�µ�g§q§�����¶���«°�g�������a��¡ª��£��#·��g§q�����
�����

®ª�¦���q�©�9��£��;�q�������]������£�����������������������������¡(��£����g�������q�
�����r����������§q�g�������h¬(¸'����£
�S£���«¨��������
�����]���¦������§q�g�������¨����������S�¦�°�����q�q�����������������F®ª����£¨��¹+�����q�������������£
�����º��«°�+�����q�
�g�������#��£q�g�9�������4®ª�A���¼»©�
�����e�9��«¨�����W�A��¡F�q��������§¥�g�������#��������¡¢�
¡²�
�����W���������������������@�g���ª���
��������� ¬F½+���g�q�������¾³����������
�
��������³&��¡©��£������
®���§©�
�����
�������¿�g���ª§q���4�����À�����¨��£�����£��
�����
�����
���¥�������������@�g���A����§q§r���������&�W³¨�+��«¨�
�����
���
����«¨§¥�����g���������
¬

Á ÂFÃ7Ä�Å�Æ:Ç�È�É�Ä�Ê�Æ±Ã

Ë�ÌGÍ�Î�Ï±Ð©ÑrÒ�ÓWÒ�Ô¢Î�Ì Ó+ÕhÖ Ñ©Ô¢×7×rØqÌ Ó+Ï±Ô²Í-Ù�ÚrÛ-×©Ü�Û&Ý©Ó+Ù/Û-×:Þ©Ì©Ô¢Ò/ÛSß�Î+Õ²Ñ©Ï±Û#à\á�â°ãAÓWÐ©Ð©ä/Îgå¥Ô²Ï�Óeæ
Ò�Ô²Î+Ì©Ù�Ó+ä�Û;ç¯Ô²×©Û-Õ¢ØÀÑ©Ù/Û-×aà¤Ù/Û�ÛÀè�é�Ú�êqÚ�ë¥Ú�ìrÚ�íqÚ�î¥Ú�ï¥Ú�ðeñòã�ó'ô�õ©Û¯Ï�Ó+Ô²Ì=ÓW×rßWÓ+Ì�Ò
Ó+Ü�Û9Î+öhÒ�õ©Î�Ù�Û
Ù/Í
õ©Û-Ï�Û-Ù=Ô²ÙÀÓ.Ð©ä�Î�Ð�Û-ä�Ò�Ø÷ÍgÓWÕ²Õ²Û-×øÜ�ä�Ô²×�Ò�ä/Ó+Ì©Ù/Ð©Ó+ä/Û-Ì©Í-Ø%Ý�ØúùSÓ+Ù/Û-Õ²Ý Ó+Í
õrÛ�ä�Û4Ò=Ó+Õ�Ô¢Ìûè�é�ñüó
ý ä�Ô²×aÒ�ä/Ó+Ì©Ù�Ð Ó+ä�ÓWÌ©Í-Ø�Ï±ÛgÓ+ÌrÙ&Ò�õ ÓWÒ°Ò/õ©Û#Ó+Õ²Ü+Î�ä/Ô¦Ò�õ©ÏþÎ�Ì©Õ¦Ø�Ì©Û-Û�×©Ù�Ô²Ì¥ö¤Î�ä/Ï�ÓWÒ�Ô¢Î�Ì�Ó+ÝUÎ�ÑrÒ
ç¯õ ÓWÒ�Ì©Îq×©Û-Ù�Í�Î�Ì©ÌrÛ�Í-Ò�Ò/ÎµÛgÓWÍ
õPÎWÒ�õ©Û-ä�Ó+Ì©×7Ò/õqÑrÙ;ç9Î�ä�ÿ�Ù�Û���Ñ Ó+Õ¢Õ¢Ø#ç9Û-Õ²Õ�Î�ÌGÙ�Ò/ä/Ñ©Í4Ò�Ñ©ä�Û�×
Ó+Ùµç9Û-Õ²Õ9Ó+ÙµÑ©Ì©Ù�Ò�ä�Ñ©Í-Ò/Ñ©ä/Û-× Ü�ä�Ô²×©Ù-ó�ô�õ©Ô²Ù�Ð©ä/Î�ÐUÛ�ä�Ò�ØúÔ¢Ù�Û�Ù�Ù/Û-Ì�Ò/Ô Ó+ÕAö¤Î�äµÛ��±Í-Ô²Û�ÌrÍ-ØtÓWÌ©×
Ó+Ð©Ð©Õ¢Ô²ÍgÓWÝ©Ô²Õ¢Ô¢Ò�Ø±Î+ö�Ò�õ©Û°Ù/Í
õrÛ�Ï±Û+ó
������	�
�����������������������	����� �"!#�"$%�&�&')(+*,��-���.�-/	�021�3�3�(54�
�$�	6�����&.87+	�-/9���&!#-/
;:�(<4�
�$�	6�����&.=(>�,?

@�A�B 3�1DC B 3 B 1�(�7E46?F(��CHGI$%-��HJK!�9L$%�&.NM5!#
�$%	������&.=O �".6�
P&Q �RN$%��
�GS�	�
 �%�KTU	6������GI$L
�-/��	V�����&'�	�������0�:�(67WR�R�!�$%�X$S7W	�-�9�����!�-/
;:Y(�7WR�RN!�$���$�(�4[Z��".6�	\O
] Q �RN$%��
�GS�	�
^�%�K����G_R��6
�$%
�-���	�$��a`b'�:6!�-���!( Q -/9[-X!#-���	��%�c46:[!#
���GI!,�����&'�	�������0�:�(��^'��<4[Z,��.�-�!�'

Q �d����	�!��e� ��!���$����&'f?W0��	��:�(�46ghC�i"j AS@ 3S4�
��6�&k['�����Gf(N4[Z,��.6��	V$�	�. Q ��R�$%��
�GS��	�
 ���cTU	6������GI$%
�-���	
�����&'�	�������0�:�(67WR�RN!�$���$S7W	�-/9���&!#-/
;:Y(�7+R�R�!�$%�X$�(�4[Z,��.6��	)O

é

Shannon
l fWmnO˛oqp]feorits9oqTPuUvBvFw



��Ñ©Ï�Û-ä/Ô¢ÍgÓ+Õ Í-Î�Ï�ÐrÑrÒ
ÓWÒ/Ô²Î�ÌrÙªÎWöòÒ�Û�Ìºä/Û���Ñ©Ô¢ä/ÛSÓ+ä�Ò/Ô¢Þ Í-Ô Ó+Õ ×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+Ì#Ò/Î�ä�Û�Ï±Î�ß+Û Ñ©Ìqæ
Ð©õ�Ø¥Ù�Ô²Í�Ó+Õ¥õrÔ²Ü�õ¥æüö¤ä/Û��qÑrÛ�Ì©Í4ØÀÎ+Ù/Í�Ô¢Õ²Õ²ÓWÒ�Ô¢Î�Ì©Ù�ó���Ù/Ñ ÓWÕ²Õ¢Ø&Ù/Û�Í-Î�Ì©×¥æBÎ�ä@ö¤Î�Ñ©ä�Ò�õ¥æ�Î�ä/×©Û-ä'ÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õ
×©Ô²Ù�Ù/Ô²Ð©ÓWÒ�Ô¢Î�ÌµÓ+ä�Û9Ñ©Ù�Û�×Bó�à¾ô�õ©Û;ÑrÙ/Û;Î+öhÎ+ä/×©Û-ä'ä/Û4ö¤Û�ä�Ù'Ò�Î Ò/õ©Û9Î+ä/×©Û-ä]Î+öhÓ+Í-Í�Ñ©ä/Ó+Í-Ø+ó¼ã��_õrÛ�Ì
Ù/õ©ÎqÍ
ÿ�Ù°Ó+ä/ÛÀÐ©ä/Û-Ù/Û�Ì�Ò¨Þ ä�Ù�Ò�æ�Î�ä�×©Û�ä&×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+Ì.Ì©Û-Û�×aÒ/Î7Ý�Û�Ñ©Ù/Û-×Bó#à��qÛ�Û�ö¤Î�äSÛ4årÓ+Ï±Ð©Õ²Û
è��WñrÓ+Ì©×Gè�é
	eñüó ãÀô�õ©Ûªö¤Î�Õ²Õ¢Î�ç¯Ô¢Ì©Ü¯Ð©ä/Î+Ð�Û-ä�Ò�Ô¢Û�Ù'Ó+ä/ÛA×©Û�Ù�Ô²ä�ÓWÝ©Õ²ÛWó¿ô�õ©Û;Ó+ä�Ò/Ô¢Þ Í-Ô Ó+Õ�×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�Ì
Ù/õ©Î�ÑrÕ²×��
é�ó��Û-×©Ñ©Í-ÛÀÙ�Ð©Ñ©ä/Ô¢Î�Ñ©Ù¯Î�Ù�Í�Ô²Õ¢Õ ÓWÒ/Ô²Î�ÌrÙ�ó
ê¥ó���ä/Û�Ù�Û�ä�ß�ÛÀÒ/õ©Û°Î�ä/×rÛ�ä¯Î+ö'Ó+Í�Í-Ñ©ä�Ó+Í4Ø:Î+ö�Ò�õ©Û°Ì�Ñ©Ï±Û�ä/Ô¢ÍgÓ+Õ(Ù/Í
õ©Û-Ï�ÛWó
ëró���ä/Û�Ù�Û�ä�ß�Û�Ù�Ò
Ó+ÝrÔ²Õ²Ô¦Ò�ØºÎWö¿Ò/õ©Û°ÌqÑrÏ�Û-ä/Ô²Í�Ó+ÕBÙ�Í
õ©Û�Ï±Û+ó

��ä�Î�ÐUÛ�ä�Ò�Ø�é¨Ô²Ù�ÓWÍ
õ©Ô²Û4ß�Û�×PÝ�Ø7Ñ©Ù�Ô²Ì©Ü�Ñ©Ì©×©Ô¦ß¥Ô¢×©Û�×:×©Ô��(Û-ä/Û-Ì©Í�Û-Ù�ó�ô¿Î=Ðrä/Û�Ù�Û�ä�ß�Û¨Ò�õ©Û°ÓWÍ�Í�Ñqæ
ä�Ó+Í4Ø:à���ä�Î�Ð�Û-ä�Ò�Ø±ê+ã¿Î+öhÒ�õ©Û�Ì�Ñ©Ï±Û�ä�Ô²Í�Ó+Õ©Ù/Í
õrÛ�Ï±Û¯Ó°Ù�Ñc�±Í�Ô¢Û�Ì�Ò�Õ¦Øµõ©Ô¢Ü�õ¥æ�Î+ä/×©Û-ä]×©Û�ä�Ô¢ßWÓWÒ/Ô¢ß�Û
Í�Î�ä�ä/Û�Ù�Ð�Î+Ì©×©Ô²ÌrÜ Ò�Î Ò/õ©Û9ÑrÌ©×©Ô¢ßqÔ¢×©Û�×µ×rÔ���Û�ä/Û-Ì©Í�Û9Ì©Û�Û-×µÒ�Î&ÝUÛ9Ñ©Ù�Û�×Bó]áhÎ+ä'ÓSö¤Î+Ñ©ä�Ò/õ¥æ�Î�ä�×©Û�ä
Ó+Í�Í-Ñ©ä�ÓWÒ/ÛAÌ�Ñ©Ï±Û�ä�Ô²Í�Ó+Õ�Ù/Í
õ©Û-Ï�ÛWÚ�Ó�ö¤Î�Ñ©ä�Ò�õ¥æ�Î�ä/×©Û-ä@Ñ©Ì©×©Ô¦ßqÔ²×©Û-×À×©Ô��(Û-ä/Û-Ì©Í�ÛªÔ²Ù�Ó+×©×rÛ�×Bó��¨ÌrÛ
Í�Î�Ñ©Õ¢×úÓ+Õ¢Ù/Î�Ó+×©×úÓPÙ/Û-Í�Î�Ì©×qæ�×©Û-ä/Ô¢ßWÓWÒ/Ô¢ß+Û7Ó+Ð©Ðrä/Îgå¥Ô²Ï�ÓWÒ�Ô¢Î�Ì�Ù/ÍgÓWÕ²Û�×%ç¯Ô¢Ò�õ÷Ò�õ©Û�Ü�ä/Ô¢×%Ù�Ô��-Û
Ò�Î±Î�ÝrÒ
ÓWÔ²Ì:ö¤Î�Ñ©ä�Ò/õ¥æ�Î+ä/×©Û-äSÓWÍ�Í�Ñrä�Ó+Í4Ø�ó�ù�Î�çAÛ-ß+Û�ä-Ú�Ò�õ©ÓWÒ�Ô²Ï±Ð©Õ²Ô¢Û�Ù9Ò/õ ÓWÒ¯Ò�õ©Û�× Ó+Ï±Ð©Ô¢Ì©Ü#Î+ö
Ò�õ©ÛSõ©Ô²Ü�õrÛ�Ù�Òªö¤ä/Û���Ñ©Û�Ì©Í4ØºÜ+Î¥Û-ÙªÒ/Î���Û-ä/Î�Ó+ÙAÒ/õ©ÛSÜ+ä/Ô²×±Ô²Ùªä/Û4Þ Ì©Û-×Bó��_Ô¢Ò/õ7Ó�ö¤Î+Ñ©ä�Ò/õ¥æ�Î�ä�×©Û�ä
Ñ©Ì©×©Ô¦ß¥Ô¢×©Û�× ×©Ô���Û�ä�Û�Ì©Í-Û.Ò/õ©Û�× ÓWÏ�Ð©Ô¢Ì©Ü÷Î+ö Ò/õ©Û�õ©Ô¢Ü�õ©Û-Ù�Ò±ö¤ä/Û���Ñ©Û-Ì©Í-Ø Ô²Ù±Ô²Ìr×©Û�ÐUÛ�Ì©×rÛ�Ì�Ò
Î+ö;Ò�õrÛºÜ�ä�Ô²×÷Ù/Ô��-Û+óGô�õ©Û±Ò�ä�ÛgÓWÒ/Ï�Û-Ì�ÒÀÎ+ö���ä�Î�Ð�Û-ä�Ò/Ô²Û�Ù±é7ÓWÌ©×tê:Ô²Ù°ç9Û-Õ²Õ¦æ�ÿ�Ì©Î�ç¯ÌúÓ+Ì©×øÓ
ß+ÓWä/Ô²Û4Ò�Ø�Î+öA×©Ô���Û�ä�Û�Ì�Ò�×©Ô²Ù�Ù/Ô¢Ð ÓWÒ�Ô¢Î�Ì©Ù&õ©Ó�ß+Û�ÝUÛ�Û-ÌøÐ©ä�Î�ÐUÎ�Ù/Û-×kà��¥Û�Û�è��eñòã�ó#ùSÎ�ç9Û4ß�Û-ä�Ú'ö¤Î�ä
Ñ©Ì©Ù�Ò/ä/Ñ©Í4Ò�Ñ©ä�Û�×PÞ Ì©Ô¢Ò/Û ß�Î+Õ²Ñ©Ï±Û Ù�Í
õ©Û�Ï±Û�Ù���ä/Î�ÐUÛ�ä�Ò�Ø:ëµõ Ógß�Û¨ä�Û�Í-Ô²Û-ß+Û�×PÕ²Ô¦Ò/Ò�Õ¢Û ÓeÒ/Ò�Û-Ì�Ò�Ô²Î+Ì
Ñ©Ì�Ò�Ô²Õ�Ì©Î�ç°ó��%Û�ç¯Ô¢Õ²ÕBö¤ÎqÍ�Ñ©ÙSÎ�ÌaÙ�Ò�Ó+Ý©Ô¢Õ²Ô¢Ò�Ø:Ðrä/Î�ÐUÛ�ä�Ò�Ô²Û-Ù�Ò/Î7Î�ÝrÒ�Ó+Ô²Ì.×©Ô���Û�ä�Û�Ì�Ò¨ÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õ
×©Ô²Ù�Ù/Ô²Ð©ÓWÒ�Ô¢Î�Ì�Î�Ð�Û-ä�ÓWÒ/Î�ä/Ù¨Ò/õ ÓWÒÀÙ�ÓWÒ/Ô²Ù�öòØ�Ó+Õ²Õ'Ò/õ©ä/Û-ÛºÐ©ä�Î�ÐUÛ�ä�Ò/Ô²Û-Ù�Û4ß�Û-ÌúÎ�Ì÷Ñ©Ì©Ù�Ò/ä/Ñ©Í4Ò�Ñ©ä�Û�×
Ü�ä/Ô¢×©Ù�ó

Ë�Ì è îWñüÚ���Î�ä/×©Ù�Ò�ä��Î�Ï Û-Ò�ÓWÕ�Í�Î�Ì©Ù�Ô²×©Û-ä/Û-×øÓ7Þ ä�Ù�Ò�×©Û�ä�Ô¢ßWÓWÒ/Ô¢ß�Û#ÓWÐ©Ð©ä/Îgå¥Ô²Ï�ÓWÒ/Ô²Î�ÌaÙ�Ñ©Í
õ
Ò�õ ÓWÒ�Í�Î+Ì�ß+Û�Í4Ò�Ô¢ß+Û�Ò�Û-ä/Ï±Ù�Í�Ó+Ì�ÝUÛPÔ²Ï±Ð©Õ²Û-Ï�Û-Ì�Ò/Û�× Ô²Ì Ó%Ù�Ò
Ó+ÝrÕ²ÛPÓ+Ì©×�Ó+Í�Í-Ñ©ä�ÓWÒ/Û.Ï�Ó+Ì¥æ
Ì©Û�ä-óúô�õ©Û:Ù�Ò�Ó+Ý©Ô²Õ¢Ô¢Ò�Ø÷Ð©ä�Î¥Î+ö¤Ù�Ô²Ì©Í-Õ²Ñ©×©ÛºÝ�Î�ÑrÌ©× Ó+ä�ØúÍ�Î+Ì©×©Ô¢Ò/Ô²Î�ÌrÙµÙ/Ô¢Ì©Í�Û7Ò/õ©Û:Ù/Í
õ©Û-Ï�Û:Ô²Ù
Ô²Ì�Ò�Û-ä/Ð©ä�Û-Ò�Û-×tÔ²ÌøÓ�Ù/Ñ©Ï±Ï�ÓWÒ�Ô¢Î�Ì¥æ�Ý�Ø�æ�Ð©Ó+ä�Ò/Ù°ö¤ä/Ó+Ï±Û-çAÎ�ä/ÿhó�ô�õrÔ²ÙÀçAÎ�ä�ÿ�ç9Ó+ÙµÍ-Î�Ì�Ò�Ô¢ÌqÑrÛ�×
Ô²Ì�è�é�é�ñUç¯õ©Û-ä/Û&ÓWÌGÓ+Ð©Ð©ä�ÎgårÔ¢ÏºÓeÒ�Ô²Î+Ì±ÎWö@Ò�õ©Û���ÓWÐ©Õ Ó+Í-Ô Ó+Ì=ç9Ó+Ù;Ô¢Ì�Ò/Û�ä�Ð©ä/Û4Ò�Û�×ºÔ²Ì�Ò/õ©Û Ù/Ó+Ï±Û
ö¤ä�Ó+Ï±Û-çAÎ�ä/ÿ�Ù�Ñ©Í
õúÒ�õ ÓeÒµÙ/Í
õrÛ�Ï±Û�ÙµÍ-Î�Ì©Ù/Ô¢Ù�Ò/Ô²Ì©Ü.Î+ö�Þ ä/Ù�Òµ×©Û-ä/Ô¦ß+ÓeÒ�Ô¢ß+Û�Ù�Ó+Ì©× �FÓ+Ð©Õ²Ó+Í�Ô²Ó+Ì©Ù
ÍgÓ+Ì�ÝUÛµÐ©ä/Î�ß+Û�Ì÷Ù�Ò
ÓWÝ©Õ²ÛWóÀË�ÌaÒ/õ©Ô²Ù&Ð©Ó+Ð�Û-ä&ç9Û#ÓWÔ²Ï Ò�ÎGÍ-Î�Ì©Ù�Ò/ä/Ñ©Í4Ò°Þ ä/Ù�Ò�æ
Ú(Ù/Û�Í-Î�Ì©×¥æSÓWÌ©×
ö¤Î�Ñ©ä�Ò/õ¥æ�Î+ä/×©Û-ä9×©Ô¢Ù/Ù/Ô¢Ð ÓWÒ/Ô²Î�Ì�Ó+Ì©×7Ô¢ÌºÎ�ä�×©Û�äAÌ©Î+ÒAÒ�Î�×rÛ�Ù�Ò/ä/Î�ØºÒ/õ©Û Ù�Ò
Ó+ÝrÔ²Õ²Ô¦Ò�Ø=Î+ö@Ò/õ©Û Ï�Ó+Ô²Ì
Ù/Í
õ©Û-Ï�ÛWÚ©Ò�õ©Û¨ÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õh×©Ô²Ù�Ù/Ô¢Ð ÓWÒ�Ô¢Î�Ì±õ Ó+Ù9Ò/Î=Ý�Û&ÝUÎ�Ñ©Ìr×©Û�×GÔ¢ÌºÒ�õ©Û Ù�Ó+Ï±Û Ì©Î+ä/Ï Ó+Ù9Ò�õrÛ
ÏºÓ+Ô¢Ì�Ù/Í
õ©Û-Ï�ÛWóºË�Ì�è îWñªÓWÌ©×kè�é�é�ñ�Ò/õ©Û±Ì©Î�ä/Ï Ô²Ù&çAÛ�Ô²Ü+õ�Ò/Û�×÷ç¯Ô¢Ò�õ�Ò�õrÛ#Þ©Ì©Ô¢Ò/Û#ß+Î�Õ²ÑrÏ�Û-Ù
Ò�õ ÓWÒ�×©Ô¢Ù/Í-ä/Û-Ò/Ô²Ù�Û°Ò/õ©Û°×©Î�Ï�Ó+Ô²Ì(ó

ô�õ©Û�Í�Î+Ì�Ò/Û�Ì�Ò�ÙAÎ+öUÒ�õ©Ô¢Ùªä�Û�ÐUÎ�ä�ÒAÓ+ä�Û¯×©Ô¢ßqÔ²×rÛ�×±Ó+Ù�ö¤Î�Õ²Õ¢Î�ç¯Ù"!�Ô²Ì#Ù/Û-Í-Ò/Ô²Î�Ìºê¨Ò/õ©Û�Ü�Û�Ì©Û-ä�Ó+Õ
Þ Ì©Ô¢Ò/Ûµß�Î�Õ¢Ñ©Ï±Û=Ó+Ð©Ð©ä�ÎgårÔ¢ÏºÓeÒ�Ô²Î+Ì�Ô²Ù¨×rÛ�ä/Ô¦ß�Û-×�!FÔ²Ì�Ù/Û-Í-Ò/Ô²Î�Ì÷ëGÓGÙ/Û-Í�Î�Ì©×qæ�Î�ä�×©Û�ä¨×©Ô¢Ù/Ù�Ô²Ð Óeæ
Ò�Ô²Î+Ì�Ô²Ù ×rÛ�ä/Ô¦ß�Û-×�!¿Ù�Û�Í4Ò�Ô²Î+Ì�ìGÍ�Î�Ì�Ò
ÓWÔ²Ì©Ù¨ÓG×©Û-ä/Ô¦ß+ÓeÒ�Ô²Î+Ì�Î+öAÓºö¤Î�Ñ©ä�Ò�õ¥æ�Î�ä/×rÛ�ä&×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�Ì

ê



Î�Ð�Û-ä�ÓWÒ/Î�ä !rÔ²ÌGÙ/Û-Í-Ò/Ô²Î�Ì�í�Ò�õ©Û¨×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�ÌGÎ+Ð�Û-ä�ÓWÒ/Î�ä;Ô²Ù�Ï±Îq×©Ô¢Þ Û-×7Ò�Î#Ó+Í4Ò�ç¯Ô¢Ò/õP×rÔ���Û�ä�æ
Û�Ì�Ò�Ù�Ò/ä/Û-Ì©Ü+Ò�õGÔ¢Ì7×©Ô��(Û-ä/Û�Ì�Ò9×©Ô²ä�Û�Í-Ò/Ô²Î�ÌrÙ�ó �¥Û-Í-Ò/Ô²Î�Ì:î�Ù�õ©Î�ç¯Ù;Ì�Ñ©Ï±Û�ä/Ô¢ÍgÓ+ÕUÍ�Î+Ï�Ð©Ñ¥Ò
ÓWÒ/Ô²Î�Ì©Ù
Ñ©Ù/Ô¢Ì©Ü±Ò/õ©Û°Ì©Û-çd×©Ô²Ù�Ù/Ô¢Ð ÓWÒ�Ô¢Î�ÌGÎ�ÐUÛ�ä/ÓWÒ�Î�ä�Ù¯Ó+Ì©×PÔ²Ì:Ù/Û-Í-Ò/Ô²Î�Ì�ïµÍ�Î�Ì©Í-Õ²Ñ©Ù�Ô²Î�ÌrÙ¯Ó+ä/Û°×©ä/Ó�ç¯Ì(ó

� ����� �	�
��Å�Æ��.Ê� ��Ä�Ê�Æ±Ã Æ�� Ä���� �����
���µÉ�Ê���Ã
�øÛGÓWÔ²Ï�Ò�ÎaÍ-Î�Ì©Ù�Ò�ä/ÑrÍ-Ò=×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�Ì%Î�ÐUÛ�ä�ÓeÒ�Î�ä�Ù�Ý Ó+Ù�Û�× Î�ÌøÒ/õ©ÛGÓ+ÐrÐ©Õ²Ô¢ÍgÓWÒ/Ô²Î�Ì÷Î+ö�Ò�õrÛ
��ÓWÐ©Õ Ó+Í-Ô Ó+Ì(ó]ô�õ©Û�ä�Û-ö¤Î�ä�Û+Ú©çAÛ°Ý�Û-Ü�Ô²Ì:Ý�ØG×©Û-ä/Ô¢ßqÔ¢Ì©ÜµÒ�õ©Û¨Ù�Ò
Ó+Ìr× Ó+ä/×PÌ©Îq×©Û¨Í�Û-Ì�Ò�ä/Û-×PÞ©Ì©Ô¢Ò/Û
ß�Î�Õ¢Ñ©Ï�Û�ÓWÐ©Ð©ä/Îgå¥Ô²Ï�ÓWÒ/Ô²Î�Ì¨Î+öqÒ�õrÛ �FÓ+ÐrÕ Ó+Í-Ô Ó+Ì±à¤Ù/Û�ÛSè�é�Úeê¥Ú�ë¥Ú�ìrÚeí¥Ú�é+é�ñ¥ã4ó �¥Ô²ÌrÍ�Û�Î�Ñ©äFÏ�Ó+Ô²Ì
Ô²Ì�Ò�Û-ä/Û�Ù�Ò9Ô¢Ù�Ò�Î�Ð©ä/Î�ß�ÛSÙ�Ò�Ó+Ý©Ô²Õ¢Ô¢Ò�ØÀö¤Î�ä�Ò�õ©Û¯Ò�Ô¢Ï�Û�×©Û-Ð�Û-Ì©×©Û-Ì�Ò9Ð©ä/Î+Ý©Õ²Û-Ï.Ú�çAÛ Í-Î�Ì©Ù/Ô¢×©Û�ä�Ò�õrÛ
õ©ÛgÓWÒ�Û��qÑ©ÓWÒ�Ô¢Î�ÌBÚ ���������! à�é�ã
Ë�Ì�Ò/Û�Ü�ä/ÓWÒ�Ô¢Î�Ì:Î+ö;à�é�ã;Î�ß�Û-ä¯Ò/õ©Û°×©Î�Ï�Ó+Ô²Ì#"%$FØqÔ²Û�Õ¢×©Ù�Ú&%')( ���+*-,.� &0/1')(32 �254 *7698 àüê�ã

ç¯õ©Û�ä�Û ý Ó+Ñ©Ù�Ù�:©Ò/õ©Û�Î�ä�Û�Ï Ô²Ù�Ñ©Ù�Û�×Bó;4 ×©Û-Ì©Î+Ò�Û-Ù�Ò�õ©Û¨Î�Ñ¥Ò�ç;Ó+ä�×.ÐUÎ�Ô¢Ì�Ò/Ô²Ì©Ü�Ñ©Ì©Ô¢Ò;Ì©Î�ä/Ï�Ó+Õ
ß�Û�Í4Ò�Î�ä¨Ù�Ñ©Í
õaÒ�õ©ÓWÒ

/)</>= �?� = �A@��CB 4%ó¨á Ñ©ä�Ò�õ©Û-ä�Ú�Õ²Û-Ò3"�$'Ý�ÛµÓ+ÌaÌ¥æ�Ù/Ô²×rÛ�×aÐUÎ�Õ¢ØqÜ�Î+Ìç¯Ô¢Ò�õPÙ/Ô¢×©Û�Ù *D6 $FEqóý Ô¢ß+Û�Ì±Ó+Ì�ØµÜ�ä�Ô²×BÚ+Õ²Û-ÒHG1$h×©Û�Ì©ÎWÒ�Û¯Ó¨Ü�ä/Ô¢×=Ð�Î+Ô²Ì�Ògó��_Ô¢Ò�õ#Ó&Ù�Õ²Ô¢Ü�õ�Ò�Ó+Ý©Ñ©Ù�Û¯Î+ö(ÌrÎ+Ò
ÓWÒ/Ô²Î�Ì
ç9Û#Õ²Û4ÒI"%$�Ý�Û=×rÛ-Þ Ì©Û-×øÓWÙ&Ò�õ©ÛµÏ±ÛgÓWÙ/Ñ©ä�Û=Î+ö�Ò�õ©Ûµß+Î�Õ²Ñ©Ï±ÛµÔ¢Ì©Ù/Ô¢×©Û�Ò�õrÛ=Ù/Î:ÍgÓ+Õ¢Õ²Û-×a×©Ñ Ó+Õ
Ü�ä/Ô¢×�Ó+ä/Î+Ñ©Ì©×�G�$�ó&ô�õ©Ûµ×©Ñ©Ó+Õ'Ü�ä�Ô²×aÔ¢Ù Ô¢Ì.Ò�Ñrä/Ì�×©Û4Þ Ì©Û�×÷Ó+ÙSÒ�õ©ÛµÙ�Ò�ä/Ó+Ô²Ü�õ�Ò Õ²Ô²ÌrÛ�Ù�×©ä�Ógç¯Ì
Ý�Û4Ò�ç9Û-Û�ÌºÒ/õ©Û�Í�Û-Ì�Ò/ä/Û-ÙAÎ+ö�Ï�Ó+Ù/Ù�Î+öUÒ�õrÛ�Í�Û�Õ¢Õ²Ù]ç¯Ô¦Ò�õ.G�$UÓ+Ù�Ó&ß�Û-ä�Ò/Û4å�Ó+Ì©×=Ò/õ©Û¯Ï�Ô¢×©Ð�Î+Ô²Ì�Ò�Ù
Î+ö¿Ò/õ©Û°Û�×©Ü+Û�Ù¯ö¤ä/Î�ÏJG�$�Ú©Ù�Û�ÛÀá'Ô²Ü�Ñrä/Ûµé�ó

K>KL>L M>M>MN>N

O>O>OP>P

Q>QR>R

S>ST>T U>U>UV>V

W>WX>X

Y>YZ>Z[>[\>\Vi

ri Nu( )ni
r

ds in

n

á'Ô²Ü�Ñrä/Ûºé �^] Ü+Û�Ì©Û-ä/Ô²Íµê`_ Ü�ä�Ô²×Bó �qÎ�Õ²Ô¢×aÕ²Ô¢Ì©Û�Ù Ó+ä/Û�Ò�õ©Û=Ü�ä�Ô²×.Õ²Ô²ÌrÛ�Ù&ÓWÌ©×�× Ó+Ù�õ©Û�×�Õ²Ô¢Ì©Û�Ù
Í�Î�ä�ä/Û�Ù�Ð�Î+Ì©×.Ò/Î#Ò/õ©Û°×©Ñ Ó+Õ@Ü+ä/Ô²×(ó

ë



á Ñ©ä�Ò�õ©Û-ä�Ú *D6 $FE±Ô²ÙS×©Û-Þ©Ì©Û�×÷Ó+Ù�Ò�õ©ÛµÙ�Ñ©ÏþÎ+ö]Ò�õrÛµÕ²Û-Ì©Ü+Ò�õ.Î+ö�Ò�õrÛ���Í�Û-Ì�Ò�ä/Û�Î+ö�ÏºÓWÙ/Ù�æ
Ï�Ô¢×©Ð�Î+Ô²Ì�Ò�æ�Í�Û�Ì�Ò/ä/Û:Î+ö¨Ï�Ó+Ù/Ù��øÕ¢Ô²Ì©Û-Ù�Ð ÓWÙ/Ù/Ô¢Ì©ÜøÎ�ß+Û�ä7Î�ÌrÛ�Û�×rÜ�Ûtà¤Ù/Û�Û�á'Ô²Ü+Ñ©ä/Û�é�ã�ó �@Û4ÒG�E�$ � � G�$�� G�E � ó á'Ô²Ì ÓWÕ²Õ¢Ø+Ú;Õ²Û4Ò 4I$°×rÛ�Ì©Î+Ò/ÛaÒ�õ©Û�Ù�Û-Ò:Î+ö�Ô¢Ì©×©Ô²Í-Û�Ù7ÎWöÀÐUÎ�Ô¢Ì�Ò/Ù7ÝUÛ�Ô²ÌrÜÌ©Û�Ô¢Ü�õ�Ý�Î�Ñrä/Ù�Ò�Î.G�$üó

á Î�ä�ÓWÌ.Ô¢Ì�Ò/Û�ä�Ô²Î�ä;ÐUÎ�Ô¢Ì�Ò�Ú%G�$üÚhÓ+ÌPÓ+Ð©Ð©ä�Î�å¥Ô¢ÏºÓWÒ/Ô²Î�ÌºÎ+ö¯à\ê�ã9Ô²Ù-Ú
"%$ B à , � ã $ ���E
	 =�( , E�� , $G�E1$ *D6 $FE  à\ë�ã

Ó+Ì©×:ö¤Î�ä¯Ó=Ý�Î�ÑrÌ©× Ó+ä�ØGÐ�Î+Ô²Ì�Ò��Ú
"�� B à , � ã�� ���E
	 = � ,

E�� , �G�E�� *D6 � E�dà , = ã�� *D6 ��� 8 à¾ì�ã

ç¯õ©Û�ä�Û *76 ���¨Ô¢ÙÀÒ�õrÛ7Õ²Û-Ì©Ü+Ò�õøÝ�Û4Ò�ç9Û-Û�Ì Ò�ç9Î�Ï±Ô²×©ÐUÎ�Ô²Ì�Ò/Ù�ÎWöSÛ-×©Ü�Û-Ù=ÓWÒµÒ/õ©Û7ÝUÎ�Ñ©Ì©× ÓWä�Ø�óô�õ©ÛÀÙ�Í
õ©Û�Ï±Ûºà\ë�ã;Ó+Ìr×úà¤ì�ã9ÍgÓ+ÌPÝUÛ¨Ù/Ñ©Ï±ÏºÓWä/Ô²Ù�Û�×:Ô²Ì:Ï�ÓWÒ�ä�Ô¦å�ö¤Î�ä/Ï*Ó+Ù�Ú
� , � ����� ,�� à���� �"!ªã , àüí�ã

ç¯õ©Û�ä�Û#� Ô²Ù¯Ó=×©Ô ÓWÜ�Î�Ì Ó+ÕUÏ�ÓWÒ�ä�Ô¦å�ç¯Ô¢Ò�õ "%$FÎ�ÌGÒ�õ©Û°×©Ô²Ó+Ü�Î�Ì©Ó+Õüó$�%! , õ©Î+Õ²×©Ù;Ò/õ©Û&Ò�Û-ä/Ï±Ùà , = ã�� *76 ����ó&� , ä/Û�Ðrä/Û�Ù�Û�Ì�Ò�Ù�Ò/õ©Û&ä/Û-ÏºÓWÔ²Ì©Ô¢Ì©Ü�Ò/Û�ä�Ï�Ù&à¾Û�Ù�Ù/Û-Ì�Ò/Ô Ó+Õ¢Õ¢Ø#Ò�õrÛ&Ù/Í
õ©Û-Ï�Û&ö¤Î+äAÒ�õrÛÔ²Ì�Ò�Û-ä/Ô²Î+ä¨Ð�Î�Ô¢Ì�Ò�Ù
ã�ó , � Ó+Ìr× , Ó+ä�Û±ß+Û�Í4Ò�Î�ä�ÙÀç¯Ô¢Ò/õ%Í-Î�Ï±Ð�Î�ÌrÛ�Ì�Ò�Ùºà , � ã $9Ó+Ì©× , $ªä�Û�Ù/ÐUÛ�Í�æÒ�Ô¢ß+Û�Õ¦Ø�ó�Ë�Ìøè�é�é-ñüÚ'�JÔ¢Ù�Ð©ä/Î�ß�Û-Ì.Ò/Î�ÝUÛ°Ó±Ù�ØqÏ�Ï±Û-Ò/ä/Ô²Í¨ÌrÛ�Ü�ÓWÒ/Ô¢ß+Û4æ�×rÛ-Þ Ì©Ô¦Ò�Û¨Ï�ÓWÒ�ä�Ô¦å�ó

( )C�¨É¯Æ±Ã�Ç+*-,þÅ�Ç��¨Å �1Å]Ä�Ê/.÷É�Ê����10�Ê32�2]Ê����ÀÄ�Ê-Æ�Ã
] Ù�Û�Í-Î�Ì©×¥æ�Î�ä/×©Û-äS×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+Ì7Î�ÐUÛ�ä�ÓeÒ�Î�ä�Ô¢Ù�Î�ÝrÒ
ÓWÔ²Ì©Û-×PÝ�Ø+Ú

��� �5476 ���!8 	98;:<8Jé 8 à\î�ã
ç¯õ©Û�ä�Û 4 Ô²ÙFÓ�Ù/Ï�Ó+Õ¢Õ+ÐUÎ�Ù/Ô¦Ò�Ô¢ß+Û�Ì�Ñ©ÏµÝUÛ�äAà¾Í-Î�Ï�Ð©Ó+ä/Û]ç¯Ô¦Ò�õ°Ò�õ©Û�Ù�ÍgÓ+Õ¢Ô²Ì©Ü>= 6 Ô¢Ì¨Ò�õ©Û�×©Ô¢Ù/Í�ä�Û-Ò/ÛÓ+ä�Ò/Ô¢Þ Í-Ô Ó+Õ�×©Ô²Ù�Ù/Ô²Ð©ÓWÒ�Ô¢Î�Ìhã4ó'Ë�ö¿çAÛ�ÓWÐ©Ð©Õ¢Ø�Ò�õ©Û°Û-Ì©Û�ä�Ü+Ø:Ï�Û4Ò�õ©Îq×GÒ�Î.à\î�ãAç9Û�Î�ÝrÒ�Ó+Ô²ÌBÚ

&1?
@ � � � * : �54 6 � �'AB� ?@ � 4 6 &1?@ � 6A * :  àüï�ã

�øÛ°Ù/Û-Û�Ò/õ ÓWÒ 4 � � 	#Î+ä 4 �'A3� 	µç¯Ô¢Õ²ÕBä�Û�Ù/ÑrÕ¢Ò¯Ô²ÌPÓ=ç9Û-Õ²Õ@ÐUÎ�Ù/Û-×.Ðrä/Î�Ý©Õ¢Û�ÏPó�à¾Ë�ö 4DC 	
Ò�õ©ÛSÝ�Î�ÑrÌ©× Ó+ä�Ø#Í�Î�Ì©×rÔ¢Ò�Ô¢Î�Ì©Ù�ßWÓ+Ì©Ô¢Ù/õBó]ô�õrÔ²ÙªÔ²Ù�Ò�õ©ÛSÓ+Ì ÓWÕ²Î�Ü�ÑrÛ�ÎWöBÌ�Ñ©Ï±Û�ä/Ô¢ÍgÓ+ÕhÝUÎ�Ñ©Ì©×©Ó+ä�Ø
Í�Î�Ì©×rÔ¢Ò�Ô¢Î�Ì©Ù-ó¼ãµË�Ì:Ò�õ©Û°×©Ô¢Ù/Í�ä�Û-Ò/Û�Ù�Û-Ò�Ò�Ô²ÌrÜ#çAÛ�õ Ógß�Û+Ú

, ��� = 6 �FE ? �G� ,5 à\ð�ã

ì



ô¿Î%Ó+Ì Ó+Õ¦ØqÙ/ÛGÒ�õ©Û:×©Ô¢Ù/Í-ä/Û-Ò/Ô²Ù/ÓWÒ�Ô¢Î�ÌtÎ+öµà\î�ã�çAÛPÔ¢Ì�Ò�ä/Îq×©Ñ©Í-ÛGÒ�õ©Û:Ì©Î�ä�Ï � , � 6 � ,�� � , ó] Ð©Ð©Õ¦Ø7Ò�õrÛ�Û-Ì©Û�ä�Ü+Ø:Ï±Û-Ò�õrÎ¥×BÚ
� , � 6� � , � � , � � , �� � ,�� = 6 ê , � à�� � �"!ªã , � = 6 à\ê , � � , ��ê , � à��%! , ã�ã  à���ã
�¥Ô²Ì©Í-Û#� Ô²Ù�Ì©Û�Ü�ÓWÒ�Ô¦ß�Û�×rÛ-Þ Ì©Ô¦Ò�Û�Ò�õ©ÛÀ×©Ô²Ù�Í�ä/Û4Ò�Ô¢Ù�ÓWÒ/Ô²Î�ÌPÔ²Ù�Ù�Ò�Ó+Ý©Õ²Û�Ô¢ö , ��� Î�ä>�%! , ���ÓWÒµÒ�õrÛ7Ý�Î+Ñ©Ì©× Ó+ä�Ø�ó � ×©Û�Ì©ÎWÒ�Û�Ù±Ó.ß+Û�Í4Ò�Î�äµç¯Ô¦Ò�õ Ó+Õ¢ÕAÛ-Ì�Ò/ä/Ô¢Û�Ù ��Û-ä/Î©ó �_Ô¦Ò�õøÒ/õ©Û �7]�ôÒ�Û�Í
õrÌ©ÔH��Ñ©Û÷à��¥Ô²ÏµÑrÕ¢Ò
ÓWÌ©Û�Î�ÑrÙ ]SÐ©Ð©ä/Îgå¥Ô²Ï�ÓWÒ/Ô²Î�Ì÷ô¿Û-ä/ÏPÚ'Ù�Û�Û÷è�é�êqÚªé�ërÚªégìWñ ã°çAÛ7Ô¢Ï�ÐUÎ�Ù/Û�%! ,�� 	µçAÛgÓ+ÿ�Õ¢Ø:Ý�Ø:ÓW×©×©Ô²ÌrÜ©Ú

= 6 � E ? à �%! , � � ã 8 à�é
	�ã
Ò�Î#Ò�õ©Û°ä/Ô¢Ü�õ�Ò�æ�õ Ó+Ì©×GÙ�Ô²×©Û°Î+ö;à\ð�ã�ó�á'Ô²Ì©Ó+Õ²Õ¦Ø�Ú�ç9Û�õ Ógß�Û¨Ò�õrÛÀÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õ(×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+ÌBÚ

, � � = 6 � E ? � ,  à�é�é�ã
Ë�Ò�Ô²ÙªÛgÓ+Ù�ØºÒ/Îµ×©Û-Ò/Û�ä�Ï�Ô¢Ì©ÛSÒ/õ©ÛSö¤Î�Õ¢Õ²Î�ç¯Ô²ÌrÜÀÙ�Ô���Û-Ù9ö¤ä/Î+Ï à¤ì�ã4ó *��	� ×©Û�Ì©ÎWÒ�Û�ÙAÒ�õ©Û&Ì�Ñ©Ï�Ý�Û-äÎ+ö'Ù�Ð Ó+Í-ÛÀ×©Ô¢Ï�Û-Ì©Ù/Ô¢Î�Ì©Ù-ó

� E ? ��� ,�
�� à�é�ã 8�%! ,
 *D6 ��� 
�� à =�� $�� E ? ã 8� E ? 
�� à�é��9"%$¤ã 8 à�é�ê�ã"%$*D6 $F$ 
�� à =hã� ,�
�� à =�� $�� E ? ã  
ô�õ©Ô²Ù&Õ¢ÛgÓ+×rÙ Ò�Î7Ù�Û�Í-Î�Ì©×¥æ�Î�ä/×©Û-ä¨Ô²Ì�Ò�Û-ä/Ô¢Î�ä ÓWÍ�Í�Ñrä�Ó+Í4ØaÓ+Ìr×aÞ ä/Ù�Ò�æ�Î+ä/×©Û-ä&Ý�Î+Ñ©Ì©× Ó+ä�ØaÓWÍ�Í�Ñqæ
ä�Ó+Í4Ø�Ú©ç¯õ©Ô¢Í
õ�ä/Û-Ù/Ñ©Õ¦Ò¯Ô²Ì:Ü�Õ¢Î�Ý Ó+Õ¢Õ¢Ø±Ù/Û-Í�Î�Ì©×qæ�Î�ä�×©Û�ä�Ó+Í-Í�Ñ©ä/Ó+Í-Ø+ó
����������� ] Ù�ÍgÓ+Õ²Ó+ä9Û���Ñ ÓWÒ�Ô¢Î�ÌGõ Ó+Ù�ÝUÛ�Û-Ì:Í�Î�Ì©Ù�Ô²×©Û-ä/Û-×:ç¯õrÛ�Ì:×©Û�ä�Ô¢ßqÔ²ÌrÜ�Ò�õ©Û°ÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õ
×©Ô²Ù�Ù/Ô²Ð©ÓWÒ�Ô¢Î�ÌBó7ô�õ ÓeÒ�Û��qÑ©ÓWÒ�Ô¢Î�Ìøä�Û�Ð©ä�Û�Ù/Û-Ì�Ò�ÙµÒ�õrÛ±Ò/ä/ÛgÓeÒ�Ï±Û�Ì�Ò�ÎWö¯Ó.Ù�Ô²Ì©Ü�Õ¢Û=ß+ÓWä/Ô ÓWÝ©Õ²Û=Ô¢Ì
Ó�Ù�ØqÙ�Ò�Û�Ï Î+ö'Ð Ó+ä�Ò�Ô ÓWÕ@×©Ô���Û�ä�Û�Ì�Ò�Ô²Ó+Õ@Û���Ñ ÓWÒ/Ô²Î�ÌrÙ�Ù�Ñ©Í
õ�Ó+Ù¯Ò�õrÛ���Ñ©Õ¢Û�ä�Î�ä�� ÓgßqÔ²Û�ä�æ �qÒ/Î�ÿ+Û-Ù
Û���Ñ ÓWÒ/Ô²Î�Ì©Ù-ó'ô�õ©Û�Ì�Ñ©Ï±Û�ä�Ô²Í�Ó+Õ�ÝUÎ�Ñ©Ì©× ÓWä�Ø&Í-Î�Ì©×©Ô¦Ò�Ô¢Î�Ì©ÙB×©Ô¢Ù/Í-Ñ©Ù/Ù�Û�×ÀÓ+Ý�Î�ß+Û+ÚeÎ�Ì©Õ¢Ø ×©Û�Ù�Í�ä�Ô²ÝUÛ
õ©Î�çtÒ�Î Í-Õ²Î�Ù�ÛªÒ/õ©ÛªÙ/Í
õ©Û-Ï�ÛWó]ô�õ©Û-Ø�×©ÎSÌ©Î+Ò'Ó ��Û�Í-Ò�Ò�õrÛ9Ð©õ�ØqÙ/Ô¢ÍgÓ+ÕqÝ�Î+Ñ©Ì©× Ó+ä�Ø°Í�Î�Ìr×©Ô¢Ò/Ô²Î�Ì©Ù
Ó+Ì©× Ì©Û�Û-× ÌrÎ+Ò#Ý�ÛGÍ
õ©Ó+Ì©Ü�Û-× Ô¦ö�Ó+Ì©Î+Ò/õ©Û�ä=Û��qÑ©ÓWÒ�Ô¢Î�Ì Ô²ÙµÍ-Î�Ì©Ù/Ô¢×©Û�ä�Û�×Bó �SÎ+Ò/Û7Ò�õ ÓWÒµÌ©Î
Ý�Î�ÑrÌ©× Ó+ä�Ø Í�Î�Ì©×rÔ¢Ò�Ô¢Î�Ì©Ù#Ó+ä�ÛGÔ²Ï±Ð�Î+Ù/Û�× Ô¢Ì �>��Ñ ÓWÒ/Ô²Î�Ìdà�é+é�ãµÓ+Ì©× Ò�õ ÓeÒ�ÌrÎ%ÝUÎ�Ñ©Ì©×©Ó+ä�Ø
Í�Î�Ì©×rÔ¢Ò�Ô¢Î�Ì©Ù�Ù�õ©Î�Ñ©Õ¢×PÝUÛ°Ô²Ï±Ð�Î+Ù/Û�×:Ù�Ô²Ì©Í-Û�Ô¦Ò�Ô²Ù¯ÓWÌ�Ó+ÐrÐ©ä/Îgå¥Ô²Ï�ÓWÒ�Ô¢Î�Ì7Î+ö ����� 	ró
!#"%$ &('*),+�-.+/)103254(67'98;:=<>256�?A@ 25BC+/2.DE<%6F6�<%GH0I?5<>'*8
Ë�ÒGÔ²Ù±ç9Û-Õ²Õ¦æ�ÿ+Î�ç¯Ì�Ò/õ ÓWÒ:ÓøÙ�õ©ÎqÍ
ÿ Í�Ó+ÐrÒ�Ñrä/Ô²ÌrÜú×©Ô²Ù�Ù/Ô¢Ð ÓWÒ�Ô¢Î�Ì�ÌrÛ�Û�×rÙ7Ò�ÎúÝUÛ.Þ ä�Ù�ÒGÎ+ä/×©Û-ä
ç¯õ©Ô²Í
õ�ÍgÓWÌ�Ý�ÛµÎ+ÝrÒ
Ó+Ô¢Ì©Û�×�Ý�Ø�×©Ô¢ßqÔ¢×©Ô²Ì©Ü±Ò�õ©Û�Ù/Û�Í-Î�Ì©×¥æ�Î�ä/×rÛ�ä¨×©Ô¢Ù/Ù/Ô¢Ð ÓWÒ/Ô²Î�Ì.Ý�Ø.Ò�õ©Û�Ü�ä/Ô¢×
Ù/Ô��-Û+ó �%Û�Ð©ä/Î�ÐUÎ�Ù�Û�Î+Ì©Û¯Ù/Ñ©Í
õ�Ù/ÍgÓWÕ²Ô²ÌrÜ¨Ô²Ì �¥Û�Í4Ò�Ô¢Î�Ìºî¨Î�Ì±Ü�Û-Ì©Û�ä/Ó+Õ Ñ©Ì©Ù�Ò�ä/ÑrÍ-Ò�Ñrä/Û�×ºÜ�ä/Ô¢×©Ù�ó

í



]SÌ©Î+Ò�õrÛ�ä#Ô²Ù�Ù/Ñ©Û:Ô²Ù=Ò/õ©Û:Ù/ÍgÓWÕ²Ô²ÌrÜ÷ÎWöSÒ/õ©Û.×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+Ìúö¤Î�ä=Õ²Ô¢Ì©ÛgÓ+ä�Ð©ä/Î�ÝrÕ²Û�Ï±Ù�ó ô�Î
Ó+×©×©ä�Û�Ù/Ù°Ò�õrÔ²ÙY��Ñ©Û�Ù�Ò�Ô²Î+Ì÷çAÛ#Í�Î�Ì©Ù�Ô²×©Û-ä¨Ò�ç9Î.×©Ô���Û�ä�Û�Ì�Ò�ÿqÔ¢Ì©×©Ù°Î+öAÜ�ä/Ô¢×�Ô²Ì©×rÛ�ÐUÛ�Ì©×©Û-Ì©Í�ÛWó
á'Ô²ä�Ù�ÒgÚrÔ¢öFÒ�õ©Û°Û-Ì�Ò/Ô²ä�Û�Ðrä/Î�Ý©Õ¢Û�Ï Ô²Ù�ä/Û-Ù/Í�Ó+Õ²Û-×.Ù�Ñ©Í
õ.Ò/õ ÓWÒ�Ò�õrÛ�Ü+ä/Ô²×GÙ�Ô��-Û�Ô¢Ù�×©Î�Ñ©ÝrÕ²Û�×:Ý©Ñ¥Ò
ç¯Ô¢Ò�õÀÒ�õ©ÛAÙ�Ó+Ï±ÛAÌ�Ñ©Ï�Ý�Û-ä'Î+ö ÐUÎ�Ô¢Ì�Ò/Ù;àòÒ�õ ÓeÒ]Ô²Ù¿Ó�Ò�ç¯Ô¢Í�Û9Ó+Ù'Ý©Ô¢Ü Ü�ä�Ô²×hã@Ó+Ìr×�Ò�õ©ÛAÛ���Ñ ÓWÒ/Ô²Î�ÌrÙ
Ó+ä/Ûµä�Û�Ù�ÍgÓ+Õ¢Û�×�Ó+Í-Í�Î�ä�×©Ô²ÌrÜ�Õ¢ØPÙ/Î�Ò�õ ÓWÒSÒ�õ©Û�Û4årÓ+Í-Ò&Ù/Î�Õ¢ÑrÒ�Ô¢Î�ÌaÓWÒ ÛgÓ+Í
õ�Ü+ä/Ô²×.Ð�Î+Ô²Ì�Ò&Ô¢ÙSÒ�õrÛ
Ù�Ó+Ï±ÛAÎ+ÌÀÒ�õrÛ9Ù/Ï�Ó+Õ¢Õ�Ó+Ì©×ÀÝ©Ô²Ü�Ü�ä/Ô¢×BÚ�Ò�õ©Û-Ì�Ò�õ ÓeÒ¿Ù�õ©Î�Ñ©Õ¢×�ÝUÛªÒ/õ©Û9Í�Ó+Ù/Ûªö¤Î�ä@Ò�õ©ÛAÌ�Ñ©Ï�Û-ä/Ô¢ÍgÓ+Õ
Ù/Î�Õ¢ÑrÒ�Ô¢Î�Ì�ÓWÙ�çAÛ�Õ¢Õüó �%ÛÀÔ¢Õ²Õ¢Ñ©Ù�Ò/ä�ÓWÒ/Û&Ò�õ©Ô¢Ù�ç¯Ô¦Ò�õ.Ó+Ì�Û�å©ÓWÏ�Ð©Õ¢Û+ó��9Î�ÌrÙ/Ô²×rÛ�ä�Ú Ò/õ©Û�ÐUÛ�ä�Ô²Îq×©Ô²Í
Ð©ä/Î�ÝrÕ²Û�Ï ��� ��� �'A�� 	�ç¯Ô¦Ò�õ�Ô¢Ì©Ô¢Ò/Ô Ó+Õ@× ÓeÒ
Ó � à : 8 	�ã ��� à :�ãSÎ+Ì 	 8 :�� é�ó¨ô�õrÛ�Ì
Ò�õ©Û¯Ù/Î+Õ²ÑrÒ/Ô²Î�ÌµÔ¢Ù � à : 8	� ã �
� à���ã�ç¯õ©Û�ä�Û� � : ��� � ������ÓWÌ©×��GÔ²Ù�Ó+Ì#Ô¢Ì�Ò/Û�Ü�Û-ä�Í
õ©Î�Ù�Û�Ì
Ù/Ñ©Í
õPÒ�õ ÓWÒ���� è 	 8 é-ñüó
��Û4åqÒgÚ�Í-Î�Ì©Ù�Ô²×©Û-ä¿Ò�õrÛ;Ð�Û-ä/Ô¢Î¥×©Ô¢Í�Ð©ä/Î�ÝrÕ²Û�Ï , � ��ê�� ,�� � 	¯ç¯Ô¢Ò�õ , à�� 8 	�ã ��� à�� ��ê�ã �

� à :�ã�Î�Ì 	98����kê¥ó�ô�õ©Û Ù�Î�Õ²Ñ¥Ò�Ô²Î+Ì±Ô¢Ù , à�� 8	� ã ��� à�� ��ê�ã'ç¯õ©Û-ä/Û�� � � �aê � � ��ê����¿ó
�÷Ô¢Ù¯Ó+ÌPÔ²Ì�Ò�Û-Ü�Û�ä�Í
õ©Î+Ù/Û�Ì.Ù/Ñ©Í
õPÒ�õ ÓeÒ���� è�	 8 êeñ\ó

ô�õ©Û�Ò�ç9Î�Û�å©ÓWÏ�Ð©Õ¢Û�Ùµõ©Ó�ß+ÛGÔ²×©Û-Ì�Ò�Ô²Í�Ó+Õ�Ù/Î�Õ¢ÑrÒ�Ô¢Î�Ì©Ù�ÓWÒ�Ò/õ©Û7ÐUÎ�Ô²Ì�Ò�ÙÀÕ²ÎqÍgÓWÒ/Û�×tÓeÒ�Ò�õrÛ
Ù�Ó+Ï±Û�ä/ÓWÒ�Ô¢Î%Î+ö¨Ò/õ©Û.Ò/Î+Ò
ÓWÕ�Ô¢Ì�Ò�Û�ä�ßWÓ+Õüó á Î�ä±Û4årÓ+Ï±Ð©Õ²Û � à�é��+ð 8	� ã � , à�é��Wì 8	� ã4ó_ô�õ©Ô¢ÙÔ²Ù°ÛgÓ+Ù�Ô²Õ¦Ø�Ñ©Ìr×©Û�ä�Ù�Ò�ÎqÎq×%Ù�Ô²Ì©Í-Û±Ò/õ©Û=Ò�ç9ÎPÐ©ä/Î+Ý©Õ²Û-Ï�Ù¨Í-Î�Ì©Ì©Û-Í-Ò�Ù°Ò�õrä/Î�Ñ©Ü+õ÷Ò/õ©Û#ÏºÓ+ÐrÐ©Ô²Ì©Ü
� � ê
:.Ù/Ñ©Í
õPÒ�õ ÓeÒ �'A � �!� � A � ê �"� ó
��Û4åqÒgÚ@çAÛ±Ò/Ñ©ä/Ì�Ò�ÎGÒ�õrÛ±×rÔ²Ù/Í-ä/Û4Ò�Û#Ð©ä/Î+Ý©Õ²Û-Ï�Ù&Î+Ì÷Ò/õ©Û#Ù�Ó+Ï±Û=×©Î�Ï�Ó+Ô²ÌrÙ�ó �@Û-Ò ��� �

� � A � � � A � ç¯õ©Û�ä�Û � A Ô¢ÙÀÒ/õ©ÛG×©Ô²Ù�Í�ä�Û-Ò�Û :©æ�×©Û-ä/Ô¢ßWÓWÒ/Ô¢ß+Û7Î�Ì :
� è 	 8 é�ñAç¯Ô¢Ò�õøÜ�ä/Ô¢×Ù/Ð Ó+Í-Ô²Ì©Ü = Ó+Ì©×�� A Ô²Ù=ÓWÌ ÓWä�Ò�Ô¦Þ Í�Ô²Ó+Õ9×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+ÌúÎ�ÐUÛ�ä�ÓeÒ�Î�ä-óúá Ñ©ä�Ò/õ©Û�ä-Ú � à�:�$ 8 	�ã �
� à :�$¾ã�ó �@Û-Ò , � � ê�� � ��,�� � �1, ÝUÛ±Ò/õ©Û±Ù�Ó+Ï±Û#×©Ô²Ù�Í�ä/Û4Ò�Ô¢Ù�ÓWÒ/Ô²Î�Ì�ç¯Ô¢Ò/õ%Ü�ä�Ô²×�Ù/Ð©Ó+Í�Ô¢Ì©Üê =%Î�Ì#�$� è�	 8 êeñ�Ó+Ì©× � à�� $ 8 	�ã �%� à�:�$¤ã�ó ��Î+Ò�Û=Ò/õ ÓWÒ°ç9Û±õ Ógß�Û#Ò�õrÛ±Ù/Ó+Ï±Û±Ì�Ñ©Ï�Ý�Û-äÎ+öªÜ�ä/Ô¢×�Ð�Î�Ô¢Ì�Ò�Ù&Ô¢ÌaÒ�õ©ÛµÒ�çAÎ:Ð©ä/Î�ÝrÕ²Û�Ï±Ù�ó°ô�õ©Û=Ò�çAÎ:Ð©ä/Î�ÝrÕ²Û�Ï±Ù¨Ó+ä�ÛµÔ²Ìr×©Û�Ì�Ò�Ô¢ÍgÓ+Õ¿Ñ©Ì©×©Û-ä
Ò�õ©Û�Ò/ä�Ó+ÌrÙ�ö¤Î�ä�ÏºÓWÒ/Ô²Î�Ì&� � ê
:÷Ó+Ìr×aÙ/ÎGÓWä/ÛÀÒ/õ©Û�×rÔ²Ù/Í-ä/Û4Ò�Û�Ù�Î�Õ²Ñ¥Ò�Ô²Î+Ì©Ù�óSùSÛ-Ì©Í�ÛWÚ@ÓWÒSÜ�ä/Ô¢×Ð�Î�Ô¢Ì�Ò � ç9Û°õ Ógß+Û+Ú � à :�$ 8	� ã � , à�� $ 8	� ã�ó �SÎ+Ò/Û Ò�õ ÓeÒ�ç9Û¨õ Ógß+Û�ÌrÎ+Ò�Ó+Ù/Ù�Ñ©Ï±Û�×PÓ+Ì�Ø�Ò�õ©Ô¢Ì©Üä/Û�Ü�Ó+ä/×©Ô¢Ì©ÜGÒ�õ©Û#Ù�Ô���Û±Î+öªÒ�õ©Û#×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�Ì�Ù�ÎPÒ/õ©Ô²Ù°Ù�Ô²Ï±Ô²Õ ÓWä/Ô¢Ò�ØPÓWÐ©Ð©Õ²Ô¢Û�Ù&Ò/Î.ÝUÎ+Ò�õ�Þ ä�Ù�Ò�æ
Ó+Ì©×PÙ/Û�Í-Î�Ì©×¥æ�Î�ä/×rÛ�ä�×©Ô²Ù�Ù/Ô²Ð©ÓWÒ�Ô¢Î�ÌBó
ô�õ©Û°Ù�Û�Í�Î+Ì©×�Ð©ä�Î�ÐUÛ�ä�Ò�Ø:ÎWö'Ô¢Ï�ÐUÎ�ä�Ò�Ó+Ì©Í-Û¨Ô²Ù;Ò�õrÛ�Ù�ÍgÓ+Õ¢Ô²Ì©Ü#Î+ö�Ò�õrÛ�×rÔ²Ù/Ù�Ô²Ð ÓeÒ�Ô²Î+Ì7ö¤Î�ä¯Ó

Ü�Ô¢ß+Û�ÌPÕ²Ô²ÌrÛgÓ+ä;Ðrä/Î�Ý©Õ¢Û�Ï*Ó+Ì©×:ö¤Î�ä�×©Ô���Û�ä�Û�Ì�Ò�Ü�ä/Ô¢×GÙ/Ô���Û�Ù-ó
�%ÛµÍ�Î+Ì©Ù/Ô¢×©Û�ä&Ò/õ©ÛµÐUÛ�ä/Ô¢Î¥×rÔ²Í�Ðrä/Î�Ý©Õ¢Û�Ï ��� ��� ��A � 	7Î�Ì 	 8 :'� é=×©Û�Ù�Í�ä�Ô²ÝUÛ�×

Ð©ä/Û4ß¥Ô¢Î�Ñ©Ù�Õ¢ØaÔ¢Ì�Ò�õ©Ô¢Ù&Ù/Û-Í-Ò�Ô¢Î�ÌBóµË�Ò°Ô¢Ù¨×©Ô²Ù�Í�ä�Û-Ò�Ô¢Ù/Û-×÷Ý�Ø , � ��� � A�, � � A , ç¯õrÛ�ä/Û � A�,Ô²ÙµÒ�õrÛGÙ�Ò
ÓWÌ©× Ó+ä�× Ù�Û�Í-Î�Ì©×¥æ�Î�ä/×©Û-ä.à¾Ì©Î�Ìqæ�×©Ô¢Ù/Ù/Ô¢Ð ÓWÒ/Ô¢ß�Ûgã�Ó+Ð©Ðrä/Îgå¥Ô²Ï�ÓWÒ�Ô¢Î�ÌBó�� A�� =�(�)� Aç¯õ©Û�ä�Û�)� A , Ô²ÙFÒ�õ©ÛªÑ©Ì©×©Ô¦ßqÔ²×©Û-×�Ù/Û-Í�Î�Ìr×¥æ�×©Û-ä/Ô¦ß+ÓeÒ�Ô¢ß+Û9ÓWÐ©Ð©ä/Îgå¥Ô²Ï�ÓWÒ/Ô²Î�Ì¨Ò�Ô¢Ï�Û-Ù�Ó�Í-Î�Ì©Ù�Ò�Ó+Ì�Ò
* ó�+ � é 8 ê 8 ë    ØqÔ²Û-Õ²×©ÙÀÓ�+�Ò�õqæ�Î�ä�×©Û�ä�×©Ô²Ù�Ù/Ô¢Ð ÓWÒ�Ô¢Î�ÌBó �%ä/Ô¢Ò�Ò�Û-ÌøÔ²ÌøÍ�Î�Ï±Ð�Î+Ì©Û�Ì�Ò�ö¤Î�ä/Ï
Ò�õ©ÛI4 � é-æ�Ð�Î+Ô²Ì�Ò�×©Ô¢Ù/Í�ä�Û-Ò/Ô²Ù�ÓeÒ�Ô²Î+ÌGÔ²Ù�Ú

à , E�ã � �,� , E.- ? � , E E ?ê = � = ( * , E.- ? � ê , E� , E E ?= 6 8 � � é   4 8 , @ � , =  
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�]å¥Ð ÓWÌ©×.Ò/õ©Û°Ù/Î�Õ¢ÑrÒ�Ô¢Î�ÌGÔ²ÌPÓ#á Î�Ñ©ä/Ô¢Û�ä�Ù�Û�ä/Ô¢Û�Ù�ç¯Ô¢Ò/õ+= � é��14%Ú
, à � ã E �

=
E ?���� @ �, à � ã>� � $���� � 8�� E � ê
	 :�E�� è 	 8 ê�	ªà 4 �ké�ã ��4Pñ 8

�, à � ã>� �
=
E ?� E�� @ , à :�E�ã � E $���� � =  à�é�ë�ã

Ë�Ì©Ù/Û-ä�Ò�Ò�õ©Û�á Î�Ñ©ä�Ô²Û�ä9Û4å¥Ð Ó+Ì©Ù�Ô²Î�ÌPÔ²Ì�Ò/Î#Ò/õ©Û°Û�ä�ä/Î�ä¯Û���Ñ ÓeÒ�Ô²Î+ÌBÚ=
E ?��� @ � à��, à � ã ��ã ��� $���� � ���, à � ã � � $���� � à�� �

= � Ù/Ô¢ÌFà � ê
	 =hã ��ê * = ( E 6 à¤Í�Î�Ùgà � ê�	 =hã$�ûé�ã�ã�� � 	  
�SÎ+Ò/Û�Ò/õ ÓWÒ�ç¯Ô¢Ò/õ±Ò/õ©Ô²Ù�Í
õ©Î+Ô²Í�Û¯Î+ö�Ò�ä/Ó+Ì©Ù�ö¤Î+ä/Ï � � 	°Í�Î�ä�ä/Û�Ù�Ð�Î+Ì©×©ÙAÒ/Î�Ó�Í-Î�Ì©Ù�Ò�Ó+Ì�Ò;ÓWÌ©×
� � 4;�Gé�Ô²Ù¿Ò�õ©Û;Õ¢ÛgÓ+Ù�Ò]Î�Ù�Í�Ô¢Õ²Õ ÓeÒ�Ô²ÌrÜ�Ï±Îq×©ÛAç¯õ©Ô¢Õ²Û � � 4���ê�Ô²Ù¿Ò/õ©Û;Ï±Î�Ù�Ò]Î�Ù/Í-Ô²Õ²Õ²ÓWÒ�Ô¢Ì©Üà¾Ñ©Ù�Ñ Ó+Õ²Õ¦Ø7Í�Ó+Õ²Õ¢Û�×GÒ�õ©Û�	(æ�Ï�Îq×©Û&Ù�Ô²Ì©Í-Û¨ç¯Ô¢Ò�õ � � 4���ê�ç9Û�õ Ógß�Û � ê�	 = � 	�ã�óô�õ©ÛGÐrÑ©ä/ÐUÎ�Ù/ÛGÎWö�Ò�õ©ÛG×©Ô¢Ù/Ù�Ô²Ð ÓWÒ/Ô²Î�Ì%Ô²Ù�Ò/Î�× Ó+Ï±ÐøÒ�õrÛGÑ©Ì©ä/Û-Ù/Î�Õ¦ß�Û-× Ï±Îq×©Û�Ù�ç¯õrÔ²Õ²Û
Õ²ÛgÓgßqÔ²ÌrÜ°Ò/õ©Û¯ä/Û-Ù/Î�Õ¦ß�Û�×±Ï±Î¥×©Û-Ù�Ñ©Ì©×©Ô¢Ù�Ò/Ñ©ä/ÝUÛ�×Bó]ùSÛ�ÌrÍ�ÛSÓ°Õ¢Î�ç ö¤ä�Û���Ñ©Û�ÌrÍ-Ø±Ï�Îq×©Û;Ù�õ©Î�Ñ©Õ¢×
õ Ógß�Û�Õ²Û�Ù�Ù�Ó+Ì©×#Õ²Û-Ù/Ù�× Ó+Ï±Ð©Ô¢Ì©Ü¨Ó+Ù]Ò/õ©Û¯Ü�ä/Ô¢×=Ô²Ù]ä�Û-Þ Ì©Û-×ºÓWÌ©×±Ò/õ©Û�õ©Ô¢Ü�õ©Û�Ù�Ò�Ï�Îq×©Û;Ù�õ©Î�Ñ©Õ¢×
Û4å¥Ð�Û-ä/Ô¢Û�Ì©Í-ÛªÒ/õ©Û�Ù�Ó+Ï±Û�× Ó+Ï±Ð©Ô²Ì©Üró@ô�õ©Û�ä�Û-ö¤Î�ä�Û+ÚWçAÛªÙ�Ò�Ñr×rØ&Ò�õrÛªÝUÛ�õ©Ó�ßqÔ¢Î�Ñ©äFÎ+öqÒ�õ©Û�Ï±Î¥×©Û
� � 4���êqó�ô�õ©ÛÀÛ���Ñ ÓWÒ�Ô¢Î�ÌGö¤Î�ä;Ò�õ©ÓWÒ�Ï�Îq×©Û&Ô¢Ù�Ú
à��, à � ã =�� 6 ã � � �, à � ã =�� 6 à�� �

= � Ù�Ô²ÌFà\ê�	 =�4���ê�ã � ê * = ( E 6 à¾Í-Î�Ù�à\ê�	 =�4���ê�ã$�ké�ã ����, à � ã =�� 6 ì * = ( E 6� à�égì�ã
�SÎ�ç°Ú(Ô¦Ò Ô¢ÙSÛ�Ó+Ù/Ô¢Õ¢Ø:Ù/Û-Û�ÌaÒ/õ ÓWÒ�Ò�õ©ÛÀÎ�Ì©Õ¢Ø<=�Ô¢Ì©×©Û�ÐUÛ�Ìr×©Û�Ì�Ò¨Ù�Î�Õ²ÑrÒ/Ô²Î�ÌPÔ²Ù Ó+Í
õ©Ô¢Û-ß�Û-×aç¯Ô¢Ò/õ
+ � êqó;Ë�ö + � é�Ò/õ©Û�õ©Ô²Ü�õrÛ�Ù�Ò�ö¤ä/Û���Ñ©Û�Ì©Í4Ø.ç¯Ô¢Õ²ÕBõ©Ó�ß+Û�Ô¢Ì©Í�ä�ÛgÓ+Ù�Û�×�×©Ó+Ï�ÐrÔ²Ì©Ü�Ó+Ù>= C 	
Ó+Ì©×PÔ¢ö +��_ê�Ò�õrÛ�×©Ó+Ï�ÐrÔ²Ì©Üµç¯Ô¢Õ²Õ(×rÔ²Ï±Ô²Ì©Ô¢Ù/õºç¯Ô¦Ò�õPÙ/Ï�Ó+Õ²Õ¢Û�ä =Bó
ô�õ©Û-Ù/Û�Í-Î�Ì©Í�Õ¢Ñ©Ù/Ô¢Î�Ì©Ù�õ©Î�Õ²× ö¤Î�ä7ÓWÌ�Ø Í�Î+Ì©Ù�Ò�Ó+Ì�ÒGä�ÓWÒ/Ô²Î 4��
:_ç¯õ©Û�ä�Û :_Ô²Ù7Ó÷ß+ÓWÕ²Ô²×

Í
õ©Î�Ô²Í-Û�Ò/õ ÓWÒ�Ü�Ô¦ß�Û-Ù9Ó+Ì±Û4å¥Ô¢Ù�Ò�Ô¢Ì©Ü°Ï�Îq×©ÛWó]ùSÛ-Ì©Í�Û¯Ò�õrÛSÍ
õ©Î+Ô²Í�Û + � ê°Ô¢Ï�ÐUÎ�Ù�Û�Ù]Ò�õrÛ�Ù/Ó+Ï±Û× Ó+Ï±Ð©Ô²Ì©ÜrÚ�Ô²Ì©×©Û-Ð�Û-Ì©×©Û-Ì�Ò9Î+ö =@ÚqÎ�Ì#Ò�õ©Û�ÐUÎ�ä�Ò/Ô²Î�Ì#Î+ö�Ò�õ©Û¯Ï±Î¥×©Û-Ù�Ò�õ ÓWÒAÓ+ä�ÛSÑrÌ©ä/Û-Ù/Î�Õ¦ß�Û�×(ó
ùSÎ�ç9Û4ß�Û-ä�ÚhÔ¢ö¿Ó�Þrå¥Û�×PÏ±Î¥×©Û 4 � 4�� $ A Ô²Ù9Í�Î�Ì©Ù�Ô²×©Û-ä/Û-×:Ò/õ©Û¨× Ó+Ï±Ð©Ô¢Ì©ÜµÎ�ÌGÒ�õ©ÓWÒ�Ï±Î¥×©Ûç¯Ô²Õ²Õ(×©Û�Í-ä/ÛgÓWÙ/Û°ç¯Ô¢Ò�õ+=.Ù�Ô²Ì©Í-Û°Ô¢Ò;ç¯Ô¢Õ²ÕBÝUÛ¨Ï�Î+ä/Û°Ó+Ì©×PÏ±Î�ä/Û¨ä�Û�Ù/Î+Õ¢ß�Û-×Bó
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