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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’s counterpart of
peer-reviewed formal professional papers but
has 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 cosponsored by NASA.

• SPECIAL PUBLICATION. Scientific, techni-
cal, or historical information from NASA
programs, projects, and mission, often con-
cerned with subjects having substantial public
interest.

• TECHNICAL TRANSLATION.
English-language translations of foreign scien-
tific and technical material pertinent to NASA’s
mission.

Specialized services that complement the STI
Program Office’s diverse offerings include creat-
ing custom thesauri, building customized data-
bases, organizing and publishing research results . . .
even providing videos.

For more information about the NASA STI Pro-
gram Office, see the following:

• Access the NASA STI Program Home Page at
http://www.sti.nasa.gov/STI-homepage.html

• E-mail your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA Access Help
Desk at (301) 621-0134

• Telephone the NASA Access Help Desk at
(301) 621-0390

• Write to:
NASA Access Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076–1320
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Available from:

NASA Center for AeroSpace Information National Technical Information Service
7121 Standard Drive 5285 Port Royal Road
Hanover, MD 21076-1320 Springfield, VA 22161
Price Code: A17 Price Code: A10
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ÛNÜ�ÝNÞ�ß@à�Ý>á�ß�â!àFãä{ß�â�å�æ�çÎè_ÞXé�Ý>áFêkãë
ÝNì�ä�áîí�Ý>ä�ï�Ý�ðFñ�â�ß�ï1ò¥ð�à�áFä{óeÝ>à�á�ñ�Ü�ä{åï�ðQãàFð_í¥Ý�ß�Ý>á�â�å×ô�Ý>Ý>àFãß�õ{ð�ö�í�ôÕ÷
Ý>ê�Ý>áFñøà/ù_ä1ñ�Ý�â!á�ð>úXÛNÜ�Ý�û×á�ð�à+Þ�æ-éüí-ôýãßüþ1ÿä�à��>àFãß�õ � í¥Ý>á�ó�â�ß@ñ � Ü�Ý�å¤ï���Ý���á���â!á�ñ
	����	�� � 	������ � ùîâ�ðNõ���ã¤ï�Ý�ï��ñ àFÜ�Ý���Ý>ñ�ß�ä�à�Ý����[ã®õ{Ü×åã®õ{Ü@àFðÈâ�ß×ï��+Ü�â�åå®Ý�ß�õ�Ý�ðZä�ì æ�çÎè_Þ��kúNÛNÜ�Ý õ�ä{â�å�ù_â�ðøà�ä ��áFä�ê�ã¤ï�Ý â�ßdãß@à�Ý>áFÝ�ð�àFã¤ß�õ
â�ß�ï ãß�ì�ä�á�ó�â!àFã®ê�Ý!��áFä�õ�á�â�ó ì8ä�áøâÓù[ãï�Ýtë
áFä{ð�ðZð�Ý�ë
àFãä{ß ä�ì Þ�æ é óeÝ�ó"�aÝ>á�ð1ä{ß àFÜ�Ý Ü�ã®õ{Ü õ�ä{â�å¤ð1ä�ì æ�çÎè_Þ
à�Ý�ë�Ü×ß�ä{å®ä�õ�ñ â�ß�ï ã®àFð#�aä�à�Ý�ß¢àFãâ�å@ì�ä�á'àFÜ�Ý_ì$��à%��áFÝ�ú5ÛNÜ�Ý&��Ý>ñkß�ä�à�Ýîì�ä�á'àFÜ�Ýîð�Ý�ë
ä{ß�ï Þ�æ-é í�ô ãß ÛNð%�'���'�×â ��( â�� â�ß �Ü�Ý�åï!��Ý���á��×â!áFñ���*) � 	�����	 � ùîâ�ð
��+QáFä{ð%�]Ý�ë
àFãê�Ý�ð&ì�ä�á[àFÜ�Ý,�-��à%��áFÝ.�1ã¤ß/��Ý>Ý��×ãß�õ1ù&ã®àFÜtàFÜ�Ý á�Ý>ä�áFõ{â�ß�ã0��â!àFã®ä{ß ä�ìÞ)ò&í â!á�ä���ß�ï àFÜ�Ý�óeä�àFã®ê!â!àFã®ä{ß ä�ì-õ�Ý>ä�ï�Ý�ð�ñ â�ð ��â�ß ä{å¤ï ðFë>ã®Ý�ß×ë
Ý�ù&ãàFÜ â«ï�ñ�ß�â�ó1ãëüì$��à%��áFÝ.� â�ß�ï ß�ä�àFã¤ß�õ
àFÜ�Ý�ë�Ü�â�åå®Ý�ß�õ{ã¤ß�õZá�ä{å®Ý�ä�ìXÞ�æ-é ã¤ß ó1â�ãß¢àFâ�ã¤ß�ãß�õÈõ{å®ä��×â�åuáFÝ>ì�Ý>áFÝ�ß�ë
Ýeì�á�â�óeÝ�ð�ä{ßÓàFÜ�ÝeÜ�ã®õ{Ü�Ý�ð�à-â�ë>ë���á�â�ë
ñÕåÝ>ê�Ý�å*ú
+Qá�ä�ï-�×ë
àFð â�ß�ïÓä�� ð�Ý>áFêkãß�õ���áFä�õ�á�â�ó�ð ù_Ý>áFÝ1á�Ý>ê�ã®Ý>ù_Ý�ï«ã¤ßyàFÜ�Ý21yä�á%�kãß�õyí¥áFä��'�3	üáFÝ��aä�áFà � â�ß�ï4��á�ä��]ä{ð�â�åðù_Ý>áFÝ ó�â�ï�Ý â�ß�ïüï×ãðFë���ðFðFÝ�ïZù[ã®àFÜÈàFÜ�Ý-õ�ä{â�ågä�ìuÜ�â�êkãß�õ�âeë
ä{ó�ó�ä{ß��×åâ�ßÈì�ä�á&ãó5��á�ä�ê�Ý�óeÝ�ß@àFðNãßÈàFÜ�Ý ë
ä{ó�ã¤ß�õ
ñ�Ý�â!á�ð � ãßÕä�á�ï�Ý>á à�ä óeÝ>Ý>à àFÜ�ÝÈð�Ý>áFêkãë
Ý�áFÝ.67��ã®á�Ý�óeÝ�ß¢àFð�úZÛNÜ�Ý8��Ý>ñ�ß�ä�à�ÝÈä�ìîàFÜ�Ý1àFÜ×ã®á�ïÕÞ�æ-é í�ônãß:9¥à�àFâ�ù_â ��îâ�ß�â�ï×â � Ü�Ý�åï;��Ý���á<��â!áFñ;=>���� � 	������ � ãð�ê�ãð�ã®ä{ß�ð�ì�ä�á1àFÜ�Ý ß�Ý@?�àZï�Ý�ë>â�ï�Ýtì�ä{åå®ä�ù&ãß�õÕàFÜ�Ý ó�â�ãß àFÜ�Ý�óeÝtä�ì��Û'ä�ï�â�ñBA6ðDCNÝ�ð%�×å®àFð+â�ß�ï Û'ä{óeä�áFáFä�ùEA6ðNæ�ãðFãä{ß-�kúQÛNÜ�Ý�ä���àFð�àFâ�ß×ï�ãß�õeæ�çÎè_Þ_áFÝ�ð%��å®àFð+â�êâ�ã¤åâ��×å®Ý-à�äkï�â�ñüâ!áFÝ àFÜ�Ý
ì�ä���ß�ï�â!àFã®ä{ßtâ�ß�ïtóeä�àFãêâ!àFã®ä{ßtì8ä�á¥àFÜ�Ý ß�Ý@?�à[õ�Ý�ß�Ý>á�â!àFã®ä{ß�æ¥ç'è_ÞNð�ñ�ðFà�Ý�ó áFÝ.67��ã®áFÝ�ó�Ý�ß¢àFð>ú+ò¥åå�ð��aÝ�â���Ý>á�ð&ùXÝ>á�Ý
Ý�ß�ë
ä���á�â!õ�Ý�ï à�ä1â�ï�ï�áFÝ�ðFðîàFÜ�Ý á�Ý�ð%��å®àFðîä�ìuà�äkï�â�ñüâ�ß�ïüà�äZë
ä{ß�ðFãï�Ý>áF�aä{ðFð�ã0�×å®Ý¥ìG��à%��áFÝ-ï�ã®áFÝ�ë
àFãä{ß�ð>ú

é�äZì�â!á[àFÜ�Ý�í-ô�ð�Ü�â�ê�Ý"�aÝ>Ý�ßtÜ�Ý�åï ãß!H&��áFä��aÝ � ò¥ðFãâ1â�ß�ïJI[ä�áFàFÜ ò[óeÝ>á�ãë>â � ù[Ü�ãë�Ü áFÝ@K×Ý�ë
àFð[àFÜ�Ý õ{å®ä�� â�åàFâ�ð�� â�ß�ï àFÜ�Ý õ{å®ä��×â�å[ãß@à�Ý>á�ß�â!àFã®ä{ß�â�å&ë
ä{ååâ��aä�á�â!àFã®ä{ß ä�ì�Þ�æ-éaúQÞ�àZãðeä���ê�ã®ä��×ð�àFÜ�â!à�àFÜ�Ý�ß�Ý@?kàÈí�ô ðFÜ�ä���åï
�aÝeãß àFÜ�Ýeð�ä���àFÜ�Ý>á�ßyÜ�Ý�ó�ãð��×Ü�Ý>áFÝ�ú Þ&àFÜ×â�ß'��àFÜ�ÝML¥ß�ã®ê�Ý>á�ðFã®à/ñ�ä�ìF�îä{ß�ë
Ý��gë>ã.Nä{ß � �îÜ�ãåÝ � ù[Ü�Ý>áFÝ�àFÜ�ÝZí¥Ý>á�ó1â�ßÛ'á�â�ß�ð��aä�áFàFâ��×åÝ�Þ�ß@à�Ý>õ�á�â!à�Ý�ï í¥Ý>äkï�Ý>àFãë/9O� ð�Ý>áFê!â!à�ä�áFñ ö~Û+ÞFíE9 ÷ ãð å®ä�ë>â!à�Ý�ï � ì8ä�á�àFÜ�Ý�ã®á ù&ãå¤åãß�õ{ß�Ý�ð�ð�à�äÕÜ�ä{ð�ààFÜ�Ý-Þ�æ-étí�ô ãß/	�����P�ú
ôQ��ë�ÜÓùXä�á%� ùîâ�ð ï�ä{ß�Ýeì�ä�á í�ôR	������J��ñ�àFÜ�Ý�ç�äkë>â�åS9¥áFõ{â�ß�ãT��ãß�õ/�_ä{ó�ó�ã®à�à�Ý>Ý�â�ß×ïÓâ�åð�ä
��ñ�àFÜ�ÝeÞ�æ é

�_ä�ä�á�ï�ãß×â!àFãß�õ!�_Ý�ß@à�Ý>á�ú Þ Ý@?7�×áFÝ�ðFð ó ñÓàFÜ×â�ß'��ð à�ä àFÜ�Ýüí�Ý>ä�ï�Ý>àFã¤ëøé���áFê�Ý>ñVU�ã®ê�ã¤ðFã®ä{ß � I[â!à%��á�â�åSC&Ý�ð�ä���á�ë
Ý�ð�îâ�ß�â�ï×âeì8ä�á¥Ü�ä{ð�àFãß�õ�àFÜ�Ý àFÜ�ãá�ïüÞ�æ-é�í�ô â�ß�ï ì�ä�á&ä�áFõ{â�ß×ã0��ãß�õ�àFÜ�Ý óeÝ>Ý>àFãß�õÈãß!9¥à�àFâ�ù_â � ãß�� â!áFàFãë���åâ!á&à�äàFÜ�Ý óeÝ�ó"�aÝ>á�ð+ä�ìuàFÜ�Ý çÎä�ë>â�å#9�áFõ{â�ß�ã0��ãß�õ2�îä{ó�ó�ã®à�à�Ý>Ý�W
X �+â�å®ê�ã¤ßüþ åâ!à�à
X ò¥ß@àFÜ�ä{ß¢ñté�Ý�â!á�å®Ý
X ô â!á�ã®äZè2NÝ>á��-�YNÝ�ú
Þuâ�åð�ä-àFÜ�â�ß-� àFÜ�Ý+Þ�æ-é8�_ä@ä�á�ï�ãß�â!àFã®ä{ß2�_Ý�ß@à�Ý>á � ã¤ßM�×â!áFàFãë���å¤â!áZI¥â�ß�ë
ñ æQâ�ß�ï�Ý�ß[�aÝ>áFõ � ì�ä�áQð�à�áFä{ß�õ ð��'�-�aä�áFà>ú��ä�á+àFÜ�ÝO�×áFÝ��×â!á�â!àFã®ä{ßÈä�ì'àFÜ�Ý-í-ô\	������5��á�ä�õ�á�â�ó ÞQàFÜ�â�ß'�1àFÜ�Ý]+QáFä�õ�á�â�ó^�îä{ó�ó�ã®à�à�Ý>Ý-â�ß�ïÈàFÜ�Ý-ð�Ý�ðFð�ã®ä{ß
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X 1Óâ�ñ�ß�ÝM�îâ�ß�ß�ä{ß«ö�é�í�çZ_��_áFÝ�ð�à�Ý�ë�Ü � �îâ�ß�â�ï×â¢÷
X C�ÿ��ï�ã®õ�Ý>á`�¥â�â�ð öa9-ß�ðFâ�åâ1é7� â�ë
Ý,9O�×ð�Ý>á�êâ!à�ä�áFñ � é�ùXÝ�ï�Ý�ß ÷
X �¥â�ñ�ä
�¥â�ð�ÝZö~èîþ�íO/Û+Þ�íb9 � í¥Ý>á�ó1â�ß¢ñ�÷
X HXï/�¥ãó ù[ãë�ÜÓö$I[æ[Þ � Þ)ß�ë!úc_�í é��d� � L-ékò-÷
X þ Ý>áFáFñøþ ãß�õ{Ü�â�ó ö$L-é�I]9 � L-ékò�÷�÷
X:e â�ð���Ü�ã®áFä�þ ä�ñ{â�ó�â öa�fC&ç �g( â��×â�ß ÷
X U�â�ê�ãï�çÎâ��×ð�å®Ý>ñ ö~ô�Þ�Ûh�[â�ñ�ðFàFâ�ë%� � L-ékò-÷
X;i ãß�ä�ê�ñøô�â�å0�kãßÓö�Þ)ò[ò � é�à>új+5Ý>à�Ý>á�ð%�g��áFõ � CD��ðFðFã¤â¢÷
X ò[áFàFÜ7��ákI¥ã®Ý�ååÏö~ô�Þ�Ûh�[â�ñ�ð�àFâ�ë�� � L-ékò�÷
X òk?kÝ�ålI&ä�àFÜ×ß�â!õ�Ý�åXö$L¥ß�ã®ê]úQè_ä{ß�ß � í¥Ý>á�ó�â�ß¢ñ�÷
X èîãå¤åm+'Ý>à�á�â�ë�Ü�Ý�ß'��äÕö$IDC`�îâ�ß � �îâ�ß�â�ï�â¢÷
X 1yä{åì8õ{â�ß�õüékë�Ü×å)ÿ��à�Ý>á ö~èîþ�í � í¥Ý>á�ó1â�ß¢ñ�÷
X �¥â!á�â�åï ékë�Ü7��Ü«ö~Û`Lk�æ�ã®Ý�ß�ß�â � òO��ð�à�á�ã¤â¢÷
X æÏä{åT��Ý>á[Û'Ý�ðFóeÝ>á ö$U ín�5Þ � í¥Ý>á�ó�â�ß¢ñ�÷
X 9-å®Ý>õ�ÛNã®à�ä�êyö�í�Ý>ä{ðFë>ã®Ý�ß�ë
Ý òD��ðFà�á�â�åãâ � òO��ð�à�á�â�åã¤â¢÷
X I¥â�ß�ë
ñøæQâ�ß�ï�Ý�ß[�aÝ>áFõtö$I[æ[Þ � Þ)ß�ë!úc_�í é��#� � L-ékò�÷
X ò¥åâ�ß�1dÜ�ã®àFß�Ý>ñÕö~ô�Þ�Ûo�[â�ñ�ð�àFâ�ë�� � L-ékò�÷�ú
ÞNàFÜ×â�ß'� â�åå'àFÜ�Ý"� â!áFàFãë>ã0�×â�ß@àFðNì�ä�á-ó�â��kãß�õ1àFÜ�Ý óeÝ>Ý>àFã¤ß�õZð%�×ë>ë
Ý�ðFð�ì$��åp��ñtâ!à�à�Ý�ß�ï×ãß�õZâ�ß×ïJ��ñ/��áFÝ�� â!á�ãß�õ

â�ß�ï��×áFÝ�ð�Ý�ß@àFãß�õM�×â��aÝ>á�ð � ë�Ü�â�ã®á�ãß�õ�ðFÝ�ðFðFã®ä{ß�ð+â�ß×ï óeä�áFÝ�új1yÝ Ü�â�ê�Ý ðFãq?øê�Ý>áFñÈã¤ß¢à�Ý>áFÝ�ðFàFãß�õ�ð�Ý�ðFð�ã®ä{ß�ð�W
X æ�çÎè_Þ�W×Û'ä�ï�â�ñBA6ðDCNÝ�ð%�×å®àFð+â�ß�ï Û'ä{óeä�áFáFä�ùEA6ðNæ�ãðFãä{ßÓöG��ä�á�â�åm��á�Ý�ð�Ý�ß¢àFâ!àFãä{ß�ð � �n�aä{ð�à�Ý>á;÷
X æ�çÎè_Þ�	��'��� ö��.reä�á�â�åm��áFÝ�ðFÝ�ß¢àFâ!àFã®ä{ß×ð � 	M�aä{ð�à�Ý>á�ð;÷
X I[Ý>à/ù_ä�á%��é�àFâ!àFãä{ß�ð � 9O�aÝ>á�â!àFã®ä{ßQ�_Ý�ß¢à�Ý>á�ð � �_ä�áFáFÝ�å¤â!à�ä�á�ð ös=�ä�á�â�åp��áFÝ�ð�Ý�ß@àFâ!àFã®ä{ß�ð � ),�aä{ð�à�Ý>á�ð�÷
X I[Ý>ù`Û'Ý�ë�Ü×ß�ä{å®ä�õ�ñ�U¥Ý>ê�Ý�å®ä��×óeÝ�ß@àFð[ã¤ßøæ¥ç'èXÞ-ö��.	eä�á�â�åm��áFÝ�ð�Ý�ß@àFâ!àFã®ä{ß�ð � ),�aä{ð�à�Ý>á�ð�÷
X ò¥ß�â�å®ñkðFãð&ékà�á�â!à�Ý>õ{ã®Ý�ð&â�ß×ï�é�ä�ì�à/ùîâ!áFÝZöst�ä�á�â�ål��áFÝ�ð�Ý�ß@àFâ!àFã®ä{ß�ð � ���5�aä{ð�à�Ý>á�ð�÷
X C&Ý�ð%��å®àFðÕâ�ß�ï³í¥Ý>äkï�Ý>àFãëu_�í�Ý>ä��×Ü¢ñkðFãë>â�åG_ò[ð�à�á�ä{óeÝ>à�á�ãë Þ)ß¢à�Ý>á���áFÝ>àFâ!àFã®ä{ß ö��.t ä�á�â�åM��á�Ý�ð�Ý�ß¢àFâ!àFãä{ß�ð � �.P�aä{ð�à�Ý>á�ð>ú±÷

ù&ã®àFÜQP��Zä�á�â�åp��á�Ý�ð�Ý�ß¢àFâ!àFãä{ß�ð�â�ß�ï/�vr8�aä{ð�à�Ý>á�ð � ù&Ü�ãë�Ütãð[áFÝ�ó�â!á��â��×åÝ â�ð¥ùXÝ�Ü�â�ê�Ý
����� áFÝ>õ{ãð�à�Ý>á�Ý�ïJ�×â!á�àFãë>ãq�×â�ß@àFð>ú
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xuÑzy�{O|~}QÙ'�F���J�ÕÔg���qÚs���7�f{D|#��|ÎØ{Ø�|B��������������|ÎÖ&�
Þ)ß õ�Ý�ß�Ý>á�â�å�æ�çÎè_ÞF��áFä�ê�ãï�Ý�ðF��áFäkï-��ë
àFð&ì8ä�á[àFÜ�Ý,�_Ý�å®Ý�ðFàFãâ�åpC&Ý>ì8Ý>áFÝ�ß×ë
Ý"��á�â�ó�ÝÈöa�fCD�Ï÷k��ß�ã�6[��Ý�åñ � ì�ä�á¥àFÜ�ÝÛ'Ý>áFáFÝ�ð�à�á�ã¤â�ålCNÝ>ì�Ý>áFÝ�ß�ë
Ý,��á�â�óeÝøö~Û`Ck�Q÷ � â�ß×ïtï�Ý�åãê�Ý>á�ð+àFÜ�Ý ë
ä{ób�×ã¤ß�ãß�õ�Ý�å®Ý�óeÝ�ß@àFðD�]Ý>à�ùXÝ>Ý�ß!�aä�àFÜüì�á�â�óeÝ�ð¥â�ðàFÜ�ÝMHqâ!áFàFÜ49¥á�ãÝ�ß¢àFâ!àFã®ä{ßQ+uâ!á�â�óeÝ>à�Ý>á�ðeö$Hf9n+_÷ � ��ß�ãT67��Ý�å®ñÈàFÜ�Ý�ë
ä{ó5�×å®Ý>à�Ý�ð�Ý>à�ãß/� â!áFàFãë���åâ!á[àFÜ�Ý ê�Ý�å®ä�ë>ãà/ñ ä�ìàFÜ�ÝeáFä�àFâ!àFãä{ß«â�ðbUnL¥ÛE�!ú1ò¥ð ß�äüä�àFÜ�Ý>á à�Ý�ë�Ü�ß×ãT6[��Ý�ãð-ë>â��×â��×å®Ý1ä�ìS��á�ä�êkãï�ãß�õÈàFÜ�Ý�ì$��ß�ï×â�óeÝ�ß¢àFâ�åZ�×áFä�ïg��ë
àFð

ì�ä�á"�fCk� â�ß�ïÕì�ä�á-àFÜ�Ý5HY9n+ � â�ß�ïyãßQ�×â!áFàFã¤ë���åâ!á�àFÜ�Ý5UnL[ÛE� � ãß àFÜ�ÝeìG��à%��áFÝ Þ�æ é�ù&ãåå'ë
ä{ß¢àFã¤ß[��Ýeà�ä�� åâ�ë
ÝÝ�ó5�×Ü×â�ðFãðÏä{ßÈã®àFð_ð�à�áFÝ�ß�õ�àFÜ�ð�úd1yÝ¥ù&ãå¤å�Ü�â�ê�Ý¥à�ä�ë>â!áFáFñeä{ß�àFÜ�Ý[ì$��ß�ï�â�ó�Ý�ß¢àFâ�å×áFä{å®ÝNä�ìgæ�çÎè_ÞÏì�ä�á_ë
ä{ß@à�á�ã0�g��àFãß�õ
à�ä áFÝ�ðFÝ�â!á�ë�Ü5�×áFä�õ�á�â�ó�ðÏá�Ý�åâ!à�Ý�ïeà�ä-õ{å®ä��×â�å×â�ß�ïeë>åãó�â!à�ÝNë�Ü�â�ß�õ�Ý � ß�â!à%��á�â�å�Ü�â���â!á�ï�ðQâ�ß�ï2HXâ!áFàFÜ�ä��×ð�Ý>á�êâ!àFã®ä{ß×ðâ�ß�ïüì�ä�á&ó�â�ß@ñøâ��-�×åãë>â!àFãä{ß�ð+ãßüß�â�ê�ã®õ{â!àFãä{ß � ãß
�aä{ðFã®àFãä{ß�ãß�õ â�ß�ïüì�ä�á&ð��×â�ë
Ý ó1ãðFðFã®ä{ß×ð_â�ð&ùXÝ�å¤å*ú�_ä{ß×ðFãï�Ý>á�ã¤ß�õeàFÜ�Ýb��Ý>ñkß�ä�à�Ý4��Û'ä�ï�â�ñBA6ðnC&Ý�ð%��å®àFð[â�ß�ï�Û'ä{óeä�áFá�ä�ùEA6ð¥æ�ãðFã®ä{ß-��Þ+ù&ãåågì�äkë���ð&ä{ß�à/ù_äÈÝ>ê�Ý�ß¢àFð
ù&Ü�ã¤ë�ÜÓá�Ý�ë
Ý�ß¢àFå®ñ Ü�â�ê�Ýüï�Ý�óeä{ß×ð�à�á�â!à�Ý�ï àFÜ�Ý1Ý@?�ë
Ý�åå®Ý�ß×ë
ÝZä�ìNæ�çÎè_Þ%_�Þ�æ é���áFäkï-��ë
àFð>ú���ÛÎäkï�â�ñ�A6ð5CNÝ�ð���å®àFð�ú®ú®ú®ú��
â!áFÝE� â�ðFãëO��áFäkï-��ë
àFðîì�ä�á&áFÝ�ðFÝ�â!á�ë�Ü�â�ß�ïøì8ä�á[ó�â�ß¢ñüâ��-� åãë>â!àFã®ä{ß�ð�ú
ÛNÜ�Ýtô�òOC¥é ô�ã¤ðFðFã®ä{ß � ù&Ü�ã¤ë�Ü ùîâ�ðZáFÝ��aä�áFà�Ý�ï ãß àFÜ�Ýtß�Ý>ù&ð%�×â��aÝ>á�ðeáFÝ�ë
Ý�ß@àFå®ñ � ãð1âÓõ�ä�ä�ï Ý@?kâ�ó5� å®Ýtä�ìàFÜ�Ý â��-� åãë>â!àFã®ä{ß ä�ì[æ�çÎè_Þ,��áFäkï-��ë
àFð>ú3+QáFÝ�ë>ã¤ð�Ýøæ¥ç'èXÞ áFÝ�ð%�×å®àFð ùXÝ>áFÝ ß�Ý>Ý�ï�Ý�ï à�äV�aä{ãß@à â�ß@à�Ý�ß�ß�â�ðeà�ä«àFÜ�Ý

ð��×â�ë
Ý-ê�Ý�Ü×ãë>å®Ý�ðîì�ä�áNë
ä{ó�ó"�×ß�ãë>â!àFã®ä{ßgúQò¥ðNâeð��aÝ�ë
àFâ�ë���å¤â!á+Ý>ê�Ý�ß¢à � àFÜ�Ý ó�ãðFðFãä{ßZùîâ�ðîáFÝ�ë
ä�õ{ß�ãT�>Ý�ï��@ñ í¥Ý>á�ó1â�ßß�Ý>ù&ð%�×â��aÝ>á�ð+â�ß�ï;����ñ â�ë>ë>ãï�Ý�ß@à%��àFÜ�Ý ë
ä{ß¢à�á�ãT�g��àFã®ä{ßüä�ìuæ�çÎè_Þ � ð%�'�-�aä�áFàFã¤ß�õ�àFÜ�Ý ó�ãð�ðFã®ä{ßøù&ã®àFÜJHY9n+Xð � ù_â�ðóeÝ�ß@àFã®ä{ß�Ý�ï ã¤ßøêâ!á�ãä���ð+â!áFàFãë>å®Ý�ðNà�ä�àFÜ�ÝE�g�-�×åãë!ú
ò¥ð[âÈðFã®õ{ß×ã�û ë>â�ß@à&â��-�×åã¤ë>â!àFã®ä{ß ä�ìQàFÜ�Ý Ý@?�ë
Ý�åå®Ý�ß�ë
Ý ä�ìÏæ¥ç'è_Þ`��áFäkï-��ë
àFð[ãß áFÝ�ðFÝ�â!á�ë�Ü � àFÜ�Ý ùXä�á��tï�ä{ß�Ý"�@ñàFÜ�Ý Þ�òFL�1yä�á���ãß�õøí¥áFä��-����I[ä{ß��C&ãõ{ãïJHXâ!áFàFÜ!IO��àFâ!àFã®ä{ß ÛNÜ�Ý>ä�á�ñ7�Èë�Ü�â�ãáFÝ�ï/��ñ/U¥á�ú&æÏÝ>áFä{ß×ãT6[��ÝbU¥Ý�Ü�â�ß¢à �CNä�ñ{â�å`9O�×ð�Ý>áFê!â!à�ä�áFñyè_Ý�å®õ{ãT��ó � Ü�â�ð à�ä!�aÝ1ó�Ý�ß¢àFã®ä{ß�Ý�ïgúüÛNÜ�Ý1ù_ä�á%�kãß�õ õ�á�ä��'�«ù_ä{ß«àFÜ�Ý�U¥Ý�ë>â!áFà�Ý�ðM+Qá�ãT�>Ý�ð	�����r � ù&Ü×ãë�Ü ãð[àFÜ�Ý Ü×ã®õ{Ü�Ý�ð�à�â�ùîâ!á�ïÕì�ä�á�ð�ë>ã®Ý�ß�ë
Ý�ãß!HS��áFä��aÝ�ú¥æ¥ç'èXÞ[ë
ä{ß¢à�á�ãT�g��à�Ý�ï àFÜ�Ý,��áFÝ�ë>ãð�ÝMHY9]+ àFã¤óeÝð�Ý>á�ãÝ�ð_ß�Ý>Ý�ï�Ý�ïÈà�ä�ë
ä{ßkû×á�ó àFÜ�Ý�àFÜ�Ý>ä�áFñ�úqÞQùXä��×åïøåã0��Ý¥à�ä Ý@?���áFÝ�ð�ð+ó ñZáFÝ�ð��aÝ�ë
à_â�ß×ïüë
ä{ß�õ�á�â!à%��åâ!àFãä{ß�ð_à�äeàFÜ�Ý

1yä�á%�kãß�õZí¥á�ä��'��ú
í¥Ý>äkï�Ý>àFãë æ¥ç'è_ÞNÜ�â�ð`�aÝ>Ý�ßtð���ë>ë
Ý�ðFð�ì$��ågä�ê�Ý>á¥àFÜ�Ýb�×â�ð�à[àFÜ�áFÝ>Ý ï�Ý�ë>â�ï�Ý�ð��]Ü�ä�ù_Ý>ê�Ý>á � â1ß7��ó"�]Ý>á&ä�ìÏì�â�ë
à�ä�á�ðâ!áFÝ�ë
ä{ß¢ê�Ý>á�õ{ãß�õÈà�äÈó�â���Ý,��áFä�õ�á�Ý�ðFð[ó�ä�áFÝ ï×ãq�Zë���å®à>ú+ô�ä{ð�à-â�ß¢à�Ý�ß×ß�â�ð[â�ß×ïtÝ.67��ã0�×ó�Ý�ß¢à[ùXÝ>áFÝ ï�Ý>ê�Ý�å®ä��aÝ�ï ãß

àFÜ�Ý2)���A6ð�â�ß�ïQt���A6ð-â�ß×ï�â!áFÝ ë>å®ä{ð�Ý à�ä
�]Ý�ã¤ß�õ�ù_ä�á�ßtä���à[à�äkï�â�ñ�ú¥Þ)ß�ë
áFÝ�â�ðFãß�õZãß@à�Ý>áFì�Ý>áFÝ�ß�ë
Ýüö~ãß/�×â!á�àFãë���åâ!á¥â!à
é[/èîâ�ß�ï ÷¥ï�Ý�ë
áFÝ�â�ð�Ý�ð àFÜ�Ý�ï�â!àFâ�6[�×â�åã®à/ñ�úeÛNÜ�Ý�ß�Ý>à/ù_ä�á%�yï�ãð�à�á�ã0�g��àFã®ä{ß�â�ß�ïyå®äkë>â!àFã®ä{ß�ð-ä�ìîâ�ß@à�Ý�ß�ß�â�ð â!áFÝZß�ä�à
ãï�Ý�â�åÎâ�ß�ïtâ!áFÝ,��ß[�×â�åâ�ß�ë
Ý�ïgú+ÛNÜ�Ý ä��aÝ>á�â!àFã®ä{ß�â�å�ë
ä{ðFàFð[êkð>úîÝ@�Zë>ã®Ý�ß×ë
ñ«ö~ï-��Ý à�äZä{åï Ý.67��ã0�×ó�Ý�ß¢à�÷îÜ×â�ê�Ý à�ä8�aÝ
ãó5�×áFä�ê�Ý�ïgúS9�ê�Ý>á�â�åågß�Ý>ù à�Ý�ë�Ü�ß�ä{å®ä�õ�ñ â�ß×ï ãó5��á�ä�ê�Ý�ïüð�à�á�â!à�Ý>õ{ãÝ�ð&ù&ã¤ååg�aÝ-áFÝ.67��ã®á�Ý�ïgú
Û'äyï�Ý>ê�Ý�å®ä����×åâ�ß×ð ì�ä�á�àFÜ�ÝøìG��à%��áFÝZä�á�Ý>ê�Ý�ß à�äÕàFÜ�ã¤ß'�Óâ��aä���à âyß�Ý>ù æ�çÎè_Þ õ�Ý�ß�Ý>á�â!àFã®ä{ß � ê�ãð�ã®ä{ß�ð â!á�Ýß�Ý>Ý�ï�Ý�ï�úNÛNÜ�Ý Þ�æ-é�1yä�á%�kãß�õøí�áFä��'�Qr7W5�)æ�çÎè_Þ�	��'�����øù_â�ð[Ý�ð�àFâ��×åã¤ðFÜ�Ý�ï���ñüàFÜ�Ý Þ�æ é�U�ã®áFÝ�ë
àFãß�õZè_ä{â!á�ï â!à

ã®àFð]���!àFÜ�ôtÝ>Ý>àFãß�õ � ãßøä�á�ï�Ý>á+à�äZë
ä{óeÝb�'�üù&ãàFÜøáFÝ�ë
ä{ó�óeÝ�ß�ï×â!àFã®ä{ß�ðîà�ä2�aÝn��áFÝ�ð�Ý�ß@à�Ý�ï ãßüâ�êkãðFãä{ß
�×â��aÝ>áNâ�ðæ¥Þ�é�Þ%9nI�	��'���kú+é��×ë�Ü âeï�äkë���óeÝ�ß@à&ãð+ðFà�áFä{ß�õ{å®ñøß�Ý>Ý�ï�Ý�ïüì�ä�á.W
X � åâ�ß�ß�ãß�õ àFÜ�Ý åä{ß�õeà�Ý>á�ócï�Ý>ê�Ý�å®ä��×óeÝ�ß@àFð
X � åâ�ß�ß�ãß�õ"�g�×ï�õ�Ý>àFð+ä�ìuë
ä{ß¢à�á�ãT�g��àFãß�õeâ!õ�Ý�ß�ë>ãÝ�ð
X ã¤ß�ã®àFãâ!àFãß�õ ß�Ý>ù`ï�Ý>ê�Ý�å®ä��×óeÝ�ß@àFð
X ó�ä�àFã®êâ!àFã¤ß�õ�ë
ä{ß¢à�á�ã0�g��à�ä�á�ð
X ä��×àFãó�ã0��ãß�õ ì$��à%��á�Ý¥á�Ý�ð�ä���á�ë
Ý�ð>ú
1dã®àFÜ àFÜ�Ý�â�ï�ä���àFã®ä{ß ä�ìQàFÜ�ÝM��Ý>ñkß�ä�à�Ý4��ÛÎäkï�â�ñBA6ðEC&Ý�ð%��å®àFð¥â�ß�ïÕÛ'ä{óeä�áFáFä�ùEA6ð�æ¥ã¤ðFã®ä{ß-�1ì8ä�á�àFÜ�ãð-í¥Ý�ß�Ý>á�â�å

ô�Ý>Ý>àFãß�õ � ã®à-ãð[Ý@?7�aÝ�ë
à�Ý�ïyù_Ý�ù&ãåå'ãß�ã®àFã¤â!à�Ý â�ï�ï×ã®àFã®ä{ß�â�å'ãß'�g��à[ì8á�ä{ó àFÜ�Ý�â!à�à�Ý�ß×ï�Ý>Ý�ð>ú�ÛNÜ�ÝM+QáFä�õ�á�â�ó��îä{óM
ó�ã®à�à�Ý>Ý ãß¢êkã®à�Ý�ïøù_Ý�åå��kß�ä�ù&ß/��Ý>ñ�ß�ä�à�Ý ð��aÝ�â���Ý>á�ð � ù[Ü�äeùXÝ>á�Ý â�ð���Ý�ï à�ä1ì8äkë���ð+à�äZìG��à%��áFÝ�áFÝ.6[�×ã®áFÝ�óeÝ�ß@àFð+àFÜ�Ý>ñ
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ù_ä���åï åã0��Ýüà�ä ð�Ý>Ý áFÝ�â�åãT�>Ý�ï ãß æ�çÎè_Þeãß àFÜ�Ý�ã®áeû Ý�åïgú Þ�àZãðeù&ã®àFÜ � å®Ý�â�ð%��áFÝøàFÜ�â!à1Þ àFÜ×â�ß'� àFÜ�Ý���Ý>ñ�ß�ä�à�Ý
ð��aÝ�â���Ý>á�ð+ì�ä�á&àFÜ�Ý�ã®á+ù&ãåå¤ãß�õ{ß�Ý�ðFðqà�ä8��á�Ý�ð�Ý�ß¢àNâ2�×â��aÝ>á.W
X +uâ!à�á�ã¤ë%�J�îÜ�â!á�åä�à�WE��ÛNÜ�Ý Þ%�fCk�YWg	��'���Zâ�ß�ï è_Ý>ñ�ä{ß�ï-�
X ô â!áFàFãß�Ý���Ý�ãð�ð�Ý�åq�æÏÝ>á�ß�ãÝ>á Ý>à�â�å*ú0W4�)æ¥ç'è_Þ â�ß�ïÓàFÜ�Ý�HXâ!áFàFÜ:C&ä�àFâ!àFã®ä{ßmWZí¥Ý>ä�� Ü¢ñkðFãë>â�å_â�ß�ï í�Ý>ä�ï�Ý>àFã¤ë
�+Ü�â�åå®Ý�ß�õ�Ý�ð��

X �[Ý>á�ó�â�ß×ß�U¥áFÝ>ù_Ý�ð â�ß×ï3�îÜ�á�ãð]CNÝ�ã®õ��aÝ>á.W��)ÞFí íE9 év�¢Þ�àFð ô�ãð�ðFã®ä{ß � ékë>ã®Ý�ß@àFã�û ë2C[â!àFã®ä{ß�â�å®Ý � â�ß�ï3�5ãá�ð�àékà�Ý��×ðNâ�ß�ïüÞ)ï�Ý�â�ð+ì�ä�á&ã®àFðkU[Ý�ð�ã®õ{ß â�ß�ï/U¥Ý>ê�Ý�å®ä�� óeÝ�ß¢à>ú��
X è_Ý�ß��Fâ�ó�ãßQ�îÜ�â!ä'WE��Hqâ!á�àFÜJCNä�àFâ!àFãä{ßJU¥ñ�ß×â�ó�ãë>ð�WjC&Ý>ê�ã®Ý>ù`â�ß�ï/+Qá�ä{ð��aÝ�ë
àFð%�
X ( ä{Ü�ß ç'â�èXá�Ý�ë�6[��Ý�W"��ÛNÜ�Ý Þ)ß¢à�Ý>á�ß�â!àFã®ä{ß�â�åÎí�åä��×â�ålI[Ý>à/ù_ä�á%�üä�ìÏí�Ý>ä�ï�Ý>àFã¤ëE�uãï-��ë>ãâ�åÎékàFâ!àFã®ä{ß�ð%�kú

�uÑ!�>�� F|�Ø���ÙgÖ#�4¡#��Ô- Y��¡Z��Ö&¢kÔ Ò4£ xm¤l¤#x
ékã¤ß�ë
Ý-àFÜ�Ý í¥Ý�ß�Ý>á�â�å�ôtÝ>Ý>àFã¤ß�õ�	�����	ZðFã®õ{ß�ã�û]ë>â�ß¢à+ãó5�×áFä�ê�Ý�óeÝ�ß@àFðNÜ�â�ê�Ýb�aÝ>Ý�ß ó�â�ï�Ý-à�ä1óeÝ>Ý>à&àFÜ�Ý ð�Ý>áFêkãë
Ý

áFÝ.67��ã®áFÝ�ó�Ý�ß¢àFð>ú`Þ�ß ( â�ß7��â!áFñz	�����	 àFÜ�Ý ß�Ý>ù Þ�æ-é ä��×ð�Ý>áFêkãß�õ:��áFä�õ�á�â�ó ùîâ�ðÈã¤ß¢à�áFäkï-��ë
Ý�ï�ú`ÛNÜ�ÝQ6[�×â�åã®à/ñ
â�ß�ï/67��â�ß@àFã®à/ñøä�ì5ä��×ð�Ý>áFê!â!àFã®ä{ß�ðNùXÝ>áFÝ ãß�ë
áFÝ�â�ð�Ý�ïtâ�ß�ï â�ï�ï�ãàFã®ä{ß�â�å]áFÝ�ð�ä���á�ë
Ý�ðNù_Ý>áFÝ ãß�ë>å���ï�Ý�ï � ì8ä{å¤å®ä�ù&ã¤ß�õ�àFÜ�ÝáFÝ�ð�ä{å���àFã®ä{ßøáFÝ�å®Ý�â�ðFÝ�ï â!àNàFÜ�Ý í-ô¥	�����	�ú_ò[å¤åaà�ä�õ�Ý>àFÜ�Ý>á[àFÜ×ãðîáFÝ�ð%��åà�Ý�ï ãßüð�à�áFä{ß�õ�ãó5��áFä�ê�Ý�óeÝ�ß@àFð&ãßøàFÜ�Ý Þ�æ é
��áFäkï-��ë
àFð�úO��ä�á-á�Ý�ð�Ý�â!á�ë�Üyã¤ß¢ê�Ý�ð�àFãõ{â!àFã®ä{ß�ðE�`9nI¥Û`��	Zù_â�ð�ë>â!áFá�ã®Ý�ï ä���à � ��áFä�êkãï�ã¤ß�õZâ�ßÕãó5�aä�áFàFâ�ß@à[ï×â!àFâÈðFÝ>àà�ä ã¤ß¢ê�Ý�ð�àFãõ{â!à�Ý&æ�çÎè_ÞÏë>â��×â��×ãåãàFã®Ý�ðuâ�ß�ï�à�ä ð��'�-�aä�áFàuáFÝ�ð�Ý�â!á�ë�ÜZã¤ß�àFÜ�Ý&ë
ä{ó"�×ãß�â!àFã®ä{ß�ù&ã®àFÜeä�àFÜ�Ý>áXà�Ý�ë�Ü�ß×ãT6[��Ý�ð>ú
ÛNÜ�Ý à�á�â�ß�ðFãàFã®ä{ß ì�áFä{ó ô�â!á%�tÞ�æ ö�àFâ��aÝ áFÝ�ë
ä�á�ï�ã¤ß�õZð�ñkð�à�Ý�ó�ð;÷+à�äøô�â!á��!¦!òcö~ï�ãð%�üáFÝ�ë
ä�á�ï�ãß�õZð�ñkð�à�Ý�ó�ð�÷Nùîâ�ð
ä�áFõ{â�ß�ãT�>Ý�ï â�ß�ï áFÝ�â�åãT�>Ý�ï ð%�×ë>ë
Ý�ðFð�ì$��åå®ñ â�ß�ï ãß â áFÝ�ó�â!á%�!â��×å®ñ ðFÜ�ä�áFà8�aÝ>á�ã®äkï ä�ì-àFãó�Ý�ú`ÛNÜ�ã¤ðeà�á�â�ß�ðFãàFã®ä{ß
ä��aÝ�ß�Ý�ïQ�'� ß�Ý>ùTë>â��×â�� ãåã®àFã®Ý�ð[â�ß�ï ãß�ë
áFÝ�â�ð�Ý�ï�àFÜ�Ý Ý@�Zë>ã®Ý�ß�ë
ñJ�@ñtï�Ý�ë
áFÝ�â�ðFãß�õZàFÜ�Ý�ä��aÝ>á�â!àFã®ä{ß ë
ä{ð�àFð>ú]L[ð�ãß�õ
àFÜ�ÝXæ¥ç'èXÞ'ékàFâ�ß�ï�â!á�ï-Þ)ß@à�Ý>áFì�â�ë
Ý-ö�æ é�Þ�÷gàFÜ�Ýqß�Ý>ù[å®ñ-ï�Ý>ê�Ý�å®ä��aÝ�ï ï�ã¤ð��va� â�ð�Ý�ï-áFÝ�ë
ä�á�ï�Ý>á�ðÎð%�×ë�Ü â�ðÎô â!á%�b¦ ö$L-ékò-÷
â�ß�ï þb¦ ö ( â��×â�ß ÷Në>â�ßQ�]Ý ë
ä{ób� ãß�Ý�ï ãß ä��×ðFÝ>áFê�ã¤ß�õZð�Ý�ð�ðFã®ä{ß�ð � ù&Ü�ãë�Ü õ{ã®ê�Ý�ð�óeä�á�ÝbK×Ý@?�ã0�×ã¤åã®à/ñøãßtàFÜ�Ý,�×ð�Ý ä�ìß�Ý>à�ùXä�á%� ð�àFâ!àFãä{ß�ð>ú;Hqó2�×å®ä�ñkãß�õÕï�ãð%�va�×â�ðFÝ�ï áFÝ�ë
ä�á�ï�Ý>á�ðM�B��ðFÜ�Ý�ï ì�ä�áFùîâ!á�ï àFÜ�Ý ï�Ý>ê�Ý�å®ä�� óeÝ�ß¢à1ä�ì[Ý@�æ�çÎè_Þ
ú
é�Ý>ê�Ý>á�â�å�Ý@�æ¥ç'èXÞÏÝ@?��aÝ>á�ãóeÝ�ß@àFðÏÜ�â�ê�Ýk�aÝ>Ý�ßM�aÝ>áFì8ä�á�óeÝ�ïeð%��ë>ë
Ý�ðFðFìG��å¤å®ñ ãßeß×â!àFã®ä{ß�â�å � ã¤ß¢à�Ý>á�ß×â!àFã®ä{ß�â�å�â�ß�ïeõ{åä��×â�åÝ@?��]Ý>á�ãóeÝ�ß@àFð>úQÛNÜ�Ý ï�Ý>ê�Ý�åä��×óeÝ�ß@àFðNì�ä�áNÝ@�æ¥ç'è_ÞNâ!áFÝ ë>å®ä{ð�Ý à�ä2�aÝ�ãß�õ�Ý�ó5�×å®ä�ñ�Ý�ïtãßøá�ä���àFãß�Ý�ä��aÝ>á�â!àFã®ä{ß � Ý�ú�õ�úì�ä�á�àFÜ�Ý Þ)ß¢à�Ý�ß×ðFã®ê�Ý�ð>ú Þ�à�â�åð�ä Ü�â�ðeà�äV�aÝ óeÝ�ß@àFã®ä{ß�Ý�ï àFÜ×â!à�à�áFä��aä{ð��×Ü�Ý>á�ÝüàFãóeÝ ð�Ý>á�ãÝ�ð�â!áFÝ/��á�ä�êkãï�Ý�ï ß�ä�ù
áFÝ>õ���å¤â!á�å®ñZâ�ð&â�ß ä��Zë>ãâ�å�Þ�æ é���áFäkï-��ë
à>ú
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C&Ý�ë
ä�õ{ß�ã0��ãß�õ�àFÜ�Ýn��áFõ�Ý�ß@à+ß�Ý>Ý�ïÈì8ä�áîàFÜ�Ýn��á�ä�ï-�×ë
àFðqàFÜ�â!àîàFÜ�Ý�Þ)ò&íTð�Ý>áFêkãë
Ý�ðîð%��ë�Üüâ�ðXàFÜ�Ý¥Þ�æ é � àFÜ�Ý¥Þ)çpC�éâ�ß�ï�àFÜ�ÝîÞFí é â!áFÝF��á�ä�êkãï�ãß�õ[à�ä�ï×â�ñ � â�ß×ïeë
ä{ß�ðFãï�Ý>á�ãß�õ&àFÜ�Ý+áFÝ�ð%��å®àFã¤ß�õ&áFÝ�ð%�]ä{ß×ðFã0�×ãå¤ã®à/ñ�ä�ì×àFÜ�ÝNð�Ý>áFêkãë
Ý�ð � ÞÎàFâ���Ý �â�ðO�+Ü�â�ã®áîä�ìuÞ�æ é � àFÜ�Ý ä��g�]ä�á�à%��ß�ã®à�ñ�à�ä�Ý@?���áFÝ�ðFðNðFä{óeÝ ë
ä{ß�ë
Ý>á�ß�úUn��ÝÕà�ä åâ�ë%� ä�ì óeä{ß�Ý>ñ � â!õ�Ý�ß�ë>ã®Ý�ðüó1ã®õ{Ü¢à��aÝ�ì�ä�á�ë
Ý�ï à�ä ë
ä{ß�ðFãï�Ý>áÈá�Ý�ï-��ë
àFã®ä{ß ä�ì ð%�'�g�]ä�á�à1ì�ä�áÈÞ�æ é]ú�_ä{ß�ðFÝ.6[��Ý�ß@àFå®ñ�àFÜ×ãðXó1ã®õ{Ü¢à_áFÝ�ð%�×å®àXãßÈâ�ï�Ý�ë
áFÝ�â�ð�Ý�ä�ìp67��â�åãà/ñ�ä�ì�àFÜ�Ý¥õ�Ý�ß�Ý>á�â!à�Ý�ï
��áFäkï-��ë
àFð>ú~�uãß�â�å¤å®ñeã®à_ë
ä��×åï

áFÝ�ð%�×å®à_ã¤ßÈâeë
ä{å¤åâ��×ð�Ý � ã®ìÎó1â>�)ä�á&ë
ä{ß@à�á�ã0�B��à�ä�á�ðîó�ã®õ{Ü@àf�]Ý�ì�ä�á�ë
Ý�ïøà�äeù&ã®àFÜ×ï�á�â�ùdàFÜ�Ý�ãáîð��'�-�aä�áFà>úuÞ�ßøâ�ß@ñÈë>â�ðFÝ �ã®à ðFÜ�ä���åïQ�aÝ�ë
ä{ß�ðFãï�Ý>á�Ý�ïÕàFÜ�â!à Þ�æ-é ãð ï�Ý��aÝ�ß�ï�Ý�ß@à¥ä{ß«ë
ä{ß¢à�á�ãT�g��àFã®ä{ß�ð�ä�ìîâ!õ�Ý�ß�ë>ã®Ý�ð � â�ð àFÜ�Ý>ñ!��á�ä��]ä{ðFÝ�ïyãßàFÜ�Ý�ã®á_áFÝ�ð��aä{ß�ðFÝNà�ä àFÜ�Ý¥ë>â�åå ì�ä�áS�×â!á�àFãë>ã0�×â!àFã®ä{ß�ú5ÛNÜ�Ýk��áFäkï-��ë
àqõ�Ý�ß�Ý>á�â!àFã®ä{ßÈàFÜ�áFä���õ{ÜZë
ä{åå¤â��]ä�á�â!àFã®ä{ßM��â�ð_àFÜ�Ý
Þ)ò&í^ð�Ý>áFêkãë
Ý�ðîâ!áFÝ-ï�ä{ãß�õb�1ãðîóeä{ð�àîÝ@±aÝ�ë
àFã®ê�Ý�WXâ�ååaâ!õ�Ý�ß�ë>ãÝ�ð+ë
ä{ß¢à�á�ãT�g��à�Ý-â�ë>ë
ä�á�ï�ãß�õ à�äeàFÜ�Ý�ãáîâ�� ãåã®à�ñ�â�ß�ïøãß
áFÝ>à%��á�ßeâ�åå��×â!áFàFß�Ý>á�ðZ�]Ý�ß�Ý
û×àuì8áFä{ó²�×áFä�ïg��ë
àFðuù&Ü�ãë�Ü�ë
ä���åïeß�Ý>ê�Ý>áS�]Ý+â�ë�Ü�ã®Ý>ê�Ý�ï�ì�áFä{óVâ-ß�â!àFãä{ß�â�å�ãß�ð�àFãà%��àFã®ä{ß
��ñ ã®àFðFÝ�å®ì�ú5ÞuÝ�ó5�×Ü�â�ð�ã0�>Ý+àFÜ�â!àQÞ�æ-é�ä���àFãó�ã0�>Ý�ðQàFÜ�Ý`��ð�ÝNä�ì]æ�çÎè_ÞuáFÝ�ð�ä���á�ë
Ý�ðqà�ä ä���àFâ�ãß�àFÜ�Ý`�aÝ�ð�à~��áFäkï-��ë
àFð�ú'Þ�à
ãðîä���ê�ãä���ð+àFÜ�â!àNàFÜ×ãðf��ã¤ß�ïÈä�ì5ð�Ý>á�ê�ãë
Ý-ä�á�õ{â�ß�ã0��â!àFã®ä{ß�ãð+ð�Ý�ß�ðFãàFã®ê�Ý�à�ä1â�ß¢ñøáFÝ�ïg��ë
àFã®ä{ß�ðîä�ìuð%�'�-�aä�áFà � �g��à_àFÜ×ãð
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â��-��á�ä{â�ë�Ü���Ý>Ý��×ð-àFÜ�Ý�ë
ä{ðFàFð-å®ä�ù³â�ß�ï áFÝ�ð���å®àFð�ãßÕÜ�ã®õ{ÜQ6[�×â�åã®à/ñJ��áFäkï-��ë
àFð>ú-Þ[áFÝ�ó�ãß�ï�ñ�ä��ÕàFÜ�â!à-Þ�æ-é�ß�Ý>Ý�ï×ð
àFÜ�Ý å®ä{ß�õeà�Ý>á�ó ë
ä{ß@àFãß[��ä���ðNð%�'�g�]ä�á�à_ù[Ü�ãë�Ü��×å®àFãó�â!à�Ý�å®ñZáFÝ�ó�â�ãß×ðîàFÜ�Ý-áFÝ�ð��aä{ß�ðFãT�×ãåã®à�ñ�ä�ìuâ�å¤ågóeÝ�ób�aÝ>á�ð+â�ß×ï
óeÝ�ó"�aÝ>á&ãß�ð�àFãà%��àFã®ä{ß�ð>ú5Þf��áFõ�Ý-Ý>ê�Ý>áFñ7�aä�ï�ñÈà�ä1ï�äeàFÜ�Ý�ã®á`�aÝ�ð�à+à�ä1ë
ä{ß@àFãß7��Ý-àFÜ�Ý Ý@?�ë
Ý�åå®Ý�ß@àNù_ä�á%� � ù[Ü�ãë�Üøù[ãåå�aÝ-àFÜ�Ý]�aÝ�ð�àNâ!áFõ���ó�Ý�ß¢àNì�ä�á`�aÝ�ãß�õ�áFÝ�ð%�]Ý�ë
à�Ý�ïtãß � â�ß�ïøì�ä�á[ó�â�ã¤ß¢àFâ�ãß×ãß�õ àFÜ�Ý ð%�'�g�]ä�á�àXä�ì � ð�äkë>ã®Ý>à/ñ�ú

³uÑQ´ÏØ�|p� ��qÔ3µV�/Ø{Ôg¢7���/Ö&¯z¶
|�ÙaØv}
1dã®àFÜ-àFÜ�Ý~�aÝ>õ{ãß×ß�ãß�õ_ä�ì@àFÜ�ÝQñ�Ý�â!ád	�����rNàFÜ�Ýqð�Ý�ë
ä{ß�ï ì8ä���á%�ñ�Ý�â!á#U�ã®áFÝ�ë
àFãß�õNèXä{â!á�ï-à�Ý>á�ó�ð'ë
ä{ó�óeÝ�ß�ë
Ý�ï â�ß×ï

ð�ä{óeÝÈë�Ü�â�ß�õ�Ý�ð Ü�â�ê�Ý1à�ä!�]ÝZóeÝ�ß¢àFãä{ß�Ý�ïgú ( â�óeÝ�ð5�îâ�ó5�-�aÝ�åå � L[ß�ãê�Ý>á�ðFã®à�ñ ä�ì+è_ä{ß�ß � í¥Ý>á�ó1â�ß¢ñ � ù&ã®àFÜ×ï�áFÝ>ùì�áFä{óýàFÜ�Ý/�aä{â!á�ï â�ðeÞ�ò&í áFÝ���á�Ý�ð�Ý�ß¢àFâ!àFãê�Ý�ú��[Ýtùîâ�ð�áFÝ��×å¤â�ë
Ý�ï��@ñ �¥â!á�â�åï ékë�Ü[�×Ü ì8á�ä{ó àFÜ�ÝJL¥ß�ã®ê�Ý>á�ðFã®à/ñ
ä�ì æ¥ã®Ý�ß×ß�â � òD��ðFà�á�ãâkú·�[â!á�â�åïdù_â�ð�â��-�aä{ãß@à�Ý�ï¸�@ñ àFÜ�ÝÓÞ)ò&í úkI¥ãë
ä{å®Ý:�îâ�� ã®àFâ�ãß�Ý � +uâ!á�ãðJ9O�×ðFÝ>áFêâ!à�ä�á�ñ ���á�â�ß×ë
Ý â�ðeÞ�òFL áFÝ���á�Ý�ð�Ý�ß¢àFâ!àFãê�Ýüù_â�ðeá�Ý��×åâ�ë
Ý�ï3�@ñ3+uâ!à�á�ãë%� 1Óâ�åå¤â�ë
Ý � Ck��àFÜ�Ý>áFì�ä�á�ï òk�-� å®Ý>à�ä{ß çÎâ��×â!à�ä�á�ñ �L ú6þeú è_ñdâ ï�Ý�ë>ãðFãä{ß ä�ì àFÜ�Ý��aä{â!á�ï � àFÜ�Ýyß�Ý>ù áFÝ���á�Ý�ð�Ý�ß¢àFâ!àFãê�ÝÓì8ä�áüàFÜ�ÝÓò[ß�â�åñ�ðFã¤ðÈâ�ß×ï�U�â!àFâ¸�_Ý�ß¢à�Ý>á�ð
�aÝ�ë>â�óeÝ i ã¤ß�ä�ê�ñ ô â�å0�kãß � Þ)ß�ð�àFãà%��à�ÝNä�ìgòk�g�×åã®Ý�ï�ò¥ð�à�áFä{ß�ä{ó ñ � ékà>úZ+5Ý>à�Ý>á�ð%�g��áFõ � Ck��ð�ðFãâkúuÛNÜ�Ý+à�Ý>á�ó Ý@?7�×ãáFÝ�ïì�ä�á+àFÜ�Ý-â!àNåâ!áFõ�Ý-óeÝ�ó"�]Ý>á�ðf1Óâ�ñkß�Ý,�îâ�ß�ß�ä{ß � é��×â�ë
Ý í¥Ý>äkï�Ý>àFãë�çÎâ��aä�á�â!à�ä�áFñ � 9¥à�àFâ�ùîâ � �îâ�ß�â�ï×â â�ß×ï�+5â!ä{åäÛ'ä{ó�â�ðFã � Þ�ðFàFã®à%��à�ä ï�ãnC&â�ï�ãä{â�ð�à�áFä{ß�ä{ó�ã¤â��FIDC � èXä{åä�õ{ß�â � Þ�àFâ�å®ñ�ú ÛNÜ�Ýyß�Ý>ù ó�Ý�ób�aÝ>á�ðÈÝ�å®Ý�ë
à�Ý�ï���ñ àFÜ�Ý
�aä{â!á�ï ùXÝ>á�Ý51 ãå¤åãâ�ó¹+'Ý>à�á�â�ë�Ü�Ý�ß'��ä � I¥â!à%��á�â�å~CNÝ�ðFä���á�ë
Ý�ðb�îâ�ß�â�ï×â � â�ß�ï4��á�â�ß×ë
ä ô�â�ß@à�ä�ê!â�ß�ã � Þ�ð�àFãà%��à�äüï�ãC&â�ï×ã®ä{â�ð�à�áFä{ß�ä{ó1ãâ8�fIOC � è_ä{å®ä�õ{ß�â � Þ�àFâ�å®ñ�úÞeåã0��Ýüà�ä àFâ���ÝtàFÜ�ã¤ðeä��-�aä�áFà%��ß�ãà/ñ à�äÓÝ@?7�×áFÝ�ðFð1ó ñ ðFãß�ë
Ý>á�Ý àFÜ�â�ß'�kðeà�ä ( â�óeÝ�ð��+â�ó5�-�aÝ�åå � à�ä3I[ã¤ë
ä{å®Ý�îâ��×ãàFâ�ãß�Ý � à�ä]1Óâ�ñkß�ÝO�îâ�ß×ß�ä{ß�â�ß�ï à�äE+5â!ä{åä ÛÎä{ó�â�ð�ãkì8ä�áÏàFÜ�Ý�ãáuã¤ó5�aä�áFàFâ�ß¢àuð%�'�g�]ä�á�à'â�ß�ï�àFÜ�Ý�ãáuð�ã®õ{ß�ã�û ë>â�ß@àë
ä{ß@à�á�ã0�g��àFãä{ß�ðqãß1àFÜ�Ý&Þ�æ é2U�ã®áFÝ�ë
àFã¤ß�õ è_ä{â!á�ïgúÏÞ�àqùîâ�ðîâb� å®Ý�â�ð%��áFÝ&à�ä ë
ä{åå¤â��]ä�á�â!à�Ý[ù&ãàFÜ1â�åå ï-��á�ãß�õ-àFÜ�Ý&û á�ð�à
ì�ä���á[ñ�Ý�â!á�ð>ú Þ&ë
ä{ß�õ�á�â!à%��åâ!à�Ý5�[â!á�â�åïÓékë�Ü7��Ü � ù&Ü�äøãð¥â�åð�äøä{ß�Ý ä�ìqàFÜ�Ý áFÝ���áFÝ�ðFÝ�ß¢àFâ!àFã®ê�Ý�ð�ä�ìXàFÜ�Ý�ð�Ý>áFêkãë
Ý�ð�ãßàFÜ�Ý-ß�Ý>ùKÞ)ò&í²H~?kÝ�ë���àFã®ê�Ýb�_ä{ó1ó�ã®à�à�Ý>Ý � 1dãååãâ�óº+5Ý>à�á�â�ë�Ü�Ý�ß'��ä1â�ß�ï���á�â�ß�ë
ä�ô�â�ß@à�ä�ê!â�ß�ãgä{ß
�aÝ�ãß�õ Ý�å®Ý�ë
à�Ý�ïà�ä�àFÜ�Ý Þ�æ é�U�ã®áFÝ�ë
àFãß�õ�è_ä{â!á�ï�ú
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á´ô¨òr�Hã�åwÔ ôõðõð³��ë-æ-ã�ê�æ-å�ë�ë-â�÷{å â6öÿæ'íHå ÷{â�ë-æ ôõ÷��[â6ã'æ'ê6ñJæ]$&ñ�è�ôõñ�ò�ëþôõñkæ'íHå ò6å1â"��í�î7ë'ôõé1ê6ð å%?Hé1ô¨æ'ê�æ'ô¨â�ñ â6ö
ú<4�6�i@9:#yä#ê�ã�ôËê�æ'ô¨â�ñ�ëoâ�ä6å1ãdæ'íHå¿î6å�ê�ã�ëÔø�/í�ê�âHì >)f"f ¼�ýl�V, ë-å1ã�ô¨å�ëoâ6ö*¾1âJâ�÷{ï ôõñmä7ô¨å1çTëoê6ðõð¨â5çTës$�ñHå1ãoèHå1æ'ê6ôËðõë
æ-âÓó[å}ë'æ���è�ô¨å�è çTôõæ'íÔã'å�ë!�[å�é¢æTæ-â ä#ê�ã�ô¨âr��ë�ò6å1â"��íJî7ë'ôõé1ê6ðiå%?Hé1ô¨æ'ê�æ'ô¨â�ñgë-âr�Hã�é¢å�ë�ã�ê6ñHò�ôËñHòÿöÎã'â�÷ é¢â6ã'åy_�â�ç}ì�æ-ât�Að
�Dô��ñHâ�ë1ìHæ-âÿâ7é¢å�ê6ñþæ'ôËèHå�ë+�=ü�ñ æ'íHå�æ-â"���&ê6ñHå�ð�ì7æ'íHå�ò6âÆâÆè é¢â6ã'ã'å�ë!�[â�ñ�èHå�ñ�é¢åvó�å1æÇçAå1å�ñ æ'íHå�é+�Hã'ä6å�ëcôõ÷���ðËô¨å�ëGæ'í�ê�æ
æ'íHåÓ÷Óê6ë'ë�æ-ã�ê6ñ�ë!�[â6ã'æ�ôõñ æ'íHå8_���ôõè é¢â6ã'å ôõëvæ'íHå¿èHâ�÷ÿôõñ�ê6ñJæ�é1ê"��ë-åÓâ6ö`æ'í�å èHå�é1ê6è�ê6ðGú<476 é�í�ê6ñHò6åÓâ5ä6å1ãdæ'íHå
ðõê6ë-æ 0 ï > é¢å�ñ�æ��Hã�ô¨å�ë+�x#TíHåo÷ÿôËè�è�ð¨ås�&ê6ñHå�ðX¾1âÆâ�÷ÿë|ôõñþâ�ñgæ'íHådðõê6ë-æ >)f î6å�ê�ã�ë+�s4|ñHåoë'å1å�ëcæ'í�ê�æcæ'íHådôõñJæ-å1ã�ê6ñ�ñ���ð
ú<4�6¬ä�ê�ã�ôõê�æ'ô¨â�ñ ôõëD÷ÿê6ôõñ�ðõîþé1ê"��ë-å�è óÆîþæ'íHådê6ñHâ�÷ÿê6ð¨âr��ëv÷Óê6ë'ëDæ-ã�ê6ñ�ë!�[â6ã'ædøR÷{â�ë-æ'ð¨îgôõñ æ'í�å å�ê6ë'æ�ï�çAå�ë-ævçcôõñ�è
$�å�ðõè�ý`â6ö=æ'íHå-�7âr�Hæ'íHå1ã�ñ¯4|ë'é1ôõðõðËê�æ'ô¨â�ñþôõñ æ'íHå}æ-ã'â"�&ôõé1ê6ð��´ê6é1ô�$&é"ï�ü�ñ�è�ôËê6ñI4|é¢å�ê6ñ��x#�íHå}ó[â6æ-æ-â�÷Õ��ê6ñHå�ð�öÖ�Hã�æ'íHå1ã
¾1âÆâ�÷ÿë�ôõñ â�ñ¿ê > ï�ç`å1å+�t�[å1ã�ôõâÆè è3�Hã�ôõñ�ò�æ'íHåDùDú�ûAü*`â�ñJæ } Ôdé1ê6÷8��ê6ô¨ò�ñÉìHë'íHâ5çTôõñHòoæ'í�ê�æ/æ'íHå|âÆé¢å�ê6ñ æ'ôËèHå�ë/ê�ã'å
ã'å�ë!�[â�ñ�ë�ô¨ó�ð¨å�öÎâ6ã}÷{â�ë'æDâ6ö`æ'íHåÿè�ô³�Hã�ñ�ê6ð×i#ë'å�÷ÿôõè�ô���ã�ñ�ê6ð[ú<476 é�í�ê6ñHò6å�ë+�E/ð¨å�ê�ã�ðõî6ì�ä6å1ã�îgè�ôËë-æ'ôõñ�é¢æDò6å1â"��íJîÆë'ôËé1ê6ð
��ã'â7é¢å�ë'ë-å�ë`ê�ã'åDê�æAç`â6ã��ÿôõñ{å%?Hé1ô¨æ'ôõñ�ò`�Gê�ã�æ'íÿã'â6æ'ê�æ'ô¨â�ñ ä�ê�ã�ôõê�æ'ô¨â�ñ�ëGâ�ñÓä6å1ã�îÿè�ôõë-æ'ôõñ�é¢æpæ'ôõ÷{å�ë'é1ê6ðõå�ë1ì�çTôõæ'íÓê�çcôõèHå
ã�ê6ñHò6å}â6ö3÷ÿê�ò�ñ�ô¨æ���èHå"�

á´ô¨òr�Hã�åyØ ò�ô¨ä6å�ë�æ'íHå�é¢âr��ñJæ-å1ã���ê�ã�æTë'é�í�å�÷ÿê�æ'ôõévë!�[å�é¢æ-ã;��÷ â6ö3æ'íHå��[â�ðõê�ã�÷{â6æ'ôõâ�ñÉì�ë'íHâ5çTôõñHò{ê{÷���é�íþ÷ÿâ6ã'å
é¢â�÷���ðõå%?8��í�î7ë'ôõé1ê6ð�ñ�ê�æ��Hã'åcæ'í�ê6ñÓá´ô¨òr�Hã�åx¼��C#�íHåx��â�ë�ô¨æ'ô¨ä6å�öÎã'å����Hå�ñ�é¢î{÷{å�ê6ñ�ëB��ã'â6ò6ã�ê6è�åT÷{â6æ'ô¨â�ñ�i5å%?Hé1ô¨æ'ê�æ'ô¨â�ñ
çTí�ôËð¨å}æ'íHå{ñHå1ò�ê�æ'ôõä6å{ö;ã'å����Hå�ñ�é¢î�æ'íHådã'å1æ-ã'â6ò6ã�ê6è�åÿ÷{â6æ'ô¨â�ñ�i5å%?Hé1ô¨æ'ê�æ'ô¨â�ñ���,cðËë-â ò�ô¨ä6å�ñ ôõëDæ'íHåV�-ñ���æ'ê�æ'ô¨â�ñ3� öÎã'å¢ï
���Hå�ñ�é¢î{ë'é1ê6ð¨å6ìJçTí�ôõé�íÿôõëpë'í�ô¨ö;æ-å�èÿçTô¨æ'í{ã'å�ë���å�é¢æGæ-â}æ'íHå��[â�ðõê�ãA÷{â6æ'ô¨â�ñÿöÎã'å����Hå�ñ�é¢î óJî 0 é¢îÆé1ð¨å	��å1ãAè�ê�î6ìÆçTí�ôõé�í
ôõë´æ'íHå�é¢â�ñJä6å1ã�ë'ô¨â�ñÿó�å1æÇçAå1å�ñÓæ'íHå/æ-å1ã'ã'å�ë-æ-ã�ôõê6ð7ã'å1öÎå1ã'å�ñ�é¢å�öÎã�ê6÷{å�ê6ñ�èdæ'íHå�ôËñHå1ã'æ'ôõê6ðJã'å1öÎå1ã'å�ñ�é¢å�öÎã�ê6÷{å�ê6ë=ã'å�ê6ðËô®¾1å�è
óÆî æ'íHåoé¢å�ð¨å�ë-æ'ôõê6ðÉöÎã�ê6÷{åvâ6ó&ë-å1ã'ä6å�èþóÆî¿ùDú�ûAü��
#�í�åD�Aê�ã'æ'í-��ã'å�ë'å�ñ�æ'ë´æÇçAâ�ã�â6æ'ê�æ'ô¨â�ñ�ê6ð7ã'å�ë-â�ñ�ê6ñ�é¢å�ëpê6é¢ã'â�ë'ëpæ'íHå�ë!�[å�é¢æ-ã;��÷A�C4|ñHå�ôõë3æ'íHåx/í�ê6ñ�è�ð¨å1ã3çAâ6ó�ó�ð¨å

ã'å�ë-â�ñ�ê6ñ�é¢å øRê6ë¿÷ÿå�ñ�æ'ô¨â�ñ�å�èÑôËñ á´ô¨òr�Hã�å 0 ý�ìDã'å+��ã'å�ë-å�ñJæ'ôõñHò æ'íHågå�ðõê6ë-æ'ôõéI�Gê�ã'æ'íX
!ë ä6å1ã�ë'ô¨â�ñÑâ6ö�æ'íHå¯����ðõå1ã�ôõê6ñ
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���j�m�r�/�CÙ���Ú��)���:Û��j£�«)���;ÇC©���¨r���7��£r�j£��*���r�� �¡�¢*Î+ÏBÐD�C«+���/����������£�©�ÇF���/�s����©R¥��l���X���x«+���/�j�m��©X�m�;��¥��@Æ"©����l���"�;¨"�;���g�+�/�j�m£
©����r�g����©½�g��£�����£r�	���/���Ü�����/� Ó �+Ç*¦)�������3ÝC�nÞ£r�m©l¦"���7�"������£`����¤"�l©l�

ç`â6ó�ó�ð¨å"�<#�íHåGâ6æ'í�å1ã3ôõë�æ'íHåAë'â�ï é1ê6ðõð¨å�èoö;ã'å1å¢ï é¢â6ã�å¢ï ñ��Hæ'ê�æ'ôõâ�ñþøRá½D�výÉã'å�ë'â�ñ�ê6ñ�é¢å/è3�Håpæ-âDæ'íHåAè�îÆñ�ê6÷Óôõé1ê6ð�÷{â6æ'ôõâ�ñ
â6ö�æ'í�åD_���ôõèoâr�Hæ-å1ãGé¢â6ã'å"�pá<D�hã�å�ë'ôõèHå�ë´ôõñ æ'íHå�ñ��Hæ'ê�æ'ô¨â�ñdó�ê6ñ�è ê6ðõæ'íHâr�Hò�í{ô¨æ'ë´â6ã�ôõò�ôõñdí�ê6ë=ñHâ6æ'í�ôõñ�òDæ-â�è�âDçcô¨æ'í
æ'ôõèHå�ë�ì#ë-â�÷ÿåAâ6öHçTí�ôõé�íoê�ã'åAé1ð¨â�ë'åAå�ñHâr��ò�íoë-âcæ'í�ê�æ3æ'íHå�ô¨ã�ã�å�ë!�[â�ñ�ë-å�ë�ê�ã�å`÷ÿê�ò�ñ�ô�$�å�è�óÆîvæ'í�ôõë�ã'å�ë-â�ñ�ê6ñ�é¢å"�<#�í�å1ã'å
ôõë=êvæ'í�ô¨ã�è ã'å�ë-â�ñ�ê6ñ�é¢å6ì�óo�Hæpê�æGæ'íHå�¾1å1ã'â}ñ��Hæ'ê�æ'ô¨â�ñÿö;ã'å����Hå�ñ�é¢îÔøRíHå�ñ�é¢å�ñ�â6æy��â�ë'é1ôõðõðËê�æ-â6ã'î���ý�ìJò�ô¨ä7ôõñHò|ã�ôõë-å�æ-â}æ'íHå
ê6ë-æ-ã'â�ñ�â�÷ÿôõé1ê6ð'��ã'å�é¢å�ë�ë'ô¨â�ñ��3üÇæpë�íHâr��ðõèoó[å`å�÷8��í�ê6ë'ô®¾1å�èdæ'í�ê�æ=ùDú�ûAü´ôõë´é+�Hã'ã�å�ñ�æ'ð¨îoæ'íHå�â�ñ�ð¨î}æ-å�é�í�ñ�ô³���Hå�æ'í�ê�æpôõë
ë-å�ñ�ë�ô¨æ'ô¨ä6åTæ-âHì�ê6ñ�èt��ã'å�é1ôõë-åcå�ñHâr�Hò�í¿æ-â{÷{å�ê6ë��Hã'åDæ'íHåvë'ô¨ò�ñ�ê6ðõëGôõñ æ'íHåvñ��Hæ'ê�æ'ô¨â�ñ¿ó�ê6ñ�èÉìÆê6ð¨æ'íHâr�Hò�í¿ò6îÆã'â�÷{å1æ-å1ã�ë
ê�ã'å ó[å1ò�ôõñ�ñ�ôõñ�òÿæ-âÔë'íHâ�ç å%?Hé1ô¨æ'ôõñHòz�[â6æ-å�ñ�æ'ôËê6ðõë1ìÉë���é�í�ê6ëvðõê�ã�ò6åoã�ôËñHò�ï ðõê6ë-å1ã|ôõñJæ-å1ã'ö;å1ã�â�÷{å1æ-å1ã�ëÿø��7é�íHã'å�ô¨ó[å1ãcê6ñ�è
ß�ð���ò6å�ð�ì >)f"f ¼�ýl�
,DëcêÓã'å�ë���ðõæ�â6öpæ'íHåoã'å�ë-â�ñ�ê6ñ�é¢å�ëDôõñ æ'íHå`�Aê�ã'æ'í�
!ëx��â�ðËê�ãc÷{â6æ'ô¨â�ñP�/$&ð¨æ-å1ãl�Óê6ëDèHå+��ôõé¢æ-å�è�ôõñ á´ô¨òr�Hã�å 0 ì[æ'íHå

â6ó�ë-å1ã�ä6å�èA�[â�ðõê�ã�÷{â6æ'ô¨â�ñþôõë�ñ�â6æ�æ'íHåvå%?7é1ôõæ'ê�æ'ô¨â�ñÔö���ñ�é¢æ'ô¨â�ñ { ã�ê�æ'í�å1ãTô¨æ�ôõë/æ'íHå�é¢â�ñJä6â�ð��Hæ'ô¨â�ñþâ6ö�æ'íHåvå%?Hé1ô¨æ'ê�æ'ô¨â�ñ
ö���ñ�é¢æ'ô¨â�ñ¿çTô¨æ'í¿æ'íHå|ã'å�ë'â�ñ�ê6ñ�é¢åvö���ñ�é¢æ'ô¨â�ñ�ë|øÎå"�+ò=�¨ì�\I��ñ=� ê6ñ�è(\�ê6é+6Dâ�ñ�ê6ðõèiì 0�}"~)f ýl�B#�í�å1ã'å1ö;â6ã�å6ì�ê ñ���÷{å1ã�ôõé1ê6ð
��ã'â7é¢å�è3�Hã�å â6öDèHå¢ï é¢â�ñ�ä6â�ð³�Hæ'ô¨â�ñ í�ê6ëdæ-â ó[å é¢â�ñ�è3��é¢æ-å�è æ-â�é¢â�ñJä6å1ã'æÿæ'íHå â6ó�ë'å1ã'ä6å�èÍ�[â�ðõê�ã{÷{â6æ'ô¨â�ñ ôõñJæ-â ôõæ'ë
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���j�m�r�/��à"�hÄu©��g���;���+�/���F©�¥����!�/���r�P���'�/�r�C¥��������X�7���/�j�m£�Î%£)�"�g�+�/�j�m£:�;¨"¥����!����¤�Ñ³��£�¤:��ª�©��;�/«���¤�Ò��j£7�/�;�/��©����=���l��¥r�)Æ"©RÛ
���;��� Ó �r��¤�©C���m£m�/����ªr�"�/�j�m£�©l�

å%?Hé1ô¨æ'ê�æ'ô¨â�ñ¿öÖ��ñ�é¢æ'ô¨â�ñÉìÆó[å1ö;â6ã'åDô¨æ/é1ê6ñ ó[åDé¢â�÷���ê�ã'å�è¿çTô¨æ'í æ'íHåDò6å1â"��íJîÆë'ôËé1ê6ðo_���ôõè�ë+
r,:\ ä�ê�ã�ôõê�æ'ôõâ�ñ�ë+�F,c÷ÿâ�ñHò
â6æ'íHå1ã æ'í�ôõñHò�ë�ì�æ'íHåÿöÎã'å����Hå�ñ�é1ô¨å�ë}ê6ñ�èeácï�ä�ê6ð��Hå�ë}â6ö/æ'íHåÓã'å�ë'â�ñ�ê6ñ�é¢å�ë ñHå1å�è�æ-â�ó�å{ç`å�ðõðSï è�å1æ-å1ã�÷ÿôõñHå�è�ö;â6ãoæ'íHå
èHå¢ï é¢â�ñJä6â�ð��Hæ'ô¨â�ñX��`â�ñ�ë'ôËèHå1ã�ê�ó�ð¨åDã'å�ë-å�ê�ã�é�í í�ê6ë�ó[å1å�ñþèHå1ä6â6æ-å�èþæ-âÓæ'í�ôõë�ë���ó'&�å�é¢æ}øRë'å1å}á´ô¨òr�Hã'å ~ ó[å�ð¨â5çs�ªý

áHâ6ãcæ'íHå�÷{â�ë-æ*�&ê�ã'æ1ìHò6å1â"��íJîÆë'ôËé1ê6ðiê6ñ�èÔ÷{å1æ-å1â6ã'â�ðõâ6ò�ôõé1ê6ðiå%?Hé1ô¨æ'ê�æ'ô¨â�ñ�ë�ö;â6ã�æ'íHå��[â�ðõê�ã�÷ÿâ6æ'ô¨â�ñÔê�ã'å}ë'ôË÷ÿôõðõê�ã
æ-â æ'í�â�ë-åÿöÎâ6ã}æ'íHåÓú5476si@9x# 0 ä�ê�ã�ôõê�æ'ô¨â�ñhøÎöÎâ6ãoêþã'å1äÆôõå1ç�ì�ë-å1å6ì3å"�+ò=�¨ìF6|ôõé��6å1î6ì 0�}"} ¼ { �B�Hó�ê6ñ=�7ë1ì 0�}"} ¼�ýl�ÔáHâ6ã
å%?Hê6÷���ð¨å6ì7æ'íHå�,:,x\ ê6ñ�è¿æ-âÿêdð¨å�ë'ë-å1ã/å%?7æ-å�ñ�æ�æ'íHåy4	,x\ í�ê�ä6åvó�å1å�ñ¿öÎâr��ñ�è¿æ-âdó[åDæ'í�å|÷Óêm&�â6ã�é¢â�ñJæ-ã�ô¨óo��æ-â6ã�ë
ôõñ å%?7é1ô¨æ'ôËñHòÿæ'íHå`��â�ðËê�ãc÷{â6æ'ô¨â�ñWøÎå"�+ò=�¨ì½�Dã'â�ë'ë�ì >)f"f ¼�ýl�|áHâ6ãcæ'í�å`#<,x\ ì&æ'í�åo÷ÿê6ôõñ�è�ô�2[å1ã'å�ñ�é¢å�öÎã'â�÷ æ'íHåoé1ê6ë'å
â6ö�ú5476si@9x# 0 å%?7é1ô¨æ'ê�æ'ôõâ�ñÔôõë`æ'í�ê�æ/æ'íHå�ðõê�ã'ò6å�ë-æ�é¢â�ñJæ-ã�ô¨óo��æ'ô¨â�ñ é¢â�÷ÿå�ë�ö;ã�â�÷yæ'í�åvæ-å�ë'ë-å1ã�ê6ð[æ-å1ã�÷Óë`ôËñ æ'í�åDæ'ôËè�ê6ð
�[â6æ-å�ñ�æ'ôËê6ð�é¢â6ã'ã'å�ë!�[â�ñ�è�ôõñHò æ-âmæ'íHå ã'å1æ-ã'â6ò6ã�ê6èHå�è�ô��Hã�ñ�ê6ðAæ'ôËèHå�ë{ò6å�ñHå1ã�ê�æ-å�èÑôõñ æ'í�å ë-â�ðõôõè�Aê�ã'æ'íkøÎçcí�ôõð¨å6ì`ê6ë
ôõñ æ'íHåÔé1ê6ë-å â6öcú5476si@9x# 0 ìAâ6æ'íHå1ã{ë'÷ÿê6ðõðõå1ãoæ'ôõè�ê6ð`ë�ô¨ò�ñ�ê6ðõë é¢â�÷{å ö;ã�â�÷ â7é¢å�ê6ñ�ôõé(#<,x\ ý øÎå"�+ò=�¨ìD�í�ê�â ê6ñ�è
�Tê�î6ì 0�}"}"� ýl�B�A÷���ô¨ã�ôõé1ê6ðõð¨î6ì�æ'í�åDöÎã'å����Hå�ñ�é¢î ó�ê6ñ�è¿ê�ã'âr��ñ�è¿æ'íHå|ã'å1æ-ã'â6ò6ã�ê6èHå�è�ô��Hã�ñ�ê6ð�ôõë/é�í�ê�ã�ê6é¢æ-å1ã�ô®¾1å�è ê6ë/æ'íHå
�-ñ��Hæ'ê�æ'ô¨â�ñ ó�ê6ñ�è3�7ìGçTí�å1ã'å æ'íHåþë'ô¨ò�ñ�ê6ðËë{ê�ã'åþê�ó�ë-â6ã'ó[å�è ôõñJæ-â æ'íHåþñHâ�÷Óôõñ�ê6ð/ñ���æ'ê�æ'ô¨â�ñ ë-â�ð��Hæ'ôõâ�ñ�ëdâ6öcù|ú�û`ü��
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1996 2003 2010

1996 2003 2010

1996 2003 2010

1996 2003 2010

320Gb/in2

>250MB/s

(Industry:

2GB

200GB

20TB

0.9Gb/in2

7MB/s

(x100)

(x17.7)

42MB/s
(x6)

16Gb/in2

10Mb/s

100Gb/s

1Gb/s

155Mb/s

10Gb/s

660Gb/s

56kb/s
2Mb/s 36Mb/s

(x18)

(x66)

(x100)

1Tb/in2)

53BM

6BG

678BG
(x113)

66GHz
(x22)

(x62)
62GB

3GHz

1GB

133MHz

16MB

1.2GB/s

1989 1996 2003

0.5GHz or less

1Gb/s
2Gb/s

?

4Gb/s
in 2010?

Largest desktop
5.25" disk drive

Areal recording
density

Single−disk attainable
transfer speed

Economically available
desktop LAN speed

Prevalent global
Internet backbone speed

Home networking
generally available speed

Linux BogoMips
(or BogoGips,
million/billions instr/s)

Typical large
desktop PC memory

Fastest generally
available desktop
processor

bandwidth ~200MB/s
7.2GB/s
(x6)

Main memory

DAR sampling
bandwidth

VLBI receiver
RF/IF bandwidth
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:<;�='>@?ACBEDGF�HI?�JK?>MLN?A�OPHQJSRUTVAC?�WSX(Y6Z\[V] ^`_�aGbSc�bUd`DefBg?F�HIhGDGFi=kjKl6mnZoc�p2j�=rqns�HI=kJ�s�HI=ke\?>MF�;S=ts�WSA�A�=kJ�F
eimPeiFi=kBvuw=x%RSxKDGR�HyJSRv=kzI=ksrFiA�?�J�Hys�e�DJ�jNDJ�Fi=kJ�J�De�u RA�?�d"HyJSR|{�}~l$DJ�jNHQJ�Fi=�A�>�=�A�=kJ�sr=u9eCWSlS}~?X�F�HQBEDz�J�=�F8d`?A�O6eku
=�F�sG�na�pfDjShGDJ�s�HQJSR�A�=k�6W�HIA�=kBK=kJ�F�eoHQJ�Fi=�ACBKe`?>�Ds�s�WSACDsrmu$j�W�F8m(srmPs�zI=�DJ�j�F�HQBg=kzyHQJS=ke�e��PDJ�jvY�p4A�=ksr?R�J�HIF�HQ?�J
F�;�DGF<F�;�=�sr?�eiF<?>2s�WSA�AC=kJ�F�zIm(X$zQDJ�J�=kj(?XM=�ACDGF�HQ?�J�DzwBg?PjS=ke<HQe'J�?F"e�W�eiF�DHyJ�DGl$zI=�HQJ�j�=rqnJ�HIFi=kzImx\�4DGA�zIm(HQJ$j�HQs�D
}
F�HI?�J�e�DGAC=gF�;�DGF�L�T�YvHQe�sr?�J$e�HQjS=�ACHyJSR(D�lM?�zQj�hPHQe�HI?�J�>�?A�F�;S=g>�W�F�WSA�=xU��?A�F�;S=�q$ACe�FVF�HyBg=gHQJN;�HQeiFi?ACmu�F�;S=
R=�?PjS=�F�HQsg[�]9^`_�sr?�BKB�W�J�HIF�m�HQe�sr?�J�Fi=kBgX$zyDGF�HQJSRvF�;S=Ee�X�=ks�HIqns�DGF�HI?�J�?>'DJ�HQJ�Fi=�ACJ�DGF�HI?�J$DzQzIm�>#W�J�jS=kj�R�zQ?l$Dz
� HQJ�e�FiACW�Bg=kJ�F���>@?A"F�;S=�=keiF�DGl$zQHye�;�Bg=kJ�F<DJ�j�BKDHyJ�Fi=kJ�DJ$sr=�?>�R=�?PjS=�F�HQs�A�=�>@=�AC=kJ�sr=�>�ACDBg=ke�x

_�J�?ACjS=�AEFi?�sr?�J�eiFiACDHyJ�F�;S=�e�sr?XM=�?>VF�;�HQeKj$HQe�s�W�e�eCHI?�J�u�HIFgd"HyzQz`l�=�;�=kzIX�>#W�z4Fi?�lM=�R�HQJ�l�m�zI?6?O6HyJSRNDGF
>#WSF�WSA�=VDs�s�WSACDsrmEAC=k��W�HQA�=kBg=kJ�F�e4?>wR=�?PjS=�F�HQsV[�]9^`_�x6:<;�=VBg?�e�F`eiFiA�HQsrFfAC=k��W�HQA�=kBg=kJ�F�e4F�m�X$Hys�DzQzImKsr?�Bg=V>@AC?�B
e�s�HI=kJ�F�H�qnsEDGX�X$zQHQs�DGF�HQ?�J�e�d";S=�A�=(HIF�HQe�R=kJ�=�ACDzQzImNDGRA�=�=kj�F�;�DGFUzQ?�JSR�Fi=�ACB�Ds�s�WSACDsrm�?>oR=�?PjS=�F�HQsKAC=�>@=�A�=kJ$sr=
>�ACDBg=ke<dtHQzQzMlM=�JS=�=kjS=kj,DGF"F�;S=�zI=�h=kzw?><c�BEB�?A"lM=kzI?�d�x"{PHQJ�sr=�L�T�YEHQetzI?6?O6HQJ�RKDEjS=ks�DjS=U?AtBg?AC=UHQJ�Fi?
F�;S=(>�WSF�W�A�=u2HIF�d`?�W�zQj�lM=(X�ACW�jS=kJ�F�Fi?�DHQB�>@?A�Ds�s�WSACDs�HI=ke�e�HQR�J�H�qns�DJ�F�zIm�l�=kzQ?�d�F�;�=�c�BKB�zI=�h=kz`ei?|F�;$DGF
HIF�eVA�=ksr?�BKBK=kJ�j�DGF�HI?�J�e�jS?�Jw�%FtlM=ksr?�Bg=�X�A�=kBEDGF�WSA�=kzImv?l$e�?�zI=�Fi=x�_ J�Dj�j$HIF�HI?�J�u�HIFVHyetR=kJ�=�ACDzQzIm�DGRA�=�=kj�F�;$DGF
?l$ei=�ACh
DGF�HI?�J$e'?>��o¡�¢£DGAC=�A�=k�6W�HIA�=kjvsr?�J�F�HQJ6WS?�W�e�zImx

L¤;�DGF<jS?6=ke�c�BKB¥Ds�s�WSACDsrm�Bg=kDJ�HQJ�Fi=�ACBKe`?>9F�;�=VX$ACHQBKDGA�mgR=�?PjS=�F�HQs�[�]9^`_�?lnei=�A�hGDGl$zI=uPF�;S=�jS=kzQD�mS¦
_�J�Fi=�ACBEe�?>"e�m6eiFi=kBEDGF�HQsE=�ACA�?Aku2F�;S=�DJ�eid`=�A�Hye�s�zI=kDGAkx�_ >'m?�W�doDJ�FUFi?�R�W�DGACDJ�Fi=�=vW�J�l$HQDei=kj�zI?�JSR|Fi=�A�B
Ds�s�WSACDsrm�lM=kzI?�d§F�;S=|c�BKB¨zI=�h=kz©uwF�;S=kJ�F�;S=Ee�W�BªFi?F�Dz4?>'DzQz2eimPeiFi=kBKDGF�HQsKsr?�J�FiACHIlnWSF�HI?�J�e�Fi?|j�=kzQDkm�BUW$eiF
lM=�l�=kzQ?�d§Y
X$eE«�c�BKBª=k�6W�HIhGDzI=kJ�F�zQHIR�;�FVFiA�Dkh=kz@p�x�_ FVR?6=ke�d"HQF�;S?�WSF�e�DkmPHQJSR�F�;�DGF�F�;$HQe�HQe�Dvj�DW�J�F�HQJSR�F�DeiO�x
L¤HIF�;¤A�=keiXM=ksrF�Fi?¬ACDJ�j�?�BBK=kDe�WSA�=kBg=kJ�Fv=�A�A�?A�utF�;S=�DJ$eidf=�A�Hye�zQ=ke�evs�zI=kDGAi}8s�WSF�eCHQJ�sr=�F�;S=�sr?�J�JS=ksrF�HQ?�J
lM=�F8d`=�=kJ�jS=kzQDkmgX$A�=ks�HQe�HI?�JEDJ�jKl$De�=kzQHQJS=<X$A�=ks�HQe�HI?�JEHQJ�h?�zQh=kefsr?�BgXnzI=r®EHQJ�Fi=�ACDsrF�HI?�J�efF�;�DGFoHQJ�s�zQW�j�='=kzI=kBg=kJ�F�e
e�W�s�;¬DeKJS=�F�df?ACO¯e�HQ°�=�DJ�j�R=�?�Bg=�FiA�muoF�;S=�?lnei=�A�hPHQJSR�e�sC;S=kj$W�zI=u4=�F�sGx¬±t?�d`=�h=�Aku<D�A�?�W�R�;�HQjS=kD�?>VF�;S=
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A�=k�6W�HIA�=kBK=kJ�F`d`De<?l�F�DHQJS=kj�l6m(e�s�DzyHQJSR�F�;S=�XM?�eiF�}©q$FoA�=ke�HQj$W�DzQef?>�D�F�m�X$Hys�Dz�²�cV=r®6XM=�ACHyBg=kJ�Fol6mEF�;S=�A�DGF�HI?
?>�F�;S=gDs�;�HI=�h=kjN²�c�l$De�=kzQHQJS=UX�A�=ks�HQe�HQ?�J�A�=kzQDGF�HQh=�Fi?vD�F�DGA�R=�F�X�AC=ks�HQe�HI?�J|?>tc�BKBvx�³t>�Fi=�A�DGX$X$zImPHQJSREei?�BK=
A�=kDei?�J$DGl$zI=gDe�e�W�BKX�F�HI?�J�etA�=�R�DGACj�HyJSR�Dj$jS=kj�sr?�J�FiACHQl$WSF�HI?�J�eVj�WS=�Fi?vBKDei=�A�DJ$j�DGF�BK?�eiX$;S=�ACHys�HyJ�eiF�DGl$HQzyHIF8mu
X�A�=ks�Hye�HI?�J�>@?AVjS=kzQD�m(?>\DGlM?�WSF<´gX$e'XM=�A'?l$e�=�A�h
DGF�HQ?�Jvd`De"=keiF�HQBKDGFi=kjwx

L�T�Yt;�De9l�=�=kJUj�HIhPHQjS=kj�HQJ�Fi?Vµ<e�WSlS}~RA�?�W�X$e�x9:<;$HQewHQe9F�;S=�X�A�?RAC=ke�ewA�=�XM?A�F9?>SF�;S=o¡Vlnei=�A�hPHQJSR"{6FiACDGFi=�R�HI=ke
{PWSl�}~RA�?�WSXwx2:<;S=�Fi?XnHQs�e<De�e�HQR�JS=kj�Fi?EF�;�Hye'e�WSlS}~RA�?�W�Xv>@?A"sr?�J$e�HQjS=�ACDGF�HQ?�JvDGA�=Z

¶ DJ�Fi=kJ�J�D
}8J�=�F8d`?A�O�eiFiACW�srF�W�A�=�DJ�jv?l$e�=�A�h6HyJSRgeiFiACDGFi=�R�HI=ke
¶ e�?�WSACsr=�eiFiAC=kJSRF�;n·
j�HQe�FiACHIl$WSF�HQ?�Jn·
eiFiACW�srF�W�A�=
¶ >�A�=k�6WS=kJ�srm�l$DJ�j�ekuP²t��_
¶ qn=kzQjveimPeiFi=kB¸DJ�jveCsC;S=kj�W$zQHQJSR

¹\*�ºN-9.»$-f-�¼n½r¾�»S.k¿�0w/�ÀÂÁ ./�3456.�34/�»

Ã W�A�A�=kJ�F�zImu$F�;S=�AC=�DGA�=Ka�µK_�[�{|JS=�F8d`?A�O,e�F�DGF�HI?�J�e�x�¡V>2F�;S=kei=uwÄ�DGA�=�HQJ|�fWSA�?XM=u�ÅEHQJ�Æ�DGX$DJ�DJ�j�Ç(HQJ
È ?A�F�;�³VBg=�ACHQs�DPu\zI=kDkhPHQJSR,µ�>@?A�F�;�=KA�=keiF�?>oF�;S=gR�zQ?l�=x(É,DJ�mN?>fF�;�=EDJ�Fi=kJ$J�De�s�WSACA�=kJ�F�zQm�HQJNW$ei=gdf=�AC=
Ds��6W�HIA�=kj�?�J(DJ � De�}8HQe4d";S=�A�=r}8HQeC��l$De�HQe�DJ$jK;S=kJ�sr='F�;S=kHQA4zI?Ps�DGF�HI?�JKDJ�jgXM=�A�>�?ACBKDJ$sr='df=�A�=tJS?F�?X�F�HQBEHI°�=kj
>�?A<R=�?6j�=keimx

¹\*8)w*,¾�»S.k¿�0w/�ÀËÊN»�09ÌÍ»S./Î
±t?�dÏs�DJ|JS=�F�df?A�O�R=�?�Bg=�FiACmvl�=�HQBKX�A�?�h=kj�¦
�\HIACe�F�u�e�HQJ�sr=�e�s�DzI=�DJ�j¯?ACHI=kJ�F�DGF�HI?�J�?><R=�?PjS=�F�HQs�A�=�>�=�A�=kJ�sr=�>�ACDBg=ke�DGA�=vDGRRA�=�R�DGFi=|XnDGACDBg=�Fi=�ACe�ufH©x%=x

F�;S=�m�DGA�=�jS=�Fi=�ACBKHyJS=kjvl6m�BKDGO6HyJSREBg=kDe�W�A�=kBg=kJ�F�etDGFVDEJ6W�B�lM=�At?>\e�F�DGF�HI?�J�e�uM;�DkhPHQJSR(Bg?A�=Ue�F�DGF�HI?�J�e<dtHQzQz
HQJ�R=kJS=�A�DzwHQBgX�AC?�h=�F�;S=�AC=ke�W�zIF�x

{6=ksr?�J$j�u$DKBg?AC=UW�J�HQ>@?ACBÐj�HyeiFiACHIl$W�F�HI?�J�?>\e�F�DGF�HI?�J�e<dtHQzQzM;S=kzIXwuS=x%RSxIZ�c�po_ F<d"HyzQzMDj�j�Fi?(F�;S=�R=�?�Bg=�FiACHys
eiFiA�=kJ�RF�;�?>�Dj
Ñ�W�eiF�BK=kJ�F�e�x4a�pf_ > DGF<zQ=kDeiFoF�;SA�=�=�eiF�DGF�HI?�J$e'DGA�=�zI?Ps�DGFi=kj�?�J�=kDsC;|BED�Ñ�?A'X$zyDGFi=u�DJvHQJ�jS=�XM=kJP}
jS=kJ�F�[�]9^`_�:<²t�Òs�DJ�lM=Ej�=rqnJS=kj�x|{PHQJ$sr=K[V] ^`_�l$Dei=kzQHQJ�=Kei?�zQWSF�HI?�J$e�lM=�R�HQJ�Fi?�jS=�Fi=�ACHI?ACDGFi=�>�?A�zI=kJ�RF�;�e
RA�=kDGFi=�A�F�;�DJ¯DGlM?�WSF�ÅGbbbGOPBÓ«#j�WS=(Fi?,zQDsCO�?><sr?�BKBg?�J�eiO6mNh6Hye�HIl$HQzyHIF8m�p�u9Dvq�J�Dz4sr?�J�e�FiACDHQJ�FUe�;S?�W$zQjNlM=
Dj�jS=kj�F�;�DGF<JS=kHIR�;�lM?ACHQJSRgeiF�DGF�HI?�J$e<JS=�h=�A"lM=�ei=�XnDGACDGFi=kjvl6m�BK?A�=�F�;�DJ|ÅGbbbGOPBvx

�\HQJ�DzyzImu6HQFoHyefd`?A�F�;�A�=kBK=kB�lM=�ACHQJ�RUF�;�DGF<DJvHyBgXM?A�F�DJ�FoDe�ei=�F'?>�R=�?PjS=�F�HQs�[�]9^`_fHQe`F�;S=�F�df=kJ�F8m�m=kDGACe
?>tW$J�HQJ�Fi=�A�ACWSX�Fi=kj¯j�DGF�DPx¯_ J�?A�jS=�AgFi?�BKDHQJ�F�DHQJ�DJ�j�=kJ�;�DJ$sr=vF�;�HQe�De�ei=�F�ufF�;S=kei=�j�DGF�DNei=�F�eEe�;S?�W�zQj�lM=
s�DGA�=�>#W�zQzIm¯sr?�J�F�HyJ�WS=kj�HQJ�Fi?�F�;S=�>#WSF�WSA�=x Ã ?�J�ei=k�6WS=kJ�F�zImu'DeEBKDJ�m�?>VF�;�=|JS=�d¸eiF�DGF�HQ?�J�eEDe(HQegX�ACDsrF�Hys�Dz
e�;S?�W$zQj�l�=�sr?G}8zQ?6s�DGFi=kj�DGF<=r®SHQeiF�HQJSRge�HQFi=ke�x

²"=kj�W�s�HQJSR,eiF�DGF�HI?�J¯s�DGX$HIF�Dz4DJ$j�?XM=�ACDGF�HQJSR�sr?�eiF�eUd"HQzQz2BKDGO=�HIFU=kDe�HI=�A�Fi?�e�HIR�J$H�qns�DJ�F�zIm�HyJ�srA�=kDei=(F�;S=
J6W�B�lM=�A�?>`R=�?6jS=�F�Hys�[V] ^f_�e�HIFi=kekxU_�J�F�;�HQeVA�=�R�DGACjwuwA�=ksr=kJ�F�DjShGDJ�sr=ke�;�D�h=KlM=�=kJNBKDjS=gHQJ�A�=kj�W�s�HyJSR�F�;S=
sr?�eiFg?>�e�BKDzQz`Fi?�Bg?PjS=�ACDGFi=�eCHI°�=�DJ�Fi=kJ$J�DNeimPeiFi=kBKe�uf=x%RSx¯F�;�=�³tzQzQ=kJ¯: =kzI=ke�sr?XM=�³tA�ACD�mx¯L¤;S=kJ�F�;�HyegHQe
sr?�WSX$zQ=kjEd"HQF�;(JS=�d¤zI?�d¤sr?�e�Foj$HQeiOgA�=ksr?ACj$HQJSRUe�m6eiFi=kBEe'DJ�j(j$HIR�HIF�Dz�j�DGF�DUDs��6W�HQeCHIF�HI?�J�eim6e�Fi=kBKe�«#Ô<³�{$p�uSF�;S=
XM?Fi=kJ�F�HyDz�=r®PHyeiF�e'>�?A"Dgl�A�=kDGO6F�;SA�?�W�R�;vHQJ�F�;S=�sr?�eiF"?>�R=�?PjS=�F�HQs�[V] ^f_oeiF�DGF�HI?�J$e�x

¹\*@¹2*NÁ\7~.»¬Á\»$Õ~»$56.�7809-Ö¼�-f1×Á .¼�.7809-ËØN»$ÙG7~Ú -§Û�/�7©.»�/�78¼
³VsC;�HQ=�h6HQJ�RtBKHQzyzQHQBg=�Fi=�AwDJ�j�e�WSlnBKHQzQzQHyBg=�Fi=�AwDs�s�WSACDsrm�dtHQzQzA�=k�6W�HIAC=4DGFiFi=kJ�F�HQ?�JUFi?�jS=�F�DHQz~x�³VJ�=r®S;�DW�e�F�HIh=

zQHQe�F`?>\e�HIFi=Uei=kzI=ksrF�HI?�J�DJ$j�eiF�DGF�HI?�J�j�=ke�HIR�JvsrACHIFi=�A�HQD�d"HQzQzM;S=kzQX�BKHQJ�HQBEHI°�=VeCHIFi=�A�=kzQDGFi=kj�e�m6eiFi=kBEDGF�HQs�=�A�A�?A�e�x
L¤HIF�;�A�=keiXM=ksrFEFi? ��Ü@��ÝÖ��Ý6Þ�Ý6���Ü�ßnà srA�HIFi=�ACHQDPu<HQBKX�?ACF�DJ�FK=r®SDBgX$zQ=ke(BKHQR�;�F�HQJ�s�zQW$jS=Z|lM=kJ�HIR�J£FiA�?XM?G}

!���7j"$#?#$@FA*�
���
��$��DF�:�G	.�;�C6��H�.�9�
�:�'1C���C6?/ J&%



�����������
	���$�G�C�:���?�0�
	������� �*�¦��!O"�#(%'#&�-2*4�/��G�.5&���C6�7(	���L	.�:6?���:/

eiX$;�=�ACHQs�sr?�J�j�HIF�HI?�J$e�uMR?�?Pj�;S?ACHQ°�?�J�BEDeiOn� R=�?�zI?R�HQs�Dz�e�F�DGl$HQzQHIF�mn� Ds�sr=ke�e�HIl$HyzQHIF8m|?>flM=kjSA�?Ps�O��9zQDsCO,?>ozI?Ps�Dz
HQJ�Fi=�A�>�=�A�=kJ�sr=��X�AC?k®SHQBKHIF�mEFi?K?F�;S=�At>�W$J�j�DBg=kJ�F�DzMR=�?6j�=�F�HQs�Bg=kDe�W�A�=kBg=kJ�F�e���=�F�sGx

L¤HIF�;�A�=keiXM=ksrF\Fi? ����	S�
Ü@ß�à�á Ý6��Ü�ânà srACHIFi=�A�HQDPu�HQBgXM?A�F�DJ�F =r®SDBgX$zQ=ke�BEHIR�;�F2HQJ$s�zQW�jS=Z�=kDei=<DJ$jgDs�s�WSACDsrm
?>'e�HIFi=KF�HQ=ke��\>�DeiFUe�zI=�d§ACDGFi=kek��zI?�d×=kzI=�h
DGF�HQ?�J�s�DGX$DGl$HQzyHIF8m�� d`=kzQz�W$J�jS=�ACeiFi?6?Pj�F�;S=�ACBKDzfDJ�jNRACD�h6HIF�m�jS=�>�?Ai}
BKDGF�HI?�J$e��nHQJ�Fi=�A�>�=�A�=kJ�sr=UFi?�zI=�ACDJ�sr=�MDjS=k�6W�DGFi=�e�=kJ�e�HIF�HIhPHIF�mn�$e�F�DGl$zI=UDJ$j|Ds�s�WSACDGFi=kzQm�s�DzQHIl�ACDGFi=kj|=kzI=ksrFiA�?�J�Hys�e��
=�F�sGx

_ F�Hye zQHQO=kzIm�F�;�DGF�eCHIR�J�H�qns�DJ�F9XM=�A�>�?ACBKDJ$sr=fDJ�jU?XM=�ACDGF�HQJSRVlM=kJS=rq$F�ewdtHQzQzA�=keCW�zIF9>�A�?�BÏW�e�HQJ�RtDJ�HQjS=kJ�F�HQs�Dz
eiF�DGF�HI?�J,jS=ke�HIR�JvDGF"=kDsC;|eCHIFi=x

¹\*@ã2*,ä�3fÕ©.�7#½�å�»�¼�Ì æ�ç"å�+
:<;�=tDGl$HQzyHIF8m�Fi?�?l$ei=�A�h=�Bg?A�=VF�;�DJ(?�JS=Ve�?�WSACsr=�DGF`DUF�HQBg=VBKDkmE;$Dkh=�DjShGDJ�F�DGR=ke�uS=x%RSxIZ<c�pf:<;�=ts�zI?Ps�O
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}|T�V.t±^�Ni�F�irl�|�������H�X�����¤}vPbM�N-M���abM[Vksd`UOkM4OQPbM4s�^o^�N.��M�^�h4M�OkN-Z��£TmOQ`jh4M�abM[RUT�Z?^�tzVkM�L�M�N-T�RFh�`U_HgbOkM[V¦}qT�V
h4M[T�VQg&NQM[a�T�Oq�b�º�ST�_&a��H�º»�ª¦«X¬Xc�M�OJ}qM�M[_�OQPbM*L�T�N-`jT�cd`URU`eO�ZisYT�OkOkM�N-_&VqVkM�M[_�T�OqOQPbMXy*¼	½¾T�_&a�OQP&MX½/¨X¿|½À� �����
Á `eOQPÂh�^�NQM�tÃT[L�^�g&N-T�cdReM���M�^�h4M�OkNQZ��qwXM[_d_bM�OkOx�J¨;Pb^�NQs�MmÄÅa&M��qN-gbZ�_Æ�6���qOkN-T�]-µ�M[aÇ�&�[���[�� .�������¡}v`eOQPÂOQPbM
y¦¼�½ÈT�_&a Á M[VkOkM�NQc�^�NQµ�T�_&a¤VQT[}È_b^�O;^�_&ReZ�T�VQ`e��_d`�WY]�T�_oOzOQ`Uh4M©abM[RUT�Z��&cdgbOz}qM�NQMfT�cYReM.Ok^�}|T�OQ]-P�`eO;]-P&T�_&��M
}v`eOQP�OQP&MzNQ^�OQT�OQ`e^�_�^�t¶OQPbM;É¥T�NQOQP9�/�¤^�VQO�NQM[]�M[_oOQReZ��oVQgd]�]�M[VQVktÃg&R�OQ`Uh4M;abM[RjT[Z�h4M[T�VQgbNQM[h�M[_�OQV¥P&T[L�M;c�M�M[_�h�T�abM
T�O|�b�º��T�_&a��H�º»4ª¦«v¬.T�O;VkM�L�M�N\T�RYM�s�^�]-P&V|t³^�N|OQPbM*N-T�sd`Ua�L�T�N\`UT�cdReM*Vk^�gbN-]�M.�F�Sr��¦�[¢���§o�X��¢�»¤�6»����¥r�g&]\P�OQ`jh4M
abM[RUT�Z0h4M[T�VQgbN-M[h4M[_�OQVST�NQM�^�_&ReZlt±M[T�V-`ecdReM�t³^�NfOQP&M[VkM�M���OkNQM[h4M[ReZ¡N\T�sd`Ua¡L�T�N-`UT�cdRUM[V���Êb^�N�OQPbM[VkM�VQ^�gbN-]�M[ViOQPbM
^�cdVkM�N-L�T�OQ`e^�_dVz^�t!V-g&]-P´T�OQ`Uh4M©abM[RUT�ZmM[VkOQT�cdRU`UV-PbM[Vzg&_bM[nHg&`eL�^�]�T�RUReZ�T�_´pkr&r�^�N\`e��`U_mt³^�N;OQPbM[`eN;N\T�sd`Ua�p3w;yi�
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¨;P&M´s&NQM[VkM[_d]�M¤^�t.OQ`Uh4M?abM[RUT[Z�V�^�t.^�N-abM�N�h�`U_og&OkM[V�`Uh4sYRU`eM[V�TËL�M[RU^H]�`eO�ZÌ^�t.OQPbM¤`U_oOkM�N-VkOkM[RjRUT�N�h4M[ad`Ug&h
Í pQr��lÎ/^�tu^�N-abM�Nz���������SµHh�Ï�Ðo�F}XP&`U]-P�`UVF]�RU^�VkMvOk^SOQPbM¦Vks�M�M[a�^�t9OQPbM¦ÉFT�NQOQP�`U_�`UOQV¥T�_&_Hg&T�Rd^�NQcd`eOqT�NQ^�g&_&a�OQPbM
VQg&_u�v¨;P&`UVv]�^�`U_&]�`UabM[_d]�Mi`Uh4sYRU`eM[VzOQPbMis&NQM[VkM[_d]�Mi^�t�T�_ÒÑ�°&°&Ó&Ñ�Ô�®[Õ�®[ÔeÖ4`U_´OQPbMSL�T�N-`UT�cd`URj`eOJZm]-P&T�N\T�]�OkM�N-`UVkOQ`U]�V*^�t
T�_�pxwzy×Vk^�gbN-]�Mi`et�pQr&r�`UV|OQPbMih4M[]-P&T�_d`UVQh¹NQM[Vks�^�_&V-`ecdReMXt±^�N;OQP&M©p3w;yi� Á PbM[_�OQP&MfÉFT�NQOQP¤`UVzh4^�L�`U_b��`j_mOQPbM
VQT�h4MSa&`eNQM[]�OQ`U^�_�T�VvOQPbMfpkr��ØOQPbMfNQM[RUT�OQ`eL�MSVks�M�M[a´`UV;VQh�T�RURuT�_&a¤OQPbM©L�T�N-`UT�OQ`e^�_&V;}v`URUR�c�M©VQRe^�}©�;r�`���h4^�_�OQPdV
RUT�OkM�NXOQPbMiÉ¥T�NQOQP¤`UVvh4^�L�`U_b��`j_�OQPbMf^�sds¶^�V-`eOkM©a&`eNQM[]�OQ`U^�_�Ok^�OQPbMfpkr��Â�dOQP&M©NQM[RUT�OQ`eL�MiVks�M�M[a¤`UV;Pd`e��P´T�_&a¤OQPbM
L�T�N-`UT�OQ`e^�_&V¦}X`URUR!c�M�hig&]\P0h4^�NQM4N\T�sd`Ua9�4¨;P&`jV.T�_&_ogdT�R/]�ZH]�ReM��!`U_lOQPbM�t³^�N-hÙ^�tzÉFT�N-OQPÂK*NQcd`UO©r�ZH_oOQPbM[VQ`UV[�u`UV
s&NQ^�LH`j_b��Ok^�c�MfT�s�^�}qM�NQt³gdRuT�_&T�ReZ�VQ`UVzOk^H^�R	t±^�N*abM�OkM�N-h�`U_d`U_b��N-T�a&`e^�Vk^�gbN-]�MSVkOkN-g&]�OQgbN-MfT�OXh�`j]�NQ^��JT�N-]��JVkM[]�^�_&a
NQM[Vk^�RjgbOQ`e^�_0�Ú§����

r�gd]-P©T�_&_Hg&T�R�]�Z�]�ReM[V	P&T[L�M¥c¶M�M[_©t±^�g&_da.t±^�N!T;_Hg&hfc�M�N9^�tbVk^�gbN\]�M[V����|������§� .»�¢����6�����6�������¥�ir¦�¦�[���[�H�X¢�§��
���������¶T�_&a¤�&�[���[�� ©�����������������YT�_&a´`UOvRe^H^�µHVXT�V;OQPb^�gb��P?VQg&]\P�c�M[P&T[L�`e^�gbNvh�T[Z�c�M.}v`UabM[VQs&NQM[T�a9�F¨vPbM.c�M[T�g��
OQ`etÃg&R£sdT�OkOkM�N-_0^�tqOQP&M�T�_&_Hg&T�R�]�Z�]�ReM�]�T�_0c�M�VkM�M[_Ët±^�N©OQP&M�N-T�sd`UadReZ´L�T�N-`UT�cdReM�VQ^�gbN-]�M��F�Srl�¦�[¢���§o�X��¢�»�T�V
abM�OkM�N-h�`U_bM[a?coZ��q`U��_&T�RUR	M�O©T�R��e�F�6�����f�?^�VkO.NQM[]�M[_oOQReZ?T�_¡T�_&T�RUZHVQ`jVv^�t¥OQPbM���Z�M[T�N\V.^�tq¢H�º��ª¦«X¬4y*¼	�qp;�Yg��
abM[_&V-`eOJZ¡h4M[T�VQg&NQM[h4M[_oOQV����[¢��|abM�N-`eL�M[aËt±N-^�hÛOQPbM��.M�ZHVQOk^�_bM��FNQ^�ÜxM[]�O����[���|P&T�VfN-M�L�M[T�ReM[aÂT?VkOkNQ^�_b��T�_&_Hg&T�R
]�Z�]�ReM�`U_�OQPbM4px¨;ÝvÊÞT�_&a�pk¿zÝvÊÞVk^�gbN-]�M��|�������� .�����l���[»�����wXM[VQsd`eOkM4RUT�NQ��M��u^�L�M�N-T�RUR£�¶g��?abM[_&V-`eOJZ�]-P&T�_b��M[V
�|�������� .�����*P&T�V£NQM�s�M[T�OkM[a&ReZ©M��bP&`ecY`eOkM[a�T�_4T�_&_ogdT�RH]�Z�]�ReM���WdN-h�ReZ.M[VQOQT�cdRU`UVQPd`U_b�XT�_�pQr&rf^�N-`e��`j_it³^�N/OQPbMzpxwzyS�
�|�������� .�����S}qT�VvT�RUVk^�t³^�g&_&amOk^�M��bP&`ecY`eO¥pQr&rmT�Ov�b�º��ª¦«X¬f`U_mOQPbM©N-M[]�M[_�Ov��½.rHp�yßy¦¼�½×r�gbNQL�M�Z¡���������

¨;P&Mis&N-M[VkM[_&]�MS^�tFVQg&]\P�h�M[T�VQgbNQM[a�OQ`Uh4M�abM[RUT�ZHV¦T�_&a?OQPbM�s&NQM[VQM[_&]�Mi^�t¥T�_&_ogdT�R!]�Z�]�ReM[V¦`U_?p3w;yÀVk^�gbN\]�M[V
M[VkOQT�cdRj`UVQPbM[V¦g&_bM[nHg&`eL�^�]�T�RUReZ�OQPdT�O.pkr&r?`UV*OQPbM�s&N\`U_&]�`esdT�R	]�T�g&VkM4^�tqOQPbM�p3w;y~VkM�M[_¡`j_�h�T�_�Zl]�^�h4sdT�]�O��9�¶T�Ox�
Vks�M[]�OkN-g&h¹N\T�a&`e^�Vk^�gbN\]�M[V;T�Ov]�hà}|T[L�M[RUM[_b��OQP&V��

½*V�`UV/OQP&M;]�T�VkMvt³^�N�^�s&OQ`U]�T�RdVQ]�`U_oOQ`URURUT�OQ`e^�_�`U_�OQP&MvT�OQh4^�VksdP&M�NQMz}vPbM�NQM¦�²�Ñ�á\X²Ãâ/¯±°&ã�ÔUÖ.Ñ�°YävåYÔeÑ�°¶Ö[²³*ä�æS°Yæ�²Ã�
`U_oOkM�N-VkOkM[RURjT�NSVQ]�`j_�OQ`URjRUT�OQ`e^�_ËT�O�]�hØ}|T[L�M[ReM[_&��OQP&V�VkM[ReM[]�OQV�OQP&^�VkM�Vk^�gbN-]�M[V�}vPd`U]-PçPb^�g&VkM�OQPbM�h4^�VkO4]�^�h4sYT�]�O
]�^�h4s�^�_bM[_oOQV*}vP&`U]\P?P&T�L�M4h�`U]�NQ^�T�N-]�VQM[]�^�_&a?V-`e¬�M[V4���[�����.¨;PbM[VkMSVQ]�`U_oOQ`URURUT�Ok^�N-VXT�NQMSOQPog&V¦T�h4^�_&��VkO¦OQPbMSh�^�VkO
]�^�h4sdT�]�O¥µH_&^�}v_�½vª.èf�o}vP&`U]\P4`UV�T.��^H^Ha�VkOQT�NQOQ`U_b�fs¶^�`j_�O£t³^�NFOQPbM[h×Ok^ic�M;P&`e��P4nHg&T�RU`eO�Zis�^�VQ`eOQ`U^�_�NQM�t±M�N-M[_&]�M
Vk^�gbN\]�M[V��
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¨;P&MF_ogdhfc�M�Nu^�t�µ�_b^�}v_fVQ]�`U_oOQ`URURUT�Ok^�N-V�`UVuVQh�T�RjR���Pb^�}¥M�L�M�N�� Á MqT�NQM�OQPbM�N-M�t±^�NQMqg&_&abM�N-OQT�µH`U_&�|TXRUT�NQ��M��JVQ]�T�RUM��
��`U]�NQ^��J½XN-]�VkM[]�^�_&a´r�]�`U_oOQ`URURjT�OQ`e^�_���px_&a&g&]�M[aSy�T�N-`UT�cY`URU`eO�Z����?½.rHp3yi�Hy¦¼�½üVQgbN-L�M�ZS^�t9OQP&M*_b^�N-OQPbM�N-_�VkµHZ�T�Oq�b�º�
ª¦«X¬��|K¦g&Nz^�c�ÜxM[]�OQ`UL�Mi`UVzOk^�]�^�_&VkOkN-g&]�OXT�VQT�h4sdRUM.^�tq������Ok^¤�[����VQ]�`j_�OQ`URjRUT�OQ`U_b�SM��HOkN\T���T�RUT�]�OQ`U]SVk^�gbN-]�M[Vz}X`eOQP
}vP&`j]-P4Ok^iM���T�h�`j_bM;OQPbMvh�`U]�NQ^�T�N-]�VkM[]�^�_da�VkOkN\g&]�OQgbNQMvT�_da4OQPbMvsYT�NQM[_�OFs¶^�sYg&RUT�OQ`e^�_&V£^�t�OQPbM[VQMXVk^�gbN\]�M[V¥T�_&a�Ok^
s&NQ^�c�M©OQP&MfOQgbNQcYg&ReM[_oO;`U_�OkM�N\VkOkM[RURUT�Nvh�M[a&`Ug&hà]�T�gdVQ`U_b��OQP&MiVQ]�`U_oOQ`URURjT�OQ`e^�_9�¥¨vPbM.WdN-VQO;M�s�^H]\P¤^�t£^�cdVkM�N-L�T�OQ`e^�_dV
NQM�L�M[T�ReM[a�L�T�N-`UT�cd`jRU`eOJZ�^�_�OQ`Uh4M[VQ]�T�RUM[VvN-T�_&��`U_b��t³NQ^�hýPb^�gbN-VXOk^ma&T[Z�V¦`U_?����^�tq§H���m]�^�h4sdT�]�OX�YT�Ox�JVks�M[]�OkN-gdh
Vk^�gbN\]�M[V��/¨;PbMz_ogdhfc�M�N£^�t¶Pd`e��P&ReZ.L�T�N-`UT�cdRUM|VQ^�gbN-]�M[V���OQP&^�VkMz}v`eOQPSN-h�V!�¶g��iabM[_&V-`eOJZiL�T�N-`jT�OQ`e^�_&V!��NQM[T�OkM�NFOQPdT�_
�o¸¹^�t!OQPbMfh�M[T�_9�&`U_&]�NQM[T�VQM[Vz}v`eOQP�abM[]�N-M[T�VQ`U_b��VQ^�gbN-]�M¦�Yg��mabM[_&VQ`UOJZ��

Á M©P&T�L�M©T�RUVk^�]�^�h4sdReM�OkM[amt³^�RURe^�}z�Jgbs��H�6��ª¦«v¬.y¦¼��|½{^�cdVkM�NQL�T�OQ`e^�_&Vq^�t£§��SRe^�}Þ�Yg���abM[_dVQ`eOJZ�VQ]�`U_oOQ`URURUT��
Ok^�N-V!t³NQ^�hÈOQPbMqWdN-VkO	OJ}q^.M�s¶^�]-PdV	^�tdOQPbMz�?½.rHp3yþVQgbNQL�M�Z�����§���� Á `eOQPiOQPbM[VkM|sdRjg&VuOQPbM|M��b`UVkOQ`U_&�Xa&T�OQT*t³NQ^�hÈOQPbM
ÿ r�è¦K{N-T�ad`e^iN-M�t±M�NQM[_d]�M.t±N-T�h�M¦`jh�T���M.a&T�OQT�cdT�VkM��b}qM©]�T�_�]�^�h4sdT�NQM¦OQPbM.h�`jRURU`UT�N-]�VQM[]�^�_&a�VkOkN\g&]�OQgbNQM[V|^�t	OQPbM
��½¦rHp3yüVQ]�`U_oOQ`URURUT�Ok^�N\V�T�_&a�_&^�_��JVQ]�`U_oOQ`URURUT�Ok^�N\V��£K¦_&MvVkOkN-`eµ�`U_b�¦s�^�`U_oO�}qM;WY_&a4gdVQ`U_b�©VkM�L�M�N\T�RYVkOQT�OQ`jVkOQ`U]�T�Rdh�M[T��
VQgbN-M[V��o`UVFOQP&T�OqOQPbM*V-]�`U_�OQ`jRURUT�Ok^�N-V�T�N-M*VQ`U��_&`�WY]�T�_oOQReZ�h4^�NQMX]�^�N-M��Jab^�h�`U_&T�OkM[a�OQP&T�_�OQPbM*_b^�_��JVQ]�`U_oOQ`URURjT�Ok^�N-V�� Á M
WY_&amT�Ov�H�6��ª.«v¬.}v`UOQP�OQP&M.y*¼	�q½¹���[���uOQP&T�O©�[�S^�t!OQPbMi§���Re^�}÷�Yg��mabM[_&VQ`eO�Z�VQ]�`U_oOQ`URURjT�Ok^�N-V|T�NQM©g&_bNQM[VQ^�ReL�M[a
T�OvT�a&ZH_&T�h�`U]*N-T�_b��M©^�t!OJZHsd`U]�T�RURUZm¢������U���
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px_©^�N-a&M�N�Ok^vc�M�`U_d]�RUg&abM[a.`U_©OQPbMFN-T�ad`e^zNQM�t³M�NQM[_&]�MFt³N-T�h4MqT;Vk^�gbN\]�M¥VQPb^�gdRUa¦c�MFVkOkNQ^�_b�*T�O	]�h{}qT�L�M[ReM[_b��OQP&V��
VQPb^�gdRUa´c�MiT�s�^�`U_oOXVk^�gbN\]�Mi}v`UOQP?RU`UOkOQReM©^�N._b^mVkOkN-g&]�OQgbN-MiT�O.h�T�V*NQM[Vk^�RUg&OQ`e^�_9�YT�_da?`eOQV*s�^�VQ`eOQ`U^�_¤VQPb^�gdRUa�c�M
VkOQT�cdRUM.^�_�OQPbMfVkµHZ��

Á `eOQP¡OQPbM�T�abL�M[_oOf^�t|OQPbM���T�NQµË�my¦¼��qp¦NQM[]�^�N-a&`j_b�´VkZ�VkOkM[h�V©}X`eOQPÂª*cYÏ Ðo� a&T�OQT�N\T�OkM[Vi]�^�h�`j_b�¤`U_oOk^
}v`Ua&M[Vks&NQM[T�a�^�s�M�N-T�OQ`e^�_9�9OQP&M�WdN-VkO.]�N-`eOkM�N\`e^�_¡VQPb^�g&Rja¤c�M�NQM[RUT�OQ`eL�M[RUZ¤M[T�VQ`URUZ?VQT�OQ`UVkWdM[alcoZlVk^�gbN\]�M[V¦}v`eOQP��Yg��
abM[_&V-`eOQ`eM[Vz`U_mM��b]�M[VQV;^�t��¹������h���Z��F¨vPbM�NQM.T�NQM©sdRUM[_�O�Z�^�t/��½¦rHp3yßVQ]�`U_oOQ`URURUT�Ok^�N-VzT�c�^�L�M�������h���Z��

¨;P&MX_bM�M[a�t³^�Nqs�^�`U_oO¥VQ^�gbN-]�M[V|`UV¥s¶M�N\P&T�sdV�OQP&M*h4^�VQO|ad`�·�]�g&ReO¥]�N-`eOkM�N-`e^�_�Ok^�t³g&ReWYRUR���¨vPbMXsdNQM[VkM[_&]�M*^�tupQr&r
abM[h4^�_dVkOkN-T�OkM[V�OQPdT�O�OQPbM;VQ]�`U_oOQ`URURjT�Ok^�N-V£s�^�VQVkM[VQV/h�`j]�NQ^��JT�N-]��JVkM[]�^�_&a�]�^�h4s�^�_bM[_oOQVFT�_&a�T�N-MzOQPog&VFT�h4^�_b��VkO¥OQPbM
h4^�VkO©]�^�h�sdT�]�O©µ�_b^�}v_¡½vª.èf�!K.gbN©�H�6��ª¦«X¬4y*¼	�q½À^�cdVkM�N-L�T�OQ`e^�_dV�����§��X���[����NQM�L�M[T�R�OQP&T�O©T�h4^�_b��VkO¦�¶T�Ox�
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bDõ�é�èIæEô�öRé¤íBî0ïIñrä�æ4ø�å�õCï�ê¤ï��Iî����×ü}æ4òCæ4õ ñ;ïIôdæ4õ�ç7ëìê¤é�õ�� çIõ�òwöRúC÷�÷�ïIôRíRé¤õ�� íRåCæÈûþæ4çIöRúCôRæ4ûbæ4õ�íRödç7íªíRå�æÃÆ�õìöRçIê¤ç
ô�çIò�é¤ï²í,æ4ê�æ4öRøMïI÷�æIÿ[#�úCôRíRåCæEô�ûbïIôRæ��yíRåCæðçIú�íRåCïIô�öDç7ôRæU�Iô�ç7í,æEñ;ú�ê�ñ;ïIôDòCæEíRçIé�ê�æ4òÒò�é�öRøEú�öRöRé¤ï�õ üWé�íRå]ö,æEèIæEô�çIê5ûþçIõ×úL�
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Ï ��Ðd¯VÑ�¦P �Ò4Óc��ÒcÔC��©¬Ñ!Õc���4�]�F���H©¬Ö]�H«�����¨N×OÑ�Õ4��¦§�~�I���¬�H�X×O�]�X�1©X�]¡T±4«4��LÒ�ÔC��©¬Ñd�?�cØ�¦��H�©¬�XÑ�«c�§LÒ�Ù�°"Ú5Ù�Û4Ò�°!Ü�£�¤�¤�£��
Ï £�ÐdØg�X¡T±4�]¦§Õc�!¡T±�ÒfÝV��Òf¯V��©X�H�X×O�§«c��©¬��Ñ�«aÑ�¨�©¬±4��Þ�ß�à�Ú'�X��¨K�H�X�H«\¡��~áfÑ���«�©��"©V©¬±4�dâV«c�X��¦P�7à�ác�!¡��[âVÕc�¬�H�Xã"�"©XÑ��Xä7��«��J¦�Ñ�¡H��¦

�X��¨K�H�X�H«\¡��V¨K�X��×[�!Òc¯V�§á4¦�Ñ�×d���¬Õf�H�§©]Òcå��]Ñ� ��4Þ�«c��©]��ÒcæF«4��ãL�cç����X¦P���X�4±4�!�
Ï è ÐdØg�X¡T±4�]¦§Õc�!¡T±�Ò�ÝV�§Ò�éC�!���]ÒN¢~�§Ò�®�±4�$Þ�ß�à�Ú'¢��H¨K�H�X�H«c¡H�$êNÑ���«!©d�"©UâV«c�X��¦P��Ú�éF����±AØ�«c Aà�Ñ�¦���©X�§Ñ!«j¨KÑ!�J�q¢F�]��¦ è ¯FÚ

¯V��©¬�]�¬×O��«c�"©X�§Ñ!«���Þ�«�ë�ê��XÑ�¡��f�]ì"©X±JíqÑ��X���«4�[î$�H�H©¬��«4��Ñ!«7Ø��c�¬Ñ!á\�s��«Jß��?ï�Þ�¨KÑ���å��HÑ� ��s��äJ��«c 7ÔV�1©X�¬Ñ!×O��©¬�Xä�Ò��] c�H�
íð�)à�¡T±�ñ��H�!×O��«4«j�c«c %ß��)®�±cÑ��T��«c �©sÒ)ï��4«c 4�]�X��×~©d¨Tò�c�7ç����¬©¬Ñ!���T��á4±4���7�c«c nå��HÑ� �ò���¬����Ò)�c�X��«4�¨K�4�¬©eÜ"�?�H��á4ÖH���cÒ
�]¤!ó"ÚT���sÛ4Ò�£�¤�¤ è �

Ï Ù�Ðd�c��ã��X��Ò�ÝV�§Ò�éF�]«4«4�s�HÒ�îÃ��Òcôf�4×õØ���«�öc�c�X�� ��H�����]Ñ�×O��©X�¬�P�¬¡T±c�H«JÔF�\���X��¡T±�©X�4«4��ã!Ñ�« è ì�¤�÷XÚ'¢F��öc�]!©XÑ��X�H«JÕf�H��î$�s�¬�¬�4«�Ú
���]«U×O�§©C����©XÑ�×d�"©X���X¡T±4�]�FôL�§�]¦§�]��¨z�!�¬�¬�4«4�\Ò�ß�êgç@£!Ü"¤!¤4Òcø�£"Ú1ø�Û4Ò�£�¤!¤�¤4�

Ï °�ÐdéF�]«4«4�s�HÒ�îÃ��Ò�à�ä���©¬�]×[�]�§�!�H«c�X¡T±c��¨©¬�H«dã!Ñ�«J¢�Ñ!Õ\Ñ�©�©T��¡T±�ä�×[�H©¬�]�¬«d��×õùC��±�Õf�H�X�H�P¡T±OÚ�æC«!©X�H�T���\¡T±��c«4���]«J��×|ï)�]���¬á4���H¦
ã�Ñ!«U�?�H�P¡H�"Ú'Þ�«c��©¬�X�4×O�H«�©¬�]«�Ò4�4�\ïVÒ è ¤�¤�Ú è �]¤cÒ�£�¤!¤ è �

Ï ì"ÐdéF�]«4«4�s�HÒ�îM�§Ò7éV���!�HÒ�¢���ÒUØ)�¬¡T±4�]¦§Õ\��¡T±�Ò�ÝV��ÒJÞ�«c ��c��©¬�X���H×O�]�X�¬�¬ä��1©X�H×O�%ÖH�4�%úV�\��¦��v©�ò�"©X�X��©¬�H�����]�¬�c«4�3ã!Ñ�«@ßV�?ï�Þ'Ú
Ø��X���]Õ4«4�P�¬�¬�H«?Ò�ê���á\�]��©¬ÑdçS�4�T��¨1�4Þ�«4���]«4���H�4�Xã��]�¬×O�]�X�¬�4«4�cÒ4ôgò�4�X�P¡T±�Ò4îa���T¡T±�Ò���°�ÚT�]ó4Òf�s£�ác�����s�HÒ4£�¤!¤�Ù\�

Ï øsÐdçS�X��¡T!�H¦5Ò!ï��§Ò��?�H�P�1©X�4«4�!�¬��¬�§©¬�]�¬���H«dÖ]�4�CúV�c��¦��§©sò�"©T��!Ñ�«�©¬�XÑ�¦�¦���ã�Ñ�«U¢�Ñ�ÕfÑ�©¬©X��¡T±�ä�×O��©X�H�X«�Ò�®�±c�]�¬����å��HÑ� ���Þ�«c��©]��æC«4�§ãL�
ï�Ñ�«4«?Ò��§«�á4�X�]�X�HÒc£�¤�¤�Ùc�
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 = 3,5/13 ë m 

 

ê
 = 18/21 ë m 

 

ê
 = 2.45 ë m, 6.2 ë m, 1.35 ë m 
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Zsr 

F 

Z0 

γγ 

Ri 

Zi 

Zf 

Rf 

L i 

R 

Z 

Horn 
aperture  

Phase center 
of horn 

Focal circle 

F – focal length of parabolic reflector  
Z0 – cross point of horn axes and reflector axis  

Rf = 1360 mm 
γγ = 11,99° 
Z0 = 10404mm 
Zf = 4000 mm 
Zsr = 10578 mm 
F = 11400 mm 
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Z\Y&f�Wgh�Y�ikf,ZctKY<i'a�Ä�~�|"£�w�t]t'x�Wgh�ikf,ZctKY>y8Z\f,U3x<ikh,f,Z\wgZcx²ikf,ZctKY�t'_�_!t'h�q�WghÀ�]t���ZcWgf8��Y�ZctKY>i'Y&f�WvY�Y�i'dg�

TVU�W8f�h�Z\i'a<t'j<d�Wgh,�kikf,ZctKY�d"y8Zcf,U3é�i'Y�i'r�Z�i'Y��^µ�h,Wvw�t'h�r�Z\Y���d�b�d�f�WvqÒÅ`X^xQf�t3�vµ'� � j²Zcf�¼od�Wvw�Ê�y"Wgh,WÀikh,h�i'Y��'Wvr
j�WgfGy}WgWvY*|}Wvikh8~ ik�'Wvd@i'Y�r3TVZ\r^j²Z\Y)j²Z\a\a\i�Z\Y>ê)X�Y^W±�v�'�'l�y8Zcf,U3i��^µ�j<i'd,Wva\Z\Y^W�t'_}�'�vº'�'���]q>��|�X^f�f,U�W���T�p	lon
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y�i'd�Wv[&X<Zcx�x�Wvr�y@Zcf,Uz�^µ�f�Wgh�q�Z�Y�i'a%tKY>x�Wgh�q�i'Y^WvY&f�j<i'd,Z\d�Z\Y7�v�'�'��tKY�acb'��TVU^WÀj<i'd,W�j<i'Y�r>w�tKY&�'Wgh,f�Wgh�Å`d,Z�Y^�KacW
w�U<i'Y�Y^Wva�t'_�µ]��n?t'hQ� �Cë ·¡Ê�i'Y<r¦d,i'q�x<a\WghzÅ«�^µÓZ\Y&f�Wgh,_`i'w�W¡Ê�y}Wgh,Wzx�h�t]r�X<w�Wvr��¦TVU^W*|}Wvikh3~ ik�'Wvd���T�p	lon
x<ikh,f,Z�wgZcx<ikf�Wvr*Z\Y��²�'W±�^µ�t'j<d,Wgh,�oikf,Z\tKYzd�Wvd,d�ZctKY�dVX�Y<r^WghV~ è�ÄÀÃIx�h,to¾�Wvw�f8i'Y�r*i�_�Wgy§Ä���ÏÀ�ÉW�¬]x�Wgh�Z�q�WvY)f,d8ikf
�v�¡pGwgqÁy}i��'WvacWvY^�'f,UzZ�Y©�v�'�'�¡p	µk¶'¶'¶��

£¤Yuµk¶'¶'¶��"f,U^W*l¡pGwgqìw�t]tKacWvr�h,Wvw�WvZc�'Wgh�y�i'd�Z\Y�d,f,i'a\acWvr?ikf�|}Wvikh�~�ik�'Wvd���T�p	lonÓX�Y�r^Wgh±~ è�ÄÀÃíx�h,t'�'h�i'q
t'_OÄÀ~ |}£Vh�i'r�ikh�d�Wvikh�w�U<Z\Y^��_�t'hÀf,U^W�Y^Wvikh�¢Oikh�f,U1i'd,f�Wgh,tKZ\r�dg��f,U^W�¢"ikh,f,U1�'h,tKX^x1x<a\i'Y^Wgf,dÀi'Y�r7d�x<i'w�W�r^Wgj<h�Z\dg�
�$T�p	lon�x²ikh,f,Z\wgZcx<ikf�Wvr>Z�Y3_�tKX^h8Ä�~�|}�îd�Wvd,d,Z\tKY�dVZ\Y*µk¶'¶^�-p	µk¶'¶K�]�

£¤Y�µk¶'¶Kµ]���]Wgx�f�Wvq�j%Wgh�µ'l]��f,U^WÀik�'h,WgWvq�WvY&f�j%Wgf	y"WgWvY*�]x�WvwgZ\i'a²�VWvd�Wvikh�w�U>|�X^h,Wvi'X�t'_ � tKd,w�t�y§��t¡y"WghV¢"Y�p
�KZ\Y^WgWgh�Z\Y^��£¤Y�d�f,Zcf,X�f�W8i'Y�r>é}WvY)f�h�i'a<Ë�d�f�h,tKY^tKq�Z�wgi'a�Ï�j²d�Wgh,�kikf�t'h,b�ikf}�"X�ac�'t¡�'t3Å«é�Ë8Ï�Ê$t'_:�8X<d,d,Z\i'YQË@wgi'r^Wvq�b
t'_ ��wgZcWvY�w�WvdOy}i'd"d,Zc�KY^Wvr�f�t�Wvd�f,ikj<a�Z\d,U±f,U^W�|"Wvikh}~ ik�'Wvd}�8i'r�Z\t�Ë@d,f�h,tKY^tKq�bQ�]f,ikf,ZctKYzÅ`|�~ �@ËÀ�<Ê�i'dOi�j�h�i'Y�w�U
t'_Oé�Ë8Ï��

Ô%Õ½Ö¡ØKÙ+ÚÀïKÜ@â�Ú-ð,ñ�Ù¤ò'Õ×óKÖ�ô	Ú�Ù+õÀÕ½ó&Þvöªá�÷^ø)Þ¡áGÚ�ø)Þ�ó)òQð�ñ�ókù�Ú�ÙGô+Ú�Ù-÷^á	Þ�õ�ú)ö½Ú�Ù�÷�á	ûkó¡ô+üKÚ�á	Õ×ý�Ú�Ù¤á�÷]Ù+ØKøKÕªò'Õ×ØKõÿþ\Ù+Ú��oØKÚ�ó)ð,û�áGô+Þ�ó)òKÞ�Ù+ò^÷
ñ¡á+ð,Õ×ö×ö½ñoá	ð�ñ�ú]Ú�á�÷-ÖoÞvØKÖ¡Ú ñ�þ)þ\Ù+Ú��oØKÚ�ó&ð,û�÷gÖoÞvØKÖ¡Ú ñ�þ)ô	Õ×õÀÚ$Õ½óoô	Ú�Ù	ùgÞ�ö×á�÷váGú]Ú�ð,ô	Ù+ØKõÉÞ�ó)Þvö×ûký�Ú�Ù-÷�ú&ñ���Ú�Ù�á	ØKúKúKö×Õ½Ú-á�÷�ú)Þvú]Ú�Ù�Ù+Ú�ð,ñ¡Ù+òKÚ�Ù-Ü

��Z�Y�w�WOf,U�Z�d f,Z\q�W'�Ki'a\a)h�i'r�Zct@i'd,f�h,tKY^tKq�Z\wgi'a]y}t'h,��d�ikf�|}Wvikh�~ ik�'Wvd��$T�p	lon�ikh,W�wgikh,h�ZcWvr�tKX�f$X<Y�r^Wgh�|�~��8Ë��
i'w�f,Zc��Zcf,ZcWvdg��ÂÀX^h�Z\Y^��µk¶'¶K��f,U^W�x�h,t'�'h�i'q t'_$f,U^W�|}Wvikh�~ ik�'Wvd@Ä�~�|"£�d,Zcf�W�q�t]r^Wgh�Y�Zc·vikf,ZctKY3y�i'd8d�f,ikh�f�Wvr�³

� j�t'f,U ë pGq�i'd�Wgh�dVy}Wgh,W�h,Wgx<i'Zch�Wvr*i'Y�r>i'ro¾,X�d�f�Wvr*Z�YzÀÃ8£¤��£-�<Ã���Ã8t¡�&�'t'h�t]r�¸
� Î�T8U&X�Y<r^Wgh,j�tKacf"À����ÂÀZ\d,wgZ\x<a\Z\Y^Wvr�é�a\t]w��]Ð�y8Zcf,U�f,Z�q�W8x�h�WvwgZ\d,ZctKY�r�t�y8Y�f�t±µk¶�Y�d�y�i'd"x<X^h�w�U�i'd�Wvr�i'Y�r
Z�Y�w�t'h,x�t'h�ikf�Wvr*Z\Y3f,Z�q�W�i'Y�r>_!h,Wv[]X^WvY�w�bQd,Wgh,�]Z�w�W�t'_�i'Y&f�WvY�Y�i�d,Zcf�W'¸

� £¤Y&f�Wgh�Y^Wgf>i'wgw�Wvd,d3y�i'dQt'h��Ki'Y�Zc·gWvrej&bÉt'x�f,Z\wgi'a�wgikj<acW7w�tKY�Y^Wvw�f,ZctKYef�t�f,U^W7i'Y)f�WvY�Y<i?j<X<Z\a\r�Z\Y��^�ST8U^W
q�io¬�Z\q�X�q x�tKd,d�Zcj<acW�d�x�WgWvr*Z\dVºk¶'¶ � j<Zcf�¼od�Å`wgX^h,h,WvY&f��g¶'¶ � j<Zcf�¼odVr<X^W�f�t�Z\Y&f�Wgh,_`i'w�W�wgikh�r²Ê�¸

� Y�Wvikh}h�Wvi'a<f,Z\q�W8ÄÀ~ |}£�f�Wgh�q�Z�Y�i'a�Å`Ã��$T�Ä�T�Ê�y�i'd�Z\Y�d�f,i'a\a\Wvr�i'Y�rQf�Wvd�f�Wvr>Z\Y�f�h�Z\i'a�W�p«ÄÀ~ |}£OW�¬�x�Wgh�Z\q�WvY&f
tKYzj<i'd�Wva\Z�Y^W@y@Zcf,U*Ã@t'f�t�Z\Y*êKX<acb�µk¶'¶K�]¸

� f,U�W�x�h,t�r�X�w�f,ZctKYQt'_�n)�±wgq*�:�v�K¼k�]�»l�wgq h,Wvw�WvZ\�'Wgh�dVi'Y�r3f	y"tkpGw�U�i'Y�Y^Wva�h�i'r�ZctKq�Wgf�WghVy@Z\a\a�j�W��²Y�Z�d,U^Wvr�Z\Y
è�Wgj�h�X�ikh,b>µk¶'¶kn^¸

� h�Wgx<i'Zch�Z\Y���f,U�W�i'Y)f�WvY�Y<i�j<X�Z\a�r�Z\Y^��i'Y�r3h,t]tKq�d�y�i'd8ikh,h�i'Y��'Wvr*r�X^h�Z�Y^��µk¶'¶K�]¸
� x²i'Z\Y)f,Z�Y^�±f,U^W�i'Y&f�WvY�Y�i�w�tKY�d,f�h�X�w�f,ZctKY�d8i'Y�r>q�i'Z\Y*q�Zch,h,t'h�y�i'd8d�f,ikh,f�WvrCZ\Y>d,X�q�q�Wghv¸

H*I�� �����d@�B�B�COD��/93���!��	����/���2�9$�PE���=F/�/�/132�9$��#
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� f,U�WQy}t'h,��d�tKY�f,U^W��'Wgh�Zª�²wgikf,Z\tKY�i'Y�r�h,WvU�ikj²Z\a\Zcf,ikf,ZctKYÓt'_8i'Y)f�WvY<Y�iCw�tKY<d�f�h�X�w�f,ZctKY<d�i'Y<r�q�Wvw�U�i'Y�Z\d�q�d
U<iv�'W�j�WgWvY>wgikh,h�ZcWvr>tKX^fg�

TVU�W�t'j<d�Wgh,�kikf,ZctKY�d@ikf��k�»l'l'º3 ë ·�f,U�ikf@y"Wgh,W�wgikh,h�ZcWvr*tKX^f@Z\YCêKi'Y]X�ikh,b*µk¶'¶K�]�%ik_!f�WghÀactKY^��Z\Y&f�Wgh,h�X�x�f,ZctKY
Å!x�h,Wg��ZctKX�d��v�¡pGwgq W�¬�x�Wgh�Z\q�WvY&f"y�i'd�Z\Y�Â�Wvw�Wvq�j�Wgh�t'_�µk¶'¶'¶)Ê��<��¬�Wvr�f,U^W�d�f�h�tKY^��Z\Y�w�h,Wvi'd,Z�Y^��t'_�Z\Y)f�Wgh�_�Wgh,WvY<w�Wvd
Z\YÉf,U�Z\d�_!h,Wv[]X^WvY�w�buj<i'Y<r¦f,U�ikf�q�ivb¦j�WCW�¬]x<a�i'Z\Y^Wvruj]b¦wgactKd�W1Wgh,Wvw�f,Z\Y^��t'_�f�t�y}Wgh3_�t'h3q�t'j<Z�acW*f�WvacWgx<U�tKY^W
w�tKY�Y^Wvw�f,Z\tKYÉÎ�é}tKq�j�Wvac�Ki'Ð���TVU^Wgh,W�ikh�W�Y^t�d�Wgh�ZctKX�dVZ\Y&f�Wgh,_!Wgh,WvY�w�Wvd@ikf�ºQ ë ·�j<i'Y�r��}TVU^W�Z\Y&�'Wvd�f,Zc�Kikf,Z\tKY�dVt'_
��¼��{j<i'Y�r�d�y@Z\a\a%j�W�ikh,h�i'Y^�'Wvr*Z�Y>Ë8x�h�Z\a�ik_�f�Wgh�Z\Y�d�f,i'a\a�ikf,ZctKY�t'_�f,U�W���¼��{j<i'Y�r3h,Wvw�WvZc�'Wgh�dg�

TVU�WÀY�W�¬]f�W�p«ÄÀ~ |}£}W�¬]x�Wgh�Z\q�WvY)f�X�d,Z�Y^��Ã��$T�ÄÀTÇtKY3j<i'd�Wva\Z�Y^W@y@Zcf,U3Ã8t'f�t�Z�d�d,w�U^Wvr<X�acWvr�_�t'h@Ë8x�h�Z\a%µk¶'¶kn
Å`Zcf$Z\d�x<a\i'Y�Y^Wvr�f�tÀf�Wvd�f�i'a\d�tÀÃ@�$T�Ä¦f�Wgh�q�Z\Y�i'a\d�t'_<¢O�&x<ikf�t'h�Z\i@�$T�p+�o¶Ài'Y�r���Z\q�WvZc·"�$T�p	µ'µKÊ���TVU�W"Y^W�¬�f$Ä�~�|}�
d�Wvd,d�ZctKY±Z\d�d,w�U�Wvr�X�acWvr�_!t'h"êKX�a\b�µ'�¡p	µ'�]��µk¶'¶kn3Å!f,U^W�x�h,t'�'h�i'q Z�Y�wga\X�r^Wvd�i'd�f�Wgh,tKZ�r�µk¶'¶'¶'� ë º]� � ikh�dg�)Ä�WvY&X�d�i'Y<r
d�x<i'w�W�r^Wgj�h�Z\d-Ê��$Ë�Y*i'd�f�h�t'x<U)b�d,Z\wgi'a:Ä�~�|"£}W�¬�x%Wgh�Z\q�WvY&f�ÅÆl¡pGwgq>� �v�¡pGwgqQÊVZ\d�x<a\i'Y<Y^Wvr3Z\Y>Ã8t¡�'Wvq�j�Wgh�µk¶'¶kn^�
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o'�O���Ôõ é?÷�k8çE�Ôñøö>ð#õ���íÔæ�ä�÷¼÷Ôõ�ö#õf�ÔüÖí?í�ä@î��
æ�è,�Óä@îpè îp÷Öè¥ü���æ�äR^1ì?0���`�ð#ñø÷Öä���õ é?÷�÷?õ�ö#õf� õ é?÷�÷?õ�ö#õTü?ð#ñøé?ò+ä�ñøö#óÖä@î§è ý'öG�+èTð�õ���íÔæ�ä¾ä�é?ïVè'÷?ñøé?ò>ð#ï�óÖä�� ä�ð��MH:è ý(ö#ïmñøð
û:ü?ñ�ö�ä�í�è î#ö#õ��Ôæøä��?õ ð7ñ�ö��zõ ð�÷Öä@å ä�æ�è í�ä�÷¼è¥éþõ¸æøñ�ö�ö#æ�äVç�ä�é?÷Ôñøõ éacTæøíÔó?õeî�ü?éÔé?ñøéÖòeê!(@H���ñ�ö/�Óè î9�:ðTè í�ä@î�õ�ö#ñ�è¥é?õ æøæøù
è¥éúõÕæøõ�î#ò äaä�é?÷?ñøõ él� õ ï�óÔñøéÖä¸î�ü?é?é?ñøé?ò�H:è¥æøõ�î�ñ�ð��¾õ é?÷ÿóÔõ ðN��ä@ä�éÄö�ä�ð�ö�ä�÷úè¥éúæøñ�ö�ö#æøäVç�ä�é?÷?ñøõ éÌì-é�ö�ä�æ��¸õ ï�ó?ñøé?ä�ð
î�ü?éÔé?ñøéÖò ãpñøé�ü�����ìGö�í?î#è'÷?ü?ïVä�ð�ñø÷Öä�é�ö#ñøï@õ æpè¥üÖö�íÔüÖö�è¥é�ö#óÖä�ð�ä�� õ ï�óÔñøéÖä�ðK�7ñ�ö#ó�éÖè ïVè:÷Öä���è'÷?ñ;:�ï@õ�ö#ñøè¥é?ð��Ôä@å ä�é
�7ñ�ö#ó¼÷Ôñ;)�ä@î�ä�é�örq ïVè	� íÔñøæ�ä@î�ð��

H:è ý1ö#ïN�+õ ð�÷Öä�ð#ñ�ò¥é?ä�÷ ö�èaí?î#è'ïVä�ð#ð>ä�ð#ð#ä�é�ö#ñøõ æ�æ�ù¼õ é�ù ê¿ã§ë+ì>÷?õ�ö#õf�r§è ÷Öè¸ö#óÔñøð7õ é?÷þî#ä�� õ ñøéÚñøé?÷Öä@í�ä�é?÷?ä�é�ö
è ýö#óÖäRó?õ�î�÷O�+õ�î#ä�õ é?÷ í�è¥ð#ö-ç"ïVè î#î#ä�æøõ�ö#ñ�è¥éþð�è ý(öV�+õ�î�äRñøé�ö�ä@î#ý1õ ïVä�ð���H:è ý1ö#ï�ó?õ ð>ñ�ö#ðjè,�7é ñøé?íÔüÖözõ é?÷¼è¥üÖö�íÔü?öz÷Ôõ�ö#õ
ý1è î9� õ�ö#ð���7óÖä�ð�ä ý1è î9� õ�ö#ðB�+ä@î#äÚ÷Öä�ð�ñ�ò¥éÖä�÷ ö�è���äÚõ ðað#ñ���íÔæøä õ ð¸í�è¥ð#ð#ñ��Ôæ�ä����ÔüÖö¸õôö�î�õ é?ð#æøõ�ö#ñøè¥é í?î#è ò î�õ��
ñøðºéÖä@ä�÷Öä�÷iö�èÄïVè¥é�å ä@î#ö ö#óÖä�ð#õ���íÔæ�ä�÷È÷?õ�ö#õúñøé�ö�è�H:è ý1ö#ï�m;ðaý(è î9�¸õ�ö��7õ é?÷iõ éÖè ö#óÖä@îaí?î#è ò î�õ�� ñøðºéÖä@ä�÷Öä�÷Èö�è
ö�î�õ é?ð�æøõ�ö�ä¸ý1î#è	��H'è ý(ö#ï�m;ð�è¥üÖö�íÔüÖö�ö�èþö#óÖäa÷Öä�ð#ñ�î�ä�÷Ìí�è¥ð�ö-ç"ïVè î#î#ä�æøõ�ö#ñøè¥égý1è î9� õ�ö��¼ì�ö�ñøð�õ æøð�è í�è¥ð#ð#ñ��Ôæ�ä�ö�èþí�æøõ ïVä
ö#óÖä�ð�äRö�î�õ é?ð#æøõ�ö�è î�ðjñøé?ð#ñø÷?ä�H:è ý1ö#ï��?ö#ó?ñ�ðjó?õ ð/��ä@ä�é ÷Öè¥éÖä�è¥é ö#óÖä�è¥üÖö�íÔüÖö>ð�ñø÷Öä¿ý(è î7è¥üÖîR-�ä�æ�ö#õ�-.\!I ä�)�è î#öTõ é?÷
�7ñøæ�æ�æ�ñ8� ä�æ�ù4��ä�÷Öè¥éÖäRý(è îKH'è ý(ö#ï�m;ðTñøéÖíÔüÖözñøé ö#óÖäRý1üÖö#ü?î#ä��
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\¿é?ä è ýjö#óÖä¸ò î�ä�õ�ö�ä�ð�öÍó:üÖî�÷Ôæ�ä�ð�ñøég÷?ä@å ä�æ�è íÔñøéÖòÚõ ê¿ã§ë+ì�ïVè î#î#ä�æøõ�ö�è îeñøð�ö#ó?ä¸ä�æøñ��¸ñøé?õ�ö#ñ�è¥éÕè ýjí?î�è:ïVä�ð#ð�ñøéÖò
ä@î#î#è î�ð7õ é?÷Úñøé?õ ï@ï@üÖî�õ ï@ñøä�ð��jìGö�ñøð7ïVè	�4��è¥éþý1è îTóÔõ�î�÷��zõ�î#ä�ïVè î#î�ä�æøõ�ö�è î�÷?ä@å ä�æ�è í�ä@î�ð>ö�è ð�í�ä�é?÷¼ù ä�õ�î�ðTö�î�õ ï9�:ñøé?ò
÷Öè,�7éôî�ä�õ ð�è¥é?õ��Ôæ�ùÌð#ñøò¥é?ñ;:�ï@õ é�ö.�ÔüÖò¥ð��jcTæ�ð�èÚïVè	��� è¥éÄõ�î�äºïVè î#î#ä�æ�õ�ö�è îeüÔð�ä@î�ð�:�é?÷?ñøéÖò é?ä��.�¾ïVè¥é?ð�ä�û:üÖä�é�ö#ñ�õ æ
ä@î#î#è î�ðaæøè¥éÖò õ�ý(ö�ä@î õ æøæK�'éÖè��TéÈíÔî#è��Ôæ�ä�� ð"�+ä@î#äÕä�æøñ�� ñøéÔõ�ö�ä�÷2��cTé ñ�� í�è î�ö#õ é�ö æøñ�� ñøö#õ�ö#ñ�è¥éZý1è î¼ïVè î#î#ä�æøõ�ö�è î
÷Öä@å ä�æ�è í�ä@î�ð+ó?õ ð���ä@ä�é¸ö#óÖä¿æøõ ï9� è ý�ò è:è:÷a÷Öä��ÔüÖò ò¥ñ�éÖòRö�è:è¥æøð��%3Öè îjö#ó?ñ�ðcî#ä�õ ð�è¥é��'õÍð#ñ�ò¥éÔñ;:�ï@õ é�öcä�)�è î�ö��:í�ä@î�óÔõ�íÔð
�	pb�lè ýKH:è ý1ö#ï�m;ð�÷Öä@å ä�æ�è í
� ä�é�ö��%�+ä�é�ö�ñøé�ö�è�ö#óÖäaïVî�ä�õ�ö#ñ�è¥éÄè ý7õþýJü?æøæ�(þè¥é�ö�äjqzõ�î�æ�èÕ÷?õ�ö#õÚò ä�éÖä@î�õ�ö�è î��17ó?ñøð
ò ä�éÖä@î�õ�ö�è î ïVî#ä�õ�ö�ä�ðað#ñ��Íü?æøõ�ö�ä�÷ ê¿ã§ë+ì�÷?õ�ö#õÌö#óÔõ�öºï@õ é ö#ó?ä�én��ä¼í?î#è'ïVä�ð#ð�ä�÷��:ù�H:è ý1ö#ï��Èì-é ö#ó?ñøð��zõ�ù��7ö#óÖä
ä��'í�ä�ïVö�ä�÷ î#ä�ð#ü?æ�ö#ðjï@õ é���ä�ï@õ æøï@üÔæøõ�ö�ä�÷¼ä��Öõ ïVö#æ�ù¼õeí?î�ñ�è î�ñE�:õ é?÷¼õ é�ù ÷Öä@å:ñ�õ�ö#ñ�è¥é?ðzý1î#è	� ö#óÖä�ð�ä�î�ä�ð#ü?æ�ö#ðjñøéÔ÷?ñøï@õ�ö�ä
í?î#è���æ�ä�� ð��7ñ�ö#ó¼ö#ó?ä�ïVè î#î#ä�æøõ�ö�è î��

>ó?ä�H:è ý1ö#ïK(þè¥é�ö�äNqzõ�î�æ�èeï@õ é ð#ñ��Íü?æøõ�ö�ä¿÷?õ�ö#õeñøéºöG�+èg�zõ�ù'ð��M7óÖäR:�î�ð�öÓñ�ðÓõ é ä�éÖò¥ñ�éÖä@ä@î�ñøéÖòN��è:÷?är�7ó?ä@î#ä
÷?õ�ö#õ¼ï@õ éX��äeò ä�éÖä@î�õ�ö�ä�÷1�7ñ�ö#óÕü?ð�ä@î�ð�ä�æøä�ïVö�ä�÷g÷Öä�æøõEù:ð��p÷Öä�æøõ�ùÚî�õ�ö�ä�ð���ý1î�õ ïVö#ñ�è¥éÔõ æ¾ð#õ���íÔæ�äeè�))ð�ä@ö#ð��pä@ö#ï���7ó?ñøð
��è'÷Öä��+õ ðmå ä@î#ùeü?ð�ä@ýJü?æÖñøéÍö#óÖä>ñøé?ñøö#ñøõ æ'ð�ö#õ�ò ä�ðcè ý�÷Öä��ÔüÖò ò¥ñ�éÖò���õ ð¾ö#óÖä>ñ���íÔæøñ�ä�÷�ò ä@è	��ä@ö�î�ñ�ï���è'÷Öä�æøðe�+ä@î#ä>û�üÔñ�ö�ä
ð#ñ�� íÔæ�äzõ é?÷ ïVèEå ä@î�ä�÷¸õ.�Íü?ï�ó ò î#ä�õ�ö�ä@îÓí�õ�î�õ���ä@ö�ä@îmð�í�õ ïVä>ö#ó?õ é ïVè¥ü?æ�÷���ä>õ ï�ó?ñ�ä@å ä�÷4��ù�tmõ�î#ö#óÖçE�Ôõ ð�ä�÷ ð�ö#õ�ö#ñøè¥é
��è'÷Öä�æøð��/3Öè î�ä��Öõ���íÔæ�ä���÷?õ�ö#õºï@õ é]��ä�ò ä�éÖä@î�õ�ö�ä�÷Õó?õEå:ñ�éÖòºõºïVè¥é?ð�ö#õ é�öTò ä@è	��ä@ö�î�ñøïRý1î�ñøé?ò ä�î�õ�ö�äN�¸õ é�ù¼ö#ñ�� ä�ð
ö#ó?õ�öÓí�è¥ð�ð#ñ8�Ôæ�äzý1è î+õ é�ù�tmõ�î�ö#ó'çE�Ôõ ð�ä�÷ºä��:í�ä@î�ñ���ä�é�ö���H:è ý1ö#ï�m;ðmí�ä@î#ý1è î9� õ é?ïVäTü?é?÷Öä@îÓö#óÖä�ð�ä7ä��'ö�î#ä���ä�ïVè¥é?÷?ñ�ö#ñøè¥é?ð
ñøðjõ�ò è:è'÷ ï�óÖä�ï9�¼ö#ó?õ�ö>ý1î�ñøéÖò äVç�ý1î#ä�û:üÖä�é?ïVùºî#ä�æøõ�ö�ä�÷þï@õ æ�ï@ü?æøõ�ö#ñ�è¥é?ðjõ�î�äR÷Öè¥éÖä�ïVè î#î�ä�ïVö#æ�ù��

>ó?ä ð#ä�ïVè¥é?÷n(Úè¥é�ö�ä�qjõ�î�æ�èX��è'÷Öä¼ð#ñ��Íü?æøõ�ö�ä�ð�÷?õ�ö#õgüÔð#ñøéÖò�ö#óÖä ïVè î#î#ä�æ�õ�ö�è î4��è'÷Öä�æ���qzè î#î#ä�æøõ�ö#ñøé?ò�ö#óÔñøð
ð#ñ��Íü?æøõ�ö�ä�÷ ÷Ôõ�ö#õ@�7ñ�ö#ó�H:è ý1ö#ï¼ü?ð#ñøé?ò�ö#ó?ä ð#õ���ä���è'÷Öä�æjð#óÖè¥üÔæø÷Äî#ä�ð#ü?æ�ö�ñøé é?è�î�ä�ð#ñø÷?ü?õ æz÷Öä�æ�õ�ù'ð�è î íÔó?õ ð#ä�ð��
õ é?÷Úö�ä�ð�ö#ð�H:è ý1ö#ï�ñ�éþñ�ö#ð�ü?ð#ü?õ æpí?î#è'ïVä�ð#ð#ñ�éÖò4��è'÷Öä��!>óÖäRí�è,�Óä@î¿è ýcö#ó?ñ�ð>ö"ù:í�ä�è ýmö�ä�ð�ö!�+õ ð¿ïVè¥éf:Ôî���ä�÷j�TóÖä�é
÷?õ�ö#õ4�Óä@î#ä�ð#ñ��Íü?æøõ�ö�ä�÷ ü?ð�ñøéÖò�ö#óÖäÍë+æøè:ï9�aìjïVè î#î�ä�æøõ�ö�è îK� è:÷Öä�æ�ý(è î�õ é è¥æø÷þä��:í�ä@î�ñ�� ä�é�ö���PióÖä�éþö#óÖäRëzæ�è'ï5�¼ì
í?î#è'ïVä�ð#ð�ä�÷Úö#óÖäeð#ñ��Íü?æøõ�ö�ä�÷Ú÷?õ�ö#õf�)ö#óÖäÍî#ä�ð#ñø÷?üÔõ æ�÷Öä�æøõEù��+õ ð¿éÖè öKv@ä@î#è��Q�ÔüÖö�õ ïVè¥é?ð�ö#õ é�ö�&�ç"ð�õ���íÔæ�äÍ÷Öä�æøõ�ù��¿ì-é
è ö#óÖä@î7�Óè î�÷Ôð���ñøö§õ�í?í�ä�õ�î�ð�ö#ó?ämëzæ�è:ï9��ì)ó?õ ÷Rõ æ8�zõ�ù'ðpî#ä@í�è î#ö�ä�÷R÷Öä�æ�õ�ù'ð��7ñ�ö#óRõ7ïVè¥é?ð�ö#õ é�ö�&�ç"ð�õ���íÔæ�ä+÷Öä�æøõ�ù¿ä@î#î�è î��
õ é?÷�ö#óÔñøð2í?î#è��Ôæøä����+õ ðÓéÖä@å ä@îmý1è¥ü?é?÷eö#óÖî�è¥üÖò¥óÖè¥üÖöcö#ó?ä>æøñ�ý1äjè ý�ö#óÖäTïVè î#î#ä�æøõ�ö�è î����ÔüÖö%�zõ ðcý1è¥ü?é?÷�ñ��4��ä�÷?ñøõ�ö�ä�æ�ù
�7ñ�ö#ó ö#ó?ñøðR(Úè¥é�ö�ä=qzõ�î�æ�è ö�ä�ð�ö��KH'è ý(ö#ï�ó?õ ð7í�õ ð#ð�ä�÷þõºæøõ�î#ò äÍé�üO�N��ä@î7è ý¾ä��'ö�ä�é?ð#ñ�å äg(þè¥é�ö�ä�qzõ�î�æ�è ö�ä�ð#ö#ð���õ éÔ÷
ö#ó?ñøð���ïVè	�N�ÔñøéÖä�÷N�7ñ�ö#ó�ö#óÖä+ý1õ ïVö2ö#ó?õ�öý1ä��Äï@õ æøï@üÔæøõ�ö#ñ�è¥é?õ æ:õ�í?í?î#è��'ñ�� õ�ö#ñ�è¥é?ðõ�î#ä�� õ ÷Öä�� ò¥ñ�å ä�ðò î#ä�õ�ö¾ïVè¥éf:�÷?ä�é?ïVä
ö#ó?õ�ö7õ é�ù î#ä�� õ ñøéÔñøéÖòÍí?î#è'ïVä�ð#ð#ñøéÖòeä@î#î�è î�ð>õ�î#ä�ä�ñøö#óÖä@î7ñøé?ð�ñ�ò¥é?ñ;:�ï@õ é�ö#æ�ù ð5�¸õ æøæ�è î>ä�õ ð#ñøæøùaïVè î#î�ä�ïVö�ä�÷2�

\�ö#ó?ä@î�ö�è�è¥æ�ð��Óä@î�ä¸õ æøð�è ïVî#ä�õ�ö�ä�÷ÿö�èa:�éÔ÷Õä@î#î#è î�ð�ä�õ�î�æ�ù�ñ�é�H:è ý(ö#ï�m;ð�÷Öä@å ä�æ�è í
� ä�é�ö��¸ë+ä�ï@õ ü?ð#ä<H:è ý1ö#ï��+õ ð
è î�ñ�ò¥ñ�é?õ æøæ�ù�ïVî#ä�õ�ö�ä�÷eö�è�ïVè î�î#ä�æøõ�ö�ä!&mõ é?÷�o8çE�Ôñ�öð#õ���íÔæ�ä�÷�÷?õ�ö#õf� ö#óÖä+ïVè î#äÓíÔî#è:ïVä�ð�ð#ñøéÖò>î�è¥üÖö#ñøéÖä�ð§í�ä@î�ý(è î9� ä��:ö�ä�éÖç
ð#ñ�å ä��Ôñ�ö-ç"æøä@å ä�æ�� õ éÔñ�íÔü?æøõ�ö#ñøè¥é?ð��+H:ä@å ä@î�õ æ�ö�ä�ð#ö2÷?î�ñ�å ä@îí?î#è ò î�õ�� ð+�+ä@î#äz÷Öä@å ä�æ�è í�ä�÷Íý(è î2ä�õ ï�ó���ñ�ö-çG� õ é?ñ�í�ü?æøõ�ö#ñ�è¥é
î#è¥üÖö#ñ�éÖä7ö�èeï�óÖä�ï9�ºñ�ö#ðÓýJü?é?ïVö#ñ�è¥é2�%c�æ�ö#óÖè¥üÖò¥óºö#óÖä�ð�ä¿÷Öî�ñøå ä@î�ðmõ�î#ä¿éÖè ö+íÔõ�î#ö+è ý�ö#óÖä�î�ü?é'ç�ö#ñ���ä>í�è î#ö#ñ�è¥é¸è ý+H:è ý1ö#ï��
ö#óÖä@ùÕð#óÖè¥ü?æ�÷]��ä�ïVè¥é?ð#ñ�÷Öä@î#ä�÷ÕíÔõ�î#ö�è ý+ö#óÖä ïVè'÷Öä íÔõ ï9��õ�ò äañøé�ö#óÖä ð#õ���ä4�+õEù�ö#ó?ä�(þè¥é�ö�äBqzõ�î�æøè ñøð¿íÔõ�î#ö�è ý
H:è ý1ö#ï��%>óÖä�ð�äzí?î#è ò î�õ�� ð+�Óä@î#ä>÷?ä�ð#ñ�ò¥éÖä�÷Íö�è�ö�ä�ð�ö¾ö#óÖä��Ôñøö-çG� õ é?ñ�íÔüÔæøõ�ö#ñ�è¥é�î�è¥üÖö#ñøéÖä�ð2ü?é?÷?ä@îpö#óÖä�� è¥ð�ö2ä��:ö�î#ä�� ä
ïVè¥é?÷?ñøö#ñ�è¥é?ð��Ôõ éÔ÷Úõºð#ñ�ò¥é?ñ;:�ï@õ é�öTä�)�è î#öK�+ä�é�ö¿ñøé�ö�è¸ö�î#ù'ñøéÖò ö�è":�é?÷þí?î#è'ïVä�ð#ð#ñøé?ò ä@î#î#è î�ðTñøé ö#ó?äÍïVè î#äÍî#è¥üÖö#ñ�éÖä�ð��
>óÖäÍî#ä�ð#üÔæ�ö#ð�è ýmö#óÖä�ð�ä�ö�ä�ð#ö#ð��Óä@î�äÍö#óÔõ�ö�ö#óÖä�ïVè î#ä�î#è¥üÖö#ñøé?ä�ð��Q�7ó?ñøï�óÚí�ä@î#ý1è î9� ö#óÖä��Ôü?æ��¼è ýÓö#óÖäeí?î�è:ïVä�ð#ð�ñøéÖò��
ïVè¥ü?æø÷���ä>ïVè¥éÔð#ñø÷Öä@î#ä�÷ ä�ð#ð�ä�é�ö#ñøõ æøæ�ùN�ÔüÖò�ç�ý1î#ä@ä��%>ó?ñøð �¸õ ÷Öäjý1üÔæøæKç"ïVè'÷Öä>÷Öä��ÔüÖò ò¥ñ�éÖò���ü?ï�ó ä�õ ð#ñøä@îM��ä�ï@õ ü?ð�ä��TóÖä�é
õgð�ö�î�õ éÖò äþí?î�è��Ôæ�ä����zõ ð¸ð�ä@ä�éÈñøé ö#óÖäÚî#ä�ð#ü?æøö#ð���� õ é�ù è ý¿ö#óÖäj��è¥ð#ö¸í�ä@î#å ä@î�ð�äþä��:íÔæ�õ é?õ�ö#ñ�è¥é?ð�è¥é?äj� ñ�ò¥ó�ö
ñ�� õ�ò¥ñ�éÖä�ïVè¥ü?æø÷a��ä�÷Öî#è í?í�ä�÷ ý1î#è	�¡ïVè¥é?ð�ñø÷Öä@î�õ�ö#ñ�è¥é��

ì-éþýJü?æøæpïVè:÷?ä�ö�ä�ð�ö#ñ�éÖò"�+äeý(è¥üÔé?÷ ö#óÖä�ü?é?î#ä�ð�è¥æ�å ä�÷Úä@î#î#è î�ðTö�è<��ä�÷Öè	� ñ�é?õ�ö�ä�÷j�:ùj��è'÷Öä�æøñ�éÖò ä@î#î#è î�ð��K7óÖä
(Úè¥é�ö�äBqjõ�î�æ�è ï@õ é?éÖè ö�÷Öä@ö�ä�ïVöRð#ü?ï�óÌí?î#è���æ�ä�� ð!��ä�ï@õ ü?ð�ä�ö#óÖä ð�õ���ä��Ôõ ÷X��è'÷Öä�æe��è ö#óÌò ä�éÖä@î�õ�ö�ä�ð�õ é?÷ÌïVè î#ç
î#ä�æøõ�ö�ä�ð�ö#óÖäa÷?õ�ö#õf�2è îÍñøégè ö#óÖä@î��Óè î�÷Ôð��%H'è ý(ö#ïºï@õ é?éÖè ö�õ ð�ð�ä�ð#ðN�7ó?õ�ö�ñ�ð�è îeñøð�éÖè öÍõþî#ä�õ æ�ñøð�ö#ñøï=��è'÷Öä�æ��a3Öè î
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Unprocessed-segment waiting queue
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structure

Proccesing-segment
waiting queue

Client

Termination report
from a client

Deletion

Status info (e.g. download time or
processing time) are also reported.

Segment information structure
(C++)
Segment ID

a priori file
FTP server IP
File name

VLBI site1
FTP server IP
File name (time-sliced raw data)

VLBI site2
FTP server IP
File name (time-sliced raw data)

VLBI site3
FTP server IP
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CEDGFIH�JKFMLNHPO�JMQ�FIQ�F�RAOSHUTVQXWNH�Y[ZEQ�D\FMLNHV]K^
ZIRXZIFIH�T`_aH�JMHUWNH�b�H�YcQ�OSH�W�d�FML�HP]e^fZMRAZIFIH�Thg[Zji4H�k<g(l�l�g[lNkmFIQ
iSHon�ZIH�WpDGQ�J2brqrJsgcQ<n�ZEtvu�waxyQ�i�ZMH�JMb�qrFMg[Q<l�ZvZMn�zsL{q�ZvFML�HoO�JMH�z�g[ZIHoQ�JMi�gcFvWNH�FIH�JsTmg[l�qrFMgcQ<l1Q�D3FMLNHVZIO�q�z|H�z|JsqrDGFMZ
} Q�~�Q<TUg�q�l�Wm�jH�Q�FMq�g(Y����|��q�l�WPFMLNH�WNH�TUQ<l�ZIFIJsqrFMgcQ<lPQ�DSg[l�FIH�Jsl�qrFMgcQ<l�q�Y�H|��tvu�wax�Q�i�ZIH�JMbrqrFMgcQ<l�Z����r�����yLNH�JMH�D/Q�JMH�d
gcF�g[Zab�H�JMR
g[TVOSQ�JMFMq�l�FaFIQVH�l�ZMnNJMHjFML�qrF�FMLNH�JMH2g[Z%lNQPO�JsQ�i�YcH�T�_ygcFML
FMLNHvOSH�JMD/Q�JsTUq�l�z|HvQ�D�FML�Hv]e^PZIRAZMFIH�T�i�R
z|Q<TVO�qrJ.g[lNk�FMLNHPJMH�ZMn�Y[FMZED/JMQ<T`FMLNHU]e^fZMRAZIFIH�T`_EgcFMLpFMLNHVJMH�ZMn�Y[FMZED/JMQ<T`FMLNHVz|Q<l�b�H�l�FMg[Q<l�q�Y>tvu�waxjZMRAZIFIH�TmZ
ZMn�z.Lfq�ZaFMLNHv]2�PZIRXZIFIH�T����NQ�J%FML�g[Z\O�nNJsO4Q<ZMH�d�F�_aQVWNQ<TVH�ZIFMg(z�k�H�QXWNH�FMg[zjtju+wax3ZIH�ZMZMg[Q<l�Z�_aH�JMHvz�qrJMJsgcH�WfQ<nNFaFIQ
H�brq�Y[n�qrFIHPFMLNHPOSH�JMDGQ�J.TUq�l�z|HPq�l�W�D�n�l�z|FMg[Q<l�ZyQ�D\FMLNHV]K^fZIRAZMFIH�T�����LNHPz|Q<TVO�qrJMH�W�JsH�ZMn�YcFMZEDGJsQ<T�FML�H�ZIHPF�_aQ
tvu�waxyZIH�ZMZsgcQ<l�ZE_yg[Y[Y�iSHoO�JMH�ZIH�l�FIH�W�g[l�FML�g[ZyJsH�O4Q�JsF��j��L�H�l�d�FML�HeJMH�z|H�l�F2q�z|FMgcbXgcFMgcH�ZjQ�D3n�ZMg(lNkm]K^fZIRXZIFIH�T`g[l
FMLNHKg(l�FIH�Jsl�qrFMgcQ<l�q�YSk�H�QXWNH�FMg[z2tvu�wax%ZIH�ZMZMgcQ<l�Z�_yg[Y[Y4q�Y[ZIQmi4H2g[l�FIJMQXW�n�z|H�W��
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��L�H�]K^�ZIRXZIFIH�TÃg[ZVWNH�Zsgck<lNH�WÄFIQÅOSH�JMD/Q�JsTÆJMH�q�Y���FMg(TVH�q�l�WÇlNH�qrJI��JsH�q�Y���FMg[TVH�tvu�waxPQ�i�ZIH�JMbrqrFMgcQ<l�ZVq�l�W
z|Q�JMJMH�Y(qrFMgcQ<l�O�JsQAz|H�ZMZsg[lNkUn�ZMg(lNkPx l�FIH�JslNH�FjÈ�JMQ�FIQXz|Q<Y�Q"b�H�Jjz|Q<TmTVQ<l�YcR�n�ZIH�W�ZML�qrJMH�W1lNH�F�_aQ�JMÉ�Y[g[l�H�Z���t�qrJsgcQ<n�Z
z|Q<TVOSQ<lNH�l�FMZyqrJMHKi4H�g(lNkVWNH�b�H�YcQ�OSH�W�FIQUJMH�q�Y(gc~�H�FMLNH2FMqrJMk�H�Fjk�Q<q�Y�g(l�b�qrJsg[Q<n�Z�ZMq�TVO�Y[g[lNkPTVQXWNH�Zyq�l�W�ZIOSH�H�W�Z��
��LNHpH�l�FMgcJMH{ZIRXZIFIH�TÊ_yg[Y(Yyz|Q�b�H�J1b�qrJ.gcQ<n�Z�z|Q<TKi�g[l�qrFMgcQ<lËQ�DoZMq�TVO�Y[g(lNkÌJsqrFIH�Z�djlAn�Tei4H�J�Q�DozsL�q�l�l�H�Y[Z�dEq�l�W
lAn�TKiSH�JjQ�D3ZMq�TVO�Y[g[lNkUi�gcFMZyiAR�ZIH�Y[H�z|FMg[lNk�ZMnNi�ZIH�FjQ�D�FMLNHPq�brq�g[Y[qri�YcHoZMRAZIFIH�TmZjZsLNQ�_ylpg[lp��gck<nNJMH��r�2��LNHP]K^
ZIRXZIFIH�TÍg[ZjzsL�qrJ.q�z|FIH�Jsgc~�H�W{iAR�FMLNHVn�ZIHoQ�D\z|Q<l�b�H�l�FMgcQ<l�q�Y>ÈaÎÏZIRXZIFIH�TUZ2q�l�W1FML�Hox¶ÈËi�q�ZIH�W�ZML�qrJMH�W�lNH�F�_aQ�JMÉ
ZMn�z.L{q�Zvx l�FIH�JslNH�F��P��LNHVW�qrFMq�z|Q�JsJMH�Y[qrFMgcQ<l{z�q�l�iSHPOSH�JMDGQ�J.TVH�Wpi�RpL�qrJsWN_%qrJMHVz|Q�JMJMH�Y[qrFIQ�J.Z2_yL�g[z.L�ZMnNO�OSQ�JMF
t�ÐAx���Ñ¾ZMO4H�z�gcÒ�z�qrFMgcQ<l�Z\q�Z3_aH�Y[Y�q�Z\iARUn�ZMg[lNkKFMLNHEZIQ�D/F�_%qrJMH2z|Q�JMJMH�Y(qrFIQ�J\O�JsQ�k�Jsq�TUZ��>x¶lmqeZMg[TUg[Y(qrJ�D/q�ZsL�gcQ<l�d�FMLNH
]2��ZIRXZIFIH�T�g(ZEz.L�qrJsq�z|FIH�Jsgc~�H�W�iAR�FMLNHon�ZIHoQ�D3TUqrk<lNH�FMg(zez�q�ZMZMH�FIFIHVFMqrO4HeJMH�z|Q�JsWNH�J.ZE_EgcFML�JMQ�FMqrJsR���LNH�q�W�Zjq�l�W
FMLNH�WNH�W�g[z�qrFIH�W�lNH�F«_\Q�JMÉ�i�q�ZIH�W�Q<l�C>��ÓÊÔ�CjZIRXl�zsLNJsQ<lNQ<n�Z��+Jsq�l�ZID/H�J�Ó1QAWNH"Õ.�

�NQ�JeQ�i�ZIH�JMbrqrFMgcQ<l�ZK_ygcFML�JMH�Y(qrFMgcb�H�YcR�YcQ�_�W�qrFMq�ZMq�TVO�Y[g[lNk�JsqrFIH�Z�d�FMLNHUQ<n�FIO�nNF�ZMgck<l�q�Y>Q�D\FML�HUi�q�ZIH|��i�q�l�W
z|Q<l�b�H�JMFIH�JsZ�qrJMHvZMq�TVO�YcH�Wm_EgcFML
FMLNHEx¶È>��tvu�wax\i4Q<qrJ.Wfq�l�W
FMLNHvZMq�TVO�YcH�WfW�qrFMqoqrJsHvW�gcJMH�z|FMYcRVO�JsQAz|H�ZMZMH�Wf_EgcFML
FMLNH�ÈaÎ¼ZMRAZIFIH�TÖFIQ2_EL�g[zsLoFMLNH�x¶È>��tvu�wax+i4Q<qrJ.Wog(Z�g(l�ZIFMq�Y[YcH�W)�+CjY[YAFMLNH�z|Q<l�b�H�l�FMgcQ<l�q�YNk�H�QXWNH�FMg[z%tvu�wax�TVQAW�H�Z
Q�D4FIQ�FMq�Y�W�qrFMq2J.qrFIH�nNOVFIQe^X����Ó1i�O�Z�_EgcFML���×vzsL�q�l�lNH�Y[Z�z�q�lViSH�z|Q"b�H�JMH�W�����LNH�O�JMQ�FIQ�F�RAOSH�TVQAW�H�YXQ�D�FMLNHE]K^
ZIRXZIFIH�ThÔ�q�Y[ZMQPZsLNQ�_yl�g(l
��gck<n�JMHU�rdN_yL�g[z.L�g[Z�z�q�Y[YcH�W
t>H�JsZMqrFMg(YcHeÐXz�gcH�l�FMg�Ò�z�ÐXq�TVO�Y[g[lNkoÈ�JMQXz|H�ZMZIQ�JKÔ/t�Ð�ÐXÈ%Õ.d�g[Z
qVJMH�q�Y(gc~�qrFMgcQ<l�Q�D�FMLNHK]K^PZMRAZIFIH�T�Ø�Zyz|Q<l�z|H�O�FEi�R�n�ZMg(lNkPFML�g[Z�z|Q<lXÒ�k<n�JsqrFMgcQ<l���x F�z|Q<l�ZMg(ZIFMZ�Q�D�DGQ<n�JyÙ } x ÚÛÈ%Î
ZIRXZIFIH�TUZ��eÜ3q�zsLÌÙ } x«Ú�ÈaÎÛZIRXZIFIH�TÍL�q�ZvQ<l�Hox¶È>��tvu�waxEi4Q<qrJ.W��KwaH�z�q�n�ZIHVFMLNHVx¶È>��tvu�waxEi4Q<qrJ.WpZsnNO�OSQ�JMFMZ
brqrJsgcQ<n�ZEZMq�TVO�Y[g(lNkmTVQXWNH�Z�dSgcFEL�q�ZETUq�l�R�OSQ<ZMZMgci�g[Y[gcFMgcH�ZaFIQ�iSHKn�ZIH�WplNQ�FjQ<l�YcR�D/Q�JEtvu�wax�Q�i�ZMH�JMb�qrFMg[Q<l�Zyi�nNF
q�Y[ZIQ1DGQ�JPbrqrJsgcQ<n�ZKQ�FMLNH�JVZMz�gcH�l�FMg�Ò�zmJMH�ZIH�qrJsz.LNH�Zo_yL�g[z.LÌJMH�ÝAn�gcJsHUO�JMH�z�g[ZMHmFMg[TUg(lNk�g[lND/Q�JsTUqrFMg[Q<lÌg[lÌFMLNH
W�qrFMqX�
CÖZMgck<l�q�Y�W�g[ZIFIJsg[i�nNFIQ�J�n�l�gcF%D/Q�Je��È\ÈaÐ�q�l�WÌ��ÞmÓpÑE~KZMgck<l�q�Y(Z�q�l�WÅ��×"��z.L�q�l�lNH�Y+i�q�ZIH|��i�q�l�W�ZMgck<l�q�Y)b�qrJsg(qri�YcH
q�TVO�Y(g�Ò�H�JEn�l�gcFyqrJMHVTVQ<n�l�FIH�W�g[l�FMLNHVnNO�OSH�JyO�qrJsFEQ�D�FML�HeJsq�zsÉ����yLNHoTUQ<l�gcFIQ�Jvq�l�W�FML�HoÉ�H�RAiSQ<qrJsWpQ<lpFMLNH
FIQ�O
Q�D�FMLNHyJsq�zsÉmqrJMHvz|Q<l�lNH�z|FIH�W
FIQKFML�HyD/Q<nNJaÈ%ÎÇZIRXZIFIH�TUZ\iARUn�ZMg[lNkeq�D/Q<nNJI��_%q�RmZI_EgcFMzsL��>Ü\q�zsL
ÈaÎßZIRAZMFIH�T
g[ZvH�ÝAn�gcO�OSH�W1_ygcFML�D/Q<nNJ2JMH�TVQ"b�qri�YcHmL�qrJsW{W�g[ZIÉ�WNJ.gcb�H�ZvQ�D\FML�HmW�qrFMq�z�qrO�q�z�gcF«R{Q�Dj���rÞp�vwaR�FIH�ZKH�q�zsL��m�yLNH
ZMq�TVO�YcH�W�W�qrFMq
z�q�l1i4HeFIJsq�l�ZID/H�JMJMH�W�FIQfFML�HelNH�F«_\Q�JMÉ�i�R�n�ZMg[lNkU�EÎ�Èaà"x¶ÈáQ�Jvz�q�l1i4HeJMH�z|Q�JsWNH�W1FIQ�g[l�FIH�J.l�q�Y
L�qrJsW1W�g[ZIÉXZyq�ZjQ�JsW�g[l�qrJMR�W�qrFMqfÒ�YcH�Z��y��LNHoTUq�âXg(Ten�T�JMH�z|Q�JsW�g[lNkmZIOSH�H�W1Q�D\^X���
Ó�i�O�ZEL�q�ZyiSH�H�lpq�zsL�gcH�b�H�W
_ygcFML�FML�H�z�nNJMJMH�l�Fyz|Q<lXÒ�k<n�JsqrFMgcQ<l��

�+QKO�JsQAz|H�ZMZ\FMLNHjW�qrFMqeZsq�TVO�YcH�Wm_ygcFMLUFML�HE]K^KZIRAZMFIH�T�dAZMQ�DGF«_aqrJMHvz|Q�JMJMH�Y(qrFMgcQ<lmO�JMQ�k�Jsq�TUZaqrJMHEq�Y(ZIQen�l�WNH�J
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WNH�b�H�YcQ�O�TVH�l�F��2��L�HoZIQ�D/F�_%qrJMHUz|Q�JMJsH�Y[qrFMgcQ<l1O�JMQ�k�Jsq�TUZjJMH�z|H�g[b�HPW�qrFMqfD/JMQ<T`]K^fZIRXZIFIH�TUZjQ�b�H�J2FMLNHPx¶l�FIH�J.lNH�F
q�l�W{FML�H�lÌz�q�Y[z�n�Y(qrFIHfz|JMQ<ZMZez|Q�JMJMH�Y[qrFMg[Q<l{D/n�l�z|FMgcQ<l�Z��fx«Fez�q�lÌq�Y[ZIQ�JMH�q�WÌW�qrFMq�Ò�YcH�Z2Q<lãg[l�FIH�Jsl�q�Y�L�qrJ.WÅW�g[ZIÉXZ
qrD/FIH�J\FIJsq�l�ZIDGH�JsJsg[lNk2FMLNHjW�qrFMqX����LNH�ZMHEz�qrO�qri�g(Y[gcFMgcH�Z>q�Y[Y[Q�_án�Z�FIQoFIJsq�l�ZID/H�J3Q�i�ZMH�JMb�H�WfW�qrFMqKg[lmJMH�q�Y���FMg[TVHEgcDSFMLNH
z|Q<l�lNH�z|FMg(lNkUlNH�F�_aQ�JMÉ�g[ZaD/q�ZMF�H�lNQ<nNk<L�d�q�l�W�g(l
l�H�qrJ�JMH�q�Y���FMg[TVH2gcD�W�qrFMqPi�nXäSH�Jsg[l�keg[Z%JMH�ÝAn�gcJsH�W��>ÐNg[l�z|HvH�q�ZMg[YcR
JMH|��_�J.gcFMqri�YcHKZMQ�DGF«_aqrJMHVO�JMQ�k�Jsq�TUZjq�l�W1k�H�lNH�Jsq�Y�ÈaÎåZIRXZIFIH�TUZvqrJMHPn�ZIH�W�d�FMLNHeO�JMQAz|H�ZsZMg[lNk
z�qrO�q�z�gcF�Rpq�l�W1FMLNH
D�n�l�z|FMgcQ<l�Q�D�FMLNH�z|Q�JMJsH�Y[qrFIQ�JEz�q�l�i4HvH�q�ZMg(YcRfH|âXO�q�l�W�H�W�q�l�W�nNO�k�J.q�WNH�W��
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��_aQ{k�H�QXWNH�FMg[z�tvu�waxoZMH�ZMZMgcQ<l�Zo_aH�JMH�OSH�JMD/Q�JsTVH�W¼_ygcFMLÄWNQ<TVH�ZMFMg[z
i�q�ZIH�Y[g[l�H�Zog(lÄô�qrO�q�lÇiARãn�Zsg[lNk�]K^
q�l�Wã]2�pZMRAZIFIH�TmZKFIQ1H�b�q�Y[n�qrFIHfFMLNHfOSH�JMDGQ�J.TUq�l�z|Hfq�l�WÅD�n�l�z|FMgcQ<l�ZKQ�D�FMLNHf]e^�ZIRXZIFIH�T����yLNHUÒ�J.ZIFKZIH�ZMZsgcQ<l
_%q�Z�OSH�JMD/Q�JsTVH�W{n�ZMg(lNkfF«_\Q¼���-��Thq�l�FIH�l�l�q�ZeqrFK]�q�ZML�g(TUq�q�l�W{]2Q�k<q�lNH�g3DGJsQ<Thô<q�lAn�qrJMR{õX�VFIQ��NH�i�Jsn�qrJMR
�rd��rÞ�Þ<õA�K��L�HeZIH�z|Q<l�W�ZIH�ZsZMgcQ<lp_aq�ZjOSH�JMD/Q�JsTVH�Wpn�ZMg[l�kmFMLNHoQ�O�OSQ�JMFMn�l�g[F�R�Q�D3q�WNQ<TVH�ZMFMg[zKJsH�k<n�Y[qrJjk�H�QAWNH�FMg(z
tvu�waxeZIH�ZsZMgcQ<lÄz|Q�Q�J.W�g[l�qrFIH�W¼iARÄ�jH�Q�k�JsqrO�L�g[z�q�Y�ÐXnNJMb�H�Rãx l�ZIFMgcFMnNFIH{Ô���ÐAxMÕ.�>��LNH�ZIH�ZMZMgcQ<l)d>_yL�g[z.L¼g(Zoz�q�Y(YcH�W
ô<övÞ<õrÞ<×Ad�_%q�ZjO4H�JsDGQ�JsTUH�W�D/Q�Jv����LNQ<nNJ.Z�D/JMQ<T÷ô�n�YcR{��×Ad)�rÞ�Þ<õA�2CEZjqmJsH�k<n�Y[qrJvWNQ<TVH�ZIFMg[zKH|âAOSH�Jsg(TVH�l�F�d4D/Q<nNJ
tvu�waxKZIFMqrFMgcQ<l�ZKQ�OSH�JsqrFIH�Wãi�RÄ��ÐAx�qrFP��ZMnNÉXnNi�qÌÔøõ��"��T
Õ.daÐXL�g[l�FIQ�FMZMnNÉrq�_%qãÔøõA�úù"��T
Õ.daÎ%L�g[z.L�g ûMg[TUqÅÔ¶��Þ���TfÕ.d
q�l�W�CjgcJsq�Ô¶��Þ���TfÕjO�qrJMFMg(z�gcO�qrFIH�W1_ygcFMLpFMLNHV]2��ZIRXZIFIH�TUZ��KC%F2��ZsnNÉAn�i�qmZIFMqrFMg[Q<l�d)]K^
ZIRXZIFIH�T`_aq�Z2n�ZIH�W�g[l
q�W�W�g[FMgcQ<l�FIQ�FMLNHP]2��ZIRAZMFIH�T��2w\R1n�ZMg[lNkfFMLNHPZMq�TVHoQ�i�ZIH�JMbXg[lNk
ZMzsLNH�W�n�YcH�dS]�q�ZML�g[Tmq1Ô¶���-��TfÕ.d��+Q<TUqrÉ�Q<TUq�g
Ô¶���-��TfÕ.d�q�l�W��vgcD�n1Ô¶���-��T
Õ3ZMFMqrFMgcQ<l�Z\O�qrJMFMg[z�gcO�qrFIH�Wmg[lmFMLNHjZMH�ZMZMgcQ<lfi�RUn�ZMg[lNk�iSQ�FMLf]K^Kq�l�Wf]2�oZIRXZIFIH�TUZ��>x¶l
q�W�W�g[FMgcQ<l�d�ü3q�TUqrk<n�z.L�g)Ôøõ��"��TfÕ�ZIFMqrFMg[Q<lPO�qrJMFMg[z�gcO�qrFIH�Wog(lKFMLNH�ZIH�ZsZMgcQ<loi�Ron�ZMg[l�kj]K^jZIRXZIFIH�TÖQ<l�Y[RKg[leÚy��i�q�l�W��
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x¶lÅiSQ�FMLÅZIH�ZsZMgcQ<l�Z�d+FMLNHfW�qrFMq�Ò�YcH�Z�JMH�z|Q�JsWNH�WÌ_ygcFML{FMLNH
]K^�ZIRXZIFIH�Th_\H�JMHfO�JMQXz|H�ZMZIH�WÌi�R�FMLNH
ZIQ�DGF«_aqrJsH
z|Q�JMJMH�Y(qrFMgcQ<lóO�JMQ�k�Jsq�TUZ
q�l�WóFMLNH�]2�¼Q�i�ZIH�JMbrqrFMgcQ<lóFMqrOSH�Zf_aH�JMHpO�JMQXz|H�ZMZIH�WóiARßn�ZMg[l�kÅFMLNH�]2�¼L�qrJsWN_%qrJMH
z|Q�JMJMH�Y(qrFIQ�J+qrF+]Kq�ZML�g[TUq�q�l�W���ZMnNÉXnNi�qX�+w\Q�FMLoW�qrFMq�_aH�JMH�FML�H�lKq�l�q�YcRA~�H�W�iARKÎ%Cju�Î�q�l�WoÐ��vu<tvÜ�ZMQ�DGF«_aqrJMH�Z
WNH�b�H�YcQ�OSH�Wãi�Rã�vQAW�W�qrJsWÄÐXO�q�z|H
��Y[g[k<L�FVÎaH�l�FIH�JPQ�D } qrFMgcQ<l�q�YaCEH�JMQ<l�q�nNFMg[z�ZPq�l�WÇÐAO�q�z|H
CEW�TUg[l�g[ZMFIJsqrFMgcQ<l��
��gck<nNJMHm��ZMLNQ�_EZ2FMLNHmW�gcä4H�JMH�l�z|HVQ�Dak�JsQ<nNOÌWNH�Y[q�R{q�l�WÅWNH�Y[q�R1J.qrFIHfWNH�FIH�JsTmg[lNH�W�iARp]K^�q�l�WÅ]2��ZMRAZIFIH�TmZ��
��LNH
z|Q<l�ZIFMq�l�FPQräSZIH�FVZIH�H�l¼g[lãFMLNHmk�JsQ<nNO¼W�H�Y[q�RÌz|Q<TUO�qrJsg[ZIQ<l¼z�q�l¼iSHmqri�ZIQ�JMiSH�W¼q�ZPq�O�qrJsFKQ�D�FMLNH�z�YcQXzMÉ
W�g�äSH�JMH�l�z|H1H�ZIFMg[TUqrFIH�WËFML�JMQ<nNk<LáFMLNHpW�qrFMq¼q�l�q�YcRAZsg[ZmO�JMQAz|H�ZsZMg[lNk¼q�l�WßFML�H�JMH�DGQ�JsHpgcF�WNQAH�Z�lNQ�F
z�q�n�ZIH{q�l�R
O�JMQ�i�YcH�T³g(lUFMLNH2W�qrFMqoq�l�q�YcRXZMg[Z��>��L�H��yÓ{ÐmQ�D)FMLNH2W�g�äSH�JMH�l�z|Hjg[Zaz�q�Y[z�n�Y[qrFIH�W�q�Z
	r���	KO�ZIH�zjD/Q�J\k�JMQ<n�O�W�H�Y[q�R
q�l�W ����ù�D/ZMH�z�à�ZIH�zmD/Q�JKWNH�Y(q�R�JsqrFIH����+qri�Y[H��Uz|Q<TVO�qrJMH�ZKFMLNHUi�q�ZMH�Y[g[lNHUYcH�l�k�FML�Z2H�ZIFMg[TmqrFIH�WÅD/JMQ<TÍFMLNHmW�qrFMq
Q�i�FMq�g[l�H�W{_ygcFML{]K^�q�l�WÅ]2��ZIRXZIFIH�TUZ��
ÐXg[l�z|HPFMLNHf]K^�ZIRXZIFIH�ThqrFK]Kq�ZML�g[TUq�q�l�W¼�vgcD�n{ZIFMqrFMgcQ<l�ZeZIFIQ�O�OSH�W
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JMH�z|Q�JsW�g[lNkUD/Q�JjqriSQ<nNFEZMg�â�LNQ<nNJsZEq�l�W¼���ULNQ<nNJ.Z�JMH�ZIOSH�z|FMgcb�H�Y[R�W�nNJsg[lNkVFML�HKQ�i�ZIH�Jsb�qrFMgcQ<l�Z�d4q�l�W�FMLNHol�n�TeiSH�J
Q�D�b�q�Y(g[W�W�qrFMqVD/Q�Jy��ZMn�ÉAnNi�q���]�q�ZML�g[Tmqoq�l�W���ZMnNÉXnNi�q�� �2gcD/n
i�q�ZMH�Y[g[lNH�Z�qrJMHKDGH�_aH�JyFML�q�l�FMLNHKW�qrFMqVD/JMQ<T FMLNH
]2�
ZIRAZMFIH�T����NJMQ<T÷FMLNH�ZIHoz|Q<TVO�qrJsg(ZIQ<l�Z�d�g[FEz�q�l1i4Hez|Q<l�z�Y[n�WNH�W�FML�qrFjFMLNHKH�ZIFMg(TUqrFIH�W�i�q�ZIH�Y[g[lNH�Y[H�lNk�FML�ZyqrJsH
z|Q<l�ZMg(ZIFIH�l�F\_ygcFMLVH�q�z.LmQ�FML�H�J\_yg[FML�g[lV�2FMg[TUH�Z�FMLNHEH�ZIFMg[TUqrFIH�Wfn�l�z|H�JMFMq�g[l�FMgcH�Z���x¶lUq�W�W�g[FMgcQ<l�d<FMLNHjz|Q<TVO�qrJsg(ZIQ<l
Q�D�FMLNH*�EÓ�Ð
JsH�ZMg[W�n�q�Y(Z\Q�D�k�JMQ<n�O1WNH�Y[q�R
q�l�W�WNH�Y[q�R
J.qrFIHeZMnNk�k�H�ZMFMZ�FMLNH�OSH�JMD/Q�JsTUq�l�z|H2Q�D�FML�HK]K^VZIRXZIFIH�T�g[Z
z|Q<TVO�qrJ.qri�YcH2_ygcFML�FML�HK]2�UZIRXZIFIH�T��
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x¶l��rÞ�Þ<õAd�qUZIH�Jsg[H�Z�Q�D>FIH�ZIFyH|��tvu�wax�ZIH�ZsZMgcQ<l�Z�_aH�JMH�OSH�JMD/Q�JsTVH�W�_ygcFML�FMLNHe]�q�ZML�g[Tmq��-,{H�ZIFIDGQ�J.W�i�q�ZIH�Y(g[lNH��
��LNH2õ��r��T q�l�FIH�l�l�qotju+wax\ZIFMqrFMgcQ<l�qrF�]�q�ZsL�g[TUqeq�l�W
FMLNHV��ù"��T q�l�FIH�l�l�qoZMFMqrFMgcQ<l�qrF�,{H�ZIFIDGQ�J.W�_\H�JsHvn�ZIH�W
D/Q�JVFMLNH�Q�i�ZIH�JMbrqrFMgcQ<l�Z��¼C%FVFMLNH�]�q�ZML�g(TUq1ZMFMqrFMgcQ<l�d3FML�H�]e^1ZMRAZIFIH�TÃ_aq�ZVn�ZMH�WãFIQ{JsH�z|Q�JsWÄFMLNH�Q�i�ZIH�Jsb�H�W
W�qrFMqX�2C%FvFMLNH�,{H�ZIFIDGQ�J.W{ZIFMqrFMgcQ<l�dSFMLNHVÓpqrJMÉ1^fZIRAZMFIH�T÷W�H�b�H�YcQ�OSH�W1iAR�Ñjq�RXZIFMq�zMÉ.�ji�ZMH�JMb�qrFIQ�JsR�_aq�Z2n�ZIH�W
FIQmJsH�z|Q�JsW�FML�HKQ�i�ZIH�Jsb�H�W1W�qrFMqX�E��LNH�Q�i�ZMH�JMb�H�W1W�qrFMqU_aH�JMHeJsH�z|Q�JsWNH�W�FIQ�g[l�FIH�Jsl�q�Y)L�qrJsW�W�g(ZIÉAZyqrFEH�q�z.LpZsgcFIH
q�l�W1FIJsq�l�ZID/H�JMJMH�WpFIQ�]�q�ZML�g[TUqmq�l�W1Ñjq�RXZIFMq�zMÉ/�ji�ZIH�JMbrqrFIQ�JMR�qrD/FIH�J2FMLNHeQ�i�ZIH�JMbrqrFMgcQ<l�Zji�R1n�ZMg[lNkf���yÈ+���NQ�J
FML�g[ZeO�nNJsO4Q<ZMH�d�q�ZIQ�D/F�_%qrJMH�O�JsQ�k�Jsq�T _aq�ZVn�ZMH�WÌFIQ{H|âXFIJsq�z|FVFMLNH�W�qrFMqpDGJsQ<T FML�H�ÓpqrJMÉÄ^A�ÅC%FPÑjq�RXZIFMq�zsÉ
�ji�ZMH�JMb�qrFIQ�JsR�d)Ò�YcHVD/Q�JsTUqrFKQ�DaFML�Hm]K^�W�qrFMq�Ò�YcH�Z2_%q�ZKz|Q<l�b�H�JMFIH�W¼q�l�W{JMH�z|Q�JsW�H�WÅFIQ�FMLNHfÓ1qrJMÉÅ^�ZMRAZIFIH�T��
CEDGFIH�J+FMLNH�z|Q<l�b�H�J.ZMgcQ<l�d�W�qrFMq�JsH�z|Q�JsWNH�W�qrF�]�q�ZML�g[Tmqaq�l�W�qrF0,{H�ZIFID/Q�JsWK_\H�JMH3O�JMQXz|H�ZMZIH�W2D/Q�J�z|JMQ<ZMZ+z|Q�JMJMH�Y[qrFMg[Q<l
O�JMQXz|H�ZMZMg(lNkUn�ZMg[l�kVFMLNHeÓpqrJMÉ�x tÖz|Q�JsJMH�Y[qrFIQ�JvqrFEÑjq�RXZIFMq�zMÉ1�ji�ZIH�JMbrqrFIQ�JMR���C%Fv]�q�ZML�g[TmqXd�FMLNHKÓpqrJMÉ�^UW�qrFMq
Ò�YcH�Z)_\H�JMHaz|Q<l�b�H�JsFIH�WeFIQj]K^aÒ�Y[H>DGQ�JsTmqrF+q�l�W2FML�H�lKz|Q�JMJMH�Y(qrFMgcQ<l�O�JsQAz|H�ZMZsg[lNk�_%q�Z+WNQ<l�H�i�R2n�Zsg[lNk�FMLNH3ZMQ�DGF«_aqrJMH
z|Q�JMJMH�Y(qrFMgcQ<l�O�JMQ�k�J.q�TUZ�����LNH2Q�i�ZIH�JMbrqrFMgcQ<l�Z�_aH�JMH�OSH�JMD/Q�JsTVH�W�_yg[FML{�|�fzsL�q�l�lNH�Y[Z�ÔøùPD/Q�JyÚE��i�q�l�W�q�l�W�×PD/Q�J
Ð���i�q�l�W�Õ\q�l�W��VÓpÑy~KDGQ�J�H�q�z.L1z.L�q�l�lNH�Y��

CEDGFIH�JPFMLNH�W�qrFMqpO�JsQAz|H�ZMZsg[lNkNd3Î%Cju�Îíq�l�W Ð��vu<tvÜÖZIQ�D/F�_%qrJMH�_\H�JMH�n�ZMH�WÌFIQ�OSH�JMD/Q�JsT W�qrFMqpq�l�q�YcRAZsg[Z��
x¶l FMLNH1H�ZIFMg[TUqrFMgcQ<láO�JMQXz|H�ZMZ�d�OSQ<ZMg[FMgcQ<l�ZVQ�D2iSQ�FMLß]Kq�ZML�g[TUqÌq�l�W2,{H�ZMFIDGQ�JsWËZIFMqrFMg[Q<l�Zm_aH�JMH�Ò�âAH�WáFIQ¼FMLNH
x¶�3�y�>�rÞ�Þ�ÞÇJMH�D/H�JMH�l�z|H�D/Jsq�TVHÅq�l�WËÙj���-��Ùj�EÎ�_aq�Z�H�ZIFMg[TUqrFIH�W q�Y[Q<lNkÄ_ygcFMLóFMLNH{z�YcQXzMÉóQräSZIH�F�d2gcFMZ�J.qrFIH�d
q�l�W�FMLNHUqrFMTUQ<ZIO�LNH�Jsg(ze~�H�l�gcFML{WNH�Y[q�R��P��JMQ<TÍFMLNHm�"��LNQ<n�JKZIH�ZMZMg[Q<l1OSH�JMD/Q�JsTVH�W�Q<l{ÓpqrJsz.Lã��^Ad+�rÞ�Þ<õAd�ÙE�K�-�
Ùj�EÎ³_aq�ZmH�ZIFMg[TUqrFIH�W _ygcFMLÇn�l�z|H�JsFMq�g[l�F«RÄQ�Dv��õA�54ÌTUg[z|JMQ<ZIH�z|Q<l�W�Z�d3_EL�g[zsLÇg(ZVz|Q<TVO�qrJsqri�Y[H�FIQÅFMLNH�JMH�ZMn�YcFMZ
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D/JMQ<T g[l�FIH�l�ZMg[b�HeZIH�ZMZsgcQ<l�Z����NJMQ<T�FMLNHP�"��LNQ<nNJvZIH�ZMZMgcQ<l�OSH�JMDGQ�J.TVH�W�Q<l�ô<n�lNHo�6	�dS�rÞ�Þ<õAd�FMLNHoÙE�K�-��ÙE�EÎ _%q�Z
H�ZIFMg[TmqrFIH�W{_ygcFML�g(l��X�VL�Q<nNJsZ2q�l�WÅ�rÞ�Tmg[l�n�FIH�Z2qrDGFIH�J�FML�HUY[q�ZIF2Q�i�ZIH�Jsb�qrFMgcQ<lÌg[lpFMLNHUZIH�ZMZMg[Q<lpÒ�l�g[ZML�H�W��e�NQ�J
FML�g[Z
ZIH�ZMZsgcQ<l�d�Ò�Y[H�FIJsq�l�ZMDGH�J�ZIOSH�H�WóJMH�q�zsLNH�WÖ��Þ7	¼Ó1i�O�Z
g[láFMLNHpW�gcJMH�z|FMgcQ<láDGJsQ<T ]Kq�ZML�g[TUqÌFIQ¼Ñjq�RXZIFMq�zsÉ
�ji�ZMH�JMb�qrFIQ�JsR��3��LNHjQ�O�OSQ<ZMgcFIH2W�gcJsH�z|FMgcQ<lm_%q�Z�lNQ�F�q�Z�D�q�ZIF�dNi�n�F\FMLNH�ZMO4H�H�W
_%q�Z�qriSQ<nNF%��^PÓ�i�O�Z�����LAn�ZaFMLNH
JsqrO�g(WvH�ZIFMg[TUqrFMgcQ<lKQ�DXFMLNH3Ü8�2È�g[l�Y[H�ZMZ�FML�q�lKQ<lNH3W�q�R2_aq�Z+ZMn�z�z|H�ZMZID�n�Y[Y[REWNH�TVQ<l�ZIFIJsqrFIH�W�iARvFMLNH3g[l�FIH�Jsl�qrFMg[Q<l�q�Y
H|��tvu�wax%Q�i�ZIH�JMbrqrFMgcQ<l�Z�q�l�W�W�qrFMqUq�l�q�Y[RAZMg(Z��

ÐXg(l�z|H/�vz|FIQ�iSH�J1�rÞ�Þ<õAd2DGQ<n�J�x«t�Ðátju+wax
ZIH�ZsZMgcQ<l�Z�_aH�JMH{OSH�JMD/Q�JsTVH�WËg[l�z�Y[n�W�g[lNkÅFML�HÅ]�q�ZML�g[TmqÄõ��r��T
q�l�FIH�l�l�q�ZIFMqrFMgcQ<l��{��L�Hf]K^1ZIRXZIFIH�T _aq�ZVn�ZMH�WÌFIQ�JMH�z|Q�JsW¼Q�i�ZMH�JMb�H�WÄW�qrFMq�q�YcQ<lNkp_ygcFMLÅFML�H
tvu�w%C W�qrFMq
JMH�z|Q�JsW�H�J��a�yLNH�W�qrFMqUJsH�z|Q�JsWNH�W�_EgcFML�FMLNHe]e^VZIRXZIFIH�T _aH�JMH�FIJsq�l�ZIDGH�JsJMH�W�FIQfÑjq�RXZIFMq�zsÉ9�ji�ZMH�JMb�qrFIQ�JsR
n�Zsg[lNk
FMLNHyL�gck<LUZIOSH�H�WVJMH�ZMH�qrJszsL
lNH�F�_aQ�JMÉ4����LNHy]e^2W�qrFMq2Ò4YcH�Z>_aH�JMHEz|Q<l�b�H�JMFIH�W
FIQ�FMLNHjÓ1qrJMÉU^2Ò�YcH�D/Q�JsTUqrF�H�gcFML�H�J
qrFK]�q�ZsL�g[TUq�iSH�D/Q�JMHVFMLNHPÒ�YcHVFIJ.q�l�ZID/H�J�Q�JKqrFKÑjq�RXZIFMq�zMÉ:�ji�ZIH�JMbrqrFIQ�JMR{qrD/FIH�JKFMLNHPÒ�Y[HVFIJsq�l�ZID/H�J��U��LNH�lÅFMLNH
W�qrFMq�_aH�JMHVJMH�z|Q�JsW�H�W�FIQ�FMLNHVÓ1qrJsÉ�^�W�g(ZIÉ�n�l�g[FMZjq�l�W{ZML�gcO�OSH�W�FIQ�z|Q�JMJMH�Y[qrFIQ�JKZsgcFIH�Z��P��LNH�ZIHVqrJMHVFMLNHPÒ�JsZIF
i�nNF�g(TVOSQ�JMFMq�l�F%FIJsg(q�Y[Z%FIQmg[l�FIJMQXW�n�z|H2H|��tvu�wax�g[l�FMLNH�JMQ<n�FMg[lNH2ZIH�ZMZMg[Q<l�Z�z|Q�Q�J.W�g[l�qrFIH�W�iAR
x«t�Ð4�
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��L�H1JMH�Zsn�YcFMZUD/JMQ<T F�_aQÄk�H�QAW�H�FMg[zptju+w\xmH|âAOSH�Jsg[TUH�l�FMZfiSH�F�_aH�H�ló]��¼q�l�Wó]K^Ìtju+waxfZIRXZIFIH�TUZf_\H�JsH
z|Q<TVO�qrJsH�W�FIQoH�l�ZMnNJMHEFML�qrF%FMLNH2]K^etju+w\x\ZIRAZMFIH�T L�q�ZaH|âAOSH�z|FIH�W�z�qrO�qri�g(Y[gcF�RUq�l�WfOSH�JMD/Q�JsTUq�l�z|HjZMg(TUg[Y[qrJ\Q�J
iSH�FIFIH�J�FML�q�l�FMLNH�]2�Ptvu�wax%ZIRAZMFIH�T�����LNHvJMH�ZMn�YcFMZaDGJMQ<T�F«_\QUW�g�ä4H�JsH�l�F�ZIRXZIFIH�TUZ�qrJMH�z|Q<l�ZMg[ZIFIH�l�F�_ygcFML
H�q�zsL
Q�FMLNH�Jvz|Q<l�ZMg[W�H�Jsg[lNkVFMLNHeH�ZIFMg[TUqrFIH�W1H�JMJMQ�J��%��JMQ<T FML�H�ZIHez|Q<TVO�qrJsg[ZIQ<l�Z�d�gcFyz�q�l1iSHKz|Q<l�z�Y[n�WNH�W�FML�qrFEFMLNH�JMHog[Z
lNQfO�JMQ�i�YcH�T�g[lpn�ZMg[lNkmFMLNHe]K^mtvu�waxyZIRXZIFIH�T�DGQ�JvO�JMH�z�g(ZIHKtvu�wax�Q�i�ZIH�Jsb�qrFMgcQ<l�Z��EwaR�n�Zsg[lNkm]K^fZIRXZIFIH�T÷qrF
]�q�ZML�g[TUqUZIFMqrFMg[Q<lpq�l�W1ÓpqrJMÉ1^fZIRXZIFIH�T�qrF<,{H�ZIFID/Q�JsW{ZIFMqrFMgcQ<l)d�D�q�ZIFjFMnNJsl�qrJsQ<n�l�WpÙE���-��Ùj�EÎ H�ZIFMg[TUqrFMg[Q<l
D/JMQ<T�H|��tju+waxa_EgcFML�g[l
qVW�q�R�L�q�Z%iSH�H�l�ZMn�z�z|H�ZsZID/n�Y[YcRmWNH�TUQ<l�ZIFIJsqrFIH�W��=,{H�H|âAOSH�z|F�_aH�z�q�l�D�nNJMFMLNH�J�ZMLNQ�JsFIH�l
FMLNH2FMnNJ.lX��qrJMQ<n�l�W
FMg[TUHjiAR�nNO�k�Jsq�W�g(lNkeFML�H�lNH�F�_aQ�JMÉ�q�l�W�n�ZMg(lNkoW�g[ZIFIJsgci�nNFIH�WfZMQ�DGF«_aqrJMHez|Q�JMJMH�Y[qrFIQ�JjZIRAZMFIH�T��
ÐXg[l�z|H>�vz|FIQ�iSH�Je�rÞ�Þr�Nd>q�Y[Y�x«t�Ð{ZMH�ZMZMgcQ<l�Z2g(l�_yL�g[z.LÅ]�q�ZML�g(TUq�õ��r��T ZIFMqrFMg[Q<l{O�qrJMFMg[z�g[O�qrFIH�W{_aH�JMHUJMH�z|Q�JsW�H�W
iAR{FMLNHf]K^�ZIRXZIFIH�T q�l�WÌ_aHfqrJMH
O�Y[q�l�l�g[lNk�FIQpH|âAFIH�l�WãFMLNHfH|��tju+w\xKQ�O4H�J.qrFMgcQ<lÌFIQ1Q�FMLNH�JPx«t�Ð�Q�i�ZIH�JMbXg[lNk
ZIFMqrFMgcQ<l�Z��
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��L�H�q�nNFMLNQ�JsZ�_aQ<n�Y[W2Y(gcÉ�H>FIQ�H|âXO�JMH�ZMZ)Zsg[l�z|H�JMH>qrO�O�JsH�z�g[qrFMgcQ<l2FIQyTmq�l�RvTVH�Tei4H�J.Z�Q�DN�vH�Q�k�JsqrO�L�g[z�q�YXÐXnNJMb�H�R
x¶l�ZIFMgcFMnNFIH�dNÑEQ�É�Érq�g[WNQVÙjl�gcb�H�JsZsgcF�R�d��vgcD�n�ÙEl�gcb�H�JsZMgcF«R�dAü3q�TUqrk<n�zsL�g�ÙEl�g[b�H�JsZMgcF«R�d�ÎaQ<TUTon�l�g[z�qrFMgcQ<l�ZG�yH�ZIH�qrJszsL
u�qriSQ�JsqrFIQ�JsR�d�ÑEq�RAZMFMq�zMÉ>�ji�ZMH�JMb�qrFIQ�JsR�d�q�l�WPQ�FMLNH�J�O�qrJMFMg[z�gcO�qrFMg(lNkEg[l�ZIFMgcFMnNFIH�Z�Q�D4FMLNH�Cyi�g(YcH�lNH�d�ÐXnNOSH�JI� ÐXx } Ü3�
q�l�W��+Jsq�l�ZsÈ4CyÎ¾lNH�F�_aQ�JMÉXZ�_yLNQUZsnNO�OSQ�JMFIH�W�tvu�waxaZMH�ZMZMgcQ<l�ZyWNH�ZMz|JsgciSH�W�g[l�FML�g(Z%JMH�OSQ�JMF��
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²�³ ò�² G úX³ H9ò�ò ò�³�ò
²�³ ú ²�³ ú F ³ G
úX³ JX²/J ²�³ ú	H�H F ³ ú
úX³ � ò�³ ú ²�³ H
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ø:ñEü�ñ/ò�üP÷¥úûù«ñ|úûù«ÿûöDø:ñEð9ó«ö&÷.� ý4�qõ�ü��:ñ/ôPó«ô9ü�ñ/ôPü5�Tó¨ü��>÷Aò�ñEðPüP÷�ó«ö * ý4�qñ,#ÎñEðPðPõ�ð6�Dð�õ�úû÷¥úûó«ù«ó«üÕý.78	 * �:ñp÷�ôPôPõÍòEó«÷¥ü�ñ/ø�DðPõ�ú£÷¥úûó«ù«ó¨ü�ý9�$õ�ð&ôPÿûòEò�ñ/ôPô��RÿDùTú£ù«ÿDöDø:ñEðÄø:ñEü�ñ/ò�üPó¨õ�öxó�ôAü��DñÞü�ñ/ôPü:�qõ��ªñEð<;>=@?��Tó«ü��A?Xü��:ñ * ý)�qñB#�#�ñEðPð�õ�ð�DðPõ�ú£÷¥úûó«ù«ó¨ü�ý�	"-�ö|ü��:ñhõ�ü��:ñEðC�D÷�öDø/��ñED`ü�ñEð�öD÷�ù5ðPñ/ù«ó«÷¥úûó�ù«ó¨üÕýF��ñ/÷�öDô�ü��:ñ8��÷GD:ó���ÿ�� ó�ö�H£ÿ:ñ/öDò�ñ�õ��D÷)ö:õ�ö�IÕø:ñEü�ñ/ò�ü�ñ/ø
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õ���ò�õ�öDøûó¨üPó¨õ�öAñ/þ5ÿD÷¥üPó«õ�öDô
	C#
öÄü��Dó�ôW�û÷V�qñEð¢õ�öDù¨ý�ü��:ñ'ü��Dó¨ðø�üÕý4�qñ+ó«ôªò�õ�öûôPó«ø:ñEðPñ/øA÷�ôÎü��:ñX�$õ`òEÿDôÎù«ó¨ñ/ôBõ�ö.�qõ�ôPô�ó¨úûù¨ñ
õ�ÿ:üPù«ó«ñEð�ô�ó�ö|ü��:ñ�Y�ü�ñEðPðPñ/ôPü�ð�ó«÷�ùÍõ�ðhò�ñ/ù¨ñ/ô�üPó«÷�ù[ZgðPñ
��ñEðPñ/öDò�ñ\��ð�÷���ñ��qõ�ôPó¨üPó¨õ�öDô]	 * �:ñ¢ü�ñEðPðPñ/ô�ü�ðó«÷�ù`øD÷¥üPÿ��jò�õ����qõ�ö:ñ/ö5üPô
÷¥ðPñÄø:ñE�£ö:ñ/ø úÍý$��ñ/÷�öDô2õ��9÷_^X^ * Y`^Tõa^TñEü * ð÷�öDôPù«÷¥üPó¨õ�öbZ�÷�öDø ÷_^F^XcdY`^TõB^TñEü>c]õ�üP÷¥üPó¨õ�öbZ+ò�õ�öDøDó«üPó¨õ�ö�Tó¨ü���ðPñ/ô��qñ/ò�ü'ü�õAü��Dñe# * c5J�NVf�f�f�	 * �Dñ�ò�ñ/ù¨ñ/ôPüPó«÷�ù�øD÷¥üPÿ�� ò�õ����qõ�ö:ñ/ö üPô�÷¥ðPñ�ø:ñE�7ö:ñ/ø&úÍý_��ñ/÷�öDô'õ��B÷g^X^Fc
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* �:ñpò�õ�öûô�ü�ð�÷�ó«ö5ü6��÷¥ü�ð�ó0D q ó«ôÎðPñ
�DðPñ/ôPñ/ö ü�ñ/ø&ó�öéü�ð�÷�öDô��qõ�ô�ñ/øn��õ�ð��w�qõ�ó«ö5üÎú5ý:�qõ�ó«ö5ü]÷�ôqlx rzy q x { q x | u�u�u q x }�~ u Y�N�Z�Tó¨ü�� q:� r y q.���1�v�v� �8� x � ��q:�����v�v� ���8�(� ��qg� �1��� �8���(� � ~ u Y���Z#-ö&òE÷�ô�ñpõ���ü�ñEðPðPñ/ôPü�ð�ó«÷�ùgøD÷¥üPÿ����7õ�ó�ö üPô,YRô�üP÷¥üPó«õ�öDô�ZÎó¨ü]ó�ô

q:�����v�v� ��� x � � r���� ;�f ff ;�ff f ; ����l� q.���1�v�v� �8���(� � r���� f =5� � ���� � f =6� �= ��� � � f ����:� q:� ����� �����/� �(r@t Y[�)Z
÷�öDø&ó�ö>òE÷�ô�ñpõ���ò�ñ/ù¨ñ/ô�üPó«÷�ù�øD÷¥üPÿ��w�qõ�ó«ö5üPô,Y�ð�÷�øDó¨õ�ôPõ�ÿ:ð�ò�ñ/ô�Z

q.���1�v�v� �8� x � � r@t � q.���1�v�v� �8���/� � r@t � q:� �1��� �8���/� �(r���� ò�õ�ô"Y�����Zk JôPó«ö�Y�¡:¢'Z£= ôPó«ö,Y`����Z
ô�ó«ö,Y����XZC /ôPó«ö,Y�¡:¢'Z ò�õ�ô"Y`���3Z

ò�õ�ôkY`¡:¢'Z f ���� u Y�¤�Z
* �:ñ'ðPñ]��÷�ó�öDó«ö!�2ñ/ö ü�ð�ó«ñ/ô9÷¥ðPñ+÷�ù«ù7ñ/þ5ÿD÷�ùqü�õ�f�	 * �:ñ'øDñE�£öDó¨üPó¨õ�öAõ���ü1�ªõ�øûó0+7ñEð�ñ/ö ü\��ñEõ`ø:ñEüPó«ò�øD÷¥üPÿ���ô¢úû÷�ôPñ/øéõ�ö
ü��:ñ|ô�÷���ñpô�ñEü]õ���ðPñ
��ñEðPñ/öDò�ñ,�qõ�ó«ö5üPô9òE÷�ö&úqñ+ø:ñ/ôPò�ðó¨úqñ/øéú5ýq { r@¥ { q � q | r¥ | q Y�¦�Z�5�:ñEð�ñX¥ { ÷�öDøg¥ | ø:ñ/öDõ�ü�ñ'ü1�ªõ�ôPñ/ù¨ñ/ò�üPó¨õ�ön��÷¥ü�ð�ó�ò�ñ/ô
�:ó�	Ìñ�	��:øDó«÷V��õ�öD÷�ù§��÷¥ü�ð�ó�ò�ñ/ô\�Tó¨ü��Äñ/ö ü�ðó¨ñ/ô3;)õ�öéü��Dñ3�C÷�ó«ö
øDó«÷V��õ�öû÷�ùC�$õ�ð|øû÷¥üPÿ��z�qõ�ó«ö ü+ò�õÍõ�ð�øDó«öû÷¥ü�ñ/ôp÷�öDø$fg��õ�ð|÷�ù«ù,õ�ü��:ñEð,�û÷¥ð÷���ñEü�ñEð�ô
	 * �Dñ'�£÷¥ð�÷���ñEü�ñEð2øûó0+7ñEð�ñ/öDò�ñ/ô
÷�öDø>ü��Dñ/ó¨ð]ò�õ���÷�ò�ü�õ�ð3��÷¥ü�ð�ó�Db�:ðPñ/ô��7ñ/ò�üPó���ñ/ù¨ý��û÷¥ðPñpü��Dñ/ön��ó���ñ/ö>úÍý¨ r�Y1© | =ª© { Zv«>p �A¬>C r�Y1© | =®© { Z ¬�¯G¯ Y1© | =®© { Z�xKu YO°�Z�Tó¨ü�� ¬ ¯�¯ ü��:ñ'ò�õ���÷�ò�ü�õ�ðF��÷¥ü�ð�ó0D�õ��"o$pÞ÷�öûøCü��:ñ3��÷¥ü�ð�ó�ò�ñ/ô6© { ÷�öDøs© | ��õ�ðªü��DñF�Dð�õG±-ñ/ò�üPó¨õ�öAõ��"o$pÞó«ö5ü�õ�ü��:ñ
ü��¢õAøûó0+7ñEð�ñ/ö ü]øD÷¥üPÿ���ô© { r²\= qw³mq xk¥ { q:´¶µ { q xS¥ { � © | r²�= qw³mq xS¥ | qg´¶µ { q xS¥ | u Y�·�Z¸ �DðPõ��qñEð9ü�ñ/ô�ü)ôPüP÷¥üPó«ô�üPó«ò3��õ�ð]ü��:ñ|ô�ó���öDó0�£òE÷�öûò�ñ'õ���ü��:ñ��£÷¥ð�÷���ñEü�ñEð)øûó0+7ñEð�ñ/öDò�ñpó«ô\��ó���ñ/ö ú5ý¹ r ;º | ¨ x ¬ µC ¨¼» ½¿¾ |À � Á � ��õ�ð]ü�ñEðPðPñ/ôPü�ð�ó«÷�ùgô�üP÷¥üPó¨õ�öûô¾ || � Á � ��õ�ð]ð�÷�øûó¨õ�ô�õ�ÿ:ð�ò�ñ/ô Y�Â�Z�Tó¨ü��Cü��:ñ5��õ�ð���÷�ù¶�¥÷¥ð�ó«÷�öDò�ñF��÷�ò�ü�õ�ð º | �Íü��:ñ'ô�ÿ!�qñEð�ôPò�ð�ó��ûü3Ã�I�Äfø:ñ/öDõ�üPó«ö!�2÷|ðPñEHûñED:ó���ñ5��ñ/öDñEð�÷�ù«ó�ÅEñ/øÄó«ö)��ñEð�ô�ñ�÷�öDø�Tó¨ü��éü��Dñ|ö:õ�ö�IÕò�ñ/ö5ü�ð�÷�ù«ó¨ü�ý.�£÷¥ð�÷���ñEü�ñEð3Æ:r�ÆeY�7 � ?CZ��5�ûó«ò��>ó«ô9ò��D÷¥ð�÷�ò�ü�ñEð�ó�ÅEñ/ø úÍýÆ ½ rf Ç È�ÉXTÊ¢ËY ¨ Z�r@tÌ f Ç È�Í,T�¢Y ¨ ZFÎr�t Yv;
fÊZj)ñEðPñlÈ�Éfø:ñ/ö:õ�ü�ñ/ô|ü��:ñ�öÍÿDù«ùC� ý4�qõ�ü��:ñ/ôPó«ô�YEÃ�ó�ø:ñ/ö üPó�òE÷�ùhøD÷¥üPÿ�� úÍý q { ÷�öDø q | ÄÊZ�÷�öDø<È�Í�ü��:ñC÷�ù¨ü�ñEð�öû÷¥üPó���ñ�5ý)�qõ�ü��:ñ/ôPó�ô,YEÃ�ö:õ�ö�IÕó«ø:ñ/ö5üPó«òE÷�ùËøû÷¥üPÿ���ÄÊZ�	* �Dñ¢ð�ñ/ôPÿDù¨üPôC�Dð�ñ/ô�ñ/ö ü�ñ/ø�ó�ö2ü��DñU�$õ�ù«ù«õm�Tó«ö��'ô�ñ/ò�üPó«õ�öDô��¢ñEðPñ]ø:ñEð�ó���ñ/ø>��ðPõ��w;E�pøD÷JýÍôFYO-�ò�ü�õ�úqñEð5;m°mI1�Vf���NVf�f�N�Z
õ���ü��:ñeh6-3^ * f�N�òE÷����û÷�ó���ö/	WJDõ�ðTü��:ñpò�õ����£ÿ:üP÷¥üPó¨õ�öDô)÷��DðPñ/ù«óÏ��ó«öD÷¥ðPý�ñED`ü�ñ/öDôPó«õ�ö>õ���ü��Dñ|ô�õ���ü��Î÷¥ðPñ��û÷�ò�%�÷V��ñ-,h6h ¸FÐ ¦4	Ñf<YRôPñEñnL2�VM[Z6�Î÷�ô+ÿDô�ñ/øB�qñEð���ó«ü�üPó«ö!��ü��:ñfñ/ô�üPóÏ��÷¥üPó¨õ�öÞõ��ªô�õ�ÿDð�ò�ñ�ò�õ5õ�ð�øûó«öD÷¥ü�ñ/ô
	 * �Dñ�ô�õ�ÿDð�ò�ñ�÷�öDø
ô�üP÷¥üPó¨õ�öAò�õ5õ�ðøDó«öD÷¥ü�ñ/ôW�ªñEðPñTñ/ô�üPó���÷¥ü�ñ/ø.�$ð�õ��Xü��:ñTö:õ�ð���÷�ù:ñ/þÍÿD÷¥üPó¨õ�öDôªô�ýÍôPü�ñ]�Ò�5�Dó�ò����Î÷�ôB÷�òEòEÿ���ÿDù«÷¥ü�ñ/øAõm��ñEð
ü��:ñ|ò�õ����ûù¨ñEü�ñpòE÷����û÷�ó���ö/	 ¸ ù«ùqõ�ü��:ñEð6�û÷¥ð÷���ñEü�ñEð�ô6�¢ñEðPñpð�ñ]��õm��ñ/ø�ó«ö>÷�ø!�¥÷�öDò�ñ|ó«ö>÷�ðó���õ�ðPõ�ÿDôU�Î÷/ý�	
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Thomas Hobi~er et al.: Modelling Vertical Total Electron Content 

Cylinder of cross-sectional area = 1 rn' . 

Figure 1. Modelling the ionosphere by means of VLBI 

2. Functional Model 

Three different approaches for modelling the VTEC have been investigated. 

m Fourier components (eq. 4), first used by Kondo (1991), [2] 

piece-wise linear function (PLF) with adaptive interval lengths (eq. 5), 8 observations per 
interval 

VTECPLF,i(t) = of f  seti + ra te i ,~  (tl - to) + rate,,n(t:! - t l )  + . . . + ratei,,(tn - t) t I tn ( 5 )  
nn~ac 

VTECKERA'EL,~(~)  = Ai KFi (t) KFi( t )  = exp(-c2 (t - ti)2) 
i=l 

(6) 

The different functional models are compared for the IVS-R4 session of Sept. 4th, 2003. VTEC 
values derived for station Fortaleza are shown in the left plot of figure 2 (Fourier-approach), center 
plot of figure 2 (PLF-approach), and right plot of figure 2 (Kernel-approach) in comparison to the 
official IGS combined solution (from [4]). The absolute correlation coefficients lrikl between all 
unknown parameters of the above-mentioned IVS-R4 session are plotted in figure 3 according to 
the different modelling strategies. 

The differences for all IVS-R4 stations between the individual VLBI approaches and the IGS 
solution during the 24h IVS-R4 session were analyzed, too (figure 4 and table 1). 

3. Stochastical Model 

A stochastical model was developed, that takes the different elevation angles (Q,  E ~ )  on each sta- 
tion into account (eq. 7 and 8). Taking this function to the i-th power allows increasing the weight 
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Figure 1: Estimates dDE, dRA 
of the solution (in black, units 
see legend). Only estimates for 
the 549 sources with 
sqrt(dDE2+dRA2) < 2mas are 
shown. They were used as 
identical points for the NNR 
conditions w.r.t. ICRF-Ext1. 
The 40 sources not used for the 
datum realisation are 
surrounded by circles.
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ß�èqè�×
ã�ëÅâ�Ú�ã�Ü^Ø�è�×Þê�ß�µð2ë�â�Ú�Ú�Û@×
Ö ê@×
ã�ß�è;Ý'úÅâ�×�ù��UØ�è�×2Ø�é�×2è
ñ+Ú�ÛÅß�ã
ð2Ý�Öîâ�×
Ý�êiÚ�Ølã�íbã�Ú�×
ÜÞÝ'Ú�ß�ðD×2è�è�Ø�è�ãÃß�ÖiÚ�Û�×&ð/Ø�Ülú�ß�Ö@×
êiäAåqæ�çÅè�Ø�êÅë�ð/Ú�ã2ñ�Ý�Ö�êÞß�Ö�ð/Ø�Ö�ã�ß�ã�Ú�×
Ö�ð/ílØ�Ù,Ú�Û@×RäAåqæÂçÅè�Ø�êÅë�ð/Ú�ã
�&ß�Ú�ÛáØ�Ú�Û�×2è&ä ó ö�æïÚ�×
ð;Û�Ö�ß�ì�ë@×
ã2ù�æbØ@ñ�ä?å�æáý�Ö�Ý�â�íbã�ß�ãRø�Ø�Ö�é�×
Ö«Ú�ß�Ø�Ö�ã&Ý'è�×Âê@×	��Ö�ß�Ú�×
â�íîÖ@×2×
ê@×
ê\ù

ä0ÖüÚ�Û�ß�ãRçÅÝ'ç�×2è9ã�Ø�Ü^×Âã�Ú�×2ç�ã&Ú�Øï×
ã�Ú�Ý'úÅâ�ß�ã�Ûòã�ë�ð;Ûÿø�Ø�Ö�é�×
Ö�Ú�ß�Ø�Ö�ã�Ý'è�×ÂçÅè�Ø�ç�Ø�ã�×
ê\ùDõRÛ@×2í ß�Ö�ð2â�ë�ê@×qã�Ú�Ý�Ö�ê�Ý'è;ê��
ß��
Ý'Ú�ß�Ø�Ö Ø�Ù�ã�Ø�ÜÞ×îÜ^Øbê@×
â�ãqë�ã�×
ê ß�Ö Ý�Ö�Ý�â�íbã�ß�ã�Ý�Ö�ê Ø�Ú�Û�×2èlÚ�Ø�çÅß�ð2ã
ù ó ébß�ê@×
Ö�Ú�â�í�ñ¼Ú�Û@×^ç�è�Ø�ç,Ø�ã�Ý�â�ãqÜÞÝ�ê@×Þß�Ö Ú�ÛÅß�ã
çÅÝ'ç�×2èRð2Ý�Öüú�×�ã�×2ç�Ý'è�Ý'Ú�×
êòß�Ö�Ú�Ø^Ú�Û@è�×2×qà�è�Ø�ë@çÅã���ù¾è(ù¾Ú2ùÃÙ6×
Ý�ã�ß�úÅß�â�ß�Ú�íÞØ�Ù$è�×
Ý�â�ß��
Ý'Ú�ß�Ø�Ö��

� ù��9Øîã�ë�úÅã�Ú�Ý�Ö�Ú�ß�Ý�â\ð�Û�Ý�Ö�à�×Âß�Ö Ý�Ö�Ý�â�í�ã�ß�ã�ç�è�Øbð/×
ê�ë@è�×
ã�Ø�è&ã�Ø�Ù6Ú���Ý'è�×�ë@ç\ê�Ý'Ú�×�ß�ãDÖ@×2×
ê�×
ê\ù
� ù��9Øîã�ë�úÅã�Ú�Ý�Ö�Ú�ß�Ý�â\ð�Û�Ý�Ö�à�×Âß�Ö Ý�Ö�Ý�â�í�ã�ß�ã�ç�è�Øbð/×
ê�ë@è�×
ãDß�ãDÖ�×2×
ê@×
ê\ñ�úÅë�Ú�ã�Ø�Ù6Ú���Ý'è�×�ë@ç\ê�Ý'Ú�×�ß�ã�è�×
ì�ë�ß�è�×
ê\ù
� ù�øDÛ�Ý�Ö@à�×�ß�ÖáÝ�Ö�Ý�â�íbã�ß�ã�ç�è�Øbð/×
ê�ë@è�×
ã�ß�ã�è�×
ì�ë�ß�è�×
ê¼ù ó é�ß�ê�×
Ö«Ú�â�í�ñ�Ú�Û�ß�ã�è�×
ì�ë�ß�è�×
ã�Ü^Ø�è�×�ê�×2Ú�Ý�ß�â�×
êáð/Ø�Ö�ã�ß�ê�×2è�Ý��

Ú�ß�Ø�Öüß�ÖáÚ�Û@×qä?å�æáÝ�Ö�Ý�â�í�ã�ß�ãDð/Ø�ÜÞÜÂëÅÖ�ß�Ú�í�ù
õRÛÅß�ã�çÅÝ'ç�×2è�ß�ãqß�Ö�Ú�×
Ö�ê@×
ê Ú�Øòð/Ø�Ö�Ú�ß�Ö�ë@×îÝ ê�ß�ã�ð2ë�ã�ã�ß�Ø�ÖUØ�Ö Ú�Û@×îã�Ú�Ý�Ö�êÅÝ'è�ê�ß��
Ý'Ú�ß�Ø�Ö Ø�Ù�Ý�Ö�Ý�â�íbã�ß�ã�çÅè�Ø�ð/×
êÅë@è�×

Ý'Ú�Ú�Û@×iä?å�æUý&ø�ãqã�Ú�Ý'è�Ú�×
ê Ý'Ú�Ú�Û@×! �Ú�ÛÿäAåqæUý�Ö�Ý�â�íbã�ß�ã#" Ø�è$��ã�Û@Ø�ç ß�Öÿý&ç�è;ß�â ��%&%'� ñ>Ý�Ö�ê ë�Ö�ê@×2è�ã�Ú�Ý�Ö�ê(�&Û�×2è�×
ã�ë�ð;ÛüÝÞã�Ú�Ý�ÖÅê�Ý'è�ê�ß��
Ý'Ú�ß�Ø�Ö ß�ãDÜ^×
Ý�Ö�ß�Ö�à�Ù"ë�â3ù

)$Ë+*-,,Î�,/.0,/1�24352ÅÏ61'Ô3Ð Í87{Ò09:.�2�Ï«Ô?Í<;

õRÛ�×Þç�è�Ø�úÅâ�×
Ü ß�ãqÚ�Û�Ý'ÚÂÚ�Û@×îð/Ø�è�è�×
â�Ý'Ú�Ø�è�Ý�Ö�ê Ý�Ö�Ý�â�íbã�ß�ãqÚ�×
Ý�ÜÞãÂð/è�×
Ý'Ú�ß�Ö@àUÚ�Û@×îê�Ý'Ú�Ý'ú�Ý�ã�×
ãlØ�Ù"Ú�×
Ö ã�Ý
é�×µÚ�Û@×
ê�Ý'Ú�Ý'úÅÝ�ã�× é�×2è�ã�ß�Ø�Ö}Ö�ë�Ülú�×2è^Ý'Ù"Ú�×2èÞè�×	�3ç�è�Øbð/×
ã�ã�ß�Ö@à@ù õRÛ@×2è�×µÝ'è�×üÜîÝ�Ö«íûã�ë�ð�Ûû×	�@Ý�Ü^çÅâ�×
ãiØ�Ù9è�×	�3Ù"è�ß�Ö@à�ß�Ö�à@ñ7è�×	�
×
ê�ß�Ú�ß�Ö@à@ñDÝ�ê�ê�ß�Ö@à{Ö@×=� ê�Ý'Ú�Ý{Ø�è ß�Ö@Ù"Ø@ñ�×2Ú�ð'ù>�&Û@×
Ö ê�Ý'Ú�Ý'úÅÝ�ã�× Ö�Ý�Ü^× ß�ãïÖ@Ø�Úïð;Û�Ý�Ö@à�×
ê\ù¤õRÛ�ß�ã^è�×
ã�ë�â�Ú�×
ê ß�Ö

H/8�: �"!7#98;:;:;<&=>.0��.A��;�b��.0.A13���5BDC@�3�2E0.0.0�����5B;�
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ê�ß�µð2ë�â�Ú�ß�×
ãÂß�Ö{Ý�ë�Ú�Ø�ÜÞÝ'Ú�×
ê ë@ç\ê�Ý'Ú�×µØ�Ù9ß�Ö�ã�Ú�ß�Ú�ë@Ú�ß�Ø�Ö�Ý�âWÝ'è�ð�Û�ß�é�×
ã2ñWÝ�Ö�êûç�Ø�ã�ã�ß�ú�â�×îß�Ö�ð/Ø�ÖÅã�ß�ã�Ú�×
Ö�ð2ß�×
ãÂß�Ö{è�×
ã�ëÅâ�Ú�ã
Ø�ú�Ú�Ý�ß�Ö�×
êüß�Ö ê�ß�?�×2è�×
Ö�ÚDý&ø ë�ã�ß�Ö@à^ê�Ý'Ú�Ý'úÅÝ�ã�×
ã@�&ß�Ú�Û ê�ß�?�×2è�×
Ö�ÚRð/Ø�Ö«Ú�×
Ö�Ú2ù

ôWè�Ø�ç�Ø�ã�Ý�âA� ø�Û�Ý�Ö�à�×CBEDYé�×2è;ã�ß�Ø�ÖüÖ�ë�ÜÂú,×2èRß�Ö ð2Ý�ã�×�Ø�Ù7ý#�@F ë@ç\ê�Ý'Ú�×�ù
ý�Ö@Ø�Ú�Û@×2èÃß�ã�ã�ë@×Wè�×
â�Ý'Ú�×
ê�Ú�ØqÚ�Û@×�êÅÝ'Ú�Ý'úÅÝ�ã�×RÖ�ë�Ülú�×2è�ß�Ö@à&ß�ã$ÝHGI��Ö�Ý�â�J9é�×2è�ã�ß�Ø�Ö�Ö�ë�ÜÂú�×2è
ùK�UØ�ã�Ú�â�í�ß�Ú>ß�ãK @ñ�ú�ë@Ú

ã�Ø�Ü^×2Ú�ß�Ü^×
ã9ß�Ú&ß�ã � ùRý�ã�Ýîð/Ø�Ö�ã�×
ì�ë@×
Ö�ð/×�ñ,Ø�Ö@×�ß�ã&Ö@Ø�Ú�Ý�â���Ý
íbã9ã�ë�è�×C�&Û�ß�ð�ÛòêÅÝ'Ú�Ý'úÅÝ�ã�×Âß�ãRè�×
Ý�ê@í Ù"Ø�è9ã�ð2ß�×
Ö«Ú�ß���ð
Ý�Ö�Ý�â�íbã�ß�ã
ù

ôWè�Ø�ç�Ø�ã�Ý�âA� ó ã�Ú�Ý'ú�â�ß�ã�ÛáÝ^ã�Ú�Ý�Ö�êÅÝ'è�êáØ�Ù+Ú�Û�×�ð/Ø�Ö«Ú�×
Ö�ÚRØ�Ù$Ý^ê�Ý'Ú�Ý'úÅÝ�ã�×�é�×2è;ã�ß�Ø�Ö�ã � �L UþMß�Ù+ß�ÚRê@Ø�×
ãDÖ@Ø�ÚD×	�@ß�ã�Ú=M@ä
ð2Ý�Ö�Ö@Ø�Ú���Ö�ê ß�Ú2ñ�Û@ØN��×2é�×2è	�;ù

O$ËQP5R(SUT7Ð¼Ï
9V,,Î

õRÛ�×2è�×�Ý'è�×�Ú�Û@è�×2×qç�è�Ø�úÅâ�×
ÜîãW�&ß�Ú�ÛáÚ�Û@×�ð2ë@è�è�×
Ö«Ú ó Õ�ô ã�ë@úÅÜÞß�ã�ã�ß�Ø�Ö�ã2ù

� ùXB�ß�?�×2è�×
Ö«Úáý&ø�ãáè�×2ç�Ø�è�Ú ó Õ�ô Ý'Ú ê�ß�?�×2è�×
Ö�Úï×2ç�Øbð�Û�ãZYoã�Ø�Ü^× ë�ã�×+[9õ9ø Ý�ãµè�×
ì�ë�ß�è�×
ê ú�í Ú�Û@×UäAå�æ
Ý�Ö�ê{ä ó ö�æ ð/Ø�ÜlúÅß�Ö�Ý'Ú�ß�Ø�Öûð/×
Ö«Ú�×2è�ã
ñWã�Ø�Ü^×áë�ã�×µõ�B\D9ñ��&ÛÅß�ð�Û{ß�ãlß�ÖÅð/Ø�Ö�ã�ß�ã�Ú�×
ÖÅð/í ß�Ö ×2ç�Øbð�Û�ã�Ý'ÚiÚ�Û@×ïâ�×2é�×
â�Ø�Ù
]#^`_badc@]\e>fg%�hi%&%&%6j�k ñ��&ÛÅß�ð�Ûïß�ã�ÜÂë�ð;Ûµà�è�×
Ý'Ú�×2èDÚ�Û�Ý�ÖáÝ�ð2ð2ë@è�Ý�ð/íïØ�Ù¼è�×2ç�Ø�è�Ú�×
ê ó Õ�ô}×2ç�Øbð�Û�ã�þ %�hi%&%&%&%l�ma
a@%�hi%&%&%&%&%l� k �;ù

ôWè�Ø�ç�Ø�ã�Ý�âA� [�ã�×C[9õ�øoÙ6Ø�è&Ú�Û@× ó Õqô ×2ç�Ø�ð;Û�ãDß�ÖüÝ�ð2ð/Ø�è;ê�Ý�Ö�ð/×C�&ß�Ú�Û Ú�Û@×qä ó ö�æµÝ�ÖÅê ä?å�æµè�×
ì�ë�ß�è�×
Ü^×
Ö«Ú�ã
ù

� ù$ý�Ú â�×
Ý�ã�Ú Ún��Ø9ý&ø�ã�þLo�æb÷ Ý�Ö�êqä0ý�ý\��ð/Ø�ÜÞçÅë@Ú�×ÃÚ���Ø#��ß�ÖÅê�ã�Ø�Ù ó Õ�ôòã�×2è�ß�×
ã\Ø�ú�Ú�Ý�ß�Ö@×
êqÙ"è�Ø�Ü Ú�Û@×WÝ�ÖÅÝ�â�í�ã�ß�ã
Ø�Ù�Ú�Û@× �  �Û{å\pqD�äqã�×
ã�ã�ß�Ø�ÖÅã2ùµõ&Û@×r�Åè�ã�ÚqØ�Ö@×ïð/Ø�Ö�Ú�Ý�ß�Ö�ãÂã�×
ã�ã�ß�Ø�ÖÅã�Ù"Ø�ès�&Û�ß�ð�Û Ý�â�ât�Åé�× ó Õ�ô Ý'è�×Þ×
ã�Ú�ß�ÜÞÝ'Ú�×
ê¼ñ
Ú�Û@×lã�×
ð/Ø�Ö�êòØ�Ö�×lð/Ø�Ö«Ú�Ý�ß�Ö�ã&Ø�ÖÅâ�íµÖ�ë@Ú�Ý'Ú�ß�Ø�Öò×
ã�Ú�ß�ÜÞÝ'Ú�×
ã
ñ�ÜÞÝ�ß�ÖÅâ�íïÙ"Ø�è9ã�×
ã�ã�ß�Ø�Ö�ã��&ß�Ú�Û ç�Ø�Ø�èRà�×2Ø�Ü^×2Ú�è�í�ù��ÿß��@ß�Ö@à
Ú�Û@×
ã�×Âê�Ý'Ú�ÝÞß�Ö ã�ß�Ö@à�â�×E��â�×qã�×2×
ÜÞã&Ú�ØÞú�×�Ö@Ø�ÚRð/Ø�Ö�é�×
Ö�ß�×
Ö�Ú2ñ�Ý�Ö�êüÜîÝ
íáú�×�ð/Ø�Ö@Ù"ëÅã�ß�Ö@à@ù

ôWè�Ø�ç�Ø�ã�Ý�âA� äAÖÅð2â�ë�ê@×�ß�ÖµÚ�Û@× ó Õqô�æ5��â�×
ã�Ø�Ö�â�íïã�×
ã�ã�ß�Ø�Ö�ã�Ù"Ø�è��&Û�ß�ð;Û Ý�â�â,Ú�Û@× ó Õ�ô Ý'è�×q×
ã�Ú�ß�ÜÞÝ'Ú�×
ê¼ùÃäAÜÞçÅâ�×	�
Ü^×
Ö�ÚÃÚ�Û@×RÚ�ÛÅß�è�êiäAåqæ ó Õ�ô-�,â�×DÚ�í�ç�×�ñ�ß�Ö^Ý�êÅê�ß�Ú�ß�Ø�ÖiÚ�Ø ó Õ�ôWä>Ý�Ö�ê ó Õ�ô�æ,ñ&�&Û�ß�ð;Û^ÜÞÝ
í^ú�×RÖ�Ý�ÜÞ×
êÞÝ�ã ó Õ�ô��
Ú�Øu�&ß�Ú�ÛáØ�Ö�â�íáÜ^×
Ý�Ö�ß�Ö@à�ÙMë�â�Ö�ë@Ú�Ý'Ú�ß�Ø�Ö ×
ã�Ú�ß�ÜÞÝ'Ú�×
ã2ù

� ù^æ�Ø�Ü^×2Ú�ß�Ü^×
ã
ñ¼ê�ë@è�ß�Ö�àîÚ�Û@×ÞÝ�Ö�Ý�â�í�ã�ß�ã&Ø�Ù�Ú�Û@×iåEpKD�ä&è�×
ã�ëÅâ�Ú�ã2ñ\ß�Úqß�ã�×
ã�ã�×
Ö�Ú�ß�Ý�â$Ú�Øv�bÖ@Ø��X�&ÛÅß�ð�Û ã�Ú�Ý'Ú�ß�Ø�ÖÅã
çÅÝ'è�Ú�ß�ð2ß�çÅÝ'Ú�ß�Ö@à ß�Ö}Ú�Û�×òã�×
ã�ã�ß�Ø�Ö þMÝ�Ö�ê â�ß�ã�Ú�×
ê ß�Ö}Ú�Û@×UÜÞÝ�ã�Ú�×2èu�,â�×N�w��×2è�×òÝ�ð/Ú�ë�Ý�â�â�íûë�ã�×
ê Ù6Ø�èµð/Ø�Ü^çÅë@Ú�Ý'Ú�ß�Ø�Ö\ù
õRÛ@×2è�×s��Ø�ë�â�êüú�×�Ö@Øîç�è�Ø�úÅâ�×
Üdß�Öÿð2Ý�ã�×�Ø�Ù7è�×2ç�Ø�è�Ú�ß�Ö@àîÚ�Û@× ó Õ�ôoè�×
ã�ë�â�Ú�ã&ß�ÖòÚ�Û@×iæ�äZ� ó<x Ù"Ø�è�ÜÞÝ'Ú2ñ,úÅë@Ú@�9ß�Ú�Û
×	�@ß�ã�Ú�ß�Ö@àiä ó ö�æzy�ä?å�æ ó Õqô Ù6Ø�è;ÜÞÝ'Ú2ñÅß�ÚDß�ãDß�ÜÞç,Ø�ã�ã�ß�úÅâ�×9Ú�Ø^à�×2Ú&ã�ë�ð;Ûüß�Ö@Ù"Ø�è�ÜÞÝ'Ú�ß�Ø�Öµß�Ù+ÝiçÅÝ'è�Ú�ß�ð2ß�çÅÝ'Ú�ß�Ö@à^ã�Ú�Ý'Ú�ß�Ø�Ö
��Ý�ãR×	�@ð2â�ë�ê@×
êáÙ"è�Ø�Ü Ú�Û@×�Ý�ÖÅÝ�â�í�ã�ß�ã2ù

ôWè�Ø�ç�Ø�ã�Ý�âA� ä0Ö�ð2â�ë�ê�×�Ýîã�Ú�Ý'Ú�ß�Ø�Öÿâ�ß�ã�ÚRß�ÖüÚ�Û@× ó Õ�ôYâ�ß�Ö�×�ñ@ç�è�×2Ù"×2è�Ý'úÅâ�íáß�ÖüÚ�Û�×Ââ�Ý�ã�Ú��Å×
â�ê Ù"Ø�è�ð/Ø�Ö�é�×
Ö�ß�×
ÖÅð/×ÂØ�Ù
Ý^ç�è�Ø�ð/×
ã�ã�ß�Ö@à@ù

" ×�ñ�Ý'Ú�Ú�Û�×µä0ý�ýdý&ø�ñ7ß�Ö�ð2â�ëÅê@×ÞÚ�Û@× ã�Ú�Ý'Ú�ß�Ø�Ö â�ß�ã�ÚÂß�Ö Ú�Û@×áÜÞÝ�ã�Ú�×2è!�,â�×ïÙ"Ø�è�ÜÞÝ'ÚiÝ'Ú^Ú�Û@×µ×
Ö�êûØ�Ù9Ý ó Õ�ô
â�ß�Ö�× þMã�×2×|{~}��6}µÚ�Û�×r��â�×
ã�ß�Ý�Ý'Ø %'��%6j ù¾×2Ø�çÅßDÝ�Ö�ê ß�Ý�Ý'Ø %'��%6j ù¾×2Ø�ç�ã^ß�Ö Ú�Û@×ÞäAå�æ Ý'è�ð;Û�ß�é�×N�;ñ$Ý�Ö�ê Ù"Ø�ë�Ö�ê Ú�Û�ß�ãqé�×2è�í
ð/Ø�Ö�é�×
Ö�ß�×
Ö�ÚRÙ6Ø�è�ã�Ø�Ü^×C�bß�Ö�êµØ�Ù7Ý�Ö�Ý�â�íbã�ß�ã
ù<D�×
ã�ß�ê@×
ã2ñl��×�çÅë@ÚDÚ�Û�×lð2â�Øbð$�áè�×2Ù"×2è�×
Ö�ð/×lã�Ú�Ý'Ú�ß�Ø�Öòß�ÖáÚ�Û@×qú�×2à�ß�ÖÅÖ�ß�Ö@à
Ø�Ù>Ú�Û@×lâ�ß�ã�Ú2ñ��9Û�ß�ð�Û Ý�â�ã�Øîã�×2×
ÜÞãRÚ�ØÞú�×�ë�ã�×2ÙMë�â)ù

�ÃË��+Î&,,Î�Ô�Ð Í8SiÐq1'Ô)Î�Ô3Ð Í01`,�Í�ÑXP^Ó@Ó�2ÅÍ+Î�Ï«Ô�Ó@Ô3Î�Ôn2�1

äAÚÃã�×2×
ÜÞãWÚ�Øqú,×Rß�Ü^ç�Ø�è�Ú�Ý�Ö«Ú$Ú�ØlÝ�ð;Û�ß�×2é�×&Ý'à�è�×2×
Ü^×
Ö«Ú�Ý'ú�Ø�ë@ÚÃÛ�Ý�Ö�ê�â�ß�Ö@à�ã�Ú�Ý'Ú�ß�Ø�Ö^×
ð2ð/×
Ö�Ú�è�ß�ð2ß�Ú�ß�×
ãÃÝ�Ö�êÞß�è�è�×2à�ë��
â�Ý'è�ð�Û�Ý�Ö�à�×
ãDß�Öîã�Ú�Ý'Ú�ß�Ø�Öïç�Ø�ã�ß�Ú�ß�Ø�Ö�ãWß�ÖïÝ�ë�Ö�ß�Ù"Ø�è�ÜX��Ý
íïÚ�Ø^Ý
é�Ø�ß�êµç�Ø�ã�ã�ß�ú�â�×&ð/Ø�Ö@ÙMë�ã�ß�Ø�ÖÅã2ù+äAÚ�ã�×2×
ÜÞã�è�×
Ý�ã�Ø�Ö�Ý'ú�â�×
Ú�ØÞë�ã�×qÝ�Öá×
ð2ð/×
Ö�Ú�è�ß�ð2ß�Ú?íïØ�ÖÅâ�íÞÙ"Ø�èDÚ�Û@×qã�Ú�Ý'Ú�ß�Ø�Ö�ã��9Û@Ø�ã�×�Ø�úÅã�×2è�é'Ý'Ú�ß�Ø�Ö�ã�Ý'è�×qè�×
â�Ý'Ú�×
êáÚ�Ø^Ú�Û@×�à�×2Ø�ê�×2Ú�ß�ðqÜÞÝ'è$�ïØ�è
Ø�Ú�Û@×2èDç�Ø�ß�Ö�Ú�ê�ß�?,×2è�×
Ö�Ú�Ø�Ù+Ý��b×
ãDß�Ö«Ú�×2è;ã�×
ð/Ú�ß�Ø�Ö\ù�Õ�Ö�×#��×
â�â���Ö�Ø��&Öµ×	�@Ý�Ü^çÅâ�×�ß�ã�õ9æ�[E�C[ED �&� ù7ä0Öáã�ë�ð;Û ÝÂð2Ý�ã�×�ñ

�"!$#98�:-:�<�=>.A�5.A����b��.0.?13����BRC��3�2EA.0.�������B-� H-8~�
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ß�Ö�Ú�è�Øbê�ë�ð2ß�Ö@àïÝ���ë�Ü^ç ß�ÖUÚ�Û@×�ã�Ú�Ý'Ú�ß�Ø�Ö ç�Ø�ã�ß�Ú�ß�Ø�ÖUã�×2×
ÜÞã�Ú�Øáú,×�ç�è�×2Ù"×2è�Ý'úÅâ�×lÚ�Ø Ý
é�Ø�ß�ê Ý�Ö ß�Ö�ð/Ø�ÖÅã�ß�ã�Ú�×
Ö�ð/ív�9ß�Ú�Û
Ú�Û@×�ä0õRö9÷�ù

ôWè�Ø�ç�Ø�ã�Ý�âA� [9ã�×i×
ð2ð/×
Ö�Ú�è�ß�ð2ß�Ú?íUÙ"Ø�èvG��QJvB�Õ\� ó æòØ�Ö�â�í�ñ\Ù6Ø�è�Ø�Ú�Û@×2èq×2é�×
Ö�Ú�ã�y$��ë�Ü^çÅãqë�ã�×�ð;Û�Ý�Ö@à�×Þß�Öÿð/Ø�Ø�è$�
ê�ß�ÖÅÝ'Ú�×
ãRÝ�Ö�ê\ñl�&Û�×
Ö Ö@×
ð/×
ã�ã�Ý'è�í�ñÅé�×
â�Ø�ð2ß�Ú�í þ${~}��6}WÙ6Ø�è�o�äZp>ø�ö óWó � Ý'Ù"Ú�×2è&Ú�Û�×q×
Ý'è�Ú�Û�ì�ë�Ý���×N�;ù

�$Ë+� Ð7Ñ<2���1

äAÚ9ã�×2×
Üîã&×2ébß�ê@×
Ö�ÚRÚ�Û�Ý'Ú�Ý�â�â ý&ø ã�Û@Ø�ë�â�ê ã�ë@úÅÜÞß�ÚDÚ�Û@×
ß�è&è�×
ã�ë�â�Ú�ãDÚ�ØïÚ�Û@×Âð/Ø�ÜÂúÅß�ÖÅÝ'Ú�ß�Ø�Öòð/×
Ö�Ú�×2è�ã�ë�ã�ß�Ö�à^Ú�Û@×
ã�Ý�Ü^× à�×2Ø�ç�Û«íbã�ß�ð2Ý�âDÜ^Øbê@×
â�ã
ù ä?Ù9Ú�Û�ß�ã^ß�ãiÖ@Ø�ÚiÚ�Û@×üð2Ý�ã�×�ñ�ß�Ö�×2é�ß�Ú�Ý'ú�â�í ã�íbã�Ú�×
ÜÞÝ'Ú�ß�ð ê�ß�?,×2è�×
ÖÅð/×
ãiú,×2Ú���×2×
Ö Ú�Û@×
ã�Ø�â�ë�Ú�ß�Ø�Ö�ã^Ø�ú�Ú�Ý�ß�Ö@×
ê ß�Ö ê�ß�?�×2è�×
Ö«Úïý&ø�ã5�9ß�â�â�þMÝ�Ö�ê ê@Ø
�i×	�@ß�ã�Ú��&Û�ß�ð;Û ß�ãîêÅß�ïð2ë�â�ÚiÚ�Ø}Ý�ð2ð/Ø�ë�Ö�ÚïÙ"Ø�èïê�ë�è�ß�Ö@à
ð/Ø�Ü^çÅÝ'è;ß�ã�Ø�ÖµÝ�Ö�êáð/Ø�ÜlúÅß�Ö�Ý'Ú�ß�Ø�Ö\ù ó ébß�ê@×
Ö�Ú�â�í�ñbÜ^Øbê@×
â�ãWëÅã�×
êµÙ6Ø�è�å\pqD�äWê�Ý'Ú�Ý�Ý�Ö�Ý�â�íbã�ß�ã�ã�Û@Ø�ë�â�êÞú�×�ð/Ø�ÖÅã�ß�ã�Ú�×
Ö�Ú
�&ß�Ú�ÛÂØ�Ú�Û@×2èÃã�ç�Ý�ð/×�à�×2Øbê@×
ã�íÂÚ�×
ð�Û�ÖÅß�ì�ë�×
ã$Ú�Ø�Ý(é�Ø�ß�ê^ã�íbã�Ú�×
ÜÞÝ'Ú�ß�ð�ê�ß�?,×2è�×
ÖÅð/×
ã+ú�×2Ú���×2×
ÖiÚ�Û@×
Üüñ'�&Û�ß�ð;ÛÂÜîÝ
íµþMÝ�ÖÅê
ê@Ø
��à�ß�é�×qè�ß�ã�×qÚ�ØÞ×2è�è�Ø�è�ãDØ�Ù>Ú�Û@×���ÖÅÝ�â�ä?å�æáÝ�Ö�ê ä ó ö�æïç�è�Øbê�ë�ð/Ú�ã2ù

ö&×
ð/×
Ö«Ú�â�í�ñ�o�Ø�êÅê�Ý'è�êlÝ�ÖÅêlå�ß�×
Ö�Ö�Ý&Ú�×
Ý�ÜÞã$Ý�ð2ð/Ø�Ü^çÅâ�ß�ã�Û@×
êlÝ�Û�Ý'è�ê�Ý�Ö�ê�ß�Ü^ç�Ø�è�Ú�Ý�Ö�Úq��Ø�è$��Ø�Ö�ð/Ø�Ü^çÅë@Ú�Ý'Ú�ß�Ø�Ö
Ý�Ö�ê ê�ß�ã�Ú�è�ß�úÅë�Ú�ß�Ø�Ö Ø�Ù�ê�Ý'Ú�Ý è�×
â�Ý'Ú�×
ê Ú�Ø Ü^Øbê@×
â�â�ß�Ö�àUÝ'Ú�Ü^Ø�ã�ç�Û@×2è�ß�ð â�Ø�Ý�êÅß�Ö@à Ý�Ö�ê ÜÞÝ'ç�çÅß�Ö@à Ù"ë�ÖÅð/Ú�ß�Ø�Ö\ù{õ&Û@×
ç�è�Ø�é�ß�ê@×
êw��â�×
ã7Ý'è�×9ð/Ø�Ö«é�×
Ö�ß�×
Ö«ÚÃ×
Ö�Ø�ë@à�Û^Ù"Ø�èÃ×
Ý�ã�í^ß�Ü^çÅâ�×
Ü^×
Ö«Ú�ß�Ö@à9Ø�Ù,Ú�Û@×
ã�×9Ü^Ø�ê�×
â�ã7ß�ÖiÝ�ÖîÝ�Ö�Ý�â�í�ã�ß�ã>ã�Ø�Ù6Ú���Ý'è�×�ñ
Ý�Ö�êïÝ�â�âÅý&ø�ã�ã�Û@Ø�ë�â�ê^ú�×R×
Ö�ð/Ø�ë@è�Ý'à�×
êïÚ�Øiê@Ø�Ú�Û�Ý'Ú�Ý�ã�ã�Ø�Ø�ÖµÝ�ãWç�Ø�ã�ã�ß�úÅâ�×�þMÝ�â�Ú�Û@Ø�ë@à�Û¼ñ�ã�Ú�è�ß�ð/Ú�â�í^ã�ç�×
Ý���ß�Ö�à@ñ«Ý'Ù6Ú�×2è
Ý�Ö^Ý'ç�ç�è�Ø(é'Ý�â�Ø�Ù�Ú�Û@×�ä?å�æ�ý�Ö�Ý�â�íbã�ß�ã7ø�Ø�Ø�è;ê�ß�Ö�Ý'Ú�Ø�è~M�ß�ÖÂç�Ý'è�Ú�ß�ð2ë�â�Ý'è>Ø�Ö@×�Ø�ÙÅÚ���Ø�ð/Ø�ÜÞçÅë@Ú�×
ê^ÜÞÝ'ç�ç�ß�Ö@à&ÙMë�Ö�ð/Ú�ß�Ø�Ö�ã
ã�Û@Ø�ëÅâ�êµú,×qè�×
ð/Ø�ÜÞÜ^×
Ö�ê@×
ê��;ù

�UØ�è�×2Ø(é�×2è(ñlß�Úüã�×2×
ÜÞãüè�×
Ý�ã�Ø�Ö�Ý'úÅâ�× Ú�Ø Û�Ý
é�×{Ý ã�ß�Ö@à�â�× ç�è�Ø�ð/×
ê�ë�è�× Ý�Ö�ê ê�Ý'Ú�Ý4��â�×
ã þ"Ú�Ø ×
â�ß�ÜÞß�Ö�Ý'Ú�× Ú�Û@×
ð/Ø�Ü^çÅë�Ú�Ý'Ú�ß�Ø�Ö�Ý�â�×	?�Ø�è�Ú�ã2ñbã�ß�ÜÞçÅâ�ß�Ù"í���â�×Rê�Ø��&Ö�â�Ø�Ý�ê�ß�Ö@à�Ý�Ö�êïß�Ü^çÅâ�×
Ü^×
Ö«Ú�Ý'Ú�ß�Ø�ÖÞß�ÖÞÝ�Ö�Ý�â�í�ã�ß�ãÃã�Ø�Ù"Ún��Ý'è�×N�7Ù"Ø�è�ð/Ø�Ür�
çÅë@Ú�Ý'Ú�ß�Ø�ÖµÝ�ÖÅê ê�ß�ã�Ú�è�ß�úÅë@Ú�ß�Ø�ÖîØ�Ù+Ý�â�â�Ý'Ú�Ü^Ø�ã�ç�Û@×2è�×�è�×
â�Ý'Ú�×
ê Ü^Øbê@×
â�ãqþMâ�Ø�Ý�êÅß�Ö@à@ñ@ÜÞÝ'ç�çÅß�Ö@àÂÙMë�Ö�ð/Ú�ß�Ø�Ö\ñ�à�è;Ý�ê�ß�×
Ö�Ú�ã2ñ
ù�ù�ù�ñÅã�Ø�ÜÞ×2Ú�Û�ß�Ö@à^×
â�ã�×N�N�;ñÅß�Ù Ù"×
Ý�ã�ß�úÅâ�×�ù

�9Ø���×2é�×2è
ñÅã�Ø�ÜÞ×�Ü^Øbê@×
â�ã�ã�Ú�ß�â�âÅÖ@×2×
êµÚ�Øiú�×9ã�Ú�Ý�Ö�êÅÝ'è�ê�ß��2×
ê\ùWÕ�ð/×
Ý�Öáâ�Ø�Ý�êÅß�Ö@à@ñbÛ«íbê@è�Ø�â�Ø�à�í�ñbÝ�Ö�Ú�×
Ö�Ö�Ýiê@×2Ù"Ø�è��
ÜÞÝ'Ú�ß�Ø�ÖÅã2ñ¼è�Ø�Ú�Ý'Ú�ß�Ø�ÖÅÝ�âÃê@×2Ù"Ø�è�ÜÞÝ'Ú�ß�Ø�Ö�ã�Ø�Ù�Ú�Û@× ó Ý'è�Ú�Û\ñ¼×2Ú�ð'ù�ñ>ß�Ö���ë@×
ÖÅð/×iÜîÝ�ß�Ö�â�íüØ�Ö Ú�Û�×^×
ã�Ú�ß�ÜÞÝ'Ú�×
ãlØ�Ù�ã�Ú�Ý'Ú�ß�Ø�Ö
ð/Ø�Ø�è�ê�ß�Ö�Ý'Ú�×
ã
ù�[�ã�ß�Ö@àáê�ß�?�×2è�×
Ö�Ú�Ü^Øbê@×
â�ã�Ø�Ù�Ú�Û@×^ê�Ý�ß�â�íüÝ�ÖÅê ã�ë@ú\ê�Ý�ß�â�í ó Õ�ôYé5Ý'è;ß�Ý'Ú�ß�Ø�Ö�ã�â�×
Ý�ê�ã�Ú�ØüÝ�Ö ß�Ö�ð/Ø�Ö��
ã�ß�ã�Ú�×
Ö�ð/íµß�ÖáÚ�Û@×lÖ�ë@Ú�Ý'Ú�ß�Ø�Öüã�×2è;ß�×
ã2ù

p ×2Ú�ëÅã�ð/Ø�Ö�ã�ß�ê@×2èDã�Ø�Ü^×�×	�bÝ�ÜÞçÅâ�×
ã�Ø�Ù ß�Ö�ð/Ø�ÖÅã�ß�ã�Ú�×
Ö�ð2ß�×
ã�ß�Öµë�ã�×
êµÜ^Øbê@×
â�ã�Ý�Ö�êµç�Ø�ã�ã�ß�úÅâ�×Rð/Ø�Ö�ã�×
ì�ë@×
Ö�ð/×
ã�Ù"Ø�è
ã�ð2ß�×
Ö�Ú�ß���ðlÝ�Ö�Ý�â�íbã�ß�ã2ù�ý9â�ã�Øïâ�×2Ú9ë�ã���×2×2ç ß�ÖüÜîß�Ö�ê Ú�Û�Ý'Ú�Ü^Øbê@×2è�Ö à�×2Øbê@×2Ú�ß�ð�Ý�Ö�Ý�â�íbã�ß�ãRê�Ø�×
ã&Ú�è�í Ú�ØïÝ�ð;Û�ß�×2é�×iÝ�Ö
ÜÞÜdâ�×2é�×
â\Ø�Ù>Ý�ð2ð2ë�è�Ý�ð/í�ù

� ùm[9ã�ß�Ö@àÞÖ�ëÅÜ^×2è�ß�ð2Ý�â\Ý'Ú�Ü^Ø�ã�çÅÛ@×2è�ß�ðqâ�Ø�Ý�ê�ß�Ö@àÞÝ�Ö�êòÜÞÝ'ç�çÅß�Ö�à�ÙMë�Ö�ð/Ú�ß�Ø�Ö Ü^Ø�ê�×
â�ãRë�ã�ß�Ö@à^ê�ß�è�×
ð/ÚDç�è�Ø�ð/×
ã�ã�ß�Ö@à
Ø�Ù9Ö�ë�Ü^×2è;ß�ð2Ý�âm��×
Ý'Ú�Û@×2èÞêÅÝ'Ú�Ý ç�è�Ø(é�×
ã^ß�Ú�ãiú,×
Ö�×	�ÅÚ2ù ý9ã^Ýÿè�×
ã�ë�â�Ú2ñ<��× ÜÞÝ
í{×	��ç�×
ð/Ú^Ú�Û�Ý'Ú^Ü^Ø�è�× Ý�Ö�ê ÜÞØ�è�×
ð/×
Ö�Ú�×2è�ã��&ß�â�âÅð/Ø�Ü^çÅë�Ú�×�Ú�Û�Ø�ã�×�Ü^Øbê@×
â�ã�Ù6Ø�èRã�ç�Ý�ð/×�à�×2Øbê@×
ã�íµê�Ý'Ú�Ýiç�è�Øbð/×
ã�ã�ß�Ö@à@ùt�&ØN��×2é�×2è
ñ�ß�ÚW��Ø�ë�â�êîú�×që�ã�×2ÙMë�â
Ù"Ø�è�ç�è�Ø�ç�×2è�ß�Ö�Ú�×2è�ç�è�×2Ú�Ý'Ú�ß�Ø�Ö Ø�Ù�è�×
ã�ë�â�Ú�ã�Ú�Øòð/Ø�ÜÞçÅÝ'è�×ÞÚ�Û@×îè�×
ã�ë�â�Ú�ãqð/Ø�ÜÞçÅë@Ú�×
ê Ý'Ú�Ú�Û�×^é5Ý'è�ß�Ø�ë�ã�ð/×
Ö�Ú�×2è�ã2ùî÷@Ø�è
ß�Ö�ã�Ú�Ý�Ö�ð/×�ñDÝ ú�è�ß�×2Ù9ð/Ø�Ü^çÅÝ'è;ß�ã�Ø�Ö Ø�Ù�Ú�Û@×UÚ�Û@è�×2×òÝ'Ú�ÜÞØ�ã�çÅÛ@×2è�ß�ðüâ�Ø�Ý�ê�ß�Ö�à Ü^Ø�ê�×
â�ãÞð/Ø�Ü^çÅë�Ú�×
ê Ý'ÚîÚ�Û�×+o�æb÷+ø�ñ
Õ�æ�Õ¤Ý�ÖÅê���ô0p ã�Û@ØN�&ã&êÅß�ã�Ý'à�è�×2×
Ü^×
Ö�Ú&ß�Öáú�Ø�Ú�ÛüÛ�×
ß�à�Û«ÚRÝ�ÖÅêüÛ@Ø�è�ß��2Ø�Ö�Ú�Ý�â¼ð/Ø�Ü^ç�Ø�Ö@×
Ö�Ú�ã&Ý'Ú�ÝÞâ�×2é�×
â\Ø�Ù7ã�×2é�×2è;Ý�â
ÜÞß�â�â�ß�Ü^×2Ú�×2è�ãWÙ6Ø�èRß�Ö�ê�ß�ébß�ê�ë�Ý�âb×2ç�Øbð�Û�ãDÝ�ÖÅêµë�çµÚ�Ø � ÜîÜ ß�ÖïÚ�Û�×�Ý�ÜÞçÅâ�ß�Ú�ë�ê�×&Ø�Ù+ã�×
Ý�ã�Ø�Ö�Ý�â\ð/Ø�Ü^ç�Ø�Ö@×
Ö�Ú�ã2ù ó é�×
Ö
â�Ý'è�à�×2è&×	?,×
ð/Ú�ã9ð2Ý�Ö ú�×�ã�×2×
Öv�&Û@×
Ö ëÅã�ß�Ö@àiê�ß�?�×2è�×
Ö�ÚDé5Ý�â�ë�×
ã�Ø�Ù+Ú�Û@×lè�×2Ù6×2è�×
Ö�ð/×qç�è�×
ã�ã�ë@è�×qÝ�Ö�ê�y�Ø�èRÚ�Ø�ç�Ø�à�è�Ý'ç�Û«í
Ü^Øbê@×
â�ã

� ù ý ç�è�×
â�ß�ÜÞß�ÖÅÝ'è�í è�×
ã�ë�â�Ú�ãiØ�Ù9Ú�Û@×r��ë�ã�ÚÞã�Ú�Ý'è�Ú�×
ê äAå�æ}ôWß�â�Ø�ÚiôWè�Ø���×
ð/ÚÞØ�Ö úÅÝ�ã�×
â�ß�Ö@× â�×
Ö@à�Ú�Û ã�Û@Ø�� Ú�Û@×
ã�íbã�Ú�×
ÜÞÝ'Ú�ß�ðUê�ß�?�×2è�×
Ö�ð/×
ã^ú�×2Ú���×2×
Öoß�Ö�ê�ß�é�ß�êÅë�Ý�â�ã�Ø�â�ë@Ú�ß�Ø�Ö�ã^Ý'ÚµÝ â�×2é�×
â&Ø�Ùqã�×2é�×2è�Ý�â�ÜÞß�â�â�ß�Ü^×2Ú�×2è�ãv� �	� ùoä?Úµð2Ý�Ö
ú�×î×
Ý�ã�ß�â�í ã�×2×
ÖûÚ�Û�Ý'Ú�Ú�Û�Ý'Ú�ÜîÝ
í è�×
ã�ë�â�Ú�Ù"è�Ø�Ü ß�Ö�ð/Ø�ÖÅã�ß�ã�Ú�×
Ö�ð2ß�×
ãîþ��&Û�ß�ð;Û è�×
Ý�â�â�í ×	�@ß�ã�Ú��lß�Ö ý&ø�ã~�+ç�è�Ø�ð/×
ã�ã�ß�Ö@à
ã�Ú�è�Ý'Ú�×2à�í�ùW�UØ�ã�ÚR×2ébß�ê@×
Ö�ÚDØ�Ù>Ú�Û�Ø�ã�×�Ý'è�×�Ú�Û@×lÙ6Ø�â�â�Ø��&ß�Ö�à@ù

� B�ß�?�×2è�×
Ö�Ú7Û�Ý�Ö�ê�â�ß�Ö@àlþ"Ø�èÃß�à�Ö@Ø�è�ß�Ö@à
�,Ø�ÙÅÚ�Û�×�Ý�Ö�Ú�×
Ö�Ö�Ý�Ú�Û@×2è�ÜîÝ�â�ê@×2Ù"Ø�è�ÜÞÝ'Ú�ß�Ø�Ö\ñ�ß�Ö�ð2â�ë�êÅß�Ö@àRë�ã�ß�Ö@à&ê�ß�?�×2è�×
Ö�Ú
è�×2Ù6×2è�×
ÖÅð/×�Ú�×
Ü^ç�×2è�Ý'Ú�ë@è�×
ã
ñ�ÜÞÝ
í â�×
Ý�ê Ú�ØîúÅß�Ý�ã�×
ãRÝ�ÖÅêüã�×
Ý�ã�Ø�Ö�Ý�â¼Ú�×2è�ÜÞã&Ý'Ú9Ý^â�×2é�×
â¼Ø�Ù � � � ÜÞÜ�� ��� ù
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� [�ã�ß�Ö�àiêÅß�?,×2è�×
Ö«ÚRÜÞÝ'çÅçÅß�Ö@à�Ù"ëÅÖ�ð/Ú�ß�Ø�Ö�ãDâ�×
Ý�êÅãDÚ�Øîã�ð2Ý�â�×�êÅß�?,×2è�×
Ö�ð/×
ã�Ø�Ù7Ý'ú,Ø�ë�ÚRã�×2é�×2è�Ý�â\Ú�×
Ö�Ú�Û�ãRçÅç�ú¼ñ���}�{~}
Ý'ú�Ø�ë@Ú % ù ���
% ù� áÜÞÜ�y��ÿÜ ß�ÖáÚ�Û@×qúÅÝ�ã�×
â�ß�Ö@×qâ�×
Ö@à�Ú�Ûd� ��� ù

� [�ã�ß�Ö�àiêÅß�?,×2è�×
Ö«Ú�è�×
â�Ý'Ú�ß�é�ß�ã�Ú�ß�ð9ÜÞØ�ê@×
â�ã�þ${�}��
}Ãä ó ö�æ �~ & &� Ý�Ö�ê ��%&%'� ��â�×
Ý�ê�ã�Ú�ØÞÚ�Û@×qã�ð2Ý�â�×�êÅß�?,×2è�×
Ö�ð/×qß�Ö
Ú�Û�×�úÅÝ�ã�×
â�ß�Ö@×qâ�×
Ö@à�Ú�Ûv¡0¢ f % ù j ç�ç�ú¼ñ��A}�{~} % ù j ÜÞÜ�y��ÿÜ ù

� [�ã�ß�Ö�àRê�ß�?�×2è�×
Ö«Ú+Ü^Ø�ê�×
â�ã\Ù"Ø�è ç�Ø�â�Ý'è¼Ú�ß�ê�×�ñ�Ü^Ø�è�×�ç�è�×
ð2ß�ã�×
â�í9ê�ß�?,×2è�×
Ö�Ú Ü^Øbê@×
â�Ù"Ø�è+ÜÞ×
Ý�Ö�ç�Ø�â�×&þ��2×2è�Ø9é5Ý�â�ë�×
ã
ébã2ù7ä ó ö�æ^è�×
ð/Ø�ÜîÜ^×
Ö�ê@×
êáÝ�ð/Ú�ë�Ý�â�Ü^×
Ý�Öµç�Ø�â�×�ð/Ø�Ø�è�êÅß�Ö�Ý'Ú�×
ã��Wâ�×
Ý�ê�ã�Ú�ØiÚ�Û@×qê�ß�?�×2è�×
Ö�ð/×9ß�ÖîÚ�Û@×�úÅÝ�ã�×
â�ß�Ö@×
â�×
Ö@à�Ú�ÛüÜ^Ø�è�×qÚ�ÛÅÝ�Ö �~£ ÜÞÜdÙ6Ø�èRè�×
ð/×
Ö«ÚR×2ç�Øbð�Û�ã&Ý�Ö�ê úÅÝ�ã�×
â�ß�Ö@×
ãDâ�Øbð2Ý'Ú�×
êüß�Ö ê�ß�?,×2è�×
Ö�ÚRÛ@×
ÜÞß�ã�çÅÛ@×2è�×
ã
ù

ó é�ß�ê�×
Ö«Ú�â�í�ñ«ç�è�Ø�ç�×2èWð/Ø�Ü^çÅÝ'è;ß�ã�Ø�Ö\ñ«ð/Ø�ÜÂúÅß�ÖÅÝ'Ú�ß�Ø�ÖîÝ�Ö�êîß�Ö«Ú�×2è�ç�è�×2Ú�Ý'Ú�ß�Ø�Ö^Ø�Ù\Ú�Û�×RúÅÝ�ã�×
â�ß�Ö@×Râ�×
Ö@à�Ú�ÛÞã�×2è�ß�×
ãWÝ'Ú�Ý
ÜÞß�â�â�ß�Ü^×2Ú�×2è â�×2é�×
â�Ø�Ù�Ý�ð2ð2ë@è�Ý�ð/íÂß�ã+ß�ÜÞç,Ø�ã�ã�ß�úÅâ�×t�9ß�Ú�Û@Ø�ë@Ú>Ý9ð/Ø�è�è�×
ð/Ú�ß�Ø�ÖiØ�ÙÅß�Ö�êÅß�é�ß�ê�ë�Ý�â'ã�×2è�ß�×
ã+Ù"Ø�è>Ú�Û�×�ê�ß�?,×2è�×
ÖÅð/×
ã
ß�ÖáÚ�Û@×�ß�Ö�ê�ß�ébß�ê�ë�Ý�â�ý&ø�ã=�ÅÜÞØ�ê@×
â�ã2ù

ôWè�Ø�ç�Ø�ã�Ý�âA� ý�â�â&ÜÞØ�ê@×
â�ãïë�ã�×
ê Ù"Ø�èïÚ�Û@×ÿå\pqD�äÞÝ�Ö�Ý�â�íbã�ß�ãïã�Û@Ø�ë�â�ê ú�×òð/Ø�Ö�ã�ß�ê�×2è�×
ê\ñRÝ�Ö�êb��Ý(í�ãáÙ"Ø�èïÚ�Û�×
ß�è
ã�Ú�Ý�Ö�êÅÝ'è�ê�ß��
Ý'Ú�ß�Ø�Ö ã�Û@Ø�ë�â�êµú�×�ê�ß�ã�ð2ëÅã�ã�×
ê\ù

ó é�ß�ê�×
Ö«Ú�â�í�ñ,Ú�Û�ß�ã9Ú�Ø�çÅß�ð�ß�ã�ê�ß�ïð2ëÅâ�Ú&Ú�Ø Ý'à�è�×2×�ùC�UØ�è�×2Ø(é�×2è(ñ ß�Ü^ç�è�Ø(é�×
Ü^×
Ö�Ú�Ø�ÙÃÚ�Û@×^Ü^Øbê@×
â�ã&ß�ã�Ý�Ö Ö�Ý'Ú�ë�è�Ý�â
Ú�Ý�ã��UÙ6Ø�è�Ý�â�â$ý&ø�ã
ù��9×2é�×2è�Ú�Û@×
â�×
ã�ã
ñ¼ß�Úqã�×2×
ÜÞã�Ú�Ø ú�×�Ö�×
ð/×
ã�ã�Ý'è�íÿÚ�Ø`��Ö�ê Ý`��Ý(íUÚ�Øüð/Ø�ÜÂúÅß�Ö@×iý&ø�ã=�¼ß�Ö«Ú�×2è�×
ã�Ú�ã
�&ß�Ú�ÛÂÚ�Û@×�äAåqæÂØ�Ö@×
ã
ù>ý ç,Ø�ã�ã�ß�úÅâ�×�ã�Ú�è�Ý'Ú�×2à�íiß�ã>Ú�Øqë�ã�×�Ú�Û@×Dã�Ý�Ü^×Dð/Ø�Ö�é�×
Ö«Ú�ß�Ø�ÖÅÝ�â�Ü^Øbê@×
â�ã+Ù6Ø�èÃã�ë�úÅÜÞß�ã�ã�ß�Ø�Ö�Ø�Ù�Ú�Û@×
è�×
ã�ëÅâ�Ú�ã$Ú�ØlÚ�Û@×&ä?å�æiÝ�Ö�ê^ä ó ö�æ,ñ�Ý�Ö�êÞëÅã�×R×	�bÚ�×
Ö�ê@×
ê�y5ß�ÜÞç�è�Ø(é�×
êïÜ^Øbê@×
â�ã$Ù"Ø�èWØ�Ú�Û@×2è�ã�ð2ß�×
Ö�Ú�ß���ðDß�Ö�é�×
ã�Ú�ß�à�Ý'Ú�ß�Ø�ÖÅã2ù
�9×2è�×C��×lð/Ø�Ö�ã�ß�ê�×2èDÚ�Û@×�õRö&÷ Ý�ÖÅêòø�ö&÷}è�×
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Difference K4 - INTENSIVE TSUKUBA-WETTZELL minus IERS C04, WRMS=19.3 micro sec

Difference INTENSIVE KOKEE-WETTZELL minus IERS C04, WRMS=11.4 micro sec
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Ë	Ì9Í ñ ÖHÙ�ÞBÍDÛ�Û±ÝæÙ�Ö	ØÜÔFÕ<ÖHÙ�é9ë9Þ�ØÜÔ9ïµ×�Ô9él×�é4Ù ñ ÕHØÜÔ4ïUÕHÌ4Í�ÎHÏ±Ð0Ñ ðg×�Û0é4Í�ÕH×�ØÜÚ�ÍDé¥×�Ô9élÚ�ÍDÔ9ï�ÕHÌ?ç�÷��»á�Ö�ß ÕHÌ4Í�Ù�ÖHÍ�Õ�å
ØÜÞ�×�Ú"Ý(Ö�×�ß¸Í�ðgÙ�Ö:9�òiÛHë;��Þ�Ø�ÍDÔ?Õ�Ù�ô�ÛHÍ�Ö õ ×�ÕHØÜÙrÔ9×�ÚRé9×�ÕH×�ò�ÍDÛHÕH×�ô�ÚÜØÜÛHÌ9ÍDé-��� �WÎ�×�Ô9×�Ú�ç�ÛHØÜÛDò�×�Ô]ÍBó ñ ÍDÞBÕH×�ÕHØ�ÙrÔ Ù�ÝWÙ�Ö�é9Í�Ö
Ù�Ý"ßö×�ïrÔ9Ø�ÕHë9é9Í+ØÜß ñ ÖHÙ õ ÍDßöÍDÔ?Õ�Ù õ Í�Ö0ÕHÌ4ÍzÛ<Õ<ÍDÚîÚÜ×�Ö�ÞBÍDÚ�ÍDÛ<ÕHØÜ×�Ú_ÖHÍ�Ý(Í�ÖHÍDÔ9ÞBÍ�Ý(Ö�×�ß¸Í�ò9×�Ô�é ñ ÖHÍ ñ ×�Ö�×�ÕHØÜÙrÔèÙ�Ý%ÕHÌ4Íz×�Û<Õ<Ö�Ù�å
Ô4ÙrßöØîÞ�×�Ú�ÞBÙrßößµë�Ô9Ø�Õ2ç�ðgÍ�ÖHÍz×�ÚÜÚ�ØÜß ñ Ù�ÖHÕH×�ÔFÕ	ØÜÔl×¸ÛHßöÙFÙ�ÕHÌlÕ<Ö�×�Ô9ÛHØ�ÕHØ�ÙrÔ¥Ý(ÖHÙrß Ñ=<²úUÕ<ÙTÎ<Ï±Ð¯Ñg÷9Ë	Ì4Í�Ö�×�ÕHØ�ÙrÔ9×�ÚÜÍDÛ
Ý(Ù�Ö�ÕHÌ4Í�Ô4ÍBó�Õ±Ö�×�é�Ø�ÙµÖ�ÍD×�ÚÜØ�âD×�ÕHØ�ÙrÔl×�ÖHÍ�Ö�×�ÕHÌ9Í�Ö	é9Ø?>_Í�ÖHÍDÔ?Õ±×�Ô9é¥ÕHÌ4Í ñ Ö�Ù�ÞBÍDÛHÛ�ßT×DçTô_Í�Ú�ÍDÛHÛgÝ(Ù�Ö�ßö×�ÚÜÚÜçTÛ<Õ<Ö�ë9ÞBÕHë9ÖHÍDé�÷

��Ô9ÍªÖ�×�ÕHØ�ÙrÔ9×�Ú�ÍU×�Ô9é]× ñ ÖHÍ�ÖHÍDê�ë9ØÜÛ�Ø�Õ<ÍµØÜÛ�ë9ÛHÍ�Ý(ë9Ú"ØÜß ñ ÖHÙ õ ÍDßöÍDÔ?Õ�ØÜÔ ÕHÌ4Í¸ØÜÔFÕ<Ö�ØÜÔ9Û�ØÜÞzê�ë9×�ÚÜØ�Õ°çäÙ�ÝW×¥Ô4Í�ðPÖ�ÍD×�ÚJå
Ø�âD×�ÕHØ�ÙrÔ�÷"Ë0Ì4Í0ÚÜØÜßTØ�ÕH×�ÕHØ�ÙrÔ9ÛRÙ�Ý�ÕHÌ9Í0ÎHÏ±Ð0Ñ ×�Ö�Í0ÕHÌ4Í¯Í�ÖHÖHÙ�ÖWø�ÙFÙ�Ö�Ò(ÖHÍDÚÜ×�Õ<ÍDé�Õ<ÙµßöÙ�é4ÍDÚîØÜÔ4ï4òrÍDÛ<ÕHØîßö×�ÕHØ�ÙrÔ�ò�×�Ô9éTé�×�ÕH×
ØÜß ñ Í�ÖHÝ(ÍDÞBÕHØ�ÙrÔ9Û-à�ò�ÕHÌ9Í0é4ÍBá·Ô9ØîÔ4ï+ÛHÙrë4Ö�ÞBÍDÛ0Ò(Õ<Ù�Ù²Û ñ ×�Ö�Û<Í�ò?ë9Ô4Í õ ÍDÔ�Ú�çµé9ØîÛ<Õ<Ö�Ø�ô�ë9Õ<ÍDéµÛ ñ ×�ÕHØÜ×�ÚÜÚ�ç�òrØÜÔ�ÛHë;�èÞ�Ø�ÍDÔFÕHÚ�çzÛ<ÕH×�ô·Ú�Í
ØÜÔèÖHÍ�Õ<ÖHÙrÛ ñ ÍDÞBÕ�à�ò9×�Ô9é�é9×�ÕH×Ué9ØÜÛHÕ<Ö�Ø�ô�ë4ÕHØÜÙrÔäÒ(Ù õ Í�Ö�×�ÚîÚ�Û ñ ×�Ö�Û<ÍDÔ9ÍDÛHÛgÙ�Ý�Û<Ùrë4Ö�ÞBÍDÛ�×�Ô�é ñ ×�Ö�ÕHØÜÞ�ë9ÚÜ×�Ö±é4ÍBá·Þ�Ø�ÍDÔ�ÞBçTØÜÔèÕHÌ4Í
Û<Ùrë4ÕHÌ9Í�Ö�ÔèÌ9ÍDßöØÜÛ ñ Ì9Í�ÖHÍ�à�÷��W×�Þ�Ì¥Ù�Ý�ÕHÌ9ÍDÛ<Í¯ðgÍD×�9�Ô4ÍDÛHÛ<ÍDÛ�Þ�×�Ô�ô_Í¯ÛHØÜïrÔ9ØJá·Þ�×�ÔFÕHÚ�ç¸×�ß¸ÍDÚÜØ�Ù�Ö�×�Õ<ÍDéèô�çTé4Í õ ÍDÚÜÙ ñ ß¸ÍDÔFÕHÛ
ÛHØÜÔ�ÞBÍöí�����úö×�Ô9é¥ÍBó ñ ÍDÞBÕ<ÍDéäÞ�Ì�×�Ô4ï�ÍDÛ¯ØîÔl×�Ô9×�Ú�ç�ÛHØÜÛ�×�Ô9éäÏ±Ð¯ÑnÙ�ô�Û<Í�Ö õ ØÜÔ4ï¸ØÜÔ¥ÕHÌ9Í²Ô4ÍBó�Õ�ÝæÍ�ð»ç�ÍD×�Ö�Û�÷
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Ë	Ì9Í�ÖHÍ¼×�ÖHÍäÕ°ðWÙþ×�ÖHÍD×�ÛèÕHÌ9×�ÕöðgÙrë9ÚÜé é9ØÜÖHÍDÞBÕHÚ�ç ô_ÍDÔ4ÍBá·Õ¸ôFç × ß¸Ù�Ö�Íä×�Þ�Þ�ë4Ö�×�Õ<Í ×�Ô9é Û<ÕH×�ô·Ú�ÍlÖHÍD×�ÚÜØ�âD×�ÕHØÜÙrÔ�÷
ã ñ ×�ÞBÍDÞBÖ�×�ÝæÕ0Ô�× õ Ø�ïr×�ÕHØ�ÙrÔ¼ë9Û�ØÜÔ4ï¸é9Ø?>_Í�ÖHÍDÔFÕHØÜ×�Ú���� �gÎWÖHÍDÚî×�ÕHØ õ Í�Õ<ÙT×öÔ4ÍD×�Ö�ôFç�Î<Ï�Ð0ÑþÙ�ô;@<ÍDÞBÕ0ØÜÛ�Ô4Ù�ð ×öÛ<ÕH×�Ô9é�×�Ö�é
Õ<ÍDÞ�Ì�Ô9ØÜê�ë4Í0ØÜÔUÕHÌ4Í�AB��ã;�ÓÛ<ÙrÚÜ×�ÖgÛ<ç�ÛHÕ<ÍDß ÍBó ñ Ú�Ù�Ö�×�ÕHØ�ÙrÔ ñ ÖHÙ�ï�Ö�×�ß ×�Ô9éöØÜÛv×�ÚîÛ<Ù ñ ÚÜ×�Ô�Ô4ÍDéUÝæÙ�ÖWÕHÌ4ÍB�?× ñ ×�Ô4ÍDÛ<Í+×�Ô9é
Ï±Ì9ØîÔ4ÍDÛ<ÍTÚÜë�Ô9×�Ö ñ ÖHÙ�ô_ÍDÛ�÷¿Ë	Ì9ØÜÛzßöÍD×�ÛHë4ÖHÍDß¸ÍDÔFÕªÕ2ç ñ Í¥ØÜÛµé4Í ñ ÍDÔ9é4ÍDÔFÕzÙrÔþÕHÌ4Íè×�Þ�Þ�ë4Ö�×�ÞBç Ù�Ý�ÎHÏ±Ð0Ñ ñ ÙrÛHØÜÕHØ�ÙrÔ9Û
×�ÛUðgÍDÚÜÚW×�ÛUÎHÏ±Ð¯Ñ»Ù�ô;@<ÍDÞBÕHÛ¸ØÜÔþÕHÌ4Í�ÖHÍDÚ�Í õ ×�Ô?Õ ñ ×�ÖHÕHÛªÙ�Ý¯ÕHÌ4ÍlÛC9Fç�÷ Ë0Ì4Í�ÛHÍDÞBÙrÔ9é ×�ÖHÍD× ØÜÛD��� �gÎ²ß¸ÙrÔ9Ø�Õ<Ù�Ö�ØÜÔ4ï
Ù�ÝE�Y×�ÖHÕHÌ¼Ù�Ö�Ø�ÍDÔFÕH×�ÕHØ�ÙrÔ ñ ×�Ö�×�ß¸Í�Õ<Í�Ö�Û�ò ñ ×�ÖHÕHØÜÞ�ë9ÚÜ×�Ö�Ú�ç ñ Ö�ÍDÞBÍDÛHÛHØ�ÙrÔF��Ô�ë4ÕH×�ÕHØ�ÙrÔä×�Ô9éHG+Ëzí�÷WË	Ì9ÍDÛ<Í²ß¸ÍD×�ÛHë9ÖHÍDß¸ÍDÔFÕHÛ
ð0ØÜÚîÚ%ÞBÙrÔFÕHØÜÔ�ë4ÍTÕ<Ùäô�ÍTÕHÌ4ÍTë9Ô9ØîêFë4Í¸é4ÙrßT×�ØÜÔ]Ù�Ý���� �gÎ�÷��WÔ9Ì9×�Ô9ÞBÍDé Û<ÕH×�ô�ØÜÚÜØÜÕ2ç ×�Ô9é ×�Þ�Þ�ë4Ö�×�ÞBç ×�Ö�ÍèÔ4Í�ÍDé4ÍDé Õ<Ù
é4Í�Õ<ÍDÞBÕ¯ÕHÌ4ÍzÛHßö×�ÚÜÚ ò õ ×�Ö�ØÜ×�ô·Ú�Í�ÍI>�ÍDÞBÕHÛ0Ù�ÝRé4Í�Í ñ Û<Õ<Ö�ë�ÞBÕHë4ÖHÍDÛ�Ù�Ý%ÕHÌ4Í��W×�ÖHÕHÌ�÷

� ñ ÖHÙrÛ ñ ÍDÞBÕHØ õ Í¿é9Í õ ÍDÚ�Ù ñ ß¸ÍDÔFÕ�ØîÔ Ù ñ ÕHØÜÞ�×�Ú+×�Û<Õ<ÖHÙrßöÍ�Õ<ÖHç�ò0ÕHÌ4Í$J��¯ÎK� ßöØÜÛHÛHØÜÙrÔ�ògßT×Dç ñ Ö�Ù õ Í Õ<Ù ô_Í¿ÕHÌ4Í
ß¸ÙrÛ<ÕªÛ<Õ<Ö�ØÜÔ9ï�ÍDÔ?Õ�ÖHÍDê�ë9Ø�Ö�ÍDß¸ÍDÔ?Õ²ÝæÙ�ÖµÕHÌ4ÍöÖ�×�é9ØÜÙ¼ÖHÍD×�ÚÜØ�âD×�ÕHØÜÙrÔ�÷6�vó ñ ÍDÞBÕ<ÍDé Õ<Ù¿ô_ÍTÚÜ×�ë9Ô9Þ�Ì4ÍDé]ð0ØÜÕHÌ9ØÜÔ]×¼é4ÍDÞ�×�é9Í�ò
J��¯ÎK� ØÜÛ ñ ÖHÙL@<ÍDÞBÕ<ÍDénÕ<Ù ×�Þ�Ì9Ø�Í õ Í í�ù]ßöØîÞBÖHÙr×�Ö�Þ�Û<ÍDÞBÙrÔ9é ñ Ö�ÍDÞ�ØÜÛHØ�ÙrÔ ÝæÙ�ÖUô9Ö�Ø�ïrÌ?Õ<Í�ÖUê�ë9×�ÛH×�Ö�Û�÷ ËiÙ]×�Þ�Ì9ØÜÍ õ ÍlÕHÌ4Í
ô_ÍDÛ<Õ²Ù ñ ÕHØÜÞ�×�ÚJå Ö�×�é9ØÜÙäÖHÍ�ïrØÜÛHÕ<Ö�×�ÕHØ�ÙrÔþ×�Ô9é Õ<Ù]ØÜÔ9Û�ë4ÖHÍ¸ÕHÌ4Í¥Ì9Ø�ïrÌ4ÍDÛHÕ²×�Þ�Þ�ë4Ö�×�ÞBç ÝæÙ�ÖªÕHÌ4Í�Õ<Ö�×�Ô9Û<Ý(Í�ÖµÝ(ÖHÙrß Ö�×�é9Ø�ÙäÕ<Ù
Ù ñ ÕHØÜÞ�×�ÚgÖHÍD×�ÚîØ�âD×�ÕHØ�ÙrÔ9Û�òRÕHÌ9Í�Ö�×�é9Ø�Ù Ï±Ð0Ñ ßµë9ÛHÕªô_Í ñ ë9ÛHÌ9ÍDé Õ<Ù]ÕHÌ4ÍlÚÜØÜßTØ�Õ�÷M� ñ ×�ÖHÕHØÜÞ�ë9Úî×�Ö	�����gÎ²Ù�ô·Û<Í�Ö õ ØÜÔ4ï
ÍI>_Ù�ÖHÕ�ßö×Dçöô_Í+Ô4Í�ÍDé4ÍDé�ÝæÙ�Ö±ÕHÌ4Í�ÞBÙrßöß¸ÙrÔ¥Û<Ùrë9Ö�ÞBÍDÛ±ÛHØÜÔ9ÞBÍ¯ÕHÌ4Í+Þ�ë9ÖHÖHÍDÔFÕWÎHÏ±Ð0Ñ Û<Ùrë4Ö�ÞBÍDÛ±×�ÖHÍ+ï�ÍDÔ4Í�Ö�×�ÚÜÚÜçöðWÍD×�9�Í�Ö
ÕHÌ9×�Ô¼é9ÍDÛHØ�Ö�×�ô�ÚÜÍ�ØîÔ¥ÕHÌ4Í�Ù ñ ÕHØÜÞ�×�Ú�ô·×�Ô9é�÷

Ë	Ì9Í ñ ÖHÙ�ÞBÍDÛHÛ�Ý(Ù�Ö0×�é4Ù ñ ÕHØÜÔ9ïªÕHÌ9ÍzÎ<Ï�Ð0Ñ ðg×�Û¯êFë9ØÜÕ<Í�ÝæÙ�Ö�ßT×�ÚEò4Þ�ë9ÚÜßöØÜÔ�×�ÕHØÜÔ4ïUØÜÔl×�ÔlÎ�NG Ö�ÍDÛ<ÙrÚÜë4ÕHØ�ÙrÔl×�Õ0ÕHÌ4Í
Î�NGOJ+ÍDÔ9Í�Ö�×�Ú��¯ÛHÛHÍDß²ô�ÚÜçT×�Õ�<�ç�Ù�Õ<ÙöØÜÔ í�����PF÷±ã4ØÜÔ9ÞBÍ+ÕHÌ4ÍDÔ¥ÕHÌ4Í�ÖHÍDÛ ñ ÙrÔ9ÛHØÜô�ØÜÚÜØ�Õ°çµÝ(Ù�Ö±ÕHÌ4Í�ßö×�ØÜÔFÕ<ÍDÔ9×�Ô9ÞBÍ�Ù�ÝiÕHÌ4Í
ÎHÏ±Ð+ã¼Ì9×�Û0ô_Í�ÍDÔ¿ïrØ õ ÍDÔ¿Õ<ÙèÕHÌ4ÍªÎ�YÐ+ã Ò(Î�ÔFÕ<Í�Ö�Ô9×�ÕHØÜÙrÔ9×�Ú �W×�ÖHÕHÌ Ð	Ù�ÕH×�ÕHØ�ÙrÔ ×�Ô9é Ð	Í�Ý(Í�ÖHÍDÔ9ÞBÍöã�ç�Û<Õ<ÍDßöÛ�ã�Í�Ö õ ØÜÞBÍ�à
ð0Ì9ØîÚ�ÍèÕHÌ9ÍlÎQ�zãþÌ9×�Û¸Ù ñ Í�Ö�×�ÕHØ�ÙrÔ�×�Ú±ÖHÍDÛ ñ ÙrÔ9ÛHØ�ô·ØÜÚÜØ�Õ°ç Ý(Ù�ÖöÕHÌ4Í*�����gÎªÖHÍD×�ÚÜØ�âD×�ÕHØÜÙrÔ�÷þË0Ì4ÍlÎK�RJ Ò(Î�ÔFÕ<Í�Ö�Ô9×�ÕHØ�ÙrÔ�×�Ú
�+ÛHÛ<Ù�Þ�ØÜ×�ÕHØ�ÙrÔ�Ù�Ý=J+Í�Ù�é4ÍDÛ<ç9àgØÜÛgÝ(Ù�Ö�ßöØÜÔ4ïª×UðWÙ�ÖS9�ØÜÔ9ïµï�ÖHÙrë ñ ØîÔ¥ã�ë9ô_ÞBÙrßTßöØÜÛHÛHØÜÙrÔäí�÷UT¸Î�Ô?Õ<Í�Ö�×�ÞBÕHØÜÙrÔ¥Ù�Ý"ÏgÍDÚ�ÍDÛHÕHØÜ×�Ú
×�Ô9é¿Ë�Í�ÖHÖ�ÍDÛ<Õ<Ö�ØÜ×�Ú�Ð0Í�ÝæÍ�Ö�ÍDÔ9ÞBÍµÑ4Ö�×�ß¸ÍDÛ0Õ<Ù¥ØÜÔ õ ÍDÛ<ÕHØ�ïr×�Õ<ÍµÕHÌ4ÍµÛ<ç�Û<Õ<ÍDßö×�ÕHØîÞzÍ�ÖHÖHÙ�Ö�Û0ØÜÔlÕHÌ9Í²ÎHÏ±Ð0Ñnô_ÍDÞ�×�ë9Û<Í²Ù�ÝRÕHÌ4Í
ØÜß ñ ×�ÞBÕ¯ÙrÔ-�Y×�Ö�ÕHÌ¿Ù�Ö�Ø�ÍDÔ?ÕH×�ÕHØÜÙrÔ ñ ×�Ö�×�ß¸Í�Õ<Í�Ö�Û�×�Ô9é ØÜÔ�é9Ø�ÖHÍDÞBÕHÚ�ç¥ÙrÔ ÕHÌ4ÍUÛH×�Õ<ÍDÚÜÚÜØÜÕ<ÍªÞBÍDÚ�ÍDÛHÕHØÜ×�Ú%ÖHÍ�ÝæÍ�Ö�ÍDÔ9ÞBÍUÝæÖ�×�ßöÍDÛ�÷
�cÌ9ØÜÚ�ÍUÕHÌ4ÍUðgÙ�Ö:9¿Ý(Ù�ÖzÕHÌ4Í¸ÎHÏ±Ð¯Ñ ð±×�Ûz×�Þ�ÞBÙrß ñ ÚîØÜÛHÌ4ÍDé ð0ØÜÕHÌ9ØÜÔ ×�Ô]ÎK�NG ðgÙ�Ö:9�ØîÔ4ï¥ï�ÖHÙrë ñ ò�ÕHÌ4Í¸ðgÙ�Ö:9 ÝæÙ�Ö²ÕHÌ4Í
Ô4ÍBó�ÕB�����gÎ�ÖHÍD×�ÚîØ�âD×�ÕHØ�ÙrÔ ßö×Dç¼ô_Í²ßöÙ�ÖHÍªÚÜÙFÙrÛ<ÍDÚÜç¥ÞBÙ�Ù�Ö�é9ØîÔ9×�Õ<ÍDéäÙ�Ö ñ ÚÜ×�ÞBÍDé ë9Ô9é9Í�Ö¯×�é9Ø?>_Í�ÖHÍDÔ?Õ¯Ù�ÖHïr×�Ô9Ø�âD×�ÕHØÜÙrÔ�÷
Ë	Ì4Í ñ ÖHÙ�ÞBÍDÛ�Û¸ÝæÙ�Ö ñ ÖHÍ ñ ×�Ö�ØÜÔ4ï ÕHÌ4Íä×�Û<Õ<ÖHÙrÔ9ÙrßöØÜÞ�×�Ú	ÞBÙrßößªë9Ô9ØÜÕ2ç ×�Ô9é Ý(Ù�ÖöÝ(Ù�Ö�ßö×�Ú	×�é4Ù ñ ÕHØ�ÙrÔ ÖHÍDßö×�ØîÔ9ÛUÕ<Ù ô_Í
é4ÍDÞ�ØÜé9ÍDé�÷

V"ÁMW Å�&X(Y%¼ÆZ)�5M&X[gÃ'&F\]&·Ã�Ä

Ë	Ì9Í�ÖHÍW×�ÖHÍ±Ý(Ùrë4Ö"ßö×�ØÜÔ²×�Ö�ÍD×�ÛRØÜÔzð0Ì�ØÜÞ�ÌµÕHÌ4Í^��� �WÎ�ÖHÍD×�ÚÜØ�âD×�ÕHØ�ÙrÔµÙ�Ý9ÕHÌ4ÍgÎHÏ±Ð+ã²Þ�×�Ôªô�ÍgØÜß ñ Ö�Ù õ ÍDéY_�×�Ô�×�Ú�ç�Û�ØÜÛ�ò
é9×�ÕH×�ò�é9ÍBá·Ô9ØÜÔ4ï¸Û<Ùrë9Ö�ÞBÍDÛ�ò9×�Ô9élÙ�ô·Û<Í�Ö õ ØÜÔ4ï ñ ÖHÙ�ï�Ö�×�ßTÛ�÷

ã�ØîÔ9ÞBÍ²í�����úµÞBÙrÔ9ÛHØÜé4Í�Ö�×�ô�Ú�Í ñ ÖHÙ�ï�Ö�ÍDÛHÛYÌ9×�ÛYÙ�Þ�Þ�ë9ÖHÖHÍDéTØîÔ`��� �gÎ"ßöÙ�é4ÍDÚîØÜÔ4ïz×�Ô9éTÍDÛ<ÕHØÜßö×�ÕHØ�ÙrÔ�÷=A¯Í�ð ×�Ô�×�Ú�ç�Û�ØÜÛ
Û<Ù�Ý(Õ2ð±×�ÖHÍTÌ9×�Ûzô�Í�ÍDÔ é4Í õ ÍDÚÜÙ ñ ÍDé Ò#Ë0Ø�Õ<Ù õ Í�Õz×�ÚE÷�ò�ÕHÌ�ØÜÛ õ ÙrÚÜë9ß¸Í�a%Ë�ÍDÛHßöÍ�ÖzÍ�Õz×�ÚE÷�ò�ÕHÌ9ØîÛ õ ÙrÚÜë9ß¸Í�à�÷UË	Ì4ÍöÚÜ×�Ö�ï�ÍDÛ<Õ
Û<Ùrë4Ö�ÞBÍäÙ�Ý�Í�ÖHÖHÙ�Ö�ÛTØÜÛ ñ ÖHÙ�ô�×�ô�ÚÜç ÕHÌ4Í¿Õ<ÖHÙ ñ ÙrÛ ñ Ì4Í�Ö�Í�ò±ÛHÙþØÜß ñ ÖHÙ õ ÍDé Õ<ÖHÙ ñ ÙrÛ ñ Ì4Í�Ö�Íäßö× ñ9ñ ØîÔ4ï]Ý(ë�Ô9ÞBÕHØ�ÙrÔ9Û¸ÕHÌ�×�Õ
ë9Û<ÍèðWÍD×�ÕHÌ9Í�ÖUßöÙ�é4ÍDÚWØÜÔ4Ý(Ù�Ö�ßö×�ÕHØ�ÙrÔ ÛHë9Þ�Ì ×�ÛªÕHÌ4ÍTÎ�ÿ Ñ Ò(Î�Û<Ù�ô�×�Ö�ØÜÞèÿ¿× ñ�ñ ØÜÔ4ïäÑ�ë9Ô9ÞBÕHØ�ÙrÔ·àTÒ!A¯ØÜÍDÚÜÚEòRì�ù�ùrìràª×�Ô9é
ÕHÌ4Í	�+ÿ Ñ Òb��Ø�ÍDÔ9Ô9×öÿ × ñ9ñ ØîÔ4ïöÑ9ë9Ô9ÞBÕHØÜÙrÔ·à�Ò!�gÙFÍDÌ�ß Í�Õ+×�ÚEò9ÕHÌ9ØÜÛ õ ÙrÚÜë9ß¸Í�à�×�Ô9é¼ô_Í�Õ<Õ<Í�Ö0ï�Ö�×�é9Ø�ÍDÔFÕ	ÍDÛ<ÕHØÜßö×�ÕHØÜÙrÔ
ÛHÌ4Ùrë�ÚÜéªÖHÍDé9ë9ÞBÍ�Û<ç�Û<Õ<ÍDßö×�ÕHØÜÞ±Í�Ö�ÖHÙ�Ö�ÛR×�Ô9éUÕ<ÍDß ñ Ù�Ö�×�Ú4Ô9ÙrØÜÛ<Í�÷"Ð	ÍBá·Ô4ÍDé¸ÚÜÙr×�é9ØÜÔ4ï�ß¸Ù�é4ÍDÚÜÛ"Ý(Ù�ÖRÙ�ÞBÍD×�Ô�ò�×�ÕHß¸ÙrÛ ñ Ì9Í�ÖHÍ
×�Ô9é]ÌFç�é9ÖHÙrÚ�Ù�ï�ç ÍI>�ÍDÞBÕHÛµÛHÌ4Ùrë9ÚÜé ñ Í�Ö�ßöØÜÕ¯ÕHÌ4Íèë9Ô9ØJá�ÍDé Û<ÙrÚÜë9ÕHØ�ÙrÔ ÝæÙ�ÖµÏ�Ð0Ñgò�Ë	Ð¯Ñ ×�Ô9é,�^���¹Õ<ÙäÍBó ñ ÚÜÙrØ�Õ�ÕHÌ4Í
ë9Ô9ØîêFë4ÍöÞ�× ñ ×�ô�ØÜÚÜØ�Õ°ç¿Ù�ÝN�����gÎ-÷�Î�Ô ÞBÙrÔ9Û<Õ<Ö�×�Û<Õ�ò"ÕHÌ4ÍTÎHÏ±Ð0Ñ¹×�Ô�×�Ú�ç�Û�ØÜÛ�ÍDÛ<ÕHØÜßT×�Õ<ÍDé Û<ÕH×�ÕHØÜÙrÔ ñ ÙrÛHØ�ÕHØÜÙrÔ9Û�ÝæÙ�ÖªÍD×�Þ�Ì
Û<ÍDÛHÛ�Ø�ÙrÔ Õ<ÙþÖHÍDé9ë9ÞBÍ ÞBÙrÔ?ÕH×�ßTØÜÔ9×�ÕHØ�ÙrÔ ÝæÖ�Ùrß ÕHÌ4Í Ë	Ð0Ñg÷�
0Ù�ðWÍ õ Í�ÖDò+×�Ô9×�Ú�ç�ÛHØÜÛößöÍ�ÕHÌ4Ù�é�ÛTÕ<Ù ñ ÖHÙ ñ Í�Ö�Ú�çnß¸Ù�é4ÍDÚ
Ô4ÙrÔ9ÚîØÜÔ4ÍD×�Ö�Û<ÕH×�ÕHØ�ÙrÔ ßöÙ�ÕHØ�ÙrÔ9Û�×�Û�ðgÍDÚÜÚR×�Ûz× ñ9ñ ×�ÖHÍDÔ?ÕzÛHÙrë4Ö�ÞBÍDÛzß¸Ù�ÕHØÜÙrÔ9Ûz×�Ô9é Ù�ÕHÌ4Í�ÖµØÜÔ9Û<ÕH×�ô�ØîÚÜØ�ÕHØ�ÍDÛ¯Ô4Í�ÍDé]Õ<Ù¼ô_Í
Õ<ÍDÛ<Õ<ÍDé¼×�Ô�é�ÞBÙrß ñ ×�ÖHÍDé�÷vËiÖHÍD×�ÕHØÜÔ4ï¸ë9Ô�Û<ÕH×�ô�Ú�Í�Û<Ùrë4Ö�ÞBÍDÛ�×�Û�×�Ö�Þ ñ ×�Ö�×�ß¸Í�Õ<Í�Ö�Û	×�Û±ð±×�Û�é4ÙrÔ4Í�Ý(Ù�Ö�ÕHÌ4Í�Î<Ï�Ð0Ñ ßT×Dç
ë9Ô9Ô9ÍDÞBÍDÛHÛH×�Ö�ØÜÚÜç+ðgÍD×�9�ÍDÔ¸ÕHÌ4Í±ÖHÍDÛ�ë9Ú�ÕHÛ�÷iÎ°ÕRÛHÌ4Ùrë�ÚÜézô_Í±Ô4Ù�Õ<ÍDéUÕHÌ9×�Õ"ÕHÌ4Í±Î<Ï�Ð0Ñiå��Ró�Õ�÷Üí±×�Ô9éªÎ<Ï±Ð¯Ñiå��Ró�Õ�÷�ì¯×�Ô�×�Ú�ç�Û�ØÜÛ
ðgÍ�ÖHÍ²ÞBÙrÔ9ÛHØîÛ<Õ<ÍDÔ?Õ0ð0Ø�ÕHÌ¥ÕHÌ4Íz×�Ô9×�ÚÜç�ÛHØîÛ±ÝæÙ�Ö	ÕHÌ9ÍzÎ<Ï�Ð0Ñg÷

Ë	Ì9Í	Î<Ï�Ð0Ñ ë9Û<ÍDéö×�ÚîÚ9× õ ×�ØÜÚÜ×�ô�ÚÜÍ�ï�Í�Ù�é4Í�ÕHØîÞ���×�Û<Õ<ÖHÙrß¸Í�Õ<Ö�ØîÞR�����gÎRé9×�ÕH×�Ý(ÖHÙrß í���P��zÕ<Ùèí�����ú�÷�ü�÷gË	Ì4Í	Û<Ùrë4Ö�ÞBÍDÛ
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Ù�ô�Û<Í�Ö õ ÍDé�ò�ÕHÌ4Í�ÔFë�ß²ô_Í�Ö%Ù�Ý�Û<Ùrë4Ö�ÞBÍDÛR×�Ô�é²Ù�ô�ÛHÍ�Ö õ ×�ÕHØÜÙrÔ9Û"ØÜÔ²ÍD×�Þ�ÌöÛ<ÍDÛHÛ�Ø�ÙrÔ�ò�ÕHÌ4Í�Ô4Í�Õ2ðgÙ�Ö:9ªÛHØ�â�ÍDÛ"×�Ô9éªï�Í�Ùrß¸Í�Õ<Ö�Ø�ÍDÛDò
×�Ô9éèÕHÌ4Í�Û<ÍDÔ9ÛHØÜÕHØ õ ØÜÕ2çUÙ�Ý�ÕHÌ4Í������gÎvÍDê�ë9Ø ñ ß¸ÍDÔFÕYÍ õ ÙrÚ õ ÍDé¥Ù õ Í�Ö�ÕHÌ4Í ñ Í�Ö�Ø�Ù�éö×�Ô9é¥Ì9× õ Í�ÞBÙrÔFÕHØÜÔ�ë4ÍDé�Õ<Ù¸ØÜß ñ ÖHÙ õ Í
ÛHØÜÔ�ÞBÍäÕHÌ4ÍDÔ�÷ Î�Ô9Û<Õ<ÍD×�éÓÙ�ÝªûUíDú Û<Ùrë4Ö�ÞBÍDÛèð¯Ø�ÕHÌ ×þÔ4Í�Õ°ðWÙ�Ö:9 Ù�ÝDe�åfT Û<ÕH×�ÕHØ�ÙrÔ�Û ñ ÖHÙ�é�ë9Þ�ØÜÔ4ï Û<Í õ Í�Ö�×�Ú�ÌFë9Ô�é4ÖHÍDé
Ù�ô�Û<Í�Ö õ ×�ÕHØ�ÙrÔ�ÛWØÜÔTÕHÌ4Í+ÍD×�Ö�ÚÜØ�ÍDÛ<ÕWç�ÍD×�Ö�Û�ò�ÕHÌ4Í�ß¸ÙrÛ<ÕWÍBó�Õ<ÍDÔ9Û�Ø õ Í�ß¸Ù�é9Í�Ö�ÔTÛ<ÍDÛ�ÛHØ�ÙrÔ9ÛWë9Û<Í+ì�ùUÛ<ÕH×�ÕHØÜÙrÔ9ÛW×�Ô�éèë ñ Õ<Ù¸ý�ù
Û<Ùrë4Ö�ÞBÍDÛ�ÖHÍDÛHë9Ú�ÕHØîÔ4ï�ØîÔ ÛHÍ õ Í�Ö�×�Ú"Õ<ÍDÔ9Û�Ù�ÝWÕHÌ4Ùrë9ÛH×�Ô9é�Û¯Ù�ÝgÙ�ô�Û<Í�Ö õ ×�ÕHØ�ÙrÔ�Û�÷²Î�Ô]×�é9é9Ø�ÕHØÜÙrÔ�òYJ�ÙrÔ?ÕHØ�Í�Ö²Í�Õz×�ÚE÷�ÒEì�ù�ù4íà
ÛHÌ4Ù�ðWÍDé ÕHÌ9×�Õ²ÕHÌ9ÍTÛ<ÕH×�ô�ØÜÚîØ�Õ2ç Ù�Ý±ÕHÌ4Í¥Ï±Ð¯Ñ¹ØÜß ñ Ö�Ù õ ÍDé Ô4Ù�ÕHØîÞBÍD×�ô�Ú�ç]×�ÖHÙrë9Ô9é í�����ù�÷¿ÏgÙrÔ9Û<ÍDê�ë4ÍDÔFÕHÚ�ç¿ÕHÌ9ÍèÔ4ÍBó�Õ
ÖHÍD×�ÚÜØÜâD×�ÕHØ�ÙrÔ ñ Ö�Ù�ô�×�ô�Ú�çªð0ØÜÚÜÚ4é�ØÜÛHÞ�×�Ö�éTÍD×�Ö�Ú�ç¸Û<ÍDÛHÛHØÜÙrÔ9ÛY×�ÛgðgÍDÚÜÚ9×�ÛgÕHÌ4ÙrÛ<Í+ë9Ô9ÛHë9ØÜÕH×�ô�Ú�Í�Ý(Ù�ÖW×�Û<Õ<ÖHÙrßöÍ�Õ<ÖHç�÷YÑ"Ø�ïrë4ÖHÍµí
ÛHÌ4Ù�ð0ÛRÕHÌ9×�ÕWÕHÌ4Í�P���ì²Û<Ùrë4Ö�ÞBÍDÛYÙ�ô�Û<Í�Ö õ ÍDéèÛHØÜÔ9ÞBÍzí�����ùªØÜÔ¸ÞBÙrÔ õ ÍDÔ?ÕHØ�ÙrÔ�×�Ú�ï�Í�Ù�é4Í�ÕHØÜÞ���×�Û<Õ<Ö�Ùrß¸Í�Õ<Ö�ØÜÞ¯Û<ÍDÛHÛHØ�ÙrÔ�ÛvÞBÙ õ Í�Ö
ÕHÌ4ÍTÛ:9Fç ð0Ø�ÕHÌ ÖHÍD×�ÛHÙrÔ9×�ô�Ú�ÍTë�Ô9Ø�Ý(Ù�Ö�ßöØ�Õ°ç�÷ªÎ�Õzð0ØîÚÜÚ%ÖHÍDßö×�ØÜÔ Õ<Ö�ë9Í�òiÌ4Ù�ðWÍ õ Í�ÖDò"ÕHÌ9×�Õ²ÕHÌ4Íöô�ë9Úg9äÙ�ÝgÕHÌ4ÍTé9×�ÕH×lð¯ØÜÚÜÚ
ÞBÙrß¸Í�Ý(ÖHÙrß ï�Í�Ù�é9Í�ÕHØÜÞ�Û<ÍDÛHÛHØ�ÙrÔ�Û�ò�û�ì�ù�ù8h�ï�Í�Ù�é9Í�ÕHØÜÞji¸Û<Ùrë4Ö�ÞBÍDÛ�ßöÙrÛ<Õ±ÝæÖHÍDê�ë4ÍDÔFÕHÚ�çöÙ�ô�ÛHÍ�Ö õ ÍDé�ò9×�Ô9é�ÕHÌ4Í�Ô4Ù�ÖHÕHÌ9Í�Ö�Ô
Ì4ÍDßöØîÛ ñ Ì4Í�ÖHÍ�÷cã�ÍDÛHÛHØ�ÙrÔ�Û¸ë9ÛHØÜÔ4ï]ÕHÌ9ÍH��� ��� Õ<Ù�ï�Í�ÕHÌ9Í�Ö�ð¯Ø�ÕHÌ ë ñ Õ<ÙÓí�ù Ù�ÕHÌ4Í�Ö�Û<ÕH×�ÕHØ�ÙrÔ9ÛTð0ØÜÚÜÚ�ÞBÙrÔFÕ<Ö�Ø�ô�ë9Õ<Í¼×
ÛHØ�ïrÔ�ØJá·Þ�×�ÔFÕgÝ(Ö�×�ÞBÕHØ�ÙrÔ¼Ù�Ý%ÕHÌ9Í�Õ<Ù�ÕH×�Ú�Ù�ô�ÛHÍ�Ö õ ×�ÕHØÜÙrÔ9Û�÷

kFlnm�oqpQr�s�t u�vxwBy�zxo�p{:rdy�zx|qy�rdpQ}xrd~	y�ln�q{:r�s�v�v��qt

Ë	Ì9Í ñ ÙrÛ�Ø�ÕHØ�ÙrÔ9ÛªÙ�Ý�ÕHÌ4Íäì�íDì é9ÍBá·Ô9ØÜÔ4ï Û<Ùrë4Ö�ÞBÍDÛT×�ÖHÍ¼ÕHÌ9ÍlÝæÙ�Ö�ßT×�Ú�ÖHÍD×�ÚÜØ�âD×�ÕHØÜÙrÔ Ù�Ý¯ÕHÌ9Í¼Î<Ï�Ð+ãþÞ�×�ÚÜÚ�ÍDé ÕHÌ4Í
ÎHÏ±Ð0Ñg÷RË	Ì4ÍDÛ<ÍlÛ<Ùrë9Ö�ÞBÍDÛ¸ðgÍ�ÖHÍ¼Þ�Ì4ÙrÛHÍDÔ ð0Ø�ÕHÌþÕHÌ4Ílô_ÍDÛ<Õ¸ØÜÔ4Ý(Ù�Ö�ßö×�ÕHØÜÙrÔþ× õ ×�ØîÚÜ×�ô�Ú�ÍlØÜÔcí�����ú ô�×�ÛHÍDé ÚÜ×�ÖHï�ÍDÚ�ç ÙrÔ
Ô�ë9ß²ô_Í�Ö¯Ù�ÝRÙ�ô�Û<Í�Ö õ ×�ÕHØ�ÙrÔ9Û¯×�Ô9é ñ ÙrÛHØÜÕHØ�ÙrÔ¼Û<ÕH×�ô�ØîÚÜØ�Õ2ç�÷�
¯ÙðgÍ õ Í�ÖDò�ÕHÌ4Íªé9ØÜÛ<Õ<Ö�Ø�ô�ë4ÕHØ�ÙrÔ�Ù�ÝRÕHÌ4ÍUé9×�ÕH×TÙ õ Í�ÖzÛ<Ùrë4Ö�ÞBÍDÛ
×�Ô9é Ù õ Í�ÖUÕHÌ4ÍèÛ:9Fç ð±×�Û²ÍBó�Õ<ÖHÍDß¸ÍDÚ�ç Ô9ÙrÔFë9Ô�Ø�ÝæÙ�Ö�ß ð0Ø�ÕHÌ ßöÙrÛ<Õ²Ù�Ý�ÕHÌ4ÍèÙ�ô�Û<Í�Ö õ ×�ÕHØ�ÙrÔ9Û²ÝæÖ�ÙrßXÝ(Í�ðWÍ�ÖªÕHÌ9×�Ô í�ù�ù
h�ï�Í�Ù�é4Í�ÕHØÜÞji¼Û<Ùrë9Ö�ÞBÍDÛzë9Û<ÍDé ØÜÔ ÕHÌ4Í¸Ö�Í�ïrë9ÚÜ×�Ö�Ú�ç¿ÛHÞ�Ì4ÍDé�ë9Ú�ÍDé ï�Í�Ù�é9Í�ÕHØÜÞöÛ<ÍDÛHÛ�Ø�ÙrÔ9Û�ØÜÔ ÕHÌ4ÍöÔ4Ù�ÖHÕHÌ9Í�Ö�Ô Ì4ÍDßöØÜÛ ñ Ì4Í�ÖHÍ�÷
Î�ÔUÙ�Ö�é4Í�ÖvÕ<Ù²Ì�× õ Í	Ù õ Í�ÖYÕ2ðgÙµÌ�ë9Ô9é9ÖHÍDéUé4ÍBá·Ô9ØÜÔ9ï+Û<Ùrë9Ö�ÞBÍDÛRð0Ø�ÕHÌ¸ÛHÙrß¸Í�ð0Ì9×�Õvß¸Ù�Ö�Í�ÍBó�Õ<ÍDÔ9Û�Ø õ Í0×�Ô9é¸ë9Ô�Ø�ÝæÙ�Ö�ßtÛ:9Fç
é9ØÜÛHÕ<Ö�Ø�ô�ë4ÕHØÜÙrÔ�ò?ÕHÌ4ÍµÛ<ÍDÚ�ÍDÞBÕHØ�ÙrÔ¿ÞBÖ�Ø�Õ<Í�Ö�ØÜ×¸ÞBÙrë�ÚÜé¼Ô4Ù�Õ	ô_Í�Õ<Ù�ÙTÛ<Í õ Í�ÖHÍ�÷�� õ ÍDÔ¿Û<Ù4ò·ÚÜÍDÛHÛ�ÕHÌ9×�Ô�e�ùq�aÙ�Ý"ÕHÌ4Í²é4ÍBá�Ô9ØÜÔ4ï
Û<Ùrë4Ö�ÞBÍDÛ¯×�ÖHÍUØÜÔ¿ÕHÌ4ÍµÛHÙrë4ÕHÌ�÷���ÔäÕHÌ4ÍªÙ�ÕHÌ4Í�Ö�Ì9×�Ô9é�ò_Û<Ùrß¸ÍªÝ(ÖHÍDêFë9ÍDÔ?ÕHÚ�ç¥Ù�ô�ÛHÍ�Ö õ ÍDé Û<Ùrë4Ö�ÞBÍDÛ¯ðWÍ�Ö�ÍªÔ4Ù�Õ�Û<ÍDÚ�ÍDÞBÕ<ÍDé
×�ÛYé9ÍBá·Ô9ØÜÔ4ï�Û<Ùrë9Ö�ÞBÍDÛvô_ÍDÞ�×�ë9Û<Í�ÕHÌ9Í�çUÌ�×�éTÛHë;��Þ�Ø�ÍDÔ?Õvé�×�ÕH×zÕ<Ù²é4Í�Õ<ÍDÞBÕg×�Ô4Ùrßö×�Ú�Ùrë�Ûvô_ÍDÌ9× õ Ø�Ù�ÖD÷"Ð	ÍDÞBÍDÔFÕW×�Ô�×�Ú�ç�Û�ØÜÛ
ô�ç Ñ9ÍDØÜÛHÛ<ÍDÚJåf�RÍ�Ö�Ô9Ø�Í�Ö�ÒEì�ù�ù�eràªÚÜÙFÙ�9�ØÜÔ4ï¼×�ÕU×�Ô9Ô�ë9×�ÚE�����gÎzÛ<Ùrë4Ö�ÞBÍ ñ ÙrÛHØ�ÕHØ�ÙrÔ]ÕHØîß¸ÍTÛ<Í�Ö�ØÜÍDÛzÝ(ÖHÙrß í�����ù Õ<Ù ì�ù�ùrì
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×�Ô9é ë9ÛHØÜÔ4ï õ Í�Ö�ç é9Ø?>_Í�ÖHÍDÔ?ÕzÞBÖ�Ø�Õ<Í�Ö�ØÜ×lÝ(ÖHÙrß ÕHÌ4ÍTÎHÏ±Ð0Ñ¹Øîé4ÍDÔ?ÕHØ�á�ÍDé]×äé9Ø�>�Í�ÖHÍDÔFÕ²Û<Í�ÕµÙ�Ý	ÛHë;�èÞ�ØÜÍDÔ?ÕHÚ�ç Ù�ô�Û<Í�Ö õ ÍDé
Û<Ùrë4Ö�ÞBÍDÛ±ð0Ø�ÕHÌ�Û<ÕH×�ô�Ú�Í ñ ÙrÛHØ�ÕHØ�ÙrÔ9ÛD÷�� ÔFë9ßµô_Í�ÖWÙ�ÝiÎ<Ï�Ð0Ñ é9ÍBá·Ô9ØÜÔ4ïªÛ<Ùrë4Ö�ÞBÍDÛgÝ#×�ØÜÚ�ÍDéèÕHÌ4ÍDÛ<Í�Û<ÕH×�ô�ØîÚÜØ�Õ2çöÞBÖ�Ø�Õ<Í�Ö�ØÜ×�÷RÎ�Õ
ØÜÛ+Þ�Ú�ÍD×�Ö�ÕHÌ9×�Õ+ÕHÌ4ÍªÔ9ÍBó�Õ+ÖHÍD×�ÚÜØ�âD×�ÕHØÜÙrÔ¿ÛHÌ9Ùrë9ÚÜé¼Ö�Í�ÍBó�×�ßöØîÔ4ÍµÕHÌ9Íªé4ÍBá�Ô9ØÜÔ4ïTÛHÙrë4Ö�ÞBÍDÛ�×�Ô9é¿ÍDÔ9ÛHë4ÖHÍµÕHÌ9×�Õ+ÕHÌ4Íªé�×�ÕH×
Û<Í�Õ0ØîÛ±ÖHÙ�ô�ë9Û<Õ�ÍDÔ9Ùrë4ïrÌlÕ<ÙTßö×�9�Íª×¸Ô4Í�ð Û<ÍDÚÜÍDÞBÕHØ�ÙrÔ�÷

�cÌ9ØÜÚ�ÍµÕHÌ4Í¸Ñ4ÍDØÜÛHÛHÍDÚJåf�RÍ�Ö�Ô9Ø�Í�Ö�×�Ô9×�ÚÜç�ÛHØîÛ¯ÛHÌ9ÙðgÍDé¿ÕHÌ�×�Õ+ô_Í�Õ<Õ<Í�Özé4ÍBá�Ô9ØÜÔ4ïTÛHÙrë4Ö�ÞBÍDÛ�Þ�×�Ô Ô4ÙðPô_ÍªÝæÙrë�Ô9é�ò�ÕHÌ4Í
Ô�ë9ß²ô_Í�Ö+×�Ô9éäé9ØîÛ<Õ<Ö�Ø�ô�ë9ÕHØ�ÙrÔ¥Ù�ÝvÛHë9Þ�Ì¿Û<Ùrë9Ö�ÞBÍDÛ¯ÛHÕHØÜÚÜÚ�Ú�ÍD× õ ÍDÛ�Û<Ùrß¸Í�ÕHÌ9ØîÔ4ïöÕ<Ù�ô�Íªé4ÍDÛHØ�Ö�ÍDé�÷±Î�Ô¿ÕHÌ4Í ñ ÚÜ×�Ô9Ô4ÍDéäÎQ�zã
Ù�ô�Û<Í�Ö õ ØÜÔ9ï ñ ÖHÙ�ï�Ö�×�ß ÕHÌ4Í õ ×�Û<Õ¯ßö×x@<Ù�Ö�Ø�Õ°ç¥Ù�Ý%ÕHÌ9Í²Û<ÍDÛHÛHØÜÙrÔ9Û	×�ÖHÍ ñ Ö�ØÜßö×�Ö�ØîÚ�çöï�Í�Ù�é4Í�ÕHØÜÞ²ØîÔlÔ9×�ÕHë4ÖHÍ�÷±Ë	Ì4Í��������
Û<ÍDÛHÛ�Ø�ÙrÔ9Û0ÞBÙrÔFÕ<Ö�Ø�ô·ë4Õ<Í²Õ<Ùèô�Ù�ÕHÌ¿ï�Í�Ù�é4ÍDÛ<ç¼×�Ô9é¿×�Û<Õ<ÖHÙrß¸Í�Õ<ÖHçäôFç¼é4ÍDÛ�Ø�ïrÔ�÷�Ð	ÍDÞBÙ�ïrÔ9ØÜâDØÜÔ4ïTÕHÌ9Íµé9×�ÕH×�é4ÍBá·Þ�Ø�ÍDÔ�Þ�Ø�ÍDÛ�ò
ÕHÌ4Íª×�Û<Õ<ÖHÙrß¸Í�Õ<Ö�ØîÞzÛ<ÍDÛHÛHØÜÙrÔ9Û	ð0ØîÚÜÚ_ÞBÙrÔ9ÞBÍDÔ?Õ<Ö�×�Õ<ÍªÙrÔäÕHÌ4ÍµÛHÙrë4ÕHÌ4Í�Ö�Ô¼Ì9ÍDßöØÜÛ ñ Ì9Í�ÖHÍ�ò ñ ×�ÖHÕHØÜÞ�ë�ÚÜ×�Ö�Ú�çèÕ<Ù ñ ÖHÙ õ Øîé4Í²ÛHë4Ýæå
á·Þ�Ø�ÍDÔFÕ	Õ<ÍDß ñ Ù�Ö�×�ÚiÞBÙ õ Í�Ö�×�ï�ÍUÕ<Ù�ØÜé4ÍDÔFÕHØ�Ýæç¥Û<ÕH×�ô�ÚÜÍ²Û<Ùrë4Ö�ÞBÍDÛD÷WÎ�Ôä×�é9é�Ø�ÕHØ�ÙrÔ�ò9×èÛHßö×�ÚÜÚ_Ý(Ö�×�ÞBÕHØ�ÙrÔäÙ�ÝRÍD×�Þ�Ì¿ï�Í�Ù�é4Í�ÕHØîÞ
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Ö¼×1×$ØfÙBÚiÚ?Û$Û$Û7Ü?ÙQÝCÙ�Þ�ß±à�Öiá�áEÙQâ¶ã�àSäÄå±æ(×$ØCÙBÛ)ÝH×EÙ�Þ�Ýfß#×$çSå�Ýfß±à
ÖiáE×EÞ�å�ÝCå�â³ç¦è�ß±àfé?ÝfçSå�ÝëêµÛ)Ö3éVì7ØCÙQà¦í\å�Ý«î#ïÃÖ?ð�ñ
ò ðfáE×³óQô±ô�õ¿ç¦ÝpöVä±å±×EåC÷ ø¢ß#ù
ß±Ýr÷r×$ØCÙÈÛ)ÝH×EÙ�Þ�Ýfß#×$çSå�Ýfß±àsú¼ÙQàSÙQáE×$ç¦ß±à ûBÙ�æµÙ�Þ$ÙQÝfèMÙ¾üCÞ�ß±âÈÙýêµÛ$ú¼û9ü1ì\þ.óMÿ��¼ß±áÃß±íCå±ù
×EÙQí
ß±á¾×$ØCÙýæ+ðfÝfífß±â³ÙQÝ¢×$ß±àièMÙQàSÙQáE×$ç¦ß±à9Þ$Ù�æ!Ù�Þ�ÙQÝfèMÙýæµÞ�ß±âÈÙ � Ö?á¾ßÆèMå�ÝfáEÙ��ÊðCÙQÝfèMÙ±÷B×$ØfÙºíCÙ���Ý
çS×$çSå�Ýfá\å±æV×$ØCÙ ß��ÊÙQá«å±æ
×$ØCÙÅèMÙQà¦ÙQáE×$ç¦ß±à1Þ�Ù�æ!Ù�Þ$ÙQÝ
èMÙ¾áEä�áE×EÙQâ ß#Þ$ÙÅÝCå àSå�Ý ò Ù�ÞÃÞ$ÙQà ß#×EÙQíl×Eåº×$ØCÙ³Ù��Êðfß#×Eå±ÞÄå±Þ{×$ØCÙ³ÙQè�à çSùf×$ç¦è\ã
ðf×¶Øfß�	±Ù«ãZÙ�ÙQÝ
á$ðCùZÙ�Þ�á$ÙQíCÙQíëãÊäë×$ØCÙ\íCÙ���Ýfç Ý ò èMåÊå±Þ�ífç¦Ýfß#×EÙQá?å±æ1×$ØfÙÄÛ$ú¼û9ü ��
 ØCÙ{ÛEú3û9ü ç áiè�ðCÞ�Þ$ÙQÝ¢×$à¦äëíCÙ���ÝCÙQíýãHäë×$ØfÙ{Þ&ß±ífçSå
ùZå�á$çS×$çSå�Ý
áiå±æBî�óQîëÙ��Ê×EÞ�ß ò ß±à ß±èM×$ç¦è³å±ã�EÙQèM×$áÄå±ãf×$ß±ç¦ÝCÙQí ð
á$ç¦Ý ò ×$ØCÙÈ×EÙQè&ØfÝfç��ÊðCÙ³å±æ��7Ù�Þ$ä���å�Ý ò�� ß±á$ÙQà¦ç¦ÝCÙÈÛ)Ý¢×EÙ�Þ$ñ
æµÙ�Þ$å�âÈÙ�×EÞ$ä ê���� � ÛEì3ß#×Bæ!Þ�Ù��HðCÙQÝ
è�çSÙQá3å±æ1î ��� ß±Ýfí�� ��� Ü����¶å 	±Ù�Þi×$ØCÙÃù
ß±á$×iî#ï"! ä±ÙQß#Þ�á �#
 ØCÙVÛ$ú¼ûiü Ø
ß±á9ÝCå$�Þ$Ù�ù
à ß±èMÙQíº×$ØfÙ{ü ö&%¾å±ùf×$ç¦è�ß±à è�ß#×$ß±àSå ò ß±á�×$ØfÙÄæ+ðfÝfífß±â³ÙQÝ¢×$ß±à=æµÞ�ß±âÈÙ\ß±Ýfípç¦á9×$ØfÙ{Þ�ÙQß±à¦ç'�Qß#×$çSå�Ýºå±æs×$ØCÙ{Û)Ý¢×EÙ�Þ�Ý
ß�ñ
×$çSå�Ýfß±à úXÙQàSÙQáE×$ç ß±à�û9Ù�æ!Ù�Þ$ÙQÝ
èMÙ)(Êä�áE×EÙQâ êµÛEú3û*(fì¶þ»î0ÿ ß#×?Þ�ß±ífçSå+�Xß 	±ÙQàSÙQÝ ò ×$Øfá ��
 ØCÙ,�9Û.-/-ZÖ?ûBú102(ýè�ß#×$ß±àSå ò þ � ÿç¦á¼×$ØCÙ¶Þ$ÙQß±à¦ç'�Qß#×$çSå�Ýëå±æ�×$ØCÙ¶ÛEú¼û�(«ß#×Bå±ùf×$ç¦è�ß±à3�Xß 	±ÙQàSÙQÝ ò ×$Øfá{þ � ÿ �
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J óQô>�>�LK 
 ØCÙ�Û)Ö3é áEÙ�×$á9ðCù��nå±ÞNM�ç¦Ý ò\ò Þ$å�ðfù
á3×Eå³ÙQáE×$ß#ã�à¦ç¦á$Ø¿ß³ÝfÙO� Þ$Ù�æ!Ù�Þ�ÙQÝfèMÙÃæµÞ�ß±âÈÙ �
J óQô±ô�óPK 
 ØCÙ�Û)Ö3é^ÙQáE×$ß#ã
à¦ç¦á�ØCÙQá¼×$ØCÙÃ×$ØCÙ�å±Þ�Ù�×$ç¦è�ß±à�ã
ß±á�ç¦á¼æ!å±Þiß³ÝCÙO� Þ$Ù�æµÙ�Þ$ÙQÝfèMÙ¶æ!Þ�ß±â³Ù �
J óQô±ô � K 
 ØfÙ³Û�Ö3é ífÙ���ÝCÙQáV×$ØCÙÅÙQÝfáEÙQâÄã
àSÙ³å±æ���ífð
è�ç¦ß±à ùZå�ç¦Ý¢×$áÃæ!å±Þ{ßýÝCÙO� Þ$Ù�æ!Ù�Þ�ÙQÝfèMÙ³æµÞ�ß±âÈÙÅß±áÄÙ��Ê×EÞ&ß�ñ
ò ß±à ß±èM×$ç¦èVå±ã�EÙQèM×$á �

J óQô±ô>%LKXÖ á$ðfãCñ ò Þ$å�ðCù å±æ=×$ØCÙ�Û�Ö3éRQ`å±ÞNM�ç¦Ý ò Ü?Þ$å�ðCù å�Ýëû9Ù�æ!Ù�Þ�ÙQÝfèMÙÃüCÞ�ß±âÈÙQá3ç á¼×$ß±áSM±ÙQí¿×Eå³èMå�ÝfáE×EÞ&ðfèM×3ß
ÝfÙO� Þ$Ù�æµÙ�Þ$ÙQÝfèMÙÃæµÞ�ß±âÈÙVã
ß±á$ÙQí¿å�ÝT��� � Û¼å±ã
áEÙ�ÞN	#ß#×$çSå�Ýfá3å±æU�Êðfß±á$ß#Þ�á �

J óQô±ô�õVK 
 ØCÙ�Û)Ö3é^ÙQáE×$ß#ã
à¦ç¦á�ØCÙQá¼×$ØCÙÃÛ$ú¼û*(«ß±Ý
íëß±íCå±ùf×$á3×$ØfÙÃÛEú3û9ü �
J óQô±ô>�LK/0�Ý\ø�ß±ÝÊðfß#Þ$ä³ó�WYX&÷±×$ØfÙnÛ$ú¼û9üýÞ$Ù�ù
à¦ß±èMÙQá�×$ØCÙ3ü ö&%9å±ùf×$ç¦è�ß±àÊè�ß#×$ß±àSå ò ß±á=×$ØCÙnæ+ðfÝfí
ß±âÈÙQÝ¢×$ß±àÊèMÙQàSÙQáE×$ç ß±à
Þ�Ù�æ!Ù�Þ$ÙQÝ
èMÙÃæ!Þ&ß±âÈÙ �
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J óQô±ô±ôLK 
 ØfÙ/�
Þ&áE×�Ù���×EÙQÝfá$ç¦å�ÝÄå±æ
×$ØCÙ¼ÛEú¼ûiüX÷0Û$ú¼û9ü�ñ:Z��Ê× � ó#÷¢ç á=èMå�â³ù
àSÙ�×EÙQí\ß±ífífç¦Ý ò %±ô?ÝCÙO� Þ�ß±ífçSå�áEå�ðCÞ&èMÙQá
�içS×$Ø ÛEú3û9ü èMåHå±Þ&ífç¦Ýfß#×EÙQá �

J î#ï±ï�îLK 
 ØfÙ«áEÙQèMå�Ý
í Ù��Ê×EÙQÝfá�çSå�Ý å±æB×$ØCÙ ÛEú3û9üX÷ ÛEú¼ûiü�ñ:Z[��× � îÊ÷sç¦á\èMå�âÈù
àSÙ�×EÙQí ß±ífí
ç¦Ý ò %#ï`ÝfÙO��Þ&ß±ífçSå
á$å�ðCÞ�èMÙQá1�içS×$Ø ÛEú3û9ü èMåHå±Þ&ífç¦Ýfß#×EÙQá �
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 ØfÙÄÛ$ú¼û9ümç¦á�è�ðCÞ$Þ�ÙQÝ¢×$àSäºíCÙ���ÝCÙQíºãHäº×$ØCÙ\Þ�ß±ífçSå«ùZå�á$çS×$çSå�Ý
á9å±æ¼î�óQî«Ù��Ê×EÞ�ß ò ß±à ß±èM×$ç¦èÈå±ã�EÙQèM×$á �&
 ØfÙ{Þ&ß±ífçSåùZå�á$çS×$çSå�Ý
ásß#Þ$Ù?ã
ß±áEÙQí«ðCùZå�ÝÅß ò ÙQÝCÙ�Þ�ß±à(áEå�à¦ðC×$ç¦å�ÝÅæµå±ÞXß±à à
ß#ùfù
à ç¦è�ß#ã
àSÙ9í
ðfß±àfæµÞ$Ù��ÊðCÙQÝfèMäÅî ��� Ü����?ß±Ýfí_� ��� Ü����
` ß#ÞNM¿Û$Û$Û��*� � ÛBífß#×$ß¾ß 	�ß±ç à¦ß#ã
àSÙÃ×$ØfÞ$å�ð ò Øë×$ØfÙÄâ³ç¦í
ífàSÙVå±æBóQô±ô>%¾èMå�Ýfá$ç¦áE×$ç Ý ò å±æBó ��a â³ç¦à¦à¦ç¦å�Ý¾ù�ß±çSÞ�áBå±æ ò Þ$å�ðfùíCÙQà¦ßFä`ß±Ýfí`ù
Øfß±á$Ù³íCÙQà¦ßQäpÞ�ß#×EÙ¾å±ã
áEÙ�ÞN	#ß#×$çSå�Ýfá �+
 ØCÙÈùZå�á$çS×$ç¦å�Ýfß±à7ß±è�è�ðCÞ�ß±èMä`å±æ¼×$ØCÙ³Û$ú¼ûiümá$å�ðCÞ�èMÙQá¶ç áVãZÙ�×E×EÙ�Þ
×$Øfß±Ýmß#ãZå�ðC×ºó â³ß±á«ç¦Ý ãZå±×$Ø èMåÊå±Þ�ífç Ýfß#×EÙQá �b
 ØfÙýÛ$ú¼û9üdcEífÙ���Ýfç¦Ý ò^e áEå�ðCÞ�èMÙQá«áEÙ�×«×$ØCÙºífç¦Þ$ÙQèM×$çSå�Ý å±æ¶×$ØCÙ
Û$ú¼û*( ß���ÙQá¶ß±Ýfíf�XÙ�Þ$ÙÅè&ØCå�áEÙQÝlã
ß±áEÙQí`å�Ý`×$ØfÙQçSÞVå±ã
áEÙ�ÞN	�ç¦Ý ò Øfç áE×Eå±Þ�çSÙQáVß±Ýfí ×$ØCÙ³áE×$ß#ã
ç¦à çS×�ä ß±Ýfí`ß±è�è�ðCÞ�ß±èMä`å±æ
×$ØCÙQçSÞ¶ù(å�á�çS×$çSå�Ý ÙQáE×$ç¦â³ß#×EÙQá � Û)Ý ß±ífífçS×$ç¦å�Ýp×Eåë×$ØCÙ¾î�óQîýíCÙ���Ýfç¦Ý ò á$å�ðCÞ�èMÙQá�÷�ù(å�á�çS×$çSå�Ýfá�æµå±ÞÄî±ô � à¦ÙQá$áVå±ã
áEÙ�Þg	±ÙQícEè�ß±Ýfífç ífß#×EÙ e áEå�ðfÞ�èMÙQáiß±à¦å�Ý ò �9çS×$ØÆó�ï�î³àSÙQá�á9á$ðfç¦×$ß#ã
àSÙ�c)å±×$ØCÙ�Þ e áEå�ðCÞ&èMÙQáh�XÙ�Þ$ÙÄß±à áEå ò ç'	±ÙQÝºãHä þ.óMÿ�×Eå«íCÙQÝ
á$çSæµä
×$ØCÙ?æ!Þ&ß±âÈÙ ��
 ØCÙ���Ýfß±à�å±Þ�çSÙQÝH×$ß#×$çSå�Ý«å±æ�×$ØCÙ�æµÞ�ß±âÈÙ�ß��ÊÙQái�¼ß±áXå±ãf×$ß±ç¦ÝCÙQí«ãÊäÅß{Þ$å±×$ß#×$çSå�Ý«å±æ�×$ØCÙ�ùZå�á$çS×$çSå�Ý
ásç¦ÝH×Eå
×$ØCÙÈáEä�áE×EÙQâ å±æs×$ØCÙ\Û)Ý¢×EÙ�Þ&Ýfß#×$çSå�Ýfß±à1úXÙQàSÙQá$×$ç¦ß±à�û9Ù�æ!Ù�Þ�ÙQÝfèMÙ+(ÊäÊá$×EÙQâ êµÛEú¼û�(fìÄþ»î0ÿ7ß±Ý
í ç á?èMå�Ý
á$ç¦áE×EÙQÝH×��9çS×$Øº×$ØCÙ
ü ö&%Èø¢î#ï±ï±ï � ïÅå±ùf×$ç¦è�ß±à�á$äÊáE×EÙQâë÷j�9çS×$Øfç¦Ý«×$ØCÙÃà ç¦â³çS×$ánå±æ�×$ØfÙÃà¦ß#×E×EÙ�Þ9áEä�áE×EÙQâdß±è�è�ðCÞ&ß±èMä ��
 ØfÙ�áNMHä ífç¦áE×EÞ&çSã
ðC×$çSå�Ýå±æ ×$ØCÙ a ï^�ÈÛ$ú¼ûiü á$å�ðCÞ�èMÙQáBç¦á9á$ØCå �iÝ¿ç¦Ýëü ç ò ðCÞ$ÙÈó ��
 ØCÙVáSMÊä í
ç¦áE×EÞ�çSã�ðC×$çSå�Ý³å±æ ×$ØCÙVÛ$ú¼ûiülkiÙ��(Ýfç¦Ý ò áEå�ðCÞ&èMÙQá
ç¦á3á$Øfå �9Ýëç Ý¿ü=ç ò ðCÞ$Ù¶î �
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 ØfÙ3ùfÞ�ç¦â³ß#Þ�ä¶å±ã�EÙQèM×$ç'	±ÙQánå±æ(Ù���×EÙQÝfífç Ý ò ×$ØCÙ3Û$ú¼û9üf�XÙ�Þ$ÙB×EåÃù
Þ$å 	�ç¦íCÙ3ùZå�á$çS×$ç¦å�Ýfá æ!å±ÞsÙ��Ê×EÞ�ß ò ß±à ß±èM×$ç¦è9Þ&ß±ífçSå
áEå�ðCÞ&èMÙQá7å±ã
áEÙ�ÞN	±ÙQíÅá$ç¦ÝfèMÙ¼×$ØCÙBíCÙ��(ÝfçS×$çSå�ÝÄå±æ�×$ØfÙ3ÛEú¼ûiüpß±Ýfí\×EåVÞ$Ù���ÝCÙ¼×$ØCÙ3ùZå�á$ç¦×$çSå�Ýfá=å±æ(è�ß±Ý
ífç¦ífß#×EÙBß±Ýfí\å±×$ØfÙ�Þ
áEå�ðCÞ&èMÙQáiðfá�ç¦Ý ò ß±ífífç¦×$çSå�Ýfß±àrå±ã
á$Ù�ÞN	�ß#×$ç¦å�Ýfá � ÖqáEÙQèMå�Ýfí
ß#Þ$ä¿å±ã�EÙQèM×$ç'	±Ùw�¼ß±ái×Eå«âÈå�Ý
çS×Eå±ÞiáEå�ðfÞ�èMÙQá9×Eå ß±á$èMÙ�Þ$×$ß±ç Ý
�9ØCÙ�×$ØfÙ�ÞB×$ØCÙ�ä èMå�Ý¢×$ç¦ÝÊðCÙÃ×EåÅã(ÙÃá�ðfçS×$ß#ã
àSÙ�æµå±Þ9ðfáEÙÃç Ý ×$ØCÙVÛEú3û9ü �


 ØfÙ³ífß#×$ß¿ß±ífíCÙQí`×Eå¿×$ØfÙ³ÛEú3û9ümç¦ÝpÛEú3û9ü�ñ:Z[��× � óýþ�%�ÿsáEù�ß±ÝfÝCÙQífk?ÙQèMÙQâ¶ãZÙ�Þ¾óQô±ô � ×$ØCÞ$å�ð ò Ø`ÖiùfÞ�ç àXóQô±ô±ô
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ß±Ýfí¦�nÙ�Þ�ÙÅå±ãf×$ß±ç¦ÝfÙQílæµÞ$å�â ã(å±×$Ø ò Ù�åÊífÙ�×$ç¦è¾ß±Ý
íÆß±áE×EÞ�å�âÈÙ�×EÞ�ç¦è¾å±ã
áEÙ�ÞN	�ç¦Ý ò ùfÞ$å ò Þ�ß±â³á � Ö9ù
ùfÞ$å��Cç¦â³ß#×EÙQà¦ä ï ��aâ³ç¦à à¦çSå�ÝÈÝCÙO�må±ã
áEÙ�ÞN	#ß#×$çSå�ÝfáXæµÞ$å�â �"a ó?á$ÙQá$á$çSå�Ýfá/�nÙ�Þ�Ù�ß±í
íCÙQí �[
 ØCÙ�Þ$Ù��nÙ�Þ�Ù�%±ô{ÝCÙO�ÇáEå�ðCÞ�èMÙQá ��
 ØCÙ9ùZå�á$ç¦×$çSå�Ýfáß±Ýfí«Ù�Þ$Þ$å±Þ&ánæµå±Þ3×$ØCÙVíCÙ���Ý
ç¦Ý ò á$å�ðCÞ�èMÙQái�XÙ�Þ$ÙVðfÝfè�Ø
ß±Ý ò ÙQí æ!Þ�å�â ×$ØfÙVÛEú¼ûiü � Û)âÈùfÞ$å$	±ÙQí ùZå�á$çS×$çSå�ÝfáXß±Ýfí«Ù�Þ$Þ$å±Þ&áæµå±Þn×$ØCÙ�è�ß±Ýfífç ífß#×EÙiß±Ýfí«å±×$ØCÙ�Þ¼áEå�ðCÞ&èMÙQá#�XÙ�Þ$Ù?ÙQáE×$ç¦â³ß#×EÙQí ß±Ýfí¾Þ$Ù�§
ÙQèM×X×$ØCÙ�è�Øfß±Ý ò ÙQá3ç¦Ý³×$ØCÙ�ífß#×$ß{áEÙ�×3ß±Ýfí¾×$ØCÙ
ß±Ýfß±àSä�á$ç¦á � ê�QmØ
ç¦àSÙ{×$ØCÙÈèMåHå±Þ�í
ç¦Ýfß#×EÙQá�å±æ¼ç¦Ýfífç'	�ç¦ífð
ß±àráEå�ðCÞ�èMÙQáÃâÅßQäºè&Øfß±Ý ò Ù³×Eå¿ãZÙ�×E×EÙ�ÞÃâ³ß#×$è&Ø`×$ØCÙÈß�	#ß±ç¦à¦ß#ã�àSÙ
å±ã
áEÙ�Þg	�ß#×$çSå�Ý
á�÷Z×$ØCÙ\Û�Ö3é Þ$ÙQèMå�â³âÈÙQÝ
ífß#×$çSå�Ýpß±íCå±ùf×$ç¦Ý ò ×$ØCÙ\Û$ú¼û9ümáE×$ß#×EÙQáV×$Ø
ß#×�ß±ÝHäºðfùZí
ß#×EÙQáiå±æn×$ØCÙ\ÛEú3û9ü
�9ç¦à à£M±Ù�Ù�ùÆ×$ØCÙÅá$ß±â³ÙÅèMåHå±Þ&ífç¦Ýfß#×EÙÅß���ÙQáÃãÊä`âÈÙQß±Ýfá¶å±æXßºáE×$ß#×$ç¦áE×$ç¦è�ß±àsÝCå#ñ�ÝCÙ�×)ñ�Þ$å±×$ß#×$çSå�Ý èMå�Ýfífç¦×$çSå�Ý � ì 
 ØfÙ+%±ô
ÝCÙO�ÇáEå�ðCÞ�èMÙQá��XÙ�Þ$ÙVß±ífíCÙQí@�9çS×$Ø¾ÛEú3û9ülèMåÊå±Þ�ífç Ýfß#×EÙQá ��
 ØCÙ?ífç¦áE×EÞ&çSã
ðC×$çSå�Ý³å�Ý¾×$ØfÙ?áSMÊä³å±æ�×$ØfÙ?ÝCÙO� áEå�ðfÞ�èMÙQá¼ç¦á
á$ØCå$�9Ýëç¦Ý¿ü ç ò ðfÞ$Ù �L�
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 ØfÙ í
ß#×$ß`ß±ífíCÙQí ×Eå ×$ØCÙ Û$ú¼û9ü^ç¦Ý Û$ú¼û9ü�ñ:Z��Ê× � î þ a ÿ9á$ù
ß±ÝfÝCÙQí ` ßQäÇóQô±ô±ô`×$ØCÞ$å�ð ò Ø ` ßFä î#ï±ï�îlß±Ýfí
�XÙ�Þ$Ù9å±ãf×$ß±ç ÝCÙQíÅæµÞ$å�â ã(å±×$Ø ò Ù�åÊífÙ�×$ç¦èiß±Ý
íÅß±áE×EÞ$å�â³Ù�×EÞ�ç¦èBå±ã�áEÙ�ÞN	�ç¦Ý ò ùfÞ�å ò Þ�ß±â³á � ÖiùfùfÞ$å ��ç¦âÅß#×EÙQàSä¿ó � î¶â³ç à¦à¦çSå�ÝÝCÙO� å±ã
áEÙ�Þg	�ß#×$çSå�Ý
áiæµÞ$å�â ß#ùfùfÞ�å��Cç¦â³ß#×EÙQàSä � ï±ï¿á$ÙQá$á$çSå�Ýfá��XÙ�Þ$ÙÈß±ífíCÙQí ��
 ØCÙ�Þ�Ùw�XÙ�Þ$Ù�%#ï ÝCÙO�qáEå�ðCÞ�èMÙQá �2
 ØCÙùZå�á$çS×$çSå�Ý
á9ß±ÝfíºÙ�Þ$Þ$å±Þ�áiæµå±Þ?×$ØfÙ{íCÙ��(Ýfç¦Ý ò á$å�ðCÞ�èMÙQá*�nÙ�Þ�Ù{ðfÝ
è�Øfß±Ý ò ÙQí æµÞ$å�âv×$ØCÙÄÛ$ú¼ûiü � Û)âÈùfÞ$å$	±ÙQíºùZå�á$ç¦×$çSå�Ýfáß±Ýfí Ù�Þ$Þ�å±Þ�á3æµå±Þ3×$ØCÙ¶è�ß±Ýfífç ífß#×EÙVß±Ýfí¿å±×$ØCÙ�Þ9á$å�ðCÞ�èMÙQá±�XÙ�Þ$ÙVÙQáE×$ç¦âÅß#×EÙQíëß±Ýfí¿Þ$Ù�§�ÙQèM×3×$ØCÙ¶è�Ø
ß±Ý ò ÙQáBç¦Ý ×$ØCÙÃí
ß#×$ß
áEÙ�×3ß±Ýfí«×$ØCÙVß±Ýfß±àSä�á$ç¦á �U
 ØCÙ�%#ï\ÝCÙO� áEå�ðfÞ�èMÙQái�nÙ�Þ�Ù�ß±í
íCÙQí��9çS×$Ø¾ÛEú¼ûiülèMåÊå±Þ�ífç¦Ý
ß#×EÙQá ��
 ØCÙ�ífç¦áE×EÞ&çSã
ðC×$çSå�Ý³å�Ý×$ØCÙ¶áNMHä«å±æ�×$ØfÙ¶ÝCÙO� áEå�ðfÞ�èMÙQáBç¦á3á$Øfå �9Ýëç Ý¿ü=ç ò ðCÞ$Ù �j�Û$ú¼û9ü�ñ:Z��Ê× � îiâ³ß#ÞNM�á�ß?â³ç¦à¦ÙQáE×Eå�ÝCÙnç ÝÃ×$Øfß#× çS×�ðC×$ç à¦ç'��ÙQá�ß±à à¢ß�	#ß±ç¦à¦ß#ã�àSÙ/�7Ù�Þ$äw��å�Ý ò*� ß±á$ÙQà¦ç¦ÝCÙXÖ9Þ$Þ&ßQä¾ê���� � ÖVì
ûhk1�dífß#×$ß �T
 ØCÙ)��� � Ö ûhk±�dí
ß#×$ßýç¦áVå±ã
×$ß±ç¦ÝCÙQí ×$ØfÞ$å�ð ò Ø ßºèMå�à¦à¦ß#ãZå±Þ�ß#×$ç'	±Ù³ù
Þ$å ò Þ�ß±â å±æ ò Ù�å�íCÙ�×$ç¦è¾ß±Ýfí
ß±áE×EÞ$å�â³Ù�×EÞ�ç¦è Þ$ÙQáEÙQß#Þ�è&ØÇãZÙ�×:�XÙ�ÙQÝÇ×$ØCÙ`é � ( �i² ß�	#ß±àw0?ã
áEÙ�Þg	�ß#×Eå±Þ$ä^ê+é�( ² 0Ãì&÷¼×$ØCÙ Ü?å�ífífß#Þ�í³(Êù
ß±èMÙpü à¦ç ò ØH×
úXÙQÝH×EÙ�Þ¶ê�Ü2(�ü�ú9ìXß±Ýfí«×$ØCÙ ² ß#×$ç¦å�Ýfß±àZû9ß±ífçSåÈÖ?áE×EÞ$å�ÝCå�âÄä_0�ã
áEÙ�ÞN	#ß#×Eå±Þ$ä ê ² û9Öh0¶ì � Ö ×Eå±×$ß±àrå±æ�å 	±Ù�Þ a %±îsï±ï±ïíCÙQà¦ßFäÅå±ã
á$Ù�ÞN	�ß#×$ç¦å�ÝfáÃê+ß±à¦âÈå�áE×9î#ï"´ å±æ ß±à¦àZß�	#ß±ç¦à¦ß#ã�àSÙiå±ã�áEÙ�ÞN	#ß#×$çSå�ÝfáOµ�ì{æµÞ$å�â � ï¶��� � Ö ò Ù�å�íCÙQáEä<·�ß±áE×EÞ$å�â³Ù�×EÞ$ä
áEÙQá$á�çSå�Ýfái�XÙ�Þ$Ù¶ç¦Ýfè�à ðfíCÙQí ç¦Ý ×$ØCÙVÛ$ú¼û9ü�ñ:Z��Ê× � îÅáEå�à¦ðC×$çSå�Ý �
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 ØfÙiÛ)Ö3é Øfß±á¼è&Øfß#Þ ò ÙQí«×$ØCÙ�Û�ÝH×EÙ�Þ�Ýfß#×$ç¦å�Ýfß±àZnß#Þ$×$Ø ûBå±×$ß#×$çSå�Ý¿ß±Ý
í«û9Ù�æ!Ù�Þ�ÙQÝfèMÙ&(ÊäÊá$×EÙQâ³á1(ÊÙ�ÞN	�ç¦èMÙ{êµÛ.Zsû�(fì
�9çS×$Ø ×$ØCÙpâ³ß±ç¦ÝH×EÙQÝfß±ÝfèMÙ å±æÃ×$ØCÙ ÛEú3û9ü � ` ß±ç¦ÝH×EÙQÝfß±ÝfèMÙ`ß±èM×$ç'	�çS×$çSÙQá«ß#Þ$Ù Þ�ðfÝ��)å�ç¦ÝH×$àSä ãÊä ×$ØCÙ ÛuZnû*( ÛEú¼û�(
-1Þ�åÊífð
èM×iúXÙQÝ¢×EÙ�Þiß±Ýfí¿×$ØCÙÃÛ)ÝH×EÙ�Þ�Ýfß#×$çSå�Ýfß±à���� � Ûh(ÊÙ�ÞN	�ç¦èMÙÅêµÛu��(
ì �


 ØfÙÄÛ.Zsû�(¿Û$ú¼û*(¾-sÞ$åÊí
ðfèM×�úXÙQÝH×EÙ�ÞÃç¦á?ífçSÞ$ÙQèM×$à¦ä¿Þ$ÙQáEùZå�Ýfá$çSã�àSÙÃæµå±Þ?×$ØfÙ{â³ß±ç Ý¢×EÙQÝfß±Ý
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áEÙ�ÞN	#ß#×Eå�çSÞ$ÙÈíCÙ¶- ß#Þ�ç¦áVß±Ýfí ×$ØCÙÈé�( ² 0 � ` å±Þ$Ù³ç ÝCæ!å±Þ&â³ß#×$çSå�Ýè�ß±ÝëãZÙ�å±ãf×$ß±ç¦ÝfÙQí¿æ!Þ�å�â ×$ØCÙ&-sÞ$åÊí
ðfèM×9úXÙQÝ¢×EÙ�Þ�Q`Ù�ãýù
ß ò ÙÄß#×i¿ÀLÀ"Á±ÂSÃVÃ>ÄLÄVÄ±ÅNÆ^Ç"ÈÉUÅuÊ"ÈËÃjÆ>Ç"ÈoÉ>Ã�ÁoÌ"ÃLÆLÌ�ÈoÉPÃ �


 ØfÙ3ÛF�2({ç¦á1ß±Ý³ç Ý¢×EÙ�Þ�Ý
ß#×$çSå�Ýfß±à�èMå�à¦à¦ß#ãZå±Þ�ß#×$çSå�Ý\å±æZå±Þ ò ß±Ý
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ß#Þ$×Äå±æ9ß¶�Eå�ç¦ÝH×
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Red star= 1, blue diamond= 2, green circle= 3, 4
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ñ:åDÙ5ø-ÙjìDÙ�â.øNê]�Êß5â�ò�Þ£ê[ø�â.Ý�Ú�ø-á:â.øNÙ ìDÙ5Ù�ÛDÙ�Û&ûCöÏÚzá�Ý?Ú�ätÝNåDÙÆìDÙ5ñ�á�ÚzàDø�ßIÙ�á/â.øNÙÆÝ�ÚFÚ ñ�Ù�â.ù�ä7Ú�ø?ÝNåDÙjø-Ù5ãzà[ò�â.ø/ö÷â.øNù
ú æ�5<h@$�å[ø¶â�ì[Û í9$�åDø ú ìFÝ�Ù�ì[áNÞ£ÿ�Ù�áNÙ�áNáNÞ£Úzì[á�ð�ênà[Ýõà[ì[ÛDÚzà[ê[ÝNâ.ênò���ð�ýwâ�ìB�}ñ:Þ ò�ò!ßIÚzì�Ý�ø�Þ£ênàDÝ�ÙÊÝ�Ú6ñ�â.ø�Û[áõÝNå[ÙÏìDÙ/1ÜÝ
ÛDÙ/~�ìnÞ£ÝNÞ£Úzì¶Ú�ätÝNåDÙ ú ô���*�û
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C�DiF�GQH���Kw��OL��SQ�YOLT<R_DiG{M@SIR�H0�BO��_�	DiG{���_�_O��UV
ó�ÚzáNÞ£ÝNÞ£Úzì æ�Ù�ò�Ú�ß5Þ£Ý��

g Þ�ÝNå�ü g Þ�ÝNåDÚzàDÝ g Þ�ÝNå�ü g Þ�ÝNåDÚzàDÝ
æ?ç0è�é æ?ç0è�é
3,ýwý�6 3,ýwý¶üL�Fø96

Ø'Ø
é��)��í=?zï û;h[í_ü�5�û^� û�íi5õü¶ûI��í
Ø ú ç,+�� �o�o� û^5�¶ü¶û^>�� û�?�>õü¶û�?@h
�/é �tô0�:é�� û^�ï¶ü¶û^��ï û�íi>õü¶û�íi
� � �)�o� û;h�? ü¶û^�@? û�?��õü¶û�?zî
öÏé�ô � �:é û^><hÀü¶û;hB5 û�?��õü¶û�?B�
ö � � ú + ú 
?é û^>��¶ü¶û;hB� û�?B�wü¶û�?zï

��¢ô!� û^>�� ü¶û;hB û�?zïõü¶û�?zî

!�/é��	5@? û^5<hÀü¶û;h�? û�?B�wü¶û�?zî

0�¿é?ç � ��5@? û^5�î¶ü¶û^>�� û�?@h¶ü¶û�?@h
��
	�Üé/ç0é �@? û^>Üí_ü¶û^>�î û�?�õü¶û�?��
ô ú Ø)�)+0��
	+ ï�ûI� ükî�û^5 í.û^>@?¶ü�í.û;hB>
ô!��� � �?è�>�5 û^��5¶ü¶ûI�@> û�íi5õü¶û�íi>
gm� �Üô0* �	��� û^5�>¶ü¶û^>�ï û�?�>õü¶û�?�
gm� ôCô!¡ � ç�ç û^>Üí_ü¶û;h�? û�?�õü¶û�?��
è��a$2æ
ç�è�é û^5�5õü�¢ û�?�>õü:¢
*���$2æ
ç�è�é û^5<h¶ü�¢ û�?@h¶ü:¢
�!
�$2æ
ç�è�é û^5<h¶ü�¢ û�?@h¶ü:¢
� ó�$2æ
ç�è�é û^5�õü�¢ û�?@h¶ü:¢
ç�é�$2æ?ç0è�é û^5�>õü�¢ û�?�>õü:¢
ö � $2æ?ç0è�é û;hB5õü�¢ û�?B�wü:¢

/ç�$2æ?ç0è�é û^5�5õü�¢ û�?�>õü:¢
�!æ!$2æ
ç�è�é û^5<h¶ü�¢ û�?@h¶ü:¢
ó úU� ô!� g 
 û^5<h¶ü�¢ û�?�>õü:¢
�{+£$2æ
ç�è�é û^>��õü�¢ û�?B�wü:¢

¤hÍÏÎLkmlon&Ö�Ñ�Ó�Ð¦¥�§�¨4©�ª Õ�Ñ�nsÑz×2Ó�Ð

ô�â.ênò£Ù0>
áNåDÚ6ñ:átÝNåDÙ!øNÙ�ò â.ÝNÞ£ÿ�Ù��sÙ5ø-ä7Ú�ø-ýõâ�ì[ßIÙ�Ú�ä�ÝNåDÙCß5à[øNøNÙ�ìFÝtáNÙ�áNáNÞ£Úzì_Ý�����Ù�á�Þ�ì � �¢ó â�ì[Ûkì�àDÝNâ.ÝNÞ£Úzì&ðzÝNâ.ù�Ù�ì
ä�øNÚzý âõøNÙ�ßIÙ�ìFÝjØ)��* + � �
óëáNàDênýõÞ�áNáNÞ£Úzìû ú Ý
ß5â�ì¾ê�ÙÆá�Ù5Ù�ì÷ÝNå[â.Ý
ÝNåDÙ(���Cæ?á��[ø-Ú�Û[ànßIÙjÝNåDÙkýkÚzá�Ý
â�ß5ß5àDø-â.Ý�Ù
ÛDÙ5Ý�Ù5ø-ýõÞ�ì[â.ÝNÞ£ÚzìþÚ�ä¢â�ò�òa~nÿ�Ù � â.ø-ÝNåþÚ�ø-Þ£Ù�ìFÝNâ.ÝNÞ£Úzì&��â.ø-â�ýkÙ5Ý�Ù5ø-á5û g Þ£ÝNå Úzì[ò���� áNÙ�áNáNÞ£Úzì[á«�sÙ5ø���Ù�â.ø ÝNåDÚzà[ãzå&ð
ÝNåDÙwà[áNÙ5ä�à[ò ìDÙ�áNá/Ú�ä�ÝNåDÙkã�ø-Ù�â.Ý�Ù5ø)�[øNÙ�ß5Þ�á-Þ£Úzì¾Þ�ì#�/ôjí â�ìnÛy�sÚzò�Ù¬��ÚzáNÞ�ÝNÞ£Úzì[á
Þ�á
ò�Þ�ýwÞ�Ý�Ù�Û&û¬�
ìDÙ_Ú�ä�ÝNåDÙkã�øNÙ�â.Ý�Ù�á�Ý
á�Ý�øNÙ�ì[ã�ÝNå[áCÚ�ätÝNåDÙ'æ
ç�è�é¢ü<���!æUá�Ù�áNáNÞ£ÚzìnáCò�Þ£Ù�áCÞ ìÀÝNåDÙjì�àDÝNâ.ÝNÞ£ÚzìÏýkÙ�â�áNàDøNÙ�ýwÙ�ì�ÝNá5ð�ñ:åDÙ5øNÙ'ånÞ£ãzåÀä�øNÙi%Fà[Ù�ì[ß/�ÀÞ�á
ìDÚ�Ý'ìDÙ5Ù�Û[Ù�Û&û ô:åDÙ����!æ ìFà[ÝNâ.ÝNÞ£Úzì[á'â.øNÙkÚ6ÿ�Ù5øjÝ3ñ:Þ�ßIÙwâ�á��[øNÙ�ß5Þ á�Ùkâ�á'Þ�ì¾ÝNåDÙ_øNÙ5ãzà[ò â.ø¢ñ�Ù5Ù5ùÜò��}3�jíkâ�ì[Û#��h�6
Ú�ø
ýkÚzì�ÝNånò���3�!®	�)6:á�Ù�áNáNÞ£Úzìná5û!ôCå[Þ�áCýõâ.ù�Ù�á/ÝNå[Ù�ý Þ�Û[Ù�â�òä�Ú�ø?á�ÝNànÛ���Þ ìDãwâ�ì[Û�ýwÚzì[Þ£Ý�Ú�ø-Þ�ì[ãwÝNåDÙÆò�ÚzìDã�Ù5ø/Ý�Ù5ø�ý
ì�àDÝNâ.ÝNÞ£ÚzìÊßIÚzý���ÚzìDÙ�ìFÝNá5ðná-à[ß-åÊâ�áCÝNåDÙ'ä�øNÙ5Ù'ßIÚ�øNÙÆì�àDÝNâ.ÝNÞ£Úzì�â�ì[Û4��ÚzáNáNÞ£ê�ò��kÝNåDÙ'ä�øNÙ5Ù'Þ�ì[ì[Ù5øCßIÚ�øNÙjì�àDÝNâ.ÝNÞ£Úzì&û
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Distribution of R.A. Formal Errors
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��SI¯LP��_H JLK�°oSWV"R��_SIF�P�R�SQO�T(Oi±�±�O��_�	DiG�HY�_�_O��UVNSQT�²�SI¯L[<RofoV_X�HYT�V"SQO�T:±�O���R_[�H�RuZ O	V�O�GQP�R�SQO�T�V,±�O���DiGQG{V�O�P��UX�H9V�F�HYRuZ H�HYT:³´Lµ
DiT�¶(·c¸Lµ ¶�HY¯��_HYH9V�¶�H�XYGISQTBD=R_SIOLT{K

C�DiF�GQHa´�Kw�,¹cº�\=»oP�R_DiR�SQO�T:�BO��_�	DiG{���_�_O��UV

/ÚDû½¼ ��Úzò£Ù � ��Úzò£Ù �?ô'í ó¿á-Þ � �ná

¾ â�á�Ù�ß ¾ â�á�Ù�ß ¾ á�Ù�ß ¾ â�á�Ù�ß ¾ â�á�Ù�ß
�!�!æ h[í 5�î�û�î >@?ÜûI� í.û^�î �î�û�í 5<hDû�?
�Æí í=?�> ���û^ ���û^ 5�û�?�? íi5��û�? Üí.û^>
��h í=?�5 ï��ûI� �<?Üû�ï 5�û�î� íi��î�ûI� ��ï�û^5
� ®	� íi� �<?Üû�î ����û�î 5�û^�� í/h��Fû^> �Üí.û�ï
+�Úzì�Ý�?�5 í/h h�î�û^5 >�î�û;h í.ûI�@ î��û^ h�?Üû�ï

¿tÍÁÀ}©�ÂÄÃ,qet@t.×2Ó0ÐÅ�¶Ó�Ð0Ñ.ÒF×uÆ�ÕhÑz×2Ó�Ð£t

*DÚzà[ø � ü�Ç á�Ù�áNáNÞ�Úzì[á/â�ìnÛ¾ÚzìDÙ � $2ênâ�ì[Û÷áNàDøNÿ�Ù=�÷á�Ù�áNáNÞ�Úzì÷ånâ�ÿ�Ùkê�Ù5Ù�ì÷ø-à[ìÏÚzì¾ÝNåDÙ_æ?ç0è�é Ú�ÿ�Ù5ø'ÝNå[Ù_ò â�á�Ý
Ý�ñ�Ú4��Ù�â.ø-á
Ý�Ú ê�Ù5ãzÞ�ìÏênà[Þ�ò�ÛnÞ�ìDãkà��¾â¶ånÞ£ãzåDÙ5ø?ä7øNÙi%�àDÙ�ì[ß/��øNÙ5ä7Ù5ø-Ù�ì[ßIÙ_ä7ø-â�ýwÙ�û
ô:å[Þ�á/ä7ø-â�ýwÙÆñ:Þ ò�òê�ÙÆì[Ù5Ù�ÛDÙ�Û¾Þ�ì
ÝNåDÙjì[Ù�â.øCä�à[ÝNàDøNÙ¢ä�Ú�ø:ýkÚ�øNÙ)�nøNÙ�ß5Þ�á�Ù'á���â�ßIÙ�ßIø-â.ä7Ý?ì[â�ÿÜÞ£ãzâ.ÝNÞ£ÚzìÏâ.Ý � âkê�â�ì[Û&ûhé � ü�Ç�ßIÚzò�ò â.êsÚ�ø�â.ÝNÞ£ÚzìÀã�øNÚzà��ÏÞ�á
ß5àDøNø-Ù�ì�ÝNò��¶ñ�Ú�øNù�Þ ìDãwÚzìÊê�à[Þ�ò�Û[Þ ìDãÆà���ÝNåDÙ'ênâ�áNÞ ß'ß5â.ÝNâ�ò£Ú�ãDð�Þ�ì�ÿ�Ù�áNÝNÞ£ãzâ.ÝNÞ�ìDãõá���á�Ý�Ù�ýõâ.ÝNÞ�ß'Ù/.�Ù�ßIÝNá5ð�â�ì[ÛÊá�Ù�ò£Ù�ßIÝNÞ ìDã
Ù�ß5ò�Þ��nÝNÞ�ßCá�ÚzàDø�ßIÙ�á�ä�Ú�ø�ÝNåDÙ/ìDÙ/1ÜÝ�øNÚzà[ì[ÛõÚ�äöÏâ.ø-á�ýwÞ áNáNÞ£Úzì[á�û�ôCå[ÙCæ?ç0è�é å[â�á�êsÙ5Ù�ì¶Þ�ìFÿ"â�ò à[â.ênò£Ù:Þ ìwÝNå[Þ�á¿Ù/.sÚ�ø-Ý5ð
â�ì[Û¶Þ£Ý¿Þ�á�à[ì[ò Þ£ù�Ù�ò�� ÝNå[â.Ý�Þ�Ý¿ßIÚzà[ò�Û ê�Ù:à[ì[ÛDÙ5ø-ÝNâ.ù�Ù�ì â.Ý�ÝNå[Þ�á¿ÝNÞ�ýkÙ:ñ/Þ£ÝNåDÚzàDÝ�ÝNåDÙ:æ
ç�è�éÆû�é?ò�á�ÚDð�ê�Ù�ß5â�à[á�Ù:Ú�ä�ÝNåDÙ
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Distribution of Declination Formal Errors
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��SI¯LP��_H���KN°£SQV"R��_SQF�P�R�SQO�T�O�±E±�OL���	D�G{HY�_��OL�_V,SQT«°oH9X�GQSIT�D=R�SQO�T¬±�OL��R�[�H0RuZ O	V�O�GQP�R�SQO�TBV�±�O��oD�GIGeV�O�PB�_XYH�V�F]H�RuZ,HYHYT¬³È´�µ�DiT�¶
·c¸�µ ¶�H�¯��_HYH�V�¶�H9X�GQSIT�D=R�SQO�TeK

Þ�ì[ßIø-Ù�â�áNÞ�ìDãkÞ�ìFÝ�Ù5øNä�Ù5øNÙ�ì[ßIÙjâ.Ý	��$2ênâ�ì[Û&ð[â.Ý�Ý�Ù�ý«�[ÝNá/â.ø-Ùjà[ì[ÛDÙ5ø-ñ�â��¶Ý�ÚõÙ�á�ÝNâ.ênò�Þ�á-åÊâ � â�üL¼cã�Ù5ÚÜÛDÙ5ÝNÞ�ß¢ä�øNÙi%�àDÙ�ì[ß/�
á�ÝNâ�ì[Ûnâ.ø-Û�7;><80â�áCâ�ìÏâ�ò£Ý�Ù5ø-ì[â.Ý�ÙjÚ�øCøNÙ=�nò�â�ßIÙ�ýwÙ�ì�ÝCä�Ú�ø0¼'ü��sû

xyq{zUq[Ò�qnÐ�Ö�qet
É J�Ê	d,H�D�V�GQHYË�Ì�f0K Í�KIÌ�°!K�ÎcOL�_¶�O�T{Ì�f0K dcK]º�H9XUÏ�Ì]bNK�º�HYR��_O=Ð�Ì�°!K M�K�Ñ«DLXYÑ�SQGQGQD�T{Ì���K d£K���OL�	DiGQO�T<R�ÌeÒ£K�Ñ«D�Ì�C�[�H `£bEd,f
Ò,DiGQSIFB�_DiR�O���M@PB��ÐLHYËLÓ<`£Ò�M�JLÌ�f�Ô{KBÍ�KBM@P�ÔBÔ�GIH���HYT<R�ÌEJYÕBJLÌ�J�´/Ó���JLÌ@��µ�µL��K

É �/Ê	��OL��D�GIOLT<R�Ì���K dcKIÌ�b�K�º�HYR��_O=Ð]Ì<°�K;M�K�Ñ«DLXYÑ�SQGQGQD�T{Ì�°�K�ÎcO��U¶�OLT{Ì�Ò£K�Ñ�D�Ì�C�[�HaM@H�XYO�TB¶	`cbed�f&Ò,DiGQSIFB�_DiR�O���M@P��_Ð�H�Ë]Ö
`£Ò�M���Ì�f�Ô{KBÍ�KQÌ�J9�i×BÌB��Ø�×L�9Ó���Ø�×�×�Ì<�iµ�µL´�K

É ´=Ê	ÍLDLX�OLFBVYÌ�Ò£KIÌ�Î K�bEDiT@Ë@SÙÌ]Ò£K�»oD�PB¶�HYR�Ì]M@R_DiT�¶�Di�U¶�¹£FBV�HY�_Ð<SQT�¯	d�DiTB¶BVYÖ ÚuVo»�O=ZsR_[�H�C�SQ� H!CeO�²�HYÔ�GWD�XYH�MB\/Û&Z�SIR�[
Û�\iÜaDLÝLÌ@R�[�SWV�ÐLO�GQP���H�ÌB�iµLµiÕ�K
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UWV'XZY\[']_^`X�acbR^3d�^`X�egf\d�h�d(i:j\kle3X�m3h�d�^`n(mporq�Ysb�ftj1uvd([laI^3V'X,w\x'e`^`mCd(iy]ydzULX�i_X�e3{>n(|}X~f\d�^3]_n�['d(i@�'d({�]yi�]_^To
q�w@UWf\��uZd�m3X�i_X�d(a']y['�Id<{>n�iyiyd�k}n(mpd�^3]yn�[r]�[�d<{>n�[�^3]y[Rx']y[��A�@X�m3o���n�[��<��d(e`X�iy]y[�X���[�^`X�mp�0X�m3n���X�^`m3o�q��t�����3u
m3X�e`X�d�mC{pV�|lm3n(�(mpd(��]y[�b�n�x�^3V�X�mp[���X���]ye`|�V�X�m3X<d(e`^`m3n��~X�^`mpo�d(['a�e`n�x�mp{>Xc]y�zd���]y[�����UWV�X<�(n�d(iye�n(��^3Vl]ye
|'m3n(�(mCd(��d�m3X�^`n�]y['{>mpX�d(e`Xv^3V�X�e`��o�a'X�['e3]_^Do�n(�7��[�^`X�mC['d�^3]_n�['d(i}��X�i_X�e`^3]yd(il WX���X�m3X�['{>Xt��mpd(�~X,q��`�� ���u@e`n�x�mC{>X�e
]y[�^3V�X,bRn�x�^3V�X�mp[¡��X���]ye3|lV�X�m3XtkRo�d(ala']y[��~[�X�¢�e3n�x�mp{>X�e£¢v]y^3V¡��]yiyiy]�d�mp{�e`X�{>n�['a�d({�{�x�mpd�^`X�|}n�e3]_^3]_n�['e�d(['a�^`n
]y��d��(X£d(iyi�bRn�x�^3V'X�mp[,�vX���]�e`|lV�X�m3X¤�`�£ v��e3n�x�mp{>X�e@d�^@i_X�d(e`^¥^T¢�]y{>X��0n(m�e`^`mCx'{>^3x�m3X��~n�[']_^`n(mC]y[�������[']_^3]�d(i�m3X�e3xli_^3e
n(�¥^3V�Xs|'m3X�{�]�e`Xgd(e`^`m3n��~X�^`mpo�d�mpXgm3X�|}n(m3^`X�a¡V�X�m3X(�¤ WX�e3x'iy^3e�n(��^3V'X1]y��d���]y['�Z¢�]yiyi¦k}X\mpX�|¦n(mp^`X�a¡X�iye`X�¢vV'X�m3X(�

§ X�e`|l]y^`X\]_^3e�e3]y��[']©¨�{�d(['{>X\d(['a!e`^3d�^`X�a¡d({�{�x�mpd({>o(ª'^3V'X��3�� v�«e3x�¬}X�mpe��0m3n��d,a�X>¨�{�]_^¤n(��e`n�x�mC{>X�et®©¯�°.ªR|�d�m`±
^3]y{�x'i�d�mpi_o�]y[!^3V�X�bRn�x'^3V�X�mp[��vX��z]ye`|lV�X�mpX(��jt�²^3V�X1³�¯�³Z�3�� v�ra�X>¨�[']�[��Ze3n�x�mp{>X�e�ª�i_X�e3e�^3Vld([¡d�k¦n�x'^£´�µ�¶�d�m3X
]y[·^3V�X�bRn�x�^3V�X�mp[«�vX���]�e`|lV�X�m3X(��UvV']yes[�n�[�±Txl[']_��n(mp�¸a']ye`^`mC]_klx�^3]_n�[Ik}X�^T¢�X�X�[c^3V�X¹[�n(m3^3V�X�mp[«d(['ace`n�x�^3V'X�mp[
e`�Ro1]ye�a'x�X¤|'mp]y��d�mC]yi_o\^`n\^3V'X¤��d({>^¥^3V'd�^���n�e`^¥�\�L�¤�Ld�m3mpd�o�e¥d�m3X�|lV�oRe3]�{�d(iyi_oti_nR{�d�^`X�a~]�[g^3V�X£f�n(m3^3V�X�mp[Z�vX��z]©±
e`|lV'X�m3X(��w�e£d,mpX�e3x'i_^�ª�d(e`^`m3n���X�^`mp]y{º	�(X�n�a�X�^3]y{sn(kle3X�m3h�d�^3]yn�['e£V'd�h(X�V']ye`^`n(mp]�{�d(iyi_o�{>n�['{>X�[�^`mpd�^`X�a�n�[¡f�n(m3^3V�X�mC[
��X���]ye`|lV'X�m3Xse`n�x�mp{>X�e��

UWV'X�m3X¤V'dh(X¤k}X�X�[1^T¢�n�X>»�^`X�['e3]_n�[leCº�x�|7a'd�^`X�e�®¼³Rª�´�°Rn(��^3V�X:�3�� v��e3]y['{>X:]y^3eL]y[l]_^3]yd(i(a�X>¨�[l]_^3]_n�[skRoz®©¯�°.�@js[�X
n(�:^3V'X�|'mC]y��d�m3o¡n(k�½`X�{>^3]_h(X�etn(��X>»�^`X�['a']�[��¹^3V'XZ�3�� ��¾¢�d(e�^`n¡|lm3nh�]ya�X�|¦n�ep]_^3]_n�['ev�0n(msX>»�^`mpd���d(iyd({>^3]y{,mCd(a']_n
e`n�x�mC{>X�e¥n(kle`X�m3h(X�a~e3]�['{>X�^3V�X��`�� ���¢�d(e�a�X>¨�['X�a7�L��n¢�X�h(X�m�ªRk¦X�{�d(xle`X�^3V�X£[�X�¢¿n(kle`X�m3h�d�^3]_n�['e¥{>n�['{>X�[�^`mpd�^`X�a
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|'mp]���d�mp]yi_otn�[�f�n(m3^3V�X�mC[~�vX���]�e`|lV�X�m3X�e`n�x�mC{>X�e�ª�n�['i_o��0n�x'm@n(��^3V�Xg¯�µ�Àg[�X�¢¾e`n�x�mp{>X�e¥mpX�|¦n(mp^`X�a,k�o¡®¼³Rª�´�°lV'dh(X
|}n�e3]_^3]_n�[le�e3n�x�^3V¡n(��ÁsÂÄÃ�´�µ�Å��

ULn!]�['{>m3X�d(e`X�^3V�X�e`�Ro�a�X�['ep]_^To�n(��bRn�x'^3V�X�mp[���X���]ye3|lV�X�m3Xge`n�x'mp{>X�et]y[�^3V�X��`�£ v��ªl¢�XZVld�h(X,]y[']_^3]yd�^`X�a�d
|'m3n(�(mCd(�Æn(��a�X�a']�{�d�^`X�azbRn�x�^3V�X�mp[Z��X���]ye`|lV'X�m3X¤�t�����Ln(kle`X�m3h�d�^3]_n�['e¥¢v]y^3V�^3V'X�e3|¦X�{�]_¨�{¤]�[�^`X�[�^¥n(�ln(k'^3d(]y[l]y[��
d({�{�x�mpd�^`X«|¦n�ep]_^3]_n�['e¹�0n(m�['X�¢ÇbRn�x�^3V�X�mp[È��X���]ye`|�V�X�m3X·e`n�x�mp{>X�e�ªt]4�¼X(�_ªte`n�x�mp{>X�e�[�n(^�|'m3X�h�]_n�x'e3i_o¿mpX�|¦n(mp^`X�a
¢v]_^3V¿{>nRn(mpa']�['d�^`X�e�]y[É^3V�X��`�� ����@�*[¿^3Vl]ye,|ld�|}X�m�ª�¢¤X�xle`X�d(e`^`m3n��~X�^`mC]y{¡�t�����Zald�^3d<n(k'^3d(]y[�X�a¾k¦X�^D¢¤X�X�[
³�µ(µ�´���X�k'mpx'd�mpo,d([la¹³�µ(µ�´�w�x���xle`^:^`n�X�e`^3]y��d�^`X\��]yiyiy]�d�mp{�e`X�{>n�['a~d({�{�x�mCd�^`X�|}n�e3]_^3]yn�['e¥�0n(m£³(³g['X�¢ÈbRn�x�^3V'X�mp[
��X���]ye`|lV'X�m3Xse`n�x�mp{>X�e��¤ÊLn�ep]_^3]_n�['e���n(mv^3V�X�e3Xg[�X�¢�e`n�x�mC{>X�evd�m3Xsm3X�|}n(m3^`X�a�]y[�^3V�Xg��mpd(�~Xsn(�¥^3V�Xs�3�� v���
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��[¡n(mpa�X�mv^`nz]ya�X�[�^3]_��o![�X�¢�X>»R^`mpd���d(i�d({>^3]y{gmpd(al]_n�e`n�x�mp{>X�ev^`n�k}Xgd(a'a�X�a¡^`nz^3V�Xg�3�� v��ªle3x'm3h(X�o¹n(k�e`X�m3h�d�±
^3]_n�['etn(��e`X�i_X�{>^`X�acw\x'e`^`mCd(iy]yd!U�X�i_X�ep{>n(|¦X¹��n��~|ld({>^gw�m3mpd�o·{�d(iy]_klmpd�^`n(mse`n�x�mp{>X�es¢�X�m3X�]y[�^`X�mpe`|}X�mpe3X�aId(�~n�['�
n�x�mg�t�����s]y��d���]�[��¡n(kle`X�m3h�d�^3]_n�['e��¹UWV�X¹e3x�m3h(X�oAn(kle`X�m3h�d�^3]_n�['e1¢¤X�mpXz��d(a�Xzd�^Zd¡��m3X�Ò�x'X�['{>o·n(�£ÓR�¼Ô<Õt��Ö
d(['acxle`X�a·^3V�X¹b�³��t�����\m3X�{>n(mpa']�[��¡e`oRe3^`X��¡�!��d(['al]ya'd�^`X~e`n�x�mp{>X�e1¢¤X�mpX�e`X�i_X�{>^`X�ack�d(e`X�a<n�[<|}n�e3]_^3]yh(X�a�X>±
^`X�{>^3]_n�[In�[�kld(e3X�iy]y[�X�e£X�]y^3V�X�mvk}X�^T¢�X�X�[Aw�x'e3^`mpd(iy]yd�d([laAbRn�x�^3V�wv��mp]y{�dzn(mvk}X�^T¢�X�X�[Iw\x'e`^`mCd(iy]yd�d(['a���d¢�d(]y].�
w×^`n(^3d(i�n(��³(À!|}n�e3e3]ykli_X1d(e`^`mpn��~X�^`mp]y{,^3d�m3�(X�^3e1¢¤X�mpX,]�a�X�[�^3]_¨lX�a7� § X�a']y{�d�^`X�a«d(e`^`m3n��~X�^`mp]�{ZØAd�m3�A�3�3�W�t�����
n(kle`X�mph�d�^3]_n�[leg¢�X�m3X!ep{pV�X�a'xli_X�a<n�[É³�µ(µ�´I�'X�k'mpx'd�m3ocÙIx'e3]y['��d��t�����gd�m3mpdo«{>n�['e3]ye3^3]y[��¡n(�W^3V�X�Ú�ÔI�~X�^`X�m
d([�^`X�['['dZd�^�Ê¥d�m3�(X�e�ª�w\x'e`^`mCd(iy]yd¹q�Ê}w\ vÛgÜ�b'uCªR^3V�Xt³(ÚZ�~X�^`X�m£d([�^`X�['['dZd�^£�vn(kld�mp^�ª�U�d(e3��d([l]yd¹q��sjt��w� ¥U�uCª
^3V�X�´�Ô!�~X�^`X�mtd([�^`X�['[ldzd�^�Û1d(e3V']y��d�ªlÝ�d�|ld([�d([la¡^3V�XZ³�µ¹�~X�^`X�mtd([�^`X�['[ld�d�^�Ûsn(�(X�X,Ê¥d�m3�¦ª����C�¦jtkle`X�m3h�d�±
^3]_n�['e�n�[I³�µ(µ�´�ØAd�o�³�µ�x'e`X�a¡d([�d�m3mpd�o�{>n�['e3]�e`^3]y[��,n(�¥^3V�X1³(Ú~�~X�^`X�m�d([�^`X�['[ld�d�^W��d�mp^`X�k¦X�X�e3^3V�n�X��¦ª}b�n�x�^3V
w��0mp]�{�drq��\w� ¥U�uCª¤�tjt��w\ ¥U�d(['aÉÊ¦w\ vÛ1Ü�b¦�:j\kle3X�m3h�d�^3]yn�['eZn�[É³�µ(µ�´cw�x���xle`^�ÀId([la¾³�µ(µ�´·w�x���xle`^�³�µ
x'e`X�a�d([�d�m3mpdo�{>n�[le3]ye`^3]y['�~n(���\w� ¥UÞd(['a¡^3V�XZß�µz�~X�^`X�m § X�X�|·b�|ld({>X1f�X�^T¢�n(m3��d([�^`X�[l['d�d�^�Uv]ya�kl]y[�kl]yi�iyd�ª
w\x'e`^`mpd(iy]�d��¥w\iyi}n(kle3X�m3h�d�^3]yn�['e£¢�X�m3X1{>n(m3m3X�i�d�^`X�a�d�^W^3V�X1àcd(e3V']y[��(^`n�[A��n(m3m3X�iyd�^`n(m�
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w\{�{�x�mpd�^`X~d(e`^`m3n���X�^`mp]y{Z|}n�e3]_^3]_n�['eW¢¤X�m3X,X�e`^3]���d�^`X�a·d�^\^3V'XZYsb�fsj×x'ep]y[���^3V�XzÕ\n�a'a'd�mCaAbR|ld({>X,�¥iy]_��V�^

��X�[�^`X�m£d(['d(i_o�e3]ye�e`oRe3^`X��{>n�[le3]ye`^3]y['�1n(�²^3V�Xtd(e`^`m3n���X�^`mp]y{\d(['a!�(X�nRa�X�^3]�{v�t������m3X�alx'{>^3]_n�[!e`n(�0^D¢�d�mpX���w��¥�
d(['a<b'jt���\Üv��UWV�X�mpd(a']_n¹|}n�e3]_^3]_n�['eWm3X�|}n(m3^`X�aIV'X�m3XZd�mpX�kld(e3X�aIx�|}n�[Idz�(X�[�X�mCd(i�e3n�iyx�^3]_n�[Ie3]y��]yi�d�mW^`n¹^3Vld�^
��n(mg^3V�X,�`�£ v�Èd(['a<]_^3etX>»�^`X�['e3]_n�[lesX>»�{>X�|l^s^3V'd�^1d(iyi¥d�|'|li�]y{�d�kli_X,a'x'd(i���m3X�Ò�x'X�['{>o·³R� ´�Õs�vÖzd([lacÓR�¼ÔAÕt��Ö
ØAd�m3�I�p�3�W�t�����\ald�^3d�d�h�d(]yiyd�kliyXZ^3V'm3n�x���V·^3V�X~X�['a·n(�£³�µ(µ�´�w\x���x'e3^�ª²]y['{�iyx'al]y[��z^3V'X~�0n�x�mga'X�a']y{�d�^`X�a·X>»R±
|}X�mp]y�~X�[�^3e1a'X�e3{>mp]_k}X�ac]y[rbRX�{>^3]_n�[Èq4´�uCª�¢¤X�mpX¹x'e`X�a²��UWV']ye�a'd�^3d�e`X�^,{>n�['e3]�e`^`X�a«n(�v´@Ó(À(À�Ô�Ú(Ó��(mpn�x�|ra'X�iyd�o
�~X�d(e3x'm3X��~X�[�^3et�0m3n�� ´:Ù(Ú(³¡³�Ô�±TV�n�x�msn(kle`X�mphR]y['�!e`X�epe3]_n�['e��,b�]y��]yi�d�mv^`n¡^3V�X,�3�� v��e`n�iyx�^3]yn�[7ª}^3V�X,|'mp]y��d�mpo
�(X�n�a�X�^3]y{s|ld�mCd(�~X�^`X�mpe�ª�^3V�X1e`^3d�^3]_n�[�|¦n�ep]_^3]_n�['e�ª�¢�X�m3X1X�e3^3]y��d�^`X�a�e`X�|�d�mpd�^`X�i_o��0n(m�X�d({pVAe`X�e3e3]yn�[¡]y[¡^3V�X1e3n�iyx�±
^3]_n�[7�£UWV'Xg¢¤X�]y��V�^3]y['��n(�@^3V�X1a'd�^3d¹��n�iyi_n¢�X�a�^3V'Xg�`�£ v�¾e`n�i�x�^3]_n�[7��UWV�X1e`n�i�x�^3]_n�[�a'X�e3{>mp]_k}X�a¡V�X�m3X�a']©¬}X�m3X�a
��m3n�� ^3V'd�^�n(�v^3V�X��`�� ���d(['arX>»�^`X�['e3]_n�[Ée`n�iyx'^3]_n�['e1]�[«^3V'd�^Z^3V�X¡a�X�iydocmpd�^`X!n(kle`X�m3h�d�kli_X!¢�d(eZ['n(^Zx'e3X�a7ª
n�['i_oI^3V�X~�(m3n�x�|ca'X�iyd�oIn(kle`X�m3h�d�kli_X,¢�d(egx'e`X�a7�,w\a'a']_^3]_n�[ld(iyi_o(ª¦^3V�X~^`m3n(|}n�e`|lV�X�mpX�¢�d(eg�~n�a�X�i_X�a<x'ep]y[��!^3V�X
f\ØI�Æ��d�|'|�]y[�����x'['{>^3]yn�[7�cUWV�X�|}n�e`^�±4¨l^,¢�X�]_��V�^`X�aÉmpn�n(^�±T�~X�d([�±Te3Ò�xld�m3X¡m3X�e3]yalx'd(iyegn(�\^3V�X!¨�['d(i�e`n�iyx'^3]_n�[
¢�X�m3Xg³(³R� ³(´,|le��0n(mWa'X�iyd�o¹¢v]_^3V�dZm3X�a'x'{>X�a�� ¢	 n(�Lµ�� À(³(´R��w�a'al]_^3]_n�['d(i¦]y[���n(mp��d�^3]_n�[¹n�[�^3V�Xsd(['d(i_o�e3]ye�{�d([¡k}X
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Ê¤Û�b!µ�´(Ù(Ù/.RÚ(Ú(À 0 ¯�ÓR�äß
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Ê¤Û�bA¯�Ú�µ�Ú/.R´(À(Ó 0 ³�µ�� À µ�� Ù�¯�Ó
Ê¤Û�bA¯�Ú(³�Ô2.RÚ�¯ß
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æGç�èIèêékë�ç�èíìoî�ï�ð8ï�ñ�ë=òôóUæ�éì�õsë�öï�÷Gèùø§ð8ç�ï�÷úñ ûsü�ç�è
ý×ñ¯þQïJè
ý ÿtë�ç�èùï�÷�ð�òúðÝþQè
ò,ï�î�ç � ð���ë ð�û©ð�þQë=ÿÎÿÎë=ò
ç�ë�ï�ð8ï�ñ�ë=ò×ð��Wÿtë;ýGè ë�öoð��më�ý � ÷�ð	�;ñ¯ò
� ð�ò�è	��� ñ�ü×ûJë=ñ¯ý×ð��!ûJë��¯ñ ý û�÷Gè	���kð�ò�ý��î�ñ¯ý þQë�ç�è����+ò���è
ûJï�ñ��=ð8ï�ñ�ë=òØë�ö�ï�÷Gè
æ�éì ñ¯ûtð�òØñ¯ÿÎü"ë�ç�ï�ð�ò,ïtû�þIñ�è
ò�ï�ñ���þÅï�ð�û�����æ�ñ¯ç�ûJï��!ï�÷�è æ�éì�ü�ð8ç�ð�ÿtèIïJèIç�ûÎý�èIïJèIç�ÿÎñ¯òGè
ý ö�ç�ë=ÿ ë��×ûJèIç��7ð8ï�ñ�ë=ò×û
ü�ç�ë���ñ ýGè��8ð��¯î�ð�����è���ûJë=ÿtèIï�ñ¯ÿtè
û§î�ò�ñ���îGè��,ñ òGö?ë�ç#ÿÎð8ï�ñ�ë=òÎð��më=îGï2ü×ç�ë�þQè
û�ûJè
û!ñ¯òÎï�÷Gèoø§ð8ç�ï�÷ ��û!ñ ò,ïJèIç�ñ¯ë�ç	�$æGç�ë=ÿ~ï�÷Gè
ü�ç�ð�þQï�ñ þIð��`ümë=ñ¯ò,ïë�ö!��ñ¯è�"#��ð�þIþIîGç�ð8ïJè«ÿÎë�ýGè	�$�¯ñ¯ò
�©ë�ö�ï�÷�èsæ�éìwïJèIç�ÿ%��ñ¯ò×þ��¯î�ý�ñ¯ò&�«ü�ç�è
ý×ñ¯þQï�ñ�ë=ò �Gñ¯û6òGè
þQè
û�û�ð8ç � ïJë
þQë=ÿtü×î�ïJè«þQè	��è
ûJï�ñ¯ð��-ü"ë��¯è�ë�'`ûJèIï�"oñ�ï�÷vð�þIþIîGç�ð�þ � þQë=ÿtü�ð8ï�ñ(����è)"Eñ¯ï�÷êÿtë�ý�èIç�ò+*-,/.0�§ë��×û�èIç1�7ð8ï�ñ¯ë=ò�û��2 ÷�è3�5476-8�9�9�9�4wÿtë;ýGè	�:�×ð�ûJè
ýÅë=òÅï�÷Gè-;=<-.>8�9�9�9tÿÎë�ýGè	�"ýGè���è	��ë�ümè
ý ñ¯ò?;Ýð8ï�÷Gè�"oû��/@�ACB�D(E$�`óF8�9�9�8=õ6ð�ò�ý
ð�ýGë�ü�ïJè
ýêð�û6ð_òGè�"G�5476 û�ï�ð�ò�ý�ð8ç�ý þIð�òêü�ç�è
ý�ñ¯þQï§ð_ç�è��=î&�¯ð8çü×ð8ç�ïë�ö4ï�÷�è�ò�îGï�ð8ï�ñ�ë=ò+"oñ�ï�÷ùð�þIþIî�ç�ð�þ � ë�ö�ð��më=îGïH 9�9?I-ð�û��0<oëJ"kè���èIç	�mï�÷Gè«æ�éì þQë=ò,ïJç#ñ(�×îGï�ñ�ë=òêñ ûEÿ©î�þ�÷K�¯ð8ç1��èIç	�×î�ü�ïJëML�9�9MI-ð�û���"o÷�ñ¯þ�÷ � ñ�è	� ý�û6ýGè���ç�ð�ý�ð8ï�ñ¯ë=ò
ë�ö9ð�þIþIîGç�ð�þ � ñ¯ò ÿtë;ýGè	���¯ñ¯ò&�iþQè	��è
ûJï�ñ ð��mü"ë��¯è�ë�'`ûJèIï��×ñ¯ö�æ�éìwòGë�ïWð�þIþQë=î�ò�ïJè
ývö�ë�ç	�N��ïWñ¯û>"kè	���O��ò�ëJ"Eòêð��¯û�ë©ï�÷×ð8ï
ï�÷GèÎæ�é6ì þQë=ò�ïJç�ñ(��îGï�ñ�ë=ò��=ñ(��è
û¢ï�÷�ètü�ç�è��8ð�ñ��¯ñ¯ò
� þQë=ò�ïJç�ñ(�×îGï�ñ¯ë=ò ïJëvï�÷GètümëJ"kèIç«ûJümè
þQïJç�î�ÿbë�ökï�÷Gèíý×ñ�'"èIç�è
ò�þQè
û�mèIïP"kèIè
òvë��×û�èIç1��è
ý�ò�îGï�ð8ï�ñ�ë=òvû�èIç�ñ�è
û6ð�ò�ývÿÎë�ýGèIç#òêÿtë�ý�è	�¯û��2 ÷�è#�Q476R8�9�9�9�4 ÿtë;ýGè	�F�:�¯ñ(��è¢ï�÷Gèsü×ç�è���ñ¯ë=î�û6ë=òGè
û��"ñ¯ûWþQë=ò�û�ïJç�î�þQïJè
ý�ð�ûoðMS�ë=ñ¯û�û�ë=ò�ûJèIç�ñ¯è
û���ð�ò�ý�ý�ë�è
ûoòGë�ï
ñ¯ò�þ�� î�ýGè!ö�ç�èIèWÿtë;ýGèïJèIç�ÿÎû	�,û�î�þ#÷tð�û$ï�÷Gè6æ�éìT��"E÷�ñ þ�÷_þIð�ò�òGë�ïN�mèü�ç�è
ûJè
ò�ïJè
ýtð�û2ð)S�ë=ñ¯û�û�ë=òtûJèIç�ñ�è
û9ïJèIç�ÿU"oñ�ï�÷
ü�ç�è
ý×ñ¯þQï�ð�����èÎü�ð8ç�ð�ÿtèIïJèIç�û��ÝæGë�ç_ï�÷�ñ¯û¢ç�è
ð�û�ë=ò �2æ�éì ü×ð8ç#ð�ÿtèIïJèIç�û_ð8ç�èíïJë=�mèíýGèIïJèIç�ÿíñ¯òGè
ý ö�ç�ë=ÿ ï�÷GèM*R,V.0�
ë��×ûJèIç��7ð8ï�ñ�ë=ò×û��<�ñ¯ûJïJë�ç�ñ þIð���� � �6ï�÷Gè æ�éì ö�ç�è	��îGè
ò�þ � ñ¯ûÅþQë=ò�û�ñ ýGèIç�è
ý{ð�û ð þQë=ò�ûJï�ð�ò�ï ö�î�ò×ý�ð�ÿtè
ò�ï�ð����8ð��¯îGèÝñ ò�þ��¯î�ýGè
ý{ñ¯ò
ïJç�ð�ò�û�ö?èIç6öUî�ò�þQï�ñ�ë=ò èXW;ü�ç�è
û�û�ñ�ë=òêýGè
û�þQç#ñ(�×ñ¯ò
�iï�÷Gèsç�è	� ð8ï�ñ�ë=ò�û�÷�ñ¯ü?�mèIïP"kèIè
òêï�÷Gèsð�ÿÎü��¯ñ�ï�î�ý�è
û§ë�ö9ò�îGï�ð8ï�ñ�ë=òêïJèIç�ÿíû
ö�ë�çíç�è
ð��Wð�ò×ý ç�ñ(�=ñ ý ø§ð8ç�ï�÷ �Y;Ýð�ò � ð�îGï�÷Gë�ç�ûù÷�ð	��è ÿÎð�ýGè�ð�ò èX'"ë�ç�ïùïJëúè
ûJï�ñ ÿÎð8ïJèvï�÷Gè�æ�éìbümèIç�ñ�ë;ýØð�ò�ý
ümë=û�û�ñ(�:��è_ç�è
ð�ûJë=ò�ûiö?ë�ç_ñ�ï�û«èXW;þIñ�ï�ð8ï�ñ¯ë=òdóUû�èIèZ@JE\[]E^; ð8ï�÷Gè�"Eû©ð�ò�ý�_G÷�ð8ü×ñ�ç�ë
� H	`�`�acb .kç1dIè�d
ñ�eò×û���ñ§ð�ò�ýfS�èIïJç�ë��:�H	`�`�gcb _;÷×ñ�ç�ð�ñ!ð�ò×ýØæ�î
�;î�û�÷�ñ¯ÿíðh�i8�9�9 H ð b <EèIç�ç�ñ¯ò
�j@�AkB�D�E$�08�9�9�8 b ; ð��(�;ñ¯ò�ð�ò�ý 2 èIç�è
ò,ïJè����>8�9�9�l8ðh��8�9�9�lm�"õn�2 ÷Gè � ö?ë=î×ò�ý ï�÷GèÎæ�éì~ümèIç�ñ�ë;ý ïJë^�mè_ñ òÝï�÷�èÎç�ð�ò
��ètë�ö0L�8 aJo L�l a û�ë��¯ð8çsý�ð � û��/"Eñ�ï�÷ ð	��èIç�ð���èp�8ð��¯îGètð��më=îGïL�l�9�q��rEè
þQè
ò,ï1� � �9ñ�ïR"ð�û¢ö?ë=î×ò�ý ö?ç�ë=ÿ ð+"kðJ��è	��èIïið�ò×ð�� � û�ñ¯û�ë�ö0*R,V.0��ò�î�ï�ð8ï�ñ�ë=ò ûJèIç�ñ¯è
û�ï�÷�ð8ï¢ï�÷Gèíæ�é6ì ümèIç�ñ�ë;ý�¯ñ(��è	� � �7ð8ç�ñ¯è
û¢ñ¯òÝðÅç�ð�ò&��ètë�ö!ð��më=îGïRL H 9 o L ` 9�ý�ð � ûÎós; ð��(�;ñ¯ò ð�ò�ý 2 èIç�è
ò�ïJè����/8�9�9�l8ðh�!8�9�9�lm�"õn� 2 ÷�ñ ûEç�è
û�î&��ï
M)N#N >�0$@oA#B#B#CED��+�����(#�;���+��&����7F6:G���IH+�+�+*����7F#K



���������
	�������
����� �Ý�����Ý�����+�2 "�����!��%�&(�&����#�¢���
*'�+�

ñ¯ûÎð�� ûJë þQë=òh�×ç�ÿÎè
ýt� � ÿtè
ð�ò×ûÎë�ö¢ð�òGë�ï�÷GèIçÅÿtèIï�÷Gë;ý �7_G÷Gë�ç�ï5u�ï�ñ¯ÿtè^S�èIç�ñ¯ë�ýGë���ç#ð�ÿv"Eñ�ï�÷xw¢ð��"ë�çÅæ�î�ò�þQï�ñ¯ë=ò �
ü�ç�ë�ümë=ûJè
ý�� � 2 �/_;÷�ñ�ç#ð�ñkóy_;÷×ñ�ç�ð�ñ�@�A-B�D�E$�!8�9�9�L�õn�%z�öþQë=îGç�ûJè��-ö�ë=î�ò�ý��8ð8ç�ñ¯ð���ñ��¯ñ�ï � ë�ö§ï�÷�èíæ�éì~ümèIç�ñ�ë;ý ÿíð ��mèsöUî&��� � ë�çEü×ð8ç�ï�ñ¯ð���� � ðÎïJç�ð�ò×ûJö?ë�ç#ÿÎð8ï�ñ�ë=òvë�ö$ï�÷�èk�8ð8ç�ñ¯ð8ï�ñ�ë=ò�ûEë�ö$ï�÷Gèiæ�éì ü×÷�ð�û�è���"E÷�ñ þ�÷vÿÎð � �mè©÷�ð�ûoÿÎë�ç�è��èIë�ü×÷ � û�ñ¯þIð��9ÿtè
ð�ò�ñ¯ò
�
�-<Eë�"§è���èIçJ�{��èIë�ü×÷ � û�ñ þIð���þQë=ò×û�ñ¯ýGèIç�ð8ï�ñ¯ë=ò�ûEë�ö!ï�÷Gè©æ�éì|�8ð8ç�ñ¯ð��×ñ�� ñ�ï � �¯ñ�èT�mè � ë=ò�ý�ï�÷×ñ¯û
ûJï�î�ý � ��+ò ï�÷�ñ ûsü×ð8ümèIçk"kèùý�è���è	��ë�ü ðÝü�ç�ð�þQï�ñ þIð��!ÿtë;ýGè	�2ö�ë�ç_þQë=ÿtü×îGï�ð8ï�ñ�ë=ò�ë�ö6ï�÷GèÅæ�éì[þQë=ò�ïJç�ñ(�×îGï�ñ¯ë=ò ïJë ï�÷Gè
þQè	��è
ûJï�ñ ð��-ümë���èsë�'`ûJèIïEï�ð���è
ò ñ¯ò�ïJëùð�þIþQë=î×ò,ï-�7ð8ç#ñ¯ð��×ñ��¯ñ¯ï � �më�ï�÷Ýð�ÿtü��¯ñ�ï�î×ýGè¢ð�ò�ývümèIç�ñ�ë;ýúó�ü×÷×ð�ûJè�õë�ö9ï�÷Gè©æ�éì
ë=û�þIñ��$�¯ð8ï�ñ�ë=ò �
}9Û�~ùáV�Y�§ã2ß��"ß=å�á�Þ á{�«ß��C���R~p�����mà�� �Y�Gß���à��

2 ÷�ç�èIèEÿtë=ûJï0��ë=ò
�«ð�ò×ýíýGè
ò�û�è�*R,V.0�$ò�îGï�ð8ï�ñ¯ë=òùûJèIç#ñ�è
û2ë���ï�ð�ñ òGè
ýíð8ï§ï�÷GèRw�ë;ý�ý�ð8ç#ý?_�ü×ð�þQè�æ!� ñ(�=÷,ïékè
ò,ïJèIç
óyw#_;æ2õn���+ò�ûJï�ñ�ï�îGïJè§ë�ö�4oü�ü��¯ñ�è
ýT4oû�ïJç�ë=òGë=ÿ � ó��Q4-4¢õn�8ð�ò×ýT6T�\_��8ìoðJ�7ð���z-��ûJèIç1�8ð8ïJë�ç � ós6)_;ì�õn�7è
ð�þ�÷tþQë=ò�ï�ð�ñ¯ò�ñ ò
�
ÿtë�ç�è�ï�÷�ð�ò%l�9�9�9_è
ûJï�ñ¯ÿíð8ïJè
û§ë�ö�ï�÷Gè�ò�îGï�ð8ï�ñ¯ë=òÅð�ò&����è
ûkö?ë�çï�÷Gè�ümèIç�ñ�ë;ýÎö�ç�ë=ÿ H	`���` î�üùïJëtòGë�"Y"kèIç�è¢î�ûJè
ýùö�ë�ç
ñ¯ò]��è
ûJï�ñ(�=ð8ï�ñ�ë=òvë�ö�ï�÷�èsæ�éìwü×ð8ç�ð�ÿtèIïJèIç#û��

æ9ñ�ç�û�ï1� � �è
ûJï�ñ¯ÿÎð8ïJè
ûùë�ö#���[ð�ò�ý����="#�.ç	�.ï�� ï�÷GèK�Q476 H	`������cH	`�g 9 ò�îGï�ð8ï�ñ�ë=ò ÿtë�ý�è	�EþQë=ÿtü×î�ïJè
ý{ð8ïÅï�÷Gèw#_;æØð�ò×ý^6R_Gì�"kèIç�èsïJç#ð�ò�ûJö�ë�ç�ÿtè
ýêïJëùï�÷Gèk�����Eð�ò�ý^�����7"#�.çJ�.ï��i�5476-8�9�9�9�4~ÿtë�ý�è	�!ó��Q4-4 ûJèIç�ñ�è
ûEð���ç�è
ð�ý �
þQë=ò�ï�ð�ñ¯ò�û6ï�÷�ñ ûWý�ð8ï�ð,õn�2 ÷�è
òÝþQë=ÿT�×ñ¯òGè
ý ûJèIç�ñ¯è
û3"ð�û�þQë=ÿtü×îGïJè
ý{�)_;ñ ò�þQè«ü�ç�è	�¯ñ¯ÿÎñ¯ò×ð8ç � ð�ò×ð�� � û�ñ¯ûEû�÷�ëJ"kè
ý ï�÷�ð8ïoï�÷�è©ï�÷�ç�èIè©ñ òGü×îGï
ûJèIç�ñ¯è
ûWð8ç�èsë�ö���èIç � û�ñ ÿÎñ��¯ð8ç7��î�ð��¯ñ�ï � �×òGë�"kè
ñ(�=÷,ï�ñ ò
��"ð�ûEð8ü�ü�� ñ�è
ý �G÷GëJ"kè���èIç�ö?ë�ç�ÿíð��-èIç�ç�ë�ç#û6ç�èIümë�ç�ïJè
ývñ¯òvï�÷Gè
ñ¯òGü�îGï«ûJèIç�ñ¯è
ûT"kèIç�èêû�þIð���è
ý ö�ë�çÎî�ò�ñ�ö�ë�ç�ÿÎñ¯ï � ��4Eö�ïJèIçtï�÷�ð8ï��!ñ¯ò�ü×îGïiû�èIç�ñ�è
û�"§èIç�è ðJ��èIç�ð���è
ý �û�ð	�;ñ¯ò
� ë=ò&� � ï�÷Gè
èIümë�þ#÷�ûWü×ç�è
ûJè
ò�ïoñ¯òvð��$�`ï�÷Gèiû�èIç�ñ�è
û��7.ð�ò�ýhu�ü×ð�û�û-w�ð�î�û�û�ñ¯ð�ò%����ïJèIç�ñ¯ò
��"ð�û�ð8ü�ü��¯ñ�è
ý ïJëÅï�÷Gè«þQë=ÿT�×ñ¯ò�è
ý�ûJèIç�ñ¯è
û��2 ç�ð�ò�ûJö�èIç6ö�î×ò�þQï�ñ�ë=ò ë�ö9ï�÷Gè)�:�¯ïJèIçWð8ïWï�÷Gè«æ�é6ì ö�ç�è	��îGè
ò�þ � ñ¯û79h� `�g�g �4ï_ï�÷�ñ¯û_ûJïJèIü�"kèêð��¯ûJë þQë=ÿtü×îGïJè
ý ï�÷Gè û�ÿtë�ë�ï�÷Gè
ý��8ð��¯îGè
û©ð8ïtè	��î×ð���� � û�ð�ÿtü:��è
ýúèIümë;þ�÷�û�"Eñ¯ï�÷�8�9mu(ý�ð �
ûJïJèIü{�C<oëJ"kè���èIç	�"ð©û�ÿtë�ë�ï�÷�è
ýêûJèIç�ñ�è
û>�=ñ(��è
òêð8ï6ï�÷�è�ë�ç#ñ(�=ñ¯ò�ð���èIümë�þ#÷�û6ð��¯ûJëtþIð�ò+�mè¢î�ûJè
ýÅö?ë�çWð�ò×ð�� � û�ñ¯û0"Eñ�ï�÷Åð
û�ñ¯ÿíñ��¯ð8ç0��ò�ð��mç�è
û�î&��ïsós;Ýð�����ñ¯òêð�ò×ý 2 èIç�è
ò,ïJè�����8�9�9�l8ðh� 8�9�9�lm�"õn�2 ÷�èsæ�éì ð�ÿtü��¯ñ¯ï�î�ýGè�ï�ñ¯ÿtèsûJèIç�ñ¯è
û7"kð�ûoþQë=ÿtü×îGïJè
ý�î�û�ñ¯ò
�_ï�÷Gèsû�ñ¯ÿtü���è�ö�ë�ç�ÿ©î&�¯ð

� ó��Jõi�U  ós�����
ó��JõJõQ¡0¢ ós�����
ó��JõJõQ¡C£ ó H õ
�+ò�ýGèIè
ý ��î�û�ñ¯ò&�vû�î�þ�÷�ð�òúð8ü�ü×ç�ë=ð�þ�÷¤"§èÅû�îGü�ümë=ûJè_ï�÷�ð8ï©ð����2ï�÷�èíý�ñ�'mèIç�è
ò�þQè
ûiþIð�ò��mèíð8ïJïJç�ñ(��îGïJè
ý ïJëÝï�÷Gè

æ�éìT��ð�ò×ývï�÷�ñ¯ûEûJèIè
ÿÎûWïJë?�mè«ð���ë�ë�ý ð8ü�ü�ç�ëJW;ñ ÿÎð8ï�ñ�ë=òêïJëùç�è
ð��¯ñ�ï � �0<oëJ"kè���èIç	�`ðÎç�è
û�ë=ò�ð�ò�þQèiñ ÿtü×ð�þQï6ë=òÝï�÷Gè
ò�îGï�ð8ï�ñ�ë=ò�ïJèIç�ÿÎû©ð8ï«ï�÷GèÅö?ç�è	��îGè
ò×þIñ�è
û«þ���ë=û�èíïJë ï�÷Gèùæ�é6ì è���ñ¯ý�è
ò,ï1� � û�÷�ë=î&�¯ýZ�mèùð�þIþQë=î×ò,ïJè
ý ö�ë�ç©ñ¯òúö�î�ï�îGç�è
ýGè���è	��ë�ü�ÿtè
ò,ï�û	�

æ9ñ¯ò�ð��$� � ��ï�÷�è§æ�éì ü"èIç#ñ�ë�ý#�7ð8ç�ñ ð8ï�ñ�ë=òk"ð�û9þQë=ÿtü×îGïJè
ý©î�û�ñ ò
�Eð3"kðJ��è	��èIï$ð�ò�ð�� � û�ñ¯û-ïJè
þ#÷�ò�ñ���îGèkð�û�ý�è
û�þQç�ñ(�mè
ý
ñ¯òZ; ð��(�;ñ¯ò ð�ò�ý 2 èIç�è
ò,ïJè�� óF8�9�9�l8ðh�C8�9�9�lm�"õn�ÅæGë�ç«ï�÷�ñ û¢ð�ò�ð�� � û�ñ¯û-"§èùî�ûJè
ý ü�ç�ë���ç#ð�ÿ¦¥�¥¨§�ýGè���è	�¯ë�ü"è
ý�� �
ï�÷Gè#4�ÿtèIç�ñ¯þIð�ò©4oû�û�ë�þIñ¯ð8ï�ñ¯ë=òêë�ö�*2ð8ç�ñ¯ð�����èT_;ï�ð8ç-z-�×ûJèIç���èIç�û��
ª9Û�~ùáV�Y�§ã2ß��"ß=å�á�Þ á{�«ß��C���R~p� ~Åá4Þ�ß8à�åy«§ã2ß=å�á4Þ

,4èIï�î�û�þQë=ò�û�ñ¯ýGèIç�÷GëJ" ðEÿtë;ýGè	��"Eñ�ï�÷)�8ð8ç�ñ¯ð����¯è2ð�ÿtü��¯ñ�ï�î×ýGè2ð�ò�ýsümèIç�ñ¯ë�ýÎó�ü×÷×ð�ûJè�õ`þIð�òT�mè!î�ûJè
ýiñ¯ò¢ü�ç�ð�þQï�ñ þQè��z�òGèsþIð�ò�ýGè
û�þQç�ñ(�mè�ï�÷Gè«æ�éìwïJèIç�ÿgð�û

�����¬� � ó���õ�û�ñ¯ò�óy¢ó��JõJõ:£�����®� � ó���õ�þQë=û8óy¢ó��JõJõ:¯ óF8=õ

>�09@oA�B)B�C�D����7���(��;���+�°&�����FW:����IH��+�J*�����F)K M#N)P
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°�±\²�³�´Qµ)¶J·N¸�¹�µ3°Oº!»j¼	½R¾�¿À±\ÁÂ³�Ã�µ3¼	Ä�Ã�¾�¹]¼JÅÂµkÆ$¼	Ç(ÁÂµ�´È´Âµn½RÉ�Êm±ÀÄ�²R¿À±\Ä�µË¼	´iÁÂ´Qµ�Ä�Ã�Ì�ÉJ´Q´ÂµËÅP¾cÉJÄ�Ã�±\Ä�²-ÁQÉ)ÁÂ¹�µ-Ì1É�Ä�ÅyÁ5¼	ÄmÁi°�º!»¾cµ�´Q±\É�Ã�Í�Î�Ï�·ÑÐJÒ1Ó!Ê�¼	´Q±�¼�ÁÂ±ÀÉJÄ]Å!Ç�ÉJ³�Ä�ÃT±ÀÄTÁQ¹�±�ÅCÅyÁQ³�Ã�ÔpÆ$ÅÂÉJ¿À±ÀÃT¿\±ÀÄ�µXÓ�Õ]¼JÄ�ÃkÁÂ¹�µ�Ö�×ÈØNÐ	ÏJÏ�Ï�½RÉ�Ã�µn¿VÆ$Ã�¼�ÅP¹�µnÃT¿\±ÀÄ�µËÓ1·
; ð8ï�÷Gè
ÿÎð8ï�ñ¯þIð��$� � óUòGë�ï#��èIë�ü×÷ � û�ñ¯þIð���� � ��ñ¯ò�ýGèIè
ý Ù´õn�/"§èùþIð�òúû�îGü×ü"ë=û�è©ï�÷�ç�èIèÎè	��î�ñ(�8ð���è
ò,ïsÿÎë�ýGè	� û�ö?ë�çiï�÷Gè

æ�éìwü×÷×ð�ûJèT¢ó���õ

só��JõN�
ÚÛÛÛÛÛÛÛÛÛÜ ÛÛÛÛÛÛÛÛÛÝ

8�Þßíó��Jõ �{¢j>àO£
8�Þß à � ¢jsó��Jõ:£
8�Þßíó��Jõ �{¢j¢ó���õ:£

óFl=õ

"E÷GèIç�è?Swñ¯û«ï�÷�èùæ�éì ümèIç�ñ¯ë�ý ��ð�ò�ý¤dIèIç�ë û�î
�×û�þQç�ñ¯ü�ï�û¢ÿtè
ð�ò þQë=ò�ûJï�ð�ò�ï��8ð��¯îGè
û	�%��òúë�ï�÷GèIç�"§ë�ç�ý×û��/"kè þIð�ò
þQë=ò�û�ñ ýGèIç`ï�÷Gç�èIè!ÿÎë�ýGè	� û�áO"Eñ�ï�÷R�8ð8ç�ñ¯ð�����è$ümèIç�ñ¯ë�ý�ð�ò�ý¢þQë=ò�û�ï�ð�ò,ï�ü×÷�ð�ûJè����7ð8ç�ñ ð�����è$ü×÷�ð�û�è2ð�ò�ý¢þQë=ò�ûJï�ð�ò�ï4ümèIç�ñ�ë;ý �
ë�ç)�8ð8ç�ñ¯ð�����è��më�ï�÷ ü"èIç#ñ�ë�ý ð�ò�ý ü×÷�ð�û�è���z�ö!þQë=î�ç�ûJè��`ï�÷�ñ¯û�ñ¯û�ðêû�î&�hâ+è
þQï�ë�ö0��èIë�ü×÷ � û�ñ¯þIð��$þQë=ò×û�ñ¯ýGèIç�ð8ï�ñ¯ë=ò �O�×îGï
ýGë�è
ûEòGë�ï�ÿÎð8ïJïJèIç�ö?ë�ç�ð�ò�è
ÿÎü×ñ�ç�ñ¯þIð��`æ�éì ÿtë;ýGè	�-î�û�ñ¯ò
�tï�ñ¯ÿtèT�7ð8ç#ñ¯ð8ï�ñ�ë=ò�û6ë�ö$ï�÷�èiæ�éì ü�ð8ç�ð�ÿtèIïJèIç�ûoö?ë=î×ò�ý
ö�ç�ë=ÿgð�ò�ð�� � û�ñ¯ûë�ö�ï�÷Gèsë���ûJèIç1��è
ývý�ð8ï�ðh��+òêü�ç�ð�þQï�ñ þQè���ë=òGèsþIð�ò�þQë=ÿÎü×îGïJè�¢ó���õkð�û

¢ó���õC� ãä
ã à

8�Þßíó���õ ���V¢�å à £ ó�L�õ
"E÷GèIç�èkå à ñ û6ï�÷Gè¢ü×ð8ç�ð�ÿÎèIïJèIçEïJë��mèsð�ýmâ�î�ûJïJè
ý �*2ð8ç�ñ ð8ï�ñ�ë=ò�û¢ë�öï�÷Gèíæ�éì ð�ÿtü��¯ñ�ï�î×ýGè�ßùó��Jõ�ð�ò×ý ü×÷�ð�ûJè?só��Jõ�ð8ç�èùû�÷GëJ"oò ñ¯ò æ9ñ(�=îGç�è H ð���ë=ò
�^"Eñ¯ï�÷ ï�÷Gè
þQë�ç�ç�è
û�ü"ë=ò×ý�ñ¯ò
�êæ�éì ü�ð8ç�ð�ÿtèIïJèIç�û©ñ¯ò�þ��¯î×ýGè
ý ñ¯ò ï�÷Gèp;K<-.78�9�9�9 ÿtë�ý�è	�N"E÷�ñ¯þ#÷ ñ¯û��9ñ¯ò öUð�þQï��$ð��¯ûJë�ðÝÿtë;ýGè	�"Eñ�ï�÷��8ð8ç�ñ¯ð��:��è_ü×÷�ð�ûJèíð�ò×ý ð�ÿtü��¯ñ¯ï�î�ýGè��`ï�÷Gë=î
�=÷ ï�÷�ñ¯û¢ñ¯ûsò�ë�ïsûJï�ð8ïJè
ýúèXW;ü��¯ñ þIñ�ï1� � ó�"kèíî�ûJè
ý ï�÷GèÎïJèXW;ïsë�öï�÷Gè
æ�éì ì36 2 ç�ë=îGï�ñ¯òGè§ñ¯ò�þ��¯î�ý�è
ý¢ñ¯òsï�÷Gè0;K<-. 8�9�9�9�þQë;ýGè§ïJëoèXW;ïJç�ð�þQï9ï�÷Gè§æ�éì©ós;=<-.6õ�ð�ÿÎü��¯ñ�ï�î�ý�è2ð�ò�ýsü×÷×ð�ûJè�8ð8ç�ñ¯ð8ï�ñ�ë=ò�û)õn�Cz¢òGè�þIð�òêû�èIè�ï�÷×ð8ïÈ�më�ï�÷ ÿtë;ýGè	�¯ûkû�÷GëJ" û�ñ ÿÎñ��¯ð8çC�mè
÷�ðJ��ñ¯ë�çkë�ö4ï�÷Gè¢æ�éì ü×ð8ç#ð�ÿtèIïJèIç�û���÷Gë�"§è���èIç
òGè�" ð8ü×ü�ç�ë=ð�þ�÷ ð�����ë�" î�û¢ïJëK��èIïiþQë=ò�ï�ñ¯ò�îGè
û��9òGë=òhu(ñ¯òh�è
þQï�ñ¯ò
�êð�ò�ý ü×ç�è
ý�ñ¯þQï�ð����¯è©öUî�ò�þQï�ñ¯ë=ò�û � ó��Jõ�ð�ò×ý�¢ó���õn�
ékë=ÿtü�ð8ç�ñ¯ò
�iï�÷Gè
ûJè¢ïP"këÎÿtë;ýGè	�¯û§ë=òGè¢û�÷Gë=î&� ýM��èIèIü�ñ òùÿÎñ ò�ýíï�÷×ð8ï>;=<-.>8�9�9�9ùÿtë;ýGè	��ñ ûký�è���è	��ë�ümè
ýùë=ò�� � ö�ë�ç
ï�÷GèsümèIç�ñ¯ë�ýÅï�ñ���� 8�9�9 H �ÑL
�mð�ò�ývð8ö�ïJèIçEï�÷�ñ ûèIü"ë;þ�÷vï�÷Gè«ý�ñ�'mèIç�è
ò�þQè)�mèIïÂ"§èIè
ò�ï�÷Gèsÿtë;ýGè	�¯û>��ç�ë�"EûWç�ð8ü�ñ¯ý&� � �

æ9ñ(�=îGç�èk8tû�÷Gë�"EûEûJümè
þQïJç�ðÎë�ö�ï�÷�è«ý�ñ�'mèIç�è
ò�þQè
û7�mèIïÂ"§èIè
ò�ë��×ûJèIç1��è
ýÝò�îGï�ð8ï�ñ¯ë=òvûJèIç�ñ�è
ûEð�ò�ýêï�÷Gè#�5476R8�9�9�9�4
ÿtë;ýGè	��þQë=ÿtü×îGïJè
ýÝö?ë�ç�ç�ðJ" ý�ñ�'mèIç�è
ò�þQè
û�ð�ò�ýÝð8ö�ïJèIç¢ç�è
ÿtë���ñ ò
�íï�÷Gè_æ�éì~þQë=ò,ïJç#ñ(�×îGï�ñ�ë=ò{�-z�òGè_þIð�ò ûJèIèiï�÷×ð8ï
ï�÷Gè«æ�éì û�ñ(�=ò�ð��`ñ¯û6þQë=ÿÎü���èIïJè	� � è	�¯ñ¯ÿÎñ ò�ð8ïJè
ý �
M)P#B >�0$@oA#B#B#CED��+�����(#�;���+��&����7F6:G���IH+�+�+*����7F#K
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Differences after removing FCN model

°�±\²�³�´QµÈÐ�·{æ�¾cµnÌ1ÁÂ´Q³�½çÉ	Ç
ÁÂ¹�µ0Ã�±\èhµ�´Qµ�Ä�Ì�µnÅ{écµ1Áyê!µ�µnÄ#ÉJé]ÅPµn´ÂÊ�µnÃRÄ�³�ÁQ¼	ÁÂ±ÀÉJÄ#ÅÂµ�´Q±\µËÅV¼JÄ�ÃRÁÂ¹�µiëyìNíÈÐJÏJÏ�ÏJìZ½RÉ�Ã�µ�¿�Õ�¾]µn´Â±ÀÉ�Ã)±ÀÄÃ�¼XÔ�ÅnÕ�¼J½R¾�¿\±\ÁÂ³]Ã�µ�±ÀÄTî&¼�Å�·
¸�¼	é�¿Àµk¶�·7ï�ðCÖMæMÉ	ÇVÃ�±\ècµn´ÂµnÄ�Ì1µËÅ0êN±ñÁQ¹�Áyê!É�°Oº!»x½RÉ�Ã�µ�¿�ÅnÕcî&¼�ÅRÆ$»CÉkò�Ä�É�°Oº!»x½RÉ�Ã�µ�¿�Õ&Ö�×ÈØ¤ò�Ö�×ÈØNÐ	ÏJÏ�Ï#°�º!»½RÉ�Ã�µ�¿�Õ	»Cµnê+ò>½RÉ�Ã�µn¿m¾�´ÂÉ�¾]ÉmÅPµËÃ7±\Ä�ÁÂ¹�±�Å�¾�¼	¾cµ�´ ¼J¾�¾�¿À±\µËÃ
óJ»iô�õ>æÈò�»iô!õ>æ�ösì©÷Èø�Ø!ë�ÅÂµnÅQÅÂ±\É�Ä�Å�É�é�ÅÂµ�´QÊJµnÃ>±ÀÄk¶ËùJù�ÎXò�ÐJÏJÏ�¶JÕð7¶ËðNÍ3ò)ëF÷>æ�ð7¶7¼	Ä�Ã�ðNÍR÷Èø:Ø!ë!ÅÂµnÅQÅP±ÀÉJÄ]Å/É�Ä�¿ÀÔ#ÉJé�ÅÂµ�´QÊJµËÃkÅÂ±\Ä]Ì1µ�Ð	Ï�Ï�ÐJÓ1·_�èIç�ñ�è
û 43���`û�è
û�û�ñ�ë=ò�û ì�ø0z#_ r H r�L

æ�éì ÿtë;ýGè	� æ�éì ÿtë;ýGè	� æ�é6ìwÿÎë�ýGè	�
ìEëú;K<-. ìEè�" ìEëú;K<-. ìoè�" ìoëû;=<3. ìoè�"wk_;æ H	��� H L � H l g®H l g H 8�8 H 8�9 H lmL H	a 9 H 9�8�Q4-4 HJ� 9 H	a 8 H L�L H L�9 H 8�l H 8�l H l g H	a L H�H�H6R_Gì H	�hH H L�L H l �®H l g H 8�8 H 8�8 H l � H	a�� H 9 �;�è
ð�ò H	a�� H l � H 8 �®H l H H�H l H�H 8 H 8 ` H L � `��

<oëJ"kè���èIç	��ï�÷Gèíý�ñ�'mèIç�è
ò�þQè
ûR�mèIïÂ"§èIè
òúë��×ûJèIç1��è
ý ò�îGï�ð8ï�ñ�ë=òúûJèIç�ñ�è
û¢ð�ò�ýúÿtë�ý�è	��÷×ð	��èùðêò�ë=ñ¯ûJètë�ö0�7ð8ç�ñ¯ë=î�û
ë�ç�ñ(�=ñ ò�ûV"oñ�ï�÷©ï�÷Gè6ç�ÿÎû9þQë=ÿtü×ð8ï�ñ�����è>"Eñ�ï�÷©ï�÷Gè6æ�éìôþQë=ò�ïJç�ñ(�×îGï�ñ¯ë=ò � 2 ë¢è
ûJï�ñ¯ÿÎð8ïJè6ï�÷�èð�þQï�î×ð���þQë=ò,ïJç#ñ(�×îGï�ñ�ë=ò©ë�ö
ï�÷Gè6æ�éì ÿtë;ýGè	��ïJë�ï�÷×ñ¯û9òGë=ñ¯ûJè0"§è6÷�ðJ��èWþQë=ÿtü×îGïJè
ý_ç#ÿÎû�ë�ö�ý�ñ�'mèIç�è
ò�þQè
û!�mèIïP"kèIè
ò_ï�÷Gèë��×ûJèIç��7ð8ï�ñ�ë=ò×û�ð�ò×ý_ï�÷Gè�5476-8�9�9�9�4 ÿtë�ý�è	��ð8ö?ïJèIçð8ü�ü�� � ñ¯ò&��ï�÷�ç�èIèoý�ñ('"èIç�è
ò�ï!æ�é6ì ÿtë�ý�è	�¯û�á�ò�ë«æ�éì ó�ç�ðJ"ôý×ñ�'"èIç�è
ò�þQè
û#õn�,èXW;ïJç�ð�þQï�ñ¯ò&�
ï�÷GèM;=<-.>8�9�9�9 æ�é6ì~ïJèIç#ÿ%��ð�ò×ý èXW�ïJç#ð�þQï�ñ¯ò
��ï�÷�èíæ�éì ïJèIç�ÿ ð�þIþQë�ç�ý�ñ¯ò&�vïJë�ï�÷Gèùÿtë�ý�è	�2ýGè
û�þQç�ñ��"è
ý ÷�èIç�è��2 ÷Gè¢ç�è
û�î&��ï�û6ð8ç�èiû�÷GëJ"oòêñ¯ò 2 ð��:��è H �z�ò�è_þIð�òúûJèIèÎï�÷�ð8ïsð�þIþQë=î�ò�ï�ñ¯ò
��ö?ë�ç¢ï�÷GèÎæ�éì þQë=ò,ïJç�ñ��×îGï�ñ�ë=ò���è
ð�ý�û�ïJëÝýGè
þQç�è
ð�û�ñ¯ò&�Åë�ökï�÷GèÎý�ñ('"èIç�è
ò×þQè
û��
ø!û�ü"è
þIñ ð���� � ñ¯ò,ïJèIç�è
ûJï�ñ¯ò
�úñ ûÎï�÷Gè=�¯ð�ûJïíü�ð8ç�ïíë�ö¢ï�÷GèÝï�ð�����è þQë�ç�ç�è
ûJümë=ò�ý�ñ ò
� ïJë�ï�÷�è�ümèIç�ñ�ë;ýØë�ö¢ë��×ûJèIç��7ð8ï�ñ�ë=ò×û8�9�9�8 o 8�9�9�lc�¤6�û�ñ¯ò&��ï�÷Gè%;=<3.78�9�9�9 æ�éìeÿtë;ýGè	�2ö�ë�ç_ï�÷�ñ¯ûiü"èIç#ñ�ë�ý¤��è
ð�ý�ûiïJë ýGè���ç�ð�ý�ð8ï�ñ�ë=ò�ë�öEý�ñ('"èIç�è
ò×þQè
û�mèIïP"kèIè
òêë��×ûJèIç��7ð8ï�ñ�ë=ò×û6ð�ò�ý ï�÷Gè)�5476-8�9�9�9�4 ÿtë;ýGè	�F�h"E÷×ñ¯þ�÷ ñ¯û6ò�ð8ï�î�ç�ð��mö?ë�ç6ï�÷×ñ¯û6ÿtë;ýGè	�mñ¯û6ýGè���è	��ë�ümè
ý ë=ò&� �
ö�ë�çWï�÷GèsèIümë;þ�÷�ûWî×ò,ï�ñ�� 8�9�9 H �ÑL
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:<;>=!?A@8BDCFEHG)IJEHKMLONPEHQRCTSF?UCFV0SFQRSF;>V!KUWRQRCT;XQRSF;XV!KMYZQRCFE\[MCFEH];XLOS^EH]`_7N`QaK)IMbc_.E CZV0BdSF?JE V0CFE SF;XL Q0ecbfV)]MEHeXY g
h ?JEHYFEibfVA]JEHeXYcQRCTE5bjQ0;XKe>Nk_%Q0Y^EH]lV!K�VALOEHQ0KM;XLiQ0K]lQRSFbfV!Y^[%?JE CT;XL5]JN)KQ0bj;XL YmQ0KM]l[MCFEH]M;nLOSmWoQRCp;XQRSF;>V!KMYq;XK
[.V!eXQRCrbfV0SF;>V!KsQ0KM]�t hmu ;XKvSF?JEc];XIJCTKMQ0e6Q0KM]�YFEHbj;X]M;XIMCTKMQ0e%BwCFEHG)IJEHKMLONx_Q0KM]Y g

y{z KA|%IMEHKMLOE}V0B~VALOEHQ0KM;XLmSF;X]MQ0e�Q0KJ=!IMenQRCrbfV!bfEHK7SFIMbZ�
� LOEHQ0KM;XLZSF;X]MEHYiQ0KM]�L IJCFCFEHK7SFYjE W0V0�0E�V)LOEHQ0K;XL�SF;X]Q0erQ0KJ=!IMeXQRC5bfV!bfEHK7SFIMbZ�rY^E E�E0g�=Jg�� u � g��}IJEkS^V
LOV!KY^E CFWRQRSF;>V!KcV0BJSF?ME9S^V0SFQ0eAQ0KJ=!IMenQRC�bfV!bfEHK7SFIMb+V0BJSF?JE'EHQRCTSF?A@8V)LOEHQ0K-Y^NAY^S^EHbZ�0Lp?MQ0KJ=0EHY�;XKmSF?ME'EHQRCFSF?���Y
CTV0SFQRSF;>V!KaQRCFEZ;XKM]MILOEH]���� � g h ?ME5VALOEHQ0KM;XL5SF;X]MQ0e�Q0KJ=!IMeXQRCfbfV!bjEHK�SFIMb�L Q0K�_.EvbfV)]MEHe>EH]l_%Q0Y^EH]{V!K
VALOEHQ0K`SF;X]JE�bfVA]JEHeXY5��?M;XLp?�QRCTE�]JE Cp;>W0EH]�EHbf[;>CT;nL Q0eXe>N{BwCFV!b�Q0e>SF;nbfE S^CT;XLsV0_Y^E CFWRQRSF;>V!KMY\��� � g��'QRCTSF?
CTV0SFQRSF;>V!KmWRQRCT;XQRSF;>V!KY�;XK}SF?JE9]M;XIJCTKQ0eoQ0K]cY^EHbj;>@�]M;XIJCTKQ0e�BDCFEHG)IJEHKMLON}_Q0KM]MY���;>SF?�Q0bf[en;>SFIM]JEHY.V0BJY^E W0E CTQ0e
S^EHK7SF?MY�V0B���Q0Y�QRCFEm[MCFEH];XLOS^EH]�g

y{z KA|%IMEHKMLOE}V0B�enIMKM;�@�Y^V!enQRC�=0CpQHWA;>SFQRSF;>V!KMQ0e�SF;n]JEHY �
��QRCp;XQRSF;>V!KMY�;XKiEHQRCFSF?vCFV0SFQRSF;>V!KvQRCFE}Q0eXY^V-;XKM]MILOEH]i]MIJE<S^VdSF?JE�EO�AS^E CTKMQ0e.eXIKM;�@�Y^V!eXQRC9S^V0CTG)IJEHY�Q0LOSF;XKJ=dV!K
SF?MEmS^CT;XQo�J;XQ0e6 =!IJCTE�V0B~SF?MEmEHQRCFSF?l� ¡ � g h ?JEHY^E�S^V0CpG7IJEHY�L Q0IMY^EcYTbjQ0eXe.[.V!eXQRCrbfV0SF;>V!KsWoQRCp;XQRSF;>V!KMY¢;XK�SF?JE
];XIJCTKMQ0eMBwCFEHG)IJEHKMLONf_%Q0KM]5Q0K]xYTbjQ0eXeMWRQRCT;XQRSF;XV!KMY9;nK5t hmu ;XKjSF?JE}Y^EHbj;>@�]M;XIJCTKQ0eJBwCTEHG7IJEHKLONf_Q0KM]�g	£<eXe
S^E CpbjYr;XKvSF?JEHYFEmBwCTEHG7IJEHKLON5_Q0K]MY���;>SF?ZQ0bf[%eX;>SFIM]JEHY¢enQRCF=0E CrSF?MQ0K�¤Ag¦¥f��Q0Y�QRCFEmbfVA]JEHe>EH]�g

y{z KA|%IMEHKMLOE}V0B�KMV!KA@8SF;X]MQ0e.VALOEHQ0KM;XLmQ0KM=!IMeXQRCrbfV!bfEHK7SFIMbZ�
§�EHYF;n]JEHY�SF;X]MQ0e�;XKJ|%IJEHKMLOEHY �.SF?JEfVALOEHQ0KM;XLiQ0KJ=!IMeXQRCmbfV!bjEHK�SFIMb¨;nY�;XKA|%IJEHKLOEH]k_)N�KJV!KA@8SF;X]MQ0e�|%ILOSFIMQo@
SF;XV!KMYq;nKl��QRS^E Cf?JEH;>=!?7SdQ0KM]{L IJCFCTEHK�SFYv��¥ � g h ?JEHY^ExQRCFE5[%QRCFSFe>N©L Q0IMY^EH]{_)NlQRSFbfV!Y^[%?JE CT;XLi��;XKM]©Q0K]
[CFEHYFYFIJCTE5WRQRCT;XQRSF;>V!KY g{�};XIMCTKMQ0e9WoQRCT;nQRSF;>V!KMYf;XK{[.V!eXQRCfbfV0SF;>V!KªQ0K]at hmu ��;>SF?�Q0bf[eX;>SFI]JEHYcV!KªSF?JE
V0Cp]JE CrV0B	Y^E W0E CTQ0e���Q0Y�QRCFEmbfVA]JEHe>EH]�g

y{z KA|%IMEHKMLOE}V0B�QRSFbjV!Y^[?JE CT;nL}SF;X]JEHY �
«IJCFSF?JE CTbjV0CFE0�ASF?JE CTbjQ0e6Q0KM]xSF;X]MQ0e%QRSFbfV!Y^[?JE Cp;XL�SF;n]JEHY9L Q0IY^E}WoQRCT;nQRSF;>V!KMY�;XKi[.V!eXQRC�bfV0SF;>V!KvQ0KM]vt hmu
��¬ � g h ?MEHY^E	WoQRCp;XQRSF;>V!KMY�QRCTE';XK�SF?JE9]M;XIJCTKQ0eoQ0K]mY^EHbj;�@�];XIJCTKMQ0eoBDCFEHG)IJEHKMLON<_Q0KM]MY�Q0K]m?MQHW0E�Q0bf[eX;XSFIM]JEHY
V!K�SF?JEmV0CT]JE C�V0B~Y^V!bjEm��Q0Y g
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z K�V0CT]JE CxS^V�YFSFIM]JNªSF?JE�?M;>=!?J@8BwCFEHG)IJEHKMLONaEHQRCTSF?�CTV0SFQRSF;>V!K`WoQRCp;XQRSF;>V!KMY5�9E\Q0KMQ0eXN7¼ EH]�SF?JE�LOV!K�SF;nK7IJV!IY
�}½�§ z L Q0bf[Q0;>=!KY}¾ ��¿ h�À ¡J��¾ �}¿ h�À ¥5Q0KM]�¾ �}¿ h ¤!�)g h ?JEHYFEqL Q0bf[Q0;X=!KMY�;nK�W0V!e>W0EH]�LOV!K7SF;XK7IMV!IMY��}½�§ z
V0_Y^E CTWoQRSF;>V!KYj_.E S���E EHK4Á\Q0KM] u ¡�]MQ�N)Yx;XKP]MEH]M;XL QRS^EH]PbdIMe>SF;>@�Y^SFQRSF;>V!Kª�}½�§ z KJE S��9V0CF�AY g2¾ �}¿ h�À ¡l��Q0Y
V0_Y^E CTW0EH]�_6E S��9E EHKªÂ�Q0K7IQRCFN u ��Q0KM]a�0¥�;XK uHÀ0À ¡J����;>SF?{Qk_MCFEHQR�lV0B�V!KJEZ]MQHN0�¢¾ �}¿ h�À ¥���Q0Y-V0_Y^E CTW0EH]
_.E S���E EHKj£<IJ=!IMY^S	�0�}Q0KM]f� À ;XK uHÀ0À ¥)�7Q0KM]i¾ �}¿ h ¤!����Q0Y�V0_Y^E CTW0EH]-_6E S��9E EHK � LOS^V0_.E C u ¬}Q0K]j� u ;nK-�R¤0¤!�)g
h ?JExSF?JCFE EZL Q0bf[%Q0;>=!KMY-��E CFEZQ0KMQ0e>N)¼ EH]aIMYF;XKJ=kSF?JEs¾�£<½~¾rÃ0Ä � ½!�}�2YFV0BwS���QRCFE{��Á � g�Ä)SFQRSF;>V!K�LOV)V0CT]M;XKQRS^EHY
��E CFE}�0E [MS� M�AEH]5S^Vf� hrÅ «��R¤0¤!�Z��Æ � �J��?M;Xe>E�CTQ0]M;>V-Y^V!IJCpLOE<[.V!YF;XSF;>V!KMY9�9E CFE}�0E [MS� �)EH]xV!K z ¾ Å «�� Ào� g9¾�e>VALF�
[QRCTQ0bjE S^E CTY�CTEHeXQRSF;>W0EmS^VxQjCFE BDE CFEHKMLOEdL e>V)LT��;XKZSF?JEqKJE S���V0CF�Z��E CFEcEHY^SF;nbjQRS^EH]sE W0E CTN u ?JV!IJC��MQRSFbfV!Y^[?JE Cp;XL
¼ EHKM;>SF?q��E S�]MEHeXQHN�[QRCpQ0bfE S^E CTY���E CFE9EHYFSF;XbjQRS^EH]dE W0E CFN u ?JV!IJC~IMYF;XKM=�SF?JE ¿ E ��Ç�QR[M[;XKJ=<«MIMKMLOSF;XV!KMY�È ¿ Ç�«	É
� u ¤ � Q0KM]\?MV0CT;>¼ V!K7SFQ0e	]JEHeXQHN�=0CTQ0]M;XEHK�SFY�E W0E CTN��v?JV!IMCTY gqÊ~V!eXQRCqbfV0SF;>V!K©Q0KM]\t hmu WRQ0eXIJEHY}��E CFEfEHY^SF;XbiQRS^EH]
E W0E CFN u ?JV!IJC���;>SF?�CTEHY^[.EHLOS�S^VxSF?JE z � Å Äs¾�¤R¡vY^E CT;>EHY�EHQRCFSF?kCFV0SFQRSF;>V!K�[QRCTQ0bfE S^E CpYd� u0uO� �.Q0KM]kV!KJEc[%Q0;>C�V0B
K)IJSFQRSF;>V!K©LOV0CFCTEHLOSF;>V!KMY���;XSF?�CFEHY^[.EHLOSmS^V�SF?JE z £¢t uHÀ ÆR¤kbfVA]JEHe�V0B�K7IMSFQRSF;>V!KP� u � � ��Q0Y�EHY^SF;nbjQRS^EH]©BDV0CmEHQ0LT?
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Fig. 1  FTBPF spectra of short period oscillations of GPS (CODE) 
polar motion and  atmospheric excitation functions  computed 
with the parameter lambda=0.0007
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SINEX - Combination
Session: NA224                                      Database: 97AUG12XE

(Mon Feb  2 2004 - 09:14:18)

settings for aprioris:
APRIORI   SINEX         BKG

settings for REF_EPOCH:
MEAN

settings for datum definition:
COND FIX ’S*’

NNT-NNR-weight:
0.00001 [m]

comment:

BKG GSFC USNO SINEX-
Combination

153.3

153.6

153.9

154.2

X
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]
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494.4

Y
-P

ol
 [m

as
ec

]

-30526.770
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-30526.766

-30526.764

-30526.762
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SINEX - Combination
Session: NA224                                      Database: 97AUG12XE

(Mon Feb  2 2004 - 09:26:06)

settings for aprioris:
APRIORI   SINEX         BKG

settings for REF_EPOCH:
MEAN

settings for datum definition:
COND FIX ’SWETTZELL X*’
COND FIX ’SWETTZELL Y*’
COND FIX ’SWETTZELL Z*’
COND FIX ’SKOKEE    X*’
COND FIX ’SKOKEE    Y*’
COND FIX ’SALGOPARK Z*’

NNT-NNR-weight:
0.00001 [m]

comment:

BKG GSFC USNO SINEX-
Combination

153.0
153.5
154.0
154.5
155.0
155.5
156.0
156.5
157.0
157.5
158.0

X
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]
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495.0
495.5
496.0
496.5
497.0
497.5
498.0
498.5
499.0

Y
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]

-30526.85
-30526.84
-30526.83
-30526.82
-30526.81
-30526.80
-30526.79
-30526.78
-30526.77
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¶a·¹¸�º »,¼AnO¾ASIö2¼CÌhúVUg^ tlr�ºmÄ	»,¼g`
»�ÁDÁ	újÁWÌoÆrú,»�ºOûCú�º »,¼XÌ9º ÅOûCú�·ÂÁWÅ>ÁWÌoô"Õ�Òk¼�»,»�Á�»P¾�ôBÈ »�¼P¼�bD·¹ÅmË ÆjÁWÌcÉ^ÄW»}b�Æ"ûCÁ�»�»,¼PÆ�Ç&ÁWÅOËlú�ÁlË Ä6úSÄ
Á	Ì¼PÀ¹¼PÑKÄ	ú�·ÂÁWÅ�û�º�úq`
Á9Wlú�¼PÆ(ú%SfÏ	Ðlh�n�Ðyh�ÄWÅOË
~WÐ}Ë�¼P¸W»,¼�¼òÆZUC¾QtDÁ�À¹·�Ë^Ä	ÅmË:Ã »�ÁEbW¼PÅ�ÀÂ·ÂÅ ¼PÆ�Ä	»,¼Bú?Y�ÁAbD·ÂÅOË ÆoÁWÌÉ�Á�Ë�¼PÀÂÆ�Á	Ì4Æ(ú�»,ºOû0ú,º »,¼
Ì9º ÅOûCú�·ÂÁWÅZû�ÁWÉ:Ç&Á�Æ�¼PË?Á	Ì�ú,È »,¼�¼}ú,»�º Åmû�Ä6ú,¼PË?Ì9ºOÅOû0ú,·¹Á�ÅOÆ�¾ktDÉ^Ä	ÀÂÀzÆ,ûC»,¼�¼�Å>Ä	ú{»,·¹¸�È�ú{ûCÁ�»�Å ¼P»$Æ�È Á(YjÆjÄ	º ú�Á9`�ûCÁ�»�»,¼�À�Ä6ú,·¹Á�Å�Ì9ºOÅOû]`
ú�·ÂÁWÅmÆ$Ë�¼P»�·ÂÑW¼òËMÌ9»�Á�Éçú?Y�Á�É:ÁDË ¼�À�ÆjÁ	ÌoÆ(ú�»,ºOû0ú,º »,¼}Ì9º ÅOûCú�·ÂÁWÅOÆP¾�Ssp"·Â¸WÈ�ú]U]^ ô"Õ�Òw¼�»,»�Á�»$Æ�Çm¼òû0ú�»,º É~Á	Ì)¿�ø?[P\�Ò"Ó�Ô{Õ[É:Á�Ë�¼PÀ�¾tDÁ�À¹·�ËZÀÂ·ÂÅ ¼^Ä	ÅOËFÃ »,ÁFbW¼PÅZÀÂ·¹ÅO¼:û�ÁW»,»�¼òÆ(Ç&ÁWÅmË?ú�ÁMú�ÈO¼�Ærú,»�ºOûCú�º »,¼�Ì9º ÅOû0ú,·¹Á�ÅUÉ�Á�Ë�¼PÀÂÆX·ÂÅ�À¹¼�ÌhúEÇOÄ	Å ¼PÀ�¾�[>ÄW»}b¬«E�®�·ÂÅOË�·�û�Ä6ú,¼PÆ
»,Á�ÁWúq`�Æ(ºOÉ�`�ÆZr�ºmÄ	»,¼�ÁWÌ3tK¯ ûCÁWÉ:Ç&ÁWÅ ¼PÅ�ú,ÆjÁWÌ�¿�ø?[P\WÒ"Ó�Ô�Õj¾&Ä	ÅOË�«V°k^·ÂÅOË�·�û�Ä	ú�¼PÆ{»,Á�ÁWúq`�Æ(ºOÉ�`�ÆZr�ºmÄ	»,¼�ÁWÌo¼�»,»�Á�»,Æ$Ä6ú(úSÄWûSÈ ¼òËY"·¹ú�ÈZ¿�ø?[P\�Ò"Ó�Ô{Õ[Ë Ä	ú,ÄO¾�özÄ	»,¸W¼�»B·ÂÅOË�¼�ùMÃ&¼Cú?Y�¼�¼PÅ>Ë�¼�¸�»�¼P¼XÄWÅOË?ÁW»SË�¼P»"Á	Ì�tK¯v·ÂÅOË�¼�ùMÆ�¼Cú�YBÄWÆ"ºmÆ(¼òËMÄ�Æ6YBÄKÑW¼XÅDº É�Ã&¼�»
Ä	ÅmË�ú�ÈO¼M»,ÁDÁ	ú}`
Æ�º É#`
ÆZr�ºOÄ	»,¼�YBÄWÆ�ú,ÄFbW¼PÅLÌ9ÁW»�ú,È ¼NÆ�ÄWÉ�¼�YBÄKÑW¼�ÅDº É�Ãm¼P»P¾±¯jÁW»,·²|�ÁWÅ�úSÄ	ÀBûCÁDÁW»SË�·ÂÅOÄ6ú,¼MÐF·ÂÆ�·ÂÅOË�·�û�Ä	ú�¼PË�Ä6ú
ûCÁDÁ�»,Ë�·ÂÅOÄ	ú�¼�Á	Ì�Ð ¾Â½{ú,Á:¼Cù�Ç »,¼PÆ,Æ"ÔXÒwûCÁ�É�Ç&ÁWÅO¼�Å�ú"Á	Ìaú�È ¼}¼P»�»,ÁW»BÆ(Ç&¼PûCú�»,º É?¾
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�E�X� 5�<DA03	.?Jc36A(V�363	-tb�d�e{*M=N3	<�.CG5�3	=N3	-OAC.N<�-2Hu8K+ G2-OA0365C/z<D5CAN8K+ =N/2GA03	Hu@f5C+ = \�*,Ú[à��E�:Ö:�ÙH2<DAC<
<�;9.0+?V�365C3�8K+ =N/2<D5�3	H�i"b�d�e�*(RrJ2<�.C3	HL�E���ï5�<DA03�8K+ -2.C79.0AC.X+�@�AC13:A03	=N/c+�5�<�;cYD<D5�79<DAC7h+ -�+�@B�E���£<�-4H�.0/z<DAC79<�;
8�12<�-T�3�+�@BAC13M;979-3:+�@".C7hT 1mA�H4G3^A0+FA05�<�8C�g79-TF+�@B5�<�H47h+>.0+ G45�8K3�i{�[3M8K+ =N/2GA03	H��E���}.E79-L;97I-3:+�@B.�7hT 1OA�A0+
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H3	.C795C3	H�36/a+g8�1oi$�E13	-U�E�X�£5�<DA03�VX<�.EH365�7hY�3	HUJ&nU-mG4=>365�7986<�;cH365�7hYD<DAC7h+ -UJ&nFG4.�79-T?AC13��M/c+ 79-mAC.X+�@��E�X�
H4<DAC<gi

�E143��E�X�v5�<DA03	.X8K+ =N/z<D5�79.0+ -FV�<�.{/c365C@f+�5�=N3	H>@f5C+ = .C1+�5CA�J2<�.03	;I79-3lp
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�E�X�x5�<DA03E8K+ =N/2GA03	H>@�5C+ = \:*,Ú[à��E�:Ö:�kVX<�.j<�;9=>+ .0Aj86;h+ .03}A0+^ý6365C+�@�+�5j.C14+�5CA�pS�6Ü Û:�g=Fs�J2<�.03	;97I-3	.6iB_g+ =N3
8K+�5C5C3	;I<DAC7h+ -U<D5C+ G4-4HUÜgi ��¶ZÜgi ìMV{365C3:@f+ G4-4HF+ -�;h+ -T�365XJ2<�.03	;I79-3	.6`g<�;hAC1+ GT 1U7hA�VX<�.X@f<D5X@f5C+ = AC13^<�8686G5�<�8Kn
@f+�5j/214<�.03EH43	;9<	n?5�<DA03�8K+�5�5C3	8KAC7h+ -�ijîB7hT G5�3��:.C1+WV�.$<�-N3Kä<�=N/2;h3}+�@��E�X�x5�<DA03�8K+ =>/2<D5�79.0+ -?5�3	.CG4;hA"+�@cí�;9T�+DR
-4Q&G479-�Ro�[36A0A0ý63	;9;J2<�.C3	;979-3�+ -��	ì�AC1F�OG4;hn��DÜ�Ü�Ügi$þ�Ú�_MH47!�a365C3	-28K3�+�@a�E���x5P<DA03}Ja36A�V{363	->AC13�\�*,Ú[à��E�:Ö:�
<�-4H�b�d�e{*E7I.�.036Y�365�<�;�=>79;I;97�R(�E�X�XØÿ/c365�.03	8K+ -2H�`2V�12798�1L7I.E+ -3l+�5�H365�;I<D5CT�365�AC12<�-LAC13M<�8686G5�<�8KnL+�@j�E�X�
5�<DA03^-363	H3	HF@f+�5XH43	;9<	n>5P<DA03:8K+�5�5C3	8KAC7h+ -U79-Fb�d�e{*$+�J2.0365CYD<DAC7h+ -U<DAX5�<�H47h+l@�5C3	Q&G3	-48KnZì&i �N\:ã�ý�i$�E143�5C3	<�.C+ -
@f+�5{AC13�/c+m+�5X8K+ 79-48679H43	-48K3E+�@)�E�X�t5�<DA03:79.{G4-4H365�.CA0+m+gHNJ&n>@�+ ;I;h+WV�7I-T^A(V�+?5C3	<�.0+ -4.6i�p
7fs"�E13:\�*,Ú[à��E�:Ö:�
H4<DAC<>12<�.}AC79=N3^5C3	.C+ ;9GAC7h+ -�+�@j�?1+ G5�.	ij�E1mG2.}.C1+�5CA0365EAC7I=N3�.C86<�;h3��E�X�£Y�<D5P79<DAC7h+ -L79.}-4+�AE79-486;9G4H43	H�7I-UAC13
H4<DAC<gi�p
797�s��E13Z\�*SÚ[à��E�:Ö:�×H4<DAC<�8K+ =>/2<D5C3	H[1365C3N<D5C3N3Käg/45C3	.�.03	H�V�7hAC1�G/�A0+k�	�UH36T�5C363	.lì�+�5�H365�.:+�@
_gãç8K+ =>/a+ -43	-OAC.6ij��13	-F79+ -+ .0/21365P798E�E�X�y.0A05PG48KACG5C3:.C=><�;9;9365{AC14<�-U<M=>79-47I=lG4= .0/2<DAC79<�;c.C86<�;h3Np����DÜ�Ü?�g=
äv�W��Ü�ÜL�g=Fs:79.^-+�Al8K+ -OAC<�79-43	Hw79-�AC13>H2<DAC<giF�E13>;I<�8C��+�@X127hT 1365^@f5C3	QmG43	-48Kn�8K+ =>/a+ -43	-OA�7I-�Ja+�AC1�AC7I=N3
<�-4H[.0/z<DAC79<�;"H+ =><�79-[7I-[\:*,Ú[à��E�:Ö:�åV�79;9;�Jc3MAC143>=><�79-[86<�G4.03Z+�@�;h+�Vá/45C3	8679.�7h+ -�+�@��E�X�å5�<DA03ZH365P7hY�3	H
@f5C+ = \�*SÚ�à����:Ö:�Ei
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î5�+ =�8K+ =N/2<D5�79.C+ -FJc36A�V{363	-�\^]�_mRrJ2<�.C3	H������£=N3	<�.CG5�3	=N3	-OAC.}<�-2HFb:d)e�*�H4<DAC<g`4H47��c365C3	-48K3�+�@�.C79T -4<�;
A05�<�-4.�=>79.C.C79+ -�H3	;9<Wn�Jc36A(V�363	-Mê�RrJ2<�-2HM<�-2H?_mRrJz<�-4H�+�@2b�d�e{*)5C3	8K3	7hY�365j.0ng.0A03	=©79.�H365�7hY�3	HM<�.B<�J&nORr/25C+&H2G48KA6i
_g79-28K3�=N+ .0A�+�@"AC143�+��c.C36AC.Mp
H47!�a365C3	-28K3�+�@"Ü>/c+ 79-mA}Jc36A(V�363	-�b:d)e�*E<�-4H�\:]�_L79-LîB7hT G5C3M� s}H365�79Y�3	H�@�5�+ =
AC13	.03�8K+ =>/2<D5�79.0+ -2.XV{365C3�<�;I=N+ .0AE8K+ -4.0AC<�-mAC.E@f+�5E3	<�8P1LJ2<�.03	;I79-3�5C36T <D5�H4;h3	.�.X+�@�H47!�a365C3	-28K3^+�@�3Käg/c365�79=N3	-mAC.6`
7hA�79.Z.CG45C3�AC14<DA�AC13	.03�+���.036AC.�+�5�7hT 79-4<DA03�@�5�+ = 3	<�8P1�b�d�e{*>.CAC<DAC7h+ -�iå��1479.�_2à�ê b�d�e{*Z5C3	8K3	7hY�365U+��c.C36A
H+&3	.�-+�AM8K+ =N3Z+ -2;hn�@�5C+ = 14<D5�HVX<D5C3>JzGA�<�;9.0+�7hAl86<�-wJa3F79-OA05�+&H4G28K3	H[Jmnk=Z<�-mG4<�;j+�/a365P<DAC7h+ -k+�@}/212<�.03
86<�;97hJ25�<DAC7h+ -xp
]X�Xí�d�s�H4<DAC<gi^í�8KACG4<�;I;hn�`zAC143l+���.036AC.:+ -�ü^+���363N.0AC<DAC7h+ -�5C3	;9<DA03	H�J2<�.C3	;979-3	.�79-����:þ��jR��DÜ�Ü�
V�365C3>79-48K+ -4.�79.0A03	-mA�V�7hAC1�+ -3	.^+�@�+�AC1365�3Käg/c365�79=N3	-mAC.6iM*�A�79.:�g-+�V�-�AC14<DA�=><�-&G4<�;B/�86<�;B/214<�.C3MVX<�.�G2.03	H
@f+�5�ü^+���363U.0AC<DAC7h+ -�`�<�-4HkAC14<DA�+�/a365P<DAC7h+ -[+�@}]��Xí�d H4<DAC<�+ -wü�+���363Z5C3	;9<DA03	HwJ2<�.03	;97I-3>=>7hT 1mA�86<�G4.03FAC13
.C1479@�AX+�@�AC13^+��c.C36A�79-L�E�:þ��"R��DÜ�Ü��3Kä&/c365�79=>3	-OA6ij��<DJ2;h3��N.C14+WV�.}AC143l_4à�ê©b�d�e{*�5C3	8K3	7hY�365�+��c.036A�<DAE3	<�8�1
.0AC<DAC7h+ -�8K+ =N/2GA03	H�JmnU;h3	<�.0A�.�QmG4<D5�3�=N36AC1+gHLG4-4H365}AC143�8K+ -4.0A05�<�79-mAEAC14<DA�A0+�AC<�;).CG4=é+�@�AC13�+��c.036A�3	QmG4<�;I.
A0+�ý6365C+i���13l8K+ -4.CA05�<�79-mA�VX<�.:G4.03	H�Ja3	86<�G2.03lV�3?14<	Y�3?-+U<Z/45P7h+�5�7��g-+WV�;h3	HT�3M+�@j<DJ2.0+ ;9GA03MYD<�;9G3�+�@$AC13
+���.036A�<DA�<�-mn�.0AC<DAC7h+ -�ij�E143	-�5C3	;9<DAC7hY�3^YD<�;9G3	.}7I-UAC13�AC<DJ2;h3�12<	Y�3�=N3	<�-279-TNJ2GAXAC13l<DJ2.0+ ;9GA03^YD<�;9G3	.}=Z<	n
-+�A6i

�E1279.�p
14<D5�H4V�<D5C3�s}H3	;9<	n�+���.036A�Ja36A�V{363	-[_�<�-2HLê©J2<�-4H�b:d)e�*}5C3	8K3	79Y�365�.�12<�.�-+�AEJc363	-�=><�H3�<WV�<D5C3
79-x-+�5�=><�;$T�36+&H36AC7I8Zb:d)e�*�+�J2.C365CY�<DAC79+ -�`BJa3	86<�G2.03F7hAM79.M-+�5�=><�;9;9n�<DJ2.C+�5CJc3	Hw79-x.0AC<DAC7h+ -t86;h+g8C�k+���.036A?79-
AC13M<�-4<�;hng.C79.6iX�E13	.03l14<	Y�3?<�;h5C3	<�HnUJc363	-L/c+ 79-mA03	HL+ G4A�J&nU��izã�365C5�79-T����6Ü��riEe�G4A�AC13	.03l+��c.C36AC.�V�365C3?-+�A
<�8KACG4<�;9;9nw=N3	<�.CG5�3	HuH2G3UA0+�;I<�8C�u+�@�79-4H36/c3	-4H43	-OAM=N3	<�.CG5C3	=>3	-OAC.?+�@�7h+ -+ .0/214365�798Z����� A0+kH479.0AC7I-T G479.C1
AC13Fb�d�e{*:5C3	8K3	79Y�365M+���.036AC.l@�5�+ =æAC13�7h+ -+ .0/214365�798NH479.C/a365P.C7hY�3NH3	;9<Wn�iLíXA0A03	-OAC7h+ -t=><Wnk14<	Y�3�A0+�Jc3>/z<�79H
A0+LAC13	.C3>+��c.C36AC.�V�13	-�/25C3	8679.03>86<�;979J45�<DAC7h+ -�+�@}.0AC<DAC7h+ -kH43	;9<	n[79.^-363	H43	Hk.CG48P1k<�.^b:d)e�*:3Kä&/c365�79=>3	-OA:@f+�5
/45C3	867I.03^AC79=N3^A05�<�-2.0@�365�+�5Eb�d�e�*{+�J2.C365CY�<DAC79+ -�V�7hAC1�/z14<�.03�H3	;9<Wn�i

,J?Ñ��K�L"L�MO')�$#��F���«�O�¢�
��$�PcQ!�
�8R��S����$�P". M"Y"Y



���������
	»������ó�H����(��� ��� 'ÑQ5�#[;?ÑAIB:,323�54�4:����/+�;�
��.0��$

_&AC<DAC7h+ - +��c.C36Alp
-L.03	8Ws �$5C5C+�5�p
-L.C3	8Ws
í�;hT�+ -4Q&G479- R(Ügi��O� Ügi��
î+�5CAC;936ý	< R��&i � Ügi��
\:79;I8K5C3636� Ügi9�	� Ügi��
ã�+�J2<D5CA �Di � Ügi �
ã�<D5CA05�<D+ R��	�&i � Ügi �
ü^+���363 R��	ì&i�� Ügi��
�[36A0A0ý63	;9; �	�&i � Ügi��
�[3	.0A0@f+�5�H Ügi � �
�E.CG4�&GJz< �&i � Ügi �
|�n <�;h3	. R(Ügi�� Ügi �
�:-4.�<�;9< �K�i�� Ügi ì
Ú�<DA0365�< �&i � Ügi �

ôzÄWÃ ÀÂ¼�Ï�¾)õ�ö2÷�ø�»�¼òûC¼�·ÂÑW¼P»"Á9WÆ(¼�ú$Ë�¼�»,·ÂÑW¼PË�Ì9»,ÁWÉ
ûCÁ�É�ÇmÄ	»,·ÂÆ�ÁWÅ^Ã&¼Cú?Y�¼�¼PÅ�õ{öz÷�ø�`
ÃOÄ�Æ(¼òË�ô"Õ�Ò�Ä	ÅmË
¿<�3t�`
ÃOÄ�Æ(¼òËéô"Õ�Ò{¾UÕ)Ä�ûSÈéÆrúSÄ6ú�·ÂÁWÅÃÂ Æ£Á9WÆ(¼�ú,ÆY�¼P»�¼LË ¼�»,·¹Ñ�¼PËNY"· ú,ÈvÄWÆ,Æ(º É:·ÂÅ ¸�ú�ÈmÄ6úFÆ�º ÉÞÁWÌ
Ä	ÀÂÀ�Æ(ú,Ä6ú,·¹Á�ÅOÆ?Á9WÆ�¼Cú,Æ>¼ir�ºOÄ	À�ÆMú�ÁkÐO¾ Õo»,»,ÁW»M·ÂÆ
Ì9ÁW»,É^Ä	À$¼P»�»,ÁW»^ÁWÌEÀ¹¼òÄWÆ(úlÆZr�ºmÄ	»,¼>Æ(Á�À¹º�ú,·¹Á�Å4¾yôzÁ
É^Ä9bW¼�»,¼PË�ºOû�¼PË�`�Ä Ç ¼ir�ºOÄWÀaú�Á?º Å ·¹úrÎFh2ÆZr�ºOÄ	»,¼�ÁWÌ
¼CùDú�»SÄ�½W¾�ÏNÅOÄWÅ Á�Æ�¼Pû�ÁWÅOË Æ�Á	Ì$¼P»�»,ÁW»�Y�Ä�Æ�Ä�Ë Ë�¼òË
ú�Á�ÆZr�ºOÄ	»,¼{ÁWÌa¼òÄWûSÈM¼�»,»�Á�»P¾

ÅB�k§��  �±(±�§B%g �±r¢ï§����O#{%&��#$� ¢u�o¤����)�j�)¡�ª�«j¢4� ¢

\�36+�T�5P<D/2147986<�;}_gG5CY�36n�*S-4.0AC7hACG4A03�pr\�_&*Cs�+�@�� <D/z<�-w79.�+�/a365P<DAC79-T�<DJc+ GAZ�6Ü�Ü�Ü[\:]X_[5C3	8K3	79Y�365�.�/2;I<�8K3	H
+ -LAC143l� <D/2<�-43	.03�*S.C;9<�-4H4.	i$�E14<DA�.Cn&.0A03	= 79.E-4<�=>3	H�\:�X�:|��{� �����K�r`a.C79-48K3�7hA�79.}AC1+ GT 1mAEA0+FJa3l-+�AE+ -4;hn
<k.03	-2.0+�5>@f+�5Z8K5�G4.0AC<�;�H36@�+�5P=><DAC7h+ -vJ2G4A><�;9.0+k<k.03	-2.0+�5>@f+�5>3	<D5CAC1y3	-mYg7h5C+ -4=N3	-mA>79-486;IG4H479-T�<DAC=N+ .0/214365C3
<�-4Hu7h+ -+ .0/z1365C3�i�_g<�7hA0+�36AM<�;rix���	���}H3	=N+ -4.0A05P<DA03	HwAC13�/45C3	.C3	-48K3Z+�@E.C=Z<�;9;$.C86<�;93FA05�<WY�3	;979-T�7h+ -+ .0/z1365C3
ACG5CJzG4;h3	-48K3^p
�}*SÖ^sP`OV�14798P1M12<�.E�6Ü�Ü^�g=á.C86<�;h3}V�7hAC1?<DJc+ GAE�}�E�X�XØï<�=>/2;97hACG4H43:p
îB7hT G5�3}� sPi{�^-3}1mG4-2H5C3	H
�g= .C86<�;h3l+ -LAC13l3	<D5CAC1�.CG5C@
<�8K3�8K+�5C5C3	.C/a+ -2H�A0+�_ã~8K+ =>/a+ -43	-OA�<DAl�6Ü�Ü�H36T�5C363	.6`a<�-4H�7hA�8K+�5C5C3	.0/c+ -4H4.EA0+
AC13�8K+ -486;9G4.C79+ ->H365�7hY�3	HZ@�5�+ = 8K+ =N/2<D5P79.0+ ->V�7hAC1Nb:d)e�*jH4<DAC<M79-F_&3	8KAC7h+ -��&i9�Di$�E13�A05�<	Y�3	;97I-Tl.0/c363	HZ+�@�AC13
�}*SÖ 7I.�<D5�+ G4-4H[�DÜ�ÜU�&=�à�1+ G5	`�AC1&G4.:�}*SÖ V�79AC1u�?�E�X�XØÙ+�@�<�=N/2;979ACG4H3l86<�-[86<�G2.03L�?=>79;9;97hR(�E���XØ^à�.03	8D`
V�147I8�1v79.N79-tAC143�.C<�=N3�+�5�H4365>V�7hAC1tAC13�5C3	.C79H4G2<�;{+�@:�E�X� 5�<DA03�8K+ =N/z<D5�79.0+ -çp
îB7hT G5�3�� s?79-ï_&3	8KAC7h+ -y�i
�E1&G4.�AC1479.^.0+�5�A^+�@{�}*SÖß-363	H4.:A0+�Jc3N79-486;9G4H43	H�79-�7h+ -4+ .0/21365C3?�E�X�~=><D/k=N+gH3	;�@�5C+ =�Jc+�AC1[H3	;I<	n�<�-4H
H3	;9<Wn�5�<DA03NYg7h36VE/c+ 79-mAC.6i�]{79-T�36A�<�;�iF���	���j14<�.^=><�H43?<U5�36T 7h+ -4<�;B7h+ -+ .0/z1365C3?=><D/ïp
þE*SÚ�s�3Käg/45C3	.�.03	H�Jmn
�DÜNH36T�5C363	.�<�-4HU+�5�H365�.�+�@j_gãç3Käg/2<�-4.�7h+ -�36Y�365Cn��6ÜN=Z79-mG4A03	.}79-OA0365�Y�<�;a@f5C+ =å�S+ 7I-OA}G4.03:+�@"\:���:|��$�ÿH2<DAC<
<�-4H�\:*,Ú[à��E�:Ö:�Eic�XG5C5C3	-mAC;hnFV{3�<D5C3l8K+ ;9;9<DJc+�5�<DAC79-T?@f+�5�<�8686G5P<�8Kn�36YD<�;9G4<DAC79+ -�+�@BAC13�þE*SÚwi

Æ �k®F�)�$%±�#$¡D'r���$¡

í�8686G5�<�8Kn�+�@�\�*SÚ�à��E�^Ö��çV�<�.�36YD<�;9G4<DA03	H�Jmn�8K+ =N/2<D5�79.C+ -�V�7hAC1Lb:d)e�*�H2<DAC<Z+ -�YD<D5�7h+ G4.�J2<�.03	;97I-3	.6i
�j5�5C+�5{.0/c3	8KA05�G2=á+�@�AC13:\:*,Ú[à��E�:Ö:�uV�<�.�H365�79Y�3	H>@f5C+ =ÙAC13�.0AC<DAC79.0AC7I86<�;z8K+ =N/z<D5�79.0+ -�iB�E13:\�*,Ú[à��E�:Ö:�
.0363	=>.$A0+l14<WY�3�<DJc+ GA{���E���XØ£+�@c365C5C+�5�<DA{;h+�VïH36T�5C363�+�@o_ã 8K+ =>/a+ -43	-OAC.6i"��+�<D/4/2;9nM7h+ -4+ .0/21365�7I8�H43	;9<	n
8K+�5C5C3	8KAC79+ -�A0+Nb�d�e�*�H4<DAC<�pfê�RrJ2<�-2Hzs$V�7hAC1UAC13l\�*SÚ[à��E�:Ö:�ï<DAE<�8686G5P<�8Kn�+�@X�:/2798K+ .C3	8K+ -4H�`4<�8686G5�<�8KnU+�@
�DÜZ=Z79;9;97�R(�����XØÿ79.�-3	8K3	.C.C<D5�n�iX�{.0AC79=><DAC7I-TN@�5�+ =�AC13�+�J2AC<�79-3	H�365C5�+�5�.0/c3	8KA05�G4=é+�@j\:*,Ú[à��E�:Ö:�E`a<DJc+ GA
�6Ü�Ü�H36T�5C363?+�@}_gãá3Käg/2<�-4.C7h+ -�V�79;I;oJc3M-43	8K3	.C.C<D5Cn�A0+U<�8P147h36Y�3NAC14<DA^<�8686G5P<�8Kn�il�E�X�ç5P<DA03MVX<�.^8K+ =N/2<D5�3	H
V�7hAC1�b:d)e�*�H2<DAC<g`�A0+m+i?ã�+�V{36Y�365W`)AC13NH47��c365C3	-48K3MVX<�.:+ -3N+�5�H365^;9<D5CT�365^AC12<�-�5�3	QmG4795C3	H�<�8686G5�<�8Kn�il��13
/c+m+�5M8K+ 79-48679H43	-48K3Z.C1+ G2;9H[Jc3Z86<�G4.03	Hx@f5C+ =Þ;9<�8��k+�@}147hT 1w@�5C3	Q&G3	-48Kn[8K+ =N/c+ -3	-mAC.M79-kAC13�H4<DAC<�7I-kJc+�AC1
A03	=N/c+�5�<�;o<�-2H�.0/2<DAC79<�;o.�86<�;h3�i

]$5C3	.03	-48K3:+�@).C=Z<�;9;�pS�6Ü�ÜM�g=Fs{.C86<�;h3:7h+ -+ .0/z1365�798EH279.0ACG5CJz<�-48K3	.$V�7hAC1����E�X�XØç=><DT -479ACG4H3�<D5�3��g-+WV�-
<�-4HFAC136n>A05�<WY�3	;�<DJc+ GA��DÜ�ÜM�g= /c365X1+ G5	iB�E147I.j+�5�H365X+�@).C/2<DAC79<�;a.C86<�;h3:<�;9.0+l8K+�5�5C3	.0/c+ -4H4.{A0+N_ãç8K+ =N/c+DR
-3	-mA�<DA^<DJc+ GA?�6Ü�Ü�H36T�5C363	.6i���1479.�.C+�5CA:+�@$�}*SÖ -363	H4.�A0+UJc3M7I-486;9G4H3	H�79-�79+ -+ .0/21365P798��E�X�ç=>+&H3	;�@f+�5
/45�<�8KAC7I86<�;oG4.03�7I-Ub�d�e{*}7h+ -4+ .0/21365�7I8�H43	;9<	nU<�-4H�H43	;9<	n�5�<DA03l8K+�5�5C3	8KAC7h+ -�i�]$79-T?36A�<�;�i����	����12<�.�=><�H3�127hT 1

MVY�M ,J?E��K�L�L�M�')�$���F���«�O���
��$#P�Qs�
�8R�������$#P�.



���������
	»������ó�H����(��� ��� 'ÑQ5�#[;?ÑAIB:,h23�54÷4:����/+�;�
��.0��$

¶a·¹¸�º »,¼�~ ¾�ôz»,ÄKÑ�¼�ÀÂ·¹ÅO¸M·ÂÁWÅOÁ�Æ�Ç È ¼�»,·�û�Ë ·ÂÆ(ú�º »,ÃOÄWÅOûC¼mSIôBørÔ<UEË ¼Cú�¼òû0ú,¼PË�Y"·¹ú�ÈL¿XÕ�ÓkÇ{Õ)ô£Ã�Î�t�Ä	·¹ú�ÁN¼�ú�Ä	Àf¾²È¹½òÏ�ÉkS9ÀÂ¼CÌhú]U}Ä	ÅmËp"¼P¸W·ÂÁWÅOÄWÀ{ø�Á�Å Á�Æ�Ç È ¼P»�¼�É^Ä	Ç�Sxp"ø?[�UMÉ^ÄWË ¼FÌ9»,ÁWÉËÊrÁ�·¹Å�úNºOÆ�¼UÁ	Ì�¿�ø?[P\�Ò"Ó�Ô{Õ~Ä	ÅmËu¿XÕBÓkÇ$Õ)ô Ë Ä6úSÄ�ÃDÎ��)·¹Å ¸�¼Cú
Ä	Àf¾�È ½òÊ�É�SI»�·Â¸WÈ�ú]U0¾�ôBÈ ¼�p"ø?[ ·�ÆB¼Cù�Ç »,¼PÆ,Æ(¼òË�ÃDÎ�~�Ð�Ë ¼�¸W»,¼�¼�Á	Ì®tK¯t¼�ùDÇmÄ	ÅOÆ�·¹Á�ÅMÄ	ú"¼�ÑW¼P»�ÎN½òÐ�É�·ÂÅDº�ú�¼òÆ"·ÂÅ�ú,¼�»,Ñ6Ä	Àf¾

5C3	.0+ ;IGAC7h+ -L5�36T 7h+ -4<�;�7h+ -+ .0/214365�798^=N+gH3	;o+�Y�365^AC13N� <D/2<�-3	.C3l*S.C;9<�-4H2.}@�5�+ =á�0+ 79-mA�G4.03l+�@�\:�X�:|��{�åH2<DAC<
<�-4H�\�*SÚ�à��E�^Ö���i�E13:þE*SÚæ79.{3Kä&/45�3	.C.03	HFV�7hAC1�_gãÿ3Käg/2<�-4.C7h+ -F+�@��DÜ?H36T�5C363	.}<�-2HZ+�5�H4365�.6`g<�-4HU7hAC.$AC7I=N3
79-mA0365CYD<�;j79.>�6Ü�=>79-&GA03	.6iZ�$Y�<�;9G2<DAC7h+ -k<�-4Hk7I=N/45C+�Y�3	=N3	-OAl+�@XAC13ZþE*SÚ Jmn[8K+ =N/z<D5�79.0+ -[V�7hAC1�b�d�e�*:<�-2H
V�7hAC1�.C<DA03	;9;I7hA03lH4<DAC<[p
��+�/c3Kä4à�]�+ .03	79H4+ -zs�79.�T�+ 7I-TF+ -oi:��1479.E/25C+��S3	8KA:79.�79-mA0365C3	.0AC79-T�A0+�.0363?1+WVá<�8686G5�<DA03
<�-L7h+ -4+ .0/21365�7I8�=Z<D/�86<�-�Jc3�H365�7hY�3	HU@f5C+ =éH43	-4.03l\:]X_U-36A(V�+�5C�ai

í�.�<�J&nmRr/45C+gH4G48KA�+�@XAC13Z8K+ =>/2<D5�79.0+ -kJa36A�V{363	-xb:d)e�*^<�-4Hu\:]X_mRrJ2<�.03	Hu\�*,Úx`B_2à�ê b:d)e�*:5C3	8K3	7hY�365
J279<�.C3	.M<D5�3UH436A03	8KA03	H�iw�E147I.�J27I<�.lVX<�.?/c+ 79-mA03	Hw+ GA?J&nw�^i"ã�365C5�79-Tt���6ÜD�r`{14+WV�36Y�365>7hA?V�<�.N-+�AM+�J&Y&7h+ G2.
Jc3	86<�G4.03�7hAE7I.}3	<�.C79;hn�<DJ2.0+�5CJc3	H�79-�86;9+&8���/z<D5�<�=N36A0365�.�79-Ub�d�e�*�<�-4<�;9n&.C7I.6i

�E1279.:8K+ =N/2<D5�79.C+ -�V�<�.�=Z<�H3NV�7hAC1[H4<DAC<�79-[�DÜ�Ü�Üg`�V�143	-�AC13F\�*SÚ�à��E�^Ö��åVX<�.^3Kä&/25C3	.C.03	H�V�79AC1v�	�
H36T�5C363	.�<�-4H�ì^+�5�H365�+�@�_gã 3Käg/2<�-4.C7h+ -oi�|�+WV�AC13�=N+&H43	;+�@�\�*SÚ�à��E�^Ö��v7I.$G/�H4<DA03	HNA0+��	��H436T�5C363	.{<�-2H
�	��+�5�H365�+�@�_gã�3Käg/2<�-4.C7h+ -oiB��1mG4.$AC13�/45C3	8679.C79+ ->+�@�AC13:=><D/U=>7hT 1mA$Jc3�.0+ =>36V�14<DAX79=N/45C+�Y�3	HZAC12<�-ZAC13	.C3
5C3	.CG2;hAC.6`<�;hAC1+ GT 1LJ2<�.C798^.03	-2.03^+�@BAC13�8K+ -486;9G4.�7h+ -�79-UAC1479.X/z<D/a365�=><	n�-+�A}Jc3�8�12<�-T�3	H�i

Ì %yÍB�$�Ã��±r¢2!�Î�� ¢2����¡ í�GAC1+�5�.�AC14<�-�g.M_&A036@
<�-t_8�14<D365M<DAle�365�-wØ�-47hY�365P.C7hA(n�@f+�5�/45�+WYg79H479-T�\�*SÚ
H4<DAC<�<�-4Hx5C3	;9<DA03	Ht.CGJ25C+ GAC79-3	.	i��E147I.�5C3	.C3	<D5�8�1v14<�.M=><�H3�G4.C3F+�@�7I-OA0365�-2<DAC7h+ -4<�;{T�36+&H36AC7I8Fb:d)e�*�H2<DAC<
/45C+�Y&7IH3	HUJmn�AC13�*S-mA0365�-4<DAC7h+ -4<�;cb:d)e�*�_&365CYg798K3^@f+�5�\�36+gH3	.0n�<�-4H�í�.0A05C+ =N36A05�n�i

,J?Ñ��K�L"L�MO')�$#��F���«�O�¢�
��$�PcQ!�
�8R��S����$�P". M"YVÿ



���������
	»������ó�H����(��� ��� 'ÑQ5�#[;?ÑAIB:,323�54�4:����/+�;�
��.0��$

´�¢4¤S¢4� ¢2�{%g¢2¡È¹½gÉ^÷�¼�º�ú,À¹¼P»ihO¿�¾²hOÕ��{Õ�ÒMo{ôBø�õ{Õ¬tKo%["["e�p¿Ï#h¸Ð(Ñ ¼�ÈÐÃ«¶8ÉwÒV·S¹]·NÂ=¿�ÃUÄ0¿;Á�ÓwÏ8Á¢Õ8·F¸UÏ�½CÖ a(`S½i�lhÂ½iaEaF�O¾È Ï�É^¶ ¼PÀ ú,¼�ÅOÆzÍO¾²h6Ä	ÅOË�tg¾jt�ûSÈmÄ	¼�»jhòø(¿AtA��pjÓ�Ôko�Ò�ô�tX¶aÓkp�ô6¯{ÕNø�ÓkÇ�Ó<tl��¯$Õ3pjÕ�hjÐ(Ñ ¼�ÈÐÃC¶8ÉuÒV·�¹]·fÂ=¿;ÃIÄ\¿�ÁvÓwÏ8Á¢Õ8·¢¸åÏ�½ h
ÏWÏE��`rÏ	Ê�ÏKhÂ½iaFaE� ¾È Ê(É^ö2ÄWÅDÎ�·c¿�¾&Õ$¾XhgÄ	ÅmËNôX¾¸p"ÁWú�È�hGeïû�ÁWÉ:ÇOÄW»�·�Æ(Á�Å?Á	ÌoÉ^Ä	Ç Ç&¼PËZÄ	ÅOËNÉ:¼òÄWÆ�º »�¼òËMú�ÁWú,Ä	Àz·¹Á�Å Á�Æ�Ç È ¼P»�·�ûX¼�ÀÂ¼PûCú�»,ÁWÅ>û�ÁWÅ�ú�¼PÅ�ú
ºOÆ�·¹ÅO¸�¸�À¹Á�ÃOÄ	ÀgÇ&Á�Æ�· ú,·¹Á�Å ·ÂÅ ¸^Æ(Î�Æ(ú�¼�É~Ä	ÅOËlÃ&¼PÄWû�ÁWÅ?Æ�Ä	ú�¼PÀ¹ÀÂ· ú,¼}ÁWÃOÆ�¼�»,Ñ6Ä6ú,·¹Á�ÅOÆ�h ÀÐ¶HË8¹ÊÏ»¼«¾�¹sÔóÖ�ÕEÖ�Ö nE�WÊ9`{n�a�Ï ¾m½jaF�F�O¾È n9É�z[·ÂÀÂÆ�ÁWÅU÷�¾4Ô�¾²hzÍm¾�eE¾Ã[ZÄ	Å ÅDºOûPûC·{h2Ä	ÅOË�Ô�¾aÒ{¾2Õ)ËlY�ÄW»,Ë Æih�tDº ÃgË Ä	·ÂÀÂÎZÅ Á�»(ú,È ¼�»,ÅFÈO¼�É:·ÂÆ�Ç È ¼P»�¼�·ÂÁWÅ Á�Æ(Ç ÈO¼�»,·Âû�É^Ä	ÇOÆ
ºOÆ�·¹ÅO¸:ÄWÅl¼�ùDú�¼�ÅmÆ(·ÂÑW¼XÅ ¼�ú?Y�Á�»}b^ÁWÌ�¿<�Mt�»,¼Pû�¼�·ÂÑW¼�»SÆih ÀÐ¶HË�¹ÊÏ»¼s¾;¹sÔóÖ3Ö�×VÖ ~WÊEa(`1~9n��lhO½jaFa���¾È ��É
¯jÁLÒ{¾/[�¾²h®z[·¹À�Æ�ÁWÅ�÷�¾oÔ�¾Xh�ÍO¾/eE¾®[ZÄ	Å ÅDºOûPûC·{h)ÍO¾/o�¾cö2·¹ÅmËlr�Y"·ÂÆ(ú�¼P»ih�Ç�¾oÔ�¾QÏoºmÄ	Å�h�e©û�ÁWÉ:ÇOÄ	»SÄ6ú,·¹Ñ�¼�Æ(ú�ºOË�Î�ÁWÌ
·ÂÁWÅ Á�Æ(Ç ÈO¼�»,·ÂûBú,Á	úSÄ	Àg¼�ÀÂ¼PûCú�»,ÁWÅ�û�ÁWÅ�ú�¼PÅ�úBÉ:¼PÄ�Æ(º »,¼�É:¼PÅ�úSÆ)ºmÆ(·ÂÅ ¸�¸WÀÂÁWÃOÄWÀO·ÂÁWÅ Á�Æ(Ç ÈO¼�»,·Âû$É:ÄWÇ�ÁWÌa¿<�3tGh�ô$Ók��Õ®�w»SÄWËOÄ	»jh
Ä	ÅmË�ú,È ¼E÷�¼�Å�ú"É�Á�Ë�¼PÀxh À�¶HË�¹ÊÏ»¼s¾;¹sÔóÖMÖ9Õ�Ö ½inEaFa9`,½���½KÏKhO½jaFa�cD¾È ~(É�t�ûSÈOÄW¼�»�tg¾²hE[ZÄ	Ç Ç ·ÂÅ ¸EÄWÅOË
�o»,¼PË�·�û0ú,·¹ÅO¸{ú,È ¼$Õ�Ä	»�ú�È�Â Æcø�ÁWÅ Á�Æ(ÇOÈ ¼�»,¼6o$Æ�·¹Å ¸Xú,È ¼{¿�ÀÂÁWÃOÄWÀy�cÁ�Æ�·¹ú�·ÂÁWÅ ·ÂÅ ¸AtDÎ�Ærú,¼�É�hKØ ¸lÔ>Í#Ô
Ä ¸å¿;·�¹]·�¶�Ä/ÙÐ¿;ÁSÃ�Ú5ÃI¹�ÎV¿�Á�·S¹�ÄxÒVÖ ½iaEaFa ¾ÈÛcjÉ�tD¼ib�·�Ë�ÁT[L¾Xh�ôX¾M_XÁ�ÅOË�Áyh{Õj¾�_}Ä�Y�ÄW·xh6Ü�[�¾�ø�É^Ä	¼Fh{ÕoÑ6Ä	ÀÂºOÄ6ú,·¹Á�Å[Á	Ì�¿<�Mt�`
ÃOÄWÆ�¼PË�·ÂÁWÅ Á�Æ(ÇOÈ ¼�»,·ÂûZô"Õ�Ò×É^Ä	ÇkÃDÎ
ûCÁ�É:ÇOÄ	»,·¹ÅO¸�Y"·¹ú�È?õ{öz÷�ø�Ë Ä	ú,Älh À�¶HË�¹ÊÏ�¼s¾;¹Ê¿�ÃC¾�¿;Ö3ÖFÝ h4½PÐE~Fa(`S½PÐEaWÐyh�Ï	Ð�ÐWÊO¾È �(É�t�ûSÈOÄW¼�»/tg¾²h9zv¾W¿�º »�ú�Å ¼P»ih	ÄWÅOË�Ím¾6¶ ¼PÀ ú,¼�ÅOÆih	ø�ÓkÇ$Õ��v^6ôBÈ ¼B·ÂÁWÅ Á�Æ(Ç ÈO¼�»,¼3[>ÄWÇ�Õ®��ûSÈOÄ	ÅO¸W¼�¶OÁW»,É^Ä6úcõ�¼�»SÆ(·ÂÁWÅl½FhEØ Á¢Ï"¾jÔ
Ï?Þ Ð(Ñ ¼@ÈÐÃ«¶8ÉwÒV·S¹]·�Â3¿�ÃUÄ0¿�Á ÓwÏ8Á¢Õ8·¢¸åÏ�½CÖ*ß�¼TÈÑÅKß�¼*à�Â°ÍO¶8ÁSº�·�Ä0¶HË�Ä=¹�Ã Ñ ¿;ÁSº»¶8Ã�ÒVÖ*á ¿jâ�ÁSÒU¶8Á]Ò�ã�ØqäFä�ä9ãFãEÝ8Ö Ï	Ê�Ê(`rÏ(n�cKh
½iaEaF�O¾È a(É�t�ûSÈOÄW¼�»®tg¾²h�¿�¾W÷�¼�º ú�ÀÂ¼�»jhWÄ	ÅOË#[�¾9p"ÁWú�ÈOÄ�ûSÈ ¼�»jh9["e%���oø?Ç�¿�e%Ç$Ô��3pjÕ)Ô{ø�Ò�ôBø?Ç{¿wô6¯$Õ�ø�ÓkÇ�Ó<tK�3¯$Õ3pjÕ�hFØ Á¢Ï"¾jÔÐ(Ñ ¼©ÈÐÃC¶�ÉwÒV·S¹]·9Â=¿;ÃIÄ\¿�Á�ÓwÏ8Á¢Õ8·¢¸åÏ�½¬ä9ãFãEÝ8Ö3ß�¼åÈ)ÅKß)¼¿à�Â÷ÍO¶8ÁSº�·�Ä0¶HË�ÄÑ¹�Ã Ñ ¿�ÁSº�¶�ÃyÒVÖ�á ¿jâ�ÁSÒU¶8Á]Ò�ã�ØqäFä�äFãFãFÝ�Ö Ê�Ð�c�`
Ê ½j�lhg½iaEaF�O¾È¹½PÐ(É
¯j¼P»�»,·ÂÅ ¸LôX¾3e�¾Xh$ôBÈO¼>Ç »,¼PûC·�Æ�·¹Á�Å�ÄWÅOË[ÄWûPûCº »SÄWû�Î�ÁWÌX·ÂÅ�ú�¼P»,û�ÁWÅ�ú�·ÂÅ ¼�Å�úSÄ	À$Ë�·�Æ(ú,Ä	ÅmûC¼ZË�¼�ú�¼P»�É:·ÂÅOÄ6ú,·¹Á�ÅOÆ^ºOÆ�·¹ÅO¸L»,Ä�Ë�·ÂÁ
·ÂÅ�ú,¼�»�Ì9¼�»,ÁWÉ:¼Cú,»�ÎEhyØ ¸lÔ>Í#ÔhÄ ¸å¿;·�¹]·�¶�Ä�Ä ¸å¿cÔ©¶V·�·�¶H¾�¸+Ò+·�¿;ÄJÄ-· Ð Ãå·SÄJ¹�Ä-ÒTÄ0¿�ÏqÞ�åU¿�¾�¸+ÃCÏ�ÉóÏZæ9Ò hgÆ(¼òû0ú,·¹Á�Å nm¾¹½�¾¹½Eh&½jaF��Ê ¾È¹½W½gÉ
[N·ÂÎ�ÄF|PÄ9bD·/tg¾²h2ôX¾Ãt�Ä	·¹ú�Á�h�[�¾Ãt�Ä�Æ�ÄFb�·{hGÏ�¾�¯{Ä6úSÄ	ÅOÄFbKÄyh4Ä	ÅOË"Ï�¾ø�·ÂÉ�º »SÄlh4Õoù�ÇOÄ	ÅOÆ�·ÂÁWÅ>ÁWÌB¿AtDø]Â ÆAÇ$Ä	ú�·ÂÁWÅ�Y"·ÂË ¼:¿<�Mtej»,»SÄKÎFh ÙEÒTÉ�É²Ô Ñ ¿�ÏZæHÁ�Ô5¼IÒTÁSÎ(Ô Ð Ãå·SÄ1ÔóÖÃçyÖ ¾mÏ	Ê9`
ÊFnyhg½iaEa�cD¾È¹½òÏ�É�t�ÄW· ú,Á�eE¾²h�tg¾�¶ ºlb6ÄWÁyh�ÄWÅOË
tg¾E[>·¹Î�Ä9|PÄFbD·xhF¯$·¹¸�È^»�¼òÆ(Á�À¹º ú�·ÂÁWÅ�É:ÄWÇ Ç ·ÂÅ ¸EÁWÌgô"ÕBÒ�Ç&¼�»�ú�º »,ÃOÄ	ú�·ÂÁWÅOÆ/Y"·¹ú�È:ú,È ¼{¿AtDøo¿<�Mt
Å ¼�ú?Y�Á�»}b^Á6Ñ�¼�»"Í�ÄWÇOÄ	ÅÃh*Ñ ¿�Ï�½U¸�ÒV·�Ô ÀÐ¿S·�Ô!Æ5¿;ÄJÄ1ÔóÖ®Õ�èVÖ Ê�Ð�c(a9`
Ê�ÐF��ÏKh ½jaFaF�O¾È¹½PÊ(É
�o·ÂÅ ¸�ÍO¾²h/Ï�¾®_XÁ�Å Áyh®_:¾/[>Ä	ú,Æ�º É:Á	ú,Áyh/Ï�¾�Ó$ú,Æ�ºlb6Älh�e�¾�t�Ä	·¹ú�Á�h�Ò{¾®tDÈDº É�h3_:¾/¯j¼ib�·{h)ÄWÅOËTÇ�¾®_}Ä�Y�ÄWÅ Áyh ßE¶�ÁSÄ�¸Ø Éó¶�ÃC¿�ÄÊ·�¼H½å¶�¾�¿;Ö3ègç hO¼�½PÊ(`
¼W½j~lh�Ï	Ð�Ð�Ï�¾

MVY�Z ,J?E��K�L�L�M�')�$���F���«�O���
��$#P�Qs�
�8R�������$#P�.



����������	�
������������������������
������! #"%$�&'��()�*�+���,-�+�.	!�+�/$0��(���	*1��2���+��354���	*���6�+37�98#$:��;=<�>�>�?A@��.(2���7����BC�.���+��(��/DE�+�)3.����F2��(���	.8
19� ?�GIH�JI?�?-K
�)�*�+19� L�LM��N-	*3�3�� ��	POQ3�� (���	+�R� ���MN�LM1�,2�����3��6�+����(2	7L6���S<�>�>6?)LM���I2�T�����7G

UWV�X Y[Z]\_^_`aVcbCd�egf6hji=d�kmlnd'Vo^pVcbqVSl�rjsqkmegf6tWuvkml%k�wxeytzs

{�|�}�~��9����}%�9���'�)�R�g���9�)�9�+���g�6|z�#|

�M�����:���0���*�S�7�/���.���-�M�� =¡)�¢�j�m�.��£�¤� I����¥��.¦C§%�¨��©)�6ª.�.���: ��+��«¨�.¥.¤¬�#�R®��¯R I¦C°±���6�¨�#¡
² �R�¨�*¡-¥6�!¡R����¤¨�)ª6³´«¢¤��)µ´¡I�·¶c�-¸6�T¯2�6ªM¦¹�6º*µ/¡R��®³¼»2½¨¾-¿pÀIÁ�Â2Ã�ÄIÅ¢Æ-Ã#Ç�ÈP½�Á�ÈP»�É2ÊpÀRÂRË�È+Æ¨Ì�È*Æ2»

ÍÏÎ�Ð)Ñ-Ò�ÓEÔ�Ñ
@��.�RF2���+��3��� #"'$%���	*�Õ�+N��M�+�T��(�	g�M�+��3��6�*�+����FS��,2�z�M�y�:�'�xF2��	P�+��(�3��yO®�+��Ö),��.(23.���.	y��(C�6�7F2���y�+�×F2���+���+�x��(2������(2��Ø

	*1����Õ�+�T3/F2�.�T�.ÙÚ3.���*�+�.3Õ�+�T��(�	.�]Û±��37�Ï����(���	*12�����+��3AF-�.�T��ÙÚ3.�6�*�+�.	*1���(�F2	x�+�=�+�2�c�+�6�7���z�.���.3��*�+��(Ü3.��()�+�.()�AÝÞ�yÛ%&yß
������(2�=�+���S�7�.Ù�1¬�6�+���+�2�+��,����Ú�+�2�C����(2��	*1��2���+���Ï"'�.3��6,�	*�/�� #"'$���	x��F-�áà����+�.()�+�T���y�+�.37��(��TÖ),����+���c��2	*���+NI��F
�T��(���	*1����Õ�+�T3mF-�.�T�.Ù2	��+��12�+�.	*�.()�y�+�2��F2�áà����+�.(23.�.	y�6O¢�+������.�¬��NR����,2�g�6O¢�+����12�+��1¬�����6�+����(´�x�.F2�T�·�6��MNI�!���63Õ�S�:���
	P�7�6�+����(2	.�´â�F2F2�á�+����(������áÙ)8#�+���Õ�+�x�T	·�/3.��(�	P�7��()����(�	P�*�+,2�x�.()�7���±F2�.�T�.Ù=��à�	*����1�����¬�6	*�.����(����+�¬�6�m3���()�*�+���,2�+��	m�+�
�+���x��2	*���+NI��F=�T��(���	*1����Õ�+�T3SF-�.�T��Ù)�C������	���(�	P�*�+,��x��(R�7�6�E��à�	*���·��	·��(¬F-�.1��.(�F2�.()�m��Oz�6ã.���×,-�+�q��(�F��.���.N��6�+����(j��(
�g����3Õ�´�+�2�·�6()�+�.(�(���	�1�����(R�z�g����37���������M�g	�,2	z�+��	*�.1��6�7�M�+�×�á��O®�+���ä�+���mN��M�+�T�����������(���	*1��2���+��3×1¬�M�7���x���+�Õ�+	�OQ�6�
����37�j	P�7�6�+����(q�g�2��3Õ�j3��6(q��x�+�.12�+��	*�.()�+��F�)ÙqF-�áà����+�.()�mOQ,�(23��+����(������61�1-�+�I��37����	.�´$0Og�2���+��ã.��()�7�6�'���7��F2���.()�+	×��(
�+�����T��(���	*1����Õ�+�×�6��6N����+�2��	P�7�M�+����(�	!�6�+��(��.���T��3��+��F/���×�6�+�·������m�+��	*�.1¬�M�7�6�+�·�+�2�m�T(2	P�*�+,��x�.()�7�6�#��à�	*�Õ�+	�Oå�+���
�+���!����(2��	*12�����+��3m1¬�M�7���x���+���+	g)ÙS�×�����6	P�*Ø0	+Ö),��6�+�.	gæ����±â]�����6ç-(2�.	*	z��O¢�+�2�T	z�61�12�+����37�/��	y�+���m��	*	*,2�x12�+����(S�+�¬�M�
�+�����yÛ%&]N�����,2�.	g�6�+�m�6	*	*�T��(���FC�+�·�+���!	P�7�M�+�T��(/3.�)�6�7F2��(¬�M�+�.	�2,2�g(2���y�+�×�+�2�!���.�����7�61�����3��6�¢3.�)�6�7F2��(¬�M�+�.	��6O¢�+���
�T()�+���+	*��3��+����(q1����T()�m�6Oy�+���×�7�.Ù�1¬�M�+�q��(�F��+�2�5��(2æ¬(2�á�+�.�áÙ��+�2��(�����(2��	*1��2���+��3x�T��ÙI������è��.N����*�+���.���.	*	.89�+���×�+��	*,��á�+	
�����+���m�'�.���9�g�á�+�C�+�.	*,2�á�+	z�6Op���+�2���g�+�.37��(��TÖ),���	y�T��çI��@!D%;S��(/	*���6�*����(¬FS����(��5�+���x�!	*3.�����.	.�

éyêìëqí2î�ï7ðòñ'î�ï+ózô_ógõAö2ózômózí�÷×ømùEú¨ïÕû�üqñ�ú�ñyðòùpî�ùEú¨í

ý·þ�ÿ������±þ��	��
�����������±ÿ������������� "!#�$�&%¬þ('&)*�+�-,��&�.%/)0����!1'&���2 ±þ�!#���0)3���2���$,4����������'1)0�+���+!#,5���$�6)Þÿ7�����Þþ��8:9�;=<?>6@BA�C#<?DFE )0�G'&���H
I����JK��
L���/�Eþ('&)*�+� 8NMFE6O9�;�<P>Q@�AFCN<?D+8IR&ETSU9�V*W?XZY\[�8IR#EL]^9�V*WPX�Y _�8IR#Ea`29 WNbFb @B<Pc Y\[ ]^9 W#b�b @P<Pc Y _ 8NMFE
d ���e)*�+���+!#,5���$��)Þÿ������ÞþF�]þ('gfh�� ±þ����iJj�Rþ�!&���&���ìþ('h!#'Mþ('&)*�+�ik×ÿ)þ��� 4�l����!Mÿ���)0 m���n ��G���/�Eþ('&)*�+� 8po+Erq )*'&� þ��
þ(,�,�����,���)Þþ('#�lJ�þ(,5,5)0��st
:���Eÿ�'&)*�+�nu b 8:v�VBE ���$,m���5��)0��st�+�n'&���l���*�$%¬þ('&)*�+� þ���s+�0� v�Vr8 � O s O*wyx ÿ��Eþ(�$� wzM�{�{�{/w}|	MQ~�w�h�� 5)*s��$�Sþ���� x ÿ��/��� w5o(���(��wL|\o�~IE6O

9�V*W?X�Y V?8IR&ETS M(�������+M$�/�"�� _� � u b 8:vFVBEz���������=V#8IR#E 8po+E
�?
�'&���}�}�$��'&)Þÿ)þ�� d ��'Mþ��¨ý=�*�Rÿ�'#�&�+�e���+��'#����' 8 � d ý�� E þ( 4�.%��·þr!&)3��s+�*�}!#'Mþ('&)*�+�e!&�Eþ��0�� 4�}��!#'&)0J�þ('#����'&���},��&�� "�*��J�¢ÿ)ÿ$����!h'&�Eþ('h�Rþ�ÿ6�1J��Rþ�!&���&��Jj���Z'/ÿ��+�Z'Mþ�)3��! � ��������� q ��! O d �/��! w !#�+J��qþ�!&!&��J�,5'&)*�+��!�þ�����!&)0Jj,5�0)*
Pþ�ÿ�'&)*�+��!�EþF%��j'#�� 4�tJÚþ�����þ���� þ�����!#'&)3J�þ('&)*�+��J��$'&�������Eþ�!�'#�n 4����!#���1'&�±þ('H'Mþ(����!l'&����,5����!&)Þÿ)þ��� 4���Eþ�%�)*�+���H��
'&���l)*�+���+!#,5���$�&�l)3�Z'#��þ�ÿ)ÿ��+����' 8 d ý���%¬þ��0����!xÿ)þ�������'r 4�l���$s�þ('&)*%�� E6OM(Og� !r)0�5��)Þÿ)þ('#����)0�G���/�Eþ('&)*�+� 8NMFE6w )0��!#'#���5J����Z'Mþ��4�(�a!#�$'&!cÿ)þ���!#���� /��'&���l�&�Rÿ���)*%�)0��s�!#��!#'#��J 8 � O s O*wm� þ�� wM�{�{�M(wL|\��~IE þ(�&�l!&��,�,4�+!#����'#�� m�´ÿ��+��!&'Mþ��Z' q )*'&��)0�Ïþ o�� ����������!&��!&!&)*�+� O �N�i �¡ x '&���$�&�l)0!5þ�!&)0J¢)0�Þþ(�,5�&�� 5�*��J ÿ)þ��0�*���i�5)	�m�$�����Z'&)Þþ��zÿ��/���� 5)Þþ�!&��! w"£ �¤�¤! |	M�~�w"q �����i!#�+�0%/)0��sj
���/þ( 5!#�+�3��'#��)*�+���+!&,5���$��)Þÿl,±þ����þ�J��$'#�$��! O �N�i�������r'&����!Mþ�Jj��þ�!&!���J�,�'&)*�+�ìþ�!H)0�� H¡ x )0!Cþ(,�,5�0)*���i ��i,m�+!&'&���Þþ('&)0��s¢'&�Eþ('�'&����!���J��
�þ��0�a!&'Mþ('&)*�+���B���$,4����������'¥�(�a!#�$'&!r���/�Eþ��0!¥'#�¢¦$�$�&� O§y¨I©«ª#©¬ V0z[ 9 W#b�b @B<Pc Y V SU� 8p�+E
$:�!;c<6>�>6?C@���(����7�6�¢BC�.�Õ�+�T(2��DE�+�)3��.��F2��(2��	 ?�GIH



����������	g
���������Õ���Õ���6���T� �! 9"'$'$0��(���	*1��2���+��3�4��.	*�.�6�+37�A&'��()�*�+���,-�+�T��(

o/O �h� q �$%��$� w J��Rþ�!&���&��Jj���Z'&!�þ(�&�¤J�þ����·þ('L��)	�4�$�&����'����*�$%¬þ('&)*�+�qþ���s+�*��!�þ�����þ(¦�)0J���'&��!zþ��5��'&������ 5!#�$��%����� d ý¤�®%¬þ��0���r�Eþ�!¯'#�� 4�Sþ�!&!&)0s+������'#��'&���g)0��'#�$��!#�Rÿ�'&)*�+�¢,m�+)3�Z'}��
a'&���g�6þ���,±þ('&� q )*'&�t'&����)*�+���+!#,"���$��)Þÿ!������0� q ��)Þÿ6�1)0!H����'H%��$�&'&)Þÿ)þ��3�*���*�¢ÿ)þ('#��� þ( 4�F%��¢'&����!#'Mþ('&)*�+� O �������$s����*�Rÿ�'&)0��sn�����6)*¦$�+�Z'Mþ��Ls���þ���)*����'&!q )*'&��)0��þ�� þ(�&�Rþ þ(���+�����1�Rþ�ÿ��7!#'Mþ('&)*�+�°)0'Aÿ)þ��� 4��ÿ��+�Eÿ$�0��������'&�Eþ('�'&����%�þ��3����!´þ('l'&���j)0��'#�$��!#�Rÿ�'&)0�+�,4�+)0��'&!�ÿ����&����!#,4�+���G'#�j'&���H%¬þ��0����!r)3�G¦$����)*'&�n��)0�&�Rÿ�'&)*�+� þ( 4�F%��l'&����þ��Z'#���5�Eþ O�/Og± �����$�¤'&����,����$%/)*�+�5!×þ�!�!&��J�,�'&)0�+�¢'&����� d ý��²%¬þ��0����!�
I���¥�Rþ�ÿ��n!&'Mþ('&)*�+� ÿ)þ��G 4��Jj�/�����0���¢ /��J��Rþ��5!��
T�0�Rþ�!#'N�B!&�/�Eþ(�&��! O¤£ )	�m�$�����Z'h���*�$%�þ('&)0�+� þ���s+�*��!g
���h�Rþ�ÿ���!#'Mþ('&)*�+� q )0�0�m���Eþ( "�*�l'&����!&�$,±þ(�6þ('&)*�+�i��
}'&���!&'Mþ('&)*�+���B���$,4����������'¥,±þ(�6þ�Jj�$'#�$��! O

³m´¶µ.·+¸?¹�º.»a¼y´«¹6½&¹�¾I¿}´	ÀP¹=Á«´¶ÂZ¹6Ã�¸LÄ0·ZÂZ½#Å?´¶Æ.ÂjÃFÀLÃ�¸P¹6Ç+¸?¹6ÀP¹�Â�Å?Ã�ÅP´«ÆFÂ�ÆFÄ"È.¹�¸PÅP´	½�Ã�Á/Å?Æ�Å?ÃFÁ�¹�Á«¹6½&ÅP¸?ÆFÂt½&Æ.Â.Å?¹�Â�Å6»
��O d ���H)*�+���+!#,5���$��)Þÿh,±þ(�6þ�J��$'#�$��!Sþ(�&�lJ��������*����)0��'&���H
I����JÉ��
�,5)*�Rÿ���� q )0!&���3)0���Rþ(�¥
:���Eÿ�'&)*�+��! 8Ê s+���&� M(w���/�Eþ('&)*�+� ��E¤q )*'&�G�+�5�*�¢,4�+!&)*'&)0%��H� d ý¤�²%�þ��3����!�þ��0�*� q ��� 8 !#�+�0��'&)*�+� q )*'&��)0��,4�+!&)*'&)*%��l�±þ��*
3�B!&,±þ�ÿ�� E6O

�l�h�t��ËaÌ�Í¤8IR&ETSUÎ �a�aÏ.Ð Rm`ÒÑ�Ó�R Ð [�8IR6[T]°RNÔ�Ey`ÒÑ�ÓZR Ð _�8IRN_¤]°R6[�E�`²�$�$�(`ÒÑ�Ó�R Ð X"8IRPX�]°R&E 8I��E
8:Î �a�aÏ�Ð RNÔT`2Õ�Î �a�aÏ�Ð R&E Ö �8:Î �a�aÏ�Ð R Ô `2Õ�Î �a�aÏ�Ð R&E"`×8IÑ�Ó�R Ð [#Y Ô `2ÕtÑ�Ó�R Ð [ E�8IR [ ]°R Ô E Ö �8:Î �a�aÏ�Ð RNÔT`2Õ�Î �a�aÏ�Ð R&E"`×8IÑ�Ó�R Ð [#Y Ô¯`2ÕtÑ�Ó�R Ð [�E�8IR6[T]°RNÔ�Ey`×8IÑ�ÓZR Ð _QY ÔT`2Õ�Ñ(Ó�R Ð _�E�8IR?_¤]^R�[6EØÖ �OOO OOO OOO 8pÙ+E� ,�,5�0�/)0��sH'&�������+���B���$s�þ('&)*%��´ÿ��+��!#'#��þ�)0�Z'�'#�qþ��0�5,4�+)0��'&!�þ('¤'&����)0��'#�$�&%�þ��" 4�+�����Eþ(�6)*��!}��)*���0��!¯�����Eþ('&)0�+�8pÙ+E6O ¡�þ(��þ�J��$'#�$��!¥)0���5)Þÿ)þ('#��� q )*'&� Ô !#'Mþ��5�¢
I���='&���h)0��)0'&)Þþ���s+����!&!×þ����Ïþ Õ !#��J� 4�+�0)*¦$��!¯'&����)0J�,��&�.%����Jj���Z'�
I�&�+J þ��Z� þ��(Ú#��!&'&J����Z'�,��&�¢ÿ���!&! O �?
mþ��0��ÿ��+����)*'&)*�+�5!cþ(�&��!&�5JjJ����i��,1�5!&)0��s¢JÚþ('#��)	Û�����'Mþ('&)0�+����/�Eþ('&)*�+��Ü�)0!¥�� �'Mþ�)3����� O
ÝÞÞÞÞ
ß
M � � � �$�$�MØR6[T]°RNÔ � � �$�$�MØR6[T]°RNÔàRN_�]°R�[á� �$�$�OOO OOO OOO OOO O O O

â�ãããã
äå æ&ç èé
ê�ë `

ÝÞÞÞÞ
ß
M � � � �$�$�MØR6[}]°R?Ô � � �$�$�MØR6[}]°R?ÔìRN_=]^R�[í� �$�$�OOO OOO OOO OOO O O O

â�ãããã
äå æ#ç èé
î ê Öï� 8 Ü E

� ���7þ(�6þ���s+)0��sj�����±þ('&)*�+� 8 Ü E ��)*���0�5!
ð � î ê Öñ] ð � ê ë ò ð � î ê Ö×ó 8�ô�E

?IG6õ $:��;c<�>�>�?S@��.(2���7���¢BC�.���+��(��xDp�+�)3.�.�.F2��(���	



����������	g
���������Õ���Õ�z������� �! 9"'$'$0��(���	*1��2���+��3�4��.	*�.�6�+37�A&'��()�*�+���,-�+�T��(

�N�Eÿ����&,4���6þ('&)0�+�ö��
H���/�Eþ('&)*�+� 8�ô�E )0��'#�^'&����þ���Ú&��!#'&J�����'�,5�&�#ÿ���!�! 8 �*�Rþ�!&'N�B!&���±þ(�&��!GJ��$'&����� w  /þ���!�!N�÷�þ(�&���.%nJ��/����� E �*�Rþ���!¥'#�
î ê Sùø Í�ú}ûnÍ�ü � [ Í�ú}ûýî1þ ð � î ê Ö×óÿ ÿ

� � Ñ ÐF���pÐ�� R k�� Ð	�1Ð�
 RNÎ��� Ð R���Î���� � �
8��+E

� !},4�+)0��'#�����+��'} /�t�����Eþ('&)0�+� 8��+E '&���g�5!Mþ(s��r��
�þH�&���5�Rÿ�'&)*%��	�g� q '#�+��J��$'&������þ��0�*� q !}��!}'#�=ÿ��+J� 5)3���'&����ÿ$�Þþ�!&!&)�ÿ)þ��a�*�Rþ�!#'N�B!&�/�Eþ(�&��!cþ(,�,��&��þ�ÿ6� q )*'&�n���+���B���$s�þ('&)*%���ÿ��+�5��)*'&)*�+��! OÙ/O �h����J�þ��3�*��,5)*�Rÿ���� q )3!#���3)0���Rþ(�g
:���Eÿ�'&)0�+��!cþ(����J��������0�0��� q )*'&��ÿ��+��!#'Mþ���'H)0��'#�$�&%�þ��L�*����s�'&��! 8Ê s+���&� o+E6O
������,4�$��)0�/��! q )*'&�ö���7�Eþ('Mþ þ��5��)*'&)*�+�Eþ��Sÿ��+��!#'#�6þ�)0��'&!Ïþ(�&�����$������� '#�®!#'Mþ( 5)0�0)0¦$�n'&����!&�+�0��'&)*�+� O d �

³m´«µF·+¸?¹���»a¼y´«¹6½�¹&¾:¿}´«ÀP¹¤Á¶´«Â+¹QÃ�¸LÄ0·+ÂZ½&ÅP´«ÆFÂ�¾�½&Æ.ÂZÀBÅ?Ã�Â�Å}´«Â.Å?¹�¸?È$Ã�Á�Á«¹�Â+µFÅ �ZÀ6»
þF%��+)0�7'&���¢)0��'#�&�����Eÿ�'&)*�+�1��
�ÿ��+��!&'#�6þ�)0��'&!�þ���þ��±þ(,�'&)*%��j,5)0�Rÿ���� q )0!#�¢�3)0���Rþ(�H
:���Eÿ�'&)*�+� q þ�!����$%��+�*��,4���'&�±þ('�!���)*
I'&!g'&����)0��'#�$�&%¬þ��� m�+�5���Eþ(��)*��!g'&�Eþ('��$%��$�&�1)0�Z'#�$��%�þ���ÿ��+�Z'Mþ�)3��!�'&����!Mþ�J�� 8 s+)*%���� E �/��Je m�$����
�� "!#�$�&%¬þ('&)*�+��! 8Ê s+���&� �+E6O

³m´«µF·+¸?¹"!+»y¼�´¶¹Q½&¹&¾:¿}´	ÀB¹�Á¶´«Â+¹QÃ�¸LÄ0·+ÂZ½&ÅP´«ÆFÂ�¾�Ã$#ZÃ�Ç�Å?´¶È.¹�´«Â�ÅP¹6¸PÈ$Ã�Á�Á«¹�ÂZµ�Å ��ÀL¿}´�Å%�&!hÆ('ZÀP¹�¸?È�Ã�ÅP´«ÆFÂZÀ�Ç/¹�¸}´«Â�ÅP¹�¸?È$Ã�ÁI»
)!ê+*�ù%í,.-*î�í

)!ê7égê�/10Üë32 ózô54!ø�ógú�î60ÜïÕð ù74!û¢ñ8-+ù%í
� ��!&���*'&!¤�+���Eþ�)0�*�j��� q �$�$���*��'&)0J��l!Mÿ)þ��0��!�ÿ)þ��n 4�H
I�+������)0�G'&��)3!¤%��+�0��J�� 8 �h�� 5)*s��$�Sþ��5� x ÿ��/��� w5o(���(��w|\o�~ ���g�h�� 5)*s��$�h�$'Sþ�� O*w5o(���(��w}| �(~IE6O

$:�!;c<6>�>6?C@���(����7�6�¢BC�.�Õ�+�T(2��DE�+�)3��.��F2��(2��	 ?�G:9



����������	g
���������Õ���Õ���6���T� �! 9"'$'$0��(���	*1��2���+��3�4��.	*�.�6�+37�A&'��()�*�+���,-�+�T��(

)!ê;)�ê�/10Üë32 ózô=<Sózô?>@0Ïï7ðòùA4�û¢ñ�-7ù±í
� ' q �����Rþ(��,4�$��)*������
B�CýDC x � � !&��!&!&)*�+��!cÿ��F%��$��)3��s�'&�������Rþ(��! o(����� þ���� o(����Meq þ�!���!#���i'#������Jj�+���!#'#�6þ('#��'&���]ÿ)þ(,±þ( 5)0�0)0'B�°��
h���z�=��'#�°J��+��)0'#���j�*�+��s(��'#�$��J '#�&���5��!t���j!&)*s+�Eþ��3!�)3�7'&���G)0�+���+!#,5���$��� O7� !jþ����Ûpþ�J�,5�*�h
���¤!#'Mþ('&)*�+�E�����&'Mþ��*�$¦Rþ w �=��þ(¦�)0� w � d ý¤�®%¬þ��0����! q �$�&�����$'#�$��J¢)0�����j
I���¤!&������)3!#� 8 �*�¢ÿ)þ��5'&)0Jj��ÜAþ�J E6w���/�+� 8 �*�¢ÿ)þ��a'&)0J�� M�o þ�J E þ����n!&���5!#�$' 8 �*�#ÿ)þ��y'&)0J��lÜt,5J E 
I���r�Rþ�ÿ���!#��!&!&)0�+�n������)3��s�'&�����&���*�$%¬þ��Z'¥,4�$��)*��� Od ���¥����!&���*'&!mþ(���h!&��� q �j)0� Ê s+���&� ��8 ����� w '&��)�ÿ&���0)0�������������:FZ 5�3��� w '&��)0�j�±þ�!&�����j�0)3�����L��C £ ýDG� H¡ xmw"|\Ù(~IE6Od ���qþ(s��&�$��J�����'H 4�$' q �$���� 4��'&��'#�Rÿ�����)3������!�)0!h%��$�&����)*s+��þ�������!#,4�Rÿ$)Þþ��0�*���*�¢ÿ)þ��L���/�+��%¬þ��0����!���)*�m�$��%��$�&��0)*'#'&�0� On� !e
���tJ�þ��������z���l!#'Mþ('&)*�+��!qþ��0J��+!&'�' q ��ÿ��+J�,5�*�$'#�G!#�+�Þþ(��ÿ��/�*��! 8�H o�o ���Rþ(�6! E þ(���Üÿ��F%��$�����® �����Eþ��*��
�&���/�����Eÿ��t�� 5!&�$�&%�þ('&)0�+��!¤)*' q )3�0�� 4�g,4�+!&!&)0 5�*�¥'#�t,��&�.%/)0���h)0��,"��'}
���¥�*�+��s(��'#�$��JÉ)*�+���+!#,5���$��)Þÿr!#'&�5��)*��! O

2000 2000.2 2000.4 2000.6 2000.8 2001 2001.2 2001.4 2001.6 2001.8 2002
0

20

40

60
FORTLEZA − sunrise

V
T

E
C

 [T
E

C
U

] VLBI
GPS

2000 2000.2 2000.4 2000.6 2000.8 2001 2001.2 2001.4 2001.6 2001.8 2002
0

50

100

150
FORTLEZA − noon

V
T

E
C

 [T
E

C
U

]

VLBI
GPS

2000 2000.2 2000.4 2000.6 2000.8 2001 2001.2 2001.4 2001.6 2001.8 2002
0

50

100

150
FORTLEZA − sunset

V
T

E
C

 [T
E

C
U

]

VLBI
GPS

³m´¶µ.·+¸?¹JIZ»LK.MONQP®Ä0Æ.¸hÀBÅ?Ã$Å?´¶Æ.Â�³+ÆF¸PÅ?ÃFÁ¶¹SR6Ã�TVUBNQWYX�¾�ZñÀB¹QÀPÀP´«ÆFÂZÀ¤ÆFÄ�Å%�+¹\[.¹6ÃF¸?À��$]$]$]tÃFÂ�#^��]$]Zº$T"¸P¹QÀB·+Á¶Å?ÀrÄ0¸PÆ(_5KD`badc
e ¸?¹S#fT�Å �+´	½hglÁ«´¶ÂZ¹:iLÃ�Âj#Lk¤¼dX e '+Á«·+¹$T�Å%�+´«Â&#+ÃFÀ �+¹S#eÁ«´¶Â+¹�izÄ0ÆF¸TÀP·+Â+¸?´«ÀP¹$T�ÂZÆ�Æ.ÂfT+ÀP·+ÂZÀP¹&Å6»

?�?�> $:��;c<�>�>�?S@��.(2���7���¢BC�.���+��(��xDp�+�)3.�.�.F2��(���	



����������	g
���������Õ���Õ�z������� �! 9"'$'$0��(���	*1��2���+��3�4��.	*�.�6�+37�A&'��()�*�+���,-�+�T��(

l!êm2Üózô�ûn- ,�í¬ï+ó�ô�í ñyôBoqpr,mîs-7ó!óut

�������H)0!Aþ( 5�0��'#�n,��&�.%/)0����þ( 5!#�+�0��'#��)*�+���+!#,5���$��)Þÿ�,±þ(�6þ�J��$'#�$�6!�þ( 4�F%��js+�0�� ±þ��0�*�1��)0!#'#�6)* 5��'#���1!#'Mþ('&)*�+�5! O
C���� Ê ��!#'h�&��!&���0'&!cþ(s��&�$� q ���0� q )*'&�n%¬þ��0����!����$��)0%����i /�� �¡ x þ�����)*'�)0!r,4�+!&!�)* 5�*�l'#�G!#'&������'&���e 4���EþF%/)0�+�����
¯'&���t)0�+���+!#,5���$���e�+�1�*�+��s(��þ����1!&�����&'N��'#�$��J '&)0J���!Mÿ)þ��0��! O d ���$���$
���&� w �������Cÿ)þ��1 m�t��!#����þ�!´þ�!#�+���6ÿ��
I���rs+�*�� ±þ��y)0�+���+!#,5���$�6)ÞÿhJj�/�����3! O
vmêxw ûyt�ômóVz+-+ùVo?>gù±ðòù±ô�î�í

� ��!#�Rþ(�6ÿ���,�����ÚN�Rÿ�'¤¡ M Ü M�� Ü.�{� � Ü � �N�Z%���!#'&)0s�þ('&)*�+�G��
a'&����)*�+���+!#,5���$�&�r /�js��$�/���$'&)Þÿg�������h|e)3!T
:���������¢ ��'&��� � ��!#'#��)�þ�� x ÿ$)*���Eÿ��\�5����� 8 �d}~� E6O
*�ùEõ.ùEú�ù±ô·û¢ù±í
� º���X�½h�ZÃF¹�¸:TbX�»�TV�jÃ�Ç+ÇZ´¶Â+µtÃ�Âj#�¼�¸P¹:#�´«½&ÅP´«Â+µlÅ%�+¹JN�ÃF¸BÅ%�ZÀDcpÆFÂ+Æ�ÀBÇy�Z¹�¸?¹	�¯ÀP´«Â+µ�Å%�+¹�k�Á¶Æ('ZÃ�Áa¼4Æ�ÀB´¶ÅP´«ÆFÂ+´«Â+µLX�[�À�Å?¹�_LTfcpÂ�¾Ã�·+µ.·+¸NÃ�Áj�=´	ÀPÀP¹�¸PÅ?Ã�ÅP´«ÆFÂ\#�¹6¸�¼��+´«Á¶Æ�ÀBÆ.Çy�+´	ÀP½h��¾:ÂZÃ�ÅP·+¸?¿}´«À?ÀP¹�ÂZÀ?½h�ZÃ$Ä*Å?Á¶´	½h�+¹6Â�³�Ã�g(·+Á¶Å?Ã�¹�Åd#�¹6¸d�¯Â+´«ÈF¹�¸NÀP´�ÅNÃ�¹&Ådaz¹6¸PÂbTa�¹�¸?ÂfTºS�(�$�
� ���J�TÆ('+´¶µ.¹�¸:T�M¤»�T��g»�X�½h�(·y�fT���Æs#�¹6Á¶´«Â+µBKa¹6¸BÅ?´«½6Ã�ÁsM"Æ�Å?ÃFÁN�Á¶¹Q½#Å?¸PÆ.Â�PzÆFÂ�ÅP¹6Â�Å5Ä0¸?Æ$_�K.`Va�c�W.'ZÀB¹6¸PÈ$Ã�ÅP´«ÆFÂZÀSTQÅ �+´	ÀmÈFÆFÁ«·y_�¹$T

��](]�I
� !��J�TÃ�[$T���» �"T�a�» N¯»�PzÆF¸?¹�[(T�Pz·+¸?¸P¹6Â�Åg¼y¸?¹6½&´	ÀP´¶Æ.Â�ÆFÄQKD`badc"��·+Á¶ÅP´¶¾�aLÃFÂ�#^�¯¹6Á«Ã�[^W.'ZÀP¹�¸?È�Ã$'+Á«¹6ÀST"¼y¸?Æ�½&¹6¹S#�´«Â+µ.ÀYZ?kY�

P��ZÃ�Ç�_�ÃFÂ^PzÆ.Â�Ä0¹�¸?¹�Â�½&¹gÆ.Â�k�¹6Æs#�¹&Å?´«½	K.`Va�c��f�jÆFÂ+´¶ÅPÆ.¸P´«Â+µ�k�Á«Æ$'�Ã�Á�P��ZÃ�ÂZµF¹$Tn�GÃFÀ �+´«Â+µ�Å?ÆFÂE�g»�P=»�T��$��¾�����ZTÇ+¸?´«Á;TºS�(�+º
� I��J�TÆ('+´¶µ.¹�¸:TuM¤»�TdX�»8M5Æs#�Æ.¸PÆ$È$ÃyT8�g»8X+½h��·��fTucpÆFÂZÆ.ÀPÇy�+¹�¸?´	½l¼aÃ�¸NÃ�_�¹&Å?¹�¸NÀ	W.'�ÅNÃ�´«Â+¹S#r'[^�=´���¹�¸?¹�Â�Å�X(ÇZÃ.½&¹�k�¹�Æs#�¹&Å?´«½

M5¹Q½h�+Â+´���·+¹6À?�=·+¸?´¶ÂZµ�POWDU.MO](�yT.Å%�+´	À}ÈFÆ.Á¶·y_�¹(T���]$]$I
� � �C½�»�»�Q  ¡�¡�ÀIÁ#Ç¬ÌI¿�È{¢$�j£gÈ0Ë¨Æ¨Ç)ÆzÈPÁ�¾$¤y¡�Ì)¾IÅy�¨¾RË�Â-Ë�»#Ç(¡$¥¨Ì�Ë¨Æ�¤�¡�Ì�¥¥9À�Ç(¦���Ã�¾(¥2É#Ì)»¨Ç(¦�À)¾-Ë�Â(§zÈP½�»IÅn£

$:�!;c<6>�>6?C@���(����7�6�¢BC�.�Õ�+�T(2��DE�+�)3��.��F2��(2��	 ?�?2K



����������	�
��������������������������������	! ����"�#�%$'&(���)���*���#���#	�+',�)�������.-�0/*12�435���#�6�0��78 9��$��;:'�6�8-<���#��$=�>�6$)�����%?0@���	�-,@<�#�%�,�BA�+'C'��DFE0G
��H27IE�D�D�JK:'�������)���MLI�6�"�#�%�,��&N�#�0$��6�.-,���,��	6G9 O� J�J0E6P0J�JFQ
�0�!�# R� S�ST��U<	!$�$�� ��	WVX$�� ����	#�8� ���TU�ST �@,�����$.���#�����,	)S����KE�D�D�J0S��,��,�%�����.Y

Z([]\^[]_a`cb^d=egf�hjilk*e�k�mnd2oadpe�_rqtsuoak�f�\^d=vwsyx{z|f.}~d=e�dp\Io|�u`^k*h;d���dp[�vcd2o�f�h
� d=h�bc\cf����^d=_tv��^egf�\^����q�� ���y�

�p���5���R�������R���a�0�8 �¡g�5¢>£��¤����¥a�5�<�>¦<�N ��§�R�0�R¨#¥©¡gª���«>�

¬.5®.¯�°±¯³²´¯!µ�¶)·y¸;µ6¶�¹<µT®.ºu»0M¹�¸=µ6¶�¼O½9ºF®.°�¾.®6¿]À�O°±Á0µ�Â6®6°±¯�º�¶#·§ÃOµ6¾6½9>¶8ÄÅ¶�Æ8ºF¿IÇ�°�µ�O>»
È ¶8O¯!»<¾�¯2»8²´¯±½O¶0Â�ÉÊÃM½5¶0ËÊ»F®BÌK¶<Í�°%Æ�µTÂ.¿{µ�Î!Ëy»8°±ÄÅÉÐÏ,ÑOÒ<Ó(ÔFÕ´Ö,×5ØFÙMÚ<×>Û�ÜWÑ´Õ�ÜWÏ�Ý9Þ>Ô8Ö8ß'Ü)Ú5à�Ü!Ú,Ï

áãâ'ä0å<æ�çNè´å

�����;�������R��VM�#�,�=A�+'C2��D�Eé$.���* ��������I�%�y+'$��#��´�"��E�D�D�Eéê���	��#�,�;��$.?0@,�%	!�4�#�����I��VM�#�,�2´�6	W�g ´��	!	!��,�%�=H'ë>ìa�
-����)�í�#�K-<�6�*���,	W�!�)���#�2�#���;�,��������$�$6@,�)��$�/Ê��V(êg�,��$"�ÊH'ë>ìa����	�$.�� �������������,�é$6���* 9�������y <�#��U8�%-,��	��#�,�p$)�9����$6�
�#�í	W�#@9-8/*�#�����%������	! ����"�#�2$6���0�#������@�	!�4/K�TUF���g�p ´���#���8-]��VM�*���#���#��������êa�éê����6î8	�8/B�*�.���,	���V(H'ë>ìa�)�8H��"�!�#�%$6���
�#���)�����6���6$��!�#���*$����0�#�6�0��ï±H2��ð�A�ñNU�����@���	a��´��U����#���g$6���0�!�#���@<�#�����2	W�)�T�#�%����	�ê����#��-,�"�#���#�*�����.-5�(ì�/é$6���* ����#��	!���
êg���#�ò�#�6	!@��4�#	*Vó�#���ô���#���"�K�#��$"�,���%?0@��6	6Ga�%��îF��:2&�7ò���]	#�T�#�6�������#�������#���*���!�!/0Ga	W/<	W�#�6�����#��$Ê-<��35�"�#�6��$6��	K$���@��%-ã´�
-,���#�6$"�#�.-u��Vaêg����$)�u�#�,�é�#�.��	!����	p�T�#�*	W�#�%���N@��,$6���.���.�Bõ��0/8ê��6/0G5�#���é����	W�#�����)���*	=��V��#���*-<��35�"�#�6��$6��	;	!���.êö�#�9�T�
���6�,���)�����4/u�#�,�B�����#�6�6�*���8�=��	;UF�"�!/����0�8-u´�"��ê����6�u�#�,�í 9�T�)���*���#�"�#	=-,���#��UF�.-�0/�H2ëRìa�'���9-Ê�#���í�#��	!@��4�#	2Vó�#���
���#���"�2	! 9��$6�p���6�8-<���#��$é�#�6$)���,�Å?0@,�6	6��������	2��	2���%	!�K$6���,÷��#�*�6-I0/Êø���@,�#�����;���9-yê��.UF���%�"�;�������4/<	!�6	�êg�,��$"�Ê�#�6UF�6���
U��T�#�Å�T�#������	2êg�4�#���#���é	#���*�í ´�"�#�%�8-<	*ï�-,��@,�#�����±GO	!�6�*�4ù³-,��@,�#�����(���9-�?8@����!�#���!ù³-<�%@<�#�9���óñg���^:2&�7����9-�H2ëRìa���#�%�*�
	!���#���6	6�

ú�û�ü]ý�þOÿ��������=ý	��
���ý�

�����������������! #"�$&%'�)(&*�+, #-. #/0�)12��3� #"�$&/0�)1��)4#*�"�$5�6/7%8*�-.�6-�(&$5 9$5�:4<;>=�$5�# #/7%5-�?� 9�� #-�?�$@?0$@%' 9�#�)1A%'�)1B 9$@1B DC
��EGFIHGJK #"�$&LM"��)?7$ON@POQ�-@RS4D��3���T	49$5�#=.-. #/0�)1,4�L�$5�#$U-�1,-�?0RWV5$@Q�XYEG"��#$5$<%'�)1B #/71W+��)+,4DQ,-ZRW4!��3���T�4#$5�9C
=.-. #/0�)1,4[L�$5�#$Y #-.\�$@1A 9�O$@49 #/7(<-. 9$Y�#��T	+,49 [=]-�?7+,$@4K3>���� #"�$Y%'$@1^ 9�6-�?_Q�-@R�X8�����D #",$a`	�649 K-�1�Q2?b-�49 DQ,-@R
��3I #"�$cQ,-. #-�49$5 5d�/eXf$�XOgD%' 5XhN@i] #"kj.l�l)jm-�1,Qkg�%' 5XOn.l. #"�j.l�l)jWd� oL��2%'�)1,49$@%5+� #/0=�$cQ,-@RS4!L�$5�#$U+,4#$@Q�d
�)1�?0R�XmEG"�$U=�$5�# #/7%5-�?� 9�� #-�?�$@?7$@%' 9�#�)1k%'�)1B 9$@1B Y-.Tp�q=�$c$@-�%:"r49 #-. #/0�)1kL�-�4s(&�SQ�$@?0$@Q�LK/0 #"t-h(&�WQ�/u`�$@Q
*	/0$@%'$'CvLM/749$[?7/71�$@-.��3>+�1,%' #/0�)1h;xw����yJ�-.*,*,�#�)-�%:"2zuN'{vX_�|1,49 9$@-�Qc��3� #"�$�%5?7-�4#4#/b%5-�?�w��}�ALM/0 #"c%'�)1,49 #-�1B ~/71SC
 9$5�6=]-�?�?0$@1��� #"�-�Q,-.*, #/0=�$[/71B 9$5�#=]-�?	?0$@1��� #",4�L�$5�#$K%:"��)49$@1�X_�|(&*�?0$@(<$@1^ #-. #/0�)1cLI-�4�Q��)1,$MTWR<-!�#$'��$@%' #/7=�$
� $5LG 9�)1h(&$5 #"��SQO 9�U-@=��)/7Qh1�$5�)-. #/0=�$!=.-�?7+�$@4ILK",/7%6"�-.�6$!/7(&*p�)4#4#/0T	?0$KQ,+,$[ 9�U #"�$D*�"BRW4#/b%5-�?�1,-. #+��#$D��3
LI-@=�$a*,�#��*�-.�)-. #/7�)1�X

���Dw������D?0��T�-�?y/0�)1,�)49*�"�$5�6/b%a(<-.*	4!*,�#�q=W/bQ�$@Q�TBR2 #"�$�HI$@1^ 9$5�a3����&g[�#T�/0 D�[$5 9$5�6(</b1,-. #/0�)1�/71AF�+��#��*p$
;vHMg���F�J:d_-�1k-�1�-�?0RW46/74a%'$@1B 9$5�&LM/0 #"�/71A #"�$���1B 9$5�61,-. #/7�)1,-�?I�Dw����W$5�#=S/7%'$2;>�#�!�,Jczfj]{vd_L�$5�#$O+,49$@Qk 9�
/b1^ 9$5�#*p�)?7-. 9$2��EGF�H�=.-�?7+�$@4�3����� #",$�%'�)1B 9�6/0T	+� #/71��rHGg � EGl)jt4# #-. #/0�)1,45X�EM"�$2Q�-. #-r-.�#$��)/0=�$@1�/71
���:/7Q,Q�$@Q�3>���6(�-�1�QA�#$5*,�#$@4#$@1^ ! #",$U/0�)1��)49*	"�$5�#$<-�48-�1k/71S`	1�/0 9$a #"�/71�?7-ZR�$5�a-. a-m"�$@/0�)"B !��3I�^P.l�\S(�X
� 48-�1t�.�c%5/7-�?_�#�!��/0�)1��)49*�",$5�#$&*,�#�SQ,+,%' D/74!1,�� a-@=.-�/7?7-.T	?0$&3����a #"�$<*p$5�6/0�SQ�%'�Z=�$5�#$@Q�TWRtHGg � EGl)jWd
 #",$<HMg���F�49�)?7+� #/0�)1mL�-�4D%:"��)49$@1�d�LK",/7%6"h #+��61,$@Qm�)+� [ 9�OTp$a�)1�$s��3� #",$aTp$@49 [�[EMF�H�$@49 #/7(<-. #/7�)1,4
LK/0 #",/71� #"�$!�#�!��X

��E[g�w�F��D�]w��)49$@/7Q,�)1�����-. #-�L�-�4}\S/71,Q,?0R[*,�#�q=W/bQ�$@Q!TWR � �D�sH�$@1B 9�6-�?ed^�[$5�)�����:4#%6"W+,1��)4:�p$@1^ 9�6+�(�w}�� #49C
Q�-�(�;v���y��JYzfn]{vX&�A$U+�49$@Q��)1,?0R2Q,-. #-OLM/0 #",/b1���POQ,$5���#$5$@48/71�?7-. #/7 #+,Q�$&-�1,QA?0�)1��)/7 #+,Q�$Y��3� !��\�$5$
w�-.�#\t�)1k¡[-@LI-�/7/ed�LM",/b%6"t/b4! #"�$c�)1,?0R�49 #-. #/0�)1k #",-. Y/748%'�)(<*�?0$5 9$@?0R�4#+,�#�#�)+,1,Q,$@Q�TBRA #"�$O49$@-SXmEM"�$
46+�T�C�4#-. 9$@?7?b/0 9$� 9�6-�%#\S4M3>���M-�?7?p��T	49$5�#=.-. #/0�)1,4GQ,+,�6/71��<HGg � EGl)j&-.�#$D*	?0�� 9 9$@Qm/71�`	�)+��#$&N.X

J�JFE ��H;7]E�D�D�JK:'�6�,���)���MLI�6���#�����*&(�#�0$6�6�6-,������	



����������	g
'��������"���"�����±��� ��������	! ,�����#��$=&(�T�)���*���#���#	�VÅ�#��� A�+'C2��D�E

¢�£¥¤Z¦)§�¨�©Zª�«�¬��®�¯I°5p±]²�¨:£¥³)±Z´Dµ7±.±@¶�·)§�£¸´]¶�²_³)¦)§o£¥´)¤8¹_¬�º�«_»]¼�ª

½2ûh¾�ý	�]��¿eÀ)�

�|1Y`��)+��6$@4�j!-�1,Qcn� #"�$M�������_49�)?7+, #/0�)1,4G;>T�?7+,$'C�49�)?7/7QY?7/71,$qJ}3�����49 #-. #/0�)1U¡[-.�# 9$5Tp$5$@49 #"��W$5\<-�1,Q&�A$@4# 93����6Q
-.�#$!*	?0�� 9 9$@Q� 9����$5 #"�$5�[LM/0 #"O #"�$!%'���6�#$@49*p�)1,Q,/71,�<�Dw����#$@46+,?0 #4!;>�#$@QSC�Q�-�4#"�$@Q�?7/71,$qJ:X

16.10.17.10.18.10.19.10.20.10.21.10.22.10.23.10.24.10.25.10.26.10.27.10.28.10.29.10.30.10.31.10. 1.11.
0

10

20

30

40

50

60

70

80

90

100
HARTRAO 

time in days

VT
EC

 [T
EC

U]

VLBI
GPS

¢�£¸¤q¦)§o¨G¼)ª�Á�«_®�¹AÂ'ÃZÄ¸¦^¨:²�µ7±q§y²v¶|Ã5¶o£¥±Z´YÅ�Æ�Çp«_ÇyÆ�¬�³)¨6§�£¸Âq¨:³aÈ]É8Á�Ê�Ë�ÌIÍb²o±ZÄ¥£¥³aÄ¥£¸´)¨'Î�Ã@´^³&ÏI�ÐUÍ�³)ÃZ²oÑ)¨:³sÄ¥£¸´^¨�Î9ª

¡[/749 9�����6-�(U4D��3� #"�$<Q�/uÒ�$5�6$@1,%'$@4�3����DTp�� #"A49 #-. #/7�)1,4!-.�#$&�)/0=�$@1A/b1m`	�)+��#$Y��X&EG"�$&49 #-�1,Q,-.�:QAQ�$5=W/b-. #/0�)1
Tp$5 �L�$5$@1�Tp�� #"m 9$@%:",1,/7ÓW+�$@4�/74[-.T��)+, sN5lOEGFIHÔ+,1�/0 #4s;xEMF�HIÕDJ:d	LK",-. [/b4KÓW+,/0 9$Y4#-. #/7493>RS/71���X!g�1m #",$s�� #",$5�
",-�1,Q�d�-�1��)+� #?7/0$5�D/71� #"�$&�������[49�)?7+� #/0�)1�-. 84# #-. #/0�)1A�A$@49 93>���6Q�-. D #"�$&$@1�Q���3~g�%' 5X<j�P] #"�d�j.l�l)j�%5-�1�Tp$
Q�$5 9$@%' 9$@QÖ%5?0$@-.�6?0R�Xr�S+,%6"r-�1�$'Òp$@%' U(<-ZRkTp$�Q,+�$O 9�A #"�$�(&$5 #",�WQr-.*,*	?7/0$@Q� #",-. &3>���6%'$@4Y #"�$�49�)?7+, #/0�)1� 9�
Tp$U49 9�6/b%' #?0R�*��)46/0 #/0=�$�X�EG"�$c?0$53� a*�?0�� !��3I`	�)+��#$�Pm4#+,(<(U-.�6/0V5$@4! #",$U�#$@4#+�?0 #4!3>�#�)(�-�?b?y$@/0�)"B a%'�)1B 9�6/0T�+, #/71��
49 #-. #/0�)1�45X_EG"�$G=.-�?7+�$@4yQ,$5�6/0=�$@Q&TWRc��w��&-.�#$M*�?7�� 9 9$@QU-.�)-�/71,4# y #"�$M%'���#�6$@49*p�)1,Q,/71��D=.-�?7+�$@4y3��#�)(��[�}���:X^EM"�$
%'���#�#$@?b-. #/0�)1k/b4a",/7�)"×;vØÙlSXÛÚ)Ü�Js-�1,Q�-h4#RW49 9$@(U-. #/7%��.Òp49$5 �;>�������8(</b1B+,4Y��w���JD��3M-.Tp�)+� aConhEGF�HIÕ�%5-�1
Tp$!Q�$5 9$@%' 9$@Q�XIEG"�$!Q,/0Ò�$5�#$@1�%'$@45d�LM",/7%:"�-.�#$!*	?0�� 9 9$@Q�/71�-<"�/749 9�����6-�(Ý;x%'$@1^ 9�#$�d�`��)+��#$8P)JG-.�#$81��� K1����6(<-�?7?7R

��H27]E�D�D�JI:'�������)���MLI�6�"�#�%�,��&N�#�0$��6�.-,���,��	 J�J'Þ



����������	g
'��������"���"�'���±�%� ��������	! ,�����#��$=&(�T�)���*���#���#	�VÅ�#��� A�+'C2��D�E

16.10.17.10.18.10.19.10.20.10.21.10.22.10.23.10.24.10.25.10.26.10.27.10.28.10.29.10.30.10.31.10. 1.11.
0

10

20

30

40

50

60

70

80

90

100
WESTFORD

time in days

VT
EC

 [T
EC

U]

VLBI
GPS

¢�£¥¤Z¦)§�¨~ß)ª�Á�«_®�¹�Â5Ã@Ä¥¦)¨�²�µ7±Z§y²�¶�Ã@¶o£¥±Z´sà�®}Ð�«_¢p¬�Çyár³�¨6§�£¥ÂZ¨:³aÈ.É!Á�Ê	Ë�Ì�Í�²�±qÄ¸£u³sÄ¸£¥´)¨�Î�ÃZ´^³YÏI}Ð�Íb³)Ãq²�Ñ^¨:³aÄ¸£¥´)¨�Î#ª

Á�«_®�¹A³�£¸âS¨6§�¨6´^ã6¨:²�µ7±q§y²v¶|Ã5¶o£¥±Z´YÅ�Æ�Çp«_ÇyÆ�¬ Á�«_®�¹A³)£ÛâS¨6§�¨6´^ã6¨:²�µ7±q§y²v¶|Ã5¶o£¥±Z´Yà�®�Ð�«_¢�¬�Çyá
¢�£¥¤Z¦)§�¨Iä^ª�Å�£¥²�¶o±q¤Z§|Ã@åD²�±@µ�¶�Ñ)¨~Á�«_®�¹�³)£ÛâS¨6§�¨6´^ã6¨:²�ÈW¨#¶væ�¨6¨:´aÁ�Ê�Ë�Ì�ÃZ´^³YÏI}Ð�Í7Á�Ê�Ë�ÌxçeÏI�Ð)Î

Á�«_®�¹�Á�Ê�Ë�Ì}Â�²:ª�ÏI}Ð Á�«_®�¹ ³�£¸âW¨:§o¨:´^ã#¨�²èÈB¨6¶væ}¨:¨6´
Á�Ê	Ë}Ì_ÃZ´^³<ÏI}ÐSéSÃ@Ä¥Äp¹_¬�º�«_»q¼
²v¶|Ã5¶�£¸±q´^²~Í7Á�Ê�Ë�ÌxçeÏI�Ð)Î

Á�«_®�¹ «�°5 Â�²:ª Á�Ê�Ë�Ì
Í7È)Ä¥¦)¨qé ³�£uÃ@å�±q´^³)²|ÎêÃZ´^³ÙÏI�Ð�Í7§�¨:³�é
²v¶|Ã@§|²�Î

¢�£¥¤Z¦)§�¨Gë�ª�¹}±Zå�·^ÃZ§o£u²o±Z´!¶�±D§o¨�²�¦^ÄÛ¶|²�µ7§o±qåìÏI}ÐaÃ@´^³Y«�¬�}®�¯I°@p±q²o¨6£u³�±Z´�ª

J�J�J ��H;7]E�D�D�JK:'�6�,���)���MLI�6���#�����*&(�#�0$6�6�6-,������	



����������	g
'��������"���"�����±��� ��������	! ,�����#��$=&(�T�)���*���#���#	�VÅ�#��� A�+'C2��D�E

Q,/74# 9�6/0T�+� 9$@Qt-�1,Qk46"��ZLí-m*p�)4#/7 #/0=�$c-�49RS(<(&$5 9�6R�X2EG",$c49 #-�1,Q�-.�6QkQ,$5=W/7-. #/7�)1t��3G #",$cQ,/uÒp$5�#$@1,%'$@4s/74s-.Tp�)+� 
N�N8EMF�HIÕaX�H��)(&*	-.�6/749�)1,4GLM/0 #"� #"�$8�#$@4#+,?0 #4G��3yEKg�w�F��D�]w��)49$@/bQ��)1�3>���K49 #-. #/0�)12 D��\�$5$Yw�-.�#\�-.�#$8*�?7�� 9 9$@Q
/71� #"�$h�6/0�)"B &���6-.*�"ê��3K`	�)+��#$mPWX � ?0 #",�)+��)"r #"�$mQ�/uÒ�$5�6$@1,%'$@4&Tp$5 �L�$5$@1ê�������&-�1,Q�E[g�w�F��D�]w��)49$@/7Q,�)1
-.�#$aT�/0����$5�[ #",-�1� #"�$sQ,/uÒp$5�#$@1,%'$@4MT�$5 oL�$5$@1���wI��-�1,QhEKg�w�Fy�!�]w}�)4#$@/7Q��)1hT��� #"m�#$@4#+,?7 #4M-.���#$5$sLM/0 #",/b1�-�1
$5�#�#���K�6-�1���$a #",-. [/b4MQ,+�$8 9�c #"�$s-�4#4#+,(<*, #/0�)1� #",-. [-�?7?���EGFIH�=.-�?7+�$@4GLK/0 #",/71�-U�6-�1���$a��3��îPcQ�$5���#$5$@4[/71
?7-. #/0 #+�Q�$[-�1�Q�?0�)1��)/0 #+,Q,$[%5-�1OTp$D-�4#4#/0�)1,$@Qc 9�<4# #-. #/0�)1� D��\�$5$!w�-.�#\�d�LM",/7%:"O/74~?0�S%5-. 9$@Q�/71O-Y�#$5�)/0�)1O��3}"�/0�)"
/0�)1��)4#*�"�$5�6/7%[-�%' #/0=S/0 �R�X

¢�£¸¤q¦)§�¨Mï)ªIá�ÃZ£¸Ä¥É&Ã@´^³U²�¦)ÈS³)ÃZ£¸Ä¥ÉY·B¨:§o£¥±�³)²yµ7±q§�²�¶�Ã@¶o£¥±Z´UÆ�Ê	ÏG¬��Æ�Ç�ð�éBÁ�Ê�Ë�Ìy²�±qÄ¸¦)¶o£¥±Z´,éS¢)±q¦)§o£¥¨6§�Ã@´^³<æ�Ã'Âq¨6Ä¥¨#¶y¶�§�ÃZ´^²vç
µ7±Z§�åDÃ5¶�£¸±q´�Íb´)±Z§�åDÃ@Ä¥£¸ñ:¨:³D¶�±DåDÃ5ò�£¸åK¦)å�ÃZå[·^Ä¸£¸¶o¦^³)¨�Î9óB·B¨:§o£¥±�³)²�£¥´Y³^Ã'É.²:ª

¢�£¸¤q¦)§�¨Iô.ª�á�Ã@£¥Ä¸É!ÃZ´^³8²o¦)ÈS³)Ã@£¥Ä¥É[·W¨6§�£¥±.³^²�µ7±q§�²�¶�Ã@¶o£¥±Z´sÆ�Ê	ÏG¬��Æ�Çyð�é�ÏI}Ð!²o±ZÄ¥¦�¶�£¸±q´,é�¢)±Z¦^§o£¥¨6§�Ã@´^³8æ�Ã'Âq¨6Ä¥¨#¶�¶�§�ÃZ´^²�µ7±Z§oç
åDÃ5¶�£¸±q´�Íb´)±Z§�åDÃ@Ä¥£¸ñ:¨:³8¶o±DåDÃ5ò�£¥åM¦)å�ÃZå�·)Ä¸£¸¶o¦B³�¨�Î#ó)·B¨:§o£¥±�³)²_£¥´s³^Ã'É.²:ª

E}�k��$5 �-�1×/7Q�$@-k-.T��)+, U #"�$�49*p$@%' 9�6-�?[%'�)1^ 9$@1B O��3! #"�$h4#�)?7+� #/0�)1,4cQ�$5�6/0=�$@QÖTWRr�[�}���c-�1,Q×��wI�ê #"�$
�#$@4#+�?0 #4!3>���&49 #-. #/0�)1 � ?7���)1,ÓB+�/71tw�-.�#\�L�$5�#$O4#+�TSõ9$@%' 8 9�A���)+,�6/0$5�Y-�1,QtLI-@=�$@?7$5 & 9�6-�1,493>���6(<-. #/0�)1�45X � 4s�)1
g�%' 5X�j)Üq #"�dSj.l�l)j! #"�/74y49 #-. #/0�)1cQ,/7Q<1,�� y��T�49$5�#=�$KLM/0 #",/b1&HMg � EMl)j� #"�$M-�Q,-.*� #/0=�$Kw����A-.*,*,�6�)-�%6"<*��#�WQ�+,%'$@4
-�?7/b1�$@-.�D 9�#$@1,Qt3����! #"�/74D #/7(&$c49*�-�1ê;�`��)+,�#$ciWd�?0�ZL�$5�8���6-.*	"	J:d�LM"�/7%6"�Q,�B$@4!1,�� a/71S��+�$@1,%'$Y #"�$<�#$@46+,?0 #4D��3
 #"�$s3��6$@ÓB+�$@1�%'Rm-�1,-�?0RS4#/74MT�$@%5-�+�49$a�)1�?0R�*p$5�6/0�SQ,4G4#",���# 9$5�� #",-�12 �L��OQ�-@RS4�L�$5�#$Y/71B=�$@49 #/0�)-. 9$@QA"�$5�6$�X � T�/0�

��H27]E�D�D�JI:'�������)���MLI�6�"�#�%�,��&N�#�0$��6�.-,���,��	 J�J5ö



����������	g
'��������"���"�'���±�%� ��������	! ,�����#��$=&(�T�)���*���#���#	�VÅ�#��� A�+'C2��D�E

Q,/7+,�61,-�?}=]-.�6/b-. #/0�)1�%5-�1ATp$Y4#$5$@1�/712 #"�$<���)+��:/0$5�!49*p$@%' 9�6+,(÷��3� #"�$&�[�}���M�#$@4#+�?0 #4<;x?0$53> [*	?0�� ���3�`��)+,�#$<i)J:d
��3_ #"�$&��w���Q,-. #-2;vÜ�J:dp-�1,Qh/71� #"�$aL�-Z=�$@?0$5 �4#%5-�?0�����6-�(<4&;x?0$53> G*�?7�� #45d,`��)+,�#$@4KiU-�1,Q2Ü�J:XM���� #"h 9$@%6",1�/7ÓB+,$@4
4#"��qLî-OQ�$@%'�#$@-�4#/71,�OQ�/7+��61,-�?�-�(&*�?7/0 #+�Q�$aQ,+,�6/71��c #"�$�N@POQ,-@RS4D%'�Z=�$5�#$@Q�TBRAHGg � EGl)jWX!��3yL�$<%'�)1�%'$@1^ 9�6-. 9$
�)1c #"�$K*p$5�6/7�WQ,4_46"����# 9$5�� #",-�1clSX¸ÜaQ,-ZRW4�L�$[-.�#$[-.T�?0$K 9�a�#$@%'�q=�$5�G-a4#$@(</uC#d^ 9$5�#C�-�1,Q�ÓW+,-.�# 9$5�9C�Q,/b+��61,-�?�4#/7�)1,-�?
/71O #"�$8�#$@4#+,?0 #4I3>�#�)(�Tp�� #"O 9$@%:",1,/7ÓW+�$@48;>�6/7�)"^ G*	?0�� #45dS`��)+��6$@4Gi&-�1,QhÜ�J:X

ø2û�ùcú��pþ�¿o���.�vú}���

HGg � EGl)j<�.Ò�$5�:4G #"�$a��*,*p���# #+,1,/0 oRc 9��49 #+,Q�RO #"�$a/0�)1��)49*�",$5�#$!TWRO(<$@-�1,4G��3_�������~Q,+��6/b1��<(&���#$! #"�-�1
 �L���L�$5$5\S4[��3y%'�)1^ #/71W+��)+,4[(&$@-�4#+,�#$@(&$@1B #45XG���)1��)49*�"�$5�:/7%D*�-.�6-�(<$5 9$5�64�Q�$5�6/0=�$@QmTBR��������G-�1,Q���w��m4#"��qL
4#/7(U/7?7-.�G 9�#$@1�Q,4M-�1,QhQ,/uÒp$5�MLM/7 #",/71�-c3�$5LûEGFIHIÕ8d��)1,?0R�XMEG",$a(<-�/71m*p$5�6/0�SQ,4~��3_ #"�$s/0�)1��)49*�",$5�#$c;xQ,/7+,�61,-�?ed
49$@(</0C#d� 9$5�9CI-�1,QmÓW+,-.�# 9$5�9C�Q�/7+��61,-�?>J�-.�#$83>�)+,1,Q�/b1� #"�$s���)+��6/0$5�[49*p$@%' 9�6+,(Ù-�1,Q� #"�$aL�-Z=�$@?0$5 D4#%5-�?0�����6-�(U4M��3
Tp�� #"� 9$@%6"�1,/7ÓW+�$@4G-.���#$5$!L�$@?7?eX

ü=û2ýöþ)þ_�yú	ÿh¿#ý	��gý�� ý��}À)�
� $@49$@-.�6%6"O*��#�]õ|$@%' �wMN@iSN@n�iqC � l)i��|�|1^=�$@49 #/7�)-. #/0�)1O��3� #"�$�/0�)1��)49*�",$5�#$GTWR<��$5�WQ,$5 #/7%M���������a/b4y3x+,1,Q�$@QUTBR

 #"�$ � +,49 9�:/7-�1m�S%5/0$@1,%'$!��+,1,Q�;x���×�yJ:X

¾©ý
	6ý
�5ý��éþMý��
� ©�DÅy±qÈ)£¥¤Z¨6§�«Iª¸é�Ë�±.¨6Ñ)å��Bª¥é�Ð)ã|Ñ]¦^Ñ8ÅGª¥é�Á�Ê	Ë}Ìo¬�ºI¬IÐ[ç��§�±ZÈ)£¥´)¤~¶�Ñ)¨�£¥±Z´^±q²o·)Ñ)¨6§�¨yÈ.ÉDå�¨:ÃZ´^²�±Zµ,ÂZ¨:§oÉ�Ä¥±Z´)¤KÈ^ÃZ²o¨6Ä¥£¸´^¨
£¥´q¶�¨6§oµ7¨6§�±Zå�¨#¶�§oÉqéS¬�¨�²v¶�¨6§�§o¨:£¥ã|Ñ)£u²�ã|Ñ)¨��W¨6£¸¶�²�ã|Ñ)§�£Ûµ0¶�µ7¦)¨6§�Á�¨6§�å�¨:²�²�¦)´^¤��ÔÏ�¨6±q£¸´�µ7±q§oåDÃ@¶o£¥±Z´�Í7Á�Ï�Ì�Î#ép©'°@¼Z»Z»qß)é�¨:³,ªBÈ.É
ÅGªWÐ�ã|Ñ.¦)Ñ,é)¢�ª^Ë�§o¦^´)´)¨6§�é)Ã@´B³aÅMª^ð~Ã@Ñ)å�¨:´,é�·)·,ªB¼��Kç}ß��^é�¼Z»Z»qß)ª

� ¼�!Ð�ã|Ñ^ÃZ¨6§�é,ÐSª¸é��<Ã@·)·^£¸´)¤YÃ@´B³c�§o¨�³�£¥ã#¶o£¥´)¤!¶�Ñ)¨D®�ÃZ§�¶�Ñ^²�Ìe±Z´)±]²�·)Ñ^¨6§�¨���²o£¥´)¤8¶�Ñ)¨!Ï�Ä¸±qÈ^Ã@Ä�p±]²�£¸¶o£¥±Z´^£¸´)¤sÐ.É�²v¶�¨6åYé,Ìe´�ç
Ã@¦^¤Z¦)§|Ã@Ä^á�£u²o²o¨6§o¶�Ã@¶o£¥±Z´8³�¨:§��Ñ)£¥Ä¸±]²�±q·)Ñ)£u²oã|Ñ�çx´^Ã@¶o¦)§�æ_£¥²�²o¨6´^²�ã|Ñ^Ã5µ0¶�Ä¸£uã|Ñ)¨:´[¢BÃ��.¦)Ä¸¶�Ã@¨6¶�³�¨:§���´)£¥ÂZ¨6§|²o£Û¶|Ã@¨#¶�Ë}¨:§o´�é.Ë�¨:§o´,é
©������^ª

� ß DÆ�áIÐ&¹}¨6´]¶o§|Ã@Ä>é^Ï�¨6±]¢)±q§�²�ã|Ñ.¦)´)¤q²!�W¨:´q¶�§o¦^å�p±Z¶�²�³)Ã@åîÍ>ÏI¢"��Î9é´Ñ´Ï9Ï$#&%(')'�Ò�#2ÜWÕ+*),.-�#5Ò,ÏRÛ�/�ÚFÙpÜ0/´Ö)'

J�J�Q ��H;7]E�D�D�JK:'�6�,���)���MLI�6���#�����*&(�#�0$6�6�6-,������	



���������	��
������
��������������������	���! ���
�"#�����$��%	&'��(���� ()*��
�"#+-,.+���"#/0"1�'2435��
�"#/6�7�8%9
���;:5<	�8���(�835"1=>��
��7�?��@�AB�	&DCE���GF	��
�H��7I>&G@5�
J�K�K�L :��7�*��
����NMO�7����"#�(�P<Q
��?+7���R�*"#�(���7IS T� L�L?URV6L?W?X
)?���� T� YYZ"#/0��+�+� ���%[+�� �(������� ���Z/(YZ (\*](�#"#+R����"#��*��Y���� J�KK�L YZ]S��
��6����
����(�

^`_Oacbed!fDg�hi_Ojk_mlonp_Oje_mhqbsretufDgZvxwyv�zqgZ{$g7zN|~}�tufDgR{Otu��l�f�_Oa ������d�je�
}�gR��tuf�t�jOz�������n;��t5zB�;_mf���h

���R�?�����?���p ����?¡T�.¢q£E¤¦¥§ ¢p¨'�	�6�8©e¡N¡ª 

«5¬ªZ®�¯9®4°0±>®*²7³�«u´Z�³ZµR¶?®?·�¸?µR¹6º	»O³�±>®�µR·'¼8³Z¬T·�¸�½u¾�®0¿�ÀÁ¸$®�¬B¿8°�±ª®0²7³m°N²�ÀÁ³Z¬N²�³ZºuÂÄÃ>®�¯#¼4³�µ7sÅi¬TÀ�¶6³�µ7RÀ�·'¹Æ¸�½�ÇT³�²7Ã�¬N¸?¯9¸�È0¹
ÂD¸�¬ª·�®0²�·5®�ÉS·�Ãª¸?µ�Ê�°T·�³Z¬eË�³�µ'È�7·GµÌ®�¬B¿6º~³�Í�¼8®?À�¯9ÊxÎ?ÏSÐ0ÑªÒ�ÓªÎ�Ó.Ô7Õ6Öª×�ØÙNÐ*ÚBÎiÔ7Î�Ð

ÛÝÜ�Þ?ß0à(áQâSß

:5<	��"#�N+7\*
�
��������125��)*�	�� (��+7�i��7���0����"#+	���7+�)(�("�ã?\(�Ä�!����TFD"��*�7�12u\(���7��%ä��
Q"#��*��� *)(��
�"#+q����\(�*"#�7�7I����(�� 0
���/�"��*���
]*
��6���Æ+7�Z/6��
������FD"1��)e)("#�)Æ�� �����"��������(�$���7�! S��
����Ä
�������#\*��"#��ª�435\*�P���O��)(�!�(����\0
��!��%���)(���0\����Ä%9
��Rã?\(�7�*+�2
�](���Ì
�/�Z��"����(�7IS@�AB�	&�"#�E���#����+R�� (��]*������%Ä���7�*��"#�(�P��)(�����������B������+���
����+7������������åçæ�èi��é.��%Ä��)*��"#��(���� ()*��
����êe�
+7��! (��
��P��)(��"#��*��� *)(��
�"#+m��+���"#/�"1�G2Æ�*��
�"#/6�7�$%ä
����ë�0"#=>�Ì
��7�?�ì@�AB�	&��(���'Fq��
�H���FD"1��)e��)(�!������]����D:5<	�$
�����\(�1���
%ä
���í��)(���	�7�?����
���%pîE
�]*"#�	35������
��!"#�(����"#���"#�mèÄ\0
�� S�5�����Pï��(�-��)��Z�	��)(�E�*"1=>��
����(+7�E]S���GF	�7�7�!��)(�D���7+�)(�("�ã?\(���
"��D���O��)(�5��
��*��
.��% XRK æ�èi�ð\*�("1���7�

ñ�òôó*õEöS÷>ø�ù�ú�ûBö>ü�ø.õ

ý�þQÿ����������	�Äþpÿ�
�ÿ�����ZþQÿ�
Zÿ�������������
�
�������������������
�Zþ�Zþ��� �!��������������#"$�%��
������&�ÿ'����þ���
��Sÿ'�)(+*,
��#��������������
��-�6ÿ'���Rÿ'�'.Tÿ#/0��/1Zþpÿ���&�	
2�'3-����&�ÿ�4
��#�%����������5"6
���78Zþpÿ:9-���;/5ý�þpÿ 
�ÿ'����&���������������<��
Zÿ�����(-=Rÿ'�!�	�>�#� ÿ'&�ÿ'�!	
���?��*-���#75���@��
���"A��B3Sÿ�
CZþpÿ575�����pÿ����� ÿ'DE����	�#
B.F�#���GZþpÿ'��
:����(%�Rÿ'D+�pÿ'�E��%���		
���(H��������I�#&������)75�����pÿ�����@Jiÿ'&��&����Qÿ'�<
�ÿ'����&���K�����#��ÿ'DE�%��	�#
����#&L�#����7,�#&�*MZþ%��N���K��þ%��
��#�!Rÿ�
���O?ÿ'�I(E*�QPR�,�!
Zÿ'����N��
������%�)S�T�U��Sÿ���75�����pÿ�����&��������%�pÿ��#�����V	
������>þI����(qÿ�QP-ÿ?ÿ'�;/�W��pÿ�	�5ZþpÿC�		
������5�pÿ��qÿ'���Qÿ'���!*,���)����&���
 �#�!���3-��Q*#.HZþpÿ:���������	�iþpÿ�
Zÿ
ÿ!Xpþ���(%��������������YJH���#�E �����!
Zÿ'�#�Zÿ:����
������@&��-���#&L���B*E���7sÿ#/Z ÿ'�Qÿ�
��#&�&�*#.��#��ÿ'&çÿ'�!	
���75�����pÿ�����RP��'3Sÿ���
��#�H������������NZþ�
������>þ���7sÿ'������7[���F�#�B3Sÿ�
��pÿ'�@(+*�Zþpÿ�
�ÿ�"A
��#�!���3Sÿ�����Qÿ!X\.^]1.��#"�Zþpÿ�7sÿ'������7)/$_��#
`Zþpÿ�
��#�����N"6
Zÿ'DE�Qÿ'������ÿ'�a���Rÿ'�C(E*����%�#�6ÿ<�Sÿ��-�pÿ�����RRÿ'��þ�����D+�pÿ'�a&���bSÿ�c�dFeRfF�#�%�Z�g 9\.hZþpÿV���������	�ÄþQÿ�
ZÿC�#�!��:�#���������	�qÿ�
�����3Sÿ@7sÿ'������7)/�ij��ZþG�������	ÿ�
2����3Sÿ'�pÿ'���k������������pÿ�
���	�E�-�IZþ%���Zþpÿ
Zÿ�"6
��#�!���3Sÿ������pÿ!X5���<"6
Zÿ'DE�Qÿ'���!*V�pÿ��qÿ'���pÿ'�E�.+�C"A
�ÿ'DE�pÿ'�%�!*5�pÿ��qÿ'���pÿ'���6ÿ Zþ%��R�#&����@���#�M(qÿk�����&���O?ÿ'�V	�V�	�����*ZþpÿN���������	�Äþpÿ�
�ÿ#/�ý�þQÿK�Äþ��#�Rÿ 
�ÿ�"A
��#�!���3SÿN�����pÿ!Xh.#]�l'm+.n�#";�:�%���	�qÿ�
�����3SÿK7sÿ'�%����7o���#�5(qÿ �����%
��'X���75��Rÿ'�VPk��ZþZþpÿ:�Rÿ�
2��ÿ'� ]�l'm�prq�sut!vw v sxt!yw y sxt{zw z s}|�|�|Pmþpÿ�
�ÿ t!v . t!y �#��� t{z ��
Zÿ:�!�Bÿ!~M����ÿ'�E�� Zþ%��N�pÿ��qÿ'��������Zþpÿ8ÿ'&�ÿ'�!	
����I�pÿ'������Q*#.��@�'.��#&������VZþpÿ:���������#&h�H��Zþ�#�������#�����Zþpÿ�"A
�ÿ'DE�pÿ'�%�!*#/������>þpÿ�
��#
2�pÿ�
$ÿ!X-�%�#��������������
�ÿ��������#&�&�*G����@�����#����Pk��Zþ��#��ÿ'�	���75��Rÿ��#"
t v p�� ��T-|�S�� �@� �kO v!� .�Zþpÿ��Äþ��#�Rÿ�
Zÿ�"6
��#�!���3SÿC�����pÿ!X�(	ÿ'�!��7 ÿ'�

]�l'm:prqK� ��T-|�Sw v
ý�þpÿK�%
��#�%������������C���������#&��1��
�ÿN�^�	ÿ'�!Rÿ'��(+*CZþQÿ 	�#��#&Äÿ'&çÿ'�!	
����,�!���ERÿ'�n���ý ��� �a����
�������Zþpÿ'��
4P��'*>Zþ�
������>þZþpÿ:���������	�Äþpÿ�
Zÿ#/uýN�R�����KZþQÿ:���nRÿ��#
2�#&L�#"aZþpÿ�ÿ'&�ÿ'�!	
����I�pÿ'��������çÿ'�K�#&������VZþpÿ����������#&h�%��Zþ;.%�n.

ý ����p[��� �2� �

&G@5� J�KK�L :����(��
����NMO�7�Ì��"��*��<Q
��?+��7�R�*"#�*�� L�L?U



�������4�	��
�������
����(�O���E�����#� :5<i�(YZ@5AB�i&q&G���(��� *)(��
�"#+u,.+���"#/0"1�'2

�#���)�%�������>Zþpÿ:��(h�B3Sÿ#.HZþpÿ����������	�Äþpÿ�
����N�Äþ%�#�Rÿ�
Zÿ�"6
��#�!������I�V�������lBm 
Zÿ'����&���'�
� �������l'm pr� ��T-|�Sw v ý ���� �����#&�&�*#.�ý ��� ����7sÿ'�#����
Zÿ'�G��� ý ��� ��������>��ý �R� � �k�!�#
�
Zÿ'���\���%�������M	�¡q�T+¢Q£$ÿ'&çÿ'�!	
�������/@¤k&�Zþ������>þ¥Zþpÿ�����������Äþpÿ�
Zÿ<
��#���Sÿ'�$"A
���7 
������>þ%&�*C¦�§ b-7�	�@q�T#T#T�b-7�þpÿ'���>þE�.��kZþ����C�Zþpÿ'&�&E������
��BX-��75������������$����~M����ÿ'�EF"6�#
7V���	<�����%&����������������/$¨��#
Zÿ Zþ��#
������>þ5�pÿ�
2��3^����������`�#���5�pÿ'���!
2������������aZþ��#�5Zþpÿ ��(h�B3Sÿk���#�5(	ÿK"6�������V���eÿ#/0��/� q � / � ���&���O'�����,Zþpÿ>�����#&Y?©"6
Zÿ'D+�pÿ'���!*��#(%�Zÿ�
�3^�����������Zþ������
Zÿ@�%�Rÿ'�G���I(h�#Zþ�c�d$eRfk�#��� Z�g 9h.h����"A�#
275����������(h����KZþpÿ�ýN�R������ZþpÿC���������	�ÄþQÿ�
Zÿ����#�)(qÿ��pÿ�
���3Sÿ'� �0ª � . � S � /�R��75�%��
����	���¥�#"R���Y�qÿ�
Zÿ'�n����#&�ýN�R��3^�#&��pÿ'���pÿ�
���3Sÿ'�¥"6
���7«��&��#(%�#& Z�g 9E?©(%�#�Rÿ'� ýN�R� 75���%���#���Gc�dFeRf�#(%�Rÿ�
�3^��������%�N�Zþ��¬P�� þ%���>þ��pÿ��#
Zÿ?ÿC�#"`���#
�ÿ?ÿ'7sÿ'�n�(qÿ�QP-ÿ?ÿ'�IZþQÿ:QPR�,Rÿ'��þ�����D+�pÿ'� � � � / �R�#
�
�ÿ'&�������������IZþpÿ&�ÿ�3Sÿ'&;�#"1T-/�B®ET-/�¯,PR�#�N�#��þ���ÿ�3Sÿ'�����)�Zþ��#
� �#���)���ERÿ�
��!���E����pÿ'�E��#&;(%�#�Rÿ'&����pÿ'��/f°�I�#���#ZþQÿ�
k�!��7V�%��
2���	����(qÿ�QP-ÿ?ÿ'��c�d$e<fK�#��� Z�g 9 � § � .H��NPR�#�k�Zþ��BPk��Zþ���NZþQÿ�QPR�,Rÿ'��þ�����D+�pÿ'�k���#�*-��ÿ'&�������75��&���
�ýN�R�±3^�#&��Qÿ'����>�Ic�dFeRf:����Rÿ#/�¤k&�Zþ������>þ��%�������)ZþQÿM���#7sÿ�"²�������#7sÿ'�E��#&uÿ'D+����������%��.`Zþpÿ

ý ��������&��������������8ÿ'�#��þ�����Rÿ>Pìÿ�
�ÿ>�Qÿ�Rÿ�
�75���pÿ'�G���¥���Y�qÿ�
Zÿ'�EkP��'*-��"6�#
�Zþpÿ>QPR��Rÿ'��þ��%��DE�Qÿ'��/�_��#
:c�dFeRf{.Zþpÿ5�	��&������������P-ÿ�
ZÿV�#(���#���pÿ'�¥"6
���7«���pÿV�h�����E5�6Zþpÿ5�	���������H���#�%�³75�����qÿ'�¥	��ZþpÿVO?ÿ'����Zþ;.;P þpÿ�
Zÿ'�#��"6�#
Z�g 9\.�Zþpÿ��	��&������������P-ÿ�
Zÿ�(%�#�Rÿ'�I���)�V��&��#(H�#&;�	�Äþpÿ�
������#&�þ���
�7V���������Pÿ!X+�%�#�%���������#"1�Rÿ�3Sÿ�
��#&L����Rÿ'��/f°�GZþ������	�����*#.;Pìÿ5���Zÿ@ZþQÿV"6��&�&$�Rÿ���#"R���������	�iþpÿ�
����@��������#(���#���Qÿ'�G(E*�c�d$e<f���:�#&�&a�#(%�Rÿ�
�3+����������Rÿ'�"6�#
��#�ôÿ!X+�qÿ�
���7sÿ'�n��#���¥�!��7V�%��
ZÿCZþpÿ'�Rÿ@	���M��&��#(%�#&a�Rÿ���#" Z�g 9�ý �R�[�#(%�Rÿ�
�3^��������%��/mý�þpÿ@�!��7V�%��
����	������RZþpÿ'��75�#�Qÿ�"6�#
KZþpÿ�
Zÿ����������#"a�@��&��#(%�#&;�	�ÄþQÿ�
������#&	þ���
�7V���������ìÿ!X-�%�#�����������!���-JH�pÿ'��(+*,Zþpÿ�����Rÿ�
 &���75�����#"`Zþpÿ�c�dFeRf��#(%�Rÿ�
�3������������/
´5òôó0ø.õ�øFµ^¶<·4¸Ä÷ªü�ûíó*õ4¹7øD÷Eº}»	ö>ü�øEõ�¼¡¸Q÷ªü¾½$¸Äù�¹7÷>ø$º ¿�ÀNÁ�ó

W��Y�qÿ�
Zÿ'�E����#&n���������	�Äþpÿ�
����`c�d$e<fL�Qÿ'&��'*-�FP-ÿ�
ZÿR���Rÿ'�:	� ÿ'�	���75��Rÿ��!�Bÿ!~M����ÿ'�E��F�#"�ZþpÿR�	�Äþpÿ�
2�����#&>þ���
�75�������
ÿ!X-�%�#���������)�#"1Zþpÿ���&��#(H�#&hJÄÿ'&����#"13Sÿ�
�������#&.ý ����/%¤o����7V�%&�ÿ���������&�ÿ!?Q�Zþpÿ'&�&;75�+�pÿ'&L"A�#
kZþpÿC���������	�Äþpÿ�
Zÿ�Pk��Zþ�#�����������	�Äþpÿ�
2����þpÿ'���>þE5�#"��n§�T¡b-7ÂP��#�,�����%&���ÿ'�;/¦ý�þpÿI�\�����nVPmþQÿ�
Zÿ�ZþpÿI���������#&K��
��#�H������Rÿ'�,Zþ�
������>þZþpÿ����-JH����Rÿ'����75�#&�&�*)Zþ�����7V�+�Qÿ'&�&�ÿ'�¡���������	�Äþpÿ�
����5�Zþpÿ'&�&����:Rÿ�
�7 ÿ'��ZþQÿM�����������Äþpÿ�
����>�H��ÿ�
��6ÿ,�h�����EM�6f g�g �2/_`������
Zÿ'�Cq��,�Zþ��BPN�k�#��ÿ!X��#7V�%&�ÿ��#"aZþQÿ�f g�g �N"A�#
kZþpÿ$ý ª T#T ª ÿ!X-�	ÿ�
2��7sÿ'�E�.��#(%�Rÿ�
�3Sÿ'�¥_pÿ�(�
2����
�*³q ª . ª T#T ª /
ý�þpÿ>�Sÿ��#�#
����iþ����>&�����������%�pÿ'�:Ã l�l �#"<Zþpÿ>f g<g ��P-ÿ�
ZÿVZþpÿ'�G
��#���Rÿ'�³	�)�������-?¾J�XNÿ'��&�������������pÿ5ÃHÄ�/Ci���ZþÃ l�l pÅT�UV���q ª � ýÆ���¡Zþpÿ,
��#���������ðÿ'��
�Zþ-?¾J%XBÿ'��"A
2�#7sÿ,�!�#
�
Zÿ'���\���%��������	�³Ã Ä pÅT�U,���³Zþpÿ,�����-?¾J�XNÿ'�"6
��#7sÿ#.�Zþpÿ��Sÿ'�Qÿ�
��#&���O?ÿ'� ÃHÄ¡pÇÃ l�l s ý�È!Éa�`ÊÌË
�����qÿ'��
���.-PmþQÿ�
Zÿ�ýÇ�������7sÿ5� � ýk�R�#����É`� ����Zþpÿ:�#�����%&���
K3Sÿ'&��-����Q*��#"$ZþQÿ8ÿ'��
�Zþ;/4eR*M
��#���������5Zþpÿ4ÿ'��
�Zþ�?J�XNÿ'���#(H�Rÿ�
�3�����������a�#"�Zþpÿ-ÿ!X+�qÿ�
���7sÿ'�n�.#�#�Æÿ'���Rÿ'�E����#&�S#�T�UR&�����������%�������#&#�	�%
Zÿ'�#�@PR�#�a�#(���#���Qÿ'�;.#_a������
Zÿ�q!(L/
ý�þpÿ>��7V�h�#
���#�%�6ÿ��#"4Zþpÿ@c�dFeRfN�pÿ��P<�#
�b��Sÿ���7sÿ�	
�*¥"A�#
�ZþpÿV�	�%������#&$�����		
���(%����������#"4Zþpÿ>f g�g ���#����ZþE�%�Zþpÿ����#7V�%&������C�#"aZþpÿ����������	�Äþpÿ�
Zÿ���� �#(E3-��������/i ÿ'��b¥�!�����		
��#���E��kPìÿ�
Zÿ>���Rÿ'�I	�������(%��&���O?ÿ�Zþpÿ@&çÿ'�#�	°?Q��D+����
Zÿ'� ÿ'�	���75�����������
��-�6ÿ'���N	���pÿ�Rÿ�
275���pÿCZþpÿ�!�Bÿ!~M����ÿ'�E��k�#"�Zþpÿ@���Äþpÿ�
������#&.þ���
�7V��������������
����#��þ�	���Qÿ��#
Zÿ?ÿ@�#�%�I�#
��Qÿ�
�+/Oý�þpÿ�ÿ'�����75��Rÿ'�G�!�Tÿ!~�����ÿ'�n��P-ÿ�
Zÿ����Rÿ'��	���!
Zÿ'��Rÿ:��&��#(H�#&;c�d$eRfPýN�R��75���%�'/
Í5òôó0ø.õ�øFµ^¶<·4¸Ä÷ªü�ûíó*õ4¹7øD÷Eº}»	ö>ü�øEõ�¼¡¸Q÷ªü¾½$¸Äù�¹7÷>ø$º ÎGÏ)Ð

ý�þQÿ¡���nRÿ�
2������������#& Z�g 9j�Rÿ�
�3-���6ÿ��6f Z 9���þ���7sÿ��%���Sÿ�����
�
Zÿ'�n�&�*�"Gÿ'�����
Zÿ'�I�%�#��&�*����������	�Äþpÿ�
�������&��#(%�#&�	��&�����������:"6
���7ÑJ%3Sÿ����Y�qÿ�
Zÿ'�EC�#���#&�*-�����@�6ÿ'�ERÿ�
��@P<�#
�&��-?©PN���pÿ �  � /¥_��#
V����
@�!��75�%��
����	���%��.1Pìÿ���þ����Rÿ�Zþpÿ
LL{Ò &G@�� J�K�K�L :��7�*��
����NMO�7����"#�(�!<p
��?+7�7�7�*"#�(���



�������4�	��
�������
����(�O���E�����#� :5<i�(YZ@5AB�i&q&G���(��� *)(��
�"#+u,.+���"#/0"1�'2

−180−150−120 −90 −60 −30 0 30 60 90 120 150 180
−90

−60

−30

0

30

60

90

geographic longitude (deg)

ge
og

ra
ph

ic
 la

tit
ud

e 
(d

eg
)

a)
−180−150−120 −90 −60 −30 0 30 60 90 120 150 180

0

30

60

90

120

150

180

sun−fixed longitude (deg)

co
−

la
tit

ud
e 

(d
eg

)

b)

Ó\ÔÖÕ¬×�Ø�Ù�Ú¬Û;Ü<ÝHÞ$ßaÔáàBâ�à^ãQä�ånÙ�Ø�Ôáæ<ä�ÔáÙ�Ø°æ�Ù�äEà¬ÔÖâ^ç°ã4è#×�Ø�ÔÖânÕ�é4ê�Û ë¬ë¬êNÔÖâVì^íaÙ2ì'Ø�ç�å�îAï�ð#Ù{è�ì'âEèCñ+í`ãQ×�â�îAï�ð#Ù{è�Ø�Ù�ò�Ù2Ø�Ù2ânæ�ÙRò�Ø°ì'ó�ÙBÛé`å�Ù�Ü<ÝHÞaßaãQç�ì'ç�ÔáàBânã1ìBØ�Ù�Ôáânè#ÔYæ�ì�ç�Ù2èCñ�ô�õ1å�ÔÖç�ÙKä+Ù�â^ç�ìBÕBØ°ì'ó�ãaÔÖâVì^í	Û
�	��&�����������@(E*�Zþpÿ��-ÿ'�ERÿ�
5�#"�ö�
�(%��>WOÿ�Rÿ�
�75����������������Ì����
��#�qÿ¡�©� ö�W�������,Zþpÿ � ����3Sÿ�
������*��#"�eìÿ�
2�pÿ� ¦ � /o� ö�W��÷���Rÿ'�M�#(%�Rÿ�
�3�����������M"6
���7ø��
���������q'§�T�����Rÿ'��	���#(���#����(%��?�þ�����
�&�*Ì�	��&�����������5�#"�Zþpÿ�	�#��#&3Sÿ�
�������#&Bÿ'&�ÿ'�!	
����C�!���ERÿ'�n4�#�%��ÿ'�#��þ ª ��?�þ�����
a�	ÿ�
2���+�C���L
�ÿ���
Zÿ'�Rÿ'�ERÿ'�@(E*�Zþ���
�Rÿ?ÿ'� ¢ 7,���%�FPk��Zþ��k
Zÿ'�	��&����������#" ª /�§#UG���}&����������pÿG�#���[§#U¥���}&�������������pÿ#/�ý�þpÿ¥f	ö�ù��4úû75���%���Sÿ'�pÿ�
2��Rÿ'�[��I� ö�W��ü��
ZÿG�#(���#���Qÿ'����������¡��7V�-���YJiÿ'�ý��������&çÿ!?Q&��'*Sÿ�
�7V�+�Qÿ'&N75�����H�����³"²�����!������}�#������
Zÿ�(%�#�Rÿ'�����}���	�Äþpÿ�
������#&�þ���
�7V���%�����
ÿ!X-�%�#���������)�#"1Zþpÿ��#(%�Zÿ�
�3^����������N����	�M�pÿ��#
�ÿ?ÿC�#���I�#
��pÿ�
>q'§+/�ý�þpÿ�75���H�N�!�#
�
Zÿ'���\���%��	�MZþQÿ�
Zÿ'���%&���K"6�#
Zþpÿ:75������&�ÿ����'*��#"a�5S¬?Q�%�'*��!��7�(H��������������#���#&�*+�����R���M�#
2�pÿ�
 	�V��
��¬3+���pÿ��V�Rÿ�KPN��Zþ��!���������	Rÿ'�E �#������
��#�!*Zþ�
������>þ������/C_%��
�Zþpÿ�
�����"6�#
�75������������Gf�ö�ù��4úÆJH&�ÿ'���#��� þ��¬PoZþpÿ�*���
ZÿV�Sÿ'�Qÿ�
���Rÿ'�¡�����'3��#��&���(H&�ÿV���Zþpÿ� ö�W�� þ���7sÿ��%���Sÿ#/1i ÿ����Rÿ'�,ZþpÿN(H�Y?�þ�����
�&�*�f�ö�ùk��úÇ������:	�@�!
Zÿ'��Rÿ�7,���%���#"hZþpÿ��'3Sÿ�
����Sÿ8ý �����!���ERÿ'�n����
2����� ª � þ�����
��'.��!�#
�
Zÿ'�	�h�����������C	�,Zþpÿ�����7@��&���#�Qÿ�������&�*5�#(H�Rÿ�
�3Sÿ'��c�dFeRfPÿ!X+�qÿ�
���7sÿ'�n��'.-�Zÿ?ÿ�_`������
Zÿ ª /
þuò¡ÿ øFº�¶�»q÷ªü�µ*øEõ øF¹VÎ³Ï�Ð[»�õ�ù�¿�ÀNÁ�ó��G¸%µ�ú���ö�µ

ý$�k75��bSÿ<Zþpÿ<�!��75�%��
����	���:(	ÿ��Pìÿ?ÿ'� Z�g 9��#����c�d$e<f;������N"'ÿ'�#����(%&�ÿ#.^PìÿR��þ����Zÿ�Zþpÿ4"6��&�&��¬PN����� ���%��
����#��þL/
ý�þpÿV�Sÿ��#�#
2���Äþ����M�!�E�#
��%������Rÿ'�,�����©l�.1Ã��Qln���#"�Zþpÿ,�����������Äþpÿ�
����@�%�çÿ�
��6ÿ5�h�����E��5�6c�d$e<f����#�%�³f	ö�ùk��ú �#
2������-�pÿ'��� Z�g 9��2.*þQÿ'���6ÿ�"A�#
�Zþ:
Zÿ�"Gÿ�
�
Zÿ'��	�k�#�F�%���� �h�����E���.¬P-ÿ�
Zÿ4
��#���Rÿ'�@���n	�N����&���
	?©�Sÿ���75�����pÿ�����<�!�+�#
������%��Rÿ'�����QPR�5�	Rÿ��%�'/�_���&�&��¬PN����� �
	 � .�Zþpÿ��Sÿ���75�����Qÿ�����:&��������%�pÿ'����Ç�#"$Zþpÿ�������>�h�����E��RPìÿ�
�ÿ:���#&�����&���Rÿ'�����������

������� � pÇ���������©l4������� l s��!������Ql4�!���� l �!���¬�©Ã��©l���Ã l �
������
��'X���75��������CZþpÿ�e<�#
�ÿ'�#&H�h��&�ÿ����� l p�¦ 	 |Ö¦�U�ù[�#����Ã l p ª ¯�T-|�q'U'� /Ný�þpÿkf	ö�ùk��ú�������@�#����Zþpÿkc�dFeRf�#(%�Rÿ�
�3^��������%��Pìÿ�
Zÿ�
��#���Rÿ'��	�5�V�����-?¾J%XBÿ'��&�������������pÿk�#�N�pÿ'���!
���(qÿ'������Zþpÿ���
Zÿ�3-���������Rÿ'�!������;/ Z�g 9��%����P-ÿ�
Zÿk�B3Sÿ�
����Sÿ'���B3Sÿ�
�Zþpÿ ª ��?�þ�����
R�	ÿ�
2���+�>(qÿ�"6�#
Zÿ (qÿ'�����C�!��7V�%��
Zÿ'�,	�CZþpÿkc�d$eRf475���%��.+���V�#
��pÿ�
<	�@7,��bSÿZþpÿ�������¥�Rÿ���>
Zÿ���
Zÿ'�Zÿ'�n$ÿ'DE���#&R�qÿ�
����-���:�������7 ÿ#/ ý�þQÿM��������h�����n��CZþ+�����#(H�Rÿ�
�3Sÿ'�Ì��V�����-?Q������"A�#
�7,&�*�	�%�#�6ÿ'�¥�	��&���
�?©�Sÿ���75�����pÿ�����>�!�+�#
���������Rÿ'�kP-ÿ�
Zÿ�Zþpÿ'����
��^=Rÿ'�!Rÿ'�¥���n	����������"6�#
�7÷�#
������ ª /�§ U &������§ U &����H���#"�	��&���
�?©�Sÿ���75�����pÿ�����5�!�+�#
���������Rÿ'�����¥�#
��pÿ�
�	��75��bSÿ5ZþpÿV�!��7V�H��
����	��� ÿ!~M����ÿ'�E�/$ý$�)�'3#����� ÿ!X+	
����h��&����������#" Zþpÿ��#(%�Zÿ�
�3Sÿ'�Ì������-.�Zþpÿ��!��7V�%��
2���	��� þ��#�@(qÿ?ÿ'���!����JH�pÿ'��	�G�¥
Zÿ���������(h�����%�¡(+*¡Zþpÿ��Sÿ���75�����pÿ��������#
�ZþQÿ�
��-?4�#���)�	����Zþpÿ�
���7V����Kf g<g ��/_`������
�ÿ ª ��þ��BPN� Z�g 9��#����c�dFeRfR�pÿ�
���3Sÿ'� ý ����75���%��"6�#
KZþpÿ:����Rÿ'�K�#"�ÿ'���>þEKc�d$eRfìÿ!X-�qÿ�
���7sÿ'�E������ª T#T ª Pk��ZþG���Y�qÿ�
Zÿ'�n:�Qÿ�QPR�#
�bG�Sÿ���7sÿ�	
���ÿ'��/ ý$�I�pÿ�
2��3SÿV�	��7sÿ,�	�������	��������#"Rc�d$eRf��#��� Z�g 9¥�����	ÿ�
Zÿ'�%�6ÿ'��.P-ÿ:"A��&�&��BP-ÿ'��Zþpÿ:����þpÿ'7sÿ��Qÿ'���!
���(qÿ'����(h�B3Sÿ��#&��	�5"6�#
 ZþpÿC� ö�ùOý T ª ���#75�%�#�����;.�Pmþ%����þ��#(%�Zÿ�
�3Sÿ'�I�!���E����+�-?������&�*)"A�#
��P<�)P-ÿ?ÿ�b-�����¡ö��!	�#(qÿ�
 ª T#T ª / _`������
�ÿVS��Zþ��BPN��ZþpÿV�����	ÿ�
Zÿ'�%�6ÿ'�k"6�#
��#&�&�ÿ!X+�qÿ�
���7sÿ'�n�������
������
��� �?��"�� J�KK6J �*�R2�� K�� I*�GF	�7�#/6�5���� *��+7��
�
����� S����0"#�(�P��� � æ X I �0I#�#�#��I J �mFq�Ì
�����7�*��
������R�$å�/����"���%[��
.��)("#�D����\���2(éÌ�

&G@5� J�KK�L :����(��
����NMO�7�Ì��"��*��<Q
��?+��7�R�*"#�*�� L�L��



�������4�	��
�������
����(�O���E�����#� :5<i�(YZ@5AB�i&q&G���(��� *)(��
�"#+u,.+���"#/0"1�'2

15
30
45
60
75

GPS TEC

co
−

la
tit

ud
e

a)

VLBI TEC dTEC (GPS−VLBI)

0
50
100
150

30
60
90

120
150co

−
la

tit
ud

e

b)
0
50
100
150

15
30
45
60
75
90co

−
la

tit
ud

e

c)
0
50
100
150

30
60
90

120co
−

la
tit

ud
e

d)
0
50
100
150

15
30
45
60co

−
la

tit
ud

e

e)
0
50
100
150

15
30
45
60
75co

−
la

tit
ud

e

f)
0
50
100
150

30
60
90

120co
−

la
tit

ud
e

g)
0
50
100
150

−180 −120 −60 0 60 120 180

60
90

120
150

co
−

la
tit

ud
e

sun−fixed longitude

h)

−180 −120 −60 0 60 120 180
sun−fixed longitude

−180 −120 −60 0 60 120 180
sun−fixed longitude

0
50
100
150

Ó\ÔÖÕ¬×�Ø�ÙCê#Û���à��áìBØQî²ó�ì'ÕBânÙ�ç�ÔYæ�é �"!ýó�ì'änã ò�Ø�à¬ó$#&%"��ì'ânè�ÜRÝ%Þaß�ç�à¬ÕBÙ�ç�å�Ù2Ø õ1Ô�ç�å�ç�ånÙCè#Ô('+Ù2Ø�Ù2ânæ�Ù�ñEÙ�ç©õ$Ù2Ù�â�ç�ånÙ:ç©õaàç�Ù{æ°å�â�Ô*)^×�Ù2ã�ò�àBØ�+�ì¬í�,�-1Ü/.nÚ10{ñEí�é4êBëBë¬ê�02æ{í�, 2^ë�Ú�3�02èní�,KÚ2ë^ê'ë402Ù!í5�76/, 8:91240�ò�í�,�;�-4î=<>0!Õ^í! 8:?�é1ë¬ê�Û ë^ê$åEí8:@�ß=#Kê'ë�Û
A �B��C�ìD�á×�Ù{ã1ì'Ø�ÙRÕ¬Ô(C¬Ù�â@ÔÖâVé �E!"6 Û

30

60

90

120

co
−

la
tit

ud
e

OCT.16

0
0

0

0

0
0

2020 20

15
30
45
60
75
90

105
120

OCT.17

0
00

10 10 10

1010
20

20

20

20
20

30 3040 40

15
30
45
60
75
90

105
120

OCT.18

0
0

0

0
010

10 10

1010
20

20
20

30 3040

15
30
45
60
75
90

105
120

co
−

la
tit

ud
e

OCT.19

−10

0

0

010

10

10
10

10
20

2030 3040

15
30
45
60
75
90

105
120

OCT.20

−10

0
0

0

10

1010

20
20

20
20

30 30
30

40
40

15
30
45
60
75
90

105
120

OCT.21

0

0

0 10

10
10

10 10

20
20

30 30
40

15
30
45
60
75
90

105
120

co
−

la
tit

ud
e

OCT.22

−10

0
0

0

0
10 10

10

10
20 2030 30

30

15
30
45
60
75
90

105
120

OCT.23

0 00
0

0
10

10
20

20

20
20

30 3040

15
30
45
60
75
90

105
120

OCT.24

0

0

0
10
10

10
10

20
20

20

30
30

15
30
45
60
75
90

105
120

co
−

la
tit

ud
e

OCT.25

−10
0

0
0

0

10

10 10
1020

20
20

30
30

15
30
45
60
75
90

105
120

OCT.26

−20
−10

0

0

010

10

10
10

20

20

30 3040 40

15
30
45
60
75
90

105
120

OCT.27

0
0

0

20
20

40 40
40 60

15
30
45
60
75
90

105
120

co
−

la
tit

ud
e

OCT.28

−10

00 0

0
0

0

0

0

10

10 10

20 2030
3040

15
30
45
60
75
90

105
120

OCT.29

−50

0 0
0

5050

15
30
45
60
75
90

105
120

OCT.30

0
0

0

0

0
10 10

10 10
10

2020
30

3040Ó\ÔÖÕ¬×�Ø�ÙF.nÛ�!$àBâ^ç�à¬×�Ø<ä4�ÖàBç�ãRà'òLç�å�Ù�è#Ô('+Ù2Ø�Ù2ânæ�Ù�ñEÙ�ç©õ$Ù2Ù�âMÜ<Ý%Þaß�ìBânèG#&%"�VÙ{ã©ç�ÔÖó�ì�ç�Ù2èMé �"!�ó�ì'äEã�ò�à¬ØRç�å�ÙH! 8:?�é1ë^êæ�ìBó�änì'ÔáÕBâ�Û A �(��C�ì1�Ö×�Ù{ã1ì'Ø�Ù�ÕBÔBCBÙ�â@Ôáâ@é �E!"6 Û

L?W�K &G@�� J�K�K�L :��7�*��
����NMO�7����"#�(�!<p
��?+7�7�7�*"#�(���



�������4�	��
�������
����(�O���E�����#� :5<i�(YZ@5AB�i&q&G���(��� *)(��
�"#+u,.+���"#/0"1�'2

Zþpÿ)� ö�ùOý T ª ���#75�%�#�����;/G¨�ÿ'�#� ý ���±�%�Y�	ÿ�
�ÿ'���6ÿ'�C�#�%��Zþpÿ'��
@�	��#�%����
����pÿ�3+������������:"6�#
>Zþpÿ)� ö�ùOý T ª���#7V�%�#�����)��
Zÿ:����3Sÿ'�I��� ý$��(H&�ÿ5q�/
éHìBñ��ÖÙ�Ú¬ÛJIVÙ2ìBâ@é �E!³è#Ô('+Ù2Ø�Ù2ânæ�Ù{ã`ÔÖâVé �E!"6ÌñEÙ�ç©õ$Ù2Ù�âK#&%L�@ì'ânèCÜ<ÝHÞaßFò�à¬Ø/! 8:?�é1ë¬ê�Û

W��'* �Qý �R�:� Z�g 9E?©c�dFeRf�� W��'* �Qý ����� Z�g 9E?©c�d$eRf	� W��B* �Äý �R��� Z�g 9E?©c�dFeRf��
ö��!'q' ¯+/�¯�T�� Ê q'S+/�S-q�T ö��! ª q 	 /�S^�#� Ê q#q�/�q#q�T ö��! ª  ¯+/�#§ 	 Ê q'S+/ T��nSö��!'qB¦ q ª /�§^��q Ê q#q�/Ö¦¬� 	 ö��! ª#ª ¯+/ 	 §# Ê q#q�/Ö¦�¯#S ö��! ª ¦ q'§+/�S#S#§ Ê q'¯+/ 	 ¯#Sö��!'q 	 q#q�/�§#S-q Ê q�T-/ 	M	#ª ö��! ª S q�T-/�S�¦#¦ Ê q#q�/ ª  	 ö��! ªM	 ¦E/Ö¦�¯ 	 Ê q#q�/Ö¦+q'Sö��!'q'¯ ¯+/�S�Tn¦ Ê q#q�/�q 	 § ö��! ª � q#q�/ T�§ ª Ê q�T-/�q' ª ö��! ª ¯ 	 /�S# 	 Ê S#S+/�S#¯#§ö��! ª T q#q�/ T#T#T Ê q ª /�q'§# ö��! ª § 	 /�q'§-q Ê q ª /Ö¦#¦ 	 ö��!�S�T q�T-/�q'#§ Ê ¯+/Ö¦^T�

N5ò¡ÿ ø.õ�û5�Ìú�µ�ü�øEõ�µ�»�õ�ùPO�úuöM��ø5øJQ

eR�#Zþ Z�g 9��#����c�d$e<fM�#&�&��BP«�pÿ�
���3^����������#"�Zþpÿ¥	�#��#& ÿ'&çÿ'�!	
����}�!���ERÿ'�E����ýZþpÿG���������	�iþpÿ�
Zÿ#/[¤����7V�h�#
���#�ER
Zÿ'�		
����!������,"6�#
K���������	�ÄþQÿ�
����N���������ÿ'�<PN��ZþMc�d$eRf<���RZþpÿ��	�%��
��Zÿ��	�H������#&h���#7V�%&������:�#"FZþQÿ���������?�	�ÄþQÿ�
ZÿM�%
��B3-���pÿ'��(E*�����
�
Zÿ'�E@c�d$e<f@�pÿ�QPR�#
�b-��/�ýmþpÿ��#�%�#&�*EO?ÿ'� ÿ!X��#7V�%&�ÿ'�V��þ��BP÷����7,��&���
�����çÿ'��.$(H��@�#&��	��������%�YJH���#�Ek�������!
Zÿ��%�#������ÿ'�k(qÿ�QP-ÿ?ÿ'�GZþpÿ>QPR��Rÿ'��þ��%��DE�Qÿ'��/8ý�þpÿ>���#
Zÿ?ÿ'7sÿ'�E:�#"�ý ����7,���%���pÿ�
���3Sÿ'��"A
���7Zþpÿ��P<�5Rÿ'��þ�����D+�pÿ'�K�����#"aZþpÿ��#
��Qÿ�
:q�T ý �R� � /%����
�
Zÿ'�n�c�dFeRf��pÿ�QPR�#
�b-�KPN��Zþ 	 ® ª T5�H��
���������%��������@����^?��������>���³���#V�#&�&��BP÷�#�sþ����>þ�&�*G�#�%��P-ÿ'&�&�������	
���(%��Rÿ'�����#7V�%&��������:�#"kZþpÿ����������	�iþpÿ�
Zÿ��#� Z�g 9����Bÿ'��/¡f��#&��	�5���%�	ÿ'��
2��Zþ���K
Zÿ����������#&h�#(H�Rÿ�
�3�����������:�Gÿ#/0��/<� ��R öëÿ!X-�qÿ�
���7sÿ'�E��2�<��
Zÿ:&�ÿ'���K���������(%&çÿ�"6�#
KZþ������*E�qÿ��#"�#���#&�*-�����'/<WOÿ�
���3�����������#"4�#������
2��Rÿ���&��#(%�#&Eý �R�Ç75���%� Pk��Zþðþ����>þ)
Zÿ'�	��&����������"A
���7xc�d$eRf��%����,���NZþE���N���þ%�#&�&�ÿ'���������C��#�	b��#����
Zÿ'D+����
�ÿ'�<"²��
�ZþQÿ�
����n3Sÿ'�	����������������/uý�þQÿ��!��7C(%���Qÿ'�����Rÿ��#"FZþpÿ��P<�M�!��7V�%&�ÿ'7sÿ'�E���
�*Rÿ'��þ%����D+�pÿ'�K"6�#
N���������	�iþpÿ�
������	������çÿ'�K75���>þE (qÿ��,7sÿ'�#�������#"²��&h������
����#��þ;/
�G¸�¹°¸Q÷�¸Äõìû-¸%µ
S ÚUTV@4àBò�ó�ìBâ�â#îXWMÙY�(�áÙ�ânå�à'ò�0�ÞRÛ(0�Ý%Ôáæ°å^ç�Ù2â�Ù�Õ¬ÕBÙ2ØY0Z@NÛ(0�ìBânè[!$à1�B�ÖÔáânã�\EÛB+�#&%L��é`å�Ù2àBØ�ô�ì'ânè�%FØ�ì¬æ	ç�Ôáæ�Ù10�3�ç�åKØ�ÙZC�ÔYãQÙ{è<Ù{è#ÔÖç�ÔáàBâ�0

��ä�Ø�ÔÖânÕBÙ�Ø1Ü;Ù2Ø]�Yì'Õ^0nê'ë¬ë�ÚBÛ
S ê�TV_�àBânè�à40Eé�ÛB+ A ä�ä4�ÖÔYæ�ì'ç�ÔáàBâ5àBòhÜRÝ%Þaß4è�ì'ç�ì�ç�à:ó�Ù2ìBã�×�Ø�Ù�ó�Ù�â^ç°ã1à'òLÔáàBâ�à^ãQänå�Ù�Ø�ÔáæRç�à'ç°ìD�%ÙY�ÖÙ{æ	ç�Ø�à¬â5æ�àBâ^ç�Ù�â^ç2Û�` ¸�ÉSµR¬B®�¯

¸�½!·çÃ>³�ÂD¸?¼O¼ ÉS¬TÀÁ²7®?·GÀÁ¸?¬>�¾ì³R�³7®?µÌ²7Ãbai®0´7¸�µÌ®?·�¸?µR¹ 0dc^e�f=cdg�0�9nÚY.�î�9¬ê¬êM0+ÚYh�h�ÚBÛ
S .iTH�#æ°ånìBÙ�Ø�0:�-ÛB+jI5ìBä�ä�Ôáâ�Õ�ìBânèk%FØ�Ù{è#ÔYæ	ç�Ôáâ�ÕIç�å�Ùl�FìBØQç�ånã:ß¾à¬â�à¬ã�ä�å�Ù2Ø�Ùm6�ã�ÔÖânÕIç�å�Ù�#:�áàBñEìD�&%hà¬ã�Ô�ç�ÔÖà¬â�ÔÖânÕn��ô#ãQç�Ù�óo0

-�ÔYã�ãQÙ2ØQç°ì�ç�ÔáàBâ�0�64â�ÔBCBÙ2Ø�ã�Ô�ç�pì�ç4ÞaÙ�Ø�â�0�ÚYh�h1hnÛ
S 2DTH��ÙZq�ÔYè#à40^I�Û(0^_�àBânè#à^0�é�Û(0Eì'ânèr_Kì!õaìBÔs0M��Û(+J�7C!ì1�Ö×Eì�ç�ÔáàBâ@à'òJ#&%L��î6ñnì¬ãQÙ{è�ÔáàBânà¬ã�ä�å�Ù�Ø�ÔYæ<é �E!Gó�ì'ä>ñ�ô�æ�à¬ó�änì'Ø�ÔÖânÕõ1Ô�ç�åVÜ<ÝHÞ$ßaè�ì�ç°ì�Û ¾ì®0¿?ÀÁ¸�°N²�ÀÁ³�¬B²7³ 0tc^e�f�u5g�0�è#à¬Ôs+áÚ2ënÛÖÚ{ë¬ê1hwv'êBëBë¬ë1,��#ë¬ë¬ê19Bê'ëM0BêBëBë�.�Û
S 3�TV@4à¬ñ�ÔÖÕ¬Ù�Ø�0#é�Û(0�Þaà�Ù�å�óo0�\EÛ(0�ìBânèo�#æ°å�×�å�0M@ ÛB+;Ü<ÝHÞ$ß]8:?&8&��î7%FØ�à¬ñ�ÔÖânÕ ç�ånÙRß¾à¬â�à¬ã�ä�å�Ù2Ø�Ù<ñ�ôbIVÙ2ìBânãaà'ò%Ü;Ù2Ø�ôCÝ�àBânÕÞ`ìBã�ÙZ�áÔÖâ�Ù�ß¾â^ç�Ù2ØQò�Ù2Ø�à¬ó�Ù�ç�Ø�ôBÛlx«�R·�³ZµRµZy�z	³�À�·Á�²7Ã�µRÀ ½7·p½ xÉSµK{T³�µR¼4³Z7RÉS¬(Èb|~}u³7¸?À�¬�½Z¸�µR¼4®�·'ÀÁ¸�¬ 05���5f���g�0nê1h��M.w<>0#ê'ë¬ë1.nÛ
S 9iT�ß=#��d+�ß¾â^ç�Ù2Ø�âEì�ç�ÔáàBâEìD��#&%L�r��Ù2Ø]C�ÔYæ�ÙV��ß=#���í1å�àBó�Ù�äEì'ÕBÙRå^çQç�ä�+
v�v!ÔáÕ¬ã�æ�ñ�Û �©ä��6Û âEìBã�ì�Û ÕBàiC
S <�Tb!$Ù�â^ç�Ù2Ø ò�àBØ 8<Ø�ñ�ÔÖç -�Ù�ç�Ù2Ø�ó�Ôáânì�ç�ÔÖà¬â Ôáâ �L×�Ø�àBä+Ù ��! 8:-:�$íU0 64ânÔ(C¬Ù�Ø°ãQÔÖç�pì'ç ÞaÙ2Ø�â�0 õ$Ù2ñ�änìBÕBÙ1+å^çQç�ä�+
v�v!õ1õ1õKÛ ì'Ôá×�ñ�Û ×�â�ÔáñEÙ¬Û æ°åtv�ÔÖà¬â�à¬ã�ä�å�Ù2Ø�Ù¬Û å^ç�óF�
S � T�ÞaÔÖÙY�s0>@ Û A Û�CBàBâ�+Hé`å�Ù1Õ¬Ù�àBó�ìBÕBâ�Ù�ç�ÔYæFç�ÔÖó�Ù�ìBânè�äEà^ãQÔÖç�ÔáàBâ�àBò-ìRç�Ù�Ø�Ø�Ù{ã©ç�Ø�ÔYìD��ãQç�ì'ç�ÔáàBâ�Û^` ¸�ÉSµR¬B®�¯B¸�½"�ì·'¼8¸6G±>Ãª³ZµRÀÁ²!®�¬B¿

Çª³�µRµÌ³ZR·'µRÀÁ®�¯d�DÃS¹67ÀÁ²Z 0d�t��f]�tgi049 � <Y�M91hD2^0nÚ�h1hBënÛ
&G@5� J�KK�L :����(��
����NMO�7�Ì��"��*��<Q
��?+��7�R�*"#�*�� L6W�X



���������
	�����������
��������	������������ ���!��"#� �%$�&'���)(�� �+*�&,���,-��./�!���!"10�2,��� �435���1� �6-�� �����,"879���
(�� �+*�&��6�,-�;:=<>��� -�2,�+?;@�A/BCAEDF���,?
G��,"1�H� I!�J� �K���,"L<>��� 2M� 2,��N�	�D5OQPR./N�:MS�T�T�UV���6���������XWM�6��� ���,Y[Z\� ��-6���+?����,Y�"6P�0�� U^]!S+_^U�]�]
2��1� 0�� `!`J��IR"1-�-!� Y!"a79-�� �,��" �=� Y��JI,`J0,&��,����-+��� ���!��"�`�Y��VS�T!T�U�`��K���=R�

bdc�efc6gFhigFc�j#k4lmg5jonqp4hsrut4vLwyxzp4wQk4{�|~}�jMk4jVlF���4wyvLw���jVvLvLwy{�gLcJj#k4l��=j#v
t4vLwyxzp4wQk4{�|��
��c6gF{��4wy�����\������hsk4���m�4l5wyvF��higFc�j#k4lm�mc+gF��gL�4w���b����

�¡ 5¢F£¥¤8¦§ ©¨Xª5«[¬^C®¯ �°�«�±²�³£¥¤R±F£�¨µ´Ri¶)·R ©¤!¸4¹»º>¼>£�°¥½^¤!¸z¾

¿ À[Á�ÂJÃ>Ä�ÅHÆ6Ç�È�É�Ê+ËÌÆ=Í4ÎÐÏRÑ6Æ�ÅHÏ=ÃaÆ=Å+Ò^Ó§Ô>Ï�ÉKÃaÂ6Õ6Ö
×HÀ)ØQÏ=Ò�Ã�Ö©Â6Æ�Í³Ù,Ú\Û©ÛRÜ�Ý§Þ[Û�ÞmßyÆ!àRàRÏ=ÅHàzÛ=Ç©ÏRÕ6Â[á>ÉKËKâ!Ö�ÃiÔ>Â�Í©Ã1ÂJÅ
ãHÀ)ØiÛ¥ÞäÛ�Ò^Ê+Ã1ÂJå#ÊaÜ�Á�ÂJÃLÄ�ÅHÆ6Ç�È�É�Ê+ËÌÆ�Í¯ÎÐÏRÑ6Æ�ÅHÏ=ÃaÆ=Å+Ò
Ô>Æ=Í©Ã1ÏRÕ�Ã�Ï=È�Ã�Ö©Æ�Å�æ#ßyÏRÑ6Æ�ÅiÎÐÏ�Í�Ò�Ë�ÓçÂJè1åéÏ�Ë�Éêæìë¥í�î,ïRð'ñXò=ó'ôRõ©î>öað©ï©÷�ï�öaë�ø�ù

ú�û�ü�ýRþ,ÿ���ý
O%"1��� ���6"���7'N�	�DFO¯���R0���� �����6��� "©<5��� �F-+�J�1� ���+?§��&��\�J��@;���,?QB �'���'?�"�79���»��"a�1� �!�����1�1)���'?y���s��Y��K��Y�<>��� 2��K�

� 2,�[@�BµN�	�D5.):=&�� I^�Hz35�!���K����������� ���!�©���F2,�[0,����� �+?
@ ���'?¡B ���,"1��� I���� ���!��"y��7F�6��-�2³"1�!&R� -6���J� �["1�60'�J����� �+?
�=%��0,0R� ���R���s��� ������z�����R&R� �6"[��7�� �����!�
	³�M���=I^�6"a� ��Y^�J� �8� 2,�M?��6�K�6%���¥�6-��s��7�� 2,�M�K���,��"10,2,�H� �8�����/<5�6�6� @
���'?³B �'���'?R")�K�=I^����IR����Y#� 2,�§���=� �H� "1-+���¡"1�60'�J����� ���!�©���F2,��"Q?���¥��� �6��� �K���»?R�6�K�+z���¥��-��y��"Q����� ��� ����R�+?8<>��� 2¡� 2,�
?���¥��� �6��� �K�����'&�-�� &'�J� �K���8���¥�6-H�>��7�� 2,�C�1� �!0��!"10�2,��� ���

�������������������! #"%$&��$('*),+!-�.0/213�4-5�6�87:9;-5 ,�!1=<�/>$&�
?A@CB�D�EGFIH>J5EG@5BLKNM(OP?(QGJSRUT�V�WXEXY�Z[Q�@�R\Y�]8T^B8T_F`E%abTdceT_fdY!QGg�Y�]8T^Z[Q�@8Q�RUhS]8T�V�TiZ`R\jGV�T_EXY�F[aLVkT_B�D�fdT_BlJmaLgnQGVko�Z`@8j

Y�]8TLZ`Q�@8Q�RUh5]8T�VpZ`fqH6B8T_F`E%argnVkT�TLfdQ�oLJSZ`@�EXY�Z[Q�@sQGg\Y�]8TLB5D�EGF�B8T_F`E%atQGJ5R�T�V�W*EXJSF[T_R�u

v
wyxmv ¬&z|{ v ´*} ~A�%�
� ]8T�Y2�,Q
fdQmTd�
f�Z[T_@0Y�R

x w � ´¬X� ~ � ´¬�� � ´´ �p� ~����
{ w � ´´ � ~ � ´´ � � ´¬ � ~����

R�D�o�YUQ �X� Y�]8T�V�T�g�QGV�TlY�]8T�@8Q�@�B�Z`R�heT�VpR�Z[WGTbfdQ�o�h�Q�@8T_@mY�QGg,Y�]8TCB8T_F`E_a�V�T_orEGZ`@�R�D�@�EGF`YUT�V�T_B��b��g!fdQ�D8VkR�T � Y�]5Z`RYUV�T_EXY�o�T_@mY�EGRkR�D�o�T_R�Y�]5EXYLY�]8T�Y2�,Q�QGJ5RUT�V�WXEXY�Z[Q�@�R�orEGB8TrEXYLY2�,Q�gnVkT_�mD8T_@5f�Z[T_R�EXV�T�R�Z�o�D�F`Y�EG@8T�Q�D�R��r�iY�Y�]8T
K�T�V�asM�Q�@�j�OiEGRUT_F`Z`@8Tb��V�VkE%a ~ K�M&OP� �p� f�D�V�V�T_@mY�F[atQ�@5F[as�=H!EG@�Bs��H>J5EG@�B�QGJSRUT�V�WXEXY�Z[Q�@�R�f�EG@�JeTbRkZ`o�D5F[Y�EG@8TdHQ�D�R�F`a�h�T�V�g�QGVko�T_B�� � ]�Tro�T_EGR�D8V�T_orT_@0Y�R�B8T_R�fdVkZ[J�T_B;Z`@4Y�]5Z`RNV�T�h�QGV�Y ~ TG�j8�4  �q¡��p� Z`@mWGQ�F[WGT�¢ ~��*£�¤ ]8¥ � EG@�B¦ ~�£0��¤N§ ¥ � J5EG@5B�g�V�T_�mD�T_@�f�Z[T_R � Y�]�T�V�T�gnQGVkT�Erg�V�T_�=D8T_@�fdasRU��Z`Y�fk]�Z`@�jrZ`R^h�T�V�g�QGVko�T_B�Z`@�Y�]8T�orZ�B�B�F[TNQGg�T_EGfk]RUQ�D8VpfdTbQGJ5RUT�V�WXEXY�Z[Q�@�� � ]8T�V�T�g�QGV�T � �,T�o�D�R�Y�Z`@�f�F`D�B�TNEXh5h�V�QGh�VkZ�EXYUTNfdQGVkV�T_fdY�Z[Q�@�R�YUQ�¨!�S� �X� ��]�Z�fk]sEXV�T

v�©ªv � {d«�¬ � {d«� � � ´´ � ~�£m�
��]8T�VkT «�¬ w ¬ ´ � ¬ ¬ Z`R�Y�]8T�@8Q�@�Z[Q�@�Q�RUh5]8T�VkZ�f,o�Q®B8T_FIH6fdQ�@mYUVkZ[JSD8Y�Z[Q�@�B�ZIc�T�V�T_@�fdT � EG@�B «� Z�R�Z`@8Q�RUhS]8T�VkZ`fqH
fdQ�@mYUT_@0YifdQmTd�
f�Z[T_@0Y,B�ZIc�T�V�T_@�fdT�fdQGV�VkT_RUh�Q�@�B�Z`@8j�YUQLY�]�T�V�T_F`EXY�Z[Q�@ vd¯I°�±�w  � � ´ � � ]8T�B�ZIc�T�V�T_@mY�Z`EGF��=D�EG@0Y�Z`Y�Z[T_R
«�¬ EG@�B «� EXV�T�@8QGY!o�T_EGR�D�V�T_B�²=Y�]8T�aro�D5RUY�J�T�T_RUY�Z`o�EXYUT_B���³´]5Z`F[T��PT�B8Q�@8QGY,E�]�E_WGTNELRUQ�F�Z`B�T_RUY�Z`o�EXYUT ��mH>�µJ5EG@�B
KNM(OP?PR�Y�D�B�Z[T_R^Z`@5B�Z`f�EXYUT�Y�]�EXY�Y�]8TbE%WGT�VkEXjGT�¢NH>JSEG@�BsZ[Q�@8Q�RUhS]8T�VkZ`f�B8T_F`E_a
Tdc�T_fdY�EXY�Y�]8T�KNM(Oi�µZ`R
h�T�Vk]�EXh5R �G¶ h5R�� � ]8TCB8T_F`E%a�TdceT_fdY�Z`RNB�Z�RUYUVkZ[J5D�YUT_B�EGo�Q�@8j�Y�]8Tlh�Q�RUYAH�·5Y�QGJ5RUT�V�WXEXJ5F[T_R�EG@�B�V�T_R�Z`B5D�EGF`R�� � ]8T�=D8T_RUY�Z[Q�@�Z�Ri��]8T�Y�]8T�V�RkD�fk]�E�orEXj�@�Z[Y�D�B�T�QGg�B8T_F�E_a
TdceT_fdY�Z`RiV�T_B�D�f�Z`J5F[T�JmasB�D�EGF[H>J5EG@�B
QGJ5RUT�V�WXEXY�Z[Q�@�R_�

U�]�S ./N):#S�T�T�UV���6���������XWM�6��� ���,Y�Z�� ��-6�6�6?����,Y�"



���������C	�����R�©����������� @�A/BCAEDF���,?V.E�!�,��"10,2���� ��-Q3F������������� �����

¸¹��º�.0$�)^$('*),+!-�.0/61¼»��6�,1=<G�!�e<G/6$(�
� ]�TbYUT_o�h�QGVkEGF\RUT�h5EXVkEXY�Z[Q�@�J�T�Y6�PT�T_@�Y�]�T�¢NHiEG@�B ¦ H>JSEG@�B�QGJ5R�T�V�W*EXY�Z`Q�@�R�Z`R�@8T_EXVkF[a �X½G½ RUT_fdQ�@�B5R���OPTdHR�Z`B�T_R^Y�]8T�fdQ�F�D�or@�EXV�Z`Q�@8Q�RUh5]8T�VpZ`fNfdQ�@0YUT_@mY�fp]�EG@8jGTlJ�T�Y6�PT�T_@�Y�]8T_R�TLQGJ5RUT�VkW*EXY�Z[Q�@5R�Y�]8TbYUVkQGheQ�R�h5]8T�VkZ`f�B�T_F`E_a

EGF`RUQlfk]�EG@�jGT_R�� � ]8T��mD�EGRkZIH6RUY�EXY�Z`f�h5EXV�Y!QGg�Y�]5Z`R�Tdc�T_fdYPf�EG@tJ�T�@8T_EXVpF[aCT_F`Z`orZ`@5EXYUT_B�Jma�T_R�Y�Z`orEXY�Z`@8jLY�]8T�¥�T_@�Z`Y�]
YUV�QGh�Q�RUh5]�T�VkZ`fNB8T_F`E%aG� § Q¾�,T�WGT�V � Y�]8T�¿eD�fdY�D�EXY�Z[Q�@sTdc�T_fdY�V�T_o�EGZ`@�R�D�@5B8T�YUT�VkorZ`@�T_B��³4T�o�E_a�T_RUY�Z`orEXYUT�Y�]8Trfp]�EG@8jGT�Z�@�E%WGT�VkEXjGT
YUV�QGh�Q�RUh5]8T�VkZ�fb¿SD5fdY�D�EXY�Z[Q�@4B8T_F`E%a�B�D�VkZ`@8j
Y�]8TrR�f�EG@4RUT�hSE*H
VkEXY�Z[Q�@;h�T�VkZ`Q=B�gnVkQ�oÀY�]8Tro�T_EG@;YUV�QGh�Q�RUh5]�T�VkZ`flB8T_F`E_a�VkEXYUTG� � ]8T�B8T_F�E_a�VpEXYUT�Z`RNB8Q�orZ`@5EXYUT_B;Jma�Y�]8T��PEXYUT�V
WXEXheQGV�¿SD�fdY�D�EXY�Z[Q�@�  �X¡ ��?2Y�Z�R^gnQ�D5@�B�Y�]�EXY�Z`@�Y�]�T�K�M&OP�#¢NH ¦ TdÁ=h�T�VkZ`orT_@0Y�RiY�]8TLV�QmQGYAH6orT_EG@®H6R��=D�EXV�T ~ Vko�R �QGg�Y�]8T�YUV�QGh�Q�RUh5]8T�VkZ�f�B8T_F`E_amH>VkEXYUTCZ`R ½ � ½�Â h5RpÃ*R_� � ]8T�V�T�g�QGV�T � EtV�Q�D8j�]�T_RUY�Z`orEXYUTlQGg�Y�]8TL¿SD�fdY�D�EXY�Z[Q�@�fk]�EG@�jGTQ%WGT�V �X½G½ R�Z`R ½®}Ä½�ÂtÅ4�X½G½ w �_Æ h5R�� � ]�Z`R�W*EGF�D8T�Z`RN@8QGY�EG@4Z`@�R�Z[j�@5ZI·Sf�EG@mY�h5EXV�Y�QGg!Y�]�TrZ[Q�@8Q�RUh5]�T�VkZ`fLB�T_F`E_aYUQ
JeT�f�EGF`Z[J�VkEXYUT_B�� § Q¾�,T�WGT�V � EGR�R�]�Q%��@�Z`@�Y�]�T�@8TdÁ®Y�RUT_fdY�Z`Q�@ � Y�]�TlRUa®RUYUT_oÇ@8Q�Z`RUTlZ`R�Y�]�T�B8Q�orZ�@�EG@0Y�g�EGfdYUQGV
��]�Z�fk]sorEXÈGT_R�Z[Y�Z`o�h�Q�R�R�Z`J5F[T�YUQ�heT�VkgnQGVkoÉZ`Q�@8Q�RUh5]8T�VpZ`fNf�EGF`Z[J�VkEXY�Z`Q�@��

Ê¹��9�-S'*�,��<�'s���! ÌË
$(�!18�2�!'X/>$(�
³4T�]�E%WGT�T�W*EGF`D5EXYUT_BtY�]�TNB5Z`RUYUVkZ[JSD8Y�Z[Q�@�QGg�Y�]�T�Vko�RPR�a=RUYUT_oÍ@8Q�Z�RUT � EGRPf�EGF�f�D�F`EXYUT_B
JmatY�]8T�gnVkZ�@8jGT�·5YUY�Z�@8j8²Y�]8TNV�T_R�D5F[Y�R,EXVkTbB�Z`RUh5F�E_aGT_B
Z`@�Î\Z`j�D8V�T_R � EG@�B � � � ]8TNB�Z`RUYUVpZ[J5D8Y�Z[Q�@�Z`Ri@8QGVkorEGF`Z`¥�T_B�YUQrZ[Y�RPY�]8T�QGVkT�Y�Z`f�EGF�gnQGVpoY�]�EXY^R�]8Q�D5F`B�J�TNElÏ�B�Z`RUYUVkZ`J5D8Y�Z[Q�@rZ`g�Y�]8T�D�@�B8T�VpF[a=Z�@8j�VkEG@�B8Q�oÍ@8Q�Z�RUT�Z�R ¤ EGD�R�R�Z`EG@��¹Ð�QGYUT�Y�]�EXYiY�]8TNVkEXY�Z[QCQGgY�]8TlVkorR�@8Q�Z`RUTlEXY ¦ HiEG@5B�¢NH>JSEG@�B�Z�R�EXJ�Q�D8Y � �NOPT_R�Z�B8TLY�]8TCF`EXV�jGTlVkorR�WXEGF`D8T � Y�]8T ¦ H>J5EG@�B�B�Z`RUYUVkZ`J5D8Y�Z[Q�@EGF`RUQ�TdÁ8]�Z[JSZ[Y�R^E�@8Q�@®H ¤ EGD5R�R�Z`EG@sY�EGZ�F��

ÑeÒÔÓ%Õ�Ö�×NØ%Ù�Ú�Û¾Ö2Ü�Ý%ÞßÒÔàk×qá�âPã�ä0Ý_åmáLå�Û¾ÒÔæ2×^áGÒIæ>ç�Ö2ÒÔä�ÕGç�ÒßÛ¾å�Ù
� ]�T
B�Z�RUYUVkZ[J5D�Y�Z[Q�@�QGg�heQ�R�YAH�·5Y�VkT_R�Z`B�D�EGF�RLQGg�QGJ5RUT�V�WXEXY�Z[Q�@ � Î¹Z[j�R_� � EG@�B £8� TdÁ8]�Z[J5Z`Y�E;R�Z`orZ�F`EXVLYUV�T_@5B��� ]8T_R�TPB�Z�RUYUVkZ[J5D�Y�Z[Q�@�EXV�T^EGF`RUQN@8QGVkorEGF�Z[¥�T_B�� � ]8T,¢NH>JSEG@�BLVkT_R�Z`B�D�EGFmB�Z`RUYUVpZ[J5D8Y�Z[Q�@L]�EGR¹E�R�o�EGF`Fm@�Q�@®H ¤ EGD�R�RkZ`EG@fdQ�o�h�Q�@8T_@mY � ��]�Z`F[T�Y�]8Tlf�EGF`Z[J�VpEXYUT_B�V�T_RkZ`B�D�EGF�B5Z`RUYUVkZ[JSD8Y�Z[Q�@�B8T�W®Z`EXYUT_R�RkD8J5RUY�EG@mY�Z`EGF`F[a
g�V�Q�o�E ¤ EGD�RkR�Z`EG@�B5Z`RAH

./N�:#S�T!T�UM�����,�������XWM�6�H� �K��YsZ\� ��-��6�+?�����Y!" U^]p�



���������C	�����R�©����������� @�A/BCAEDF���,?V.E�!�,��"10,2���� ��-Q3F������������� �����

ÑeÒÔÓ%Õ�Ö�×�èGÙ�Ú�Û¾Ö2Ü�Ý%ÞßÒÔàk×qáCé!ã�ä0Ý_åmáLå�Û¾ÒÔæ2×^áGÒIæ>ç�Ö2ÒÔä�ÕGç�ÒßÛ¾å�Ù

YUVkZ[JSD8Y�Z[Q�@�� � ]8Tsf�EGF`Z`J�VkEXYUT_BêV�T_R�Z`B5D�EGF,B5Z`RUYUVkZ[JSD8Y�Z[Q�@�Z`RlT_R�R�T_@0Y�Z`EGF�F[a3B8Q�orZ�@�EXYUT_BêJma¼Y�]8T ¦ H>J5EG@�BêV�T_R�Z�B�D�EGF
B�Z`R�YUVkZ[J5D8Y�Z`Q�@s��Z[Y�]�EG@�VkorR�QGgië £0¶ h5R�� � ]�Tl@8Q�@8H ¤ EGD�R�R�Z�EG@�h5]�T_@8Q�o�T_@8Q�@;Z`R�RUY�Z`F`F\D�@�B�T�V�Z`@mWGT_RUY�Z[j�EXY�Z`Q�@��³y]�EXYrZ`RCfdT�V�Y�EGZ`@|Z`RlY�]�EXYCY�]8T�Vko�R�WXEGF`D8T�QGg ¦ H>J5EG@�Bì@8Q�Z`R�T
EG@�BêY�]8T�fdQGVkV�T_RUh�Q�@�B�Z`@�j�h�Q�RUYAH�·5YlV�T_R�Z`B5D�EGF`R
Z`@�]5Z[J5Z[Y�T_RUY�Z`orEXY�Z[Q�@ìQGgNY�]8T�Z`Q�@8Q�RUh5]8T�VpZ`ftB�T_F`E_aì@8QGY�Q�@�F[aêg�QGV�RU��Z[Y�fp]8T_B � J5D8YCgnQGVtR�Z`olD�F[Y�EG@8T�Q�D�R�¢�HLEG@�B¦ H>J5EG@5BrQGJ5RUT�VkW*EXY�Z[Q�@
EGR,�,T_F`F>���8Z`o�D5F[Y�EG@8T�Q�D�R���H6¢µJ5EG@�B�QGJ5RUT�V�WXEXY�Z[Q�@�RPorE_a�J�T�Ebh�Q�R�R�Z[JSZ`F`Z[Y2aLg�QGVP¢NH>JSEG@�B
Z[Q�@8Q�R�h5]8T�VkZ`fCf�EGF`Z`J�VkEXY�Z[Q�@���� �*£ H6] ~ �5Ã¾� � H6¢NH ~ �5Ã¾� � YUVkZ[h5F`TdH6R�f�EG@;QGJ5RUT�V�WXEXY�Z[Q�@�R�T_�mD8T_@5fdTr�PEGR�f�EXV�VkZ[T_B�Q�D8YYUQ�Z`@mWGT_RUY�Z[j�EXYUT�Y�]8TbZ[Q�@8Q�R�h5]8T�VkZ`fNf�EGF`Z`J�VkEXY�Z[Q�@�Tdc�T_fdY��
í���î41�ï���$Sð��>-S �ñ(ò´-5�&<�'

� ]�T�V�T_RUT_EXVpfk]�Z`@tY�]�Z`R�VkT�heQGVkY!�iEGR,h�T�V�g�QGVko�T_BtD�@�B8T�VPE�fdQ�@mYUVkEGfdY^J�T�Y6�PT�T_@
Y�]8TbóiEGF`Z[g�QGVk@�Z`EN?A@�RUY�Z`Y�D8YUT�QGg
� T_fk]�@8Q�F`QGjGa�EG@5B�Ð����®���
9;-�ôA-�.�-5�,1®-5'
õ Ø�ö�÷*Ý%ø�Û¾ä0æpù�ú,Ùû®ù5ü�Ù5ú&ý0Ý%Ö2ÞÔÛ_çqù5þ�Ù5ÿPÛ%ÖAáGÛ%å�ù5ÿ�Ù ��Ù��SÝ_å��XÒnù�ú,Ù��rÝ�ùSú,Ù ÷0Ù�Ú,Ý_Õ0á�×�çpù���Ù ÷mÙ�ûXÛ	�%×pÖ�æpù
��Ù þ�Ù��=ý0Ý_å0Ó0ù�Ý_åmáç2ý0×,â^é�������(ûXÕ�Ö��%×���ú&Û¾ÞßÞIÝ_ä=Û%ÖAÝ�ç�ÒßÛ¾å�ù������Xç2×på0áGÒÔå�Ó^ç�ý�×��2ú��!Ñ�ç�Û�ý�ÒÔÓ%ý0×kÖ\Ö�Ý¾áGÒßÛ��`Ö2×��¾Õ0×kå0økÒß×qæ���è	 "!# %$�ÿ'&�à¾ù (

�*),+|ÿP×kå�×pÖ�Ý%Þ�)!æ�æ6×pÜ�ä�Þ-�/.�.0�ùmû��GáGå�×��1)�Õmæ>ç�Ö�Ý%ÞßÒIÝ�ù®Ø�$_ã�è32�÷¾Õ�Þ-��è54643$0Ù
õ èdö87SÖ2×pÕ�ý0Ý	�[çqù9�^Ù0Ú�Ùßù0Ý%å0á�ÿ�Ù9��Ù:�SÝ_å��XÒnù8Ø�;3<�=Xù���Ý%áGÒÔÛbûGø�ÒÔ×kåmø�×?>@>8ù0è6AGØ%Ù

U�]JU ./N):#S�T�T�UV���6���������XWM�6��� ���,Y�Z�� ��-6�6�6?����,Y�"



���������C	�����R�©����������� @�A/BCAEDF���,?V.E�!�,��"10,2���� ��-Q3F������������� �����

ÑSÒÔÓ%Õ0Ö2×'$�Ù�âPã�ä0Ý_åmáLÖ�×pæ2ÒÔá�Õ0Ý_Þ8áGÒIæ>ç�Ö2ÒÔä�ÕGç�ÒßÛ¾å�ù�å�Û¾Ö2Ü�Ý%ÞßÒÔàk×qá8Ù

ÑeÒÔÓ%Õ�Ö�×' 0Ù(ú\Ý_ÞÔÒÔä�Ö�Ý_ç2×qáLÖ�×pæ2ÒÔá�Õ0Ý_Þ�áGÒIæ6ç2Ö�Òßä�Õ�ç2ÒÔÛ%å�ù�å0Û%Ö�ÜNÝ%ÞßÒÔàk×qá8Ù

./N�:#S�T!T�UM�����,�������XWM�6�H� �K��YsZ\� ��-��6�+?�����Y!" U^]!]



���������
	�������������������������������� ����� �!"�����$#&%'���(�*)+�,��������-.�/����)0�1���32+46507&���829�����$#&:<;>=@?.AB���(�B?C:BDFE�?G:<D+H*I�I�J+7&�������(�*�����������$�"
%'���6#����329�������E� �� J6K*L3M6J�L�I
!6���� >� N�N1�$O9��#�#�� ��/PQ#*� �"�*���8� *�1O"N1 "��4"�$�$#3�����$�����(N�*)RH*I�I�J6N*����������$�"�

SUT�VXWYVRZ[W]\_^`Tba�cedgf+T�f0hi^Bj@^`T�ZlkgZ.j�a�hmfnj@^`oqpsrutv^`Vwo]^Bj[a1cyxvz|{~}��efnj@fi}�x��

���F�[�����]���b���*�G�[�������'�F�(�����F���>���

���3�C���G���� s¡6�£¢¥¤9¡6�¦ �¤��3�G§, 6¨� 6©��¦¤
ª  8¨���¤9«��<¤8����¬� 6§�
®¯ 6¨��¦¤±°X²G³9�´�3��¨��¶µ·²�¸�©±¤8��¹ºl»�¼�½"¾�¿´À�»'À8Á>À�ÂFÃ�Ä�Å�»´Â&Ä�À�Æ

ÇYÈ&É6Ê9Ë"Ì.Í�Ê
�[!"��?G���/���Î�������[��P�Ï&�*2��$�����/����������)¥5RÐ�?CÏ&Ñ&Ò9Ó/�*�����32n���$�"#��[��!"�[4���*�$�"�"�$��&��!"�[?C:BD`�[Ï�Ô<%Õ 9����ÓG��#��� ����1O8��2��$�"

��������º�1�`���"4�)+�������$�*�Õ��P@������ ��*�� "!������$#n ´�1�(�*)+�����,����ÐQÖ[���B�*�´2s���*�(���.×����"�Î��!Ø2����º��59��E�!"������×����6�(�*�.*�(�*2��$���6���(Ò�PQ���
�*�$�'?G:<D8Ù¦Ï
ÚB�*�´2±?C:BD6ÙCÏ�J����������$�*�"�<���$�"#��nÛ����8�´����5ÕÚ��/�3E>H�I�I�H6�&?C�s�*�(29���&���029��������)+�$�"�B�����$���*4����`���$)+�`�������$���<�*P
������ ����� �!"�����$#� "���(��)+����������EFÖ[�n�*�´���Î5�×��32Õ���$�.��!���H�I�I*I�ÙGH*I*I�Üs2"�1�(�*4"�*�����B�3O*�*�$���*4����n���w��!"�
?G:BDs2����(�0#����6���������
D9��)+�¥�*P[��!��¥�����* ����� "!������$#n���������$���`�1���+ ����������8����2Ø!��������
Ý_�n!"�3O�����������#���)+ "�����32s��!"��:&;�=@?b������ ��*�� "!������$#
���/���$)0�������&�*�´2R��!"�¥7<%@D6ÙC2������$O��32R������ ����� �!"�����` 9����O8��2���2�465�?/7BDÞÐ�?G�6�������´�1���$���´���'7<%£DsD9����O8�$#��1Ò,E�PQ���&��!"�`#���Ù
���6#������32����Î��������%��*�/��Ù¦ ����6#��������$��+�*�"�*�Î59�����b!"�*�[4������X#3�1�����$�32X�*�����*�R��!������$)+�&�������$���b���´2+�������´29���*�"2R�����*�����"�*�
����*�´�����0�1���X!��$�!"�$�$�!6���32F�]ß@�*�"�/�(���8�n4"���*�����+�����RPQ�����´2_4����CÖ[�����à��!��0×����"�Î��!¯2����º��59��29�����$O��32_465_:&;�=@?`���´2
7<%@D�E´���$��!������!���!��B���*)+�<��áF��#����b��!"������2±��áF��#,��4�����!X����#(!"����â8�������

ã�äUå�æ�ç�èFéBê
ë
ì�çFí(é�æ

î0ï.ðYñ�ò.ó3ô1õöô1÷'ô3ðùø�ú�ûRü�ý.õöøFü�ó3ô3þ1øFò'øFÿ����Gñ�û����	��øFõ¦ò'ð8ýgô1ï'ð ñ�
� î0û	�����.þ1ø��3ð���ô_øFò�î�þ�ø��@øFó���ï'ð6þ�õ����<ü��
þ�ü�ÿ]ð6ô3ð6þ*ó0ó1õöò���ðsô1ï.ð��@ð��Fõ¦ò.ò.õöò��� �ó1÷���ÿ¯õ�ô3ô1õöò��Þô1ï'ðsð8ó3ô1õöÿ¯ü´ô3ð8ó0ø�ú&ô3þ1ø��[øFó!��ï'ð6þ�õ"����ü´þ*ü�ÿ]ð6ô3ð6þ�ó��$#nð6ôRü�ò.ý ô3ø�ô1ü�%
& ð8ò.õ�ô1ï ý'ð�%öü���ó� &ï'ø�þ�õ & øFò>ô1ü�%'��þ�ü�ý.õöð8ò�ô1ó(�±úCø�þØü�%"%<ñ�
�)�(û+*¯ü�ò.ý�ñ,
��)�(û�- ó3ð8ó1ó�õ�øFò.ósó1õöò.��ð0/Fü�ò�÷.ü´þ��1*6ó3ô� 3254�4627 
øFò�üàþ1ð��F÷�%¦ü´þ���ü�ó1õ¦ó�8��±÷'þXõ¦ò.ó3ô1õ�ô1÷'ô3ðwï�ü�ýUü�%öü´þ���ðØð:9;�[ð6þ�õ�ð8ò���ðØø�ú`ü�ò.ü�%<� & õöò��=
�>@?nñ0ý.ü´ô1üùúCø�þ±ó3ô1÷.ý���õöò��]ô1ï'ð
ð:A[ð���ôwø�ú
ô1ï'ð_ô3þ1ø��[øFó!�£ï'ð6þ�õ��Õý'ð�%öü���øFò�ô1ï'ð]þ1ð8ó1÷.%�ô1óCBD*FEG �ü�ò.ýH��ü´þ1ô1õ��6õ���ü´ô1õöò��Yõöò�ô1ï'ðI�.þ1ø��3ð���ô�#nü�ósü�ò.ü´ô1÷.þ�ü�%
�.þ1øFü�ý.ð8ò.õöò���ø�ú�øF÷'þ`ü���ô1õ�J�õ�ô���8K�±÷'þBü�ò.ü�%<��ó1õöó3��ð8ò>ô3ð6þ
ó1÷���ÿ¯õ�ô1ó&ô1ï'ð�þ1ð�L>÷.ð8ó3ô3ð8ýI��ü´þ�ü�ÿ]ð6ô3ð6þ*óBô3øsñ�
�Õü�ó`ü��õöò'ð:9
M %�ð�8ON'ø�þ_ô1ï'ð�
P>Q?¥ñsý.ü´ô1ü�ü�ò.ü�%<��ó1õöóØüSR|ý.ð���þ1ð6ð¯ð�%�ð�J´ü´ô1õ�øFòT�6÷'ôU��ø5A ü�ò��6%�ðYü�ò.ýWV�õ�ð�%�%Bÿ¯ü5����õöò���ú/÷.ò���ô1õöøFò.ó
#nð6þ1ð+÷.ó3ð8ýX8&î0ï'ð�ó3ø6%ö÷'ô1õ�øFòÞï.ü�óQ�[ð6ð8òY��øFÿ=��÷'ô3ð8ý_õöò>ô3øXñ�î0û�N'254�4�4�#Rõöô1ï'øF÷'ô M 9�õöò��0ô1ï'ð+ó3ô1ü´ô1õ�øFò.ó3��ø�ø�þ�ý.õöò�ü´ô3ð8ó� 
÷.ó1õ¦ò��]ü¯ò'ø5�(ò'ð6ôU��ô3þ*ü�ò.ó�%öü´ô1õ�øFòZ��øFò.ó3ô3þ�ü�õöò>ô�8[�sò'ðwô3ø�ô1ü�%�ü�ò�ý|øFò'ð#nð6ô & ð8ò.õöô1ï|ý'ð�%öü\�]�£ü´þ�ü�ÿ]ð6ô3ð6þP�@ð6þ0ï.øF÷'þ0úGø�þ
ü�%�%Bô1ï.ð¯ó3ô1ü´ô1õ�øFò.óÕõöò)J�ø6%<J�ð8ý õöò ô1ï'ðàð:9;�@ð6þ*õöÿ]ð8ò>ôwü�ò.ý øFò�%��UøFò'ð0J"ü�%ö÷.ðàúCø�þ��[ø�ô1ï�ð8ü�ó3ôÕü�ò�ý ò'ø�þ1ô1ï^��þ�ü�ý.õ�ð8ò>ô
�[ð6þØó3ô1ü´ô1õ�øFòT�[ð6þØó3ð8ó1ó�õ�øFò^#nð6þ1ð���øFÿ=��÷'ô3ð8ýX8�î0ï'ðùý.ü´ô1ü ó1÷���ÿàõ�ô3ô3ð8ý_�7� ô1ï'ð¯ý.õ<A@ð6þ1ð8ò>ô+��`�óÞü´þ1ð]��øFÿ+��õ¦ò'ð8ý
ü´ôRô1ï.ðwñ�
� î�þ1ø��[øFó!��ï'ð6þ*õ��+`nøFÿ���õöò.ü´ô1õ�øFòZ`�ð8ò�ô3ð6þ±ü´ô0ñ�aa õ¦òb
�õöð8ò.ò.ü]õöò ø�þ�ý.ð6þRô3ø¯ø���ô1ü�õöò�ñ,
��c��øFÿ+��õ¦ò'ð8ý
�.þ1ø�ý.÷���ô1ó� �õd8Îð�8`ó3ô1ü5�.%öðRü�ò.ýùþ1ø���÷.ó3ô
ô3þ1ø��[øFó!��ï'ð6þ�õ"�[��ü´þ�ü�ÿ]ð6ô3ð6þ�óe#Rõ�ô1ïS*Rï'øF÷.þ
þ1ð8ó3ø6%¦÷'ô1õ�øFòàü�ò.ýùï.õ<�Fïùü����6÷'þ�ü��:�
Bf2�EG8

g<äZhWi�j åbk_l@ç�lnm�æolXpGq'r´í�r éts�m_p�pugXvtv@vxw�gXv@v@y�k_l@ç5l{zel{r�|.r

�7�£ü���ð=��ð6ø�ý.ð8ó!� ô3ð���ï.ò.õ"L>÷'ð8óØü´þ1ð=�.þ1ø}J�õ¦ò�� ô3øZ�[ð]üb�[ø\#nð6þ1úG÷.%<ô3ø>ø6%
úCø�þØó1ô1÷.ý���õöò��b��%öõöÿàü´ô3ð=�*ï.ü�ò���ðYü�ò.ý
�6%�ø���ü�%.#nü´þ*ÿàõöò���8'��ò¯õöÿC�[ø�þ1ô1ü�ò>ôK�£ü´þ�ü�ÿ]ð6ô3ð6þnô3øÞÿ]øFò�õ�ô3ø�þ¥õöó
ô1ï'ð��[ð8ï.ü\J�õöø�þ
ø�ú�ô1ï'ðXô3þ1ø��[øFó!��ï'ð6þ1ðXü�ò.ý0
�>@?nñ
�6ü�ò~�[ð�J�ð6þ��U÷.ó3ð6ú/÷�%d {��øFÿC��÷.ô1õöò��O%�øFò��Yô1õöÿ]ð]ó3ð6þ�õ�ð8ó�ø�ú`ô3þ�ø��@øFó���ï'ð6þ�õ��+��ü´þ�ü�ÿ]ð6ô3ð6þ*ó�8Øî�ø|ü���ï.õ�ð�J�ð]ô1ï�õöó���øFü�%G 
#nðàü�ò.ü�%<� & ð8ý�ü�%�%�ô1ï.ð]ø�ô1ï'ð6þ+254�4�4���254�46� ý�ü´ô1ü5��ü�ó3ð8ówü\J"ü�õ�%¦ü5�.%�ðÞøFò ô1ï'ð]ñ�
�S�±ü´ô1üS`nð8ò>ô3ð6þ�ó� b÷.ó1õ¦ò��Yü ó3ð6ô1÷��
õöý'ð8ò>ô1õ��6ü�%Xô3ø ô1ï'ðUøFò.ð�ý'ð8ó���þ�õ<�[ð8ý ü5�[ø\J�ð�8���ó ü��.þ1ø�ý.÷���ô¯ø�úØô1ï.õöóYü�ò.ü�%<��ó1õöó�#¥ð�ø��.ô1ü�õöò'ð8ý ô3þ1ø��[øFó!�£ï'ð6þ�õ��
��ü´þ�ü�ÿàð6ô3ð6þ�ó�úCø�þ±ð8ü���ï�ó1ô1ü´ô1õ�øFò ü�ò.ý úGø�þ±ð�J�ð6þ�� ð:9;�[ð6þ�õöÿ]ð8ò>ôXü\J"ü�õ"%öü5�.%�ðÞõöò|øF÷'þ��6ü´ô1ü�%�ø��F÷.ð_ü�ò�ýUô1ï.ðÕþ1ð�%öð�J"ü�ò>ô
ô1õöÿ]ð ó1ð6þ�õ�ð8ó�8eñ�ò�N<õ<�F÷.þ1ð8ó^*�ü�ò.ý�2gô1ï'ð ô3ø�ô1ü�%wü�ò.ý�#nð6ô & ð8ò.õ�ô1ï���ü´ô1ï ý'ð�%öü�� ô1õöÿ]ð ó1ð6þ�õ�ð8ó úGø�þ|ó3øFÿ]ð ø�ú
ô1ï'ð ó3ô1ü´ô1õ�øFò.ó_õöò)J�ø6%<J�ð8ýgõöò>ô3øS
�>@?nñ��ð6ø�ý'ð6ô1õ��ùð:97�[ð6þ�õ¦ÿ]ð8ò�ô1óÞü´þ1ð ó1ï'ø}#RòX8SN.ø�þY��ð6ô3ô & ð�%"%[#¥ð ï.ü�J�ðbL�÷.õ�ô3ð ü

J6K�L ?G:BDXH*I*I*JR7&�������(�*�����������$�"+%'���6#�����2��$�"*�



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

��øFò>ô1õöò>÷.øF÷.óRô1õ¦ÿ]ðÞó1ð6þ�õ�ð8ó�÷.ò�%öõ<��ðØø�ô1ï'ð6þwó3ô1ü´ô1õ�øFò.ó� @ó1÷.��ï ü�ó�� ð8ý.õ"�6õöò.üàø�þ+�±ò�ó1ü�%öü; x#Rï'ð6þ1ð�J�ð6þ��Uó!�£ü´þ�ó3ðÕý�ü´ô1ü
ü´þ1ðI�.þ1ð8ó1ð8ò�ô�8sñ�ôsó1ï'øF÷�%öýZ�[ðÞò'ø�ô3ð8ý ô1ï�ü´ô±ü�%"%�ô1ï'ð]ó3ô1ü´ô1õöøFò.ó��.þ1ð8ó3ð8ò>ô±üYó1ô3þ1øFò���ó3ð8ü�ó3øFò.ü�%Bó�õ<�Fò.ü�%&ü�ò.ý ü]%¦ü´þ���ð
��ø�þ1þ1ð�%¦ü´ô1õ�øFò�ø�ú&ô1ï.õöó0ó1õ��Fò.ü�%{�[ð6ô�#nð6ð8ò|ô3ø�ô1ü�%�ü�ò�ýb#¥ð6ô & ð8ò.õ�ô1ïb��ü´ô1ï ý'ð�%öü���8

�x���}�6�,���\�X�����U���X���6�7�Q�\��� ]���	�¡����¢'�)�Q£��(�6�¤�,¥����(�¦�:§��,��¨��[©��(���¦�(©Qª��}�(«{�}�@ ������,£����¦�$¬6)�Q®=���,���U�6¬�¯(�Q°o§����¦�(©U±�²6¬5���)�
���o³e��©,���D�\´}²6�

�x���}�6�,�K±��X�.�\�,�\�.���6�7�t���)�� ����µ�"�6��¢'�)�{£��(�6����¥+���(�¦�:§����¦¨��e©����,���F©{ª��\�F«��:�t¶µ�¦�¦¯����(��·;¬\ªU�X ]�(©���ª��\�U�����)�����X®C�F���D¯��¦���6�

?G:<DXH�I�I�J�7&���"���(���������,������0%.���6#����32��$���� J�KF¸



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

y<äS¹ÞéQr9ç�w:¹¯èFéBì;|.r5r´í(æKº étswç�»K|½¼ùí�¾n|À¿Á|.è>íG|.r

î0ï.ðÞô1õ¦ÿ]ðÞó1ð6þ�õ�ð8ó±ø�ú & ð8ò�õ�ô1ïH��ü´ô1ï�ý'ð�%öü\� úGø�þ�ô1ï.ðàó3ô1ü´ô1õ�øFò.ó��.þ�ð8ó3ð8ò�ôsõöòUô1ï.õöó±ü�ò.ü�%���ó1õ¦ó�õ¦ó�ü�ò�õ¦ò�ô3ð6þ1ð8ó1ô1õöò��
ó3ð6ô�ø�ú�ý�ü´ô1ü_ô1ï.ü´ô	�6ü�òO�[ðP��øFÿC�£ü´þ1ð8ýO#Rõ�ô1ïùô1ï'ðsþ1ð8ó1÷.%�ô1óe��øFÿ¯õöò��_úCþ�øFÿeõ¦ò.ý'ð��[ð8ò.ý'ð8ò>ô
ô3ð��*ï.ò.õ�L�÷'ð8ó� �%öõ<��ða��[�x8
N'ø�þXô1ï.ü´ô	#nðØý'ð��6õöý'ð8ý ô3ø]�6ü´þ1þ��YøF÷'ôRüC��øFÿC�£ü´þ�õöó3øFòb�[ð6ô�#¥ð6ð8ò ô1ï'ð
�>@?nñ¥ô3þ�ø��@øFó���ï'ð6þ�õ���ð8ó3ô1õ¦ÿàü´ô3ð8óRü�ò.ý|ô1ï'ð
a��[�)�(ý'ð6þ�õ<J�ð8ý|ô3þ1ø��[øFó!��ï'ð6þ1ðsúGø�þu��ø5��%öø7�6ü´ô3ð8ý�ó1õ�ô3ð8ó�8µ��ðÕ÷�ó3ð8ýSa��[��ý.ü´ô1üàü\J"ü�õ"%öü5�.%�ðwøFò ô1ï'ð#nð��Uó1õöô3ðwø�ú<ô1ï'ð
`	����Â1��ò.ü�%<��ó1õöóµ`�ð8ò�ô3ð6þ�ü�ò.ýYõöò=��ü´þ�ô1õ��6÷�%öü´þ¥ô1ï'ð�`���ÂTÂeÃXûuÂKN ý.ü�õ�%<�]ó3ø6%ö÷.ô1õ�øFò.ó� 6#Xï'ð6þ1ðRô1ï.ðXô3þ1ø��[øFó!�£ï'ð6þ1ð
��ü´þ�ü�ÿàð6ô3ð6þ�óÕï�ü�J�ð~*F�(ï'øF÷'þÞþ1ð8ó3ø6%ö÷'ô1õöøFò ü�ò.ýX &ô1ï�÷.ó� &ô1ï'ð�� ü´þ1ð ý.õ�þ1ð���ô�%<�~��øFÿC��ü´þ*ü5�.%�ð0#Xõ�ô1ï�ô1ï'ð]��ü´þ�ü�ÿ]ð6ô3ð6þ*ó
��øFÿC��÷.ô3ð8ýZ�7�|øF÷'þP
P>Q?nñRý.ü´ô1üYü�ò.ü�%<��ó1õöó�8�N.ø�þ±ó1ô1ü´ô1õ�øFò.ó±ò'ø�ô±õöò���%ö÷.ý.ð8ý|õöòZÂeÃXûuÂKN ü�ò.ü�%<��ó1õöó	#nð_÷.ó3ð8ýUô1ï'ð
`	��� ó3ø6%ö÷'ô1õöøFò.ó� 5#Rï'ð6þ1ðnð�J�ð6þ��I2}�(ï'øF÷'þ'��ü´þ�ü�ÿàð6ô3ð6þ�óÁ#¥ð6þ1ð�ð8ó3ô1õ¦ÿàü´ô3ð8ýX8'�&øFó3ôU�G�.þ1ø;��ð8ó1ó1õöò��±ü�ò�ü�%<��ó�õöó�ï�ü�J�ðÄ�[ð6ð8ò
�6ü´þ1þ�õöð8ýUøF÷.ôXøFòH�[ø�ô1ïH
P>Q?¥ñ�ü�ò.ý_a��µ� ô1õöÿ]ð]ó3ð6þ*õ�ð8ó� [ó!�[ð���ô3þ�ü�%<ü�ò.ü�%<��ó1õöóu#nü�ó��[ð6þ1úGø�þ�ÿ]ð8ýX8±î0ï'ðÞð8ó3ô1õöÿ¯ü´ô3ð8ý
�[ð6þ�õ�ø�ý.ó�ü´þ1ðØü�%öÿàøFó3ô0õöý'ð8ò>ô1õ��6ü�%[úGø�þ	�[ø�ô1ï�ô3ð���ï.ò�õ�L>÷.ð8ó� .ý.õDA[ð6þ1ð8ò���ð8ó0ü´þ�ðØü´ô0ô1ï'ð%�ð�J�ð�%bø�ú&úGð�# ý.ü\��ó�8

��óùü�ò ð:9�ü�ÿ=�.%�ðc#nðZ�.%öø�ô3ô3ð8ý õöòÀN<õ<�F÷.þ1ðS�_��ð6ô3ô & ð�%"%Xô1õ¦ÿ]ð ó3ð6þ�õöð8ó� e�[ø�ô1ïÅ
P>Q?¥ñàü�ò�ý�a��[�x 
ü�ò.ý ô1ï'ð
ó3ð8ü�ó3øFò�ü�%bó1õ<�Fò.ü�%¦ó+ï.õ<�Fï.õ<�Fï>ô3ð8ý]�)� ó!�[ð���ô3þ�ü�%�ü�ò.ü�%���ó1õ¦ó�83��ð+#nð6þ1ðwü5�.%�ð±ô3ø0��øFÿC�£÷'ô3ðwü�ÿC�.%öõöô1÷.ý'ð8ó�ü�ò.ýO��ï.ü�ó1ð8ó
�7�Yÿ]ð8ü�ò�ó+ø�ú&üI�[ð8ó3ôU� M ôÄ#nü\J�ð�8e
�>@?nñ�ü�ò.ýZa��µ��ó3ð8ü�ó3øFò.ü�%bó�õ<�Fò.ü�%öó+ï.ü\J�ð+L�÷.õ�ô3ð±ô1ï'ðwó1ü�ÿ]ðÕü�ÿC�.%öõ�ô1÷�ý'ð8ó�ü�ò.ý
��ï.ü�ó1ð8ó�8ÁN.ø�þK
�>@?nñ3#¥ð+úGøF÷.ò.ý]ü��[ð6þ�õöø�ýÕø�út��Æ�R+Ç�R±ý.ü\��ó¥ü�ò.ý_úCø�þ[a��µ�C��R�Æ�Ç��sý.ü\��ó�8'N'ø�þ¥ô1ï'ð0ü�ÿC�.%¦õ�ô1÷.ý'ð
#nðwúCøF÷�ò.ýO-�R78¤R�ÇÈ4;8¤Éàÿàÿ úGø�þ	
P>Q?nñ�ü�ò�ýb-�R78¤R0ÇÈ4;8¤R¯ÿàÿ úGø�þPa��µ�{8

�x���}�6���ÄÊ��XËeÌ.ÍÁÎµ�"�}�3�\���I¶[ÏQÐ]��)�Q�,��¨��	©����,���F©'������7�(©���Ñ$Ò6�K���6�5���\��¢Á�:Ó}�(©Qª��\�' ]������£(���¦�¡�

��õ¦ò���ð`ó1õ<�Fò.ü�%¦óX�.þ1ð8ó3ð8ò>ô�õöò�@ø�ô1ï
P>Q?¥ñ�ü�ò.ýIa��µ�wý.ü´ô1üÄ#nð6þ1ðe��øFÿ=��ü´þ�ü5�.%�ð� �#nðK��øFÿC��÷'ô3ð8ýØô1ï'ð¥ý�õDA@ð6þ�ð8ò���ð8ó
�[ð6ô�#nð6ð8òØô1ï.ð`ô�#nøXô1õ¦ÿ]ð`ó3ð6þ�õ�ð8ó�ü�ò.ý�#nð
ø��.ô1ü�õ¦ò'ð8ýsô1ï'ð¥þ1ð�%�ð�J´ü�ò�ôbþ�ð8ó1õöý.÷.ü�%¦ó�8@���[øFó1õ�ô1õ<J�ð'��õ¦ü�óbõöóbü�%<#�ü���óQ�.þ1ð8ó3ð8ò>ô
ü�ò.ýÞõöòÞó3øFÿ]ð[�6ü�ó3ð8óBü��[øFó1õöô1õ<J�ð
ô3þ1ð8ò�ýX ´ô3ø>ø� �ô1ï.ü´ôBõöó�ô3ø��[ð¥õöò)J�ð8ó3ô1õ<�Fü´ô3ð8ý_õöòÕø�þ�ý'ð6þ&ô3øs÷.ò.ý'ð6þ�ó1ô1ü�ò.ýØõ�ô1óQ��ï)��ó�õ��6ü�%
ÿ]ð8ü�ò.õ¦ò���8<ñ�ò]ú/ü���ô� 7�@ø�ô1ï¯ô3ð���ï.ò�õ�L>÷.ð8ó`ü´þ1ðXó�÷����[øFó3ð8ý_ô3ø+�[ð0ü�A[ð���ô3ð8ý]�)�_ô1ï'ðRó�ü�ÿ]ðRð:A[ð���ô1ó� �ó3øÕõ�ô`õ¦ó
ò'ø�ôK��%öð8ü´þ
#Rï.ü´ô3�6ü�òI�6ü�÷.ó3ð�ô1ï.õöó&ý.õDA[ð6þ1ð8ò>ô@�[ð8ï.ü\J�õ�ø�þ&úGøF÷.ò.ýÞõöòØô1ï.ð¥þ1ð8ó�õöý.÷.ü�%d83�±ò'ðµ��ò'ø}#RòÕð:A@ð���ô� Fô1ï�ü´ô<ï�ü�ó�ô3øP�[ð¥ô1ü5��ð8ò
õöò>ô3øàü�����øF÷.ò>ô� £õöó+ô1ï.ðwý.õDA[ð6þ1ð8ò���ðwõöò�ï'ð8õ��Fï�ô+ø�ú<ô1ï'ðsþ1ð6úGð6þ1ð8ò���ð+�@øFõ¦ò�ô1ó�ø�ú&ô1ï'ðØý.õ<A@ð6þ1ð8ò>ô0õöò.ó1ô3þ�÷.ÿ]ð8ò>ô1ó�8Bî0ï�÷.ó� 
úGø�þØüb�.þ1ð��6õ¦ó3ð=��øFÿC��ü´þ�õ¦ó3øFòX t#nð¯ï.ü\J�ðàô3ø|ô1ü5��ðùõ¦ò�ô3ø ü�����øF÷�ò�ôÕô1ï'ð8ó3ðàý.õDA[ð6þ1ð8ò���ð8óØõöò�ï'ð8õ<�Fï>ô� Q��øFò)J�ð6þ1ôØô1ï.ð8ÿ
õöò>ô3ø ý.õDA[ð6þ1ð8ò���ð8óØø�ú�ô3þ1ø��[øFó!��ï'ð6þ�õ"� & ð8ò.õ�ô1ï ý'ð�%¦ü���ü�ò.ýW��ø�þ�þ1ð���ôØô1ï'ðùþ1ð8ó1õöý�÷.ü�%öó±ô1õöÿ]ðùó3ð6þ�õ�ð8ó�8Yî0ï.ü´ôØõ¦ó+L�÷.õ�ô3ð
ð8ü�ó!�ÞúCø�þBô1ï.ð�ý.þ��+��øFÿC�[øFò'ð8ò>ô� 6��÷'ôBò'ø�ô<úGø�þBô1ï'ð[#¥ð6ôo��øFÿ=�@øFò.ð8ò�ô�8<ñ�òÕú/ü���ô� �úGø�þBô1ï'ð M þ�ó1ô3��øFÿ=�@øFò.ð8ò�ô3#nð	�6ü�ò
ü�ó1ó1÷�ÿ]ð�ô1ï.ü´ôBô1ï'ð+ý'ð�%öü\�Þõöó<ü±úGþ�ü���ô1õ�øFòX ���þ1ø��[ø�þ1ô1õ�øFò.ü�%>ô3øsô1ï'ð0ý.õDA[ð6þ1ð8ò���ð�õöò_ï'ð8õ<�Fï>ô� Fø�ú[ü�%�%�ô1ï'ð+ý'þ��Øý.ð�%öü��� )��÷'ô
ô1ï.ü´ôRü�ó�ó1÷.ÿC�.ô1õöøFò�õöó0ò'ø�ô+ô3þ�÷.ðwúCø�þRô1ï'ð#nð6ô	��ü´ô1ï|ý'ð�%¦ü���8¥î&ü5�.%�ð=*Øó1ï'ø\#Xó0ô1ï'ðsþ1ð8ó�÷�%�ô1ó+úGø�þ0ô1ï'ðYÔC��ø5��%�ø7�6ü´ô3ð8ý
ó1õ�ô3ð8ó�8Uî0ï'ð M þ�ó3ôØúCøF÷'þÞþ1ø}#RóÞþ1ð��.þ1ð8ó3ð8ò>ôØô1ï.ðYó3ô1ü´ô1õöøFò.óØúGø�þY#Rï.õ��*ïn*F�(ï'øF÷.þÕô3þ1ø��[øFó!�£ï'ð6þ�õ��C�£ü´þ�ü�ÿ]ð6ô3ð6þ�óÕúCþ�øFÿ
a��[��ü´þ1ðàü�J´ü�õ�%öü5�.%öð� X#Rï.õ�%�ðÞúGø�þsô1ï'ð=%öü�ó3ô±ô1ï'þ1ð6ðC#nðà÷.ó3ð8ý_2}�(ï'øF÷.þ�a��µ� ý�ü´ô1ü;8Y�XúCô3ð6þÕü5���.%<��õöò��ùô1ï'ðàï'ð8õ<�Fï>ô
��ø�þ1þ1ð���ô1õöøFòùô1ï.ðu�[øFó1õ�ô1õ�J�ð���õöü�ó1ð8ó
ü´þ1ð±ó3ô1õ�%�%.�.þ1ð8ó3ð8ò>ô�8'��ðsï.ü�J�ð±ô3ø_õöò)J�ð8ó3ô1õ<�Fü´ô3ð��[øFó1ó1õ<�.%öð	�6ü�÷.ó3ð8ónø�úbþ1ð8ÿàü�õ¦ò.õöò��
��õöü�ó�Õ0ý.õDA[ð6þ1ð8ò�ô�ü�ò.ü�%<��ó1õöó�ó3ô3þ�ü´ô3ð��Fõ�ð8ó��[ð6ô�#¥ð6ð8ò�ô1ï'ðÞô�#nø�ô3ð���ï.ò�õ�L>÷.ð8ó� £ô1ï.ðÞý.õ<A@ð6þ1ð8ò>ôu�6÷.ôU��ø5Agü�ò��6%�ð8ó±ü5����%öõ�ð8ý
ô1ï.ü´ôÄ�6ü�òO�6ü�÷.ó3ðsý.õDA[ð6þ1ð8ò���ð8óµ#Rï.ð8òùó3ô1ü´ô1õöøFòYï.ð8õ<�Fï�ô1ó�ü´þ1ð±ð8ó3ô1õ¦ÿàü´ô3ð8ý�ü�ò.ýX ;��øFò.ó3ð�L�÷'ð8ò>ô�%<�� 'ý.õDA[ð6þ1ð8ò���ð8ó�õöòùô1ï'ð

J6K�Ö ?G:BDXH*I*I*JR7&�������(�*�����������$�"+%'���6#�����2��$�"*�



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

ó1õ<�Fò�ü�%{��ü´ô1ï�ô1ï'þ1øF÷��Fï�ô1ï'ðsô3þ1ø��[øFó!��ï.ð6þ1ð�8o��ô0ô1ï.õöóRó3ô3ð��|ø�ú<ô1ï'ð�#nø�þ��� £ò'ø=��øFò���%ö÷.ó�õ�øFòb�6ü�òc�[ðwý'þ�ü\#RòX8

���\6�����}�XÍQ�D�\©��(©37���G¢Á���(��ËµÌ.ÍÁÎ3�����I¶[ÏQÐ+���,�\�7�}©��6¥6�(���D¯e£������¤�,¥I�6���D�:§)��ª��\�,�Ä�����I��ª<�,���'¥6�(���}¥��'¯��\�,���F¯!�,���}��©

×bØµÙIÚ Û]ÜCÝ ÞSß7à$áxâ Ê=ã à¡ä	åGæ�çÀè ÙCà Ì�É æ�ç�ç½è ÙCà Ì�É æ�ç�ç½è È å Í6é�Ë"Ë å ÙCà Ì.É æ�çTçÀè Ì å Í6é�Ë"Ë å
��ð6ô3ô & ð�%�% ��îuê[û �78�* *58ë4 -�8�Ô=ÇÈ4;8�* �78�Ô0ÇÈ4;8�*
V��Fü�%öð8ó�254 V�ìK��* �78�* *58�* R78�*�ÇÈ4;8�* -�8ë4]ÇÈ4;8�*
��ü´ô3ð6þ�ü �H�Bî	Â Ô)8�Ô 278¤R Ô)8¤í0ÇÈ4;8�* R78¤��ÇÈ4;8�*
�±ò.ó1ü�%¦ü ��V��;� *��78�Ô R78�* Æ78¤�0ÇÈ4;8¤2 *58¤2�ÇÈ4;8¤2
asõ�%���þ1ð6ð�� N7�Xñ�û *��78�* -�8f- Ô)8¤R0ÇÈ4;8�* �78�*YÇÈ4;8�*
��ð8ó1ô3úCø�þ�ý ��Âµ��2 *58¤í 4;8¤Æ *�278¤�]ÇÈ4;8¤2 *�*58�Ô�ÇÈ4;8¤2
�Uð8ý.õ��6õöò.ü �HÂK��ñ *\Ô)8�* Æ78¤� í78¤Æ0ÇÈ4;8f- 278¤��ÇÈ4;8f-

î`äHi0é�æKº{w:¼P|.è�¾ ¼ùí�¾n|À¿Á|.è>íG|.r


Bð6þ��S%�øFò��5��ô3ð6þ�ÿ ô1õöÿ]ðØó1ð6þ�õ�ð8óXø�úBô3þ1ø��[øFó!��ï'ð6þ�õ"����ü´þ�ü�ÿ]ð6ô3ð6þ*ó� ��£ü´þ1ô1õ��6÷�%öü´þ(%<�¯ø�úo#nð6ô & ð8ò�õ�ô1ïUý.ð�%öü���þ1ð���þ1ð:�
ó3ð8ò>ô1õöò��_ô1ï'ð���øFò>ô3ð8ò�ô0ø�úÁ#�ü´ô3ð6þ	J"ü5�[ø�þ0õöòYô1ï'ðsü´ô1ÿ]øFó���ï'ð6þ1ðwü�ò.ýYøFò'ðsø�ú�ô1ï'ð���þ1ð6ð8ò.ï.øF÷.ó3ð8ó[�Fü�ó3ð8ó� £ü´þ1ðw÷.ó3ð6ú/÷�%
úGø�þ_ÿàð6ô3ð6ø�þ1ø6%�ø��Fõ��6ü�%�ü�ò.ý1��%öõöÿ¯ü´ô3ø6%�ø��Fõ��¯ó1ô1÷.ý.õ�ð8ó�8 î0ï'ð6þ�ð6úCø�þ1ð� '#nð ý'ð��6õöý'ð8ý ô3ø�ü�ò.ü�%<� & ðYü�%�%¥ô1ï'ð ý.ü´ô1ü5��ü�ó3ð8ó
õöò���%¦÷.ý'ð8ý|õöòUøF÷'þ���`ï�6ü´ô1ü�%�ø��F÷'ð� t��øFò.ó�õöý'ð6þ�õöò��àô1ï'ð_úGü���ô±ô1ï.ü´ô�ô1ï'ðÞô1õöÿ]ð_ó3ð6þ�õ�ð8óP�6ü�ò~��øO��ü���� úCø�þsü5�[øF÷'ôI*�R
��ð8ü´þ�ó� 'õöò.��%ö÷.ý.õöò��� "úGø�þnô1ï'ð�ÿàøFó3ôK��ü´þ�ô� >ð:9;�[ð6þ�õöÿ]ð8ò>ô1ó`ô1ï.ü´ô[��øFò>ô1ü�õöòùü´ô[%�ð8ü�ó3ônô1ï'þ1ð6ðPÂ
÷'þ�ø��@ð8ü�òùó3ô1ü´ô1õ�øFò.ó�8'��ð
þ1ð:�(ü�ò.ü�%�� & ð8ý�ü�%�%<ô1ï.ð8ó3ðàý.ü´ô1ü5��ü�ó3ð8óØõöò�ø�þ�ý'ð6þsô3ø�ø��.ô1ü�õöò�ü�ï.øFÿ]ø���ð8ò'øF÷.ówó1ð6ôsø�ú
ô3þ1ø��[øFó!��ï.ð6þ�õ�����ü´þ�ü�ÿ]ð6ô3ð6þ�ó�8
ñ�ò]N<õ<�F÷.þ1ðu-FüÞô1ï'ð6þ�ð±ü´þ�ð�ô1ï.ð�þ�ð8ó1÷�%�ô1ónúGø�þnô1ï.ðP#nð6ô & ð8ò.õ�ô1ï ý'ð�%¦ü��¯ü´ô+ô1ï'ðsó3ô1ü´ô1õöøFò ø�út��ð6ô3ô & ð�%�%bó1õ¦ò���ðY*�É�í6Ô_ô1õ�%�%
254�46�Uü�ò.ý�ô1ï'ðàð8ó1ô1õöÿàü´ô3ð8ý�%öõöò'ð8ü´þsô3þ1ð8ò�ýX80��ðùø��.ô1ü�õöò'ð8ý ü|ò'ð��Fü´ô1õ<J�ð]J"ü�%¦÷'ð� t��4;8¤RHÇð4;8�*¯ÿ¯ÿ�ñ}�>þ\ @��÷'ôØô1ï'ð
ó3ð6þ�õöð8ó¥õöóeJ�ð6þ��Y÷.ò'ð�J�ð8òYü�ò.ý]#Rõ�ô1ïYüÕó3ô3þ�øFò��Þü�ò�ò>÷.ü�%@ó1õ<�Fò�ü�%d83��ðP�[ð6þ1úGø�þ�ÿ]ð8ýYüÞó!�[ð���ô3þ�ü�%[ü�ò.ü�%<��ó1õöó
ü�ò�ý M ô3ô3ð8ý
ô1ï'ðP#¥ð6ô�ý'ð�%öü\�àô1õöÿ]ð�ó3ð6þ�õ�ð8óe#Rõ�ô1ïùô1ï'ð±ü�ò.ò�÷.ü�%�#�ü�J�ðwü�ò.ý�#nð�ó1÷��.ô3þ�ü���ô3ð8ýYô1ï'ðP�@ð8ó1ôU� M ôK#�ü�J�ðsúGþ1øFÿvô1ï'ð�ý�ü´ô1ü;8
�±ò ô1ï'ð±þ1ð8ó�õöý.÷.ü�%[ó3ð6þ�õöð8óe#nð��øFÿC��÷.ô3ð8ý�ô1ï'ð�%öõöò'ð8ü´þ�ô3þ1ð8ò�ý�ü�ò.ýO#¥ðsø���ô1ü�õöò'ð8ý�ü]ó�%öõ��Fï�ô�%<�0�@øFó�õ�ô1õ<J�ðPJ"ü�%ö÷.ð� �4;8�*
Çò4;8�*Þÿ¯ÿ�ñ}�>þ\ '�óN<õ<�F÷.þ1ð+-��x�Xý.õ<A@ð6þ1ð8ò>ôRúGþ1øFÿ øF÷'þ��.þ1ð�J�õ�øF÷.óXý'ð6ô3ð6þ�ÿàõöò�ü´ô1õ�øFò�Bf�}EG8±ñ�òUü�ò)�Z�6ü�ó3ð� �ô1ï.ð�#nð8õ<�Fï>ô
ø�únô1ï'ð=%öü�ó3ôsý'ð8ò.ó1ðÞúGøF÷'þ���ð8ü´þ�óØø�úný�ü´ô1üb��ð6þ1ô1ü�õöò�%<��õöò;ô£÷.ð8ò���ð8ó�ô1ï'ðàý'ð6ô3ð6þ�ÿàõ¦ò.ü´ô1õ�øFò�ø�ú¥ô1ï.ð]ô3þ�÷'ðIJ"ü�%¦÷'ð�8I��ð
�[ð6þ1úGø�þ�ÿ]ð8ýUô1ï'ð]ó1ü�ÿ]ðàü�ò.ü�%<��ó1õöó�ü�%öó3ø úGø�þ� ð8ý�õ��6õöò.ü;8sñ�ò�ô1ï.õöó��6ü�ó3ð� �ü]�[øFó1õ�ô1õ<J�ðÞô3þ1ð8ò.ý�õ¦ó�ü�%¦ó3ø���þ1ð8ó3ð8ò>ô±ü�ò�ý
õ�ô1ó
ø�þ�õ<�Fõöò.ü�%.J"ü�%¦÷'ðRõöóµ278�Ô�Çõ4;8¤�Øÿ¯ÿ�ñ}�>þ\ö�õ�ôe�[ð���øFÿ]ð8óu*58¤RIÇõ4;8¤2Øÿàÿ]ñ}�>þ¥úCø�þnô1ï'ð�þ1ð8ó1õöý.÷�ü�%;#¥ð6ô[��øFÿC�[øFò'ð8ò>ô�8

�x���}�6���[÷)�x ]���o£(���6����¥=�6���D�:§����¦¨P�	©����,�¦�(©Áª��\�' ]������£(���¦�¡�

?G:<DXH�I�I�J�7&���"���(���������,������0%.���6#����32��$���� J�K(ø



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

ù<ä^úùé�æ
ì�p,ëKr´í�é�æûl�æ¥êýü|ë`ç6p�é<étþ

��ð ü�ò.ü�%<� & ð8ý ü�%�%e254�4�4���254�46��ý.ü´ô1ü5��ü�ó3ð8ó��.þ1ð8ó1ð8ò�ôØõ¦ò�ô1ï'ð¯ñ,
��ý.ü´ô1üS��ð8ò�ô3ð6þ�óÞü�ò.ýX <ü�óØü�ò øF÷'ô!��÷.ô� @#nð
ø��.ô1ü�õöò.ð8ý_ô1õöÿ]ð0ó3ð6þ�õöð8ó<ø�ú£ô3þ1ø��[øFó!�£ï'ð6þ�õ�� & ð8ò.õ�ô1ï]ý'ð�%¦ü���óBúCø�þ
ô1ï'ð0ó3ô1ü´ô1õ�øFò.ó
õöò�J�ø6%�J�ð8ý]õöòI��ð6ø�ý.ð6ô1õ��[
P>Q?nñ�ð:9;�[ð6þ!�
õöÿ]ð8ò>ô1ó�8���ðC�[ð6þ1úGø�þ�ÿ]ð8ý�ó!�[ð���ô3þ�ü�%<ü�ò.ü�%<��ó1õöóXøFò ô1ï'ð8ó3ð]ó3ð6þ�õöð8ó�ü�ò�ýS#nð]ï.õ<�Fï�%¦õ<�Fï�ô3ð8ý�ó3ô3þ1øFò�� ü�ò�ò>÷.ü�%&ó1õ<�Fò�ü�%öó
ÿàü�õöò.%<�ùý.÷.ðsô3øàô1ï'ð#nð6ô���øFÿC�[øFò'ð8ò>ô�8K��ðY��øFÿC��ü´þ1ð8ýZ
P>Q?¥ñ�ý.ü´ô1ü0#Rõ�ô1ïZa��[�)�(ý'ð6þ�õ<J�ð8ý|ô3þ1ø��[øFó!��ï'ð6þ�õ"�Xð8ó1ô1õD�
ÿàü´ô3ð8ó�83��ð0úGøF÷.ò.ýÞøF÷'ô'��øFÿàÿàøFò_úCð8ü´ô1÷'þ�ð8ó`ü�ò.ý_ý.õDA[ð6þ1ð8ò���ð8ó3�[ð6ô�#nð6ð8ò_ô1ï'ð+ô�#¥øsô3ð��*ï.ò.õ�L�÷'ð8ó� �ð�J�ð8òàõöú.ô1ï'ð��_ü´þ1ð
ó1÷��.�@øFó1ð8ý|ô3ø]�@ð_ü�A[ð���ô3ð8ý~�)�|ô1ï.ðÞó1ü�ÿàðÕð:A[ð���ô1ó�8±ñ�òS��ü´þ1ô1õ"�6÷�%öü´þ�ô1ï'ð��£õöü�ó3ð8óu�@ð6ô�#¥ð6ð8ò�ô1ï'ðÞô�#nø ô3ð���ï.ò�õ�L>÷.ð8ó
ü´þ1ð���øFò M þ�ÿ]ð8ýàü�ò�ýàý'øwò'ø�ô
ý�õöó1ü5���[ð8ü´þBð�J�ð8òàô1ü5��õöò��Õõöò�ô3øÕü�����øF÷.ò�ô¥ô1ï'ðRï'ð8õ��Fï�ô`ý.õ<A@ð6þ1ð8ò.��ð8ó�8Bî0ï'ð	%�øFò��5��ô3ð6þ*ÿ
ô1õöÿ]ðUó3ð6þ�õ�ð8ó]ø�ú±ô3þ1ø��[øFó!�£ï'ð6þ�õ���ý'ð�%¦ü���ó� µ��øFò M þ�ÿ ü^�@øFó�õ�ô1õ<J�ðc%öõöò.ð8ü´þ]ô3þ1ð8ò.ýX +ü´úGô3ð6þ¯ô1ï'ð ó�÷��.ô3þ�ü���ô1õ�øFò ø�ú±ô1ï'ð
ó3ð8ü�ó3øFò�ü�%Bó1õ<�Fò.ü�%d @úGø�þP��ð6ô3ô & ð�%"%Bü�ò.ý~� ð8ý.õ"�6õöò.ü;8�ÿRø}#¥ð�J�ð6þ\ �õ�ô±ó1ï'øF÷�%öýS�[ð+�[øFõöò>ô3ð8ý�øF÷'ôXô1ï�ü´ô�ô1ï.ðY�[ð6þ�õöø�ýUõöó
�.þ1ø��£ü5�.%<�wô3ø�øwó1ï'ø�þ1ô<ô3øØý.þ�ü�# ü M ò�ü�%7��øFò.��%ö÷.ó1õ�øFòÞøFòàüsÿàø�ý.õ M �6ü´ô1õ�øFòÞø�ú�ô1ï'ð+ô3þ�ð8ò.ý]õöòY�6%�ø���ü�%;#�ü´þ�ÿàõöò���8ÁN'ø�þ
ô1ï'ðXúG÷'ô1÷.þ1ð	#nðu#Rõ"%�%���øFò�ô1õ¦ò>÷'ðXô1ï'ðP��ü´þ1ô1õ��6õ<�£ü´ô1õ�øFò]ø�ú�øF÷'þ[��` õ¦òàô1ï'ð�î0û	���W��þ1ø���ð���ô� 'ó1÷���ÿàõ�ô3ô1õöò��sþ1ð��F÷�%öü´þ�%��
ô3þ1ø��[øFó!��ï.ð6þ�õ��[��ü´þ�ü�ÿàð6ô3ð6þ�ó
úGø�þnñ�
�)�(û+*Xü�ò.ýàñ,
�)�(û	-Þó3ð8ó1ó1õ�øFò�ó�83��ð�ü�%öó1øØü5��þ1ð6ð8ýYô3øÞó�÷���ÿàõ�ôBøF÷.þe%�øFò��5��ô3ð6þ*ÿ
ó3ð6þ�õöð8ó+ø�úBô3þ1ø��[øFó!��ï'ð6þ*õ��P��ü´þ�ü�ÿ]ð6ô3ð6þ�ó�8e��ðÞü´þ1ð+#nø�þ���õöò��àõöò�ø�þ*ý'ð6þ0ô3ø���øFÿ=�.%�ð6ô3ðØøF÷.þ	
P>Q?nñ0ý.ü´ô1ü=�6ü´ô1ü�%�ø��F÷'ð
ü�ò.ýX �ü´ôwô1ï'ð¯ÿ]øFÿàð8ò�ô� Q#¥ð¯ü´þ�ðàü5�.%�ð]ô3øc�.þ�ø\J�õöý'ð_ô1ï'ð=�.þ�ø���ð���ô#Xõ�ô1ï�øF÷'þØü�J´ü�õ�%öü5��%�ðàý.ü´ô1ü; �øFò.%<��8=?�÷'ôJ�ð6þ��
ó3ø�øFò½#nðb#Rõ�%�%µ��øFÿC�.%�ð6ô3ð ô1ï'ð|ü�ò.ü�%<��ó1õöó_ü�%öó3ø�úGø�þàô1ï'ð|ý�ü´ô1ü_��ü�ó3ð8óàò.ø�ôC�.þ1ð8ó3ð8ò>ô� nü´ô]ô1ï.ð ÿ]øFÿ]ð8ò>ô� nõ¦ò øF÷.þ
�6ü´ô1ü�%�ø���8P��ð�#Xõ�%�%t��øFò>ô1õöò�÷'ðØøF÷'þ�ô3ð8ó3ô�øFòS��øFÿ=��ü´þ�õöò���
P>Q?nñ0ü�ò.ý~a��µ��ý�ü´ô1üùü�ò.ýS#nð�#Rõ"%�%{#¥ø�þ���øFòU÷.ó�õöò��

�>@?nñ[#¥ð6ô & ð8ò�õ�ô1ï ý'ð�%¦ü�� õöò�ô3ø¯þ1øF÷'ô1õöò'ð�%��0
�>@?nñ+ý.ü´ô1üàü�ò.ü�%<��ó1õöóRõöò ø�þ�ý'ð6þ0ô3øYõöÿC�.þ�ø\J�ðsô1ï'ðwþ�ð��@ð8ü´ô1ü5�£õ�%öõ�ô��ùø�ú
ó3ô1ü´ô1õ�øFòZ��ü�ó3ð�%öõ¦ò'ð8ó�8

� |�sU|.è6|�æ¥ì;|.r

� �����'�¦������¬;®c� �)��¬����\¨��}©��$¬�Ï{��¬
	���5�����,���\�.�,���}�)��©��6¥����,�¦¯	¯(���¦����,�����¦�\�Cª��}�eËµÌ.ÍÁÎo�\)©��(��Ó����,���}��©��������&§, �«�²�²�¡8��¨"³8�s ��
�ö¬F²����������_ 8§��6��¨´³s®¯²�²1�G��¨"³Þ 6¨��&��§, ! F²�¤6¨#"%$'&��(�1 6§*)`²� *¡�²3�,+Õ¤8¨�¡.-n�3�C§� 6©s²1�G§,+�¬���÷0/217�2��Ê�¬�±�²}²6�}�

� ±2�Ð�¯U¥5�6¥�¬43���¬�ÍÁ�5��¥6¨5�)�¦¬6	UÐ��,������©7�'�(�)�}���µ��ªt�,¥6�PÎdËµÐ�Ït�¦���\�µÏt�,���G�F¯!�oÑo�����}�)��©���¥6���,�¦¯�ÏX���U��¨����,���U©���¬��¦�Y�3¨>�/²�§3¸
¨�¤8�C�¦ 8¨�¤8¹8"%$'&��:9'²1§,;��¦«�²(�1 8§�)`²� �¡9²1�,+<-¥¨�¡=-��3�C§, 8©±²��G§,+<>�?@?A>*-¥¨�¨>��¤6¹F¢
²B � 6§3�$¬��(�������F��5§°��C�Ä��Ët���)�����57���,�
���)�ED��GFu��Í3�:Ó\�(�(¬�°IHµÐJH:K��'ÏXÑG±�²}²\Ê�ÑG±��}�(´��L/6¬��FÊ�ÑG±��}¬�±\²\²�±��

� ÊA��°o�(�\��©��¦�6�¡¬5®b�¦¬����\¨��}©��7Ï{��¬'	������}�)��©��6¥����,�¦¯'ÏX�\�,�\¨P�����(�,©X�����}¨�¶µ�(�5�6�����D¯'ËµÌ.ÍÁÎ�Fe���,�MHK�����¦§�©��D©��6¬\�¦��«(�&§, �«�²�²�¡8¸
��¨"³8�R N���ö¬F²��(´G�O���_ 8§��6��¨´³Ø®à²�²��C��¨´³Õ 8¨P�&��§� � �²�¤8¨Q"4$R&����1 6§�)`²� �¡9²1�!+Þ¤6¨�¡.-n�3�G§, 6©s²1�G§,+�¬���S6��ÑU�L/\÷�¬5±�²\²}Ê6�

J�L*I ?G:BDXH*I*I*JR7&�������(�*�����������$�"+%'���6#�����2��$�"*�



���������	��
������������������������
�� �"!�#$!&%'#��(�)�"*��,+-������.��)�"�)�"%0/012!�.�#3���"*	%'!�4657*��"�980:<;=�'
>��43�9?�+@
>AB!C�D1E:<F��EG&H�IJ����
KH�G�G�L
?<�M4(�)�����ONP�M�)�"*�4�Q�+-�"!R�M�M�M�(*�4�Q�%MI$# � LTS�U�VTLTSTW
�R�'�"# � X&X�*�Y%'�)�&� Q&%ZAB��� 4���%"��� Q�!�Y�X�#��([���*��\�C�"*�!&4(%�XCQ�.DH�G&GCLRX�%��������3H

]_^a`cbedEfPghfji2g6kKlmd7n�oqpsr�dEr�tul�v2lmdEixwzy{fjt|gKr�d7n�i2fj}�~�nMv�k����x��]2`cr�}K�
� p�`���fjd�y��x��b����

�K���R� �"���7�C�=�O� �R¡=¢6��£�¤3¥§¦2¨7�e�@¨7�©��ª�«O¬��&¡0®_«¯�7� ¨�¨=°R¤>±²«@°T��³´�T¡¶µ·� ¤��� ��¸¹£��º��£º¤P»(¡
¼ °R�R������½�¨2¾2°R�º�7� ���=¥À¿�¡=ÁK«@Â�°T�3¥\«ÄÃm� ¨=«J¥&¥\°>Å(¡¶µÀ�ª«¯�"«ÇÆ¶«$³� ¤�£ÉÈ(¡<ÊË«¯¨2£'�ÄÌ9°&¾7�O¤�£�¨�£ÉÈ�¡

Í9� ¨�£�°T�0ÊÎ�ª��Ês£��º�'� ¨�Ï�¡7Ð\�R� £"�@�ÎÑ<°R��°R¤&�=�C�7��¾-£º¨7�eÒ(¡�Ñ=�ª�ª£�³ ¼ ��Â_� ¨¶«O¬ÄÒ¡¶ÁËÓ�J�ª£§¾2°R�����_� ¤ÕÔ

Ö�×0ØRÙÀÙ<ÚDÛ@Ü§Ý�Þ ÞOßÄà2Þ�Ü�áRÝ�âMã\Ü�ä�å²æ"ç>è ÝMé)ê$ÞOæ�ëìæ�íå
î)×�ï$Ý�äEð<â�æMñOò$ëóã\Ü§æRÞ9ô@ßõMæRâ�ß�äZæ�â\åTÚ÷ö7ßRë	Ü ç�æRâ\Þ�Ü§ß,Ø�Þ¯ã\äºÜ�ä�ò$ä'ÝDæ"ç²è ÝMé)ê$ÞOæ�ëìæ�íå
ø)×mù@Ý)ú(Ý�â)ßRë_û¶í�Ý�Þ_é�å0ç�æ�â�öEß�â\äZæ)íâ�ß)ñ�ê3å�ß�ÞOú9ÙÉÝMæ&úÝ�ã\å
ü × ö7Ý�Þ äºâ)æ²úRÜmÙÉÝMæ&úÝ�ã\Ü§ß�ýñ¯ß&þ�Ü§ß�ëìÝ
ÿ)×0ØMã\ä�Ü�äºò$ä'æÕú�Ü��mß(úRÜ§æ&ßTã\äºâ)æRÞOæ��jÜ§ß
�)×��÷ûÀý$û Ù0æ&úú(ßRâ�úÕý�ñ�ßéMÝ�ù=ë�Ü	í&ê$ä÷ö7ÝCÞ�ä'Ý�â
� ×0Ø\Þ�ã\äºÜ�ä�ò$äZÝjæ"çmû<ññOë	Ü§Ý)ú�ûÀãMä�â�æ�ÞOæ��På
	)×�
 Þ¯ãCßRë ß,ý�ñ�ßéMÝ 
 õ\ãCÝCâ\áTß�äZæ�â\åTÚ÷öJê¯ß�ë��,ÝCâMã6à@Þ Ü�áTÝCâMã\Ü�äºå²æ�ç>è Ý)éMê3Þ_æRëìæ)íå
ö7æ�Þ�ä'ßéCä�ß�ò$ä�ê�æRâ���Dß�â�ßRëìúÕý_éMê3ò(ê3Ú´Ý�����ßRÜ�ë������������� �"!�#$��%���&�'�%�(*)�+�,��-�.#/�0��'

13254�687:9<;.6

��4>=¶#�"*	�-H�G&G&H��"�(�÷�º�É
@?��º4��"���"43�C�"*�!�43���O��ACB@�<
��)�"Y�*��M�mA !��m?<�)!��(�M%ED²�C43�F=¶%Z�'�"!�.��)�'��D:G7%'������#��"�(�÷+ª*���!��
+ª�"!�HZ�M���</2� �"!&#$!�%'#������"*	�m+-������.��)�"�)�"%MI3��4��j�"���É�º4�%Z�"*ó�"�(�"�É!CA@?<�M!��(�M%ED,��4���?<�M!&#(��D(%'*��M%�?��Z?É?IG�I3�<*��M4(43��I�5E�C%
#��(�m*�46���3�C�"Q��j!CA7�M!R!����*�43�C�"*�4(QÕ�"�(��#(�"!�HZ�M�)�\�>
��MYT�M4����É
J=¶43�C�KD(%'*�%·12�M4R�"�)�"%·���\YT��HZ!�*	4(�\���"����#�"!�H��M�)���C43�
�"�MQ&�(�ì���"�KD�%'��[(.�*��'�"�M�÷�"���M*ó�2�M%Z�"*�.��C�"�M%J!�A¯�'�"!&#$!�%'#��(�)�"*��<#3������.��)�"���"% ?B52�)�E�C43�·�"!����C��LM�M4(*ó�"���(�M�	�"D%MI���!��"*�LM!�4R�����
Q����&�*��M4R�"%-GJAB!C�=�����¯���É
R/§;mU=�C43������
�/§;¶LÉ%'�)%'%'*	!�4�%E%'*�4��)�IMT��4����C��D,U)%Z�\I3HCG&G&H��2�����<*�4��(*�Y�*ì��3�C�3%'��[(.�*	%'%'*�!�4�%E���"�
�M!&.÷[�*�4��\�÷[�D·�<��52!�/§%Z�"�M#�#�"!R�M�\�(��"�E�"!É!&[(���C*�4�%Z����[����&IR�"!�[��(%Z�2�C43�À�(*	Q����KD��C�M�M����C�"�E�'�"!&#$!�%'#������"*	�=#3������.��)�"���
�"*	.��ª%'�)�"*��M% 57*��"�0!�4��J��!&�� �"�)%'!&���(�"*�!&4N?�*�4R�"�)�"43�C�R���M�)�(�����OD��_H�/§L7.�.NG��O
������'�"*	4(QE57*��"�PM&�(�KD0H�G�G$Q�I��"�(�@�M!�.·[(*	4(�\�
�'�"!&#$!&%'#(���)�"*��É�M%Z�"*�.����"�M%7[$�M�\��.��É!�#$�)���C�"*�!�43��� ����
D#(�"!�����)�"%M�

��49�"���P%'�)�M!&4��������óA�!CA0:<�)�"!�[$�)�DH�G�GTH²�"�(�P�5ACB2�0�\�C.�#3��*�Q�4Ä1E:<F<�EGTH²5���%�!&[(%'�)�"YT�\�657*ó�"�3RÕ%Z���C�"*�!�4�%
#3�C�'�"*��M*�#��C�"*�4�QÉ���"!&�(43�É�"����Q��	!�[$�&�<=��_A !&�(�J!CA��"���).S?§?<*��	.�!C�"�71@�"�M�"T$IVU÷� 
¯� =0�XW&�����'�"�M[$�M�M%Z�"�(!R�"T$IR
�!&�(�"�Y==Aì�"*��\�8W
ZÉ!$TT�M��+-�C�0T$I$Um� 
¯� =m��WTF[D�/�\==���M%'��4���I�F<!C�'5E�"D:G_����%'!<�"!C������LM�M4(*��"�·�(�M�	�"D%_A �"!�.Ç80:<;¶�Z
]?�8�!&#(#����)�J:¶�"[(*��"!�Q����C#���D
��43�0;¶�&�(*�!�#$!&%'*ó�"*�!&4�*�4(Q���4R�"�MQC���C�"�\�0[�Dm
(���"�M���	*ó�"��G_���"���\Y���*��	��[����E�C43�É�"���M%'�@�M%Z�"*�.��C�"�M%ª���"�2�M!�.�#3���"�\�057*ó�"�0�"��!�%'�
A �"!&.Î�"�(�É�'?É
^?���4R�"�)�"43���"*�!&43�C�_?�+@
P
��)�"Y�*��M��GE��4��D�"���<���É
$�(�����É�*	%Z���C4��M��Aì�"!&.¹�"���<80:<;¶�Z
�[$�M���M!�4�%E�"!·�"���
�M!�/§��!R�\�C�"�M�Õ?�+2
P�C43�D��ACB@�2%Z���C�"*�!�4�%=*	%=���"!&��4���HYT�.Î!C�¶���M%'%EA !��=�"���<A !&�(�=%'*ó�"�M%=.��M4R�"*�!&4��M�j�C[$!CY&�&�

_a`cbed[fhgPi/j�kOl�d m

n�oqpsrutwv�x<y8zNvI{�x<|u{}y.{�~.�<��|��<oq{�x��s|���~��*v��s|��Voq�.|�������y������ ���u�Ev�|�|��*��xC�<x�~.�����YyC|�x<���*���.���C�/��t� �¡V�*¢�£]�
~.�<�¥¤^¦�§N�}�¨~�{F{�x<|�v}{�~�{�oqy��c©�~���{}|�ª/|�|�v}{�xsyC|�«¬�0�Cy��s{�x¥®�¯�Vo���~�¡��<�s�Vo��sp±°N¦�²®³N���Cr�n5o�psr��3{�xs|��¥��yC���<v�|�v
y��¨~��s|�{�~.o��5y.�Pn�oqpsr�t@{}y´o��µ���<v}{}��~�{}|J{�xs|��<o�¶/|���|��·{®��~���o�~�{�oqy���v®y.�Y{�xs|¸{�o���|¸v}|���oq|�v�r@�*o���oµ��~���o��q�.�<n�oqp��<��|�vF�
~.�<�º¹3v�x<y8z»{�xs|>{}y.{�~.�5��|��<oq{�x¼�s|���~8�Cv�~.�<�½~e�s|�{�~.oµ�¾��y.�®{�xs|@v}{�~�{�oqy��¼²N�·¿ÁÀ��q|�v��<�<�½o��º²®y.��z]~��.r�³wxs|>{}y.{�~.�
�s|���~8�Cvw�¯y.��¢Fo�����y.��|J°]��|�|�«¨�E���~.v}«�~*��ÂJrÃ�Ár�JrÃ¡]~.�<�´ÄFy.«.|�|@£�~���«¨�E©�~�z]~.o�o���Â>rÃ�Ár�JrÃ¡u~���|^Å��qy.{}{}|��´oµ��n5o�psrPÆ
~.�<�cn�oqpsr3ÇCre³wxs|¸È�p��s��|�vFv�xsy�zÉ{�x<~�{>{�xs|���~���o�~�{�oqy��¨y.�]{�xs|�{�oµ��|�v}|���oq|�v>o�vF��~���p.|��J�¯y.�>¤^¦�§N�}�¨{�x<~.�¥��y.�
¢�£]�±~.�<�����[���$�szNx<o��Vx´��oqp�x·{uª/|����s|F{}y��qyCy�v}|��N�Êy��<v�{}��~.o��·{�vwo��±{�xs|>¤^¦�§N�}��~.�<~.�q�*v�o�v�r

����
jHCG&GCLP?<�)4��)���C�_NP�M���"*	4(Q�+ª�"!R�)�M�\�(*�4(Q&% L&SU



���������	��
��������D�)�¶������� �º�É
D� �"!&#$!�%'#������"*	�0+-������.��)�"���"%

14 16 18 20 22 24 26 28 30 32
1950

2000

2050

2100

2150

2200

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 1

 ← Detail

VLBI
DORIS
GPS

ËÁÌ�Í8Î�ÏÑÐ�Ò8Ó¾Ô�Õ�Ö"×�ØsÙ�ÐVÚ�ÌÃÖOÛ�Ü.Ð�Ø�×ÊÝ.Þ�×�ÖPßP×8Ï-ÖÑÐ�àCÐ�Ð$Þ0ÖÑÛ�Õ�Ð�á>Ü.Î�ÏOÌ�Ú�Í>âIã�äPÔIå:æ.Ó

22 22.5 23 23.5 24 24.5 25
1960

1980

2000

2020

2040

2060

2080

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 2

VLBI
DORIS
GPS

ËÁÌÃÍ�Î�ÏÑÐuæ�ÓaÔ�Õ8ÖÑ×�ØsÙVÐ�Ú�ÌÃÖOÛ�Ü�Ð�Ø�×ÊÝ�Þ�×�ÖPßP×�ÏOÖOÐVà·ÐVÐVÞ-ÖOÛ�Õ�ÐVáCç<èµé�ê8Û@Ü.Ð�ÖÑ×8ÌÃØqë}Ó

LTS&H ���É
jH�G�G�LD?<�M4(�)�����_NP�M�)�"*�4�Q�+-�"!R�M�M�M�(*�4�Q�%



���������	��
��������D�)�¶������� �º�É
�� �"!&#$!�%'#��(�)�"*��÷+-������.��)�"���"%

14 16 18 20 22 24 26 28 30 32
2260

2280

2300

2320

2340

2360

2380

2400

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 3

↓ 

Detail

VLBI
DORIS
GPS

ËÁÌÃÍ�Î�ÏÑÐ]ì�Ó¾Ô�Õ8ÖÑ×8ØsÙ�Ð�Ú�ÌXÖÑÛ¸Ü�Ð�Ø�×ÊÝ�Þ�×�ÖPä�Ý:í*îï ØÃÐ$Þ-Î�Ú�Ü¸Ü.Î�ÏÑÌÃÚ�Í>âIã�äYÔIå�æ.Ó

28.5 29 29.5 30 30.5 31 31.5
2275

2280

2285

2290

2295

2300

2305

2310

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 4
VLBI
DORIS
GPS

Ë�Ì�Í8Î�ÏOÐ]é�ÓaÔ�Õ�Ö"×�ØsÙ�ÐVÚ�ÌÃÖOÛ�Ü.ÐVØ�×ÊÝ.Þ�×�ÖPäPÝ�ísîï Ø�ÐVÞOÎ�Ú�Ü<ç<è�é�ê8Û@Ü�Ð�ÖÑ×8ÌÃØqë}Ó

����
jHCG&GCLP?<�)4��)���C�_NP�M���"*	4(Q�+ª�"!R�)�M�\�(*�4(Q&% L&S$Q



���������	��
��������D�)�¶������� �º�É
D� �"!&#$!�%'#������"*	�0+-������.��)�"���"%

14 16 18 20 22 24 26 28 30 32
2220

2240

2260

2280

2300

2320

2340

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 6

VLBI
DORIS
GPS

ËÁÌÃÍ�Î�ÏOÐwð�Ó¾Ô�Õ8ÖÑ×�ØsÙVÐ�Ú�ÌÃÖOÛ�Ü.ÐVØ�×ÊÝ.Þ�×�ÖYñ�Ì�Ø�ò�Õ�ÏOÐNâ ÏÑÐ�ÐVá>Ü.Î�ÏÑÌÃÚ�Í^âIã�äYÔIå�æ�Ó

14 16 18 20 22 24 26 28 30 32
1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

days of October 2002

T
ot

al
 Z

en
ith

 D
el

ay
 in

 m
m

Fig. 5

VLBI
DORIS
GPS

Ë�Ì�Í8Î�ÏOÐuó�Ó¾Ô�Õ�Ö"×�ØsÙVÐ�Ú�ÌÃÖOÛ�Ü.ÐVØ�×ÊÝ.Þ�×�ÖPô]Õ�á8Ð�Ð]õa×�ÏÑá^Ü.Î�ÏÑÌ�Ú�Í>âIã�äPÔIå�æ�Ó

LTSCL ���É
jH�G�G�LD?<�M4(�)�����_NP�M�)�"*�4�Q�+-�"!R�M�M�M�(*�4�Q�%



���������	��
��������D�)�¶������� �º�É
�� �"!&#$!�%'#��(�)�"*��÷+-������.��)�"���"%

ÔÁ×�à�Ø�Ð�Ò8ÓöãP÷sÞOÐ�ÖÑÞ>×�Ú�Ü¨Þ-ÖÑ×�Ú·Ü�×�Ï"Ü¨Ü.Ð�ø�Ì�×�ÖOÌ�Õ8Ú·Þ�è�Ì�Ú¥ò�ò^ë�ù�Õ�ÏFÖOÛ�Ð�Þ-ÌÃÖOÐ$Þ>ñ�ÌÃØ�ú�ÏÑÐ�ÐVá*ç�ßY×�ÏOÖOÐVà·ÐVÐVÞ-ÖOÛ�Õ�Ð�á*ç�ô]Õ8á�Ð�Ð�õa×�ÏÑá*ç
×�Ú·Ü�ä�Ý:ísîï Ø�ÐVÞOÎ�Ú�Ü�àCÐ�Ö0û5Ð�ÐVÚ�üYý�þ ÿ}çsñ]õ��sçC×8Ú�Ü��uã��Iÿ��@ÖOÕ8ÖÑ×8Ø�ÙVÐ�Ú�ÌÃÖOÛ�Ü�Ð�Ø�×ÊÝ�Þ�ù�Õ8ÏwâIã�äPÔIå:æ.ÓPþ5Ð�ù�Õ�ÏOÐwÖOÛ�Ð�Ü�×�Ö"×^û5Ð�ÏÑÐ
ú�Õ�ò���×�ÏÑÐVÜsç�Û�Ð�Ì�Í8Û:ÖNú�Õ�ÏOÏÑÐVú�ÖOÌ�Õ8Ú�Þ�û5Ð�ÏÑÐF×	�
��Ø�Ì�ÐVÜ¨è0Ò$åJò Û�Ð�Ì�Í8Û:ÖNÜ.ÌÃ÷*Ð�ÏÑÐ�Ú�ú�Ð^ú�Õ8ÏÑÏÑÐVÞ��·Õ�Ú�Ü�ÞYÖOÕ��ì@ò�ò Ì�Ú3ÖOÕ8ÖÑ×�ØaÙVÐ�Ú�ÌÃÖOÛ
Ü.ÐVØ�×ÊÝ�ë}ÓIäPÕ^Õ8Î.ÖÑØÃÌ�Ð�ÏYÐ�Ø�ÌÃò�Ì�Ú�×�ÖÑÌÃÕ�Ú�û�×8Þ�úV×�ÏÑÏOÌ�ÐVÜ@Õ8Î�Ö�ù�Õ8ÏPÖOÛ�Ì�ÞYú�Õ8ò���×8ÏOÌ�Þ-Õ�Ú<Ó�Ô�Û�ÐwÕ�÷sÞOÐ�ÖÑÞPà·Ð�Ö0û ÐVÐ�Ú¸ÖÑÛ�ÐwÖÑÌÃò�Ð®ÞOÐ�ÏÑÌ�ÐVÞ�Ü.Õ
Ú�Õ8ÖIú�ØÃÕ:Þ-Ð�ÖÑÕFÙ�Ð�ÏÑÕ�à·Ð$ú�×�Î·Þ-Ð]Õ�ù/Ì�Ú�ÖÑÐ�Ï��·Õ�Ø�×�ÖOÌ�Õ8Ú¸×�Ú�ÜJÏÑÕ8Î�Ú�Ü�ÌÃÚ�Í�ÐVÏOÏÑÕ8Ï"Þ�Ó

�]ã��Iÿ��>í[ü�ý�þ5ÿ �]ã���ÿ��^í ñ]õ�� ñ]õ��^í[ü�ý�þ5ÿ
ñ�Ì�ØÃò�Õ8ÏÑÐNâ ÏOÐVÐ�á ó�Ó ��� ÒVå�Ó ó ì�Ó�Ò�� Ò$å�ÓKæ ì�Ó ���¬ì�Ó ð
ßP×8Ï-ÖÑÐ�àCÐ�Ð$Þ0ÖÑÛ�Õ�Ð�á æ�Ó ó�� æ�å�Ó�Ò í"Ò8Ó ó�� ÒVê�Ó � é·Ó æ��¬ó�Ó ì
ô]Õ8á�Ð�Ð]õa×�ÏÑá ��Ó���� é:ð.Ó�Ò å�Ó ì��Sé�é�Ó ê ê�Ó �����.Ó æ
ä�Ý:ísîï Ø�ÐVÞOÎ�Ú�Ü æ.ÓKð�����Ó�� í�å�Ó�Ò�����Ó ê æ�Ó ó��¬ì�Ó ð

³5~�ª¾rwtFv��<����~���oq��|�vY{�xs|�y�¶/v�|�{�vw~.�<�±{�xs|Fv}{�~.�<��~����±�s|��Coµ~�{�oqy��<v�y.�[{�xs|F�<oq¶Á|���|����Ê|�vYª/|�{OzY|�|���{�x<|�{�oµ��|
v}|���o�|�vI~��¯{}|��Y��|���y8�*o��sp�{�xs|uy�¶av}|�{�vPªÁ|�{OzY|�|������ ���V�·¢�£]�Á��~.�<��¤^¦�§N�}�Ár�³Nxs|]ª�oqpFv}{�~.�<�<~��V���s|��Coµ~�{�oqy��<v�ª/|Ê¿
{-z�|�|���¤^¦�§N�}�@~.�<�¸{�x<|�y.{�x<|���{}|���x<��o��·�<|�vI~�{�ÄFy.«.|�|w£�~���«@��oqp�x�{���|�v��<�q{5�¯��y���¤^¦�§N�}�@~.vI�<y��*¿-�Êy���{�oµ�·�sy���v
{}yCy��¾�<v�o��<p¸��y·y�v}|^�Êy���v}{}��~.o��·{�vw��y.�w{�xs|F{}y.{�~.� ��|��<oq{�x��s|��µ~��*vNo��±{�xs|F|�v�{�o���~�{�oqy��ar

��`cbed[m��! �"Pl�k0d mPl

# ³Nxs|���|e~���|�Å/y�v�oq{�oq�.|�ª�o�~.v}|�vJy.�%$FÆ´��� ª/|�{-z�|�|��ö{�xs|�{}y.{�~.����|��<o�{�x �s|��µ~��*v>����y�� ¢F£�� ~.�<� ���[���
~.��{�xsy��sp�x¥xs|�oqp�x·{^�Êy.����|��Ê{�o�y��<vF~���|�~�Å<Å��µoq|��arJ³Nxs|¸ª�o�~.v}|�v�ª/|�{-z�|�|��c¤^¦�§N�}�¼~.�<� ¢F£��¼~���|����qy�v�|�{}y
��|���ysr

# ���[���u~.�<�º¢�£]�±~�p.��|�|JªÁ|�{}{}|��¸�&$FÆ¸���e¡Y{�x�~.�´���[���Yy.�F¢�£��±zNoq{�x�¤^¦�§w���Ár
# ³Nxs|���|®~���|�v}y���|®y��s{��µoq|���vPoµ��{�xs|�¤F¦F§w�����<~�{�~*�*zNx�o���xe��oqp�x·{Pª/|®�<�<|N{}y@{�xs|®�E~.�Ê{�{�x<~�{�¤^¦�§N�}��o�vY~
�<y��*¿-�Êy���{�oµ�·�sy���v]{}y·y��/��y.�w~¸v}Å/|���o�È��®p.��y��<�<�±v}{�~�{�oqy�� �E�Êy���Å�~���|^n�oqpsrPÇ('��V~�Å�o��e�:~���oµ~�{�oqy��<v�zNoq{�x3��|�z
¤^¦�§N�}�±Å�~.v�v}|�vV¡Vr

)�`+*,�
-Im�d/.0 &1/24351�f61�m�7�l

³wx<|���|�~.��oq��~�{�oqy��cy.�Y{�xs|e¤F¦F§w���½{}��y.Å/y�v}Å�xs|���oµ�J|�v�{�o���~�{�oqy��¥z]~.v>��~�����oq|��¨y��s{>~�{>{�xs|8.|�{J£���y.Å�����v�oqy��
�[~�ª/y.��~�{}y.���.��°]~.��oq��y.���<oµ~��Ñ��v}{�oq{��s{}|ey.�N³[|��Vx<�sy��qy.p.�.���<�<�s|��¸~¼�Êy���{}��~.�Ê{�zNoq{�xc{�x<|±²�~�{�oqy��<~.�]®|���y��<~.�s{�oµ��v
~.�<�½�*Å�~.�Ê|^®����o��<o�v�{}��~�{�oqy��ar

9 1;:<1<j
1�m=�>1�l
? ÒA@FßwÓ!�.ú"Û�Î�Û�×�Ú·ÜCB�ÓCþ Õ�ÐVÛ�ò¸ç(�:Ö"×�ÖOÎ·Þ=�IÐD�·Õ�Ï-Ö�Õ8ùaÖOÛ�ÐNÿ�ü���õ[ÌÃØ�Õ�ÖPõ[ÏOÕFE0ÐVú}ÖIí�Ô�ÏÑÕF�CÕ�Þ���Û�ÐVÏOÌ�ú]õa×�Ï"×�ò�Ð�ÖÑÐ�Ï"Þ�ç.Ì�Ú�ÿ�Ú:ÖOÐVÏ-í

Ú�×�ÖÑÌÃÕ�Ú�×�Øsü�ý�þ5ÿ��.Ð�ÏÑø:Ì�ú�ÐYù�Õ8Ï�ñ�ÐVÕ�Ü�ÐVÞOÝ>×�Ú�Ü ï Þ-ÖOÏÑÕ8ò�Ð�ÖÑÏOÝ>æ8å8å:æ ï Ú�Ú:Î·×�Ø;�IÐD�·Õ�Ï-Ö$ç.ÐVÜ.ÌÃÖOÐ$ÜJà�Ý^äNÓG�uÓ.ü¾×�Ú·Ü.Ð�Ú�àCÐ�ÏÑÍ
×�Ú�Ü¸ô�Ó
�®Ó�þ�×Êø8ÐVÏVç.ä ï � ï�H ÔIõaí0æ�å�å8ì�í0æ.Ò�ÒVó�ÒD��ç.Ò$ì�í0æ.Ò�ç.æ8å8å�ì�Ó

����
jHCG&GCLP?<�)4��)���C�_NP�M���"*	4(Q�+ª�"!R�)�M�\�(*�4(Q&% L&STW



���������
	������������������������������� �!�#"$��%&�'���)(*��+,(�������� -!./�0���012	������ �0+435�6�!	����!�7	8%9�6%�� ����+0:<;>=/	@?)A)A)BDCE�0�����9�)��FG�0��%�� ���
H<���)I
-0�0�0J�� ���)+0:�('K B�L�LNMOB8P6A
�8%,%�('� Q�QN� R�+,-�-�K ��+S35-)K ���)+���K �)�NR�QN(��T�� � -U�6%�� ����+9Q6�)�V?)A�A6B8Q)+,��������

WYXGZ$[]\_^6`badc a4ef\hgiXkjlXVm�j2n$a�go^NprqsautNv�wyxDa�go^6a�m{z�XVgsxDXG`|a}x�e�v~e�^6XkZ$m

�!���8�o�Y�������)�>�����>�i�

�U���U�>�����*�,�7�9�u������� ���0���~�U�� ��8����¡k¢
�9�u£&�����U��¤��@�u¥0¤����6¡k¢D�9�#¦�¥6���N��¥0�U��§¨�©�&�Eª
�6«,¡�¤8���¬¯®�°�±�²�³�´�±�®�±�µE¶U·)¸�±�¶S¹�º/¶Sµ�´

»l¼E½8¾�¿�À�Á*¾
�'�����/%�� �!��"Y��.Â+,����� �0+�3Ã�)��+,�0� �0-�%��UJ#+S%9�N%�� ����+�Ä��©�����)T�%9�6�����UJ~3Ã���)�Å�)� �*?NB4�#+,����� �0+Æ=E��ÇÆ;�J��6%9��(����8-0�0+,+,� ���

Äo� %��ÉÈ4ÊiÊ�ËEFÌ(��6-©�)�)�)�k�+,� ���
Í��)� �7�)�$Î��Ï%����&%���-©������Ð8��!35�6�#�0+S%�� �7�6%�� �)�Ñ�63�+S%��8-©���)+S%�� -G(��6�9�)�!�©%�����+kÒ�-����8-9�
�)Ó�+,��%/�)��JG"Â��.�Ô©K�ÈE���/"Y��.ÕR��6����435�)�E�U�)-9�D?6B7��+,�0+,+,� �)�D� +�-0���!(��%��UJ�Ki�'�)���!%�� �!�/"Y��.ÕT*�0���UR�� �)�E-U�)�
T*��J��0+,-���� T*�UJ��6+�-����~T�� ���6%�� �)�G�)3�+,�0�)+,�����)�<(��6�,%��)��Jk� � ���U�N�E%,���0��J�K�H<�6�9�6�!��%�����+��)3�� � ���U�N��%,���0��JÖÒ�T���6+0:��9�N%��NÔ
�)��J$+,�0�)+,�����)�i���6���!����� -DÒ¨�6�!(�� �Ï%��J���:<(����)+,�NÔ/35�6�7?6A
=E��ÇÆ;E+S%9�6%�� ����+&Äo�Ï%��×���)���
��T�+,����R)�6%�� �����)������+S%��6�,12�N���
(����0+,�0�8%��UJ�KØ�����4-0�)�!(��N����+,�)�GÄo�Ï%��Ù�!�U�6�ÙJ�� ������)��R)�)� ���+��63��!��%��0��J��6%9�&� +��7��J���K

ÚÜÛÑÝ*ÞØÝ*ß�à�áNÛ�âÜãNä<Û2ãNå¨æ2Û2áUÛ8ç)å�Û�áÙè*é#Úëê7ì}í>ÚÜÛ8ã@ê�çNè*î�è�áUî�ä<Û8ç6å¨ï@ìGÛ�ß¨Ý�à�ðGé>è*çDáUè�æ2Û×áUãNÝ�ãNå¨è�Þ�á�ñVå�ãNäÜá6ò�ó×ô
ï8å�Û�Þ'ãNß�à×ß�è�Þ<õ@è*öØáUÛ8ç6÷�Ý�ãNå�è�Þlä�å¨áNãUè*çNà*ø/Úëê7ìù÷�Ý*ß¨ò<Û�á&ñ&Û8çNÛÙï8Ý*ß¨ï8ò�ß�Ý�ãUÛ�âÉñkå�ãNälú
ûVû#üký}áNè*é�ã©ñ~Ý�çNÛ�Ý*á~è�Þ<ÛG÷�Ý*ß�ò<Û
î�Û8ç
áUÛ�áNáNå¨è�ÞÜÝ*Þ�âÜçNÛ�ß¨Ý�ãUÛ2ãUèþãNä<ÛÑß¨Ý*áUãÙè*öØáNÛ8çN÷�Ý�ãNå¨è�ÞÕÝ�ã
ãNä<Û×áUÛ�á6áNå�è�Þiø×ê7ä�Û8àhÝ�çNÛÑæ×è�â<Û�ß¨Û�âÜÝ*á�ç6Ý*Þ�â<è�æÿñ#Ý*ß��
áUãUè�ï6ä�Ý*áNãNå¨ï×î�ç6è�ïOÛ�áNáDÝ*Þ�âÕÛ�áUãNå�æ×Ý�ãUÛ�âÅò�á6å¨Þ<õ��
Ý*ß¨æÑÝ*Þ���ß�ãUÛ8ç
ãUÛ�ï)ä�Þ�å���ò<Û*øÉÚÜÛÉò�áUÛ�â	�Gê�
���������YãUè���� ãUÛ8çNô
çNÛ�áUãUç)å¨Ý*ßoçNÛ8é>Û8çNÛ�Þ�ïOÛ$áUà�áUãUÛ�æÂø��kòØæ2Û8ç6å¨ï
Ý�ãNæ×è�áUîØä<Û8ç6å�ïDß�è�Ý*â�å�Þ<õÑæ2è�â<Û�ß�öØÝ*áUÛ�âhè�ÞþãNä<Û$áUãNÝ�ãNå�è�Þ â�å�áUîØß¨Ý*ïOÛ�æ2Û�Þ'ã
ãNå¨æ2Û
áNÛ8ç6å�Û�á7ïOè�æ2î�ò<ãUÛ�âYÝ�ã�������û å¨á!Ý�îØîØß¨å�Û�âiø4ê7ä�Û
æ×Ý�î�îØå¨Þ�õÖéSò�Þ�ïOãNå�è�ÞØá#ö'à��kå¨Û�ß¨ß�í! #"�"�$�ð!ñ~Û8çNÛDòØáUÛ�âiø

ê7ä�ÛVß�è�Þ<õ�ãNå¨æ×Û7ÚëêVì áUÛ8ç6å�Û�á�é�è*ç~áUè�æ2ÛkáNãNÝ�ãNå�è�Þ�á�ñ#Ý*áuï8Ý*ß�ï8ò�ß¨Ý�ãUÛ�â×é>çNè�æ â�Ý�ãNÝ
î�ç6è�ïOÛ�áNá6å¨Þ<õÙè*éoÝ*ß¨ß%�'&�ô9ä<è�ò�ç
áUÛ�áNá6å�è�Þ�á8ø

ê7ä�ÛÑî�çNÛ�ß�å¨æ×å¨Þ�Ý�ç6à Ý*Þ�Ý*ß¨à�áNå�á
è*éVæ2Û8ãUÛ8èÜâ�Ý�ãNÝ ñ#Ý*á$æ×Ý*â<ÛÜí>ãUè áNÛ�ß�Û�ïOã2áUãNÝ�ãNå�è�Þ�áÖñVå�ãNä áNò�óÉï8å¨Û�Þ�ã@Þ'ò�æÖö�Û8ç
è*éuè*ö�áUÛ8çN÷�Ý�ãNå�è�Þ�áGãUèÂáUãNò�â<àþáNÛ�Ý*áUè�Þ�Ý*ß/Û)(�Û�ïOãNá)ð)øÖük÷*Û8ç6Ý�õ*ÛÑâ�Ý*å�ß�àÂ÷�Ý*ß�ò<Û�áGè*éuæ2Û8ãUÛ8èYâ�Ý�ãNÝÕí>ãUÛ�æ2î�Û8ç6Ý�ãNò�çNÛ íSêGð+*
î�çNÛ�á6áNò<çNÛYí-,~ð+*Eä'òØæ×å¨â�å�ã©à í-.�ðUðÙñ#Ý*á
Û)��ãUç6Ý*ïOãUÛ�â é�çNè�æ/��02143�â�Ý�ãNÝþáUãNÝ�ãNå¨áUãNå¨ï6587'9GíSò�Þ<ç6Û�ß¨å¨Ý�öØß�Û$â�Ý�ãNÝþñ~Ý*áDçNÛOô
éSò�áUÛ�â�ð)øÙê7ä<Û@Ý�÷*Û8ç6Ý�õ*ÛÑâØÝ*å¨ß�àÂ÷�Ý*ß¨ò<Û�ákè*é�ãUÛ�æ2î�Û8ç6Ý�ãNò<çNÛ$ï8Ý*Þ ö�ÛÖî�ç6Û�áUÛ�Þ�ãUÛ�â Ý*á�ïOè�æÖöØå¨Þ�Ý�ãNå�è�Þhè*éuß¨å�Þ<Û�Ý�çkãUç6Û�Þ�â
Ý*Þ�â áUÛ�Ý*áUè�ÞØÝ*ß�î�Ý�çNãÙíSáNÛ8Û��/å�õ�ô: �*��/å�õ�ô;��ð)øuêVä<Ûk÷�Ý*ß¨ò<Û�á~è�Þ ß¨å¨Þ�Û�Ý�çuãUçNÛ�Þ�â ïOè�ÛOóÉï8å�Û�Þ'ãNá�í>öØå¨Ý*á~é�è*ç#ãNä<ÛÙæ×å¨âØâ�ß�Û7è*é
ãNå¨æ2Û2å¨Þ'ãUÛ8çN÷�Ý*ß/Ý*Þ�â ãUçNÛ�Þ�â�ð+*oÝ*æ×îØß¨å�ãNò�â�Ûlí-<  �ðGÝ*Þ�â îØäØÝ*áUÛ$è*é&Ý*Þ�Þ�ò�Ý*ß/ãUÛ8ç6æ=*iñVç6æ×áGé�ç6è�æÿãNä�å¨áÙæ2è�â<Û�ß/Ý*Þ�â
Ý*ß¨áUè×Ý�÷*Û8ç6Ý�õ*Û@÷�Ý*ß¨ò�Û�á
í>öØå¨Ý*á)ð&é>è*ç!î�çNÛ�áNá6ò<çNÛ�Ý*Þ�âÂä�ò�æ×å¨â�å¨ã9àÑÝ�çNÛDî�çNÛ�áUÛ�Þ'ãUÛ�âYå¨ÞlãNä<Û
ãNÝ�ö�ß�Û> �ø?��Ý*ß¨ò<Û�á7è*é�öØå�Ý*áUÛ�á
Ý*Þ�â Ý*Þ�Þ�ò�Ý*ß�Ý*æ2îØß¨å¨ãNò�â<Û�á&é�è*ç!ãNå¨æ×ÛGáUÛ8ç)å�Û�á~è*é�Ý�÷*Û8ç)Ý�õ*ÛÖâ�Ý*å¨ß¨à2ãUÛ�æ2î�Û8ç6Ý�ãNò<çNÛ�Ý�çNÛ�ïOè*çNçNÛ�ß�Ý�ãUÛ�â ñVå�ãNä ß¨Ý�ãNå�ãNò�â�Ûkè*é
áUãNÝ�ãNå�è�Þ íSïOè*çNçNÛ�ß¨Ý�ãNå¨è�ÞYïOè'ÛOólï8å�Û�Þ�ãkå¨á7Ý�ö�è�ò<ã���ø@$�ð)ø

ÚÜÛ ï8Ý*Þ çNÛ8õ�Ý�ç6â ãNä<ÛYß�è�Þ<õÜãNå¨æ×ÛÂÚëê7ì}áNÛ8ç6å�Û�á×Ý*áÉïOè�æDöØå�Þ�Ý�ãNå�è�Þ è*é�ß¨å¨Þ<Û�Ý�ç2ãUç6Û�Þ�â Ý*Þ�â Ý*Þ�Þ�ò�Ý*ß!ãUÛ8ç)æ=*
ãUè�è íSáUÛ8ÛA�/å�õ�ô: �*B�/å�õ�ô;��ð)øÉê7ä�Û>�'ò�Ý*Þ'ãNå�ãNå�Û�á
è*é~ß¨å�Þ<Û�Ý�ç�ãUçNÛ�Þ�âÕïOè�ÛOóÉï8å�Û�Þ'ãNáÉí>ö�å¨Ý*á
Ý*Þ�âÜç)Ý�ãUÛ�ð+*EÝ*æ2î�ß¨å�ãNò�â<ÛÂíSü�ð
Ý*Þ�â îØäØÝ*áUÛ è*ékÝ*Þ�Þ�ò�Ý*ß#ãUÛ8ç6æ Ý*Þ�â ñVç6æ×á@é�ç6è�æ ãNä�å¨á$æ2è�â<Û�ß#Ý�çNÛÂî�çNÛ�áUÛ�Þ'ãUÛ�â å¨Þ ãNä<ÛÂãNÝ�öØß¨Û� �ø ê7ä<ÛÂáUãUç)å¨Þ<õ
��
VüVú ïOè*çNçNÛ�áNîÆè�ÞØâ�áDö�è*ãNäC��
VüVúD���ÜÝ*Þ�âC��
VüVúD7�EF� áNãNÝ�ãNå�è�Þ�á8øÕê7ä�ÛÉ÷�Ý*ß¨ò<Û�á@è*éVãUç6Û�Þ�â�á$Ý�çNÛÂÞ<è*ã2å¨Þ Ý
õ*è�è�âhÝ�õ*çNÛ8Û�æ2Û�Þ'ãGñkå�ãNäG5H �*�&%*IEJ9K*Øö�ò<ã7ç6Ý�ãNä<Û8çÙï8ß�è�áUÛ�ß¨àlãUèÉãNä<ÛD÷�Ý*ß¨ò<Û�áVé�è*çkÚÜÛ8ãUãML8Û�ß¨ß,øDí-�<è*çÙÚÜÛ8ãUãML8Û�ß¨ß/áUãNÝ�ãNå¨è�Þ
ãNä<Û�÷�Ý*ß¨ò<Û�á#è*éEß¨å¨Þ<Û�Ý�ç#ãUçNÛ�Þ�â	5 &�9oè*ö�ãNÝ*å¨Þ<Û�â é>è*ç!ãNä<Û�î�Û8ç6å�è�âÉá6å¨Þ�ïOÛN #"�7'&×é>çNè�æO$�ô9ä<è�ò<ç7÷�Ý*ß¨ò<Û�á#ö�àÉòØÞ�ñ~Û�å�õ�ä'ãUÛ�â
ß�Û�Ý*áUã0ô9á:�'ò<Û�Ý�ç6Û�áP�Øã7ñ#Ý*á7Û�áNãNå¨æ×Ý�ãUÛ�âhãUèQ��ø@7��ÑæÑæAR�à*Û�Ý�ç�ø#ê7ä<Û�ãNå¨æ2Û
áNÛ8ç6å�Û�á7ñ#Ý*á7è*öØãNÝ*å¨Þ<Û�âÂé>çNè�æ Ý*ß�ß�õ*Û8è�â<Û8ãNå�ï
áUÛ�áNá6å�è�Þ�á~Ý*Þ�Ý*ß�à�áNå¨á&ñVå�ãNäÂú
û7û#üGýÿîØÝ*ïS��Ý�õ*Û�÷Æø@E�ø� >5UTV9iòØáNå¨Þ<õW��Ý*ò�áNá0ô9ý Ý�çS�*è�÷ æ2è�â<Û�ß�é�è*ç#ãNä<ÛÙß�Û�Ý*áUã0ô9áS��ò<Û�Ý�çNÛ�á
Ý*â'XNò�áUãNæ2Û�Þ'ã8ø/ÚZYiì ñ~Ý*á&Û�áUãNå¨æÑÝ�ãUÛ�âÉÝ*á� �ô9ä×îØå¨Û�ïOÛ8ñVå¨áUÛVß�å¨Þ<Û�Ý�ç�éSò�Þ�ïOãNå�è�Þoø230ê�
[���������Öñ~Ý*á~ò�áUÛ�âÑãUè����×ê�
��I*
�Gå�Û�ß¨ßØæÑÝ�î�îØå¨Þ<õDé>ò�ÞØïOãNå�è�Þ�áÙí! #"�"�$�ð~Ý*Þ�âÑãNä�ÛkÛ�ß�Û8÷�Ý�ãNå�è�Þ Ý*Þ<õ�ß�ÛÙï8ò<ãUè�(F7�\!ñ~Û8çNÛ�ò<î�îØß¨å¨Û�âiø�ê7ä<ÛÙæ2Û�Ý*Þ áUÛ�Ý*áUè�ÞØÝ*ß
÷�Ý*ß¨ò<Û�á/ä�Ý�÷*ÛVãUçNÛ�Þ�â@è*é]��ø^T���æÑæAR�à*Û�Ý�ç�ø4ükÞØÝ*ß�à�á6å¨á�è*é_58E'9<é�è*ç4Ú`Y�ì ãNå¨æ2Û!áUÛ8ç6å¨Û�á/ñ~Ý*á/è*ö�ãNÝ*å�Þ<Û�â@é�è*ç4ãNä<Û#î�Û8ç6å�è�â
áNå¨ÞØïOÛa #"�7�T ãNå�ß¨ßb������� ñkå�ãNä û#ü0/û�R���ú�0c�d*/å¨Þ'ãUè630ê�
�_�������ÕñVå�ãNä<è�ò<ãd���<å¨Þ<õhãNä<ÛÂáUãNÝ�ãNå�è�Þ�á2ïOè�è*ç6â�å¨ÞØÝ�ãUÛ�áe*
ò�áNå�Þ<õDÞ<è�ô9Þ<Û8ã0ô�ãUç)Ý*Þ�áNß¨Ý�ãNå�è�Þ ïOè�Þ�áNãUç6Ý*å¨Þ'ã~Ý*Þ�â�E�\!Û�ß¨Û8÷�Ý�ãNå�è�Þ ï8ò<ãUè�( Ý*Þ�âÑãNä�Û��Gå�Û�ß¨ß�æ×Ý�î�îØå¨Þ�õ
é>òØÞ�ïOãNå�è�Þ�á8ø/Ú`Y�ì

BOL)L ;>=4	k?)A)A)BVCE�0�����9�)��FG�0��%�� ���!H<���8-0�0�0J�� ���)+



���������!	������� ����� ����� �������#�����!�/"@��%��'���)(*��+,(�������� -�./�0���01Ù	������ �0+

f]gVh�i^jDkJlnm?oVj+pqgVrVjts�g#uvivw�oeg#ivx�j+y_zV{I|�jS}qj:zJ~cg#p!g#|�jS}qj:p!y�{�zJp?�4�]�B�2y�}qge}qu^zJ�cy+l

��ãNÝ�ãNå¨è�Þ êD* êD* êD* ê�* êD* ,B*%,/Ý .�*I�
öØå¨Ý*áe* ç6Ý�ãUÛ�* <  ,uä�Ý*áUÛ�* ñ7ç6æ×áe* \ û
\Oû \�û[R�à*Û�Ý�ç \�û â<Û8õ

Ú��uê7ê�Y���020 7�ø8&������� ��ø� W�����U� "�ø8&��D���@� ��E�E��� & "'&cE�ø@E T�E
��3!0EûP
[���4�  �ø@�Q������ ô���øU�������U�  #��ø@$������@� ��$����� E "�T���øU� E�E
��ú����4�  #$�ø� ������� ô���ø8&������� ��ø8&��D���� �� #7��D� � 7�"���ø� 7�"
Ú��b��ê[��ú�
Vì "�ø@"Q�����@� ��øU�������U�  � �ø@7������@� �'&c"��� &  e����&<ø8& $� 

[3Uût.GýÜú��kì �� �ø@"������@E ô���ø8&������� &<øU���D���@� ����E��D� &  e�� VT'ø� $�"
��úD
Eê[0��bYiü ��"�øU�������� ô���øU�������U�  �øU���D���� "��Q�D�   e����"�ø8& $'&
.Gü
/ê�
küVú  #7�øU�������� ��ø� W�����U� E�ø@7A�D���@� "� d�D� � 7�$�"�ø@� E�E
ýÜúD��ü2���[ #� ����ø@$������@E ��ø@EA������  � �ø� ������@� ��E����� & "� e��ø@E ���
.�
VüD����7�E  #$�ø@"������^T ��ø@�A������ T'ø@7A�D���@� ��E�E��D� & 7���$�ø@" &cE
ü�0B�
úD,Æü�
[� E�ø@EQ�����@� ��ø� W������  #��ø@E������@� ��E����� E "�7�$�ø@� T��
��
VüVúD7�EA� "�ø@�Q�����@E ô���ø� W������  e��ø@$������@� ��E����D� & "���E�ø@$ T��
��
VüVúD��� "�ø@$Q�����@� ��ø@$A�����@�  e��ø8&=�����8& ��E'&=�D� & "�����ø� $�"
ý ü4ê���
kü  #E�øU�������@� ��ø� W�����U� "�ø@"A�D���@� �'&�TA�� & "�E�"�ø@$ $�T
�
üP�Gü3  #$�øU�������@� ô���ø� W�����U� ��ø@EA�D���� �������D� � 7�7�7�øU� T�"
ú��D��ü�0�ü�$�� "�ø@"Q�����@� ��ø� W�����U� 7�ø@�A�D���@� �'&c"��� �  e�� e��ø@7 T�E
�[�uü02�b����� ô;��ø8&������@� ô���øU�������� $�ø@�A�D���@� �'&�&=�D� �  e����$�ø@" T'�
.�ú�1#ü
/ê[��$  #��øU�������@� ô���ø@�A������ ��ø@$A�D���@� 7��Q��& �  e�� � �ø8& $�$
�
üD��.3�ý ü  #E�øU�������8& ��ø� W������ 7�ø@$A�D���8& ����"��D� &  e�� � �ø� T�$
ýa�uì�3Nûb3q�Gü  #��ø@�������@� ô���ø� W������  e��ø@"������8& ��$����D� &  e�� #��ø8& $'&

ñ#Ý*á7ïOè�æ2îØò<ãUÛ�âYñVå�ãNälè�Þ<Û
ä<è�ò<ç!ç6Û�áUè�ß¨ò<ãNå�è�Þoø/êVä<Û�ß¨å¨Þ<Û�Ý�ç#ãUçNÛ�Þ�âÂï8Ý*ß�ï8ò�ß¨Ý�ãUÛ�âÂé>è*ç7ãNä�å¨á#áUÛ8ç)å�Û�á!å¨á~ô���ø@���A����ø� � 
æ×æAR�à*Û�Ý�ç�ø êVä<ÛÑß¨å¨Þ�Û�Ý�ç�ãUçNÛ�Þ�âÅÝ�é>ãUÛ8ç@çNÛ�æ2è�÷�å¨Þ<õhÝ*Þ�Þ'òØÝ*ß4ñ~Ý�÷*Ûlå�á���ø@$����O��øU��7þæÑæAR�à*Û�Ý�ç�ø=�<è*ç$ýþÛ�â�å�ï8å¨Þ�Ý
áUãNÝ�ãNå�è�Þþß¨å¨Þ<Û�Ý�ç!ãUçNÛ�ÞØâÂé�è*çVÚZY�ìfãNå�æ2Û
áUÛ8ç6å�Û�á!å�á[��ø@�Q����ø@�Ñæ×æAR�à*Û�Ý�ç�øð

,Eè�áNáNå¨öØß�Û çNÛ�Ý*áUè�Þ è*éGãNä�å¨á$â�å�áNïOçNÛ8îØÝ*Þ�ïOà å¨á2å¨Þ â�åH(�Û8çNÛ�Þ'ã2÷�Ý*ß�ò<Û�á2ò�áUÛ�â é>è*ç×Ý*Þ�Ý*ß�à�áNå¨á8ø���Ý*ß¨ò<Û�á×è*éköØå�Ý*áUÛ�á
í>é>è*çÉãNä<Û æ×å¨â�âØß�Û è*é�ãNå¨æ2Ûþå¨Þ'ãUÛ8çN÷�Ý*ß�ð2Ý*ÞØâ Ý*Þ�Þ�ò�Ý*ßVÝ*æ×îØß¨å�ãNò�â�Û�á2áUÛ8Û�æ×álå¨Þ ç6Ý�ãNä<Û8çlõ*è�è�âëÝ�õ*çNÛ8Û�æ2Û�Þ'ãÉñkå�ãNä
ãNä<ÛÜÝ�÷*Û8ç)Ý�õ*ÛÅâ�Ý�ãNÝ é�è*çYáNãNÝ�ãNå�è�Þ�álÚÜÛ8ãUãML8Û�ß¨ß�*ÙÚÜÛ�áUãUé>è*ç6ân*��Ùå¨ß¨ïOç6Û8Ûe�]*��Và�Ý*ß�Û�á+����*�úÙÞØáNÝ*ß¨Ý�$���*ÙýþÛ�â�å�ï8å¨Þ�ÝÅÝ*ÞØâ
ý Ý�ãUÛ8ç6ÝG5H �*n&�*�EJ9�øW��Ý*ß¨ò<Û�á�è*é&öØå¨Ý*áUÛ�áÙé>è*ç�ãNå¨æ2Û2áUÛ8ç6å¨Û�áÙè*é&Ý�÷*Û8ç)Ý�õ*ÛÉâ�Ý*å¨ß¨àYãUÛ�æ2î�Û8ç6Ý�ãNò<çNÛ2Ý*Þ�â ãNå�æ2Û2áUÛ8ç6å�Û�áÙè*é
Ú`Y�ì ä�Ý�÷*ÛÖÝ×ä�å�õ�äÂïOè*çNç6Û�ß¨Ý�ãNå�è�ÞYâ<Û8õ*ç6Û8ÛÉí-��ø^T�E�ð)ø

�����!�����%�4���% 

¡ kS¢D£?¤'¥M¦�§W¨c©cª@¨c«¬K¦�®#¦�¨�¯[ª@¨]°¥S±�§�¥!²+¨I³Bª@¨�«�¬;§�´¶µ¶·¹¸¶¯�®'¥#º#±:¬K¦�¨�¯[ª�»�j:};j+p;|�uv�cge}qu^zJ��z#{%f]p;zJ~�z'y�~�¼!½�j+p;uH¼?¾ng#p!g#|�j:};j:p!ynh�w
�4�]�2�_gVy�¿2zJ�'};pqu^h�x�};uvzV�d};zd¿2ivu^|Dge}qzVivzVrJuvgVi�À'}qxcs�uvj+y+lc�nj+p;|�j+yqy;x���r�ÁÃÂbj+zVuv��{�zVpq|Dge};uvzV�%Ä'��Âb�MÄ%k)Å#ÆVÇVÇJÈ�Ä�Æ�kMÉ�Æ#Êcl

¡ Æ)¢�«¬K¦�®#¦�¨�¯[ª@¨c£?¤�¥!¦�§W¨c©cª�À'}!ge}qxcy_Ë�j:~zVp;}BzV{�};½cj4���tÀ�f]p;zJ~�z'y�~c½�j:pquv¼�¾�uvi^zV}_¾�p;zVÌKj+¼M}�É�f]p;zJ~�z'y�~c½�j:pquv¼4¾ng#p!g#|�jS}qj:p!y
u^�����'};j+p;��ge};uvzV��g#i��4�]�2��À�j+p;o�uH¼Sjb{�zVp�Âbj+z�s�j+y;w�g#�csWm�y;p;};zV|�j:};pqwVlcÆ#ÇJÇJÆ[m?����xcgVi%Ë�j:~zVp;}+Ä�j¹s�l���gV�cs�j:��hj:pqrcÄ�Í�lvÄ
�_g)oVj:p¹Ä�Î�l^Ä�Í4m4À�mtÅef�¾nÉ�Æ#ÇJÇVÈeÉ�Æ�kJk+Ïck+Ð�Ä�k¹È)É�Æ�kVl

¡ Èe¢�«¬K¦�®#¦�¨%¯ªU¨]£?¤�¥!¦c§d¨]©�ª�»4jS};j+p;|�uv�cge}qu^zJ�AzV{2f]p;zJ~�z'y�~�½cj:pquv¼�¾ng#p!g#|�jS}qj:p!y?ÑFu^};½�uv��};½�j���j+ÒÓ���tÀQ¾�u^ivz#}P¾�pqz#ÌKj¹¼M}+l
����Ô[¾�p;z�¼Sj+j+s�uv��r'y4zV{bk¹Ïe}q½�Ñ�zVpqÕ�u^�cr�Ö>j:jS}qu^�crNzV��×�x�pqzV~j+gV�A�b�%�B��{�zJp[Âbj:z�s�j¹y�w�g#�cs�m�y;p;};zV|�j:};pqwVÄ%�%j:uv~�Ø:uvrcÄ
Âbj:pq|Dg#��wVÄcÆVÇVÇVÈcÄ�ÆVÙJÚ¹É�ÆVÏ#Ûcl

;>=/	k?6A�A6BGCE�������9�6��FG�0�©%������7H����8-��0�UJ�� ����+ B�LOP



���������!	������� ����� ����� �������7��� �!�E"@��%��'���)(*��+,(�������� -�./�0���01Ù	������ �0+

fIg#h�ivj�Æ�lnÑÝÜ�»C}qu^|�j�y;j:pqu^j¹y_~cg#p!g#|�j:};j:p!y+l

��ãNÝ�ãNå�è�Þ úGöØá8ø Þnß�à�á�ô�Þnà;â'ã 1#å¨Ý*áe* ê�ç6Û�Þ�ân* üd* ,uäØÝ*áUÛ�* ñ7ç6æ×á#*
�Gò�æDö�Û8ç æÑæ æÑæAR�à*Û�Ý�ç æÑæ ìGÛ8õ æ×æ

Ú��uê7êYn��0�0  e�cT�7  #"�7'&<ø� Dôb������&<øU� 7���ø� V�� ��@� ��ø8&������@� ��T'ø� V�� ��@E �'&c�A�D�  #$
��3!0Eût
���4� 7� #7  #"�7'&<ø@E×ôb��������ø@" E���ø@"��� ��@� ��øU�c�����@� E���ø8&��� ��@$ ����7A�D�  #�
��ú������ 7�7�  #"�"���ø8&Éôb������&<øU� "� �ø@7��� ��@� ��ø8&������8& ����ø@$��� ��@" "�EA�DE "
�
üP�Gü[3 �'&c$  #"�7�E�ø@$×ô #"�"'&<ø@�  e��7�ø@���D��@� ô;��ø@���� ��8& ����ø^T���&��U�  #������ � ��E
Ú��b��ê��Eú�
Vì 7����  #"�7� �ø8&Éôb��������ø@"  e����ø@���D��8&  �ø8&������8& $�T'øU�c�D��8&  #���A�D�  #7

�3Nût.Gý úD�kì E�E��  #"�7'&<øU�Ñô #"�"���ø@$ �� � �ø@���D��@E ��ø� V�� ��U� $�E�ø8&��D��@E ��E����D� ���
��ú�
/ê�02�bY�ü $'&cE  #"�"���ø@�×ôb������&<øU� ��E�E�ø@���� ��^T ��ø@�������@E $���ø8&��D��8& ����EA�D�  � 
.�
VüD����7�E E���E  #"�7���ø@$×ô #"�"���ø@7 "�E�ø@$��D��@E ô: �øU�c�� ��@� E���ø@���D��8&  #�'&���& ��"
.Gü
/ê�
küVú &c$�$  #"�7�$�øU�Ñôb��������ø@" 7�7�ø� V�D��8& ��ø@$������@E E�T'ø8&��D��@� T�$A�D� �'&
ýÜúD��ü2��� #� ��E�  #"�7�"�ø� Dô #"�"���ø^T $'&<øU�c�D��U� "�ø^T��D��� ��7�ø� V�D��^T �����A�D$  #7
ü�0B�
ú�,�ü�
[� ��E��  #"�"�"�øU�Ñôb������&<øU� 7�7�ø@E��D��U� ô;��ø8&��D��� $�7�ø@���D��� $� W��& ���
��
VüVú E'&�  #"�7�"�ø8&Éôb��������ø@E "���ø� V�D��@� ô: �ø^T������@7 $���ø@7��D��@" �������D�  � 
ý ü4ê���
kü ��"�7  #"�"���ø@7×ôb������&<øU� "�7�ø@$��� ��^T  �ø� V�����8& &�T'ø@E��D��8& $>�D� ���
ú��D��ü�0�ü�$�� ��E'&  #"�7���ø@$×ôb��������ø@7 7�T'ø8&��D��@� ô: �ø� V�����@� ��7�ø@$��D��U� �� #EA�DE  #�
�[�uü02�b����� ��$'&  #"�"'&<ø@7×ôb������&<øU� &c��øU�c�� ���  �ø@$������8& ����ø@���� ��@E &A�D� ���
.�ú�1#ü
/ê[��$ ��E�$  #"�7�"�ø@"×ôb��������ø@" 7�"�øU�c�D��U� ô���ø8&������@7 ��E�ø@"���&���  #EA�� e� ��T
�
üD��.3�ý ü  #"�7  #"�7'&<ø@$×ôb��������ø8&  #����ø� V�D$�^T ô: �ø@"��� ��@� TJ&<ø@���D"�@� &c"A�D" ��7
ýa�uì�3Uût3q�Gü  #E��  #"�7�T'ø@�×ôb��������ø@7  � #"�ø^T��D��@$ ��ø@�������^T E'&<ø� V�DE�8& "�"A�DE  VT
�/ìkôK��021~ü "�7  #"�"���øU�Ñôb��������ø@E 7'&<ø^T���&��@� ô���ø@���� ��@� 7���ø@7��DE�@E ��$��A�D$ ��7
ê��������1P��� "��  #"�"�7�ø@E×ôb��������ø@7  VT���ø@"��D$�8& ô: #��ø^T���&��@7 "���ø@"��D7�@7 �� #EA�D$ �� 
��ü��kê�3�üW #� 7�T  #"�"� �ø@"×ô #"�"�$�ø@" $�E�ø� V�D$�^T ô;��ø� V�D��� ����ø@7���&��@E E�EA�� #� ���
0�üVôK��0�1#ü  e���  #"�"� �ø8&Éôb��������ø@E T���øU�c�DE�@� ��ø^T��� ��8& $'&<ø� V�DE�@$ ��TQ�DE  #�
��û&ôK��0�1#ü 7'&  #"�"���ø@E×ôb��������ø@E �� #E�ø^T��DE�@� ô���ø^T��� ��@7 ��7�ø@$��D$�@7 ��$����� #$ &�T

¡ Û#¢�«¬K¦�®#¦�¨?¯ªU¨P£?¤'¥M¦�§W¨�©cª@¨D°�¥M±;§�¥!²+¨�³Bª@¨P«¬K¦c§�´äµå·)¸å¯[®'¥eºV±S¬K¦�¨P¯[ª_f]p;zJ~�z'y�~c½�j:pquv¼�Üj:�cu@}q½�»4j:iHg)w�y�h�wF�4�]�B�dgVy
¿2zV�'}qp;uvh�x�}qu^zJ�N};z>¿2i^uv|Dge}qzVivzVrVuHg#i�À'};x�s�u^j¹y:l����%Ô4¾�pqz�¼Sj+j+s�uv��rJy�z#{�k¹Ïe}q½QÑ�zVpqÕ'uv��rWÖNj:j:};uv��rdzJ�Q×�xcp;zJ~�j¹g#�>�b�%�B�
{�zVp�Âbj+z�s�j+y;w�g#��sdm4y�p;};zJ|�j:};pqwVÄ��%j:uv~�Ø:uvrcÄcÂbj+p;|Dg#��wJÄcÆ#ÇVÇJÈ�Ä�Æ#È�Ú+É�ÆeÛJÏcl

¡ Ù)¢Dæb¥!ç�®V±;´vè�´å¨#é�ª@¨°�¤)§�ê#±;´¶¨eënª)f]p;zJ~�z'y�~c½�j:pquv¼2¾ng#p!g#|�jS}qj:p!y�{�pqzV|ÓÂbj+z�s�jS};uH¼2�4�%�B�I»4g#}qgbm?�cgVi^w�y;uvy+l)����Ô]¾�p;z�¼Sj+j+s�uv��r'y
z#{tk+Ï#};½�Ñ�zVpqÕ'uv��rNÖNj+jS};uv��r>zJ�=×�x�pqzV~j+gV�A�b�%�B��{�zJpÂbj:z�s�j¹y�w�g#�cs�m4y�p;};zJ|�j:};pqwVÄI��j:uv~�Ø+u^r�Ä�Âbj+p;|Dg#��wJÄIÆ#ÇJÇVÈcÄ
k+ÊJÐ)É�Æ#ÇJÆ�l

¡ Ïe¢DéQê#ì^í�´vè�¨�înªU¨�«�í�®#²q´^í�¦�´vè�ê�¨�ï�ª@¨�«c¤)í�¤)ìH±�í#ê:ð�ê�¨cé�ª@¨%ñt²!êV±�´vèc±;íVð'¨]òPª@¨nòt®�ºVêeè¤Jó'¨2³Bª@¨�«�®#²;í�´H±S¨�ôSª@¨�ñ[¤e·:ì�¤JóSê�¨côSª@¨�õP®V±;´H¸
è¤Jó'¨]ö]®cªW�Km�m÷�b�%�B�2m��cg#ivw�y�uHy�¿2j:�'}qj:p?Ë�j+~�zJp�}�{�zJp�Æ#ÇVÇJÇ�l�����Ô�ÆVÇVÇVÇ[���bÀWm?�c�'x�g#i%Ë�j+~�zJp�}¹ÄcÆ#ÇJÇ�kVÄ�ÆVÈJÆ¹É�Æ#È'Ù�l

¡ Ú¹¢>°I´äµ-¤Jó'¨]øtªU¨]°�¥M±;§�¥!²+¨6³_ªU¨£�¤�¥M§d¨Iö?ª�ùP¿�¿Bm�ÖúÙ�l^kPû�y;j:p¹ü y_Âbxcuvs�jJl�m?Âtû[Ä�Æ#ÇJÇJÆ�l
¡ Êe¢�ý�þ�þ�¸_ÿ�����º�º�º/¶U·�¸�±�¶>¹�ºE¶Sµ�´������	��
�����
�����	��������
���������±����������<·���·6¹���°��E¶äý�þ�����®8°�®�®�®)þ*±Jþ�¶ ��±Jþ

BOL"! ;>=4	k?)A)A)BVCE�0�����9�)��FG�0��%�� ���!H<���8-0�0�0J�� ���)+



���������!	������� ����� ����� �������#�����!�/"@��%��'���)(*��+,(�������� -�./�0���01Ù	������ �0+

 0
 20

 1990  1992  1994  1996  1998  2000

NRAO20, NRAO85_3: average daily temperature

 0

 200

 1990  1992  1994  1996  1998  2000

NRAO20, NRAO85_3: average daily WZD

 25
 30
 35

 1994  1996  1998  2000  2002  2004

FORTLEZA: average daily temperature

 200

 400

 1994  1996  1998  2000  2002  2004

FORTLEZA: average daily WZD

 0

 20

 1994  1996  1998  2000  2002  2004

WETTZELL: average daily temperature

 0
 100
 200

 1994  1996  1998  2000  2002  2004

WETTZELL: average daily WZD

#Iu^rJx�pqj�kJl�ÑÝÜ�»ÓgV�csdscg#uvi^w�g)oJj:p!g#rJj?};j+|�~�j+pqg#};x�pqjVl

;>=/	k?6A�A6BGCE�������9�6��FG�0�©%������7H����8-��0�UJ�� ����+ B�L%$



���������!	������� ����� ����� �������7��� �!�E"@��%��'���)(*��+,(�������� -�./�0���01Ù	������ �0+

 0
 20

 1990  1992  1994  1996  1998  2000  2002  2004

GILCREEK: average daily temperature

 0

 200

 1990  1992  1994  1996  1998  2000  2002  2004

GILCREEK: average daily WZD

 0

 20

 1994  1996  1998  2000  2002  2004

NYALES20: average daily temperature

 0

 200

 1994  1996  1998  2000  2002  2004

NYALES20: average daily WZD

 0
 20

 2000  2000.5  2001  2001.5  2002  2002.5  2003  2003.5  2004

TSUKUB32: average daily temperature

 0
 200
 400

 2000  2000.5  2001  2001.5  2002  2002.5  2003  2003.5  2004

TSUKUB32: average daily WZD

#Iu^rJx�pqjPÆ�lnÑÝÜ�» gV�csdscg#uvi^w�g)oJj:p!g#rJj?};j+|�~�j+pqg#};x�pqjVl

B8P6A ;>=4	k?)A)A)BVCE�0�����9�)��FG�0��%�� ���!H<���8-0�0�0J�� ���)+



�����������
	������������������������
������ "!��#�������%$'&(��)�)%�#�%$+*�!%�� �����,�%�.-/��,01��2%�43658769;:<&>=?!�04������ ����A@'������2%����BA���"C%�� �����,�D&E�CF�"��G
5IH<	KJ�L,L�MEN6�������O���P&E�"�Q���#�%$RBA��S ��"��C%���%$,�"GT)U� MSV�WOXSMYV,Z
2S����);� [,[����F�� � ,� $,�\-] �� ��������� $����[�)�!%^����� �������,�%�O[�$�0_J�L,L�MS[��������������

`baRc�dfegc�aihkj�lnmpo aRqgqgj�lnmsrgeglnd6h�j�tKlnuwvFxktKy hkzn{}|�~�������o �}egys{fx�j�d.aRc
� {faih�zn{�x���xk{f�Dj�d6h�j�tKl�o t��g{�c

�E�8�,�F�Y���6���S���U�?���P�6 ¢¡£¥¤ �8¦��S�+§'�P�;�F��¨ £�© �«ª��I�g¬��Y� ¤ �I�k�;�,��P�

®<¯U°�±�²³±(´Fµ«±%¶"·¸®f¹�°�·�º�»S±S¼�½Sº�¾Y¿�ÀE·�µ«±�º�¼8Á+·�¯;¼6½OÂfÃ�±FÄ�ÅÆ½�±�¯�Ä+´�µU±F¶"·_´P¶�ÅÆ·�¯P¶�·�¿fÇ¥È«±�²�Á(·�º"°gÉ�¯;Å�»Y·�º"°�Å�¼8¾'½�Â¸Ê;·�¶"ÈT¯P½S²³½�ËF¾
Ç�½�¯U¼�±F¶�¼<±�ÌÍ¼�ÈU½Sº�Î<ÃÐÏÌUÄSÅ#Ë�·�º�Ñ_±F±S°�¿Ò·�Ó�Á+±SÅ�²³Î�ÔUÕTÕUÖ�×TØUÖFØÚÙ�ÛYÔUÕÍÜ,Ý�ÞFß�Ö�Ù"ÖFÞ

àâá6ãSäFå�æAçÍä
&E�C%�"��������$¸�-���2��
�����)Í,��)�2%������ K�Qè«�" ����� ���!%����Cn^S�'�%�"!%���O��������04���)�2%�����R�#�g��)��� "�R$��"�C%������ R���" O2����#éS!����

�#��êY�RH69���5f���TCgN<B�	�����éS!��ë���"�f��2��R!����R�-?0R��)�)%�#�%$E-]!%�� ���������"�¸	��"�Y���O����C%�ëè«����������0R��)%)�����$K-]!��% �����,�%�i�����
)%���"���"�S���ë�+���¸!����,GU��,04���-���2��"0�^T������C�,����!�04������ ����Pì�������2����.04�CF�"���"�<@n��!�����C(��2%��3?5I7?9�:<&wí�î6ïÆH�:Ú7
�F!%04������ ����«ì��"����2��Q�6)F����C%�� �����,�+04�CF�"�«-]��6�
CF������ ��6 "���� "!��#�����#����-A0R��)%)�����$�-]!��% �����,�%�Ú���#�i�O�"�����O�� "����$F�kð�2%�
�,C%�����S�O��$,�"�f�-k��2%���f��)�)F��Y�� Q2g�����4��2��
2%�#$�2n��)T�����#����������,��!%����,�âñòLF� J�ó4ô�LF� J�ó�õ<�-���2����f04�C%�"�����.ì����#�����f�ë���
 ���)���^������ë�I�(��4)F����F�#CF��C%���O�4�"�Y�Q���(í42��!%���Ú�����R)F����C%�� �������+04�C%�,�?&(��)�)����%$
-]!��% �����,�%�?ì��Q����ö%�<CF�ì��(��R�
íF� L ó �"���"��������,�4����$��#�k-/��¥��2��kH<9;��5P���ë���"��÷6�������³�
ñÆ	Sì���CF�"�ÍõP���TC�@'������ø"�"���UñÆN6����0R���S��õQ��ð�2%�"���k���Qìâ3?5I7?9�:<&
^T�����"CE0R��)%)�����$�-]!��% �����,�%��ñ�36�k&(*Aõ�ì��Q���f�����\����CK��(H<9;��5�04������!%���"04���������� �éS!��ë����CK�#�K��2��6�S�"���?J�L�L,L��

ùkúüû�ý�þ�þ�ÿ����������	��
«ÿ�����
������������������ ����!��"$#!%$�&���!�'���(�����*),+��(��-."$+0/1�!�2�3�546���!�'��7���89�0�3"$-&�(%$�!�2���:8;+���%$���57:+<#1+0��=.>� ?+0/@�589�A%5�2"�=��9B

���:8C�0��83���1�:DE#���+F7G��H5�CI�J�KMLN�5�1=PORQMST�9U�/V�2�3�:����89�W/��3"5/1�(%$�(����"$�P=!��7:�X �+�Y�ZN�!�C/1��"5/1�(%$�(����"$�[=!��7:�X �+F����7G�(�0�
�0"\���!�?���2]^�_�589����`��:�a T"5]	���!�.-.��=��:#�-b�N���:8_�T]c"5�����!�.+0"(Ba82�57:7���=[�!��#��0�3�57d/1�(���F"5]����!�.�(��-."$+0/1���2���?�G+F�G�fe@#fB
����89��=[>� g�0��-./V�2�3�(��#!�3�54*/�����+�+�#����C�5��=[��#�-&�:=1���a 5YRZh"\-&"�=!��7h���!��+0�.=!��7G�� f+24i#�+�#��57G7� j+0"(Ba82�57:7���=[-&�(/�/@�:�!%
]k#���89����"$��+��(����#�+0��=l�0"?�3��7:�(�0�;�����F+�7G�5�6��=!��7:�X m�(�M�5�n��7��2`(�(����"$�\�5�!%$7��Ro��0".�Wp2�����:���l=!��7G�� &`(�57:#!�5Y<qF+�#��57:7� 
���!�R�0"5���57d+�7:�5�E�A=!��7:�X n�:+N+0�2/1�(�3�(�0��=g�G�6�0"m�m+0"(Ba82�57:7���=g�E f=!��"$+0���(���:8&rtsvu'�5��=j�&���2�A/@�(���Crcw�u_x

y.z rto{u}| y.z�~���j� � rto{ui� y.z�~� �j� � rto_u r��Xu
ZA����7:�2]^�R���5��=P+3�:=!�?"5]M��DE#��(���:"$����%$��`5��+R���!�.�0"5���57�+37:�5�6��=���7:�� 54i�����.p2���������[�M�2��=!��7:�� [�:+R=!�2/@�:89�0��=

�N�����m+�#!/V�2�3+�89�3�:/���pN�5��=m+3#!>1+�89�3�:/���wW4����!�Np2�����:���m�E �=!�3"$+0���(���:8A=!��7G�� &�:+�=��2/1�:89�0��=&�;�����&+�#!/V�2�3+389�3��/��<�W�5�1=
+�#!>@+�89�3��/���si4d�5��=����!�m89"5���3��+0/V"$��=��:�!%g-m�(/�/1�:�!%\]k#���89����"$�1+ � �5+W�T]c#1��89����"$�P"5]���7��2`(�(����"$��oW�(���l+��!"X�;�
�N�����j+3#!>1+�89�3�:/���+Mw��5��=�s*4!����+0/V��89����`5��7: 5Y

Zh"�=1�� ��N�G=!��7� [#�+0��=�-m�(/�/1�:�!%T]c#��189����"$��+W�(�3�m>1�5+0��=��������!�2�?"$��+�#!��]k�589�l-.�2�0�2�3"$7�"5%$�:82�57�=��(�������9�4�"$�
827:�:-m�(�0"$7�"5%5 54��5Y�%!Y����(�4�"5���0"T+�"$-.�&�9Uf�0����=P"$����#�-.�2�3�G82�57������(���!�2�?-."f=!��7:+24*�5Y�%!Y[�����4�� �5�Ym��89"$�E���:�E#���=
]c�3�589����"$�j]c"5�3-��:+�"5]c�0���T#1+0��=g�5+A-&�(/1/1�:�!%�]k#���89����"$�*x

� rto_u�|
��� ��� �¡¢^£5¤+3�:�Aoh� �¥c¦�§1¨   ¡©�ª «(¬ £$¤

rt�$u

<ú¯®���°²±1³Uÿa�Pý*´'µ¶±Aýv
$·�±�³¯¸m³$±@¹�ÿa��
«ÿa���wûº�<¹	±1´a�
ZA���R/1�6 f+��:82�57�7:���N+A"5]�-&"5����"$�T�5��=T89"$��+0�2��`(�(����"$�g"5]����!�2�3%5 54��5Y�%!Y'»N�2�A�0"$�i),+FS���89"$��=TJ�����"5]<¼T"5���:"$�

�5��=½���!��¾����_+0�jJ����¿"5]?ZN�!�2�3-."f=! f���5-&�:82+24N%5"X`5�2�3�À���!�P�2`5"$7:#!����"$�Á"5]C���!���(��-&"$+0/1�!�2���5Y�ZN�!��+0�P7:���;+

5IH<	KJ�L,L�MEN6�������O���P&E�"�Q���#�%$RBA��S ��"��C%���%$,� MYV�W



�����������<	������������R���Ú������� 3658769;:<&b��������C�&(��)�)����%$4*�!��% �����,�%�

82�5�½>V�¯89"$�E`5�2���0��=��:�E�0"���+0�2�3����+l"5]C-&�(������-&�(���:82�57���D�#��(����"$��+n�����(�j-&�(H5�P#!/½���!�¯>1�5+��:82+n"5]C�N���(�\�:+
82�57:7���=j��#�-.�2�_�:82�57v�����(���!�2�;/�����=��G89����"$�*YdLÂ�P��Ã(Ä(�!4@IF�:7G�!��7:-ÅK�Æ��2��Hf�!��+'+�#�%5%5��+0�0��=g�����(�A��#�-.�2�_�:82�57v�����(���!�2�
/�����=1�:89����"$�\���5+A/V"$+�+���>@7�����Ç(�Y	ÈN�W/���"5/V"$+0��=j�����(�N�����(���!�2�;/�����=��G89����"$�j89"$#�7:=j>V��+0�2���T�5+N�5�T�G�������:�57@`��57G#!�
/���"5>@7���-É�G�W-&�(���!��-m�(���:82+2Y�LÂ�?»;ÊËQd45]k#!��#!����`��57:#���+�"5]v-.�2�0�2"5��"$7�"5%$�:82�57f`(�(�3�:�(>@7���+��(����"5>����5�G�!��=W>� RÌ@�1=��:�!%
���!�����R�:�1�����:�57h`��57:#���+R�5��=¯���!���P�5=�=��:��%l���!�./@�6 f+��:82�57d]c"5�382�:�!%n�����(���589��+R"$�P�����?`(�(�3�:�(>@7���+F"X`5�2�W�����?���G-.�
/V�2�3��"f=n"5]d�����R]^"5����82�5+��2Y

Í<ú¯Îl·	±�Ï�ÐXÑPÒ;Ó û Í*Ô[Õ_Ö.Ó[Ñ×®���°²±1³Uÿa�Pý*´'µ¶±Aýv
$·�±�³¯¸m³$±@¹�ÿa��
«ÿa���wûº�<¹	±1´
ZA���[È;LÂ%$��ØA��+0"$7:#�����"$�½J��:-&�:�0��=²�;������¼�"�=!��7.rkÈ;LÂØ;J��F¼[ul���5+\��+0���(>17G�:+��!��=½�:�²"5�3=!�2�j�0"�/��3"X`f�:=!�

���!��>V��+0�'��`(�5�:7:�(>17:�;"5/V�2�3�(����"$�1�57v+3�!"5����B�3�5�!%5�R]c"5����82�5+0���G�!%.+0 �+��0��-Å]^"5�'���!�RÈ;LÂØ;J��F¼¿-&��-W>V�2�'�:��+0���:��#!�0��+2Y
ZA�!��+��	�(���	�����	»;�(���:"$���576¼��2�0�2"5��"$7�"5%$�:82�57�S��2�3`��:89��+��:��ÙF����-&�(��Hv4(¾d�G��7:�5��=*4XLÂ89��7:�5�1=*4ÚLÂ����7:�5�1=*4Ú»;�2���!�2�37:�5�1=�+24
»;"5���M�X 54hS�/1�5�:���5��=PS�����=����*YF¼��2�0�2"(Ba¾!�3�5�189�m���5+F�m����+����(�383�P89"�"5/V�2�3�(����"$�[�(%5���2��-.���E���N�����¯ÈNL�ØNJh�;¼�Y
ZA�!��ÈNL�ØNJh�;¼Û+0 f+0�0��-Ü�:+m��89"$-./17��2�0�[»;ÊËQÅ+0 f+0�0��-Ü�:��827:#�=1�:�!%[=��(�����5+3+��:-&�:7G�(����"$���N�����Ý�5�1�57� �+3�:+&"5]
89"$�E`5���6����"$�1�57i�5��=j�!"$�fBa89"$�E`5���E����"$���57i"5>@+0�2��`(�(����"$��+'�5��=j�.7:�G-&���0��=n�(������]^"5�3��82�5+0���:�!%&-."f=!��7V�N�:���n�.89"$-.B
/�����������+���`5�n+0�2�C"5]N/1�6 f+��:82�57	/1�(�3�5-.�2�0�2�_�:+��(����"$�½��Þ��Y[ZA�!�m>V"$#��1=��(�� P89"$��=������:"$��+W�(���\�5=!"5/��0��=�]c��"$-¿���!�
�Mß'¼TÊ½¾Àrk�	#���"5/V���5�¯ßM���E�0���W]c"5�;¼���=��:#1-�BaØN�5�!%5�CÊP���(���!�2�R¾!"5����82�5+0��+{uN�5�1�57� �+3�:+2Y�ZA�!�CÈ;L�ØNJ��F¼à]^"5�3�9B
82�5+0�M-."�=���7��:+���7G�:-&���0��=.�(�����C-."f=!��7f�N�����&��>v"$#1��=��(�� C����7:��U!�(����"$�m+�8_�!��-.�5Y�¾���%$#!�3���N+��!"Ú�N+��5�m�9Uf�5-./@7��
"5]V�RÈNL�ØNJh�;¼á�(�����R�5��=mZh�(>17:���A%$��`5��+�+0"$-.�A8_���(�3�589�0�2�3�G+0���:82+�"5]v���!�A��ß�¼TÊ½¾P�5��=.È;LÂØ;J��F¼â��#�-.�2�_�:82�57
�M���(���!�2�;-."f=!��7:+�Y

310˚

32
0˚

33
0˚

34
0˚

35
0˚ 0˚ 10
˚ 20˚

45˚

45˚

50˚

55˚

60˚

ARJE

BORA

SKEL

HASS

JONK
KARL

KIRU

ARJE

BORA

SKEL

HASS

JONK
KARL

KIRU

ARJE

BORA

SKEL

HASS

JONK
KARL

KIRU

ARJE

BORA

SKEL

HASS

JONK
KARL

KIRU

ARJE

BORA

SKEL

HASS

JONK
KARL

KIRU

ã�ä�å'æ6çdè�ç

ã�éëê�ì6ì6í1êvè�è

îvïñðXò$óÂô�õXö*÷�ø�ô3ù5úXû�ü$ýþô�ÿ��Vú������	�1÷	
Åû�ÿ��5ô_ý�ú�óÂô_ú$ö���6ÿ��<ø?úXó�ô����$ô'ýñÿ��3ú���ïñÿXø���ÿ�����ø��Âú�ý�úFú�ø����lô���� �3ô3ýñýcö

MSV�J 5IH.	KJ�L�L�M_N6�"�%���O���P&E�"��������$4B���S "�"�"C%����$��



�����������<	������������R���Ú������� 3658769;:<&b��������C+&(��)�)%�#�%$R*�!��% �����,�%�

!@ú�"$ýñôFõÚö�(ÿXû�ô#�$�6úXóÂú%�&��ô_ó�ï'����ï'���hÿ��Vø�ò6ûFô_ó�ï'�3úXý(�hô{ú�� �$ô3ó�û�ÿ��5ô3ý'�3ö
�Mß�¼�ÊË¾ È;LÂØ;J��F¼

S�/@�(���:�57V����+0"$7:#�����"$� ��Y Ç*) � ��Y Ç*) ÄfY �*) � ÄfY �*)»F#�-C>v�2�'"5]d/�����+3+�#!���R7��2`5��7:+ ��Ç �f�
Zh��-./V"5�3�57V����+0"$7G#!����"$�j�:�\/V"$+0�'/��3"�89��+�+3�:�!%.-."f=!� Þ.�!"$#!�3+ Þ��!"$#��3+
Zh��-./V"5�3�57V����+0"$7G#!����"$�j�:�\/��3��=��:89����"$�j-."f=!� Þ.�!"$#!�3+ ���!"$#��3+

+fú¯Ï�ÐÚÑ[Ò;Ó û , ý*��±1¹�û�ý�þ�þ�ÿa�	�����	����
Íÿa���	�
ZA����ÈNL�ØNJh�;¼ >1�5+0��=Á-m�(/�/1�:�!%�]k#���89����"$��+\�M�2����82�57:82#17:�(�0��=Á`f�:���3�� EB�0�3�582�:��%Ý���!��"$#!%$�ÀÈNL�ØNJh�;¼

-."f=!��7@Ì1��7:=�+�Y�¾�"5�A���583�g7:"�82�(����"$��r�-i4(.duM�5��=\���G-.���2/v"f83�\�����F`(�57:#!��+�]c"5�'/�����+3+�#!���.rkQMu_4!�0��-./V�2�3�(��#����&rkZ
�:�0/R��7�`f�:�@u_4!+0/V��82��Ìv8F��#�-&�G=����a ¯rk+�È�u��M�2�����9Uf�0�3�589�0��=T]^��"$-Å������-."�=���7*�:�\���!�R]c"5�3-Å"5]��f��`5�2�����:82�57i7��2`5��7G+2Y
L��["5�3=!�2�R�0"g>V�.#�+0��=[�N�:���[���!�&ØN�X E�0�3�589�n+0"5]c�a���(�����21Ú�����!�.��D�#���`(�57����E��`��57:#���+�]^"5�W������%$�6�mrk�vu_4i/�����+�+3#!���
rkQMu_4V�0��-./V�2�3�(��#����grc���G�Pß���7:+��:#�+{u'�5��=¯����7:�(���:`5����#�-&�G=����a �rc�_È�uN�M�2���.89"$-./1#!�0��=*YCZA�!���6 f=!��"$+0���(���G8?�5�1=
�M�2�?-&�(/1/1�:�!%g]k#���89���:"$��+��M�2���n���!����=!�2�0�2�3-&�:����=�>� P�3�� ��0�3�582�:�!%P�(�.�5ÇT=1�'3v�2�3���6�C��7��2`��(���:"$���5��%$7���+C�5�1=
��+0���:-m�(���:�!%m�����?89"��54l82�����E��+�687�9%7;:W�G����DE#��(���:"$���m]^��"$-¶�n7����5+0��Ba+�D�#��(����+��5���57� f+��:+�YAZA�!�W�_�� ��0�3�582�:�!%n�M�5+
/V�2��]c"5�3-.��=�]c"5�	��7��2`(�(����"$��+	�*)=<��5Ç*)F�:�.+0�0�2/1+	"5]i�*)�4��5��=.��7��2`(�(����"$��+M�5Ç*)=<�Ã(Ä�);�:�.+��0�2/1+�"5]iÇ*)5Y<ZA���:+����5+	=�"$�!�
]c"5�A���!��+0���(����"$�1+;����+��57G�?�5�1=jÊP�2�0�0p2��7:7i]c"5�;�(Ä.I�J�KMLM�9U�/V�2�3�G-.���6��+�>V�2�����2���?>$#��!�R�5��=T»N"Ú`5��-W>V�2�F�(Ä5Ä5ÄfY
ÊP�2�0�0p2��7:7��M�5+;�:��827:#�=���=n�G�j�57:7i�(Ä.�9Uf/v�2�_�:-.���E��+24!�N���:7:�R���1+��57:�����5+A"$��7� n�:��827:#1=!��=\�:�\�&"5]d���!��-jY

ZA����ÈNL�ØNJh�;¼àK��5+0��=T¼¯�(/�/1�:��%�¾1#���89����"$��+CrkÈ;K�¼¯¾<u'���2�3��89"$-./1�(����=T�0"&���!��»;�2�À¼��(/1/1�:�!%.¾�#��18{B
����"$��+\rk»F¼�¾�u\���Ú�A�5��=����!�l]k�5+0��`5�2�3+��:"$��"5];���!�lI��������1�T¼¯�(/�/1�:�!%¯¾�#���89���:"$��+jrcIF¼¯¾�ul� �$�M]c"5�.�:=!���E���:82�57
���:-.���2/V"f83��+��5��=\��7��2`(�(����"$�j�5�!%$7:��+�]^"5�N����+3�57:���5��=nÊP�2�0�0p2��7:7tY�¾���%$#�������+3�!"X�N+�������=1�'3v�2�3����89��+M>v�2�����2���
ÈFKM¼¯¾P�5��=.»F¼�¾Ýrk=1�5+��!��=*4$�3��=.7:�:�!��+_u_4$�5�1=&È;K�¼¯¾P�5��=�I�¼�¾Ýrc>17G#!�54$+0"$7:�:=�7:�G�!��+_u�]^"5�MÇ ) ��7:�2`��(����"$�iY�ZN�!�
=��'3V�2������89��+<�(�3�A7:�(��%5�2��]c"5�<���!�A�M�2��-&�(/�/1�G�!%;]k#���89���:"$��+������5��]c"5�����!�A=!�� ?-&�(/�/1�G�!%;]k#���89���:"$��+2YdLÂ��%5���!�2�_�57
���!�N�(%5�3�2��-.���6���:+<>V�2�0�0�2��>V�2�����2���nÈ;K�¼¯¾��5��=.I�¼¯¾P�����5�&>V�2�����2���lÈ;K�¼¯¾��5��=m»F¼¯¾�Y�ÈN"Ú���2`5�2�X4������2���
�57:+0"&�(/1/v���(�N�0"&>V��+0 �+��0��-&�(���:8�=��@3v�2�����189��+�>v�2�����2���T���!�W��ß�¼TÊ½¾��5��=gÈ;L�ØNJ��F¼à-."�=���7:+2Y

A<ú¯Ó þ�þ�´Qÿa�Pýv
«ÿ���À��BCÏC,Ðû�� ÿa�ÉÖ�ÒD,\ÐjÔ ýv
Íý²ÓP��ýV´�E���ÿ��
ÊP�n�(/�/17:����=[�����mÈ;K�¼¯¾Á�:�P�����&IFJhKML�=��(���g�5���57� f+��:+�"5]'�(ÄTIFJhKMLF�9Uf/V�2�3�:-.���E��+��:�1827:#�=��:��%j���1+��57:�

�5��=GFÚ"5��ÊP�2�0�0p2��7:7V>V�2�����2���n���(�37� H>$#��!�F�5��=l����=m"5]���89�0"5>V�2�'�(Ä5Ä5ÄfYM¾!"5�������:+�/1#!��/V"$+0�N���!�;I�J�KML	�5�1�57� �+3�:+
+0"5]c�a���(����S���J6IF�����5+�-."�=1��Ì1��=��0"[�G��89"5��/V"5�3�(�0�m�����\���2�Å-m�(/�/1�:�!%T]c#��189����"$��+2Y¯ÊP�j/V�2��]^"5�_-.��=��������2�
=��'3V�2�����E�&�5���57� f+��:+&+��0�3�(�0�2%$����+2x[�6u.»F¼�¾ ]^"5�n�57:7'+����0��+24�>vu�IF¼¯¾ ]c"5�\����+3�57:�P�5��=�ÊP�2�0�0p2��7:7F>1#��&»;¼¯¾
]c"5�W�57:7�"5���!�2�W+3���0��+24��5��=P8XuRÈ;K�¼¯¾½]^"5�?�R��+��57:�\�5��=PÊP�2�0�0p2��7G7�>1#!��»F¼¯¾²]c"5�W�57:7�"5�����2�W+����0��+2Y&¾���%$#����&�
+��!"Ú�N+R>1�5+���7:�:�!�.7����!%5�������2/V���(���(>1�:7:���� ��:�[�0�2�_-&+�"5]M�����:%$�6�0��=���"E"5�C-.���5�fBa+�D�#��(����rc�N�3-&+_uF�5+��g]c#��189����"$�
"5]d>1�5+0��7:�:����7:���!%5���j]c"5�N�57:7*>1�5+���7:�:�!��+'89"$������89���:�!%.�0"n���1+��57:�.�5��=GFÚ"5�NÊP�2�0�0p2��7:7tY�¾�"5�;�57:7*>@#!�'"$�!�R>1�5+0��7G�:�!�
���!�g�3�2/v���(���(>@�:7:���� ��:-&/���"X`5��= �N�!�������:���!�2�mI�¼�¾ "5�lÈFKM¼¯¾ �M�2����#1+0��= �:�1+0�0���5=�"5]�»F¼�¾MY�¾�"5�\Ç�"$#!�
"5]DIj>@�5+0��7:�:�!��+����!�m�����(/V���(���(>1�G7:���a P�:-&/v"Ú`5��=��N������ÈFKM¼¯¾Á�M�2���n#�+0��=��G��+0�0���5=�"5]'I�¼¯¾�Y�ZA�!�l��`5�2�3�(%5�
�:-./1��"X`5��-.���E���:�&�A�_-&+	���5+'ÇKJ �N�!���nÈ;K�¼¯¾��M�2����#�+0��=n�:��+0�0���5=l"5]�»F¼�¾M4!�5��=\�KJ �;�!���mÈFK�¼�¾����2�3�
#�+0��=\�:�1+0�0���5=\"5]�I�¼�¾MY�ZA���F>@�5+0��7:�:�!�F�N�����n���!�R7:�(�3%5��+0�A�:-./��3"X`5��-.���E�'�:�n�0�2�3-&+�"5]d�A�3-&+��:+M���!��>1�5+0��7G�:�!�
����+3�57:��BÊP�2�0�0p2��7:7ArtÃ5�(Ä\Hf-lu_4*�N�����¯�5�[�:-./���"Ú`5��-.���E�F"5];�5��J¶�5��=PÃKJâ�N�!���¯È;K�¼¯¾²�M�2���.#�+0��=[�:�1+0�0���5=
"5]�»;¼¯¾�"5�AI�¼�¾M4��3��+0/V��89����`5��7� 5Y

5IH<	KJ�L,L�MEN6�������O���P&E�"�Q���#�%$RBA��S ��"��C%���%$,� MYV�í



�����������<	������������R���Ú������� 3658769;:<&b��������C�&(��)�)����%$4*�!��% �����,�%�

0 10 20 30 40
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

Onsala, Dry Mapping Functions

∆ 
m

h (
5o )

a)

HBMF
h
(5o) − NMF

h
(5o)

HBMF
h
(5o) − VMF

h
(5o)

0 100 200 300
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

Wettzell, Dry Mapping Functions

∆ 
m

h (
5o )

b)

HBMF
h
(5o) − NMF

h
(5o)

HBMF
h
(5o) − VMF

h
(5o)

0 10 20 30 40
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

∆ 
m

w
 (

5o )

number of time epochs

Onsala, Wet Mapping Functions

c)

HBMF
w

(5o) − NMF
w

(5o)
HBMF

w
(5o) − VMF

w
(5o)

0 100 200 300
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1
∆ 

m
w

 (
5o )

number of time epochs

Wettzell, Wet Mapping Functions

d)

HBMF
w

(5o) − NMF
w

(5o)
HBMF

w
(5o) − VMF

w
(5o)

îvïþðÚò$óÂôML$ö�NhÿXû�ü6úXó�ï'�aÿÚømÿ��O��PQ
mîR�<ïS���UT	
&îWVX�$ú%���6ôY�(Z@ó�ô=�lýñïñø$ôY�$[�ú�ø��H�	PO
&î\�<ï]� �U^�
&îWV_"$ýñò$ô%Z`��ÿXýñïa�lýñïþø$ô=� [
�:ÿXó<ï'�5ô_ø%�Âïa�_ú�ý(�Âïþû�ô'ô_üEÿ��$����úXø��cb�d�ô3ýñô�e2ú���ïñÿXøf�:ÿXó���ø��Âú�ý�ú�ú�ø����nô;��� �3ô_ýþýcöhg�ï]ifô3óÂô3øj��ôY��ÿ��`���$ôk��l��5óÂÿ%���Âú��Âïa��ûRú�ü$ü6ïþø$ð
�:ò$ø��;��ïñÿXø��dú�óÂô����$ÿ��<øRïñøM���6ô	���dÿAò$ü$ü�ô3ó�ü$ýñÿ��$��Z��5ïSi�ô_ó�ô_ø���ô=��ÿ��(���$ôm�dô;�hûRúXü$ü$ïñø$ð#�:ò$øj�&��ïñÿXøj��ïñøn� �$ô����dÿNýñÿ��hô_óiü$ýñÿ��$�3ö
!O�$ôCù�okú�ù(ô=�D�5ô_ü$ï'�&�p���$ô�ø(ò$ûD"�ô3óFÿ��	��ïñûFô?ô3ü�ÿ��$���q�:ÿXóp�r�$ï'�$�s���6ôf�5ïSifô3óÂô3ø$ô=�D�dô3óÂô��_ú�ý'��ò$ý�ú��ÂôY�(Zt�r�$ïñýñôu� �$ôvl%otú2ù5ô=�
�5ô_ü$ïa�;�Nò$ø$ïS��ýñôY� �D�$ï]ifô3óÂô3ø��3ôY�_ö�!O�$ôn��ÿ���ú�ýiø(ò$ûq"Eô_óNÿ��O�5ï'��ü$ýñú5lÚôY�0�5ïSi�ô_ó�ô_ø���ô=�#�	PO
&îGowT	
&î�ú�øj�U�	PO
&îGox^m
&î�ú�óÂô
y%z�{�L�y#�:ÿXó���øj��úXýñú�ú�øj��|*L�y�{5õY}*Lm�:ÿXór�nô;�����3ô_ýþýcö

~<úR�l���	�!´��	�Tÿ�h�	�Ðý*�	¹��T��
5´a�����

»;�2�ÀÈ;LÂØ;�;¼à>1�5+0��=j-m�(/�/1�:�!%�]k#���89����"$�1+�rkÈFK�¼�¾�u'���2���C=!�2�3��`5��=j�5��=j+3#�8289��+�+0]k#�7:7� m�0��+0�0��=T�:�\I�J�KML
=��(���¯�5���57� f+0��+2YPSf��U�-."$�E����+W"5]NIFJhK�LW�9U�/V�2�3�:-&���6��+C�:�����!�n 5���(�&�(Ä5Ä5Ä¯�����(�?�G��827:#�=!��=����!�lI�J�KML�+��:�0��+
����+3�57:���5��=GFÚ"5��ÊP�2�0�0p2��7:7v���2�3�;�5���57� f+0��=.�;�����&���!��+��N�!�2�²-m�(/�/1�:�!%R]k#���89���:"$��+2Y�ßM"$-./1�(�3�G+0"$�.�0"C�5�1�57� �+���+
�N���������!�.»;�2� ¼¯�(/�/1�G�!%n¾1#���89����"$��+�rk»F¼�¾�uF�5��=¯���!��]k�5+0�;`5�2�_+���"$�¯"5]	���!�?I����������n¼��(/1/1�:�!%n¾�#���89����"$�1+
rcI�¼�¾�uC+��!"Ú��4������(�C�����lÈFKM¼¯¾É/v�2�3]^"5�3- >V�2�0�0�2�C�����5�����!�n"5���!�2�?�a�M"[�(/1/���"$�583����+2Y�ZA���l��`5�2�_�(%5�g�:-�B
/���"Ú`5��-.���E�?�:���0�2�3-&+W"5]'>1�5+0��7:�:���&���2/V���(���(>1�:7:�:�a [�:+�"$�����!�l7:�2`5��7�"5]NÇKJë�N�������3��+0/V��89�W�0"�»F¼¯¾À�5��=�"$�
���!�\7��2`5��7�"5]N�KJë�;����������+�/v��89�?�0"¯IF¼¯¾MYd�F7����!"$#!%$��+0"¯]c�(�?"$��7� P+���U�-."$�6���1+W"5]AI�J�KML�=��(���¯]c��"$-¿�a�M"

MSV�M 5IH.	KJ�L�L�M_N6�"�%���O���P&E�"��������$4B���S "�"�"C%����$��



�����������<	������������R���Ú������� 3658769;:<&b��������C+&(��)�)%�#�%$R*�!��% �����,�%�

0 1000 2000 3000 4000 5000 6000 7000 8000
0

5

10

15

Baseline length (km)

R
ep

ea
ta

bi
lit

y 
(m

m
)

NMF
VMF
HBMF

îvïþðÚò$óÂô	|$ötP�ú���ô3ýñïþø6ô�ýþô_ø$ð�� ��óÂô3ü�ô_ú���ú�"$ïñýñï]��lq�:ÿXódú�ýñýj"6ú%�aô_ýþïñø$ô=�t���Eú��Q�3ÿXø$ø6ôY�&�h��ÿD���$ôm����ú���ïñÿXøj�Q��ø��Âú�ý�úAú�øj�j{9ÿÚó��lô���� �3ô3ýñý
"�ô;���dô3ô3ø#�Úò$ø$ô�}	ú�ø��#�m�&�Âÿ�"�ô3óGL�y�Z�L��%���$ö(�nô3ïñð��*�ÂôY��óÂÿ�ÿ���okû�ô_ú�øKo�� ��ò6ú�óÂôQVX�<ó�ûM�$[�e2ú�ýñò$ôY�@ú�óÂô*ü$ýþÿ����ÂôY�'ú�ð�ú�ïñø�����"Eú���ô3ýñïþø$ô
ýñô3ø$ð�����ö�î$ÿÚóMúXýþý`"$ò���ÿXø$ôq"6ú���ô3ýñïñø$ô#� �$ô;óÂô3ü�ô_ú��Âú�"$ïþýñïS��lCïñû�üEÿ�eÚôY�c�r�$ô_ømô_ï]� �$ô3óm^�
&î[ÿÚó���PQ
mî��hô_ó�ô;ò��aô=�.ïñø����Âô_ú%�
ÿ���T	
&îdö�î$ÿXó	b;ÿÚò��<ÿ��tzq"Eú���ô3ýñïþø$ô=�Q���$ô'óÂô3ü�ô_ú��Âú�"$ïþýñïS��l�ïþû�ü$óÂÿ�eXô=�n�r�$ô_øc�	PO
&îs�dô3óÂô�ò���ôY�Cïþø�����ô{ú��?ÿ��`^�
&îdö

�	#���"5/V���5�&+����0��+�����`5�F>V�2���m�5���57� f+0��=m�N�����&ÈFK�¼�¾M4����!��+0�N/1����7:�:-&�G���(�� �����+3#�7���+��:�1=��:82�(�0�'���!�;/v"5�0���E���:�571�0"
>1�5+0�F�!�2�²-m�(/�/1�:�!%R]k#���89���:"$��+<"$�n����%$�.�0��-./V"5�3�57@�5��=n+0/1�(���:�57!�3��+0"$7:#!����"$�l�E#1-.�2�3�:82�57!�M���(���!�2��/�����=1�:89����"$�
-."f=!��7:+24!+�#183�g�5+;ÈNL�ØNJh�;¼�Y

Ñ[±�B�±�³$±1���f±1�
� õ;�M��ô_ó�óÂïþø6ð�Z�!�ö ÷Aöa�u
.ÿ��5ô3ýñýñïþø$ðnú��ÂûFÿ*�aü��$ô3óÂïa�u�5ô3ý�ú5l\ïþø����$ô?ú�ø6úXýSl���ïa�Nÿ�����ü6ú��3ô�ðXô_ÿ��5ô;�Âïa���$ú���ú$ö`�tø��f� ºQ½,¶"·"·�Ä�Å�¯�Ë�°

½�Â'´�¾SÁfµU½Y°�Å�ÌÍÁ ½�¯ Ã�·8Â"ºQ±%¶�¼IÅÆ½S¯ ½OÂ�ÊÍº�±S¯«°�±�¼8Á+½Y°Iµ«ÈU·�º�ÅÆ¶ ´�Å#Ë�¯P±S²ë°nÅ�¯��f·"½�Ä%·�°�¾ Zr�6ö2N�ö��5ô�
.ò6ø��$�Tú�øj��!�ö ÷Aö !O��ö
(ü�ÿ�ô_ýa����ó�ú�V:ô=�K�_ö [;Z�T�ô;� �$ô3óÂý�ú�ø��K���Mô3ÿ��5ô;�Âïa�HNhÿXû�û�ïa� �aïñÿXø8ZQ��òK"$ýñïa�_ú���ïñÿXøj��ÿXø\�Mô3ÿ��5ô=��l%ZQT	ÿ6öQ|�}KZOT�ôY��(ô3óÂïþô=��Z
õ=b*�Y��õ=}�yjZEõ=���%L$ö

� L5�MT�ïñô3ýñý�Z�÷Nö �	öS�	�Mýñÿ�"Eú�ývû�úXü$ü$ïñø$ðn�:ò6ø��&�ÂïþÿÚø����:ÿXó�� �$ô�ú���û�ÿ*�aüK�6ô3óÂôD�$ú�ý�ú5l�ú���óÂú%�5ïþÿn�:ó�ô=�Úò6ô3ø��3ôY�_öG� ½SÌÍº�¯P±S²k½�Âf�f·�½�Ó
µ«ÈÍ¾Y°"ÅÆ¶"±�²PÃ�·�°�·"±SºQ¶"È Z8 �¡8 �¢�£�¤�¥5ZK|*L�L*�Y��|*L�y*}KZ$õ=����}6ö

� |��MT�ïñô3ýñý�Z�÷Nö �	öS�¦�ióÂô3ýñïþû�ïñø6ú�ó ljô�e2ú�ýñò6ú���ïñÿXø[ÿ��'ú��ÂûFÿ*�aü��$ô3óÂïa�?ûRú�ü6ü$ïþø6ð0�:ò$ø��&�ÂïþÿÚø��M"6ú%�aô=�¯ÿXø[ø(ò$û�ô3óÂïa�_ú�ýr�dô_ú�� �$ô3ó
û�ÿ��$ô3ý'�3ö�� ÈT¾Y°�ÅÆ¶�°K±�¯�Ä Ç¥È«·�ÁKÅ]°�¼Iº�¾¸½�Â4¼òÈ«·¨§.±Sº�¼òÈ Z(¤�©8Z�y���b=��y%z���Z*L����$õÚö

� y��MP¨ªÿ��$ûvZ��6öaZ�úXø�����$�(òK��Z��Aöa�O^	ïñô3ø$øEúRûRú�ü$ü$ïñø$ðu�:ò$ø��&�ÂïþÿÚø���ïñø�^m�8PQ��ú�ø6úXýSl���ïa�_ö �f·"½�µUÈT¾Y°�ÅÆ¶"±S²¥Ã�·�°�·"±SºQ¶"È�«�·�¼8¼�·�º"° Z
¬  �Z��G�$õY}%��|�Z*�5ÿÚï��ñõY�6öþõ=�%L��*{�L����%|%�¨�8�6õ�z���z�yKZ�L�����yEö

� b5�MPGô3ó ��ø6ôY�YZ(^Nöa�mgMú��¨�ióÂÿ�"6ýþô_û®�$ô3ó¨�lô����Âô3ó eXÿXó �$ô_ó �Âú�ðÚôk"Eô���ó�ú��$�*��ô��meÚÿXû¯*��ú�ø��5ü6ò$øK�*�#
.ôY�$�6úXø$ïa�?ò6ø��¦�°��l���ïa��ö
VX!O�$ô�ü6ó�ÿ%"$ýþô_û ÿ��0�hô{ú�� �$ô3ó?�:ÿXóÂôY�_ú�����ïñø$ð²ú%�Pú ü6ó�ÿ%"$ýþô_û×ïñøÉû�ôY�$�Eú�ø$ï'���PúXø��Àü��*l���ïa�Y�3ö±[R² ·�¼�·�½�ºQ½S²/½QËFÅ]°�¶�ÈU·
³ ·�Å�¼Æ°�¶"ÈTº�Å Â"¼ Z�¤� jZ�õ;�K��Z�õ=����y6ö

� }��M´Mªú�ýñý;µô3ø�ZK�	öS�Q�������@÷	
¶g�ÿ��3ò$û�ô3ø*�Âú���ïñÿXøc
&úXø�òEú�ýcöj�l����Âô3û®L5ö±b5ö�!@ôY�$�$ø6ïa�_ú�ý�óÂô3ü�ÿXó��YZjK
����&Z�T�ÿXóÂó ��ªÿÚü$ïñø$ð�Z���dô;o
�5ô3ø8Z�õY�%��}$ö

� �=�Mg�ú5e(ï'��ZK�Eö �iöaZ���ô_ó�óÂïþø6ð�Z�!�ö ÷Nö �DZEúXø���T	ïþô_ýþýxZ6÷Nö �	öS��!O�$ô#gMú5e(ïa�&{��	ô3óÂó�ïñø$ð�{�T�ïñô3ýñý�óÂú5l*��ó�ú��3ô	ü$óÂÿXðÚóÂúXûvZ�õ=��z��=o�õY��z%�$ö

5IH<	KJ�L,L�MEN6�������O���P&E�"�Q���#�%$RBA��S ��"��C%���%$,� MYV,Z



���������
	����������	�	�����������	������������� �!�#"$����%'&)(*�����+�,����-/.+01�2�3��	4�5����61	7���
�
8��
�9�+�,���:����0$.+�:"<;9=?>5�A@CBEDFBG>5H<I�J#J�K?LM������.3��	
���
���+���1%ON).+�9�
���:"1����%��
DP6 � K!Q�R:S9K!T�J
U ���+6A� V#V���W$�����#� %#�2XY��� �����+�Z� %���W�V�6�01;�	����:���+���#�1�3V�%�8[I�J#J�K9V�8O���
8���	�	7���A\

] ^�_C_a`cb[^�dfe�g?hjilk�monMpq_rb�gtsvu�w?_xpC^Oy{z|e�_C}<y�^�n�m�~�m�g�pC_�] mo^�_qw?u4mod���
��`����

�f�A�C�3�9�����)�$���G�G�2�A�l�9�����Z�A�4�E���C�F���'�9�� 

¡+¢�£<¤�¥
¦/¥�§F¨#© ªP£�«�¬«¯®o°#±$±1²9³E±'¬Z´ ²$¨
µ�¶¸·�¹�º#»¼�½4µ�§ ¼�µ�³
¾E¢�¥:§ ¿:¼À¹�¼GÁ¼M±1µ,Â�»Ã!¿:¹ÅÄ�Á µ±9ÁÆ®5·7°1Ç�·Èµ�±1µ�¬F¼À³�²!¿�Ç
°9Á³Àº
½�°Z§ ¼�²$¨�¼5²ZÁ¼�» °9³�É5Ê�²Z§ ¹Åµ�·)ËÌ²$¨�Ë<¹�·�·7²9§F¦Íµ�Î�Ï²Z¹�·7É�Ð Ñ�Ò�ÓÔ�Õ�Ö¸×�ØFÑZÙ Úq×2Û Ü ÑZÜ�×�ØPÖ1Ý

Þ�ßMà9á$â�ã)äá

å U ��%#�
�Z"$���+����6$.+�
�
�������#�æ��Xx>5�A@CB5ç�W!�E.�=�	��#�1%O;P������	����1�����9�+��.�XY�E.+�#8�����.�=�è U ���é��8�61.+��W!�
"��+��� U �o	��
W!�
	 � U ���
;P������	����1�	��
��%�� U �,�
���Ì;��8��:����01.+�:"?ê��ë� U �æê4.+8���61.+�
�����������ì��X,\[6�61;f���P"f���ë�+��6�����ë�+��������ê��ë� U 61.+�
�
�������#�
��X¸T�í+\�K8�8î���ï� U �,W!��.��+���:��	/����"<I�íÀð�8�8ñ���ï� U � U ��.+��ò
�#�9�3��	/�
��8�6�#�1�
�9�+�
��óM;�����.+W!�
"ô>5�A@CBM���ë�+�O6�#���ë�+���#�
W#��.+�7���+���#���¸�
���Z�3����������%#�1��õ��:���9�¸�
���Z��.+��;101�+���#�1�é���¸���:�������P��	/çö���1�$0���	 ����"����
8��������Z0P��	ÈèCX7.+�:÷90��
�1�
���
�
�xøM��.+�#DZêC�
ê���	�	 �
�#�1�
�
�9��.3���+�M�#�O� U �M���ë�+�5W#��.��+���:��	 ���1�Z0P��	 ��8�6�	��ë�+0P"1���C� U ���48��#�2�+	ë=�.3���1%#�MX7.+�#8ùI:íÀR�8�8�Fúï�5"$���+��.+8������
� U �,�Eû$�+���Z�é�+��ê U ��� U �����Z0���	ü���ë�+��W���.+�����+���#�1���:���';�,�Eû161	��������:"æ;9=æ8O�����5	��#�#"1���1%�����%#����	��
�OHZ6�
�
�ëõP�:��	�	�=9D*êC�
��û1��8������o� U ���
�#�9��.+��;�0$�+�������¸XÈ.+�#8î���+8��#��6 U ��.+��61.+������01.+�,	��#�#"1���1%1D U =1"Z.+�#	��#%����,	��#�#"$���1%1DF����"æ�1�#�9�+��"���	ü�9�
�:���
	��#�#"$���1%1�xú?� U �:W!����	�������û1��8����1�:"�� U �5��(*��������Xü�Àêq�,8��Z"$�
	�����%���.�.+��.+����6�
�
�ëõP�5�+�,� U �5>5�A@CBC8��
����01.+��8��
�9�+�
�
��.+�#6�#��6 U ��.+����"1��	7�
=[8�����8��Z"1�
	�����%�ç U =�"Z.+�#�2�3���+����8O��6�61���1%�XÈ0����E�+�����èq���P"���Z�+�����P�o� U ��.+8O��	 "1��XÈ��.+8O���+�����A�

ý4þ ÿ �������	��
�����������
����������� �"!$# %�&(')��*+',�(�.-,/0')�.*�/1-)%324���"��# ��56',-7*�&(�8')!9�����:�;�"!$5<')=:/0>3&�',/0!$5+')!?#@��-,-720!$��*�/15(AB&�-,/15(A9',�(�

C =,�D��5�EF-�GH&35��"',/0!$5 �I%�%�=:!$���:�KJ L3�I=,=,��212NM�O�P$QIRTSVU�L(!�=��I',# !$-,%3�(�D=:/1�W%3=,��-,-,&(=:�W21!$��*�/15(A(M�',�(�YX[ZW\^]`_Y����53��20ab-:/1-
5b&�# �D=:/1�D��2<cd���I',�(�D=�# !e*(��2bA�=:/1*�*(��*8*��I',�fcW��-g&3-)��*�Uihj�"!$# %321�D')�W*���-,�"=:/0%�',/1!$5k!�G3',���^%�=:!b�"��*�&�=,�d&3-)��*���5�*
',�(�Y�I��21/1*3�I',/0!$5 !�Gl',�(�m# !e*(��2�&3-,/15(A[nfoqpdri!�>3-)�D=,�I�I',/0!$5�-^/1-�A$/0����5B/15@]g�D')=,!T�9��5�*9pd!TasJtRIu�u$vTSVU�wmae*(=,!$21!�A$/1�
20!$��*�/45(AYcW��-x�"!$# %�&(')��*8&3-,/15(Am�7# !e*(��2$!�G�21�I=:A��"y�-,�D��20�W�"!$56',/15���56',��2<cd�I')�D=���5�*8��5(�D=,A�a[>���21��5��"��-g*(�D����20!�%l��*
>ba?z{/12121a|��5�*{}e��#@�I~e/15`JtRIu�u$RTSVUm�m�(�k-,&�#�!�Gi#@!b*(��2x-)')!�=:�IA��.!$&(')%3&(',-Y!�G�-)!$/12�cW�I')�D=�M�A�=,!$&�5�*(cW�I')�D=�M���5�*
-,5(!Tc�ae/0��21*�-7',�(�@# !$5<',��20a{�"!$56',/15���56',��2�cW�I')�D=8-,')!�=:�IA���U@Xm!$5<',/1*���2i!e�"����5�20!$��*3/15(A?cd��-��"!$# %3&(')��*�&�-:/15(A
!e�"����5�>l!�')')!$#�%�=:��-,-,&(=,�+�3��21*�-9G�=,!$#�',�(�;\dZmZY����\^-)',/1#@�I',/15�A`',�(��ZW/0=:�D&321�I',/0!$5j��53*�ZW24/1#@�I')�s!�G�',�(�
�f�"����5B!b�"����5���# !e*(��2NUi�Y�(����5�5b&���23��# %�21/0',&�*(����5�*9%3����-)�7G�!�=W�<ab*(=:!$20!�A�a 20!$��*�/15(A8/1-�-,�(!Tcm5|/15@Li/0A$&(=,�8OIU
�Y�(�.#@���(/1#8&3#���# %324/0',&�*(�[!T���D=[',�(�.�"!$5<',/15(��5<',-�/1-m�?#@#�M�>3&('7',�(�8�����D=:�IA��@��# %321/1',&�*(�kGH!�=7nfoqpdrY-,/1')��-
/1-7�I>�!$&�'�R@#9#�UY�Y�(�8%3����-)�B�Hc7�(�D=,��',���8-,/0A$53��2q/1-7#@���e/4#8&�#|�d!����D=[# !$-)'�!�G�',�(�.5(!�=,',�(�D=:5K�(��#@/1-,%3�(�D=,�
/1-��I=,!$&35�*�O��Iu@*���ab-.��-,&�#@#@�D=m# !$5<',��-���U

�5þ�� �q�	���$�V�q�����3�I�e 6��¡��$�V�x�
C =:!$&(%¢*���21��a`*3�I',�scd�D=,�?��5���20ab£D��*¤GH=,!$#¥# !�=,�|',����5¦v�§Iu�uK�"�e%l�D=:/1# ��5<'8-,��-,-,/0!$5�-.�D�I=,=:/1��*`!$&('8G�=:!$#

O�P���� ',�(=,!$&�A$�?RIu�u$v���#@!$&�56',/45(A�')!.!T���D=Y� #@/12124/0!$5 !�>3-)�D=:���I',/0!$53-DU�L(!�=Y',��/1-^cd!�=,~�Mecd�[�������k�"!$5��"��5<')=:�I')��*
!$5;!�>3-)�D=:���I',/0!$53-7GH=,!$#¨v�©|nfoqpdr7-,',�I',/0!$5�-f',���I'k������� !�>3-)�D=,����*;',����#@!$-)'[G�=:��ª<&(��5<',20a�Ukr«5{!$&(=k-)',��5�*3�I=:*
')�D=,=,��-,')=:/1��2^=,�DG��D=:��5��"�BGH=:��# �;���Y_mL��8-)!$21&�',/0!$5�-DMgc^�|��-)',/1#9�I')�B',�(�?-,/0')�|%l!$-,/0',/0!$53-DMq����20!e�D/0',/0��-�M���5�*`=���*�/0!
-)!$&(=��"�B%l!$-,/0',/1!$5�-���-�A$20!�>���2�%3�I=���# �D')�D=:-DU��Y���9nfoqpdr�%�=:!�A�=:��#�}��fo$nf\¬��5�*¢# !$-)'�!�GY',�(�?',�(�D!�=,�D',/4�D��2
# !e*(��21-�',���I'[�I=,��A���5(�D=:��2420as�I%�%324/0��*K�I=:��*���-,�"=:/0>l��*{/15Kz{�?�D'[��2NUBJO�P�PIu�SVU �Y�(�.nfoqpdr7*(��24��as!�>�-)�D=,�I�I>320�
/1-8/156�I�I=:/1��5<'k')!;-)�D���D=:��2^')=:��5�-)GH!�=:#@�I',/1!$5�-�!�G�',���9��-)',/1#9�I')��*`�I�I=:/1�I>321��-DU+�q!K=,��# !T���|',���B�"!�=,=,��-,%�!$53*�/15(A

K9Q�R BG>�H�I�J�J�K[LM�
�1��.3��	����
���+����%�Nü.+�9�
�
�
"1����%��



���������
	F���������	�	����æ���é��	���� ������M� �!�#"$����%�&ü(*�
���+�

®�¯±°T²$³µ´d¶T·�¸�¹$¹I²6º�»<º�¼f½$»¾¯À¿µ²6Á�´YÂ0¿µÃ�½<Ä�º�¹6Á7½$Å6ºTÆ�´YÂ4Ç<Ã�¿�¿	ÃT¼kÄlÃ�È<¿	Å$´�ÉT´:³	¿	¯Ê:º�»IÁ$¯¾Æ	½$»º�Ê,´�¼f´:¹�¿qÁ�²$´i¿µÃ�»±Ã�º�Á�¯¾¹$°�Ê,ÃT¼�½6²�¿	´ËÁ
²6Æ	¯±¹6°7¿µÅ$´�ÅIÌ�Á�³	ÃT»±ÃT°�Ìf¼fÃ�Á�´:»�Ã�ÈlÍ@¯±»¾»±Ì.º�¹6Á�ÎIÅ$¼[º�Ï�¯¾¹�Ð Ñ�Ò�ÒTÓDÔ�·

*(�DA���5(�D=����D/0��-DM(5(!85��D'^')=:��53-,21�I',/0!$5;��X7X��7����5�*|5(!85(�D'd=,!�',�I',/0!$5���X�X7_f���"!$53*�/0',/0!$5�-^�I=,�f�I%�%321/0��*9')!.��24/0A$5
',�(���Y_7L�cm/0',��',�(�;r«�Y_mL�RIu�u�uÕ��5�*��"��20��-)',/4��27=:�DG��D=,��53�"�{GH=:��# �;cm/1',�j',�(�;r,ZW_mLÖ%l!$-,/0',/0!$5�-�U�L(!�=s',�(�
��5���20ae-,/1-�!�Gd-)����-)!$5���2i�I�I=:/1�I',/0!$5�M�c^� ��-)',/4#@�I')��*;',�(� �"!$-,/15(� ��5�*�-:/15(���"!$# %l!$5(��56',-f!�GW-,/0')� *�/4-)%321���"��# ��5<'
�I'm��5�5b&���2���53*+-)��#@/1��535<&���2lGH=,��ªb&(��5��D/0��-���-7��*�*�/0',/1!$5���2lA$20!�>3��2�%��I=:��# �D')�D=:-mG�!�=Y',���8v�© -,/0')��-�U��q!9=,��# !����
')=:��5�-:21�I',/0!$5���2e��5�* =:!�',�I',/0!$5���2�*(�DA���5��D=:���D/0��-DMb��*�*�/0',/0!$53��2bX�X�_j��5�* X�X7�j�"!$5�-)')=:��/15<',-�cd�D=,�m�I%�%�21/0��*�Uq�m�(�
%3����-,�@!�GW',�(�@�I�I=:/1�I',/0!$5�-k!�G�',�(�@�"�e%����"')��*¢-)����-)!$53��2����D=,',/1�D��2^-,/0A$5���24-9��#@��-,-820!$��*�/15(A(Mg��56')��535��+',�(�D=�#@��2
*(�DGH!�=:#@�I',/0!$5��8G�!�=9X7!�=,',�(�D=�5Õwm��#@/4-)%3�(�D=,��-,/1')��- cm/1212^A���5(�D=:��2420a¤>l�?!�%�%l!$-,/0')�?',�(�s%3����-)��-�GH!�=|}b!$&(',���D=:5
w7��#@/1-)%3���D=,�9-,/0')��-�Usr«5�!�=:*(�D=�5(!�'.')!{�"!$53-)')=:��/15¤',�(�|��-)',/1#@�I')��*¢���D=,',/1�D��2d-)����-)!$53��2^�I�I=:/1�I',/1!$5`��5�*¢����!$/1*
>3/1��-:/15(Af=,��-,&�21',-�*�&(�Y')!8%�=,��*(!$#9/15���5��"��!�G�X7!�=,',�(�D=:5Bwm��#9/1-)%3�(�D=:�Y-,/0')��-DM<',�(�mX�X7�×�"!$5�*�/0',/1!$5@�"!$5�-)')=:��/45(��*
',�(�k-,&3#�!�Gx!$5320aB',���k�(!�=:/0£D!$5<',��2��"!$# %l!$5(��5<',-Y!�Gi-,/0')����#@%321/0',&�*�����*�Ø,&�-)',#@��56',-�')!9£D�D=,!(U

Ù5þKÚ �����^�N�$�
���m�3������=:&�5�-)�D���D=���2�-)!$21&(',/1!$5�-i/15.cm��/1��� *�/Ûl�D=,��56'��"!$#8>3/15��I',/1!$5�-g!�G�# !e*(��21-i�������Y>l�D��5��I%�%�%321/1��*�Uqr«5

Li/0A$&(=,��-dR���53*BvbMe',�(�7��535<&���23���D=,',/1�D��2l��# %324/0',&�*(��-��I=,�f-,�(!Tcm5BG�!�=^',�(��#@!$-)'�GH=,��ªb&(��56',21a !�>3-)�D=,�e/15(Aknfoqpdr

BG>5H�I�J#J�K�LM������.3��	����
�E�+���1%ON).+�9���
�:"1���1%#� K!Q#Q



���������
	F���������	�	����æ���é��	���� ������M� �!�#"$����%�&ü(*�
���+�

0

2

4

6

8

10

12

14

A
LG

O
P

A
R

K

B
R

-V
LB

A

D
S

S
45

D
S

S
65

F
D

-V
LB

A

F
O

R
T

LE
Z

A

G
IL

C
R

E
E

K

H
A

R
T

R
A

O

H
A

Y
S

T
A

C
K

H
N

-V
LB

A

H
O

B
A

R
T

26

K
A

S
H

IM
34

K
A

S
H

IM
A

K
A

U
A

I

K
O

K
E

E

K
P

-V
LB

A

LA
-V

LB
A

M
A

T
E

R
A

S
it

e 
V

er
ti

ca
l A

n
n

u
al

 A
m

p
lit

u
d

e 
(m

m
)

no loading

atmos+hydro loading

hydro+atmos+ocean+thermal

hydro+atmos+thermal

no loading+mapping function

®�¯¾°�²6³	´YÑ�·xÜ^Ç<Æ�´�³	ÉT´�Á�Æ	¯±¿	´�º�¹$¹I²6º�»(É�´�³�¿µ¯¾Ê�º�»(º�¼f½$»¾¯À¿µ²6Á�´ËÆ�º�¹6Á.´:Ýb´ËÊ)¿�Ã�Èlº�½$½6»±ÌI¯¾¹$°[Á�¯ÀÝe´:³µ´:¹�¿�¼fÃ�Á�´:»Æ�·

-,/0')��-�Ui�m�(��!�>3-)�D=,����*9��# %321/0',&3*(��-��I=,�m# !$-,',20a./45�',�(�Y=:��5(A��mRTy	��#@#�U�h7G�')�D=��I%3%320ae/15(A[�6ae*(=,!$21!�A�a.20!$��*3/15(A(M
Q�u6Þß!�Gg',�(�k��# %324/0',&�*(��-d�I=,�[=,��*�&3�"��*?><a|&(%?')!Bv�#@#�U�}e/153�"��',���k5(!$56',/4*���2�!b�"����5+21!$��*�/15(A���# %321/1',&�*(�f/1-
�I'm# !$-,'�Ok#@#¨���"!$��-)',��2g-,/0')��-Ë��M3/0',-Y�"!$5<')=:/0>3&�',/0!$5?')!@',�(�[!�>3-,�D=,����*s��# %�21/0',&�*(��-W/1-W���D=:a?-:#@��212NU
]^����-)!�=�%320!�',-7!�G�',�(�8!�>�-)�D=,����*{-,/0')�8��#@%321/0',&�*���-Y��5�*K',�(�8*�/0Û��D=,��5<'7#@!b*(��2x�"!$56')=�/0>3&(',/0!$53-m�I=,��-,�(!Tcm5

/15�Li/0A$&�=,�@�sGH!�=8zK��*�/1�D/45�����5�*`L3��/0=,>3��5(~e-DU?�Y�(�9-:&�#¨!�GW',�(�|# !b*���2��"!$56')=�/0>3&(',/0!$53-k21/0��-[c7/0',��/15;',�(�|RTy
-,/0A$#9�k�D=,=,!�=^��2121/0%�-)��!�G�',�(�m!�>�-)�D=,����*|��5�5<&3��2��I�I=:/1�I',/0!$5B�I'dzK��*�/1�D/153�eUgL(!�=�L���/1=,>3��5(~e-DM6cd�f*(!�5(!�'W-)�D�m',�3/1-
�IA�=,�D��# ��5<'DM3>�&('�/0'��D��5�>l�f-,�D��5�',���I'Y/0G�',���k�"!$56')=:/1>3&(',/0!$5|GH=,!$#à-,5(!Tcá20!$��*�/15�A�/4-d5�!�'Y/15��D21&�*���*�M<',�3�I'�',�(�
�IA�=,�D��# ��5<'m/1-^>l�D')')�D=�Ud}e5�!�c# !e*(��21/15(A./1-d~b5�!�cm5|')! >l�7%l!b!�=��I'W�3/0A$�(�D=�21�I',/0',&�*���-d#9��/15�20a@*�&��7')! 21���:~B!�G
-,&eâ|�D/0��56'Y*3�I',�eU
������������#@��*(�Y�"!$# %3�I=�/1-)!$5�-�!�G�-,/1')�����D=,',/1�D��23��#@%321/0',&�*���-xGH=,!$#��"!$21!b�D�I')��*Bn�oxpdrg��5�* C ]d}@��56')��5�53��-

&�-,/45(A C ]W}s��#@%321/0',&�*���-�G�=:!$#äã�!$5(A?�D'f��2NU�JtRIu�u$RTSVUkLi/0A$&�=,�.§B-,�(!Tcm-�',���I'7',���D=,�./4-mA�!b!b*;�IA�=,�D��#@��56'fGH!�=
��GH�Dcå-,/0')��-DM(>�&('W',�(�[!����D=:��242��IA�=,�D��# ��5<'7/1-�5�!�'����D=,aBA�!b!e*�U��Y�(�[��# %�21/0',&�*(��-W�I=,�[c7/0',��/15;O[#@#æGH!�=Y!$5�20a
�9-,/1')��-Y��5�*�cm/1',��/15?R #@#�GH!�=�O�v -,/1')��-DU

çoþ�è �$é���  � �������q�����fê� $ $�q 6�
�Y���m=,�DGH�D=,��5��"�7%�!$/456',-�!$59nfoqpdr���5<')��5�5���-^=:��5(A���G�=,!$#ß§Ty	R�§.# �D')�D=:-d�I>�!T���7',���mA�=,!$&�53*�U�h75B��56')��5�53�

-)')=:&3�"',&(=,�mc7/1212e�"�e%3��5�*|��5�*B�"!$5<')=:���"'�/159=,��-)%l!$5�-)�Y')!.')��# %l�D=:�I',&(=:�m�I�I=:/1�I',/0!$5�-�UiL�!�=W��5B�"�e%3��5�-,/0!$5B�"!<�"â9y
�D/0��5<'�!�G�OIUÀR.�;ODubë3ì[í¤ë � GH!�=m-)')�D��2NM���5+��535<&���2l�I�I=:/1�I',/1!$5?!�Gg�$u|Z¬��L���/0=,>3��5�~b-DM�h�21��-)~I�6�W��5�*��@=,�DG��D=:��5��"�
�(��/0A$�<'�!�G7O�§|# �D')�D=:-DM�',������535<&���2x�I�I=:/1�I',/0!$5;/15{�(��/0A$�<'7c7/1212�>l���I>l!$&('7��#@#+Uf�x!�# !e*(��2q',�3/1-����I=:/4�I',/0!$5
/15¢!$&(=@��5���21ab-,/4-DM�c^�+�I%3%321/0��*¢��-,/1# %�20�9�"�e%3��5�-,/1!$5Õ# !b*���2^GH!�= �����:����56')��535���&�-,/15�As',�(�+�(��/1A$�6'�!�G�',�(�
=,�DGH�D=,��5��"�B%�!$/456'���53*�',�(�B�"�b%3��53-,/0!$5`�"!b�"âB�D/0��5<'��H��/0',�(�D=.G�!�=.-)')�D��2NM���21&�#@/45<&�#+M�!�=.�"!$53�"=,�D')�|*��D%���53*�/15(A
!$5K',�(�.��5<')��5�5��6��UfL(!�=f�����:��R��Iy���!$&(=[-)��-,-,/0!$5�M3',�(�������D=:�IA��@#@����-,&(=,��*K')��# %l�D=:�I',&(=,�8cd��-f&�-,��*K-,/45��"�kcd�
cd�D=,��!$5�20a+/15<')�D=,��-)')��*�/15{-)����-)!$53��2x�I�I=:/1�I',/1!$5�-f��5�*scd�D=,� 5(!�'f')=,ae/15(AB')!?#@!b*(��2x',�(� *�/1&�=:5���2��I�I=:/1�I',/0!$5{!�G
��5<')��5�5����(��/0A$�<'DUîL(!�=9#9��56a¦-,/0')��-DM^',�(����-)',/1#9�I')��*î��5�5b&���2W���D=,',/1�D��2Y��#@%321/0',&�*��|/1-�=:��*�&��"��*¦cm�(��5¦',�3/1-
# !e*(��2�/1-��I%�%�21/0��*�U�}b�D�kLi/0A$&(=,��-7R���5�*+v ��5�*?',�(�[�"�(��# %321�[!�GgzK��*�/1�D/153�./45�Lg/1A$&(=,�f�(U��Y��/4-d�D��5s>l�f-,�D��5

K9Q�T BG>�H�I�J�J�K[LM�
�1��.3��	����
���+����%�Nü.+�9�
�
�
"1����%��



���������
	F���������	�	����æ���é��	���� ������M� �!�#"$����%�&ü(*�
���+�

0

2

4

6

8

10

12

14

M
E

D
IC

IN
A

M
K

-V
LB

A

M
O

JA
V

E
12

N
L-

V
LB

A

N
O

T
O

N
R

A
O

20

N
R

A
O

85
 3

N
Y

A
LE

S
20

O
N

S
A

LA
60

O
V

-V
LB

A

P
IE

T
O

W
N

R
IC

H
M

O
N

D

S
A

N
T

IA
12

S
C

-V
LB

A

T
S

U
K

U
B

32

W
E

S
T

F
O

R
D

W
E

T
T

Z
E

LL

S
it

e 
V

er
ti

ca
l A

n
n

u
al

 A
m

p
lit

u
d

e 
(m

m
)

no loading

atmos+hydro loading

hydro+atmos+ocean+thermal

hydro+atmos+thermal

no loading+mapping function

®�¯¾°�²6³	´�Ó$·qÜ^Ç6Æ	´:³µÉ�´ËÁ�Æ	¯À¿µ´Yº�¹$¹I²6º�»(É�´�³�¿µ¯¾Ê�º�»(º�¼f½$»¾¯À¿µ²6Á�´ËÆ�º�¹6Á.´:Ýb´ËÊ)¿�Ã�Èlº�½$½6»±ÌI¯¾¹$°[Á�¯ÀÝe´:³µ´:¹�¿�¼fÃ�Á�´:»Æ�·

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8

MEDICINAMEDICINA

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

S
in

e 
(m

m
)

-8 -4 0 4 8
Cosine (mm)

-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8
-8

-4

0

4

8

-8 -4 0 4 8

GILCREEKGILCREEK

®�¯±°T²$³µ´8ï<·+¸�¹$¹I²6º�»�Æ�¯±¿	´.É�´�³�¿µ¯¾Ê�º�»iº�¼f½$»¾¯À¿µ²6Á�´�ÆfÃTÇ6Æ	´:³µÉ�´�Á�º�¿kÍ ´�Á�¯Ê,¯¾¹6º|º�¹6Á{ðd¯±»Ê,³µ´:´�Ï�Â1Ç$»º�Ê«Ï?ñ�¯±¿	Å�Ñ"òNÆ�¯¾°�¼[º9´:³µ³	ÃT³
´:»¾»¾¯±½6Æ	´ËÄ,·�®6Ã�³lÊ,ÃT¼�½<º�³µ¯¾Æ	Ã�¹W¿µÅ$´x¼fÃ�Á�´�»IÊ:Ã�¹�¿	³µ¯¾Ç$²�¿	¯¾Ã�¹<Æ�¿µÃ�¿	Å6´gÃTÇ6Æ	´:³µÉ�´�Á�º�¼f½$»±¯±¿	²<Á�´gº�³	´gÆ�²6¼�¼f´ËÁYÅ$´Ëº�ÁW¿µÃ�¿«º�¯¾»IÆ�¿µº�³�¿µ¯±¹6°
ºD¿i¿µÅ$´�Ã�³µ¯±°T¯±¹3ólº�¹�¿	´:¹6¹6º7¿	Å$´�³	¼[º�»�Á$´,È1Ã�³µ¼[ºD¿µ¯±ÃT¹�ô$Æ�ÃT¯±»(¼fÃT¯¾Æ�¿	²$³µ´W»±Ã�º�Á�¯¾¹$°<ô$Æ�¹$ÃDñ`»±Ã�º�Á�¯¾¹$°6ô º�¹<Á�½$³µ´�ÆµÆ	²$³	´d»¾ÃTº�Á$¯±¹$°<·

>ba|�"!$# %��I=:/15(A ',�(�k-,���"!$5�*s��5�*+G�!$&(=:',�?>3�I=:-�GH!�=Y�����:�K-,/0')��/45�Lg/1A$&(=,��-YR ��5�*KvbU
�f&�=8�D&(=,=:��56'.# !b*���21/15(A�!�G�')=,!�%l!$-)%��(�D=:/1�@*���21��a�&�-,��-k',�(�?X7z{LõJ X�/0��212VM^O�P�P�©TSY�6ae*(=,!$-,',�I',/1�9��5�*¤cd�D'

#@�I%�%�/15(A@G�&�5��"',/0!$53-DU��m�(�8X�zKL×�<ab*(=:!$-)',�I',/1�.#@�I%�%3/15�A@GH&35��"',/0!$5{����-f��5�5<&3��2x��# %�21/0',&�*(��-m',���I'[*(�D%l��5�*
!$5s24�I',/0',&�*(��UW�Y�(��X�z{Lj��5�5b&���2��I�I=:/1�I',/0!$5s=,�D%�=,!e*�&��"��-Y',�(��=:��*3/0!$-)!$5�*(��=:��ab')=:���"����5�5<&3��2����I=�/1�I',/0!$5+=:����y
-)!$5��I>�20ascd��212NM�>�&('f',�(�D=,�@�I=,�@�D=:=,!�=:-[/15���# %�21/0',&�*(����5�*�%�����-)�@�I'�-)!$#@�@-,/0')��-DU@�x!s/15<����-)',/0A$�I')�@',�3/1-DM�cd�
��-)',/1#9�I')��*9-,/0')�Y*��D%���53*(��56'�#@�I%3%3/15(AfG�&�5��"',/0!$5�%3�I=���# �D')�D=:-7�H!IÛ�-)�D',-d��5�*@��5�5b&���2(��# %�21/0',&�*(��-i!�G�',�(�m#9�I%(y
%3/15�A�G�&�5��"',/0!$5|�"!<�"â|�D/0��56',-Ë��GH=,!$#ß',�(�fnfoqpdr�*��I',�eU�Li/0A$&�=,��-dR.��5�*�v.-,�(!Tc�',���I'W',�(����535<&���2l-,/1')�7���D=,',/4�D��2
��# %324/0',&�*(��-��I=,�9-,/1A$5�/���D��5<',20a+=,��*3&��"��*;cm�(��5;',�(��-,� ��-)',/1#@�I')��*�#9�I%�%3/15(A?G�&�5��"',/0!$5{%3�I=���# �D')�D=:-k�I=,�B�I%(y
%321/1��*@��-W�8# !e*(��2NUi�Y��/4-�/1-d/15�*�/4�D�I')��*@>ba ',�(��*3/Û��D=:��5��"�m>l�D'�cd�D��5|',�(�7�3=:-)'d��5�*B24��-)'�>3�I=�-�GH!�=^��������-,/0')��/15
',�(��-)�W��A$&(=,��-DUizs!�=:��c^!�=,~�/1-g=,��ªb&�/0=,��*.')![���D=:/1G�a8',���I'�',�(����-)',/1#9�I')��*@#@�I%�%3/45(A7G�&�5��"',/1!$5�-i�I=,��=,����-)!$5��I>�20��ö
-)%l���D/���D��2420a@',�(�Da|cm/1212�>l�[�"!$# %3�I=,��*�c7/0',��#@�I%�%3/45(A�GH&�53�"',/0!$5�-W*(�D=:/0����*?GH=,!$#à5b&�# �D=�/1�D��2�c^���I',�(�D=�# !e*(��2

BG>5H�I�J#J�K�LM������.3��	����
�E�+���1%ON).+�9���
�:"1���1%#� K!Q�÷



���������
	F���������	�	����æ���é��	���� ������M� �!�#"$����%�&ü(*�
���+�

0

1

2

3

4

5

6

7

8

9

10

A
LG

O
P

A
R

K

D
S

S
45

F
D

-V
LB

A

F
O

R
T

LE
Z

A

G
IL

C
R

E
E

K

H
A

R
T

R
A

O

H
A

Y
S

T
A

C
K

H
O

B
A

R
T

26

K
A

U
A

I

K
O

K
E

E

M
A

T
E

R
A

M
K

-V
LB

A

N
L-

V
LB

A

N
O

T
O

N
Y

A
LE

S
20

O
N

S
A

LA
60

P
IE

T
O

W
N

S
A

N
T

IA
12

S
C

-V
LB

A

T
S

U
K

U
B

32

W
E

S
T

F
O

R
D

W
E

T
T

Z
E

LL

V
er

ti
ca

l A
n

n
u

al
 A

m
p

lit
u

d
e 

(m
m

) VLBI
SOPAC GPS

®�¯¾°�²$³µ´Yø�·xùxÃ�¼f½6º�³	¯Æ	Ã�¹�Ã�È�º�¹$¹I²6º�»(ÉT´:³	¿	¯Ê:º�»�º�¼f½$»±¯±¿	²<Á�´�ÆgÈ1³µÃ�¼�Ê,Ã�»¾Ã�Ê:º�¿	´�Á�ú^û�üxýiº�¹<Á.ðWþgÎ8Æ	¯±¿	´�Æ�·

*��I',�s�HGH!�=m�"�(��# %321��M(',�(�[rµz{LÕ#@�I%�%�/15(A�GH&35��"',/0!$5�*(�D=:/1����*?><a�h8U�X7/0��242���U

ÿ5þ �����I�(���I�I�V�x�
���9��5�*;',���I'k',���9��5�5b&���2���# %324/0',&�*(��-�!�GWn�oxpdr����D=:',/1�D��2�*�/4-)%321���"��# ��5<'[�I=,�9# !$-,',20a�RTy	��#@#�U9�m�(�

%3����-,��!�Gf-,!$&(',�(�D=:5î����#@/1-)%3���D=,��-,/0')���I�I=:/1�I',/0!$5î/4- A���5(�D=:��2121a¤!�%�%l!$-,/1')��',���I'@GH!�=95(!�=,',�(�D=�5î�(��#@/1-,%3�(�D=,�
-,/0')��-�U^���(��5s�<ae*(=,!$20!�A�a?20!$��*�/15�A@# !b*���21-Y�I=,���I%3%321/0��*�M���535<&���2q��# %321/0',&3*(��-��I=,�k=,��*3&��"��*+GH!�=fQ�u6Þ�!�G�',�(�
# !$-)' GH=,��ªb&(��5<',20a`!�>3-,�D=,�b/45(AKnfoqpdr�-,/0')��-DU¦L(!�=9#@!$-)' >3��-)��21/45(��-DM�20��5�A�',�¦=,�D%l���I',�I>3/121/0',/1��-8�I=,�+/4# %�=,!T����*�U
�Y�(�7-,&�#�!�G�',���7��5�5b&���23�"!$5<')=:/0>�&(',/0!$5�-�G�=,!$#õ#@��-,-d20!$��*�/15�Ak��5�*B��5<')��5�5���',�(�D=:#@��2�*(�DGH!�=:#@�I',/0!$5B���D�"!$&�56'
GH!�=m�@-,/0A$53/���D��5<'d%l!�=,',/1!$5?!�Gg',���[!�>3-)�D=,����*sn�oxp^rW��5�5b&���2�-,/1A$5���2��I'm#@��5<a|-:/0')��-DU

Ú ���«�� $�3�^�e�3�
Ð±¶,Ô��^Ã�¹$°<ô��m·¾ô<þl·$®<º�¹$°<ô��7·6ügÃ�Ê«Ïeô$Í�·��f·bùxÅ6´:¹$°<ô$º�¹6Á Îe·6Í@¯±Ì�º
	�º�ÏI¯�ô$¸�¹6ºD¿µÃ�¼mÌ�Ã�È�º�½$½6º�³	´�¹�¿iÆ	´�ºTÆ�ÃT¹6º�»eÉDº�³µ¯¾º�¿	¯¾Ã�¹6Æ
È1³µÃ�¼åðWþxÎIò�Á�´�³	¯¾É�´ËÁ�Æ	¯À¿µ´^½bÃTÆ	¯±¿	¯¾Ã�¹8¿	¯¾¼�´�Æ	´:³µ¯±´ËÆ:ô��<·�Ã�È�ðd´:Ã�½6Å�Ì�Æ�·���´�Æ�·±ô(¶ËÒ��ô�ügï6ô(¶ËÒ$·¾¶�Ò�Ñ
����Ñ�ÒTÒ$¶���üiÒ�Ò�ÒTø�"Ó6ô ÑDÒTÒ�Ñ�·

Ð Ñ"Ô[®6º�³	³µ´:»¾»Hô��Õ·���·¾ô��^´,È1ÃT³	¼[º�¿	¯¾Ã�¹?Ã�Èg¿	Å$´��xº�³	¿	Å|ÇIÌ9Æ�²6³�È4ºTÊ,´f»±Ã�º�Á$Æ�ô���´:Ée·�ðd´:ÃT½$ÅIÌ�Æ:·3ÎI½<º�Ê,´[þqÅ�Ì�Æ�·±ôx¶�Ò6ô���6¶,ò�����ô
¶����Ñ$·

Ð ÓDÔ[Í@º6ôDù^·¾ô��6·ËÍ�·"Î$º�²$Çb´:³ËôËûq·��<·�üg´�»±»Hô��W·�¸Y·�ùx»º�³µÏbô��7·ËðdÃ�³«Á�ÃT¹�ô��Õ·���·� �¯¾¼mñ�¯Ê«Å�ôDº�¹6Á!�<·"�Õ·���Ì�º�¹�ô"Í ´�ºTÆ�²6³	´�¼�´�¹�¿
Ã�ÈdÅ$Ã�³µ¯#	:Ã�¹�¿«º�»g¼�Ã�¿	¯¾Ã�¹6Æf¯¾¹�¸�»º�Æ	ÏDº9²6Æ	¯¾¹$°?É�´:³µÌ+»¾Ã�¹$°|Ç6ºTÆ�´�»±¯¾¹$´�¯±¹�¿µ´:³	È1´:³µÃ�¼f´,¿µ³	ÌTô$�6·qðd´�Ã�½$ÅIÌ�Æ�·%��´�Æ�ô&��ø$Â�ü^¶ËÓTÄ,ô
Ñ�¶��'�6¶,òVÑ�Ñ�Ò6¶�¶Tô�¶��'�TÒ$·

Ð ï�Ô[Í ¯¾»±»¾Ì�ô�þl·3ù^·(�7·eº�¹6Á9¸m·(ü^·�ÎIÅ6¼fº�ÏI¯±¹�ô3ðd»¾Ã�Ç<º�»l¼fÃIÁ$´:»¾¯±¹$°.Ã�Èx»¾º�¹6Á@ñiºD¿µ´:³Wº�¹6Á ´�¹$´:³µ°�Ì�Ç6º�»¾º�¹6Ê,´ËÆ:·eþ�º�³	¿^ý)ó(�iÅ$´
»º�¹6Á.Á�ÌI¹6º�¼f¯Ê:Æ�Â�û3º'�WÄg¼fÃ�Á�´:»Hô��<·� �Ì�Á�³µÃ�¼f´,¿µ´:ÃT³	ÃT»±ÃT°�Ì�ô�Ó$ô<Ñ')�Ó�òNÑ'�'�$ôIÑ�ÒTÒTÑ�·

Ð ø"Ô�*�¯¾´:»¾»Hô�¸m·���·±ô�ðd»±ÃTÇ6º�»q¼fº�½$½$¯¾¹$°�È1²$¹6Ê,¿	¯¾Ã�¹6ÆYÈ1Ã�³m¿	Å$´�º�¿	¼fÃTÆ	½$Å$´�³	¯Ê[Á�´�»¾º"Ì|ºD¿Y³«º�Á�¯¾Ã ñgº"ÉT´:»¾´:¹$°�¿	Å6Æ�ô��<·�ðd´�Ã�½$ÅIÌ�Æ:·
��´ËÆ:ô(¶ËÒ$¶TÂ�ü�Ñ�Ä)ô�Ó�Ñ�Ñ�"ò�Ó�ÑDï��$ô6¶��'���$·

Ð �DÔ[þl´,¿µ³	ÃDÉeôbû�·(º�¹6Á+�6·bòNþl·bügÃDÌ�ô(Î�¿µ²6Á�Ì@Ã�È�¿	Å$´fºD¿µ¼�Ã�Æ�½6Å$´:³µ¯¾Êm½$³µ´�ÆµÆ�²$³µ´Y»¾ÃTºTÁ�¯±¹6°8Æ	¯±°T¹6º�»�¯±¹Bú^û�üxý�ÃTÇ6Æ	´:³µÉ"º�¿	¯¾Ã�¹6Æ�ô,�6·
ðd´:ÃT½$ÅIÌ�Æ:·���´ËÆ:ô<Ñ�Ò�Ò�ï.Â4¯±¹�½$³µ´�ÆµÆµÄ,·

K!T�J BG>�H�I�J�J�K[LM�
�1��.3��	����
���+����%�Nü.+�9�
�
�
"1����%��



���������
	����	�����������������
����������! "��#%$�&�'(�����$�	*)�+����-,��
�
	/.�$�01��$324����
5/6"798�:";3�<�����$�	*)=�	�5/.�$�'?>@�&���)A$�	�)�,B�C���D6FEG�FHJI�K�K�LNM
:-6";OI�K�K�PRQF��	���&<��TSR�
�U����	*�(VJ&�$32��
�45*��	*��)
M@>W� P�XZY<[3P�X�\
�3�A��>9� ]�]^���Z)A2�2�� ��)_#%2�� 	��)�N� ��$^��]^>�`*+�����24�����$�	*)<]���'�I�K�K�P3]4�G�	��*Y

acb�d�e!fGg^hObjikb=lZm�nBope!fqg^mRrtsvuwb�fyxzb=b�r|{zm~}yd�m���e!f�b=���k��������fGe!fGg^mRrts�e(rt�
{�mOo��te?nBg^s�mOrts�x�g4fG������ac���?�����

�F�G���¡ 3¢¤£¦¥9¢��¨§3©¦ª«¥W¬��<¯®±° �¬@²q³�° /´�©qµ/¢�¶U�¦�¢T·«¸q Z¥9¬�¹< D´

º<»!¼�½W¾3¿@À�½W¾3ÁGÂ~Ã4Ä�ÅUÆN¿yÆNÇOÁ1È
¾3É�Ê�Ë^Ã�Ì^Å4Í3¾3ÄAÆ3Å4ÎÐÏ�¼�ÑÒÂOÊ�Ó�ÔFÕÖ½�Á×¿yÌ^Ã^Ì?ÂÒÈ
¾ZØZÌ�ÇRÎDÆ�Ù!¼ÚÈ^Á1Ì�¿yÈ
Ì^Ã�Ï
ÕÖÂ!¼*Ó
Û�»�Ü=Ì
Æ�Ø*Ì^Ä-Á1È�¼9Ý�Å4Í3Ì^Î�Þ�Á×Í�Á%Ã4Á1ÆN¿ßÏ
ÜF¼@Þ=Ó�ÔJàO¾3Ä-Ý�ÅU¾3Éyá�Ì^Ã^ÆNÝ�ÅUÈ
Ì4Ã�ÕB¾3¿T¾ZØZ¾ÐÏ�à�áOÕB¾3¿ZÓ
ÕBÆN¿WÄA¾ZÈ�Ä"¾NÝ�Ä×½WÆ3Å�â�ãT½@Á�À�Ì�¿åä9¾N¿�À3ÔæÌ^çAÇ�¾3Á×ÉèâêéìëZí@î�ï�ðWñZòNí�óìò*ôFõ�ö�÷Wë�øBõ<ëìñGõUñ�í

ù¯úFû3üZý�þJÿ�ü
EG����)Ò)_��`�5��D5*��)A2
`*)A)A�
)�&��
)A`��C��)�$�#G���*�~&��
����������(5Z��#%$�&�'(�����$�	*)Ò+�����,G�
��	/	��
�&�+�� )_�<�����$�	*)!^���O2
$�01��$324����
5

6"7y8¡:y)A�C���
)Ö+@�)A�
5!$�	������qL^0� ���
��$32
�C����)A$���`*����$�	�)Ö��	!:_EG�¦HJI�K�K�K��)Ú&���# ��&��
	�2��
)��	@5�`�)A��	��F���*�����¦��0	��
F6��¡7ì0
Y�¨'?$N5*�
�W��$(24���2
`*�è^���Ò���*��'?$N5Z�
�����45���$�&�����$�	3�<��Ú'?$�����$�	�)
�F;Z$�'?�=��	3����&�	������$�	���T6F7y8�:B)_�<^����$�	�)
M�,B�*��2<�9Mì��	
������)q'?������$N5ìMZ�@4���F��^&�����5*���ì��&��
	*2
�F# $�&�����&A����24��y5Z��#%$�&�'(�����$�	*)G&��
����������"��$~>Z&��
�N��$�`�)q)A$���`Z����$�	�)
M@�&������)A$(5*��)_0
2
`�)A)A�45ì�¡.�$�'?>��&���)A$�	*)q$�#y���*�¦&��
)A`*�C��)�,B�C���O����$�)A�F$�#y������:_EG�¦HT)
MZ6"EG�¦HJI�K�K�L!^&����5*5Z&��
)A)A�
5W�ÖEG���¦���
2U�*	����3`��
5*������&�'?��	*�
)���'?>*&�$^���45�5*�U#%$�&�'(^����$�	�)�^��O&��
����$�	@��¡$�&=��$324���)A>@^������Ö)A24�����MÚ��)A$��è^����	����������-��	�2
$�	�)A��)_���
	*2
���
)��
# &�$�' ���*�":_EG�¦Ht)A$���`*����$�	�)
�

���������! 	"$#&%&'(�	)*"+�
,.-0/21(354�687:9<;5=!9>4!?A@CB59D/E9�=	F:4	30G!7IHJ7:4LK�G!7MKN/E-0OC@CG!7P;59�?�4!/EQRGS@CF:4	3TFUO2304!@RV�9�/C?I9<KN@�WYXAORG!3T9NZ5G!Q2V[7U9!\^]_3

`<a!a!b \�;0Fdc�9�/C9<3e@MfSG!7U-59<OP4!?�f!9�/E@CFUK�G!7+;59�?�4!/EQRGS@CFU4	3>/EGS@�9hg�i.j.kAlPG!30;DB54!/EFUm�4	3e@CG!7�;59�?I4!/nQRGS@CF:4	3>/EGS@�9ogqprj.k.l
4!?0stXvuLpr]xwyXTG!30;�stX.u5p8]_wyzJ{riA|�}�]~O�@CGS@CF:4	30O�GS@+@CB09�stXvuLpr]xwyX�i.|+}�]~OCF:@�9�FU3��	GSV�G!3�\S6^9�/C9�V[-5��7UFUOCB59<;
� `N� W.]_3�@CB09�]_�Pkr� a!b \�]_�Pkr� a	� G!30;�]_�Pk8�$�S�!�!�>O�4	7U-0@CF:4	30Or@CB592OCG!Q292z��*j�f!9<7U4(K�F:@���fSG!7U-59<Or?I4!/v@CB09<O�9�@�6^4
O�@CGS@CF:4	3[O�6�9�/C9�V[-5�[7�FUOCB59<; � � � W&uLF�QRFU7UGS/~9NZ5G!Q2V[7U9<O�FU3[K�7U-0;59&�Ak8X8,t�!����z(\e�rkrX8,v�S�vG!30;��rkrX8, ` {	�vO�@CGS@CF:4	3[O
GS@��.k8�^�&�A}�XA�As2\���9<OC@�?I4!/E;�G!30;�pAG<�LO�@CG!KC1�O�@CGS@CF:4	30O�GS@���9<O�@�?I4!/n;�wyG!OCOCG!KnB�-[O�9�@�@CO�\epAk8Xvut�	�!�AG!30;���jr�
i.|+}�X�O�@CGS@CFU4	30O.GS@.�04!/C@vjAG�f(F�O�\�G!30;�stXM rXr]rG!3[;�sv,.st�^�¡O�@CGS@CF:4	30O.FU3yprG�6�G!F�F�\�68B59�/C9�@CB59�OCG!Q29Rz��*j
O�@CGS@CF:4	3Df!9<7:4(K�FU@*�ofJG!7�-59<OPGS/C9�-[O�9<;o?I4!/89<G!KEByOCF:@�9!W

X�@hV0/C9<O�9<3�@�\P@CB59�9<O�@CFUQRGS@�9<;¢G�f!9�/EGS=!9£-030KN9�/C@CG!F�3e@��T?I4!/oi.|+}�]2�[G!O�9<7UF�359D/EGS@�9<OoFU3¤=	7:���S�!� ` FUOo¥ ` W b �
QRQ¦H��(/<W§�PB59o/C9<KN9<3�@2=	7:4!�[G!7��[G!O�9<7�FU359¨/nGS@�9DO�4	7U-5@CF:4	3�FU3§=	7:�©�S�!�	z � z � FUO�GS��4	-5@¨¥ ` W�{e��?�4!/RG<f!9�/EGS=!9y-03L�
KN9�/C@CG!FU3�@*�!W2�PB09�/C9�?I4!/E9!\�@CB59�?�-5/E@CB59�/vG!30G!7:�LOCFUOA4!?&@CB592/E9<7UGS@CF:f!92;59�?�4!/EQRGS@CF:4	3���9�@*6�9�9<3�@*6�4�K�7:4	OC9<7:��O�V�G!KN9<;
i.|+}�]~O�@CGS@CF:4	30O�O�9�V[GS/nGS@�9<;��(�tGP?�9�6§B(-030;0/C9<;v@�4A?I9�6ª@CB54	-0OCG!30;�Q29�@�9�/EO�B0G!O+�©9�9<3�V�4	OCOCF:��7:9!W�u(4	Q29�FU3e@�9�/n30GJ�
@CF:4	30G!7�i.|+}�]�O�@CGS@CF:4	30O<\568B0FUKnB>FU3o@CB0FUOMGSV0V[/C4	G!KEBDB[G<f!9�7UGS/E=!9t;0Fdc�9�/C9<30KN9tFU3hf!9�/C@CFUK�G!7+;59�?I4!/nQRGS@CF:4	3>/C9<7�GS@CF:f!9
@�4£V0/E9�f(F:4	-[O�OC4	7U-5@CF:4	30O<\&GS/C9�G!7UOC4£G!;0;5/C9<OCOC9<;�WT�PB59>/C9<OC-[7:@CO�FU3�iA�8k8�$�S�!�	z � { � 6�9�/C9�-[O�9<;TG!ORG<fSG!FU7UGS��7:9
KN4	Q2V[GS/nFUO�4	30O�W
«��y¬®5�	¯�"$#�"�°±"~²�³

|+9�@�´Aµ·¶��©9�@CB59P;59�@�9�/nQRFU359<;��[G!O�9<7�FU359�7:9<35=!@CB�?�/C4	Q¸@CGS/C=!9�@&O�@CGS@CF:4	3¦¹�@�4tGvF�3e@�9�/E3[GS@CF:4	30G!7(iA|�}�]�O�@CGS@CFU4	3
º \§»´.µ·¶�FUOMF:@COPKnB0G!35=	FU35=2/nGS@�9!\[@CB59v4!�[OC9�/CfJGS@CFU4	3>9<¼�-[GS@CF:4	3�K�G!3>��9v6P/nF:@�@�9<3DG!O�½

´.µn¶©¾ »´.µ·¶�¿ÀgxÁÂ Ã ¶ Á ÁÂ Ã µJl�¾!ÁÂ Ä µn¶ g ` l
68B59�/E9 ÁÂ Ã µ¨G!30; ÁÂ Ã ¶ GS/E9R@CB59RV�4	OCF:@CFU4	3�f!9<KN@�4!/nO�4!?M¹�G!30; º \�/C9<O�V�9<KN@CF:f!9<7:�!\ ÁÂ Ä µ·¶�F�O.@CB592/C9<7UGS@CF:f!9¦KEB0G!35=	F�35=
/EGS@�9<O���9�@*6�9�9<3 »ÁÂ Ã µvG!30; »ÁÂ Ã ¶ \LFU3R68B[FUKEB¨@CB59 »ÁÂ Ã ¶ F�O&@CB59rf!9<7:4LK�F:@*�2f!9<KN@�4!/M4!? ÁÂ Ã ¶ \(68B0FUKnB¨FUO&@CGS1!9<3¦?�/C4	Q�]x�8k8�

:-6";OI�K�K�PRQF��	���&<��TSR�
�U����	*�(VJ&�$32��
�45*��	*��) P�XZY



���������
	O�G�	��!�U�F��×��� 6"798�:�016"EG�¦HJI�K�K�L! F��#%$�&�'(�����$�	*)

/C9�?�9�/C9<30KN92?�/EG!Q29!\�68B[FU7:9 »ÁÂ Ã µRFUOA@CB592f!9<7:4LK�F:@*��f!9<KN@�4!/�4!?^@CGS/C=!9�@�O�@CGS@CF:4	3~\�68B0FUKnByF�Or/E9�=	GS/E;59<;�G!Ov-0351L354�683
¼(-0G!3e@CFU@CF:9<OA@�4>�©9�9<O�@CF�QRGS@�9<;�����@CB59�6^9<FU=	Be@�9<;£7U9<G!O�@vOC¼�-[GS/C9<OvG!7:=!4!/EF:@CB[QÅ-[30;59�/.KN4	30O�@�/EG!FU3�@COv4!?^@CB59 »´Aµ·¶xW
]_3R4	-5/�V0/C4!�[7U9<Q>\	@CB59r9Nc©9<KN@CO�4!?~-030KN9�/E@CG!FU3e@CFU9<O&4!?�@CB59 »ÁÂ Ã ¶ @�4�@CB0989<O�@CFUQ¨GS@CF:4	3¨4!? »ÁÂ Ã µAK�G!3h��98KN4	30OEFU;59�/C9<;¦G!O
/EG!30;04	QÆ9�/C/C4!/EOPF�3>G2KN9�/C@CG!FU3D;59�=!/E9�9!W&�PB59t;59�?�4!/EQRGS@CFU4	3o/EGS@�9<O ÁÂ Ç>ÈEÉxÊ 4!?�@CGS/C=!9�@8OC@CGS@CF:4	3>@CB59<3>?�4	7U7:4�6¡?I/E4	Q

ÁÂ ÇDÈCÉ_Ê ¿ »ÁÂ Ã µ Á�Ë�Ì^Í ÈtÎ ÁÂ Ã µ�Ï g��	l
68B59�/E9 Ë�Ì^Í È FUOo@CB59��&-[7:9�/EFUG!3Ðf!9<KN@�4!/�4!?�V[7UGS@�9�68B0FUKnBÑ@CB59�@CGS/C=!9�@�O�@CGS@CF:4	3¡F�O>7:4(K�GS@�9<;¡F�3�W��PB(-0O�\r@CB59
;59�?�4!/EQRGS@CF:4	3ªf!9<KN@�4!/�4!?P@CGS/C=!9�@2O�@CGS@CF:4	3 ÁÂ Ç>ÈCÉ_Ê K�G!3§��9¨V[/C9<K�FUO�9<7:�y9<O�@CFUQ¨GS@�9<;�W�]_3£@CB59h9<O�@CFUQ¨GS@CF:4	3ÒGS��4�f!9!\
;0-59�@�4¦@CB09�;59�@�9�/nQRFU30GS@CF:4	3�4!?�@CB59�/C9<7UGS@CF:f!9�;0FUOC@CG!30KN9���9�@�6^9�9<3y@*6�4oV�4	FU3e@CO84	3y@CB59�OE-5/C?qG!KN9�4!?$@CB59��&GS/E@CB
G!7:4	35=8@CB59^;0FU/C9<KN@CF:4	3v4!?5�[G!OC9<7UFU359�FUO~@CB59�4!/C9�@CFUK�G!7U7U�.F�30;59�V�9<30;59<3�@�4!?5@CB59&G!;54!V0@�9<;�@�9�/C/C9<OC@�/EFUG!7!/C9�?�9�/C9<30KN9^?I/nG!Q29
gq�Pkr�$l � � � \!G!30;�@CB59�-[30KN9�/C@CG!FU3�@CF:9<O~4!? »ÁÂ Ã ¶ FU3t]_�Pkr�>/C9�?�9�/C9<30KN9�?I/EG!QR9^K�G!3���9&KN4	30OCFU;09�/C9<;�G!O�/EG!30;04	QÓ9�/C/C4!/nO�\
@CB(-0O�\�-030;59�/v@CB59hKN4	30O�@�/EG!F�3e@CO�4!? »´Aµ·¶�\�@CB59¦9<O�@CFUQRGS@CFU4	3�4!?M@CB59 »ÁÂ Ã µoG!30; ÁÂ Ç>ÈCÉ_Ê 4!?M@CGS/C=!9�@�O�@CGS@CF:4	3ªK�G!3Ò��9
/C9<7UGS@CFUf!9<7:�hG!K�K�-0/EGS@�9<7:�o9<O�@CFUQRGS@�9<;~W�]x3o4	-0/P9<O�@CFUQRGS@CFU4	3DGS��4�f!9!\[@CB09t6^9<FU=	Be@AÔ>Õ�F�OM9NZ(V[/C9<OCO�9<;DG!O<½

Ô>Õv¿ `
Ö ´¶R×

`
Ö ´µ·¶ g�z	l

68B59�/E9 Ö ¶ G!30; Ö µ·¶�GS/C9t@CB59t-[30KN9�/C@CG!FU3�@CF:9<OM4!?�@CB59 »ÁÂ Ã ¶ G!30;>@CB09 »´.µn¶�\0/C9<O�V�9<KN@CF:f!9<7U�!W
Ø��yÙ�Ú©�SÚ

i.j.kÅG!3[;¤pAjAkÛ4!?tKN4S�*7:4LK�GS@�9<;¢O�@CGS@CF:4	30O¦K�G!3¤��9>9<O�@CFUQ¨GS@�9<;¤�(�T-0OCFU35=£G!7�7M�[G!O�9<7UF�359>/EGS@�9<O¦@�4Ò9<G!KEB
O�@CGS@CF:4	3�gq}�k ` lPG!3[;D�(�D-0OCFU35=¨4	307:�o�[G!O�9<7UF�359<OP68FU@CB�O�@CGS@CF:4	3[OrKN4	QRQR4	3�@�4h@CB59�KN4S�*7:4(K�GS@�9<;�O�@CGS@CFU4	30O�gq}�k
�	lnW2�54!/t@CB0F�Or6�4!/C1©\+G!7U7��[G!O�9<7�FU359�/EGS@�9<O�K�G!Q292?�/C4	QÜ@CB592=	7U���S�!� ` O�4	7U-5@CFU4	3�W��54!/�KN4	Q2V[GS/EFUOC4	3�\�iAj.k�G!30;
pAjAkÝ6�9�/C9�;59�@�9�/EQ¨FU359<;o?�/C4	Q®@CB59vi.�Pk8�$�S�!�	z¨O�4	7U-5@CF:4	3£gq}�kÞz	lnW

�PB09¦i.j.kßG!30;TpAjAkß4!?8@CB59os.,vst�&�ÀG!30;�stXM AXr]�O�@CGS@CFU4	30O�\�68B[FUKEB§GS/C9>7:4LK�GS@�9<;�4	3�@CB59>à�G!K�F:á�K
V[7UGS@�9!\�6�9�/C9hG!3[G!7:�(OC9<;Ò-0OCF�35=>@CB59¨/nGS@�9<O�4!?M�[G!OC9<7UFU359R7:9<30=!@CBÒKEB[G!35=!9¦?�/C4	Qâs.,.s��&�Ý@�4yz ` =	7:4!�[G!7�i.|+}�]
O�@CGS@CF:4	3[O�\~G!30;y?I/E4	QÅs�XM rXr]r@�4 `<b FU3�@�9�/E30GS@CFU4	30G!7+i.|+}�]AO�@CGS@CF:4	30O�W��PB59�f!9<7:4(K�FU@*�yf!9<KN@�4!/EOv4!?&@CB09�=	7U4!�[G!7
i.|+}�]�O�@CGS@CF:4	30O+6^9�/C9^/C9�?�9�/C9<30KN9<;v@�4r]x�Pkr�$�S�!�!�L\	G!30;t�&-[7:9�/EFUG!3.f!9<KN@�4!/EO�4!?5�r�AkM�*�A riA�^|�� ` XTV[7�GS@�9&Q24L;59<7�\
68B0F�KEB�6�G!O.-0O�9<;y@�4>K�G!7UK�-07�GS@�9�@CB592Q24L;59<7U7U9<;�B54!/EFUm�4	3e@CG!7�Q24!@CF:4	3[O84!?^@CB59<O�9�@*6�4DO�@CGS@CF:4	30O�Wv�PB09��[G!O�9<7�FU359
/EGS@�9<OM4!?�@CB59vs.,vst�&�YG!3[;hs�XM rXr]�OC@CGS@CF:4	3o/C9<7UGS@CF:f!9.@�4 ` z�KN4	QRQR4	3>FU3e@�9�/n30GS@CF:4	30G!7©i.|+}�]^O�@CGS@CFU4	30O�6^9�/E9
-0O�9<;D?I4!/8G!;[;5/C9<OCOCF�35=�@CB09t/C9<7UGS@CF:f!9t;09�?I4!/EQ¨GS@CF:4	3>��9�@*6�9�9<3D@CB59<OC9t@*6�4¦O�@CGS@CFU4	30O�W

�PB09v�[G!O�9<7UFU309v/EGS@�9<OP��9�@*6�9�9<3ystX.u5p8]_w�XÞG!30;�� � =	7:4!�[G!7~iA|�}^]MO�@CGS@CFU4	30O8G!30;D�©9�@�6^9�9<3�stXvuLp8]_w�zJ{
G!30; ` ��=	7U4!�[G!7tO�@CGS@CF:4	3[O>6^9�/E9£-0O�9<;¡G!O�F�35V[-5@hV[GS/EG!Q29�@�9�/nO>@�4¤;59�@�9�/EQ¨FU359�@CB59Òz��*jã;59�?�4!/EQRGS@CF:4	3äG!30;
@CB59o/C9<7UGS@CFUf!9h;59�?�4!/EQRGS@CFU4	3��©9�@�6^9�9<3�@CB09<O�9o@*6�4£O�@CGS@CF:4	30O�W£�8B59¦��G!O�9<7UFU359¦/EGS@�9<O24!?P@CB09os�X.uLpr]_w�XÛG!30;
stXvuLpr]xw�zJ{�O�@CGS@CF:4	30O�/C9<7�GS@CF:f!9o@�4 a KN4	Q¨Q24	3�=	7:4!�[G!7�i.|+}�]�O�@CGS@CFU4	30O�6^9�/E9hV[/C4(KN9<OEO�9<;�@�4�fJG!7UF�;0GS@�9o@CB59
i.jAkå;0Fdc�9�/C9<30KN9oGS�©4�f!9!WÒ�PB59>z��*jÜ;59�?�4!/EQRGS@CF:4	3ª/EGS@�9<O24!?P@CB09o�Ak8X8,t�!����z(\��Ak8X8,v�S��G!30;��Ak8X8, ` {	�
i.|+}�]�OC@CGS@CF:4	30ORGS@R@CB09��.k8�^�&�A}�XA�AsæOCF:@�9>6�9�/C9DG!K�KN4!/E;0F�35=	7:�ªG!;[;5/C9<OCO�9<;�?�4!/R4!�0@CG!F�30FU35=�@CB59>/C9<7�GS@CF:f!9
;59�?�4!/EQRGS@CF:4	3Ð/EGS@�9<Oh��9�@*6�9�9<3¢�rkrX8,v�S�ªG!3[;Ð�Ak8X8,v�!����z(\.G!30;Ð��9�@*6�9�9<3Ñ�Ak8X8, ` {	�§G!3[;Ð�Ak8X8,v�!����z(W
�PB59h�[G!O�9<7�FU359R/EGS@�9<O�4!?8@CB59>�rkrX8,v�!����z�G!30;§�rkrX8,v�S��O�@CGS@CF:4	30O�/C9<7�GS@CF:f!9¦@�4 a KN4	QRQ24	3�FU3�@�9�/E30GS@CFU4	30G!7
i.|+}�]�OC@CGS@CF:4	30OM6�9�/C9�G!7UOC42V0/C4LKN9<OCO�9<;>?�4!/PfSG!7UFU;0GS@CFU30=�@CB59v/E9<7UGS@CF:f!9�;59�?�4!/EQRGS@CFU4	3o/EGS@�9<OP��9�@*6�9�9<3��Ak8X8,t�S�
G!30;D�Ak8X8,t�!����z(W

��FU30G!7�7:�!\�@CB592/C9<7UGS@CFUf!9R;59�?I4!/nQRGS@CF:4	30O.��9�@*6�9�9<3£��9<OC@�?I4!/E;ªG!30;�pAG<�LO�@CG!KC1£O�@CGS@CFU4	3£GS@t��9<O�@�?�4!/E;£i.|+}�]
OCF:@�9!\(G!30;2��9�@*6�9�9<3hprkrX.uR�	�!�tG!30;¦��jr�±i.|+}�X¡O�@CGS@CF:4	3¦GS@^�54!/E@^j.G<fLFUO^iA|�}^]$OCFU@�9!\e6�9�/C98G!;0;5/E9<OCO�9<;R-0OEFU35=
@CB59�OEFUQRFU7UGS/n7:�RQ29�@CB54L;>Q29<3�@CF:4	359<;DGS��4�f!9!W

P�X�I :-6�;OI�K�K�P�QF�
	*��&<��TSR�
������	��?VÚ&�$32
�
�
5*��	���)



���������
	O�G�	��!�U����×��� 6"798�:�016"EG�¦HJI�K�K�L! F��#%$�&�'(�����$�	*)

ç���èy�éJ%^°��	é
�PB09�i.jAkrOvG!30;yprj.k8OA4!?&OC@CGS@CF:4	30O.FU3 b KN4S�*7:4LK�GS@�9<;�i.|+}�]8OCFU@�9<Or6�9�/C9�9<O�@CFUQRGS@�9<;~\�G!3[;�@CB09�/C9<7�GS@CF:f!9

;59�?�4!/EQRGS@CF:4	3Ò/EGS@�9<O���9�@*6�9�9<3ªKN4S�*7:4LK�GS@�9<;�O�@CGS@CF:4	30O�GS/C9¦=	F:f!9<3ªF�3Ò��GS�[7:9 ` W��8B59Rf!9<7:4LK�F:@*��f!9<KN@�4!/nO�4!?M@CB59
=	7:4!�[G!7�i.|+}�]+O�@CGS@CF:4	3[O+6�9�/C9�/C9�?�9�/C9<30KN9<;�@�4A]_�Pkr���S�!�!�LW�]_3�G!;[;0F:@CF:4	30G!7±\�@CB59�i.jAkrO�G!30;�pAj.k8O�4!?[GS��4	-5@��S�
FU3�@�9�/E30GS@CF:4	3[G!7�iA|�}�]PO�@CGS@CF:4	30Or6^9�/E9�/C9N�±9<O�@CF�QRGS@�9<;�-[OCFU35=R4	-0/rQ29�@CB54L;�GS��4�f!9!W8�PB59�Q¨G�ê_4!/EFU@*�>4!?�O�@CGS@CF:4	3[O
OCB54�6^9<;¤354�OCF:=	30Fdá©K�G!3e@2;59�fLFUGS@CF:4	3�?�/C4	QëV[-5��7UFUOCB59<;ª�Pk8�¸fSG!7U-59<O�W��&FU=	Be@RO�@CGS@CFU4	30O�68B0FUKnBTOCB54�6®f(FUOEF:�[7:9
f!9�/C@CFUK�G!7+;59�?I4!/nQRGS@CF:4	3D;0F:c©9�/C9<3[KN9<OM/C9<7UGS@CF:f!9v@�4¨=	7:4!�[G!7~O�4	7�-5@CF:4	30O�\5GS/C9�=	F:f!9<3DFU3>��GS�[7:9��(W

ì�í�î	ïñðAò�ó~ì�ô	ð�õ�ðnïñí<ö�÷ñø�ð�ïñùSúní<ïUûNõxðEü�÷ýù�þeí<ï(úCõxÿ��±ö_í<ï��������&í<þ�	�
������$î(ðCö��ðEðnþ2úCù��qïñùSúní�öxð�	����������±ö_í�ö�÷ñù�þ��Eó
��4S�*7:4LK�GS@�9<;�OC@CGS@CF:4	3 }�k kP9<7�W$i$9�/�W^;59�?xW$/EGS@�9 k89<7�W�pr4!/<W&;59�?xW�/EGS@�9

gqQRQ¦H��(/·l �AgqQRQ¦H��(/·l ��gqQ¨Q¦H���/Nl
stXM AX8]��*sv,.st�&� ` ` W � ` ¥.�LW a � � ` W a!b ¥.�LW b!b ` W�� b ¥ ` W ` �

� z(W ` �	¥.�LW a	� �±{5W��!�	¥.�LW b � �(W�{e�	¥ ` W��S�
z �*�LW ` �	¥.�LW�{ a � ` W��!�	¥.�LW�{ez ` W �	�	¥.�LW��S�

stXvuLpr]xw�zJ{S�*stXvuLp8]_wyX ` ��z(W � {�¥ ` W�z!z �*�LW ` �e¥ ` W �	� �LW�� � ¥ ` W�{ �
� ��z(W a {�¥ ` W b { �*�LW ` {�¥ ` W�zJ{ ` W�z!�	¥ ` W � �
z ���(W `�� ¥.�LW��!� �LW ` �e¥.�LW��S� �(W�{!{�¥.�LW��J{

�Ak8X8,v�S�J�*�Ak8X8,v�!�oz ` z(W ` �e¥.�LW�� � �*�LW��!�	¥.�LW�� a �LW��J{�¥.�LW a z
� z(W a �	¥.�LW b � �*�LW�zJ{�¥.�LW�{ b �LW b �e¥.�LW b	�
z z(W � b ¥.�LW�{e� �LW b �	¥.�LW�{e� �LW�� a ¥.�LW�{ �

�Ak8X8, ` {	�J�*�Ak8X8,v�!�oz ` z(W��J{�¥ ` W�� � � ` W � �	¥.�LW b z ` W �	�	¥ ` W�z b
z �*�LW�zS�e¥.�LW��!� �LW b	� ¥.�LW�{e� �*�LW��J{�¥.�LW��J{

��jr�±iA|�}�X8�*pAk8XvuD�	�!� ` ���(W � �e¥ ` W�{ b �*�LW b �	¥.�LW�{ b ���(W �Sb ¥ ` W b	�
z {5W �S{�¥.�LW b { �*�LW��J{�¥.�LW�{!{ �LW b z	¥.�LW b �

pAX��tuL��X���s.�±�¢��u5�P��,.krj ` ` W b {�¥ ` W�{e� �*�LW ` {�¥.�LW��J{ �LW ` z	¥ ` W��S�
z �(W ` {�¥.�LW�� � �LW �Sa ¥.�LW�{e� �LW�� ` ¥.�LW�� �

�����¦"+�&'5°�%&#^)*��²Ñè�� ÑÚ� "!$é>Ú��&#ÀÙ£)�éJ'5%^éSéJ)*"+�
` W��PB59vi.j.kÝG!30;�prj.kÝ4!?$O�@CGS@CF:4	30OrGS@ b KN4S�*7:4LK�GS@�9<;�iA|�}^]POEF:@�9<OPGS/C9�;[F:/C9<KN@C7:�h9<O�@CFUQRGS@�9<;�-0OCFU30=2@CB59

4!�[O�9�/Ef!9<;���G!O�9<7UFU359�/EGS@�9<OvG!OvFU35V�-5@PV[GS/EG!QR9�@�9�/EO�Wt�PB59�;59�@�9�/EQ¨FU30GS@CF:4	3�4!?�@CB59�/C9<7UGS@CFUf!9�;0F�O�@CG!30KN9��©9�@�6^9�9<3
@*6�4�V�4	FU3e@CO¦4	3Ð@CB59yOE-5/C?qG!KN9�4!?t@CB09y�^GS/C@CBÐF�O¨@CB59�4!/E9�@CFUK�G!7U7:�¤F�30;59�V�9<30;59<3�@24	3Ñ@CB59yG!;04!V0@�9<;¢�Pk8��\�@CB59
-030KN9�/E@CG!FU3e@CFU9<Or4!?^@CB59�f!9<7:4LK�F:@CF:9<OA4!?&@CB592FU3�@�9�/E30GS@CFU4	30G!7�iA|�}^]AO�@CGS@CF:4	30OvF�3�]_�Pk8�$�S�!�!�DK�G!3���9�KN4	30OCFU;09�/C9<;
G!Or/EG!30;54	Qå9�/C/C4!/EOAFU3D@CB09�6�9<F:=	Be@�9<;�7:9<G!OC@rOC¼(-0GS/C9<Or9<O�@CFUQRGS@�4!/�\©G!30;�@CB59�;09Ná�30F:@CF:4	3D4!?$@CB59�G!;04!V0@�9<;��8k8�
FU3o@CB0F�O�9<O�@CFUQRGS@CF:4	3�FUOPK�7:9<GS/<W��8B59�/C9�?�4!/C9!\0@CB59v4!�0@CG!F�359<;>/C9<OC-[7:@COMFU3>��GS�[7:9 ` G!30;���GS/C9tV0/C4!��GS�[7:�¨/E9<7UFUGS�[7:9!W

�(W���4�fJG!7UF�;0GS@�9r@CB09A/E9<OC-07:@CO�GS��4�f!9!\5@CB59.�[G!O�9<7�FU3598/nGS@�9<O^4!?�s.,vst�&�TG!30;hstXM AX8]�O�@CGS@CF:4	30O�/E9<7UGS@CF:f!9A@�4
` z.KN4	QRQ24	3R=	7:4!�[G!7Li.|+}�]�O�@CGS@CFU4	30O�\estXvuLpr]xwyXÑG!30;2stXvuLp8]_w�zJ{tO�@CGS@CF:4	30O�/C9<7�GS@CF:f!9M@�4 a KN4	QRQ24	32i.|+}�]
O�@CGS@CF:4	3[O�\JG!3[;��Ak8X8,v�!�rzPG!30;t�Ak8X8,t�S�8O�@CGS@CF:4	3[O+/C9<7�GS@CF:f!9�@�4 a KN4	QRQ24	3�iA|�}^]�O�@CGS@CFU4	30O+GS/C9&/C9<O�V�9<KN@CF:f!9<7:�
V0/C4LKN9<OCO�9<;Ð-0OCFU30=£@CB59�OEG!Q29�Q29�@CB04(;�W¢]_3Ð��GS�[7:9 ` \M@CB59�/C9<7�GS@CF:f!9�i.j.kÜfJG!7U-09D��9�@*6�9�9<3Ñs�G!OCB0FUQRG�G!3[;
stG!OCB[FUQRG	zJ{RO�@CGS@CF:4	3[OMFUOMGS��4	-5@M{RQRQ¦H��(/<\568B0F�KEB>FUOMGSV0V[/C4<Z5FUQRGS@�9<7:�¦@CB59tOCG!Q29tG!OP@CB59��(W ` �e¥ ` W ` �¨QRQ¦H��(/
4!�0@CG!FU309<;����#�&G!35=�9�@�G!7�W�g��S�!�	�	lt�[G!O�9<;Ò4	3£]_�Pk8� a	� /C9�?�9�/C9<30KN9¨?I/EG!QR9!W¦�PB0F�OvOCB54�6rOt@CB0GS@t@CB09RiAj.krO�4!?

:-6";OI�K�K�PRQF��	���&<��TSR�
�U����	*�(VJ&�$32��
�45*��	*��) P�X�L



���������
	O�G�	��!�U�F��×��� 6"798�:�016"EG�¦HJI�K�K�L! F��#%$�&�'(�����$�	*)

@CB59<O�9A@*6�42O�@CGS@CF:4	30O�FU3h�	GSV[G!3hV0/C4!��GS�[7:��FU30;59�9<;¦;0Fdc�9�/&68F:@CB¦9<G!KEBh4!@CB59�/�\(6rB0FU7:9M@CB59<FU/�pAj.k8O�GS/C9A�[G!OCFUK�G!7U7U�
@CB59tOCG!QR9!W&Xr;[;0F:@CF:4	30G!7±\�@CB59v7:4LK�G!7IH�/C9�=	FU4	30G!7�iAj.krOPG!30;>pAjAkrOM��9�@*6�9�9<3�sv,.st�^�YG!30;>stXM AX8]�O�@CGS@CF:4	3[O
GS/C9�G!7UO�4�V0/E4!�[GS�[7:�Y;0F:c©9�/C9<3�@h?I/C4	Q 9<G!KnB¡4!@CB59�/<W �PB59y/C9<7UGS@CF:f!9�i.jAkæfJG!7U-09<O¦��9�@�6^9�9<3¡�Ak8X8,v�S�¤G!30;
�Ak8X8,v�!�Dz(\�G!30;���9�@*6�9�9<3ÒpAG<�LO�@CG!KE1ÒG!30;���9<O�@�?�4!/E;ÒGS/E9R�[G!OCFUK�G!7�7:�D@CB59¨OEG!Q29RG!Ot@CB54	OC924!?�i.�Pkr���S�!�	z(\
/C9<O�V�9<KN@CF:f!9<7U�!W��PB59vi.jAkÝ4!?$prkrX.u>�	�!�2O�@CGS@CF:4	3�359�9<;0OM@�4R��9v?q-5/C@CB59�/P;[FUOCK�-0OCOC9<;�W

z(WäXAO¦@CB59�O�9�V�GS/EGS@CF:4	3Ð�©9�@�6^9�9<3Ð@CB59yO�@CGS@CF:4	30OhFU3Y9<G!KnB¢KN4S�*7:4(K�GS@�9<;¢i.|+}�]ROCFU@�9�FUOR4	3[7:�YGS��4	-5@R?�9�6
B(-030;5/C9<;¤@�4ª?�9�6Ü@CB54	-0OCG!3[;ÐQ29�@�9�/nOhGSV�GS/C@�\86�9�/E9N�±9<O�@CFUQRGS@�9<;Ñ@CB59<F:/o7:4LK�G!7IH�/C9�=	F:4	3[G!7r;59�?�4!/EQRGS@CFU4	3¤/EGS@�9<O
�(��KN4	Q��[FU3[FU35=o@CB59<F:/v/C9<OCV©9<KN@CFUf!9R/EGS@�9<Ot?�4!/�9<G!KnBÒOCFU@�9R�[G!O�9<;�4	3Ò]x�8k8�$�S�!�!�D/C9�?�9�/C9<30KN9¨?I/EG!QR9RG!30;£�A�rkP�
�A 8i.�&|~� ` X®V[7UGS@�9hQ24(;09<7�WD]x@�FUO�?I4	-03[;£@CB0GS@�@CB59oKN4	QRQ24	3§;59�?I4!/nQRGS@CF:4	3ª/EGS@�9¦4!?POC@CGS@CF:4	30O�FU3£9<G!KnBTKN4S�
7:4LK�GS@�9<;Di.|+}�]�OCF:@�9tFUOM��G!OCFUK�G!7U7:�¦OCG!Q29�G!O8@CB54	O�9t4!?�]x�8k8�$�S�!�!�¨O�4	7�-5@CF:4	3�W

{5W>��9h9<O�@CFUQRGS@�9<;ª@CB59¦iAj.k8O�G!30;ªprj.k8O�4!?PGS��4	-5@��S��=	7:4!�[G!7$i.|+}�]tO�@CGS@CFU4	30O��(�£-0OCF�35=>@CB59¦OEG!Q29
Q29�@CB54L;�WR�PB09R;59�?I4!/nQRGS@CF:4	3�/EGS@�9<O�4!?M�oOC@CGS@CF:4	30O¦gqOC9�9¨��GS��7:9¨�	ln\+9<O�V�9<K�FUG!7�7:��@CB59<FU/vf!9�/C@CFUK�G!7�;59�?�4!/EQRGS@CFU4	3
KN4	Q2V�4	359<3�@CO�\�OCB54�6Ýf(F�OCF:�[7:9t;[Fdc©9�/E9<30KN9<O8KN4	Q2V�GS/C9<;�@�4¦V0/C9�fLF:4	-0OPOC4	7U-5@CF:4	30O<W��8B59t9<O�@CFUQ¨GS@�9<;�;59�?�4!/EQRGS@CFU4	3
/EGS@�9<O2�(��-0OCFU35=�@CB59>4!��O�9�/Cf!9<;T�[G!OC9<7UFU359h/EGS@�9<O2?�/C4	Qã=	7:�©�S�!�	zYgqO�9�9D}�k�g��	l2/C9<OC-07:@CO·lt��G!OCFUK�G!7U7:�ÒfJG!7UF�;0GS@�9<;
@CB59R9<OC@CFUQRGS@�9<;ª/C9<OC-07:@COt����-0OCF�35=o@CB59¨�[G!OC9<7UFU359�/EGS@�9<O�?I/E4	Qæ=	7:���S�!� ` gqO�9�9¦}�k�g ` l./C9<OC-[7:@COnlnW¦w�4	O�@�4!?M@CB59
9<O�@CFUQ¨GS@�9<;ÐpAj.k8OhOCB54�6ÜGSV0V0/E4<Z5FUQRGS@�9<7:�TKN4	B59�/C9<3�@¨/E9<OC-07:@CO¨68F:@CBT@CB54	OC9�4!?v]_�Pk8��O¨G!3[;�H�4!/¦i.�Pkr���S�!�	z
O�4	7U-0@CF:4	3�W��PB59A4	-5@C7UF:9�/�O�@CGS@CF:4	30O�OC-5=!=!9<OC@�@CB[GS@�@CB[FUO&Q29�@CB04(;oK�G!3h��9r-0O�9<;¦@�42Q24	30F:@�4!/�@CB59A/C9<OC-07U@CO&4!?+�8k8�
O�4	7U-0@CF:4	30OM;59�/EFUf!9<;>?I/E4	Qßi.|+}�]�4!�[O�9�/CfSGS@CF:4	30O�W&]�@P6�4	-07U;D�©9t309<KN9<OCOCGS/C�>?�4!/P]_�Pk8��@�4¨OC9�V[GS/EGS@�9<7:�o=	F:f!9�4	-5@
@CB592f!9<7:4LK�F:@��yf!9<KN@�4!/nO�4!?�O�@CGS@CF:4	30O�FU3�KN4S�*7:4LK�GS@�9<;Òi.|+}�].OCF:@�9RO�4DG!O�@�4DV�9�/C?I4!/nQÅOC@C-0;0F:9<O.4!?�O�@CGS@CF:4	3%$ O�z��*j
;59�?�4!/EQRGS@CF:4	3D/EGS@�9<O�W

,.3�GR/C9<O�9<GS/nKEBy7:9<G<f!9�GS@.�tuLj�\©�rk&��G!3�?I/C4	QÜuLpAX8,�\'��Xvu©W�uL-0V0V�4!/C@�9<;o���o1!9��>/C9<OC9<GS/EKEB�V0/C4Jê�9<KN@84!?
�AGS@CF:4	30G!7~XAO�@�/C4	354	Q¨FUK�G!7�,A�[O<W:\(��X.u>G!30;��tuLj�\[�Ak&��G!3�W
è�*)_0 	[�^'L[é
+ ò-,�ò�./.10���23��465�7�7�8�5��9��2;:�<���ì>=�<^î���ðEõxøNí<ö�ù�÷ýõxð�		ð>:�í�õ�÷?��=(ò@.1.BASó
+ C ,D��ù�ÿeú_ôeðEõ�E^óF= 5&ï�ö_í�G.÷FGA÷*H©óF=B4!÷ýïñïñí�õI	D:�óF=Sí<þ�	�J¨í<õ�ö�÷ñþ	ð�K	ðn÷F�I��ðEïL�M��ðnõ�þ	÷ñðEõ@=�ì�ôeð��±ìN��K C�O/O1O õxð-PUðnõ�ðnþeúCð�PUõ_í�G.ð1=Q��23��4ö�ð·ú_ô	þ	÷dúEí�ï*7�ù<öxðR7�ùeó S	ò/=�<^î���ðEõxøNí<ö�ù�÷ýõxð�		ð>:�í�õ�÷?��= C1O1O ò�ó
+ ST,DJRí�E^óF=��róUJ¨í�úVJR÷ýïñïñí�þ*=T�~óU:�ðCöxõ�ù�øW=U�8óTX�ù�õY	!ù�þ�=UZ.óU��íNø�ðnõ�=·ü�ïñî C�O/O S�úCþ*=@7�5�4"5#X�ù[	"		í�õI	\4B]eí�úEð3K©ïý÷ñü�ôJö3E�ðEþJö�ðnõ�=ôJö*öI]*^�û�ûNïñÿ"]	ÿ��nó ü/�_P�ú<ó þeí1�xí	ó ü�ù�øeûNü�ïýù�îeí<ïUûNü�ïýî[ó ôJö`G.ïUûB=�5&ÿ	ü�ÿ��*ö C�O/O S	ó
+ a ,D7�ù�ö�ô	þ�í<ü�ðnïb58óL=���ìN��K C�O/O S"^�5cE�ù�þSø�ðEþJö�÷ñù�þeí�ï���������ì[ðnõ�õxð��*ö�õx÷dí<ï(��ð-PUðEõxðEþ�úCðdK	õ_í�G.ð1=LôJö*öI]*^�û�ûUG.÷ñõ�ù�ó ü�ðEù[	5ó ÿ	þ	÷L�î(ù�þ	þ0ó 	!ð�ûNøSïýîe÷:ûT�e��4Q�e5�E$ûNøJö�õ`P C�O/O SSûNøJö�õ`P C�O/O S"= C1O1O S	ó
+ f ,DJRígE^óL=�J>ó34!í�ÿ	î�ðnõ�=��~ó heó ��ðEïñïi=�ì�ó 58ó;E�ïñí�õ`jW=3�rókX�ù�õY	!ù�þ*=;lTó 2&óm
�÷FG�$÷dú_ô*=�í�þ�	nh�ó lTóm�No�í�þ*=3G.ðní/�*ÿeõ�ð�GAðnþJöù�P>
�ù�õ�÷FpEù�þ�ö_í<ï�J2ù<öx÷ýù�þ�÷ñþq5�ïdí1�`j�í¨ÿ���÷ñþ	ür��ðEõIon�0ù�þ	üs��í/�*ðnïý÷ñþ	ð���þJö�ðEõ`PUðEõxù1G.ðEö�õIo1=3h�ó X�ðnù1]	ôBo[�nó �$ð@�EóF=;. f"t �^ò@S/u-^

C ò@.1.eò-� C1C�O ò�ò/=!ò�.1. O ó

P�X�P :-6�;OI�K�K�P�QF�
	*��&<��TSR�
������	��?VÚ&�$32
�
�
5*��	���)



���������
	O�G�	��!�U����×��� 6"798�:�016"EG�¦HJI�K�K�L! F��#%$�&�'(�����$�	*)

ì�í�î	ïýð C ó;E�õ�ÿ��*öxí�ï*	!ð-PUù�õ`Gví<ö�÷ñù�þ�õ_í�öxð���ù1P©ðn÷ýü�ô�ö$ü�ïýù�îeí<ïW���(�����*öxí<ö�÷ñù�þ��$í�þ�	�÷ýöI�&úCù1Gd]eí�õ�÷?��ù�þ���$÷ýö�ô��±ìN��Kn��ù�ïñÿ!öx÷ýù�þ��
i.|+}�]�O�@CGS@CF:4	3 �8k8� iAj.k�gqQRQ¦H��(/·l prj.k�gqQRQ¦H��(/·l XDv$gq;59�=�l à&7UGS@�9
u��^�±iA|�}�X ]_�Pkr� a	� z(W�z � ¥.�LW a � b W��S�e¥.�LW b z aL` W a ¥v�(W � �MXrkr}

]_�Pkr���S�!�!� ` W ` �e¥.�LW��J{ � W�z!z	¥.�LW�{e� � z(W��	¥vz(W�z
}�k�g ` l �(W�� a ¥.�LW � � b W a {�¥.�LW��J{ �(` W�z	¥v�(W�z
}�k�g��	l ���(W b �	¥.�LW b!a �(W��!�	¥.�LW�{ez �!� W�z	¥A{5W `
i.�Pkr���S�!�	z � ` W � z	¥.�LW�z!� � W � a ¥.�LW�z!� � �(W a ¥v�(W��

u5G!3D�5/EG!3�W ]_�Pkr� a	� ���(W�{ ` ¥v�(W � � `�� W��!z	¥A{5W a � ` � a W ` ¥vz(W�� à>���;�
gqà^k8��u(]xjA]C,tl ]_�Pkr���S�!�!� � � W�� � ¥ b W�{ b `<b W �	�	¥ b W�zS� ` � a W b ¥v�S�LW �

}�k�g ` l {5W `!` ¥vz(W b!b ` {5W��!z	¥vz(W��!� ` � ` W a ¥ `!` W��
}�k�g��	l ���(W a {�¥ ` z(W�� a ` �(W��!�	¥ ` z(W bL` ` � � W��	¥A{ ` W�{
i.�Pkr���S�!�	z � � W�� � ¥v�(W � � ` �(W aL` ¥v�(W b � ` � a W��	¥ `�� W a

�v Aw�X ]_�Pkr� a	� `<b W�z!�	¥ b W a!a ` W � ` ¥v�(W��!� � ` �(W�{�¥v� a!b W�z �.,8XAw
]_�Pkr���S�!�!� ` �(W��!�	¥ � W �Sb ` W�z � ¥ b W � � z!z a W a ¥v�!�!�(W��
}�k�g ` l �!z(W�� b ¥ � W a { �(W�� b ¥ � W��S� ` �(W ` ¥ `!` �(W��
}�k�g��	l �J{5W��!�	¥ � W � { �(W�� ` ¥ � W�z ` ` z(W�z	¥ `!` �(W��
i.�Pkr���S�!�	z ` �LW��!�	¥ � W��J{ ` W ` �	¥v�(W ` � � aL` W��	¥vz!� ` W�{

 Ak� rwqwA] ]_�Pkr� a	� �*�LW��J{�¥v�(W b � ` z(W � ` ¥v�(W b z �!�(W��	¥ `!` W ` �^ rkrX
]_�Pkr���S�!�!� ���(W��!�	¥v�(W `!` `!` W�zS�e¥ ` W b z � b W��	¥ b W�z
}�k�g ` l � `!` W ` z	¥A{5W �	� �(W�{e�	¥A{5W �S{ `<b W �e¥ ` {5W��
}�k�g��	l � ` �LW b �	¥v�(W aL` �(W `<b ¥v�(W a � `�� W��	¥v�!�(W b
i.�Pkr���S�!�	z �±{5W b {�¥.�LW��S� ` {5W�� ` ¥.�LW � z z ` W b ¥v�(W�{

,vp8]C�t�A]_�.u ]_�Pkr� a	� ` z(W `<a ¥ ` W��!� ` W bL` ¥ ` W � � �J{ ` W �e¥A{ ` W ` Xr�A��X
]_�Pkr���S�!�!� a W�z!�	¥.�LW a { ` W a	� ¥.�LW��!z � �Sb W�z	¥ `<a W��
}�k�g ` l �(W � b ¥.�LW�{ b {5W `�� ¥.�LW�{ ` ` � a W��	¥v�(W a
}�k�g��	l ` W��!�	¥.�LW�� ` z(W � b ¥.�LW �!� �!�!�(W�{�¥ ` {5W��
i.�Pkr���S�!�	z {5W�� ` ¥.�LW a { �(W ` �e¥.�LW b { �!z ` W�z	¥ `�� W a

�^��|�uL}��&kP� ]_�Pkr� a	� � ` W�z b ¥.�LW � z �LW��S�e¥.�LW b � `<a �LW��	¥A{ � W�� �^ rkrX
]_�Pkr���S�!�!� ���(W ` �e¥.�LW b!b �LW�� ` ¥.�LW�z � � a W ` ¥ b �(W��
}�k�g ` l {5W�� a ¥ ` W�{e� �LW aL` ¥.�LW�z!� a {5W �e¥v�!�(W�z
}�k�g��	l ` W��!�	¥.�LW a � �LW�� ` ¥.�LW b � ` z ` W b ¥v� ` W �
i.�Pkr���S�!�	z � ` W�z!�	¥.�LW��S� �LW�{e�	¥.�LW�{e� �J{5W � ¥A{!{5W��

�MkP]_w��^X ]_�Pkr� a	� �*�LW��!z	¥.�LW � � z(W��!�	¥.�LW � � z!z a W a ¥ ` �(W a �^ rkrX
]_�Pkr���S�!�!� �LW � �e¥ ` W � b {5W��J{�¥ ` W � � z!� a W ` ¥v�(W b
}�k�g ` l z(W � �	¥.�LW �Sa �(W�z!�	¥.�LW a	� `<a W�z	¥ ` {5W a
}�k�g��	l �(W a	� ¥.�LW � � �(W � b ¥.�LW��!� z b W b ¥v�S�LW�{
i.�Pkr���S�!�	z �(W � ` ¥.�LW�{ a �(W�z b ¥.�LW�{ a z(W ` ¥A{5W b

st�yX.�	XA|�� b ]_�Pkr� a	� � b W `�� ¥ b W � ` �(W b {�¥v�(W��!z �!�S�LW��	¥v�!�(W � à>���;�
]_�Pkr���S�!�!� ` W�z!�	¥v�(W�{ ` b W�{e�	¥vz(W ` � �!�J{5W �e¥vz ` W a
}�k�g ` l � ` �(W b �	¥.�LW `<a `!` W��!z	¥.�LW ` � �!�!�(W��	¥.�LW��
}�k�g��	l � ` �(W�z � ¥ ` W�z b `!` W�z!�	¥.�LW �Sa �!� a W��	¥A{5W��
i.�Pkr���S�!�	z ` W��!z	¥ � W��J{ �(W�� a ¥v�(W a { � bL` W b ¥v�!z(W�z

:-6";OI�K�K�PRQF��	���&<��TSR�
�U����	*�(VJ&�$32��
�45*��	*��) P�X�\



���������
	���������������������������
��� �!������	#"$����&%('*),+��-�-	��.+���	#/(��01�32�45�-67��)��8���9�1��	#";:5�#� ���-�9�!��<=���!������ >�?@%A'*)CB#DED#F,GH�����1�I�#�$JK�1�1���-���
+���	L0����NM��9�!�E��?PORQ F@SETNULFEVED
L� ��O=� WEWX�-Y�� 010EQ �E��"Z0�Q ��������Q ��	XY�WXO��![��-�-0N�#���-	E�!�IW#��6\B�DED#FLW��!	���!�$��������]

^`_Xacb�dfehgib5jlk�d5bfmonpd5qrgts�uwvyxz_�kXm7dhx{acmC|�g,}Hd
~�� _#��g�v�gia�_Xg,b�mon`���7b&g,k#_��rgt��g,�r��d5qrb&�

�����L�i�����8�5���;�&�L�

�*���E���# A¡£¢C¤N¥R¦N A¡� (§P ��X¨ª©.¥=¡�«@�#¬�¦N¡� A��I®3¯,��¥R¥
�#° ±³²L¡�´¶µ¸·R¹�º�»$·R¼!½P¾P¿�À�Á$·�Â�Ã�ÄR¹L·$·HÅ�Æ$¾

ÇÉÈHÊLË�Ì�Í�ÎPË
�
�����	����E3�N�#� ��3	����-���L�I�#���-	��7O$�#�I�#67�1���1������XYE�&O��9��ÏL�NM3�HM�	E67�-�$�#���Ð��	E�-�c�-�C����0����L��ÏL���#����Ñ#'Ò<=:&%��#01���-Y������-����?

[$��� �1�9�-�!�&�-�����#��Ò����� �������=$�NY@��Ó@��O��=��!�����Ð�-67OP	�� �I�#��0���"¶��	E6Ô��!��Y@�1� Ï
�N�#����ÏiM!�NÏ��R	�"!�E��	�M��1���-0.'H<Ð:&%IQX��	#�ÐY��#���-	E�!�
O��!��OP	�� ��������i%('Ò)\$�#�
�1���I��[��-�-� ���M��7+��-�-	��*+���	X/���01�K2�45�-67�i� �1���-���H	#"�[$�#� ���-�9�!�3�-���!����!� >ªÕ���-08³�-��O!����O��#���-���
O!��	L0��NM��!������"Z	#�H6��#Ó��-�!�7[$��� �1�9�-�!�,�-���!����Ö����� �!�����
"Z�!�-�-ÏÖ×L�$���-��Ø$��MÖ%('*)\O!��	�M!�!01����Qc%A�K����-��O$��OP�8�N?$Õ5�,M!�1� 01���-[P�
����*0���� �����L�����I���E�*	#"�����*M���Y@���-	�O�67���L�N?LØ��������-��Y@�1�Ð�#�$����Ï�� �-�
O���	L0��NM��!����������Mo�-�������9���R����� ��������Q

ÙcÚÔÛ!Ü
ÝPÞ;ß*à,á,âÐÝ;ãIß�ÜåäcÜ3à¸æçßcÝ;ã è5ä&Ý;ã�ß�Ü

éªêPëNì�íïî£ð�ìÉíïì�ð�ñPòXó�ëôó�ê�õPì÷ö5ìLì�ðøêPùlú;ð�ñpòXó�ìüû�ý#ëNòþòIÿ��&ì�ëôú������
é	��ýXì�ë�
�í�òXëôîïð òXó�ì÷ó�îïëNòNúPýXÿ ú��\ñPìLú���ìLòXî�
����é����.ì���ñ��������	���oí�òXó�ú�
�ñ;ó ì�ê$ýXòXó úPý#î�ì�ð=òXê$òXî�ú;ð��.ê$ý#êPùlìLòNìLý#ë �"!�#�$�%ªó�ê�õPìôö5ìLì�ð�îïð òXó�ì��Aú&'
�ë\ú��ÒêPð�êPí�ÿÐëXòXë
îïðÉýXì(@ì�ð=ò�ÿPì�ê$ý#ë'��ö�êPëNì�íïîïð�ìKí�ì�ð�ñPòXó�ë7ó�ê�õPìþð�úPò�í�ú;ëNò7òXó�ì�îïýªî£ù)�5úPýXòXêPð*@ì��+��ð÷úPý,��ìLý7òNú�ì.-&��í�ú;î�òªòXó�ì/��ýXú��5ìLýXòXî�ì�ë
ú��Öö�êPëNì�íïî£ð�ì�í�ì�ð�ñPòXó{ýXì�ë�
�í�òXë0�AúPýüòXó�ì ö5ì�ð�ì@û�òlú��/
�ëXìLý#ë�ö1
�ò�êPíïëNú2�(úPý3��îïê$ñ;ð�ú;ëXîïë0�1
�ý��5ú;ëNì�ëlêPð4�5��67$3îïí�úPò
$iý#ú98�ì(@ò;:=<\îïùlì�ëNìLý#îïì�ë7ú��
ö.êPëNì�íïîïð�ì³í�ì�ð�ñ;óRòXë�> ó�êPë7ö5ìLì�ð ì�ëNòXê$ö�í£îïëXó�ì(�?�

Baseline length results

1.2

1.3

1.4

Le
ng

th
 -

 6
44

98
40

 [m
]

1990 1995 2000 2005

ALGOPARK_FORTLEZA

@BADC�E�F5G�H�IKJML�NOG�PDARQ�G�PRG,Q�CTS5U F5GVNOE�PDSWNYXTZ[L�N5XTPRE�S5ARXTQ X(Z?L�NOARQ�C�PDG�\^]�_ `aQbL(PRc�NOAdN	efG,Q9S5G�F�I

g�h�i j�k�l;m1n=l'i,n/o1p�n�l(qsrst�l0qul(t*v�j�kwj�rsx)l;n�l'i,rul(n�p�nzy	l(qsqap�n�o1p�n=l(q�rst�l0qul(t�v�j�k1n�p{jzl'|[h&},kw|1q�m*n�j�k�l(rui�j�r�x)l
~ l'i,rs�9p{j�ru��l(n�y�r�qsq�k1p(��l)�{p{i,ruh�m*n�p{|*|1q�rs}'p{j�ruh�t*n'�/��t�j�k�l)}.h�tbj=l.�&j�h���p�v�quh�o1p�qM|[h�qu��k*l ~ i�h�t?�Bo1p�n=l(qsr�t�l qsl(t�v�j�k

�.��� ���+�����������M�����W�O���&�����W�����9�¡ ���¢'£�����¤����9��¥



�������;�
	��������������� %('Ò)\+��-�-	��H+���	X/���08�K2(:5��� ���-�-���3<=�1���EL��� >

ýXì�ë�
�í�òXë�ê$ýXì�êüù¦
1#ó�ö5ìLòNòNìLýKîïð*��îsLê$òNúPý\ú��Òë,LêPí�ì�êPð*���&ú;ë#ëXî�ö�í�ÿüë�LêPí�ì�ìLõPú;ís
�òXî�ú;ð�ì.§5ì(@òXë\òXó�êPð ëNòXê$òXî�ú;ð¨@ú=úPý�©
��îïð�ê$òNì�ëªö&ì(Lê�
�ëNì�òXó�ì³ý#ê���îïêPí?@ú;ù)�5ú;ð�ì�ð=ò\îïë'��ú{§w@ú�
�ý#ëNì��ª��ì'�5ì�ð*��ì�ð=ò7ú;ð òXó�ì�ëNòXê$òXî�ú;ðÔó�ì�î�ñ;ó=ò'�
�
îïð�«�îïð�ñÖòXó�ì¬����é��ÒýXì�ë�
�íïòXë+\î�òXólêPð*�3@ú;ù)��ê$ý#î£ð�ñ³òXó�ì�ù¸òNú�òXó�ú;ëNì\ú��5úPòXó�ìLýCë=��ê�@ìoñPìLú���ìLòXî�7òNì(#ó�ð�îs®¯
�ì�ë

íïîu«Pì�°�$�6B��±/#/²¬��6 êPð1��6&�f² ê$ýXìÖúPòXó�ìLý�ê{�1��íïîsLê$òXî�ú;ð�ëa\ó�ìLýXìÖö�êPëNì�íïîïð�ìoí�ì�ð�ñPòXó÷ý#ì�ë�
�í�òXë�LêPð ö5ì�
�ëNì(�?�+³\ìLý#ì
êPíïëNúlòXó�ì���ýXì.©O@ú;ùþö�îïð�ê$òXîïú;ð´@ú;ù)��ê$ý#îïëXú;ð ú��Hî£ð*��î�õ�îs�*
�êPí.îïð��1
�òªëXìLý#î�ì�ë�\îïí£í.ö5ì�êlù�êPî£ð�ê{�*��íïî�Lê$òXî�ú;ð?�
µ ú;ð1@ì'��ò�
�êPíïí�ÿ��{����é���ö�êPëXì�íïîïð�ìCí�ì�ð�ñPòXóþýXì�ë�
�í�òXëHê$ýXìªîïð=õ�ê$ý#î£êPðRòHòNúoòNý�êPð�ëXíïê$òXî�ú;ð�êPí=êPð*�ôýXúPòXê$òXîïú;ð�êPí&#ó�êPð�ñPì�ë

îïðÉòXó�ì³ýXì'�(ìLýXì�ð*@ìz�Aý#êPù�ì�ë'�·¶�úPý\òXó�îïëCýXì�êPëNú;ð òXó�ìLÿ÷ê$ýXì�òXó�ì�îs��ì�êPí[®¯
�êPðRòXî�ò8ÿ3�(úPý\ê)��ìLòXêPî£í�ì(� îïð=òNìLý,@ú;ù)��ê$ý#î£ëNú;ð
ú��HýXì�ë�
�í�òXëªñPì�ð�ìLý#ê$òNì(� öÐÿ���îd§5ìLýXì�ðRò�êPð�êPí�ÿÐë#îïë7ëNú��(òOªê$ýXì���ê�,«�ê$ñPì�ë'����ð ê��*��î�òXî�ú;ðK�&��îd§&ìLý#ì�ðRò�êPð�êPíïÿÐëXî£ë¡@ì�ðRòNìLý#ë

�ëNì¨��îd§5ìLýXì�ðRòüêPð�êPí�ÿ�ëXîïë�ëNòNý�ê$òNìLñ;î�ì�ë÷êPð*� ùlú&��ì�íïë'�ªì���ñ��¸�(úPý ñPìLú���ó=ÿ�ëXîsLêPíoì.§&ì(@òXë÷êPð*�zùlú;ëNò îïù0�&úPý#òXêPðRòXí�ÿ
�(úPýôê$òXùlú;ë���ó�ìLý#îs�ýXì'�Aý�ê�@òXî�ú;ð?�¹±Öîd§5ìLýXì�ð*@ì�ërîïð òXó�ìüö�êPëNì�íïî£ð�ì í�ì�ð�ñPòXó ýXì�ë�
�íïòXëzLêPð?�ÒòXó�ìLýXì'�(úPýXì��*ö5ì;
�ëXì(�º�(úPý
��ìLòXêPîïíïì(� êPð�êPí�ÿ�ëNì�ë ú�� �&ú;ë#ëXî�ö�í�ì»��ì@ûªLîïì�ð*Lî�ì�ë îïð ùlú&��ì�íïëÉö1
�ò�êPíïëNú îïð êPð�êPíïÿÐëXî£ëÉëXòNý#ê$òNìLñ;î�ì�ë'�¼<\ó�îïë÷îïë ú��
��ê$ýXòXî�'
�íïê$ý�îïù0�&úPý#òXêPð*@ì�òNúpêPð�êPí�ÿ�ëNòXë�\ó�ú íïîu«PìüòNú¨#ó�ì(�« òXó�ì3®�
�êPíïî�ò8ÿ ú��7òXó�ì�î�ý�ýXì�ë,
�í�òXë�êPð*�´8=
�ëNòþë�
�ö�ù�î�ò
òXîïùlì�ëXìLý#î�ì�ë¡�(úPý�òXó�ì/�1
�ý��5ú;ëNìÖú��Y@ú;ù0��ê$ý#îïëNú;ðK�
¶Òîïð�êPí£í�ÿ���ö�êPëNì�íïî£ð�ì³í�ì�ð�ñPòXó�ý#ì�ë�
�í�òXë�\î£íïí5ö5ì/3ì�íïí�ë�
�î�òNì(�´�(úPý\êPðÔîïð�ëNòXêPð=ò�®�
�êPíïî�ò8ÿÉêPð*�¹��íïê�
�ëXîïö�îïíïî�ò8ÿ0#ó�ì(,«

îïð*Lí�
*��îïð�ñ�Cê$ý#ð�îïð�ñÖùlì(#ó�êPð�îïëXù�ëÒê$ò+��ý#î£ù�ê$ýXÿ�í�ìLõPì�í���ê$òXê³êPð�êPí�ÿÐë#îïëÒëNòNì'��ë'�Y¶�úPý,êPíïíÐòXó�ì�ëXì7ýXì�êPëNú;ð�ë'�¯@ú;ù�ö�î£ð�ê9©
òXî�ú;ð�êPð1�¹@ú;ù)��ê$ý#î£ëNú;ð÷ú��Òö�êPëNì�íïîïð�ìÖíïì�ð�ñPòXó ýXì�ë�
�í�òXë��AúPý�ù�ëªòXó�ì�îs��ì�êPí5ö�êPëXîïë'��î£ð*��ì'�5ì�ð*��ì�ð=ò3ú��*êPð=ÿüý#ì'�AìLýXì�ð1@ì
�(ý#êPùlì�îïëXë,
�ì�ë'�

½ÒÚº¾ Þb¿�äcÜ,ãOÀ�ä&Ý;ã�ß�Ü,ä?Á�ÂwÀ9Ã¡Ä�âÐÝ�À

��ð���ýXì'��ê$ý�ê$òXî�ú;ð��AúPýoù�ê{«Ðî£ð�ñròXîïùlì�ëNìLý#îïì�ëªú��
ö�êPëXì�íïîïð�ì³í�ì�ð�ñPòXó�ë7êPð ú{Å3LîïêPí[�W�/63��ýXú��1
*@ò'��êPð´�5��6�$3îïí�úPò
$iý#ú98�ì(@ò\ó�ê�� òNú�ö5ì�ëNìLò�
�� ý#ì(®¯
�îïý#îïð�ñrê)�(ì'Æ�AúPý�ù�êPícëNòNì'��ë'�

����ý#îïí?Ç{È�È�� $,ýXú��5ú;ëXêPí5òNú0�W�/6´±KîïýXì(@òXîïð�ñ�éCú;ê$ý,�
É�
�íïÿÊÇ{È�È�� ��'@ì'��òXêPð*@ìþö=ÿ��W�/6Ê±Öî�ý#ì(@òXîïð�ñ�éCú;ê$ý,�
��
�ñ�
�ëNò�Ç{È�È�� µ êPíïí[�AúPý�$iýXú��5ú;ëXêPíïëªòNú;�5��6��Kð�êPí�ÿ�ëXîïë µ ì�ð=òNìLý#ë
#�@òNúPö5ìLýzË(Ì��BÇ{È�È�� ±Kì�ê���í£îïð�ì��AúPýKîïð�î�òXî£êPí1��ý#ú��&ú;ë#êPíïë

��ðÉòXó�ìÖû�ý#ëNòCýXú�
�ð1�üòXó�ì��(ú;íïí�ú�\îïð�ñ �W�/63�Kð�êPí�ÿ�ëXîïë µ ì�ð=òNìLý#ë���ýXú��5ú;ëNì(�ÉòNú�ë�
�ö.ù�î�ò,òXó�ì�î�ý7ö�êPëNì�íïî£ð�ìoí�ì�ð�ñPòXó
ýXì�ë�
�í�òXëªú;ð�êlýXú�
�òXîïð�ìÖö�êPëXîïë�ö=ÿ´ÍÎCìLì'«Ðëoê{�AòNìLý�@úPýXýXì�íïê$òXî�ú;ð�ú��
òXó�ì�ýXì�ë=�5ì(@òXî�õPì�ëNì�ëXë#î�ú;ð?Ï

�oñPì�ð*Lîïê36��.ê$òXîïêPí�ì��8òXêPí£îïêPð�ê&�1Ð ê$òNìLý#ê��"�/6���%
é�
�ð1��ì�ëXêPùþò¡��Ñ
�ý¬Ò�ê$ýXòNúPñPý#ê{��ó�îïì�
�ð*��°KìLú&�fÑêPëXî�ì��ª��ì�îu�*Ó�îïñ´��é�Ò/°�%
±oì(
�òXë�#ó�ì�ë/°KìLú&�fÑê$òXîïë��ó�ì�ë�¶�úPý#ë�#ó�
�ð�ñ;ë#îïð�ëNòXî�ò�
�ò'�*Ð4Ñ
�ð1#ó�ì�ð2�"±�°�¶M��%
�1ð�ëXòXî�ò�
�òNì/�(úPý����1��íïî�ì(���KëNòNýXú;ð�ú;ùþÿ��B6Ðò'�1$HìLòNìLý#ëXö1
�ýXñ��������/%
��ð�ëNòXîïò�
�ò¡��Ñ
�ý�°KìLú���ÑêPëXî�ì�
�ð*��°ÖìLú���óRÿ�ëXîu«B��Ô î�ì�ð2����°�°�%

Õ���6&�Ö°Kú&�*��ê$ý���6���ê�@ì�¶Òíïî�ñ;ó=ò µ ì�ð=òNìLý(�B°KýXìLì�ð=ö5ì�í�ò¬Ð�±×��°�6&¶ µ %
¶�úPýþòXó�ì ë�
�ö.ù�îïëXëXîïú;ðÔú��ªòXó�ì ýXì�ë�
�í�òXë³îïò�CêPë¦��ì(Lîs��ì(�pòXó�ê$ò�òXó�ì0�W��6»�oð�êPí�ÿÐë#îïë µ ì�ð=òNìLý#ë�ì�ëNòXî£ù�ê$òNìüëNòXê$òXîïú;ð
@úÐúPý,��îïð�ê$òNì�ë�ú;ðþêoëNì�ëXëXîïú;ð�öÐÿÖëXì�ëXëXî�ú;ð�ö�êPëXîïëf�AýXú;ùØ\ó�îs�ó³ö�êPëNì�í£îïð�ì,í�ì�ð�ñPòXó�ëK\îïòXó/��
�íïí�@ú�õ$ê$ý#îïêPð*@ìªù�ê$òNý#îu-/LêPð
ö5ì\îïð��(ìLýXýXì(�K�+6�î£ð*@ì�òXó�ì�6���Õ�!aÙÚ��ê$òXêz�(úPý#ù�ê$ò��*ìLý#ëXî�ú;ð�Ç���È���ëNìLìKó=òNò=�KÏDÛ�Û�êPíu�.ó�ê&���Aì�ëXñ���ò�
&©Iù¦
�ì�ð*#ó�ì�ðK����ì�Û�î�ìLý#ë�%
îïë7ð�ú�¸��
�íïí�ÿ�ì�ëNòXê$ö.íïîïëXó�ì(�Ê�(úPý7ì.-&�ó�êPð�ñPì�ëoú��Hë���ê�@ì³ñPìLú���ìLòXîsÖýXì�ë�
�íïòXë7î�ò¡LêPð ö5ì�
�ëNì(��\î�òXó�ú�
�òªêPð=ÿÊ��
�ý#òXó�ìLý
ùlú&��îZûªLê$òXîïú;ð�ë'�
<�ó�ì06&�WÕ�!·Ù û.í�ì�ë�\ó�îs#ópê$ýXì ë,
�ö�ù�î�òNòNì(� öÐÿÔòXó�ì0�oð�êPíïÿÐëXî£ë µ ì�ðRòNìLý#ë�ú;ð�í�ÿ¨�AúPý³òXó�ì3$,îïí�úPò/$,ýXú98�ì(@ò�ê$ý#ì

ö5ì�îïð�ñ�«Pì'��òCê$ò7ëNì'��ê$ý�ê$òNì���îïýXì(@òNúPý#î�ì�ë3ú��còXó�ì��5��60±Öê$òXê µ ì�ð=òNìLý#ë'� µ 
�ýXýXì�ð=òXí�ÿ��b�W��60�Kð�êPí�ÿ�ëXîïë µ ì�ðRòNìLý�ë	
�ë#îïð�ñ
òXó�ì µ êPísTÛ�6Ðú;íïõPìÔêPð�êPí�ÿ�ëXîïëüëNú��(òOªê$ýXì»��ê��«$ê$ñPì ýXú�
�òXîïð�ì�í�ÿøñPì�ð�ìLý#ê$òNì26���Õ�!aÙ û.í�ì�ë0�(úPý÷òXó�ìÔë,
�ö�ù�îïë#ëXî�ú;ð ú��
òXó�ì�î�ý�!�#�$zýXì�ë�
�íïòXë'�	��ð òXó�ì�ëXì�ë�6���Õ�!·Ùfû.í�ì�ë�ëXòXê$òXî�ú;ð¨@úÐúPý,��î£ð�ê$òNì�ýXì�ë�
�í�òXë�ê$ýXìôêPí�ýXì�ê���ÿ÷ì�ùþö&ì(�1��ì(��êPð*�Ôð�ú

%('Ò)oB#DED#FKGH�1���1�I�#��JK���8���9�!��+���	L01���NM!�-�!�E� FES.Ü



�������;�
	��������������� %('Ò)\+��-�-	��H+���	X/���08�K2(:5��� ���-�-���3<=�1���EL��� >

ëNì'��ê$ý�ê$òNìrë,
�ö�ù�îïë#ëXî�ú;ð��(úPýKòXó�ì¦$,î£í�úPò�$,ýXú98�ì(@ò³îïëoýXì(®�
�î�ýXì(�K��¶�úPýÖòXó�îïëoýXì�êPëNú;ð êPíïëNúÉòXó�ì06��WÕ�!·Ù û&í�ì�ë\ú��,òXó�ì
Ý/6ÞÕoê�õ�êPí�#Kö.ëNìLýXõ$ê$òNúPýXÿ ê$ò)Ô`êPëXó�îïð�ñPòNú;ð7± � µ ���"Ý/6&Õ�#z%zLêPð ö&ì�
�ëNì(�Þ�(úPýlòXó�ì¹$,î£í�úPò $,ýXú98Nì(@ò�ëNòNý#êPî�ñ;ó=ò
ê(ªê�ÿ��
��ð�úPý,��ìLý3òNúôë�
��*�5úPýXò*òXó�ì�$,îïíïúPòa$iýXú98Nì(@ò'��êPð;�W��6)$,î£í�úPòa$iý#ú98�ì(@ò¬°KýXú�
��3CêPëCëNìLò�
��üîïð òXó�ì��(ý#êPùlì'CúPý�«

ú��ÒòXó�ìz�ó�ê$ýXòNìLýKú��*òXó�ì���ýXú98Nì(@ò'��<�ó�îïëªñPýXú�
*��\îïí£íB��îïë�'
�ëXë¬��
�ò�
�ýXì�ëNòNì'��ëoêPð*�´\îïí£í.ñ�
�îs��ì�òXó�ìz��ýXú98Nì(@ò¬�Aý#ú;ù
òXó�ìÊ��îïí�úPò�òNú òXó�ìüú��5ìLý#ê$òXî�ú;ð�êPía��ó�êPëNì��¨!3ê�#óß�oð�êPí�ÿÐë#îïë µ ì�ð=òNìLý�ó�êPëþú;ð�ì���ì�í�ìLñ;ê$òNì îïð`òXó�ìÊ$3îïí�úPò¦$,ýXú98Nì(@ò
°KýXú�
*�`ö1
�ò�êPð=ÿpúPòXó�ìLýz�5ìLý#ëNú;ð î£ðRòNìLýXì�ëXòNì(� îïðpòXó�ì òNú���îs�îïë�Cì�ís@ú;ùlìüòNúÎ8Nú;îïð?�;<�ó�ì0��î�ýXì(@òNúPý�ú��ªòXó�ì;�5��6
µ úÐúPý,��îïð�ê$òXîïð�ñ µ ì�ðRòNìLýKîïë7êPð�ì.-�©�ú{Å3Lî�úüùlì�ù�ö5ìLý�ú��HòXó�ìz$,ýXú98Nì(@ò�°KýXú�
��f�

àÒÚ�Â Üiä?Á^á·À$ãOÀ´âüÞ;ß*â&Ä�à,á,Þ�Ä1À

�ªòÎ��ýXì�ëXì�ðRò'�iîïð�î�òXîïêPí*ö�êPëXì�íïîïð�ì íïì�ð�ñPòXó�ëôêPð*�2�(úPý#ù�êPí3ìLýXýXúPý�ëþê$ýXì�@ú;ù)�1
�òNì(�ã�(ýXú;ù òXó�ì÷ëNòXê$òXî�ú;ðß@ú=úPý���îd©
ð�ê$òNì�ëüîïðøòXó�ì�6���Õ�!·Ù û.í�ì�ëlú��Öê`ëXîïð�ñ;í�ì¹�oð�êPí�ÿÐë#îïë µ ì�ðRòNìLýÉêPð*� ê$ýXìÔëNòNúPýXì(�{î£ð ê`ëNì'��ê$ý#ê$òNì û.í�ì��(úPý ì�ê�#ó
ö�êPëNì�í£îïð�ìÖîïðüêrëNì'�.ê$ý#ê$òNì���î�ýXì(@òNúPý#ÿ;�(úPýCì�ê��ó��Kð�êPí�ÿ�ëXîïë µ ì�ð=òNìLý(�	6ÐòXê$òXî�ú;ð�ë7ê$ý#ìÖî���ì�ðRòXî�û�ì(� öÐÿ òXó�ì�î�ý¡±/#/Ð¨!�6
ð�
�ù�ö5ìLý��dË.�CêPð*� ê$ýXì÷ë�
�ö�ëNì(®�
�ì�ð=òXí�ÿw@ú;ðRõPìLý#òNì(� î£ðRòNú¨�5��6`ð�êPùlì�ë¦
�ëXîïð�ñ�òXó�ì;�W�/62@ú;ðRõPìLý�ëXî�ú;ð òXê$ö�í�ì���ëXìLì
ó=òNò=�KÏDÛ�Û!ñPì�ù�îïð�î���ñ;ë=��{�-ð�êPëXê&��ñPú�õ*Û�ëNú;í�õPì ë#ê�õPì�Û�êPð=òNì�ð�ð�ê&����ê$ò�%��ä¶�úPý òXó�ìº@ú=úPý,��îïð�ê$òNì�ë òXó�ì�ù ëNì�í�õPì�ë�êPð�î£ð�î�òXîïêPí
ú�
�òXíïîïìLý�ýXìW8Nì(@òXî�ú;ð û.í�òNìLýþî£ë�îïð=òNýXú&�*
*@ì(�`îs��ì�ðRòXîu�(ÿ�îïð�ñ ì�ëNòXîïù ê$òNì(� ëNòXê$òXîïú;ð2�5ú;ëXî�òXîïú;ð�ë/\ó�î�#ó2��îd§&ìLýþö=ÿ`ù�úPýXì
òXó�êPð¨È&�åÌ ù¼�AýXú;ùtòXó�ìz��<¬²�¶YÇ{È�È�È3�5ú;ëXî�òXî�ú;ð�ú��Y��ê$òNì��¬<�ó�ýXú�
�ñ;ó�òXó�îïë\ù�ì(#ó�êPð�î£ëXùwö�í�
�ð*��ìLý#ëªîïð òXó�ì�ñPì�ð�ìLý�©
ê$òXî�ú;ð ú��ÒòXó�ìÖû&í�ì�ë�êPð*� õPìLý#ÿüúPöÐõÐîïú�
�ë7ú�
�òXíïîïìLý#ë7ê$ýXì�ì�íïî£ù�îïð�ê$òNì(�÷ê$ò\êlõPìLý#ÿÉì�ê$ý�í�ÿÉëXòXê$ñPì��
�
îïð�ì�ê$ý\ý#ìLñPýXì�ëXëXî�ú;ð�ë�öÐÿ ö�êPëNì�íïîïð�ì�êPð*���Kð�êPí�ÿ�ëXîïë µ ì�ð=òNìLýoòXó�ì�ðÔú{§5ìLýKê û�ý#ëNòoîïù)��ýXì�ë#ëXî�ú;ð÷ú��iòXó�ì ®¯
�êPíïî�òIÿ

ú��,òXó�ìrë,
�ö�ù�îïë#ëXî�ú;ð�ë'�ª��ýXú!õÐîs��îïð�ñ êPðpì.-�òNý#ê í�ìLõPì�íHú��a�5ú;ëXë#î�ö�í�ìôí�úTæ��êPëXëKû&í�òNìLý#îïð�ñüòXó�ýXú�
�ñ;ó�Cì�î�ñ;ó=òNì(�w²�Ðw6
��ÔÚ²�Ðw6*%�@ý#î�òNìLý#î£ê�êPð*�÷ú�
�òXí£î�ìLýCî���ì�ðRòXî�ûªLê$òXî�ú;ð?�Y��ðüòXó�îïë3ëXòNì'�´�&ú;ë#ëXî�ö�í�ì\ì'��îïëNú&��îsoùlúPòXî�ú;ð�ëCú��
ëXòXê$òXî�ú;ð�ë7ó�ê�õPì
òNú ö5ì�òXê{«Pì�ðøîïð=òNú ê�'@ú�
�ð=òrîïð`úPý,��ìLý�òNú��5ìLý#ù î�ò�ê�@úPýXý#ì(@òz��î�ì(@ì.©�oîïëNì íïî£ð�ì�ê$ý�ùlú&��ì�íïîïð�ñ ú��7òXó�ì�ö�êPëNì�í£îïð�ì
ö5ì�ó�ê�õ�î�ú�
�ýT�¦±Öîd§5ìLýXì�ð*@ì�ë�îïð ö�êPëXì�íïîïð�ìrí�ì�ð�ñPòXó ú��3ì'�5ú��ó4�"'
�ýXýXì�ð=òXí�ÿ»É;êPð?�+Ë{��Ç{È�È�Èb%��Òö�êPëNì�í£îïð�ìôý#ê$òNì�êPë/Cì�íïí
êPë¬ÔÚ²�Ðw6�ñ;î�õPì�êPí�ýXì�ê���ÿ÷ê�õPìLýXÿ ñPú=ú&� î£ð�ëXî�ñ;ó=ò7îïð òXó�ìþñPì�ð�ìLý#êPí�ê$ñPý#ìLì�ùlì�ðRòoú��*òXó�ìz@ú;ð=òNý#î�ö1
�òXîïð�ñ0�Kð�êPí�ÿ�ëXîïë
µ ì�ð=òNìLý#ë'�
<�ó�ì�@ú;ùþö�îïð�ê$òXîïú;ðþú��.ö�êPëNì�íïî£ð�ì3í�ì�ð�ñPòXó�ëÒî�òXëNì�íu��îïëY'
�ý#ýXì�ðRòXíïÿ³ö&ì�î£ð�ñ�Lê$ý#ý#î�ì(�þú�
�òÒú;ðròXó�ì3ö.êPëXîïëHú��1Cì�î�ñ;ó=òNì(�

ê�õPìLý�ê$ñ;îïð�ñ�
�ë#îïð�ñ òXó�ì)�AúPý#ù êPí
ìLý#ýXúPý#ëÖú��,òXó�ì�îïð��1
�òKëNìLý#î�ì�ë(�z±�
�ìlòNú òXó�ìÎ�(ê�@ò³òXó�ê$ò�ð�úPò�êPíïíY�oð�êPí�ÿÐë#îïë µ ì�ð&©
òNìLý#ëÖó�ê�õPì¦��ý#ú�@ì�ëXëXì(�ÔêPíïí
ëNì�ëXëXîïú;ð�ë'�ª@ú;ùþö�îïð�ì(� ö�êPëXì�íïîïð�ì�íïì�ð�ñPòXó ý#ì�ë�
�í�òXëoù�ê�ÿ ó�ê�õPìrö5ìLì�ð�@ú;ù)�1
�òNì(�¨
�ë#îïð�ñ
ö5ìLòOCìLì�ðÉú;ð�ìoêPð*�üêPíïí1�Kð�êPí�ÿ�ëXîïë µ ì�ðRòNìLý�ë'�·<�ó�ìKîïù)��íïî�Lê$òXî�ú;ð�ëÒú��còXó�îïë	��ì@ûªLî�ò3ëNòXîïíïí�ó�ê�õPìKòNúþö5ì\îïð=õPì�ëNòXî�ñ;ê$òNì(�K�
��ð`òXó�ì3'
�ýXýXì�ð=ò�ýXì�êPí£îuÓ�ê$òXî�ú;ð ú��7òXó�ìÉëNú��(òOªê$ýXì��*íïîïð�ì�ê$ý�ý#ìLñPýXì�ëXëXî�ú;ð�ë�ú��ªòXó�ì3@ú;ùþö�îïð�ì(�`òXîïùlìüëNìLý#î�ì�ëþêPð*�

òXó�ì�î�ýôëNòXê$òXîïëNòXî�LêPía��ê$ý�êPùlìLòNìLý#ërê$ýXì3@ú;ù0�1
�òNì(� êPð*�ãLêPð ö5ì3@ú;ù)�.ê$ýXì(�2oî�òXó`òXó�ìüú;ð�ì�ëôú��7òXó�ì÷îïð*��î�õ�îs�*
�êPí
îïð��ª
�ò ëNìLý#îïì�ë'�ç<\ó�ì ýXì�ë#îs�*
�êPíïë�ú���òXó�ìw@ú;ù�ö.îïð�ì(� ëNìLý#î�ì�ëÉêPëÊ3ì�íïíKêPëÉòXó�ì ýXì�ëXîs�*
�êPíïë�ú���òXó�ì îïð*�1
�ò ëNìLý�î�ì�ë
ýXì�íïê$òXîïõPì\òNú�òXó�ìoíïîïð�ì�ê$ýiýXìLñPýXì�ëXë#î�ú;ð0\î£íïí�ñ;î�õPì\ñPúÐú&� îïð�ë#î�ñ;óRòiî£ðRòNúþòXó�ìoê���õ$êPð=òXê$ñPì�ëCêPð1�;��îïë#ê���õ�êPð=òXê$ñPì�ë3ú��còXó�ì
@ú;ùþö�îïð�ê$òXî�ú;ð÷êPð*�Éõ$ê$ý#î�ú�
�ë�ªê�ÿ�ëªú���@ú;ùþö�îïð�ê$òXîïú;ð?�a#Öð�ìKú���òXó�ì³ùlú;ëNò7îïð=òNìLýXì�ëNòXî£ð�ñ¦�.ê$ý#êPùlìLòNìLý#ë�\î£íïí�ö5ìKòXó�ì
ë�LêPí�ìôö5ìLòOCìLì�ðw��îd§5ìLýXì�ð=òoêPð�êPí�ÿ�ëXîïë���ê�,«�ê$ñPì�ë�êPð1�¨�Kð�êPí�ÿ�ëXîïë µ ì�ð=òNìLý#ë�\î�òXó î�òXë\ý�ê$òNìrêPð1���5ú;ëXëXîïö�í�ÿÊ��
�ý#òXó�ìLý
ëXî�ñ;ð�ê$ò�
�ýXì�ë'�

èiÚ�é³ã�ÞbÀ!Ý�ê»Ä1À$áaÁ�Ý�À

#�oîïð�ñ òNú òXîïù�î£ð�ñ�@ú;ð�ëNòNý�êPîïðRòXë(�·��ìLòXêPîïí�ì(� îïð=õPì�ëNòXî�ñ;ê$òXî�ú;ð�ërîïð òXó�ìÉýXì�ë�
�íïòXë�êPð*�øîïð òXó�ìüý#ì�ëXîs�*
�êPí£ë�ó�ê�õPì
ð�úPò³ö5ìLì�ðpê�'@ú;ù)��íïî£ëXó�ì(�pÿPìLò'�)³\ú�3ìLõPìLýT�
òXó�ìrýXì�ë,
�í�òXëÖú��?8�
�ëNò³ê ëXî£ð�ñ;í�ìôö�êPëNì�íïîïð�ìôëXó�ú�
�ís� ö5ìÎ��îïë=��íïê�ÿPì(�pêPë
ê÷û�ý�ëNòÖì.-�êPù)�.í�ì�ó�ìLýXì��;¶Òî�ñ��ÊÇ���ì'��îs@òXë³òXó�ì�ýXì�ëXîs�1
�êPíïëKú��3òXó�ì îïð��1
�òoòXîïù�ì�ëNìLý#î�ì�ë³ú��CòXó�ýXìLì;�5��6»�Kð�êPí�ÿ�ëXîïë
µ ì�ð=òNìLý#ë���é�Ò/° �·°�6&¶ µ �f�����/%�\îïòXó ýXì�ë=�5ì(@ò�òNú ê�@ú;ùþö�îïð�ì(� òXîïùlì ëXìLý#î�ì�ë'���1òzLêPð ì�êPë#îïí�ÿpö5ì ëNìLì�ð`òXó�ê$ò
òXó�ìLýXìrê$ýXìôëXî�ñ;ð�îZûBLêPðRòKëNÿÐëXòNì�ù�ê$òXîsþú{§5ëNìLòXëKö5ìLòOCìLì�ð òXó�ìôòXó�ýXìLìþëXìLý#î�ì�ë'�¬��ð ê��*��î�òXî�ú;ðK��òXó�ìrð�ú;îïëNìôí�ìLõPì�í�ñ;îïõPì�ë

F@S�S %('*)oB�D�D�F\GH���!�1�I����JK���1���-���7+���	L0�����M!�-�����



�������;�
	��������������� %('Ò)\+��-�-	��H+���	X/���08�K2(:5��� ���-�-���3<=�1���EL��� >

ëNú;ùlìÖîïù)��ýXì�ëXëXî�ú;ð�ú���òXó�ìÖîïð��1
�ò3ëNìLý#î�ì�ë'�a6�î£ð*@ì\òXó�ì�Cì�î�ñ;óRòXî£ð�ñþë��ó�ì�ùlì³îïë3ð�úPò3ÿPìLò¡��ìLõPì�íïú��&ì(�3��ýXú��5ìLý#íïÿôòXó�îïë
îïð�îïòXîïêPí�ý#ì�ë�
�í�ò³ó�êPëÖòNú�ö5ì)@ú;ð�ëXî���ìLýXì(� êPë³õPìLýXÿ���ýXì�í£îïù�îïð�ê$ý#ÿ��zÕ\ìLõPìLý#òXó�ì�í�ì�ëXë'�
òXó�îïëÖýXì�ë#îs�*
�êPí���í�úPò�îïë³ê÷ñPúÐú&�
îïð*��îsLê$òXî�ú;ðÉú��ÒòXó�ì/�5úPòNì�ðRòXîïêPí�ú��Hö.êPëNì�íïîïð�ì³í�ì�ð�ñPòXó÷òXîïùlì�ëNìLý#îïì�ë¡�AúPý\õ�ê$ý#îïú�
�ë7òIÿ��5ì�ë7ú��ÒîïðRõPì�ëXòXî�ñ;ê$òXî�ú;ð�ë'�

Baseline length residuals

-30
-25
-20
-15
-10

-5
0
5

10
15
20
25
30

R
es

id
ua

ls
 [m

m
]

1990 1995 2000 2005

ALGOPARK_FORTLEZA

ëBìRíTî�ïWð¬ñ�òKóYôTõ5ð,öRìD÷bð	öRð,÷�íTø5ùÎïWð�õ5ìRú�î¯ô(ödõ+ô'ûuø5ð�ï·ü�ý�þ�ÿ�ìR÷bô'øWìDý�÷*ò��������	��
����� ó���������
��������������ë! "�#�	$�%&�'����)(�*+*

,.-0/2143�5�6.687

9�:<;>=@?�ACB<:�B�?�D8E4F�G�H�H�?JI�;KB�LMG�=N:POQ?�BSR"?�?J=)9�=N;�IMTC:�LU:<VW?J=#B�?�H�:<XN;JYCLU=@Z>DNH�GCF�?J:�:�?J[\B�X@?]:�;�^_?a`�bdc"efG�O@g
:�?�H�YCLU=@Zh:�?J:�:�LUG�=iRjL�IUIkO!?]L�=lB�H�GC[NmNF�?J[\:�X@G�H�B�IUT�n>eo=NLMB�LU;�I+Y';�I�m@?J:fpqG�H<B�X@?aF�G�H�H�?JIU;KB�LMG�=rF�G&?�stF�LM?J=#B�:<OQ?�BSR"?�?J=
9�=N;�IMTC:�LU:uVW?J=lB�?�Hv:wRjLUIUIxOQ?<B�;Ky�?J=zpqH�G�^|{~}'�kO!?�p�G�H�?<F�G�H�H�?JIU;KB�LMG�=�F�G&?�stF�LM?J=#B�:uRjLUIUIxO!?�F�G�^_D�m@B�?J[�p�H�G�^�B�X@?
O�;�:�?JI�LU=@?uIM?J=@Z�B�X�H�?J:�mNIMB�:�B�X@?J^�:�?JIMY�?J:�n

� XN?fF�G�^fO�LU=N;KB�LMG�=�DNH�GCF�?J:�:j;�=N[hLMB�:jDQG�:�Bog���B�H�?J:�L�[NmN;�IU:�R�LUIUI�X@?JIMD�B�G�?J:�B�;KO�I�LU:�X2;]F�G�H�H�?JF�B�H�?JIU;KB�LMG�=N:�XNLMD
O!?�B�RW?�?J=2B�X@?fp�G�H�^�;�I�?�H�H�G�H�:�G�pdB�X@?PLU=@D�m@B�:�?�HvLM?J:�;�=N[�R�LUIUI!IM?J;�[�B�G�:�F�;�IULU=@Z_p�;�F�B�G�H�:�O!?�BSR"?�?J=�B�X@?J^�n"9�pqB�?�H
H�?�g�:�F�;�I�LU=@Z�B�X@?Pp�G�Hv^�;�I�?�H�H�G�Hv:�G�pkB�X@?�LU=@D�m@B�:�?�H�LM?J:�B�X@?�F�G�^fO�LU=N;KB�LMG�=�RjLUIUI!O!?f[@G�=N?fLMB�?�H�;KB�LMY�?JIUT�B�G�?J=N[>m@D
RjLMB�X�^�G�H�?uH�?J;�IULU:�B�LUFwR"?JLUZ�XlB�:�n

� :�LU=@Z<IMGCF�;�IQB�LM?�L�=@p�G�Hv^�;KB�LMG�=tOQ?�BSR"?�?J=2B�X@?w`�bdc"e+B�?JIM?J:�F�G�D!?J:�;�=N[aG�B�X@?�H�:�D�;�F�?uB�?JFvXN=NLU�&m@?J:�IULMy�?��w���QE
�Cbd�0;�=N[����w�je���R�LUIUI'D!?�H�^�LMB!;�[@?�B�;�LUIU?J[u:�B�mN[@T�G�p&:�F�;�IULU=@Z�[NLM�Q?�H�?J=�F�?J:8;�=N[wD!G�:�:�LMO�IM?�F�G�H�H�?JIU;KB�LMG�=N:8OQ?�BSR"?�?J=
B�X@?uB�LU^�?�:�?�H�LM?J:�;KBjY';KH�LUG�mN:�B�LU^_?�:�F�;�IM?J:�n

9�:�:�G&G�=�;�:�;�IUIQO�;�:�L�F�F�G�^�D�m@B�;KB�LMG�=2^�?JF�XN;�=NL�:�^�:�XN;�Y�?�O!?�?J=a?J:�B�;KO�IULU:�X@?J[a;<R"?�O�D�;KZ�?fRjLUIUI�O!?w:�?�B�m@D

�q�.�����	���� �¡£¢'¡£¤�¥�¦C§�¡o¡S¨�©ª¢¬«�N¤�®�¯£¡o¡�°¬©±¢¬«	² �	³	´



�������;�
	��������������� %('Ò)\+��-�-	��H+���	X/���08�K2(:5��� ���-�-���3<=�1���EL��� >

\ó�î�#óºoîïíïí+�5ìLý#ù�îïò�ê öª
�òNòNú;ð&©�ö�êPëNì(� ëNì�í�ì(@òXîïú;ð ú���ö.êPëNì�íïîïð�ì ýXì�ë�
�í�òXë�òNúPñPìLòXó�ìLý)\î�òXó2�Aò=� ýXìLòNý#îïìLõ�êPí3ú���ý#êT
��ê$òXê�êPð1� ýXì�ëXîs�1
�êPíïë'�

ê»ÄNµ�Ä�Þ�Ä�Ü3â&Ä1À
¶¸·�¹uº�»�¼l½o¾l¿�ÀtÁ"ÂÄÃ�ÅQÂ"Æ+ÇªÈoÉJÊwËÄÊ�ËqÃ�Ì!ÂWÍKË¸ÇÄÇÎÉJÀoÏÑÐ�·vÒ¬Ò�Ò'Ó�ÔiÕ.¾�¿i·vÒ�ÒKÖ�×�Ø'È£¿�À£ØlÉ�È£Ë¸»¬ØlÉJÇjÕ�¿�À£À£¿vÙ�ÈSÀ£ËÄÉ�Ç�Úk¿�ÛU¿vÀS¿vØl½�¿�ÜlÀ£É�Êw¿

ÐU×�ÕkÚ+ÜQÒKÖJÓ�Ý�×�ÞxÚ+Í�Õ�¿v½o¾�Ø�ËÎ½�É�ÇNß4»�ÈS¿�à¬Ö�Ã#á"âlÙ�¿vÀSã�ÉJÈS»�ËÄÀ£¿"Ï�¿�Ì�É�ÀSËÎÙ
¶ à�¹�Í'È£¿�ËÄØ�ÛU»�ÀSÈS¾fÁ"ÂÄÃ'ÆjÂ¬ß4»�ÈS¾�Ø#ÉJä�¿vÇ�Ð�à�å�å�æ'Ó�ÝKÁd»�ØlÙSËÄÏ�¿�À£Ë¸Ø�ä�É�ç�À£ËÄ»�À£Ë&Ád»�À£ÀS¿vÇÄÉJÈSËÄ»�ØlÙQËÄØwÈS¾�¿+×�èWÍ�½�»¬Êjâ�ËÄØ�¿vÏuÞ.áWÌ�ÍK¿�À£Ë¸¿	Ù�Ý

Ì8À£»�½�¿v¿vÏ�ËÄØ�ä¬Ùd»JÛQÈS¾l¿�éJÀoÏf×�è�Í�êW¿vØ�¿�ÀoÉJÇNë�¿�¿�È£Ë¸ØlälÃ#á+È�ÈoÉ�ì�ÉlÃlÁ�ÉJØlÉ¬Ï�É�Ã�Ül¿�â_Ò�í4·�·�Ãlà�å�å�ælÝ'ÈS¾�ËÎÙkã¬»�ÇÄ¼�Êw¿
¶ é�¹uî4ËÄØ'ÈS¿vÀS¿vä�ä�¿vÀvÃ	î�Â Ü�Â¸Ã�×�Â ×�Â	ÍK¾lÉ�ç�ËÄÀS»#Ã	ï�Â Í@Â	Úk»¬â#¿vÀ�ÈoÙ�»¬ØNÃ�Á"Â Æ�Â�ð�Ø�ËÄä�¾'ÈvÃ�Ú�Â Æ�Â�Þ8À£ä¬É¬Ù�Ã�ÆjÂ Ú�Âvñz¾�Ë¸ÈSØl¿�ò�Ã�ÆjÂ Þ+Â Þ+ÂvÚk»¬ä�¿�ÀoÙvÃ

ó Â ë�Â�ë_»¬À£É�ØNÃ8Õ�Â Æ�ÂxÁdÇÄÉ�ÀSôCÃxºWÂ Ü�Â!º�¼�À£ô�¿]Ð�·	Ò'ÖJà¬Ó�ÔfÌxÀS¿	½�ËÎÙ�ËÄ»�Ø�êW¿v»�Ï�¿vÙSò�ãKËÄÉtÚ4É�Ï�ËÄ»]×�Ø¬È£¿�ÀSÛU¿�À£»�Êw¿�È£ÀSòCÝ.Í�½�ËÄ¿�Øl½�¿�Ã
è�»�ÇqÂ@·�ÖJõ�Ã�é¬Ò�öjíxé�Ò�õ

F@V�D %('*)oB�D�D�F\GH���!�1�I����JK���1���-���7+���	L0�����M!�-�����



���������
	����������	�	�����������	�������������� �
��� !"���"#%$&���'� ���
�(����)*����$+��,��.-�/�/0-1�2�
�3��	��54���6�	7��8���$ ��,�9(63��:;�<)*$��;!>=2?A@CBD������� 6'$��
!"�
�(���
���D43���7$�E3���':F�
G�BH=�I1-�/;/�J1K2�
���L$&��	M������������NO�M$��(�
�
��PQ���'N;�
G�R%� J0SFTLU(J;S0V
,(� ��R%� W;WX��YQ� ���;� N;��)Z��� �������F� N��XY�WXR�6'E�	������������;�'�&W�N�!1-�/;/�J(WX!O���
!"��	�	����[-

\^]1_�`C_Ca<bX_dceb�fhgjilkOmn_Cb�a<m�`ok"p0`Ca�iq`drnats"u1uswvxa<mnkOy�bjznkO{|y
`~}^k"iC`drn��{nk"�1a
pFil]�c �������>� a�k"_d{nila<c�a<m`C_ok�`~znkObXi��nkOmn��_

���%�d�&�0�����5�F�����H� �%�^�;�2�2�X�[ ¡�(�>¢1£¡¤D�0��¥

¦&§�¨|©�ª
«¬ªXA®;¯ °3¨²±.³[±~´�µ;¶Q¶'·(¸L¶�³F¹º·Q®
».¼¾½�¿�À;Á[Â.Ãl»�ºÂ »�¸
Ä�§�¨²±.³[±~´�µ;¶Q¶'·(¸L¶Å³F¹º·Q®
»"¼¾½�¿�À;Á[Â²Ã�»�ºÂ »X¸
Ã�µFºÂ ·Q®�Â+·FÆ[Â�Áºµ(¸�Ç+È�·Fº¿É»�½5ÊË·Q®XÊ|¿�½�½*·(A«Ì»�Í Î·F¿�½*Ç�ÏºÐ�Ñ�Ò[Ó�Ô�Õ¾Ö ×AÐFØºÙdÖ�ÚºÛºÐ(Û¾Ö ×3Õ'Ü

ÝßÞ2à(áQâ�ã5ä[á

#d,���=+?A@¬BO���(���
�����æåÉK2B�?�çCèD8�8�é<êO���43���7$�E3����:F�
G2ëD	���� :��|�;E�� �L$�Y0�
�����æ�'����ìC��$�:F��$���6'�������
	7íî�Hì����
���
ìd�
�
:�ì�����,Å��R[��$&�������;����	M�'����ìC��$�:F�+���3Pï�;�Å��P�P'�7�����;����	5P'��íQ��ì��7��,�����,���$2�����Hìd��$�:Q�D�;���"!"��$���6��'�
Y0�
��E3��� ���
�
#d,��"43���7$�E3���':F�����(���
������R[��� ���������n���²��E[�;6Q�"TXV�/�:Q!ð����$ ��,���)C��,��.�+���3��	��M)���6�	7�²����P�)ñ$���!>��,��²����$ ��,�9F6���:0�
�
R����
�
�(����$��Aòn�l��ó'��!"���'�d��,��d� $&���'� ���
�(�CE[�
,���YQ����$¬��)[��,����
������!O�����
P�=+?%@CB�R[�;� �7�����;�OPQ6'$�����ND��,��lí(���X$�)ñ�;	�	���ì����'N
��,��<����$ ��,�9F6���:0�����1P'�L����$�!"������,���ìô��,'��$&�����<��)¬�L,�����N��²��)CR[������� �
��� !"����PQ��)Z��$�!O�������;�Å,3���+�&,3���'N;��P¡�D#d,����+���
�
�;!"R���$���POì�����,�ì�,3���¾����� �
�
�������,'��K+�¬I�� �7����R[�;� �7�����;�ï� ��$����
�
�

õlöø÷2ù¾úLû�ü¡ý�ù¾þ~ÿ��������ºý	��ü¡ý�ùDþ�
lþ������������������� ùlü¡ý�ù¾þ�
Cü���
lý����
lþ ���
!#"%$'&)(�*,+.-/$1032�-.*4-/56*�78*,592:(;$'"�<="�>?-/59*�@A"3+B$1-/$1"3&C"�>EDGFIHKJMLONPNQR2�>S-.*T<U-/56*4VW*,&92�X'$G*,2�</-/5�Y)Z92�[�*\$'&

] ":(�*,^_7A*T<a`�b�b3`;cAdP*e^f";g9$1h�*,gi"3Z6<O+.-/2�&�g92�<Bg�+."3XjZ6-/$1"3&=-."f*,+/-/$'^f2�-.*e-/59*?DWFkHlJMLmNNQ�@A"3+B$1-/$1"3&i>n"�<O*,2�oB5
*T@8";op54qnrWH#s�F�`ut�v	56"3Z6<O*xw;@8*T<B$'^f*,&�-pypzKFk&=2?+/-/2�&9g92�<Bg{-.*T</</*,+/-.<B$'2�X8</*T>n*T</*,&9ox*G>n<B2�^E*a+."3X'Z6-/$'"3&|c)d�*a*,+.-/$'^}2�-.*
+/$1-.*m@8"3+/$1-/$1"3&9+P2�&9g~(�*,X1";oT$'-/$1*,+P2�+�03X1"�7�2�X�@�2�<p2�^E*T-.*T<B+Tz ��2?*T-�2�X�z����,����bu��03$1(�*,+M2?g6*,+/ox<B$'@9-/$1"3&f"�>�-/56*mrGH�s�F
�9� H�rWN�2�&�2�X1�;+B$'+l@9</"�0�<B2�^�2�&9gE^f"3+.-�"�>�-/59*�-/59*T"�</*T-/$'oT2�X9^E"�g6*,X'+l-/592�- 2�<B*�0�*,&6*T<B2�X'X1�?2�@9@�X'$'*,g|z�!#"a</*,^E":(�*
g6*T0�*,&6*T<p2�oT$1*,+Oox"�</<B*,+.@8"3&9g9$'&60�-."}$j&�(�2�<B$'2�&9ox*,+�"�>l-/59*�rWH#s�FP0�</"3Z9@�g6*,X'2:�{"�7�+.*T</(�2�7�X1*�c9&6"}&9*T-�-.<B2�&9+/Xj2�-/$1"3&
2�&9g~&6"e&6*T-P</"�-/2�-/$1"3&{ox"3&9g9$1-/$1"3&�+ 2�</*m$j^E@8"3+.*,g�"3&~+/-/2�-/$1"3&f@8"3+/$1-/$'"3&9+ 2�&9g}(�*,X1";oT$'-/$1*,+$'&f"�<Bg6*T<-."?2�X'$103&}-/56*
-.*T</</*,+/-.<B$'2�X�<B*T>S*T</*,&�ox*e>n<B2�^E*�dO$'-/5�Fk!�LO��`�b�b�b�zO!�59*e+.-/2�&9g92�<pg�+."3X'Z9-/$1"3&�^E"�g6*,X'+�+B$1-.*�*T@�$'+/";g9$joa^E"�-/$1"3&�2�+
2f+/$j^E@�X1*W"��8+/*T-�dO$1-/5i-/56*_+/2�^E*�(�*,X1"�oT$1-��{78*T>n"�</*�2�&9g=2�>n-.*T<O-/56*e*T@�$'+."�g9$'om*T(�*,&�-Tz

� >S-.*T<E+.*T(�*T<p2�XP^E"3&)-/59+_"�>�"�7�+.*T<B(;$'&90�2�>S-.*T<�-/56*iVW*,&92�X'$*,2�</-/59Y;Z92�[�*�c$1-�78*,oT2�^E*i2�@9@�2�<B*,&�-?-/592�-?-/56*
<B2�-.*E"�>MoB592�&90�*f"�>P-/59*E@A"3+B$1-/$1"3&�"�>���2�$1</7�2�&6[�+a$'&�-/56*f59"�<B$1�T"3&)-/2�X�g9$1</*,ox-/$1"3&�+W2�>n-.*T<e-/59*E*,2�</-/59Y;Z92�[�*Ed�2�+
+/$103&�$�h�oT2�&)-/X1�}g9$��8*T</*,&)-M>S</"3^�-/59*a<B2�-.*a78*T>S"�</*G-/56*a*,2�<B-/59Y)Z�2�[�*�z ��*e&6"�d�592,(�*_2EX'$1-.-/X1*G^E"�</*a-/592�&=2���*,2�<
"�>#g�2�-/2E+/$'&9ox*aVW*,&92�X'$|2�&9g~h�&�g~-/5�2�-�-/56*G<B2�-.*,+�592:(�*e+.-/$'X'XA&6"�-�</*T-/Z9<B&6*,g{-."E-/56*,$1<M@9</*xv�*,2�<B-/59Y)Z�2�[�*a(u2�X'Z9*,+Tz

Fk&��K$103Z6</*,+\��ce`;ce2�&9g���2�</*\+B56":dO&�2�</*,ox*,&)-�+."3XjZ6-/$1"3&�>n"�<�-/56*�X'";oT2�X_+/$1-.*�ox";"�<Bg9$'&�2�-.*�+.*T<B$1*,+�2�-
DWFkHlJMLmNNPQEz#!�59*~X'2�+.-?rGH�s�Feg92�-/2�@8"3$'&)-e78*T>S"�<B*}-/56*=VW*,&92�X'$P>n2�Z�X1-e*,2�</-/5�Y)Z92�[�*4q ] ":(Az��;c`�b�b3`3y_d�2�+
^E*,2�+/Z9</*,g�"3& � ox-Tz�����cl`�b�b3`=2�&9g�-/56*�h�<B+/-m@8"3$'&)-W2�>n-.*T</dM2�<Bg9+GdM2�+a"3& ] ":(Az_t6c�`�b�b3`;zE�6"�<�*,2�op54+.*T<B$'*,+Tc
-/56*�"��|+.*T-Tc;<B2�-.*�c�2�&9g}2�&9&;Z92�X6-.*T<p^f+ d�*T</*O*,+/-/$'^f2�-.*,g}Z�+/$'&60a"3&9X'�?g92�-/2e@9<B$1"�<�-."_-/56*�*,2�</-/5�Y)Z92�[�*G2�&9gE-/59*,&
</*,^E"�(�*,g�>n</"3^�-/56*e*,&�-/$1<B*�+.*T<B$1*,+Tz

Fk&=-/56*�@�X1"�-/+�"�>�56"�<B$1�T"3&)-/2�X�^f"�-/$1"3&�$'&��K$103Z9</*,+O`�v��;c�d�*e+/59":d�2Eh�-�-."f-/56*e@A"3+/-/+.*,$'+/^f$joag92�-/2fZ9+/$j&60E2
-.<B2�&9+B$1*,&�-�g9*,oT2,�=^E"�g6*,X�c  

qn¡/y¢
 
£¤

 
� ����¥\¦T§�¨lqI¥_qn¡l¥4¡ £ y.©uªT«By	�

dO56*T<B*W¡ £ $'+�-/56*a*T@8";op5i"�>#-/59*W*,2�<B-/59Y)Z�2�[�*�zP!�56*Wh�-/+M032:(�*_op592�<B2�ox-.*T<B$'+/-/$'oag6*,oT2,�i-/$'^f*,+Tc6ª « c;"�>M��z'�,¬���*,2�<B+>n"�<m-/56* ] "�<B-/5�2�&�g�b�z��`~��*,2�<B+W>S"�<W-/56*?N2�+.-TzW!�56*e@8"3+.-/+/*,$'+/^f$'oe2�^E@�X'$1-/Z�g6*,+Tc
 

� c82�+/+/Z9^f$j&60f-/59$'+m^E"�g6*,Xd�*T</*Ev�`���^}^®$'&�-/56* ] "�</-/5\2�&9g%�Tb�^f^¯$'&�-/56*fNP2�+.-TziJ�"3+/*,$'+/^f$'o�"��|+.*T-/+Tc
 
£ c�d�*T</*Ev�°�±�^f^®2�&9g\`��

B�=+I�-�/;/�J�K2������$&��	����
�L�����'NO�5$��(���
��P'���'N;� J;SQT



���������
	A����X����	�	����Å���D��	���� ��������� �
��� !"���<#%$&����� ���
�(�D���D43����$�E����':Q�

-30

-20

-10

0

10

20

30

40

50

2002 2002.5 2003 2003.5 2004
V

er
ti

ca
l  

(m
m

)

²A³µ´�¶3·I¸�¹:º9»�¼�½l¾6²�¿,³À·IÁ�¿,Â3Ã�Ä�Å�¸B·�Æ�³�ÇB¿,È:É)ÊuÄ	³µÆ�³ÀÊ:Â�Æ�³ÀËG¸�Ä�¸B·I³µ¸ÌÄBºAÍÎ6Ä�¸/ÆIÄpÏÌÈµ³ÀÂ3¸p¿:·9·k¿TÆ�¸ÌÄBÏx¿,Â)Ð�¿:Â3Â�¶�¿,È,Æ�¸B·IËaÄ6Ñl¸B·I¸|¸pÄ	Æ�³ÀËG¿,Æ�¸ÌÐ
Ò ·IÊ:Ë�Ð�¿TÆI¿GÁ;¸ Ò Ê�·�¸MÆIÓ3¸�¸Ì¿,·�Æ�Ó�Ôu¶�¿:Ã:¸M¿,Â�Ð_Æ�Ó�¸BÂE·I¸BËGÊTÅ:¸ÌÐ Ò ·IÊ:Ë�Æ�Ó3¸OÄ�¸B·I³À¸pÄpº�ÕKÓ3¸�¸BÉ�³ÀÄ�Ê�Ð�³ÀÇ�Ä�³µÆ�¸O¿�ÐxÖ�¶�Ä	Æ�ËG¸BÂuÆ³�Ä Ä�Ó3ÊTÑ�Â
Ñ�³µÆ�ÓE¿GÄ	Ê�Èµ³�ÐeÈÀ³ÀÂ3¸:º

-20

-10

0

10

20

30

40

50

2002 2002.5 2003 2003.5 2004

E
as

t 
(m

m
)

²A³µ´�¶3·I¸�×3º|»P¼�½#¾K²�¿:³µ·IÁ�¿:Â3Ã�ÄK¸p¿:Ä	Æ�É)ÊuÄ	³µÆ�³ÀÊ:Â?ÆI³µËG¸�Ä�¸B·I³µ¸ÌÄBº#ÍÎ6Ä	¸BÆIÄpÏ3ÈÀ³µÂ3¸Ì¿,·�·k¿TÆI¸pÄpÏ3¿,Â�Ð?¿,Â3Â�¶�¿:È6Æ�¸p·�ËaÄKÑl¸B·I¸M¸pÄ	Æ�³ÀËG¿,Æ�¸ÌÐ
Ò ·IÊ:Ë�Ð3¿,ÆI¿_Á)¸ Ò Ê:·I¸mÆIÓ3¸W¸p¿,·�Æ�Ó)Ô�¶)¿,Ã:¸W¿,Â�Ð}Æ�Ó�¸BÂ{·�¸pËWÊTÅ�¸pÐ Ò ·IÊ:ËØÆIÓ3¸aÄ	¸p·�³À¸pÄpº�ÕKÓ3¸WÆ�·k¿,Â)Ä	³À¸BÂuÆ�Ð�¸pÇp¿xÙEËWÊ�Ð�¸pÈAÚ3ÆMÆ�Ê?Æ�Ó3¸
Ð3¿,ÆI¿G¿ Ò ÆI¸B·KÆ�Ó�¸�¸p¿,·�Æ�Ó)Ô�¶)¿,Ã:¸�³�Ä�³µÂ)Ð�³ÀÇp¿TÆI¸pÐ_ÁuÙeÆ�Ó3¸�Ä�Ê:ÈÀ³�ÐeÈÀ³µÂ�¸:º

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

2002 2002.5 2003 2003.5 2004

N
o

rt
h

 (
m

m
)

²A³µ´�¶3·I¸GÛ�ºG»P¼�½l¾M²�¿:³µ·IÁ�¿,Â�Ã�Ä�Â3Ê�·	ÆIÓiÉ)ÊuÄ	³µÆ�³ÀÊ:Â~Æ�³ÀËG¸�Ä	¸p·�³À¸pÄ�¿:Â�ÐfÆIÓ3¸�Ç/Ê�·�·I¸pÄ�É;Ê:Â�Ð�³ÀÂ3´_Æ�·k¿,Â�Ä�³À¸BÂuÆ�Ð�¸pÇp¿xÙEËWÊ�Ð�¸pÈÜjÄ�Ê:ÈÀ³�Ð
ÈÀ³µÂ3¸xÝ

^f^Þ>n"�< ] "�</-/5ß2�&9gàNP2�+.-f</*,+.@8*,ox-/$1(�*,X'��zß!�56*U2,(�*T<B2�0�*�<B2�-.*,+~"�>Gop592�&60�*U":(�*T<{-/56*���*,2�<~>S"3X'X'":dO$'&90�-/56*
*,2�</-/59Y;Z92�[�*�2�</*a2�78"3Z6-�vB�,±�^f^~á��;<�$'&~-/56* ] "�<B-/5=2�&9g=2�78"3Z6-M¬�^}^~á��)<�$'&{-/56*aNP2�+.-Tz FI-M$j+P@8"3+/+B$17�X1*�-/5�2�-

J0S;- B�=�I�-�/�/�J1K2�
�'��$&��	����
��������N"�M$��(�
�
�
P'����N��



���������
	A����X����	�	����Å���D��	���� ��������� �
��� !"���<#%$&����� ���
�(�D���¾43���7$�E3���':F�

+."3^E*m"�>|-/56*mg9*T(;$'2�-/$'"3&9+ >n</"3^�-/59*m^E"�g6*,X�2�<B*m+.��+.-.*,^f2�-/$'oW2�&9g~$'&9g9$'oT2�-.*O-/592�-P2_^E"�</*mox"3^f@�X'$'oT2�-.*,g{^E"�g6*,X
$'+�&6*T*,g9*,g=7�Z6-�-/59$j+MdO$'X'XA</*,Y;Z9$1</*G>âZ6</-/56*T<�$j&�(�*,+.-/$'032�-/$1"3&|z
ã+ö4ä�å�÷�æßù�çC�
8�ºý	��ù¾þP�

��*?592,(�*�ox"3^E@�2�</*,g�-/56*�@8"3+.-/+.*,$j+/^f$'oG-.</*,&�g9+�>n</"3^èrGH�s�F�2�&9g�Daé � ^E*,2�+BZ6</*,^E*,&)-/+Tz�êO*T<B*�dP*?+/56"�d
-/56*�"�@8*T<B2�-/$'"3&92�X�ë3éPH�+.*T<B$'*,+�>S<B"3^�-/56*�d�*T7~+/$'-.*O^f2�$'&)-/2�$'&6*,g�7;�E�U$1[�*mêO*xì�$j&�� êO*xì�$j&|c)`�b�b�t���z!#"eox"3^E@�2�<B*
-/56*{Daé � 2�&9g4rWH#sPFa+.*T<p$1*,+Tc�"��|+.*T-/+Tcl<B2�-.*,+TcK2�&9g42�&�&)Z92�X -.*T<B^f+ad�*T</*}*,+/-/$'^f2�-.*,g4>n</"3^®g�2�-/2=78*T>S"�</*}-/56*
*,2�</-/59Y;Z92�[�*E2�&9g�</*,^E"�(�*,g�>n</"3^í*,2�oB5�*,&)-/$1</*E+.*T<B$1*,+,zG!O56*_"�7�+.*T</(�*,g�@9</*,oT$'+B$1"3&îqndO<B^f+W</*,+/$'g�Z92�X�^E"�-/$'"3&�y
"�>�-/56*aDGé � +.*T<B$'*,+Wqnt6z�?^f^�>S"�<MN2�+/-�2�&9g~t6z'�G^f^�>S"�< ] "�<B-/5�y $j+P&6"�-�2�+�0�")"�g~2�+�>n"�<PrGH�s�Fmq��;zïb�^f^�>n"�<
N2�+/-P2�&9gi�;z'�m^}^�>n"�< ] "�</-/5�ypz H�")"�[�$'&60e2�-M�K$103Z6</*Ot_-/56*T<B*m$'+</*,2�+."3&92�7�X'�?0�";"�g~2�0�</*T*,^f*,&�-M78*T-	d�*T*,&{-/56*
-.</*,&9g�+ "�>|-/56*m-	d�"?+.*T<p$1*,+2�>n-.*T<P-/59*O*,2�</-/59Y;Z92�[�*G2�X1-/56"3Z6035~-/56*T</*W2�@9@8*,2�<-."_7A*W+."3^E*m@A"3+B+/$17�X1*�+.��+.-.*,^f2�-/$jo
g9$��8*T</*,&9ox*,+O$'&i-/56*Gh�<B+/-�+.*T(�*T<B2�X�^f"3&�-/59+�"�>#-/56*_N2�+.-O^f"�-/$1"3&�+.*T<B$'*,+Tz

-20

-10

0

10

20

30

40

50

E
as

t (
m

m
)

2002 2003 2004
-90
-80
-70
-60
-50
-40
-30
-20
-10

0
10
20

N
or

th
 (

m
m

)

2002 2003 2004

²A³µ´�¶3·I¸?ð)º�ñ#Ê�ËGÉ�¿,·I³ÀÄ�Ê:ÂUÊ Ò »P¼�½l¾�Ü'Á3È�¿:ÇkÃ�ÇB³µ·kÇ/ÈÀ¸pÄGÑ�³µÆ�Ó�¸p·�·IÊ:·WÁ�¿,·kÄkÝm¿:Â�Ð�òMó#ô\Ü'Ê:É;¸BÂ�Á3È�¿:ÇkÃ�ÇB³µ·kÇ/ÈÀ¸pÄkÝmËGÊ,Æ�³ÀÊ:Â�¿TÆ
²�¿:³µ·IÁ�¿:Â3Ã�ÄBº8õ�·I·�Ê�·KÁ�¿,·kÄ Ò Ê:·òMó#ô{ÜjÂ3Ê,ÆÄ�Ó3ÊTÑ�Â)Ýl¿,·I¸MÛTöâðWËGË�º�ÕKÓ3¸OòMólôeÄ�¸B·I³µ¸ÌÄK³ÀÄ Ò ·IÊ:Ë�÷�ó#¼Uø ù ¸Bú�³ÀÂ9Ï;×:û:û,ð:ünº

ý+öUþ}��åRþ��3�¡ù��)�iÿI�ºù�ç ��
lý����
lþ ����� ùlü¡ý�ù¾þ

FI> -/56*?@8"3+.-/+.*,$'+/^}$'oa78*,592,(�$1"�<W"�>P�92�$'</7�2�&6[�+m$j+m&6"�-G^E"�g6*,X1*,g�$'&�2}rGH�s�F�-.*T</<B*,+.-.<B$'2�X#</*T>n*T</*,&9ox*�>S<p2�^E*
+."3X'Z9-/$1"3&|c�N � éß*,+.-/$'^f2�-.*,+WdO$'XjX|*xw�5�$17�$1-O+/�;+.-.*,^}2�-/$'oe*T<B</"�<B+Tz���*E+/59":d�-/56*e*x�8*,ox-a$'&��K$103Z6<B*,+W°�v��E"�>P&6"�-
^E"�g6*,X'$'&90�-/59* @8"3+.-kv	+.*,$'+/^}$'ol7A*,5�2,(�$1"�<�2�-#��2�$1</7�2�&6[�+|>n"�<�-/56*PLe� +.*,+B+/$1"3&9+Tz#!�56*�h�03Z9</*,+�+/56"�d4-/56*g�$��A*T<B*,&9ox*
78*T-	d�*T*,&=2�+."3X'Z6-/$1"3&{dO59*T</*m-/59*T</*Gd�2�+�&6"E�92�$'</7�2�&6[�+M^E";g9*,X�2�&9g{"3&6*GdO59*T</*G-/56*a2�7A"�(�*a-.<B2�&9+/$'*,&�-M^E"�g6*,X
dM2�+_2�@9@�X'$1*,g|z=�6"�<�@8"3X'2�<_^f"�-/$1"3&|cKdP*{oT2�& ^f2�[�*{ox"3^f@�2�<B$'+."3&�+�dO$1-/5 DGé � F/D � +.*T<p$1*,+e-."�*T(�2�X'Z92�-.*{-/56*
^E"�g6*,X�zl�6"�<�-/56*M@8*T<B$1"�g�"�>�-/$j^E*�2�>n-.*T<�-/56*M*,2�</-/59Y;Z92�[�*�c�^f";g6*,Xj$'&60O<B*,g9Z9ox*,g?-/56*M�CLm� ��� v�@8"3X1*�g�$��A*T<B*,&9ox*
>n</"3^®�,��b���2�+O-."����,°���2�+�2�&�g=-/56*a��LO� ��� v�@A"3X'*�g9$��8*T</*,&9ox*a>n</"3^ �,`��	��2�+O-."����,�	��2�+Tz

�ö ÿøý	���Mû���3ý�ùDþ

!�59*>n</*,Y)Z9*,&�-l^E*,2�+/Z6</*,^f*,&�-#"�>60�*T";g6*T-/$joP+/$'-.*@8"3+/$1-/$1"3&�+�2�X'X1"�dO+�"3&6*P-."W$j&�(�*,+.-/$'032�-.*P0�*T"�@�5)��+/$'oT2�X)*x�A*,ox-/+
"3&�-/$'^E*E+/oT2�X1*,+W"�>PdP*T*T[�+a-."=^E"3&)-/59+W-."=��*,2�<B+Tz � -eDGé � +/$1-.*,+W-/592�-a2�</*EoTX1"3+.*T<a-."i-/56*EVW*,&92�X'$l>â2�Z9X1-W-/56*
@8"3+.-/+.*,$'+B^f$'o op592�&60�*�$'+l+/$'^f$jX'2�<�7�Z6-l^_Z�oB5EX'2�</0�*T<l-/592�&?>n"�<K��2�$1</7�2�&6[�+l2�&9g?-/56*P*xw�@8"3&6*,&)-/$'2�X)g9*,oT2,�e-.<B*,&9g�$'+
^E"�</*moTX1*,2�<,z � -P��2�$1</7�2�&6[�+Tc;$1- dO$'XjX�@9</"�7�2�7�X'�e-/2�[�*G2���*,2�<�"�<P-�dP"?-."_g9$j+/ox*T<B&E-/56*O-.<BZ6*�@8"3+.-/+.*,$j+/^f$'oM-.</*,&�g|z

B�=+I�-�/;/�J�K2������$&��	����
�L�����'NO�5$��(���
��P'���'N;� J;S��



���������
	A����X����	�	����Å���D��	���� ��������� �
��� !"���<#%$&����� ���
�(�D���D43����$�E����':Q�

²A³µ´�¶3·I¸��º�õ�Î;¸ÌÇ.ÆPÊ�Â���öâÉ)Ê�Èµ¸m¸pÄ	Æ�³ÀËG¿,Æ�¸ÌÄmÜ��9¿:ÄkÝ Ò ·IÊ:Ë�Æ�Ó�¸���¹WÄ	¸p·�³À¸pÄPÊ Ò ¸���É)¸p·�³ÀËG¸BÂuÆIÄ�Ñ�Ó3¸pÂEÆ�Ó3¸mÆ�·k¿,Â)Ä	³À¸BÂuÆPÁ;¸BÓ)¿xÅu³ÀÊ:·
¿TÆ ²)¿,³À·�Á�¿:Â3Ã�ÄK³ÀÄKÂ�Ê,Æ ËGÊ�Ð�¸BÈÀ¸pÐ6º�ÕKÓ�¸�ËWÊ�Ð�¸pÈ6¶�Ä�¸pÐ?³ÀÄlÆIÓ3¸�Ê:Â�¸�Ä	Ó3ÊTÑ�Â_³µÂE²A³À´:¶3·I¸pÄ ×TöâÛ�º

²A³À´:¶3·I¸��3º�ô�¿,ËG¸�¿�Ä�²�³À´:¶�·�¸�m¸��3Ç/¸pÉ�Æ�Ó3¸B·I¸�Æ�Ó3¸�¸BÎ;¸ÌÇ.ÆÊ�Â_ÙuöâÉ)Ê�Èµ¸aÜ��9¿:ÄkÝ�³�Ä Ä�Ó3ÊTÑ�Â9º

²A³À´:¶3·I¸���º�ô�¿:ËW¸�¿�Ä Ò Ê:· ²A³À´:¶3·I¸�O¸��3Ç/¸BÉ3Æ Ó3¸B·I¸�Æ�Ó3¸�¸BÎ;¸ÌÇ.Æ Ê:Â	�ÕM¹aÜ��9ÄIÝl³�Ä Ä�Ó3ÊTÑ�Â9º

� -f-/59$j+_@8"3$'&)-Tc *,2�+.-�d�2�<pgà^E"�-/$1"3&�2�-~�92�$1</7�2�&9[;+E2�@9@8*,2�<B+?-."�5�2,(�*�&6*,2�<pX1�4</*T-/Z6<p&6*,g -."�-/56*�X1"3&60�v�-.*T<p^
@9</*xv�*,2�<B-/59Y)Z�2�[�*}<B2�-.*�z~FI^f^f*,g9$'2�-.*,X1��2�>S-.*T<_-/56*f*,2�</-/5�Y)Z92�[�*�cK$1-adM2�+_����z`U^f^~á��;<�</*,X'2�-/$'(�*f-."�-/56*}X'"3&60�v

J0S�J B�=�I�-�/�/�J1K2�
�'��$&��	����
��������N"�M$��(�
�
�
P'����N��



���������
	A����X����	�	����Å���D��	���� ��������� �
��� !"���<#%$&����� ���
�(�D���¾43���7$�E3���':F�

-.*T<B^�<p2�-.*~qSv��;z'�e^f^{á��)<ÌypzPL�*,X'2�-/$1(�*e-."f-/56*�X1"3&60�v�-.*T<p^è<B2�-.*~qSv�`�`;z t{^f^~á��;<ÌyP78*T>S"�<B*a-/56*�*,2�</-/59Y;Z92�[�*�c�-/56*
oTZ6</<B*,&�-�&6"�</-/5)d�2�<Bg{^E"�-/$1"3&{$'+P2�7A"3Z9- v��_^f^~á��;<�ox"3^E@�2�</*,g{-."_-/56*W$'&9$1-/$j2�X6</*,X'2�-/$1(�*m<B2�-.*W"�>|v�`ut6z°?^f^~á��;<,z
!�56*�<B2�-.*�"�>AoB592�&60�*�2�- ��2�$1</7�2�&6[�+K2�@9@8*,2�<B+l-."a78*T03$'&_$j^f^E*,g9$'2�-.*,X'�e2�>S-.*T<�-/59*�*,2�<B-/59Y)Z�2�[�*�+/Z60�0�*,+.-/$'&90W-/5�2�-
-/56*�@8"3+.-/+/*,$'+/^f$'oag9*T>S"�<B^}2�-/$1"3&�$'+Oox"3&�-.</"3XjX1*,g�7;�i-/56*_ox"3+.*,$j+/^f$'o�+/-.</*,+/+Oop592�&60�*�z���*?592,(�*�&6"f*T(�$'g6*,&9ox*e-."
+/Z60�0�*,+/-m2{g9$��|Z9+/$'&60E+/$'03&92�X|-/592�-mh�<B+.-m2�</<B$1(�*,+m2�-m-/56*_"�7�+.*T</(�$'&60~+/$1-.*�dO$'-/5�2f-/$j^E*e"��|+.*T-mg9*,X'2,�=>n</"3^ -/56*
*,2�</-/59Y;Z92�[�*�"�oToTZ6</<B*,&9ox*�z
� �9ÿk�9�3��þP�����
øµ¹/üaù ¸Bú�³µÂ�Ï��=º3½�ºÀÏ)òMó#ôeÆ�³ÀËG¸�Ä	¸p·�³À¸pÄpÏ�ÓuÆ	Æ�É��! " TÄ�³ÀÐ�¸ÌÄ	Ó�ÊTÑ�º Ö�É3Ènº Â�¿:ÄI¿3º ´:ÊTÅ# xËmÁ3Ó$ ,Ä	¸p·�³À¸pÄpº ÓuÆIËWÈ% �Ïu×,û:û:ð�º
ø ×xü&�f¿3Ï3ñPºÀÏ�÷)º �=ºuô�¿:¶3Á;¸B·ÌÏu¼�º ÷)ºu½l¸pÈµÈnÏuÕMº '�º3ñ#È�¿,·IÃ;Ï)(Oº�ò�Ê:·kÐ�Ê�Â9Ï+*�º õ º�ù ³ÀËOÑ�³�ÇkÓ9Ï�¿,Â�Ð�÷)º+*�º,��Ùu¿,Â9Ï,�E¸p¿�Ä	¶�·�¸pËW¸pÂuÆÊ Ò Ó�Ê:·I³.-pÊ:ÂuÆI¿:È�ËGÊ,ÆI³µÊ�Â�ÄO³ÀÂ/'ÈÀ¿�Ä	ÃT¿}¶�Ä	³ÀÂ3´~Å:¸B·IÙ{ÈµÊ�Â3´}Á�¿�Ä	¸pÈµ³ÀÂ3¸_³µÂuÆ�¸p· Ò ¸p·�Ê�ËG¸/Æ�·IÙ:Ï�÷)º|ò�¸BÊ:É�ÓuÙ�Äpº0� ¸pÄpºµÏ21)3Üj½�¹ÌÛ�Ý.Ï×�¹�1+13¹Bö�×�×,û�û3¹:Ï�¹31+1�û3º

B�=+I�-�/;/�J�K2������$&��	����
�L�����'NO�5$��(���
��P'���'N;� J;S0V



���������
	��������������������������� !��	���"#	�$&%'���	(�)*�+-,�	(��$�.�����/0,���!12�3��	($& 4	������6578����:9;	()2�<��=2�?>@A�B��"�CD�3.:E!F�G�GBFIH&��)7����	DJ���.���=LKNM7��/B�8E
OQP  'F�G8G�R0,���)7��.S����%'���3��	()2�T�U.�N$����:12	�)2�8��ELVW� RBX8Y:Z4[�G8G
=N����V\� ]8]A	��4��$�$8� �8��+^$�� )7�����!� ��A�7]AV7M2C7��	�$:����	�8)2�S]���"0F�G8G�RN]���	���A�2F

_a`0b�cUdUegf�h�b6ijhAkml `#c�hA`*no`*prqsh�tAkIu�fvfvwxqyfv`{z|fIc
hAk}e~h:c6fvb���`*t�tA`<��h�n���c���f
��`��'f�i}��f�uv���#�0���}�sf�n��Tt�h��a�#u6c
���g���#w*f

���S�8�������A -¡�¢N£@¤�¥6¦-�'�6§4�8�6 ©¨
�ª¨6�¬«

�®'¯v°�±B²�³A´µ°�¶-³�°#·<¸L²:¹ªº�»N¼�´µ»
½3®I¾�°A²�°�»Nº3³�¿ÁÀÂ³�¿W±�±!¼6±�Ã�ÄI»Nº:¹�¿ÁÀÂ³A´µ°�¶-³�°A²�Å#Æ-¿W°�·<¸L²:¹Qº3»N¼(´µ»N¶ÁÇ*»N¹Q´µ±N¶�»N¼IÈ6¶W´ÊÉN°Aº�²:´Ê¹QË
Ì ±!¶W¹�»4³�¹&»!¸D¹Ê¿W±Nº�Í*Î&¼Ï°�ÐÑÆ�´Ê¹�±NÉ8ÅÒ°AÓ�Ô�»N´Ê¼ÕÍyÖD×7Ø2Ù7Ú�ÛBÚ©Ö2ÜDÝ2Ù©Þ?ß�ÙDÖ2Ü@ßSÞNà

áÑâ�ãNä4å7æUçDä

è �é=7�A�8�#12������$����:1~VD������µ����	���"#	($#"#���	�8)g�+
��=2�T,�	��($3.�����/g8C7���3.��8�A���.�ê~	()Á5L��	�.�C7��)7/!��E-ë@�(����/����A+Õ����.v��=7�
F�G8G8FéH&��)L����	\�:�A.���=LKNML��/B��+Ï.�8"���)���)L����ê2��	��?�+ P�ì-í6O ��)L1',&�6 *17���S��.���$��.S14�:1��A�?��=2�&��	����v	()*��=7��î:FA�µ"#8)N��=
VD��.�	�!1|+Õ8����:9;	()2�~��=2�0���B��)N�:�{�
=7�0"#���	��)|	(�<)7�)2�µ��	()2�:��.:EU	�)712	�$:����	�)2�{��=7���<��	���=7��.é��.����(��ï2����	�8)ðV4.�N$��������.
��+Õ���3.����(	�V��)���=7�<+^��M2���&	(��N$�$�M2.�	�)2�2�<�
=7�<$���µ����	���"#	�$é������	�"T�������+
12	���V7�(��$���"#��)N��+Ï.�8" P�ì-í6O "#�:����M2.���"#��)!���
����.������?96�����\9;	���='��=28���&+Õ.��"ñ,&�6 *��)L����ê2��	��?	�)������W$�8"#VD�)7��)N�����

ò�óõô2ö@÷Dø©ùIú�û�ü-÷©ýSù?ö

þTÿ��������	��
���������Aÿ������������Aÿ����������������������! "�Aÿ#�%$'&(��)*����+,�� �-( .)���&(�/�! 10�23�54���6879���;:�<�<!:>=?��)
�Aÿ#�@&(���BA���)*�C��DE�Aÿ#�@F�������G þ0ÿ#����H.-(�I�� ��*���8=?��)C&J�K�����*���"��H�H��B��L#-(6@���*��&JFNM�0�O/�K6P)*�!�#�AÿQ��DSR���-J�B7.�� #�K)T�! 
�Aÿ#�>UV�� .��&(-3R����.&J�;�Aÿ�����)*�*��������ÿ#��)��W4����X�Y<�<"�K6/ZS��-J4K-(��-[ #AQ$V&(��)��Y��-( \�*�"�]=E��H.���B��)�G þTÿ#�^�����B�Aÿ����.�����
������)*���Q ���6_���B�!��)`&(�� ���)B&(-(�#��)3=3-J�Aÿa6_����)��#�B���>)B�#��Db���I�c��de)*����)`��D?�#Ha�*�^�%Df��=g6_���*���B)�GÁþTÿ#�_�I��h])*��-()�6;-(�
��-()�H.&(���I��6_�� ��9i.��&(�`��DK�Aÿ#�j�������Aÿ����������<ÿ���)k79���� C6_�K�#��&(&J���TDf���!6l��-[)*H.&(���I��6_�� ��e��DnmT+?o_pq:YrsG&þTÿ#�t #�����Aÿ����B 
H.�����E��Du�Aÿ#�TU'�� ���&(-9R�����&(�E6_�54����%�*���Aÿ#�V����)��?�� .��4����B��-(����&(&JF@�#HkG&þ0ÿ#�TmT-[&(�I�������@��7.)�����4Y���*���BF>pq�5ru&J�K�����*���
 #�����v�Aÿ��C��4��� \�V��H.-(�I�� ��*���vH����K�����I���%4���&(����7n&J�`-( #Df���B6@����-J�! /��79�!�#�S�Aÿ#�C�.-()*H.&(���I��6@�� \��G

w&óXx"y3z ô/{Q|6÷�|~} öt|e�s���Lý��

�T�k�E� ÿ���)S79���� ^��)����/�*�;��)*��-[6@���*�C�Aÿ#�8����D����B6;����-J�! ^������)*���X7�F��]=E�;�����B�Aÿ����.������)V-( /$'&(��)*���@�����B-( #A
M����!�WhBM�������pq�Yr?�� ��"��&()��^�Aÿ#����F� ���6;-(�_�I��FK)*����&j�#��Df���B6@����-(�! "��)�)*�K��-(���*����=3-J�Aÿ���-JF!�����Ih���-(6@�X4��!&(���� #�>-( 
� ��Hn�� a� �T�k�E� )B-J�*�'þ,���*��F!��6@�\�?-[ @�Aÿ#�TDf�B��6_��=E�����@��Du�Aÿ#�T�`��FK)*�*�! #�`+t�B�Y�����I�Cpq�5rsGt�V�W=E��4�����Z�H9�!)*��h])*��-()B6@-(�
�#��Df���B6@����-J�! �Df�!&(&J�5=3-( #A���6@�5�����S�����B�Aÿ����.�����C��)?��7.)*����4����%7�F �T�k�E� ÿ.��)S #���?7����� �����H9�����*���%H.����4�-(�!��)�&JF�G

� ��ÿ���4��T�� ���&JFK)*������:�:Y��hSÿ#�!��� �T�k�E� )*��)�)B-J�! �)��Aÿ����?-( ���&[���#���;mT-(&[�I��������D����!6��c2V�W4���6�79���v:�<�<!:C�*�%M
U'���I��6879���j:�<�<!0�GvþTÿ����� ���&JFK)�-()k��D��Aÿ#�?��������ÿ���),79���� 8H9����Df���B6_������)�-( #A3�Aÿ#�S�8�v�?$'��)*��Df�]=?�����Cp�M�<�rsG�þ0ÿ#�
m'���!)���-(�� ��I��$'��)*�*�B��&[-(�_)*�!&(�#��-(�! %D����3)��!�#�B�I�CH9�!)�-J��-(�! �)C�b����)B:�<�<!:!�0ÿ���)S79���� ^��)����/�*�;�#�Iin ��`�Aÿ#�c�E��&J��)���-(��&
� ��Df������ ��I��R#�B��6@�c�� ����Aÿ#�c�;H���-J���B- �T�k�E� )�-J�*�c�I��������-( ����*��)�GT�'7.)*����4�����-J�! �)V��D�������ÿa����-[&JF/)*��)�)�-J�! X=����B�
H����K�I��)�)*���_)���H.���B���*��&JFc�*�`��)*��-(6@���*�v��&[&#)�-J�*�S�I��������-( ����*��)�Z� ��#������-(�! ���d9)*����)�Z� E�`+j)�Z!��&J�K���c��de)*����)t�� ����B���*��)
��)E=���&[&.��)E�*����H9�!)*H�ÿ#����-(�v�#��&(�WF�)E�� ��Ñÿ#���B-J¡��! �����&n�*����H9�!)*H�ÿ#���B-[�SA��B����-J�� ���)�G � �TH9����D�����6_���;���5hsH.���B��6_���*���
�V��&(6_�����¢�*�B�� �)�D����B6;����-J�! c��D.�Aÿ#�?����-(&JF8��)*��-(6@���*��)¢��Dn�Aÿ#�S�I�����B�.-( ����*��),��Dn��&(& �T�k�E� )B-J�*��)S�f�ILK�I��H���m`-(&(�I���������
�! ��*�;�Aÿ#��-J� � þ � R¢:�<�<�<;4Y��&[�#��)v-( %���B�����S�*���#�Iin ��'�Aÿ��C�*��������)*�*��-(��&9����Df������ ��I�CDf�B��6_��G

RBX�Y OQP  *F�G�G�R0,���)2��.S����%'������	�)7�#�Â.�N$�����12	�)7���



�������#�
	���A�*�3�����Ê�(� ,�	��($3.�����/���������Q 4��	���"#	�$v%'���	��)

£&ó¥¤a¦^§l{¥| ÷�|¨} öt|e�©�t�Lý]�

� �T�� ���&JFK)*�����������8Df���!6��Aÿ#�`m`+Eo@�����I��-J4����?���SmT-[&(�I�������X�bRK$ ��� �j)*H.�� . �-( #A`�Aÿ#�')���6_�'��-(6_�VH�����-J���;��)
�Aÿ#� �T�k�E� �������KG#þTÿ���mT+Eo/H�ÿ���)*�8�.�����@=E�����8H��B���I��)�)����X��)�-[ #A��Aÿ#��mT$'� � þVª�m � � � �«)*��D���=E���B��pqOYrsZ¢pq0Yr
-( >�;A!&(��7.��&¢)*�!&(�#��-J�! X��DE��<Yh���</)*������-(�! �)�G � �_��-J4K-(�#���^�Aÿ���A!&J��79��-( ��*��Df�!�#�'����A!-J�! ���&,)��#7. ����]=E������)�Z�=V-J�Aÿ
05hs���W4����B&(��H.H.-( #A;)B-J�*��)V-[ ^6_�����c�Aÿ��� ^�! ��c)���7. #���]=E������Zn�� ��X��)*��-(6@���*���a)�-(�*�8�I��������-( ����*��)�ZumT+?o/)����*��&(&[-J�*�
����7.-(��)�Z5 ?�T+,ZW�*����H9�!)*H�ÿ����B-(���#��&(�WF`H.���B��6_���*����)E��M�0!ªY���WF#�¬�� ��~ÿ#���B-J¡��! �����&!�*�B��H��!)�H�ÿ#�����tA�������-J�� ���)E�©0!ªY���WF#��G
$'&(&eH.���B��6@���*���B)T�����8�*�������*���a�#���*����6@-( �-()���-(����&(&JF�Z#=3-(�Aÿ^�Aÿ#���*����H9�!)*H�ÿ#���B-[�`�#��&(��F/Hn���B��6_���*���B)T6_�K�#��&(&J���X��)
H.-J���I��=V-()*�`&(-( #�����SDb�� ��I��-(�! eG

þTÿ��8Df�!�#�V)���7. #���]=E�����K)�ªY���WF^=����B���Aÿ#�� �&(-( #�����X�*��H.�����.���I�8��)�-( #A!&J��Z.D������Ih] ����]=E������)*�!&[�#��-J�! ^Df���'�Aÿ#�
)�-J�*�S�I�����B��-( .���*��)��� ��_�`)�-( #A!&(��Z��I�©ÿ������� \�j��)*��-(6@���*�S��Dn�Aÿ#�v)����*��&(&(-(�*�E���B7.-J��)�G�þTÿ#�?����)���&(��-( #A#Z�A!&J��7.��&KH9�!&JF�ÿ#�Ih
�#���! _-[)¢�Aÿ#�3)���6_�v��)t�Aÿ����t=0ÿ�-[��ÿ_���� @79�?H����K�����I����7�Fc�Aÿ#�v)�-(6c��&J���� #���!�.)¢H����K�I��)�)�-( #AT��D��Aÿ#�S��7.)*���B4Y����-J�! .)
Df���!6��&[&n)�-(�*��)j7.���j��������)S�I�! �)�-[�#���B��7.&JF_&J��)B)��I�!6_Hn�#������-J�! ���&n��-(6_�V�*�cH.�����.���I��G � �T�Aÿ#�� ���&(-JA! ����;�Aÿ#�'Df�����
 #����=������N�*�Q�Aÿ#� �  \�*���B .����-J�! ���&éþk���B����)*�*�B-(��& � ��D������� .�I�^R#�B��6_�/7�F��I�!6_Hn�#��-( #Aa�"�WhsH.���B��6_���*�����3��&(6@�����
�*�B�� �)�D����B6;����-J�! ^�! >�Aÿ#�c�I�����B�.-( ����*��)V��D®O�<�)�-J�*��)V�*���Aÿ���-J� � þ � R¢:�<�<�<�4���&(�#��)�p�MIr¬�*��A��� #���B���*�_����-(&(F%)B-J�*�
�I�����B��-( ����*��)�GvþTÿ#�`��-(6_�C)����B-J��)S��D �'�¬�E� �� .��mT+Eo%����)���&J��)S���B�8)Aÿ#�5=3 /-( /R¢-JA!�#���@M�Z:�G

¯vó>{ ý]�LüÂûj���Lý�ù@ö

�T����&(-( �������4���&J�K��-J��F¥��)*��-(6@���*��)cDf���_m`-(&(�I�������"�� .��RK$ �°� H���-J���8�*�>�Aÿ#���������Aÿ����������/������ ����c)�-(A! �-�i�h
���� ���&JF���-Jd������� ��'D����!6^ZeD����`�IL#��6_H.&J��Ztp±�5r3� �T�k�E� �'�� ���p�MIr3�smT+Eo���Ze-( .��-(������-( #A��Aÿ����T�!�#�C�� ���&JFK)*��)T�����_��D
ÿ�-JA©ÿa�������#�����IF�G;R��#���Aÿ����B6_������Z¬�Aÿ#�@�I��h])*��-()�6;-(����d9)�����)C��)*��-(6;���*���QD��B�!6²�Aÿ#��mT+EoQ�� ���&JFK)�-()T�����;-( a��&J�!)��
��A�������6_�� ��3=V-J�Aÿ%�Aÿ#�!)*�C��DSp ��rE��þ,��7.&J�@MW��G

³n´Wµ!¶¸·`¹5ºe³¢»!·S·�¼]½�¾À¿`´�½�·ÂÁ�ÃBÄ�Å©¼]·�¾À¼�¿T¾ÀÃ?Á�¾�¼�Æ!¶À´5Ã�·�¿'·�ÇY½�´�½jÈE¾¸¶�Ã�É°·B·�Ê`Ë(É�Ä5¿ÍÌEÎ.Ï,Ð¬´WÇ\Á_È?Ñ¬Ò
Ó�Ô�Õ"ÖjÔn×¬Ø�×6ä ä5Ù,ÚQã@Ö�æ�ÖtØ-å\Û¢Ü/Ý�Þ�ß/à�ÕNÕ�á ä5Ù,ÚQã_Ö@æ.ÖtØ\åXâ�ã_ä,Û3à�ÕNÕåá æ¸ç�è'â%ã�ä,Û3àBÕ�Õåá
�B���.-(��& :�<�éCªWhVM�M M��;éCªWhE0 :�0�G0�éCªWh'M�<KG(M
&(����-(�����#� h�O�0�éCªWhE� h�O���éCªWh3M h�OKM�G��éCªWhE��G0
&J�! �A!-J�����#� :���éCªWh?� :KM�éCªWhVM :Y�#G��éCªWh�O�G¸�

+,�!)*��h])*��-[)�6@-(�`�#��Df���B6@����-(�! %D����3)���4����B��&k&(���BA��`�������Aÿ�����������)0ÿ���)?79���� ^��ÿ����B���I�*���B-(¡����X��)S79��-( #A_������)����
7�FN4K-()��I����&(��)*��-[�/����&(�YL#����-J�! å���%���#�X�*����Df�*���B)�&(-JHê�! å�B�#H.���#������Db����&J��)�Glo���4����B��&'���#�Aÿ#����) ÿ��W4��>�#����-J4����
 ���6_���B-(����&��ILKH�����)B)�-J�! �)9�*�'6_������&�)�����ÿ8 #�! Kh]&(-( ������u6_����-J�! C��)¬&J��A!���B-J�Aÿ�6;-(��ZW�ILKH9�! #�� \��-[��&����k��4��� C�*���� �)�-J�� ��
Db�� ��I��-J�! eGtoK����ÿ��� .��&JF�)���)������'H9����Df���B6_���@��F�Hn-(����&(&JF_�! � #���]=E�����K)E��Dk)�-J�*��)�A�����A��B��H�ÿ�-[����&(&JF@)*H��B�����������!�. ��
�Aÿ#�`�B��H����#������Db����&J�?�Aÿ����0ÿ��W4��C��7.)*���B4����/�Aÿ#�CH9�!)*��h])*��-[)�6@-(�V����&(�YL#����-J�! �)SHn���*�*���B �)�G � -J�Aÿ%�! �&(F;�! #� �T�k�E�
)�-J�*�T�Yd9���I�*���/7�F��Aÿ#�TH9�!)*��h])*��-()�6;-(�36_����-(�! eZK�Aÿ#�����`-()?-( �)��#ë���-J�� ����������c�*�_��-�d9������ ���-(���*�T7�����=����� %H9�!)�)B-J7.&J�
������)*��)j��D9�Aÿ#�vH9�!)*��h])*��-()B6@-(�S6_����-J�! uG � �'��ÿ#�!)��3�*�C����H.����)*�� ��t�Aÿ#�36_����-(�! ;��)�-[ #A`�� @�ILKH��! ��� \��-(��&�Df�� .�I��-J�! 

ì �fí��t�®îåé1ï��IL�H,�°ð í¬ð"í°ñuò
ó

�
=0ÿ#���B�V�?h��Aÿ#�`���#���B�� \�?��H9����ÿeZKí°ñkò?h��Aÿ#�`��H9����ÿ���D¬�Aÿ#�`�������Aÿ�����������G � �C�.)*���%-( ��#��H9�� ��#�� ��j��)���-(6@���*��)S��D
�Aÿ#�@�#�����WF¥�I�! �)*���� ���) ó �ô<KG:�O^F��������f��7�����-[ #���QDf���!6õmT+?o>�Aÿ#�@�������^�.)�-( #A/&J����)*�C)B�������B��)C6_���Aÿ#�K�QDf���
 #�! Kh]&[-( #�����S6_�K�#��&()����*�@��)���-(6@���*�C�Aÿ#����6_H.&(-J���.�#� � ��þ,��7.&J�8:!��G

þTÿ��S�?���B�*��)�-(�� ��I��������-( ����*��)¢��D�m`-(&(�I�������c�����S��)*���c���!�#��-( ���&JF`-( �'�¬��� D�����)*������-(�! �H��!)B-J��-J�! 86@���#��&[-( #A#G
� �CH��B��H��!)����/�Aÿ#�`Df�!&(&J�W=V-( #A���6_H.-J��-(����&96_������&9D����v�Aÿ��cmT-(&(�I�B����� �T�k�E� )�-J�*�C�I�����B��-( .���*��)�G

OQP  *F�G8G�R',���)7��.S����%'���3��	()2�T�U.�N$����:12	�)2�8� R8XIö



�������#�
	���A�*�3�����Ê�(� ,�	��($3.�����/���������Q 4��	���"#	�$�%'���	�8)

÷�¾¸ø5ù!É�·T¹5º9úkûWÄ5¶¸ù�½°¾¸Ä5Ç�ÄWË.½°»!·vütÄ5É]½°»�ÃBÄW¿TÆ�ÄWÇ!·�Ç5½¢Ë(É°ÄW¿�È?Ñ,Òc´�Ç\Á�Ì�ÎnÏ¬Ð*º

÷�¾¸ø5ù!É°·Sý!ºeúuûWÄ5¶¸ù!½�¾ÀÄWÇcÄ�Ë.½°»!·vúk´5¼s½tÃBÄW¿TÆ�Ä5Ç!·BÇY½¢Ë(É°ÄW¿�È?Ñ,Ò�´WÇ\Á�Ì�Î.Ï,Ð*º

³n´Wµ!¶À·Sý!ºu³¢»!·?·�¼]½�¾À¿`´�½�·Â¼¢Ë(ÄWÉt´W¿TÆ!¶¸¾¸½�ù�Á�·SÄ�Ë9Á�·�Ã�´Iþ`Ë(É�Ä5¿lÌ�ÎnÏ,ÐkË(Ä5É¢½�»!·S»!Ä5É�¾ÀÿBÄ5ÇY½°´�¶#ÃBÄW¿TÆ�Ä5Ç!·BÇY½�¼
Ó�Ô�Õ"ÖtÔ�×kØK×6ä Þ à�Õ�ØWäWØ-å\á ó à � Ø-æUå2ã�á
&(����-J���.�#� <KG±<!:�� <KG:�O
&J�! #A!-(�����#� h]<KG±<�<!0 <KG:�O

ì �fí��j�®î��té1î ¢ �fí¬ð¥í��W�eé1ï��jé1ï ¢ �IL�H,�°ð
í¬ð"í°ñuò
ó

�

�V�����;í��;� M����!��
±<��f�Aÿ#�;�B��D������� .�I�;��H9����ÿn��Z,í°ñuò_� :�<�<!:�
��0��1�f�Aÿ#����H��K��ÿ"��DS�Aÿ#�@�������Aÿ.���������5��G�þ0ÿ#�
i.�B)��,�� ��_)����I�! ����*���B6@)��#��)B�I�B-J79���Aÿ��?&[-( #�����¢�*���I�*�! �-(�S6_����-(�! _6_������&�-[ c�����I�������� ��I�v=3-(�Aÿ��Aÿ�� � þ � R¢:�<�<�<KZ
=0ÿ#���B����)jï � -( ��*���K�����I��)��Aÿ#�'�I��h])*��-()�6;-(�S��de)*���E�� .�@ï ¢ �Aÿ#�3H9�!)*��h])���-()�6@-(�S����D����B6;����-J�! ���þ,��7.&J�V0!��GtR¢-JA!�����

RBX�� OQP  *F�G�G�R0,���)2��.S����%'������	�)7�#�Â.�N$�����12	�)7���



�������#�
	���A�*�3�����Ê�(� ,�	��($3.�����/���������Q 4��	���"#	�$v%'���	��)

05h�O�)Aÿ#�5=�ÿ#�5= �Aÿ#�c6@���#��&ui.��)'�*���Aÿ�� �T�k�E� ��7.)�����4Y����-(�! �)V-[ a�?���B�*��)�-(�� >�I�!6_H9�! #�� \��)�G � ÿ�-(&J�8�Aÿ#�c ��! Kh
&(-( ������T6@���#��&¢-()T #���C�I�! �4K-( ���-( #A/-( >�Aÿ#�	� �� ���
��I�!6_H9�! #�� ���)�Zk-J�`��&J�����B&(F^i.��)T�Aÿ#�@�.�����%7����*�*���`�Aÿ.�� Q�
&(-( ������v6_������&e-( %�Aÿ#�C2V�����AÿX�� ��X j��)*�v�I�!6_H9�! #�� ���)��b)����8R¢-JA!�#���@M�Z:!��G

³�´�µ\¶¸·�!ºu³¢»\·EÆ�´�É�´�¿T·�½°·BÉ�¼¬ÄWËn½°»!·S·���Æ\´WÇ\Á�·ÂÁ8¿TÄ�Á�·B¶�Ë(ÄWÉjÈE¾À¶ÀÃBÉ�·�·BÊCÆ�Ä5¼]½]Å©¼]·�¾À¼�¿T¾ÀÃE¿TÄ�½°¾¸Ä5Ç�¾ÀÇ��,´�É�½�·Â¼]¾�´�ÇcÃ�Ä�ÄWÉ�Á�¾ÀÇ\´�½°·�¼
ÓcÔnÕ�ÖtÔn×¬Ø�×6ä î�� à�Õ�á î ¢ à�Õ�� � Ø-æUå\á ï�� à�Õåá ï ¢ àBÕ�á ó à � Ø\æUå7ã�á
� h�:�:��KM�OY����G0�<!� h]<KG±<!:�:�: h]<KG±<!0�� <KG±<�<!��< <KG:�O
� hBMI�\O�0��Y�\O�G±<!��< h]<KG±<�<!0�� h]<KG±<!O�� <KG±<�<\��� <KG:�O

 O!��O�������0�G(M���: h]<KG±<�<!��: h]<KG±<!0!� <KG±<#MI�\0 <KG:�O

������� ø � ö<ü � �

� ¹����t¶¸½°´W¿'¾À¿T¾��! 9º"�uÑ9ºuÒ�¾À¶¸¶�´�É�Á^´WÇ\Á#��ºeÏ,ÄWù\Ã�»!·�É��eÐs³%$j÷9ý'&'&(&*)��ÍÇ\·,+lÉ°·B¶À·�´5¼]·CÄWË�½�»!·cÐ©ÇY½�·�É�Ç\´�½�¾ÀÄWÇ\´W¶,³n·BÉ°É°·�¼]½�É°¾À´W¶
$�·�Ë(·�É�·�Ç\Ã�·v÷\É°´W¿T·�Ë(Ä5É�·�´WÉ]½°»c¼°Ã�¾À·BÇ\ÃB·S´�Æ!Æ!¶À¾�ÃB´�½°¾¸Ä5Ç\¼��*-\º\ÈE·�ÄWÆ!»�º.$�·�¼�º#¹�&0/0�#¹�&\º¸¹1&5ý'243�ý'&'&\¹�-YÏ5&'&'&'6'7�¹'��ý8&(&5ý!º

� ý9�`úuµ�·BÉ°»\´�É�½]Å©Ñu»\¾¸¶À¶¸¾ÀÆ\¼��;:Vº"�e·B½'´�¶fº<�u³¢»!·�ý8&(&5ý=:�·BÇ\´W¶¸¾¢÷\´Wù!¶¸½'úk´WÉ]½°»?>Yù\´�Ê5·'�@�t¶�´W¼�ÊI´?)���Î.´WÉ�ø5·BA@´�ø5Ç!¾¸½�ù\Á�·(�uÒ�¶¸¾ÀÆ�Å
Ñe´�É�½�¾¸½�¾ÀÄWÇ!·ÂÁ�úkûW·�Ç5½1�!Ò�Ã�¾À·BÇ\ÃB·'�?�(&'&?��¹5¹W¹1�9C�¹5¹W¹1D*�Yý'&'&(�!º

� �E��Ft·�É�É°¾¸Ç\ø?�9³?ºG�vº<�¬È?Î@HEÏJI øW¶ÀÄWµ�´�¶JIS´�¶À¿T´WÇLK\¶¸½�·�É'ÌEÎ.Ï,Ð3´WÇ\Á�È?Ñ,Ò^´�Ç�´�¶Àþ�¼�¾�¼vÆ!É°ÄWø5É°´W¿	�eû5·BÉ�¼]¾ÀÄWÇQ¹1&!º &*�GA@´5¼sÅ
¼�´5Ã�»�ù\¼]·B½]½�¼¢Ð©Ç\¼s½°¾½°ù�½�·SÄWË9³n·�Ã�»\Ç!ÄW¶ÀÄWø5þ'�?�,´�¿Vµ!É�¾�Á�ø5·'�MAN�O��ý8&'&Yý�º

� P ��FtÉ°·B¾ÀÇ\¼°Á�Ä�½�½�¾ÀÉ��¬Ò#º"�¢·�½8´W¶�º<�Q�¬Ä5¼�·B¾�¼]¿T¾�Ãc¼�¶À¾¸ÆQÁ�¾�¼s½°É�¾Àµ!ù�½°¾¸Ä5ÇaÄ�ËE½�»!·;ý'&'&5ýSRLTVUW/0X 2Y:j·�Ç\´�¶À¾�Ë[´�ù\¶½8·Â´�É�½�»?>Yù\´WÊW·(�
�t¶�´W¼�Ê�´*�¢Á�·�½°·BÉ°¿'¾ÀÇ!·ÂÁXË(É°ÄW¿ È?Ñ¬ÒX¿'·Â´W¼�ù!É°·B¿T·BÇY½°¼��,ÈE·�ÄWÆ!»�þ�¼�ºG$�·�¼��,Î.·�½�½�º<�5�(&?Zs¹1�([��j¹�&\º¸¹1&5ý'243�ý'&'&(�5È?Î;&\¹9/ P(P /0�
ý8&(&'�!º

� 69��I?¾¸Ç\ø?�%$Sº%\]�J^VºtÏ,Ä�Ã�Ê_�`:�Ä�Ã�ù!¿T·BÇY½�´�½�¾ÀÄWÇ"Ë(ÄWÉc½�»\·/Èa�`A_Ðs³È?Ñ,Ò¥´WÇ\´�¶Àþ�¼]¾�¼�¼�Ä�ËJ½b+¢´�É°·'�jÉ�·�¶¸·Â´W¼�·X¹�&\º &?�`A@´5¼sÅ
¼�´5Ã�»�ù\¼]·B½]½�¼¢Ð©Ç\¼s½°¾½°ù�½�·SÄWË9³n·�Ã�»\Ç!ÄW¶ÀÄWø5þ'�?�,´�¿Vµ!É�¾�Á�ø5·'�MAN�O��ý8&'&Yý�º

� 7E��I?Ä�þ5´W¿T´?�_^Vº<�eúc��Æ�·ÂÃ*½°·�Ád�¬ÄWÇY½°É�¾Àµ!ù�½°¾¸Ä5Ç\¼vÄWË,½°»!·BIEÅ P ´�Ç\Á%¾¸½°¼'üt·,��½]ÅsÈE·BÇ!·�É°´�½�¾ÀÄWÇ^Ò�þ�¼s½°·B¿`¼��nÐ©Ç�)TÑuÉ°Ä�Ã�º�ÄWË�½�»!·
Ð©ÌEÒ�ÈE·BÇ\·BÉ�´�¶�A_·�·�½�¾ÀÇ!ø8ý'&'&5ý*��üvº?$Sº\Ìu´�Ç\Á�·�Ç�µ�·�É�øT´�Ç\Á=ITº*:Vº\Ï¢´IûW·�ÉaZ[·�Á!¼�ºe[f�.6(61CM6'2*��ý8&(&5ý�º

� /1�`ütÄW½�»!Ç\´WøW·�¶��c�vº<�kÌE³%$t÷eý8&(&'�*)g� Ã�Ä5Ç�ûW·BÇY½°¾¸Ä5Ç\´�¶,Ì�ÎnÏ¬Ðv½�·BÉ°É°·�¼]½�É°¾À´W¶kÉ°·�Ë(·BÉ°·BÇ�Ã�·CË(É�´�¿T·(h¬Ð©Ç�)cÑuÉ°Ä�Ã�º�Ä�Ët½°»!·�¹17�½°»
\�Ä5É�Ê�¾ÀÇ!ø�A_·B·B½�¾ÀÇ!øTÄWÇ�úuù!É°ÄWÆ�·�´WÇ8Ì�ÎnÏ,ÐuË(ÄWÉtÈE·�Ä�Á!·�¼�þC´�Ç\Á	�j¼]½�É°ÄW¿T·�½°É�þ(�M\�º\Ò�Ã�»0+¬·�øW¿`´�Ç\Ç�´�Ç�ÁCÌ3º�³¢»!ÄWÉ�´�Ç\Á�½
Z(·ÂÁ!¼Bºe[f��Î�·�¾¸Æ!ÿ�¾¸ø.�#¹�2461C�ý'&(6*�Yý8&(&'�\º

� DE��$�þ5´WÇ��(-�º'\]�*��º(A;´*�0-\ºYÏ¬Ä�·�»!¿�ºWÐ©Ç�)9üi�EÒM��ÅsÈSÒ�÷@�`j ¼¢ÈE·BÄ�Á�·�½°¾ÀÃjÌ�ÎnÏ¬ÐeÑkÉ�Ä5øWÉ�´�¿=).´S³J+,·BÇY½sþYÅfþ5·�´�ÉG$t·�½�É°Ä5¼�Æ�·�Ã*Å
½�¾ÀûW·(�\Ñu»�þ�¼Bº.�¬»\·B¿�º!úk´WÉ]½°»��\ý8�?�*2�Å�¹�&*�K¹1& P ¹�C�¹1&(6Wý*�!¹�2(2'D\º

� 2E�CÒY½�É�´�Ç�Ák�.$Sº<�#ÈE¾¸¶À¿TÄWÉ°·��¬É�·�·BÊ�ÈE·BÄWÆ\»Yþ�¼�¾ÀÃ�´�¶lH�µ\¼�·BÉ°û�´�½°ÄWÉ°þ'�!Ð©Ç�),Ð©ÇY½�·�É�Ç\´�½�¾ÀÄWÇ\´W¶�Ì�ÎnÏ,Ð�Ò�·BÉ°ûY¾�Ã�·?Ë(Ä5ÉEÈE·�Ä�Á!·�¼�þ�´�Ç�Á
�j¼]½�É°ÄW¿T·�½°É�þ�ý8&(&5ým�tÇ!Ç�ù\´W¶;$�·BÆ�ÄWÉ�½���üi��Ò*�n3�³�ÑcC�ý'&'&'��Å©ý!¹W¹17!¹�2?�Wüvº.$Sº\Ìu´WÇ\Á�·BÇ�µ�·BÉ°ø`´�Ç\Á=ITº?:Vº\Ï¢´IûW·�ÉaZ[·�Á!¼�ºe[f�
2!¹�C02 P �!ý8&'&(�!º

� ¹�&E�T³¢¾½°Ä�û_�oHVº"��ÌVº\³n·�¼�¿'·�É��*-�º!Ï,Ä�·B»!¿�ºoH�%�5�`Ap6!º &?)rq�¼]·�É�j ¼tÈEù!¾�Á�·'�\Ð©Ç�)s�%q�Ò!Î�Ð]È~³.·ÂÃ�»!Ç!¾�ÃB´�¶�üjÄ�½°·�¼��./0�\ý8&(&!¹5º

OQP  *F�G8G�R',���)7��.S����%'���3��	()2�T�U.�N$����:12	�)2�8� R8X8X



�������#�
	���A�*�3�����Ê�(� ,�	��($3.�����/���������Q 4��	���"#	�$�%'���	�8)

÷�¾ÀøWù!É°·�!ºuúuû5ÄW¶Àù�½�¾ÀÄWÇ�Ä�Ë�½�»!·atåÃBÄW¿TÆ�Ä5Ç!·BÇY½�¼¢Ë(É�Ä5¿ ½�»\·SÌ�Î.Ï,Ð,Á!´�½�´!º

÷�¾ÀøWù!É°· P ºuúuû5ÄW¶Àù�½�¾ÀÄWÇ�Ä�Ë�½�»!·n^êÃBÄW¿TÆ�Ä5Ç!·BÇY½�¼¢Ë(É�Ä5¿ ½�»\·SÌ�Î.Ï,Ð,Á!´�½�´!º

÷�¾ÀøWù!É°·O6�ºeúuû5ÄW¶Àù�½�¾ÀÄWÇcÄ�Ën½�»!·m �ÃBÄW¿TÆ�Ä5Ç!·BÇY½�¼,Ë(É�Ä5¿ ½�»!·SÌEÎ.Ï,Ð¢Á!´�½�´!º
[�G�G OQP  *F�G�G�R0,���)2��.S����%'������	�)7�#�Â.�N$�����12	�)7���



���������
	���������������������������
������� �!��"�#$�%��"&��'���(��*),+.-0/!�1�2�3�%�4�05�637������������8�9/!�1�2�3:3;=<>),+.-0?=:=:=@A/B�����C�1�=�EDF���C���
�$GH�����8I����2	$����G="�<
7�J K�:3;CL>K=:�K
(8����7�� M�M����3"�I�I�J G�"N'OI=J ���="��>J G=����M�7�#$P�����I2���������$"1M�G=�Q?=:�:�@8M�7��������=��;

RTSVUAW�X�YZX�[]\�S9^`_aUcbedfW2gebihQjkg9l]UnmonprqsSV\utvX2gw^`xzy|{}UcS*X=Y~UH[�gsqsSV\ctv���

� �����9�1�������C�>��

���w�2�&�2�w����� � �E���B���.�
���� ¢¡8£¥¤§¦s¨�©�ª3«�¬8!®N¯E©$°�±Eª3²E³�´8µE©$°�±Eª>²B®N«�©$°

¶}·B¸8¹3º�»�¼�¹

½9($�����A),+u-¾����"��2����I1(|����	¿	$���À������7$�����8�B��637������������8��"*Á9�����A��P$"������À�2	¢���¿�=�1	$�C�B���¾	$������IC�B��������"!7$����7�����Â
���
�=�����e���¢Ã>Ä2Å�Æ�ÄQ���fG��1���>�%�1�������=���=�*	3���
���|I2��#�"��2	]P8�|Ç�#�7$�%�����AÁ*($���f�%� 7��="�"��2	|Á*�%��($�
��È�É4Ê Ë¾'Ì���=�Í��($��Î8#��="����
:�Ï�È=ÐÀÑA;�ÏÀË>J9�������
������������������"�#��%��"V�='G=����#$7�	3���
�2�¾�����=�%�3"���"Ò�����u7$����"����8���2	ÓJ�½9($�u��"N�����������.��'7����1�=���C�����VÔ�'O���
G=�1�2�>���1���������¿	$���§���Q���F��(��.Ç����3�
����G=�1�2�>�%�1�����������=�wÕ����
	�;�Ê ?*Ö�:3Ê�;uÁV��"B	3���������������2	EJ

×VØÚÙ$Û!Ü�ÝEÞußHàHáwÜEâ1ÞÒÛ

ãFä>å�ä8æ�ç�èFæ�ä>èéç�ê�ë¥ìë¥ê1íîëéïðå�ñ�ê}ò�ä8æ=ë¥ì�ä>òóç�ï}çõô�ä>å�ä8æ=ç�èéë¥ö>ç�ê�ë¥ñEå÷ñ�ø¿äÀùú9ä8æ�ëéûfä>å�ê�ç�èQøNç�üÀê�ï8ýFþ ÿ�êðþ ç�ï2ä>ò÷ñEåóç� í�ú9ñ�ê � ä>ï�ë ï�ê � ç�êFä���ÿ ç�ê�ë¥ñEå�ïFï � ñEÿ�èéò þeä|ï�ëéûfú&è¥ä�ç�å�ò þeä>ç�ÿ�ê�ë¥ø,ÿ è�����æ�ñEû ñEå�ä|ï�ëéò�ä|ë¥ê¾ü8ç�å�þ9ä�üÀñEå�ï�ë ò�ä8æ�ä>ò�ç�ï
ç ô�æ�ä>ç�ê�û�ä8æ�ë¥ê�ñ�øAê � äfê � ä8ñ�æ�í	� � ëéü � ú9ä8æ�û ë¥ê2ê2ä>ò�ê2ñ ü8ç�èéèuë¥ê�ê � ä�ûfñEï�ê¢þeä>ç�ÿ�ê�ë¥ø,ÿ èÒê � ä8ñ�æ�íÚä8ì�ä8æ�ò�ä8ì�ä>è¥ñ�ú9ä>ò
�� ñEå�ê�ëéåwÿ�ç�ê�ë¥ñEå ñ�øuê � ëéïQûfä8æ=ë¥ê¾ëéïQê � ä�øNç�üÀêFê � ç�ê¾ú æ�ä>ò�ëéüÀê�ë¥ñEå ï�ñ�øuô�ä>å�ä8æ�ç�è!æ�ä>èéç�ê�ë¥ìë¥êCí ò�ñðå�ñ�ê�è¥ñ�ôEëéü8ç�èéèéí}ø,ñEèéè¥ñ��
ø,æ�ñEû äÀùwú9ä8æ�ëéû�ä>åÓê�ï��� � ä8æ�ä8ø4ñ�æ�ä�ýwä>ç�ü � ê�ëéûfä�� � ä>å}ê � ä�ç�ü8ü8ÿ�æ�ç�üÀí}ñ�øÒê � äFäÀùú9ä8æ�ëéûfä>å�êAë ï ï�ÿ��ðü8ë¥ä>å�ê ë å ñ�æ�ò�ä8æ
ê2ñ¢ê2æ�í|ê2ñ¿ò�ä8ê2ä8æ�û�ë å�ä0ê � ä�å�ä� ä��9ä>üÀêcú�æ�ä>ò�ë üÀê2ä>ò]þ�í|ê � ä0ê � ä8ñ�æ�í|ñ�æHç¢å�ä� ê2ä8æ�û ëéåfç��wå�ñ��Qå]ä��9ä>üÀê8ý�� ä � ç3ì�ä
ê2ñ ü � ä>ü���� � ä8ê � ä8ævê � ä}ê � ä8ñ�æ�í ç�ô�æ�ä8ä>ï��Që¥ê � ê � ä äÀùú9ä8æ�ëéûfä>å�ê8ýuë��%ä��	� � ä8ê � ä8ævê � ä}ï�ë ûfú è¥ä�ç�å�ò þ9ä>ç�ÿ�ê�ë¥øNÿ�è
ä��wÿ�ç�ê�ë¥ñEå�ï�ò�ä>ï�üÀæ�ë¥þ9ä�æ�ä>ç�èéë¥êCí}ç�ò�ä���ÿ�ç�ê2ä>èéí��
�.Ø��! eÜEâ�Þ!Û" 
#$�å ê � ä]ü8èéç�ï�ï¾ñ�øcûfä8ê2æ�ëéü�ê � ä8ñ�æ�ë¥ä>ï¾ñ�øuô�æ�ç>ìë¥ê�ç�ê�ë¥ñEå�ê � äväÀùwú&ç�å�ï�ë¥ñEåÚñ�øuê � ävû�ä8ê2æ�ëéü¿ê2ä>å ï2ñ�æ�ñ3ì�ä8æ&%�'�üvü8ç�å
þ9ä(��æ�ë¥ê2ê2ä>å*)+%,�-!ç�ï

.0/1/32 4 %6587"9:�; 5=<?>@%�A :CBED. /@F 2 4 7?GH%65JIK5ML"NO	PRQ:CS 5=<?>@%�A :�T�D
. FVU 2 W FXU G %Y587�I 9: ; P 5=<?>@%�A : B D

>@% D
� � ä8æ�ä 9 ç�å�ò Q ç�æ�ävæ�ä8ê�ç�æ�ò�ä>ò ú9ñ�ê2ä>åÓê�ë ç�èéï8ý L"N ç�å�ò�I ç�æ�ä]ú ç�æ�ç�ûfä8ê2ä8æ=ï�� � ëéü � ç�æ�ä&, ç�å�òZ%væ�ä>ï2ú9ä>üÀê�ë¥ì�ä>è¥íëéå ô�ä>å�ä8æ�ç�èeæ�ä>èéç�ê�ë¥ìë¥êCí�ý�þ ÿ�êAû�ç3í � ç3ì�ä�ò ë+�eä8æ�ä>åÓêAì�ç�èéÿ�ä>ïAëéåðç�è¥ê2ä8æ�å�ç�ê�ëéì�ä�û�ä8ê2æ�ëéü�ê � ä8ñ�æ�ë¥ä>ï ñ�ø*ô�æ�ç3ìwë¥ê�ç�ê�ëéñEå
[ W FXU
ëéï0ê � ä]\¢æ�ñEå�ä��ä8æQï�íwûvþ9ñEè��"� � ä>åVýê � ä�ô�æ�ç>ìë¥ê�ç�ê�ë¥ñEå	^�_a`Yb0ò�ä>èéç3í ëéïc

d�egf 2 >@%Y5JI Dih�jlknm j:�Spo %Y5 %Y5Zq: rs j r¸�t èéå	u rv N 4 rv j u 5w> rv N 4 rv j D r¸ 4 %: r¸yx > rs j x r¸ D1Du rv ; 4 rv j u 5w> rv ; 4 rv j D r¸ 4 %: r¸yx > rs j x r¸ D1D >�7 D
),+.-¾?�:�:�@F/B�������1���DF���C���
�$G������8I����2	$���$G�" K�:3;



���������
	���C��������� ),+.-F/!�1�2�>���4�¾5�637������������8�Ò/!�1�2�3:3;

� � ä8æ�äzq 2 L"N7�587�I ý k|{ ê � äfÿ�å ë¥ì�ä8æ�ï�ç�è!ô�æ�ç>ìë¥êCíÚüÀñEå�ï2ê�ç�å�ê8ý m j ë ï¾ç û�ç�ï�ï�ñ�øAê � ä]ô�æ�ç>ìë¥ê�ç�ê�ëéå�ô}þ9ñò�í�ý r} j{ ì�ä>è¥ñwü8ëéê1í�ñ�ø*ê � äFçvê � þ9ñò�í�ý r~ { ï2ñEÿ�æ�üÀä¾ì�ä>üÀê2ñ�æ�ë å�ê � äFþ ç�æ�íüÀä>åÓê2æ=ëéü�æ�ä8ø,ä8æ�ä>å�üÀä�ï2íï2ê2ä>û ý r� F { ì�ä>üÀê2ñ�æ�ñ�ø
ê � ä��Aê � ï2ê�ç�ê�ë¥ñEå ëéå ê � ä�ô�ä8ñüÀä>å�ê2æ�ëéü|æ�ä8ø,ä8æ�ä>å�üÀä]ï2íwï�ê2ä>û����ÿ�û û�ëéå�ô�ëéïFò�ñEå�ävñ3ì�ä8æ¿ç�èéè!û�ç��2ñ�æ¾ú è ç�å�ä8ê�ï8ýH��ÿ�å
ç�å�ò��Úñ�ñEå
�Y�¾ä8ê�ç�ë è¥ä>ò ò�ä8æ�ë¥ì�ç�ê�ë¥ñEåðñ�øÒê � ë ïAäÀùú�æ�ä>ï�ï�ë¥ñEå}ø4ñ�æ�ê � ä�ü8ç�ï�ä¢ñ�øÒô�ä>å�ä8æ�ç�è9æ�ä>èéç�ê�ë¥ìë¥ê1í ü8ç�å þ9ä�ø,ñEÿ�å�ò}ëéå)X�E-Òç�å�ò ø4ñ�æ�ô�ä>å�ä8æ�ç�èÒü8ç�ï2ävëéå*)+%,0-��� � äðï2ä>üÀñEå�ò ê2ä8æ�û ëéåkê � äðþ�æ�ç�ü���ä8ê�ï]þeä8ø,ñ�æ�ä èéñ�ôEç�æ�ë¥ê � ûZç�å�ò ê � ä ê � ë¥æ=òkê2ä8æ�û ëéåkê � ä å�ÿ ûfä8æ�ç�ê2ñ�æ]ç�å�ò
ò�ä>å�ñEû ëéå�ç�ê2ñ�æ�ñ�øÒê � ä¿è¥ñ�ôEç�æ�ë¥ê � û ç�æ�ä¢ú æ�ñ�ú9ñ�æ�ê�ë¥ñEå�ç�è&ê2ñ } S A : S ç�å�ò}ì�ä8æ�í ï�û�ç�èéè�ýwäÀù�üÀä8ú�ê�ø,ñ�æ�ê � ä¿ü8ç�ï2ä>ï�� � ä>å
ê � ä]ï2ñEÿ�æ�üÀä]ëéïFü8è¥ñEï2ä|ê2ñ ê � ävô�æ=ç>ìë¥ê�ç�ê�ëéå�ô}þ9ñwò�í���bCê�ü8ç�å�þ9ä�ä>ç�ï�ëéèéí ï � ñ��¾åÚê � ç�ê¾ê � ä]üÀñEå�ê2æ�ë¥þ ÿ�ê�ëéñEå ñ�øcê � ä>ï�ä
ê2ä8æ�û�ïFê2ñ�^�_�`�b�ê�ëéûfä|ò�ä>èéç3í ëéï¾æ�ä>ü8ë¥ú�æ�ñü8ç�è!ê2ñ}ê � ävê � ëéæ�ò ò�ä8ô�æ�ä8ä|ñ�øHê � ä|ç�å�ôEÿ�èéç�æ�ò�ëéï2ê�ç�å�üÀä|ø,æ�ñEû ç ï2ñEÿ�æ�üÀä
ê2ñ çfô�æ=ç>ìë¥ê�ç�ê�ëéå�ô�þ9ñò�í!) O -��� � äuú ç�æ�ê*ñ�øwê � äcäÀùú�æ�ä>ï�ï�ë¥ñEå�ø4ñ�æ�^�_a`Yb9ê�ëéû�äcò�ä>èéç>í��Qëéê � ñEÿ�ê9ê2ä8æ�û�ïÒñ�ø�ê � ëéæ�ò�ñ�æ�ò�ä8æ � ç�ïVþ9ä8ä>å¢äÀùwê2ä>å ï�ë¥ì�ä>è¥í
ê2ä>ï2ê2ä>ò
�"�Få�ç�è¥íï�ëéïcñ�øVê � ä�� � ñEèéäQï2ä8êHñ�ø
^�_�`�b.ñ�þ ï2ä8æ�ì�ç�ê�ë¥ñEå ïcø,æ�ñEû�%����0�vê2ñ�70,�, O ú9ä8æ�ø,ñ�æ�ûfä>òfþwí]ê � ä¾ç�ÿ�ê � ñ�æ
ôEë¥ì�ä>ï"I 2 %0�V,�,�, O�� ,��V,�,�,�7z� � ä>åfñEå�è¥í|ê � ä��ÿ åfëéïuê�ç0��ä>å}ëéåÓê2ñvç�ü8üÀñEÿ�åÓê ëéåfê � äQäÀùwú�æ�ä>ï�ï�ë¥ñEå?7��"�¾ä8æ�ä�,��V,�,�,�7
ëéï0ê � ävÿ�å�ï�ü8ç�è¥ä>ò ø,ñ�æ�û�ç�èÒÿ�å�üÀä8æ�ê�ç�ëéå�ê1í��� ñEå�ê2æ�ë¥þ&ÿ�ê�ë¥ñEå|ñ�ø9ê � ä�ê2ä8æ�û�ïcú�æ�ñ�ú9ñ�æ�ê�ë¥ñEå�ç�èwê2ñ } S A : S � ç�ïcå�ä8ì�ä8æAþ9ä8ä>å]þeä8ø,ñ�æ�äQò�ä8ê2ä>üÀê2ä>ò�äÀùúeä8æ=ëéûfä>å�ê�ç�èéè¥í��� � ä�ëéå�ê2ä8æ�ä>ï2ê0ê2ñ]ê � ä>ï2ä�ê2ä8æ�û�ï0ç�æ�ñEï�äFæ�ä>üÀä>åÓê�è¥í}ç�ï��n��\¢ñ�ú9ä>ë��wë å�ú9ñEëéå�ê2ä>ò ñEÿ�ê�ëéå}ç]ï � ñ�æ�ê ú ç�ú9ä8æ() O -Vê � ç�ê&�2ü�
ëéå ê � ä¢ê � ë¥æ�ò}ê2ä8æ�û ñ�ø.ê � ä¿åwÿ�ûfä8æ�ç�ê2ñ�æ�ç�å�ò ò�ä>å�ñEû�ëéå ç�ê2ñ�æ�ñ�ø!ê � ä¿èéñ�ôEç�æ�ë¥ê � û üÀñ�æ�æ�ä>ï2ú9ñEå�ò�ï ê2ñ�ê � ä¿ï2ú9ä8ä>ò ñ�ø
ú�æ�ñ�ú&ç�ôEç�ê�ë¥ñEåzñ�ø ô�æ�ç>ìë¥êCí�� ãFä>å�ä8æ�ç�ècæ�ä>è ç�ê�ë¥ìwëéê1í�úeñEï�ê�ÿ�èéç�ê2ä>ï¢ê � ç�ê�ê � ä ï2ú9ä8ä>òkñ�ø0ú�æ�ñ�ú&ç�ôEç�ê�ë¥ñEåkñ�ø0ô�æ�ç>ìë¥êCízëéï
ä��wÿ�ç�è�ê2ñ¿ê � ä�ï�úeä8ä>ò�ñ�ø&ú�æ�ñ�ú ç�ôEç�ê�ë¥ñEå�ñ�ø9èéë¥ô � ê8ýEþ ÿ�êBê � ç�êHï2ê�ç�ê2ä>ûfä>å�ê � ç�ïAå�ñ�êuþ9ä8ä>å�ü � ä>üg��ä>òðäÀùwú9ä8æ�ëéû�ä>åÓê�ç�èéèéí)X�E-�ý�)V��-���� � ëéïQëéå�ê2ä8æ�ú�æ�ä8ê�ç�ê�ë¥ñEåÚü8ç�ÿ ï2ä>òÚçK� ä8æ�üÀä|üÀæ�ë¥ê�ëéü8ë ï�û þwí�)+%�-�ý�)+%,0-.ç�å òJ)X�E-�� � ñ�ú æ�ä>ï2ä>å�ê2ä>ò�ç�æ�ôEÿ�ûfä>å�ê�ï
ê � ç�ê]ê � ç�ê��2ü�këéï|ê � ä ï2ú9ä8ä>òõñ�ø¾èéë¥ô � ê8ýcå�ñ�ê|ô�æ�ç>ìë¥êCí��J\¢ñ�ú9ä>ë��ëéå ç�å ç�è¥í�ö8ä>ïfç�æ�ôEÿ�ûfä>å�ê�ï]ñ�ø � ëéïvñ�ú�ú9ñEå�ä>å�ê�ï
ëéå ò�ä8ê�ç�ëéè ï|ç�å ò ò�ä8ø4ä>å ò�ï � ëéïvúeñEï�ë¥ê�ë¥ñEåõëéå è¥ä>å�ô�ê � í ú ç�ú9ä8æ�ï�)X�E-�ý�)X��-�� �FåÓí��0ç>í�ý æ�ä8ôEç�æ�ò�è¥ä>ï�ïvñ�øFê � ä8ñ�æ�ä8ê�ë ü8ç�è
ëéå�ê2ä8æ�ú�æ�ä8ê�ç�ê�ëéñEå ñ�ø!ê � ä>ï2ä¿ê2ä8æ�û�ï>ý ë¥ê�ëéï0ê2ä>ûfú ê�ëéå�ôfê2ñ ò�ä8ê2ä>üÀêFë¥ê�ï�üÀñEå�ê2æ�ë¥þ ÿ�ê�ë¥ñEå}ê2ñK^�_�`�bAú&ç�ê � ò�ä>èéç3í��
¡.Ø�¢]£a¤ Û!Ü Þ¦¥��¦§¦§��.Ø¨§a©.Ø¨§�ª� ü8ÿ�æ�ï�ñ�æ�íFç�å ç�è¥íwï�ëéï*ï � ñ��Qï*ê � ç�ê*ê � äcþ9ä>ï2êÒü8ëéæ�ü8ÿ�û�ï2ê�ç�å üÀä>ïVñ�øñ�þ ï2ä8æ�ì�ç�ê�ë¥ñEå¿ñ�øê � äHê2ä8æ�û�ïÒë å¢ô�æ�ç>ìë¥ê�ç�ê�ë¥ñEå ç�è
ò�ä>èéç3í�ú�æ�ñ�ú9ñ�æ�ê�ë¥ñEå�ç�è�ê2ñ } S A : S ç�æ�äY� � ä>åy«Eÿ�ú ë¥ê2ä8æ*ñ�æ��ç�ê�ÿ�æ�å�ú ç�ï�ï2ä>ï*ì�ä8æ�í¢ü8è¥ñEï�äHê2ñQçQþ�æ�ë¥ô � ê*üÀñEûfú ç�üÀê¬��ÿ�ç�ï�ç�æ���]��\¿ÿ ò�æ�íEç>ìwê�üÀä8ì!>,ú9ä8æ�ï�ñEå�ç�è&üÀñEû ûvÿ�å ëéü8ç�ê�ë¥ñEåVýi70,�,i% D � ç�ïAø4ñEÿ�å ò ê � ç�ê ñEå�70,�,�7��V,����V,��%�� � ����ûl,����®��ï��¬��b«Eÿ�ú ë¥ê2ä8æ6� ñEÿ�èéò ú ç�ï�ï��Që¥ê � ëéåK�E¯°�±�¢ñ�øÒê � ä��wÿ�ç�ï�ç�æ²,�������5z%�����>³�&ôi��7 D �6� � ä8æ�ä¾ç�æ�ä¾ê´�Añ]ñ�ê � ä8æ��wÿ�ç�ï�ç�æ�ïY� � ëéü �� ä8æ�ä¿ú�æ�ä8ìë¥ñEÿ�ï�è¥í�ñ�þ ï2ä8æ�ì�ä>ò ëéå ô�ä8ñò�ä8ê�ëéü¢äÀùú9ä8æ�ëéûfä>å�ê�ï�å�ä>ç�æ�,�������5&%����µc²,�������5&%���7 ç�å�ò!$(«�7����µ�,�������5z%���� ¶&ÿù�,��®����«�í û�ëéå ò ëéï2ê�ç�å�üÀä � ¯ �±�,�������5z%���7 ¶&ÿù�,��·%��0«�í û�ëéå ò ëéï2ê�ç�å�üÀä O �E¯$(«µ7���� ¶&ÿù7��V,�«�í û�ëéå ò ëéï2ê�ç�å�üÀä ��¸0%�� ¯�ë ûvÿ�è ç�ê�ë¥ñEå ï � ñ��Aä>ò�>³�&ôEÿ�æ�äK% D ê � ç�êQê � ä�üÀñEå�ê2æ�ë¥þ&ÿ�ê�ë¥ñEå ñ�ø.ê2ä8æ�û�ï�ú æ�ñ�ú9ñ�æ�ê�ë¥ñEå�ç�è9ê2ñ } S A : S ò�ÿ�æ�ë å�ôvê � ç�ê
ä8ì�ä>å�ê.ü8ç�åvæ�ä>ç�ü � ��ú ï2ä>üY� � ä>å�ñ�þ ï2ä8æ�ì�ä>ò]�Që¥ê � ê � ä6b¹^(��å�ä8ê´�Añ�æg�n���¾è¥ê � ñEÿ�ô � ê � äHú�æ�ä>ü8ë ï�ë¥ñEå¢ñ�ø�ô�æ�ñEÿ�úvò�ä>è ç>íï
ëéïcå�ñ�êHï�ÿ��ðü8ëéä>åÓêcëéå�ñ�æ�ò�ä8æcê2ñ|ûfä>ç�ï�ÿ�æ�ä¾ï�ÿ�ü � ç�å�ä��9ä>üÀê8ý�ê � ä¾ç�ü8ü8ÿ�æ�ç�üÀífñ�øVò�ë+�9ä8æ�ä>å�ê�ëéç�è�ú � ç�ï�ä�ò�ä8ê2ä8æ�û�ëéå ç�ê�ë¥ñEå
ï � ñEÿ èéò|þeä�ï�ÿ��ðü8ë¥ä>å�ê.ø4ñ�æHò�ä8ê2ä>üÀê�ë¥ñEå�ñ�øeê � ëéïuüÀñEå�ê2æ�ë¥þ ÿ�ê�ë¥ñEå]ú�æ�ñ$ìwëéò�ä>ò]ê � ä�ø4æ=ëéå�ô�ä0ú � ç�ï2ä>ïHü8ç�åfþ9ä�ï�ÿ�ü8üÀä>ï�ï2øNÿ�èéèéí
üÀñEå�å�ä>üÀê2ä>ò¦�

K=:�? ),+u-¾?=:=:=@Q/B���$���1�=�DF����������G������8I�����	$����G="



���������
	���C��������� ),+.-¾/!�1�2�>�%�,�F5�637������������8�Ò/!�1�2�3:3;

º¼»¾½�¿�À´Á�Â�Ã¦Ä�À´ÁCÅ�»+Æ1Ç´ÁCÅ]Æ�È�ÉEÇ´À¹»¾Ê�¿�Ç´»¾È�É]Ç´È�Ë·À¹»±É�½�Á²Ì�Í�Î�ÏÐÁ�Å�¿�Á²Ç¹È(ÑEÒ�ÓÔgÒYÇ¹Á�À¹Õ�Ï"»±ÉzÌ�Í�Î�ÏÐÁ�Ç¹¿�À´ÉµÏ`0ç�ï2ä>è ëéå�äyÖ�× Ø�Ù�ÚEÛ0Ü�Ý�Þ�ß�à�á´á¹â�à0×®× `0ç�ï2ä>èéë å�ä?ã�Û0Ü·áCÜ³ÛEÙ�Þ�ä�å�Ûµ× à�æ�ç�è

é�»±Õ�Á²»¾É�Í�È�¿�À@Ï�ÎË�Ç¹Á�À6ê�ë�ë�ê�Ã ë�ì�Ã ë�í é�»±Õ�Á�»¾É�Í�È�¿�À@Ï�ÎË�Ç¹Á�À6ê�ë�ë�ê�Ã ë�ì�Ã ë�íîcØ!ï�¤ñð�â�òÒÛ�Þ¦¥�Ü�ó"¤ ¢]ô�õ�¤�Ý�âÐö÷¤ Û!Ü� � æ�ä8ä�ï2ñEÿ�æ�üÀä>ï>ý�,�������5z%�����ýi,�������5z%���7vç�å�òø$(«µ7�����ý�� ä8æ�ä�ñ�þ ï2ä8æ�ì�ä>ò ç�ê6�¾èéô�ñ�ú ç�æg�eýã�ëéè üÀæ�ä8ä�&ý��Fç�æ�ê2æ�ç�ñ�ý\¢ñ���ä8ä�ý6�Úä>ò�ëéü8ë å�çý�ùQíEç�è¥ä>ïú70,ý"ûkä>ï2ê2ø,ñ�æ�òVý�ûkä8ê2ê2ö8ä>èéè²�Qëéê � 7����!��ï�ç�ûfú è¥ä>ïC'�ï2ä>ü þ&ë¥ê�ï¿æ�ç�ê2ä ç�ê�ü('�� þ ç�å ò�ï�ý ùú9ä8æ�ëéûfä>å�ê�ï2ê�ç�æ�ê¾ê�ëéûfä�c�70,�,�7��V,����V,���,��?þ��(�n�Fÿ�æ�ç�ê�ë¥ñEå
c²7 O � ñEÿ�æ�ï� ý ì�ä8æ�í êÐ� ñ � ñEÿ�æ�ï���ÿ O ê2æ�ñ�ú9ñEï2ú � ä8æ�ä
ü8ç�èéë¥þ æ�ç�ê2ñ�æ�ï²� ä8æ�ä¿ñ�þ ï2ä8æ�ì�ä>ò ò�ÿ�æ=ëéå�ô|ê � ä¢äÀùwú9ä8æ�ë ûfä>åÓê�� � ä¢ú ÿ�æ�ú9ñEï2ä�ñ�øBê � ä¿äÀùúeä8æ=ëéûfä>å�ê��0ç�ï % D ê2ñ�ô�ä8êQô�æ�ñEÿ�ú ò�ä>èéç>íïQç�ê�ü('��}þ&ç�å�ò�ï[ñ7 D ê2ñ ô�ä8êQò�ë+�9ä8æ�ä>å�ê�ëéç�è
ú � ç�ï�ä>ï��ü8ç�å è¥ä>å�ô�ê � �0ç�ïFê�ç0��ä>åkè¥ñEå�ô ä>å�ñEÿ�ô � ëéå ñ�æ�ò�ä8æ¾ê2ñ ô�ä8ê�ê � ä]ï�ë¥ôEå�ç�èÒê2ñ å�ñEëéï2ä�æ=ç�ê�ë¥ñ}ç�ê�è¥ä>ç�ï2ê(70, ç�ê�ê � ä
þ ç�ï2ä>è ëéå�ä>ï��Që¥ê � � ä>ç0�zç�å�ê2ä>å�å�ç�ï�øb�åkñ�æ=ò�ä8æ¿ê2ñ�� ê�ñEå�äfê�ç�ú9ä�ú ç�ï�ï8ý!êÐ� ñ ñ�þ ï�ä8æ�ìwë å�ô ï2ä��wÿ�ä>å�üÀä>ï(� ä8æ�äðÿ ï2ä>ò
ëéå�ê2ä8æ�û�ë¥ê2ê2ä>å�ê�è¥í��,�������5&%���7 { ,�������5&%����	>"� O , � { 7��0, � D$y«�7���� { ,�������5&%���� { $(«�7���� { ,�������5z%���� { $(«�7���� { ,�������5z%���� { $(«�7���� { ,�������5z%����>�%�7�� � { 7 O , � { %�%�� � { 7 O , � { %�%�� � { 7 O , � { %�%�� � { 7 O , � D� � ä¾ê�ç�æ�ô�ä8ê¾ï2ñEÿ�æ�üÀä>ï²� ä8æ�ä�ñ�þ ï2ä8æ�ì�ä>ò ç�ê�ç�è èeï�ê�ç�ê�ë¥ñEå�ï²� � ä>å}ê � ä8íø�Aä8æ�äz%,fò�ä8ô�æ�ä8ä>ï�ç�þ9ñ3ì�ä¢ê � ä � ñ�æ�ëéö8ñEå
�þFï�ëéå�ô}ï�ëéû�ë èéç�æ¾ï�ü � ä>ò�ÿ�èéä�êÐ� ñ ñ�ê � ä8æ¢äÀùúeä8æ=ëéûfä>å�ê�ï�� ä8æ�ä|úeä8æ�ø4ñ�æ�û�ä>ò
c�ñEå�70,�,�7��V,����®70, ç�å�ò|70,�,�7��V,����®7����� � ä�ú&ÿ�æ�ú9ñEï2ä0ñ�ø&ê � ä>ï2ä�äÀùúeä8æ=ëéûfä>å�ê�ï�� ç�ïHê2ñ�ò�ä8ê2ä8æ�û�ë å�ä�ê � äQå�ñEë ï2ä�è¥ä8ì�ä>èi� � ä>å?«Eÿ�ú ëéê2ä8æ�� ç�ïHø,ç�æHç�� ç3ífø4æ�ñEû,�������5z%����µ���ÿ ë¥ê2ä|ë å�ò�ä8ú9ä>å�ò�ä>å�ê�è¥í�ý&ç�åkç�å ç�è¥ñ�ô�ñEÿ�ï�äÀùúeä8æ=ëéûfä>å�ê��0ç�ï�ú9ä8æ�ø4ñ�æ=ûfä>ò ç�êFê � ä]å�ä8êÐ� ñ�æg��� � ëéü � ëéå ü8èéÿ�ò�ä>ò%,&^�_�`²�iï2ê�ç�ê�ë¥ñEå�ïQç�å�ò ý �9ä>èéï2þ9ä8æ�ô]þwí ý � ��ñEû�ç�èéñEåÓêFç�å�ò��n� \¢ñ�ú9ä>ë��ëéå|)X7E-��
�.Ø��kÛ" 
#��"ð�âÐð Þ�¥	� ÝÓÞÒà"õ ï�¤¼#� 
�"ð� � ä|äÀùú9ä8æ�ëéûfä>å�ê�� ç�ïvò�ä>ï�ë¥ôEå�ä>òÚø,ñ�æ¿ô�ä8ê2ê�ëéå�ô ú�æ�ä>ü8ëéï2äfô�æ�ñEÿ�úzò�ä>èéç3íwï¿ç�èéñEå�ô��Që¥ê � ú � ç�ï�ä�ò�ä>èéç>íï�&��� ñ
ï2ñEèéÿ�ê�ë¥ñEå�ï²� ä8æ�ä¢ú9ä8æ�ø4ñ�æ=ûfä>ò
�b�å ï2ñEè ÿ�ê�ë¥ñEå}ã&%�ô�æ�ç3ìwë¥ê�ç�ê�ëéñEå�ç�è ê�ë ûfä¾ò�ä>è ç>í�ò�ÿ�äQê2ñz«Óÿ�ú ë¥ê2ä8æ"�0ç�ï å�ñ�êAûfñò�ä>è¥ä>ò¦���.ç�æ�ç�û�ä8ê2ä8æYI��0ç�ïAüÀñEå

ï�ëéò�ä8æ�ä>ò ç�ïFò�ä8ú9ä>å�ò�ä>å�ê�ñEå ê � ävô�æ�ç>ìë¥ê�ç�ê�ëéå�ô þ9ñwò�í��²� � æ�ä8äy^�_�`�b�ï2ä>ï�ï�ë¥ñEå�ï8ýñ,�70�!����70,0ü���ý
,�70��þ¢ã(7��Eü��
ç�å�ò ,�7�� ý �Y,��Eü�� � ä8æ�ä ÿ�ï2ä>òTø4ñ�æ}ç�òE�2ÿ ï2ê�ûfä>å�ê ñ�ø¢ê � ä|«�ñ3ìëéç�å=I���ý�ç�ïø�Aä>èéè¾ç�ï ú9ñEï�ëéê�ë¥ñEå ñ�øy,�������5z%�����ý
ò�ç�ëéèéí|åwÿ�ê�ç�ê�ë¥ñEåðñ0�9ï�ä8ê�ï8ý�ü8è¥ñwü��fø,ÿ å�üÀê�ë¥ñEå ç�å ò�ê2æ�ñ�ú9ñEï2ú � ä8æ�ä�ú ç�ê � ò�ä>èéç3í]ÿ ï�ëéå�ô�èéä>ç�ï2êAïg�wÿ�ç�æ�ä>ï���� � ä¾ç�ò�ò ë¥ê�ë¥ì�ä
þ ç�ï2ä>è ëéå�ä�1ò�ä8ú9ä>å�ò�ä>å�ê�å�ñEëéï2äz�0ç�ï�ç�ò�ò�ä>ò ê2ñ ê � ä&�Aä>ëéô � ê�ïvëéå ñwò�ä8æ¢ê2ñ��ä8ä8ú ê � äfæ=ç�ê�ë¥ñ ñ�ø�� ; ê2ñ ë¥ê�ï¢û�ç�ê � ä�
û�ç�ê�ëéü8ç�èBäÀùú9ä>üÀê�ç�ê�ë¥ñEå ü8è¥ñEï2ä]ê2ñ ÿ�å�ë¥êCí����Qä>ï�ÿ�è¥ê¾ñ�øcú�æ�ñüÀä>ï�ï�ëéå�ô ê � ä>ï2ä]ê � æ�ä8äväÀùú9ä8æ�ëéûfä>å�ê�ïc²I�� 2 %0�®7 � ,��·%0�
),+.-¾?�:�:�@F/B�������1���DF���C���
�$G������8I����2	$���$G�" K�:�È



���������
	���C��������� ),+.-F/!�1�2�>���4�¾5�637������������8�Ò/!�1�2�3:3;

ºn»±½�¿�À¹Á�ê�Ã�����ÁúÉEÇ�È�ËHê�ë�ë�ê�Ã ë�ì�Ã ë�í

��ä8ú9ñ�æ�ê2ä>ò ÿ�å üÀä8æ�ê�ç�ëéå�ê1í ëéï ê � ä�ÿ�å�ï�ü8ç�è¥ä>ò�%��� ÿ�å üÀä8æ�ê�ç�ëéå�ê1í��6�Fü8üÀñ�æ�ò�ëéå�ôvê2ñfûfä8ê2æ�ë üQê � ä8ñ�æ=ë¥ä>ï ñ�ø*ô�æ�ç>ìë¥ê�ç�ê�ë¥ñEå*ý
ú ç�æ�ç�û�ä8ê2ä8æ�I�ò�ñ�ä>ï�å�ñ�êQò�ä8ú9ä>å�ò ñEå ê � ä¢ô�æ=ç>ìë¥ê�ç�ê�ëéå�ô�þ9ñò�í��"� � ä¢äÀùú9ä8æ�ëéûfä>å�ê � ç�ï�üÀñEå��&æ�ûfä>ò ë¥ê�b�åðï�ñEèéÿ�ê�ë¥ñEåðãy7¿ê2ä8æ�û ïAú æ�ñ�ú9ñ�æ�ê�ë¥ñEå�ç�è�ê2ñ } S A : S �Aä8æ�ä¾äÀùü8è ÿ�ò�ä>òðø4æ�ñEû ê � äFäÀùwú�æ�ä>ï�ï�ë¥ñEå ø4ñ�æ ô�æ�ç>ìë¥ê�ç�ê�ë¥ñEå ç�è
ò�ä>èéç3í�7��Y� � ä¿ò�ë+�9ä8æ�ä>å�üÀä�ý�ò�ä>å�ñ�ê2ä>ò ç�ï��ý ë ï0ôEë¥ì�ä>å þwí
� S 2 7 knm �: S � o %65 rs � r¸: t èéå	u rv N 4 rv � u 5w> rv N 4 rv � D r¸ 4 %: r¸ x > rs � x r¸ Du rv ; 4 rv � u 5w> rv ; 4 rv � D r¸ 4 %: r¸ x > rs � x r¸ D 4 èéå u rv N 4 rv � u 5w> rv N 4 rv � D r¸u rv ; 4 rv � u 5w> rv ; 4 rv � D r¸ � >�� D
ç�ï�ï�ÿ û�ëéå�ô I 2 %�ç�ïvë¥ê¢ø,ñEèéè¥ñ��¾ï¢ø4æ�ñEû~ï2ñEèéÿ�ê�ëéñEå ãz%0�ø� � äfø,ç�üÀê2ñ�æ	! S � S �0ç�ï�ë å�ü8èéÿ�ò�ä>ò ëéåzê � äfä>ï2ê�ëéû�ç�ê�ëéñEåûfñò�ä>è�ç�å�òfê � äQÿ�åi�å�ñ��¾å]ú ç�æ�ç�ûfä8ê2ä8æAñ�ø"! S ñ�øeê � äQç�ò�û�ëéê2ê�ç�å�üÀä�ñ�ø"� S ëéåÓê2ñ�ê�ëéûfä�ò�ä>èéç3í]�0ç�ïcä>ï�ê�ëéû�ç�ê2ä>ò
��b�åê � äQü8ç�ï�ä¾ë¥øeäÀùwú æ�ä>ï�ï�ë¥ñEå?7¿ëéïuú�æ�ä>ü8ë ï2ä�ý�I 2 %�ý L6N 2 ,ýÓê � ä�ñ�þ ï2ä8æ�ì�ç�ê�ë¥ñEå�ç�è å�ñEëéï2ä�ëéïHÿ�å�üÀñ�æ�æ�ä>è ç�ê2ä>ò&�Që¥ê � �ý�ê � ä
ä>ï2ê�ëéû ç�ê2äQñ�ø�! S ï � ñEÿ�èéò]þ9ä�ü8è¥ñEï2äQê2ñvÿ�å�ëéê1í�����ä>ï�ÿ è¥êuñ�øVç�å�ç�è¥íï�ëéï.ñ�ø
,�7�� ý �Y,��Eü��Íï2ä>ï�ï�ë¥ñEå ëéï�! S 2 ,��®� � %0�®7��� � ë ïcüÀñEå�� æ�û ïuú�æ�ä>ò�ë üÀê�ë¥ñEåfê � ç�êAê � äQô�æ�ñEÿ�ú ò�ä>èéç3íwï ç�æ�ä¾å�ñ�êcú�æ�ä>ü8ëéï�ä�ä>å�ñEÿ�ô � ëéå�ñ�æ�ò�ä8æHê2ñvüÀñEåi� æ�ûañ�æ æ�ä8øNÿ�ê2ä
ê � ä¿ú æ�ä>ï2ä>å�üÀä¢ñ�øBê � ä } S A : S ê2ä8æ=û�ïQëéå äÀùú�æ�ä>ï�ï�ë¥ñEå7��#.Ø��kÛ" 
#��"ð�âÐð Þ�¥%$øó6 HðE¤8ï�¤ñ#Ð 
�"ð� � ëéï²�Añ�æ��}ëéïQëéå ú�æ�ñ�ô�æ�ä>ï�ï�
& Ø��ká('uÛcÞ*)�#�¤&ß"ò�ö÷¤ Û!Ü� � ä�ç�ÿ�ê � ñ�æcê � ç�å �wïY�H��\¢ñ�ú9ä>ë��wë åVý ý ����ñEû�ç�èéñEåÓê8ý�� ���ü � ÿ � ý�`����0ñ�æ�ä8ívø,ñ�æHÿ�ï�ä8ø,ÿ�è�ò ëéï�ü8ÿ�ï�ï�ë¥ñEåVý0ù ��^cç�å

ò�ä>å�þ9ä8æ�ô�ø4ñ�æ � ä>è¥ú¿ëéå¢ï�ü � ä>ò�ÿ�è ëéå�ô�ç�å�ò�ê � äHï�ê�çE�]ñ�øñ�þ ï�ä8æ�ìwë å�ô�ï2ê�ç�ê�ë¥ñEå�ï
� � ñ��Añ�æ���ä>ò¿ñEå���ÿ�å�ò�ç3í�ýE70,�,�7��V,����V,��wý
ëéå ñ�æ�ò�ä8æ�ê2ñ û�ç0��ä¿ê � ëéï�äÀùúeä8æ=ëéûfä>å�ê ú9ñEï�ï�ë¥þ è¥ä��
K=:�@ ),+u-¾?=:=:=@Q/B���$���1�=�DF����������G������8I�����	$����G="



���������
	���C��������� ),+.-¾/!�1�2�>�%�,�F5�637������������8�Ò/!�1�2�3:3;

�|¤ ¥@¤�Ý�¤ ÛAá�¤ñð+ Â-,/.6Ï¹Î�Å�Î1032�Ã40�é�Í�Á�5¾»¾½�ÍEÇ�Æ�È�É�ÁYÁ-6�ÁúÆgÇ�È�ÉyÇ¹Í�Á87�Í�Î�Ì�»¾À¹È�Ç¹»±Õ�Á²Å�Á95+Î�:;0Ó�=<?>A@CBED1FHG�<9IKJ3I403��È;5 Ã3LNM�OP0�Ì�Ì Ã(QSR�ì�THQ"Më10Eê�ë�ë�ê�Ã+ ê�,(º�È�Õ�Î;5±È�ÉEÇU0V�"Ã W�Ã�Î�É�ÅX7�Ã Y�Ã[Z²È�ÌµÁú»]\0»¾É^0�é�Í�Á¬Õ�ÁCÎ�Ï´¿�À¹Á�Õ�Á�ÉEÇHÈ�Ë�Ç¹Í�Á_5¾»¾½�ÍEÇHÅ�Á-`�ÁCÆ1Ç´»¾È�É�Ë·À´È�Õba�¿�Ì�»®Ç¹Á�À�c Á-d�Ì�Á�À¹»±Õ�ÁúÉ�Ç@Î[5À´ÁCÏÐ¿15®Ç@Ï90w�8<?>e@CBfD(F3G�<-I"J3I40(��È;5 Ã1L�ì�í1g�Â�h1Ã0Ì�Ì Ã Më[O[T(M�Â�Â;0�ê�ë�ë;i�Ã+ iV,/Z²È�Ì�Á�»4\0»±É^0S7iÃ Î�É�Åkj�ÃS7�Æ@Í�Î�ÁgË·Á�À�0^Q È�À´ÁúÉEÇCl�ÆgÈV�Î�À¹»¾Î�ÉEÇ6Ç´Í�Á�È�ÀE:&È�Ëm5±»¾½�ÍEÇ�Ì�À¹È�Ì�Î�½�Î�Ç´»¾È�É&»¾É ½�À¹Î��0»±Ç¹Î�Ç´»¾È�É�Î;5^n�ÁU5¾Å�Ï²È�ËÎ�À¹Ê�»±Ç´À@Î�ÀE:No°Õ�ÈV�0»±É�½�ÊµÈ�Å�»¾ÁúÏU0Pp�F3G�<-I*q �9r I sX0(��ÈN5³Ã(R�ë(00Ì Ã Â�êVOEë�ë�ê(0µÂCì�ì�ì�Ã+ O[,/Z²È�Ì�Á�»4\0»±É^0(7�Ã40�é¼ÁúÏÐÇ´»¾É�½�Ç¹Í�Á²À´ÁU5¾Î�Ç´»4�0»¾ÏÐÇ´»+Æ"Á96�ÁCÆ1Ç�È�Ë Ç¹Í�Á�Ì�À´È�Ì�Î�½EÎÇ¹»±È�É(È�Ë¼½�À¹Î��0»±Çt:�ÊH:/��Á�ÀE:�5¾È�É�½�Ê�Î�ÏÐÁU5±»¾É�Á�»±ÉEÇ´ÁúÀÐË·ÁúÀ�oÈ�Õ�ÁgÇ¹ÀC:N0��=<?>A@CBED1FHG�<9I�J3I40(��ÈN5³Ã1LNL[R10EÌ�Ì Ã1Q¦Â-THQKL30�ê�ë�ë�Â�Ã+ L�,/Z²È�Ì�Á�»4\0»±É^0u7�Ã�Î�ÉµÅv�6Ã�º�È�Õ(Î;5±È�É�Ç�0;."Ê�Á�À¹À@ÎÇ´»¾È�É�Î�ÉµÅ�Ç¹Í�Á"ÏÐÌ�Á�ÁCÅ�È�Ë�½�À@Î��E»±Çt:²»±É�Ç¹Í�Áwa�ÈV�0»+Î�É�Å�Á-`�ÁCÆ1Ç¹»±È�É�Á9d�ÌµÁúÀ´»¾Õ�Á�ÉEÇU0<?x1y  F£ >e> �fz 03{ °�°�µ�|�}H}u~$±H�w¬À²B®1ª$±u�(}u~V� �;}u~(�À°�±�ª3�>µ { }N�H� �N���u�u� 0�ê�ë�ë[OµÃ+ RV,/Z²È�Ì�Á�»4\0»±É^0�7iÃ�7�ÌµÁúÁúÅJÈ�Ë�j�À@Î��0»®Çt:|»¾É�j�ÁúÉ�Á�À@Î[5���ÁU5¾Î�Ç´»4�E»±Çt:*Î�ÉµÅJé�Í�ÁúÈ�À¹ÁgÇ¹»¾ÆúÎ[5=��É�Ç¹Á�À¹Ì�À¹ÁgÇ¹Î�Ç´»¾È�É*È�Ë�Ç¹Í�Á�a�ÈV�0»¾Î�É�6Á9`�ÁúÆgÇ´»¾È�É���d�Ì�Á�À¹»±Õ�ÁúÉ�Ç�0 <?x1y  F£ >e> �fz 03{ °�°�µ�|�}H}u~$±H�w¬À²B®1ª$±u�(}u~V� �N}[��±(�N�(�N}u�u�����H�H�N� 0�ê�ë�ë[O�Ã+ M�,/Y?Î�À@Ï´Í^0[j�Ã �6Ã�Î�É�Å��YÃV�6»¾Ï¹ÏÐ»¾Õ�o�7�Î�Ê�Î�ÇU0N�aÈ�Õ�Õ�Á�ÉEÇHÈ�É��´é�Í�Á¬ÏÐÌ�Á�ÁCÅ�È�Ë�½�À@Î��0»®Çt:3�(0[p�F3G�<-I(� � >�I��80���È;5 Ã�ê;R�ê30�Ì�ÌñÃ�ê;LNM�Tê[R�ë(0iÂúì�ì�ì�Ã+ íV,%7�Î�Õ�¿�Á95A037�Ã]01�YÉ(Ç¹Í�Á²ÏÐÌ�Á�ÁCÅ(È�Ë ½�À¹Î��0»±Çt:�Î�ÉµÅ�Ç´Í�Á=�1�Æ"Æ�È�À¹À´ÁCÆ1Ç¹»±È�É�Ï
Ç¹È�Ç´Í�Á=70Í�Î�Ì�»¾À´È�Ç´»¾Õ�Á�Å�Á95+Î�:;0(p�F3G�<-I q �-r I�� � >�I40��ÈN5³Ã�ì�ë1g³ê;iNh-0�»¾ÅiÃ�ê[i�Â�Âúë�Â;0Eê�ë�ëNi�Ã+ ìV,��¦Î�É?ºK5+Î�É�Å�ÁúÀ´ÉS0µé²Ã40�é�Í�Á�ÏÐÌ�Á�ÁCÅzÈ�Ë
½�À@Î��0»®Çt:�T ��ÍµÎÇ"Ç¹Í�Á�Á-d�Ì�Á�À¹»±Õ�ÁúÉ�Ç@Ï6Ï¹Î�:;0�p¡FHG�<9IK� � >�I ��0(��ÈN5³Ã�ê;L�ë10�Ì�Ì ÃnÂ?T�Â�ÂN0Âúì�ì�í�Ã+ ÂúëV,�¢�»]545A0P�YÃ]0�Ä�À´È�Ì�Î�½EÎÇ´»¾È�É(Ï´ÌµÁúÁúÅ È�Ëñ½�À¹Î��0»±Çt:�Î�É�Å(Ç¹Í�Á²À´ÁU5¾Î�Ç´»4�E»+ÏÐÇ´»+Æ�Ç´»¾Õ�Á�Å�Á95+Î�:;0E�=<?>A@CBED1FHG�<9I"J3I40u��È;5 ÃHL�ì�ë10�Ì�ÌñÃ(R�í;iVTR�ì�ë(0H{ °�°$µ�|C}H}u~3±H�¬À²B®�ª$±H�(}N~[� �[}u~1�À°�±�ª3�>µ { }N�u�u� �H�-£(� 0�ê�ë�ëNi�Ã

),+.-¾?�:�:�@F/B�������1���DF���C���
�$G������8I����2	$���$G�" K�:ÀK



Page intentionally left blank 



Splinter Meeting Report



Page intentionally left blank 



���������
	��������������������������� �!	�"#����%$'&(")��+*-,.�/�������0��1 &01324	���561 �	�7#86*-,9��:�;�;�<�=
�>���>�?���A@B���>��&0���DCE��	GF��>�IH�&0����1�8�7AJ K�;�LIM�KGNIO
G� ��7#� P�PQ&0R�1 F>F�J ��1S"TF�J ����1��6J ��	QR�PQ7���U��0&0FI����&0	���1?P����+:�;�;�<GPQ��	�������������V:

WYX[Z\Z^]�_a`cbedgfahjilknm�dofahqp'rsWctvuj]�wI`Yx3m�xzy b+_|{}x3hjbB~

�}���G�!���E���a�����3�G�

���������������/�I�A�I�����-���S�Q�/���#���o�� ��I����¡}�?¢¤£!�6�A�
��¥ ¦¨§G��©Vª¬«A�®�¯�«A°�±�²�³�´�µ�«'¶�·6¸�6«�«
¹�º�²

»½¼
¾G¿�À�ÁEÂ�¿

Ã �¤$���U�������� �/NI:68o:�;�;�<�8������$'&(")��!*-,.�.�������(��1 &01#24	���561 �	�7�Äa��1Å����ÆH!�Q�'�����Ç#	��?H�ÈÉ�0��&0�!Ê
	������6��� Ã � �?��Äa��8
Ë ������H��6JaÌa��.	�����Í-H����e���>�>��&0���¤Äa��1%��� ������H��IH+UG�+���0��	�1S�%Î�;/7���� ��&0F�&07����G��1�J�Ê%�>����8��D1 �	�� ��1 ��������� �/	�"Å����
H�&01 F���1 1 &0	��Ï��	�7�&0F�1�����H+����.��	�1S��&0��7�	�� �?���G�|����1 ���(��1������.��&ÆR����#J

ÐÏÑÓÒÔÑ#ÕÖÒÔ×QØ�×QÒ�Ù�ÑÚÙ�Û¨×QÜÅÝgÞBØ�×QÒ�Ù�ÑEØ�ßBà�Ý6áIÙ�âÅã�äoÝ6áæå�Ø�ÑEØ�çEØ'è0áêéBÝGÙ'çÅÝG×QÒÔäìë'âÅãQÕ�ÝGíÚîÏÒ�Õ'ÒÔáQÒ�Ù�ÑÚ×QÜÅÝðï9Ò�Û-×QÜÚñ>òóë
ô ÑEØ�ß�í'áQÒÔá[õìÙ�ãQö'áQÜÅÙ�÷Óø/Ø�áùÜÅÝ6ß�çúÒÔÑûäoÙ�Ñ�üIâÉÑEäo×QÒ�Ù�ÑÚøeÒ�×QÜý×QÜÅÝðþ�ÜEÒ�ã�çÚñ�òóëúéBÝ6ÑEÝGã�Ø�ßeÿ ÝGÝG×QÒÔÑ � Ø�× ×QÜEÝ���Ù�ã�ç
� ß � ÒÔÑ��eÙ�×IÝ6ßóØ�× ÐB×I×QØ�øDØ��Yå�Ø�ÑEØ�çEØ��BÙ�Ñ ïÅÝ
	Eã�âEØ�ã�í�������������� ô ß���Ù�áI×���� ÷ÉØ�ãQ×QÒÔäGÒ�÷�Ø�ÑA×Qá Ø�×I×IÝ6ÑEçÅÝ6ç ×QÜÅÝ
�[ÝGÝG×QÒÔÑ � ø+ÜEÒÔä�Üýø/Ø�á
���[Ù�ãQÝê×QÜEØ�ÑúÝGÕ�ÝGã���çÅã�ÒÔÕ�Ý6Ñ�	#í���Ø�Ñ#í Û�ã�âÉÒ�×IÛ-âÉßDçÉÒÔáQäGâEáQá�Ò�Ù�ÑEá
�Úþ�ÜEÝê÷EãQÙ � ã�Ø�� Ù�Û¨×QÜÅÝ
�[ÝGÝG×QÒÔÑ � äoÙ�ÑA×QØ�Ò�ÑÅÝ6ç Ø�ÑÖâ���	aÝGã�Ù�Û.Ò��[÷aÙ�ãQ×QØ�Ñ#×�÷ÉØ�ãQ×Qá�Ù�Û9ãQÙ�âE×QÒÔÑÅÝóØ�ÑEçêá�äGÒ�Ý6ÑA×QÒ! �ä¨çEØ�×QØ Ø�ÑÉØ�ß�íÖá�ÒÔá/ø+Ò�×QÜ�� Ø�ÑAí
�[Ù�ãQÝ½Ø�áI÷aÝ6äo×Qá"	3Ý6Ò�Ñ � ã�Ø�ÒÔáQÝ6ç çEâEã�ÒÔÑ � ×QÜÅÝ çEÒÔá�äGâEáQáQÒ�Ù�ÑÉá
�æþ�ÜEÒÔáYáQâ��#��Ø�ã�ígäGØ�Ñ$��ÜÅÙ�øDÝGÕ�ÝGã���ãQÝ&%�Ý6äo×YÙ�ÑEßÔíì×QÜÅÝ
� Ý6ÑÅÝGã�Ø�ß�ÜÅÝ6Ø�çEßÔÒÔÑEÝ6á/Ù�Û%×QÜÅÝ}ø¤Ù�ãQö'áQÜÅÙ�÷'�

(*)�+-,/.10324,/24576�896;:=<75><$?�+-@BADC*E$E$EGFH2JI-<703KL6;:3<'5MI
ÞBÒÔäoÙ�ß�Ý å/Ø�÷ÉÒÔ×QØ�ÒÔÑÅÝj÷EãQÝ6áIÝ6Ñ#×IÝ6çg×QÜÅÝ�ßÔØ�×IÝ6áQ×óçÅÝGÕ�Ý6ß�Ù�÷4�[Ý6Ñ#×Qá¨ø+ÒÔ×QÜ ã�Ý6áI÷aÝ6äo×¨×IÙæ×QÜÅÝ[ñ ô�N ������ à+Ý6áIÙ�ßÔâÅ×QÒÔÙ�ÑEá

Ø�ÑEç Ò�×QáYÝ&O3Ý6äo×QájÙ�Ñ Ý6Ø�ãQ×QÜ Ù�ã�Ò�Ý6Ñ#×QØ�×QÒ�Ù�Ñ ÷ÉØ�ã�Ø��[ÝG×IÝGã�áQP � ÐSRUTV�9þ�ÜÅÝ½ÑÅÝGø ÷�Ø�ã�Ø�çEÒ � �\ø+ÒÔßÔßM��Ø�ö�Ýù×QÜEÝù×Iã�Ø�ÑÉáXW
Û-Ù�ãY��Ø�×QÒ�Ù�ÑEá½Ý6Ø�áQÒÔÝGãê×IÙÚâEÑEçÅÝGã�áI×QØ�ÑEçÓØ�ÑEç ø+ÒÔßÔßZ	aÝgØ ÑÅÝ6äoÝ6á�áQØ�ãQí ÒÔÑEÑÅÙ�Õ�Ø�×QÒ�Ù�ÑÓÛ-Ù�ãêÒ��[÷Eã�Ù�Õ�Ý��[Ý6Ñ#×QáêÒÔÑ N þ��
çÅÝG×IÝGãY� ÒÔÑEØ�×QÒ�Ù�ÑEá��

ñ>×M	aÝ6äGØ��[ÝBäGß�Ý6Ø�ã!×QÜEØ�×/Ø}ä�ÜEØ�Ñ � Ýe×IÙY×QÜÅÝeÑÅÝGøú÷ÉØ�ã�Ø�çEÒ � �¬Ù�Û|×QÜEÝeäoÝ6ß�Ý6áI×QÒ�Ø�ßE÷aÙ�ß�Ý[�[Ù'çÅÝ6ßÔÒÔÑ � ø+ÒÔßÔßÅØ�ßÔáQÙYÜEØ�Õ�Ý
Ø�Ñ Ý&OaÝ6äo×�Ù�Ñ ×QÜÅÝ¨äGâÅãQãQÝ6Ñ#× N þ\�Ï×QÒ��[ÝÏáIÝGã�Ò�Ý6á�Ò�×QáQÝ6ß�Û]�!å/âEãQãQÝ6Ñ#×Qß�í��ÖÑÖâÅ×QØ�×QÒ�Ù�Ñ Ù�O|áIÝG×Qá+ãQÝ6ßÔØ�×QÒ�Õ�ÝÏ×IÙ[ñ ô�N ��^�_���Ø�ã�Ý
üQâEáI×¨×Iã�Ø�ÑEáQÛ�Ù�ãY��Ý6çnÒÔÑ#×IÙ äoÝ6ß�Ý6áI×QÒÔØ�ß�÷3Ù�ßÔÝ[Ù�OaáIÝG×QáYãQÝ6ßÔØ�×QÒÔÕ�Ý�×IÙê×QÜÅÝ�ñ ô�N ��������[Ù'çÅÝ6ß`�a�+Ù�ø¤ÝGÕ�ÝGã���âÉÑA×QÒÔß9òS�'bDñ
Ø�ÑEØ�ß�í'áQÒÔá.áQÙ�Û�×�øDØ�ãQÝB÷ÉØ�ä�ö�Ø � Ý6á¤×IãQÝ6Ø�×!×QÜEÝ�÷ÉØ�ã�Ø��[ÝG×IÝGãDÝ6áI×QÒ�� Ø�×QÒ�Ù�Ñ�äoÙ;�[÷ÉßÔÝG×IÝ6ß�í[äoÙ�ÑEáQÒÔáI×IÝ6Ñ#×�ø+ÒÔ×QÜj×QÜÅÝ�ñ ô�N ������
ãQÝ6áIÙ�ß�âÅ×QÒ�Ù�ÑEá
��Ø�ßÔáIÙ N þ��/ÜEØ�á
×IÙS	3ÝD×Iã�Ø�ÑEáQÛ�Ù�ãY��Ý6ç4Ø�äGäoÙ�ã�çEÒÔÑ � ß�í��
ñ�ÑYÙ�ã�çÅÝGã9×IÙBö�ÝGÝG÷[×QÜEÝ/áQÝG×
Ù�Û � ÐSRgäoÙ�ÑEá�ÒÔáI×IÝ6Ñ#×
Øó×Iã�Ø�ÑEáIÛ-Ù�ãY��Ø�×QÒ�Ù�Ñ[Ù�Û|×QÜEÝ�Ý6áI×QÒ���Ø�×IÝ6ç N þ���Õ�Ø�ßÔâÅÝ6á!ÜÉØ�á�×IÙ\	aÝ+Ø�÷É÷ÉßÔÒ�Ý6çj×QØ�ö'ÒÔÑ � Ò�ÑA×IÙ}Ø�äGäoÙ�âÉÑA×D×QÜÅÝ+çEÒ!O3ÝGãQÝ6ÑÉäoÝ6á
ÒÔÑj×QÜÅÝ+Ù�ßÔç�Ø�ÑEç ×QÜÅÝ+ÑÅÝGøÚÛ-Ù�ãY�4âEßÔØ�×QÒ�Ù�ÑjÙ�Ûa×QÜÅÝ �Mc âEØ�×QÒ�Ù�Ñ�Ù�Û3×QÜÅÝ �1c âÉÒÔÑÅÙ�d'Ý6á
�.þ�ÜEÒ�á.çEÒeOaÝGãQÝ6ÑEäoÝ�ÒÔá�âÉÑÅÙ�fùäGÒÔØ�ßÔßÔí
äGØ�ßÔß�Ý6ç ×QÜEÝ �Mc âEØ�×QÒ�Ù�ÑæÙ�Û
×QÜÅÝ4ÐÏã�Ò � ÒÔÑEá��

å/âEãQãQÝ6Ñ#×Qß�í�� � ÝGÙÖçÅÝG×QÒ�äùòS�'bDñ}çÉØ�×QØ Ø�ÑEØ�ßÔíÖáQÒ�áYáIÙ�Û-×?ø/Ø�ãQÝ ÷ÉØ�ä�ö�Ø � Ý6á�Ø�ã�Ýg	aÝ6ÒÔÑ � �[Ù'çEÒe ÉÝ6ç ×IÙgÒ�ÑEäGßÔâEçÅÝ ×QÜÅÝ
÷ÉØ�ã�Ø�çÉÒ � � Ù�Û!×QÜÅÝjñ ô�N ������êà+Ý6áIÙ�ßÔâÅ×QÒÔÙ�ÑEá
�}ïÅÙ�ã}×QÜÅÝ å/Ø�ßÔäih�ëÖÙ�ß�Õ�Ý[áIÙ�Û-×?ø/Ø�ãQÝùå/Ø�ß�äg�
���j�êø+ÒÔßÔß'	3Ý4ãQÝ6ß�Ý6Ø�áQÝ6çìÒÔÑ
Ø�	aÙ�âÅ×�×QÜÅã�ÝGÝ\�[Ù�Ñ#×QÜEá
�EÛ-Ù�ãÏÐóå+å ô ÿ\×QÜÅÝ"�[ÙÖçÉÒe �äGØ�×QÒ�Ù�ÑEá�Ø�ã�Ý}Ø�ßÔáIÙ âÉÑEçÅÝGãQø/Ø6í���éS�
Ð¨à�ñ ô Ø�ÑÉç ëÖ×IÝGÝ6ß!	Eã�ÝGÝ
kGÝ
Ø�ãQÝYÙ�÷3ÝGã�Ø�×QÒ�Ù�ÑEØ�ß�Ò�Ñê×QÜEÒÔál�[Ù'çÅÝ}Ø�ß�ãQÝ6Ø�çEíæÛ�Ù�ãÏáIÙ;�[ÝY×QÒ��[Ý}øeÜEÒÔß�ÝóÿìÐÏî � ë'þ ø+ÒÔßÔß|ÑEÝGÝ6ç áIÙ;��Ý��[Ù�ãQÝY×QÒ��[ÝY×IÙ
	aÝóäoÙ�ÑAÕ�ÝGã�×IÝ6ç*�

Cm)�+�n�oqpsr;<$.�<'It.1uM2�rv:]wyxz8{r;8*,�2�6�24rvIQ8*5M|}psr;<$.�<7I-.Uu~2�r�:3w���89.1.1:]5~���~KM51w�6;:=<'51I
ïÅÙ�ã[áIÙ;��Ý ×QÒ��[ÝùÑÅÙ�ø ×QÜÅÝ ñ�ÑEáI×QÒÔ×QâÅ×IÝ�Û-Ù�ã[éBÝGÙ'çÅÝ6áIínØ�ÑÉç éBÝGÙ�÷ÉÜ#í'áQÒÔäGáYÙ�Û�×QÜÅÝùþ%Ý6ä�ÜEÑÉÒÔäGØ�ß N ÑEÒ�Õ�ÝGã�áQÒ�×?ígÙ�Û

òÏÒ�Ý6ÑEÑEØ�P-ñQéóé�T!ÜEØ�á1	aÝGÝ6Ñ äoÙ;�[÷ÉâE×QÒÔÑ � Ø�ÑEçùçEÒÔáQáQÝ���ÒÔÑEØ�×QÒÔÑ � ×QÜEÝ+Ù�fùäGÒÔØ�ßÉñ�òóë�×IãQÙ�÷aÙ�áI÷ÉÜÅÝGã�Ò�ä/÷ÉØ�ã�Ø��[ÝG×IÝGã�á��¤ëÖÙ

*-,9�e:�;�;�<B=
�>���>�?���'@B������&Æ����CE��	GF>���IH�&0����1 K�;�L



���������%	��������������� *-,9�+�������0��1 &01�2j	���561 �	�7

ÛSØ�ã}×QÜÅÝ áQÝGã�Ò�Ý6á}ÜÉØ�çy	aÝGÝ6ÑìãQÝ6áI×Iã�ÒÔäo×IÝ6çn×IÙðÒÔÑEäGßÔâEçEÝ4Ù�ÑÉß�í ×QÜEÝ ñ>ò¨ë�W?à���Ø�ÑEçìñ>òóë�W?à[�ðáIÝ6áQáQÒ�Ù�ÑÉá
� ñQéóésÒÔáóÑÅÙ�ø
÷EãQÝG÷�Ø�ã�ÒÔÑ � ×QÜÅÝeÝ&dÖ×IÝ6ÑÉáQÒ�Ù�ÑùÙ�Û�Ò�×Qá�ãQÙ�âE×QÒÔÑÅÝ�÷Eã�ÙÖäoÝ6áQá�ÒÔÑ � ×IÙ4Ø�ßÔßEñ>ò¨ë[Ù�	ÉáIÝGãQÕ'ÒÔÑ � áIÝ6áQáQÒ�Ù�ÑÉá
� ô äGØ�ßÔßEÛ-Ù�ã¤÷ÉãQÙ�÷aÙ�áQØ�ßÔá
ÜEØ�á�	aÝGÝ6ÑêÒ�áQáQâÅÝ6ç½Û-Ù�ã+ñ>ò¨ë ô ÑEØ�ß�í'áQÒÔá+åDÝ6Ñ#×IÝGã�á+×IÙ�ãQÝ6áI÷aÙ�ÑEç½×IÙ�	Öí ÿ Ø�íQ�����{��������

ô ÑÅÙ�×QÜÅÝGãóÒÔá�áQâÅÝ}ã�Ý6ßÔØ�×IÝ6çð×IÙ½×QÜEÝ4×Iã�Ù�÷3Ù�áQ÷ÉÜÅÝGãQÝjÒÔáe×QÜÅÝjÛ-Ø�äo×Ï×QÜEØ�×��[ÝG×¨áIÝ6ÑEáQÙ�ã�áÏÜEØ6Õ�Ý[ÛSØ�ÒÔß�Ý6ç ÙÖäGäGØ�á�Ò�Ù�ÑEØ�ßÔß�í
Ø�×eáQÙ;�[Ý4á�Ò�×IÝ6á+Ø�ÑEç áQâÅãQÛSØ�äoÝ���ÝG×eçEØ�×QØùÜEØ�á
�É×QÜEÝGãQÝGÛ�Ù�ã�Ý��3ÑÅÙ�×l	aÝGÝ6Ñ Ø6Õ�Ø�ÒÔßÔØ�	�ß�Ý}ÒÔÑæ×QÜEÝ}ãQÝ6áI÷aÝ6äo×QÒ�Õ�Ý4çEØ�×QØ�	ÉØ�áIÝ6á��
þ�ÜÅÝ6áQÝ � Ø�÷Éá}ÒÔÑn×QÜÅÝ çEØ�×QØêá�ÜÅÙ�âEßÔç�	aÝz �ßÔßÔÝ6çðØ�áYáIÙÖÙ�Ñ Ø�áó÷aÙ�áQá�Ò!	Éß�Ý��#��Ù�ÜÉØ�ÑEÑÅÝ6á�b��Ù�Ü��\ÜEØ�á¨Õ�Ù�ßÔâEÑ#×IÝGÝGãQÝ6ç ×IÙ
Ý&d'×Iã�Ø�äo×�×QÜEÒÔájçEØ�×QØðÛ-ãQÙ;� ×QÜÅÝ � å/õÓÿðï� �ß�Ý6ájÒ�Û+áIÙ;��Ý
	3Ù'çÅínøeÒÔßÔß�÷ÉãQÙ�Õ'ÒÔçÅÝ½×QÜÅÝæÝG÷aÙÖä�ÜEájØ�ÑEç ×QÜÅÝæáI×QØ�×QÒ�Ù�ÑÉá
ø+ÜÅÝGã�Ý�×QÜÅÝ áQâEãQÛ-Ø�äoÝa�[ÝG×YçEØ�×QØ ÒÔá���Ò�áQáQÒÔÑ � � ñ>Ñ Ø�çEçEÒ�×QÒ�Ù�Ñ$��ØæÕ�Ù�ßÔâEÑ#×IÝGÝGãjÒÔáóØ�ßÔáIÙ ÑÅÝGÝ6çÅÝ6çn×IÙ Ý6ÑA×IÝGã4×QÜÅÝ���ÝG×
çEØ�×QØ�Ò�Ñ ×QÜÅÝ}çEØ�×QØ�	ÉØ�áQÝ6á
�

ñ>×Yø/Ø�ájÑÅÙ�×IÝ6ç ×QÜEØ�×z�[ÙÖçEÝ6ßÔÒÔÑ � ×QÜEÝù×IãQÙ�÷aÙ�áI÷�ÜÅÝGãQÝ Ù�Û�ÿðØ�âEÑEØH�¨Ý6Ø�P-òs�7b ô T}ø+ÜEÒ�ä�Ü ÒÔá}Ø�	aÙ�âÅ×"�;�������
Ø�	aÙ�Õ�Ý áQÝ6Øêß�ÝGÕ�Ý6ß.ÒÔáÏ÷ÉØ�ã�×QÒÔäGâEßÔØ�ã�ßÔíê×IãQÙ�â�	ÉßÔÝ6áIÙ;�[Ý[Ø�ÑEçì×QÜÅÝ�äoÙ�Ñ#×QÒÔÑÖâÅÙ�âEá¨Û-ã�Ø�äo×QÒ�Ù�ÑgÛ-Ù�ãY� Ù�Û/äGâÅãQã�Ý6ÑA×���Ø�÷É÷ÉÒÔÑ �
ÛSâEÑEäo×QÒ�Ù�ÑEá�áQÝGÝ���á�×IÙ�ÛSØ�ÒÔß`�!ñ�×�ø/Ø�áeá�âEáI÷aÝ6äo×IÝ6ç ×QÜEØ�×+×QÜÉÒÔá�ÒÔá�äGØ�âEáQÝ6çê÷ÉâÅã�Ý6ß�í#	Öí½×QÜEÝ}ÜAí'çÅãQÙ�áQ×QØ�×QÒÔäóäoÙ;�[÷aÙ�ÑÅÝ6Ñ#×
áQÒÔÑÉäoÝ¨øDØ�×IÝGãeÕ�Ø�÷aÙ�ã+áQÜEÙ�âEßÔçg	aÝóØ�×+Ø#��ÒÔÑÉÒ��Yâ4� Ø�×�×QÜÉÒÔá�Ø�ß�×QÒ�×QâÉçÅÝ��

�m)�+�n�o>�a�Qx��a<7,��1:]5~896;:=<'51I
þ�ÜEÝ4äGâÅã�ãQÝ6ÑA×BáI×QØ�×QâEáÏÙ�Û�×QÜEÝY×�ø¤Ùæñ>ò¨ë äoÙ;��	ÉÒÔÑÅÝ6çðáIÝGã�Ò�Ý6áeø/Ø�áÏ÷EãQÝ6áIÝ6Ñ#×IÝ6ç*�Ïþ�ÜÅÝ���ã�Ø�÷ÉÒÔç��ùáIÝGã�Ò�Ý6áBáI×QØ�ãQ×IÝ6ç

Ù�ÑD�AØ�Ñ#âÉØ�ãQí��GáI×
����^�^�^��9Ø�ÑÉç*�7	ÖíìÑÅÙ�ø\�
äoÙ�Ñ#×QØ�ÒÔÑEáz���;�æçEØ�×QØ ÷aÙ�ÒÔÑA×QáaPSÞ � Ðóë�W ô Ø�ÑEçìñ>òóë�W?à\�ihiW?àZ� ãQÝ6áQ÷$��TV�
þ�ÜEÒ�á
áQÝGã�Ò�Ý6á.ÒÔá9âÅ÷|çEØ�×IÝ6ç4Ù�Ñ�ØBøDÝGÝGöÖß�í"	ÉØ�áQÒ�á
�
þ+ÜÅÝ�áIÝ6äoÙ�ÑEç[áIÝGã�ÒÔÝ6á.ÒÔá9×QÜÅÝ�áIÙ�W?äGØ�ßÔß�Ý6ç c âEØ�ã�×IÝGã�ß�í}áIÙ�ß�âÅ×QÒ�Ù�Ñ4ø+ÜEÒÔä�Ü
äoÙ�Ñ#×QØ�ÒÔÑEáóØ�ßÔß.áQÝ6áQáQÒ�Ù�ÑEáÏáQâÉÒ�×QØ�	Éß�ÝjÛ-Ù�ã � ÐSR çEÝG×IÝGãY��ÒÔÑEØ�×QÒÔÙ�Ñ�P`���;_�� çEØ�×QØ ÷aÙ�ÒÔÑ#×QáVTV� ô äoÙ;�[÷�Ø�ã�ÒÔáIÙ�Ñg×IÙêñ � àÏë
å����æáQÜÅÙ�ø+áB×QÜEØ�×Ï×QÜÅÝj÷EãQÝ6äGÒÔá�Ò�Ù�ÑêÙ�Û¤×QÜÅÝYã�Ø�÷ÉÒÔçðáIÝGã�Ò�Ý6áÏÒÔáBØ�ãQÙ�âEÑEç��
���g��Ø�áÏÛ-Ù�ãBÝ6Ø�ä�ÜnäoÙ;�[÷aÙ�ÑÅÝ6Ñ#×zP`����� Ù�Ñ
×QÜÅÝ[Ý6Ø�ãQ×QÜ�è0áóáQâÅãQÛSØ�äoÝ-TV� ÐÏÑÅÝ[Ù�ÛD×QÜÅÝ#��Ø�üIÙ�ã¨÷EãQÙ�	ÉßÔÝ���áÏø+ÜEÒÔä�ÜgáI×QÒÔßÔß9ÜEØ�áÏ×IÙ�	aÝ[áIÙ�ß�Õ�Ý6ç ÒÔáB×QÜÅÝ[×IãQÝ6Ø�×��[Ý6Ñ#×}Ù�Û
×?øDÙùáQÝ6áQáQÒ�Ù�ÑEá�Ù�Ñê×QÜÅÝ}á�Ø��[Ý}çEØ�í�P-Ý�� � ��Þ � Ðóë�W ô Ø�ÑEçgå�ÐÏà � W ô Ù�ã+ñ�à�ñQë Ø�ÑEçæøDÝ6áI×IÝGã�Ñ�P-Ý6Ø�áI×IÝGã�Ñ*�3äoÝ6ÑA×Iã�Ø�ß�T
R9Ø�äGÒe �äóÑEÝG×?øDÙ�ãQöÖá�TV�

ëÖÙ;��Ý/Ø�çÉçEÒ�×QÒ�Ù�ÑEá
×IÙÏ×QÜÅÝ�÷ÉØ�÷aÝGã9÷EãQÝ6áQÝ6ÑA×IÝ6ç[Ø�×.×QÜÅÝ[��ã�çjñ>òóë[éBÝ6ÑÅÝGã�Ø�ßÅÿ ÝGÝG×QÒÔÑ �#  ��¡EøDÝGãQÝ/÷EãQÝ6áIÝ6Ñ#×IÝ6ç*�.þ�øDÙ
Ø�çEçEÒÔ×QÒ�Ù�ÑEØ�ß'áIÝGã�Ò�Ý6álP�ëÖ×
�vR
ÝG×IÝGã�á¢	ÉâEã � N ÑEÒ�Õ�ÝGã�áQÒÔ×?íQP�ë�R N TV��ÿ Ø�Ò�Ñ ô áQ×IãQÙ�ÑÅÙ;��ÒÔäGØ�ß3Ðs	ÉáIÝGãQÕ�Ø�×IÙ�ãQí����óÒ�ÝGÕQPSÿ ô Ð�T¢T
ÜEØ�Õ�Ý\	aÝGÝ6ÑæÒÔÑEäoÙ�ãQ÷aÙ�ã�Ø�×IÝ6ç ÒÔÑ ×QÜÅÝ}ÒÔÑ#Õ�Ý6áI×QÒ � Ø�×QÒÔÙ�ÑEá�Ù�Û
×QÜÅÝ}äoÙ�ãQãQÝ6ß�Ø�×QÒ�Ù�ÑEá�	aÝG×?øDÝGÝ6Ñêñ>òóë ô ÑÉØ�ß�íÖá�ÒÔá+åDÝ6Ñ#×IÝGã�á
��ñ>×
ÜEØ�ás	aÝGÝ6Ñ á�ÜÅÙ�ø+Ñð×QÜEØ�×B×QÜÅÝjÿ ô Ð � ÐSR áIÙ�ßÔâE×QÒ�Ù�Ñê÷Eã�Ù�Õ'ÒÔçÅÝ6áBØ½ÜÉÒ � Ü çÅÝ � ã�ÝGÝ4Ù�Û¤ÒÔÑEçÅÝG÷aÝ6ÑEçÅÝ6ÑÉäoÝóÛ�ã�Ù;� Ù�×QÜEÝGã
� Ð�RnáIÝGã�Ò�Ý6áL� Ø�ÒÔÑEß�íóçEâEÝD×IÙ¨×QÜEÝ�Û-Ø�äo×�Ò�×.ÜEØ�çz	aÝGÝ6Ñ � Ý6ÑÅÝGã�Ø�×IÝ6ç[ø+Ò�×QÜj×QÜÅÝ+ëÖ×IÝGÝ6ß�	EãQÝGÝ
kGÝ�áIÙ�Û-×?ø/Ø�ãQÝ�P�ë9�;bDÙ�ß�Ù�×QÒ�ÑJTV�
ïÅÙ�ãe×QÜEÒÔá/ãQÝ6Ø�áIÙ�Ñ$�E×QÜÅÝ}áIÙ�ß�âÅ×QÒ�Ù�ÑæáQâ�	J��Ò�×I×IÝ6ç£	Öí½ÿ ô Ð áQÜEÙ�âEßÔç½ãQÙ�âÅ×QÒÔÑEÝ6ß�í�	aÝóâEáIÝ6çæÒ�Ñ ×QÜÅÝ}äoÙ;��	ÉÒÔÑEØ�×QÒ�Ù�Ñ$�

îÏØ�ÑEÒ�Ý6ßaéÏØ���	ÉÒÔá¤Ù�Û|×QÜÅÝ+ñ � àÏëzR�ãQÙ'çEâEäo×/åDÝ6ÑA×IÝGãDÛ-Ù�ã � ÐSR áQ×QØ�×IÝ6çù×QÜÉØ�×!×QÜÅÝeñ�òóë[äoÙ;��	ÉÒÔÑÅÝ6ç � ÐSR áIÝGã�Ò�Ý6á
ø+ÒÔß�ßaÙ�ÑEß�í£	aÝ}ÒÔÑEäGßÔâÉçÅÝ6çæÒÔÑê×QÜEÝ}ãQÙ�âÅ×QÒ�ÑÅÝóñ � àBëêäoÙ;�\	�ÒÔÑEØ�×QÒ�Ù�Ñ Ò�Û
ÒÔ×eØ�ßÔáIÙ½ÒÔÑEäGßÔâÉçÅÝ6á/×QÜÅÝ}ñ>òóë ñ�ÑA×IÝ6ÑEá�Ò�Õ�ÝjëÖÝGã�Ò�Ý6á
Ø�ÑEçêÒÔÛ�×QÜÅÝ}çÉØ�×QØ[÷aÙ�ÒÔÑA×Qá�Ø�ã�Ýó÷EãQÙ�ÕÖÒÔçEÝ6çæÒÔÑæØ#�[Ù�ãQÝ¨×QÒ¤�[Ý6ß�ía� Ø�ÑEÑÅÝGã��

¥~)y�a<'5MI�:]Ii6�2451w�¦q<$?#�aF��z§1�a��x¨8{51|©paF��
ô Ñ Ý&d'×IÝ6ÑEáQÒÔÕ�ÝÏçÉÒÔáQäGâEáQá�Ò�Ù�Ñ�äoÝ6Ñ#×IÝGãQÝ6ç Ø�ãQÙ�âEÑEçù×QÜÅÝÏÒÔáQáQâÅÝ+Ù�Û�ØYäoÙ�ÑÉáQÒÔáI×IÝ6Ñ#×DáQÙ�ßÔâÅ×QÒ�Ù�Ñ Ù�Û�×QÜÅÝÏäoÝ6ß�Ý6áI×QÒÔØ�ß�ãQÝGÛ-ÝGã¢W

Ý6ÑEäoÝeÛ�ã�Ø���Ý"P�å/àeïLTV�#Ý6Ø�ãQ×QÜùÙ�ã�Ò�Ý6Ñ#×QØ�×QÒ�Ù�Ñ�÷ÉØ�ã�Ø��[ÝG×IÝGã�áSP � ÐSR�T.Ø�ÑEç[×QÜEÝ+×IÝGãQãQÝ6áQ×Iã�ÒÔØ�ßEã�ÝGÛ�ÝGãQÝ6ÑÉäoÝ+Û-ã�Ø��[Ý�PSþ�àeï~TV�
þ�ÜÅÝS	ÉØ�ä�ö � ã�Ù�âEÑEçêÒÔáD×QÜEØ�×+×QÜÅÝÏñIå/àeï Ø�ÑEçæÒ�×Qá/Ý&d'×IÝ6ÑEáQÒ�Ù�ÑEá/øDÝGãQÝ � Ý6ÑÅÝGã�Ø�×IÝ6çêø+Ò�×QÜ Ø[áI÷aÝ6äGÒÔØ�ßaáIÝG×QâE÷êø+ÜEÒÔä�Ü ÒÔá
Ù�÷E×QÒ�� Ò!kGÝ6ç Û�Ù�ã+×QÜÅÝ}çÅÝG×IÝGãY� ÒÔÑEØ�×QÒ�Ù�Ñ Ù�Û9ã�Ø�çEÒÔÙjáQÙ�âÅã�äoÝó÷aÙ�áQÒ�×QÒÔÙ�ÑEáDÙ�ÑEß�í��

à+Ý6äoÝ6ÑA×Qß�í��'áIÝGÕ�ÝGã�Ø�ßÉáIÙ�ßÔâÅ×QÒ�Ù�ÑÉá.ÜEØ6Õ�Ý[	aÝGÝ6Ñ � Ý6ÑÅÝGã�Ø�×IÝ6ç�Ý6áI×QÒ�� Ø�×QÒÔÑ � å/àeï1� � ÐSR Ø�ÑÉç[þ�à+ïgÒÔÑ[ØóäoÙ�ÑÉáQÒÔáI×IÝ6Ñ#×
ø/Ø6í�� ô äoã�Ò�×QÒ�äGØ�ßa÷3Ù�Ò�ÑA×�ÜÅÝGãQÝ¨ÒÔá/×QÜEÝóäoÙ�ãQãQÝ6äo×Z�[Ù'çÅÝ6ßÔÒ�Ñ � Ù�Û9ÑÅÙ�Ñ�W?ß�ÒÔÑÅÝ6Ø�ã�áI×QØ�×QÒ�Ù�ÑQ	aÝ6ÜEØ�ÕÖÒÔÙ�âÅã�Ø�ÑEç Ù�Û9Ø�÷E÷ÉØ�ãQÝ6Ñ#×
÷EãQÙ�÷aÝGãz�[Ù�×QÒ�Ù�ÑEáYÙ�Û+áIÙ;��Ý½Ù�Û+×QÜÅÝùã�Ø�çEÒ�Ù áQÙ�âÅã�äoÝ6á
�gñ�Ñ Ù�ã�çEÝGãY×IÙgÕ�Ø�ßÔÒÔçEØ�×IÝù×QÜÅÝ6áIÝ��IäoÙ;�[÷Éß�ÝG×IÝ��gáIÙ�ß�âÅ×QÒ�Ù�ÑEá4Ø
äoÙ�ÑEäoÝGãQ×IÝ6ç Ý&OaÙ�ãQ×jÜEØ�á}×IÙH	aÝ áI×QØ�ãQ×IÝ6ç ×IÙðØ�ÑEØ�ß�í'áIÝ ×QÜÅÝ½ãQÝ6áQâÉß�×QÒÔÑ � ã�Ø�çÉÒ�Ù áIÙ�âÅã�äoÝùäGØ�×QØ�ß�Ù � âÅÝ6á[Ø�ÑÉç äoÙ;�[÷ÉØ�ã�Ý
×QÜÅÝ�� ×IÙ ×QÜÅÝóñQå/à+ïU�

K6N�; *-,.�e:�;�;�<+=
�����>�?���'@B���>��&0����CÅ��	GF�����H�&0����1



���������%	��������������� *-,9�+�������0��1 &01|2j	���5�1 �	�7

ïÅÙ�ã[÷�ÜEØ�áIÝ ãQÝGÛ-ÝGãQÝ6ÑEäGÒÔÑ � Ø�÷E÷ÉßÔÒ�äGØ�×QÒ�Ù�ÑEá4äoÙ�ÑEáQÒÔáI×IÝ6ÑÉäoí�	aÝG×?øDÝGÝ6Ñúå/à+ïU� � Ð�R Ø�ÑEç þ�à+ïzÒÔájØ�Ñ Ý6á�áIÝ6ÑA×QÒ�Ø�ß
ÒÔáQá�âÅÝ��½åDã�Ø�Ò � õnØ�ß�ö�ÝGãYÙ�Û/×QÜÅÝ òs�7b ô Ý&d'÷EãQÝ6áQáQÝ6çì×QÜÅÝ � Ý6ÑÅÝGã�Ø�ß�ø+ÒÔá�ÜgÙ�ÛD×QÜEÝ Ø�áI×IãQÙ�ÑÅÙ;�YínäoÙ;�#�4âEÑEÒ�×�í ×QÜÉØ�×
ñ>ò¨ë ÷Eã�ÙÖçEâÉäoÝ6áÏãQÝGÛ�ÝGã�Ý6ÑEäoÝ[Û�ã�Ø��[Ý6áóØ�ÑEçìßÔÒ�ÑÅöÖáe×QÜÅÝ�� øeÒ�×QÜìäoÙ�ÑEáQÒÔáQ×IÝ6ÑA× � ÐSRª��à�Ý � âEßÔØ�ãóâE÷açÉØ�×IÝ6áÏø+Ò�×QÜgçEØ�ÒÔß�í
� Ð�R Õ�Ø�ßÔâEÝ6á+øDÙ�âEßÔçH	aÝ}Ù�Û � ãQÝ6Ø�×óÜÅÝ6ß�÷gáQÒÔÑEäoÝY×QÜÅÝ[äGâÅãQãQÝ6Ñ#×ÏâEÑÅÝ c âEØ�ßÔß�íæáI÷ÉØ�äoÝ6çìáQÝGã�Ò�Ý6áÏØ�ãQÝjÑÅÙ�×¨áQâEÒ�×QØ�	ÉßÔÝ}Û-Ù�ã
×QÜÅÝ6Ò�ã�ã�Ù�âÅ×QÒÔÑÅÝ¨Ù�÷aÝGã�Ø�×QÒ�Ù�Ñ$�

ë'Ò�ÑEäoÝj×QÜÅÝGãQÝ�Ø�ãQÝ�äGâÅã�ãQÝ6ÑA×QßÔíê×QÜÅãQÝGÝ�ÒÔÑÉçÅÝG÷aÝ6ÑEçÅÝ6Ñ#×eÝ6Ñ#×QÒ�×QÒ�Ý6á
�|×QÜEÝ[ñIå/àeïU�|×QÜÅÝ[ñ>þ+à+ïL������êØ�ÑEçg×QÜÅÝ[ñ � àÏë
� Ð�RzáIÝGã�Ò�Ý6á
�.Ò�×}ÒÔáYØ ÷aÙ�ßÔÒÔ×QÒÔäGØ�ß c âÅÝ6áI×QÒ�Ù�Ñ Ù�Û�ø+ÜEØ�×}×IÙgä�ÜÉØ�Ñ � Ý½Ò�ÑnÙ�ã�çÅÝGã4×IÙ Ø�ã�ã�Ò�Õ�ÝùØ�×jØðäoÙ�ÑEáQÒÔáI×IÝ6Ñ#×YáQÝG×YÙ�Û
� ÝGÙ;�[ÝG×Iã�Ò�ä¨ãQÝ6ßÔØ�×QÒ�Ù�ÑÉáQÜEÒ�÷Éá��

«m)H�Lr;2�2��a<$rv2�¬�KL6�896;:=<'5
ô ÷Eã�Ù�÷3Ù�á�Ø�ßEø/Ø�á1	ÉãQÙ�â � Ü#×!Û-Ù�ãQøDØ�ã�ç�	ÖíaaÒÔÑÅÙ�Õ#í�ÿðØ�ß�ö'ÒÔÑ�×IÙz��Ø�ö�ÝÏïÅãQÝGÝóåDÙ�ãQÝÏÞeâE×QØ�×QÒ�Ù�ÑHPSï
å/ÞST!÷ÉØ�ã�Ø��zW

ÝG×IÝGã�áe÷EãQÙ'çEâEäo×Qá/Ù�Û.×QÜÅÝ}ñ�òóëæáQÒ�ÑEäoÝ � ÝGÙÖçEÝG×QÒÔäóòS�'bDñ�ÒÔá�×QÜÅÝYÙ�ÑEß�í½×IÝ6ä�ÜEÑÉÒ c âEÝó×IÙ Ù�	ÉáQÝGãQÕ�Ý}×QÜEÒ�á�÷ÉÜÅÝ6ÑÅÙ;��Ý6ÑÅÙ�Ñ*�
þ�ÜÅÝ c âEØ�ß�Ò�×?í4Ù�Û�äGâÅãQãQÝ6Ñ#×�×QÒ���Ý+áIÝGã�Ò�Ý6á!Ù�Û|Ñ#âÅ×QØ�×QÒÔÙ�Ñ Ù�O|áIÝG×QáDáIÝGÝ���á�×IÙjØ � ÙÖÙÖça	ÉØ�áQÒ�á.×IÙYáI×QØ�ã�×¤áQâEä�Ü Ø}÷EãQÙ'çEâEäo×
�
ÝGÕ�Ý6Ñ��[Ù�ã�ÝóáIÙ®	aÝ6äGØ�âEáIÝÏ×QÜÅÝóÿH�lb������� ÞBâÅ×QØ�×QÒ�Ù�Ñ ÿ Ù'çÅÝ6ß|ÒÔÑEäGß�âEçÅÝ6á¤×QÜEÒÔá/äoÙ�ÑA×Iã�Ò!	ÉâÅ×QÒ�Ù�Ñ½Ù�ÑEßÔí Ù�ÑêØ�Ñ Ý��[÷�Ò�ã¢W
ÒÔäGØ�ßm	ÉØ�á�ÒÔá
� ë'ÒÔÑEäoÝ[Ò�×¨ÒÔá�	ÉØ�áIÝ6çgÙ�ÑìÙ�	ÉáQÝGãQÕ�Ø�×QÒÔÙ�ÑEáóâEÑ#×QÒÔßL������ Ò�×óÒ�á¨çÅÝ � ã�Ø�çEÒÔÑ � ã�Ø�÷ÉÒÔçEß�íêá�ÒÔÑEäoÝ[×QÜÅÝ6Ñ*�[þ�ÜEÝGãQÝ
ø/Ø�á}ØêáI×Iã�Ù�Ñ � Õ�Ù�×IÝ Û-Ù�ã}×QÜÉÒÔáÏ÷EãQÙ�÷aÙ�áQØ�ß�Ø�ÑÉçnÒ�×¨ø/Ø�á}çÅÝ6äGÒÔçEÝ6çì×QÜEØ�×}Ø�Ñ ô ÑEØ�ßÔíÖáQÒ�áÏõìÙ�ãQöÖÒ�Ñ � éBãQÙ�âÅ÷ ø+ÒÔßÔßª	aÝ
Ý6áI×QØ�	Éß�ÒÔáQÜÅÝ6ç½×IÙùçÉÒÔáQäGâEáQáD×QÜÅÝ}÷EãQÙ'äoÝ6çEâÅãQÝ6á
�

¯m)H°�24:3�'u76��a<$r;rv24w�6;:=<'51I
þ�ÜEÝ ÜEÝ6Ò � ÜA×j÷aÙ�áQÒ�×QÒÔÙ�ÑEá}Ù�ÛBòS�'bDñ4Ø�Ñ#×IÝ6ÑEÑEØgã�ÝGÛ�ÝGãQÝ6ÑÉäoÝ½÷aÙ�ÒÔÑ#×Qá[Ø�ãQÝ ö'ÑÅÙ�ø+Ñ ×IÙ�	aÝæØtOaÝ6äo×IÝ6ç�	Öí áIÝGÕ�ÝGã�Ø�ß

÷ÉÜÅÝ6ÑEÙ;�[Ý6ÑEØ��+õ Ò�×QÜ ÝGÕ�ÝGã¨ÒÔÑEäoãQÝ6Ø�áQÒ�Ñ � Ù�	ÉáQÝGãQÕÖÒ�Ñ � Ø�ÑEçðØ�ÑEØ�ß�í'áQÒÔáeØ�äGäGâÅã�Ø�äoí ×QÜEÝ6áIÝYÝ&OaÝ6äo×Qá¨ÜEØ�Õ�Ý4×IÙ£	aÝ}×QØ�ö�Ý6Ñ
ÒÔÑ#×IÙ�Ø�äGäoÙ�âEÑ#×+ã�Ò � Ù�ã�Ù�âEáQß�í��

± ô ×���Ù�áI÷ÉÜÅÝGãQÝYÿ Ù'çÅÝ6ßÔá
þ+ÜÅÝ�âEáIÝ�Ù�Û|ØóáQÒ¤�[÷Éß�Ý/Ø�ÑEÑÖâEØ�ß��[Ù'çÅÝ6ß'Û-Ù�ã�×QÜÅÝ+Ü#íÖçEãQÙ�áI×QØ�×QÒÔä[� Ø�÷E÷ÉÒÔÑ � ÛSâEÑEäo×QÒ�Ù�Ñ$��Ø�á � Ò�Õ�Ý6Ñ®	Öí[ÞeÿðïgÛ-Ù�ã
Ý&dÅØ��[÷ÉßÔÝ��aáQ×QÒÔßÔß�ß�Ý6Ø�Õ�Ý6áóáQÒ � ÑÉÒe �äGØ�Ñ#×eÜÅÝ6Ò � Ü#×+ÝGã�ãQÙ�ã¨Ø�×ÏØ�ÑÉÑ#âEØ�ß
Ø�ÑEçðáIÝ���ÒeW?Ø�ÑÉÑ#âEØ�ß%÷aÝGã�Ò�Ù'çEá
�ÉÒ�Ñ Ø�çEçÉÒ�×QÒ�Ù�Ñ
×IÙj×QÜÅÝÏáQÜÅÙ�ã�×IÝGãD×IÝGãV� ÑEÙ�ÒÔáIÝeØ�á�áIÙÖäGÒ�Ø�×IÝ6çùøeÒ�×QÜ øDÝ6Ø�×QÜÅÝGã�áIí'áI×IÝ���á���þ�ÜÅÝeØ�ÑÉÑ#âEØ�ß3Ø��[÷Éß�Ò�×QâEçÅÝ+äGØ�Ñ£	aÝBâÅ÷
×IÙ#_"�#�²P-Û-Ù�ã��4çÅÝ � ã�ÝGÝS� ÒÔÑEÒ��4â�� Ý6ß�ÝGÕ�Ø�×QÒ�Ù�ÑJTV�EØ�á�üQâEç � Ý6ça	#í½äoÙ;�[÷ÉØ�ã�Ò�áIÙ�Ñ øeÒ�×QÜ ×QÜEÝBñ�ÿðï���Ø�÷E÷�ÒÔÑ �
ÛSâEÑEäo×QÒÔÙ�Ñ*��øeÜEÒÔä�ÜðÒÔás	ÉØ�áIÝ6çðÙ�ÑgÑÖâ��[ÝGã�ÒÔäGØ�ß%øDÝ6Ø�×QÜÅÝGã��[Ù'çÅÝ6ß9Ø�ÑEØ�ß�í'áQÒÔá
�Ïþ�ÜÅÝjáIÝ���ÒeW?Ø�ÑÉÑ#âEØ�ß
Ø��[÷Éß�Ò�×QâEçÅÝ
Ò�á Ø�	aÙ�âÅ×ùÜÉØ�ß�ÛeÙ�Û¨×QÜEÝ Ø�ÑEÑÖâEØ�ß+Ø���÷ÉßÔÒ�×QâEçEÝ��ûõ Ò�×QÜû×QÜÅÝ ÒÔÑÉäoãQÝ6Ø�áIÝ6çúÒ�ÑA×IÝGãQÝ6áQ×ùÒÔÑÚØ�á�áIÝ6áQáQÒÔÑ � áIÝ6Ø�áIÙ�ÑÉØ�ß
Ý&OaÝ6äo×Qá
�|Û-Ù�ãeÝ&dÅØ��[÷ÉßÔÝ}×IÙ çÅÝG×IÝGãY��ÒÔÑEÝó×QÜÅÝjáQÒ � ÑEØ�ß�×QÜEØ�×s� Ò � ÜA×l	aÝYçEâÅÝ}×IÙ Ü#í'çÅãQÙ�ß�Ù � ÒÔäGØ�ß%ß�Ù�Ø�çEÒÔÑ � ��Ò�×BÒÔá
Ò¤�[÷aÝGã�Ø�×QÒ�Õ�ÝÏ×QÜEØ�×�×QÜÅÝ���Ù�áI×+Ø�äGäGâÅã�Ø�×IÝYØ�×��[Ù�áI÷ÉÜÅÝGã�Ý\�[Ù'çÅÝ6ßÔá�	aÝ¨âEáIÝ6ç*�EÒÔÑÉäGßÔâEçEÒÔÑ � 	aÙ�×QÜ ×QÜÅÝ���Ø�÷E÷�ÒÔÑ �
ÛSâEÑEäo×QÒÔÙ�ÑEá}Ø�ÑEç ÷EãQÝ6á�áQâÅãQÝ½ß�Ù�Ø�çEÒÔÑ � äoÙ�ãQãQÝ6äo×QÒ�Ù�ÑEá��ðþ�øDÙ���Ø�÷E÷ÉÒÔÑ � Û-âÉÑEäo×QÒ�Ù�ÑEáYØ�ãQÝ½Ø�Õ�Ø�Ò�ßÔØ�	Éß�Ýù×QÜEØ�×4Ø�ã�Ý
	�Ø�áIÝ6çÚÙ�ÑûØnÞeâ4�[ÝGã�ÒÔäGØ�ß�õìÝ6Ø�×QÜEÝGã ÿ Ù'çÅÝ6ß`�Dñ>ÿðï   �-¡BØ�ÑÉçýòBÿðï   �&¡=�Óñ�ÿ ï Ù�OaÝGã�áù×QÜÅÝ Ø�çÅÕ�Ø�ÑA×QØ � Ý
×QÜÉØ�×}Ø�ÑnØ�÷Eã�ÒÔÙ�ã�Ò.ÜAí'çÅãQÙ�áQ×QØ�×QÒÔä � ã�Ø�çEÒ�Ý6Ñ#×���Ø�íH	aÝ[ãQÝ���Ù�Õ�Ý6ç*�9ß�Ý6Ø6Õ'ÒÔÑ � ÷Éã�Ò���Ø�ã�Ò�ß�íêØ�ÑìÝ6áI×QÒ�� Ø�×IÝ�Ù�Û/×QÜÅÝ
� ã�Ø�çEÒ�Ý6Ñ#×¤Ø�×I×Iã�Ò!	�âÅ×IÝ6ç ×IÙ4ø/Ø�×IÝGãDÕ�Ø�÷aÙ�ã��Öø+ÜEÒÔß�Ý�òÏÿðï ÒÔá¤Ø�	3Ù�âE×¤ØYÛ-Ø�äo×IÙ�ã/Ù�Û�×�ø¤Ùz�[Ù�ãQÝÏØ�äGäGâÅã�Ø�×IÝ¨ÒÔÑ ×QÜÅÝ
Ø�k6Ò¤�YâÅ×QÜÉØ�ßÔß�ígáIí����[ÝG×Iã�ÒÔä[Ü#íÖçEãQÙ�áI×QØ�×QÒÔä#� Ø�÷E÷ÉÒÔÑ � ÛSâEÑEäo×QÒÔÙ�Ñ*�½ë'ÒÔÑÉäoÝ[×QÜÅÝ ÜÅÝ6Ò � Ü#×óÝGãQã�Ù�ã�áóçEâÅÝ ×IÙB	aÙ�×QÜ
ñ�ÿðï Ø�ÑEç4òÏÿ ï Ø�ãQÝ�äoÙ�ÑEáQÒÔçÅÝGã�Ø�	Éß�í¨á���Ø�ßÔßÔÝGã�×QÜEØ�Ñ4×QÜÅÝ/áQâ��zÙ�ÛEÙ�×QÜÅÝGã9ÝGãQãQÙ�ã.áIÙ�âEã�äoÝ6á
��×QÜÅÝ/Ò��[÷EãQÙ�Õ�Ý��[Ý6Ñ#×
Ò�Ñì×QÜÅÝ�ãQÝG÷aÝ6Ø�×QØ�	ÉÒ�ßÔÒ�×?íðÙ�Û/òs�7bDñs	�Ø�áIÝ6ßÔÒÔÑÅÝ�ßÔÝ6Ñ � ×QÜEá
�
äoÙ;�[÷ÉØ�ãQÝ6ç ×IÙ âEáQÒ�Ñ � Þeÿðï ÒÔáYáQÒ���ÒÔß�Ø�ãs	�âÅ×¨Õ�ÝGãQí
á�Ò � ÑEÒe �äGØ�Ñ#×   �&¡=�

± ô Ñ#×IÝ6ÑEÑEØ�þ�ÜEÝGãY��Ø�ß|îBÝGÛ�Ù�ãV��Ø�×QÒÔÒ�Ù�Ñ
ô çEØ�×QØ�	ÉØ�áIÝDÙ�ÛÉØ�Ñ#×IÝ6ÑEÑEØBçEÒ��[Ý6ÑEá�Ò�Ù�ÑEá|Û-Ù�ãª��ÙÖçÅÝ6ß�ÒÔÑ � ×QÜÅÝGãV��Ø�ß#çEÝGÛ�Ù�ãY� Ø�×QÒ�Ù�Ñ}Ý&OaÝ6äo×Qá.ÒÔá%Ø6Õ�Ø�ÒÔßÔØ�	Éß�ÝDØ�×9×QÜÅÝ
ñ>òóë ô ÑEØ�ß�í'áQÒÔájåDÙ#Ù�ã�çEÒÔÑEØ�×IÙ�ã6è0áYøDÝ
	 ÷ÉØ � ÝyPSÜ#×I×I÷$³�h�h � ÒÔâ�	'� � ÝGÙÖç*�0âÉÑEÒeW=	aÙ�ÑEÑ*�0çÅÝ-h�Õ'ß!	ÉÒ�h�ñ�òóë�W ô å[TV�%ëÖÙðÛSØ�ã
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×QÜEÝóãQÝ6áI÷aÝ6äo×QÒ�Õ�Ý¨÷ÉØ�ã�Ø��[ÝG×IÝGã�á�Ù�Û.ØjÛ-ÝGø ×IÝ6ß�Ý6áQäoÙ�÷aÝ6á�Ø�ãQÝYáI×QÒÔßÔß{��ÒÔá�áQÒÔÑ � Ø�ÑEç ×QÜÅÝ ô ÑEØ�ß�í'áQÒÔá�åDÙÖÙ�ã�çEÒ�ÑEØ�×IÙ�ã
Ø�áQöÖá+Û�Ù�ã+Ò�ÑÅ÷ÉâÅ×U	#íæØ�Ñ#í�Ù�ÑÅÝóø+ÜEÙ�äGØ�Ñê÷EãQÙ�ÕÖÒ�çÅÝÏ×QÜEÒÔá�ÒÔÑÅÛ-Ù�ãY��Ø�×QÒÔÙ�Ñ*�
ñ�Ñ Ø�çEçEÒ�×QÒ�Ù�Ñ$�9ÐÏÑEá�Ø�ßÔØêÜEØ�áYØ�Ñ ÒÔÑ#Õ�Ø�ã}ãQÙ'ç Ø�ÑEç õìÝG×I×¢kGÝ6ßÔß/Ø�Ñ ÒÔÑAÕ�Ø�ã}øeÒ�ãQÝ�×IÙðãQÙ�âÅ×QÒÔÑEÝ6ß�íH��Ý6Ø�áQâÅãQÝù×QÜÅÝ
ÜEÝ6Ò � ÜA× Õ�Ø�ã�ÒÔØ�×QÒ�Ù�ÑÉáæäoÙ�ÑA×QÒÔÑÖâÅÙ�âEá�ß�í��vþ�ÜÅÝgÝ c âEÒ�÷4��Ý6ÑA× Ø�ÑEç ãQÝ6áQâÉß�×Qá½ø¤ÝGãQÝì÷ÉãQÝ6áIÝ6Ñ#×IÝ6ç Ø�á Õ�ÝGãQí � ÙÖÙ'ç
Ý&dÅØ��[÷ÉßÔÝ6áóÙ�Û�ÜÅÙ�ø ×IÙ Ý6áI×QØ�	ÉßÔÒÔá�ÜnáQâEä�Ü çÅÝGÕ'ÒÔäoÝ6áYØ�×YÙ�×QÜÅÝGã4×IÝ6ß�Ý6äoÙ�÷aÝ6á4Ø�á}øDÝ6ßÔß`�£�+Ù�ø¤ÝGÕ�ÝGãi��ø+ÜÅÝGÝ6ß¤Ø�ÑEç
×Iã�Ø�äQöúØ�Ñ#×IÝ6ÑEÑEØ�ág��Ø6íÚÑEÝGÝ6çúçEÒeOaÝGãQÝ6Ñ#× áIÝG×QâÅ÷�á áQÒÔÑÉäoÝê×QÜÅÝGíÚçÅÙ ÑEÙ�×ùÜEØ�Õ�Ý Ý6Ø�áQÒ�ß�íýØ�äGäoÝ6áQáQÒ!	ÉßÔÝB�[Ù�âEÑ#×
÷aÙ�ÒÔÑ#×Qá
�
ô ß�×QÜÅÙ�â � Ü ×QÜÅÝs�[Ý6Ø�áQâÅã�Ý��[Ý6ÑA×Qá/Ø�×�ÐÏÑEáQØ�ß�ØóØ�ÑEçùõìÝG×I×¢kGÝ6ßÔß|ÜEØ6Õ�Ýs	aÝGÝ6ÑùäGØ�ã�ã�Ò�Ý6ç�Ù�âE×DØ�ß�ã�Ý6Ø�çÅí[Û�Ù�ã/Ø}ßÔÙ�Ñ �
×QÒ¤�[Ý ÑÅÙ áI×QØ�ÑEçEØ�ã�çÉÒ!kGÝ6ç��[ÝG×QÜÅÙ'çÚÙ�Û¨ÒÔÑÉäGßÔâEçEÒÔÑ � ×QÜEÒ�á�çEØ�×QØ Ò�Ñý×QÜÅÝ òS�'bDñ�çEØ�×QØ Ø�ÑEØ�ß�í'áQÒÔá�ÜÉØ�á#	aÝGÝ6Ñ
çEÝGÕ�Ý6ß�Ù�÷aÝ6çæí�ÝG×
�

± ��ÙÖäGØ�ß'�+í'çÅãQÙ�ß�Ù � í
ô ×QØ�ß�ö � Ò�Õ�Ý6Ñ®	Öí ë'ÜEÒ � ÝGã�â4ÿðØ�×QáQâ�k6Ø�ö�Ø}Ø�×!×QÜÅÝBéBÝ6ÑÅÝGã�Ø�ßEÿ ÝGÝG×QÒ�Ñ � Ø�	aÙ�âÅ×�ÜÅÝ6Ò � Ü#×�ä�ÜÉØ�Ñ � Ý6á!Ø�×Dþ�áQâÅö'â�	ÉØ
Ý���÷ÉÜEØ�áQÒ!kGÝ6ç ×QÜEÝÏÒ¤�[÷aÙ�ãQ×QØ�ÑEäoÝBÙ�Ûª�[Ù�ÑÉÒ�×IÙ�ã�ÒÔÑ � ß�Ù'äGØ�ßaÜAí'çÅãQÙ�ß�Ù � í½ÒÔÑ½×QÜÅÝÏÛ�Ù�ãV� Ù�Û � ãQÙ�âÉÑEç½øDØ�×IÝGã�×QØ�	�ß�Ý
ÜEÝ6Ò � ÜA×Qá��

± éÏã�Ø6Õ'Ò�×QØ�×QÒ�Ù�ÑEØ�ß7��Ù�Ø�çEÒ�Ñ �
ëÅÒÔÑEäoÝ � ã�Ø�ÕÖÒ�×QØ�×QÒÔÙ�ÑEØ�ß+ß�Ù�Ø�çÉÒÔÑ � ÒÔá�Øì÷�ÜÅÝ6ÑÅÙ;�[Ý6ÑÅÙ;� ø+ÜEÒÔä�ÜýØ�ßÔáIÙnÝ&OaÝ6äo×Qá ×QÜEÝæãQÝ6áQâEß�×Qá�Ù�ÛBÙ�×QÜEÝGã ×IÝ6ä�Ü�W
ÑÉÒ c âEÝ6á+ßÔÒ�ö�Ý[ë���à Ø�ÑEçìéSRDë Ø�ÑEç áQÒÔÑEäoÝY×QÜÅÝYñ � àÏëæÜEØ�áBØ½áIÝG÷ÉØ�ã�Ø�×IÝ�ëÖ÷aÝ6äGÒÔØ�ß'b/âÅã�Ý6Ø�â Û-Ù�ãs��Ù�Ø�çEÒÔÑ � Ò�×
	aÝ6äGØ��[Ý[äGß�Ý6Ø�ãÏ×QÜEØ�×Bñ>ò¨ë áQÜÅÙ�âEß�ç ÑÅÙ�×Ï÷EãQÙ'äoÝGÝ6ç ø+Ò�×QÜðçÅÝGÕ�Ý6ß�Ù�÷ÉÒÔÑ � Ò�×QáeÙ�ø+ÑgØ�÷E÷ÉãQÙ�Ø�ä�Ü*�¨þ�ÜEÝYçÅÝ6äGÒÔá�Ò�Ù�Ñ
Ù�Ñ Ø�ãQÝGÛ-ÝGãQÝ6ÑEäoÝY÷EãQÝ6áQá�âÅãQÝ¨Õ�Ø�ßÔâÅÝ�P-Ù�ãBÕ�Ø�ßÔâEÝ6áVTDÛ-Ù�ãeØ�×��[Ù�áI÷�ÜÅÝGã�ÒÔäóßÔÙ�Ø�çEÒÔÑ � �EØ�áeØ�Ñ Ý&dÅØ��[÷Éß�Ý��ÉøDØ�á
��×QÜ#âÉá
�
÷aÙ�áI×I÷aÙ�ÑÅÝ6çæØ�ÑÉçæ×QÜÅÝóñ � àÏëùø+ÒÔßÔß9	aÝ¨Ø�áIö�Ý6çêÛ-Ù�ãeØ�çÅÕ'ÒÔäoÝ��

ô ßÔß�×QÜÅÝ6áQÝ¤Ý&OaÝ6äo×Qá.áQÜÅÙ�âEß�ç�	aÝ!×QØ�	ÉâÉßÔØ�×IÝ6çjÒÔÑ}áIÙ;��Ý¤Û-Ù�ãY�zÙ�ã
Ù�×QÜEÝGã
Û-Ù�ã
Ý6Ø�áIíYÒÔÑ#×IÝ � ã�Ø�×QÒ�Ù�Ñ4ÒÔÑY×QÜÅÝDòs�7b¤ñ�Ø�ÑÉØ�ß�íÖá�ÒÔá
ä�ÜÉØ�ÒÔÑEá
�eñ>ÑðÙ�ã�çÅÝGãB×IÙ½÷EãQÝG÷ÉØ�ãQÝ4×QÜÅÝ4ãQÝ6áI÷aÝ6äo×QÒ�Õ�Ý4÷EãQÙ'äoÝ6çEâÅãQÝ6áeØ�ÑEçB �ß�Ý}Û-Ù�ãY��Ø�×Qá��aØ½á���Ø�ß�ß ô ÑEØ�ß�í'áQÒÔá+õìÙ�ãQöÖÒ�Ñ �
éBãQÙ�âE÷êø+ÒÔßÔßJ	aÝ¨Ý6áI×QØ�	ÉßÔÒ�áQÜÅÝ6ç*�
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þ�ÜEÝ ô ÑÉØ�ß�íÖá�ÒÔá
åDÙÖÙ�ã�çEÒ�ÑEØ�×IÙ�ã�Ù�âÅ×QßÔÒ�ÑÅÝ6ç¨×QÜÅÝDäGØ�ßÔß�Û-Ù�ã%÷ÉãQÙ�÷aÙ�áQØ�ßÔá|Ù�ÛÅ×QÜÅÝ¤ñ � àBëYåDÙ;�\	�ÒÔÑEØ�×QÒ�Ù�Ñ�R¤ÒÔß�Ù�×'R!ãQÙ�üIÝ6äo×

ø+ÜEÒ�ä�Ü¨ø/Ø�á%Ò�áQáQâÅÝ6ç�	Öí¨×QÜÅÝ¤ñ � àBë ô ÑEØ�ß�í'áQÒÔá%å/Ù#Ù�ã�çÉÒÔÑEØ�×IÙ�ã%Ø�ÑÉçó×QÜÅÝ�ñ � àÏëÏõìÙ�ãQö'ÒÔÑ � éBãQÙ�âÅ÷YÙ�Ñ4åDÙ;��	ÉÒÔÑÉØ�×QÒ�Ù�Ñ*�
þ�ÜÅÝ�R¤ÒÔß�Ù�×mR�ãQÙ�üIÝ6äo×�Ø�Ò���á9Ø�× � Ý6ÑÅÝGã�Ø�×QÒ�Ñ � � ÐSRìøeÜEÒÔä�Ü4Ø�ãQÝ�äoÙ�ÑEá�ÒÔáI×IÝ6Ñ#×
øeÒ�×QÜ4×QÜÅÝ/ñ>þ�àeï Ø�ÑÉçY×QÜEÝ�ñIå/àeï âEá�ÒÔÑ �
çEØ�×Qâ��®W�Û�ãQÝGÝjëÖñ>Þ �~·  �ßÔÝ6á�Ø�áeÒ�ÑÅ÷ÉâÅ×
�Dþ�ÜÅÝ}áIÝGã�ÕÖÒÔäoÝ6á��Eñ�òóë9�EñQéóë9�Éñ¸�%àBëæØ�ÑÉçêñ�î¨ë{�ÉØ�ãQÝYäGØ�ß�ß�Ý6çæ×IÙùäoÙ�Ñ#×Iã�Ò!	�âÅ×IÝ
��øDÝGÝGöÖß�í�� ëÖñ�Þ �M·  �ßÔÝ6á¤øeÜEÒÔä�Ü ÜEØ�Õ�Ý�	aÝGÝ6Ñ½äoÙ;��	ÉÒÔÑEÝ6ç Û�ãQÙ;� ÒÔÑE÷ÉâÅ×1 �ß�Ý6áDÙ�Û�×IÝ6ä�ÜEÑEÒ c âÅÝ¨Ø�ÑEØ�ß�í'áQÒÔáDäoÝ6ÑA×IÝGã�á
�!ñ�Ñ
×QÜEÒÔá.äoÙ�Ñ#×IÝ&d'×���øDÝGÝGöÖß�í��óÒÔá�Ù�ÑÅÝ� �ß�Ý/÷aÝGã�øDÝGÝGö4Û-ãQÙ;� ×QÜEÝ�áQØ�×IÝ6ßÔßÔÒ�×IÝ�×IÝ6ä�ÜEÑEÒ c âÅÝ6á.Ø�ÑEç�Ù�ÑÅÝ� �ß�Ý/÷aÝGã�áIÝ6áQá�Ò�Ù�ÑjÛ�ã�Ù;�
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Chair: Wayne Cannon 

 
9:00  Welcome by host Natural Resources Canada 
 
9:15  1-01 Welcome by IVS Chair and Chair’s Report 

Wolfgang Schlüter, Bundesamt für Kartographie und Geodäsie (BKG) 
 
9:30 1-02 Coordinating Center Report 

Nancy Vandenberg, NVI, Inc./GSFC 
 
9:45 1-03 The ICRF: 2010 and Beyond (invited) 

Patrick Charlot, Observatoire de Bordeaux 
 

10:15 1-04 VLBI and the Earth’s Rotation: Geophysical and Geodetic Challenges (invited) 
Martine Feissel-Vernier (1), Jim Ray (2), Veronique Dehant (3), Olivier de Viron (3), (1) 
Paris Observatory and IGN, (2) Bureau International des Poids et Mesures, (3) 
Observatoire Royal de Belgique  
 

10:45 Break 
 

Session 1.  VLBI: Today’s Results and Tomorrow’s Vision (cont.) 
Chair: Wolfgang Schlüter 

 
11:15 1-05 IGGOS – Its Mission, Scientific Rationale, and First Steps and Ideas for Its 
 Design and Development (invited) 
 Christoph Reigber, GeoForschungsZentrum Potsdam (GFZ), Hermann Drewes, DGFI 
 
11:45 1-06 Earth Rotation Dynamics: Review and Prospects (invited) 

Benjamin Chao, NASA/GSFC  
 
12:15 Lunch 
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Session 2.  VLBI2010 
Chair: Alan Whitney 

 
13:45 2-01 The International Global Network of Geodetic Fiducial Stations  (invited)  

John LaBrecque, NASA 
 
14:15  2-02 VLBI2010: Networks and Observing Strategies 

Bill Petrachenko (1), Brian Corey (2), Ed Himwich (3), Chopo Ma (4), Zinovy Malkin 
(5), Arthur Niell (2), David Shaffer (6), Nancy Vandenberg (3),  (1) Natural Resources 
Canada, (2) MIT Haystack Observatory, (3) NVI, Inc./GSFC, (4) NASA/GSFC, (5) 
Institute of Applied Astronomy, (6) Radiometrics, Inc. 

 
14:30 2-03 Preliminary Results of VLBI2010 Subgroup “RF/IF, Frequency and Time” 

Hayo Hase (1), Brian Corey (2), Yasuhiro Koyama (3), Dave Shaffer (4), Bill 
Petrachenko (5), Wolfgang Schlüter (1), (1) BKG, (2) MIT Haystack Observatory, 
(3) Communications Research Laboratory, (4) Radiometrics Inc., (5) Natural Resources 
Canada 

 
14:45 2-04 Standard Observing Bands: Is Now the Time To Replace S/X with X/Ka? 

Chris Jacobs, Gabor Lanyi, and Charles Naudet, Jet Propulsion Laboratory 
 
15:00 2-05 VLBI at Some Higher Frequencies, an Overview 

Chopo Ma (1), David Gordon (2), Chris Jacobs (3), Gabor Lanyi (3), Charles Naudet, (3), 
Alan Fey (4), David Boboltz (4), Ed Fomalont (5), Patrick Charlot (6), Ojars Sovers (7), 
(1) NASA/GSFC, (2) Raytheon/GSFC, (3) Jet Propulsion Laboratory, (4) U.S. Naval 
Observatory, (5) National Radio Astronomy Observatory, (6) Bordeaux Observatory, (7) 
Remote Sensing Analysis Systems 

 
15:15 2-06 Backend Systems -- Perspectives in 2010 

Gino Tuccari (1), Alan Whitney (2), Hans Hinteregger (2), Yasuhiro Koyama (3), 
Tetsuro Kondo (3), (1) IRA CNR, (2) MIT Haystack Observatory, (3) Communications 
Research Laboratory  

 
15:30 Break 
 

Session 2.  VLBI2010 (cont.) 
Chair:  Arthur Niell 

 
16:00 2-07 Data-Acquisition and Transport – Look Forward to 2010 and Beyond 

Alan Whitney (1), Hans Hinteregger (1), Tetsuro Kondo (2), Yasuhiro Koyama (2), (1) 
MIT Haystack Observatory, (2) Communications Research Laboratory 

 
16:15 2-08 Correlators in 2010 and Beyond 

Yasuhiro Koyama (1), Tetsuro Kondo (1), Bill Petrachenko (2), Hans Hinteregger (3), 
and Alan Whitney (3), (1) Kashima Space Research Center, CRL (2) Natural Resources 
Canada, (3) MIT Haystack Observatory 
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16:30 2-09 Subgroup “Data Analysis” of Working Group 3 VLBI2010 

Harald Schuh, Vienna University of Technology 
 
16:45 2-10 VLBI Data Longevity Beyond 2010 

Chopo Ma, NASA/GSFC 
 
17:00 2-11 Future Directions on the VLBA 

R. Craig Walker, National Radio Astronomy Observatory 
 

17:15 2-12 Impact of Interstellar Scintillation on Astrometric VLBI 
David Jauncey (1), Jim Lovell (1), Roopesh Ojha (1), Alan Fey (2), Yasuhiro Koyama 
(3), Hayley Bignall (4), Lucyna Kedziora-Chudczer (5), Jean-Pierre Macquart, (6), 
Barney Rickett (7), Tasso Tzioumis, (1) Australia Telescope National facility, CSIRO, 
Australia, (2) USNO, (3) CRL Kashima 

 
17:30 Sessions 1 and 2 Poster Overview 
 Arthur Niell, MIT Haystack Observatory 
 
17:45 Poster Sessions and Refreshments 
 
 

Tuesday, February 10, 2004 
 

Session 3.  Network Stations, Operation Centers, Correlators 
Chair: Hayo Hase 

 
8:30 3-01 Correlator Experiences with Mark 5 in Operation (invited) 

Arno Mueskens (1), Walter Alef (2), David Graham (2), Geodetic Institute of the 
University of Bonn, (2) Max-Planck Institut for Radioastronomie 

 
9:00 3-02 Recent Results from the EVN Mk4 Data Processor at JIVE 

Bob Campbell, Joint Institute for VLBI in Europe 
 
9:15 3-03 Washington Correlator Update 

Kerry Kingham, U.S. Naval Observatory 
 
9:30 3-04 Overview of Geodetic Experiments at the Bonn Correlator 

Alessandra Bertarini, Arno Mueskens, Alexandra Hoefer, Geodetic Institute of the 
University of Bonn  

 
9:45 3-05 Network Coordinator’s Report 

Ed Himwich, NVI, Inc./GSFC 
 
10:00 Break 
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Session 3.  Network Stations, Operation Centers, Correlators (cont.) 
Chair:  Kerry Kingham 

 
10:30 3-06 Present Status and Future Plan on the Chinese VLBI Network 

Zhihan Qian, Shuhua Ye, Xiaoyu Hong, Xiuzhong Zhang, Jin Zhang and Xizhen Zhang, 
Shanghai Astronomical Observatory, CAS 

 
10:45 3-07 VLBI-GPS Collocation Results in Japan 

Shigeru Matsuzaka, Y. Masaki, Hiromichi Tsuji, Kazuhiro Takashima, T. Tsutsumi, M. 
Ishimoto, M. Machida, H. Wada, Shinobu Kurihara, Geographical Survey Institute, Japan 

 
11:00 3-08 Status and Plan of Geodetic and Astrometric Observations with VERA 

Seiji Manabe, Yoshiaki Tamura, Takaaki Jike, Koji Horiai and VERA team, National 
Astronomical Observatory of Japan 

 
11:15 Session 3 Poster Overview 
 Kerry Kingham, U. S. Naval Observatory 
 
11:30  Lunch 
 

Session 4.  New Technology Developments in VLBI 
Chair: Shigeru Matsuzaka 

 
13:00 4-01 The Mark 5B VLBI Data System 

Alan Whitney, Will Aldrich, John Ball, Brian Fanous, Dan Smythe, MIT Haystack 
Observatory 

 
13:15 4-02 Gbit/s VLBI and eVLBI with Off-the-Shelf Components 

Jouko Ritakari, Ari Mujunen, Metsähovi Radio Observatory 
 
13:30 4-03 Current Status of Software Correlators Developed at Kashima Space Research 

Center 
Tetsuro Kondo, Moritaka Kimura, Yasuhiro Koyama, Hiro Osaki, Kashima Space 
Research Center/CRL 
 

13:45 4-04  SOFTC: An Operational Software Correlator 
Stephen Lowe, Jet Propulsion Laboratory 

 
14:00 4-05 eVLBI Developments in Europe  
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Stephen Parsley, Zsolt Paragi, Sergei Pogrebenco, Cormac Reynolds, Arpad Szomoru, 
Joint Institute for VLBI in Europe (JIVE) 

 
14:15 4-06 E-VLBI Progress of the Chinese VLBI Network 

Zheng Weimin, Zhang Xiuzhong, Shu Fengchun, Shanghai Astronomical Observatory, 
Chinese Academy of Sciences 

 
14:30 Break 
 
 

Session 4.  New Technology Developments in VLBI (cont.) 
Chair:  Alan Whitney 

 
15:00 4-07 Transporting VLBI Data Across Long Fat Networks: A Practical Approach 

David Lapsley, MIT Haystack Observatory 
 
15:15 4-08 Geodetic VLBI Experiments with the K5 System 

Yasuhiro Koyama (1), Tetsuro Kondo (1), Hiro Osaki (1), Masaki Hirabaru (1), Kazuhiro 
Takashima (2), Kazuo Sorai (3), Hiroshi Takaba (4), Kenta Fujisawa (5), David Lapsley 
(6), Kevin Dudevoir (6), Alan Whitney (6), (1) Communications Research Laboratory, 
(2) Geographical Survey Institute of Japan (GSI), (3) Hokkaido U., (4) Gifu U., (5) 
Yamaguchi U., (6) MIT Haystack Observatory 

 
15:30 4-09 Millimeter Wave Multi-Channel Receivers System for VLBI 

Seog-Tae Han, Korea Astronomy Observatory  
 
15:45 4-10 DBBC - A Wide Band Digital Base Band Converter 

Gino Tuccari, IRA CNR 
 
16:00 4-11 Toward Standard Wideband Digital Backends for Next-Generation Radio 
 Astronomy: ATNF, LOFAR, (e)-VLBI, ATA, SKA  
 Hans Hinteregger, MIT Haystack Observatory 
 
16:15 4-12 VLBI Observation for Spacecraft Navigation (NOZOMI) – Data Processing  
 and Analysis Status Report 

Mamoru Sekido (1), Ryuichi Ichikawa (1), Hiro Osaki (1), Tetsuro Kondo (1), Yasuhiro 
Koyama (1), Makoto Yoshikawa (2), Takafumi Ohnishi (3),Wayne Cannon (4), 
Alexander Novikov (4), Mario Berube (5), (1) Kashima Space Research Center, CRL, (2) 
ISAS/JAXA, (3) Fujitsu Co. Ltd, (4) SGL/CRESTech, (5) Natural Resources Canada 

 
16:30 Session 4 Poster Overview 
 Alan Whitney, MIT Haystack Observatory 
 
16:45 Session 5 Poster Overview 
 Volker Tesmer, DGFI 
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17:00 Session 6 Poster Overview 
 Rüdiger Haas, Onsala Space Observatory 
 
18:00 Banquet 
 
 
 

Wednesday, February 11, 2004 
 

Session 5.  Analysis Strategies and Software 
Chair:  Calvin Klatt 

 
8:30 5-01 MODEST: A Tool for Geodesy and Astrometry 

Ojars Sovers (1), Chris Jacobs (2), Gabor Lanyi (2), (1) Remote Sensing Analysis 
Systems, (2) Jet Propulsion Laboratory/NASA 

 
8:45 5-02 OCCAM v.6.0 Software for VLBI Data Analysis 

Oleg Titov (1), Volker Tesmer (2), Johannes Boehm (3), (1) Geoscience Australia, (2) 
DGFI, (3) Vienna University of Technology 

 
9:00 5-03 Past, Present and Future of Sked 

John Gipson, NVI, Inc/GSFC 
 
9:15 5-04 Residual Plotting and Ambiguity Resolution in Calc/Solve 

Volkmar Thorandt, Gerald Engelhardt, Bundesamt für Kartographie und Geodäsie 
(BKG) 

 
Session 5.  Analysis Strategies and Software (cont.) 

Chair:  Harald Schuh 
 
9:30 5-05 An Advanced Stochastic Model for VLBI Observations and its Application to 

VLBI Data Analysis 
Volker Tesmer, Hansjoerg Kutterer, DGFI 

 
9:45 5-06 Vienna Mapping Functions in VLBI Analyses 

Johannes Boehm, Harald Schuh, Vienna University of Technology 
 
10:00 5-07 Reliability Measures for Geodetic VLBI Products 

Hansjoerg Kutterer, DGFI 
 
10:15 5-08 Activities of the IVS Analysis Center at BKG in 2003 

Gerald Engelhardt, Volkmar Thorandt, Dieter Ullrich, Bundesamt für Kartographie und 
Geodäsie (BKG) 

 
10:30 Break 
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Session 6.  Results and Geodetic/Geophysical/Astrometric 
Interpretation 

Chair: Rüdiger Haas 
 
11:00 6-01 Refinement of the ICRF 

Chopo Ma, NASA Goddard Space Flight Center 
 
11:15 6-02 Status of the International Celestial Reference Frame  

Alan Fey, U.S. Naval Observatory 
 
11:30 6-03 VLBA Impact on Geodesy and Astrometry 

David Gordon, Raytheon/Goddard Space Flight Center 
 
11:45 6-04 The VLBI Contribution to Precession (Present and Future) 

Nicole Capitaine (1), Patrick Wallace (2), (1) Observatoire de Paris/SYRTE, France, (2) 
HM Nautical Almanac Office, Rutherford Appleton Laboratory, UK, 

 
12:00 Lunch 
 
13:30 6-05 Ring Downs of Free Core Nutations in the GSFC and USNO VLBI Nutation 

Series (Invited) 
Douglas Smylie, Andrew Palmer, York University 

 
14:00 6-06 Viscosity of the Earth's Fluid Core from VLBI Data 

George Krasinsky, Institute of Applied Astronomy, RAS 
 
14:15 6-07 Contribution of VLBI to Earth Orientation Monitoring: State-of-the-Art and 

Future Prospects 
Daniel Gambis, Christian Bizouard Observatoire de Paris 

 
14:30 6-08 UT1 Intensive Series Using K4 Technology 

Dorothee Fischer (1), Richard Kilger (2), Shinobu Kurihara (3), Axel Nothnagel (1), 
Wolfgang Schlüter (2), Kazuhiro Takashima (3), (1) Geodetic Insitute of the University 
of Bonn, (2) Bundesamt für Kartographie und Geodäsie, (3) Geographical Survey 
Institute of Japan 

 
14:45 6-09 Considering a priori Correlations in the IVS Combined EOP Series 

Christoph Steinforth, Axel Nothnagel, Geodetic Institute of the University Bonn 
 
15:00 6-10 CONT02 campaign - Combination of VLBI with GPS 

Volker Tesmer (1), Manuela Kruegel (1), Detlef Angermann (1), Daniela Thaller (2), 
Markus Rothacher (2), Ralf Schmid (2), (1) DGFI, (2) Technische Universitaet 
Muenchen 

 
15:15 6-11 First Results of SINEX Combinations  

Markus Vennebusch, Geodetic Institute of the University Bonn 
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15:30 Break 
 

Session 6.  Results and Geodetic/Geophysical/Astrometric 
Interpretation (cont.) 
Chair: Zinovy Malkin 

  
16:00 6-12 Evaluation of Global Ionosphere TEC Map by Comparison with VLBI Data 

(invited) 
Mamoru Sekido, Tetsuro Kondo, Eiji Kawai, and Michito Imae, Communications 
Research Laboratory 

 
16:30 6-13 How VLBI Contributes to Ionospheric Research 

Thomas Hobiger, Harald Schuh, Vienna University of Technology  
 
16:45 6-14 Limitations to Dual Frequency Ionospheric Corrections for Frequency 

Switched K-Q Observations with the VLBA 
Gabor Lanyi (1), David Gordon (2), Ojars Sovers (3), (1) Jet Propulsion Laboratory, (2) 
Raytheon/GSFC, (3) Remote Sensing Analysis Systems 

 
17:00 6-15 Tropospheric Parameters Estimated by Geodetic VLBI Data 

Monia Negusini, Paolo Tomasi, Istituto di Radioastronomia, Bologna, Italy 
 
17:15 6-16 Mass Loading Effects on Crustal Displacements Measured by VLBI 

Daniel MacMillan, NVI, Inc./GSFC 
 
17:30 6-17 First Results of the IVS Pilot Project “Time Series of Baseline Lengths” 

Axel Nothnagel, Geodetic Institute of the University of Bonn 
 
17:45 6-18 Preliminary Results of the IVS Gravity Experiment grav01 

Leonid Petrov, NVI, Inc./GSFC 
 

528



Posters 

 
Session 1P.  VLBI: Today’s Results and Tomorrow’s Vision 

 
1-01P 5,000,000 Delays – Some Statistics 

Zinovy Malkin, Institute of Applied Astronomy RAS 
 
 

Session 2P.  VLBI2010 
 
2-01P Worlds of 1996, 2003, and 2010 

Ari Mujunen, Jouko Ritakari, Metsähovi Radio Observatory 
 
2-02P Vienna Students Project (VSP) – A VLBI Experiment by Students 

Wolfgang Winkler, et al., University of Technology, Vienna 
 

Session 3P.  Network Stations, Operation Centers, Correlators 
 

3-01P Present Status of the Korean VLBI Network Construction 
Young Chol Minh, Korea Astronomy Observatory 

 
3-02P Projects at TIGO 

H. Hase (1), S. Sobarzo (2), C. Jara (2), R. Aedo (3), G. Remedi (3), M. Moreno (2), M. 
Sanchez (2), G. Hermosilla (2), (1) BKG, (2) UdeC, (3) UBioBio 

 
3-03P New Technologies for the Real 3D Reference Point Determination 

Maria Hennes, Cornelia Eschelbach, Geodetic Institute, University of Karlsruhe 
 
3-04P VLBI Status of the Bear Lakes Radio Astronomy Station 

Igor Molotov (1), Yurii Gorshenkov (2), Alexander Stepanov (1), Boris Lipatov (3), Gino 
Tuccari (4), Valery Saurin (2), Alexis Zinoviev (1), (1) Central Pulkovo Astronomical 
Observatory, (2) Power Engineering Institute, (3) Radio Physical Research institute, (4) 
Istituto di Radioastronomia CNR 

 
3-05P Some Results of the First Year of Participation of the Svetloe Observatory  
 in IVS Observing Programs  

Andrey Finkelstein, Valery Gratchev, Alexander Ipatov, Zinovy Malkin, Ismail Rahimov, 
Elena Skurikhina, Sergey Smolentsev, Institute of Applied Astronomy RAS 

 
3-06P Radio Astronomy Observatories in Svetloe, Zelenchukskaya and Badary of VLBI 

Network QUASAR 
Andrey Finkelstein, Alexander Ipatov, Sergey Smolentsev, Institute of Applied 
Astronomy, Russian Academy of Sciences 
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3-07P The New 40-m Radiotelescope of the Spanish National Geographical Institute (IGN) 
at Yebes 

 Maria Rioja, Observatorio Astronomico Nacional (OAN), Spain 
 
 

Session 4P.  New Technology Developments in VLBI 
 
4-01P FS Developments 

Ed Himwich (1), Ray Gonzalez (1), Jonathan Quick (2), John Gipson (1), (1) NVI, 
Inc./GSFC, (2) Hartebeesthoek Radio Astronomy Observatory 

 
4-02P The Data Acquisition System Developed for Quasar Network 

Alexander Ipatov, Nikolay Koltsov, Leonid Fedotov,  Institute of Applied Astronomy, 
Russian Academy of Sciences 

 
4-03P Data Acquisition System of Korean VLBI Network 

Duk-Gyoo Roh, Korea Astronomy Observatory 
 
4-04P New Correlator PARSEC 

Valery Gratchev, Institute of Applied Astronomy, RAS 
 
4-05P VLBI@home – VLBI Correlator by GRID Computing System 

Takeuchi Hiroshi, Kondo Tetsuro, Koyama Yasuhiro, and Nakajima Junichi, Kashima 
Space Research Center/CRL 

 
4-06P A Near Real Time e-Radar/VLBI Network 

Gino Tuccari (1), Igor Molotov (2), S. Buttaccio (1), G. Nicotra (1), B. Lipatov (3), 
Alexis Zinoviev (2),  Y. Gorshenkov (4), L. Xiang (5), Xiaoyu Hong (6), Alexnder 
Volvach (7), (1) Istituto di Radioastronomia CNR, (2) Central Pulkova Astronomical 
Observatory, (3) Radio Physical Research Institute, (4) Power Engineering Institute, (5) 
Urumqi Astronomical Observatory, (6) Shanghai Astronomical Observatory, (7) Crimean 
Astrophysical Observatory 

 
4-07P An Evaluation of VLBI Observations for Deep Space Tracking of Interplanetary 

Spacecraft 
Ryuichi Ichikawa (1), Mamoru Sekido (1), Hiro Osaki (1), Yasuhiro Koyama (1), Tetsuro 
Kondo (1), T. Ohnishi (1), M. Yoshikawa (1), Wayne Cannon (2), Alexander Novikov 
(2), Mario Berube (3), (1) Kashima Space Research Center/CRL, (2) SGL/CRESTech, 
(3) Natural Resources Canada 

 
 

Session 5P.  Analysis Strategies and Software 
 
5-01P VLBI Analysis at Bordeaux Observatory 

P. Charlot, A. Bellanger, A.Baudry, Observatoire de Bordeaux  
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5-02P Calc: The Next Upgrade  
David Gordon, Raytheon/GSFC 

 
5-03P Project: Global Analysis of 1979-2004 VLBI Data 

Vadim Gubanov, Institute of Applied Astronomy, RAS 
 
5-04P VLBI Analysis at the United States Naval Observatory 

David Hall, David Boboltz, Alan Fey, Kerry Kingham, U.S. Naval Observatory 
 
5-05P Modeling Vertical Total Electron Content from VLBI Observations  

Thomas Hobiger, Harald Schuh, Vienna University of Technology 
 
5-06P Towards an IVS Analysis Conventions  

Zinovy Malkin, Institute of Applied Astronomy RAS, St. Petersburg, Russia 
 
5-07P Solve: Past, Present and Future  

Leonid Petrov (1), Chopo Ma (2), James Ryan (3), John Gipson (1), Karen Baver (4), 
Volkmar Thorandt (5), Gerald Engelhardt (5), (1) NVI, Inc./GSFC, (2) NASA/GSFC, 
(3) NASA/GSFC Retired,  (4) Raytheon/GSFC, (5) BKG 

 
5-08P An Embedded Expert System for the Automation of the VLBI Data Analysis: 
 Concept, Implementation and Results 

Wolfgang Schwegmann, Bundesamt für Kartographie und Geodäsie 
 
5-09P Towards an Operational Automatic VLBI Data Analysis Tool for INTENSIVE 

Sessions  
Wolfgang Schwegmann, Volkmar Thorandt, Gerald Engelhardt, Bundesamt für 
Kartographie und Geodäsie  

 
5-10P Simultaneous Estimation of a TRF, the EOP and a CRF from VLBI Observations - 

First DGFI Results using OCCAM 
Volker Tesmer, Hansjoerg Kutterer, Hermann Drewes, DGFI 

 
 

Session 6P.  Results and Geodetic/Geophysical/Astrometric 
Interpretation 

 
6-01P Stability of the VLBI-Derived Celestial Reference Frame 

Martine Feissel-Vernier, Observatoire de Paris and IGN 
 
6-02P Southern Hemisphere Astrometry 

Alan Fey (1), Roopesh Ojha (2), et al., (1) U.S. Naval Observatory, (2) Australia 
Telescope National Facility 
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6-03P Extending the ICRF to Higher Radio Frequencies – Imaging and Source Structure  
David Boboltz (1), Alan Fey (1), Patrick Charlot (2), Ed Fomalont (3), Gabor Lanyi (4), 
L.D. Zhang (4) and the K-Q VLBI Survey Collaboration, (1) U.S. Naval Observatory, (2) 
Bordeaux Observatory, (3) National Radio Astronomy Observatory, (4) Jet Propulsion 
Laboratory 

 
6-04P Investigation of Nutation Beyond the IAU2000 Model 

Véronique Dehant (1), Olivier De Viron (1), Martine Feissel-Vernier (2), (1) Royal 
Observatory of Belgium, (2) Paris Observatory and IGN 

 
6-05P A New FCN Model with Variable Period and Amplitude 

Zinovy Malkin (1), Toshimichi Shirai (2), (1) Institute of Applied Astronomy RAS, (2) 
Goldman Sachs (Japan) Ltd. 

 
6-06P Analysis of the VLBI Intensive Sessions  

Karen Baver (1), Dan MacMillan (2), Leonid Petrov (2), David Gordon (1), (1) 
Raytheon/GSFC, (2), NVI, Inc./GSFC 

 
6-07P Investigations of High-Frequency Earth Rotation Variations from VLBI CONT 

Observations  
Raymundo Del Cojo Lopez, Juan Mata Lozano, Rüdiger Haas, Onsala Space Observatory 

 
6-08P High Resolution Earth Rotation Parameters Determined During the CONT02 

Campaign 
Jolanta Nastula (1), Barbara Kolaczek (1), Robert Weber (2), Johannes Boehm (2), 
Harald Schuh (2), (1) Space Research Center PAS, Warsaw Poland, (2) Vienna 
University of Technology 

 
6-09P Ionospheric Parameters Obtained by Different Space Geodetic Techniques During 
 CONT02 

Thomas Hobiger, Sonya Todorova, Harald Schuh, Vienna University of Technology 
 
6-10P Comparison of Ionospheric Activity Derived from GPS and Different VLBI  
 Networks 

Sten Bergstrand, Rüdiger Haas, Onsala Space Observatory 
 
6-11P IVS Tropospheric Parameters   

Harald Schuh, et al., Vienna University of Technology 
 
6-12P Long Time ZTD Series for Some Stations  

Elena Skurikhina, Institute of Applied Astronomy 
 
6-13P Calculating Mapping Functions from the HIRLAM Numerical Weather Prediction 
 Model 

Bisser Stoyanov, Rüdiger Haas, Lubomir Gradinarsky, Onsala Space Observatory, 
Chalmers University of Technology 
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6-14P Relative Deformations Between Collocated VLBI Stations and Comparisons with 
 VTRF2003 

Zhigen Yang, (1), Mario Berube (2), Anthony Searle (2), (1) Shanghai Astronomical 
Observatory, Chinese Academy, (2) Geodetic Survey Division, Natural Resources 
Canada 

 
6-15P Postseismic Transient After the 2002 Denali Fault Earthquake from VLBI 
 Measurements at Fairbanks 

Daniel MacMillan, NVI, Inc./GSFC 
 
6-16P Post-Seismic Motion of Gilcreek Geodetic Sites Following the November, 2002 Denali 
 Earthquake 

Oleg Titov (1), Paul Tregoning (2), (1) Geoscience Australia, (2) Research School of 
Earth Sciences, ANU 
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