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gtN�uvpqYRw ^ \oOWpXN��`H�\oY[OQHZV ^ b OWP[\yHZOQN}_aHK~XY[O����CsCHZYUOWN f N�PRHKY[HKY`gtN�uvpXY[w ^ \ROQpXN�PR~XHZPRHKbWbQP[JML ^ u \
� f NCHKL�w�HZNCs ^ N?_aHZsCH f \ f NC~�~XH��yOWNCNz\����OWH�inHKY��mHKN�s f NC~ VXpXN5|}HZ\RLCpEs�HKN?sCHKPU� ^ k\ ^ |}OWNCOQN�~XP�u�]f Y�GªH��E\ ^ N ^ b{��PRHKN�� sCOWH�]f ��HZY;�CbWp! XHZP/GIH"��\�k�| ^ \RJMLCOQN�~=LCOWN ^qf P/~XHKL�HKN#�
d ^ NCN s ^ � f � HKOW\RY ^ ~qHKN#�esCOQH�HZNCpXY[w�H�gtNEuvpXYRw ^ \oOWpXNCP%$ f \�� sCHZY'&[HKsCHZYRw ^ NCN LCH f \ � f \ ^ ~XH
^qf PR~XHZPRHZ\ � \UOQP�\�� � f pXY[sCNCHZN¨�l�OQNCH PRpXbWJMLCH |}H�\oLCp�sCH(��sCOQH;sCOQH*) ^ \oHZN \��EHKw ^ Nz\oOWJ � N ^ bW��PROWP,+-)ª���/.Uw OW\UHKOWNCHKY�EHZbWu k10�Y[~ ^ NCO � OWNC~ | ^(2 + �30/|4. d pXwT�COWNCOQHZY[\��'�yOQYRs OWN�sCOWHKP[HKY/��O 2 bWpXw ^ YR� HKO{\ ^ N�~XH�k
�mHKNCs�HZ\� � ^ � HKO��aHZYRsCHZNAPRHZw ^ Nz\ROQPRJML�H ]� L�NCbQOWJML d HZOW\oHZN � �yOWPRJMLCHZN���p d f w HKNz\oHZN OQNc@pXY[w HKOWNCHKYy� ^ Y�\oH�V�OQP f@^ bQOWPROWHKY[\K���OQHZPRHy��O 2 bQpXw ^ Y[��HZOW\®� HKPRJML�YRHKOW��\ sCOQHhgtw 2 bWHKw HKNz\oOWHKY f NC~�HKOWNCHKPm| f bW\oO�kt�U~XHKNz\oHZNEk����P�\oHKw P ^qf uUsCHKY _ ^ P[OQP sCHZY �U~XHKNz\RHKNEkt�nb ^ \R\[uvpXYRw65qgt�87 gji9�:�mHKbWJMLCHKP�sCOQH gtNEuvY ^ kP�\oY f�d \ f Y u�]f Y HKOWN!P[pXbQJML�HKP V�OQP f HKbQbWHKP gtN�uvpqYRw ^ \oOWpXNEk1�yHZ\RYROWHZV ^ b{k�����P[\RHKw ��HZYRHZOW\oP�\oHZbQbW\K�
� ^ � HKO:�mHKY[sCHKNAs�OQH ��HZPRpXN�sCHKY[HKN inpXY � ]f ~qH VqpXN�| f b{\oO�kt� ~qHKNz\oHZNEk�����P�\oHKw HKN ^qf P[~XH�kN f \ � \��EOQLCY[HKYach]^ LCOW~ d HZOW\oHZN � f Y�PRHZbQ�CP�\	]^ NCs�OQ~XHZN ��p�p 2 HKY ^ \oOWpXN f NCs sCOQH�|F]pX~XbWOQJML d HKO{\��
� HKOW\ ^qf u;�;]^ N�sCOQ~XH f N�s P 2 HKOWJMLCHKY[OQNz\oHZNCPRO{VXH �nY[pX�CbWHKw H bWHKOWJML \ � f VXHZY[\oHZOQbWHKN¨�®gtw |}O{\[k
\RHKb 2�f N d \�sCHZY 2 Y[pq\ope\t� 2 OQPRJML�HKN<�yH ^ bWOQP[OQHKY f NC~/�=�yg���l>+��U~XHKNz\[kj� ^ P[HKs��yH ^ s?& f P[\ ^ �CbQHgtNz\oHZbQbWOQ~XHZN \ �EH ^ YRJML!l�NC~XOQN�H@.;P�\oHKLz\ � f w HZOQNCHZN!s�OQH � de^ bQOQHZYR� ^ Y d HZOW\ sCHKP ����P�\oHKw P��sCOWHUs f YRJMLrHZOQN VXHKY�\oHZOQbW\RHKP�����P[\oHZw ~ f \a~qH��;]^ LCY[bQHZOQP[\RHZ\A�aHZYRsCHZN de^ NCN¨�CB f w ^ NCsCHZYRHZNP 2 OQHZbW\�s�OQH*D OWHKsCHZY[VXHZY��mHKNCs�� ^ Y d HKO{\THKOWNCHT~XY[p! XH,�ypXbWbQH(� � f sCOWHKP[HKwEB'�mHKJ d � f YRsCHZNV�OQHZbQHnGIHKOQbWH�sCHKP ����P[\RHKw PªP[p ~XHZP[\ ^ bW\oH�\��£s ^  PROWHnOQN ^ NCsCHZYRHKN;� NF�mHKNCs f NC~XHKN l�OWNC~ ^ NC~
G N�sCHKN d ]pXNCNCHZN¨�
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gtN�uvpqYRw ^ \oOWpXN/�yHZ\oY[OQH�V ^ bXOQP ^ \oHZYRw �yO{\oL�OQNCJZYRH ^ PROWNC~hOQw 2 pqY[\ ^ NCJKH�OWN�p f Y®OQN�uvpqYRw ^ \oOWpXNP[pEJZOQHZ\t�q�.GhLCH f P ^ ~XH�pqu/JZpXw 2 bQH"�:s ^ \ ^ w�OWNCOQN�~Fw�H�\oLCp�sCP uvpqY \oH��E\ ^ N ^ bW��PRHZP OQPY[HKx f OQY[HKsF\Rp=pXY[~ ^ NCO � H�\RLCHrb ^ YR~XH ^ w p f Nz\oP;pquyOQNEuvpXYRw ^ \oOWpXN HZVqHKY[�qpXNCH OWP H"� 2 pXPRHZs\RpC�
0�NCH`P f JML�w�H�\oLCp�s#� ^ JZpXwT�COWN ^ \ROQpXN pqu#) ^ \oHZN \��EHZw ^ Nz\ROQJh� N ^ bW��PROWP + )I�E�/. ^ N�s

^ �EHKb{u k%0�YR~ ^ NCO � OQNC~;| ^(2 + ��0�| .���OQP f P[HKs OQN \oLCOWPasCO 2 bQpqw ^ \oL�HKPROWPK��GhLCOWP ^(232 YRp ^ JML
^ bWbQp@�yPT\oL�H?V�OQP f@^ bWO � ^ \oOQpqNApqu�P[HKw ^ Nz\oOQJ ^ byPROWw�OWb ^ Y[OW\oOWHKP/��H�\ �aHZHKN1sCp�J f w�HZN \RP�OWN ^w ^(2 �GhLCH`sCO 2 bQpXw ^ \oLCHZPROWPmsCHZPRJZYROQ� HKPn\oL�HUOWw 2 bWHKw HKNz\ ^ \oOQpqNTpqu ^ w f b{\oO�k ^ ~XHZNz\�P[��P[\RHKw� ^ PRHKs pXN5\RLCH ^ ~qHKNz\ 2 b ^ \RuvpXY[w 5qgt�87)gji �yL�OQJML 2 YRp£V�OQs�HKP�\oL�HTOQN�uvY ^ P[\RY f J�\ f Y[H uvpXYP f JML ^ V�OQP f@^ b OWN�uvpXY[w ^ \ROQpXN Y[HZ\oY[OQH�V ^ bIP���P[\oHZw}� gj\ f \oOWbQO � HKPysCOWP[\ROQNCJ�\oOWVqH;uvH ^ \ f Y[HKP�peuw f bW\oO�k ^ ~qHKNz\ P���P[\oHZw�P�� OQN 2@^ Y�\oOWJ f b ^ Yª\RLCH ^ �COWbQO{\t�/\Rp�JKp�p 2 HKY ^ \oH ^qf \opXNCpqw�p f PRbW� ^ N�s\Rp sCOWP[\oY[OQ� f \oHy\oOQw H�kjJKpXN�P f w OQNC~ ^ N�srw�HZw�pqY[�zktJZpXNCP f w�OWNC~ 2 YRpX��bQHKw PK� GhLCOQP 2 YRpq\Rpek\t� 2 OWJ ^ b OWw 2 bWHKw HKNz\ ^ \oOQpqN J ^ bQbQHZs �=�yg���l +��U~XHKNz\�kt� ^ P[HKs �`H ^ s?& f P�\ ^ ��bQH�gtNz\oHKbWbQOW~XHKNz\�EH ^ YRJML?l�NC~XOWNCH@. OQPmuvp�J f PRHKs pXNr\RLCH�P[J ^ b ^ �COQbWOW\t� pqu \RLCH�P��EP�\oHZw 2 YRp£V�OQs�HKs �z� ^ sCOWP�k\RYROQ� f \oHZs ^(2�2 Y[p ^ JML¨���EOWNCJKHrY[H f P ^ �COWbQOW\t�+OWP ^ NAOWw 2 pXY[\ ^ Nz\;u ^ JZ\opqYTw ^ N � 2@^ Y�\oPTpeu\RLCH�P[��P[\RHKw ^ Y[H/s�HZVXHZbQp 2 HKs uvpXYhP[OQw 2 bQH�OWNCJKb f PROWpXN OQN pq\RLCHKY ^(232 bQOWJ ^ \ROQpXNCPZ�
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¡X�{¡ 0��&[HZJZ\oO{VXHZP:�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�  
¡X�"! ��\RY f J�\ f Y[H;peuª\RLCH�GhLCHKP[OQP:�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¢

# �%$&$ ��� ���(' )
!E�{¡ gtN�uvpqYRw ^ \oOWpXN��`H�\oY[OQHZV ^ b k GªH��E\ �yHZ\oY[OQH�V ^ b �/�/�;�/�;�/�/�;�/���;�/�;� ¤
!E�"! ��YRH 2 YRp�JKHZPRP[OQNC~ ���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡+*
!E�-, ��OWw�HZNCPROWpXN ^ b��`HZs f JZ\ROQpXN$�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡�!
!E�/. ��0�| �/�;�/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡�!
!E� ¦ ��OWP[\oY[OQ� f \oHKs}����P�\oHKw P �;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡+,
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,��{¡ 5qgt�87Bgji �/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡£¤
,��"! ��HZPROQ~qN �;�/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!8*

� 9 �?
 $ ��� �!
���:-��� #;#
.C�{¡ � f32�2 bW��OWNC~ ��pEJ f w�HZNz\oPy�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!8,
.C�"! l ��\oY ^ JZ\ROQNC~���b ^ OWN GªH��E\ �/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!X¦
.C�-, GIH"��\U� N ^ b{��PROQP ���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!8 
.C�/. � ^ \ ^ � ^ P[H;�/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!q¥

.C�/.C�{¡ GhLCH/� ^ \ ^ |}p�sCHKb �/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!q¥
.C�/.C�"! GhLCH;�=</) � ~XHZNz\��/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,?*

.C� ¦ �UsCw�OWNCOQP�\oY ^ \oOWpXN �/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,�¡
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� � � $&$ -��� � #
¦E�{¡ � ^ NCsCpqw | ^(2�2 OQNC~��;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,8.
¦E�"! ��YROWNCJKO 2@^ b 7apqw 2 pXNCHZN \`�UN ^ bW��P[OQP �;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,? 
¦E�-, �EHZbWu k10�Y[~ ^ NCO � OWNC~ | ^(2 �;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,X¤
¦E�/. � ^ \ ^ � ^ P[H;�/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,X¥

¦E�/.C�{¡ � ^ \ ^ |}p�sCHZb �/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,X¥
¦E� ¦ �UsCw�OWNCOQP�\oY ^ \oOWpXN �/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� . *

 � � 
 ��5� � � � #
 ��{¡ ��YRp�JKHZPRP[OQNC~�pqu ^ S`PRHKY�< f HZY[�}�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� . ,
 ��"! �y� ga� ^ V�OQ~ ^ \RpXY ^ NCs}| f bW\oO�kt�UJKJKHZPRP�k��ªpqOQNz\ �/�;�/�;�/�/�;�/���;�/�;� . ,
 ��-, GhLCH���Y ^(2 L�OQJ ^ b¨SUP[HKY`gtNz\oHKY�u ^ JKH �;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� .  

� ��� � � � � ���� � �6)
¢E�{¡ �yH f P ^ �COWbQOW\t� �;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� .z¤
¢E�"! �EJ ^ b ^ �COQbWOW\t� �/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� .z¥
¢E�-, �IHKY[uvpqYRw ^ NCJKH �;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¦8*

) � � � � � ���1 � � � #
¤��{¡ 0 f \RbQp�p d �/�/�;���/�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¦8,
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!E�{¡ GhLCH/�=�yg���l \RH"��\`w�OWNCOQN�~ 2 YRp�JKHZPRP:�/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¥
!E�"! �UN}H�� ^ w 2 bWH�uvpXY ^ PRHKb{u ktpXY[~ ^ NCO � OWNC~ w ^(2 �/�/�;�/�;�/�/�;�/���;�/�;� ¡+,
,��{¡ � 5qgt�87Bgji'w ^ Y d HZ\ 2 b ^ JZH=�yOW\oL w f bW\oO 2 bQH ^ ~XHZN \RP �;�/�/�;�/���;�/�;� ¡£¤
,��"! GhLCH/sCHZ� f ~X~XHZYh\op�pXb �/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!8*
.C�{¡ GhLCH/�=�yg���l 2 YRH 2 YRp�JKHKP[PROWNC~ ^ Y[JMLCOW\RHKJ�\ f Y[H �/�;�/�;�/�/�;�/���;�/�;�7!?!
.C�"! � ^ \ ^ $@p@�4pquI\oLCH 2 Y[H 2 Y[pEJZHKP[PROQN�~ w ^ Y d HZ\ 2 b ^ JZH}�/�;�/�/�;�/���;�/�;�7!8,
.C�-, ��YRH 2 YRp�JKHZPRP[OQNC~�s ^ \ ^ w pEs�HKb �;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!q¥
.C�/. GhLCH ^ sCw OQN�OQNCP�\oY ^ \oOQpqN JKpqNCPRpXbWH�pquª\RLCH 2 YRH 2 YRp�JKHZPRP[OQNC~ w ^ Y d H�\ 2 b ^ JKH ,?*
¦E�{¡ GhLCH/�=�yg���l:w ^(2�2 OQNC~ w ^ Y d HZ\ 2 b ^ JZH3���;�/�/�;�/�;�/�/�;�/���;�/�;�>, !
¦E�"! � ^ \ ^ $@p@�4pquI\oLCH�w ^(2�2 OWNC~ w ^ Y d HZ\ 2 b ^ JZH �/�;�/�;�/�/�;�/���;�/�;�>,?,
¦E�-, �UN=�A7a�'H"� ^ w 2 bQHB�;�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,z¢
¦E�/. | ^ P[\oHZYUs ^ \ ^ w pEsCHZb.�/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,X¥
¦E� ¦ GhLCH ^ sCw OQN�OQP[\RY ^ \ROQpXN ^ ~XHZN \U�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� . *
¦E�- 7aY[H ^ \ROQpXN?pquªb ^ � HKbWP �yOW\RL \RLCH ^ sCw OQNCOWP[\RY ^ \ROQpXN ^ ~XHKNz\K���/�;�/���;�/�;� .C¡
 ��{¡ GhLCH/�=�yg���l:x f HZY[��OQN�~�w ^ Y d HZ\ 2 b ^ JZH3���;�/�/�;�/�;�/�/�;�/���;�/�;� . !
 ��"! � ^ \ ^ $@p@�4pquI\oLCH�x f HZY[��OQNC~ w ^ Y d HZ\ 2 b ^ JZH �/�;�/�;�/�/�;�/���;�/�;� .?.
 ��-, GhLCH;�y� g�� ^ VEOW~ ^ \RpXY �/�;�/�/�;�/�;�/���;�/�/�;�/�;�/�/�;�/���;�/�;� . ¦
 ��/. GhLCH/�=�yg���l:~qY ^(2 L�OQJ ^ b f PRHZYyOQNz\oHZY[u ^ JZH3�;�/�/�;�/�;�/�/�;�/���;�/�;� .  

,
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!E�{¡ c@YRHZx f HKNCJ��?pqu��mpXY[sCPyk H�� ^ w 2 bQH�VXHZJZ\RpXY �/�/�;�/�;�/�/�;�/���;�/�;� ¡+*
!E�"! �EbWOQsCOWNC~9�yOQN�sCp@�Bk H"� ^ w 2 bWH�VXHKJ�\opXY �/���;�/�/�;�/�;�/�/�;�/���;�/�;� ¡X¡
!E�-, �EbWOQsCOWNC~9�yOQN�sCp@�4p£VXHZY �mpXY[sCPyk H�� ^ w 2 bQH�VXHZJZ\RpXY �;�/�/�;�/���;�/�;� ¡X¡
.C�{¡ ��YRH 2 YRp�JKHZPRP[OQNC~ k H"� ^ w 2 bQH�VqHKJZ\RpXY �/���;�/�/�;�/�;�/�/�;�/���;�/�;�7!q¤
¦E�{¡ 7 ^ bWJ f b ^ \oOWNC~T\oL�H/Y[HKb ^ \oO{VXH�uvYRHZx f HKNCJZOQHZP �;�/�/�;�/�;�/�/�;�/���;�/�;�>,8.
¦E�"! G �mp�VqHKJZ\RpXYRPhk w pXYRH�JZpXw 2 pXNCHZNz\oP,�/���;�/�/�;�/�;�/�/�;�/���;�/�;�>,z¦
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gtN)\oLCH�b ^ P[\�s�HKJ ^ sCHKP�pXNCHAL ^ P pX��PRHKY�VXHZs ^ sCY ^ w ^ \ROQJFOWNCJKY[H ^ P[H!OWN$\oLCH f P[H!peuOWN�uvpXYRw ^ \ROQpXNEkj� ^ P[HKs:\RHKJMLCNCpqbQpX~q�q� gtN�¡¥X¥8.A\oLCH P[pektJ ^ bQbWHKs _ ^ N�~XHKw ^ NCN �`H 2 pqY[\	�OWN \RYRp�s f JZHKP�\RLCH \oHKY[w 
[OQN�uvpqYRw ^ \oOWpXNAPRp�JKOWHZ\t���� _ ^ N@¥8.��U\Rp sCHZPRJKY[OQ� H}\RLCH}~qYRp@�yOQNC~
^ JZJKHZPRPROW�COQbWOW\t� pqu®\oL�OQPa\RHKJMLCNCpqbQpX~q� ^ NCs O{\oP���YRp ^ s ^ JKJKH 2 \ ^ NCJKH�OQN p f Y�P[pEJZOQHZ\t�q��GhLCOQPVqHKY[� ^ JKJZHKP[PROQ��OQbQO{\t� YRHZP f b{\oHKsAOWN ^ sCHZw ^ NCs uvpXY ^ b�� ^ �EP w�pXY[H P 2 HZHKs ^ NCsAP�\opXY ^ ~XHJ ^(2@^ JZOW\t�!�ªbQH ^ sCOQN�~ \Rp ^ N�p£VXHKY%$@p@� pquhP[\RpXYRHZs ^ N�s LCOW~XLCbW� f NCpXY[~ ^ NCO � HKs�OQN�uvpqYRw ^ k\ROQpXN¨� ��\ \RLCOQP 2 pXOQNz\;\oLCH NCHZHKs ^ YROWPRHZs�uvpqYTH	� JKOWHKNz\ OQNEuvpXYRw ^ \oOWpXN Y[HZ\RYROQH�V ^ bmuvY[pXwL f ~XH;s ^ \ ^ � ^ P[HKP�� YRHKP f bW\ROQNC~�OQN?\oLCHTs�HZVXHZbQp 2 w�HZN \ pqu ^ V ^ Y[OQH�\t�}peunPRH ^ YRJML�HKN�~XOQNCHZPK�GhLCH�w pXP[\�OQbQb f P[\RY ^ \ROWVqHUH�� ^ w 2 bWH�pqu®\oLCOWP�PRO{\ f@^ \oOQpqN OQPa\RLCH�gtNz\oHKY[NCHZ\K� ^ P[p JKpXw 2 bQH��
^ N�s LCHZ\RHKYRpq~XHKNCHZp f P�s ^ \ ^ � ^ PRH(�X\RL ^ \�O{\oPªJKpXNz\oHZNz\oPnJ ^ N pqNCbW�/� H ^ JKJZHKP[PRHKs H	� JZOQHKNz\RbW�\RLCYRp f ~XL<D D D PRH ^ YRJML?HKN�~XOQNCHZPK� _ f \`H�VXHKN �aHZbQb�k ^ P[PRpXY�\oHKs s ^ \ ^ � ^ PRHKP ^ bWw�pqP[\ ^ b{k
� ^ �EP L ^ VXH5P[H ^ Y[JML1HKNC~XOWNCHKP \op�P 2 HKHKs�k f�2 Y[HKPRH ^ YRJML�HKPK�,GhLCH5b ^ YR~XH?x f@^ Nz\oO{\oOQHZP�peu\RH"��\ f@^ b s ^ \ ^r^ Y[H ^ JKpqN \ROQN f OWNC~rJML ^ bWbQHZNC~XH�uvpXY ^(232 bQOWJ ^ \ROQpXNCP`bQO d H;OQN�uvpXY[w ^ \oOQpqN?Y[H�k\RYROQH�V ^ b¨P[��P�\oHKw PK�|}pXP�\ peua\oL�H�H���OWP[\ROQNC~?PRH ^ YRJMLFHZNC~XOWNCHKP�� bQO d H \oL�H 2 p 2Cf b ^ Y=�mHK�FP[H ^ Y[JMLFHKNC~qOQNCH
��pEpq~XbQH � f PRH \RH"��\[kjw ^ \RJMLCOQN�~ \oHZJMLCNCOQx f HZP�\op G NCs 2@^ ~XHZP���PRpXw HZ\ROQw HKP OWN=JZpXwT�COWN ^ k\ROQpXN<�yOW\RL}pe\oLCHZY ^ bW~XpXY[OW\oL�w�Pa\Rp�OWw 2 YRp£VXH�\oL�H;P[H ^ Y[JML5YRHZP f b{\oPK��
 ��pEpq~XbQH�JZpXwT�COWNCHKP� ^ ~XH�� ^ N d �yOW\RL:P[p 2 LCOWP[\oOWJ ^ \RHKs:\RH"��\[kjw ^ \oJMLCOWNC~ \oHZJMLCNCOWx f HKPr\op G NCs 2@^ ~XHKP \RL ^ \
^ Y[H � pq\oL OWw 2 pXY�\ ^ Nz\ ^ NCs Y[HKbQH�V ^ Nz\a\opT�qp f Y�P[H ^ Y[JML��� ��p�p *�¡�� ��GhL�H�OQN 2Cf \�pqu ^ uvH"�
d HZ� �apqYRsCPhbWpX~XOQJ ^ bQb{�/bQOQN d HKs��z��� p�pXbQH ^ N�p 2 HZY ^ \ROQpXNCP +��=0�G/� ��� �9�C0/� .nY[HKP f bW\oP OQN
^ bQOWP[\hpeu sCp�J f w�HZN \RPUJZpXNz\ ^ OWNCOQN�~ pXNCH�pXYhw pXYRH�pquI\oL�HKPRH d H�� �apXY[sCPK��Up@�mHZVqHKY�� \oH���\[ktw ^ \RJMLCOQNC~`\oHZJMLCNCOQx f HZP ^ YRH�N�pq\ JZpXNz\oH"��\�ktPRHZNCPRO{\oO{VXH ^ NCsT\RL f P f NEk
^ ��bQH�\op Y[HKJZpX~XNCO � H JZpXNz\oHZN \�PROQw OQb ^ YRO{\t� ^ w�pXN�~�sCp�J f w�HZN \RPK� D OW\RL=\oH��E\�ktw ^ \oJML�OQNC~\RLCH ^ �C��YRHZV�O ^ \oOWpXN�
o��0�|��3�EuvpXYmH"� ^ w 2 bQH ��JKp f bQsrbWH ^ s�\op P f JML?s�O���HKYRHZNz\hYRHZP f b{\oP ^ P
o��JMLCpEpqb�0 u |}H�\ ^(2 L ��P[OQJKP�����
o�EHZbWu k%0�Y[~ ^ NCO � OQN�~`| ^(2 ��� ^ NCs�
o��pXOQb pXY[~ ^ NCOWJmw ^ \R\RHKY��C�
0�NCH YRHZJKpX~qNCO � HKP�\oLCH NCHKHZs�uvpXY ^ PRH ^ YRJML�HKNC~XOWNCH ^ �CbQHT\Rp ^ N ^ bW� � H s�pEJ f w�HZNz\oP/PRH�kw ^ Nz\oOWJ ^ bWbW�!�qJKpXw 2@^ Y[Hy\RLCHKw �yO{\oL pq\oLCHZYms�pEJ f w�HZNz\oPapqYmJZpXw 2 bQH"� PRH ^ YRJMLrY[HKx f HKP�\oP��
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^ N�s�+v~XY ^ 2 LCOQJ ^ bQb{�3.msCOQP 2 b ^ � YRHKb ^ \oOWpXNCP ^ w�pXN�~T\oLCHZw}�GhLCOWP`s�O 2 bWpXw ^ \RLCHKP[OQP �yOW\RL?\RLCH�\oO{\obQH 
[��HZVXHZbQp 2 w�HZN \ypeu ^ N?gtN�uvY ^ P[\oY f JZ\ f YRH�uvpXY�U~XHKNz\[kt_ ^ P[HKs,gtNz\RHKbQbWOQ~XHZNz\}gtNEuvpXYRw ^ \oOWpXN �yHZ\oY[OQH�V ^ b � 2 YRp£V�OQs�HKP ^ N,OWN�uvY ^ P�\oY f JZ\ f YRH� ^ PRHKs�pqN ^ N ^ ~XHKNz\ \RHKJMLCN�pXbQpX~e�}uvpXY`P f JML ^ \oH��E\ YRH�\oYROWHZV ^ bIP[��P[\RHKw?� GIp \oL�OQP 2�f Y�k
2 pXPRH�O{\ f P[HKP ^ bW~XpXYRO{\oLCw PnuvYRpXw \oLCH ^ Y[\oO G JKO ^ b OQNz\oHZbQbQOW~XHKN�JKH,+v� g%.mOWw 2 bQHKw HKNz\RHKs ^ N�s\RHKP[\RHKsA�z���`OWJML ^ YRs	7aOQP[P��HKH OQN ^ NCpq\oL�HKY;\RLCHKP[OQP �yOW\oL�\oLCH \oOW\RbQH 
R�`H f Y ^ bmgtNEuvpXYRw ^ k\ROQpXN ��YRp�JKHZPRP[OQNC~ |}HZ\RLCp�sCP`uvpqY�� ~XHZNz\[k�_ ^ PRHZs=gtNz\oHZbQbQOW~XHKNz\hgtNEuvpXYRw ^ \oOWpXN<�yHZ\RYROQH�V ^ b �
 7aOQP *�¡	����|}pqP[\Tpeu�\oLCHZPRHrw HZ\RLCp�sCP ^ Y[H �mHKbWb{k d NCp@�yN ^ NCs��mHKbQb�ktP�\ f sCOWHKs�� f \Tpeu \oHKNpXN�bW� f PRHZs+uvpqY�PRw ^ bQb®OWN�uvpXYRw ^ \ROQpXN}YRHZ\RYROWHZV ^ b 2 YRpX��bQHKw P �yO{\oL�bQp@�)sCOWw�HZNCPROWpXN ^ bWOW\t�q�
D O{\oL5\oL�HTOQNCJZYRH ^ PROWNC~ pqu JKpXw 2Cf \ROQNC~ 2 p@�mHKY�\oL�HKYRH OWP NCp@�'\oLCH 2 pXPRP[OQ�COWbQO{\t�?\Rp f PRH\RLCHKw uvpqYhb ^ Y[~XHKY 2 Y[pX�CbWHKw P�bQO d H�\oH���\Uw OQN�OQNC~ ^ N�s?OWN�uvpXY[w ^ \ROQpXN YRHZ\RYROWHZV ^ b �

����� ����� �"!$#&%(')�"*
GhLCH=w ^ OWN 2Cf Y 2 pXPRH�pqu�\RLCOQP�sCO 2 bQpXw ^ \RLCHKP[OQPrOWP \oL�H5OQw 2 bQHZw�HZNz\ ^ \ROQpXN�pqu ^ NCH"�OWN�uvpXYRw ^ \ROQpXN+YRH�\oYROWHZV ^ bmP[��P[\RHKw � �yL�OQJML�OQP ^ �CbQH \Rp ^ N ^ b{� � HrsCp�J f w�HZN \RP ^ NCsAY[HKJ�kpX~qNCO � H5JKpXNz\RHKNz\?PROQw OQb ^ YRO{\oOWHKP ��H�\ �aHZHKN \oLCHZw}��gtN pXYRsCHZYr\op ^ JZJKpXw 2 bQOWPRL:\RLCOQP�� ^P[J ^ b ^ �CbQH ^ NCs Y[H f P ^ �CbWH?P[pqu \ � ^ YRH ^ YRJML�OW\oHZJZ\ f YRH?L ^ P \op+� H?s�HZVXHZbQp 2 HKs � GhLCOWP ^ Y�kJMLCO{\oHZJZ\ f YRH�w f P�\ 2 Y[p£VEOWsCH u f N�JZ\oOWpXN ^ bWOW\t� uvpXYm\oLCH�N�HKJKHZPRP ^ Y[� P 2 HZJKO ^ b 2 Y[H 2 Y[pEJZHKP[PROQN�~pqu \oLCH;sCpEJ f w HKNz\oP ^ u \oHZY H"��\RY ^ J�\oOQN�~�\oL�H 2 b ^ OQN \oH��E\���\RLCHTJKY[H ^ \ROQpXN}pqu ^ s ^ \ ^ � ^ PRH
^ JZJKHZPRP��¨\RLCHTOWw 2 bWHKw HKNz\oOWpXN?pqu ^ sCw OQNCOWP[\RY ^ \ROQpXN \op�pXbQP�� \RLCHTHZwT��HZsCsCOWNC~rpqun\oL�HT� g kw HZ\RLCpEs�P�� ^ NCs G N ^ bQb{�T\oLCHUsCHZVqHKbWp 2 w HKNz\hpqu ^ ~XY ^ 2 LCOQJ ^ b f PRHZYaOWN \RHKY�u ^ JKH`uvpXYmP[H ^ Y[JMLY[HKx f HKP�\oPn\op�\oHZP[\n\oL�H`Y[HKP f bW\RPK� � JKpqNCJKH 2 \nuvpXY�PROWw 2 bWH ^ s ^ 2 \ ^ \ROQpXN peu�\RLCHyP[��P[\RHKw�\op
NCH"�$sCp�J f w HKNz\`uvpXYRw ^ \RPhL ^ Py\op ��H�sCH�VXHKbWp 2 HKs¨�h� f H�\Rp \RLCH/b ^ Y[~XH�JKpXw 2 bWH"�EOW\t� peu\RLCH;\ ^ P d \oL�H OQw 2 bWHKw HKNz\ ^ \ROQpXN pqu \oLCH ^ bQ~XpqYROW\RLCw PhOW\oP[HKb{u:� ^ P YRH ^ bQO � HZs=PRH 2@^ Y ^ \oHZbW�OWN ^ P[HKJKpqNCs=sCO 2 bQpqw ^ \RLCHKP[OQP  7aOQP *E¡	����EOWNCJKH��Ug®w�H�\oLCp�sCP ^ YRHaVqHKY[�;\oOWw�H�ktJKpqNCP f w OQN�~ ^ NCs w�HZw�pXY��zktJKpqNCP f w OQN�~ ^ sCOWP�k\RYROQ� f \oHZsrP[��P[\RHKw N�HKHKs�P�\opT� H�OQw 2 bWHKw HKNz\oHZs�uvpXY ^ PRJ ^ b ^ ��bQH ^ YRJMLCO{\oHKJ�\ f Y[Hq���U~XHKNz\[kpXY[OQHZN \RHKs \RHKJMLCN�pXbQpX~e�!�X� HKOWNC~ ^ N ^(2�2 Y[p ^ JML*�yLCOWJML 2 YRp£V�OQs�HKP sCOWP[\RYROQ� f \oOWpXN#�	OQPªJMLCpXPRHZNOWN?\RLCH;OWw 2 bQHKw HKNz\ ^ \oOWpXN¨��� N�pq\oLCHZYUpq�&[HKJ�\oOWVqH OWPy\RLCH�VXHKY[O G J ^ \oOWpXN \oL ^ \`\oL�H ^ ~qHKNz\[k� ^ PRHKs ^(2�2 Y[p ^ JML;OQP#�mHKbQb P f OW\RHKs�uvpXY \oLCH OQw 2 bQHZw�HZNz\ ^ \ROQpXN�peu ^ PRJ ^ b ^ ��bQHnOQN�uvpqYRw ^ \oOWpXNY[HZ\oY[OQH�V ^ b¨P[��P[\RHKw?�

D OW\RL \RLCH=OWN�uvY ^ P�\oY f JZ\ f YRH ^ NCs:\RLCH=�Ug k ^ bW~XpXYRO{\oLCw P ^ N ^ ~XHKNz\ P[��P[\RHKw J ^ bQbWHKs� �`g���l +vuvpXY��U~XHKNz\�kt� ^ P[HKs��`H ^ s?& f P�\ ^ �CbWH gtNz\oHKbWbQOW~XHKNz\/�EH ^ YRJML�l�NC~XOWNCH@. L ^ P�\Rp ��HOWw 2 bWHKw HKNz\oHZs¨� GhLCOWP ^ ~XHZNz\5P[��P�\oHKw �/Y f NCN�OQNC~ pXN,\oL�H 5qgt�87 gji HZNzVEOWYRpXN�w�HZN \
 � ^ O *E¡�� � J ^ N ��H 2@^ Y�\ pqu;JKpXw 2 bQH��EHKY P[��P�\oHKw P�� ^ NCs �yOQbQbUsCHKbWOWVqHKY ^ JKpXN�JKH 2 \}peuY[HKb ^ \oOQpqNCP�� HZ\ �mHKHKN}\oH"��\ f@^ b OQNEuvpXYRw ^ \oOWpXN¨�ª�Up@�mHZVXHZY�� OW\yL ^ Py\Rp ��H 2 pXPRP[OQ�CbWH \op f PRH\RLCH�P[��P[\RHKw ^ P ^ P[\ ^ NCsEk ^ bQpXN�H�PRH ^ YRJML=HZNC~XOWNCH/�yOW\oL O{\oPhp@�yN f PRHKY�ktOWN \RHKY�u ^ JKHe�
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GhLCHaP[\oY f JZ\ f YRHapquC\oL�Hm\oL�HKPROWP OWP ^ PIuvpXbQbWp �yPZ� gtN 7aL ^(2 \oHKY !y\oL�H ^(2�2 Y[p ^ JML#�eOQNCJZb f s�OQNC~\RLCH f P[HKsF\RHKJMLCNCOWx f HKP OWP;OWN \RYRp�s f JZHKs¨�=c�pqY;P[pXw�H�YRH ^ PRpXN�P<+�s�HKPRJZYROW��HZsAOQN�\RLCH�uvpqb{kbWp �yOWNC~�JML ^(2 \oHKY[P . ^ N ^ ~XHKNz\[kj� ^ P[HKs OQw 2 bQHZw�HZN \ ^ \oOWpXNTP[HKHKw Pn\op���H ^ ~Xp�pEs PRpqb f \ROQpXNuvpXY/\oLCH OWN�uvY ^ P[\oY f JZ\ f YRHe� GhLCHKY[HZuvpXY[H OQN 7aL ^ 2 \oHZY�, ^ NAp£VXHKY�V�OQH�� pqu ^ ~XHZNz\[kt� ^ PRHZsP��EP�\oHZw�P`OQPh~XO{VXHZN¨�

GhLCH NCH��E\�\RLCYRHZH JML ^(2 \oHZYRP/sCHKP[JKY[OQ� H \RLCH OQw 2 bQHZw�HZNz\ ^ \ROQpXN}pqum\RLCHT\oL�YRHKH 2@^ Y[\oPpquª\oLCH�\RH"��\ Y[HZ\RYROQH�V ^ b P[��P[\RHKw?� 7aL ^ 2 \oHZY�. sCH ^ bQP �yOW\RL ^ bWb 2 Y[pEJZHKPRP[HKPUNCHKJZHKPRP ^ Y[�?\op
2 Y[H 2@^ YRHU\RLCHy\oH"��\aw�OWNCOQNC~��ªgtN \oLCHyuvpXbQbWp@�yOQNC~ 7aL ^(2 \oHKY�¦�\RLCH JZYRH ^ \oOWpXN�peu¨\oLCH`w ^(2 �
�yLCOWJML Y[H 2 Y[HKP[HKNz\oP \RLCH PROWw�OWb ^ Y[OW\t� YRHZb ^ \ROQpXN�P ��H�\ �aHZHKN3sCp�J f w�HZN \RP��mOQP sCHKP[JKY[OQ� HKs¨�gtN	7aL ^(2 \RHKY  \oLCH�L ^ NCs�bQOQN�~?peuhx f HKY[OQHKP;OQP/H"� 2 b ^ OQNCHZs ^ NCs \oL�H ��Y ^(2 LCOQJ ^ bnSUP[HKY�kgtNz\oHZY[u ^ JZH�pqu \RLCH�OQw 2 bQHZw�HZN \ ^ \oOWpXN OWPhOQNz\oY[pEs f JKHZs¨�gtN 7aL ^(2 \oHKY ¢?\oLCH ^(2�2 Y[p ^ JML ^ NCs�\oLCHrOWw 2 bQHKw HKNz\ ^ \oOWpXN ^ YRHrH�V ^ b f@^ \oHKs �yOW\oL
^ P 2 HKJKO ^ bnuvpEJ f P ^ \/\oL�H PRJ ^ b ^ �COQbWOW\t�!�®Y[H f P ^ �COQb{\t� ^ NCs 2 HKY�uvpXYRw ^ NCJZH�peu�\oLCH�OQw 2 bQH�kw HKNz\ ^ \oOQpqN¨� c OWN ^ bWbW�!�zOWN<7aL ^ 2 \oHZYh¤;\oL�H�YRHZP f b{\oP ^ YRH JZpXNCJZb f sCHZs ^ NCs ^ Nrp f \RbQp�p d OQP~XO{VXHZN¨� � f �CP[HKx f HZN \ \op \oLCH�JZpXNCJKb f PROWpXN ^ YRH�\RLCH ^(2�2 HKNCsCOWJKHZPK�
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gtN1\oL�OQP JML ^(2 \oHKY \RLCH�� ^ P[OQJ�JKpqNCJKH 2 \oP?pqu/OQN�uvpqYRw ^ \oOWpXN:Y[HZ\oY[OQH�V ^ b ^ P �mHKbQb ^ Pr\oLCHw HZ\RLCpEs�Papqu \RLCH ^ Y�\oO G JKO ^ b�OQNz\oHZbQbQOW~XHKN�JKH f PRHZs uvpXY \RLCOQPmgtN�uvpXY[w ^ \ROQpXN �yHZ\oY[OQH�V ^ b:+vg1� .P��EP�\oHZw ^ Y[H}OWNz\oYRp�s f JZHKs¨� GhLCH}H"� 2 b ^ N ^ \ROQpXN!pqu�\RLCH=�UgTw�H�\oLCp�sCP�OQP pXNCb{���CYROWHZu1�P[OQNCJZH \oLCHZOQYTOWw 2 bQHKw HKNz\ ^ \oOWpXN�OWP 2@^ Y�\ pquy\oL�HrsCO 2 bQpXw ^ \RLCHKP[OQP pqu �yOQJML ^ Y[s 7aOQP[P��HZH
 7aOQP *�¡	���r�`HZVXHZY[\RLCHKbWHKPRP�� ^ � ^ PROWJ f NCsCHKY[P[\ ^ NCsCOWNC~=pqum\oLCH ^ bW~XpXYRO{\oLCw P OWP�NCHKJZHKPRP ^ Y[�uvpXY�\RLCH�JKpXw 2 Y[HKLCHZNCPROWpXN}peuª\RLCH�NCH"��\`JML ^(2 \RHKY[PK�
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gtN�uvpqYRw ^ \oOWpXN �`H�\oYROWHZV ^ b�+�g1� . s�HKPRJZYROW��HZP ^ P f �Ek G HKbWsrpqu®� ^ \ ^ |}OWNCOQN�~;sCH ^ bQOWNC~ �yOW\oL
�\RLCH�YRH 2 YRHZPRHZN \ ^ \oOWpXN#�	P[\RpXY ^ ~XH(�	pXY[~ ^ NCO � ^ \ROQpXN�peu1� ^ NCs ^ JKJZHKP[PI\RphOQN�uvpXY[w ^ \oOQpqN OW\RHKw P,� � �`O &o¢q¥ � ��GIH"��\`YRH�\oYROWHZV ^ b�OQPa\RLCH 2@^ Y�\hpquIOQN�uvpqYRw ^ \oOWpXN�Y[HZ\RYROQH�V ^ b JZpXNCJKHZYRNCOWNC~ \oH��E\ f@^ bOWN�uvpXYRw ^ \ROQpXN OW\RHKw P��EO � Hq� sCp�J f w�HZN \RPK�ngtNr\oL�H uvpXbQbWp@�yOQNC~�\oLCY[HKH�sCO � HZYRHZN \aw�p�sCHZbQPapeu\RH"��\`YRHZ\RYROWHZV ^ b ^ Y[H�YRH 2 YRHKP[HKNz\oHZs¨�
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_ap�pXbWH ^ N YRH�\oY[OQHZV ^ b�OWP�\oLCH w�pqP[\/JKpXw w pXN�\oHKJML�NCOQx f H f PRHZs uvpXY�\oH��E\;YRH�\oY[OQHZV ^ b�� �N f wT� HKY pqu d HZ� �mpXYRsCPaOQP w ^ \RJMLCHKs �yOW\RL \RLCpXPRHUJKpXNz\ ^ OQNCHZs OWN \RLCH sCp�J f w�HZN \RPK��GhLCH
d HZ� �apqYRsCP ^ YRH�bQOWN d HZs}�z�?bQpX~qOQJ ^ b p 2 HKY ^ \opXY[PybQO d H���� �9� 0/� ^ N�s5�=0�G/�@\oL�HKYRH�uvpXYRH\RLCOQPmw�p�sCHKb OQPmJ ^ bWbQHZsr��p�pXbWH ^ N�YRHZ\RYROWHZV ^ b �ªgj\hL ^ PaNCp9�aHZOQ~XLz\ROQNC~���pXNCb{� \oLCH 2 YRHKP[HKNCJZHpXY�N�pq\npqu ^/d HZ� �apqYRs OWN \oLCHysCp�J f w HKNz\ OQP�Y[HKbWHZV ^ Nz\� GhL�HKYRH�uvpXYRHyO{\nOQP�OQw 2 pXPRP[OQ�CbWHm\opJZpXNCPROWsCHKY \RLCH�uvYRHZx f HKNCJ�� pqu �mpXYRsCPnpXYª\op ^ JZJKHKP[P�\oLCHZOQY OWw 2 pXY[\ ^ NCJZHmuvpXY \RLCHhJKpqN \RHKNz\�
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 � �
GhLCH+w ^ OQN 2 Y[pX�CbQHZw pqu ��p�pXbQH ^ N YRH�\oYROWHZV ^ b�OWP \RLCH u ^ JZ\ \oL ^ \?w�pXP�\?x f HKYROWHKP ^ YRH
 f N 2 YRHZJKOWPRH ��� D LCHKNFOWN�uvpXY[w ^ \ROQpXN ^ ��p f \ ^ P 2 HKJZO ^ b�\op 2 OQJ OQP/PRH ^ YRJML�HKs#� \RLCH f PRHKYOWP�pqu \oHZN NCpq\�u ^ w OQbWO ^ Y �yOW\RL ^ bQbIVXp�J ^ � f b ^ Y�� ^ P[PRp�JKO ^ \oHZs \Rp OW\�/GhLCH 2 Y[pX� ^ �COWbQOWP[\oOWJw pEs�HKb ^ NCs \RLCH VqHKJZ\RpXYTP 2@^ JKH w�p�sCHKb ^ Y[H�\ �mp ^(2�2 Y[p ^ JMLCHZP*�yLCOWJMLAJKpXNCP[OQsCHZY;\RLCOQPu ^ J�\���YRpX� ^ �COQbWOQP�\oOQJhw p�sCHKbWP s�HZ\oHZYRw OQNCHy\oL�H 2 Y[pX� ^ �COWbQO{\t� pqu ^ sCpEJ f w HKNz\�� PaY[HKbQH�V ^ NCJKH
�yO{\oL YRHZ~ ^ YRs \op�\RLCHyx f HKY[�q� |}pXP�\apqu \oL�HKPRHy\oHZJMLCNCOWx f HKP ^ YRH 2@^ Y�\ pqu�\RLCHyP f�2 HKY�V�OQPRHZsw ^ JMLCOWNCH�bQH ^ YRN�OQNC~��EO � Hq� \RLCHZ�rw f P[\y� H�\oY ^ OQN�HKs �z� ^ L f w ^ N#� ^ NCs P[pXw�H�\oOWw�HZPa\oLCHY[HKP f bW\oP ^ YRH�OQN3$ f HKNCJZHKsA�z�+\oLCH 2 HZYRPRpqN ^ bnVEOWH�� pquh\RLCH P f�2 HKY[V�OWPRpXYZ�=� N H"� ^ w 2 bQHpqu 2 Y[pX� ^ �COWbQOWP[\oOWJUw p�sCHKbWPhOQP�\oL�H�N ^ OWVqH/_ ^ �XHKP ^ bW~XpXYRO{\oLCw � ^ N p	VqHKY�VEOWH��$OWPh~XOWVqHKN OQN
 |=� ¥q¤�� �

� 
 �	�+� � 3 $ ���!
 � ��� 
 � �
GhLCH�\RLCOQY[s�w�p�sCHKb \t� 2 HnOQP¨\RLCH VXHZJZ\RpXY®P 2@^ JZHnw�p�sCHKb�� inHKJZ\RpXY P 2C^ JKHnw pEsCHZbQP f PRHnY f bWHKP\Rp;JZYRH ^ \oH ^ VXHZJZ\RpXYaY[H 2 Y[HKPRHZNz\oOQN�~THZVqHKY[��sCp�J f w HKNz\K� 7apXNz\oHZN \�sCO���HKY[HKNCJZHKPa� HZ\ �mHKHZNsCp�J f w�HZN \RP ^ YRHaw�H ^ P f Y[HKs ^ P�sCOWP[\ ^ NCJKHZP���H�\ �aHZHKN \oLCHaVqHKJ�\opXY[P Y[H 2 Y[HKP[HKNz\oOWNC~/\RLCHKw?�GhLCH ^(232 YRp ^ JML f P[HKs}OQN \oLCOWP�\oLCHZPROWP`OWPhP f JML ^ VqHKJ�\opXYyP 2C^ JKH/w�p�sCHZb �GhLCH�p f \ 2Cf \ pqu�\oLCHmOQN�uvpXY[w ^ \oOQpqN/Y[HZ\RYROQH�V ^ b P[��P[\RHKw'sCHZVqHKbQp 2 HZs LCHKY[HaOQP ^ ~qY ^(2 L�O{kJ ^ bXYRH 2 YRHZPRHZN \ ^ \oOWpXN�pquEsCpEJ f w HKNz\oP OWN ^ !£ktsCOWw�HZNCPROWpXN ^ b w ^ 2 �®� s?& ^ JZHKNz\IsCp�J f w HKNz\oP
^ Y[Hrw pXYRHrP[OQw OQb ^ Y�\op�H ^ JML pq\RLCHKY;\oL ^ N�sCp�J f w�HZN \RP bW��OQN�~ ^ \ ~XY[H ^ \RHKY sCOWP[\ ^ NCJKHZPK�gtNz\oHZYRsCOWPRJZO 2 bWOQN ^ Y��?sCpEJ f w HKNz\oP ^ Y[HTOQs�H ^ bWbW� 2 b ^ JKHZs���H�\ �aHZHKN�\RLCHTJZb f P�\oHKY[P�pqun\oLCHZOQYsCOWPRJZO 2 bWOQNCHZPK� < f HZYROWHKP ^ YRHU\RYRH ^ \oHZs ^ PasCp�J f w�HZN \RP ^ NCs�VEOWP f@^ bQO � HKs ^ P 2 pXOQNz\RPaOQN \oLCHw ^(2 � ��\ ^ Y[\ROQNC~ ^ \ ^ N � 2 pXOWNz\�pq\oLCHZY�sCpEJ f w HKNz\oP�J ^ N�� H PRH ^ YRJMLCHZs¨� gtN \oLCOWP=� ^ �Y[HKb ^ \oOQpqNCPRLCO 2 P ^ w pXNC~ s�pEJ f w�HZNz\oP ^ NCs x f HKY[OQHKP ^ Y[H�H ^ P[OQbW��V�OQP fC^ bQO � HKs �

Preprocessing
Random
Mapping

PCADocuments
SOM
(map)

c OQ~ f YRH !E�{¡X��GhLCH/�=�yg���l \RH"��\`w�OWNCOQN�~ 2 YRp�JKHZPRP
GIp ^ N ^ b{� � H�\oH"��\�s�pEJ f w�HZNz\oP ^ \oHZJMLCNCOQx f H J ^ bWbQHKs4) ^ \oHZN \��EHKw ^ Nz\oOWJ;�UN ^ b{�EP[OQPOWP f P[HKs¨� 
 ) ^ \oHZNz\}�EHKw ^ Nz\oOWJ=� N ^ bW��PROWP + )I�E�=.�OQP ^ P[\ ^ \oOWP[\oOWJ ^ b`w pEsCHZbUpeu �mpXY[s

f P ^ ~XHy\oL ^ \ 2 HKY[w�O{\oP JKpXw 2@^ Y[OQPRpqNCPnpqu PRHZw ^ N \ROQJ`PROWw�OWb ^ Y[OW\t�/��H�\ �aHZHKN 2 OWHKJKHZPapqu�\oH���k\ f@^ bhOQNEuvpXYRw ^ \oOWpXN��  c@pXbQ¥? $���!GhLCOQP \oHZJMLCNCOWx f H � ^ P G YRP�\�OWNz\oYRp�s f JZHKs OQN ¡£¥X¥?*��z�
��HZHKY��mHKP�\oHZY���� f w ^ OQP��3) ^ NCs ^qf HKY���c f Y[N ^ P ^ NCs}� ^ YRPRL�w ^ N  ���/)�� ¥?*����n�Uu \RHKY ^ NEk
^ b{� � OQN�~ ^ bWb@sCp�J f w HKNz\oP f PROWNC~;\RLCH=) ^ \RHKNz\y��HKw ^ Nz\oOQJ`� N ^ bW��PROWP=+-)I�E�/.�� ^ PRpTJ ^ bQbWHKs�EHZbWu k10�Y[~ ^ NCO � OWNC~?| ^(2 +���0�| ."� ^ P 2 HZJKO ^ bnJ ^ P[H pqu ^ NCH f Y ^ b NCHZ\ �mpXY d ��OWP/\RY ^ OWNCHKs
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�yO{\oL?OW\oPyY[HKP f bW\oPZ��GhLCOWPUNCH f Y ^ bIN�HZ\ �mpXY d OQPh\oL�HKN=Y[H 2 Y[HKP[HKNz\oHZs ^ P ^ !	kts�OQw HKNCP[OQpXN ^ bw ^(2 ��Up@�mHZVqHKY��m��H�uvpXYRH f PROWNC~5\oLCH )ª��� ^ NCs!��0�| ^ bW~XpXYRO{\oLCw P/OW\TOWP NCHZJKHZPRP ^ Y[�A\op
2 Y[H 2 Y[pEJZHKP[Pm\oL�HUsCp�J f w�HZN \RP \Rp;HZNCL ^ N�JKHU\RLCHyYRHZP f b{\oP pqu \RLCH ^ N ^ bW��P[OQP +�c OW~ f Y[H !E�W¡@.��

� ��� � �&��������!��"* *�% ���

�EOWNCJKH<�mH ^ Y[H}OWNz\oHKY[HKP�\oHKs OQN!JKpXw 2@^ Y[OQNC~ sCp�J f w�HZN \�JKpqN \RHKNz\rOWNCP[\RH ^ s!pqu w�HZYRHKb{�JZpXw 2C^ YROWNC~ \oL�H9�apXY[sCP�JKpXNz\ ^ OQNCHZs OQN ^ sCp�J f w HKNz\��®O{\�w ^ed HKP�P[HKNCP[H \Rp H"� 2 bWOQJKO{\ob{�sCOWPRJZpXNCPROWsCHKY G bQbWHKY/�mpXYRsCP bQO d H ^ Y[\oOWJKbWHKP�� 2 YRpqNCp f NCP�� 2 Y[H 2 pXPRO{\oOQpqNCP��ªHZ\oJe�=�`u \oHKY/\oLCHHZbQOQw OQN ^ \oOWpXN pquªP f JML4�apqYRsCPyuvYRpXw \oLCH/sCp�J f w HKNz\y\oH��E\��@\oLCH/YRHZw ^ OWNCOQN�~*�apqYRsCP ^ YRH
f P[HKs \Rp;\RY ^ NCP�uvpXYRw \RLCH sCp�J f w�HZN \mOQN ^ VqHKJZ\RpXY���\oLCOWPmOWP \RLCH G YRP[\ 2@^ Y�\�pqu�\oLCH )I�E� �GhLCHZYRH ^ YRH�s�O���HKYRHZNz\ ^ 2�2 YRp ^ JMLCHKPyuvpXY�\RLCOQP�\RY ^ NCP�uvpXYRw ^ \ROQpXN¨�

� � � � � � 
��#� 
� �85
GhLCH G YRP�\ pXNCHmOQP®\op�JZpXNCP[OQsCHZY H ^ JML sCO���HKY[HKNz\ �mpXYRs OQN;\RLCH�sCp�J f w�HZN \ ^ P pqNCHasCOWw�HZNEkP[OQpXN pqu ^ VXHZJZ\opqYaP 2C^ JKH`inHKJZ\RpXY JKpXw 2 pqNCHKNz\oP OQN H ^ JML sCOWYRHKJ�\oOWpXN�JZpXYRY[HKP 2 pXN�s \op�\oLCHuvY[HKx f HKN�JZ� pquI\oLCH/�mpXYRs�P ^ PRPRp�JKO ^ \oHZs<�yOW\oL \RLCHKw?��GhLCOQPhP[OQw 2 bQH ^(2�2 Y[p ^ JML?L ^ PhpXNCHOWw 2 pXY[\ ^ Nz\aL ^ NCsCOWJ ^(2 ��G �mp \oH"��\RP �yOW\oLr\RLCH�P ^ w�H=�mpXYRs�PhOQN JKpqw 2 bWHZ\RHKbW� sCO � HZYRHZN \P[HKx f HKN�JKHKPhL ^ VqH \oL�H P ^ w�HyVXHZJZ\opqYK�nG ^ �CbQH !E�{¡ PRL�p �yPm\oLCHUsCpEJ f w HKNz\aVqHKJZ\RpXYapeu¨\oLCH
2 L�Y ^ P[H 
�\op ��H�pXYhN�pq\y\op ��H	�,�yOW\oL \oL�OQP ^(2�2 YRp ^ JML	�£�

��� �(� � � 
��#� 
� �85
\op !
��H !
pXY ¡
NCpq\ ¡

G ^ �CbWH !E�W¡q�nc�Y[HKx f HZNCJZ� pqu��mpXYRsCPhk H"� ^ w 2 bWH�VXHKJ�\opXY

3 �  �& � �
�	-�&�&���
GhLCH PRHKJZpXNCsA\oY ^ NCP�uvpXYRw ^ \oOWpXN f PRHZP ^ 
[PRbWOQsCOWNC~��yOQNCsCp@� �5p£VqHKYTJZpXNCPRHZJ f \ROWVqH?JML ^ Y�k
^ J�\oHZYRP �yLCOQbWH�OQ~XNCpqYROQN�~ P 2@^ JZHKPZ�hl VXHKY���+�sCO � HZYRHKNz\ .hJZpXwT�COWN ^ \ROQpXN pqu� JZpXNCPRHZJ f \ROWVqHJML ^ Y ^ J�\oHKY[P��mOQP pXN�HhsCOQw HKNCP[OQpXN OWNT\oLCHhVqHKJZ\RpXYnP 2@^ JKHq� _m� OQN�JKYRH ^ PROWNC~���\oLCH �yOWNCsCp@�J ^ N YRH ^ JML<�yLCpXbQH8�apqYRs ~XYRp f�2 P +vPRpT\oL ^ \�\oH���\oP �yOW\RL \oL�H�P ^ w H �mpXYRs�PhOQNrsCO � HZYRHZN \
���;3 �6!$��' ��� � �5#9)�� ��) "$4 )6#912� � + �
���@354 �6!$#&473��9# ��� �6!$#��;3 - " ��� %
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P[HKx f HKN�JKHKP �yOWbQbyYRHZP f b{\ OWN:sCO � HZYRHZN \ VXHZJZ\RpXYRP .��,G ^ �CbWH !�� ! PRLCp@�yP \RLCH=sCp�J f w�HZN \VqHKJZ\RpXYypqu \RLCH 2 LCY ^ PRH�
�\Rp � H�pXYhNCpq\h\Rp�� H �,�yO{\oL ^ �yOWNCsCp@�4P[O � H�pqu .C�
� ' � � ���	�@
 � � � � � -��� �+ � � � � 
 ����
� �85
\RpX��H !
pX� HKp ¡
� HKpXY ¡
HZpXYRN ¡
pXY[NCp ¡
Y[NCpq\ ¡
NCpe\op ¡
pq\RpX� ¡

G ^ ��bQH !E�"!E� �EbQOWsCOQN�~*�yOQNCs�p � k H"� ^ w 2 bQH�VqHKJ�\opXY

3 �  �& � �
�	-�&�&����� � 
 � � � �(���
GhLCH \RLCOQY[s ^(2�2 Y[p ^ JML OQP�\Rp?JZpXwT�COWNCHT� pq\oL 2 Y[HZV�OQp f PRb{�5w HKNz\oOWpXNCHKs5\RHKJMLCN�OQx f HKP/OQN
^ PRbWOQsCOWNC~ �yOQN�sCp@� p£VXHZY �mpXY[sCPK�!gtN!\RLCOQP J ^ PRH P[OQNC~XbWH ^ P,�aHZbQb ^ P s�p f �CbWH �apXY[sCP��JZpXNCPROWP[\ROQNC~�pqu/\ �ap JKpXN�PRHKJ f \oO{VXH �apXY[sCP�� ^ YRH P[\RpXYRHZs¨� GhLCH�s�HZ\ ^ OQbQP peu ^ bWb \oL�YRHKHV ^ Y[O ^ Nz\oP ^ NCs5\RLCH JZpXw 2 bQH�\oH s�OQPRJ f PRP[OQpXN=pqu�\oLCHZOQY ^ s�V ^ Nz\ ^ ~XHKP ^ NCs5sCOWP ^ s�V ^ Nz\ ^ ~XHKPOWPm\op ��H`uvp f NCs OWN  7aOQP *E¡ � ��G ^ �CbWH !E�-,;P[LCp@�yP�\oLCH sCpEJ f w HKNz\�VXHZJZ\RpXY�pqu \RLCH 2 LCY ^ PRH
�\Rp � H pXYUNCpq\U\opr� H � �yOW\oL}\oLCOWP ^(2�2 YRp ^ JML � �UgtN5\RLCOQPy\oLCHZPROWP��'�mHTJMLCpqPRHT\oL�H;\oL�OQYRsV ^ Y[O ^ Nz\�

� � �(� � �'� �  � � ���� � � �?
��#� 
� �85
\Rp !
� H !
\RpX� H !
pqY ¡
� HKpqY ¡
N�pq\ ¡
pqYRNCpq\ ¡
N�pq\R\Rp ¡

G ^ �CbWH !E�-,��m�EbQOWsCOQNC~ �yOQNCsCp@�,p	VqHKY �mpXYRsCPhk H"� ^ w 2 bWH�VXHKJ�\opXY

� �;3 - "$����4"3 ��#��
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�`u \oHKY�s�HZ\oHZYRw OQNCOWNC~ \RLCH JKpXY[YRHZP 2 pXNCsCOWNC~rVXHZJZ\opqY�\Rp H ^ JML+sCp�J f w HKNz\��¨\oLCH���P 2@^ N ^
� kjsCOQw HKNCP[OQpXN ^ b�P 2C^ JKH � �yL�HKYRH � OQP \oL�H=N f wT� HKY�pqu ^ bWbhsCO���HKY[HKNz\ �mpXYRs�P�uvp f N�sOWN ^ bWbhJKpXNCP[OQsCHZYRHZs1sCpEJ f w HKNz\oPZ�,gtN3~XHZNCHKY ^ b�� � OQP VXHKY��:b ^ YR~qH(��OWNCJKY[H ^ P[OQNC~ �yOW\oLsCp�J f w�HZN \;N f wT� HKYZ� GhLCH ) ^ \oHKNz\T�EHKw ^ Nz\oOWJ � N ^ b{��PROQP +-)ª���/.�NCp@� YRHZs f JKHZP;\RLCOQPLCOW~XLEkjsCOQw HKNCP[OQpXN ^ bmP 2@^ JZH��yO{\oL�w OQNCOWw ^ bnOWN�uvpXYRw ^ \ROQpXNFbWpXPRPZ�!�EHZVqHKY ^ bh\oHKJML�NCOQx f HZP
^ Y[H 2 pXPRP[OQ�CbWHq�n��YROWNCJKO 2@^ b�7apXw 2 pXNCHZNz\y� N ^ b{��PROQP/+��A7a�/.�OQP f PRHZs?\Rp JKYRH ^ \oH�VqHKJ�\opXY[P
�yO{\oL1bQp@�mHKYrs�OQw HKNCP[OQpXN ^ bQOW\t�(��JKpqN \ ^ OQN�OQNC~�NCH ^ Y[bW�!\oLCH�P ^ w H5OQN�uvpqYRw ^ \oOWpXN ^ P \oLCHLCOW~XLCHZY�kts�OQw HKNCP[OQpXN ^ b�VXHZJZ\RpXYRPZ�y_aHKJ ^qf PRH;pqu O{\oPhLCOW~XL?JKpXw 2 bQH��EOW\t�r\RLCH �A7a�'OQPhVXHZY[�
\ROQw H�ktJZpXNCP f w�OWNC~C�®GhLCHZYRHZuvpqYRH(�E��H�uvpXYRH f P[OQNC~�\oL�H �A7a�*�F�mH Y[HKs f JZHUs�OQw HKNCP[OQpXN ^ bQOW\t��z� ^ NCpe\oLCHZY;w HZ\RLCpEs � � ^ NCs�pXw | ^(2�2 OQNC~C� GhLCOWP;Y[HKb ^ \oOWVqHKb{�5NCH"� \oHKJML�NCOQx f H � ^ POWN \RYRp�s f JZHKs!� �A� ^ P d O�� OQN ¡£¥X¥q¤��Agj\ J ^ N!��H f P[HKs!\op YRHZs f JKH?LCOW~XLEkts�OQw HKNCP[OQpXN ^ bVqHKJZ\RpXYRP \op ^ s�OQw HKNCP[OQpXN ^ bQOW\t��pqu ^ uvH"� L f NCsCY[HKs �yO{\oL!PRw ^ bQbhOWN�uvpXY[w ^ \ROQpXN bQpXP[PK�GhLCH}sCOQw HKN�PROQpqN ^ bQO{\t�Fpqu \oLCH}YRHKP f bW\ROQNC~+VXHZJZ\opqYRPrOWP�P f �CPRHZx f HKNz\ob{�3Y[HKs f JZHKs ^ ~ ^ OQN
�yO{\oL \oLCH;�A7a�'\Rp ^ VqHKY[� bWp@�4sCOWw�HZNCPROWpXN ^ bWOW\t� ��HZJ ^qf PRH�\oLCH/OQN�uvpqYRw ^ \oOWpXN bWpXPRPhuvpXYbWp �BsCOWw�HZNCPROWpXN ^ bWOW\oOWHKP OQPhP[w ^ bWbQHZY + ^ P �yO{\oL � ^ NCsCpXw | ^(2�2 OWNC~ .����OQw HKN�PROQpqN ^ b YRHZs f J�\oOQpqN�OQP N�pq\ \RLCHTpXNCb{� YRH ^ PRpXN5uvpqY H"�EHZJ f \ROQNC~r\RLCH �A7a� ��gtNpXN�H pqu \RLCH;uvpqbQbQp@�yOWNC~ JML ^(2 \RHKYRP OQP P[LCp@�yN#��\RL ^ \U\oLCH;JKpXw 2 YRHZPRP[OQpXN5peu�OQN�uvpqYRw ^ \oOWpXN
�yO{\oL?�A7a�'J ^ N?OQw 2 YRp£VXH�\RLCH�YRHKP f bW\RPypqu ^ x f HZY[�X�

� �	� � ��


D O{\oLA\oLCH Y[HKP f bW\oOWNC~�bQp@� sCOQw HKN�PROQpqN ^ bmVqHKJ�\opXY[P ^ NCH f Y ^ bhN�HZ\ �mpXY d OWPT\oY ^ OQNCHZs#� ^P[p J ^ bQbWHKs �EHZbWu k%0�Y[~ ^ NCO � OQN�~�| ^(2 + ��0�| .��hGhLCOQP \RHKJMLCNCOWx f H � ^ P?OQNz\oY[pEs f JKHZsB�z�
��pXLCpqNCHKN OQN ¡£¥X¥?*  ��pXLC¥?*8� �a\oL�HKYRH�uvpXYRH \oL�HKPRH=w ^(2 P ^ YRH?pqu \oHZN:J ^ bQbQHZs!��pqLCpXNCHZNw ^(2 PZ� GhLCH ~qY ^(2 L�OQJ ^ b Y[H 2 Y[HKP[HKNz\ ^ \ROQpXN�uvpXYmP f JML ^ Nr�EHKb{u k%0�YR~ ^ NCO � OQNC~;| ^(2 + ��0�| .OWPaPRL�p �yN?OQNrc OQ~ f YRH !�� !E��gtNr\RLCOQPaH"� ^ w 2 bQH \RLCH \RY ^ OWNCOQNC~/VXHZJZ\opqYRP ^ YRHUVXHKJ�\opXY[P �yOW\oLHZOW\oL�HKY�pXN�bW� 2 pXP[OW\ROWVXHUV ^ b f HZP ^ PhJKpqw 2 pXNCHZN \RPhpXY�pXN�bW��NCHK~ ^ \oOWVqH�V ^ b f HZP +�Y ^ NCsCpqw�b{�~XHZNCHKY ^ \oHZs .�� _apq\RLB~qYRp f�2 P ^ YRH sCOWV�OWsCHKs �z�1\oLCH ��0�| s f YROWNC~A\oY ^ OQNCOWNC~C� GhLCH
VqHKJZ\RpXYRP ^ YRHUYRH 2 YRHKP[HKNz\oHZs � ���Cb ^ J d 2 pXOWNz\oPK� l ^ JML JKpXbWpXY G HKbQs�YRH 2 YRHZPRHKNz\RPhpXNCH N�pEsCHpqu \oLCHUNCH f Y ^ b N�HZ\ �mpXY d ��\RLCH JZpXbQpXY YRH 2 YRHZPRHZN \RP�\oLCHUw�H ^ NrsCOWP[\ ^ NCJKHUpqu¨\RLCOQPmNCpEs�HU\op
^ bWb®NCHKOW~XL ��p f Y NCp�sCHKPZ��GhLCHTs ^ Y d HKY \RLCHTJKpqbQpXYy\oLCH;~XYRH ^ \oHZYU\RLCHTsCOWP[\ ^ NCJKHT� HZ\ �mHKHZN\RLCOQP�N�pEsCH ^ NCs�OW\RP�NCHKOW~XL ��p f YRP + ^ NCs5\oL�H ~XYRH ^ \oHZY�\oLCH sCOWP[\ ^ NCJKH ��H�\ �aHZHKN�VqHKJ�\opXY[P
^ P[PRp�JKO ^ \oHZs��yO{\oL \oL�OQPyNCp�sCHKP .��� b{\oLCp f ~XL \oLCH )I�E� OQP�p£VXHZY;\oHZN+�qH ^ Y[P pXbWs#� \oLCHZYRH ^ YRH pXN�bW� ^ uvH���\RpEpqbQP ^ N�s
2 Y[p?&[HKJ�\oP f PROQN�~�\oL�OQPU\RHKJMLCN�OQx f H(� uvpXY`H"� ^ w 2 bQH/\oLCH D l _���0�| 2 YRp?&[HZJZ\  D ln_ *�¡	���
2 Y[pX� ^ ��bW��� HKJ ^ef PRH�O{\IOQPIw�pXY[HmJZpXw 2 bQH�� ^ NCs Y[HKP[p f YRJZH�H"� 2 HKNCP[OWVqH�\oL ^ N/\oH��E\ w ^ \oJMLEkOWNC~ ^ bQ~qpXYRO{\oLCw PK�
�	8+�4"#�" ��- �"!8#����	!$-84"��-���3 - " #9-847�") +�'�4"4���#9121@+  $4"#9#�� ���������
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c OQ~ f YRH !E�"!E���UN}H�� ^ w 2 bWH�uvpXY ^ PRHKb{u ktpXY[~ ^ NCO � OWNC~ w ^(2
� ��� � % *�# ��% ��� #���� ����*�#�� � *
GhLCH JZpXw 2 bQH"�EO{\t�3pqu/\oLCH�\RHKJMLCNCOWx f HKP?OQNz\oY[pEs f JKHZsBOWN \RLCH 2 YRH�V�OQp f P P[HKJZ\ROQpXN�P?Y[H�kx f OWYRHKP ^ PRJ ^ b ^ ��bQH ^ Y[JMLCOW\RHKJZ\ f YRHe� D�H sCHKJZOQsCHZs�\op?OQw 2 bWHKw HKNz\�\oL�H�OWN�uvY ^ P�\oY f JZ\ f YRH
^ P ^ sCOQP�\oYROW� f \RHKs�P[��P�\oHKw OQN�pXY[sCHKY \Rp sCOWV�OWsCH;\RLCH JKpXw 2 bWH"�EOW\t� ^ NCs H���HZJ f \RH \oOQw HJZpXNCP f w�OWNC~ 2 YRp�JKHKP[PRHZP�OQN 2@^ Y ^ bQbWHKb � D�HUL ^ VqH f P[HKs ^ w f bW\RO{k ^ ~XHKNz\�P���P[\oHZw � HKJ ^qf P[HO{\�OQP�H ^ P[� P[J ^ b ^ �CbQH ^ NCs ^ bQbWp �yP H ^ P[OQHKY�OWw 2 bWHKw HKNz\ ^ \oOQpqN=pqumsCOQP�\oY[OQ� f \RHKs P[��P�\oHKw PK�gtN ^ sCs�OW\oOWpXN=\RLCH � g`J ^(2C^ �COQbWOW\ROQHKP`w ^qd H O{\�H ^ P[OQHZY�\op OQN�JKb f sCH \oH���\;H���\oY ^ JZ\oOWpXN5uvpXYNCH"�4sCp�J f w�HZN \y\t� 2 HKP*+�PRHZH97aL ^(2 \oHZY . .��GhLCH�\oH��E\`Y[HZ\oY[OQH�V ^ b 2 YRp�JKHZPRP`J ^ N?� H�sCOWV�OQs�HKs OQN \oL�YRHKH 2@^ Y�\oPZ�

� 9 � 
 $ ��� �!
���:-� ����c OQY[P[\h\oL�H;sCp�J f w�HZN \RP ^ YRH 2 Y[H 2 Y[pEJZHKPRP[HKs¨�aGhLCH;Y[HKP f bW\ROQNC~s ^ \ ^ J ^ N���H f P[HKsruvpXYnpq\RLCHKY 2Cf Y 2 pXP[HKP=+vuvpXYnH"� ^ w 2 bWHUP[OQw 2 bQH�\RH"��\�w ^ \oJML�OQNC~P[H ^ Y[JML ."��P[p \RLCOQP 2@^ Y[\yOQPhOWNCsCH 2 HZNCsCHKNz\`uvYRpXw ��pe\oL pq\oL�HKYRPZ�
� � � $&$  � ����GhLCHZN:\oL�H}VXHZJZ\RpXY sCOWw�HZNCPROWpXN ^ bWOW\t��OQP YRHZs f JZHKs ^ N�s \oL�H��EHZbWu k
0�Y[~ ^ NCO � OQN�~ | ^(2 OQP�\RY ^ OWNCHKs¨�

� � ��
 �+5 -������GhLCH b ^ P[\ 2@^ Y[\�OWPU\oL�H L ^ NCsCbWOQNC~�pqu x f HKY[OQHKP=�yO{\oL ^ ��Y ^(2 LCOQJ ^ bS`PRHZY`gtNz\RHKY[u ^ JKH + ��SUg%.��
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GhLCHZPRH/\oLCY[HKH 2@^ Y[\RPUJ ^ N=Y f N=N�H ^ Y[bW� OWNCsCH 2 HKN�sCHKNz\ uvY[pXw H ^ JML5pq\RLCHKY ^ NCs ^ YRH/H ^ P[�\Rp s�OQP[\RYROW� f \oH�p£VqHKY`w ^ Nz� JKpXw 2Cf \RHKYRPZ��Uu \RHKY ^ PRL�pXY[\ OWN \RYRp�s f J�\oOQpqN1OQN ^ ~XHZNz\[kt� ^ PRHZsBP��EP�\oHZw�P�� �yLCOQJML OQP NCHKJZHKPRP ^ Y[�uvpXYU\oLCHTuvpXbWbQp@�yOQN�~ JML ^(2 \oHKY[P��®OW\ OQP�H�� 2 b ^ OWNCHKs�L�p ��\oLCH;\oLCY[HKH 2@^ Y�\oP=�yOQbWb��mpXY d uvpXY\RLCHKw PRHZbWVXHZPUOWNCsCH 2 HZNCsCHKNz\RbW� ^ N�s?\RpX~XHZ\RLCHKYZ�
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gtN:\RLCOQP�JML ^(2 \RHKY ^ ~qHKNz\[kj� ^ PRHZs1P[��P[\RHKw P ^ Y[H5OQNz\oY[pEs f JKHZs¨�,GhLCOWP \oHZJMLCNCpXbWpX~q�!L ^ P
^ x f OWYRHZs ^ N+OQN�JKYRH ^ PROWNC~ OQw 2 pqY[\ ^ NCJKHTOWN�\oLCH YRHZJKHKNz\/�XH ^ YRP�� ^ N�s�O{\�PRHKHZw�P�\op?� H ^~Xp�p�s=PRpqb f \ROQpXN?uvpXY�JKpqw 2 bWH"� 2 Y[pX�CbQHZw�PUbQO d H�\oLCHT\RH"��\�YRH�\oY[OQHZV ^ b ^ bW~XpXYRO{\oLCw PyOQNz\oY[peks f JKHKs}OQNr\RLCH 2 YRH�VEOWp f PyJML ^(2 \oHKYZ�� ~qHKNz\[kjpXYROWHKNz\oHZs?\RHKJMLCNCOWx f HKP`L ^ VXH�\oLCHZOQYhpXY[OQ~XOWNrOQN sCOWP[\RYROQ� f \oHZs ^ Y[\oO G JKO ^ b OQNz\oHZb{kbWOQ~XHZNCJKH � ^ b{\oLCp f ~XL=\RLCHZ�}L ^ VXH � HKHZN�~XYRH ^ \ob{�}OWN3$ f HZNCJKHZs��z� ^ Y�\oO G JKO ^ b OQNz\oHZbQbQOW~XHKN�JKH
+ d N�p �ybWHKsC~qH�kt� ^ PRHZs P[��P�\oHKw P .��ª�z�5\RLCH pX�&[HZJZ\/pXYROWHKNz\oHZs�\oHKJML�NCOQx f HZP�� �z�5\RLCH sCHKJZO{kP[OQpXN \oL�HKpXY�� ^ NCs \oLCH + \oHKbWH�k1.�JKpqw�w f NCOQJ ^ \oOWpXN¨�� f H+\op3P[p3w ^ N � JZpXNz\oYROW� f \ROQpXNCP?\oLCHZYRHFOWP}N�p f NCsCOWP 2Cf \ ^ �CbWH sCH G NCO{\oOQpqNBuvpXY

 ^ ~XHKNz\oP�� + uvYRpXw b ^ \oOWN¨� ^ ~qHKNCPhka\RLCH OWw 2 HKbWbQOWNC~ uvpXY[JKH@.��`�Up@�aH�VXHZY�� \RLCHKY[H ^ Y[H PRpqw�HuvH ^ \ f Y[HKP JZpXw�w pXN!\opF\oL�H5w ^ &[pXYRO{\t� peu/\RLCHKw?�$� N ^ ~XHKNz\�� ^ JZJKpXY[sCOQNC~F\Rp	� p ^ V�EL�pXL ^ w OQP 
 ^ N�HKNz\oO{\t� �yL�pXPRH P�\ ^ \RH OQP V�OQH"�aHZs ^ P�JKpqNCPROWP[\oOWNC~rpqu w HKNz\ ^ b JKpqw 2 pekNCHZNz\oPaP f JML ^ P � HKbQOWHZuvP���J ^(2@^ ��OQbQO{\oOWHKP��qJMLCpXOQJZHKP�� ^ N�s JKpqw�w OW\Rw�HZN \RP,�  �ELCpz¥�¡�� � ) ^ \RHKY
^ PRHZJKpXN�s:w H ^ NCOWNC~�pqu 
 ^ ~XHZNz\ � � ^ P�OWN \RYRp�s f JZHKs��z�A\oHKbWHKJZpXw�w f NCOQJ ^ \oOWpXN¨�+GhLCOQPw H ^ N�OQNC~rL ^ P�NCpq\oL�OQNC~r\Rp?s�p��yO{\oL�OWN \RHKbWbQOQ~qHKNz\ ^ ~qHKNz\oPZ� � JKJZpXYRs�OQNC~ \op?� ^ LCOQN �Ub{k� ^ ��Y ^ed � 
��W�{� \RLCH�\oHZYRw�� ~XHZN \nOWP f P[HKs uvpXY \ �mp�x fC^ bQO{\oOQHZP pqu P[pqu \ � ^ YRH(� pXN�H�OQP ^ \�bQH ^ P[\Y[HKb ^ \oHKs5\Rp � g ^ NCs5\RLCH pq\oL�HKY�OQP NCpq\ �  �UbQ�@¥X¤ ���;gj\�uvpXbWbQp@�yPU\RL ^ \ ^ 2 YRpX~XY ^ w w f P[\L ^ VqH/\RLCH�uvpXbQbWp �yOWNC~ ^ \[\oY[OQ� f \RHKP�\Rp � H�J ^ bWbQHZs ^ N ^ ~XHKNz\�

� � � �+� � �'� 5��;O � Hq� \oLCH ^ ~XHZN \;J ^ NFJKpXNz\RYRpXb OW\RP;p@�yN ^ J�\oOWV�O{\oOQHZP ^ NCs OWNzVXp d H
^ JZ\oOWpXNCP �yO{\oLCp f \yL f w ^ N f P[HKY`OQNz\oHZY ^ J�\oOWpXN¨�

� � � �@
 � ���	�� �  � 5���\oLCH ^ �COWbQO{\t�}\Rp}OWN \RHKY ^ JZ\ �yOW\RL�O{\oP�HKNzV�OQY[pXNCw HKNz\� c@pXY�\RLCOQPY[H ^ P[pXN ^ ~XHKNz\RPUNCHZHKs=\Rp�� H ^ �CbWH�\Rp�JZpXw w f NCOWJ ^ \RH=�yOW\oL \oL�HKOQYhHZNzVEOWYRpXN�w�HZN \
+ ^ NCs pq\RLCHKY ^ ~XHZNz\oP .��

� � 
� �	�� �  � 5���O � Hq� \oLCH ^ ~XHKNz\IJ ^ N�Y[HKP 2 pXNCs�\opyH�VXHKNz\RPIuvY[pXwB\RLCH�HKNzV�OQY[pXNCw HKNz\�
��
 � � � 0 � �(-
� �@� �� � �n� 
[GhL�H}\oHZYRw ~Xp ^ b`OWP f P[HKs1OWN ^ w pXY[H}w HZ\ ^(2 LCpXY[OQJ ^ bP[HKNCP[H \op sCHKP[JKY[OQ� Hr\oLCH u ^ J�\T\oL ^ \ ^ ~XHKNz\RP 2Cf YRP f H ^ ~XOWVqHKNA\ ^ P dFf Nz\oOWbaO{\ OQP

¡	¦
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G NCOQP[LCHKs ^ NCs?w ^ � sCHKb ^ �rpXYhHZVqHKN=Y[H1&[HZJZ\`pq\oL�HKYh\ ^ P d PUOWN \RLCH 2 YRp�JKHZPRPZ� �
� � � �  �  � 5���\oLCH ^ �COQbWOW\t��pqu ^ N ^ ~XHKNz\ \Rp \oY ^ NCP 2 pXY�\�OW\RP JKp�sCH ^ NCs OQN�uvpqYRw ^ \oOWpXNuvY[pXw ^ NCH�\ �apqY d�2 b ^ JKH�\op ^ N�pq\oLCHZYK�
� � � � $ �� �  � 5��?OQP ^ uvH ^ \ f YRH 2 YRp£V�OQsCHZs3�z� ^ Y[\RO G JZO ^ bhOWN \RHKbWbQOQ~qHKNCJZHq�:�U~XHKNz\RPP[LCp f bWs�L ^ VqHU\RLCH ^ �COQbWOW\t� \Rp;bWH ^ Y[N uvY[pXw�w OQP�\ ^qd HKP ^ NCs�\Rp ^ s ^(2 \n\oL�HKw PRHKb{VXHZP\Rp JML ^ NC~XOWNC~ HKNzV�OQY[pXNCw HKNz\`JKpXNCs�OW\oOWpXNCPZ�
� 9 � �����&-��� �!� $ � �  �  �� 
�q�`O � Hq� ^ ~qHKNz\oP�w f P�\���H ^ �CbQH \Rp JKp�pXYRsCOWN ^ \RH \oLCHZOQYbWpXNC~T\RHKYRw 2 b ^ N�P ^ NCs?~Xp ^ bWPK�
� � 
��
 �	����'�n� ^ N ^ ~XHZNz\yL ^ Ph\op YRH 2 YRHZPRHKNz\UOW\RPhw�HZN \ ^ b P[\ ^ \oHZPyOQNz\oHZYRN ^ bWbW�q�
� � � � $ 
 � � ���� � � ^ N ^ ~XHKNz\yOWP ^ �CbWHU\op H��EHKJ f \oH�OW\RPa\ ^ P d �z�rOWNz\oHKY ^ JZ\ROQNC~ �yOW\oLpe\oLCHZY ^ ~XHKNz\RPK�
GhLCOWPªOWP ^ VXHZY[�;YRHKP�\oY[OQJZ\ROWVqHmsCH G NCO{\oOQpqN;pqu ^ ~XHZN \RP ^ N�s NCpq\ ^ bWbzpqu�\RLCHKP[H 2 YRp 2 HZY[\oOWHKP

^ Y[H�JKpXN�PROQs�HKYRHZs JKpXw w�pqN � � ^ bQb�H"� 2 HKY[\RP +�PRHZH  _aY ^ ¥z¢ �  D 7 *�¡ � .��A7apXw w pXN \op ^ bWb
^ ~qHKNz\`sCH G N�OW\oOWpXNCPhP[HKHKw pqNCbW��\op ��H ^qf \opXNCpqw � ^ N�s}OWN \RHKY ^ JZ\ROWV�OW\t�q�� ~qHKNz\[kj� ^ PRHZs�P[��P[\RHKw P ^ Y[H sCOWP[\oY[OQ� f \oHKs}P[��P[\RHKw ^ bQbWp �yOWNC~ \op f PRHTw f bW\oO 2 bQH�Y[H�kP[p f YRJZHKPruvpXY�pXNCH 2 YRpX�CbWHKw ��\oLCHZYRH�uvpXYRH=\RLCHZ� ^ YRH}pqu \oHZN1JKpXN�PROQs�HKYRHZs ^ P ^	2@^ Y[\rpeu\RLCH ��OQP�\oYROW� f \RHKsF�UY[\oO G JKO ^ bagtNz\RHKbQbWOQ~XHZNCJKH +��y� g%.��ªGhLCHZ� ^ YRH ^ ~Xp�p�sAPRpXb f \oOWpXN uvpXY\ROQw H�ktJZpXNCP f w�OWNC~ 2 YRpX�CbWHKw P*�yLCOWJML!J ^ N���H sCOWV�OQs�HKs�OQNFw ^ Nz� \ ^ P d PZ�FGhLCH w pXP[\OWw 2 pXY[\ ^ Nz\ysCO���HKY[HKNCJZH;� HZ\ �mHKHZN�JKpXNzVqHKNz\oOWpXN ^ bIsCOQP�\oY[OQ� f \RHKs?P[��P[\RHKw P ^ N�s}\oL�H ��OWP�k\RYROQ� f \oHZs�� Y[\RO G JZO ^ bIgtNz\oHZbQbQOW~XHKN�JKH�+��`�Ug%. OQP \RLCH ^ �COWbQOW\t� \Rp L ^ NCsCbWHTPRO{\ f@^ \oOQpqNCP ^ N�sP[JKHKN ^ YROWpXP �yLCOQJML ^ YRH�N�pq\`JKpXNCJZHKO{VXHKs}s f Y[OQNC~ \oL�H/s�HKPROW~XN pquI\oLCH�P[��P�\oHKw?�

3 $ 
 
 �(' � �	� �
GhLCH�w�pqP[\ 2 p 2�f b ^ Y�uvpXY[w pquhJKpqw�w f NCOQJ ^ \oOWpXN�� HZ\ �mHKHZN ^ ~XHZN \RP ^ Y[H�P 2 HZHKJML ^ JZ\RP��
�yLCOWJML�~qOWVXHyH�VXHKY�� s ^ \ ^ \RY ^ NCP[w�OWPRP[OQpXN ^ sCHKN�pq\ ^ \ROQpXN + uvpXYnH"� ^ w 2 bQHe�ªx f HZP[\oOWpXNCP��EH���k
2 b ^ N ^ \ROQpXN�P�HZ\oJe� .���GhLCHKY[H ^ Y[H`\ �mp OWw 2 pXY[\ ^ Nz\�\t� 2 HZPK� ��NCp@�ybQHKs�~XH < f HZY[� ^ NCsr| ^ kNCO 2Cf b ^ \oOWpXN ) ^ NC~ f@^ ~XH +�� <�|4)�.  c �¨¥?,$�  c c�|5|=¥ .�� ^ N�s c�p f NCs ^ \ROQpXN�uvpXY�gtNz\oHZbQbQO�k~XHZNz\ ��Lz��PROQJ ^ b��U~XHKNz\Ik �U~XHKNz\�7apXw�w f NCOQJ ^ \oOWpXN ) ^ NC~ f@^ ~XH=+�c g����ykt�87 )�.  c g��n¥z¢ � �_ape\oL �mHKY[HrsCH�VEOWPRHZs \op}LCHKb 2 PRpeu \ � ^ Y[H HZNC~XOQN�HKHKY[P sCH�VXHZbQp 2 w f bW\RO{k ^ ~XHKNz\�P[��P�\oHKw PK�
D LCOWbQH=c g����ykt�87 ))OQP ^ N1P[\ ^ NCs ^ Y[s � ^ PRHZs f�2 pqN 2 LCOQbWpXPRp 2 LCOQJ ^ b`PRJKOWHKNCJZH5\oHZYRw P��� </| )5OQP ^ N ^ s LCp�J`P[\ ^ NCs ^ Y[s �yLCOWJML sCp�HKP NCpq\ f PRHy\oL�HUJZpXYRY[HKJZ\aPRJZOQHKNz\RO G Jy\oHZYRw PK�c g�� �`kt�87 ) 2 YRp£V�OQs�HKP�\oLCHh� ^ PROWJ�OQNz\oHZY ^ J�\oOWpXN w�HZJML ^ NCOWPRw P ^ NCs 2 Y[OQw OW\ROWVXHmJKpXw kw f NCOQJ ^ \oOWpXN ^ J�\oP�\Rp bQHZ\ ^ ~XHKNz\RP�OQNz\oHZY ^ J�\=�yOW\RL�H ^ JML pq\RLCHKYZ�97apXw 2 bWH"�=JKpXw w f NCO�kJ ^ \oOWpXNCPhOQN?c g�� �`kj�87 ) L ^ VXH�\op � H/pqYR~ ^ N�O � HZs OQN JKpqN VqHKY[P ^ \ROQpXN 2 YRpq\RpEJZpXbQPZ�
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GhLCH JZpXNCJKH 2 \/pqua_aHKbWOQHZu1�¨��HKPROWYRH � gtN \RHKNz\oOWpXN +�_���g%. � ^ P�OQNz\oY[pEs f JKHZs��z� _aY ^ \ow ^ NOWN+¡¥X¤z¢  _aY ^ ¤X¢8� �n_a��g ^ Y[JMLCOW\RHKJ�\ f Y[HKP ^ YRH�H"� ^ w 2 bWHKPhpqu 2 Y ^ JZ\oOWJ ^ b YRH ^ PRpXNCOWNC~Tkn\oLCH
2 Y[pEJZHKP[P`peu sCHZJKOWsCOQNC~3�3�yLCOQJML ^ J�\oOQpqN \Rp 2 HZY[uvpXY[w OQN \RLCH�u f Y[\RLCHKY ^ NCJZH;pquI\oL�H/~qp ^ bQPZ�GhLCH�uvpXbWbQp@�yOQN�~TH"� ^ w 2 bQH�H�� 2 b ^ OWNCP�\oL�H�\RLCYRHZH/\RHKY[w�PZ�

� g�����	�
�����m\oL ^ \yO{u g �mpXY d L ^ YRs g �yOWbQb 2C^ PRPy\oLCH�H�� ^ w}�
� g�������
����a\Rp 2@^ PRPy\oL�H/H�� ^ w}�
� ��p g�
 ����������\op,�mpXY d L ^ YRs¨�
_aHZbQOQH�u ^ NCs1s�HKPROWYRH}PRL ^(2 H=\RLCH5OQNz\RHKNz\oOWpXNCP�\RL ^ \ ^ ~XHKNz\RP ^ sCp 2 \�$_���g ^ ~XHKNz\oP

f P[HT\ �ap?OQw 2 pXY[\ ^ Nz\ 2 Y[pEJZHKP[PRHKPZ�/��HKbQOW��HZY ^ \ROQpXN���O�� He�;sCHZJKOWsCOQNC~ �yL ^ \�~Xp ^ bªOQP \Rp ��H
^ JML�OQHZVqHKs#� ^ NCs sCH�\oHKY[w�OWN ^ \ROQpXN�pqu®w�H ^ NCP���O � Hq� sCHKJZOQsCOWNC~TLCp@� \op ^ JMLCOQH�VXH�\oL�H�~Xp ^ b��

� � 
� � � � � ���  �@�
gtN+YRHZJKHKNz\/�XH ^ YRP ^ b ^ Y[~XHTN f wT� HKY�pqu 2 b ^ \RuvpXY[w�P ^ NCs+\RpEpqb d OW\RP uvpXY ^ ~XHZNz\[ktpqYROQHZNz\oHKs
2 Y[pX~XY ^ w�w OQN�~�L ^ VXH ��HZHKN;sCHZVqHKbQp 2 HZs¨��0�NCH pqu�\oLCH G YRP�\�� ^ P 
[GIHKbQHZPRJZYRO 2 \ �  D L�O ¥8.8���
^ N pX�&[HKJ�\[kjpXYROWHKNz\oHZs ^ NCsFJZpXw w f NCOWJ ^ \ROQpXNEkjJKHZN \RHKY[HKs P[JKY[O 2 \ROQNC~}b ^ NC~ f@^ ~XHe�}gj\ � ^ PsCH�VXHZbQp 2 HKs1�z� ^ JKpXN�PRpXY�\oO f w N ^ w�HZs ��HKNCHZY ^ b | ^ ~XOWJ}uvp f NCsCHKs1�z� w ^ N � �mHKbWb{k
d NCp@�yN G YRw PIbWO d H ��G���G/�e|}pq\RpXYRpqb ^ � �EpqN �(�qGIpXPRL�OQ� ^ �ec f &[OW\RP f �e��LCOQbWO 2 P ^ NCs � 2�2 bWHq�
[GIHKbWHKP[JKYRO 2 \ � � ^ P JZpXNCJKH 2 \oHZs ^ P ^ N=P f�2�2 bWHKw HKNz\ ^ \ROQpXN \op H"�EOWP[\oOWNC~ 2 YRpX~XY ^ w w�OWNC~b ^ NC~ f@^ ~XHKPZ�Bgj\ 2 YRp£V�OQsCHZP \oL�H=� ^ P[OQP uvpXY ^ ~qHKNz\[kjpXYROWHKNz\oHZs3PRpqu \ � ^ Y[H5sCHZVqHKbWp 2 w HKNz\���\ ^ NCs ^ YRs�JKpqNCJKH 2 \oP�bQO d H;G87���� g�� ^ YRH f PRHZs+uvpXY JKpXw w f NCOWJ ^ \ROQpXN ��_ f \�JZpXNCJZH 2 \RPbWO d HyJZpEp 2 HKY ^ \oOWpXN ^ YRH`NCpq\mP f�232 pXY�\oHZs#�E\RLCHZ� w f P�\a� H`OQw 2 bQHZw�HZN \RHKs �z� \RLCH ^ ~XHKNz\oP\RLCHKw PRHZbWVXHZPK�

_aHZPROQs�H 
[GIHKbWHKPRJZYRO 2 \ � �ES � � P pq�&[HKJ�\[ktpqYROQHZNz\oHKs�b ^ NC~ fC^ ~XH 5 ^ V ^  5qs d *�¡ �ª� HKJ ^ w�HOWw 2 pXY[\ ^ Nz\yuvpXY ^ ~XHKNz\[kjpXYROWHKNz\oHZs 2 b ^ \RuvpqYRw PK�`�EOWNCJKH95 ^ V ^ OWP 2 b ^ \[uvpXYRw ktOWNCsCH 2 HKN�sCHKNz\O{\�OWP H ^ P��!\Rp Y f N 5 ^ V ^ kt� ^ PRHZs 2 YRpq~XY ^ w P +�bWO d H ^ ~qHKNz\oP . pXN sCO���HKY[HKNz\ p 2 HZY ^ \ROQNC~P��EP�\oHZw�P ^ NCs}L ^ YRsC� ^ Y[H 2 b ^ \[uvpXYRw PK� 5 ^ V ^ |=l +�|}OQJZYRpzl�sCO{\oOWpXN . uvpXYyw ^ Nz� w pX�COQbWHP��EP�\oHZw�PhbWO d H � ^ bWw 0/� pqY D OQN�sCp@�yP87�l!OWPaVXHZY[�rOWNz\oHKY[HKP�\oOQN�~ uvpXYaw pX�COWbQH ^(2�2 bWOQJ ^ k\ROQpXNCP�uvpqY ,qYRs ~XHZNCHKY ^ \oOWpXN NCHZ\ �mpXY d PZ�
 ��Y ^ P[PRLCp 2�2 HZY,�� _�_ 7h|}¥X¤ ��OWP pXNCH pquh\oLCHZPRH 5 ^ V ^ kt� ^ PRHZs!w pX�COWbQH ^ ~XHZNz\ 2 b ^ \[kuvpXY[w�PZ��gj\�OQP�� f OQbW\UpXN�\op 2 pqu ^ sCOQP�\oYROW� f \RHKs 2 Y[pEJZHKPRP[OQNC~ HZN V�OWYRpXNCw HKNz\K�;gj\ ^ bWbQp@�yPsCO � HZYRHZN \ V ^ YRO ^ N \RP pqunJZpXw w f NCOWJ ^ \ROQpXN?bQO d H*7 0 �`_a� � 5 ^ V ^ �`HZw�pq\RH |}H�\oLCp�s�gtNEkVqpEJ ^ \oOWpXN +-� |}g%. ^ NCs=PRp�J d HZ\ 2 YRpX~qY ^ w w�OWNC~C� 
 ��Y ^ PRP[LCp 2�2 HKY�� OQP`VXHZY[�}JKpXw w f NCO�kJ ^ \oOWpXN pXYROWHKNz\oHZs¨�
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GhLCH 5 ^ V ^ gtNz\RHKbQbWOQ~XHZNz\ � ~XHZN \47apXw 2 pXNCHKNz\ � ^ YRH+gji +�5qgt�87 gji . �� � ^ O *�¡���OQP ^ N
^ ~qHKNz\�sCH�VXHZbQp 2 w HKNz\m\op�pXb d OW\ � ^ PRHKs pXN ^ 5 ^ V ^ JZb ^ P[PmbWOQ�CY ^ Y[�(� ^ Nr� 2�2 bQOQJ ^ \oOWpXN ��YRpek~XY ^ w4+�w OQNC~ .ygtNz\oHKY�u ^ JKH4+�� ��g%.�uvpXY�\RLCH�s�HZVXHZbQp 2 w�HZN \;pqu ^ ~XHZN \;pXY[OQHKNz\RHKs+P[��P[\RHKw P
+vPRHKH �� D ¥X¥ � ^ N�s  c _�� � *�¡ � .��/� bQb ^ ~XHZN \RP�Y f N OWN ^ N�HKNzV�OQY[pXNCw HKNz\�J ^ bWbQHZs5w ^ Y�k
d HZ\ 2 b ^ JZH +�PRHZH`c OQ~ f YRH�,��{¡ .�� GhLCH 2Cf YRH 5 ^ V ^ Y[H ^ bWO � ^ \oOWpXN ^ bWbQp@�yP \RLCHhsCH 2 bQp£��w�HZN \npeu
^ ~qHKNz\oP ^ NCs w ^ Y d HZ\ 2 b ^ JZHKP��yOW\RLCOQN ^ N �TJKpXNCJZHKO{V ^ �CbQH�L ^ YRs3� ^ Y[H`JZpXNz\oH��E\K��� JKHKNz\RY ^ bOWsCH ^ pqu \oL�H 5qgt�87 ^ YRJML�OW\oHZJZ\ f YRHyOQPª\oLCHyOQN�LCHKY[HKNz\ w�pX��OQbQO{\t��P f�232 pXY�\nuvpXY ^ Nz� d OQN�s peu
^ ~qHKNz\oP + ^ bW\RLCp f ~qL5w ^ N �}pqu�\RLCHKw YRHZw ^ OWN5P[\ ^ \oOWpXN ^ Y��3."� O � Hq� ^ ~XHZNz\oP�J ^ N�w�OW~XY ^ \oHuvY[pXw pXNCH/w ^ Y d H�\ 2 b ^ JKH�\op ^ NCpq\RLCHKY�� \RY ^ VXHZbQbWOQNC~ ^ � ^ ���yOW\RL ^ bWb¨\oLCHZOQY`PRp f YRJKHZP ^ N�sOWN�uvpXYRw ^ \ROQpXN \oLCH�� P[\opqYRHq�

c OW~ f Y[H ,��{¡X��� 5qgt�87Bgji)w ^ Y d H�\ 2 b ^ JKH/�yO{\oL w f b{\oO 2 bQH ^ ~XHKNz\oP
D OW\RL 5qgt�87 gji OW\�OQP�H ^ P��:\RpFJKY[H ^ \RH5sCOQP�\oY[OQ� f \RHKs ^ ~XHKNz\[kjpXYROWHKNz\oHZs3P[��P�\oHKw PK�

�EOWNCJKH O{\TOWP 5 ^ V ^ kj� ^ P[HKs#��\oL�H?w pXP�\Tu f NCJ�\oOQpqN ^ bQO{\oOWHKP ^ NCs�JKb ^ PRP[HKP pqu=5 ^ V ^ J ^ N���H
f P[HKs uvpXY ^ ~XHKNz\oPnO{u��yYROW\ROQNC~ NCH�� JKpXw 2 pXNCHKNz\RPK� 5 ^ V ^ kt� ^ PRHZs 5qgt�87�JKpXw 2 pXNCHKNz\RP ^ YRH\RLCHUw pXP�\mJZpXw w�pXN,� ^ � \op/OQw 2 bQHZw�HZN \�u f NCJZ\ROQpXN ^ bQOW\t� OQN 5qgt�87:gjiT� GhLCH`� Y�\oO G JKO ^ bgtNz\oHZbQbWOQ~XHZNCJKH=+�� g%.®w�H�\oLCp�sCP OWw 2 bQHKw HKNz\RHKs �z�9�`OWJML ^ YRs,7aOQPRP��HKH ^ Y[H �yY[OW\R\RHKN OWN 5 ^ V ^
^ N�s?J ^ N?��H�H ^ PROQb{�rOWN \RHK~XY ^ \oHZs¨�
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�
5qgt�87�gji!Y[HKJKHZOWVqHKsTOWw 2 pXY[\ ^ Nz\ OQNC$ f HKN�JKHnuvYRpXw d NCp@�ybWHKsC~XH�kt� ^ PRHKs P[��P[\RHKw PK� �U~XHKNz\RPL ^ VqH d NCp@�ybQHZsC~XHUpXYR~ ^ NCO � HKs OQN pXNz\opXbWpX~XOWHKPK� c@pXY�JKpXw w f N�OQJ ^ \oOQpqNT\ �ap ^ ~XHKNz\RPmL ^ VqH\Rp d NCp@�4\RLCH�P ^ w H�pXNz\opqbQpX~q�q�GhLCH ^ �COQbWOW\ROQHKPmpqu 5qgt�87,gji ^ ~qHKNz\oP ^ YRH�sCHZPRJKY[OQ� HKs �yOW\oL 2 b ^ N}HZbQHZw�HZN \RP����yLCOWJMLP 2 HZJKOWu �=\oLCH \ ^ P d P�� ^ N ^ ~XHKNz\/J ^ N+H"�EHZJ f \RHq� l VXHZY[� 2 b ^ N HKbWHKw HKNz\/L ^ P 2 YRHZJKpXN�sCO{k

��" #��	#��5��* #�" + �;�"!8#	��
���� ��+�
�93!% #�% * � +�-�4
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\ROQpXNCP ^ NCs H"� HZJZ\RP��3�yLCOWJMLrsCHZPRJKY[OQ� H \oL�H 2 b ^ NrHKbWHKw HKNz\�OWN<5 ^ V ^ � ~qHKNz\y��HKP[JKY[O 2 \ROQpXN
) ^ NC~ f@^ ~XH +�5q� �/)�.hOQN G YRP�\[kjpXYRsCHZY 2 Y[HKsCOWJ ^ \RH bWpX~XOQJe�80�N}\oL�H � ^ P[OQPUpqu \oL�HKPRH P 2 HKJ�kO G J ^ \ROQpXN�P \oLCH ^ ~XHZNz\oP�J ^ N+b ^ \oHKY f PRH \oLCHZPRH 2 b ^ N+HZbQHZw�HZN \RP��IOWun\oL�H�H"� HZJZ\oP/P ^ \oOQP�u �\RLCHKOWYhOQNz\oHZN \ROQpXN�P ^ NCs \oLCH 2 Y[HKJKpqNCsCOW\ROQpXN�P ^ YRH�u f b G bQbWHKs¨�� s�sCOW\ROQpXN ^ bQbW� HZVqHKY[� ^ ~XHZNz\ L ^ Pª\oLCH ^ �COQbWOW\t�U\op�P[HZ\ f32 ~Xp ^ bWP�� OWu@O{\ J ^ NCNCpe\ P ^ \oOQP�u �O{\oP OWNz\oHKNz\ROQpXNCP � � f P[OQNC~ O{\oP p@�yN 2 b ^ N5HZbQHKw HKNz\RP�� \RLCHKP[H ~Xp ^ bWP ^ Y[HTw ^ \oJMLCHZs �yOW\oLP[HKY[V�OWJKHKP 2 YRp£V�OQsCHZs3�z�:pe\oLCHZY ^ ~XHZNz\oPK�,�EHZY[V�OQJZHKP ^ Y[H 2 b ^ N:HZbQHZw�HZN \RP�� �yLCOWJML3pXNCH
^ ~qHKNz\ 2 YRp£V�OQs�HKP�uvpXY�pe\oLCHZYRPK�;� bWbª\oL�HKPRH uvH ^ \ f Y[HKP ^ Y[HT\oLCH � ^ PROWP uvpXY ^ N OWN \RHKbWbQOQ~qHKNz\JZpEp 2 HKY ^ \oOWpXN ��H�\ �aHZHKN ^ ~XHKNz\oPZ� �Ep/JKp�p 2 HZY ^ \ROQpXN sCp�HKP NCpq\ L ^ P \Rp/� H`OQw 2 bQHZw�HZN \RHKs�z�!\oLCH ^ ~XHKNz\rbWO d H=OQN 
[GIHKbQHZPRJZYRO 2 \ ���hO{\rOQP ^ N1HZbQHKw HKNz\ ^ Y[� 2@^ Y�\rpqu�\RLCH5P��EP�\oHZw}�GhLCOWP u ^ JZ\ L ^ P 2 b ^ �qHKs ^ N:OQw 2 pXY[\ ^ Nz\ YRpXbWH uvpXY \oLCH?JMLCpXOWJKH?pqu 5qgt�87 gji uvpXY \oLCH
OWw 2 bWHKw HKNz\ ^ \oOQpqN�pquh\oLCH�� ~XHZNz\[kt� ^ PRHZs �`H ^ s?& f P�\ ^ �CbWH�gtNz\RHKbQbWOQ~XHZNz\ �EH ^ YRJML�l�NC~qOQNCH
+v�=�yg���lA.hP���P[\oHZw}�

7apXw w f NCOWJ ^ \ROQpXN���H�\ �aHZHKN ^ ~XHZNz\oPhOQP f NCO{uvpXYRw bW� Y[H ^ bWO � HZsr�z�rw H ^ N�PapquIP 2 HKHZJML
^ J�\oP��ª� ^ PRHKs�pXN�\RLCH c g����ykt�87 )3P�\ ^ NCs ^ YRs¨� GhLCHKP[H P 2 HKHZJML ^ J�\oP ^ YRH sCOWP[\oY[OQ� f \oHKs� HZ\ �mHKHZN ^ ~XHZNz\oP pXN�sCO���HKY[HKNz\ w ^ Y d H�\ 2 b ^ JKHZPTV�O ^ GIY ^ NCP[w�OWPRP[OQpXN 7apXNz\oY[pXbh��YRpe\opek
JZpXb��egtNz\RHKYRN�HZ\ �nY[pq\op�JKpqbA+�G87�� �eg��A."� �yLCOQbWH ^ ~XHZN \RP pXN \oL�H;P ^ w�H�i OQY[\ f@^ bI| ^ JMLCOQNCH
^ Y[H f P[OQNC~�\RLCH85 ^ V ^ i OQY�\ f@^ b�| ^ JML�OQNCH + 5ei�| . JZpXw�w f NCOQJ ^ \oOWpXN¨�ª�EHZJ f Y[OW\t� uvH ^ \ f YRHKP
^ Y[H ^ bQP[p P f�2�2 pXY�\oHKs �

5qgt�87,gji�OQPyPRHZY[V�OQJZH�ktpqYROQHZNz\oHKs�� �yLCOWJML5w H ^ NCPh\RL ^ \ ^ ~XHKNz\RP OQNz\RHKY ^ JZ\ �yOW\RL=H ^ JMLpq\RLCHKY pXNCbW� \RLCYRp f ~XL�PRHZY[V�OQJZH f P ^ ~qHKPK�/� N ^ ~XHKNz\ +�pqY ^ L f w ^ N .UJ ^ N f PRH P[HKY�VEOWJKHZPuvY[pXw pe\oLCHZY ^ ~XHKNz\RP/�z��P[HZ\[\oOQN�~ f�2+^ ~qp ^ b ^ NCs PRHKN�sCOQNC~ O{\�\opr\RLCH ^ ~XHZN \/P��EP�\oHZw}��UbQbaP[HKY�VEOWJKHZP peu pq\RLCHKY ^ ~XHKNz\oP ^ Y[H YRHZ~XOQP�\oHKY[HKs ^ \ ^ JZHKNz\oY ^ b ^ sCw OQNCOWP[\RY ^ \ROQpXN#�I\oLCHP[p J ^ bWbQHKs ��OWYRHZJZ\opqY[��c ^ JKOWbQOW\ ^ \opqY�� ^ NCs P[p ^ P[HKY�VEOWJKH�J ^ N ��H�P[HKbWHKJZ\RHKs��yLCOQJML u f b G bQbWP\RLCHy~Xp ^ b#+ ^ b{\oLCp f ~XL \oLCHyPRHZY[V�OQJZH 2 YRp£V�OQsCHZYnw ^ �TY[HZu f P[Hh\oLCHyH"�EHZJ f \ROQpXN�pqu ^ P[HKY[V�OWJKH@. ��_ *�¡ ^ �  ��_ *�¡� � � D OW\RL 2 YRpq\RpEJZpXbQP�\RLCH ^ ~XHKNz\RP;J ^ N�s�HZ\oHZYRw OQNCHT\RLCH sCHZ\ ^ OQbWP�pqu ^P[HKY[V�OWJKH f P ^ ~XHq�

� ������� 3#
 � �  �!
�
GIp ^ bWbQp@�4L f w ^ NCP`\op f PRH ^ ~qHKNz\�P[HKY[V�OWJKHKP��¨PRp J ^ bWbQHKs?L f w ^ N5PRHZY[V�OQJZHKP�L ^ VqH \op���HH���HZJ f \RHKs¨��GIp ^ JKJZHKP[P�\oLCHZPRH PRHZY[V�OQJZHKP�� ^ 2 YRpq~XY ^ w J ^ bQbWHKs��y� gy� ^ V�OW~ ^ \opqY J ^ N5��H
f P[HKs¨�ngj\ f PRHZP ^ ��Y ^(2 L�OQJ ^ b�S`PRHZY�gtNz\oHKY�u ^ JKH,+ ��SUg%. 2 YRp£V�OQsCHZsr�z� ^ P[pTJ ^ bQbQHZs ^ b{\oHZY�kHZ~Xpek ^ ~XHKNz\9+ �yLCOWJML �mpXY d P ^ P`PRHZY[VqHKY uvpXYh\RLCOQP��/S`g%.����Uu \RHKY`HKP�\ ^ �CbWOQP[LCOQNC~ \oL�H	��SUg �\RLCH/� ^ V�OQ~ ^ \RpXYhJ ^ N}JZpXw�w f NCOQJ ^ \oH �yOW\oL \oL�H ^ bW\oHZY�kjHK~Xpek ^ ~XHZN \��C�yLCOWJML}J ^ N f PRH�\oLCHP[HKY[V�OWJKHKP`pquªpq\oL�HKY ^ ~XHZN \RPK�� N�pq\oLCHZY 2 pXP[PROQ��OQbQO{\t��uvpqYhL f w ^ N f PRHZYRPy\op OQNz\oHZY ^ J�\ �yOW\oL \oL�H ^ ~XHKNz\UP[��P[\RHKw OQP
\RLCH;| f bW\RO{kj� JKJZHKP[PU�IpXOQNz\*+ |?���A."���yLCOWJML ^ bWbQp@�yP�\oL�H f PRH/pqu P[HKY[V�OWJKHKPyV�O ^ �UG`| )¨kpXY9DB| )¨kjOQNz\oHZY[u ^ JZHKP4+�P[HKH  � _�c *�¡ �huvpqY sCHZ\ ^ OQbWP .��!�`p �mHZVqHKY���\oLCOWP \RHKJMLCN�pXbQpX~e�AOQPP�\oOQbWb OQN sCH�VXHZbQp 2 w HKNz\�� ^ N�s OQN O{\oP�J f Y[YRHZN \;P[\ ^ \oH OW\�OWP�NCpq\ 2 pqPRPROW�CbQHT\Rp f PRH OW\�uvpXYJZpXw 2 bQH"�rOQNz\oHZY ^ J�\oOWpXNCPK�
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c OW~ f Y[H ,��"!E��GhLCH�sCHK� f ~X~XHZYy\RpEpqb ���`HKYRH�O{\yPRLCp@�yPypXNz\opXbWpX~XOWHKP�� 2 b ^ NCP��@P[HKY[V�OWJKHKP ^ N�s~Xp ^ bQP�peu ^ N ^ ~XHZNz\

� � � � � � � � �
5qgt�874gji�P f�2�2 pXY[\RP \oL�HTsCHZVqHKbWp 2 w HKNz\�pqunNCH"� ^ ~XHKNz\ P[��P[\RHKw P=�yOW\oL ^ N f wT� HKY�peu\RpEpXbWPK�ª� 2@^ Y�\auvY[pXw \oLCH�Y f Nz\oOWw�HUHKNzV�OQYRpqNCw�HZNz\��E\RLCH 2C^ YRP[OQNC~ \RpEpqbQP ^ NCs \RLCH�pXNz\opqb{kpX~e�rJKpqw 2 OWbQHZYm\oL�OQPhOQN�JKb f sCHKP ^ sCHZ� f ~X~XOWNC~ \op�pXb +vPRHKH/c OW~ f Y[H ,��"!!. �yLCOQJML ^ bWbQp@�yPa\opV�OQH"�)\oLCH d NCp@�ybWHKsC~XH � ^ PRH peu ^ N ^ ~XHZNz\�s f Y[OQNC~rY f Nz\oOWw�He��GhLCH pXNz\opqbQpX~q�?� f OQbQs�HKY
^ bWbQp@�yP JZYRH ^ \oOQpqN ^ NCs w ^ N�O 2Cf b ^ \oOWpXN peu pXNz\RpXbQpX~qOQHKP��(�yLCOWJML�J ^ N�� HysCHZVqHKbWp 2 HZs V�OWP f k
^ bWbW�q�IGhL�Hh� ~XHZN \ ��H�VXHZbQp 2 w HKNz\nl�NzV�OQY[pXNCw HKNz\8+�� ��lA.ªOQP ^ N ^ ~XHZN \n� f OQbWsCHKY�� �yLCOWJMLw ^qd HZPaO{\ 2 pXPRP[OQ�CbWHU\Rp JKpqN G ~ f Y[H�NCH"� ^ ~XHKNz\oPa� � ^ sCs�OQNC~;pXNz\opXbWpX~XOQHZP�� JKpqw 2 pXNCHZN \RP��
2 b ^ NCP ^ N�s?u ^ J�\oPyOQN ^ PROWw 2 bQH ��Y ^(2 LCOQJ ^ b¨S`PRHKY`gtNz\oHZY[u ^ JZH + �/S`g%.��

����� � �"*�% ���
�EOWNCJKH ^ ~XHZNz\[kt� ^ PRHZs5P[��P[\RHKw P�L ^ VXH ^ ~XY[H ^ \UJKpqw 2 bWH"�EOW\t�(�@\oLCHZYRH OWPUN�p ~XHZNCHKY ^ bªJZpXNEkJZH 2 \;uvpXY/\RLCH sCHKP[OQ~XNFpeu ^ w f bW\RO{k ^ ~XHKNz\�P[��P�\oHKw?�=�Ep=O{\;OWP;OWw 2 pXP[PROQ��bQHT\op f PRH \oLCHP�\ ^ NCs ^ YRs/PRpqu \ � ^ Y[HmHZNC~XOQN�HKHKY[OQNC~yw HZ\RLCpEs�bWO d H c f P[OQpXN�uvpXY¨\RLCHnsCHKP[OQ~XN/pqu�\RLCHn�=�yg���lP��EP�\oHZw}�
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gj\ P[HKHKw PTbWpX~XOQJ ^ b�\op5OWw 2 bQHKw HKNz\/\oLCH�\oLCY[HKH OQN�sCH 2 HKNCs�HKNz\ 2@^ Y�\oP�+ 2 YRH 2 YRp�JKHZPRP�kOWNC~�� w ^ 2�2 OQN�~��zx f HKY��EOWNC~ .�w�HZNz\oOQpqNCHKs�OQN \oLCH 2 YRH�VEOWp f P JML ^(2 \RHKY ^ Pm\RLCYRHZHUsCO � HZYRHZN \w ^ Y d HZ\ 2 b ^ JZHKPZ� ��OQNCJZH 5qgt�87 gji OWP PRHZY[V�OQJZH�kjpXYROWHKNz\oHZs#��\oLCH sCH�\oHZYRw OQN ^ \ROQpXN�pquy\oLCH
^ ~qHKNz\oP YRHZP f b{\oPTuvY[pXw \RLCH sCHZ\RHKY[w�OWN ^ \oOWpXNFpqu`\oL�H NCHKJZHKPRP ^ Y[��\ ^ P d P�� O � Hq��\oLCH P[HKY�kV�OQJZHKPZ�nl ^ JML ^ ~XHZNz\ 2 HKY�uvpXYRw P ^ \ bQH ^ P[\ pXNCH`PRHZY[V�OQJZH(��PRpXw H ^ ~XHKNz\RPaL ^ VXHy\op 2 HZY[uvpXY[ww pXYRH +vYRHZb ^ \RHKs .aP[HKY[V�OWJKHKPZ�GhLCH5uvpXbWbQp@�yOQN�~ \RLCYRHZH�JML ^(2 \RHKY[P sCHKP[JKYROW��H}\oLCH=\RLCYRHZH5w ^ Y d HZ\ 2 b ^ JZHKP�
 2 YRH 2 YRpekJZHKPRP[OQNC~ ��� 
[w ^(2�2 OWNC~ ��� ^ NCs 
[x f HZY[��OQNC~ �C�;GhL�H s�HZ\ ^ OQbQPUpqun\oLCH w ^ Y d HZ\ 2 b ^ JKHKP��¨\oLCH
^ ~qHKNz\oP�� ^ NCs \oLCH�OQNz\RHKY ^ JZ\oOWpXN � HZ\ �mHKHKN}\oLCHZw ^ YRH�H�� 2 b ^ OWNCHKs¨�
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GhLCOWP JML ^(2 \oHKY H"� 2 b ^ OQNCPI\oLCH 2 YRH 2 YRp�JKHKP[PROWNC~�pqu@\oLCHasCpEJ f w HKNz\oPZ� _aH�uvpXYRHa\RH"��\ow OQN�OQNC~\RLCH sCp�J f w HKNz\oP L ^ VqH \Rp ��H 2 Y[H 2 Y[pEJZHKP[PRHKs \op�OQw 2 Y[p	VqHr\oLCH Y[HKP f bW\RP peu`\RLCH \oH��E\Y[HZ\oY[OQH�V ^ b 2 YRp�JKHZPRPK� GhL�H 2 Y[H 2 Y[pEJZHKP[PROQN�~5JKpXN�PROQP�\oP/pquauvp f Y 2 L ^ PRHZPK�TP f�2�2 b{��OQNC~ \oLCHsCp�J f w�HZN \RP��mH"��\oY ^ JZ\ROQNC~ \oLCH 2 b ^ OQNF\RH"��\�� ^ N ^ b{� � OQN�~�OW\�� ^ NCs G N ^ bQbW��P[\RpXYROWNC~�\oLCH
^ N ^ bW� � HZs s ^ \ ^ OWN ^ s ^ \ ^ � ^ PRHq� GhL�HKPRH \ ^ P d P ^ YRH�bQpq~XOQJ ^ bQb{��w�p�sCHKbWbQHZs ^ P uvp f YsCO � HZYRHZN \ ^ ~qHKNz\h\t� 2 HZP8�yLCOWJML �mpXY d bQO d H ^ N ^ PRP[HKwT��bW� bWOQNCHe�gtNCsCH 2 HZNCsCHZN \ pqu�\oLCHns ^ \ ^ PRp f Y[JKH +vuvpXY H�� ^ w 2 bQH ^ s ^ \ ^ � ^ P[H pqY¨\oLCH�D D D . \oLCH
G Y[P[\ ^ ~qHKNz\���\RLCH���p@�yNCbWp ^ s ^ ~XHZNz\��CL ^ Pa\op sCHZbQO{VXHKY�\RLCH�sCp�J f w�HZN \RPhOQN ^ N f NCOWuvpXY[ws ^ \ ^ uvpXYRw ^ \�nGhLCOWPUs ^ \ ^ uvpXYRw ^ \ �yOWbQb¨� H;OWNz\oHKY 2 YRH�\oHZs=�z� ^ P[HKJZpXNCs ^ ~qHKNz\����yLCOWJMLH��E\RY ^ J�\ \oLCH 2 b ^ OQNF\RH"��\ uvYRpqw \oL�H?s�pEJ f w�HZNz\�FGhLCHZYRH w ^ � ��H sCO � HZYRHZN \ ^ ~XHKNz\oPuvpXYhs�O���HKYRHZNz\ sCp�J f w�HZN \yuvpXY[w ^ \oP +��IpXP[\RPRJZYRO 2 \�� �n��c ���UG`|4)���HZ\RJq� .��m� bQb peuª\RLCHKP[H
^ ~qHKNz\oP;PRHKN�sF\oLCHZOQY�YRHZP f b{\oP<+ ^ P 2 b ^ OWN+\RH"��\�.�\op ^ \oLCOWYRs ^ ~XHKNz\��ª\oL�Hr��YRH 2 YRp�JKHZPRPRpqY
^ ~qHKNz\��!�yLCOWJML ^ N ^ bW� � HKP \oL�HKOQY�P�\oY f JZ\ f YRH ��JZYRH ^ \oHyw HZ\ ^ s ^ \ ^�^ � p f \ \RLCHysCp�J f w HKNz\oP
^ N�s�P[HKNCsrs ^ \ ^ � ^ PRH`P[\ ^ \oHZw�HZN \RPm\Rp ^ s ^ \ ^ � ^ P[H ^ ~qHKNz\��GhLCHZN�\RLCHUs ^ \ ^ � ^ PRH ^ ~XHZN \
f�2 s ^ \RHKPh\oL�H;w HZ\ ^ s ^ \ ^ � ^ PRHe� GhL�H;w HZ\ ^ s ^ \ ^ w ^ �r��H f P[HKs=�z� pe\oLCHZY ^ ~XHKNz\oPy\opsCp?\oLCH ) ^ \oHZNz\ �EHZw ^ N \ROQJ � N ^ bW��PROWP��ª� f \;OW\/OQP ^ bWPRp 2 pXP[PROW�CbQH \op f P[H OW\�uvpXY�pq\RLCHKY
2Cf Y 2 pXPRHZP9+vbQO d H \oH���\ w ^ \oJML�OQNC~ P[H ^ Y[JML .��

c OW~ f Y[H .C�{¡X��GhLCH/�=�yg���l 2 Y[H 2 Y[pEJZHKPRP[OQNC~ ^ Y[JMLCOW\RHKJZ\ f YRH

!?!
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gtN�p f Y OQw 2 bQHZw�HZN \ ^ \oOWpXN \oLCH ^ PRPRHZwT�Cb{�=bWOQNCH;OQP P[OW\ f@^ \oHZs�pXN�pXNCH w ^ Y d H�\ 2 b ^ JKH
^ N�s}JZpXNCPROWP[\RP`peu P[HZVXHZN ^ ~XHZNz\oP +�P[HKH;c OQ~ f YRH .C�{¡ .���GhL�H ��p@�yNCbWp ^ s ^ ~XHZNz\UY[HZ\RYROQH�VXHZP\RLCHnsCpEJ f w HKNz\oP®uvYRpXwB\oLCH D D D)� c�p f Y ^ ~XHZN \RP��eN ^ w HKbW���UG`|4) ^ ~XHKNz\��q� � ^ ~qHKNz\���n��c ^ ~XHKNz\�� ^ NCs � Gyc ^ ~XHKNz\��hJ ^ N3H��E\RY ^ J�\ \RLCH}\RH"��\ruvYRpqw \oLCH5w pXP�\ 2 p 2Cf b ^ YsCp�J f w�HZN \ uvpXY[w ^ \RP pqu \RLCH �mHK� �1GhLCH5��YRH 2 YRp�JKHZPRP[pXY ^ ~qHKNz\ 2 HKY�uvpXYRw P \oLCH \oH��E\
^ N ^ bW��PROWP ^ NCs JZYRH ^ \oHKP;�=</)!P[\ ^ \oHKw HKNz\RP �yL�OQJML�\oLCH��=</) ^ ~XHKNz\�H���HZJ f \RHKP/pXN�\oLCHs ^ \ ^ � ^ PRHq� �UsCsCO{\oOQpqN ^ bQb{�}\Rp}\RLCHKP[H ^ ~XHZNz\oP;\RLCH w ^ Y d H�\ 2 b ^ JKH L ^ P�\oLCH�pX�CbWOQ~ ^ \RpXY[�w ^ N ^ ~qHKY ^ N�s ^ N ^ sCw OQN�OQP[\RY ^ \ROQpXN ^ ~XHZN \yuvpXYhL f w ^ N JKpqN \RYRpXb peu ^ bWb ^ ~XHZNz\oPK�

1. Are downloaded

Text extraction
(HTML agent, PDF agent,

PS agent, RTF agent)

Database storing
(SQL Agent)

Document Download
(DownloadAgent)

2. Delivers documents

Text Analysis
(PreProcessor Agent)

Documents

3. Sends extracted text

4. Stores document vectors

Meta
Database

5. Are stored in

c OW~ f Y[H .C�"!E� � ^ \ ^ $@p@�,pquª\RLCH 2 YRH 2 YRp�JKHZPRP[OQNC~�w ^ Y d H�\ 2 b ^ JKH
GhLCH 2 Y[H 2 Y[pEJZHKPRP[OQNC~+OQP NCH ^ Y[bW� OQNCsCH 2 HZNCsCHZN \ uvY[pXw \RLCH )ª��� ^ NCs ��0�| � ^ N�sJ ^ N5Y f N=OQN 2@^ Y ^ bQbWHKb pXN}w ^ Nz�47��nSUP +;�yOW\RL=pXNCH/pXYUw�pXY[H�s ^ \ ^ � ^ PRH;PRHZY[VXHZYRP .����EpO{\rOQP 2 pqPRPROW�CbQH}\opFJZYRH ^ \oH�w ^ Nz� 2 Y[H 2 Y[pEJZHKP[PROQN�~!w ^ Y d HZ\ 2 b ^ JKHKP��huvpXYrH"� ^ w 2 bWH}uvpXYsCO � HZYRHZN \ JKpXNz\RHKNz\ 2 YRp£V�OQs�HKYRP bQO d H=bWOQ�CY ^ YROWHKP ^ NCs f N�OWVXHZYRP[OW\oOWHKPZ�4GhLCH�s ^ \ ^ pqu ^ bWb\RLCHKP[H;w ^ Y d HZ\ 2 b ^ JZHKP �yOQbWb � H f P[HKs}b ^ \RHKYh�z� ^ JZHKNz\oY ^ b®w ^ Y d H�\ 2 b ^ JKH�\Rp JZYRH ^ \oH�\oLCHw ^(2 +�P[HKH 7aL ^(2 \RHKY ¦!.��

� ��� � �
�
� � ��% ��� � ��! � � � � #&*
GhLCHZYRH ^ Y[Hrw ^ Nz� 2 pXPRP[OQ�CbWH PRp f YRJZHKP uvpXY s�pEJ f w�HZNz\oP���uvpXY H"� ^ w 2 bQHrN�H��yPT\oOWJ d HZYRP��NCH"�yP ~XY[p f�2 P/pXY/s ^ \ ^ � ^ P[HKPK� D�H L ^ VXHrOWw 2 bWHKw HKNz\oHZs ^ N ^ ~qHKNz\ �yL�OQJML Y[HZ\RYROQH�VXHZP
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\RLCH�sCp�J f w HKNz\oPruvY[pXw \oLCH 2 Y[pX� ^ ��bW� w�pXP�\ 2 p 2Cf b ^ Y P[p f YRJZHq� \RLCH D�pXYRbWs D OQsCH
D�HK��+ D D D .�� GIp P[\ ^ Y[\y\oL�H/s�p �yN�bQp ^ s 2 Y[pEJZHKPRP �yOW\RL \oLCH/��p@�yNCbQp ^ s ^ ~XHKNz\`pXNCHL ^ P \Rp P 2 HZJKO{u � ^ \RH"��\ G bQH JZpXNz\ ^ OWNCOQNC~ ^ bQOWP[\ peu SUN�OWuvpXY[w �yHKPRp f YRJZH�) p�J ^ \RpXYRP
+�S �8)®P .��yL�OQJML ^ YRHy\op/��H`sCp@�yNCbQp ^ sCHKs ��GhLCH ^ ~XHKNz\ VXHKY[O G HZPm\RLCH S � ) P ^ NCs�P[\ ^ Y[\oPsCp@�yNCbWp ^ sCOWNC~ \RLCH G YRP�\ sCp�J f w HKNz\��l VXHZY[� !	k�¦�PRHZJKpXNCs�P ^ N1N�H�� sCpEJ f w HKNz\ OQPsCp@�yNCbWp ^ sCHZs¨� GhL�H�JZpXNz\oHKNz\=pquTH ^ JML,sCp�J f w�HZN \}OQP P�\opXY[HKsBOQN ^ N ^ YRY ^ � ^ N�s k
\RpX~XHZ\RLCHKY��yO{\oL \oLCH`S � ) kIPRHKNz\ \op�\oL�H ^ ~XHKNz\oP �yLCOWJML�H��E\RY ^ J�\n\oLCH 2 b ^ OQNT\RH"��\��GhLCH��p@�yNCbWp ^ s ^ ~XHZNz\®PRHZ\RP f�2;^ ~Xp ^ beJKpXNz\ ^ OQNCOWNC~ ^ bWbqOQNEuvpXYRw ^ \oOWpXN ^ NCs�\oLCHnJZpXNz\oHKNz\®\t� 2 Hpqu \RLCH�sCp�J f w�HZN \K�A0�Nr\oLCH�� ^ PROWPapqu®\oL�OQPaJZpXNz\oHZN \h\t� 2 H \oL�H�sCp�J f w HKNz\ 2 Y[pEJZHKP[PROQN�~
^ ~qHKNz\oP�J ^ N sCHKJZOQsCH \Rp ^ JKJZH 2 \/pXY YRHZu f PRHT\oL�OQP�~Xp ^ b ��gjumNCp ^ ~XHZNz\�J ^ N H��E\RY ^ J�\�\oLCH\RH"��\ uvY[pXw ^ P 2 HZJKO G HKsTJZpXNz\oHKNz\ \t� 2 Hm\RLCHa~Xp ^ bF�yOQbQbz� H YRH1&[HZJZ\RHKs + ^ NCs \oL�HmsCp�J f w�HZN \
�yOWbQbINCpq\�� H P[\opqYRHKs+OQN5\RLCH s ^ \ ^ � ^ P[H@.��TGhLCH ��p@�yNCbQp ^ s ^ ~XHKNz\�sCp�HKP�N�pq\�L ^ VXH \op
d NCp@� �yL�OQJML d OWNCsCPypquªsCpEJ f w HKNz\oPyJ ^ N}� H 2 YRp�JKHZPRPRHZs¨�GhLCOWP ^(2�2 Y[p ^ JML sCHKw pXNCP�\oY ^ \oHZP ^ ~qYRH ^ \ ^ s�V ^ Nz\ ^ ~qH pqun\oLCH ^ ~qHKNz\[kj� ^ PRHZs+\RHKJMLEkNCpqbQpX~q�5��HZJ ^qf P[HrOW\/OWP 2 pXPRP[OQ�CbWH \Rp ^ s�s +�pqY;Y[HKw p	VqH@.�\oH"��\ H"��\oY ^ JZ\ROQNC~ ^ ~XHKNz\RP;uvpXYpq\RLCHKY�s�pEJ f w�HZNz\ \t� 2 HZPA�yO{\oLCp f \�YRHZJKpXw 2 OQbWOQNC~`pXY�Y[HKJKpqN G ~ f Y[OQNC~�\RLCHhP[��P�\oHKw?�n��p�J�k
f w HKNz\m\t� 2 HKP �yL�OQJML J ^ NCNCpq\a��H 2 YRp�JKHKP[PRHZs��yOWbQb�� H ^ � pXbQOWPRLCHZs ^ N�s OWu ^ N�H�� ^ ~XHZN \J ^ N 2 YRp�JKHKP[PypXNCH�pquI\oLCHZw �@O{\oPhPRHZY[V�OQJZH/�yOQbQb ��H f P[HKs ^qf \opqw ^ \ROQJ ^ bQb{�X�gju w ^ N � ��p@�yNCbQp ^ s ^ ~qHKNz\oP ^ Y[H f P[HKs OQN 2C^ Y ^ bWbQHZb uvpqY OQN�JKYRH ^ PROWNC~ \RLCH�N f wT� HKY peusCp�J f w�HZN \RP:�yLCOQJML J ^ N � HhsCp@�yNCbQp ^ sCHKs#�qOW\ w ^ � � H f P[HZu f bE\op�~XO{VXHa\RLCHKw�bQOQP�\oP��yOW\oL
sCp�J f w�HZN \RP uvYRpXw'sCO � HZYRHKNz\nP[HKY[VqHKY[Pm� HKJ ^qf PRH�\RpEp�w ^ Nz�TY[HKx f HZP[\oPnJ ^ N sCHKJZYRH ^ PRHh\oLCH
2 HKY�uvpXYRw ^ NCJZH�pquª\RLCH�PRHZY[VXHZY8�yL�OQJML 2 YRp£V�OQsCHZPy\RLCH�sCp�J f w HKNz\oPZ�GhLCH`�=�yg���l P��EP�\oHZw f PRHZP ^ JKpqbQbQHZJZ\ROQpXN pquª¡:. *8*�sCpEJ f w HKNz\oP���w ^ OWNCbW� ^ �CP�\oY ^ JZ\oPpqu�\RLCHKP[HKP ^ NCs ^ Y[\oOWJKbWHKPK�,GhLCH�w ^ &[pXYRO{\t� peu�\oLCHZPRH�sCp�J f w HKNz\RP ^ YRH��y� 2 HZY GªH��E\| ^ Y d f�2 ) ^ N�~ f@^ ~XH +��UG`|4)�.tkjsCp�J f w HKNz\oP�����HZJ ^qf P[H;\RLCH 2 HZY[uvpXY[w ^ N�JKH�pqu 2 YRH 2 YRpekJZHKPRP[OQNC~ � ^ PUP[bQp@�mHKs?sCp@�yN}�z� pq\RLCHKYhuvpXY[w ^ \RP��o��EpXw HZ\ROQw HKPnsCp�J f w HKNz\RPapqu�\oLCHUP ^ w HyPRp f Y[JKH�� f \ �yO{\oL sCO���HKY[HKNz\�JZpXNz\oHZN \RP ^ N�sP f �&[HKJ�\oP ^ YRH JKpXNCP[OQsCHZYRHZs ^ PIPROQw OQb ^ Y¨�z��\oLCH �=�yg���l5\oH���\ YRH�\oY[OQHZV ^ bzP���P[\oHZw�� HKJ ^qf P[H\RLCHKP[H�sCpEJ f w HKNz\oPhL ^ VqH/b ^ YR~qH LCH ^ sCHKY[P + 2 Y[p 2 pXY[\ROQpXN ^ b \RpT\oLCHZOQYm\RH"��\ybQHZNC~q\RL .���GhLCH
[P[OQw OQb ^ YRO{\t� �ypqu@\RLCHKP[HhsCp�J f w HKNz\oP�JZpXNCP[OQP[\RP pXNCb{� peu@\oLCHZPRHhLCH ^ sCHKY[PK��� ~XpEp�sTH�� ^ w k
2 bWH ^ Y[HT\oLCH sCOWPRP[HKY[\ ^ \oOWpXN ^ �CP�\oY ^ JZ\RP/peu \RLCH c@YRHZH SUNCO{VXHKY[PRO{\t�5pqua_aHKY[bQOWN� �y�=� *�¡�� �
GhLCHal�NC~XbQOWPRL ^ �CP[\RY ^ J�\oP L ^ VqH ^ b � ^ ��P ^ ��HZYRw ^ N LCH ^ sCHZY ^ NCs;\oL ^ \ªPRHZHKw P \opU��H \oLCHY[H ^ P[pXN#���yLz� sCp�J f w HKNz\RP �yO{\oL sCO � HZYRHKNz\yP f �&[HKJ�\oP ^ YRH�JZb f P�\oHKY[HKs \opX~qHZ\oL�HKYhOQN \RLCOQPJ ^ PRHe��GhLCH pXN�bW�,� ^ � \op;PRpXb{VXH`\oLCOWP 2 Y[pX�CbWHKw OQPn\oL�H JKY[H ^ \ROQpXN pqu P 2 HZJKO ^ b ��p@�yNCbWp ^ s
^ ~qHKNz\oP��!�yLCOQJML J ^ N G bW\RHKYªLCH ^ s�HKYRPZ�nSUN�uvpqY[\ f N ^ \oHZbW�;OW\ªOQP N�HKJKHZPRP ^ Y[�T\Rp�YRH"�yYRO{\oH�P f JML
^ N ^ ~qHKNz\yuvpXYhHZVqHKY[�?sCO � HZYRHZN \ �mHK��PROW\RH(���mHK�=s ^ \ ^ � ^ PRH �@pXYhJKpXNz\RHKNz\ 2 YRp£V�OQsCHZYK�gtN�\oLCH uvpXbQbWp@�yOQNC~5P[HKJ�\oOQpqNCP \oLCH 2 Y[H 2 Y[pEJZHKPRP[OQNC~+\oHZJMLCNCOQx f H��yOQbWb�� H?H�� 2 b ^ OWNCHKs
�yO{\oL ^ PRw ^ bQb®H�� ^ w 2 bWHq�yGhLCH/uvpXbQbWp �yOWNC~ bQO{\R\obWH��UG`|4) kjsCpEJ f w HKNz\�OQP`sCHZbQOWVqHKY[HKs5�z�\RLCH/��p �yN�bQp ^ s ^ ~XHKNz\�ngj\`JKpqN \ ^ OQN�P ^ \ROW\obWH(� ^ N OQw ^ ~XH(�EPRpXw H�\oH��E\�� ^ NCs ^ \ ^ �CbWHq�

� �"#�� � #�� �6)6+ ���63 �	- ���������  �� ���  8+�- "	��
 3 4>12��)6##�9��12* �53 ��+ �6#�" �"!8+�- ������;: �
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0�NCb{� ^ uvH�� sCp�J f w HKNz\RP ^ Y[H OQN ^ 2 b ^ OQN+\oH"��\;uvpXYRw ^ \��I\oLCH�w ^ &[pXYRO{\t� +�HKP 2 HZJKO ^ bQb{�OWN�\oL�H D�pXYRbWs D OQs�H D�HK� .�H"�EOQP�\oPTOWN P[\t��bWHKs uvpXY[w ^ \oP/bQO d H �y� 2 HZYTGªH���\ | ^ Y d�f32
) ^ NC~ f@^ ~XH +��UG`|4)�.�� �`OWJML?GIH"��\Uc@pXYRw ^ \/+ � Gyc�.��@|5� D�pXYRs#�C�ªpXP�\oPRJZYRO 2 \*+�� ��.apXY�UsCpX� H � Py�ªpXY�\ ^ �CbWH���p�J f w HKNz\`c@pXYRw ^ \=+��n��c�.��@�EpXw H�pquI\oL�HKw f PRH�\ ^ ~XP��COWNCJKb f sCH
2 OWJZ\ f YRHZP ^ N�s;\ ^ �CbQHZP +vbQO d H �UG`|4)�.�� ^ N�s PRpqw�H J ^ N;HZVqHKNT� HmJZpXw 2 YRHZPRPRHZsTbQO d H �n��ca�

D�H L ^ VqH�OWw 2 bQHKw HKNz\RHKs�uvp f Y ^ ~qHKNz\oP �yLCOQJML ^ JZJKH 2 \T�`G`|4)����yOQJML GIH"��\ c�pqY�kw ^ \ + � Gyc:."���ªpXP�\oP[JKYRO 2 \ ^ NCs �n��ca� GhLCHKP[H ^ ~XHZNz\oPaY f NrpXN \oLCHUP ^ w H`w ^ Y d H�\ 2 b ^ JKHbWO d Hm\oLCHypq\RLCHKY ^ ~qHKNz\oP���� f \nOQN P[pXw�HhJ ^ PRHZP \RLCHZ�TPRLCp f bQs 2 YRH�uvHKY ^ �CbQHhY f N pXN ^ N p@�yNw ^ Y d HZ\ 2 b ^ JZH8+�pXN�\RLCHKOWY p �yN/JKpqw 2Cf \oHKY .�� �EOQN�JKHnH ^ JML�uvpXY[w ^ \¨OQP 2 Y[pEJZHKPRP[HKs;� � ^ s�OWu kuvHZYRHKNz\ ^ ~XHKNz\��X\RLCH 2 Y[H 2 Y[pEJZHKP[PROQN�~/J ^ N � H�JKpXN G ~ f Y[HKs sCH 2 HKN�sCOQNC~�pqN \oLCHmuvYRHKx f HZNCJZ�pqu®s�pEJ f w�HZNz\�uvpXYRw ^ \RPK��c@pXYmH"� ^ w 2 bQHe� \oLCH��ªpXP�\oPRJZYRO 2 \ ^ ~XHZNz\ f PRHZP ^ N \oL�OQYRs�k 2@^ Y�\t�
^(232 bQOWJ ^ \ROQpXN �`\op H"��\RY ^ J�\ 2 b ^ OWN=\oH���\�uvYRpXw \oLCH sCp�J f w�HZN \K�Tc@pXYUHZVXHZY[�+�IpXP[\RPRJKY[O 2 \
G bWHT\op 2 YRH 2 YRp�JKHZPRP ^ P[JKY[O 2 \ �yOQbWb � H P�\ ^ Y�\oHZs�pXN�JKHq�r�EOQN�JKH OW\�OWP�\oOQw H�kjJKpXN�P f w OQNC~3�\RLCH ^ ~XHKNz\yP[LCp f bWs}Y f N pXN}O{\oPhp@�yN?w ^ Y d H�\ 2 b ^ JKH �COWuIw ^ Nz� �ªpXP�\oP[JKYRO 2 \`sCp�J f w HKNz\oP
� 
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L ^ VqHr\op�� H 2 YRp�JKHZPRPRHZs¨�F�UNCpq\oL�HKY VqHKY[� \oOQw H�kjJKpXN�P f w OQNC~?\oH��E\�ktH��E\RY ^ J�\oOWNC~ ^ ~XHZN \
�mp f bWs?� H ^ N ^ ~XHKNz\huvpXY80 2 \ROQJ ^ b 7aL ^ Y ^ JZ\RHKY �`HZJKpX~qNCOW\ROQpXN + 0 7 � .��_aHZJ ^qf P[H=5qgt�87!gji ^ bQbWp �yP \RLCHyOQNCJZb f P[OQpXN pqu 5 ^ V ^ JKpXw 2 pqNCHKNz\oP�� H"�EOQP�\oOQN�~�\RLCOQY[sEk
2@^ Y[\t� 5 ^ V ^ JKb ^ PRP�bQOW�CY ^ YROQHZP�J ^ N+� H f PRHZs+\Rp L ^ NCsCbWHT\oH��E\ ^ N�s G bWHTuvpXYRw ^ \RPK�TGhLCH�n��c ^ ~XHZN \`pquª�=�yg���l f PRHKP`P f JML ^ bQOW�CY ^ Y��  l \t�2*�¡ � �

GIH"��\ H"��\oY ^ JZ\ROQpXN w ^qd HZP ^ NCpq\RLCHKY ^ sEV ^ N \ ^ ~XHhpqu�5qgt�87�gji + ^ NCs 5 ^ V ^ .ªpX�zV�OQp f PK�O{\ OQP 2 b ^ \RuvpqYRw ktOQN�sCH 2 HKNCs�HKNz\���EpXw H5\oH"��\�ktH"��\RY ^ J�\oOQN�~ ^ bW~XpXY[OW\oL�w�P Y f N pXNCb{�3pXN
2@^ Y[\oOWJ f b ^ Y p 2 HKY ^ \oOWNC~�P[��P�\oHKw P�� uvpXY�H�� ^ w 2 bWH�\oLCHyJZpXNzVXHKY[PROWpXN pqu D�pXYRs sCp�J f w HKNz\oPOWN 2 b ^ OWN \RH"��\ �yOW\oL D�pXYRs w ^ JKYRpqPK� �Ep O{\ OQP NCHZJKHKP[P ^ Y�� ^ NCs 2 pXP[PROQ��bQH5\op!Y f NsCO � HZYRHZN \ w ^ Y d HZ\ 2 b ^ JZHKPnpXN sCO���HKY[HKNz\ p 2 HKY ^ \oOQN�~/P���P[\oHZw�Pn\op/PRpqbWVXHyP f JML 2 Y[pX�CbWHKw PK�GhLCH ~XY[H ^ \RHKP[\ ^ s�V ^ Nz\ ^ ~XH pquy\RLCH PRHZY[V�OQJZH�ktpqYROQHZNz\oHKs!P[\RY f J�\ f Y[H pqu/5qgt�87 gji OQP
\RL ^ \h\oL�H ^ ~XHKNz\RP`J ^ N pXYR~ ^ NCO � H \oL�H�\RH"��\yH"��\RY ^ J�\oOQN�~ 2 YRp�JKHKP[P ^ef \opXN�pXw�p f PRb{�X� GhLCHuvpXbWbQp@�yOQN�~�PRJKHZN ^ Y[OQp OWP 2 pXP[PROW�CbQHe� GhLCH ��p �yN�bQp ^ s ^ ~XHZNz\a~XH�\oP ^ B g�� kt�UYRJMLCO{VXHe�n�Up@�\RLCH/B g�� ^ ~XHZN \aH"��\oY ^ JZ\RP�\oLCHUsCp�J f w HKNz\oPapqu \oLCH ^ YRJMLCO{VXH �yL�OQJML �yOWbQb���H 2 YRp�JKHZPRPRHZs�z��sCp�J f w HKNz\ ^ ~XHZN \RP +vbQO d H ^ �`G`|4)r� ~qHKNz\�.�� GhLCHZPRH ^ ~XHKNz\oPªw ^ ��H���\oY ^ JZ\I\oLCHn\oH��E\
^ N�s�w ^ � ^ P d=^ N 0 7 ���U~XHKNz\�uvpXYUH"��\oY ^ JZ\ROQNC~r\RH"��\�uvYRpqw OWNCJKb f sCHZs 2 OQJ�\ f Y[HKPK�;�EpbWpXNC~ ^ P ^ bWb¨x f@^ bQO G HKs ^ ~qHKNz\oP`NCHKJZHKP[P ^ Y��?\Rp 2 YRp�JKHKP[P`\RLCHKP[H;s�pEJ f w�HZNz\oPyH"�EOQP�\��@\oL�HZ�
�yOWbQb JKp�p 2 HKY ^ \oH/\oprP[pXbWVqH;\oL�H 2 YRpq�CbQHZw peu�H"��\oY ^ JZ\ROQNC~�\oLCH/\oH"��\�uvY[pXw ^ sCp�J f w�HZN \\RpX~XHZ\RLCHKYZ�

gtN=\RLCH;H�� ^ w 2 bQH +�PRHZH P[HKJZ\ROQpXN .C�{¡ .a\oLCH �UG`|4) k ^ ~XHKNz\ �mp f bWs ^ JZJKH 2 \ \RLCH;~qp ^ b
+v��HZJ ^qf P[H \oLCH sCp�J f w�HZN \�L ^ P�sCp�J f w HKNz\�\t� 2 H 
�\RH"��\ �e�UG`|4);� . ^ NCs H��E\RY ^ J�\�\oLCH
2 b ^ OQN�\oH���\�B�UG`|4) kj\ ^ ~XP uvpXY�P 2 HZJKO ^ bUJML ^ Y ^ J�\oHZYRPrL ^ VqH=\op���H}YRH 2 b ^ JZHKs3�z��\oLCH
JML ^ Y ^ J�\oHKY[P�� bQO d H \oLCH 
 ��p f w�b�� �=�yO{\oL ^ N ]pC�:0�NCbW�/\oLCHmuvpXbQbWp �yOWNC~U\RH"��\nOQPªH"��\oY ^ JZ\RHKs¨�
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GhLCHn\oO{\obQHªOQP NCp@� ^82@^ Y[\®pqu�\oLCH�\RH"��\�ªGhLCH�\ ^ �CbWH�OQP Y[HKw p	VqHKs#� � f \IO{\oP JKpqN \ ^ OQN�OQNC~\RH"��\�OQP�P�\oOWbQb 2 YRHZPRHZN \K�Tgtw ^ ~XHKP ^ YRHTOW~XNCpXY[HKs�OWN5p f Y�OWw 2 bQHKw HKNz\ ^ \oOWpXN#� ^ bW\RLCp f ~qL�OW\w ^ � � H f P[HZu f b¨\Rp ^ N ^ b{� � H \oL�HKw �yO{\oL ^ N 0 7 � ��� HKJ ^qf PRH�pqu \RHKNr\RLCH�LCH ^ sCbQOWNCHKP�peu�`G`|4) ktsCp�J f w HKNz\RP ^ Y[H�sCHKP[OQ~XN�HKs ^ PyOQw ^ ~XHKPZ�

� ��� � � ��# � � ��� ��*�% *
�`u \oHKY/H"��\RY ^ J�\oOQN�~}\oL�H 2 b ^ OQN�\RH"��\ uvY[pXw sCp�J f w HKNz\oP�\oL�HKPRH \oH��E\RPTw f P�\ � H \oY ^ NCP�kuvpXY[w�HZs OQNz\op�VqHKJ�\opXY[PK�nc OWYRP[\ ^ bQb f NCOQw 2 pXY[\ ^ Nz\�JML ^ Y ^ JZ\RHKYRPnL ^ VqHy\Rp���HhY[HKw p	VqHKs¨� gtNp f YhOQw 2 bQHZw�HZN \ ^ \oOWpXN�\RLCOQPhOWNCJKb f sCHZP ^ bQb 2�f NCJZ\ f@^ \ROQpXN w ^ Y d P + �yL�OQJML ^ YRH�Y[H 2 b ^ JKHZs
�yO{\oL+�Cb ^ N d P . ^ NCs H�VXHKNAs�OQ~XO{\oPK�r�EpXw H�P 2 HZJKO ^ bnJML ^ Y ^ JZ\oHZYRP ^ YRH YRH 2 b ^ JZHKs#�ªbQO d H ]^ �
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]p ^ NCs ]f �yOW\RL ^ ��p ^ NCs f �1� 2 pXP[\RYRp 2 LCHKP ^ NCs3Lz� 2 LCHZNCPrL ^ VXH}\op+��H}YRHKw p£VXHZs
^ JZJKpXY[sCOQN�~XbW�q�=GhLCHrP[H ^ Y[JML�PRLCp f bQsFNCpe\ ��H�J ^ P[H PRHZNCPRO{\oOWVqH(��P[p ^ bQb JML ^ Y ^ JZ\RHKY[P ^ YRH\RY ^ NCP�uvpXYRw HKs \Rp bWp@�aHZY`J ^ PRHZPK�gtN�PRpXw H�J ^ PRHKP®O{\ OQP OWw 2 pXY[\ ^ Nz\�\Rp d HKH 2 sCOW~XOW\RP��KuvpqY¨H"� ^ w 2 bQH�O{u \oLCH�s ^ \ ^ � ^ PRH�L ^ Pw ^ Nz��sCp�J f w HKNz\RP ^ ��p f \�JMLCHKw OQP�\oY[�(�ª� HKJ ^qf P[H�w pXP[\�JML�HKw OQJ ^ b uvpXYRw f b ^ P�OWNCJKb f sCHsCOW~XOW\RP ^ NCs9�ap f bQsT� H�JZpXYRY f�2 \oHZs,�yOW\oL�p f \ \RLCHKw?� gtN p f Y OWw 2 bWHKw HKNz\ ^ \oOQpqN;pXN�bW��\oLCH!8 ^ b 2 L ^ ��H�\oOQJaJML ^ Y ^ JZ\oHZYRP ^ YRHhbWHZu \ ^ u \oHKY�JML ^ Y ^ J�\oHZY Y[HKw p£V ^ b �IgtN \RLCHhH"� ^ w 2 bQH �X\oLCHN f wT� HKY G VqH +vpqua\RLCH \ROQw H@.�� pXNCH Lz� 2 LCHKN#� ^ NCs pqNCH ^(2 pqP[\oY[p 2 L+sCOQP ^(2�2 H ^ YZ� GhLCH
 ]p � OWN?�EJMLCY��XpEs�HKY`OQPhYRH 2 b ^ JKHKs?�z� 
[p ����GhLCH�H"� ^ w 2 bQH�bWpEp d PhNCp@�,bQO d H�\oLCOWPK�
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�UH���\�\oLCH f NCOQw 2 pXY[\ ^ Nz\ �mpXYRs�P�L ^ VXH \Rp ��H;sCHKbWHZ\oHZs¨� 
RS`NCOQw 2 pqY[\ ^ N \,� ^ YRH ^ bWb
�mpXYRs�P�pqu ^ P[p�J ^ bWbQHZs P[\op 2 bWOQP�\��qbWO d H G bQbWHKY��apXY[sCP�� ^ Y�\oOWJKbQHZP�� 2 YRpXNCp f NCP�� 2 YRH 2 pXP[OW\oOWpXNCPH�\oJq�+GhLCH bQOWP[\ pqu f NCOWw 2 pXY[\ ^ Nz\*�mpXYRs�P OWPTJ ^ bQbQHZsFP[\Rp 2 bQOWP[\ ^ NCs�sCH 2 HKN�sCP pXNF\oLCHb ^ NC~ f@^ ~XHq�rgj\;OQP/OQw 2 pXPRP[OQ�CbWHT\op f PRH�\RLCH P ^ w H�P�\op 2 bQOQP�\�uvpXY;s�O���HKYRHZNz\ b ^ NC~ f@^ ~XHKP
^ N�s \oL�HKYRH�uvpXYRH}OW\ OQP NCHZJKHKP[P ^ Y�� \Rp sCH�VXHZbQp 21^ b ^ N�~ f@^ ~XH sCH�\oHZJZ\oOWpXN ^ bW~XpXY[OW\oL�w OWu
sCO � HZYRHZN \nb ^ NC~ fC^ ~XHKP L ^ VXHh\op�� HhP f�232 pXY�\oHZs¨���1P f ~q~XHKP�\oOQpqN uvpqY P f JML ^ N ^ bW~XpXYRO{\oLCwOWPhw ^ s�H�OQN PRHZJZ\oOWpXN}¤��W¡q�GhLCH JKY[H ^ \ROQpXN�peu ^ P�\op 2 bWOQP[\ ^ bQbWp �yP`\oLCH Y[HKs f JZ\oOWpXN pqun\oLCH s�OQw HKNCP[OQpXN ^ bQOW\t� peuVqHKJZ\RpXYRP ^ NCs \RLCH ^ w�p f Nz\npqu s ^ \ ^ �zP[OQNCJZHh\oLCH�� sCp/NCpq\nLCpXbWs ^ Nz� OQN�uvpqYRw ^ \oOWpXN¨�®_ f \O{\ OWP sCO ��J f bW\I\op P ^ �*�yLCOWJML9�apqYRsTOWP OQw 2 pXY[\ ^ Nz\ ^ N�s*�yLCOQJML OWP NCpe\��|?pXP[\ \ROQw HKP®\oLCH
�mpXYRs 
1�aHZbQb � OQP pqNCbW� ^ G bWbQHZY �mpXYRs#� � f \�OWN ^ NCpq\RLCHKYUJKpXNz\RH"��\�OW\ w�H ^ NCP \RLCHTP ^ w�HbWO d H 
�uvp f Nz\ ^ OQN����/GhL�HTVXp�J ^ � f b ^ Y��5pqun\oL�HTP[\Rp 2 bQOQP�\�sCH 2 HZNCsCP�pXN5\RLCH sCp�J f w HKNz\oPP�\opXY[HKs?OQN \oLCH�s ^ \ ^ � ^ P[Hq� D OW\RL?\RLCH��=�yg���l3P[��P[\RHKw OW\yOWP 2 pXP[PROW�CbQH�\Rp�sCH G NCH/p@�yNP�\op 2 bWOQP�\oP�uvpXY H�VXHZY[��sCO���HKY[HKNz\ ^(232 bQOWJ ^ \ROQpXN¨� GhLCHrH"� ^ w 2 bWH�bWpEp d P/bQO d H \oLCOWP ^ u \RHKYY[HKw p	V�OWNC~ ^ bWb f NCOWw 2 pXY�\ ^ Nz\ �mpXY[sCP �yOW\RLr\oLCH�P�\ ^ NCs ^ YRs P[\Rp 2 bQOWP[\ +�l�NC~XbQOWPRL .npqu®\oLCH� �`g���l P[��P[\RHKw?�
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GhLCH �apXY[sCP 
[OQN��3� 
�\RLCH ��+v\ �yOQJZH@. ^ NCs 
 ^ \ �+L ^ VXH}��HZHKN YRHKw p£VXHZs¨�3GhLCHZN:\oLCH
uvY[HKx f HKN�JZ�5peu ^ bQb®sCO���HKY[HKNz\=�mpXYRs�P�OQP JZp f Nz\oHZs¨��GhLCHTJZpXNCJ ^ \oHKN ^ \oOWpXN5pqunH�VXHKY��5\ �mpJZpXNCPRHZJ f \ROWVqH �mpXY[sCP®OQP JKY[H ^ \RHKs ^ NCs�\RLCHKOWY¨uvYRHKx f HZNCJZ��OWP¨JKp f Nz\oHKs�\op�pC�®�FVXHZJZ\RpXY �yOW\oL
^ bWb#�apqYRsCP ^ NCs5sCp f �CbQH �mpXYRsCP ^ P`JKpXw 2 pqNCHKNz\oPUOQP`JKY[H ^ \RHKs +vPRHKH;G ^ �CbQH .C�{¡ .��hGhLCHZN\RLCH ^ ~qHKNz\ JZYRH ^ \oHZPTs ^ \ ^ � ^ P[H�P�\ ^ \RHKw HKNz\oP \Rp}P�\opXY[H�\RLCHKP[H VXHZJZ\opqYRPTOWN ^ s ^ \ ^ � ^ PRH
^ N�s?P[HKNCs�PU\oL�HKPRH/P[\ ^ \oHZw�HZNz\oPh\op \oL�H � < ) ^ ~XHKNz\K�
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~XHZYRw ^ N ,
JML ^ NCJKHZbQbQpqY ,
~XHZYRw ^ NCJML ^ NCJKHZbQbQpqY ,
NCH"�yP ¡
NCH"�yPR~XHZYRw ^ N ¡
� ^ PRL�OQNC~q\RpXN ¡
JML ^ NCJKHZbQbQpqY�� ^ PRLCOWNC~q\RpXN ¡
� ^ PRL�OQNC~q\RpXNC~XHZYRw ^ N ¡
P[JMLCYRp�sCHKY ¡
JML ^ NCJKHZbQbQpqYRPRJML�YRp�sCHKY ¡
^ Y[YRO{VXHKP ¡
P[JMLCYRp�sCHKY ^ YRY[OWVqHKP ¡
p�JKbWpEJ d ¡
^ Y[YRO{VXHKP[pEJZbQp�J d ¡
p�JKbWpEJ d ~XHZYRw ^ N ¡

G ^ �CbWH .C�W¡q�n�nY[H 2 Y[pEJZHKP[PROQN�~ k H"� ^ w 2 bWH�VXHKJ�\opXY

� f H�\Rp \RLCH ^ ~XHZNz\[kt� ^ PRHZs?\RHKJMLCNCpqbQpX~q� OW\hOWPhH ^ P��r\op JML�pEpXP[H ^ NCpq\RLCHKY ^(232 YRp ^ JML
+vPRHKH 7aL ^(2 \RHKY !!.TuvpXY JKYRH ^ \oOWNC~�VqHKJ�\opXY[P�uvYRpqw ^ sCp�J f w�HZN \K�>0�NCH}L ^ VqH5pXNCb{�F\opY[HKw p	VqH pXYUsCOQP ^ �CbWH/\RLCH ��YRH 2 YRp�JKHZPRPRpqY ^ ~XHZN \ ^ NCs5Y[H 2 b ^ JKH;OW\8�yOW\oL ^ NCpq\RLCHKY ^ ~XHZN \
^ ��bQH�\op 2 HKY�uvpXYRw \oLCH�sCHZPROQY[HKs?\oY ^ NCP[uvpXY[w ^ \oOQpqN¨�

3 �@
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GhLCH 2 YRH 2 YRp�JKHZPRP[OQNC~ ^ bQ~XpXY[OW\RLCw OWP f N ^ �CbQH�\op�sCHZ\RHKJ�\�OQNC$@HKJ�\oOQpqNCPK�`c@pXYh\oLCH;�=�yg���lP��EP�\oHZw�\oLCH �apqYRs 
[JKpXw 2Cf \RHKY�� ^ NCs�O{\oP 2 b f Y ^ b�V ^ YRO ^ Nz\ 
[JKpXw 2Cf \RHKY[P,� ^ YRHhsCO � HZYRHZN \\RLCOQNC~qPK�hGhLCHTP ^ w H 2 Y[pX�CbWHKw H"�EOWP[\oP8�yOW\RL}VXHZYR�CP�� 
[P[HKNCs�� ^ NCs 
�PRHKNz\,� ^ YRH/NCpq\`\oLCHP ^ w�H�uvpqY�\oLCH ^ bW~XpXYRO{\oLCw?� GhL�H;Y[HKP f bW\oPypquI\oL�H ) ^ \RHKNz\ �EHKw ^ Nz\oOWJ�� N ^ bW��PROWPhJ ^ N?��HHZNCL ^ NCJZHKsA�z�+YRHZs f JKOWNC~ ^ bQb:�mpXYRsCP;\op}\RLCHKOWY�� ^ PROWJ�uvpXY[w}� GhLCOQP 2 YRp�JKHZPRPTOWP;J ^ bQbWHKsP�\oHKw w OQNC~C�

GhLCHm��HZP[\ªPRpXb f \oOWpXN�uvpXY \oLCOWP 2 Y[pX�CbWHKw4OWP®\RLCH f P ^ ~qHapqu ^ \RpEpXb ^ �CbQH�\op`sCH�\oHKJ�\ P f JMLOWN3$@HKJ�\oOWpXNCP�� ^ w pXY 2 LCpXbQpq~q� ^ N ^ bW� � HZY bQO d Hn\oLCH ��HZYRw ^ N,7 ^ NCpEp  7 ^ N *�¡ ��� �`p �mHZVqHKY��H�VXHKNT\RLCHKP[Ha\op�pXbWPIpeu \oHKN P f ~X~qHKP[\ PRHZVqHKY ^ b ^ b{\oHZYRN ^ \ROWVqHKP��eHKP 2 HZJKO ^ bQbW��OQN b ^ NC~ fC^ ~XHKPIbQO d H
��HKY[w ^ N �40 uhJZp f Y[PRH ^ w�pXY 2 LCpXbWpX~q� ^ N ^ bW� � HKY w ^qd HKP \RLCH )I�E� w�pXY[H�b ^ NC~ fC^ ~XHsCH 2 HZNCsCHZN \�����HZJ ^qf P[H;O{\yJ ^ N?� H f PRHZs=pXNCb{� uvpXYhb ^ NC~ fC^ ~XHKPhP f JML ^ \op�pXb�P f�2�2 pXY�\oPK�� N ^ bW\RHKY[N ^ \oO{VXH�w HZ\oL�pEs}OQPyY f bWH�kj� ^ PRHZs=P�\oHKw w OQNC~C�a��YRH G ��HZP ^ NCs?P f � �EHZP ^ YRH\RY f NCJ ^ \oHZs �z� f P[OQNC~/Y f bWHKP bQO d Hq�IYRH 2 b ^ JKH`P f �,� 
 ^ \RpXY,� �yOW\RL 
 ^ \oH	� � � GhLCHU� HKP�\ ^ b{k
� � ��);#��$+�1 * � # �����������
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~XpqYROW\RLCw�uvpqYnlnN�~XbQOWPRL b ^ N�~ f@^ ~XHhOWP \oLCH`LCH f YROWP[\oOWJhP[\RHKw w�OWNC~ ^ bQ~XpqYROW\RLCw)OQNz\oY[pEs f JKHZs�z���ªpXY�\oHZY< �IpXYo¤8*��  �IpXY *?*8� �nc@pXY PRpXw H`pq\oLCHZYab ^ NC~ f@^ ~XHKP PROWw�OWb ^ Y ^ bQ~XpXY[OW\RLCw�P�H��EOQP[\
+ ^ � f \oJML VXHZYRPROWpXN uvpXY H"� ^ w 2 bWHhOQP�OQNz\RYRp�s f JKHZs OQN  ��� ¥ .�� ."�z� f \nuvpXY b ^ NC~ f@^ ~XHZP:�yOW\oL
^ VqHKY��FJKpqw 2 bWH"��~XY ^ w�w ^ Y��ªbWO d H ��HKYRw ^ N#�ª\oLCHZPRH ^ bW~XpXYRO{\oLCw P ^ Y[Hrw�pqYRH JKpXw 2 bQO�kJ ^ \oHZs  7 ^qf ¥X¥8� �gtN ^ sCs�OW\oOWpXN+OW\;w ^qd HKPTP[HKNCP[Hr\op5Y[H 2 b ^ JKH ^ JKY[pXNz��w�P ^ NCs ^ �C��YRHZV�O ^ \oOWpXNCP �yOW\oL\RLCH \oHKY[w \oLCH���P[\ ^ NCs+uvpXYK� gju�pqNCH \oH"��\;JKpXNz\ ^ OQNCP�\RLCH 2 LCY ^ PRH 
 ) ^ \oHZN \ �EHZw ^ N \ROQJ�UN ^ bW��P[OQP,� ^ N�s ^ NCpq\oL�HKYnpXNCHhJZpXNz\ ^ OWNCP�\oLCH ^ JZYRpXNz��w 
 )I�E� �/\RLCH )I�E� OQP 2 Y[pX� ^ �Cb{�NCpe\ ^ �CbQHU\op YRHZJKpX~XN�O � H�\RL ^ \h� pq\RL?w H ^ NCP�\oLCH�P ^ w�He��GhLCH 2 YRpq�CbQHZw OWP���\RL ^ \h\oL�HKYRH
^ Y[H sCO � HZYRHZN \�w�H ^ NCOQN�~XPmuvpXYmw ^ N � ^ JZYRpXNz��w PK� c@pXY \RLCH ^ ���CYRH�VEO ^ \oOWpXN�
o�30/| � \oLCH
�UJKYRpqN ��w c OWNCsCHKY��� JZY *�¡ �`sCHZbQO{VXHKY[P !8 �sCO � HZYRHZN \ w H ^ N�OQNC~XPZ�:GhLCH}pXNCb{�	� ^ ��\opL ^ NCsCbQH \oL�OQP 2 YRpq�CbQHZw OQP�\op}JKpXw 2@^ Y[H ^ bWb�YRHZP f b{\oP �yOW\oL+\oLCH \oH���\� gtNFw pXP[\/J ^ PRHZP\RLCH ^qf \oLCpXY f PRHZP \oL�H�u f bWbn\RHKY[w peuh\oLCH ^ JKY[pXNz�Ew ^ \;bQH ^ P[\;pXNCJZH +v\Rp=H"� 2 b ^ OQN+\oLCH
^ JZYRpXNz��w . ^ NCs?PRp \oLCH�YROW~XLz\h\oHZYRw J ^ N ��H�uvp f N�s¨�� f H \op�\RLCH b ^ Y[~XH JKpXw 2 bWH"�EOW\t� ^ NCs�\oLCH b ^ NC~ f@^ ~qH sCH 2 HKNCs�HKNCJ��!\RLCH �=�yg���lP��EP�\oHZw L ^ P�N�p P[\oHZw�w OQN�~ ^ bQ~qpXYRO{\oLCw PypXY ^ JZYRpXNz��w Y[H 2 b ^ JKHZw�HZN \K�90�NCH 2 pXP[PROW�CbQH
� ^ �=\op OWNz\oHK~qY ^ \RH ^ P[\RHKw w�OWNC~ uvH ^ \ f Y[H*�ap f bQs�� HT\oLCH JZYRH ^ \oOWpXN5pqu ^ NCH"� ^ ~qHKNz\��
�yLCOWJML 2 YRp£V�OQsCHZP�\oLCH P[\oHZw�w OQN�~ ^ P ^ P[HKY[V�OWJKH uvpXY pe\oLCHZY ^ ~XHKNz\RPK�/gjumO{\�~XH�\oP=�mpXYRsCPOWN ^ b ^ NC~ f@^ ~XH�OW\ys�pEHZP`N�pq\yP f�232 pXY�\��@O{\ypXNCbW� YRH�\ f Y[NCP`\RLCH/�apqYRs¨�

� �	� � � # � � � * �
GhLCH b ^ YR~XH ^ w p f Nz\IpquCs ^ \ ^ 2 YRp�s f JZHKsT�z��\RLCH 2 YRH 2 YRp�JKHKP[PROWNC~�NCHZHKsCPI\op`��H P[\RpXYRHZs OQN
^ s ^ \ ^ � ^ PRHe�nc�Y[pXw�\oL�OQPas ^ \ ^ � ^ PRHUpq\oLCHZY ^ ~qHKNz\oP�J ^ N YRH ^ s \RLCHUVqHKJZ\RpXYRP�\Rp ^ N ^ bW� � H\RLCHKw?�

T_DOCUMENTS

PK,FK1 ID LONG

NAME TEXT(256)
LOCATION TEXT(256)

T_WORDS

ID LONG
WORD TEXT(64)
QUANTITY LONG

cªOQ~ f Y[H .C�-,��n��YRH 2 YRp�JKHZPRPROWNC~ s ^ \ ^ w pEsCHZb

��������� ���
	�������� ����	��

GhLCHUw�H�\ ^ s ^ \ ^ � ^ PRHUOQP ^ YRHZb ^ \ROQpXN ^ bCs ^ \ ^ � ^ P[H �yO{\oL ^ VXHKY�� P[OQw 2 bQHyP�\oY f JZ\ f YRH +vPRHKHc OW~ f Y[H .��",F.�� gj\rJKpqNCPROWP[\oP�pqu�\ �mpF\ ^ ��bQHKPZ��� ������ "!$#&%'�)( ^ NCs*� +,�.-���(��
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� ������ "! # %'�)( JKpqN \ ^ OQN�P OQNEuvpXYRw ^ \oOWpXN ^ � p f \ \RLCH s�pEJ f w�HZNz\oP���O�� He�?\RLCH�\ROW\RbQH
^ N�s5\oLCHTbWpEJ ^ \oOWpXN}\RpX~XH�\oLCHZY �yOW\RL ^rf NCOWx f HTsCp�J f w HKNz\�g�� ^ P 2 YROQw ^ Y�� d HZ�q�;GhLCHP[HKJKpqNCs?\ ^ �CbWH(�.� +,�.-���( �CJZpXNz\ ^ OWNCPauvpXY�H ^ JML?sCO���HKY[HKNz\ �apqYRs pquIH ^ JML sCp�J f w�HZN \LCp@�$peu \oHKN?OW\ ^(232 H ^ YRP`OQN \oL�OQPysCp�J f w HKNz\�aGhLCH;s�pEJ f w�HZNz\ g��'OQPh\oLCH�uvpXY[HKOQ~qN d HZ�
^ N�s \RLCH�P ^ w H ^ PyOQN � ������ "!$#&%'�)(��

cªOQ~ f Y[H .C�/.C��GhLCH ^ sCw OQNCOWNCP[\RY ^ \ROQpXN JKpXNCP[pXbQH�peuª\RLCH 2 YRH 2 YRp�JKHZPRPROWNC~ w ^ Y d HZ\ 2 b ^ JKH

������� � ���
	������ �
	 	�� �

GIp ^ JKJZHKP[P/s ^ \ ^ � ^ PRHZP��¨\oL�H ^ ~XHKNz\RP�pqun\oLCH � �`g���l P[��P[\RHKw J ^ N f P[H \RLCHTP[p?J ^ bQbWHKs��\RY f J�\ f Y[HKs < f HZY[� ) ^ NC~ fC^ ~XH + �=</)�. ^ ~XHKNz\K� � < )��@\oL�HT��\RY f J�\ f Y[HKs < f HZY[� ) ^ NEk~ fC^ ~XH(� ^ bQbWp �yP f PRHZYRPT\Rp ^ JKJZHKP[P s ^ \ ^ OWN Y[HKb ^ \oOQpqN ^ bns ^ \ ^ � ^ P[Hrw ^ N ^ ~XHZw�HZN \ P[��P�k\RHKw P��¨P f JML ^ P/0�Y ^ JKbWH(�®� �E� ^ PRH �IgtNEuvpXYRw O �'�®|}OWJKY[pXPRpqu \��=</)3�EHZY[VXHZY��®� JZJKHZPRP�� ^ N�spq\RLCHKY[P �z� ^ bQbQp@�yOWNC~ f PRHKY[P \op sCHKP[JKYROW��Hm\oLCH�s ^ \ ^ \RLCH f PRHKY:�yOWPRLCHZP \op PRHKHapXY f�2 s ^ \RHq�GhLCH �=</) ^ ~qHKNz\ ^ bQbWp �yP�P[HKNCs�OQNC~/pqu�PROQw 2 bWH f�2 s ^ \oHZP ^ NCs�x f HZYROWHKP +�YRH 2 YRHZPRHZN \RHKs �z�
5 ^ V ^ ��\oY[OQNC~�pX� &[HKJZ\RP . \op�\RLCHhs ^ \ ^ � ^ P[Hq� GhLCHyJZpXNCNCHZJZ\oOWpXN ��H�\ �aHZHKN \RLCOQP ^ ~XHKNz\ ^ N�s\RLCH=s ^ \ ^ � ^ PRH=OWP�HZP[\ ^ �CbQOWPRLCHZs f P[OQNC~F��S � � P�5 ^ V ^ � ^ \ ^ � ^ PRH 7apqNCNCHKJ�\oO{VEO{\t�!����g
+ 5 ^ V ^ � ^ \ ^ _ ^ P[H�7apXNCN�HKJZ\ROWV�OW\t� +�5X��_ 7 .�.��ªGhLCH 5X��_ 7.\oHZJMLCNCpXbWpX~q� ^ bQbWp �yP/\oLCH
f P[H;peu ^ �yOQsCH�Y ^ NC~XH�pqu��=</) s ^ \ ^ � ^ P[HKPK�a�EOWNCJKH�pXNCb{� PROWw 2 bQH u f N�JZ\oOWpXNCPhuvYRpqw \oLCH
5X��_ 71����g ^ YRH f P[HKs}uvpqY�\oLCH;�=</) ^ ~qHKNz\��CO{\ �apqY d P8�yO{\oL ^ Nz� 5X��_ 7 ko¡X�-* ktsCY[OWVqHKYK�
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GhLCH Y[HKP f bW\oP pqu ^ x f HKY�� ^ Y[HTPRHZYRO ^ bQO � HKs � ^ NCs�PRHZNCs5\opr\RLCH ^ ~qHKNz\�PRHZNCsCOWNC~r\oLCHx f HZY[� � ���EOWNCJKH \oLCHrJZYRH ^ \oOWpXNFpquhY[HKP f bW\ pq�&[HKJ�\oP uvY[pXw ^ s ^ \ ^ � ^ P[Hrx f HKY�� OWP;VXHZY[�\ROQw H�ktJZpXNCP f w�OWNC~��h\oL�H � < ) ^ ~XHKNz\?PRL�p f bQs3k uvpXY x f HZYROQHZPrk Y f N pXN ^ P[H 2@^ Y ^ \oHJZpXw 2�f \oHZY�\op f PRH�\oL�H�u f bQb ^ sEV ^ N \ ^ ~XH�pqu ^ sCOQP�\oYROW� f \RHKs P[��P[\RHKw?�

� ��� � � � % � % *�#�� � #&% � �
GIp�L ^ NCsCbWH=\oL�H 2 YRH 2 YRp�JKHKP[PROWNC~ ^ P 2 HZJKO ^ b ^ sCw OQN�OQP[\RY ^ \ROQpXN ^ ~XHZN \ L ^ P ��HZHKN OQw k
2 bWHKw HKNz\oHZs¨�Agj\ ^ bWbQp@�yP \oL�H?P�\ ^ Y�\ pqu`\oLCH 2 Y[H 2 Y[pEJZHKPRP[OQNC~ ^ P[PRHKw �CbW�AbWOQNCH ^ NCsA\oLCHL ^ NCsCbQOWNC~ pquªsCp�J f w HKNz\oPyP�\opXY[HKs?OQN \oLCH�w HZ\ ^ s ^ \ ^ � ^ PRH +�P[HKH;c OQ~ f YRH .��-. .��gj\ OWP 2 pXPRP[OQ�CbWHm\RpUV�OQH"� s�pEJ f w�HZNz\oP P�\opXY[HKs OQN/\oLCHas ^ \ ^ � ^ PRH ^ NCs \Rp�sCHZbQHZ\RH�PRpqw�H
+vpXY ^ bWb;. pqu \RLCHKw?� � P ^ P 2 HKJZO ^ b uvH ^ \ f YRH ��sCp�J f w HKNz\RP �yOW\RL \oLCHUP ^ w H�S � )�J ^ Nr��HP[H ^ Y[JMLCHKs¨� gtN \oLCOWPhJ ^ P[H(�@pXN�bW� \RLCH�pXbWsCHKYhsCp�J f w�HZN \yOWP�w ^ Y d HKs uvpXY�sCHZbQHZ\ROQNC~�� GhLCOQPw HKJML ^ NCOQP[w ^ bWbQp@�yP ^ PROWw 2 bWH f32 s ^ \oH�pqu�s�pEJ f w�HZNz\oP �z� 2 YRH 2 YRp�JKHKP[PROWNC~�sCp�J f w HKNz\oP
^ ~ ^ OQN ^ N�s}sCHZbQH�\oOQN�~T\oLCH�pXbWs VqHKY[PROQpqNCP ^ u \oHZY�� ^ YRsCPZ�

� 3!% #�%��6��$)"35-$?2���� #���� 4>3 -/+24"#�� '$#9- �635+�� � ��)61�� � �	)�� ��121 '$-$3 �9+ �63 �	- �	) 4 �6��)63 -8?��
�93 -/+247* #��935+���4"#�� � � )6#�+��"# "�� + � + ���5+	4"4�� �"!$#
	 �  � ��� �������� ��� ������� 	�	 � 	
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gtN5\RLCOQPUJML ^(2 \RHKY \RLCHTw ^(2�2 OWNC~ w ^ Y d HZ\ 2 b ^ JZH OWP OQNz\RYRp�s f JKHZs¨��GhLCH w ^(232 OQNC~�w ^ Y�k
d HZ\ 2 b ^ JZH=OQP \oL�H=LCH ^ Y[\ pqu�\oL�H=�=�yg���l P[��P�\oHKw +�P[HKH5cªOQ~ f Y[H5¦��W¡ .�� gj\rOQP N ^ w HKs
[w ^(2�2 OQNC~ �`� HKJ ^ef PRH�O{\ JZpXNz\ ^ OWNCPª\RLCHmu f NCJZ\ROQpXN ^ bQOW\t� \op�JZYRH ^ \oHm\RLCHy�EHZbWu k10�Y[~ ^ NCO � OWNC~| ^ 2 + ��0�| .��z� f YROWNC~U\RLCH 2 Y[H 2 Y[pEJZHKPRP[OQNC~ ^ VqHKJZ\RpXY:� ^ P�JKY[H ^ \RHKs uvYRpXw'HZVqHKY�� sCp�J f kw HKNz\�ªGhLCHhVXHZJZ\opqY P 2@^ JZH`OWP VXHZY[� LCOW~XL sCOWw�HZNCPROWpXN ^ b ^ NCs L ^ P \Rp���HysCOWw�HZNCPROWpXN ^ bWbW�Y[HKs f JZHKs}� � \oLCH � ^ NCsCpXw | ^(2�2 OWNC~ + �U| .�� ~XHZNz\�

c OQ~ f YRH�¦E�{¡X��GhLCH/�=�yg���l:w ^(2�2 OQNC~ w ^ Y d HZ\ 2 b ^ JZH
GhLCHZN�\oL�H ��YROWNCJKO 2@^ b 7apqw 2 pXNCHZN \ �UN ^ bW��P[OQP8+��A7a�=.nOWP f PRHZs�\op/OQs�HKNz\oO{u � ^ N p 2 k\ROQw ^ b bWp ��kjsCOQw HKN�PROQpqN ^ b � P f �CP 2@^ JZH�OWN \RLCH sCOQw HKN�PROQpqN ^ bQb{�?YRHKs f JKHZs VXHZJZ\opqY/P 2@^ JZH
��#�% ? %�� L " 3512#9-84"3 �	-84

, !
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+�� 7a� �U~XHKNz\ .��/��HZ\ ^ OQbWP ^ � p f \ \oLCH �A7a� ^ Y[HTsCHZPRJKY[OQ� HKs OQN}\oLCH P[HKJZ\ROQpXN+¦�� !E��cªO{kN ^ bQbW�(�¨\oLCH p f \ 2Cf \/VXHZJZ\opqYRP peua\oL�H �A7a� ^ YRH f PRHZs \op \oY ^ OQN \oL�Hr�EHZbWu k10�Y[~ ^ NCO � OWNC~| ^ 2 pqu`\oL�H=�30/| � ~XHZNz\�!l VXHKY�� ^ ~XHKNz\4+�H��EJKH 2 \ \oL�H=�30/| � ~qHKNz\�.TP[\RpXYRHZP�O{\oP
Y[HKP f bW\oPyOWN ^ JZHKNz\oY ^ b s ^ \ ^ � ^ P[H +vPRHZH c OW~ f Y[H/¦E� !(.��

Meta database
(SQL Agent 1)

2. Sends documents

Master database
(SQL Agent 2)

PCA and
Transformation

(PCA Agent)

Creation of the
Map

(SOM Agent)

1. Asks for documents

8. Stores map

6. Stores transformed vectors

Dimensional
Reduction

(RM  Agent)

3. Stores reduced vectors
in database

5. Sends reduced vectors

6. Asks for transformed vectors

Filesystem

4. Asks for reduced vectors

7. Sends transformed vectors

c OQ~ f YRH/¦E�"!E�n� ^ \ ^ $@p@�4pquª\oLCH�w ^(2�2 OWNC~ w ^ Y d HZ\ 2 b ^ JZH
GhLCHU�=�yg���l!P���P[\oHZw JZpXNz\ ^ OWNCPn\ �apTs�O���HKYRHZNz\a\t� 2 HZP�pqu s ^ \ ^ � ^ PRHe� ^ sCp�J f w�HZN \s ^ \ ^ � ^ PRH ^ NCs ^ w ^ P�\oHKY s ^ \ ^ � ^ PRHe� GhLCH G Y[P[\ pXNCH JKpqN \ ^ OQN�P \RLCH 2 YRH 2 YRp�JKHZPRP[HKsVqHKJZ\RpXYRP +vPRHKH P[HKJZ\ROQpXN .C�/. .���GhLCHKY[H w ^ �F� H w ^ Nz�Fs ^ \ ^ � ^ P[HKP pqu`\oLCOWP \t� 2 H �a� H�kJ ^qf PRH}sCp�J f w HKNz\oP J ^ N ��H 2 YRH 2 YRp�JKHZPRPRHZs OQN 2C^ Y ^ bWbQHZbhpXN:P[HZVXHZY ^ bUw ^ Y d H�\ 2 b ^ JKHZPK�GhLCH w ^ P[\RHKY s ^ \ ^ � ^ PRH J ^ N!H"�EOWP[\ pXNCb{�FpXN�JKH OQNA\oL�H �=�yg���l.P[��P�\oHKw?��gj\ P[\opqYRHKP

\RLCH?VqHKJ�\opXY[P ^ u \RHKY sCOQw HKNCP[OQpXN ^ b�YRHZs f J�\oOQpqN¨� �EOWNCJKH \oLCH}�A7a� NCHZHKsCP ^ bQb�VqHKJ�\opXY[P\Rp ^ N ^ bW� � H \RLCH 2 YROQN�JKO 2C^ b JKpqw 2 pXNCHZN \RP��I\oLCH�� L ^ VXH�\Rp}� H P[\RpXYRHZs OQN \oL�H�w ^ P[\RHKYs ^ \ ^ � ^ PRHq� GhLCHUw ^(2�2 OQNC~�w ^ Y d HZ\ JKpXNz\ ^ OQNCP ^ \ bWH ^ P�\�\ �ap;s ^ \ ^ � ^ PRH ^ ~XHZNz\oPnuvpXY \oLCHL ^ NCsCbQOWNC~ pquª��pe\oL s ^ \ ^ � ^ P[HKPK�� b{\oLCp f ~XL�\RLCH w ^(2�2 OQNC~}w ^ Y d H�\ 2 b ^ JKH OQP;pXNCH bWpX~XOWJ ^ b f N�OW\��ªOW\/OQP 2 pqPRPROW�CbQH \opP 2 bQO{\�OW\ 2 L ��P[OQJ ^ bQbW�(� HKP 2 HZJKO ^ bQbW�?\oL�H � 7a� ^ ~qHKNz\ ^ NCs�\oLCH �30/| ^ ~XHZNz\�PRLCp f bQs ��H
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OWNCP[\ ^ bQbWHKs pXN=s�O���HKYRHZNz\/5qgt�87,gji�w ^ Y d H�\ 2 b ^ JKHZP,+ ^ NCs=HZNC~XOWNCHKP ."��OWuª\oLCH;N f wT��HZYUpeusCp�J f w�HZN \RPyOQP�VXHZY[� LCOW~XL#�CpqYhH"�EJKHZHKsCP`\oLCH�L ^ Y[s3� ^ YRH/J ^(2C^ JKO{\t� � �gtN \RLCH=� �`g��El�P[��P[\RHKw \oLCH?PROWw�OWb ^ Y[OW\t�+pqu�\ �mp sCp�J f w�HZN \RP OWP w H ^ P f Y[HKs3�z�
J ^ bQJ f b ^ \ROQNC~ \oL�H�+ f P f@^ bWbW�}l f JKbWOQsCH ^ N .`s�OQP[\ ^ NCJZH � HZ\ �mHKHKN \oL�H \ �aprVqHKJ�\opXY[P�YRH 2 YRH�kP[HKNz\oOWNC~+\RLCHKw?�AgjuUpXNCbW��\oLCH ^ ��PRpXb f \oHruvY[HKx f HKN�JZ�!pqu`\oLCH<�mpXYRsCP OWN ^ sCp�J f w�HZN \JZpXYRY[HKP 2 pXNCs�Py\RpT\oLCH�JZpXw 2 pXN�HKNz\oPypquIOW\RPaVXHZJZ\RpXY��@sCp�J f w�HZN \hVqHKJ�\opXY[P`JZYRH ^ \oHZs?uvY[pXwP[w ^ bWbnsCpEJ f w HKNz\oPTJZpXNz\ ^ OWNCOQN�~=pXNCb{� uvH�� �apqYRsCP�+vHq� ~C�5P[w ^ bWb ^ �CP[\RY ^ J�\oP���x f HZYROWHKP .
^ Y[H JZbQpXP[HU\op;\oLCH�N f bWb VqHKJ�\opXY�� ^ NCs ^ Y[HU\RLCHKY[HZuvpXY[H�sCOQP[PROWw�OWb ^ Y \Rp sCp�J f w HKNz\�VqHKJ�\opXY[Ppqu b ^ Y[~XHKY sCp�J f w�HZN \RP�� ^ bW\oL�p f ~XL�\oLCH���w ^ ��� H}P[OQw OQb ^ Y OWN JZpXNz\oHKNz\K�1GhLCHKY[HZuvpXY[H
^ bWbaV ^ b f HKP ^ YRH?sCOWV�OWsCHKs!�z�A\oLCH?\opq\ ^ bhN f wT� HKY pqu �mpXYRs�P��hO � Hq�!\oLCH?YRHZb ^ \ROWVqH uvY[H�kx f HZNCJZ��pquUH ^ JML �mpXYRs!OQNA\RLCH sCpEJ f w HKNz\ OQPTJ ^ bQJ f b ^ \RHKs +�P[HKH H"� ^ w 2 bWH OQN�G ^ �CbQH¦E�{¡ .�� GhLCOQP �mHKOW~XLz\oOWNC~ J ^qf PRHKPh\RLCH�JKpXw 2 pXNCHKNz\RPhpquIH ^ JML?sCp�J f w HKNz\hVXHZJZ\RpXY�\op ^ s�s
f�2 \op=pqNCH(���yLCOQJMLAY[HKP f bW\oP;OQN+sCp�J f w HKNz\ VqHKJ�\opXY[PTL ^ V�OQNC~}w�pXY[H�P[OQw OQb ^ Y�bQHZNC~q\oL�P��OWNCsCH 2 HKN�sCHKNz\ob{� pquI\oLCH�sCp�J f w�HZN \`bWHKNC~q\RL¨�

� 
 �?� � � 
��#��
� �85 � 
 � � �� � 
 � � 
 ����
� �85
~XHZYRw ^ N , *��{¡:. !q¤
JML ^ NCJKHZbQbQpqY , *��{¡:. !q¤
~XHZYRw ^ NCJML ^ NCJKHZbQbQpqY , *��{¡:. !q¤
NCH"�yP ¡ *��-*8. ¢8 
NCH"�yPR~XHZYRw ^ N ¡ *��-*8. ¢8 
� ^ PRL�OQNC~q\RpXN ¡ *��-*8. ¢8 
JML ^ NCJKHZbQbQpqY�� ^ PRLCOWNC~q\RpXN ¡ *��-*8. ¢8 
� ^ PRL�OQNC~q\RpXNC~XHZYRw ^ N ¡ *��-*8. ¢8 
P[JMLCYRp�sCHKY ¡ *��-*8. ¢8 
JML ^ NCJKHZbQbQpqYRPRJML�YRp�sCHKY ¡ *��-*8. ¢8 
^ Y[YRO{VXHKP ¡ *��-*8. ¢8 
P[JMLCYRp�sCHKY ^ YRY[OWVqHKP ¡ *��-*8. ¢8 
p�JKbWpEJ d ¡ *��-*8. ¢8 
^ Y[YRO{VXHKP[pEJZbQp�J d ¡ *��-*8. ¢8 
p�JKbWpEJ d ~XHZYRw ^ N ¡ *��-*8. ¢8 

G ^ �CbQH/¦��W¡X� 7 ^ bWJ f b ^ \oOWNC~ \RLCH�YRHKb ^ \oO{VXH�uvY[HKx f HKN�JKOQHZP
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�`p �)\RLCH sCOQw HKN�PROQpqN ^ bQO{\t� pqu�\RLCH sCp�J f w HKNz\�VqHKJZ\RpXYRP�L ^ P \op � HTYRHZs f JZHKs#� H�VXHKN+OWu\RLCH sCp�J f w�HZN \ L ^ P�pqNCbW� P[pXw�H �apqYRsCPZ��� b{\oLCp f ~XL}\RLCH H�� ^ w 2 bWH/uvY[pXw 7aL ^(2 \RHKY .
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P[HKHKw P�\op L ^ VqH pqNCbW��¡	¦ JKpqw 2 pXNCHZN \RP�OW\�L ^ P�OQN5u ^ J�\ ^ N ^ bWw�pXP�\�OWN G NCO{\oHTN f wT� HKYpqumJKpqw 2 pXNCHZN \RP��®� f \�w pXP�\�pqum\RLCHKw L ^ VXH \oLCH V ^ b f H � HKY[pC� c@pXY ^ ��H�\R\RHKY f NCs�HKY�kP�\ ^ NCs�OQNC~ JKpXN�PROQs�HKYy\oLCH�uvpXbQbWp@�yOQNC~ H�� ^ w 2 bWHq�nGhLCH;H"� ^ w 2 bQH�VXHZJZ\RpXYUuvY[pXw 7aL ^(2 \oHKY. + VXHKJ�\opXYh¡@.ªL ^ Ph¡	¦ s�OQw HKNCP[OQpXNCP ^ NCs \oL�H�sCp�J f w HKNz\�VXHZJZ\RpXY�pqu�\oLCH 2 LCY ^ P[H 
[b ^ \oHKNz\P[HKw ^ Nz\oOQJ ^ N ^ bW��PROWP,��+vVXHZJZ\RpXY !!.�L ^ P ¦E� _ f \ O{u�� pq\oL+VXHKJ�\opXY[P L ^ VqH \op}��H OQN \oLCHP ^ w�H P 2@^ JZH(�a\RLCOQP P 2@^ JKH?L ^ P !8*�sCOWw�HZNCPROWpXNCP�� ^ bW\oL�p f ~XL�PRpqw�H JZpXw 2 pXNCHZNz\oP ^ YRH
[HZw 2 \t� � OWN?H ^ JML}VqHKJ�\opXY +�P[HKH/G ^ �CbQH/¦E�"!!.��
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~XHZYRw ^ N , *
JML ^ NCJKHZbQbQpqY , *
~XHZYRw ^ NCJML ^ NCJKHZbQbQpqY , *
NCH"�yP ¡ *
NCH"�yPR~XHZYRw ^ N ¡ *
� ^ PRL�OQNC~q\RpXN ¡ *
JML ^ NCJKHZbQbQpqY�� ^ PRLCOWNC~q\RpXN ¡ *
� ^ PRL�OQNC~q\RpXNC~XHZYRw ^ N ¡ *
P[JMLCYRp�sCHKY ¡ *
JML ^ NCJKHZbQbQpqYRPRJML�YRp�sCHKY ¡ *
^ Y[YRO{VXHKP ¡ *
P[JMLCYRp�sCHKY ^ YRY[OWVqHKP ¡ *
p�JKbWpEJ d ¡ *
^ Y[YRO{VXHKP[pEJZbQp�J d ¡ *
p�JKbWpEJ d ~XHZYRw ^ N ¡ *
b ^ \oHZN \ * ¡
P[HKw ^ Nz\oOQJ * ¡
b ^ \oHZN \RPRHZw ^ Nz\ROQJ * ¡
^ N ^ bW��PROWP * ¡
P[HKw ^ Nz\oOQJ ^ N ^ b{��PROQP * ¡

G ^ �CbWH/¦E� !���G �ap VXHKJ�\opXY[Pyk w pXY[H�JKpXw 2 pqNCHKNz\oP
� ^ NCsCpXw | ^(232 OQNC~=OQP pqNCH \oHZJMLCNCOWx f Hr\op�YRHZs f JZHr\oLCHrs�OQw HKNCP[OQpXN ^ bQOW\t�5pquh\oLCHP 2@^ JKH�JKpXNz\ ^ OQNCOWNC~ \oLCH VXHZJZ\opqYRPK�?gj\;OQP ^ bQP[p 2 pXPRP[OQ�CbWH \Rp f P[H�\RLCH ��Y[OQNCJZO 2@^ b 7apXw k

2 pXNCHZN \ �UN ^ bW��P[OQP � f \ � ^ NCsCpXw | ^(2�2 OWNC~ L ^ P \ �mp OQw 2 pXY[\ ^ Nz\ ^ s�V ^ Nz\ ^ ~XHKPZ� gj\OWP u ^ P[\oHZY ^ NCs:J ^ N:� H f PRHZs3pXNCbWOQNCH +vO � Hq� �yOW\RLCp f \ d NCp@�yOQNC~ ^ bQbapq\oLCHZY VqHKJ�\opXY[P .��GhLCH�P[HKJKpqNCs ^ sEV ^ N \ ^ ~XH�OQP�VqHKY�� OQw 2 pXY�\ ^ Nz\��EO{u 2 Y[H 2 Y[pEJZHKP[PROQN�~�p�JKJ f YRPysCOWP[\oY[OQ� f \oHKs
^ w pXNC~ w ^ Nz�5JZpXw 2Cf \oHZYRP��I� HKJ ^qf P[H \RLCH � ^ NCsCpXw | ^(2�2 OWNC~ J ^ N Y[HKs f JZH VqHKJ�\opXY[POWN 2C^ Y ^ bWbQHZb �yO{\oLCp f \UJZpXNCP[OQsCHZYROQN�~ pe\oLCHZY�VXHKJ�\opXY[PK�
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�UP sCHZPRJKY[OQ� HKs5OWN 7aL ^ 2 \oHZY . \RLCH 2 Y[H 2 Y[pEJZHKP[PROQN�~rJ ^ N=pEJZJ f YUpXN=sCO � HZYRHZN \ w ^ Y d H�\[k
2 b ^ JKHZPªY f NCNCOWNC~ pqN sCO � HZYRHKNz\ P[��P[\RHKw PK� GhLCH � ^ NCsCpXw'| ^ 2�2 OQN�~ YRHZs f JZHKP \RLCHmP 2@^ JZHsCOWw�HZNCPROWpXN ^ bWOW\t� +v\oL�HTOQN�uvpqYRw ^ \oOWpXN ."��PRprO{\ w ^qd HZP�PRHZNCPRHT\Rp 2 b ^ JKH/\oLCH9� | ^ ~XHKNz\oP
+-� | uvpXY � ^ NCsCpqw | ^(232 OQNC~F.apXN \oLCH 2 Y[H 2 Y[pEJZHKP[PROQN�~�w ^ Y d HZ\ 2 b ^ JZHKPZ� GhL�OQPysCHKP[OQ~XNL ^ P \ �ap ^ s�V ^ Nz\ ^ ~XHKPZ� 2@^ Y ^ bQbWHKb 2 YRp�JKHZPRPROWNC~�pqu�\oLCHysCp�J f w�HZN \RPnOQP w f JML u ^ P�\oHZY \oLCHZNJZHKNz\oY ^ b 2 Y[pEJZHKPRP[OQNC~ ^ \a\oLCH�w ^(2�2 OWNC~Tw ^ Y d HZ\ 2 b ^ JZH ^ NCs \RLCH�sCOQw HKN�PROQpqNrYRHZs f JZ\ROQpXNsCHZJKY[H ^ P[HKPU\RLCH�NCHZ\ �mpXY d \oY ^ ��J �C\op�pC�gtNAPRpqw�HrJ ^ PRHZPT\oLCHZPRH ^ sEV ^ N \ ^ ~XHZPTw ^ ����HZJKpXw H f N�OQw 2 pXY�\ ^ Nz\��ªuvpXY;H"� ^ w 2 bQHO{uU\RLCH JKHKNz\RY ^ byw ^ Y d HZ\ 2 b ^ JZH?Y f NCP pXN ^ VqHKY[� 2 p@�aHZY[u f b`HKNzV�OQY[pXNCw HKNz\��mpXNCb{�FpXNCH
2 Y[H 2 Y[pEJZHKP[PROQN�~+w ^ Y d HZ\ 2 b ^ JKHrH���OWP[\RP�� ^ NCs�� pXY \oL�H NCHZ\ �mpXY d OQP VqHKY[� u ^ P[\K�+gtNA\RLCOQPJ ^ PRHZP`\RLCH ^ ~XHKNz\`PRL�p f bQs � H�JKHKNz\RY ^ b 2 b ^ JKHZs}pqN \RLCH�w ^ 2�2 OQN�~ w ^ Y d H�\�GhLCH w pXP[\,$@H��EOQ�CbWH PRpXb f \oOWpXNAOQP ^ w pX�COQbWH ^ ~qHKNz\ �yLCOQJML!J ^ N!� H PRHKNz\ \op ^ Nz�w ^ Y d HZ\ 2 b ^ JZHq�IGhLCH 2 YRH 2 YRp�JKHZPRP[OQNC~`w ^ Y d H�\ 2 b ^ JKH�J ^ N ^ bQbWp@��\oLCHnw OQ~XY ^ \oOWpXN pqu ^ �U|
^ ~qHKNz\ uvY[pXw \oLCH;JKHZN \RY ^ bªw ^ Y d H�\ 2 b ^ JKH ��O{u O{\U\RY f P�\oP \RLCOQP`w ^ Y d H�\ 2 b ^ JKHe�UGhL�H w HZ\ ^s ^ \ ^ J ^ N ��H f PRHZs �z� sCO���HKY[HKNz\�PRH ^ YRJML HZNC~XOQN�HKP +vNCpq\�pXN�bW��uvpXY:)I�E�=. ^ NCs ^ JKpXNz\oHZNz\
2 Y[p£VEOWsCHKY�J ^ N w ^ed H OW\RP�YRH 2 pqPROW\RpXY[� 2Cf �CbWOQJ � ^ bQbWp@�yOQNC~ ^ ~XHKNz\RP/bWO d H \oLCH �U| ^ ~XHZN \\Rp?w OQ~qY ^ \RH ^ NCs f PRH \oLCHZOQY�s ^ \ ^ � ^ PRHKPZ� gjum\oLCH JKpqN \RHKNz\ 2 YRp£V�OQsCHZY/s�pEHZP/N�pq\ ^ bQbWp �w OQ~XY ^ \oOWpXN�+vuvpXY�H�� ^ w 2 bQHT� HKJ ^qf PRH \RLCH J ^(2C^ JKO{\t�5pqun\oL�HTY f Nz\ROQw HTHKNzV�OQY[pXNCw HKNz\�OQPNCpe\ 2 p@�aHZY[u f b HKNCp f ~XL�\Rp Y f N P[p w ^ Nz� ^ ~XHKNz\RP .n\RLCH`w�H�\ ^ s ^ \ ^ J ^ N���HUYRH ^ s�uvY[pXw\RLCH�JKHKNz\RY ^ b w ^ Y d HZ\ 2 b ^ JZH�pquª\RLCH�PRH ^ YRJML}HKNC~XOWNCHq��=�yg���l ^ bQbWp@�yP/\RLCH ^ sCw OQN�OQP[\RY ^ \RpXY�\op5P[HKNCsA\RLCH<�U| ^ ~XHZN \ \op ^ Nz��w ^ Y d H�\[k
2 b ^ JKH;LCH*�yOWPRLCHZPK���`HTP 2 HKJZO G HZP \oLCH w�H�\ ^ s ^ \ ^ � ^ PRH ^ NCs5\oLCH S �8)Apqu�\oLCH;\ ^ Y[~XHZ\w ^ Y d HZ\ 2 b ^ JZHq� GhL�HKN�\RLCH ^ ~XHKNz\mw�OW~XY ^ \oHKP��zYRHZs f JKHZPm\RLCHUs�OQw HKNCP[OQpXN ^ bQOW\t�;pqu ^ bQbCVqHKJ�k\RpXYRP��EP[HKNCsCPm\oLCHZw \Rp;\oL�H s ^ \ ^ � ^ P[H pqu \oLCHUJKHKNz\RY ^ b w ^ Y d H�\ 2 b ^ JKH ^ NCs \oY ^ VqHKbQPa� ^ J d\Rp5OW\RP LCpXw H w ^ Y d HZ\ 2 b ^ JKHq�=gj\ OQP 2 pXP[PROW�CbQH \op5P 2 HZJKOWu � ^ P�\ ^ Y�\ g��9�ªP[p5\oL ^ \TpXNCb{�sCp�J f w�HZN \RP��yO{\oL ^ ~qYRH ^ \oHKYªg�� ^ Y[HaYRHZs f JZHKs ^ NCsTP[HKNz\� GhLCOQPªOQP ^ NTH���HKJ�\oOWVqH � ^ �/\opw ^qd H ^ N f32 s ^ \oH peu NCH�� sCp�J f w�HZN \RPmuvY[pXw ^ w HZ\ ^ s ^ \ ^ � ^ P[H(�EOW\mOQP NCpq\mNCHKJZHKPRP ^ Y[�\Rp Y[HKs f JKH 2 YRHZH"�EOQP�\oHKNz\UsCp�J f w HKNz\yVXHZJZ\opqYRP ^ ~ ^ OWN¨�
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GhLCH pX�&[HKJ�\oO{VXHTpqu�\RLCHT��Y[OQNCJZO 2@^ b�7apXw 2 pXNCHKNz\��UN ^ b{�EP[OQP*+��A7a�/.`OQPU\RprYRHZs f JZH \oLCHsCOWw�HZNCPROWpXN ^ bWOW\t� pquIVXHZJZ\opqYRP ^ NCs \op OQsCHZN \ROWu � NCH��,w�H ^ NCOQN�~qu f b f N�sCHKY[bW��OQNC~ sCOWw�HZNEkP[OQpXNCP + V ^ YRO ^ �CbQHZP .��AGhL�H}OWsCH ^ OQPT\Rp G NCs ^ bQp@�mHKY�ktsCOWw�HZNCPROWpXN ^ bmP f �CP 2@^ JZH=pqu`\oLCHLCOW~XLEkjsCOQw HKNCP[OQpXN ^ b VXHZJZ\RpXY�P 2C^ JKH*�yL�HKYRH ^ bQb®sCp�J f w HKNz\ VqHKJ�\opXY[P�J ^ N5� H 2 YRp?&[HZJZ\oHZspXNz\Rp4�yOW\RL ^ w OQNCOWw f w pquyOWN�uvpXY[w ^ \ROQpXN+bQpqPRPK�=c OQ~ f YRHr¦E�",}PRLCp@�yPT\oL�Hr~XHKpqw�H�\oYRO�kJ ^ bªOWNz\oHKY 2 YRH�\ ^ \ROQpXN}pqu ^ N5H�� ^ w 2 bQHq�aG �ap sCOWw�HZNCPROWpXNCP�� ^ N�s���P[LCp@� ^ YRHZb ^ \ROQpXN
+�c OQ~ f YRH ¦E�", ^ ."�:�yO{\oL ^ NAOWNCJKY[H ^ P[OQNC~}pqu�� \RLCHKY[H OQP ^ NFOQN�JKYRH ^ PROWNC~5pqu�� � P[p5\oLCH��YROWNCJKO 2@^ b 7apqw 2 pXNCHZN \/�UN ^ bW��P[OQP�OQsCHZNz\oO G HKP ^ pqNCH�kjsCOQw HKNCP[OQpXN ^ b P f �CP 2C^ JKH �yLCHKY[H
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c OW~ f Y[H ¦��",��;� NA�A7a� H"� ^ w 2 bQHe� ^ !£ktsCOWw�HZNCPROWpXN ^ b s ^ \ ^ PRHZ\ OQP 2 YRp &[HKJZ\RHKsFOWN ^ N¡ZkjsCOQw HKN�PROQpqN ^ b P f �CP 2@^ JZH

^ bWb 2 pXOQNz\RPhJ ^ N?��H 2 Y[p?&[HKJ�\oHZs=pXNz\op +�c OQ~ f YRH/¦E�-, � .��c@pXYy\oLCH*)ª����\oL ^ \ w H ^ NCPUVqHKY[�}PROWw 2 bQO G HKs<�apqYRsCHZs¨�ygju \oLCH �A7a��YRHZJKpX~XN�O � HZP��\RL ^ \ OWNFw ^ N ��sCp�J f w HKNz\RP ^ NAOQN�JKYRH ^ PROWNC~5pquy\RLCHrx f@^ Nz\oO{\t�FpquypqNCH �mpXYRs�J ^ef PRHZP\RLCH�OQNCJZYRH ^ PROWNC~Apqu�\oLCH�x f@^ N \ROW\t�:pqu ^ NCpq\oL�HKYrpXN�H(� � pq\RL ^ YRH 
[w HKY[~XHKs �F\opApXNCH
sCOWw�HZNCPROWpXN¨��GhL�OQP�OWP \oLCH OQNz\oHZN \ROQpXN�peu�\oLCH )I�E�;�'D�pXYRsCP �yOW\oL�Y[HKb ^ \oOWpXNCP � HZ\ �mHKHZN\RLCHKw � bQO d H�
[� pq\ ^ Nz� � ^ NCs 
 2 b ^ N \RP,� L ^ VXH \Rp?� H PRH�\�\op pXNCH s�OQw HKNCP[OQpXN¨� �Ep \ �mp\RH"��\oP �mp f bWs ��H�P[OQw OQb ^ Y��zO{u pXNCH�peu \oHKN JZpXNz\ ^ OWNCPa\RLCH G Y[P[\ �mpXYRs ^ N�sr\oLCH�pe\oLCHZYa\oLCHb ^ \R\RHKYK�gj\�OWP JKbWH ^ Y`\oL ^ \ \oL�OQP \RHKJMLCNCOWx f HTJ ^ NCNCpq\�� HTOWw 2 bWHKw HKNz\oHZs ^ P ^ N5pXNCbWOQNCH ^ bQ~qpekY[OW\oL�w ����HZJ ^qf PRH�OWuIYRHZb ^ \ROQpXN�P���H�\ �aHZHKN}JKpXw 2 pqNCHKNz\oPhpeuIVqHKJ�\opXY[PUL ^ VqH�\Rp ��H�uvp f NCs#�\RLCHKP[H;VXHZJZ\RpXYRP�w f P[\ ^ bQb®� H d NCp@�yN¨� �Ep \oLCH ^ ~XHKNz\8�yLCOQJML 2 HZY[uvpXY[w�Ph\oL�OQP ^ N ^ b{�EP[OQPL ^ Py\Rp ��H 2 b ^ JKHZs?pqN?\RLCH�JKHKNz\RY ^ b w ^ Y d HZ\ 2 b ^ JZHq�
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�EOWNCJKHU\oLCH \RLCHKpqY[��pqu \oLCH�� 7a� ^ NCsr\oLCH w�pXP�\�sCH�\ ^ OWbQPmpqu \oLCH OQw 2 bQHZw�HZN \ ^ \oOWpXN ^ YRHsCOWPRJ f PRP[HKs5OWN \RLCH�sCO 2 bQpXw ^ \oLCHZPROWP`peu��yOQJML ^ Y[s 7aOWPRP��HKH  7aOWP *�¡ � +;�yLCp OQw 2 bQHZw�HZN \RHKs\RLCH ^ bW~XpXYRO{\oLCw ."�®pXN�bW� \oLCH OQw 2 pXY�\ ^ Nz\ ^ NCsFOWNz\oHKY[HKP�\oOQN�~5sCHZ\ ^ OQbWP ^ � p f \;\oLCHr� 7a�
^ ~qHKNz\`OQNr\oL�H/� �`g��El3P[��P[\RHKw ^ Y[H/s�OQPRJ f PRP[HKs}OQN \oLCOWPhP f ��PRHKJ�\oOWpXN¨�GhLCH G Y[P[\IP[\RH 2 pqu \oLCH �A7a��OQP \RLCHnJKYRH ^ \oOWpXN�pqu�\oLCH�P[pektJ ^ bQbWHKs�JZp	V ^ Y[O ^ N�JKH�w ^ \oY[O ����EOWNCJKH ^ bQb@VXHZJZ\RpXYRPyL ^ VXH�\RpT� H�JKpXN�PROQs�HKYRHZs \oLCH�JZYRH ^ \oOWpXNrOQPmVXHKY��rw HKw pXY[� JZpXNCP f w kOWNC~C��gtN?\oLCH;�=�yg���l1P[��P[\RHKw \oLCH;�A7a� ^ ~XHZNz\�~XH�\oP ^ bQb¨VXHZJZ\RpXYRPUP f JZJKHKP[PRO{VXHKb{�=uvY[pXw\RLCH�s ^ \ ^ � ^ PRH �@PRp w�HZw�pqY[�rOWPhP ^ VXHZs=� f \`\RLCH 2 YRp�JKHZPRP`OQPhY ^ \oLCHZYh\oOQw H�kjJKpXN�P f w OQNC~3�� HKJ ^qf PRH/HZVqHKY��?VqHKJ�\opXY`L ^ Ph\op � H/Y[H ^ s ^ PRHKJZpXNCs?\oOQw H�uvYRpqw \oLCH�s ^ \ ^ � ^ PRH ^ \h\oLCH
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HZNCs=pquª\oLCH �A7a� ��GhLCH JZp£V ^ YRO ^ NCJKH/w ^ \oYRO � OWP`P�\opXY[HKs5OWN ^ \oH���\ G bWH(��� HKJ ^ef PRH;OW\`OQPNCHZHKsCHZs ^ ~ ^ OQNruvpXY�\RLCH�x f HKY��EOWNC~ w ^ Y d H�\ 2 b ^ JKHe�GhLCH NCH���\ \ ^ P d OQP;sCHZ\RHKYRw OQN�OQNC~=\RLCH HKOW~XHKNzV ^ b f HKPTpeu`\RLCH JKp£V ^ Y[O ^ NCJZHrw ^ \oY[O ���GhLCHZYRH ^ \ �mp 2 pXP[PROW�CbQH � ^ ��P�� ^ N f w HKYROWJ ^ bIpXNCH ^ NCs ^ N ^(2�2 YRp ^ JML �yO{\oL ^ N5uvHZHKsEkuvpXY%� ^ YRsAPROWNC~XbWH�ktb ^ �XHKY;NCH f Y ^ bmNCHZ\ �mpXY d �+GhLCHKP[H NCHZ\ �mpXY d P ^ Y[Hrw f JMLAu ^ P�\oHKY �yOW\oLLCOW~XLEkjsCOQw HKNCP[OQpXN ^ baOWN 2Cf \ VXHZJZ\opqYRP��y� f \r� HKJ ^ef PRH=\RLCH?sCOQw HKNCP[OQpXN ^ bQO{\t�FOQP ^ bWYRH ^ s��Y[HKs f JZHKs��z�	� ^ NCs�pXw | ^(2�2 OWNC~�� \RLCH G Y[P[\T\RHKJMLCNCOWx f H OQP;P f � JKOWHKNz\��nOWN�u ^ J�\ OW\;OQPu ^ P�\oHZYy\RL ^ N \oL�H/N�H f Y ^ b NCHZ\ �mpXY d uvpqYhPRw ^ bQb:+�bQHZPRP[HKYh\oL ^ N�¡+*8*?*F.msCOWw�HZNCPROWpXNCPZ��Uu \RHKYUsCHZ\RHKYRw OQN�OQNC~ \oL�H HKOW~XHKNzV ^ b f HKPUpqu \RLCH JZp	V ^ Y[O ^ N�JKH w ^ \RYRO � \oLCH;NCH��)VqHKJ�k
\RpXYRP J ^ N���H`JKY[H ^ \RHKs¨�nc@pXY�\RLCOQP HZVqHKY[��OQN 2Cf \nVXHZJZ\opqYaL ^ Pn\op;��H`YRH ^ s ^ PRHZJKpXNCs�\oOQw H
+v��HZJ ^qf P[H�\oLCH�� ^ YRH�NCpe\�P[\RpXYRHZs ^ \a\RLCH ^ ~XHZNz\�.���GhL�H�p f \ 2�f \aVqHKJZ\RpXYRP ^ YRH�P�\opXY[HKs OQN\RLCHas ^ \ ^ � ^ PRH(� ^ bW\RLCp f ~qL;O{\��mp f bWs � H 2 pXPRP[OQ�CbWH \Rp P[HKNCsT\RLCHKw)sCOWYRHKJ�\ob{��\op`\oLCH���0�|
^ ~qHKNz\� _ f \THKP 2 HZJKO ^ bQb{��OWuaPRpXw H 2C^ Y ^ w HZ\RHKY[P;L ^ VqH \op}��H \oHZP[\oHZs � OW\/OWP f P[HZu f bn\opL ^ VqHm\oL�H VqHKJZ\RpXYRPªpqu�\RLCHm� 7a� P[\RpXYRHZs#�q� HKJ ^qf PRH \oLCHZN;\RLCHKY[HaOQP®NCp`NCHZHKs \RpUP�\ ^ Y�\ª\RLCOQP
2 Y[pEJZHKP[P ^ P[HKJKpqNCs+\ROQw Hq�/� NCpe\oLCHZY�YRH ^ PRpXN+OQP�� \oL ^ \�\oLCH VXHZY[��w HKw pXY�� kjH"� 2 HKNCP[OWVXH��0�| ^ ~XHZN \`J ^ N ��H�P[\ ^ Y[\RHKs?P[\ ^ NCsEk ^ bQpXN�H�OWuI\oLCHZYRH ^ YRH�w HKw pXY��rb ^ J d PZ�

� ��� � � � 	  � ��� ��� %�� % ��� 
 � �
�`u \oHKYy\oL�H;VXHZJZ\RpXYRP ^ YRH/YRHKs f JKHZs ^ NCs=\RLCH 2 YROQN�JKO 2C^ b®JKpXw 2 pqNCHKNz\oP ^ Y[H sCH�\oHKY[w�OWNCHKs\RLCH�JKY[H ^ \ROQpXN peu \RLCHy�EHZbWu k10�Y[~ ^ NCO � OWNC~�| ^ 2 P[\ ^ Y[\oPZ� GhLCH`��0�| OQP ^ NCH f Y ^ bCN�HZ\ �mpXY d
�yLCOWJML}OWP�\oY ^ OQNCHZs<�yOW\oL \RLCH�p f \ 2�f \yVXHKJ�\opXY[P`uvY[pXw \RLCH/�A7a� �

GhLCH OQw 2 bWHKw HKNz\ ^ \ROQpXN pqu�\oLCH ^ bW~XpXY[OW\oL�w OQP 2@^ Y�\ pqu�\oLCH�s�O 2 bWpXw ^ \oLCHZPROQP peu
�yOQJML ^ YRs�7aOQPRP��HKH� 7aOQP *�¡	��� D�H sCHZJKOQs�HKs�\Rp=P�\opXY[H�\oL�H G N ^ bm�EHKb{u k%0�YR~ ^ NCO � OQNC~?| ^ 2OWN ^ N 5 ^ V ^ PRHKY[O ^ bWO � HKs=pq�&[HKJ�\�� P[p�\RL ^ \�pe\oLCHZY ^ ~qHKNz\oPUw ^ � f PRH/\oLCH;YRHZP f b{\oP peu \oLCH
) ^ \RHKNz\ �EHZw ^ N \ROQJ?� N ^ bW��PROWP �yOW\RLCp f \�L ^ V�OQNC~ ^ JKJZHKPRP�\op ^ s ^ \ ^ � ^ PRH}PRHZY[VXHZYK�$�
\t� 2 OWJ ^ b P[JKHZN ^ YROWp OQP�\RLCH x f HKY��EOWNC~ w ^ Y d H�\ 2 b ^ JKH ^ P�sCHKP[JKYROW��HZs OQN5\oL�H N�H"��\�JML ^(2 k\RHKYK�mGhLCH P[HKY[O ^ bWO � HZs pX�&[HKJ�\oPUJKpXNz\ ^ OQN?NCpq\UpXNCbW� \oLCH/NCHZ\ �mpXY d � � f \ ^ bWPRp \oLCH�� LCpXbQsOWN�uvpXYRw ^ \ROQpXN ^ ��p f \yHZVqHKY[�?sCp�J f w�HZN \*+ \oOW\RbQH ^ NCs}S �8)�.��GhLCH�s ^ \ ^ � ^ PRHUJKp f bWs � HU\RLCHKpXY[HZ\ROQJ ^ bQbW�THKY ^ PRHKs ^ u \oHKY \oLCHUJKY[H ^ \ROQpXN�pqu¨\oL�H w ^(2 �� f \ OWN=w pXP[\UJ ^ P[HKPUOW\UOQP f PRH�u f bª\Rp d HKH 2 ^ \ bWH ^ P�\`\RLCH;VqHKJ�\opXY[P �yLCOQJML ^ YRH/YRHZs f JKHZs
�yO{\oL � ^ NCsCpqw | ^(2�2 OWNC~�� � HKJ ^qf PRHr\RLCHZ� J ^ N ��HrY[H f P[HKsAuvpXY f�2 s ^ \oHZPK��gtNAPRpqw�HJ ^ PRHZP ^ bQbns ^ \ ^ J ^ NF� H sCHZbQH�\oHKs�� uvpXY/H"� ^ w 2 bQH OQN�NCH��yP P��EP�\oHZw�P��:�yLCOQJMLFL ^ VqH \op
f�2 s ^ \RH ^ Y[\ROQJKbWHKP�H�VXHZY[�?s ^ �X�
� � 3���# �"!8# -$#935?�!  ��)6!$� � " ) +�" 35'84>��� �"!$# 
�� :
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� �	� � � # � � � * �
GhLCH�b ^ YR~qH ^ w p f Nz\ pqu/s ^ \ ^ \oL ^ \ ^ YROWPRHZP s f YROWNC~F\oL�H�w ^(232 OQNC~ 2 YRp�JKHZPRP w ^ed HKPO{\ ^ s�V�OWP ^ �CbWH=\op P[\opqYRH�OQNz\RHKYRw HKs�O ^ \RH=YRHZP f b{\oPZ�.l�P 2 HKJZO ^ bWbW��\oL�H5YRHZs f JKHZs VqHKJ�\opXY[P
^ u \RHKY ��HZOQNC~ 2 YRp�JKHZPRP[HKs �z� � ^ NCs�pXw | ^(2�2 OQNC~;L ^ VXH�NCp sCH 2 HKNCs�HKNCJZOQHKPmuvYRpXw pq\RLCHKY
VqHKJZ\RpXYRP ^ NCs sCp?NCpq\�L ^ VqH \Rp ��H YRHZJ ^ bWJ f b ^ \oHZs H ^ JML \oOWw�H ^ u \oHKY ^ N f�2 s ^ \RH,�yOW\oLNCH"�)sCp�J f w HKNz\oPZ�UGIp ^ JZJKHZPRP�s ^ \ ^ � ^ PRHKP���\RLCH ^ ~qHKNz\oPUJ ^ N f PRH;\RLCH P ^ w H ^ ~XHZNz\ ^ PpXN \RLCH 2 YRH 2 YRp�JKHZPRPROWNC~ w ^ Y d HZ\ 2 b ^ JKHq� \RLCH;�=</) ^ ~qHKNz\�

� ������� ���� �� ����	��

T_DOCUMENTS_MAIN

PK,FK1,FK2 DBID LONG
PK,FK1,FK2 DOCID LONG

NAME TEXT(256)
LOCATION TEXT(256)

T_RANDOM_MAP

DBID LONG
DOCID LONG
ID LONG
VALUE DOUBLE

T_PCA_MAP

DBID LONG
DOCID LONG
ID LONG
VALUE DOUBLE

*

*

c OQ~ f YRH/¦E�/.C� | ^ P�\oHZY`s ^ \ ^ w�p�sCHZb
GhLCHTs ^ \ ^ w�p�sCHKb®pqu \oLCH;�=�yg���l1w ^ P�\oHZYUs ^ \ ^ � ^ PRH JZpXNCP[OQP[\RP pqu \oLCH/uvpXbQbWp �yOWNC~\RLCYRHZH \ ^ �CbWHKPZ�
� � ���� )! #&% �)( !���� %=�"� -�� %����.! !���� ^ NCs � � �	� !����m�GhLCH \ ^ �CbWH � ������ )! #&% �)( !���� % JKpqN \ ^ OQN�P OQN�uvpXY[w ^ \oOQpqN ^ � p f \¨\RLCH�sCpXJ f w HKNz\oP��O�� He�!\RLCH?\ROW\RbQH ^ N�s \oL�H?bWpEJ ^ \oOWpXN#��\oL�H}g�� pquU\RLCH?sCpEJ f w HKNz\ s ^ \ ^ � ^ PRH + � HKY[p���OWupXN�bW�}pXNCH sCp�J f w HKNz\�s ^ \ ^ � ^ PRH H"�EOWP[\�. ^ NCs ^ N f NCOQx f H s�pEJ f w�HZNz\�g��T�¨GhLCHT\ ^ �CbQH

� -�� %����.! !����}JKpXNz\ ^ OQNCPIuvpXYªH�VXHZY[�;sCpEJ f w HKNz\ \RLCH V ^ b f HKPªOQN;H ^ JMLTs�OQw HKNCP[OQpXN
+
� � . ^ u \oHZY;\RLCH � ^ NCsCpqw | ^(2�2 OWNC~ 2 Y[pEJZHKPRPZ��GhLCHrs ^ \ ^ � ^ PRH g�� ^ NCs \oL�HrsCp�J f kw HKNz\�g�� ^ Y[H \oL�HTP ^ w H ^ P�OQN�� ������ "! # %'�)( !���� %��¨GhL�OQP�g���JZpXNCPROWP[\ROQNC~rpeu
\ �mp 2@^ Y�\oPIOQPINCHKJZHKP[P ^ Y�� \op ^ bQbWp@��\RLCH 2@^ Y ^ bWbQHKb!�mpXY d peu@PRH�VXHKY ^ b��U| ^ ~XHKNz\oP��yOW\RLCp f \P��EN�JMLCYRpXN�OQP ^ \oOQpqN¨� gj\ ~ f@^ Y ^ Nz\oHKHZP \oL ^ \�sCO � HZYRHZN \ sCp�J f w HKNz\oP NCHZVqHKY�~XH�\ \RLCHTP ^ w�H
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g��9�@H�VXHKN�O{u \RLCHZ�?L ^ VXH/\oLCH/P ^ w�H/pXNCH/pXN=s�O���HKYRHZNz\ 2 Y[H 2 Y[pEJZHKP[PROQN�~rw ^ Y d H�\ 2 b ^ JKHZPK�GhLCH/s ^ \ ^ � ^ P[H;g��'L ^ VXH/\op ��H/PRH�\ �z� \oLCH ^ sCw OQN�OQP[\RY ^ \RpXYapeu \oL�H;� �`g���l1P��EP�\oHZw}�
GhLCH�\ ^ �CbQH � � �	� !�����JKpXNz\ ^ OQNCPh\RLCH�sCpEJ f w HKNz\yVXHKJ�\opXY[P ^ u \oHKY�\RLCH/�A7a� �

� ��� � � � % � % *�#�� � #&% � �

cªOQ~ f Y[H�¦E� ¦E��GhLCH ^ sCw OQNCOWP[\RY ^ \ROQpXN ^ ~XHKNz\
GIp?L ^ NCsCbWH \oLCH JZYRH ^ \oOWpXN�pqua��0�|}P ^ P 2 HKJZO ^ b ^ sCw OQNCOWP[\oY ^ \oOWpXN ^ ~XHKNz\/� ^ P�OQw k

2 bWHKw HKNz\oHZs	+vPRHZH;cªOQ~ f Y[H/¦E� ¦!.��c@pXY � ^ N�sCpXw | ^(232 OQNC~?\oLCH \ ^ YR~XH�\ w ^ Y d HZ\ ^ NCs�\RLCH�\ ^ YR~qHZ\;w�H�\ ^ s ^ \ ^ � ^ PRHL ^ VqHm\op`� H P[HZ\��e\oL�H ^ s�w�OWNCOQP�\ ^ \RpXY¨L ^ P®\op`JMLCp�pXPRH ^ s ^ \ ^ � ^ PRH g�� ^ NCs;\RpUsCH�\oHZYRw OQNCH\RLCH P�\ ^ Y�\ g��T�'0�NCbW� s�pEJ f w�HZNz\oP �yO{\oL ^ LCOQ~qLCHKY`g�� �yOQbWb ��H;YRHZs f JKHZs +�P[HKH P[HKJ�\oOQpqN
¦E�{¡�uvpXYysCHZ\ ^ OQbWP .��mGhLCH 2C^ Y ^ w HZ\RHKY[PUpquª\oLCH;�A7a� ^ N�s}\oL�HT��0�| +�sCOWw�HZNCPROWpXN ^ bWOW\t�3.J ^ NCNCpq\m� H ^ b{\oHZYRHKs �yOW\RLCp f \ ^ YRHKP�\ ^ Y�\apeu \oL�HUP��EP�\oHZw � HKJ ^qf PRH ^ Nz� JML ^ NC~XH`s f Y[OQNC~\RLCH�Y f N?pquªP[��P[\RHKw J ^ N}HZNCs ^ NC~qHKYh\oLCH�P��EP�\oHZw OWNz\oHK~qYROW\t� pquª�=�yg���lh�

c OWN ^ bQb{�!�®OW\;OQP 2 pXPRP[OQ�CbWH \Rp}V�OQH"� sCpEJ f w HKNz\oPTP�\opXY[HKsFOWN�\RLCH s ^ \ ^ � ^ PRH ^ NCs \opsCHZbQH�\oH�PRpXw H +�pqY ^ bQb .mpquI\oLCHZw �@bWO d H�OWN \oLCH�� s�w�OWNCOQP�\oY ^ \oOQpqN ^ ~XHZNz\Upeu \oL�H 2 YRH 2 YRpekJZHKPRP[OQNC~ w ^ Y d HZ\� ��p�J f w HKNz\RP �yOW\oL \RLCH�P ^ w H/S �8)�J ^ N}� H�PRH ^ YRJMLCHZs¨�

� � � 
 � -� � ��' 
 3 � �
) ^ � HKbWP ^ Y[H?\RpEpqbQP �yLCOQJML:u ^ JKOQbWOW\ ^ \oH \RLCH=OWNz\oHKY 2 YRH�\ ^ \ROQpXN pqu ^ w ^(2 �z� ^ L f w ^ N
f P[HKY��z� ^ sCs�OQNC~ PRpqw�H sCHZPRJZYRO 2 \oOWVqH,�apXY[sCPK� GhLCHZPRH �apqYRsCP�P f w�w ^ YRO � H ^ P 2 HKJZ\RP;peu\RLCH ^ YRH ^ JZpXNz\ ^ OWNCOQN�~5\oLCH b ^ ��HZb ^ NCs ^ J�\ ^ P b ^ N�sCw ^ Y d PK�AgtNA\oL�OQP9� ^ �(� ^ N!H ^ P[�pXY[OQHZN \ ^ \oOWpXN OQP 2 YRp£V�OQsCHZs¨�
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c OQ~ f YRH/¦E�- ��A7aY[H ^ \ROQpXN pquªb ^ � HKbWP �yOW\RL \oLCH ^ sCw OQN�OQP[\RY ^ \ROQpXN ^ ~XHKNz\K�

D OW\RL+\RLCH � sCw OQNCOWP[\RY ^ \ROQpXN ^ ~XHKNz\�\oLCH ^ sCw OQN�OQP[\RY ^ \RpXY�J ^ N�P[HZ\;b ^ � HKbWP�uvpXY�\oLCHJ f YRY[HKNz\`��0�|��EGhLCH�~XY ^(2 LCOWJ ^ b f P[HKY�OWN \RHKY�u ^ JKH ^ bQbQp@�yP LCOQw�\Rp V�OQH"� ^ bQb�sCp�J f w HKNz\oP
^ N�s?P[HZ\UNCH��,b ^ � HKbWP ^ \ 2 Y[pXw�OWNCHKNz\ 2 pXOQNz\RP +�PRHZH/c OQ~ f YRH/¦E�- F.��

0 u@JKp f YRP[Hm\oL�HKYRH H"�EOWP[\ªPRpXw H \RHKJMLCN�OQx f HKP pqu ^qf \opXw ^ \oOWJ d H���mpXY[s b ^ � HKbWOQNC~C��0�NCH
� ^ PyOQNz\oY[pEs f JKHZs}�z� � ^ P d O ^ N�s ) ^ ~ f P  )®��¥X¥8�®OWN ¡£¥X¥X¥�� GhLCHKP[H;\oHZJMLCNCOWx f H ^ bWbQp@�yP\RLCH;JZYRH ^ \oOWpXN pqu d HZ� �apqYRsCP�uvpXYhJZb f P�\oHZYRP,+vOQw 2 bW��OWNC~ ^ JKb f P[\oHZYUP�\oY f JZ\ f YRH;H"�EOQP�\oP .hpXYw ^(2 ^ YRH ^ PK� � b ^ ��HZbQOWNC~5OQP pXN�bW�ANCHZJKHZPRP ^ Y[�!uvpXY L f w ^ N f PRHZYRP��auvpXY w�pqP[\ ^ ~XHZN \
^(232 bQOWJ ^ \ROQpXNCP +�P[HKH+PRHKJ�\oOWpXN,¤E�W¡ . O{\ OQP NCpe\ NCHKJZHKPRP ^ Y[�B� HKJ ^ef PRH+pXNCb{�:\oL�H ^ ~XHKNz\oP
�yOWbQb f PRH�\oLCH w ^(2 PZ� � f H�\opA\oL�OQP ^ NCs1\Rp�\RLCH�u ^ JZ\��U\RL ^ \ \oL�H \RHKJMLCN�OQx f HKP uvpXY
^qf \opXw ^ \oOWJ;b ^ � HKbQOWNC~ ^ YRHTH�� 2 HKN�PROWVqH(� ^ w ^ N fC^ b b ^ ��HZbQOWNC~�P���P[\oHZw � ^ P�JKpXNCP[OQsCHZYRHZs\Rp � H�P f � JZOQHKNz\yuvpXYh\oL�H 2�f Y 2 pXPRHZPypquª\RLCH��=�yg���l3P[��P�\oHKw?�
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� � 	 � � � �

�`u \oHKY 2 Y[H 2 Y[pEJZHKPRP[OQNC~5\RLCH s�pEJ f w�HZNz\oP ^ NCsFJ ^ bQJ f b ^ \ROQNC~ \oL�H w ^(2 \RLCH f P[HKY;w f P[\� H 2 YRp£V�OQsCHZs �yOW\RL}\RLCH 2 pXP[PROQ��OQbQO{\t� \Rp PRHZNCs5x f HZYROQHZPU\Rp \RLCH P��EP�\oHZw ^ N�s}V�OQH"�4\oLCH
P[H ^ Y[JML YRHZP f b{\oPZ� �1\oLCOWYRs w ^ Y d H�\ 2 b ^ JKHhH��EHKJ f \oHKP \oLCOWP�PRHZY[V�OQJZHq��gtN pXYRsCHZY�\op�sCp�\oLCOWP��
^ N OWNz\oHKY�u ^ JKH�OWP�NCHZHKsCHZs?\Rp ^ bQbWp � L f w ^ N f P[HKY[Py\Rp OQNz\oHZY ^ J�\ �yOW\RLr\oLCH�w f bW\oO�k ^ ~qHKNz\P��EP�\oHZw}� � f JML ^ N OQNz\RHKY[u ^ JKH OQP�OWNz\oYRp�s f JZHKs �yOW\RL \RLCH �y� g�� ^ VEOW~ ^ \RpXY�OQN�P[HKJ�\oOQpqN ��"!E�

c OQ~ f YRH  ��{¡X��GhLCH/�=�yg���l:x f HZY[��OQN�~�w ^ Y d HZ\ 2 b ^ JZH
0�N=\oL�H x f HKY���OQNC~rw ^ Y d HZ\ 2 b ^ JKH;\RLCHKY[H ^ Y[H;\RLCYRHZH ^ bWYRH ^ s�� d N�p �yN ^ ~XHKNz\oPZ��\oLCH��0�| ^ ~XHZNz\��X\oL�Hy� 7a� ^ ~qHKNz\�� ^ N�s \RLCH �U| ^ ~XHKNz\ +�P[HKH 7aL ^(2 \oHKY ¦(.���l VXHZY[� x f HZY[�OWP�L ^ NCsCbWHKs ^ P ^ N�H��1sCp�J f w�HZN \=+ �yO{\oL \oL�HUH���JZH 2 \ROQpXN \oL ^ \mO{\nOQP�NCpe\mP�\opXY[HKs�OQN \oLCHs ^ \ ^ � ^ PRH@.���� sCs�OW\oOWpXN ^ bWbW�(��\RLCHKY[H ^ YRH�\ �mp�N�H�� ^ ~XHKNz\oPypXN \RLCOQPhw ^ Y d HZ\ 2 b ^ JZHq��GhLCH

. !
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x f HZY[� ^ ~XHZNz\mOWP�YRHZP 2 pXNCPROW�CbQH�uvpqY�w ^ N ^ ~XOQN�~ \oLCHyx f HZYROQHZPK��GhLCH ^ b{\oHZY�HK~Xp ^ ~XHZNz\ ^ JZ\oP
^ P ^ NrOWNz\oHKY�u ^ JKH`� HZ\ �mHKHKN \RLCH��y� g�� ^ VEOW~ ^ \RpXY ^ NCs \RLCH ^ ~qHKNz\aP���P[\oHZw ^ N�s �yOQbWb@��HH�� 2 b ^ OWNCHKs OQN P[HKJZ\ROQpXN  ��"!E��EOWNCJKH ^ bWb�Y[HKbQH�V ^ Nz\�OQN�uvpqYRw ^ \oOWpXN OWP P[\RpXYRHZs OWNT\ �ap G bWHKP8+�JZp£V ^ YRO ^ NCJKH�w ^ \RYRO � ^ N�s��0�| .�\oLCOWP w ^ Y d HZ\ 2 b ^ JZH J ^ NAY f N	�yO{\oLCp f \ ^ s ^ \ ^ � ^ PRH�PRHKY�VXHZYK� gj\TOWP;\oL�HKYRH�uvpXYRH
2 pXPRP[OQ�CbWH \op JZYRH ^ \oH ^ VXHKY�� PRw ^ bQb�PRHZY[VXHZY9+;�yOW\RL?bWp@�,w HKw pXY[� ^ NCs 7��nS$J ^(2C^ JKO{\t��.
�yO{\oLCp f \/\RLCH pe\oLCHZY;w ^ Y d HZ\ 2 b ^ JZHKP + 2 Y[H 2 Y[pEJZHKP[PROQN�~ ^ NCs�w ^(232 OQNC~F.�� �UP ^ JKpXN�PRH�kx f HZNCJKH �E\oL�H G bQHKPnw ^ � ��HyH�VXHKN sCp@�yNCbQp ^ sCHKs �z� ^ w pX�COWbQHaJZpXw w f NCOWJ ^ \ROQpXN sCH�V�OQJKHbWO d H ^ �n�y� ^ NCs \oLCHZN f P[HKs?bQp�J ^ bWbW�X�S 2 s ^ \RHKPIpqu�\RLCHnx f HKY��EOWNC~ w ^ Y d HZ\ ^ Y[H VqHKY���PROQw 2 bWHq�®gj\ OWP 2 pqPRPROW�CbQH�\RpUp£VXHZY��yY[OW\oH\RLCH��A7a�4w ^ \oY[O � ^ N�s ��0�| G bQHZP �yO{\oLrNCH"�aHZYaVXHZYRP[OQpXNCPaHZVXHZN<�yLCHKNr\RLCH�P[��P�\oHKw OQP
Y f NCNCOWNC~C� D LCHZNCHZVqHKY \oLCH ^ ~XHKNz\RPmY[HKJKpq~XNCO � H ^ JML ^ N�~XH pXN \oL�HKPRH G bQHZP�� \oLCH�� f�2 s ^ \oH\RLCHKOWY s ^ \ ^ ��GhLCH PROWw 2 bQH/L ^ NCsCbWOQNC~ pqu f�2 s ^ \oHZP�OQP�OWw 2 pXY�\ ^ Nz\`uvpXY�P[��P�\oHKw P=�yLCOWJMLpqu \RHKN1~XHZNCHKY ^ \oH�N�H�� ��0�|}P��`uvpXYrH"� ^ w 2 bWH=OQN1P���P[\oHZw�P ~qHKNCHZY ^ \ROQNC~ANCH"�yPRbWHZ\R\RHKY[PH�VXHKY�� LCp f Y +vPRHKH�P[HKJZ\ROQpXN}¤��{¡�uvpXYhsCHZ\ ^ OQbWP .��

����� � ����!��"* *�% ��� � 	 � � * � ��� � � � �
GhLCH 2 Y[pX� ^ ��bW��w pXP�\®OQNz\oHZYRHKP�\oOWNC~ ^ ~XHKNz\®pqu�\oLCHnx f HZY[��OQNC~`w ^ Y d HZ\ 2 b ^ JZH OWP¨\oLCH < f HZY[�
^ ~qHKNz\��F�yLCOWJML�JZpXNz\oYRpqbQP \oL�H`L ^ NCsCbWOQNC~�pqu f P[HKYnx f HKY[OQHKPZ��gj\n~XHKN�HKY ^ \oHKP ^ VXHZJZ\opqY uvY[pXw\RLCHnx f HKY[��P�\oY[OQNC~`OQN ^ PROWw�OWb ^ Y � ^ � ^ P®sCHZPRJKY[OQ� HKs;OQN�PRHZJZ\oOWpXN .C�", +vOW\®OQP®NCpe\®NCHKJZHKPRP ^ Y[�\Rp5H"��\oY ^ JZ\;\oLCH 2 b ^ OWN+\RH"��\ � HZuvpXY[H � HKJ ^qf PRHr\RLCHrx f HZYROQHZP ^ Y[H ^ bWYRH ^ s�� �yYRO{\R\oHZNFOQN
2 b ^ OQNT\RH"��\�.�� GhLCHZN OW\ PRHKN�sCP \RLCOQP VqHKJ�\opXYn\op�\oL�H �U| ^ ~XHKNz\�� � 7a� ^ ~XHZNz\ ^ NCs���0�|
^ ~qHKNz\ +vOQN=\RLCOQPUPRHKx f HZNCJKH�. ^ NCs�~XH�\oP`\oLCH _mHKP[\�k�| ^ \oJMLCOWNC~ SUNCO{\,+�_h|=S . ^ P P[LCp@�yNOWN G ~ f YRH% E� !E�?GhLCH _�|=S OQP�\oL�HrNCp�sCH pqua\oLCHr��0�| NCH f Y ^ b NCHZ\ �mpXY d ���yLCOWJMLFOQPw pXP[\yP[OQw OQb ^ Y \Rp \oLCH�sCp�J f w HKNz\yVXHZJZ\RpXYK�
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GhLCH?L ^ N�sCbQOWNC~ pqu�x f HZYROQHZP OWP pqYR~ ^ N�O � HZs�OQN ^ JZbQOQHZNz\[ktP[HKY�VXHKY�k ^ Y[JMLCOW\RHKJ�\ f Y[H �yOW\RL ^JZHKNz\oY ^ b PRHZY[VqHKY/P[\opqYROQN�~ \oLCH w ^(2 P ^ NCs J ^ bWJ f b ^ \oOWNC~�\RLCH x f HKY[OQHZP ^ NCs ^ ~XY ^ 2 LCOQJ ^ b
f P[HKY�ktOQNz\RHKY[u ^ JKH ^ PaJKbWOQHZN \K� GhLCHZYRH ^ Y[HU\ �mp 2 pqPRPROW�CbQH ^(2�2 YRp ^ JML�HKPauvpXY P f JML ^ N ^ Y[JMLCO{k\RHKJZ\ f YRHe� GhLCH 
�\RLCOQN JKbQOWHKNz\ ��OWP ^ bQp@��kjJKpXP�\��zJKHZNz\oY ^ bQbW�zkjw ^ N ^ ~XHKs JKbQOWHKNz\ JZpXw 2 pXN�HKNz\�GhLCH=�yL�pXbQH u f NCJZ\ROQpXN ^ bQOW\t� OWP 2 YRp£V�OQs�HKs �z� \oL�H�PRHKY�VXHZY����yLCOWJML?L ^ NCsCbWHKP ^ bWb�OWN \RHKY ^ J�k\ROQpXNCPZ�ªGhL�Ha~XY[H ^ \RHKP[\ ^ s�V ^ Nz\ ^ ~XHapqu�\oLCOWP ^ Y[JMLCOW\RHKJ�\ f Y[HaOQP��e\RL ^ \ªOW\IL ^ Pªw�OWNCpXY®P[��P[\RHKwY[HKx f OQY[HKw HKNz\oP�pqN \RLCH JKbWOQHZN \�PROQs�Hq�;c�pqY�H"� ^ w 2 bQH �#�aHZ� OQNz\oHZY[u ^ JZHKP + �yO{\oLCp f \ 5 ^ V ^pXY 5 ^ V ^ PRJZYRO 2 \�. ^ YRH 
�\RLCOQN+JKbWOQHZN \RP,� ^ bQbWp �yOWNC~ ^ f PRHZY;\op ^ JZJKHKP[P 2 Y[pX~XY ^ w�P/�yOW\RL ^P[OQw 2 bQH*�mHK� �CYRp@�yPRHZYK�rGhL�H 
�\RLCOQN JZbQOQHZNz\ ���®LCp@�mHZVXHZY�� L ^ P/\RLCYRHZH�w ^ OWN�sCOQP ^ s�V ^ NEk\ ^ ~XHKPZ� gj\ 2 YRp�s f JZHKP ^ b ^ YR~XH ^ w p f Nz\ peu@NCHZ\ �mpXY d \oY ^ � J�� HZ\ �mHKHKN P[HKY[VqHKY ^ N�sTJKbWOQHKNz\P[OQNCJZHaHZVqHKY��;u f N�JZ\oOWpXNTJ ^ bQbWHKs/� �/\oL�H f P[HKY Y[HKP f bW\oPªOQN;JKbQOWHKNz\[kjPRHZY[VXHZY�kjJKpXw w f NCOWJ ^ \ROQpXN �
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Navigator
1. Sends query

Query Handling
(Query Agent)

Transformation
(PCA Agent)

Determination:
BMU

(SOM Agent)

10. Delivers point

AlterEgoAgent
(QueryGUIAgent)

8. Sends BMU back

6. Delivers transformed vector

2.
Forwards

query

Dimensional
Reduction

(RM  Agent)

3. Sends preprocessed vector
for dimension reducing

4. Delivers reduced vector

9.
Forwards

 BMU

5. Sends vector for transformation

7. Sends PCA vector for getting BMU

c OQ~ f YRH  ��"!E�n� ^ \ ^ $@p@�4pquª\oLCH�x f HZY[��OQNC~ w ^ Y d HZ\ 2 b ^ JZH

gtN ^ sCsCOW\ROQpXN��I\RLCOQP�VXHZY[��JKpXw w f NCOWJ ^ \ROQpXN w ^qd HZP \oL�OQP ^(2�2 Y[p ^ JMLFP[bQp@� � HKP 2 HZJKO ^ bQb{�O{u f PRHZs �yOW\oL�bWp@��k 2 HKY[uvpqYRw ^ NCJKH/JKpqw�w f NCOQJ ^ \oOWpXN}JML ^ NCNCHZbQPK�/c OWN ^ bWbW�!�@\RLCOQN5JZbQOWHKNz\oPJ ^ NCNCpq\ 2 YRp£V�OQsCH Y[OQJMLAu f NCJ�\oOQpqN ^ bQO{\t�!� uvpXY H"� ^ w 2 bQH �m�`G`|4) k�c@pXY[w�P 2 Y[p£VEOWsCH pXNCb{�P[pXw�H�P[OQw 2 bQH OQN 2Cf \yJKpXw 2 pqNCHKNz\oPZ�GhLCH pq\RLCHKY ^ 2�2 YRp ^ JML�OWP�J ^ bQbQHZs 
�\RLCOQN�P[HKY[VqHKY��C�T� P�\RLCH N ^ w HTOQN�sCOQJ ^ \oHZP�� \RLCOQP
^ Y[JMLCOW\RHKJ�\ f Y[HUL ^ P ^ w�pqYRHyJKpXw 2 bWH"� JZbQOQHZNz\ ^ NCs�\RLCHUw ^ &[pXY 2@^ Y[\ pqu u f NCJZ\ROQpXN ^ bQOW\t� OQPpXN�JKbWOQHKNz\mPROWsCHq�A0 u \oHZN�\RLCHZ� ^ YRH`pXNCb{� P[\ ^ Y[\RHKsr�z� \oLCHUPRHKY�VXHZY ^ NCsrY f N P�\ ^ N�sEk ^ bWpXNCH
+vbQO d H ^(2�2 bWHZ\oP .��mGhLCHZ� ^ Y[H/u ^ P�\oHZY ^ P 
�\RLCOQN?JKbWOQHZN \RP,���@� HKJ ^qf P[H PROWw 2 bQH�OQNz\RHKY ^ JZ\oOWpXNCPsCp�NCpe\}J ^qf P[H+JZpXw w f NCOWJ ^ \ROQpXN �yO{\oL1\oL�H+P[HKY�VXHKYZ� GhL�HZ� sCp�NCpq\?p£VXHZYRbWp ^ s1\oLCH
P[HKY[VqHKY ^ NCs J ^ N+p(� HZY ^ bQb 2 pXPRP[OQ�CbWH f PRHZY;OWN 2Cf \/JKpqw 2 pXNCHZN \RPK� _ f \ 
�\oLCOWN�P[HKY�VXHKY��
^ Y[JMLCOW\RHKJ�\ f Y[HKPTL ^ VqH sCOQP ^ s�V ^ Nz\ ^ ~qHKP�� \RpEp��=GhLCH w pXP[\ P[\RYRO d OWNC~=pXN�HrOQP/\oLCHrb ^ YR~qHKY
^ w p f Nz\ pqu P[��P[\RHKw Y[HKx f OQY[HKw HKNz\oP�pqN5\oLCH JZbQOQHZNz\�PROWsCHq��GhLCOWP�OQN�JKb f sCHKP ^ s�sCOW\ROQpXN ^ bNCpqNEktP�\ ^ NCs ^ YRs�PRpqu \ � ^ YRH ^ NCs L ^ YRs3� ^ Y[H�JKpXw 2 pXNCHKNz\RPK� 0 u \oHZN \oL�H JKbWOQHZN \mL ^ Pn\op;��HOWNCP[\ ^ bQbWHKs=bWpEJ ^ bQb{� ��H�uvpXYRH f PROWNC~ OW\�� pq\RLCHKY%�yOQPRHT\RLCHTOWN Vqp d OQNC~ peu \RLCH JKbWOQHZN \RP �mp f bQs� H�VXHKY�� \oOWw�H�ktJKpqNCP f w OQN�~C�
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GhLCH��y� gn� ^ VEOW~ ^ \RpXYmOWP ^ L ���CY[OQsrpeu ��pe\oL ^ Y[JMLCOW\RHKJ�\ f Y[HKPK�nGIHKJMLCN�OQJ ^ bQbW� O{\aOWP ^ N
^ ~qHKNz\ �yLCOWJML ^ bQbWp@�yP ^ L f w ^ N=\Rp f PRH P[HKY�VEOWJKHZP�\oLCY[p f ~XL ^ 5 ^ V ^ � �yOQNC~ OWN \RHKY�u ^ JKH
+vPRHKHrc OQ~ f YRH% E�",F.��=gj\9� ^ PTs�HZVXHZbQp 2 HKs ^ \ \oL�H �`�Ug k1) ^ �0��uvpXY OWN Vqp d OQNC~=JKpXw 2 bQH�\oH
��SUgtPh�z�rs�p �yN�bQp ^ s�OQNC~T\RLCH �/S`g G bQHZP��huvYRpXw \oLCH�P[HKY�VXHKYZ����p O{\�OWP 2 pqPRPROW�CbQHU\op f PRHw f bW\oO 2 bQH�OWNCP[\ ^ NCJKHZP�pqu �/S`gyPRHKY�V�OQJKHZP=�yOW\RLCp f \�OWNCP[\ ^ bQbWOQNC~ \oL�H G bQHZP�pqun\oL�H PRHKY�V�OQJKH
2 Y[p£VEOWsCHKYybWpEJ ^ bQb{�X��EOWNCJKH OW\/NCHZHKsCP \RLCH OQNCP�\ ^ bWb ^ \ROQpXN5peu ^ 5 ^ V ^ � f Nz\oOWw�H l�NzVEOWYRpXN�w�HZN \ ^ NCs+\oLCH
5qgt�87,gji 2 b ^ \[uvpXYRw \oLCH;�`�Ugy� ^ V�OQ~ ^ \opXYyOQP`NCp�YRH ^ b 
�\oLCOWN=JKbWOQHZN \,�C�h�`p �mHZVqHKY�� \oLCH
f P[OQNC~ pqu'5 ^ V ^ ^ NCs ��yOWNC~ ^ bWbQp@�yPª\RLCHaJZYRH ^ \oOQpqNTpqu�JKpqw 2 bWH"� ��SUgtP ^ N�sTu f NCJZ\ROQpXN ^ bQO�k\ROQHKP:�yO{\oLCp f \nJKpXw w f N�OQJ ^ \oOQpqN9�yOW\oL \RLCHyPRHKY�VXHZYK�ngj\ OQP \oL�HKYRH�uvpXYRHybWpX~XOQJ ^ bE\Rp�sCHZVqHKbQp 2
^ 
�\RLCOQN PRHZY[VqHKY,� ^ YRJML�OW\oHZJZ\ f YRH/�yLCHZN=OQw 2 bWHKw HKNz\oOWNC~ ^ � ^ V�OQ~ ^ \opXY�OWNz\oHKY�u ^ JKHe�

c OW~ f YRH  ��",E��GhLCH �y� ga� ^ V�OQ~ ^ \opXY
7 f Y[YRHKNz\RbW� ^ N�H��BOQNz\oHZY[u ^ JZH uvpXYaL f w ^ NEk \opek ^ ~XHZN \aJKpXw w f N�OQJ ^ \oOQpqN �yOW\RL�5qgt�87OWP���HZOQNC~�sCH�VXHKbWp 2 HKs¨� D O{\oL \oL�H | f bW\RO{kt�UJKJZHKPRP�k��IpXOQNz\ + |}� �A.�O{\�OQP 2 pXP[PROQ��bQH�\op�JZYRH�k

^ \RH ^ P 2 HKJZO G J ^ \oOWpXN�uvpXY ^ ~XY ^ 2 LCOQJ ^ b f PRHKY�OWN \RHKY�u ^ JKH9�yO{\oL���|4)  � _�c *�¡�� � D OW\oL
\RLCOQP/P 2 HKJZO G J ^ \oOWpXN�\RLCH | f b{\oO�kt� JZJKHZPRP�kt�ªpXOWNz\ JZYRH ^ \oHKP;\oLCH�OQNz\oHZY[u ^ JZH OQN �UG`|4) pXY

� ��
�� � ��3547�")63 8' �"# " 
 )7�63 � � 3 + � � - �"#�� �53 ?	#9- �9#
� �	+ � + ��� +�4647#,4
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DB|4)��nsCH 2 HZNCsCOQN�~ pXN�\oLCH?�CY[p �yP[HKY � 2 YRH�uvHKYRY[HKs3�z�A\RLCH f PRHKYZ� D OW\RL!\RLCH5|?���
^ 
�\oL�OQN)JKbWOQHKNz\,� ^ YRJMLCO{\oHKJ�\ f Y[H�OQP NCHKJZHKP[P ^ Y���P[OQNCJZH pqNCbW�,PROQw 2 bWHAOQN 2Cf \[ktp f \ 2Cf \[kY[HKb ^ \oOQpqNCP ^ Y[H 2 pXP[PROQ��bQHq��EOWNCJKH�\RLCOQPy|?���:OWP�LCOQ~qLCbW� H"� 2 HKY[OQw HKNz\ ^ b ^ NCs f NCP�\ ^ �CbWH�p f YhOWw 2 bQHKw HKNz\ ^ \oOWpXNOWP�� ^ P[HKs=pqN \RLCH��y� gm� ^ V�OQ~ ^ \RpXY�� ^ bW\RLCp f ~XL O{\ �mp f bQs � H�NCOQJZH�\op f P[H�\RLCH��=�yg���lP��EP�\oHZw V�O ^ �mHK�C�CY[p@�yPRHKYZ�mGIp f PRHU\RLCHUu f bQb ^ s�V ^ Nz\ ^ ~XHKPmpqu \RLCH��y� g � ^ V�OQ~ ^ \RpXY�\oLCH� �`g���l x f HKY[� JZbQOWHKNz\yOQPhOWw 2 bWHKw HKNz\oHZs OQN ^ 
�\oL�OQN PRHZY[VXHZY,� ^ YRJMLCO{\oHZJZ\ f YRHq�

����� �� � � � � ��� % !���� � * � � ��� #�� ��	 � !��

cªOQ~ f Y[H  ��/.C��GhLCH/�=�yg���l:~XY ^(2 LCOWJ ^ b f PRHZYUOWN \RHKY�u ^ JKH
GhLCH ��Y ^(2 LCOWJ ^ b SUPRHZY;gtNz\RHKY[u ^ JKH pqua\RLCH�� �`g��El,P[��P[\RHKw OQP�VqHKY[�+H ^ P[��\Rp f P[Hq�

0�NCH 2@^ N�HKb®JKpXNz\ ^ OQNCPy\oL�H/w ^(2 + ��0�| .����yLCOQJML?L ^ Py\op ��H/bQp ^ sCHKs uvY[pXw \oL�H ^ b{\oHZY�kHZ~Xpek ^ ~XHKNz\�m��\U\RLCOQP 2@^ NCHKb®\oLCH f P[HKY`J ^ N}JMLCpEpqPRH ^ 2 pXPRO{\oOQpqN��yO{\oL \oLCH/w p f PRHe��� P
^ YRHKP f bW\ sCp�J f w HKNz\oP;OQN+\oLCH�NCHKOW~XL ��pXY[OQNC~ ^ YRH ^ �yOWbQbn��H 2 YRHZPRHZN \RHKs�OQN ^ \ ^ �CbQH ^ \\RLCH���pe\R\opqw pqu®\RLCH �/S`gM�3D OW\RL ^ sCp f ��bQH�JZbQOQJ d�^ \h\RLCH�sCp�J f w HKNz\oPhpeuI\RLCH�\ ^ �CbQH ^
��+�- � � #	 $)6��� 4"#9) ��)�� 
� " #�� 3 � # 354>* �	464"3  �5#
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sCp�J f w�HZN \ VEOWH��mHKY�OWP P[\ ^ Y[\RHKs ^ NCs P[LCp@�yP�\oLCH�s�pEJ f w�HZNz\�JKpXNz\RHKNz\��gj\�OWP 2 pXPRP[OQ�CbWHm\opJZpXNz\oYRpqb \RLCHaN f w ��HZYªpquCPRLCp@�yN sCp�J f w HKNz\RP OQN�sCOQY[HKJZ\RbW� �yOW\oL ^ P[H ^ Y[JML Y ^ sCO f P®PRbWOQsCHZYK�GhLCH 2 YRHZPRHKNz\ ^ \oOWpXN pqu \oL�H sCp�J f w HKNz\hbWOQP�\aOWP VqHKY[� x f OQJ d +�pXN�bW� PRpXw H w OQbWbQOWPRHKJZpXNCsCP .� HKJ ^qf PRH ^ bWb OQNEuvpXYRw ^ \oOWpXNrOWPhP[\opqYRHKs?pXN JKbWOQHZN \yP[OQsCHe�l VXHZY[� \oOWw�H ^ x f HZY[�AL ^ P \op�� H 2 Y[pEJZHKP[PRHKs��mO{\TOQP;PRHZN \ \Rp5\oLCH ^ ~XHKNz\ P��EP�\oHZw �
�yLCOWJML�YRH�\ f Y[NCP \oL�HTJKp�pXYRs�OQN ^ \RHKPUOQN=\RLCHTw ^(2 �/0�N5\RLCHTbQH�u \ P[OQsCH;\oLCHZYRHTOWP ^ 2@^ NCHKbuvpXY f PRHZY x f HKYROWHKP��mO{\TOQP 2 pXP[PROW�CbQH \Rp 2@^ P�\oHr\oH���\ uvYRpXw \oLCH P���P[\oHZw JKbWO 2 � p ^ Y[s#� P[p\RL ^ \yJKpqw 2 bWH"� \oH"��\RPUJ ^ N}� H�JKp 2 OQHKs uvY[pXw pq\RLCHKYybWpEJ ^ \oOWpXNCPK�l VXHZY[� OQN�P[\ ^ NCJKH�pqu�\RLCH �/S`g�~qHZ\oPr\RLCH�J f YRYRHZNz\?VqHKY[PROQpqN peu/\RLCH+��0�|��hGhLCH
�y� g kt� ^ V�OQ~ ^ \RpXY`sCpEHZP�NCpq\ 2 YRp£V�OQsCH ^ JKpXN�JKH 2 \�uvpXY P[HKPRP[OQpXN L ^ NCsCbQOWNC~�� PRp O{\ OWP�NCpq\
2 pXPRP[OQ�CbWH�\op OQNEuvpXYRw ^ JZ\ROWVXH�JZbQOWHKNz\oP ^ � p f \yNCH"�)��0�|}PZ�
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gtN \oLCOWP JML ^(2 \oHZY \RLCH`YRHKP f bW\RPmpeu¨\oLCH`OQw 2 bWHKw HKNz\oHZs ^ 2�2 YRp ^ JML ^ Y[HyHZV ^ b fC^ \oHZs �yOW\RL ^P 2 HZJKO ^ b uvp�J f P ^ \�\oL�H�PRJ ^ b ^ ��OQbQO{\t�!�zY[H f P ^ �COQb{\t� ^ NCs 2 HZY[uvpXY[w ^ NCJKHUpqu \oLCH OQw 2 bQHZw�HZNEk\ ^ \oOWpXN¨�
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� f Y[OQNC~5\RLCH OQw 2 bWHKw HKNz\ ^ \ROQpXN 2 L ^ P[H?peuU\RLCH �=�yg���l.P��EP�\oHZw ^ w ^ OWNFuvpEJ f P,� ^ PP[HZ\h\opT\RLCH�YRH f P ^ �COQbWOW\t� pqu®\oLCH�P���P[\oHZw ^ NCs O{\oP�JZpXw 2 pXNCHZNz\oP���PRHKY�V�OQJKHZP ^ NCs ^ ~XHZN \RPK�GhLCH 5qgt�87 JKpXw 2 pXNCHKNz\RP JKpXNz\ ^ OQN 5 ^ V ^ JKb ^ PRPRHZP9�yLCOQJML�J ^ N���H Y[H f P[HKs�uvpXY pq\RLCHKY
2Cf Y 2 pXPRHZPK�GhLCH ^ ~XHZNz\oP J ^ N � H`H ^ PROWbW� OQNz\oHZ~XY ^ \RHKs OQN pq\RLCHKY 2 YRp?&[HZJZ\oPZ�nl�P 2 HKJKO ^ bQb{�TP[pXw�HhOWNEkuvY ^ P[\RY f J�\ f Y[H ^ ~XHZN \RP J ^ N ��H�Y[H f P[HKs OQN NCH�� 5qgt�87Agji ^(2�2 bWOQJ ^ \oOWpXNCPK�®GhLCOWP OQN�JKb f sCHKP\RLCHy�=</) ^ ~XHZN \ uvpXY f�2 s ^ \ROQNC~ ^ NCs x f HKY���OQNC~ ^ s ^ \ ^ � ^ PRH ^ NCsT\oLCHasCp@�yNCbQp ^ s ^ ~XHZN \uvpXYy~XH�\R\ROQNC~�sCpEJ f w HKNz\oP`uvYRpXw \RLCH D D D)� � bWb 2@^ Y ^ w�H�\oHKY[PUpeu \oLCH ^ ~XHZNz\oP peu \oLCH� �`g���l�P[��P�\oHKw J ^ N � H�JKpqN \RYRpXbWbQHZsr�z� ^ ~XHZNz\hJKpXN G ~ f Y ^ \oOWpXN G bWHKP��EPRp NCp Y[HKJZpXw 2 O{kb ^ \oOWpXN OWPaNCHZJKHKP[P ^ Y�� OQNrpqYRsCHZY�\op f P[H�\oLCHZw OWN ^ NCpq\RLCHKY�JZpXNz\oH��E\K� c�pqY�H"� ^ w 2 bQH ���z�JML ^ NC~XOQN�~ ^ uvH"� bQOWNCHKP OQN \oLCHUJKpXN G ~ f Y ^ \oOQpqN G bWHUpeu¨\oLCH��=</) ^ ~XHKNz\mOW\mJ ^ N ��H f PRHZsuvpXYhH�VXHZY[� s ^ \ ^ � ^ P[H + 2 Y[p	V�OWsCHKs?OW\yH���OWP[\RP ^ N ^(232 bQOWJ ^ �CbWH sCY[OWVqHKY .��
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GhLCH ^ ~XHKNz\oP;pqu�\RLCH OWN�uvpXYRw ^ \ROQpXN YRH�\oY[OQHZV ^ bnP��EP�\oHZw + �30/| ^ ~XHKNz\���� | ^ ~XHZN \
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f P[HKs3uvpXY�pq\oL�HKY 2�f Y 2 pXPRHZP��U��YROQN�JKO 2C^ b 7apXw 2 pXNCHZNz\r� N ^ bW��PROWP +�� 7a�=. ^ NCs1��0�|
^ Y[Hr\oHZJMLCNCOQx f HZP�� �yL�OQJML!J ^ N!��H f P[HKs�uvpXYTV ^ YROWp f PTuvpXY[w�P peu s ^ \ ^ w�OWNCOQN�~C� GhLCH
� ^ NCsCpqw | ^(2�2 OWNC~ OWP �mHKbQb P f OW\oHZs uvpXYmsCOQw HKNCP[OQpXN YRHZs f J�\oOQpqN ^ NCsrJ ^ N � H f P[HKsruvpXYOWN�uvpXYRw ^ \ROQpXN�JKpXw 2 YRHZPRP[OQpXN¨�c OWN ^ bQb{�!�y\oLCH �yLCpXbWH�� �`g��El P[��P[\RHKw J ^ NB��H+HKwT� HKs�sCHKs4OWN ^ NCpq\RLCHKY ^ ~XHZN \
^(232 bQOWJ ^ \ROQpXN¨����P f ~X~XHZP[\ROQpXN�uvpXY ^ N ^ 2�2 bQOWJ ^ \ROQpXN�� ^ 2 HKYRP[pXN ^ b�N�H��yPRbWHZ\[\oHKY�P��EP�\oHZw �OWPhw ^ s�H�OQN PRHZJZ\oOWpXN}¤��W¡q�
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0�NCH OQw 2 pXY[\ ^ Nz\ ^ P 2 HKJ�\/pquaH�VXHZY[�+OQw 2 bQHZw�HZNz\ ^ \ROQpXN5OWP�\oLCH 2 pXPRP[OQ�COWbQO{\t�}\Rp?P[J ^ bWH OW\sCH 2 HZNCsCOWNC~;pqN \RLCHyJKpXw 2 bQH��EOW\t� pqu \oL�H 2 Y[pX�CbWHKw�\Rp;P[pXbWVqHq��c@pXY�\RLCHy�=�yg���lFP[��P[\RHKw
^ w f b{\oO{k ^ ~XHZN \ 2 b ^ \[uvpXYRw � ^ P f P[HKs \Rp}L ^ NCsCbQH PRJ ^ b ^ �COQbWOW\t�X� �UP;sCHZPRJZYROQ� HKs�OQN \oLCH
2 Y[HZV�OQp f P JML ^ 2 \oHZYRP�� w�pXP�\ 2C^ Y[\RP pqu \RLCH9)I�E��J ^ N=��H;sCOQP�\oYROW� f \RHKs¨�yGhLCH 5qgt�87,gji
w f bW\oO�k ^ ~qHKNz\ 2 b ^ \RuvpXY[w.OWPA�mHKbWb@P f O{\oHKs uvpXY�\oLCH`sCOWP[\oY[OQ� f \oOQpqN peu \oL�HU� �`g���lAP��EP�\oHZw �� HKJ ^qf PRH ^ bQb JZpXw�w f NCOQJ ^ \oOWpXN ��H�\ �aHZHKN ^ ~qHKNz\oP ^ NCs=JZpXw 2 pXNCHZNz\oP OWPUpqYR~ ^ N�O � HZs=�z�
5qgt�87 gji9�@NCp u f Y[\RLCHKYyOWw 2 bWHKw HKNz\ ^ \oOQpqN OQPhN�HKHKs�HKs¨�GhLCH JKpXP�\oPIpqu 2 YRH 2 YRp�JKHKP[PROWNC~UOWNCJKY[H ^ P[HmbWOQNCH ^ YRb{� �yO{\oL�\oL�HmN f wT� HKY®pqu�sCp�J f w HKNz\oPpXN�H�L ^ Pr\op 2 Y[H 2 Y[pEJZHKP[PK� GhLCH�\oHZP[\RP��yO{\oL3\RLCH �=�yg���l OWw 2 bWHKw HKNz\ ^ \oOQpqN f P[H ^JZpXbQbWHKJZ\ROQpXN�pqu�¡:. *8*=sCp�J f w HKNz\oP;uvYRpXw sCO���HKY[HKNz\ P[p f YRJZHKPZ� ��YRH 2 YRp�JKHZPRP[OQNC~�J ^ NA��HH���HZJ f \RHKs OWN 2@^ Y ^ bWbQHKbzpqN sCO � HZYRHKNz\ªw ^ Y d H�\ 2 b ^ JKHZP +vpXN s�O���HKYRHZNz\ JKpqw 2Cf \oHKY[P .��qPRp`\oLCH
2 HKY�uvpXYRw ^ NCJZH peuE\RLCHmP���P[\oHZw)OQP®OQNCJZYRH ^ PRHZs �yO{\oL�\oLCH ^ sCsCO{\oOWpXN�pquCN�H�� 2 Y[H 2 Y[pEJZHKP[PROQN�~w ^ Y d HZ\ 2 b ^ JZHKPZ�rgjuhPRH�VXHZY ^ b w ^ Y d H�\ 2 b ^ JKHZP;p£VqHKYRH���\oHKN�s�\RLCH s ^ \ ^ � ^ PRH PRHZY[VqHKY�� OW\/OQPH�VXHKN 2 pXPRP[OQ�CbWHm\Rp f PRHhP[HZVqHKY ^ bCs ^ \ ^ � ^ P[HKPK��0�N�H 2 pqPRPROW�CbQHm��pe\R\obWHKNCHZJ d OWN \oL�H��=�yg���lP��EP�\oHZw OWP/\RLCH�s�p �yN�bQp ^ s�pquhsCp�J f w�HZN \RP��ªHKP 2 HKJZO ^ bWbW��O{ua\RLCH NCH�\ �apqY d L ^ P/pXNCbW� ^P[bQp@�4OWN \RHKY[NCHZ\UJKpXN�NCHKJ�\oOQpqN¨��gju P[pXw H ^ ~qHKNz\oP ^ YRH�\op�p PRbWp � ��O{\UOWP 2 pXP[PROW�CbQH�\op 2 b ^ JKH\RLCHKw pXN \oLCHZOQYhp@�yN w ^ Y d H�\ 2 b ^ JKH�pXN ^ N�pq\oLCHZYhJKpXw 2Cf \RHKY + uvpXYau f Y�\oLCHZY`s�HZ\ ^ OQbQPmPRHZH
7aL ^ 2 \oHZY .F.��GhLCH5w ^(2�2 OQNC~�w ^ Y d H�\ 2 b ^ JKH}L ^ P N�pq\rP f JML ^ ~Xp�pEs PRJ ^ b ^ �COWbQO{\t� ^ P�\RLCH 2 Y[H�k
2 Y[pEJZHKP[PROQN�~rw ^ Y d H�\ 2 b ^ JKHe� �UP�sCHKP[JKY[OQ� HKs�OQN 7aL ^(2 \RHKY�¦ OW\�OWP 2 pXP[PROQ��bQH;\RprY f N=\oLCH
� ^ NCsCpqw | ^(2�2 OWNC~ + �U| . ^ ~XHKNz\�OWN 2C^ Y ^ bWbQHZbCOQN \oLCHUP ^ w H � ^ � ^ Pn\oLCH 2 YRH 2 YRp�JKHZPRP�kOWNC~ ^ ~XHKNz\oPZ� _ f \ª\RLCHa��Y[OQNCJZO 2@^ b7apqw 2 pXNCHZN \ª� N ^ bW��PROWP +��A7a�/. ^ NCs;\RLCHmJZYRH ^ \oOWpXN;peu\RLCH���HKbWu k10�YR~ ^ N�O � OWNC~`| ^(2 + ��0�| . J ^ N�NCpq\ªH ^ P[OQbW��Y f N s�OQP[\RYROW� f \oHZs¨�ªlnP 2 HZJKO ^ bQb{��\oLCHJZpXP[\RPmuvpXYn\oLCH���0�| OWNCJKY[H ^ P[H Y ^ 2 OQsCb{�9�yOW\RL ^ N OQNCJZYRH ^ PROQN�~;N f wT� HKYmpqu sCp�J f w�HZN \RPK�
0�NCH 2 pXPRP[OQ�CbWHhPRpXb f \oOWpXNT\op�sCHZJKYRH ^ PRHy\oL�H`JZpXP[\RPmpeu�\RLCOQP ^ bW~XpXY[OW\oL�w'OWP ^ P[p;J ^ bQbWHKs �`O{kHZY ^ Y[JMLCOQJ ^ b ��HKbWu k10�YR~ ^ N�O � OWNC~ | ^(2 +����30/|4."� �yLCOQJML4�yOWbQb®� H;H�� 2 b ^ OWNCHKs5OWN}P[HKJ�\oOQpqN¤��{¡X�ªGhLCH`� 7a� JKpqP[\oPnOWNCJKY[H ^ P[H`N�H ^ Y[bW�TbWOQNCH ^ YRb{�!�e� f \ PROWNCJKHyOW\ J ^ NCN�pq\ ��HhJZpXw 2�f \oHZsOWN 2C^ Y ^ bWbQHZb��e\RLCHyJ f Y[YRHZN \ L ^ YRs3� ^ YRH`OQP \RLCHy��pe\R\obWHKNCHZJ d uvpXY�\oL�OQP ^ bW~XpXYRO{\oLCw?� � s�w�O{\[k\RHKsCb{��O{\/OQP 2 pXP[PROW�CbQH \op=JZpXw 2Cf \oH \oLCH�JKp£V ^ YRO ^ NCJZH w ^ \oY[OQJKHZP +�PRHZHrPRHZJZ\ROQpXN�¦�� !!.�OQN
^ sCOWP[\oY[OQ� f \oHKs � ^ � ^ NCs ^ sCs \oL�HKw JZHKNz\oY ^ bQb{�!� \RLCOQP�w ^ �5sCHZJKYRH ^ PRH \oL�H H��EHKJ f \oOQpqN
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\ROQw Hapqu�\oL�OQP 2@^ Y[\�pqu�\RLCHy�A7a�1PRbQOW~XLz\ob{�X�ª_ f \nHZVqHKN �yOW\RLT\oLCHZPRHyw�p�sCO G J ^ \ROQpXN�Pª� pq\oL\RHKJMLCNCOWx f HKP +��A7a� ^ NCsT�30/|4. ^ YRHn\oLCHnw pXP[\®\oOWw�H�ktJZpXNCP f w�OWNC~ 2@^ Y�\oPIpqu�\oLCH �=�yg���lP��EP�\oHZw}�rGhL�Hr��0�| ^ ~XHKNz\/NCHZHKsCP ^ bQw pXP[\�L ^ bWu ^ N+LCp f Y�uvpXY�\oLCH JKY[H ^ \ROQpXN pqum\oLCHw ^(2 uvpXY ^ JZpXbQbWHKJZ\ROQpXN=pqu ¡1. *?*rsCp�J f w HKNz\RP�� � � ^ N OQN 2Cf \�VXHZJZ\opqY/s�OQw HKNCP[OQpXN ^ bQOW\t�pqum¡+*��
c@pXY;\RLCHrx f HZY[��OQNC~�w ^ Y d HZ\ 2 b ^ JKH \RLCHrJKpqw 2 bWH"�EOW\t�+pquh\RLCHrsCp�J f w�HZN \TP 2@^ JZH OQP

^ bWw�pqP[\ f N�OQw 2 pXY�\ ^ Nz\K� 0�NCb{� \oL�H/\RY ^ NCP[w�OWPRP[OQpXN pquª\oLCH/PRHZYRO ^ bQO � HKs}��0�| uvpXbQbWp �yOWNC~
H ^ JML PRHKY�V�OQJKH Y[HKx f HKP�\/OQNCJZYRH ^ PRHKP�� � f \�\RLCOQP 2 YRpX�CbWHKw J ^ N � H PRpXb{VXHZs �yO{\oL5\RLCH f PRHpqu ^ �`OQHZY ^ Y[JMLCOQJ ^ b ��HKbWu k10�YR~ ^ N�O � OWNC~ | ^(2 +�� ��0�| .9+�P[HKJZpXNCs b ^ �XHZY���0�|}P�J ^ N���HbWp ^ sCHZs s���N ^ w OQJ ^ bQbW�;pXNCb{� O{u�\RLCHZ� ^ YRHhNCHZHKsCHZs .���GhL�H`\ROQw HauvpXY P[H ^ Y[JMLCOQNC~�\oL�HU_mHKP[\| ^ \oJMLCOWNC~�SUN�OW\ +�_h|=S .ªOQN�JKYRH ^ PRHZP � f \ OQPIP[\ROQbQbzVqHKY[� PRw ^ bQb�� gj\ OWP 2 pXPRP[OQ�CbWH \Rp�OQNCP�\ ^ bWbP[HZVXHZY ^ b x f HZY[��OQN�~ w ^ Y d HZ\ 2 b ^ JKHKPm\op L ^ N�sCbQH ^ b ^ YR~qH ^ w p f Nz\hpquIx f HZYROQHZP�� 2 YRp£V�OQsCHZs\RL ^ \�H�VXHKY���w ^ Y d HZ\ 2 b ^ JZH L ^ P�\RLCHTP ^ w�H ��0�|��¨GhLCH sCOWP[\RYROQ� f \oOWpXN=pqunx f HZYROWHKP�J ^ NHZOW\oL�HKY�� H`L ^ NCsCbWHKs �z�T\oLCH f P[HKY[P=+;�yLCOQJML JMLCp�pXPRH ^ w pXNC~�\RLCHyPRHKY�V�OQJKH 2 Y[p£VEOWsCHKY[P . pXY�z� ^ N ^ ~XHKNz\��C�yLCOQJML?sCOQP�\oY[OQ� f \RHKPa\RLCH�x f HKY[OQHZP`p£VqHKYh\oLCH�w ^ Y d HZ\ 2 b ^ JKHKP��CsCH 2 HZNCsCOQN�~pXN \RLCHKOWY �apXY d bQp ^ s �a� f JML ^ N ^ ~qHKNz\`L ^ PyP[\ROQbQb \op � H/OWw 2 bQHKw HKNz\RHKs¨�
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GhLCH x f HZY[��P[HKY[V�OWJKH OQP ^ V ^ OWb ^ �CbWH;uvpXY PRHZVqHKY ^ b f PRHZYRPK� D OW\oL OWNCJKY[H ^ P[OQNC~ N f wT� HKY�peu
f P[HKY[Pa\oLCHU\oOQw H`b ^ ~ � OQNCJZYRH ^ PRHZP��E\RpEp�� GhLCH�w pXP[\aPROWw 2 bWH � ^ � \Rp L ^ NCsCbQH`\oLCOWP 2 Y[pX�EkbWHKw OQP�OQNzVqp d OQNC~ NCH"��OWNCP[\ ^ NCJKHZP�pqun\oLCH x f HZY[��OQNC~?w ^ Y d HZ\ 2 b ^ JZHKP +�O�� He�;OWNCJKY[H ^ P[OQNC~\RLCH�N f w ��HZY;pquax f HKY���P[HKY�VEOWJKH 2 YRp£V�OQsCHZYRP .�� �Ep \oL�H f P[HKY;J ^ N�JMLCpEpqPRH ^ 2 Y[p£VEOWsCHKY
^ N�s OWu O{\�OQP \op P[bQp@� ��LCH J ^ Nr\RY[� ^ NCpq\RLCHKY�pqNCHq���UN w�pXY[H�HKbWHK~ ^ N \ 2 pqPRPROW�COQbWOW\t� OWPm\opOWN Vqp d H�pXNCb{��pXNCH ^ bW\RHKY�ktHK~qpek ^ ~qHKNz\�� ^ N�s HKN�L ^ NCJZH OW\RP�J ^(2@^ �COQbWOW\oOWHKP�P[p}\RL ^ \;OW\�J ^ NJMLCp�pXP[H ^,2 Y[p£VEOWsCHKY �yL�OQJML?J ^ N L ^ N�sCbQH�\RLCOQPhx f HZY[�X�a�Ep OW\�J ^ N?sCOQP�\oY[OQ� f \RH \oL�H/bWp ^ spquªx f HKY[OQHZP ^ NCs?\RLCH f PRHZYysCpEHZPyNCpq\`L ^ VXH�\op JMLCp�pXPRH ^,2 YRp£V�OQs�HKYyw ^ N fC^ bQb{�X�
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�UbW\oL�p f ~XL \oLCH 2 HZY[uvpXY[w ^ NCJKH pqu85 ^ V ^ L ^ P/OQN�JKYRH ^ PRHZsFOQN+\oLCH�YRHZJKHKNz\T�qH ^ Y[P�� 5 ^ V ^ k� ^ PRHKs ^ 2�2 bQOWJ ^ \ROQpXN�P ^ YRH�P�\oOQbWb PRbQp@�mHKY \RL ^ N 2 b ^ \RuvpqYRw ktsCH 2 HZNCsCHKNz\ 2 YRpq~XY ^ w P��yY[OW\[\oHKNOWN<7 �!7����  ��pXPo¥X¥8� �A0 u JZp f YRP[H \oL�HKYRH ^ YRH`PRpXw H 2 pXP[PROQ��bQOW\ROQHZPn\Rp OWNCJKY[H ^ P[H \oLCH 2 HZY�kuvpXY[w ^ NCJKH��yLCOWJML ^ Y[H ^ J�\ f@^ bQbW� f PRHZsTOQN�\oL�Hm� �`g���l5OWw 2 bQHKw HKNz\ ^ \oOWpXN +�P[HKH  5 ^ V2*�¡ � .��GhLCOWPybQp@�aHZY 2 HZY[uvpXY[w ^ N�JKH�OQP�\RLCH 2 YROQJZH�uvpXY 2 b ^ \RuvpXY[w OQN�sCH 2 HKNCs�HKNCJ��!� O � Hq��\oLCH 2 pXP�kP[OQ�CbWOW\t�+\op f P[H?\RLCH P ^ w H ^(2�2 bQOQJ ^ \oOWpXNFpXN�sCO � HZYRHZN \ P���P[\oHZw�P ^ NCs ^ Y[JMLCOW\RHKJ�\ f Y[HKPK��EOWNCJKH*5qgt�87,gji�� ^ PRHZP�� bWO d H/P[pXw H;pq\RLCHKYUw f b{\oO{k ^ ~XHZN \�P[��P[\RHKw P��¨pXN 5 ^ V ^ � O{\oP 2 HZY�kuvpXY[w ^ NCJKH�OWPhNCpq\hVXHZY[� LCOW~XL¨�
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GhLCH?JKpXbWbQHZJZ\oOWpXNApqu ¡:. *?*�sCp�J f w HKNz\RP f P[HKs OQNA\oLCOWP \oLCHZPROQP J ^ N:� H 2 YRp�JKHZPRPRHZs
�yO{\oL5\oL�H P[OQNC~qbQH,7��nS P[��P�\oHKw s�HKPRJZYROW��HZs�OWN5\oLCH 2 Y[HZV�OQp f P�PRHZJZ\oOWpXN OQN�!E� ¦ LCp f Y[PK��EOWNCJKH 5qgt�87,gji ^(2�2 bQOQJ ^ \oOWpXNCPhJ ^ N}� H/OQw 2 bQHZw�HZN \RHKs ^ PysCOWP[\oY[OQ� f \oHKs?P[��P�\oHKw P O{\yOQP
2 pXPRP[OQ�CbWH \op OWNCJKY[H ^ P[HT\oLCH 2 HKY�uvpXYRw ^ NCJZH � �5Y f NCN�OQNC~ P[pXw�HT\ ^ P d P�OQN 2C^ Y ^ bWbQHZb ^ N�sJZpXw 2�f \oOWNC~T\oOWw�H�ktJKpqNCP f w OQN�~ 2 YRp�JKHZPRP[HKP pqN?s�O���HKYRHZNz\=7��nS`PK�
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