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yøålcfwden*z���7c�iS��y�`��MiS�Hyz��`�y7�ji���`jiD��encx�jiD��yÉ��y�mrb � ir�lcxwn��msw�hlcxms�f� � cx�7mswawdmrÞjw�egcx�zir��mswÖ��`�y��j}rm¡�HmD�
��y7� wnya��mô�sy7b�ms`��¥y7wn��mGiDencx� � cxb?e{iDbny7�¼iDw���cfwdenbncxhl`��x�jiDw¶irm��fms� � m���m�wdyz`SiD��h�cxy7�uegy���yacf��enyzbnir|�}rmlª

-Ay7wn�HyzbgiD��m���`�y©i���irbdencxb���m���yzwdyz�u�smr�f�¢cx��yz�uegm��jiÙegyz�7��ms�fm � c�iÙbdmsh=�Degcx�zi�wn`�bÄßni�`��¥iÙ��`��jiD��|�i
��m¡�7ms�uegyæå¢enmM�jirw�ir�l�xcx�zir|y¨¢yzwa��m¡bnmshH÷�ªUØ bnmshH�rencx��i����ô�sy7���¥mrencf�DiRy7wdegyÉegcf�=mS�ly��R`��jir��|zilª

v y7wn��y�mswa��bdcx��yzcfbnmsw
��bdmreg�rencx�Hmsw
��y�`l��bdmshH÷R���(�ryz�=ir`len÷s��ms��m���mrcHbdyz�7ms����y7�zcx�lm���`�yro�cx����yø�
�Hyz���lyz�uegy���m��¥y7��ir��cfwn��m¡`�wgir�lm¥�jiDbgiS�¥mô�ryzb�m�bdmshH÷¥ms`£mswÖ��õ7egm¢��mswÙ��irbgi¡wny7��encxbÖm�ir��h�cfyz�uegyDo
mswÙ�lbncx�l�z�x�lcxmsw��7ms����`le{iD�zcxmr�jircxwa�¢`ly � m(�ryzbd�jir� m¡bnmshH÷¡wg}rm���y\�¢cfegir�¸cf�¥�Hmsbde�Ûr���7c�ilª

k4��iD�¥�Hm$�jiKbdmshH�regcf��i9���ô�sy7�Gõ;`��¥i$�rbdy�iK�lyW�=y7wn��`�cxwni$bny7��iDencf�Dir��yz�uegy£��mô�DiloÖ�¢`lyA�xcf�ji
�7ms�úmW�7ms�uegbdms�xy �ly �syz�f�z`��fmsw¡ir`len÷s��ms��msw�ms`�wny7�¥c ��ir`len÷s��ms��msw7ª�k1��`�y �¼iró.mrw�bnmshH÷sw����ô�sy7cxw
eg}rmû��cf��y7bnyz�uenyzwM�lyVms`�egbgiDw¥�Dbny�iDw��lyV�Hyzwd�¢`lcxwgi��zms�u�ryz���7cxms�jiDcxw��ji9bdmsh=�Degcx�zilo
�zms��m9i�bdmsh=�Degcx�zi
��y£�¥ir��cx�l`���ir|z}rm�o
õViD*z���¼irwnyV�ji9wdms�x`�|z}rm���yV�lbnmsh��fyz�¥irw¡bny7��ir�7cxms�jiD��msw�irm�yz�uegy7����cx��yz�uenmK��m
y7wn�jir|7m.yz�1��iDb � i�yzwn�zir��i 
 bny � c�¨¢yzw�wn`�hlwde{iD���zcxir�x��yz�uegy��MiDcxmsbdyzwÖ�jirwG��`�yR�=m¢��yz�1wdyzbGmshlwnyzb��Dir�jirw
�HmsbSir�Hyz��irw¡`�� �Hms�uegmû��y¦msh�wdyzb��riD|�}rm�ª�k �zmr�¥�Hmsbdegir��yz�uegmWy7� ir��hlcxyz�uenyzwS��y¦��iDb � i;y7wn�zir��i
�j}Dm£wdy¡bnyz�xir�zcfms�ji.ir�Hyz��irwÉ�ji¦ir��`�cxwdcx|�}Dm.cx���7bnyz��yz�uegir�U��y¡�zms�l��yz�7cx��yz�uegm�o¶i¦yzw�egcf�Mir|z}rm.��m¦yzbdbnm
�Hmswncf�zcfms�jir�âoji¥�jiDh�cx�fcx�jir�ly\��yRbdyz�zmr����yz�7yzbGmrh¢ßdy7enmsw�ms`V�xm¢��ir�fcx�jiD��yzwÙbdyz�xyæ�Dir�uegyzw7o=yRi¥bdyzwn�Hmsw�e{iMy7�
enyz���=mGbdy�ir�âªU�;iDwUbnyz��`�y7bU��`�yÖyzwdegirwU��iDbgir�æegyzbd�xw�egcx�zirwÀwdy�ßnir�Xyæå�cxh�cf�jirwÀ��irbn��ms��cfmswgir��yz�uenyror�R`�cfegirw
�ryzózy7wÉyz� �jirbgiD�xyz�fm�ª�Ø�w�egirbnyæ�¼irwG��y�wdyS�¥mô�ryzbGiäegbgi��rõzw\��m.y7wn�jir|7m�o?wdyz�uegcfbGm yzwd�jir|7m£yR��yz�fcxhHyzbgiDb
wdmsh�bnyÉy7wdegyÉy7wn�jir|7mMwn}rm�ir� � `l��wÙ��mswÖ��bdmsh��xy7�MiDw���`����jir��yz�uegircxwÙ��m¡y7wdeg`l��mM�jiSbdmsh=�Degcx�zi��¥�ô�ryz�öª

kGw¦bnmshH÷sw¦���(�ryzcfw;ir�lbnyzwdyz�ue{iD� �=y7�xm³�¥y7��msw£��`jirw¦�zirbgir�æegy7bn�xw�egcf��irw¦cx���Hmsbdegir�uegyzw7o���`�y�msw
��c���yzbdyz���7c�ir�Û�jiSbnmshH�regcf��i���yÉ�¥ir��cf��`���iD��msbny7wzo��=msbÙyøå�yz�����xm54 [76 «

w�J�F�8
5BF�3�= bnmshH÷sw����ô�syzcfw£á¼y¦�Hmsbdegir�uegmW��msh�cx�fcx�jiD��yôã\wg}rmû��y7�zy7wnwg�Dbncxmrw�wdy£iW�rbnyziû�lyViäeg`jir|z}rm
á�yz�u�sy7�xms�Hyôã���m¡bdmsh=÷¡�j}Dm�y7wdeg��bdyzwdenbnc�e{i¡i�`l�MiS�rbdy�i¡wn`lÞ��zcxy7�uegyz��yz�ueny��Hyz��`�y7�jilª

Æ�J43
#;2 � 2�J#2�9B8+9B3<= wnyGi��=mrwncx|z}rm���yGiDen`jir|z}rm��lm�bnmshH÷��j}rmRõ�yzw�e{�Dencx�zilo�m�bnmshH÷��=m¢��yÖegyzbai��zirbgir�ø�
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enyzbd�xwdencx�zi���yÉ�=y7bnwny � `�cfbÙwnyz`Vmsh¢ßdyæegcf�rm�ª

���MiA�jiDw�e{irbdy7�¼irwS��`�y¦��iDbgir�æegyzbdcxóziA`�� bdmsh=÷û���ô�syz�aõ¦iû��iô�ry � iD|�}rm�o�wn`�iû�zir�jir�7cx�jiD��y.��y
wdyV�fm��7ms�¥mô�ryzb¡�ji9�¥ir��y7cxbniû�¥ircfwScx�uegy7�xc � yz�uegy¦�Hmswnwd�f�sy7�Öyz� wny7`�ir��h�cfyz�uegy¦��y¦egbnirhjir�f��m54 p 6 ª�Ø
�ji��ry � ir|z}rm�yzwdeg��wdcfen`jir�jiGy7��enbny�mÉ�zms�uegbdms�xyÙ�lmsw
iDeg`�ir��msbdyzw�á¼��mregmrbnyzwgã"yÖi\yæå�yz�7`�|�}rm��ji\e{irbdy7�¼i�4 � 6 ª

��irbgi.��`�y¡`�� bdmshH÷.�¥�ô�sy7�Uir��bdyzwdyz�uegy�yzw�e{irwÉ��iDbgir�æegyzbd�xw�egcx�zirwzo¸õS�zms��`l� ��yæÞj��cxb\m¦wdy � `�cf�uegy
ir� � msbdcfeg��mR��irbgiSm¡bnmshH÷54 p 6 «

[ ª��Hyzbd�zy7�=|z}rm¥�lm¥iD��h�cxy7�uegyÉirm¡wny7`;bdyz��msb7o � yzbnir�x��yz�uenyG�zms� ir`�å��x�fcxm���yÉwdyz��wdmsbny7w 

p¢ª��¥ir�Hy�ir��yz�uenm���mEiD��h�cxy7�uegyW��yWegbnirhjir�f��m�o�i~��irbdencxb �jiDw£cf�l��msbd�Mir|t¨�y7w �zmr�xy7egir�jirw¦�Hyz�fmsw
wdyz��wdmsbny7w 


��ª��7ms�1hjirwdyR��m¥�Mir��i¥bny7�zõ7�Cy7��irhHmsbgiD��m�o*yR��y��=mrwnwny���y�wd`jiM�Hmswncf|�}rm�cx��cf�zcxir��yR�ji��=mrwncx|z}rm
Þ��jir�Ù��y7wny�ßniD�jilo�m�bnmshH÷���ir�f�z`��xiA`��MiWegbni(ßdy7en�sbncxiAegyz�l��mK�7ms�¥mû�Hms�uegm�cx��cf�zcxir��iû�=mrwncx|z}rm
iäeg`jir�âory��7ms��m\�=ms�uenm�Þj�jir��iG�=mswdcx|z}rmG��y7wny�ßniD�jilouh�`�wd��ir�l��m�wdyz����bnya��yzw���cxirbU��y�mrh�wdeg�r�z`��fmsw
��`�yÉwdy�mr�=ms�l�jir� �Swn`�i��fm��7ms�¥m¢|�}Dm 


Ílª�i�enbgi(ßdyæeg�sbdc�iG���xir��yùßnir�jiGõÙ�zmrbnbnc � cx��i��jirbniGwny�ir�jir��e{irbU�Dw��fcx��cfegir|y¨¢yzw¶��mÉbnmrh=÷\���ô�syz�âou�zms��m
bnircxmS�ly��7`�bd�DiDen`�bgi�ol�sy7�xm¢�zcx��ir��y\yÉ��cx��yz�lwn¨¢yzwÙ���xwdcx��iDw���m�bnmshH÷ 


t¢ª�`l�Mi¦�syzóM��ir�f�z`��xir�ji;i£egbgiôßdy7eg�rbnc�i�o�y7wde{iA�ly7�sy.wdyzb�yæå�yz�7`le{ir��iûm;�Mircfw\Þjyz�f�¥y7��enyM�Hmswnwd�f�ryz�
iDmM���xir��y�ßniD��m�ªGë*iró�`�wnm.�lmswGiDen`jir��mrbnyzw���m bnmrh=÷ûá��zms��mM��mrenmsbny7w�yz�fõ7enbncx�7msw{ãÙwn`lh��¥yæegcf��msw
i£`��ñ�¥y7��ir�lcxwn��m£ms`$ir� � msbdcfeg��m.��y¥�zms�uegbdms�xyDo"��`�y.iôßd`�wdegi;msw��jirb�ÛD�¥yæegbnmrw���m;bnmshH÷;y7�
enyz���=mSbdy�ir�âo��jirbniSy7�¢cfegirbÙ��`jir�x��`�y7bÖ��yzw���cfm¥��iSenbgi(ßdyæeg�sbdc�ilª

-�wncx�����fcxwdegi��lcxózy7b.��`�yWbnmshH÷sw ���ô�sy7cxw wn}rm~ir�=y7�jirw `l�Mi$�7ms�xy7|�}rm���yAir� � mrbncfen�¥mrw���irbgi$m
wdyz��wdmsbnyzir�¥y7�uegm�o¶��y7�xcxhHyzbnir|�}Dm y¡�¥mô�¢cx��yz�uegm iDegbniô�rõzw���m¦yzwd�jir|zm 
 y7�xyzw\wn}rm�o��ji �ryzbn��ir��yro�i.�Mi(�
enyzbncxir�xcfó�ir|z}rmR�lyzwdenyzw�ir� � msbnc�eg��msway\cf��õzcxirwÙ��`�yÉ��y7�ryz� �zm¢ms�HyzbnirbÙ�jirbni¡wd`��HyzbgiDb�mrw�mrh�wdeg�r�z`��fmswÙ��m
��`l����mMbdy�ir�âª�k\w�bnmshH÷sw��¥�ô�ryzcxw�wg}rm��sy7bn�jir�lyzcxbdmswG�zir�¥�Hmsw���yR�lbnmô�DiM�jirbni¥�zmr���zy7cfegmrw�egy7�sbncf�zmsw�y
ir� � msbdcfeg��msw7ª

éÖmshH÷sw���`�y\irwdwn`���yz�ài��¥y7wn�¥iRyzw�egbd`leg`�bniRÞjwncf��i���`��¥ir�jilo�wg}rmS�lyz��ms��cx��ir��msw ��� ®�U � � �
�����äý
�
��"$µ�� 
 ����� ªÀ�"å�cxw�egy7� �r�Dbnc�iDw�bgirót¨�y7wÖ�jirbgi���`�y�mswÙ�7cxyz�uencxwdegirwÙ��y7wnyz�u�rms�f�Dir� bdmsh=÷rwÖir�uegbnmr�=ms���sb��
Þj�7mswzª��U�C�7ms�¥�l�xyz��yz�uenmMirmM��yzwdy�ßdm.��y��zbncxirb�`�� i � yz�uegyR�Mwn`�iM��bn�r��bncxi¥wny7�¥y7�x�jiD��|�iloHyæå�cfwdegy7�
bniróy¨¢yzwG�lbg�Dencx��iDwzª�k�ir��h�cfyz�uegyRms�=y7bgir�7cxms��ir�¶�jirbgi �R`�cfenmsw�bdmsh=÷rw����(�ryzcfwGõ�m.��yzwn��m iD��h�cxy7�uegy
�jiDh�cfegir��mM�Hmsb�wny7bnyzw\��`��¥ir��mrwzo?iD��h�cxy7�uegyR��`�yÖßn�Mwny�y7���zmr��enbgi.ir��ir�le{iD��m.�rw���mswnwnirwG��y7�zy7wnwncf�jiä�
��y7wzªEó��Vcx��y7encxó�iD����mZôRi.yzw�egbn`�eg`�bni£��`��¥ir�jilo��Hyz�fm.�¥y7��msw\y7� egy7bn��mswG��`����7cxms�jiDcxwzo¸`��4bnmrh=÷Rßn�
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��y7�zy7wnwncf�jir��y���yG��cx��y7egcfó�ir|z}rm�ouõ��zms�u�sy7��cxy7�uegy\�jirbairwa�¥ircfw��Dirbdc�ir�jiDw���msbd�MiDwairmrwabnmrh=÷sw©�¥�ô�ryzcxw7o
yøål�l�xmsbnir����m�irm¡�¥�äå�cx��mSirwÖ�=y7�z`��fc�irbdcx�jiD��yzw��ly��zir�ji¡��yz�7yzwdwncx��ir��y���m¡��bnmäßdyæegm¡���xwdcx�zmS�lm�bdmshH÷�ª

k&y7wdeg`l��mR�ji�bnmshH�rencx��iÉ���(�ryz�*õ�`�����ir���Hm���y��=y7wn��`�cfwgi�cf�uegbn�f��wny7��ir��yz�ueny�cf��enyzbd��cxwd�zcx�l�xcx��irbzo
��`�yÉyz�u�rms�f�ryR�rbdy�irwÖ�7ms�¥ml«

×\5;Y<3�5UP;8+0�2�8 ) 3�F�V
5B2#F�8 ¨.��bdmäßdy7enm¡��m��ryz�f�z`��fm�yÉ��yz�zir��cxwd�¥mrw���yÉ�xm¢�zms��m¢|�}rm�ª
CÝ24ä'5BFL248f9B8cCE: T V � 6�8
G�H+: ¨Mbdyz��bdyzwny7�ue{ir|t¨�y7wG�x� � cx��iDwzolwdyz��wdmsbnyzir��yz�uegm¥y�iD� � msbdcfen�¥msw���y�����i(�

�ly�ßnir��yz�uegm¡yÉ�zmr��enbnms�fyrª
×\5;Y<3�5UP;8+0�2�8f×\J â 6�0�2#F�8 ¨Mcx�ueny � bnir|�}rm¡��yÉwdcxwdenyz�¥irwzol�¥mrenmsbny7wzo�wdyz��wdmsbny7w�y\�7ms��`���cf��ir|t¨�y7wzª
' 24:�J�:<Y�2�8XWBVUNÕ2�F�:�J�:<Y�2�8WF�:�Y�5B246�24K)8YWUVs3@0�F�3@V{G�H+:Ö3�5;3 � 0?:MFL24ä�5UFL248 ¨�cx��wd��cxbnir|�}rma�jirw�wnmr�x`�|t¨�y7w

��i¡��iDeg`�bdyzózi��jiDbgiS��bnmrh��xy7�MirwÙwdcx��cx�xirbny7wzª

Ø��=y7wgirb¥�jiK�¥ircxmsbdc�iA��mrwMwncfwdenyz�¥irwMbdmsh=�Degcx�7msw¡�¥�ô�ryzcxwMircx�l�ji��Hmswdwn`�cfbnyz� `�� ��iDbg�Denyzb���`��
bnir�¥y7�uegyMyøå��=y7bncx��yz�uegir�öo�ir� � `���w�wncxw�egy7�MirwÙßn�Vy7wde{}DmAwny7����mWcx�����fyz��yz�ue{ir�lmswÉyz� ir��h�cfyz�uegy7wRcf���
��`lwdegbdc�ircfwzo�ir��h�cfyz�uegy7wR��cx�fcfe{iDbnyzw7o¶ms`legbdmswR�7ms��yz|�iD�ñi;�jirh�c�e{irb�iDenõM��yzwd�¥mV��mswnwdmsw��xirbny7wzª%k"ircfw
ir�l�xcx�zir|y¨¢yzwRbny�iDcxw¡wny¦��iDbgir�æegyzbdcxózir� �Hyz��iDwSwny � `�cx�uegy7w¥�zirbgiD�7egy7bn�fwdegcf��irw7«¦ir`�wq*z���7c�iû��y¦`�� ms�Hyzbniä�
��mrb���`��MiD��m�o�`��à�z`�w�egm¡�=mDegyz�l�zc�iD�x��yz�uegy\iD�fegmRy�i��lyz�zy7wnwdcx�jir�lyRi�egmr�xyzbnÛr���7c�i�i¡ir��hlcxyz�uenyzwÙ�zmr�
�7ms����cf|y¨¢yzw�cx�jir�7yzc�e{���sy7cxw��jirbgi£wny7bnyzwR�¢`l�Mir�lmswzª v y7wde{i£��msbn�¥iloÎbnmshH÷sw�wg}rmVyzwn�Hyz�7c�ir�f�¥y7�uegy�bnyz�7mD�
��yz����ir��mswÙ�jiDbgi¡irwÙe{irbdy7�¼irwÖ��`�yÉyæå�cfh=y7� `��¥i¡mr`£�¥ircfw��jirwÖwny � `�cf��enyzw���irbnir�7enyzbd�xwdencx�zirwz«

• `�� ir�Rh�cxy7��enyÉcx���swd��cfenmS��m¡��`jir��m¡yz�u�¢cxm���yÉ`�� wdyzbÖ��`��MiD��m¡wnyzbdc�i¡�=y7bnc � mswnmSmr`V�zirbnm 


• `�� ir�Rh�cxy7��enyÉbnyz��mrenmS��m¥��`jiD��m�y7�u��cfm¥�ly�`l� wny7b���`��¥ir��m¡wdyzbncxiS��cf���f�zcx�Hms`£��yz��msbnir��m 


• `��MiRegirbnyæ�¼iS�zms� `l�MiS��y7�Mir�l�jiS��yÉ��yzwdyz���=y7����mMmr`¦�¼iäegmsb��¼iDenc � iD��enyGyz�fy7�Dir��mrw 


• `��MiRegirbnyæ�¼iS��y � bnir�jir�ueny���irbgi¡wny7bnyzw���`��¥ir��msw7ª

¤��{�lbnyzcf��yzb?4 Í 6 ir�lbnyzwdyz�ue{iV`��Mi£�=y7wn��`�cfwgiV��`�yM��bnyæegyz�l��yMcf���zbdyz��yz�ue{irb�iV�7ms�xyæe{i¦��yMcf�l��msbd�Miä�
|t¨�y7w��¥cf�xc�e{irbdyzwÉyz�úir��h�cfyz�uegy7w�`�bdhjir��msw7ª���� �zms��wd�sbn�7cxmûir��yzbdcx�zir��m;y7wdeg�A��yzwdyz�u�sms���sy7����mK`l�
�Hyz��`�y7��m$bnmrh=÷9�¥�ô�sy7�öo��zir�jiró£��yV�zms���l`�ózcfbMmKbdyz�7ms����y7�zcx��yz�uenmKyz� �rbdy�irw¥��`�y;wn}rmKms`E��`�cfenm
�Hyzbdc � mswnirw��jirbgi�wnms�f�jir��mrw�ms`;iDegõ��¥y7wn��mMcx��ir�zy7wnwn���sy7cxwzªGk,�zms�lwn�sbd�zcxmMõR�xcf��yzbnir��m��=y7��ipÐ�Ø\¤¢Ø,y
bdyz�zy7h=yÉi��7ms��iDh=msbnir|�}Dm���y\��c��syzbdwgirwÙmr`legbnirw�cx�lwdegc�eg`�cf|y¨¢yzw©��yGegy7�z��ms�fm � cxiRir��yzbdcx��iD�jirwzª v yÉir�zmrbn��m
�7ms� iKi � *z���7c�iûyzwn��ir�zcxir��ir�¥y7bncf��ir�ji�o�irw¥iDegc��¢cx�jir�lyzw���mK�Hyz��`�y7��m$bnmrh=÷��¥�ô�ryz�Ö�r}Dm9cf���z�f`�cxbSm
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bdmsh�`�w�egyzó�á¼i � `�y7��egirb
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mshlwde{�D�z`��fmsw
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k��¥mDegmsbdcxwdegi���yæ�syÖbnyzir�xcfó�irb�`����zmr�äßd`��uegmÉ���x��cf�¥m���yÖ�MiD��msh�bnirwÀ�zmr�¥���fyæålirwÀ�lyÖ��mrbn�¥iGi\iDegcf� � cfb
i¦�=mrwncx|z}rm;�lyzwnyùßnir�jilo��jirbnir�xy7��i¦�V�zir�x|zir�jilª.�Uw�egyzwR�¥mô�¢cx��yz�uegmrw����x�lcx��mswGwg}Dm;��y7�=y7����yz�uenyzwS�ji
�jiäeg`�bdyzó�i���m9ir��h�cfyz�uegy¦y£�ji9�7ms�lÞ � `lbgir|z}rm9�lm9�sy7�x�7`��xm�ªPØ�cf���jiWwnmshlbny;m�yæå�y7�¥���fm9�lm9�zirbnbdm�o
�j}Dm�õW�=mswdwn���syz�ÉiD�fegy7bgirbMirbnhlcfegbnirbncxir��yz�uegy£wn`ji��Hmswncf|�}rmlo���y7� ��yzwd�¥m�yøålcfwdenyz� ��`l�jir��|zirw.��y
�Hmswncf|�}rm¡cf����yz�l�=y7����yz�uenyzw��ly�wd`ji¡msbncfyz�ue{ir|z}rm�ª��Uwdeny�encx�HmS��yÉbnyzw�egbdcx|�}Dm¥õÉ�{�jir�¥ir�jiS��y �������#�!�4·?¸��
¯
������� U "§�¬� �«4 [ p�o*pZ� 6 ojbdyzw�egbncf|y¨¢yzwÙ��`�y��j}rm¡yz�u�rms�f�ryz� �sy7�xm¢�zcx��ir��yzwÙmr`;ir�7yz�fyzbgiD|y¨¢yzwo4 [ Í 6 ª
§�âB¯P¬�±¡ã�¬�±�·½¯»·½³�Á7¿Ãäi´�å�æ�ç�èié



Ó GaEÔLÕc&��Ö�mØ×�p� �f�kÊmK>�f�qiq�f�moesq�f�mK8Dc��ÙLÕc£�&��m [ t
ê�ë¶ìDë¶ì í ���}î;ï���ð&ñ
��
���ò{�?����	ló¸���
�

Ø�egbnir|�}rm£��c���yzbny7���zcxir�Àõ�m;��yz�zir��cxwd�¥m¦��y���bdms��`��fwg}rm£�MiDcxw\wncf�¥�l�xyzwÉ�jiDbgi¦`�� bnmshH÷£�¥�ô�sy7�
y7�4�zms�uegiDegm£�zms� m£wdms�xm¦��`�y¡�¼iróSm£`�wnm£��y¡bnm¢�jirwÉ�jirbni.wnyz`9�¥mô�¢cx��yz�uenm54 [ p�o [ �¢o [�Ç o [Õ^�6 ª����
bdmsh=÷9�zms� ��bdms��`��fwg}rm9��cf��y7bny7���zcxir�Ö�zms��wdcxw�egy;�ly;��`jiDwMbnm¢�jirw¥�¥mr��egir�jirw�yz� `�� yzc å�mK�zmr��`��£o
�7ms�uegbnmr��ir�jiDwÙ�=msbÙ��mrenmsbny7wÙ��cxw�egcx�uenmswo4 [ � 6 ol�¢cx�ly�ë�c � `�bni¡t�ª

ë"c � `�bgi¡t¢«
�"irbnÛr�¥yæegbdmswÙyz�u�smr�f�¢cx��mrw���i���bdms��`��fwg}rm¡��c���yzbdyz���7c�ir�âª
ØÛ�zcx�lyz�¥�Degcf��i¦�xcx��iV�zmr� m;bnyz�xir�zcfms�jir��yz�uenmV��mrw��jirbnÛr�¥yæegbdmsw��ly �zms�uenbnms�fyMyMm;�zms���=mrbde{i(�

��yz�uegmR��m�wncfwdenyz�¥iR��m�y7wn�jir|7mS��yGy7wde{iD��mswo4 [ qlo [ � 6 ª�¤�mshM��bnms�l`��xwn}rm���c���yzbny7���zcxir�öo��jiDbgiR�zir�jiR`��¥i
�jiDw��l`jirw�bnm¢�jirwÖ��bnm¢��`�ó7cxbÖ`�� ��mô�¢cx��yz�uegmSÞj�jiD�Î�ly�bdmre{ir|z}rm¡��cf��y7bny7���zcxir�öo�m�bnmrh=÷¡��yæ�syRbdmre{iD�zcxmä�
�jiDbayz��bdyz��iD|�}rmSi�`����=ms�uenm��zms�R`��àiDmRyzc å�m��jirw��l`jirwabdm���irwzª
�Îyz��i��riDbnc�iD|�}rm��jirw©�ryz�fm��7cx�jir�lyzw
bdyz��iäegcf�Dirw���yzw�e{irw���`jirw�bnm¢�jirw7o�m£�=mr��enmV�ly¥bdmre{ir|z}rm9á Ý _Ù_,ms` Ý _�é�ãÉ�Hm��ly�wdyzbÉ�Dirbncxir��m�o¶y¡��cf��yø�
bdyz�uegy7w�egbni(ßdy7en�sbncxirwÙwny7bny7�1enbgir|zir�jirw?4 [ÕÇ�6 ª�Ø ��ir�ji¡cx�lwde{iD��eny��lm�enyz���=m�ojm��Hms�uegmM�lm¥��`jir�¶m�bnmshH÷
bdmre{ir�7cxms��iG��y7�ry�enyzbU��bdms��bncfyz�jiD��yÙe{ir�âos��`�y�iDwUbnm¢�jirw
yzwd�¢`lyzbn��i�yÖ��cxbdyzc�e{i�wdc � ir�X`����zir�¥cf����m\��`�y
wdy���mô�sy�irm¡bny7��msbÖ��m Ý _Ù_�wdmsh;iS��yzwd�MiR�ryz�xm¢�zcf�jir��y�ir� � `���iDb ω

o���y7wde{iS��msbd�Mi

ω(R + l/2) = vr

áâp�ª [ ã

ω(R− l/2) = vl

áâp�ª psã
ms�l��y

l
õ�i��lcxwde�Ûr���7c�iSirm¡�xmr� � mS��m¡yzc å�m¥y7��enbnyÉmswÖ�zy7�uegbnmrw��jiDw��l`jirwÖbnm¢�jirw7ojiSbnm¢�jiSyzwn��`�y7bn�ji�wny

��mô�syR�7ms�1`��¥i��sy7�xm¢�zcf�jir��y
vl

y�i¥bnm¢�ji¥��cfbny7cfe{i¡�zmr�C`��¥i��ryz�fm��7cx�jir�ly
vr

o¸ir��hjirw�yz�1bny7��ir|z}rm
irm�wnms�fm�ª

R
õ\i���cxw�e�Ûr���7c�i�iR�jirb�egcxb���m Ý _Ù_�irm��Hms�uegm���yz��cxir��m�yz�uegbdy\irw���`�irwabdm��jiDwzª{Ð�mDegy���`�y

vl

o
vr

o
ω
y

R
wg}Dm���`���|t¨�y7wa��m�egy7�¥�Hm�ª"ØÓ��`jir�f�¢`lyzbacf��wdegir�uegy���m�enyz���=mlo¢cfwnms�xir����m

R
y

ω
bdyzwn`l�fe{i

y7�V«
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R =
l

2

(vl + vr)

(vr − vl)

áâp�ªÌ�uã

ω =
vr − vl

l

áâp�ª Í�ã
Ø�� � `��lw���irwdmswÙyzwd�=y7�zcxircxw�wn}rmSbny7�xyæ�riD��enyzw7ª�¤�y vr = vl

o�y7��eg}rmSmSbgiDcxm
R
õGcf�lÞj��c�egm�yGmSbdmshH÷�wny

��mô�sy�y7�Û`l�Mi��xcx�l�ji�bdy7egilª
¤�y
vr = −vl

o¢yz�ue{}rmSm�bgircfmRõ�ózyzbdm�yGm�bnmshH÷ � cfbgi�irmRbdyz��msba��mR�Hms�uegm
��yz��cxir��m¥yz�uegbdy¡irwG��`jiDw\bnm¢�jirwzª Ý w�egm �¼iróSi �lbnms��`l�xwg}Dm ��cf��y7bny7���zcxir�"iäegbgiäegcf�Di��jirbgi.i¥�ji��sy � ir|�}rm
y7� ir��h�cfyz�uegy7w��7ms�4y7wn�jir|7mswR�fcf�¢bny7w\yzw�egbny7cfenmswzª¥�"irbniV��`jir�f��`�yzbÉms`lenbnm¦�Dir�xmsb���y

vr

y
vl

m£bnmshH÷
�j}Dm¥wdyR��y7wn�xm¢��i�yz� �fcx���jiSbdy7e{i�o=�Hyz�fm¥�7ms�uegbg�Dbncxmlojwny � `�yR`��¥iSegbgiôßdy7eg�rbnc�i¡�z`lbd�¢cx�f�x��yzi�iDmMbny7��msb���y
`����Hms�uegm¦á Ý _Ù_Ùã�iR`��¥iR��cxw�e�Ûr�l�zc�i

R
��mS�zy7��enbnmS�lmSbnmshH÷�o�ir�fenyzbgiD����mRegir�uegmSi��Hmswncf|�}rm���mSbnmrh=÷

��`jir�uenm¥wd`ji�mrbncxy7�ue{ir|z}rm�ª
Ø�yzw�egbn`�eg`�bni;�zcf��yz�¥�Degcf��i.��m£�syz�f�z`��fmV�lbnmscfh=y¡�zy7bdenmsw�encx�HmswÉ��yM��mô��cf�¥y7�uegm�ªM��msb�yæå�yz�����xmlo

�j}Dm�yøå�cxwdenyÉ�zms��hlcx�jir|z}rmS��y
vr

y
vl

e{iD�?��`�y�m¡bdmsh=÷¡wdy���mô�¢cx��yz�uegy\�jiDbgir�fyz��iD�¥y7��eny\irm¡�xmr� � mS��m
y7c�å�m¡��yÉbnmregir|�}rm¡�jiDw�bdm���irwzo��lyÉ��mrbn�¥i�yæå����x�f�zc�e{i¦á¼m¡��y7wn�fcxó�iD�¥y7��enm�o��ji¡ë"c � `�bni [ ãæª

��� �ryz�x�7`��xm�wnmshSegbnir|�}DmG��cf��y7bny7���zcxir��õa��`�cfenm�wdyz��wd�f�sy7�*�rw"�ryz�xm¢�zcf�jir��y7w"bdyz��iäegcf�Dirw��jirwÀ�l`jirwÀbdmD�
�jiDwzªÀ�Îyz��`�y7��msw
yzbdbnmsw��ji��sy7�xm¢�zcx��ir��y���bnms�Hmsbd�zcxmr�jir�ji�i���ir��iGbnm¢�ji��Hm��lyabny7wn`���e{irb�yz� egbni(ßdy7en�sbncxirw
c � `jir�f�¥y7��eny�y7bnbn÷r��y�irw7o*y���}rm�ir�=y7�jirwÖyz�à`�� bnmrh=÷¡�¥ircxw�bn�r��cf��mSms`£�xyz�uenm�ª

¤�`l�=ms�l��mP��`�y�`�� bdmshH÷~y7wdeny�ßniPy7� `��¥i��=mswdcx|z}rm
(x, y)

o�ir�Hms�ue{ir��m³�jiDbgi³`��Mi���cfbny7|�}rm
θ
y7� bny7��ir|z}rm�irmûyzc�å�m

x
o�iäegbgi��rõzw¡�jiû�Mir�lcx��`��xir|�}DmA��msw¡�jirbnÛr��y7egbdmswS��y¦�zmr��enbnmr�xy

vl

y
vr

o©m
bdmsh=÷K�=m¢��yAiDwnwn`l�¥cfbM��c���yzbny7�uegyzwM�=mswdcx|t¨�y7wzª Ø �ly7egy7bn��cx�jiD|�}rm$��iK�=mrwncx|z}rm�iDencx� � cx�jiû�jir��mrw msw
�jiDb�Ûr��y7enbnmsw��ly£�7ms�uegbdms�xyDo�� �����¬���!� o
õ.�zmr����yz�7cx��m��zmr�¥mW��bdmsh��fyz�¥iA��y �����	��"xº_�#�¬� � �_������� �ro
��m
cf� � ��*7w�¿ ���!õ � �q��Ú����	��" � ���¬��� 4 [ p¢o [ qlo [ � 6 ª v ir��mrw���`�y

vl

o
vr

o
R
y

ω
wg}rmW��`��l|y¨¢yzw¡��mûegyz���Hm�o

õ��=mrwnwn���sy7�a��y7�¥ms�lwdegbnirb��¢`lyMwny¥m;bdmsh=÷V�=mrwnwn`lc©`��¥iV��ir�jiV�Hmswdcx|�}Dm
(x, y, θ)

4 [ � 6 yz� `��ñ�jir�lm
cf��wdegir�uegy

t
o*y�wdyRiDw�bdm��jiDw��lcxbny7cfegi¡yÉy7wn��`�yzbd�jiM�Hmswnwd`�yz� �ryz�xm¢�zcf�jir��y7w

vr

y
vl

o*bny7wn�Hyz�7encf�Dir��yz�uegyDo
��`lbgir�uegyÉm¡�Hyzbn�fm��lm

t→ t + δt
ojy7�ue{}rm�m Ý _Ù_ÓõÉ�jir��m��Hmsb

ICC = [x− R sin(θ), y + R cos(θ)]
áöp�ª tsã

yÉ��mSegy7�¥�Hm
t + δt

iS�=mrwncx|z}rm¡��m¡bnmshH÷¡õÉ�jir�jiS�Hmsbo4 p�o [ p 6











x′

y′

θ′











=











cos(ωδt) − sin(ωδt) 0

sin(ωδt) cos(ωδt) 0

0 0 1





















x− ICCx

y − ICCy

θ











+











ICCx

ICCy

ωδt











áâp�ª Ç ã
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Ø y7��`jir|�}Dm;áâp�ª tsã���y7wn�7bny7�ry�mS��mô�¢cx��yz�uegm��lyG`��àbdmshH÷ � cxbnir����m�iR`��¥i���cxw�e�Ûr���7c�i

R
�lyGwny7`

Ý _Ù_��zms�ú`��¥i;�syz�fm��7cx�jiD��y.ir� � `���irb ω
ª9k\wS�lcf��yzbdyz�uegy7w�egcf�=mswR��y.bnmshH÷swR�D}rm � yzbgiDb���cf��y7bny7��enyzw

yøål�lbnyzwdwn¨¢yzw��jirbgi¡irwÙ�Dirbdc�ir|t¨�y7w���y
R
y

ω
ª

�Îyz��i�cx�uegy � bgir|z}rm���i�yz��`jir|z}rm�áöp¢ª tsã¶i��jiDbdegcfb��lya`��¥i��7ms����cf|�}rmGcf��cx�7c�ir� (x0, y0, θ0)
osõa�Hmswnwd�f�ryz�

��yæegy7bn��cx�jirb�mr����y�m�bdmsh=÷Öy7wde{iDbg����irbgiÖ��`jir�x��`�y7b��riD�xmsb���y
t
hjiDwny�iD��m��lmsw���irb�Ûr��y7enbnmsw¶��y��zmr��enbnms�fy

vl(t)
y

vr(t)
olcxwdenm�õro�i�wnms�f`�|�}rmR��mS��bnmrh��xy7�MiR�lyG�zcf��yz�¥�Degcf��i���cxbdy7e{i���irbgiRm��ryz�f�z`��fm�ª
�U� � y7bgir�âo

�jiDbgiS`�� bdmsh=÷¡�zir�jiróÉ��yÉwnyÉ��mô�syzbÖ�7ms� `��¥i��jir�ji¡��cfbnyz|z}rm
θ(t)

i�`l�MiR�ryz�xm¢�zcf�jir��y
V (t)

x(t) =
∫ t

0

V (t) cos[θ(t)]dt
áâp�ª ] ã

y(t) =
∫ t

0

V (t) sin[θ(t)]dt
áöp¢ª ^ ã

θ(t) =
∫ t

0

ω(t)dt
áöp�ªÌÎuã

yÉ�jirbniSm��zirwnm���yÉ`��à�ryz�f�z`��fm��7ms�àenbgir|z}rm¡��cf��y7bnyz�l�zc�iD�

x(t) =
1

2

∫ t

0

[vr(t) + vl(t)] cos[θ(t)]dt
áöp¢ª [ qsã

y(t) =
1

2

∫ t

0

[vr(t) + vl(t)] sin[θ(t)]dt
áöp�ª [�[ ã

θ(t) =
1

l

∫ t

0

[vr(t)− vl(t)]dt
áâp�ª [ psã

kG`lenbgi���`�y7wdeg}rmS��y�c � `jir�*bdyz�xyæ�ZÛr���zcxi�õ�iRwny7�xy7|�}rm���msw��jiDb�Ûr��y7enbnmsw���y��7ms�uegbdms�xy���y�egir�*��msbn�¥i
��`�y�mMbnmrh=÷¥�=mswdwgi iDwnwn`l�¥cfb�`l�Mi��=mswdcx|z}rm�Þ��jir�Îms`;�Hyzbd�zmsbdbnyzb�`��¥i¡enbgi(ßdyæeg�sbdc�i¡yzwn�Hyz�7�fÞj�zilª��
w�egy
õS��y7��ms��cx�jiD��m ��y¡��bdmsh��xy7�Mi¥��y �����	��"xº_�#�¬� � ���
¹_����� �ro?��m¦cx� � ��*zw7o ���
¹_�������ÝÚ����	��" � ���¬��� 4 [ p¢o [ q 6 ª
kÎbgiDegiä�ùwdyG�jiScx�u�ryzbnwn}rm¡��m¡bny7��ir�7cxms�jiD�¥y7��enm�yz�uenbnyÉirwÙy7��enbgir��irwÖ��y\�zms�uenbnms�fyGy\m¡�zms���=mrbde{iD�¥y7��enm
��m.bdmshH÷�ª��
w�egy¡��bdmsh��xy7�Mi¡e{ir�Rh=õ7�Cy7wde{�.cf��encx�¥ir��yz�uegy�bnyz�xir�zcfms�jir�lm irm.��bdmsh��fyz�¥iM��yS���xir��y�ßni(�
��yz�uegm¡�ji�enbgi(ßdyæeg�sbdc�i�4 [ q 6 ª

Ø�wSyz��`jir|t¨�y7wS��y�áöp�ª ] ãRi³áâp�ª [ psã��lyzwn�7bnyæ�syz� `l�Mi;�fcx��cfegir|�}rm£�ji;�ryz�xm¢�zcf�jir��yM��mWbnmshH÷A��`�y
�j}Dm��=m¢��yWwny7b¦cx�uegy � bgir��i$yz� `��¥i$�xcf�¥c�e{ir|z}rm���yû�=mswdcx|z}rm�o�m~��`�yûõW�{�jiD�Mir�lm~�ly ����"§��� � ·?¸��
��¸��äý¬¯
������� U "§�¬� �«4 [ Í 6 o¶y�egy7�4wnms�f`�|y¨¢yzw\�7ms�����xyøå�iDwzª¡�U�uegbnyæe{ir�uenm�o¶yæå�cxw�egyz� wnms�f`�|y¨¢yzw\�¼ir�7cx�x��yz�ueny
��y7�¥mr��wdenbg���sy7cxw.�jirbni$ir� � `���w �zirwnmrw.yzwn�Hyz�7c�ircfw �jirw¥�riDbnc����ryzcxwM��yW�zms�uenbnms�fy vl(t)

y
vr(t)

ªX��msb
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yøåly7�¥�l�xm�o*wnyRõ�irwdwn`���cx��m¥��`�y

vl(t) = vl

o
vr(t) = vr

y
vl 6= vr

o¸iDw�yz��`jiD|y¨¢yzw¡áâp�ª ] ã�iWáâp�ª [ psã�wny
bdyzwn`l�¥y7� i

x(t) =
l

2

vr + vl

vr − vl

sin
[

t

l
(vr − vl)

] áâp�ª [ �uã

y(t) = − l

2

vr + vl

vr − vl

cos
[

t

l
(vr − vl)

]

+
l

2

vr + vl

vr − vl

áâp�ª [ Í�ã

θ(t) =
t

l
(vr − vl)

áâp�ª [ tsã
ms�l��y

(x, y, θ)t=0 = (0, 0, 0)
ª v iD��m9`l�úegy7�¥�Hmûmsh¢ßdyæegcf�rm

t
y¦`��¥iA�=mrwncx|z}rmûmsh¢ßdyæegcf�rm

(x, y)
ª

Ø�w�y7�¢`�ir|y¨¢yzw áöp�ª [ �uã\i$áâp�ª [ tsãGbny7wnms���syz� �Dir�fmsbny7w���irbgi
vl

y
vr

o"�¥irwÉ�j}rmV��bnmô��*7�ñ�zms�uegbdms�xy¡cf���
��y7�=y7����y7��eny¥��irbgi.m¦�zms�uenbnms�fyS��m¦�jirb�ÛD�¥yæegbnm

θ
ª v yS�¼iDegmlo�yæå�cxw�egyz� cx�lÞj�lcfe{iDw\wnms�f`�|y¨¢yzw\�jiDbgi.msw

�jiDb�Ûr��y7enbnmsw
vl

y
vr

o��¥irwGegm¢��msw��zmsbdbnyzwd�=mr����yz�ñiDm£��mô�¢cx��yz�uegm �lm£bdmshH÷ViDm.bnyz�lmsb\��m¦�z�fbn�z`l�xm
��`�y¦�jirwdwgiW�Hyz�xmW�Hms�uegm

(0, 0)
yz�

t = 0
y

(x, y)
y7�

t = r
ªKØh©l��cx�ziû�lcf��yzbdyz��|ziW�jirbgiA�zir�ji
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dx sin(θ)− dy cos(θ) = 0
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x(t) = at2 + 2bt + c
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y(t) = dt2 + 2et + f
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F (x, y) = Ax2 + 2Bxy + Cy2 + Dx + Ey + F
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• AC −B2 > 0
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• AC −B2 = 0
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• AC −B2 < 0
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α = (1− t)
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(

x0α
2 + 2x1β + x2t
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A(t) = (1− t)P0 + tP1
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~0�������5|­«1��~:£
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���3�1��� õ +3à¯��Å!�1���5~3��������«�~3�1�@�
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«��5���k�E�1�1�� 8~1È

W
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R(t) = at3 + bt2 + ct + d
Ý þ ¨ ö�õ à

«@�8���9��«±���À�®�3�5����Ç@�5�0�� 8~t�����������¶�9���1|ª���5���5~3��·@���1~0���5~º��Ç1�5�����¬�9�5���1�
R(t)

���1�����@���1�5�����8�0�@�
«1����|­�5���9�k���5��~­�5|

t = 0
�

t = 1
£

R(0) = d = 0
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R(1) = a + b + c + d = 0

R′(0) = c = 0
Ý þ ¨ ö ¥3à

R′(1) = 3a + 2b + c = 0

{����9�0����~3�1�1���5½º�5�Æ�E~3���5�0| Å!�1�
a = b = c = d = 0
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���3�1���
õ )3à�¨M/
~0�,�����5|­«1��~:£1�1|��´�E�:�1�� 0~

g(t)
�:��Ç@�1���@�´«±����~3�,���5�3�:���¬�9�������3|­�5�¬�9~3��«�~3�����1~3|­�À�0���

a(t) =
1

2
t2

b(t) =
3

4
−
(

t− 3

2

)2 Ý þ ¨ öeþ à

c(t) =
1

2
(3− t)2

W
���3�1��� õ ):È>Þ�~3|­«�~3�1�5�¬���5���1���1| «�~3�����1Ä3|­��~��5~3|­«±~0���9~:¨
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g(t)
�5�¶�¦ßÜ��~3�¬�9���1~¡�0~����¬�9�����8�0��~ï' [:£*)¯-IÕ

a(t)
²y���:«±~3�¶�¦�0�1�¡��| ' [�£ ö -Á£

b(t)
�5|

' ö £{+u-¼�
c(t)
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t
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�1�y÷��>ÊªÝ&_^÷SÎ^úEÊ�à7¨
g(t)

«�~3�����1��Å!�@�8�9��~��:°3�5Èi[:£ ö £l+t��)�¨
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g(t)
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a(1) = b(1) = 1/2�
b(2) = c(2) = 1/2
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g(t)
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gk(t)
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���3�1��� õ3õ à7È

gk(t) = g(t− k), para k = 0, 1, . . .
Ý þ ¨ ö"J à
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V (t) =
L
∑

k=0

Pkg(t− k)
Ý þ ¨ ö1e à

«@�8�9�
L + 1
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P (t) =
L
∑

k=0

PkRk(t)
Ý þ ¨ ö1� à

}@�8�����8�@�¡��|
L + 1

«±~0�!��~3���1�­�5~3�¬�9��~3���y�
L + 1

�E�1�:�5½º�5���1�y|������9�:�9�:¨¤ü
�0|t}�²5|×²­�1�5���C��ß��3���
~­�1��~­�1��«±~0�����:Ä3|���~3����~3|­«±~3�¶�9~3�Æ«@�8�9�­�0�,�E�1�1�5½º�5���1��|��������1�9�:£@|��0�,�����9����«�~3�����1Ä3|­��~3��«±~º�1��|
���5�Æ�1��Ç1�1���1~0����| �1|��´���5ÅÚÙ1Â��1�5���­�0�5�1²������5�­�:���:°3�5£@�¦·@�8|ª�0�:~¡Ò0É�ú�Î^Ô� ºÉ�÷��>Ê�£

T = {t0, t1, t2, . . .}
Ý þ ¨{+\[¬à

Ï �1��²k����|�«:���5��|����¬�9���1|ª�­�������¦�y�1���0�8��~3���5���1�t�1°3��£±«:���5���1|­���@�0|­�5�¬���k�@ 0~^���1�����5���5���5�5�¬���5�5£
�����9~´²8£

ti ≤ ti+1

¨)©����0�1�1�,�1~3�Æ�1°0��«�~º�1�5| «±~3�����1���Æ~­|­�5��|�~´�8�0��~3�5¨
Þ¯�0�1�k�E�1�1�� 8~t�1��|­���¶�9�1���
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£
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Ê~ÅÇÐPÅVÐPÅVãHÂ[Ë~ÅVÊ8Â[ÐPÑÃÂ[ÁöÅ÷ÐP¾XÉ±ÅÇÊ-Ô¡ÅÇÉ�Í-Ê-¾ÀÌ ÆÕ¿PÁìÍ8ÑÒÔ�Â[Æ�Â[ÐHÂ[Ë9Ë8á[¾XË-ÑÒÆ�ÑÒÁ×Â[Ê~ÅÇË¡Ø

ÜgÑÃâ[¿PÊ8Âã7�8ZÝ2��Å¡ÐPÅVÔÇ¾ÀÆ�� ¿�ÌPà�á[¾XÐPÅVãHÂ[Ë~ÅVÊ8Â[ÐPÑÃÂ[Áèj/���FÜèy¦Ø

_ ËX¿�ÌPÑÃÐHÂ�ÐPÅÇËF¾cÔÇ¿PÁìÍ'Â[Ë@É±¾ÀË-Ë~¿PÅÇÆ ¿PÆüÂ Ê~ÅÇâÀÑÃá[¾��4Â�¿PË-Ë~Ñ×Â[ÌHÂ�í:ÿ9	 î ÐPÅ Ô�Â�É�Í8¿PÊ-Â�ß�¿PÅ Ë~ÅÇÊ~å[Å ÉHÂ�Ê8Â
ÑÒÐPÅÇÌeÍ8Ñ��HÔ�Â�Ê9Ë~ÑÃÆXÑÃÁ×Â�Ê-ÑÃÐPÂ[ÐPÅÇË Å¡ÌeÍ8Ê-Å÷¾�åÀÅ¡Í-¾ÀÊÚÐPÅ%ÅÇÌeÍ8Ê-Â[ÐHÂ¼Å�¾�åÀÅ¡Í-¾ÀÊÚÐPÅ%ÉzÅ¡Ë-¾ÀËÚÐPÂ[ËÚ¿PÌPÑÒÐHÂ[ÐPÅ¡ËÚ¾cÔÇ¿PÁìÍ'Â[Ë¡Ø
_ ÔÇÂ[Æ�Â[ÐHÂù¾cÔÇ¿�ÁÒÍ'ÂùÊ-Å�Â�ÁÃÑÃðÇÂù¿PÆ�ÆüÂ�ÉzÅÇÂ[Æ�Å¡ÌeÍ8¾ ÌPá[¾��tÁÒÑÃÌPÅÇÂ[Ê4ÌP¾éÅÇË~ÉHÂ[à¡¾�Ð�Å!ÅÇÌeÍ8Ê-Â[ÐHÂ�Ø _ ÔÇÂ[Æ�Â[ÐHÂ
ÐPÅ�Ë8Â��ÒÐHÂ Â�Ë-Ë-¾cÔÇÑÃÂ Â Ô¡Á×Â[Ë~Ë-Ñ��HÔ�Â[àÇá[¾ ÐPÂ Ô�Â[Æ�Â[ÐHÂ ¾�Ô¡¿PÁÒÍ8ÂùÂ�¾éË-ÑÒÌHÂ[ÁiÐPÅüÊ~Å�� Å¡ÊmCÇÌ�ÔÇÑ×Â Â�Í8Ê-Â¥å[çÇËÕÐ�Å!ÆüÂ)�
É±Å�Â[ÆXÅÇÌeÍ-¾üÁÃÑÒÌPÅ�Â�ÊÇÄHÔÇ¾[Æ�¾�ÌP¾!É±ÅÇÊ-Ô¡ÅÇÉ�Í-Ê-¾ÀÌ ÐPÅ¼¿PÆ�Â�¾[¿ Æ=<PÁìÍ8ÑÒÉPÁ×Â[Ë+ÔÇÂ[Æ�Â[ÐHÂ[Ë¡Ø _ Ë8Â��ÒÐHÂ

ooculta,j

ÐHÂ
¿PÌ�ÑÃÐHÂ[Ð�Å

j
ÌHÂ@Ô�Â[Æ�Â[ÐHÂ@¾cÔÇ¿PÁìÍ'ÂÕçVÐPÅ¦Í8ÅÇÊ~Æ�ÑÒÌHÂ[ÐHÂÕÉ±¾ÀÊ�Ý
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ooculta,j = exp

(

−‖
~i− ~wj‖

σ

) jq	�Ø ��� y

¾ÀÌ�ÐPÅ
~wj

ç9¾�å[Å¡Í-¾ÀÊgÐPÅ9ÉzÅ¡Ë-¾ÀËlÐHÂ�¿PÌPÑÃÐPÂ[ÐPÅ
j
Ä ~i ç9¾�å[Å¡Í-¾ÀÊgÐP¾[ËIË~ÑÃÌHÂ[ÑÒËqÐPÅ>Å¡Ì�Í-Ê8Â[ÐPÂ�Ä[Å σ

ç9¾�ÉHÂ�Ê8Ó[ÆXÅ¡Í-Ê-¾
ß�¿PÅVÔÇ¾[Ì�Í-Ê-¾ÀÁÃÂ@¾XÔ¡¾ÀÆXÉPÊ-ÑÒÆ�Å¡Ì�Í-¾@ÐHÂ@Ê-Å¡âÀÑ×á[¾@Ð�Å�ÔÇÂ[É�Í8¿�Ê8Â@ÐHÂ¾� ¿PÌPà�á�¾XÐ�Å4ãPÂ[Ë-ÅVÊ8Â�ÐPÑ×Â[ÁÈØ

_ Ë8Â��ÃÐHÂ
~ok

ÐPÅ4Ô�Â[ÐHÂ@¿PÌ�ÑÃÐHÂ[Ð�Å4ÐPÂFÔÇÂ[Æ�Â[ÐHÂ@ÐPÅVË8Â��ÒÐHÂÕçVÐPÅ¡Í-ÅÇÊ~Æ�ÑÒÌHÂ[ÐHÂ@É±¾ÀÊÌÝ

ok = ~ooculta · ~vk

jq	�Ø � ��y

¾ÀÌ�ÐPÅ
~ooculta

çVÂXË-Â��ÃÐPÂÕÐHÂXÔÇÂ[Æ�Â[ÐHÂ@¾�Ô¡¿PÁÒÍ8Â�Ä�Å
~vk

çV¾Få[Å¡Í-¾ÀÊsÐPÅVÉzÅ¡Ë-¾ÀË�ÐHÂ@¿PÌPÑÒÐHÂ[ÐPÅVÐPÅVË8Â��ÃÐHÂ
k
Ø

Þ Í8Ê-Å¡ÑÃÌHÂ�Æ�Å¡Ì�Í-¾ÚÐHÂ+Ô�Â�ÆüÂ[ÐPÂÚÐPÅ Ë8Â��ÒÐHÂÚç Ê-ÅÇÂ[ÁÃÑÒð�Â[Ð�¾+Â[ÉPÁÒÑÃÔ�Â�ÌPÐP¾�� Ë-Å Â[ËïÊ~ÅÇâÀÊ-Â[ËïÐPÅiÂ[É�Ê-ÅÇÌ�ÐPÑÃðÇÂ[ÐP¾+ÐP¾
É±ÅÇÊ~ÔÇÅÇÉ�Í8Ê-¾[Ìïí � 5 î Ø _ Ê-ÅÇÐ�Å+ÐPÅ+ãHÂ[Ë~Å�Ê-Â[ÐPÑÃÂ[Á�� ¿�ÌPÔÇÑÒ¾ÀÌHÂ�É±ÅÇÁÃ¾÷Æ�Â[É±Å�Â[ÆXÅÇÌeÍ-¾÷ÐP¾VÅÇË-ÉPÂ[àÇ¾VÐPÅ+Å¡Ì�Í-Ê8Â[ÐPÂ4Å¡Æ
¿PÆõÅÇË-ÉPÂ[àÇ¾�Ð�Å9Æ�Â[ÑÃ¾[ÊöÐPÑÃÆXÅÇÌ�Ë8á[¾�Â�Í-Ê8Â�åÀç¡ËgÐPÅn¿PÆ�ÂI� ¿�ÌPà�á[¾�ÌHá[¾�� ÁÃÑÒÌPÅ�Â[Ê¡Ä¥ÔÇ¾ÀÆX¾�Â�� ¿�ÌPà�á[¾��4Â�¿PË-Ë~Ñ×Â[ÌHÂ�Ä
É±¾ÀÊnÅ¦ý�ÅÇÆXÉPÁÃ¾�Ø Þ ËÚÉzÅ¡Ë-¾ÀË>ÐHÂ�ÔÇÂ[ÆüÂ�ÐHÂ¼¾cÔÇ¿PÁìÍ'Â÷Í"CÇÆ�ÐPÅ�Ë-ÅÇÊ>ÅÇË-Ô¡¾ÀÁÃø�ÑÃÐP¾ÀË9ÐPÅ�Í8Â[Áñ� ¾ÀÊ-Æ�Â�ß�¿PÅ�¾�ÅÇË~ÉHÂ[àÇ¾
ÐPÅ�ÅÇÌeÍ8Ê-Â[ÐHÂ!É±¾ÀË-Ë-Â!Ë-Å¡Ê%ÔÇ¾[Æ�ÉPÁÒÅ¡Í8Â[Æ�Å¡ÌeÍ8Å¼Ê~ÅÇÉPÊ~ÅÇË~ÅÇÌeÍ'Â[Ð�¾PØk?�Æ�ÂÊ� ¾ÀÊ~ÆüÂXçÕÅÇË~ÉHÂ[ÁÒøHÂ[Ê�ÑÃâÀ¿HÂ�ÁÃÆXÅÇÌeÍ8Å4¾ÀË
Ô¡ÅÇÌeÍ8Ê~¾ÀË+Â[¾ÕÁÒ¾ÀÌPâÀ¾4ÐP¾ÕÅ¡Ë-ÉHÂ�àÇ¾@ÐPÅ�Å¡ÌeÍ8Ê8Â�ÐHÂ�Ø23 Æ�Â[ÁÃâÀ¿�ÌPË>ÔÇÂ[Ë-¾ÀË>ç%Ë-¿Z�HÔÇÑÒÅÇÌeÍ8Å�É±¾ÀË~ÑÃÔÇÑÒ¾ÀÌHÂ[Ên¾ÀË9ÔÇÅÇÌeÍ-Ê-¾ÀË
Â[ÁÒÅ�Â�Í-¾ÀÊ-ÑÃÂ[ÆXÅÇÌeÍ8Å Â[¾�ÁÒ¾ÀÌPâÀ¾ ÐP¾�Å¡Ë-ÉHÂ[à¡¾ ÐPÅ Å¡Ì�Í-Ê8Â[ÐPÂ�Ø Þ ÑÃÐPÅÇÂ[Á�ç ÔÇ¾ÀÌPÔ¡ÅÇÌeÍ8Ê-Â[Ê Â�ÐPÅ¡ÌPË-ÑÒÐHÂ[ÐPÅ ÐP¾ÀË
Ô¡ÅÇÌeÍ8Ê~¾ÀËsÐHÂ[ËI� ¿PÌPà � Å¡Ë�Ê-Â[ÐPÑ×Â�ÑÃË>¾[ÌPÐPÅ4ÂXÐ�ÅÇÌPË~ÑÃÐHÂ[Ð�Å4Ð�¾XÅ¡Ë-ÉHÂ�àÇ¾üÐ�Å4Å¡ÌeÍ8Ê8Â�ÐHÂXç4Â[ÁìÍ'Â�Ø

_ Ë Ê-Å¡ÐPÅÇË Ê-ÅÇÔ¡¾ÀÊ-Ê~ÅÇÌeÍ8Å¡ËéÔÇ¾[ãPÊ-Å¡Æ Â[ËÚb8ÛmlcÛ�n d�c
egfHÛ¦Üqo£Ü/o���»
n¦Ä=eX»sf�»
në»[òcÜUc��mc
bq�e» ` oìó! ��[Ûsopn j�n¥Û¦Ý ñ"�
c
bq�e» ` oìóÌo ` ��eX»sf0ngv � Þ z�y¦ÄlÊ-Å¡ÐPÅÇËÕÐ�Å#��¾ÀÉZ�HÅÇÁÒÐëÅüÆX¾cÐPÅÇÁÒ¾ÀË�Ð�Å ÜtÛ�c
bso#»
»9le»sf±ÜB»[Üqo���»�b8Û�n�n�c ` » ` ÜtÛ¦Ø
3 ÌPß�¿HÂ[ÌeÍ-¾ Ê-ÅÇÐ�ÅÇË@ÅÇÆ Â�å[Â�ÌPàÇ¾ Ë-á[¾é¿PË-Â[ÐHÂ[Ë@Ë~¾Àã Â[ÉPÊ~ÅÇÌPÐPÑÒð�Â[Ð�¾éË-¿PÉ±ÅÇÊÞåcÑÃË-ÑÒ¾ÀÌHÂ[Ð�¾PÄ Ê-Å¡ÐPÅÇË@Ê~ÅÇÔÇ¾[Ê-Ê-Å¡ÌZ�
Í-ÅÇË!Ë-á[¾�âÀÅ¡Ê8Â[ÁÒÆ�Å¡Ì�Í-Å ¿PË-Â[ÐHÂ[ËüË-¾Àã Â[É�Ê-ÅÇÌ�ÐPÑÃðÇÂ[ÐP¾ ÌHá[¾
�tË-¿�ÉzÅ¡Ê~åcÑÃË~ÑÃ¾ÀÌHÂ�ÐP¾PÄÚÆXÅÇÆXÖÀÊ-ÑÃÂ Â�Ë-Ë-¾cÔÇÑÃÂ�Í8Ñìå�Â Å
Â[¿�Í8¾�� ¾ÀÊ-âeÂ�ÌPÑÃðÇÂ[à�á[¾�Ø

��� �B�p�B��$ ¡ú§,ç6§0­ ò�� ª��&%m�ñ�
ðñ§0�6��ó('*)w���/­


l¾�Ð�¾ÀË>¾ÀË9Æ�ç¦Í8¾cÐP¾ÀËnÐPÅ�Â�ÉPÊ-Å¡ÌPÐPÑÃðÇÂ[ÐP¾@Â�ÉPÊ-Å¡ÌPË-Å¡Ì�Í8Â[ÐP¾ÀËÚÂ�Í8ç%Â[âÀ¾ÀÊ-Â4Ë-á[¾ÕÔÇÁÃÂ[Ë-Ë~Ñ �HÔÇÂ[ÐP¾ÀË9ÐPÅ,+sfwb8Û ` �
l�oìó!+9l�c}n¦ò�fHÛsb"��opnsoHc ` +9l�c�Äe¾ÕÂ[ÉPÊ~ÅÇÌPÐ�ÑÃð�Â�ÐP¾¼ç�Ê-ÅÇÂ[ÁÃÑÒð�Â[ÐP¾4É±ÅÇÁÃ¾4¿PË~¾¼ÐPÅ�ÉHÂ[ÐPÊ � Å¡Ë9ÐPÅ�Ê-Ås� ÅÇÊmC¡ÌPÔÇÑÃÂ�Ä.� ¾ÀÊ-ÌPÅÑ�
Ô¡ÑÃÐP¾ÀËnÅ¦ýcÍ-ÅÇÊ-ÌPÂ[Æ�Å¡ÌeÍ8Å[Ä�Éz¾[Ê9¿PÆ âtË-¿PÉ±ÅÇÊÞå�ÑÒË-¾ÀÊUä'ÄcÉHÂ[Ê~ÅÇË>Ð�Å%ÅÇÌeÍ-Ê8Â[ÐHÂ�Å%Ë8Â��ÃÐHÂV¿PË8Â�ÐP¾ÀËÚÉHÂ�Ê8Â�¾¼Â[ÉPÊ~ÅÇÌPÐPÑ��
ðÇÂ[ÐP¾PØI3 ÌeÍ8Ê~Å¡Í8Â[ÌeÍ8¾PÄ±Å¦ý�ÑÃËÞÍ8Å¡Æ Â[ÉPÁÃÑÒÔ�Â[à � Å¡Ës¾ÀÌPÐPÅ4ÌHá[¾XøHè�Ë~ÑÃÌHÂ�ÁïÐPÅ4Í-Ê-Å¡ÑÃÌHÂ[ÆXÅÇÌeÍ-¾PÄHÔÇ¾ÀÆX¾�Â[ÉPÁÃÑÒÔ�Â[à � Å¡Ë
ÐPÅ�Â[âÀÁÃ¾[Æ�Å¡Ê8Â[àÇá[¾Ãj"d¦Ý1ò.n¦ÜtÛsbÑo ` ��ynÐPÅVÂ�ÁÃâÀ¿PÆ Å¡Ë-ÉHÂ[à¡¾@ÐPÅ÷ÅÇÌeÍ-Ê8Â[ÐHÂ�Ø2|I¾cÐPÅ�Ë-Å¡ÊI<�Í8ÑÒÁzÌPÂ¼Ê-¾Àã±Ö[Í-ÑÃÔ�Â�Æ�Ö¥åÀÅ¡Á
Â[â[ÁÃ¾ÀÆXÅÇÊ-Â[Ê>¿PÆÎÅ¡Ë-ÉHÂ�àÇ¾XÐPÅ�Å¡ÌeÍ8Ê8Â�ÐHÂXÐ�Å�Â�ÁÒÍ'Â@ÐPÑÒÆ�Å¡ÌPË8á�¾XÅVÆ�Â[É±Å�è
� ÁÃ¾@Â[¿�Í8¾ÀÆ�Â�Í8ÑÒÔ�Â[ÆXÅÇÌeÍ-Å[ÄPÐPÅV¿PÆ�Â
� ¾ÀÊ~ÆüÂ!ÌPá[¾��tË~¿PÉ±ÅÇÊ~åcÑÒË-ÑÃ¾[ÌHÂ[ÐHÂ�ÄqÅ¡Æ�¿PÆ�ÅÇË~ÉHÂ[àÇ¾ùÐPÅXË8Â��ÃÂ Ð�Å�ÆXÅÇÌP¾[Ê4Ð�ÑÃÆXÅÇÌPË-á[¾PØ 3iËÞÍ'Â Ê-Å¡ÐP¿Pà�á�¾ ÐHÂ
ÐPÑÒÆ�Å¡ÌPË8á�¾@ÐPÅVÅÇË-ÉPÂ[àÇ¾ÀËsç÷¿PÆ�Â=� ¾ÀÊ-Æ�Â¼ÐPÅVâÀÅ¡ÌPÅÇÊ-Â[ÁÃÑÒð�Â[àÇá[¾PÄ�Ê-ÅÇÐ�¿PðÇÑÒÌPÐP¾XÂ@ÔÇ¾ÀÆXÉPÁÃÅDý�ÑÃÐHÂ[Ð�Å�ÐP¾FÅÇË~ÉHÂ[àÇ¾
ÐPÅ�ÅÇÌeÍ8Ê-Â[ÐHÂ!Å¡ÌPß�¿HÂ[ÌeÍ8¾ Ê-Å¦Í8Å¡ÌPÐP¾üÍ-¾�ÐHÂ�Ë÷Â[Ë%ÔÇÂ[Ê8Â�Ô¡Í8Å¡Êm�ÒË-ÑÒÍ-Ô�Â[Ë�Ê-Å¡ÁÃÅ¡å�Â[ÌeÍ-ÅÇË�ÐPÅ¡Ë~Í-ÅÕÅÇË~ÉHÂ[àÇ¾�Ø Þ Ë%ÆüÂ[ÉPÂ[Ë
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Â[¿�Í8¾�� ¾ÀÊ-âeÂ�ÌPÑÃðÇè¥å[ÅÇÑÒË¾j � Þ z�y¦Äï¾À¿
Ê-Å¡ÐPÅÇËVÐPÅXÙ�¾ÀøP¾ÀÌPÅ¡ÌïíþÿÀû î ÄlË-á[¾ ¿PÆ ÆXÅÇÔÇÂ[ÌPÑÒË-ÆX¾ ÐPÅ@ÆüÂ�ÉzÅÇÂ[Æ�Å¡ÌeÍ8¾
ÌHá�¾��tË~¿PÉzÅ¡Ê~åcÑÃË~ÑÃ¾ÀÌPÂ[ÐP¾Hí � 5 î jqÜgÑÒâÀ¿PÊ8Â=7 � y¦Ø

Þ Ë � Þ z Ë-á[¾ùÔ¡¾ÀÌPËÞÍ8ÑÒÍ-¿,�ÃÐ�¾ÀËVÐPÅ�¿�ÆüÂ Æ�Â�Í8Ê~ÑÃð@ãPÑÒÐPÑÃÆXÅÇÌPË~ÑÃ¾ÀÌPÂ[ÁgÐPÅF¿PÌ�ÑÃÐHÂ[Ð�ÅÇËÇØ-
I¾cÐHÂ[Ë�Â[ËV¿PÌPÑ��
ÐHÂ�ÐPÅÇË�Ê-ÅÇÔ¡ÅÇã±ÅÇÆ ¾ëÆXÅÇË~Æ�¾
åÀÅ¦Í8¾ÀÊ�ÐPÅ Å¡ÌeÍ8Ê8Â�ÐHÂ ~i

Ø©àtÌPÑÃÔ¡Ñ×Â[ÁÒÆ�Å¡Ì�Í-Å[Än¾ÀË�å[Å¡Í-¾ÀÊ-Å¡ËüÐPÅùÉzÅ¡Ë-¾ÀË
~wj

Ë8á[¾
ÑÒÌPÑÃÔ¡Ñ×Â[ÐP¾[Ë>ÔÇ¾[Æbå�Â[ÁÃ¾ÀÊ~ÅÇËsÂ[ÁÒÅ�Â�Í-ÖÀÊ-ÑÒ¾ÀË>Ì�¾ÀÊ-Æ�Â[ÁÃÑÒð�Â[Ð�¾ÀËÇØ

ÜgÑÃâÀ¿�Ê8Âã7 � Ý2�sÅÇÐ�Å � Þ z�Ø

_ Ë8Â��ÃÐHÂ
oj

ÐPÅVÔ�Â�ÐHÂX¿�ÌPÑÃÐHÂ�ÐPÅ
j
çVÐPÅ¡Í-ÅÇÊ~Æ�ÑÒÌHÂ[ÐHÂÕÉ±¾ÀÊÌÝ

oj = ~wj ·~i
jq	�Ø � 
9y

�%Å¦åcÑÃÐP¾
Â[¾[Ë�å�Â[ÁÃ¾[Ê-ÅÇË¼Â[ÁÃÅÇÂ�Í8Ö[Ê-ÑÃ¾[Ë4ÌPÂ ÔÇ¾ÀÌZ�HâÀ¿PÊ-Â[à�á[¾ ÑÃÌPÑÒÔÇÑ×Â�Á ÐHÂ Ê-Å¡ÐPÅ[ÄnÂ[Ë�Ë8Â��ÒÐHÂ[Ë�ÐPÅüÍ8¾cÐHÂ[Ë¼Â[Ë
¿PÌ�ÑÃÐHÂ[Ð�ÅÇËsË-Å¡Ê8á[¾XÐPÑ � Å¡Ê-Å¡Ì�Í-ÅÇËs¿PÆ�Â@ÐHÂ[Ës¾À¿�Í-Ê8Â[Ë¡ÄHÅ4ÔÇÂ[ÐHÂF¿PÌPÑÒÐHÂ[ÐPÅ÷å�Â[ÑöÊ~ÅÇË-É±¾ÀÌPÐ�ÅÇÊ�ÔÇ¾ÀÆ Æ�Â[ÑÒ¾ÀÊF� ¾ÀÊ~à�Â
Â ¿PÆ å[Å¡Í8¾[Ê�ÐPÅFÅ¡Ì�Í-Ê8Â[ÐPÂ ÉHÂ�Ê~Í8ÑÒÔÇ¿PÁÃÂ[ÊÇØ _ â�¿�ÌPÑÃÐHÂ�ÐPÅÕåÀÅ¡ÌPÔÇÅ¡ÐP¾ÀÊ8Â)äXÅ�Ë~¿HÂ[Ë4¿PÌPÑÃÐPÂ[ÐPÅÇËVÔ¡ÑÃÊ-Ô¡¿PÌPÐHÂ�Ì�Í-ÅÇË
Ë~ÅÇÊ8á�¾ëÍ8Ê~ÅÇÑÃÌPÂ[ÐHÂ[ËXÉHÂ[Ê-Â Ê-Å¡Ë-É±¾ÀÌPÐPÅ¡Ê!ÔÇ¾[Æ Â�ÑÃÌPÐHÂ
Æ�Â[ÑÃË¾� ¾ÀÊ~à�Â�Â�ÅÇË~Í-Å åÀÅ¦Í8¾ÀÊ�ÅÇÆ ÉHÂ[ÊÞÍ8ÑÒÔÇ¿PÁÃÂ[ÊÇÄ9ÉzÅ¡Á×Â
Â[É�ÁÃÑÃÔÇÂ[à�á�¾ÕÐHÂFÊ-ÅÇâ[Ê8Â@ÐPÅ��PÌPÑÃÐHÂ@É±ÅÇÁÃÂFÅ¡ß�¿HÂ[à�á�¾,Ý

~wj(t + 1) = ~wj(t) + η(~i− ~wj(t))
jq	�Ø � 5.y

¾ÀÌ�ÐPÅ
η
ç�Â4Í'Â�ý�Â�Ð�Å÷Â[ÉPÊ~ÅÇÌPÐ�ÑÃð�Â�ÐP¾PØè�%Å¡Éz¾[ÑÃË>Ð�Å�Â�Í-¿HÂ[ÁÃÑÒð�Â[Ð�¾ÀËÇÄ�¾ÀËiåÀÅ¦Í8¾ÀÊ~ÅÇË+ÐPÅ�ÉzÅ¡Ë-¾ÕË-á[¾ÕÌP¾¥å�Â[ÆXÅÇÌeÍ8Å

ÌP¾[Ê-Æ�Â[ÁÃÑÒð�Â[ÐP¾[ËÇØ _ Ë�Ê~ÅÇÐP¾ÀÌ�ÐPÅÇðÇÂ[ËVÂ[¾!Ê~ÅÇÐP¾ÀÊ%ÐHÂü¿PÌPÑÒÐHÂ[ÐPÅ�åÀÅÇÌ�ÔÇÅÇÐ�¾ÀÊ8Â Ë8á�¾!ÅÇË~ÔÇ¾ÀÁÒøPÑÃÐHÂ�Ë�ÆüÂ�ÑÃ¾ÀÊ~ÅÇË�ÌP¾ÀË
Å¡Ë~Í'è�âÀÑÃ¾ÀË+ÑÒÌPÑÃÔ¡Ñ×Â[ÑÒË9Ð�¾�ÉPÊ~¾�Ô¡ÅÇË~Ë-¾XÐPÅ÷Í8Ê-Å¡ÑÃÌHÂ�Æ�Å¡Ì�Í-¾PÄPÅ÷Í8¾[Ê-ÌHÂ[Æ¾�tË~Å÷Æ�Å¡ÌP¾ÀÊ~ÅÇËsÂ[¾FÁÃ¾[ÌPâÀ¾@ÐP¾FÍ8Å¡Æ�É±¾PØ

�>¾ÀÆX¾ëÊ~ÅÇË~¿PÁÒÍ8Â[ÐP¾�ÐP¾ëÉPÊ-¾cÔÇÅ¡Ë-Ë-¾ Ð�Å Í8Ê~ÅÇÑÃÌPÂ[Æ�Å¡ÌeÍ8¾PÄÚÔ¡ÅÇÊÞÍ'Â[Ë è�Ê-Å�Â�ËüÐHÂëÊ~ÅÇÐPÅ Ë-Å Í-¾ÀÊ-ÌHÂ�Æ Æ�Â[ÑÒË
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��ýwVXÐ&[E[aZ�[av	[ÇÌeÍ_VÀËÇí � �[ÿ î Ø
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�x[s�HÌPÑÒÐSW-WXÊK[¡ÉPÊK[¡ËK[ÇÌeÍ_W[à�á�V�ÔÇÊ�VUv-V[Ë-Ë-ä�v�ÑÒÔ�W@ÉSW[ÊKW	VXÉPÊKV[ã&Z^[jv�WQd�âU[ÇÊKW
�tË�[c]QvÎÔaVÀÌ�Ï�]�Ì�ÍKVüÑÒÌPÑÃÔ¡ÑgW�Z
Ð&[FÉ`VÀË-Ë��Òå�[ÇÑÃËVË�VUZ^]Pà � [¡ËadlÔ'øSW�v-W[ÐSW[ËVÐ&[Ãn�c�Ý1òZhf�¥Û�nÃdK+ ` l�o/l(+[ÜC+
n¦Øã?�v�ÔaV[Ì�Ï�]PÌeÍ_V Ð&[XËKVUZ�]Pà � [ÇËVÔaVcÐPÑ��
�HÔaW[ÐSW[ËFÐ&[GW[ÔjVÀÊ-ÐQV�ÔjVUv�W ÊK[¡ÉPÊK[¡ËK[¡Ì�Í_W[à�áfVëÔÇÊ�VUv	VÀË-Ë~äUv�ÑÒÔ�WéÔjVÀÊ-Ê�[ÇË-É`VÀÌPÐQ[0W�]&v-W f0c�f±ò�Ý�+�h)i�céÐ&[
ÑÒÌPÐPÑÒå��ÒÐ&]&VÀË

POP
Ø _ Ô�W[Ð&WüÑÒÍK[ÇÊ_W�à�á�V�Ð&[Y]&vm� _ çÕÐ&W[Ð&V�V!ÌQVUv-[4Ð&[ã�cÛsb�+�h)i�c�Ø��x[ÇË~ÑÃâÀÌ&W[ÌPÐ&V�� ËK[

ÔaW[ÐSW!âU[¡Ê_W[àÇá�V É<VÀÊx]&v �ÒÌPÐPÑÃÔj[
t
d/V ËK[¡âU]PÑÒÌ�ÍK[@ÉPËK[j]PÐ&V�� ÔÇÖcÐPÑÃâ�V Ñ^Z^]�Ë~Í8ÊKW�V��S]�ýwV Ð&[,]&vmW�ZÃâUV[Ê-ÑÒÍKv-V

âU[¡ÌPç¡Í-ÑÃÔjVPØ
ò�¥/ðñ�ñ�
��ª�é��aö ÝÃ|iË�[a]PÐQV��tÔ¡Ö�ÐPÑÒâUV Ð&V�W�ZÒâUVÀÊ~ÑÒÍ_v	V âU[ÇÌPç¦Í8ÑÒÔaV,áÚÔjVUv�V[É<[¡Ê_W[Ð&V[ÊK[ÇË@ÐQ[�n¥Û¦ÝÃÛ�h)i�c�d
b8Û�d�c
e	�Ìo ` +�h)i�cx[ãe@òcÜ�+�h)i�c�Ø

t← 0
á

àtÌPÑÒÔÇÑ^W�ZÃÑÒð�W[ÊFWXÉ`VÀÉ&]QZgW[àÇá�V
POP (t)

á
_ åfW�ZÃÑ^W[Ê�WFÉ<V[É&]&ZgW�à�á�V

POP (t)
á

�)�.çè�9ª)�/�
t← t + 1

á
� [jZ^[¡ÔÇÑ^V[ÌSW[Ê

POP (t)
W@ÉSW[Ê~Í-ÑÃÊÚÐQ[

POP (t− 1)
á

��[ÇÔjVUvÕãPÑÒÌSW[Ê
POP (t)

á
z0]�ÍhW[Ê

POP (t)
á

_ åfW�ZÃÑ^W[Ê>É`VÀÉ&]&Z^W[à�áfV
POP (t)

á
§Aª�~{� d�c ` l�o�h)i�cÊlcÛVÜAIsbÑe¾o ` c ` i�c-+[Ü/o ` ��o/l(+1�Êá

��� �B�pîB� î ���6�q¢9��§SRUT,�Ú�6§ ¨]�ñç���¥�§SRUT,�

3�v)âÀÊ_W[Ì�Ð&[!ÉSW[ÊÞÍ_[!Ð&W[Ë,W[É&ZÒÑÃÔaW[à � [ÇËjd�W É`VÀÉ&]&Z^W[à�áfVéÑÃÌPÑÒÔÇÑ^W�Z Ð&[
N
ÑÃÌPÐPÑìå��ÃÐ&]&V[Ë�ç!â�[ÇÊ_W�ÐSW�W�Z�[s�

W�ÍKVÀÊ-Ñ^W�v	[ÇÌeÍ_[�V�]�W�Í-Ê_W�åÀç¡Ë�ÐQ[G]Qv ÉPÊKVcÔa[¡Ë-ËKV�ø&[j]PÊm�ÒË~Í8ÑÒÔaVPØ Þ Ë	W�ZÃâ�VÀÊ-ÑìÍ_v	VÀË¼âU[¡ÌPç¡Í-ÑÃÔjVÀËFËK[0W[É<V[ÑgW�v
��VÀÊÞÍ_[jv-[¡Ì�ÍK[÷ÌSW,[¦ý�ÑÃËÞÍ"C¡ÌPÔÇÑ^WFÐ&W@åfW[Ê~Ñ^[¡ÐSW[Ð&[�ÐQ[4ÑÒÌPÐPÑìåZ�ÒÐ&]&VÀË��ad&[�åfW[Ê~ÑgW[ÐQVÀËÚâÀÊKW�]PË+Ð&[cW[ÐSW�É�ÍhW[ã�Ñ^ZÃÑÒÐSW[Ð&[
W�VFÉPÊ�VÀã&Z�[av-W�Ø���Ñ^vXÉ`VÀÊ~Í_W�Í_[�ß*]&[�W@É<V[É&]&ZgW�à�á�VFÑÃÌ�ÑÃÔÇÑ^W�ZæÔj]PãPÊKW-W,v-W[Ñ^VÀÊÚè[ÊK[aWXÉ`VÀË-Ë��Òå�[aZqÐ&VO[ÇË~ÉSW[àaV
Ð&[Vã&]�Ë-Ô�WwdHÑÃË~ÍKVFç�dHß*]&[VÉ<V[Ë-ËK]&W	]&vbã<VUv)Û�n�fQ+[Ý � +�eüÛ ` ÜUc=o ` oHdso3+[Ý1Ø
���ñÈ"q4²´Î
Â�¶1�%Äq²èÂ)ÈsÄBÐÒÂ�Ô�Ð4È�ÄB²�ÄHÄ/²�Î
ÅUÐÒÈÑÐÒÄBÂ�²2Ä/²�q�²K�´Ós¶æÎ
ÈÑ±qË)³-È"qpÖ
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Þ�� � _ � �3W�ða[av9] � V�Ð&[�]Qv�WÚñDò ` h)i�c¾c�����Û¦Üqo���c�d*VU]VñDò ` h)i�c+lcÛ�+9lcÛK�ÇòQ+�h)i�c�dU�SW��KW�W�åfW�ZÒÑgW��3ÔaW[ÐSW
v	[avÕãQ�KV
ÐSW��<VU�Q]&ZgW[àÇá�VPØ�3�v Ô�W � V ��� Ñ^v	�&Z^[ � d7�<VcÐ&[Ñ� � [?] � W���Ï�] � Í_W�v-[j�eÍ_[0W ��]&��à�á�V ßk]Q[ùÐ&[s�S�&[
V0[ � �&W[àaV Ð&[üã&] � ÔaWQd�W ß*]SWfZ � [�ã&] � Ô�W�v-W�ý�Ñ^vXÑÃð�Wf�\VU]�vXÑ^�PÑ�v�ÑÒð�W��¡Ø _ ��]&��à�á�V�V[ãcÏ�[¡Í-ÑÒåUVùÍ_[av�W
�S�&W�ZÃÑÒÐSW[Ð&[XÐ&[#W�ÍK�-ÑÒã&]PÑ^��W ÔaW[ÐSWéÑ^��ÐPÑÒå��ÃÐQ]&V�]&v-W0v	[ÇÐ�ÑÃÐSW>v�riÜ ` Û�n�n]v Ð&[üßk]Pá�V ã<[jv�W�ÐSW���Í_W[Ð&V
W�V�W�v¼ãPÑ^[j��ÍK[�[aZ�[�[ � Í8èQd�VU] � [tÏKWQd�ß*]SW��eÍKV�v-W[Ñ^V���V å�WfZ^VU����[¡ÍKVU�K�SW�Ð&VU�G�<[jZgW���]&�PàÇá�V�VÀãcÏ�[¡Í-ÑÒå�V&d
v-W[Ñ � W�ÐSW���Í_W[Ð&V�ç0V�Ñ^�PÐ�ÑÒå��ÃÐ&]QV�[fd � [ÇâU]&��Ð&V{W � Z^[¡Ñ � ÐSW � [jZ^[ÇàÇá�V}�&W�Í_]&�KW�ZCd7v-W[Ñ^VU��[ � Ð&[¦åU[jv � [a�
� ]SW � Ô'øSW��PÔj[ � Ð&[ � VÀã&��[¡åcÑÒå�[a�b[c��[a�&��V�ÐQ]PðÇÑ��´� � [�dSVXß*]&[{�3W�å�VU�K[¡Ôa[�W	�`[a���<[¦Í_]SW[àÇá�VXÐ&[ � [a]0v�W�Í_[a�~ÑgW�Z
âU[j�Pç¡Í-ÑÃÔjV	�&W��_WOW � âU[j�_W[à � [ �b� [ÇâU]�Ñ^�eÍ_[ � Ø

_ ��]&�PàÇá�V%Ð&[FW[Ð&[¡ß*]SW[ãPÑ�ZÃÑÃÐ&W[Ð&[ ÍhW�ZìåU[¡ð � [�ÏKW�V�ÔaV�v-�`VU�&[j��ÍK[Fv-W[Ñ � Ñ�v-�`VU�ÞÍhW��eÍ_[ ÐQ[F]&v _ �Fí � �[ÿ î Ø
3�ZgW4Í_[av W¼Ô�Wf�SW[ÔÇÑÒÐSW[Ð&[%Ð&[EW���[¡Í_W�� � [¡åU[j�_W�v	[a�eÍK[cV¼Ð&[ � [av	�<[j�Pø&VFâU[a�KW�ZæÐQVOW�ZÃâUV��-ÑÒÍKv-Vc[av Í_[j�Kv	V �
Ð&[ ßk]&W�ZÃÑÒÐSW[Ð&[ Ð&[���[ � ]QZÒÍhW�Ð&V�[ ÍK[av	�<V Ð&[�[¦ýw[¡Ôa]PàÇá�VPØ Þ �&�KVcÔa[ �K� V{[¦åUVUZ�]�Í8ÑìåUV�ç Ñ^�eÍ_[¡Ñ^�_Wfv-[j��ÍK[
âU]�ÑgW[Ð&V,�`[aZ�V � �K[ � ]&ZìÍhW[ÐQV � ��VU�K�&[¡ÔÇÑÒÐ&V � �`[aZgW=��]&��à�á�VFÐ&[cW�åfW�ZÃÑ^W[à�á�V�Ø

?bv�W���]&�Pà�áfV�Ð&[�W�åfW�ZÒÑÃà�áfV�ß*]&[��Pá�Vx��[a�&��[ � [j�eÍ_[sÔaVU���K[¦ÍhW�v	[a�eÍ_[HW � ÔaW��_W�Ô¡Í_[j�m� � Í8ÑÒÔ�W � [H��[Çß*]PÑ � ÑÒÍKV �
Ð&[H]&v9�&��VÀã&Z�[av-W%Ñ^�-èxVU�-Ñ�[a�eÍhWf�Mv-W�ZQW�ãQ] � ÔaWE�`[aZ^W � VUZ�]Pà�áfVPØÕ3�vuÔaVU�eÍ_�KW��SW��ÞÍ8ÑÒÐSWQdU]&v-W���]&��à�á�V÷ß*]&[
Ð&[ � Ôj�K[¡åfWG[¦ý�Ôa[ �K� ÑìåfW�v-[j�eÍ_[	V � Ð&[¡Í_W�ZÃø&[ � Ð&V0�Q�KVÀã&Z�[av-WQdïÔaV�v¡]&v âU�KW��PÐ&[O�.<&v	[a��VùÐ&[O��[ � ÍK�-ÑÒà � [ �
[?�SW��ÞÍ8ÑÒÔa]&Z^W��-ÑÒÐSW[Ð&[ � �<VcÐ&[a�-è��Q�KVU�`VU�-Ô¡Ñ^VU�&W��@ã<V�� � ��[ � ]&ZÒÍ_W[Ð&V � dHv-W � W�Ð&[s�S�PÑÒà�á�V�Ð&[ ÍhW�Z;��]&��à�á�V
�`V�ÐQ[a�8è � [-v-V � Í_�KW��E[¦ýcÍ_��[av-W�v	[a�eÍ_[XÔaVUv	�&Z�[¦ýQWQd�: � å�[Çðj[ � W�Í-ç-v	[ � v-V Ñ^�eåcÑ×è�åU[jZ�VU]ëÑ�v-�`V �K� �Òå�[aZBØ
ÜS]&�Pà � [ � Ð&[EW�åfW�ZÃÑ^W[à�áfV¼ß*]&[EW��&��[ � [a�eÍhW�v¢]&v£WfZÒÍ_V�Ôa] � Í_VFÔaV�v-�&]�ÍhW[Ô¡Ñ^VU�SWfZ<�&��V�ÐQ]Pða[jv ]&v�âU�_Wf�PÐ&[
Ñ�v-�SW�Ô¡Í_V#�QV ÍK[av	�<V ÍKV[ÍhW�Z ÐQ[	[Dýw[ÇÔa]�à�á�V0�&[ÇÔj[ �K� è��-Ñ�V��SWf�_W?W�å�WfZÃÑgWf��Í_VcÐSWGW#�<VU�Q]&ZgW[àÇá�VPØã�x[¦åU[Ñ� � [
�`[a� � [Çâ�]PÑ^�LV�ÔaVUv	�&�KV�v�Ñ �K� VN�&W��K[¡Ð&]PàÇá�V�Ð&W�ÔaV�v-�&Z�[¦ý�ÑÃÐ&W[Ð&[ ÐSWI��]&�PàÇá�V�ÐQ[HW[ÐQ[Çß*]SW[àÇá�Vx[�V�W�]&v	[a�eÍ_V
ÐSW@ß*]SW�ZÒÑÃÐSW�Ð&[÷Ð&V � �K[ � ]&ZìÍhW[ÐQV � ��VU�K�Q[ÇÔÇÑÒÐ&V � �`VU�N[ ��� W¾��]&�Pà�áfVPØ

��� �B�pîB��� ¤^��¥/�kRUT,���6���Ì�6����) ë/��� �w­

Þ v	[ÇÔaW��PÑ � v	V4ÐQ[ � [aZ^[¡à�á�V�[av¥� _ � [avY]&ZgWEV � �&�KVcÔa[ �K� V � Ð&[b�K[j�&�KVcÐ&]PàÇá�V�W �K� [¦ýw]SW[ÐSW�¦�[ � [aZ�[s�
àÇá�VE�SWf§_]Q�_W�ZÈØ��\[a�KW
� � [N]&v�W��`VU�&]QZgW[àÇá�V�§_[jv-�`VU�8èf�-ÑgW�Ð&[�§hW�v-W��PøQV

N
d�ÔaV�vTÑ^��ÐPÑÒå��ÃÐQ]&V � [Dýw§K�_W��ÒÐ&V �

ÔjVUv¨�&�KV[ãSW[ãPÑ�ZÃÑÃÐ&W[Ð&[��&��VU�<V��-ÔÇÑ�VU�SW�Z�:xW[Ð&[¡ß*]SW[ãPÑ�ZÃÑÃÐ&W[Ð&[��K[jZgWf§-ÑÒåfW+Ð&[nÔ�W[ÐSW�Ñ^�PÐ�ÑÒå��ÃÐ&]QV��SW��`VU�&]&Z^W[à�á�VQd
ß*]&[E�`V�Ð&[ � [a�sÐ&[��&�PÑÃÐ&VO�`VU�ÌÝ

psel =
a(s)

∑N
i=1 a(si)

jq	�Ø � 7�y
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ÄHÅ´È Í�²�q�¶�µF²�Î)¶s³ZÆ�È"q4¶s³ZÂ)²wÈsÂ�²mÉÌË
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Þ �&·&[
a(•) çXW ��]&��à�á�V�·Q[,W�·&[¡ßk]&W[ã&¸^Z�¸^·SWf·&[�¹�x�[ � §_[,�Q�KVkºa[ ��� V&d»¸^�&·&¸ìå��^·&]&V � ºjVUv�ãSW�¸ìýQW-W�·&[s�

ß*]SW[ãQ¸^Z^¸�·SW�·&[�§K[a�-á�V�[jZ^[¦å�Wf·SWb�Q�KVÀãSW�ã&¸^Z�¸^·SW�·Q[�·&[H[Dýk§_¸^��à�á�V&dfW�Vbv-[ � v	Vb§K[av	�<V�ß*]&[7¸^�&·&¸ìå��^·&]&V � v-W�¸ �
W��w§_V � §_[j�8á�V�v-W�¸�VU�K[ � º'ø&W��&ºa[ � ·&[ � VÀã&��[¡åk¸Òå�[a�j¹]3 � §K[Xv�ç1§_Vk·&V	·&[ � [aZ^[¡à�á�V-§hW�vÕã±çavÎç�ºaVU��ø&[aºj¸^·&V
ºjVUv-V�e�I¦Ü�cÌl�c l(+�b"c�ÝÃÛ¦ÜC+�¹

��� �B�pîB��$ ï��Z¢��wé�¼��q� §SRUT,�

Þ �&�KVkºa[ �K� V?·&[,��[aºjVUvÕã&¸��SW[à�áfV ç,]&vm�&��Vwºj[ ��� V � [¦ýw]SWf·&V&dL[a�eåUV�ZÒåU[Ov-W�¸ � ·&[,]&vm¸��&·&¸ìåZ��·&]&V&d
[jvX]&ZgWf�&·&V�V���[a�Pä�v-[j�&V�·&[Údsb"c�n�n�c��[Ûsb"d�W?§_��VwºaW�·&[ ���KW[âUv	[a�(§_V � [a�(§K�K[��SWf�K[ � ·&[�ºj�KVUv	V �K� VUv	V �
j/ÜM¸ÃâU]Q�_W¾7�
�y1¹23�v � ]&Wã��VU��v�WXv-W�¸ ��� ¸�v-�&Z�[ � dPçE]&v£�&��Vwºj[ �K� V�WfZ^[�W�§_½U��¸^VÕß*]&[cVwºjVU�K��[\ºaVUv �&�KVÀã&W
�
ã&¸�Z^¸�·SW�·&[
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dlß*]&[O[ � ºaV�ZÃø&[	W�Z�[�Wf§KVU�K¸^W�v-[j�(§_[X]&vmZ^Vkºa] � â�Cj�&¸^ºjV ß*]&[ � [a�Þåw¸��8è#·&[O�&¸ìåÀäÚj3�`VU�(§_VG·&[
ºj¸ � WfZÃøSW�v	[a�(§KV.yF�SW��KWOW,§K�KVkº�W,·&V � �SWf�K[ � ·&[}���KW[âUv	[a�(§_V � â�[a�Pç1§_¸^ºjV � ¹

ÜM¸ÒâU]&�KWã7�
AÝ2��[a�&��[ � [j�(§hW[àÇá�V�·&Vÿdsb"c�n�n�c���¾sb"¹

Þ VU�`[a�KW�·&VU�L·&[F�K[jºaVUvÕãQ¸^�SW[àÇá�V�çF]&v-W�·SW � ºaW��_Wfºj§_[j�m� � §_¸�º�W � ·&V � � _ � d�]&v-W�å�[Çð>ß*]&[HW � VU]Q§_�KW �
§-çaºa�Q¸^º�W � [¦åUVUZ�]Q§_¸ìåfW �N� [cW��`VU¸gWfvºãSW � ¸^ºaW�v	[a�(§_[ � VÀã&�K[cVU�`[a�KW�·&VU��[ � ·&[EvX]Q§_W[à�á�VPí � ��û î ¹

��� �B�pîB�%� ¡£�Nª�§SRUT,�

Þ �&�KVkºa[ �K� V-·&[\vX]Q§_W[à�áfVXçEVOºaV�v-�`VU�&[j�*§K[cW�Z^[aWf§_½U��¸^VX·QV-WfZÃâUVU��¸�§Kv-V�âU[a�Pç1§_¸�ºaV&¹ � [jZ^[jºa¸^V��SW
� � [
W�Z�[�Wf§KVU�K¸^W�v	[a�(§_[.]&v¿Z^Vkºa] � â�Ca�&¸�ºaVb·&[�]&v¿¸��&·&¸Òå���·&]&V&d![�vX]&·&W
� � [7V+åfW�Z�VU�À·&V�âU[a�Q[7ºjVU�K��[ � �<VU�Q·&[a�(§_[
�SWf�_W{]&v VU]w§_�KV�W�Z�[aZ�V��<V �K� �ìåU[jZCdx·Q[ ��V��Kv-W}§hW�vÕã±çav W�Z^[aWf§_½��K¸gW jqÜM¸ÒâU]&�_W@7
5.y1¹ Þ �&�KVkºa[ �K� V�ç
ºjVU�(§_�KV�ZgW�·&V,�`VU�N]&v �SW��_Áfv-[1§_�KVO·&[E�&��VÀãSW[ãQ¸^Z^¸�·SW�·&[

pmut

¹

��� �B�pîB��Â ¤®�w�6���3RUÃB��­ã�6��Äc~.��é��q� �


P�_Wf§_W��&·&V
� � [�·&[x�Q�KVÀã&Z�[av-W � ·&[xVf§_¸^v	¸ÃðaW�Å�ÆfV&d(VY¸�·&[�W�Z � [a�K¸^W�Ç*]&[�V,W�Z^È�VU�K¸�§_v	Vx§_[j�Kv	¸^�SW ��� [ � ]SW
ã&] � º�WcW ��� ¸^v9Çk]Q[�Vc�<V��*§KVE½�§_¸�v-V]��V ��� [b[a�&ºjVU�(§_�KW�·&V&¹è|PVU�-çjv0d*�&Vcº�W � Vc·&[I��]&�&Å � [ � vX]&Z�§_¸�v-Vk·SW�¸ � d
W��`[a�&W � ]&v �`VU�(§_V�½�§_¸�v-V}�<Vk·&[ � [j�GW�·&[aÇ*]SWf·&V�V�]É§KVw·&V � VU]ÊV�v-W�¸^V����.<&v	[a�KVË�`V �K� �Òå�[aZE·&[
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ÜM¸�ÈU]&�_W=7�5,Ý2��[a�&��[ � [j�(§hW�ÅaÆ�V�·SWOvX]Q§_W�Å�ÆfV&¹

�`VU�(§_V � ½f§_¸^v	V � �<Vk·&[ � [I�3W[ðj[a���&[jºa[ �K� èf�K¸^VQ¹è|��KVÀã&Z�[av-W � �&�-èf§_¸�ºaV ��� [�º�W��KW�ºj§K[a�K¸Òð�W�vÌ�<[jZgW�¸��&ºa[j��§_[¡ð�W
·&[��`VU�(§_V � ½f§_¸^v	V � ��[a�&��[ � [a�(§hW���[av �`VU�(§_V � ½�§K¸^v	V � È�Z^VÀãSWf¸ � ¹ �HVUv	V�ºjVU� � [aÇ.ß,Ca�Qºa¸gWwd�] � Wfvã� � [
VU]w§_�KV � ºj�K¸�§-ça��¸^V � �SW��KW�W��SWf�_W�·SW	·&V#W�Z�ÈUVU��¸�§_v	V&dwºaVUv	V�V��.<&v	[a��V�v�è�ýw¸^v	V-·Q[YÈU[j�_W�Å � [ � VU]�]Qv
§K[av	�<V\Z�¸^v	¸�§_[�·&[��&��Vwºj[ ��� W�v	[a�(§_VQ¹ Þ ]Q§_��Vc�&W��_Á�v	[j§K�KV\vX]Q¸�§_Vx]Q§_¸�Z^¸ÃðaW�·&V�ç�W�¸�·Pça¸^W�·&[N[ � §hW�È��SW�Å�ÆfV&d
Ç*]SW��Q·&V��SÆ�V � [�VÀã � [a�Þå�W�v	[aZÃøQVU�_WH�&WbWf·&[aÇ*]SW�ÅaÆ�Vbv�çj·&¸gW}j~r�Í ` ¾�n�nmy»·&W��`VU�&]QZgW�ÅaÆ�VN·&[a�`VU¸ � ·&[3å�è��K¸^W �
ÈU[j�_W�Å � [ � ºaVU� � [aºj]Q§_¸ìåfW � d�ç��&�KV¥å�è�åU[aZ(Ç*]&[7V�W�Z�ÈUVU�K¸�§_v	VH[j�&ºaVU�(§K�KVU]c]&vÎ�`VU�(§_V�·&[�v�è�ýw¸^v	V*ÏfvÊ�^�&¸�v-VQ¹

DFEHGIE�Ð ÑNÒJÓæYZKNO�KúMgK JLKNMgKNO{Ô KNP�QAS'TUO{8�52QXVÕ@JÖ�5èQ,T-YQ6×5'OÕØ K/ÓxÙ^YZTU\»52O

�x[j�(§_�K[�W � ·&¸�ÚU[a� � W � ºaV��A�SÈU]&�KW�Å � [ � ·&[��K[j·&[ � �&[j]&�_W�¸ � W���§K¸ �Sºj¸gW�¸ � [¦ýw¸ � §_[j�*§K[ � dw�&��V!Ú�W�Ú�[aZ^v	[a�(§K[�d
V��`[a�Kºj[a�Q§K�KVU��·&[?v=<&Z�§_¸^�QZgW � ºaW�v-W�·SW �,Û V�v�W�¸ � ]Q§K¸^Z^¸Òð�W�·QV&d�¸ ��� V�·&[jÚk¸^·QV}W � ]SW � ¸�v-�QZ^¸^ºj¸^·SWf·&[�d
�S[Dýw¸^Ü&¸�Z^¸^·&W�·&[�[GW�v	�&Z�V�º�W�v	�`V�·&[GW��&Z^¸�º�W�ÅaÆ�V&¹ Þ ] � VÝ·&V��`[a��ºa[a�w§_�KV���·&[?v=<QZ�§_¸��&ZgW � º�Wfv�W�·&W �
[j�*Ú�VUZ�Ú�[-[1§hW��&W � W�Z�§_W�v-[j�(§_[,[¦ýw�`[a��¸^v	[a�(§hW�¸ � [OºaVUv	�&]Q§_W�ºa¸�VU�SW�Z�v-[j�*§K[Xºa] � §_V � W � dMºaV�v-V?V?] � VG·&V
W�Z�ÈUVU��¸�§_v	VY·Q[��h+�d�u�fwb"c�fQ+��(+�Í/oHc ` ¹

Þ �&�K¸�v-[j¸^��V��SW ��� V#�SWf�_W�V#] � V#·&V#�<[j�Kºj[a�Q§K�KVU��·&[,v=<QZ�§_¸��&ZgWOº�Wfv�W�·&W Û W�[ � �<[jºa¸��Sº�W�ÅaÆ�V?·&[
� ]SW	[ � §K�K]Q§K]&�_W¾��� � ¸^º�Wwd � ]&W-W���Ç*]&¸�§K[j§_]Q�_WAÝ

• ��<Qv-[j�KVO·&[Eº�W�v-W�·SW � á

• ��<Qv-[j�KVO·&[E�&[a]Q�KÞU�&¸�V � �SW��KW	ºaW�·SW,º�Wfv�W�·&WAá

• �SW�·&�KÆ�VO·&[EºaVU�&[jºj§K¸�Úk¸^·SWf·&[\[a�(§_��[�V � �&[a]&��ÞU�&¸�V � ¹

Þ �Q�K½�ýw¸^v	VÝ�SW �K� VÝºaVU� � ¸ � §_[G[av [ � �<[jºa¸��Sº�W��	V � �SW��KÁ�v-[1§_��V � ·&[�Wf�&�K[j�&·&¸ÃðaW�ÈU[jv0d7V � �<[ � V �
¸��&¸^ºj¸gW�¸ � [ � ½X[a�(§_Æ�VY�&��V �K� [aÈU]Q¸^�7�SW��_WcVY�&��Vwºj[a·&¸�v-[j�(§_Vc·&[�§K�K[a¸��SW�v	[a�(§_VQdkÈ�[a�_WfZ^v	[a�(§_[�] � W��&·&VX]Qv
v Û §KVw·&VO·&[cÈU�KW�·&¸^[j�(§_[�dSºjVUv	V��h+�d�u�fwb"c�fQ+��(+�Í/oHc ` ¹'3 � §_[®<&Z�§K¸^v	VX�&�KVkºa[j·&¸^v	[a�(§KV Û Z^[j�(§_V	[�ºjVUv-�Q]Z�
§_W�ºa¸�VU�SW�Z�v-[j�*§K[Xºa] � §_V � V&dMW�Z Û vm·&[ � [j��·&[j�<[j�&·&[j�*§K[�d.[avlW�Z�ÈU]&v-W�[¦ýk§_[j� � Æ�VQdM·&[O�&��Vwºj[a·&¸�v-[j�*§KV �
ø&[j]&�m� � §K¸^ºaV � ¹
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Þ�� W�Z^È�VU�m��§_v	V � È�[a� Û §_¸^ºjV � §"Cjv � ¸�·&V��&�KVU�`V � §_V � �SW��KW�Wb·&[1§_[j�Kv	¸^�SW�ÅaÆ�VN·&V � �`[ � V � ·Q[7]Qv�W���[a·&[
�&[j]&�_WfZS·&[xWf�KÇ*]&¸�§K[j§K]&�_WEºaVU��ø&[aºj¸^·SWQdk·&[1§_[a��v-¸��SW�ÅaÆ�VE·SWc�Q�K½U�&��¸gWEW���Çk]Q¸�§_[1§_]&�KWQd*VU]-Wc·&[1§_[j�Kv	¸^�SW�ÅaÆ�V
·&[cW�vYÜ<V � d&V � �`[ � V � [cW���Ç*]&¸�§K[j§_]Q�_W,·&[E]&v-WO��[a·&[E�&[j]&�_WfZLW���§K¸ �Sºj¸gW�Z�¹

DFEHGIECß V�8�Q,K/ÓgM�TJà^S2Mx5á=#>�5�@´P�YZTJ>�5

Þ §_��[a¸^�&W�v-[j�(§_V�ºjZgâ ��� ¸^ºjV�·&V#�`[a��ºa[a�w§_�KV���·Q[Xv=<&Z�§_¸^�QZgW � º�W�v-W�·SW �xÛ ��[�W�Z�¸Ãð�Wf·&V��`VU�xv	[a¸�V�·&[
W�Z�ÈU]&v¢v Û §_Vk·&V-·Q[�ÈU�KW�·&¸�[a�(§_[fdSÈU[a�KW�Z^v	[a�(§_[E]&v-W,Ú�Wf�K¸gWf�*§K[\·SW b_¾H��b�+�lk¾1ãäÍC+�d`] � W��&·QV�V-W�Z^ÈUV��K¸�§Kv-V
·&[#�h+�d�u�fwb�c�fQ+��(+�Í/oHc ` �SWf�_W�V�ºaâ�Z^ºj]&Z^V�·&[X·&[j�K¸�ÚfW�·&W � �SWf�Kºa¸^W�¸ � ¹}3 �K� [,v Û §_Vk·&V Û �SWf��§_¸�ºa]&Z^W��Kv	[a�(§K[
¸��&·&¸^ºaW�·&V��&W��_W?W�Ü&] � º�W?·&[Ov ���&¸^v	V � Z^Vkº�W�¸ � �&V?[ � �SW�ÅjV0·Q[,[a�K��V � ·&V?�<[j�Kºj[a�Q§K�KVU��·&[Ov=<&Z�§_¸��&ZgW �
ºaW�v�Wf·SW � ¹

�HVUv¢V,VUÜkå�[1§_¸�Ú�V,·&[\�&��VU�<V��Kºa¸�VU�SW��F]&v-WXÜ&] � ºaW,ÈUZ^VUÜ&W�ZCd*[ � �<[jºa¸^W�Z^v	[a�(§_[x·&[ � ]&�`[a�´���^ºj¸^[ � ºaVUv¾�
�&Z�[¦ýQW � [bvX]&Z�§K¸^v	Vw·&W�¸ � dU� _ � �<Vk·&[jv � [j�F[jv-�&��[aÈ(Wf·&V � �SW��_WcWE·&[j§K[a�Kv	¸^�&W�Å�Æ�VE·&V � �`[ � V � ·Q[�]&v-W
��[a·&[G�&[a]Q�_W�ZN·&[GºaV��A�SÈU]&�KW�Å�ÆfVÝ�&� Û ��·&[j§K[a�Kv	¸^�&W�·SWQ¹Xx�[ � §_[0º�W � V&dH]Qv�W��`VU�&]&Z^W�Å�Æ�V�·&[G�K[j·&[ � ·&[
v	[ � v�W,W���Ç*]&¸�§K[j§_]Q�_W Û ] � W�·&WQd&VU�&·Q[cºaW�·SW,�`[a�Kºj[a�Q§K�KVU�»d`ºjVUv � [a] � �K[ � �`[aº1§_¸�Ú�V � �<[ � V � dS�SW �K� W�væW
��[a�&��[ � [j�(§hW��c]&v¡¸��&·&¸�Ú���·&]&V&¹ Þ�� �`[ � V � �`Vw·Q[av � [a�cºaVk·&¸ �&º�W�·&V � �<VU�cW�Z��3W�Ü`[j§_V � Ü&¸^�&â��K¸�V � VU]�·&[
�.<&v	[a��V � �K[aW�¸ � ¹ _ W�ÚfW�Z^¸^W�Å�ÆfVx·&[NºaW�·SW�¸^�Q·&¸�Ú��^·Q]&V Û ��[j¸�§hW�ºjVUvçÜSW � [N[jv9]&vÌºaVU�èå�]&�(§_VE·&[N�SW�·Q� � [ �
·&[b§_[ � §_[fd&·&[�v	Vk·&VYÇ*]&[\WYW�·&[aÇ*]SWfÜ&¸^Z�¸^·SW�·Q[ � [JåKWX]&v-W{��]&�QÅ�Æ�V,·&[ � ºj�K[ � ºa[j�*§K[E·&VX[a���KV,Ç*]SW�·Q�_âf§K¸^ºaVQ¹
3�v�W�Z�ÈU]&� � ºaW � V � d�] � W
� � [�� _ �O� V�v-[j�*§K[?�SW��_W�W�Ü&] � ºaWÝÈUZ�VUÜSW�ZH�&VÝ¸��,�^ºj¸^V�·&V�§_��[a¸��SW�v	[a�(§_V�[
�`V � §K[a��¸^VU��v-[j�*§K[\]&v£v Û §KVw·&V,·Q[cÈ��_W�·&¸�[a�(§_[\ºjVU�(ÚU[j�&ºa¸�VU�SW�Z�¹

z0V��*§_W��SW,W=�xW!Úk¸ � W��&�K[ � [j�*§_W�v [jv � [a]#§_�KW�ÜSW�ZÒø&VHíþÿ�5 î VX§K�K[a¸��SW�v	[a�(§_VY·&[��K[j·&[ � ñ�¾h¾ml~ñ¬c
bÑt7+�b�l
�`[aZ�VX] � VO·&[EWfZ^ÈUVU��¸�§Kv-V � ÈU[j� Û §K¸^ºjV � ¹'�HVUv	V,ºa¸�§hW�·QV,W��(§_[j�K¸^V��Kv	[a�(§_[fdSé\¸�§hWf�&VHíþÿÀú î W��&��[ � [j�(§hWO[ � §K]Z�
·&V � [av	�,���K¸^ºjV � ·SW�ºjVU�(ÚU[j�KÈ�Cj�&ºa¸^WX·&V�§K�K[a¸��SW�v	[a�(§_V�·&[x��[a·&[ � �&[j]&�_W�¸ � �3W�ða[a�Q·&VX] � VX·&[�WfZ^ÈUVU��¸�§Kv-V �
ÈU[j� Û §K¸^ºjV � ¹ Þ�� §_�KW�ÜSW�ZÒø&V � íþÿ97kd � 8 �¡î [ � §_[j�&·&[avæVO§_[jv�W,·&[cW��Q�K[a�Q·&¸ÃðaW�·&VO[jÚ�VUZ^]Q§K¸�Ú�V&¹

DFEHGIE3ê VLQQë;PgT-YZK^YZP�Q,S2O�=?>�5�@UPRYZTA>�S'O

Þ ]Q§K�_W,W��&Z�¸^ºaW�Å�Æ�Vc�&Z^W�] � ��ÚU[jZ»·&[c� _ ��Û WY·&[j§K[a��v-¸��SW�Å�ÆfVX·&[EW���Çk]Q¸�§_[1§_]&�KW � ·Q[gfS¾sb�dh¾�f`Í/b"c ` n7·&[
v=<QZ�§_¸��&ZgW � º�W�v-W�·SW � W�·&[jÇk]&W�·SW � Wc]&v-W�§hW���[��3Wc[ � �`[aº�� �SºaWQ¹'��W�·SWX¸��&·&¸�ÚZ��·&]&Vc·&[x]Qv�Wc�<VU�Q]&ZgW�ÅaÆ�V
ºjVU�K��[ � �`VU�&·Q[-W?]&v-W?W��KÇ*]&¸�§_[j§K]&�_W#·&¸ � §K¸^�(§hWQd/ºjVUv¡·&¸���[a��[a�(§_[ � �.<&v	[a��V � ·&[Oº�W�v-W�·SW � d/·&¸ ��[j�K[j�*§K[ �
�.<&v	[a��V � ·&[E�&[a]&��ÞU�&¸�V � �<V��Nº�W�v-W�·SWQdQ[c·Q¸ ��[a��[a�(§_[ � �SW�·&� � [ � ·Q[cºjVU�&[jºj§_¸�Úk¸^·SW�·Q[�¹

_ ��[a�&��[ � [a�(§hW�ÅaÆ�VGºa�KV�v-V ��� ÞUv	¸^ºaW � [X§_VU���SW��K¸�º�W�[,ºjVUv	�&Z^[Dý&Wwd»V#v	[ � v	V��`Vw·Q[s� � [X·&¸Òða[a�x·&V �
VU�`[a�KW�·&VU��[ � ÈU[a� Û §_¸�ºaV � dU[�V�§K[av	�<Vx·&[�W�ÚfW�Z^¸^W�Å�ÆfV�·&[Hº�W�·SW�¸^�&·&¸�Ú��^·&]&V Û ��[aZgW�§_¸�ÚfW�v	[a�(§K[FWfZ�§_VQ¹Õ3 � §K[ �
�3Wf§KVU�K[ � ÈU[a�KW�Z^v	[a�(§_[EºjVU�K��VUÜ<V��_W�v£ºjVU�(§_�KW-V�] � V�·Q[X� _ � �SW��KW	Ü&] � º�W-·&[YWf�KÇ*]&¸�§K[j§K]&�_W � ·&[c�K[j·&[ �
�&[j]&�_Wf¸ � ¹ _ W!ÚfW�Z�¸gW�ÅaÆ�V Û ¸^�&¸�ºa¸^W�·SW�ºaV�vì�K[a·Q[ � �<V ��� ]&¸��&·&V0�<[ � V � ÈU[a�KW�·&V � W�Z�[�Wf§KVU�K¸^W�v	[a�(§_[,�SWf�_W
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ºaW�·SWN¸^�&·Q¸�Ú��^·&]QV&d![ � §hW � �K[j·&[ �L� ÆfVb§K�K[a¸��SW�·SW � �<VU�/]Qv¿ºaVU�èå�]&�(§_Vb·&[��SW�·&� � [ � ·Q[7��[���[j�mCa�Qºa¸gWw¹Õ�x[j�<V�¸ �
·&¸ �K� V&d(º�W�·&Wc��[a·&[ Û W�Ú�WfZ^¸gWf·SW � [jÈU]&�&·&Vc]&v×V�]Q§_��Vc�&W�·&�_ÆfVc·Q[b§K[ � §K[ � ¹ � ½E[a�(§hÆ�V�WcW�·&[aÇ*]SWfÜ&¸^Z�¸^·SW�·Q[
·&[#ºaW�·SW�¸^�Q·&¸�Ú��^·Q]&V Û [ � §_¸^v-W�·SW�] � W��&·QV�� � [G¸��A��VU��v�W�Å � [ � ºjVUv-V�Ú�[aZ^Vkºa¸�·SW�·&[�·&[?ºaVU�(ÚU[j�KÈ�Cj�&ºa¸^WQd
[j�K�KVO·&[E��[aºaV��Pø&[aºj¸^v	[a�(§_V	[EVU]Q§K�KV � �SWf�_Á�v	[j§K�KV � Ç*]&[ � [}�3W�ÅaW�v£�K[jZ^[1ÚU[a�(§K[ � ¹

z0¸�Z^Z�[a�\¾1Í7+�ã�
×í:ÿÀÿ î dQéE¸�§hW��QVHí:ÿ[ú î dS�xWf�K�Ý¾1ÍF+�ã�
×í � 8�8 î d,xbVUZ ��[k|MW���¸ � ¸Bí � 8�
 î [�òFW�VHí � 8�5 î ·&[ � ºj�K[jÚ�[av
[jv£·&[j§_W�ZÃøQ[ � VO�&�KV�å�[1§_V	[ � ���*§K[ � [�·&[E��[a·&[ � �&[j]&�_Wf¸ � �`VU�Nv-[j¸^V,·&[\§ Û ºa�Q¸^º�W � [1ÚUVUZ�]Q§_¸�ÚfW � ¹

óOô�õ öø÷1ùcúcû.ü1ýPþ ú�ÿ����?÷"ý���û��Eüjÿ
x�W �E� Vkºa¸^[j·SW�·&[ � ø*]&v�Wf�SW � dPW#ºa]QZ�§_]Q�_W#�<Vk·&[ � [a�\Úk¸ � §_W�ºaVUv	V?V#ÚU[Ì��ºa]&Z�V?�SW��_W�VGW���v�W�ða[a�&W
�

v	[a�(§_Vc·SWc¸^�A��VU��v�WfÅ�Æ�VEÇ*]&[ Û ÈUZ�VUÜSW�Z�v-[j�*§K[�W�ºa[ �K� ��ÚU[jZÀWE§_Vk·&V � V � v	[avYÜ&�KV � ·SW � Vkºa¸�[a·SW�·Q[�dk[�Ç*]&[
�`Vw·Q[ � [a��<Q§K¸^ZÀ�&W��_W,ÈU]&¸^W��NW � Wf§K¸�Úk¸^·&W�·&[ � ·Q[ � VUZ^]QÅ � [ � ·&[E�&�KV�Ü&Z^[jv�W � ¹

Þ WfZ^ÈUVU��¸�§Kv-V�ºj]&Z�§K]&�_WfZ Û ]Qv�WNºaZ^W �K� [F·Q[Fv	Vw·Q[aZ^VNºjVUv	�&]Q§hWfºa¸^V��SW�ZU·&[j�K¸�Ú�Wf·&VxW��SW���§_¸��/·SWbV�Ü � [j�´�
ÚfW�ÅaÆ�V�·&V\�&��Vwºj[ ��� V\[jÚ�VUZ^]w§_¸�Ú�V\ºa]&Z�§_]&�KW�Zk�SWx�SWf§K]&�K[¡ð�W÷ø*]&v-W��SWQ¹.��]Qv � ¸ � §K[av-Wx·&[+ø&[j�_W��QÅ�W�·&]&�QZgW
Ç*]&[XºaW��_Wfºj§_[j�K¸Òð�W�W-[jÚUV�Z^]&ÅaÆ�V�·SW�ºj]&Z�§K]&�_WXø*]&v�Wf�SW-§hWf�*§KV#W�V-�,��Ú�[aZMv-W�ºj�KV���[jÚUV�Z^]Q§K¸�ÚUVQdSÇk]Q[Y§_VUv-W
Z�]&È(W��\�&V{¾�n�fQ+�h�c lk¾�dsb_¾ ` hè+
n1d/[-W�V0�A��ÚU[jZ�v-¸�ºa�KV
�A[jÚ�VUZ^]w§_¸�Ú�V&dÀÇ*]&[	VwºjVU�K��[O�&VË¾�n�fQ+�h�c+f0c�f±òwã�+�dsoHc��
` +�ã�í � 
�8 î ¹ _ �&�K¸��&ºa¸��SW�Z*¸^· Û ¸gWb�<V��.§_�Kâ � ·QV � W�Z�ÈUVU�K¸�§_v	V � ºa]&Z�§_]&�KW�¸ �PÛ W�·QÇk]Q¸^�K¸��.ºjVU�Pø&[jºa¸�v-[j�*§KV � VUÜQ�K[
W � VUZ^]QÅ�Æ�V�·&VX�&��VUÜ&Z^[jv�W�j3ºj�K[a�QÅ�W9yHW��SW���§K¸^�7·SWY�`VU�&]&Z^W�Å�ÆfVY[avá[1ÚUVUZ�]&Å�Æ�VY[\W��&Z�¸^º�Wf�7[ � §K[�ºaVU��ø&[aºj¸��
v	[a�(§_V-�SW��KW�ÈU]&¸^W��bW�Ü&] � º�WPí � 
 � d � 
9� î ¹ Þ ºaVU��ø&[aºj¸^v	[a�(§_V��Q�KVk·&]Pða¸�·&V��QV�[ � �SW�ÅjV#�<VU�Q]&ZgW�ºj¸^VU�&W�ZCd
·&[j�(§_�KV,·QVX�,��Ú�[aZÀv	¸^ºj�KV���[jÚ�VUZ^]Q§K¸�Ú�V&d Û�� [jZ^[1§_¸�ÚfW�v	[a�(§K[�W�ºj[a¸�§KVXVU]#�SW �K� Wf·&VOW�VX[ � �SW�ÅjVO·&[�ºa��[a�&ÅaW � [
] � W�·&V	�SW��KW-Wèå�] � §hWf�xW � [ � §_��]Q§_]Q�_W ��� ¸^vYÜ<½UZ�¸^ºaW � Z^â	[DýQ¸ � §K[a�(§_[ � ¹I3 � §K[�ºjVU�Pø&[jºa¸�v-[j�*§KV��`Vw·Q[c[j�(§hÆ�V
� [a��] � Wf·&V-�&W��_W,¸^�w�S]&[a�Qºa¸gWf��W � vX]&·SWf�&Å�W � ��[j¸�§hW � �SW	�Q�K½�ýw¸^v-WXÈU[a�KW�Å�Æ�VO·SWO�`VU�&]&Z^W�Å�Æ�VQ¹

z Û §_Vk·&V � ·&[#ºjVUv	�&]Q§hWfÅ�Æ�V�[1ÚUVUZ�]Q§_¸�Ú�W�jq3'�IyYºaVU�(Ú�[a�&ºj¸^VU�SWf¸ � §"Cjv � ¸^·&V�W��QZ^¸^ºaW�·&V � [av ZgW���È(W
[ � º�WfZgWX[av �&�KVUÜQZ^[av-W � ·Q[ � ·Q[�W,Ü&] � º�W@ø&[j]&�m� � §K¸^º�Wã:XV�§K¸^v	¸ÃðaW�Å�Æ�V�·&[jÚk¸�·&VÊ: � ]SW,�SWf§K]&�K[¡ð�W,¸^v	�SW��U�
ºj¸gW�Z�d(V�Ç*]&[��<[j�Kv	¸�§_[�VcÜ<V�ve·&[ � [av	�<[j�Pø&VX[jv � ¸�§K]SW�Å � [ � ºjVUve�<V�]&ºaV�VU]��&[j�Pø*]&váºaVU��ø&[aºj¸^v	[a�(§_V
·&V0·&VUvÊ�^�&¸�V?·&V��&��VUÜ&Z^[jv�W�í � 
�
 î ¹�3��(§_��[j§_W��(§_V&d�W�¸��&ºaV��K�`VU�_W�ÅaÆ�VG·&[�v	[aºaW��&¸ � v-V � ÜSW � [�Wf·&V � [jv
ºjVU�Pø&[jºa¸^v	[a�(§KV��`Vw·Q[�v	[aZÒø&VU�_Wf��ºaVU� � ¸^·Q[a�_W�Ú�[aZ^v	[a�(§K[xVc·&[ � [av	�<[j�Pø&VX·&[b]&váW�Z�ÈUVU��¸�§_v	Vx[1ÚUVUZ�]Q§_¸�ÚUV
Ç*]SW��Q·&V-V	ºaV��Pø&[aºj¸^v	[a�(§_V-W�·&Ç*]&¸��K¸�·&V,·&]&�KW��(§_[cV	�Q�KVkºa[ ��� V-[jÚUV�Z^]Q§K¸�ÚUVQdS·&[ � VUZ�]&Å�Æ�V	·&V	�&�KV�Ü&Z^[jv�WQd
Û ] � W�·&V��&W��_W?ÈU]&¸^W��\V0�Q�KVkºa[ ��� V�·Q[ � VUZ^]QÅ�Æ�VG·&VG�&�KVUÜQZ^[av-WPí � 
 � d � 
9�kd � 
�5 î ¹ Þ ºjVU�Pø&[jºa¸^v	[a�(§KV&d
�SWf·&� � [ � ¸^·&[j�*§K¸ �SºaW�·&V � ·&]&�KW��(§_[#W�ÜQ] � ºaW�·SW � V�Z^]&ÅaÆ�V&dM�`Vk·&[ � [a�X] � W�·&V��&W��_W�È�]&¸gW���W�ÈU[j�_W�ÅaÆ�V
·&[ � V�Z^]&Å � [ � ºaW��&·&¸�·SWf§hW � ÝG�&�KVUv	V!ÚU[j�-v-W�¸ � ¸�� � §_Á��&ºj¸gW � ·&[Gº�W��Q·&¸^·SW�§_V � ·&[ � [JåKW�·QV � dNVU]��K[j·&]Pðj¸^�
V#�.<&v	[a��VG·Q[,º�W��&·Q¸^·SWf§KV � ¸^�Q·&[ � [JåKW�·&V � �SW#�<VU�Q]&ZgW�ÅaÆ�V&dÀ·Q[=��VU�Kv-W#W�ÈU]&¸^W��\W��&��VU�&��¸gW�·SWfv-[j�*§K[XW
V�§K¸^v	¸ÃðaW�Å�Æ�VQ¹

3��(§_��[j§hWf�*§KV&d(v Û §_Vk·&V � ·&[�ºjVUv	�&]Q§hWfÅ�Æ�V�[jÚUV�Z^]Q§K¸�ÚfWb§K�_W�·&¸�ºa¸�VU�SW�¸ � §mCav v	[aº�Wf�&¸ � v-V � Z^¸�v-¸�§hW�·QV � d
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VU]	¸^v	�&Z �^ºa¸�§_V � d��SWf�_WYWE�K[j�&�K[ � [j�*§_W�Å�ÆfV,[xW���v�W�ða[a�&W�v-[j�(§_Vc·&V�ºjVU�Pø&[jºa¸�v-[j�*§KVYÈUZ�VUÜSW�ZS·Q[�]&ve¸��&·&¸��
Ú��^·Q]&V&dSÇ*]&[c�<V ��� W � [j���SW �K� Wf·&V�·&[cÈU[j�_W�ÅaÆ�V�WOÈU[j�_W�ÅaÆ�V&¹æ3��(§_Æ�V&d²W�Z�ÈUVU�K¸�§_v	V � ºj]&Z�§K]&�_Wf¸ � dSV � Ç*]SWf¸ �
v	Vw·Q[aZgWfvæW�[jÚ�VUZ^]&ÅaÆ�V�·&V�ºaVUv	�<V��&[a�(§_[Yºa]&Z�§_]&�KW�Z.·Q[X]&v � ¸ � §_[jv�W�ºjVUv	�&]Q§hWfºa¸^V��SW�ZL[jÚ�VUZ^]Q§K¸�Ú�V#W�V
Z�VU�&ÈUVO·&VO§_[jv-�`V&d²W��&��[ � [a�(§hW�væ]Qvæv-[jº�W��&¸ � v	VO[¦ýw�&Zp��ºa¸�§_VO·&[�W�Ç*]&¸ � ¸^Å�ÆfV&dSW���v�W[ðj[a�SWfv-[j�*§KV-[E¸��Z�
§K[aÈU�KW�Å�Æ�VE·SWE[¦ýw�`[a��¸pCa�Qºa¸gW\[�ºaV�v-�`VU��§_W�v	[a�(§_V\�SW � V�Z^]&ÅaÆ�VE·&VE�&�KVUÜQZ^[av-W\·&[�¸^�&·Q¸�Ú��^·&]QV � [�ÈU�K]Q�<V � ¹
?bv¨v-Vk·&[aZ�V�·Q[HÜ&] � º�Wx[1ÚUVUZ�]Q§_¸�ÚUV&dfºaVUv	Vb]&vçW�Z^ÈUV��K¸�§Kv-VNÈ�[a� Û §_¸^ºjV&d��Q�KVUÈU�KW�v-W�Å�Æ�V�ÈU[j� Û §K¸^ºaWQd�[ � §_�KW
�
§ Û ÈU¸^W�[jÚ�VUZ^]w§_¸�ÚfWQdwVU]#�&��VUÈU�_Wfv�W�ÅaÆ�VY[1ÚUVUZ�]Q§_¸�ÚfWQdw�`Vk·&[ � [j��] � W�·&VO�SWXv	Vw·&[jZgW�È�[ave·&V,ºjVUv-�`VU�&[j�(§_[
�`VU�&]&Z^W�ºa¸�VU�SW�Z`[av£W�Z^ÈUV��K¸�§Kv-V � ºa]QZ�§_]Q�_W�¸ � í � 
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Þ � � [j]&·&V���ºa½k·&¸^ÈUVOÜSâ � ¸^ºjVO·&[cW�Z^ÈUV��K¸�§Kv-V�ºa]&Z�§_]&�KW�Z Û í � 
[ú î Ý
ò�¥/ðñ�ñ�
��ª�é���� Ýæ| � [a]&·&V
�Aºa½k·&¸�ÈUVO·&V	W�Z^ÈUV��K¸�§Kv-V�ºa]&Z�§_]&�KW�ZC¹

t← 0
á

àA�&¸�ºa¸^W�Z^¸Òð�W��FW	�`VU�&]QZgW�ÅaÆ�V
POP (t)

á
àA�&¸�ºa¸^W�Z^¸Òð�W��7V-[ � �SWfÅaV	·&[Eºa�K[j�&Å�W �

BLF (t)
á

�)�.çè�9ª)�/�
_ ÚfW�Z^¸^W��H�`VU�&]&Z^W�Å�ÆfV

POP (t)
á

Atualizar(BLF (t), Aceitar(POP (t)))
á

Gerar(POP (t), Influenciar(BLF (t)))
á

t← t + 1
á

� [jZ^[jºa¸^V��SW��
POP (t)

·&[
POP (t− 1)

á
§Aª�~{� d�c ` l�o�h)i�cÊlk¾EÍAIsbÑe¾o ` c ` i�c-+�Í/o ` ��o/l(+1�Êá

Þ �&·&[
POP (t)

��[a�&��[ � [a�(§hWxVbºaV�v-�`VU�&[j�*§K[F�`VU�&]QZgW�ºj¸^VU�SWfZU�&Vb¸^� � §hW��(§_[
t
d
BLF (t)

�K[a�Q�K[ � [a�(§hW
VX[ � �SWfÅaVO·&[\ºa��[a�&ÅaW,�&VX¸^� � §hWf�*§K[

t
¹ Þ W�Z^ÈUV��K¸�§Kv-VcºaV�v-[jÅ�WXºaV�v WX¸��&¸^ºj¸gW�Z�¸Ãð�WfÅ�Æ�V\·SWX�`VU�&]QZgW�ÅaÆ�VX[

·&V�[ � �SW�ÅaV�·&[Hºj�K[j�&Å�W � dU[a�(§_Æ�Vx[j�*§K�_Wb�&VxZ^W�ÅaVb[jÚ�VUZ^]Q§K¸�Ú�V�Wf§ Û WbºaVU�&·Q¸^Å�ÆfV�·&[�§ Û �Kv	¸^�&V � [j� � Wf§_¸ � ��[j¸�§hWw¹
Þ�� ¸^�Q·&¸�Ú��^·Q]&V � ·&W��&�K¸�v-[j¸^�_W�ÈU[a�KW�Å�ÆfV � Æ�VËW�ÚfW�Z^¸^W�·&V � ] � W��&·&VË]&v-W���]&�&ÅaÆ�V{·&[�·&[ � [av	�`[s�

�PøQV&d
obj()

¹Ã|PV � §K[a�K¸�VU�Kv	[a�(§K[�d.W0¸^�Z��VU�Kv-W�Å�ÆfV#·&[-·Q[ � [jv-�`[a��ø&V Û ] � Wf·SW0ºjVUv-V?��[���[a��Ca�&ºj¸gWG�SW��_W
WG�&�KVk·&]&ÅaÆ�V�·&[-ÈU[a�&[j�_W�Z�¸ÃðaW�Å � [ �c� VUÜQ�K[�WG[¦ýw�`[a�K¸ Ca�&ºj¸gW��&W � VUZ�]&Å�ÆfV�·&[-]&vl�&�KVUÜQZ^[av-W?·&V � ¸��&·&¸��
Ú��^·Q]&V �x� [aZ�[aºa¸�VU�SW�·QV � ¹k?bv�W ��]Q�&Å�Æ�V#·Q[,W�ºa[j¸�§_W�Å�Æ�VQd

Aceitar()
dÀ·Q[j§_[j�Kv	¸^�SW-W�Ç*]SW�¸ � ¸^�&·Q¸�Ú��^·&]QV � d

�SWOÈU[j�_W�ÅaÆ�V�W�§_]SW�Z/·&W	�`VU�&]&Z^W�Å�ÆfV&d � [j�_Æ�V-�<[j�Kv	¸�§K¸^·&V � ºaVU�(§_��¸^Ü&]Q¸^�NºaV�væV-[ � �SW�ÅjV�·&[cºa��[a�&ÅaW � ¹ _ �
[DýQ�`[a��¸pCj�&ºa¸^W � ·&V � ¸^�Q·&¸�Ú��^·Q]&V �	� [aZ�[aºj¸^VU�SWf·&V ��� [a�KÆ�V�] � W�·SW � �&W��_W�W!å�] � §_W���V�ºjVU�Pø&[jºa¸�v-[j�*§KV�·&V
[ � �SW�ÅjV-·Q[cºj�K[j�&Å�W � �`[aZgW=��]&�QÅ�Æ�V

Atualizar()
j/ÜM¸^È�]&�_Wã7�7�y1¹

�H��[a�&ÅaW ��� ÆfV��&��Vw·&]�ða¸^·&W � ºjVUv	V-��[ � ]QZ�§hWf·&V�·SW	[¦ýw�`[a�K¸ Ca�&ºj¸gW	·&[Y]&væ¸��&·&¸�ÚZ��·&]&V	[�[j�(§hÆ�V���]Q�Z�
·&¸�·SW � ºaVUv�W�Ç*]&[aZ^W � ·&[#VU]w§_�KV � ¸^�&·Q¸�Ú��^·&]QV � d��&W��_W���VU��v�Wf��]&v �&V!ÚUV�ÈU��]&�<V�·&[#ºa��[a�&ÅaW � ¹�3 � §hW
Wf§K]SW�Z�¸Ãð�WfÅ�Æ�V	·&V#[ � �SW�ÅjVG·Q[Xºa��[a�&ÅaW � VwºjVU�K��[X·&]&�KW��(§_[,W¼ñj+
n!¾ � oC¾sb� �b��ÇòZoHdK+�¹k3 � §_W � �&V!ÚfW � ºj�K[a�QÅ�W �
� [a�_ÆfV�] � W�·SW � �SW��KW-ÈU]&¸^W��N[c¸^�Q�S]Q[a�&ºj¸gW��bW-[1ÚUVUZ�]&Å�ÆfV-·SW	�<V��&]&ZgWfÅ�Æ�V&¹F3�ZgW � �`Vw·&[jvæ¸^�Q�&]&[a�&ºj¸gW��bW



ì��îíeï�� !A&!ðm�-�/(>&!ñ}×;Ø��H�mØ�ð"$��^ñ ��� �

ÜM¸^È�]&�_Wã7�7�Ý��Bb�+�e�¾stFc
b"ub·&[E]&væW�Z�ÈUVU��¸�§_v	VYºj]&Z�§K]&�_WfZC¹

� [aZ^[jÅ�Æ�V\·Q[�¸^�&·Q¸�Ú��^·&]QV � �SWf�_W��K[j�&�KVk·&]&ÅaÆ�V\�`[aZgW�v-Vk·&¸ �&º�W�ÅaÆ�Vx·&V\·Q[ � [jv-�`[a��ø&VE·&V � ¸^�Q·&¸�Ú��^·Q]&V � df·&[
��VU��v�WbW���[j�S[1§_¸��MVx·Q[ � [jv-�`[a��ø&V\·SW � ºa�K[j�&Å�W � Ç*]&[�V � ¸^�&·&¸�Ú��^·&]&V � W�§_]SW�Z�v-[j�(§_[7�K[a�Q�K[ � [a�(§hWfv0¹è3�Z^W �
§_W�vXÜ Û v9�`Vk·&[av×¸��Q�S]&[j�&ºa¸^W���ºaVUv	VcW�Ú�Wf�K¸gWfÅ�Æ�VE·&V � VU�`[a�KW�·&VU��[ ��Û W��&Z^¸�º�W�·&W}: � �&V!Ú�W � ºj½U�&¸^W � ·&V �
¸��&·&¸�Ú���·&]&V ��� [jZ^[jºa¸^V��SW�·&V � ¹ Þ�� ·&V�¸ � º�W�v	¸^�PøQV � ·&[��S]cýQVY·&[x¸��A��VU�Kv-W�ÅaÆ�V&d(]&v¥Wf§K�_W�Ú Ûj� ·SW{��]Q�&Å � [ �
Aceitar()

[
Influenciar()

dQ[�VXVU]Q§K�KV,Wf§K�_W�Ú Ûj� ·SWX[Dýw�<[j�K¸pCj�&ºa¸^WY¸^�Q·&¸�Úk¸^·Q]SW�ZS·&[�¸��&·&¸�ÚZ��·&]&V � [x·&W
��]&�QÅ�Æ�V

obj()
ºa��¸gW�v¢]&v nsopn1ÍA¾se	+Ãlk¾ � oC¾sb�+�b��ÇòZo3+�l[ò�f`ã�+�¹

Þ W�Z�ÈUVU��¸�§_v	V�ºj]&Z�§K]&�_W�Z*��[a�`[j§_[7[ � §_[F�&�KVkºa[ �K� Vx�SW��_Wbº�W�·&W�ÈU[j�_W�ÅaÆ�V&dfWf§ Û W�ºjVU�&·&¸�Å�Æ�Vb·&[F§ Û ��v-¸��&V
�&� Û ��[ � �`[aºj¸ �SºaW�·SW � [a�#W�§_¸^�QÈU¸^·SWw¹ �x[ � §_W���VU�Kv-WQd�V�ºjVUv	�<VU�Q[a�(§_[0�<VU�Q]&ZgW�ºj¸^VU�&W�ZN[�V�[ � �SW�ÅjV{·&[
ºj�K[a�QÅ�W�¸��*§K[a�KW�ÈU[avl¸��Q�S]&[j�&ºa¸^W��&·&V0]&v�WfV�VU]Q§K�KV&d.·&[�]Qv�W ��V��Kv-W � ¸^v	¸^ZgWf�}:�[jÚ�VUZ^]QÅ�Æ�V�ºj]&Z�§K]&�_WfZ
ø*]&v-W��SWQ¹

DFE32RE
	 4 SåYZK/Ö75èQAT´S2O@MgK 4�5�Ó��gKN\�T�6 K/ÓæYw5

� WfZ^[a[jv¢[k��[�ùk�&V�Z^· � í � 
�8 î ¸�·&[a�(§_¸��Sº�Wfv¢ºj¸^�&ºjV,º�Wf§K[aÈUVU��¸gW � ÜSâ � ¸�º�W � ·&[\ºaVU��ø&[aºj¸^v	[a�(§_VOÇ*]&[\�`V��
·&[jv � [a��<Q§_[j¸ � �&W�§_V�v�W�·&WÝ·&[0·&[aºj¸ � � [ � ¹ 3�ZgW ��� ÆfV}V d�c `A� ¾�dso«e�¾ ` Í�c ` c
bÑe	+�Íqo���cLj�¸^�(§_[j��ÚfW�Z�V �
·&[EºjVUv-�`VU��§hW�v	[a�(§_V � W�ºa[j¸�§_â!Ú�[a¸ � y1dÕd�c `A� ¾�dso«e�¾ ` Í�c=nso�Í#ò&+�dsoHc ` +�ãFj3[Dýw[av	�&ZgW���[ � ·&[ � V�Z^]&Å � [ � ·Q[ � ]Z�
ºj[ �K� VEVU]X¸^� � ]&ºj[ �K� V.y1d^d�c `A� ¾�dso«e�¾ ` Í�c}lk¾Rl�c
e�
 ` oHc+j3ºjVU�Pø&[jºa¸�v-[j�*§KV\·&V�·&V�v ���&¸^Vb·&V � V�Ükå�[j§KV � d � [a] �
��[aZgWfºa¸^V��SW�v	[a�(§_V � d²[Y¸^�(§K[a�_WfÅ � [ � y"d2d�c `A� ¾�dso«e�¾ ` Í�c � opn1Í��
bsoHd�c�j��SW�·&� � [ � §_[jv-�`VU�KW�¸ � ·&[�ºaVUv	�<V���§hW)�
v	[a�(§_V9y1d([=d�c `A� ¾�dso«e�¾ ` ÍUc�ÍUc�f0cm��b� �r;d�cãj3�SW�·Q� � [ � [ � �SW�ºa¸^W�¸ � ·Q[bºjVUv	�<VU��§hW�v	[a�(§KV.y1¹�3 � §_[bºaV���å�]&�(§_V
·&[?ºaWf§_[jÈUVU�K¸^W �,Û Úk¸ � §KV�ºaVUv	V�ºaVUv	�&Z^[1§_V��SW��KW�]&v ·SW�·QVÝ·&V�v ���&¸^V��QV � [a�(§_¸�·&V�·&[0Ç*]&[#§KVw·&V�V
ºjVU�Pø&[jºa¸^v	[a�(§KV	·Q¸ � �`VU�,��ÚU[jZ/�<Vk·&[ � [j��[¦ýw�&�K[ �K� W�·&V�[jv §_[j�Kv	V � ·&[E]&v-WO·Q[ � §_W � ºaZ^W �K� ¸ �SºaW�Å � [ � ¹
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��� îB�q�0�/� ¤®�w�6¦6��¢9�/é�����ª��Ú� �ñ�
é�§Aª)��)w�

Þ ºjVU�Pø&[jºa¸�v-[j�*§KVË�&VU�Kv-Wf§K¸�ÚUV Û ]&v ºjVU��å�]&�(§KV�·&[�¸��*§K[a��Ú�WfZ^V � ·&[�ÚfW���¸gâ�ÚU[j¸ � ºaVU� � ¸^·Q[a�_Wf·&V �
�&��VUv	¸ �K� VU�K[ � d*Ç*]&[b�&�KV!Ú�Cjvá�SW�·&� � [ � �SWf�_W�ºjVUv	�<VU��§hW�v	[a�(§KV � ·&V � ¸^�&·Q¸�Ú��^·&]QV � [�·Q¸^�K[1§_¸�Ú�W � �&W��_WEV �
Wèå�] � §_[ � ·&V � ¸��&·&¸�ÚZ��·&]&V � ¹ Þ ºaV��Pø&[aºj¸^v	[a�(§_V\�QVU�Kv-Wf§_¸�ÚUV�¸^� � §_�K]Q¸QV � ¸��&·&¸�ÚZ��·&]&V � �SW��KWRâ � [Hv-V!ÚU[j���&V
¸��*§K[a��Ú�WfZ^V�ºj[a��§_V�ä � [,[jZ^[ � Wf¸^�&·SW-�SÆ�V#[ � §_¸�ÚU[a��[av¡Z^âQ¹k|MWf�_W�º�Wf·SW#ºaVUv	�<V��&[a�(§_[Y·&V#ºaVU��ø&[aºj¸^v	[a�(§_V
�&V��Kv-Wf§_¸�ÚUV&d&[Dýw¸ � §K[�]QvæZ^¸^v	¸�§K[ � ]&�<[j�K¸�VU��[�¸��A��[a��¸^VU�jdQ[cV	ÚfW�Z�VU�N·&[c·&[ � [av	�<[j�Pø&V��&W��_WO¸^�&·Q¸�Ú��^·&]QV �
�&V � Z�¸^v	¸�§K[ �7� ]&�`[a��¸^VU��[ � [E¸^�A��[j�K¸^V��K[ � j/ÜM¸^È�]&�_W¾7�ú9y1¹

ÜM¸^ÈU]Q�_Wã7[úAÝ23 � §_�K]w§_]&�KW	·&V	ºaV��Pø&[aºj¸^v	[a�(§_VO�&V��Kv-Wf§_¸�ÚUV&¹

|.W��_WGº�W�·SW?ÚfW��K¸^â!Ú�[aZ
Vi

d�WG[ � §_�K]w§_]&�KW0·&[-·SW�·&V � ºaV��*§ Û vlV � Z^¸^v	¸�§K[ � ¸��A��[a��¸^VU�\[ � ]Q�<[j�K¸^V��
li
d

ui

dS[cV,ÚfW�Z�VU��·&[E·&[ � [av	�`[a�Pø&V	�SW��KW,V � ¸^�&·&¸�Ú��^·&]&V � �&V � Z^¸�v-¸�§_[ � ¸��A��[a��¸^VU��[ � ]&�`[a�K¸�VU�ad
Li

[
Ui

¹ _
Wf§K]SW�Z�¸Ãð�WfÅ�Æ�VX·QV	Z�¸^v	¸�§K[x¸^�Z��[a�K¸�VU�H�&W��_WOVO�SW��_Áfv-[1§_�KV

j
Û ·Q[j§_[j�Kv	¸^�SWf·&V,�<V��ÌÝ

Lt+1

j =







f(xi) se xi,j ≤ ltj ou f(xi) < Lt
j

Lt
j caso contrario

jq	w¹ � ú9y

lt+1

j =







xt
i,j se xt

i,j ≤ ltj ou f(xt
i) < Lt

j

ltj caso contrario

jq	w¹ � 	�y

VU�Q·&[\V
i
� Ûj� ¸�v-V,¸��&·&¸�Ú���·&]&VX�`Vw·Q[EW���[j§_W���VOZ^¸�v-¸�§_[b¸^�A��[j�K¸^V��H�SW��KW,V,�SW��_Áfv-[1§_�KV

j
dS[

ltj
�K[j�&�K[ � [a�(§_W

V-Z^¸^v	¸�§K[�¸^�Z��[a�K¸�VU���SW��KW-V��&W��_Á�v	[j§K�KV
j
�SW�ÈU[j�_W�ÅaÆ�V

t
¹

Lt
j

��[a�&��[ � [a�(§hW#V-ÚfW�Z�VU��·&[Y·Q[ � [jv-�`[a��ø&V&¹
_ Wf§K]SW�Z�¸Ãð�WfÅ�Æ�V,·&VOZ�¸^v	¸�§_[ � ]Q�<[j�K¸^V��N�SW��_WOVO�SW��KÁ�v-[1§_��V

j
Û ·&¸�§_W�·SWX�`VU�ÌÝ

ut+1

j =







xk,j se xk,j ≥ ut
j ou f(xt

k) < U t
j

ut
j caso contrario

jq	w¹ � û9y

U t+1

j =







f(xk) se xk,j ≥ ut
j ou f(xt

k) < U t
j

U t
j caso contrario

jq	w¹ � ÿ9y

VU�Q·&[-V
k
� Ûa� ¸�v-VG¸^�Q·&¸�Ú��^·Q]&VGW���[j§_W0V�Z�¸^v	¸�§K[ � ]&�`[a��¸^VU�c�SW��KW0V0�SW��_Áfv-[1§_�KV

j
dM[

ut
j

��[a�&��[ � [j�(§hW�V
Z�¸^v	¸�§_[ � ]Q�<[j�K¸^V��N�SW��_W,V	�SW��KÁ�v-[1§_��V

j
¹
U t

j

�K[a�Q�K[ � [a�(§hW	V	ÚfW�Z�VU��·&[E·&[ � [jv-�`[a�PøQV&¹
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? � W��&·QV�V�v	[aºaW��&¸ � v-VGW��Q�K[ � [a�(§hWf·&V�W�ºa¸�v�WwdPV0¸^�(§_[j��ÚfW�Z�VG�`Vk·&[ � [�v	V!ÚU[a��[avl·&¸��K[aÅaÆ�V0W�V �
Z�¸^v	¸�§_[ � ¸^�A��[j�K¸^V��F[ � ]&�<[j�K¸�VU��[avá§_[jv-�`V,�K[aW�ZCdk·&[]��VU��v�WYW,W�ºaVUv	�SW���øSW���WfZ�§_[j�_W�Å � [ � �&VOWfvXÜ&¸^[j�(§_[
j/ÜM¸^ÈU]Q�_W¾7�	�y1¹

ÜM¸^ÈU]Q�_Wã7�	ZÝ2��[s��[ � º�W�Z�VU�SW�v	[a�(§_VO·&VOºjVU�Pø&[jºa¸^v	[a�(§KV-�&V��Kv-Wf§_¸�ÚUV&¹

��� îB�q�0� � ¤®�w�6¦6��¢9�/é�����ª��{¤N�«ª)� §0¢9�/�w� §0¥

Þ ºjVU�Pø&[jºa¸^v	[a�(§KV � ¸�§_]SWfºa¸^V��SW�ZN�&��VèÚ�C�]&v ºaV���å�]&�(§_VÝ·&[�ºaW � V � W�v	V � §K�_W�·&V � Ç*]&[ � Æ�VÚ<Q§_[j¸ �
�SWf�_W#W�¸^�(§K[a�K�Q�K[j§_W�Å�ÆfV#·SW#[¦ýw�<[j�K¸ Ca�&ºj¸gW�·&V � ¸��&·&¸�ÚZ��·&]&V � ¹ Þ ºaV��Pø&[aºj¸^v	[a�(§_V � ¸�§K]SW�ºa¸�VU�SW�Z.ÈU]&¸^W�V �
¸��&·&¸�Ú���·&]&V � �SWf�_W � [2âAv-V!ÚU[j�L[av ·&¸^��[aÅaÆ�VxWfV � v	[aZÒø&VU��[ � ¸^�&·&¸�Ú��^·&]&V � ähd � [a��Úk¸��&·&VxºjVUv	V�]&v-W�[ � � Û ºj¸^[
·&[N[Dýw[av	�&Z^VEW � [a� � [jÈU]&¸^·QV&¹è�HVU�(§ Û v×]&vÌºaVU�èå�]&�(§_VE·&[N[¦ýw[jv-�&Z^W��K[ � ·SW��`VU�&]&Z^W�Å�Æ�V

e1, e2, . . . , en

d
VU�Q·&[

n
Û V	�.<&v	[a�KVO·&[E[DýQ[jv-�QZgW���[ � �&VOºaVU��ø&[aºj¸^v	[a�(§_V � ¸�§_]SW�ºj¸^VU�&W�ZC¹

_ [ � §_�K]w§_]&�KW�·&[c·SW�·&V � ·&V-ºaVU�PøQ[aºa¸�v-[j�(§_V � ¸�§K]SW�ºa¸�VU�SW�Z Û �K[j�&�K[ � [j�*§_W�·SW�ºjVUv	V-]&v-WOZ^¸ � §hWO·&[
¸��&·&¸�Ú���·&]&V � dSVU�&·&[�º�W�·SW-[¦ýw[av	�&ZgWf���&V-ºaVU��ø&[aºj¸^v	[a�(§_V-ºaVU�(§ Û v ]Qv ÚfW�Z�VU���SW��KW-º�Wf·SW-�SWf�_Á�v	[j§K�KV
[ � [j]GÚfW�Z�VU��·&[cW�·Q[aÇ*]SW�ÅaÆ�V�j/ÜM¸^È�]&�_Wã7[û�y1¹

ÜM¸^È�]&�_Wã7[ûZÝ23 � §_��]Q§_]&�KW	·QV-ºjVU�Pø&[jºa¸^v	[a�(§KV � ¸�§K]SW�ºa¸�VU�SW�Z�¹

_ Wf§_]SWfZ^¸ÃðaW�Å�ÆfVY·&VXºjVU�Pø&[jºa¸�v-[j�*§KV � ¸�§_]SWfºa¸^V��SW�Z`W�·&¸�ºa¸^V��SW�VXv	[aZÒø&VU�7¸^�&·Q¸�Ú��^·&]QV�·SW��<VU�Q]&ZgW�ÅaÆ�V
W�V�ºaV���å�]&�(§_VÝ·&[0ºjVU�Pø&[jºa¸�v-[j�*§KV � [0[jZ^[ � ]&�`[a�KW��	VÝv	[aZÒø&VU�,ºaV��Pø&[aºj¸^·&VÝVU]�[aZgW��K[j¸^�&¸�ºa¸^W�W�ºjVU�Z�
å�]&�(§KV	·QV,ºaVU�PøQ[aºa¸�v-[j�(§_V � ¸�§_]SW�ºj¸^VU�&W�Z<Ç*]SWf�&·&V	]&v�W,WfZ�§_[j�_W�ÅaÆ�VX·&V	W�vYÜ&¸^[j�*§K[ Û ·&[1§_[aº1§hW�·&WQdSºaVUv	V
v	V � §_W�·&VOW � [jÈU]&¸^��Ý

< Et+1

1 , Et+1

2 , . . . , Et+1

e >=



















< xt
bst, E

t
1, . . . , E

t
e−1 > se f(xt

bst) > f(Et
i)

< xt
bst > se alteracao detectada

< Et
1, E

t
2, . . . , E

t
e−1 > caso contrario

jq	w¹Ò��89y
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VU�Q·&[
xt

bst

Û VOv	[aZÒø&VU��¸��&·&¸�Ú���·&]&V,·SW,�`VU�&]&Z^W�Å�Æ�VO�&VO¸�� � §_W��(§_[
t
¹

��� îB�q�0� î ¤®�w�6¦6��¢9�/é�����ª��ÝÄF�ñçè�wðñ�è'��Õ¢��

Þ ºaVU�PøQ[aºa¸�v-[j�(§_V�§_V��<VUÈ��_â��SºjVÃ��VU¸MV��K¸^È�¸^�SW�Z�v-[j�(§_[c�&�KVU�`V � §_V?�SW��KW#Wf§_]SWf� � VUÜQ�K[O�SW�·&� � [ � ·&[
ºj[a�Sâ���¸^V � ��]&�&ºj¸^VU�&W�¸ � ÜSW � [�W�·&V � [av��K[jÈU¸ � [ � í � 
�	 î ¹�
PVw·QV�V�ºj[a�Sâ���¸^V Û ·&¸�Úk¸�·&¸^·&VG[av�º Û Z^]&Z^W � d.·&[
W�ºjVU�K·QV�ºjVUv ºaW��_W�º1§_[j�m� � §_¸�º�W � [ � �SW�ºj¸gW�¸ � d�[�ºaW�·SW{º Û Z^]&Z^W�v�Wf�*§ Û v ¸��A��VU��v�W�Å � [ � ·&V � v	[aZÒø&VU�K[ �
¸��&·&¸�Ú���·&]&V � ·&[j�*§K�KV0·&[ � ]SW � ��[aÈU¸ � [ � ¹ Þ ºjVU�Pø&[jºa¸^v	[a�(§KV0§_V��<VUÈ��_â��SºjV0È�]&¸gW?V � ¸��&·&¸�ÚZ��·&]&V � �SWf�_W
[jvX]&ZgWf��VOv-[jZÃø&VU�H·SW	º Û Z�]&ZgW>j�[aÇ*]&¸�ÚfW�Z�[a�(§_[cW,]&v£½f§_¸^v	VXZ�VwºaW�Z«y"¹

�{�K[j�&�K[ � [j�*§_W�·&V,�`VU�7]&v�Wcv�W�§_�K¸Òð�vX]&Z�§K¸���·&¸^v	[a� � ¸^VU�&W�ZwºjVUváº Û Z^]SW � ·&[ � ºa��¸�§hW � �`VU�
c1, . . . , cj

d
VU�Q·&[

j
Û V-�.<&v	[a��V�·&[�·&¸^v	[a� � � [ � [

ci

Û V	§_W�v-W��Pø&V	·SW-º Û Z�]&ZgWO�SW��KW�W
i
� Ûj� ¸^v-W,·&¸^v	[a� � Æ�V&¹ Þ

ºjVU�Pø&[jºa¸^v	[a�(§KV	[ � §K�K]Q§K]&�_W�·QV Û ¸��&¸^ºj¸gW�·&VY�<[jZgW,W�v	V � §K�_W�È�[av ·Q[\]&v�W � VUZ^]&ÅaÆ�V,[av º�W�·SW,º Û Z^]QZgWX·SW
v-Wf§_��¸ÃðfdQ[EWOºa�K¸^W�Å�ÆfV,·&[E]&v�W,Z�¸ � §_WX·SW � v	[aZÃøQVU�K[ �

n
º Û Z�]&ZgW � �SW	v-Wf§K�K¸Ãð=jqÜM¸�ÈU]&�KWã7[ÿ9y1¹

ÜM¸^ÈU]Q�_Wã7[ÿAÝ23 � §_�K]w§_]&�KW	·&VOºjVU�Pø&[jºa¸^v	[a�(§KV	§KVU�<V�ÈU�_â��&ºaV&¹

_ ��]&�&Å�ÆfV�·&[�W�§_]SW�Z�¸ÃðaW�Å�Æ�V?·&¸�Úk¸^·&[	]&v-W0º Û Z^]&Z^W0[jv�º Û Z�]&ZgW � v	[a�&VU��[ ��� [#W0W�·&[aÇ*]SWfÅ�Æ�V@j~r�Í��
` ¾�n�nmyF·Q[�]&v ¸^�&·&¸�Ú��^·&]&V Û v	[aZÒø&VU��·QV-Ç*]&[�WOW�·&[aÇ*]SWfÅ�Æ�V	·SWOv-[jZÃø&VU� � VUZ�]&Å�Æ�VO[j�&ºaVU�(§K�_W�·SWO�&[ �K� W
º Û Z^]QZgWQ¹ � [x]&v-WYº Û Z^]QZgW Û ·&¸�Úk¸�·&¸^·SW\[jv¢º Û Z^]QZgW � v-[j�&VU��[ � dQW � �QVèÚfW � º Û Z^]&Z^W �H� Æ�V,W�v	V � §K�_W�·&W � [�V �
��[ � ]QZ�§hWf·&V � ] � W�·&V � �SW��KW	W�§_]SW�Z�¸ÃðaW���W,Z^¸ � §_WX·&[cWf§_]SWf¸ � v	[aZÃøQVU�K[ �

n
º Û Z�]&ZgW � ¹

?bv�WYº Û Z�]&ZgW Û �SW���§K¸^ºj¸^VU�SWf·SW � [EWXW�·&[jÇk]&W�Å�Æ�VO·&[x]&v ¸��&·&¸�Ú���·&]&V � [aZ�[aºa¸�VU�SW�·QVX�&[ ��� W,º Û Z^]&Z^W Û
v	[aZÒø&VU�N·&V	Ç*]&[XWOv-[jZÃø&V�� � VUZ^]QÅ�Æ�VO[a�QºaVU�(§_�KW�·SW��Q[ �K� W�º Û Z^]&Z^WOWf§ Û [a�(§hÆfV&d²VU] � [XW	W�·&[jÇk]&W�Å�Æ�V � [
W,W�·Q[aÇ*]SW�ÅaÆ�V-·&WOv	[aZÒø&VU� � VUZ^]QÅ�Æ�VOW�]Qv-[j�*§KVU]?·&[a�`VU¸ � ·SW,·&[j§K[aºaÅaÆ�V	·&[\]&v£[1ÚU[a�(§KV�·&[\vX]Q·SW��&ÅaWQ¹

� ]SW��Q·&V{]&v [jÚU[j�(§_V�·&[�vX]&·SWf�&Å�W��&VËWfvXÜ&¸^[j�(§_[�VkºaV��K�K[fdb§KVw·&W � W � Z�¸^È(WfÅ � [ � ·SW�Z^¸ � §hW � [
§KVU�K�SWf�_Æ�Vc�*]&ZgW � [xWcv	[aZÒø&VU� � VUZ�]&Å�ÆfV�·&[�º�W�·&Wcº Û Z^]QZgW � Æ�V��K[s�AW�Ú�WfZ^¸gWf·SW � ·&[bv-Vk·&V�W��&��VU�`VU�Kºj¸^VU�SWf�
]&v��&V!ÚUV��&W���§K¸^ºa¸�VU�SW�v	[a�(§KV0·SW � v-[ � v-W � ¹ÿ��W�·SW�º Û Z^]&Z^W0�SW0[ � §K�K]Q§K]&�_W�·Q[�·SW�·&V � ºaVU�(§ Û v�]Qv
¸��*§K[a��Ú�WfZ^V�¸��A��[a��¸^VU��[ � ]Q�<[j�K¸^V��

([1, u]1, . . . , [1, u]n)
�SW��_W#W �

n
ÚfW��K¸^â!Ú�[a¸ � d/W � v-[jZÃø&VU��[ ��� VUZ^]QÅ � [ �

[j�&ºaVU�(§K�_W�·SW � W�§ Û VOv-VUv	[a�(§KV&d&[\]&v£�`VU�(§_[j¸^��V	�&W��_W � ]&W ��� ]&Ü`·&¸�Úk¸ � � [ � ¹
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��� îB�q�0��ö ¤®�w�6¦6��¢9�/é�����ª��Ú�6�����wé�ë/�����

Þ ºaV��Pø&[aºj¸^v	[a�(§_V}·&V{·&VUvÊ�^�&¸�V�] � W�ºjVU�Pø&[jºa¸^v	[a�(§KV � VUÜQ�K[�V�·QVUv ���&¸^V�·&V��Q�KVUÜ&Z�[av-WÝ�SWf�_W
·&¸��K[jºa¸^V��SW��NW,Ü&] � º�WQ¹æ|.V��b[Dýw[av	�&Z^V&dS[jv£]&v£ºj[a�Sâf�K¸^V¾��]&�Qºa¸^V��SW�ZÀºjVUv-�`V � §_VO�<V��NºaVU�&[ � d²V	ºaVU�PøQ[s�
ºj¸^v	[a�(§_V-W�ºa[j�KºaW�·SW ��VU��v�WO·&V-ºaVU�&[�[Y·&V � �SW��KÁ�v	[j§_��V � �K[aZ^W�ºa¸�VU�SW�·QV ��Û <Q§K¸^ZL�&V-§K�_W�Ü&W�ZÃø&V � VUÜQ�K[
V � v	[ � v-V � d&·&]Q�_W��(§_[EV,§_�KW�ÜSW�ZÒø&V,·&[EÜ&] � º�WQ¹7��È�[a�&[j�_W�Z�¸Ãð�Wf·&VX�SW��KW,V	¸��(§_[a��ÚfW�Z^V,·&[E·&V�v ���&¸^V � ·&[
ºaW�·SWO�SW��_Áfv-[1§_�KVO[EV � v	[aZÃøQVU�K[ � [¦ýw[av	�&Z^V � ·QV-[ � �SW�ÅjV��`VU�&]&Z^W�ºa¸�VU�SW�Z�dw·Q[{��VU��v�W � [av	[aZÒøSW��(§_[�W�V
ºjVU�Pø&[jºa¸^v	[a�(§KV � ¸�§K]SW�ºa¸�VU�SW�Z�¹

Þ v	[aºaW��&¸ � v-V?·&[-Wf§K]SW�Z^¸Òð�W�ÅaÆ�V#�SW��KW0VGºaVU�èå�]&�(§_V�·Q[-ºjVU�Pø&[jºa¸^v	[a�(§KV�·&[	·&VUvÊ�^�&¸�V?W�·&¸�ºa¸^V��SW
W	v-[jZÃø&VU� � VUZ^]&ÅaÆ�V�[j�&ºaV��*§K�_W�·&W�Wf§ Û ]&v ·&[j§K[a��v-¸��SW�·&V-v-VUv	[a�(§KV � [Y[aZ^WÊ��VU�bv	[aZÃøQVU��Çk]Q[,W�W�·Q[s�
Ç*]SW�ÅaÆ�V�·QV0v	[aZÒø&VU�E¸^�&·Q¸�Ú��^·&]QVG�QV0ºjVU�Pø&[jºa¸^v	[a�(§KV�·&[	·&VUvÊ�^�&¸�V&¹ _ �&��¸^�&ºj¸^�SWfZ�·&¸ ��[j�K[j�&Å�WG·&V�ºjV��
�PøQ[aºa¸�v-[j�(§_V � ¸�§K]SW�ºa¸�VU�SW�Z Û Ç*]&[YV�ºjVU�Pø&[jºa¸�v-[j�*§KV�·&[�·&VUvÊ�^�&¸�VO�SÆ�V Û �K[j¸^�&¸�ºa¸gWf·&VO�SW � WfZ�§_[j�_W�Å � [ �
·&V�W�vXÜ&¸�[a�(§_[f¹ _ ¸^· Û ¸gW Û ] � W��XW0ÚfW��K¸^W�Å�Æ�V0·&V�ÚfW�Z^V��Y·&[#Wf·&[aÇ*]SW�ÅaÆ�V��SW��KW�ÈU[a�KW��Y]Qv �,��ÚU[jZ�·&[
·&¸�ÚU[j� � ¸�·SW�·&[?[?]&v �&W �K� VÝ·&[GvX]Q§_W�Å�ÆfV��Q�KVU�`VU�Kºj¸^VU�&W�Z;:�v�WfÈU�&¸�§K]&·&[�·Q[GvY]&·SW��&ÅaW��&W � VUZ^]&ÅaÆ�V
½�§K¸^v-WYW��(§K[ � [�·&[j�<V�¸ � ·SWXVkºaV��K�mCj�&ºa¸^WY·&[ �K� WOvX]&·&W��&Å�Ww¹ _ ·&¸ ��[j�K[j�&Å�WX�SW � VUZ^]QÅ�Æ�V,½�§K¸^v-W Û [j�(§hÆ�V
v-W��`[�W�·SW��SW��_W�º�W�·SWX¸��(§_[a��ÚfW�Z^V�·&[\�SW��KÁ�v-[1§_��V,W��Sv¥·&[�ÈU[j�_W��H�SW �K� V � ·&[�vY]Q§hW�ÅaÆ�V,] � W��&·&V,]&v-W
��]&�QÅ�Æ�VOºaV�v-V,Ý

Sj =
rj · λ

melhor

jq	w¹Ò� � y

VU�Q·&[
Sj

Û V�§_W�v�Wf�Pø&V�·QV��SW �K� V�·&V��SWf�_Á�v	[j§K�KV
j
d
rj

Û V�¸^�(§_[j��ÚfW�Z^V0·&V��SWf�_Á�v	[j§K�KV
j
d�[

λ
Û

W�·&¸ ��[j�K[a�QÅ�WÝ·QVÝÚfW�Z^V��	·Q[�W�·&[jÇ*]SW�Å�ÆfVaj�r�Í ` ¾�n�nmyX[a�(§_��[�V}v	[aZÒø&VU�,¸^�Q·&¸�Ú��^·Q]&VÝ[0V}�&V!Ú�V�v-[jZÃø&V��
¸��&·&¸�Ú���·&]&V	[a�&ºjVU�(§_�_Wf·&V#Wf§ Û W�ÈUV��_WQ¹ _ ��]&�QÅ�Æ�V�·Q[XWf§K]SW�Z^¸Òð�W�ÅaÆ�V	·&V�ºjVU�Pø&[jºa¸^v	[a�(§KV�·&[X·&V�v ���&¸^V Û
·SWf·SW,�<VU��Ý

< Dt+1

1 , Dt+1

2 , . . . , Dt+1

d >=







< xt
bst, D

t
1, . . . , D

t
d−1 > se f(xt

bst) > f(Dt
i)

< Dt
1, D

t
2, . . . , D

t
d−1 > caso contrario

jq	w¹Ò����y

VU�Q·&[
Dt+1

1

[
Dt+1

2

� Æ�VcVcv-[jZÃø&VU�M[ � [aÈU]&�Q·&V�v	[aZÒø&VU��¸��&·&¸�Ú���·&]&V � ·QV�ºjVU�Pø&[jºa¸^v	[a�(§KV�·&[b·&VUvÊ�^�Q¸^V&d
��[ � �`[aº1§_¸�Ú�Wfv-[j�*§K[�dS[

xt
bst

Û VOv-[jZÃø&VU�H¸^�&·&¸�Ú��^·&]&V,·QV	[ � �SWfÅaV��`VU�&]QZgW�ºj¸^VU�SWfZC¹

��� îB�q�0��� ¤®�w�6¦6��¢9�/é�����ª������/­�ª��ñ�
�q¢��

Þ ºaVU��ø&[aºj¸^v	[a�(§_V÷ø&¸ � §K½U�K¸�ºaV�VU]X§K[av	�<V��_W�Zwv-VU�Q¸�§_V��_W�V\�Q�KVkºa[ ��� VE·&[NÜ&] � º�W\[NWf�Kv-W[ða[j�SW�[jÚ�[a�Z�
§KV � ¸�v-�`VU��§_W��(§_[ � ·SW�Ü&] � ºaWQ¹'3 � §_[ � [jÚ�[a�(§_V � ¸^v	�<VU��§hW��(§K[ � �<Vk·&[av � [j�H]&v¥v	VèÚk¸�v-[j�*§KV � ¸^ÈU�&¸��Sº�W)�
§K¸�ÚUV��&V#[ � �SW�ÅaV?·&[YÜ&] � ºaW#VU]�W�·&[j§K[aºjÅ�Æ�V?·&[X]Qv�W�WfZ�§_[j�_W�ÅaÆ�V��&V#ºj[a�Sâf�K¸^VQ¹}àA�&·&¸�Ú���·&]&V � È�]&¸gW�·QV �
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�`[aZ�V�ºaVU��ø&[aºj¸^v	[a�(§_V ø&¸ � §K½U�K¸�ºaV��`Vw·Q[avmºjVU� � ]&Z�§_W���[ � §_[ � [jÚU[j�(§_V � W��Kv-W[ðj[a�SW�·QV � �SW��KW#W�]�ýw¸^Z�¸gW��bW
� [aZ^[jÅ�Æ�VO·SWO·&¸��K[aÅaÆ�VO·&VOv-V!Úk¸^v	[a�(§KV&¹

Þ ºjVU�Pø&[jºa¸^v	[a�(§KV ø&¸ � §_½��K¸^ºjV0ºjVU�(§ Û v ]&v-W?v Û ·&¸gW?·SW0vY]&·SW��&ÅaW�·&[-·&¸ � §hÁ��&ºj¸gW?[-·Q¸^�K[jÅ�Æ�VQdM[
]&v-WXZ^¸ � §_WX·&[E[jÚU[j�(§_V � ·&[EvX]&·SW��QÅ�WOW��Kv-W[ðj[a�SW�·QV � jqÜM¸�ÈU]&�_W¼ú�89y1¹

ÜM¸^ÈU]Q�_W@ú�8AÝ23 � §_�K]w§_]&�KW	·&V	ºaV��Pø&[aºj¸^v	[a�(§_VFø&¸ � §K½U�K¸�ºaV&¹

VU�Q·&[
w
��[a�&��[ � [a�(§hWGVG§_W�v�Wf�Pø&V?·SW#v-[jv-½��K¸gW��&W��_W#V ø&¸ � §_½U��¸^ºaV#·Q[-[1ÚU[a�(§KV � ·&[OvX]Q·SW��&ÅaWQd

(ds1, . . . , dsn)
d�[

(dr1, . . . , drn)
� Æ�VxW�v Û ·&¸^W�·&W � vX]&·SW��QÅ�W � W�vXÜ&¸�[a�(§hWf¸ � �SW�·&¸ � §hÁ��Qºa¸gW�[7·&¸��K[aÅaÆ�V

��[ � �`[aº1§_¸�Ú�W�W�º�W�·&W
n
�SWf�_Á�v	[j§K�KV&¹

el

W�§ Û
ew

� ÆfV�[jÚ�[a�(§_V � ·&[-vX]&·SWf�&Å�W��&W��_W�ºaW�·SW�WfZ�§_[j�_W�ÅaÆ�V
Ç*]&[	W�v	[aZÃøQVU� � V�Z^]&ÅaÆ�V#·&VGW�vXÜ&¸�[a�(§_[OWf�*§K[a��¸^VU��[	W�·&¸��K[jÅ�Æ�VGW#Ç*]SW�Z�ºaW�·SW#�SW��KÁ�v-[1§_��V#v-V!ÚU[O[jv
·&¸��K[jÅ�Æ�V	W�VOv	[aZÃøQVU��¸^�Q·&¸�Ú��^·Q]&V,W���v�W[ðj[a�SWf·&VO�SW	Z�¸ � §hWX·&[Vø&¸ � §_½��K¸^ºjV&dQ·Q[E§_W�v-W��Pø&V

w
¹

� ]SW��Q·&V�]&v�WNWfZ�§_[j�_W�ÅaÆ�VNW�vYÜ&¸^[j�*§_W�Z�VkºaV��K�K[M�&V�¸^� � §hW��(§_[
t
d�W�v	[aZÒø&VU� � VUZ^]&ÅaÆ�V�Wf§K]SW�Z

(x1, . . . , xn :

f)
Û W��Kv-W[ðj[a�SW�·&W\å�]&�(§_V�ºaVUv � ]&W-vX]&·&W��&Å�W-·&[Y·&¸��K[aW�Å�Æ�V

(dr1, . . . , drn)
[a�(§_��[YV � �SW��KÁ�v-[1§_��V �

·&V�v-[jZÃø&VU��¸^�&·Q¸�Ú��^·&]QV�·&V�v	VUv	[a�(§_V�[XV#v-[jZÃø&V���¸��&·&¸�Ú���·&]&V�Wf�*§K[ � ·SW�W�Z�§K[a�_WfÅ�Æ�V#WfvXÜ&¸^[j�(§hW�Z�¹ _
·&¸��K[jÅ�Æ�V

drj

�`Vw·Q[�§KVUv-W���Wf§ Û §K�mC � ÚfW�Z�VU�K[ � Ý � d�� � d(VU] 8Q¹ � ]&W��&·&V
ek ·drj

Û ¸^ÈU]SWfZ&W � d*¸^�&·&¸�º�W�Ç*]&[
V#ÚfW�Z^V��x·&V?�SW��KÁ�v	[j§_��V

j
W�]Qv-[j�*§_W#[a�(§_��[	½f§_¸^v	V � �&WGW�§_]SW�ZMvX]&·SW��QÅ�W#·&VGW�vXÜ&¸�[a�(§_[

ek

[
ek−t

á
VU]

ek · drj

� [c¸^ÈU]&W�ZgWXW+� � �SW��_W,¸��&·&¸^ºaW���Ç*]&[EVOÚ�WfZ^VU�F·&V-�&W��_Á�v	[j§K�KV
j

��VU¸À·&¸�v-¸��k]A�^·&V&dkVU]GW�¸��&·SW
ðj[a�KVQdwºaW � V�ºaVU�(§_�Kâ��K¸�V&¹ _ � [jÈU]&¸^�(§K[���]&�&ÅaÆ�V � ]&v-W��K¸Òð�WE[ � §_W � ºjVU�&·&¸�Å � [ � [ Û ] � Wf·SW��SW�Wf§_]&W�Z^¸Òð�W�ÅaÆ�V
·SW,·&¸��K[jÅ�Æ�VO·&VO�SW��KÁ�v	[j§_��V

j
·&V

k
� Ûa� ¸�v-V,[1ÚU[j�*§KV,Ý

ek · drj =



















1 se ek · xj − ek−1 · xj > 0

−1 se ek · xj − ek−1 · xj < 0

0 caso contrario

jq	w¹Ò��
9y

� ]SW��Q·&VO]&v �&V!Ú�V-[1ÚU[a�(§KV-VkºaVU���K[fdSWX·&¸ � §hÁ��Qºa¸gWXv Û ·Q¸gWY·&VOv	V!Úw¸�v-[j�(§_V Û ·&[1§_[a��v-¸��SW�·SWX�`VU��Ý
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dsj =

w−1
∑

k=1

|ek · xj − ek+1 · xj|

w − 1

jq	w¹Ò�
5.y

VU�Q·&[
xj

Û V,Ú�WfZ^VU��·QV	�&W��_Á�v	[j§K�KV
j
·&WOv	[aZÒø&VU� � VUZ^]QÅ�Æ�VO�&VOv	VUv-[j�(§_V,Ç*]&[EVO[jÚU[j�(§_V

ek

VkºaV��K�K[fd
w
Û V��.<&v-[j�KV�·&[�[jÚU[j�(§_V � �SW�Z�¸ � §_W0·&[ øQ¸ � §K½U�K¸�ºaV&¹ _ ·&¸^��[aÅaÆ�V�v Û ·&¸^W�·&[�v	V!Úw¸�v-[j�(§_V��SWf�_W�V

j
� Ûj� ¸�v-V,�SWf�_Á�v	[j§K�KV,�`Vw·&[ � [a�b·&[j§K[a��v-¸��SW�·SWX] � W��&·&V	V � ÚfW�Z^V��K[ � ºaW�Z^ºj]&ZgWf·&V � �`VU�{jH	k¹Ò��
�y1d&ºjVUv-VAÝ

drj =



























1 se
w
∑

k=1

ek · drj > 0

−1 se
w
∑

k=1

ek · drj < 0

0 caso contrario

jq	w¹Ò��7�y

Þ ºaVU�PøQ[aºa¸�v-[j�(§_V�ø&¸ � §_½U��¸^ºaV Û W�§_]SW�Z�¸ÃðaW�·&V�W�º�Wf·SW�[1ÚU[j�*§KV}·&[?vX]Q·SW��&ÅaW��`[aZ^W�Wf§_]&W�Z^¸Òð�W�ÅaÆ�V
·SW�Z�¸ � §_W�·&[ ø&¸ � §_½U��¸^ºaV�[?V�v-V!Úk¸^v	[a�(§KV�·SW � v Û ·&¸gW � ·&[0ºaW�·SW��SW��KÁ�v-[1§_��V�ºaVUv	V�·&[j§K[a�Kv	¸^�&W�·&V
�`[aZ^W � [aÇ*]SWfÅ � [ � jH	k¹Ò��5Qdñ	w¹4��7�y1¹ _ åKW��&[jZgWX·SWXZ�¸ � §_WY·&[÷ø&¸ � §K½U�K¸�ºaV Û Wf§K]SW�Z�¸Ãð�Wf·SW��`[aZ^WXW�·&¸�Å�Æ�V,·&[\]Qv
�&V!Ú�V�[jÚ�[a�(§_V�·&[-vX]&·SWf�&Å�W

ei

d���VU��v�Wf·&V0�`[aZ^WGv	[aZÒø&VU� � V�Z^]&ÅaÆ�V
(x1, . . . , xn : f)

[-W � ·Q¸^�K[jÅ � [ �

(dr1, . . . , drn)
·&[1§_[j�Kv	¸^�SW�·&W � �`[aZ^W�[aÇ*]SW�ÅaÆ�VWjH	k¹Ò��
�y1¹ � [#W�Z^¸ � §_W�Wf§K¸^�&ÈU¸�] � [a]{v-W�¸^VU�\§_W�v�Wf�Pø&V

�`[a��v-¸�§_¸^·QV
w
d&V

n
� Ûa� ¸^v	VXÚfW�Z^VU� Û ·&[ � º�W���§hW�·&VQ¹

< e1, . . . , ek >t+1=







< e1, . . . , ek >t +ek+1 se k < n

< e2, . . . , ek >t +ek+1 caso contrario

jq	w¹Ò��ú9y

� WfZ^[a[jv9[���[�ùk�&VUZ�· � í � 
�8 î VUÜ � [a��ÚfW��KW�v9V � �SW�� Û ¸ � [�W\ºjVU�(§_�K¸�Ü&]&¸�Å�Æ�V\·&[ � §K[ � ºa¸��&ºaV\§_¸��<V � ÈU[a� Û �
��¸^ºaV � ·&[�ºjZgW ��� [ � ·&[�ºjVU�Pø&[jºa¸^v	[a�(§KV\�SW��_W�V�§_¸�v-¸Òð�W��LV��&��Vwºj[ ��� V\·&[ � VUZ^]&ÅaÆ�V&df] � W��Q·&V\�&�KV�ÈU�_W�v-W�ÅaÆ�V
[1ÚUVUZ�]Q§_¸�Ú�W�j3V-v�W�¸ � ºjVUvX]&v [jv WfZ^ÈUVU��¸�§Kv-V � ºj]&Z�§K]&�_Wf¸ � yNºaV�v-V-v-Vk·&[aZ�V-�`VU�&]QZgW�ºj¸^VU�SWfZC¹ _ ÚfW��(§_W
�
ÈU[jv ·SW\W�Ü`VU�K·SWfÈU[av¨·SW��Q�KVUÈU�KW�v-W�Å�Æ�Vb[jÚ�VUZ^]w§_¸�ÚfW Û�� [j]=��VwºjV��&V � ��[j�&½�§K¸^�`V � ·Q[H§_Vk·SWxW��<VU�Q]&ZgW�ÅaÆ�V
��[a�&��Vw·&]w§_¸�ÚfWQd²·SW-v-[ � v-W ��VU�Kv-WOÇk]Q[Xº�W��KW�ºj§K[a��� � §K¸^ºaW � ºj]&Z�§K]&�_W�¸ ��� Æ�V�[DýQ�Q�K[ ��� W � ����[aÇ.ß&[j�*§K[av	[a�(§_[
� VUÜ�V�W � �`[aºj§KV�·&[+��[j�&½�§K¸^�`VHí � 
Àû î ¹�3�Z�[ � VUÜ � [j��ÚfW��KW�vøW-[av	[a��È�Ca�Qºa¸gW	·&[Xºj[a��§_W � �3W � [ � ·&[ � VUZ^]&ÅaÆ�V
·&[O�&��VUÜ&Z�[av-W � d/[jvm§_[j�Kv	V � ·&[O·&[ � [av	�<[j�Pø&V���[aZ^Wf§_¸�ÚUV&d/·&[O·&¸���[a��[a�(§_[ � ��V��*§K[ � ·&[OºaVU��ø&[aºj¸^v	[a�(§_V
W�VYZ^VU�&È�VY·&VX§K[av	�<V&¹å3�Z�[ � ·Q[a�&VUv	¸^�&W��_W�ve[ � §_W � �3W � [ � ·&[=o«e¾o�ÍC+�h)i�c{��b"c�n�n!¾so«b�+�j�d�ca+�b"n!¾���b�+�o ` ¾ml�y"d
o«e¾o�ÍC+�h)i�ckr ` +@j�r ` ¾+��b�+�o ` ¾ml�y1dP[Ê�3W � [�·Q[��h+�d�u�Í/b�+�d�u
o ` ��¹���W�·SW��3W � [ Û º�Wf�_W�º1§_[a��¸ÃðaW�·SW?�<[jZgW0·QV��
v	¸^�SÁf�&ºa¸^WO·Q[Y]&v � ]&Ü<ºjVU��å�]&�(§KV#·SW � ��V��*§K[ � ·&[YºjVU�Pø&[jºa¸^v	[a�(§KV�Ç*]&[ � Æ�V�v-W�¸ � W��w§hW � �SW�ÈU[j�_W�ÅaÆ�V
·&[\�QVèÚfW ��� VUZ^]&Å � [ � �SW�Ç*]&[jZgW=�3W � [f¹'�x[}�3Wf§_V&dwV � ]&Ü`ºaVU�èå�]&�(§_V	·&VUv	¸^�SW��(§K[�·SW � ��VU�(§_[ � ·&[\ºaVU��ø&[aºj¸��
v	[a�(§_V Û ���K[aÇ.ß&[j�(§_[av	[a�(§K[YW��QZ^¸^ºaW�·&VX[jv ]&v-W � [aÇ.ß,Ca�Qºa¸gWO[ � �<[jºa¸��Sº�W,·&[j�*§K�KVO·&[\ºaW�·SW+�3W � [�d&V,Ç*]&[
�3W[ð��SW���[aºa[j�\Ç*]&[,]&v-WÊ��VU�(§_[Y·&[,ºaVU��ø&[aºj¸^v	[a�(§_V��Q�KVk·&]PðX�&V!ÚfW �\� VUZ^]&Å � [ � Ç*]&[ � Æ�V#ºaVU� � [aÇ.ß&[j�(§_[s�
v	[a�(§_[E[DýQ�QZ^VU�KW�·SW � �`VU��VU]Q§_�KW=��VU�(§_[c·&[EºaVU�PøQ[aºa¸�v-[j�(§_V&¹ _ � §_�KW�� � ¸�Å � [ � [a�(§K�K[�W � �3W � [ � VkºaVU���K[jv
Ç*]SW��Q·&V � VUZ�]&Å � [ � �&�KVk·&]Pðj¸^·SW � �<VU�H]&v�W{�3W � [��`Vk·&[av � [j�Nv-[jZÃø&VU�F[¦ýw�&Z�VU�_W�·&W � �`VU�æ��VU�(§K[ � ·&[\ºjV��
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�PøQ[aºa¸�v-[j�(§_VcW �K� Vwºj¸gW�·&W � :\�&�K½�ýw¸^v-W]�3W � [f¹è3 � §hW � �3W � [ � [jv-[j�KÈU¸��_W�vÌ[aveW�vYÜ&¸^[j�*§K[ � ·&[��&��VUÜ&Z�[av-W �
[ � §hâ�§_¸^ºjV � dQ·&¸^�SÁfv-¸�ºaV � [E·&[jºa��[ � ºj[a�(§_[ � jmlk¾�dh¾�f`Í/o���¾my1¹

_ �3W � [,·&[O¸^v	¸�§hWfÅ�Æ�V�È��KV ��� [a¸��_WÃ���K[jÇ.ß&[a�(§_[jv-[j�(§_[	[av	[a�KÈ�[	�QVG¸��,�^ºj¸^V�·QV0�&��Vwºj[ ��� VG·&[OÜ&] � ºaWQd
VU]�Ç*]SW��&·QV�VGºa[a�&â��K¸�V0·SW � V�Z^]&ÅaÆ�V0·QV0�&��VUÜ&Z�[av-W?vY]&·SW?·&¸^�SWfv-¸�º�W�v	[a�(§_[fd/[�W?Ü&] � º�WG�<VU�E]&v-W
�&V!ÚfW � V�Z^]&ÅaÆ�V#·&[jÚ�[OºaVUv	[aÅaW��a¹®xxW��3W � [,·&[,¸^v	¸�§_W�Å�ÆfV�ÈU��V �K� [a¸^�KW�V#ºaVU��ø&[aºj¸^v	[a�(§_V�§KVU�<V�ÈU�_â��&ºaV Û
·&V�v-¸��SW��(§_[fdk�Q�KVk·&]Pða¸��&·&VYW � v	[aZÒø&VU��[ �7� VUZ�]&Å � [ � W�VYZ�VU�&ÈUVc·&[}7�8��9·&V�§K[av	�<VQ¹ Þ ºaVU��ø&[aºj¸^v	[a�(§_V
� ¸�§_]&W�ºa¸�VU�SW�Z Û V � [jÈU]&�&·&V�v�W�¸ � Wf�Q§_V&d`�&��Vw·&]�ða¸^�Q·&V�W � v-[jZÃø&V��K[ �b� V�Z^]&Å � [ � W�V-Z^VU�&È�V-·&[¾��7�� ·&V
§K[av	�<V&¹>x�W��3W � [-·Q[�¸^v	¸�§_W�Å�ÆfVÃ�S�SWQd�V0ºaVU��ø&[aºj¸^v	[a�(§_V � ¸�§K]SW�ºj¸^VU�SWfZ Û V�v-W�¸ � W��Q§_V0�SW�ÈU[j�_W�ÅaÆ�V
·&V � v	[aZÒø&VU��[ � ¸^�Q·&¸�Ú��^·Q]&V � d»[a�&Ç*]SW��(§KV�VGºaVU�PøQ[aºa¸�v-[j�(§_V?�&VU��v�Wf§K¸�Ú�V#[	·Q[-·&V�v ���&¸^V�[ � §_Æ�V?�k]Qv�W
·&¸ � §_W��(§_[ � [aÈU]&�Q·SWG�`V � ¸^Å�ÆfV&¹{xxW��3W � [,·&[G�h+�d�u�Íqb�+�d�u
o ` ��d`§_Vk·SW � W � ��V��*§K[ � ·&[,ºjVU�Pø&[jºa¸^v	[a�(§KV � Æ�V
¸�ÈU]SW�Z�v-[j�*§K[�W��Q§_W � �&W�ÈU[j�_W�ÅaÆ�Vx·&[7�&V!ÚfW �M� VUZ^]QÅ � [ � ¹�|��KVUÜQZ^[av-W � [ � §hâf§K¸^ºaV �.� Æ�V�W�[¦ýwºa[jÅ�Æ�VQd(Çk]&W��&·&V
V�ºjVU�Pø&[jºa¸^v	[a�(§KV�øQ¸ � §K½U�K¸�ºaV�§K[av �<VU]Qº�W�¸^�Q�&],Ca�&ºj¸gW@j�V�Ç*]&[#·Q[#ºa[a��§hW���VU��v�W Û ·&[ � [?[ � �`[a�KW���y"¹
� [jv-[jZÃøSWf�*§K[av	[a�(§_[fdÀ[avmW�vXÜ&¸�[a�(§_[ � �SÆ�V
�A·&[jºa�K[ � ºj[a�(§_[ � j ` c ` �´lk¾�dh¾�f`Íqo���¾my�W��3W � [,·Q[G�h+�d�u�Íqb�+�d�u
o ` �
VkºaVU���K[\ºjVUv£v	[a�&V � ����[aÇ.ß,Cj�&ºa¸^W	Ç*]&[�W � VU]Q§K�_W � ·&]&W � �3W � [ � ¹

DFE32REHG V��.P�O.YZS�ÓgM�5e5e=�O*8]S�:<5 MgKç4 QAK/Óx:�S'O

Þ [¦ýw[av	�&Z^W��K[ � ·&V,[ � �SW�ÅaV � ¸�§_]&W�ºa¸�VU�SW�Z`ºaVU� � ¸ � §_[jv �&V � v	[aZÒø&VU�F¸^�&·&¸�Ú��^·&]&V � [a�QºaVU�(§_�KW�·&V � W�§ Û
]&v ·&[j§K[a��v-¸��SW�·&V#v	VUv	[a�(§_V

t
dL¸ � §_V Û d/V?[ � �SW�ÅjV � ¸�§K]SW�ºa¸�VU�SW�Z.·&[jÚ�[ � [a�cWf§K]SW�Z^¸Òð�W�·QV��<V��ÊjH	w¹4��89y"¹

��W�·&Wx[ � �SW�ÅaV\·Q[�ºa��[a�&ÅaW � ·&[jÚ�[ � [j��Wf§_]&W�Z^¸Òð�W�·&V��<V�� � ]SW � �K[ � �`[aº1§_¸�ÚfW � �K[aÈ��_W � ·&[NWf§K]SW�Z^¸Òð�W�ÅaÆ�V&d�¸ � §_V
Û d�V�[ � �SW�ÅjV��&VU�Kv-Wf§K¸�ÚUVG·&[1ÚU[ � [j�XWf§K]SW�Z�¸Ãð�Wf·&V0�`[aZ^W � ��[aÈU�KW � ·Q[��S�&¸�·SW � �<[jZgW � [aÇ*]SW�ÅaÆ�Vw[ � jH	k¹ � úwd
	w¹ � 	wd�	w¹ � ûQd�	w¹ � ÿ9y1dfVx[ � �SW�ÅjV�·&[7·&VUvÊ�^�&¸�VbWf§_]SWfZ^¸ÃðaW�·&V��`VU�;jq	w¹4����y1d�Vx[ � �SWfÅaV�ø&¸ � §K½U�K¸�ºaV Û Wf§K]SW�Z�¸Ãð�Wf·&V
�`VU�{jH	k¹Ò��
wdñ	w¹4��5&dñ	w¹4��7wd0	w¹Ò��ú9y

DFE32RE32 ��Q&5IM�Pxà�T�Ó�Mx5 Px6 S ÔÎ5L>ÕS Ø©KBQ,S�:<;75! UÓ#"gPgK/Ó�\^TUS2MgS �>K/@�5�=�O*8]S�:<5
MgKç4 Q,K/Óx:�S2O

xbV � º�W � V � [ � �`[aº�� �SºjV � ·&W®|��KV�ÈU�_W�v-W�ÅaÆ�Vk3�ÚUVUZ�]Q§_¸�Ú�WÊj/3'|'y"dkVc[ � �SW�ÅjV�·&[bºa��[a�&ÅaW � �<Vk·&[�¸^�Q�&]Z�
[j�&ºa¸^W��\V?VU�<[j�_W�·QVU��[jÚ�VUZ^]w§_¸�Ú�V?·&[OvX]Q§hWfÅ�Æ�V&d/·Q[	·Q]SW � v�Wf�&[a¸��_W � �Q�K¸^�Qºa¸^�&W�¸ � Ý¾j´o�yx·Q[j§_[j�Kv	¸^�SWf�&·&V
VY§_W�v-W��Pø&VX·QV,�SW �K� V&d&VY§_W�v-W��Pø&VX·&W � vX]&·&W��&Å�W � á jUo«o�yF·&[j§K[a��v-¸��SW��&·&VXWY·&¸^��[aÅaÆ�VX·SWXvX]Q·SW��&ÅaWQd
W�]Qv-[j�*§_W��&·&VÝVU]Õ·&¸�v-¸��*],�^�&·QV�V�ÚfW�Z^VU�-Wf§K]SW�Z�·&[�]Qv �&W��_Á�v	[j§K�KV&¹ _ � ��]&�&Å � [ � ·&[0¸^�Q�S]ACa�&ºj¸gW
�SWf�_W _ Z^ÈUV��K¸�§Kv-V � �H]QZ�§_]Q�_W�¸ ��� VUÜ&�K[�]&v-W��<V��&]&ZgWfÅ�Æ�V	�K[jÈU¸^·SW-�<[jZgW�|���VUÈU�_Wfv�W�ÅaÆ�V 3�Ú�VUZ^]w§_¸�ÚfW � Æ�V
ÈU[j�_W�Z�v-[j�(§_[N[¦ýw�&��[ ��� W�·SW � �<V��7[ �K� [ � §K[a��v-V � ¹ _ ��]&�&Å�ÆfV�·&[b¸^�w�S],Ca�Qºa¸gW\�SWf�_WEVY[ � �SW�ÅjVY�&VU��v�W�§_¸�Ú�V
�`Vw·Q[ � [a��·&[s�S�&¸�·SW	ºjVUv	V,Ý
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x′

i,j = xi,j + L(Ii) ·N(0, 1)
jH	w¹4��	�y

VU�Q·&[ L(Ii)
Û V�§hW�v-W��PøQV�·&V�¸��*§K[a��Ú�WfZ^V�·&[�ºa�K[j�&Å�W��SWf�_W�W�ÚfW���¸gâ�ÚU[jZ

i
d�[

N(0, 1)
Û ]&v�Ú�WfZ^VU�

W�Z�[�Wf§K½U�K¸^W,ºaVUvø·&¸ � §_��¸^Ü&]&¸�Å�Æ�V	�&VU��v�WfZP·Q[Xv Û ·&¸gW 8�[Y·Q[ � Úk¸�V#�SW�·&�KÆ�V � ¹ _ ��]&�&ÅaÆ�V�·&[Y¸^�Q�S]ACa�&ºj¸gW
�SWf�_W,VO[ � �&W�ÅaV � ¸�§_]SW�ºj¸^VU�&W�ZÀ�`Vw·&[ � [a��·&[s�S�&¸^·&W	�`VU�ÌÝ

x′

i,j =



















xi,j + |σi,j ·N(0, 1)| se xi,j < si

xi,j − |σi,j ·N(0, 1)| se xi,j > si

xi,j + σi,j ·N(0, 1) caso contrario

jq	w¹Ò��û9y

VU�Q·&[
σi,j

�K[j�&�K[ � [j�*§_WÝV�§hWfv�W���ø&V�·&V�·&[ � Z^Vkº�W�v	[a�(§_V��SWf�_W�V
i
� Ûj� ¸�v-V��SWf�_Á�v	[j§K�KV�·&V

j
� Ûa� ¸^v	V

¸��&·&¸�Ú���·&]&V&¹
si

Û V,ÚfW�Z^VU�H·&V-v	[aZÒø&VU��¸��&·&¸�ÚZ��·&]&VX�&W��_WOVO�SW��_Áfv-[1§_�KV
i
dS�&V	[ � �&W�ÅaV	·&[Eºa��[a�&ÅaWQ¹

ÜSVU��vX]&ZgWfÅ�Æ�V � [av	[aZÒøSW��(§_[E�`Vw·&[ � [a����[a¸�§hWX�SW��KW,V � ·&[av-W�¸ � [ � �SWfÅaV � ·&[EºaV��Pø&[aºj¸^v	[a�(§_VQ¹

óOô�( �Ìú*),+H÷-�Gÿ/.10�ÿ
_ à _ �<V �K� ]Q¸�]&v-W�W��&Z�¸^ºaW�Å�Æ�V�W�ºa[j�(§_]SW�·&W�[avø�&�KVUÜQZ^[av-W � Çk]Q[X�SÆ�V � [OW��&��[ � [j�(§hW�v �&�KVU�(§_W
�

v	[a�(§_[�·&[�]&v-Wg��VU��v�WEW�Z�ÈUVU�m��§_v	¸^ºaWQdè[avXÜ`VU�_W\vX]Q¸�§hW � d � [a�SÆ�VE§_Vk·SW � W � ��[j�K�_Wfv-[j�*§_W � ·SWkà _ � [JåKWfv
W�Z�ÈUVU����§_v	¸^ºaW � ¹;z�W ��Û �&[ � §hW�·&¸ � �SWf�K¸^·&W�·&[cÇk]Q[X�K[ � ¸^·Q[Y]&v-W-·SW � º�Wf�_W�º1§_[a��� � §_¸^ºaW � �Q�K¸^v	VU��·&¸gW�¸ � ·SW
à _ ·Q¸�§hW-ºaVU�(ÚU[j�&ºa¸�VU�SW�Z�V�]�ºaZgâ �K� ¸�º�WQ¹E�É�&�K[jºa¸ � V#[aZ^W�Ü`VU�_W���]&v-W��K[j�&�K[ � [a�(§_W�Å�Æ�VG·&V#�&��VUÜ&Z�[av-W�·&[
��VU��v�WEÇ*]&[\[aZ�[ � [JåKWXW��QZ^¸^ºaâ�ÚU[aZ�: � § Û ºj�&¸^ºaW � ·SW®à _ ºaZ^â �K� ¸^º�Ww¹åà � §KV Û dwvX]&¸�§KVY·SW�¸^�(§_[jZ^¸^È�Ca�&ºj¸gWE·SW+à _
��[ � ¸�·&[O�&[ � §hWG�K[a�Q�K[ � [a�(§hWfÅ�Æ�V&d.[O�SÆ�V :?]Qv�W#·&[1§_[a��v-¸��SW�·SW�§ Û ºa�Q¸^º�Wwd.Ç*]&[	�K[aW�Z^¸Òð�W#W � Ü&] � º�WG�<[jZgW
� VUZ^]&ÅaÆ�V	W,�SW���§K¸^��·&W � ¸^�A��VU��v�WfÅ � [ � W�È��K[aÈUW�·SW � WO]&v-WX�K[a�Q�K[ � [a�(§hWfÅ�Æ�V-[av£�SWf��§_¸�ºa]&Z^W��a¹

_ V-ºaVU�(§_�Kâ��K¸�V-·&W à _ ºaZgâ �K� ¸�º�WQd`WÃn�c�ñ"ÍRd�c
egf±òkÍqo ` ��d²VU]0¸^�(§_[jZ^¸�È�Ca�&ºj¸gWXºjVUv-�Q]Q§hW�ºj¸^VU�&W�ZCdSWfÜ<VU��·SW
�&��VUÜ&Z�[av-W � �SÆ�V	W�Z�ÈUVU�m��§_v	¸^ºjV � WO�SW���§_¸��N·&[E]&v�W,·&¸��K[jÅ�Æ�V	W��SWf�K[a�(§K[av	[a�(§_[cºaVU�(§K�_â���¸gW,·SWãà _ ºjZgâ � �
� ¸^º�Ww¹Iz0]&¸�§hW � ÚU[¡ða[ � W	¸��(§_[aZ�¸^È�Cj�&ºa¸^W,ºaVUv	�&]Q§_W�ºa¸�VU�SW�ZÀ�&Æ�V-·Q[av-W��&·SW	Çk]&W�Z^Ç*]&[j����[a�&��[ � [j�(§hW�ÅaÆ�V�·&V
W�vYÜ&¸^[j�*§K[�dk�<Vk·&[�W�ºa[j¸�§_W���V � ·SWf·&V � ·Q¸^�K[1§hW�v	[a�(§K[R��VU���&[aºj¸^·&V � �`[aZ�V �F� [a� � VU�K[ � ·&[x]Qv¥��VUÜ`ÞYv	½èÚ�[aZ�d
�`VU�7[¦ýw[av	�&Z^VQ¹ _ ¸��*§K[aZ�¸^È�Cj�&ºa¸^WE��[ � ¸^·&[�[a�(§hÆ�VY�SWY�&��½U�&�K¸^Wc[ � §K�K]Q§K]&�_WXVU]�W�Z^È�VU�K¸�§_v	Vc] � W�·&V � �SW��KWYW
Ü&] � º�W,·&[\]Qv�W � VUZ^]&ÅaÆ�V&¹23 �K� W Û ]&v�WX·Q¸ ��[a��[a�&ÅaW=��]&�&·SW�v	[a�(§_W�ZCdw]&v�WcÚU[ÇðEÇ*]&[E�`Vw·&[�§KVU�K�&W���·&[ � �
�&[jºa[ �K� âf�K¸^V#]Qvø�&W �K� V#Çk]Q[,vX]&¸�§_W � ÚU[Çðj[ � §_V��K�SW�W � VUZ�]&Å�Æ�V-·&[X]&vø�&��VUÜ&Z^[jv�W	·&[av-W � ¸gW�·SWfv-[j�*§K[
ºjVUv-�QZ^[¦ýwV&d�: � ÚU[¡ða[ � ¸^�(Úk¸gW�ÜQ¸^Z^¸Òð�W��Q·&VEW�Ü&] � º�W�·&[�]Qv�W � VUZ�]&Å�ÆfVY�`[aZ^V � v	[a¸�V � ·&¸ � �<V��,��Ú�[a¸ � �`[aZgWkà _
ºjZgâ ��� ¸^ºaWQ¹
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_ ¸�v-�QZ^[av	[a�(§_W�Å�Æ�VG·&V�W�Z�ÈUVU��¸�§_v	V^]��`_�f`ã~o ` ¾sÝba _dc |¿§_VUv	VU]�ºjVUv-V�ÜSW � [�W�¸^v	�&Z^[jv-[j�*§_W�Å�ÆfV
·&[�a�eSW���f�¸^�ga�e*]&�&È?�SWf�_W�V?W�Z�ÈUVU�K¸�§_v	Vha _dc |.d�B�ikãäÍji�b�+�ã/kxãô��c
bÑo�Í � eøDF��c�ãliwÍ/oHc ` +�b4monæb�cm��b�+�e,�
e¾o ` �Sprq�s�t�u�¹ Þ ��¸^ÈU¸��SW�Z^v	[a�(§K[�d7V�W�Z�ÈUVU�K¸�§_v	V�·&[va�e*]&�QÈ � ]&�`VU��§_W}W�v-¸��&¸^v	¸xwaW�Å�Æ�V��`VU�	v-[j¸^V�·&[
W�Z�ÈUVU��¸�§_v	V � ºa]&Z�§_]&�KW�¸ � jja _ y"dS] � W��Q·&V-�Q�KVUÈU�KW�v-W�Å�Æ�V,[1ÚUVUZ�]Q§_¸�ÚfW j c |æy�ºjVUv-VOv	[a¸�V,�<VU�Q]&ZgW�ºj¸^VU�&W�ZCd
Ç*]SW��(§KVY�`VU�Fv	[a¸�V�·&W��&��VUÈU�_Wfv�W�ÅaÆ�Vc[jÚUV�Z^]Q§K¸�ÚfW�Wf·SW��Q§_Wf§_¸�Ú�WE�SW�·Q�_Æ�V�jzy _�c ||{}_²ÍC+ ` l(+�bml~kRl(+sf`Í�+��
Í/o���¾xDF��c�ãlikÍqoHc ` +�b4mAnæb"cm��bK+�e¾e¾o ` ��y"¹ Þ [ � �SW�ÅaV,·Q[\ºa�K[j�&Å�W �NÛ �K[ � §_��¸�§KV,WY¸^�(§K[a��ÚfW�Z�V �H� ¸^v	�&Z^[ � �SWf�_W
VO·&VUv��^�Q¸^V&¹

_ [ � §_��]Q§_]Q�_W*y _dc |Ý�&Æ�V���VU¸&¸^v	�&Z�[av	[a�(§hW�·&W��&VcW�Z�ÈUVU�K¸�§_v	V~]N�`_�f`ã~o ` ¾sÝ%a _�c |PdU]&v-WxÚU[-w�Ç*]&[NV
VUÜ*å�[j§_¸�ÚUV��&�Q¸^ºaVx·&V�§_�KW�ÜSW�Z�e&V Û W\Wf�Sâ�Z^¸ � [7·&V\ºaV�v-�`VU��§_W�v	[a�(§_V�·&VEW�Z^È�VU�K¸�§_v	Vbºj]&Z�§K]&�_WfZQ�SW�ÈU[j�_W�ÅaÆ�V
·&[\§K�_Wèå�[1§_½U��¸gW � ·Q[��S�&¸�·SW � �`VU��]��`_�f`ã~o ` ¾�n1¹

� ô�� � ö ÷jùcú~�Mü"ýPþ ú �9ö����
_ ¸^v	�&Z^[jv-[j�(§hW�ÅaÆ�V?·&[�a�e*]&�QÈ Û ÜSW � §hWf�*§K[�W�·Q[a�K[j�(§_[�WfV�W�Z�ÈUVU�K¸�§_v	V�ÜSâ � ¸^ºjV�·&[��b[sùw�QVUZ^· � [�Se*]/prq�s���uCdw[�W�¸��&·SWY��V��K�&[jºa[�]&v¥ZgWfÅaVY[4�k§_[a���&VOW�V�ZgW�ÅjVY[jÚ�VUZ^]w§_¸�Ú�VX�SW��KW�Úfâ��K¸^W � §_[a�(§_Wf§_¸�Ú�W � jJÍqbÑo3+�ã4nmy

ºjVU� � [jºa]Q§K¸�ÚfW � d�V�Ç*]&[^�3Wfºa¸^Z�¸�§_WÝW�[4�Q�`[a��¸^v	[a�(§hWfÅ�Æ�V&¹�yk]&ºa¸��*§_W�v	[a�(§_[fdb[j¸ � W�¸�v-�QZ^[av	[a�(§_W�Å�Æ�V�·SW��]&�QÅ�Æ�VA�������G·QVoa�� c |Õ·&[*a�ek]Q�&È&d²[av£� � [a]Q·&VQ{Aºj½w·Q¸^ÈUV��"Ý
��°�ÅJt�Â�Ðurs¶æÈsÍ)³H²�Äq²´ÎÌ±HÈ�Â�¶åÇ�¶sÐ9ÄqÐ�µ;Íèq4Ð���Å´ÈsÂ)¶
Ö� �ÄqÄq¶2Í
Ès³HÈ2±q¶�³qÎ�®"�^q4¶èÇ�È�ÅUÐuq�µ;²´ÎÌ±H²Pq4²�r1¶4Æs²�q�¯Ì²åÉ�Ë
² ±q¶�Â�¶ÌÄ^¶�Ä�³q²�q4È�ÅUÐ4¶sÎ
È"�

µ;²´ÎÌ±q¶ÌÄNÄ/²¢¡/ÈÑµ@Æ¬ÐÒÄ3¶4Æs²�Ð4Ä�Ö
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ò�¥/ðñ�ñ�
��ª�é���$ Ýæ| � [a]&·&V³{Aºa½k·&¸�ÈUVO�SW��_WOW´��]&�&ÅaÆ�V´�µ���¶�?·&Voa�� c |�·Q[Aa�e*]&�QÈ&¹

àA�&¸�ºa¸^W��NW � [jv-[j�*§K[�·Q[�WfZ^[�W�§_VU��¸^[a·&W�·&[�á·
(TRIALS, NGENS, nindividuos)← aHVU�A�&ÈU]&�_Wf�¸a�� c |Iá¹
| Þ | ← ÚU[j§KVU��·&[E¸^�&·Q¸�Úk¸^·&]QV � | Þ |»º

2 · nindividuos ¼ á½
� Þ~¾ ��àÀ¿ ← [ � §_��]Q§_�KW	·&[E·&V�v-¸��&¸^V¾� ÞY¾ �gàÀ¿®áÁ
�Ây ← [ � �&W�ºaV	·&[Eºa��[a�&ºaW � �Ãy�áÄ
τ1 ← (1.0/

√
2.0 · nindividuos)

áÅ
τ2 ← (1.0/

√

2.0 ·
√

nindividuos)
áÆ

����ÇB�6§,��ª��Ê�
t < TRIALS

�*È §SR�§
àA�&¸�ºa¸^W���º¢É Þ ÉPd�Ê Þ~¾ ��àÀ¿ ¼ áË �LÚfW�Z^¸^W���º¢É Þ É ¼ áÌ
àA�&¸�ºa¸^W���º3�Ây<d�É Þ É ¼ á·ÎÍ Ï¥Ð ÇÒÑ6§

Ð
ª�Ó �

g < NGENS
�AÈ §SR�§

�\[a�KW��ÔÊ�[ � ºj[a�&·Q[a�(§_[ � ºjÉ Þ É.d
τ1

d
τ2

d�Ê Þ~¾ ��àÀ¿�d`�Ây ¼ á·4· �LÚfW�Z^¸^W���º¢É Þ É ¼ á·Õ¹ aHV��*§_W��ÎÖx¸�§KVU�K¸^W � º¢É Þ É ¼ á·Î½
v	[aZ�e&VU� ← × W��,øØºjÉ Þ É ¼ á·
Á ��§K]SW�Z�¸xw�Wf��º��Ãy<d�É Þ É.dSv	[aZxeQVU�ad

g ¼ á·ÕÄ
g ← g + 1·ÕÅ �Õé

t← t + 1· Æ �Õé

¿�W�Z^¸^��eSWosQd Û W�Z^Vkº�Wf·&V�]&v ÚU[1§_VU�\ºjVUv
2 · nindividuos

dÀ·&[Y§_W�Z;��VU��v�W-Çk]Q[,V�ÚU[1§_VU�
POP

v-W��(§_[j��eSW\§hW��(§_V�WE�<VU�Q]&ZgW�ÅaÆ�V\Úk¸^ÈU[j�*§K[�dkÇ*]SW��(§_V � ]SWc�&�K½¶�w¸^v-W\ÈU[a�KW�Å�ÆfV��SWEv	[ � v-WE[ � §K�K]Q§K�K]SWc·&[
·SWf·&V � ¹

¿�W�Z^¸���eSWoÙwd»V�Ú�[j§_V��
POP

Û ¸��&¸^ºj¸gW�·&V � V�Ü�W�¸^�Q�&]�Úa�&ºj¸gW	·&V#·&VUv��^�&¸�VO·&V#�&�KV�Ü&Z^[jv�WQ¹�a�W�·SW
¸��&·&¸�Ú¥��·&]&V®º�V � �&��¸^v	[a¸��KV �

nindivudos Û4¼ ·SWX�<V��&]&ZgWfÅ�Æ�VY§ÕÚav � [j] � �SW��_Áfv-[1§_�KV � ¸^�Q¸^ºa¸^W�·&V � ·&[j�*§K�KV
·&V � Z�¸^v	¸�§K[ � vh���&¸^v	V � [Ev-â³�w¸^v	V � ·Q[ � [a]G·&VUv��^�&¸�V&dw·Q¸ � §K�K¸�Ü&]��^·QV � ·SW � [jÈU]&¸^�(§K[~��V��Kv-WAÝ

individuoi = R(DOMAINinf , DOMAINsup)
º¢ÙQ¹§q ¼

VU�Q·&[ R(•) Û ]&v�W���]&�&ÅaÆ�V	�&�KVUÜ&W�Ü&¸^Z�¸ � §_¸^ºaWX·&[c·&¸ � §_�K¸�Ü&]&¸�Å�Æ�V,�&V��Kv-W�ZCd&ºjVUvæºa[j�(§_�KV-[avÝÜ	[cZ�¸^v	¸�§K[
¸�����[a��¸^VU�F[av

DOMAINinf

[cZ�¸^v	¸�§K[ � ]&�<[j�K¸�VU�N[av
DOMAINsup

¹
ÞÎß.²´µFs)³H²J�«Ä/²j¯

POP
µIÈÑÎÌ±qÔ�µ@±HÈsÎÌ±q¶IÈFÍ�¶�Í)ËèqÒÈ1�´Ós¶æÆ¬Ðurs²�Î�±H²èÉ�Ë�ÈÑÎÌ±q¶IÄq²´Ë
ÄNÂ�²mÄqÅ´²´Î
Â)²´ÎÌ±q²mÄ´Ö



£¥¤§¦©¨ ïg��ª�«èðm�z¬j­®«Ê×Mïd¯±° q�²às
¿�WÝZ^¸���eSWát�·&V�W�Z�ÈUVU��¸�§_v	V&d

POP
Û W�ÚfW�Z^¸^W�·SW � [aÈU]&�Q·&V�]&v-Wá��]Q�&Å�Æ�VÝ·&[0W�·&[aÇ*]SWfÅ�Æ�Vâºrã�Í3�

ä ¾¸å¸å ¼ ¹�a�Wf·SW	¸��&·&¸�Ú���·&]&VO·SWO�<V��&]&ZgWfÅ�Æ�V,§_[jv � [j] � �&W��_Á�v	[j§K�KV � W�ÚfW�Z�¸gW�·&V �N� [aÈ�]&�&·&V-]&v�W´��]&�QÅ�Æ�V
æQç�è�é�ê �ìë�íì��î��ðï'ñ*d»Ç*]&[E�K[1§_VU���SWOW	��[ � �`V � §hW	W � [a��v	¸^�&¸�v-¸�w�W�·SWw¹

¿�WEZ�¸^��e&W´q�ÜQd(Vc[ � �&W�ÅaVc·&[�ºa��[a�&ÅaW �óò
BS

òXÛ ¸^�&¸�ºa¸gWf·&V&d � VUÜO¸^�Q�S]�Úa�&ºj¸gW\·SWE�<VU�Q]&ZgW�ÅaÆ�V
POP

¹¿bV®a�� c ÉÊ·&[�a�e*]&�QÈ&dÀV�[ � �SWfÅaV#·&[�ºa�K[j�&Å�W � ºaVU�(§ Û v W��<[j�SW � V�ºaVU��e&[aºj¸^v	[a�(§_V-·&[X·&VUv��^�Q¸^VO·&[
ºaW�·SW��SWf�_Á�v	[j§K�KV&¹^�ô��]&�&Å�ÆfV�õ��Ø��ë¥�Q��öóïÀ÷�ø�ù^ú æ úìñ�ÜQ] � ºaW�V�v-[jZxe&VU�c¸^�Q·&¸�Ú¥�^·Q]&V��SW0�<VU�Q]&ZgW�ÅaÆ�V
��[aº Û v ¸^�&¸�ºa¸gWf·SWQd7ºaVU�&¸^WÝV � �SW��KÁ�v-[1§_��V � ·Q[ �K� [�v	[aZxeQVU�O¸^�&·&¸�Ú¥�^·&]&V��SW��KWÝ·&[j�(§_�KV}·&V}[ � �SW�ÅjV{·&[
ºj�K[a�QÅ�W � dUW�Z Û v¿·&[7¸^�Q¸^ºa¸^W��»]Qv�W�[ � §_�K]w§_]&�KWb·&[7�K['��[a�ÎÚa�&ºj¸gW*ºK�1¾K+¥û¸ü ä å ¼ ºaV��*§K[a�&·QVxV � Z^¸�v-¸�§_[ � v�â��Q¸�v-V �
[Ev��^�&¸�v-V � �SW��KW,º�W�·SWO�SW��KÁ�v	[j§_��V&dQV�ÜQ§_¸�·&V � WO�SW���§K¸^��·QV	·QVUvh���&¸^V®º

DOMAIN ¼ ¹�¿�&W���§K¸^�H·&WOZ�¸^��e&Whq�qUdwVOW�Z^È�VU�K¸�§_v	VNåKâ � [\[a�&ºjVU�(§_�_W,[jv � [a]Gºa¸^ºjZ^VX[1ÚUVUZ�]Q§_¸�ÚUV&¹�¿�[ � §hW,v	[ � v-W
Z�¸^��eSWwd&]&v-WOÈ�[a�_WfÅ�Æ�V-·&[E·&[ � ºa[a�Q·&[a�(§_[ �EÛ ºj�K¸^W�·SWQ¹}� � [aÈU]Q�&·SW�v	[j§_W�·&[E·&VOÚU[j§KVU�

POP
Û �&�K[j[a��{

º¸e&¸�·SW�ºjVUv V � ·&[ � ºa[j�&·&[a�(§K[ � ·SW��<V��&]&ZgWfÅ�Æ�V	Úw¸�ÈU[a�(§K[�¹��×ÈU[j�_W�ÅaÆ�V�·&[Y·&[ � ºa[a�Q·&[a�(§_[ ��Û ]&v�W-·SW �
VU�`[a�KW�Å�ýk[ � v�W�¸ �M� [a� � ��ÚU[j¸ � ·&[ � §_[�WfZ^ÈUVU��¸�§Kv-V&d��`VU¸ � ·&[jÚ�[�W �K� [jÈU]&�KW���Ç*]&[NVE[ � �&W�ÅaVE·&[Nºj�K[a�QÅ�W � ºjVU��{
§K[a��eSWYÚfW�Z�VU�K[ � Úfâ�Z^¸�·&V � dk¸ � §KV Û d � [\V,[ � �SW�ÅaVO·&[\ºj�K[j�&Å�W �NÛ ¾¸å1Í� ���¾1ãädw·&[\v-Vk·&VXÇ*]&[\[ �K� [\¸^�Q�S]Q[a�&ºj¸^[
W,�&V!ÚfW,ÈU[a�KW�Å�Æ�V-W��&��VU�&��¸gW�·SWfv-[j�*§K[�¹

aHVUv	VEV�[ � �SWfÅaVY·Q[�ºj�K[a�QÅ�W � ºaVU�(§ Û váW��`[a�SW � W � ¸^����VU�Kv-W�Å�ýk[ � ·&[�·QVUvh���&¸^V\·Q[bºaW�·SWE�SW��KÁ�v-[4{
§K�KV&dU[ � §K[b[ � �SWfÅaVE�&�K[jºa¸ � WEW��`[a�SW ��� [a��ºaV��K�KV�Ü<VU�KW�·&V�ºjVU�(§_�KWE[ � §_W � ¸^����VU��v�WfÅ�ýk[ � ¹.��Ú�[a��¸�þSºaW�·&V � [NV
[ � �SW�ÅjVO·&[\ºa��[a�&ÅaW � §_[av W��Kv-Wàwj[a�SW�·QVXÚ�WfZ^VU��[ � Úfâ�Z�¸^·&V � ·&[\v-â³�w¸^v	VY[\v��^�&¸�v-V&d(�&W��_WXºaW�·SW,�SW��KÁ³{
v	[j§K�KV

j
dS·&[cW�ºaV��K·&VOºaV�v£VO·&VUv��^�&¸�V&dw¸ � §KV Û dSÜSW � ¸^ºaW�v-[j�(§_[\[aZ�[\ÚU[a��¸�þSºaW � [�W � [aÈU]Q¸^�(§_[EºaV��&·&¸^ÅaÆ�V

ÛE� W�§_¸ � ��[a¸�§hWAÝ

|BSj
min − BSj

max| < |DOMAIN j
min −DOMAIN j

min|
º¢ÙQ¹b² ¼

yw[OW�ºjVU�&·&¸�Å�Æ�V#��[aÈU¸�·SW��`VU�1ºjÙw¹%² ¼ ��VU�xÚU[j�K·SWf·&[a¸��_WQd/V#�SWf�_Á�v	[j§K�KV j
d/·&V#�&V!ÚUV?¸��&·&¸�Ú¥��·&]&V

i +

nindividuo
Û ·&[1§_[a��v-¸��SW�·&V,�`VU�Õÿ¬Ý

σj
i+nindividuos = σj

i · exp{τ1 ·N(0, 1) + τ2 ·N(0, 1)} ºjÙw¹bs ¼

indj
i+nindividuos =



















indj
i + |σj

i+nindividuos ·N(0, 1)| se indj
i < BSj

melhor

indj
i − |σj

i+nindividuos ·N(0, 1)| se indj
i > BSj

melhor

indj
i + 0.5 · σj

i+nindividuos ·N(0, 1) se caso contrario

º¢ÙQ¹�� ¼
�Îß����Fs��	�J��
��j¯

POP
��
����	�����	
����	��
��������èq�
1����� �"! r����#�$�&%#�'
��#�$��
$���'
)(���
	*+����(,���#�$�-
�. p �#�	���

i+nindividuo*+���/�K��
0�1���	�����'*32�!4�5���#�$�6(�
1
$��r����'(�
0�5�+�	
�(,�5(,�1���+�	���
POP

¯¶¡7��
7�3
��5���#�$��
1
��K�����1�$�-
����$�8
�(�
��'
��	
0��
�(,��
3�
*+���'(,���#�	��
�.
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VU�Q·&[

indj
i+nindividuos

Û V
j
{ Ûj� ¸�v-V��&W��_Á�v	[j§K�KVN·&V

i+nindividuos
{ Ûj� ¸^v	VN¸^�Q·&¸�Ú¥�^·Q]&V�·&[ � ºa[j�&·&[j�*§K[�¹

indj
i

Û V
j
{ Ûa� ¸�v-V,�&W��_Á�v	[j§K�KVO·&V

i
{ Ûa� ¸�v-VO¸��&·&¸�Ú¥��·&]&V,ÈU[j�&¸�§KVU�a¹

σj
i

Û ]&v �SW��_Áfv-[1§_�KVO·&[cºaV��*§K�KVUZ�[
·&[YvX]Q§hWfÅ�Æ�Váº¢ÙQ¹ s ¼ dÀ[4�wºaZ^] � ¸�Ú�V#�SW��KW�º�W�·&W j

{ Ûa� ¸^v	V��SW��KÁ�v-[1§_��V�·&[,]&vø¸^�Q·&¸�Ú¥�^·Q]&V&¹~yw[jv-�Q�K[XÇ*]&[
]&vm�&V!ÚUV�¸��&·&¸�Ú���·&]&V Û ºa�K¸^W�·&V&dL[ � §_[	�SW��KÁ�v	[j§_��V Û ¸��&¸^ºj¸gW�·&V#ºjVUv ÜQ¹4;w¹

N(•) Û ]&v-W���]&�&ÅaÆ�V�·&[
·&¸ � §K�K¸^ÜQ]&¸^ÅaÆ�V-ÈUW�] �K� ¸gW��&WQd»ºjVUv v Û ·&¸gWhÜ�[X·&[ � Úk¸^V#�SWf·&�_Æ�V�qU¹

BSj
melhor

Û V
j
{ Ûa� ¸^v	V-�SWf�_Á�v	[j§K�KV

·&VOv	[aZ�e&VU��¸��&·&¸�Ú¥��·&]&V&dw·&[ � ·&[�VO¸��&¸^ºj¸^VX·&V	[ � �SW�ÅjV-·&[Eºj�K[a�QÅ�W � i ¹
yw[�WËºaVU�Q·&¸^ÅaÆ�VË·&[j§K[a�Kv	¸^�&W�·SW{�<V��gºjÙQ¹b² ¼ ��VU���3W�Z � WQd�V��&W��_Á�v	[j§K�KV j

d�·&VË�&V!Ú�V�¸^�Q·&¸�Ú¥�^·Q]&V
i + nindividuo

Û ·Q[j§_[j�Kv	¸^�SWf·&VO�<VU��<

indj
i+nindividuos = indj

i + σj
i+nindividuos ·N(0, 1)

ºjÙQ¹4; ¼
a�W � VxV � ÚfW�Z^V��K[ � ·QV � �&W��_Á�v	[j§K�KV � ÈU[j�_W�·QV � �`[aZ^W � [aÇ*]SW�Å-ýw[ � º¢ÙQ¹=�QdQÙw¹�; ¼ [4�w§K�_W��`VUZ�[av¨Vb·&VUv��^�&¸�V

·&[ � §K[ � �SW��KÁ�v-[1§_��V � [av¢Ç*]SW�Z^Ç*]&[j�N·&¸^��[aÅaÆ�V&dQ[jZ^[ �N� Æ�V,§_��]&�&ºaW�·&V � �SWf�_WXV � ÚfW�Z�VU�K[ � ·&[\v-â³�w¸^v	VYVU]
v��^�&¸�v-VQ¹

aH��¸gW�·SW,]&v-W,�&V!ÚfW	ÈU[j�_W�ÅaÆ�V&d&·Q[YW�ºjVU�K·QV	ºjVUv£]&v [ � �&W�ÅaV-·&[Eºa�K[j�&Å�W � [ � §hâ�Ú�[aZ�ºjÙQ¹b² ¼ dS[Eºj]�å�V �
�SWf�_Á�v	[j§K�KV � �`[a��§_[a�QÅ�W�váW�V � [j] � ��[ � �<[jºj§_¸�ÚUV � ·&VUv��^�Q¸^V � d Û v-VUv	[a�(§KVc·Q[xW�ÚfW�Z^¸^W���WE�K[jº Û veºj�K¸^W�·SW
ÈU[j�_W�ÅaÆ�V�·&[,·Q[ � ºj[a�&·Q[a�(§_[ � dM[Y¸ �K� V Û ��[a¸�§_V��&W�Z^¸^��eSWWq�²kdÀ['�QWf§_W�v-[j�(§_[,·SW�v	[ � v�Wh��V��Kv-W-Ç*]&[,�SW
Z�¸^��eSWYtQdQW�Ç*]&¸Cdw�<VU� Û vGdwV � ÚfW�Z^VU��[ � º�W�Z�ºa]&Z^W�·&V � �SW��KWXW � [jÈU]&�&·&WOv	[j§_W�·&[�·&VYÚU[1§_VU�

POP
�SW �K� W�v

W � [N§_V��K�SW�����[aZ^[1ÚfW��(§_[ � dw]Qv�W�ÚU[-wxÇ*]&[b[ ��� W � [aÅaÆ�VY·&VEÚU[1§_VU�7�SW ��� WcºaVU�(§ Û v0d*·&[bW�È�VU�_WE[av×·Q¸gW��(§_[fd
W,ÈU[j�_W�ÅaÆ�VO·&[ � ºa[a�Q·&[a�(§_[f¹

¿�WbZ�¸^��eSW�q�swd Û �K[aW�Z^¸�w�W�·QVNV�ºjVU�����KV��*§KV�·Q[FºaW�·SW�¸^�&·&¸�Ú¥�^·&]&V�·SW��`VU�&]&Z^W�Å�Æ�VQd�§hW��(§_VxWN�<VU�Q]&ZgW�ÅaÆ�V
ÈU[j�&¸�§KVU�_WwdMÇ*]SW��(§_V�W��`VU�&]QZgW�ÅaÆ�V�·&[ � ºj[a�&·&[j�(§_[�¹ ¿�[ � §hW���]Q�&Å�Æ�VQd�>�î��¥í���ö�?ì��í�îQöì�Q�A@ ïÀú æ úìñ*dFºaW�·SW
[jZ^[av	[a�(§KVb·&W��`VU�&]QZgW�ÅaÆ�V Û ºaVU������VU�(§hW�·QV�ºjVUv¿VU]Q§K�KV � ;QÜ�[jZ^[jv-[j�*§KV � d�[ � ºaVUZ�e&¸^·QV � W�Z^[aWf§_V��K¸gWfv-[j�*§K[ � ¹yw[�[ � §_[Y¸��&·&¸�Ú���·&]&V	ºaVU�����KVU�(§hWf·&V&d`�<V ��� ]&¸���]Qv ÚfW�Z�VU��·&[XWf·&[aÇ*]SW�ÅaÆ�Váºlã�Í ä ¾¸å¸å ¼ v	[a�&VU����Ç*]&[YºaW�·SW
]&v�·Q[ � §K[ � ;QÜ�[jZ^[av	[a�(§KV � d Û ºaV�v-�&]w§hW�·SW�v-W�¸ � ]&v-WCB�Úk¸�§_½��K¸gW�D��SWf�_W�V}¸^�Q·&¸�Ú¥�^·Q]&V&¹��LV�ÈUV}[jv
� [aÈU]&¸�·SWQd��&W�Z�¸^��eSW q"�Qd�V�Ú�[j§_V��

POP
Û V��K·&[j�SW�·&V�·&[g��V��Kv-WË·Q[ � ºj�K[ � ºa[j�(§_[{[av ��[aZ^W�Å�Æ�V�W�V

� �&v	[a��VX·&[�Úk¸�§K½U�K¸^W � ·Q[�º�W�·&WX¸^�&·&¸�Ú¥�^·&]&VQdk¸ � §KV Û d&VY�&�K¸�v-[j¸^�KV�[aZ�[av	[a�(§_VX·QVXÚU[j§KVU�
POP

�`V �K� ]��»V
¸��&·&¸�Ú¥��·&]&V�ºjVUv×Vcv�W�¸�VU�M� �&v	[a��V�·Q[�Úk¸�§_½U��¸gW � ¹;� ��]&�&ÅaÆ�VFE��à�HG±ïÀú æ úìñcW�¸��&·SW\�K[1§_VU���SW\Vc¸��&·���ºa[N·&V
¸��&·&¸�Ú¥��·&]&V\ºaV�veV�v	[a�&V��Òã�Í ä ¾¸å¸å�·&[a�(§_��VY·&VEÚU[1§_VU�7�K[jº Û v¥V��K·&[j�SW�·&V&¹ � � Z^¸^��eSW � q�s\[Yq"��·Q[-þS�&[jv
VOºaV�v-�`VU��§_W�v	[a�(§_V,�`[aZ^WXÜ&] � ºaW-·&[Ev	¸^�&¸�v-¸�w�W�ÅaÆ�Vc·&V	ÚfW�Z�VU��·&[cW�·Q[aÇ*]SW�ÅaÆ�V&¹

� Z^¸���eSW®q�;,[a�&ºj[a���_W-�&W	�&�Kâf§_¸�º�WOV-ºj¸^ºjZ^VO[jÚ�VUZ^]Q§K¸�Ú�V-·&Voa�� c ÉP¹Ø¿b[aZ^W	V	[ � �SW�ÅaV-·&[cºa�K[j�&Å�W �xÛ
Wf§K]SW�Z�¸xw�Wf·&V � VUÜ�W�¸��Q�S]�Új�&ºa¸^W�·&[

POP
[X·QV�¸^�&·Q¸�Ú¥�^·&]QV�ºaV�vmW�v	[a�&V���W�·&[jÇ*]SW�Å�ÆfV&¹~¿xWh��]Q�&Å�Æ�V

oKµ ��q4���Fs��$� 
Hq4!=��2�
JI�K�.
�MLN
O*+����PQ�$�����	��
R�S�"(����T!4�'*�q=�'
$!4��� 
����	���S�+�	!=�-.
©�UF!=�'!=�5!u¬�
1������(,��°²±^³SV+W3WX.
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k í ê �Al���m���ö±ïÀ÷�ø�ù^ú æ úðù®�)nol�pµîQöðù

g
ñ ÛX� [aZ^[jºa¸�VU�SW�·&V#]QvqBA�&V!ÚUV#v	[aZxeQVU�x¸��&·&¸�Ú¥��·&]&V�Dc�SWf�_W�V#[ � {

�SWfÅaVc·&[�ºa�K[j�&Å�W �F� [�Vc¸^�&·Q¸�Ú¥�^·&]QVEW��<V��*§_W�·&Vc�<[jZ^VE�K[1§_VU���&VE·SW���]&�&Å�ÆfVrE��Q�HGðï'ñ���VU��v	[aZ�e&VU�ad(¸ � §KV Û d
§K¸�ÚU[j��]Qv ÚfW�Z�VU�b·&[XW�·Q[aÇ*]SW�ÅaÆ�V�v	[a�&VU�b·&V�Ç*]&[YW�Ç*]&[aZ�[�åKâ	['�w¸ � §_[a�(§K[X�&V�[ � �SW�ÅjV#·&[Yºj�K[j�&Å�W � ¹Fs �
�SWf�_Á�v	[j§K�KV � ·&V?[ � �&W�ÅaV?·&[,ºj�K[a�QÅ�W � dPÇ*]&[	W��(§K[ � ��VU�KW�v ¸��&¸^ºj¸gW�·QV � ºjVUv¡Wo��]&�QÅ�Æ�Vvõ¶�Ø��ë��Q��öóïÀ÷�ø�ùú æ úìñkd²WfÈUVU�_W � Æ�V	Wf§_]SWfZ^¸xwaW�·&V � ¹�� ]&v£� �&v	[a��V	·Q[c¸��&·&¸�Ú���·&]&V � dQ·&[1§_[j�Kv	¸^�SW�·QV	�`VU��<

selecionados = nindividuos · 0.2 +
10

(g + 1)

º¢ÙQ¹ � ¼
� Æ�V��`[a�Kv	¸�§K¸^·&V � Wf§K]SW�Z�¸xw�Wf�.V�[ � �SWfÅaVE·&[�ºj�K[a�QÅ�W � �&V\Ç*]&[�§_W��&ÈU[�W�V � �SWf�_Á�v	[j§K�KV � ZgâxWf�Kv-Wàwa[j�SW�·&V � ¹
s��&·&[

g
Û �¥�Qv-[j�KV�·SW�È�[a�_WfÅ�Æ�V&¹ �m[ � §_[ � �Q�K¸^v	[a¸��KV � ¸��&·&¸�Ú¥��·&]&V �

selecionados
Û �`[a��v-¸�§_¸^·QV

Wf§K]SW�Z�¸xw�Wf�HVO[ � �SW�ÅaV-·&[Eºa��[a�&ÅaW � ¹
s ºa�K¸�§ Û �K¸^V�·Q[ � [aZ^[jÅ�Æ�V Û ¸^v	�&Z��^ºa¸�§_V0[0Wf]Q§_VUv-âf§K¸^ºaVQ¹|¿xW�Z^¸���eSW q#�&d7Úk¸^Wv��]Q�&Å�Æ�VtE��Q�oG±ï'ñ*d�W

�`VU�&]&Z^W�Å�ÆfV Û VU��·&[a�SWf·SW-·&[YW�ºaV��K·&V	ºaVUvæV-� �&v-[j�KV-·&[cÚk¸�§_½U��¸gW � ·&[cº�W�·&W-¸^�Q·&¸�Ú¥�^·Q]&V&d&[jvøV��K·&[jv
·&[ � ºj�K[ � ºa[j�*§K[�¹´����]&�&Å�ÆfVvuon�ö���öxwynA@ ëSnQ�AzonQ�¥íAny@ ï'ñ*d��SW�Z�¸^��eSW q�qUd<Z^¸^·&W�W��`[a�SW � ºaVUv W��&�K¸�v-[j¸^�KW
v	[j§_W�·&[Y·QV�ÚU[j§KVU�

POP
ºjVUv	V�ÈU[a�KW�Å�ÆfV�ÈU[a�Q¸�§_V��_WQd`�&�K[j[a�&º¸eQ[a�&·&V0W�VU]Q§K�_W�v	[j§_W�·&[�ºaVUvøV � ·&[ � {

ºj[a�(§_[ � ·&[ �K� W-ÈU[j�_W�ÅaÆ�V&¹
s � �SW ��� V � [1ÚUVUZ�]Q§_¸�ÚUV �/� Æ�VN�K[j�<[1§_¸^·QV � [a�&Ç*]SWf�*§KV�]QvÎ� �&v	[a�KVNv-â³�w¸^v	V�·&[�È�[a�_WfÅ�ýk[ � º

NGENS ¼
�SÆfV´��VU�NWf§K¸^�&ÈU¸�·&V&¹NsçZ^W�ÅaVX[1ÚUVUZ�]Q§_¸�ÚUV Û ��[a�`[j§_¸�·&V,[a�QÇk]&W��(§_VO]&v � �&v	[a��V,v�â��Q¸�v-VY·&[x§_[j�(§hWf§K¸�ÚfW �º
NTRIALS ¼ �SÆ�V1��VU��Wf§K¸^�&È�¸^·&V&¹ ¿xÆ�VO[4�Q¸ � §K[av£Ç*]SW�¸ � Ç*]&[j��VU]w§_�KV � ºa�K¸�§ Û �K¸^V � ·&[E�SW��_Wf·SWQ¹

� ôM{ ö |`þ }G÷'0�þ 0 )c~��]�5�Eú �#ú ���,�/�c�	�����R�Ô�9ö����
sæW�Z�ÈUVU�K¸�§_v	VWa�� c É.d�Ç*]&[h��VU¸H¸�v-�&Z�[av	[a�(§hWf·&V0�&W�Z^¸��&ÈU]SW�È�[av a×�<V���a�e*]&�&È&dó��VU¸7�`VU��§_W�·&V

�SWf�_WGWGZ�¸^�&ÈU]&W�ÈU[av É��k§Õe&VU� ¦ ¹h�¢Z�¸^�&ÈU]&W�ÈU[av É��k§Õe&VU� Û ]&v-W?Z^¸^�QÈU]SW�ÈU[jvm·&[®å�û���h4f`Í�dPVU��¸^[a�(§_W�·SW
W�V�Ükå�[j§KV � dÀV#Ç*]&[Y�&�KVU�`VU��ºa¸^V��SW�W��&��V�§_Vf§_¸^�&W�ÈU[av �Kâ��&¸^·&W-·&[OW��QZ^¸^ºaW�Å�ýk[ � º × �dÊ1� ¼ ¹ÒÉPVU� � [a��]&v-W
Z�¸^�&ÈU]&W�ÈU[ave·Q[Aå�û���h4f`Í3dQ[jZgW�§_W�vXÜ Û v¥�<V �K� ]Q¸ÀÈU[a��[a�&ºj¸gW�v	[a�(§KV,W�]Q§KVUv�â�§_¸^ºjVY·&[\v	[av	½U��¸gWQd*¸^�QºaZ^] � ¸�Ú�[
�x� ��� �,� ¾´û¸ü�ã�ã^¾¸û1Í�hzü ä dSV-Ç*]&[�W�Ü � §_�KW�¸L·&[j§_W�Zxe&[ � ·&[ � §_[�§K¸^�`VO·&[EÈU[a��[a�&ºj¸gW�v	[a�(§_V	·SW	¸^v	�&Z^[jv-[j�*§_W�Å�ÆfV
·&V ]ed`_gf`ãih ä ¾�<%a�� c É.¹ c ZgW-�`V ��� ]&¸MW�¸^�&·&W-]&v ºaV���å�]&�(§_V#ºjVUv-�QZ^[j§KV-·Q[A��]&�&Å-ýw[ � v�W�§_[av-âf§K¸^º�W � dS·SW
v	[ � v�W���VU�Kv-W,Ç*]&[YW	Ü&¸^ÜQZ^¸^Vf§_[aºaWXv�W�§_[av-âf§K¸^º�W,�SWf·&�_Æ�V	·SW	Z^¸^�QÈU]SW�ÈU[jvGax¹�s�]Q§_��V-�`VU�(§_V���VU��§K[�d Û
W��`V �K� ¸^Ü&¸�Z^¸�·SW�·&[�·&V?·&[ � [a�(ÚUVUZ�Úk¸^v	[a�(§_VG·&[,¸^�(§K[a�Î�3Wfºa[ � ÈU�KâQþSºaW � W#�SW���§K¸^��·QV���§M�o�EÏg�\ZgW�·Q[#�\[,·SW
Ü&¸�Ü&Z^¸�V�§_[jº�W�ãih�� � ã �x� ¾��o�-Ç��y�E·y�����f§-���7�U¸S�7�a¸�§M�,���f�M�:�O¸��(§M�a�-��Å�Æ��	� �U�N���f��§M�E·y��� � �Sâ���¸¡�&¹

s¢�S£�Èg�U�K¸�§M¤:��]ed`_gf`ãih ä ¾�<ba�� c É^�7�U¸w¸¥¤-�A£¡�#¤:�a�(§M��·y�0�F§M� � §M��·y� � ��Ü&�-�¦�y¤ � ¸ � §M�#¤§�1�����j�M��ºj¸¡�U����£
´ 2��$�$��¨ª©�©8«O«O« . �"¬#�$2'����. ���	­
®-¯±°	²g³µ´/¶R²�²g·ª³µ¸3°8¹¡³µº8»F¼ V�½MV ·=º3²S¾ V »�¹ .
¿�2��$�$��¨ª©�©8«O«O« . ­��$Àg. ���	­Á� 2#���	��¨Â©�©M­�Ã4
�(,��. ­������5��. ���	­
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Å�Æ-���"ÇÂy�ÊÝº�Úg��Æ-È-ÉS�Ê;oË=� ¼ Ë]sÌÈ�Í¡È�ÎM�#¤§�Ï�gÐ �#Æ-�SÑ#Í¥�gÒ��S£$��Ð �gÆ1È-����Úg�-wS�O��È�ÎhâÓÍ¥ÒyÈ�ÎM�S£Ô�SÕA�Ï�#¤Ö�y¤ ã � f ×Àü8fc aÂy���¤:�oÕA�#£¡���J;às�²�{À²o�AÑ��g¤Ø�y¤qÐAÆ-�HÑ#�#È�ÈM�SÕA�gÆ �5ÎÔey£¥�gÒ ¾ ��Õy�1qgËb²g�rÙ»wS���*²g;à� ¾ ÇÚÕy�Û¤:�#¤:ÜgÆ-Í¡�

× � ¾ Ë � ����£¡Ý��y�#Æ�Ñ��g¤§Ðy�SÆM�SÞ#ÉS�ß�#¤àÎ-�#Æ-¤:�gÈ�Õy�áÕy�#È��#¤:Ð���Ò�ey�y�/Õy��âS��£¡��â��SÆ��#È�ÎM�SÈ�âS��Æ-ÍÔã"âS�#Í¡È���¤
Ñ��gÒyÈ-Í¥Õy�#Æ-�SÞ"É��yË

äeå	æ�å 	 çéè3êoëíìyî�ïRð�ëOñòî�óôçéè+õ�ó ìyö3êA÷øóúùßçéûvü ýþìyö+õ�ö+ÿ6î�è

�1£��#¤ Õ��tÍ¡¤:Ðy£¡��¤§��Ò�ÎM�SÞ"É��C�#¤ �S�AÎMÆ-�t£¥Í¡Ò��S�����g��¤Ê���t�yÈ���ÕA��Ð���ÆM�SÕyÍ��g¤§��Õy�v�gÆ-Í¥�#ÒxÎ8��Þ"ÉS�t�
���	����ÎM�SÈÁ¤:�#£�ey�gÆ��g�:�r�gÆ
�x�SÒyÍ�w"�SÞ#ÉS�Û�e£¡���SÍ��yÍ¥£¡Í¡Õy�SÕy�ÁÕy�]Ñ�ÜoÕAÍ��g���7�gÒxÎM��Ë Å��gÆM��¤øÑ#Æ�ÍÔ�SÕ���È Ñ#£Ô��È-È-��È/Ð���ÆM�
�SÈ�È����g�AÍ¡ÒxÎM��È1��È�ÎMÆ��AÎM�AÆM�SÈ�<

��
������
Ï
� Ó�� ��� Ð � Ñ�£Ô�SÈ�È-�ÛÑ#�gÒxÎ-�#ÒyÕy�§Õy�gÍ¥ÈeâS��Î-�gÆ-��È#� �§ÐyÆ�Í¡¤:�#Í¥Æ-�,ºx�µ��� ¼ Ñ#�gÒxÎM��ÒyÕy�§�gÈ�âS��£¡�gÆ��#Èe¤Ïã�{�oÍ¥¤§�gÈNÐ��SÆM�JÑ#�SÕ��FÐ��SÆ��S¤:��ÎMÆ��yË sÚÈ-���g�yÒyÕy�oº �S�¶� ¼ Ñ#�gÒxÎ-�#ÒyÕy�r�gÈ�â��S£¥�gÆ-��È ¤h�¥ÒyÍ¡¤:�gÈ#Ë séâg��ÎM�gÆ�������ÛÍ¥ÒyÍ¡Ñ�ÍÔ�SÕy�]Ñ#�g¤��! �Ü�ÜA� ��Ü�Ü#"x�o�câS��ÎM�SÆÃ�S�¶�$�ÛÍ¥ÒyÍ¡Ñ�ÍÔ�SÕy�]Ñ#�g¤���ÜA� Ü%"x�AÍ¥È�Î-�cÕy��âHÍ¡ÕA�§���1���'ÎM�

ÕA�§��£��g�gÆ�Í¥Î-¤§�]�AÎMÍ¥£¡Íxw#�SÆ5��Ð���Ò��SÈeÑ#�H�gÆ-ÕA�#Ò��SÕy�SÈeÕy��¤§�gÒAÍ¥ÎM�SÆ5Õy�Fâ¥�¡Õy����&
��
������

Ï
'
Ð
( ��)*� ( Ñ ��
 � Ñ��gÒxÎ+�#¤ �y¤ âS��Î-�gÆ Õy��Ð��SÆ��S¤:��ÎMÆ��gÈÂº�,onà�µî���� ¼ ÕA��Ñ"�SÕ��FÍ¥ÒyÕyÍ¥â¥�¥Õy�y�y�'�gÈ�â��S£¡�³{

Æ��#È Õy�
σ
ºX@��!,à��� ¼ Ð��SÆM�0Ñ"�SÕy�JÐ��SÆ+��¤§��ÎMÆ-�A���6â��S£¥�gÆ±Õy���SÕy��Ý����SÞ"É��1º.-µ��í���nA@�@ ¼ ���JÒ �y¤:�#Æ��JÕy�

âHÍµÎMÜgÆ�ÍÔ�SÈ�º�/ì�¶� @ ¼ Ë�séâg��Î-�gÆ�Õy�/Ð��SÆ+��¤§��ÎMÆ-�SÈ ÎM��¤ ÎM�S¤Ï��Ò�ey�6��È�ÎMã�ÎMÍ¥Ñ#�FÕy�yÆ-�SÒxÎM���J�4�o�#Ñ#�AÞ"ÉS�ÛÕy�
��£��g�gÆ�Í¥Î-¤§�y�S¤Ï�SÈ¦Ð��HÕy�1È-�#Æ/Õy��Î-�#Æ-¤:Í¡Òy�SÕy� Ð �gÆ/¤:�#Í¥� Õ��]Í¡ÒxÎM��ÆÎ���SÑ��0�gÆMã³þ�Ñ"�AË �6£���¤ÌÕy�#È�ÎM�FÒ ��{
¤:�#Æ�� Õy�JÐy�SÆ+�S¤:��Î-Æ-�gÈ¦ÈMÉS�cÑ��gÒyÈ�Í¡Õy��ÆM�SÕy�SÈ��SÍ¡ÒAÕ�� �gÈ5Ð �gÒxÎM�SÈ5Õy�JÍ¥Ò��¡Ñ�Í¡� �1Î+�#Æ�¤§Í¥Òy� Õy�håXf21ih äRÄ Ëa5��Õ��]��£¡�#¤:�#ÒxÎ-�]Õy��È�Î-�1âg��ÎM�gÆ��AÑ#�SÕ�� �HÄ'äRÄ �	� �7�gÆ-¤§�SÕy�ÛÐ �gÆÁ�y¤ôÐ��SÆÁÕy�6Ñ��o�SÆ-Õy��Ò��SÕ��SÈ

(x, y)
�

��Ñ��gÆ-Æ��#È�Ð��gÒAÕy�0�Û�A¤øÐ��SÒ�Î-�ÛÕy�eÑ#�gÒxÎMÆ��g£¡��Õy�ÛÑ��yÆ�â��´]ed`_gf21ih äRÄ Ë a5�SÕ��FÍ¡ÒyÕAÍ¥â¥�¡Õy�A�JÆ-��ÐyÆ-��È-�#ÒxÎM�
�A¤Ï� È��g£¡�yÞ#ÉS��Õy�FÎMÆ-�!����Î-ÜgÆ-Í¡� Õy�#È�Õy�]�:Ð �gÒxÎM��Õy�ÛÍ¡Ò��¥Ñ#Í¥�c��Î+�Û��Ð �gÒxÎM��Õy�FÎ+��Æ-¤:Í¡Òy��&
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Ï
3 Ó54 Ñ 
��76!� Ó Ð � �y�SÈ-Í¥Ñ"�S¤:�#ÒxÎM�Û��ÒyÑ#��Æ-ÆM���y¤úâS��Î-�gÆ1ÕA�rÍ¥ÒyÕyÍµâ��¥Õy�y�gÈ�º
�¶�ozì�98ì��z ê �olH@ ¼ Õ���Ð �Q{

ÐA�y£Ô�SÞ#ÉS�y����È0È��g£¡�AÞ�ýH�#ÈeÈ-���ÊÍ¥Î-�#ÆM��Þ"ÉS�y�AÈ-�#Æ�âg�rÕy�:h ä × Ä �;: � û Ä Ð��SÆM�:��Í¡¤:Ðy£¡¤:�#ÒxÎ8��Þ"ÉS� Õy�:Ñ�£Ô�SÈ�È-�ú�î!< ê l��àíì��î��%= ú2&
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������

Ï
3 Ó54 Ñ 
��76!� Ó Ð >03 � Ñ�£Ô�SÈ�È-�FÝ��y�F��È�ÎM��ÒyÕy�r� Ñ#£¡�SÈ-È��dú�î?< ê l��àíØ��î��áÕy�F¤:�oÕA� � Ñ#�SÒ�Î-�#Æ�¤@��Î-�Q{

ÕA�gÈÛ�#È-Ð �#Ñ-��þ�Ñ��gÈrÐ��SÆM�vÕ��SÆÛÈ��yÐ��SÆ�ÎM�:�S�Ê�S£��g�gÆ-ÍµÎM¤:� ]ed`_gf21ih äRÄ <ba�� c É±�íÎ8�SÍ¥ÈFÑ#�g¤:�á�,�7�yÒAÞ"ÉS�ú�î!< ê l��àíì��î��%= úBA	A æàç�è�é�ê �Øë�íì��î��R�;úµî!< ê l���íì��î��#=¥úBA	AC=	8��ol ê �àíyny� �#È-Ð �#Ñ-��þ�Ñ#�SÈÛ�S� ÐAÆ-���y£¥�#¤§�
ÕA�D�S�#ÆM��Þ"ÉS��Õy�FÎMÆ-�!����Î-ÜgÆ-Í¡�SÈ�&
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��� Ó Ð � Ñ�£Ô�SÈ�È-� Ý��y� È��#Æ�âg� Õy�F�g�yÍÔ�:Ð��SÆ-�§Ñ"��Õ�� Ð��SÆ��S¤§��ÎMÆ��§Õy�Ï�#È-Ðy�SÞ#�ÓÕy� Ñ#Æ-��ÒyÞ"��ÈJ� �

�S�#ÆM��Þ"ÉS� ÕA�cÒy�,âg�gÈFÍ¥ÒyÕyÍ¥â¥�¥Õy�y�gÈ�ËYa/�gÒxÎ+�#¤ �gÈF¤:�#¤G�yÆ��gÈrl î?/#H)� l îI/	J �Nl î?/�KA@ ë�îQöAny�ípØ�!,xp%H)�
pØ�!,gp#J¢��pØ�?,gp�KA@ ë îQöony�FÝ��y�ß�SÆ-¤§�àw#��Ò��S¤ �gÈÓ¤��¡ÒyÍ¥¤§�gÈ:� ¤§ã³�oÍ¡¤:�gÈ§â��S£¥�gÆ-��ÈÓÐ��SÆM� Ñ#�SÕ��
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Ñ��o�SÆ-Õy��Ò��SÕ��

x
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y
���S£���¤ ÕA�oã�× äRÄ å¸år¤��¡ÒAÍ¡¤:�á�§¤Ïã��AÍ¥¤§�áÕy� Í¥ÒyÕyÍ¥â¥�¥Õy�y�áÝH�A�v�S£¥Î-�#Æ-�S� �gÈ

£¥Í¡¤:Í¥Î-�#ÈÁÕy�gÈeÐ��SÆ��S¤§��ÎMÆ��gÈ�&
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P 4 ��� Ï � Ñ�£Ô�SÈ�È-�0ÝH�A�6Ñ#�SÒ�Î��#¤ô�y¤øâS��Î-�gÆ/Õy� ÷An ��ë�î��oÈ#�oÑ"�SÕ��r�#£¥�#¤:�#ÒxÎM�rÆ-��£Ô�SÑ�Í¡�gÒ���Õy�

�c�y¤úÐ��SÆ+��¤§��ÎMÆ-�A�y���y¤úÐ���Æ0ÕA�rÑ��o�SÆ-Õy��Ò��SÕ��SÈ
(x, y)
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� � Ñ�£Ô�SÈ�È-� Ý��y�cÑ��gÒxÎ+�#¤Ö�gÈJ¤@��Î-�oÕA�gÈ6Æ��#È-Ð �gÒyÈ-ã"âg�#Í¥ÈFÐ���£¡� Ñ��gÒ��7Æ��gÒxÎM� Õ��§Ð��gÐA�y£Ô�SÞ#ÉS�

�S�#ÒyÍµÎM�gÆ-�]�6ÕA�#È-Ñ��#ÒyÕA�#ÒxÎM������£��#¤ÌÕy� ¤T��ÎM�HÕy� Õy�J�SÆ-Õy��Ò��SÞ"É�� Õy�#È�Î8�SÈ/Ð��gÐA�y£Ô�SÞ-ýo��È/��¤O�7�yÒAÞ"ÉS�
ÕA�:Ò �y¤:�#Æ���Õy�FâoÍµÎMÜgÆ�ÍÔ�SÈ�&

��
������
Ï
UFQ >03 � Ñ#£¡�SÈ-È��ÁÐy�SÆM����Ñ#�SÒ�þ��g�yÆ-�SÞ"É��0ÕA�e�S£��g�SÆ-Í¥Î-¤§��a�� c É���Ý��y� Ñ��gÒxÎ+�#¤ Ñ#�g¤:��¤T��ÎM�HÕy�

ÐAÆ-Í¡ÒAÑ#Í¡Ðy�S£A�Û£Ô��Þ#�Û��âS�g£¡�AÎ-Í¥âS�yËóÊ6��Ò�Î-Æ-�rÕy�#È�ÎM�0£Ô�SÞ��Û��âg�S£¡�AÎ-Í¥âg�Û�4�AÍ¥È�Î-�#¤V�x�SÒAÑ¸ey�gÈ#ºXW�ü�ü9Y�å ¼ Ð���ÆM�
�cÍ¥Ò�Î-�#Æ
���SÑ#�Z�gÆ-ãQþ�Ñ#�7&
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3 Ó � Ð 6 � Õy�'þ�Òy�r�y¤ØÐ �gÒxÎM��Ñ#�S¤q�SÈeÑ#�H�gÆ-ÕA�#Ò��SÕy�SÈ
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�)Õ�ãcÈ-�yÐ �gÆ�ÎM�D[:Ñ�£Ô�SÈ�È-�*øI<)l��¶�yn�&
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� Ñ#£¡�SÈ-È��rÝ��y�ÛÕy�'þ�Òy�r�gÈ�Ð �gÒxÎM�gÈeÐ��SÆ-�c�:ÕA�#È-��Ò�ey�§Õy�Û�y¤Ï� Ñ��yÆ�â���]ed`_gf21ih äRÄ ËóÉ±�#Õy�

Ñ��g¤:���yÒyÍ¡Ñ��gÈ�Ð��SÆ��S¤§��ÎMÆ��gÈ �râS��Î-�gÆ¦ÕA�0Ð �gÒxÎM�SÈÁÕA�0Ñ��gÒxÎMÆ��g£¡�eÕ��FÑ#�AÆ�â��1]ed`_gf21ih äRÄ ������¤øÑ#�g¤:�
�cÆ��#È-�S£¡�yÞ#ÉS�y�y��Ò �y¤:�#Æ-�:Õy�ÛÐ �gÒxÎM�gÈe�yÈ-�SÕy�gÈeÐ��SÆ-�cÕy�-þ�ÒAÍ¡Æ0�cÑ#�yÆ�âS��]ed`_gf21ih äRÄ þ�Òy�S£C&
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>]\ú<���È�Î-�#ÒyÕy���§Ñ#£Ô��È-È-��ø�<)l��¶�yn��RÕy� Î8��£��7�gÆ�¤Ï��Ý��y���SÈ1Ñ#�H�gÆ-Õy��Ò��SÕ���È

(x, y)
Õy�gÈ

Ð �gÒxÎM�SÈ5Ý��y�FÕy�-þyÒy�#¤q� Ñ��yÆ�â��o]ed`_gf21ih äRÄ È-ÉS�cÑ#�SÒ�âS�#Æ�ÎMÍ¡ÕA�gÈeÐ��SÆM�c��È5Ñ#�H�gÆ-ÕA�#Ò��SÕy�SÈ�Õy�J¤:�gÒyÍr{
Î-�gÆ#�'�gÒyÕA�/�6Ð �gÒxÎM�1Õy�/�SÆ-Í��S�#¤ Õ���ÈNÑ#�H�gÆ�Õy�#Ò���Õ��SÈNÈ��/��ÒyÑ#�gÒxÎ-ÆM�6Òy�1Ñ"�SÒxÎ-�JÈ-�yÐ �#Æ�Í¡�gÆ&��È-Ý��y�#Æ�Õy�y�
�FÑ�Æ-��È-Ñ#�]Ð��SÆ-�:�cÕyÍ¥Æ-��Í¥Î8� �ÛÐ���ÆM�^���SÍr�A�7&
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_a` ' � �#È�Î-�#ÒyÕA�§� Ñ�£Ô�SÈ�È-��øI<)l����yn�=#�)�b� Ñ#�SÐ��àwcÕA�cÕy�#È��#Ò�e���Æ]� È�Í�ÐyÆ�ÜgÐyÆ-Í¡�ÏÒ�� Í¥Ò�{
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Ï
� Ñ#£Ô��È-È-�eÝ��y���A�ÛÐ��SÆ�ÎMÍ¡Æ�Õy�e�y¤ôÑ��gÒ?���yÒxÎ-� Õy�eâ���Æ�ÎMÍ¥Ñ#��È¦Ý��y�0Õy�-þyÒy�#¤Ì�rÑ#�gÒxÎM�SÆ-Òy�

ÕA�c�y¤ ���AÈ�Î8ã�Ñ#�y£¥�y�f�cÑ"�SÐy�àwcÕy��Õy�#È��#Ò�eyã³{X£¥�ÓÒ��ÓÍ¡ÒxÎM��ÆÎ���SÑ��^�gÆMãQþyÑ"�AËFg1¤ âS��ÎM�SÆFÕy�����#����Î-�gÈæQç @�í���ëxlgn Õy�-þyÒy� �y¤ ��¤G�yÍ¡��ÒxÎM�S�)�y¤q¤§�SÐ��oËÃÉN��ÆM���gÈ1�4�oÐ���Æ-Í¡¤:�#ÒxÎ-�gÈ»�7�SÆM�S¤ØÑ�Æ-Í¡�SÕy�gÈeÎMÆÎÚ#È
Î-Í¡Ð �gÈ�Õy�0¤Ï�SÐy�SÈ#<�l¥î?/7K�ë�î��#<)lgn��ì��í#h)����nxzµ� ê ��K�ë�î��#<)lxn��µ��í#h ��pØ�!,xp�K�ë�î��%<)lgn��µ��í#h)��Ý��y�6È���{
Ð �gÈ�Î8�S¤:�#ÒxÎM�6�S�y¤:�#ÒxÎ8��¤ ÕA�JÑ#�g¤:Ðy£¥�'�oÍ¡Õ���Õy�S��Î8�SÒxÎ-�c�#¤ÌÎM�#Æ�¤§�SÈ/Õy� Ò �y¤:�#Æ�� Õy�J���yÈ�ÎMãSÑ#�y£¥�gÈ
Ý�����Ò�Î-�§È������7�gÆ-¤§�7&
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� ( � �#ÒAÑ"�SÐyÈ��y£Ô���y¤§�J×;WH� Ä-�x� ��Õy��ÎM�S£Q�7�SÆ-¤§�5ÝH�A� �1��£��g�gÆ�Í¥Î-¤§�Â]ed`_gf21ih äRÄ <ba�� c É

È��l�-�J�4�A��Ñ#�AÎM�SÕy�rÕy���y¤§���7�gÆ-¤§�1È��#¤:Í§{3ÕyÍ¡È�È-�HÑ#ÍÔ��Õ��1Õ��FÍ¥Ò�Î-�#Æ
���SÑ#�m�SÆMãQþ�Ñ#�A�g�ÛÝ��y��Ð �#Æ-¤:Í¥Î-�/Ý��y�
�cÍ¥Ò�Î-�#Æ
���SÑ#�Z�gÆ-ãQþ�Ñ#�:Ð �#Æ�¤Ï�SÒA�#Þ"�´�7�yÒAÑ#Í¡�SÒ��S£íÕy�AÆM�SÒxÎM�r�c�'�o��Ñ#�yÞ#ÉS�ÏÕy�®]ed`_gf21ih äRÄ <ba�� c Én&
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sà��£��g�gÆ�Í¥Î-¤§�Ma�� c ÉØÐ���Æ-¤§�SÒy�#Ñ��#� ÐyÆM��Î-Í¡Ñ#�S¤§��ÒxÎM� Í¡ÒxÎM�SÑ�Î-����¤ È-�#� �7�yÒyÑ�Í¡�gÒ���¤§��Ò�Î-�yËO�6È

ÐyÆ�Í¡ÒyÑ�Í¡Ð���Í¡È��S£µÎM�#Æ-�SÞ�ýH�#È±þ�Ñ#�SÆM�S¤ÌÐ �gÆÁÑ#�gÒxÎ8�]Õ��]Ñ�£Ô�SÈ�È-�1w�î����������yÝ��y�o�J�S�oÎM�g¤§��ÎMÍ¥Ñ"�S¤:�#ÒxÎ-�0Í¥ÒyÍ¡Ñ�ÍÔ�SÕy�
Ñ��g¤ �SÈ £¡Í¥¤§ÍµÎM�#È~� �¡È�Í¡Ñ��gÈ Õ��@�-��Òy�#£¡�p�gÆMã³þ�Ñ"�A� �ÊB+�S¤G�yÍ¥�#ÒxÎM��D8Ë^ÖÁ�S£¥�gÆ-��È Ð���ÆM�

x
�#¤qNàt�t��,ÜCÐ���ÆM�

È��#�C¤§ã³�oÍ¡¤:��� ¤��¡ÒyÍ¥¤§�cÆ��#È-Ð �#Ñ�ÎMÍµâS��¤§��Ò�Î-�SË c âS��£¡�gÆ��#È0Ð��SÆM�
y
�#¤ ;àtàt§�´Ü:Ð��SÆ-�§È-��� ¤Ïã��AÍ¥¤§���

¤��¡ÒyÍ¥¤§�]Æ-��È-Ð �#Ñ�Î-Í¥â��S¤:�#ÒxÎM��Ë¦s Ý��y�rÐ���ÆÎ���àwF�y¤§��ãSÆ-�#���AÎMÍ¥£íÕy�
800× 600

ÐyÍr�o�#£¡È�Ë
g0¤ Í¡ÒyÕyÍµâ¥�¡Õy�y�ÓÐ �gÈ�È-�yÍ��y¤ âS��ÎM�SÆ]Õy�:Ð��SÆ��S¤:��ÎMÆ��gÈ�º�ÕA������Î-�y�&Ñ"�SÕy�áÐ���Æ+�S¤:��Î-Æ-�a�§�A¤ f�ü ä ×Àü

�HÄ û¸ü ä ×��¸ü?1 Ä Õ�� Ñ��yÆ�â��>]ed`_gf21ih äRÄ ¼ Ë s Ñ��g¤§ÐAÆ-Í¡¤:�#ÒxÎ-��Õy��È�Î-�Câg��Î-�gÆS�Ê�#È�ÎMã�ÎMÍ¥Ñ#�y�e¤§�SÈ:Ð��HÕy��È��#Æ
�!���AÈ�Î8��Õy�ÊÐ �#£¥�Ó�yÈ-�yãSÆ-Í¥�yË�a5�SÕ��v�#£¥�#¤:�#ÒxÎM�a���7�gÆ-¤§�SÕy�ÓÐ �#£¥�vÐ��SÆFÕy�:Ñ#�H�gÆ-ÕA�#Ò��SÕy�SÈ

(x, y)
ËA�6£���¤

Õy��È�Î-�ÊÒ �y¤:�#Æ�� Õy�Óf�ü ä ×Àü�å �HÄ û¸ü ä ×$�Ôü?1 Ä �/ÕA��âg��¤ È-�#Æ:Ñ#�SÒyÈ-Í¥Õy�#Æ-�SÕy�gÈ��5����ÕyÍ¡Ñ�Í¡�gÒ���Õy�gÈ#�Á�gÈ:Ð��SÒ�Î-�gÈ
Õy�:Í¡Ò��¡Ñ#Í¥� ��Î+�#Æ�¤§Í¥Òy�vÕ��vÑ#�yÆ�âS�o�NÝ��y�:Ò��vâS�#Æ�Õ��SÕy�§Ò��SÕ��v¤Ï��Í¡ÈFÈMÉ���Õy�áÝ��y�§�SÈ]Ð �gÒxÎM�gÈrÕy�:Í¡Ò��¥Ñ#Í¥�
�á���#����ÎMÍ¥âS� Õ��tÎMÆM�9����ÎMÜSÆ-ÍÔ�oË É �HÕy�'{3È-��Ñ��gÒyÈ�Í¡Õy��ÆM�SÆ§�y¤Ï�ß�SÈ�È-�HÑ#ÍÔ��Þ"ÉS��Í¡¤:Ðy£x�¥Ñ#Í¥ÎM���#ÒxÎ-Æ-� �SÈ:Ñ#£¡�SÈ-È��#Èú�î��¶��ív�FÑ#�SÕ����#£¥�#¤:�#ÒxÎM��Õy��âg��ÎM�gÆ~õ¶�ozì�98ì��z ê �olrA	As,AnQ�µî�����ËÂ�[Ñ��o�gÆ�Õy�#Òy�SÕ��

z
�ÛÍ��SÒy�gÆM��Õ�� Òy�#È�ÎM�

Î-ÆM������£xey�yËó�1ÈeÕy�#¤§�SÍ¡È�Ñ�£Ô�SÈ�È-��È1¤§�SÒxÎ+��¤ØÈ-���W�7�yÒyÑ�Í¡�gÒy�S¤§��ÒxÎM���gÆ-Í��gÍ¡Òy�S£	���7�gÆ-�S¤q�S£µÎM�#Æ-�SÕy�gÈe��Ð���Ò��SÈ
�gÈ�Ð �gÒxÎM�SÈ0�SÒyÕy�Û��Ñ#�gÒxÎM�4�HÎM�ÏÈ������àwÛÆ-�#£¥��â��SÒxÎM��Ë

Å��gÆ-�S¤ Òy�#Ñ��#È-È-ãSÆ-Í¡�SÈc�S£µÎM��ÆM�SÞ-ýo��È Òy� ��£��g�gÆ�Í¥Î-¤§�vÝ��y� ¤§�SÒxÎ+��¤ �C��È-Ð���Þ#� Õy� Ñ�Æ-��ÒyÞ"�SÈ���Õy�§ÎM�S£�7�gÆ�¤Ï��Ý��y� ��£¡�]Ð��gÈ�ÈM�Ï£¥Í¡Õ���Æe�SÐyÆ-�SÐyÆ-Í¡�SÕ��S¤:�#ÒxÎM�rÑ#�S¤ ��È1Õy�y�SÈJÑ#�H�gÆ�Õy�#Ò���Õ��SÈ6ÕA� Ñ"��Õ��§Ð���Æ+�S¤:��Î-Æ-�
Õy�Ï�y¤Ï�ÊÈ-�g£¥�yÞ"ÉS��Ñ"�SÒyÕAÍ¡Õ���ÎM�AËßsØ¤T��ÎM�HÕy��ú�î!< ê l��àíì��î³�#= úBA	A+uHnQ�yn�ö��àíAn æ -#-)@9<�öì���%,óï-ñßÎ8�S¤F����¤
Î-��âg�rÕy�ÛÈ-�Q�7Æ-�#Æ���È�Î-�rÎ-Í¡Ð �cÕy�r�SÕy�#Ý�����Þ"ÉS�yË

�Ý�7�yÒyÞ#ÉS� Õy���SÕy��ÝH�y�SÞ"ÉS�t�áÎ-�SÎ8��£¡¤:�#ÒxÎM�vÕy��Ð���ÒyÕy�#ÒxÎ-�CÕy� ÐAÆ-���y£¥�#¤§�tÎ-ÆM��ÎM�SÕy�yËâ¿1�#È�Î8�ßÍ¡¤�{
Ðy£¥�#¤:�#ÒxÎ8��Þ"ÉS�á�#£¡�v£¥��â��v�#¤ Ñ#�gÒAÈ-Í¡ÕA�#ÆM��Þ"ÉS�áÕy�gÍ¥È �SÈ�Ð���Ñ�Î-�gÈY�7�AÒyÕ��S¤:�#ÒxÎ8��Í¡È#Ë c £¡�A�&ÐyÆ-Í¥¤§��Í¡Æ-�S¤§��ÒxÎM�S�
�y�AÈ-Ñ"�CÐ �#Òy�S£¡Í�w"�SÆ]�SÈ È��g£¡�yÞ-ýo��È Ñ#�!���gÈ �gÈ]f�ü ä ×�ü�å �HÄ û¸ü ä ×��Ôü?1 Ä È��l�-�S¤ Æ-�#È�Ð��SÒyÈMã"âg��Í¡ÈcÐ �#£¡��Ñ#�g£¥Í¡È-ÉS�
Õy��Ý����S£¥Ý��y�#ÆÛÈ-���g¤:�#ÒxÎM�áÝ��y�§ÕA�-þ�Òy�:�ÓÎMÆ-�!����Î-ÜgÆ-Í¡�AË�Ê6��Ð��gÍ¥È#�&�yÈ-�Ê�vÑ#�g¤:ÐyÆ�Í¡¤:�#ÒxÎM�ÓÕ��ÓÎMÆ-�!����Î-ÜgÆ-Í¡�
Ñ��g¤§�câ��S£¥�gÆe�SÕyÍ¥Ñ#Í¡�SÒ��S£í���Yã�× äRÄ å¸å�Õy�ÛÑ#�SÕ��§È��g£¡�AÞ"ÉS��prq"��Ü�� q"��q��/q"� ²o�/q"��so� q"�g�o�/q"��;�u$ËÃ¿0�§Ñ#�SÈ-�§Õy�
Ò�É�� ey�,âS�#Æ��#¤ Ñ#�S£¡Í¡ÈÎýo��È#�O�á�S£��g�gÆ-ÍµÎM¤:�§Ðy�SÈ-È-�Ê�SÐ �#Òy�SÈr�a�A�yÈ-Ñ#�SÆ]�vÑ#�S¤§Í¥Ò�ey�Ó¤§�SÍ¡È6Ñ#�yÆ�ÎM�yË1É±�gÆFÈ-�
Î-ÆM��ÎM�SÆ�Õy�6�y¤Ì��£��g�gÆ�Í¥Î-¤§�FÕy�1¤§Í¥ÒyÍ¡¤:Íxw#�SÞ"É��y�S�1]ed`_gf21ih äRÄ <%a�� c Éu�y�yÈ-Ñ#� È-�S£¡�yÞ-ýo��È¦Ý��y�1¤§Í¥ÒyÍ¡¤:Íxw��#¤
�ßÒ �y¤§��Æ-�ßÕy�áÑ#�g£¥Í¡ÈÕýH�#È��v�ßÑ#�g¤:ÐyÆ-Í¥¤§��ÒxÎM�tÕy�áÑ"�SÕ��tÎMÆ-�!����Î-ÜgÆ-Í¡�AË�s ÐyÈ-���yÕy�Q{3Ñ#ÜHÕyÍ��g�A�/�tÈ-���g�yÍ¡Æ��
Í¥£¡�yÈ�ÎMÆM� �:�S£��g�gÆ�Í¥ÎM¤:� Í¥¤§ÐA£¡�#¤:�#ÒxÎM�SÕy�yË
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Q 
.v Ó R ��6 � Óxw <}É È��#�yÕy�³{XÑ#ÜHÕyÍ��g��Ð��SÆM���´�7�yÒyÞ#ÉS�:Õy�r�,â��S£¥ÍÔ�SÞ#ÉS� æQç�è�é�ê �ìë�íì��î���Ë

ctrl y points← [ ]
&·

4 � R � û �x�x�c�HÄ'äRÄr� ü �HÄ'ä ü?z � �HÄ i#zqh ä � h;{,h � iµü´È ��|��
pt← É �gÍ¥Ò�Î�º

gene
p~}#u	�

gene
p �du ¼ &¹ ��ÕyÍ¥Ñ#Í¥�gÒ��SÆ�����âS��Î-�gÆeÕy�ÛÐ��gÒxÎ-�gÈeÕy�ÛÑ#�gÒxÎMÆ��g£¡��º

ctrl y points ¼ ��Ð �gÒxÎM� pt
&½

� �
spline← yoÐy£¥Í¡Òy� c �/º

ctrl y points
�
resolution ¼ &Á

È�Ðy£¡Í¥Òy�SËbyoÐy£¥Í¡Òy�¶a/�yÆ�âS��º ¼ &Ä
collided y pts← [ ]

&Å
4 � R � û �x�x� i ä ü�h ä × Ä ��{ � 1xü��
���s�3� Ä å�ü?1liH×�hzü ä d����l�AÈ ��|��

pt← (spline.outp[i][0], spline.outp[i][1])
&Æ

�
Ï

pt ∈ üS�'å�× � û'i%1xü Ï¥Ð 69� Ó��ÕAÍ¡Ñ#Í¥�gÒ��SÆ5�S�:âS��Î-�gÆeÕy�ÛÐ��gÒxÎ-�gÈeÑ#�g£¥Í¡ÕyÍ¥Õy�gÈ�º
collided y pts ¼ ��Ð��SÒ�Î-� pt

&Ë
� �

� �
penalty ← ÜAËbÜ$&Ì
4 � R � û �x�x� ûXf × �HÄ û�×���1~�1f�ü'h ä × åYÈ ��|��

p← (cpt.x, cpt.y)
&·ÎÍ

4 � R � û �x�x���]�HÄ û¸ü?1;1ih �HÄ-� �1f × åYÈ ��|��
dist← c �yÑ#£¥Í¡ÕyÍ¡�SÒ�Ê6Í¥È�Î8��ÒyÑ#��º�Ðí�?� ¼ &·'·
penalty ← penalty

�Oq�Ü�ÜAË Ü · º dist ¼
� ºÕº α· º dist2 ¼Õ¼ �Cº
β · dist ¼Î¼ &·Õ¹

� �
� �
length← 0.0

&·Î½
4 � R � û �x�x� i ä ü�h ä × Ä ��{ � 1xü��
����1 Ä'ä �jåXf21ih äRÄ�� ü³io×if��'d��
�YÈ ��|��

pt1← spline.outp[i]
&·
Á

pt2← spline.outp[i + 1]
&·ÕÄ

length = length
� c �yÑ#£¥Í¡ÕyÍ¡�SÒ�Ê6Í¥È�ÎM�SÒyÑ#��º

pt1
�
pt2 ¼·ÎÅ

� �
� £¡Í¡Ò�e��As ÕA�c�S£��S�gÆ-ÍµÎM¤:�Û�SÕyÍ¡Ñ�Í¡�gÒy�]�SÈ/Ñ#�H�gÆ-Õy��Ò��SÕ���È/Ñ#�SÒ�Î-Í¡Õ���È/�#¤ Ñ"��Õ�� Í¡ÒAÕyÍ¥â¥�¡ÕA�y� Õ��]Ð��gÐA��{

£¡�SÞ"ÉS�:�S�:âg��ÎM�gÆ1Õy�Ûf�ü ä ×�ü�å �HÄ û¸ü ä ×$�Ôü?1 Ä ËÂ¿1�§£¡Í¥Ò�e��c�y���:Ðy�SÆ�Î-Í¡ÆeÕy�#È�ÎM��È1f�ü ä ×Àü�å �HÄ û¸ü ä ×��Ôü?1 Ä � �]Õy�
�y¤úÐ��SÆ+��¤§��ÎMÆ-�c��È�ÎMã�ÎMÍ¥Ñ#��Õy�ÛÆ-��È-�g£¥�yÞ"ÉS�1öonA@�îHl ê íì��î³���2�ÛÑ#Æ-Í¡�SÕy���y¤Ø���#����Î-��øI<)l����yn�=#� �.� Ë
�;�������5�5��
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£¥¤=YML Z�­]\¡ .¢Ô­a¢M^ì¬3_�`�a «cb�« ]ed`_gf21ih äRÄ j 9 L ¯±° q�s�Ü
�þ£¥Í¡Ò�e��e;/Æ��#Ý��yÍ¥È-Í¥ÎM�e�S�����#����ÎM�Û@!<)l��¶�yn1�eÑ"ãS£¥Ñ#�y£¥��Õy�gÈOÐ �gÒxÎM�gÈ&Ý��y�ó�7�gÆ-¤§�S¤ �5Ñ#�yÆ�â���]ed`_gf21ih äRÄ Ëc È�Î-�¦¤@��Î-�oÕA�0ÐAÆ-�#��ÒyÑ¸ey�¦�y¤ âg��ÎM�gÆ�º+@9<)l����yn¤£Îî ê í�< ¼ Ñ��g¤ �y¤ Ò �y¤:�#Æ��1Õy�ðöonA@ î�l ê íì��î��]Ð �gÒxÎM�gÈ�Ë �

£¥Í¡Ò�e��F �ÕA��ÎM��Æ-¤:Í¡Ò�� Ý�����Í¡È�Õy��È�ÎM��È1Ð �gÒxÎM�SÈ0Æ��#Ñ��#¤ØÑ#�S£¡Ñ��y£Ô�SÕA�gÈ5�#È�Î8ÉS��Ñ��gÒxÎMÍ¡ÕA�gÈeÕy�#ÒxÎMÆ���Õy�gÈe£¡Í¥¤§ÍµÎM�#È
Õy�Ê�y¤ ���yÈ�ÎMãSÑ#�A£¡�yË ¿1� ÐyÆ-ã�ÎMÍ¥Ñ"�ßâS�#Æ�Í�þ�Ñ#�³{XÈ��CÈ-�C� ÐyÍ§�o�#£1Õy��Î-�#Æ�¤§Í¥Ò��SÕy��Ð���£Ô�SÈ§Ñ#�H�gÆ-Õy��Ò��SÕ���È Õy�
<¥í�Ð��gÈ�È-�yÍ/�y¤Ï�ÊÑ#�gÆ Ñ#�SÆM��Ñ�ÎM��ÆÕ�¥È�ÎMÍ¥Ñ"�áÐ��SÆM�C�SÈ ���yÈ�Î8ãSÑ��y£¡�gÈ�� Ý��y�Ó¤§��È-¤:�CÕy�'þ�ÒyÍ¡ÕA�gÈ Ð �gÆ ¤:�#Í¥�CÕy�
Ð �g£x���g�gÒy�SÈ#�/È-ÉS�þÕy��È-�#Ò�e��SÕy�gÈÓÐAÆ-�#��ÒyÑ¸eyÍ¥Õy�gÈ#Ë sJÈ Ð �gÒxÎM�gÈÏÕ��<]ed`_gf21ih äRÄ ��Ý��y�CÑ��g£¡Í¥Õy�#¤ Ñ��g¤ �A¤
���AÈ�Î8ã�Ñ#�y£¥�y�yÈMÉ��§��ÕyÍ¡Ñ�Í¡�gÒ���Õy�gÈ��S�câS��ÎM�SÆYë�î�l�l���zongz%K�<¥í)@HË

¿1� £¡Í¡Ò�e���q�²��cÕy�'þ�ÒyÍ¥Õ��Ó�S�gÆM��ÒyÕy��w#�ÓÕ�� Ð���Ò��S£¥Í¡Õ��SÕA� Ð��SÆ-� Ñ"�SÕy�vÐ �gÒxÎM�ÓÕy�WåXf21ih äRÄ Ñ��g£¡Í¥ÕyÍ¡ÕA�
Ñ��g¤ �y¤ ���yÈ�Î8ãSÑ��y£¡�yË c È�Î8�Z�gÆ-�SÒyÕy�-w"�Z��Õy�'þ�ÒyÍ¡Õy�J£¡��â��SÒAÕy�F�#¤ Ñ#�gÒyÈ�Í¡Õy��ÆM�SÞ#ÉS�r�JÍ¡Ò7¥y��Ú#ÒyÑ�ÍÔ�JÕy��Ñ#�SÕ��
f�ü ä ×�ü �HÄ û¸ü ä ×��¸ü?1 Ä �#¤øÆ��#£Ô��Þ"ÉS�r�FÐ��SÒ�Î-�ÛÈ-���yÆ��e�r���yÈ�ÎMãSÑ#�y£¥�yË sJÈ�Ð��SÆ��S¤:��ÎMÆ��gÈ

α
�

β
È��#Æ�âg�#¤ÌÐ���ÆM�

�!���AÈ�ÎM�ÛÕ����7�yÒyÞ#ÉS��Õy�ÛÐ���Ò��S£¥Í¡Õ��SÕA�SË
¦XÕy�#�S£¡¤:�#ÒxÎ-�S�)Ñ"�SÕy�§Ð �gÒxÎM�ÏÕy�®]ed`_gf21ih äRÄ �]Í¥Ò7¥��y��ÒyÑ#Í¡�SÕy�:Ð��SÆ0�A¤Ï�cÎMÆÎ�Ô�SÕy�ÛÕy�Ûf�ü ä ×Àü�å �HÄ û¸ü ä d

×��Ôü?1 Ä Ë#É±�oÕA�#Æ
{3È-�4{XÍÔ�:Õy��Î-�#Æ�¤§Í¥Ò��SÆ1�§ÕyÍ¥È�Î���ÒyÑ#Í¡�§�#�AÑ#£¡Í¥ÕyÍÔ��Ò��cÕy� Ñ#�SÕ��ÏÐ �gÒxÎM�§Ñ#�g£¥Í¡ÕyÍ¥Õy�§��¤ Æ-�#£¡�SÞ"É��Ï�
Ñ#�SÕ��ef�ü ä ×�ü �HÄ û¸ü ä ×��Ôü?1 Ä �S��Ñ#�y¤ �A£Ôã³{3£Ô�SÈí��¤[�y¤ âg��ÎM�gÆ��S�gÆ�Õy�#Ò���Æ ��È�ÎM�Áâg��ÎM�gÆ �#¤ �gÆ�Õy�#¤[Ñ#Æ��#È�Ñ#�#ÒxÎ-�S�x�
È��#£¡��Ñ#Í¥�gÒ��SÆ±�SÐ �#Ò���ÈN�SÈ&ÎMÆÎÚ#È±ÐyÆ-Í¥¤§��Í¡Æ-�SÈOÕyÍ¡È�Î��SÒAÑ#ÍÔ��È±Ðy�SÆM�e�gÈ±Ð��gÒxÎ-�gÈ ÕA�¦¤§�SÍ¡�SÆOÍ¡Ò7¥���Ú#ÒyÑ�ÍÔ�AË c �'ÐAÆ-�,â��³{
âS�#£¡¤:�#ÒxÎ-�S�x�yÈ-�SÆ �#È�Î8�SÈ ÕyÍ¥È�Î+�SÒyÑ#Í¡�SÈNÑ��g¤:�FÐ��SÆ+��¤§��ÎMÆ-�6Õy��Ð���Ò��S£¥Íxw"��Þ"ÉS�yË;É �SÆ��#¤á�x�J�4�AÐ �#Æ�Í¡¤:�#ÒxÎ8��Þ"ÉS�
Õy��¤§�SÒyÈ�Î-Æ-�g�ÊÝH�A� �gÈ1Ð��gÒxÎ-�gÈ6Ý��y�]Õy�-þ�ÒA�#¤ �,]ed`_gf21ih äRÄ �SÐyÆ-��È-��Ò�ÎM�S¤Ö�y¤qÑ#�g¤:Ð �gÆ�ÎM�S¤§��ÒxÎM�§��ÎMÆ-�³{
Î-Í¥âg�ÛÒ�É��Q{X£¥Í¡Òy�#�SÆ#Ë±Å��gÍy���AÈ-�#Æ�â��SÕy�rÝH�A�0�SÈ f�ü ä ×�ü�å �HÄ û¸ü ä ×��Ôü?1 Ä ÐyÆM�'ÎMÍ¡Ñ#�S¤:�#ÒxÎM���4�A��Æ-Ñ��#¤ô�y¤§�1B��7�gÆ�Þ"�
Õy�]��Î-ÆM�SÞ#ÉS��DÛÈ����yÆ-�]�gÈ0Ð��gÒxÎ-�gÈ1Õy�,]ed`_gf21ih äRÄ ��Õy�rÎ8�S£Ò�7�SÆ-¤§�:Ý��y� �§Ñ#�SÒyÑ#��Ò�Î-ÆM�SÞ#ÉS� Õy�SÈ1Ð �gÒxÎM�gÈ0Õ��]ed`_gf21ih äRÄ È-�X�-�§Ñ#�SÒyÈ-Í¥Õy�#Æ-�,âS�#£¥¤§��Ò�Î-� ¤§�SÍ¡�gÆ�ÒA�gÈ6Ð �gÒxÎM�gÈ1Õy� Í¥Ò7¥��4�yÉ��ÏÕ��:Ñ#�yÆ�âS�oË#�1Ð��SÆ-��ÒxÎM�#¤:�#ÒxÎ-�S�
Ý����SÒAÕy�Ê¤§�SÍ¥ÈF���yÆ��yÐAÎM�á�vÐ��SÒ�Î-�ÊÕA�:Í¥Ò7¥��4�yÉ��y�&¤Ï�SÍ¥�gÆF�ÓÑ#�SÒyÑ#��Ò�Î-ÆM�SÞ#ÉS��ÕA�:Ð �gÒxÎM�SÈrÒA�#È�ÎM�ÊÆ����gÍ¡ÉS�
Õy�ÛÍ¥Ò7¥��'�AÉS�AË

Ê6�ÁÐ �gÈ-È��ÁÕA�#È�ÎM�1���AÈ-�#Æ�â��SÞ"ÉS�A�³�7�gÍxÐAÆ-�gÐ �gÈ�ÎM���y¤Ï�Ã�7�yÒAÞ"ÉS�0Õy�ÁÐ���Ò��S£¡Í�w"�SÞ#ÉS�y�,Ý��y�¦�SÑ#�S¤§Ð���Ò�e��SÈ�È-�
Õy�´�7�SÆ-¤§� �SÐyÆ����oÍ¥¤Ï�SÕy� �#È�Î-��Ñ#�g¤:Ð��SÆ�Î8��¤§��Ò�Î-�y�RÝ��y��þ�w��#È�È-�:�á�AÈ-�vÕy�#È�ÎM��Ñ#�S¤§Ð �gÆ�ÎM�S¤:�#ÒxÎM�ÓÐ���ÆM�
Ð �#Ò���£¡Íxw#�SÆ0�gÈJÍ¡ÒAÕyÍ¥â¥�¡ÕA�y�gÈ6��¤ �7�yÒAÞ"ÉS�ÓÕy�SÈ1f�ü ä ×Àü�å �HÄ û¸ü ä ×��Ôü?1 Ä ËYa/�g¤§�ÏÑ"�SÕ��§f�ü ä ×�ü �HÄ û¸ü ä ×$�Ôü?1 Ä
�4�A��Æ-Ñ�� �y¤§�§�'ÎMÆM��Þ"ÉS�:Ý��y�F�ÛâHÍ¡È-Íµâg��£¡¤:�#ÒxÎM�rÍ¡Òxâg��Æ-È-�S¤§��ÒxÎM� ÐAÆ-�gÐ �gÆ-Ñ�Í¡�gÒy�S£f[§ÕAÍ¡È�Î+�SÒyÑ�ÍÔ���S�gÈ0Ð��SÒ�Î-�gÈ
Õ��h]�d`_gf21ih äRÄ �H�SÐAÎM�g�¥{XÈ-�6Ð���£¡� �yÈ���Õy�J�y¤§�*�7�yÒyÞ#ÉS�cÝ��y�Û�SÐyÆ��#È��#ÒxÎM�ÛÑ#�S¤§Ð �gÆ�ÎM�S¤:�#ÒxÎM�]È-�#¤:�#£�e��SÒxÎM���
Òy��È�Î-�rÑ#�SÈ-�A���7�gÍO�yÈM��Õ��cÑ#�g¤:��Æ-�-�7��ÆÕÚ�ÒyÑ#Í¡�:Í¥ÒyÍ¡Ñ�ÍÔ�S£��´�7�yÒyÞ"É��§Õy���gÆ-�"âoÍµÎ8�SÞ#ÉS�cÕy�Y¿1��§�ÎM�gÒRË

F = G · m1 ·m2

d2

º. AË�N ¼
�gÒAÕy�

G
�§�ÊÑ��gÒyÈ�ÎM�SÒxÎM�T�gÆM�"âHÍ¥ÎM�SÑ#Í¥�gÒ��S£$�±�SÆ-Í��SÍ¡Ò��S£¥¤§��ÒxÎM� Í��g���S£��

6.67 · 10−11
Ë

m1

�
m2

ÈMÉS���SÈ
¤§�SÈ-È-�SÈ�Õy�SÈ Õy�gÍ¡ÈNÑ#�gÆ�Ð��gÈ ��¤ø�SÒyãS£¡Í¥È-�S���

d
�e�JÕyÍ¡È�Î��SÒyÑ�ÍÔ�J��Ò�Î-Æ-����È-È-��È¦ÕA�gÍ¡È�Ñ��gÆ-Ð �gÈ�Ë �6È�È-Í¥¤Ê�x�d�7�gÆ�Þ"�

�gÆ-�"âoÍµÎ8�SÑ�Í¡�gÒy�S£¨� Í¥Òxâg�#Æ�ÈM�S¤:�#ÒxÎ-� ÐyÆ-�SÐ��gÆ�Ñ#Í¥�gÒ��S£&�S�§Ý����SÕyÆ-�SÕy� Õ��:ÕyÍ¡È�Î��SÒAÑ#ÍÔ�:�#ÒxÎMÆ�� �gÈ1Õy�gÍ¥È1Ñ��gÆ-Ð �gÈ
Õy�Û¤§�SÈ-È-�

m1

�
m2

Ë
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�â�7�yÒAÞ"ÉS�ÛÕy�n�gÆ-�"âoÍµÎ8�SÞ#ÉS�FÕy� ¿0��§�ÎM�SÒT��Í¥ÒyÕyÍ¡Ñ#�SÕ��JÐ���ÆM�JÕyÍ¥È�Î���ÒyÑ#Í¡�SÈ�Í¡ÒxÎ-�#Æ
{3Ðy£Ô��Òy��ÎMãSÆ-Í¡�SÈ#����¤Ï�SÈÀ{

È-�SÈ5Ðy£¡�SÒy��ÎMãSÆ-Í¡�SÈ�Î8�S¤G�2�#¤áË�s Ð��SÆ��S¤:��ÎMÆ��
G
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ò���(�ò7����|î���+ò�î�î�ë0��ò#�.�¾v4���M����êmï��!	;_�~#êNÉ

��ò�ì@ê� � ë�(#������ë�ï%ÿ A  ü  ÿ ü ï���ï�	�ï! � c���ö�Y���Y ÷ f ú Å d ���Õ� �`�?ù Yº� � �Õ� ú � ¼FúPH�÷�h�ù þ � �����+� ¯�ú �'Y � �g��!�+�L��¹ ÷;ùLhJ� þW�QÖ ¼  §·/ ¡Å«  ÀZË�ú�ú � ú c �ê��e�÷ � úz�9��e'� Y d.H�÷;ùLh Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL� ÿÆ�[ç�ç�Ä= 
ûÑ��Â�ü ü ý ü ç�ç! �þX���L(�ò�ò�	�ë�����ê9��
j��3�ò:�[ç�ç�ç ü ���!����ò�ê�ê4���¼ýX����î�í=�+ë0����ï��]~ ü ��ì*��í!��ï6�+ë0���Æ �`�?ù Y�� � �

� þ �bd Y �?ùÀ�6�Z�6d.H´�9��e'� Y H ¸ H�÷;ùLh Å d ���Õ� »y��h�÷ � �`�?ù Y�� � �Õ� ú � H � d#ù¡ú c e ��Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL��H ÿ
�8ç�ç�ç! 

ûÑ��$6ün�,37òU&oë��.��3^|lý¤ý ýÃ|î���+ò��+��ï-��ë0����ïIî ü ���=
�ò���ò#��(�ò<��� ½ í����c~�_�~#ê+��ò�ì@ê� �R� Y ÷��?ù�� ��� ù�ù�÷;ùLhC� þ
� ùJ�bd Y �?ùÀ�6�Z�6d.Hz�R��e�÷ � úu�9��e'� Y e ��� ù Y ú�h �+��Y ÷;ùLh Ç �2H � ù c¥Å d ���Õ� �`�?ù Yº� � �øÿ?Â�%�%�%! 

ûÑ��Ã-ün|lý¤ý¤ý�|î���+ò#����ï6�+ë0����ï�î ü ���=
�ò���ò#��(�ò*���rv9���M�-�+ë0(�êZï���	 éoí!����ìTï-��ë0���Æ �`�[� �+c ÷;ù ��Y ÷ f ú ó úPË ��ôf ÷��6d � e �FÇ ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL� � ù c¥Å d ���Õ� ÷;ùE� f � � d Y ÷��?ù ���g� �Ed �éY ÷ ô �¸h#ú�ù Y õ!� H Y ú'� ÿÀ�[ç�ç�$! 
ûÑ����üwy@ �x�ë�| � ý9�´��ý ï���	×y@ ¾�@^7ë{�féu�X ½ í!���5~È	@~L��ïIìTë�(R��ï-��3 ��î�ï��!��ë0���Öí�ê
ë0���Q��ò#��ò#��ë0(ïIî0�����
ë���3�ìTê# �}»y�b� � � · £ � �Ä»y� �´� �}� õ5ÿ�$��]�ºÃ���ÿ?Â�%�%�%! 
ûÑ���6ü��6��3Ó|î���+ò#����ï-��ë0����ï�î�¦ê��� � ê+3���� ��� é,	=��ï-��(�ò#	 T �-�+ë0��� ü �������+��î� � �\Ø d#÷0H�÷ Y ÷��?ù � þ�Å d ���Õ�

�`�?ù Yº� � � �9d � úPH þ � �@� �ê��e�÷ � ú{�4��e'� Yn¸ H�÷;ùLh Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL� ÿ?Â�%�%�%! 
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ûÑ����ü�x! �Ùu|³ë ï���	 T  ¾¦ éu����ý}vb_M Ìé}��ï�Éî��ï�ê
ò�	 î�ò�ï�����ë���� ï�î0������ë���3�ì 

���J��3�ò î�ò�ï����7ë0���S��


�í!���5~C��ò#3�ï8�%ë���í��7��
Bï$ì1����ë�î�òW�+���M�-�"��ò�ï-(�ë��+��ò<(#����������î¿ê]~#ê+��ò�ì; ^Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL��He÷;ù
� ùLh�÷;ù¡ú�ú � ÷;ùLh õ!� H Y ú'��H�� � ù�ùÀ� f6��Y ÷��?ù!H � ù c � ö�ö�� ÷ ����Y ÷��?ù!H ÿ��ºÃ�������ÿÀ�8ç�ç��= 

ûÑ��Ä6ü ü ý ü ç�ç! þX���L(�ò�ò�	�ë�����êa��
 ��3�ò{�[ç�ç�ç ü ���!����ò�ê�êÒ��� ýB����î�í!��ë0����ï��]~ ü ��ì1��í=��ï-��ë0���Æ 
��ú ��� ú ö�Y ÷��?ù ôCó�� H9ú cÚÇ ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL� þ � ��� �ê��e�÷ � ú^�9��e'� Ya½ ÷ Y Ë Å d ���Õ� �`�?ù Yº� � �Õ� ú � H ÿ
�8ç�ç��= 

ûÑ��ç6ü1�8ç�ç�ÄC|lý¤ý ýÒ|î����ò�����ï-�+ë�����ï�î ü ���=
�ò���ò#��(�òR��� _�~#ê+��ò�ì@ê�ÿ T ï��¡ÿ�ï���	 ü ~=�2ò��+��ò#��ë0(�ê� ��ú ���øô
Y ÷Õ��ú õ ú � þ�ôî� ú �L�'Y ÷��?ù�� þ �ê��e�÷ � ú��9��e'� Y«½ ÷ Y Ë Ç ú�ù¡ú Y ÷ �{Å d ���Õ� £kú'd �+��� £kú Y$½ � �2¹ ÷;ù ¸ ù ¹ ùÀ� ½ ù
� ù f ÷ � �?ù]��ú�ù Y.ÿÀ�[ç�ç�Ä! 

ûI��%6üFþX�+�=(�ò�ò�	7ë0������
���37òb�[ç�ç�ç�|lý¤ý¤ýr|î���+î� ü ���!
�ò��
ò���(�ò)���Uv9�������+ë�(�ê*é]í=����ìTï-�+ë����Æ � ò'���+��ë���ÿ T ëGÉ
(P37ë0��ï��À � Å d ���Õ�IôgÇ ú�ù¡ú Y ÷ �mó�� H9ú c �`�*e�ú c�c ú c�ô �¸h#ú�ù c � ö�ö�� � �L� Ë Y �z»*ú ��� ù�÷;ùLh � ù c �`�?ù Y�� � �÷;ùJ�`h � ÷ � d �éY d �+��� �bd Y �?ùÀ�6d=�Z�6d�HF�2úPË#÷ �'� úPH ÿ T ï±~��[ç�ç�ç! 

ûI�=�#ü ü ý ü ç�ç! ¨þX�+�=(�ò�ò�	7ë0����ê7�-
¸��3�òV�[ç�ç�ç ü �������
ò�ê�ê"��� ýB����î�í!��ë0����ï-�]~ ü ��ì1�7í!��ï-��ë0���À UÅ d ���Õ�IôÇ ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL��H � ù c �ê��e�÷ � ú{�4��e'� Y £ �hf ÷�h ��Y ÷��?ùV�b�Z�?ùLh õ?Y���Y ÷ �Q· e'H Y��L�'� úPH ÿM�[ç�ç�ç= 
ûI��Â�üQ¶Ñ|î���+ò�î�î�ë���ò����W_�~#êN�+ò�ì@ê"

���7��3�òZÂ=��êN� ü ò#���+í���~V¶� ÿ�|lý¤ý ýi_�~#êN�+ò�ì@ê�ÿ T ï��tï���	 ü ~=�2ò��+��ò#��ë0(�ê� Å d ���Õ�Ë�!�+� ¯�ú �'Y � �g� �`�?ù Y�� � ��� ù cµÇ � ôCó�� H9ú cµ· e'H Y��L�'� ú"� f �?÷ c�� ù � úZ� þ1�Ä�!� d ��¹Á½ ÷ Y Ë Å ÷ f ú�!�+� ÷ � ú � H ÿM�[ç�ç��L 
ûI��$6ü �  ��< 2þ}v�é9�´|Jy�éuv�ÿÈ�< � ý A ÿ�ï���	Üé� �ú0y2^"_@yW Bé���ò#��ò#��ë0(gÉ�
�í��#�5~¼ï����!����ï�(P3;

����ì1����ë�î�ò

�+�������;��ï8�%ë���ï-��ë0��� ï�ì*����� ì*���#ë����S����ê+�+ï�(�î�ò�ê# 7� ù Y ú � ù ��Y ÷��?ùÃÂ]�6d � ù ��� � þ � ö�ö�� �#F�÷Õ� ��Y ú��ú � H[�?ù�÷;ùLh Ö@Û?ÿk��Â�%�� û ��Ã.��������Â%ÿM�8ç�ç�ç! 
ûI�-Ã-ü0�� È�*ý¤ý ï���	�_� �y@ ��¡é{�: �úZò���ò'�+ë�(@
�í��#�5~;����ï�( � ë0���1(��������+��î�î�ò��
ê4

���oï�í!��������ì*��í�ê4���+��í���	

��ò�3�ë�(�î�ò�ê� �4���,�  
ûI����ün|î����ò�����ï-�+ë�����ï�î�x���ë���� ü ���!
�ò��
ò���(�ò���
@��37ò ½ ��í��N��3Ã|lý¤ý ýÒ|î����ò�����ï-�+ë�����ï�î ü ���=
�ò���ò#��(�òR���

½ í��#�5~ß_�~#ê+��ò�ì@ê�ï���	°�,3�ò"_#ò�(�����	Á|î�.��ò��+��ï-�+ë�����ï�î ½ í����c~SýX����ë0��ò�ò���ë����:_�~#ì*�M��ê�ë�í7ìD ÿ7þX�+�-É
(�ò�ò#	�ë0����êk�-
M�8ç�ç��¾|lý¤ý ý�|î�.��ò��+��ï-�+ë�����ï�î ü ���!
�ò��
ò���(�ò���� ½ í��#�5~@_�~%êN�+ò�ìTê# �ÜÀ ���Õ��Å � �Õ� � ½ ÷;ùLh�9��e'� Y Àa÷ Y ËZ� Å d ���Õ� »k��h�÷ � �`�?ù Yº� � �Õ� ú �a·bö�Y ÷Õ�^÷ � ú c^ó/� � Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL� ÿÆ�8ç�ç��= 

ûI���6ü�_#ò�(�����	º|î�.��ò��+��ï-�+ë�����ï�î ü ���!
�ò#��ò#��(�ò����º�7������î�ò#	���ògÉ A ï�ê
ò�	º|î���+ò�î�î�ë���ò�����ý¿î�ò�('���+����ë0(�_�~#êNÉ
��ò�ì@ê� `Å d ���Õ�^ó úPË �hf ÷��6d ��ôCó�� H9ú c �`�?ù Yº� � ��þ � �W� � ÷;ù�÷ ��Y d � úz�R��e�÷ � úu�9��e'� Y.ÿ��[ç�ç�Ä! 

ûI����üFÝ d�ú�ú�ù ó ú�úZh#ú�ù¡ú Y ÷ � � ö�Y ÷Õ�^÷ �[��Y ÷��?ù � þD� ù Ë�ú'd � ÷0H Y ÷ � e � H9ú c1þ d ���Õ�S� �?ù Yº� � � H � Ë�ú'��ú þ � �E�
�Z��e�÷ � ú � ��e'� Y.ÿ?Â�%�%�$! 

ûI��Ä6ü�Â-�-��3kéb���	í�ï�î ü ���!
Iâ
ò#��ò��!(�ò)��
!��3�ò'|lý ý¤ý�|î��	�í�êN���
ë�ï�î%ý¿î�ò�('���+����ë0(�êB_L�=(�ë�ò#�X~� ¼GúPH�÷�h�ù � ù c�� � ôö�� ú'��ú�ù Y���Y ÷��?ùR� þuÅ d ���Õ� �`�[� ö ú �+��Y ÷ f ú:� ��Y³� Ë#÷;ùLh;�`�?ù Y�� � �Õ� ú �Bþ � � �Cd �éY ÷ ö�� úz�ê��e�÷ � úu�9��e'� Y H ÿ
Â-%�%�%! 

ûI��ç6ün|lý¤ý¤ý�|î���+ò��+��ï-��ë0����ïIî ü ���!
�ò��
ò���(�òC��� ½ í����c~ _�~%êN�+ò�ìTê# �Å d ���Õ� »k��h�÷ �$ó4� H9ú c £W�?ù � ÷;ù¡ú ���Þ ��� � � ù Å ÷ �éY ú � � ö�ö�� ÷Cú c1Y �U�ê��e�÷ � úz�9��e'� Y Hu�R� c ú �Õ� ÷;ùLh ÿ?Â�%�%�Ã! 
ûÑÄ�%6ün|lý¤ý¤ýÍ|î���+ò#����ï6�+ë0����ï�îÀ_�~#ì1����ê�ë�í�ìa���Á|î�.��ò�î�î�ë0��ò���� ü ����������î� Î � e � ÷ caÅ d ���Õ� �`�?ù Yº� � ��õÆ� Ë�ú ô

��úPH þ � � �9��e'� Y ÷ �Zõ!� H Y ú'��H ÿÆ�8ç�ç��= 
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ûÑÄ!�#ü1�8ç�ç��¾|lý¤ý ý«�hv�_
x�|î����ò�����ï-�+ë�����ï�î ü ���=
�ò���ò#��(�ò`����|î�.��ò�î�î�ë0��ò�����v4���M����ê¾ï���	�_�~#ê+�+ò�ìTêjç��= �y�í=ÉìTï���v4���M����|î���+ò#�+ï�('�+ë���� ï��!	 ü �L����ò#�+ï-��ë���òwv9�������+ê# �� ù Y ú �Õ� ÷�h#ú�ù Y}Å d ���Õ� �R� Y ÷��?ùK�`�?ù Y�� � �
� þ �ê��e�÷ � úz�9��e'� Y?þ � �0õ ú �cf ÷ � ú ¸ H9ú ÿ��[ç�ç��= 

ûÑÄ�Â�ü1�8ç�ç�ç/|lý ý¤ý�|î���+ò��+��ï-��ë0����ïIî!_�~%ì*����ê�ë�í�ì ��� ü ��ì1��í=��ï-��ë0����ïIîI|î�.��ò�î�î�ë0��ò���(�ò ë���v9�������+ë�(�ê¾ï���	éoí!����ì�ï-��ë0���¡ÿÀ�[ç�ç�ç! ü |Jv�éß¶Ñç�ç! »*ú ��� ù�÷;ùLh Å d ���Õ� �9d � úPH�e � � f � � d Y ÷��?ù þ � � �ê��e�÷ � úb�¸h#ú�ù Y
�`�?ù Yº� � �øÿÆ�[ç�ç�ç! 

ûÑÄ�$6üFþX�+�=(�ò�ò�	7ë0����êV��
@��37ò Â�%�%�%C|lý ý¤ýÒ|î���+ò#����ï6�+ë0����ï�î ü ���=
�ò���ò#��(�òR���Úv4���M����ë0(�êaï���	 é]í!���-ÉìTï-��ë0���Æ >_7ï�� ½ �+ï��!(�ë�ê+(���ÿ ü é� à· ù � ÷;ù¡ú�»*ú ��� ù�÷;ùLh � þCY Ë�ú õ ú�ù!H[� � H Å d ���Õ� �tú'�*e�ú � HPË#÷ öÅ d#ù �'Y ÷��?ù!H0÷;ù;�bd Y �?ùÀ�6�Z�6d.H{�ê��e�÷ � úz�9��e'� Y H ÿ?Â�%�%�%= 
ûÑÄ�Ã-üwy@ T é{v��´áJ&]ý«��ÉXé{� ½ éuv)^»ï���	ê_M kú�â T ý«��ÉNúZéuv ü áXéW T ����ë�î�ò����������7��ï-��3���î�ï�����ë����ï-��	�����ï�( � ë0���Zí�ê
ë0���Zê
ë�ìGí7î�ï-��ò�	^ï��!��ò�ï�î�ë0���0ï���	�
�í��#�5~^î�����ë0(¸(����.������î� �jF ö ú �gY¾õ!� H Y ú'��H ½ ÷ Y Ë

� ö�ö�� ÷ ����Y ÷��?ù!H ÿy�N����� û Ã.Â=�c�LÃ�Â�ç7ÿ��[ç�ç�Ä! 
ûÑÄ���ü T  �v" �éu� A éu�¡é � ý}yDÿ!�: @�"ë TEA �fékÿ�ý, H�9ë{&2_���ý«�¿ÿ5ï��!	 T  !x�é T _Oy�| � |P `_=��
Õ�)(���ì<É

�7í!�+ë�������ï���ï�	�ë���ìTê�

���mî�ò�ï��+��ë0�!�W
�í��#�5~ß(#�������+��î�î�ò���ê«��ë���3$ï�����î�ë0(�ï-�+ë�����ê������+���M�-�+ë0(�ê� ¸�[ç�ç��= 
ûÑÄ��6ü�¦  I_M T ünü ë{�k^ ü y ï���	L¦  rþ9|X�´�4_M éÌî�����ë�(�ï�î�(�ïIî0(�í7î�í�êW��
9��3�òSë�	�ò�ïIêGë�ì@ì�ï-��ò����kë0�

�7ò��+����í�êoï�(#��ë��#ë��X~� Bó d �Õ� � ��Y Ë ó ÷�� ö Ë � H ÿ?�%ÿÆ�8ç�Ã�$! 
ûÑÄ���ü ½  Ov)^@_%ý«& A �fé9�´�7 ��,3�ò���ò#��(�ò��!�������¨ÿ7ï��2ò���(�ë�ò'�%ë����Gï-��	ß��ò#(�������ë0��ë0���kï�í!����ì�ï6�����Æ �`� ��ôù¡ú �Õ� �0ú � �?ù � d Y ÷ ����� » � e0��ú ö � �gY§ �ÿk�ºÄ���Éî��Ã�%6É�����ÿ��[ç����L 
ûÑÄ�Ä6ü ½  ¾v,^"_7ý}& A �*é9�´�7 � � ÷;ù � ÷ ö�� úR� þ £Dú'd � � ch� ù � �^÷ � H��S��ú �P� ú ö�Yº� �?ù � ù c Y Ë�ú � Ë�úP� �g� � þó,��� ÷;ù��tú � Ë � ù�÷0H'��H  �_L��ï��+�+ï��Æ @¦xï�ê+3�ë0��������� �0ü ÿ��[ç���Â= 
ûÑÄ�ç6ü T  T |J&2_@�{� ï���	E_M 5þ2é0þ¤ý}v��7 ��ú ��� ú ö�Yº� �?ù!H  T |X� þX��ò�ê�ê# A ��ê+�����¨ÿ T éW �ÿ��[ç���ç! 
ûÑç�%6üFþk V¦ ý}v A v,^"_M Gó ú � �6d%ù cV� ú�h � úPHPH�÷��?ù��0£Dú ½ Y �[� � H þ � ��ö�� ú c ÷ �'Y ÷��?ù!H � ù cD� ù ���)� H�÷0H^÷;ù Y Ë�ú

e�úPË �hf ÷�� �+��� H � ÷Cú�ù � ú  ¿þX3 � ��3�ò�ê
ë�ê�ÿ!yoï��+�Iï��+	;ë���ë���ò��
ê�ë��X~� ü ï�ì��!��ë0	!��ò�ÿ T é� ÿ��[ç��-Ã� 
ûÑç!�#ü �  fþ�é{v���ý}v@ n�fò�ï��+��ë0�!�Sî0����ë0(� � ú�ù Y ú �>þ � � �`�6� ö d Y���Y ÷��?ù ��� ��úPH   � � �?ù   � � ù � h#ú  ¤õÆ� ÷-�� � HPH �L� ËLd�HPH9ú Y H � ù!H Y§ /� ú � Ë#ùÀ� �¡ �ÿ��G�/v,É�Ã.����ÿÆ�[ç�Ä��L 
ûÑç�Â�ü0�� H�*ý ü ë{&W �ë4��ò"�����L(�ò#	�í��
ò7	�¶�ï-������ò#���+ë�ê
ê+ï���ò@����í��,�
ò�ê
ò�ï�íÜïGê�ò�í�ë�îfê�~%ì@ò#����ë��#í7ò� �`��h�ù�÷ ô

Y ÷ f6��ÿ]Ä��#ÿ��[ç�Ä��= 
ûÑç�$6üw�< ¥y2^zv�&�|J�^ÿ T  ß_��´|J& ü y ü ^ TEA ý�ÿSï���	Òy@ ¥¦Ãy�|X��ý, T í7î��+ë�î�ï±~�ò#�Å
�ò�ò�	=

���]�Bï���	

�7ò#�X�`��� � ê0ï-��òZí���ë���ò#��ê+ïIî*ï������+�[&%ë�ì�ï-������ê# £kú'd �+��� £kú Y$½ � �2¹ H ÿ?Â%ÿ��[ç�Ä�ç! 
ûÑç�Ã-ü1������3Æ V|î���+ò��+��ï-��ë0����ïIî�x���ë���� ü ���!
�ò#��ò#��(�òeë0�péb�+��ë�\](�ï�î�|î�.��ò�î�î�ë0��ò���(�òV�$|�x ü é�|�É³Ä�ç��g M���+� ÷;ù�÷;ùLh

þ ú�ú c+þ � �g½¸���+c ù¡ú'd �+��� ù¡ú Y ½ � �2¹ H"d�H�÷;ùLh<h#ú�ù¡ú Y ÷ �W��� hL� � ÷ Y ËL��H ÿL����î�í�ìTò<��ÿ��[ç�Ä�ç! 
ûÑç���ü1�8ç�ç�$Q|lý¤ý¤ýÚ|î���� ü ���!
³ V&oò�í��+ïIî�&oò'�X�>��� � ê� r¸ H9ú1� þ h#ú�ù¡ú Y ÷ �<��� hL� � ÷ Y ËL��H ½ ÷ Y ËRe �L��¹�ö�� � ö!��ô

h ��Y ÷��?ù ÷;ù Yº�+� ÷;ù�÷;ùLh þ ú�ú c+þ � �g½¸����c ù¡ú'd �+��� ù¡ú Y$½ � �2¹ H ÿ!����î�í�ì@ò@�%ÿÆ�[ç�ç-Ã� 
ûÑç��6ü�Ä6��3Æ '&]ï-��ë0����ï�î ü ���!
�ò��
ò���(�ò ë0� é��+��ë�\](�ë�ï�î/|î���+ò�î�î�ë���ò��!(�òÅ��é]éoé{|�É³ç�%��' �>� ö ÷ � ÷ ����� H Y d c ÷CúPH÷;ù Y Ë�úDH ö ú�ú c � þR� �?ù f ú � h#ú�ù � ú�� þ ù¡ú'd �+��� ù¡ú Y$½ � �2¹ÅYº�+� ÷;ù�÷;ùLhQd�H�÷;ùLhêh#ú�ù¡ú Y ÷ �R��� hL� � ÷ Y ËL��H ÿ

����î�í7ìTò@Â%ÿÀ�[ç�ç�%! 
ûÑç���ükéW �þk A v�é4úZéFÿ5éW �þk ��X ½  ü éuv � é{��y2^Gÿ2ï���	F�7 A  V�yë � ý}v T |Jv@ ��ú c úPHz£Dú'd �+� ÷0H2� �gY ÷ ô�)� ÷ � ÷0H�� � úP� � ÷ � úb� ö�� ÷ ��� ÿ��9úPH  9�O� ü ýX	�ë������+ï7ÿ]Â�%�%�%! 
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ûÑç�Ä6ün�7 È�@^0yb^z&]ý}&W ^õ ú � h ôg·)� h � ù�÷ � ÷;ùLh � ù c �bHPH[� � ÷ ��Y ÷ f ún�tú'�Z� �g�6 @_=���
ë0����ò#�NÉ � ò���î�ï���ÿM$Sò�	�ëGÉ
��ë0���¡ÿÀ�[ç�Ä�ç! 

ûÑç�ç6ü�$-��	Æ T|î���+ò#����ï6�+ë0����ï�î ü ���!
�ò#��ò#��(�ò1���ÅúZò���ò'�+ë�(@éoî0������ë���3�ì@ê�ÿy_7ï-� T ï-��ò���ÿ ü é� ¼GúPH�÷�h�ù�÷;ùLhù¡ú'd �+��� ù¡ú Y$½ � ��¹ H@d�H�÷;ùLh�h#ú�ù¡ú Y ÷ �W��� hL� � ÷ Y ËL��H ÿÀ�[ç�Ä�ç! 
ûG�[%�%-ü@$-��	Æ #|î���8 ü ���!
³ �ú�ò#��ò#��ë0(Béoî0������ë���3�ì@ê� �� � ½¸���+c7Y Ë�úXh#ú�ù¡ú Y ÷ � H � ù Y Ë�úPH�÷0H4� þ ù¡ú'd �+��� ù¡ú Y$½ � �2¹ H ÿ

�8ç�Ä�ç! 
ûG�[%!��ü0|î���� ü ���!
³ �éb�N�+ë�\](�ë�ï�î�&�ò�í���ï�î�&oò'�+ê�ï���	Eú�ò#��ò#��ë0(Zéoî0�����
ë���3�ìTê7�.éu&�&2úZéw¶Ñç�$���ÿ
|î����ê+����í�( � ÿéoí�ê+����ë�ï! 0Ç ú�ù¡ú Y ÷ �@��� hL� � ÷ Y ËL��H � H7Ë�ú'd � ÷0H Y ÷ � H þ � � � ö�Y ÷Õ�^÷ � ÷;ùLh��{£�£ c úPH�÷�h�ù ÿÀ�[ç�ç�$! 
ûG�[%�Â6üWÂ6��	Æ �|î���8 ü ���!
³ 6úZò���ò'�+ë�( éoî0�����
ë���3�ìTêX� ü ^"ú�é{&n¶Ñç�Â���ÿ A ï�î���ë�ì*����òIÿ TE�  �Ç ú�ù¡ú Y ÷ � H � ù Y Ë�úPH�÷0H

� þ e'�[� � ú � ù ù¡ú'd �+��� ù¡ú Y$½ � �2¹ H ½ ÷ Y Ë �;� ú �Õ�Æ� ú ½X� ÷ Y ÷;ùLh c ú f ú � � ö ��ú�ù Y����#ö�� � � úPHPH ÿÀ�[ç�ç�Â= 
ûG�[%�$-üW_� @&b^0� ½ |¤ï-��	 �  7þ�éuv/|N_O|P býB����î�í!�+ë����Z��
¾ï-�+�+ë�\](�ïIî��7ò�í���ï�îÀ��ò'�X�>��� � ê� >�bò#(P3���ë0(�ï�îÀ�
ò������+��ÿ|î�7ê+�+ë��+í!��ò"��
rþ¿ê�~=(P3!��î0����~� !&]ï6�+ë0����ï�î�v�ò�ê
ò�ï��+(P3 ü ��í!��(�ë�î� Hv9��ì@ò�ÿÆ�[ç�ç�Ã� 
ûG�[%�Ã�üDþX�+�=(�ò�ò�	7ë0����ê9��
k��37ò�|lý¤ý¤ý, � f � �)f ÷;ùLhW� �'Y ÷ �)� ÷ ��� £Dú'd �+��� £Dú Y ½ � �2¹ H ÿ!����î�í�ì@ò"Ä��%ÿÀ�[ç�ç�ç! 
ûG�[%��6ü0|lý¤ý¤ýã|î���8 ü ���!
³ B���K_�~#êN�+ò�ì@ê�ÿ T ï�� ï��!	 ü ~L�2ò��+��ò#��ë0(�ê# � f � � d Y ÷��?ù ���g� � ö�ö�� � �L� Ë�úPH Y �£Dú'd ����� �`�?ù Yº� � � ÷;ùF�R��e�÷ � úu�9��e'� Y H ÿ��[ç�ç�Ä! 
ûG�[%��-ü0�,37ë0��	�|î�.��ò��+��ï-�+ë�����ï�î ü ���!
�ò#��ò#��(�ò7���J_%ë�ìGí7î�ï-��ë0���:��
*é,	�ï-�!��ï-��ë���ò A ò�3�ï[�#ë���í�� ûB½ �+��ì éb��ëGÉìTï�î�êÀ����éb�7ë�ìTï-�+ê�$= �bd Y �6� ��Y ÷ � � � ú ��Y ÷��?ùZ� þ`� ùW�bd Y �?ùÀ�6�Z�6d�Hj�`h#ú�ù Y � Ç ú�ù¡ú Y ÷ � � f � � d Y ÷��?ù

� þ"� £kú'd �+���øô £kú Y$½ � �2¹ ¼ � ÷ f ú�ù��9��e'� Y H ÿÆ�8ç�ç�Ã� 
ûG�[%��6ü��X é� T ý¤ý � ý}&W éb�¼ë0��(#��ò�ìTò#�.�+ï�îfï��!������ï-(P3;���1	�ò'��ò�î0����ë����eë0���+ò�î�î�ë0��ò#�.�>��ò�í!�+ï�îy��ò'�X�>��� �

(#�������+��î�î�ò���ê`

���)�����M����ê� }� ���¸� ���+� ù!H �L�'Y ÷��?ù!HW�?ù õ!� H Y ú'��H���� � ù@� � ù c � � e�ú � ù¡ú Y ÷ � H ÿ�þ´ï-�+�
Aoû2ü ~=�2ò��+��ò#��ë0(�ê�ÿy�[ç�ç��= 

ûG�[%�Ä-ü0�,37ë0��	Á|î���+ò#����ï6�+ë0����ï�î ü ���=
�ò���ò#��(�ò@���aê�ë�ìGí�î�ï-�+ë����Z��
bé,	�ï��=��ï-��ë���ò A ò�3�ï8�#ë0��í!� û¸½ ����ìMéb��ëGÉìTï�î�ê`���Féb��ë�ì�ï-��ê)$! �� ù Y ú�h �+��Y ÷;ùLh���ú �L�'Y ÷ f ú�� õ ú Ø d�ú�ù Y ÷ ��� � � ù c »*ú ��� ù�÷;ùLh ó úPË �hf ÷��6d � d.H�÷;ùLh¼ � ù � �^÷ ����� £kú'd �+��� £kú Y$½ � �2¹ H ÿ��[ç�ç�Ã� 
ûG�[%�ç-ü A  �� é T é9ë ü y�|P � ~L��ï�ì@ë0(�ï�î���ò�í!�+ï�î¸��ò#�X�`��� � ê�

���kì*����ë�î�ò<�����M���W(����.������î� Á�bò#(P3���ë0(�ï�î

�
ò������+��ÿH&]ï8�Iï�î�v�ò�ê
ò�ï��+(P3M�*ï������+ï-�����]~ T ò�ì1����ï���	�í7ì7v�ò#�M���+��é{| ü Éî%�$�$6Éîç�$7ÿÆ�8ç�ç�$! 
ûG���[%-üW_� A éu�yë{x�é� �ýB����î�í!��ë0���7��
%ï��Dï��N�+ë�\](�ë�ï�î���ò�í��+ïIî���ò#�X�`��� � ��ï�ê�ò#	FïIí!�����!��ì1��í�ê¨î�ï-��	2��ò#3�ë0(�î�ò

(#�������+��î�î�ò��� �� �¸��� ���+� ù!H �L�'Y ÷��?ù!H<�?ù õ!� H Y ú'��H��«� � ù@� � ù c � � e�ú � ù¡ú Y ÷ � H ÿ�þ´ï��N� A]û¡ü ~L��ò#�NÉ
�7ò#�+ë�(�ê# �Â��:$7ÿÆ�[ç�ç��! 

ûG������üW_� O&b^z� ½ |¤ï���	 �  7þ2éuv/|N_O|P ��*ò�ï����7ë0���"���Fï�	�ï��!�¸���W(P3�ï�����ë0���kò����#ë0������ìTò#���+êBë���ò'����î��%ë����
�7ò�í���ï�î���ò#�X�`��� � ê# � c�ö�Y���Y ÷ f ú ó úPË �hf ÷��6d ��ÿ?�%ÿÆ��ÿÆ�[ç�ç��L 

ûG����Â6ü T  {�*ý¤ý, �ýB����î�í!��ë0���È��
<�2ò�3�ï[�#ë���í���êÜë0� ï�í!��������ì*��í�ê;����������êÜí�ê
ë0���èï��+��ë�\](�ë�ï�î7�7ò�í���ï�î
�7ò#�X�`��� � ï���	Q��ò#��ò#��ë0(¼ï�î0������ë���3�ì; ¼Gú ö!���gY�� ��ú�ù Y � þ �Cd �éY ÷Õ��ú c ÷ � � õÆ� Ë]�[� � � þ �Cd �éY ÷Õ��ú ô
c ÷ � � ¿ �[H'dÁ£ ��Y ÷��?ù ���¾¸ ù�÷ f ú � H�÷ Y$� � õM� ùr®�ä ô�å ��¼7d%ù c d ��¹�c �?ùLh#� ¿ �[H'd ÿ?Â�%�%�$! 

ûG���[$-üDý9� ½ éæ¶Ñç�ç! M�[ç�ç�ç:����3Á|lý¤ý ýp|î�.��ò��+��ï-�+ë�����ï�î ü ���!
�ò��
ò���(�òW���aý¤ì@ò��+��ë0�!�U�bò#(P3�����î�����ë�ò�ê�ï���	
½ ï�('������~aé]í!����ìTï-�+ë����Æ �`�?ù Yº� � � � þ �bd Y �?ùÀ�6�Z�6d.H0�9��e'� Y d�H�÷;ùLh Ç ú�ù¡ú Y ÷ � � � hL� � ÷ Y ËL��H � ù c£Dú'd ����� £Dú Y$½ � ��¹ H ÿ��8ç�ç�ç! 
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ûG���8Ã�ü�éW ��X '&]ý}�k_�^z&kÿ ý, )ú0v�é{&��Zÿ ï���	Æ�7 ü  ¾yoý}& � ý}v�_�^z&W ýB����î�í!��ë0���K��
7��ò�í��+ïIî�(#���=É
������î�î�ò#��êW

����(���ì*�2ò#�+ë��+ë���òZ��ï�ìTòZ��î�ï±~#ë0������ë���3 ��ò�ï�ì@ê���
�ì*����ë�î�òZ�+�������+ê# �9��e'� Y ÷ � H � ù c
�bd Y �?ùÀ�6�Z�6d.H õ!� H Y ú'� ÿk�ºÃ���� û �8$��������-%7ÿ�Â-%�%�Ã� 

ûG�����6ü0|P }v�ý ü y]ý}& A ý«v)ú: � � e�ú � ù¡ú Y ÷ � H[� � d Y ÷��?ù ö!��Y Ë � þ;� ù ú+F ö ú � ÷Õ��ú�ù Y����¾ö�� ��e � ú'�  Äv4��~�ï�îéoë0�+(��+ï6
Õ��ý¿ê+��ï-��î�ë�ê�3�ì@ò�����ÿ
�*ë����+ï-�]~��k�+ï-��ê�î�ï-�+ë����¨ÿÀ�8ç����= 
ûG���[�-ü�y@ �þk �_ ü y/¦ ý ½ ý}�� u�z~L�2ò��+��ò#��ë�ê�(P37ò^ò#����î�í!��ë0���pï�î�êoê+����ï-�+ò#��ë�òW	�ò��oò'&=�2ò���ë�ìTò#���+ò�î�î�ò#�E

����ê³É

(P3	í��!��ë0�J	7ò���ê+������ìGí!����ê+��ò�(P3��7ë � ÿy�[ç����= 
ûG�����6ü��X �x! ½ ^@ú�ý}�X �bd Y �?ùÀ�6�Z�6d.H � d Y �6� ��Y��� 9|î�!	Æ !v�ò�ê� ÿy�[ç���Â= 
ûG���[Ä-ü��X �x! ½ ^"ú�ý«�¿ÿ2é� �x! �^´¦ ý«&Dÿ¨ï��!	 T  �x! V¦ é{�¼_OyW � �gY ÷ �)� ÷ ����� ù Y ú �Õ� ÷�h#ú�ù � ú Yº� �6d�h6Ë õ ÷Õ�<d ô

����Y ú c � f � � d Y ÷��?ù  9¦ ë�î�ò5~�ÿ
&oòc���¸��� � ÿÀ�[ç����! 
ûG���[ç-ü0| û |î�������L	�í�(#��ë0���À �é]í�êN���+ïIî�ë�ï-�Fx! A ë0�� ?_L(�ë� �õ ÷Õ�<d ����Y ÷��?ù�� þ h#ú�ù¡ú Y ÷ � H � H Y ú'��H�e �Z� d Y �6� ��Y ÷ �

c ÷�h�÷ Y����¼� �6� ö d Y ú � H ÿ!����î�í7ìTò<�[%%ÿÆ�[ç����L 
ûG��Â�%-ü�y A v�ý T ý«v T é{&{&W z�,37òGò#����î�í!��ë0���E��
¿ë0����ò�î�î�ë0��ò#��(�ò- ]��3�òW��ò��N����í�êZê�~#ê+�+ò�ì ï�ê0ï�ì1�L	�ò�î

�-
´ë��+ênò����#ë0�+����ì@ò����8 9�¾ò�(P3!��ë0(�ï�î���ò#�M���N��ÿ � ò��Æ T ï-��3Æ ]ë4��ë��� 
¦xï�ê�3�ë����������¨ÿ?_%ò�ï-����î�òIÿ
�bò#(P3Æ v�ò��À ���ÿÆ�[ç��-Ä! 
ûG��Â=��ünx! Ov�ý ý � ÿ
v@ ��4^"^ T _�ÿ�ï��!	Á&W A éuv/| ü ý}���T|P B_%ë�ìGí7î�ï-��ë0���:��
y��ë���î0����ë0(�ï�î�ò#����î�í!��ë0����ï���	ìTï�(P3�ë���òZî�ò�ï����7ë0���� Â  /� Ë�úP�  *ó ÷��  �ÿÆ���#ÿÆ�[ç����L 
ûG��Â�Â6ünx! �yW �yb^0���féu& �  ;^0í!�+î�ë0��ò:��
mïÜî�����ë0(�ï�îj��3�ò�����~���
�ï�	�ï��!��ï6�+ë���òeê]~#ê+��ò�ì@ê� Â   ���>�  �ÿ¼ç7ÿ

�8ç���Â= 
ûG��Â�$-ünx! �yW �yb^z���fé{& �  I&4����î�ë0��ò�ï��¨ò����#ë0�+����ì@ò����+êy�2ò��
ìTë����+ë����mòcç1(�ë�ò#�.�bï�	�ï��!��ï6�+ë0���Æ �`�6� ö d Y ú �

� ù cw� ù þ � � � ��Y ÷��?ù õÆ� ÷Cú�ù � ú �\� H   £Dú ½�¿ � �2¹ �,� ����c ú'�^÷ ��ÿM�[ç����= 
ûG��Â-Ã�ünx! �yW �yb^z���fé{& �  � c���ö�Y���Y ÷��?ùu÷;ùµ£ ��Y d �+���¸� ù c � �gY ÷ �)� ÷ ���´õ!� H Y ú'��H  ü ï�ì��!��ë0	!��ò�ÿ T é û

T |X� þX��ò�ê�ê�ÿk�[ç����= 
ûG��Â��6ünx! D�@^0�¡é� nÇ ú�ù¡ú Y ÷ � � � ��h �+� �<�^÷;ùLh�� · ù Y Ë�ú"� � ��h ��� �<�^÷;ùLh;� þ �`�6� ö d Y ú � H�e � �tú � ù!H:� þ£ ��Y d �+���¨õ ú � ú �'Y ÷��?ù  ü ï�ì����
ë0	���òIÿ T é û�T |X� þX��ò�ê�ê�ÿk�8ç�ç�Â= 
ûG��Â��-ü�v" T  ½ v/|lý �bA ý}v,ú: ¤éÎî�ò�ï��+��ë0���^ìTï�(P3�ë���ò û þbï��+��ë� }��ó �èÂ   ��úPH   ¼Gú f ú � � öÈ �ÿ�$%ÿÆ�[ç���Ä= 
ûG��Â��6ü�&@ ®éW A éuv�v/| ü ý«���T|P ý¿ê�ò�ì*��ëfìGí!��ò��
ë0(�ëÀ	�ë������L(�ò�ê�ê
ëk	7òDò'����î�í���ë�����ò- �tú Y Ë]� c H ÿ��[ç��-Ã! 
ûG��Â�Ä-ü0|]|\|>_%ë�ì*��U�ê�ë�� A �+ïIê�ë�î�ò�ë�����	�ò�v�ò�	�ò�ê{&�ò�í���ï�ë�ê# � � hL� � ÷ Y �Z�[H Ç ú�ùÀÝ Y ÷ � �[H�� � d Y � � ÷ ���øÿM�[ç�ç��= 
ûG��Â�ç-ü0|]| ü ���!����ò�ê�ê�� A �+ïIê�ë�î�ò�ë�����	�ònv�ò�	�ò�ê{&�ò�í���ï�ë�ê#ãH|\|\|Bý¿ê�(���î�ï<	�ònv�ò#	�ò�ê�&oò�í��+ï�ë�ê� �R� Y ÷ f6� ÿ�%L���Å d#ù c�� ��ú�ù Y �[Hkúb� ö�� ÷ ��� ÿ��9úPH c úb� � hL� � ÷ Y �Z�[H Ç ú�ùÀÝ Y ÷ � �[H ÿÆ�[ç�ç��= 
ûG�[$�%-üW_� j_#éu�*ý¤ý T ï���	Lv" Iú: �v�ý��z&2^z� � _M Æ� Ë�ú � � ö!�L�'Y � þ � ù f ÷ � �?ù]��ú�ù Y���� ¼ � ù � �^÷ � HJ�?ù

�Bd �éY d �+��� �`��ú � h#ú�ù � ú  �Å úPH Y H � Ë � ÷ þgY ��÷;ùwÎ@�?ùÀ� � � þ Â?�[Ë#ùwÎ@� �Õ��� ù c� �^�&L

���+	Wë4��ë���ò��
ê�ë��X~Zþ��
ò�ê
ê�ÿ
Â-%�%�%! 

ûG�[$!��ü�v" Iú: �voý��z&2^z� � _^ï���	¥x! T éu�*ý9�´| ü  V�,37òmí�ê�ò,�-
]��ò��
ê�ë����eê���ï�(�ò)(����.������î�î�ò#	���ò��7ò#�+ë�(nï�îGÉ
������ë���3�ì@êk���Zê���î���ò)��3�ò,�M�L��î�ò`���+����î�ò�ì; !� ù Y ú � ù ��Y ÷��?ù ��� Â?�6d � ù ��� �?ù<� �gY ÷ �)� ÷ ����� ù Y ú �Õ� ÷�h#ú�ù � ú� �[� � H ÿ]Â���Â���ÿÀ�[ç�ç�$! 
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ûG�[$�Â6ü0|lý¤ý¤ý�|î���+ò��+��ï-��ë0����ïIî ü ���!
�ò��
ò���(�òZ���týB����î�í!�+ë�����ï���~ ü ��ì*��í!�+ï-�+ë����¨ÿ�&]ï-����~�ï7ÿ�x�ï���ï��Æ �õ ú � þ�ô � c���ö�Y���Y ÷ f ú�� ö�ö�� � �L� Ë Y �U��ú ö�� úPH9ú�ù Y���Y ÷��?ù õ Ë#÷ þgY H�÷;ùS�Bd �éY d �+��� � � hL� � ÷ Y ËL��H ÿÀ�[ç�ç��! 
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