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


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


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x =





−2 −1 0 1 2
−2 −1 0 1 2
−2 −1 0 1 2





y =





−1 −1 −1 −1 −1
0 0 0 0 0
1 1 1 1 1




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x(1 : 3, 2 : 4) =





−1 0 1
−1 0 1
−1 0 1




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��wh`^b�gjY��@_�iBe1b�i(zaZ]p3|f`tb]eyY[\t`t�miBY3|ni(l<Zspnk�pn�¯ksi:Y[\�zhY[ZsYh�@��whi�lVp$g�gQYncyz��1Â8ç$Á bHD Ù Ø Árç$Þ(cjqh\tp[ZsbMZswhi�lmpnc8Z]i:c8ZsbMp[�
D Ù Ø Áhç$Þ�Z]p�Z]wyi}lVehksk]i:c8Z]\t�dpnq�imc@qh\tp[Z�vx`~c1zrp�v��jÏÐ�¡chp�qh\tp[Z�vx`tcyzrp�v `tb	p$q1i:c0uEY�chi:väpncyi�`^b�lVksi:Y[Z]i(zH�QX"Y�Zs\tYn_3vx`t\~\
Y[ehZ]pngQY[Z]`^lmY[\t\t�}b]l:Y[\ti¯Zswhi��BY[cyzB�5Y[�fi(boZ]pQzr`^b�qh\^Y��jZ]wyi�i:c8Z]`tk]i	|ni(l<Zspnk¡pncBZ]whi	qh\tp[Z¹vx`tcyzrp�v����Ep�l�wyYnch�ni�Z]wyi:b]i	Y[�ri:b:u
�np$e l:Y[c eyb]iBZswhi{À$Ô&Ñ Ý9b \ÐÔ d Â8çE��Ô d[â Ñ�á â ß d Â8çE��ß d�â Ñ�á â `-c9^5lVp$g�gQYncyzH�
é¹pnZ]i�Z]wyY[ZQZ]whi�� Y��r`tbj`^bjgjimksim\t�aZ]wyi
`tcyzriV�"`tc8Z]pBZ]whij|$i:l<Zspnk���pnk�YB�n`t|nimc3zhY�Z�Y5q�pn`tc8Z:����wh`^b	lmYnc{_�ijl�w1Y[ch�$i:z�Zsp�YBgjpnksi�gji:Ynch`~cy�[��eh\�cfehgM_1i:k�_f�deyb]`~cy�
Z]wyi[�1Â$ç$Á b Ôgk�ß(c	lVp$g�gQYncyzHuhvxwh`^l�wdYnbsb�eyg�i(bxÔBYncyz�ßBYnk]i	|ni(l<Zspnk�bopn��i:ê8eyY[\H\timcy�[Z]w1bmu�Y[cyzBZ]ksi:Y[Zsb¡Zswhimg�Ynb¹Yjq1Y[`tkxp[�
lVpfp$kszr`tcyY[Z]i:b�zri(b]lmk]`t_h`tch��Z]whi�qy\~pnZ:�

Ö



õE`t�neyk]iW�rúTX{Y�Z]\^Y[_�õ>`~�$ehksi�¸
`tcyzrp�v

Ê \tp[ZWY[\^b]p5Z�Y[Èni(b	Y}Zswh`~k�z�pnqrZs`~p$cyY[\�qyYnksYngjiVZ]i:k¯Zsp���pnksgjY[Z�ZswhiQzr`^b�qh\^Y��ni(z"\t`~cyin�j��whij\~`tchiQb�q�i:lm`�ë1imkWlmYnc3lmpnc8Z]kspn\>Z]wyi
\t`~chi}b�Z��f\~i$uElmpn\tpnkWY[c1z3zhY[ZsY�gQY[ksÈni:ksb � `��xY[cf�h�<�5��wyiQqyY[k�Y[gjiVZsimk	`^bWYdl�wyY[k�YnlVZ]i:k	b�Z]ks`tch�yu�zh`~|f`^zri:z�`tc$Zsp�Z]whksimiQq1Y[k]Zsb:�
��whi	ëyk�b�Z�q1Y[k]Zxb]q�i:lV`~ëyi(b¡Z]whi�\t`~cyiWb�Z��f\tinuhY[c1zB`^b�pncyi�pn�EZswhi	��pn\t\tp�vx`~ch�

ã ¼fpn\t`^z�Í�`~cyi
ãfã ��Ynb]whi:z�Í0`tchi
3 �¯pnZ�Z]i(z�Í0`tchi
ã � ��Y$b�wh�ÐzrpnZ¹Í0`tchi

b ÒhçnÒyÙ-c é¹pQÍ0`tchi

��whijb�i(lVp$cyzdqyYnk�Z	zri:bslVks`~_�i:b�Zswhi�zyY�ZsY5gQY[ksÈnimk�b:����whi:k]i�Y[ksi�gQY[cf��gQY[ksÈni:k�b�Z��8\ti:b�Y�|�Y[`t\tYn_h\ti � Z��fq�i·�rç Ø¹¸ Ñ(ÒyÙ#ºE�yÙ Ø
��pnk¹zhiVZsYn`~\^b��<uyb]pngji�lVp$g�gjp$ch\~�5eyb�i(z5p$chi:bxYnk]i	\t`tb�Z]i(z5_�im\tp�v

b ÒyçnÒyÙ�c é¯pjX{Y[ksÈnimk
ç ùo`tkslm\~i
Ý ¼rê8eyY[ksi
Ô ùoksp$bsb

��whiMZ]wh`tk�z{qyYnk�Z	zri:bslVks`t_1i(b¯ZswhiQlVp$\~p$k¯p[�oZ]whiMZ]k�Ynlmi�Yncyz{Y$b]b]prlV`^Y�Zsi:zdgQY[ksÈni:ksb:�	¾¹�$Yn`~c�u0b�i:|nimk�Y[\�lVp$\~p$ksb�Y[ksiMY�|�Y[`t\^Y[_h\ti
� b]imi[�rç Ø/¸ Ñ(ÒyÙ#ºE�yÙ Ø �<u$b]pngji�lVp$gjg�p$cBp$chi:bxYnk]i	\t`tb�Z]i(z�`~cBZ]whi	Z�Y[_h\ti

Ã ÷¡\tehi
Þ �xi(z
á ô�k]i:imc
» ÷¡\^Ynl�È

y



õ>`t�nehksi h ú�¼feh_yqh\~pnZsb

· Z]wyimk¹|�Y[ks`^Y[c8Zsbxpn�EZswhi[�1Â8ç$Á5lVp$g�gQYncyz�iV�r`^b�Z(uyvxwh`^l�wdYnzhz�|�Y[ks`tpneyb¡��i(Y�Z]eyk]i(bm����whi:b]iWY[ksiWb]ehgjgjYnk]`t�mi(z�`~c�Zswhi�ZsYn_h\ti
_�im\tp�v

¼



Ý Ù�¿EÑ[Â8ç$áfÔgk Ý Ù�¿EÑnÂ$ç$áfß Ê \tp[Z¯Yjb�i:gj`~\tpn�j�nk�Y[qyw0urY[\tpnch�M�Bp$kx�
�1Â8ç$Á8ßfß �EYnÈni(b�`tc}Z�v¡p�qyYn`~k�bop[�0�f�Ð�}lVpfpnk�zr`tcyY�Zsi:b:u$Y[c1z}qh\tp[Z�b�Zswhimg�vx`~Z]wBZ�v¡p��

Y��ri:b:urpnc�im`~Z]wyimk¹b]`tzri�pn��Zswhi��nk�Y[qhw
Â8ç$áyÂ$ç$á Ê \tp[Zsb¯YM\tpn�n��\tpn�M�nk�Y[qhw
Ý ÁhÙ�¿2k Ý ÁhÀ1Ñ�Þ Ý Ê \tp[Zsb�Yºb�Z]i:gM�Ð�nk�Y[qyw p$k5Yºb�ZsYn`~k�b�Zsimq
�$ksYnqhw0u�eyb]iV��eh\���pnkB|8`^b]eyY[\t`~�:`~cy�

��¼ Ê b�i(ê$eyimcylmi:b
ÃyÀ$Þ Ê \tp[Zsb¯YM_1Y[k]���$ksYnqhw}eyb]`~cy�MZswhiWb]q1i(lV`~ëyi:z�zhY[ZsY

$�ü^û0ü^û ½�ÿ-S��U��û�)¾��S7ÿ�'"�
Ê pn\^Y[k�qh\tp[Z�b�Ynk]ijeyb]iV��eh\�Z]p"zr`^b]qh\tY���zhY�Z�Y�vxwh`^l�w�`^b�cyY[Z]ehk�Y[\t\t�{ksimqhksi:b]imc8ZsYn_h\tiM`tcaq1p$\tYnk�lVpfp$kszr`tcyY[Z]i:b�Y$b	pnqhq�p$b]i:z3Zsp
lmYnk�Zsi:b]`tYncBlmp8p$kszh`~cyY[Z]i(bm��¾¯bxYncBim�rYngjqh\~i$ufvoi�lmYncBqy\~pnZ¡Zswhi�Y[c8Z]i:chcyY�k�Ynzr`^Y�Zs`~p$c}qyY�Z]Z]i:k]c�p[��Y[c�`tzri(Y[\0zr`tq�pn\ti	Ync8Z]imcycyY
� cypnksgjYn\~`t�mi(z5vx`~Z]w�Zswhi�q1p�v¡imk�p$erZ]qhehZx��k]p$gÄY[c�`^zri:Yn\H`tb]p[Zsk]p$qh`tl�k�Ynzr`^Y�Zspnk<�<ufvxwh`^l�w�`^b�ksimqhksi:b]imc8Z]i(z5Y$b

∣

∣

∣

∣

P

Pi

∣

∣

∣

∣

= |sin θ|

��wh`^b¹lmYncB_�i�qh\tp[Z]Z]i:z�p$c�Y�q�pn\^Y[kxqh\tp[Zx_f�5eyb]`tch��Z]whi	��p$\~\tp�vx`~cy��lmpngjgQY[cyzhb

Á â Ù$ÁhÀfVj\ ã Õ93�Xg�mX&Õ93VÕ"`��¿�HÑ9^
�hçrÂ8À$Þ b Á â Ù$ÁhÀ_ksÀnÃ ÝnbmÝ Ñ(Ò b Á â Ù$ÁrÀ-c#c�k��ËÞÀ3E�Nc�^

Ê pn\^Y[k¹qy\~pnZsb¹e1b�`tch�QZswhi²�yçrÂ8ÀnÞ b Á â ÙnÁhÀBk�Þ â ç-c�lVpngjgQY[c1z�g�eyb�Z¯wyY�|$i	Z]whi�Z]whimZsY5Y[�r`tb¹bslmYn\~i(z�Z]p}_�i�vx`~Z]wy`~cdZswhiWk�Y[ch�$i
−π ≤ θ ≤ π

�

$�ü^û0ü%$ ûUÁ®)¾Ât�¿��Ã-�P�_Sìÿ-'��
ÏËgQY[�$i:b�vx`~Z]wh`tc{X"Y[Z]\^Y[_dlmYnc�_�i�zri(b]lmk]`t_�i:z�_f�BY}�[� Y[ksksY��Qp$k¹gQY�Zsk]`~�H�o¾¹cd`tgQY[�$iWlmY[c�_�i�zr`^b�qy\tY��$i:z�Ynb¹Y}�n�älVp$\~p$k
gQY[q�Z]whkspneh�$wWZswhi�eyb�i¡p[�yZ]whiÀ� Ø çfÂ8ç$Þ b Ôak�ßgkH��c���ehcyl<Zs`~p$c0� É imksinu�ÔWYncyzWßWYnk]ioZ]wyio|$i:l<Zspnk�bEzhiVëych`tch��Z]wyioim�8Zsimc8Zsb>pn�yZ]wyi
qh\tp[Z � Z]wyim�}Y[ksi¹p$qrZ]`tpncyYn\^�Vu8YncyzÄ��`^bTZswhi�Y$l<ZseyY[\&zhY�Z�Y	Z]pM_1i�qh\tp[Z]Z]i:z � Y�gjY[Z]ks`��y�V�9� Ø çrÂ$ç$Þ�lmY[cBY[\^b�pW`tc8Z]i:k]q�pn\^Y�Zsi�lVp$\~p$k
|�Y[\tehi:b�_1imZ�voi:imcaq�pn`tc8Zsb:uEZsp{Y[\t\tp�v qh\tp[Z]Z]`tch�{pn�¹b�gQY[\t\ozyY�ZsY$b�imZsb�vx`~Z]wypnerZ�qh`��ri:\~\^Y�Zs`~p$c0�"Ç¯b]`~cy�dZ]whi Ø çfÂ8ç$Þ8ÃyÀnÞ b ��Ñ�Þ�c
��ehcylVZ]`tpnc@imc1Y[_h\ti:b�Z]wyi}zr`tb]qh\^Y��dp[��Y�lmpn\tpnks_yY[k�_f��Z]whi}b]`^zrijp[��Zswhij`~gQYn�nijgQY[q0�j��whi!��Ñ(Þdq1Y[k�Y[gjiVZsimk�b�q�i:lm`�ë1i:b�Z]wyi
lVp$\~p$k]_1Y[k¹zr`tk]i(l<Zs`~p$c0�xÏÐ�T`�Z"0 b�chpnZ�b�q�i:lm`�ë1i:zHu&`~Z�zrim�ìY[eh\~Zsb¹Z]pf� D Ù$ÞfÁa�m����whi�Y$l<Z]e1Y[\Elmpn\tpnk�bxeyb]i:z�Zsp}qh\tp[Z�Z]whiW`tgQY[�$i�Y[ksi
b]im\ti:l<Zsi:zd_f�BZ]whi Ø çrÂ$ç$Þ[¿&ÀE� b ÒyÀ�¿&Ù�c	lVp$gjgjYncyzH�4´Tp$e{lmYncdeyb]i�pncyi�p[��ZswhiM_yeh`~\~Z��Ð`tc{lVp$\~p$k¹gQY[qyb:uHb�eyl�w"Y$b;ÅfÙ$Á&uyÃyçnÒyÙ
pnk â ç$Á&�
¾¹c�im�rYngjqh\~i	pn���n��lVpn\tpnk�gQY[q�qh\tp[Z]Z]`tch�j`tb¯b�whp�vxc�_�im\tp�v

\�Ô ß�`=V ¿&Ù Ý�â áfÞ&Ñ,� b \ ã Õ93mXa�mX�Õ93VÕ�`ak/\ ã Õ�3mXg�mX&Õ�3mÕ"`�c9^
��VÎÀnÃ Ý9bmØ ç Ý9b Ú��"�HÑ#��Ô(cE�nÚ�� Ø ç Ý9b Ú��"�HÑ#��ß(c��nÚ-c9^
à1Ñ�á8ÓrÞhÙ b Õ�c9^
� Ø çrÂ8ç$Þ b Ôgk�ßgkm��c9^
Ý(â À#��Ñ(Òfá Ñ(ÒrÁhÙnÞ#�Æ^
Ø çrÂ8ç$Þ8ÃhÀ$Þ b � â ç$Þ&Ñ,�_�Nc�^
Ø çrÂ8ç$Þ[¿�ÀE� b ��ÃhçnÒyÙB�Çc9^

��whi�lVprzri�b�ZsYnk�Z�bT_f�QlVksi:Y[Z]`tch��YWgji(b�w}pn�0im|$imch\t�Qb�qyY$lVi(zj|�Yn\~eyi:b���k]p$g ��öxZsp5ö¯p$c}i:Y$l�w}Y��r`^bm����whimc�u8`~ZxlVpngjqhehZ]i:b�Z]wyi
��ehcylVZ]`tpnc ∣

∣cos(2πx)2 + cos(2πy)2
∣

∣

Y[cyz�qy\~pnZsbxZswhiWksi:b]eh\~Zsb¯Y$b¯Ync�`tgQY[�$in�¹¾�whp$k]`t�mp$c8ZsY[\ElVpn\tpnkx_1Y[k¯`^b¯Yn\tb]p}Ynzyzri:z�Zsp
Z]wyi�`~gQY[�$in����whiWlmpn\tpnksgjYnq5`^bxb�imZxZ]p�ÃyçnÒhÙ1�

z



X"Y[Z]\^Y[_ l:Y[c�Y[\^b]pº�ni:chimk�Y�Zsi{lVp$c$Zspnehk5qh\~pnZsb5��k]p$g Zswhi@zhY�Z�Ynb]iVZsb5eyb]i:z���p$k��[�ñ`tgjYn�ni(bm�ä��wy`tbB`tb�zrp$chi"eyb]`~cy�ºZ]wyi
Ø çnÒfÁhçnÓrÞ b Ôgk�ßgkH�Bk Ø ç[ÒfÁrçnÓrÞrÂyÑ Ý Á�c���ehcyl<Zs`~p$c0�¯��whiMÔ&u1ß�Y[cyz���qyYnksYngjiVZ]i:ksb¹wyY�|ni	ZswhiMbsY[gjiWgji:Ynch`tch�5Ynb¹��pnk�q�lmpn\tpnk(�
��whi Ø çnÒrÁhç[ÓrÞyÂyÑ Ý ÁB`tbMY�|ni(l<Z]p$k�p[�x|�Y[\tehi:b���pnkWvxwh`^l�walVp$c$Zspnehk�b�b]whpneh\^z�_1iBzrksY�vxc��B��whi Ø Â8ÀnÃhÙrÂ bmØfÝ k â cM��ehcyl<Zs`~p$c
gQY��}_�i�eyb�i(z}ZspQ\tYn_1i:\Hi:Y$l�w�lmpnc8Z]p$ehk�\~`tchin� Ø Â8ÀnÃyÙfÂMw1YnbxY�\~pnZxp[��pnqrZs`~p$cybmur_�iWb]ehk]i�Zsp�ksi:Y$z}Zswhi�pncy\~`tchi	whim\tq�È
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$�ü%$�üìý R9&���ÉÊ�����±½[S7ÿ�'"�
X"Y[Z]\^Y[_Bl:Y[cBqh\~pnZ�b]ehk]�ìYnlmi:bo��k]p$gÄ�[� zhY[ZsYhufvxwhi:k]i�Z]wyi��m�ÐY[�r`tb � whi:`~�$w8Z��o`tb¡qhksp�|f`tzhi:zQ_f�jZ]wyi	zyY�ZsY�Y[ksk�Y��n�E¾Î�ìYng�`t\t�Qp[�
��ehcylVZ]`tpncyb�im�f`^b�Z¯Z]p�zrp5Z]wh`^b�Z��8q�i�p[��qh\tp[Z(u�Z]whi�gjp$b�Z�_yY$b�`^lWpn�Tvxwh`^l�w{`^b¹Zswhi	¿&Ù Ý�âgb Ôgk�ßgkH�-c	��eycyl<Zs`~p$c0�W��whi�Ô�Yncyzdß
qyYnksYng�imZ]i:ksb�qyk]p�|f`^zri�Z]whi�\tYn_1i:\tb¡Y[c1zjiV�fZ]i:c$Z�b���p$k�Zswhi¹�QY[cyzj�QY[�fi(bmu$vxwh`t\~i¯Z]whi���qyYnksYngjiVZ]i:kT`^boY�gQY[Z]ks`��QlVp$c$Z�Y[`tch`tch�
Z]wyiWYnl<ZseyY[\0zyY�ZsYMZsp�_�i�qh\tp[Z]Z]i:z0�
É i:k]i$ufZ]whiWbsY[gji�zhY[ZsYM��k]p$g�Z]wyi��[��`tgQY[�ni	qh\tp[Z]Z]`tch�jiV�hY[gjqh\ti	`tb¹qh\~pnZ�Zsi:z�`~c h ���

\�Ô ß�`=V ¿&Ù Ý�â áfÞ&Ñ,� b \ ã Õ93mXa�mÕ�3mÕ�`Bk/\ ã Õ93�Xg�mÕ93mÕ�`�c9^
��VÎÀnÃ Ý9bmØ ç Ý9b Ú��"�HÑ#��Ô(cE�nÚ�� Ø ç Ý9b Ú��"�HÑ#��ß(c��nÚ-c9^
à1Ñ�á8ÓrÞhÙ b Õ�c9^
¿�Ù Ý�âgb Ôak�ßgkH��c�^

é¹pnZ]i¯Z]wyY[ZTZ]whi��nk�Y[cfeh\^Y[ks`�Z���p[�HZ]wyi¯gji:b]w}�nks`^zMw1Ynbo_1i:imc}ksi:zre1lVi:z0u[Z]pMgQY[Èni¹Z]whi h ��qy\~pnZoi:Y$b�`timkTZ]p�eycyzrimk�b�ZsY[c1zH�>��wyi
pnehZ]qherZ	p[��Z]whi�gji:b]w"��ehcylVZ]`tpnc3`tb�Y h �ägji(b�w0uHvx`~Z]w3wh`^zhzrimc�b�eyk��ìY$lVi�ksimgjp�|�Y[\��	��whi�gji:b]w{\t`tchi:b	Y[ksi�lmpn\tpnksi:z�eyb]`~cy�
Z]wyiWlVehksk]i:c8Zxlmpn\tpnk�gQY[q0ur_1Ynb]i:zBpnc�Z]whi�Ë{|�Y[\tehin�
��whi Ý ÓrÞrà�lVpngjgQY[c1z�`^b�|ni:k]��b]`tg�`t\^Y[k(u�iV�hlVi:qrZ�Z]wyY[Z�Z]whi¹b]qyY$lVi:b>_�iVZ�v¡imi:cMZswhixgji:b]w�Ynk]i¡ëy\t\ti:z�`~cjvx`~Z]wQY[cjY[qyqhk]p$qhks`tY[Z]i
lVp$\~p$k:�>��whi¯Yn\~�$pnks`�Zswhg eyb]i:zMZ]p�q1i:k���p$k]gäZ]whi�ëy\t\t`~ch��gjY��M_1i¹b]iVZoeyb�`tch�	Zswhi Ý�â À���Ñ(Òrá æ ¿&ç#�rÙrè�lVpngjgQY[c1zH����whixgjpfzhi
lmYnc"_�i�b]iVZ�Z]p�àrÂ8À$Á&uEÑ(ÒrÁhÙ$Þ���pnk�àfÀ Ø Ù$ÁhÙ����¯��wyiBÑ(ÒrÁhÙnÞ#��pnqrZs`~p$c"�n`t|ni(bxZ]wyi�b]gjp8pnZ]whi(b�Z��nk�Y[qhw3ê$e1Y[\t`�Z��$��õ1YnlVimZ]i(zd`tb
b]`~gj`t\tYnk�Z]p·Q1Y�Z(uhiV�hlmimqrZ�Z]w1Y�Z¯Y�_h\^Ynl�È}_�pnk�zrimkx`^bxzrk�Y�vxc�Ynk]p$ehcyz5i:Ynl�w�gji:b]w�q1p$\~�f�np$c0�
��whi Ý ÓrÞrà Ø lmpngjgQY[cyzBvx`~\t\�zrk�Y�v
ZswhiWlVp$c$Zspnehk�b¡p[�>Z]whi�qy\~pnZ�Z]i(z�g�i(b�w�_�im\tp�v ZswhiWYnlVZ]eyYn\Hg�i(b�w�`~Zsb]im\~���
��whi Ý ÓrÞràrÂ�lmpngjgQY[cyz�zrk�Y�v¹b�Y	gji:b]w0unvx`~Z]w h ��\~`t�nw8Z]`tch�	imc1Y[_h\ti:zH����wh`^b�ksi:ê8eh`tk]i(b�Y�lmpn\tpnksgQY[q�vx`�Zswjb]gjpfp[Z]wQb]wyYnzhi:b:u
b]eyl�w�Y$b Ø ç����yÙ$Þ&unÃyçnÒyÙ�pnk�ÅfÙ$Á��
��whi	��p$\~\tp�vx`~cy�Mim�rYngjqh\~i�zrk�Y�v¹b�Yjb]Yng�qy\~iWzhY[ZsY$b�imZ�vx`~Z]wdYn\~\&Zswhk]i:i�b�ehk]�ìYnlmi	qh\~pnZ�Zs`~ch�QgjimZ]whprzhb:�

\�Ô ß�`=V ¿&Ù Ý�â áfÞ&Ñ,� b \ ã Õ93mXa�mÕ�3mÕ�`Bk/\ ã Õ93�Xg�mÕ93mÕ�`�c9^
��VÎÀnÃ Ý9bmØ ç Ý9b Ú��"�HÑ#��Ô(cE�nÚ�� Ø ç Ý9b Ú��"�HÑ#��ß(c��nÚ-c9^
à1Ñ�á8ÓrÞhÙ b Õ�c9^
Ý ÓrÞrà b Ôak�ßgkH��c�^
Ý(â À#��Ñ(Òfá
àhÂ8À$Áa^
à1Ñ�á8ÓrÞhÙ b Ú-c9^
Ý ÓrÞrà Ø9b Ôgk�ßgkH�-c9^
Ý(â À#��Ñ(Òfá Ñ(ÒrÁhÙnÞ#�Æ^
à1Ñ�á8ÓrÞhÙ b Û-c9^
Ý ÓrÞràhÂ b Ôgk�ßgkH�-c9^
Ý(â À#��Ñ(Òfá Ñ(ÒrÁhÙnÞ#�Æ^

ö�Y
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ô�k�Y[qhwybQlmk]i(Y�Zsi:z vx`�Zsw�Yncf�ºp[��Z]whi"��ehcyl<Zs`~p$cybQgjimc8Zs`~p$chi:z Y[_�p�|nidlmYnc _�i{Ynchchp[Z�Y�Zsi:z eyb�`tch�aY@|�Y[ks`~imZ��ºp[�	X"Y�Zs\tYn_
��ehcylVZ]`tpncyb:�
��whidb�`tgjqh\ti:b�Zjpn��Zswhi:b]i�`tb�Zswhi�Á&Ñ(ÁyÂ8Ù b ÁrÙ$ÔfÁ(c}��ehc1l<Z]`tpnc�uovxwh`^l�w�b�imZsb�Z]wyi�Z]`~Z]\ti�pn�¯Zswhi"lVehksksimc8Z��$ksYnqhw
Z]p�ÁhÙ$Ô8Á&�aé¹pnZ]i�Z]w1Y�Z�Z]whidb�Z]ks`~ch�3qhksp�|8`^zri(za`~c ÁhÙ$Ô8Á@b]ehqhq�pnk]ZsbjY3b]eh_yb]iVZjp[�QÍÎÍ(� ½ Ì�chp[Z�Y�Zs`~p$c0�º¾ Z��8qy`tl:Y[\�eyb]i5��p$kÍÎÍ(� ½ Ì chpnZsY�Zs`~p$cBv¡pney\tz5_1i	Zsp�`tcylm\~eyzhi	b]eh_ybslVks`tqrZsb�p$kxô�ksimi:È5l�wyYnksY$l<Z]i:ksb:�>¼rpngji	p[��Zswhi�lVp$g�gjp$ch\~�5eyb�i(zBlmpngjgQY[cyzybY[ksi�b�wyp�vxc5`tcBZswhi	ZsYn_h\tin�

Ï b]eh_nÐmZsiV�fZNÑ �EiV�fZxvx`~Z]wh`tc�Z]whi�_yksY$lVi:b¡`^bxb�ey_yb]lmk]`tqrZsi:z
Ï b]ehqnÐmZsiV�fZNÑ �EiV�fZ¹vx`~Z]wh`tc�Z]whi�_hk�Ynlmi:b¡`^b¹b�eyq1i:ksbslVks`~qhZ]i:z

Ï qy`
πÏ Í�Yngjzh_yY
ΛÏ `tc8Z ∫

��whi}ÔyÂ8ÀnÃyÙfÂ b ÁhÙ$Ô8Á(cfu&ßyÂ$ÀnÃyÙrÂ b ÁhÙ$ÔfÁ(c�Yncyz��hÂ$ÀnÃyÙrÂ b ÁhÙ$ÔfÁ(cjlmpngjgQY[cyzyb�\tYn_1i:\TZswhiBY[�fi(b�p[��ZswhiBlmehk]ksimc8Zs\~��b�i:\~i(l<Z]i(z
ëy�$ehk]i	vx`tcyzrp�v��
��whiMÂ8Ù$áhÙ[Ò�� bmÝ Á8Þ&Ñ(Òrá0Õ(k Ý ÁfÞ&Ñ(ÒrárÚBkW�����Jc"��ehcyl<Zs`~p$cd`tb¹eyb�i(zBZ]pj`~c1b�i:k�Z¯Yj\tim�$imcyzB_1p��B��pnk¹�$ksYnqhwyb¡vxwh`^l�w�wyY�|ni	gjpnksi
Z]w1Y[c�pnchi�ZsksY$lVin�
ÁhÙ$Ô8Á b Ôgk�ßak Ý ÁfÞ&Ñ:Òrá(cxqh\^Ynlmi:b Ý ÁfÞ�Ñ(ÒráQY�Z�Z]wyi�\~prlmY[Z]`tpnc � Ô&u ßr�¡p$c5Zswhi��nk�Y[qyw0�

Ò Ó ¤�L�¨V¤[Ô�£jSoN>UtÕ5LEUmKB¢

X"Y[Z]\^Y[_@`~c1lV\teyzri:bMY�q1p�v¡imk]��eh\�bslVks`tqrZ]`tch�d\^Y[ch�$eyY[�$inu�vxwy`tl�waY[\t\tp�v¹b���pnk�_1Y�Zsl�wh��gjprzriQiV�ri(lVerZs`~p$c�pn�¡im�rqhk]i(b]b]`tpncyb�Yncyz
X"Y[Z]\^Y[_@lVpngjgQY[c1zhbm�}��wyijbslVks`tqrZsbWYnk]ijb�Z]pnksi:z3`tc�qy\tYn`~cr��Z]im�fZ�ëy\~i(b	vx`�Zsw�Z]whif�ì¿@im�8Zsimcyb]`tpnc0�}�o�fqh`tl:Y[\t\~�$u�bslVks`~qrZ�b�Y[ksi
iV�ri(lVerZsi:z�`~c�\t`~chi(Y[kxp$kszri:k:uf_hehZ�X"Y�Zs\tYn_�Yn\tb]p�wyYnb�_hk�Y[c1l�wh`~cy�yuhlVp$cyzr`~Z]`tpncyYn\Hb�Z�Y�Z]i:gjimc8Zsb¹YncyzBqhk]prlmi:zrehksi�lmYn\~\^bm�
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¼f`tcylViQX"Y[Z]\^Y[_@b]lmk]`tqrZ�b�Ynk]i�qh\^Y[`tc{ZsiV�fZ	ëy\ti:b:u�Y[cf�di:zh`�Zspnk � b]eyl�w@Ynb�|f`�pnk	chpnZ]imq1Ynzy��lmYnc3_�ijeyb]i:z{Z]p�i:zr`~Z	Z]whiQbslVks`~qhZ
ëy\ti:b:�"Ç¯b]`~cy�{X"Y�Zs\tYn_�0 b�`~cf_hey`~\~ZMi(zr`�Zspnk(uEwyp�voi:|nimk(u�w1Ynb�Zswhi}_�imchimëhZMpn�¹b��fc8ZsY[�3wh`t�nwh\t`t�nw8Z]`tch�yu�b]gQY[k]ZW`~cyzhimc8Z]`tch�{Yncyz
`tc$Zsim�$ksY[Z]`tpncavx`~Z]waZswhi�X{Y�Z]\^Y[_ zrim_hey�n�ni:k:�3é¹p[Zsi}ZswyY�ZMZ]whi�Èni:�8_y`~cyzh`~ch�8bWeyb]i:z.Y[ksi5zr`O~�i:k]i:c$Z�ehcyzri:k�Ç¯ch`~� � ��pn\t\tp�v¹b
½TgQYnl:b�Ènim�f_h`tcyzr`tch�8bs��Y[cyza¸
`tcyzrp�v¹b � ��p$\~\tp�v¹bQù¡Ç¹ÏWÈ$im�f_h`tcyzr`tch�$b��<�@ÏÐ�¯�$pne.Ynk]iBehcr�ìY[gj`t\~`^Y[k�vx`~Z]w.½�gjY$lmb:u�b]im|ni:ksYn\
Z]ehZ]pnks`^Y[\^bxY[ksi�Y�|�Y[`t\^Y[_h\ti�p$ch\t`~chi$�
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X"Y[Z]\^Y[_�b]lmk]`tqrZsb�w1Y�|ni	Y[erZspngQY�Zs`tl�|�Y[ks`tYn_h\ti�lmk]i(Y�Z]`tpnc � Zswhimksi�`tb�cyp�cyimi:z5Z]p}zhi:lV\^Y[ksi�|�Ynk]`^Y[_y\~i(bs��ehq�pnc�ëyk�b�Zxeyb]in� · cylmi
lVksi:Y[Z]i(zHu[|�Y[ks`tYn_h\ti:b�b�ZsY���vx`~Z]wy`~cjZswhixvop$k]Èrb]qyYnlmioeyc$Zs`~\yZ]whi:�MYnk]i¹lm\~i(Y[ksi:zMpnerZTeyb]`tch�	Z]whi Ø Â8ÙfÀ$ÞWlVp$g�gQYncyzH����whim�MgjY��
_�i�iV�hY[gj`tchi:zBvx`�Zsw�Z]whi�¸�pnksÈrb�qyY$lVi�÷¡k]p�v¹b]imk¡pnkx_f�}e1b�`tch�QlVp$g�gQYncyzhb�`tcBZswhiMùopngjgQY[c1z5¸
`tcyzrp�v���ÏÐZ¹`^bx�ni:chimk�Y[\t\t�
Yj�npfprzB`tzri(Y�Z]pQ`^b]b]ehiWY Ø Â8Ù8À$ÞÎÀrÂfÂjlmpngjgQY[cyz�Y�ZxZswhi�Z]p$q�p[���npneyk¹b]lmk]`tqrZsb:����wh`^bxv�Y��nuhYn\~\�bslVks`tqrZsbxb�ZsYnk�Z¹pE~{vx`�ZswdY
Èfchp�vxc�b�Z�Y�Z]i$�
ùopngjgjimc8Z�b�`~cdX"Y[Z]\^Y[_�b]lmk]`tqybxY[ksi�`~cyzh`tl:Y�Z]i(z�eyb�`tch��Z]wyi�q1i:kslmimc8Z¯b��fgM_1p$\7�

önö



�¹¦�6 ª«>�­;:¯¬�©r¬m>�­¹ª�µH8
X"Y[Z]\^Y[_�b]lmk]`tqrZsbxl:Y[c�gQY[È$i�eyb]i�p[�EZ]whiQÑ�à$��ÙfÂ Ý ÙM_hk�Y[cyl�wh`tch�Qb�ZsY�Zsimgjimc8Z�b¡Z]pQlVp$c$Zsk]p$\Hqhkspn�nk�Y[g�im�fi(lVerZs`~p$cBp$kszhimk(����wyi
b]�8c8Z�Y��}��p$k�Z]whiQÑ�à ã ÙfÂ Ý ÙMb�Z�Y�Z]i:gjimc8Z¹`tbxb]whp�vxc�`~c�Zswhi�iV�hY[gjqh\ti	_1i:\~p�v

Ñ�à
Ò8Ón¿ dED ÀfÂ[ÓyÙ Ý æ ÚfÜ
Ñ�à ¿�ÀnÒfÓyÀrÂ d Ñ(Ò��fÓfÁ

��Ñ Ý � b �ml8Ón¿hÃyÙ$Þ
ç$à Ñ:Ò��fÓrÁ Ý Ñ Ý Áhç8çÎÂ$çE�Æ�Nc9^
ÙrÂ Ý Ù
ÞhÙ d ÞrÙfÀ#�iV Õn^

ÙnÒ��
Ù[Ò��

¾¯bjvx`~Z]w gjp$b�ZQ\tYnch�neyYn�ni(bmuxÑ�à ã ÙfÂ Ý Ù3b�Z�Y�Z]i:gjimc8ZsbjlmYnc _�i�chi:b�Z]i(zHuoYncyz.Z]whi"ÙrÂ Ý Ù3`^bjpnqrZs`~p$cyY[\�� ��wyi�Ñ�à@_h\tprl�Èa`tb
zri:\~`tgj`�Zsi:z�_f��ÙnÒ��a^V�

�¹¦+� Ù²>2>T²�8
X"Y[Z]\^Y[_�qhk]p�|f`^zri:b¯Z]wyijb�ZsYncyzhYnksz�� â ÑnÂ8Ù�Y[cyz�àrçnÞd\tpfpnqyb���p$ehcyz3`~c�gjp$b�Z	qyk]p$�nk�Y[gjgj`~ch�B\tYnch�ne1Y[�ni(bm�M��whiQàfç$Þd\tpfpnq
b]�8c8Z�Y��5zri(b�i:k]|$i:b¡b�p$g�i�gjimc8Z]`tpnc�uhb�`tcylVi�Zswhi�b�i(ê$eyimcylmi�p�|$imk¡vxwh`^l�w5`~Z¹\~pfpnq1b¡l:Y[cB_1iWlmpngjqh\tiVZ]i:\~�}Ynk]_y`�ZsksYnk]�$u8b]`~c1lVi	`�Z"0 b
Y[ks�neyg�i:c8Z�`^b¹Yj|$i:l<Zspnk(����wfeyb:uh`�Z�lV\tp$b]im\t�}k]i(b�i:g�_h\ti:b Ê i:k]\Ú0 b¯àfç$ÞhÙfÀ Ø(â \tpfpnq0�o¾¹cdiV�hYng�qy\~i�eyb]`tch�Û�rç ã � â ÑnÂ8ÙMYncyz�àrçnÞ
\tp8p$qyb�`^bxb�whp�vxc�_�im\tp�v

ÜiÝ ÓfÃ8Ã1Â8Ù Ý ç$Þ8Á Á â Ù ÂyÑ Ý Á
�fçnÒyÙfV�Õ(^
� â ÑnÂ8Ù btÞ �rçnÒyÙ�c

�rçnÒyÙiV Õn^
àrç$Þ Ø ÁfÞ�V Úa3]Â8ÙnÒrá8Á âgb Ñ(Ò D Ù Ø c
Ñ�à Ñ(Ò D Ù Ø�bmØ ÁfÞ(caè�Ñ:Ò D Ù Ø9bVØ ÁfÞ ã Õ�c
ÁhÙ�¿��ßV Ñ(Ò D Ù Ø9bmØ Á8Þ(c9^
Ñ(Ò D Ù Ø9bmØ Á8Þ(c�V Ñ(Ò D Ù Ø�bmØ ÁfÞi� Õ�c9^
Ñ(Ò D Ù Ø9bmØ Á8Þi�±ÕEc/V�ÁhÙ�¿��g^
�rçnÒhÙWV=XB^

ÙnÒ��a^
ÙnÒ��a^

Ù[Ò��a^

�¹¦�� à¹°�­�A�©h¬�>�­áA&ª�µ�µH8
X"Y[Z]\^Y[_�Yn\~\tp�v¹b��$pne�Zsp�im�rqyY[cyzW`�Z"0 b�b]iVZ�p[�y`tcr�Ð_heh`t\�Z>��ehcylVZ]`tpncyb�Y[c1z�Z]pfp$\~_�p��ri:b0_f�Wlmk]i(Y�Z]`tch�¹cyimv�� g ëy\ti:b>vxwh`^l�wMlVp$c8ZsY[`tc
��ehcylVZ]`tpncyb:�	��whi:b]i5� g ëy\~i(b	Y[ksi�zr`O~�i:k]i:c$Z���k]p$g�k]i:�neh\^Y[k¯bslVks`tqrZsb:uHb�`tcylVi�Z]whi:�dlmY[c{_1i�lmY[\t\ti:z���kspng�p[Zswhimk	bslVks`~qrZ�b¯Yncyz
qyY$b]b]i:z�Y[ks�nehgji:c$Z�bm���EpMZsehksc�YjbslVks`~qhZxëy\~i	`tc8Z]p}YM��ehcylVZ]`tpnc0uh`tcylm\~eyzhi	Z]whi	��p$\~\tp�vx`~cy�M\t`~cyiWY�Z�Z]whi	Zspnq

ànÓfÒ Ø Á&Ñ�çnÒ
\ÐÞhÙnÁ8ÓrÞ8Ò d�D ÀrÂ d ÕdÞhÙ$Á$ÓrÞ8Ò dED ÀrÂ d Ú#`¿V à$ÓfÒ Ø Á�Ñ[çnÒ d ÒhÀ�¿&Ù b ÀnÞ8á0Õ�k5À$Þ8áhÚBk�À$ÞfárÛ-c

��wh`^bxZsim\t\tb�X"Y�Zs\tYn_BZswyY�Z¯Z]wh`^bxëy\ti�zrimëychi(b¯Yj��ehc1l<Z]`tpncdc1Y[gji:zdà$ÓfÒ Ø Á&Ñ[çnÒ d ÒyÀ�¿&Ù1unvxwh`^l�w�ZsY[È$i:b�Zswhksimi�Ynk]�$ehgjimc8ZsbxYncyz
ksiVZ]eyk]cyb�Yj\~`^b�Z�p[��Z�v¡p}ksiVZ]eyk]c�|�Y[\tehi:b:�¹é¹pnZ]i�ZswyY�Z�Z]whiWëy\~iMcyY[gjiWvx`~Z]w{vxwh`tl�w�Zswhi}� g ëy\~i�`tb�b]Y�|$i:zBg�eyb�Z�gQY[Zsl�w�Z]wyi
��ehcylVZ]`tpncQcyYngjin��X"Y�Zs\tYn_jeyb�i(b�Z]wyixëy\ti¹cyY[gjixZspWb�i(Y[k�l�w���p$kTZswhix��ehcylVZ]`tpncQvxwhi:cQ`�Z�ëyksb�ZTimc1lVpneyc$Zsimk�b�`~Z:ufY[cyzjvx`t\~\y`tbsb�eyi
Y[c{imksk]p$k¹`���Z]whi�zriVëycyi:zd��eycyl<Zs`~p$c{`^b¯chpnZ¯��p$ehcyzd`tc"Zswhi�ë1\~i$��X"Y[Z]\^Y[_{b]i:Ynksl�whi(b�Z]wyk]p$eh�nw"`~Z�0 b�`~cyb�ZsYn\~\ti:zdZ]pfpn\t_1p��d\t`tb�Z:u
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Z]wyimcd`tcdZ]whiMlVehksk]i:c8Z¹vop$k]Èf`tch�Qzr`~ksi:lVZ]p$k]�5��pnk��ì¿dëy\~i(bmu�b�p5gjYnÈniWb]ehksi	Z]whi���eycyl<Zs`~p$cdëy\tiW`tb¯`~c�ZswhiMbsY[gjiWzr`tksi:l<Zspnks�BY$b
Z]wyiWb]lmk]`tqrZxvxwh`^l�w�l:Y[\t\tb�`~Z:�
õheycyl<Zs`~p$c3lmYn\~\^b�gQY��BZ�Y[È$iMYB|�Ynk]`^Y[_y\~i�Y[ks�nehgjimc8Z�\~`^b�Z(u&Z]wh`^b�`tb	b]q1i(lV`~ëyi:z{_f�deyb�`tch�BZ]whi�ksi:b]imks|ni:z�v¡pnk�z D À$ÞhÀnÞfá&Ñ(Ò�Y$b
Z]wyi�\tY$b�Z � p$kxpnch\t�h�oYnk]�$ehgjimc8Z�cyY[gjin����wh`^b�`^bxb�`tgj`~\^Y[k�ZspMZswhi	im\t\~`tqyb]i:b � �~�t� ��e1b�i(z5_f��ùx�$ù4â[â Z]pj`~c1zr`tl:Y�Zsi	Y�|�Y[ks`^Y[_h\ti
Y[ks�neyg�i:c8Z�\t`tb�Z:����wyimc0uHvx`~Z]wh`tc3Z]whiM��ehcylVZ]`tpnc�_1przr�$uH�npne3lmY[c3eyb]i D À$ÞhÀnÞfá&Ñ(Ò�Y$b�YB|�Y[ks`tYn_h\~iMp[�TZ��fq�i	Å]lVi:\~\�Ynk]k�Y��$Æ�Zsp
�nimZ¹Z]wyi�Y[ks�nehgji:c$Z�bm�x��whi�|�Ynk]`^Y[_y\~i	ÒyÀ$Þfá�Ñ(Ò5wypn\^zhb�Z]wyi�cfehg�_�imk�p[�TY[ks�neyg�i:c8ZsbxqyY$b]b]i:z0�¡¾¯c"iV�hY[gjqh\tiWpn��YQ��ehcyl<Zs`~p$c
vxwh`^l�w5Z�Y[È$i:b�|�Y[ks`tYn_h\ti	Ynk]�$ehgjimc8Zsb¡`^b��n`t|ni:cB_�im\tp�v

ànÓfÒ Ø Á&Ñ�çnÒ
\ Ý `WV�áhÙ$Á drÝ Ón¿ bHD À$ÞhÀ$Þfá�Ñ(Ò(c
Ý V=XB^
àfç$Þ Ø ÁfÞ�V±Õ�3ÐÒyÀ$Þfá�Ñ(Ò
Ý V Ý � D À$ÞrÀ$Þfá&Ñ(Ò�ã Ø ÁfÞ�ä�^

Ù[Ò��

é¹pnZ]i	ZswyY�Z�Z]wyiWb�eh_1b]lmk]`tqrZx��pnkx|�YnksYnk]�$`~c}`^bx`tcB_yksY$lVi:b:urchpnZ�_yksY$l�ÈniVZ�bm�
�ximZ]ehksch`tch�}��kspng�YQ��ehc1l<Z]`tpnc3`tb�Ynl:lVpngjqh\t`^b�whi(zd_f�jÅ��ìY[\t\t`~ch�Bp�~�Z]whiMi:zr�$i<ÆWp[��ZswhiM��ehcyl<Zs`~p$c0����wyimksi�`^b¯chp5i:ê8eh`t|�Yn\~i:c8Z
Z]p5ù;0 bxÞhÙ$Á$ÓrÞ8Ò}b�Z�Y�Zsimgjimc8Z:�

å JnæçÕ3OWN�LEUmKB¢éè ¤�LE¤ UVKMLEO Ó ¤	L�¨m¤[Ô

X"Y[Z]\^Y[_@lmY[c3_1ijeyb]i:z{Z]pdYncyY[\t�f�mi�pnk	|f`tb]eyY[\t`t�mi�k]i(b�eh\~Zsb	p$_rZsYn`~cyi:zd��kspng iV�rq1i:k]`tgjimc8Zsb:�M��Y�Z�Y�`~gjq�pnk]Z���eycyl<Zs`~p$cyb�Y[ksi
Y�|�Y[`t\tYn_h\ti�Zsp}whi:\~qd�$pnedY[\tpnch�jvx`~Z]w�Zswh`tb¯qhkspflmi:bsbm�¡��v¡pQgjiVZswhprzhb¯Ynk]i�Y�|�Y[`t\tYn_h\ti	��pnk¯zhY[ZsYj`tgjq1p$k�Z(uypncyi�`tb¹Z]pQeyb]i�Z]wyi
ÏËgjq1p$k�Z¹¸
`t�:Ynksz0ufZ]whi�pnZ]whi:kx`tb¡Zsp�ksi:Y$z5`tc�ëy\ti:bxzr`tk]i(l<Zs\~�$�

��¦�§ ó�Ø±²[>T«h©�< ¬�êHª�«�:

��whi���Y�ZsYMÏËgjq1p$k�Z�¸
`t�:Y[k�z5l:Y[cB_1i	eyb]i:z5Z]p�k]i(Ynz5`~cBëy\ti:bo��k]p$g�pnchi�p[�EZ]whi�b�ZsYncyzhY[k�z}zhY[ZsYM`~c8Zsimk�l�wyY[ch�$i¹��p$k]gQY�Z�bmufp$k
��kspngÄY�Z]im�8Z�ëy\tin� · cyi���p$k]g�pn�>zhY[ZsYMvxwh`^l�wB`~Zxehcyzri:ksb�ZsYncyzhb�`^b�ZswhiMù�¼�C � lmpngjgQY��Ëb�i:qyY[k�Y�Zsi:zQ|�Yn\~ehi�����pnksgjY[Z:ufvxwh`^l�w
lmYncd_1iMk]i(Ynz�Y[c1z�vxk]`~Z�Zsimcd_f�BgQYnc8��zr`O~�i:k]i:c8Z¯qhkspn�nk�Y[gQb�`tcylV\teyzr`tch��b�qhksi:Y$zhb]whimimZsbx\t`~È$i�½��hlVi:\7�4´Tp$e"lmYnc"Ynlmlmi:bsb�Z]wyi
vx`t�:Y[k�zB_8�5eyb�`tch��Z]wyiWõE`t\ti

.
ÏËgjq1p$k�Z¹��Y�Z�YMgji:c8e�`tc�Z]whi�gQY[`tc�X"Y�Zs\tYn_Bvx`tcyzrp�v��

Ç¯b]`tch�QZ]wyi�vx`t�:Y[k�z�`^b¯b]im\~�ø��im�fqy\tYncyY�Zspnks�nuyYncyz�`tb¯eyb]eyY[\t\~�BZ]kspney_h\~im�7��ksimi�ehch\ti:bsbxZ]wyiMb]pnehk�lViWzhY[ZsYQ`^b¹cyp[Z¯`tc{Y}b�ZsYncyzhY[k�z
��pnksgQY�Z(�

��¦7¥ àQ¬�µ�ï�ë�ï0ªB:¯¬]­¹®

��wh`^b¡g�imZ]whprzBlmY[c5_1i�eyb]i:zQvxwhi:c5ksi:Y$zr`~cy��`tcQëy\ti:b¡vxwh`^l�w5lVp$c$Z�Y[`tc5zhY[ZsYW`tcBY�chpnch�Ðb�ZsYncyzhY[k�z���pnksgQY�Z(��¾¯c5im�rYngjqh\~i�`tb
Y5ù�¼�C ëy\ti�vxwh`^l�w�wyYnb¹lmpngjgjimc8Zsb¹`~cyb]imk]Z]i(zHuhvxwh`^l�w�Z]i:cyzhb�Zsp}lVpnch��eyb�i	ZswhiW��Y�ZsYjÏËgjq�pnk]Z¹¸
`~�(Y[k�zH��¾¯chp[Zswhimk¹e1b�i	��p$k
ëy\tiV�Ðk]i(Ynzr`tch��`tb¹vxwhimcBZ]whiWzyY�ZsY�`^bx`tc�Y�_h`tcyYnk]�jëy\tin�

ì0ü^û0üìý í4	�ST�Pî�������S����
X"Y[Z]\^Y[_.qyk]p�|f`^zri:bMY[c àrçE�yÙnÒ b à�ÑnÂ8Ù[ÒyÀ�¿&ÙBk�¿&ç��rÙ-cB��ehcyl<Zs`~p$c0uob]`tg�`t\^Y[kMZ]p3Z]whi�pncyi5eyb]i:z.`~c Z]whi"ù±ksehc8Z]`tgjiB\t`~_yksYnk]�$�
à�ÑnÂ$ÙnÒyÀ�¿&Ù}`^b�YBb�Z]ks`tch��lmpnc8ZsYn`~cy`~ch�BZ]wyijëy\~i:cyY[gji�Z]p�_�iQpnq�imchi(zH�	¿&ç#�rÙB`tb�Y�b�Z]ks`~ch��eyb]i:z{Z]pdzri(b]lmk]`t_1iMZ]wyiQg�przrij`tc
vxwh`^l�w5Zswhi	ëy\ti�`tb�p$q1i:chi:z0uheyb]`~ch�Ql�wyYnksY$l<Zsimk�lVprzri:b:�oùopngjgjpncy\~�}e1b�i(zBlmpfzhi:bxY[ksi±��Þa����p$kxk]i(Ynz5g�przri$uÀ���Æ����pnkxvxks`�Zsi
gjprzrinu²�H�B����pnkWehq&zhY[Z]i}gjprzri}Y[c1z}��Ág����p$k�Z]im�fZWg�przri � ksi:ê8eh`tk]i(z3p$c@¸
`~cyzhp�v¹bWb��rb�Z]i:gjb:u�`t�ncypnksi:z3ehcyzri:k�Ç¹ch`~�y�<�

ö h



��whi(b�i�lmYnc5_�iWlVp$g�_h`tchi:z0uhYnb¡`~cW��ÞU�$Ág�T��pnkxksi:Y$z1��eyq�zhY[Z]i�gjpfzhi�vx`~Z]w�ZsiV�fZxg�przri�lmpncf|ni:ksb]`~p$c0�E��wyiWàfçE�yÙnÒj��ehcyl<Zs`~p$c
ksiVZ]eyk]cybxYï¬gMOG ³ I,q(K�MOGmu1Y�v¡Y��5p[�E`^zri:c$Zs`����f`tch�jZ]wyi	ëy\~i$�T��whi�ëy\ti�wyY[cyzh\~i	`^bxeyb]i:zBvxwhimc�ksi:Ynzh`~ch�r��vxks`�Zs`~cy�WZ]pjZswhi	ëy\tin�
õ>`~\ti:b�p$q1i:chi:zBvx`~Z]w�àfçE�yÙnÒQg�eyb�Zx_1i�lV\tp$b]i:z5`~c�pnk�zri:koZsp���ksimi	ehq�ksi:b]pnehk�lVi(boYncyzBYn\tb]pWZspQlVpngjgj`~ZxYncf�}l�wyY[ch�$i:bo`��>Z]wyi
ëy\ti�v¡Y$b¡pnq�imchi(z5��p$kxvxk]`~Z]`tch�1����wy`tbx`^bxzrp$chi�eyb]`~ch��ZswhiWà Ø Â8ç Ý Ù���ehcyl<Zs`~p$c0�

ì0ü^û0ü^û ðÀ�#ñn'!í4	TST���
�EiV�fZTëy\ti¹ksi:Ynzh`~ch�	`^bTzrp$chi¹eyb]`~cy�	Z]whi�\ D À$Þ0Õ9\Ek D À$ÞrÚBk�������`#`òV à ÝfØ ÀnÒrà b à�Ñ,�Bk]à�¿1Á drÝ ÁfÞ1Ñ(Òráak Ý Ñ,�8Ù-c���eycyl<Zs`~p$c0� É imksinu
à�Ñ,��`^bTZswhi¹ë1\~i�wyY[c1zr\~i�k]imZ]ehkschi(zj_8�}àrçE�yÙnÒ&u8Y[cyz5à�¿1Á dhÝ Á8Þ&Ñ(Òrá�`tb¡Y���p$k]gQY[ZolVp$c$Zsk]p$\1b�Z]ks`~cy�yufb�`tgj`~\^Y[ko`~c�b��fc8ZsY[�MZspWZ]wyi
ùx�nù4â[â�|ni:ksb]`~p$c0�T��whi�p$qrZ]`tpncyYn\ Ý Ñ��rÙjq1Y[k�Y[gjiVZsimk¡Z]i:\~\^bx�ìbslmYncr�>wyp�v gQY[cf�5i:\~i:gjimc8Zsb�ZspQk]i(Ynz5��k]p$g Zswhi	ëy\tin��ÏÐ��`~Z¹`tb
chpnZ�b]q�i:lV`~ëyi(zHuHëy\tiMksi:Y$zr`tch��lmpnc8Z]`tcfehi:b�ehc8Zs`~\�Zswhijimcyz{p[��ë1\~ij`^b�ksi:Y$l�whi:z0�[´Tpne@lmYnc3Y[\^b]pBvxks`�Zsi�Zsp�YBZsiV�fZ	ëy\~i�eyb]`~cy�
à��rÞ�Ñ(ÒrÁrà b à�Ñ,�ak]à�¿1Á drÝ Á8Þ&Ñ(Ò8ágkU�#�#�Çc@��ehcylVZ]`tpnc0��¾ gQY,ó�p$k�zr`O~&imksimcylmiM_�iVZ�v¡imi:c"Z]wyi�à ÝfØ À[Òhà�Y[cyz3à��fÞ&Ñ(ÒrÁràQ��ehcylVZ]`tpncyb
Y[c1z"Zswhim`tkMù |$imk�b�`tpncyb�`^b�Z]wyY[Z�`~caX"Y[Z]\^Y[_0uHZswhim�3b�ehqyq1p$k�Z�|ni(l<Zspnks`~�(Y�Z]`tpnc��M��wh`^b	gji:Y[c1b�Z]wyY[Z	`~�¡Z]whiQY[ks�neyg�i:c8Zsb	Y[ksi
|ni(l<Zspnk�bmuHZswhimc�Zswhi}imc8Zs`~ksi}b�Zsk]`tch��`^b�vxk]`~Z�Zsimc@g�ey\�Zs`~qh\tiQZs`~gji:b:u�p$cylVij��p$k�i:Y$l�w�i:\~i:gjimc8ZW`~c�Zswhi}|ni(l<Zspnk���pnk�à��rÞ&Ñ(ÒfÁrà�u
Y[c1z5gMeh\�Zs`~qy\~i�\t`~cyi:b¹Ynk]i	ksi:YnzBY[cyz�lmpncf|ni:k�Zsi:z}`tc�Z]whi�l:Ynb]i�pn�¹à ÝfØ ÀnÒhà1�
¾¹c�im�rYngjqh\~i	pn�>ksi:Y$zr`~cy��zhY[ZsYM��kspngÄYMZ]im�fZxëy\~i�`^b¹b]whp�vxc5_�im\tp�v��

à1Ñ,�WVÎàrç��yÙnÒ b �7¿1ßrà�ÑnÂ$Ùg�ËÁfÔ$Ág�#k���Þ8Ág�Çc9^
\ Ø çrÂ�Õ Ø çfÂ8Ú#`iV à ÝfØ ÀnÒhà b à�Ñ,�ak¹�Hô��Wôfàa�#kºÕ"X-c9^
à Ø Â8ç Ý Ù b à�Ñ,��c�^

��wh`^b¡pnq�imcyboZ]wyi¯ëy\ti�g��8ëy\tin� Z��fZx`~c5Z]iV�fZ�gjpfzhi���p$koksi:Y$zr`tch�yu$Z]whi:cBksi:Y$zhbo`~c5Z�vop�lVpn\tehgjcyb¡p[�>zhY�Z�Y���kspng�Z]wyi�ë1\~i$����wyi
ëyk�b�Z�lVpn\tehgjc{lmpnc8ZsYn`~cyb¹`~c8Z]i:�ni:ksb:uhZswhiMb]i:lmpncyzdlmpn\tehgjc"lVpnc8Z�Y[`tcyb4Qyp8Y�Zs`~ch�n��q�pn`tc8Z¹cfehg�_�imk�bm�¹õ>`t\~iMk]i(Ynzr`tch�}b�Z]p$qyb¯Y[�øZ]imk
ö�Y�ksi:lmpnk�zhboYnk]i	ksi:Y$zH����whi�|�Y[ks`tYn_h\~i(b Ø çrÂ�Õ	Y[c1z Ø çrÂ8Ú�vx`~\t\�lVp$c8ZsY[`tcBZ]whiWzhY[ZsY�ksi:Ynz5`~c���kspngÄZ]whi�ëy\tin�

ì0ü^û0ü%$ �·	T���U��.¹í4	�ST���
ÏËgjq1p$k�Zs`~cy�M_h`tcyYnk]��ëy\ti:b�`tc8Z]pjX"Y�Zs\tYn_5`^bocyp[ZxYnb�b�ZsksYn`~�$w8Z���pnksv�Y[k�z�Y$b¡vx`�Zsw5ZsiV�fZoë1\~i(bmur`~Zxk]i(ê$ey`~ksi:b¡YWÈfchp�vx\ti:zr�$i¯pn��Z]wyi
`tc$ZsimkscyY[\�b�Z]kseyl<Zsehksi�p[�oZ]whi�ëy\tinu0YncyzdZswhi���pnksgQY�Z	`~c3vxwh`tl�w3Z]wyijzyY�ZsY5`tb�bsY�|ni(zH����whi���ehcylVZ]`tpnc@à$ÞhÙfÀ#� b à�Ñ,�ak Ý Ñ,�rÙBk
�rÞhÙ Ø Ñ Ý Ñ[ç[ÒncQ`^b�eyb�i(z@Z]p�ksi:Ynz@`tc._y`~cyYnk]�azhY[ZsYy� É imksinuTà�Ñ,�{`^bMZ]whiBëy\ti5wyYncyzr\tiBksiVZsehk]cyi:za_f�ºàrçE�hÙnÒHu Ý Ñ,�rÙ{`tbMZ]wyi
cfehg�_�imkop[�Hksi:lVp$kszyb>Z]pWksi:Y$z�Yncyzjqhksi:lm`tb]`~p$cj`tbTZ]whi�b�`t�mixpn�&i(Ynl�w}zhY[ZsY	i:\~i:g�i:c8Z:����whi:b]i¯Ynk]i¹b�Z]ks`~cy�$b:unlVp$c$Z�Y[`tch`tch��pnchi¯p[�
Z]wyi�X"Y[Z]\^Y[_�zhY�Z�Y�Z��fq1i(b � b]eyl�wBY$bTÓ Ø�â ÀnÞ&u1Ñ:ÒrÁ0Õ��1unÓHÑ(ÒrÁrÛfÚ1u[imZsl:�V��ÏÐ� Ý Ñ,�rÙW`^b¡p[�0Zswhi���pnksgé\ � l�`�u8Z]wyimc}Zswhi�im\timgjimc8Zsb
Y[ksixZsk]i(Y�Z]i(z}Ynb¡Y[c � Ô�l�gjY[Z]ks`��H� É i:k]i$u�lQl:Y[c}_�i¯Zswhi�b]q�i:lV`^Y[\�|�Y[\tehi�Ñ(Òhà�u$vxwy`tl�w}gQYnÈni:boà8ÞrÙfÀ#�Wksi:Y$z}zhY[ZsY	ZspWZ]wyi�i:cyz
p[�>Z]wyi�ë1\~i$�

ì0ü^û0üOõ � ��ö�÷Pø S��#�
¼fp$g�imZ]`tgji:b:u(`~ZE`^bEeyb�im��eh\$Z]p¯bsY�|ni�lmimk]ZsYn`~c�|�Y[ks`^Y[_h\ti:b&��kspngÎZ]wyi�v¡pnksÈfb]qyY$lVi � b]eyl�wWY$bHZ]wyi�ksi:b]eh\�Z�b0pn�yYx\~p$ch�¯lmpngjqherZ�Y�Z]`tpnc��
`tc$ZspMY	ë1\~i¯��pnk�\^Y�Zsimkoeyb�i$�·� ��ö�÷ ë1\~i(b�gQY���_1i�eyb�i(zjZ]pMzrpWZswh`tbo`tc5YWb]`~gjqh\timk¡gQY[chchi:kTZswyY[c}e1b�`tch�W_h`tcyYnk]��pnk�Z]iV�fZoëy\~i(bm�
´Tpne�lmYncBe1b�i	Zswhi Ý À D Ù b ��à�ÑnÂ8ÙnÒhÀ�¿&ÙB��k D ÀnÞ0Õnk D À$ÞhÚ_k������Çc�Z]pQb]Y�|$i¯ZswhiWb]q1i(lV`~ëyi:zB|�Y[ks`tYn_h\~i(boZ]p}Yjzr`^b�ÈQë1\~i	cyYng�i(z
à�ÑnÂ$ÙnÒyÀ�¿&Ùy�j��whijëy\ti � Yncyz3Z]whi5|�Ynk]`^Y[_y\~i(b�`~ZMlmpnc8ZsYn`~cyb���lmYnc�\^Y�Zsimk�_�iQ\~p8Ynzri(z�_yYnl�È"e1b�`tch��Z]whi�Â$çfÀ#� b ��à�ÑnÂ8ÙnÒhÀ�¿&ÙB�Çc
lVp$gjgjYncyzH�j��whiBÂ8çfÀ��B��ehc1l<Z]`tpnc@ksiVZsehk]c1b�Y5\t`tb�ZWp[�¡|�Y[ks`tYn_h\~i(b	b�Zspnksi:z"`tc�Z]whijë1\~i$u�b�p��$pne3l:Y[c@Ynbsb�`t�nc{Z]whi:g Zsp�cyimv
|�Y[ks`tYn_h\ti:b¡vxwhimc�ksi:Y$zr`~cy�M_yY$l�ÈQZ]wyiWzhY�Z�YMe1b�`tch��Z]whiWb]�fc8ZsY��=\ D À$Þ0Õ D ÀnÞhÚ�������` V Â8çfÀ#� b �]à�ÑnÂ$ÙnÒyÀ�¿&Ù_�tc9^
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ù ú O²¨ÇûQKBO æ UV¤²¨füýÕ3��N�¤	LEUmOWKþ§

ÿ�¦�§ �P>�µ��¹­�>gØ�¬�ª�µ²ë�ï0²�«hï988ï�­o©rªE©h¬m>�­
X"Y[Z]\^Y[_�0 b�b]ehqhq�pnk]ZW��pnkMq1p$\~�fchp$gj`tYn\tbWYn\~\tp�v¹b	��p$kMY�|�Y[ks`~imZ��3pn�¹lVpngjqhehZsY�Zs`~p$cyb:� Ê p$\~�fchp$g�`^Y[\^b�Ynk]iQksimqyk]i(b�i:c$Zsi:z@Ynb�Y
|ni(l<ZspnkQlVp$c$Z�Y[`tch`tch��Z]whi"lmp8i��}lV`timc8Zsbjpn�¯Z]wyidq1p$\~�fchp$g�`^Y[\x`tc
zri:bslVi:cyzr`tch�@q1p�v¡imk�b:� õypnkQiV�hYng�qy\~i$u�Zswhidq1p$\~�fchp$gj`tYn\
3x2 + 12x + 5

`^b�ksimqhksi:b]imc8Z]i(zBY$boZ]whi�|$i:l<Zspnk�\�Û Õ�Ú Ü#`��
Ê pn\t�fchpngj`^Y[\^bjgjY��._1idi:|�Yn\~e1Y�Z]i(z _8� eyb]`~ch��Zswhi��yçrÂ[ß D ÀrÂ b �yçrÂnßgkjÔ(cd��ehcylVZ]`tpnc0���yçfÂnßa`^bjZ]wyi"q1p$\~�fchp$gj`tYn\�Z]pa_�i
im|�Yn\~eyY[Z]i(zHuhY[cyzB�5`^b¹Y�|ni(l<Zspnk�p[��|�Y[\tehi:bxY[Z�vxwy`tl�w�Z]pji:|�Yn\~e1Y�Z]i��yçrÂnß��

ÿ�¦7¥ �P>�µ��¹­�>gØ�¬�ª�µ�Ì�«y¬�©hî�Ø±ïH©h¬mA
Ê pn\t�fchpngj`^Y[\EY$zhzr`~Z]`tpnc"Yncyzdb�ey_rZ]k�YnlVZ]`tpnc"lmYncd_1i�zrpncyi�eyb]`~cy�QZ]whiMeyb]eyY[\E|ni:lVZ]p$k¯Ynzhz{Y[cyzdb]eh_rZsksY$l<Z¹��ehc1l<Z]`tpnc1bm�¯é¯p[Zsi
Z]w1Y�Z�Z]wh`^bxv¡pnksÈrb�p$ch\~�5`���_1pnZ]w�q�pn\t�8cypngj`tYn\tb�Ynk]i�p[�>i:ê8eyY[\Hp$kszhimk(�EÏÐ�>Z]whi:�5Y[ksi�chp[Z(urZ]whi:c5Zswhim�Bg�eyb�Zx_1i��:imksp[�ÐqyYnzyzri:z
ehc8Z]`t\HZswhim��Y[ksi�pn�>i(ê$e1Y[\H\timch�nZ]w0�T¾ ��ehc1l<Z]`tpnc�ZspjzhpMZswh`^bx`tb¯b�whp�vxc�_�im\tp�v
ànÓfÒ Ø Á&Ñ�çnÒ
\ Ý `#V��yçrÂnßrÀ#��� b Ôak�ß�c
Â[Ô=V Â8ÙnÒfáfÁ âgb Ô�c9^
Â[ß=V Â8ÙnÒfáfÁ âgb ß�c9^
Ñ�à b ÂnÔ æ Ânß(c
Ý V�ßß�j\��rÙnÞhç Ý9b Õ(k�Ânß ã Â[Ô(c3Ô�`a^

ÙfÂ Ý Ù
Ý V�Ôß�j\��rÙnÞhç Ý9b Õ(k�ÂnÔ ã Â[ß(c3ß�`a^

Ù[Ò��
Xdeh\~Z]`tqh\t`tl:Y�Zs`~p$c pn��q�pn\t�8cypngj`tYn\tb�`^bjYnlmlmpngjqh\t`tb]whi(zº_f�ºeyb]`~cy�{Zswhi Ø ç[Ò Dab Ôgk�ß(c5��ehcyl<Zs`~p$c0u�vxwy`tl�w�lVp$c8|$pn\t|ni(b�Z]wyi"b�im�
ê8ehimc1lVi:b�ÔBY[cyz�ß&��´TpnedlmYncBeyb]i�Z]whi²�rÙ Ø çnÒ Dab Ôgk�ß�c¯��ehcylVZ]`tpncdzr`t|8`^zri(bxq1p$\~�fchp$gj`tYn\HÔ}_f�}q1p$\~�fchp$gj`tYn\Hß��
��whi�Þhç8ç$Á Ý9bmØ c¯��ehcylVZ]`tpnc�k]imZ]ehkscyb�YW\t`tb�Zxp[��kspfp[Z�bT��p$koZswhi�b�q�i:lm`�ë1i:z}q�pn\t�fchpngj`^Y[\�����whi�`tcf|ni:ksb]i¹��ehc1l<Z]`tpnc�`^bg�yçrÂnß b Þ(cfu
vxwh`^l�wBksiVZsehkscyb¡Z]whi�q�pn\t�fchpngj`^Y[\0lmp8i��}lV`timc8Zsb¡��p$k¹YM�$`~|$imc�\~`^b�Z¹p[�Ekspfp[Z�bm�
��whii\ÐÞW� » `�V�ÞhÙ Ý Ñ,�nÓyÙ b ÃÆk]À-c���ehcyl<Zs`~p$cºlVp$c8|$imk]Zsb�Z]wyiQq1p$\~�fchp$g�`^Y[\ b1xm

+b2xm−1
+...+bm+1

a1xn+a2xn−1+...+an+1

`tc$Zspd`�Z"0 bWi:ê8eh`t|�Yn\~i:c8Z
qyYnk�Zs`tYn\&��ksY$l<Z]`tpnc�|$imk�b�`tpnc r1

1−p1
+ r2

1−p2
+ ... + rn

1−pn

+ k
uyvxwhi:k]i

rn

Y[ksi�ZswhiWksi:b]`tzhehi:b:u
pn

Y[ksi�Z]whi�q�pn\ti:b¯Y[cyz
k
`tb¯Y

ksp�v���|$i:l<Zspnk¡p[��zr`~ksi:lVZ�Z]imksgQbm�T��wyi�\7ÃÆksÀ#`iV�ÞhÙ Ý Ñ��$ÓyÙ b Þak��Æk » cx��ehcylVZ]`tpncdzrpfi:b¡Zswhi�`~cf|$imk�b�i�pnq�imk�Y�Zs`~p$c0�
��whi2� Vi�yçrÂ[ßrà�Ñ�Á b Ôgk�ßgk�Ò(c���ehcylVZ]`tpnc�ëycyzhboY�q1p$\~�fchp$g�`^Y[\yqjb]eyl�w�Z]w1Y�ZB� b Ô b Ñ�c�cx`tb�ëhZ�Z]p�ß b Ñ�c¹`~c�Zswhi¹\ti:Ynb�Z��Ëbsê$e1Y[ksi:b
b]imcyb]in����whi�gQY��r`tg�ehgÄpnk�zrimk�p[�2��`tb¡ÒH�
¾¹c�im�rYngjqh\~i	pn�>q�pn\t�fchpngj`^Y[\�ëhZ�Zs`~cy�Q`tb¹b]whp�vxc�_1i:\~p�v��
Ô=Vj\ ã Õ93mXa�mÕ93mÕ"`B^
ß=V Ý Ñ(Ò b Ú����HÑ#��Ô�c9^
�ßVi�yçrÂnßrà1Ñ�Á b Ôgk�ßgk®�-c9^
ÒfÔ=Vj\ ã Õ���Ûg3mXg�VÕ93mÕ9��Û�`a^
�yÂ8ç$Á b ÒfÔgkÄ�yçrÂ[ß D ÀrÂ b �Æk�ÒrÔ(c�k�ÒfÔgk Ý Ñ(Ò b ÒrÔ�c9^

��wh`^b5�$imchi:ksY[Z]i(b5Yºb]`~cyi{v�Y�|ni{Yncyz�Z]ks`ti:bQZspºëhZdYºb]`��fZswr��p$kszhimk5q�pn\t�fchpngj`^Y[\¯Z]pºZswhi@b�`tchi{v�Y�|nidp�|$imkQZswhi�`~c8Z]i:k]|�Yn\
−1 ≤ x ≤ 1

� Ê \~pnZ�Zs`~ch��Z]whi�ksi:b]eh\�Z�b�b]whp�v¹b�ZswyY�ZoZ]whi¯ëhZo`^boê8eh`~Z]i��npfprzjvx`�Zswh`tcQZ]whi�b�q�i:lm`�ë1i:zQk�Y[ch�$inu$_herZop$erZsb]`^zri¹ZswyY�Z
k�Y[ch�$inu8Z]whi�_�imw1Y�|8`tpneyk¡_�i:lmpngji:b¹`~cylmk]i(Ynb]`~cy�n\t�}l�wyY[pnZ]`^l[�
Ê pn\t�fchpngj`^Y[\^b}gQY�� _�i3zh`v~&imksimc8Z]`^Y�Zsi:z�p$k5`tc$Zsim�$ksY[Z]i:z0u�Z]wh`^b5`^b�zrpnchi{eyb�`tch�.Z]whi±�hçrÂnßU�rÙnÞ b �ncdY[cyzf�yçrÂnß&Ñ:ÒrÁ b �Æk » c
��ehcylVZ]`tpncyb:�T��whi�Y[ks�neyg�i:c8ZÆ�}`^b¡Z]whi	q�pn\t�fchpngj`^Y[\�urvxwh`~\ti » `tb¡Zswhi�lVp$cyb�Z�Y[c8Z�p[�E`tc8Z]i:�nk�Y�Z]`tpnc�� Ê p$\~�fchp$g�`^Y[\&`tc8Z]im�$ksY[Z]`tpnc
gQY��}_�iWzrimgjpnc1b�ZsksY[Z]i:zB_f�}iV�fZsimcyzr`tch��Z]wyi�qhk]i:|f`~p$eyb�iV�hY[gjqh\ti�Ynb¡��p$\~\tp�v¹b
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� Ø Vi�yçrÂ[ß&Ñ(ÒrÁ b �Æk®X-c9^
�yÂ8ç$Á b ÒfÔgkÄ�yçrÂ[ß D ÀrÂ b � Ø kQÒfÔ(c9kBÒrÔgk ã8Ø ç Ý9b ÒrÔ(c#c9^

¼f`tcylVi�v¡i5Èfchp�v�ZswyY�Z ∫

sin(x)dx = − cos(x)
u¡voi�lmYnc b]whp�v�Z]w1Y�ZjZ]whi�q�pn\t�8cypngj`tYn\�`~c8Z]i:�nk�Y�Zs`~p$cºwyYnb�v¡pnksÈni(z@_8�

lVp$gjqyY[ks`~cy��Zswhi	Z�vopjqh\tp[Z�bm�

� � ¨V�×æ �xKMLE¤�N�û £�LE¤	L>Ut§HLEUmSÆ§

� ¦�§ �@ªB8f¬mA ¨¡©rªE©h¬H8n©h¬HA&ª�µ�à¹°¯­;A�©r¬m>�­�8

X"Y[Z]\^Y[_�l:Y[cW_�ioe1b�i(z	Z]p�q1i:k���p$k]g _yY$b�`^l�b�ZsY[Z]`^b�Zs`tl:Y[\fY[cyYn\~�rb]`tb�pnc�zhY[ZsY�b�imZsb:u�Z]whkspneh�$w�Z]wyi�eyb]iopn�rZ]whi�b�ZsY�Zs`tb�Z]`^lmb�Z]pfp$\~_�p��H�
¼fp$g�i	_yY$b�`^l���ehcylVZ]`tpncyb¹Ynk]i	\t`tb�Z]i(z5_�im\tp�v

gQY�� � ¾�� ùopngjqherZsi:b�Z]whi�\^Y[ks�ni:b�Z¡lmpngjq�pnchi:c$Z¡`~c ö �$ÏÐ� ö `tb�YW|$i:lVZ]pnk(u$Z]whi:c
Z]whi	\^Y[ks�ni(b�Z�lVpngjq�pnchi:c8Z¡`^b¡k]imZ]ehkschi:z0�>ÏÐ� ö `^b¡YMgQY�Zsk]`~�Hun¿�À$Ô bHö c
k]imZ]ehkscyb>Y¹ksp�va|ni(l<Z]p$k�vx`~Z]w�i:Y$l�wWk]p�valmpnc8ZsYn`~ch`tch�¯Z]whi¡gQY��r`~gMehg
|�Y[\tehi���pnk�Z]wyiWlVpn\tehgjc�|ni(l<Z]p$ksb¡`tc ö �

gji:Ync � ¾�� �xiVZsehkscyb�Z]whijgji:Ync{|�Y[\tehi�p[� ö ��p$k�Y}|ni(l<Zspnk(u&Yncyz"gji(Y[c{|�Yn\~ehi
p[�>i:Ynl�w�lVp$\~eyg�c�|$i:l<Zspnk�`~� ö `tbxY�gQY�Zsk]`~�

gji:zh`tYnc � ¾�� �xiVZsehkscyb¡Z]whi�gji(zr`tYnc�|�Yn\~eyi�pn� ö
b�Zsz � ¾�� �xiVZsehkscyb¡Z]whiWb�ZsYncyzhYnksz�zrim|f`^Y�Zs`~p$cBpn� ö
lmp�| � ¾�� �xiVZsehkscybxZswhi�lVp�|�Ynk]`^Y[cylmi	p[��|ni(l<Z]p$k ö �yõhp$k�YjgQY�Zsk]`~� ö uyZ]whiMlVp[�

|�Y[ks`tYncylVixgQY�Zsk]`~�j`tb�k]imZ]ehkschi:z0�EÏÐ�0i(Ynl�w}lVp$\~eyg�cQpn� ö `tboY�|ni(l<Z]p$k:u
Z]whi:cdzr`tYn� � lVp�| � ¾����ok]imZ]ehkscyb¡ZswhiWlVp�|�Y[ks`^Y[cylmi¯p[��i:Y$l�w�lmpn\tehgjc

�hlVp$k]k � ¾�u ÷x� ùopngjqherZsi	Z]whiWlmk]p8b]b��ËlVpnksksim\^Y�Z]`tpncj_�iVZ�v¡imi:c ö Y[cyz Ý
zr`O~ � Ì�� ùopngjqherZsi	Z]whi	ë1ch`�ZsiWzr`O~�i:k]i:cylVi(b�_1imZ�voi:imc�b�eyl:lVi(b]b]`~|$i�i:\~i:gjimc8Zsb

��whi â Ñ Ý Á b ÔgkËÒnc���eycyl<Zs`~p$c{`^b�e1b�im��eh\>Z]p�qh\~pnZ	Y5wh`^b�Zspn�nk�Y[g�pn�oY5b]iVZ	p[�ozyY�ZsY5q1p$`~c8Z�bm��Ô�`^b¯Zswhi�`~chqyerZWzhY�Z�Y5Y[c1zdÒd`tb
Z]wyi�c8eyg�_�imkxp[��_h`tcyb�`tc�vxwy`tl�w�Z]pQlmpngjqherZsi	Z]whi�wh`^b�Z]pn�$ksYng��

� ¦7¥ ¶�¬H8n©r«y¬�¶�°¹©r¬m>�­ àQ¬�©f©r¬]­¹®
· �øZ]i:c0uf`�Z¡`tb�eyb]iV��eh\1Z]p�ëyZoiV�rq�imks`~gji:c$Z�Y[\�zhY�Z�Y	Z]p�Y�Èfchp�vxc}zr`^b�Zsk]`t_herZs`~p$c0��X"Y�Zs\tYn_Qqhk]p�|f`^zri:b�Y�ô	Ç¹ÏÐ�Ð_yYnb]i:z�Zspfpn\1l:Y[\t\~i(z
Z]wyi���`^b�Zsk]`t_herZs`~p$c�õ>`~Z�Z]`tch���Ep8p$\ � `tc8|$pnÈ$i:zWe1b�`tch�[�fà1Ñ�ÁfÁhçfçfÂ8�Vu:vxwh`^l�wMYn\~\tp�v¹b>�np$eWZ]p�ëhZ�pncyiopn��b]im|ni:ksYn\8zh`tb�Z]ks`~_yerZ]`tpncybEZsp
Z]wyiozhY[ZsYnb]iVZ0qyk]p�|f`^zri:zH�E��pxZsk]��pnehZ�Z]wy`tb0Z]pfpn\�u(ëyksb�Z��$imchi:ksY[Z]iTY¹zhY[ZsY¹b]iVZEeyb�`tch�xZswhiolmpngjgQY[cyz	ÔßV�ÞhÀnÒ��nÒ b Õ�X�X#X�XBk(Õ�c�^
��whi�ÞhÀnÒ��nÒ b ¿4k�Ò(c¯��ehcylVZ]`tpncdksiVZ]eyk]cybxYncj¿y�fÒ5gQY�Zsk]`~�5pn�>chp$k]gQYn\~\t�5zr`^b�Zsk]`t_herZsi:z�zhY[ZsYhurvx`~Z]w

x = 0
Y[cyz

σ = 1
��¼8ZsYnk�Z

ehq�Z]wyiQZ]pfpn\�_8�"Z��8qy`~ch�«�8à�Ñ�ÁfÁhç8çrÂBY[c1z3`tgjq1p$k�Z�Zswhi}zhY[ZsY�_f�"eyb]`~cy�"õE`t\ti
.
ÏËgjq1p$k�ZW��Y�Z�Yh�!´Tp$e@l:Y[c@chp�v±lVksi:Y�ZsijY

chp$k]gQY[\yëhZo_f�Ql�whpfp$b]`tch�Wé¹i:v õ>`�Z�Y[cyz}l�wyp8p8b�`tch�¯Å]é¹p$k]gQY[\�Æ¹`~c}Z]whi�\~`^b�Z¡p[��zr`^b�Z]ks`~_hehZ]`tpncyb:����whi¯|�Y[\tehi(bTp[�
x
Y[c1z

σ
Y[ksi

qhks`~c8Zsi:z�Y[cyz�Y��$Yneyb]b]`^Y[c � chpnksgQY[\ø��ëhZ¹`tb¹�nimcyimk�Y�Z]i(z}_f�5lm\~`^l�Èf`~ch�WÅ]¾¹qhqy\~�$Æ<�

� ¦�6 ³»¬]­¯¬mØä°�Ø 7{ª�µ�°¯ï ¨�ï0ª�«�Ayî

X"Y[Z]\^Y[_Îl:Y[c
ë1cyz�Zswhi�g�`tch`tg�ehg p[�MY.��ehcylVZ]`tpnc p�|nimk�Y.�$`~|$imc�k�Y[cy�nin����wh`^b�`tb�zrp$chi�eyb�`tch� Z]whi@à�¿EÑ:ÒfÃfÒ��.Yncyz
à�¿EÑ:Ò Ý ÙfÀ$Þ Ø�â ��ehcyl<Zs`~p$cyb:�
Ô=VÎà�¿�Ñ(ÒfÃfÒ�� b	� à$ÓfÒ Ø Á&Ñ[çnÒak�Ô0Õnk�ÔhÚ-c¹b]i:Y[k�l�whi(b0��p$kTY�gj`tch`tg�ehg p[�yZswhixcyYng�i(zW��eycyl<Zs`~p$c0un_�iVZ�v¡imi:cMÔ0ÕxYncyz�ÔhÚ1�E��wyi
��ehcylVZ]`tpnc�cyY[gji�`tbxb]q�i:lV`~ëyi(zBY$b � à$ÓfÒ Ø Á&Ñ[çnÒ8ÒyÀ�¿&Ù1�HÏÐZ¡gMeyb�Zx_�i�YW��ehc1l<Z]`tpnc�vxwh`^l�w5Z�Y[È$i:bopnchi�qyY[k�Y[gjimZ]imk�Y[c1z5ksiVZsehk]c1b
Y�Zx\ti:Y$b�Z¹p$chi	k]i(b�eh\~Z:��¾¯c�im�hY[gjqh\ti�pn�EZswh`^bx`tbxb]whp�vxc�_1i:\~p�v
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Ô=V à�¿EÑ(ÒfÃ8Ò�� b	�yÝ Ñ(ÒÆk ã ÜBkdÜ-c9^
�1Ñ Ý � b Ô�c9^
¿yßrà$ÓfÒ Ø V �_b Ô�c b Ô��nÚ ã Ô(c�^
Ô=V à�¿EÑ(ÒfÃ8Ò�� b ¿1ßfà$ÓfÒ Ø k ã Ü_k"Ü�c9^
�1Ñ Ý � b Ô�c9^

��whixë1ksb�Z�lmYn\~\yëycyzhbTZ]whi¹gj`tch`tg�ehg±|�Y[\tehi¹p[�Hb]`~c � �y��`tcjZ]whi¹k�Y[cy�ni¡��o�Zsp or����whi¯b]i:lmpncyzjl:Y[\t\yzri:lm\tYnk]i(bTY[cWÅ]Y[chp$cf�8gjp$eyb
��ehcylVZ]`tpncfÆWlmYn\~\ti:zBg��8��ehc1l�Y[cyz5ëycyzhb¹`�Z"0 bxgj`tch`tg�ehg _1imZ�voi:imcB��o�Y[c1z*oh�
��whi���eycyl<Zs`~p$cd��gj`~cyb]i:Ynksl�wd`^b¯b]`tg�`t\^Y[k(u1_hehZ�Y[\t\tp�v¹b�Z]whiW��ehcyl<Zs`~p$cdZ]pBwyY�|ni�gMeh\~Z]`tqh\~iM|�Y[ks`tYn_h\~i(bm��ÏÐZ�Z]whi:c"q1i:k���p$k]gQb¹Ync
ehcylmpncyb�Z]k�Y[`tchi(z{chp$cr�Ð\~`tchi:Ynk	pnqrZs`~gj`t�:Y�Zs`~p$c�Z]p�ëycyz3ZswhiQgj`~ch`tg�eygñ|�Y[\tehiQpn��Z]wyiQ��ehcylVZ]`tpnc0�W\ÐÔgk]à D ÀrÂ_ksÙ$Ô�Ñ�ÁràhÂ8Àná�`�V
à�¿EÑ:Ò Ý ÙfÀ$Þ Ø�âgb	� ànÓfÒÆk�ÔUX�c�vx`~\t\&b�i(Y[k�l�wj��pnkoZ]whi�gj`~ch`tg�eyg�p[�H��ehc0urvx`~Z]w�Y[c}`tch`~Z]`^Y[\&�neyi:bsbTp[���UYy�>��wyi�ksiVZsehk]c5|�Yn\~eyi¯Ôj`tb
Z]wyi�|�Yn\~ehi	pn�¡Ô5Y[Z¡vxwy`tl�wBZ]whi	gj`tch`~gMehgÄv�Ynbo��p$ehcyzHuhà D ÀrÂW`^b¡Z]wyi�gj`tch`tg�ehgÄ��pnehcyz�Y[c1z�Ù$Ô&Ñ�ÁfàhÂ8À$áMzri(b]lmk]`t_�i:b¡`��>Z]wyi
��ehcylVZ]`tpncBv¡Y$bob]eylmlmi:bsb���ey\~\ � ö��Tp$k��ìYn`~\ti:z}Z]pjlVp$c8|$imks�ni � Y$�V��ÏÐ�EZ]whi���ehcylVZ]`tpnc}Z�Y[È$i:bo`~c�g�eh\~Z]`tqh\ti�|�Ynk]`^Y[_h\ti:b:u$Z]whi:cB`~Z¡gMeyb�Z
Ynl:lVi:qrZ�Z]whi:g YnbxY�|$i:l<Zspnk(uhY[cyzB_�p[Z]w���YjY[cyz5Z]wyi�k]imZ]ehkscB|�Yn\~ehi	��Y[ksi�Zswhimc�|$i:l<Zspnk�bm�
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X"Y[Z]\^Y[_�qhksp�|f`tzhi:b}Y.ksYnch�ni"pn����ehcylVZ]`tpncybBvx`�Zsw vxwh`^l�w ��`v~&imksimc8Zs`tYn\�½�ê8eyY[Z]`tpncybBgQY�� _�i3b]pn\t|ni(zH� ��wyi:b]i�Å]b�p$\~|$imk�Æ
��ehcylVZ]`tpncyb�Z�Y[Èni$u0Ynb�Y5q1Y[k�Y[gjiVZsimk(u�Y5��ehcylVZ]`tpnc�vxwh`tl�w�zri:bslVks`t_1i(b¹ZswhiQzr`v~&imksimc8Zs`tYn\Ei(ê$e1Y�Z]`tpnc3`~c�YBb�ZsYncyzhYnksz���p$k]g�u0Y$b
b]whp�vxcB_�im\tp�v

ẏ = f(t, y)

y(t0) = y0

��whi(b�i�Y[ksiWÈfchp�vxc"Ynb�Å�`tch`~Z]`^Y[\>|�Y[\tehi�qhkspn_y\~i:gjb�Æ<u�b]`~c1lViWZswhi�|�Yn\~ehiMp[�
y(t)
Y�Z�Z]`tg�i

to
Yncyz�Zswhi�Zs`~gjim�Ðzri:k]`t|�Y�Zs`~|$iWp[�

yY[ksi�b]q�i:lV`~ëyi(zH�T¾¯b�Y[cBiV�hY[gjqh\ti�p[�EYnc5`tch`�Zs`tYn\H|�Y[\tehi�qyk]p$_h\~i:g�u8v¡i�vx`~\t\&eyb�i�Z]wyi�|�YncBzri:k Ê p$\�i(ê8eyY�Zs`~p$c0ufvxwh`tl�w�lmYnc5_�i
vxks`�Z]Z]imcdY$b

ẍ − µ
(

1 − x2
)

ẋ + x = 0

��wh`^b�zh`v~&imksimc8Z]`^Y[\>i:ê8eyY[Z]`tpnc{zhi:bslVks`~_�i:b�b�i:\��ø�Ëb]eyb�Z�Y[`tch`tch�}p$bslV`t\t\tY[Z]`tpncyb¯`~c3vxwh`tl�w{imchi:k]�$�B`^b���i:zd`tc8Z]p�b�gQY[\t\>p$bslV`t\~\^Y�Zs`~p$cyb
Y[c1z{ksimgjp�|ni(zd��kspng \^Y[ks�ni:k�p$chi:b:�jÏÐZ�`tb	eyb]i:z3Zsp�zhi:bslVks`~_�i�Z]whij_�imwyY�|f`tpnk	p[�xY[c@Í>ù ZsY[cyÈ{Ynlmk]p8b]b�vxwh`^l�w�Y�chi:�$Y�Zs`~|$i
ksi:b]`tb�ZsYncylVi�`tb¯lVpncychi:lVZ]i:z0urvxwh`tl�w�`^b¡Z��fqh`tl:Y[\Hpn��Ync�Í�ù ZsYnchÈ5p8b]lm`~\t\^Y�Z]p$k:�
�Ep}b�p$\~|$i�Zswh`^b¹zr`O~�i:k]i:c$Zs`tYn\0i:ê8eyY[Z]`tpnc0uyvoi�gMeyb�Zxë1ksb�Z¹_hks`~ch��ZswhiW|�Y[cdzri:k Ê pn\0i(ê$e1Y�Z]`tpncBZ]pjZswhi�b�ZsYncyzhY[k�z5��pnksg��o��wh`tb
`^bxzrpnchi�_f�5b]iVZ]Z]`tch�

y1 = x
Yncyz

y2 = dx
dt

�T��wfeyb:uhvoi�l:Y[c�vxk]`~Z]i

ẏ1 = y2

ẏ2 = µ(1 − y2
1) · y2 − y1

��whi	��ehc1l<Z]`tpncdzri(b]lmk]`t_h`tch�MZ]whi�|�Y[cdzri:k Ê pn\Hi:ê8eyY[Z]`tpnc�lmYncB_�i�vxk]`~Z�ZsimcdYnb

ànÓfÒ Ø Á&Ñ�çnÒ
\��8ß�`�V D ��� b Ágk�ß(c
¿hÓßV Õ�ÜB^
�$ß=V��rÙ$Þrç Ý9b ÚBk:Õ�c9^
�$ß b Õ�c�V�ß b Ú-c�^
�$ß b Ú-c�V ¿yÓ}� b Õ ã ß b Õ�c��nÚ-c¹� ß b Ú-c ã ß b Õ�c�^
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��wh`^b�`^bTb]Y�|$i:z�Z]p�Z]wyixëy\ti D ���2�ì¿�`~c�Zswhi¯lVeyk]ksimc8Z�vop$k]Èf`tch�	zr`~ksi:lVZ]p$k]�$��ÏËcQpnk�zri:kEZspWb�p$\~|$i¡Z]whi¹zr`O~&imksimc8Z]`^Y[\hi(ê8eyY�Zs`~p$c0u[v¡i
vx`t\~\1eyb�i¹Z]whi�ç#�rÙ��hÜ�b�p$\~|$imk(� · Zswhimk�b]pn\t|ni:ksb�Ynk]i¹Y�|�Yn`~\^Y[_h\tinu[Z]whi:��Ynk]i¹b]pngjiVZs`~gji(bTksi:ê8eh`tk]i(zM_f��Z]whi¯b]q�i:lV`~ë1l¹zh`v~&imksimc8Z]`^Y[\
i:ê8eyY[Z]`tpnc�_�im`tch�5b]pn\t|ni:z0��ÏËcd�ni:chimk�Y[\�urZswhiMç#�rÙE�hÜQb]pn\t|ni:kx`tb¯YQ�npfprz�b�Z�Y[k]Z:uh_hehZ�`~��`~Z¹�ìYn`~\^bxZsp}lVpncf|$imks�ni	pnk�Zswhi�p$erZ]qhehZ
wyY$bozr`^bslVpnc8Zs`~cfeh`~Z]`ti:b:u8Ynchp[Zswhimk¡b�p$\~|$imk¡lmY[c5_1i¯Z]ks`~i(zH�T¼fimi�Z]whi	ç#�fÙ��hÜ�wyim\tq}��pnk�zrimZsY[`t\^bm�Tç#�rÙE�hÜ � Y[c1z}Y[\t\1pnZ]whi:k¡b]pn\t|ni:ksb��
wyY�|$i¯Zswhi	��pn\t\~p�vx`tch�jb��fc8ZsY[�W\ÐÁak�ßU`WV ç��rÙ��hÜ b�� à$ÒÆkQÁ Ý �yÀnÒgkBß�X-cf� É imksinuhà$Ò5`^b¡Z]wyi	��ehcyl<Zs`~p$c�zhi:bslVks`~_h`tch��Z]wyi · ��½¹u
Á Ý �hÀnÒ�`tb�YB|ni:lVZ]p$k�b]q1i(lV`~���8`tch��im`~Z]whi:k¯ZswhijksYnch�ni�p[��`tc8Z]im�$ksY[Z]`tpnc � `��oZ]whi:k]i�Y[ksi�pncy\~��Z�v¡p5|�Y[\tehi:b	b]q1i(lV`~ëyi:z1�¹p$k�YBb�imZ
p[�>|�Y[\tehi:bxY[Z�vxwy`tl�w�Z]wyi	b]pn\terZs`~p$cBgMeyb�Z¹_�i���pnehc1zH��ß�Xj`tbxY�|$i:l<Zspnkxb]q1i(lV`~���8`tch�j`tch`�Zs`tYn\�lVp$cyzr`~Z]`tpncyb:����whi	k]imZ]ehksc�|�Yn\~eyi
Á5`^b¹Yj|$i:l<Zspnk¹pn�EZs`~gjiW`tcyb�ZsYnc$Z�b¹Y�Z¹vxwy`tl�w�ZswhiWb�p$\~ehZ]`tpnc�v¡Y$b���pneycyzHu1Yncyz�ß5`^b¹Yj|ni(l<Zspnk¹lVp$c8ZsY[`tch`tch�jZ]wyi�b�p$\~ehZ]`tpncybxY[Z
Z]wyi	Z]`tg�i�`tcyb�ZsYnc$Z�b�`~c�Á&�T��whi	iV�hYng�qy\~i	_�im\tp�vÎzri:g�p$cyb�Z]k�Y�Z]i(b¡Z]whi�e1b�i	p[�>Z]wyi�ç��rÙ��hÜ�b�p$\~|$imk(�
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