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{�ny��µ*p[oJwJqsn9o8r2n!u � o ³ n9oÊn9��r2{ � �yr � {2u)x7Ì�w?nvu�� � Ä\n9o]u)wJn9x�u)o8r2n�½~��q�´NµJxsn9´Nn9o8r2n ³ n9odÏ
��n�u)zJ{.nv�yp[´Dpg��nv´DnyoJ�9qsp[oJ¼�u)o8r2ny{�q�p){�´Nn9o8r2n��Ên9oÕx � ³ u){;wJnvw � µJxsq��9u){��.nvnyo � o(u
´Np[x�Ây� � x�uK�.q�´Nq�x�u){9½�xÁu=� � �yn9�.q�¼[o<w?nLz(u)�.n9�E��ner�{2u)o?���9{.q�z*nenyo � o(u
´Dp)x�Â9� � xÁu=wJneÅ)�yq�wJp
{�qsz�p)o � �9x�Âyq��yp<Ìd
eö ² Ï��.q ³ � q�n9o?wJpbnyx�µJ{.q�oJ�yq�µJqsp7w?nR�9p[´NµJxsn9´Nn9o8ru){.q�w(u�wD´Nn9oJ�yq�p[oJu)wJp
u)o8r2ny{�qsp[{�´Nn9o8r2n�l Ö n\p)z?r2qsn9oJn � oJuK�yp[µJq�uRwJn\xÁu)�Q{2u)´Du)�IwJnYõLö ² ½8�yp[o;xÁu Ô oJq��9uKw?qs¿>n9{�Ã
n9o?�9qÁuR� � nYnyoDnyxt
eö ² ��nY{�nyn9´NµJxÁu�ÒauRxÁuLr�q�´Nq�o(ubÌd�fÏIµ*p[{ � {�u)�9qsx�p;Ìd5RÏ�½8� � n\r2u)´AzJqsÂ9o
n9� � o(u!µJq�{.q�´Nq�wJqso(uD�yp[o#µ?{�p[µJqsn9w(u�wJn9� ³ n9p)´DÂ�r2{�qs�au)�R��� � Äs´Dqs�au)�K´ � �k��ny´Dn�¾�u)o8r2n9�
u�xÁu)�;wJn!xÁukr2qs´Dqso(u?½Qny�DnyoÕny�.rugnyr2u)µ(u�� � nvu)xS
fö ² ��nvx�n��9p[o?p��ynv�yp[´Dp�
fö ²
´Nn9oJ��u¹¾.n9{.pJl
õLny��µ � Ây�Rn9ovxÁu)�Y�yÂ9x � xÁu)�Yn � �au){.q�p[o8r2ny�9½*�9p[ovxÁu;ua� � w(uDw?n � ov��q���r2ny´�uP¿>p[{�´Du)wJp;µ*p[{
µJ{.p)r2nyÄ�o(u)�y½?�yp[oJp��9q�w?pA�9p[´NpPn9�.µJx�qs�9nyp[��p[´Du?½���n=nyx�q�´Nq�oJu)o�xsp[�F�.n ³ ´Nn9o8r2p)�fqso8r2{�¼)oJq��yp[�ø�ùJú�ûNüNý�þ¼û�ÿ¾û��ZýLý������	��û�
#ýKû�������Gÿ¾û��Zý����Nú�����
#ý������������
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Exon 1� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �
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# # # # # ## # # # # ## # # # # ## # # # # ## # # # # ## # # # # ## # # # # ## # # # # #

Exon 2 $ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $$ $ $ $ $ $ $
% % % % % %% % % % % %% % % % % %% % % % % %% % % % % %% % % % % %% % % % % %% % % % % %

Exon 3 & & & & & && & & & & && & & & & && & & & & && & & & & && & & & & && & & & & && & & & & &
' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '' ' ' ' ' '

Intron 1 Intron 2

Exon 1 Exon 2 3Exon

Exon 1 ( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (( ( ( ( ( (
) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )) ) ) ) ) )

Exon 2 * * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * ** * * * * * *
+ + + + + ++ + + + + ++ + + + + ++ + + + + ++ + + + + ++ + + + + ++ + + + + ++ + + + + +

Exon 3

Proceso de transcripcion Sintesis de RNA

Proceso de edicion, , , , , ,, , , , , ,, , , , , ,, , , , , ,, , , , , ,, , , , , ,, , , , , ,, , , , , ,
- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -

. . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . .
/ / / / / / // / / / / / // / / / / / // / / / / / // / / / / / // / / / / / // / / / / / // / / / / / /

Gen

Cadena de DNA

RNA nuclear

RNA mensajero (RNAm)

�Qq ³ � {2u ó lÎ¸ D È~{�p��9n9�.pDw?n=n9wJqs�9q�¼)o<� � nKp�� � {�{.nRn9o!x�p[� ³ n9o?n9�Yw � {�u)o8r2n=n9x1µJ{�p��9ny��p;wJnr2{�u)oJ���y{�qsµ��yq�¼[o�µ(u){�uPµ�p�wJn9{0¿>p){�´Du){0n9xJ
fö ² ´Nn9o?�2u¹¾.ny{�p�ÌZaRf*gSh\Ï�l
�j��nKµ*n ³ u�o!nyo�� � �yn9��qs¼[o!xÁu)�\µ(u�{.r2ny�Y�9p�wJqA�(�9u)wJp[{�u)�9À�n9��r2n
µJ{�p��9ny��p;��nK�9p)oJp��ynK�9p[´Np
n9wJqs�9qs¼[oN�;ny�Eqsx � ��r2{�u)wJpKn9o<x�uK�Qq ³ � {2u ó l�¸�l�ÓFp[o�ny�.r2p
r2ny{�´Nq�o(u=xÁu=µJ{.q�´Nn9{�u
µ(u�{.r2nYwJnyxµJ{�p��9ny��pN� � n7ny�YxÁubr2{�u)oJ�.�9{�qsµ��yq�¼[o�Ì6�[n9{f�Qq ³ � {�u ó l�þ[Ï�l
ô�u;´Np[xsÂ9� � xÁu7{.n9� � xsr2u)o8r2n)½?� � n
ny�Yn9xP
fö ² ´Nn9o?�2u¹¾.ny{�pJ½?��q�u¹¾�uPu � o(uPn9��r2{ � �yr � {2uPwJn
xÁu��9Âyx � x�u!�yp[oJp��9q�wJu!�yp[´Dp!{�qsz�p)��p[´Du?l,�~o^Ây�.ru�½'�.n�xsn9nN��n9� � n9o?�9qÁu�x�´Nn9o8r2nDn9xG
eö ²
�jµ*p[{\�au)wJuPr�{�ny�fzJu)��ny�e�.n7u ³ {�n ³ u � o�u�´DqsoJp8Å)�yq�wJpbu � o(uN�9u)wJnyo(uNxsq�oJn9u)x1�yp[oJp��9qsw(u
�9p[´Npkµ*p[x�qsµ�Âyµ?r2qswJp�� � n�n9�;x�u3µJ{�ny� � {.��p[{�ugwJnjx�u3µJ{�p�r2n9Äso(uªÌ>�)n9{N�Qq ³ � {2u ó l"�)Ï�l ²�au)wJu;r�n9{�oJu;w?n
zJu)��ny�e�.n
xsn=x�x�u)´�u7�9p�wJ¼[oXl
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�Qq ³ � {�u ó l�þ D È~{�p��9n9�.p�wJn=r�{2u)oJ�.�9{.q�µ*�9q�¼)ojµ(u){2uA¿>p[{.´�u�{0n9xJ
fö ² ´Nn9oJ��u¹¾.n9{.pJl

�Qq ³ � {2u ó l#� D È~{.p��yn9��p�wJn7r2{2u�w � �9�yq�¼[o�n9xQ� � u)x~uDµ(u){.r�q�{ewJnA�9p�wJp[o?n9�R�.nA¿>p[{�´Du)o�xsp[�u)´Nq�oJp[Å)�9qswJp[�9l
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ÉeÊ�2eÊ 38Ö�Ó¯ëvÕ�êÂï&è ï�ÎOì54NÐJê=ÓQè
õRu)wJp]� � n�n�¶�q��.r�n9oû� � u�r�{�pÊz(u)��ny�9½fµ � nywJn9o�¿>p){�´Du){��.n�þ�ù]�yp�wJp)oJn9�vwJq���r2q�o8r�p[�jwJn
x�p[��� � u)xsn9�<r�p�wJp)�9½Fn�¶��9n9µ�r2pªr2{�ny�9½\w(u�o+x � ³ u�{ju�u)´Nq�oJp8Å��9q�w?p[�9l Ö qso+n9´Az(u�{ ³ pJ½En9o
xÁu<o(u�r � {�u)x�nyÒaujn�¶�q���r2nyo�ru�og�.p[x�p ó ý!u�´DqsoJp8Å)�yq�wJp[�LwJqs¿>ny{�n9o8r�n9�K� � nD�.n;n9´NµJx�n9u)okn9oxÁuk�9p)oJ�.r�{ � �y�9q�¼)o]wJn�µJ{.p)r2nyÄ�o(u��9½IwJn�xspk� � nv�.n!qso½�(ny{�n�� � n!u � oJ� � n!�(ua���9p�wJp[o?n9�
wJq���r2qsoTr�p[�9½º��p[oª�.q�oJ¼[o?q�´Np[�7µJu){2u � oÊu)´Nq�o?p8Å)�9qswJpJ½�n9o�nyxYÓ � u)w?{�p ó l ó ��nj´ � ny�.r�{2uxÁu;n9� � q&�)u�x�n9o?�9qÁu;n9o8r�{�nb�.n9� � n9oJ�yqÁu)�ewJnAõLö ² � � nb�9p)oTr�q�nyoJnbx�u)�Y� � u�r�{�pDz(u)��ny�e�!x�p)�
u)´Nq�oJp8Å��9q�w?p[�9½�u�x�uvqso?¿>p[{�´Du)�yq�¼[o��9p)oTr�n9oJqsw(u3n9o#xÁuvr2u)zJxÁu���n�x�n�w?n9oJp[´Nq�oJuª��Á9�)�&	��
	�����6��:�5���n9��rÅ)o?w(u){9½1n9�.r2u�u)��p��9q�u)�9qs¼[o3��n;�(u��9nPw � {�u)o8r2nPnyxIµJ{�p��9ny��p�wJnAr�{2u)w � �9�9qs¼[oÞ#�1ß5l
5eo(uDµJ{�p)r�n9Äso(uDr2qsn9oJn � o(u��yp[o½� ³ � {2u)�yq�¼[ovr2{�qswJq�´Nn9o?��q�p)o(u)xX� � nAny�.r2u<w(u)w(u�µ*p[{ � o(u
��ny� � nyoJ�9q�uÊwJn�u�´DqsoJp8Å)�yq�wJp[�ylFô�u#¿ � o?�9q�¼)oÍw?n � o(u�µJ{�p�r2n9Äso(u^wJnyµ�nyoJwJn�wJnk� � n9��Ã
r2{ � �yr � {2u?½\µ*p[{jxspÊ� � ngn9��oJny�9ny�2u){.q�pÊ�2u)z*n9{�� � Â�¿>p[{�´Du#r2qsn9oJn�µ(u){�u�µJ{�nywJn9�yq�{�� �
¿ � oJ�yq�p[o(u�´Dqsn9o8r2pJl

ÉeÊ�7~Ê 8 Ò)Ð�Í�ÓQê¼è&ì�ÎOÏ
õ � {�u)o8r2n3xsp[��µJ{.p��yn9�.p[�ju)o8r2ny{�qsp[{�ny�9½�µ � n9w?n3� � �yn9wJny{j� � n)½EwJn9zJqswJp^u � o+n9{.{�p[{Nn9o
xÁu#w � µJx�qs�au)�yq�¼[o]p�n9o`xÁugr2{2u�oJ���y{�q�µ*�9qs¼[oX½���nk�9u)´AzJqsn � o(u^z(u���nkµ*p[{�p)r�{2u?ÀFu^n9��r2n
¿>n9oJ¼)´DnyoJpk��njxsn<x�x�u)´�u�� � �.r2q&r � �yq�¼[o�p3r2u)´AzJqsÂ9o^´ � ru)�yq�¼[o+Ì>�[ny{N�Qq ³ � {2u ó l#�8Ï�lIô�u{�nyµJx�qs�au)�yq�¼[o!wJnPõRö ² r2qsn9oJn7� � nA��ny{Rn�¶�r�{�n9´Du)w(u�´DnyoTr�nbn�¶Ju��yru<µJu){2u�n���qsru�{ex�uDq�o�Ã
r2{.p�w � �9�9qs¼[o^wJnj´ � ru)�yq�p[o?n9�9½ºn9�Aw?n9�9qs{An9xE�au)´bzJq�p3w?n � o(u3z(u)�.n<µ*p[{Ap)r�{2u?½'n9oªxÁu��
�9p[µ?qÁu)�PwJnyx ³ n9oJp)´�u?l ² x ³ � o(u)�P´ � ru)�yq�p[oJny�9½Iµ � n9wJnyoÕp�� � {.{�qs{P�9p[´Np � o]ny{�{.p[{PwJn
{�nyµJx�qs�au)�yq�¼[oNpAwJnyzJq�wJpAubx�p[��ny¿>ny�yr�p[�0� � Ä�´Nq��yp[�M�D¿>Äs��q��yp[��� � n=u)xsr�n9{�u)o�wJqs{�ny�yru�´DnyoTr�n
xÁu�ny�.r�{ � ��r � {�u<� � Ä�´Nq��auNwJn9xQõRö ² lX�Q¶�q���r2n9ok��u){.q�p[�Yr2qsµ�p[�ewJnA´ � ru)�yq�p[oJny�9½*µ�ny{�pjnyx
´�Å��f�yp[´ Ô o!n9�Ynyx'� � nK´Du)o8r2qsn9oJnKq�o8��u){.qÁu)o8r2n=nyxXru)´Du)»Jp;wJnKx�u;´Np[xsÂ9� � xÁuA´ � r2u)w(u?½
n9�\wJny�9qs{9½?� � nL´�u)o8r�q�n9o?nL� � �yp[oJwJqs�9q�¼)o<wJnRµ � {�q�oJubpPµJq�{.q�´Nq�wJqso(uRn9o�x�u7� � �.r2q&r � �yq�¼[o1l
�~�.ru��A´ � r2u)�9qsp[oJn9�7µ � nywJn9oª��ny{A�9p){�{�n ³ q�wJu)�bµ*p[{bnyoJÒ9qs´�u��b�9p){�{�ny�yr�p[{2u)�7wJn9xFõRö ² À
u)� � n9xsxÁu)�~´ � ru)�yq�p[o?n9�I� � nfn9�.�au)µ(u�oDwJnyx(µJ{�p��9ny��pKwJnY�9p){�{�ny�9�yq�¼[o;x�xsn ³ u�o;u=r�n9oJny{~�au){�Ã
u)�yr�n9{.Ä��.r�q��9u)�0µ*n9{�´Du)oJnyo8r2n9�\nyo�� � wJn9�.�9nyoJwJn9o?�9qÁu�ldô'u��\´ � ru��9q�p)oJn9�0�.p[o � o(uA¿ � nyo8r2n
wJnY�)u�{�qÁu�zJq�xsq�w(u)wbn9o�xsp[�Mp[{ ³ u)oJq��.´Dp)�~� � nLx�ny�Mp)r2p[{ ³ u=xÁuKµJxÁu��.r2qs�9qsw(u)w;oJn9�yn9��u){�q�u
µ(u�{2u
� � nbÂy�.r2p)�9½1nyo3� � ´Dp[´Nn9o8r�pJ½({�ny��µ*p[oJw(u)o3u)o8r2nbµ?{�n9�.q�p[o?n9�L�.n9xsn9�yr�qs��u)�y½*wJu)oJwJpDx � ³ u�{
uPxÁuPny�)p[x � �yq�¼[o�zJqsp[x�¼ ³ q��9u?l
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� Ó ² �� ÈG�e� Ö �I
 �QFR
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 Ö �SM=È �O
fÈ �
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Ó ô��I5 ÈI
lM � Ð Ö ² 
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 ² Ö ö Ö �I
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² Ð ô�� �O��
 ô�F Ö ² 
 � ²
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� É ² ô ² ô ² ² Ö È � ô3F �
� É ² ô ² ô ² ² Ö È � ô3F Ó
� É ² ô ² ô ² � ôJ5 � ô3F ²
� É ² ô ² ô ² � ôJ5 � ô3F �

Ó � u)w?{�p ó l ó D ÓF¼�wJq ³ p ³ n9o?Âyr2qs�9pKn9��rÅ)o?w(u){9l[�Mx?µJ{�qs´Dny{Io � �9xsn9¼)r�q�wJp=wJnyx?r2{.q�µJxsnyr�nFn9�Mqso�ÃwJqs�au)wJp;µ*p[{\xÁuAµ?{�q�´Nn9{F�9p[x � ´DoJuAwJn9x,x�u)wJpPq�Òy� � q�ny{�wJpJ½?n9x,��n ³ � oJw?p�n9�YqsoJwJq��9u)wJpPµ*p[{
xÁu��\� � u�r�{�pN�9p[x � ´No(u)�\�9nyo8r2{2u�x�n9�\�jnyx Ô xsr�q�´NpAn9�Yq�o?wJq��9u)wJp;µ�p){\xÁu Ô xsr�q�´Dub�9p)x � ´No(u
wJn=x�ubwJn9{.n9��(u�l ² ´Nq�oJp8Å��9q�w?p[�E�yp�w?qA�(�9u)wJp[�\µ*p[{0�9u)w(uA�9p�wJ¼[o�wJnyx ² 
fö�´Nn9oJ��u¹¾.n9{.pJl² ô ²&D[² x�u)oJq�oJu?½[ÓGF Ö D ÓFq���r2nyÄ�o(u?½ ² Ö È D�H �yq�wJp
u)�.µ(Å){�r2q��ypJ½ � ôJ5 D�H �yq�wJp ³ x � r2Å)´Dqs�9pJ½
ÈI�L� D �(n9oJqsxÁu)x�u)oJqso(u?½ � ô�F D � xsq��9qso(u?½��eqs� D �fq���r2q�w?q�o(u?½ Ð ô�� D?Ð ��p[xsn � �yq�o(u?½Jô�F Ö D ô,q���q Ã
o(u?½�ô��I5 D ô,n � �yq�o(u?½�t��K� D tvnyr�q�p[o?q�o(u?½ ² Ö ö D�² �.µ(u){�u ³ q�oJu?½TÈI
lM D È~{�p)x�q�oJu?½ � ô'ö D
� x � r2u)´Dqso(u?½ ² { ³	D[² { ³ qsoJq�oJu?½ Ö �I
 D Ö n9{�qso(u?½¾�ft�
 D �º{.n9p[oJqso(u?½)É ² ô D É�u)x�qso(u?½��O
eÈ D�'{�q�µ�r2p)¿�u)o?pJ½/�QFR
 D �\q�{.p[��qso(u?½d� Ö �SM=È w?n9oJp)r2u<x�p[�Ru)´DqsoJp8Å)�yq�wJp)�LÈºu){�wJp?½ H ´bz(u){
��M=�y{�nA� � nboJpj�9p�wJqA�J�au)o3µ*n9{.p<� � nP��qs{.�)n9ok�9p)´Dp<�.q ³ o?p[�LwJnbµ � o8r � u��9q�¼)okµ(u){2uDn9x�(o!wJn9x,´Nn9o?�2u¹¾.n�l
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�Qq ³ � {2uPø?l ó D �'{�q�Å)o ³ � x�pPwJn Ö qsn9{�µ?q�oJ��j�q:½ ³ nyoJn9{�u)wJpNµ�p){\n9x�¾ � n ³ pDw?n9x,�au�p[�9l
ruj� � nNxÁujq�w?naujwJn�t�u)oJwJnyx�zJ{.p)rKoJp!n9�Kru)ogwJny���au�z�nyx�xÁu�w(u?½1�[u!� � nNµ�p){
´Nn9w?q�pjwJn
xÁuP�yp[´Dµ � ru)w?p[{2uPµ*p�wJny´Dp)�\p[zJ��ny{.��u){fq�´DÅ ³ nyoJn9�\wJn
�au�x�q�wJu)w�u){.r�Ä���r2q��9uA�j�Jn9{.´Dp)��p[�
µ(u)qs�2u¹¾.ny�b�Jny��Jp[�Pµ*p[{
xÁuv�yp[´Nµ�p[�.q��yq�¼[ogwJn<wJq&¿>n9{.n9o8r2ny�b¿>{2u)��ru)xsn9�ylQtvÅ)�Pu Ô o1½ºµ*p�w?n�Ã
´Np[�Ap[zJ�.n9{��)u�{P�9p[´Nµ�p){.ru�´Dqsn9o8r2p[�
¿>{2u)��ru)xsn9�AnyoªwJqs¿>ny{�n9o8r�n9�;wJq�oJÅ)´Dqs�au)� � r2qsx�qsÒau)w(u��
µ(u){�ubxÁu7wJn9�.�9{�qsµ��yq�¼[o�wJnRwJq&¿>n9{�nyo8r2n9�0¿>nyoJ¼[´Nn9oJp)�0n9ojx�u7o(u�r � {2u�x�n9Ò9u?À�µ�p[{Fn�¾.n9´NµJxspJ½Tn9x
��qs�.r�n9´DuAwJn
�Mw÷i0u){.w�ö
l(ô,p[{�nyoJÒeÞ&·aý�ß:½J� � nKq�oJqs�9q�¼b�9p[´Np � o�´Dp�wJnyx�pPµ(u){�uAµJ{�nywJn9�yq�{
n9x,�yx�qs´�u?À�p;n9x,�yp[´Dµ*p[{�ru)´Nq�nyoTr�pAwJnKxÁuAny� � u��9q�¼)ovxsp ³ Ä���r2qs�au7� � n
n9� � o!´Np�wJnyx�pP� � n
��n � r2q�xsq�Ò9uDµ(u){�u<wJn9�.�9{.q�zJqs{Rn9xI�y{�ny�9q�´Nq�nyo8r2pjwJn � oJu<µ�p[z?xÁu)�yq�¼[oXÀ*Â9��r2p[�K�.p[o���¼[xsp<wJp[�
n�¾.ny´Dµ?x�p[�\wJn
´ � ��?p[�e� � nKr2{�u�ru�ovwJn
´Np�wJnyxÁu){E¿>n9oJ¼[o?n9´Np[�enyovx�uNoJu�r � {�u)x�nyÒau?lJÈºp[{
p)r�{�pbx�u)wJpJ½Tnyo<n9x[¾ � n ³ pAwJn9x��au)p)�F��nLµ � n9w?n9ojp[zJ�.n9{��)u�{E¿>{2u��yru�x�n9�E�9p[´Npbnyx*r�{�q�Å)o ³ � xsp
wJn Ö qsn9{.µJq�oJ��jTqQ���)n9{�ny´Dp)�
w?n9��µ � Â9�
� � n;Â9�.r�p[�=��p)o � o(uj�Jn9{.{2u)´Nq�nyoTr2u<q�´Nµ�p){.ru�oTr�n
µ(u){�uPxÁuA�9p)´DµJ{.n9�.q�¼[o�wJnKq�´DÅ ³ nyoJn9�yl
�eny´Dp)�vwJqs��JpÕ� � n � o(uÕ�9u){2u��yr2ny{�Äs�.r2qs�auªwJngxÁu)�X� ³ � {�u)��¿>{2u)��ru)xsn9�!n9��� � wJqs´Dnyo�Ã
��qs¼[o]¿>{�u)�9�yq�p[oJu){�q�u?½Iµ*n9{�p�xÁu�q�wJn9u�µJ{.q�oJ�yq�µ(u�x\n9��x�ugµ?{�p[µJqsn9w(u�wÕwJn�u � r2p)��n9´Nn�¾.nyoJÒau
u<� � u)x�� � qsn9{=n9�.�au)x�u?½Xny�=wJn9�yq�{=� � n;��qMu)´NµJxsqÁu)´Np[�fu)x ³ � o(u<µ(u){�r2nPwJn;x�u~� ³ � {�u?½1µ*p�Ã
wJ{.n9´Np[�FnyoJ�9p[o8r�{2u){0nyojn9��uAµ�p[{.�9qs¼[o�nyx�r2p�ru)xdwJnRnyx�x�u
�D��q�u)´Dµ?x�qÁu�´Dp[�Mu�x ³ � oJu7µ(u){�r2n
wJnRx�ubµ*p[{��yq�¼[oX½���n=nyoJ�9p)oTr�{2u){�ÅAo � ny��u)´Nn9o8r2nKnyx�r2p�ru)x:½���u)��Ä1� � �yn9��q&��u)´Dnyo8r2n)½?x�pA� � n
�(u)�ynL� � nex�p[�M¿>{2u)��ru)xsn9�Mr2nyo ³ u)oDq�´NµJx�Äs�9qsr�p � o<µ?{�p��9n9�.pAwJnLu � r2p)��n9´Nn�¾�u�oJÒau
q�o½�(o?qsr2p?l
t � ��?p[�f¿>{�u)�yr2u)x�ny�0��nK�yp[oJ�.r�{ � �)n9o3µ*p[{0´Nn9w?q�pPwJnKµJ{.p��yn9��p)�fw?n
q&r2ny{2u)�yq�¼[oXÀ�n9�YwJny�9q�{y½
� � n<u�µ(u){�r2qs{
w?n � oJuÔ� ³ � {2u ³ n9p[´NÂyr�{�q��9uj��q�´NµJxsnA���Ju)�9qsn9oJwJp � o(u!{�nyµ�n�r2q��yq�¼[ogwJn
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n9xsxÁu?½���nY�9p[o?��q ³ � n � o(uR� ³ � {�u=wJn ³ {2u�oN�yp[´NµJx�n�¾.q�w(u)wbqsr2ny{2u)o?wJp � o;o Ô ´Dny{�p
� � �(�yq�nyo�Ã
r2ny´DnyoTr�n ³ {2u)o?wJnKwJn=�[n9�yn9�yl
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ÓFp[´NpÕ��q�´Np[�3u)o8r�n9{�qsp[{�´Nn9o8r�n)½fµ(u){2ug¾ � ³ u){3u�xY¾ � n ³ p_wJnyxA�au)p)�3oJn9�yn9�.qsru�´Dp[�vwJn
xÁu�u�� � wJu#wJn � oJu#´�Å�� � q�o(u ³ n9oJny{2u)w?p[{2ugwJn3o Ô ´Nn9{�p)�<u)xsnau�r�p[{�qsp[�9½~nyo+� � u)xs� � q�ny{
x�nyo ³ � u¹¾.nvwJn�µ?{�p ³ {�u)´Du)�9qs¼[oª��nvr�q�nyoJn9oÕ¿ � oJ�9qsp[oJn9�DµJ{�nywJnyr�n9{.´Dqso(u)w(u)�N� � n ³ nyoJn9{�Ã
u)o3o Ô ´Nn9{.p[�LµJ�.n � w?p�Ã�u)xsnau�r�p[{�qsp[�9½(µ*n9{.p<u)�.Äº�yp[´Np�µ*p�wJny´Dp)� � r�q�xsq�Òau�{\xÁu)�Y¿ � oJ�yq�p[oJny�
wJnyr�n9{.´Dqso(u)w(u)�EwJn � ojx�n ³ � u¹¾.nfwJnRµJ{.p ³ {2u�´�u)�yq�¼[oNµ*p�wJny´Dp)� � r�q�xsq�Òau�{Eu�x ³[Ô oD´Dny�au)o�Ã
q��.´Dp=wJq&¿>n9{.n9o8r2n\µ(u�{2u ³ nyoJn9{�u){Iru)xsn9�~o Ô ´Nn9{.p[�9l3�fn9qsoJÒ�Ã�MRr.r2pKÈ'n9qsr ³ n9oÔÞ ·�÷¾ß � r2qsx�q�Òy¼Rx�p)�
o Ô ´Dny{�p[� ³ nyoJn9{�u)wJp[�7µ�p[{Knyx�´Du)µ*n9p!x�p ³ Ä��.r�q��ypjµ(u){2u�n9x1¾ � n ³ p!wJn9x��au)p)�9½���nN� � n9{.ÄÁu
p[z?r�n9oJny{QwJnEo � ny�[p=nyx�r�{�q�Å)o ³ � xspew?n Ö qsn9{�µ?q�oJ��j�q:½aru)´bzJq�Âyo � r�q�x�qsÒ9¼YwJq&¿>n9{�nyo8r2n9�º´�u�µ�nyp[�
� � n;u)x ³ � o(u)�f�[n9�yn9� ³ nyoJn9{�u)z(u)okµ(u�r2{�p)oJn9�L¿>{�u)�yr2u)x�ny�e�vp)r2{�u)�L�)n9�9ny�Kw(u)z(u)okx � ³ u){eu
wJq���r2{.q�z � �yq�p[o?n9�'wJn0µ � o8r�p[�I��qsoPu)x ³[Ô obµJu�r2{.¼[oAwJqs���9ny{�oJqszJx�n�l�ô'uewJq���r2{�qsz � �yq�¼[o
wJn0µ � o�Ã
r2p[��� � nf{�n9� � xsr2u
w?nex�uKny� � u��9q�¼)oDxsp ³ Ä���r2qs�au?½�n9��wJq���r2q�o8r2u7uKxÁu=wJqs�.r2{.q�z � �9q�¼)oNw?n9x(r2{.qÁÅ)o�Ã³ � xsp7wJn Ö q�ny{�µJqsoJ�kjTq:l ² �9p[o8r�q�o � u)�yq�¼[oNn9o8r2{�u){�ny´Dp)�Fn9o�wJnyr2u)x�xsnfw?nL�9p)´Dp � r2qsx�q�Ò9u){~x�p)�
wJqs¿>ny{�nyoTr�n9�f´�u�µ�nyp[�\wJn9o8r�{�pNwJn9x�¾ � n ³ p;wJn9x,�9u)p[�yl
5fr�q�x�qsÒau){.n9´Np[�Mn9x�´�u)µ*n9pbx�p ³ Äs�.r�q��9p
n9oj� � {�Â ³ q�´Nn9o<�9u)¼)r�q��9p
r2p)r2u)x5½�n9�FwJn9�yq�{9½�� � u�oJwJpv �xwJl

�Igmo r � v �Ig3{�Dsyo�Ig�} Ì�ø?ls·�Ï
�~�.r2nf´Du)µ�nyp=µJ{�p�w � �ynYo Ô ´Dny{�p[�Mn9o8r�{�nfýR�j·[À[�.nf�yp[´Nq�n9o?Òau=µ�p){IwJqs��qswJq�{Inyx(q�o8r2ny{.��u)xsp
n9oªø�µJu){.r�n9�bq ³ � u)xsn9�y½'ny�AwJny�9q�{jD{zl }|½�dDOEGF3}Â�~l:zl �D�EGF÷��l�EGF3}��rF:zl Tl�EGF½�dD¼¤5½'u��9u)w(u
q�o8r2ny{.��u)xspj��n;x�n;u)�.q ³ oJu � og�)Â9{�r2q��yn;wJn9xQr�{�q�Å)o ³ � xsp<n9ogn9x~� � n;�.nDu�µJx�qs�au){�Å�n9x�¾ � n ³ p
wJn9xM�9u)p[�9l Ö n ³ nyoJn9{�u � oJu!� � �9ny��q�¼)o#wJnC_�o Ô ´Nn9{.p[�
µJ{�p��[nyoJq�nyo8r2n9�7wJnNxÁujn9� � u)�9qs¼[o
x�p ³ Ä��.r�q��9u?½¹uL�au�w(uRn9xsn9´Nn9o8r2pen9oPxÁue� � �yn9��qs¼[oP��nFx�n0u���p��9qÁufn9x�o Ô ´Dny{�pRwJnyx?qsoTr�n9{��)u�x�pRu�x
� � nKµ�ny{.r2nyoJn9�yn)½dn9o8r�p[oJ�9ny�e�.n=�au)xs� � x�uAn9xXµ � o8r2pN´DnywJq�pAnyo8r2{�n � oJuN�yp[oJwJqs�9q�¼)o<q�oJ�yqÁu)x
w(u)w(u��IH~�7n9x��[Â9{�r2qs�9n\wJnyx?r2{.qÁÅ)o ³ � x�pf� � n\�9p[{.{�ny��µ*p[oJwJn\�.n ³[Ô o;x�uL� � �yn9�.q�¼[oXl Ö n0{�nyµJqsr�n
n9��r2n
µJ{�p��9ny��p��Ju)�.r2u;r�n9{�´Nq�oJu){\�9p[o!xÁuP� � �9ny��q�¼)o�wJn
o Ô ´Dny{�p[�y½dn9�fwJn9�yq�{X_j�)n9�yn9�9l1�~x
{�ny� � x&ru)wJp?½[�9p[´Np=��nYwJq$¾.p=u)o8r2ny�9½8ny�.rÅKx�n�¾.p[�IwJn\�.n9{Mn9x�r2{�q�Å)o ³ � x�pRwJn Ö q�n9{.µJq�o?�kjTq5l)�M��r2p
��n0�JuL{�n9u)x�qsÒau)wJpYru�´AzJq�Âyobµ(u�{2uenyx?´Du)µ*n9per�q�nyoJw(uew?n0u)µ(u���JnKÌ:�~��lÁÌ�ø?l ó Ï�Ï��7n9x�´Du)µ�nypwJq�nyo8r2nbw?nb��qsn9{.{2ukÌ��M��lIÌ�ø?lúø8Ï�Ï�À*xsp[�f{�n9� � xsr2u)wJp[�e�(u)o3�.q�wJpDwJqs¿>ny{�nyoTr�n9�Rw?q��.r�{�qsz � �9qsp[oJny�
wJn\µ � o8r�p[�I� � n\n9��rÅ)o;xsn�¾.p[�ºwJn0¿>p[{�´Du){'n9x�r2{�q�Å)o ³ � x�pLw?n Ö q�ny{�µJqsoJ�kjTq:À��.q�oPn9´bz(u){ ³ pJ½�x�u
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wJqso(Å)´Nq��au7p[zJx�q ³ uAuP� � nKn9��r2p[�Yµ � o8r�p[�Y��n
n9oJ� � n9o8r2{.n9ovn9o!n9x�u�r�{2u)��r2p[{0w?n9x,��qs�.r�n9´Du?l
ô,p[�b� Ô ´ � xsp[�bw?n�µ � o8r�p[�A��n<u ³ { � µ(u)o^wJn�´�u)o?n9{2uvu � r�p[��ny´Dn�¾�u)o8r2n)l0Ì>�)n9{P�Qq ³ � {�u)�
ø?lúøA��ø?l ùTÏ�l

�Qq ³ � {2uPø?lúø D Ë � n ³ pNwJn9x,�9u)p[�Yµ(u){�uPn9x,´Du)µ�nyp;x�p ³ Äs�.r�q��9p?l
Ö n\�(uKq�o8r�n9o8ru)w?p
p)z?r2nyoJn9{MwJq&¿>n9{�nyo8r2n9�MwJqs�.r�{�q�z � �9qsp[oJn9�QwJnYµ � o8r2p[�MqsoJ�9{.n9´Nn9o8ru)o?wJpKn9x
o Ô ´Nn9{�p;wJn=�)Â9{.r�q��yn9�fwJnKxÁuE� ³ � {2u ³ n9p)´DÂ�r2{�qs�au?À�n�¶�q���r2n � o(uAr2Ây�9oJqs�au;n9´NµJx�n9u)w(uAµ*p[{�ºu.j�u)���Jq��'� � ��Jq&�8u?½�wJnFx�u�5foJqs�)n9{��.q�w(u�wbwJnYt!n9q��.n9q�n9o��'p�jTq�pEÞ ó ÷¾ß�� � n0w(ue{.n9� � xsr2u)wJp[���p){�µJ{.n9oJwJnyo8r2n9�y½ � r�q�xsq�Òau�oJwJpYx�p[��´Du)µ*n9p[�ºu)o8r2ny�Q´Nn9oJ�yq�p[o(u�wJp[���9p[´Np ³ n9oJny{2u)w?p[{�ny�QwJn
o Ô ´Nn9{�p)�9l Ö n0n9o?�9p[o8r2{.¼=� � n0µ(u){�ue�9u)w(uL´Du)µ*n9pLn�¶�q��.r�n � oPu�r2{2u��yr2p){Qµ(u){�r2qs� � x�u){9À�ny�.r2p
��nb�(u)�9nb´DnywJqÁu)o8r�nbxÁu ³ n9o?n9{2u�x�q�Ò9u)�9qs¼[o!wJn9x(¾ � n ³ p�wJn9xº�au)p[�y½1ny�RwJn9�yq�{y½Xu � ´Nn9o8r2u)oJwJp
n9x,o Ô ´Nn9{.pDw?nK�)Â9{�r2q��yn9�fwJn9x,r�{�qÁÅ�o ³ � xspJ½¹¾ � ³ u)oJwJpNu)�.Ä,n9o � ov� � u)wJ{�u)wJpJ½(nyo � ovµ�nyo�Ã
rÅ ³ p[oJpJ½?n9o � o��Jn�¶?Å ³ p[oJp;��u)�.Ä��(u)�.r2uNxsx�n ³ u){\u � ovµ�p[xsÄ ³ p)oJpAwJn
� � �J�9q�nyo8r2n9�fxÁu�wJp[�
� � nR�.n=µ � n9wJuA�9p[�.q�wJny{2u){0�yp[´NpAu)µJ{.pa¶?qs´�u��9q�¼)o�wJn � o(uA�9qs{�� � o?¿>n9{.n9oJ�yqÁu?À�n9��r2p;n9�y½?n9o
n9�.n9oJ�yqÁu?½?n9xT¾ � n ³ pPwJnyxX�au�p[�0�9qs{�� � xÁu){y½�� � nK�.n=n�¶�µJx�qs�au){�Åb�9p)ojwJnyr2u)x�xsnLn9o�x�ubµJ{�¼a¶�q�´Du
��ny�9�yq�¼[oXl��~o�xÁu)�K�Qq ³ � {�u)�Kø?l�¸<�gø�l�þj��nNµ � nywJn9og�[ny{7xsp[�
u�r2{�u)�yr�p[{�ny�
w?n9x�¾ � n ³ pvw?n9x
�au�p[�;n9oÊn9x0� � u)wJ{�u)wJp � r2qsx�q�Ò9u)oJwJp�x�p[�P´Du)µ*n9p[�PwJn�x�u)�Pn9� � u)�9qsp[oJny��Ì�ø?l&·¹Ï�½YÌ�ø?l ó Ï7�Ì:ø�l�ø8Ïl
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�~xy¾ � n ³ pYwJnyx8�au)p)�'�yq�{.� � x�u){Xn9� � o(u ³ nyoJn9{�u)x�qsÒau)�yq�¼[o=w?n9xy¾ � n ³ pYµJ{�p[µ � n9��r2pfµ�p[{�mFu){�oJ��Ã
x�n��[½Mn9��rug¿>p){�´DugwJn!�(u)�yn9{Dn9xQ¾ � n ³ p�¿ � n � r2qsx�q�Ò9u)w(u3µ*p[{e�º� � ��Jqs�[u#�9p)´Dp�r2Ây�9oJqs�au
µ(u){�u;r�n9oJny{ � oJuN��q��.q�¼[o�� � u)x�q&ru�r�qs��ubwJnyx'�yp[´Nµ�p[{�ru)´Nq�nyo8r2pPn9ov{�Â ³ q�´Nn9o��au�¼)r2qs�9p;wJn
u)x ³ � oJp[�E´�u)µ*n9p)�9½��º� � ��Jqs�[uAx�p7µJ{�p[z*¼A�yp[oj´�u�µ�nyp[�Er2u)x�ny�E�yp[´DpbxÁu7ny� � u��9q�¼)o<x�p ³ Ä���Ã
r2qs�au?½�n9x�´Du)µ�nyp!r�q�nyoJw(uvw?n<u)µ(u���JnD�gn9x�´Du)µ�nypvw?q�n9o8r�n�wJnD��q�ny{�{�u?l'ô�pv� � n<��nD�(u
µJ{�p)z(u)wJpA�yp[ojn9��ru ³ n9oJny{2u)xsq�Òau��9q�¼)oX½Tn9�0� � nR�9u)w(ub´Du)µ*n9pAµ � n9wJner2n9o?n9{ � o�u�r2{2u��yr2p){
� � nexsp=µ � nywJnYwJq���r2q�o ³ � q�{QwJnYx�p[�Ip�r2{�p)�9½8n9�MwJny�9qs{I¿ � oJ�9qsp[o(u=�9p)´Dp � oJu
� � nyx�xÁuRw?q ³ q&ru)x
µ(u){�u;�9u)w(u;´�u�µ�nypJl
ô�u ³ n9oJny{2u)xsq�Òau��9q�¼)o�wJn9xº¾ � n ³ p�wJn9x\�9u)p[�y½~�9p[´Nq�nyoJÒau3µ*p[{Pq�o?�9{�ny´Dnyo8ru){Pnyx\o Ô ´Dny{�p
wJn��[Â9{�r2qs�9n9�y½Ew?n!r�{�n9�;�[Ây{.r�q��9ny���.n�q�o?�9{�ny´Dnyo8rugug� � u�r2{.pJ½MwJn9�.µ � Ây�<u��yq�oJ�ypJ½~nyr��)l&À
��n<�Juv��q��.r�p3� � nju)x � r�q�x�qsÒau){=nyxF´Du)µ*n9p�xsp ³ Äs�.r2qs�9p�Ìe�~�dl\Ì�ø?l&·¹Ï�Ï�½ºnyxE´Du)µ*n9p�r�q�n9o?w(u
Ì:�~�dlYÌ:ø�l ó Ï�Ï
��n9xE´�u)µ*n9p�wJq�nyoTr�n<wJn<�.q�ny{�{2u^Ì:�~�dlYÌ:ø?lúø8Ï�Ï7x�p)�7r2{.n9�b�)Â9{�r2q��yn9�PoJpk�.p[o



è	� �=î��aä�ê��dâ�ã'ê�î0å��?â�ì

�ºq ³ � {�uPø?l�¸ D Ë � n ³ pNw?n9x,�au�p[�Yµ(u){2uPnyx,´�u)µ*n9p;xsp ³ Ä���r2qs�9pAnyovnyx,� � u)w?{2u)wJp?l

² m

�Qq ³ � {2u
ø?lúþ D t�u)µ*n9p[�0nyojn9x*� � u�wJ{2u)w?pJl,Ì ² ÏFË � n ³ pAw?n9x1�9u)p[�Eµ(u){2u7n9x1´Du)µ*n9p
r2q�nyoJw(u
wJn
u)µ(u���Jn=�gÌ:m\Ï0µ(u�{2uPn9x,´Du)µ*n9pPwJqsn9o8r2nKwJnK��qsn9{.{2u?l

� � �(�9qsn9o8r2ny�Fµ(u){�u
p)zJ��ny{.��u){�n9x�u�r2{�u)�yr�p[{~wJn9x*��qs�.r�n9´Du?ÀTu)x(q�o?�9{�ny´Dnyo8ru){Mn9xdo Ô ´Nn9{.pbwJn
�[Ây{.r�q��9ny�9½J�.nR�9p)oT�)n9{ ³ nKu)xXu�r2{2u��yr2p){FwJnyxT¾ � n ³ pPwJn9x��au)p)�0�9qs{�� � xÁu){��9p[{.{�ny��µ*p[oJwJqsn9o8r2nKu



ÿXÝ�òz�=îX�������G�Aã�ê{�AêTá�ß'â*ä'î:î�æ��]ê�î��aä�ê��dâ�ã'ê�î0å��?â�ìNå8æ>á�å8ä'î9�Já è*ò
�au)wJuA��q���r2ny´�u?À�xÁu)�G� ³ � {�u)�\ø?l�¸7��ø?l�þA´ � n9��r2{2u�ojn9xT¾ � n ³ pPwJnyxX�au�p[�0µ(u){�uAn9x�o Ô ´Dny{�p
wJn=�[Ây{.r2qs�9ny�eq ³ � u)x1uN� � u�r2{.pJl
ô�u ³ nyoJn9{�u)x�qsÒau)�yq�¼[o+�.n��Jq�Òyp]�yp[´Dpª�.q ³ � n�À0r2nyoJn9´Np[��� �[Â9{�r2qs�9n9�!µ(u){�uÊ�yp[´Nn9oJÒ9u){
n9xX¾ � n ³ pJ½ºnyo8r2p[oJ�yn9�A�.nDr�q�n9o?n�� � n�w?qs��q�wJqs{Kn9x�q�o8r2ny{.��u)x�p� }|½�dD=¤�n9o�� � � zJq�o8r2ny{.��u)xsp[�
�au)wJu � oJp<n�r2q�� � n�ru)w?p<�9p[o � oko Ô ´Dny{�p<wJny��wJn5Db�(u)�.r2u5� {.n9��µ*n9��r2q&�)u�´DnyoTr�nAwJnAx�u
��q ³ � q�nyo8r2n=´Du)oJn9{�u

D�z  }|½� r� }Â�Xl�z<  r� � s� }��dcdcdc¼�X��z   � x r� �dD=¤
�~x�µ(u���pL�.q ³ � q�n9o8r�nEny�Qn9�.�9p ³ n9{ � oJue�9p)oJwJq��yq�¼[o
q�o?q��9q�u)x.�IHQ�
p[z�r2n9o?n9{ � o(ue� � �9ny��q�¼)oAwJn
o Ô ´Dny{�p[�ºµJ{�p��)n9oJqsn9o8r2n0w?n0u)x ³[Ô ob´Du)µ*n9pf� � n0oJp[�Qua� � w(u){2ÅLue��nyx�ny�9�9qsp[o(u){'n9xT�[Ây{.r�q��9n�½
wJn9µ*n9o?wJq�nyoJwJp3wJn�uv� � ÂDq�o8r2ny{.��u)x�p!µ*n9{.r�n9oJnyÒ9�9u?l~ÓFp[´Np!n9o^nyx,¾ � n ³ p�w?n<m0u){.oJ��xsny�)½
��n3�9u)x�� � xÁu�xÁugwJq���ru)o?�9qÁugn9o8r2{.n3n9xfq&ÃhÂ9�.q�´Npg�)Â9{.r�q��yn���nyx�ny�9�9qsp[o(u)w?p#�ÊxÁu��yp[oJwJqs�9qs¼[o
q�oJqs�9q�u)x��IH�½1��n;p[z?r�q�n9o?n � o�o � n��[pvµ � o8r2p�� r ÀXnyo�x�u<��q ³ � q�nyoTr�nPqsr�n9{2u��9q�¼)ok��nP� � n9x&�[nuN�.n9xsn9�9�yq�p[oJu){Yp)r2{.p;�)Â9{�r2q��yn
�<��n
�au)xs� � x�u;x�uAwJq���ru)o?�9qÁuPnyoTr�{�n
n9x�o � ny�)pD�)Â9{.r�q��yn
��nyx
µ � o8r2p!� r À(n9��r2nKµJ{.p��yn9��pN��n
{�nyµJqsr�n � o!o Ô ´Dny{�pN� � �(�yq�nyoTr�n9´Nn9o8r2n ³ {�u)oJwJnKwJn=�[ny�9ny�9l² xl�(o(u�x0r2n9o?wJ{�ny´Dp[�Nn9xfu�r�{2u)��r2p[{;wJnyxQ¾ � n ³ pgwJnyxf�9u)p[�Nµ(u){�u��§�[Ây{.r2qs�9ny�9ÀM��qX�Ùn9�
� � �J�9q�nyo8r2n9´Nn9o8r�n ³ {2u�oJwJn)½'��nNr2nyoJwJ{2Å!n9xEu�r2{�u)�yr�p[{
wJn9xX¾ � n ³ p�wJnyxE�9u)p[�
�9q�{.� � x�u){9½�nyx
� � u�xLn9� Ô oJqs�9p^µ(u�{2u#�9u)w(u#´Du)µ*n9pJl��~o+xÁu)�D�Qq ³ � {2u���ø?l#��u�xÁu#ø�l�÷#�.n3µ � nywJn��)n9{
n9xe�9p[´Nµ�p){.ru�´Dqsn9o8r2pgwJnkxÁu���� � �9n9�.q�p[o?n9�jwJn3o Ô ´Nn9{.p[� ³ nyoJn9{�u)w(u)�jµ*p[{DwJqs¿>ny{�n9o8r�n9�
´�u�µ�nyp[�9l��~oKxÁu0�.n9�y�9q�¼)o7u�oTr�n9{.q�p[{X�.n ³ n9oJny{�¼Yµ(u){�us�4��wJÀ�u)x�q�oJ�y{�ny´DnyoTr2u){,n9x)o Ô ´Dny{�p
wJn\�[Â�r2q��yn9�Eu��µ��DO�=��nfp[zJ��ny{.��u � o(u=r2n9o?wJn9oJ�yqÁu=wJnfx�p[�Qµ � o8r2p[�EuKu ³ { � µ(u){.��nY��p[z?{�n� o(u*� ³ � {2u^Ì>�[ny{A�Qq ³ � {�u)�bø�l"��½'ø?ln�v��ø?lú÷8ÏR�^u)xMqs{7qsoJ�9{.n9´Nn9o8ru)o?wJp3n9x�o Ô ´Nn9{�pvwJn
�[Ây{.r2qs�9ny�9½\n9xLu�r2{�u)�yr�p[{<�yp[{�{.n9µ*p[oJwJqsn9o8r2n�u)xe´�u�µ�nyp � r2qsx�qsÒau)wJp���nk�(u��9n���q��.q�zJxsn)À�wJn
�Jn9��?pJ½(n9�Y� � �(�9qsn9o8r2nK�9p)oa�4�x�Gw;µ(u){2uAµ*p�wJn9{\u�µJ{�ny�9qÁu�{0n9x�u�r�{2u)��r2p[{FwJn9x�¾ � n ³ pPwJnyx
�au)p)�F�9qs{�� � xÁu){y½T� � u)o?wJp��4��DO| l�w7nyxXu�r�{2u)��r2p[{���nLu)µJ{�ny�9q�u7´Nn�¾.p[{LÌ>�)n9{\�Qq ³ � {�u)��ø?l"��½
ø?ln�P�jø?l�÷[ÏLl
í~Ê�2eÊ 38Ö¢¡¤£�¥�¦X§ Õ�Î ¨cÎNÑ¬ì�èEÒ�ÖÂÖ¼êª© ÎlÖ«BUÒXÎlï�è ÕXÎlÖ7ÓNÍ�è&ÏÓQêÂÑ¬ÓNÒ�Ö¼Í�Ñ
ÈQu){�ueµJ{.p[µ*¼[��q&r2p[��wJn�n9��r2nEr�{2u)zJu¹¾.pe�.nF�(u � r�q�x�qsÒau)w?p\n9x�´�u)µ*n9pY�.�Jqs¿6r'pL�yp[{�{.q�´Nq�nyoTr�p\wJn
mFn9{.oJp � xsx�qPÞ ·�÷1ßd� � neny�Ex�uL�[n9{.��qs¼[o�zJqso(u){.qÁuRwJnyx(´�u)µ*n9pKwJqsn9o8r2nYwJnf��qsn9{.{2uNÌ:�~�)l�Ì�ø?l�ø[Ï.Ï�l
�~xF´Du)µ�nyp3���?qs¿6rAµ?{�p��[nyn � oªu�r2{�u)�yr�p[{b� � n<ny� Ô oJqs�9pJ½'q�oJw?n9µ*n9oJwJqsn9o8r2ny´Dnyo8r2njwJn<x�u
�9p[o?wJq��yq�¼[o�qsoJq��yqÁu)x � r�q�x�qsÒau)wJu?Àºx�u3wJn9o?��q�wJu)wªwJnjµ � o8r2p)�N�.p[zJ{.n!nyx\u�r�{2u)��r2p[{A�9u)´AzJq�u



è<2 �=î��aä�ê��dâ�ã'ê�î0å��?â�ì

² m

�Qq ³ � {2u7ø?l#� D Ë � n ³ pPwJnyx1�9u)p[�0�yp[o<n9x�´�u�µ�nypAx�p ³ Ä��.r�q��ypJ½*Ì ² Ï��9p)o � ojµ�p)x�Ä ³ p[oJp
wJnA·�þ
xÁu�wJp[�0��Ì�m\Ï0�9p[o � o!µ�p)x�Ä ³ p[oJpbw?nN·aý ó ù;xÁu)w?p[�9l

² m

�Qq ³ � {2u\ø�l#� D Ë � n ³ pfwJnyx8�au)p[���yp[o7nyx8´�u�µ�nypYr�q�nyoJw(u\wJn�u)µ(u)��?n)½�Ì ² Ï1�9p[o � o
µ�p[xsÄ ³ p)oJp
wJn;·�þPxÁu�wJp[�0�gÌ�m\ÏF�9p[o � o!µ�p)x�Ä ³ p[oJpbw?nD·�ý ó ùPxÁu)w?p[�9l



ÿXÝ�òz�=îX�������G�Aã�ê{�AêTá�ß'â*ä'î:î�æ��]ê�î��aä�ê��dâ�ã'ê�î0å��?â�ìNå8æ>á�å8ä'î9�Já è��

² m

�Qq ³ � {2u=ø?lú÷ D Ë � n ³ pKwJnyx(�au)p[�M�yp[o;n9x(´Du)µ�nyp=wJq�nyo8r2nYwJn\��qsn9{.{2u?½dÌ ² ÏI�9p)o � oDµ*p[x�Ä ³ p[oJp
wJn;·�þPxÁu)w?p[�0�gÌ:m0ÏF�9p[o � o!µ�p[xsÄ ³ p)oJpAwJn;·�ý ó ùPxÁu)wJp)�9l
wJn9µ*n9o?wJq�nyoJwJpgwJn�xÁuk��ny� � nyoJ�9q�ugwJn�o Ô ´Nn9{.p[�;��p[zJ{.nvx�u3� � nv�.n � r2qsx�q�Ò9u�n9x\´Du)µ*n9pJlÖ n=�(u)o��Jny��JpNµJ{ � nyz(u)�\�.p[zJ{�n=�.n9� � n9oJ�yqÁu)�fwJn=o Ô ´Nn9{.p[�0r2p)r2u)x�´Nn9o8r�nRu)xsnau�r�p[{�q�u)�9l��~x
p[z�¾.n�r2qs�)pAwJnen9�.r�nLr2{�u)z(u¹¾.p7n9�0p)z?r2nyoJn9{Eq�o?¿>p[{.´�u��9q�¼)oNw?nLxÁu��E�.n9� � n9oJ�yqÁu)�\wJnLõRö ² n9o
¿>p[{�´DuKzJq�o(u�{�qÁu�¬ � r�q�xsq�Òau�oJwJp=n9x[¾ � n ³ pbwJnyx��9u)p[�E�9q�{.� � x�u){�¾ � o8r2pb�9p[oDn9x*´�u)µ*n9p
���?qs¿6ral
² �yp[o8r2qso � u)�9qs¼[o7�.nEn�¶�µJx�qs�au){�ÅY�y¼[´Npep[z�r2n9o?n9{'xÁuY{�n9µ?{�n9�.n9o8ru��9q�¼)obzJqso(u){�q�u\wJn9xT´Du)µ�nyp
wJq�nyo8r2nKwJnK��qsn9{�{�uA�[½(wJnKn9��ruP¿>p[{�´Du?½�µ�p�wJn9{ � r�q�xsq�Òau�{�x�p
n9o!n9x�¾ � n ³ pNwJn9x,�9u)p[�yl
ÈQu){�uR�9p[´Nn9o?Òau){y½[��n � r2q�xsq�Ò9uexÁuf¿ � oJ�9qs¼[oPµ(u){�r2nF¿>{�u)�9�yq�p[oJu){�q�uewJn � oPo Ô ´Nn9{.p��®¾¡°¯.{;�/}
� � n7�.nKwJn¼�(o?n7�yp[´DpP�.q ³ � n D

�®.¡°¯¾{9�/}K�8�jy�_��.q1_±� � � _�²xD��m_jnyo8r2n9{.p Ì�ø?lúù8Ï
n9��ruLny� � u)�yq�¼[o
n9xsq�´Nq�o(u0x�ufµJu){.r�nEnyoTr�n9{�uLwJn � obo Ô ´Nn9{.pLwJn�¾�u)oJwJpe��¼[xspe� � µ(u){�r2nM¿>{2u)��Ã
�9qsp[o(u){.qÁu?½Jµ*p[{fn�¾.ny´DµJxspC�®¾¡n¯¾{�³�l�´�µGFGw°³�}G��|?l�´Gµ�FGw°³�ldô,x�u)´�u�{�n9´Np[�S^O{9�/}Yu)x�´Du)µ�nyp
Ì:ø?lúø8ÏF� � n
��nKµ � nywJn
n9���y{�qszJq�{\nyo!r�Â9{�´Nq�o?p[�0wJnKxÁuA¿ � o?�9q�¼)o��®¾¡n¯¾{9�/}F�yp[´NpN�.q ³ � n D

^O{;�/}G���®¾¡°¯.{[l��/}Fµ(u){�u¶|�� � � D�c Ì�ø?lÎ¸)Ï
·�¸÷û¹WY��M²ülûIÿ��#ú�û�M[�"û¤�1ý�
 º¼»¼½{�dý¾�ÂÿO���ný�ú1ý|ûN¿�û�MS���	M��ý¾
#û���MZý�
#û������Âú1ý��I�d���S�²û�� ý�ú�ý�
 ��û�¿�ÀT����
	�UÁO^



è<? �=î��aä�ê��dâ�ã'ê�î0å��?â�ì
�~�.r�nR´�u�µ�nypbr2p[´Du
��u)xsp[{�ny�FnyoTr�{�ne }|½�dD1}�½�ny�.r�pPn9�0µ*p[��qszJx�nY�8uA� � n=x�u7µJ{.q�´Nn9{�u7µ(u){�r2n
wJnyx�´Du)µ*n9p!wJq�nyo8r2nNwJn��.q�n9{.{2u�Ì:ø?lúø8Ï=� � z?{�nNn9x�q�o8r2ny{.��u)x�pA|Â� � � D�E�lk½�n9o8r2p[o?�9n9�|Ã� ^O{;�/}e�Äl1� � D<���®¾¡n¯¾{�l1�/}bw(u)oªn9x0´Nq��.´Dpv{�ny� � x&ru)wJp?½Iµ�p){Ap)r2{.pkxÁu)w?pk��qD�E�l��©� � D!��njr�q�n9o?n!� � n�|��º^O{;�/})�Ål1�Æy�D � D!µ�p){Px�p�� � nÆl��{y�D!��n
�9p)´Dµ*p[{.r2uRwJnfq ³ � u�x?¿>p[{�´DuR� � nX�®¾¡°¯.{[l��/}In9o8r2p[o?�9n9�Ç�®¾¡°¯.{[l��/}K�Èl��yÆD[½8�9p)oDny�.r2p
��n�� � zJ{�n�n9x8qsoTr�n9{��)u�x�p& T|÷�dD1}1p[z?r�n9oJqsn9oJw?p � oJufny� � qs��u)x�nyoJ�9q�u\n9o8r2{.nN^O{9�/}1���®.¡°¯¾{�l��/}�l
ô,p[�\��u)x�p[{.n9�Y� � nKr2p[´DuPxÁu;n9� � u)�9qsp[o�ø�lÎ¸P��n
n9oJ� � n9o8r�{2u)o3nyo�nyx'qso8r2n9{���u)x�pÔ }|½�dD1}0µ*p[{
x�pP� � n
��p)ovwJnKx�ub¿>p[{�´Du�|Écn¡°H¥¡ r ¡ s cecfc&l
ô�uN¿>p[{.´�uPwJn7�9p[o8�)n9{.r�q�{ � o�o Ô ´Nn9{.p�zJqso(u){�qspe£�H�£ r £ s cdcdc¥£mg
wJp[oJw?n�£¥�¹k b |½�dDGhAuD� �
{�nyµJ{�ny��nyoTr2u)�9qs¼[o�w?n9�9qs´�u�xX¿>{2u)�y�9q�p)o(u){�q�uAn9�e´ � xsr�q�µJxsq��9u)oJwJpA�9u)w(u � oJpDwJn7� � �er�Â9{.´Dq Ã
oJp[�YwJnKx�uA��q ³ � q�nyoTr�n=´�u�oJn9{�u

�X��£mH Dl ²w£ r D
l s ²w£ s D

l�Ê ²Ëcdcdc��Ì|Íc#¡ H�¡ r ¡ s cdcdc=� Ì:ø?lúþ8Ï
´ � x&r2qsµJx�qs�au)oJw?p�xÁu3ny� � u��9q�¼)o�Ì�ø?lúþ8Ïbµ�p){ ó �.n!�Ju)�9n � oÊ�9p[{.{�qs´Dqsn9o8r2p3w?n � o]wJÄ ³ qsr�p�(u)�yqÁuAx�u;qsÒ9� � qsn9{�wJu

l��X�>£�H¾²w£ r Dl ²0£ s D
l s ²Ëcdcdc��8¡°HOcn¡ r ¡ s c�cdc=� Ì:ø?l#�[Ï

n9o8r�p[oJ�9ny���.q\��nvu)µJx�qs�au3x�uk¿ � oJ�9qs¼[ow^S{;�/}Pugny�.r2p)�Do Ô ´Nn9{.p[�;��n!{�n9�yp[{�{.n � oÕwJÄ ³ qsr�p
�(u)�yqÁuKxÁuKq�Òy� � q�n9{.w(uKwJn9x*µ � o8r2pbwJn9�yq�´Du)xJ�;��newJn9�.n9��(uAx�u
µ(u�{.r2nen9o8r2ny{2u
�9p[´Npb�.q ³ � n D

�X��£mH Dl ²0£ r D
l s ²0£ s D

l Ê ²Ëcdcdc°Î ^O{9�/}I��£ r D
l r ²w£ s D

l s ²Ëcdcdc Ì:ø?ln�8Ï
�~�.r�p3��n<�Ju � r2qsx�qsÒau)wJp�µ(u�{2u�µ*p�w?n9{
q�o8r2{.p�w � �9q�{
��ny� � nyoJ�9q�u)�Anyo�n9xX¾ � n ³ p�wJn9x��au)p)�9½
wJnNxÁuj��q ³ � qsn9o8r2n;´Du)oJn9{�u?À,��nNr2p[´Du)o�xÁu��
�.n9� � n9oJ�yqÁu)�7wJnDõRö ² n9og¿>p[{�´Du!z?q�o(u){.qÁu?½
µ(u){�u=n9´Nµ�nyÒau){MuF¾ � ³ u){~�yp[oNxÁu)�~�.n9� � n9oJ�yqÁu)��wJn9µ*n9o?wJn9´Np[�MwJn9x(o Ô ´Nn9{.p7w?nfx�u)wJp[�~w?n9x
µ*p[x�Ä ³ p[oJpA�yp[´NpN�.q ³ � n D �.q�r�n9oJny´Dp)� � ovµ*p[x�Ä ³ p[oJpbwJn��;�)Â9{.r�q��yn9�fn9o8r2p[o?�9n9�Yr2nyoJn9´Np[�
� � nMr2p[´Du){,�au�wJn9o(u��QwJnMr2{.n9�'n9o7r�{�ny�ºwJÄ ³ qsr�p[�9½9�au)w(u � o(ufwJn�n9�.r2u)�'µ�ny� � n9»(u)�Q�au)wJnyo(u)�
¿>p[{.´�u)ogu�� � �[n9Ò � o�o Ô ´Dny{�p!n9o#zJu)��nNwJn9�yq�´Du)xInyo#wJp[o?wJnDnyx~´�Å��
µ*n9� � ny»Jp3� � n
µ*p�wJny´Dp)�e{.n9µJ{.n9��nyo8ru){Rny�Rn9x'o Ô ´Nn9{�p��9n9{.p5|!��|�|�|N�vn9x'´Du��)p[{fn9��Ï`��D�D�DA�9u)w(u� oJpvwJnNn9�.r2u)�
��n9� � n9o?�9qÁu��Aq�oJw?q��au�ognyx~�[Â9{�r2qs�9n��Ju)�9q�u�w?p[oJwJnD��nNwJq�{.q ³ qs{2Å?½�n9o8r2p[o?�9n9�
xÁu<{.n9x�u)�9qs¼[okn9o8r2{.nDnyx~o Ô ´Dny{�p!wJnP�[Ây{.r2qs�9ny�
�3r2u)´Du)»Jp�wJn;xÁu<�9u)wJn9oJuv� � n;��n;r2p[´Du
n9�j� �Äl Ê nyo]w?p[oJwJn!økn9�;xÁu3xsp[o ³ q&r � w�w?njxÁuk�au)w?n9o(uk�Ã� �Ðµkny�Nnyx\o Ô ´Dny{�p
wJnK�[Ây{.r2qs�9ny�RwJn9x�µ*p[x�Ä ³ p[oJp?ÀJn9o8r2p)oJ�9ny�9½1� � u)oJw?pDr2p)´�u)´Np[�\�9u)wJn9oJu)�LwJn7ù�wJÄ ³ qsr�p[�9½?n9x
µ*p[x�Ä ³ p[oJp;r2qsn9oJn��(��l�Ñ��>Dd���[Â9{�r2qs�9n9�yÀ,n9o ³ nyoJn9{�u)x5½*r2nyoJn9´Np[�=� � nPn9xQo Ô ´Dny{�pjwJn
�[Ây{.r�q��9ny�=wJn � okµ*p[xsÄ ³ p[o?pDny�.rÅ<wJu)wJpjµ*p[{J�â�Òl � n9okwJp)oJwJn~i^ny�=xÁuNx�p[o ³ qsr � w�wJn



ÿXÝ�òz�=îX�������G�Aã�ê{�AêTá�ß'â*ä'î:î�æ��]ê�î��aä�ê��dâ�ã'ê�î0å��?â�ìNå8æ>á�å8ä'î9�Já è @
xÁu3�9u)wJn9oJu�� � nj�.njr2p[´Du?lº�MxFµJ{�p��9nywJq�´Nq�nyoTr�p3� � n���n�u)�9u)z(u3wJnjw?n9���y{�qszJq�{ � r�q�xsq�Òau
n9x\´Du)µ*n9pk���?qs¿6r;wJn�xÁu3�.q ³ � q�n9o8r�nj´�u)o?n9{2u�½ � o(uk�[nyÒ�x�n9Äsw(u3xÁu3�9u)wJnyo(ug� � n�qsoJwJq��9u
n9xf�[Â9{�r2qs�9n3�.n3�au)xs� � x�u�nyxLµ � o8r�p�´DnywJq�p�n9o8r2{.nkxÁu��yp[oJwJqs�9qs¼[oÕqsoJq��yqÁu)x0�]n9xf�[Â9{�r2qs�9n
�9p[{.{�ny��µ*p[oJwJqsn9o8r2n�½ºnyx��yp[{�{.q�´Nq�nyoTr�pjwJn9�.n9��(u3nyxMµJ{�qs´Dny{=wJÄ ³ q&r2p�u!xÁujq�Òy� � q�n9{.w(uj����n
� � n9x&�[nNuj�9p[oJ��r2{ � q�{=nyx~��q ³ � q�nyoTr�nPo Ô ´Dny{�p�n9o�¿>p[{.´�u�w?n9�9qs´�u�x5À1µ*p[{Rn�¾.n9´NµJx�p?½1��q~x�u
��ny� � nyoJ�9q�uDq�o?q��9q�u)x1ny�uDd|ÉD�D�D�cdcdc��<r2nyoJn9´Np[� � o�µ*p[x�Ä ³ p[oJpbwJnE�;xÁu�wJp[�\��n
r2p[´Du)o�x�p)�
r2{.n9�bµ?{�q�´Nn9{.p[�KwJÄ ³ qsr2p)�=� � n��9p)oJ�.r�{ � �)n9o�n9xMo Ô ´Nn9{.p�wJny�9q�´Du)xÓDO|ÍD)�ª³�wJn9µ � Â9�7��n
u)µJxsq��auNn9x'���Jq&¿6rL�v��nAw?n9��ny��(ujn9xºµJ{�qs´Dny{ewJÄ ³ qsr�pDw?nAxÁuNq�Ò9� � qsn9{.w(uD� � nPnyo3n9��r2nP�au���p
n9�=·L�DxÁu
��ny� � nyoJ�9q�u;{.n9��ru)o8r2n=ny�Ó|ÉD�DGDNc�cdc4À?wJnLo � ny�[p?½J��nR� � nyxs�[nyo!u7r2p[´Du){�x�p[��r2{.n9�
µJ{�qs´Dny{�p[�'n9xsn9´Nn9o8r2p)�º�
��n0�9u)x�� � xÁuY� � o Ô ´Nn9{.pRwJny�9q�´Du)xT�9p){�{�ny��µ*p[oJwJqsn9o8r2nÇ|ÉD�D��Ì�e�
��n�wJn9�.n9��(ufn9xTý\�Ku)�.Ä5½ax�u0�au)wJnyo(uew?n�o � n��[pe��nM{�ny�9p[{.{�n��(u)�9q�u0xÁu\q�Òy� � q�ny{�w(u\� � n9wJu)oJwJpD�D�D�cdcdc ½Jny�.r�n7µJ{.p��yn9�.pD�.n
{.n9µJq&r2n=�(u��.ru;n9xU�Jo(u)x,wJnKxÁuA�9u)wJnyo(u�Ì6�[ny{L�Qq ³ � {�uPø?ls·aý8Ï�l

010110

101

011 111

000

001100

S

S

0

1

1  0  1  1  1

S1

S0

�Qq ³ � {2uYø?l&·�ý D �~obx�uN� ³ � {�ueµ*p�wJny´Dp)���)n9{ � obµ*p[xsÄ ³ p[o?p\�9p[o&�f�)Â9{.r�q��yn9�9½¹�K��n�´ � ny�.r�{2u� o(uª�au)w?n9o(uÊzJq�o(u�{�qÁu^w?ngnyo8r2{2u�w(u?½Y�au)wJuª�)Â9{.r�q��yng�.n�nyoJ� � n9o8r2{�u]nyr�q�� � n�ru)wJpÊµ*p[{
��ny� � nyoJ�9q�u)�AzJqso(u){�q�u)�=� � n<�yp[{�{.n9��µ*p[oJw?n9o�u � o#o Ô ´Nn9{.p3wJn9�yq�´Du)x~n9o8r�{�n<ý�����½�n9o
��nyoTr�q�wJpk�yp[o8r2{�u){�qsp3u�x�u)�7´Du)oJny�9qsx�xÁu��
w?n9xF{.n9xsp�¾y½º�.n<µ � nywJn��)n9{P�9¼)´Dpv��nju)µ?x�q��9uvnyx
���Jq&¿6r=wJnPmEn9{�o?p � x�xsqQu<x�u���ny� � nyoJ�9q�ujwJnAn9o8r�{2u)w(uj� � nPqsoJwJq��9uDnyog� � ÂPp){�wJnyok��nA��u)o
r2p[´Du)oJw?pNxsp[�F�)Â9{.r�q��yn9�9l



ÿtB �=î��aä�ê��dâ�ã'ê�î0å��?â�ì
ívÊ�7vÊ Ô`Ò�ïEÍ�ìXÕ�è ÓQèEì ìvÒXÓQÖÂÎlë�ÐJê=Õ�è&Ï
ÓFp[oJ�.q�wJny{2u)o?wJpkxÁu)�7��ny� � nyoJ�9q�u)�;wJnjõRö ² �9p[´Np3� � �9n9�.q�p[o?n9�PwJnjxsnyr2{�u)�b� � nj{.n9µJ{.n�Ã
��nyo8ru)oÍu#xsp[��� � u�r2{.p^o � �9xsn9¼)r�q�wJp)�¶ÕÍu)w?n9oJqso(u_Ì ² Ï�½ ³ � u)o?q�o(uÕÌ � Ï�½��9qsr�p��yq�o(uÕÌ5Ó\Ï
�!r2q�´Nq�oJu�Ì9�fÏÖÕ �.nPµ � n9w?n9o ³ n9o?n9{2u�{=q�´DÅ ³ n9o?n9�Lw?n ³ {2u�ok�9p[´NµJx�n�¾.q�w(u�w � r�q�x�qsÒau)o?wJp
n9xQ¾ � n ³ p#w?n9xY�au)p)�Dnyo � o_� � u)wJ{�u)wJpJl Ö n!�9p)´Dqsn9oJÒ9ugµ*p[{;nyr�q�� � nyr2u){N�au)w(u��[Ây{.r2qs�9n
wJnyx=� � u)w?{2u)wJpÊ�9p)o � oJuªxsnyr�{2u�wJn9xKu�xs¿�u)z*nyr�p b gE��W!�m×���Ø�hT½Fn9x=p){�wJnyo nyo � � ng��n
u)�yp[´Dp�wJnyov{.n9µ*n9{�� � r2qs{2Å;n9o3x�uPwJq���r2{�qsz � �yq�¼[o!wJn
x�p[�Yµ � o8r�p[�9l�ô�u)�e{.n ³ x�u)�\��q��.r2u)�eu)o�Ã
r2ny{�qsp[{�´Nn9o8r2nb��n;�9p[o?��n9{���u)oXÀ�x�pj� � nNu)�Jp){2ujwJn9�yq�wJqs{2Å<� � ÂP�[Ây{.r�q��9n;wJnyz�ny´Dp)�
nyx�n ³ q�{y½
��ny{2Å3x�uvx�n�r2{�uv� � n<qsoJwJq��9uvx�u���ny� � nyoJ�9q�u3wJnjõRö ² n9�.�9p ³ qsw(u?½'n9�Aw?n9�9qs{b�.qEr2nyoJn9´Np[�
xÁuN��ny� � nyoJ�9q�u ²e² � �fÓûr2p)´�u){.n9´Np[� � o�µ � o8r2pjqsoJq��yqÁu)xP�IH=wJnyoTr�{�p�wJnyxQ� � u)wJ{2u�wJp<�
�9p)´Dp
xÁuKµJ{�qs´Dny{2uKx�n�r2{2uKwJnfxÁuK��ny� � nyoJ�9q�ubn9� ² n9o8r�p[oJ�9ny�0n9xd�.n ³ ´Nn9o8r2pbwJne{.n9��rub� � n
r2p)´�u)´Np[�Iny�Enyx(� � nf��uKwJn9xdµ � oTr�p7qsoJq��yqÁu)x��IHFu�xJ�[Â9{�r2qs�9nf�9p[{.{�n9�.µ�p)oJwJq�nyo8r2neu
x�uKxsnyr�{2u² ½)��nf�au)xs� � x�uRn9x(µ � o8r�p7´Nn9wJqspR�P��nfnyr�q�� � n�ru=�9p[´NpR� r ½8��n\r2p)´�u){�ÅRn9x(µ � oTr�p7´Nn9w?q�pn9o8r�{�n�� r ��x�u;�.q ³ � q�n9o8r�n=x�nyr�{2uP� � n
q�oJwJqs�auPxÁuP�.n9� � n9oJ�yqÁu?½dn9��r2pN��n
{�nyµJqsr�n
�Ju)�.r2uN� � nxÁuD��n9� � n9o?�9qÁu���nPr�n9{�´Nq�o?n)½1nyxI{�ny� � x&ru)w?pjn9� � o(u<qs´�u ³ n9okn9o�x�u�� � u�xIµ�p�wJny´Dp[�R�)n9{
{�nyµ�n�r2qsw(u)�7�)n9�yn9�;xÁu�¿>p[{�´Du)�9qs¼[ogwJn<� � u)wJ{2u�wJp[�AwJnyo8r2{�pkw?n<p)r2{.p[�b� � u)wJ{�u)wJp[�y½Qny�.r2p
� � ³ q�ny{�n=xÁuP{.n9xÁu��9q�¼)ojwJnKxÁuAq�´Du ³ nyoj�9p[o � o�¿>{2u)��ru)x~Ì>�[ny{f�Qq ³ � {2uPø?l&· ó Ï�l
�~o<xÁu7�Qq ³ � {2u7ø?ls·)·L��nL´ � n9��r2{�ubn9x�n�¾.n9´NµJxspbwJnyx8¾ � n ³ pAwJnyx1�9u)p[� � r2q�xsq�Ò9u)oJwJp � o(ub�.n�Ã
� � n9oJ�yqÁu<wJnAxsnyr�{2u)� ³ n9oJny{2u)wJu!u�x�nau�r2p[{.qÁu)´Nn9o8r2nKµ*p[{ � oJu<�9p[´Nµ � r2u)wJp[{�u?½�x�uDqs´�u ³ n9o
´ � ny�.r�{2u � o(u3w?q��.r�{�qsz � �9qs¼[o � oJqs¿>p[{.´DnDwJn<xsp[�bµ � oTr�p[�A��oJpk��njwJqs�.r�q�o ³ � n�oJqso ³[Ô o
µ(u�r�{�¼[ojp){�wJnyo(u)wJpJl?m0u){.oJ��xsny�TÞ ù.ß:½?�(u��9n � o!u)o(Å�x�q��.q��Eu)xT¾ � n ³ pPwJnyxX�au�p[�0{�nyxÁu)�yq�p[oJu)wJp
�9p)o�x�p)�=�����������N ��b���M��B��1���5���1��
�6�����. 8�8 ��P�����@*�2�)� 8�9�6%4���8 8�����½Jn9ovn9��r2p[�e��q���r2ny´�u)�y½
u;�au)w(uP�[Ây{.r�q��9n
wJnyx'� � u)wJ{�u)wJpD��n
x�n
u)��q ³ o(u � o(uNµJ{�p)z(u)zJqsx�q�wJu)w<wJq&¿>n9{�nyo8r2n
wJn7p�� � {�Ã
{�nyoJ�9q�u?½'xÁu)�
µJ{�p)z(u)zJqsx�q�wJu)wJn9�
n9�.�9p ³ q�w(u)�7�9p[{.{�ny�yru�´DnyoTr�n ³ nyoJn9{�u)oo� ³ � {�u)�A�yp[o^wJqs��Ã
r2{.q�z � �9q�p)oJn9�RµJu){�ny�9q�wJu)�KujxÁu�wJn;x�u<�Qq ³ � {2ujø?l&· ó l1Èºp�wJn9´Np[�=w(u�{�oJp[�=� � n9o8r2u!wJnPxsp[�µ(u�r�{�p[o?n9�F´Du){�u���qsx�x�p)��p[�~� � nRx�u)����n9� � n9o?�9qÁu��0wJnRõLö ² µ � n9wJnyo ³ n9o?n9{2u�{Fn9ojnyx8¾ � n ³ p
wJnyx0�au)p)�9½Iµ*p�w?n9´Np[�AwJny�9q�{P� � n�x�u�µJ{�p)z(u)zJqsx�q�wJu)w#�yp[oª� � nvu�µ(u){�ny�9n � oJu�xsnyr�{2u3n9o� o(u3�9u)wJnyo(u3r � �)pk� � n!�.n9{Any���yp ³ q�wJu3z(u¹¾.pk�9qsn9{�r2pk�9{.qsr�n9{�qspJ½'�9p[o�ny�.r2p�oJp)�Aw(u)´Np[�
� � n9o8ru�� � nDµ*p�wJn9´Np[�=u)µ?{�p��[ny��(u){
xÁu<q�o�¿>p[{�´Du)�9qs¼[o3� � n;oJp[�KzJ{.q�oJwJu�nyx�¾ � n ³ p!w?n9x
�au�p[� � r2qsx�q�Ò9u)oJwJpb��n9� � n9o?�9qÁu��ewJn
õRö ² l



ÿXÝ 2ÚÙXäJ� �Jßºã�â�å[â*ß+ßXä'å8î�êTç(à¹æ�ã'â*ì ÿ�Ü

�Qq ³ � {2uKø?l&·[· D Ë � n ³ pbw?n9xd�au)p)�Enyo�n9xd� � u)wJ{�u)wJp � r2q�xsq�Ò9u)oJwJp � oJu7��ny� � nyoJ�9q�u7wJnfx�n�r2{�u)�³ n9o?n9{2u�w(u)�fu)x�n9u�r2p){�qÁu�´DnyoTr�n)l

�Qq ³ � {2uPø?l&· ó D Ë � n ³ pNw?n9x,�au�p[�\n9o!n9xX� � u)wJ{�u)wJp � r�q�x�qsÒau)o?wJpAxÁuA�9u)wJnyo(uPwJn
õRö ² wJnyxp7�����D�9 �@*�5���?��l ² �au)wJu��[Â9{�r2qs�9nA�.nPx�nAu���q ³ o(u � oko � �yx�n9¼�r2q�w?pJ½��yp[´Nn9oJÒ9u)wJp<µ*p[{Rnyx
�[Ây{.r2qs�9n
� � µ*n9{.q�p[{YqsÒ9� � q�ny{�wJp;nyo�wJqs{�n9�y�9qs¼[o��9p[o8r2{�u){�q�u;uNx�u)�Y´�u)o?n9�9qsx�x�u)�FwJnyx�{�n9xsp�¾0��n
u)��q ³ o(u)o ² ½ � ½dÓ+����{.n9�.µ�ny�yr2q&��u)´Dnyo8r2n)l



ÿdè �=î��aä�ê��dâ�ã'ê�î0å��?â�ì



³ ¤µ´·¶**CÙÛX¯ Û

Ü ©,°N!¦_« ¤£° ¥§¦ ÝGCÙ¬Ù¨ª©X¯±¬§¦Õ° ©*!¦]¢�¤£¥Ù¤Ú°

�~o3xÁuN��n9�y�9qs¼[oku)o8r2ny{�qsp[{Y��n ³ nyoJn9{�u){�p)o3n9��r2{ � �yr � {2u)�Rny��µ*n9�yÄA�(�9u)�L� � nAµ*n9{�r2nyoJn9�yn9o�u� o(u ³ {�u)o=¿�u)´Dqsx�q�u�wJn~¿>{�u)�yr2u)x�ny�,�9p[oKxÁu0�.q�´NµJx�nQ{�n ³ xÁu0wJn~r2p)´�u){1n9x[µ � oTr�pe´Nn9w?q�p\n9o8r�{�n
n9x?�)Â9{�r2q��ynY�9p[{.{�n9�.µ�p)oJwJq�nyo8r2nYwJn9x?µ�p[xsÄ ³ p)oJpe�bn9x(µ � o8r�p
� � nY�.n\wJnyr�n9{�´Nq�o?¼=n9oNn9xJµ(u���p
u)o8r2ny{�q�p){9l ² �Jp[{�u#��n ³ n9oJny{2u){�Å)o+u)µ?x�q��9u)oJwJp � o_�yp[o�¾ � o8r2p�w?n �:�. )�?�>�a�����N ����5���1��
 �ÞM�1��A����(���� ������6S� ��7u � o!�9p[o�¾ � oTr�p�u�{�zJq&r2{2u�{�q�pbwJnR� s l
ô,p[�Y��q���r2ny´�u)�\w?nK¿ � oJ�9qsp[oJn9�Yq&r2n9{�u)w(u)�\�.nK�9p[´Nµ�p)oJn9o!wJn � o!�9p[o�¾ � oTr�pDw?nKr�{2u)o?�.¿>p[{�Ã
´�u��9q�p)oJn9�Lu¾�(oJny�=� � nAr2{2u�z(u¹¾�u)ok�.p[zJ{�n � okn9��µJu)�9qspj´DÂ�r2{�qs�9p<nyxI� � u)xQµJ{.p��[n9n;qso?¿>p[{�Ã
´�u��9q�¼)o<wJn=xÁuAoJu�r � {�u)x�nyÒaub��xÁu7¿>p[{.´�u7wJn9x,�yp[o�¾ � o8r2pNu)x�� � nKx�nRny�.ru�´Dp[�Yu�µJx�qs�au)oJw?p
xÁu)�0r�{2u)o?�.¿>p[{.´�u)�yq�p[o?n9�9l
�~oDxsp[�~��q ³ � q�nyo8r2n9��u)µJu){.r2u)wJp[�~�.nfn�¶�µJx�qs�au){�ÅRn9x(�9p)oJ�9nyµ?r2p ³ n9p[´NÂyr�{�qs�9p=wJn � o(uRr�{2u)oJ��Ã
¿>p[{�´Du)�yq�p[o!u�¿>Äso!�!wJn � o�ny��µ(u)�yq�pD´DÂ�r2{�qs�9p;�8u�� � n7��p[o�oJn9�yn9�2u�{�q�p)�eµ(u�{2uDnyo8r2n9o?wJn9{
xÁuAr2nyp[{�Ä�uAwJnKx�p[�\�.q���r2n9´Du)�\wJn=¿ � o?�9q�p)oJn9�Yqsr�n9{�u)w(u)�yl

õXÊ¼Ë&Ê 3>ÏPéÔÍ&Ó¯ê¼è t 4NÐPÑLê¼ÓQè © ÐPÑ¬Í&ìXÏPß�è�Ñ¾t Í&Ó¯ê¼è&ì�ÎOÏ
ô,p[�\��qs�.r2ny´�u��0wJnR¿ � oJ�yq�p[o?n9�\qsr�n9{�u)w(u)�0�.nKwJn9��u){�{.p[x�x�u)o<n9o � o�nyoTr�p[{�o?pN� � n=µJu){2uPx�p)�
µJ{�p)µ�¼[�.qsr�p[�LwJnbn9�.r�nAr2{�u)z(u¹¾.pJ½*��ny{2Åjn9x�@*%& )�1�v��B(��%4���)�� )�1�N�9p)oJp��yq�wJpDru)´Az?q�Â9o��9p[´Np� s À*��n7wJn¼�JoJq�{�Å � o(u��C6������5�� 3�DB��* ������)���8 ����P�)�����h )�1���� <nyokn9�.r�nAµJx�u)oJpJÀdµ � nywJn
��ny{9½(µ*p[{0n�¾.ny´Dµ?x�pJ½�xÁubwJqs�.r2u)oJ�9q�uAn � �yx�qswJqÁu)oJubpP� � u�x�� � q�ny{0p)r�{2uA� � nK� � ´NµJx�uA�9p[o�xÁu��
µJ{�p)µJq�nyw(u)wJny�E� � nf��nfwJn¼�JoJq�{�Å)oXl ² �.Ä5½8�yp[o � o(u
´Nn9w?q�w(u=wJnfwJq���ru)o?�9qÁuR� � o�n9o8r�p[{�oJp?½
��n=r2qsn9oJn � o����@? ����5�P�C6������5���l



ÿ	� �Xæ�ìyà�ê����(ìPã�ê���ä'ßºå8æ>â*ß'ê�ìNæ>àaê�á1�(ãJ�(ì
õLnyoJp)r2ny´Dp)�Iu)x�n9�.µ(u)�9qsp=´DÂ�r2{.q��9pf��p)zJ{�n0nyx?µJx�u)oJpen � �yx�q�w?qÁu)oJpI¾ � o8r2pL�9p[o � oJue¿ � oJ�yq�¼[o
wJn\wJqs�.r2u)oJ�9q�uL�9p)´Dpe{;�Çàt�má�}ºw?p[oJwJn\x�uL¿ � oJ�9qs¼[o�áCz.� s �R� s�â �+´Nq�w?nFxÁuRw?q��.r2u)oJ�yqÁu
n9o8r�{�n;µ(u){.n9�KwJn;µ � o8r2p)����½P°vµ�ny{.r�n9oJny�9q�nyo8r2n9�7u)xIµ?xÁu)oJp�n � �9xsq�wJq�u)oJpJl�ô�uj¿ � oJ�9qs¼[oÚá
wJnyz�nk� � ´Dµ?x�q�{N�9p)o+xÁu)�<�.q ³ � q�n9o8r�n9�<µJ{.p[µJqsn9w(u)w?n9���Õn9��u)µJxsq��9u)zJx�nvu#r2p�wJp^µJu){<wJn
µ � o8r�p[�Y��p[zJ{.nKn9x,µJx�u)oJpJl
·[l ô�uAwJqs�.ru�oJ�9q�uA� � n
�Ju��<n9o8r2{.n
nyxXµ � o8r�pe��u)xXµ � oTr�p!°<n9�\x�uA´Dqs��´Dub� � nKwJnR°

u���½Iá {9�J�¥°½}|�Ìá {9°/�k�/}�l
ó l ô�uvw?q��.r2u)oJ�yqÁu�n9o8r2{.n�� � u)x�� � qsn9{
µ(u){
wJnDµ � o8r2p[�Aw?qs¿>n9{.n9o8r2ny�bwJnyz�nD��ny{b´Du��)p[{

� � nK�9ny{�pJ½I| � á {;�J�¥°	} ��ã l
ø?l ô�uAwJqs�.ru�oJ�9q�uAn9o8r2{.n7� � u)x�� � qsn9{0µJu){\wJnKµ � o8r2p)�fq ³ � u)xsn9�0ny�Y�9n9{.pJ½�á {9�J���/}G��|?l
ùJl ô�uPwJn9�.q ³ � u)x�w(u�wjwJn9xXr�{�qÁÅ�o ³ � xsp�á/{;�J�¥°½}¤�Ëá {9�J��§3}�²�á/{d§½�¥°½}�l

�~o8r2p[oJ�yn9�fwJn9�yq�´Np[�\� � n
xÁub¿ � oJ�yq�¼[oAáNn9� � o(uP´DÂ�r2{.q��auA�.p[zJ{.n7nyxXn9�.µ(u)�9qspe� s l

äå

æç

èXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXèèXèXèXèXèXèXèXèXèXè

éXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXééXéXéXéXéXéXéXéXéXé

êêëë ììíí îXîîXîïXïïXï ððññ òòóó

ôôõõ
p (x  , y  )1 1 1

R

d (p  , p )1 2

2

p (x  , y  )
2 2 2

ö÷

øù

R2

d(p  , p ) 1 2

p (x  , y )1 1 1 

p (x  , y )2 2 2

² m

�Qq ³ � {2uRù?ls· D ��¾.ny´DµJxsp[�MwJnY´DÂ�r2{.q��au���µJu){2u=n9xdµJx�u)oJpKn � �9x�qswJqÁu�oJp=n9o8r2{.nLxsp[�~µ � o8r2p)� q�r� qts l
�~ovx�uP�Qq ³ � {2uAùJl&·DÌ ² Ï\�.nK´ � n9��r2{�uNnyx,n9��µJu)�9qspN´NÂyr�{�qs�9p

{;� s � á/{ q�r � q	s }I��ú {9� r y�� s } s ²>{d° r y�° s } s }



��Ý:Ü*�=ì9ë��(å8æ�â���08à�á�æ�å[âÚ�ªà�á1�(ß'ì=�hâdá����(å8æ>â*ß'ê�ì ÿ*ò
n9o�wJp)oJwJn`ákn9�Ax�u�wJqs�.ru�oJ�9q�uvn � �9x�qswJqÁu�o(u?½�n9oÍÌ�m\Ï
�.nj´ � n9��r2{�u3n9xF´Nq��.´Dp!n9�.µ(u)�yq�p� r2qsx�qsÒau)oJw?pAxÁuP´NÂyr2{.q��9uAwJn7t�u)oJ�(u�r�ru�o

{9� s �má { q�r � qts }K�üû � r y�� s û�²�û ° r yo° s û½}�c
ïjê�:Qß'æ:å8æ>ç*ß�Ü �þý�ÿ �* r�{2u)oJ��¿>p[{�´Du)�yq�¼[o ���â� s ��eB��* 0��B��1���²Á��euÆz.� sJâ � s G
í�ý d�Q^ü��jB��Ê��B?�������Ã�B��(���k����� s Cb���(�����1���COu¬{²^I}`� b u|{;�/}±z¬�Èk4^ÇhÊ��<%& 
q�´Du ³ nyoû���v^ � �Ãa�*uIG åÍý��  N��B��1���²Á���u �� � oJp�Ã�u�Ã � o?pou|{;�/}I��u|{9°	}<�6�L@*%4�5�� ���7°XG ã ý��  N��B��1���²Á���u®��;��p)zJ{�n����Su|{9� s }~�Ù� s G ê ý��  N��B��1���²Á���u ��
%6%& )�N 8�8 eq�o8�)n9{.r�q�zJxsnK���Q��\B��1��i� )i�B��1�K�
���)�9�2���I����������R�� ����P��I@(�������9%��f���RÞM�(�6�\B��* 
�:�. )�?�>�a�����N ����²Á���uPx r zI� sÚâ � s C=%6%& )�N 8�8 !q�o8�)n9{���u_���=�2C=�h )%Y�9B(�vuJx r {d°½}e� �
�����*���l�_��P��%X���(�5��=@*B��(���N�5 )%'�9Bd��u¬{9�/}I�>°1G

f

f −1

R2

punto x

conjunto S

conjunto   (S)f

punto   (x)f

�Qq ³ � {2uKùJl ó D �º{�u)oJ�.¿>p){�´Du)�9qsp[oJn9�Qu��vuPx r n9o<nyxdµJxÁu)o?pbn � �9x�qswJqÁu�oJpJl Ö neq�x � �.r�{2uK�9¼[´Np��nj´Np�w?qA�(�9u�n9xE�9p[o�¾ � oTr�p�^ u)xFu)µJxsq��au�{�x�n � oJukr�{2u)o?�.¿>p[{.´�u)�yq�¼[oouºÀIu���ÄF´Nq��.´Dp?½'�.q
u)µJxsq��au�´Dp[��xÁuKr2{�u)oJ�.¿>p){�´Du)�9qs¼[o�qsoT�)n9{.�2u;u)x1�yp[o�¾ � o8r�peu|{²^I}�p)z?r2nyoJn9´Np[�0nyxX�9p[o¹¾ � o8r2p
p[{�q ³ q�oJu)xU^0ÀJr2u)´AzJqsÂ9oj��n
n�¾.ny´Dµ?x�qA�J�auA�9p)o � ov�.p[x�p;µ � o8r�pJl
² �Jp){2u7�.nLwJnÂ�(oJqs{2Å)o � o�µ(u�{EwJne�9p[o?�9n9µ�r2p[�0´DÅ)�M� � nL�.p[o<x�u)�Mqsr2ny{2u)�yq�p[o?n9�L����%& )�(�����. 
�j���� ������. \wJn\xÁu��Ir2{2u�oJ�.¿>p[{.´�u��9q�p)oJn9�yÀ)n9��r2p
oJp[�~�.n9{.��qs{2Å=´�Å��Mu)wJn9x�u)o8r2n\µ(u�{2u=n�¶�µJxsq��au�{
x�p[�\�.q���r2n9´Du)�\wJn=¿ � o?�9q�p)oJn9�Yqsr�n9{�u)w(u)�yl

ïjê�:Qß'æ:å8æ>ç*ß_è X�� �u¢z�� s â � s B��* _���. )�?�>�a�����N ����²Á������)�9�2�X� s G �þý��  qsr�n9{2u��9q�¼)o�wJnyxÁu)o8r2ny{2uÑ����u �����Ñ%& ��g���. )�?�>�a�����N ����5���1��Ôu	� � zE� s â � s C=@? )�. 



ÿ<2 �Xæ�ìyà�ê����(ìPã�ê���ä'ßºå8æ>â*ß'ê�ìNæ>àaê�á1�(ãJ�(ì
i4�Ð|½�dD��ml÷�dcdcdc&G í¹ý d�Su±��!�6�(S)���������9%��CA���(�����1����%& vq&r2n9{�u)�9qs¼[o�r2{�u)��ny{2u+���~u
�����g%& ��P���� )�?�>�a�����N ����5���1��,u ��
 x h� zt� s�â � s @? )�. ��·� D���l��mFÉcecfc��h�1�����N�9B(�P�1�
���K�6�1��%4B��T�P��%Q����2���)G
Ó � u)o?wJpA��nL�(u)�9nLxÁu<����L@(�����5���²Á��bwJnRny�.r2u)�Fr2{�u)oJ��¿>p[{�´Du)�9qsp[oJny�E� � qsn9{�newJn9�yq�{E� � nR��n
u)µJxsq��9u)o3u � ok�yp[o�¾ � o8r�pjwJnPµ � o8r2p)�Rn9o�n9xºµJxÁu�oJp�Ì�pj�.p[x�p � okµ � o8r2p8Ïfru)o8r2u)�L�[ny�9ny�
�9p)´Dp7��n=q�o?wJq�� � n�½��.q1��ner2q�nyoJn�i3q ³ � u)x*ub�yn9{.pJ½tu � H ny�\xÁu
q�wJnyoTr�q�w(u�w���u � H {²^I}I��^+½
��nL´�u)o8r�q�n9o?nenyx�´Nq��.´Dp
�9p[o¹¾ � o8r2pJ½�n9�Fw?n9�9qs{9½�xÁuKr2{2u�oJ�.¿>p[{.´�u��9q�¼)oDoJpb��n=u)µ?x�q��9u?½8��q���n
r2qsn9oJnJi�q ³ � u)x1u�·)½JxÁubr�{2u)oJ��¿>p[{�´Du)�yq�¼[oj�.n7u�µJx�qs�au � oJu;�)n9Ò7u)xX�9p)o�¾ � o8r2pNwJnKµ � o8r2p)�9½
�Du)��Ä�� � �yn9�.qs��u)´Nn9o8r2n�l ² x�u)µJxsq��au�{Ex�u
r2{�u)oJ��¿>p[{�´Du)�9qs¼[oNq�o8�[ny{��2uA�.nR{�n ³ {�ny�2uAq&r2n9{�u)�9qs¼[o
r2{�u)�\qsr�n9{�u)�9qs¼[o�u)x,�9p)o�¾ � o8r2pNp[{�q ³ q�oJu)x5l

conjunto S

f f f

f f f−1 −1 −1

iteracion 1 iteracion 2 iteracion 3iteracion 0

�ºq ³ � {�uAùJlúø D ÓFp[´Nµ�p)��q��yq�¼[ojw?nKr�{2u)o?�.¿>p[{.´�u)�yq�p[o?n9�9l
�~oªxÁuk�Qq ³ � {2u3ù?l�ø3�.n!´ � n9��r2{2u�oÊr�{�n9�Pq&r2ny{2u)�yq�p[oJny�Aµ(u){�u � o]�yp[o�¾ � o8r�pgw?n!µ � o8r2p[�
u){.zJqsr�{2u){.q�pJ½*� � u�oJwJp��.n�u�µJx�qs�au)o3r�p�w(u��
x�u)�=r2{�u)oJ�.¿>p){�´Du)�9qsp[oJn9�=w?n9xÁu�oTr�n9{�u)�7�.nDxsx�n ³ u
u)x~�yp[o�¾ � o8r2p!´Du){��9u)wJp��9p[´Npjr2ny{��9ny{2u!qsr2ny{2u)�yq�¼[ozu�� Ê {²^I}�À,z(u�¾.pv�9u)w(u�qsr2ny{2u)�yq�¼[okx�u)�
q�´DÅ ³ nyoJn9�Su¬{²^I}F��p[o!wJqs�.r2qso8ru)�\wJnyx,�9p[o¹¾ � o8r2pNp[{�q ³ q�o(u�xP^Ê�.p[zJ{.n
nyx�� � u)x,�.n
u)µJx�qs�au)o1l² �?p[{2u?½?��q,��n
u)µ?x�q��9u)ojxÁu��\qsr2ny{2u)�yq�p[o?n9�0r2{�u)��ny{2u)�y½(��n
{�n ³ {�ny�2uNu)xX�9p)o�¾ � o8r2pNq�oJqs�9q�u)xU^0l
�~o�xÁuA��q ³ � qsn9o8r2n=� � zJ��ny�9�yq�¼[ov��n=n9��r � w?qÁu){�Å � o!r�q�µ*pAwJn=r2{�u)oJ�.¿>p){�´Du)�9qsp[oJn9�F�9p[o � o(u
n9��r2{ � �yr � {2u;µ(u){�r2q�� � xÁu�{0� � nKwJn9oJp)´Dqso(u){�ny´Dp)�=�:�. )�?�>�a�����N ����5���1��K �ÞM�1���l
õ�Ê¥É!Ê �zÑ¬Í&ìXÏPß¾è�Ñ¾t Í&ÓQêÂè&ìXÎOÏ�Í��*ì�ÎOÏ
ô�u)�A���. )�?�>�a�����N ����5���1��b �ÞM�1��N�j%4�6�1�� )%����½d�yp[´Dp���nb�)n9{2Å�½X��p[okx�u)�e¿ � oJ�9qsp[oJn9�L� � n)½
u)x(�.n9{0u�µJx�qs�au)w(u��~��p[zJ{.n � o��9p)o�¾ � o8r2p7wJneµ � o8r2p[�y½ ³ nyoJn9{�u)oD¿>{�u)�yr2u)x�ny�9l�ô�u)�~r2{�u)oJ�.¿>p){�Ã



��Ý�è��Fá1�(ßºì¼�hâdá¾���(å8æ�â*ß�ê�ì!�÷:Iß�ê�ì ÿ��
´�u��9q�p)oJn9�0�.p[o!xÁuAµ(u){�r2n=´DÅ)�\q�´Nµ*p[{.r2u)o8r2nLw?n
xsp[�0�.q��.r�n9´Du)�\wJn=¿ � oJ�yq�p[o?n9�\qsr�n9{�u)w(u)�y½
�8u!� � n��9p)o#xÁu��Rr2{2u�oJ�.¿>p[{.´�u��9q�p)oJn9�K�9p){�{�ny�yr2u)�9½�µ*p�wJny´Dp)� ³ n9oJny{2u){
µ(u�r�{�p[oJny�7�yp[´PÃ
µJx�qs�au)w?p[�FwJn ³ {2u)o���ny´Dn�¾�u)oJÒ9uA�9p[o�x�p)�0� � n=��nKn9o?� � nyoTr�{2u)o!n9o�x�ubo(u�r � {2u)xsn9Ò9uA�9p[´Np
o � z�ny�9½d´Np[o8ru)»(u��9½Jz*p[��� � ny�ep!¿(p[{.n9�yl
ô,p[�,� � u�r2{�p\r�q�µ*p[�1wJn~r�{2u)oJ��¿>p[{�´Du)�yq�p[oJny�Xu¾�JoJn9��z(Å)�.q��9u)�,��p[o D r2{�u)��x�u)�9qs¼[oX½�n9���9u)xÁu�´Dqsn9o�Ã
r2pJ½¹{.n¼¿(ny�9�9qs¼[ob�
{�p�ru)�yq�¼[oXÀa�
�.p[obr2{�u)oJ��¿>p[{�´Du)�9qsp[oJny�ºxsq�oJn9u)x�ny�9l Ö p[o7q�´Nµ�p){.ru�oTr�n9��µ*p[{
� � �.q�´NµJx�qs�9qsw(u)w;´�u�r2n9´DÅ�r�q��au�½[µ � nywJn9ojn�¶?µ?{�n9��u){��.n=´DnywJqÁu�oTr�nex�u
´ � xsr�q�µJxsq��au��9q�¼)oAwJn
� o(u�´�u�r2{�qsÒjµ�p){ � o]�)n9�yr�p[{�Ì�µ(u){�uk�(u)�9ny{Dny�.r�p��.nvnyx�ny��u�xÁukwJqs´DnyoJ��qsp[o(u)xsq�w(u)w�wJn
xÁu�´�u�r2{�qsÒ;uÔ� Ê Ï=p�´Nn9wJq�u)o8r2n;xÁu�´ � x&r2q�µ?x�q��9u)�9qs¼[o3wJn � o(u!´�u�r�{�qsÒPµ�p[{ � o��[n9��r2p[{y½
´�Å��=p)r2{.p<�[n9��r2p[{yl�MLr2{�pj{�u)� ³ p!qs´Dµ*p[{�ru)o8r2n7n9�y½,�9p[´Np<��q�´Np[�=u)o8r2ny{�qsp[{�´Nn9o8r2n�½X� � n
µ�p�wJny´Dp[�K�yp[´Dµ*p[oJny{=�)u�{�qÁu��Rr2{2u�oJ�.¿>p[{.´�u��9q�p)oJn9�yÀ,µ�p[{Kn�¾.n9´NµJx�pJ½ � o(uv{.p)ru��9q�¼)og�yp[o� o(ujr2{�u)��x�u)�9qs¼[oX½1µJu){2uj¿>p[{�´Du){ � o(u!�.p[xÁu<r�{2u)oJ��¿>p[{�´Du)�yq�¼[ok� � nN�(u)�ynNn�¶?u)�yr2u)´Dnyo8r2n
x�p;´Nq���´NpA� � nKxÁu��0r2{2u�oJ�.¿>p[{.´�u��9q�p)oJn9�\p[{.q ³ qso(u)xsn9�Fµ*n9{.p;n9o � ov�.p[x�p;µ(u���pJl
�(p[{�´Du)x�´Nn9o8r�n)½ � o(u3r2{�u)oJ�.¿>p){�´Du)�9qs¼[o�u�¿>Äso�n9� � o(u3¿ � oJ�yq�¼[o��ÐzK� sÚâ � s wJnjx�u
¿>p[{�´Du

�`{;�J�¥°½}K� {Z¡���²w£�°�²���� ¯��~² á3°J²wuU}Â� Ì>ùJls·�Ï
wJp[oJw?n&¡(½<£�½I¯¹½Iád½��[½J�Ôu3��p[o!o Ô ´Dny{�p[�Y{.nau)xsn9�9l
ÓFp[o!xÁuAoJp)r2u)�9qs¼[o�n9� � q&�)u�x�n9o8r�n
w?n
´Du�r�{�q��yn9�F���[n9��r2p[{.n9�y½*r�n9oJny´Dp[�\xsp;��q ³ � q�nyoTr�n D

�`{��J}K�8��� � °� �!� ¡ £¯ á" � � °# ²$� �u	 �&%'�C²�(�c

² � � Ä)%ò� � ¡ £¯ á" n9� � o(u;´�u�r2{�qsÒRwJnul��Âlb�*( n9� � o��[ny�yr2p){e�yp[x � ´No(u � �u	 l
�~x?�[ny�yr2p){~�9p[x � ´DoJuL�9p[o;x�u)�Q�yp[´Dµ*p[oJnyo8r2n9�|�N��°
{�nyµJ{�ny��nyoTr2u � oNµ � o8r2pKn9oPnyxJµJxÁu�oJp
n � �yx�qswJqÁu)o?pJl ² xFu)µJx�qs�au){Kx�u)�
r�{2u)o?�.¿>p[{.´�u)�yq�p[o?n9�
��n<wJnyz�n�µ�nyoJ�2u){bn9o^�yp[o�¾ � o8r2p)�AwJn
µ � o8r2p)�
�.p[zJ{.nPn9xIµJx�u)oJp<�yp[´Npj��nPn�¶�µJxsq��y¼�u)o8r2n9{.q�p[{.´Dnyo8r2n)½*�8uj� � nPxÁue�(o(u)xsq�w(u)w�n9�
´�u�oJq�µ � xÁu){Ex�p[�\�yp[o�¾ � o8r2p)�fµJu){2uPp[z?r�n9oJny{ew?qs¿>n9{.n9o8r2ny�l� ³ � {�u)�9l
ô�u����. ���%& ����²Á����.nKu)µJx�qs�aub� � u)oJw?pN�.nKwJn9�.nau;´Dp��[ny{\�au)wJuAµ � o8r2pDu � o(uPo � ny��uPµ*p[��q Ã
�9qs¼[oK� � nEwJqy�(n9{.nMwJnMxÁu\µ�p)��q��yq�¼[o=p){�q ³ q�o(u)x�n9o � oK�[n9��r2p[{'�9p)oJ�.r2u)o8r2n)½¹ny�ºwJny�9qs{9½�� � ´�Å)o�Ã
wJp[xsnbuN�au)w(u;�[ny�yr2p){Rp[{�q ³ q�oJu)xXn9x��[ny�yr�p[{LwJn7x�p[�fq�o?�9{�ny´Dnyo8r2p[�yl��~o3x�uD�ºq ³ � {�uNù?lúùD��n
{�nyµJ{�ny��n9o8r2u � oÊ� � u�wJ{2u)w?pgnyo]nyx\µJxÁu�oJpk� � n���n�r2{2u���xÁu�w(uku � o(uko � ny��u�µ�p[�.q��yq�¼[oXl
t�u�r�n9´DÅ�r2qs�au)´Nn9o8r2n=�.nKwJn9�.�9{�qsz�nKwJnKx�uA��q ³ � q�nyoTr�nK´�u)o?n9{2u



ÿ<? �Xæ�ìyà�ê����(ìPã�ê���ä'ßºå8æ>â*ß'ê�ìNæ>àaê�á1�(ãJ�(ì

Traslacion

Escalamiento

Reflexion

Rotacion

�Qq ³ � {�uAùJlúù D �º{�u)oJ��¿>p[{�´Du)�9qsp[oJny�\z(Å)��qs�au)�yl
�+� � °  �,� D || D  � � °  ²-� �u  �!� ��².�°J²wu  

n9o!wJp[o?wJn/�
�Ôu3{�nyµJ{�ny��nyoTr2u)o�xsp[�\q�o?�9{�ny´Dnyo8r2p[�Y��p)zJ{�nKxÁu��\�9p[´Nµ�p)oJn9o8r2ny�l����°*l
�~xQ����� )%& )�P�5���(���ewJn � oN�9p)o�¾ � o8r2p
wJnYµ � o8r2p)���.ne{.n¼�(ny{�nfu=xÁu=�9p)oTr�{2u)�y�9qs¼[o;p
n�¶�µ(u)o�Ã
��qs¼[o<wJnyx1�yp[o�¾ � o8r2p?l Ö n={.n9� � q�ny{�nRw?n � o<¿�u)��r2p[{EwJn=n9�.�au)x�u)´Dqsn9o8r2p7� � n=wJn9o?p)ru){.n9´Np[�
�9p)´Dp10
�ju)�yr Ô uP��p[zJ{.n7x�u)�0�yp[´Dµ*p[oJnyo8r2n9�O���)°�wJnKxÁuP�.q ³ � qsn9o8r2n=´Du)oJny{2u

� � � °� � � 0 || 02 � � °� ² � ||3 � � 0=�0�°� c



��Ý�è��Fá1�(ßºì¼�hâdá¾���(å8æ�â*ß�ê�ì!�÷:Iß�ê�ì ÿ @
Ö q,n9xX¿�u��yr2p){40
n9�Y´Dua�[p[{\� � n¶DKn9o8r2p[o?�9n9�fn9x,�yp[o�¾ � o8r�pD�.n
n�¶�µ(u)oJwJn�l Ö q)0
ny�e´Nn9oJp){
� � n�D0nyoTr�p[oJ�yn9�Mn9x��9p[o¹¾ � o8r2p=��nF�9p[o8r2{�u)n)l ² �Jp){2u?½���q�wJn9�.nau)´Np[�Iny���au�xÁu){ � oP�9p[o¹¾ � o8r2p
wJnDr2u)x~¿>p[{�´Duj� � n�x�u!ny���au�xÁuv�?p[{�qsÒ9p[o8ru�xM��x�u��)n9{�r2q��9u)xMwJqA�Jn9{2u�oX½���n�w?n9z*n�n9�.�9p ³ n9{
��u)x�p[{.n9�\wJqs�.r�q�o8r2p[�\µJu){2uPxÁu��\�9p[´Nµ�p)oJn9o8r2ny�l����°

��� � °5 �,� 076 || 098: � � °� ²$� ||3 �,� 076=�078Â°; c

�~x0¿�u)�yr�p[{<0=6 ´Np�w?qA�(�9u xÁu n9�.�au)x�ug�Jp){�q�Òyp[o8ru)xFwJn9xY�9p)o�¾ � o8r2pg´Dqsn9o8r2{�u)�P� � n�078
´Dp�wJqy�(�aukxÁu�n9�.�au)x�u��)n9{�r2q��9u)x5lM�~o]xÁug�Qq ³ � {2ukùJl ù��.n�{�nyµJ{�ny��nyoTr2u#n9xYny���au�xÁu)´Nq�nyoTr�p
wJn � o�� � u�wJ{2u)w?p!nyo�w?p[oJwJn1076e�>098Aµ*p[{=x�p<� � n;x�u<n9���9u)xÁuj�Jp){�q�Òyp[o8ru)x'�3�[ny{.r�q��au�x
µ�ny{�´Du)oJny�9n9oÊn9oÊxÁu3´Nq��.´�uvµJ{�p[µ*p[{.�9q�¼)oXlMÓ0u)z*n���n9»Ju)xÁu){b� � nvnyo]xsp[�A��qs�.r�n9´Du)�PwJn
¿ � oJ�yq�p[oJny�=qsr�n9{2u�w(u)�R� � n;oJp[�=qso8r2n9{.n9��u)oX½,n9xº¿�u)�yr�p[{RwJnPny���au�xÁu)´Nq�nyoTr�p*0Nw?n9z*n9{2Åj�.n9{
´DnyoJp[{\� � n¶D[l
ÈQu){�u#xÁugp[µ*n9{2u��9q�¼)o_wJn#�2�>�Y�.Z[�²Á�� �.n3wJnyz�nyo+�au)´Az?qÁu){Nx�p[�D��q ³ oJp[�NwJn3xsp[�D��u)xsp[{�ny�
wJn;xÁu<wJq�u ³ p[oJu)xQwJn;x�u<´�u�r�{�qsÒ)À*��q~��n;� � qsn9{�n;�(u��9n9{ � oJu�{.n¼¿(n�¶�q�¼[o�r2p[´Du)oJw?pj�9p[´Np
{�n�¿>n9{�nyoJ�9q�uNnyx,n�¾.n�°*½?xÁuPµJ{.q�´Nn9{�uAn9o8r2{�u)w(u;wJnKxÁuA´Du�r2{.q�ÒRwJnyz�nK�.n9{YoJn ³ u�r2q&�)u

��� � °  �,� y�D || D  � � °  ²$� ||  �!� yO�°  c

�~o#xÁu!�Qq ³ � {2ujùJl ù�x�u)�Kx�ÄsoJnau)�=qsoJwJqs�au)ogn9xM´Np¹��qs´Dqsn9o8r2p�wJnNx�p[�Kµ � oTr�p[�7��x�uX¿Jn9��(u
{�nyµJ{�ny��n9o8r2ubxÁuRo � n��)u
µ�p)��q��yq�¼[oPw?n9x(µ � o8r�p7p[{.q ³ qso(u)x:l Ö q(�.nY{�n9� � qsn9{.nf� � nfxÁu={.n¼¿(n�¶?qs¼[o
��n9uD��p)zJ{�nKn9x�n�¾.n���½d�.n
w?n9z*n7�(u��9n9{foJn ³ u�r2q&��u;x�uA�9p[´Nµ*p[oJn9o8r�n&°*l(Èºp){fp�r2{�pNxÁu�wJpJ½?�.q
��nN{�ny� � q�n9{.n;{�n¼¿Jn�¾�u){K��qs´ � x&rÅ)oJn9u)´Nn9o8r2nP{.n9��µ*n9��r2pvu)x~n�¾.n`����n9x~n�¾.n!°*½X��n;r2qsn9oJnPxsp
��q ³ � q�nyo8r2n

� � � °� � � yuD || yuD= � � °� ² � ||? � � yO�y�°# l
ô�uD�2���h ����²Á���wJn � o<�yp[o�¾ � o8r2pbwJnLµ � oTr�p[�F�yp[oJ�.q��.r�nLnyo ³ q�{�u){Mn9x*�9p[o¹¾ � o8r2pAu�x�{�nywJn9w?p[{
wJn � oÕµ � oTr�pJl�Èºp[{Nn�¾.ny´Dµ?x�pJ½Ix�ugn�¶�µJ{�ny��q�¼)o � r�q�x�qsÒau)wJu3µ(u){2u � o(u�{�p�ru)�yq�¼[oªwJnv÷[ý³ {2u�wJp[�9½(ny�YxÁuA��q ³ � qsn9o8r2n

� � � °� � � | Dy�D |3 � � °# ² � ||3 � � °yO�� c



� B �Xæ�ìyà�ê����(ìPã�ê���ä'ßºå8æ>â*ß'ê�ìNæ>àaê�á1�(ãJ�(ì
�~oPxÁu=�Qq ³ � {�ueùJl ù=��n\{.n9µJ{.n9��nyo8ruKxÁuL{.p)ru)�yq�¼[obwJn\xÁuLqs´�u ³ n9oAnyoPµ(u)�.p[�~wJnY÷[ý ³ {�u)wJp[�yl
ô�uer2{�u)��x�u)�9qs¼[oX½¹{�nÂ¿(n�¶�qs¼[oX½)ny���9u)xÁu)´Nq�nyo8r2pe�7{�p�ru)�yq�¼[o7��p[oAr�{2u)oJ��¿>p[{�´Du)�yq�p[oJny�Qz(Å���q��9u)�
� � nN��nNµ � n9w?n9o^�yp[´AzJqso(u){=µ(u){�u!´Du)oJqsµ � x�u){Lnyxû�9p[o¹¾ � o8r2p wJnÙµ � o8r�p[� wJn � o(u
´Du)oJn9{�uAn9�.µ�ny�9ÄA�J�au?ld�Q¶�q���r2n9o�p)r�{�pAr�q�µ*pPwJnRr2{�u)oJ�.¿>p){�´Du)�9qsp[oJn9�0u¾�(oJny�f� � nKoJp)�\µ�ny{�Ã
´Nqsr2nP{.p)ru�{=�9p[o�´�ua�[p){
xsq�z*n9{�ru)w3��� � nNq�oJ�yx � �)n9o�xÁu)�Rr�{2u)oJ��¿>p[{�´Du)�yq�p[oJny�=z(Å)�.q��au��9l² ny�.ru��;r�{2u)o?�.¿>p[{.´�u)�yq�p[o?n9�A�.njx�n9�PxsxÁu)´Du��:�. )�?�>�a�����N ����5���1������N�������9Ãy )�A@� ��#��n
n�¶�µJ{.n9��u)o�wJnKx�uA��q ³ � q�nyoTr�nK´�u)o?n9{2u

��� � °� �B� ®G¯DC?0=E yX®?0=�diFE®?02�di	E ®�¯DC?0=EG � � °5 ²-� �u	 ½
� � � °� � � ®�¯:CH0=E ®30=�di	E®30=�diFE yZ®G¯DCH02EH � � °� ² � �u	 ½

n9o�wJp)oJwJn/EAn9�Yx�x�u)´Du)wJp
n9x�Å)o ³ � x�pPwJn={.p)ru��9q�¼)o<��r2p)´�ub��u)xsp[{�ny�0n9o�|��IE � lKJk�®Any�exsxÁu)´Du)wJpAnyxX¿�u)�yr�p[{\wJn
n9�.�au)x�u)´Dqsn9o8r2p?lJ�~�.r2u)�e�.p[o � o(uP¿>p[{�´Du ³ n9oJny{2u)xsq�Ò9u)w(uAwJn
xÁu��0r2{2u�oJ�.¿>p[{.´�u��9q�p)oJn9�0zJÅ)��qs�au)�yl

õ�Ê�ívÊ æáÑ¬è�éXê¼ÎOÕXÍ�Õ�ÎOÏ Õ�Î ÎOÏPéÔÍ�ÓQê¼è&Ï t 4NÐPÑLê¼ÓQèEÏ © ÏJÒ�ó)öÓQè&ìBPÒXì`ÐJèEÏ
õLny���9{.q�zJqs{�ny´Dp[�M�yq�n9{�ru)�MµJ{.p[µJqsn9w(u)w?n9�Mr2p[µ*p[x�¼ ³ q��9u)�I� � nfoJp[����n9{�Å)o�w?n � r�q�xsq�w(u)wPµJu){2u
n9o8r�n9oJwJny{Kn9xQ�yp[´Nµ�p[{�ru)´Nq�nyo8r2p�w?nPx�p[�e�9p[o�¾ � oTr�p[� ³ n9o?n9{2u�wJp[�=µ*p[{Lxsp[�R��qs�.r�n9´Du)�RwJn
¿ � oJ�yq�p[o?n9�0q&r2n9{�u)w(u)�E� � n=u)��r Ô u)oj�.p[zJ{.nRn9x�n9��µJu)�9qspA´DÂ�r2{.q��9p&� s ½�n9��ru)�0µ?{�p[µJqsn9w(u�wJn9�
��n�µ � n9wJnyo ³ nyoJn9{�u)x�qsÒau){�u�i wJq�´Nn9o?��q�p)oJn9�jµ*n9{.p]oJp)�!nyo?¿>p��au){.n9´Np[�jn9oÍn9xKµJx�u)oJp
n � �9x�qswJqÁu�oJpJl
ÈQu�{2u�n9o8r2nyoJwJn9{�xÁu)�;µJ{.p[µJq�nyw(u)wJny�Nr�p[µ*p[x�¼ ³ q��au��AwJn9z*n9´Np[�Nn9o � oJ�yqÁu){N�9p)´DpgµJ{�qs´Dny{
x � ³ u){<xspÊ� � n�ny� � oJuÊ� � �9ny��q�¼)o wJn�µ � oTr�p[�9lS5fo(uÊ� � �9ny��qs¼[o ny� � o �yp[o�¾ � o8r2pÊwJn
n9xsn9´Nn9o8r2p)�E� � nfwJn9o?p)ru){.n9´Np[��wJnLx�u=¿>p){�´Du b ���nhKL�=M r x�p[�M� � u)x�ny�E�.p[o�µ � oTr�p[�Fnyov� s lÖ�� p[{.wJn9o(u�´Dqsn9o8r2p3ny�.r2ugw(u�wJpkµ�p){An9x\ÄsoJwJq��yn�� � n���n�wJnyoJp)r2u3�9p[´NpÆi_�#r�q�n9o?njxÁu
µJ{.p[µJq�nyw(u)w�wJnKµJ{.n9��ny{.��u){Yn9x,p){�wJnyoXl
�~o]o � ny�.r�{2u�z Ô ��� � nyw(u���ny�.r � wJq�pgwJnj¿>{2u)��ru)xsn9� ³ nyoJn9{�u)wJp[�Nµ*p[{Px�p[�P�.q���r2n9´Du)�;wJn
¿ � oJ�yq�p[o?n9�Pqsr�n9{�u)w(u)�7��n�wJn9z*n<r2{�u)z(u¹¾�u�{A��p[z?{�n � oªn9�.µ(u)�yq�pk� � nj� � ´DµJx�u3�9p[o��yq�ny{�Ã
ru��0µJ{�p)µJq�nyw(u)wJny�0x�p[�E� � u�x�n9�Fx�xÁu�´�u){.n9´Np[�R���@? ����5���R�C6������5����7����L@*%���������½�u)o8r2n9{.q�p[{�Ã
´Nn9o8r2nK��n7wJn¼�JoJq�¼Du!� s �9p[´Np � o�n9�.µ(u)�yq�pN´DÂ�r2{�qs�9pJ½Ju)�Jp[{�uN�.n7n�¶?µ?x�q��9u){2ÅPxspN� � n7n9�



��Ý�ÿzå7á¹âdëQæ>ê�ã��Jã'ê�ì;ã'ê�ê�ìyëL�(å8æ>â*ì!��08à�á�æ:å[â*ìr�]ìaä�íMå[â�ß��aä'ß�à�â*ì �ºÜ
� o(u!� � �yn9��qs¼[o^wJn<Ó0u � ��8��µ(u){2u�µ*p[�.r�n9{�qsp[{�´Nn9o8r�nDwJnÂ�(oJqs{7uX� s �9p[´Np � o#n9�.µ(u)�yq�p
´DÂ�r2{.q��9pP�yp[´NµJx�n�r2pJl
ïjê�:Qß'æ:å8æ>ç*ß_ÿ¢ÿ �* A��B(�����²Á�� b ���nh L�=M r ����@*B��(�����
������%,���@? ����5�A�C6������5���{9� s �má�}
��<%6%& )�N 8�8 3B��* #� � �yn9�.q�¼[oªwJn�Ó0u � ��8�`���~@? )�. ^��B? )%&�9B��5�����(��������k�8 8���ON*P |�C
�? )�DB��#���(�������fQP |��h )%'�9B(�

á {9���÷�k�thN} � N @? )�. ����9�8 ui¬�R�SP f�c
�~�.r2pe� � q�ny{�nMwJn9�yq�{�� � n)½�w(u)wJuf� � u)x�� � qsn9{,wJqs�.r2u)oJ�9q�u\µ�p[�.qsr�qs��uTN9½�n9�'µ�p)��q�z?x�n~n9o?�9p[o8r2{�u){� ojÄ�o?wJq��yn,f Ì�� � nLwJn9µ*n9oJw?n
w?n�NÏ�r2u)x1� � nRµJu){2uA� � u)x�� � qsn9{Eµ(u){0wJnLÄ�oJwJqs�9ny�Çi��'�k½
� � n0� � µ�ny{2u)oPu�f�½�xÁuYwJq���ru)oJ�yqÁuYn9o8r2{.n0x�p)�ºµ � oTr�p[�I�yp[{�{.n9��µ*p[oJw?q�n9o8r�n9�IwJnExÁuY� � �yn9�.q�¼[o
n9�Y´Nn9oJp[{\� � nUN9l

x x

x

x
x

x
1

2

3

5

6

9

x
x8

7

x10

x11

13x

x12

Sucesion infinita
   de  puntos

x4

ampliacion
ampliacion

... y asi
hasta el
infinito ...

R
2

�Qq ³ � {2ubù?lÎ¸ D�Ð ´�u ³ n9oj{.n9µJ{.n9��nyo8ru)oJw?p�� � �9n9�.qs��u)�Yu)´NµJxsqÁu)�yq�p[oJny�E�.p[zJ{.n � o(uP� � �yn9�.q�¼[o
wJn7Ó0u � ��8�[l
�~ogx�u<�Qq ³ � {2uNùJl�¸���nPp[zJ�.n9{��)u<x�u�{�nyµJ{�ny��nyoTr2u)�9qs¼[o�wJn � o(u<� � �9ny��qs¼[o�wJnAµ � o8r�p[�=n9o� s ½'�9p)o?¿>p[{�´Nn<x�uv��ny{�qsn���uku���u)o?Òau)oJw?pkx�p[�7µ � o8r2p[�P�.n7¾ � o8ru)o��9u)w(u��)n9Òj´DÅ)�jÌ>��n
{�nyµJ{�ny��n9o8r2u��(u)�yq�n9o?wJp!u)´Dµ?x�qÁu��9q�p)oJn9�R�.p[zJ{.nN� � z*�9p[o�¾ � oTr�p[�
wJnDµ � o8r2p[�2Ï�½�µ�ny{�p�n9��r2p
oJpj� � q�ny{�nAw?n9�9qs{R� � nP�9p)oT�)n9{6¾�u)ogu � okµ � o8r2p�ny��µ*n9�9Äy�(�9p?lXÈQu�{2u<�2u�z�ny{=��qQ�yp[o8�[ny{ ³ n
u � ovµ � o8r2pNpDoJp;qsoTr�{�p�w � �yq�{�ny´Dp)�0xÁuA�.q ³ � qsn9o8r2nKwJnÂ�(oJqs�9q�¼)oXl
ïjê�:Qß'æ:å8æ>ç*ßw�Ðÿ �* A��B(�����²Á�� b ���nh L�=M r ����@*B��(�����
������%,���@? ����5�A�C6������5���{9� s �má�}
���A�)�5��P�9B(�;����(S)���:	��b )%(@*B��(���UVËk�� s CM���,@? )�. v��B? )%&�9B��5���
�(�������2���8 8���WNXPx|�C
�? )�DB��#���(�������fQP |��h )%'�9B(�



��è �Xæ�ìyà�ê����(ìPã�ê���ä'ßºå8æ>â*ß'ê�ìNæ>àaê�á1�(ãJ�(ì
á/{;���½����} � N q ¡ ®¾¡OYZC�á�¡±i P f�c

cE%*@*B��(���WVÌko� s ��N�����*���N����(S)���5	��b%& ���Bd�����²Á��g�3��A%6%& )�N 8���!��%1xsÄ�´Nqsr2n=w?nPxÁu
� � �9n9�.q�¼[o1½(x�p;wJn9o?p)ru){.n9´Np[�\�9p)´Dp []\^`_�=a L ���&�b�
� {2Å¾�(�9u)´Nn9o8r2nNx�p!µ�p�wJny´Dp[�K�[ny{b�yp[´Dp � o^�yÄ�{.� � xspvwJnD{2u)w?q�pcN7� � n���u�r2qs�.¿�u)�yn�� � n
wJnyoTr�{�p3w?n�Â9x�n9��ru){�Å)o#r�p�wJp)�7xsp[�7µ � o8r2p[�Aw?n�xÁu�� � �9n9�.q�¼[o^u�µ(u){�r2q�{KwJnyxEÄsoJwJqs�9nvf�½
wJp[o?wJn�fÙr�Ä�µJqs�au)´Nn9o8r�nR�9{.n9�9n
�9p)o?¿>p[{�´NndNYn9�Y�au)wJu;�)n9Ò
´�Å)�\µ*n9� � ny»(u?l

limite
punto punto

limite

ampliacion ampliacion
R

2

... para siempre
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 conjunto de  
puntos limite

conjunto S =
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Èºp�wJn9´Np[�\qs´�u ³ q�o(u){.oJp[�yÀ8µ�p[{Fn�¾.n9´NµJxspJ½ � o(uP� � �yn9��qs¼[o�q�o½�JoJqsr2ubwJnRµ � oTr�p[�Y� � n=n9��r2Â
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E. coli

Ch. trachomatis
C. elegans

T. maritima

H. sapiens
C. thaliana

B. subtilis

0.00

S. solfataricus
T. volcanium
M. jannaschii

354.08708.171062.251416.33

B. subtilis

0.00

Ch. trachomatis
S. solfataricus
T. volcanium
E. coli
C. elegans
H. sapiens
C. thaliana
M. jannaschii
T. maritima

877.46 658.09 438.73 219.36

�kCq�5L7H?1p¡jeÆ¥1��^F.8,79hHN*��-HN1�mO15@"�-.0,7.8HN1597*-@WHN.0@p��.86�=?CD241�mK.8,B=N.|68*-,^/[14@-mI14=NHNCD68.8@O97.
97C<@p=V15,h68C[14@:9¢7_X nmü¢�\*5Hv.8/§m�Â0=?*d97*n97. ��.8@S*-@_��*-,79h.8H?1497*-@8e
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E. coli

Ch. trachomatis
C. elegans

T. maritima

H. sapiens
C. thaliana

B. subtilis

0.00

S. solfataricus
T. volcanium
M. jannaschii

1019.74 764.81 509.87 254.94

E. coli

Ch. trachomatis
C. elegans

T. maritima

H. sapiens
C. thaliana

B. subtilis

0.00403.92807.841211.761615.68

S. solfataricus
T. volcanium
M. jannaschii

�kCo�-L7H?1c¡hez©1�D^F.0,797HN*��-H?1�mO1-�E15HN1�/[1"mO14=?HSCq�m9h.n97C<@p=V15,760C[15@P9¢7û�-.8,h.8H?1497*Z�\*-HF.8/m�Â0=?*d97*n97.U25.868CD,7*-@u68.0HN6314,7*-@vX�2-.068CD,7*-@u/<.bPN14,7*-@0:hHN.8@A�\.060=NCD241�mK.8,B=?.4e
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0.00

B. subtilis
S. solfataricus
T. volcanium
Ch. trachomatis
M. jannaschii
T. maritima
E. coli
C. elegans
H. sapiens
C. thaliana

588.55 441.41 294.28 147.14

0.00

H. sapiens

B. subtilis
Ch. trachomatis
S. solfataricus
T. volcanium
E. coli
C. elegans

C. thaliana
M. jannaschii
T. maritima

1259.33 944.50 629.67 314.83

�kCq�5L7H?1 ¡heB®W�Û^F.0,797HN*��-H?1�mO1Z�E15H?1W/[1-mO14=?HSCq�n97.K97CD@S=V14,768C<15@.nmü �-.0,7.8HN1597*5�\*-Hr.0/m{Â�=?*d97*Y97.U2-.068C<,h*-@{68.8HS6315,h*-@uXI2-.860C<,7*5@u/D.bPN15,h*-@0:7HS.8@A�\.060=?CZ241�mO.0,B=?.5e
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