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�^]�_a`^bdcfehgjilk
m�noi�p�`Epoqorhstm�eu`Ebwvx`jgjilr y z|{�}�~J� y z�� �a��� y z����d���� noilk�i y z|{�} s^bdg y z s^kfi�m�noi�p(`^poqdr�s�mfe�`^bdc�eub�c$qd����i�cfcfeu�Ei��^i�boilk�stm�eu`Ebdcl� � e�c'mfnoi��dboeumfi�boi�mMk�s�mfi#`^��e�bd�lkfi�s^cfi�s�bdg��s^bdg?��s^kfi���`Ebdc$m�s�bNm�c
goi��dboe�bo�xm�noi#gjilb�c$eum��?gji�p�i�bdgjilbNm'�|i�i�gj��s^����m�ilk�v �¡�l¢£]
� s �w¤ �?goi��dboe�bo��¥ z¦~ � y z `^�om�s�e�b§mfnoi#c��ls^rui�g?i�¨Nqdstm�eu`Eb¥ z|{�}�~J� ¥ z©� �a�1¥ z�� �d� �cfno` � e�bo�xs�r�rªboi��li�c�cfs^kf� � `^k��)eubd�d]&«Vndstm'ehc
mfnoi�e�vxp�`Ek$m�s�bd�li�`��&mfnoi#c��ls^rui�g?i�¨Eq�stmfe�`^b(¬� � �§­ no` � m�ndstm�m�noi^�obd`^bj®¯boil�Nstm�eu�Ei^�N�o°ji�g§p(`^e�bEm�c
`��&mfnoi#c��ls^rui�g?i�¨Nqdstm�eu`Eb§s^kfiM�^e��^i�bw�)�¥�±} ~J²d�¥ ±³ ~´�µ�t��¶·§¸ �E¹«Vn�stmG��`Ebdgjeumfe�`^b�v�qdc$mx�(iReuvxp(`Ecfi�g�qop�`Eb�m�noiR�ts�r�qoiw`^� � �|`Ekºmfnoi;c$mfi�sEgj�N®¯c$m�s�mfiRc$`Eruqomfe�`^b�¥ ±³ mf`���iRbo`Ebj®bdil�Es�mfe��^i»¬� � �w¼ i�m�ilk�vxeuboi�m�noi#c$m�s��deur�e¡m��?`��&mfnoi�m�kfe��)e�s^r��o°ji�g)®¯p�`EeubNm'cf`^r�qjmfe�`^bRs^c�s��|qobd��mfe�`^b;`^� � ]� g �w½ cfcfqovxe�bo��m�ndstm�� ~"¾ gjilmfi�kfvxe�boiMmfnoi�c$m�s��deur�e¡m���`^�ªmfndiMbd`^bj®£mfk�eu�)ehs�r��o°ji�g)®¯p(`^e�bEm'cf`^r�qjmfe�`^b§s^c
s#�|qdbd�¿m�eu`Ebw`^� � ]� i �wÀ `^k
m�noi#�lsEc$i�� ~Á¾ gjk�s � s�c$mfi�s^gj�N®Âc�m�stmfi�gjehs��Ek�s^vÃ�|`^k
mfndi�bo`^bj®¯boi��Estm�eu�Ei��d°)i�g§p�`EeubNm�c�sEc�s��|qobd�¿m�eu`Eb;`�� � ]�¡�l¢�Ä�] Å�]oÆ�s^c�cfilr�rÇ�oÈ�] Æ�]oÉ�s � m�`^bws^bdg§Ê�] Ä1]oÄËs»�^] � ��ÌNÍ�Î � ]�Å¦stmfmfi�kfbdc
`^� ¼ �Nb�s�vxe���s�r ¤ iln�s»�Ne�`^qdkae�b ­ eubo�Eruil® ­ p�i���e�i�cÅ�`^poqdr�s�mfe�`^bdc�]�Ï)Ð�ÑjÒ¿Ó(Ô�Õ�Ð�Ö�×�Ó�ØÚÙxÔ�Õ(Û�Ü�ÐtÕuÐ�Ý^ÞË�dß©à �£¾^�¿á¦â Í)��ã)ä^Îd]åªæ(çµè�é�êÇæ�ë
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¥ z¦~ � y z ì y z¦~ ¥ z�y z|{�}�~ ¥ z|{�}�¥ z|{�}� ~V� ¥ z�îí �a� ��¥ z� ï ��� �¥ z|{�}'~V� ¥ zª� �a�1¥ z$� �d� ¹ð ndiMc��ls^rui�gGi�¨Nqds�mfe�`^bwkfi��^i�s^r�cñmfnds�m
mfnoiMpds�k�s�vxilmfilk
�Hehcabd`�m
euvxp(`^kfm�s�bNm�s^cae¡m�boi�e¡m�noilk�gjilmfi�kfvxe�boi�camfndi��d°)i�g)®p(`^e�bNm�c�bd`^k
mfnoi�euk�c�m�s��oe�rueum��^]� � � ð ndi��o°ji�gwp�`EeubNm�c�s�k�i��|`Eqobdg§�)�wcf`^r��Ne�bo��mfnoi�i�¨Nqdstm�eu`Eb¥ ± ~V� ¥ ± � �a�1¥ ± �¿���
ò gjk�`^pwmfnoi#cfqop(ilk�cf�lkfe�pjm�bo`^m�stm�eu`Eb?�|k�`^vóbo` � `Eb

²�~V� ¥ � �a�1¥ � �d� ¸ ¥ �²�~ ¥6ô �
� ���1¥ � �d� ¸ �lõ
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¾
ð n)qdc
`Eboi��o°ji�gwp(`^e�bEm'ehc
¥ ±} ~J² ] ð noi�`�m�noilk
�o°ji�gwp(`^e�bNm�e�c��Eeu�Eilb§�)��mfnoi#cf`^r�qjm�eu`Ebw`^�

²�~V��� �a�1¥ ���d� ¸ � �ì � �a��¥ �¿���G~V�t�ì ¥�±³ ~´�|��� ¶· ¸ �^¹
À `^k�¥ ±³ � ² � i�kfi�¨Nqoeuk�i � � �^]� � � «�i�nds»�Ei

� � ¥ �a~V� ¥ � �a��¥ �¿���M�
��� � ¥ �a~V�
� �a�1¥ �¿�d� ¸ � �ª¥ � �a�1¥ ���d�d� } �
��� �µ²N�ñ~V� ¹ð n)qdc�mfnoi�m�kfe��)e�s^r©�o°ji�g§p(`^e�bNm��d¥ ±} ~J² �oehc����ÂÔ
	lÕ�� � ndilb ²�
 ��
 �#s^bdg�ÑjÓ����ÂÔ
	lÕ�� � ndilb ��� ��] ��� `�mfi�m�ndstm ���s�b§bo`�m'�(i�boi��Estm�eu�EiMsEc
e¡m'ehc�� mfnoi���boe¡m�i�boi�m'k�stm�i�`���e�bd�lkfi�s^cfi
� � ]� g � «�i�nds»�Ei
� �a��¥©±³ ��~´�µ��� ¶· �
��� � ¥ ��~V��� �a�1¥ ���d� ¸ � �ª¥ � �a�1¥ �¿�d�o� } �
��� � ¥ ±³ ��~V� í � ¶· ï ��� ¸ � �ª¥ í � ¶· ï �d�o� } �~ � ¸ ��¥ � ��¶· �~ � ¸ � í � ¶· ¸ � ï � � ¶· �~ � ¸ � í � ¸ � � ¶· ï ¹«VndilbR� ~J¾ mfnde�c��(i��l`^vxi�c

� ~ ��� � ¥ ±³ ��~ � ¸ ¾ í � ¸ � � ¶� ï ¹
À `^k � � � � i�nds»�^i g �g � ~ ¸ � ����� ³ 
 ² ¹ð n)qdcñmfnoi�ile��^ilb)�ts�r�qoi'gji���k�i�sEc$i�c¦s^c � e�bd��k�i�sEc$i�cl] ð noi'vxeubdeuv�qovÃ�»s^ruqdi�`���mfnoi�ile��^i�bN�ts^ruqoi�`j����qok�c¦e�bxmfnoi'r�e�vºeumm�ndstm ��� � s^bdgwe�c
�Eeu�Eilb§�N�

r�euv!�"�# � ~ ¸ �^¹ð n)qdc � i#��`Ebd��r�qdgjiMm�ndstm�m�noi��o°ji�gwp�`EeubNm'¥ ±³ e�c����ÂÔ
	lÕ��#`^b§mfnoi�e�bNmfi�kf�ts�r¦� 
 ��
$� ]� i �§­ ili
�d�^qdkfi��^] � `�m�i�m�ndstm ò nds»�^iabo`�m�por�`�m$m�i�g�boil�Nstm�eu�Eia�ts�r�qoi�c��|`Ek�¥ ±³ s^c�m�noi�cfi
s^kfi
bo`^m&pon)�jcfe���s�r�ru��vxi�s^boe�bo���|qor£]
% `Eq;c$no`Eqorhg?qdcfi�v�s�por�i��|`^k
m�noi��|`^r�ru` � e�bo�x¨Nqoi�c$mfe�`^bdc � ndilk�i�®¯il�^i�k
p�`Ncfcfeu�drui'&
¾ ] � s �)( e��^i�b?m�noi��^k�s�pdn+* ~ � � ¥ � i�°jporhs�e�b§nd` � mf`x`E�jm�s^eubwmfnoi��Ek�s^pon)* ~ � � ¥ � ¸-, � � e¡m�n , � ² ]� � � _a`Ebdcfe�gji�k
mfnoi#c��ls^rui�gwÊ'e����Eilk
vx`)goilr ¥�. {�}�~ ¥/.
il°)p�� ��� � ¸ ¥/. � ¢E¹ò b?`^k�gjilk�mf`�gjk�s � s��l`^� � i��o�oe�bo�#gjehs��Ek�s^v �|`Ekñmfnde�cap�`Epoqorhstm�eu`EbGvx`)goilr�s��d�Eqokfi���`^bNm�s�e�boeubd��mfnoiMc�m�k�s^eu�EnNmñrue�boi* ~ ¥6s^bdg?mfnoi#�lqokf�Ei�* ~ ¥�i�°jp#� ��� � ¸ ¥ � ¢ªehc�k�i�¨Nqoe�kfi�g©]
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r - finite net rate of increaseÀ e��^qok�ix� á�­ m�i�sEgj�N®¯c$m�s�mfi�gjehs��^k�s�vÃ�|`Ek
mfnoi#Æ�s^c�c$i�rur©vx`jgji�r � noilb§� ~J¾ ]
� e � «VnN�we�c
m�noi#c$mfk�s�e��^nNm�rue�boi�* ~ ¥;kfi�¨Nqoeuk�i�gwe�b§s��l`^� � i��o�oe�bo�xgje�s^�^k�s�vG¬� eue � «�k�e¡m�i#s�popdkf`Epokfehstm�i�v�s^porui#�l`jgji�mf`�por�`�m�m�noi#c$mfk�s�e��^nNm�rue�boi�* ~ ¥6s�b�gGm�noi���qdkf�Ei * ~ ¥'il°jp#� ��� � ¸ ¥ � ¢`^bwmfnoi#c�s�vxiM�d�^qdkfi � eumfn ²�� ¥ � �xs�bdg �#~ �E¹ äj]a_and`N`Nc$i�s^b§s^popok�`^pok�e�s�mfi�cf��s�r�i��|`Ek�mfndi�*E®Âst°jehcl]� e�eue � ÄËs�k���mfndi��o°ji�g)®¯p�`EeubNm�c
`���m�noi#c��ls�r�i�g§Ê�eh���^i�k�vº`jgji�r©`^bR�^`Eqok
`^qjm�poqjm�] % `^qRv�s»�?gj`ºmfnoehc��)�?n�s�bdg©]� � � _a`Ebdcfe�gji�k
mfnoi#c��ls^rui�gwÊ'e����Eilk
vx`)goilr�cfqo����i��¿m
mf`x�o°ji�gwn�s�k��^i�c$mfe�bo� � e¡m�n ��~ �^¹ ä¥�. {�}'~ ¥/.
i�°jp��u�^¹ ä � � ¸ ¥/. � ¢ ¸-, ¹¤ �Gpdkf`t�)ehgjeubd�xs^popok�`^pok�ehstmfi��^k�s�pon�c�c$no` � mfnds�m� e � Æ�s�k��^i�c�m�eubd��ehc'cfqdc�m�s�e�bds��drui � noi�b , ~Á² ¹ ¾�� ]� eue � Æ�s�k��^i�c�m�eubd��ehc�qobdcfqdc$m�s^eubds^�or�i � ndilb , ~ �E]� g ��� c�m�euv�s�mfi�m�noi��lkfeumfeh�ls^r��ts�r�qoi#`^�¦mfnoi��o°ji�g;nds^kf�Ei�c$mfe�bo�xpds�k�s�vxilmfilk�� ,
	�� ��mf`�m � `?gji���e�vxs^r�porhs^�li�c�c$qd��nRm�ndstmMe¡�, ~ ,
	�� � ² ¹ ² ��nds^kf�Ei�c$mfe�bo��ehc
qobdcfqdc$m�s^eubds^�or�i � ndeurhc�m'eu� , ~ ,
	��&¸ ² ¹ ² ��nds^kf�Ei�c$mfe�bo�ºe�c'cfqdc$m�s^eubds^�or�i^]Æ ò � ð ]�
�cfi�v�s^porui�mf`wporu`^m�s^popok�`^pok�ehstmfi��Ek�s^pondc�] ò b6�E`^qokMs�bdc � ilk��E`^q;v�qdc�mMv�s��^i�e¡m���r�i�s^k�no` � �E`^qËqdcfi�gv�s^poruiMm�`Gs�bdc � i�k
mfnoehc'¨Nqoi�c$mfe�`^b�]åªæ(çµè�é�êÇæ�ë

� s � ð `x`^�jm�s�e�b§mfnoi��Ek�s^pon * ~ � � ¥ � ¸ , � , � ² �jm�k�s^bdcfr�s�mfi�mfnoi��Ek�s^pon+* ~ � � ¥ � gj` � b§�N� , qoboeum�c�]� � � � e � «Vnoilb§s#�|qob��¿mfe�`^bwe�c
eumfi�k�s�mfi�gGqdc$e�bo�ºs��l`^� � i��o�oe�bo��gjehs��Ek�s^v s#�^i�k$m�e���s�r(rue�boiMe�c
gjk�s � b��|k�`^v mfnoiMe�boe¡m�e�s^r�»s^ruqdi�`���¥��o¥
�N�jm�`�m�noi#��qdkf�Ei * ~ � � ¥ � ] ð nde�c��Eeu�Ei�camfndi��»s^ruqdi * ~ � � ¥
� �a~ ¥ } ] ½ no`Ekfe��l`EbEm�s�r�r�euboi�ehcmfnoi�bRgok�s � bwmf`ºmfndi�rue�boi�* ~ ¥;mf`x`E�jm�s^eubwmfnoi��ts^ruqoi�¥ ~ * ~ ¥ } ]� eue �R­ ili�v�s�por�i#��`jgji�s�m
m�noi�ilb�g?`^��mfnde�c'¨Nqoi�c�m�eu`Ebª] � `^mfi�mfndi��l`^vxv�s�bdg�����������������m�`�kfi�c�m�kfeh�¿m
mfnoi��N®Âst°jehcl]½ ��`^� � il�o�deubo�xgjehs��Ek�s^v c$no`Eqorhg§cfno` � s^c
v�q���nw`^��mfndi'Ö�ÑjÓ(Ü �ÇØµÐ�Ó�s^c
p(`Ec�c$e��or�i^]� e�eue � ð noi;�o°ji�gJp�`EeubNm�cws�k�i � noilk�i;m�noiËr�euboi�c * ~ ¥Ás^bdg$* ~ � � ¥ � e�bEm�ilk�c$i��¿m�] ð ndil�Os�k�iËstmGm�noi6p(`^e�bNm�c� ¥ � * ��~C�£²o��²E� s�bdg � ¥ � * ��~´� � � � � ]� � � � e � Æ�s�k��^i�c�m�eubd�;e�c�c$qdc$m�s^eub�s��or�i���i��ls^qdc$iGmfnoiwrue�boi�c * ~ ¥ s�b�g * ~ � � ¥ � ¸ ² ¹ ¾�� e�bNmfilk�cfi��¿m���e£] i^]�mfnoi�kfi?s^kfi�o°ji�g§p�`EeubNm�cl] � `�mfiMm�ndstm ò ��nds�bd�^i�gGmfnoi�*N®Âcf��s�r�i�m�`�v�s��^iMm�noe�c���r�i�s�k�]� eue � Æ�s�k��^i�c�m�eubd�§ehc�qob�c$qdc$m�s^eub�s��or�i���i��ls^qdc$ixm�noiGr�eubdi�c�* ~ ¥�s^bdg * ~ � � ¥ � ¸ �E¹ ²E² go`�Ó(Ð ��e�bNmfilk�cfi��¿m���e£] i^]mfnoi�kfi�s�k�i�bo`º�o°ji�g§p(`^e�bEm�cl] � `�m�i�m�ndstm ò ��nds^bo�^i�gGm�noi�¥o®Âcf��s�r�iMs^bdgwmfnoi�*N®Âcf��s�r�i�m�`xvxs^�^iMmfnde�c'�lrui�s�k�]� g � ð ndi#��k�e¡m�e���s�r��ts�r�qoi�`�� , e�c , 	�� ~Á² ¹ Ítä)] � `�m�i�mfnds�m ò ��nds^bo�^i�g�mfndi�¥o®Âcf��s�r�i�s^bdg?mfnoi�*N®Âcf��s�r�i�m�`ºv�s^�^i�e¡m��lrui�s�km�ndstm � ndilb ,�	�� ~J² ¹ ÍEÍ�m�noilk�i#s�k�i�m � `º�o°ji�g§p(`^e�bNm�c � noi�kfi�s^c � noilb ,
	�� ~J² ¹ Í^Í#mfndilk�i�s^kfi�bo`º�o°ji�gwp(`^e�bNm�c
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�o]�Åñr�`�m
mfndi��|`^r�ru` � e�bo����qok��^i�c
�^e��^ilb§e�b§p�s�k�s�vxi�m�kfeh�'�|`Ekfv � ¾ ¢£]
� s ��� ¥ � * �a~ K ¾� �l`Ec ��L$� � �Ì ��`Ec �Ç¾�L$�©� ¾� cfeub ��L$� ¸ �Ì cfe�b �Ç¾�L$�EM ]ð nde�c'�lqok��^iMe�c's^bwil°os�vxpor�iM`^��s^bwn)�)p(`)�l�j��r�`^ehg©]�«Vndstm'ehc's�b§n)�)p�`j���j�lru`Ee�gd¬� � ��� ¥ � * �a~C� ��`Ec � � L$�©� cfeub �Ç¾�L$�$� ]ð nde�c'�lqok��^iMe�c's^bwil°os�vxpor�iM`^��m�noi#Éªehc�cfs ��`^qdc
��qdkf�Ei^]�«Vndstm'ehc
mfndi#Éªehcfc�s ��`Eqdc
��qok��^i»¬� ¾ ¢£]ñÉ�] ¤ ilk�v�s�bª] �Ç¾^²^² Î � ] À `Er�goeubo� ¤ i�s�qjm�eui�cl]ON-P��RQñÐtÕÚÕ��¯Ý �OSËÔ �TP ��Ù�Ô �£ØµÜ ��Ï)Ð�ÑjÒ¿Ó(Ô�ÕVU-W � � � �©�»ÍtÎtã(��ä^Îo]­ ili�v�s^porui��l`)goi#stm
mfnoi�i�bdg§`��&mfnoehc'¨Nqoi�c�m�eu`Ebª] ð noi��^k�s�pon�c
s^kfi�cfno` � b?e�b§�d�^qdkfi ¾� s �YX�½ n)�)p�`j�l�)�lru`Ee�gHehcºs6cfp�i���ehs�r
por�s^boi?�lqokf�Ei�mfn�stmxe�c��^i�boilk�stm�i�g��)��m�noiwmfk�s^��i?`���sR�o°ji�g1p(`^e�bEmº`^b1s�c$v�s�r�r�leuk���r�i�mfnds�m
k�`^r�r�c � eumfnoe�bRs�rhs�k��^i�ka��e�k���r�i^] Z � � eu�)e�p�i�gje�s � ] ð noi�kfiMehc
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