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z�a7�æÈ O�l giU!U k q �ÉÙ�Ú�Û T	gp�So O q�\/WJYSYSÜ R asa7y�
 R �p  R o k q R �_yi\ÀùS�S�hW�a�e k q kml  Xgpo k e'qs� R q#gpoø k r l T R
lsx WJYSYSùfqs� k�þ G_r	T l o	gpo	� R q=qs� k UsT l/�_R j kdO
� qs� k c��	gpq k ehc R
l/� � R e R � l!kJR e x j kJR U k e¢y ÿ � kmQ�k o  O o�qs�VU R�� q kml qs�	giU�� l Usq �5O gpowq k e O rVU kmlsQ�R qsg O oF� ��� ½��D}tj O oh� l   k e¡qs� R qDqs� k U O
� qDúCG lARJx U O T l j k�O
�^�`�È�TVU�� R evgpoVe k�k evqsT l o k e O
ý�� gpo|u R o�T R
lsx WJYSYS[�qs� k j O T	o�q lAR q k � R e�e k j l!kJR U k e�r xvR3�_R jmq O�l
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ø�gp�ST l!k [hypWmz �21�354	607�8*9�4	9�:<;>=@?BADC>EGF"HJILK�M5NPOQF";!ISR'TU?BVUEGF"W*E>X)Y[ZLZ]\^WLR"_2V@?B;`C>acbUCd:�3fe�gUhiCG?j_	e�WkE>K�W*C>a
HlIS;>=Ug"?mEG?!HlI�_U?mn�oqp�rs�tvuSw xLy]zD{|ISVUC%W*h}R"?[_~e�hiCGg�����t��j��u[x]r íG�D�3ì rL{
� ã`�*� t��	w y���u[xS�[��WLR"_�RUILEGHjW*n�h}�[WkCGh}ISR
ABISRU;`C%WLR�C����[��t.�	w}ul��u[xS��oc���B��t-�c�5�L�j� r {|e�g"?mEG?���WLR�_ �¡W*EG?¢CGgU?�="gUILCGIL;>="g"?DEGh�AdE%WS_Uh}FU;!a£h}R�¤*¥¢¦§W*R�_�CGg"?
_Uh};`C%WLRUAB?¨CGIdCGgU?5;>ISF	EGAB?¨a£h�R©F"RUh}CG;�I*K�Y[ª�¤%«	¬%a`zD­

W	®�� R oVe�gpq3c R U�r k � O c qs� k��j¯ ½��D} �
Ù ½ Ù�� qs� l!k Us� O �ieL�pgp Xgpq�gpot½ km� q k  3r kml WJYSYS[h��gp  � � x gpo	� Re k j l!kJR U k�O
� qs� k j O T	owqB° lAR q k r x·R°�ÀR jmq O�l Â Æ ¨ \_½�� R o	� kmx�k q R �_yi\/WJYSYSÒ�asa7yf��j�j O�l ehgpo	�vq O ±�R �p  R ok q R �_yi\ÀùS�S�hW�a7� O o	� x qs� k|� ��½	½ O rVU kmlsQ�R qsg O oÌgpo¹��T	�STVUsq'WJYSYhW|Us� O c k e kmQ gie k oVj k��ªO�l � x e l!O � k or	T l o	gpo	�V�	gp  � � x gpo	� R o R jmqsT R �ØehT lAR qsg O o O
�=¶ Z x�kJR
l UJy
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}¯� kPO rVU kmlsQSR qsg O o R � l!k UsT	�pq!U O r	q R gpo k e �ÀO�l ^�µ�È'TVU�� R�Q�k r k�k o�j O   �%R
l!k e�q O�O T l+k o Q�k � O��;k   O e�°k �iUJ� R Ufgpo]qs� k j R U kXO
� Ñ�WJY,®�z ��x �Vy þPO c kmQ�kml � �ÀO�l qs�	giU§o OJQSR qs� k°R qs  O U � � kml!kX�%R
lAR   k q kml U R
l!kO o	� x j O oVUsq lAR gpo k e �ÀO�l qs� k � l Usq �;O gpo�q k e O rVU kmlsQ�R qsg O ot\ �5kml/�ªO�l   k e·gpo¸ø k r l T R
lsx WJYSYSùh�5e R�x [S[SùS�R�� q kml�O T	qsr	T l Usqba7y*} O¡O r	q R gpo�qs� k q l T k j O oh�%e k oVj k j O owq O T l��ÀO�l qs�	giU O rVU kmlsQSR qsg O oF�	c k � RJQ�k§l!kmQ giUB°gpq k e�qs� k3R o R � x UsgiUdc�gpqs�|c��	gpq k ehc R
l/��R qs  O U � � kml!k   O e k �iU �5kml/�ÀO�l   k e�r x¶±�R �p  R o k q R �_yi\ÀùS�S�hW�a7y}¯� k U �;k jmq l T	  R oVe|r k UsqB°À�Vqd  O e k � R
l!k Us� O c�o|gpo|�V�ST l!k [hypWmzVy=}¯� k r k UsqB°À�Vq#  O e k �FgiU O r	q R gpo k e�ÀO�l2·�¸ Ï Ôv¥Ì¦�¨@¹ ©*ºL»�¼ ¹�R oVenÁ ð/ôJô Ï ¤ ­Öõ�¥ ¦�¨@½ ± ��c�gpqs�ºü ¹¾ Ï ¦�­Ê¨�õ¸R oVe R o R rVU O�l r k e � Th£\À�hypWS°æùhy ztË@¿�Àfa O
� ¤ ­ ¤ ¥�¦�¨ ¼¢© ¹ ²�³
´ ºS» ¼ ¹ µ ¼¢© yt}¯� k r k UsqB°À�Vq QSR �pT kv�ÀO�l qs� k j O �pT	 XoÌe k oVUsgpq x giUj O   �%R qsgpr	� k c�gpqs�Ìqs� k e k q kml  Xgpo R qsg O o�r x » lAR T	qsq kmlvk q R �_yi\/WJYSZ
z�a|\ Ä Ô � ¤ Ç ¥�¦�¨ ¹ © ºS» ¼ ¹ a7�+r	T	qUs  R �p� kml qs� R oÌqs� k|R�Q�kmlAR � k|QSR �pT k gpotqs� k ehg l!k jmqsg O o O
� qs� k U O T l j k � ¶ ¤ ¥Ì¦�¨@¹ ©LºS»�¼ ¹ \ �Pgij!� kmx� ûFO jA��  R o9\/WJYSYS��asa7y �PkmQ�kml qs� k � k U!UJ��o O¸R j�j km� q R r	� k �Vq�giU O r	q R gpo k eLc�gpqs��� x e l!O � k oºj O �pT	 XoVU� R
l � kml qs� R o ¶~Ôv¥t¦�¨@¹ ©*ºS»�¼ ¹ y ¼nk � R�Q�k�O r	q R gpo k e�j O oh�%e k oVj k j O owq O T l U �ÀO�l qs� k4R rVU O�ls� qsg O oQ�kml UsTVU k7ý¢k jmqsg Q�k q k   �5kmlAR qsT l!k \ó�V�ST l!k [hypWJÒ�a7� R oVevqs� kmx gpoVehgij R q k qs� R q O o	� x�Q�R �pT k U#U!  R �p� kml qs� R o¶-Ô�­ ® ¥L¦�¨@¹ ©*ºS»�¼ ¹XR
l!k j O   �%R qsgpr	� k c�gpqs�ne R q R|R q ¦�� R oVe]Us  R �p� kml qs� R o Æ ¥º¦�¨@¹ ©LºS»�¼ ¹�R q Æ �� kmQ�k �_� R �pc R�x UfUs  R �p� kml qs� R o]qs� kXR�Q�kmlAR � k gpo�q kml Usq k �p� R
l§Q�R �pT k y3}¯� k r k Usq �5O U!Usgpr	� k �Vq�c�gpqs�·qs� k U kT �	�5kml �pgp Xgpq!UfgiU�c O�l U k qs� R onc�gpqs� Ô�¥º¦�¨ ¹ © ºS» ¼ ¹ �Fc�gpqs�]ü ¹¾ Ï ¦�­i¦JÔv�ÀO�l�Ô�­ ® ¥º¦�¨ ¹ © ºL» ¼ ¹ � R oVeü ¹¾ Ï ¦�­ Æ �ªO�l Æ ¥]¦�¨ ¼ ¹ ºS»�¼ ¹ y �+O oh�%e k oVj k j O o�q O T l U �ÀO�l qs� k c��	gpq k ehc R
l/�=R qs  O U � � kml!k§�%R
lAR   k °q kml U�� RJQ�k r k�k o O r	q R gpo k e R oVe R
l!k U!� O c�o|gpo��V�ST l!k [hypWJÜÂÁ	qs� kmx � R�Q�k�R �iU O r k�k o�gpoVjm�pTVe k e'gpo�qs� kj O   �%R
l giU O o'c�gpqs�|  O e k �iU#qs� R q �ªO �p� O c#UJy
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} R r	� k [hypWJù �'4	FUHlHjW*E>X~I*K�IS=	CGh�ABWLn�W*R�_���a£E%WBX ISVU;>?mE��LW*CGh}ISRU;dI*K�M5N OQFU;!h�RUABn}F�_	?[_�h}R�CGg"?lAmISHl=�WkEGh};>ISR�e�hiCGg
ISF	E�?BR��]?Bn}IS=@?5HlI�_	?Bn};�h�R©b
	SF	EG?��	­}Y�
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� R�x|R�� q kml ¯ rVU kmlsQ�R q O�lsx ÷ Á ð�ôJô � �¯ò�������� ë �dk7�Àkml!k oVj k UO T	qsr	T l Usq \k¿�À§a \ ²�³
´¯µ ¼¢© a \ ¦�¨������ a
zSzVW ÿ ½ ¯ ����{ ÿ � [ Æ ¥n¦�¨�� ' � í"! Þ�­i¦ � r ! È O�l giU!U k q �ÃÙØÚ�Û T	gp�So O q�\/WJYSYSÜ R a¶ WJZS�S� ÿ ½ ¯ ����{ ÿ zw[ Æ ­ ® ¥�¦�¨ � ' Ô�­ÖÕ � r ! » lAR T	qsq kml��Ã¼ gp�p�pg R  °U�\/WJYSZSY�a[hWSWJZ �j¯ ½��D} #dÒ
z $fWSyÊ[ ±�R �p  R o k q R �_yi\ � �S�hW�a[S[ ��� �j¯ ½��D} [SZU°_zw[ WSyÊZU°æÜhyÊ[[SÜ
zVW �j¯ ½��D} #d[SÒ $fWSyÊZ[SZ,®�W �j¯ ½��D} # � ® $fWSyÊZzVWJÜhW �j¯ ½��D} #fWJZ $fWSyÊZ

� í"! 6�;>;>F"Hlh}R%	¢WLR©?�&	=�WLRU;>h}ISR'�]?mn�I�Amh}C�XQI*K�(SªLª*) � �,+loc9.-�/�F"h0	SRUILC�?mC�W*nc­�o`YBZSZ,�Sz>zD­
� r !21 ?DEGh3�S?[_�K EGISHfCGg"?�CG?BHl=@?mE%W*CGF	EG?5WLR"_©n}F"Hlh}RUIS;>hiC/X�­
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�æo O�l e kml q O j O   �%R
l!k qs� k�O rVU kmlsQ�k e �	l!O��5kml qsg k U �ªO�l ^�µ�È'TVU+c�gpqs� O T l�k o Q�k � O��5k   O e k �iUJ���V�ST l!k[hypW	®�Us� O c#UXqs� k ^�µÐÈ'TVU � � O q O U � � kml gij �	l!O��;kml qsg k U°e kml g Q�k e �ªl!O   O rVU kmlsQSR qsg O oVU OJQ�kml ° � � O qsq k eq O qs� kn�l¯ ÒS� R oVe;��Z �   O e k �iUJy ±¯O qs��qs� k¸l!k UsT	�pq!U O r	q R gpo k e�r x�±�R �p  R o k q R �_yi\ � �S�hW�an\ªU k�kq R r	� k [hypW � a R oVeLqs� k j O o�q O T l e kml g Q�k e ��l!O   O T l�l!kJR o R � x UsgiU R
l!k U!� O c�oFy ¯ o	� x gpoVjm�pTVehgpo	�]qs� kc�� O � k ehgiU!q R oVj k gpoVe k q kml  Xgpo R qsg O oºgponqs� k Æ � j O oh�%e k oVj k j O owq O T l�R
l!k qs� kXl!k U!T	�pq!U O
� ø k r l T R
lsxWJYSY �3O rVU kmlsQSR qsg O ovj O   �%R qsgpr	� k c�gpqs��qs� k Us  R �p� k Usq+c��	gpq k ehc R
l/��k o Q�k � O��;k   O e k �iUJy ± T	q�qs� k�O o	� x�5O U!Usgpr	� k j O   �%R qsgpr	gp�pgpq xnO j�jmT l U R q�� R
l � k�� � O q O U � � kml gij lAR ehgpTVU R oVe·� O c k7ý¢k jmqsg Q�k q k   �;kmlAR qsT l!k �R j O oh�V�ST lAR qsg O onT	o	�pgp� k � x��ªO�lfR o OJQSR [S[ � �ve R�x U R�� q kmlfO T	qsr	T l UsqJy3�PUPgpoVehgij R q k e]r x<±�R �p  R o k qR �_yi\ � �S�hW�a7�Sr x qs� k qsgp  k�O
� qs� k � l U!q �j¯ ½��D} �;O gpo�q k e O rVU kmlsQ�R qsg O oF��qs� k � x e l!O � k oXr	T l o	gpo	� O o�qs� kc��	gpq k ehc R
l/� U!T l/�ÀR j k � R e]  O Usq �	l!O r R r	� x]R � l!kJR e x j kJR U k e¢y�}¯� kX� �§½	½�e k q k jmqsg O o�\�gpon��T	�STVUsqWJYSYhW�aPgiU�j O   �%R qsgpr	� k c�gpqs�nqs� k U O T l j k Usqsgp�p�*r k gpo	�=< O o><p�Gc�gpqs� R �	gp�S� kml3k7ý¢k jmqsg Q�k q k   �;kmlAR qsT l!k y}¯� k��	l!O��5kml qsg k U=e kml g Q�k e �ªO�l qs� k j k owq lAR �5U O T l j k#O
� qs� k g O o	gp¾ k e¡o k r	T	� R r x » lAR T	qsq kml¯��¼ gp�p�pg R  °U\/WJYSZSY�a �ªl!O   O�� qsgij R �dU �5k jmq l!O U!j O�� gij O rVU kmlsQSR qsg O oVU4Ò x�kJR
l U R�� q kml°O T	qsr	T l Usq R
l!k'R �iU O Us� O c�o gpo�V�ST l!k [hypW	®�� R UGc k �p� R UGqs� k+l!k UsT	�pq!U O r	q R gpo k e�r x È O�l giU!U k q � Ù�Ú�Û T	gp�So O qd\/WJYSYSÜ R aGTVUsgpo	� R e k q R gp� k e� � O q O g O o	gp¾ R qsg O o°  O e k � �ªO�l�O�� qsgij R � O rVU kmlsQSR qsg O oVU�zSzVW¯e R�x U R�� q kmlDO T	qsr	T l Usq#\ªU k�k�R �iU O q R r	� k [hypW � a7y}¯� k�� � O q O U � � kml gij �	l!O��5kml qsg k U�e kml g Q�k e'r x qs� O U k c O�l ��U R
l!k j O   �%R qsgpr	� k c�gpqs��qs� k�kmQ�O �pT	qsg O o R qÛ T R Usg °Ýj O oVUsq R o�qd�pT	 Xgpo O Usgpq x �%r	T	q#�Sg Q�k o�qs� k T	oVj kml q R gpowqsg k UPgpo|qs� O U k e k q kml  Xgpo R qsg O oVUJ��o O�� T l qs� kmlj O oVjm�pTVUsg O oVU�j R o�r k§k £hq lAR jmq k e �ÀO�l  öqs� k ehg l!k jmqdj O   �%R
l giU O o'c�gpqs��  O e k �iUJy
�������`²$�c� ?��/��@
�����	�/�0�
}¯� k4l!k � R qsg O oVU �ªO T	oVeLgpoºj!� R
� q kmlA�|�ªO�l qs� k �pT	 Xgpo O Usgpq xºR oVe k o Q�k � O��5k   R UAU R U R|� T	oVjmqsg O o O
�qs� k c��	gpq k ehc R
l/�   R U!U R oVev� x e l!O � k o'  R U!U ��lAR jmqsg O o�j R o�r kfR
�	� �pg k evq O ^�µ È�TVUJy�È O�l giUAU k q �Ù�Ú�Û T	gp�So O q#\/WJYSYSÜ R � r�a�e k q kml  Xgpo k e�qs� k   R U!U ��lAR jmqsg O o O
��k � k   k o�q!U�r kmx�O oVe�� k �pgpT	 Ãgpo3qs� k+k�¿sk jmq k ek o Q�k � O��;k q O r kCBCD �hy � [h� R oVe �ÀO�l � k �pgpT	 FE D �hy zVy��PU!UsT	 Xgpo	�HG D �hyÊ[,®�\ D WS°�E^° B a7� R oVe�c�gpqs��qs� k�pT	 Xgpo O Usgpq x ehT l gpo	�§qs� k � x e l!O � k o¡r	T l o	gpo	� � � R U k × Ï Ä ¦�­ßÞ ®5à ¨h­ÖÔ Ç ¥�¦�¨ � ' ²�³
´¯µ ¼¢© \�¤ ­ ® Æ ¥�¦�¨
I × � �È O�l giU!U k q ��ÙØÚ�Û T	gp�So O q�\/WJYSYSÜ R asa7��qs� k j O�l!k   R U!UB°_�pT	 Xgpo O U!gpq x�l!k � R qsg O o � ypWJZPgpo�U k jmqsg O o � yÊÜ�j R o�r kTVU k e4q O e kml g Q�k�R c��	gpq k ehc R
l/�   R U!U O
��¦�­i¦ à ¨h­i¦�� � ��gpo R � l!k�k   k o�q#c�gpqs� �	l!kmQ g O TVU k Usqsgp  R qsg O oVUqs� R q�gpoVehgij R q k e R   R U!U O
�¡¦�­i¦ � ¦�­ÖÔ � � �ªO�l ^�µ�È'TVU¸\_½�q R
lsl � k �ie k q R �_yi\/WJYSYSÜ�a7��È O�l giU!U k q �Ù�Ú�Û T	gp�So O q�\/WJYSYSÜ
r�a7� ±�R �p  R o k q R �_yi\ � �S�hW�asa7y ¼ gpqs� �KJML Ï ¦�­i¦ à ¨h­i¦�� � � l!k �ON
qsg�P�o � y � �'j�N
oo�P�c�r kRQ�S!k�T qUP T	kml�VXWZY N%[\N WZY^] N
� Y_Y [ WZY ��P �`Y  AN SaS7T.Qb]�V [	�'cs� Y �ed T.] P�� Y [ f Qb] [ V [	� � ��N SUY���ðhg â
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f SUY^]�W N%c V P
[ S P # P
c ��Y^]
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cUP8c ��Y N Q c � P ]US�� N T.V�S caN%[ ��Y P # ÒSÒ�ËsÍ � 8 Q�SUY�T f�d P
c ��Y^] N Q c � P ]US : T P Y�S [�P
c ��� N%[ �ZY c ��Y&	 N V [� P
[ ���XQ�SUV P
[ S�i¯¼ V c � c �bV�S_gPû ��ÿ N%c 	 P S � ��Y^]UY"	 P TbY���S�� c ��Y � �bV c Y T �_N ]$#d	 N SUSCV�S P
fbcaN V [ Y�T[# ] P 	
c ��YCS�Qb]$# N ��Y ��] N W V c d 8 � �bV���� V�S P
[ Y P # c ��Y `�c�c V [ � ��N ] N 	 Y c Y^]US : N%[ T c ��Y*] N T.VXQ�S TbY^]�VXWZY�T�# ] P 	 c ��Y
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[ P
f SUY^]�W N%c V P
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T N�d S_Y�� N4� SUY�T f Y c�� Y�Y [ P
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� � � � � �(��% �&� � ��� � � 3
)+*-, ���.��
/�0�-�2143 �G� �� ���4� � �D� � � �)� % ��� � �z�  �$� ����� ����� � �  %'� �) ���i�!� �4� � � �!� ���'�5% � ���  ��� %2� ��� � � � � 346���� %  � � �� � �  � � � � � � � � �� !�)� � � � � � � ��% ��� � �'� � � � � �4�P��� � �'� �   � ��� � � �7'?� # % ��� � � 1 %2 ���8% � ���  !�"�  !����9;:�<>=@?�ACB&D
EGF�H �T� � � � � ��� � � � � � ���)�4�   � �I� � � �J9;:0KL=NM;A ?PO EGF�H � %  � �
� � ���)�4�   � ��� 3RQ#� ���  % � ���  � � � � � � �� ���4� �'� ���2� � ��  �� ���)�4� �  ��� %$ � ���I  � �
� � � �����&��� � �&�'� � � �D� � �) � �  S#S3
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$�	�BF� 0@>j± .K���?	��+
��N� ��� "�� 1�� � � � "�� 1 �-� �D� � � � � ���7*-,/.�0&0
1G� � ��� �����R! �)� � ��%'� � ��� � �) �����-� 3 ."# � � �)� � � �)� � �&� � �%'���)� � � !����)�4� �  ��� �-� � ��� �)�&%2�D� � � � ��� � � �  !����� 3 ��� EGF�H � � � ��0 EGF�H ��'-� # % ��� � � 1 %2 ���5% � ���  �  ���2� %��$� �'� � � � �
� ��� % � � ���$% � ���   �������	��

� � ��� � ���.� ������� � � � � � � � � � �' �)�
� � � � � �(��% �&� ���'� � � 3
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k���D�� >M± . ± � 1 �D� � � � �  � �J� � � %2���)� �)��� ��� � � �!� �)�&%2�D� � � � ��� �8'-� # % ��� � � 1 %2 ����% � ���  !�� �&� � � *?,/.�0&0 1G� � ! �)� �

�"$" ��� � � � ��� �&%'� � ��� �(�) ��� 3��k� �� �)�[� � � � � �(��% �&� ���'� � �8% � ���   � �  !� �  � �� !� ��� �Q � �  � "� � � � �&�"�  ���Q���'�
 � �� � �(�)�4� ��� %2� �&�  �) ��� 3 � � � � � � � � ��� %2� �&�  �) �����	� � � �����F�  � � % � ��� ��� � � � ��� � � � % � ���  !�  � ���&�	� 
 � � ��� � ���
� ��� ��� � 3 � �� � % � ��� �'�  � #  � �  � � #�� !'���4� � � BPA ���8B&? K <����
	�K 3

-�' � > � � l
�Tj � l
�Tj [�� _ [�� X � _ � X � X�
g4o�� � w [�\ w [�\ g4o W�� g4o W��

; ] �3���O7 ' � ZF.K´ H�.�Z ± H�.�Z�S ( .KH ( Z�H 6 Z�� { ZF. ( H
; ] Z ~ .�Z H�.KH�Z H�.�Z�S ��.KSFH ��. 6 ( (76 .K� ZF. ( �
; ] ~ ZF.KH g4o W�� ~ H�.K� ± . { H ZF. ± S ~.~ . ~ ZF. ( H
; ] � ZF.KH g4o W`_�� Z�´�. ± ± . { H ZF. ±�( ~ ZF. ( ZF. ( H
; ] ± ~ .KH H�.KH�Z H�.�Z�´ ± .KH ~ ± .�ZFZ (�± .KS ZF. ± ´
; ] ( ~ . ± H�.KHFH�Z H�.�Z ± ��.K�F� ZF. (�± ~ ��. ± ZF. ( �
; ] { ~ . ± H�.KHFHFH ± H�.�Z ± ��.K�F� H�. ±�( {76 .K´ ZF. (.{
; ] 6 ~ . ± H�.KHFH�Z H�.�Z ± ��.K�F� ZF. ( � ~ ��. ~ ZF. ( �

] �O> �3���O7 ' � ~ .K� H�.�Z { H�.�Z�S ( .KH 6 Z�H ± Z�� { ZF. ± S
] �^> Z ��.KH H�.KHFH ± H�.�Z�S Z ~ . { ~ . ± H Z�S�. 6 ZF. ± H
] �^> ~ ZF.KH H�.KH ~ H�.�Z 6 Z�´�. { Z�H�. { ±�{ .K´ ZF. ~76
] �^> � ��.KH H�.KHFH { H�.�Z�S ~ ZF. { ~ . 6 { ~ H�. ~ ZF.K�FS
] �^>E± ��.KH H�.KHFHFS H�.�Z 6 ~ H�.�Z H�. { ´ { .KH ZF. ±�(
] �^> ( ± . 6 g4o W � H�.�Z�S ~�± .KS ~ .KS { Z�´�. ± ZF. ~.{
] �^> { ZF.KH g4o W�� H�. ~ H ~.~ .KS ~ .KHF� Z ( . 6 ZF. ±�~
] �^>�6 ZF.KH g4obW�� H�.�Z�´ ~ ��. ( H�. ±�( ��. {�± ZF. ~.~

k���D�� >Y± . ( � 1 �D� � � � �  � �'� � � %2���)� �)� � � � � � �!� �)� %2�D� � � � ��� �"% � ���  �`� ��� ���'�#���� � � 
�"$" ��� � � � ���Z��%'� � ��� � �) ��� 3-�' � > � � l
�Tj � l
�Tj [�� _ [�� X � _ � X � X�
g4o�� � w [?\ w [�\ g4o W�� g4o W��

; ] �3���O7 ' � ��. ( ZF. { S H�.�Z { ± . ~ Z Z�H�Z Z�HF� ZF.K� (
; ] Z ~ .K� H�.KHF´ H�.�Z ± ��.�Z 6 ± .�ZFZ ±�~ .KH ZF.K��Z
; ] ~ ~ .K� H�.KHFS H�.�Z ± ��.�Z 6 ZF. 6 ~ Z 6 . ( ZF. ± H
; ] � ~ .K� H�.KHF´ H�.�Z ± ��.�Z 6 ZF. {.( Z { .K´ ZF.K�F´
; ] ± ~ .K� H�.KHFS H�.�Z 6 ��.K� ± ± .KHFS � ( .K´ ZF.K�F´
; ] ( ~ . ± H�.KHF� H�.�Z ~ ��.KH ( ZF.KS�Z Z { .KS ZF.K� ±
; ] { ~ . ± H�.KHF� H�.�Z ~ ��.KH ( H�. (.~ ± .KS ( ZF.K�F´
; ] 6 ~ . ± H�.KH ± H�.�Z�� ��.�Z ( ZF.K��Z Z 6 . ( ZF.K� (

] �^> �3���O7 ' � ��.KS g4o W�� H�.�Z�S ± .K�FH { S�. ± Z�H�Z ZF. ~76
] �O> Z ~ .K� H�.KSFS H�.�Z ± { . 6 ± ��. ± 6 ZFZF.K� ZF. ~.{
] �O> ~ ~ .K� H�. (.( H�.�Z 6 ´�.K´FS Z�H�.�Z ~�± . 6 ZF. ~.~
] �O> � ~ .K� H�.KSFS H�.�Z { 6 .KSFS ~ . { S ´�.KSFS ZF.K�FH
] �O>E± ~ .K� H�.K´FS H�.�Z 6 Z ~ .�Z H�. ( S ��. { � ZF.K� 6
] �O> ( ~ .K� H�. { Z H�.�Z 6 Z ~ .KH ~ . { ´ ZFZF.�Z ZF.�Z {
] �O> { ~ .K� H�. ( H H�.�Z�´ ~ H�.K´ ZF. {.{ ZFZF.K� ZF.K��Z
] �O>�6 ~ . 6 H�.KHFS H�.�Z�S Z ~ .K´ H�.K� { ~ .�Z { ZF.�Z ±
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k���D�� >R± . { � 1 �D� � � � �  � �'� � � %2���)� �)� � � � ��� � � � � �)� %2�D� � � � ��� �('-� # % ��� � ��1 %2 ���7% � ���  !�� �&� � �T*?,&.&0&0N1G��� ! �)� �

�"$" ��� � � � ��� ��%'� � ��� � �) ��� 3��k� �� !�)�N� � � � � �(��% �&� � ��� � � % � ���   � �  !� �  �$�� � ���4�Q � �  � � � � � �&�"�  ��� �����
 � �� � �(�)�4� ��� %2� ���  �) ��� 3 � � � � � � � � ��� %2� �&�  �) ���'� � � � ���'� �  � � % � ������� � � � ��� � � � % � ���  !�  � �����	� 
 � � ��� � � �
� ����� � � 3 � �� !� % � ��� ���  � #  � �  � � #�� !����4� � � B A � �	BI? K < ��� 	
K 3

-�' � > � � l
�Tj � l
�Tj [�� _ [�� X [��`R � _ � X � R � X�
g4o�� � g4o W R w [?\ w [�\ w [�\ g4o W�� g4o W�� g4o W��

; ] �3���O7 ' � ZF.K´ Z�HFH H�.�Z ~ H�.KS ~ Z�� ~ SF´ ~.~ ZFZ ± ZF.�ZFZ
; ] Z ZF.KH ± .K� H�.�ZFZ H�.KSFH � 6 { .�Z Z�� ±�( ZF.KH ±
; ] ~ ZF.KH ZF.K´ H�.�Z�H H�. 6D6 Z�´ ��.�Z ( . { ~.~ ZF. ~76
; ] � ZF.KH ZF.KS H�.�Z�H H�. 6 { Z�´ ~ .K´ ( . ( ~ Z ZF. ~76
; ] ± ZF.KH ± .�Z H�.�Z�� H�.KSFH � { ± .KS Z ± � { ZF.KH�Z
; ] ( ZF.KH ZF. { H�.�Z�H H�. 6 ~ Z ( ~ . { ( .�Z Z�´ ZF. ~ �
; ] { ZF.KH ± .KS H�.�Z�H H�. 6 � Z ± H�. 6D6 ZF. ± ( . 6 ZF. ±�~
; ] 6 ZF.KH ZF. { H�.�Z�H H�. 6 ~ Z ( ~ . { ± .K´ Z�´ ZF. ~�±

] �^> �3���O7 ' � ZF.K´ Z�HFH H�.�Z ~ H�.KS ~ Z�� ~ SFS ~.~ ZFZ ± ZF.�ZFZ
] �O> Z ~ .KS ~ . { H�.�ZFZ H�.K��Z ~ H 6 . ~ H�. ( S ~ Z ZF. ~ ´
] �O> ~ ZF.KH ´�.K� H�.�Z { H�. (76 �FS ZFZ ZF.�Z ( H ZF. ~.~
] �O> � ~ . ( ZFZ H�.�Z ± H�. ( � ± Z ± .�Z H�. ±�~ ~.~ ZF. ~76
] �O>E± ��.�Z H�.K´ ± H�.�Z ~ H�.K� 6 ��Z ZF. ± ZF.K� { . ± ZF.K� ±
] �O> ( ZF.KHFH ��.KH H�.�Z { H�. (76 ±�{ ��.K� H�. (76 ~ Z ZF. ~ Z
] �O> { ZF.KHFH ZF. { H�.�Z�´ H�. {.~ � ~ ZF.K´ H�.K� ( Z ( ZF.K�FS
] �O>�6 ZF.KHFH H�. ± H�.�Z�S H�. {.( ± H H�. ± � H�.KH 6 ��.KS ZF.�Z�S

k°��D�� >Y± . 6 � 1 �D� � � � �  � �'� � � %2���)� �)�`� � � ��� � � � � �)�&%2�D� � �(� ��� � % � ���  !�`� � � �����#���' � � 
#"$" ��� � � � ���Z�&%�� � ��� � �) ��� 3-�' � > � � l
�Tj � l
�Tj [�� _ [�� X [��`R � _ � X � R � X�
g4o�� � w [?\ w [�\ w [�\ g4o W�� g4o W�� g4o W��

; ] �3���O7 ' � ZF. 6 Z ~ H�.KHF´ H�.KS ( Z�H S ~ H Z�S S�Z ZF.KH (
; ] Z ZF.K´ H�. ± H H�.�Z�� H�.KSF´ �FH ( Z ~ �FH ZF.�Z�H
; ] ~ ZF. 6 ZF.�Z H�.KHF´ H�.K´FH ~.~ ( .K´ ( . ~ Z ( ZF. ~76
; ] � ~ .KH H�.�Z { H�.KHF´ H�.K´FH ~.~ { . ( ( . ~ Z ± ZF. ~.(
; ] ± ~ .KH H�.K� { H�.�Z�H H�.KS 6 (.~ S�.KS Z�� � ± ZF.KH ±
; ] ( ~ .KH H�.�Z ± H�.KHF´ H�.KSF´ ~�± ± . ± ( . ~ Z�� ZF. ~ �
; ] { ~ .�Z H�.KH ± H�.KHF´ H�.KSF´ Z�S ZF. 6 ZF. ± ± .�Z ZF.K�FS
; ] 6 ~ .�Z H�. ± ´ H�.KHF´ H�.KSFS ~.~ ��.K´ ( .KH Z�� ZF.�Z�´

] �^> �3���O7 ' � ZF. 6 Z�� H�.KHF´ H�.KS ( Z�H SF´FH Z�S S�Z ZF.KH {
] �O> Z ~ .K� H�. ± H�.KHF´ H�.K�F´ Z�´ Z�´ H�.K�F´ Z ( ZF.�Z (
] �O> ~ ~ .�Z H�. 6 ´ H�.�Z ± H�. (.{ Z ( ZFZ H�.KS ( ~ ´ ZF.�Z (
] �O> � ~ . ± H�.K� 6 H�.�ZFZ H�. ±F± ~ Z { . 6 H�.K��Z Z ± ZF.�Z ~
] �O>E± ~ . 6 H�.KHF´ H�.�Z�� H�. ±�( ~ Z ZF.�Z H�.KHFS ± . ~ ZF.�Z 6
] �O> ( ~ . ± H�. ± H H�.�Z ± H�. (�± ~�± ��. ± H�. ~ ´ Z�� ZF.�Z�H
] �O> { ~ . { H�.�Z�H H�.�Z�´ { H ~ H ZF. { H�.KHF� ZFZ ZF.K�FS
] �O>�6 ~ . 6 H�.KH ( H�.�Z ± H�.�Z�S Z�� H�.�ZFZ H�. ~ ´ ~ .�Z ZF. ~ H
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k���D�� >A± .KS�� �-%��$� �'� � � � �F%;#B� � % % � ��� �  � �) � �#� � �O� �  � �) � �#� � � �� � � � � � % �� � �'� � � %2���)� �)�`� � � �����
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; ] Z H�.KS���� ~.( q ZF.KHFS ~ ZF. 6 ZFZ�´ Z�S�. ~ ��.�Z�� ZF.KH { ZF.KH 6 ZF.KH ±
; ] ± ZF.�Z ( ��� ~.( q ZF.K� { � ( .�Z Z ~�± Z ( . ( ��. ~.{ � { . ± ~ .KHF´ ZF.�ZFZ
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Z47@� ' D?7 ~�8 � ' D?7 � 0 � ' D?7
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 X ZF.K�
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a � � � � X [����NZ { . ± hsofe�m { . ± ´ hsofeKo�p { . ( H hsofeKop�

 � � � � X [����NZ ZF. ~ hsofe�m H�. { ZGhsofeKo s H�. ~76 hsofeKop�� � � � � X 5Bg4obW � V � � O�TNV&W�X ]FW`_�Z Z ± hYS 6 hYu ± h*g� �%$�� l �l�� � $ � � � � X 5Bg4o W`_eX ���W�jTNV W�X ] W`_ Z � X � ± .KS ± . { ± .KH! �%$�� l �l�� � $ � � � � X 5Bg4o R � �#��� ] W`_ Z � R � ( . 6 ( . ( ± .KS

� X� ZF.KH 6 ZF.�Z�� ZF. ~�±& <('�� �� �)�U� � � � � � ��% ��� � ��� � �  !� %2 � �&�  � # � � �Q� %2 ���  ��� %2�4� ����� � ����� ���'� ���'� � % �  �  � � % � ��� %2� ��� � � � � � � �
�  � � �I� ��� � �� � ��� �$� � �!� )#* � � E,+.- 3+6$� �K� ���'� � �� � ��� �$� � �&� � � � � � � � / 1<�� 456 7 8 K � 97� � � � ���'� � � � �  !� � � 3& K:' Q#� ���  � %'� � �)% �4�G; � � �  � ���'� � � �$� ��� 3 �P�%� � 3 � EGF�H=<
& � ' Q#� ���  % � ���   !� %2 �$���  !� #  � ���'� � � �$� � � 3 � �%� ��3 � EGF�H@? � ��� � �� � ��� �$� � ���4� � E,+.- 3+6$��� � ����� � �� � ��� �$� � �&� � � � � � ���/ 1<�� 4:6�7 8 K � 97� � � � ���' � � �  !� � 3
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�&%2 ���  ���2  � �:�&�����4� � �
���'�?����� � % �  �  � � % � % � ���  �!� *5�(, � � � ��� � ��� ���'� � � ����� � �&%�� � ��� �(�) ���0�'0�3 � # � � �)� � � �)� ���&� � %����)� � 3
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∆ R

∆ R∆ R

∆ Ro

∆ R = ∆ Ro i = 0

∆ R ∆ R

inner boundary conditions
Po, Lo, To, Ro; 

Set derivatives

dTi/dR, dRi/dR

Integrates one step with

P(i+1), L(i+1), 
T(i+1), R(i+1).
Estimation of accuracy.

stepsize

Suggests next stepsize, 
next

to obtain

Accuracy
good enough?

i=i+1

new

Yes

No

dPi/dR, dLi/dR,

Initial stepsize to be tried,

LOAD:

= next
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End

Yes

No

v(1)=sqrt(Rout), v(2)=sqrt(Menv)

Start:

− initial values of free parameters at the outer boundary, Rout and Menv 

− fixed parmeter at the outer boundary: Lout.
− Mass and radius of the  WD and chemical composotion.

boundary from the free parameters.
Determination of conditions at the outer

Rout  = v(1)**2
Menv = v(2)**2

Integration of the atmosphere from thau=0
to thau=2/3, with fixed Lout and 
present values of Rout and Menv,

to obtain the values of P and T at the 

and Tfot=Teff=T(Lout,Menv,Rout)
photosphere, Pfot=P(Lout,Menv,Rout)

Variation of free parameters
at the outer boundary, v(1) & v(2)

fullfiled?
Conditions

from Lout to Lbase (fixed values).

Integration of structure equations,

Determination of values of the
functions at the inner boundary(base),

R(base), Menv(base), T(base), P(base)

f(2)=Menv(base)*1.d8 = 0?

f(1)=(R(base)−Rwd)/Rwd = 0 ?

boundary layer with the required conditions.
Comparation of functions at the inner
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