
���������
	���������������������
������� 	"!#�
� $��&%'� ()��!+*�,-��	/.102�����
�435��	6�7�8�
9 ���;:<���
�=�8>��=!#�
� �����
�8�4��:+� ?@�8>��A�������������
�;�8��	�BDCE	���F���
:8�

GIH�JLKNMPORQTSVUXWRY�Z[HTJLQ]\^MPO�_]`^aPbcY�d�H�JLef_T\^MP_gWRY�hiH�JLjlkm_]MPOlncY�JoH�prqV\^MP`NscY�G6H�p�MPtuMPKmbvY�w�H�prMPO�aVjlkmORSNe-xcY
Z[H�prMPO�`^jlkcMP_T` W Y�yzH�GIqVe|{^tuMPQTQ W Y<}=H�GIqNOR_~kc�^MPO�j b Y���H�GISVe|ef_T`^jl�'Y�d�H�GI�^O�kc_Tj��'Y��^H�d�MP�^jlkc�^q b Y

}=H���\���qVO�\^jlbvY��2H���Q]QT_]j���Y�JLH���O��^���mkcMPOl�'Y�prH���O���M�bcY���H]��H�Z[MP`^q�k�nmY�Z[H�Z[SNQ]\^�^qNtuMPO � Y�JoH�Z[S�SVt^qNO�x�Y
��HiZ[S�S8\^e|qV` s Y���H�Z[O�qV�^qNe[�mY�d�Hi�LqVO�\^_]` n Y��^H��LqNORO�_]j��cY�hiH��LqNOl�
M4���'Y��LH��LMPM4km\^MPORK�jl�vY��^H��LSVQTQ]qN`^\ b Y

� H��LS�SNKv�PY�d�H��L��kmMPORMPO�Wg�'Y�d�H��-qVjRMP`NbvY�JoH��-_]e-bcY��2H��-`^SV{VbPY��2H�w�qNUXM4�
MPO�bcY�yzH�w�qNef{�kmSV` � Y
yzH�w�M4�i_ b Y�d�H�w�M4�i_T` W Y��P��yzH�w�M4��� n Y�GIH�w�_]\^e|qV` W W Y��2H�w�_T`V�cY��FH�w�_T`^\^MPO b Y��^H�w�SNKVMP` b Y�¡IH�yz�P�-q�� W Y
�^H�yz�P�-MPMPW�Y�yzH�yzM4kc¢PaNMPOR�RY��2H�yz_]£��^MPQ~bvY�JoH�yzSN�^ORqNS�WgbmY�hiH�¤L�^aNMP`ckRbcY��2H�h�qV_T`VncY�d�H�h�qV`^KNS�� � Y

G6H�h�MP`^`c�i{^qN��KNMPO¥�NY��^H�h�MPORQTe���kRkmMPO b Y�JLH��2MPUXO�MPaV_TMPO � Y���H��o_T��� Wgn Y��-H��2SNt^_]`^jRSV` b Y
�-H��^���^qNefqN�^`^MP���^M n�Y�yzH��^�����^t^`^MPQ]Q¦W�Y�JoH��^{^qV\^qVU¥SVO�qmbmY�Z[H��^e|S8S�k � Y�Z[H��^�^QTQ]_~�<qV`NscY�Z-H�¡§qVO�Q]MmWRY

JLH�¡§SVe|jRqV��� W

¨ª©¬«§�®¯¨f°|
±�²v³o´vµ'¶N³4·�¸'¹�ºR»[¼[½§¾4¾4³4¿À³4·�»�Á�ÂÀ¹�¸fÃÄ·�¹�ÅN³�Æ¦´vÇ�½§Ã�È§ÂÀÉ »ÊÉ�¶v»�¾�³4Ë]Å'»�É�³4ÌÍ³4Îm¶N³4·�ÂÀÏr³4¸mÁ�Á�¹-Ïr³�»�É�µ'·�³2Á�²v³

¶'·�¹�¶N³4·�Á�ÂÐ³�É§¹�Ñ�Á�²'³r»�¾4¾4³�¿Ð³�·�»�Á�ÂÀ¸'ÒIµ'¸vÂÐº�³�·�É�³F»�¸'ÌÊÉ�Á�µ'ÌvÓ-Å�¹�Á�²�Ál²v³ Ìv»�·�ÔL³4¸v³4·�Ò�Ó�»�¸vÌ[Á�²'³�Ì'»�·�Ô�Ïr»�ÁlÁ�³4·�¹�Ñ
Ál²v³IÕ�¸vÂÀº�³4·�É�³mÖ6±�²'³I³�ÎP¶N³4·�ÂÀÏr³4¸mÁ�ÂÐÉFÏr¹�Á�ÂÀºR»�Á�³4ÌÍÅmÓ[Á�²'³IÉ�Á�»�·�Á�¿ÀÂÐ¸vÒ�ÌvÂÐÉ�¾4¹�º�³�·�Ó-Ál²v»�Á;Á�²'³2³�ÎP¶'»�¸vÉ�ÂÀ¹�¸�·�»�Á�³
¹�Ñ
Ál²v³�Õ§¸'ÂÀº�³4·�É�³;ÂÀÉ�»�¾4¾4³�¿Ð³�·�»�Á�ÂÀ¸'ÒNÖÄ½#¹�¸v³4Ë]Å'ÂÀ¿À¿ÐÂÀ¹�¸'Ë]¶vÂÐÎm³4¿�ÂÐÏr»�Ò�ÂÀ¸'ÒrÉ�ÓPÉ�Ál³�Ï×ÂÀÉ�³4¸mºmÂÀÉ�ÂÀ¹�¸v³4Ì�ÑØ¹�·�´'Ç§½§Ã�Ö'±�²'³
ÂÐÏr»�Ò�³4·�ÂÐÉ�¾4¹�Ïr¶'·�ÂÀÉ�³�ÌÍ¹�Ñ ÙÛÚ�Ü�¿À»�·�Ò�³2ÑØ¹�·�Ïr»�Á�¸v³4ÝÞÁ�³4¾Û²'¸'¹�¿À¹�Ò�Óªß�ß<à6á É É�²v»�·�ÂÀ¸'Ò-»-ÑØ¹P¾�»�¿i¶'¿À»�¸'³2Ý�ÂÀÁ�²|Ü�â
ã ÒNß<Ì'±<³�Ì'³4Á�³4¾�Ál¹�·�É�»�¸'Ì�¾4¹�µ'¶v¿Ð³�ÌoÁ�¹6»�ÜNÖ ä�Ë]Ïr³�Ál³�·�Á�³4¿À³4É�¾�¹�¶N³�Á�²'»�Á�¾4»�¸�ºmÂÐ³�Ýå»r¹�¸v³4Ë]É�æmµ'»�·�³�Ìv³4Ò�·�³4³�ç'³4¿ÀÌ<Ö
±�²'³;Ì'ÂÀèN·�»�¾4Á�ÂÐ¹�¸vË]¿ÐÂÀÏrÂÀÁ�³4Ì�¹�¶'Á�ÂÐ¾�É�»�·�³�»�¾Û²'ÂÀ³4º�³�Ì2Ý�ÂÀÁl²-»rÁ�²'·�³4³;ÏrÂÀ·�·�¹�·i»�¸'»�É�Á�ÂÀÒ�Ïr»�Á�Ö<é@ÂÐÁ�²�Á�²'ÂÀÉ�Ý�ÂÀÌ'³4Ë]çv³4¿ÀÌ
ÂÐÏr»�Ò�³4·�ê�»�¸'Ìo» É�¶N³4¾4Á�·�¹�Ò�·�»�¶v²8ê�Ál²v³�´vÇ�½§ÃëÏrÂÀÉ�É�ÂÀ¹�¸2¾�»�¸2Ì'ÂÀÉ�¾�¹�º�³�·�»�¸vÌ2Ñ¦¹�¿À¿À¹�Ý@Ý�ÂÀÁ�²2²vÂÐÒ�²'ËgÉ�ÂÀÒ�¸v»�¿ÐË]Á�¹�Ë]¸v¹�ÂÀÉ�³
¾4»�¿ÐÂÀÅ'·�»�Á�³4Ìr¿ÀÂÀÒ�²mÁ�Ë]¾�µ'·�º�³4É�»�¸'ÌIÉ�¶N³4¾4Á�·�»�¹�º�³4·�Ü�ä�ä�ä�±uÓm¶N³�ìX»;É�µ'¶N³4·�¸'¹�ºR»�³�³4º�³4·�ÓFÓ�³�»�·�»�Á�·�³�Ì'É�²vÂÐÑ¦ÁlÉiÅN³4ÁXÝi³4³4¸
íPî äNÖÀÙI»�¸'ÌïÙ�ÖÐð�Ö¯±�²'³�·�³�É�µ'¿ÀÁ�ÂÐ¸vÒ�Ì'»�Á�»�É�³�Á6¾4»�¸¯Ì'³4Á�³4·�ÏrÂÀ¸v³�Á�²'³�¾�¹�É�Ïr¹�¿Ð¹�Ò�ÂÀ¾4»�¿u¶v»�·�»�Ïr³�Ál³�·�É�Ý�ÂÀÁ�²ª²'ÂÀÒ�²¶'·�³4¾�ÂÐÉ�ÂÀ¹�¸8ñ�Ïr»�É�É�Ì'³4¸vÉ�ÂÀÁXÓªÆØò�ó¬È�Á�¹fôiävõ ä�ÜNê�º�»�¾�µ'µ'ÏE³4¸v³4·�Ò�Ó[Ì'³�¸'É�ÂÀÁXÓªÆØò�öÄÈ�Ál¹fôiävõ ä�â�ê�»�¸'ÌÍ¾�µ'·�º�»�Á�µ'·�³
ÆØò�÷rÈ^Á�¹[ôiävõ ä�øNÖ�±�²'³�Ì'»�Á�»IÉ�³4Á�¾4»�¸�Á�³4É�Á§Á�²'³�¸'»�Á�µ'·�³�¹�Ñ<Á�²'³|ù]Ìv»�·�ÔI³4¸'³�·�Ò�ÓmúrÁ�²'»�Á�ÂÐÉ§»�¶v¶'»�·�³4¸mÁ�¿ÀÓ2»�¾4¾4³4¿ÀË
³4·�»�ÁlÂÀ¸'Ò�Á�²'³�³4Îm¶'»�¸'É�ÂÐ¹�¸6¹�Ñ�Ál²v³§Õ§¸'ÂÀº�³4·�É�³PÖ8ìX¸2¶v»�·�ÁlÂÀ¾4µv¿Ð»�·�ê�» ¾4¹�É�Ïr¹�¿Ð¹�Ò�ÂÀ¾4»�¿'¾4¹�¸vÉ�Á�»�¸mÁuÌ'»�·�Ôr³4¸v³4·�Ò�Ó�¾4»�¸2Å�³
Ì'ÂÀèN³4·�³4¸mÁ�ÂÀ»�Á�³�ÌIÑØ·�¹�ÏÞ»�¿ÀÁ�³4·�¸'»�Á�ÂÐº�³4ÉÄÉ�µv¾Û²2»�ÉIùgæmµ'ÂÀ¸mÁl³�É�É�³4¸v¾4³4úNê�ÅmÓ6Ïr³4»�É�µ'·�ÂÀ¸'Ò�Á�²'³�Ì'»�·�Ôr³4¸'³4·�Ò�Ó�á ÉÄ³4æPµv»�ÁlÂÀ¹�¸
¹�Ñ8É�Ál»�Á�³;Ál¹�ôiävõ ä�âNê�»�¸'ÌLÅmÓ2É�Á�µvÌ'ÓmÂÐ¸vÒ�ÂÐÁ�É�Á�ÂÐÏ6³�Ìv³4¶N³4¸'Ìv³4¸'¾�³PÖ
û�ü�ýgþXÿ�������ÿ��	�	
������� ����������������� �!��"��!#$�%��"�&�����'(�!�)&*��&���+ �-, ./�!&��!01&�+ ��"�#$"�2-�30!�4� �!5���0!�%�!"6, ����"�&7���/'8�!�9&�"�#
"���2:�!����+*���3�9, ; �!���!�*�3�%#$&��!���!"�0!+ 2:�!"

<>=@?	A B�C�DFEGA HJILK�MONPA Q7R	ATS�U�?
VGW U1XYDFC�?	Q�C[Z\C�DF]�C�^ C�I`_aU�HFATK�?	U�^ W U�b9K�DFU�HFK�DFI
c7WOd _ae@fhg9iO_@j�k3lnmJ_ b d n U�?	oL=@?	A B�C�DFEGA HJI d U�DFATEqp@mqrspamFm�gd U�DFA E!g�t)DFU�?	Q�C
u =@?	A B�C�DFEGA HJILK�MONPU�DFI6^ U�?	o
v =@?	A B�C�DFEGA HJILK�MYk3HFK6Q7]6R	K�^Tw
x7=@?	A B�C�DFEGA HJILK�MYiOU�^ ATM�K�DF?	A UyU�HzZ\C�DF]�C�^ C�I
{�i:U�^ ATM�K�DF?	ATU|mJ?	EFHFATHF}	HFCyK�MO~:C�Q7R	?	K�^ K�S�I
��k3�	U�Q�C|~:C�^ C�EFQ�K���C�k3Q�ATC�?	Q�C�E@m�?	EGHFA HF}	HFC
� mJ?	EFHFATHF}	HFCyM%K�D-�@EFHFDFK�?	K�w|I6g6fqo	AT?*b	})DFS�R

�q���*�\�*�	�Y�@�@���6�>�q�
ìX¸�Á�²'³F¶v»�É�Á�Ìv³4¾4»�Ìv³�Ál²v³FÉ�Á�µ'ÌvÓL¹�Ñ^¾�¹�É�Ïr¹�¿Ð¹�Ò�Ó2²'»�É

Á�»�Ô�³4¸ÍÂÀÁ�É�ç'·�É�ÁFÏ6»	��¹�·;É�Á�³�¶'É »�É »-¶'·�³�¾4ÂÐÉ�³2³4Ïr¶vÂÐ·�ÂÀ¾4»�¿
É�¾�ÂÐ³�¸'¾4³Pê;¾4¹�ÏFÅvÂÐ¸vÂÐ¸vÒ ¾�¹�¸v¾4³4¶vÁlÉ[»�¸vÌïÁl¹m¹�¿ÀÉ-ÑØ·�¹�ÏD»�É�Ë
<F� =@?	A B�C�DFEGA HJILK�MYiOR	ATQ�U�S�K
<�< f�}	DFK���C�U�?�k3K�}	HFR	C�DF?���b	EFC�DFB1U�HFK�DFI
<7V i:fq_@~Yjz��g*m�?	EGH>ATHF}	HFK�k3}	��C�DFATK�DY~:C�Q�?	ATQ�K�g W ATEFb9K�?
<Gc i:fq���G�z� d _@m���g�k3U�Q�^ U1I�t)DFU�?	Q�C

Ù



Á�·�¹�¶'²mÓPÉ�ÂÐ¾�É§»�¸'Ì�¶'»�·�Á�ÂÀ¾4¿Ð³�¶'²mÓmÉ�ÂÀ¾4É�Ö;±�²'³rÏr¹�É�Á�·�³4¾4³�¸mÁ
¹�Ñ�Á�²'³4É�³|·�³4É�µv¿ÐÁ�É�²'»�º�³�»�¿À·�³4»�Ì'Ó@Åv·�¹�µvÒ�²PÁ�É�µ'·�¶v·�ÂÐÉ�³4É�Ö
±�²'³;Õ§¸'ÂÀº�³4·�É�³Pá É�³�ÎP¶v»�¸vÉ�ÂÀ¹�¸�ÂÀÉ�»�¶'¶v»�·�³�¸mÁl¿ÀÓI»�¾4¾4³�¿Ð³�·�»�Á�Ë
ÂÀ¸'Ò�·�»�Ál²v³4·8Á�²'»�¸ Ì'³4¾4³�¿Ð³�·�»�Á�ÂÀ¸'Ò�»�É8³4Îm¶N³4¾4Á�³4Ì É�¹�¿Ð³�¿ÐÓ�Ì'µv³
Á�¹�Ò�·�»�ºPÂÀÁXÓPÖ6±�²'ÂÀÉ�ÂÐÏr¶v¿ÐÂÀ³4ÉFÁ�²'»�ÁFÁl²v³IÉ�ÂÀÏr¶'¿À³4É�ÁFÏr¹PÌv³4¿
ÑØ¹�·ÄÁ�²'³�Õ§¸vÂÐº�³�·�É�³L���'»�Á�»�¸vÌIÌ'¹�ÏrÂÀ¸'»�Á�³4Ì6ÅmÓ Ïr»�Á�Á�³4·|�
»�¶'¶N³4»�·�É�¸'¹�Á�Á�¹�ÅN³�Ál·�µv³Pê4»�¸vÌ;Á�²'»�Á�¹�µ'·�¾4µv·�·�³4¸mÁ�Ñ¦µ'¸'Ìv»�Ë
Ïr³4¸mÁ�»�¿8¶v²mÓPÉ�ÂÐ¾�É§µ'¸vÌ'³4·�É�Ál»�¸'ÌvÂÐ¸vÒ6¹�ÑÄ¶'»�·�Á�ÂÐ¾�¿Ð³�É�êvÑØ¹�·�¾4³�É�ê
»�¸'ÌLç'³�¿ÐÌvÉ�ÂÀÉ�¿ÀÂÐÔ�³4¿ÀÓ6Á�¹�ÅN³;ÂÀ¸'¾4¹�Ïr¶v¿Ð³�Ál³mÖ
±�²'³-¾�¿Ð³�»�·�³�É�Á6³�ºPÂÀÌ'³�¸'¾4³-Ñ¦¹�·2Á�²'ÂÀÉ2É�µv·�¶'·�ÂÀÉ�ÂÀ¸'ÒÍ¾4¹�¸'Ë

¾4¿Àµ'É�ÂÐ¹�¸ ¾4¹�Ïr³4É|Ñ¦·�¹�Ï Á�²'³@·�³�¾4³4¸mÁ|É�µ'¶N³4·�¸v¹�º�»zÏr³4»�Ë
É�µv·�³4Ïr³4¸mÁ�É�¹�Ñ
¾Û²v»�¸vÒ�³�É�ÂÀ¸-Á�²'³FÕ§¸'ÂÀº�³4·�É�³Pá É�³4Îm¶'»�¸'É�ÂÀ¹�¸
·�»�Á�³�Á�²v»�Á�Ì'ÂÀ·�³4¾4Á�¿ÀÓ2É�²v¹�ÝåÁ�²'³�»�¾�¾4³4¿À³4·�»�Á�ÂÐ¹�¸8Öh ^ÂÐÒ�µ'·�³IÙ
É�²v¹�Ý�É§Á�²'³r·�³4É�µ'¿ÀÁlÉ�¹�ÑÄÃ
³4·�¿ÀÏFµvÁlÁ�³4·�³4Á�»�¿¥Ö^Æ�Ù�¡9¡�¡NÈ§Æ¦É�³4³
»�¿ÐÉ�¹`¢�ÂÀ³4É�É
³4Á<»�¿XÖPÆ�Ù�¡�¡�£�È�ÈvÝ�²'¹§µvÉ�³i» ã µvÅ'Å'¿À³�Ì'ÂÀ»�Ò�·�»�Ï
ÑØ¹�·�¤�Ü�´'Ç§³�Ý�ÂÀÁ�²�ävõ Ù�£¦¥¨§P¥ëävõ £�Ú Á�¹�ç'¸vÌ�Ál²v»�Á�ÑØ¹�·i»
�'»�Á8µ'¸vÂÐº�³�·�É�³�ò§ó î ä'õ Ü�£�ô§ävõ ä�£�Æ¦ò�ö î Ù:©§ò�ó[È�êR¹�·�»Ì'³�¾4³4¿À³4·�»�Á�ÂÐ¹�¸o¶'»�·�»�Ïr³4Á�³4·8ª�« î ©�ä'õ â�£Nê�»�¸vÌo¾�¹�¸'É�Á�·�»�ÂÐ¸
Á�²'³;¾4¹�Ï Å'ÂÀ¸'»�Á�ÂÐ¹�¸Lävõ £�ò§ó¬©[ä'õ ø�ò�ö[Ál¹©iävõ Ü;ô[ävõØÙ�Ö
±�²'ÂÀÉ6³4ºmÂÐÌv³4¸'¾4³�Ñ¦¹�·6»�¸'³�Ò�»�Á�ÂÀº�³4Ë]¶v·�³4É�É�µ'·�³2º�»�¾4µ'µvÏ

³4¸v³4·�Ò�Ó2Ì'³�¸'É�ÂÀÁXÓLÂÐÉ�ÂÀ¸�·�³4Ïr»�·�Ô�»�Å'¿À³�¾�¹�¸'¾4¹�·�Ì'»�¸'¾�³;Ý�ÂÐÁ�²
¾4¹�Ï Å'ÂÀ¸'³4Ì Ò�»�¿Ð»�ÎmÓ¯¾4¿Àµ'É�Á�³4·LÏr³4»�É�µv·�³4Ïr³4¸mÁ�É|Æ�®�»�²'¾4»�¿À¿
³4Á�»�¿XÖ^Ù�¡9¡�¡NÈ�êNÝ�²'ÂÀ¾Û²[»�·�³�É�³4¸'É�ÂÐÁ�ÂÀº�³�Ál¹Lò ó êV»�¸'Ì�¾4µv·�Ë
·�³4¸mÁrß@¯s®ï·�³4É�µ'¿ÀÁlÉ6Æ�°8»�¸'Ò�³F³4Á�»�¿XÖ�Ü�ä�ä�ä�±:®�»�¿ÐÅvÂ8³�Á�»�¿XÖ
Ü�ä�ä�äNÈ�êRÝ�²'ÂÀ¾Û²�»�·�³uÉ�³�¸'É�ÂÀÁ�ÂÐº�³�Á�¹�Á�²'³�¾4µv·�ºR»�Á�µ'·�³iò�² Æ¦É�³�³
 ^ÂÀÒNÖ�Ù�È�Ö8±�Ýi¹�¹�Ñ�Á�²'³�É�³�Ál²v·�³4³�ÂÐ¸vÌ'³4¶N³4¸vÌ'³4¸mÁ�Ïr³4»�É�µ'·�³�Ë
Ïr³4¸mÁ�É�»�¸'Ì�É�Á�»�¸'Ìv»�·�ÌLÂÀ¸³�'»�Á�ÂÀ¹�¸LÝi¹�µ'¿ÀÌ�²'»�º�³�Á�¹6Å�³�ÂÀ¸
³4·�·�¹�·uÁ�¹�Ïr»�Ô�³�Á�²'³�¾4¹�É�Ïr¹�¿Ð¹�Ò�ÂÀ¾4»�¿N¾4¹�¸'É�Á�»�¸mÁ;ÆØ¹�·�¹�Ál²v³4·
¸'³�Ò�»�Á�ÂÀº�³�¶'·�³�É�É�µv·�³�Ì'»�·�Ô�³�¸'³4·�Ò�Ó�ÈVµv¸'¸'³�¾4³4É�É�»�·�Ó ÂÀ¸2Á�²'³
¾4¹�É�Ïr¹�¿À¹�Ò�ÂÐ¾4»�¿NÏr¹PÌv³4¿ÐÉ�Ö
±�²'³�É�³§Ïr³�»�É�µ'·�³4Ïr³�¸mÁlÉ�ÂÀ¸'Ì'ÂÀ¾4»�Á�³�Á�²v³�¶v·�³4É�³4¸v¾4³�¹�Ñ�»

¸'³�ÝFê�µv¸'Ôm¸'¹�Ý�¸¬³4¸v³4·�Ò�Ó-¾4¹�Ïr¶N¹�¸'³4¸mÁ;Á�²v»�Á�¾4»�¸¬¾4»�µ'É�³
»�¾4¾4³�¿Ð³�·�»�Á�ÂÀ¹�¸8êN²'³�¸'¾4³r²'»�ºPÂÀ¸'Òo³�æPµv»�Á�ÂÀ¹�¸[¹�ÑuÉ�Á�»�Ál³¦´¶µ
·�¸�¹ ¥º©;Ù ¸ ÚNÖ�±�²vÂÀÉ�ÏrÂÀÒ�²mÁ�ÅN³�Á�²v³�¾�¹�É�Ïr¹�¿Ð¹�Ò�ÂÀ¾4»�¿�¾�¹�¸vËÉ�Á�»�¸mÁ�Ö�½§¿ÀÁ�³4·�¸'»�Á�ÂÐº�³4¿ÀÓPê�ÂÀÁu¾4¹�µ'¿ÀÌ6ÅN³�Á�²'»�Á�Á�²'ÂÀÉuÌv»�·�ÔF³4¸'Ë
³4·�Ò�Ó�ÂÀÉ8Ìvµ'³ÄÁ�¹�É�¹�Ïr³�¹�Ál²v³4·�¶'·�ÂÀÏr¹�·�Ì'ÂÀ»�¿�ç'³4¿ÀÌ�Ñ¦¹�·�Ý�²vÂÀ¾�²
¹4»î © · ê�¿À³4»�ÌvÂÐ¸vÒ|Á�¹fÌ'ÂÀèN³4·�³�¸mÁLÌ'Óm¸'»�ÏrÂÐ¾�»�¿§¶'·�¹�¶N³4·�ËÁ�ÂÐ³�ÉÄÁ�²'»�¸6»;¾�¹�É�Ïr¹�¿Ð¹�Ò�ÂÀ¾4»�¿c¾4¹�¸'É�Ál»�¸mÁ�Ö�±�²v³�ÑØµv¸'Ì'»�Ïr³4¸vË
Á�»�¿
ÂÐÏr¶N¹�·�Á�»�¸v¾4³r¹�ÑÄ»�µ'¸'ÂÀº�³4·�É�»�¿8º�»�¾4µ'µvÏ�³�¸'³4·�Ò�Ó�²'»�É
É�¶v»�·�Ô�³4Ì[»¼�'µ'·�·�Ó�¹�Ñi»�¾4Á�ÂÀºPÂÀÁXÓ-ÂÀ¸�Ál²v³4¹�·�³4Á�ÂÐ¾�»�¿
¶'²mÓmÉ�ÂÐ¾�É
Ý�ÂÀÁl²+É�³4º�³4·�»�¿�¾4¿À»�É�É�³�É¯¹�Ñ�Ïr¹PÌv³4¿ÀÉ ÅN³4ÂÀ¸'ÒÞ¶'·�¹�¶N¹�É�³4Ì
Æ¦³PÖ ÒNÖ ù]æmµ'ÂÀ¸mÁ�³4É�É�³4¸'¾4³�úïÆ�ß<»�¿ÀÌ'Ýi³4¿À¿Xê§à�»�º¾½³mêL¿A´vÁl³�ÂÐ¸vË
²'»�·�ÌvÁ|Ù!¡�¡�£�±8ÀP¿À»�Á�³4º�ê�é�»�¸vÒ�ê`¿=´'Á�³4ÂÀ¸'²v»�·�Ì'ÁfÙ�¡�¡�¡�È�ê
ÃÄÉ�³4µvÌ'¹�Ë]Ç§»�ÏFÅvµ'Ë!Ái¹�¿ÀÌ'É�Á�¹�¸'³�®�¹�É�¹�¸[Æ¦Ã�ÇÂÁ�®�È�Ïr¹PÌ'³�¿ÐÉ
ÆJ v·�ÂÀ³4Ïr»�¸2³4Áu»�¿XÖNÙ�¡9¡�â�±'ß<¹�Å'¿À³Pê�à�¹PÌv³4¿ÀÉ�¹�¸8ê�¿º �·�ÂÀ³4Ïr»�¸
Ù�¡�¡�ð�È�êN¾4¹�É�ÏrÂÀ¾rÌ'³4Ñ¦³4¾4Á�ÉoÆJÃ§ÂÐ¿À³4¸vÔPÂÀ¸@Ù�¡9£�¤�±qÃ§ÂÐ¿À³4¸vÔPÂÀ¸Ä¿
´'²v³4¿À¿Ð»�·�Ì¬Ù�¡9¡�¤NÈ�ÈlÖ�ÃÄ¿À»�¾�ÂÐ¸vÒFÉ�¹�Ïr³§¾4¹�¸vÉ�Á�·�»�ÂÀ¸mÁ�Éu¹�¸2¶N¹�É�Ë
É�ÂÀÅ'¿À³§Ìv»�·�Ô ³4¸v³4·�Ò�Ó�Ïr¹mÌ'³4¿ÀÉ�ê�Ã^³�·�¿ÐÏ µ'Á�Á�³4·Ä³4Ái»�¿XÖ�Æ�Ù�¡�¡�¡�È
»�¸'ÌÅÁi»�·�¸v»�ºmÂÐ¾Û²�³4Á8»�¿XÖ�Æ�Ù�¡�¡9£NÈPçv¸'ÌFÁl²v»�Á8Ñ¦¹�·�»L�'»�Á8Õ�¸vÂÀË
º�³4·�É�³Pê�Á�²'³�Ìv»�Ál»;»�·�³�¾4¹�¸'É�ÂÀÉ�Á�³4¸mÁ�Ý�ÂÀÁ�²I»;¾4¹�É�Ïr¹�¿À¹�Ò�ÂÀ¾4»�¿ÀË

¾4¹�¸'É�Ál»�¸mÁF³4æmµ'»�Á�ÂÐ¹�¸Í¹�Ñ�É�Ál»�Á�³2Ý�ÂÀÁ�²|ävõ Ü ¥ Æ ò�ó ¥ Æ ävõ ¤
ÆJ ^ÂÐÒNÖPÜNÈ�êP¹�·uÒ�³4¸'³�·�»�¿À¿ÀÓ�´Ç¥º©iävõ ¤F»�Á�¡�â�È ¾�¹�¸vç'Ì'³�¸'¾4³
¿À³4º�³4¿XÖ�±�²'³�¾4¹�É�ÏrÂÀ¾�É�Á�·�ÂÐ¸vÒ�Ì'³�ÑØ³4¾�Á�Á�²'³�¹�·�ÓoÆ�´ î ©;Ù ¸ ÚNÈÂÀÉ�»�¿À·�³4»�Ì'ÓIÉ�Ál·�¹�¸vÒ�¿ÀÓ6Ì'ÂÀÉ�Ñ¦»�º�¹�·�³4Ì<Ö

    

No Big Bang

 1  2  0
É

 1  2  3
Ê

   

 

 

 

 

 

 

exË pÌ anÍ ds f
Î
orÏ everÐ

-1

0
Ñ

1

2
Ò

3
Ó

2
Ò

3
Ó

closed

reÔ cÕ ol
Ö
lap× sØ eÙ sÚ evenÛ t

Ü uallyÝ

Supernovae

CMB 
    Boomerang

    Maxima

Clusters

mass density

va
cu

um
 e

ne
rg

y 
de

ns
ity

(c
os

m
ol

og
ic

al
 c

on
st

an
t)

open

fÞ lat

 SNAP
Target Statistical Uncertainty
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