
���������	��

����������
����
���	����
��! "������
#�
�	�����$�%�&�$��'�()�*'��$�+�
��,.-/��0#�

1 ���$�2

�� "�
��(3��45
# "67'8�$�9�:�;�<�
�	��,='��>�$�	?

@BADCFEHGIAKJML�C$N
O CQP>R2AKSTLVU�GKW;X*Y
ZDS	[

4�\ 1 4^]D��\`_
a�b
c�d
e 'f�g?ihj_
_�a

k�lgmQnolgp)qsr2p3t)lguolwv<pyx{zfr�m�|	v<p}v<~�~�lg~>k�r2������n}v<no��r�m
t���x}l%��mF����lgpou{��n��
���w�2�
� r2��n{zf�fv<��m � nopol�lgn
k�t3|$kH�*� ���D�
� r���uon{r2m>�F�����2� ���2�

�3~�u{r�vw�2v<��~�v<��~�l#v<u��>���	�� �¡�¢2£¤qspor���n{z�lf¥�r2p{noz�lwv<uon�|	v<pyv¦~�~�l�~
�3p}x{z���nol�x}n{��pol�ujk�l�m§n{lgp9v¦n � �Qpyv�x}��uol
��m����2l�pouo��n��Q¨



©«ª�¬®­�¯°¬²±´³Hµ	ª�¬�¶®·9µ¹¸g±�º�·%»½¼¾º�³¦±�¿$ÀÁ·9µ¹¸g±�º
¼¾º�³2¿¹·j¯¾µ	¿$Â�Ã�µ	Â�¿¹¬�·%º�ÄÆÅ�¸�Ç�ªÉÈB¬)¿¹³¦±´¿$À+·%º�Ã�¬ËÊ^±�À+Ì¤Â�µ	¬)¿¹¯

¸�ºÉ¼¾º�ÄfÂ�¯¾µ	¿	Í

ÎfÏ�ÐIÑ*ÒwÏ�ÓÕÔ�Ö$×$ÐQØ*Ù$ÚIÛ	ÜHÝÞÐFß�àáÏ�âÕ×¹ã	ÒwäåÚIÛ	æ�â>ç
è>Ó>ÒáÚIé�ã	æwÏëê�Û	çíìîÏ�ÒwæwçíàïÓ

ð ÐIÒ�àáñ°ÏQÚIæ�à�òóÚIÒáÚDôõôõÏ�ô�ö�Òwé<ñ	çíàáÏ§é2àáã	Ò�Ï§æ�Ô
Ï§ÛKàáÏ�Ò
÷I÷î÷ Ô
ÐîôõôsÏ§øîÏ¤òjôõÚIé§Ï

è>Ó>ÒwÚIé§ã	æ�ÏIÙ ð Ï2ù�ú´ÐîÒ�â ÷üûKýFþîþDÿïþ°÷����
øîé����¤Û��¹ÚIéIÖ æ�Ó>Ò�Ö Ï�Ü	ã!Ù	� ã	Òwä
��Û��¹ÚIéDÖ æ�Ó&Ò�Ö Ï�Ü	ã

ñKà�à���
����Fù#ù#ùfÖ Û��¹ÚIéDÖ æ�Ó>Ò§Ö Ï§Ü	ã
ñ¾à�à���
����Fù#ù#ùfÖ çõÛ�� Ðîä½ÚDôõôyÖ ÐîÒ�ø

ö��	Ò�Ï§æwÏ�ÛKà<ÚDàwçõÐîÛ ÒwÏ�ô ÚDàwÏ§ÜHàáÐ àáñ°çõæ��¹Ú��:Ï§Ò#ù�çsôõô��:Ï�� Ðîã	Û	Ü çõÛ�� ÷��

��� �"!�#%$'&�!
(*),+.-0/"-1+2)4365�78)�9:71-<;.='>@?A?CB1>D;%71-15.9�;.=�?E9GFH5.IKJL;�71-15�9*?E9GFEIA;�M�71IENPOG71N�IQ)SRLMG)�IK/�-<OE)�MT-U9:7V5
W /.)TX�IA5G;%+�;.IQ)Q;.M�YCZ[5.=U=\;]X^5.IA;�71-15�9_;.9�+,78)�=`)�/"-0I�71NP;.=a-171b�c'?E9GFH5	d�?^e:-gfh>iB1?E9GFH5.IEJL;�71-<5.96j
d	-<+])Q5.jD?EJL;Gk�)�IKb�jL;�9�+le:-UJ,N�=m;�71-<5.9n5.9poC)�JL;.9�+�R�jq;.9�+r+.-mk�-17V;.=@=a-VX�IA;.IK-<)�M^csOE5.JCt
JL)HIgOK)KcqJq)G7V;%O^5.J@3�N671-U92k.cu(*)�X2v:5E3w3�IA5G+.NPO�71-0/"-U71blMH)HIE/"-1OK)KM�xyv{z�)_=m;�7<78)�I*+2)�9�5�78)�M
7Uz�)|XHIg5�;%+�MKN�-U78)�5AFT7V5G5�=}M�~ )D)^�K36)^OG7[7V5�X^)�5A�T)�IQ)Q+�5.9_7Uz�)�(*)�XT-U9*;�k�)�9�)HIg;�=	)H9P/�-Ut
Ig5.9:JL)H9:7 ~ )�78)HIEJ�(*)"X6(�-U9�+%5�~�M�xs(*)�IA)H/�-V)�~pOGN�IKIQ)�9:7�;.9�+�FKN671N�IA)_(_5.IK=\+l(�-<+])
(*)�X�78)QO�z29�5.=m5Qk�-V)KMEj�~�z]-<O�z�O^5.N�=m+rN�9�+])HIE=�-V)�7Uz�)�MH)�MH)HIE/"-1OK)KM�x�?E9w3�;.I�71-<OHN�=\;�I^j�~ )
MEN%k�k�)KMK74;.9�-U9:78)Vk%Ig;�71-<5.9LFKIA;.Jq)�~h5.IE�u(*)"X6(_5�I^��FH5.I���-\k�zL�@)�IUF�5�IEJL;.9�OK)sB\36;.Ig;�=0=`)�=
;.9�+
+.-�M�71IE-VX�N678)^+KR�OE5.J@3�N671-09�k
;�9�+�7Uz�),>T?A?�xD(*)T3�5.-U9:7@5�N�7�7Uz�;�7�36)HIE/.;�ME-U/.)�(*)"X�t
(_5.IE�C;.9�+�(*)�XP(�-09�+%5.~�M@78)^O�z]9�5�=\5Qk%-<)�MT~[-U=U=�)�9�;]X�=`)Kj�F�;]OH-U=a-17V;�78)�;�9�+,MEN:X�MK7V;.9:71-<;.=U=ab
;%O^OK)�=`)�IA;�78),MKN6OHz�OE5.J@3�=`)Q�sMH5gF�71~h;.IA)@3�Ig5�OE)KMEMH)�MC5.9�7Uz�)�>T?A?�x

(*)�XHIE-V)1��bD;.9�;�=ab���)�MG)�/.)H9�X�IA5G;%+,;E3%3�=a-<O^;�71-<5.9_;.IQ)Q;.M�Y�M�5GOG-<)G71b"c[X�N�ME-U9�)KMEM�)H9:78)�IKt
3�IE-0MH)�M^c@z�)Q;.=\7Uz�O^;.IQ)Kc�+])1FG)�9PMH)�O^5.JCJL;.9�+�;.9�+
O^5�9:71Ig5�=}j�;.9�+
OHIK-�MK-�M�JL;.9�;Gk�)�Jq)�9�7Uc
)Q+.NPO^;%71-15.9Pc�O^5�=0=m;]XQ5�Ig;�7V5�IEb�c�J�;�9PN�F�;%O�71N�IE-U92k]xu(*)qO^5.9�71Ig;�M�7@7Uz6)�-UI,N�MG)L5gF�>@?A?DMG)�IKt
/�-<OE)KM,~[-U7Uz�;�JL5.IQ)�+])H7V;.-U=`)Q+�)Q�];�J,-U9�;�71-<5.9r5gF�7Uz�)LJ�;�9PN�F�;%O�71N�IA)�5gFLO^5.J@3�=`)Q�_MKb"MKt
78)�J,M^j[MKN6OHzs;�M�;.-UIgOGIg;AFK74;.9�+�;.N67V5.JL5]X�-U=m)�M�xqv{z2-�M�;E3%3�=�-<O^;�71-<5.9�~[-U=0=�MK71IQ)KMEM�7Uz6)T>T?A?^j
X�N67'7Uz�)�IQ)4-0M4;�IA)HJ�;�I^��;]X�=`)�5K3%3�5.I�71N�9P-U71b|7V5D+])H/.)�=m5E3�9�)�~�JL;.9PN�FH;%OG71N�IK-092k43�IA;%OG71-<OE)�M



7Uz�;�7�5g�T)HI|O^5�M�7 M�;./"-092k�M|;.9�+�IQ)Q+.NPOE)^+�71-UJL)|7V5�JL;.IE��)G7Vx

� ¼¾º
µ	¿¹±�ÄfÂ�Ã�µ	¸�±�º

�����.�^�T�.�4�D�^�G�L�.�Q�.�.�: m���Q¡����T¡�¢q£P¡m¤%£6¥V¦��H�^§0¨��^�q��¢P©���©�¨%��¦:ªP�Q¡`¢6¤|��¢:«�©�¨%�L�,ªP¢P¡m¥
©H�.�Q¡m¨%¢P¬@­1®T¯�°�°�±²�A�G©^£P¢P¨% m¨�¤�³�´¶µ��G¬A�G�.�E©^£���¢P«�«6�H·��G m¨�¦:�L�G¢]�¶¨"·��H�h�Q£6�� ���¬A�¶«6�G©H��«6�
¨���¬Q¨�¡`¬T�L�.�Qª6�E¡`¢6¤L�^�.¦�¡`«P m³�¸���¢P«*©H��¢
���|�.¦:¦: `¡m�G«�¡�¢*¬A�H·��H�E�� �¡���¦�¨��Q�Q��¢]�@¹���³�¬T�A¨
�Q�G�� �¹�¨��^ `«r¦:�Q¨��: m�G�L¬G´�ºPª6�Q�Q£P�H�G¸���¨%¬A�L¦P�^¨�¤��Q�G¬Q¬q¡�¬�¦��H�^£P�.¦:¬�§U�Q¨%�»�Q£P�_©�¨%¢�¼�ª�¥
�G¢P©���¨�§²�A�G©E£P¢6¨% m¨�¤%¡`�G¬���¢P«�¡`¢P«P�H�G«���©H��«P�G�L¡`©�«P¡`¬^©H¡m¦: `¡`¢P�G¬H¸]¡`¢P©H �ªP«P¡`¢6¤D¦:�.�^�� ` m�G ���¢P«
«P¡`¬A�A�^¡`�:ª6�Q¡`¢6¤C©�¨%��¦:ªP�Q¡`¢6¤6¸�¢P�H�8¹�¨��Q��¡�¢6¤6¸���¢P«
¡`¢6§U¨��^�L�.�Q¡`¨%¢�¬Q©H¡m�G¢P©���´�½g¢
¾��G©��Q¡m¨%¢*¿�¸
¹ ���^�H·�¡m�H¹À�Q£P�_©Hª6�Q�Q�G¢2�L¬Q¡m�Qª:�.�Q¡m¨%¢w¹�¡m�Q£r©Hª6�^�Q�G¢]����¨��E `«w�Á¡�«6�����H�Â­U�Á�p�Ã±E¸
Ä@�.�Q¡m¨%¢:�� �½g¢6§U¨��^�L�.�Q¡m¨%¢q½S¢P§0�^��¬Q�A�^ªP©��Qª6�Q�,­1Ä�½Q½Q±E¸���¢P«�®T¯�°�°T´]����¬A�H���Q£6��¬A�Q��¢P«P�.�^«
�|ªP `�Q¡\¥8ªP¬A��Ä�½Q½�·�¡`¬Q¡m¨%¢D¹�¡m�Q£,¡`¢6§U�^��¬A�A�^ª:©��Qª6�Q�¶«6�^¡`·��G¢|¡`¢:¡m�Q¡`�� ` m³@�2³��Q£P� �G¢2�A�H�Q�Q��¡`¢P�L�G¢]�
��¢P«�¡�¢6§0¨��E�L�.�Q¡m¨%¢L¡`¢:«PªP¬A�A�^¡`�G¬H¸��:ª6�h�.¦:¦: `¡m�G«��:�Q¨%��«P m³,¨�·��H���|�^��¢6¤���¨�§	�.¦:¦: `¡`©H�.�Q¡m¨%¢:¬
§0�Q¨%�Å�G«Pª:©H�.�Q¡m¨%¢��A¨r�L��¢�ª6§1��©��Qª6�^¡`¢P¤6´Æ½g¢��Q£P�
¬A¦��G©HªP ��.�Q¡m·���¾��G©��Q¡`¨%¢ÈÇ�¸@¹ ��¬Qª6¤.¥
¤��G¬A�L��¢u�G���H�Q¤%¡`¢6¤
��¨��^ `«u�È¡`«6��É_�H�Q��¬A³�¬A�A�G��¸�¹�£6�H�^�q�Q£6��ªP¬A�H�C¡`¢2�A�H�^��©��Q¬C¹�¡m�Q£
���H�P�Á¡�¢P«6¨�¹@¬SÊp�Q£6�@¨�¦��H�E�.�Q¡`¢6¤|¬Q³�¬A�A�G�Ë¨�§'�Q£6�@�p�Á�Æ´�����«6�G¬Q©��^¡`����£P¨�¹È�|¢6�H�g¥
¹ ¨��Q�s¨�§�©�¨%�D��¡`¢6�G«�©�¨%��¦�ª6�A�D��¢P«����H�
¬A�H�Q·��H�^¬�©H��¢�����£P�.�^¢6�G¬^¬A�G«�¡`¢s���H�P��¨��Q�
��¬ �,«P¡`¬A�A�E¡m�:ª6�A�G«,¨���¦:�.�^�� ` m�G :©�¨%��¦:ª6�A�@�G¢6¤%¡`¢6��´����T���G �¡m�H·����Q£P�.��Ì%��·���¸�§0�^¨%�y¾�ª:¢
É*¡`©��^¨%¬A³�¬Q�A�G�L¬H¸%¡`¬�­1��¢|��Í6����¦: `�h¨�§E±{©��^¡m�Q¡`©H�� 2�A�G©^£P¢P¨% m¨�¤�³�¸]��¢P«|¹ �4¡` ` �ªP¬A�A�^�.�A�¶¡m�Q¬�ªP¬A�
¡`¢�¬A¨%������Í6����¦: m�G¬G¸�¡�¢P©H `ªP«P¡�¢6¤D«P�.�Q��¼:¨"¹Æ©�¨%��¦�ª6�Q¡`¢6¤6¸6¬A¨�§U�8¹4�.�Q���G¢6¤%¡�¢6�H�H�^¡`¢6¤6¸6��¢P«
�G«PªP©H�.�Q¡m¨%¢'´C���q«:¡`¬Q©HªP¬Q¬@¨��Q£6�H�D©��E¡m�Q¡`©H�� ��G���H�Q¤%¡�¢6¤s���H���A�G©^£:¢6¨% m¨�¤%¡m�G¬H¸²¡`¢P©H `ªP«:¡`¢6¤
�Q£6��¡�¢]�A�H¤��^�.�Q¡`¨%¢�¨�§��^�G `�.�Q¡m¨%¢P��  ��¢P«l«:¡`¬A�A�^¡m��ª6�A�G«�«P�.�Q�.�:��¬Q���A�G©E£P¢6¨% m¨�¤�³�¸h��¢:«��Q£6�
ªP¢P¡m§U³�¡�¢6¤,�q¡`«P«P m�H¹4�.�Q��¸����H��¾�©��E¡m¦P�H´

½S¢l�Q£6�qÎ�¢P�� ¶¬A�G©��Q¡`¨%¢'¸h¾��G©��Q¡m¨%¢�Ï6¸�¹����Q¡`�L�Q£6�q�A�G©E£P¢6¨% m¨�¤%¡`�G¬|�A¨
�*¬Q�H�D¨�§��:��¬A�
�|ªP `�Q¡\¥8ªP¬A��Ä�½Q½�¬Q�H�Q·�¡�©��G¬D¹�£P¨%¬A��ª:¬A��¡`¬,¡` ` �ªP¬A�A�^�.�A�G«��2³�¬Q�H·��G¢u�.¦:¦: `¡`©H�.�Q¡m¨%¢l�.�Q�G��¬H¸
¡`¢P©H `ªP«:¡`¢6¤|�q��¢2ª6§1��©��Qª6�^¡�¢6¤6¸6¹�£P¡`©E£�¡`¬�«P¡`¬^©HªP¬Q¬A�G«�¡`¢��q `¡m�A�Q m����¨��Q��«P�H�Q��¡` <´

Ð ©^ª�¬ÀÑ Ñ Ñ Òf¶®¼°¼	Òë·%º�ÄÉÅ®È Ê Ê µ	±�Ä¤·�Í

Ó�Ô8Õ Ö�×hØÚÙsÛ #%# Ø�Ü !_ÝßÞ	#]à�áÃÝÅâ8á Ø Ý Ø � ÖTØ & ×hÜ Þ{àVÞ	ã²â Ø �
ä �.�: `�Lå���¢P«�º�¡m¤%ª6�Q�Lå�¬Qª:�L�L�.�^¡mæH��¬A¨%�L��¡`��¦�¨��Q�Q��¢2�4��¬Q¦��G©��Q¬�¨�§²�A¨�«P�G³�çè¬��Á�Á�
é ¿�êV¸ é Ç�êV¸���¢P« é Ï.êV´@°� `¡m�G¢2�Q¬�£P�G·��,¬A¨�¦:£P¡�¬A�Q¡`©H�.�A�G«_«:¡`¬A¦: `��³�©H�.¦:�.��¡` `¡m�Q¡m�G¬G¸P��¢P«��Q�Gë�ª6�G¬A�
��¢P«��Q�G©��G¡m·���£2³�¦��H�E `¡`¢6���G«È�L�.�A�H�^¡��� �§0�Q¨%�ì¬A�H�Q·��H�^¬H´ÀíT¨�©HªP���G¢2�Q¬_�.�Q����³2¦:¡�©H�� ` m³
¹��^¡m�A�A�G¢�¡�¢�® ä É*îh¸	¹�£P¡`©E£�¡`¬���¬^¡`��¦: m��¬QªP�:¬A�H��¨�§�¾Pï�É
î¶¸	¹@£P¡`©^£�¬Qª6¦P¦�¨��Q�Q¬�£2³]¥
¦��H�E `¡`¢6���G«C¡`¢6§U¨��^�L�.�Q¡`¨%¢C·�¡`�Dð@µ@î{¬ éòñ ê\ÊÈªP¢P¡m·��H�^¬^�� ��Q�G¬A¨%ª6�^©��@ m¨�©H�.�A¨��E¬SÊÁ¬A¦��G©H¡m§U³�¡�¢6¤
 m¨�©H�.�Q¡`¨%¢�¨�§��^�G `�.�A�G«w�L�.�A�H�^¡`�� <´*® ä É
î�¡`¬,�_«6³�¢P���L¡�©q¬A�Q��¢P«:�.�^«l��¢:«���Í��A�G¢P¬Q¡m·��

¿



ä �.�: m�Lå.ó�¾�¨%�L���G�.�^ m³���¨��^ `«6�È¡`«6�����H�w­U�p�Á��±��A�G©^£P¢P¨% m¨�¤%¡m�G¬���¢:«�¬A�H�Q·�¡`©��G¬

ô õ,ö1÷Uø�ù�ú"û ­1¬QªP©E£Ã��¬�É*¨%¬Q��¡`©���¢P«nÄ��H�Q¬Q©H�.¦��"±s¬^ª6¦P¦�¨��Q���P�Q¨�¹@¬Q¡`¢6¤
¨�§�£]³�¦��H�^ `¡`¢P���G«�«P¨�©HªP�L�G¢]�Q¬H¸*�:ª6�Ú£P��·��Æ¢6¨Ë¡`¢]�A�H�E¢P�� �¡`¢2�A�H�^��©K¥
�Q¡m·��"ü�©�¨%��¦�ª6�A�|©H�.¦:�.��¡` `¡m��³ éèý ê

ô þ'ø2ÿ���ø�ÿ"û �Q�G��«�® ä�ä ¯p��¢P«�«6�G `¡`·��H���Q�Gë2ªP�G¬A�A�G«�¬A�H�Q·�¡`©����A¨�©H `¡m�G¢2�
ô ������� ÊÈ�L«6¨�©HªP���G¢2��§0¨��^�q�.��¬Qª6¦P¦�¨��Q�Q¡`¢P¤,£2³2¦��H�^ �¡`¢6��¬
ô �����
	 ÊÁ� ä �^��¢:¬A¦�¨��Q�@¯h�Q¨��A¨�©�¨% �«6��Î�¢P¡`¢6¤L½g¢2�A�H�^��©��Q¡m¨%¢����H�8¹��H�G¢

���H�*¬Q�H�Q·��H�^¬���¢:«*°4 `¡m�G¢2�Q¬
ô ������
 ÊÈ�,«:�.�Q�D§U¨��^�L�.���� ` m¨"¹�¡`¢6¤,�.¤��G¢]�g¥8 �¡m���L­U��Í��A�G¢P«P�G«s�G�L��¡` 0±

©�¨%�L�,ªP¢P¡`©H�.�Q¡`¨%¢
ô õ���� ÊÁ��¬A�Q��¢P«:�.�^« ¡`¢2�A�H�Q§U��©����� ` m¨"¹�¡`¢6¤À¬A¨�¦:£:¡`¬A�Q¡`©H�.�A�G« ¬Q�H�Q·��H�

��Í��A�G¢P¬Q¡m¨%¢P¬
ô 	�
���� ÊÁ�|�^�.¦:¡�«L¦P�Q¨��A¨���³2¦�¡`¢6¤| ���¢6¤%ªP�.¤���­1¬Q©��^¡m¦P�E±¶��¡`���G«��.� �A��Í��

��¢P«sÎ� m���L��¢P¡m¦:ª: `�.�Q¡m¨%¢
ô � ø���þ'ø��Pÿ�����ø�ù���÷1ù{ø�û ¸�¬QªP©^£q��¬ �"!T®�#�#C¸2®$!@µ�%$&4¾ ä ¸��'!�½Q¾�¸

î���°(#�¾]Êp�G�.�^ `³�«P¡`¬Q�A�^¡m�:ª6�A�G«s«P�.�Q�.����¬A�D��©H©��G¬Q¬

��¢P«�¡`��¦�¨��Q�Q��¢2�@¢6�H¹Â§Uª:¢P©��Q¡m¨%¢P�� `¡`�8³�¡`¬@���G¡`¢6¤���«:«6�G« é*) êV´�¾��H�Q·��H�^¬T��¢P«�©H `¡m�G¢2�@ªP¬A�
É_½gÉ�&���¬4�Q£6��«P�.�Q�,§0¨��^�q�.�H¸P��¢P«��Q£P¡`¬�©H��¢s���T�Q£6¨%ª6¤%£2�4¨�§²��¬���¢���Í��A�G¢P«6�G«s�G�L��¡` 
¬A³�¢2�Q��Í_¹�¡`�Q£�z�)^;%+])�IEML¬A¦��G©H¡m§U³�¡`¢P¤�§0¨��^�q�.��¨������H�Q£6¨�«u­U¦P�^¨�¤��^��� �A¨�������Í��G©Hª6�A�G«
�2³*�Q�G��¨��A��¦P�Q¨�©��G«Pª6�^�,©H�� ` V¸�µ@¯�°�±�§U¨% ` m¨�¹��G«���³_�Q£6�_XQ5�+.b_¨�§����G¬Q¬Q�.¤���¸	¹@£P¡`©^£�¡`¬
�8³�¦:¡`©H�� ` m³l«6�G¬Q¡m�Q�G«u«P�.�Q��´ ä £6�_°�¨%�L��¨%¢Úï��.�A�H¹4�G³w½g¢]�A�H�^§U��©���­V°�ï�½A±,¡`¬,��¬A�Q��¢�¥
«P�.�^«�¹4�G³l�A¨*��«P«l§1ªP¢P©��Q¡m¨%¢P�� �¡m�8³��A¨_���H��¾��H�Q·��H�^¬,¹�¡m�Q£l¬A¨�§U�8¹4�.�Q���Q£:�.�|��³2¦:¡�©H�� ` m³
ªP¬A�G¬�¯"&hµ@î ��¬��u©�¨%¢]·��G¢:¡m�G¢]�s�^�.¦�¡`«r¦P�Q¨��A¨���³2¦�¡`¢6¤��G¢2·�¡m�Q¨%¢P���G¢2�q¨�+��H�^¡`¢P¤�¤�¨�¨�«
��©H©��G¬Q¬��A¨�¬A³�¬Q�A�G���Q�G¬A¨%ªP�^©��G¬H¸�Î� m�G¬G¸P��¢P«�«6¨�©HªP���G¢2���L��¢P¡m¦�ªP `�.�Q¡m¨%¢'´

Ó�Ô0Ó ,¶Û #%! ×hØ # Ù #]âV!%â8&�$'à ÖTØ & ×hÜ Þ{àVÞ	ã.-0/ Û â8à8á â Ü ã1/�à8Þ[&32[��4gÞ	#s! ×¶Ø658797
�����G¢2·�¡`¬^�.¤�����¢Ã�.�^©^£:¡m�A�G©��Qª6�Q��§U¨����Q£6��Ä@½Q½K¸�¬Q£6¨"¹�¢Ã¡`¢Èº�¡m¤%ª6�Q��¿r�Q£P�.���:ªP¡` �«P¬
�.¦P¦: `¡`©H�.�Q¡`¨%¢P¬,¨%¢r�A¨�¦Ú¨�§�¤��G¢P�H�^�� D­1�,ªP m�Q¡\¥8ªP¬Q�"±D¬Q�H�Q·�¡�©��G¬H¸h¹�£:¡`©^£u�Q£6�G�L¬Q�G m·��G¬��^¡`«P�
¨%¢
�s©�¨% ` `�G©��Q¡m¨%¢_¨�§ �A�G©^£P¢P¨% m¨�¤%¡m�G¬H¸'��¢P«��L¡`«:«P m�H¹4�.�Q��¸:¹�£:¡`©^£*¹ �,�A�H�^� ¤��G¢6�H�^¡�©H�� ` m³
���H�P�Á¡�¢P«6¨�¹@¬H¸:��¢P«�«:¡`¬Q©HªP¬Q¬4¡`¢_¾��G©��Q¡m¨%¢_Ç�´

½S¢ ä �.�: m��¿�¸[¹��� `¡�¬A�D¬A¨%����¡`��¦�¨��Q�Q��¢2�D¦��H�Q·.��¬Q¡m·��L�A�G©E£P¢6¨% m¨�¤%¡`�G¬|�Q£:�.�D¹�¡` � [���

Ç



e.g., NCSA,
Mosaic, or

Netsite

Server

MIME  e.g.,  HTML
(generalized  email)

(desired  location)
URL

Viewer
e.g., MPEG

e.g., Mosaic
or Netscape

Browser

e.g.,
Java

Applet

CGI
Program

HTML
Documents

Basic  Services

Advanced  services

Agreed
Uncertain  standards

CGI
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Basic  Multi-Use  NII  Services

‘‘WebWindows’’

Key  Implementation
Technologies

Application  Specific  NII  Specific  Services

Education

HealthCare

Manufacturing, etc.

Commerce

Such  as  Java,

HTTP,  PERL,

MIME,  HTML

Architecture  of  Web  Software

for

WebWindows is an operating

system for distributed computing

(from) PC to (all the world) built on

top of Webservers and Clients and

supporting all the basic O/S

functionalities (file manager, mail,

‘‘word,’’ ‘‘excel,’’ etc.)

NII  Infrastructure  (ATM, ISDN, Wireless, Satellite, Optical fiber, etc.)
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Digital  Information  Systems

Media
Entertainment

Telephone
Cable  (Communications)

Computing
Video  Game

Entertainment  (Movies  on  Demand)
News

Interactive  TV -- Shopping, etc.

Integration  of  Industry  Sectors  forming  the  NII

Digital  Super  Information  Highway

National  (Global)  Information  Infrastructure  (NII)

How  can  this  consumer/entertainment  driven  activity  be

exploited  for  education,  business,  research,  military  use,

and  to  create  HPCC  Software  and  Sytems  Industry

Which  will  Initially

provide

These  applications  justify

capital  investment  of  some

$100B  in  NII  offramps

Industries  will

partner  to

create
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100  Supercomputers  at  a
Teraflop  each

10     (Fl)ops/sec  at14

100%  Duty  Cycle

100  Million  home  PCs,
Videogames  or  Settop  Boxes

at  100-1000  Mega(Fl)ops  each

10     to  10     (Fl)ops/sec1716

at  about  10%  to
30%  Duty  Cycle

100  Million  NII  Offramps  or

speeds
Connections  at  realtime  video

10     bits  to  words/sec14

at  about  10%  to
30%  Duty  Cycle

1,000  to  10,000  High
Performance  Multimedia

(parallel)  servers  each  with
some  1,000  to  10,000  nodes

15 1610     to  10     ops/sec
at  100%  Duty  Cycle

Each  of  three  components  (network  connections,  clients,

servers)  has  capital  value  of  order  $10  to  $100  billion

NII  Compute  &  Communications  Capability  in  Year  2005 - 2020
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distributed  InfoVision
servers

Linked  to  central  and  other

VR

Any  other  home  devices
(PCs,  CD-ROMs,  Disks,  etc.)

Settop

microwave  link

Storage poor

Comparitively compute poor

Storage rich

Compute rich

1 - 20  Megabits/sec

TV

Server

Local
InfoVision
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Onondaga
County  or

Perhaps  CNY
Server

New  York
City

All  the  Different
Counties . . . . .

All  the  Different  States . . . . . . . . . . . . . . . . . . . . .

A  Typical  Hierarchical  Server  Network

The  world:  Global Information
                       Infrastructure

New York
State Server

Shopping Malls Corporations

UniversitiesSchool Districts

National
Master  Server

(Hollywood for Movies)
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Community  or
Regional  or  Business

Web  Server

Web  Servers  use  ‘‘Web
Technology’’  to  service

World  Wide  Web  and  other

multimedia  information
forms  of  networked

Business
School  District

Community
University

Hospital  Group
Government  Organization

Set  of  Corporations
Designing  New  Aircraft

Enterprise  Networks for:

What  is  a  Web  or  HPMMCC  Network  Server?

National  Servers  and  World  Wide  Web

in varies domains

Clients  access  using  Local  Area

Settop  boxes,  Mobile  PDAs,  etc.
Computers  (PCs  to  Workstations),  Kiosks

Networks, Wireless, Satellite
POTS, ISDN, ATM, etc.

from
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HPCC  needs  a  large  enough  market  to
sustain  technology  (systems  and  software)

This  implies  that  we
look  at  both  Grand
Challenges  and
National  Challenges,
but  we  suggest  this
is  not  enough:

WebWork  Builds
HPCC  technologies
on  a  broad  not  niche
base  starting  at
bottom  (Web,  PCs)
not  top  (MPPs,
Supercomputers)  of
computing  pyramid

The
WebWork

‘‘Viable  Base’’
Approach

Computing

Pyramid

Typical
HPCC
Porting

Strategy

PC’s  Videogames  and  the  Web

(Small Niche Market)

Supercomputers/MPPs
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PCRC  embodies  the  Parallel  Computing  Synchronization
and  collective  parallel  algorithms  and  runtime  that  will
enable  efficient  Web-based  computing

Replace  user  interface  of  HPF  or  HPC++  with  the  Web(Work)
and  use  pervasive  Web  Technologies  in  infrastructure
(World  Wide  Virtual  Machine - WWVM)

PCRC  Runtime

HPF  UNIX  Interface HotJava,  WebFlow

High  Efficiency
Execution  Environment

for  Production

Attractive  Pervasive
Environment  with

good  software
development  tools

PVM,  MPI,  etc.

Parallel Computer Runtime Consortium

 Technologies Naturally  Fit  in  with  WebWork

Traditional HPCC Model New WebWork Model

HTTP-NG,  MIME,  etc.
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