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EHG�DvS���D#!]B�A[VA[B2^B ^~�~�;����0©Dv^VW9W&���#�(����§¯KPB ��SEDRI6��E�O#'�L 5A@#@ { = M_O�Q&A[S�OFVW¡M_^&` 5A@#@�B «�OFVWv��DvB ��^E���S
EHG&��A-�)��O�EE�����VS = E���^~�2W&���#�+����S = OFVW�V.^B ����Ak��O#'�Q�O#'[^&��S�L�Kö��A[QFDFE���D � A[S_S��A'��A��E���W�DvV)EHG&�v0�OFSHA[SPD#!7EHG&�
^&�~�;����0©Dv^VW§DvV)EHG~�8�HD � W&���#�(���v!]�HDvB EHG�DvS��v�HD � S � A·EHG¥V�DvV&�����HDÌ��V�E���A-��S_A[V¥EHG&�¡S��A'-�A��E���W×��D�'[^�B�VS�L
@'G&�6��A·QFDFEUB2^SE_O#'[SDYSHO�EHA[S(!çI�OiV.^B ����Ak��O#'°EHG&�+��SHG�D�'[W¥E���SE%§¯A·EUB2^SE�0��¡O�E�'-��OFSEUOFS¥'[O��+�#�2OFS ÿ EHACB ��SEHG&��'CO��(�#��SE���V�E��HI�A[V)EHG&�%�NA·QFDFE���D�'[^B�V =� G&���(� ÿ A[S 7 L 5 0�I)W&��!¯OF^~'·Eu«�L,\�^&�~�©DvS��¡EHG&�%��A[QFDFE¥�HD � OFVW��D�'[^B�V4W&���#�(����S9O��(�FEYOFVW0G = �(��S��;�A��EHA·Q#�A'[IFLeKIH�´µ0�I�´ � � D#� ² A[V&�§O��(��ORI�A[S=O#'�'·D>��O�E���W §JH8OFVW � O��(�FKLG
OFVWMKNE = �(��S��;�A��EHA·Q#�A'·I =� G&���(�v0�I)W&��!¯OF^~'·E4K � <�«�L�@'G&�v��A·QFDFE¥�HD � OFVW¸��D�'[^�B�V�O��(� !¯^~'�'·I�OFS�S���B�0_'-��W
A[V�ED¡EHG&� � D#� ² A[V~�2O��(��O�IiOFVWYW&��¶NV&�PEHG&�=O#��EHA·Q#�¥!]�HDvV�EHO#'�B�O�E���A 2 L�@'GACS<O#��EHA[Q#�¥!W�HDvV�EHO#'�B�O�E���A 2 A[SOGu´µ0�I�´�E0�^�E�A[S�SED#�+��W	A[V�EHG&�PH�´µ0.I�´ � � D#� ² A[V~�eO��(��ORIFL�@'G&�9O��~�~�HD 2 A[B�O�E��9W&���#�(���¡^&��WO�E���OFV�W�OFSHS���B80�'·I/�NGOFS����DvB ��^E���SUEHG&� 0©Dv^VWS�DvV�EHG&�!W&���#�+����S=D#!�O#'�'�EHG&� �HD � S=OFVW¸��D�'[^B�VS_A[V¥EHGA[SUO#��EHA·Q#�%!]�HDvV�EHO#'�B�O�E���A 2
OFVW,OFSHS���B80�'-��SI�~�(��Q&A·Dv^SI��DvVJE���A�0�^�EHA·DvV�0�'·D>� ² S7A[V�ED�EHG~�PO#��EHA·Q#�)!]�HDvV�EHO#'NB�O�E���A 2 L�K¹��D � ñ£ACV�O8�~�(��Q&A·Dv^S
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��DvV�E���A-0�^�EHA[DvVÌ0�'·D>� ² A[S0OFSHS���B80�'-��W§ACVJED!EHG&�9O#��EHA·Q#��!]�HDvV�EHO#'�B�O�E���A 2 A-!5 L'EHG~���HD � A[VW&� 2 ñ7A[S0A[ViEHG~��V�DvV&�����HD���O�EE�����VYD#!£EHG&����^&�+�(��VJEc�NA·QFDFE"��D�'[^B�V = OFVW<.L'EHG~�*��D�'[^�B�V9ACVWA�����S�D#!�EHG&�I�+��B�OFA[VA[V~����VJE���A-��S£A[V=EHG&�*�HD � O��+�<O#'�'	�~�(��S���V�E£A[V=EHG&��V�DvV&������D3��O�EE�����V
D#!£EHG&����^~�(�(��V�E���A·QFDFEc�HD � L$<D�'[^�B�VS<D#!T�~�(��Q&A·Dv^Sc��DvV�E���A-0�^�EHA[DvVÌ0�'·D>� ² S0O��(��OFSHS���B80�'-��W�A[VYOFV§OFVO#'·D#�FDv^�S�B�OFVV~����L

@'G~�§B�O�æZD#�eSE���� EHG&��VÛ��DvVJEHA[V.^&��S � A·EHGëO�S��A�.^&��V~���§D#!UB�ACV�D#��SE�����S�O�E���O#��G D#! � G�A���G�OFV�DFEHG~�����A·QFDFE<A[S�SHDv^&�vGJE*!]�HDvB � A[EHGA[V!EHG&����^&�(�(��V�Eà!]�HDvV�EHO#'�B�O�E���A 2 L�@'G~��S���B�ACV�D#�7SE����NS�O��(���(���;��O�E���We^�VJEHA�'EHG&�!¯O#��ED#��A-��O�EHA·DvV6��OFV�V�D3'·DvV&�#���?��DvV�EHA[V.^&� � A[EHGA[VPEHG&�à��^&�+�(��VJE � D#� ² A[V&�'O��+��O�I = O�E � GA���G��]DvACVJE�O'V~� � B�O�æD#�
SE�����ACS�SEHO��HE���W�L � G&��V�O)��A[QFDFE�A[S¬��G�DvS(��V�A[V!OUB�ACV�D#��SE���� = A[EHS¬�HD � S�OFVW ��D�'[^B�VS�O��(�c!¯^~'�'·I�OFS�S���B�0_'-��W
A[V�ED!EHG&� � D#� ² ACV&�!O��(��O�IiOFVWÌ�(��W~��¶NV&�_EHG&�=O#��EHA·Q#��!]�HDvV�EHO#'�B�O�E���A 2 L�X�!°EHG&���+�=O��(�=V&� � �HD � S0D#�"��D�'[^�B�VS
A[V	EHG&�6!W�HDvV�EHO#'£B�O�E���A 2;= EHG&��V¥EHG&�¡O��~�~�HD 2 A[B�O�E��2W&���#�+���¡^~�©W�O�E��2OFVW¥OFSHS���B80�'·Is��GOFS��¡A[S3�(���;��O�E���W = OFS
W&��S(����A-0;��W�O�0©DRQ#�FL 1 EHG&��� � A[S(� = EHG&�_^&��WO�E���OFV�WeOFSHS(��B�0�'[I%��GOFS�����OFV�0��PS ² A-�~�;��W�§¯OFVO#'[D#�FDv^S<ED¡B�OFSHS�A'[A[B�A[VO�EHA·DvViA[VYO�B�A[VA[B2^B W&���#�(���=D#��W~����A[V&�!O#'-�FD#��A[EHGBÓ§µâ���D#�(�#�2OFVWZ.�A[^ 5A@#©#@ «�«�L
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SHOFB �UOFB�O#'��vOFB�O�EHA·DvV���O���OFB ��E���� = K�L�@°D6¶NV�WeO8��A·QFDFE�A[VeEHGA[S<B�A[V�D#��SE���� = O¡SHA[V&��'��3��OFVWACWO�E�����D�'C^B�V!]�HDvB EHG&��V�DvV>´µ!¯^~'�'[I§SH^B�B ��Wp0_'·D:� ² A[S�¶_��SEUS��A'-�A��E���W = ��G�D.DvSHA[V&�YDvV~� � A·EHGp'-��OFSEUQ�O#'[^&�v!´D#�=EHG&�!^&�~�;���0©Dv^VW,D#!°EHG~����D�'[^B�VYW&���#�+��� = OFVWYOFV�I|�;��VWACV&�9^&��WO�E���S0O��+�=O��~��'[A-��WeED�EHGACS*��D�'C^B�V�L�@'G&����D�'C^B�V
A[S�OFSHS���B80�'-��W¥A[VJED,OeS(����O���O�E�� � D#� ² Q#�A��ED#� = OFVW	O���A·QFDFE3�HD � A[S�S��A'-�A��E���W¥DvV�EHG~�80�OFS�A[S'D#!�EHG&�2^&�~�;���0©Dv^VW�DvV�EHG&���HD � W~���#�(����S�OFVWeO2V.^B ����A���O#'�EHG&�(��SHGD�'[W�E���SE�L�\&^&�~�©DvS��'EHG~�3��OFVWACWO�E��3�NA·QFDFEà�HD � OFVW��D�'[^B�V	GORQ#�!W&���#�(����S4E�Q°OFVWMG�Q = �(��S��;�A��EHA·Q#�A'·IFL_@'G&�+���6��DvVW�A·EHA·DvVS�O��~��'·Ir§ � G~���(�SR4A[S�EHG&�¡V�^B80;����D#!��A·QFDFEHS"��^&�(�(��V�E('·IiSED#�(��W§A[ViEHG~��O#��EHA·Q#��!]�HDvV�EHO#'�B�O�E���A 2 « á5 L'X�!�E Q2T � D#�DG QUT H = EHG&��V¥!¯O#��ED#��A-��O�EHA·DvV8��OFV=V�D"'[DvV&�#���?��DvV�EHA[V�^~� � A·EHGA[VPEHG&�7O#��EHA·Q#�à!]�HDvV�EHO#'vB�O�E���A 2 L

KPV�Ir�;��VWA[V~��^&��WO�E���S2O��(�YO��~��'[A-��W�L¥@'G~��.��û!´O#��ED#��S!O��(�YSED#�(��W�L4@'G~�,O#��EHA·Q#�Z��DvV�E���A-0N^�EHA·DvV0_'·D:� ² ACS0SHO�Q#��Ws!çD#��'[O�E�����OFSHS���B80�'·IiA[VJED�O!S�^&0�S��A�.^&��V�E*!]�HDvV�EHO#'�B�O�E���A 2 L�@'G~�_B�O�æZD#��SHE�����A[S0V�D ���DvB%��'-��E��FL<.L'X�!DE Q2V � ã R	OFV�WWG QUV H ã R = EHG&��ViEHG&����OFVW�A[WO�E��)��A·QFDFEc��OFVÌ¶�E0A[V�ED!EHG&�UO#��EHA·Q#��!]�HDvV�EHO#'�B�O�E���A 2� A·EHG�Dv^�ET�(��B!D/Q.ACV&�UEHG&�XR%��A·QFDFEHS�O#'-�(��OFW�I2SED#�(��W!EHG&���+�FL�\>��EURZY[R*ó 5 L¬ØO#��ED#��A-��O�EHA[DvV���DvV�EHA[V�^~��S� A·EHGA[V,EHG&��O#��EHA[Q#��!W��DvVJEHO#'�B�O�E���A 2 0�IiSEHO��HEHA[V~��OFV�DFEHG&����B�A[V�D#�'SE�����Lª L 1 EHG&��� � A[S(� = A�! � ã R&\]E Q2V � D#�^H ã R&\_G Q2V H = EHG&��VYEHG~����OFVWA[WO�E��¥�NA·QFDFE���OFVÌ¶�E = 0�^E<DvV�'·IeA-!
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(a) UMFPACK V1.1 working array (b) MA38 working array

empty

empty

L

U
U

L

2

D

1

1

2

D

U2

U1

1L

L2

Ø£A-�v^&�+� x L x á M_O�EHO�SE���^~��EH^&�(��Sc!´D#�'EHG&�=O#��EHA[Q#��!]�HDvVJEHO#'°B�O�E���A 2��^&�(�+��VJE¥!]�HDvV�EHO#'�B�O�E���A 2�= OFS�A[Vr$�OFS(� ª LÌ$�OFS(� 5 W�D:��S=V�DFE=D>����^&�2A[V�^VA-!]�HDvV�EHO#'�B ��EHG�D&WS =�� GA���G�O��(��vA·Q#��V¥O � D#� ² A[V&�,O��(��O�I�'[O��(�#����VDv^&�vG�EDYG�D�'CW§EHG&�6'[O��(�#��SE�!W��DvVJEHO#'�B�O�E���A 2 L�$�OFS(��S)<eOFVW ª W�D,D>����^&�
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GA-�vG|0;�A��OF^S��PD#!�EHG&�_OFWWA·EHA[DvVO#'�WO�EHO2B!D/Q#��B ��VJEc�+�A��^A��(��W�ED!OFSHS���B80�'-�PEHG&�)��DvVJE���A-0�^�EHA·DvV|0�'·D>� ² S<OFVW
EHG&�¥!¯O#��E�EHGO�E0EHG~��W&��VS��=B�O�E���A 2|² ����V&�A'[S'O��(�=B�D#�(�����|��A-��V�E�!´D#�'EHG&��'[O��+�#����!W��DvVJEHO#'�B�O�E���A�����S0EHGO�E�O��(��~�HD&W^~����W � G&��VWK T 5 LØ&��DvB EHG&�v�(��SH^~'[EHS�A[VpØ£A-�v^&�+��S){.LzyiOFV�W×{.Lz{ =� �v� 2 OFB�A[V&�¡EHG&�v��`;�A��E=OFVW�S���VS�A·EHA·Q&A·E�IYD#!I� 2 �A��^�EHA[DvV
EHA[B �=OFV�WYB ��B!D#�HI��(�A�.^A-�(��B ��V�EHS0ED���GOFV&�#��S�A[ViEHG&�UQ�O#'[^&�UD#!8K�L�@'G&���+�=O��(�=SDvB ����O���A[W|ËN^~��EH^O�EHA[DvVS
A[V8EHG&�|�#��O���GS = ��O��HEHAk��^~'[O��+'·Ip!´D#��¼>½>¾�¿>À:Á�Â¹Ã;Ä�Å�ÄvL¥@'GA[S9A[S���OF^S(��We0.Ir��GOFV&�#��S¡A[Ve��A·QFDFE2D#��W&��� � A·EHG
WAo`;���(��V�E!Q$O#'C^&��S�D#!4K�L K SHB�O#'�'���GOFV&�#�¥A[V�EHG&� � D#� ² A[V&�4O��(��O�IëSHA-������OFV O$`;�A��E � G&��EHG~����D#�eVDFE�O��OFVWACWO�E�����A[QFDFE�A[S�S��A'-�A��E���W¥A[V�OeB�A[V�D#�PSE�����L'X�!�A·E�A[S�V�DFE�S(�A'-�A��E���W =�� �¡SEHO��HEPOeV&� � !W��DvVJEHO#'�B�O�E���A 2;=
OFVWëO8V&� � ��A[QFDFE%��OFVWA[WO�E��	A[S !´Dv^VW�A[V�O B�O�æZD#�eSE���� � G�A���G���DvV�SHA[W&����S!O#'k'���D�'[^B�V�S�Lë@'GA[S!ACS�O
Q#���HI¥WAo`;���(��VJE3��A·QFDFEUS��A'-�A��EHA[DvV¥SHE���O�E����FI�!]�HDvB EHGO�EU^S���W)A[V	EHG&�¡B�A[V�D#�_SE�����S�L=@�GA[S�G�A-�vG	S(��VSHA·EHA·Q&A·EuI
A[SPV�DFEUSDiV�DFEHA�����O�0�'-� � A[EHGZ½&À:Ç:È�0;�A��OF^S��¡A·E)��OFV¸��DvVJEHA[V.^&�6!çD#�¥'·DvV~�#��� � A·EHG�EHG~�¡B�A[V�D#�_SE�����SE���O�E����FI
O�!´E���� �(��B!DRQ&A[V&�º��A·QFDFE6�HD � S¡OFVWù��D�'[^B�VS8!]�HDvBúEHG~�iO#��EHA[Q#��!]�HDvV�EHO#'�B�O�E���A 2 L�K3'·EHGDv^&�vG8EHG~��!]�HDvV�EHO#'
B�O�E���Ak����S�0;�A��DvB ��'[O��+�#��� � A·EHG¸'[O��+�#���=Q$O#'C^&��SUD#!@K = EHG&���(��O��(�%!]� � ����D#!�EHG&��B = OFVW�EHG.^SUEHG&��B%��WA[OFV
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Ø£A-�v^&�(�*{.Lz{ á �D#��B�O#'[A-����W�B ��B!D#�HI)�(�A�.^A-�(��B%��VJEHSR!´D#�°E���V9B�O�E���A�����S = OFS�O�!¯^V~��EHA·DvV_D#!�EHG~��OFB�O#'-�vOFB�O�EHA[DvV��O���OFB%��E���� = K�L!@'G~�¡B%��WA[OFV�OFVW¸�.^O��HEHA�'���S3!´D#�¥½&À:Ç:ÈYO��(� �vA[Q#��V¸0�I¥EHG&��SD�'CA[Wp'[A[V&��S_OFVW)EHG&��B%��WA[OFV!´D#�m¼:½>¾:¿:À>Á#Â¹ÃRÄ?Å�Ä¥0.I,EHG&�����HDvSHS(��S�L
B ��B!D#��I/�(�A��^�A-�(��B ��V�EHS�ACV~���(��OFS��2DvV~'·IYS('[A��vGJE('·IYOFS^K§A[V~���(��OFS(��S�L3Ø�D#�UEHG~��S��9E���V¥B�O�E���Ak����S = EHG&�2B%��WA[OFV!¯O#��ED#��A-��O�EHA·DvV EHA[B ��ACS�'·D � ��SE � G&��VïK)A[S8<.L 5 LZØ&�HDvB � 2 �;����A[B%��VJEHS � A·EHG4O � A[W&������OFV&�#��D#!0B�O�E���Ak����S =� �_G�O�Q#�¥!´Dv^VW,EHGO�E0O!W&��!¯OF^~'·E<Q$O#'[^~��D#!DK � <2A[S�O6�(��OFSDvVO�0_'-�_E���OFW&��D�`�0;��E � ����V§B%��B!D#�HIe^�SHO��#�UOFVW!¯O#��ED#��A-��O�EHA·DvV�EHA[B �FL� �¡O#'[SD�VDFEHA���� = !]�HDvB EHG~���(��SH^�'·EHS'A[VYEHG�A[S�S��A��EHA[DvV = EHGO�E3� 2 �_'·DvA·EHA[V&��Oe^VA-!]�HDvV�EHO#'�SE���O�E����FI � A·EHGA[V
O¬B2^~'·EHA�!W�HDvV�EHO#' ��D&W&� §W½&À:Ç:È>«p��OFV �+��W^~����0©DFEHG !¯O#��ED#��A-��O�EHA·DvV EHA[B � OFVW B ��B�D#�HIj�(�A��^�A-�(��B ��V�EHS�L$<DvB �NO���A[V&� ½>À>Ç:È � A·EHG A·EHSp�~�+��W&�A����SHSD#� = ¼>½>¾�¿>À:Á�Â¤Ã;Ä�Å»Ä = Ø£A-�v^&�(��S×{.Lzy OFVWö{.Lz{ S�G�D � O B%��WA[OFV
A[B ���HDRQ#��B ��V�E�D#! 5A©*ù A[V=EHG~�I��^�V�EHA[B%�7OFVW 5 x ù A[V=EHG~��B%��B!D#�HI¥�(�A�.^A-�(��B%��VJEHS�!çD#�£EHG&��S(�7E���V¡B�O�E���Ak����S�L
K�'·EHG�Dv^&�vG)V�DFEUSHG�D � V)A[V	EHG&�v��'·DFEHS = ½&À:Ç:ÈiA[S_O#'[B!DvSE)!´Dv^&�_EHA[B ��S�!¯OFSE����UEHGOFVs¼:½>¾:¿:À>Á#Â¹ÃRÄ?Å�Äv!´D#�_DvV&�
B�O�E���A 2 §�.�Æ , B:5 $�«�L
ú û H��RÏAD3�Ò®Ð�Fv�¬H
XZV EHGACSúS��A��EHA·DvV = � � ��DvB ��O��(� EHG&� �;���(!´D#��B�OFV���� D#! EHG&�Ý��DvB�0NA[V&��W ^VSI&B�B ��E���Ak�»´µ��O�EE�����V
^VA�!W�HDvV�EHO#'WÉ$B2^~'·EHA-!]�HDvV�EHO#'"��D&W&��½>À>Ç�È =�� A[EHG EHG~�¥^V�SI.B�B ��E���A��»´µ��O�EE�����V B2^~'·EHA�!W�HDvV�EHO#'���D.W&�s¼>½:¾:¿:À>Á�ÂÃRÄ?Å�Ä §¯M_O�Q&A[S 5A@#@ y = M_O�Q&A[S OFVW M_^&` 5A@#@>5�= M_O�Q&A[S¬OFV�W M_^&` 5A@#@�B « = EHG~� SI&B�B ��E���A��»´µ�NO�EE�����V
B2^~'·EHA-!]�HDvV�EHO#'6��D&W&��½&À�ú;Ä §¯KPB ��SEDRI = M_O�I&WëÞ� OFVWôM_^&` 5A@#©#@ « = EHG&��^VA-!]�HDvV�EHO#'v��D.W&��½&À�úpü = §¯M_^&`5A@#© x�Õ = M_^&`�OFVW4\>��DFEE 5A@#@#ª:= M_^&`�OFV�W�\&��DFEE 5A@#@ { Ö « = OFVW)E � D§S(��O���S��¡B�O�E���A 2 !´O#��ED#��A���O�EHA·DvV¸��D.W~��S0�OFS���W�DvV��NO��HEHA[O#'#��A[QFDFEHA[V&�c½&À�ú>È = §¯M_^&`�OFVW , ��A[W 5A@#@#ª:= M_^&`�OFV�W , ��ACW 5A@#@ {�« = OFVW�Ø5Ù�ÚAÛ*Ü�Ý�¼¹ÃpÛ*Ü2ýNþ*ÿ��Ä�Å���§¯M3��B�B �A' = å7A[S���VSEHO�E = â_A�'-0;���HE = .°A�OFV�WZ.°A[^ 5A@#@ y = M���B�B �A' = âUA�'-0;���HE�OFVWZ.°A 5A@#@�B «�Lå7O#��G ��D&W&�×��OFV¹!¯O#��ED#��A-���×�#��V~����O#'U^VSI&B�B ��E���A��	B�O�E���A�����S§OFVW O#'k'U^S���W&��VS���B�O�E���A 2 ² ����V~�A'[S§¯MPDvV&�vO��(��O = M_^Û$*�HD#� = M_^&` OFVW¨Æ�OFB�B�O��+'[A[V~� 5A@#@�7 «!ED8SDvB �/� 2 E���VJE�L å�O#��GÛ��D.W&� � OFS%�vA[Q#��V 5 L ©5#5



â�0.I�E���S�D#!)§´Q&A-�HEH^�O#'W«�B ��B!D#�HI¥EDZ!¯O#��ED#��A-����EHG&��B�O�E���A�����S�'CA[SE���W)A[V�@�O�0�'-��y.L 5 L�å7O#��G×��D&W&��GOFSUO�S���E
D#!7ACV&��^�E3��O���OFB ��E�����S_EHG�O�E)��DvV�E��HD�'�A·EHS�0;��GORQ.A·D#�RL � ��^S���W¥EHG&�v�(�A��DvB�B ��V�W&��W)W&��!´OF^�'·EHS�!çD#�UB!DvSE_D#!
EHG&��S�� =�� A·EHGYO !]� � � 2 �����EHA·DvVS0EHG�O�E � �9V�D � A[VWA���O�E��FL

@'G~�9W&��!¯OF^~'·EPV�^B%����A���O#'�EHG&�(��SHG�D�'CW ÿ Q�O���A-��S � A·EHG���O#��G¸��D&W&�FL�ØD#�3½&À:ú�Ä = A[E�A[S 7 L 7&5�= OFVW¥EHG&�2E���SEA[Sm0.IÌ�HD � S = V�DFE���D�'[^B�VS�LëØ�ÙLÚAÛ*Ü�Ý	¼,OFVWÌ½&À�úpü!S(�A'-�A��E'EHG&��'CO��(�#��SE���V�E��HIYA[VÌ��O#��G���D�'[^B�Ve§]��`��A��EHA·Q#�A'[I =ÿ � 5 � 7 «�L7@'G&�¥�+��SE�^S�� ÿ � 7 � 5 L � �2^S���WiEHG&�9W&��!´OF^�'·E�Q$O#'[^~�=A[VÌ��O#��Gº��OFS��FLK�'·EHG�Dv^&�vG/½>À:ú�Ä�GOFS'OFV�D#�EHA·DvV/!´D#��� 2 ��'·DvA·EHA[V~�¡S�GO��(��W>´�B ��B�D#�HI|�NO���O#'�'-�A'[ACSHB =:� ��W�A[WYV�DFE'^S���EHGA[S
D#�EHA·DvV2A[V�EHG&�à��^�VS!´D#��EHG�A[S��O��;����L[��S�A[V&��OPV�DvV>´�W&��!¯OF^~'·E°D#�EHA·DvV = ½>À:ú;Äm��OFV��~�+��D#��W&����OPB�O�E���A 2�= ^SHA[V~��O
B�O 2 A[B2^BµE���OFV�SQ#����SHO#'NO#'-�FD#��A·EHGB = ED���V�SH^&�(�'EHG~��WA[O��FDvV�O#'D#!©EHG&�"�;����B2^�E���WeB�O�E���A 2 A[S¬������D�´µ!W�(���FL � �
S��A'-�A��E���W4EHGA[SPD#�EHA·DvVp0;�A��OF^S��!A·EUA[S)�+�A��DvB�B ��VW&��Wp!´D#�=B�O�E���Ak����S � A·EHG)GA-�vG~'[I�^VSI&B�B ��E���A���V�DvV~�����HD��O�EE�����V�S�L=@'GA[SPA[S�!´D�'�'·D � ��Wº0�I	O,W~��!´OF^~'[EPO��~���HD 2 A[B�O�E��!B�A[V�A[B9^�B W&���#�(���!D#��W~����A[V&�p§¯^SHA[V&�eEHG&� Æ_\&.��D&W&�v½&Á�ú��×§¯K�B%��SEDRIp��E=O#'�L 5A@#@ {�«�«_DvV)EHG~�¡VDvV&�����HD/��O�EE�����V)D#! b ó b�� L2@�G&�2S�^&�;����V�D&WO#'?�NO��HEHA[O#'��A·QFDFEHACV&����D&W&�SØ5Ù�ÚAÛ*Ü�Ý�¼����(��D#��W&����S�EHG&�c��D�'[^B�VS°Q&A[O_A·EHS£W&��!¯OF^~'·E�B ��EHG�D&W = O_B9^~'[EHA-��'-��B�A[VA[B2^B¬W~���#�(���
D#��W&����A[V&�Z§W½�½ ß §µâ���D#�(�#�9OFV�WZ.°A[^ 5A@#©#@ «�«'DvVYEHG&�9V�DvV&�����HD ��O�EE�����V§D#! b���b L� ��^�S���WYOv�(��Q&A[S���WiQ#����SHA[DvViD#!�EHG&�9^VA-!]�HDvV�EHO#'_��D&W&�)½&À�úpü¡EHGO�E�EHO ² ��S�OFW�Q�OFVJEHO��#�9D#!�� 2 ��'[Ak��A·EI������DvS
A[V	EHG&�6!W�HDvV�EHO#'£B�O�E���A 2 L�½&À:ú ü,A[SPO�0�'-�2ED,D#������O�E��60©DFEHG¥A[V>´^��D#�(�¡OFVW	Dv^�E°´�D#!W´^��D#�(� = ^SHACV&�eWA��(�A��E�O#������SHS¶_'-��S�L�XqE � OFS��~��A[B�O���A�'[I�W&��SHA-�vV~��W !çD#�<O)¶NVA[E���´µ�A'-��B ��V�E���VJE���I = 0�^E � ��^S���W�O�SHA[B ��'CA·¶���W¡W&��A·Q#����§W½>À:ú:Ç>« =
EHGO�E<W�D���S<V�DFE�^�S���Dv^�E°´�D#!W´^��D#�(�_SED#��O��#�UOFVWeOFSHSH^B ��S�EHG&��B�O�E���A 2 A[S�G&�A'CW�A[V �A�.^O�EHA·DvV|!´D#��B §¯O#'·EHGDv^&�vG
DvV&�,B�O�E���A 2;= K j x 5�7�@ < = A[SUD#0EHOFACV&��Wr!]�HDvB®¶NVA·E���´µ�A'-��B%��VJE���O#'k��^~'[O�EHA·DvVS»«�L,XZVr��D�'C^B�VS�B ��BYL�^�S���W~¯
OFVW¢B�A[V�L�B ��B§L ¯ =c� �¥SHG�D � EHG&�	SHED#��O��#���+�A��^A��(��Wù!çD#�eEHG&�s!¯O#��ED#��A-��O�EHA[DvV A-!PEHG&��!´O#��ED#��S,O��(�¥G&�A'[W
A[V>´^��D#�+��OFVW�OFV¸��SEHA[B�O�E���D#!7EHG~��B ��B!D#�HIº�(�A�.^A-�(��Wº!´D#�=EHG&�!Dv^�E°´�D#!W´^��D#�(��!¯O#��ED#��A-��O�EHA[DvV = �(��S(���A��EHA[Q#�A'·IFL
XZVeDvV~�)��OFS(��§¯@ � 1 @ 1 �å*« = EHG~���(� � OFS0A[V�SH^>�|��A-��V�E7SHED#��O��#�UED�G�D�'[WeEHG&�)!´O#��ED#��Sc0�^�E � �¥��DvB �N^�E��=OFV��SEHA[B�O�E��=EHGO�E � ��WA[S(��'[O�IFL

@'G~�6�+��SH^~'·EHS = SHGD � V)A[V)@�O�0�'-��S B Lz<iOFVW B L ª:= A[V���'[^W&�9EHG&�v!çD�'�'[D � A[V~�eSEHO�EHA[SHEHA���S)!çD#�¥��O#��G×��D&W&�Z§¯O#'�'
EHA[B ��S�O��(�6$O×I�¬EHA[B%��Su« á5 L"Ø�O#��ED#��A-��O�EHA·DvV	EHA[B � =~� GA���GYACV~��'[^W&��S*�~�+��D#��W&����A[V~�2OFVW�SI.B80©D�'[A���!¯O#��ED#��A-��O�EHA·DvV = A-!�OFV�IFL<.L , ��!´O#��ED#��A-��O�EHA·DvV!EHA[B%� =�� GA���G¡A[S�EHG&�0V�^B%����A���O#':!´O#��ED#��A-��O�EHA·DvV!D#!]OUB�O�E���A 26� G�DvS��m��A·QFDFE£D#��W~����A[V&�

OFV�W§SI&B�0©D�'[A���!¯O#��ED#��S�O��+� ² VD � V�L�XqE�� 2 ��'[^W&��Sm���(��D#��W&����ACV&�!OFVWYSI&B�0©D�'[A���!¯O#��ED#��A-��O�EHA·DvV�Lª LP\&D�'·Q#�=EHA[B � = � 2 ��'[^W�A[V&�!A·E�����O�EHA·Q#�¥�+��¶NV&��B ��V�E�Lx LP\&D�'·Q#�§EHA[B � = A[V���'[^WA[V~�	A·E�����O�EHA[Q#�Z�(��¶NV&��B%��VJE�LÛ½>À:ú�Ä = ½>À>Ç�È = ½&À:ú:È = OFV�W Ø5Ù�ÚAÛ*Ü�Ý�¼�O#'�''^S(�YEHG&�
S�OFB ��B ��EHG�D&WÛ§¯K3��A·D�'[A = M���B�B �A'�OFV�W4M_^&` 5A@#©#@ «�L�½&À�úpüYOFV�Wp¼>½:¾:¿:À>Á�ÂEÃRÄ?Å�ÄeW�D§V�DFE��~��DRQ&A[W&�
EHG�A[S0D#�EHA·DvV�Ly.L"å7VJE���A-��S'A[ViEHG&�8.?� !´O#��ED#��S = A[VYB�A�'k'[A·DvVS�L{.L"¦���B!D#�HI ^�S���W ED D#0EHOFA[V EHG~�4EHA[B�A[V~�vSZ'[A[SE���W¬A[V EHG&� EHO�0�'-��S = A[V B�A�'�'CA·DvVSeD#! © ´µ0�I.E���WDv^&0�'-����(�A��A[SHA·DvV � D#��W�S�L�ØD#��½&À:Ç:È = ¼>½:¾:¿:À>Á�Â¤ÃRÄ�Å»Ä = OFVW×½>À:ú>È§EHGACS�A[V~��'C^W&��S)!]��O��vB ��V�EHO�EHA·DvV � A·EHGA[V
EHG~� � D#� ² O��(��ORI.S�a�L , �A��O#'�'£EHGO�EUEHG&� � D#� ² SEHO�EHA·DvV4^S(��Wp!çD#�UEHG&� � 2 �;����A[B ��V�EHS_GOFS ª#ª Lz{YB�A�'�'[A·DvV� D#��WS£D#!©B�OFA[V!B%��B!D#�HI/§�<#y#{¥¦s0.I.E���Su« = OFVW!O�0©Dv^�Eà< x <=B�A�'�'[A[DvV � D#��WS£D#!]Q.A-��EH^O#'&OFWW&�(��SHS�S(��O#���� ���(���vA[Q#��VYED���O#��Gs��D&W&�|§ 5 L © â)0�I.E���Su«�L
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@�O�0_'-� B Lz< á , ��SH^~'·EHS
Ë²|~�J}�xÀé� ��|~�£����} }��£��|~�� wJ��{sÓn� wJ��{
Ó���¨³�����J}�x
�£w yz��y² yzxs�L ����������=� ��xsyz� ��xsyz� ��xsyz� ¼��~xÀ���£}� x
�²�LÏ �5wJ��� yz��y² �£���5�����wJ����¬ ��wJ����¬ ��wJ����¬ ��wJ����¬ �±¤�¶���¬ �±¤�¶��~¬ �±¤�¶��~¬ �±¤�¶��~¬v�´ µ�¤�¶�¦n·������
 ¤�§�¶nÇ� ¦ ¤�ª�¤�¸� § ¦� ¸�¸ È�È�s¤�¸ §�¦� §�¸ ¸�¦� È�¸ È~¦� ª�¶ È�Ç�¤�¤�¶
� �����n������������� ¤�È~¶n·� ¦ ¤�ª�¸�¦� ¶ ¤�¶� ª~µ Ð µ�¤� §�§ ¤�¶n·� È�§ È~¸� µn¦ Ç�¶n·~¦�¶���n� � ·�¦�ª� ª ·�È~µ� ¶ ¤� §�¦ Ç� Ç�· ¤�ª� È�§ ·�·� ªnÈ ·�·� ªnÈ ¤�¤�§�¸�¶���n��� µ�·~§�ª� § µn·�§n·� ª §n·� Ç�µ Ð ¤�§nÈ� §�È ¤�µn¸� ª�ª ¤�¶�s¤�¶ ·~§nÈ~¶nÇ�¦���n��
 §�§�§nÈ� Ç ¤�·�¦�ª�s¤ È� È�Ç È�¶� Ç~§ ·�Ç� §�¤ Ð È~¸� µnª È�¦�¶~µn¶
!#"�$&%�'�( � §nÇ~¦�¦� ¶ ·~¦�ªn·� ¸ ¤�µ= ¶~µ ¤�§�ª� µ�§ §�¦� ¦nÈ È�·� È�ª È�·� È�ª ª�µn¦�Ç�¶Â2Ã�ÄXÂ½Ä Å Æ������
 ·�·~¶� Ç ¤�Ç�¤� µ ¤� µnª ª� ·~µ ¦� Ç�È ·�ª� µnª ¤�Ç� ¦�µ ª�¦�¸�¸
� �����n������������� ·�·~¸� È ¤�Ç~µ� ¦ ¤� È�· Ð ¦� È�¦ §nÈ� ¶�µ ¤�¦� §�¤ ª�µ�¦�§���n� � ¸�¤�Ç� · Ç�µ=¤�
¤ ·� ¸nÈ ¤�§� È~ª ·~ª� µ�µ µ�·� ¦nÇ µn·� ¦nÇ §�¸n·~§�¶���n��� Ð Ð Ð Ð Ð §�§�§� ª�¶ µ= ª�µ Ð���n��
 Ç�·�È� ¶ §�¶�ª� ¦ ¤� ·�¦ ¤�¤� Ç~¶ ¤�¶� ¸�ª Ð ·�µ= ªnÈ ¤�µnª�¸�¶
!#"�$&%�'�( � Ç�È~¸� ¶ ª�¦nÇ� ª ¸� ·�§ ¤£µ�Ç� ·�· ·�µ= Ç�§ §nÇ� Ç�Ç §�Ç� Ç�Ç ¤�·~µn·�¶Ê �=Ë4ÌJÍ Î ¤������
 ·�¤�¦� ¶ ¤�¦nÇ� È ¶� È�§ §� ¶�¤ ª� §nÇ µnª� §�µ ·�·� ¸�ª ¦�µ�¤�·
� �����n������������� ·�¶�Ç� µ ¤�¦nÈ� ª ¶� Ç�¤ Ð ª� §�ª ·�ª� ·�¸ ·�·� ¶n· ¦�µn·�¸���n� � ¤�¦�¤� Ç ¤�¸�¸� § ¶� È�§ ·�s¤�µ ª� ·�¸ ·�¶� §�ª ·~¶� §�ª ¦n·�¤�µ���n��� ·�È~ª� ¶ ·�È�È� ¶ ¶� ª�ª Ð ¸� ·�Ç ¤�Ç� ¶nÇ ¸� Ç�È ¤�§�¸�È�ª���n��
 ·�¶�ª�s¤ ¤�Ç�¸� Ç ¶� È�¤ È� ·�È ª� µ�µ Ð ¤£µ= ¶�¤ ¤�¶nÈ~¸�¶
!#"�$&%�'�( � ¦�§�¸� Ç Ç�Ç~µ� È ¤� ¸�¶ ·�¶� ·�¤ ¸� Ç�¤ ¤�¤�s¤�¶ ¤�¤�s¤�¶ ¤�ª�ª�§�¶�L�8ÎXÇ�¤�Ò������
 ¤�¤£µ= È ¦n·� ¦ ¤� ¶�¤ ·�·� ·�È ª� ¦�§ ¤�¤� Ç�· ¤�¶� ¸nÇ µ�¦�ª
� �����n������������� µ�µ�µ= § µn·�·� § ¤� ¦�ª Ð ¸� §nÈ ¤�§� ·�ª ¤�·� È�È Ç~§n·���n� � ¤�¶�¤�·� ¸ ¦�¦nÈ� Ç §� ª�§ ¸n·� ·�Ç ¤�¸� ¸�µ ·�§� Ç�È ·~§� Ç�È µnª�¸�§���n��� §�µ�¶� ª §�§nÇ� µ ¤� µ=¤ Ð ¤�·� ¸�§ ¤�ª�s¤�È ·� ¦nÇ ¤�·~¶n·���n��
 µn¦�·� § ·~¸�ª� È ¤�s¤�¤ §�¶� È�¤ ª� È�¤ Ð ¤�ª� È~µ ª�¦nÈ
!#"�$&%�'�( � µ�Ç~¦� § µnÈ�¤� µ ·� ·�ª ª�µ= Ç~¦ Ç�s¤�È ¤�¤� È�Ç ¤�¤� È�Ç µ�¸nÇÄ ÅXÆAÂ½Ä ÅXÆ ¤������
 ª�¶� ¸ È�Ç� § ¶� È~µ ·�s¤�ª µ= ª�¦ ¤�È� ¦n· Ç� ¦n· ·�¤£µn¸
� �����n������������� Ç~§� Ç ª�¦� · ¶� È�¸ Ð È� ¶nÈ ¤�Ç� §�µ ¦�s¤�¦ ·�¸�È�È���n� � ¤�¦~µ= Ç ¤�¸�¦�
¤ ¶� ¸n· §� ¸�¸ ¦� È�¶ ¤�·� ¦nÇ ¤�·� ¦nÇ ¸�¤�ª�¦���n��� ¤�ª~µ= ¦ ¤�ª�µ� · ¤� ª�µ Ð ¤�ª� È�¸ ¤�¸� È�· ¤� µn¦ ª�¶�¤�·���n��
 §n·~§� µ ¤�¶�¦� Ç ¶� È�ª µ= ¸nÇ È�s¤�¤ Ð ¤�¤� ·�¦ µ�È~ª�µ
!#"�$&%�'�( � ¤�¶�¦� § ¦nÇ� ¦ ¤�s¤�ª ¦� µn¦ µ= ª�¸ Ç�
¤�¶ Ç�s¤�¶ ·�È�µn¶
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@�O�0_'-� B L ª:á , ��SH^~'·EHS = ��DvV�EHA[V.^&��W
Ë²|~�J}�xÀé� ��|~�£����} }��£�ê|��� wJ��{sÓn� wJ��{
Ó���¨»�£���J}�xs��w yz�£y² yzxs�L ������������ ��xsyz� ��xsyz� ��xsyz� ¼���xÀ���£}� xs�6�NÏ �5wJ��� yz��y²������5�����wJ����¬ ��wJ����¬ ��wJ����¬ ��wJ����¬ �±¤�¶ � ¬ �±¤�¶ � ¬ �±¤�¶ � ¬ �±¤�¶ � ¬Ä ÅXÆAÂ½Ä ÅXÆ ·������
 ¤�¶� Ç È� ¶ ¶� ·�¦ ¤� ·�È ¤� ·�Ç µ= ¶�¦ ·� È~µ ¤�È�¦
� �����������������)� ¤�·� ª ª� ¸ ¶� ·�· Ð ¤� µnª µ= ¸�· §� §�§ ·�¤�Ç���n�� ¤�¦�s¤ ¤£µ= ¦ ¶� ·�¦ ¤� ª�¤ ·� ª�¸ §� ¦�¶ §� ¦�¶ ª�¶�¤���n��� §�È� · §~µ= ¸ ¶� ª�µ Ð Ç�s¤�¶ ¸� ¶~µ ¶� Ç�§ ª�¸�µ���n��
 §�ª� ª ¸� ¶ ¶� ·�¤ ·� ¶n· ¤� ·�ª Ð §� §�ª ·�·�§
!#"�$�%�'�( � ¦� · ª� ª ¶� µ�µ §� Ç�Ç ¤� §�¤ ·� Ç~¶ ·� Ç�¶ ¤�§n·�L�8Î�¤£µ�Ò������
 ¸� ¦ µ� ¸ ¶�s¤�Ç ¤�s¤�¦ ¤� ·�§ ·� ·�¤ ·� ¶�¤ ª~µ
� �����������������)� ¤�¤� µ È� Ç ¶� ·�¶ Ð ¤� ªn· §� µ�¶ ·� Ç�¶ ¤�·�·���n�� ·~¸� ¦ ·�Ç�s¤ ¶� §n· ¤� È�¸ §�s¤�µ µ= È�µ µ� È~µ È�¤�¸���n��� ¤�¦� · ¤�¸� ª ¶� ·�¸ Ð ·� È�Ç §� µ�§ ¶� ¸�¤ ·~§nÈ���n��
 ·�¤�s¤ µ� Ç ¶�s¤�Ç ¤� ¸�¤ ¤� ·�· Ð §�s¤�È ¦�È
!#"�$�%�'�( � ¤�·� ¶ ª� Ç ¶� §nÈ §� ¸�¤ ¤� §nÇ ·� ·~ª ·� ·�ª ¸�§Î Ã È�¤�È�¤������
 ·� µ ¤� µ ¶� ¶�ª ¶�s¤�µ ¶� µ=¤ ¤� ·�µ ¶� ªnÈ µnÇ
� �����������������)� §�s¤ ·� · ¶� ¶�ª Ð ¶� µn¸ ¤� §�¦ ¶� ¸�¦ ª�¦���n�� ·� · ·�s¤ ¶� ¶nÇ ¶�s¤�È ¶� ªnÇ ¶� ¸�¦ ¶� ¸�¦ ¦�¤���n��� ¤� ª ¤� ª ¶� ¶nÇ Ð ¶� Ç�¦ ¶� ¸�¦ ¶� ¶�¸ ª�§���n��
 ª� È ·� È ¶� ¶nÈ ¶� Ç�¤ ¶� µ�Ç Ð ¤� ¶�µ ¤�·�ª
!#"�$�%�'�( � ¤� ¸ ¤� ª ¶�s¤�¶ ¶� Ç�§ ¶� §�¦ ¶� ª�È ¶� ªnÈ §�§Ä Î8v Å ÌÔªnÇ~¸������
 ¤� · ¶� µ ¶� ¶n· ¶� ·�¤ ¶�s¤�¤ ¶� Ç�µ ¶� µnª µ
� �����������������)� ¤� · ¶� µ ¶� ¶n· Ð ¶�s¤�¤ ¶� ª�Ç ¶� µn¸ µ���n�� È� § §� ª ¶� ¶�µ ¶� ·�¤ ¶� §�ª ·� Ç~¦ ·� Ç�¦ Ç~¶���n��� ¸� ª ¸� È ¶� ¶�¸ Ð ¤� ¶�¶ ·� Ç~¸ ¤� ¸n· ·~ªnÇ���n��
 ¤�s¤ ¶� · ¶� ¶n· ¶� ·�¶ ¶�s¤�§ Ð ¶� §�¦ ¤�¶
!#"�$�%�'�( � §�¦� Ç ¤� ª ¶�s¤�ª ¤� Ç�¶ ¶� ¸�¶ ¤� ¶�¶ ¤� ¶�¶ §�¤ÎD�XÌJ� Â ¤������
 ¤� ª ¶� ¸ ¶� ¶�µ ¶� ·~µ ¶� µ�µ ¶� ¦�Ç ¶� Ç~µ ·�·
� �����������������)� ·� ¶ ¤�s¤ ¶� ¶�ª Ð ¶� È~µ ¤� §�¦ ¶� ¦nÇ §�¤���n�� ¶� Ç ¶� µ ¶� ¶�§ ¶� ·�¶ ¶� ·�¸ ¶� µ�¦ ¶� µn¦ ¤�¶���n��� ·� § ·� · ¶� ¶�¸ Ð ¤� ¶n· ¤� ·�· ¶� ·�¶ ¦�¶���n��
 Ç� µ ¤� § ¶� ¶�ª ¶� È�§ ¶� µ=¤ Ð ¤� ¶�µ ·�È
!#"�$�%�'�( � ¤� ª ¶� ¸ ¶� ¶�¸ ¶� ¦�µ ¶� §�¦ ¶� ª�¶ ¶� ª�¶ ¤�Ç
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B L"¦¥A[VACB9^B B ��B!D#�HI/�+�A��^A��(��B ��V�EHS = ACV�B�A�'k'[A·DvVS�D#! � D#��WS�L3Ø�D#�UEHG&�¡^VA�!W�HDvV�EHO#'��D&W&�8½>À:ú ü = EHGA[S
ACS�EHG~�¡ACV>´^��D#�(�¡B ��B!D#�HI��(�A��^�A-�(��WZ!´D#�UDv^�E°´�D#!W´^��D#�(� !¯O#��ED#��A-��O�EHA·DvVÛ§¯A[EPO#'[SHDiACV~��'[^W&��S�EHG&�!B ��B!D#�HI�+�A��^A��(��W,ED�G�D�'[W,EHG&�=B�O�E���A 2 b «�LàØ�D#�c½&À:Ç:È = ¼>½>¾�¿>À:Á�Â¹Ã;Ä�Å�Ä = OFVW�½&À�ú>È = EHGACS<ACS�EHG&�UB�A[VA[B2^B
OFB�Dv^VJEr�(�A��^�A-�(��W1ED �v^O���OFV�E���� O S�^~������SHS�!¯^~'v!¯O#��ED#��A-��O�EHA·DvV = OFVWµA[S)EHG&�ëSHEHO�EHA[SEHA���^S(��WµA[VØ£A-�v^~�(�){.Lz{.L7@'GA[SI� 2 ��'C^W&��SI!W��O��vB%��VJEHO�EHA·DvVYACV�EHG&� � D#� ² O��(��O�I&S =>� GA���GeA[SI�(��B!D/Q#��WiQ.ACO��vO��(0NO��#���D�'k'-�A��EHA·DvV � G&��V&��Q#���°V&�A����S�SHO��HIFL�@'G&�¬��O���EHA[O#'���A·QFDFEHA[V~����D.W&�OØ5Ù�Ú¹ÛNÜ�Ý�¼UOFVWUEHG&��S(�A��^&��V�EHA[O#'FD#��EHA·DvV
D#!�EHG&�=SI&B�B ��E���A��»´µ��O�EE�����V§B2^~'·EHA�!W�HDvV�EHO#';��D.W~�)½>À:ú�Ä�W�D!V�DFE'GORQ#��!W��O��vB ��VJEHO�EHA[DvV�A[ViEHG&��A�� � D#� ²
O��+��O�I&S = OFVW¥EHG�^�S�W�DiV�DFE��(�A�.^A-�(���vO��+0�O��#� ��D�'�'-�A��EHA·DvV�L)Ø�D#�UEHG&��S(�9E � DYB ��EHG�D&WS�EHG&�¡B�A[VA[B2^B�+�A��^A��(��WUB ��B!D#�HIUOFVW�O#��EH^O#'JB ��B�D#�HIU^S���W=O��(��EHG&��SHOFB � = O#'·EHGDv^&�vG � ��V&����W&��W�ED�OFWW=OFV�DFEHG~�����Dv^�VJE�����ED�EHG&��ÆU\>.4Q#����SHA·DvVYD#!�½>À:ú;ÄUED���DvB �N^�E��=EHGA[S0SHEHO�EHA[SEHA���L© L"ØT'·DvO�EHACV&��´µ�©DvA[VJE�D#������O�EHA·DvVr��Dv^V�E9ACV4EHG&�%!¯O#��ED#��A-��O�EHA[DvVe�NGOFS�� = A[V4B�A�'k'[A·DvVS�Le@'G&��Q�O#'[^&��S¥�vA[Q#��V
O��+�=D#0EHOFA[V&��WZ!W�HDvB EHG&����D.W~��S�L 1 �;����O�EHA·DvV�Sm!çD#�'EHG~��OFSHS���B80�'·I���GOFS��=O��+�=V�DFE�A[V~��'C^W&��W�L, ��S�^~'·EHS � A·EHGA[V 5�7Nù D#!�EHG&�80;��SE"!´D#�3��O#��G)SEHO�EHA[SEHA��9OFVW¥B�O�E���A 2 O��(�¡^VW&���u'[A[V&��W�L � �6��DvB%��O��(��W	EHG&�

SD�'[^EHA·DvVS_D#0EHOFA[V~��W×!]�HDvB±��O#��Gù��D&W&� = OFVW¸!´Dv^VW�EHGO�E9O#'�'���D&W&��S=EHGO�E8�~�HD/Q.A[W~��A·E�����O�EHA·Q#�|�(��¶NV&��B ��V�E��DvB ��^E��'EHG&��SD�'C^�EHA·DvVS � A[EHG ��DvB ��O���O�0�'���O#����^&��O#��I = A[V¡E�����B�S�D#!©EHG&��S(��O#'-��W%�(��SHA[W^�O#'.OFV�W�EHG&�c�(�A'CO�EHA·Q#����(�HD#�RL � G&��V�A·E�����O�EHA·Q#���(��¶NV~��B ��VJE�A[S'V�DFE�ACV§^S�� = ½&À>Ç�ÈeOFVW�¼>½:¾:¿>À:Á�Â¹Ã;Ä�Å»Ä��~�HD&W^~���¥�+�A'[O�EHA·Q#�����(��D#��S� A·EHG�O8'·DvS�S�D#!�O�0©Dv^�E�E � D¡WA-�vA·EHS�D#!�O#����^&��O#��I%!´D#�<S�A 2 D#!�EHG&��B�O�E���A�����S � G~��V���DvB ��O��+��W � A[EHG!EHG&��DFEHG~���
B ��EHG�D&WS = OFV�WYEHG&�=SHOFB �9O#����^&��O#��I/!´D#�'EHG&�UDFEHG&���3!çDv^&�RL1 Q#���UO#'�'°EHG&�v��D.W&��S = ½&À:Ç:ÈiGOFS�EHG&��!¯OFSE���SE)!¯O#��ED#��A-��O�EHA·DvV¥EHA[B%��!´D#��!´Dv^&��Dv^�E�D#!�EHG&��E���V)B�O�E���Ak����S =
OFVW§ACS � A·EHGACV 5�7Nù D#!£EHG&��!¯OFSE���SE'EHACB ��!´D#�'E � DeB!D#�+��B�O�E���A�����S�LIå 2 �����E3!çD#�'DvV~��B�O�E���A 2 §¯K j x 5�7�@ <�«
A·EYV&��Q#���§EHO ² ��S	B!D#�(�)EHGOFV O�0©Dv^�EiE � A�����EHG&�)EHA[B ��D#!9EHG&�¸!¯OFSE���SEZ��D&W&�FL XuEYO#'[SDëG�OFSiEHG&�p!´OFSE���SHE�(��!¯O#��ED#��A-��O�EHA·DvViEHACB �)!çD#�*¶�Q#�UB�O�E���Ak����S0OFVWiA[S � A·EHGA[V 5�7Nù D#!°EHG&�)!¯OFSE���SE�EHA[B �)!´D#��DvV&�UB!D#�(�UB�O�E���A 2 L
@'G&�2SD�'·Q#�8��GOFS��9D#!�¦	K ª#© ACS'EHG&�8!´OFSE���SHE3!´D#�3!´Dv^&�PB�O�E���A�����SPOFVW � A·EHGA[V 5�7Nù D#!�EHG&�8!´OFSHE���SE3!´D#�PE � D
B!D#�(�FL�K�'·EHG�Dv^&�vG¡EHG~�'EHA[B �c!´D#�à¦¥K ª#© SHD�'[^�EHA·DvV � A[EHG!A·E�����O�EHA·Q#�c�(��¶]V&��B ��V�E�S�����B�S�ED���OFV ² ��Q#��V�0;��EE���� =0©DFEHG�EHG~�I¦¥K x © OFVW!\&^&�;���+.�� A·E�����O�EHA·Q#�I�+��¶NV&��B ��V�E°EHA[B%��S�A[V���'[^W&��O#'[SHD�EHG&�m��O#'���^~'[O�EHA[DvV=D#!EHG&�<B�O�E���A 2��DvVWA[EHA·DvV	V.^B80;���POFVW)OFVp��SEHACB�O�E��¡D#!�EHG&�v!´D#� � O���W����+�HD#��LU@�I:��A���O#'k'·IYEHGA[S��(�A�.^A-�(��S�E � A����!OFSPB2^~��G
EHA[B �¡OFS_DvV~'·I���DvB ��^�EHA[V~�eEHG&�60�O#� ²�� O���W¸���(��D#� §¯OFSUACV�EHG&�!A·E�����O�EHA·Q#�v�(��¶NV&��B ��V�E)��^VS3!´D#�)¦¥K ª#© OFVW¦¥K x 5 «�L<@'G&�=B ��B!D#��I|�(�A�.^A-�+��B ��VJEHS�D#!�½&À:Ç:È!O��(����O��(�A'·I�EHG~��'·D � ��SE�0�^E�O��+�=^SH^O#'�'[I���DvB ��O���O�0_'-�UED
EHG&�9DFEHG&���PACV>´^��D#�(����D&W&��S3!çD#�PB!DvSE�B�O�E���A�����S�L0@'G&��Ë�DvO�EHA[V&��´µ�©DvA[V�E0D#�;����O�EHA·DvV���Dv^VJE�!´D#��½&À:Ç:È�ACS'D#!´E���V
B2^~��GZ'���SHS0EHGOFV§A[EHSc�~�(��W&�A����S�SD#� = ¼>½:¾:¿>À:Á�ÂEÃRÄ�Å»ÄJL
* + � Ò Ò®Ðc�-,� ��G�O�Q#��W~��B!DvVSE���O�E���W,G�D � EHG&��OFWQ$OFV�EHO��#��S<D#!]EHG~��^VA-!]�HDvV�EHO#'�OFVW�B2^~'·EHA�!W�HDvV�EHO#'�O��~�~��DvO#��G&��S*��OFV%0;���DvB80�A[V&��W�L�@�G&�3�+��SH^~'·EHA[V~�9O#'-�FD#��A[EHGB®§W½>À>Ç:È:«��;���(!çD#��B�S � �A'�'�!´D#�'^VSI&B�B ��E���A���B�O�E���A�����Sc!]�HDvB O � A[W&���OFV&�#�PD#!�W�A[S(��A-��'CA[V&��S = OFVWiA[S<OFViA[B �~�HD/Q#��B ��V�E7D/Q#���0EHG&�)�~�(��Q&A·Dv^S�^�VSI&B�B ��E���A��»´µ�NO�EE�����VeB2^~'·EHA�!W�HDvV�EHO#'��D&W&�|§k¼>½:¾:¿:À>Á�Â¤ÃRÄ�Å»Ä�«�L 1 EHG~����WAo`;���(��V~����S�0���E � ����V/¼:½>¾:¿:À>Á#Â¹ÃRÄ?Å�Ä9OFVWÌ½&À:Ç:È�ACV~��'[^W&�UOFV�D#�EHA·DvVYD#!
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