
�����������
	���
���� ���
	�������	���������
 �!�#"$�%�&	��%'(
)"$�������+*,�
	
- �%�&	��.�/�0�213�����54768�0�9����':�������!�;68�<
 � ->= �&����'@?

A�BDCFEHGJI%BLK(MNM�OFI�PRQFCFEHGJASB�CFELK�M0M�OUTJVWGXI�Y[Z�C�\^]_B�`aOFZHC_b�I%PDB�QFC_EHGJc�BRB�de`gf

h�hjilkDmon#mopNqUr0stpNuvrNsJwyx
kHz|{Dryr~}7r0�(� r0�&���Duv�|s^k�z������Dz��%p0���������~���D����sv������x

k���r~��}_�jp�uv��r~�RpN}o�^��������sv�J��uawyx
k�{���}����e���jr~�D�&�^��pN�RpN�H�a�[�_xUkH��r~�D}(���H���a���y�HxR��h[ ^�ln
¡�¢~£H¤~¥�¥§¦¨£�¢H¤~¥�¥§¦J©�£Dª�£�«�©7¦¨£�¬�­D®N¯y«�«�°D±�¤�²§³J±�´yµ(³X²yª§³¶­y·

¸!¹@º�»�¼�½R¾0»,¿ {D�Àk�i�Á^� ¿ �l�ÃÂ�kH��{D��sv��z�p0} i�wHstp0�&�Ä�H� ¿ ��z|{D���ÄÅy����ÆeÇ ÈNÉ ��p0�<�Dsvr0�
�Ur0�J����pN�^p������Ê�����D��Ë������S�&��uv{�rH�e�ÌrNs.{����~{��a�����&�����J��r~��p0}_��p�utpS�J��p0z������D�J�����
p��J�U��z��Äp0} ��pNsJuv��uv��r~�D�Ä�D�L�XuJstpNuv���Nw>uv{�pNu����Ä�H�Ä�D���%p�Í��¨�D���&�����J��r0�Rp0}(�DpNutp��J��p0z��
���yuvr
�NÍ
�J��{D��sv��z�p0}§�ywHstp0�&�Ä����ÎRn.}�uv{Dr~�D�~{Àuv{��%pN�Duv{Dr0sv�[rN��Ç ÈNÉ@��svr~�Ur~�J���5pN�À���W�
Ï�z������yu!p0}��~rNsv��uv{��Ð�gr0s&��svryz����J�J�����>{Hw��U��sv�J�D{���sv��z�pN}:stp0�D�~�ÀÅy�D��sv������x@uv{���w��D�Ä�
�Dr0u��Dsvr0�Ur~�J�%pN�Àp0}��0r0sv��uv{��Ñ�ÌrNs.�Dsvryz����J�J���D�!ÒH������pNsv���Xu��D�����~{HqUr0s^Åy����sv�����:uv{�pNu
p�sv���gsv��Åy�D���yuv}�wÓ�D�J���Ó�Ä�Ô�J���&��}Wp�sv��uawÔ�J��pNsvzt{7Î(Õ¨�Ôuv{D�Ä�<�Rp0�U�|s�x(� �À�Dsvr0�Ur~�J�LpN�
��Öez������yu�p0}��~rNsv��uv{D�×�ÌrNs%�Dsvryz����J�J�Ä�D�À��ËDp0z|u�����p�sv���Xu%�����Ä�0{HqUr0s%Åy���|sv�Ä����r~�+uv{��
k�i�Á^� ¿ �l��qHwS��ËHuv�����D�����[uv{D������z�sv���&���HutpN}D�D��pNsv���Xu �D�����~{HqUr0s p0}��~rNsv��uv{��Ø�Dsvr0�
�Ur0�J���5���ÓÇ���Ù�É�Î_Ú��Sp0}��Jr��Ä�yuJsvrH����z��Sp
�&�|uJsv�Äz%uv{Rp�ujz�pN�>qU�����J���Luvr
�~�D�Ä�D�epN�
rNst�D��sv���ÀqU���XuJ��ÏDsv�Xu�uJstp��~��sv�vp0}o��{D����Ï��R�D���D�e����p�sv���Xu^�������~{HqUrNsv�[r~��uv{��SkDi@Á[�
¿ �l�^ÎFÛ§���RpN}Ä}�wyxD�:�%�J{�r��Êuv{Rp�u^r0�Ds.uv��zt{����ÄÅy���[�J�Ä�0����ÏRz�p0�yuv}�wÀr~��uv�U��sJ�ÌrNsv�&��uv{��
sv��}Äp�uv���Suv��zt{��D�WÅy�D���§���S��svryz����J�J�����%Òy������p�sv���Xu������Ä�0{HqUr0s(Åy����sv�����@qyw%z�r0�&�Rp�sv�Ä�D�
��u.uvreuv{��% �Ü��¶uJsv���~x�uv{D��Ý^�¶uJsv���~x�p0����uv{����J��Åy�D���yuv�WpN}o�Jz�pN�Luv{Dsvr~�D�~{À�|Ë�uv�����J�����
��Ë��U��sv���&���yuv��Î

Þ�ßHà_áSâ ¼0ãoº^äDåDæÌç<æÌè�é0ê|ægëíì.åUîJé0êJïtðHñ�ò[æÄó�ð�ôÌõ�ægç!î|ö�÷væ¶øNöUé~èNùtöRúyîJûeüFîJïtðHö�æíý�þRî|ñ�ÿ�îJé0ê|ô
î|÷vë�ÿ�î|æÄó�ð��tøNê��:þ�î|êtì0ñ ùtöRï�êvî|ç!î|öDë�é~èoÿ�îJé0êJî|÷vë.ÿ%î|æÄó�ð��vø0ê��^è ó�øNê|æÌëgðyç<ñ��	�
�RêXø�û0æíô
çeé0ë¨îjÿ%îJé0êvî|÷vë ÿ%î|æÄó�ð��vø0ê��^è ó�ø0êtæÌëgðHç<ñ�å
���§ô|ü����

� ����������� ��!"��#$���

%FM0Z'&|Q�(�M�G*)_Z�+tM~b,+|`WfÀ`gVgZ�(|`-&vP,+|M0Z�(/.�],]_Z�+0)7M1.�BDf�M>ZHC `Wf32oB�(4&�Z�C�&5+|M0Z�(/.�]62_Z�(�ZDbU`WEDf87¶B�(
9 Z�(|`gB�Q:+lbFZ'&�Z�)_Z�+|M^Z�2�2FVg`;.0Z
&|`gB�C:+�+|Q�.�]
Z�+lf�QFV-&|`gf�M~bU`ÌZ�(�M<&/(|`gM 9 ZHVaO�bFZ
&�Z%fÀ`WC_`WCFE7OHbUM=.N`;+|`gB�C
+tQ�2�27B�(>&~ORZ�C_b?+>&�Z'&|`@+$&�`;.0ZHV@ZHC7b+fÀM0bU`@.NZ�V@Z'2�2FVg`@.NZ
&�`WBDC�+=A�Bj]FM�&�M=.�]FCF`@C�QFM<Q�+tM~b+`@+D&|B�fÀZ�2
&|]FM�bFZ'&�ZS`E&�MNfF+�Z�+	2oB�`gC�&G+:`WC�&�B<Z<]F`gE�]UGJbU`gfÀMNC�+|`WBDC_ZHV�7¶M0Z'&|Q�(�M�+>27Z�.�M�A
Bj]FM�7¶M~Z
&�Q�(|M�+42_Z�.NM
`;+
Q�+tQ7ZHVgVWP `gC_bUM<HUM~b Q�+t`gCFEÔZÓf
QFV-&|`ÌbU`gf�M0C�+|`WBDC_ZHV[`WC7bUM<HI+$&/(|Q:.J&|Q�(|M�ALKR`gfÀ`WVÌZ'(�`-&vP6+|M0Z�(/.�]
&|]FM0CM.�B�(4(�M=+427BDC_b�+�&�B;Z ]RPN27M=(/+42F]FM=(|`@.NZ�VO(�Z�CFE�MP+|M0Z�(/.�](O�Y�]F`@.�]Q(|MR&|Q�(�C�++Z�VWVSB�)�SvM1.J&/+
Y�`E&�]F`WC+Z &�]�(|M1+t]_B�VÌb�VgM 9 MNVFB�7T+|`gf�`gVÌZ'(�`E&vP0&�BU&|]FMOC�QFM=(|P�B�)�SvM1.J&G+NOHZ�C_bÀZWV�GaC_M0Z'(�M=+>&�CFMN`gE�]FG
)7B�(L+|M0Z�(/.�]U&�]_Z
&L(�M<&|Q�(|C�+�&�]FM�V!fÀB�+>&L+|`WfÀ`gVgZ�(lB�)�SvM=.<&/+�&|B�&|]FM�C�QFM=(|PeB�)�SvM=.J&1A�XSCFM^B�7�&|]_M
f�B�+$&L2oB�2FQFVÌZ'(:Z'2�2FVW`@.NZ'&|`gB�C�+lQ�+|`WC_EO&|]_`;+�&|M1.�]FCF`@C�QFM^`@+ Z .NB�C�&|M0C�&|GY)7Z�+|M0be`gfÀZ�E�M^`WC_bFM<HU`WC_E
Z ¿ {�����sv���J��p�svz|{��:p0�.�Rp�sJuv�WpN}�}�w
�Ì�D�R�����
qyw!uv{��S�J[1[=[0\ ���H�jÕ ¿ pNsv��pe�0stp0�yu�rN�§uv{��O]����D�Ä�XuJsJw
r0�(�(�D�Dz�pNuv��r~�����À��r0sv��pHÎ



� �[r~���N�_^[r&m_������u.p0}íÎ

ZHC_b?(|MR&4(�`WM 9 Z�V:+|P�+$&�MNf8` a
bNcFO>d1e
f7Y�]F`@.�]5MRHN&4(�Z�.J&G+�+|M 9 MR(�ZHV�7¶M~Z
&�Q�(|M1+ gh+tQ:.�]>Z�+i.�BDVWB�(0O�&|MRH�G
&|Q�(�M�OT+t]7Z'2oM�OoM<&/.1j�7k(�B�f `gfÀZ�E�M1+NOF`gC_bUMRHUM=+�&|]FM�`WfLZHEDM=+�)_Z�+|M0b�BDCl&|]FB�+tM57¶M0Z'&|Q�(�M=+0O7Z�C_b
+tQ�2�27B�(>&G+D+|`WfÀ`gVgZ�(|`-&vPFC�QFMR(�`WM1+�)7Z�+|M0bLBDCF&|]FM0flANBlB3+tQ�2�27B�(>&[M<mn.�`gMNC�&�+t`gfÀ`WVÌZ'(�`E&vPF+|M0Z�(/.�]
`WCo+tQ:.�] Z6+tP�+>&|M0f Op(�B�)_Q�+$&�&|M1.�]FCF`@C�QFM=+q&|B `gC_bUMRH;]F`gE�]UGJbU`gf�M0C�+|`WBDC_ZHVi7¶M0Z'&|Q�(�Ml+>2_Z�.�M1+
CFMNM~b?&�B3)7M!bUM 9 M0VWB�27M~b?)oM=.0ZHQ�+|MU&|]FMU7¶M~Z
&�Q�(|M 9 M=.J&�B�(G+[Q�+tM~b>Z�(|Me]F`gE�]FGXbU`gfÀMNC�+|`gB�C_Z�VhA

TJCF`E&�`gZ�VWVgP�OR&4(�Z�bU`-&|`gB�C7ZHVHf�QFVE&�`gbF`WfÀMNC:+t`gB�C_Z�V�b_Z
&�Z�+>&4(�Q�.<&|Q�(�M=+Dg¶M�A E�AgO=r�Gh&/(|M0M�`EdRfaO=sUbRGh&/(|M0M
`Ed�d<fkj�OUY�]F`@.�]�Y^M=(|M&bUM1+t`gE�CFM~bn7¶B�(�`WC7bUM<HU`gCFELVWByYjGJbU`gfÀMNC�+|`WBDC_ZHVt+42_Z
&�`gZ�V�bFZ
&�ZFOUY[MR(�MeQ�+tM~b
7¶B�( `WC_bFM<HU`WC_E�]F`gE�]UGJbU`gfÀMNC�+|`WBDC_ZHV�7¶M0Z'&|Q�(�M 9 M=.<&|B�(G+=A0I%ByY[M 9 MR(~O<(�M=.�M0C�&�(�M=+|M0Z'(G.�]&Z�.<&|` 9 `-&|`gM=+
`Ed1u
bNe�d<f�(�MR2oB�(4&|M~bv&�]FMw(�M=+|QFV-&n&|]7Z
&?)_Z�+t`@.NZ�VWVgP;C_B�CFMÓB�7U&|]FMwC�QFM=(|PR`gCFEÊZHC7b `WC_bFM<HU`WC_E
&|M=.�]_CF`;C�QFM1+�Y�]F`;.�]x2�(�B 9 `ÌbUM E�BRBUbI(�M=+|QFVE&G+�B�C;VgByYjGJbU`WfÀM0C�+t`gB�C7ZHVjbFZ
&�Z Z�V;+|Bw2oMR(47¶B�(�fF+
+tQ�mn.N`WM0C�&�VWP Y[MNVgVSBDC ]F`gE�]UGJbU`gf�M0C�+|`WBDC_ZHV<bFZ
&�Z�A�yÓZHCRPz(|M1+tM~Z'(G.�]FMR(G+À]_Z 9 M,.NZHVgVgM0bo&�]F`;+
2�(|B�)FVgMNf{&|]FM}|*~R���G�R�3�$�3�
���F�<���G�_�'�"�'�����h�:��` u
fXO§ZHC_b�fLZ�C�P�bFZ'&�Z')7Z�+|M�G*(|M0VgZ'&|M0b�2�(�B'SvM1.J&G+
]_Z 9 M�&4(�`WM~bI&�B,&�Z�.GsRVgM>`-&=A�� +LZw(�M=+|QFV-&�B�7�&|]_M=+|M�(�M=+|M0Z�(/.�] MR�oB�(>&G+NO�Z 9 Z'(�`WMR&vP B'7SC_MNY
`WC_bFM<Hw+>&4(�Q�.J&�Q�(|M1+3` e��FO4e�e
fXO:.�B�+$&efÀBUbUMNV@+3` e�d<f�ZHC_b,CDQ_MR(�P�2�(|B�.�M1+4+|`gCFEn&�M=.�]FCF`@C�QFM=+3`-d=�'f
]_Z 9 Ml)oMNMNCo2�(�B�2oB�+|M0b�A�I%ByY[M 9 M=(0O:fÀB�+>&+B'7�&|]_M�]F`WED]UGJbU`WfÀM0C�+t`gB�C7ZHV�`gC_bUM<Ho+$&/(|Q:.J&|Q�(|M1+
Z'(�MSMRH�&�MNC�+|`gB�C�+^B'7�&|]FM0rjGY&4(�MNM<B�(D&|]FMUsUbRGY&4(�MNMeZ�bFZ�2�&|M~bF&�Bq&�]FMU(|M1C�QF`-(�MNfÀM0C�&G+.B�7(]F`gE�]UG
bU`WfÀM0C�+t`gB�C7ZHVR`WC7bUM<HU`gCFE�A
Bj]RQ�+0OHZHVgV�B�7�&|]_M=+|M[`gC_bUMRHq+>&4(�Q�.J&�Q�(|M1+lZ�(|M[Vg`WfÀ`-&|M0b�Y�`-&|]�(|M1+>2oM=.<&
&|BÓbFZ'&�Z�+42_Z�.NMF2_Z'(4&|`-&|`gB�CF`gCFEÓZ�C_b�+tQ��§MR(57k(|BDf�+427M1.�`-�:.Lb�(�Z�Y�)_Z�.Gs�+eB�7D&�]FM?rjGY&4(�MNMLB�(
&|]FM0sUbRGY&4(�MNM�A

%FB�(LMRHFZHf32FVgM�O�fÀB�+>&+B'7�&|]_MPrjGh&/(|M0M�G*)_Z�+|M0b#`gC_bUM<Ho+$&/(|Q:.J&|Q�(|M1+NO�+|Q�.�] Z�+3&�]FMPB��%G
&4(�MNM�`-dR�'fXOp�%GY&4(�MNM�` e�e
faO�K�K�Gh&/(|M0MI`  'faO.Z�C_bQK�rjGY&4(�MNM�`-d
¡
faOL&�MNC_bx&|B ]7Z 9 M�VWByY¢7�ZHCFBDQ�&/+
ZHC_bÊZÔ]F`gE�];bUM0E�(�MNM+B�7�B 9 M=(|VÌZ'2�)oM<&vY[MNM0C�)7BDQFC_bU`gCFE,(|M0E�`gB�C�+
`WC#]F`WED]FMR(�bU`gf�M0C�+|`WBDC�+RA
Bj]FM=+|M�bUMNE�(�ZDbUM?&�]FM�2oMR(47¶B�(�fÀZ�C�.�M B'70C�QFMR(�PI2�(�B�.�M=+/+|`WCFE,`gC ]_`WED]UGXbF`WfÀMNC:+t`gB�C_Z�V�bFZ
&�Z
+>2_Z�.�M1+RAi�%V-&|]FBDQFE�]o&�]FMw��Gh&/(|M0MÓQ�+|M=+ Z fÀBRbF`E�_M~b£rjGY&4(�MNMÓC_BRbFMw+>2_VW`-&>&�`WCFE ZHVgE�B�(|`-&|]Ff
&|BI(�M0bUQ�.NM�B 9 MR(�VÌZ'2#Z�fÀB�CFE6&|]_M�`WC_bFM<H#C_BRbFM=+0O�`E&+]7Z�+3&�]FM�B 9 M=(|]FM~Z�b;B'7U27M=(>7¶B�(|fÀ`gCFE
bU`;+4s fLZHC_Z�E�MNfÀM0C�&�B�2oMR(�Z
&�`WBDC�+0&�B,.<(�M0Z'&|M ZHC_b fLZ�`WC�&�Z�`WC 9 Z'(�`gZ�)FVWM�+t`;¤NM~b CFBUbUM=+lgh+tB�G
.NZHVgVgM0b�+tQ�2oMR(�CFBUbUM1+/jD2�(�BUbUQ�.�M~b?)RPF&�]F`@+jf�BUbU`-�_M~b�+42FVg`E&4&|`gCFELZHVgE�B�(|`-&|]FflA��%V@+|B_OUfÀB�+>&�B'7
&|]FMqsRbUGh&/(|M0M�G*)_Z�+|M0b `gC_bUM<HP+>&4(�Q�.J&�Q�(�M=+0O:+|Q�.�]ÔZ�+O&|]FM�d&A ¥^GY&4(�MNM?`-d=a'faO7]�¥^Gh&/(|M0M�`¦¡1fXO7Z�C_b
K�KUAS]UGY&4(�MNM ` e
fXO
+tQ��§MR(§7k(|BDf¨+tQ�.�]02�(|B�)FVWM0fF+lZ�+�CFB%EDQ_Z'(�ZHC�&�MNM0beQ�&|`gVW`;¤0Z'&|`gB�C?g�M�A E�AgO0d&A�¥.G
&4(�MNM1j[B�(�(|M1C�QF`-(�M0+$&�B�(�ZHEDMSB�7	(�M0bUQ_C_bFZHC�&%`gC�7¶B�(�fLZ
&�`WBDC6g�M�A E�AgOF]�¥^Gh&/(|M0M1j<AFTJC�Z�bFbU`-&|`gB�C�&�B
&|]FM,Z')oB 9 MÓb�(�Z�Y�)_Z�.Gs�+0Op&|]_M=+|MÔ`gC_bUM<HQ+>&4(�Q�.J&�Q�(|M1++]_Z 9 M�&|]_MÔY[MNVgVÄG*sRCFByY�C b�(�Z�Y�)7Z�.Gs�+
B'7�f�QFVE&�`gbF`WfÀMNC:+t`gB�C_Z�Vj`WC_bFM<Hv+>&4(�Q�.J&�Q�(|M1+NOp+|Q�.�]#Z�+
]_`WED]x.�B�+$&G+W7¶B�(À`WC�+|MR(4&LZHC_b#bUMNVgM<&�M
B�2oMR(�Z
&|`gB�C:+[Z�C_b�Z�27BRB�(O+|Q�2�2oB�(4&�B'7p.�BDC�.�Q�(/(�MNC�.NPn.�B�C�&/(|BDV§Z�C_b�(|M1.�B 9 MR(�P�` �
f*A

B(B&B 9 MR(G.�B�fÀMD&|]FM1+tM%b�(�Z�Y�)_Z�.Gs�+NO�`gCLB�Q�(�M~Z'(�VW`gMR(:Y[B�(/s§OHY^M�2�(|B�27B�+tM~b�ZeCFM0Yz+42oM=.�`ÌZHV
+>2_Z�.�M�2_Z'(4&|`-&|`gB�CF`gCFE�+$&/(�Z'&|M0E�P�O§&|]FMPK�©�ª�G«B�¬[\{` �
fXO:Y�]F`;.�]#`;+�B�2�&|`gf�`;¤NM~b�7¶B�(�+|`gf�`gVÌZ'(|G
`E&vP�+tM~Z'(G.�]5`gC�]F`WED]UGJbU`WfÀM0C�+t`gB�C7ZHVt+>27Z�.�M1+NO7ZHC_b�2�(�B�2oB�+|M0b?&|]FM
Z�VWEDB�(�`E&�]FfF+D7¶B�(O2�(�B�.�M1+4+tG
`WCFEÀ]RPN27M=(/+42F]FM=(|`@.NZ�Vt(�Z�CFE�MUC�QFMR(�`gM=+jB�C�&|]_M!bFZ
&�Z�+42_Z�.�MU2_Z'(4&|`-&|`gB�C_M0b�)�Pn&|]F`@+O+>&4(�Z
&|M0E�P�A
Bj]FM?K�©pªSG*B�¬j\­��(G+>&W2_Z'(4&|`-&|`gB�C�+0&|]FMn®�GXbF`WfÀMNC:+t`gB�C_Z�V�+>27Z�.�ML`gC�&|Bwe�®�+>2F]_MR(�`;.0ZHV�2RPN(�ZHG
f�`Ìb�+S]_Z 9 `WC_E3&|]FM�.�MNC�&�MR(�2oB�`gC�&�B'7L&�]FMq+42_Z�.NM
Z�+O&|]FM0`-(�&|B�2�OoZ�C_b�&|]_Mq.�Q�( 9 M0b�g_®q¯od1jXG
bU`WfÀM0C�+t`gB�C7ZHVD+|Q�(47�Z�.NM5Z�+U&�]FMN`;(�)_Z�+|M=+0OlZ�C_b6&|]FM0Cv.�Q�&/+!M~Z�.�]�+42F]FM=(|`@.NZ�V�2RPN(�Z�f�`Ìb,`WC�&�B
+tM 9 MR(�ZHV�+42F]FM=(|`@.NZ�V§+|VW`@.�M1+RA�¥[P?&|]F`@+�27Z'(4&|`-&|`gB�CF`gCFEn+>&4(�Z
&|M0E�P+B�7L&|]FMqK�©pª�G«B�¬[\SO_Y^M&Y[MR(�M
Z')FVgM�&|B�&4(�ZHC:+$7¶B�(|f¨&�]FM�E�` 9 M0CLbRGXbF`WfÀMNC:+t`gB�C_Z�VFbFZ
&�ZU+>2_Z�.�Mj`gC�&�B!Z�d�GJbU`WfÀM0C�+t`gB�C7ZHV 9 ZHVgQFM�A
Bj]�Q:+NO§Y[Mq.�BDQFVÌbÓQ�+|M�Z�°5±:GY&4(�MNM5&|Bl+$&�B�(�M�Z�C_bÓZ�.=.�M1+4+<bFZ
&�Z5`-&|M0fF+NO@ZHC7b�&�Z�s�M�Z�b 9 ZHCFG
&�ZHEDMLB'7�ZHVgV.B�7D&�]FMn)oMNCFMR��&/+
B'7�ZP°5± GY&4(�MNMDO§+tQ:.�] Z�+U7�Z�+>&!`gC�+tM=(>&~O�Q�2§bFZ
&�M5ZHC7b bUMNVgM<&�M
B�2oMR(�Z
&|`gB�C:+NO_Z�C_b�EDB�BUb�.NB�C�.NQ�(4(�MNC:.�P�.NB�C�&4(�B�VlZHC_b�(�M=.NB 9 M=(|P�AFI%ByY[M 9 M=(0OUY[Mq.NB�QFVÌb�CFB�&



Õ¨��z�sv���&���yutp0}F�[��p�sv���Xu.�[�����0{�qUrNs[k���p�svz|{��Ä��^[���~{��¨�[�Ä�&�����J��r~��p0}F��pNutpek��RpNz���� ²

r

or

o
MINDIST

q
MINDIST

MINMAXDIST

MINMAXDIST

³�´-µ"¶
·N¶ n^����ËDp0�&�D}Ä�[r0��¸�¹-º�»�¹;¼4½Àp0���F¸�¹-º:¸?¾�¿�»�¹;¼/½

2�(|B�27B�+tMÀZHC,ZHVgE�B�(|`-&|]FfÀ7¶B�(U2�(|B�.NM=+/+t`gCFE5C_M0Z'(�M=+>&eCFMN`gE�]N)oB�(0C�QFMR(�`WM1+�MRmn.�`gMNC�&|VgPÓB�C,&|]_M
K�©pªSG*B�¬j\ A

TJCW&|]_`;+	2_Z�27M=(0O�Y[M.`gC�&/(|BUbUQ:.�MjZ%CFM0YÊfÀM<&4(�`@.�&�]_Z
&p.NZ�C5)oM^Q�+|M0bW&|B<E�QF`ÌbUMjZHC!B�(�bFMR(�M0b
)7M1+$&|Gh��(G+>&�&4(�Z 9 M=(/+�ZHV(Y�]FMNCw�_C_bU`gCFE5C_M0Z'(�M=+>&SC_MN`gE�]N)7B�(/+�B�C�&�]FMFK�©pªSG*B�¬j\ A"¥jZ�+|M0b�BDC
&|]F`@+%CFM0Y fÀMR&4(�`;.�OFY^M02�(|B�27B�+tM�&|]_M!`WC:.<(�MNfÀMNC�&�Z�V�CFM~Z'(�M=+>&jC_MN`gE�]N)7B�(%ZHVgE�B�(|`-&|]Ff B�C�&|]_M
K�©pªSG*B�¬j\ A
Bj]FMw(�M=+>& B�70&|]F`@+�2_Z'2oMR(�`@+5B�(|E�ZHCF`;¤NM~b Z�+?7¶B�VgVWByYO+=A�KRM=.<&|`gB�C­e;bU`@+4.NQ�+4+|M=+>fLZ
SvB�(

ZHVgE�B�(�`-&|]FfF+�(|M0VgZ'&|M0bQ&|B CFM0Z�(|M1+$& CFMN`gE�]N)oB�(lC�QFMR(�`WM1+RAOKRM1.J&�`WBDC}ax)�(|`gM<Á7Pz(�M 9 `gMNYO+�&|]_M
+$&/(|Q�.<&|Q�(�M�B'7T&�]FM K�©�ª�G«B�¬[\ A�KRM1.J&�`WBDCF�!bUM=+/.<(�`-)oM=+p&|]FM%`gC�.R(|M0f�M0C�&�ZHV_CFM0Z�(|M1+$&�CFM0`WED]N)7B�(
ZHVgE�B�(�`-&|]Ff×B�C3&�]FM�K�©�ª�G«B�¬[\ ANKRM=.<&|`gB�C�cU2�(|M1+tM0C�&G+p&�]FM�(�M=+|QFV-&/+�B�7(ZHC+M0f32F`-(�`@.NZHV"+$&�Q_bUP
.�B�f32_Z�(|`gCFE+BDQ�( &|M=.�]_CF`;C�QFM�Y�`E&�]P&�]FM�r�Â~GY&4(�MNM�O�&|]FM��%GY&4(�MNM�ZHC_b�&|]FM3+tM1C�QFMNC�&|`ÌZHVL+/.NZHC§A
%l`gC_Z�VWVgP�OFY[M0.�BDC�.�VgQ_bUMeB�Q�(�Y^B�(4s+Z�C_b�bUM=+/.<(�`-)oMeB�Q�(�7¶Q�&|Q�(�M02FVÌZHC�+j`gCPKRM=.<&|`gB�Cl �A

Ã ÄoÅ§Æ>Ç���Å§�ÉÈÊ����Ë

Bj]FMR(�MÊZ'(�M C�Q_f�M=(|BDQ�+�ZHVgE�B�(|`-&|]_f3+�7¶B�(ÓZHC�+|Y[MR(�`WCFE CFM~Z'(�M=+>&�CFMN`gE�]N)oB�(�B�(wVRGaCFM~Z'(�M=+>&
CFMN`gE�]N)oB�(�C�QFMR(�`WM1+D&|]_Z'&�Z�(|MSfÀB'&|` 9 Z
&�M0b�)�P3&�]FM&`gf�2oB�(4&�Z�C�.�M<B'7§&|]FM1+tM0C�QFMR(�`gM=+[`WC��_M0Vgb�+
`WC�.NVWQ7bU`WC_E EDMNBDE�(�Z'2F]F`@.NZ�V(`gC�7¶B�(�fLZ
&�`WBDC,+|PN+>&|M0fF+�gYÌ<T>K�j�OlbUB�.�QFfÀMNC�&U(|MR&4(�`WM 9 ZHVaO"27Z
&>&�MR(�C
(|M1.�B�EDCF`-&|`gB�C�O�Z�C_bLVgM0Z�(|CF`gCFEU&�]FMNB�(|Pl`Ed1�
f*A�yÓZ�CRP�B�7"&�]FMSZ�)7B 9 M�ZHVgE�B�(|`-&|]_f3+�(|M1CDQ_`-(�MO+>2oM�G
.�`ÌZHVg`-¤0M0bw+|M0Z�(/.�],+$&/(|Q�.<&|Q�(�M=+0OT)FQ�&W+|B�fÀM�M0f32FVWByPP.NB�fÀfÀB�CFVgP�Q�+|M0b6+>27Z
&|`ÌZHVp+>&4(�Q�.J&�Q�(�M=+=A
%FB�(SM<HFZHf32FVgM�O§ZHVgE�B�(|`-&|]_f3+�M<HU`@+$& 7¶B�(O&�]FM�sDGJb�&4(�MNMDO"C�Q_ZDbN&4(�MNMNGY(�MNVÌZ
&�M0bl+>&4(�Q�.J&�Q�(|M1+NO:&|]_M
rjGh&/(|M0M�O ZHC_b B�&|]FM=(/+=ALX�7�&|]_M=+|M>ZHVgE�B�(|`-&|]_f3+0Ot&�]FMR(�M5Z'(�MF&vY[B�fLZ
SvB�(�Z'2�2�(|B�Z�.�]FM1+�&|]_Z'&
2�(|B 9 `ÌbUM>Zw)_Z�+|`@+W7¶B�(�BDQ�(ÀY^B�(4sTALXSC_M5YjZ�+q2FQ�)FVg`;+|]FM~bv)RPIr�B�Q:+4+|B�2oB�QFVgB�+0O(MR&ÀZ�VhA�`-d=�'f
ZHC_b,Y[Mn.NZHVgV�`-&0&|]FM�Í�Î Î8�
� Ï��'�J����Ð��É)oM=.0ZHQ�+|MÀ`E&
YjZ�+e`gC�&|M0C_bUM0b67¶B�(&E�M0CFMR(�ZHV�CFM~Z'(�M=+>&
CFMN`gE�]N)oB�(eB�(5V GXC M0Z�(|M1+$&eC M0`WED]N)7B�(UC�QFM=(|`gM=+=AtBj]FMÀB'&�]FMR(!Z�VWEDB�(�`E&�]Ff�Y[Z�+U2FQ�)FVg`@+t]FM~bw)RP
IpStZHV-&�Z�+tBDC ZHC_bQKUZ�f�MR&,`-d=�
f*A�Ñ,Mw.NZ�VWV�`E&n&�]FM,Ò4Î�ÎÓ�'� Ï��'�J����Ð���)oM=.0ZHQ�+|M�`-&5Q�+|M0bz&|]_M
` C�.R(|M0fÀMNC�&�Z�V C M0Z'(�M=+>&SC MN`gE�]N)oB�(eZ'2�2�(�BDZ�.�]�A§A�QFM�&�B?&�]FMN`;(&`Wf32oB�(4&�Z�C�.�Mq7¶B�(eB�Q�(SY[B�(/s§O
&|]FM1+tM!Z�VWEDB�(�`E&�]FfF+[Z�(|M�2�(�M=+|MNC�&|M~b5`gC�bUM<&�ZH`gVhA

TJCW&|]_M�ÍUÎ Î¨�
� Ï��
�J���kÐN��O
&|]_MjZ�Q�&|]_B�(G+§2�(�B�2oB�+|M0b�ZHC�Z'2�2�(�BDZ�.�]U7¶B�(�ZSCFM0Z�(|M1+$&:CFMN`gE�]FG
)7B�(�+tM~Z'(G.�]>`gC�&|]FMqrjGh&/(|M0M�A�Bj]_M0s�MNP>`gbFM0ZÀB'7	&|]_MN`;(%Y^B�(4s5`;+O&|BLfLZH`gC�&�ZH`gC�ZÀE�VgB�)_Z�V@VW`@+>&
g_Ô0Õ1Ö_×YØ
Ù<ÚDÛJÜ
Ý�Õ$Þ�ß�×@àRÖ*j&B�7O&|]FMl.NZ�C_bU`ÌbFZ
&�M�VÊCFM0Z�(|M1+$&�CFMN`gE�]N)oB�(G+
Z�+5&|]_M�rjGY&4(�MNM>`;+q&/(�ZHG
9 MR(G+|M0b+`gC�ZLbUMR2�&|]UGY��(G+$&�fLZHCFC_MR(1A�Bj]FM!ZHQ�&�]FB�(G+j`gC�&/(|BUbUQ:.�M0b?&vY[B�`gf327B�(>&�ZHC�&%bU`@+$&�ZHC�.NM
7¶QFC�.J&�`WBDC�+0Otávâ�ã�ä3âkå<æ ZHC7b,á�â�ã§á�ç�è§ä3âkåRæw7¶B�(�B�(�bUM=(|`gCFE+C_BRbFM=+�&�]_Z
&<Y�`WVgVL)7M 9 `;+|`E&�M0btA



� �[r~���N�_^[r&m_������u.p0}íÎ

á�â�ã�ä3âkåRæ
`@+t&�]FM^bU`@+>&�ZHC:.�Mp7k(�B�f}&|]FMDCDQ_MR(�P 2oB�`gC�&iéT&�B�&|]FMi.�VgB�+|M=+>&�27BD`WC�& B�C�&|]FMD)7BDQFC_bRG
Z'(�P,B�7�Zw)oB�Q_C_bU`gCFEw(�M=.<&�ZHC_E�VgMw�!B�7%CFBUbUM,�7O:Y�]F`WVgMPá�â�ã§á�ç�è§ä3âkå<æ `@+5&|]FM�bU`@+$&�ZHC�.NM
7k(|BDfêé�&|B5&|]FM�.�VgB�+|M=+>&D.�B�(|C_MR(.B�7��L&|]_Z'&^`@+5ë�Z�b
StZ�.�M0C�&GìU&|BW&|]FMU.�B�(|CFM=(p7�Z'(4&|]_M=+>&�7k(�B�f8é<A
%l`gE�Q�(|M3dU+t]FByYO+D&vY[B�MRHFZHf32FVgM=+jB'7�&|]FM0.0ZHV@.�QFVÌZ
&�`WBDC>B�7pá�â�ã§ä�âkåRæÓZ�C_blávâ�ã§áIç§è§ä3âkå<æ
Y�]F`;.�]ÀZ'(�M�+t]FByY�C�Y�`E&�]LZ +|B�Vg`gb�ZHC7b�Z )�(�B�s�M0C
Vg`WC_M�O
(�M=+427M1.J&|` 9 M0VWP�A
Ñ `E&�]q&�]FM=+|M�bU`@+$&�ZHC�.NM
7¶QFC�.J&�`WBDC�+0O
&|]FM%Z�Q�&|]FB�(/+	2�(�B�2oB�+|M0bW&|]�(�MNM�+>&4(�Z
&�MNE�`gM=+§7¶B�(�Q�2�YjZ'(�b!Z�C_b�bFByY�C�YjZ'(�b02�(�QFCUG
`WCFE:A�TJCI+tBDfÀM3+|MNC:+tMDOT&|]FMF&vY[B�B�(�bUMR(�`gCFE�+�(�MR2�(�M=+|MNC�&�&|]FMLB�2�&|`gfÀ`;+>&|`@.PgYávâ�ã�ä3âkå<ætjeZ�C_b
&|]FM�27M1+4+|`gf�`@+>&|`@.?gYávâ�ã§áIç§è§ä3âkå<ætj�B�(�bUMR(�`WC_E?.�]FB�`@.�M1+O)oM=.0ZHQ�+|M
MRHN2oMR(�`gf�M0C�&/+ (|M=27B�(>&�M0b
`WCz`Ed1�
f�+t]_ByY^M~b�&|]_Z'&eB�(�bFMR(�`WCFEn&|]FM?í ~<�Y��î
�GïO�4�
�T~/Ð�ðL�@�J��Q�+|`WCFE�á�â�ã�ä3âkåRæ�.�BDC�+|`;+>&|M0C�&�VWP
27M=(>7¶B�(|fÀM0b3)oM<&4&|M=(�&|]7ZHC+Q�+|`gCFEqá�â�ã§á�ç�è§ä3âkåRæ�A�KR`gC�.�MUá�â�ã�ä3âkåRæ�(�MR2�(|M1+tM0C�&G+	&|]FMSfÀ`WCUG
`Wf�QFf)bU`@+$&�ZHC�.NMW7k(�B�f�Z?C�QFM=(|P�B�)�SvM=.J&Uñ�&|B Zn)oB�QFC_bF`WCFE�(�M=.J&�ZHCFEDVWM5ò�O§`-&<`@+�&|]FM�fÀB�+>&
B�2�&�`WfÀ`@+$&�`;.&B�(�bFMR(�`WCFE3.�]FBD`;.NM�2oB�+/+|`-)FVgM�A:Bj]�Q:+NOF`-&�2�(�B 9 `gbFM=+�Z�fÀM0ZHC:+�B'7L2�(�QFCF`gCFELCFBUbUM=+
7k(|BDf¢&�]FM5+|M0Z'(G.�]�OFED` 9 MNC�&|]7Z
&SZF)oB�Q_C_b�B�Cl&�]FM!fLZ
HU`gf
QFf bU`@+$&�ZHC�.NM!`;+�Z 9 Z�`WVÌZ')_VWM�A"XSC
&|]FM&B�&|]FM=(%]_ZHC7b@O"á�â�ã�áIç�è§ä3âkåRæÓ`@+%ZHC�Q�2�27M=(O)7BDQFC_b B�C�&�]FM!bU`@+$&�ZHC�.NM&B'7	&|]FM&B�)�SvM=.<&
ó CFM~Z'(�M=+>&0&|B�ñNA�Bj]_MR(�M<7¶B�(�M�O@`-&5+|]FB�QFVÌb6)7Mn.NVWM~Z'(U&�]_Z
&3ávâ�ã§áIç§è§ä3âkå<æv)�P `E&G+tM0VE7�bUBRM=+
CFB'&[]FMNV;25`gC?2�(�QFCF`gCFE5&|]FMU+tM~Z'(G.�]�ODZ�+.B�)�SvM=.<&/+i.�VgB�+|MR(�&|Bqñ5.�B�Q_VgbF)oM 7¶B�QFC_b+`WC>MNVgMNfÀMNC�&/+
B'7Lô Z
&O2oB�+|`-&|`gB�C�+jY�`-&|]�]F`gE�]FM=( á�â�ã§á�ç�è§ä3âkåRæ 9 ZHVgQFM=+W`-d=�'fYA

TJCW&|]_M�Ò>Î�Î¨�'� Ï��
�J���kÐN��O'&|]_MjZ�Q�&|]_B�(G+§2�(�B�2oB�+|M0bW&|]FMj`gC�.<(�MNfÀM0C�&�ZHVRCFM~Z'(�M=+>& CFM0`WED]N)7B�(
ZHVgE�B�(�`-&|]Ff¨&�]_Z
&�M0f�2_VWByP�+:Y�]_Z'&�fÀZ�P5)7M�&�MR(�f�M~b�)7M1+$&|Gh��(G+>&	&/(�Z 9 MR(G+|Z�VhA1Ñ ]FM0Cq�7C_bU`gCFE5V
CFM0Z�(|M1+$&:CFMN`gE�]N)oB�(G+�&|B�&|]FM�C�QFM=(|P&B�)�SvM=.<&:Q:+t`gCFE�&|]FMOÍUÎ�Îõ�
� Ï��
�J���kÐN��O�V
`;+LsRCFByY�Cq2�(�`WB�(
&|BO&�]FM[`WC 9 B�.0Z
&|`gB�C&B�7�&|]FM[ZHVgE�B�(|`-&|]FflA1Bj]�Q:+NO~`E7�&|]FM�ghVtö?d1j
¯U÷>ø&C_MN`gE�]N)7B�((`@+(C_MNM0bFM0b@O1&|]_M
V�GaC_M0Z'(�M=+>&SC_MN`gE�]N)7B�(<Z�VWEDB�(�`E&�]FfÐCFMNM~b�+ &|B�)7M�(|M0`WC 9 B�s�M~b�7¶B�(FghV�ö}d1j�CFMN`gE�]N)oB�(G+�7k(�B�f
+4.R(�Z'&/.�]�ApBlBI(|M1+tBDV 9 Mn&|]_`;+F2�(|B�)FVWM0f�OL&|]FMÓZ�Q�&|]FB�(/+ÀB�7�&�]FMwÒ>Î ÎÓ�
� Ï��
�J���kÐN��2�(�B�2oB�+|M0b
&|]FM0.�BDC�.�M=2�&�B'7��
�@�J�*�'�"~G��ù<�4�'úL�J����ÏeY�]F`@.�] `;+i&�B�B�)�&�Z�`WC�&|]_M<C_MN`gE�]N)7B�(/+[`gC�.<(�MNfÀM0C�&�ZHVgVWP
g¶`YA M�AWO�BDCFMF)RPÓB�C_M1jeZ�+�&�]FMNP Z'(�M�CFMNM~bUM0btA�Bj]F`;+!B�2oMR(�Z
&|`gB�C,fÀM0Z�C�+0)�(�ByYO+t`gCFE�&|]�(�B�Q_E�]
&|]FM�b_Z
&�Z�)_Z�+|MjB�C�&|]_MO)_Z�+|`@+�B'7@bU`@+$&�ZHC�.NM�A�Bj]FM0Pq+|]FByY[M0bq&|]�(�B�Q_E�] 9 Z�(|`gB�Q:+:M<H�27M=(|`gfÀMNC�&/+
&|]_Z'&§&|]_MiÒ>Î Îû�
� Ï��
�J���kÐN�Q+|`WEDCF`E�".NZHC�&�VWP<B�Q�&/27M=(>7¶B�(|fF+�&|]FM�Í�Î Îû�
� Ï��
�J���kÐN�z7¶B�( bU`@+$&�ZHC�.NM
)�(|ByYO+|`gCFE0CDQ_MR(�`WM1+.ZHC7b�Z�V;+|B&Q�+|Q_ZHVgVgP�BDQ�&42oMR(47¶B�(�fF+L&|]FM�Í�Î Îü�'� Ï��
�J���kÐN� Y�]FMNC+Z�2�2FVg`WM~b
&|BU&|]_M V�GXCFM0Z�(|M1+$&�CFM0`WED]�)oB�(p2�(|B�)FVWM0fý7¶B�(p&|]FM rjGh&/(|M0M�A�Bj]_MNP�Z�V;+|B0+t]_ByY^M~bW&�]_Z
&�&�]FM�&vY[B
2�(|Q_CF`WC_Eq+>&4(�Z
&|M0E�`gM=+p2�(|B�27B�+tM~bÀ`WC6`Ed1�
foZ�(|M�B�CFVgPÀQ�+tMR7¶QFVoY�]FMNCF�7C_bU`gCFE5&�]FMO�:(/+>&^CFM~Z'(�M=+>&
CFMN`gE�]N)oB�(~O.ZHC_bz&�]FMÓBDCFMw+>&4(�Z
&|M0E�Pv&|]_Z'&>bUBRM=+5CFB'&5Q:+tM6ávâ�ã§áIç§è§ä3âkå<æ `;+�+tQ�mF.N`WM0C�&
Y�]FMNC�Q�+tM~b&`gC
Z�.NB�f5)_`WC_Z'&|`gB�C!B�7FQ�2RY[Z�(�b&Z�C_b!bUByY�CRYjZ'(�b�2�(|Q_CF`WC_E�`gCW&|]_MN`;( Z�VWEDB�(�`E&�]FflA
Bj]F`;+[`gf32FVW`gM=+D&�]_Z
& á�â�ã�áIç�è§ä3âkåRæ�`;+[CFB�&[C_M=.�M1+4+�Z'(�Pq7¶B�(i2�(|Q_CF`WC_E�`gCn&�]FMe`WC�.R(|M0fÀMNC�&�Z�V
CFM0Z�(|M1+$&�CFM0`WED]�)oB�(�Z�2�2�(�BDZ�.�]§A

B(Bq&|]FM0)oM=+>&�B'7 B�Q�(�sRCFByY�VgM0bUEDM�O�&|]_M0Ò4Î�Îþ�'� Ï��
�J���kÐN�Ã`@+jB�C_MSB�7§&|]_M&f�B�+$&�MRmF.N`WM0C�&
ZHVgE�B�(�`-&|]FfF+�7¶B�(n�_C_bU`gCFE�&|]_MÓCFM0Z�(|M1+$&LCFM0`WED]N)7B�(LB�(?V CFM~Z'(�M=+>&ÀC_MN`gE�]N)7B�(/+=A�I%ByY[M 9 MR(~O
&|]F`@+^Z�VWEDB�(�`E&�]Ff bFB�M1+�CFB�&D2�(�B 9 `gbFM�E�BRBUb3(|M1+tQFV-&/+.B�CL]F`gE�]FGXbU`gfÀMNC�+|`gB�C_Z�V_bFZ
&�Z&MN`-&|]_MR(~O�Z�+
Y^M!Y�`gVgV	+|]FByY `WCÔB�Q�(SM<H�27M=(|`gfÀMNC�&�Z�V(M 9 Z�VWQ7Z
&|`gB�C§A:Bj]F`@+%`@+�C_B'&<Zn2�(|B�)FVgMNfÐB'7L&|]FM3Ò>Î Î
�
� Ï��
�J���kÐN��`E&G+tM0VE7vO�)_Q�&+Z,2�(|B�)FVWM0f3B'7 &|]FM�+42_Z
&�`gZ�V�`WC7bUM<Hx+>&4(�Q�.<&|Q�(�MIg_rjGY&4(�MNM
j�O�Y�]F`@.�]
bUBRM=+eCFB�&U+|Q�2�2oB�(4&&M<mn.�`gMNC�&&`WC7bUM<HU`gCFE>B�(0CDQ_MR(�P�2�(|B�.NM=+/+t`gCFEl+$&/(|Q�.<&|Q�(�ZHVgVgP�B�C Z>]F`gE�]UG
bU`WfÀM0C�+t`gB�C7ZHV�bFZ'&�Z3+>27Z�.�M�A

TJCF&|]F`@+D2_Z'2oMR(~ODY[M�2�(|B�27B�+tM%Z
CFMNY fÀM<&/(|`@.�&�]_Z
&�.NZ�CF)7M<Q�+|M0b3&�B
EDQF`gbFMSZHCLB�(�bFMR(�M0b
)7M1+$&|Gh��(G+>&5&4(�Z 9 M=(/+�ZHV.Y�]FMNCv�_C_bU`gCFEÔC_M0Z'(�M=+>&�C_MN`gE�]N)7B�(/+
B�CI&�]FM�K�©pªSG*B�¬j\ A§Ñ,M Z�V;+|B
2�(|B�27B�+tMÀZHC,M<mn.N`WM0C�&&`gC�.<(�MNfÀM0C�&�ZHV:CFM~Z'(�M=+>&<CFM0`WED]N)7B�(eZ�VWEDB�(�`E&�]Ffê)_Z�+tM~bÔBDCw&�]F`;+eC_MNY
f�MR&4(�`;.eBDC?&�]FM5K�©�ª�G«B�¬[\ A



Õ¨��z�sv���&���yutp0}F�[��p�sv���Xu.�[�����0{�qUrNs[k���p�svz|{��Ä��^[���~{��¨�[�Ä�&�����J��r~��p0}F��pNutpek��RpNz���� �

ÿ ���OÅ������
	��
�
�
TJCþ` e��
fXO ¥[MR(G.�]�&|B�VÌb M<&,Z�VhA 2�(�B�2oB�+|M0b ZQ+>2oM=.N`gZ�V52_Z�(>&�`E&�`WBDCF`gCFEM+>&4(�Z
&|M0E�Põgh©�PN(�ZHfÀ`gbUG
B(M1.�]FCF`@CDQ_M1j5&|]_Z'&+bU` 9 `ÌbUM=+q&�]FM�bFZ
&�Z,+42_Z�.NM?�:(/+>&�`gC�&|B�e'®62RPN(�Z�fÀ`gb�+0O:ZHC_bv&|]FM0Cz.NQ�&/+
M0Z�.�]?2�PN(�ZHfÀ`Ìb+`gC�&�B�+|M 9 MR(�ZHV"+tVg`;.NM=+=A�Bj]FMNP+Z�V;+|B52�(�B�2oB�+|M0bF&|]FM&ZHVgE�B�(|`-&|]_f3+�7¶B�(�2�(�B�.�M1+4+tG
`WCFE
]�PN2oMR(G.�Q�)_`;.�(�ZHC_E�M�C�QFMR(�`WM1+�BDCq&�]FM +42_Z�.�M�2_Z�(>&�`E&�`WBDCFM0b3)RPq&|]F`@+�+>&4(�Z
&�MNE�P�A�I%ByY[M 9 MR(~O
&|]FM3+t]7Z'2oM�B�7�CDQ_MR(�`WM1+�Q�+|M0bÔ`WC6+t`gfÀ`WVÌZ'(�`-&vPl+|M0Z�(/.�]�`@+SCFB'&&Z+]RPN27M=(/.NQ�)oM�OT)FQ�&&Z5]RPN2oMR(|G
+>2F]_MR(�M3` aFO$cFO*u_O$e'a
f*A�Bj]RQ�+NO_Y�]FMNCl2�(�B�.�M=+/+|`WCFEÀ]RPN27M=(/+42F]FM=(|`@.NZ�VT(�Z�CFE�M0C�QFMR(�`gM=+jY�`-&|]l&|]_M
©�PN(�Z�fÀ`gbRG«BlM=.�]FCF`@C�QFM�O1&�]FMR(�M�`;+.Z&b�(�Z�Y�)7Z�.GsU&|]7Z
&�M<HU`@+$&G+�`gCÀZ�VWV_`WC_bFM<H�+>&4(�Q�.<&|Q�(�M=+p)7Z�+|M0b
B�C�&|]FM0)oB�QFC7bU`WC_EF(|M1.J&�Z�CFE�VgM3` �_O*u'fYA

Bj]FMÀfÀZ�`WC,`ÌbUM0Z B'7i&|]_MFK�©pª�G«B�¬[\Ñ`;+U)7Z�+|M0b B�C,&|]FMÀB�):+tM=( 9 Z
&�`WBDCP&�]_Z
&5+42F]FM=(|`@.NZ�V
+>2FVg`-&/+SY�`WVgV§)oM5)oM<&4&|MR( &|]7ZHC�(�`WED]�&|GXZ�CFE�VgM0bl+42FVg`E&G+�B�7	&�]FMq©.PN(�Z�f�`ÌbRG«B(M1.�]FCF`@C�QFM�7¶B�( +|`gf�G
`WVÌZ'(�`E&vPl+|M0Z'(G.�]�A"Bj]F`;+SB�):+tM=( 9 Z
&�`WBDC�`;+<bUQFMq&|B?&|]FM57�Z�.<& &�]_Z
& &|]FM3+t]7Z'2oM
B'7p&�]FM3CDQ_MR(�`WM1+
Q�+tM~b `WCx+t`gfÀ`WVÌZ'(�`E&vP6+tM~Z'(G.�] `@+!C_B'&�Z�]RPN2oMR(G.�Q�)oM�O	)FQ�&�ZÓ]�PN2oMR(G+>2_]FMR(�M�A§��VE&�]FB�Q_E�] Y[M

(d-1)-dimensional spherical surface

center
point

Data Space

spherical pyramid

spherical slice
(one data page
of B+-tree)

³�´;µ"¶���¶ i@p�sJuv��uv��r0�������&�XuJstp�uv���0w�r0�§uv{D��kDi@Á[� ¿ �l�
]_Z 9 MW2�(|M1+tM0C�&�M0b�&�]FM5)_Z�+t`@.&`ÌbUM0Z>ZHC_b�+42_Z�.�MW2_Z�(>&�`E&�`WBDCF`gCFE�+>&4(�Z
&�MNE�P>B'7p&�]FM�K�©�ª�G«B�¬[\
`WCo` �'faO§Y[Mq+|]FB�Q_Vgb M<H�2FVÌZH`gCÓ`-&&Z�EDZ�`WCP)�(|`gM<Á_Pl7¶B�(U)7MR&>&|M=(eQFC_bUM=(/+>&�Z�C_bU`gCFE>B�7.B�Q�(<`gC�.R(|MNG
f�M0C�&�ZHV@C_M0Z'(�M=+>&�CFMN`gE�]N)oB�(%Z�VWEDB�(�`E&�]Ff B�C�&|]FM5K�©pª�G«B�¬[\ A

Bj]FM�K�©pªSG*B�¬j\�`@+t&�B�&4(�ZHC�+>7¶B�(�fM®�GXbU`gfÀMNC�+|`gB�C_Z�V�bFZ
&�Z�27BD`WC�&G+@`WC�&�B�B�CFMNGXbU`gfÀMNC�+|`gB�C_Z�V
9 Z�VWQ_M=+%Z�C_b�&|]FM0Cl+>&|B�(|M&Z�C_b�Z�.R.NM=+/+i&|]FM 9 Z�VWQFM1+�Q�+|`WC_E3&|]FMW°q± Gh&/(|M0M�A���V;+|B_OFY[M0+$&�B�(�M&Z
®HGJbU`gf�M0C�+|`WBDC_ZHV�27BD`WC�&��������U&�]FM3.�B�(/(�M=+427BDC_bU`gCFELB�CFMNGXbF`WfÀMNC:+t`gB�C_Z�V§sDMNP�Z�+<ZF(|M1.�B�(�b�`gC
&|]FMjVgM0Z
77CFBUbUM=+ B'7�&|]FM�°5± GY&4(�MNM�A
Bj]FMR(�M<7¶B�(|MDO0Y[M[bFBSCFB�& C_MNM0b�ZHC�`WC 9 M=(/+|M.fÀM1.�]_ZHCF`@+|fÑB'7
&|]F`@+D&4(�ZHC�+>7¶B�(�fLZ
&|`gB�C§A�Bj]FMO&/(�Z�C�+>7¶B�(�fÀZ'&|`gB�CL`-&/+|MNV-7(`@+�)_Z�+tM~bLB�C>ZW+>2oM=.N`E�".�2_Z�(>&�`E&�`WBDCF`gCFE
B'7L&|]FM3K�©pªSG*B�¬j\ A:BlB5bUMR�_CFMW&�]FMW&/(�Z�C�+>7¶B�(�fÀZ'&|`gB�C�OUY[MW�:(/+>&�M<H�2FVÌZH`gCl&|]_M�bFZ'&�Zn+42_Z�.NM
2_Z'(4&|`-&|`gB�CF`gCFEF+>&4(�Z
&|M0E�PLB�7�&�]FM5K�©pªSG*B�¬j\ A

����� � �"!��$#�%&�('*),+-�".�!�/�!0/21435/�356
Bj]FM5K�©pªSG*B�¬j\z2_Z�(>&�`E&�`WBDC�+i&|]FM!b_Z
&�Z3+42_Z�.NMe`WC�&vY[B3+>&|M=2�+�7UTJC�&�]FMU��(G+$&�+>&|M=2�OUY[MW+>2FVg`-&
&|]FM�®HGJbU`gf�M0C�+|`WBDC_ZHVobFZ
&�ZW+>27Z�.�M�`gC�&|B3e'®5+42F]FM=(|`@.NZ�V�2RPN(�Z�f�`Ìb�+.]_Z 9 `WCFEU&�]FM .NMNC�&|M=(�2oB�`gC�&
B'7L&|]FM�bFZ
&�Zn+>27Z�.�Mngh��A¦cUO���A cFO�A;A-AgO:��A c�j�Z�+�&�]FMN`;(O&�B�2ÓZ�C_b�ZPg�bRGGd1jJGXbF`WfÀMNC:+t`gB�C_Z�V§.�Q�( 9 M0b



8 �[r~���N�_^[r&m_������u.p0}íÎ

v

0.5 - v

0.5 - v 1

0

1

d0

d

1sp

2sp

3sp

0

Data Space

sp

Â¶p~Æ �[�D�<qU��sv������r0�lkH��{D��sv��z�p0}7i�wHstpN�&�W���

3

sp2

sp1

Spherical Pyramid sp

sp

0

1

sp

distance of v

v

Data Space

ÂíqUÆ �[�Ä�XutpN��z���rN��pei§r0�Ä�yu�����uv{����À��uv�^k��D{���sv��z�pN}oi@wHstp0�&�Ä�

³�´;µ"¶�9�¶ ¿ {D��kDi@Á[� ¿ �l�
+tQ�(47�Z�.NM�B�7�&|]FMebFZ'&�Z5+42_Z�.�MSZ�+�&�]FMN`;(i)_Z�+|M=+=A�Bj]_M�+|M=.NB�C_bn+>&|M=25`@+D&|B�bF` 9 `ÌbUMSM~Z�.�]+B�7�&|]_M
e'®�+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb�+�`gC�&�Bq+|M 9 MR(�ZHV:+42F]FM=(|`@.NZ�V:+|VW`@.�M1+NO�Y�`-&|]5M~Z�.�]n+|VW`@.�M�.�B�(4(�M=+427BDC_bU`gCFE
&|B+BDCFM
bFZ'&�Z32_Z�E�M!B�7	&�]FM5° ± Gh&/(|M0M�A:% `gE�Q�(�M5eF+|]FByYO+�&�]FM�bFZ'&�ZF+42_Z�.NMW2_Z�(>&�`E&�`WBDCF`WC_ELB'7
&|]FM�K�©pªSG*B�¬j\Ã`WC Z�&vY[BHGJbU`WfÀM0C�+t`gB�C7ZHV.MRHFZHf32FVgM�AL%l`;(G+$&~O§&�]FM?&vY[BHGJbU`gfÀMNC�+|`WBDC_ZHV^bFZ
&�Z
+>2_Z�.�M>]_Z�+�)oMNMNC bU` 9 `ÌbUM~bÊ`gC�&�Bw7¶BDQ�(3+>2F]_MR(�`;.0ZHVi2�PN(�ZHfÀ`Ìb�+5(�M=+|MNfq)FVg`WCFEw7�ZHC�+=AL¬.Z�.�];B'7
&|]FM1+tMF+42F]FMR(�`@.NZHVL2RPN(�Z�fÀ`gb�+<]_Z�+ &|]FMF.�M0C�&|MR(U2oB�`gC�&eB�7�&�]FM+bFZ
&�Z�+42_Z�.�MÀZ�+<`E&G+�&|B�2,Z�C_b
B�CFM�.�Q�( 9 M~b�VW`gCFM�B'7�&�]FMÀbFZ
&�Z�+42_Z�.NM�Z�+�`-&/+�)_Z�+tM�A7TJCw&|]FM3+tM1.�BDC_bP+>&|MR2(OoM~Z�.�]ÓB�7�&|]_M=+|M
7¶B�Q�(�+>2F]_MR(�`;.0ZHV§2RPN(�ZHfÀ`gb�+%`@+ +42FVg`E&eZHEDZ�`WC�`gC�&|B?+|M 9 MR(�ZHV(b_Z
&�Z?2_ZHEDM=+�Y�]_`;.�]ÔZ�(|Mq+t]_Z�27M~b
VW`;s�M0&�]FM
Z�CFCRQ_ZHV�(�`gCFE�+�B�7�Z3&4(�MNM�A"Ì<` 9 MNCÓZF®�GJbU`WfÀM0C�+t`gB�C7ZHV�+42_Z�.�M&`gC�+$&�M0ZDb�B'7L&|]FMW&vY^B�G
bU`WfÀM0C�+t`gB�C7ZHVU+>2_Z�.�MDO�&�]FM,)7Z�+|MÓB'7W&�]FM�+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb `;+>CFB'&�Z£dNGXbU`gfÀMNC�+|`gB�C_Z�V
.�Q�( 9 M~b5Vg`WC_MeZ�+j`WC�&�]FMeM<HFZHf32FVgM�O�)FQ�&�Z�gh®W¯zd1jJGXbU`gfÀMNC�+|`gB�C_Z�VT+42F]FM=(|`@.NZ�Vt+tQ�(47�Z�.NM�A�� +�Z
+>2F]_MR(�M<B�7 bU`gfÀMNC�+|`gB�Cl®L]_Z�+Oe�®�g_®0¯zd1jJGXbF`WfÀMNC:+t`gB�C_Z�Vt+>2F]_MR(�`;.0ZHV�+|Q�(>7�Z�.�MeZ�+�Z3+|Q�(>7�Z�.�MDO
Y^MeB�) 9 `gB�Q�+|VWPLB�)�&�Z�`WCPe�®F+>2F]_MR(�`;.0ZHVt2RPN(�Z�f�`Ìb�+U` �
f*A:%QFfq)7M=(|`gCFE0&�]FM +42F]FM=(|`@.NZ�V�2RP�(�ZHfÀ`Ìb�+�`@+p&�]FM +�ZHfÀM�Z�+�`gCF&|]_M ©�PN(�ZHfÀ`ÌbRG*BlM=.�]_CF`;C�QFM�A
Ì<` 9 MNC+Z02oB�`gC�&<;oODY[M%]_Z 9 M�&|BW�7C_b3&|]_M�bU`gf�M0C�+|`WBDC>=l]7Z 9 `gCFEU&�]FM�fLZ
HU`gf
QFf bUM 9 `gZ'&|`gB�C? �(@ c§¯A;CB ? 7k(�B�fû&|]_M�.NMNC�&|M=(§&�B&bUM<&�MR(�f�`gCFMD&|]FM�+42F]FMR(�`@.NZHVN2RPN(�Z�fÀ`gbW.NB�C�&�Z�`WC_`WCFE�&|]FM�2oB�`gC�&



Õ¨��z�sv���&���yutp0}F�[��p�sv���Xu.�[�����0{�qUrNs[k���p�svz|{��Ä��^[���~{��¨�[�Ä�&�����J��r~��p0}F��pNutpek��RpNz���� �

;:AlT*7D;CB%`@+&E�(�M0Z'&|MR(W&|]_Z�C B�(!M1CDQ7ZHVp&�Bw��A¦cUOt&�]FMNC�&|]FM?+42F]FM=(|`@.NZ�V�2RPN(�Z�f�`Ìb�.�BDC�&�ZH`gCF`gCFE
&|]FM�27BD`WC�&E;�`;+F�G��B ±IH AoT*7^`E&e`;+U+|fLZHVgVWM=(�&�]_ZHC6��A¦cUO�&�]FMF+>2_]FMR(�`;.0ZHV�2�PN(�ZHfÀ`ÌbP.�BDC�&�ZH`gCF`gCFE&|]FMq27BD`WC�&-;>`;+E�G��B>A"� +�bUM=2F`;.<&|M~b�`WC,%l`gE�Q�(|M5a:g�Z�j�O�&�]FM 9 Z�VWQFM�B'7 ? �J@¦cU¯K;ML ? B'7.ZF2oB�`gC�&;5`gC�&vY[BHGJbU`gfÀMNC�+|`WBDC_ZHV�+42_Z�.�M&`@+�E�(�M0Z'&|MR(�&�]_ZHCl&�]FM 9 ZHVgQFM!B�7 ? �J@¦c�¯K;ON ? A:Bj]RQ�+0O�&|]FM�bU`ÄG
f�M0C�+|`WBDC>]_Z 9 `gCFEq&|]FM&fLZ
HU`gf
QFf bUM 9 `ÌZ
&|`gB�C ? �J@¦c�¯
; B ? 7k(�B�fþ&|]FMW.NMNC�&|M=(�`;+�® L ZHC_b?&|]_M
9 Z�VWQ_M�B�7<; L `;+0+|fLZHVgVWM=(�&�]_ZHC���A¦c�AtBj]FM=(|MR7¶B�(�M�O:&|]FM32oB�`gC�&E;�)oMNVgB�C_E�+ &|B�&|]FMF+42F]FM=(|`@.NZ�V
2�PN(�ZHfÀ`ÌbK�G� L A�%_B�(�M<HFZHf32FVgM�O§.NB�C�+|`ÌbUMR(
Z�CFB'&�]FMR(527BD`WC�&P;RQ-S g_�J@ �JT/�J@ ��j<A§Bj]FM5bU`gfÀMNCUG
+t`gB�C�]_Z 9 `gCFE�&|]FM!fLZ'HR`gf
Q_f bUM 9 `ÌZ
&�`WBDC�7k(|BDfþ&|]_M5.�M0C�&�MR(�7¶B�(%M0Z�.�] bF`WfÀMNC:+t`gB�C�B'7U;RQ:`;+
® N g_�J@ aPS ? �(@ c�¯>;RQ N ?RVW? �J@¦c�¯>;RQ2L ? S£�(@-d
jJA���V;+|B_O
&�]FM 9 ZHVgQFM%B�7�;XQ N `;+.E�(�M0Z
&�MR(L&�]_ZHCn��A c�A
Bj]FMR(�M<7¶B�(|MDO�&|]FMq27BD`WC�&Y;XQ�)7M0VWBDCFE�+O&|BF&�]FMq+42F]FM=(|`@.NZ�V§2RPN(�Z�f�`ÌbZ�G��[ N ±�\^] A"��VE&�]FB�QFED]�&|]_M7¶B�(�fÀZ�V@M<H�2�(�M=+/+t`gB�C>B'7�&|]F`@+�2�(�B�.�M0bFQ�(|M<YjZ�+i2�(�M=+|MNC�&|M~b5`gCI` �'faOUY[MU(|M~bUM<�_C_M<`-&�7¶B�(�fLZHVgVWP
7¶B�(�)oM<&>&�MR(%Q_C_bUMR(G+>&�ZHC7bU`WC_E�B�7�&�]FM02_Z�(>&�`E&�`WBDCF`WC_E�+>&4(�Z
&�MNE�P5B'7§&�]FM5K�©�ª�G«B�¬[\ A�_)X`a35/2!�/2143b���dcG#�%ae5)X.O/2'M�Jfg%�h�.O�Ji$/�jk14l��Z%m14/23n! ;"o��û®HGJbU`gf�M0C�+|`WBDC_ZHV"27BD`WC�&p;À`;+
bUM<�_C_M0b�&|B3)oM&VWB�.NZ'&|M~b>`gC�Z3+>2F]_MR(�`;.0ZHVT2RP�(�ZHfÀ`Ìb �G�4B$A

=USrqts0upvxw `E7a;0y{z5|~}��o�J@¦c
g s�upvxw öv®Nj:`E7a;0y{z5|~}��o�J@¦cs upvxw Sõg s ? g��tVnT/���­g s TGV�j��o®(T s��S}V�7 ? �(@ c ¯�; y ? � ? �J@¦c�¯�;*� ? j4j

TJC�ASM<�7CF`E&�`WBDC�d�O s0upvxw `;+�&|]FM!bU`gfÀMNC�+|`gB�C ]_Z 9 `WCFE�&�]FM&fLZ
HU`Wf�QFf bUM 9 `gZ'&|`gB�C ? �(@ c�¯�;CB ?
7k(|BDf}&�]FMD.NMNC�&|M=(§7¶B�(lM~Z�.�]!bU`gfÀMNC�+|`gB�C!B�7_Z�bRGJbU`gf�M0C�+|`WBDC_ZHV�27BD`WC�&5;&Z�C_bF=§`;+§&|]_M.CRQFf5)oMR(
B'7	&|]FMW+42F]FM=(|`@.NZ�V"2RPN(�ZHfÀ`gb�.�BDC�&�ZH`gCF`gCFE�;:A

TJC,B�(�bFMR(U&|Bl&/(�Z�C�+>7¶B�(�f ®HGJbU`gfÀMNC�+|`WBDC_ZHV^bFZ
&�Z�`WC�&|BÓZ�BDCFM�GJbU`gfÀMNC�+|`WBDC_ZHV 9 Z�VWQFMDO�Y[M
]_Z 9 M�&|B bUM<&�MR(�f�`gCFM3&�]FM+VgBN.0Z
&�`WBDC,B�7jZl2oB�`gC�&P;ÔY�`-&|]_`WC `-&/+q+>2F]_MR(�`;.0ZHVp2RPN(�Z�f�`ÌbtA§Bj]_M
©�PN(�Z�fÀ`gbRG«BlM=.�]FCF`@C�QFM
Q:+tM1+�&|]FML]FM0`WED]�&eB�7�&�]FMF27BD`WC�&&Y�`-&|]F`gC6&|]FMF2RPN(�Z�fÀ`gb Z�+�&|]_MLVWB�G
.NZ
&�`WBDCÓB'7�&|]FM�27BD`WC�&1A�I%ByY[M 9 M=(0O7Y^M�Q�+|M5&�]FM�bF`;+>&�Z�C�.�Mq7k(|BDf{&|]FM32oB�`gC�&�&|B?&|]FMF.NMNC�&|M=(
27BD`WC�&:B'7�&|]_M[bFZ'&�Z +>2_Z�.�M[Z�+§&|]FM^VWB�.NZ'&|`gB�C!B�7�&|]_MD2oB�`gC�&=A
%l`gE�Q�(|Mia�gk)"j§+|]FByYO+t&�]FMi2�(|B�.NM=+/+
B'7%bUM<&�MR(�fÀ`WCF`gCFEl&�]FM>bU`@+>&�ZHC:.�MLB'7�&�]FMn2oB�`gC�&�; Z�+0&|]FM+VgB�.NZ'&|`gB�C Y�`-&|]F`gC `E&G+5+42F]FM=(|`@.NZ�V
2�PN(�ZHfÀ`ÌbtANÑ MeZ�+/+tQ_f�M &|]7Z
&�&|]FMebU`@+$&�ZHC�.NM�7¶Q_C�.J&�`WBDC>`@+i&|]FMU¬�Q:.�Vg`gbUM~ZHC bU`;+>&�Z�C�.�M<Y�]F`@.�]
`;+ 7k(�M=C�QFMNC�&�VWP�Q�+|M0bP7¶B�(0+t`gfÀ`WVÌZ'(�`-&vP fÀM~Z�+|Q�(|M0fÀMNC�&S`gC,.NB�C�&|M0C�&|GY)7Z�+|M0b�`gfLZHE�Mq(|MR&4(�`WM 9 ZHVYA
y�B�(�M�7¶B�(�fÀZ�VWVgPZ7�_)X`a35/2!�/2143����dc�� /2��!��(35'M)$1�lP��%m14/23n! ;Jo Ì<` 9 MNC Zl®HGJbU`gf�M0C�+|`WBDC_ZHVL2oB�`gC�&F;oOt&|]_M
bU`;+>&�Z�C�.�M0®X�
B�7§&�]FM027BD`WC�&D;+`@+�bUMR�_CFM0b�Z�+

® � S ���� H�� L� B�� N gh�J@¦c�¯
; B j \
��.R.NB�(�bU`gCFEi&|B�ASM<�_C_`E&�`WBDCFd�ZHC_beASM<�_CF`-&|`gB�C5eFO�Y[M�Z'(�M:Z�)FVgML&|B�&/(�Z�C�+$7¶B�(|f Z�®HGJbU`gf�M0C�+|`WBDC_ZHV
27BD`WC�&p;+`gC�&�B�Z�BDCFM�GJbU`gf�M0C�+|`WBDC_ZHV 9 ZHVgQFMFg�=������0={�4g�� ®�j�ö�®M�
j<AFTJC?&�]F`@+jB�CFMNGXbU`gfÀMNC�+|`gB�C_Z�V
9 Z�VWQ_M�O(=[`@+�&|]FM�CRQFf5)oMR(%B�7L&|]FM�+>2F]_MR(�`;.0ZHV�2RPN(�Z�fÀ`gbl.�BDC�&�ZH`gCF`gCFE3&|]_MW27BD`WC�&t;oOT®+`@+�&|]_M
bU`WfÀM0C�+t`gB�CÔB'7L&|]FMq27BD`WC�&Y;7O§ZHC_b�®X��`;+�&|]_M�bU`@+$&�ZHC�.NM07k(�B�fÉ&|]FMq27BD`WC�&-;�&|B?&|]FMW&|B�2ÔB'7
`E&G+O+>2_]FMR(�`;.0ZHVT2RPN(�Z�f�`ÌbtA�y�B�(|M�7¶B�(|fLZHVgVgP,7�_)X`a35/2!�/2143����dcG#�%ae5)X.O/2'M�Jf(%�h�.O�Ji�/2j �J�Jf2�&)F14l��P%m14/23n! ;"owÌ<` 9 MNC!Z�®�GXbF`WfÀMNC:+t`gB�C_Z�V
27BD`WC�&D;oOFVWMR&D=�)oMU&|]FM&CRQFfq)7M=(%B'7�&|]FMq+>2F]_MR(�`;.0ZHVT2RP�(�ZHfÀ`Ìb�.NB�C�&�Z�`WC_`WCFE ;5Z�.R.NB�(�bU`WC_E5&�B



È �[r~���N�_^[r&m_������u.p0}íÎ

A�MR�_CF`-&|`gB�CQd�OlZHC_b�®X�?)oM3&|]FM>bU`;+>&�Z�C�.�MLB�7�; Z�.R.NB�(�bU`gCFE�&|BÓASM<�_CF`-&|`gB�C�e�A§Bj]FMNC(O�&|]_M
+>2F]_MR(�`;.0ZHVt2RPN(�Z�f�`Ìb 9 Z�VWQFMP�G��;C�!B'7&;+`@+%bUM<�7CFM0b�Z�+�G��;C�YSõg�=I�����0={�4g � ®Nj�ö�®X�'j:%B'&�M5&�]_Z
&E=j`;+eZ�CÓ`WC�&�MNE�M=(S`gCP&�]FM�(�Z�CFE�M?` �JT�e�®'fXOT® � `@+eZn(�M0ZHV CRQFf5)oMR(<`gCP&|]_Mq(�ZHCFEDM
` �(T��(@ cX� ®�f%ZHC_b����0={�4g�� ®�j�`@+W&�]FMl+tfLZHVgVgM=+>&�`gC�&|MNEDMR(�CFB'&�VWM1+4+q&�]_ZHC#B�(�M=C�Q_ZHVD&|B¡� ®�A
Bj]FMR(�M<7¶B�(|MDO�M 9 MR(�P52oB�`gC�&^Y�`-&|]F`gC>ZW+42F]FM=(|`@.NZ�V�2RPN(�Z�fÀ`gb>�G��Bl]_Z�+.Z 9 ZHVgQFMS`WCF&�]FM<`WC�&|M=( 9 Z�V
` =O�����0=¢�>g{� ®NjxTOg�=O�����0=¢�>g{� ®�j
ö3�J@¦cM� ®�j«fYAyTJC�B�(�bUMR(�&|B<fLZ's�M�&|]FM�+|M<&G+lB�7:+42F]FMR(�`@.NZHV�2RPN(�Z�f�`Ìb
9 Z�VWQ_M=+�.NB 9 MR(�M0b )RPSZ�C�P�&vY^B�+42F]FM=(|`@.NZ�V'2RP�(�ZHfÀ`Ìb�+��G��BFZ�C_bF�G�"yp)7M.bF`;+_SvQFC�.<&0ONY[M�f�QFVE&�`-2_VWP=	)RPd���0=¢�>g{� ®NjJANÑ `-&|]FBDQ�&D&�]F`@+^f�QFV-&|`;2FVW`@.NZ'&|`gB�C>B'7�=L)RP �£��=¢�4g�� ®Nj�O�&�]FM<`WC�&|M=( 9 Z�V7B�7�M 9 M=(|P
27BD`WC�&>Y�`-&|]_`WCØZv+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb��G��B
Y^BDQFVÌbQ)7Mx` =¤T�g�=Dö¨�J@¦cM� ®�j«fYA�Bj]RQ�+0O�&|]_MR(�M
f�`gE�]�&�)7M `WC�&�MR(G+tM1.J&|`gB�C:+!`gC�&|]_M�+|M<&/+�B'7�+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb 9 Z�VWQFM1+q.NB 9 M=(|M~b�)�P Z�C�P
&vY^BF+42F]FMR(�`@.NZHVT2RPN(�Z�fÀ`gb�+D�G�4B�ZHC_b��G�"y&Y�]FMNC�&|]FM!bF`WfÀMNC:+t`gB�C�`@+j]F`WED]FMR(�&�]_ZHC�7¶BDQ�(=A

%FB�( M<HFZ�f�2_VWMDO^`gC ZMd= HGXbU`gfÀMNC�+|`gB�C_Z�VSbFZ'&�Zz+>2_Z�.�MDO�&�]FM `gC�&|M=( 9 ZHV<B'7�M 9 M=(|Po2oB�`gC�&
Y�`E&�]F`WC Z�+>2F]_MR(�`;.0ZHVL2RP�(�ZHfÀ`Ìb��G� L `@+�`-d�O�a'faO@Z�C_b�&�]FMÀ`WC�&|M=( 9 Z�V B�7.M 9 MR(�P�27BD`WC�&eY�`E&�]F`gC�~� \ `;+O` eUO
��fYA'Bj]_MR(�M<7¶B�(�M�O1&�]FM=+|Mi&vY^Be`gC�&�MR( 9 ZHV@+:]_Z 9 MjZHC�`WC�&�MR(G+tM1.J&|`gB�C§A
Bj]_`;+�`gC�&|M=(/+|M=.<&|`gB�CfÀZ�PW.0ZHQ�+|MD&|]FM�s�M0P 9 ZHVgQFM=+ B�7�&|]_M�° ± Gh&/(|M0M�&�BU)7M�(�M0bUQFC7bFZHC�&=A'Bj]_Mi(�M0bFQFC_bFZ�C�.�P&B�7�&|]_M
s�MNP 9 Z�VWQ_M=+:bUMNE�(�ZDbUM=+�&�]FM�27M=(>7¶B�(|fLZHC:.�MjB'7:&|]FM�°5±�Gh&/(|M0M�A�TJC�B�(�bFMR(	&|B&Z 9 BD`gbW&|]F`@+:M<�§M=.<&0O
Y^M<f
QFV-&|`;2FVgPF&|]_MU+42F]FM=(|`@.NZ�V:2RPN(�ZHfÀ`gb+C�Q_f5)oMR(�=p)RP>���0={�4g�� ®NjJA":%B�&|M�7¶Q�(4&|]FM=(D&�]_Z
&�&�]F`;+
&4(�ZHC�+>7¶B�(�fLZ
&|`gB�C5`;+jCFB�&[`gC
SvM1.J&|` 9 M�A�Bj]_Z
&�`@+NO�&vY[Bq2oB�`gC�&/+�;+Z�C_b>;RQ fÀZ�PL]7Z 9 M &|]FM0+�ZHfÀM
+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb 9 Z�VWQFMDO�)_Q�&0O�Z�+
fÀMNC�&|`gB�CFM~bÊZ')oB 9 MDO(Y[M>bUB CFB'&�CFMNM~bÊZHC `gC 9 M=(/+|M
&4(�ZHC�+>7¶B�(�fLZ
&|`gB�Cw)7M1.NZHQ:+tMÀY[M�+>&|B�(|MÀZ�®�GJbU`WfÀM0C�+t`gB�C7ZHVL27BD`WC�&p���2�n�q&�]FMF.�B�(4(�M=+427BDC_bU`gCFE
B�CFMNGXbU`gfÀMNC�+|`gB�C_Z�V:sDMNPLZ�+[Z5(�M=.NB�(�bÀ`WC?&|]FMeVgM0Z'7�CFBUbUM=+[B'7§&|]FMU°5±:GY&4(�MNM�A�Bj]_MR(�M<7¶B�(�M�O�&|]_M
K�©pªSG*B�¬j\ bUBRM=+jC_B'&O(�M=C�QF`;(|MeZ�)F` SvM1.J&�` 9 MU&4(�ZHC�+>7¶B�(�fLZ
&|`gB�C6` �'fYA

����� ¥�3&j&)M¦�§P.�)R�"!0/2143
T*&�`@+�Z 9 MR(�PQ+t`gf32FVWM6&�Z�+4so&|Bz)FQF`gVgb ZHC `WC_bFM<H Q�+|`WC_Ex&�]FMIK�©pªSG*B�¬j\ A�Ì<` 9 M0C Zz®HG
bU`WfÀM0C�+t`gB�C7ZHVt2oB�`gC�&D;oO_Y[M���(G+$&�bUMR&|M=(|fÀ`gCFMU&|]FMW+42F]FM=(|`@.NZ�Vt2RP�(�ZHfÀ`Ìb 9 Z�VWQFMA�G�(;C��B'7	&|]_M
27BD`WC�&<Z�C_bl&�]FMNCÓ`gC�+|MR(4&�&�]FM52oB�`gC�&S`gC�&�B>Zn° ± Gh&/(|M0M
Q�+|`gCFE_�G�(;C�ÀZ�+<ZFsDMNP�A"% `WC_Z�VWVgP�OoY[M
+$&�B�(�Mp&|]FMi2oB�`gC�&&;&ZHC_bP�G��; � `WC0&�]FM�.�B�(/(�M=+427BDC_bU`gCFE%bFZ
&�ZO2_Z�E�M^B'7�&|]_MD°5±�Gh&/(|M0M�A�¨�2ob_Z
&|M
ZHC_b bUMNVgM<&�M&B�2oMR(�Z
&�`WBDC�+�.NZ�C�)oM!bUB�C_MU+|`gf�`gVÌZ'(�VWP�A
Bj]FM�+42F]FM=(|`@.NZ�VT2�PN(�ZHfÀ`Ìb 9 ZHVgQFM=+[B�7�2oB�`gC�&G+D&|]_Z'&�Z�VWVt)oMNVgB�C_E5&�Bq&�]FM0+|Z�fÀM�+42F]FM=(|`@.NZ�V

2�PN(�ZHfÀ`ÌbÊVg`WM1+�`gCx&|]FM `WC�&�MR( 9 Z�VjE�` 9 MNCx)RP�&|]FM�fÀ`WC_`Wf�QFf ZHC7bÊfLZ
HU`gf
QFfÓsDMNP 9 ZHVgQFM=+
B'7p&|]_M�bFZ'&�ZF2_Z�E�M1+RA"Bj]�Q:+NOoZ?+|`WCFEDVWMq°5± GY&4(�MNM
bFZ'&�ZF27ZHE�Mq.�B�(/(�M=+427BDC_b�+�&�B>Zn+42F]FM=(|`@.NZ�V
+tVg`;.NM>B�7�Z,+42F]FM=(|`@.NZ�VD2RPN(�ZHfÀ`gb;Z�+�+t]FByY�C;`WCz%l`gE�Q�(|M�e�g_(|`gE�]�&Gj<A	Bj]_M�2_Z�E�M�(|M0E�`gB�C�+
B'7
&|]FM0rjGY&4(�MNMeZ'(�M�g�fÀ`WCF`gf
Q_fFjD)oB�QFC7bU`WC_E�(�M=.<&�Z�CFE�VgM=+0ODY�]_MR(�M0Z�+�&|]_M�27ZHE�M�(�MNE�`gB�C:+.B�7§&|]_M
K�©pªSG*B�¬j\ÔZ�(|Mi+>2_]FMR(�`;.0ZHV�+tVg`;.NM=+=A1Bj]RQ�+0O~`WC5&|]FMD(|M1+$& B'7�&�]FM�2_Z�27M=(0O~Y[MD.NZ�VWV�&|]_Mi+42F]FM=(|`@.NZ�V
+tVg`;.NM�&|]FM>©"ªR«'Ý�¬�×-ÝJ­?à~®;×_Õ<Ù>¯;Úp°X±=A
² ����!T��ÅI³ Å§�D��ÇpÆ�´MÅ�ÇL��Å5µ��¶´}Å§#�·m��¸0���¶¹QÆ~·�����#$�"�-³ ��� �J�OÅ���,�
	��
�
�
Bj]FM<Z�VWEDB�(�`E&�]Ff 2�(�B�2oB�+|M0bL`gC�`Ed1�
fT2F`;.Gs�+D&|]_M<C_BRbFMSY�`-&|]�&|]FMeVgM0Z�+$&�bU`@+$&�ZHC�.NMS`gCn&�]FM0+tMR&
B'7�ZHVgVjCFBUbUM=+5&|]7Z
&À]_Z 9 M+PDM<&q&|B6)7M 9 `@+|`E&�M0bÊY�]_MNC#bFM=.�`ÌbU`gCFEÔY�]7Z
&�C_BRbFM?&�BP&4(�Z 9 M=(/+|M



Õ¨��z�sv���&���yutp0}F�[��p�sv���Xu.�[�����0{�qUrNs[k���p�svz|{��Ä��^[���~{��¨�[�Ä�&�����J��r~��p0}F��pNutpek��RpNz���� [

1 SP

first nearest neighbor

c 

q
h

g

i

j

e

2

SP

8

6

4

5

d

f

b
a

3

SP

BS

SP1

2

3

70 BS

BS

BS

BS

BSBS 0BS

9BS

BS

³�´;µ"¶�º"¶ n.����ËDpN�&��}��jr0�ouv{���kDi@Á[� ¿ �l� �ÌrNsjp<�J�|u^rN�:��Ùe�Ur0���Huv�
CFM<HN&jB�CF&�]FM�r�Gh&/(|M0M�ANBj]F`;+^fÀM0Z�C�+�&�]_Z
&j`gC�+$&�M0ZDbLB'7�Q�+|`gCFE�Zq+$&�Z�.GsÀB�([ZW2FVÌZH`gC�C�QFM0QFMO&�B
s�MNM=2F&4(�Z�.Gs�B'7t&�]FMSC_BRbFM=+�&|BW)oM 9 `@+t`-&|M~b@O�`E&jQ�+|M=+.Z52�(�`WB�(|`-&vPqC�QFM0QFM�Y�]FM=(|M�&|]FM<bU`@+$&�ZHC�.NM
7k(|BDfÀ&|]FM3C�QFMR(�P�27BD`WC�&e`;+<Q�+|M0b,Z�+<Z�s�MNP�A§TJCÔB�Q�(<Z�VWEDB�(�`E&�]Ff�OoY[M�Z�V;+|B5Q:+tMLZn2�(|`gB�(�`E&vP
CDQ_MNQFM�Y�]FMR(�MW&�]FMÀbU`;+>&�Z�C�.�M57k(|BDf{&|]FM3C�QFMR(�Pl27BD`WC�&�&|Bn&�]FM�CFBUbUM=+<B�(SB�)�SvM1.J&G+S`@+SQ�+tM~b
Z�+�Z�s�M0P�A

»I��� ¼W)X!�.�/�'*� l{1(._½Z)X�J.�)R��!�½Z)R/�6�en¾m1�._#I)X�J.�'�e
%FB�(�&�]FM `gC�.R(|M0f�M0C�&�ZHVeCFM~Z'(�M=+>&>CFM0`WED]N)7B�(l+|M0Z�(/.�] BDC£&�]FM�K�©pªSG*B�¬j\SO^Y[M C_MNM0bM&|]_M
f�`gCF`gf
QFf�27B�+4+|`;)FVWMÀbU`@+$&�ZHC�.NM�7k(|BDfÀ&|]FMFC�QFMR(�P�B�)�SvM=.J&U&�B Z CFBUbUMÀ`gCw&�]FMnK�©pªSG*B�¬j\ A
%l`gE�Q�(|MD��+t]_ByYO+(ZHC
M<HFZHf32FVgM.B�7�&|]FM�K�©pªSG*B�¬j\Ó`gC�Z�&vY^B�GXbU`gfÀMNC�+|`gB�C_Z�VDbFZ'&�ZO+42_Z�.NM�A
%FB�(
&|]FM�+|Z�s�M&B'7�+|`Wf32FVg`@.�`-&vP�OoY^M
Z�+4+|QFfÀM0&�]_Z
&�M~Z�.�]�)oB�QFC7bU`WC_E�+|VW`@.�M5.NB�C�&�Z�`WC:+�B�CFM
B�)�SvM1.J&=A
TJC,% `WEDQ�(�M5�_O:&|]_M�C�QFM=(|Pl2oB�`gC�&�7�ZHVgV@+SY�`-&|]_`WC,Z?)oB�QFC7bU`WC_E�+|VW`@.�M3°�¿nÀ�`gCP&|]_M�+42F]FM=(|`@.NZ�V
2�PN(�ZHfÀ`Ìb��G��L
A�� +%Y�`-&|]�fÀB�+>&%CFM0Z�(|M1+$&%C_MN`gE�]N)7B�(%ZHVgE�B�(|`-&|]FfF+0OUY^M&f�Q�+>&O��(G+$& 9 `@+t`-&O&|]_M
2_ZHEDM�gh°�¿nÀ&`gC?&�]F`@+jM<HFZHf32FVgM1ji.�BDC�&�ZH`gCF`gCFEq&|]FMWC�QFM=(|PF2oB�`gC�&=A�Bj]FM0C�OFY[M 9 `@+t`-&�&|]FM&CFMRHN&
2_ZHEDM�Y�`-&|]6&|]_M3+|M=.NB�C_b6+|fÀZ�VWVgM=+>&&fÀ`WCF`gf
Q_f�bU`@+$&�ZHC�.NM57k(�B�f8&|]FMnC�QFM=(|P�2oB�`gC�&=A§BlB bFB
+tB7OUY^M&f�Q�+$&�.0ZHV@.�QFVÌZ
&�M�&|]FM&fÀ`gCF`Wf�QFf{27B�+4+|`-)_VWM&bU`@+$&�ZHC�.NMU7k(|BDf &|]_M5C�QFMR(�Pn2oB�`gC�&�&�BLZ
+>2F]_MR(�`;.0ZHV�2RPN(�ZHfÀ`gb!B�(lZ�)7BDQFC_bU`gCFE�+tVg`;.NM�A1Ñ MD��(G+$&:bUM=+/.<(�`;)7M�&|]FMi2�(�BN.NM=+/+�B�7�.NZHV@.�Q_VgZ'&|`gCFE
&|]FM>f�`gCF`gf
QFf bU`@+$&�ZHC�.NMn)oM<&vY[MNMNC�&�]FM�C�QFM=(|P,27BD`WC�&�Z�C_b ZP+42F]FM=(|`@.NZ�V�2RP�(�ZHfÀ`Ìb@O(Z�C_b
&|]FM0C5bU`@+4.NQ�+4+�&|]FM�2�(|B�.NM=+/+�B'7§.0ZHV@.�QFVÌZ
&�`WCFEU&�]FM�fÀ`gCF`gf
QFf bU`@+$&�ZHC�.NMO)oM<&vY[MNMNC3&�]FM C�QFM=(|P
27BD`WC�&�ZHC7b>Z�)oB�QFC_bF`WCFEn+|Vg`;.NM�A

K�MNfÀfLZIdDO�Y�]F`@.�]�7¶B�VgVWByYO+0O(fÀM0Z�+tQ�(|M1+U&|]FM5f�`gCF`gf
QFf$bU`@+>&�ZHC:.�M�ávâ�ã�ä3âkå<æLg_ñRT¤�G� B j
7k(|BDf &�]FM?C�QFMR(�Pw2oB�`gC�&qñ�&|BÔZw+>2F]_MR(�`;.0ZHV�2RPN(�Z�fÀ`gb¡�G� B A�%FB�(W&�]FM?+�Z's�MLB�7O+t`gf32FVW`@.�`-&vP�O
Y^MF7¶B�.NQ�+!BDC�&|]FM bUM=+/.<(�`-2�&|`gB�C B'7�&|]_M�.NZ�+tMLBDCFVgPw7¶B�(q+42F]FMR(�`@.NZHV�2�PN(�ZHfÀ`Ìb�+P�G��B�Y�]FMR(�M=,� ®:AjI%ByY[M 9 M=(0OL&�]F`@+5VgMNfÀfLZ�.NZ�CQ)7M M<HN&|M0C_bUM~bo&|B;Z�VWV�+>2_]FMR(�`;.0ZHVO2RPN(�ZHfÀ`gb�++`gC Z
+$&/(�Z�`WED]�&|Gh7¶B�(|YjZ'(�bÀfLZHCFC_MR(W` �
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&|B�&�]FM�.NVWB�+tM1+$&q+|`ÌbUMn2FVÌZHCFM5B'7%ZHC;ZDb
StZ�.NMNC�&5+42F]FMR(�`@.NZHVD2RP�(�ZHfÀ`Ìb¡�~�4B%`@+ ? ñ¤y0¯zñ�B ? Ú � e�A
Bj]FMR(�M<7¶B�(|MDO�ávâ�ã�ä3âkå<æLghñRT^�G��B*jDS ? ñ¤yO¯�ñ£B ? Ú � e�A»I� T*7�= V ®7O
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°�¿ á A�T*7�®RÎ V â�Õ Ð g_°�¿ á j�O�&�]FMebU`;+>&�Z�C�.�M1+.B�7(ZHVgV7B�7t&|]FM�2oB�`gC�&G+.`gC�°�¿ á 7k(�B�f &|]_M�.NMNC�&|M=(
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