
A Multigranular Spatiotemporal Data Model
�

Elena Camossi
�

Michela Bertolotto
�

Elisa Bertino
�

Giovanna Guerrini
�

����� �
	���
�� ������
����
�����
��������	�
��  �	��"!#���%$
�&�  �	�'�� ���
�
( �&� )����+*+� 
�,	��&��-�. �0/1
�$
�&���
�324� . 	��&�)1� 	5!#������. �  ���6�7�8�91:";=<�>?:�6�@A24� . 	��
�1BC�D
�	�. E
F  �	�����*+*��GBIHC���+
�� �
�1J�KL�
�  ��?M $&�
� ����M � 


�������
	���
�������
#���N!#�����&$1
����O/1 �� ���& ��
( �
� )�����*+� 
DE4!=��. . ��-��L��$&H
. � �
P ��. QI��. ��B&��$
H&. � �R9?BI�D����. 	��
����  TS&��. 	?M HI����
���. ��
+
T��K�$& ��IM � �

����� �&	���
T� ������
T�"�&�0���1�����+��	�
��  �	
( �
� )����+*+� 
�,	��
�3UV� *�	)1� 	�W=M P $
���
	��+�+��
��3<%;#@�X?:�<�Y�UV� *+	1BC�D
�	�. E-�$
���+�+� �&� KL�
��M $
�
� �&�GM � 


ABSTRACTZ\[�]
^�_&`baV`�^�c�`�d�e�]&_&`bf&g�hi]
e�]kjl]&di]&_C`�hnm�on]qp&]
^�rG`�eTosf&g�htrvu=`�^�w
`�d0eA]
aiat[�rGc?]1e�rGfCdshtf&jl]&rGdix�yi]&x5x�aN]1e�rGf&e�`�jbaVf
^�]&[zc�yN]1^�]&c�e�`�^�r�x{e�rGc�x�|
} dtgDf&^�e�~idi]
e�`�[vo��
e�^�]Ch3rGe�rGf&dN]&[t_C`�f&_&^�]
aiyirGc?]
[NrGdtgDf&^�jl]
e�rGf&d�x{o3x{e�`�jbxh3f�dif
eA]&[G[Gf?��g�f
^�]&d�`?]
x{oq^�`�at^�`�x�`�d�e�]1e�r�f&d�f&gze�`�jbaVf&^�]
[z]
x�aV`�c�e�x
f
g%x�ai]
e�r�]&[Lht]
e�]0|���f
^�`�f1pI`�^?�Ve�yi`�o�htfldtf&e4~tx�~N]
[�[vo�x�~taiaVf
^�e�e�yt`
^�`�at^�`�x�`�d�e�]1e�r�f&d�f&g5ht]
e�]�]1e�j�~i[ve�rGai[G`�[G`�pC`�[Gx�f
g�_&^�]
d3~t[�]
^�rve�o�|k��d
e�ytrGx4aN]
aV`�^4��`�at^�`�x�`�d�e�]lj�~t[ve�r�_
^�]&d0~i[�]1^�x�aN]1e�r�f
e�`�jbaVf&^�]
[�hi]
e�]
jbf0h3`�[�|"�R~t^"jbf0ht`�[i`��0e�`�dNh3x"e�yi`R�R������jbf0ht`�[i�5rve�ykj�~t[Ge�rGat[�`
x�ai]
e�r�]&[�]&dih�e�`�jbaVf&^�]
[V_&^�]&d0~t[�]1^�rve�r�`�x�|%�Tdkai]
^�e�rGc�~t[�]1^?�te�yt`�jbf0h3`�[
]
[G[�f?�5xOgDf&^�]
d�~idtrGgDf&^�j�jl]&di]&_&`�jb`�d�e#f&g0e��%fA�0rGdNh3x=f&g3x�aN]1e�r�f
e�`�j�w
aVf
^�]&[LfCm0�{`�c�e�x������&�?���0 s¡��t¢���¢���¡�£�¤�`C| _t|�c?]1^�x���at[�]&di`�x��z`�e�c&| ¥¦]&dNh
¢T¡���§3�&¨�©&ª��b©�§N£A¤�r+| `C�tjl]&atx%^�`�a3^�`�x�`�d�e�rGdi_�e�yt`4c�yN]&dt_C`4f1pI`�^�e�rGjb`
f
g�]s_&rGpI`�d�_C`�fC_&^�]
aiytr�c�]
^�`?]C¥�|n�Te�]&[Gx�f¦a3^�f1p3r�h3`�x�]�g�^�]&jb`��%f&^��
gDf&^�jl]
aiairGdt_ke�yt`�jbf1pI`�jb`�d�eAf&g�]&dn`�d�e�rve�osx�~ic�yn]&x�]kc?]
^�f&d0e�f
]
d«~idiht`�^�[vo3rGdi_q_C`�f&_&^�]&atyirGck]
^�`?]0|�¬�yt`�jbf0ht`�[��%`bat^�fCaVf&x�`�^�`�w
[GrG`�x�fCdb]�x{e�]&dNht]
^�h�h3`�­Ndtrve�r�f&d�f&gie�`�jbaVf&^�]
[t_
^�]&d0~i[�]
^�rveTo�|��Rd�e�yt`
f
e�yi`�^%yN]
dNh#�&e�yi`�^�`�a3^�`�x�`�d�e�]
e�rGfCdbf
g#x�aN]
e�r�]
[V`�d�e�rGe�rG`�x"]
e%j�~t[Ge�rGat[�`
_
^�]&d0~i[�]1^�rGe�rG`�xkrGxlfCmte�]
rGdi`?h®m0o¯]
aiai[vo3rGdi_¦jbf0ht`�[�f
^�r�`�d0e�`�h°jl]&a
_&`�di`�^�]&[GrG±?]
e�rGfCdsa3^�r�dtc�rGai[G`�x�|L�Td�aN]1^�e�rGc�~i[�]
^?�3��`�c�fCdix�r�h3`�^A]�x�`�e5f
g
_&`�di`�^�]&[GrG±?]
e�rGfCd®fCaV`�^�]
e�f&^�x�e�yN]1e�_&~N]
^�]
d�e�`�`be�fCaVfC[Gf&_CrGc?]&[�c�fCdix�rGx{w
e�`�dic�o�|

Categories and Subject Descriptors² | ³0|G´®µ ¶k·i¸�·t¹O·Nº�»�¼�·N½�·i¾N»t¿¦»3½=¸�À+�«Á#fC_CrGc?]
[4�4`�x�rG_&d�� ÂÄÃ�©&¢�©
���?Å�¡�ª £
Æ ² | ³�| Ç�µ ¶k·i¸�·t¹O·Nº�»�¼�·i½z·i¾N»t¿¦»3½=¸�À+�#Áz]
di_C~i]&_&`�x�ÂÄÃ�Ã�È�É
Ê%Ë ¡�¨�ÌÍªG©&��  Ë ©� �¡�£&Æ ² | ³0| ÎÏµ ¶q·t¸�·i¹z·Nº�»Ð¼�·N½z·t¾N»t¿¦»3½#¸�À��sÑ0o3x{w
e�`�jbx�ÂÓÒ5Ô�Õ?¡�Ö�¢��
¨���¡��t¢T¡�Å�ÅI©&¢�©IÔ�©&£�¡�£
Æ ² | ³�| ×¯µ ¶q·t¸�·i¹O·iº�»Ø¼�·i½�Ù
·t¾N»t¿¦»3½#¸�À�����]
e�]
mN]&x�`sZAaiat[�rGc?]1e�rGfCdix�ÂÐÚC§3©
¢��+©Cª�ÅI©&¢�©IÔ�©&£�¡�£s©&�NÅ
Û�Ü Ú
�
ÝqÞ
ß ½�àtábâ�»tã�¾=¿¦»3½#¸�ºCäL¬�yi`��%f&^���f&g=åL[GrGx�]�æ%`�^�e�rGdif�]
dNh�å�[G`�di]ç ]
jbfCx�x�r�yN]&x5mV`�`�d�aN]1^�e�r�]
[G[Goqx�~iataVf&^�e�`?hqm0obe�yt`�å } ~idiht`�^�e�yt`�{Ñt¬éè�]&dihi]�at^�f1�{`�c�e?|s¬�yi`b�%f&^��êf
g�å�[G`�di] ç ]&jbfCx�x�r%yN]&x�mV`�`�dai]
^�e�r�]&[G[voqx�~iaiaVf
^�e�`?hlm0o�e�yi` } dirGpI`�^�x�rveTolf&gL�R`�dif1pC]0�3�Te�]&[vo�|�¬�yt`x�~taiaVf
^�e�f
g�e�yi`��Td0e�`�^�dN]
e�rGf&dN]&[ ç fC[G[�]&mVf
^�]
e�rGfCdn��dtrGe�r�]1e�r�pC`�f&g�åLdtwe�`�^�at^�rGx�`��T^�`�[�]
dNh�rGxA]&[Gx�fb_&^�]1e�`�g�~t[G[Go�]&c��0dif?�5[G`?ht_&`?h#|

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
GIS’03, November 7–8, 2003, New Orleans, Louisiana, USA.
Copyright 2003 ACM 1-58113-730-3/03/0011 ... ë 5.00.

General Terms�4`�x�rG_&d��=Ñ�e�]&dihi]
^�h3rG±?]
e�rGfCd#�NÁ�]&dt_C~N]
_C`�x

KeywordsÑ3ai]
e�rGf&e�`�jbaVf&^�]&[%hi]1e�]&mN]
x�`�x��Lx�aN]1e�r�]&[�]
dNh¦e�`�jbaVf
^�]&[�_&^�]
d3~t[�]
^�rvw
e�rG`�x��Nj�~i[ve�rv^�`�x�fC[G~3e�r�f&d��tj�~t[Ge�rv^�`�a3^�`�x�`�d�e�]
e�rGf&d

1. INTRODUCTIONì `�c�`�d�e�[vo��Vrve4yi]&x4mV`�`�dn`�x{e�r�jl]1e�`?h�e�yN]1e�×&íIîïf
g�]
[G[L]1p&]&rG[�]&mt[G`
hi]1e�]�yi]1pC`�x�ai]
e�r�]&[#c�yi]
^�]
c�e�`�^�rGx{e�rGc�x�|�Z�e"e�yi`Rx�]
jb`�e�rGjb`C�3]�[�f
e5f&g
f&^�_C]&dtr�±�]
e�rGfCdtx�yN]?pI`�^�`?]&[GrG±�`?h�e�yt`ArGjbaVf
^�e�]&dic�`�f
g�`��tat[GfCrve�rGdi_�e�yi`
x�aN]1e�r�]&[zc�fCjbaVfCdt`�d�e5f&gLht]
e�]0�tgDf&^�aV`�^�g�f
^�jbr�dt_�x{e�]
e�rGx{e�rGc?]
[�]&di]&[vo0w
x�rGx��O^�`�aVf
^�e�r�dt_t�z`�e�cC|kZ�x�]kc�fCdtx�`?ð�~i`�dtc�`C�OrGd«jl]
d�os]&atai[GrGc?]
e�rGfCd
c�f&d0e�`��3e�x��
e�yi`�^�`�r�xOe�yt`�di`�`?h�e�f�]&hih�x�aN]
e�r�]
[3gD~idic�e�r�f&dN]
[�rveTo�e�f�`��0w
rGx{e�rGdi_kdifCd3w�x�aN]
e�r�]
[Lhi]
e�]0| } d3g�f&^�e�~tdN]1e�`�[vo��Ne�yirGx4rGx�]bdif&dtw+e�^�rGp0r�]
[e�]&x����5yt`�d�eT��f4h3rvu=`�^�`�d�eLx{o3x{e�`�jbxOyN]?pI`�e�fRmV`�~tx�`?h#�&fCdt`%e�fRyi]&d3w
ht[G`�x�aN]1e�r�]
[3hi]
e�]5]
dNh4e�yi`�f&e�yt`�^ze�f5jl]&di]&_&`"dtfCdtw�x�ai]
e�r�]&[0ht]
e�]3�&]
x
rve�yN]&ataV`�dix��5yt`�d�~ix�rGdt_Re�^�]Ch3rGe�rGf&dN]&[N�R��Ñ�x{o3x{e�`�jbx�|z��diht`�`?h=�Ce�^�]1w
htrve�rGfCdi]&[z�R��Ñk]&aiat[Gr�c�]
e�rGfCdtxAx{e�f
^�`�x�aN]1e�r�]
[z]
dNhkdifCd3w�x�aN]
e�r�]
[�ht]
e�]
]
e�e�^�rGmt~te�`�xAx�`�aN]1^�]
e�`�[vo=�"~ix�~N]
[G[Go�x�aN]1e�r�]
[zf&m3��`�c�e�xRa3^�fCaV`�^�e�rG`�x�]
^�`
x{e�f&^�`�h�rGdq­N[G`�x5jl]
dN]&_&`?hqm�oq]�­i[G`�jl]&dN]
_C`�jb`�d0e�x{otx{e�`�j��3�5ytrG[�`
]
e�e�^�rGmt~te�`�ht]
e�]4]1^�`Ax{e�f
^�`?h�rGdb]�c�fCjbjb`�^�c�r�]
[3hi]
e�]
mN]
x�`C|"Ñ3~tc�y�]&d
]&atat^�fC]&c�y��Ve�yN]1eR�%`�^�`�gD`�^4e�fk]&x�ªG�?�&£�¡�ª Ì�Ö�� Ë §Vª�¡�Å�©�§C§N¨��?©IÖ�ñsµG´�×
À+�
yN]
x�e�yi`bh0^�]?�5mi]&c���e�yN]
e�jl]
rGd0e�]
rGdirGdi_�ht]
e�]kr�d�e�`�_
^�rve�o¦mV`�e��%`�`�d
x�aN]1e�r�]&[3]&dih�]1e�e�^�r�mt~te�`"hi]1e�]�rGx�htrvòbc�~i[veL]&x�e�yi`"eT��f5e�o3aV`�xOf
gNht]
e�]
]
^�`ldtf&e�jl]&dN]
_C`?h«m�ose�yi`lx�]
jb`b`�di_&r�dt`C|nåLjb`�^�_CrGdi_sht]
e�]
mN]&x�`
at^�f0h3~ic�e�x��z[Gr��C`k��^�]&c�[G`qÑ3ai]
e�r�]&[Aµ ³&Ç
À�]&dNh¦èOfCx{e�_
^�`�xqµ ³&ó1À+��g�f&[�[Gf?�
]&d�rGd�e�`�_&^�]1e�`?h�]
aiat^�fC]&c�y�gDf&^Ljl]
dN]&_&rGdi_Ax�aN]
e�r�]
[t]
dNh�dif&dtw�x�aN]1e�r�]
[
rGdtgDf&^�jl]
e�rGf&d��"at^�f1p0r�h3rGdi_�e�yi`krGdtg�f
^�jl]
e�rGfCdÍrGdtg�^�]&x{e�^�~tc�e�~t^�`ke�yN]
e
rGdic�[G~iht`�xR]kx�rGdi_&[G`�hi]1e�]&mi]&x�`�x{otx{e�`�jïgDf&^�jl]
dN]&_&rGdi_lmVf&e�y�e�o3aV`�x
f&gzhi]1e�]3|"ZRhthtrGdi_�x�ai]
e�r�]&[VgD~idic�e�r�f&dN]
[�rveTobe�f�[G`�_C]&c�okht]
e�]�]&[v^�`?]Ch0o
x{e�f&^�`�hqrGd�]�e�^�]Ch3rGe�rGf&dN]&[#��æ���ÑlrGx�`?]&x�rG`�^Arvgze�yt`4x�aN]1e�r�]
[=c�fCjbaVf
w
di`�d0e5c�]&d�mV`4rGd�e�`�_
^�]
e�`?h�rGd�]�yifCjbf&_C`�dt`�fC~tx���]�o�|
ô ~3^�e�yi`�^�jbf
^�`C��x�rGdic�`¦�R�{Ñ°]
^�`sjl]&rGd¯jb`�jbf&^�o¯]&atai[GrGc?]
e�rGf&dix��e�yi`�oêh3f�dtf&e�]Ch3`?ð�~N]
e�`�[Gonjl]
dN]&_&`�^�`?]
["e�rGjb`�~ia=ht]
e�`�x�f
g�[�]
^�_&`

hi]1e�]&x�`�e�x�| ô f&^l`��t]
jbai[G`C�%e�yt`�o®]
^�`�dtf&el]
mi[G`�e�fêjl]
dN]
_C`�^�`?]
[e�rGjb`4]
aiai[GrGc?]1e�r�f&dix5x�~ic�yq]&x5]&dq]&rv^�aVf
^�e5c�fCd�e�^�fC[=x{o3x{e�`�jÓe�yi]
e�^�`�w
ð�~irv^�`�xRe�fk^�`�e�^�rG`�pI`�c�fCdtc�~t^�^�`�d�e�[vo�e�yi`�^�`?]&[�e�rGjb`�e�^�]?�{`�c�e�f&^�rG`�x�f&g
x�`�pI`�^�]&[=]&rv^�at[�]
di`�x��3c�f&jbaN]1^�r�dt_4e�yi`�j\�5rve�yk]�jl]
abf&g=e�yi`A~idiht`�^�w
[GrGdi_�_&`�fC_
^�]&aiytrGcq]1^�`?]3|q¬�ytr�x�x�c�`�dN]
^�rGf�^�`?ð�~trG^�`�x�e�yt`�x{o3x{e�`�jõe�f
yN]
dNh3[�`�e�yt`�f1pI`�^�[�]�o�f
g"^�`�at^�`�x�`�d�e�]1e�r�f&dix�mV`�e��%`�`�d�jbf1p0r�dt_b`�d�e�rvw
e�rG`�x�]&dihs]&dn~idNh3`�^�[vo3r�dt_ljl]&a��=f1pI`�^4e�rGjb`C|���dnf&^�h3`�^4e�fkyN]
dNht[G`
c�f
^�^�`�c�e�[voØe�yi`ny0~i_C`¦]&jbf&~id�eqf&g�hi]
e�]�^�`?ð�~irv^�`?hØm�o°e�ytrGx��0rGdNh
f&gA]
aiat[�rGc?]1e�rGfCd��Le�`�jbaVf
^�]&["]&x�aV`�c�e�x�yN]?pI`�e�f�mV`le�]
�I`�d«rGd�e�fs]&c�w
c�f&~id�e?|�Z�[ve�yif&~i_&yne�`�jbaVf
^�]&[�`��0e�`�dtx�rGfCdixRf&g5�R�{Ñsx{o3x{e�`�jbx�`��3rGx{e
µv´�Î
À��tc�f&jbjb`�^�c�r�]&[#�R�{Ñlai]&c��C]
_C`�x�x{e�rG[G[#htf�dtf&e�a3^�fCaV`�^�[volx�~taiaVf&^�e
e�`�jbaVf
^�]&[5]&x�aV`�c�e�xlf&g4x�ai]
e�r�]&[�hi]1e�]3|Ï��e�yi`�^�e�o3airGc?]
[�`��t]&jbai[G`�x



f
gO]
aiat[�rGc?]1e�rGfCdix�e�yi]
e�]
^�`Ar�d�e�^�rGdix�rGc?]
[G[Golx�ai]
e�rGf&e�`�jbaVf&^�]&[=]1^�`Rx{o3x{w
e�`�jbx�e�f�c�f&d�e�^�fC[%x�a3^�`?]Ch«f
g5­i^�`lf1pI`�^�g�f&^�`�x{e�x��%]
dN]
[Go3x�rGx�f
gAjb`�w
e�`�f&^�fC[Gf&_CrGc?]&[�atyi`�dtfCjb`�dtfCdix���e�r�h3`nc�fCd�e�^�fC[�x{otx{e�`�jbx��5c?]Cht]&x{e�^�]&[
]
aiat[�rGc?]1e�rGfCdix��Nc�fCd�e�^�fC[�ht`�g�f&^�`�x{e�]
e�rGfCd�x{o3x{e�`�jbx��t`�e�cC|
ZAdif
e�yi`�^�c�^�rGe�rGc?]
[�aVf&rGd0e�^�`�[�]1e�`�x�e�f�e�yt`�g�]
c�e�e�yN]1e5c�fCjbjb`�^�c�r�]&[

�R�{Ñ�htf�dtf&e"at^�f1p0r�h3`5j�~ic�y�x�~taiaVf
^�e"gDf&^�j�~i[ve�rv^�`�at^�`�x�`�d�e�]
e�rGfCdbf
g
x�ai]
e�r�]&[3ht]
e�]3�1e�yi]
e�r�xzc�fCdtx�r�h3`�^�`?h�]&xO]&d�rGjbaVf&^�e�]&d�e#g�~tdic�e�rGfCdi]&[Grve�o
�5yt`�d�]&di]&[vo3±�rGdi_Ay3~t_C`"]&jbf&~id�e�x�f
gix�ai]
e�r�]&[3ht]
e�]3�
f
gDe�`�d�c�fC[G[G`�c�e�`�h
g�^�fCjïhtrvu=`�^�`�d0e5x�f&~t^�c�`�x�|
�Tdne�ytrGx�aN]&aV`�^���`b]&hih3^�`�x�x�e�yt`�]
mVf
pC`�di`�`�h¦m�osat^�f&aVfCx�rGdi_�]

g�^�]&jb`��%f&^��êgDf&^�^�`�at^�`�x�`�d�e�r�dt_smVf&e�y«x�ai]
e�rGf&e�`�jbaVf
^�]&[�ht]
e�]�x�~ia3w
aVf
^�e�rGdi_Ïj�~i[ve�rGai[G`ê_
^�]&d0~i[�]
^�rveToÐjl]
dN]
_C`�jb`�d�e�gDf&^nx�aN]1e�r�]&[�]&dNh
e�`�jbaVf&^�]&[IhtrGjb`�dix�rGf&dix�|zöê`�]
^�`%ai]
^�e�rGc�~t[�]1^�[vo�rGd0e�`�^�`�x{e�`?h�rGd�jbf0h0w
`�[�rGdt_4x�rve�~N]
e�rGf&dix�r�d��5yirGc�y�e�yi`%aVfCx�rve�rGfCd�f
g��b�&�?���� �¡��t¢���¢���¡�£"¤�r�| `&|��
`�d0e�rve�rG`�x4�5rve�y¦]qx�aN]1e�r�]&[L`��0e�`�dix�rGf&dne�yi]
e�c�yN]
di_C`�e�yi`�rv^�aVf&x�rGe�rGf&d
f1pI`�^Re�rGjb`1¥�j�~tx{e�mV`�^�`�[�]
e�`�h�e�fb_&`�fC_
^�]&atyirGc�]1^�`?]&xR^�`�at^�`�x�`�d�e�`?h
m�okjl]&atx�|Læ%f
e�y�jbf1p3rGdt_�`�d�e�rve�rG`�xA]&dNhkjl]&aqhi]1e�]�c?]&dqmV`�x�aV`�c�rvw
­i`?hb]
e%htrvu=`�^�`�d0e"[G`�pI`�[Gx"f&g#ht`�e�]&rG[��0r+| `C|G�t]
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^�rve�o®aN]1^�e�rve�r�f&dix�e�yt`
x�ai]&c�`5m�o�e�]&�0rGdi_Rr�d�e�f�]
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e�r�f&dÏf&gRe�`�jbaVf&^�]
[�_
^�]&d0~i[�]
^�rveTo�µ Ç
À�rGxk]&[Gx�f

x�~taiaVf
^�e�`?hÏm�o°e�yi`sjbf0h3`�[�|é¬�yi`sgD^�]&jb`���f&^��¯��`sat^�`�x�`�d0e�`��0w
e�`�dNhtxOe�yt`5�R������µ ù
Àtjbf0ht`�[+�Cm�o�e�]&�0rGdi_RrGd�e�f4]
c�c�f&~id�eLe�yi`%�%f&^��
h3fCdt`�rGds]bat^�`�p0rGfC~tx�e�`�jbaVf
^�]&[�`��0e�`�dix�rGfCdÍµv´�À+|R¬�yirGx4j�~i[ve�rG_&^�]&d3w
~t[�]
^Rg�^�]&jb`��%f&^���c�]&dsmV`�c�fCdtx�r�h3`�^�`?hs]&xR]bmN]&x�rGxAg�f&^�ht`�pI`�[�f&airGdi_
]
dqf&m3��`�c�e�f
^�rG`�d�e�`?hbx�aN]
e�rGf
e�`�jbaVf&^�]
[Vjbf0ht`�[i�5rve�yq]&dl`��3at^�`�x�x�r�pC`
ð�~t`�^�o�[�]
di_&~N]&_&`C�3]&x�`��0e�`�dtx�r�f&d�f&gz��ý4Áq]&dNh�e�yi`�e�`�jbaVf
^�]&[3aN]
e�y
`��ta3^�`�x�x�rGfCdl[�]&dt_C~N]
_C`�ht`�­idi`?h�r�d�µv´�À���gDf&^"aV`�^�g�f
^�jbrGdi_4e�yi`A]
dN]&[vo0w
x�rGx�f
gzx�ai]
e�rGf&e�`�jbaVf
^�]&[#hi]1e�]�`��ta3^�`�x�x�`?hl]
e�j�~i[ve�rGai[G`Ax�aN]1e�r�]
[#]&dNh
e�`�jbaVf&^�]&[#_&^�]
d0~i[�]
^�rve�rG`�x�|
Ñ0`�pI`�^�]
[Iat^�f&aVfCx�]
[�xzat^�f1p0r�h3rGdi_A]&d�rGd�e�`�_&^�]1e�`?h�]&aia3^�fI]
c�y�g�f
^ze�yt`

jl]
dN]
_C`�jb`�d�e"f&g�x�aN]1e�r�]
[=]&dihbe�`�jbaVf&^�]&[ir�d3g�f
^�jl]
e�rGfCdkyN]?pI`5mV`�`�d
a3^�`�x�`�d�e�`?h�rGdke�yi`4^�`�c�`�d0e5ai]&x{e?�N]&x�e�`�jbaVf&^�]
[�`��3e�`�dix�rGfCdtxAf
g��R��Ñ
µv´�Î&À+�Nf
^R]
x5r�diht`�aV`�dNht`�d0e%gD^�]&jb`���f&^��0x�µ ³0´�À�|%ZÐ_
^�f?�5r�dt_brGd0e�`�^�`�x{e
yi]&xlmV`�`�d°ht`�p0rGx�`?h°rGd®e�yi`�]1^�`?]«f&g�jbf1p0rGdi_¯µG´&´�À4]&dNh®_C`�f&jb`�e�w
^�rGc�µ ×
ÀRfCm0�{`�c�e�x�|Ð�Td�µv´C´�À4]ngD^�]&jb`���f&^��Íg�f
^kjbf0ht`�[GrGdi_«jbf1p0rGdi_
aVf&rGd0e�xl]
dNh�^�`�_CrGf&dixlyN]
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]&dihkÑ3`�c�e�rGf&d�ó4c�f&dic�[G~iht`�x�e�yi`AaN]&aV`�^?�0fC~te�[GrGdirGdt_�ytf?�°e�yi`Ajbf0ht`�[
�5rG[G[zmV`�`��0e�`�diht`?h=|
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À#e�o3aV`Ax{o3x{e�`�jÓ�5rve�yqx�aV`�c�rv­NcReTotaV`�x%g�f
^
^�`�a3^�`�x�`�d�e�rGdi_�x�ai]
e�r�]&[%hi]
e�]�m�onjb`?]
dix�f&g5pC`�c�e�f&^�gD`?]
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µ Ç
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¬�yi`ljbf0h3`�["yi]&x�mV`�`�d�h3`�x�rG_Cdt`?hêg�f
^�yi]&dNh3[Gr�dt_«�b�&�?�D�0 ê¡��t¢���÷
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interface GeometricFeature

implements
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Line
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e�rGfCdnjb`�c�yN]&dtrGx�j f&g

e�yi`�jbf0h3`�[��im�okat^�f0h3~ic�rGdt_�e�yi`�f
^�`�e�rGc?]&[�at^�f�f
g�xRf
g�fC~3^�]&aia3^�fI]
c�y
]&dih�m�o�c�f&dix�r�ht`�^�rGdt_�]&[ve�`�^�di]
e�rGpI`�xLe�f�e�yt`�x�aV`�c�rv­Nc�]
e�rGfCd�[�]
di_C~i]&_&`
at^�`�x�`�d�e�`?h¦rGdse�yirGx�aN]
aV`�^?|�ö«`�htrGx{e�rGdi_&~irGx�y«mV`�eT��`�`�dne�yi`k�
©Cª Ë ¡



Ö��&¨�¨�¡�Ö�¢��V¡�£�£qf&g�e�yt`nc�fCd0pI`�^�x�rGfCdØjb`�c�yi]&dirGx�j��5r�| `C|G�4]�c�f&jbaVfCx�rvw
e�rGf&d®f
g�¤�mi]&x�rGc1¥�c�fCd0pI`�^�x�rGf&dix�]
[v��]�o3x�at^�f0h3~ic�`�x�]�[�`�_I]&[5x�ai]
e�r�]&[
¤�f
^Ax�aN]
e�rGf
e�`�jbaVf&^�]
[D¥�p&]&[G~i`4^�`�x�aV`�c�e5e�f�e�yi`4eTotaV`Rx{otx{e�`�jÿf&g�e�yt`
jbf0h3`�[��#]&dihsrve�x�£�¡���©&�i¢���ÖkÖ��&¨�¨�¡�Ö�¢��V¡�£�£��zr+| `C|G��]lc�fCd0pI`�^�x�rGf&d¦h3f�`�x
dtf&ezjbf0htrvgDo4e�yt`�e�fCaVfC[Gf&_CrGc?]&[0^�`�[�]
e�rGf&dix�yirGatxL]&jbfCdt_�e�yi`"hi]1e�]�^�`�atw
^�`�x�`�d�e�`?h�r�d�]�x�ai]
e�rGf&e�`�jbaVf
^�]&[�ht]
e�]
mN]&x�`&|Oö«`�]
^�`�`��0e�`�dihtrGdi_�e�yt`
c�fCd0pI`�^�x�rGfCdb[�]
di_C~i]&_&`A�5rve�yl]bÖ��&�VÅ
��¢��+�&��c�[�]
~ix�`Ax�aV`�c�rv­Nc?]1e�rGfCd���e�f
x�aV`�c�r�]&[GrG±�`�e�yt`�]&aiat[Gr�c�]
e�rGfCdsf&gLc�fCd0pI`�^�x�rGfCdtx�f&di[vo�e�fl]�x�~tmix�`�eAf
g
f&m3��`�c�e�xAf&gOe�yt`�x�]&jb`4x�ai]
e�r�]&[#e�o3aV`C�3r�| `C|G�ie�yif&x�`�x�]
e�rGx{gDo3rGdi_l]�c�`�^�w
e�]
rGd�c�fCdihtrve�rGfCd#|
öê`R]1^�`4rGd0pI`�x{e�rG_I]1e�r�dt_�ytf1�°e�f�^�`�a3^�`�x�`�d�e�x�ai]
e�rGf&e�`�jbaVf&^�]&[=f&mtw

��`�c�e�x�]
dNh�c�f&d3pC`�^�x�rGfCd�g�~idtc�e�rGfCdtxOrGd�e�yt`"f&m3��`�c�eO^�`�[�]1e�rGfCdN]
[0jbf0ht`�[��
e�yi]
e�rGx4e�yi`�jbf0ht`�[�~tx�`?hsm0osc�fCjbjb`�^�c�r�]
[���æ���Ñ=|=öê`�]
^�`�]&[Gx�f
_&fCrGdi_�e�f�h3`�pI`�[Gf&a�]&d¥¤4��Á#w�mN]
x�`?hêpI`�^�x�r�f&d«f&g5f&~t^�jbf0ht`�[���g�fC[vw
[Gf?�5rGdi_�x�aV`�c�rv­Nc?]1e�rGfCdixL]
dNh�rGd0e�`�^�dN]
e�rGf&dN]&[�rGdtrGe�r�]1e�r�pC`�x�x�~ic�y�]&xze�yt`
�RaV`�d��R��Ñ ç fCdtx�f&^�e�rG~ij µ ³
Î
À�]
dNh¦e�yt`�� 0 ÑtèL� ì å�a3^�f
��`�c�ekµ ³C³?À�|
ô rGdi]&[G[vo��t�%`�]
^�`4_&fCrGdi_�e�f�`��0e�`�dihle�yt`Rx�`�e5f
gO_&`�di`�^�]
[Gr�±�]
e�rGfCd�f&atw`�^�]
e�f&^�x��%`�c�f&dix�r�ht`�^�rGdse�yirGxRg�^�]&jb`��%f&^����5rve�y¦f
e�yi`�^�xRe�yi]
e�]1^�`
c�fCjbjbfCdt[vo�~ix�`?hÍrGd°jbf0h3`�[vwTf
^�rG`�d�e�`?h�_C`�dt`�^�]&[GrG±?]
e�rGf&d�]&dNhÍc?]
dtw
dtf&ebmV`k^�`�at^�`�x�`�d�e�`?h«�5rGe�yÍe�yi`kfCaV`�^�]
e�f&^�xlh3`�­Ndt`?h�rGdÐµ ³1À5x�rGdtc�`
e�yt`�o�h3f�dif
eOat^�`�x�`�^�pI`�e�fCaVf&[�f&_CrGc?]
[3c�fCdix�rGx{e�`�dtc�o��&]&x��1g�f
^O`��t]
jbai[G`C�
©� ? &¨�¡+ I©&¢��+�&�t�=e�yN]
eR]&[G[Gf?�5xRg�f
^4jb`�^�_&rGdi_ldif&dtw�c�fCd�e�rG_C~tfC~tx�x�ai]
e�r�]&[
gD`?]
e�~3^�`�xAr�d�]�~idtr�ð�~t`RfCdt`C�tf&^�ª ���=¡4£����R§Nª � : Ö�©&¢��+�
�i|öê`�]
^�`�at[�]
didtr�dt_�e�f�rGjbai[G`�jb`�d0e�]&dihqe�`�x{e5e�yi`4x�ai]
e�rGf&e�`�jbaVf&w
^�]
[�jbf0ht`�[z]&dihsrve�xRð0~t`�^�o�[�]
di_C~i]&_&`C|4�Td�aN]
^�e�rGc�~t[�]
^?�=��`�]
^�`�rGdtw
e�`�^�`�x{e�`?h�rGd�h3`�pI`�[GfCatrGdi_�]�� } �"gDf&^�p0r�x�~i]&[GrG±�rGdi_bx�ai]
e�rGf&e�`�jbaVf
^�]&[^�`�at^�`�x�`�d�e�]1e�r�f&dêf
g5ð�~i`�^�rG`�xR^�`�x�~i[ve�x�|�öê`�]
^�`�]&[Gx�f�rGd�e�`�^�`�x{e�`?hnr�d
f&ate�rGjbrG±�rGdi_�aV`�^�g�f&^�jl]
dic�`bm�osjl]
r�d�e�]
r�dtrGdi_�jl]1e�`�^�r�]&[GrG±�`?hêp0rG`��5x
f
g�htrvu=`�^�`�d�e5[G`�pI`�[�x5f
g�^�`�at^�`�x�`�d0e�]1e�rGfCd�f
g�x�aN]1e�r�f
e�`�jbaVf&^�]
[Oht]
e�]3|

6. REFERENCESµG´�À�å�|Næ%`�^�e�r�dtft�Nå5| ô `�^�^�]1^�r+�V��|V�R~t`�^�^�rGdir��V]
dNhk��|N��`�^�[Gft|
� �R�������NZAd��R����� ç f&jbai[Gr�]&d�e�¬z`�jbaVf&^�]
[��Rm3��`�c�e��f0ht`�[�Ñ3~taiaVf
^�e�r�dt_b��~t[Ge�rGat[�`���^�]
d0~i[�]
^�rve�o���]&di]&_&`�jb`�d�e?|
Ü �����&¨���©&¢��+�&�sÚtÌ&£�¢T¡���£��V³&íCí&Ç4Á+¢���©�§I§t¡�©&¨êÅ?|

µ ³?À��¦|iæ%`�^�e�fC[Gf
e�e�ft|#�R`�f&jb`�e�^�rGc���f0ht`�[GrGdi_bf
g"Ñ3ai]
e�r�]&[�å�d�e�rve�rG`�x
]
eR��~t[Ge�rGat[�`�Á#`�pI`�[Gx5f&g ì `�x�f&[�~3e�rGfCd�|ièLyi�ú¬�yt`�x�rGx��
} dtrGpI`�^�x�rve�¦]�ht`�_C[GrOÑ�e�~Nh3r�h3rO�R`�dif1pC]0��´�þCþ&×3|

µ Ç1À ç |Væ"`�e�e�rGdir��VÑV|`§C]1��f0htr�]3�=]
dNh	¤�|3ö�]&dt_t|i¬�rGjb`��^�]&d0~t[�]1^�rve�r�`�x�rGd���]1e�]&mi]&x�`�x��i��]
e�]b��rGdtr�dt_t�N]&dNh
¬z`�jbaVf
^�]&[ ì `�]&x�fCdtrGdi_t|VÑ3a3^�r�dt_C`�^�w � `�^�[�]&_3�V³
íCíCí0|

µ Î
À�¬R|Væ"rGe�e�dt`�^?�i]&dNhqæ�|NÑ3jbrve�y�|tZ } dirv­N`�h�¬�yi`�f&^�oqf&g��^�]&d0~t[�]1^�rve�o�� � ]
_C~i`�di`�x�xA]&dih�ZAaiat^�f?�3rGjl]
e�rGfCd#|3��dQ¨�¨��?Ö(¸�O��©�Ò�Ú Ü �ª.��&¨'�
£�ñ3��§��&�sÚ&§3©&¢��+©Cª4«i©�  Ë ¡��V¡�£�£�É
¬ �VÖ�¡�¨�¢�©
���i¢�Ì
É�©&�NÅ Û ¨�©&� Ë ªG©
¨���¢�Ì
�#³
íCí3´&|

µ ó?À�å�| ç ]
jbfCx�x�r��=�¦|Næ%`�^�e�fC[Gf
e�e�ft�Vå�|Væ"`�^�e�rGdift�i]&dih��|N�R~i`�^�^�rGdir�|�Ú|� �R�������NZ ��~i[ve�rG_&^�]&d0~t[�]1^
Ñ3ai]
e�rGf&e�`�jbaVf&^�]&[�å��3e�`�dix�rGfCd�f
g��R�����\��f0ht`�[+|N¬z`�c�yidtr�c�]&[
ì `�aVf&^�eA�4�{Ñ3�TwT¬ ì wTíCÇ
wTí&þ3� } dtr�pC`�^�x�rve�¦]�ht`�_C[Gr�Ñ�e�~Nhtr#h3r�R`�dtf
p&]3�N³&í&íCÇ0|

µ ù1À ì | ç ]1e�e�`�[��N��|tæ�]1^�^�o��V�¦|iæ%`�^�[G`�^?�`§t|Vå�]&x{e�jl]
d����|=§Cf&^�ht]&d#� ç | ì ~tx�x�`�[��V��|NÑ3c�yN]&htf?���N¬R|NÑ0e�]
dirG`�dihi]3�i]&dih
ô | � `�[G`�±&|N¬�yt`��Rm3��`�c�eA��]
e�]
mN]
x�`�Ñ0e�]&dihi]1^�h#�"�R�����úÇ3| í0|
��f&^�_C]&d3wR­�]
~tgDjl]&did#��´�þCþ&þ3|

µ ü?À ç | ç yt`�d��t]
dNh ç |`U#]
dirGfC[Gf3|#Ñiý4Á8®W¯���ZúÑ0aN]
e�rGf
w�¬�`�jbaVf&^�]
[
��]1e�]b��f0ht`�[z]&dih�ýR~i`�^�o�Á�]&dt_C~N]
_C`C|i��d@¨�¨{�?Ö(¸��O� Ü �t¢�° ª©��&�b�?¡�¨�¡��NÖ�¡��&�±©��&�VÖ�¡T§N¢ Ë ©Cª é �?Å�¡�ª ���0 UÝt¢Dñi¡ Ó��i¢���¢�Ì² ¡�ªG©&¢��+�&�N©Cª8Æ%§I§N¨{�?©IÖ�ñ0�#³
íCíCí0|

µ ×1À³§t| ç yifCjbrGc���o��3]&dNhqèO| ì `�pI`�x�±&|Nè�]1^�]&jb`�e�^�rGcÑ3ai]
e�rGf&e�`�jbaVf&^�]&[z�Rm0�{`�c�e�x�|NèO`�^�rGf0htrGc�flh3`�[G[´V ZAx�x�f�c�r�]&±�rGfCdt`
�Te�]
[Gr�]
dN]�aV`�^�[CV ��d�e�`�[G[GrG_C`�dt±?]�ZA^�e�rv­ic�r�]&[G`C|V´�Ît¤{´1¥�� Ît´�w�Î�ü0�V³&í&í3´C|

µ þ1À��¦|t�4~idt�3yi]&j��W­�|N��]&x�f&d���§3| ��|VÑ0e�`�[G[��i]&dNh

�¦| ô |tö«f
^�mVf1o3x�|tZÐgDf&^�jl]&[�Z�atat^�fC]&c�yqe�f��TjbaV`�^�g�`�c�e�r�f&d�rGd�R`�fC_
^�]&aiytrGc��TdtgDf&^�jl]
e�rGf&d�|�©��&�R§ Ë ¢T¡�¨�É�Ó��i�?�D¨��&�t�l¡��i¢�©&�VÅ
¬ ¨�Ô�©&�sÚiÌ
£�¢T¡���£��#³Có�� ×&þ
w�´?í&Ç3��³
íCí3´&|

µv´?í1À�¬R|V��^�rvò�e�ytx��VZ�| ô `�^�dN]&diht`�x�� 0 |tè�]1e�fCd��=­�|i��]&x�fCd#�æ�| ² ~N]
di_t�N�¦|3ö«f&^�mVf?o3x�� ç |`§Cf&yidtx�fCdif&d��N]&dNhz§t| ��|=Ñ�e�`�[G[+|¬�^�rGaVf0h#�"Z ç f&jbat^�`�yt`�dix�rGpI`�Ñ�o3x{e�`�jÓg�f
^�e�yt`
��]&dN]
_C`�jb`�d0e5f
g"Ñ3ai]
e�r�]&[�]&dih�Z�x�ai]
e�r�]&[ ² rGx{e�f&^�rGc?]
[�Rm3��`�c�e�x�|t��dQ¨�¨��?Ö(¸L�O�mí&¢Dñ°Æ�© é ÚtÌ&��§3�&£�� Ë � �&�
ÆAÅ&�
©&�NÖ�¡�£���� Û ¡��� &¨�©�§3ñ0�+Ö Ü �����&¨���©&¢��+�&��ÚtÌ&£�¢T¡���£��=³&íCí0´C|

µv´C´�À ì | ² |i�¶µ~3e�rGdi_t�V�¦| ² |Væ"y8µfC[G`�d#�V�¦|iå�^��5r�_3� ç | Ñ=|@§C`�dix�`�d��0 | Z�|tÁ�f
^�`�d�e�±�fCx��V�¦|VÑ0yidt`�r�ht`�^?�i]&dih��¦| � ]
±�rv^�_Cr�]&dtdirGx�|VZ
ô fC~tdNhi]1e�rGfCdqgDf&^ ì `�at^�`�x�`�d�e�rGdi_�]&dih�ýR~i`�^�otrGdt_l��f1p3rGdt_�Rm3��`�c�e�x�|�Æ�© é �i¨{©&�i£�©IÖ�¢����&�¯Ò%��Ã�©&¢�©IÔ�©&£�¡�ÚtÌ&£�¢T¡���£��
³Có0�G´�wTÎI³0�#³
íCí&í3|

µv´1³?À�æ�| ² ~N]
di_t�i]&dih ç | ç [�]1^�]&j�~id�e?|iÑt¬5��ý4Á��iZ�d�R������w�mN]&x�`�h�Ñ3ai]
e�rGf&wT¬z`�jbaVf&^�]&[z�Rm0�{`�c�eR��f0h3`�[O]
dNh
ýR~i`�^�oqÁz]
di_&~N]&_&`C|N�TdQ¨�¨��?Ö(¸L�O�mÃ,Ä
¢Dñ Ü �i¢�° ª=ÚiÌ
�R§3�
£�� Ë � �&�
ÚC§3©&¢��+©&ª=Ã�©
¢�©�·�©&�VÅ3ª ���0 &�N³&í&íI³�|

µv´?Ç1À � |�­�]
e�^�r��=ÑV| ì ]
j�� ì | ¬R|VÑ0dif0h3_&^�]&x�x��N]&dih���|V�¸V æ"^�rG`�d#|Ñ3~iataVf&^�e�rGdi_ } x�`�^A�4`�­Ndi`�h���^�]
d3~t[�]
^�rve�rG`�xR]
dNh��dNh3`�e�`�^�jbrGdN]
c�olrGd�]bÑ0aN]1e�r�f
e�`�jbaVf&^�]
[ ç fCdic�`�ate�~i]&[z��f0ht`�[�|ÚC§t¡�Ö��+©Cª Ü £�£ Ë ¡��f�^ÆA�t�V©Cª £��O� é ©&¢Dñi¡���©&¢��+Ö�£�©&�NÅ�ÆA¨�¢�� : Ö���©CªÜ �i¢T¡�ª�ª �� �¡��NÖ�¡��&�sÚC§3©
¢��+©Cª�©&�VÅ3�=¡��R§3�
¨�©Cª Û ¨�©&� Ë ªG©
¨���¢�Ì
�
ÇCùt¤{´�w�³C¥��G´?þCó1w�³&ÇC³0��³&í&íI³�|

µv´�Î
À���|NÁ�]&di_
^�]&d#|V¬�rGjb`4rGds�R`�f&_&^�]&atyirGc���d3g�f&^�jl]1e�rGfCd
Ñ0o3x{e�`�jbx�|t¬O]�o3[�f
^º¹ ô ^�]&dtc�rGx��z´?þ&þI³�|

µv´1ó?À ì | æ�|N��c1��]&x{e�`�^?�=]&dihz­�| Ñ=|NÑ3yt`?]3|i�R`�dt`�^�]&[GrG±?]
e�rGf&dnrGd�4rG_Crve�]&[ ç ]
^�e�fC_
^�]&aty0o�|iZ�x�x�f�c�r�]1e�rGfCd�f&g�ZAjb`�^�rGc?]&d�R`�fC_
^�]&aiyt`�^?�z´�þCþC³0|
µv´?ù1À�§&w ç |V��~t[�[G`�^?|V�R`�di`�^�]&[GrG±?]
e�rGfCdsf
g�Ñ3ai]
e�r�]&[���]
e�]
mN]&x�`�x�|

Û ¡��� &¨�©�§tñ��+Ö�©Cª Ü �����&¨���©&¢��+�&�sÚtÌ&£�¢T¡���£U�»¨�¨��D�VÖ�� §Vª�¡�£�©&�VÅ©�§I§Vª �+Ö�©&¢����&�i£��N��| §3|V��]
_C~irv^�`C�=�¦| ô |N�Rf�f0htc�yirG[�h#�N]&dih��| ö | ì yirGdih#|tÁ�f&di_Cjl]
d��=´?þ&þ3´&|
µv´1ü?À�§&w ç |V��~t[�[G`�^?�`§t| èO|VÁz]
_&^�]
di_C`&�V]&dih ì | ö«`�rGmV`�[�¤�`?htx�| ¥5�R��Ñ]&dNh��R`�di`�^�]&[GrG±?]
e�rGfCd#��jb`�e�ytf0htf&[�f&_&oq]&dih�at^�]
c�e�rGc�`C|i¬O]�o3[�f
^

]&dNh ô ^�]&dtc�rGx��z´�þCþIó�|
µv´?×1À�è�ytr�[GrGaiaV` ì rG_I]
~t�=�V��rGc�yi`�[zÑ3c�yif&[G[+�N]&dih�Z�_&dc¦`�x � fCrGx�]
^�h=|Ñ3aN]1e�r�]&[#��]
e�]
mN]&x�`�xA�5rve�y�ZAaiai[GrGc?]1e�r�f&d�e�fl�R�{Ñ=|i��f&^�_C]&d­�]&~tgDjl]&dtd��tZ�c?]&ht`�jbrGc�è�^�`�x�x��V³&íCíC³0|
µv´?þ1À�§t| ��|=Ñ0e�`�[�[��i]&dih��¦|töêf&^�mVf?o3x�|VÑ�e�^�]
e�rv­N`�h���]&a�Ñ3aN]
c�`�x��"Z

ô fCjl]
[�æ%]&x�rGx�gDf&^R��~i[ve�rvw ì `�x�f&[G~te�rGfCdnÑ0aN]
e�r�]
[���]1e�]&mi]&x�`�x�|��dQ¨�¨��?Ö(¸L�O�däC¢Dñ Ü �i¢�° ª=ÚiÌ
�R§3�
£�� Ë � �&�sÚ&§3©&¢��+©CªVÃ�©&¢�©·�©&�NÅtª ���� &��´�þCþ&×3|
µ ³&í1À ì |0ö«`�r�mV`�[+�N]&dih���|t�4~te�e�f&d�|i�R`�di`�^�]&[GrG±�rGdi_qÑ3ai]
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