
HAL Id: inria-00072545
https://inria.hal.science/inria-00072545

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Optimal Location of Intermodal Freight Hubs
Illia Racunica, Laura Wynter

To cite this version:
Illia Racunica, Laura Wynter. Optimal Location of Intermodal Freight Hubs. [Research Report]
RR-4088, INRIA. 2000. �inria-00072545�

https://inria.hal.science/inria-00072545
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

88
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 
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K�LNMOQP�O�R%SUT:VWP%XZYW["\]VW^7_�O�\�^a`Z\]VbP�VWcd[e\fVg^a_
h O�cfiZc]\ MOjP�Ojclk�^7Pm`ZYWO�nZOjc

oqp ^ersOj\ut�vxw ouK

y [7`z`@^ p \ h O p OQk L O p k L O{_@|}Ra~"�7��S�v�OQk�OQP��@O p?� ~7~"~�S��j��`z["�"Ojc

���9�j���B�z�"�"� tl\]\fOjPm`Z\dc�[e\ p O h Xzk�VW_Z��\ L O*O�n:\fO p _z[eYWVW\]VWOjc�^e�?� p O�VW� L \�\ p ["_zcd`@^ p \�Vb_��uX p ^a`<O�[ p O��7Oj_ZO p ["YgYWi
��^ZkjXzc]O h ^7_�\ L O�VW_<k�^ p `@^ p [e\]VW^7_�^"��[�P�^ p O�cfVg�a_ZV��5k�["_a\�Xzc]O%^e� p [eVWY�Vb_a\]^�� p O�VW� L \�Vg\fVW_ZO p [ p VWOjcj��w�_ZO�_ZO���cfk�O��
_<[ p Vg^���^ p VW_zk p OQ["cfVW_z��\ L O�c L [ p Ol^e� p [eVWYzVW_�Vb_a\]O p P�^ h [eYz\ p [7_zcd`<^ p \�Vb_a�"^"YW�"OQc9\ L O h O��"OjYg^a`zP�Oj_a\�^e�F[ h O h Vbk�[e\fO h
cdXz�z_zO�\ �u^ pd¡ ^e��� p O�VW� L \ p [eVWYuYWVb_ZOjcj�£¢¤Vg\ L VW_
\ L VWc��qX p ^7`@Oj[7_¦¥�_zVg^a_!` p ^ersOQk�\j§�\ L O�Xzc]O*^"� L Xz�:� ["_ h �1cd`@^ ¡ O
\ iZ`@O�_ZOj\ �q^ pf¡ cj§�Vb_¨k�^7P%�ZVb_z[e\fVg^a_���VW\ L �<n:O h �1YgOQ_Z�"\ L c L XZ\f\]YWO�c]O p �:Vbk�OQc©��^ p � p O�VW� L \j§9[ p O�Xz_ h O p h VWcdk�X<cfcfVg^a_N�
¢ªO�` p OjcfOj_a\©\ L VbcxVb_z_Z^B�B[e\fVg�7O«` p ^"rsOjk�\©[7_ h \ L O�` p ^7`@^7cfO h ^7`z\]VbP%VW¬j["\]VW^7_ªP�^ h O�Y.� K�L O«` p ^7�ZYWOjP­VWcxkj["cf\�["c
[�_Z^a_ZYgVb_ZOQ[ p k�^a_zk�[I�7O�� k�^7cf\ L Xz��Yg^Zk�["\]VW^7_�` p ^a�ZYWOjP��%t�YgVb_ZOQ[ p Vg¬Q[e\]VW^7_�` p ^:k�O h X p O�[eYW^7_Z����Vg\ L \ �u^�O�®�k�VWOj_a\
�B[ p Vb["�ZYWO�� p O h Xzk�\]VW^7_ L OjX p Vbc]\fVWkjcx[ p O�` p ^7`@^7cfO h ��^ p VW\fc p Ojcf^"YbXZ\fVg^a_N§�Pm[ ¡ Vb_Z� Xzc]O«^"� p Ojk�Oj_a\ p OQcfXZYW\fc©^a_�`@^"YWia�
L O h p [eYF` p ^7`@O p \]VWOjc?^e��\ L Vbc�k�YW[7cfcl^"��` p ^7�zYgOQP�cj�l¯q^aPm`zXZ\f["\]VW^7_z["YNO�nz`@O p VgOQ_zk�OxVbc?` p ^B�:V h O h ^a_�\ L O��uX p ^7`@Oj["_
_zO�\ �u^ pd¡ ^e��`<^7\]Oj_a\fVW["Y L X<��\fO p P�VW_z["YWcj�

°*±a²´³dµ�¶ �B·9�"� L Xz�%Yg^Zkj[e\]VW^7_%` p ^7�ZYWOjP�§"k�^7_zkj[I�"Oqk�^7cf\�P%Vb_ZVbP�Vg¬Q[e\]VW^7_F§"P�V�nZO h �.Vb_a\]O��7O p ` p ^"� p [7P�P�Vb_Z�<§Q� p O�VW� L \
\ p [7_zcd`<^ p \
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 Ojc�O
�5^ p \dc h O p��O h Xzk�\fVg^a_ h OQc?O�n:\fO p _z[eYWVW\ �OQc h��Xzc�[7X�\ p [7_zcd`<^ p \ h O©� p O�\�Oj_��qX p ^7`@O�cfO��z["cfOxOj_
� �Oj_ �O p [eY5cfX p Xz_ZO�XZ\fVgYWVWcd[e\fVg^a_*`ZYWX<c�VWPm`@^ p \f[7_7\fO h X p ["VgY h ["_zc�YWOjc?Vg\fVW_ �O p [eV p OQc h O©� p Oj\��z¥�_ _Z^7XZ�7Oj[7X�cdk �OQ_z[ p VW^
� XZV�[�`@^7X p �<XZ\ h�� [7XZ�7P�Oj_a\fO p Yb[�`<[ p \ h O p ["VgY}Ojcf\�YWO h �O��7O�YW^7`z`@OjP�Oj_a\ h�� X<_ cf^7Xzc]� p��OQc]OQ["X h �O h V �O©� p O�\j�´v�[7_zc
X<_ª` p ^"rsO�\xOjX p ^a` �O�OQ_ h O«Yb[*v������Z§FY � XZ\fVgYWVWcd[e\fVg^a_ h�� X<_ZO�k�^a_:�<�7X p ["\]VW^7_�Oj_�� L Xz�:� ["_ h �1cd`@^ ¡ O��z§Nk�^aXz`ZY �O�Om["XZn
cfO p �:VWk�Ojc h O*\ iZ`<O �"!$#$%'&(&)%�`<^aX p YgO�� p O�\mOjcf\mOj_ h VWcdk�X<cfcfVg^a_N��*�^aXzc«` p��OjcfOj_a\]^a_zc�k�O*` p ^"rsO�\«_Z^B�B[e\fOjX p Oj\�YWO
P�^ h MOjYgO h�� ^7`z\]VbP%Vbcd[e\]VW^7_ h �O��"OjYg^a`z` �O7� 
 O�P�^ h MO�YWO©Ojcf\ h �Ojk p VW\�k�^aP�P�O�Xz_ ` p ^a�ZY MOjP�O h O+� L Xz��Yg^Zkj[e\]VW^7_,��[I�7Ojk
Y � VW_zk�^ p `<^ p ["\]VW^7_ h O«k�^ �XZ\dc�k�^7_zkj[I�"OQc��@¥�_ZO«` p ^Zk �O h X p O h O�YgVb_ �OQ[ p VWcd[e\fVg^a_*Ojcf\ h �O��7O�YW^7`z` �O"§<[I�7Ojk h OjX:n L OjX p VWc]�
\fV � XZOQc�O�®�k�[7k�Ojcj�5v�OQc�` p ^a` p V �Oj\]Ojc�`<^7Ygi MO h p [eYWOjc h O�k�O�\]\fO«k�Yb["cdc]O h O�` p ^a�ZY MOjP�O�cf^7_a\�Vb_zk�^ p `<^ p��OjOjcj�z�q_Z�@_N§´^7_
` p��OQc]OQ_a\]O h Ojc p��OjcdXZYW\f["\fcl_:XzP �O p V � XZOQcuO�\?Xz_ZOx[7_z[eYWiZc]OxcdX p YgO p��OQc]OQ["X h Ox� p [7_ h OQX plp��OjO�YWYgO7�

- ¶ �Q� ³ �/. �± ��� Yg^Zkj[eYWVWcd[e\fVg^a_�^7`z\]VbP�["YgO7§z` p ^7�ZY MOjP�O h OxP�VW_ZVbP�VWcd[e\fVg^a_�[I�7Ojk�k�^ �XZ\fc�k�^7_zkj[I�"Ojcj§:` p ^7� p ["PmPm[e\fVg^a_
P�VgnZ\]O"§<\ p ["_zcd`<^ p \ h O©� p O�\
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K�L O�P%^ac]\ p Ojk�Oj_a\xcfk�Oj_z[ p VW^7cxX<_ h O p cf\fX h i ��^ p VW_a\fO�� p [e\fVW_z��� p O�VW� L \x\ p [7_zcf`@^ p \f["\]VW^7_ VW_3�uX p ^a`<OmO�®«k�VgOQ_a\]YWi
[7_ h ��Vg\ L P�Vb_ZVbP�XzP�c]^Zk�Vb[eYz[7_ h Oj_a�:V p ^7_zP�OQ_7\d[eYZk�^ac]\�Vb_a�"^"YW�"OuO�nZ\fOj_zcfVg�7O�Xzc]Ol^"�5Vb_a\]O p P�^ h [eYZ\ p [7_zcf`@^ p \�� K�L O
Vb_a\]OQ_7\l^"�}\ L OjcfO©_zO�� \ p [7_zcd`<^ p \lcfk�Oj_z[ p VW^7cqVbcq\f^«P�[ ¡ O©Pm[BnZVWP%XzP XzcfO©^e� p ["VgY´\ p ["_<cf`@^ p \�§Z_Z^7\u^a_ZYWim��^ p YW^7_Z�
L ["XZY9["_ h YW^B� �B[eYbXZOx� p O�VW� L \ h Vbc]\ p Vb�zXZ\fVg^a_N§´["c L ["c��@O�OQ_ \ L O%k�[7c]O7§5�<XZ\�^B�7O p P�O h VWXzP%�1YgOQ_Z�"\ L h Vbc]\d["_zk�Ojc�["c
�uO�YWY.�

K ^x`<O p P�VW\ p [eVWY:\]^©�<O?k�^7Pm`@O�\]VW\]VW�"Ou��VW\ Lmp ^a[ h L ["XZYWO p c9VW_%�qX p ^7`@O"§B^a_ZOu^e�@\ L Ou��O��
`<^7YgVbk�VWOjc�\ L [e\ p OjPm[eVb_zc
�:Vb["�ZYWO�Vbc�\ L O«XzcfO�^e�q[�cfX<�z_ZO�\ �u^ pd¡ ^e� h O h Vbk�["\]O h ^ p c]OQP�V�� h O h VWkj[e\]O h*) \ L ["\�Vbc�§NVb_�� L VWk L � p OjVg� L \�Vbc��"VW�"Oj_
` p VW^ p Vg\ i$+N� p OjVg� L \ p ["VgYZYWVW_zOjcj�-,s_ h O�O h §"VW\ L ["c��@O�OQ_%^a�zcfO p �"O h \ L ["\ k�^aP�`zYgOj\]O�Vb_7\fO�� p ["\]VW^7_%��Vg\ L `<["cdc]OQ_Z�"O p9p [eVWY
cfO p �:VWk�Ojc L [7c p Oj_ h O p O h VW\ h Vg®�k�XZYW\?\f^�VW_<k p Oj["cfO©\ L O�Pm[ pf¡ O�\?c L [ p O©^e� p ["VgYFVb_*\ L Ox� p OjVg� L \u\ p [7_zcd`<^ p \?cfOjk�\]^ p §
cfVb_zk�O©� p O�VW� L \?cfYg^7\fc?[ p Ox�7Oj_ZO p ["YgYWi��"VW�"OQ_�^a_ZYWi�[e\�_ZVg� L \�§z^ p �<Oj\ �qOjOj_*`z[7cfcfOj_Z�7O p \ p ["VW_zc h X p VW_Z�«\ L O h [Ii7� ,s_
["YgYNkj["cfOjcj§7^a_�P�V�nZO h �1X<c]O�YgVb_ZOjcj§z`z[7cfcfOj_Z�7O p c]O p �:Vbk�Ojcu[ p O��7Vg�7Oj_�` p VW^ p Vg\ i7§7\f^%\ L O h O�\ p VbP�Oj_a\u^e��\ L O � Xz["YgVW\ i«^e�
cfO p �:VWk�O�^/�5O p O h �ai p ["VgY5� p O�VW� L \?` p ^B�aV h O p cj�

K�L Ou` p VWPm[ p i p Oj[7c]^a_zcNk�VW\]O h ��^ p \ L Ou` p O h ^7P�Vb_z["_<k�O�^e� p ^7[ h L ["XZYWO p cF[ p O�\ L O�YW^B�3\ p [I�"O�YB\fVWP�OQc�\ L O�i�^ �´O p §
[7_ h \ L OjV pqL VW� L/. O�nZVb�ZVWYgVW\ i%Vb_m\]O p Pmc�^"� h Oj`z[ p \dX p Ou\fVWP�OQc���¯uX pdp OQ_a\]YWi"§"Vb_��qX p ^7`@O"§"� p OjVg� L \ p ["VgY<cdk L O h XZYWOjc [ p O
`zYW[7_z_ZO h �uO�O ¡ c�VW_ [ h �B["_zk�O"§5["_ h Yb["cf\s� P�VW_:XZ\fO p O � XZOjcf\fc?kj["_*�@O%["kjk�^aP�P�^ h ["\]O h ^a_ZYgi�\ Lzp ^7Xz� L Vb_zc]O p \fVg^a_zc
�@O�\ �uO�OQ_�`<["cdc]OQ_Z�"O p \ p ["VW_zc©[7_ h `zYW[7_z_ZO h � p O�VW� L \�cfO p �:VWk�O"�«¯q^7_zcfO � XZOQ_7\fYgi7§ . O�n:Vb�ZVWYgVW\ i�Vbcxc]Oj�"O p OjYgi*YWVWP�VW\]O h �
K�L O h Oj�"O�YW^7`<P%OQ_a\%["_ h VW_a\fO�� p [e\fVg^a_N§�\ L O p O���^ p O"§�^"��[ h O h VWkj[e\fO h ^ p cfOjP�Vg� h O h Vbk�[e\fO h � p O�VW� L \�cfXz�<_ZO�\ �u^ pd¡
Vbc�\ L O���^ZkjXzc�^"��c]Oj�"O p [eY�YW[ p �7O�� cfkj[eYWO��uX p ^7`@Oj["_
¥�_ZVg^a_ p OjcfOj[ p k L ` p ^"rsOjk�\fc ) c]OjO0, * y � K T��@_z["Y p Oj`@^ p \fc
1
�q¥32 y t *�� K §4,65%§<["_ h T<¯q� *���T87 ��9:+Ç�q¢¤VW\ L p Ojcd`<OQk�\?\f^ p O h Xzk�VW_Z�m� p O�VW� L \�\ p [I�7O�YN\]VbP�Ojc�^7_ p ["VgY}c]O p �:Vbk�Ojcj§
L Vg� L �1cd`@O�O h � p O�VW� L \ p ["VgYzcfO p �:VWk�Ojc�[ p Ol�<OjVW_Z��k�^7_zcfV h O p O h ["c�[©`@^"\]OQ_a\]Vb[eY<k�^7Pm`<^a_ZOj_a\�^e�´\ L O?` p ^a`<^ac]O h � p O�VW� L \
cdXz�z_zO�\ �u^ pd¡ �

¢¤VW\ L Vb_�\ L Vbcqk�^7_a\]O�n:\j§7Vb_a�"OQc]\fVg�a[e\]VW^7_<c L [I�"O�O�nz["P�Vb_ZO h \ L O�X<c]O?^"��_ZO�\ �u^ pd¡ k�^7_:�@�7X p [e\fVg^a_zc ` p O��B[eYWOj_a\qVW_
["V p YWVW_ZO�\ p ["_zcd`<^ p \d[e\fVg^a_N§QcdXzk L [7c}c L XZ\]\fYgOuc]O p �:Vbk�OQcF^7`@O p [e\fVW_z�?^7_ p O��aXZYb[ p §�� p O � XZOj_a\9cfk L O h XZYWOjcj��w��<`z[ p \fVWkjXZYb[ p
Vb_a\]O p OQc]\�Vbc%\ L O��á["k�\%\ L ["\%c L XZ\]\fYgO�c]O p �:Vbk�Ojc��q^aXZY h `@O p P�Vg\%\ L O�XzcfO�^e��[��aVb["�zYgO L Xz�Z�1[7_ h � cf`@^ ¡ O�_ZO�\ �u^ pd¡
k�^7_:�@�7X p [e\fVg^a_¦��^ p�p ["VgY?� p OjVg� L \«\ p [7_zcd`<^ p \j§qVb_£\ L ["\ p ["`ZV h ["_ h p O�YWVW[7�ZYWO L X<�:�.\f^e� L Xz�
\ p ["_zc]��O p c«k�^aXZY h �@O
Vb_zk�YWX h O h VW_�� p O�VW� L \lVW\]Vb_ZO p [ p VgOQc�� K�L OjcfOxVg\fVW_ZO p [ p VWOjc�k�^7XZY h \ L OQ_*VW_<k�YbX h O L VW� L � cd`<OjO h � p OjVg� L \�\ p [eVb_�cfO p �:VWk�Ojc
^a_«[©��O�� k�^ pdp V h ^ p cj�;2�Vgn:O h �1YgOQ_Z�"\ L c L XZ\f\]YWO�cfO p �aVbk�OQc�P�Oj[7_ p O h Xzk�O h \fO p P%Vb_z["Y<\]VbP�Ojcj§Zc]Vb_zk�O�\ p [eVb_zc�_ZOjO h _z^"\
�@O p Ojk�^7_:�@�7X p O h §�["_ h �q^aXZY h [eYWYg^B� �á[ p � p Oj["\]O p<. O�n:Vb�ZVWYgVW\ i"§ cfVb_zk�O p OQc]O p �B[e\fVg^a_zcx�u^7XZY h _Z^7\%�@O p O � XZV p O h §
P%Xzk L ["clVbc�\ L O�kj["cfO���VW\ L ["V p YgVb_ZOxc L Xz\]\]YWOjcj�

t�_�OjcdcfOj_a\]Vb[eY@��Oj["\fX p O�^"��c L XZ\f\]YWO�cfO p �:VWk�Ojcj§7["_ h L Xz�:� ["_ h � cd`<^ ¡ O�_ZOj\ �q^ pf¡ c�VW_«�7Oj_ZO p ["Y¾§aVbc�\ L O�OQk�^a_Z^7P�VWOjc
^"�qcdk�[eYWO�\ L [e\xkj["_ �@O��7[eVb_ZO h �ai�k�^a_zc]^7YgV h ["\]VW^7_�[7c��uO�YWY�["c©�ai p O h Xzk�Vb_Z��c L Xz_a\]Vb_Z�*k�^ac]\dc�� K�L Vbc©Vbc�k p X<k�Vb[eY
��^ p?p [eVWYN� p OjVg� L \�\ p ["_zcd`<^ p \j§<cfVW_zk�O�k�X pfp Oj_a\�^7`@O p [e\fVW_z�mk�^7cf\fc�[ p O L Vg� L k�^7Pm`z[ p O h \]^«\ L ^7cfO�^e� p ^a[ h L [7XZYgO p cj§
[7_ h � p OjVg� L \�k�^7_zcf^"YWV h [e\]VW^7_��u^7XZY h `@O p P�Vg\?cdXz�zcf\f[7_a\]Vb[eYFk�^ac]\�cd[I�:VW_Z�acu\]^m\ L O p [eVWYN^7`@O p [e\f^ p c��

K�L Vbcu`z["`@O p VWcqk�^7_<k�O p _ZO h ��VW\ L h O��:Vbc]Vb_Z��[�P�^ h OjYz��^ p \ L O�k�^a_zk�OQ`Z\]VW^7_m^"�NcdXzk L [7_mVW_z_z^B�I["\]VW�"O L Xz�Z�1[7_ h �
cd`@^ ¡ O?_zO�\ �u^ pd¡ ��^ p P�XZYW\]VbP�^ h [eY@� p OjVg� L \ \ p ["_zcd`@^ p \�^7_ h O h Vbk�[e\fO h � p O�VW� L \ p [eVWY<YWVW_zOjcj� w��F`z[ p \fVWkjXZYb[ p Vb_a\]O p Ojcf\
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[7cx^7`<`<^ac]O h \f^�[ P�^ p O�k�^7Pm`z[7k�\�[ p k��1�z[7c]O h ��^ p P%XZYb[e\]VW^7_ª^"�u\ L O�_ZOj\ �q^ pf¡ . ^B� ` p ^7�zYgOQP�� 2@X p \ L O p P�^ p O"§
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[7c©�qOjYgY [7c©\ L O�Pm[en:VbP�X<P­_:XzP��@O p ^"� L Xz�<c©\ p [I�"O p cfO h Vb_ª["_ai `z["\ L � K�L O«Yb[e\f\]O p k�^7_<c]\ p ["VW_a\©VWc©Vb_zk�YWX h O h
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O�nZ\ p OjPm[eY�YWVW_ ¡ cx^"�q\ L O�_ZO�\ �u^ pd¡ �mTaOjO"§���^ p O�nz["Pm`ZYWO"§}� p _zcf\�[7_ h � p Vbc L _<["P�^:^ p \ L i ) �j�7�"�"+-§	=�["Pm["k L O p O�\
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origin, i
mega-hub, k

destination, l

mega-hub, j

Direct route

Origin-to-mega-hub

Shuttle service (between mega-hubs)

Mega-hub-to-destination
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[��áXZYWYgi h i:_<["P�VWk�P�^ h O�Y�Vb_�� L Vbk L \fVWP�OmVbc�O�nz`ZYgVbk�VW\]YWi Vb_zk�YbX h O h [7c�[�`z[ p [7P%Oj\]O p §´["_ h §´��^ p O�nz["Pm`ZYWO"§N^B�7O p
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a

c(x)

direct link cost function

inter-hub or hub-to-destination cost function

x
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kjX p �"Ojc9��VW\ L�p OQcf`@Ojk�\�\]^x\ L OuYWVb_ZOj[ p § h V p Ojk�\ ) k�^aP�`zYgOj\]O��ZYW^:k ¡ \ p [eVb_4+}k�^7cf\�k�X p �"OQc9^7_�[�\ iZ`ZVbk�["YZO�nz["Pm`ZYWO"� K�L O
\ �u^xk�X p �"OQc�c L ^7XZY h VW_a\]O p cfOjk�\ ` p Ojk�VbcfO�YWi�� L O p Ol\ L O�c L XZ\f\]YWO�cfO p �aVbk�OQc��<OQk�^aP%OQc [ h �I[7_a\f[e�7O�^aXzc�� 5�Xz["_a\]VW\f["\]VW�"O
h [e\f[�^a_�\ L VWc�`<^7VW_a\�^e�9VW_a\fO p c]OQk�\]VW^7_�`@O p P%VW\fc�k�[eYWVb� p ["\]VW^7_�^e��\ L O�k�^7cf\q�áX<_zk�\fVg^a_�`<[ p ["P�O�\fO p c��


 O�\]\fVW_z��\ L O%k�^a_zk�[I�7OxVW_a\fO pdL X<� h VWcdk�^aXz_a\?�áXz_<k�\]VW^7_ N
	I L �@O%�7Vg�7Oj_*�ai N

	I L /�� 	I L )�� 
 D 9 M � E w > DVI LQM +���� �"§@�uO
cfO�\ � 	I L ) B


 D 9 M � E w
	> DVI LQM + �
� � / 	N I L B


 D 9 M � E w
	> DVI LQM ) � � +

� L O p O 	N I L VWc�\ L O3k�^ac]\�["cdc]^Zk�VW["\]O h ��VW\ L h V p OQk�\�§�k�^7Pm`ZYWO�\fOª�zYg^Zk ¡ \ p [eVb_ cfO p �aVbk�O��<Oj\ �qOjOj_ OQ["k L `z["V p ^e�\fO p P�VW_z["Y9_z^ h Ojc i ].4 ["_ h e ] 4 � K�L O%\]O p P 	> I L 1 /�� 
 D 9 M�� E w 	> DPI LQM Vbc�\ L Om["P�^7Xz_a\�^e� . ^B� Vb_�\f^7_z_ZOQc
k�^ pdp OQcf`@^7_ h VW_z��\f^¨\ L O�P�Vb_ZVWP%XzP _aX<P��@O p ^"�©k�^7Pm`ZYWO�\]O��zYg^Zk ¡ \ p ["VW_zc«_zO�O h O h \]^¨Pm[ ¡ O�c L XZ\f\]YWO�c]O p �:Vbk�O
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