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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
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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]�
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- ¶ �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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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
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�: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�
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`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 \fc1
�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§
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["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
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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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a

c(x)

direct link cost function

inter-hub or hub-to-destination cost function

x
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c(x)

piecewise-linear cost curve

concave cost curve
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x = 2.5

hh-m   is  0.5 for each piece  m,  in  1,...M

flow on this pair,
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piecewise-linear cost curve

1                       2                            3                          4                          M=5
x = 2.5flow on this pair,M^=3
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["\]VW^7_N§Z\ L O�` p VWk�O©\]^�`z[Ii��@O�Vb_Z��_z["\fX p [eYWYgi�\ L ["\�\ L OxYW^Zk�[eYFcf^"YbXZ\fVg^a_�^a�Z\f["VW_ZO h Pm[Ii��@Ox^e��Vb_:��O p Vg^ p � X<[eYWVg\ i7�
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K�L O�_aX<P%O p Vbk�["Y O�nz`@O p VWP�OQ_7\dcx^e�l\ L O L Xz�3Yg^Zkj[e\]VW^7_ªP�^ h O�Yq�qO p O«k�[ pfp VWO h ^7XZ\�^a_ª\ L O h [e\f[ cfO�\ h Ojcdk p VW�@O h
Vb_ \ L O�t�`z`@Oj_ h VgnN� K�L O�cfO�\�^e��\fO p P�VW_z["YWc�XzcfO h �u[7c�^7�z\f[eVb_ZO h � p ^aP \ L Oª�qX p ^7`@Oj[7_ 2 p O�VW� L \ y [eVWYg�l[Ii
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Vb_a\]O p _z["\]VW^7_z["YZVW_a\fO p P%^ h ["Y:� p OjVg� L \ . ^B�?c�� o ^"\fOj_a\]Vb[eYZP�O��a[B� L X<�%_Z^ h OQc��uO p Ou\ L ^7cfOl��Vg\ L \ L O L Vg� L Ojcf\ � � !$# � & �
`@^"\fOj_a\]Vb[eY:\f^�["\]\ p ["k�\�� p O�VW� L \�k�^a_zc]^7YgV h ["\]VW^7_N�-29YW^B�?c9�<Oj\ �qOjOj_�[eYWYa\fO p P�VW_z["YWc9�uO p O�^a�Z\f["VW_ZO h � p ^7P \ L O *��qt�¯
h [e\f[mcfO�\u��^ p k�^7P%�ZVb_ZO h \ p ["_zcd`@^ p \q\ p [e®«k"�

2�V p cf\�§ L ^B�qOj�"O p §a\ L Ox\ �u^m�I[ p Vb["�zYgO�� p O h X<k�\]VW^7_ L OjX p Vbc]\fVWkjc�[ p O©�I["YgV h ["\]O h ^7_�[«cdXz�zcfO�\l^e��\ L O h [e\f[<�
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,s_�\ L VbcqcfOjk�\]VW^7_N§a\ L O�\ �u^��B[ p VW[7�ZYWO�� p O h Xzk�\fVg^a_ L OjX p Vbc]\fVWkjcq[ p O?\fOjcf\]O h ^7_�[�cfXz�<c]Oj\�^e�F\ L O h [e\f[%cfPm["YgY@Oj_Z^aXZ� L
\f^¨`<O p P�VW\�["_O�nz["k�\ p OQc]^7YWXZ\fVg^a_¦^"��\ L O YgVb_ZOQ[ p Vg¬jO h cfXz�<` p ^a�ZYWOjP �ai!� p [7_zk L [7_ h �<^aXz_ h � K�L O K ["�zYgO3�
` p ^B�:V h Ojc�\ L O p OjcdXZYW\fc?^"��\ L OQc]O�\fOjcf\fcj� K�L Ox� p cf\�k�^7YWXzPm_*^"��\ L O�\d["�ZYWO�` p ^B�:V h Ojc�\ L O�k L [ p [7k�\]O p Vbcf\]Vbk�cl^e��\ L O
h [e\f[�c]Oj\�§aVW_«\fO p Pmc ^e��_:XzP%�<O p ^"��`<^acfcfVW�zYgO L Xz��_Z^ h Ojcj§7\f^"\d[eY@_:XzP%�<O p ^"�F_Z^ h Ojc ) � L O p O�Oj["k L `<[eV p ^e�F_Z^ h OQc
L ["c�[%_Z^7_Z�.¬jO p ^ h OjPm["_ h \]^%O��"O p i%^"\ L O p `z[eV p +-§:["_ h \ L O�_:XzP%�<O p ^"��c]Oj�7P�Oj_a\fcqXzcfO h Vb_«\ L O�[7`z` p ^In:VbPm[e\fVg^a_
^"�5\ L O?k�^a_zk�[I�7Ouk�^7cf\ k�X p �"O7� K�L O�VW_a\]Oj�"O p ` p ^7� p ["PmP�VW_z��cf^"YW�"O p ^"�F¯ o 
 �� ) �"O p cfVg^a_z�"+}�u[7c�XzcfO h \]^x^a�Z\f["VW_
\ L O«O�nz[7k�\xc]^7YWXz\]VW^7_N��TaVbP�VgYb[ p YWi"§�\ L O�¯ o 
 ��� YWVW_ZOQ[ p ` p ^7� p ["PmP�VW_Z��c]^7Yg�7O p �l["cxXzcfO h \]^�cf^"YW�"O�\ L O�YgVb_ZOQ[ p
cdXz�z` p ^a�ZYgOQPmclVW_�\ L Ox\ �u^ L OjX p Vbc]\fVWkjc��

*�^"\]O�\ L [e\j§e��^ p \]OQc]\ cfO�\dc�^e�´P%^ p O�\ L ["_�\ Lzp OjO L X<��_z^ h Ojcj§"\ L O�VW_a\]Oj�"O p ` p ^7� p ["PmP�VW_z��cf^"YW�"O p �l["c�X<_z["�ZYWO
\f^«` p ^B�:V h O©[�cf^"YbXZ\fVg^a_N§ZO��7Oj_���Vg\ L \ L O�_:XzP��@O p ^"�9cfO��7P�OQ_7\dc p O h Xzk�O h \]^*������^ p OQ["k L k�^7_<k�[I�"O�k�^ac]\�k�X p �7O"�
t�c�k�^7_zk�O p _zc©\ L O � X<[eYWVg\ iª^e�l\ L O�\ �q^ L OQX p VWcf\]Vbk�cj§}\ L O�� p cf\ L OjX p Vbc]\fVWk�VWc�k�YgOQ[ p YgiªcfX<`<O p VW^ p \f^ \ L O�c]OQk�^7_ h §
P�^ p Oxk�^a_zcf\ p [eVb_ZO h L OjX p Vbc]\fVWk"� K�L O©� p c]\ L OjX p VWcf\]Vbk©` p ^B�aV h OQc�c]^7YWXZ\fVg^a_zcl��VW\ L Vb_��<�"Ox`@O p k�OQ_7\�^"�9\ L Ox^7`z\]VbP�["Y
�B["YWXZO7§z��^ p \ L ^ac]O�\]Ojcf\�cfO�\dc���^ p � L VWk L [7_*^7`Z\fVWPm["Y��B[eYbXZO��l["c�^a�Z\f["VW_zO h �?w�_*\ L O�^"\ L O p�L ["_ h §@\ L O%c]OQk�^7_ h §
P�^ p O�k�^7_zcf\ p [eVb_ZO h L OjX p VWcf\]Vbk�` p ^B�:V h O h §7^7_�[I�7O p [e�7O"§ecf^"YbXZ\]VW^7_zc�^7_«\ L O�^ p h O p ^"�������{P�^ p O�k�^ac]\fYgim\ L ["_m\ L O
^a`Z\]VbPm[eY5c]^7YWXZ\fVg^a_N� TaVW_<k�O�\ L O�k�^7Pm`zXZ\d[e\fVg^a_m\]VbP%O�^e�N\ L O��@^"\ L�L OjX p Vbc]\fVWkjc Vbc �"O p i p OQ["cf^7_z[7�ZYWO ) YWOjcdc \ L ["_�~<� �
cfOjk�^7_ h c?��^ p OQ["k L ^"��\ L O�\fOjcf\�cfO�\dc©["�@^B�"O�+Ç§N\ L O%� p c]\ L OQX p Vbcf\]Vbk�Vbc©k�YWOj[ p YWi*` p O���O p ["�ZYWO"�<, \�VWc©\ L Vbc L OjX p VWcf\]Vbk
\ L [e\��l["cl\ L O p O���^ p OxXzcfO h Vb_�\ L O�k�^ h O©��^ p cf^"YW�aVb_Z�m\ L Ox^B�"O p [eYWY L Xz��Yg^Zk�["\]VW^7_*` p ^7�ZYWOjP�� *�XzP�O p VWkj[eY p OjcdXZYg\dc
^a_a\ L O©^B�"O p ["YgYN` p ^7�zYgOQP [ p O�` p OQc]OQ_7\fO h �<OjYg^B�x�
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K�L O�`zX p `<^ac]O«^"�u\ L O�P�^ h O�Y h Oj�"OjYg^a`<O h Vbcx\f^�`<O p P�VW\�c]\dX h i:Vb_Z� \ L O�`@^"\fOj_a\]Vb[eY�^e��[ L X<�:�1[7_ h � cf`@^ ¡ Om\ i:`@O
_zO�\ �u^ pd¡ ^e��VW_a\fO p P%^ h ["Y´� p OjVg� L \�\]O p P�VW_<[eYbc�VW_��uX p ^a`<O7�uw�_ZO ¡ O�i�k�^ pdp V h ^ p ��^ p � p OjVg� L \u\ p [7_zcd`<^ p \�VbPm` p ^B�7O��
P�OQ_7\�Vb_�¢�OQc]\fO p _��qX p ^7`@O©VWc�\ L O�t�YW`ZVb_ZO�k p ^acfcfVW_z�<� K�L O�_:XzP�O p Vbk�[eY p OjcdXZYW\fc�` p OjcfOj_a\fO h VW_�\ L VWc�c]OQk�\]VW^7_*[ p O
\d[ ¡ Oj_�� p ^aP \ L O�[7`z`ZYWVWkj[e\fVg^a_�^"�9\ L OxP%^ h OjYF\]^«\ L Vbc�VWPm`@^ p \f[7_7\�k�^ pdp V h ^ p �

K�L O?_:XzP%�<O p ^e�´_Z^ h Ojc�Vb_�\ L Ol� p [7` L Vbc & � § p Oj` p OjcfOj_a\]Vb_Z��\ L O?Pm[ers^ p c]^aX p k�Ojc9^"�@OjP�VbcfcfVW^7_�["_ h p OQk�OQ`Z\]VW^7_
^"� VW_a\fO p P%^ h ["Y�� p O�VW� L \?\ p [e®�k�Vb_��qX p ^a`<O7�©w�� \ L OjcfO"§���R�\fO p P�VW_z["YWc��uO p O�c]OjYgOQk�\fO h [7c�`@^"\fOj_a\]Vb[eY � % � ! ��� !$#
_z^ h Ojc �7\ L [e\ Vbc�_z^ h Ojc�� L Vbk L [ p O?k�[7_ h V h [e\fOjc���^ p k�^a_zcf\ p Xzk�\fVg^a_%^"�NO�®�k�VWOj_a\�k�^7_a\f["VW_ZO p cf�u[7`z`ZVb_Z�xO � XZVb`zP�Oj_a\
[7_ h �<n:O h � k�^7Pm`@^7cfVg\fVg^a_m� p O�VW� L \uc L XZ\]\fYgO©cfO p �aVbk�O7�9t�YgYN\fOjcf\fcuVb_�\ L VWc�cfOjk�\]VW^7_��uO p O�\ L O p O���^ p O p X<_�^7_�\ L Vbcq�áXZYWY
cfO�\l^"� & � _z^ h Ojcj§N��R«`<^7\]OQ_7\fVW["Y L Xz�*_Z^ h Ojcj§z["_ h �Q~"~%YgVb_ZOj[ p `ZVWOjk�OQcu��^ p OQ["k L ^e��\ L O�k�^7_zkj[I�"O�k�^7cf\?k�X p �"OQc��

K�L O?¯ o 
 ���!YgVb_ZOj[ p ` p ^7� p ["PmP�VW_Z�?cf^"YW�"O p �l["c9XzcfO h \f^�cf^"YW�"Oq\ L Ou^B�"O p ["YgY"` p ^a�ZYgOQP [eYW^7_Z����Vg\ L �B[ p VW[7�ZYWO��
p O h Xzk�\fVg^a_ L OjX p Vbc]\fVWk��"� K�L Om[ hzh VW\]VW^7_�^e��\ L O�k�^7_zcf\ p [eVb_a\ ) � � +��u[7c�cdX:®�k�VWOj_a\�Vb_�OjYgVbP�VW_<[e\]Vb_Z��_Z^7_:�1Vb_7\fO��7O p
cf^"YbXZ\fVg^a_zcl^7_��"O p i�cdPm[eYWY h [e\d[mc]Oj\fcj§Z^7_�\ L Ox^ p h O p ^e�9\ L ^ac]Ox` p OjcfOj_a\]O h Vb_ K [7�ZYWO«�"�

K ^�\]OQc]\q\ L O�P%^ h OjY5[7_ h cf^"YbXZ\]VW^7_mP�O�\ L ^ h ^7_m\ L O?�áXZYWYg�1cfVg¬jO h ["\f[�cfO�\j§7Vb_ZVW\]Vb[eYWYgi7§7\ �u^�c]Oj\fc�^e� p [7_ h ^aP L Xz�
^a`<OQ_ZVb_Z��k�^7cf\fc��qO p O%�"OQ_ZO p [e\fO h � K�L O p OQcfXzYg\dc�[ p O�` p ^B�:V h O h VW_ K [7�ZYWO � � K�L O�� p cf\�k�^"YbXzPm_ ` p ^B�:V h OQc?\ L O
\ iZ`@O%^"� L Xz�:�1^7`@Oj_ZVb_Z��k�^7cf\fc�XzcfO h Vb_�\ L O%\fOjcf\�cfO�\j� K�L O%cfOjk�^7_ h k�^"YbXzPm_��7Vg�7Ojc?\ L Om_aX<P��@O p ^e� L Xz�zc���VW\ L
�B["YWXZOQc @ D V h Oj_a\]Vbk�["YgYWi �"§Z[7_ h \ L Oj_�\ L ^ac]O���Vg\ L �B[eYbXZOQcqO � Xz[eY5\]^m~z� K�L O�YW[7c]\lk�^7YWX<P�_�` p ^B�aV h OQc�\ L O�_:XzP%�<O p
^"� L Xz�zc?��VW\ L � p [7k�\fVg^a_z[eY}�I["YWXzOjc?^"� @ D ["_ h \ L O�[I�"O p ["�"O�� p [7k�\fVg^a_z[eY}�I["YWXzO"� K�L O%Pm[eVb_ \ L VW_Z��\]^�^7�zcfO p �"OxVbc
\ L [e\j§@� L Oj_*� p ["k�\]VW^7_z["YF�B[eYbXZOjc��qO p O�` p OQc]OQ_7\�VW_ \ L O p OjcdXZYW\fcj§@\ L O��B[eYbXZOQc?�uO p O��"O p i�cfPm[eYWY.§5`z[ p \fVWkjXZYb[ p Ygi�VW_
\ L O�\fOjcf\fc?��VW\ L p ["_ h ^7P�YWi��"OQ_ZO p [e\fO h L Xz�*^7`@Oj_zVW_Z��k�^7cf\fcj� ,s_*\ L O�Yb["cf\�\ L<p OjO�\]OQc]\dc�§ p OQ[eYWVWcf\]Vbk L Xz�:�1^7`@Oj_ZVb_Z�
k�^7cf\fcu�uO p O�XzcfO h ) ��VW\ L*L VW� L §zP%O h VbXzP�§<["_ h YW^B� Ojcf\]VbPm[e\]OQcl^e�9\ L Oxk�^ac]\dc�+Ç� K�L O � Xz[eYWVg\ i«^"�}\ L O�`<^7Ygi L O h p [eY
Vb_:��^ p Pm[e\fVg^a_��7^a^ h §F�<XZ\xk�^7XzY h �<O«cf\ p ^7_Z�7O p � K�L Vbc�VWcxcfO�OQ_�� p ^7P \ L O��á["k�\©\ L [e\©\ L Om[I�7O p [e�7O��B[eYbXZOm^e��\ L O
_z^7_:�1VW_a\fO��"O p�p OQcfXZYW\fc�Vbc cfVg�a_ZVg�@k�[7_7\fYgi L Vg� L O p \ L ["_�Vb_%\ L Ol� p c]\�\ �u^ p OQcfXZYW\fcj§"`z[ p \fVWkjXZYb[ p Ygi�Vb_�\ L O�\fOjcf\ c]Oj\ �"�����
%�% & � � *�O��7O p \ L OjYgOQcfcj§´V��q^7_ZO�\f[ ¡ Ojc�\ �u^�[I�"O p ["�"OQc�VW_�\ L [e\©c]Oj\�§N\ L O%� p cf\�^B�7O p \ L O«_Z^a_:�.Vb_a\]Oj�"O p �B[eYbXZOjc�^e� @ I
cdXzk L \ L ["\ @ I ]�7 ~ � � 2 ��+ ) k�[eYWYNVW\��
	 +q["_ h \ L O�cfOjk�^7_ h ^B�"O p \ L O @ I ��^ p � L VWk L @ I ] ) ~ 2 ~ � � + ) k�[eYWYFVW\��
� +-§z�uO
^a�Z\f["VW_� 	 / ~ � � � ) ��Vg\ L ^7_ZYWi�^a_ZOxO�YWOjP�OQ_7\�VW_�\ L O�c]Oj\�+l[7_ h � � / ~ � ~ � �Z\ L ["\?VWcj§<\ L [«_Z^a_:�.Vb_a\]Oj�"O p �B["YWXZOQc
[ p O%VW_ �á["k�\ � XZVW\]O«k�Yg^ac]O%\]^*~�[7_ h �7� K�L Vbc�Vbc�VWPm`@^ p \f[7_7\©cfVW_zk�O���^ p �I["YWXzOjc�^e� @ I � ~ � ~"�<§´[�cfVW_Z�7YgOm� p ["_zk L
[7_ h �<^aXz_ h _Z^ h Ox^e��\fOj_*` p ^B�:V h OQcuVW_a\]Oj�"O p c]^7YWXZ\fVg^a_zcj�

5�Xz["YgVW\f["\]VW�"O p OQcfXzYg\dc���Vg\ L \ L O?P�^ h O�Yzc L ^B�¦\ L [e\ L Xz�zc�~<§��z§e[7_ h �7� )�� Xz_ZVbk L §���O p ^7_z[<§e["_ h�� ["_<_ L O�VbP +
[ p O�^"�Z� p Oj[e\NVbPm`<^ p \d["_zk�O Vb_ p O h Xzk�VW_Z��\ p [7_zcd`<^ p \d[e\]VW^7_©k�^7cf\fcF\ Lzp ^7XZ� L k�^7_zcf^"YWV h [e\fVg^a_�[7k p ^7cdc´\ L O K}p ["_<cf["YW`ZVb_ZO
p O��7Vg^a_N§Z["_ h L Xz�`�%^e��VWPm`@^ p \f[7_zk�O©� L OQ_�\ L Ox^7`@Oj_zVW_Z��k�^7cf\fc�[ p O©cfXZ®«k�VgOQ_a\]YWi�YW^B�x� ,s_ h O�O h §z\ L O�P�O��7[e� L Xz�
["\ � Xz_ZVbk L VWc�c L ^B�?_�\]^�k�^7_zcf^"YWV h [e\fO�� p O�VW� L \ . ^B�?c©^a_�\ L O L OQ[I�aVWYWi XzcfO h *�^ p \ L �sT:^7XZ\ L t�YW`ZVb_ZO�k�^ pdp V h ^ p §
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k�^7cf\?�áXz_<k�\]VW^7_<c���^ p \ L O�VW_a\]O pfL Xz� ) ["_ h L Xz�:�1\]^"� h OQc]\fVW_<[e\]VW^7_ +�`@^ p \]VW^7_zc�^e��OQ["k L \ p Vb`N�<,s_ ^ p h O p \f^�cf^"YW�"O%VW_
` p [7k�\]Vbk�O©\ L VWc�P%^ p Oxk�^7Pm`ZYWO�n�P�^ h O�Y.§z�uO�` p ^7`@^7cfO�\ �u^ L OjX p Vbc]\fVWkjcu��^ p cf^"YW�:VW_Z�«[m`ZVWOjk�O���Vbc]O�[7`z` p ^In:VbPm[e\fVg^a_
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