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Á<GI5�ÃC/29E1�«}Jy/�5C6�B ¨ G�Ã2G�ÁEG�JyGI1y3 ¨ D ¨ «UJ ¨ 6Q/CÂAGI145YJ ¨ /2D ¨ D¥GI526�B¥ª 5�=2GI1�/YÇ�JyB�Gi«yG�D�«y/21�DEG�JU®0/C1y¯
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Á ¨ 6�J452HEªqG85YÂEÂ�ª ¨ 6�5YJ ¨ /2D�Ç�9EDAÁE5Y3¦G�D]J�5Yª�ªq=¦14GIÀ]9 ¨ 1yGO«�5�14GI52ªc³hJ ¨ 3¦G�/2Â¾G�1�5�J ¨ D�Æ�«K=<«KJyGI3�?]®�B ¨ 6�B
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× § GÑÂE1y/CÂA/]«KG�J4/�G�ÍsJyGID�Áâ° ¨ Ds=�±%¬>?�® ¨ JyB©14GI52ªc³hJ ¨ 3¦G�6�/23¦Â¾/2DEGIDCJ�«�´0ã0=ÊÂE1y/�Ã ¨ Á ¨ DEÆ3¦/214G%6�/2D�6 ¨ «yG�JyG�3¦Â¾/21�5Yª�«yÂAGO6 ¨ ÅA6�5YJ ¨ /2D�«}J4/�6�/23¦Â¾/2DEGID]J ¨ D]JyGI1KÇ¢5C6�GO«�?s®}G%6I5YD�Ç¢526 ¨ ª ¨ ³
J45YJyGQ3¦/214GQ6�5Yª 6�9�ª�52HEªqG8ÂE14/<6�GI«4«}J ¨ 3 ¨ D�ÆC«I´

× § G
5Yª «y/:Á<GI«46�1 ¨ HAG0BE/�®ËJyBEGO«KG}6�/CD�«UJ4145 ¨ D]J�«�6�52D�H¾G09�«yGIÁQJy/�6I5Yª 6�9Eª 5�J4G�J4BEG�G�ÍsGO6�9<J ¨ /CDJ ¨ 3¦GI«�/YÇ�ÂE14/<6�GI«4«yGI«�Á ¨ «KJy1 ¨ H�9<JyGOÁ©/�Ã2GI1�Ds9E3¦G�14/29�«�G�Ã2GID]J�B�5YDAÁ<ªqGI14«I? ¨ DÙ/C14ÁEG�1�J4/
Á<G�J4G�143 ¨ DEG%J�52«y¯�«46�BEGIÁ<9�ª�52H ¨ ª ¨ JU=2´

°
BEG�1yGO«UJQ/2Ç0J4B ¨ «%ÂA5YÂ¾G�1 ¨ «%/214ÆC52D ¨ «yGIÁÐ52«8Ç�/Cªqª�/�®�«�? ¨ D�«KGO6`J ¨ /2DÛäE?£®0G¦ÂE14/�Ã ¨ Á<G�5�3¦/214G
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° ¨ D]=�±%¬�/2Â¾G�1�5�J ¨ DEÆ:«y=<«UJ4G�3�«�5YD�Á ¨ J�«#ÂE1y/<6�GI«4« ¨ DEÆ:6�/2D�«KJy1�5 ¨ D]J4«I´
Ý Dâ«yGI6�J ¨ /2DâåE?�®}G ¨ D]Jy14/<Á<9�6�G�J4BEG ¨ Á<GI5!/YÇ ¨ 3+Â�ªqGI3+GID]J ¨ DEÆË1yGO5Yªq³oJ ¨ 3¦G¥6�/C3+Â¾/2D�G�D]J4« ¨ D
° ¨ Ds=�±%¬�52«¦5ÑH�52« ¨ «�Ç�/21¦6�/CD�«KJy1�5 ¨ D ¨ D�ÆÑÂE14/<6�GI«4«yGI«I´ Ý DÉ«yGI6�J ¨ /2DÉæÑ®}G�G�ÍsÂA5YD�Á�/CDÛJ4B ¨ «
¨ Á<GO5�5YDAÁ+ÁEG�3¦/2D�«KJy1�5�J4G�BE/�®©«K9A6�B¦5�«K=<«KJyG�3ç6�52D¦HAG�9�«KGOÁiJy/�Á<G�JyGI1y3 ¨ DEG�JyB�G�JyGI3¦ÂA/C1452ª
HAGIB�5�Ã ¨ /C9E1�/2Ç�6�/C3+Â¾/2D�G�D]Ji/CÂAGI145YJ ¨ /2D�«I´�Ó�HE1 ¨ G�Ç:/�Ã2GI1yÃ ¨ G�®è/YÇ:14G�ª 5�J4GIÁ�®}/214¯ ¨ DÊH¾/YJ4B
1yGO5Yªq³oJ ¨ 3¦G�6�/C3¦ÂA/CDEG�D]J:«y=s«KJyGI3é52D�Á�° ¨ Ds=�±%¬ ¨ «�Á<G�J�5 ¨ ªqGOÁ ¨ DÎ«yGI6�J ¨ /2DÎê¦5YDAÁ�Å�D�5Yª�ª�=�®}G
6�/2DA6�ª�9�Á<G ¨ D¥«yGI6�J ¨ /2D�ëE´
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Ý D�14GI5Yª ¨ « ¨ DEÆi5i14GI5Yªq³hJ ¨ 3+G8«KGID�«y/21�D�G�JU®}/214¯+/CÂAGI145YJ ¨ DEÆi«y=<«UJ4G�3�? ¨ J ¨ « ¨ 3¦ÂA/C1KJ�5YD]J}Jy/¦6�/2DE³
« ¨ Á<G�1
J4BEG�6�/2D�6�G�Â<J�«�5YD�Á�6�/CD�«KJy1�5 ¨ DCJ�«
/YÇ�HA/2JyB¥5Y1�6�B ¨ JyGO6`Jy9�1yGO«
HAG�Ç�/214G%5¦H ¨ Â�521KJ ¨ J4G�«K/Cªq9E³
J ¨ /2D¥6�52D�H¾GQÇ�/C9ED�Á£´ Ý D�J4B ¨ «:«yGI6`J ¨ /CD�®}GQHE1 ¨ G�û�=�/C9<Jyª ¨ DEG%JyBEGi° ¨ Ds=�±%¬�ÂE1y/<6�GI«4«
3+/<Á<GIªo´
§ G!Á ¨ «46�9A«y«�JyBEG!5Y1�6�B ¨ J4GI6�Jy9E1�5Yª:«y9EÂEÂ¾/21yJ�Ç�/C1�«yG�D�«y/21�D�G�JU®}/214¯É5YÂ�ÂEª ¨ 6�5YJ ¨ /2D�«�5YD�Á ¨ J4«
DEG�Æ]5�J ¨ Ã2G ¨ 3+ÂA526`J�/CD�14GI52ªc³hJ ¨ 3¦GQ5YÂEÂEª ¨ 6�5�J ¨ /CD�«I´
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°
BEG8° ¨ Ds=�±%¬�/2Â¾G�1�5�J ¨ D�Æi«y=s«KJyGI3 ¨ 3¦ÂEª�G�3¦GIDCJ�«�5YD�G�Ã2GID]JK³�H�52«yGIÁ�52146�B ¨ JyGO6`J49E1yG:Jy/iÇ¢526 ¨ ª ¨ ³
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/YÇ ¨ DsÃC/s6I5�J ¨ /CD ¨ «�14GqpUGO6`JyGOÁËHs=ÑJ4BEG�14GI5Yªq³hJ ¨ 3+G�Â¾/21yJI´#°
B ¨ «�6�/CD�«KJy1�5 ¨ DCJy³hHA52«yGIÁÐ3+/<Á<9�ª�521
G�DEÆ ¨ DEGIG�1 ¨ D�Æ�«KJU=]ª�GiÇ¢526 ¨ ª ¨ J�5�JyGO«�5�3¦/214G�9�«yG�1y³hÇ�1 ¨ G�D�ÁEªq=�14GI5Yªq³hJ ¨ 3+Gi3¦/sÁEG�ª�5Yª�ª�/�® ¨ DEÆ�1yGO5Yªq³
J ¨ 3+G%5YÂ�ÂEª ¨ 6�5YJ ¨ /2D�«�Jy/iHAG�1yGO5Yª ¨qÜ GIÁ ¨ D�° ¨ D]=�±%¬+® ¨ JyBE/C9<J ¨ D]Jy14/<Á<9�6 ¨ DEÆ�/�Ã2G�14ª�=�G�ª 5YH¾/21�5�J4G
6�/2DA6�G�ÂEJ4«Q/C1Q3�9EªqJ ¨ ÂEª�G�6�B�5YD�Æ2GI«8J4/�JyBEG�G�Í ¨ «KJ ¨ DEÆÎ° ¨ D]=�±%¬!Ó�1�6�B ¨ JyGO6`Jy9�1yGsro¬<G�G�Ì ¨ Æ29E14G
ß[t`´

u v©ð
w8·:¿y·�øè÷xDâð�÷FEHG�IÐ¿yúèðÙ¶C·0¸<ð�¹$N�÷�½>ð

Ý D%JyB ¨ «�«yGI6�J ¨ /2DQ®}G�Á<G�ÅADEG�5
Bs=sHE1 ¨ Á%14GI5Yªq³hJ ¨ 3+G�6�/23¦Â¾/2DEGIDCJ�3¦/<Á<GIªYJyBA5�J�G�Í<ÂEªq/ ¨ J�«�6�/CD<Å�Æ2³
9E145YJ ¨ Ã2G ¨ DEÇ�/2143¦5YJ ¨ /2D�Jy/+ÂE1y/�Ã ¨ Á<G83+/C1yG�Jy1�5YDA«KÂ�521yGID]J�J45C«K¯�G�Í<GI6�9EJ ¨ /2D�J ¨ 3¦GO«�´ § G�«UJ�5Y1yJ
H]=!Á<G�ÅAD ¨ D�ÆÑ5�1yGO5Yªq³oJ ¨ 3¦G�6�/23¦ÂA/CDEG�D]Ji5C«�« ¨ 3¦ÂEª�=Ð5¥® ¨ 1 ¨ DEÆ¥6�/2D<Å�ÆC9E1�5�J ¨ /2D!/YÇ�ÆCG�DEGI1 ¨ 6
6�/23¦Â¾/2DEGID]J4«
J4B�5�J%5Y14G�5Y141452DEÆ2GOÁ ¨ DÑ5¦®}5�=�JyB�5YJ�JyB�G�=�6�5YD¥3¦GIG�J�J4BEGi6�/2D�«KJy1�5 ¨ D]J4« ¨ 3i³
ÂA/]«KGOÁ¦H]=iJyB�G�1yGO5Yªq³oJ ¨ 3¦G�«yÂAGO6 ¨ ÅA6�5YJ ¨ /2D�´�]�526�B¦14GI52ªc³hJ ¨ 3¦G:6�/C3+Â¾/2D�G�D]J�® ¨ ª�ªA«y9EÂEÂ¾/21yJ052D�Á
ÂA/]«y« ¨ H�ªq=81yGOÀ]9 ¨ 14G�5�«yG�J�/YÇ<J ¨ 3¦G06�/2D�«KJy1�5 ¨ DEGIÁ%«yÂEª ¨ Jy³hÂEBA52«yG�/2Â¾G�1�5�J ¨ /CD�«�´�]�526�B�«yÂEª ¨ Jy³hÂ�B�52«yG
¨ D]JyGI1KÇ¢5C6�G+/2Â¾G�1�5�J ¨ /CD

Ti

¨ «%H¾/29ED�ÁEGIÁÐH]=
ei

?
ri

?
xi

? ¨ DÐ®�B ¨ 6�B
ei

5YD�Á
ri

5Y14GiJyBEG�yB��z?@
��{1�Zj�®0/C14«KJK³e6�5C«KG¦G�ÍsGO6�9<J ¨ /CDÊ5YDAÁ|y$�Zz?��{1�Zj�14GI«yÂA/CD�«KG�J ¨ 3+GO«�/2Ç

Ti

14GI«yÂAGO6`J ¨ ÃCG�ª�=!52D�Á
xi¨ «
J4BEGQ3 ¨ D ¨ 3i9E3�Â¾G�1 ¨ /sÁ�/2Ç ¨ DsÃ2/<6�5YJ ¨ /2D�52D�Á�Á<GI5CÁ<ª ¨ DEGQ/2Ç

Ti

´�°
BEG ¨ DCJ4G�1yÇ¢526�G814GI«yÂ¾/2D�«yG
J ¨ 3+G ¨ D�6�ª�9�Á<GO«+JyBEG�J ¨ 3¦G�Jy/!G�Í<GO6�9<J4G�5ÐJ�52«y¯Û5YD�ÁÊJyBEG�J�52«y¯ÛÁ<G�ª 5�= ¨ D ®
5 ¨ J ¨ DEÆÑÇ�/C1�5
B�5Y1�Á<®
5Y14G
ÁEG�Ã ¨ 6�G
Jy/�14GI«yÂ¾/2D�Á£´Cã0/2JyB¦J ¨ 3¦GI«0Á</QDE/2J�J452¯2G ¨ DCJ4/�526I6�/C9ED]J�Á<G�ª 5�=�14GI«y9EªqJ ¨ DEÆ
Ç�1y/C3Õ6�/CD�6�9E1414G�D]J}Â�1y/<6�GO«y«yGI«
52D�Á�Á</¦DE/YJ ¨ D�6�ª�9�Á<GQG�ÍsGO6�9<J ¨ /CD�J ¨ 3¦GQ/2Ç�«y9EH<³e6�/C3+Â¾/2D�G�D]J
Ç�9ED�6`J ¨ /CD�5Yª ¨ JU=2´

§ GQ5Yª «y/ ¨ D]Jy14/sÁE9�6�GQ«y/23¦GQ6�/2DA«UJ4145 ¨ D]J4«}5YDAÁ�5C«y«y9E3¦Â<J ¨ /2DA«�5YH¾/29<J
JyB�G8G�Í<GI6�9EJ ¨ /2D�/YÇ
JyBEG�14GI52ªc³hJ ¨ 3¦G}3¦/<Á<GIª ¨ D¦/21�Á<GI1�J4/%G�D�«y9E14G0J4B�5�J�14GI52ªc³hJ ¨ 3¦G�5YD�52ªq=<« ¨ « ¨ «�HA/2JyB�6�/C1y14GI6�J�52D�Á
Ç�GI52« ¨ HEªqGCÖ

Ì ¨ 1�«UJO? ¨ J ¨ «�52«4«y9E3¦GIÁÊJyB�5YJ�JyBEGÎÁ<GIÃ2GIªq/CÂAGI1+® ¨ ª�ª:Á<GI« ¨ Æ2Dâ5Ë1yGO5Yªq³oJ ¨ 3¦G�6�/23¦Â¾/2DEGID]J
® ¨ J4B�Æ2GIDEG�1 ¨ 6:° ¨ Ds=�±%¬¦6�/C3+Â¾/2D�G�D]J4«�JyB�5YJ}5CÁ<BEG�14G�J4/QJyBEG814GI5Yªq³hJ ¨ 3+G�6�/2DA«UJ4145 ¨ D]J4«�/YÇ£JyB�G
6�/23¦Â¾/2DEGID]JI´¾¬<GI6�/CD�Á£?>5�14GI5Yªq³hJ ¨ 3+G�«yÂEª ¨ Jy³hÂ�B�52«yG ¨ DCJ4G�1yÇ¢526�G�3�5�=�/CDEªq=�H¾G ¨ D]ÃC/2¯CGIÁ�/2D�6�G
ÂAGI1�G�ÃCG�D]J�/<6�6�9E141yGID�6�GC´�]�D�6�52Â�«y9Eª�5YJyGOÁ�6�/23¦Â¾/2DEGID]J4«�6I5YDED�/YJ�H¾G:® ¨ 1yGOÁ+Jy/�6�/23¦ÂA/CDEG�D]J�«
G�D�6I5YÂ�«y9Eª 5�JyGOÁ ¨ DÑ5�Á ¨ ;>G�14G�D]J�14GI52ªc³hJ ¨ 3¦G�6�/C3+Â¾/2D�G�D]JI´>Ó�ª�ª�1yGO5Yªq³oJ ¨ 3¦G�6�/23¦ÂA/CDEG�D]J�«:® ¨ ªqª
G�Í<GI6�9<JyG�5YJy/23 ¨ 6�52ªqª�=�® ¨ JyB¥14GI«yÂAGO6`J�Jy/�GO526�B�/YJ4BEG�1�r�JyB ¨ «�149Eª�G ¨ «�G�D<Ç�/C146�GIÁ�Hs=�JyB�GQ1yGO5Yªq³
J ¨ 3+G�Â¾/21yJ�Á<GI«46�1 ¨ HAGOÁ�GO5Y14ª ¨ G�1?t`´�Ì ¨ DA5Yª�ªq=C?25Yª�ªsJ45C«K¯�Â¾G�1 ¨ /sÁ�«�5Y14G0GOÀC9A5YªsJy/8J4BEG ¨ 1�Á<GI5CÁ<ª ¨ DEGO«�´

Ý D�° ¨ Ds=�±%¬iJyBEG:®0/C1y¯sª�/C52Ái/YÇ>J�52«y¯
τ
? ¨ «0Á ¨ «UJ41 ¨ HE9<J4GIÁ¦/�Ã2GI1�5QB ¨ G�1�5Y1�6�Bs=�/YÇ ¨ D]JyG�1yÇ¢526�G

Ç�9ED�6`J ¨ /CD�«Q52«8Â¾G�1�Ì ¨ Æ29E14G¦äE´�Ó:«Q«y9�6�B�? ¨ Ç0J�52«y¯
τ
¨ D]ÃC/2¯CGI«:JyBEG ¨ D]JyG�1yÇ¢526�G�Ç�9�D�6`J ¨ /CD

T1

?
JyBEGID ¨ J4«i®0/C14«KJi6�5C«KG�G�Í<GI6�9<J ¨ /2DÛJ ¨ 3+G

Eτ

?�3i9�«UJ ¨ DA6�ª�9�Á<G�JyBEG�®0/C14«KJK³e6�5C«KG¦G�ÍsGO6�9<J ¨ /CD
J ¨ 3+G:/YÇ

T1

?
E1

´]F�/�®}G�Ã2GI1
T1

«K9EHA«KGOÀC9�G�D]Jyª�= ¨ DsÃ2/C¯2GI«
T2

52D�Á
T3

®�B ¨ 6�B ¨ D¦J49E1yD ¨ DsÃ2/C¯2G
/YJyB�G�1 ¨ D]JyGI1KÇ¢5C6�G�Ç�9ED�6`J ¨ /CD�«I´�°
BEG�14G�Ç�/C1yGQJ4/�6I5Yª 6�9Eª 5�J4G

Eτ

?>®0Gi3�9�«KJ�ÅA14«KJ%6I5Yª 6�9Eª 5�J4G
Ei®�BEG�14G

Iτ

¨ «¦JyB�GÑ«KG�J�/YÇ ¨ DCJ4G�1yÇ¢526�G�Ç�9ED�6`J ¨ /CD�«�J4B�5�J�521yG}�Z{~z��;k:��j�� ¨ DsÃ2/C¯2GOÁÊHs=
τ
52D�Á

Ti ∈ Iτ

´ Ý Ç}GO526�B ¨ D]J4G�1yÇ¢526�G ¨ «Q/2D�ªq= ¨ DsÃ2/C¯2GOÁÎ/2DA6�G�Â¾G�1�GIÃ2G�D]JO?£®0G�6I5YDË6�5Yª 6�9�ª�5YJyG¦JyB�G
®0/C14«KJ�6�529�«yG�G�Í<GI6�9<J ¨ /2D�J ¨ 3¦Gi/YÇ

τ
?
Eτ

52D�Á�JyB�G�®}/21�«UJ�6I52«yG�14GI«yÂA/CD�«KG�J ¨ 3+G
Rτ

® ¨ J4B
JyBEG%Ç�/Cªqª�/�® ¨ D�Æ�Ö



T3

T1

T2

T5 T4 T6 T7

T8

T9

^O_�`$b �:c��Bf �>p�del��0VKp�P]x

�  ��0���123�1���ÔþAý
Eτ =

∑
j∈Iτ

Ej � Rτ =
∑

j∈Iτ
Rj

¬s9EH�«yGIÀ]9EGIDCJ4ªq=C?
Ei

?
Ri

® ¨ ª�ª:Á<GIÂAGID�Á /2DÉJyBEG�Â�521KJ ¨ 52ª�G�Í<GI6�9<J ¨ /2Dâ5YDAÁÊ14GI«yÂA/CD�«yG�J ¨ 3¦GI«
ei

?
ri

52D�Á�JyBEGQ®}/21�«UJ�6I52«yG8G�Í<GI6�9EJ ¨ /2D¥5YD�Á�14GI«yÂA/CD�«yG:J ¨ 3¦GI«
Ej , Rj

«K9�6�B�J4B�5�J
Tj ∈ Ii

´
§ G�6I5YD�JyBEGI1yG�Ç�/214G%6I5Yª 6�9Eª 5�J4G

Ei

5YD�Á
Ri

® ¨ J4B�JyBEG%Ç�/Cªqª�/�® ¨ D�Æ�Ö

�  ��0���123�1���Úü£ý
∀Ti

, Ei = ei +
∑

j∈Ii
Ej , Ri = ri +

∑
j∈Ii

Rj

F:5�Ã ¨ D�Æ�ÂE1y/�Ã ¨ Á<GIÁ�5¦3¦GI52D�«
Ç�/C1�Á<G�JyG�143 ¨ D ¨ DEÆ�52D ¨ D]J4G�1yÇ¢526�G%Ç�9�D�6`J ¨ /CD¥G�Í<GI6�9<J ¨ /2D�J ¨ 3¦G2?
®0G�D�/�®ÊJ49E1yD�/29E1�5YJKJ4G�D]J ¨ /2D¦J4/QJyBEG�3 ¨ D ¨ 3�9�3èÂ¾G�1 ¨ /sÁ¦/2Ç ¨ D]JyGI1KÇ¢5C6�G

Ti

?
xi

´ Ý D�ÂE145C6`J ¨ «yG
JyB ¨ «�Ã�5Yª�9EG%® ¨ ª�ª£1�5Y14G�ª�=�HAG%GIÀ]9�52ª>Jy/+JyB�GQ3 ¨ D ¨ 3�9E3�ÂAGI1 ¨ /<Á�/2Ç ¨ DsÃ2/<6�5YJ ¨ /2D�14GIÀ]9 ¨ 14GIÁ�Hs=
JyBEG�«y=s«KJyGI3

Pi

?£BE/�®}G�ÃCG�1:JyBEG�6�/2D�«KJy1�5 ¨ D]J ¨ «%DEGI6�GI«4«y521y=�Jy/�ÂE14/�Ã ¨ ÁEGi5YD!9EÂEÂ¾G�1QH¾/29�D�Á
/2DÛJ4BEG�Ds9E3�H¾G�1�/2Ç ¨ D]J4G�1yÇ¢526�G ¨ D]ÃC/<6�5�J ¨ /CD�«I´�.}52ª�6�9Eª�5YJ ¨ DEÆÐJyBEG�14GIÀ]9 ¨ 1yGOÁ�ÂAGI1 ¨ /<Á

Pi

¨ «
6�/23¦ÂEª ¨ 6�5�J4GIÁ�Hs=�JyBEGQÃ�521 ¨ 5YHEª�G%6�5Y1�Á ¨ D�5Yª ¨ JU=�5+6�/23¦Â¾/2DEGIDCJ�14G�ª 5�J ¨ /CD�«yB ¨ Â�6�52D�Ç¢5C6 ¨ ª ¨ J45YJyG2´
Ý Ç£52D ¨ D]J4G�1yÇ¢526�G

Ti

¨ «�9A«KGOÁ¦H]=+5QDs9E3�H¾G�1�/YÇ�6�/C3+Â¾/2D�G�D]J4«I?�JyBA5YD¦JyB�G ¨ DCJ4G�1yÇ¢526�G�3�9�«KJ�H¾G
5�J
ªqGO52«KJ
52HEªqG�Jy/¦B�52D�Á<ª�G:J4BEGQ6�/C3�H ¨ DEGIÁ�Ds9E3�H¾G�1
/YÇ ¨ DsÃ2/<6I5�J ¨ /2DA«�/2Ç�5Yª�ª¾JyBEGQ6�/CDEDEGO6`JyGOÁ
6�/23¦Â¾/2DEGID]J4«I´ § G�ÁEG�Å�DEG

Qi

52«%J4BEG�«yG�J�/2Ç}14GI52ªc³hJ ¨ 3¦G ¨ D]JyGI1KÇ¢5C6�G¦Ç�9ED�6�J ¨ /2D�«QJyB�5YJ�1yGIªq=
/2D

Ti

?¾5YD�Á�G�DAÁ<GI5�ÃC/29E1
J4/�Á<G�J4G�143 ¨ DEG
Pi

«K9�6�B�J4B�5�J:®}G�6I5YD¥Á<G�J4G�143 ¨ DEG�JyBEG�14GIÀ]9 ¨ 14GIÁ
ÂAGI1 ¨ /<Á¦/YÇ£«K9EHE³�6�/23¦ÂA/CDEG�D]J�«

Ii

52D�Á�Á<G�J4G�143 ¨ DEG ¨ Ç£JyB�G�1yGIª�5YJ ¨ /2D�«yB ¨ Â¦6I5YD¦H¾G:«K9�ÂEÂA/C1KJ4GIÁ£?
¨ D�/YJ4BEG�1�®}/21�ÁE« ¨ Ç

xi ≤ Pi

´

�  ��0���123�1����R�ý
∀i,Pi=

min{Pj |Tj∈Qi}
|Qi|

��ýoþ ���
!$'��0#1 s+T43 s����'(�
�T "#

§ GQÂE14/�Ã ¨ ÁEG%5�« ¨ 3+Â�ªqG�6�/2D<Å�ÆC9E1�5�J ¨ /2D�/YÇ�1yGO5Yªq³oJ ¨ 3¦GQ6�/C3¦ÂA/CDEG�D]J4«I? ¨ D�/21�Á<G�1
J4/¦ÁEG�3¦/2D<³
«UJ4145YJyG
BE/�®Ê/C9E1�3¦/<Á<G�ª�6�/29Eª Á+HAG�52ÂEÂEª ¨ GOÁiJy/�581yGO5Yªq³oJ ¨ 3¦G�5YÂ�ÂEª ¨ 6�5YJ ¨ /2D�´CÌ ¨ Æ29�1yG�å%«KB�/�®�«
5�« ¨ 3¦ÂEª�G�/C9<Jyª ¨ D�Gi/2Ç�JU®0/�J452«y¯<«�9�« ¨ DEÆ�5�«KG�J8/2Ç�1yGO5Yª�J ¨ 3¦G¦6�/C3+Â¾/2D�G�D]J4«:Ç�/21%5�«yG�D�« ¨ DEÆ
5YÂEÂEª ¨ 6�5�J ¨ /CD�´
§ G�Á<G�JyGI1y3 ¨ DEG

Ei

52D�Á
Ri

Ç�1y/C3�7�G�Å�D ¨ J ¨ /CDÑä¦5YH¾/�Ã2G2´E°
B�G%J452«y¯�Â¾G�1 ¨ /sÁ�J ¨ 3¦GI«
Pi5Y14G86I5Yª 6�9Eª 5�J4GIÁ�9A« ¨ DEÆ¦7:G�Å�D ¨ J ¨ /2D¥åi52D�Á�®0G8ÂE14GI«yG�D]J0J4BEG%1yGO«K9�ªcJ�« ¨ D�°�52HEª�GißC´ Ý D�/21�Á<GI1

Jy/¦Á<G�J4G�143 ¨ DEG ¨ Ç#GI526�B ¨ D]JyGI1KÇ¢5C6�G ¨ «0/�Ã2GI1yª�/C5CÁ<GIÁ£?2®0G%6�BEGI6�¯ ¨ Ç�JyB�G85C«y« ¨ ÆCDEGIÁ
Pi

¨ D�°�52HEª�G
ß ¨ «�ÆC1yGO5�J4G�1iJyBEGIDÛJyB�G�Â¾/21yJ+Â¾G�1 ¨ /sÁÉ6�/CD�«UJ4145 ¨ D]J ¨ D Ì ¨ Æ29�1yG�åE´�ÌE14/23 JyB�G�J�5YHEª�G ¨ J ¨ «



^O_�`$b ��c��Bf WYX�T�\sp�VUZ[M%MI� g T`pIjf�o��Z[NQT�L#MONQP<MI\]T�\�SUd

G�Ã ¨ ÁEG�D]J¦JyB�5YJ+J4BEG�1yGIª�5YJ ¨ /2D
T2 −→ T4

¨ «+Ç�GI5C« ¨ HEª�G2?�HE9<J
(T2, T1) −→ T3

¨ «¦DE/YJ�5C«
x3 � P3

´
Ý D�JyB ¨ «¦«KGO6`J ¨ /CDÊ®}G�B�5�ÃCG�ÂE14/�Ã ¨ Á<GOÁ�5Î3¦GI52D�«iÇ�/21¦Á<G�ÃCG�ª�/2Â¾G�1�«QJ4/!6�BEGO6�¯ÑJ4BEG�Ç�GI5Y³

« ¨ H ¨ ª ¨ JU=¥/YÇ05�6�/C3¦ÂA/CDEG�D]J%1yGIª�5YJ ¨ /2D�«yB ¨ ÂÑ5YD�ÁÐ5�3¦GO5YD�«:Jy/¥Á<G�JyG�143 ¨ D�GiG�ÍsGO6�9<J ¨ /CD¥J ¨ 3¦G2?
Á<GI5CÁ<ª ¨ DEG%5YD�Á�Â¾G�1 ¨ /<Á�14GIÀ]9 ¨ 14G�3¦G�D]J4«}DEGO6�GO«y«45Y14=�Ç�/C1�6�/2DsÃCG�D]J ¨ /2D�52ª�J�52«y¯�«y6�B�GIÁ<9Eª 5YH ¨ ª ¨ JU=
5Yª�Æ2/21 ¨ JyBE3�«er¢«y9�6�B�52«�5%D�/2D<³�ÂE14G�G�3¦Â<J ¨ ÃCG�]�7�ÌË52ªqÆC/21 ¨ J4BE3 ÞfêOà~t�´CF:/�®0GIÃ2G�1�Á<9�G�Jy/�«yÂ�526�G
6�/2DA«UJ4145 ¨ D]J4«}®}GQ6�5YD�DE/2J:«KBE/�®ÔÁ<G�J�5 ¨ ªqGOÁ�14GI«y9EªqJ4«
/2Ç�J4B ¨ «�3+/<Á<GIª ¨ D�J4B ¨ «�Â�5YÂ¾G�1O´

Ti Qi Ii Ei Ri Pi

T1 ∅ {T3} 5 + 1 5 + 3 20

T2 ∅ {T3, T4} 10 + 6 + 1 10 + 6 + 3 40

T3 {T1, T2} ∅ 1 3 10

T4 {T1} ∅ 6 6 40

� �s���acUd�f$g T`p�jf�h��Z[NQT�no\YSUTyVe�ÈpIX4T:L�pIj[X�R]jcp�SUZcMI\]d

� Dâð\EK÷�¸<ð�»�� º�¹Eô

Ý 3+Â�1y/�Ã ¨ DEÆ¦ÂE1yGOÁ ¨ 6`J452H ¨ ª ¨ JU=�5YDAÁ�14GI52ªc³hJ ¨ 3¦G%ÂAGI1KÇ�/C1y3�5YDA6�G%B�52«�HAGIG�D�ª ¨ Æ2B]J4ªq=�1yGO«KGO5Y1�6�BEGIÁ
H]=ÊJyBEGÎ«yG�DA«K/C1+D�G�JU®}/214¯Ê6�/C3+3i9ED ¨ JU=2´�Ó:3�H ¨ G�D]J4²�°é®
52«¦/2D�G�/2Ç�J4BEG�Å�1�«UJ�14GI52ªc³hJ ¨ 3¦G
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