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à�í�í&Þ²ä�áGÝ¦ãåë¢òGê�î*ß�ì*í&à�Ý¦í�ñGÝ¤à â}ã¦ç{ïUà�ÝåÞcù�ê&è8ßPÞ²ñGçGî�Þ²ç*â}òGê«ê&ãåï²ê&çrö�à�ÝåñGê&ë-a æ Þ�õ+â¢òGê+40ê&ëéë¢ã¦à�ç4Þ�õ+í&Þ²ä�áGÝåê�÷
õÅñGçGí�â}ãåÞ²çÐ ^\ ö dfe(g ó - ã&bdcfe]gih á�½ > 87 ckj ¥l�monpl^npl�q a æ2r

>·à�Ý¦í�ñGÝ¤à â}ã¦ç{ïkâ}ò{ê;ê�÷{à�í�âÄö�à�Ý¦ñGê�ë·Þ�õ�â}òGê�ê&ã¦ï�ê&çrö�à�Ý¦ñGê�ë·Þ�õ�â}ò{êK40ê�ë¢ë¢ã¦à�çÆÞ ö²ê�è·â}òGê"è¢à�çGï²ê;Þ�õ e í6à�ç*ßPê
í&Þ�ä�áGñÃâ�à�â¢ã¦Þ²çÂà�Ý¦Ýåì�îGê&ä�à�çGî{ã¦çGïGó0	�ëÄàaèéê&ë¢ñ{Ýåâ6ð{àkö�à�è¢ãåê�â�ì�ä�ê�â}òGÞJîGë�òÂà6ö²ê"ßPê&ê&çÆá{è¢Þ²áPÞ²ë¢ê�î*ã¦ç�� Ê ð + �MõÅÞ²è
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40ê&ëéë¢ã¦à�ç*ê&ã¦ï�ê&çrö�à�Ý¦ñGê"ßPÞ²ñGç{îGë8à�è¢ê"áPÞJÞ²è·Þ²è�â¢òGê«û·à�ëéã¦í
#8ê�õÅÞ²èéäañGÝ¦à�â}ãåÞ²ç�áGèéÞÃî{ñGí&ê�ëÄÞcö�ê&èéÝåìÆèéê&Ý¤àc÷{ê�î
ê�÷ÃáGèéê&ëéë¢ã¦Þ�çGë&ó � òGãåë©ò�ìJßGèéã¦î\ä�ê�â}òGÞJî è¢ê�â�à�ãåçGëUà�ÝåÝ�îGãåë}à�î{ö�à�çrâ}à�ï²ê&ë©Þ�õ0â¢òGêÆâ�ù�Þgä�ê�â}òGÞJîGë�ðEèéê&ÿ�ñGãåè¢ã¦ç{ï
ê&ãåï²ê&çrö�à�ÝåñGêkßPÞ²ñGç{îGë�õÅÞ²è8â}òGêkã¦çrâ}ê�èéö�à�Ý�40ê�ë¢ë¢ã¦à�ç�Þ�õWí&Þ²ä�áGÝ¦ên÷(ê�÷ÃáGèéê&ë¢ëéã¦Þ²ç{ë;ù8òGã¦Ýåê�à�Ýåë¢Þ�ã¦çGí�è¢ê6à�ë¢ã¦ç{ï�â}ò{ê
áGèéÞ²ßGÝ¦ê�ä ëéã¦æ&ê«ßrì*à�î{îGãåâ¢ã¦Þ²çÆÞ�õeçGê�ù í&Þ²ç{ëéâ}è¢à�ã¦çrâ¢ë0à�çGîÆö�à�è¢ã¤à�ßGÝ¦ê�ë&ó

ª¬«��Q«®­ �A� !$%�³u�£µ5¶Q±s·�¸�¹®º
>�Þ²çGëéã¦îGê�è�â¢òGê�õÅñGçGí�â}ã¦Þ�ç1  dw§GgFÂ,§�df§ À >�8 g ó�	�ëéë¢ñGä�êEâ¢òGêEÞ²è¢ãåï²ã¦çÂà�Ý�ßPÞ²ñGçGî{ë�õÅÞ²è § à�ëFØ §�Ù >�8 Û�§�Û 8 Þ ó
� òGêCû·à�ëéã¦íH#8ê�õÅÞ²èéäañGÝ¤à â}ã¦Þ�ç�è¢ê�ë¢ñGÝ¥â}ë
ã¦ç©â¢òGè¢ê�êCç{ê�ùµö�à�èéã¤à�ßGÝåê&ë�à�çGî�ßPÞ²ñGç{îGë
Þ²ç©â}òGÞ²ëéêÄö�à�è¢ã¤à�ßGÝ¦ê�ë�ë¢òGÞ ù8ç
ßPê&Ý¦Þ ù«ó � ò{ê(â¢ê&è¢ä , ¼�Â § À ñGëéê&ë § À à�ë�â¢òGê(í&Þ²çrö²ên÷µñ{çGîGê&èéê&ë�â}ã¦ä�à�â¢ã¦çGï�õÅñGçGí�â}ãåÞ²ç à�çGîµàgë¢ê&í&à�çrâ
ßPê�â�ù�ê&ê&ç dw§¯Ú�g À à�çGî dw§GÝ¬g À à�ë0â¢òGê�í�Þ²çGí6à6ö�êaÞ ö²ê&èéê&ë�â}ã¦ä�à�â¢ã¦çGïUõÅñGçGí�â}ã¦Þ�çÐó � òGêaßGãåÝ¦ã¦ç{ê6à�è·â¢ê&è¢ä í&à�ç�ßPê
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è¢ê�Ý¤à ÷Ãê�î�ñGëéã¦çGï©â¢òGê«í&Þ²çrö²ên÷�à�çGî(í&Þ²ç{í6à6ö²ê�ê&çrö²ê�Ý¦Þ²áPê&ëCï²ã¥ö²ê&ç(ã¦ç_	0áGáRê�çGîGãw÷_	�ó

, ¼ Â § À
, À Â , ¼ >d8
, Á Â §�r , À

á6Û , ¼ Û 8
>D8 Û , À Û%á
>D8 Û , Á Û 8

� òGêÄñGçGî{ê&è¢ê�ëéâ¢ã¦ä�à�â}ãåçGï0èéê&Ý¦à ÷{à�â}ãåÞ²çGëeõÅÞ�è §�dw§ À >�8 g à�è¢ê�áGÝ¦Þ�âéâ}ê�îaã¦ç � ã¦ï²ñ{è¢ê � ñGë¢ãåçGï;ßPÞ�â}ò�â¢òGê·û�à�ë¢ãåí
à�çGî�-0/}/ ä�ê�â}ò{ÞÃîGë�ó � òGêUâ�ù�Þ4ßPÞ²ñGçGîGëkà�áGáPê6à�è¢ã¦ç{ï*õÅèéÞ²ä â¢òGê�û�à�ë¢ãåí$#8ê�õÅÞ�è¢äañGÝ¦à�â}ãåÞ²ç�è¢ê�ë¢ñGÝ¥â«õÅè¢Þ²ä
â}ò{ê�ä�ã¦ç{ã¦ä�à�ÝGö�à�Ý¦ñGê"Þ�õeâ¢òGê"áGè¢Þ�!éê&í�â¢ã¦Þ²ç*Þ�õ&, À Þ²çrâ}Þ©â}ò{ê § ð�, Á á{Ý¤à�çGê;õÅÞ�è�â}òGê"â�ù�Þ�í�Þ²çrö²ên÷*õÅñGçGí�â¢ã¦Þ²ç{ë
ñGëéê&î4ãåçÆâ}òGê�è¢ê�Ý¤à ÷{à�â¢ã¦Þ²çÆÞ�õeâ}òGê«ßGãåÝ¦ãåçGê6à�è�â}ê&èéä §<r , À ó � òGê�è¢ê�ë¢ñGÝ¥â}ã¦ç{ïUâ¢ã¦ï²òrâ¢ê&ëéâCÝåÞcù�ê&è8ßPÞ²ñGçGî(Þ²çA, Á
ã¦ë8à©Ýåã¦çGê;õÅÞ²èM>D8 Ûl§�Û,á à�çGî § À >Q8�õÅÞ²è áCÛ�§�Û 8�ó

� Þ²è7â}òGê�-�/1/ #Cê�õÅÞ²è¢äañ{Ý¤à�â¢ã¦Þ²çÐðÄâ¢òGê�40ê&ëéë¢ã¦à�ç2õÅÞ²è7â}òGê�õÅñGç{í�â}ãåÞ²ç §�df§ À >�8 g ã¦ë�� § ð0è¢ê�ë¢ñGÝ¥â}ã¦ç{ï
ã¦çm- Â�� õÅÞ²è©â}òGê*Þ²èéã¦ï²ãåçÂà�Ý�áÂà�èéâ¢ãåâ¢ã¦Þ²çÐó � ò{ê�-�/1/ ä�ê�â¢òGÞÃîÍí�Ý¦ê6à�è¢Ýåì]áGè¢ÞJîGñGí�ê&ë�àgÝåÞÃÞ�ë¢êÆõÅñGçGí�â}ã¦Þ�ç
è¢ê�Ý¤à ÷{à�â¢ã¦Þ²çÆãåçÆâ}òGãåëÄí6à�ëéê�ðÂê�ö�ê&ç(ù8òGê&ç(â}òGê«ê�÷{à�í�âCê&ã¦ï�ê&çrö�à�Ý¦ñGê"Þ�õeâ¢òGê+40ê&ëéë¢ã¦à�ç(õÅñ{çGí�â¢ã¦Þ²ç*ã¦ëD��çGÞ ù8çÐó

� ã¦ï�ñGè¢ê � à�Ý¦ëéÞ�ëéòGÞ ù8ëkâ}ò{ê�í�Þ²çrö²ê�÷]Ý¦Þ ù�ê&è�ßRÞ�ñGçGîGë«õÅÞ²è"â}òGê�áÂà�è�â}ã¥â}ã¦Þ�çOØ §�Ù á2Ûy§£Û 8 Þ ó�;�çgâ}òGãåë
í6à�ë¢ê�ð - Â á ðRèéê&ë¢ñ{Ýåâ}ãåçGï�ãåç�àUâ}ã¦ï�ò�â0ñGçGî{ê&è¢ê�ëéâ¢ã¦ä�à�â}ê�õÅÞ²èCâ¢òGêaÞ²èéã¦ï²ãåçÂà�ÝMõÅñ{çGí�â¢ã¦Þ²çÐó � Þ²è8â}òGãåë0áÂà�èéâ}ã¥â}ãåÞ²çÐð
â}ò{ê�û�à�ë¢ãåí�#Cê�õÅÞ²è¢äañ{Ý¤à�â¢ã¦Þ²ç�áGè¢ÞJîGñGí�ê&ëkà*ÝåÞÃÞ�ë¢ê&è0õÅñGçGí�â¢ã¦Þ²ç!èéê&Ý¤àc÷Gà â}ã¦Þ�çÐó};�ç!â}òGãåë;ê�÷{à�ä�áGÝåê�ðÎâ}òGêUû�à�ë¢ãåí
#8ê�õÅÞ²èéäañGÝ¤à â}ã¦Þ�ç Þ²è�â¢òGêÐ-0/1/ #Cê�õÅÞ²è¢äañ{Ý¤à�â¢ã¦Þ²çþù8ãåÝ¦Ý·áGèéÞÃî{ñGí&ê(â}òGê*â}ãåï²òrâ}ê&è�è¢ê�Ý¤à ÷{à�â¢ã¦Þ²çMð�îGê�áRê�çGîGãåçGï
ñGáPÞ²ç7â}ò{ê;í&ñGèéè¢ê�ç�â8áGà�èéâ¢ãåâ}ãåÞ²ç�õÅÞ�è § ó � ìJáGãåí6à�ÝåÝåì�ðJâ¢òGê;ßPê&ëéâ8èéê&Ý¦à ÷{à�â}ãåÞ²ç�ä�ê�â¢òGÞÃî�ù8ã¦Ý¦ÝPçGÞ�â·ßRê.��çGÞ ù8çYL
�*� ~�� � ~�� ëéÞ�â¢òGê«í&Þ²äaß{ã¦çGê�î�à�áGáGè¢Þ²à�í�ò�ãåëÄë¢ñGï�ï²ê&ë�â}ê&îMó
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Basic Reformulation  

� ãåï²ñGè¢ê � »FACçGîGê&èéê&ë�â}ã¦ä�à�â¢ã¦çGïkè¢ê&Ý¦à ÷{à�â}ãåÞ²çGë
õÅÞ²è §�dw§ À >�8 g õÅÞ²è�â�ù�Þ©îGã�3Rê&èéê&çrâÄáÂà�èéâ}ã¥â}ãåÞ²çGë&ð�>D8 Û�§�Û 8
à�çGî á�Û�§�Û 88ñGëéã¦çGï"â}ò{ê8û·à�ë¢ãåí8à�çGî6-0/}/ ä�ê�â¢òGÞÃî{ë&ó � ò{ê5-�/1/ Ý¦Þ ù�ê&è�ßPÞ²ñGçGî�è¢ê�Ý¤à ÷{à�â¢ã¦Þ²çGë+ê&ÿ�ñÂà�Ýåë
â}ò{ê�Þ�è¢ã¦ï�ã¦çÂà�Ý?õÅñGçGí�â}ãåÞ²çÆõÅÞ²è·â}òGê«ëéê&í&Þ�çGî4áÂà�èéâ}ã¥â}ãåÞ²çÐó
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� òGã¦ë«ên÷Gà�ä�áGÝåêaõÅñGçGí�â}ã¦Þ�ç�è¢ê&á{è¢ê&ëéê&çrâ�à â}ã¦Þ�çºãåë"çGÞ�â�ñGçGãåÿJñ{êUà�çGîgí&Þ²ñGÝåîgà�Ý¦ëéÞÆßRêUí&ÞJîGê�î]à�ë+  df§Gg.Â
§ Á > § ó � òGã¦ëEà�Ý¥â}ê�è¢çÂà�â¢ãåö�ê·è¢ê�áGè¢ê�ë¢ê&çrâ}à�â}ãåÞ²ç�èéê&ë¢ñ{Ýåâ}ë
ãåç�à"ëéã¦ï²çGã��Âí6à�ç�â¢ÝåìkîGã�3Rê&èéê&çrâEè¢ê�Ý¤à ÷{à�â¢ã¦Þ²ç©ñGëéã¦çGï«â}ò{ê
û·à�ëéã¦í}#Cê�õÅÞ²è¢äañ{Ý¤à�â¢ã¦Þ²ç*ä�ê�â}ò{ÞÃîÐó � òGê�Þ²è¢ãåï²ã¦çÂà�ÝÎè¢ê&á{è¢ê&ëéê&çrâ�à â}ã¦Þ�ç�ä�à6ì(ßPê�í&ÞJîGê�î�ß�ì�à�ñ{ë¢ê&è�ã¦ç4Þ�è¢îGê�è
â}Þ�è¢ê�îGñGí�ê�â¢òGê«çJñ{äaßRê�è8Þ�õ+â¢ê&è¢ä�ëÄè¢ê�ë¢ñGÝ¥â}ãåçGï©õÅè¢Þ²ä%ä�ñGÝåâ¢ã¦áGÝåã¦í6à â}ã¦Þ�ç�Þ�õeáPÞ²ÝåìJçGÞ²ä�ã¤à�Ý¦ë&ó�ý"ßröJã¦Þ�ñGë¢Ý¥ì²ðGâ}ò{ê
è¢ê�áGè¢ê�ë¢ê�ç�â}à�â}ãåÞ²ç4Þ�õ�àUçGÞ²çGÝåã¦çGê&à�èÄê�÷ÃáGèéê&ë¢ëéã¦Þ²ç4í�òGÞ²ë¢ê�ç�ßrìÆâ}òGê�ñGëéê&è�ä�à6ìÆï²èéê6à�â¢ÝåìÆà�3Mê�í�âCâ}òGê�è¢ê�ë¢ñGÝ¥â}ã¦ç{ï
è¢ê�Ý¤à ÷{à�â¢ã¦Þ²ç�Þ�õÎâ}ò{ê�õÅñGçGí�â}ã¦Þ�çÐó � òGã¦ë�ë¢ã¦ä�áGÝåê0ëéí6à�Ý¦à�è�õÅñGç{í�â}ãåÞ²ç7ãåë�ñGëéê&îÆâ}Þ©à�ã¦î�â¢òGê�öJã¦ëéñÂà�Ý¦ãåæ6à�â¢ã¦Þ²ç�Þ�õ�â}ò{ê
áGèéÞ²ßGÝ¦ê�ä�ó � òGê�ê�÷{à�ä�áGÝ¦êEã¦ç}*Ãê�í�â}ãåÞ²ç � ó Ê ó � î{ê&ä�Þ²çGëéâ¢è}à�â¢ê&ëeà0í�Þ²ä�á{Ý¦ê�÷�ä�ñGÝåâ¢ãåö�à�è¢ã¦à�ßGÝåê+ê�÷ÃáGèéê&ëéë¢ã¦Þ�ç�â}òÂà â
ã¦ë
çGÞ�â�â¢è¢ãåöJã¦à�Ý¦Ý¥ìkí�Ý¤à�ëéë¢ã��Âê&î�à�ë�í�Þ²çrö²ên÷7Þ²è
í�Þ²çGí6à6ö�ê�óF	�ë�àkßGè¢à�çGí�òÃø�à�çGîÃø³ßRÞ�ñGçGî7à�Ý¦ï²Þ²èéãåâ¢òGä½á{è¢Þ²ï²èéê&ëéë¢ê&ë�ð
í&Þ�ä�áGÝåê�÷�çGÞ²ç{Ý¦ã¦ç{ê6à�èCê�÷ÃáGèéê&ë¢ëéã¦Þ²ç{ë"ä�à6ì(ßRêkí&Þ²çrö�ê�÷!Þ²è0í&Þ²ç{í6à6ö²êaõÅÞ²è�à�ï²ã¥ö²ê&ç4áÂà�èéâ¢ãåâ¢ã¦Þ²çÐð?èéê&ë¢ñ{Ýåâ}ãåçGï7ãåç
â}ãåï²òrâ8ßRÞ�ñGçGîGë8ñGëéã¦çGï©â}ò{ê -�/1/�à�áGáGèéÞrà�í�ò(ãåõ0-0/1/ îGê�â}ê�í�â}ëCí&Þ�ç�ö�ê�÷Ããåâ�ì(Þ�õeí&Þ�çGí6à6öJãåâ�ì�ó

�J��� �E|��0�F�:�G� |�x�z/{:����| �£�Q�@���s�{�5�ó�B�Ï�q�F�
� òGê$*Ããåä�áGÝåê}48ìJßGè¢ãåî�#8ê�õÅÞ�è¢äañGÝ¦à�â}ãåÞ²ç4í&à�ç!ßRê�ê�÷Jâ}ê�çGîGê&îºã¦ç�Þ²èéîGê&è;â¢ÞÆáRÞ�â}ê&çrâ¢ã¤à�ÝåÝåì*áGèéÞÃîGñ{í&ê©â}ãåï²òrâ}ê&è
ßPÞ²ñGçGîGë;õÅÞ�è;í&Þ²ä�áGÝåê�÷�ên÷ÃáGè¢ê�ë¢ë¢ãåÞ²çGë�óCA0ëéã¦çGïÆâ}ò{êUû·à�ë¢ãåíC#8ê�õÅÞ²èéäañGÝ¤à â}ã¦Þ�çÐðPâ¢òGê�-0/}/ ä�ê�â¢òGÞJî�í6à�ç!ßPê
à�áGá{Ý¦ã¦ê�î(â¢Þ�í�Þ²ä�á{Ý¦ê�÷(ç{Þ²çGÝ¦ãåçGê6à�è8â¢ê&èéä�ë�à�áGáPê6à�èéã¦çGï�ã¦ç(â}òGê�Þ²è¢ãåï²ã¦çGà�ÝÐçGÞ²ç{Ý¦ã¦ç{ê6à�è8ê�÷ÃáGèéê&ëéë¢ã¦Þ�çGë&ðÎà�ë0ù�ê&Ý¦Ý
à�ëÆà�áGáGÝ¦ãåí6à�â¢ã¦Þ²ç\Þ�õ+-�/1/ â}Þþãåçrâ}ê&èéä�ê�îGã¤à â}ê4í�Þ²ä�áGÝ¦ên÷ ç{Þ²çGÝ¦ãåçGê6à�è�â¢ê&è¢ä�ë�â¢òÂà�âÆà�áGáRê&à�èÆà�ë7à]è¢ê�ë¢ñGÝ¥â
Þ�õ
â}ò{ê©û·à�ëéã¦íC#8ê�õÅÞ²èéäañGÝ¦à�â}ãåÞ²ç�ä�ê�â¢òGÞJîÐó � òGê�-0/1/%ä�ê�â¢òGÞJî�ë¢òGÞ�ñGÝ¦î�ßPê©à�áGá{Ý¦ã¦ê�î4â}Þ7â¢òGêaçGÞ�çGÝ¦ãåçGê6à�è
ê�÷ÃáGèéê&ëéë¢ã¦Þ�ç�ên÷{á{è¢ê&ëéë¢ê�î7ã¦çaâ¢ê&è¢ä�ë�Þ�õPâ}òGêÄÞ�è¢ã¦ï�ã¦çÂà�Ý�ö�à�è¢ã¦à�ßGÝåê&ë e ó � Þ²èWã¦çrâ¢ê&è¢ä�ê&î{ã¤à�â¢ê�â}ê�è¢ä�ëWù8ãåâ}ò���çGÞ ù8ç
í&Þ�ç�ö�ê�÷4à�çGî*í�Þ²çGí6à6ö�ê�ê&çrö�ê&Ý¦Þ�áRê�ë&ðÂâ}òGê+-�/1/ ä�ê�â}òGÞJî*ë¢òGÞ²ñ{Ý¦î*çGÞ�âCßPêkà�áGáGÝ¦ãåê&îÐó

	�ïrà�ã¦çÐðÂâ}ò{êkí�Þ²çGëéâ¢è}à�ãåçrâ}ë0ù8ãåÝ¦ÝÎßPêkèéê&îGñ{çGîÂà�çrâ;ß{ñ{â;ä�à6ì*Ý¦ê6à�î(â¢Þ�â}ãåï²òrâ}ê�èCßPÞ²ñGç{îGë�ãåç4ë¢Þ�ä�ê�í6à�ëéê&ë�ð
áPÞ�â}ê�ç�â¢ã¤à�ÝåÝåì�è¢ê&î{ñGí&ãåçGï0â¢òGê�ç�ñGäaßPê&è�Þ�õÂáGà�èéâ¢ãåâ}ãåÞ²çGë�í&èéê6à�â¢ê&îaãåç�àCßGè}à�çGí�òÃø�à�çGîÃø�ßPÞ²ñGç{îaà�Ýåï²Þ²è¢ã¥â}òGä(ó � òGãåë
òrìJßGè¢ãåî�ä�ê�â}òGÞJî�è¢ê�â�à�ãåçGë"à�ÝåÝeî{ã¦ë}à�î{ö�à�çrâ�à�ï²ê�ë;Þ�õ�â¢òGêUû·à�ëéã¦íaà�çGî×-0/1/%ä�ê�â¢òGÞJîGë&ðÐß{ñ{â"çGÞ ù è¢ê�ÿJñ{ã¦è¢ê�ë
ê�ö�à�ÝåñÂà�â¢ã¦Þ²çÆÞ�õeê&ãåï²ê&çrö�à�ÝåñGê"ßRÞ�ñGçGîGëÄõÅÞ²è·â¢òGê«ã¦çrâ}ê�èéö�à�ÝQ4Cê&ë¢ëéã¤à�ç(Þ�õeä�à�ç�ì7í&Þ²ä�áGÝ¦ên÷Æên÷{á{è¢ê&ëéë¢ãåÞ²çGë&ó

� òGêCê�÷{à�ä�áGÝ¦ê8ã¦ç$*Ãê�í�â¢ã¦Þ²ç � ó Ê ó � í&Þ�ç�â}à�ã¦ç{ë
õÅÞ�ñGè
ã¦çrâ}ê�è¢ä�ê&îGã¦à�â}ê·â¢ê&è¢ä�ë�â}òÂà â�ä�à6ì©ßPêCèéê&Ý¦à ÷Ãê&î�ñGë¢ãåçGï
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ßPÞ�â}òkä�ê�â}òGÞJîGë&ó � òGê�ñ{áGáRê�è+ßPÞ²ñGçGî�õÅÞ²è�â}òGê
ö�à�è¢ã¦à�ßGÝ¦ê�,/.+í6à�çaßPêEí6à�Ýåí&ñGÝ¦à�â}ê�î�ê�÷{à�í�â}Ý¥ì«ñGë¢ãåçGï0â¢òGêJ-�/1/
#8ê�õÅÞ²èéäañGÝ¤à â}ã¦Þ�ç4ã¦ç�â¢òGã¦ë�ê�÷{à�ä�áGÝ¦ê�ó ;�ç!Þ�â¢òGê&è"í&à�ë¢ê�ë&ð�ã¦çrâ}ê�è¢ä�ê&îGã¦à�â}ê�â}ê�è¢ä�ë�â}òÂà â«í6à�çGç{Þ�â"ã¦ç{ãåâ}ã¦à�Ý¦Ý¥ìÆßPê
í&Ý¦à�ë¢ëéã��Âê�îÆà�ë·í�Þ²çrö²ên÷*Þ²è�í�Þ²çGí&à ö�ê"ä�à6ì�ßRê�í&Þ²ä�ê�á{ñGè¢ê�Ýåì�í&Þ²çrö²ên÷*Þ²è�í&Þ²çGí&à6ö²ê;õÅÞ²è�àaë¢ä�à�Ý¦Ýåê&è
áÂà�è�â}ãåâ¢ã¦Þ²ç
ã¦ç(à©ßGè¢à�çGí�òÃø�à�çGîÃø³ßRÞ²ñ{çGî4à�Ý¦ï²Þ²èéãåâ¢òGä�ð�èéê&ë¢ñ{Ýåâ}ãåçGïUã¦ç7â¢ã¦ï²òrâ8ßPÞ²ñGçGîGë8îGñ{ê�â¢ÞUâ¢òGê+-0/1/ èéê�õÅÞ²èéäañGÝ¤à â}ã¦Þ�çÐó
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      subroutine cons(delta,mm,nn,x)
      double precision delta(mm),x(nn)
      integer mm,nn
      delta(1)  =x( 1)−x(13)* ((x(25)*x(26)* (x(25)+x(26))*0.5d0)
     c    * *−0.3333333333d0) 
   
   
   
   
   
   
      

     
subroutine conscv(delta,mm,nn,x,x_lo,x_up,zzz_nlvar,zzz_lvar,
     $   zzz_lvar_lo,zzz_lvar_up,zzz_lcon,zzz_nnvar,zzz_nvar,
     $   zzz_nvar_lo,zzz_nvar_up,zzz_nncon,zzz_ncon,zzz_nrhs)
!! independent {  x }
! !dependent   {  delta }
      implicit none
      integer nn
      integer mm
      double precision x(nn),x_lo(nn),x_up(nn)
      double precision delta(mm)
      integer zzz_nlvar
      double precision zzz_lvar(zzz_nlvar)
      double precision zzz_lvar_lo(zzz_nlvar),zzz_lvar_up(zzz_nlvar)
      double precision zzz_lcon(zzz_nlvar)
      integer zzz_nnvar
      double precision zzz_nvar(zzz_nnvar)
      double precision zzz_nvar_lo(zzz_nnvar),zzz_nvar_up(zzz_nnvar)
      integer zzz_nncon
      double precision zzz_ncon(zzz_nncon),zzz_nrhs(zzz_nncon)
      double precision zzz_alpha,zzz_tmp
C###  New constraints for convexification of bilinear term #1
      zzz_ncon(1)=x_lo(25)*x(26)+x_lo(26)*x(25)−zzz_nvar(1)
      zzz_nrhs(1)=x_lo(25)*x_lo(26)
      zzz_ncon(2)=x_up(25)*x(26)+x_up(26)*x(25)−zzz_nvar(1)
      zzz_nrhs(2)=x_up(25)*x_up(26)
      zzz_ncon(3)=−x_lo(25)*x(26)−x_up(26)*x(25)+zzz_nvar(1)
      zzz_nrhs(3)=−x_lo(25)*x_up(26)
      zzz_ncon(4)=−x_up(25)*x(26)−x_lo(26)*x(25)+zzz_nvar(1)
      zzz_nrhs(4)=−x_up(25)*x_lo(26)
C###  
C###  New linear constraint #1
      zzz_lcon(1)=zzz_lvar(1)−(x(25)+x(26))
C###  
C###  New constraints for convexification of bilinear term #2
      zzz_ncon(5)=zzz_nvar_lo(1)*zzz_lvar(1)+zzz_lvar_lo(1)*
     $   zzz_nvar(1)−zzz_nvar(2)
      zzz_nrhs(5)=zzz_nvar_lo(1)*zzz_lvar_lo(1)
      zzz_ncon(6)=zzz_nvar_up(1)*zzz_lvar(1)+zzz_lvar_up(1)*
     $   zzz_nvar(1)−zzz_nvar(2)
      zzz_nrhs(6)=zzz_nvar_up(1)*zzz_lvar_up(1)
      zzz_ncon(7)=−zzz_nvar_lo(1)*zzz_lvar(1)−zzz_lvar_up(1)*
     $   zzz_nvar(1)+zzz_nvar(2)
      zzz_nrhs(7)=−zzz_nvar_lo(1)*zzz_lvar_up(1)
      zzz_ncon(8)=−zzz_nvar_up(1)*zzz_lvar(1)−zzz_lvar_lo(1)*
     $   zzz_nvar(1)+zzz_nvar(2)
      zzz_nrhs(8)=−zzz_nvar_up(1)*zzz_lvar_lo(1)
C###  
     

Original Code

Transformed Code for
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C###  New linear constraint #2
      zzz_lcon(2)=zzz_lvar(2)−(zzz_nvar(2)*0.5d0)
C###  
      if(zzz_lvar_lo(2).ge.0.0d0) then
C###  New constraints for convexification of nonlinear term #3
         zzz_ncon(9)=−zzz_nvar(3)+(zzz_lvar(2))**−0.3333333333d0
         zzz_nrhs(9)=0.0d0
         zzz_ncon(10)=zzz_nvar(3)−(zzz_lvar_up(2)**−0.3333333333d0
     $      −zzz_lvar_lo(2)**−0.3333333333d0)/(zzz_lvar_up(2)−
     $      zzz_lvar_lo(2))* (zzz_lvar(2)−zzz_lvar_lo(2))
         zzz_nrhs(10)=zzz_lvar_lo(2)**−0.3333333333d0
C###  
      else
         write(* ,* ) ’ Invalid nonlinear expression.’
         write(* ,* ) ’Try reformulating problem.’
         stop
      end if
C###  New constraints for convexification of bilinear term #4
      zzz_ncon(11)=x_lo(13)*zzz_nvar(3)+zzz_nvar_lo(3)*x(13)
     $   −zzz_nvar(4)
      zzz_nrhs(11)=x_lo(13)*zzz_nvar_lo(3)
      zzz_ncon(12)=x_up(13)*zzz_nvar(3)+zzz_nvar_up(3)*x(13)
     $   −zzz_nvar(4)
      zzz_nrhs(12)=x_up(13)*zzz_nvar_up(3)
      zzz_ncon(13)=−x_lo(13)*zzz_nvar(3)−zzz_nvar_up(3)*x(13)
     $   +zzz_nvar(4)
      zzz_nrhs(13)=−x_lo(13)*zzz_nvar_up(3)
      zzz_ncon(14)=−x_up(13)*zzz_nvar(3)−zzz_nvar_lo(3)*x(13)
     $   +zzz_nvar(4)
      zzz_nrhs(14)=−x_up(13)*zzz_nvar_lo(3)
C###  
      delta(1)=x(1)−zzz_nvar(4)
C###  New constraints for convexification of bilinear term #5
      zzz_ncon(15)=x_lo(26)*x(27)+x_lo(27)*x(26)−zzz_nvar(5)
      zzz_nrhs(15)=x_lo(26)*x_lo(27)
      zzz_ncon(16)=x_up(26)*x(27)+x_up(27)*x(26)−zzz_nvar(5)
      zzz_nrhs(16)=x_up(26)*x_up(27)
      zzz_ncon(17)=−x_lo(26)*x(27)−x_up(27)*x(26)+zzz_nvar(5)
      zzz_nrhs(17)=−x_lo(26)*x_up(27)
      zzz_ncon(18)=−x_up(26)*x(27)−x_lo(27)*x(26)+zzz_nvar(5)
      zzz_nrhs(18)=−x_up(26)*x_lo(27)
C###  
C###  New linear constraint #3
      zzz_lcon(3)=zzz_lvar(3)−(x(26)+x(27))
C###     
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CVRES

BOUNDS

DIST

NONL IN

Original
Problem

L INEAR

CONVEX

NLRES

CV

CONVEXAD

NLRESAD

AD

AD

AD CVRESAD
    ORIGINAL
    NEWL IN
    NEWNL

AD

Dependancy of  new nonl inear
  variables on original variables

HESSIAN HESSIANINT
INT

Used for nonconvex problem:
   L INEAR
   CONVEX
   NLRES
   CONVEXAD
   NLRESAD

Used for convex problem:
   L INEAR
   CONVEX
   CONVEXAD
   CVRES
   CVRESAD
For L inear Reformulation, new nonl inear
 constraints use outer approximation, convex
 constraints included in convexi f ication
For  αα BB Reformulation and Hybrid 
   approaches, HESSIANINT suppl ies
   interval Hessian values    

DAEPACK  Code Generation Methods:
   AD  = Automatic Di f ferentiation
   CV   = Convexi f ication
   INT = Interval Analysis
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