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÷!ðC�°õZ� � ôsõZ��ïZðC��ó<õ�ý��Cþp�����qô'õ�ñiô��<þp� ò°ö 	���� ô'õ��(ï�ðC��þpýP÷��°õ
ôs�<ø��CóCóA�°õ��Xý{�C�<øCò.ýsü8ï�ðC���$ý{�<ò§ïZõZô'ñp�EïKò°ö ����� ô'õ���ïZðC�
þpýP÷��°õ¸ô'�<øo�Có<óX��õ �Aý'�C�XøCò¸ý'ü�ï�ðC�!�PôsõZñ`ô"�Cþp� ò$#%�Çñiò#ïZðC� u óXýEò�ò�ñ&�Cþ('^�Cý{�Cþ`ñp�C� ôsõ � ý"�*)§����ïZñ(�{��üÙ�C�+�$ï�ñ`ý'� ôs�<ø � ñ`ò.ôÄò��$ï
ýsü u óAý{òZò�ñ&�Cþ&'Â�Cý'�<þpñ`�C��ô'õ � �°ý'�<ò�ï�õKôsñ`�EïZò�#, ðC�-�¼ýEò§ï��/.h���$ï�ñ&�'�!ø~�°ï��°õ��¼ñp�<ñ`ò�ï�ñ0�1�¼�$ï�ð<ýlø<òMüÙý'õaï�ð<�!ÿ'þ`ý"�<ô'þlò�ý'þ`�~ïZñpý{��ý'ü�2 î ù.úgû8òañ`��ï�ðC�!ÿ{�°�C��õZô'þEüÙý'õ��(�CþiôPïZñpý{�
u � � ôsõZ�^ò�ó<ôsï�ñiôsþ%3�õKôs�+�Kð54Uôs�Xø6473�ý{�C�<ø ô'þpÿ{ý'õZñ®ïZð*�Áò$# , ðC��÷!ðCý{þp��ò���ô'õ��Kð ò�óXô"�$�oñiòÁñpï���õZôsï�ñ&�'�°þ&' óXôsõ�ï�ñpï�ñ`ý'�C� ø ñ`�Eï�ý
óCõ�ý{ÿ'õZ��òZò�ñ&�'��þ('�ò��Áôsþ`þp��õ�õZ�°ÿ'ñ`ý'�Xò$#98Cý{õ���ô��Kðfõ���ÿ'ñ`ý'��öMþpýP÷��°õ�ôs�<øf�Có<óX��õ:�Aý'�C�<ø<ò�ï�ý�ï�ðC�%ý"�5)§�;��ï�ñ&�'�¼üÙ�<�+��ïZñpý{�<ò�ô'õ���$ý"�¼óC�Cï���ø�öCôs�<ø¼ïZðC�/þpýP÷���ò�ï��<óCóX��õ1�Xý{�C�<øÂñiò¶ò§ïZý'õZ��øÂô{ò�ï�ðC���$�CõZõZ�°�Eï<�A��ò�ï¶ò�ý'þ`�~ïZñpý{�Âï�ý�ï�ð<�.óCõZý"�<þp���=#?>1õ���ÿ'ñ`ý'�Âñiò
üYôPï�ð<ý"�¼��øoô'�<ø�ø~ñiò���ôsõKø~��ø,÷!ðC���^ï�ðC�!�Xý{�C�<øCò.ôsõZ�:�$þ`ý{ò����°�<ý'�Cÿ{ðoý'õ#÷!ðC���oï�ð<��ý"�5)§�;��ïZñ(�{��üÙ�C�+�$ï�ñ`ý'��þ`ýP÷���õ-�Xý{�C�<ø
üÙý'õ]ïZðC�¸õZ�°ÿ{ñpý{�¼ñ`ò�ðCñ`ÿ'ðC��õ�ï�ð<ô'�Áï�ð<� �$�<õ�õZ�°�Eï��A��ò�ï�ò�ý'þ`�~ï�ñ`ý'��# , ðC�.ôsþ`ÿ'ý'õZñpï�ð*� ï���õ��¼ñ`�<ôPïZ��ò]÷!ð<�°�ÁïZðC�°õZ�¸ôsõZ�!�Cý!��ý{õ��
õ���ÿ'ñ`ý'�<ò�ï�ýÁ�$@Cô��¼ñp�<�'öCôPï!÷!ðCñ0�Kð^óXý{ñp�Eï!ïZðC�A�$�CõZõZ�°�EïB�A��ò�ï¸ò�ý'þ`�~ï�ñ`ý'�,ñ`ò!ï�ðC��ò�ý'þ`�~ï�ñ`ý'�,ýsüMï�ð<��óCõ�ý��Cþ`�$�C#D �C�Áý'ü�ïZðC�E�¼ý{ò�ïA�$õZñ®ïZñ&��ôsþ8ò�ï���ó<ò�ñ`� ï�ðC�Äô'þpÿ{ý'õZñ®ïZð*�3ñiò/ï�ð<�Áÿ'�°�<�°õKôPï�ñ`ý'� ýsü�ï�ð<�ÁþpýP÷��°õF�Aý'�C�XøG�(ô^ÿ'ýlý~øÇþpýP÷��°õ�Xý{�C�<øC�¼��ô'�<ò#õKôsóCñiø%üYôPïZðCý"�¼ñ`�CÿÂýsü�õZ�°ÿ{ñpý{�<ò°öXôs�<ø^ô'ò.ôH�$ý{�<ò��;IE�C�°�+�°��ôÁþ`ýsï¸þ`��òZò!õZ�°ÿ'ñ`ý'�Xò¶ï�ýÁ�$@~ô"�¼ñp�C��ø~�CõZñp�Cÿ¼ïZðC�
ôsþ`ÿ'ý'õZñpï�ð*��õZ�C��# , ðC�°õZ�.ô'õ�� �Áôs�6'����°ï�ðCý~øCò�ïZý�óCõZýJ�lñ`øC�.ô�þ`ýP÷��°õ��Aý'�<�<øÂïZý�ïZðC�.ý��5)§���$ï�ñ&�'�.üÙ�C�+�$ï�ñ`ý'��#�úgô'ÿ'õKôs�Cÿ{ñ`ô'�
õ���þ`ô�@~ôsï�ñ`ý'��ö<�°ñpï�ðC��õ¸ôsóCó<þpñ`��øoø~ñ`õZ����ïZþ('LK MXög�ONMý'õ¸ô{ò!ó<ô'õ�ï#ý'ü�ô'��ôsþpï�ý{ÿ'�$ïZðC�°õ#øCñP.h�°õZ�°�Eï.ô'þpÿ{ý'õZñ®ïZð*� u ��# ÿQ#1R
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>#�Cý'ï�ðC��õ\�¼�$ïZðCý~ø/ï�ý.óCõ�ýJ�lñiø~��þ`ýP÷���õ��Xý{�C�<øCò u � ò�ó\#g÷!ñpï�ð�õZ��ò�óX�;��ï�ï�ýU�Cñ`þ`ñp�C� ôsõgï��°õ��Áò � ñ`ò�ï�ðC���#ú , u �#�$üÙý'õ��(�<þ`ôsï�ñ`ý'�54
ú�ñ`�C��ô'õ�ñ&S�ôsï�ñ`ý'� , �;�KðC�Cñ0I{�<� � ö<óCõ�ý{óXýEò�� øÄñ`�bK ��N #<3<'Äï�ðCñiò-�¼�$ïZðCý~øFöC�C��÷ �$ý'�Xò§ïZõZô'ñp�EïZò¶ô'õ��/ý"�CïZôsñ`�C� ø �6' �(�Cþpï�ñ`óCþ&'Eñ`�Cÿ
�/@~ñ`ò�ï�ñ`�Cÿ
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ñp�Cÿ��Cñ`þ`ñp�C� ôsõZñ®ïZñp� ò¶ò�ý�ï�ð<ôsï¶ï�ðC�/�C��÷ �$ý{�<ò�ï�õKôsñ`�{ï1�A���$ý��¼��ò�þpñ`�C� ôsõ;# D �^ò�ý'þ&�Eñ`�Cÿ�ï�ðCñiò¶þ`ñp�C� ôsõ¶óCõZý"�Cþ`�$��ïZý¼ý'ó~ïZñ(�Áôsþ`ñpï ''ö
÷��! <�<ø ô%þpýP÷��°õ��Aý'�C�<ø ï�ý%ï�ð<�Áý'õZñpÿ{ñp�<ô'þ�ó<õ�ý��Cþp���C# D �C��ýsü�ï�ðC���¼ý{ò�ïA�$ý"���¼ý'�`�¼�$ï�ð<ýlø<ò/üÙý'õ/óCõZýJ�lñ`ø~ñ`�Cÿ%þpýP÷��°õ�Xý{�C�<øCò�ö#ðCýP÷��$�{�°õ ö!ñ`òÄï�ð<ôsï%ý'ü�üÙý'õ���ñ`�Cÿ ô'�<ø þ`ý5�°ôsþ`þ&' ò�ý'þ&�lñp�<ÿ ô^�$ý{�6�'�/@ õZ�°þiôJ@CôPïZñpý{�=ý'ü�ï�ðC� ý'õZñ`ÿ'ñ`�<ôsþ#ó<õ�ý��Cþp���K "~öE�~öA�'�/N # , ðC�!üYô���ï�ï�ð<ôsï8ï�ð<�¸õZ�°þiôJ@CôPïZñpý{��ñiò��°ý'�6�'�$@�ñ&�¼óCþpñ`��ò8ï�ðXôPï8ïZðC�¸þ`ý5�°ô'þXò�ý'þ`�~ï�ñ`ý'�Áñiò8ô'þ`ò�ý�ï�ð<�¸ÿ'þ`ý"�XôsþCý{�C�'ölôs�<ø
ðC�°�+�°��ô�ÿ'�<ô'õZô'�{ïZ�°� øÂ�C�<øC�°õZ��ò�ï�ñ&�¼ôsï�ý{õ�ý'ü�ïZðC��ý"�*)§����ïZñ(�{�
üÙ�C�+��ïZñpý{�C�qô'þp�<�"#, ðC�!�$ý'�6�{�/@ÂõZ�°þiôJ@CôPïZñpý{�%ý'ü�ô'�6'e2 î ù¸ú�ûf�°ô'�=�A��üÙý{õ��¼��ø=�6'Äñiò�ý'þiôPï�ñ`�Cÿ�ï�ð<���Cý'�Q�$ý'�6�{�/@ÂïZ�°õ��¼ò¸ôs�<ø,õZ�°óCþiô"�°ñp�Cÿ
ï�ðC��� ÷!ñpï�ð=ï�ðC�oõZ��ò�óA����ïZñ(�{�9�$ý'�6�{�/@ÏõZ�°þiôJ@CôPïZñpý{�<ò$# , ñ`ÿ'ðEïE�$ý'�6�{�/@Ï�C�<øC�°õZ��ò�ï�ñ&�¼ôsï�ý{õZò¼ôsõZ�oôsþ`õ�� ô'ø5'ÏôV�Pô'ñpþiô��Cþ`�%üÙý'õ�¼ô'�6'Çï 'lóA��ò�ýsü.�Cý'�+�°ý'�6�'�$@ÇïZ�°õ��^ö]ñp�Q�$þ`�<ø~ñ`�Cÿ`�<ñpþ`ñp�<��ôsõÁô'�<øfï�õZñ`þpñ`�C��ô'õ�ó<õ�ý~ø~�+�$ïZò�ö]þ`ñp�C� ôsõ�üÙõZô���ïZñpý{�<ôsþ�ï���õ��Áò�ö8ôs�<ø�$ý'�Q�°ôV�'�¼ôs�XøL�°ý'�6�'�$@ �C�Cñ&�PôsõZñ`ôsï���üÙ�C�+�$ï�ñ`ý'�<ò�#$#¸ýP÷����'�°õ öFïZ�°õ��¼ò�÷!ðCñ&�Kðàô'õ��¼óCñ`���°�°÷!ñiò��H�$ý{�+�°ôV�{��ô'�<ø �$ý{� �{�/@Çô'õ��
�Cýsï#�$@ló<þpñ0�$ñpï�þ&' ��ôPï���õ�� øÂüÙý{õ�# > üÙõ��;I{�<�°�Eï�þ&'Âý5�$�°�Cõ�õZñ`�Cÿ¼�/@Cô��¼óCþ`�/ýsü�ò��+�Kð^ô�ï���õ��6ñ`ò �&%('*),+ öC÷!ðC�°õZ��-/.101ô'�<øÂïZðC�
õZô'�Cÿ'�#ý'ü � ñp�+�°þp�Xø~��ò<S°��õ�ýQ# î �Äï�ðCñiò�ô'õ�ïZñ&�°þp�{öl÷��.óCõ�ý{óXýEò��#ï§÷�ý �$ý'�6�{�/@¼õ���þ`ô�@~ôsï�ñ`ý'�<ò�üÙý'õ¶ò��+�KðÂï��°õ��Áò$�aý{�C�¸�Cý{�Cþ`ñp�C� ôsõ
ôs�<ø¼ý{�C�!þpñ`�C� ôsõ;#,2 �!ï�ð<�°�E�CõZñ`�43+' �$ý"�¼ó<ô'õ��¶ïZðC��ò��!õZ�°þiôJ@CôPïZñpý{�<òMï�ý(ô'�CýsïZðC�°õ8óXýEò�ò�ñ(�<þp�!õZ�°þiôJ@CôPïZñpý{�¼ýsüAï�ðC�U�¼ý{�Cý"�¼ñiôsþ
ýsü�ý~øCøÂø~��ÿ'õZ�°�{ö"�<ô{ò�� øÁý'�ÁõZ�$üÙý{õ����Cþ`ôsï�ñ`�Cÿ�ñpï8ïZý�ôF�Cñ`þ`ñp�C� ôsõ�óCõZýløC�+��ï öEô'�<øÁ÷��¸ò�ð<ýP÷ ïZð<ôPï�ý'�Cõ�óCõZý'óAý{ò���ø�õZ�°þiôJ@CôPïZñpý{�
ñ`ò¶ïZñpÿ{ðEï��°õ;#?8Mñp�<ô'þpþ&''ö<÷��/óCõZ��ò��°�Eï#ò�ý��¼�
�l�*�¼��õ�ñ0�°ô'þFõ�� ò��CþpïZò�ïZð<ôPï!ðCñ`ÿ'ð<þpñ`ÿ'ðEï!ï�ð<ñ`ò!óAý'ñ`�Eï�#
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C ý'�<ò�ñ`øC�°õ]ïZðC�U�¼ý'�<ý"�¼ñ`ô'þ � %D'*)�+ ñ`�Áï�ð<�¸õKôs�Cÿ{� � . K ����� NA÷!ðC�°õZ� �$E � E � #aúg�$ï�F �HG �X�¸ï�ðC� � 4 �$ýlý'õKø~ñ`�<ôPïZ��ò�ý'üAïZðC�
óXý{ñp�EïZò
I �DJ ÷!ðC��õ��.ï�ð<�.ïKôs�Cÿ{�°�EïZò8üÙõZý"�&óAý'ñ`�{ïKò�KÐô'�<ø$L õZ��ò�óX�;��ï�ñ&�'��þ('H�¼���$ï�ï�ðC�F�$�<õ��{� u ò��°�� <ÿQ#�� �A�°þ`ýP÷ � # , ðC�
ò�ð<ô'óX�¸ýsüFï�ð<� �$ý{�6�'�/@��C�<ø~��õ�� ò§ïZñ(�Áôsï�ý'õ8ýsü � %('*),+ ø~�°óA�°�XøCò8ý{�¼ï�ðC�.õ���þ`ôsï�ñ&�'�-�Áôsÿ{�Cñpï��<ø~�.ýsü � ôs�Xø�FJ# î �Âó<ôsõ�ï�ñ0�$�<þ`ô'õ�ö
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bilinear pr. min

tight rel. min
min

reformulation to bilinear product

tight linear convex envelope

y=x^3
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