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s ª�w¸M¹�´3·ÂÆ�ªS¨½µs¼+ªç»+¨s¸MÈ+¯°ªSÉ ¸�Àøo¸�ÉQ»+³4µs·°¹4©Xµ�¼+ª?´�¸�¯°³4µs·°¸M¹�¸�Àø¯�§�¨s©Mªw«�´�S§�¯nª�Æ�·�´�w¨sªSµ�ªÊ·°¯°¯�«
»-¸ ´3ª�Æ?»+¨�¸�È+¯nªSÉÊ´,��¼+ªS¹?µs¼4ªS¨sªø·�´'¹+¸M·�´�ª¾·°¹?µ�¼+ª½Æ+§�µI§�qø±	¼+ª�´�ª¾»+¨�¸�È+¯nªSÉÊ´�§�¨�·�´3ª�·n¹;·nÉQ»�¸�¨sµÜ§�¹�µ
§�¨sª:§�´&´�³��¼ç§M´&´3ªS·Â´3ÉQ·Â#·n¹� ª®¨I´3·n¸�¹�r+Éñª�Æ�·�®§�¯�·°ÉÊ§�©�·n¹+©½§�¹�Æç´3·n©�¹�§�¯=»+¨�¸�wª�´�´3·°¹4©�q s ªø»�¸´3ª�µ�¼+ª
»+¨s¸MÈ+¯°ªSÉ §�´&§¢¡ ³(§�Æ�¨Ü§�µs·ÂS§�¯n¯°ÍÊo¸�¹�´�µs¨I§�·°¹+ª:Æ�¯nª�§�´�µ&´£¡ ³(§�¨sª:´#»+¨�¸�È+¯nªSÉ*§�¹�Æ;Æ�ª¤ ªS¯°¸M»;§�ÉQªSµ�¼+¸�Æ
Àj¸�¨vµs¼+ªñ´3¸M¯°³+µ�·°¸M¹X¸�À�´3³(�¼?»+¨�¸�È+¯nªSÉ?q¥��³+¨AÉQªSµs¼4¸�ÆXÆ�¸ª:´¢¹4¸�µv¨sªg¡³+·n¨sª¾À §�oµs¸�¨�·°¿�§�µs·n¸�¹?¸�À�µ�¼+ª
w¸ª§¦�w·°ªS¹�µ�ÉÊ§�µs¨s·¨{Pr�·°µ�¼�§�´@ ªS¨sÍQ¯n¸g�7´3µ�¸�¨I§�©�ª�¨�ªg¡ ³4·°¨sª®ÉQªS¹�µI´�§�¹�Æ;¼(§�¹�Æ�¯nª�´�µs¼+ªø¼+·°©M¼�Æ�ªS©�¨�ªSª
¸�ÀA´3·n¹+©�³4¯�§�¨�·°µ�·°ª�´&§�¨s·Â´3·°¹4©Ç·n¹VÆ�·�´so¨sªSµ�ª�·°¯°¯�«»�¸´�ª�Æ?»+¨s¸MÈ+¯°ªSÉ�´§q s ªÞ»4¨sª�´�ªS¹�µA¹�³+ÉñªS¨s·ÂS§�¯�¨sª�´�³+¯°µÜ´
¸�¹?µsª:´3µ�»+¨s¸MÈ+¯°ªSÉ�´'§�¹�Æ?§�¹º§�»+»+¯n·�S§�µs·n¸�¹?¸�Àeµs¼+ª�ÉQª®µs¼+¸�ÆQµs¸�§Þ»+¨I§Mwµs·ÂS§�¯�»+¨�¸�È+¯nªSÉ���·°µ�¼?¨sª�§�¯
Æ+§�µÜ§�q
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Ã>�	¸M³+¯�ÆÞ¯n·m«ª�µ�¸¾µs¼(§�¹�«½ÉÞÍø§MÆ� �·Â´3¸M¨�Å�¨s¸�Àjª�´s´�¸�¨�Á&§�¹+¹�Íjp@q+¬¸�¨�ªS¹�´�ªS¹ÞÀj¸�¨^µs¼+ª�¸�»4»-¸M¨sµ�³+¹+·°µ�Í½µs¸
�	¸�¨£«y��·nµs¼?¼+·nÉ>§�¹(ÆØÈ�ªS¹+ª¬}�µ'Àj¨s¸MÉ ¼+·Â´'©�³4·�Æ+§�¹�wª½§�¹(ÆºÀj¸M¨&©�·¨ �·n¹+©QÉQª²´3³�I¼�§�¹?·n¹�µ�ªS¨sª�´�µs·n¹+©
»+¨s¸MÈ+¯°ªSÉ µs¸-�	¸M¨$«�¸�¹�q�Á&§�¹+¹�ÍY§�¯¨��§SÍ4´¾´3ª®µ¾¼+·n©�¼ ´3µÜ§�¹�Æ+§�¨I´úÀj¸M¨�ÉQª½§�¹�ÆW´�¼+¸g�	ª�ÆXÉñª���·°µs¼
¼+·�´�ª�{4§�ÉQ»+¯nª&¼+¸g�ýµ�¸QÈ�ª�§�©�¸¸�Æ?¨sª�´�ª�§�¨Ü�¼+ª®¨�q,x'ªvªS¹(w¸�³+¨Ü§�©Mª�ÆÇÉQªvµ�¸¥�^¸�¨$«Ê·n¹�Æ�ªS»�ªS¹�Æ�ªS¹�µ�¯°Í
§�¹�Æ¥�^ªS¯�o¸�ÉQª�ÆvÉÞÍv·ÂÆ�ª�§�´¬q�x'ª@��§M´�»�§�µ�·°ªS¹�µ^§�¹�Æ�³+¹�Æ�ª®¨I´3µÜ§�¹�Æ�·°¹+©²Æ�³+¨s·n¹+©¾µ�¼+ª�»+¨s¸�wª:´s´§q�Ã���·°¯n¯
§�¯m�é§SÍ+´	È�ª¾·n¹�Æ�ªSÈ4µsª�ÆÞµ�¸Þ¼4·°É,Àj¸�¨A§�¯°¯�µ�¼+·�´¬q

Ã��^¸�³+¯ÂÆX§�¯�´3¸ç¯°·¨«ª�µs¸;µ�¼�§�¹W«?µs¼+ªQ¸Mµs¼+ª®¨úÉñªSÉÞÈ�ªS¨Ü´#¸�À�ÉÞÍçw¸MÉQÉQ·nµsµsª®ªr�Å�¨s¸�Àjª:´s´3¸M¨ t ¸�¼+¹
uFq�Á�ªS¹+¹+·Â´§r�Å�¨s¸�Àjª�´s´�¸�¨ s ·°¯n¯°·Â§�É s q`¬ Í�ÉQª:´ú§�¹�ÆWÅ�¨s¸�Àjª:´s´3¸M¨�p@q�¬·�Æ�¹+ªSÍ®z	³+¨s¨�³�´§r=Àj¸M¨�µs¼+ªS·n¨
·°¹�µsªS¨�ª�´3µ�·°¹ÊÉ½Í¯�^¸�¨$«ñ§�¹(Æ�Àj¸�¨é§�¯¨��§SÍ+´	È�ªS·n¹+©¯��·n¯°¯n·°¹+©vµs¸�¼4ªS¯°»�q	¬ »-ª:w·�§�¯�µs¼(§�¹�«4´`µ�¸½Åe¨�¸�Àjª�´�´3¸M¨
s ·°¯°¯n·�§�É s q�¬Í�ÉQª�´¢Àj¸M¨Þ»4¨s¸g �·ÂÆ�·°¹4©XÉQªT��·°µs¼ µs¼+ªç´�ªS·�´�ÉQ·�Q§�»+»+¯n·�S§�µs·°¸M¹�´½§�¹�ÆVÀj¸�¨½¼+ªS¯°»�Àj³+¯
·°¹�´�·°©�¼�µ�·°¹�µs¸�µ�¼�§�µA§�¨�ª�§�q

ÃLµv¼�§M´¢È�ªSª®¹V§Q»+¨�·m �·°¯°ª®©�ªvµs¸ç´3¼(§�¨sª½µs¼4ªÞªS¹�µs¼�³�´�·�§�´�É Àj¸M¨ú¨�ª�´3ª:§�¨II¼�§�¹(ÆØµ�¸ÇÈ�ªS¹4ª§}�µ'Àj¨�¸�É
µs¼+ªø§�Æ# �·Âwªv¸�Àe§�¯°¯�µ�¼+ªvÉQªSÉ½È�ªS¨I´=¸�À�É½Í½w¸�ÉQÉñ·°µsµ�ªSª�q

Ã^§�°«�¹4¸|��¯nª�Æ�©Mª±}(¹�§�¹�o·�§�¯�´�³+»+»�¸�¨�µ'Àj¨s¸MÉ µs¼4ª¯²�ªS¹+ªS¿®³+ªS¯�§�¹ w §�µs·n¸�¹�§�¯`¬ w·°ªS¹(wªv§�¹(Æ;±�ª��¼#³
¹+¸�¯n¸�©�Í�p�¸M³+¹�w·n¯,´/p,� w Ã$p^Ã�±(µ°¶+Àj¨s¸MÉ w ¬¸·Rr7¹�¨Ü§�¹�µ w ¸�qºu�Ã�¥#«�Ï�Î�»¼�¼¼MÐØ¬�w·nªS¹�wª²§�¹�Æ�±�ª��¼#³
¹+¸�¯n¸�©�Í�p�ªS¹�µsª®¨úÀj¸�¨½¶�ª�´�ª�§�¨Ü�¼V¸M¹ Å�§�¨Ü§�¯°¯nªS¯(p�¸MÉQ»+³+µÜ§�µ�·°¸�¹n¶�§�¹�ÆXÀj¨�¸�É ¥&¶�Å�¥ºr�¹�¨I§�¹�µ w ¸Wq
�&¶�¥�½¤¾~¿À#qÁ¼�Î�¥7´sS§�¯�§�È4¯°ªvÅ�§�¨I§�¯°¯°ª®¯�¦�·°È+¨Ü§�¨sÍ½Àj¸�¨ w ³+ÉQªS¨�·�S§�¯�¦�·°¹4ª�§�¨�¥'¯n©�ªSÈ4¨I§�q

Á�³+¨s·n¹+©Êµs¼+ªñÆ�ª� ªS¯n¸�»+ÉñªS¹�µ�¸�À�µ�¼+·�´(�^¸�¨£«�Ã#¼�§� ª�È�ªS¹+ª¬}�µsª�Æ;Àj¨s¸MÉ µ�¼+ªÞ·n¹�µ�ªS¨I§Mwµs·n¸�¹-��·°µs¼
´3ª� ªS¨Ü§�¯�»�ªS¸�»+¯nª~qøÃF�^¸�³+¯ÂÆX´�»-ª:w·�§�¯°¯°ÍÊ¯n·m«ªvµs¸ç§�°«�¹+¸g��¯°ª�Æ�©Mª¾µ�¼+ª½w¸�¯n¯�§�È-¸M¨I§�µs·°¸M¹Â��·nµs¼V¬�§�¹�Æ�¨Ü§
¥¯q�¬�§�¹�µs¸ ´ú·°¹Yµs¼+ª½·°¹+·nµs·Â§�¯�´�µI§�©Mª�´¾¸�À�µ�¼+·�´��^¸�¨$«�qçÃ&§�¯Â´3¸;µ�¼�§�¹W« ¬�§�¹�Æ�¨Ü§ÇÀj¸�¨¾¼4ªS¨&Àj¨s·°ª®¹�Æ+´3¼4·°»
§�¹�ÆÊ¼+ªS¯°»Ê·n¹;Æ�·Ã¦�w³+¯°µ^µs·nÉQª�´§q

Ã�§�¯�´�¸<��·�´�¼?µs¸½µI§|«ªøµs¼+·Â´#¸M»+»�¸�¨�µs³+¹+·nµ�Í;µs¸½µs¼(§�¹�«º±5¨�¸�¹�ÆX¬µ�ªS·°¼(§�³+©ÞÀj¸M¨'¼4·�´�¼+ªS¯°»ºÆ�³+¨�·°¹+©
µs¼+·Â´¢¯Â§�´�µúÍª:§�¨v§�¹�ÆX¼+·Â´¢·n¹�µ�ªS¨sª:´3µ�·°¹�ÉÞÍj�	¸M¨$«�r�Àj¸�¨øw¸�¹�µs¨�·°È+³4µs·°¹4©Qµs¸ÊÉ½ÍÇ³4¹�Æ�ªS¨Ü´3µI§�¹�Æ�·n¹+©;¸�À
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µs¼+ªøµs¨s³(´3µ3« ¨sªS©M·°¸M¹;»+¨�¸�È+¯nªSÉ?r�Àj¸�¨�»+¨s¸g �·�Æ�·n¹+©�ÉQª���·nµs¼j M§�¯n³�§�È+¯nª¾¨�ªwÀjªS¨sª®¹�wª&ÉÊ§�µsªS¨�·�§�¯�r�§�¹�ÆQÀj¸�¨
´3¼�§�¨s·°¹4©?��·°µs¼YÉQªÞ¼4·�´¾o¸�¹�µI§�©M·°¸M³�´¾ªS¹�µs¼�³�´3·Â§�´3É>Àj¸�¨²§�S§MÆ�ªSÉQ·Â§�qçÃv§�¯�´�¸?µs¼�§�¹�«�¼+·°É>Àj¸�¨ø¼+·�´
Àj¨s·°ª®¹�Æ+´3¼4·°»�rÀj¸�¨A´3¼�§�¨s·°¹4©Þ¼+·Â´	¯°¸g ª'Àj¸M¨�ÉÞ³�´�·�,��·°µ�¼ÇÉñª~r�§�¹�ÆQÀj¸�¨�ÉÊ§�¹�Í�ªS¹+¯n·°©�¼�µs·n¹+©½w¸M¹� ªS¨Ü´s§�³
µs·°¸M¹�´v§�È�¸�³4µ¾¯°·�Àjª½§�¹�Æ�Æ�¨�ª�§�ÉÊ´¬q Ë ¸ ´3µv¸�À#§�¯n¯�r�ÃF�^¸�³+¯ÂÆØ¯n·m«ªvµs¸çµs¼�§�¹�«�±�¨s¸�¹(ÆºÀj¸M¨¾®§�¨s·n¹+©ç´3¸
ÉÞ³�I¼ñ§�¹�ÆQÀj¸�¨�È-ª®¯°·°ª¤ �·n¹+©¾·n¹ÇÉñª~q

ÃR��·Â´3¼?µ�¸Þµ�¼�§�¹�« t ¸´#ÄªQ¦�³+·�´@·�§�¨I§�¼;Àj¸�¨&¯n·�´�µsªS¹+·n¹+©�µs¸ñÉÞÍ½·�Æ�ª:§�´§r+Àj¸�¨A¼+·�´�ªS¹�w¸M³+¨I§�©�ªSÉñªS¹�µ
§�¹�ÆQÀj¸�¨�¼+·�´`Àj¨�·°ªS¹�Æ4´3¼+·n»�q

±	¼(§�¹�«4´	§�¯�´3¸vµ�¸¯Å&ªS·nµs¼¢z	ªS¨�¨s·nªS¨�§�¹�Æ½±5¨�¸�¹�ÆÇ¬ µsªS·n¼�§�³+©&Àj¸M¨�¨sª�§MÆ�·°¹4©úª:§�¨s¯nÍ¯ ªS¨Ü´3·n¸�¹�´=¸�À�µ�¼+·�´
Æ�·�´�´3ªS¨�µI§�µ�·°¸M¹?§�¹(ÆñÀj¸M¨'µ�¼+ªS·n¨, �§�¯°³�§�È+¯°ªø´�³+©�©Mª�´3µ�·°¸�¹(´'§�¹�Æ;w¸MÉQÉQªS¹�µI´¬q

Ã@�	¸�³4¯�Æ?¯°·m«ªøµs¸º§�°«�¹+¸g��¯nª�Æ�©�ª½§�¯°¯�µ�¼+ª½¼+ªS¯°»�Ã�¼�§� ª�¨sª�wª®·m ª�ÆÊµs¼+¨�¸�³+©M¼Vµs¼+ª½Íª�§�¨I´#Àj¨�¸�É
Ë ·�I¼�§�ªS¯(Å=ª�§�¨�¯°ÉÊ§�¹�q w ¸�µ�¸M¹+¯°Í²Æ�¸ª�´ Ë ·¨«ª,«ªSªS»øµs¼+ªAw¸�Éñ»+³+µsª®¨�´3Í4´3µ�ªSÉÊ´=¨�³+¹+¹+·n¹+©ø´3ÉQ¸¸Mµs¼+¯nÍ
È+³+µ�¼+ªø§�¯�´�¸ÞÉ�§|«ª�´�µs¼4ªúª¤{�»�ªS¨�·°ªS¹�oª&¸�À��	¸M¨$«�·°¹+©���·nµs¼çw¸�Éñ»+³+µsª®¨I´�§¯ ªS¨�ÍÞ»+¯nª�§�´�§�¹�µ�¸�¹+ªÆq

Ã¾¼(§Ç ªñÈ-ª®ªS¹OÈ+¯nª�´s´�ª�Æ���·°µ�¼ É�§�¹�ÍØÀj¨�·°ªS¹�Æ4´¯��¼+¸XÉ�§�Æ�ªÊÉ½Í�´3µI§SÍ §�µñ¶�·�wªÊ§? ªS¨�ÍX¹+·Âwª
ª�{�»�ªS¨�·°ªS¹(wª'ª¤ ªS¹QÆ�³+¨s·n¹+©½Æ�·Ã¦�w³+¯nµ�µs·°Éñª�´§q�Ã��	¸M³+¯�ÆÞ¯n·m«ª�µs¸øµI§|«ªAµs¼+·Â´`¸�»4»-¸M¨sµ�³+¹+·°µ�ÍQµ�¸�µs¼�§�¹�«
§�¯°¯�¸�À�µs¼4ªSÉ Àj¸M¨'µ�¼+ªS·n¨	¯°¸g ªv§�¹�ÆÇµ�·°ÉQªÆq

Ã½´3»�ª�o·�§�¯n¯°Í��é§�¹�µQµs¸Yµs¼�§�¹�«�x&§�·ÄÀ § w ¸�³(§�·°Éñª�Àj¸M¨Q¼+ªS¨�Àj¨s·nªS¹�Æ+´�¼+·°»nr�´3³+»4»-¸M¨sµç§�¹(ÆÈ��·Â´3ª
§�Æ� �·�wªÆr�u�¯�§�·°¹+ªøÁ'·n¹�§�¹ç§�¹(Æ�p�¯°·ÊÉ�¸�¨IÆ w ¸M¯�§�¹�Àj¸M¨�§�¯¨��§SÍ+´	È�ªS·n¹+©�µs¼4ªS¨sª&Àj¸�¨�Éñªv§�¹�Æy¹@��Í�¹+ªSµs¼
�(�^ªS¹�´,z	³+µ�ªS¨I§úÀj¸M¨'È�ªS·n¹+©½´3³(�¼ç§½S§�¨�·°¹+©�»�ªS¨Ü´3¸�¹º§�¹�ÆÊ©�¸¸�ÆÇÀj¨�·°ªS¹�Æ�q

Ã¯�^¸�³+¯ÂÆO§�¯�´3¸�¯°·¨«ªQµs¸�µs¼(§�¹�«�¹�¨I§Mw·°ªS¯Â§ ¦�³4È-ª®¨sµs·n¹+¸�réÁ'ªSÈ�¸�¨Ü§Ëp�¸�¨�ª�´§r Ë §�¨Iw¸ ´Þ¶�§SÍ+Æ4§�¹�r
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Singular values for a Discrete Ill−Posed Problem. Problem: ill−cond. heat, n=50
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±	¼4ª�´3¸M¯°³+µ�·°¸M¹ q] � ¸�Àæ´�À#qÁ¿¸µ^·�´	©M·m ªS¹ñÈ�Íq] � s dÈ�HÉ�?<Ê �� `¼5��Ë �5v dÈ�HÉ�? x Ê �� y¼5�+Ë �¤�
±	¼�³�´¬r q] � o¸�¹�´�·�´3µÜ´&¸�À�µ��^¸QµsªS¨�ÉÊ´§r�µs¼4ª¯}�¨I´�µú¸M¹+ª�·�´&µ�¼+ª½§�wµ�³�§�¯e´3¸�¯n³+µs·n¸�¹�¸�Àéµs¼+ª�³+¹4»-ª®¨/³

µs³+¨�È-ª:ÆÇ»+¨�¸�È+¯nªSÉ ´êÀ�qç¾�µé§�¹�ÆÊµs¼+ªø´3ª:w¸�¹�ÆQ¸M¹+ª¾·Â´	µs¼+ªøw¸M¹�µ�¨s·°È4³+µs·n¸�¹ÞÀj¨�¸�É*µs¼+ªv¹+¸M·�´�ª~q
±	¼4ªvÆ�·Ã¦�w³+¯nµ�Íú·n¹Í}(¹�Æ�·°¹4©_] � Àj¨�¸�É q] � ´�µsªSÉÊ´�Àj¨s¸�É µs¼4ª&w¸M¹�µ�¨s·nÈ+³+µs·n¸�¹�Àj¨s¸MÉ,µs¼+ª�¹+¸�·Â´3ª~q�Ã�Ày'·�´�§� ª�oµs¸�¨�¸�À�³+¹�w¸M¨s¨�ªS¯�§�µsª�Æ¾¹+¸M·�´�ª~r Ê �� y(��·n¯°¯�È�ª&w¸M¹�´3µÜ§�¹�µ�Àj¸�¨�§�¯°¯ � r S§�³�´�·°¹+©vµ�¼+ª'¨Ü§�µ�·°¸´�� ������ �

µs¸�È+¯n¸|��³4»�q�·=·°©M³+¨sª*À�qãÀ¾·°¯n¯°³�´�µs¨I§�µsª�´�µ�¼+ª&È�ªS¼�§� �·°¸�¨^¸�À � �� �� � §�¹�Æ � ������ � q�Ã8¹é·=·°©M³+¨sª*À�qç¾��	ªv´�¼+¸g�
µs¼�§�µú·n¹;µ�¼+·�´&®§�´3ªÆr q] � S§�¹�Æ�·ÃÉ�ªS¨vw¸M¹�´3·ÂÆ�ªS¨Ü§�È+¯nÍÇÀj¨s¸MÉö] � qvÃL¹?µ�¼+·�´'»(§�¨sµ�·�w³4¯�§�¨Aª�{+§�ÉQ»+¯nªúµ�¼+ª
¨sªS¯Â§�µs·¨ ª	ªS¨�¨s¸M¨`·n¹Þµ�¼+ªA´3¸�¯n³+µs·n¸�¹�Àj¸�¨�¹+¸M·�´3Í½Æ4§�µI§9��·°µ�¼Þ¨�ª�´3»�ª�wµ÷µs¸¾µ�¼+ª�´3¸M¯°³+µ�·°¸M¹ÞÀj¸�¨�ª�{4§�wµeÆ+§�µÜ§
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Coefficients of right singular vectors in LS solution. Problem: deriv2,n=50
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ó �P()ô96X; ì Ò ì p�¸ª§¦Êo·°ªS¹�µI´	¸�À�¶�·°©M¼�µ&¬·n¹+©�³4¯�§�¨,²�ª�oµs¸�¨Ü´	·°¹
¦�ª�§M´3µv¬#¡ ³(§�¨sª:´'´�¸�¯°³4µs·°¸M¹�r�Àj¸�¨�ª¤{+§Mwµ�§�¹�ÆÊ¹+¸�·Â´3ÍÊÆ4§�µI§#q

ÃL¹çµs¼+ªv»+¨�ª� �·n¸�³�´�§�¹�§�¯nÍ+´�·�´,�	ªøw¸M¹�´3·ÂÆ�ªS¨sª:ÆÇªS¨�¨s¸�¨Ü´�´�¹+¸M·�´�ªµ	¸M¹+¯°Íñ·°¹Êµs¼+ªø¨s·n©�¼�µ3«¼(§�¹�Æç´3·�Æ�ª~q
Ã8¹ñµs¼+·Â´��	¸M¨$«¢�	ª���·n¯°¯�§M´s´�³+ÉQª&µ�¼�§�µ^µs¼+ª&ª®¨s¨s¸M¨I´�·°¹Qµ�¼+ªvw¸ª§¦�w·nªS¹�µ÷ÉÊ§�µ�¨s·m{�rÆ�³4ª'Àj¸�¨^ª�{+§�ÉQ»+¯nª
µs¸vÆ�·Â´sw¨�ªSµs·n¿�§�µ�·°¸M¹¾¸�¨�}�¹+·°µ�ª	»+¨�ª�w·Â´3·°¸M¹¾¨�ªS»+¨sª:´3ªS¹�µI§�µs·°¸M¹�r§�¨sª�´3É�§�¯°¯·n¹�w¸MÉQ»�§�¨s·�´�¸�¹º��·°µs¼�ª®¨s¨s¸M¨I´
·°¹Qµ�¼+ª'¨�·°©M¼�µ�«¼�§�¹�ÆQ´3·ÂÆ�ª~q�±�¸¾µÜ§|«ª�·°¹�µs¸ø§�So¸�³+¹�µ	ªS¨�¨s¸M¨I´`·n¹ÞÈ�¸Mµs¼Qµ�¼+ªvw¸ª§¦�w·nªS¹�µ÷ÉÊ§�µ�¨s·m{²§�¹�Æ
µs¼+ª½¨s·n©�¼�µ3«¼(§�¹�Æ�´3·ÂÆ�ª~rP�^ªQ´�¼+¸�³+¯ÂÆØ»�¸ ´3ª½µs¼+ª½»+¨s¸MÈ+¯°ª®É>§�´v§Ê±�¸�µI§�¯�¦�ª�§�´�µÞ¬#¡³�§�¨�ª�´&»+¨s¸MÈ+¯°ª®É
´L´3ª®ª�� ½g¿M� µ°rP��¼4·�I¼;·�´vw¸M¹�´3·ÂÆ�ªS¨Ü§�È+¯nÍÇÉñ¸�¨sª²Æ�·Ã¦�w³+¯nµv§�¹(Æ���·n¯°¯�¹+¸�µvÈ�ª�µs¨�ª�§�µ�ª�Æ;·°¹?µ�¼+·�´��	¸M¨$«�q
±	¼+ªø±5¸MµI§�¯�¦�ª:§�´3µv¬#¡³�§�¨�ª�´	»+¨�¸�È+¯nªSÉ ¼(§�´�È-ª®ªS¹Ê³�´3ª�ÆQ·n¹Êw¸�¹4¹+ª�wµ�·°¸�¹T��·°µs¼Ê¨�ªS©�³+¯Â§�¨�·°¿�§�µs·°¸M¹Ê·°¹�ÄÎ|½X�êq
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¶#ªS©M³+¯�§�¨s·n¿�§�µ�·°¸�¹�·Â´Ê§ µ�ª�I¼+¹+·h¡³+ªçµs¼�§�µ��é§�´Q¸�¨�·°©M·°¹�§�¯°¯°Í Æ�ª¤ �·Â´3ª�Æ Àj¸M¨;o¸�¹�µs·°¹�³+¸M³�´Þ·°¯n¯Ä« »-¸ ´3ª�Æ
»+¨s¸MÈ+¯°ªSÉ�´{�Á½�¾.��q s ¼4ªS¹Qµs¼4ª&µsª�I¼+¹+· ¡ ³4ª�·�´�ª�{�µsªS¹�Æ�ª�Æëµ�¸¾µ�¼+ªvÆ�·Â´sw¨�ªSµsª�w¸M¹�µ�ª�{�µ`·nµ	©M·m ª�´�¨s·Â´3ª�µs¸Q5F
R��D�nIP/S�MG��S�!E�F'G¿���nIKJL�M0pIPO�QcR��S0PTVOXWZY¬q s ªv¯n·°ÉQ·nµ`¸M³+¨�»+¨�ª�´3ªS¹�µI§�µs·n¸�¹Êµs¸½µs¼+ªv¯Â§�µsµ�ªS¨�S§M´3ª~q

w ³+ÉQªS¨�·�S§�¯�¨�ªS©�³4¯�§�¨�·°¿�§�µs·n¸�¹¾ÉñªSµs¼+¸�Æ4´�´3ªSª�«vµ�¸&§�»+»+¨s¸g{�·°ÉÊ§�µsª�µ�¼+ª	³4¹�«�¹4¸|��¹²´3¸M¯°³+µ�·°¸�¹�¸�À�§�¹
·°¯°¯�«�w¸M¹�Æ�·nµs·°¸M¹+ª�Æv»+¨s¸MÈ+¯°ªSÉC��·°µ�¼�ª�{+§Mwµ�Æ+§�µI§#r�È�Í¾µs¼4ª�´3¸�¯n³+µs·n¸�¹�¸�À�§&¨sªS¯Â§�µ�ª�Æ¯�	ªS¯n¯Ä« w¸�¹�Æ�·°µs·n¸�¹+ª:Æ
»+¨s¸MÈ+¯°ªSÉñ��·°µ�¼?»-ª®¨sµs³4¨sÈ�ª�Æ?Æ+§�µI§�q²±	¼+ª¾Àj¸�¨�ÉÞ³+¯Â§�µ�·°¸�¹ç¸�À^µs¼4ª��	ªS¯n¯Ä«�o¸�¹�Æ�·nµs·n¸�¹+ª�ÆÊ»+¨s¸MÈ+¯°ª®É ·n¹�³
w¯°³�Æ�ª�´	·°¹�Àj¸M¨sÉÊ§�µs·n¸�¹Ê§�È-¸M³+µ&µ�¼+ªøÆ�ª�´3·n¨sª�Æñ´3¸�¯n³+µs·n¸�¹�q

±	¼4ª¾§MÆ+Æ�·nµs·°¸M¹�§�¯�·n¹�Àj¸�¨�ÉÊ§�µ�·°¸M¹Þ·Â´	³�´3³�§�¯°¯nÍÞª�{�»+¨�ª�´s´�ª�ÆQ§�´�§�o¸�¹�´�µs¨I§�·°¹�µ�¸�¹Êµs¼4ªv´3¸M¯°³+µ�·°¸�¹Ê¸�À
µs¼+ªv¯°ª:§�´3µ�´£¡ ³(§�¨sª:´#»+¨�¸�È+¯nªSÉ?q�¬³�I¼Êw¸�¹(´3µs¨Ü§�·n¹�µ�·�´	¸�À�µ�¼+ª&Àj¸�¨sÉ["!@]@[ ¢$# ´�À�qãÛ¸µ
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��¼+ªS¨sª%![·Â´úµ�Í�»+·�S§�¯°¯nÍ;µs¼4ªÞ·ÂÆ�ªS¹�µs·°µ�Íç¸�¨�§?Æ�·�´so¨sªSµ�·°¿Sª�Æ?Æ�ªS¨s·¨ �§�µs·¨ ª�¸�»�ªS¨I§�µs¸M¨�q?ÃL¹Vµ�¼+ªQ¯�§�µsµ�ªS¨
S§�´�ª~r=µ�¼+ªQo¸�¹�´�µs¨I§�·°¹�µ¾·Â´¢³(´3ª�ÆXµ�¸çw¸�¹�µs¨�¸�¯�µs¼+ª�´3ÉQ¸¸Mµs¼+¹+ª:´s´&¸�À�µ�¼+ªQ§�»+»+¨�¸|{�·°É�§�µsª½´�¸�¯n³+µs·n¸�¹�q
s ¼+ªS¹&!+s � r+µs¼+ªøw¸M¹�´3µ�¨I§�·°¹�µ�w¸�¹�µs¨�¸�¯�´	µ�¼+ªø´3·n¿Sª&¸�Àeµs¼+ªø´3¸M¯°³+µ�·°¸M¹�q

ÃL¹Êµs¼4ª¢Àj¸M¯°¯n¸|��·n¹+©��	ª¢§�´s´�³+ÉQªvµs¼(§�µ'!rs � r���¼4ªS¹+ª� ªS¨î�	ªv³�´�ª¾§�o¸�¹�´�µs¨I§�·°¹�µ�¸�À�µ�¼+ª'Àj¸M¨sÉ
´�À�qãÛ¸µ2q	Ã�À�µs¼4ª&»+¨s¸MÈ+¯°ª®É ·Â´`©�·¨ ªS¹Q·n¹Q©�ªS¹4ªS¨I§�¯�Àj¸�¨sÉñ´(! às � µ÷·°µ^·�´	»�¸´�´3·°È4¯°ªvµs¸�µ�¨I§�¹(´8Àj¸�¨�É ·°µ^µs¸
µs¼+ªø´3µÜ§�¹�Æ4§�¨IÆQÀj¸�¨�É ´)!rs � µ�È�ÍQÉQª�§�¹�´�¸�À÷µs¼+ªø§�¯n©�¸M¨s·°µ�¼+ÉÊ´�©�·m ª®¹Q·°¹ ��Î§¾���§�¹�Æ �ÜÀ~½X��r¸�¨�È�ÍQ§
�¼�§�¹+©�ªv¸�À� M§�¨s·Â§�È+¯nªv·°¹çS§�´�ª*!W·�´	·°¹# ªS¨�µs·°È4¯°ª~q

¦�·n¹�§�¹�Æ Ë ¸M¨�Äªi� ¾~¿M�¼�§� ª�¨�ª�wªS¹�µs¯nÍ�»+¨s¸M»-¸ ´3ª�Æ�§	ÉñªSµs¼+¸�Æ&µ�¼�§�µ�S§�¹¾È�ª^§�»+»4¯°·°ª:Æ¢µ�¸@¡ ³(§�Æ�¨Ü§�µ/³
·�S§�¯°¯°Íçw¸M¹�´3µ�¨I§�·°¹+ª�Æ?¯°ª:§�´3µø´£¡ ³�§�¨sª�´&»+¨�¸�È+¯nªSÉÊ´¬re��¼+ª®¨sª½µs¼+ª½w¸M¹�´3µ�¨I§�·°¹�µú·Â´'¸�Àéµs¼+ª�Àj¸�¨�Éú´êÀ�qÁÛ~µ°q
±	¼+ªSÍW§M´s´3³4ÉQª�ÆVµs¼�§�µÞ·�À+! às � µs¼+ªS¹,!7·Â´¾·°¹# ªS¨sµ�·°È+¯nªQ§�¹�ÆVµs¼+ªSÍ S§�¹ §�»+»+¯nÍW§��¼�§�¹+©�ªÊ¸�À
 �§�¨s·Â§�È+¯nª�´§qñ±	¼+ªSÍ;¨�ªS©§�¨IÆ-! §�´¾§Ê´�S§�¯n·°¹+©ÊÉÊ§�µs¨s·¨{;µ�¼�§�µvµs¼4ªSÍ�w¸�Éñ»+³+µsª²´3¸çµs¼�§�µú·nµøw¯°³�´�µsªS¨Ü´
µs¼+ª�ªS·n©�ªS¹# M§�¯n³+ª�´=¸�À.!0/ � \ � \1!îq�±	¼4·�´5Àjª�§�µs³+¨�ª�»+¨sª¤ ªS¹�µÜ´=µs¼4ª�³�´3ª�¸�À�µs¼4·�´=ÉQª®µs¼+¸�ÆúÀj¸M¨�Æ�·�´�w¨sª®µsª
·°¯°¯�«»�¸´�ª�ÆÇ»4¨s¸�È4¯°ªSÉÊ´^´3·n¹�wª&µ�¼+ªø´3µs¨Ü§�µ�ªS©�ÍÊÉQ·n©�¼�µ�I¼�§�¹+©Mªvµs¼+ªø´3»�ª�oµs¨s³4É ¸�À¤\ � \ý·°¹Ê³+¹�Æ�ª�´3·n¨/³
§�È+¯nª¯��§SÍ4´§q s ª¯��·n¯°¯�¨�ªSµs³+¨�¹;µ�¸Þµ�¼+·�´�µs¸M»+·�v·°¹ |ÏÀ�qÜ¾WqÁÀ���¼+ªS¹-�	ª�Æ�·�´so³�´s´�»+¨sª:w¸�¹�Æ�·°µs·n¸�¹+·n¹+©½·°¹
µs¼+ªøw¸M¹�µ�ª�{�µ�¸�À�Æ�·�´so¨sªSµ�ª&·°¯n¯Ä«»�¸ ´3ª�ÆQ»+¨�¸�È+¯nªSÉÊ´§q

±�¸øÌs³�´3µ�·ÄÀjÍÊµs¼4ª¾³�´�ª�¸�À*´�À#qÁÛ¸µ2rP�	ªøÉÞ³(´3µ�§�´�´3³+Éñª¾µs¼(§�µ&µ�¼+ª�ª�{4§�wµA´3¸M¯°³+µ�·°¸�¹?·Â´'´�ÉQ¸¸�µ�¼?¸�¨
µs¼�§�µ¾·°µv·Â´¢ª¤{�»�ª�wµ�ª�Æ?µs¸Ê¼�§� ªQ´�ÉÊ§�¯n¯�¹+¸M¨sÉ?qñ¶#ªS©M³+¯�§�¨s·n¿�§�µ�·°¸�¹?·Â´¾§�¯�´3¸-«�¹4¸|��¹Y§�´_YLR_OXOM0UTVIPQME
È-ª:S§�³�´�ª�·°µ&µ�¨s·nª�´#µ�¸ÊÆ+§�ÉQ»;¹+¸M¹�´3Éñ¸¸�µs¼�o¸�ÉQ»�¸�¹4ªS¹�µÜ´#·n¹?µs¼+ª²§�»+»4¨s¸g{�·nÉÊ§�µ�ª�´�¸�¯°³4µs·°¸M¹�q w ¸Mµsª
µs¼�§�µ�§�´9�	ª½Æ�·Â´sw³(´s´3ª:ÆØ·n¹Þ|¬À#q°Î�qÁ»�r�Àj¸�¨øÆ�·Â´sw¨�ªSµsª�·n¯°¯Ä« »�¸´3ª:ÆØ»+¨�¸�È+¯nªSÉÊ´¬r�¹+¸�¹(´3ÉQ¸¸Mµs¼V¸M¨¾¼+·n©�¼�«
Àj¨sªg¡³+ªS¹�oÍ?w¸MÉQ»�¸�¹+ªS¹�µI´�³�´3³�§�¯°¯nÍ�w¸�¨�¨sª�´�»-¸M¹�ÆXµ�¸;´�ÉÊ§�¯n¯�´3·n¹+©�³4¯�§�¨9 M§�¯n³+ª�´&¸�Àéµs¼+ªñw¸ª§¦�w·nªS¹�µ
ÉÊ§�µ�¨s·m{�q�±	¼+ªS¨�ªwÀj¸�¨�ª~rµs¼+¸ ´3ªvw¸MÉQ»�¸�¹+ª®¹�µÜ´`§�¨sª�ÉÊ§�©M¹+·Ã}(ª�ÆëÈ�Í�µs¼4ª'¹+¸M·�´�ªv§�´��	ªAS§�¹Q¸MÈ�´3ª®¨$ ª�·°¹
·=·°©M³+¨sªºÀ�qç¾�q

s ª�®§�¹?§�¯�´�¸Q¨sªS© §�¨ÜÆ;µs¼+ªø¨sªS©M³+¯�§�¨s·°¿:§�µs·n¸�¹Ê»+¨�¸�È+¯nªSÉÖ§�´&§�ÉÞ³4¯°µs·�«¸MÈ�Ìsª�wµs·¨ �ª�¸�»+µ�·°ÉQ·n¿�§�µ�·°¸M¹
»+¨s¸MÈ+¯°ªSÉñ��¼+ªS¨�ª��	ª�µs¨�Í;µ�¸ÇÈ(§�¯�§�¹�wª�µ�¼+ª½§�So³+¨I§MwÍ;¸�À�µs¼4ª½§�»+»+¨�¸g{�·nÉÊ§�µ�ª�´3¸M¯°³+µ�·°¸M¹V§�¹�ÆØµ�¼+ª
ª§É�ª�wµ�¸�Àeµs¼+ªv¹+¸M·�´3ªv¸M¹Çµ�¼+ªø´3¸M¯°³+µ�·°¸�¹nq	±	¼+·Â´�§�»+»4¨s¸§M�¼ç·�´	µÜ§|«ªS¹Ê·°¹�� ¾~¼Z�êq
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w ¸�¨�ÉÊ§�¯nu�¡³�§�µs·°¸M¹�´9´L´3ª®ª¯À#qÜ¾WqÁ»¸µ2q

ì Ò ì Ò ì | ï�:�ô�6"�);}��6X�U7 ;
6X�!%�î
±	¼+·�´^w¨s·nµsªS¨�·°¸�¹�·Â´�È�§�´�ª�Æë¸M¹Qµs¼4ª'µ�¨I§�Æ�ªw«¸gÉ�w³+¨£ ª�È�ªSµ��	ªSªS¹�µ�¼+ª�µ/�^¸v©�¸§�¯�´	¸�À�¨sª®©�³+¯Â§�¨s·n¿�§�µ�·°¸M¹��
ÉQ·°¹+·nÉQ·�¿S·°¹4©úµ�¼+ªv¨sª�´�·�Æ�³(§�¯�¹+¸�¨�Éë��¼4·°¯°ª9«ªSª®»+·°¹+©øµs¼+ª²´3¸M¯°³+µ�·°¸�¹ç¹+¸�¨�É Àj¨s¸�É*È�ªS·n¹+©Þµ�¸¸Q¯�§�¨s©Mª~q
±	¼+ªQ¦+«�w³4¨$ ª¾·Â´'§½¯°¸�© §�¨�·°µs¼4ÉQ·�&»+¯n¸�µ�¸�À^µs¼+ª²´3¸M¯°³+µ�·°¸�¹?¹4¸�¨sÉñ ªS¨I´�³�´�µs¼+ªø¨sª�´�·�Æ�³�§�¯=¹4¸�¨sÉ*Àj¸�¨
ª�§�I¼y M§�¯n³+ªv¸�À�µ�¼+ª¾¨�ªS©�³4¯�§�¨�·°¿�§�µs·n¸�¹;»(§�¨I§�ÉQªSµ�ªS¨�q^±	¼+ª¾¹(§�ÉQªvo¸�ÉQª�´`Àj¨�¸�É*µs¼4ª¢À §Mwµ�µs¼�§�µ'µ�¼+·�´
w³+¨$ ªA·�´'¦+«�´�¼�§�»�ª�Æ�q

±	¼4ª�¸�»+µ�·°ÉÊ§�¯�¨sªS©M³+¯�§�¨s·°¿:§�µs·n¸�¹?»�§�¨I§�ÉQªSµsª®¨�©�·m ª:´'§Q´�¸�¯n³+µs·n¸�¹?µs¼(§�µv¯°·nª�´�§�¨�¸�³+¹�Æ?µs¼4ª&~Iw¸M¨/³
¹+ªS¨��Q¸�À�µs¼4ªQw³4¨$ ª~q�·�·°©�³4¨sª¢À�qã¿;´�¼+¸g��´¢µ�¼+ªÊ¦+«�w³+¨£ ªj´L§�¹�ÆX·°µÜ´&w¸M¨s¹+ªS¨¬µ�Àj¸�¨v»+¨s¸MÈ+¯°ª®É �9;	4
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ó �P()ô96X; ì ÒP× ±	¼+ª�¦+«�o³+¨$ ª&Àj¸�¨�±	·¨«�¼4¸�¹+¸g Ê¶�ªS©�³4¯�§�¨�·°¿�§�µs·n¸�¹�q

±	¼4ª'³�´�ª'¸�À�µ�¼+·�´�o³+¨$ ª�µ�¸úª:´3µs·nÉÊ§�µ�ª	µ�¼+ª�¨sªS©M³+¯�§�¨s·n¿�§�µ�·°¸�¹½»�§�¨I§�ÉñªSµsªS¨�¼�§M´`È�ªSªS¹½´�µs³�Æ�·nª�Æ�·°¹�ÜÀ¿M��§�¹�Æ+�ÜÀMÐZ�êq�±	¼+ªv·�Æ�ª:§ë·Â´#µ�¸Þ·n¹�µ�ªS¨s»�¸�¯Â§�µ�ªúµ�¼+ª�o³+¨$ ªv·°¹Ê¸M¨IÆ�ªS¨�µs¸½ª�´�µs·°É�§�µsªAµs¼+ª%~Iw¸M¨s¹+ªS¨a��q
±	¼+ª�¦+«�w³+¨£ ªvw¨�·°µsª®¨s·°¸M¹Q»�ªS¨3Àj¸M¨sÉÊ´�È�ªSµsµ�ªS¨�µs¼�§�¹Êµs¼+ª¯¹9p�² w¨�·°µsª®¨s·°¸M¹<��¼+ªS¹Êµ�¼+ª&¹+¸M·�´3ªv·n¹Çµ�¼+ª
Æ+§�µÜ§ú·�´÷w¸�¨�¨sªS¯Â§�µsª:Æ�§�¹�Æ½w¸�Éñ»�§�¨Ü§�È+¯nÍ¯�	ª®¯°¯Àj¸�¨���¼+·°µ�ª�¹+¸�·Â´3ª~q÷±	¼+ªA§�Æ� M§�¹�µI§�©�ª�¸�À�µs¼+ªv¦+«�w³4¨$ ª
w¨s·nµsªS¨�·°¸�¹?¸g ªS¨vµ�¼+ª�¹9p�² ·°¹�µs¼+ª½»+¨�ª�´3ªS¹(wªÞ¸�À�w¸M¨s¨�ªS¯�§�µsª�Æ?¹+¸�·Â´3ªñ´3ªSª®ÉÊ´'µs¸ºw¸�ÉñªúÀj¨s¸MÉ µ�¼+ª
À §�wµvµs¼(§�µ&µ�¼+ªÇ¦+« w³+¨£ ª½w¨s·nµsªS¨�·°¸�¹ç³�´3ª:´'·°¹�Àj¸M¨sÉÊ§�µs·n¸�¹?¸�¹�È�¸�µ�¼Xµ�¼+ª�¨sª�´�·�Æ�³(§�¯�¹+¸M¨sÉ §�¹�ÆØµ�¼+ª
´3¸�¯n³+µs·n¸�¹�¹+¸�¨�É?r��¼+·°¯nª¾µs¼4ª<¹�p�² o¨s·°µ�ªS¨s·n¸�¹ç³�´3ª�´�·°¹�Àj¸M¨sÉÊ§�µs·°¸M¹;¸M¹Xµ�¼+ª�¨sª�´�·�Æ�³(§�¯�¹+¸�¨�É ¸�¹4¯°Í
´L´3ª®ª®�çÀ�ÐX� µ°q

¥�É�§SÌs¸�¨AÆ�¨I§���È�§MÏ«ç¸�À^µs¼4ª½w¨s·nµsªS¨�·°¸�¹ç·�´�µs¼+ª�¹4ªSª�ÆÇÀj¸�¨¢´3ª� ªS¨Ü§�¯�»�¸�·°¹�µI´�¸�¹?µs¼4ª½w³+¨$ ªøµs¸
È+³+·°¯ÂÆQµs¼+ª&·n¹�µ�ªS¨s»�¸M¯�§�¹�µ�´�·°¹�oª&µs¼+ªøw¸MÉQ»+³+µÜ§�µ�·°¸�¹ñ¸�Àe´3³�I¼Ê»-¸M·°¹�µI´	ÉÊ§SÍ½È�ªúª¤{�»�ªS¹�´�·m ª~q�x&§�¹�«ª
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¹+¸�¨�ÉÊ§�¯�ªg¡ ³(§�µs·n¸�¹�´�´�p,¹v¦�¬�µ	·n¹k|¬À�qç¾�qÁ»#r+µs¼+ªAÉQªSµs¼4¸�ÆÞ¸�Àîz�Ìgè¸M¨I°«Pr�¹�¨s·nÉQÉQª�§�¹�Æ<²	§�¹çÁ'¸¸�¨�ªS¹�ÜÛZ�^·°¹m|ÏÀ�qÜ¾WqÜ¾Wr�µs¼+ªQÉñªSµs¼+¸�Æ�¸�À9¹�¸�¯n³+È §�¹�Æ� ¸�¹ Ë §�µsµ�·n¹m|¬À#qÜ¾�qã¿r�ç»ÛM�^§�¹�ÆVµ�¼+ªQÉQªSµ�¼+¸�ÆX¸�À
p^§�¯m ª®µsµs·êr¶�ªS·�I¼+ªS¯4§�¹�Æ<Ì�¼�§�¹+©¨� ÐZ��r � ÏZ��·n¹®|¬À�qç¾�qÁÛ#q�ÃL¹ |¬À#qÜ¾WqÁÀ��	ªAÆ�·�´�w³�´�´eµ�¼+ª�»+¨sª�o¸�¹�Æ�·nµs·n¸�¹+·n¹+©
·�´s´�³+ªv·°¹Êµs¼4ª¾o¸�¹�µsª�{�µ�¸�ÀeÆ�·�´�w¨sª®µsª&·n¯°¯Ä« »�¸´3ª:Æ�»4¨s¸�È4¯°ªSÉÊ´¬q

s ªÊ¨sª�®§�¯°¯^µs¼�§�µÞµ�¼+ªÊ»+¨s¸MÈ+¯°ª®É �^ª��é§�¹�µ�µs¸Y´3¸M¯m ªQ·Â´¾µs¼�§�µÞ¸�À&¨�ª�w¸g ªS¨s·n¹+©;µ�¼+ªç´3¸M¯°³+µ�·°¸�¹
¸�ÀñÉQ·°¹�[1\^] �´`'[X��] b Ã¡¶ d Àj¨s¸MÉ µs¼4ªW´3¸M¯°³+µ�·°¸�¹7¸�À½ÉQ·°¹�[1\^]r� q`M[X� ] b Ã¡¶ d r¯��¼+ª®¨sª\»b?Ã¡¶ g�h dV�{`^bºÃ¡¶ g §�¹(Æ q`{s«`@vrx.y~q
ì Ò ��Ò Ó | 45î9*?��;
2¤;	6®õS7X;
6X4
7 � %Bî
±	¼+·�´v·�´v§�¹V·nµsªS¨Ü§�µ�·m ª�ÉQªSµ�¼+¸�Æ;Àj¸�¨�´�¸�¯¨ �·n¹+©Êµs¼+ªQ¹4¸�¨sÉ�§�¯�ªg¡³�§�µs·°¸M¹�´§r�·°¹���¼4·�I¼?µs¼+ªQ·nµsªS¨Ü§�µ�ª�´
§�¨sª²w¸�Éñ»+³+µsª:ÆÞ§M´ ] � N ?es ] � v��¹\ � ´ q`¤�+\^] � µ �®s&¼
�SÎ.�°»
�L�8�8�
��¼+ªS¨sª�� ·�´½§Ø»�§�¨I§�ÉQªSµsª®¨�qW±	¼+·Â´ëÉQª®µs¼+¸�ÆV·�´¾¹4¸�µ½³�´3ª�ÆW·°¹W»+¨Ü§�wµ�·�wªÊ·°¹W·nµI´�¸�¨s·n©�·n¹�§�¯	Àj¸M¨sÉ
´3·°¹(wª�·°µ�·�´'¹4¸�µ9 ªS¨sÍÊª§¦�w·nªS¹�µ¤q�¥�ÉQ¸�Æ�·Ã}-S§�µ�·°¸�¹ç¼�§�´&È�ªSªS¹?»4¨s¸�»�¸ ´3ª�Æ?·°¹��ç»�ÏZ�÷µs¸ç§�SoªS¯°ªS¨Ü§�µ�ª
w¸�¹# ªS¨s©MªS¹�wªÆq
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ì Ò ��ÒUÑ Ï �9;kÐ+;�7X�9%�*�%V#���%Bîy�Lô ()4
7X;Wl�6X45*9�!;	î�7£%�îm7 �9;%�c%B6XÐÞ4V���{��ô94
7 � %Bî�"
±	¼+·�´�§�»+»+¨s¸ §�I¼�w¸M¹�´3·Â´3µÜ´¾¸�À¢§�»+»+¯nÍ�·n¹+©?µs¼4ª�p�¸M¹�Ìs³+© §�µsªÚ¹�¨I§�Æ�·°ªS¹�µ¾ÉQª®µs¼+¸�ÆXµ�¸Xµ�¼+ªQ¹+¸M¨sÉÊ§�¯
ªg¡ ³(§�µs·n¸�¹�´ \ � \^]®sÛ\ � q `¯�

¥�¹ ·nÉQ»+¯nªSÉÞªo¹�µI§�µ�·°¸M¹?¸�ÀAµs¼+·Â´úÉQªSµ�¼+¸�ÆV´�¼+¸�³+¯ÂÆW§Ç ¸M·�ÆØÀj¸M¨sÉQ·n¹+©;µ�¼+ªQÉÊ§�µs¨�·m{ \ � \ ´3·n¹�wª
Æ�¸�·n¹+©�´�¸OÉÊ§SÍW·°¹�µs¨�¸�Æ�³�wª�¯�§�¨s©�ª�¨s¸M³+¹�Æ�·n¹+©Oª®¨s¨s¸M¨I´?´L´�ªSª �Ü»¿#r&ª�{4§�ÉQ»+¯nª-¿�qÁÀ#qÁ»W¸�¹%»�qÁ»�»¿Z� µ°q
±	¼+ªX¨�ª�´3³4¯°µs·n¹+©VÉQª®µs¼+¸�ÆW·�´¥«�¹+¸g��¹ý§M´yp�¸�¹�Ìs³+© §�µ�ªJ¹�¨I§�Æ�·°ªS¹�µQ¸�¹%µs¼4ª w ¸�¨�ÉÊ§�¯*u�¡ ³�§�µs·n¸�¹�´
´/p,¹ w ¶9r¸p,¹v¦�¬�µ2q�±	¼4ª	ÉQªSµ�¼+¸�Æú¼(§�´=È�ªSªS¹�³(´3ª�Æ�´�³�Swª�´�´8Àj³+¯n¯°Í&µ�¸v´3¸M¯m ªé´3¸�Éñª	·°¯n¯Ä« w¸�¹�Æ�·°µs·n¸�¹+ª:Æ
¯°ª�§M´3µ�´£¡ ³(§�¨sª:´	»+¨s¸MÈ+¯°ªSÉ�´à��·nµs¼Q¹4¸�·�´�ÍQÆ4§�µI§�Æ�³+ª&µs¸½§�¹Ê·°¹�µs¨s·n¹�´3·Â	¨sªS©M³+¯�§�¨s·n¿�§�µ�·°¸�¹ñª§É�ª�wµ	¸�À�µ�¼+ª
·°µsª®¨I§�µ�·°¸M¹�q

±�¸�©�·m ªe§�¹v·°¹�´�·°©M¼�µ�·°¹�µs¸�µs¼4·�´�¨sª®©�³+¯Â§�¨s·n¿�§�µ�·°¸M¹&ª§É�ª�wµ¤r��	ª>}�¨Ü´3µ�¸MÈ�´3ªS¨£ ª�µs¼�§�µ�µs¼+ª,p�¸�¹:Ìs³+©§�µsª
¹'¨Ü§�Æ�·nªS¹�µ=ÉQª®µs¼+¸�Æv©�ªS¹+ª®¨I§�µ�ª�´=·nµsªS¨Ü§�µsª:´5·n¹�§�Å&¨sÍ�¯°¸g ø´3³4È�´3»�§Mwª~q÷Ã8¹�»(§�¨sµ�·�w³4¯�§�¨¤r:Àj¸M¨�µs¼4ª(p,¹v¦�¬
ÉQªSµs¼4¸�Æ�µ�¼+ªv·°µ�ªS¨I§�µsª�´¹] � È�ªS¯n¸�¹+©½µs¸�µ�¼+ªºÅ¢¨�Í�¯n¸g Q´�³+È�´3»(§�wª�� � ´N\ � \¯�S\ � q `§µéÆ�ª§}�¹+ª:ÆÇ§M´� � ´N\ � \¯�S\ � q `�µ@s��.\ � q`Z��´p\ � \�µ\ � q `X�8�8�8�1��´N\ � \�µ � ^ ? \ � q `9�®�
w ¸�µ�ªúµ�¼�§�µA§�µ�ª:§�I¼Ç·nµsªS¨Ü§�µ�·°¸�¹nr5]��#·Â´	µs¼+ªø´�¸�¯°³4µs·°¸M¹Ê¸�À�µ�¼+ª&Àj¸�¯°¯n¸g��·°¹+©�ÉQ·n¹+·°É½·°¿®§�µ�·°¸M¹Þ»+¨�¸�È+¯nªSÉ

ÉQ·°¹ [1\^]_� q`�[¯�y�� �1� ["��� � C�E � E�u E � � � G
±	¼+ªS¨sªoÀj¸�¨sªvÈ�ÍÞ³(´3·°¹4©�µs¼+ª�p,¹v¦�¬QÉQª®µs¼+¸�Æ¥�^ªv§�¨�ªø´3¸�¯¨ �·n¹+©½§¾¨sª®©�³+¯Â§�¨s·n¿�§�µ�·°¸M¹Ç»4¨s¸�È4¯°ªSÉ ¸�À�µ�¼+ª
Àj¸�¨sÉ4´�À�qÊ½µ2q

·+¸M¨�´�¸�ÉQª�»+¨s¸MÈ+¯°ª®ÉÊ´§r"� � ´N\ � \¯�S\ � q `�µ�§�»+»+¨�¸g{�·nÉÊ§�µ�ª�´-µ�¼+ª�´3³4È�´3»�§Mwª�´�»�§�¹4¹+ª�Æ&È�ÍAµs¼+ª�¨s·n©�¼�µ
´3·°¹4©�³+¯Â§�¨, ª�wµ�¸�¨Ü´ Ë � §�´�´3¸�w·Â§�µsª:Æ���·°µ�¼Qµs¼4ª¯�½¯�§�¨�©�ª�´�µ�´3·n¹+©�³+¯Â§�¨, M§�¯n³+ª�´�§�¹�ÆQµs¼+ªS¨�ªwÀj¸�¨�ª~r	] � ¼�§�´
w¸�ÉQ»�¸M¹+ªS¹�µI´ú¸M¹+¯°Í�·°¹Yµs¼+ªÊÆ�·°¨sª:wµs·n¸�¹�¸�ÀA´3·n¹+©�³4¯�§�¨� ª:wµs¸M¨I´v§�´�´3¸�w·Â§�µsª:ÆË��·°µ�¼V¯�§�¨s©MªÊ´3·n¹+©�³+¯Â§�¨
 �§�¯°³+ª:´§q�¥&´¤�Þ·n¹�w¨sª:§�´3ª:´e¼4¸|�^ª� ªS¨¤r´3·n¹+©�³+¯Â§�¨� ª�wµ�¸�¨Ü´`§M´s´�¸�w·�§�µsª�Æ¥��·nµs¼Ê´�ÉÊ§�¯n¯�´3·n¹+©�³4¯�§�¨� M§�¯n³+ª�´
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CGLS semiconvergence for problem heat, m=n=50

optimal k: 14
optimal rel. error: 0.1071

ó �P(�ô�6X; ì Ò � ¬ª®ÉQ·�w¸M¹� ª®¨s©�ª®¹�wª�È�ªS¼�§� �·°¸�¨�¸�À�µ�¼+ª�p�¸�¹�Ìs³4©§�µ�ª<¹�¨I§�Æ�·°ªS¹�µ Ë ªSµs¼4¸�Æ
¸�¹Êµs¼+ª w ¸M¨sÉÊ§�¯�u�¡³�§�µ�·°¸�¹®´/p,¹v¦�¬�µ^¸�¹ºÁ'·�´�w¨sªSµ�ªvÃL¯°¯�«�Å=¸ ´3ª�ÆÊÅ�¨s¸MÈ+¯°ªSÉ�´§q
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±	¼4ª¾´�ª�w¸M¹�ÆQ¸�¹+ªv·�´	µ�¼�§�µ�µ�¼+ªvÉQªSµ�¼+¸�Æ¥�	¸M¨$«4´	³+¹�Æ�ª®¨	µs¼4ª¾§M´s´�³+ÉQ»+µ�·°¸�¹ñµs¼�§�µ # ä [1\ � q `�[gq
±	¼+·�´�§M´s´3³4ÉQ»+µs·n¸�¹v·�´�¹4¸�µ�ªS¹+¸M³+©�¼ø·°¹vµs¼4ª�¨sªS©M³+¯�§�¨s·n¿�§�µ�·°¸�¹øw¸M¹�µ�ª�{�µ�´3·n¹�wª�·nµ�ÉQ·°©M¼�µ�´�µs·°¯n¯�»+¨�¸�Æ�³�wª
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ËYÉ�ÇEÄ�¼sË¿þ ü ì ç Él¼sÆF¾À¿o��ÍYÑFÌPÅ$¾,¼�¾�¿�Ä�Ä,ÅEÇEÌ=¼sÆÚÇt¼n¿�¾,ÉÜÄ�ÅAê ü ��õ3¾ÂÉÖ¼PÆFÅ
Æ�ÇtÌ+ÊkÄ�Ç
¿�Å<	��ÎüJ¾À¿=ÉFËBÄ,ËYÉqÍYÅ�ÌnÇ�Ã�ËYÄ,Å�ËtÔîù.ê)ú©ëÏËYÌ�ù û ê(ú�ëaì

´ Å£¿sÇ��8¾,É Ù Å�ÁcÁ�Ç°�±ì�óM¼PÆ�Çt¼J¼sÆqÅ�Æ�ÇtÌ+ÊÁÄ�Ç
¿�Å�Ä�ÇEÉ1Ë
ÉFÄ,Ø�Ë]Ä"Ä�ÑFÌe��ÆFÅ�É*ýl¹,þ ü ì ç É)ÃFÌ+Ç�Ä�¼P¾�Ä�Å<	ýIÅ�-qÇ�Ä�¼PÄ,Ø�ËYÌs¼PÆFËYÍ
ËYÉ�ÇEÄ=¼PË»þ ü ��¾,ÄÂÄ�Ì�ÇEÌsÅ�ÄÂØ½Ë]Ä"Ä�ÑqÌ"ì Ó ÆFÅBÁcË<¿:¼4Ä�ËYÁGÁcËYÉ�¿�¾Â¼sÑ�ÇE¼s¾ÂËYÉ·¾�¿A¼sÆ�ÇE¼'ý
¾�¿MÉWÑFÁcÅ�ÌP¾�Ä�ÇEÄ,ÄÂØ1Ë
Ìs¼sÆqËYÍYË
É�ÇtÄJ¼PËPþ ü 	y¿�Ã�Å®Ä�¾�ÇtÄÂÄ,ØcÔ*ËYÌ�Ê/¾�¿´Ä�ÌsÅ�¼PÅ�¾ÂÄ,ÄåD?Ã�Ë<¿�ÅmÊ½ÃFÌsË
ÒFÄ,Å�Á�¿�	�ÇY¿A�ÏÅ���¾,ÄÂÄ
¿�ÆFËE�4¾ÂÉ]Ð?Å®Ä�¼s¾ÂËYÉl�HìK>yì

´ Å���¾ÂÄ,ÄyÌPÅ�Ô*Å�Ì�¼sËB¼sÆqÅ)¿�¾Â¼sÑ�ÇE¼s¾ÂËYÉ½��ÆqÅ�É»ýl¾À¿=ËYÌP¼sÆFË
ÍYËYÉÚÇtÄJËYÌ£ÉFÅEÇEÌsÄ,ØGËYÌs¼PÆFËYÍ
ËYÉ�ÇEÄJ¼sË¿þ ü ÇY¿
Ç�Ã�ËY¼PÅ�É/¼P¾�ÇEÄ�Æ�ÇEÌ�ÊPÄ�Ç
¿�Å$ÇEÉ�Ê1ÉFÅmÇtÌ=Ë
Ì=ÉWÑFÁcÅ�ÌP¾�Ä�ÇEÄ/Ã�Ë
¼sÅ�ÉW¼s¾ÀÇtÄ�Æ�ÇtÌ+ÊPÄ�Ç
¿�Å<	WÌsÅE¿:Ã�Å·Ä�¼s¾ ï<Å�Ä,Ø�ì ´ Å£Ñ�¿�Å
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Hard case. Positive Semidefinite Hessian. n = 2

up up

ë�ì�í�î �t��}y~,ï Ó ÆFÅ*ðnÇtÌ�Ê½ðÏÇ
¿�Å�Ô*Ë
Ì£Ç1ñ;Ë<¿�¾Â¼s¾ ï<Å
Ð<Å�Ác¾�Ê/Å���ÉF¾,¼PÅ£ÇtÉ�ÊIÐ<¾,ÉqÍYÑFÄÀÇtÌ�ðMÅE¿P¿�¾ÀÇtÉ?ì

¼sÆFÅ��=ËYÌ+ÊÖÃ�ËY¼PÅ�ÉW¼s¾�ÇEÄy¾,É�¼sÆF¾À¿�Ä�ÇY¿:Å)¿�¾ÂÉ�Ä�Å$Å"ï<Å�Él��ÆFÅ�É»ýG¾�¿�ËYÌs¼PÆFËYÍ
ËYÉ�ÇEÄ�ËYÌ£ÉFÅEÇEÌsÄÂØÖË
Ìs¼PÆFËYÍ
ËYÉ�ÇEÄ
¼sË+þ ü ¼sÆFÅnÆ�ÇtÌ+ÊPÄ�ÇY¿:ÅMË
Ì=ÉFÅmÇtÌ=ÆÚÇtÌ�ÊåÄ�ÇY¿:ÅM��¾ÂÄ,ÄFË
ÉFÄ,ØBË]Ä"Ä�ÑFÌJ¾TÔy¾,ÉGÇYÊqÊ/¾,¼P¾,ËYÉ��7�ò6®ê:� ò½� ü �]ë:9Jýpì

ç É8ÇIÉFÅEÇtÌ)Ã�Ë
¼sÅ�ÉW¼s¾ÀÇtÄ�Æ�ÇEÌ�ÊYÄ�ÇY¿:Å½�ÏÅ1��É�Ê�¼sÆ�ÇE¼BÇtÄ,¼PÆFËYÑqÍYÆ�� ü ¾À¿)Ç½Ã�Ë
Ä,ÅlËtÔ�¼sÆFÅ�¿�Å·Ä�ÑFÄ�ÇEÌ
Ô*ÑFÉ�Ä�¼P¾,ËYÉÚ¿�	5¼PÆFÅåÄ�Ë<Å�óàÄ�¾,Å�ÉW¼Aê ü ¾À¿�ï<Å�ÌsØI¿:ÁlÇtÄÂÄfì¿öA¿$ÇkÄ�ËYÉ�¿:ÅE�^ÑqÅ�É�Ä�Å<	y¼PÆFÅ3Ô*ÑqÉ�Ä�¼s¾ÂËYÉ�¿$Ò�Å®Ä�ËYÁGÅï<Å�ÌsØ{¿�¼PÅ�Å�Ã;Ä�Ä,Ë?¿�Ål¼sË·¼sÆq¾�¿�Ã�ËYÄÂÅ½Ç
¿3�ÏÅ%Ä�ÇtÉæ¿�Å�Ål¾,É;é5¾ÂÍYÑFÌPÅc�HìTf�ì Ó ÆF¾�¿)Ã�Ë<¿:ÅE¿3ÃqÌsËYÒqÄ,Å�Ál¿$¼sË
¼sÆFÅ�É/ÑFÁGÅ�Ìs¾vÄ�ÇtÄ0Ä�ËYÁcÃFÑq¼�Çt¼P¾,Ë
É�ËEÔ$¼sÆqÅ½¿:ÁlÇtÄÂÄ,ÅE¿:¼)¿:ËYÄ,Ñq¼s¾,Ë
ÉËEÔ¿ê �±ì"!7ëaìÛô£Å�ÉqÅ�Ì�ÇEÄ�ÁcÅ�¼sÆqËWÊF¿�Ô*ËYÌ
¼sÆFÅ Ó�õ ÐGÒ�ÇY¿:ÅEÊÖË
É½¼sÆqÅ)¿�Å·Ä�ÑFÄ�ÇEÌ�ÅE�<Ñ�Çt¼P¾,ËYÉ�Á1ÑÚ¿�¼�¼�Ç®÷<Å$¾,ÉW¼sËBÇ�Ä�Ä�ËYÑFÉW¼£¼sÆF¾À¿MÊ/¾Tó�Ä�ÑFÄ,¼:Ø�ì=w£¼sÆqÅ�Ì
ÁcÅ�¼sÆqËWÊF¿=��¾,ÄÂÄyÇtÄÀ¿�ËBÅ�É�Ä�Ë
ÑFÉW¼sÅ�ÌÏÃFÌsË
ÒFÄ,Å�Á�¿o¾,Él¼PÆFÅ$Æ�ÇtÌ+ÊkÄ�Ç
¿�Å�ì
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Easy case. Indefinite Hessian. n = 2

down

down

up up

ë�ì�í�î �E�½}y~Â} Ó ÆqÅ+íJÇ
¿�ØIðÏÇY¿:Å�Ô*ËYÌnÇtÉ ç É�Ê/Å���ÉF¾,¼PÅ4ðMÅE¿P¿�¾ÀÇtÉ?ì
öA÷Cø ù�ú£ûÜü4ý:þFÿ��Úû��qû������
	���=þqû���ù����°þ���	���û��Ïý������������� !����û#"

ç É{¼sÆF¾À¿�¿:Å®Ä�¼P¾,ËYÉ{�=ÅG¿�ÆFËE�Õ¼sÆÚÇt¼)¼sÆqÅ1ÁlÇE¾,ÉIÔ*ÅEÇt¼PÑFÌsÅBËtÔ£¼PÆFÅ Ó�õ ÐI¾,É·¼sÆqÅlÊ/¾�¿´Ä�ÌsÅ�¼sÅ)¾,ÄÂÄåD?Ã�Ë?¿�ÅEÊÄ�ÇY¿:Å�¾À¿°¼PÆFÅ$Ë]Ä"Ä�ÑFÌPÌsÅ�ÉÜÄ�ÅAËtÔ©Æ�ÇtÌ+Ê»Ä�ÇY¿�Åm¿°Ë
ÌMÃ�ËY¼PÅ�ÉW¼s¾�ÇEÄ�Æ�ÇEÌ�Ê%Ä�ÇY¿:ÅE¿9ì
´ ÆqÅ�É�ÏÅcÅ�É�Ä�Ë
ÑFÉW¼sÅ�Ì)¼PÆFÅlÆ�ÇtÌ+ÊnÄ�Ç
¿�Ål¾,É�ËYÃq¼s¾,ÁG¾%$EÇE¼s¾,Ë
É�ÃqÌsËYÒqÄ,Å�Ál¿$¾,¼)¾À¿�Ñ�¿�Ñ�ÇEÄ,ÄÂØk¾,Ék¾Â¼�¿

Ò�ÇY¿:¾�Ä1Ë
ÌcL�Z�\'&YR,N»Ô*ËYÌsÁu	5¾fìjÅ�ì ý8¹ þ ü ËYÉFÄÂØ�ì ´ Ål¿�ÆqËt�¥¾,É{¼sÆF¾À¿�¿�Å·Ä�¼s¾ÂËYÉk¼PÆ�Çt¼�ÉFËY¼)Ë
ÉFÄ,ØÝÄ�ÇtÉ
�=ÅcÅ�-WÃ�Å®Ä�¼AÃ�Ë
¼sÅ�ÉW¼s¾ÀÇtÄ=ÆÚÇtÌ�ÊÝÄ�ÇY¿:ÅE¿�¼PË½Ò�Åc¼sÆqÅ1ÁcË?¿�¼�Ä�Ë
ÁcÁcËYÉèÄ�ÇY¿�Åm¿�Ô*ËYÌ¤Ê/¾�¿´Ä�ÌsÅ�¼sÅ)¾,ÄÂÄåD?Ã�Ë?¿�ÅEÊ
ÃFÌsË
ÒFÄ,Å�Á�¿�	�ÒFÑF¼)¼PÆFÅ�Øk��¾ÂÄ,Ä0ÇtÄ�¿:Ë�Ë]Ä�Ä�ÑFÌB¾,É8Ç)()Q^RKX&Z+*�R,N Ô*ËYÌPÁI	�¾fìjÅ�ì�ýÛ¹ þ ÿ �3��á�ô�óyô������"ô��
	
á�������5	/Ô*Ë
Ì�ý .�,õ]ì
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Hard case. Indefinite Hessian. n = 2

z in S1

p

x = p + theta1 z

x = p + theta2 z

down

down

up up

ë�ì�í�î �E�½}y~-, Ó ÆFÅ�ðAÇEÌ�ÊIðÏÇY¿�ÅAÔ*Ë
ÌAÇEÉ ç É�Ê/Å��ÚÉF¾,¼PÅ4ðMÅE¿P¿�¾�ÇEÉ?ì
ç Éèé5¾ÂÍYÑFÌPÅ��±ì"v)�=Å)¿:ÆFËE� ù©û�ê)ú©ëÏÔ*ËYÌ$Ç)ÃFÌsË
ÒFÄ,Å�Á ËEÔ0Ê/¾,ÁcÅ�É�¿�¾ÂËYÉ����Üf?	���ÆFÅ�ÌsÅBÇ)Á1ÑFÄÂ¼s¾ÂÃFÄ,Å

Ã�Ë
¼sÅ�ÉW¼s¾ÀÇtÄ;Æ�ÇtÌ+Ê&Ä�ÇY¿:Å)ÇEÌs¾�¿:ÅE¿���¾,¼sÆl�$��Hì ´ ÅáÄ�ÇtÉ�ËYÒ�¿:Å�ÌÒï<Å�¾,Él¼sÆqÅ�ÍYÌ+ÇtÃFÆI¼PÆ�Çt¼n¾,Él¼sÆF¾À¿ÑÄ�ÇY¿�Å
¼sÆFÅ�¿�Á�ÇtÄ,ÄÂÅE¿�¼Ï�)Å�¾,Í
Å�É]ïYÇEÄ,ÑFÅm¿=ËtÔÏ� ê´ò'óyôaõyô�ó]ô�>7ë0ÇtÌPÅ�ÉqËY¼£Ã�Ë
Ä,ÅE¿=ËEÔRù©û ê(ú�ëaì

ç Éèé5¾ÂÍYÑFÌPÅ)�HìKi1�=Å¤¿�ÆFËE�ÕÇu\�NPS<U°Ã�ËY¼PÅ�ÉW¼s¾�ÇEÄ�Æ�ÇEÌ�Ê&Ä�Ç
¿�Å)¾,ÉI¾Â¼�¿�Á1ÑqÄ,¼s¾ÂÃFÄ,Ån¾,É�¿:¼�ÇtÉÜÄ�Å<	���ÆFÅ�ÌsÅ
�=Å�Ä�ÇtÉlË
Ò�¿�Å�Ì´ï<Å$¼sÆFÅ�¿�¼PÅ�Å�ÃFÉqÅE¿s¿=ËEÔJ¼sÆFÅAÔ*ÑFÉÜÄ�¼s¾ÂËYÉ�¿=ÉFÅmÇtÌ£¼sÆFÅ$Ã�ËYÄÂÅE¿9ì

´ Å½��¾ÂÄ,Ä£¿:ÆFËE� ÉqÅ�-/¼B¼sÆÚÇt¼)Ô*ËYÌlÊ/¾À¿ÒÄ�ÌPÅ�¼sÅl¾ÂÄ,ÄåD?Ã�Ë<¿�ÅmÊ�ÃFÌPËYÒFÄÂÅ�Ál¿��=Å Ä�ÇtÉ8Å�-WÃ�Å·Ä�¼+ý8¼sË·Ò�Å
ËYÌs¼PÆFËYÍ
ËYÉ�ÇEÄ�ËYÌ�ÉFÅEÇtÌPÄ,Ø�ËYÌs¼PÆFËYÍ
ËYÉ�ÇEÄ�¼sË%þ ÿ ô��M�»á�ô�óyô������"ô��)Ô*Ë
ÌBá½�ò��� �.ì Ó ÆFÅ¿ï
ÇtÄÂÑFÅ3�¤¾�¿
Ñ�¿�Ñ�ÇEÄ,ÄÂØ�ËEÔ�¼sÆqÅcËYÌ+Ê/Å�Ì�ËEÔ{ó�õ�. ¼PËIi�õ�. ËEÔ£¼sÆFÅBÃFÌPËYÒFÄÂÅ�Á�Ê/¾,ÁGÅ�É�¿�¾ÂËYÉ?ì Ó ÆFÅ�ÌPÅ�Ô*ËYÌPÅ<	yÁ1ÑFÄÂ¼s¾ÂÃFÄ,Å
Ã�Ë
¼sÅ�ÉW¼s¾ÀÇtÄJÆ�ÇEÌ�ÊèÄ�ÇY¿:ÅE¿AËYÌ�ÉqÅEÇtÌ$ÁBÑFÄ,¼P¾,ÃFÄÂÅAÃ�ËY¼sÅ�É/¼P¾�ÇtÄJÆ�ÇEÌ�ÊèÄ�ÇY¿:ÅE¿�ÇEÌsÅBÄ,¾ ÷<Å�Ä,Øc¼PË�ÇtÌs¾À¿�ÅB¾,ÉI¼PÆF¾�¿Ä�ËYÉW¼sÅ�-W¼"ì
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Derivative of phi(lambda) in a potential hard case

lambda
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ë�ì�í�î �t��}y~,� Ó ÆqÅ3Ð?Å®Ä�ÑFÄÀÇtÌ�éFÑFÉ�Ä�¼P¾,Ë
Ékù�ûtê)ú�ë=¾ÂÉ½Ç)ñ;ËY¼sÅ�É/¼P¾�ÇtÄãðnÇtÌ�Ê½ðÏÇ
¿�Å�ì
Ù Å�¼0/ ¬ ç õ!102 dF	��»�3/ ¸ /ãÇtÉ�ÊÛýG� ò4/ ¸657 	/��ÆqÅ�ÌsÅ48:9$õ/	 5 7 � 7 ª 8<;A��¾,¼PÆ 7 ô=; ¬ ç õ!1 ì

Ó ÆFÅPï<Å®Ä�¼PËYÌ>;B¾�¿$ÇÖÌ+ÇtÉ�Ê/Ë
Á�ï<Å·Ä�¼sË
ÌAÌsÅ�ÃqÌsÅE¿:Å�É/¼P¾,ÉFÍlÉFË
¾�¿:Å�ì Ù Å�¼?/ �A@>B0C ¸ Ò�ÅGÇ]Ð<¾ÂÉFÍYÑFÄÀÇtÌ
D ÇEÄ,ÑFÅ:EMÅ·Ä�ËYÁcÃ�Ë?¿�¾,¼P¾,Ë
ÉcËtÔF/�ì Ó ÆFÅ�É

� � C:BFGHC ¸ ô ÇEÉ�Êý � ò>CIB0@ ¸ 5 7
� ò>CKJ<�ML�ýpêMN ü�ô������9ô=N dPO ü�ôQN d ë0@ ¸ 5 7 �

'£ËY¼s¾vÄ�Å=¼PÆ�Çt¼RN ÿ �TS � dPO ÿVU©ü 	<¿:¾,É�Ä�ÅÏ�=ÅÏÉ/ÑFÁBÒ�Å�Ìy¼sÆqÅ�Å�¾,Í
Å�Éyï
ÇEÄ,ÑFÅE¿yÇEÉ�Ê)¼sÆFÅ0¿�¾,ÉqÍYÑFÄÀÇtÌ�ï
ÇtÄÂÑFÅE¿
¾,ÉlËYÃFÃ�Ë?¿�¾,¼PÅ��0ÇmØq¿9ì

Ð?ÑFÃFÃ�Ë<¿:Å��ÚÌ�¿�¼$¼PÆ�Çt¼$�c�»áGÇtÉ�Ê�ÄÂÅ�¼AÑ�¿�¿�ÆFËE� ¼sÆ�ÇE¼��=ÅåÄ�ÇEÉ�Å�-WÃ�Å®Ä�¼'ýI¼PË½Ò�ÅBÉFÅEÇtÌPÄ,ØIË
Ì�a
¼sÆFË
ÍYËYÉÚÇtÄy¼sË4þ�üiìJÐ<ÑFÃFÃ�Ë<¿:ÅA¼sÆÚÇt¼��®ü5ÆÚÇY¿oÁBÑFÄÂ¼s¾,ÃqÄ,¾�Ä�¾,¼`Ø>W ì Ó ÆFÅ�ÌPÅ�Ô*ËYÌPÅ<	�þ�üÏ�4¦<X dPOZY U�üiô������"ô=X d ®]ì
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Derivative of phi(lambda) in a potential near hard case
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ë�ì�í�î �E�I}y~\[ Ó ÆFÅ)Ð<Å®Ä�ÑFÄ�ÇEÌ�]ÚÑqÉ�Ä�¼s¾ÂËYÉ%ù©û_^(ú `Ï¾,É�Çba�NPS<UJñ5ËY¼PÅ�ÉW¼s¾�ÇEÄãðAÇtÌ+Ê½ðÏÇY¿�Ådc

Ù Å�¼A§c�3Xfe"ô£�Pò)W ª á$�)gc���hc Ó ÆqÅ�Éý ¸ § � ò 5 7 ¸ @�J<�ML�ýi^MN ü ô������"ôQN dPO ü ôQN d `jC ¸ X e

ÇtÉ�Ê�¿�¾,ÉÜÄ�Å:X ¸ÿ X e �$õyô£� .�kglÇEÉ�Ê�X ¸e X e �|á
	F�=Å$Æ�Ç"ï<Åý ¸ § � ò4N d µ ¸e 5 7
� ò4N d µ ¸e ^ 7 ª 8<;d`
� ò4N d ^&µ ¸e 7 ª 8
µ ¸e ;'`£�

Ù Å�¼�Ñ�¿=¿:Å�ÅAÉFËE��¼sÆÚÇt¼��=Å�Ä�ÇtÉcÅ�-/Ã�Å®Ä�¼�ý ¸ §c¼sË�Ò�Å�¿:ÁlÇtÄÂÄF¾,É�Ê/¾�¿´Ä�ÌsÅ�¼PÅM¾ÂÄ,ÄTD<Ã�Ë<¿:ÅEÊ1ÃFÌPËYÒFÄÂÅ�Ál¿Hc
ç ÉlË
Ì�Ê/Å�Ì£¼sËBÊWË1¼PÆF¾�¿�	F�=ÅA��¾ÂÄ,Ä;ÇtÉÚÇtÄ,ØZ$�ÅAÒ�Ë
¼sÆ½¼PÆFÅ$Å�-qÇ�Ä�¼£ÇEÉ�ÊÖÉFË
¾�¿:ØlÊFÇt¼+ÇÁÄ�ÇY¿�Åm¿Hc

ç É�¼sÆFÅÏÅ�-FÇ�Ä�¼;ÊFÇE¼�Ç'Ä�Ç
¿�Å<	f8��$õMÇEÉ�Ê��=ÅÏ¿PÇm��¾ÂÉ3H�>�c,á<c�óM¼PÆ�Çt¼;¾åÔq¼sÆqÅ=ÑFÉ�ÊWÅ�ÌsÄÂØ/¾ÂÉFÍ�Ä�ËYÉW¼s¾ÂÉ/ÑqËYÑ�¿
ÃFÌsË
ÒFÄ,Å�Á�¿PÇt¼P¾�¿C�ÚÅE¿�¼PÆFÅcñ�¾vÄ�ÇtÌ+Ê×ðJË
É�Ê/¾,¼P¾,Ë
Ék¼sÆFÅ�Ékµ ¸e 7 	;�kòlW ª ál�mg{� �8ÇtÌPÅc¿:ÁlÇtÄÂÄJÇtÉ�Ê
¿�¾,ÉÜÄ�Å:N d ¾�¿�ÇEÄ�¿�ËG¿�Á�ÇtÄ,Ä`	<�=Å$Æ�Ç"ï<Å$¼sÆ�ÇE¼�ýl¾�¿=ÉFÅmÇtÌsÄÂØ1Ë
Ìs¼PÆFËYÍ
ËYÉ�ÇEÄ�¼sË¿þ ü ¾ÂÉl¼sÆF¾À¿�Ä�ÇY¿:Å�c



!Wá

−4 −2 0 2 4 6 8 10 12 14
−2

0

2

4

6

8

10

12

14

Derivative of phi(lambda) in a potential multidimensional hard case
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ë�ì�í�î �t��}y~%n o ÑFÄ,¼P¾,ÃFÄÂÅ$ñ5Ë
¼sÅ�ÉW¼s¾ÀÇtÄ?ðnÇtÌ�Ê½ðÏÇ
¿�Å�c

]FË
Ì�ÉqËY¾�¿:Ø·ÊFÇt¼+Ç/	h8 .� õ½ÇEÉ�Ê ý ¸ §�Ác¾ÂÍYÆW¼MÉFË
¼$Ò�ÅG¿�Á�ÇtÄ,Ä©¿�¾,ÉÜÄ�ÅBÇtÄÂ¼sÆFË
ÑFÍYÆ)N d µ ¸e 7 ��¾,Ä,ÄeÒ�Å
¿�ÁlÇEÄ,Ä�Ç
¿oÒ�Å�Ô*ËYÌPÅ<	<¼sÆFÅ£¼sÅ�ÌsÁp8
µ ¸e ;£Ác¾,Í
Æ/¼�Ò�Å£Ä�ÇEÌsÍYÅnÅ�ÉFËYÑqÍYÆB¼sË*Ä�ËYÁcÃ�Å�É�¿PÇt¼PÅ=Ô*ËYÌ=¼PÆFÅn¿�ÁlÇEÄ,ÄqN d c
]ÚË
ÌAÁcË?¿�¼n¿�Å"ï<Å�ÌPÅ�Ä,ØB¾,ÄÂÄåD7Ä�ËYÉ�ÊW¾,¼s¾ÂËYÉFÅmÊ�ÃqÌsËYÒqÄ,Å�Ál¿=ÆqËt�ÏÅ"ï<Å�Ì�	 N d ¾�¿£¿�ËàÄ�Ä,Ë?¿�Å�¼PËb$�Å�ÌPË1¼PÆ�Çt¼nÅ"ï<Å�É
¾åÔ©µ ¸e ;�¾À¿=Ä�ÇtÌPÍYÅ<	yýG��¾,ÄÂÄ;¿�¼P¾,Ä,Ä�Ò�Å�ÉqÅEÇtÌPÄ,ØcË
Ìs¼sÆqËYÍYË
É�ÇtÄe¼sË*þ�ürc

ç É Ó ÇEÒFÄ,Ål�scÂáÖ�ÏÅl¾,Ä,ÄÂÑ�¿�¼PÌ�ÇE¼sÅl¼sÆFÅ�¿:¾,¼sÑÚÇt¼s¾ÂËYÉ8��¾,¼sÆ8ÃFÌsË
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Derivative of phi(lambda) in a potential multidimensional near hard case
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Orthogonality of g to the eigenvectors of A from problem Foxgood, n=300
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� � ÿ � ù�ú o ýJþ ÿ � þ ÷ ýï ÿ+ý ï  rþ ÿ+ý ïM�B���±ú þ ú��B�g���Xµ È��ËÊ � þ � ���Fú�� þ ú�� þ�ÿ+ý �� # � ! ú þ�ÿ�� ÷ ÿ ý ! ý�þ ÿ ú�ù4� ���" ý ï8� !�! ý ù	���B��� ùþ � þ�ÿ+ý ù � ���� ý ù þ£ý ú #�ý �'� ���" ý � 6¿J � � �
, ýg  ��� ÷ 6 ! � � O ÿ � � þ�ý ! � þ ÿ � þ � �]ú�� þ ý ! ú�� ! ù:� ��" þ ú����]úGù # ú�� ý � &'0qø ÒmÏ à ø · í P ù ¶

÷ ú þ�ÿ ï8� !�! ý ù	���B���.ú�� # @ � # !F� � #Fý?� "�� þ ú�� � ú ý ! µ ÒwÏ à ør¢2� , ý ! ý ï ����� 6 ! � � $ ý ï þ ú���� ð2�� þ�ÿ � þQ6 � !þ�ÿ+ý � "�! ���$ù ý � 6 ï8� � � " þ ú�� #Kþ�ÿ+ý ù � 6cý
# "���! �±ú�� # ú�� þ ý ! � ��� ú�� þ�ÿ ý ú�� þ�ý ! ú�� ! ù	� ��" þ ú�����ï � ù ý ¯ ÷ ý
! ý � ý î�� ý ø â � ù ø â ø · � í · µ â �'�ml ¶ ù " ï ÿJþ�ÿ � þ � ø â ��ø H ¯B� ��� þ�ÿ ý ! ý86 � ! ý ¯ �hâ øqµ â�· ¶ à ø â �, ý ï � � # "/�!C� � þ ý6ý]þ ÿ � þ ÷ ý � ý6þ�ý ï þ?þ�ÿ+ýqý þ±úGù þ ý ��ï ý � 6 � � ú�� þ�ý ! ú�� ! ù	� ��" þ ú��B� ù�ú���ï ý
�Dâ p · ¶ à ø ÒmÏ à ¯�� ��� þ�ÿ+ý ù � 6cý
# "��! �±ú�� # ú�� þ�ý ! � ��� úGù ! ý � " ï ý �fú�� � ÷ �
0 þ ÿ � þE# "/�!C� � þ ý6ý ùþ�ÿ � þ ÷ ýpý � ý � þ "������0 ï8� � � " þ ý µ § ���ðù�ú þ ú�� ý ÷ ú þ�ÿ � � í · µ § �2�xl ¶ �XY H �

´ �?ú�� þ�ý ! ú�� ! ù:� ��" þ ú��B�Nù � þ úGù î ý ù þ�ÿ+ý � ú�� ý ��! ù 0 ù þ�ý
� í ø ÒwÏ à ø · ¶ �?A ÿ+ý ! ý86 � ! ý ÷ ÿ+ý � ÷ ý
� ý6þ�ý ï þ£þ�ÿ+ýXý þ±úGù þ�ý ��ï ý � 6 � �)ú�� þ�ý ! ú�� ! ù	� ��" þ ú��B� ÷ ý ù ÿ � "�� � ¯ ú��W� ! ú���ï}ú�� � ý ¯ ù	� � � ý ù " ï ÿ ù 0 ù þ�ý
� �
A ÿ+ý O ����h " # � þ�ý n !C� �±ú ý � þ ½ ý7þ�ÿ �'� � ù ý6ý�6 � ! ý þ � � � � ý ªÌ¡'ð ¯ O ÿ ��<
¢6ÿw�hú�ù � � � þ "�!F�� ï ÿ ��úGï ý�6 � !ù	� � �±ú�� #Kþ�ÿ úGùXù 0 ù þ ý
� ú�� þ�ÿ+ý ����! #�ý ï.ù�ï �� ý ï � ù ý � � � ÷ ý � ý !�¯ 6 � ! �±úGù�ï ! ý6þ�ý ú ��� ï=�9�ðù ý �g� ! � &�� ý
� ùþ�ÿ úGù � ��� ! � � ï ÿ � � � " � þ ù þ � � ��� ��0 ú�� #<þ�ÿ+ý O ����h " # � þ�ý n !C� �±ú ý � þ ½ ý6þ�ÿ �'� þ � þ ÿ+ý ��� ! � ���ý � "/� þ ú��B��ù ÷ ú þ�ÿ � � ý !�0 ú ��� ï�ï8�B���.ú þ ú��B� ý � � � þ ! ú_þZ� � � ! þ�ÿ+ý ! ý � ù	����ù ý þ'���$ù ý �fú���T 
2�b����¡ ÷ ý
÷ � � þ#þ � � �T��ú�� þ ÿ ú�ù#ïM� � � " þ � þ ú������

, ý " ù ý � �±úfÐ ý ! ý � þ ù þ !C� þ ý
# 0 þ�ÿ � þ ïM�B��ùmú�ù þ ù¬� 6 ï ÿ+ý ï   ú�� # ú 6 µ ÈÉ�Ê ¯ ÷ ÿ úGï ÿ ú�ù þ�ÿ ý ù � ���� ý ù þý ú #Fý �2� ����" ý � 64J � ¯ ú�ùaù " K ïCú ý � þ ��0 ù � ����� �L3 6 ù:� ¯ ÷ ý ù ý7þ µ â ø�¢ � ��� ø â øÅÑ ÈÉ�Ê× ÈËÉ�Ê � \ � þ ýJþ ÿ � þø â ø · � í · µ
ÈÉcÊ �2� P ù ¶ � ��� 6 � ! µ ÈÉ�Ê ï � �$ù ýXþ � o ý ! ��ù " ï ÿ ø â ÷ ú ����& ý � # �T�'� � ��� ! �Pþ.ú � � þ ú��B�þ � þ�ÿ ý " ��ï8����ù þ !C� ú�� ý � � ú��+ú � ú o ý ! # ú�� ý � &'0 · í P ù ¶ � � � ÷ ý � ý !�¯ ú 6#þ ÿ+ý ! ý ú�ù � ÿ ú #�ÿ � ý � ý �



P'<
� 6 ���Fú�ù ý ú�� þ�ÿ+ý � � þ �2¯ þ ÿ ú�ù " ��ï8�B� ù þ !F� ú�� ý � � ú��+ú � ú o ý ! ú�ù þ�ÿ ý � ý � ù þ ù�� "��! ý ù ¯�" � ! ý
# "�����! ú o ý �ù	� ��" þ ú��B�X� 6Xþ ÿ+ý � ý ! þ "�!�& ý �X� ! � &�� ý�� � ����ú þ úGùJï8��� þ � � ú�� � þ ý � &20 þ�ÿ ý ���Fú�ù ý ú�� þ ÿ+ý � � þ �
A ÿ ú�ùWù	� ��" þ ú��B� ÷ ú ��� ��� þ & ý � # �T�'� � ��� ! �Pþ±ú � � þ ú���� þ � þ�ÿ ý � ý ù�ú ! ý �Kù	� ��" þ ú��B�-� 6hþ ÿ+ý � ! ú # ú�� ��
� ! � &�� ý
� � ù ý7ý T 
2��<���¡T�C�

3 6 µ ÈÉ�Ê úGùG��� þ ù � ����� ý ��� " #�ÿ ¯ ÷ ý ! ý � " ï ýXþ�ÿ ý !C� �±ú " ù H � �/��ù þ ��! þ#þ�ÿ ý �� # � ! ú þ ÿ�� � # � ú����
A ÿ ú�ù � ��� ! � � ï ÿ ú�ù��±úfÐ ý ! ý � þZ6 ! � �jþ�ÿ ý �B� ý ú��sª³½=<Hÿ ¯ ªbûB�Pÿ � ���)ªbû$½fÿ ÷ ÿ+ý ! ý|þ�ÿ ý ú�� þ�ý ! ú�� ! ù	� ��" þ ú��B�ú�ù#ï8� � � " þ ý � &'0 ù	� � �.ú�� #�þ ÿ+ý ù 0 ù þ�ý�� í ø ø · ¶ �È u ÉWÒEl � ô
j�� æ�ÏI� jw+ ��� ( æ�� l � j æ8Î Ú

A���� ý ï ���! ýaþ�ÿ � þ � � "/� ù�úVïT��� þ ú � �� ù	� ��" þ ú��B� ÿ � ù & ý6ý � 6 � " �/� ¯ ÷ ý î ! ù þ ï8� � � " þ ý eµ � ���eøg� ù#ú��R@ ý
��� � ð2�b� ¯ � ! ���.ú�� ý � þ ÿ � þ#þ ÿ+ý ï8�B�/�±ú þ ú��B� ù¬� 6	þ ÿ+ý � ý
��� �Y�! ý ù � þ úGù î ý ���
3 6 eµ � ��� eø ù � þ ú�ù 6 0 ï8�����±ú þ ú���� � ����®?� 6 A ÿ ý � ! ý
� ð2��¡ ¯ ÷ ý � ý ï ���! ýZþ ÿ � þ � � "�� ù�ú~ï=�B� þ ú � ���ù	� ��" þ ú��B� ÿ � ù & ý6ý � 6 � " �/� � �/�Aù ý7þ µ â ø eµ � ��� ø â ø eø �

È ÞZÉ � äDå�j Î�� å ü
Ó���� ª �iÆ ý �	Ç ÿ j�ô ��æBæ ô
+ ���w� Ú
3 6 x � Ç ·]� Æ x+3£y � � � þ±Ü�x � Æ x ý x � Ç x Ý þ�ÿ ý � ÷ ý ù þ �B� þ ÿ+ý ú þ�ý !F� þ ú��B� � �/�?ù ý6þ µ â ø�µ ÈÉ�Ê �_3 6§ ÈÉ�Ê úGù þ �T�?ù � ���� � ! o ý ! � ¯ ÷ ý ï � ����� þ ï8� � � " þ�ý � ù	� ��" þ ú�������A ÿ úGùZù�ú þ "�� þ ú�����ï � � ��! úGù ý ú��

� !C� ï þ úGï ý & ý ï ��" ù ýrþ ÿ+ýrý ú #�ý � ù	� � � ý ! � ú #Fÿ±þ ��� þ � ! ���±ú�� ýrþ�ÿ ýrý ú #Fý �'� ý ï þ � ! ÷ ú þ ÿ ù�ú # �+ú~î8ï � � þ
î ! ù þ ï8� � ���B� ý � þZþ�ÿ � þ�þ�ÿ+ýKþ�ÿ ý � !�0 # "��!F� � þ�ý6ý ùM� , ýµÿ � � ý ��� þJý ��ï8� " � þ ý ! ý � þ�ÿ ú�ùJï � ù ý ú��
� "�! ý þ'� ý ! ú �:ý � þ ù8�

3 6 § ÈËÉ�Ê ú�ù ���! #Fý#ý ��� " #�ÿ ¯ ÷ ý ù ý6þ�Ô ø ß ÈÉ�Ê§ ÈÉ�Ê � ����ú 6 x~� Ô � · H x p y Ñ4Ë H�þ�ÿ ý � ÷ ý ù ý6þ ø â ø Ô �3 6 � Ô �XY Hjþ ÿ+ý � ÷ ý �! ý ú�� þ�ÿ+ýaÿ �! ��ï � ù ý � �/� �hâ ú�ù ÷ ú þ ÿ ú��EyF�.� 6 �� § � 35� þ�ÿ ú�ù|ï � ù ý ÷ ýï8� � � " þ�ý ø â � ù ø â ø Ô ÷ªÕ ß § ù " ï ÿ?þ�ÿ � þ � ø â �Iø H �7A ÿ ý � ý ï þ � !Xß § ú�ù � � � ��� ! �Pþ±ú � � þ ýý ú #Fý �2� ý ï þ � !L� ù�ù:�.ïCú � þ�ý � ÷ ú þ�ÿ<þ�ÿ+ý ù � ����� ý ù þ#ý ú #�ý �'� ���" ý � 6 í �YA ÿ ú�ù4� ý ï þ � ! úGù � � � ú ����&�� ý ú��
�9� þ�ý � þ ú �� ÿ ��! �<ï � ù ý ù ¯�� 6cþ�ý ! $ þ ý �<
2��
U� 6	þ ÿ+ý �� # � ! ú þ�ÿ�� �



P�¡
� 6hþ ÿ+ý þ ÷ �7���$ù ù�ú &�� ý ï ÿ ��úGï ý ù 6 � ! Õ ¯ ÷ ý ï ÿ �T�$ù ýZþ ÿ+ý ��� ý ÷ ú þ�ÿ ù � ���� ý ! � � # �+ú þ " � ý ù�ú���ï ýþ�ÿ úGù�� ����" ý?� ú��+ú � ú o ý ùQÖ � Ô ÷dÕ ß § � � ù ý6ý ª+ð<ð ¯ ����ð<ðB�Pÿm�C��A ÿ úGù#ï ÿ �Fú�ï ý � 6 Õrú�ù # ú�� ý � &20

Õbø H ú · � Ô � úÔ à ß §h÷dÀ / ¶ 1 � Ô à ß §��C× � Ô à ß §C��Ø · � H Ø ·qÙ Ô Ù Ø��EÚÛLÜÇÝ ycÞ¬ß à�á�â�ã�áQßLä�á�åRâ�Þ�æ7á�â�ç�è:á�é
3Ç� þ ÿ ú�ùZù ý ï þ ú��B��ê ý � ! ý ù ý � þXþ ÿ+ý ï8�B�'� ý ! #�ý ��ï ý ! ý ù "�� þ ù 6 � ! ´ � # � ! ú þ�ÿ��`ë ��ì���<B�\35�Xí ë �gû2��<\ê ý
� ! ��� ýrþ ÿ � þ[þ�ÿ+ý ú þ�ý !F� þ ý ù #Fý � ý !F� þ�ý � &20 ´ � # � ! ú þ�ÿ��îë ��ì���< �! ý ê ý ��� � ý8ï � ý � ¯ ú��ví ë ��û2�¡gê ý
� ! ý ù ý � þXþ�ÿ+ý � �.ï �� ï8���2� ý ! #�ý ��ï ýJþ ÿ+ý � !�0e� �/��ú��Xí ë ��û2��ð þ ÿ+ýW# � � &��� ïM�B�'� ý ! #Fý ��ï ý[þ�ÿ+ý � !�0 � 6þ�ÿ+ý?�rý6þ ÿ �'�Z�
~�Ú¢áBÚmÄ � äDå ÍC� å ü�'� å±ô �+ü ågñ0å �w� ò åTó Î å ë

ô å'+d+ � ~VÚ~á È
õ áaö=÷	É A ÿ+ý ú þ ý !C� þ�ý ù #Fý � ý !F� þ ý � &20 ´ � # � ! ú þ�ÿ�� ë �Ìì���< �! ý ê ý ���
� ý8ï � ý �Z�

øpü�æBæ±ñ 35�\� ! � ý ! þ �N� ý8ï � ý þ ÿ+ý ï "�!�! ý � þ ú þ�ý !F� þ�ý øZù�úwû ú�� ´ � # � ! ú þ�ÿ��üë ��ì���< ¯ ê ý4� " ù þhý ��ù "�! ýþ�ÿ � þ ê ý ï � �5ù � 6cý ��0 ��� ! � �� ú o ý � � ý ú #�ý �'� ý ï þ � ! ï8� !�! ý ù:���B���±ú�� #]þ � ý ú þ�ÿ+ý ! þ�ÿ+ý ù � ���� ý ù þý ú #Fý �2� ����" ý � !4� � ���" ý ý�ý "���� � ! ï � �ðù ý!þ � þ�ÿ+ý ù ý ï8�B���Kù � ���� ý ù þhý ú #�ý �'� ���" ý � 6 JLþ ù�úmû ¯ þ � ÿ � � ý
ï ! ù þ ï8� � ���B� ý � þ ��� ý � A ÿ úGùiúGù � ï6ï8� � � � ú�ù ÿ ý �pú���$ þ ý ��ð2��¡?ê ÿ+ý ! ý ê ý � �
h " ù þ£þ ÿ+ý � �!C� �rý6þ ý !
ÿ ù�úwû�" � þ ú � ��� ý � 6Xþ ÿ+ý ù ý:þ ê�� ý ú #Fý �2� ý ï þ � ! ùZï � � & ý ��� ! � �� ú o ý � þ � ÿ � � ýUï ! ù þ ï8� � �9��� ý � þ
�B� ý �

, ý � ý ù�ï ! ú & ý �\$ þ�ý � ð2�¡ � ���\�.ú�ù�ï " ù�ù ý �pú þ ùhï8�B�'� ý ! #Fý ��ï ý � ! �B� ý ! þ ú ý ù ú��Wí ë � ë � ë � A ÿ+ý � ! ý��
ë ��< # "/�!C� � þ ý6ý ù þ ÿ � þ!þ�ÿ+ý � �
h " ù þ ú�� # � ! �.ï ý � "�! ý ú��R$ þ ý ��ð2�¡ 0 ú ý � �+ù � � ����" ý � 6 ÿ ù " ï ÿ)þ ÿ � þ
6 � ! þ�ÿ ý ù � ����� ý ù þ	ý ú #�ý �2� ���" ý � !4� � ����" ýXý1ý "���� � ! ï � �$ù ý!þ � þ ÿ+ý ù ý ï8�B�/�rù � ����� ý ù þ	ý ú #�ý �2� ���" ý
� 64J þ ¯ þ�ÿ+ý ! ýZý � ú�ù þ ù � ï8� !�! ý ù:���B���±ú�� #rý ú #�ý �'� ý ï þ � ! ê#ú þ ÿ ù�ú # �+ú ï ï � � þ�ï ! ù þ ïM� � ���B� ý � þ �



P�ð
~�Ú¢áBÚ Û ôWæ i ��� Æ æ��9Ó å ü |�å � i$å
, ýXý ù þ ��&�� úGù ÿ+ý ��ú�� þ ÿ+ý � ! ý �.ú�� " ù|ù ý ï þ ú��B� þ�ÿ � þ|þ ÿ+ý ú þ�ý !F� þ ý ù #Fý � ý !F� þ�ý � &'0 ´ � # � ! ú þ�ÿ���ë �Ìì���<
�! ý ê ý ��� � ý8ï � ý �Z�-35� þ�ÿ ú�ùZù ý ï þ ú����Xê ý � ! ý ù ý � þZþ�ÿ+ý � �.ï �� ïM�B�'� ý ! #Fý ��ï ý � ! �B� ý ! þ ú ý ù.� 6!þ ÿ+ý
�� # � ! ú þ�ÿ�� �

, ý ê#ú ����" ù ý @ ý
��� � ù ë ��� � ��� ë ��� ¯ ú�� þ�ÿ+ý � ! �T� 6 � 6 A ÿ+ý � ! ý
� ë ��ð\ê ÿ ú�ï ÿ ï8��� þ � ú���ù þ ÿ+ý
� �.ï ��� ï8�B�'� ý ! #Fý ��ï ý ! ý ù "�� þ �

ô å'+d+ � ~VÚ�ö È�õ áZö'÷	É @ ý7þ µ â ��� § & ý þ ÿ+ý @ � # !F� � #Fý?� "�� þ ú�� � ú ý ! ï8� !�! ý ù	���B�/�±ú�� #þ � �\& � " ��� �!�0 ù:� ��" þ ú����-� 6 � ! � &�� ý
� � ë ��<��C�4@ ý6þ µ ù �bò
	 û�& ýpþ ÿ+ý ������ ® þ ÿ ú þ�ý !C� þ ýï8� � � " þ�ý � &'0 ´ � # � ! ú þ�ÿ��Îë �Ìì���< " ù�ú�� #?þ�ÿ ýrþ ê����=����ú�� þ ú�� þ�ý ! ��� ��� þ ú�� # ù ï ÿ ý
�rý
# ú�� ý � &'0 � ë ��¡'<� þ � " ��� � þ ý ÿ �LA ÿ+ý � ¯ þ ÿ+ý ! ýJý � ú�ù þ ù � � ý ú #�ÿ & � ! ÿ �T�'���r� 6 µ â ¯���5ÜTµdx�xÌµ · µ â x���� Ý ¯ ù " ï ÿ)þ ÿ � þ ú 6 µ ù ����	 û�� µ ù � û s � þ�ÿ+ý �Rµ ù �ò
	 û ù � þ úGù ï�ý ù

µ ù �ò�	 û · µ â � � µ ù ���
	 û · µ â � � µ ù � û · µ â �! � <�#" � ë ��¡�ð��
øpü�æBæ±ñ $ ý7ý%$ û&�('5�

ô å'+d+ � ~�Ú�» @ ý6þ µ â �)� § & ýZþ�ÿ+ý @ � # !F� � #Fý7� "�� þ ú�� � ú ý ! ï8� !�! ý ù:���B���±ú�� #Kþ � �
& � " ��� �!�0 ù	� ��" þ ú��B��� 6 � ! � &�� ý
� � ë ��<��C��@ ý6þ ÜTµ ù�úmû Ý & ýaþ�ÿ+ý ù ý�ý " ý � ï ý � 6 ú þ�ý !F� þ�ý ù
#�ý � ý !C� þ�ý � &'0 ´ � # � ! ú þ ÿ��îë �Ìì���< " ùmú�� #?þ ÿ+ýrþ ê��*�T����ú�� þ ú�� þ ý ! ��� ��� þ ú�� # ù ï ÿ ý
�rý
# ú�� ý � &20 � ë ��¡2<�� þ � " �Z� � þ�ý ÿ � A ÿ ý �

¶ s,+ � í · µ ù�úmû�- � � �/� ¶ s,+ � í · µ â - �#"
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Problem: phillips. Dim: 300. Noise level: 9.9409e−02. Rel. Error: 1.9405e−02
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−    Solution of inverse problem (xIP)
−.− Solution of TRS (x)
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Problem: foxgood. Dim: 300. Noise level: 0.0000e+00. Rel. Error: 1.5670e−02
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−.− Solution of TRS (x)

�Sÿ�� � ê*q ~kN�» ÊB�����>¡!���
¡ �@����¢��!���
�%ÆM��¡���¡!�
¤��m�>� v!o����Oo6o�� ê �m�������� �!#"{¥��*�j� �



È ¢�ð
$kN�öON&% ' q ë�� �}� ë v!o�ê%à³q ë �Eø]ê*o�p��Mq)( ë
ÊL�8äs��¤��m�*� ë �Ìì ¯ ë � ë ����¥ ë �Y´¬ê �³����� ê ���i�W¤��>�¾� � ����¡6��Æ���¢�¡s�%�>���i��¥��
�»�����c�!���D��¡���¤����(�E�¾ÆM¡!�
�$ ð
´
'�� Í¹�f¡��(����¡��x�����8�;¢i�Ç¤��>¡S�*ÆD�E���!¡�� � �=� �*uA����¡³��¡!��¥;¢�uA�#�����¾¥,�����8�;¢���¤��>¡³�*ÆD���!�>¡j�*���m�
���¢��@�*¥,¤�Å,�!����äSÏ · �%�>���i��¥Ñ���.uA���%��¢��!�8�J¤���¢���¥��*¡�Å��
¡ ý ¢����@� � �
�i�����J���^�@�
�m¢����m�
� � Í����>������C�@����¢��!���
�¹���E�!��� �
¡!��¦
�m�����D��¡!�
¤��m�>� ê �
�]� � �����£��¤��m� ê � ¢����*¥����j�x���
¡!�Ò�
���!¡�¢���� � ¡��>¦����
�¡j�
¥���¢�� �ä ê �%���C����¡��#�����³�
¤¾�@�>¡ � �*���m�
����u(���,¤��8�E�
¥;�xÆM¡��
� äs��¤��m�*� ë �Ìì ¯ ë � ë �*��¥ ë ��´2� ä³��� ï ¡#�@��
�����£�Ì�!����� ê �����
� � �E�!���,�!¡�¢���� � ¡!�>¦
�m�
�)��¢�¤���¡!�
¤��m�>� �m�����m�xu>�
���*� � ä³�������*uA����¥G�
���.��������*�S� � �>��������¢�¦
�.�����]u«�
�%��¢i���*¥��@����¢��!���
�E�£�W�
�i�����J�����
¡ ý ¢����@� � �
�i�����J���6�*��¥*� � Ù � ×Bç Ù ¯�@�
�C�>���m�%�*�k���i���D�@����¢��!���
�C���{���
�¶� � �>¡�Å8¦
�c��¥E�����i¡�� � �m�E���!����� ���]�����x� � �
uA�¶���
��¢i��������¯��
� ê �u>���%��¤��@�(¡ � ���m�Ç��¡!�
¤��m�>�E�Dpsá�á�ê
�]���¾¥+�sq�ê�ÿ�Ó â � ÊB�������*���]u>���@�*�M¯;���i�]¥;�-,JuA¢��m��Åf�%�m¦
���DuA�
�C�ÆM¡��
�Ð�!����Æ���uA���!����� ê � �*¡��8���
��¢¾�@���i¦Ç�!��� �*����¡�����¡��£���!��uA�
������¡#������� � ´ � ê �8�%�>�����m�
���*¥����· �*uA�!���
� ð2��¡ ¯&ÆM��¡S�@���%�x��¡���¤����>�J�}�!���ËuA�
������¡#�������S�����
¢i��¥%¤�����Æs�!����ÆM�
¡!� Ù . � Ù � � ê ���(¡��
.����D�]¥;���!uA¡��(���x¥;�>¡!� � ���!� � �¶�
���>¡j�*����¡ � ä³�����{��Å;���S�*ÆsuA�����@�!¡j���m�;�¶uA���;�!¡������{�����Ë�@�C�c�
���i���*���{�*Æ�����]���
�m¢����m�
�E¡j�*�����>¡S�!�����E�!��������¡��4�*Æ{�!���]�@����¢��!�����Ñ�m�j���>�VÆ � ´ �E� � ���%�i���S��Æ^���i���³�����!¢����!���
������!���������i����u(�����m�
� ê �f��¡!�*�@�>�����m�/�D���*�����>¡ ´'� ä³��� �!¡�¢���� � ¡��>¦����
�æ�@¢i¤���¡���¤����(��@�i�
¢��£¥,¤��ÆM�
¡���¢��£������¥%�
u>u«�
¡j¥�����¦ �!�Ç�!����ÆM�*���!¢�¡��*�³�*ÆD�*��u��Eu«���
�!���*Æ{�i¡��
¤i���>� �

´ ���
�!���>¡³��¤��@�(¡ � ���!���
�C���{�����*�³�!������¢��Ç¤��>¡s��Æs�J����¡!� � �T� �*u«���
¡s��¡!��¥;¢�uA�#�³�%��¦��;�{¤��x���*¡�¦
�
ê ������¡����@���*uA�{�!�]�����x¥;�m�%�>���������f��Æî�����S�i¡��
¤i���>� � Í¹� ê �*�;�{�!�]���������D�
¢��D���¾���D�����£�É��¢��Ç¤��>¡¥;�c�*�f����� �@�(�>����E���¾uA¡��*���@�C�
�f�!���%¥����%�>�¾�@����������u«¡��*���@�*�]���¾¥����æ�@���%�%u(�
�@�������8��uA��¢��*���mÅ¥;�*uA¡!�*�
���*� � ä³���*�������£���£���!��� u(�
�@�»u>���.¤�� �
¤����>¡ � �*¥%�m�,���i�f���i¡��>�8��¡���¤����>�J�W��Æ ¥;�m�%�>���������È ¢B¢�¢ �m�Eäs��¤��m� ë � ë ¯;���*�%�>��Å�rsq�á2�T¯ é rsÿm�w��ÿ ésë �*��¥ ë rÉá�0 � Í�����¤��@�(¡ � ���!�����S�!������¢��Ç¤��>¡D�*Æ�E���!¡�� � �T� ��uA����¡���¡!��¥;¢�uA�#���£�Î�*ÆS�!���%�!���%�8�
¡#¥;�>¡ ����ÆM�
¡8¥;���C�>���@�m�
� ð�¢B¢ ¯^����¥�ÆM�
¡]��¡���¤����(�rÉq�á2�]���x��uA��¢��*���mÅE¥;�*uA¡!�*�
���*�³¤�Å%�fÆ��
uA�!�
¡S�*ÆD� ê � �



È ¢�ì
ÊB�1�D�����i���>¡ ´[ê ����¡����@�>���E���1� � �*�%���m�Ñ�*Æ ���m¦
�1¥;���C�>���@�m�
� ê ���(¡������i����¢���¤��(¡Ç�*Æ�E���!¡�� � �T� ��uA����¡���¡���¥�¢�uA�j�f�£����� ê?� ÊB�Häs��¤i���*� ë �Ìì ¯ ë � ë ���¾¥ ë ��´ 
�· �@�#����¥���ÆM��¡ 
 ��¢���¥��*¡�Å· �
�m¢����m�
��¯32 � ÆM�
¡�2x¢����@� � �
�i�����J��� · ����¢��!������¯�Ê · ÆM�
¡¶ÊB�;�!�>¡��m�
¡ · �
�m¢����m�
��¯'�4�¹ÆM�
¡¿����¡#¥��¶���@� �ÊB�¹����� ï ¡j�@�8���>����Æ ��¡���¤����(�E�����i� �;¢���¤��>¡x��ÆS¤¾�
�@�£� � �*uA����¡j� ê �
�����m�%���!�*¥%��� ï � � ê ���������¡!�>�8�@����ÆM�j�³�
�.�*�
uj�E���%�i����u«�V�^¡��*���j��¡!� � Í��8����� ê �����]¡!�*�@¢��m�j�³�m�,äs��¤i��� ë ��ì��

57698�:�;�<#= >@?A=�B C DFEGD H�I�?�JK:ML ¬M® ¥ ® ×Bç ¬¬M® ×Bç ¬ NPO 57698�Q�R#B S�JT<#6FB
UWV�VYX[Z \^]^] _ Ba`^b \M\ _ Ba`^b \^\ cedgfah@i _ Bkj^j^` \ <�l ]�_ m�n�_ n
oWp�Xrq-s	t \^]^] ] Bab^j^j \ ] Bab^jMj \ uwv _ Bkx^b ]^y <#z ]M] _^_ x _ _#\
{}|�~3�Y|g|3o \^]^] _#] B ]M]^]^] n B n^nMn^n ced m B \^\^]^\ <�l ] ` \ x n j
�[� q&�)p � \^]^] \�_ B nMy x^j _ x�B n ` nMy S d x�B _ x _#\ <�l ]�_ mMm j j
� X � p��� \^]^] _#] B ]M]^]^] n B n^nMn^n ced � bMx n j
� q��g� \^]^] ] Bab^j^j m ] Bab^jMj m ced y Bkx^j m�n <�l ]�_ bM` m _#]

à³áipt�Mq $ONmt ÏS�*�@¢i���j�³�*ÆD���i�fä6¡�¢¾�@� � Ï��(¦
����� · ¢i¤���¡���¤����(� ½,�>���i��¥JÆM�
¡S�!�*�@���¡���¤����>�J�^ÆM¡!�
�Ð���i�fÏS�>¦�¢����*¡��&�������m�
�Eä6�c�
�£������u   ��¦���� �É�m¡j�@�x���>�S��Æ}��¡���¤����>�J�[�

����¡f���i�E�@�*u«�
��¥¹�@�>�8��Æx��¡!�
¤��m�>�E���!�����;¢���¤��>¡��*Æx¤��
����� � ��uA����¡j� ê �������m�%���!�*¥Ñ�!�,���m���
ê �����.��� � �>�.�@����ÆM�j�³���,�*��u��%�m�%���m��uA�m�{¡��*���j�*¡����¶äs��¤��m� ë � ë uA���;�#���m�����!���*����¡!�*�@¢i���j�#�
57698�:�;�<#= >@?A=�B C DFEGD H�I�?�Jw:^L ¬M® ¥ ® ×Lç ¬¬M® ×Bç ¬ N�O 5�698�Q�R#B S�JT<#6FB
S�;�;�� p�V�Z \^]M] m Ba` yM\�_ m Ba` y^\�_ h@i \ Baj^x \ x�<�l ]�_ ` m j n _ b
S�;�;�� p�V�Z _#]^]^] j�Baj^xM` n j�Baj^x^` n h@i y B m b n x�<�l ]�_ _Fm x ] n
�+<F;�;7� p�V�Z \^]M] m Ba` yM\�_ m Ba` y^\�_ c�dgfkh@i j�B _^_[n `�<�l ] ` _#nM\^\ y
q&�-V � �-VY��p _#n b `�Baj y ` n `�Baj y^\�_ c�dgfkh@i _ B y x mY_ <�l ]�_ _^_[n ` _ `
� VYX[VY��-V�~ \^]M] b�B ]^]M]^] b�B ]^]^]^] h@i � n b^x _#]
� � q�&�q �G� \^]M] `�B n^nMn^n `�B n^n^n^n c�d _ B n�m�] b�<�l ] ` y^n j j
� � q�&�q �G� _#]^]^] \ B ]^]M]^] \ B ]^]^]^] c�dgfkh@i `�B y^]M\^] <�l ] ` j^b _ j
� � V � \^]M] _ j�Ba`^x nM\ _ j�Bk`^x n ` c�dgfkh@i b�B m^m�y^n <�l ] ` x^b n n
� � V � _#]^]^] \�_ Bab y b n \�_ Bkb y^y b c�d b�B \ b \�m <�l ] ` x^b n n

à³áipt�Mq $ON�$ ÏS�*�@¢i���j�³�*ÆD���i�fä6¡�¢¾�@� � Ï��(¦
����� · ¢i¤���¡���¤����(� ½,�>���i��¥JÆM�
¡S�!�*�@���¡!�
¤��m�>�E�{ÆM¡��
� �����8ÏS�>¦
¢��£��¡!�&�*�*�������.äÓ�c����������u   �*¦
��� · ��uA�
��¥E���>�S��ÆD�i¡��
¤i���>�E�#�



È ¢ ë

�{¡!�
¤��m�>� ë>é ÿ���q ë ¡�� ý ¢��m¡��*¥E����� ¢¾�@� ��Æ ��� � �>�����>�>� í ����u#�>�c� � �*uA�!�
¡#�4� ï ÆM���>�(�¹�@����ÆM�j�����>¡¡��*���j��¡!�[�¶���E�
¡#¥;�>¡S�!�Ç¤��8�@��� � �*¥G�^äÉ�*¤���� ë � ´ �@��� ê �S�����]¡����@¢��m���
57698�:�;�<#= >@?A=�B C���DFE ×Bç D D�E	D H�I�?�J ¬M® ¥ ® ×Lç ¬¬�® ×Bç ¬ N � O S�JT<#6FB
�[� q&�)p � \^]M] \�_ B nMy x^j \�_ B nMy x^j h@i _ B _ x ]^n <#z ]^] _ b^x m x

à¶á�pt�Mq $ON�l ÏS�*�@¢��m�j�³�*ÆD�����8ä6¡�¢���� � Ï��>¦������ · ¢�¤i��¡���¤����>� ½,�>������¥ÇÆM��¡�i¡��
¤i���>� ë(é ÿ���q ë ÆM¡!�
�Ð���i�fÏS�>¦�¢����*¡��&�������m�
�Eä6�c�
�£������u   ��¦����

Í¹�¶���£�@�x�
¤����>¡ � �{�!�����s� � �>� ê ���>�]�����D¡!�>���*��� � �s�>¡!¡��
¡6�m�]�����¶�@����¢��!�������*Æ����i�W�!¡�¢���� � ¡��>¦����
��@¢�¤��i¡��
¤i���>� �������*¡�¦
�=¯k�����%���@�]u(�
�@���������£���@����¢��!������¤��>��� � �*�Ë�@���C�����*¡��mÅ%���%�!�����@����¢��!�������*Æ�����%��¡��m¦
���¾���S��¡!�
¤��m�>���EÍ��%�m���m¢��@�!¡j���!�Ç�!������Æ��
uA� �m�d�É�m¦
¢�¡!�*� ë � � �*��¥ ë �mÈ ¢ ¯{ÆM�
¡ �i¡��
¤i���>�E�pÉá�áiê��J����¥Hÿw�Má é �Mág�cq�¯6¡��*������uA��� � �>��Å���ÊB�æ�@�
�C� ��¡j��uA���£u>���D��¡!�
¤��m�>�E���*�Q�����i¡�� � �m�E���!�������*Æ�����£� ý ¢��*���m�@Å���¡!� � ��¥��*�³�>����¢�¦
�.���;ÆM��¡��E�*�������E��¤���¢������i�f¥��*�@�m¡��*¥%���
�m¢����m�
���ÊB�E���i���i� � �xuj���*�����>¡ ê �]��¡!�*�@�>���S���i��¡!�*�@¢i���j�D�
¤��#���m���*¥ ê �i�>� ê �8�����i������¥Ç�
¢�¡x�%�>�!����¥���.�Ñ�£��¡�¦�� � �!u>���m� ��¡���¤����(��� ä³������¡���¤����(�ì���]�*���m� � �>¡#�@�8�������>¡!�������*���������i¡��
¤i���>� ����¥��!���¥����#�Ç�*¡��f¡!�*���î���*�%�������³��Æ^�����8¥;�>�i�����x���x¥;� Ð �>¡��>���S���
�m�;�#�³��ÆD�!��� · �*�f��Æ ���*���m���>���



È ¢�´

0 50 100 150 200 250 300
0

0.02

0.04

0.06

0.08

0.1

0.12
Problem: baart. Dim: 300. Noise level: 9.9409e−02. Rel. Error: 1.7723e−01
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−    Solution of inverse problem (xIP)

−.− Solution of TRS (x)

�Sÿ�� � ê*q $kN¡ ä6¡�¢���� � Ï��>¦������ · ¢�¤i��¡���¤����>� �@�
�m¢����m�
�%ÆM�
¡x��¡!�
¤��m�>�4psá�á�ê����

0 20 40 60 80 100 120 140 160 180 200
−0.2

0

0.2

0.4

0.6

0.8

1

1.2
Problem: ilapl. Dim: 195. Noise level: 8.0073e−02. Rel. Error: 1.6841e−01
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