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Q�ZAM¢W�R�HUM�R�E�EOPa_R�E�[|R�WyQ�ZAM¢W�G�L¤OAQ_T�GAD�]�GIasHKR�[|ZPR�e!M$E�GID�e!Ma��!M�V�Q�GdRKW�RSQ�T�W�Y�RSE�Q�GIa�[FefR�LbOAMUTbDhY^M�z/Ma
T�Q_Ma�R�Q�T�GIDAWFQ�ZPR!D Q�ZAMdW�G!LbOAQ�T�GID��pC*DjM�T�Q�ZAMaFER�W�M!]3Q�ZAM.JPa�G!�Ia�R�HKHUMaKZPR�W}L�T�Q�Q_L�M.E�GID�Q�a�G�LsG�e!Ma�Q�ZAM
R�E�EOPa�R�E�[FGIasJ Ma*Y^GAa�HKR!DAE�M$G�Y>VPMa�T�efRSQ�T�e!MUE�GIHKJPOAQ�R�Q_T�GADAW�

¡�GKE�GAHKJPOAQ�M�{>m�] z�M$ER�DFVPT§�Ma�MD�Q�TbR�Q�Md�v;��]PJPa�GAV(OAE�TbDA�(k

p {>m�¼f{ p m t {Xu
p {>m t {Xu	À�{ p m� � �
{>m t p��H� �+{�u3À�{ p m(����+�!�

� ZAT�L�MKL�G!�!T�ER�L�L�[.Q�ZAM¢�AR�E�GIcATbR!D�T�W$�!T�e!MD.c![0�+����]PTbD.JPa�R�E�Q�T�E�MUz/M¢GIcAQ�RST¤DhT�Q¢c![dW�G�L�eATbDA�dQ�ZAM¢L�TbDAMR!a
W�[IW_Q�MH � � ���	¡sZAM�R�cPG�e!M$VPMa�T�efRSQ�T�GID.R!JPJAL�T�M�W$Q_GKQ�ZAM¢HUG!W_Qs�!MDAMa�R�L×ER�W�M!]PTbD�z�ZAT�EÃZ�cPG!Q&Z p R!DAV�u
R!a�M$VPMJPMDAVPMD�Q$GIDFQ�ZAM$TbDAVPMJ MDAVPMD!Q�efR!a�TbR!cAL�MUq!�

C5D.GIOPayTbHKJAL�MHUMD�Q�R�Q_T�GAD�]�z/MUE�GIDAW�T�VPMayY%GIOPayER�W�M�W$VPMJ MDAVPTbDA��GID�Q�ZAMKa�M�LbR�Q�T�GIDAW�ZATbJ¥cPM�Q�z/M�MD
p ]<u�])R!DAV¥Q�ZAM°OAW_Ma*¸5W�JPM�E�T�~(M�VwT¤DAVPMJ MDAVPMD!Qde�R!a�TbR!cAL�M�Wwq��ý¡sZAMFW�TbHKJAL�M�W�QUER�W�MFT�WUz�ZAMDfuUT�WUQ�ZAM
T¤DAVPMJ MDAVPMD!QUe�R!a�TbR!cAL�M!]�R!DAV p T�W¢DAG!Q$R�Y5OPDAE�Q�T�GID�G�Y�u�]PT%�ÔM!�b]H{�ugt odR�DAV�{ p t � �yC5DhQ�ZAT�W$ER�W�M!]
E�GIHKJPOAQ�TbDA��{>m}T�W�a�M�V(OAE�M�V}Q�G$W�G!L�eAT¤DA��Q�ZAM/L�T¤DAMR�a	W_[IW�Q_MH p {>m�t»o(�)�pZAMD�{�u��tpo�R!DAV�{ p t � ]
z�M�W�G!L�e!MUQ�ZAM�W�[IW_Q�MH p {>m�t�{�u��yªATbHUT�L¤R�a�L�[!]-z/MUJPa�G�eIT�VPMUTbHKJAL�MHUMD!Q&R�Q�T�GIDAWyY%GIasQ&ZAM�a�MHKRST¤DATbDA�
Q²z/GdER�W_M�W�|C5D MR�E�Z�GSY£Q&ZAMKY%GIOPa$ERSW�M�W])Q�ZAM`HKRS«²GAa$JPR!a�Q¢GSY£E�GAHKJPOAQ�TbDA��{>m T¤D�e!G!L�e!M�WUW�G�L�eATbDA�0R
L�TbDAMR!ayW_[IW�Q_MH zsT�Q�ZdHUOAL�Q�TbJAL�MFa�T��IZ!Q�¸²ZPR!DAVA¸5W�T�VPM�W�/��M¢OAW�M�Q�ZAM¢ª�e�©3ªýJPRSEÃ¬�R��!M!]PQ�R�¬!TbDA�`R�VPe�R!D�Q�R��!M
G�YsQ�ZAMKa�OPD�¸5Q�TbHUMXW(M�NITbcAT�L�T�Q�[¥TbD�W�M�L�M�E�Q�TbDA�.Q�ZAM`JPa�M�E�GIDAVPT�Q�T�GIDAMa�]>W�G�L�e�Ma�]-R!DAV VPM�W�Tba�M�V RSE�EOPa�R�E�[�R�Q
a�OPD�¸5Q�TbHUM!�

?	[UE�GIDAW_T�VPMa�T¤DA�}MR�EÃZ\G�Y�Q�ZAM�W_MsER�W�M�W3W�MJPR!a�R�Q_M�L�[!]Az/MsR�e!G!T�VKG�e!Ma*¸²R�L�L�GAER�Q�T�GID}G�Yóa�M�W_GIOPa�E�M�W]AR!DAV
MDAW�OPa�MKQ�ZPRSQ¢R!D![.JPG!Q_MD!Q�TbR�L	JPR�a�R�L�L�M�L�T�W�H ER!D.cPMKM�NPJAL�G!T�Q�M�V���1(GIaXM�N�R�HKJAL�M!]-W_G!L�eITbDA� � � �$a�M�®POAT¤a�M�W
Q�ZPR�QUz/MF~�a�W�QUW�G!L�e!MdQ�ZAMdW_[IW�Q_MH p m2t�u`c M&Y^GIa�Mdz�MdER�D�E�GIH}JPOAQ�Mn{>m�c�[0W_G!L�eITbDA��Q�ZAMdL�TbDAMR!a
W�[IW_Q�MH zsT�Q�Z�H�OAL�Q�TbJAL�M`a�T��IZ�Q�¸²ZPR!DAVA¸5W_T�VPM�W��/� ZAMD p R!DAVnu$R!a�MUDAG!Q�JPR!a_R!HUM�Q�Ma�T�Â�M�V.c![5q!]#z/M$ER!D
W�TbH�OAL�Q�R�DAM�GIOAW�L�[|W�G�L�e�MyY^GIaXm|R!DAVn{>m×�

C5D»R�VPVPT�Q�T�GID»Q�G¥JPa�G�eIT�VPTbDA��M��`E�T�MD�QdTbHKJAL�MHUMD!Q&R�Q�T�GID»G�Y¢Q&ZAM|VPMa�T�efRSQ�T�e!M�E�GIHKJPOAQ&R�Q�T�GID�]sz/M
JPa�G�eIT�VPMdRFW�TbHKJAL�M°J G!L�[�HUGAa�JPZAT�EdT¤D�Q�Ma*Y5R�E�MUY%GIayE�GIH}JPOAQ�TbDA��{>m×�`¡sZAMFOAW�Ma¢DAM�M�VjDAG!Q¢¬�M�MJ.Q&a�R�E�¬
G�Y	Q�ZAMUVPMJPMDAVPMDAE�M�WUcPM�Q�z/M�MD p ]Hu�]�R!DAV�m�TbD�GIa�VPMaXQ�G°OAW_M�GAOPa 3 µ HUM�Q�ZAGAVPWv�IQ�ZAMUR!JPJPa�GIJPa�T¤RSQ�M
HUM�Q�ZAGAV|T�W�R!OAQ�GAHKR�Q�T�ER�L�L�[dW�M�L�M�E�Q�M�VýRSQ�a�OPD�¸5Q�TbHUM!�
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�]�.���U������B¢a_R�VPT�MD!QyMa�a�GIa/R!DAVdM�NAM�EOAQ�T�GID�Q�TbHUM$zsT�Q�ZhefR!a�[ITbDA�FE�GID!e�Ma��!MDAE�M$Q�G!L�Ma�R�DAE�M�W�

Q S��<FI$#;!BJ��$#9�:��HG<�!$j`f?�G%:�`
¦�µ¢C 3 ZPRSW c M�MD R!JPJAL�T�M�V W&OAE�E�M�W�W�Y5OAL�L�[ºQ�GwQ�ZAM�OPDATbJPa�GAE�M�W�W�GIa.e�Ma�W�T�GID,G�Y°¨	©3¡sªAE!]UJPa�GIV(OAE�TbDA�
RºVPMa�T�efRSQ�T�e!M&¸²R!OA�IHUMD�Q�M�V E�GIVPM,Y%GIajR�L�L|E�GIH}JPGIDAMD�Q�W�GSY Q&ZAMpQ�GAG!Lb¬!T�Q� C5D R�VPVPT�Q�T�GID¹Q_GºQ�ZAM
R!OAQ�GIHKRSQ�T�ER�L�L�[d��MDAMa�R�Q�M�VdE�GAVPM!](z/M¢ZPR�e!M$TbHKJAL�MHUMD�Q�M�V.Q�ZAM 3 µ HUM�Q�ZAGAVPWsVPT�W�EOAW�W�M�V.TbD|ªAM�E�Q�T�GID
� �

µ¢OAM`Q�G.Q�ZAMdHUGAV(OALbR!aUVPM�W�T��IDjR!DAVjTbHKJAL�MHUMD�Q�R�Q_T�GADjG�Y�¨	©3¡sªAE!]/a�M�LbR�Q�T�e!M�L�[�Y%M�z EÃZPR�DA�!M�WKTbD
Q�ZAM`E�GAVPMdz/Ma�MdDAM�E�M�W�W�R!a�[¥Q�G.JPa�GIV(OAE�M|R�z/GIa�¬�TbDA�.VPT§�Ma�MD�Q�TbR�Q�M�Vje�Ma�W�T�GID¥G�Y�Q&ZAM`Q�GAG!Lb¬�T�Q���¡sZAM
VP[�DPR!H\T�E¥JPG!L�[PHUGIa�JPZAT�W�H TbDp¨	©3¡sªAE�MDPR!cAL�M�W�Q�ZAM�W�TbHUOAL�Q�R!DAM�GIOAW.OAW�M�G�YUQ�ZAM�OPDAVPT§�Ma�MD�Q�TbR�Q�M�V
R!DAV VPMa�T�e�R�Q�T�e!M&¸5MDPZPR!DAE�M�Vºe�Ma�W�T�GIDAW.TbD OAW�Ma�R!JPJAL�T�ER�Q�T�GIDAW� C*Dp��MDAMa�R�L%]$¦yµ¶ER!DlcPM0R!JPJAL�T�M�V
Q�G R�D![�HUGAV(OALbR!adW_G�Y^Q�zsR!a�MdJPR�E�¬R���M!]sM�NAQ�MDAVPTbDA��T�Q�WFY5OPDAE�Q�T�GIDPR�L�T�Q²[»W�T��IDAT�~(ER!D�Q�L�[pR�QdR0a�M�V(OAE�M�V
JPa�G!�Ia�R�HKHUTbDA�KM&§�GIa�Q�

��MpZPRe�M Q_M�W�Q�M�V Q�ZAM»VPT�§óMa�MD!Q�TbR�Q_M�V¹e!Ma�W�T�GID�G�Y�¨	©3¡sªAE!]|R!DAV TbD¹JPR!a�Q_T�EOALbR!a T�Q�W ª�e�©3ª
E�GIHKJPGADAMD!Q]AzsT�Q�ZdR�DKM�NPR!HKJAL�M¢TbD�e!G!L�eAT¤DA�}Q�ZAM$W�G!LbOAQ�T�GIDFG�Y>R¢L�TbDAMR!a/W_[IW�Q_MH GSY-M�®�OPRSQ�T�GIDAW p m�t�u
z�ZAMa�M p T�W�Q&ZAM ��� 7�� �-� 7|HKRSQ�a�T�N.E�GIa�a�M�W�J GIDAVPTbDA��Q�G.RF~(e!M&¸²J G!TbD!QUW�Q�MDAE�T�L/VPT�W�Ea�M�Q�T�ÂR�Q_T�GADjG�Y�R
;d7��g;d7/E�GIH}JPOAQ�R�Q�T�GIDPR�L�VPGIHKR�TbD��>C5DUR�L�LIJAL�G!Q�W�]�µ$µjVPM�W�T��IDPR�Q�M�W)VPT�eIT�VPM�VKVPT�§�Ma�MDAE�MsR!JPJPa�G�NAT¤H}R�Q�T�GID�]
¦�µ VPM�W�T��IDPR�Q�M�WjcALbR�EÃ¬S¸²cPG�N R!OAQ_GIHKR�Q�T�EjVPT�§�Ma�MD�Q�TbR�Q�T�GID�]dR!DAV 3 µ W�Q�R!DAVPW Y^GAa.E�GIHKJPOAQ�RSQ�T�GIDPR�L
VPT§�Ma�MD�Q�TbR�Q�T�GIDjOAW_T¤DA�jZPR!DAVA¸5E�GAVPM�VjVPMa�T�efR�Q_T�e�M�W`G�YyE�GIHKHUGID¥R�L��!GIa�T�Q&ZPHUT�EdW�Q�a�OAE�Q�OPa�M�W��C5DjR�L�LsGSY
Q�ZAM`M�NPJPMa�T¤H\MD!Q�W�]	z/MdZPRe�M°OAW�M�V�R�B)�b�s©3ª¥W�G!L�e!Ma�TbD¥E�GIHUcAT¤DPRSQ�T�GID¥zsT�Q�Z¥R!D�TbDAE�GIH}JAL�M�Q_M�e�K
Y�R�E�Q_GIa�T�ÂR�Q�T�GIDdJPa�M�E�GADAVPT�Q_T�GADAMa��

1>T��#�<;3E�GID!Q&R�TbDAW-Q�ZAMsR�E�EOPa_R�E�[¢R!DAV�J Ma*Y%GIa�HKR!DAE�M/a�M�W�OAL�Q�W)Y%GIa×efR!a�T�GIOAW)E�GID�e!Ma��!MDAE�M3Q�G!L�Ma�R!DAE�M�W��
¡sZAM»Q�Ma�HUTbDPR�Q�T�GID�E�GIDAVPT�Q�T�GID G�YýQ�ZAM�~$a�[AL�G�e W�OPcAW�JPRSE�M H\M�Q�ZAGIVPWjT�W�cPR�W_M�V{GAD Q&ZAM a�M�L¤RSQ�T�e!M
VPM�Ea�MR�W�M¥G�Y`Q�ZAMf����¸²DAGIa_H G�Y`Q&ZAM a�M�W_T�V(OPRSL\R�DAV Q�ZAM E�GID!e�Ma��!MDAE�M¥Q�G!L�Ma�R!DAE�Mje�R�LbOAM!]¢z�ZAT�E�ZlT�W
JAL�G�Q�Q�M�V RSL�GADA�0Q�ZAM.mA¸²R�NAT�W�p¡sZAM.v�¸²R�NAT�W`GSY¢Q�ZAMýR�E�EOPa_R�E�[ JAL�G!QFT�WdQ�ZAM�����¸²DAGIa�H G�Y¢Q&ZAMýHKR�Q&a�T�N
a�MJPa�M�W�MD�Q�TbDA�jQ�ZAM|VPT�§�Ma�MDAE�M0c M�Q�z�M�MD Q�ZAM.VPMa�T�efR�Q_T�e�M�W|JPa�GIV(OAE�M�Vpc�[�Q�ZAM�efR!a�T�GAOAW|R!JPJPa�GIR�E�ZAM�W
R!DAVdQ�ZAM$R�E�Q�OPR�L#W�G!LbOAQ�T�GID�]o{>m�t p �l� u�]Az�ZAT�E�ZFz/M�E�GIH}JPOAQ�M�W_MJPR!a�R�Q�M�L�[`OPJFQ_G\H}R�EÃZATbDAM¢JPa�M�E�T�W�T�GID
Y^GIa£e!Ma�T�~(ER�Q�T�GID�JPOPa�JPG!W_M�W�]1(GAa/Q�ZAM$µ$µºR!DAV|¦yµ R!JPJPa�GIRSEÃZAM�WsQ&ZAM$E�GID!e�Ma��!MDAE�M$Q�G!L�Ma�R�DAE�M�a�M&Y%Ma�W
Q�GdQ�ZAMUE�GID�e!Ma��!MDAE�MUG�Ysm�]�z�ZAT�L�M`TbD.Q&ZAM 3 µ R�JPJPa�GIR�E�Z�T�Q¢a�M&Y^Ma�W$Q_G`Q�ZAM}E�GID!e�Ma��!MDAE�MUG�Y {>m×��C*D
Q�ZAT�W�M�NPR!HKJAL�M!]AQ�ZAM 3 µ R!JPJPa�GIR�E�ZUM�N�ZATbcAT�Q�WsW_T��ADAT~(ER�D!Q�J Ma*Y%GIa�HKR!DAE�MXT¤H}JPa�G�e!MHUMD�Q�G�e!Ma)µ$µlR!DAV
¦�µK�
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�C�����g¡l�:�]B¢a�RSVPT�MD�Q	Ma_a�GIa)R!DAVKM�NAM�EOAQ�T�GIDUQ�TbHUMszXT�Q&Z¢e�R!a�[ATbDA��DAOPH�c Ma>G�Y�TbDAVPMJPMDAVPMD�Q�e�R!a�TbR!cAL�M�W�

1>T��#� � T�L�LbOAW�Q�a�RSQ�M�W»Q�ZAM R�E�EOPa�RSE�[ R!DAV J Ma*Y^GAa�HKR!DAE�M a�M�W�OAL�Q�WjY%GIaje�R!a�T�GIOAW»DIOPHUcPMa�W GSY
T¤DAVPMJ MDAVPMD!Q}efR!a�TbR!cAL�M�WUR!DAV0R}~(NAM�V�E�GID�e!Ma��!MDAE�MKQ_G!L�Ma�R!DAE�MUG�Y¢; � ��£ �¢¦y�IR�TbD�]�Q&ZAM�E�GAD!e!Ma��!MDAE�M
Q�G!L�Ma�R!DAE�MUa�M&Y^Ma�WsQ�GKQ�ZAM�E�GIHKJPOAQ�RSQ�T�GIDdG�Y	mdTbD�Q�ZAM$ER�W_M¢G�Y>µ$µ R!DAV|¦yµK](R!DAV�Q�G�{>m�T¤D�Q�ZAM$ERSW�M
G�Y 3 µK�IC*DKG!Q&ZAMa>z/GIa�VPW]�z/MsW�M�Q	Q&ZAMsE�GID�e!Ma��!MDAE�MyEa�T�Q�Ma�T�GID\Y^GAa>Q�ZAMyW�G!LbOAQ�T�GID}Q�Gw; �z��£ Y^GAa	R�L�L(Q_M�W�Q�W
T¤DhQ�ZAT�W�M�NPR!HKJAL�M!]#z�ZAT�EÃZhVPGIM�W$DAG!QsTbHKJAL�[dQ�ZPRSQsQ�ZAM$VPMa�T�efRSQ�T�e!MUE�GID!e�Ma��!M�W/Q�GKQ�ZAM$W&R!HUM¢R�E�EOPa�RSE�[!�
C5D}Y5R�E�Q]!T�QsZPR�W/cPM�MDFW�ZAG�z�D}Q�ZPR�Q/R!OAQ�GIHKRSQ�T�ER�L�L�[}�!MDAMa�R�Q�M�VFVPMa�T�efRSQ�T�e!M�WsG�Y�T�Q�Ma�R�Q_T�e�M�W�G�L�e�Ma�WsHKR�[
G�Y^Q_MDdE�GID�e!Ma��!MKHUGAa�M¢W�L�G�zsL�[|Q&ZPR!DdQ�ZAMUW�G�L¤OAQ_T�GAD�4¤;�; = �$¡sZAM�R�E�EOPa_R�E�[|G�Y	Q&ZAM\a�M�W�OAL�Q�TbDA�d�Ia�R�VPT�MD�Q
T�WyW�ZAG�z�D}TbDdQ�ZAMy~�a�W_Q�JAL�G!Q�]1#GIa3L¤R�a��!MasDAOPHUcPMa�WsGSY-TbDAVPMJPMDAVPMD�Q¢efR�a�TbR!cAL�M�W] 3 µ JPa�GAV(OAE�M�W$HUGIa�M
R�E�EOPa�R�Q�M.a�M�W�OAL�Q�WFQ�ZPR!D¥¦yµK]	R!DAV»cPG!Q�Z ¦�µ R�DAV 3 µ R!a�MdW�M�e!Ma�R�LXGIa�VPMa�WKGSY�HKR��IDAT�Q�OAVPM.HUGIa�M
R�E�EOPa�R�Q�M$Q&ZPR!DFQ�ZAM$µ$µ R!JPJPa�GAR�EÃZ��
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�]������¥l����B¢a�RSVPT�MD�QsMa�a�GIasR!DAVdM�NAM�EOAQ�T�GIDdQ_T¤H\M¢zsT�Q�ZFe�R!a�[AT¤DA�dJPa�GIcAL�MH W�T�Â�M�W�

1>T��#�C��W�ZAG�zsW3Q�ZAM$R�E�EOPa�R�E�[`R�DAVdQ�TbHUTbDA�\a�M�W�OAL�Q�W/Y%GIa>e�R!a�[AT¤DA�KJPa�GAcAL�MH W�T�Â�M�W�	¡sZAM$VPTbHUMDAW�T�GID
G�YsQ�ZAM`W_®�OPR!a�M`�Ia�T�V¥efR�a�T�M�W¢Y5a�GIH¦|�Q�G�;d7 ]�zsT�Q�Z¥E�GIa_a�M�W�JPGADAVPT¤DA��HKRSQ�a�T�N�W�T�Â�M�WUTbDAVPT�ERSQ�M�V�GID Q�ZAM
m RSNIT�W�w¦�WFTbDwGIOPaKJPa�M�eAT�GIOAW`M�NPJPMa�T¤H\MD!Q�W�]sz/MdGIcAW�Ma�e�M|Q�ZPR�Q}Q�ZAM|¦yµ R!DAV 3 µ HUM�Q�ZAGAVPWKY%GIa
E�GIHKJPOAQ�TbDA�$Q�ZAM/VPMa�T�efRSQ�T�e!M�W�a�M�W&OAL�Q>TbDUHUGIa�M�R�E�EOPa�RSQ�Msa�M�W�OAL�Q�W>Q�ZPR!DæQ�ZAM/Q�a�R�VPT�Q�T�GIDPRSLIµ$µ»R!JPJPa�GIR�E�Z��
¦�W$VPM�W�Ea�T¤c M�V0TbD�ªAM�E�Q_T�GAD � ]�Q�ZAM 3 µ¹R!JPJPa�GAR�EÃZ�TbD�e!G!L�e!M�W$Q�ZAMKW_G!LbOAQ�T�GID.G�Y�RFL�TbDAMR!a$W_[IW�Q_MH zsT�Q�Z
H�OAL�Q�TbJAL�M�a�T��IZ�Q�¸²ZPR!DAVA¸5W�T�VPM�W�pC*DjGIOPaUTbHKJAL�MHUMD�Q�R�Q_T�GAD�z/MdTbD�e!GI¬�M|R!D T�Q�Ma�R�Q�T�e!MdW_G!L�e!MaUY%GIa�MR�E�Z
a�T��IZ!Q�¸²ZPR!DAVA¸5W�T�VPM!�s¦$D�T¤H}JAL�MH\MD!Q�RSQ�T�GID�Q�ZPR�QsQ�R�¬�M�W�R�VPe�R!D!Q&R��!M$G�Y>Q�ZAM�HUOAL�Q�TbJAL�M`a�T��IZ�Q�¸²ZPR!DAVA¸5W�T�VPM�W
z�GAOAL�V�TbHKJPa�G�e!M¢JPMa²Y^GIa_HKR!DAE�M$W�T��IDAT�~(ER!D�Q�L�[!�
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AD, Tol=1e−2
AD, Tol=1e−4
AD, Tol=1e−6
AD, Tol=1e−8
CD, Tol=1e−2
CD, Tol=1e−4
CD, Tol=1e−6
CD, Tol=1e−8

�]�����g§����/¨)Ma*Y%GIa�HKR!DAE�MyE�GIHKJPR�a�T�W�GID|c M�Q�z�M�MDF¦yµ R!DAV 3 µK�

1>T��#�]6KE�GID�Q�R�TbDAW�RUW&OPHKHKR!a�[}G�YðQ&ZAM¢M�NAM�EOAQ�T�GIDdQ�TbHUM¢a�M�W�OAL�Q�W�GAcAQ�R�TbDAM�VdY%GIa3efR!a�[ITbDA�dDIOPHUcPMa�W
G�Y�TbDAVPMJPMDAVPMD�Q/efR!a�T¤R�cAL�M�W/R!DAVUE�GID�e!Ma��!MDAE�M/Q�G!L�Ma�R�DAE�M�W�)¦�W>Q�ZAM/E�GID�e!Ma���MDAE�M�Q_G!L�Ma�R!DAE�MscPM�E�GIH\M�W
Q�T��IZ!Q_Ma�])Q�ZAM`M�NAM�EOAQ�T�GID¥Q�TbHUMFY%GIaæQ�ZAM`¦yµ2R!JPJPa�GIR�E�Z.TbDAEa�MR�W_M�W`HUGIa�MFa�R!JAT�VPL�[jQ�ZPR!D 3 µ2R�W�Q�ZAM
DIOPHUcPMaæG�YsTbDAVPMJPMDAVPMD�QKefR!a�T¤R�cAL�M�W}�Ia�G�zsW�U¦ LbR!a��!MFDIOPHUcPMaæG�YsTbDAVPMJPMDAVPMD�QKefR!a�T¤R�cAL�M�WKHUMR�DAW
HUGIa�MKQ_T¤H\MKW�JPMD�QKJPMa*Y%GIa�H\T¤DA�.RdW�TbDA�!L�MFT�Q�Ma�R�Q�T�GID z�ZAMD�OAW_T¤DA�.Q�ZAM}¦�µ R�JPJPa�GIR�E�Z�]�z�ZAMa�MR�W$Y%GIa
3 µ Q&ZAM`Q�TbHUMFY%GIa�R|W_T¤DA��L�MdT�Q�Ma_R�Q�T�GID¥T�WKQ�ZAMFW�R!HUM!]>cPOAQKQ&ZAM°DAOPHUcPMa�G�Y�L�TbDAMR!aUW�[AW�Q�MH\W�W_G!L�e!M�V
T¤DAEa�MR�W�M�W�

1>T��#� � W&ZAGfzXW�Q�ZAMKJ Ma*Y^GAa�HKR!DAE�MUG�Y/Q�ZAMUQ�ZPa�M�MKHUM�Q�ZAGAVPWyY^GAasE�GIH}JPOAQ�TbDA�n{>m.Q�G|R!D�R�E�EOPa�R�E�[
G�Y0R!JPJPa�G�NITbHKRSQ�M�L�[¨; � ��©f� ¯ e!Ma�RSL�L%]�z/MpGIcAW�Ma�e�MpQ�ZPR�Q¥Y%GIa�R,~(NAM�V E�GID!e�Ma��!MDAE�MpQ�G�L�Ma_R!DAE�M
zsT�Q�Z a�M�W�JPM�E�Q�Q�Gª{>m×] 3 µ¶E�GIDAW_T�W_Q�MD!Q_L�[,GIOAQ�JPMa²Y^GIa_HUWd¦�µ R!DAV µ$µ�Y%GIade�R!a�T�GIOAW.DIOPHUcPMa�WýGSY
T¤DAVPMJ MDAVPMD!QFefR�a�TbR!cAL�M�W�!1(GIaæQ�ZAMdJPa�GIcAL�MH�W�T�Â�M�WKTbD�GIOPa�M�NPJPMa�TbHUMD�Q�W] 3 µ¹T�WUE�L�MR�a�L�[0Q�ZAMdcPM�W_Q
HUM�Q�ZAGAV.Y^GAa$GIcAQ�RST¤DATbDA�.HKR�Q�ZAMHKRSQ�T�ER�L�L�[�¸²HUMR!DATbDA��Y5OALsVPMa�T�e�R�Q�T�e!M�WUG�Y�Q&ZAMKW�G!LbOAQ�T�GID Q�GdQ�ZAMKL�TbDAMR!a
W�[IW_Q�MHd� ªAGIHUM�Q�TbHUM�W]UT�Q�HKR�[pcPMjVPM�W�Tba�R�cAL�MwQ�G�E�GAHKJPOAQ�M¥Q�ZAMjVPMa�T�efR�Q_T�e�M�W�G�Y`Q�ZAM»�!� O«*�������¬«,
T�Q_W�M�L�Y�]XY%GIaKM�NPR!HKJAL�M.z�ZAMDwM�efRSL¤OPRSQ�TbDA��Q�ZAM.W�MDAW�T�Q�T�eAT�Q²[»G�Y¢Q&ZAMýHUGAVPM�L$Q�GjJPMa�Q�OPa_cPR�Q�T�GIDAWdTbDwT�Q_W
T¤DPJPOAQFJPR!a�R!HUM�Q_Ma�W�dC5D Q�ZPR�Q�ER�W�M!] 3 µy¸²JPa�GAV(OAE�M�V0VPMa�T�e�R�Q�T�e!M�WKz/GIOAL�VjcPMFL�M�W�W`HUMR!DATbDA��Y5OAL/Q�ZPR!D
VPMa�T�efR�Q�T�e!M�W$GAcAQ�R�TbDAM�VdzsT�Q�Zd¦yµºQ�GAG!L�W�

Y E`<�93@�G5?�`fB*<�9<`
¦gOA�IH\MD!Q�TbDA�.¨	©	¡XªAEKzsT�Q�Z.VPMa�T�e�R�Q�T�e!MFE�GIHKJPOAQ�R�Q_T�GADAW�OAW�TbDA��R!OAQ�GIH}R�Q�T�EUVPT§�Ma�MD�Q�TbR�Q�T�GID �Ia�MRSQ�L�[
T¤DAEa�MR�W�M�WFQ�ZAMFY�OPDAE�Q_T�GADPR�L�T�Q�[jG�YyQ�ZAMdQ�GAG!Lb¬!T�QFzsT�Q�ZjHUTbDATbH�OPH JPa�G!�Aa�R!HKHUTbDA�.M&§�GIa�Q� �pZAT�L�M�Q�ZAM
VPMa�T�efR�Q�T�e!M�WyJPa�GIV(OAE�M�V|OAW_T¤DA�U¦yµ R�a�MsG�Y%Q�MDKHUGAa�MgRSE�EOPa�R�Q�M!]�Q�ZAMgJ Ma*Y%GIa�HKR!DAE�MyG�Y�Q�ZAM$R!OA�IHUMD�Q�M�V
E�GIVPMFT�W�W_GIHUM�z�ZPR�Q$z/GIa�W�MUQ�ZPR!D.Q�ZPRSQ¢G�Y/Q�ZAM`GAa�T��!TbDPR�L	E�GIH}JPOAQ�R�Q�T�GID��5XM�e!Ma�Q�ZAM�L�M�W�W])E�GIH}JPOAQ�TbDA�
VPMa�T�efR�Q�T�e!M�W¢OAW_T¤DA�F¦yµºT�WXG�Y^Q_MD}Y�R�W_Q�Ma/Q�ZPR!DFGAcAQ�R�TbDATbDA�`Q�ZAMH zsT�Q�ZdL�M�W�W$R�E�EOPa�R�Q_M¢HUM�Q�ZAGAVPW]PW�OAE�Z
R�WsVPT�eIT�VPM�V.VPT�§�Ma�MDAE�M�W�

��M$ER!DFV(a�R�zpW�M�e�Ma�R�L�E�GIDAE�LbOAW�T�GIDAWyY5a�GIH GIOPa£M�N�J Ma�T�MDAE�M�Wk

® ¡×GIG�L¤¬�T�Q�W JPa�GfeAT�VPTbDA�{��GIGAV¹V(R�Q�R�R!DAV R�L��!GAa�T�Q�ZPH MDAER!JAW&OAL¤RSQ�T�GID2R�L�L�Gfz E�GIHKJPOAQ�RSQ�T�GIDPR�L
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Execution Time, N=256, Sol.Acc.=1e−4
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�C�����)¯l���/©øNIM�EOAQ�T�GIDhQ�TbHUMyY%GIasR�E�ZAT�M�eITbDA�b; � ��© R�E�EOPa�R�E�[dTbDhQ�ZAM$�Ia�R�VPT�MD�Q�

VPT�§�Ma�MD�Q�TbR�Q�T�GIDdQ_M�EÃZPDAT�®POAM�W�Q�GFcPM¢TbDAE�GIa_JPGIa�RSQ�M�V|OPDAVPMasM�NAT�W�Q�TbDA�dTbD!Q_Ma*Y�RSE�M�W�

® 3 GAHKJPOAQ�R�Q�T�GIDPRSLfVPT�§�Ma�MD�Q�TbR�Q�T�GIDæT�W>OAW�OPR�L�L�[yY5R�W�Q�Ma�R�DAV¢HUGIa�M	R�E�EOPa_R�Q�M>Q�ZPR!D$c G!Q�Z$R!OAQ_GIHKR�Q�T�E
VPT�§�Ma�MD�Q�TbR�Q�T�GID|R�DAVdVPT�eAT�VPM�V�VPT�§�Ma�MDAE�M�W�

® ¦$OAQ�GIHKRSQ�T�E`VPT�§�Ma�MD�Q�TbR�Q�T�GID¥ER!D¥cPM|OAW�M�V¥GID¥R!D¥MD�Q�Tba�M`Q_GIG!Lb¬�T�QdM	W&OPcAW�M�®�OAMD�Q�L�[!]3Q�ZAM`E�GAH�¸
JPOAQ�RSQ�T�GIDPR�L(VPT�§�Ma�MD�Q�TbR�Q�T�GIDdR!JPJPa�GIR�E�ZKER!DFcPM¢R�JPJAL�T�M�V�Q�G¢TbHKJ GIa�Q�R!D�Q/E�GIHKHUGAD`R�L��!GAa�T�Q�ZPHUT�E
W�Q&a�OAE�Q�OPa�M�W�

® ¡sZAM$W_T¤HUOAL�Q�R!DAM�GAOAWgOAW�M�G�Y>Q�ZAM$Q�GAG!Lb¬!T�Q�R!DAV�T�Q�WsVPMa�T�efRSQ�T�e!M&¸5MDPZPR!DAE�M�V�e!Ma�W�T�GIDFT�WgJ G!W�W�TbcAL�M!�

® ¡×GIG�L¤¬�T�Q�WsHKR�TbD�Q�R�TbDUE�GIDAW�T�W�Q_MD!Q/TbD!Q_Ma*Y�RSE�M�W>Y%GIa	c G!Q�ZKDAGID�¸5VPMa�T�e�R�Q�T�e!M¢R!DAV}VPMa�T�efR�Q�T�e!M$E�GAHKJPO�¸
Q�RSQ�T�GIDAW]�zyZAT�L�MdQ�ZAMFOPDAVPMa�L�[ITbDA��TbHKJAL�MHUMD�Q�R�Q�T�GIDAWKHKR�[.E�ZPR!DA�!M!�d¡sZAM`R!JPJAL�T�ER�Q�T�GIDAWFOAW�TbDA�
Q�ZAM$Q_GIG!Lb¬�T�QgDAM�M�V.DAG!QscPM�R�zsR!a�MyG�Y>W�OAE�ZFEÃZPR!DA��M�W�

� ZAT�L�M$ZAT��AZ�¸5L�M�e�M�L�¬ADAGfzXL�M�VP��M�R!cPGAOAQ	Q�ZAMsR�L��!GIa�T�Q&ZPHUW�OAW�M�V}T¤D}RyQ�GIG�L¤¬�T�Q	ER!DUc M�OAW�M�VKQ�G¢OAQ_T�L�T�Â�M
Q�ZAM.Y5R�W�Q�MaFR!DAV HUGAa�M�HKR�Q�ZAMHKRSQ�T�ER�L�L�[pHUMR�DAT¤DA�SY�OAL 3 µ¶R!JPJPa�GIR�E�ZwQ�G¥GIcAQ�R�TbDATbDA�»VPMa�T�efR�Q�T�e!M�W�]
W�GIHUM�Q�TbHUM�W�z/MýzXT�W&Z»Q�GjR!DPR�L�[IÂ�M Q�ZAM0R�L��!GIa�T�Q&ZPHUWdQ�ZAMHUW�M�L�e!M�W��¹C5D»Q�ZPRSQdER�W�M!]s¦yµy¸5�!MDAMa�RSQ�M�V
VPMa�T�efR�Q�T�e!M�W�ER!Dpc M OAW_M�V��°?3[ R�OA�IHUMD�Q�TbDA��¨	©	¡XªAEýzXT�Q&ZpcPG!Q&Z�Q�[PJPM�WdG�Y¢E�GAHKJPOAQ�R�Q�T�GIDAW�]�z/M
R�L�L�G�z¹Q&ZAM|OAW�MaUQ�G.W�J M�E�TY%[�R�QKa�OPD�¸5Q�TbHUMdQ&ZAMdVPM�W�Tba�M�V HUM�Q&ZAGIV¥Y%GIa�E�GIHKJPOAQ�TbDA��Q&ZAMdVPMa�T�efR�Q�T�e!M�W��
¡sZAT�Wga�M�W&OAL�Q_W�TbDd�Aa�MR�Q�W(M�NATbcAT�L�T�Q�[!]-R�L�L�G�zsTbDA�`Q&ZAM¢OAW�M¢G�Y	¨	©3¡sªAE¢TbD�RUW�Q�a�RST��AZ!Q�Y%GIa�zsR!a�VUY�RSW�ZAT�GIDFY%GIa
W�MDAW�T�Q�T�eIT�Q�[|R!DPR�L�[AW�T�W]PVPM�W�T��IDhGIJAQ�TbHUT�ÂR�Q�T�GID�]�JPR!a�R�HUM�Q�Ma3T�VPMD!Q�T�~(ER�Q_T�GAD�]�R!DAVdG�Q�ZAMa/E�GIHKJPOAQ&R�Q�T�GIDAW
Q�ZPR�Q�DAM�M�V�VPMa�T�efR�Q�T�e!M�W��
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