
����� � ���	��
�
�
 ��� ����� ������� ��������� � ����� �"!$# ��%'&
(*)$+,(.-0/21436587,9;:�<�=8>@?4=@A�BC18DFE4GH�I8JLK�M�N8OFP*QSR8TVUXWHHZY@[.\8]Z^8_FT`ULa*b@[cUFd4U�P*eZ^8_FT�e8d8\gfh^@[hP*\HZikj;bmlcnFT*boNkjCM*bmlhpF[q\kjsrtN@[ub@vhwxlzy{jsb@vhKxlq|8K�MXWq|*rZeFP*OZbH}[q\�^8_FT~[q\8^ST*O8�Fa8R��,�k�hWc���HHZe@[.\8]@[q\8iZ^8_ST�ULa*b@[cUFd4U�P*e�i�jsbml�[*pZp4aVUgTZaLpte@[.\8]@[q\8iZOFPoP*^2ptP*e�i��hjsb�lz�o_FT*OFTHZi�� jsbmlcn��"Nx[�b�T*boNkjCM*bmlhf4PLp@jsr�N@[ub@vhw@luM�T4b8NkjCM*b�lVpF[q\kj;r�N@[ub@v w@l�y�b@vhw��fVR8T8a*OfVRLfbonFR2[q\2p NFaLf4T�j��k�hW8l�� �� N8n8i8Nkj;bml2�HZe@[.O2ph^���R8P8Ph�~a4^"i��hjsbmlua*\8]~p4ToT`�o_FT*OFT�i��hj;bmlcnF�NSR8P*^kjsb�� � Nml2�^x[q^FR8T�jg���FR8P*^�P*e�i��8�hjsb�l��.lHZ�FT~p4T8T�e8OFPhU�^o_FT�NFR8P*^���^8_Sa*^Zi��hjsbml�_FaFp"pVT*�FT*OFaoR�OFP8P*^gpk�HZ\FP4^FT�^8_Fa*^Z^8_FT�OFPoP*^Ze@[q\8]@[.\8i�UgT*^8_FP4]�phNFTLfS[qe@[hT*]`aLp8phd*ULTLpt^8_Fa*^Zi���_FaLpt^FPHZQFT�UgP*\FP4^FP*\FT�a4\8]Z^8_Fa*^Z^8_FT4OFT~[*p�P*\FT�OFP8P*^}[q\�^8_FT~[q\8^ST*O8�Fa8R���JgT�\FT8T4]"^SPH~f4PhUgT�d8N��@[.^8_ZQ8OFaLfq�LT*^@[q\8i�[q\8^ST*O8�Fa8RFp�phd2fh_Z^8_Sa*^Z^8_FT*OFTZT*bx[*ph^2p�P*\FR � P4\FTHZOFPoP*^}[q\~T8aFfh_��	�o_FT*OFTZa*OFT�p4T4�FT*OFa8R��Fa � pt^FP�]FP�^8_@[*pk���4\FT��Fa � �u[*pt^FP~pF[cUFNFR �H}[q\gphNFTLfh^Z^8_ST`ioOFa*N8_�a*\8]Ze@[.\8]}[q\8^FT*Oo�Fa8RLpu^o_Fa*^ZQ8OFaLf.�gT*^ZP*\SR � P*\FT�OFP8P*^�P*e�^8_FTHZ]FT4O@[q�Fa*^x[q�FT��HZ^8_ST*OFTZa*OFT�UgP*OST�pVP*N8_@[*p ^@[*f4a*^ST*]��Sa � pt^8_Fa*^�R8PoPV��eFP*OZ�8_FT*OST`i��u[*p�[q\2f OFT8aLpF[.\8iZa*\8]HZ]FTFfhOFT8aLpS[q\8i�� _SP*�FT*�FT4O���a*\ � �Fa � ^o_Fa*^ � P*d�Q8OFaLfq�LT*^�^8_FT~[q\o^FT*O8�FaoRLpZ[*p�aLf8fVT*N8^Fa*QSR8T��HZ^8_ST¡[q\8^ST*O8�Fa8RFp�QFToR8P*�Z�FT*OFT�eFP4d8\8]ZQ � �@[*phdSa8R8R � [.\2phNFTLf ^@[q\8i�^o_FT�i8OFa*N8_R4b8n��,� ���,wZ���,¢o¢"���,£8¢Z���,¤����4�Oob8n��,���¥w�����r����,¦o¢"���,�8wZ���,¤8£4���4�H�§Fd4UFQFT*O�P*e}[q\8^ST*O8�Fa8RFpueFP*OZ^8_FT}[q\8^FT4O8NFP8R8a4^@[hP*\tNFT*OHZQ8OSaLfq�gT*^o^@[q\8i~[.\8^FT*O8�Sa8R��\onFw8�k�]oOFP8P*^2p n������HZY@[.\8]�a8R8R"^o_FT�OFP8P*^2p�P*e�i�� jsbml�[q\¨�,�k�hWC�eSP*O}[qnmW�©,RoT*\8i8^8_�jCR*bmlb8nSR2[q\2phNSaLf4T�jCR4bkjh[Fl2�,O8b�j [Fl2�ª\xl2�

(



� Non8i8Nkjsb�l2�� � N«[q�8ngp4P*O8^kj � Nml2�b8nobkjh[Fl2�H�iFT*^Z^8_FT�phNFRg[q\FTphngphNFR2[q\ST�j � N��,bml2�]8OSP8P*^2phn���]8OFP8P4^2pm��N8N8�Fa8Rmjqpm�s�@lC���T4\8]HZY@[.\8]Z^8_FT`ULa*b@[cUFd4UZeFP*OZikjsb�l�P4\¬�¥�k�hWc�ZQ � fh_FTLfq��[q\8iZT8aFfh_ZOFP8P*^��� � Uga*b}[q�8n4Uga*bkjCT4b8Nkjs]8OSP8PV^gpgl��s­4pF[q\kj;rL­hNx[*­h]4OFP8P*^2pm�Cvhwxl y®js]8OSP8P*^2pk��vhK@lq|8KtM����,w8¢@l2�]x[*phNkjqp N8O@[q\8^oekj2���8_oT�Uga*b�P*e�i�jsbmluP*\¨�,�k�hWC�¡[4pk©�HF¢���r8e��4� � Uga4bml8l]x[*phNkjqp N8O@[q\8^oekj2��eFPhOtb8n8HF¢��¯r8e��4�ª]oOFP8P*^2pxjh[Fl4l8l]x[*phNkj2���.l2�°�°�°�°�°�°�°�°�°t°�°eod8\2fh^@[ P*\ � N8noi8NkjsbmlH � Non8i8Nkjsb�lHHZbX[*p�a"�FTLf ^FP*OH � NX[*pt^8_FT�]FT*Ox[q�Fa*^@[.�FT�P*eZikjsb�la4\8iFR8T*nor2­hN@[*­xjsb��s­hbxl2�� N8nF�L­hNx[*­hb��s­of4PLp@jCah\8iFRoT@lx�;­4T*b8NmjCM*bml.M*T*boNkjCMhbml��s­8po[q\kj�aV\8iSR8T@lsy�b��;­hb��±³² 7,/ ² 7qG�o_FT�Uga*b�P*e�i�jsbml�P*\´�,�k�hWC�¡[4pk©µw��.Wqw@W.£eSP*OZb8nF���,£o¤@Wq¢¶L)$+,(.-0/21436587,9;:+¸·4: ¹uE$5FECECD�7ª1�9,ºF1h»�7,ºg·V7 ¼�½¾�¿ +¸Àg:ªÁ8À�Â{Ã¶ +ÅÄ�+ÅÆ8:mÇ�Äm+¸ÈC:,:kÇ¡ÃgÉ(.¶ +ÅÄLÊ�+ÅÆ8:kËuÄFÊ,+¸ÈC:,:Ì³1*7,E$7,º2·h7Í7,ºLEÎB ²FÏ 36B$Ð³EcÑ,Ò�367ªEÓ36587,EcÑ,/214ÔÕ·h587�1hÖ�·0Ö ² 5FBC7ª3×1*5�Äm+¸Àg:�369ÍØ436Ù*EC5 Ï8Ú
¿ +ÅÀ2:�ÂZÛ Ü�Ç�Û É +ÅÀÝË�Æ8:@Ç�ÛsÞ4+¸À�ËtÆ8: É Ç�Ûsßo+¸À�ËzÆ8: É +¸À�ËtÈC:»ÍºFECÑªE Û Ü Â Äm+¸Æo:Û É Â Ä Ê +¸Æ8:ÛsÞàÂ á4â ½,ã¯ä á*â ¾ ã½sä ¾ ËuÄ Ê +¸Æ8:È�ËtÆÛ ß Â Ä Ê +¸ÈC:@ÇtÄ Ê +¸Æo:�Ët¶ á4â ½,ã¯ä á*â ¾ ã½sä ¾+¸È�ËuÆ8: É

¶



åÍºFECÑªEsÖÅ1*Ñ,EÎ»�E$ºg·qÙ4E�+ ² 9,365FØ�36587,ECØ*Ñ;·h7ª36145 Ï8Ú /g·hÑª7,9�ÖÅ1*ÑÍ7,ºFEÎÛsßÎ7ªECÑ,Ò�:Cæ¼�½¾ ¿ +¸Àg:ªÁoÀ Â ÛqÜ�À0Ç�Û É +ÅÀ�ËtÆ8: É¶ ÇtÛsÞ +ÅÀ�ËuÆ8: Þç Ç�Ûsß�è +ÅÀÝË�Æ8: Þç +ÅÀ�ËtÈC:�Ë +¸À�ËzÆ8: ß(q¶ é�êêêê ½ ¾Â ÛqÜ Ã Ç�Û É ÃgÉ¶ Ç�Û�Þ Ã Þç ËzÛsß Ã ß(q¶ »ÍºFECÑ,E Ã Â�È�ËuÆÂ Ã ¶�ë Ä�+ÅÆ8:mÇ�Ä�+ÅÈC:¯ìSÇ ÃgÉ(q¶kë Ä Ê +ÅÆ8:kËuÄ Ê +ÅÈC:¯ì +Õ9 ²FÏ 9ª7,367 ² 7ª365FØ�ÖÅ1*ÑíÛ Ü î Û É î Û Þ4î Û ß ·h5FD Ñ,E.·VÑ,Ñs·h5FØ*3×5LØo:+ Ï : åk1$DFECÙ4EcÔ×1*/�·$BC1*Ò�/2149,367ªE�Ñ ² Ô6E4æ8DF36Ù83×DLE�7ªºFE³36587,ECÑªÙ4·hÔ ë Æ î ÈªìF3×587ª1ðï ECñ ² ·hÔ6Ô Ú 9,/2·hBCECD 365o7ªECÑ,Ù4·VÔ69�·h5FD�»�EÓ·h/L/FÔ Ú7,ºLEÎÑ ² Ô6EÎ· Ï 1hÙ4E$7ª1�E.·hBsº�/F36ECBcE�+Õ5F1*7,EÎ7ªºg·h7³ï�36587,ECÑªÙ4·hÔ69Í36Ò�/FÔ636EC9�»�E$ºg·qÙ4EÎÀSò¯Ù4·VÔ ² EC9³ÆðÂ�À�ÜÍó�À É ó~ô.ôqô8óÀLõ�óZÀFõ8ö�Ü�ÂZÈC:c)
¼ ½¾ Ä�+ÅÀ2:,Á8À ÷ ¼ ½¾ ¿ +ÅÀ2:,Á8ÀÂ õø ùÕú Ü�û Ã ¶ ë Ä�+ÅÀ ù :�ÇtÄ�+ÅÀ ù ö�Ü :¸ìSÇ ÃgÉ(q¶ ë Ä Ê +ÅÀ ù :�ËzÄ Ê +ÅÀ ù ö�Ü :¸ì;üÂ Ã ¶ ë +ÅÄ�+ÅÆ8:�Ç�Ä�+ÅÀ É :,:@Ç�+ÅÄ�+ÅÀ É :�ÇtÄ�+ÅÀ Þ :,:@Ç�ôqô.ôsÇ�+ÅÄ�+ÅÀ õ :@Ç�Äm+¸ÈC:,:¯ìÇ Ã2É(q¶kë +¸Ä Ê +¸Æo:�ËzÄ Ê +ÅÀ É :ª:mÇZ+¸Ä Ê +ÅÀ É :kËuÄ Ê +¸ÀFÞq:,:mÇ"ô.ôqôCÇZ+¸Ä Ê +ÅÀLõS:�ËzÄ Ê +ÅÈc:,:¸ìÂ Ã ¶"ý Äm+¸Æo:kÇ�¶ õø ùÕú É Äm+¸À

ù :¸þ�Ç Ã2É(.¶ +¸Ä Ê +¸Æo:�ËzÄ Ê +ÅÈc:,:
Â Ã(.¶ ý�ÿ +¸Äm+¸Æo:�Ç�Äm+¸ÈC:,:�Ç Ã +ÅÄLÊ,+ÅÆ8:�ËtÄFÊ�+¸ÈC:,:�ÇZ(.¶ õø ùÕú É Ä�+ÅÀ

ù : þ+ÕB.:�<�=8>@?*=@A�BC18DFE07,ºg·V7Í3×Ò /FÔ6ECÒ�EC587,9�7,ºF369ÍBC1*Ò�/2149,367ªE³Ñ ² Ô×E$369 Ï ECÔ61h»Î)e8d8\gfh^@[hP*\��8n��8PVUSN��VI�jseo\FaVUgTk�,e8N8\FaqUgTk�sam�ªQ��,\mlH��on��8PVUFN��VI�jse8\SaVUgTk�ªe4N8\FahUgT��;ak�ªQmlHH�� \8^FT*i8OSa*^FTLpza"e8do\2fh^@[hP4\�d2pF[q\oi�a�f4PhUFNFPLpF[.^FT�IgT*O4Um[q^FT�O8dFRoTHH�eo\FaVUgT [*pZa�ph^8Ox[q\8i~f4P*\8^Sa2[q\@[q\oi�^8_ST"\FaVULT"P4e"^o_FT�e8d8\2fh^x[hP*\�^FPZQFT~[q\8^FT4i8OFa*^FT4]H�eoN8\FaVUgT�[*pZa�ph^8Ox[q\8i~f4P*\8^Sa2[q\@[q\oi�^8_ST"\FaVULT"P4e"^o_FT�e8d8\2fh^x[hP*\�^8_Sa*^}[cUFNFR8ThUgT*\8^2pH ^8_ST`]ST*O@[q�Fa4^@[q�FT�P4e�e8\FahUgTH~a��ªQ�a*OFT�^8_FTZR8P*�ST*O�a*\8]Zd8N8NFT4O�Rg[cUm[q^2p�P*e«[q\o^FT*i8OFa4^@[hP*\}jCa
	*Q�lH�\}[*p�^8_FT�\8d*USQFT*OZP*e�N@[hTLfVTLpueFP*OZ^8_ST'f4PVUSNFPLpF[q^ST�O8dFR8T«js\�	*nmW8lH��}[*p�^8_FTZa*N8NoOFP*b@[cULa*^@[hP*\t^FP�^8_FT~[q\o^FT*i8OFaoRb8nFRg[q\2phNFaFf4T�jCak�,Q��ª\8ymW4l��4�e8n8eST*�Fa8R�j;e8\FaVUgT��ªbml2�e8N8noeFT*�Fa8Rmjse8N8\FahUgTk�L�,am�ªQ8��l2�_8nkj;QFM8a@lq|4\��
�8nF¦F­@jsekj4Wolcy8ekjs\oymW8l8l y�_¡­}jse8NkjVW8lqM*e8N�jCw@l8l�y�WqwF­�P4\FTLp@j4Wg�ª\FM@W8lh­hekjCw�©¯\@l2�
�8n
�g­h_F|@Wqw��

ç



°�°�°�°�°�°�°�°t°�° òe8d8\gfh^@[hP*\�e8n8N8OFP4Q8rkjsbmlH�eon8N8OFP*QorkjsbmlH¡fVPVUFN8d8^STLpuekjsb�lcnFT*b8N�jsbmlV­8pS[q\kjsbxle8nFT4b8Nkjsbml~�s­�pF[.\kjsbml2�°�°�°�°�°�°�°�°t°�° òe8d8\gfh^@[hP*\�e8N8n8]8NoOFP*Q8rkj;bmlH�eoN8n8]8N8OSP*Q8rkjsb�lH�eod8\2fh^@[ P*\�^FP�f4PVUSN8d8^FT�]FT*Ox[q�Fa*^@[.�FT�P4e�ekjsb�lcnFT*b8N�jsbmlV­8pS[q\kj,bmlHH�e��hjsbmlcnST*b8Nkjsb�lV­@jqf4P8p@jsb�lcyLpS[q\kjsbxl8le8N8nST*b8Nkjsb�l'�s­}jqf4PLpxjsbml�y~pF[q\kjsb�l8l2�°�°�°�°�°�°�°�°t°�° òH"IoJgKZM`NoOFP*QFR8ThU~wH¡pofhO@[qN8^�^FP"^FTFph^��8PVUFN��hIÍ�¸UH~aoRLp4P��@[hR8R�iFT4\FT*OFa*^ST�a�NFR8P*^�P*e�OFT8R8a*^x[q�FT�T*OoOFP*OZd2pF[q\oi�^8_FT~f4PVUFNFPFpF[q^FTH¡f d8Q@[*f�ILT*O*Um[q^ST'[.\8^FT*O8NSP8R8a*\8^f4R8Toa*Of4RLfa*nF¦��Q8nF£��T*O8Oon������H¡fVPVUFN8d8^ST�aLfh^8dSa8R��Fa8R*dFT�P*e�^8_ST'[.\8^FT*i8OSa8R[q\8^on��,¢�­}juT*b8N�jsQmlV­@j.pF[q\kjsQ�lqMLf4P8p@jsQml4l�M�T*b8N�jCa@lV­@j.pF[q\kjCaxlqMLf PLp@jCa@l4ltl2�]@[*p Nkj2�
�FaoR*dFT�P*e}[q\o^FT*i8OFaoR�eFP*O�T8aLf _"\��.leFP*OZ\8n�W�©,¢�©,KxWH��8PhUFN8d8^FTZa*NoN8OFP*b@[CUga*^@[hP4\
�on��8PVUFN��VI�j2��NoOFP*QFw�� �L��]oN8O8P4QFw��4�,ak�ªQ���\ml2�]x[*phNkjqp N8O@[q\8^oekj2��\8n4H8]tn8n��~[q\8^ST*i8OFa8R�TLph^8nZHF���¯r8e��4�ª\����ml8l2�T4O8O8n��,T4O8O��sa*Qgp@j8jh[q\4^FM���lq|���lc���T*\8]p4TVU�[hR8P*i � j8j4W�©,¢�©,K@W8l�� �sT*OoOml^@[q^SR8T�j2���LT8R8a*^@[.�FT��oO8OFP*OZd2pF[.\8i��8PVUSNFPLpF[q^ST��*d8Q@[4f�ILT*O*Um[q^ST�[q\8^FT4O8NFP8R8a4\8^��.lbFR8a4QFT8R�j2�¯\��.l� R8a4QFT8R�j2�¯OFT8R8a*^x[q�FTtT*O8OFP*O��.l±�² 7,/ ² 7.G

�Fa8R4dFTZP*e}[q\8^FT*ioOFa8R�eFP4O~T8aLf _"\\8nmW�n8n��'[.\8^FT*i8OSa8RZTLph^8nXWq¤8£��,�8w8¢8w\8nF¦�n8n��'[.\8^FT*i8OSa8RZTLph^8nXWq¤8¦��,¤8�8w8£\8nmWoWznon��~[q\8^FT*ioOFa8R�TLp ^8nXWq¤8¦��,¤o�@Wq¤\8nmW.¦`non��~[q\8^FT*ioOFa8R�TLp ^8nXWq¤8¦��,¤o�@Wq¤
�



\8nFwxWznon��~[q\8^FT*ioOFa8R�TLp ^8nXWq¤8¦��,¤o�@Wq�\8nFwo¦`non��~[q\8^FT*ioOFa8R�TLp ^8nXWq¤8¦��,¤o�@Wq�\8nFKxWznon��~[q\8^FT*ioOFa8R�TLp ^8nXWq¤8¦��,¤o�@Wq�

0 5 10 15 20 25 30 35
10

−10

10
−8

10
−6

10
−4

10
−2

Relative Error using Composite Cubic Hermite interpolant
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