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=?>A@4B C?DFEHG B4IKJALMGN DFDFOPO8J�Q
JSRAG�T UV@4GSW�X4JSY[ZAZ]\FZ�^HJ]C�ZS_P\FZS`ba�ZMc4\d^A^ e*QfZ�^hg
Z]\ji6DFE�@4IKJ]C?G C?k4G lA=?G�GSX�Y m4=?GSJ]O6B�>ADFTnCpoqmrJAW�GSX =?G�RAG�=�W�J]I W?>A=?C?DKT4l J]IFlA>A=?DFC?k4Esptvu4w6xPyhzP{n|h}nx�{n~A�6�Pyr�S�P�h��{hzP{hxr�]~P�n�nyAxn� >AT BrJ]lAG ZS�A` DFT �n���*����>AT DFT4B4@4C

π = 10 8 6 4 2 9 7 5 3 1 \���>b��E�@rL�k�m�G�C?C?G�=�L�J]T�C?k4G�>AB4C?DFE�J]I
J]IFlA>A=?DFC?k4E�m�G>AT�C?k4DKW*DFT4B4@4C��
_P\ji6k4>b� C?krJ]C�C?k4G�T4>AC�DKEHB4=?>bRAGSX�m4=?GSJ]O6B�>ADFTnCpoqmrJAW�GSX�=?G�RAG�=�W�J]I�W?>A=?C?DFT4l�J]IFlA>A=?DFC?k4Es�}nx�{n~]�P�Pyr�S�6�n��{hzP{Ax��]~P�n�hyhxn� >AT�BrJ]lAG ZS�A�6�*C?G�=?EHDFTrJ]C?GSW�>AT�J]TnY¡DKT4B4@4C�J]TrX¢DKW+J]C�IFGSJAW?CJAW+lA>P>�X¢JAW tvu4w6xPyhzP{n|h}nx�{n~A�6�Pyr�S�P�h��{hzP{hxr�]~P�n�nyAxn� \ s ��DFTnC�£�DFC�W�@�¤�LMGSW�C?>¥W?k4>b��C?krJ]CjDFTJ]TnYHB�G�=?E�@4C�J]C?DF>AT�C?krJ]C¦>AT4IFYfkrJAW§DFTrLM=?GSJAW?DFT4l%W�C?=?DFBrW��nC?k4G�m�GSW�C¨=?G�RAG�=�W�J]I�B4=?>PX�@rLMGSW*J�X�GSLvo=?GSJAW?DFT4lHW?C?=?DKB©\ª�
�P\�«1>A@¬J]=?G¡lADFRAG�T;C?k4G¡­�>AIFIF>$��DFT4l�®j¯j°±W?GS²n@4G�TrLMGSWS£´³nµn¶ = {

~n~�·]¸n¸n�1¹�·6·8¸n�P~n~´¹º��~n~h¸6¸h�
} \U*k4G&C�JAW?O�DKW�C?>¥»rTrX�C?k4G&>AB4C?DFE�J]I 4 oqE�G�=jE�>AC?D¼­ s W?G�G�i6GSLMC�\©c4\½`¾BrJ]lAG�¿A�$o*DKTÀ���Á�Â­�>A=X�GM»rT4DFC?DF>ATrWM��\

JP�¾®j=�JS�ÃC?k4G�W?GSJ]=�L�k#C?=?G�GÄ=?G�B4=?GSW?G�T6C?DFT4lÅC?k4G 4 oqEHG�=;J]IFDFlAT4EHG�T6C�WÆ>]­�C?k4GSW�GÂC?k4=?G�GW?GS²6@4G�TrLMGSW s J]IKI�B�>hW�W?DFm4IKG 4 oqEHG�=¥W�C�J]=?C?DFT4lÇB�>ADFT6C¾LM>AT�»rlA@4=�J]C?DF>ATrWM��\�ÈVJ]m�G�I�J]IFIjT4>]oX�GSW���DFC?k�C?k4G�DF=�W?C�J]=?C?DFT4lHB�>hW?DFC?DK>ATrW�\4É9T�JAX4X�DKC?DF>AT©�rIKJ]m�G�I©C?k4GÊDFT6C?G�=?DF>A=�T4>�X�GSW�>]­´C?k4GW?GSJ]=�L�kËC?=?G�G ��DFC?kÌC?k4G�DF=�>AB4C?DFEHDKW?C?DÍL&E�J8ÎPDKE�J]I¨W�LM>A=?G R]J]IF@4GSW��ÏJ]TrXÇC?k4G IFGSJ8­�T4>�X�GSW��DFC?k[C?k4G�DF=ÊLM>ATrW?G�TrW�@rWÊW�LM>A=?GSW�\©ÐÂkrJ]CÊDKW�C?k4GHE¾J8ÎPDFE�@4E�LM>ATrW?G�TrW?@rW%W�LM>A=?G$�fÐÂkrJ]CDKW*C?k4G%LM>ATrW?G�TrW�@rW�EH>AC?D¼­ÑW?C?=?DFT4l6�
m��¾Ò¢J]=?O¥C?k4G%W?@4m4C?=?G�GSW�C?krJ]C��¨>A@4IKX�m�G
B4=?@4T4GSX¡DKT�J&m4=�J]TrL�k�o9J]TrXPoqm�>A@4TrX¢W?C?=�J]C?G�lAYA\
L8��Ð�krJ]C+DKW TotalDistance(v,DNA) ����k4G�=?G v DÍW*C?k4G%LM>ATrW?G�TrW?@rW�E�>]C?DF­v�

c]oº`P\+e¦GM­Ó>A=?GÊC?k4GÊ®�¯j°ÔW�GS²n@4G�TrLMDFT4lfC?GSL�k4T4>AIF>AlADFGSW+�¨G�=?G%X�G�RAG�IF>AB�GSX��rm4DF>AIK>AlADKW?C�W¦@rW?GSX�Õ�Ö�×MØÚÙ�Û�Ü�ÝØÚÛÓÞhßÌà[ávânâ�ÛÍß6ãÌC?>[=?G�RAGSJ]I+lAG�T4G�C?DKL¡E¾J]=?OAG�=�W�£ N GSLMC?=?DKLMC?DK>AT;G�T4ä�Y6EHGSWH�¨G�=?G�@rW?GSXåC?>ÆLM@4CC?k4Gj®�¯j°ÄDFTnC?>%­Ó=�J]lAE�G�TnC�W��P��k4>hW?GjIFG�T4lAC?krW§LM>A@4IÍXHm�G�EHGSJAW�@4=?GSXHmnY�lAG�I�G�IFGSLMC?=?>AB4k4>A=?GSW�DKW�\�+>$�¨G�RAG�=���O6T4>$��DFT4lH>AT4IFY¥J&­ÓG��Ä­�=�J]lAEHG�T6C�IFG�T4lAC?krW�lADFRAGSW�T4>HLMIK@4GÊJ]m�>A@4C���k4G�=?G%C?k4G%JALvoC?@rJ]I!LM@4C?C?DKT4l¾C?>P>AO¡B4IKJALMGA\�UV>¾lAG�CjEH>A=?G�DFT�­Ó>A=?E¾J]C?DF>AT©�r>AT4G&L�J]T¢EHGSJAW�@4=?G%C?k4G�­Ó=�J]lAEHG�T6CIFG�T4lAC?krW¦m�G�Cº�¨G�G�TÆá]æÓæ©BrJ]DF=�W§>]­ÏX�D¼ç�G�=?G�TnC*=?GSW?C?=?DKLMC?DK>AT¾W?DFC?GSWS\�i6@rL�k EHGSJAW�@4=?G�EHG�TnC¦DKW¦L�J]IFIFGSXâPáAÙvØÚÛÓáAæ¨èAÛéã6Ö�×vØ�\VU*k4G�lA>hJ]I1DKW�C?>¡=?G�RAGSJ]I1C?k4GHGMÎ4JALMC
B�>hW?DFC?DF>ATrW�>]­*=?GSW?C?=?DKLMC?DF>AT[W?DKC?GSW�mrJAW?GSX>AT C?k4G�­�@4IFI�W?G�C§>]­Ï­Ó=�J]lAE�G�TnC*IFG�T4lAC?krW�\�Ò�>A=?G�­�>A=?E�J]IFIFYA�6DFT�â�áAÙ�ØÚÛ�á]æ�èAÛªãnÖ�×MØ�â�ÙpÞnêvæFÖMë#>AT4G�DKWJAW?OAGSX¥C?>�»rTrX¥J�W?G�C X = {x1, x2, . . . , xn}
>]­VB�>ADFT6C�W§>AT¡J�IFDFT4GjW?@rL�k C?krJ]C*C?k4G�E�@4IKC?DKW?G�C

∆X = {xj − xi : 1 ≤ i < j ≤ n} LM>A=?=?GSW?B�>ATrX4W�C?>HC?k4G
EHGSJAW?@4=?GSX ­�=�J]lAEHG�T6C�IFG�T4lAC?krW�\
JP�¾U�=?Y C?> =?G�RAGSJ]I X LM>A=?=?GSW�B�>ATrX�DFT4l C?> ∆X =

{1, 1, 2, 2, 3, 3, 4, 5, 5, 6, 7, 8, 10, 11, 12} ��DFC?kìJ�lA=?G�GSX�YíJ]IFlA>A=?DFC?k4E�£Àî!D¼ÎïC?k4GC9�§>¥>A@4C?G�=?E�>hW?C+B�>ADFTnC�W�mrJAW?GSX¢>AT�C?k4G�IKJ]=?lAGSW?CjX�DKW?C�J]TrLMG%DKT ∆X ��J]TrX�=?G�E�>bRAG�C?k4GIKJ]=?lAGSW?C%X�DÍW?C�J]TrLMGH­�=?>AEïDFC�\ÏU*k4G�TÆ=?G�B�GSJ]C�C?k4G�­Ó>AIFIK>b��DFT4l4£�î!D¼ÎðJ¡B�>ADFTnC�JAW%T4GSJ]=�C?>C?k4G�IFGM­ÓC?E�>hW?C1B�>ADFTnC*JAW¦B�>hW�W�DFm4IFG+W?>�C?krJ]C*C?k4G�IKJ]=?lAGSW?C*X�DKW?C�J]TrLMGjDFT ∆X DÍW§W�J]C?DÍWp»rGSX��J]TrX¡=?G�EH>$RAGÊC?k4G
T4G���IFY LM=?GSJ]C?GSX¡DFTnC?G�=poqB�>ADFT6C+X�DKW?C�J]TrLMGSW*­�=?>AE ∆X \



m��¾U*k4G§lA=?G�GSX�Y�J]B4B4=?>hJAL�kfJ]m�>$RAG�LM>A=?=?GSLMC?IFY
=?G�RAGSJ]IKW!J]IFInm4@4C!>AT4G§B�>ADFT6CVDFTÊC?k4G¦GMÎ4J]EHB4IFGA\È©G�C%@rW%DFEHB4=?>$RAG�C?k4G�W?C?=�J]C?G�lAYðW�>�C?krJ]C%��k4G�TÇ»4ÎPDKT4l¡B�>ADFT6C%C?>�C?k4G¾IFGM­�C%X�>6GSW%T4>AC�¨>A=?O��r�¨G%C?=?Y¾»4Î�DFT4lfDFC�JAW�T4GSJ]=+C?>HC?k4GÊ=?DFlAk6C?EH>hW?C�B�>ADFTnC�JAW�B�>hW�W?DKm4IFGA\��´G�=?DF­ÓY¥C?krJ]CC?k4DKW*T4G�� W?C?=�J]C?G�lAY =?G�RAGSJ]IKW+J]IKW?>&C?k4GÊIKJAW?C*EHDÍW�W?DFT4l�B�>ADFT6C�DFT¡C?k4G
GMÎ4J]EHB4IFGA\
L8���´G�=?D¼­�Y C?krJ]CåG�RAG�T#C?k4G DKEHB4=?>bRAGSX lA=?G�GSX�Y W?C?=�J]C?G�lAYÁ­�J]DKIKWÆDKT#=?G�RAGSJ]IFDFT4l X =

{0, 1, 4, 5, 8, 10} ��lADKRAG�T¡C?k4G%LM>A=?=?GSW?B�>ATrX�DFT4lHDFT6C?G�=poqB�>ADFT6C�X�DKW?C�J]TrLMGSW�\
¯+>AC?DÍLMG�C?krJ]C�J¥W�E�J]IFI!EH>PX�DF»�L�J]C?DF>AT�>]­§C?k4GHJ]m�>bRAG�J]IFlA>A=?DKC?k4E±IKGSJAX4W�C?>�J¡LM>A=?=?GSLMCÊJ]IFlA>]o=?DFC?k4E��6DFTrW?C?GSJAX¾>]­VlA=?G�GSX�DFIFYHL�k4>6>hW?DKT4l�IFGM­�C��$=?DFlAk6C��6>AT4G�GMÎ4J]EHDFT4GSW1m�>AC?k B�>hW�W?DFm4DFIFDKC?DFGSW s W?G�GBrJ]lAG�¿]^¢DKTÌ�ð���*��\´U*k4DKW�E�JSYÆIFGSJAXÆC?>�GMÎ�B�>AT4G�T6C?DKJ]I*m4=�J]TrL�k4DFT4l4�´m4@4C&@rW?@rJ]IKIFY s ��DFC?kk4DFlAk¡B4=?>AmrJ]m4DFIFDKC9Y�>AT�=�J]TrX�>AE X4J]C�JP�¨>AT4IFY¾>AT4GÊ>]­!C?k4G%B�>hW�W�DFm4DFIFDFC?DKGSW´DKW¦­�GSJAW?DFm4IFGA\


