
�
$SSOLHG�0DFKLQH�/HDUQLQJ�)LQDO�([DP��&,6���������

,QVWUXFWLRQV

:ULWH \RXU DQVZHUV RQ SDSHU ZLWK D SHQ�:ULWH \RXU QDPH� DQG \RXU VHFWLRQ QXPEHU �&,6 ��� RU &,6 ���� SURPLQHQWO\
RQ�WKH�ILUVW�SDJH�RI�\RXU�DQVZHUV�DW�WKH�WRS�OHIW�

1R�GHYLFHV�H[FHSW�IRU�D�FDOFXODWRU��<RX�PD\�XVH�RQH�KDQGZULWWHQ�VKHHW�RI�SDSHU�DV�D�FKHDWVKHHW��ZLWK�ERWK�VLGHV�¶¶


7KH�H[DP�FRQWDLQV���VHFWLRQV��URXJKO\�DUUDQJHG�E\�TXHVWLRQ�W\SH�
Ɣ 6HFWLRQ $ KDV � RU ��SRLQW TXHVWLRQV WKDW DUH HDFK LQWHQGHG WR WDNH ��� PLQV WR FRPSOHWH �WRWDO� �� SWV� ��

TXHVWLRQV��a���PLQXWHV��
Ɣ 6HFWLRQ % FRQWDLQV ����SRLQW TXHVWLRQV WKDW DUH HDFK LQWHQGHG WR WDNH ��� PLQV WR FRPSOHWH� �WRWDO� �� SWV� �

TXHVWLRQV��a���PLQXWHV�
Ɣ 6HFWLRQ & FRQWDLQV �� �� DQG ��SRLQW TXHVWLRQV WKDW DUH LQWHQGHG WR WDNH EHWZHHQ � DQG � PLQV WR FRPSOHWH� $V D

WKXPE�UXOH��DQ�[�SW�TXHVWLRQ�VKRXOG�WDNH�QRW�PXFK�ORQJHU�WKDQ�[�PLQV���WRWDO�����SWV����TXHVWLRQV��a���PLQXWHV�

7KH H[DP LV RXW RI �� SRLQWV� DQG \RX KDYH ��� PLQXWHV� 0DQDJH \RXU WLPH ZHOO� 7KHVH H[SHFWHG WLPH VXJJHVWLRQV
DUH LQWHQGHG WR KHOS� LI \RX ILQG \RXUVHOI VLQNLQJ D ORW PRUH WLPH LQWR D SUREOHP� LW PD\ EH D EHWWHU VWUDWHJ\ WR VWRS DQG
UHWXUQ�ODWHU�WR�WDNH�D�IUHVK�ORRN�

$W�WKH�HQG�RI���KRXUV��\RX�ZLOO�SXW�GRZQ�\RXU�SHQV��DQG�SURFHHG�WR�VXEPLVVLRQ�

6XEPLVVLRQ�3URFHVV�

6WHS �� 6FDQ 	 8SORDG :LWKLQ �� PLQV� $IWHU WKH H[DP� \RX ZLOO KDYH �� PLQXWHV RI DFFHVV WR \RXU VPDUWSKRQH IRU
VFDQQLQJ DQG XSORDGLQJ \RXU VROXWLRQV WR JUDGHVFRSH� 0DNH VXUH WR XVH D SGI VFDQQLQJ DSS �IRU H[DPSOH� WKH
*RRJOH 'ULYH DSS KDV D IHDWXUH� WR VFDQ \RXU DQVZHUV DQG XSORDG WR *UDGHVFRSH GXULQJ WKHVH �� PLQXWHV� 0DNH
VXUH�\RXU�VPDUWSKRQH�LV�FKDUJHG�DQG�UHDG\�

6WHS �� 6HOHFW 3DJHV 2Q <RXU 2ZQ 7LPH� 7KHQ� DIWHU WKH VXEPLVVLRQ ZLQGRZ FORVHV� \RX ZLOO EH DEOH WR DQQRWDWH
SDJHV IRU HDFK TXHVWLRQ RQ \RXU RZQ WLPH� 3OHDVH GR XVH D SGI VFDQQHU DSS� DQG GR QRW XSORDG LPDJH ILOHV GLUHFWO\�
ZH KDYH QRWLFHG WKDW IRU VRPH UHDVRQ� *UDGHVFRSH GRHVQ
W DOORZ \RX WR DQQRWDWH \RXU UHVSRQVHV DIWHU WKH
VXEPLVVLRQ�ZLQGRZ�LI�\RX�XSORDG�LPDJH�ILOHV��&RPSOHWH�WKLV�EHIRUH���S�P��WRGD\��0D\���

)RU�LQ�SHUVRQ�H[DP�WDNHUV��ZH�ZLOO�FROOHFW�\RXU�DQVZHU�VKHHWV�DV�D�EDFNXS�LQ�FDVH�VFDQQLQJ�ZHQW�ZURQJ�

$OO�WKH�EHVW�



�

6HFWLRQ�$
��RU���SRLQW�TXHVWLRQV��WKDW�DUH�HDFK�LQWHQGHG�WR�WDNH�����PLQV�WR�FRPSOHWH��WRWDO�����SWV�����TXHVWLRQV��a���PLQV�
1R�QHHG�WR�VKRZ�\RXU�ZRUN�

�� >��SW@�6XSSRVH�ZH�KDYH�D�UHJXODUL]HG�OLQHDU�UHJUHVVLRQ�PRGHO� ��:KDW�LV�WKH�HIIHFW�RI
LQFUHDVLQJ�Ȝ�RQ�ELDV�DQG�YDULDQFH"�6HOHFW�WKH�EHVW�RSWLRQ�

$� ,QFUHDVHV�ELDV��LQFUHDVHV�YDULDQFH
%� ,QFUHDVHV�ELDV��GHFUHDVHV�YDULDQFH
&� 'HFUHDVHV�ELDV��LQFUHDVHV�YDULDQFH
'� 'HFUHDVHV�ELDV��GHFUHDVHV�YDULDQFH

�� >��SW@�7KH�7$V�RI�WKH�FRXUVH�ZDQW�WR�GHYHORS�D�QHXUDO�QHWZRUN�ZKLFK�WDNHV�DV�LQSXW�VWXGHQW�LQIRUPDWLRQ��VXFK�DV
DXWRJUDGHU�VFRUHV�IRU�HDFK�KRPHZRUN��DQG�IUHTXHQF\�RI�FODVV�DWWHQGDQFH�DQG�SUHGLFW�VWXGHQW�SHUIRUPDQFH�RQ�WKLV�ILQDO�
:KLFK�RI�WKH�IROORZLQJ�IXQFWLRQV�LV�DQ�DSSURSULDWH�ORVV�IXQFWLRQ�IRU�WKLV�SUREOHP"��6HOHFW�DOO�WKDW�DUH�DSSURSULDWH�

Ɣ %LQDU\�&URVV�(QWURS\
Ɣ 1HJDWLYH�/RJ�/LNHOLKRRG
Ɣ 0HDQ�6TXDUHG�(UURU
Ɣ ./�GLYHUJHQFH�

�� >��SW@�)RU�DQ�0'3��6��$��7� ��5��LI�ZH�RQO\�FKDQJH WKH�GLVFRXQW�IDFWRU ���WKH�RSWLPDO�SROLF\�LV�JXDUDQWHHG WR�UHPDLQ�WKH
VDPH��7UXH��)DOVH"

�� >��SW@�6XSSRVH�\RX�DUH�GHVLJQLQJ�D�UHFRPPHQGDWLRQ�V\VWHP�IRU�WKH�3HQQ�OLEUDU\�ERRN�FROOHFWLRQ��7KH�V\VWHP�ZLOO�EH�XVHG
WR�UHFRPPHQG�VLPLODU�ERRNV�ZKHQ�SHRSOH�FKHFNRXW�ERRN�UHQWDOV��7KH�OLEUDU\�KDV�PRUH�WKDQ���PLOOLRQ�ERRNV��EXW�KDV�RQO\
FROOHFWHG���������XVHU�UHYLHZV���FKHFNRXW�KLVWRU\�LQ�WRWDO�VR�IDU��:KLFK�RQH�RI�WKH�IROORZLQJ�PHWKRGV�ZRXOG�EHVW�VXLW�WKH
XVH�FDVH"

$� 1HDUHVW�1HLJKERU�&ROODERUDWLYH�)LOWHULQJ
%� &RQWHQW�EDVHG�5HFRPPHQGDWLRQ
&� 0DWUL[�)DFWRUL]DWLRQ
'� 3RSXODULW\�EDVHG�5HFRPPHQGDWLRQ

�� >��SW@�:KHQ�WUDLQLQJ�511V��PDNLQJ�VXUH�JUDGLHQWV�GR�QRW�JHW�WRR�VPDOO��YDQLVKLQJ�JUDGLHQWV��RU�JHW�WRR�ELJ��H[SORGLQJ
JUDGLHQWV��LV�FUXFLDO�WR�VXFFHVVIXO�OHDUQLQJ��6HOHFW�DOO�WUXH�VWDWHPHQWV�DERXW�FRQWUROOLQJ�JUDGLHQW�PDJQLWXGHV�

��� /��5HJXODUL]DWLRQ�KHOSV�UHGXFH�WKH�YDQLVKLQJ�JUDGLHQW�SUREOHP�
��� /670�FHOOV�FDQ�UHGXFH�YDQLVKLQJ�JUDGLHQWV�
��� $GGLQJ�PRUH�KLGGHQ�OD\HUV�KHOSV�VROYH�WKH�YDQLVKLQJ�JUDGLHQW�SUREOHP�
��� &OLSSLQJ�WKH�JUDGLHQWV�KHOSV�VROYH�WKH�H[SORGLQJ�JUDGLHQWV�SUREOHP�

�� >��SWV@�&RQVLGHU�WKH�IROORZLQJ�HQFRGHU�GHFRGHU�VW\OH�PRGHO�RYHU
FKDUDFWHUV���7KH�JRDO�RI�WKH�PRGHO�LV�UHDG�LQ�D�OLVW�RI�FKDUDFWHUV��L�H�
$�%�&���DQG�WKHQ�RXWSXW�WKH�VDPH�VHTXHQFH�LQ�H[DFWO\�WKDW�RUGHU��L�H�
&RS\�WKH�LQSXW�VHTXHQFH�DV�RXWSXW����,Q�WKH�H[DPSOHV�RQ�WKH�ULJKW��WKH
LQSXW�VHTXHQFH�LV�FRQVXPHG�E\�DQ�511��DQG�WKH�KLGGHQ�VWDWHV�RI�WKH
511�DUH�VKRZQ�DERYH�WKH�VWDWHV��$VVXPH�HYHU\�GHFRGHU�KLGGHQ�VWDWH�
LQ�OLJKW�JUD\��LV�XVHG�WR�FRPSXWH�GRW�SURGXFW�DWWHQWLRQ�ZLWK�WKH�HQFRGHU
KLGGHQ�VWDWHV��LQ�GDUN�JUD\�,Q�WKH�ILUVW�H[DPSOH�RQ�WKH�ULJKW��DW�WKH�ILUVW
KLGGHQ�VWDWH�RI�WKH�GHFRGHU��VWDWH�����RUGHU�WKH�HQFRGHU�VWDWHV��������E\
ZKLFK�UHFHLYHV�WKH�PRVW�DWWHQWLRQ�IURP�VWDWH����ODUJHVW�ILUVW�

https://www.codecogs.com/eqnedit.php?latex=argmin_w%20%5Clambda%7C%7CY-Xw%7C%7C_2%5E2%20%2B%7C%7Cw%7C%7C_1#0
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�� >��SWV@�6XVDQ�LV�QRW�VDWLVILHG�ZLWK�WKH�SHUIRUPDQFH�RI�KHU�GHHS�QHXUDO�QHWZRUN�PRGHO��6KH�SODQV�WR�EXLOG�DQ�HQVHPEOH�ZLWK
.�PHPEHUV�DQG�DYHUDJH�WKHLU�SUHGLFWLRQV�WR�LPSURYH�SHUIRUPDQFH��:KLFK�RI�WKHVH�DSSURDFKHV�FRXOG�VKH�XVH�WR�FRQVWUXFW
WKLV�HQVHPEOH"�6HOHFW�DOO�WKDW�DSSO\�

�� 7UDLQLQJ�.�GHHS�QHXUDO�QHWZRUNV�ZLWK�WKH�VDPH�DUFKLWHFWXUH�DQG�WKH�VDPH�LQLWLDOL]DWLRQ�
�� 7UDLQLQJ�.�GHHS�QHXUDO�QHWZRUNV�ZLWK�GLIIHUHQW�DUFKLWHFWXUHV�
�� 7UDLQLQJ�.�GHHS�QHXUDO�QHWZRUNV�RQ�GLIIHUHQW�VXEVHWV�RI�WKH�GDWD�
�� 7UDLQLQJ�.�GHHS�QHXUDO�QHWZRUNV�ZLWK�WKH�VDPH�DUFKLWHFWXUH�DQG�GLIIHUHQW�UDQGRP�LQLWLDOL]DWLRQV�
�� 1RQH�RI�WKH�DERYH

�� >��SW@�&RQVLGHU�WKH�IROORZLQJ�WZR�3&$�EDVHG�GLPHQVLRQDOLW\�UHGXFWLRQ�PHWKRGV�
0HWKRG��� 3&$�LV�DSSOLHG�WR�SURMHFW�SRLQWV�IURP G�GLPHQVLRQDO VSDFH�WR L SULQFLSOH�FRRUGLQDWHV��3&$�LV�DSSOLHG RQFH�DJDLQ
WR�WKHVH�FRRUGLQDWHV�IURP L�GLPHQVLRQDO�VSDFH�WR M SULQFLSOH�FRRUGLQDWHV���G ! L ! M��
0HWKRG��� 3&$�LV�DSSOLHG�WR�SURMHFW�SRLQWV�IURP G�GLPHQVLRQDO VSDFH�GLUHFWO\�WR M SULQFLSOH�FRRUGLQDWHV�

'R�PHWKRG���DQG�PHWKRG���SURGXFH�WKH�VDPH�UHVXOWV"�6WDWH�<HV���1R�

�� >��SW@�<RX�DUH�WUDLQLQJ�DQ�0/�PRGHO��,Q�ZKLFK�RI�WKH�IROORZLQJ�VFHQDULRV�ZRXOG�LQFUHDVLQJ�WKH�ELDV��DV�LQ�³ELDV�YDULDQFH
WUDGHRII´��RI�WKH�0/�DOJRULWKP�KHOS"�6HOHFW�DOO�WKDW�DSSO\�

$� 7KH�WUDLQLQJ�GDWDVHW�LV�VPDOO�
%� <RX�REVHUYH�KLJK�HUURU�RQ�ERWK�WKH�WUDLQLQJ�VHW�DQG�WKH�YDOLGDWLRQ�VHW�
&� <RXU�GDWD�FDQQRW�EH�OLQHDUO\�VHSDUDWHG�
'� <RX�REVHUYH�ORZ�HUURU�RQ�WKH�WUDLQLQJ�VHW�DQG�KLJK�HUURU�RQ�WKH�YDOLGDWLRQ�VHW�

��� >��SW@�:KLFK�RI�WKH�FODVVLILHUV�$�DQG�%�VKRZQ�LQ�WKH�ILJXUH��RQ�WKH�ULJKW��ZRXOG�\RX�XVH�LQ�DQ
DXWRPDWLF�EUDNLQJ�V\VWHP�RI�D�FDU�WR�GHWHFW�FROOLVLRQV��DVVXPH�WKDW�FROOLVLRQV�DUH�WKH�SRVLWLYH
FODVV�"�1RWH��VHQVLWLYLW\�LV�DOVR�FDOOHG�WKH��WUXH�SRVLWLYH�UDWH���DQG�VSHFLILFLW\�LV�DOVR�FDOOHG�WKH
�WUXH�QHJDWLYH�UDWH��

��� >��SW@�<RX�DUH�JLYHQ�WKDW�FORXG�FRYHU�LV�PRUH�SUHGLFWLYH�RI�WKH�FKDQFHV�RI�UDLQ�WKDQ�WKH�WLPH�RI
GD\��&RQVLGHU�WKH�IROORZLQJ�WZR�K\SRWKHVLV�FODVVHV�IRU�SUHGLFWLQJ�UDLQ�

$� 'HFLVLRQ�WUHHV�ZLWK�FORXG�FRYHU�DWWULEXWH�DW�WKH�URRW
%� 'HFLVLRQ�WUHHV�ZLWK�WLPH�RI�GD\�DWWULEXWH�DW�WKH�URRW

&ODVV�$�KDV�JUHDWHU�H[SUHVVLYH�SRZHU�WKDQ�FODVV�%�EHFDXVH�LW�LV�XVLQJ�D�PRUH�SUHGLFWLYH
DWWULEXWH�DW�WKH�URRW�QRGH��7UXH�RU�)DOVH"

6HFWLRQ�%
�����SRLQW�TXHVWLRQV��WKDW�DUH�HDFK�LQWHQGHG�WR�WDNH�����PLQV�WR�FRPSOHWH��WRWDO�����SWV����TXHVWLRQV��a���PLQV�

��� >��SW@�6XSSRVH�ZH�DUH�WU\LQJ�WR�EXLOG�D�OLQHDU�UHJUHVVLRQ�FODVVLILHU�WR�VROYH�WKH�;25�SUREOHP��ZKRVH
LQSXWV DQG ��DQG�FRUUHVSRQGLQJ�RXWSXWV�\�DUH�VKRZQ LQ�WKH�ILJXUH��<RX�DUH�DZDUH�WKDW�\RX�FDQQRW
VROYH�WKH�SUREOHP�ZKHQ�RQO\�XVLQJ DQG DV�IHDWXUHV� VR�\RX�GHFLGH�WR�XVH�WKH�IROORZLQJ�WKUHH
IHDWXUHV�LQVWHDG�

Ɣ
Ɣ

Ɣ
:RXOG�D�OLQHDU�UHJUHVVLRQ�FODVVLILHU�XVLQJ�RQO\�WKH�DERYH�WKUHH�IHDWXUHV�VROYH�WKH�SUREOHP"�-XVWLI\�\RXU�DQVZHU�
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�
��� >��SW@�-HII�LV�WUDLQLQJ�D�GHHS�QHXUDO�QHWZRUN�IRU�FODVVLILFDWLRQ�XVLQJ�D�WKUHH�ZD\�VSOLW�RI�GDWD�WKDW�KH�FDOOV��'���'���DQG�'��

+H�LV�FRQVLGHULQJ�XVLQJ�WKH�GDWDVHWV�WR�WUDLQ�WKH�ZHLJKWV�RI�KLV�QHWZRUN��WXQH�WKH�DUFKLWHFWXUH��DQG�WKHQ�ILQDOO\�UHSRUW
SHUIRUPDQFH�DV�PHDVXUHG�E\�DFFXUDF\�RQ�WKH�'��GDWD�VSOLW��+H�WUDLQV�WKH�QHWZRUN�SDUDPHWHUV�RQ�GDWDVHW�'���+H�LV
XQVXUH�ZKLFK�GDWDVHW�WR�XVH�WR�WXQH�K\SHUSDUDPHWHUV��VR�KH�WULHV�WXQLQJ�WKHP�RQ�'���VFHQDULR�$����'���VFHQDULR�%���DQG
'���VFHQDULR�&���&DQ�\RX�SUHGLFW�WKH�DVFHQGLQJ�RUGHU�RI�UHSRUWHG�DFFXUDFLHV�IRU�VFHQDULRV�$��%��DQG�&"

��� >��SW@�&RQVLGHU�RQH�SRVVLEOH�H[WHQVLRQ�RI�N�QHDUHVW�QHLJKERUV�DGDSWHG�WR
UHJUHVVLRQ��,Q�WKLV�VHWWLQJ��ZKHQ�JLYHQ�D�WHVW�SRLQW��ZH�FRPSXWH�LWV
QHLJKERUKRRG�XVLQJ�HXFOLGHDQ�GLVWDQFH��DQG�WKHQ�DVVLJQ�LW�WKH�PHDQ�YDOXH�LQ
WKH�QHLJKERUKRRG�

&RQVLGHU�WKH���GLPHQVLRQDO�H[DPSOH�VKRZQ�LQ�WKH�ILJXUH��ZKHUH�WKH�[�D[LV�LV�WKH
LQSXW��DQG�\�D[LV�LV�WKH�RXWSXW��7KH�EODFN�VROLG�SRLQWV�DUH�WUDLQLQJ�SRLQWV�
����� >��SW@�,I�ZH�XVH�WKH���QHDUHVW�QHLJKERU�YHUVLRQ�RI�WKLV�PHWKRG��JLYHQ�D

WHVW�SRLQW�DW�WKH�UHG�YDOXH��[� �����ZKLFK�RI�WKH�KROORZ�UHG�SRLQWV
$�%�&�'�ZRXOG�EH�WKH�PRVW�OLNHO\�SUHGLFWLRQ"

����� >��SW@�:KDW�DERXW�LI�ZH�XVHG�WKH���QHDUHVW�QHLJKERU�YHUVLRQ"
����� >��SW@�,Q�D�KLJKHU�GLPHQVLRQDO�VHWWLQJ�ZLWK ��ZRXOG \RX�SUHIHU

WR�XVH�WKLV�PHWKRG�RU�OLQHDU�UHJUHVVLRQ"�-XVWLI\�\RXU�FKRLFH�ZLWK�DW
OHDVW�RQH�FRQFUHWH�UHDVRQ

��� >��SW@�6XSSRVH�ZH�XVH�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�IRU�D�WKUHH�FODVV�FODVVLILFDWLRQ�SUREOHP�KDYLQJ�WZR�IHDWXUHV��/HW�WKH
IHDWXUHV�EH�UHSUHVHQWHG�DV �LQFOXGHV�WKH�ELDV�WHUP�� 7KH�WUDLQHG�SDUDPHWHUV�IRU�WKH�FODVVHV�WR�EH �

� ��:ULWH�D�VHW�RI�OLQHDU�HTXDWLRQV�D[�E\ F�WKDW GHILQH�WKH�OLQHV�WKDW�PDNH�XS�WKH�GHFLVLRQ
ERXQGDU\�IRU�WKH�WUDLQHG�PRGHO�

��� >��SWV@�&RQVLGHU�WKH�DUFKLWHFWXUH�IRU�GHHS�DYHUDJLQJ�QHWZRUNV
�'$1��WKDW�\RX�LPSOHPHQWHG�IRU�KRPHZRUN�IRU�FODVVLILFDWLRQ
�ULJKW�

��� >��SW@��7UXH�)DOVH��$UH�'$1V�LQYDULDQW�WR�WKH�RUGHU�RI
WRNHQV�LQ�WKH�LQSXW�VHQWHQFH"�,Q�RWKHU�ZRUGV��LI�ZH�VZDS
WKH�SRVLWLRQ�RI�WZR�ZRUGV�LQ�DQ�LQSXW�VHQWHQFH�WR�WKH
PRGHO��LV�LW�DOZD\V�WUXH�WKDW�WKH�PRGHO�ZLOO�RXWSXW�WKH
VDPH�UHVXOWV"

��� >��SW@�&RQVLGHU�D�VOLJKW�YDULDWLRQ�WR�WKH�'$1�DUFKLWHFWXUH�
,QVWHDG�RI�WDNLQJ�DYHUDJH�ULJKW�DIWHU�WKH�ZRUG�HPEHGGLQJ
OD\HU��ZH�FRQFDWHQDWH�WRJHWKHU�WKH�ZRUG�HPEHGGLQJV
DQG�SXW�WKHP�WKURXJK�D�OLQHDU�IHHG�IRUZDUG�OD\HU�WKDW
SURGXFHV�DQ�HPEHGGLQJ�RI�HTXDO�VL]H�DV�D�VLQJOH�ZRUG
HPEHGGLQJ��,V�WKLV�PRGHO�LQYDULDQW�WR�WKH�RUGHU�RI�WKH�LQSXW�VHQWHQFH"�%ULHIO\�MXVWLI\�\RXU�DQVZHU�

��� >��SW@�$�FRQYROXWLRQDO�OD\HU�LQ�D�QHXUDO�QHWZRUN�LV�FRPSRVHG�RI�WKUHH��[��ILOWHUV��ZLWK�ELDVHV��DQG�LV�DSSOLHG�WR�DQ�LQSXW
YROXPH�RI�VKDSH�������������ZLWK�QR�LPDJH�SDGGLQJ�DQG�D�VWULGH�RI���
����� >����SW@�:KDW�LV�WKH�VKDSH�RI�WKH�RXWSXW�YROXPH�IURP�WKH�OD\HU"
����� >����SW@�+RZ�PDQ\�OHDUQDEOH�SDUDPHWHUV�DUH�LQ�WKH�OD\HU"
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�
��� >� SWV@ &RQVLGHU WKH N�PHDQV FOXVWHULQJ SUREOHP VKRZQ LQ WKH

ILJXUH EHORZ� ZLWK N �� DQG VL[ GDWD SRLQWV $ WKURXJK )� :H XVH
WKH GLVWDQFH PHWULF� $ FOXVWHULQJ LV FDOOHG VWDEOH LI RQH PRUH
LWHUDWLRQ RI WKH N�PHDQV DOJRULWKP OHDYHV WKH � FOXVWHUV
XQFKDQJHG��:KLFK�RI�WKH�IROORZLQJ�FOXVWHULQJV�DUH�VWDEOH"

��� ^$��%��(`��^&��'`��^)`
��� ^$��%`��^'��(`��^&��)`
��� ^$��'`��^%��(`��^&��)`
��� ^$`��^'`��^%��&��(��)`
��� ^$��%`��^'`��^&��(��)`

��� >��SW@�&RQVLGHU�D�OLQHDU�UHJUHVVLRQ�PRGHO�LQ�RQH�GLPHQVLRQ�ZLWK�QR�ELDV�WHUPV��\ Z
[��ZKHUH�\�DQG�[�DUH�VFDODUV��7KH
ZHLJKW�Z�LV�LQLWLDOL]HG�WR����<RX�DUH�JLYHQ�D�GDWDVHW�ZLWK�D�VLQJOH�SRLQW���[� ����\� ���DQG�\RXU�ORVV�IXQFWLRQ�LV�PHDQ
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