
5(9,(:�48(67,216���&+$37(5��

�����7UXH�RU�IDOVH��$�SUREOHP�LV�LOO�FRQGLWLRQHG�LI�LWV�VROXWLRQ�LV�KLJKO\�VHQVLWLYH�WR�VPDOO
FKDQJHV�LQ�WKH�SUREOHP�GDWD�

�����7UXH�RU�IDOVH��8VLQJ�KLJKHU�SUHFLVLRQ�DULWKPHWLF�ZLOO�PDNH�DQ�LOO�FRQGLWLRQHG�SUREOHP
EHWWHU�FRQGLWLRQHG�

�����7UXH�RU�IDOVH��7KH�FRQGLWLRQLQJ�RI�D�SUREOHP�GHSHQGV�RQ�WKH�DOJRULWKP�XVHG�WR�VROYH�LW�
�����7UXH�RU�IDOVH��$�JRRG�DOJRULWKP�ZLOO�SURGXFH�DQ�DFFXUDWH�VROXWLRQ�UHJDUGOHVV�RI�WKH

FRQGLWLRQ�RI�WKH�SUREOHP�EHLQJ�VROYHG�
�����7UXH�RU�IDOVH��7KH�FKRLFH�RI�DOJRULWKP�IRU�VROYLQJ�D�SUREOHP�KDV�QR�HIIHFW�RQ�WKH

SURSDJDWHG�GDWD�HUURU�
�����7UXH�RU�IDOVH��$�VWDEOH�DOJRULWKP�DSSOLHG�WR�D�ZHOO�FRQGLWLRQHG�SUREOHP�QHFHVVDULO\

SURGXFHV�DQ�DFFXUDWH�VROXWLRQ�
�����7UXH�RU�IDOVH��,I�WZR�UHDO�QXPEHUV�DUH�H[DFWO\�UHSUHVHQWDEOH�DV�IORDWLQJ�SRLQW�QXPEHUV�

WKHQ�WKH�UHVXOW�RI�D�UHDO�DULWKPHWLF�RSHUDWLRQ�RQ�WKHP�ZLOO�DOVR�EH�UHSUHVHQWDEOH�DV�D
IORDWLQJ�SRLQW�QXPEHU�

�����7UXH�RU�IDOVH��)ORDWLQJ�SRLQW�QXPEHUV�DUH�GLVWULEXWHG�XQLIRUPO\�WKURXJKRXW�WKHLU�UDQJH�
�����7UXH�RU�IDOVH��)ORDWLQJ�SRLQW�DGGLWLRQ�LV�DVVRFLDWLYH�EXW�QRW�FRPPXWDWLYH�
������7UXH�RU�IDOVH��,Q�D�IORDWLQJ�SRLQW�QXPEHU�V\VWHP��WKH�XQGHUIORZ�OHYHO�LV�WKH�VPDOOHVW

SRVLWLYH�QXPEHU�WKDW�SHUWXUEV�WKH�QXPEHU���ZKHQ�DGGHG�WR�LW�
������7UXH�RU�IDOVH��7KH�PDQWLVVD�LQ�,(((�GRXEOH�SUHFLVLRQ�IORDWLQJ�SRLQW�DULWKPHWLF�LV�H[DFWO\
�������WZLFH�WKH�OHQJWK�RI�WKH�PDQWLVVD�LQ�,(((�VLQJOH�SUHFLVLRQ�
������:KDW�WKUHH�SURSHUWLHV�FKDUDFWHUL]H�D�ZHOO�SRVHG�SUREOHP"
������/LVW�WKUHH�VRXUFHV�RI�HUURU�LQ�VFLHQWLILF�FRPSXWDWLRQ�
������([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�WUXQFDWLRQ��RU�GLVFUHWL]DWLRQ��DQG�URXQGLQJ�
������([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�DEVROXWH�HUURU�DQG�UHODWLYH�HUURU�
������([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�FRPSXWDWLRQDO�HUURU�DQG�SURSDJDWHG�GDWD�HUURU�
������([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�SUHFLVLRQ�DQG�DFFXUDF\�
�������D��:KDW�LV�PHDQW�E\�WKH�FRQGLWLRQLQJ�RI�D�SUREOHP"
�E��,V�LW�DIIHFWHG�E\�WKH�DOJRULWKP�XVHG�WR�VROYH�WKH�SUREOHP"
�F��,V�LW�DIIHFWHG�E\�WKH�SUHFLVLRQ�RI�WKH�DULWKPHWLF�XVHG�WR�VROYH�WKH�SUREOHP"
������,I�D�FRPSXWDWLRQDO�SUREOHP�KDV�D�FRQGLWLRQ�QXPEHU�RI����LV�WKLV�JRRG�RU�EDG"�:K\"
������([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�UHODWLYH�FRQGLWLRQ�QXPEHU�DQG�DEVROXWH�FRQGLWLRQ

QXPEHU��QRW�PHQWLRQHG�LQ�OHFWXUHV��
������:KDW�LV�DQ�LQYHUVH�SUREOHP"�+RZ�DUH�WKH�FRQGLWLRQLQJ�RI�D�SUREOHP�DQG�LWV�LQYHUVH

UHODWHG"��QRW�PHQWLRQHG�LQ�OHFWXUHV��
�������D��:KDW�LV�PHDQW�E\�WKH�EDFNZDUG�HUURU�LQ�D�FRPSXWHG�UHVXOW"
���������E��:KHQ�LV�DQ�DSSUR[LPDWH�VROXWLRQ�WR�D�JLYHQ�SUREOHP�FRQVLGHUHG�WR�EH�JRRG�DFFRUGLQJ

WR�EDFN�ZDUG�HUURU�DQDO\VLV"
������6XSSRVH�\RX�DUH�VROYLQJ�D�JLYHQ�SUREOHP�XVLQJ�D�JLYHQ�DOJRULWKP��)RU�HDFK�RI�WKH

IROORZLQJ��VWDWH�ZKHWKHU�LW�LV�DIIHFWHG�E\�WKH�VWDELOLW\�RI�WKH�DOJRULWKP��DQG�ZK\�
�������D��3URSDJDWHG�GDWD�HUURU��E��$FFXUDF\�RI�FRPSXWHG�UHVXOW��F��&RQGLWLRQLQJ�RI�SUREOHP
�������D��([SODLQ�WKH�GLVWLQFWLRQ�EHWZHHQ�IRUZDUG�HUURU�DQG�EDFNZDUG�HUURU�
����������E��+RZ�DUH�IRUZDUG�HUURU�DQG�EDFNZDUG�HUURU�UHODWHG�WR�HDFK�RWKHU�TXDQWLWDWLYHO\"
������)RU�D�JLYHQ�IORDWLQJ�SRLQW�QXPEHU�V\VWHP��GHVFULEH�LQ�ZRUGV�WKH�GLVWULEXWLRQ�RI�PDFKLQH

QXPEHUV�DORQJ�WKH�UHDO�OLQH�
������,Q�IORDWLQJ�SRLQW�DULWKPHWLF��ZKLFK�LV�JHQHUDOO\�PRUH�KDUPIXO��XQGHUIORZ�RU�RYHUIORZ"

:K\"



������,Q�IORDWLQJ�SRLQW�DULWKPHWLF��ZKLFK�RI�WKH�IROORZLQJ�RSHUDWLRQV�RQ�WZR�SRVLWLYH�IORDWLQJ�
SRLQW�RSHUDQGV�FDQ�SURGXFH�DQ�RYHUIORZ"

�������D��$GGLWLRQ��E��6XEWUDFWLRQ��F��0XOWLSOLFDWLRQ��G��'LYLVLRQ
������,Q�IORDWLQJ�SRLQW�DULWKPHWLF��ZKLFK�RI�WKH�IROORZLQJ�RSHUDWLRQV�RQ�WZR�SRVLWLYH�IORDWLQJ�

SRLQW�RSHUDQGV�FDQ�SURGXFH�DQ�XQGHUIORZ"
������D��$GGLWLRQ��E��6XEWUDFWLRQ��F��0XOWLSOLFDWLRQ��G��'LYLVLRQ
������/LVW�WZR�UHDVRQV�ZK\�IORDWLQJ�SRLQW�QXPEHU�V\VWHPV�DUH�XVXDOO\�QRUPDOL]HG�
������,Q�D�IORDWLQJ�SRLQW�V\VWHP��ZKDW�TXDQWLW\�GHWHUPLQHV�WKH�PD[LPXP�UHODWLYH�HUURU�LQ

UHSUHVHQWLQJ�D�JLYHQ�UHDO�QXPEHU�E\�D�PDFKLQH�QXPEHU"
�������D��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�URXQGLQJ�UXOHV��URXQG�WRZDUG�]HUR��DQG��URXQG

WR�QHDUHVW��LQ�D�IORDWLQJ�SRLQW�V\VWHP�
�E��:KLFK�RI�WKHVH�WZR�URXQGLQJ�UXOHV�LV�PRUH�DFFXUDWH"
�F��:KDW�TXDQWLWDWLYH�GLIIHUHQFH�GRHV�WKLV�PDNH�LQ�WKH�XQLW�URXQGRII��PDFK

������,Q�D�S�GLJLW�ELQDU\�IORDWLQJ�SRLQW�V\VWHP�ZLWK�URXQGLQJ�WR�QHDUHVW��ZKDW�LV�WKH�YDOXH�RI
WKH�XQLW�URXQGRII��PDFK"

������,Q�D�IORDWLQJ�SRLQW�V\VWHP�ZLWK�JUDGXDO�XQGHUIORZ��VXEQRUPDO�QXPEHUV���LV�WKH
UHSUHVHQWDWLRQ�RI�HDFK�QXPEHU�VWLOO�XQLTXH"�:K\"

������,Q�D�IORDWLQJ�SRLQW�V\VWHP��LV�WKH�SURGXFW�RI�WZR�PDFKLQH�QXPEHUV�XVXDOO\�H[DFWO\
UHSUHVHQWDEOH�LQ�WKH�IORDWLQJ�SRLQW�V\VWHP"�:K\"

������,Q�D�IORDWLQJ�SRLQW�V\VWHP��LV�WKH�TXRWLHQW�RI�WZR�QRQ]HUR�PDFKLQH�QXPEHUV�DOZD\V
H[DFWO\�UHSUHVHQWDEOH�LQ�WKH�IORDWLQJ�SRLQW�V\VWHP"�:K\"

�������D��*LYH�DQ�H[DPSOH�WR�VKRZ�WKDW�IORDWLQJ�SRLQW�DGGLWLRQ�LV�QRW�QHFHVVDULO\�DVVRFLDWLYH�
�E��*LYH�DQ�H[DPSOH�WR�VKRZ�WKDW�IORDWLQJ�SRLQW�PXOWLSOLFDWLRQ�LV�QRW�QHFHVVDULO\
DVVRFLDWLYH�

�������D��,Q�ZKDW�FLUFXPVWDQFHV�GRHV�FDQFHODWLRQ�RFFXU�LQ�D�IORDWLQJ�SRLQW�V\VWHP"
�������E��'RHV�WKH�RFFXUUHQFH�RI�FDQFHOODWLRQ�LPSO\�WKDW�WKH�WUXH�UHVXOW�RI�WKH�VSHFLILF�RSHUDWLRQ

FDXVLQJ�LW�LV�QRW�H[DFWO\�UHSUHVHQWDEOH�LQ�WKH�IORDWLQJ�SRLQW�V\VWHP"�:K\"
�F��:K\�LV�FDQFHOODWLRQ�XVXDOO\�EDG"

������*LYH�DQ�H[DPSOH�RI�D�QXPEHU�ZKRVH�GHFLPDO�UHSUHVHQWDWLRQ�LV�ILQLWH��L�H���LW�KDV�RQO\�D
ILQLWH�QXPEHU�RI�QRQ]HUR�GLJLWV��EXW�ZKRVH�ELQDU\�UHSUHVHQWDWLRQ�LV�QRW�

������*LYH�H[DPSOHV�RI�IORDWLQJ�SRLQW�DULWKPHWLF�RSHUDWLRQV�WKDW�ZRXOG�SURGXFH�HDFK�RI�WKH
H[FHSWLRQDO�YDOXHV�,QI�DQG�1D1�

������,Q�D�IORDWLQJ�SRLQW�V\VWHP�ZLWK�EDVH�b��SUHFLVLRQ�S��DQG�URXQGLQJ�WR�QHDUHVW��ZKDW�LV�WKH
PD[LPXP�UHODWLYH�HUURU�LQ�UHSUHVHQWLQJ�DQ\�QRQ]HUR�UHDO�QXPEHU�ZLWKLQ�WKH�UDQJH�RI�WKH
V\VWHP"��VDPH�DV�������

������([SODLQ�ZK\�WKH�FDQFHOODWLRQ�WKDW�RFFXUV�ZKHQ�WZR�QXPEHUV�RI�VLPLODU�PDJQLWXGH�DUH
VXEWUDFWHG�LV�RIWHQ�EDG�HYHQ�WKRXJK�WKH�UHVXOW�PD\�EH�H[DFWO\�FRUUHFW�IRU�WKH�DFWXDO
RSHUDQGV�LQYROYHG���VDPH�DV������F��

������$VVXPH�D�GHFLPDO��EDVH�����IORDWLQJ�SRLQW�V\VWHP�KDYLQJ�PDFKLQH�SUHFLVLRQ
�PDFK� ���

���DQG�DQ�H[SRQHQW�UDQJH�RI������:KDW�LV�WKH�UHVXOW�RI�HDFK�RI�WKH�IROORZLQJ
IORDWLQJ�SRLQW�DULWKPHWLF�RSHUDWLRQV"

�D������������E�����������F�����������G�������������H��������������I���������;������

������,Q�D�IORDWLQJ�SRLQW�QXPEHU�V\VWHP�KDYLQJ�DQ�XQGHUIORZ�OHYHO�RI�8)/� ��������ZKLFK�RI
WKH�IROORZLQJ�FRPSXWDWLRQV�ZLOO�LQFXU�DQ�XQGHUIORZ"

�D��D E��F����ZLWK�E� ����F� ���������E��D E��F������ZLWK�E� �F� ������

�F��X� ��Y����Z���\���]���ZLWK�Y� ��������Z� ��������\� ��������DQG�]� �������
,Q�HDFK�FDVH�ZKHUH�XQGHUIORZ�RFFXUV��LV�LW�UHDVRQDEOH�VLPSO\�WR�VHW�WR�]HUR�WKH�TXDQWLW\�WKDW

XQGHUIORZV"



�������D��([SODLQ�LQ�ZRUGV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�XQLW�URXQGRII���PDFK��DQG�WKH�XQGHUIORZ
OHYHO��8)/��LQ�D�IORDWLQJ�SRLQW�V\VWHP�

2I�WKHVH�WZR�TXDQWLWLHV�
�E��:KLFK�RQH�GHSHQGV�RQO\�RQ�WKH�QXPEHU�RI�GLJLWV�LQ�WKH�PDQWLVVD�ILHOG"
�F��:KLFK�RQH�GHSHQGV�RQO\�RQ�WKH�QXPEHU�RI�GLJLWV�LQ�WKH�H[SRQHQW�ILHOG"
�G���:KLFK�RQH�GRHV�QRW�GHSHQG�RQ�WKH�URXQGLQJ�UXOH�XVHG"
�H��:KLFK�RQH�LV�QRW�DIIHFWHG�E\�DOORZLQJ�VXEQRUPDO�QXPEHUV"
������/HW�[N�EH�D�PRQRWRQLFDOO\�GHFUHDVLQJ��ILQLWH�VHTXHQFH�RI�SRVLWLYH�QXPEHUV��L�H���[N�!�[N��

IRU�HDFK�N���$VVXPLQJ�LW�LV�SUDFWLFDO�WR�WDNH�WKH�QXPEHUV�LQ�DQ\�RUGHU�ZH�FKRRVH��LQ�ZKDW
RUGHU�VKRXOG�WKH�VHTXHQFH�EH�VXPPHG�WR�PLQLPL]H�URXQGLQJ�HUURU"

������,V�FDQFHOODWLRQ�DQ�H[DPSOH�RI�URXQGLQJ�HUURU"�:K\"
�������D��([SODLQ�ZK\�D�GLYHUJHQW�LQILQLWH�VHULHV��VXFK�DV��VXP����Q���Q �«,QI
�������FDQ�KDYH�D�ILQLWH�VXP�LQ�IORDWLQJ�SRLQW�DULWKPHWLF�
����������E��$W�ZKDW�SRLQW�ZLOO�WKH�SDUWLDO�VXPV�FHDVH�WR�FKDQJH"
������,Q�IORDWLQJ�SRLQW�DULWKPHWLF��LI�\RX�DUH�FRPSXWLQJ�WKH�VXP�RI�D�FRQYHUJHQW�LQILQLWH

VHULHV��6 �VXP��[L���L �«,QI��RI�SRVLWLYH�WHUPV�LQ�WKH�QDWXUDO�RUGHU��ZKDW�VWRSSLQJ�FUL�
WHULRQ�ZRXOG�\RX�XVH�WR�DWWDLQ�WKH�PD[LPXP�SRVVLEOH�DFFXUDF\�XVLQJ�WKH�VPDOOHVW�QXPEHU
RI�WHUPV"

������([SODLQ�ZK\�DQ�DOWHUQDWLQJ�LQILQLWH�VHULHV��VXFK�DV��H[� �����[���[�������[�������«
���������IRU�[������LV�GLIILFXOW�WR�HYDOXDWH�DFFXUDWHO\�LQ�IORDWLQJ�SRLQW�DULWKPHWLF�
������,I���LV�D�UHDO�YDOXHG�IXQFWLRQ�RI�D�UHDO�YDULDEOH��WKH�WUXQFDWLRQ�HUURU�RI�WKH�ILQLWH

GLIIHUHQFH�DSSUR[LPDWLRQ�WR�WKH�GHULYDWLYH��I�
�[��>I�[�K��I�[�@�K��JRHV�WR�]HUR�DV�K�����
,I�ZH�XVH�IORDWLQJ�SRLQW�DULWKPHWLF��OLVW�WZR�IDFWRUV�WKDW�OLPLW�KRZ�VPDOO�D�YDOXH�RI�K�ZH
FDQ�XVH�LQ�SUDFWLFH�

������/LVW�DW�OHDVW�WZR�ZD\V�LQ�ZKLFK�HYDOXDWLRQ�RI�WKH�TXDGUDWLF�IRUPXOD�
���������[ >�E���VTUW�E�±�DF�@��D���PD\�VXIIHU�QXPHULFDO�GLIILFXOWLHV�LQ�IORDWLQJ�SRLQW�DULWKPHWLF�


