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3UREOHP�%DFNJURXQG

9LUWXDO�5HDOLW\�KDV�H[SORGHG�LQWR�WKH�PDUNHW�LQ�WKH�ODVW�ILYH�\HDUV��EHLQJ�XVHG�IRU�
HYHU\WKLQJ� IURP�JDPHV�DQG�HQWHUWDLQPHQW� WR�SURGXFW�GHVLJQ�DQG�HQJLQHHULQJ�� 2QH�RI�
WKH�PRUH�UHFHQW�DGYDQFHV� LQ�95�KHDGVHW�GHVLJQ�LV�WKH�DGGLWLRQ�RI�H\H�WUDFNLQJ�WR�
LQFUHDVH�SHUIRUPDQFH�

7KH�KXPDQ� H\H�KDV�DQ�H[WUHPHO\�QDUURZ�ILHOG�RI�YLHZ�LQ�ZKLFK�SHUIHFW�������YLVLRQ� LV�
DWWDLQDEOH�DQG�ILQH�GHWDLO�FDQ�EH�GLVWLQJXLVKHG�� 7KLV�FODULW\�RI�YLVLRQ� LV�GXH�WR�WKH�IRYHD��
D�VPDOO�GHSUHVVLRQ�LQ�WKH�LQQHU� UHWLQD�VSHFLDOL]HG� IRU�WKLV�SXUSRVH��+RZHYHU��GXH�WR�WKH�
VL]H�RI�WKH�IRYHD��WKH�KXPDQ� H\H�FDQ�RQO\�VHH�FOHDUO\�ZLWKLQ�D�ILHOG�RI�YLHZ�RI�OHVV�WKDQ�
�����7KH�UHVW�RI�RXU�YLVLRQ� FRPHV�IURP�WKH�EUDLQ�SLHFLQJ� WRJHWKHU�LPDJHU\�DV�ZH�ORRN�
DURXQG�

'XH�WR�WKLV�IDFW��D�95�KHDGVHW�RQO\�QHHGV�WR�UHQGHU�WKH�KLJKHVW� UHVROXWLRQ� LPDJHU\�
GLUHFWO\�ZKHUH�WKH�XVHU�LV�ORRNLQJ��,PDJHV�RXWVLGH�RI�WKDW�ILHOG�RI�YLHZ�FDQ�EH�UHQGHUHG�
DW�D�ORZHU�TXDOLW\��LQFUHDVLQJ� WKH�SHUIRUPDQFH�RI�WKH�V\VWHP��

3UREOHP�'HVFULSWLRQ

<RX�KDYH�EHHQ�WDVNHG�ZLWK�ZULWLQJ�D�PRGXOH� IRU�D�YLUWXDO� UHDOLW\�DSSOLFDWLRQ� WKDW�
GHWHUPLQHV�WKH�UHQGHULQJ�TXDOLW\�IRU�HDFK�VHFWLRQ�RI�WKH�KHDGVHW¶V�VFUHHQ��)RU�VLPSOLFLW\��
\RXU�PRGXOH� ZLOO�RQO\�GHDO�ZLWK�D�VLQJOH�H\H�RQ�D�VLQJOH�VFUHHQ��7KH�VFUHHQ�ZLOO�EH�
GLYLGHG� LQWR�D����E\����JULG�RI�EORFNV�

<RXU�SURJUDP�ZLOO EH�JLYHQ� WKH�FRRUGLQDWHV�
ZLWKLQ� WKH�JULG�DW�ZKLFK� WKH�XVHU�LV�FXUUHQWO\�
IRFXVLQJ� WKHLU�VLJKW��DQG�ZLOO�QHHG�WR�RXWSXW�
WKH�UHQGHULQJ� OHYHO�RI�HDFK�FHOO�LQ�WKH�JULG�
URZ�E\�URZ�

7KH�FHOO�WKH�XVHU�LV�ORRNLQJ�GLUHFWO\�DW�VKRXOG�
EH�UHQGHUHG�DW�IXOO�TXDOLW\�� ������$OO�FHOOV�
DURXQG� WKDW�FHOO�VKRXOG� EH�UHQGHUHG�DW�KDOI�
TXDOLW\��������DQG�DOO�FHOOV�DURXQG� WKRVH�
VKRXOG�EH�UHQGHUHG�DW�RQH�TXDUWHU�TXDOLW\�
�������$OO�RWKHU�FHOOV�VKRXOG�EH�UHQGHUHG�DW�
WKH�PLQLPXP� OHYHO�RI�����
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6DPSOH�,QSXW

7KH�ILUVW�OLQH�RI�\RXU�SURJUDP¶V�LQSXW��UHFHLYHG�IURP�WKH�VWDQGDUG�LQSXW�FKDQQHO��ZLOO�
FRQWDLQ�D�SRVLWLYH�LQWHJHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�WHVW�FDVHV��(DFK� WHVW�FDVH�ZLOO�
LQFOXGH� D�VLQJOH�OLQH�RI�LQSXW�FRQWDLQLQJ� WZR�LQWHJHUV��VHSDUDWHG E\�VSDFHV��UHSUHVHQWLQJ�
WKH�URZ�DQG�FROXPQ� QXPEHU�RI�WKH�H\H�SRVLWLRQ�ZLWKLQ� WKH�VFUHHQ¶V�JULG��UHVSHFWLYHO\��
5RZ�DQG�FROXPQ� QXPEHUV� ZLOO�EH�EHWZHHQ���DQG����LQFOXVLYH�
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)RU�HDFK�WHVW�FDVH��\RXU�SURJUDP�PXVW�RXWSXW�WKH�UHQGHULQJ�TXDOLW\�SHUFHQWDJH�IRU�HDFK�
EORFN�LQ�WKH�JULG��(DFK�URZ�VKRXOG�EH�SULQWHG�DV�D�VHSDUDWH�OLQH��DQG�FROXPQV� VKRXOG�EH�
VHSDUDWHG�E\�VSDFHV�
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7LPHV�DQG�SHULRGV�RI�WLPHV�FDQ�EH�H[SUHVVHG�LQ�PDQ\�
GLIIHUHQW�ZD\V��1DWLRQDO� DQG�UHJLRQDO�GLIIHUHQFHV��DQG�HYHQ�
SHUVRQDO�SUHIHUHQFHV��KDYH� OHG�WR�D�ZLGH�UDQJH�RI�IRUPDWV�IRU�
H[SUHVVLQJ� WLPHV��7KLV�FDQ�OHDG�WR�D�JUHDW�GHDO�RI�FRQIXVLRQ��
GRHV�WKH�GDWH�������UHIHU�WR�-DQXDU\��UG RU�0DUFK��VW«�RU�
-DQXDU\�����"�,V�WKH�WLPH������LQ�WKH�PRUQLQJ�RU�WKH�HYHQLQJ"�

<RX�KDYH�EHHQ�DVNHG�WR�EUHDN�WKURXJK�VRPH�RI�WKLV�FRQIXVLRQ�
E\�FRQYHUWLQJ�D�OLVW�RI�WLPHV�WR�D�QHZ��FRQVLVWHQW� IRUPDW�

3UREOHP�'HVFULSWLRQ

<RXU�SURJUDP�ZLOO�UHFHLYH�D�OLVW�RI�WLPH�GXUDWLRQV� WKDW�SURYLGH�
WKH�QXPEHU� RI�KRXUV��PLQXWHV��DQG�RU�VHFRQGV�ZLWKLQ� WKH�
GXUDWLRQ��

x +RXUV�ZLOO�EH�JLYHQ�DV�D�QRQ�QHJDWLYH� LQWHJHU�IROORZHG�E\�D�ORZHUFDVH�OHWWHU�µK¶�
�H�J���K���+RXUV�ZLOO�UDQJH�IURP���WR����LQFOXVLYH�

x 0LQXWHV�ZLOO�EH�JLYHQ�DV�D�QRQ�QHJDWLYH� LQWHJHU�IROORZHG�E\�D�ORZHUFDVH�OHWWHU�µP¶�
�H�J���P���0LQXWHV�ZLOO�UDQJH�IURP���WR����LQFOXVLYH�

x 6HFRQGV�ZLOO�EH�JLYHQ� DV�D QRQ�QHJDWLYH� LQWHJHU�IROORZHG�E\�D�ORZHUFDVH�OHWWHU�µV¶�
�H�J���V���6HFRQGV�ZLOO�UDQJH�IURP���WR����LQFOXVLYH�

7KHVH�YDOXHV�PD\�QRW�EH�SUHVHQWHG�LQ� WKLV�RUGHU��9DOXHV�PD\�EH�VHSDUDWHG�E\�VSDFHV��
FRPPDV��DQG�RU�WKH�ZRUG�³DQG´��WKLV�WH[W�VKRXOG� EH�LJQRUHG��6RPH�RI�WKHVH�YDOXHV�PD\�
EH�PLVVLQJ�� IRU�H[DPSOH��DQ�LQSXW�PD\�RQO\�JLYH�\RX�PLQXWHV� DQG�VHFRQGV��$Q\�RPLWWHG�
YDOXHV�VKRXOG� EH�DVVXPHG�WR�EH�]HUR�

5HJDUGOHVV�RI�ZKDW�LQIRUPDWLRQ� LV�SURYLGHG��\RXU�SURJUDP�ZLOO�QHHG�WR�SULQW�WKH�GXUDWLRQ�
LQ�D�VLPSOHU��PRUH�FRQVLVWHQW� IRUPDW�

++�00�66

,Q�WKLV�IRUPDW��++� LV�D�WZR�GLJLW�QXPEHU� UHSUHVHQWLQJ� WKH�QXPEHU�RI�KRXUV��LQFOXGLQJ� D�
OHDGLQJ�]HUR��LI�QHFHVVDU\���00�LV�D�WZR�GLJLW�QXPEHU� UHSUHVHQWLQJ� WKH�QXPEHU� RI�
PLQXWHV� �LQFOXGLQJ� D�OHDGLQJ�]HUR��LI�QHFHVVDU\���66�LV�D�WZR�GLJLW�QXPEHU� UHSUHVHQWLQJ�
WKH�QXPEHU� RI�VHFRQGV��LQFOXGLQJ� D�OHDGLQJ�]HUR��LI�QHFHVVDU\���(DFK�QXPEHU� LV�



3UREOHP����7LPH�DQG�7LPH�$JDLQ

3DJH��� RI��� (1

VHSDUDWHG�IURP�WKH�QH[W�ZLWK�D�FRORQ��DQG�WKH\�DUH�DOZD\V�SUHVHQWHG�LQ�WKH�VDPH�RUGHU��
$OO�QXPEHUV�PXVW�EH�LQFOXGHG� ZLWK�WKH�RXWSXW��HYHQ� LI�WKH\�DUH�]HUR�

6DPSOH�,QSXW

7KH�ILUVW�OLQH�RI�\RXU�SURJUDP¶V�LQSXW��UHFHLYHG�IURP�WKH�VWDQGDUG�LQSXW�FKDQQHO��ZLOO�
FRQWDLQ�D�SRVLWLYH�LQWHJHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�WHVW�FDVHV��(DFK� WHVW�FDVH�ZLOO�
LQFOXGH� D�VLQJOH�OLQH�RI�LQSXW�FRQWDLQLQJ� D�VWULQJ�GHVFULELQJ�D�WLPH�GXUDWLRQ�LQ�D�YDULDEOH�
IRUPDW�DV�QRWHG�DERYH�

ɬ
ɨ������ɫɬ�
ɨɥ�řɨɥ�
ɪɩ�ř�����ɨɩ�
ɮɭ�
ɨ�

6DPSOH�2XWSXW

)RU�HDFK�WHVW�FDVH��\RXU�SURJUDP�PXVW�RXWSXW�WKH�VDPH�WLPH�LQWHUYDO�RQ�D�VLQJOH�OLQH� LQ�
WKH�++�00�66� IRUPDW�GHVFULEHG�DERYH�

ɥɥśɥɨśɫɬ
ɥɥśɨɥśɨɥ
ɨɩśɥɥśɪɩ
ɮɭśɥɥśɥɥ
ɥɥśɥɥśɥɨ



3UREOHP�����&DHVDU�&LSKHU

(1 3DJH��� RI���

3UREOHP�����&DHVDU�&LSKHU

3RLQWV����

$XWKRU��6WHYH�*HUDOL��'HQYHU��&RORUDGR��8QLWHG�6WDWHV

3UREOHP�%DFNJURXQG

7KH�&DHVDU�&LSKHU�LV�RQH�RI�WKH�HDUOLHVW�NQRZQ�FLSKHUV��
DQG�DPRQJ� WKH�VLPSOHVW�WR�OHDUQ��,W�LV�D�³VXEVWLWXWLRQ�
FLSKHU´��LQ�ZKLFK�HDFK�OHWWHU�LQ�WKH�RULJLQDO�PHVVDJH��WKH�³SODLQWH[W´��LV�VKLIWHG�D�FHUWDLQ�
QXPEHU�RI�SODFHV�GRZQ�WKH�DOSKDEHW��)RU�H[DPSOH��ZLWK�D�VKLIW�RI����DQ�$�ZRXOG�EH�
UHSODFHG�ZLWK�D�%��D�%�ZRXOG�EH�UHSODFHG�ZLWK�D�&��DQG�VR�RQ��7KLV�PHWKRG� LV�QDPHG�
DIWHU�-XOLXV�&DHVDU��ZKR�DSSDUHQWO\�XVHG�LW�WR�FRPPXQLFDWH� ZLWK�KLV�JHQHUDOV�

7R�SDVV�DQ�HQFU\SWHG�PHVVDJH�IURP�RQH�SHUVRQ�WR�DQRWKHU��LW�LV�QHFHVVDU\�WKDW�ERWK�
SDUWLHV�KDYH�WKH�³NH\´�IRU�WKH�FLSKHU��VR�WKDW�WKH�VHQGHU�FDQ�HQFU\SW�LW�DQG�WKH�UHFLSLHQW�
FDQ�GHFU\SW�LW��)RU�WKH�&DHVDU�&LSKHU��WKH�NH\�LV�WKH�QXPEHU� RI�OHWWHUV�E\�ZKLFK� WR�VKLIW�
WKH�FLSKHU�DOSKDEHW�

3UREOHP�'HVFULSWLRQ

<RX�DUH�ZRUNLQJ�IRU�WKH�+LVWRU\�&KDQQHO�� ZKR�ZDQWV�WR�GHFU\SW�DOO�FRPPXQLFDWLRQV� WKDW�
-XOLXV� &DHVDU�PDGH�WR�KLV�JHQHUDOV�LQ�RUGHU�WR�VXSSRUW�D QHZ�GRFXPHQWDU\� WKH\¶UH�
ILOPLQJ�DERXW�WKH�5RPDQ�HPSHURU��<RX�ZLOO�EH�JLYHQ�D�OLVW�RI�HQFU\SWHG�PHVVDJHV��DQG�
WKH�NH\�EHOLHYHG� WR�EH�XVHG�WR�HQFU\SW�WKRVH�PHVVDJHV��<RXU�SURJUDP�PXVW�GHFU\SW�
WKRVH�PHVVDJHV�

)RU�WKH�SXUSRVHV�RI�WKLV�SUREOHP��ZH�ZLOO�EH�XVLQJ� WKH�(QJOLVK� DOSKDEHW��VKRZQ�EHORZ�LQ�
LWV�VWDQGDUG�RUGHU��ZLWK�D�VKLIW�RI����

� � � � � 	 
 � � 
 � � � � � � � � � � � � � � � �

,I�HQFU\SWLQJ�D�PHVVDJH�ZLWK�D�VKLIW�RI����HDFK�OHWWHU�LQ�WKH�SODLQWH[W�ZLOO�EH�UHSODFHG�ZLWK�
WKH�UHVSHFWLYH�OHWWHU�VKRZQ�LQ� WKH���VKLIWHG�DOSKDEHW�EHORZ�

��������	�
�����
����������������������������������

7R�GHFU\SW�D�PHVVDJH��WKH�SURFHVV�LV�UHYHUVHG��D�OHWWHU�LQ�WKH�FLSKHUWH[W�ZRXOG�EH�
UHSODFHG�ZLWK�WKH�UHVSHFWLYH�OHWWHU�LQ�WKH�RULJLQDO�(QJOLVK� DOSKDEHW�

6SDFHV�DUH�QRW�HQFU\SWHG�LQ� WKLV�FLSKHU�DQG�VKRXOG� UHPDLQ�LQ�SODFH�ZKHQ�GHFU\SWLQJ�D�
PHVVDJH�



3UREOHP�����&DHVDU�&LSKHU

3DJH��� RI��� (1

6DPSOH�,QSXW

7KH�ILUVW�OLQH�RI�\RXU�SURJUDP¶V�LQSXW��UHFHLYHG�IURP�WKH�VWDQGDUG�LQSXW�FKDQQHO��ZLOO�
FRQWDLQ�D�SRVLWLYH�LQWHJHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�WHVW�FDVHV��(DFK� WHVW�FDVH�ZLOO�
LQFOXGH� WZR�OLQHV�

x $�OLQH�ZLWK�D�VLQJOH� LQWHJHU�UHSUHVHQWLQJ� WKH�PHVVDJH�NH\�� WKH�QXPEHU�RI�OHWWHUV�
E\�ZKLFK�WR�VKLIW�WKH�DOSKDEHW�ZKHQ�HQFU\SWLQJ� WKH�PHVVDJH�

x $�OLQH�FRQWDLQLQJ� ORZHUFDVH�OHWWHUV�DQG�VSDFHV��UHSUHVHQWLQJ� WKH�HQFU\SWHG�
PHVVDJH�
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6DPSOH�2XWSXW

)RU�HDFK�WHVW�FDVH��\RXU�SURJUDP�PXVW�RXWSXW�WKH�GHFU\SWHG�PHVVDJH��0HVVDJHV�
VKRXOG�EH�SULQWHG�LQ�ORZHUFDVH��DQG�DOO�VSDFHV�VKRXOG�EH�UHWDLQHG�

��������������
������������������
��������������



3UREOHP�����&RXQW� WR���

(1 3DJH��� RI���

3UREOHP�����&RXQW�WR���

3RLQWV����

$XWKRU��5\DQ�5HJHQVEXUJHU��+XQWVYLOOH�� $ODEDPD��8QLWHG�6WDWHV

3UREOHP�%DFNJURXQG

:KHQ� WHVWLQJ�VRIWZDUH�RU�KDUGZDUH��LW¶V�FRQVLGHUHG�D�³EHVW�SUDFWLFH´�WR�WHVW�HYHU\�
SRVVLEOH�VLWXDWLRQ� WR�SURYH�WKDW�WKH�FRGH�RU�GHYLFH� LV�VWDEOH�XQGHU�DQ\�FRQGLWLRQ� LW�PLJKW�
FRPH�DFURVV��)RU�H[DPSOH�� LI�ZH�KDYH�D�FKLS�ZLWK�HLJKW�/('V��ZH�PLJKW�ZDQW�WR�OLJKW�XS�
WKRVH�/('V�LQ�HYHU\�FRPELQDWLRQ� WR�PDNH�VXUH�WKH\�IXQFWLRQ� SURSHUO\��7KLV� LV�HVVHQWLDOO\�
DQ���ELW�ELQDU\�FRXQWHU��GLVSOD\LQJ� HDFK�QXPEHU� IURP���WR�����

3UREOHP�'HVFULSWLRQ

,Q�WKLV�SUREOHP��\RX�ZLOO�QHHG�WR�JHQHUDWH�WHVW�GDWD�IRU�D�ELQDU\�FRXQWHU�OLNH�WKDW�
GHVFULEHG�DERYH��<RX�ZLOO�EH�SURYLGHG�ZLWK�WKH�QXPEHU�RI�ELWV�WR�XVH�IRU�\RXU�FRXQWHU��
DQG�ZLOO�QHHG�WR�JHQHUDWH�D�OLVW�RI�DOO�ELQDU\�QXPEHUV� ZLWK�DW�PRVW�WKDW�QXPEHU�RI�ELWV�LQ�
QXPHULFDO� RUGHU�

6DPSOH�,QSXW

7KH�ILUVW�OLQH�RI�\RXU�SURJUDP¶V�LQSXW��UHFHLYHG�IURP�WKH�VWDQGDUG�LQSXW�FKDQQHO��ZLOO�
FRQWDLQ�D�SRVLWLYH�LQWHJHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�WHVW�FDVHV��(DFK� WHVW�FDVH�ZLOO�
LQFOXGH� D�VLQJOH�OLQH�ZLWK�D�SRVLWLYH�LQWHJHU��UHSUHVHQWLQJ� WKH�QXPEHU� RI�ELWV�WR�XVH�

ɨ
ɪ

6DPSOH�2XWSXW

)RU�HDFK�WHVW�FDVH��\RXU�SURJUDP�PXVW�RXWSXW�D�OLVW�RI�ELQDU\�QXPEHUV�� UDQJLQJ� IURP���WR�
WKH�PD[LPXP� YDOXH�ZLWK�WKH�LQGLFDWHG�QXPEHU�RI�ELWV��LQFOXVLYH�� 1XPEHUV� PXVW�EH�OLVWHG�
RQH�SHU�OLQH�� LQ�QXPHULFDO� RUGHU��,QFOXGH�DQ\�OHDGLQJ�]HURV�XS�WR�WKH�UHTXLUHG�ELW�OHQJWK�

ɥɥɥ
ɥɥɨ
ɥɨɥ
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ɨɥɥ
ɨɥɨ
ɨɨɥ
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