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$FNQRZOHGJHPHQWV
S���WU��L6WRFNSKRWR�FRP�'HQQ\V�%LVRJQR��HWF
W� �WRS��E� �ERWWRP��O� �OHIW��U� �ULJKW��F� �FHQWUH
&RPSXWHU�KDUGZDUH�DQG�VRIWZDUH�EUDQG�QDPHV�PHQWLRQHG�LQ�WKLV�ERRN�DUH�SURWHFWHG
E\�WKHLU�UHVSHFWLYH�WUDGHPDUNV�DQG�DUH�DFNQRZOHGJHG�
6FUDWFK�LV�GHYHORSHG�E\�WKH�/LIHORQJ�.LQGHUJDUWHQ�*URXS�DW�WKH�0,7�0HGLD�/DE��6HH
KWWS���VFUDWFK�PLW�HGX
(YHU\�HIIRUW�KDV�EHHQ�PDGH�WR�WUDFH�DOO�FRS\ULJKW�KROGHUV��EXW�LI�DQ\�KDYH�EHHQ
LQDGYHUWHQWO\�RYHUORRNHG�WKH�SXEOLVKHUV�ZLOO�EH�SOHDVHG�WR�PDNH�WKH�QHFHVVDU\
DUUDQJHPHQWV�DW�WKH�ILUVW�RSSRUWXQLW\�
$OWKRXJK�HYHU\�HIIRUW�KDV�EHHQ�PDGH�WR�HQVXUH�WKDW�ZHEVLWH�DGGUHVVHV�DUH�FRUUHFW�DW
WLPH�RI�JRLQJ�WR�SUHVV��+RGGHU�(GXFDWLRQ�FDQQRW�EH�KHOG�UHVSRQVLEOH�IRU�WKH�FRQWHQW
RI�DQ\�ZHEVLWH�PHQWLRQHG�LQ�WKLV�ERRN��,W�LV�VRPHWLPHV�SRVVLEOH�WR�ILQG�D�UHORFDWHG
ZHE�SDJH�E\�W\SLQJ�LQ�WKH�DGGUHVV�RI�WKH�KRPH�SDJH�IRU�D�ZHEVLWH�LQ�WKH�85/�ZLQGRZ
RI�\RXU�EURZVHU�

3KRWR�FUHGLWV
S�����SHQR�±�)RWROLD��S������'PLWU\GHVLJQHU�)RWROLD��S�����L6WRFNSKRWR�FRP�.DUO
<DPDVKLWD��S������5RPDQFKXFN�±�)RWROLD��S����W���&�6TXDUHG
6WXGLRV�3KRWRGLVF�*HWW\�,PDJHV��P��'PLWUL\�0HOQLNRY���)RWROLD�FRP��E���3RSRYD
2OJD�)RWROLD��S������SLFVILYH�±�)RWROLD��S������0DQIUHG�6FKPLGW�±�)RWROLD�FRP�
S������GMD���±�)RWROLD��S������.RQVWDQWLQ�6KHYWVRY�±�)RWROLD��S����W���0LJXHO
1DYDUUR�6WRQH�*HWW\�,PDJHV��E���3LHUR�&UXFLDWWL�$ODP\��S������-DPGHVLJQ�)RWROLD�
S����DQG������DGLVD�±�)RWROLD��S������0\NROD�0D]XU\N�±�)RWROLD��S����W���0DXUR
5RGULJXHV�)RWROLD��E��0DUWLQ�'RKUQ�6FLHQFH�3KRWR�/LEUDU\��S������1RUPDQ�&KDQ�±
)RWROLD��S������6WXGLR�����$ODP\��S������%UHQQDQ�-%��SURGXFHG�E\�0DUWLQ�%UHQQDQ�
S������6HUJRMSJ�)RWROLD��S����DQG�����E���-�UJHQ�)lOFKOH�)RWROLD��S�����W��
$QGUHZ�%URZQ�)RWROLD��E���6WDQIRUG�(\H�&OLQLF�6FLHQFH�3KRWR�/LEUDU\��S������
7DQ�.LDQ�.KRRQ�±�)RWROLD�
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+DFKHWWH�8.¶V�SROLF\�LV�WR�XVH�SDSHUV�WKDW�DUH�QDWXUDO��UHQHZDEOH�DQG�UHF\FODEOH
SURGXFWV�DQG�PDGH�IURP�ZRRG�JURZQ�LQ�VXVWDLQDEOH�IRUHVWV��7KH�ORJJLQJ�DQG
PDQXIDFWXULQJ�SURFHVVHV�DUH�H[SHFWHG�WR�FRQIRUP�WR�WKH�HQYLURQPHQWDO�UHJXODWLRQV�RI
WKH�FRXQWU\�RI�RULJLQ�
2UGHUV��SOHDVH�FRQWDFW�%RRNSRLQW�/WG������0LOWRQ�3DUN��$ELQJGRQ��2[RQ�2;����6%�
7HOHSKRQH���������������������)D[���������������������/LQHV�DUH�RSHQ�����±�����
0RQGD\�WR�6DWXUGD\��ZLWK�D����KRXU�PHVVDJH�DQVZHULQJ�VHUYLFH��9LVLW�RXU�ZHEVLWH�DW
ZZZ�KRGGHUHGXFDWLRQ�FRP
��,*&6(�LV�WKH�UHJLVWHUHG�WUDGHPDUN�RI�&DPEULGJH�,QWHUQDWLRQDO�([DPLQDWLRQV
��'DYLG�:DWVRQ�DQG�+HOHQ�:LOOLDPV�����
)LUVW�SXEOLVKHG�LQ������E\
+RGGHU�(GXFDWLRQ
$Q�+DFKHWWH�8.�&RPSDQ\
/RQGRQ�1:���%+
,PSUHVVLRQ�QXPEHU����������
<HDU���������������
$OO�ULJKWV�UHVHUYHG��$SDUW�IURP�DQ\�XVH�SHUPLWWHG�XQGHU�8.�FRS\ULJKW�ODZ��QR�SDUW�RI
WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG�RU�WUDQVPLWWHG�LQ�DQ\�IRUP�RU�E\�DQ\�PHDQV�
HOHFWURQLF�RU�PHFKDQLFDO��LQFOXGLQJ�SKRWRFRS\LQJ�DQG�UHFRUGLQJ��RU�KHOG�ZLWKLQ�DQ\
LQIRUPDWLRQ�VWRUDJH�DQG�UHWULHYDO�V\VWHP��ZLWKRXW�SHUPLVVLRQ�LQ�ZULWLQJ�IURP�WKH
SXEOLVKHU�RU�XQGHU�OLFHQFH�IURP�WKH�&RS\ULJKW�/LFHQVLQJ�$JHQF\�/LPLWHG��)XUWKHU
GHWDLOV�RI�VXFK�OLFHQFHV��IRU�UHSURJUDSKLF�UHSURGXFWLRQ��PD\�EH�REWDLQHG�IURP�WKH
&RS\ULJKW�/LFHQVLQJ�$JHQF\�/LPLWHG��6DIIURQ�+RXVH���±���.LUE\�6WUHHW��/RQGRQ
(&�1��76�
&RYHU�SKRWR���6FDQUDLO�±�)RWROLD
7KLUG�HGLWLRQ�W\SHVHW�LQ�������SW�*DOOLDUG�5RPDQ�E\�$SWDUD�,QF�
3ULQWHG�LQ�'XEDL
$�FDWDORJXH�UHFRUG�IRU�WKLV�WLWOH�LV�DYDLODEOH�IURP�WKH�%ULWLVK�/LEUDU\

,6%1���������������
H,6%1���������������
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&RQWHQWV
,QWURGXFWLRQ

6HFWLRQ���7KHRU\�RI�FRPSXWHU�VFLHQFH

&KDSWHU���%LQDU\�V\VWHPV�DQG�KH[DGHFLPDO
����,QWURGXFWLRQ
����7KH�ELQDU\�V\VWHP
����0HDVXUHPHQW�RI�WKH�VL]H�RI�FRPSXWHU�PHPRULHV
����([DPSOH�XVH�RI�ELQDU\
����7KH�KH[DGHFLPDO�V\VWHP
����8VH�RI�WKH�KH[DGHFLPDO�V\VWHP

&KDSWHU���&RPPXQLFDWLRQ�DQG�LQWHUQHW�WHFKQRORJLHV
����,QWURGXFWLRQ
����'DWD�WUDQVPLVVLRQ
����(UURU�FKHFNLQJ�PHWKRGV
����,QWHUQHW�WHFKQRORJLHV

&KDSWHU���/RJLF�JDWHV�DQG�ORJLF�FLUFXLWV
����,QWURGXFWLRQ
����/RJLF�JDWHV
����7UXWK�WDEOHV
����7KH�IXQFWLRQ�RI�WKH�VL[�ORJLF�JDWHV
����/RJLF�FLUFXLWV
����/RJLF�FLUFXLWV�LQ�WKH�UHDO�ZRUOG

&KDSWHU���2SHUDWLQJ�V\VWHPV�DQG�FRPSXWHU�DUFKLWHFWXUH
����,QWURGXFWLRQ
����2SHUDWLQJ�V\VWHPV
����,QWHUUXSWV
����&RPSXWHU�DUFKLWHFWXUH
����7KH�IHWFK±H[HFXWH�F\FOH

&KDSWHU���,QSXW�DQG�RXWSXW�GHYLFHV
����,QWURGXFWLRQ
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����,QSXW�GHYLFHV
����2XWSXW�GHYLFHV

&KDSWHU���0HPRU\�DQG�GDWD�VWRUDJH
����,QWURGXFWLRQ
����)LOH�IRUPDWV
����/RVVOHVV�DQG�ORVV\�ILOH�FRPSUHVVLRQ
����0HPRU\�DQG�VWRUDJH
����+RZ�WR�HVWLPDWH�WKH�VL]H�RI�D�ILOH

&KDSWHU���+LJK��DQG�ORZ�OHYHO�ODQJXDJHV
����3URJUDPPLQJ�ODQJXDJHV
����7UDQVODWRUV
����:KDW�KDSSHQV�ZKHQ�WKLQJV�JR�ZURQJ"

&KDSWHU���6HFXULW\�DQG�HWKLFV
����,QWURGXFWLRQ
����6HFXULW\�DQG�GDWD�LQWHJULW\
����&RRNLHV
����/RVV�RI�GDWD�DQG�GDWD�FRUUXSWLRQ
����)LUHZDOOV�DQG�SUR[\�VHUYHUV
����6HFXULW\�SURWRFROV
����(QFU\SWLRQ
����$SSOLFDWLRQV
����&RPSXWHU�HWKLFV
�����)UHH�VRIWZDUH��IUHHZDUH�DQG�VKDUHZDUH

6HFWLRQ���3UDFWLFDO�SUREOHP�VROYLQJ�DQG�SURJUDPPLQJ

&KDSWHU���3UREOHP�VROYLQJ�DQG�GHVLJQ
����,QWURGXFWLRQ
����$OJRULWKPV
����7HVW�GDWD
����9DOLGDWLRQ�DQG�YHULILFDWLRQ
����8VLQJ�WUDFH�WDEOHV
����,GHQWLI\LQJ�DQG�FRUUHFWLQJ�HUURUV
����3URGXFLQJ�DOJRULWKPV
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&KDSWHU����3VHXGRFRGH�DQG�IORZFKDUWV
�����,QWURGXFWLRQ
�����$VVLJQPHQW
�����&RQGLWLRQDO�VWDWHPHQWV
�����/RRS�VWUXFWXUHV
�����,QSXW�DQG�RXWSXW�VWDWHPHQWV
�����6WDQGDUG�DFWLRQV
�����([DPSOHV�RI�DOJRULWKPV�LQ�SVHXGRFRGH
�����6WDQGDUG�IORZFKDUW�V\PEROV

&KDSWHU����3URJUDPPLQJ�FRQFHSWV
�����,QWURGXFWLRQ
�����3URJUDPPLQJ
�����'HFODUDWLRQ�DQG�XVH�RI�YDULDEOHV�DQG�FRQVWDQWV
�����%DVLF�GDWD�W\SHV
�����+RZ�WR�PDNH�\RXU�SURJUDP�ZRUN

&KDSWHU����'DWD�VWUXFWXUHV��DUUD\V�DQG�XVLQJ�SUH�UHOHDVH
PDWHULDO
�����,QWURGXFWLRQ
�����$UUD\V
�����8VLQJ�SUH�UHOHDVH�PDWHULDO

&KDSWHU����'DWDEDVHV
�����,QWURGXFWLRQ
�����:KDW�DUH�GDWDEDVHV�XVHG�IRU"
�����7KH�VWUXFWXUH�RI�D�GDWDEDVH
�����3UDFWLFDO�XVH�RI�D�GDWDEDVH

,QGH[
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,QWURGXFWLRQ
$LPV
7KLV�WH[WERRN�KDV�EHHQ�ZULWWHQ�WR�SURYLGH�WKH�NQRZOHGJH��XQGHUVWDQGLQJ�DQG�SUDFWLFDO
VNLOOV�WKDW�D�VWXGHQW�ZRXOG�QHHG�IRU�WKH�&DPEULGJH�,QWHUQDWLRQDO�([DPLQDWLRQV
&RPSXWHU�6FLHQFH�,*&6(�DQG�*&(�2�/HYHO�FRXUVHV�
7KH�WH[WERRN�LV�SDUW�RI�D�SDFNDJH�ZKLFK�LQFOXGHV�D�VWXGHQW�&'�520��$�WHDFKHU¶V

&'�520�LV�DOVR�DYDLODEOH�VHSDUDWHO\�ZKLFK�LQFOXGHV�DGGLWLRQDO�JXLGDQFH�DQG�RWKHU
XVHIXO�LQIRUPDWLRQ��VHH�ODWHU�LQ�WKLV�LQWURGXFWLRQ��
7KLV�ERRN�DQG�DFFRPSDQ\LQJ�VWXGHQW�&'�520�SURYLGH�

���SUDFWLFH�HQG�RI�FKDSWHU�TXHVWLRQV�ZKLFK�LQFOXGH�TXHVWLRQV�IURP�SDVW�&DPEULGJH
,QWHUQDWLRQDO�([DPLQDWLRQV�SDSHUV

���DFWLYLWLHV�ZKLFK�JLYH�VWXGHQWV�DGGLWLRQDO�JXLGDQFH�DQG�SUDFWLFH
���VDPSOH�SURJUDP�VROXWLRQV�IRU�SURJUDPPLQJ�DFWLYLWLHV
���KLQWV�DQG�WLSV�ZKHUH�WKHVH�SURYLGH�DGGLWLRQDO�KHOS�DQG�NQRZOHGJH�

$OWKRXJK�WKLV�ERRN�KDV�EHHQ�ZULWWHQ�ZLWK�WKH�&DPEULGJH�,QWHUQDWLRQDO
([DPLQDWLRQV�V\OODEXV�LQ�PLQG��LW�FDQ�VWLOO�EH�XVHG�DV�D�XVHIXO�UHIHUHQFH�WH[WERRN�IRU
RWKHU�*&6(�FRPSXWLQJ�FRXUVHV��,W�LV�DOVR�D�XVHIXO�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKRVH
VWXGHQWV�VWDUWLQJ�DQ�$�OHYHO�FRPSXWHU�VFLHQFH�FRXUVH�±�HVSHFLDOO\�DW�$6�OHYHO�

8VLQJ�WKH�ERRN
7KH�WH[WERRN�FRQWDLQV����FKDSWHUV��$OWKRXJK�LW�LV�SRVVLEOH�IRU�VRPH�HOHPHQWV�RI�WKH
SUDFWLFDO�SUREOHP�VROYLQJ�FKDSWHUV�WR�EH�H[DPLQHG�LQ�3DSHU����7KHRU\�RI�&RPSXWHU
6FLHQFH���DQG�YLFH�YHUVD��WKH�VHFWLRQV�IRU�WKH�WKHRU\�ZRUN�DUH�LQ�&KDSWHUV���WR���DQG
WKH�SUDFWLFDO�ZRUN�LQ�&KDSWHUV���WR�����7KH�ERRN�KDV�EHHQ�VSOLW�LQWR�6HFWLRQ��
�7KHRU\�RI�FRPSXWHU�VFLHQFH��DQG�6HFWLRQ����3UDFWLFDO�SUREOHP�VROYLQJ�DQG
SURJUDPPLQJ��WR�IROORZ�WKH�&DPEULGJH�,QWHUQDWLRQDO�([DPLQDWLRQV�V\OODEXV�DV
FORVHO\�DV�SRVVLEOH�
$FWLYLWLHV�DUH�VKRZQ�WKURXJKRXW�WKH�ERRNV�DV�IROORZV�

$FWLYLW\����

6WXGHQW�&'�520
7KH�DFFRPSDQ\LQJ�VWXGHQW�&'�520�FRQWDLQV�DGGLWLRQDO�JXLGDQFH�WR�HQKDQFH�WKH
OHDUQLQJ�SURFHVV�LQ�D�QXPEHU�RI�NH\�DUHDV�LQ�WKH�WH[WERRN��7KH�&'�520�XVHV
DQLPDWLRQ�DQG�YHUEDO�FRPPHQWDU\�ZKHUHYHU�WKLV�LV�IRXQG�KHOSIXO�LQ�WKH�OHDUQLQJ
SURFHVV��7KH�&'�520�LQFOXGHV�VDPSOH�SURJUDP�VROXWLRQV�IRU�WKH�SURJUDPPLQJ
DFWLYLWLHV�
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:KHUH�ERRN�WRSLFV�DUH�LQFOXGHG�LQ�WKH�&'�520�WKH�IROORZLQJ�V\PERO�LV�XVHG��

7HDFKHU¶V�&'�520
$Q�DGGLWLRQDO�WHDFKHU¶V�&'�520�LV�DYDLODEOH�WR�DFFRPSDQ\�WKLV�WH[WERRN��7KLV�&'�
520�LQFOXGHV�WKH�IROORZLQJ�PDWHULDO�
���SRVVLEOH�UHVSRQVHV�WR�VDPSOH�H[DPLQDWLRQ�DQG�RWKHU�TXHVWLRQV
���HDFK�TXHVWLRQ�SDUW�VXJJHVWV�D�OHYHO�RI�GLIILFXOW\
���H[SHFWHG�UHVSRQVHV�WR�WKH�TXHVWLRQV�DW�WKDW�OHYHO�DUH�LQFOXGHG
���DGGLWLRQDO�QRWHV�RQ�ZK\�WKH�UHVSRQVHV�PHHW�WKH�UHTXLUHG�OHYHO�RQO\
���DQVZHUV�WR�WKH�HQG�RI�FKDSWHU�TXHVWLRQV�LQ�WKLV�WH[WERRN�DQG�WR�VRPH�RI�WKH
DFWLYLWLHV�ZKHUH�UHOHYDQW

���SURJUDP�ILOHV�LQ�3\WKRQ�DQG�-DYD�IRU�DFWLYLWLHV�DQG�HQG�RI�FKDSWHU�TXHVWLRQV�
���D�VFKHPH�RI�ZRUN�WR�KHOS�WHDFKHU¶V�SODQ�WKHLU�WZR�\HDU�FRPSXWHU�VFLHQFH�FRXUVH�
WKLV�VFKHPH�LQFOXGHV�

������FKDSWHU�QXPEHUV�IURP�WKH�ERRN
������WRSLF�WR�EH�FRYHUHG�IURP�WKH�FKDSWHU
������DSSUR[LPDWH�WLPH�DOORFDWLRQ�DGYLVHG�WR�FRYHU�WKH�WRSLF
������&DPEULGJH�,QWHUQDWLRQDO�([DPLQDWLRQV�V\OODEXV�UHIHUHQFH
������UHOHYDQW�SDJH�QXPEHUV�IURP�WKH�WH[WERRN
������DFWLYLWLHV�IRXQG�LQ�WKH�WH[WERRN�WR�KHOS�LQ�WKH�WHDFKLQJ�SURFHVV
������DQ\�DGGLWLRQDO�QRWHV�WR�KHOS�SODQ�WKH�OHVVRQV�
7KH�WHDFKHU¶V�&'�520�KDV�QRW�EHHQ�WKURXJK�WKH�&DPEULGJH�HQGRUVHPHQW�SURFHVV�
'DYLG�:DWVRQ�DQG�+HOHQ�:LOOLDPV
6HSWHPEHU�����
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6HFWLRQ���7KHRU\�RI�FRPSXWHU�VFLHQFH

&KDSWHUV
��%LQDU\�V\VWHPV�DQG�KH[DGHFLPDO
��&RPPXQLFDWLRQ�DQG�LQWHUQHW�WHFKQRORJLHV
��/RJLF�JDWHV�DQG�ORJLF�FLUFXLWV
��2SHUDWLQJ�V\VWHPV�DQG�FRPSXWHU�DUFKLWHFWXUH
��,QSXW�DQG�RXWSXW�GHYLFHV
��0HPRU\�DQG�GDWD�VWRUDJH
��+LJK��DQG�ORZ�OHYHO�ODQJXDJHV
��6HFXULW\�DQG�HWKLFV
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��%LQDU\�V\VWHPV�DQG�KH[DGHFLPDO
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���WKH�ELQDU\�V\VWHP
���PHDVXUHPHQW�RI�FRPSXWHU�PHPRULHV
���WKH�KH[DGHFLPDO�V\VWHP
���KRZ�WR�FRQYHUW�QXPEHUV�EHWZHHQ�GLIIHUHQW�QXPEHU�EDVH�V\VWHPV

����,QWURGXFWLRQ
$V�\RX�SURJUHVV�WKURXJK�WKLV�ERRN�\RX�ZLOO�EHJLQ�WR�UHDOLVH�KRZ�FRPSOH[�FRPSXWHU
V\VWHPV�UHDOO\�DUH��%\�WKH�WLPH�\RX�UHDFK�&KDSWHU����\RX�VKRXOG�KDYH�D�EHWWHU
XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDOV�EHKLQG�FRPSXWHUV�WKHPVHOYHV�DQG�WKH�VRIWZDUH�WKDW
FRQWUROV�WKHP�
+RZHYHU��QR�PDWWHU�KRZ�FRPSOH[�WKH�V\VWHP��WKH�EDVLF�EXLOGLQJ�EORFN�LQ�DOO

FRPSXWHUV�LV�WKH�ELQDU\�QXPEHU�V\VWHP��7KLV�V\VWHP�LV�FKRVHQ�VLQFH�LW�FRQVLVWV�RI��V
DQG��V�RQO\��6LQFH�FRPSXWHUV�FRQWDLQ�PLOOLRQV�DQG�PLOOLRQV�RI�WLQ\�µVZLWFKHV¶��ZKLFK
PXVW�EH�LQ�WKH�21�RU�2))�SRVLWLRQ��WKLV�OHQGV�LWVHOI�ORJLFDOO\�WR�WKH�ELQDU\�V\VWHP��$
VZLWFK�LQ�WKH�21�SRVLWLRQ�FDQ�EH�UHSUHVHQWHG�E\����D�VZLWFK�LQ�WKH�2))�SRVLWLRQ�FDQ
EH�UHSUHVHQWHG�E\���

����7KH�ELQDU\�V\VWHP
:H�DUH�DOO�IDPLOLDU�ZLWK�WKH�GHQDU\��EDVH�����QXPEHU�V\VWHP�ZKLFK�FRXQWV�LQ
PXOWLSOHV�RI�����7KLV�JLYHV�XV�WKH�ZHOO�NQRZQ�KHDGLQJV�RI�XQLWV����V�����V������V
DQG�VR�RQ�

7KH�%,1$5<�6<67(0�LV�EDVHG�RQ�WKH�QXPEHU����7KXV��RQO\�WKH�WZR�µYDOXHV¶���DQG��
FDQ�EH�XVHG�LQ�WKLV�V\VWHP�WR�UHSUHVHQW�HDFK�GLJLW��8VLQJ�WKH�VDPH�PHWKRG�DV�GHQDU\�
WKLV�JLYHV�WKH�KHDGLQJV�RI����������������DQG�VR�RQ��7KH�W\SLFDO�KHDGLQJV�IRU�D�ELQDU\
QXPEHU�ZLWK�HLJKW�GLJLWV�ZRXOG�EH�

$�W\SLFDO�ELQDU\�QXPEHU�ZRXOG�EH�
���������������
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������&RQYHUWLQJ�IURP�ELQDU\�WR�GHQDU\�
,W�LV�IDLUO\�VWUDLJKWIRUZDUG�WR�FKDQJH�D�ELQDU\�QXPEHU�LQWR�D�GHQDU\�QXPEHU��(DFK�WLPH
D���DSSHDUV�LQ�D�FROXPQ��WKH�FROXPQ�YDOXH�LV�DGGHG�WR�WKH�WRWDO��)RU�H[DPSOH��WKH
ELQDU\�QXPEHU�DERYH�LV�
�������������������������� ������GHQDU\�

7KH���YDOXHV�DUH�VLPSO\�LJQRUHG�

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�ELQDU\�QXPEHUV�LQWR�GHQDU\�
D�����������������
E�����������������
F�����������������
G�����������������
H�����������������
I�����������������
J�����������������
K�����������������
L�����������������
M�����������������

������&RQYHUWLQJ�IURP�GHQDU\�WR�ELQDU\�
7KH�UHYHUVH�RSHUDWLRQ��FRQYHUWLQJ�IURP�GHQDU\�WR�ELQDU\��LV�VOLJKWO\�PRUH�FRPSOH[�
7KHUH�DUH�WZR�EDVLF�ZD\V�RI�GRLQJ�WKLV��7KH�ILUVW�PHWKRG�LV�µWULDO�DQG�HUURU¶�DQG�WKH
VHFRQG�PHWKRG�LV�PRUH�PHWKRGLFDO�DQG�LQYROYHV�UHSHWLWLYH�GLYLVLRQ�

0HWKRG��
&RQVLGHU�WKH�FRQYHUVLRQ�RI�WKH�GHQDU\�QXPEHU�������LQWR�ELQDU\��7KLV�PHWKRG
LQYROYHV�SODFLQJ��V�LQ�WKH�DSSURSULDWH�SRVLWLRQ�VR�WKDW�WKH�WRWDO�HTXDWHV�WR�����

0HWKRG��
7KLV�PHWKRG�LQYROYHV�VXFFHVVLYH�GLYLVLRQ�E\����7KH�UHPDLQGHUV�DUH�WKHQ�UHDG�IURP
%27720�WR�723�WR�JLYH�WKH�ELQDU\�YDOXH��$JDLQ�XVLQJ������ZH�JHW�
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)LJXUH����

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�GHQDU\�QXPEHUV�LQWR�ELQDU\��XVLQJ�ERWK�PHWKRGV��
D����
E����
F����
G������
H������
I������
J������
K������
L������
M������

����0HDVXUHPHQW�RI�WKH�VL]H�RI�FRPSXWHU
PHPRULHV
$�ELQDU\�GLJLW�LV�FRPPRQO\�UHIHUUHG�WR�DV�D�%,7����ELWV�DUH�XVXDOO\�UHIHUUHG�WR�DV�D
%<7(�
7KH�E\WH�LV�WKH�VPDOOHVW�XQLW�RI�PHPRU\�LQ�D�FRPSXWHU��6RPH�FRPSXWHUV�XVH�ODUJHU

E\WHV�EXW�WKH\�DUH�DOZD\V�PXOWLSOHV�RI����H�J�����ELW�V\VWHPV�DQG����ELW�V\VWHPV���2QH
E\WH�RI�PHPRU\�ZRXOGQ¶W�DOORZ�\RX�WR�VWRUH�YHU\�PXFK�LQIRUPDWLRQ��WKHUHIRUH
PHPRU\�VL]H�LV�PHDVXUHG�LQ�WKH�IROORZLQJ�PXOWLSOHV�

7DEOH����

1DPH�RI�PHPRU\�VL]H 1XPEHU�RI�ELWV (TXLYDOHQW�GHQDU\�YDOXH
��NLORE\WH����.%� ��� ������E\WHV
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��PHJDE\WH����0%� ��� ����������E\WHV
��JLJDE\WH����*%� ��� ��������������E\WHV
��WHUDE\WH����7%� ��� ������������������E\WHV
��SHWDE\WH����3%� ��� ����������������������E\WHV

�1RWH�������î������ ���������DQG�VR�RQ��
7R�JLYH�VRPH�LGHD�RI�WKH�VFDOH�RI�WKHVH�QXPEHUV��D�W\SLFDO�GDWD�WUDQVIHU�UDWH�XVLQJ

WKH�LQWHUQHW�LV����PHJDELWV��L�H����0%��SHU�VHFRQG��VR�D����0%�ILOH�ZRXOG�WDNH���
VHFRQGV�WR�WUDQVIHU���0RVW�KDUG�GLVN�V\VWHPV�LQ�FRPSXWHUV�DUH���RU���7%�LQ�VL]H��VR�D
��7%�PHPRU\�FRXOG�VWRUH�RYHU�KDOI�D�PLOOLRQ���0%�SKRWRV��IRU�H[DPSOH��
,W�VKRXOG�EH�SRLQWHG�RXW�KHUH�WKDW�WKHUH�LV�VRPH�FRQIXVLRQ�LQ�WKH�QDPLQJ�RI�PHPRU\

VL]HV��7KH�,(&�FRQYHQWLRQ�LV�QRZ�DGRSWHG�E\�VRPH�RUJDQLVDWLRQV��0DQXIDFWXUHUV�RI
VWRUDJH�GHYLFHV�RIWHQ�XVH�WKH�GHQDU\�V\VWHP�WR�PHDVXUH�VWRUDJH�VL]H��)RU�H[DPSOH�
��NLORE\WH� ������E\WH
��PHJDE\WH� ���������E\WHV
��JLJDE\WH� ������������E\WHV
��WHUDE\WH� ���������������E\WHV�DQG�VR�RQ�

7KH�,(&�FRQYHQWLRQ�IRU�FRPSXWHU�LQWHUQDO�PHPRULHV��LQFOXGLQJ�5$0��EHFRPHV�
��NLELE\WH����.L%�� ������E\WHV
��PHELE\WH����0L%�� ���������E\WHV
��JLELE\WH����*L%�� ������������E\WHV
��WHELE\WH����7L%�� ���������������E\WHV�DQG�VR�RQ�

+RZHYHU��WKH�,(&�WHUPV�DUH�QRW�XQLYHUVDOO\�XVHG�DQG�WKLV�WH[WERRN�ZLOO�XVH�WKH�PRUH
FRQYHQWLRQDO�WHUPV�VKRZQ�LQ�7DEOH������7KLV�DOVR�WLHV�XS�ZLWK�WKH�&DPEULGJH
,QWHUQDWLRQDO�([DPLQDWLRQV�FRPSXWHU�VFLHQFH�V\OODEXV�ZKLFK�XVHV�WKH�VDPH
WHUPLQRORJ\�DV�LQ�7DEOH�����

����([DPSOH�XVH�RI�ELQDU\
7KLV�VHFWLRQ�JLYHV�DQ�H[DPSOH�RI�D�XVH�RI�WKH�ELQDU\�V\VWHP��:H�ZLOO�LQWURGXFH�WKH
LGHD�RI�FRPSXWHU�5(*,67(56��WKLV�VXEMHFW�LV�FRYHUHG�LQ�PRUH�GHSWK�LQ�&KDSWHU����$
UHJLVWHU�LV�D�JURXS�RI�ELWV��LW�LV�RIWHQ�GHSLFWHG�DV�IROORZV�

)LJXUH����
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:KHQ�FRPSXWHUV��RU�PLFURSURFHVVRUV��DUH�XVHG�WR�FRQWURO�GHYLFHV��VXFK�DV�URERWV��
UHJLVWHUV�DUH�XVHG�DV�SDUW�RI�WKH�FRQWURO�V\VWHP��7KH�IROORZLQJ�H[DPSOH�GHVFULEHV
KRZ�UHJLVWHUV�FDQ�EH�XVHG�LQ�FRQWUROOLQJ�D�VLPSOH�GHYLFH�
$�URERW�YDFXXP�FOHDQHU�KDV�WKUHH�ZKHHOV��$��%�DQG�&��$�URWDWHV�RQ�D�VSLQGOH�WR

DOORZ�IRU�GLUHFWLRQ�FKDQJHV��DV�ZHOO�DV�IRUZDUG�DQG�EDFNZDUG�PRYHPHQW���%�DQG�&
DUH�IL[HG�WR�UHYROYH�DURXQG�WKHLU�D[OHV�WR�SURYLGH�RQO\�IRUZDUG�DQG�EDFNZDUG
PRYHPHQW��DQG�KDYH�DQ�HOHFWULF�PRWRU�DWWDFKHG�

)LJXUH����

$Q���ELW�UHJLVWHU�LV�XVHG�WR�FRQWURO�WKH�PRYHPHQW�RI�WKH�URERW�YDFXXP�FOHDQHU�

)LJXUH����

,I�WKH�UHJLVWHU�FRQWDLQV�����������������WKLV�PHDQV�µPRWRU�%�LV�21�DQG�PRWRU�&�LV�21
DQG�ERWK�PRWRUV�DUH�WXUQLQJ�WR�SURGXFH�)25:$5'6�PRWLRQ¶��(IIHFWLYHO\��WKH
YDFXXP�FOHDQHU�LV�PRYLQJ�IRUZDUGV�

$FWLYLW\����
D�:KDW�ZRXOG�EH�WKH�HIIHFW�LI�WKH�UHJLVWHU�FRQWDLQHG�WKH�IROORZLQJ�YDOXHV"
������L����������������
�����LL����������������
����LLL����������������
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E�:KDW�ZRXOG�WKH�UHJLVWHU�FRQWDLQ�LI�RQO\�PRWRU�&�ZDV�21�DQG�WKH�PRWRUV
ZHUH�WXUQLQJ�LQ�D�%$&.:$5'6�GLUHFWLRQ"

F�:KDW�ZRXOG�WKH�UHJLVWHU�FRQWDLQ�LI�PRWRU�%�DQG�PRWRU�&�ZHUH�ERWK�21�EXW
%�ZDV�WXUQLQJ�LQ�D�EDFNZDUG�GLUHFWLRQ�DQG�&�ZDV�WXUQLQJ�LQ�D�IRUZDUG
GLUHFWLRQ"

G�:KDW�ZRXOG�EH�WKH�HIIHFW�LI�WKH�UHJLVWHU�FRQWDLQHG�WKH�IROORZLQJ"
���������������

����7KH�KH[DGHFLPDO�V\VWHP
7KH�+(;$'(&,0$/�6<67(0�LV�YHU\�FORVHO\�UHODWHG�WR�WKH�ELQDU\�V\VWHP��+H[DGHFLPDO
�VRPHWLPHV�UHIHUUHG�WR�DV�VLPSO\�µKH[¶��LV�D�EDVH����V\VWHP�DQG�WKHUHIRUH�QHHGV�WR
XVH����GLIIHUHQW�µYDOXHV¶�WR�UHSUHVHQW�HDFK�GLJLW�
%HFDXVH�LW�LV�D�V\VWHP�EDVHG�RQ����GLIIHUHQW�GLJLWV��WKH�QXPEHUV���WR���DQG�WKH�OHWWHUV
$�WR�)�DUH�XVHG�WR�UHSUHVHQW�HDFK�KH[DGHFLPDO��KH[��GLJLW���$� �����%� �����&� ����
'� �����(� ����DQG�)� ������8VLQJ�WKH�VDPH�PHWKRG�DV�GHQDU\�DQG�ELQDU\��WKLV�JLYHV
WKH�KHDGLQJV�RI��������������������DQG�VR�RQ��7KH�W\SLFDO�KHDGLQJV�IRU�D�KH[DGHFLPDO
QXPEHU�ZLWK�ILYH�GLJLWV�ZRXOG�EH�

6LQFH���� ����WKLV�PHDQV�WKDW�)285�ELQDU\�GLJLWV�DUH�HTXLYDOHQW�WR�HDFK�KH[DGHFLPDO
GLJLW��7DEOH�����VXPPDULVHV�WKH�OLQN�EHWZHHQ�ELQDU\��KH[DGHFLPDO�DQG�GHQDU\�

7DEOH����

%LQDU\�YDOXH +H[DGHFLPDO�YDOXH 'HQDU\�YDOXH
������� � �
������� � �
������� � �
������� � �
������� � �
������� � �
������� � �
������� � �
������� � �
������� � �
������� $ ��
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������� & ��
������� ' ��
������� ( ��
������� ) ��

������&RQYHUWLQJ�IURP�ELQDU\�WR�KH[DGHFLPDO�DQG
IURP�KH[DGHFLPDO�WR�ELQDU\�
&RQYHUWLQJ�IURP�ELQDU\�WR�KH[DGHFLPDO�LV�D�IDLUO\�HDV\�SURFHVV��6WDUWLQJ�IURP�WKH
ULJKW�DQG�PRYLQJ�OHIW��VSOLW�WKH�ELQDU\�QXPEHU�LQWR�JURXSV�RI���ELWV��,I�WKH�ODVW�JURXS
KDV�OHVV�WKDQ���ELWV��WKHQ�VLPSO\�ILOO�LQ�ZLWK��V�IURP�WKH�OHIW��7DNH�HDFK�JURXS�RI���ELWV
DQG�FRQYHUW�LW�LQWR�WKH�HTXLYDOHQW�KH[DGHFLPDO�GLJLW�XVLQJ�7DEOH������/RRN�DW�WKH
IROORZLQJ�WZR�H[DPSOHV�WR�VHH�KRZ�WKLV�ZRUNV�

([DPSOH��
�����������������������

)LUVW�VSOLW�WKLV�XS�LQWR�JURXSV�RI���ELWV�
���������������������������

7KHQ��XVLQJ�7DEOH������ILQG�WKH�HTXLYDOHQW�KH[DGHFLPDO�GLJLWV�
%�����(������

([DPSOH��
���������������������������

)LUVW�VSOLW�WKLV�XS�LQWR�JURXSV�RI���ELWV�
������������������������������������

7KH�OHIW�JURXS�RQO\�FRQWDLQV���ELWV��VR�DGG�LQ�WZR��V�

����������������������������������������
1RZ�XVH�7DEOH�����WR�ILQG�WKH�HTXLYDOHQW�KH[DGHFLPDO�GLJLWV�
����������)����'

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�ELQDU\�QXPEHUV�LQWR�KH[DGHFLPDO�
D����������������
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E����������������
F��������������������
G����������������������
H������������������������
I������������������������
J��������������������������
K��������������������������
L��������������������������������
M����������������������������������

&RQYHUWLQJ�IURP�KH[DGHFLPDO�WR�ELQDU\�LV�DOVR�YHU\�VWUDLJKWIRUZDUG��8VLQJ�WKH�GDWD�LQ
7DEOH������VLPSO\�WDNH�HDFK�KH[DGHFLPDO�GLJLW�DQG�ZULWH�GRZQ�WKH���ELW�FRGH�ZKLFK
FRUUHVSRQGV�WR�WKH�GLJLW�

([DPSOH��
����������$

8VLQJ�7DEOH������ILQG�WKH���ELW�FRGH�IRU�HDFK�GLJLW�
�������������������������

3XW�WKH�JURXSV�WRJHWKHU�WR�IRUP�WKH�ELQDU\�QXPEHU�
�����������������������

([DPSOH��
%����)����������

$JDLQ�MXVW�XVH�7DEOH�����
�����������������������������������

7KHQ�SXW�DOO�WKH�GLJLWV�WRJHWKHU�
�������������������������������

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�KH[DGHFLPDO�QXPEHUV�LQWR�ELQDU\�
D���&
E����
F�$�$
G�$����
H�����(
I�%�$��
J���&�&

19



K�����$�$
L�'�$����
M���$�%��

������&RQYHUWLQJ�IURP�KH[DGHFLPDO�WR�GHQDU\�DQG
IURP�GHQDU\�WR�KH[DGHFLPDO�
7R�FRQYHUW�D�KH[DGHFLPDO�QXPEHU�WR�GHQDU\�LV�IDLUO\�VWUDLJKWIRUZDUG��7DNH�HDFK
KH[DGHFLPDO�GLJLW�DQG�PXOWLSO\�LW�E\�LWV�YDOXH��$GG�WKH�WRWDOV�WRJHWKHU�WR�REWDLQ�WKH
GHQDU\�YDOXH�

([DPSOH��
����������$

)LUVW�PXOWLSO\�HDFK�GLJLW�E\�LWV�YDOXH�

$GG�WKH�WRWDOV�WRJHWKHU�
GHQDU\�QXPEHU� ��������

([DPSOH��
&���������)

)LUVW�PXOWLSO\�HDFK�GLJLW�E\�LWV�YDOXH�

$GG�WKH�WRWDOV�WRJHWKHU�
GHQDU\�QXPEHU� ��������

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�KH[DGHFLPDO�QXPEHUV�LQWR�GHQDU\�
D���%
E���&
F���$
G�)�)
H���)�)
I�$����
J�%�%��
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K�&�$��
L�����$�(
M�$�'����

7R�FRQYHUW�IURP�GHQDU\�WR�KH[DGHFLPDO�LV�D�OLWWOH�PRUH�GLIILFXOW��$V�ZLWK�WKH
FRQYHUVLRQ�IURP�ELQDU\�WR�GHQDU\��WKHUH�DUH�WZR�YHU\�VLPLODU�PHWKRGV�WKDW�FDQ�EH
XVHG��$JDLQ��WKH�ILUVW�PHWKRG�LV�µWULDO�DQG�HUURU¶�DQG�WKH�VHFRQG�PHWKRG�LV�PRUH
PHWKRGLFDO�DQG�LQYROYHV�UHSHWLWLYH�GLYLVLRQ�

0HWKRG��
&RQVLGHU�WKH�FRQYHUVLRQ�RI�WKH�GHQDU\�QXPEHU��������LQWR�KH[DGHFLPDO��7KLV�PHWKRG
LQYROYHV�SODFLQJ�KH[DGHFLPDO�GLJLWV�LQ�WKH�DSSURSULDWH�SRVLWLRQ�VR�WKDW�WKH�WRWDO
HTXDWHV�WR������

$�TXLFN�FKHFN�VKRZV�WKDW�����î������������î����������î����JLYHV������

0HWKRG��
7KLV�PHWKRG�LQYROYHV�VXFFHVVLYH�GLYLVLRQ�E\�����7KH�UHPDLQGHUV�DUH�WKHQ�UHDG�IURP
%27720�WR�723�WR�JLYH�WKH�KH[DGHFLPDO�YDOXH��$JDLQ�XVLQJ�������ZH�JHW�

)LJXUH����

$FWLYLW\����
&RQYHUW�WKH�IROORZLQJ�GHQDU\�QXPEHUV�LQWR�KH[DGHFLPDO��XVLQJ�ERWK
PHWKRGV��
D����
E������
F������
G������
H������
I��������
J��������
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K��������
L��������
M��������

����8VH�RI�WKH�KH[DGHFLPDO�V\VWHP
7KLV�VHFWLRQ�UHYLHZV�ILYH�XVHV�RI�WKH�KH[DGHFLPDO�V\VWHP��7KH�LQIRUPDWLRQ�LQ�WKLV
FKDSWHU�JLYHV�WKH�UHDGHU�VXIILFLHQW�JURXQGLQJ�LQ�HDFK�WRSLF�DW�WKLV�OHYHO��)XUWKHU
PDWHULDO�FDQ�EH�IRXQG�E\�VHDUFKLQJ�WKH�LQWHUQHW��EXW�EH�FDUHIXO�WKDW�\RX�GRQ¶W�JR�RII�DW
D�WDQJHQW�

������0HPRU\�GXPSV
6LQFH�LW�LV�PXFK�HDVLHU�WR�ZRUN�ZLWK��%���$�����$�)�&
UDWKHU�WKDQ����������_���������_���������_���������_���������_���������_���������_��������
KH[DGHFLPDO�LV�RIWHQ�XVHG�ZKHQ�GHYHORSLQJ�QHZ�VRIWZDUH�RU�ZKHQ�WU\LQJ�WR�WUDFH
HUURUV�LQ�SURJUDPV��7KH�FRQWHQWV�RI�SDUW�RI�WKH�FRPSXWHU�PHPRU\�FDQ�KROG�WKH�NH\�WR
KHOS�VROYH�PDQ\�SUREOHPV��:KHQ�WKH�PHPRU\�FRQWHQWV�DUH�RXWSXW�WR�D�SULQWHU�RU
PRQLWRU��WKLV�LV�NQRZQ�DV�D�0(025<�'803�

)LJXUH����

$�SURJUDP�GHYHORSHU�FDQ�ORRN�DW�HDFK�RI�WKH�KH[DGHFLPDO�FRGHV��DV�VKRZQ�LQ�)LJXUH
�����DQG�GHWHUPLQH�ZKHUH�WKH�HUURU�OLHV��7KH�YDOXH�RQ�WKH�IDU�OHIW�VKRZV�WKH�PHPRU\
ORFDWLRQ�VR�WKDW�LW�LV�SRVVLEOH�WR�ILQG�RXW�H[DFWO\�ZKHUH�LQ�PHPRU\�WKH�IDXOW�RFFXUV�
7KLV�LV�FOHDUO\�PXFK�PRUH�PDQDJHDEOH�XVLQJ�KH[DGHFLPDO�UDWKHU�WKDQ�XVLQJ�ELQDU\�
,W¶V�D�YHU\�SRZHUIXO�IDXOW�WUDFLQJ�WRRO��EXW�UHTXLUHV�FRQVLGHUDEOH�NQRZOHGJH�RI
FRPSXWHU�DUFKLWHFWXUH�LQ�RUGHU�WR�LQWHUSUHW�WKH�UHVXOWV�

������+\SHU7H[W�0DUN�XS�/DQJXDJH��+70/�
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+<3(57(;7�0$5.�83�/$1*8$*(��+70/��LV�XVHG�ZKHQ�ZULWLQJ�DQG�GHYHORSLQJ
ZHE�SDJHV��+70/�LVQ¶W�D�SURJUDPPLQJ�ODQJXDJH�EXW�LV�VLPSO\�D�PDUN�XS�ODQJXDJH��$
PDUN�XS�ODQJXDJH�LV�XVHG�LQ�WKH�SURFHVVLQJ��GHILQLWLRQ�DQG�SUHVHQWDWLRQ�RI�WH[W��IRU
H[DPSOH��VSHFLI\LQJ�WKH�FRORXU�RI�WKH�WH[W��
+70/�XVHV��WDJV!�ZKLFK�DUH�XVHG�WR�EUDFNHW�D�SLHFH�RI�FRGH��IRU�H[DPSOH���WG!

VWDUWV�D�VWDQGDUG�FHOO�LQ�DQ�+70/�WDEOH��DQG���WG!�HQGV�LW��:KDWHYHU�LV�EHWZHHQ�WKH
WZR�WDJV�KDV�EHHQ�GHILQHG��+HUH�LV�D�VKRUW�VHFWLRQ�RI�+70/�FRGH�

�WU!
�����WG!�K�!6PDOO�FDU��K�!
�������K�!8VHG�FDU�VDOHV��K�!
�������K�!&DUV�IURP�������K�!
�������EU!�K�!&DVK�VDOHV�RQO\��K�!��WG!��EU!
��WU!
�WDEOH�ERUGHU ���!
���FROJURXS!
���FRO�VSDQ ����VW\OH �EDFNJURXQG�FRORU�UHG�!
���FRO�VW\OH �EDFNJURXQG�FRORU�\HOORZ�!
����FROJURXS!

+70/�FRGH�LV�RIWHQ�XVHG�WR�UHSUHVHQW�FRORXUV�RI�WH[W�RQ�WKH�FRPSXWHU�VFUHHQ��7KH
YDOXHV�FKDQJH�WR�UHSUHVHQW�GLIIHUHQW�FRORXUV��7KH�GLIIHUHQW�LQWHQVLW\�RI�WKH�WKUHH
SULPDU\�FRORXUV��UHG��JUHHQ�DQG�EOXH��LV�GHWHUPLQHG�E\�LWV�KH[DGHFLPDO�YDOXH��)RU
H[DPSOH�
�����))�������UHSUHVHQWV�SULPDU\�FRORXU�UHG
��������))����UHSUHVHQWV�SULPDU\�FRORXU�JUHHQ
�����������))�UHSUHVHQWV�SULPDU\�FRORXU�EOXH
�����))����))�UHSUHVHQWV�IXFKVLD
�����))�������UHSUHVHQWV�RUDQJH
�����%��������UHSUHVHQWV�WDQ
DQG�VR�RQ�SURGXFLQJ�DOPRVW�DQ\�FRORXU�WKH�XVHU�ZDQWV��7KHUH�DUH�PDQ\�ZHEVLWHV
DYDLODEOH�WKDW�DOORZ�D�XVHU�WR�ILQG�WKH�+70/�FRGH�IRU�WKH�FRORXU�QHHGHG�

$FWLYLW\����
8VLQJ�WKH�LQWHUQHW��ILQG�WKH�+70/�FRGHV�IRU�D�QXPEHU�RI�FRORXUV�
7U\�HQWHULQJ�+70/�FRGH�LQWR�WKH�FRPSXWHU�DQG�VHH�KRZ�WKH�FRORXUV�DQG
IRQW�W\SHV�FDQ�EH�FKDQJHG�WR�JRRG�HIIHFW�
0DNH�XVH�RI�ZHEVLWHV��VXFK�DV�ZZZ�KWPO�DP��WR�SURGXFH�\RXU�RZQ�ZHE
SDJHV�
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:LWK�D�OLWWOH�SUDFWLFH��\RX�FDQ�LPSRUW�HPEHG�LPDJHV�LQWR�\RXU�RZQ�GHVLJQ�RI
ZHE�SDJH�XVLQJ�IUHHO\�DYDLODEOH�VRIWZDUH�
5HPHPEHU�WKLV�LV�QRW�D�SURJUDPPLQJ�ODQJXDJH��,W�LV�VLPSO\�D�PDUN�XS
ODQJXDJH��VR�YHU\�OLWWOH�SURJUDPPLQJ�VNLOO�LV�UHTXLUHG�WR�XVH�+70/�

������0HGLD�$FFHVV�&RQWURO��0$&�
$�0(',$�$&&(66�&21752/��0$&��$''5(66�UHIHUV�WR�D�QXPEHU�ZKLFK�XQLTXHO\
LGHQWLILHV�D�GHYLFH�RQ�WKH�LQWHUQHW��7KH�0$&�DGGUHVV�UHIHUV�WR�WKH�QHWZRUN�LQWHUIDFH
FDUG��1,&��ZKLFK�LV�SDUW�RI�WKH�GHYLFH��7KH�0$&�DGGUHVV�LV�UDUHO\�FKDQJHG�VR�WKDW�D
SDUWLFXODU�GHYLFH�FDQ�DOZD\V�EH�LGHQWLILHG�QR�PDWWHU�ZKHUH�LW�LV�
$�0$&�DGGUHVV�LV�XVXDOO\�PDGH�XS�RI����ELWV�ZKLFK�DUH�VKRZQ�DV�VL[�JURXSV�RI

KH[DGHFLPDO�GLJLWV��DOWKRXJK����ELW�DGGUHVVHV�DUH�DOVR�NQRZQ��
11�±�11�±�11�±�''�±�''�±�''
RU
11�11�11�''�''�''

ZKHUH�WKH�ILUVW�KDOI��11�±�11�±�11��LV�WKH�LGHQWLW\�QXPEHU�RI�WKH�PDQXIDFWXUHU�RI�WKH
GHYLFH�DQG�WKH�VHFRQG�KDOI��''�±�''�±�''��LV�WKH�VHULDO�QXPEHU�RI�WKH�GHYLFH��)RU
H[DPSOH�����±��&�±�%��±��)�±����±�)(�LV�WKH�0$&�DGGUHVV�RI�D�GHYLFH�SURGXFHG�E\
WKH�$SSOH�&RUSRUDWLRQ��FRGH�����&%���ZLWK�D�VHULDO�QXPEHU�RI��)��)(��6RPHWLPHV
ORZHU�FDVH�KH[DGHFLPDO�OHWWHUV�DUH�XVHG�LQ�WKH�0$&�DGGUHVV������F�E���I����IH�
2WKHU�PDQXIDFWXUHU�LGHQWLW\�QXPEHUV�LQFOXGH�
������±����±����ZKLFK�LGHQWLILHV�GHYLFHV�PDGH�E\�'HOO
������±����±����ZKLFK�LGHQWLILHV�GHYLFHV�PDGH�E\�&LVFR
������±�$��±�&��ZKLFK�LGHQWLILHV�GHYLFHV�PDGH�E\�,QWHO��DQG�VR�RQ�

7\SHV�RI�0$&�DGGUHVV
,W�VKRXOG�EH�SRLQWHG�RXW�WKDW�WKHUH�DUH�WZR�W\SHV�RI�0$&�DGGUHVV��WKH�81,9(56$//<
$'0,1,67(5('�0$&�$''5(66��8$$��DQG�WKH�/2&$//<�$'0,1,67(5('�0$&
$''5(66��/$$��
7KH�8$$�LV�E\�IDU�WKH�PRVW�FRPPRQ�W\SH�RI�0$&�DGGUHVV�DQG�WKLV�LV�WKH�RQH�VHW

E\�WKH�PDQXIDFWXUHU�DW�WKH�IDFWRU\��,W�LV�UDUH�IRU�D�XVHU�WR�ZDQW�WR�FKDQJH�WKLV�0$&
DGGUHVV�
+RZHYHU��WKHUH�DUH�VRPH�RFFDVLRQV�ZKHQ�D�XVHU�RU�DQ�RUJDQLVDWLRQ�ZLVKHV�WR

FKDQJH�WKHLU�0$&�DGGUHVV��7KLV�LV�D�UHODWLYHO\�HDV\�WDVN�WR�FDUU\�RXW�EXW�LW�ZLOO�FDXVH
ELJ�SUREOHPV�LI�WKH�FKDQJHG�DGGUHVV�LVQ¶W�XQLTXH�
7KHUH�DUH�D�IHZ�UHDVRQV�ZK\�WKH�0$&�DGGUHVV�QHHGV�WR�EH�FKDQJHG�XVLQJ�/$$�

���&HUWDLQ�VRIWZDUH�XVHG�RQ�PDLQIUDPH�V\VWHPV�QHHGV�DOO�WKH�0$&�DGGUHVVHV�RI
GHYLFHV�WR�IDOO�LQWR�D�VWULFW�IRUPDW��EHFDXVH�RI�WKLV��LW�PD\�EH�QHFHVVDU\�WR�FKDQJH
WKH�0$&�DGGUHVV�RI�VRPH�GHYLFHV�WR�HQVXUH�WKH\�IROORZ�WKH�FRUUHFW�IRUPDW�

���,W�PD\�EH�QHFHVVDU\�WR�E\SDVV�D�0$&�DGGUHVV�ILOWHU�RQ�D�URXWHU�RU�D�ILUHZDOO��RQO\
24



0$&�DGGUHVVHV�ZLWK�D�FHUWDLQ�IRUPDW�DUH�DOORZHG�WKURXJK��RWKHUZLVH�WKH�GHYLFHV
ZLOO�EH�EORFNHG�

���7R�JHW�SDVW�FHUWDLQ�W\SHV�RI�QHWZRUN�UHVWULFWLRQV�LW�PD\�EH�QHFHVVDU\�WR�HPXODWH
XQUHVWULFWHG�0$&�DGGUHVVHV��KHQFH�LW�PD\�UHTXLUH�WKH�0$&�DGGUHVV�WR�EH�FKDQJHG
RQ�FHUWDLQ�GHYLFHV�FRQQHFWHG�WR�WKH�QHWZRUN�

������:HE�DGGUHVVHV�
(DFK�FKDUDFWHU�XVHG�RQ�D�NH\ERDUG�KDV�ZKDW�LV�NQRZQ�DV�DQ�$6&,,�&2'(
�$0(5,&$1�67$1'$5'�&2'(�)25�,1)250$7,21�,17(5&+$1*(���7KHVH�FRGHV�FDQ
EH�UHSUHVHQWHG�XVLQJ�KH[DGHFLPDO�YDOXHV�RU�GHFLPDO�YDOXHV��)LJXUH�����VKRZV�SDUW�RI
DQ�$6&,,�WDEOH�
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)LJXUH����

$�JRRG�H[DPSOH�RI�WKH�XVH�RI�$6&,,�FRGHV�LV�WKH�UHSUHVHQWDWLRQ�RI�D�ZHE�DGGUHVV��RU
85/��ZKLFK�VWDQGV�IRU�XQLIRUP�UHVRXUFH�ORFDWRU��VXFK�DV�ZZZ�KRGGHU�FR�XN�ZKLFK
EHFRPHV��XVLQJ�KH[DGHFLPDO�YDOXHV��

�1RWH��WKH���VLJQ�LV�XVHG�WR�GHQRWH�WKDW�KH[DGHFLPDO�LV�EHLQJ�XVHG��

$FWLYLW\����
8VLQJ�WKH�$6&,,�FRGH�WDEOH��)LJXUH������FRQYHUW�WKH�IROORZLQJ�85/V�LQWR�WKH
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HTXLYDOHQW�KH[DGHFLPDO�
D�ZZZ�FLH�RUJ�XN
E�ZZZ�FLH�RUJ�XN�FRPSXWHUBVFLHQFH
F�KWWSV���ZZZ�KRGGHU�FR�XN
G�ZZZ�+RGGHU(GXFDWLRQ�FR�XN
H�KWWS���ZZZ�XFOHV�DF�XN�FRPSXWLQJ�KWP

6RPHWLPHV�WKH�KH[DGHFLPDO�DGGUHVVHV�DUH�XVHG�LQ�WKH�DGGUHVV�RI�ILOHV�RU�ZHE�SDJHV
DV�D�VHFXULW\�IHDWXUH��,W�WDNHV�ORQJHU�WR�W\SH�LQ�WKH�85/�XVLQJ�WKH�KH[DGHFLPDO�FRGHV�
EXW�LW�KDV�WKH�DGYDQWDJH�WKDW�\RX�DUH�XQOLNHO\�WR�IDOO�LQWR�WKH�WUDS�RI�FRS\LQJ�DQG
SDVWLQJ�D�µIDNH¶�ZHEVLWH�DGGUHVV�

������$VVHPEO\�FRGH�DQG�PDFKLQH�FRGH
&RPSXWHU�PHPRU\�FDQ�EH�UHIHUUHG�WR�GLUHFWO\�XVLQJ�PDFKLQH�FRGH�RU�DVVHPEO\�FRGH�
7KLV�FDQ�KDYH�PDQ\�DGYDQWDJHV�WR�SURJUDP�GHYHORSHUV�RU�ZKHQ�FDUU\LQJ�RXW
WURXEOHVKRRWLQJ�
0DFKLQH�FRGH�DQG�DVVHPEO\�FRGH�DUH�FRYHUHG�LQ�PXFK�PRUH�GHWDLO�LQ�&KDSWHU���

KHUH�ZH�DUH�VLPSO\�LQWHUHVWHG�LQ�KRZ�KH[DGHFLPDO�ILWV�LQWR�WKH�SLFWXUH�
8VLQJ�KH[DGHFLPDO�PDNHV�LW�PXFK�HDVLHU��IDVWHU�DQG�OHVV�HUURU�SURQH�WR�ZULWH�FRGH

FRPSDUHG�WR�ELQDU\��8VLQJ�WUXH�PDFKLQH�FRGH��ZKLFK�XVHV�ELQDU\��LV�YHU\
FXPEHUVRPH�DQG�LW�WDNHV�D�ORQJ�WLPH�WR�NH\�LQ�WKH�YDOXHV��,W�LV�DOVR�YHU\�HDV\�WR
PLVW\SH�WKH�GLJLWV�LQ�D�µVHD�RI��V�DQG��V¶��+HUH�LV�D�VLPSOH�H[DPSOH�

672����))$������DVVHPEO\�FRGH�
$�(�����))$������PDFKLQH�FRGH�XVLQJ�KH[DGHFLPDO�YDOXHV�
��������������������������������������������PDFKLQH�FRGH�XVLQJ�ELQDU\�

0DFKLQH�FRGH�DQG�DVVHPEO\�FRGH�DUH�H[DPSOHV�RI�ORZ�OHYHO�ODQJXDJHV�DQG�DUH�XVHG
E\�VRIWZDUH�GHYHORSHUV�ZKHQ�SURGXFLQJ��IRU�H[DPSOH��FRPSXWHU�JDPHV��$V�\RX�ZLOO
ILQG�LQ�&KDSWHU����DOWKRXJK�WKH\�ORRN�FXPEHUVRPH��WKH\�KDYH�PDQ\�DGYDQWDJHV�DW�WKH
GHYHORSPHQW�VWDJH�RI�VRIWZDUH�ZULWLQJ��HVSHFLDOO\�ZKHQ�WU\LQJ�WR�ORFDWH�HUURUV�LQ�WKH
FRGH��
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��&RPPXQLFDWLRQ�DQG�LQWHUQHW
WHFKQRORJLHV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���VHULDO�DQG�SDUDOOHO�WUDQVPLVVLRQ
���HUURU�FKHFNLQJ�DIWHU�WUDQVPLVVLRQ
���ZHE�EURZVHUV�DQG�LQWHUQHW�VHUYLFH�SURYLGHUV
���KWWS�DQG�+70/

����,QWURGXFWLRQ
:KHQ�GDWD�LV�VHQW�IURP�RQH�GHYLFH�WR�DQRWKHU��LW�LV�LPSRUWDQW�WR�FRQVLGHU�KRZ�WKDW
GDWD�LV�WUDQVPLWWHG��,W�LV�DOVR�LPSRUWDQW�WR�HQVXUH�WKDW�WKH�GDWD�KDVQ¶W�EHHQ�FKDQJHG�LQ
DQ\�ZD\�
7KH�LQWHUQHW�KDV�QRZ�EHFRPH�DQ�LQWHJUDO�SDUW�RI�DOO�RI�RXU�OLYHV��7KLV�FKDSWHU�ZLOO

FRQVLGHU�VRPH�RI�WKH�LPSRUWDQW�WHFKQRORJLHV�JRLQJ�RQ�LQ�WKH�EDFNJURXQG�ZKLFK
VXSSRUW�WKH�LQWHUQHW�

����'DWD�WUDQVPLVVLRQ
'DWD�WUDQVPLVVLRQ�FDQ�EH�HLWKHU�RYHU�D�VKRUW�GLVWDQFH��IRU�H[DPSOH��IURP�FRPSXWHU�WR
SULQWHU��RU�RYHU�ORQJHU�GLVWDQFHV��IRU�H[DPSOH��RYHU�D�WHOHSKRQH�QHWZRUN��
(VVHQWLDOO\��WKUHH�IDFWRUV�QHHG�WR�EH�FRQVLGHUHG�ZKHQ�WUDQVPLWWLQJ�GDWD��HDFK�IDFWRU
KDV�WR�EH�DJUHHG�E\�ERWK�VHQGHU�DQG�UHFHLYHU�IRU�WKLV�WR�ZRUN�ZLWKRXW�HUURU��
���WKH�GLUHFWLRQ�RI�WKH�GDWD�WUDQVPLVVLRQ��L�H��LQ�RQH�GLUHFWLRQ�RQO\�RU�LQ�ERWK
GLUHFWLRQV�

���WKH�PHWKRG�RI�WUDQVPLVVLRQ��KRZ�PDQ\�ELWV�DUH�VHQW�DW�WKH�VDPH�WLPH�
���WKH�PHWKRG�RI�V\QFKURQLVDWLRQ�EHWZHHQ�WKH�WZR�GHYLFHV�

������6LPSOH[��KDOI�GXSOH[�DQG�IXOO�GXSOH[�
6,03/(;�'$7$�75$160,66,21�LV�LQ�RQH�GLUHFWLRQ�RQO\��L�H��IURP�VHQGHU�WR�UHFHLYHU��
([DPSOH��GDWD�EHLQJ�VHQW�IURP�D�FRPSXWHU�WR�D�SULQWHU�
+$/)�'83/(;�'$7$�75$160,66,21�LV�LQ�ERWK�GLUHFWLRQV�EXW�QRW�DW�WKH�VDPH�WLPH

�L�H��GDWD�FDQ�EH�VHQW�IURP�µ$¶�WR�µ%¶�RU�IURP�µ%¶�WR�µ$¶�DORQJ�WKH�VDPH�OLQH��EXW�QRW
DW�WKH�VDPH�WLPH���([DPSOH��D�SKRQH�FRQYHUVDWLRQ�EHWZHHQ�WZR�SHRSOH�ZKHUH�RQO\
RQH�SHUVRQ�VSHDNV�DW�D�WLPH�
)8//�'83/(;�'$7$�75$160,66,21�LV�LQ�ERWK�GLUHFWLRQV�VLPXOWDQHRXVO\��L�H��GDWD

FDQ�EH�VHQW�IURP�µ$¶�WR�µ%¶�DQG�IURP�µ%¶�WR�µ$¶�DORQJ�WKH�VDPH�OLQH��ERWK�DW�WKH�VDPH
WLPH���([DPSOH��EURDGEDQG�FRQQHFWLRQ�RQ�D�SKRQH�OLQH�
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������6HULDO�DQG�SDUDOOHO�GDWD�WUDQVPLVVLRQ�
6(5,$/�'$7$�75$160,66,21�LV�ZKHQ�GDWD�LV�VHQW��RQH�ELW�DW�D�WLPH��RYHU�D�VLQJOH
ZLUH�RU�FKDQQHO��ELWV�DUH�VHQW�RQH�DIWHU�WKH�RWKHU�LQ�D�VLQJOH�VWUHDP��

)LJXUH����

�1RWH��ELWV�FDQ�EH�WUDQVPLWWHG�DV�VLPSOH[��KDOI�GXSOH[�RU�IXOO�GXSOH[��
7KLV�PHWKRG�RI�GDWD�WUDQVPLVVLRQ�ZRUNV�ZHOO�RYHU�ORQJ�GLVWDQFHV��+RZHYHU��GDWD�LV
WUDQVPLWWHG�DW�D�VORZHU�UDWH�WKDQ�SDUDOOHO�GDWD�WUDQVPLVVLRQ��6LQFH�RQO\�RQH�ZLUH�RU
FKDQQHO�LV�XVHG��WKHUH�LV�QR�SUREOHP�RI�GDWD�DUULYLQJ�DW�LWV�GHVWLQDWLRQ�RXW�RI
V\QFKURQLVDWLRQ�
$Q�H[DPSOH�RI�LWV�XVH�LV�VHQGLQJ�GDWD�IURP�D�FRPSXWHU�WR�D�PRGHP�IRU�WUDQVPLVVLRQ

RYHU�D�WHOHSKRQH�OLQH�
3$5$//(/�'$7$�75$160,66,21�LV�ZKHQ�VHYHUDO�ELWV�RI�GDWD��XVXDOO\���E\WH��DUH

VHQW�GRZQ�VHYHUDO�ZLUHV�RU�FKDQQHOV�DW�WKH�VDPH�WLPH��RQH�ZLUH�RU�FKDQQHO�LV�XVHG
WR�WUDQVPLW�HDFK�ELW�

)LJXUH����

�1RWH��ELWV�FDQ�EH�WUDQVPLWWHG�DV�VLPSOH[��KDOI�GXSOH[�RU�IXOO�GXSOH[��
7KLV�PHWKRG�RI�GDWD�WUDQVPLVVLRQ�ZRUNV�YHU\�ZHOO�RYHU�VKRUW�GLVWDQFHV��RYHU�ORQJHU
GLVWDQFHV��WKH�ELWV�FDQ�EHFRPH�µVNHZHG¶�±�WKLV�PHDQV�WKH\�ZLOO�QR�ORQJHU�EH
V\QFKURQLVHG���,W�LV��KRZHYHU��D�IDVWHU�PHWKRG�RI�GDWD�WUDQVPLVVLRQ�WKDQ�VHULDO�
$Q�H[DPSOH�RI�LWV�XVH�LV�ZKHQ�VHQGLQJ�GDWD�WR�D�SULQWHU�IURP�D�FRPSXWHU�XVLQJ�D

ULEERQ�FRQQHFWRU�
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)LJXUH�����5LEERQ�FRQQHFWRU

$FWLYLW\����
'HVFULEH�ZKDW�LV�PHDQW�E\�
D�VHULDO��KDOI�GXSOH[�GDWD�WUDQVPLVVLRQ
E�SDUDOOHO��IXOO�GXSOH[�GDWD�WUDQVPLVVLRQ
F�VHULDO��VLPSOH[�GDWD�WUDQVPLVVLRQ�

$�FRPPRQ�XVH�IRU�VHULDO�GDWD�WUDQVPLVVLRQ�LV�GLVFXVVHG�LQ�6HFWLRQ��������8QLYHUVDO
6HULDO�%XV��86%���
3DUDOOHO�GDWD�WUDQVPLVVLRQ�LV�XVHG�LQ�WKH�LQWHUQDO�HOHFWURQLFV�RI�WKH�FRPSXWHU

V\VWHP��7KH�SDWKZD\V�EHWZHHQ�WKH�&38�DQG�WKH�PHPRU\�DOO�XVH�WKLV�PHWKRG�RI�GDWD
WUDQVPLVVLRQ��,QWHJUDWHG�FLUFXLWV��EXVHV�DQG�RWKHU�LQWHUQDO�FRPSRQHQWV�DOO�XVH�SDUDOOHO
GDWD�WUDQVPLVVLRQ�EHFDXVH�RI�WKH�QHHG�IRU�KLJK�VSHHG�GDWD�WUDQVIHU��7KH�XVH�RI���ELW�
���ELW�����ELW�DQG����ELW�EXVHV��IRU�H[DPSOH��DOORZ�PXFK�IDVWHU�GDWD�WUDQVPLVVLRQ
UDWHV�WKDQ�FRXOG�EH�DFKLHYHG�ZLWK�VLQJOH�FKDQQHO�VHULDO�GDWD�WUDQVIHU��$Q�LQWHUQDO
FORFN�LV�XVHG�WR�HQVXUH�WKH�FRUUHFW�WLPLQJ�RI�GDWD�WUDQVIHU��LW�LV�HVVHQWLDOO\
V\QFKURQRXV�LQ�QDWXUH��VHH�6HFWLRQ��������DQG�WKH�VKRUW�GLVWDQFHV�EHWZHHQ
FRPSRQHQWV�PHDQ�WKDW�QRQH�RI�WKH�LVVXHV�GHVFULEHG�HDUOLHU�KDYH�DQ\�UHDO�LPSDFW�RQ
WKH�DFFXUDF\�RI�WKH�GDWD�
&KDSWHU���FRYHUV�WKH�LQWHUQDO�DUFKLWHFWXUH�RI�FRPSXWHU�V\VWHPV��LQFOXGLQJ�WKH�UROH

RI�EXVHV��DQG�WKLV�VKRXOG�EH�UHDG�LQ�FRQMXQFWLRQ�ZLWK�WKH�LQIRUPDWLRQ�JLYHQ�DERYH�

������$V\QFKURQRXV�DQG�V\QFKURQRXV�GDWD
WUDQVPLVVLRQ
$6<1&+521286�'$7$�75$160,66,21�UHIHUV�WR�GDWD�EHLQJ�WUDQVPLWWHG�LQ�DQ�DJUHHG
ELW�SDWWHUQ��'DWD�ELWV���V�DQG��V��DUH�JURXSHG�WRJHWKHU�DQG�VHQW�ZLWK�&21752/�%,76�
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)LJXUH����

7KLV�PHDQV�WKDW�WKH�UHFHLYHU�RI�WKH�GDWD�NQRZV�ZKHQ�WKH�GDWD�VWDUWV�DQG�ZKHQ�LW�HQGV�
7KLV�SUHYHQWV�GDWD�EHFRPLQJ�PL[HG�XS��ZLWKRXW�WKHVH�FRQWURO�ELWV��LW�ZRXOG�EH
LPSRVVLEOH�WR�VHSDUDWH�JURXSV�RI�GDWD�DV�WKH\�DUULYHG�
6<1&+521286�'$7$�75$160,66,21�LV�D�FRQWLQXRXV�VWUHDP�RI�GDWD��XQOLNH

DV\QFKURQRXV�GDWD�ZKLFK�LV�VHQW�LQ�GLVFUHWH�JURXSV���7KH�GDWD�LV�DFFRPSDQLHG�E\
WLPLQJ�VLJQDOV�JHQHUDWHG�E\�DQ�LQWHUQDO�FORFN��7KLV�HQVXUHV�WKDW�WKH�VHQGHU�DQG
UHFHLYHU�DUH�V\QFKURQLVHG�ZLWK�HDFK�RWKHU�
7KH�UHFHLYHU�FRXQWV�KRZ�PDQ\�ELWV���V�DQG��V��ZHUH�VHQW�DQG�WKHQ�UHDVVHPEOHV

WKHP�LQWR�E\WHV�RI�GDWD��7KH�WLPLQJ�PXVW�EH�YHU\�DFFXUDWH�KHUH�VLQFH�WKHUH�DUH�QR
FRQWURO�ELWV�VHQW�LQ�WKLV�W\SH�RI�GDWD�WUDQVPLVVLRQ��+RZHYHU��LW�LV�D�IDVWHU�GDWD�WUDQVIHU
PHWKRG�WKDQ�DV\QFKURQRXV�DQG�LV�WKHUHIRUH�XVHG�ZKHUH�WKLV�LV�DQ�LPSRUWDQW�LVVXH��IRU
H[DPSOH��LQ�QHWZRUN�FRPPXQLFDWLRQV��

������8QLYHUVDO�6HULDO�%XV��86%�
7KH�81,9(56$/�6(5,$/�%86��86%��LV�DQ�DV\QFKURQRXV�VHULDO�GDWD�WUDQVPLVVLRQ
PHWKRG��,W�KDV�TXLFNO\�EHFRPH�WKH�VWDQGDUG�PHWKRG�IRU�WUDQVIHUULQJ�GDWD�EHWZHHQ�D
FRPSXWHU�DQG�D�QXPEHU�RI�GHYLFHV��(VVHQWLDOO\��WKH�86%�FDEOH�FRQVLVWV�RI�
���D�IRXU�ZLUH�VKLHOGHG�FDEOH
���WZR�RI�WKH�ZLUHV�DUH�XVHG�IRU�SRZHU�DQG�WKH�HDUWK
���WZR�RI�WKH�ZLUHV�DUH�XVHG�LQ�WKH�GDWD�WUDQVPLVVLRQ�
:KHQ�D�GHYLFH�LV�SOXJJHG�LQWR�D�FRPSXWHU�XVLQJ�RQH�RI�WKH�86%�SRUWV�
���WKH�FRPSXWHU�DXWRPDWLFDOO\�GHWHFWV�WKDW�D�GHYLFH�LV�SUHVHQW��WKLV�LV�GXH�WR�D�VPDOO
FKDQJH�LQ�WKH�YROWDJH�OHYHO�RQ�WKH�GDWD�VLJQDO�ZLUHV�LQ�WKH�FDEOH�

���WKH�GHYLFH�LV�DXWRPDWLFDOO\�UHFRJQLVHG��DQG�WKH�DSSURSULDWH�'(9,&(�'5,9(5�LV
ORDGHG�XS�VR�WKDW�FRPSXWHU�DQG�GHYLFH�FDQ�FRPPXQLFDWH�HIIHFWLYHO\

���LI�D�QHZ�GHYLFH�LV�GHWHFWHG��WKH�FRPSXWHU�ZLOO�ORRN�IRU�WKH�GHYLFH�GULYHU�ZKLFK
PDWFKHV�WKH�GHYLFH��LI�WKLV�LV�QRW�DYDLODEOH��WKH�XVHU�LV�SURPSWHG�WR�GRZQORDG�WKH
DSSURSULDWH�VRIWZDUH�
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)LJXUH�����86%�FDEOH

(YHQ�WKRXJK�WKH�86%�V\VWHP�KDV�EHFRPH�WKH�LQGXVWULDO�VWDQGDUG��WKHUH�DUH�VWLOO�D
QXPEHU�RI�EHQHILWV�� ��DQG�GUDZEDFNV�� ��WR�XVLQJ�WKLV�V\VWHP�

7DEOH����

'HYLFHV�SOXJJHG�LQWR�WKH�FRPSXWHU�DUH
DXWRPDWLFDOO\�GHWHFWHG��GHYLFH�GULYHUV�DUH
DXWRPDWLFDOO\�XSORDGHG

±

7KH�FRQQHFWRUV�FDQ�RQO\�ILW�RQH�ZD\��WKLV
SUHYHQWV�LQFRUUHFW�FRQQHFWLRQV�EHLQJ�PDGH

7KH�PD[LPXP�FDEOH�OHQJWK�LV
SUHVHQWO\�DERXW���PHWUHV

7KLV�KDV�EHFRPH�WKH�LQGXVWU\�VWDQGDUG�
WKLV�PHDQV�WKDW�FRQVLGHUDEOH�VXSSRUW�LV
DYDLODEOH�WR�XVHUV

±

6HYHUDO�GLIIHUHQW�GDWD�WUDQVPLVVLRQ�UDWHV
DUH�VXSSRUWHG

7KH�SUHVHQW�WUDQVPLVVLRQ�UDWH
LV�OLPLWHG�WR�OHVV�WKDQ����
PHJDELWV�SHU�VHFRQG

1HZHU�86%�VWDQGDUGV�DUH�EDFNZDUG
FRPSDWLEOH�ZLWK�ROGHU�86%�VWDQGDUGV

7KH�ROGHU�86%�VWDQGDUG��H�J�
�����PD\�QRW�EH�VXSSRUWHG�LQ
WKH�QHDU�IXWXUH

����(UURU�FKHFNLQJ�PHWKRGV
)ROORZLQJ�GDWD�WUDQVPLVVLRQ��WKHUH�LV�DOZD\V�WKH�ULVN�WKDW�WKH�GDWD�KDV�EHHQ�FRUUXSWHG
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RU�FKDQJHG�LQ�VRPH�ZD\��7KLV�FDQ�RFFXU�ZKHWKHU�GDWD�LV�EHLQJ�WUDQVPLWWHG�RYHU�VKRUW
GLVWDQFHV�RU�RYHU�ORQJ�GLVWDQFHV�
&KHFNLQJ�IRU�HUURUV�LV�LPSRUWDQW�VLQFH�FRPSXWHUV�DUHQ¶W�DEOH�WR�FKHFN�WKDW�WH[W�LV

FRUUHFW��WKH\�FDQ�RQO\�UHFRJQLVH�ZKHWKHU�D�ZRUG�LV�LQ�WKHLU�EXLOW�LQ�GLFWLRQDU\�RU�QRW�
/RRN�DW�WKH�IROORZLQJ�WH[W�
&DQ�\RX�UDHG�WLKV"
µ,�FQGXR¶W�EYOHLHH�WDKW�,�FXORG�DXODFOW\�XHVGWDQQUG�ZDKW�,�ZDV�UGQDLHJ��8QLVJ�WKH
LFQGHEOLUH�SZHRU�RI�WKH�KPXDQ�PQLG��DRFGFUQLJ�WR�UVHHFUDK�DW�&PDEULGJH
8LQHUYWLV\��LW�GVHQR¶W�PWWDHU�LQ�ZDKW�RGHUU�WKH�OWHUHWV�LQ�D�ZURG�DUH��WKH�ROQ\
LUSRDPWQW�WLKQJ�LV�WDKW�WKH�IUVLW�DQG�OVDW�OWWHHU�EH�LQ�WKH�UKJLW�SFODH��7KH�UVHW�FDQ�EH�D
WDRWO�PVHV�DQG�\RX�FDQ�VLWOO�UDHG�LW�ZKRXWLW�D�SERHUOP�
7LKV�LV�EXFVHDH�WKH�KXDPQ�PQLG�GHRV�QRW�UDHG�HUYH\�OWWHHU�E\�LVWOHI��EXW�WKH�ZURG
DV�D�ZORKH�
$D]QPLJ��KXK"�<HDK�DQG�,�DZO\DV�WJKKXRW�VOHOLQSJ�ZDV�LSPRUDQWW��6HH�LI�\XRU
IGUHLQV�FDQ�UDHG�WLKV�WRR¶

�)URP�DQ�XQNQRZQ�VRXUFH�DW�&DPEULGJH�8QLYHUVLW\�
:KLOVW�\RX�SUREDEO\�KDG�OLWWOH�SUREOHP�XQGHUVWDQGLQJ�WKLV�WH[W��D�FRPSXWHU�ZRXOG�EH
XQDEOH�WR�PDNH�DQ\�VHQVH�RI�LW�
7KLV�LV�ZK\�HUURU�FKHFNLQJ�LV�VXFK�DQ�LPSRUWDQW�SDUW�RI�FRPSXWHU�WHFKQRORJ\��7KLV

VHFWLRQ�FRQVLGHUV�D�QXPEHU�RI�ZD\V�WKDW�FDQ�EH�XVHG�WR�FKHFN�IRU�HUURUV�VR�WKDW�\RX
GRQ¶W�HQG�XS�ZLWK�WH[W�DV�VKRZQ�LQ�WKH�H[DPSOH�DERYH�
$�QXPEHU�RI�PHWKRGV�H[LVW�ZKLFK�FDQ�GHWHFW�HUURUV�DQG��LQ�VRPH�FDVHV��DFWXDOO\

FRUUHFW�WKH�HUURU��7KH�PHWKRGV�FRYHUHG�LQ�WKLV�VHFWLRQ�DUH�
���SDULW\�FKHFNLQJ
���DXWRPDWLF�UHSHDW�UHTXHVW��$54�
���FKHFNVXP
���HFKR�FKHFNLQJ�

������3DULW\�FKHFNLQJ�
3$5,7<�&+(&.,1*�LV�RQH�PHWKRG�XVHG�WR�FKHFN�ZKHWKHU�GDWD�KDV�EHHQ�FKDQJHG�RU
FRUUXSWHG�IROORZLQJ�WUDQVPLVVLRQ�IURP�RQH�GHYLFH�RU�PHGLXP�WR�DQRWKHU�GHYLFH�RU
PHGLXP�
$�E\WH�RI�GDWD��IRU�H[DPSOH��LV�DOORFDWHG�D�3$5,7<�%,7��7KLV�LV�DOORFDWHG�EHIRUH

WUDQVPLVVLRQ�WDNHV�SODFH��6\VWHPV�WKDW�XVH�(9(1�3$5,7<�KDYH�DQ�HYHQ�QXPEHU�RI���
ELWV��V\VWHPV�WKDW�XVH�2''�3$5,7<�KDYH�DQ�RGG�QXPEHU�RI���ELWV�
&RQVLGHU�WKH�IROORZLQJ�E\WH�
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)LJXUH����

,I�WKLV�E\WH�LV�XVLQJ�HYHQ�SDULW\��WKHQ�WKH�SDULW\�ELW�QHHGV�WR�EH���VLQFH�WKHUH�LV�DOUHDG\
DQ�HYHQ�QXPEHU�RI���ELWV��LQ�WKLV�FDVH�����
,I�RGG�SDULW\�LV�EHLQJ�XVHG��WKHQ�WKH�SDULW\�ELW�QHHGV�WR�EH���WR�PDNH�WKH�QXPEHU�RI

��ELWV�RGG�
7KHUHIRUH��WKH�E\WH�MXVW�EHIRUH�WUDQVPLVVLRQ�ZRXOG�EH�

HLWKHU��HYHQ�SDULW\�

)LJXUH����

RU��RGG�SDULW\�

)LJXUH����

%HIRUH�GDWD�LV�WUDQVIHUUHG��DQ�DJUHHPHQW�LV�PDGH�EHWZHHQ�VHQGHU�DQG�UHFHLYHU
UHJDUGLQJ�ZKLFK�RI�WKH�WZR�W\SHV�RI�SDULW\�DUH�XVHG��7KLV�LV�DQ�H[DPSOH�RI�D
35272&2/�

$FWLYLW\����
)LQG�WKH�SDULW\�ELWV�IRU�HDFK�RI�WKH�IROORZLQJ�E\WHV�

D�������������� HYHQ�SDULW\�XVHG
E�������������� HYHQ�SDULW\�XVHG
F�������������� HYHQ�SDULW\�XVHG
G�������������� RGG�SDULW\�XVHG
H�������������� RGG�SDULW\�XVHG
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,I�D�E\WH�KDV�EHHQ�WUDQVPLWWHG�IURP�µ$¶�WR�µ%¶��DQG�HYHQ�SDULW\�LV�XVHG��DQ�HUURU
ZRXOG�EH�IODJJHG�LI�WKH�E\WH�QRZ�KDG�DQ�RGG�QXPEHU�RI���ELWV�DW�WKH�UHFHLYHU¶V�HQG�

([DPSOH���

)LJXUH����

,Q�WKLV�FDVH��WKH�UHFHLYHU¶V�E\WH�KDV�WKUHH���ELWV��ZKLFK�PHDQV�LW�QRZ�KDV�RGG�SDULW\
ZKLOVW�WKH�E\WH�IURP�WKH�VHQGHU�KDG�HYHQ�SDULW\��IRXU���ELWV���7KLV�FOHDUO\�PHDQV�DQ
HUURU�KDV�RFFXUUHG�GXULQJ�WKH�WUDQVPLVVLRQ�RI�WKH�GDWD�
7KH�HUURU�LV�GHWHFWHG�E\�WKH�FRPSXWHU�UHFDOFXODWLQJ�WKH�SDULW\�RI�WKH�E\WH�VHQW��,I

HYHQ�SDULW\�KDV�EHHQ�DJUHHG�EHWZHHQ�VHQGHU�DQG�UHFHLYHU��WKHQ�D�FKDQJH�RI�SDULW\�LQ
WKH�UHFHLYHG�E\WH�LQGLFDWHV�WKDW�D�WUDQVPLVVLRQ�HUURU�KDV�RFFXUUHG�

$FWLYLW\����
:KLFK�RI�WKH�IROORZLQJ�E\WHV�KDYH�DQ�HUURU�IROORZLQJ�GDWD�WUDQVPLVVLRQ"

D���������������� HYHQ�SDULW\�XVHG
E���������������� HYHQ�SDULW\�XVHG
F���������������� HYHQ�SDULW\�XVHG
G���������������� RGG�SDULW\�XVHG
H���������������� RGG�SDULW\�XVHG

,Q�HDFK�FDVH�ZKHUH�DQ�HUURU�RFFXUV��FDQ�\RX�ZRUN�RXW�ZKLFK�ELW�LV
LQFRUUHFW"

1DWXUDOO\��DQ\�RI�WKH�ELWV�LQ�([DPSOH���FRXOG�KDYH�EHHQ�FKDQJHG�OHDGLQJ�WR�D
WUDQVPLVVLRQ�HUURU��7KHUHIRUH��HYHQ�WKRXJK�DQ�HUURU�KDV�EHHQ�IODJJHG��LW�LV�LPSRVVLEOH
WR�NQRZ�H[DFWO\�ZKLFK�ELW�LV�LQ�HUURU���<RXU�ODVW�DQVZHU�LQ�$FWLYLW\�����VKRXOG�KDYH
EHHQ�µ12¶�VLQFH�WKHUH�LVQ¶W�HQRXJK�LQIRUPDWLRQ�WR�GHWHUPLQH�ZKLFK�ELW�KDV�EHHQ
FKDQJHG��
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�2QH�RI�WKH�ZD\V�DURXQG�WKLV�SUREOHP�LV�WR�XVH�3$5,7<�%/2&.6��,Q�WKLV

PHWKRG��D�EORFN�RI�GDWD�LV�VHQW�DQG�WKH�QXPEHU�RI���ELWV�DUH�WRWDOOHG�KRUL]RQWDOO\�DQG
YHUWLFDOO\��LQ�RWKHU�ZRUGV��D�SDULW\�FKHFN�LV�GRQH�LQ�ERWK�KRUL]RQWDO�DQG�YHUWLFDO
GLUHFWLRQV���$V�([DPSOH���VKRZV��WKLV�PHWKRG�QRW�RQO\�LGHQWLILHV�WKDW�DQ�HUURU�KDV
RFFXUUHG�EXW�DOVR�LQGLFDWHV�ZKHUH�WKH�HUURU�LV�

([DPSOH���
,Q�WKLV�H[DPSOH��QLQH�E\WHV�RI�GDWD�KDYH�EHHQ�WUDQVPLWWHG��$JUHHPHQW�KDV�EHHQ�PDGH
WKDW�HYHQ�SDULW\�ZLOO�EH�XVHG��$QRWKHU�E\WH��NQRZQ�DV�WKH�3$5,7<�%<7(��KDV�DOVR�EHHQ
VHQW��7KLV�E\WH�FRQVLVWV�HQWLUHO\�RI�WKH�SDULW\�ELWV�SURGXFHG�E\�WKH�YHUWLFDO�SDULW\
FKHFN��7KH�SDULW\�E\WH�DOVR�LQGLFDWHV�WKH�HQG�RI�WKH�EORFN�RI�GDWD�
7KH�IROORZLQJ�WDEOH�VKRZV�KRZ�WKH�GDWD�DUULYHG�DW�WKH�UHFHLYLQJ�HQG�

7DEOH����

$�FDUHIXO�VWXG\�RI�7DEOH�����VKRZV�WKH�IROORZLQJ�
���E\WH����URZ����KDV�LQFRUUHFW�SDULW\��WKHUH�DUH�WKUHH���ELWV�
���ELW����FROXPQ����DOVR�KDV�LQFRUUHFW�SDULW\��WKHUH�DUH�ILYH���ELWV��
)LUVW�RI�DOO��WKH�WDEOH�VKRZV�WKDW�DQ�HUURU�KDV�RFFXUUHG�IROORZLQJ�GDWD�WUDQVPLVVLRQ�
6HFRQGO\��DW�WKH�LQWHUVHFWLRQ�RI�URZ���DQG�FROXPQ����WKH�SRVLWLRQ�RI�WKH�LQFRUUHFW

ELW�YDOXH��ZKLFK�FDXVHG�WKH�HUURU��FDQ�EH�IRXQG�
7KLV�PHDQV�WKDW�E\WH���VKRXOG�KDYH�WKH�YDOXH�

)LJXUH�����
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ZKLFK�ZRXOG�DOVR�FRUUHFW�FROXPQ���JLYLQJ�DQ�HYHQ�YHUWLFDO�SDULW\��QRZ�KDV�IRXU���
ELWV��
7KLV�E\WH�FRXOG�WKHUHIRUH�EH�FRUUHFWHG�DXWRPDWLFDOO\�DV�VKRZQ�DERYH��RU�DQ�HUURU

PHVVDJH�FRXOG�EH�UHOD\HG�EDFN�WR�WKH�VHQGHU�DVNLQJ�WKHP�WR�UHWUDQVPLW�WKH�EORFN�RI
GDWD�
2QH�ILQDO�SRLQW��LI�WZR�RI�WKH�ELWV�FKDQJH�YDOXH�IROORZLQJ�GDWD�WUDQVPLVVLRQ��LW�PD\

EH�LPSRVVLEOH�WR�ORFDWH�WKH�HUURU�XVLQJ�WKH�DERYH�PHWKRG��)RU�H[DPSOH��XVLQJ
([DPSOH���DJDLQ�

)LJXUH�����

7KLV�E\WH�FRXOG�UHDFK�WKH�GHVWLQDWLRQ�DV�

)LJXUH�����

RU�

)LJXUH�����

RU�

)LJXUH�����

$OO�WKUHH�DUH�FOHDUO\�LQFRUUHFW��EXW�WKH\�KDYH�UHWDLQHG�HYHQ�SDULW\�VR�WKLV�ZRXOGQ¶W
KDYH�WULJJHUHG�DQ�HUURU�PHVVDJH�DW�WKH�UHFHLYLQJ�HQG��&OHDUO\�ZH�QHHG�WR�ORRN�DW
RWKHU�PHWKRGV�WR�FRPSOHPHQW�SDULW\�ZKHQ�LW�FRPHV�WR�HUURU�FKHFNLQJ�WUDQVPLWWHG�GDWD�

$FWLYLW\����
7KH�IROORZLQJ�EORFN�RI�GDWD�ZDV�UHFHLYHG�DIWHU�WUDQVPLVVLRQ�IURP�D�UHPRWH
FRPSXWHU��RGG�SDULW\�EHLQJ�XVHG�E\�ERWK�VHQGHU�DQG�UHFHLYHU��2QH�RI�WKH
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ELWV�KDV�EHHQ�FKDQJHG�GXULQJ�WKH�WUDQVPLVVLRQ�VWDJH��/RFDWH�ZKHUH�WKLV
HUURU�LV�DQG�VXJJHVW�D�FRUUHFWHG�E\WH�YDOXH�

7DEOH����

������$XWRPDWLF�5HSHDW�5HTXHVW��$54�
$8720$7,&�5(3($7�5(48(67��$54��LV�DQRWKHU�PHWKRG�XVHG�WR�FKHFN�ZKHWKHU
GDWD�KDV�EHHQ�FRUUHFWO\�WUDQVPLWWHG�
,W�XVHV�DQ�$&.12:/('*(0(17��D�PHVVDJH�VHQW�E\�WKH�UHFHLYHU�LQGLFDWLQJ�WKDW�GDWD

KDV�EHHQ�UHFHLYHG�FRUUHFWO\��DQG�7,0(287��WKLV�LV�WKH�WLPH�DOORZHG�WR�HODSVH�EHIRUH
DQ�DFNQRZOHGJHPHQW�LV�UHFHLYHG��
,I�DQ�DFNQRZOHGJHPHQW�LVQ¶W�VHQW�EDFN�WR�WKH�VHQGHU�EHIRUH�WLPHRXW�RFFXUV��WKHQ�WKH

PHVVDJH�LV�DXWRPDWLFDOO\�UHVHQW�

������&KHFNVXP�
&+(&.680�LV�DQRWKHU�ZD\�WR�FKHFN�LI�GDWD�KDV�EHHQ�FKDQJHG�RU�FRUUXSWHG�IROORZLQJ
GDWD�WUDQVPLVVLRQ��'DWD�LV�VHQW�LQ�EORFNV�DQG�DQ�DGGLWLRQDO�YDOXH��WKH�FKHFNVXP��LV
DOVR�VHQW�DW�WKH�HQG�RI�WKH�EORFN�RI�GDWD�
7R�H[SODLQ�KRZ�WKLV�ZRUNV��ZH�ZLOO�DVVXPH�WKH�FKHFNVXP�RI�D�EORFN�RI�GDWD�LV��

E\WH�LQ�OHQJWK��7KLV�JLYHV�D�PD[LPXP�YDOXH�RI����±����L�H��������7KH�YDOXH�����������
LV�LJQRUHG�LQ�WKLV�FDOFXODWLRQ��([DPSOH���H[SODLQV�KRZ�D�FKHFNVXP�LV�JHQHUDWHG�

([DPSOH��
,I�WKH�VXP�RI�DOO�WKH�E\WHV�LQ�WKH�WUDQVPLWWHG�EORFN�RI�GDWD�LV�� ������WKHQ�WKH
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FKHFNVXP�LV�WKLV�YDOXH�
+RZHYHU��LI�WKH�VXP�RI�DOO�WKH�E\WHV�LQ�WKH�GDWD�EORFN�!������WKHQ�WKH�FKHFNVXP�LV

IRXQG�XVLQJ�WKH�VLPSOH�DOJRULWKP�LQ�)LJXUH������

)LJXUH�����

6XSSRVH�WKH�YDOXH�RI�;�LV�������WKHQ�WUDFLQJ�WKURXJK�WKH�DOJRULWKP��ZH�JHW�
;� �����

����������� ������
��5RXQGLQJ�GRZQ�WR�QHDUHVW�ZKROH�QXPEHU�JLYHV�<� ��
��0XOWLSO\LQJ�E\�����JLYHV�=� �<�
����� �����
��7KH�GLIIHUHQFH��;�±�=��JLYHV�WKH�FKHFNVXP��������±������� ����
��7KLV�JLYHV�WKH�FKHFNVXP� ����
:KHQ�D�EORFN�RI�GDWD�LV�DERXW�WR�EH�WUDQVPLWWHG��WKH�FKHFNVXP�IRU�WKH�E\WHV�LV�ILUVW�RI
DOO�FDOFXODWHG��7KLV�YDOXH�LV�WKHQ�WUDQVPLWWHG�ZLWK�WKH�EORFN�RI�GDWD��$W�WKH�UHFHLYLQJ
HQG��WKH�FKHFNVXP�LV�UHFDOFXODWHG�IURP�WKH�EORFN�RI�GDWD�UHFHLYHG��7KLV�FDOFXODWHG
YDOXH�LV�WKHQ�FRPSDUHG�WR�WKH�FKHFNVXP�WUDQVPLWWHG��,I�WKH\�DUH�WKH�VDPH�YDOXH��WKHQ
WKH�GDWD�ZDV�WUDQVPLWWHG�ZLWKRXW�DQ\�HUURUV��LI�WKH�YDOXHV�DUH�GLIIHUHQW��WKHQ�D�UHTXHVW
LV�VHQW�IRU�WKH�GDWD�WR�EH�UHWUDQVPLWWHG�
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$FWLYLW\����
&DOFXODWH�WKH�FKHFNVXP�IRU�EORFNV�RI�GDWD�ZLWK�WKH�IROORZLQJ�E\WH�VXPV�
D����
E����
F�����
G�����

������(FKR�FKHFN
:LWK�(&+2�&+(&.��ZKHQ�GDWD�LV�VHQW�WR�DQRWKHU�GHYLFH��WKLV�GDWD�LV�VHQW�EDFN�DJDLQ�WR
WKH�VHQGHU��7KH�VHQGHU�FRPSDUHV�WKH�WZR�VHWV�RI�GDWD�WR�FKHFN�LI�DQ\�HUURUV�RFFXUUHG
GXULQJ�WKH�WUDQVPLVVLRQ�SURFHVV�
$V�\RX�ZLOO�KDYH�QR�GRXEW�ZRUNHG�RXW��WKLV�LVQ¶W�YHU\�UHOLDEOH��,I�WKH�WZR�VHWV�RI

GDWD�DUH�GLIIHUHQW��LW�LVQ¶W�NQRZQ�ZKHWKHU�WKH�HUURU�RFFXUUHG�ZKHQ�VHQGLQJ�WKH�GDWD�LQ
WKH�ILUVW�SODFH��RU�LI�WKH�HUURU�RFFXUUHG�ZKHQ�VHQGLQJ�WKH�GDWD�EDFN�IRU�FKHFNLQJ�
+RZHYHU��LI�QR�HUURUV�RFFXUUHG�WKHQ�LW�LV�DQRWKHU�ZD\�WR�FKHFN�WKDW�WKH�GDWD�ZDV

WUDQVPLWWHG�FRUUHFWO\�

����,QWHUQHW�WHFKQRORJLHV
7KH�LQWHUQHW�LV�D�ZRUOG�ZLGH�V\VWHP�RI�FRPSXWHU�QHWZRUNV�DQG�FRPSXWHUV��$OO
FRPSXWHUV�DWWDFKHG�WR�WKH�LQWHUQHW�FDQ�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�SURYLGLQJ�D
QXPEHU�RI�UXOHV�DQG�SURWRFROV�DUH�DGKHUHG�WR�

������,QWHUQHW�6HUYLFH�3URYLGHU��,63�
(DFK�XVHU�PDNHV�XVH�RI�DQ�,17(51(7�6(59,&(�3529,'(5��,63���WKHVH�DUH�FRPSDQLHV
WKDW�SURYLGH�WKH�XVHU�ZLWK�DFFHVV�WR�WKH�LQWHUQHW��$�PRQWKO\�IHH�LV�XVXDOO\�FKDUJHG�IRU
WKLV�VHUYLFH��7KH�,63�ZLOO�VHW�XS�D�XVHU�DFFRXQW�ZKLFK�ZLOO�FRQWDLQ�D�XVHUQDPH�DQG�D
SDVVZRUG��PRVW�,63V�DOVR�JLYH�WKH�XVHU�DQ�HPDLO�DGGUHVV�
%HIRUH�,63V�EHFDPH�FRPPRQ�LQ�WKH�����V��LQWHUQHW�DFFHVV�ZDV�XVXDOO\�OLPLWHG�WR

XVHUV�ZKR�ZHUH�SDUW�RI�D�XQLYHUVLW\�RU�D�JRYHUQPHQW�DJHQF\�

������,QWHUQHW�3URWRFRO��,3��$GGUHVV
(DFK�GHYLFH�RQ�WKH�LQWHUQHW�LV�JLYHQ�D�XQLTXH�DGGUHVV�NQRZQ�DV�WKH�,17(51(7
35272&2/��,3��$''5(66��7KLV�LV�D����ELW�QXPEHU�ZKLFK�LV�XVXDOO\�ZULWWHQ�LQ�WKH
IRUP�
�������������

$�KRPH�FRPSXWHU�LV�JLYHQ�DQ�,3�DGGUHVV�ZKHQ�LW�FRQQHFWV�WR�WKH�LQWHUQHW��7KLV�LV
DVVLJQHG�E\�WKH�,63�DQG�LV�XQLTXH�IRU�WKDW�SDUWLFXODU�LQWHUQHW�VHVVLRQ��7KH�RQO\�,3
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DGGUHVVHV�WKDW�UHPDLQ�IDLUO\�XQFKDQJHG�DUH�ZHE�VHUYHUV�
$Q�,3�DGGUHVV�FDQ�EH�XVHG�LQVWHDG�RI�W\SLQJ�LQ�WKH�IXOO�85/��)RU�H[DPSOH�
KWWS����������������

ZRXOG�WDNH�\RX�VWUDLJKW�WR�WKH�GHYLFH�FRUUHVSRQGLQJ�WR�WKLV�DGGUHVV�

,3�DGGUHVVHV�DQG�0$&�DGGUHVVHV
<RX�ZLOO�UHFDOO�WKH�WHUP�0(',$�$&&(66�&21752/��0$&��$''5(66�IURP�&KDSWHU���
7KLV�LV�D�XQLTXH�QXPEHU�WKDW�LGHQWLILHV�D�GHYLFH�FRQQHFWHG�WR�WKH�LQWHUQHW��6R�ZKDW�LV
WKH�GLIIHUHQFH�EHWZHHQ�DQ�,3�DGGUHVV�DQG�D�0$&�DGGUHVV"�7KH�,3�DGGUHVV�JLYHV�WKH
ORFDWLRQ�RI�D�GHYLFH�RQ�WKH�LQWHUQHW��ZKHUHDV�WKH�0$&�DGGUHVV�LGHQWLILHV�WKH�GHYLFH
FRQQHFWHG�WR�WKH�LQWHUQHW�
<RX�FDQ�WKLQN�RI�WKH�,3�DGGUHVV�DV�WKH�DGGUHVV�RI�WKH�KRXVH�\RX�OLYH�LQ��LW�ZLOO�KDYH

VRPH�XQLTXH�ZD\�RI�LGHQWLI\LQJ�LW��VXFK�DV�D�SRVW�RU�]LS�FRGH���8VLQJ�WKLV�H[DPSOH��WKH
0$&�DGGUHVV�FDQ�EH�WKRXJKW�RI�DV�D�ZD\�RI�XQLTXHO\�LGHQWLI\LQJ�HDFK�SHUVRQ�OLYLQJ�LQ
WKDW�KRXVH��,W�LV�SRVVLEOH�WR�PRYH�KRXVH��VR�\RXU�,3�DGGUHVV�ZLOO�FKDQJH��EXW�WKH�VDPH
SHRSOH�ZLOO�EH�OLYLQJ�LQ�WKH�QHZ�KRXVH��VR�WKHLU�0$&�DGGUHVVHV�ZLOO�UHPDLQ
XQFKDQJHG��

������+\SHU7H[W�0DUN�XS�/DQJXDJH��+70/�
+<3(57(;7�0$5.�83�/$1*8$*(��+70/��LV�XVHG�ZKHQ�ZULWLQJ�DQG�GHYHORSLQJ
ZHE�SDJHV��+70/�LVQ¶W�D�SURJUDPPLQJ�ODQJXDJH�EXW�LV�VLPSO\�D�PDUN�XS�ODQJXDJH��$
PDUN�XS�ODQJXDJH�LV�XVHG�LQ�WKH�SURFHVVLQJ��GHILQLWLRQ�DQG�SUHVHQWDWLRQ�RI�WH[W��IRU
H[DPSOH��VSHFLI\LQJ�WKH�FRORXU�RI�WKH�WH[W��
+70/�XVHV��WDJV!�ZKLFK�DUH�XVHG�WR�EUDFNHW�D�SLHFH�RI�FRGH��IRU�H[DPSOH���WG!

VWDUWV�D�VWDQGDUG�FHOO�LQ�DQ�+70/�WDEOH��DQG���WG!�HQGV�LW��:KDWHYHU�LV�EHWZHHQ�WKH
WZR�WDJV�KDV�EHHQ�GHILQHG��+HUH�LV�D�VKRUW�VHFWLRQ�RI�+70/�FRGH�

�WU!
�������WG!�K�!6PDOO�FDU��K�!
�������K�!8VHG�FDU�VDOHV��K�!
�������K�!&DUV�IURP�������K�!
�������EU!�K�!&DVK�VDOHV�RQO\��K�!��WG!��EU!
��WU!
�WDEOH�ERUGHU ���!
�����FROJURXS!
�������FRO�VSDQ ����VW\OH �EDFNJURXQG�FRORU�UHG�!
�������FRO�VW\OH �EDFNJURXQG�FRORU�\HOORZ�!
������FROJURXS!

+70/�VWUXFWXUH�DQG�SUHVHQWDWLRQ
:KHQ�ZULWLQJ�+70/�FRGH��LW�LV�YHU\�LPSRUWDQW�WR�UHDOLVH�WKDW�WKHUH�LV�D�GLIIHUHQFH
EHWZHHQ�WKH�VWUXFWXUH�DQG�WKH�SUHVHQWDWLRQ�
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6758&785(�LV�WKH�HVVHQWLDO�SDUW�RI�WKH�+70/�GRFXPHQW��LW�LQFOXGHV�WKH�VHPDQWLFV
�PHDQLQJ��DQG�VWUXFWXUDO�PDUN�XS�RI�WKH�GRFXPHQW�
35(6(17$7,21�LV�WKH�VW\OH�RI�WKH�GRFXPHQW��L�H��KRZ�WKH�GRFXPHQW�ZLOO�ORRN��RU

HYHQ�VRXQG�LI�LW�LQFOXGHV�PXOWLPHGLD�HOHPHQWV��
7KHVH�WZR�IHDWXUHV�PXVW�EH�NHSW�VHSDUDWH�WKURXJKRXW�WKH�GHVLJQLQJ�RI�D�ZHE�SDJH�

$W�WKH�HQG�RI�WKH�GHVLJQ�SURFHVV��WKH�DXWKRU�VKRXOG�KDYH�DQ�+70/�GRFXPHQW��ZKLFK
FRQWDLQV�WKH�VWUXFWXUH�DQG�WKH�DFWXDO�FRQWHQW��DQG�D�VHSDUDWH�&66��&$6&$',1*�67</(
6+((7��ILOH��7KH�FVV�ILOH�ZLOO�FRQWDLQ�HYHU\WKLQJ�WR�FRQWURO�WKH�DFWXDO�SUHVHQWDWLRQ�RI
WKH�ZHE�SDJH�
6RPH�RI�WKH��WDJV!�XVHG�WR�FUHDWH�D�FVV�ILOH�KDYH�EHHQ�VKRZQ�DOUHDG\�LQ�WKH

+70/�H[DPSOH�VKRZQ�DERYH��7KH�IROORZLQJ�VHFWLRQ�VKRZV�DQ�H[DPSOH�RI�KRZ�WKHVH
�WDJV!�FDQ�EH�XVHG�WR�FUHDWH�D�VW\OHVKHHW�FDOOHG�H[DPSOH��FVV��7KLV�LV�WKHQ�XVHG�LQ
D�ZHE�SDJH�GRFXPHQW��7KH�WDJV��K���K��DQG�S��DOO�GHILQH�KRZ�WKH�GRFXPHQW�ZLOO�ORRN
ZKHQ�WKLV�FVV�ILOH��VW\OHVKHHW��LV�DWWDFKHG�

)LJXUH������7KLV�VKRZV�KRZ�WKH�FVV�ILOH��H[DPSOH��FVV��LV�FUHDWHG�IRU�XVH�LQ
WKH�GRFXPHQW�EHORZ��K���K��DQG�S�KDYH�DOO�EHHQ�GHILQHG��VR�ZKHQ�WKH�ILOH�LV
DWWDFKHG�EHORZ��D�ZHE�EURZVHU�NQRZV�KRZ�WR�GLVSOD\�WKLV�ZHE�SDJH

)LJXUH�����

������+\SHUWH[W�WUDQVIHU�SURWRFRO��KWWS�
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+<3(57(;7�75$16)(5�35272&2/��+773��LV�D�VHW�RI�UXOHV�WKDW�PXVW�EH�REH\HG�ZKHQ
WUDQVIHUULQJ�ILOHV�DFURVV�WKH�LQWHUQHW��:KHQ�VRPH�IRUP�RI�VHFXULW\��H�J��66/
FHUWLILFDWLRQ�RU�HQFU\SWLRQ�±�VHH�&KDSWHU����LV�XVHG��WKHQ�WKLV�FKDQJHV�WR�KWWSV��\RX
DOVR�RIWHQ�VHH�WKH�SDGORFN�VLJQ� �LQ�WKH�VWDWXV�EDU���7KH�OHWWHU�V�DIWHU�KWWS�UHIHUV�WR

KWWS�RYHU�VHFXUH��,W�LV�VORZHU�WR�XVH�KWWSV�WKDQ�KWWS��KWWSV�LV�XVXDOO\�RQO\�DGRSWHG
ZKHUH�VHQVLWLYH�RU�SULYDWH�GDWD�LV�EHLQJ�WUDQVIHUUHG�DFURVV�WKH�LQWHUQHW�

������:HE�EURZVHUV
$�:(%�%52:6(5�LV�VRIWZDUH�ZKLFK�DOORZV�D�XVHU�WR�GLVSOD\�D�ZHE�SDJH�RQ�WKHLU
FRPSXWHU�VFUHHQ��:HE�EURZVHUV�LQWHUSUHW�RU�WUDQVODWH�WKH�+70/�FRGH�IURP�ZHEVLWHV
DQG�VKRZ�WKH�UHVXOW�RI�WKH�WUDQVODWLRQ��7KLV�FDQ�RIWHQ�EH�LQ�WKH�IRUP�RI�YLGHRV��LPDJHV
RU�VRXQG��0RVW�ZHE�EURZVHUV�VKDUH�WKH�IROORZLQJ�IHDWXUHV�
���WKH\�KDYH�D�+20(�SDJH
���WKH\�KDYH�WKH�DELOLW\�WR�VWRUH�D�XVHU¶V�IDYRXULWH�ZHEVLWHV�SDJHV
���WKH\�NHHS�D�KLVWRU\�RI�WKH�ZHEVLWHV�YLVLWHG�E\�WKH�XVHU
���WKH\�JLYH�WKH�DELOLW\�WR�JR�EDFNZDUG�DQG�IRUZDUG�WR�ZHEVLWHV�RSHQHG�
8VHUV�FDQ�HLWKHU�FOLFN�RQ�D�OLQN��VXFK�DV�ZZZ�KRGGHUHGXFDWLRQ�FR�XN�LJFVH�RU�WKH\
FDQ�W\SH�LQ�WKH�XQLIRUP�UHVRXUFH�ORFDWRU��85/��PDQXDOO\�
7KH�ZHE�EURZVHU�ZLOO�EUHDN�XS�WKH�85/�LQWR�WKUHH�SDUWV�

7KH�ZHE�EURZVHU�WUDQVODWHV�WKH�ZHE�VHUYHU�QDPH�LQWR�DQ�,3�DGGUHVV��VHH�6HFWLRQ
�������ZKLFK�LV�SDUW�RI�WKH�85/��7KH�+70/�FRGH�LV�UHWXUQHG�DQG�LV�VKRZQ�DV�D
FRUUHFWO\�IRUPDWWHG�SDJH�RQ�WKH�FRPSXWHU�VFUHHQ��,W�LV�DOVR�SRVVLEOH�WKDW�FRRNLHV�PD\
EH�VHQW�IURP�WKH�ZHE�EURZVHU�WR�WKH�ZHE�VHUYHU�ZKHQ�WKH�FRGH�LV�H[HFXWHG�
�1RWH��SOHDVH�UHIHU�WR�6HFWLRQ�����IRU�PRUH�LQIRUPDWLRQ�DERXW�WKH�XVH�RI�FRRNLHV��
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��/RJLF�JDWHV�DQG�ORJLF�FLUFXLWV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���ORJLF�JDWHV
���WUXWK�WDEOHV
���ORJLF�FLUFXLWV
���XVH�RI�%RROHDQ�DOJHEUD�

����,QWURGXFWLRQ
(OHFWURQLF�FLUFXLWV�LQ�FRPSXWHUV��PDQ\�QHZ�PHPRULHV�DQG�FRQWUROOLQJ�GHYLFHV�DUH
PDGH�XS�RI�WKRXVDQGV�RI�/2*,&�*$7(6��/RJLF�JDWHV�WDNH�ELQDU\�LQSXWV�DQG�SURGXFH�D
ELQDU\�RXWSXW��6HYHUDO�ORJLF�JDWHV�FRPELQHG�WRJHWKHU�IRUP�D�/2*,&�&,5&8,7�DQG�WKHVH
FLUFXLWV�DUH�GHVLJQHG�WR�FDUU\�RXW�D�VSHFLILF�IXQFWLRQ�
7KH�FKHFNLQJ�RI�WKH�RXWSXW�IURP�D�ORJLF�JDWH�RU�ORJLF�FLUFXLW�LV�GRQH�XVLQJ�D�7587+

7$%/(�
7KLV�FKDSWHU�ZLOO�FRQVLGHU�WKH�IXQFWLRQ�DQG�UROH�RI�ORJLF�JDWHV��ORJLF�FLUFXLWV�DQG

WUXWK�WDEOHV��$OVR�D�QXPEHU�RI�SRVVLEOH�DSSOLFDWLRQV�RI�ORJLF�FLUFXLWV�ZLOO�EH
FRQVLGHUHG��$�UHIHUHQFH�WR�%22/($1�$/*(%5$�ZLOO�EH�PDGH�WKURXJKRXW�WKH�FKDSWHU�
EXW�WKLV�LV�UHDOO\�RXWVLGH�WKH�VFRSH�RI�WKLV�WH[WERRN��+RZHYHU��%RROHDQ�DOJHEUD�ZLOO
EH�VHHQ�RQ�PDQ\�ORJLF�JDWH�ZHEVLWHV�DQG�LV�LQFOXGHG�KHUH�IRU�FRPSOHWHQHVV�

����/RJLF�JDWHV�
6L[�GLIIHUHQW�ORJLF�JDWHV�ZLOO�EH�FRQVLGHUHG�LQ�WKLV�FKDSWHU�
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)LJXUH�����/RJLF�JDWH�V\PEROV

����7UXWK�WDEOHV
7UXWK�WDEOHV�DUH�XVHG�WR�WUDFH�WKH�RXWSXW�IURP�D�ORJLF�JDWH�RU�ORJLF�FLUFXLW��7KH�127
JDWH�LV�WKH�RQO\�ORJLF�JDWH�ZLWK�RQH�LQSXW��WKH�RWKHU�ILYH�JDWHV�KDYH�WZR�LQSXWV�
:KHQ�FRQVWUXFWLQJ�WUXWK�WDEOHV��DOO�SRVVLEOH�FRPELQDWLRQV�RI��V�DQG��V�ZKLFK�FDQ

EH�LQSXW�DUH�FRQVLGHUHG��)RU�WKH�127�JDWH��RQH�LQSXW��WKHUH�DUH�RQO\��������SRVVLEOH
ELQDU\�FRPELQDWLRQV��)RU�DOO�RWKHU�JDWHV��WZR�LQSXWV���WKHUH�DUH��������SRVVLEOH�ELQDU\
FRPELQDWLRQV�
)RU�ORJLF�FLUFXLWV��WKH�QXPEHU�RI�LQSXWV�FDQ�EH�PRUH�WKDQ����IRU�H[DPSOH�WKUHH

LQSXWV�JLYH�D�SRVVLEOH��������ELQDU\�FRPELQDWLRQV��$QG�IRU�IRXU�LQSXWV��WKH�QXPEHU�RI
SRVVLEOH�ELQDU\�FRPELQDWLRQV�LV����������,W�LV�FOHDU�WKDW�WKH�QXPEHU�RI�SRVVLEOH�ELQDU\
FRPELQDWLRQV�LV�D�PXOWLSOH�RI�WKH�QXPEHU���LQ�HYHU\�FDVH�
7R�VXPPDULVH�LQ�WDEOH�IRUP�

7DEOH�����7UXWK�WDEOHV�IRU�WZR��WKUHH�DQG�IRXU�LQSXWV

����7KH�IXQFWLRQ�RI�WKH�ORJLF�JDWHV

������127�JDWH
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)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
WKH�LQSXW��$��LV��

7UXWK�WDEOH�
7DEOH����

,QSXW 2XWSXW
$ ;
� �
� �

+RZ�WR�ZULWH�WKLV�
;� �127�$���ORJLF�QRWDWLRQ�
;� �Ɨ�������������%RROHDQ�DOJHEUD�

������$1'�JDWH

)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
ERWK�LQSXWV��$�DQG�%��DUH��

7UXWK�WDEOH�
7DEOH����

,QSXWV 2XWSXW
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$ % ;
� � �
� � �
� � �
� � �

+RZ�WR�ZULWH�WKLV�
;� �$�$1'�%���ORJLF�QRWDWLRQ�

;� �D�ā�E������������%RROHDQ�DOJHEUD�

������25�JDWH

)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
HLWKHU�LQSXW��$�RU�%��LV��

7UXWK�WDEOH�
7DEOH����

,QSXWV 2XWSXW
$ % ;
� � �
� � �
� � �
� � �

+RZ�WR�ZULWH�WKLV�
;� �$�25�%���ORJLF�QRWDWLRQ�
;� �D���E��������%RROHDQ�DOJHEUD�
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������1$1'�JDWH��127�$1'�

)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
LQSXW�$�$1'�LQSXW�%�DUH�127�ERWK��

7UXWK�WDEOH�
7DEOH����

,QSXWV 2XWSXW
$ % ;
� � �
� � �
� � �
� � �

+RZ�WR�ZULWH�WKLV�
;� �$�1$1'�%����ORJLF�QRWDWLRQ�

��������%RROHDQ�DOJHEUD�

������125�JDWH��127�25�

)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
QHLWKHU�LQSXW�$�QRU�LQSXW�%�LV��
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7UXWK�WDEOH�
7DEOH����

,QSXWV 2XWSXW
$ % ;
� � �
� � �
� � �
� � �

+RZ�WR�ZULWH�WKLV�
;� �$�125�%�������������ORJLF�QRWDWLRQ�

�����%RROHDQ�DOJHEUD�

������;25�JDWH

)LJXUH����

'HVFULSWLRQ�
7KH�RXWSXW��;��LV���LI�
�LQSXW�$�LV���$1'�LQSXW�%�LV���
25
�LQSXW�$�LV���$1'�LQSXW�%�LV���

7UXWK�WDEOH�
7DEOH����

,QSXWV 2XWSXW
$ % ;
� � �
� � �
� � �
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� � �

+RZ�WR�ZULWH�WKLV�
;� �$�;25�%��ORJLF�QRWDWLRQ�

��%RROHDQ�DOJHEUD�
�1RWH��WKLV�LV�VRPHWLPHV�ZULWWHQ�DV��

$FWLYLW\����
)LQG�RXW�ZK\� �DQG� �ERWK�UHSUHVHQW�WKH
VDPH�ORJLF�JDWH�

�1RWH��WKH�WKUHH�V\PEROV�LQ�WKH�%RROHDQ�DOJHEUD�KDYH�WKH�IROORZLQJ�PHDQLQJ�
������UHSUHVHQWV�WKH�$1'�RSHUDWLRQ
�����UHSUHVHQWV�WKH�25�RSHUDWLRQ
D�EDU�DERYH�WKH�OHWWHU��H�J��Ɨ��UHSUHVHQWV�WKH�127�RSHUDWLRQ��

����/RJLF�FLUFXLWV
:KHQ�ORJLF�JDWHV�DUH�FRPELQHG�WRJHWKHU�WR�FDUU\�RXW�D�SDUWLFXODU�IXQFWLRQ��VXFK�DV
FRQWUROOLQJ�D�URERW��WKH\�IRUP�D�ORJLF�FLUFXLW�
7KH�RXWSXW�IURP�WKH�ORJLF�FLUFXLW�LV�FKHFNHG�XVLQJ�D�WUXWK�WDEOH��7KHUH�QRZ�IROORZV

WKUHH�H[DPSOHV�ZKLFK�VKRZ�
���KRZ�WR�SURGXFH�D�WUXWK�WDEOH
���KRZ�WR�GHVLJQ�D�ORJLF�FLUFXLW�IURP�D�JLYHQ�ORJLF�VWDWHPHQW�%RROHDQ�DOJHEUD
���KRZ�WR�GHVLJQ�D�ORJLF�FLUFXLW�WR�FDUU\�RXW�DQ�DFWXDO�VDIHW\�IXQFWLRQ�

������([DPSOH���
3URGXFH�D�WUXWK�WDEOH�IRU�WKH�IROORZLQJ�ORJLF�FLUFXLW��QRWH�WKH�XVH�RI���DW�MXQFWLRQV��
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)LJXUH����

7KHUH�DUH�WKUHH�LQSXWV�WR�WKLV�ORJLF�FLUFXLW��WKHUHIRUH�WKHUH�ZLOO�EH�HLJKW�SRVVLEOH
ELQDU\�YDOXHV�ZKLFK�FDQ�EH�LQSXW�
7R�VKRZ�VWHS�ZLVH�KRZ�WKH�WUXWK�WDEOH�LV�SURGXFHG��WKH�ORJLF�FLUFXLW�KDV�EHHQ�VSOLW

XS�LQWR�WKUHH�SDUWV�DQG�LQWHUPHGLDWH�YDOXHV�DUH�VKRZQ�DV�3��4�DQG�5�

3DUW��
7KLV�LV�WKH�ILUVW�SDUW�RI�WKH�ORJLF�FLUFXLW��WKH�ILUVW�WDVN�LV�WR�ILQG�WKH�LQWHUPHGLDWH�YDOXHV
3�DQG�4�

)LJXUH����

7KH�YDOXH�RI�3�LV�IRXQG�IURP�WKH�$1'�JDWH�ZKHUH�WKH�LQSXWV�DUH�$�DQG�%��7KH�YDOXH
RI�4�LV�IRXQG�IURP�WKH�125�JDWH�ZKHUH�WKH�LQSXWV�DUH�%�DQG�&��$Q�LQWHUPHGLDWH�WUXWK
WDEOH�LV�SURGXFHG�XVLQJ�WKH�ORJLF�IXQFWLRQ�GHVFULSWLRQV�LQ�6HFWLRQ�����
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7DEOH����

3DUW��
7KH�VHFRQG�SDUW�RI�WKH�ORJLF�FLUFXLW�KDV�3�DQG�4�DV�LQSXWV�DQG�WKH�LQWHUPHGLDWH�RXWSXW�
5�

)LJXUH�����

7KLV�SURGXFHV�WKH�IROORZLQJ�LQWHUPHGLDWH�WUXWK�WDEOH���1RWH��HYHQ�WKRXJK�WKHUH�DUH
RQO\�WZR�LQSXWV�WR�WKH�ORJLF�JDWH��ZH�KDYH�JHQHUDWHG�HLJKW�ELQDU\�YDOXHV�LQ�SDUW���DQG
WKHVH�PXVW�DOO�EH�XVHG�LQ�WKLV�VHFRQG�WUXWK�WDEOH��

7DEOH����

,QSXWV 2XWSXW
3 4 5
� � �
� � �
� � �
� � �
� � �
� � �
� �
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�
� � �

3DUW��
7KH�ILQDO�SDUW�RI�WKH�ORJLF�FLUFXLW�KDV�5�DQG�&�DV�LQSXWV�DQG�WKH�ILQDO�RXWSXW��;�

)LJXUH�����

7KLV�JLYHV�WKH�WKLUG�LQWHUPHGLDWH�WUXWK�WDEOH�

7DEOH�����

,QSXWV 2XWSXW
5 & ;
� � �
� � �
� � �
� � �
� � �
� � �
� � �
� � �

3XWWLQJ�DOO�WKUHH�LQWHUPHGLDWH�WUXWK�WDEOHV�WRJHWKHU�SURGXFHV�WKH�ILQDO�WUXWK�WDEOH�ZKLFK
UHSUHVHQWV�WKH�RULJLQDO�ORJLF�FLUFXLW�

7DEOH�����
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7KH�LQWHUPHGLDWH�YDOXHV�FDQ�EH�OHIW�RXW�RI�WKH�ILQDO�WUXWK�WDEOH��EXW�LW�LV�JRRG�SUDFWLFH
WR�OHDYH�WKHP�LQ�XQWLO�\RX�EHFRPH�FRQILGHQW�DERXW�SURGXFLQJ�WKH�WUXWK�WDEOHV��7KH
ILQDO�WUXWK�WDEOH�ZRXOG�WKHQ�ORRN�OLNH�WKLV�

7DEOH�����

$FWLYLW\����
3URGXFH�WUXWK�WDEOHV�IRU�HDFK�RI�WKH�IROORZLQJ�ORJLF�FLUFXLWV��<RX�DUH�DGYLVHG
WR�VSOLW�WKHP�XS�LQWR�LQWHUPHGLDWH�SDUWV�WR�KHOS�HOLPLQDWH�HUURUV�
D
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)LJXUH�����

E

)LJXUH�����

F
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)LJXUH�����

G

)LJXUH�����

H
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)LJXUH�����

������([DPSOH���
$�VDIHW\�V\VWHP�XVHV�WKUHH�LQSXWV�WR�D�ORJLF�FLUFXLW��$Q�DODUP��;��VRXQGV�LI�LQSXW�$
UHSUHVHQWV�21�DQG�LQSXW�%�UHSUHVHQWV�2))��RU�LI�LQSXW�%�UHSUHVHQWV�21�DQG�LQSXW�&
UHSUHVHQWV�2))�
3URGXFH�D�ORJLF�FLUFXLW�DQG�WUXWK�WDEOH�WR�VKRZ�WKH�FRQGLWLRQV�ZKLFK�FDXVH�WKH

RXWSXW�;�WR�EH���
7KH�ILUVW�WKLQJ�WR�GR�LV�WR�ZULWH�GRZQ�WKH�ORJLF�VWDWHPHQW�UHSUHVHQWLQJ�WKH�VFHQDULR

LQ�WKLV�H[DPSOH��7R�GR�WKLV��LW�LV�QHFHVVDU\�WR�UHFDOO�WKDW�21� ���DQG�2))� ���DQG
DOVR�WKDW���LV�XVXDOO\�FRQVLGHUHG�WR�EH�127���
6R�ZH�JHW�WKH�IROORZLQJ�ORJLF�VWDWHPHQW�

)LJXUH�����

1RWH��WKLV�VWDWHPHQW�FDQ�DOVR�EH�ZULWWHQ�LQ�%RROHDQ�DOJHEUD�DV�

7KH�ORJLF�FLUFXLW�LV�PDGH�XS�RI�WKUHH�SDUWV�DV�VKRZQ�LQ�WKH�ORJLF�VWDWHPHQW��:H�ZLOO
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SURGXFH�WKH�ORJLF�JDWH�IRU�WKH�ILUVW�SDUW�DQG�WKH�WKLUG�SDUW��7KHQ�MRLQ�ERWK�SDUWV
WRJHWKHU�ZLWK�WKH�25�JDWH�

)LJXUH�����

1RZ�FRPELQLQJ�ERWK�SDUWV�ZLWK�WKH�25�JDWH�JLYHV�XV�

)LJXUH�����

7KHUH�DUH�WZR�ZD\V�WR�SURGXFH�WKH�WUXWK�WDEOH�
���WUDFH�WKURXJK�WKH�ORJLF�FLUFXLW�XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�([DPSOH����6HFWLRQ
������

���SURGXFH�WKH�WUXWK�WDEOH�XVLQJ�WKH�RULJLQDO�ORJLF�VWDWHPHQW��WKLV�VHFRQG�PHWKRG�KDV
WKH�DGYDQWDJH�WKDW�LW�DOORZV�\RX�WR�FKHFN�WKDW�\RXU�ORJLF�FLUFXLW�LV�FRUUHFW�

:H�ZLOO�XVH�WKH�VHFRQG�PHWKRG�LQ�WKLV�H[DPSOH�

7DEOH�����
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�1RWH��LW�LV�RSWLRQDO�WR�OHDYH�LQ�WKH�LQWHUPHGLDWH�YDOXHV�RU�WR�UHPRYH�WKHP�JLYLQJ�D
IRXU�FROXPQ�WUXWK�WDEOH�ZLWK�KHDGLQJV��$��%��&��;��

$FWLYLW\����
'UDZ�WKH�ORJLF�FLUFXLWV�DQG�FRPSOHWH�WKH�WUXWK�WDEOHV�IRU�WKH�IROORZLQJ�ORJLF
VWDWHPHQWV�DQG�%RROHDQ�DOJHEUD�VWDWHPHQWV�
D��;� ���LI��$� ���25�%� ����25��$� ���$1'�%� ���
E��<� ���LI��$� ���$1'�%� ����$1'��%� ���25�&� ���
F��7� ���LI��VZLWFK�.�LV�21�RU�VZLWFK�/�LV�21��25��VZLWFK�.�LV�21�DQG
VZLWFK�0�LV�2))��25��VZLWFK�0�LV�21�

G��
H�5� ���LI��VZLWFK�$�LV�21�DQG�VZLWFK�%�LV�21��$1'��VZLWFK�%�LV�21�RU
VZLWFK�&�LV�2))�

������([DPSOH��
$�ZLQG�WXUELQH�KDV�D�VDIHW\�V\VWHP�ZKLFK�XVHV�WKUHH�LQSXWV�WR�D�ORJLF�FLUFXLW��$
FHUWDLQ�FRPELQDWLRQ�RI�FRQGLWLRQV�UHVXOWV�LQ�DQ�RXWSXW��;��IURP�WKH�ORJLF�FLUFXLW�EHLQJ
HTXDO�WR����:KHQ�WKH�YDOXH�RI�;� ���WKHQ�WKH�ZLQG�WXUELQH�LV�VKXW�GRZQ�
7KH�IROORZLQJ�WDEOH�VKRZV�ZKLFK�SDUDPHWHUV�DUH�EHLQJ�PRQLWRUHG�DQG�IRUP�WKH

WKUHH�LQSXWV�WR�WKH�ORJLF�FLUFXLW�

7DEOH�����
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7KH�RXWSXW��;��ZLOO�KDYH�D�YDOXH�RI���LI�DQ\�RI�WKH�IROORZLQJ�FRPELQDWLRQ�RI
FRQGLWLRQV�RFFXU�
���HLWKHU�WXUELQH�VSHHG�� ������USP�DQG�EHDULQJ�WHPSHUDWXUH�!����&
���RU�WXUELQH�VSHHG�!������USP�DQG�ZLQG�YHORFLW\�!�����NSK
���RU�EHDULQJ�WHPSHUDWXUH�� ����&�DQG�ZLQG�YHORFLW\�!�����NSK�
'HVLJQ�WKH�ORJLF�FLUFXLW�DQG�FRPSOHWH�WKH�WUXWK�WDEOH�WR�SURGXFH�D�YDOXH�RI�;� ��ZKHQ
DQ\�RI�WKH�WKUHH�FRQGLWLRQV�DERYH�RFFXU�
7KLV�LV�D�GLIIHUHQW�W\SH�RI�SUREOHP�WR�WKRVH�FRYHUHG�LQ�([DPSOHV���DQG����7KLV�WLPH

D�UHDO�VLWXDWLRQ�LV�JLYHQ�DQG�LW�LV�QHFHVVDU\�WR�FRQYHUW�WKH�LQIRUPDWLRQ�LQWR�D�ORJLF
VWDWHPHQW�DQG�WKHQ�SURGXFH�WKH�ORJLF�FLUFXLW�DQG�WUXWK�WDEOH��,W�LV�DGYLVDEOH�LQ
SUREOHPV�DV�FRPSOH[�DV�WKLV�WR�SURGXFH�WKH�ORJLF�FLUFXLW�DQG�WUXWK�WDEOH�VHSDUDWHO\
�EDVHG�RQ�WKH�FRQGLWLRQV�JLYHQ��DQG�WKHQ�FKHFN�WKHP�DJDLQVW�HDFK�RWKHU�WR�VHH�LI�WKHUH
DUH�DQ\�HUURUV�

6WDJH��
7KH�ILUVW�WKLQJ�WR�GR�LV�WR�FRQYHUW�HDFK�RI�WKH�WKUHH�VWDWHPHQWV�LQWR�ORJLF�VWDWHPHQWV�
8VH�WKH�LQIRUPDWLRQ�JLYHQ�LQ�WKH�WDEOH�DQG�WKH�WKUHH�FRQGLWLRQ�VWDWHPHQWV�WR�ILQG�KRZ
WKH�WKUHH�SDUDPHWHUV��6��7�DQG�:��DUH�OLQNHG��:H�XVXDOO\�ORRN�IRU�WKH�NH\�ZRUGV
$1'��25�DQG�127�ZKHQ�FRQYHUWLQJ�DFWXDO�VWDWHPHQWV�LQWR�ORJLF�
:H�HQG�XS�ZLWK�WKH�IROORZLQJ�WKUHH�ORJLF�VWDWHPHQWV�

L��WXUELQH�VSHHG�� ������USP�DQG�EHDULQJ�WHPSHUDWXUH�!����&
����ORJLF�VWDWHPHQW���6� �127���$1'�7� ���
LL�WXUELQH�VSHHG�!������USP�DQG�ZLQG�YHORFLW\�!�����NSK
����ORJLF�VWDWHPHQW���6� ���$1'�:� ���
LLL�EHDULQJ�WHPSHUDWXUH�� ����&�DQG�ZLQG�YHORFLW\�!�����NSK
����ORJLF�VWDWHPHQW���7� �127���$1'�:� ���

6WDJH��
7KLV�QRZ�SURGXFHV�WKUHH�LQWHUPHGLDWH�ORJLF�FLUFXLWV�
L
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)LJXUH�����

LL

)LJXUH�����

LLL

)LJXUH�����

(DFK�RI�WKH�WKUHH�RULJLQDO�VWDWHPHQWV�ZHUH�MRLQHG�WRJHWKHU�E\�WKH�ZRUG�25��7KXV�ZH
QHHG�WR�MRLQ�DOO�RI�WKH�WKUHH�LQWHUPHGLDWH�ORJLF�FLUFXLWV�E\�WZR�25�JDWHV�WR�JHW�WKH
ILQDO�ORJLF�FLUFXLW�
:H�ZLOO�VWDUW�E\�MRLQLQJ��L��DQG��LL��WRJHWKHU�XVLQJ�DQ�25�JDWH�

)LJXUH�����
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)LQDOO\��ZH�FRQQHFW�WKH�ORJLF�FLUFXLW�LQ�)LJXUH������WR�)LJXUH������WR�REWDLQ�WKH
DQVZHU�

)LJXUH�����

7KH�ILQDO�SDUW�LV�WR�SURGXFH�WKH�WUXWK�WDEOH��:H�ZLOO�GR�WKLV�XVLQJ�WKH�RULJLQDO�ORJLF
VWDWHPHQW��7KLV�PHWKRG�KDV�WKH�ERQXV�RI�DOORZLQJ�DQ�H[WUD�FKHFN�WR�EH�PDGH�RQ�WKH
ORJLF�FLUFXLW�LQ�)LJXUH������WR�VHH�ZKHWKHU�RU�QRW�LW�LV�FRUUHFW��,W�LV�SRVVLEOH��KRZHYHU�
WR�SURGXFH�WKH�WUXWK�WDEOH�VWUDLJKW�IURP�WKH�ORJLF�FLUFXLW�LQ�)LJXUH������
7KHUH�ZHUH�WKUHH�SDUWV�WR�WKH�SUREOHP��VR�WKH�WUXWK�WDEOH�ZLOO�ILUVW�HYDOXDWH�HDFK

SDUW��7KHQ��E\�DSSO\LQJ�25�JDWHV��DV�VKRZQ�EHORZ��WKH�ILQDO�YDOXH��;��LV�REWDLQHG�
L���6� �127���$1'�7� ���
LL��6� ���$1'�:� ���
LLL��7� �127���$1'�:� ���
:H�ILQG�WKH�RXWSXWV�IURP�SDUWV��L��DQG��LL��DQG�WKHQ�25�WKHVH�WZR�RXWSXWV�WRJHWKHU�WR
REWDLQ�D�QHZ�LQWHUPHGLDWH��ZKLFK�ZH�ZLOO�ODEHO�SDUW��LY��
:H�WKHQ�25�SDUWV��LLL��DQG��LY��WRJHWKHU�WR�JHW�WKH�YDOXH�RI�;�

7DEOH�����
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$FWLYLW\����
7ZR�VFHQDULRV�DUH�GHVFULEHG�EHORZ��,Q�HDFK�FDVH��SURGXFH�WKH�ORJLF�FLUFXLW
DQG�FRPSOHWH�D�WUXWK�WDEOH�WR�UHSUHVHQW�WKH�VFHQDULR�
D��$�FKHPLFDO�SURFHVV�LV�SURWHFWHG�E\�D�ORJLF�FLUFXLW��7KHUH�DUH�WKUHH�LQSXWV
WR�WKH�ORJLF�FLUFXLW�UHSUHVHQWLQJ�NH\�SDUDPHWHUV�LQ�WKH�FKHPLFDO�SURFHVV�
$Q�DODUP��;��ZLOO�JLYH�DQ�RXWSXW�YDOXH�RI���GHSHQGLQJ�RQ�FHUWDLQ�FRQGLWLRQV
LQ�WKH�FKHPLFDO�SURFHVV��7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�SURFHVV
FRQGLWLRQV�EHLQJ�PRQLWRUHG�

7DEOH�����

����$Q�DODUP��;��ZLOO�JHQHUDWH�WKH�YDOXH���LI�
����HLWKHU
����UHDFWLRQ�UDWH������PRO�O�VHF
����RU
����FRQFHQWUDWLRQ�!���PRO�$1'�WHPSHUDWXUH�!�����&
����RU
����UHDFWLRQ�UDWH�! ����PRO�O�VHF�$1'�WHPSHUDWXUH�!�����&
E�$�SRZHU�VWDWLRQ�KDV�D�VDIHW\�V\VWHP�FRQWUROOHG�E\�D�ORJLF�FLUFXLW��7KUHH
LQSXWV�WR�WKH�ORJLF�FLUFXLW�GHWHUPLQH�ZKHWKHU�WKH�RXWSXW��6��LV����:KHQ�6� 
��WKH�SRZHU�VWDWLRQ�VKXWV�GRZQ�
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����7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�FRQGLWLRQV�EHLQJ�PRQLWRUHG�

7DEOH�����

����2XWSXW��6��ZLOO�JHQHUDWH�D�YDOXH�RI����LI�
����HLWKHU
����JDV�WHPSHUDWXUH�!�����&�$1'�ZDWHU�WHPSHUDWXUH�� �����&
����RU
����JDV�WHPSHUDWXUH�� �����&�$1'�UHDFWRU�SUHVVXUH�!����EDU
����RU
����ZDWHU�WHPSHUDWXUH�!�����&�$1'�UHDFWRU�SUHVVXUH�!����EDU

����/RJLF�FLUFXLWV�LQ�WKH�UHDO�ZRUOG
$Q\ERG\�ZLWK�DQ�HOHFWURQLFV�EDFNJURXQG�ZKR�LV�UHDGLQJ�WKLV�FKDSWHU�ZLOO�EH�DZDUH
WKDW�WKH�GHVLJQ�RI�ORJLF�FLUFXLWV�LV�FRQVLGHUDEO\�PRUH�FRPSOH[�WKDQ�KDV�EHHQ
GHVFULEHG�
7KLV�FKDSWHU�KDV�GHVFULEHG�LQ�GHWDLO�VRPH�RI�WKH�IXQGDPHQWDO�WKHRULHV�XVHG�LQ�ORJLF

FLUFXLW�GHVLJQ��7KLV�ZLOO�JLYH�WKH�UHDGHU�VXIILFLHQW�JURXQGLQJ�WR�FRYHU�DOO�H[LVWLQJ
�,�*&6(�DQG�2�OHYHO�V\OODEXVHV��+RZHYHU��LW�LV�ZRUWK�ILQDOO\�GLVFXVVLQJ�VRPH�RI�WKH
PRUH�DGYDQFHG�DVSHFWV�RI�ORJLF�FLUFXLW�GHVLJQ�
(OHFWURQLFV�FRPSDQLHV�QHHG�WR�FRQVLGHU�WKH�FRVW�RI�FRPSRQHQWV��HDVH�RI

IDEULFDWLRQ�DQG�WLPH�FRQVWUDLQWV�ZKHQ�GHVLJQLQJ�DQG�EXLOGLQJ�ORJLF�FLUFXLWV��:H�ZLOO
PHQWLRQ�WZR�SRVVLEOH�ZD\V�HOHFWURQLFV�FRPSDQLHV�FDQ�UHYLHZ�ORJLF�FLUFXLW�GHVLJQ�
��2QH�PHWKRG�LV�WR�XVH�µRII�WKH�VKHOI¶�ORJLF�XQLWV�DQG�EXLOG�XS�WKH�ORJLF�FLUFXLW�DV�D

QXPEHU�RI�µEXLOGLQJ�EORFNV¶�
��$QRWKHU�PHWKRG�LQYROYHV�VLPSOLI\LQJ�WKH�ORJLF�FLUFXLW�DV�IDU�DV�SRVVLEOH��WKLV�PD\

EH�QHFHVVDU\�ZKHUH�URRP�LV�DW�D�SUHPLXP��H�J��LQ�EXLOGLQJ�FLUFXLW�ERDUGV�IRU�XVH
LQ�VDWHOOLWHV�WR�DOORZ�VSDFH�H[SORUDWLRQ��

������8VLQJ�ORJLF�µEXLOGLQJ�EORFNV¶
2QH�YHU\�FRPPRQ�µEXLOGLQJ�EORFN¶�LV�WKH�1$1'�JDWH��,W�LV�SRVVLEOH�WR�EXLOG�XS�DQ\
ORJLF�JDWH��DQG�WKHUHIRUH�DQ\�ORJLF�FLUFXLW��E\�VLPSO\�OLQNLQJ�WRJHWKHU�D�QXPEHU�RI
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1$1'�JDWHV��)RU�H[DPSOH��WKH�$1'��25�DQG�127�JDWHV�FDQ�EH�EXLOW�IURP�WKHVH
JDWHV�DV�VKRZQ�EHORZ�
7KH�$1'�JDWH�

)LJXUH�����

7KH�25�JDWH�

)LJXUH�����

7KH�127�JDWH�

)LJXUH�����

$FWLYLW\����
%\�GUDZLQJ�WKH�WUXWK�WDEOHV��VKRZ�WKDW�WKH�WKUHH�FLUFXLWV�DERYH�FDQ�EH�XVHG
WR�UHSUHVHQW�$1'��25�DQG�127�JDWHV�

$FWLYLW\����
D��6KRZ�KRZ�WKH�IROORZLQJ�ORJLF�FLUFXLW�FRXOG�EH�EXLOW�XVLQJ�1$1'�JDWHV
RQO\�

����$OVR�FRPSOHWH�WUXWK�WDEOHV�IRU�ERWK�ORJLF�FLUFXLWV�WR�VKRZ�WKDW�WKH\
SURGXFH�LGHQWLFDO�RXWSXWV�
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)LJXUH�����

E��6KRZ�KRZ�WKH�;25�JDWH�FRXOG�EH�EXLOW�IURP�1$1'�JDWHV�RQO\�
F�&RPSOHWH�D�WUXWK�WDEOH�IRU�\RXU�ILQDO�GHVLJQ�WR�VKRZ�LW�WKDW�LW�SURGXFHV�WKH
VDPH�RXWSXW�DV�D�VLQJOH�;25�JDWH�

$FWLYLW\����
6KRZ�E\�GUDZLQJ�D�WUXWK�WDEOH�ZKLFK�VLQJOH�ORJLF�JDWH�KDV�WKH�VDPH�IXQFWLRQ
DV�WKH�IROORZLQJ�ORJLF�FLUFXLW�PDGH�XS�RI�1$1'�JDWHV�RQO\�

)LJXUH�����

������6LPSOLILFDWLRQ�RI�ORJLF�FLUFXLWV
7KH�VHFRQG�PHWKRG�LQYROYHV�WKH�VLPSOLILFDWLRQ�RI�ORJLF�FLUFXLWV��%\�UHGXFLQJ�WKH
QXPEHU�RI�FRPSRQHQWV��WKH�FRVW�RI�SURGXFWLRQ�FDQ�EH�OHVV��7KLV�FDQ�DOVR�LPSURYH
UHOLDELOLW\�DQG�PDNH�LW�HDVLHU�WR�WUDFH�IDXOWV�LI�WKH\�RFFXU�
7KH�IROORZLQJ�H[DPSOH��)LJXUH�������FDQ�EH�VLPSOLILHG�WR�D�VLQJOH�JDWH��<RX�DUH

DVNHG�WR�VKRZ�KRZ�WKLV�FDQ�EH�GRQH�LQ�$FWLYLW\�����
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)LJXUH�����

$FWLYLW\����
6KRZ�E\�GUDZLQJ�D�WUXWK�WDEOH�ZKLFK�VLQJOH�ORJLF�JDWH�KDV�WKH�VDPH�IXQFWLRQ
DV�WKH�ORJLF�FLUFXLW�GUDZQ�LQ�)LJXUH������

$FWLYLW\����
&RPSOHWH�WKH�WUXWK�WDEOH�IRU�WKH�IROORZLQJ�ORJLF�FLUFXLW�DQG�WKHQ�FRQVLGHU
ZKDW�VLPSOLILHG�GHVLJQ�FRXOG�UHSODFH�WKH�ZKROH�ORJLF�FLUFXLW�

)LJXUH�����
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��2SHUDWLQJ�V\VWHPV�DQG�FRPSXWHU
DUFKLWHFWXUH
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���RSHUDWLQJ�V\VWHPV
���LQWHUUXSWV�DQG�EXIIHUV
���FRPSXWHU�DUFKLWHFWXUH�DQG�WKH�YRQ�1HXPDQQ�FRPSXWHU�PRGHO
���WKH�IHWFK±H[HFXWH�F\FOH�

����,QWURGXFWLRQ
$OO�PRGHUQ�FRPSXWHUV�KDYH�VRPH�IRUP�RI�RSHUDWLQJ�V\VWHP�ZKLFK�XVHUV�JHQHUDOO\
WDNH�IRU�JUDQWHG��7KH�RSHUDWLQJ�V\VWHP�PDNHV�LW�SRVVLEOH�WR�FRPPXQLFDWH�ZLWK�WKH
VRIWZDUH�DQG�KDUGZDUH�WKDW�PDNH�XS�D�W\SLFDO�FRPSXWHU�V\VWHP�
7KHUH�DUH�PDQ\�ZD\V�RI�UHSUHVHQWLQJ�FRPSXWHU�DUFKLWHFWXUH��EXW�RQH�RI�WKH�PRUH

FRPPRQ�RQHV�LV�NQRZQ�DV�WKH�YRQ�1HXPDQQ�PRGHO�ZKLFK�ZLOO�EH�IXOO\�GHVFULEHG�LQ
WKLV�FKDSWHU�

����2SHUDWLQJ�V\VWHPV
7KH�23(5$7,1*�6<67(0��26��LV�HVVHQWLDOO\�VRIWZDUH�UXQQLQJ�LQ�WKH�EDFNJURXQG�RI�D
FRPSXWHU�V\VWHP��,W�PDQDJHV�PDQ\�RI�WKH�EDVLF�IXQFWLRQV�ZKLFK�DUH�VKRZQ�LQ�)LJXUH
�����2EYLRXVO\�QRW�DOO�RSHUDWLQJ�V\VWHPV�FDUU\�RXW�HYHU\WKLQJ�VKRZQ�LQ�WKH�ILJXUH�EXW
LW�JLYHV�VRPH�LGHD�RI�WKH�LPSRUWDQFH�DQG�FRPSOH[LW\�RI�WKLV�VRIWZDUH��:LWKRXW�LW��PRVW
FRPSXWHUV�ZRXOG�EH�YHU\�XVHU�XQIULHQGO\�DQG�WKH�PDMRULW\�RI�XVHUV�ZRXOG�ILQG�LW
DOPRVW�LPSRVVLEOH�WR�ZRUN�ZLWK�FRPSXWHUV�RQ�D�GD\�WR�GD\�EDVLV�
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$FWLYLW\����
)LQG�RXW�KRZ�EXIIHUV�DUH�XVHG�ZKHQ�VWUHDPLQJ�D�YLGHR�RU�PXVLF�IURP�WKH
LQWHUQHW�WR�\RXU�FRPSXWHU�

$FWLYLW\����
,QYHVWLJDWH�WKH�PDQ\�ZD\V�WKDW�KDUGZDUH�DQG�VRIWZDUH�FDQ�FDXVH�DQ
LQWHUUXSW�WR�RFFXU��$UH�$//�LQWHUUXSWV�WUHDWHG�HTXDOO\�RU�GR�VRPH�KDYH
SULRULW\�RYHU�RWKHUV"

����&RPSXWHU�DUFKLWHFWXUH
9HU\�HDUO\�FRPSXWHUV�ZHUH�IHG�GDWD�ZKLOVW�WKH�PDFKLQHV�ZHUH�DFWXDOO\�UXQQLQJ��7KH\
ZHUHQ¶W�DEOH�WR�VWRUH�SURJUDPV��FRQVHTXHQWO\��WKH\�ZHUHQ¶W�DEOH�WR�UXQ�ZLWKRXW�KXPDQ
LQWHUYHQWLRQ��,Q�DERXW�������-RKQ�YRQ�1HXPDQQ�GHYHORSHG�WKH�LGHD�RI�D�VWRUHG
SURJUDP�FRPSXWHU��RIWHQ�UHIHUUHG�WR�DV�WKH�921�1(80$11�$5&+,7(&785(�FRQFHSW�
+LV�LGHD�ZDV�WR�KROG�SURJUDPV�DQG�GDWD�LQ�D�PHPRU\��'DWD�ZRXOG�WKHQ�PRYH�EHWZHHQ
WKH�PHPRU\�XQLW�DQG�WKH�SURFHVVRU�
7KHUH�DUH�PDQ\�GLDJUDPV�ZKLFK�VKRZ�YRQ�1HXPDQQ�DUFKLWHFWXUH��)LJXUHV�����DQG

����VKRZ�WZR�GLIIHUHQW�ZD\V�RI�UHSUHVHQWLQJ�WKLV�FRPSXWHU�PRGHO��7KH�ILUVW�GLDJUDP
LV�D�IDLUO\�VLPSOH�PRGHO�ZKHUHDV�WKH�VHFRQG�GLDJUDP�JRHV�LQWR�PRUH�GHWDLO�
)LJXUH�����VKRZV�WKH�LGHD�RI�KRZ�D�SURFHVVRU�DQG�PHPRU\�XQLW�DUH�OLQNHG�WRJHWKHU

E\�FRQQHFWLRQV�NQRZQ�DV�%86(6��7KLV�LV�D�VLPSOH�UHSUHVHQWDWLRQ�RI�YRQ�1HXPDQQ
DUFKLWHFWXUH��7KHVH�FRQQHFWLRQV�DUH�GHVFULEHG�LQ�7DEOH�����
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)LJXUH����

7DEOH�����GHVFULEHV�WKH�IXQFWLRQ�RI�HDFK�RI�WKH�WKUHH�EXVHV�VKRZQ�LQ�)LJXUH�����
%XVHV�HVVHQWLDOO\�PRYH�GDWD�DURXQG�WKH�FRPSXWHU�DQG�DOVR�VHQG�RXW�FRQWURO�VLJQDOV�WR
PDNH�VXUH�HYHU\WKLQJ�LV�SURSHUO\�V\QFKURQLVHG�

7DEOH����

7\SH�RI
EXV

'HVFULSWLRQ�RI�EXV 'DWD�VLJQDO
GLUHFWLRQ

DGGUHVV
EXV

FDUULHV�VLJQDOV�UHODWLQJ�WR�DGGUHVVHV��VHH�ODWHU�
EHWZHHQ�WKH�SURFHVVRU�DQG�WKH�PHPRU\

XQLGLUHFWLRQDO
�VLJQDOV�WUDYHO�LQ
RQH�GLUHFWLRQ
RQO\�

GDWD
EXV

VHQGV�GDWD�EHWZHHQ�WKH�SURFHVVRU��WKH
PHPRU\�XQLW�DQG�WKH�LQSXW�RXWSXW�GHYLFHV

EL�GLUHFWLRQDO
�GDWD�FDQ�WUDYHO
LQ�ERWK
GLUHFWLRQV�

FRQWURO
EXV

FDUULHV�VLJQDOV�UHODWLQJ�WR�WKH�FRQWURO�DQG
FRRUGLQDWLRQ�RI�DOO�DFWLYLWLHV�ZLWKLQ�WKH�FRPSXWHU
�H[DPSOHV�LQFOXGH��WKH�UHDG�DQG�ZULWH�IXQFWLRQV�

XQLGLUHFWLRQDO
�VLJQDOV�WUDYHO�LQ
RQH�GLUHFWLRQ
RQO\�
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)LJXUH�����VKRZV�D�VOLJKWO\�PRUH�GHWDLOHG�GLDJUDP�RI�WKH�YRQ�1HXPDQQ�DUFKLWHFWXUH�
,W�EULQJV�WR�RXU�DWWHQWLRQ�DQRWKHU�QHZ�FRQFHSW�LQ�WKLV�FRPSXWHU�PRGHO�±�WKH�LGHD�RI
$''5(66(6�DQG�5(*,67(56��$GGUHVVHV�LQGLFDWH�ZKHUH�WKH�GDWD�LV�VWRUHG�DQG�UHJLVWHUV
DUH�QHHGHG�VR�WKDW�GDWD�FDQ�EH�PDQLSXODWHG�ZLWKLQ�WKH�FRPSXWHU�

)LJXUH����

$Q�DGGUHVV�LV�WKH�ORFDWLRQ�RI�ZKHUH�GDWD�FDQ�EH�IRXQG�LQ�D�FRPSXWHU�PHPRU\��(DFK
DGGUHVV�LQ�WKH�PHPRU\�LV�XQLTXH��7KH�DGGUHVVHV�DUHQ¶W�DFWXDOO\�VKRZQ�LQ�)LJXUH�����
EXW�WKH\�DUH�FRQWDLQHG�LQ�WKH�SDUW�RI�WKH�GLDJUDP�ODEHOOHG�PHPRU\�XQLW��7KH�DFWXDO
IXQFWLRQ�RI�WKH�DGGUHVVHV�LV�GLVFXVVHG�LQ�6HFWLRQ�������
<RX�ZLOO�QRWLFH�D�QXPEHU�RI�LWHPV�VKRZQ�LQ�WKH�GLDJUDP�NQRZQ�DV�UHJLVWHUV��0$5�

0'5��$/8��3&�DQG�&,5��7KHVH�DUH�D�OLWWOH�PRUH�FRPSOH[�DQG�WKHLU�IXQFWLRQ�ZLOO�EH
IXOO\�GHVFULEHG�LQ�WKH�IROORZLQJ�SDJHV��%XW�HVVHQWLDOO\�D�UHJLVWHU�LV�VLPSO\�D�KLJK�
VSHHG�VWRUDJH�DUHD�ZLWKLQ�WKH�FRPSXWHU��$OO�GDWD�PXVW�EH�UHSUHVHQWHG�LQ�D�UHJLVWHU
EHIRUH�LW�FDQ�EH�SURFHVVHG��)RU�H[DPSOH��LI�WZR�QXPEHUV�DUH�WR�EH�DGGHG��ERWK
QXPEHUV�PXVW�EH�VWRUHG�LQ�UHJLVWHUV�DQG�WKH�UHVXOW�RI�WKH�DGGLWLRQ�PXVW�DOVR�EH�VWRUHG
LQ�D�UHJLVWHU�

$FWLYLW\����
'UDZ�XS�D�VXPPDU\�WDEOH�WKDW�VKRZV�KRZ�EXVHV��UHJLVWHUV�DQG�DGGUHVVHV
DUH�DOO�FRQQHFWHG�WRJHWKHU��7KLV�FDQ�EH�GRQH�E\�GRLQJ�D�GHVN�WRS�H[HUFLVH�
���8VH�D�VKHHW�RI�$���IOLSFKDUW�VL]H��SDSHU�DQG�GUDZ�D�ODUJH�RXWOLQH�RI�WKH
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),9(�PDLQ�FRPSRQHQWV�VKRZQ�LQ�)LJXUH�����
���&XW�FRORXUHG�DUURZV�RXW�RI�FDUGERDUG�WR�VKRZ�WKH�EXVHV�DQG�SODFH�RQ
WKH�GLDJUDP�\RX¶YH�MXVW�GUDZQ��WKH�GDWD�DQG�FRQWURO�EXVHV�ZLOO�EH�HDV\�WR
ILW�

���+RZHYHU��\RX�ZLOO�QHHG�WR�GR�D�OLWWOH�ELW�RI�WKLQNLQJ�WR�GHFLGH�KRZ�WKH
DGGUHVV�EXV�ILWV�LQWR�\RXU�GLDJUDP�

���&XW�WKH�ILYH�UHJLVWHUV�RXW�RI�FDUGERDUG�DQG�SODFH�WKHP�RQ�WKH�ODUJH�$�
RXWOLQH�

���$ERYH�WKH�PHPRU\�XQLW��SODFH�DQ�H[DPSOH�RI�VRPH�PHPRU\�DGGUHVVHV
DQG�WKHLU�FRQWHQWV�

���&XW�RXW�VRPH���ELW�ELQDU\�QXPEHUV�UHSUHVHQWLQJ�\RXU�DGGUHVVHV�DQG
FRQWHQWV�

���)LQDOO\�E\�PRYLQJ�GDWD�DURXQG�\RX�VKRXOG�EH�DEOH�WR�VHH�KRZ�EXVHV�
DGGUHVVHV�DQG�UHJLVWHUV�DOO�LQWHUFRQQHFW��\RX�JHW�IXUWKHU�KHOS�LQ�GRLQJ�WKLV
GHVN�WRS�H[HUFLVH�ZKHQ�\RX�UHDG�6HFWLRQV�������WR�������

���7U\�WR�ILQG�RXW�KRZ�VLPSOH�RSHUDWLRQV�OLNH�DGGLWLRQ�FDQ�EH�FDUULHG�RXW
XVLQJ�\RXU�GHVN�WRS�H[HUFLVH�

������0HPRU\�XQLW
7KH�FRPSXWHU�PHPRU\�XQLW�LV�PDGH�XS�RI�D�QXPEHU�RI�SDUWLWLRQV��(DFK�SDUWLWLRQ
FRQVLVWV�RI�DQ�$''5(66�DQG�LWV�&217(176��7KH�H[DPSOH�VKRZQ�KHUH�XVHV���ELWV�IRU
HDFK�DGGUHVV�DQG���ELWV�IRU�WKH�FRQWHQW��,Q�D�UHDO�FRPSXWHU�PHPRU\��WKH�DGGUHVV�DQG
LWV�FRQWHQWV�DUH�DFWXDOO\�PXFK�ODUJHU�WKDQ�WKLV�
7KH�DGGUHVV�ZLOO�XQLTXHO\�LGHQWLI\�HYHU\�/2&$7,21�LQ�WKH�PHPRU\�DQG�WKH�FRQWHQWV

ZLOO�EH�WKH�ELQDU\�

7DEOH����

$GGUHVV &RQWHQWV
��������� ���������
��������� ���������
��������� ���������
��������� ��������

�

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

)LJXUH�����VKRZHG�ILYH�H[DPSOHV�RI�UHJLVWHUV��7KHLU�IXQFWLRQ�ZLOO�EH�GHVFULEHG�ODWHU
RQ��EXW�IRU�QRZ��WKH�DEEUHYLDWLRQV�VWDQG�IRU�
���0$5�PHPRU\�DGGUHVV�UHJLVWHU
���0'5�PHPRU\�GDWD�UHJLVWHU
���$/8�DULWKPHWLF�DQG�ORJLF�XQLW
���3&�SURJUDP�FRXQWHU
���&,5�FXUUHQW�LQVWUXFWLRQ�UHJLVWHU�
/HW�XV�QRZ�FRQVLGHU�KRZ�WKH�WZR�UHJLVWHUV��0$5�DQG�0'5��VKRZQ�LQ�WKH�PHPRU\
XQLW�DUH�XVHG�
&RQVLGHU�WKH�5($'�RSHUDWLRQ��:H�ZLOO�XVH�WKH�PHPRU\�VHFWLRQ�VKRZQ�LQ�7DEOH

�����6XSSRVH�ZH�ZDQW�WR�UHDG�WKH�FRQWHQWV�RI�PHPRU\�ORFDWLRQ������������WKH�WZR
UHJLVWHUV�DUH�XVHG�DV�IROORZV�
���7KH�DGGUHVV�RI�ORFDWLRQ�����������WR�EH�UHDG�IURP�LV�ILUVW�ZULWWHQ�LQWR�WKH�0$5
�PHPRU\�DGGUHVV�UHJLVWHU��

)LJXUH����

���$�µUHDG�VLJQDO¶�LV�VHQW�WR�WKH�FRPSXWHU�PHPRU\�XVLQJ�WKH�FRQWURO�EXV�
���7KH�FRQWHQWV�RI�PHPRU\�ORFDWLRQ�����������DUH�WKHQ�SXW�LQWR�WKH�0'5��PHPRU\
GDWD�UHJLVWHU��

�����/RRN�DW�7DEOH�����WR�FRQILUP�WKLV��

)LJXUH����

1RZ�OHW�XV�FRQVLGHU�WKH�:5,7(�RSHUDWLRQ��$JDLQ�ZH�ZLOO�XVH�WKH�PHPRU\�VHFWLRQ
VKRZQ�LQ�7DEOH������6XSSRVH�WKLV�WLPH�ZH�ZDQW�WR�VKRZ�KRZ�WKH�YDOXH����������
ZDV�ZULWWHQ�LQWR�PHPRU\�ORFDWLRQ�����������
���7KH�GDWD�WR�EH�VWRUHG�LV�ILUVW�ZULWWHQ�LQWR�WKH�0'5��PHPRU\�GDWD�UHJLVWHU��

)LJXUH����
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���7KLV�GDWD�KDV�WR�EH�ZULWWHQ�LQWR�WKH�PHPRU\�ORFDWLRQ�ZLWK�WKH�DGGUHVV�����������
VR�WKLV�DGGUHVV�LV�QRZ�ZULWWHQ�LQWR�WKH�0$5�

)LJXUH����

���)LQDOO\��D�µZULWH�VLJQDO¶�LV�VHQW�WR�WKH�FRPSXWHU�PHPRU\�XVLQJ�WKH�FRQWURO�EXV�DQG
WKLV�YDOXH�ZLOO�WKHQ�EH�ZULWWHQ�LQWR�WKH�FRUUHFW�PHPRU\�ORFDWLRQ�

�����$JDLQ�FRQILUP�WKLV�E\�ORRNLQJ�DW�7DEOH������

$FWLYLW\����
8VH�\RXU�PRGHO�FUHDWHG�LQ�$FWLYLW\�����WR�VKRZ�KRZ�WKH�WZR�RSHUDWLRQV�
UHDG�DQG�ZULWH��DUH�FDUULHG�RXW�LQ�WKH�YRQ�1HXPDQQ�DUFKLWHFWXUH�

������3URFHVVRU
7KH�352&(6625�FRQWDLQV�WKH�$5,7+0(7,&�$1'�/2*,&�81,7��$/8���7KH�$/8�DOORZV
DULWKPHWLF��H�J��DGG��VXEWUDFW��HWF���DQG�ORJLF��H�J��$1'��25��127��HWF���RSHUDWLRQV
WR�EH�FDUULHG�RXW��+RZ�WKLV�LV�XVHG�LV�H[SODLQHG�LQ�6HFWLRQ�����

������&RQWURO�XQLW
7KH�&21752/�81,7�FRQWUROV�WKH�RSHUDWLRQ�RI�WKH�PHPRU\��SURFHVVRU�DQG�LQSXW�RXWSXW
GHYLFHV��,W�FRQWDLQV�WKH�&855(17�,16758&7,21�5(*,67(5��&,5��DQG�WKH�352*5$0
&2817(5��3&���7KH�&,5�FRQWDLQV�WKH�FXUUHQW�LQVWUXFWLRQ�GXULQJ�SURFHVVLQJ��7KH�3&
FRQWDLQV�WKH�DGGUHVV�RI�WKH�QH[W�LQVWUXFWLRQ�WR�EH�H[HFXWHG�
(VVHQWLDOO\��WKH�FRQWURO�XQLW�UHDGV�DQ�LQVWUXFWLRQ�IURP�PHPRU\��WKH�DGGUHVV�RI�WKH

ORFDWLRQ�ZKHUH�WKH�LQVWUXFWLRQ�FDQ�EH�IRXQG�LV�VWRUHG�LQ�WKH�3URJUDP�&RXQWHU��3&���
7KLV�LQVWUXFWLRQ�LV�WKHQ�LQWHUSUHWHG��'XULQJ�WKDW�SURFHVV��VLJQDOV�DUH�JHQHUDWHG�DORQJ
WKH�FRQWURO�EXV�WR�WHOO�WKH�RWKHU�FRPSRQHQWV�LQ�WKH�FRPSXWHU�ZKDW�WR�GR�
+RZ�WKLV�DOO�ILWV�WRJHWKHU�ZLWK�WKH�RWKHU�FRPSRQHQWV�RI�WKH�YRQ�1HXPDQQ�PRGHO�LV

GLVFXVVHG�LQ�6HFWLRQ�����

������,QSXW�DQG�RXWSXW�GHYLFHV
7KH�LQSXW�DQG�RXWSXW�GHYLFHV�DUH�GLVFXVVHG�LQ�&KDSWHU���DQG�DUH�WKH�PDLQ�PHWKRG�RI
HQWHULQJ�GDWD�LQWR�DQG�JHWWLQJ�GDWD�RXW�RI�FRPSXWHU�V\VWHPV��,QSXW�GHYLFHV�FRQYHUW
H[WHUQDO�GDWD�LQWR�D�IRUP�WKH�FRPSXWHU�FDQ�XQGHUVWDQG�DQG�FDQ�WKHQ�SURFHVV��H�J�
NH\ERDUGV��WRXFKVFUHHQV�DQG�PLFURSKRQHV���2XWSXW�GHYLFHV�VKRZ�WKH�UHVXOWV�RI
FRPSXWHU�SURFHVVLQJ�LQ�D�KXPDQO\�XQGHUVWDQGDEOH�IRUP��H�J��SULQWHUV��PRQLWRUV�DQG
ORXGVSHDNHUV��
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+RZ�DOO�RI�WKHVH�ILYH�UHJLVWHUV�DUH�XVHG�E\�D�W\SLFDO�FRPSXWHU�V\VWHP�FDQ�EH�IRXQG
LQ�6HFWLRQ�����±�WKH�IHWFK±H[HFXWH�F\FOH��$JDLQ�RWKHU�WH[WERRNV�DQG�ZHEVLWHV�ZLOO�DOO
KDYH�GLIIHUHQW�ZD\V�RI�VKRZLQJ�KRZ�WKLV�F\FOH�RSHUDWHV��7KH�LPSRUWDQW�WKLQJ�LV�WR�JHW
D�JRRG�JHQHUDO�XQGHUVWDQGLQJ�RI�KRZ�WKH�F\FOH�IXQFWLRQV�

����7KH�IHWFK±H[HFXWH�F\FOH�
7R�FDUU\�RXW�D�VHW�RI�LQVWUXFWLRQV��WKH�SURFHVVRU�ILUVW�RI�DOO�)(7&+(6�VRPH�GDWD�DQG
LQVWUXFWLRQV�IURP�PHPRU\�DQG�VWRUHV�WKHP�LQ�VXLWDEOH�UHJLVWHUV��%RWK�WKH�DGGUHVV�EXV
DQG�WKH�GDWD�EXV�DUH�XVHG�LQ�WKLV�SURFHVV��2QFH�WKLV�LV�GRQH��HDFK�LQVWUXFWLRQ�QHHGV�WR
EH�GHFRGHG�EHIRUH�ILQDOO\�EHLQJ�(;(&87('��7KLV�LV�DOO�NQRZQ�DV�WKH�)(7&+±(;(&87(
&<&/(�DQG�LV�WKH�ODVW�SDUW�RI�WKLV�SX]]OH�

)HWFK
,Q�WKH�IHWFK±H[HFXWH�F\FOH��WKH�QH[W�LQVWUXFWLRQ�LV�IHWFKHG�IURP�WKH�PHPRU\�DGGUHVV
FXUUHQWO\�VWRUHG�LQ�WKH�3URJUDP�&RXQWHU��3&��DQG�LV�WKHQ�VWRUHG�LQ�WKH�&XUUHQW
,QVWUXFWLRQ�5HJLVWHU��&,5���7KH�3&�LV�WKHQ�LQFUHPHQWHG��LQFUHDVHG�E\����VR�WKDW�WKH
QH[W�LQVWUXFWLRQ�FDQ�EH�SURFHVVHG�
7KLV�LV�WKHQ�GHFRGHG�VR�WKDW�HDFK�LQVWUXFWLRQ�FDQ�EH�LQWHUSUHWHG�LQ�WKH�QH[W�SDUW�RI

WKH�F\FOH�

([HFXWH
7KH�SURFHVVRU�SDVVHV�WKH�GHFRGHG�LQVWUXFWLRQ�DV�D�VHW�RI�FRQWURO�VLJQDOV�WR�WKH
DSSURSULDWH�FRPSRQHQWV�ZLWKLQ�WKH�FRPSXWHU�V\VWHP��7KLV�DOORZV�HDFK�LQVWUXFWLRQ�WR
EH�FDUULHG�RXW�LQ�LWV�ORJLFDO�VHTXHQFH�
)LJXUH�����VKRZV�KRZ�WKH�IHWFK±H[HFXWH�F\FOH�LV�FDUULHG�RXW�LQ�WKH�YRQ�1HXPDQQ

FRPSXWHU�PRGHO��$V�ZLWK�PRVW�DVSHFWV�RI�FRPSXWHU�VFLHQFH��WKHUH�ZLOO�EH�VOLJKW
YDULDWLRQV�RQ�WKLV�GLDJUDP�LI�RWKHU�WH[WERRNV�RU�ZHEVLWHV�DUH�FRQVXOWHG��7KH�PDLQ�DLP
LV�WR�HQG�XS�ZLWK�D�FOHDU�XQGHUVWDQGLQJ�RI�KRZ�WKLV�F\FOH�ZRUNV�
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)LJXUH����

)LJXUH�����VKRZV�WKH�DFWXDO�VWDJHV�WKDW�WDNH�SODFH�GXULQJ�WKH�IHWFK±H[HFXWH�F\FOH�
VKRZLQJ�KRZ�HDFK�RI�WKH�UHJLVWHUV�DQG�EXVHV�DUH�XVHG�LQ�WKH�SURFHVV��WKH�ILUVW�ILYH
ER[HV�DUH�SDUW�RI�WKH�IHWFK�F\FOH�DQG�WKH�ODVW�ER[�LV�SDUW�RI�WKH�H[HFXWH�F\FOH��

$FWLYLW\����
���,W�LV�ZRUWK�WU\LQJ�WR�GR�D�GHVN�WRS�H[HUFLVH�WR�FDUU\�RXW�D�VHULHV�RI
LQVWUXFWLRQV�XVLQJ�WKH�IHWFK±H[HFXWH�F\FOH��'R�VRPH�UHVHDUFK�DQG�GHFLGH
RQ�IRXU�RU�ILYH�RSHUDWLRQV��DGG��VXEWUDFW��HWF���DQG�JLYH�WKH���ELW�ELQDU\
FRGHV��7KHQ�FUHDWH�D�PHPRU\�PDS�DV�VKRZQ�LQ�$FWLYLW\�����

���2QFH�WKLV�LV�GRQH��XVH�WKH�ILYH�UHJLVWHUV�\RX�FUHDWHG�LQ�$FWLYLW\�����DQG
QHZ���ELW�ELQDU\�YDOXHV�WR�WUDFH�RXW�H[DFWO\�ZKDW�KDSSHQV�DV�LQVWUXFWLRQV
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DUH�IHWFKHG�DQG�H[HFXWHG�LQ�\RXU�FRPSXWHU�PRGHO�
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��,QSXW�DQG�RXWSXW�GHYLFHV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���LQSXW�GHYLFHV
���DSSOLFDWLRQV�RI�LQSXW�GHYLFHV
���RXWSXW�GHYLFHV
���DSSOLFDWLRQV�RI�RXWSXW�GHYLFHV�

����,QWURGXFWLRQ
&RPSXWHU�V\VWHPV�ZRXOG�EH�RI�OLWWOH�UHDO�XVH�ZLWKRXW�D�PHWKRG�RI�LQSXW�RU�RXWSXW�
7KLV�FKDSWHU�UHYLHZV�KRZ�D�QXPEHU�RI�LQSXW�DQG�RXWSXW�GHYLFHV�ZRUN��,W�DOVR
FRQVLGHUV�D�YDULHW\�RI�DSSOLFDWLRQV�ZKLFK�PDNH�XVH�RI�WKHVH�GHYLFHV�
7KH�LQSXW�GHYLFHV�FRYHUHG�LQFOXGH�

���VFDQQHUV
���EDUFRGH�UHDGHUV�VFDQQHUV
���TXLFN�UHVSRQVH��45��FRGH�UHDGHUV
���GLJLWDO�FDPHUDV
���NH\ERDUGV
���SRLQWLQJ�GHYLFHV��VXFK�DV�D�PRXVH�
���PLFURSKRQHV
���WRXFKVFUHHQV
���VHQVRUV
���LQWHUDFWLYH�ZKLWHERDUGV�
7KH�RXWSXW�GHYLFHV�FRYHUHG�LQFOXGH�
���LQNMHW�SULQWHUV
���ODVHU�SULQWHUV
����'�SULQWHUV
����'��'�FXWWHUV
���DFWXDWRUV
���ORXGVSHDNHUV
���/&'�/('�PRQLWRUV
���SURMHFWRUV��/&'�DQG�'/3��

����,QSXW�GHYLFHV

������6FDQQHUV
6&$11(56�DUH�HLWKHU�WZR�GLPHQVLRQDO���'��RU�WKUHH�GLPHQVLRQDO���'��
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7ZR�GLPHQVLRQDO�VFDQQHUV
7KHVH�W\SHV�RI�VFDQQHU�DUH�WKH�PRVW�FRPPRQ�IRUP�DQG�DUH�JHQHUDOO\�XVHG�WR�LQSXW
KDUG�FRS\��SDSHU��GRFXPHQWV��7KH�LPDJH�LV�FRQYHUWHG�LQWR�DQ�HOHFWURQLF�IRUP�ZKLFK
FDQ�EH�VWRUHG�LQ�D�FRPSXWHU�
$�QXPEHU�RI�VWDJHV�RFFXU�ZKHQ�VFDQQLQJ�D�GRFXPHQW�

)LJXUH����

&RPSXWHUV�HTXLSSHG�ZLWK�237,&$/�&+$5$&7(5�5(&2*1,7,21��2&5��VRIWZDUH
DOORZ�WKH�VFDQQHG�WH[W�IURP�WKH�GRFXPHQW�WR�EH�FRQYHUWHG�LQWR�D�7(;7�),/(�)250$7�
7KLV�PHDQV�WKH�VFDQQHG�LPDJH�FDQ�QRZ�EH�HGLWHG�DQG�PDQLSXODWHG�E\�LPSRUWLQJ�LW
LQWR�D�ZRUG�SURFHVVRU�
,I�WKH�RULJLQDO�GRFXPHQW�ZDV�D�SKRWRJUDSK�RU�LPDJH��WKHQ�WKH�VFDQQHG�LPDJH�IRUPV

DQ�LPDJH�ILOH�VXFK�DV�-3(*��VHH�6HFWLRQ��������
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7KUHH�GLPHQVLRQDO�VFDQQHUV
�'�VFDQQHUV�VFDQ�VROLG�REMHFWV�DQG�SURGXFH�D�WKUHH�GLPHQVLRQDO�LPDJH��6LQFH�VROLG
REMHFWV�KDYH�[��\�DQG�]�FRRUGLQDWHV��WKHVH�VFDQQHUV�WDNH�LPDJHV�DW�VHYHUDO�SRLQWV
DORQJ�WKHVH�WKUHH�FRRUGLQDWHV��$�GLJLWDO�LPDJH�ZKLFK�UHSUHVHQWV�WKH�VROLG�REMHFW�LV
IRUPHG�
7KH�VFDQQHG�LPDJHV�FDQ�EH�XVHG�LQ�&20387(5�$,'('�'(6,*1��&$'��RU��PRUH

UHFHQWO\��VHQW�WR�D��'�SULQWHU��VHH�6HFWLRQ��������WR�SURGXFH�D�ZRUNLQJ�PRGHO�RI�WKH
VFDQQHG�LPDJH�
7KHUH�DUH�QXPHURXV�WHFKQRORJLHV�XVHG�LQ��'�VFDQQHUV�±�ODVHUV��PDJQHWLF

UHVRQDQFH��ZKLWH�OLJKW��DQG�VR�RQ��,W�LV�EH\RQG�WKH�VFRSH�RI�WKLV�ERRN�WR�ORRN�DW�WKHVH
LQ�DQ\�JUHDW�GHSWK��KRZHYHU��WKH�VHFRQG�DSSOLFDWLRQ�WKDW�IROORZV�GHVFULEHV�WKH
WHFKQRORJ\�EHKLQG�RQH�IRUP�RI��'�VFDQQLQJ�

$SSOLFDWLRQ�RI��'�VFDQQHUV�DW�DQ�DLUSRUW
�'�VFDQQHUV�DUH�XVHG�DW�DLUSRUWV�WR�UHDG�SDVVSRUWV��7KH\�PDNH�XVH�RI�2&5
WHFKQRORJ\�WR�SURGXFH�GLJLWDO�LPDJHV�ZKLFK�UHSUHVHQW�WKH�SDVVSRUW�SDJHV��%HFDXVH�RI
WKH�2&5�WHFKQRORJ\��WKHVH�GLJLWDO�LPDJHV�FDQ�EH�PDQLSXODWHG�LQ�D�QXPEHU�RI�ZD\V�
)RU�H[DPSOH��WKH�2&5�VRIWZDUH�LV�DEOH�WR�UHYLHZ�WKHVH�LPDJHV��VHOHFW�WKH�WH[W�SDUW

DQG�WKHQ�DXWRPDWLFDOO\�SXW�WKH�WH[W�LQWR�WKH�FRUUHFW�ILHOGV�RI�DQ�H[LVWLQJ�GDWDEDVH��,W�LV
SRVVLEOH�IRU�WKH�WH[W�WR�EH�VWRUHG�LQ�$6&,,�IRUPDW��VHH�&KDSWHU����±�LW�DOO�GHSHQGV�RQ
KRZ�WKH�GDWD�LV�WR�EH�XVHG�
$W�PDQ\�DLUSRUWV�WKH�WZR�GLPHQVLRQDO�SKRWRJUDSK�LQ�WKH�SDVVSRUW�LV�DOVR�VFDQQHG

DQG�VWRUHG�DV�D�MSHJ�LPDJH��7KH�SDVVHQJHU¶V�IDFH�LV�DOVR�SKRWRJUDSKHG�XVLQJ�D�GLJLWDO
FDPHUD��D��'�LPDJH�LV�WDNHQ�VR�LW�FDQ�EH�PDWFKHG�WR�WKH�LPDJH�WDNHQ�IURP�WKH
SDVVSRUW���7KH�WZR�GLJLWDO�LPDJHV�DUH�FRPSDUHG�XVLQJ�IDFH�UHFRJQLWLRQ�GHWHFWLRQ
VRIWZDUH��.H\�SDUWV�RI�WKH�IDFH�DUH�FRPSDUHG�
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)LJXUH����

7KH�IDFH�LQ�)LJXUH�����VKRZV�VHYHUDO�RI�WKH�SRVLWLRQV�XVHG�E\�WKH�IDFH�UHFRJQLWLRQ
VRIWZDUH��(DFK�SRVLWLRQ�LV�FKHFNHG�ZKHQ�WKH�VRIWZDUH�WULHV�WR�FRPSDUH�WZR�IDFLDO
LPDJHV��'DWD�VXFK�DV�
���GLVWDQFH�EHWZHHQ�WKH�H\HV
���ZLGWK�RI�WKH�QRVH
���VKDSH�RI�WKH�FKHHN�ERQHV
���OHQJWK�RI�WKH�MDZ�OLQH
���VKDSH�RI�WKH�H\HEURZV
DUH�DOO�XVHG�WR�LGHQWLI\�D�JLYHQ�IDFH�
:KHQ�WKH�LPDJH�IURP�WKH�SDVVSRUW�DQG�WKH�LPDJH�WDNHQ�E\�WKH�FDPHUD�DUH

FRPSDUHG��WKHVH�NH\�SRVLWLRQV�RQ�WKH�IDFH�GHWHUPLQH�ZKHWKHU�RU�QRW�WKH�WZR�LPDJHV
UHSUHVHQW�WKH�VDPH�IDFH�

$SSOLFDWLRQ�RI��'�VFDQQLQJ�±�FRPSXWHG
WRPRJUDSKLF��&7��VFDQQHUV
&20387('�7202*5$3+,&��&7��6&$11(56�DUH�XVHG�WR�FUHDWH�D��'�LPDJH�RI�D�VROLG
REMHFW��7KLV�LV�EDVHG�RQ�7202*5$3+<�WHFKQRORJ\�ZKLFK�EDVLFDOO\�EXLOGV�XS�DQ
LPDJH�RI�WKH�VROLG�REMHFW�WKURXJK�D�VHULHV�RI�YHU\�WKLQ�µVOLFHV¶��7RJHWKHU�WKHVH��'
µVOLFHV¶�PDNH�XS�D�UHSUHVHQWDWLRQ�RI�WKH��'�VROLG�REMHFW�
(DFK�VOLFH�LV�EXLOW�XS�E\�XVH�RI�;�UD\V��UDGLR�IUHTXHQFLHV�RU�JDPPD�LPDJLQJ�

DOWKRXJK�D�QXPEHU�RI�RWKHU�PHWKRGV�H[LVW��(DFK�µVOLFH¶�LV�WKHQ�VWRUHG�DV�D�GLJLWDO
LPDJH�LQ�WKH�FRPSXWHU�PHPRU\��7KH�ZKROH�RI�WKH�VROLG�REMHFW�LV�UHSUHVHQWHG�GLJLWDOO\
LQ�WKH�FRPSXWHU�PHPRU\�
'HSHQGLQJ�RQ�KRZ�WKH�LPDJH�LV�IRUPHG��WKH�W\SH�RI�WRPRJUDSKLF�VFDQQHU�FDQ�KDYH

GLIIHUHQW�QDPHV��)RU�H[DPSOH�

���;�UD\V &7�VFDQQHUV FRPSXWHULVHG�WRPRJUDSK\

���UDGLR�IUHTXHQFLHV 05, PDJQHWLF�UHVRQDQFH�LPDJLQJ

���JDPPD�UD\V 63(&7 VLQJOH�SKRWRQ�HPLVVLRQ�FRPSXWHG�WRPRJUDSK\�

)LJXUH�����VKRZV�D�VLPSOH�H[DPSOH�RI�KRZ�WRPRJUDSK\�ZRUNV�
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)LJXUH����

������%DUFRGH�UHDGHUV�VFDQQHUV�
$�EDUFRGH�LV�D�VHULHV�RI�GDUN�DQG�OLJKW�SDUDOOHO�OLQHV�RI�YDU\LQJ�WKLFNQHVV��7KH
QXPEHUV���WR���DUH�HDFK�UHSUHVHQWHG�E\�D�XQLTXH�VHULHV�RI�OLQHV��9DULRXV�EDUFRGH
PHWKRGV�IRU�UHSUHVHQWLQJ�WKHVH�GLJLWV�H[LVW��7KH�H[DPSOH�ZH�VKDOO�XVH�DGRSWV�GLIIHUHQW
FRGHV�IRU�GLJLWV�DSSHDULQJ�RQ�WKH�OHIW�DQG�IRU�GLJLWV�DSSHDULQJ�RQ�WKH�ULJKW��NQRZQ�DV
83&��8QLYHUVDO�3URGXFW�&RGH��YHUVLRQ�$��
7KH�DFWXDO�OHIW�KDQG�DQG�ULJKW�KDQG�VLGHV�RI�WKH�EDUFRGH�DUH�VHSDUDWHG�XVLQJ�JXDUG

EDUV��7KH�VWUXFWXUH�RI�WKHVH�JXDUG�EDUV�LV�VKRZQ�LQ�)LJXUH������)LJXUH�����LV�DQ
H[DPSOH�RI�D�EDUFRGH�VKRZLQJ�WKH�OHIW�KDQG�VLGH�DQG�ULJKW�KDQG�VLGH�DQG�WKH�WKUHH
VHWV�RI�JXDUG�EDUV�
(DFK�GLJLW�LV�UHSUHVHQWHG�E\�EDUV�RI���WR���EORFNV�WKLFN�DV�VKRZQ�LQ�)LJXUH�����

)LJXUH����
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)LJXUH����

)LJXUH����

7KH�EDUFRGH�WR�UHSUHVHQW�WKH�QXPEHU�������������ZRXOG�WKHUHIRUH�EH�DV�VKRZQ�LQ
)LJXUH�����

)LJXUH����
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(DFK�GLJLW�LV�PDGH�XS�RI�WZR�GDUN�OLQHV�DQG�WZR�OLJKW�OLQHV��7KH�ZLGWK�UHSUHVHQWLQJ
HDFK�GLJLW�LV�WKH�VDPH��WKXV�WKH�VSHHG�RI�VFDQQLQJ�LVQ¶W�LPSRUWDQW��7KH�GLJLWV�RQ�WKH
OHIW�KDYH�DQ�RGG�QXPEHU�RI�GDUN�HOHPHQWV�DQG�DOZD\V�EHJLQ�ZLWK�D�OLJKW�EDU��WKH�GLJLWV
RQ�WKH�ULJKW�KDYH�DQ�HYHQ�QXPEHU�RI�GDUN�HOHPHQWV�DQG�DOZD\V�EHJLQ�ZLWK�D�GDUN�EDU�
7KLV�DUUDQJHPHQW�DOORZV�D�EDUFRGH�WR�EH�VFDQQHG�LQ�DQ\�GLUHFWLRQ�

$FWLYLW\����
D�8VLQJ�WKH�GDWD�LQ�)LJXUH������GHVLJQ�WKH�EDUFRGHV�IRU�
������L��������������WKUHH�GLJLWV�RQ�WKH�OHIW��WKUHH�GLJLWV�RQ�WKH�ULJKW�
�����LL������������������IRXU�GLJLWV�RQ�WKH�OHIW��IRXU�GLJLWV�RQ�WKH�ULJKW�
����LLL����������������������ILYH�GLJLWV�RQ�WKH�OHIW��ILYH�GLJLWV�RQ�WKH�ULJKW��
E�/RRN�DW�VRPH�EDUFRGHV�RQ�D�YDULHW\�RI�SURGXFWV�DQG�VHH�KRZ�PDQ\�ILW
WKH�DERYH�V\VWHP��IRU�WKRVH�WKDW�GRQ¶W��WU\�WR�GUDZ�XS�D�WDEOH�VLPLODU�WR
WKDW�LQ�)LJXUH�����WR�VKRZ�WKH�EDUFRGH�IRU�HDFK�GLJLW�

6R�ZKDW�KDSSHQV�ZKHQ�D�EDUFRGH�LV�VFDQQHG"
���7KH�EDUFRGH�LV�ILUVW�UHDG�E\�D�UHG�ODVHU�RU�UHG�/('��/,*+7�(0,77,1*�',2'(��
���/LJKW�LV�UHIOHFWHG�EDFN�RII�WKH�EDUFRGH��WKH�GDUN�DUHDV�UHIOHFW�OLWWOH�RU�QR�OLJKW�ZKLFK
DOORZV�WKH�EDUV�WR�EH�UHDG�

���7KH�UHIOHFWHG�OLJKW�LV�UHDG�E\�VHQVRUV��SKRWRHOHFWULF�FHOOV��
���$V�WKH�ODVHU�RU�/('�OLJKW�LV�VFDQQHG�DFURVV�WKH�EDUFRGH��D�SDWWHUQ�LV�JHQHUDWHG
ZKLFK�LV�FRQYHUWHG�LQWR�GLJLWDO�GDWD�±�WKLV�DOORZV�WKH�FRPSXWHU�WR�XQGHUVWDQG�WKH
EDUFRGH�

���)RU�H[DPSOH��WKH�GLJLW�µ�¶�RQ�WKH�OHIW�JHQHUDWHV�WKH�SDWWHUQ�/�'�'�'�'�/�'��ZKHUH
/� �OLJKW�DQG�'� �GDUN���WKLV�KDV�WKH�ELQDU\�HTXLYDOHQW�RI����������������ZKHUH�/� 
��DQG�'� ����

%DUFRGH�UHDGHUV�DUH�PRVW�FRPPRQO\�IRXQG�DW�WKH�FKHFNRXW�LQ�VXSHUPDUNHWV��7KHUH�DUH
VHYHUDO�RWKHU�LQSXW�DQG�RXWSXW�GHYLFHV�DW�WKH�FKHFNRXW�

7DEOH����

,QSXW�RXWSXW
GHYLFH

+RZ�LW�LV�XVHG

NH\SDG WR�NH\�LQ�WKH�QXPEHU�RI�VDPH�LWHPV�ERXJKW��WR�NH\�LQ�D
ZHLJKW��WR�NH\�LQ�WKH�QXPEHU�XQGHU�WKH�EDUFRGH�LI�LW�FDQQRW
EH�UHDG�E\�WKH�EDUFRGH�UHDGHU�VFDQQHU

VFUHHQ�PRQLWRU WR�VKRZ�WKH�FRVW�RI�DQ�LWHP�DQG�RWKHU�LQIRUPDWLRQ
VSHDNHU WR�PDNH�D�EHHSLQJ�VRXQG�HYHU\�WLPH�D�EDUFRGH�LV�UHDG

FRUUHFWO\��EXW�DOVR�WR�PDNH�DQRWKHU�VRXQG�LI�WKHUH�LV�DQ
HUURU�ZKHQ�UHDGLQJ�WKH�EDUFRGH
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SULQWHU WR�SULQW�RXW�D�UHFHLSW�LWHPLVHG�OLVW
PDJQHWLF
VWULSH�UHDGHU

WR�UHDG�WKH�FXVWRPHU¶V�FUHGLW�GHELW�FDUG

WRXFKVFUHHQ WR�VHOHFW�LWHPV�E\�WRXFKLQJ�DQ�LFRQ��VXFK�DV�IUHVK�IUXLW�ZKLFK
PD\�EH�VROG�ORRVH�ZLWKRXW�SDFNDJLQJ�

6R�WKH�EDUFRGH�KDV�EHHQ�UHDG��WKHQ�ZKDW�KDSSHQV"
���7KH�EDUFRGH�QXPEHU�LV�ORRNHG�XS�LQ�WKH�VWRFN�GDWDEDVH��WKH�EDUFRGH�LV�NQRZQ�DV
WKH�.(<�),(/'�LQ�WKH�VWRFN�LWHP�UHFRUG���WKLV�NH\�ILHOG�XQLTXHO\�LGHQWLILHV�HDFK
VWRFN�LWHP�

���:KHQ�WKH�EDUFRGH�QXPEHU�LV�IRXQG��WKH�VWRFN�LWHP�UHFRUG�LV�ORRNHG�XS�
���7KH�SULFH�DQG�RWKHU�VWRFN�LWHP�GHWDLOV�DUH�VHQW�EDFN�WR�WKH�FKHFNRXW��RU�32,17�2)

6$/(�7(50,1$/��326���
���7KH�QXPEHU�RI�VWRFN�LWHPV�LQ�WKH�UHFRUG�LV�UHGXFHG�E\�RQH�HDFK�WLPH�WKH�EDUFRGH�LV
UHDG�

���7KLV�QHZ�YDOXH�IRU�QXPEHU�RI�VWRFN�LWHPV�LV�ZULWWHQ�EDFN�WR�WKH�VWRFN�LWHP�UHFRUG�
���7KH�QXPEHU�RI�VWRFN�LWHPV�LV�FRPSDUHG�WR�WKH�UH�RUGHU�OHYHO��LI�LW�LV�OHVV�WKDQ�RU
HTXDO�WR�WKLV�YDOXH��PRUH�VWRFN�LWHPV�DUH�DXWRPDWLFDOO\�RUGHUHG�

���2QFH�DQ�RUGHU�IRU�PRUH�VWRFN�LWHPV�LV�JHQHUDWHG��D�IODJ�LV�DGGHG�WR�WKH�UHFRUG�WR
VWRS�UH�RUGHULQJ�HYHU\�WLPH�WKH�VWRFN�LWHP�EDUFRGH�LV�UHDG�

���:KHQ�QHZ�VWRFN�LWHPV�DUULYH��WKH�VWRFN�OHYHOV�DUH�XSGDWHG�LQ�WKH�GDWDEDVH�
$GYDQWDJHV�RI�XVLQJ�EDUFRGHV�WR�WKH�PDQDJHPHQW�LQFOXGH�
���PXFK�HDVLHU�DQG�IDVWHU�WR�FKDQJH�SULFHV�RQ�VWRFN�LWHPV
���PXFK�EHWWHU��PRUH�XS�WR�GDWH�VDOHV�LQIRUPDWLRQ�VDOHV�WUHQGV
���QR�QHHG�WR�SULFH�HYHU\�VWRFN�LWHP�RQ�WKH�VKHOYHV��WKLV�UHGXFHV�WLPH�DQG�FRVW�WR�WKH
PDQDJHPHQW�

���DOORZV�IRU�DXWRPDWLF�VWRFN�FRQWURO
���SRVVLEOH�WR�FKHFN�FXVWRPHU�EX\LQJ�KDELWV�PRUH�HDVLO\�E\�OLQNLQJ�EDUFRGHV�WR��IRU
H[DPSOH��FXVWRPHU�OR\DOW\�FDUGV�

$GYDQWDJHV�RI�XVLQJ�EDUFRGHV�WR�WKH�FXVWRPHUV�LQFOXGH�
���IDVWHU�FKHFNRXW�TXHXHV��VWDII�GRQ¶W�QHHG�WR�UHPHPEHU�ORRN�XS�SULFHV�RI�LWHPV�
���HUURUV�LQ�FKDUJLQJ�FXVWRPHUV�DUH�UHGXFHG
���WKH�FXVWRPHU�LV�JLYHQ�DQ�LWHPLVHG�ELOO
���FRVW�VDYLQJV�FDQ�EH�SDVVHG�RQ�WR�WKH�FXVWRPHU
���EHWWHU�WUDFN�RI�µVHOO�E\�GDWHV¶�VR�IRRG�VKRXOG�EH�IUHVKHU�
7KH�EDUFRGH�V\VWHP�LV�XVHG�LQ�PDQ\�RWKHU�DUHDV��)RU�H[DPSOH��LW�FDQ�EH�XWLOLVHG�LQ
OLEUDULHV�ZKHUH�EDUFRGHV�DUH�XVHG�LQ�ERRNV�DQG�RQ�WKH�ERUURZHU¶V�OLEUDU\�FDUG�
(YHU\�WLPH�D�ERRN�LV�WDNHQ�RXW��WKH�ERUURZHU�LV�OLQNHG�WR�WKH�ERRN�DXWRPDWLFDOO\��7KLV
DOORZV�DXWRPDWLF�FKHFNLQJ�RI�ZKHQ�WKH�ERRN�LV�GXH�WR�EH�UHWXUQHG��IRU�H[DPSOH�
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$FWLYLW\����
)LQG�RXW�PRUH�DERXW�KRZ�EDUFRGHV�FDQ�EH�XVHG�LQ�D�OLEUDU\��&RQVLGHU�WKH
W\SHV�RI�ILOHV�QHHGHG�DQG�KRZ�WKH�V\VWHP�FDQ�WUDFN�ZKHUH�ERRNV�DUH�LQ�WKH
OLEUDU\��ZKLFK�ERRNV�DUH�RXW�RQ�ORDQ��ZKLFK�FXVWRPHU�KDV�ERUURZHG�D�ERRN
DQG�VR�RQ�

$FWLYLW\����
&DUU\�RXW�VRPH�UHVHDUFK�DQG�ILQG�RXW�DERXW�DV�PDQ\�GLIIHUHQW�EDUFRGH
DSSOLFDWLRQV�DV�\RX�FDQ��7U\�WR�ILQG�RXW�ZK\�EDUFRGHV�DUH�XVHG�LQ�HDFK
DSSOLFDWLRQ�DQG�GHWHUPLQH�WKH�DGYDQWDJH�RI�XVLQJ�WKLV�W\SH�RI�WHFKQRORJ\�

������4XLFN�UHVSRQVH��45��FRGHV�
$QRWKHU�W\SH�RI�EDUFRGH�LV�WKH�48,&.�5(63216(��45��&2'(��7KLV�LV�PDGH�XS�RI�D
PDWUL[�RI�ILOOHG�LQ�GDUN�VTXDUHV�RQ�D�OLJKW�EDFNJURXQG�
)RU�H[DPSOH��WKH�45�FRGH�LQ�)LJXUH�����FRQWDLQV�WKH�PHVVDJH��µFRPSXWHU�VFLHQFH

WH[WERRN�±�&,(�V\OODEXV¶�
7R�PDNH�D�FRPSDULVRQ��QRUPDO�EDUFRGHV��DV�GHVFULEHG�LQ�6HFWLRQ��������FDQ�KROG

XS�WR����GLJLWV��45�FRGHV�FDQ�KROG�RYHU������GLJLWV��7KLV�REYLRXVO\�JLYHV�JUHDWHU
VFRSH�IRU�WKH�VWRUDJH�RI�LQIRUPDWLRQ�

)LJXUH����

%HFDXVH�RI�PRGHUQ�VPDUW�SKRQHV��ZKLFK�DOORZ�LQWHUQHW�DFFHVV�RQ�WKH�PRYH��45
FRGHV�FDQ�EH�VFDQQHG�DQ\ZKHUH��7KLV�DOORZV�DGYHUWLVLQJ�RI�SURGXFWV�RQ�WUDLQV��EXVHV�
VKRSSLQJ�PDOOV�DQG�PDQ\�RWKHU�SODFHV��%\�XVLQJ�WKH�EXLOW�LQ�FDPHUD�IDFLOLW\�RQ
PRGHUQ�SKRQHV�DQG�GRZQORDGLQJ�WKH�DSSURSULDWH�DSSOLFDWLRQ��RU�DSS���LW�LV�SRVVLEOH
WR�UHDG�WKH�45�FRGH��7KH�FRGH�PD\�FRQWDLQ�D�ZHEVLWH�OLQN�RU�VRPH�IRUP�RI
DGYHUWLVLQJ��H�J��VSHFLDO�RIIHUV�RQ�SL]]DV��
)RU�H[DPSOH��WKH�45�FRGH�LQ�)LJXUH�����FRQWDLQV�D�SKRQH�QXPEHU�DQG�DQ

DGYHUWLVHPHQW�IRU�IUHH�SL]]DV�LI�RUGHUHG�WRGD\��2Q�VFDQQLQJ�WKH�45�FRGH��WKH�SKRQH
QXPEHU�DQG�DGYHUWLVHPHQW�ZLOO�DSSHDU�RQ�WKH�PRELOH�SKRQH¶V�VFUHHQ��$GYDQWDJHV�RI
45�FRGHV�LQFOXGH�
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)LJXUH����

���WKHUH�LV�QR�QHHG�IRU�WKH�XVHU�WR�ZULWH�GRZQ�RU�NH\�LQ�D�ZHEVLWH�DGGUHVV��VFDQQLQJ
WKH�45�FRGH�GRHV�WKLV�DXWRPDWLFDOO\

���45�FRGHV�FDQ�VWRUH�ZHEVLWH�DGGUHVVHV�85/V�WKDW�DSSHDU�LQ�PDJD]LQHV��WUDLQV�
EXVHV�RU�HYHQ�RQ�EXVLQHVV�FDUGV��JLYLQJ�D�YHU\�HIIHFWLYH�PHWKRG�RI�DGYHUWLVLQJ�

������'LJLWDO�FDPHUDV
'LJLWDO�FDPHUDV�KDYH�HVVHQWLDOO\�UHSODFHG�WKH�PRUH�WUDGLWLRQDO�FDPHUD�WKDW�XVHG�ILOP
WR�UHFRUG�WKH�SKRWRV��7KH�ILOP�UHTXLUHG�GHYHORSLQJ�DQG�WKHQ�SULQWLQJ�EHIRUH�WKH
SKRWRJUDSKHU�FRXOG�VHH�WKH�UHVXOW�RI�WKHLU�ZRUN��7KLV�PDGH�WKHVH�FDPHUDV�H[SHQVLYH
WR�RSHUDWH�VLQFH�LW�ZDVQ¶W�SRVVLEOH�WR�GHOHWH�XQZDQWHG�SKRWRJUDSKV�
0RGHUQ�GLJLWDO�FDPHUDV�VLPSO\�OLQN�WR�D�FRPSXWHU�V\VWHP�YLD�D�86%�SRUW�RU�E\

XVLQJ�%OXHWRRWK��ZKLFK�HQDEOHV�ZLUHOHVV�WUDQVIHU�RI�SKRWRJUDSKLF�ILOHV��

)LJXUH������'LJLWDO�FDPHUD

7KHVH�FDPHUDV�DUH�FRQWUROOHG�E\�D�PLFURSURFHVVRU�ZKLFK�FDQ�DXWRPDWLFDOO\�FDUU\
RXW�WKH�IROORZLQJ�WDVNV�
���DGMXVW�WKH�VKXWWHU�VSHHG
���IRFXV�WKH�LPDJH�DXWRPDWLFDOO\
���RSHUDWH�WKH�IODVK�DXWRPDWLFDOO\
���DGMXVW�WKH�DSHUWXUH�VL]H
���DGMXVW�WKH�VL]H�RI�WKH�LPDJH
���UHPRYH�µUHG�H\H¶�ZKHQ�WKH�IODVK�KDV�EHHQ�XVHG

90



DQG�VR�RQ�
7KH�SKRWRJUDSK�LV�FDSWXUHG�ZKHQ�OLJKW�SDVVHV�WKURXJK�WKH�OHQV�RQWR�D�OLJKW�

VHQVLWLYH�FHOO��7KLV�FHOO�LV�PDGH�XS�RI�WLQ\�HOHPHQWV�NQRZQ�DV�SL[HOV��7KH�QXPEHU�RI
SL[HOV�GHWHUPLQHV�WKH�VL]H�RI�WKH�ILOH�XVHG�WR�VWRUH�WKH�SKRWRJUDSK��H�J��D����
PHJDSL[HO�FDPHUD�ZLOO�QHHG����PHJDE\WHV�WR�VWRUH�HDFK�UDZ��XQFRPSUHVVHG�
SKRWRJUDSK���%\�UHGXFLQJ�WKH�UHVROXWLRQ�WR��IRU�H[DPSOH��D�MSHJ�LPDJH��WKH�VWRUDJH
UHTXLUHPHQW�LV�UHGXFHG�WR���PHJDE\WHV��VHH�6HFWLRQ���������7KH�TXDOLW\�RI�WKH
SKRWRJUDSK�DOVR�GHSHQGV�RQ�PDQ\�RWKHU�IDFWRUV��VXFK�DV�
���WKH�W\SH�RI�OHQV�XVHG
���WKH�OLJKWLQJ
DQG�VR�RQ�
0RELOH�SKRQHV�KDYH�FDXJKW�XS�ZLWK�GLJLWDO�FDPHUDV�DV�UHJDUGV�QXPEHU�RI�SL[HOV�

7KH�GUDZEDFN�LV�XVXDOO\�SRRU�OHQV�TXDOLW\�DQG�OLPLWHG�PHPRU\�IRU�WKH�VWRUDJH�RI
SKRWRV��%XW�WKLV�PD\�DOO�FKDQJH�LQ�WKH�QH[W�IHZ�\HDUV�

������.H\ERDUGV
.H\ERDUGV�DUH�E\�IDU�WKH�PRVW�FRPPRQ�PHWKRG�XVHG�IRU�GDWD�HQWU\��7KH\�DUH�XVHG�DV
WKH�LQSXW�GHYLFH�RQ�FRPSXWHUV��WDEOHWV��PRELOH�SKRQHV�DQG�PDQ\�RWKHU�HOHFWURQLF
LWHPV�
7KH�NH\ERDUG�LV�FRQQHFWHG�WR�WKH�FRPSXWHU�HLWKHU�E\�XVLQJ�D�86%�FRQQHFWLRQ�RU�E\

ZLUHOHVV�FRQQHFWLRQ��,Q�WKH�FDVH�RI�WDEOHWV�DQG�PRELOH�SKRQHV��WKH�NH\ERDUG�LV�RIWHQ
9,578$/�RU�D�W\SH�RI�728&+6&5((1�WHFKQRORJ\�

)LJXUH������.H\ERDUG

$V�H[SODLQHG�LQ�&KDSWHU����HDFK�FKDUDFWHU�RQ�D�NH\ERDUG�KDV�DQ�$6&,,�YDOXH��(DFK
FKDUDFWHU�SUHVVHG�LV�FRQYHUWHG�LQWR�D�GLJLWDO�VLJQDO��ZKLFK�WKH�FRPSXWHU�LQWHUSUHWV�
.H\ERDUGV�DUH�D�UHODWLYHO\�VORZ�PHWKRG�RI�GDWD�HQWU\�DQG�DUH�DOVR�SURQH�WR�HUURUV�

%XW�WKH\�DUH�SUREDEO\�VWLOO�WKH�HDVLHVW�ZD\�WR�HQWHU�WH[W�LQWR�D�FRPSXWHU��+RZHYHU�
IUHTXHQW�XVH�RI�WKHVH�GHYLFHV�FDQ�OHDG�WR�LQMXULHV��VXFK�DV�5(3(7,7,9(�675$,1�,1-85<
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�56,��LQ�WKH�KDQGV�DQG�ZULVWV�
(UJRQRPLF�NH\ERDUGV�FDQ�KHOS�WR�RYHUFRPH�WKLV�SUREOHP�±�WKHVH�KDYH�WKH�NH\V

DUUDQJHG�GLIIHUHQWO\�DV�VKRZQ�LQ�)LJXUH�������7KH\�DUH�DOVR�GHVLJQHG�WR�JLYH�PRUH
VXSSRUW�WR�WKH�ZULVWV�DQG�KDQGV�ZKHQ�GRLQJ�D�ORW�RI�W\SLQJ�

)LJXUH������(UJRQRPLF�NH\ERDUG

������3RLQWLQJ�GHYLFHV
7KH�VHOHFWLRQ�RI�DQ�DSSOLFDWLRQ�RIWHQ�UHTXLUHV�WKH�XVHU�WR�µFOLFN¶�RQ�DQ�LFRQ��6HOHFWLRQ
RI�WKH�LFRQ�LV�XVXDOO\�GRQH�ZLWK�D�32,17,1*�'(9,&(��VXFK�DV�D�0286(�RU�D
75$&.(5%$//��RU�E\�XVLQJ�D�WRXFKVFUHHQ�
7KH�PRXVH�LV�SUREDEO\�VWLOO�WKH�PRVW�FRPPRQ�SRLQWLQJ�GHYLFH�DQG�FRPHV�LQ

YDULRXV�IRUPV�
���WKH�PRUH�WUDGLWLRQDO�W\SH�ZLWK�D�PHFKDQLFDO�EDOO�DUUDQJHPHQW��FRQQHFWHG�WR�WKH
FRPSXWHU�WKURXJK�D�86%�SRUW

���WKH�PRUH�PRGHUQ�W\SH�WKDW�XVH�UHG�/('V�WR�GHWHFW�PRYHPHQW�LQ�WKH�[�\�GLUHFWLRQ�
WKHVH�DUH�D�W\SH�RI�RSWLFDO�PRXVH

���PLFH�WKDW�XVH�HLWKHU�RI�WKH�DERYH�W\SHV�RI�WHFKQRORJ\�EXW�XVH�D�ZLUHOHVV�FRQQHFWLRQ
WR�WKH�FRPSXWHU�

)LJXUH������7UDFNHUEDOO

:KDWHYHU�W\SH�RI�PRXVH�LV�XVHG�LW�ZLOO�UHTXLUH�DQ�DUHD�RI�GHVN�VSDFH�WR�DOORZ
PRYHPHQW��7KH\�RIWHQ�UHTXLUH�D�PRXVH�PDW�VLQFH�VRPH�VXUIDFHV��VXFK�DV�SDSHU�
SUHYHQW�WKH�FRUUHFW�RSHUDWLRQ�RI�WKH�GHYLFH��'HSHQGLQJ�RQ�WKH�W\SH�RI�FRPSXWHU��WKH
PRXVH�LV�ILWWHG�ZLWK�RQH�RU�WZR�EXWWRQV�WR�DOORZ�IRU�VHOHFWLRQ�DQG�RWKHU�IXQFWLRQV�
0DQ\�GHVLJQV�RI�PRXVH�KDYH�D�VFUROO�ZKHHO�WR�DOORZ�UDSLG�PRYHPHQW�XS�DQG�GRZQ
WKH�VFUHHQ�
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7UDFNHUEDOOV�DUH�VHHQ�PRUH�RIWHQ�LQ�DQ�LQGXVWULDO�HQYLURQPHQW�±�VXFK�DV�D�FRQWURO
URRP��%HFDXVH�WKH\�GRQ¶W�QHHG�WR�PRYH��WKH�WUDFNHUEDOO�GRHVQ¶W�QHHG�DQ\�GHVN�VSDFH
RU�VSHFLDO�VXUIDFH��7KH�RSHUDWRU�LV�DOVR�OHVV�OLNHO\�WR�VXIIHU�IURP�LQMXULHV�VXFK�DV
56,��$�EDOO�RQ�WKH�WRS�RI�WKH�WUDFNHUEDOO�LV�PRYHG�WR�FRQWURO�D�FXUVRU�RQ�WKH�VFUHHQ�
$V�ZLWK�WKH�PRXVH��EXWWRQV�DUH�XVHG�WR�VHOHFW�LFRQV�DQG�WR�FDUU\�RXW�RWKHU�IXQFWLRQV�
0RVW�ODSWRS�FRPSXWHUV�KDYH�D�EXLOW�LQ�728&+�3$'��7KLV�FRQWDLQV�D�WDFWLOH�VHQVRU

ZKLFK�DOORZV�WKH�XVHU�WR�FRQWURO�D�FXUVRU�E\�VLPSO\�PRYLQJ�D�ILQJHU�RYHU�WKH�VXUIDFH
RI�WKH�SDG��%XWWRQV�WR�WKH�OHIW�DQG�ULJKW�RI�WKH�SDG�DFW�LQ�WKH�VDPH�ZD\�DV�EXWWRQV�RQ�D
PRXVH��+RZHYHU��E\�VLPSO\�WDSSLQJ�WKH�VXUIDFH�WKLV�DFWV�DV�D�TXLFN�PHWKRG�RI
VHOHFWLRQ�RQ�PDQ\�WRXFK�SDGV�

������0LFURSKRQHV
0LFURSKRQHV�DUH�XVHG�WR�LQSXW�VRXQG�WR�D�FRPSXWHU��)RU�H[DPSOH�
���GRLQJ�D�µYRLFH�RYHU¶�LQ�D�SUHVHQWDWLRQ
���SDUW�RI�D�VSHHFK�UHFRJQLWLRQ�V\VWHP
���SDUW�RI�D�YRLFH�UHFRJQLWLRQ�V\VWHP
���HQDEOLQJ�D�GLVDEOHG�SHUVRQ�WR�FRPPXQLFDWH�ZLWK�D�FRPSXWHU�
0LFURSKRQHV�DUH�HLWKHU�EXLOW�LQWR�WKH�FRPSXWHU�RU�DUH�H[WHUQDO�GHYLFHV�FRQQHFWHG
WKURXJK�WKH�86%�SRUW�RU�XVLQJ�ZLUHOHVV�FRQQHFWLYLW\�

)LJXUH������0LFURSKRQH
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:KHQ�D�PLFURSKRQH�SLFNV�XS�VRXQG��D�GLDSKUDJP�YLEUDWHV�SURGXFLQJ�DQ�HOHFWULF
VLJQDO��7KLV�VLJQDO�JRHV�WR�D�VRXQG�FDUG�DQG�LV�FRQYHUWHG�LQWR�GLJLWDO�YDOXHV�DQG
VWRUHG�LQ�WKH�FRPSXWHU�
,I�WKH�PLFURSKRQH�LV�EHLQJ�XVHG�LQ�D�92,&(�5(&2*1,7,21�V\VWHP��WKH�XVHU¶V�YRLFH

LV�GHWHFWHG�DQG�WKHQ�FRQYHUWHG�LQWR�GLJLWDO��$�IHZ�ZRUGV�VSRNHQ�SURGXFH�D�GLJLWDO
ZDYH�SDWWHUQ��6RIWZDUH�FRPSDUHV�WKLV�ZDYH�SDWWHUQ�WR�ZDYH�SDWWHUQV�VWRUHG�LQ
PHPRU\�WR�VHH�LI�WKH\�PDWFK��,I�WKH\�PDWFK��WKHQ�WKH�SHUVRQ�KDV�EHHQ�FRUUHFWO\
LGHQWLILHG��2QO\�FHUWDLQ�ZRUGV�FDQ�EH�XVHG�VLQFH�WKH�V\VWHP�LV�GHVLJQHG�WR�UHFRJQLVH
RQO\�D�IHZ�NH\�SKUDVHV��H�J��D�XVHU�PD\�EH�DVNHG�WR�VD\�WKHLU�QDPH���7KLV�WHFKQRORJ\
FDQ�EH�XVHG�LQ�VHFXULW\�V\VWHPV�
63((&+�5(&2*1,7,21�LV�D�GLIIHUHQW�DQG�PRUH�FRPSOH[�WHFKQRORJ\��7KLV�DJDLQ�XVHV

D�PLFURSKRQH�WR�LQSXW�ZRUGV�VSRNHQ�E\�D�XVHU��%XW�WKLV�WLPH�WKH�VRIWZDUH�GRHVQ¶W�WU\
WR�UHFRJQLVH�WKH�SHUVRQ�WDONLQJ��7KH�VSRNHQ�ZRUGV�DUH�UHFRJQLVHG�DQG�VKRZQ�RQ�D
VFUHHQ��LQSXW�LQWR�D�ZRUG�SURFHVVRU�RU�XVHG�LQ�RWKHU�DSSOLFDWLRQ��7KH�EDVLF
GLIIHUHQFHV�WR�YRLFH�UHFRJQLWLRQ�DUH�GHVFULEHG�EHORZ�
��6XSSRVH�D�SHUVRQ�VD\V�WKH�ZRUG�µ+87¶��WKH�VRXQG�FDUG�LQ�WKH�FRPSXWHU�ZLOO
FRQYHUW�WKH�VRXQG�ZDYH�LQWR�D�GLJLWDO�IRUP�

)LJXUH�����

��7KH�VRIWZDUH�WDNHV�WKH�GLJLWDO�LPDJH��VKRZQ�LQ�)LJXUH�������DQG�EUHDNV�LW�XS�LQWR
SKRQHPHV��WKHVH�DUH�WKH�VPDOOHVW�HOHPHQWV�WKDW�PDNH�XS�D�ODQJXDJH���LQ�WKLV�FDVH�µ+
8+�7¶�

��7KHVH�SKRQHPHV�DUH�FRPSDUHG�ZLWK�ZRUGV�IRXQG�LQ�WKH�EXLOW�LQ�GLFWLRQDU\�

)LJXUH�����

��7KH�ZRUG�µ+87¶�ZRXOG�WKHQ�EH�VXJJHVWHG�E\�WKH�VRIWZDUH�LQ�ZKDWHYHU�DSSOLFDWLRQ
LV�EHLQJ�UXQ�

��7KLV��RI�FRXUVH��LV�D�YHU\�VLPSOH�H[DPSOH�DQG�WKH�ZKROH�FRQFHSW�RI�VSHHFK
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UHFRJQLWLRQ�LV�YHU\�FRPSOH[��,Q�WU\LQJ�WR�UHFRJQLVH�ZKLFK�ZRUGV�DUH�EHLQJ�VSRNHQ�
WKH�VRIWZDUH�KDV�WR�WDNH�LQWR�DFFRXQW�GLIIHUHQW�GLDOHFWV��GLIIHUHQW�DFFHQWV�DQG�VR�RQ�
-XVW�WR�LQGLFDWH�KRZ�GLIILFXOW�WKLV�LV��FRQVLGHU�WKH�IROORZLQJ�ZHOO�NQRZQ�H[DPSOH�

����7KH�WZR�SKUDVHV��µUHFRJQLVH�VSHHFK¶�DQG�µZUHDN�D�QLFH�EHDFK¶��LI�VSRNHQ�TXLFNO\�
DUH�DOPRVW�LGHQWLFDO��8VLQJ�SKRQHPHV��WKH\�EHFRPH�

����µU�HK�N�DR�J�Q�D\�]���V�S�L\�FK¶�DQG�µU�HK�N���D\���Q�D\�V���E�L\�FK¶
����2QH�ZD\�URXQG�WKLV�LV�WR�µWUDLQ¶�WKH�FRPSXWHU�WR�XQGHUVWDQG�D�FURVV�VHFWLRQ�RI
SHRSOH��EXW�VRPH�SUREOHPV�DUH�GLIILFXOW�WR�UHVROYH��+XPDQ�EHLQJV�KDYH�SUREOHPV
ZLWK�GLDOHFWV�DQG�DFFHQWV��VR�LW�VKRXOG�FRPH�DV�QR�VXUSULVH�WKDW�WKLV�FRQWLQXHV�WR
FKDOOHQJH�WKH�VRIWZDUH�GHYHORSHUV�RI�VSHHFK�UHFRJQLWLRQ�V\VWHPV�

$FWLYLW\����
'HVFULEH�KRZ�VSHHFK�UHFRJQLWLRQ�FRXOG�EH�XVHG�WR�
D�WHDFK�ODQJXDJH�VNLOOV�WR�SHRSOH�ZKR�KDYH�GLIILFXOW\�LQ�OHDUQLQJ
E�WHDFK�D�SHUVRQ�WR�VD\�ZRUGV�LQ�D�IRUHLJQ�ODQJXDJH�

%RWK�YRLFH�UHFRJQLWLRQ�DQG�VSHHFK�UHFRJQLWLRQ�FDQ�EH�XVHG�LQ�YDULRXV�RWKHU
DSSOLFDWLRQV��)RU�H[DPSOH��YRLFH�UHFRJQLWLRQ�LV�XVHG�LQ�FDUV�WR�DOORZ�WKH�GULYHU�WR
VD\�FRPPDQGV��µPDNH�ZDUPHU¶��µVZLWFK�RQ�*36¶�RU�µRSHQ�ZLQGRZ¶��.H\�ZRUGV
KDYH�WR�EH�XVHG�VR�WKDW�WKH�VRIWZDUH�FDQ�FRPSDUH�YRLFH�SDWWHUQV�ZLWK�WKH�OLPLWHG
GLFWLRQDU\�RI�ZRUGV�DOUHDG\�VWRUHG��7KHVH�V\VWHPV�DUH�EHFRPLQJ�LQFUHDVLQJO\
VRSKLVWLFDWHG�VR�WKDW�QRUPDO�VSHHFK�LQ�WKH�FDU�GRHVQ¶W�WULJJHU�DQ�XQZDQWHG�UHVSRQVH
E\�WKH�FRPSXWHU��1HZHU�V\VWHPV�FDQ�DOVR�EH�VHW�XS�WR�RQO\�UHVSRQG�WR�FRPPDQGV
IURP�WKH�GULYHU�

$FWLYLW\����
&RQVLGHU�WKH�SOXVHV�DQG�PLQXVHV�RI�XVLQJ�YRLFH�UHFRJQLWLRQ�LQ�D�FDU��,V�LW
VDIHU"�)RU�H[DPSOH��LW�PD\�DOORZ�D�GULYHU�WR�UHVSRQG�WR�DQ�HPDLO�ZKLOH
GULYLQJ�HWF��7U\�WR�GHYHORS�WKLV�DUJXPHQW�DQG�GUDZ�D�YDOLG�FRQFOXVLRQ�IURP
\RXU�ILQGLQJV�

������7RXFKVFUHHQV
7RXFKVFUHHQV�DUH�QRZ�D�YHU\�FRPPRQ�IRUP�RI�LQSXW�GHYLFH��7KH\�DOORZ�VLPSOH�WRXFK
WR�ODXQFK�DQ�DSSOLFDWLRQ�RU�WR�FDUU\�RXW�PDQ\�RI�WKH�IXQFWLRQV�RI�SRLQWLQJ�GHYLFHV�VXFK
DV�D�PRXVH�
2QH�RI�WKH�PDLQ�XVHV�RI�WRXFKVFUHHQ�WHFKQRORJ\�LV�LQ�PRELOH�SKRQHV��$W�SUHVHQW�

WKHUH�DUH�WKUHH�PDMRU�W\SHV�RI�WRXFKVFUHHQ�WHFKQRORJLHV�DSSOLHG�WR�PRELOH�SKRQH
VFUHHQV�
���FDSDFLWLYH
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���LQIUD�UHG
���UHVLVWLYH�
:H�ZLOO�FRQVLGHU�KRZ�HDFK�RI�WKHVH�WHFKQRORJLHV�ZRUN�DQG�ZKDW�WKHLU�PDLQ�EHQHILWV
DQG�GUDZEDFNV�DUH�

)LJXUH�����
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)LJXUH�����
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)LJXUH�����

������6HQVRUV�
6(16256�DUH�GHYLFHV�ZKLFK�UHDG�RU�PHDVXUH�SK\VLFDO�SURSHUWLHV��7KHVH�FDQ�LQFOXGH
WHPSHUDWXUH��SUHVVXUH��DFLGLW\�DQG�VR�RQ��5HDO�GDWD�LV�$1$/2*8(�LQ�QDWXUH�±�WKLV
PHDQV�LW�LV�FRQVWDQWO\�FKDQJLQJ�DQG�GRHVQ¶W�KDYH�D�GLVFUHWH�YDOXH��$QDORJXH�GDWD
XVXDOO\�UHTXLUHV�VRPH�IRUP�RI�LQWHUSUHWDWLRQ��IRU�H[DPSOH��WKH�WHPSHUDWXUH
PHDVXUHPHQW�RQ�D�PHUFXU\�WKHUPRPHWHU�UHTXLUHV�WKH�XVHU�WR�ORRN�DW�WKH�KHLJKW�RI�WKH
PHUFXU\�WR�ZRUN�RXW�WKH�WHPSHUDWXUH��7KH�WHPSHUDWXUH�FDQ�WKHUHIRUH�KDYH�DQ�LQILQLWH
QXPEHU�RI�YDOXHV�GHSHQGLQJ�RQ�WKH�SUHFLVLRQ�RI�KRZ�WKH�KHLJKW�RI�WKH�PHUFXU\�LV
PHDVXUHG��(TXDOO\�DQ�DQDORJXH�FORFN�IDFH�UHTXLUHV�WKH�XVHU�WR�ORRN�DW�WKH�KDQGV�RQ
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WKH�FORFN�IDFH��7KH�DUHD�VZHSW�RXW�E\�WKH�KDQGV�DOORZV�WKH�QXPEHU�RI�KRXUV�DQG
PLQXWHV�WR�EH�LQWHUSUHWHG��7KHUH�DUH�PDQ\�RWKHU�H[DPSOHV�
+RZHYHU��FRPSXWHUV�FDQQRW�PDNH�DQ\�VHQVH�RI�WKHVH�SK\VLFDO�TXDQWLWLHV�DQG�WKH

GDWD�QHHGV�WR�EH�FRQYHUWHG�LQWR�D�GLJLWDO�IRUPDW��7KLV�LV�XVXDOO\�DFKLHYHG�E\�DQ
$1$/2*8(�72�',*,7$/�&219(57(5��$'&���7KLV�GHYLFH�FRQYHUWV�SK\VLFDO�YDOXHV
LQWR�GLVFUHWH�GLJLWDO�YDOXHV�

)LJXUH�����

:KHQ�WKH�FRPSXWHU�LV�XVHG�WR�FRQWURO�GHYLFHV��VXFK�DV�D�PRWRU�RU�D�YDOYH��LW�LV
QHFHVVDU\�WR�XVH�D�',*,7$/�72�$1$/2*8(�&219(57(5��'$&��VLQFH�WKHVH�GHYLFHV
QHHG�DQDORJXH�GDWD�WR�RSHUDWH�LQ�PDQ\�FDVHV��)UHTXHQWO\��DQ�$&78$725�LV�XVHG�LQ
WKHVH�FRQWURO�DSSOLFDWLRQV��$OWKRXJK�WKHVH�DUH�WHFKQLFDOO\�RXWSXW�GHYLFHV��WKH\�DUH
PHQWLRQHG�KHUH�VLQFH�WKH\�DUH�DQ�LQWHJUDO�SDUW�RI�WKH�FRQWURO�V\VWHP��$Q�DFWXDWRU�LV�DQ
HOHFWURPHFKDQLFDO�GHYLFH�VXFK�DV�D�UHOD\��VROHQRLG�RU�PRWRU��1RWH�WKDW�D�VROHQRLG�LV
DQ�H[DPSOH�RI�D�GLJLWDO�DFWXDWRU��SDUW�RI�WKH�GHYLFH�LV�FRQQHFWHG�WR�D�FRPSXWHU�ZKLFK
RSHQV�DQG�FORVHV�D�FLUFXLW�DV�UHTXLUHG��:KHQ�HQHUJLVHG��WKH�VROHQRLG�PD\�RSHUDWH�D
SOXQJHU�RU�DUPDWXUH�WR�FRQWURO��IRU�H[DPSOH��D�IXHO�LQMHFWLRQ�V\VWHP��2WKHU�DFWXDWRUV�
VXFK�DV�PRWRUV�DQG�YDOYHV��PD\�UHTXLUH�D�'$&�VR�WKDW�WKH\�UHFHLYH�DQ�HOHFWULF
FXUUHQW�UDWKHU�WKDQ�D�VLPSOH�GLJLWDO�VLJQDO�GLUHFW�IURP�WKH�FRPSXWHU�
7DEOH�����VKRZV�D�QXPEHU�RI�FRPPRQ�VHQVRUV�DQG�H[DPSOHV�RI�DSSOLFDWLRQV�WKDW

XVH�WKH�QDPHG�VHQVRUV�

7DEOH����

6HQVRU $SSOLFDWLRQ
WHPSHUDWXUH ���FRQWURO�D�FHQWUDO�KHDWLQJ�V\VWHP

���FRQWURO�PRQLWRU�D�FKHPLFDO�SURFHVV
���FRQWURO�PRQLWRU�WKH�WHPSHUDWXUH�LQ�D�JUHHQKRXVH

PRLVWXUH�KXPLGLW\ ���FRQWURO�PRQLWRU�WKH�PRLVWXUH�OHYHOV�LQ�VRLO�LQ�D
JUHHQKRXVH

���FRQWURO�PRQLWRU�WKH�KXPLGLW\�OHYHOV�LQ�WKH�DLU�LQ�D
JUHHQKRXVH

���PRQLWRU�GDPSQHVV�OHYHOV�LQ�DQ�LQGXVWULDO�DSSOLFDWLRQ
�H�J���PRQLWRU�PRLVWXUH�LQ�D�SDLQW�VSUD\�ERRWK�LQ�D�FDU
IDFWRU\�
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OLJKW ���VZLWFK�VWUHHW�OLJKWLQJ�RQ�DW�QLJKW�DQG�RII�GXULQJ�WKH�GD\
���PRQLWRU�FRQWURO�OLJKW�OHYHOV�LQ�D�JUHHQKRXVH
���DXWRPDWLFDOO\�VZLWFK�RQ�D�FDU¶V�KHDGOLJKWV�ZKHQ�LW�JHWV
GDUN

LQIUD�UHG�PRWLRQ ���WXUQ�RQ�WKH�ZLQGVFUHHQ�ZLSHUV�RQ�D�FDU�DXWRPDWLFDOO\
���GHWHFW�LQWUXGHUV�LQ�D�EXUJODU�DODUP�V\VWHP
���FRXQW�SHRSOH�HQWHULQJ�OHDYLQJ�D�EXLOGLQJ

SUHVVXUH ���GHWHFW�LQWUXGHUV�LQ�D�EXUJODU�DODUP�V\VWHP
���ZHLJK�WKLQJV��H�J��FKHFN�WKH�ZHLJKW�RI�D�YHKLFOH�
���PRQLWRU�FRQWURO�D�SURFHVV�ZKHUH�JDV�SUHVVXUH�LV
LPSRUWDQW

DFRXVWLF�VRXQG ���SLFN�XS�QRLVH�OHYHOV��H�J��IRRWVWHSV��LQ�D�EXUJODU�DODUP
V\VWHP

���GHWHFW�WKH�QRLVH�RI�OLTXLGV�GULSSLQJ�LQ�D�SLSH
JDV��H�J��2��RU
&2��

���PRQLWRU�SROOXWLRQ�OHYHOV�LQ�D�ULYHU�RU�LQ�WKH�DLU
���PHDVXUH�2��DQG�&2��OHYHOV�LQ�D�JUHHQKRXVH
���FKHFN�IRU�&2��OHDNV�LQ�D�SRZHU�VWDWLRQ

S+ ���PRQLWRU�FRQWURO�DFLGLW\�DONDOLQLW\�OHYHOV�LQ�WKH�VRLO�LQ�D
JUHHQKRXVH

���SROOXWLRQ�HQYLURQPHQWDO�PRQLWRULQJ�LQ�ULYHUV
PDJQHWLF�ILHOG ���DQ\�DSSOLFDWLRQ�ZKHUH�GHWHFWLRQ�RI�FKDQJHV�LQ�D

PDJQHWLF�ILHOG�LV�UHTXLUHG��H�J��LQ�FHOO�SKRQHV��&'
SOD\HUV��HWF��

���XVHG�LQ�DQWL�ORFN�EUDNLQJ�V\VWHPV�LQ�PRWRU�YHKLFOHV

6HQVRUV�DUH�XVHG�LQ�ERWK�PRQLWRULQJ�DQG�FRQWURO�DSSOLFDWLRQV��7KHUH�LV�D�VXEWOH
GLIIHUHQFH�EHWZHHQ�KRZ�WKHVH�WZR�PHWKRGV�ZRUN�
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)LJXUH�����

([DPSOHV�RI�PRQLWRULQJ�LQFOXGH�
���PRQLWRULQJ�D�SDWLHQW�LQ�D�KRVSLWDO�IRU�YLWDO�VLJQV�VXFK�DV�KHDUW�UDWH��WHPSHUDWXUH��HWF�
���PRQLWRULQJ�RI�LQWUXGHUV�LQ�D�EXUJODU�DODUP�V\VWHP
���FKHFNLQJ�WKH�WHPSHUDWXUH�OHYHOV�LQ�D�FDU�HQJLQH
���PRQLWRULQJ�SROOXWLRQ�OHYHOV�LQ�D�ULYHU�
([DPSOHV�RI�FRQWURO�LQFOXGH�
���WXUQLQJ�VWUHHW�OLJKWV�RQ�DW�QLJKW�DQG�WXUQLQJ�WKHP�RII�DJDLQ�GXULQJ�GD\OLJKW
���UHJXODWLQJ�WKH�WHPSHUDWXUH�LQ�D�FHQWUDO�KHDWLQJ�DLU�FRQGLWLRQLQJ�V\VWHP
��� �FKDQJLQJ�WKH�WUDIILF�OLJKWV�DW�D�URDG�MXQFWLRQ

���RSHUDWLQJ�DQWL�ORFN�EUDNHV�RQ�D�FDU�ZKHQ�QHFHVVDU\
���UHJXODWLQJ�WKH�HQYLURQPHQW�LQ�D�JUHHQKRXVH�
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�������0RQLWRULQJ�DSSOLFDWLRQV
%XUJODU�DODUP�V\VWHP

)LJXUH�����

$�EXUJODU�DODUP�PRQLWRULQJ�V\VWHP�ZLOO�FDUU\�RXW�WKH�IROORZLQJ�DFWLRQV�
���7KH�V\VWHP�LV�DFWLYDWHG�E\�NH\LQJ�LQ�D�SDVVZRUG�RQ�D�NH\SDG�
���7KH�LQIUD�UHG�VHQVRU�SLFNV�XS�WKH�PRYHPHQW�RI�DQ�LQWUXGHU�LQ�WKH�EXLOGLQJ�
���7KH�DFRXVWLF�VHQVRU�SLFNV�XS�VRXQGV�VXFK�DV�IRRWVWHSV�RU�EUHDNLQJ�JODVV�
���7KH�SUHVVXUH�VHQVRU�SLFNV�XS�WKH�ZHLJKW�RI�DQ�LQWUXGHU�FRPLQJ�WKURXJK�D�GRRU�RU
WKURXJK�D�ZLQGRZ�

���7KH�VHQVRU�GDWD�LV�SDVVHG�WKURXJK�DQ�$'&�LI�LW�LV�LQ�DQ�DQDORJXH�IRUP�WR�SURGXFH
GLJLWDO�GDWD�

���7KH�FRPSXWHU�PLFURSURFHVVRU�ZLOO�VDPSOH�WKH�GLJLWDO�GDWD�FRPLQJ�IURP�WKHVH
VHQVRUV�DW�D�JLYHQ�IUHTXHQF\��H�J��HYHU\�ILYH�VHFRQGV���WKH�GDWD�LV�FRPSDUHG�ZLWK
WKH�VWRUHG�YDOXHV�E\�WKH�FRPSXWHU�PLFURSURFHVVRU�

���,I�DQ\�RI�WKH�LQFRPLQJ�GDWD�YDOXHV�DUH�RXWVLGH�WKH�DFFHSWDEOH�UDQJH��WKHQ�WKH
FRPSXWHU�VHQGV�D�VLJQDO�WR�

�������D�VLUHQ�WR�VRXQG�WKH�DODUP��RU
�������D�OLJKW�WR�VWDUW�IODVKLQJ�
���$�'$&�LV�XVHG�LI�WKH�GHYLFHV�QHHG�DQDORJXH�YDOXHV�WR�RSHUDWH�WKHP�
���7KH�DODUP�FRQWLQXHV�WR�VRXQG�OLJKWV�FRQWLQXH�WR�IODVK�XQWLO�WKH�V\VWHP�LV�UHVHW�ZLWK�D
SDVVZRUG�

0RQLWRULQJ�RI�SDWLHQWV�LQ�D�KRVSLWDO
���$�QXPEHU�RI�VHQVRUV�DUH�DWWDFKHG�WR�WKH�SDWLHQW��WKHVH�PHDVXUH�YLWDO�VLJQV�VXFK�DV�
WHPSHUDWXUH��KHDUW�UDWH��EUHDWKLQJ�UDWH��HWF�

���7KHVH�VHQVRUV�DUH�DOO�DWWDFKHG�WR�D�FRPSXWHU�V\VWHP�
���7KH�VHQVRUV�FRQVWDQWO\�VHQG�GDWD�EDFN�WR�WKH�FRPSXWHU�V\VWHP�
���7KH�FRPSXWHU�VDPSOHV�WKH�GDWD�DW�IUHTXHQW�LQWHUYDOV�
���7KH�UDQJH�RI�DFFHSWDEOH�YDOXHV�IRU�HDFK�SDUDPHWHU�LV�NH\HG�LQ�WR�WKH�FRPSXWHU�
���7KH�FRPSXWHU�FRPSDUHV�WKH�YDOXHV�IURP�WKH�VHQVRUV�ZLWK�WKRVH�YDOXHV�NH\HG�LQ�
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���,I�DQ\WKLQJ�LV�RXW�RI�WKH�DFFHSWDEOH�UDQJH��D�VLJQDO�LV�VHQW�E\�WKH�FRPSXWHU�WR�VRXQG
DQ�DODUP�

���,I�GDWD�IURP�WKH�VHQVRUV�LV�ZLWKLQ�UDQJH��WKH�YDOXHV�DUH�VKRZQ�LQ�HLWKHU�JUDSKLFDO
IRUP�RQ�D�VFUHHQ�DQG�RU�D�GLJLWDO�UHDG�RXW�

���0RQLWRULQJ�FRQWLQXHV�XQWLO�WKH�VHQVRUV�DUH�GLVFRQQHFWHG�IURP�WKH�SDWLHQW�

�������&RQWURO�DSSOLFDWLRQV
&RQWURO�RI�VWUHHW�OLJKWLQJ

)LJXUH�����

)LJXUH�����

7KLV�QH[W�VHTXHQFH�VKRZV�KRZ�D�PLFURSURFHVVRU�LV�XVHG�WR�FRQWURO�WKH�RSHUDWLRQ�RI�D
VWUHHW�ODPS��7KH�ODPS�LV�ILWWHG�ZLWK�D�OLJKW�VHQVRU�ZKLFK�FRQVWDQWO\�VHQGV�GDWD�WR�WKH
PLFURSURFHVVRU��7KH�GDWD�YDOXH�IURP�WKH�VHQVRU�FKDQJHV�DFFRUGLQJ�WR�ZKHWKHU�LW�LV
VXQQ\��FORXG\��UDLQLQJ�RU�LW�LV�QLJKW�WLPH�HWF�
���7KH�OLJKW�VHQVRU�VHQGV�GDWD�WR�WKH�$'&�LQWHUIDFH�
���7KLV�GLJLWLVHV�WKH�GDWD�DQG�VHQGV�LW�WR�WKH�PLFURSURFHVVRU�
���7KH�PLFURSURFHVVRU�VDPSOHV�WKH�GDWD�HYHU\�PLQXWH��RU�DW�VRPH�RWKHU�IUHTXHQF\
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UDWH��
���,I�WKH�GDWD�IURP�WKH�VHQVRU���YDOXH�VWRUHG�LQ�PHPRU\�
�������D�VLJQDO�LV�VHQW�IURP�WKH�PLFURSURFHVVRU�WR�WKH�VWUHHW�ODPS
�������DQG�WKH�ODPS�LV�VZLWFKHG�RQ�
���7KH�ODPS�VWD\V�VZLWFKHG�RQ�IRU����PLQXWHV�EHIRUH�WKH�VHQVRU�UHDGLQJV�DUH�VDPSOHG
DJDLQ��WKLV�SUHYHQWV�WKH�ODPS�IOLFNHULQJ�RII�DQG�RQ�GXULQJ�EULHI�KHDY\�FORXG�FRYHU�
IRU�H[DPSOH��

���,I�WKH�GDWD�IURP�WKH�VHQVRU�! �YDOXH�VWRUHG�LQ�PHPRU\�
�������D�VLJQDO�LV�VHQW�IURP�WKH�PLFURSURFHVVRU�WR�WKH�VWUHHW�ODPS
�������DQG�WKH�ODPS�LV�VZLWFKHG�RII�
���7KH�ODPS�VWD\V�VZLWFKHG�RII�IRU����PLQXWHV�EHIRUH�VHQVRU�UHDGLQJV�DUH�VDPSOHG
DJDLQ��WKLV�SUHYHQWV�WKH�ODPS�IOLFNHULQJ�RII�DQG�RQ�GXULQJ�KHDY\�FORXG�FRYHU��IRU
H[DPSOH��

$FWLYLW\����
'UDZ�D�IORZ�GLDJUDP�WR�VKRZ�WKH�VWHSV�LQ�KRZ�D�PLFURSURFHVVRU�FRQWUROV
WKH�VZLWFKLQJ�RII�DQG�RQ�RI�D�VWUHHW�ODPS��5HPHPEHU�WR�LQFOXGH�D�PHWKRG�WR
VWRS�WKH�ODPS�VZLWFKLQJ�RQ�DQG�RII�HYHU\�IHZ�VHFRQGV�

$QWL�ORFN�EUDNLQJ�V\VWHPV��RQ�FDUV�
$17,�/2&.�%5$.,1*�6<67(06��$%6��RQ�FDUV�XVH�PDJQHWLF�ILHOG�VHQVRUV�WR�VWRS�WKH
ZKHHOV�ORFNLQJ�XS�RQ�WKH�FDU�LI�WKH�EUDNHV�KDYH�EHHQ�DSSOLHG�WRR�VKDUSO\�
���:KHQ�RQH�RI�WKH�FDU�ZKHHOV�URWDWHV�WRR�VORZO\��L�H��LW�LV�ORFNLQJ�XS���D�PDJQHWLF
ILHOG�VHQVRU�VHQGV�GDWD�WR�D�PLFURSURFHVVRU�

���7KH�PLFURSURFHVVRU�FKHFNV�WKH�URWDWLRQ�VSHHG�RI�WKH�RWKHU�WKUHH�ZKHHOV�
���,I�WKH\�DUH�GLIIHUHQW��L�H��URWDWLQJ�IDVWHU���WKH�PLFURSURFHVVRU�VHQGV�D�VLJQDO�WR�WKH
EUDNLQJ�V\VWHP�

�������DQG�WKH�EUDNLQJ�SUHVVXUH�WR�WKH�DIIHFWHG�ZKHHO�LV�UHGXFHG
�������WKH�ZKHHO¶V�URWDWLRQDO�VSHHG�LV�WKHQ�LQFUHDVHG�WR�PDWFK�WKH�RWKHU�ZKHHOV�
���&KHFNLQJ�WKH�URWDWLRQDO�VSHHG�XVLQJ�WKHVH�PDJQHWLF�ILHOG�VHQVRUV�LV�GRQH�VHYHUDO
WLPHV�D�VHFRQG�DQG�WKH�EUDNLQJ�SUHVVXUH�WR�DOO�WKH�ZKHHOV�FDQ�EH�FRQVWDQWO\
FKDQJLQJ�WR�SUHYHQW�DQ\�RI�WKH�ZKHHOV�ORFNLQJ�XS�XQGHU�KHDY\�EUDNLQJ��WKLV�LV�IHOW�DV
D�µMXGGHU¶�RQ�WKH�EUDNH�SHGDO�DV�WKH�EUDNLQJ�V\VWHP�LV�FRQVWDQWO\�VZLWFKHG�RII�DQG
RQ�WR�HTXDOLVH�WKH�URWDWLRQDO�VSHHG�RI�DOO�IRXU�ZKHHOV�

���,I�RQH�RI�WKH�ZKHHOV�LV�URWDWLQJ�WRR�TXLFNO\��EUDNLQJ�SUHVVXUH�LV�LQFUHDVHG�WR�WKDW
ZKHHO�XQWLO�LW�PDWFKHV�WKH�RWKHU�WKUHH�

$FWLYLW\����
)LQG�RXW�PRUH�GHWDLOV�DERXW�KRZ�WKH�$%6�V\VWHP�ZRUNV�DQG�KRZ�LW�LV
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PRGLILHG�LQ�PRGHUQ�V\VWHPV�VXFK�DV�WUDFWLRQ�FRQWURO�
,QYHVWLJDWH�RWKHU�XVHV�RI�PDJQHWLF�ILHOG�VHQVRUV�

�������,QWHUDFWLYH�ZKLWHERDUGV
,QWHUDFWLYH�ZKLWHERDUGV�DUH�GHYLFHV�WKDW�DOORZ�FRPSXWHU�LPDJHV�WR�EH�GLVSOD\HG�RQ�D
ZKLWHERDUG�XVLQJ�D�GLJLWDO�SURMHFWRU��7KH\�DOVR�DOORZ�D�XVHU�WR�ZULWH�RQ�WKH
ZKLWHERDUG�DQG�WKH�WH[W�RU�GUDZLQJV�SURGXFHG�DUH�WKHQ�VWRUHG�LQ�DQ�HOHFWURQLF�IRUP
IRU�ODWHU�XVH��%DVLFDOO\�WKH�LQIRUPDWLRQ�ZKLFK�LV�KDQG�GUDZQ�RU�KDQG�ZULWWHQ�FDQ�EH
VWRUHG�VR�QRWKLQJ�IURP��IRU�H[DPSOH��D�PHHWLQJ�LV�ORVW�
6XSSRVH�D�QHZ�FDU�KDV�EHHQ�GHVLJQHG�DQG�LWV�LPDJH�KDV�EHHQ�SURMHFWHG�RQWR�WKH

ZKLWHERDUG�IURP�D�FRPSXWHU�VWRUHG�ILOH��,W�LV�SRVVLEOH�IRU�WKLV�LPDJH�WR�EH�DQQRWDWHG
E\�DGGLQJ�ODEHOV��D�GHVFULSWLRQ�RU�HYHQ�FKDQJHV�WR�WKH�GHVLJQ�IRU�ODWHU�XVH��7KH
DQQRWDWHG�YHUVLRQ�FDQ�WKHQ�EH�VDYHG�LQ�DQ�HOHFWURQLF�IRUP�WR�DOORZ�WKHVH�FKDQJHV�WR
EH�PDGH�

)LJXUH�����

,W�LV�DOVR�SRVVLEOH�WR�UXQ�VRIWZDUH�RQ�WKH�ZKLWHERDUG�DQG�XVHUV�FDQ�LQWHUDFW�E\�VLPSO\
XVLQJ�WKHLU�ILQJHUV�RQ�WKH�ZKLWHERDUG�VXUIDFH��7KLV�DOORZV�WKH�XVHU�WR�GHPRQVWUDWH�DOO
RI�WKH�IHDWXUHV�RI�WKH�VRIWZDUH�WR��IRU�H[DPSOH��D�JURXS�RI�SHRSOH�DW�D�PHHWLQJ�RU�HYHQ
D�GHPRQVWUDWLRQ�RI�D�QHZ�JDPH�LQ�D�VKRSSLQJ�PDOO��$Q\�DSSOLFDWLRQ�WKDW�UXQV�RQ�D
FRPSXWHU�FDQ�EH�XVHG�RQ�DQ�LQWHUDFWLYH�ZKLWHERDUG��,W�LV�HYHQ�SRVVLEOH�WR�VXUI�WKH�QHW�
DQQRWDWH�D�VSUHDGVKHHW�RU�GHPRQVWUDWH�D�GUDZLQJ�SDFNDJH��IRU�H[DPSOH��LQ�UHDO�WLPH�
7KH�ZKROH�DXGLHQFH�FDQ�VHH�ZKDW�LV�KDSSHQLQJ�DQG�HYHQ�EHFRPH�DFWLYHO\�LQYROYHG�LQ
WKH�GHPRQVWUDWLRQ�

����2XWSXW�GHYLFHV
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������,QNMHW�SULQWHUV
,1.-(7�35,17(56�DUH�HVVHQWLDOO\�PDGH�XS�RI�
���D�SULQW�KHDG�ZKLFK�FRQVLVWV�RI�QR]]OHV�ZKLFK�VSUD\�GURSOHWV�RI�LQN�RQ�WR�WKH�SDSHU
WR�IRUP�FKDUDFWHUV

���DQ�LQN�FDUWULGJH�RU�FDUWULGJHV��HLWKHU�D�JURXS�RI�FDUWULGJHV�IRU�HDFK�FRORXU��EOXH�
\HOORZ�DQG�PDJHQWD��DQG�D�EODFN�FDUWULGJH�RU�RQH�VLQJOH�FDUWULGJH�FRQWDLQLQJ�DOO
WKUHH�FRORXUV���EODFN��1RWH��VRPH�V\VWHPV�XVH�VL[�FRORXUV��

���D�VWHSSHU�PRWRU�DQG�EHOW�ZKLFK�PRYHV�WKH�SULQW�KHDG�DVVHPEO\�DFURVV�WKH�SDJH
IURP�VLGH�WR�VLGH

���D�SDSHU�IHHG�ZKLFK�DXWRPDWLFDOO\�IHHGV�WKH�SULQWHU�ZLWK�SDJHV�DV�WKH\�DUH�UHTXLUHG�

)LJXUH������,QNMHW�SULQWHU

7KH�LQN�GURSOHWV�DUH�SURGXFHG�FXUUHQWO\�XVLQJ�WZR�GLIIHUHQW�WHFKQRORJLHV�
���7KHUPDO�EXEEOH��WLQ\�UHVLVWRUV�FUHDWH�ORFDOLVHG�KHDW�ZKLFK�PDNHV�WKH�LQN�YDSRULVH�
7KLV�FDXVHV�WKH�LQN�WR�IRUP�D�WLQ\�EXEEOH��DV�WKH�EXEEOH�H[SDQGV��VRPH�RI�WKH�LQN�LV
HMHFWHG�IURP�WKH�SULQW�KHDG�RQWR�WKH�SDSHU��:KHQ�WKH�EXEEOH�FROODSVHV��D�VPDOO
YDFXXP�LV�FUHDWHG�ZKLFK�DOORZV�IUHVK�LQN�WR�EH�GUDZQ�LQWR�WKH�SULQW�KHDG��7KLV
FRQWLQXHV�XQWLO�WKH�SULQWLQJ�F\FOH�LV�FRPSOHWHG�

���3LH]RHOHFWULF��D�FU\VWDO�LV�ORFDWHG�DW�WKH�EDFN�RI�WKH�LQN�UHVHUYRLU�IRU�HDFK�QR]]OH�
7KH�FU\VWDO�LV�JLYHQ�D�WLQ\�HOHFWULF�FKDUJH�ZKLFK�PDNHV�LW�YLEUDWH��7KLV�YLEUDWLRQ
IRUFHV�LQN�WR�EH�HMHFWHG�RQWR�WKH�SDSHU��DW�WKH�VDPH�WLPH�PRUH�LQN�LV�GUDZQ�LQ�IRU
IXUWKHU�SULQWLQJ�

:KHQ�D�XVHU�ZLVKHV�WR�SULQW�D�GRFXPHQW�XVLQJ�DQ�LQNMHW�SULQWHU��WKH�IROORZLQJ
VHTXHQFH�RI�HYHQWV�WDNHV�SODFH��:KDWHYHU�WHFKQRORJ\�LV�XVHG��WKH�EDVLF�VWHSV�LQ�WKH
SULQWLQJ�SURFHVV�DUH�WKH�VDPH�

7DEOH����

6WDJH
LQ
SURFHVV

'HVFULSWLRQ�RI�ZKDW�KDSSHQV
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� 7KH�GDWD�IURP�WKH�GRFXPHQW�LV�VHQW�WR�D�SULQWHU�GULYHU
� 7KH�SULQWHU�GULYHU�HQVXUHV�WKDW�WKH�GDWD�LV�LQ�D�IRUPDW�WKDW�WKH

FKRVHQ�SULQWHU�FDQ�XQGHUVWDQG
� $�FKHFN�LV�PDGH�E\�WKH�SULQWHU�GULYHU�WR�HQVXUH�WKDW�WKH�FKRVHQ

SULQWHU�LV�DYDLODEOH�WR�SULQW��H�J��LV�LW�EXV\��LV�LW�RII�OLQH��LV�LW�RXW�RI
LQN��DQG�VR�RQ�

� 7KH�GDWD�LV�WKHQ�VHQW�WR�WKH�SULQWHU�DQG�LW�LV�VWRUHG�LQ�D�WHPSRUDU\
PHPRU\�NQRZQ�DV�D�SULQWHU�EXIIHU��VHH�6HFWLRQ�����

� $�VKHHW�RI�SDSHU�LV�WKHQ�IHG�LQWR�WKH�PDLQ�ERG\�RI�WKH�SULQWHU��D
VHQVRU�GHWHFWV�ZKHWKHU�SDSHU�LV�DYDLODEOH�LQ�WKH�SDSHU�IHHG�WUD\�±
LI�LW�LV�RXW�RI�SDSHU��RU�WKH�SDSHU�LV�MDPPHG��WKHQ�DQ�HUURU
PHVVDJH�LV�VHQW�EDFN�WR�WKH�FRPSXWHU

� $V�WKH�VKHHW�RI�SDSHU�LV�IHG�WKURXJK�WKH�SULQWHU��WKH�SULQW�KHDG
PRYHV�IURP�VLGH�WR�VLGH�DFURVV�WKH�SDSHU�SULQWLQJ�WKH�WH[W�RU
LPDJH��WKH�IRXU�LQN�FRORXUV�DUH�VSUD\HG�LQ�WKHLU�H[DFW�DPRXQWV�WR
SURGXFH�WKH�GHVLUHG�ILQDO�FRORXU

� $W�WKH�HQG�RI�HDFK�IXOO�SDVV�RI�WKH�SULQW�KHDG��WKH�SDSHU�LV
DGYDQFHG�YHU\�VOLJKWO\�WR�DOORZ�WKH�QH[W�OLQH�WR�EH�SULQWHG��WKLV
FRQWLQXHV�XQWLO�WKH�ZKROH�SDJH�KDV�EHHQ�SULQWHG

� ,I�WKHUH�LV�PRUH�GDWD�LQ�WKH�SULQWHU�EXIIHU��WKHQ�WKH�ZKROH�SURFHVV
IURP�VWDJH���LV�UHSHDWHG�XQWLO�WKH�EXIIHU�LV�ILQDOO\�HPSW\

� 2QFH�WKH�SULQWHU�EXIIHU�LV�HPSW\��WKH�SULQWHU�VHQGV�DQ�LQWHUUXSW
�VHH�6HFWLRQ������WR�WKH�SURFHVVRU�LQ�WKH�FRPSXWHU��WKLV�LV�D
UHTXHVW�IRU�PRUH�GDWD�WR�EH�VHQW�WR�WKH�SULQWHU��WKH�ZKROH�SURFHVV
FRQWLQXHV�XQWLO�WKH�ZKROH�RI�WKH�GRFXPHQW�KDV�EHHQ�SULQWHG

������/DVHU�SULQWHUV
/$6(5�35,17(56�GLIIHU�JUHDWO\�IURP�LQNMHW�SULQWHUV�LQ�WKH�ZD\�WKH\�SULQW�SDJHV��7KH\
XVH�GU\�SRZGHU�LQN�UDWKHU�WKDQ�OLTXLG�LQN�DQG�PDNH�XVH�RI�WKH�SURSHUWLHV�RI�VWDWLF
HOHFWULFLW\�WR�SURGXFH�WKH�WH[W�DQG�LPDJHV��8QOLNH�LQNMHW�SULQWHUV��ODVHU�SULQWHUV�SULQW
WKH�ZKROH�SDJH�LQ�RQH�JR��LQNMHW�SULQWHUV�SULQW�WKH�SDJH�OLQH�E\�OLQH��
7KHLU�DGYDQWDJH�LV�WKH�VSHHG�DW�ZKLFK�WKH\�FDQ�FDUU\�RXW�ODUJH�SULQW�MREV��H�J������

OHDIOHWV��DQG�WKH�IDFW�WKDW�WKH\�GRQ¶W�UXQ�RXW�RI�LQN�KDOIZD\�WKURXJK�
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)LJXUH������/DVHU�SULQWHUV

7KH�IROORZLQJ�WDEOH�GHVFULEHV�EULHIO\�WKH�VWDJHV�WKDW�RFFXU�ZKHQ�D�GRFXPHQW�LV
SULQWHG�XVLQJ�D�ODVHU�SULQWHU�

7DEOH����

6WDJH
LQ
SURFHVV

'HVFULSWLRQ�RI�ZKDW�KDSSHQV

� 7KH�GDWD�IURP�WKH�GRFXPHQW�LV�VHQW�WR�D�SULQWHU�GULYHU
� 7KH�SULQWHU�GULYHU�HQVXUHV�WKDW�WKH�GDWD�LV�LQ�D�IRUPDW�WKDW�WKH

FKRVHQ�SULQWHU�FDQ�XQGHUVWDQG
� $�FKHFN�LV�PDGH�E\�WKH�SULQWHU�GULYHU�WR�HQVXUH�WKDW�WKH�FKRVHQ

SULQWHU�LV�DYDLODEOH�WR�SULQW��H�J��LV�LW�EXV\��LV�LW�RII�OLQH��LV�LW�RXW�RI
LQN��DQG�VR�RQ�

� 7KH�GDWD�LV�WKHQ�VHQW�WR�WKH�SULQWHU�DQG�LW�LV�VWRUHG�LQ�D�WHPSRUDU\
PHPRU\�NQRZQ�DV�D�SULQWHU�EXIIHU��UHIHU�WR�6HFWLRQ�����IRU�PRUH
GHWDLOV�

� 7KH�VWDUW�RI�WKH�SULQWLQJ�SURFHVV�LQYROYHV�D�SULQWLQJ�GUXP�EHLQJ
JLYHQ�D�SRVLWLYH�FKDUJH��DV�WKLV�GUXP�URWDWHV��D�ODVHU�EHDP�LV
VFDQQHG�DFURVV�LW�UHPRYLQJ�WKH�SRVLWLYH�FKDUJH�LQ�FHUWDLQ�DUHDV�
WKLV�OHDYHV�QHJDWLYHO\�FKDUJHG�DUHDV�ZKLFK�H[DFWO\�PDWFK�WKH
WH[W�LPDJHV�RI�WKH�SDJH�WR�EH�SULQWHG

� 7KH�GUXP�LV�WKHQ�FRDWHG�ZLWK�SRVLWLYHO\�FKDUJHG�721(5
�SRZGHUHG�LQN���VLQFH�WKH�WRQHU�LV�SRVLWLYHO\�FKDUJHG��LW�RQO\�VWLFNV
WR�WKH�QHJDWLYHO\�FKDUJHG�SDUWV�RI�WKH�GUXP

� $�QHJDWLYHO\�FKDUJHG�VKHHW�RI�SDSHU�LV�WKHQ�UROOHG�RYHU�WKH�GUXP
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� 7KH�WRQHU�RQ�WKH�GUXP�QRZ�VWLFNV�WR�WKH�SDSHU�WR�SURGXFH�DQ
H[DFW�FRS\�RI�WKH�SDJH�VHQW�WR�WKH�SULQWHU

� 7R�SUHYHQW�WKH�SDSHU�VWLFNLQJ�WR�WKH�GUXP��WKH�HOHFWULF�FKDUJH�RQ
WKH�SDSHU�LV�UHPRYHG�DIWHU�RQH�URWDWLRQ�RI�WKH�GUXP

�� 7KH�SDSHU�ILQDOO\�JRHV�WKURXJK�D�IXVHU�ZKLFK�LV�D�VHW�RI�KHDWHG
UROOHUV��WKH�KHDW�PHOWV�WKH�LQN�VR�WKDW�LW�IL[HV�SHUPDQHQWO\�WR�WKH
SDSHU

�� $W�WKH�YHU\�HQG��D�GLVFKDUJH�ODPS�UHPRYHV�DOO�WKH�HOHFWULF�FKDUJH
IURP�WKH�GUXP�PDNLQJ�LW�UHDG\�WR�SULQW�WKH�QH[W�SDJH

$SSOLFDWLRQV�RI�LQNMHW�DQG�ODVHU�SULQWHUV
7KH�FKRLFH�RI�ZKHWKHU�WR�XVH�DQ�LQNMHW�SULQWHU�RU�ODVHU�SULQWHU�GHSHQGV�RQ�ZKLFK
IHDWXUHV�PDNH�LW�WKH�PRVW�DSSURSULDWH�RXWSXW�GHYLFH�IRU�WKH�JLYHQ�DSSOLFDWLRQ�
,1.-(7�35,17(56�DUH�EHVW�IRU�RQH�RII�SKRWRV�RU�ZKHUH�RQO\�D�IHZ�SDJHV�RI�JRRG

TXDOLW\��FRORXU�SULQWLQJ�DUH�QHHGHG��WKH�VPDOO�LQN�FDUWULGJHV�RU�VPDOO�SDSHU�WUD\V
ZRXOG�QRW�EH�DQ�LVVXH�ZLWK�VXFK�DSSOLFDWLRQV�
/$6(5�35,17(56�SURGXFH�KLJK�TXDOLW\�SULQWRXWV�DQG�DUH�YHU\�IDVW�ZKHQ�PDNLQJ

PXOWLSOH�FRSLHV�RI�D�GRFXPHQW��DQ\�DSSOLFDWLRQ�WKDW�QHHGV�KLJK�YROXPH�SULQWLQJ��LQ
FRORXU�RU�PRQRFKURPH��ZRXOG�FKRRVH�WKH�ODVHU�SULQWHU��IRU�H[DPSOH��SURGXFLQJ�D
ODUJH�QXPEHU�RI�KLJK�TXDOLW\�IO\HUV�RU�SRVWHUV�IRU�DGYHUWLVLQJ��±�WKH\�KDYH�WZR
DGYDQWDJHV��WKH\�KDYH�ODUJH�WRQHU�FDUWULGJHV�DQG�ODUJH�SDSHU�WUD\V��RIWHQ�KROGLQJ
PRUH�WKDQ�D�UHDP�RI�SDSHU��

$FWLYLW\����
)LQG�RXW�KRZ�WKH�RSHUDWLRQ�RI�FRORXU�ODVHU�SULQWHUV�GLIIHUV�IURP�WKH�RSHUDWLRQ
RI�PRQRFKURPH�ODVHU�SULQWHUV�

�������'�SULQWHUV�
�'�35,17(56�DUH�SULPDULO\�XVHG�LQ�&20387(5�$,'('�'(6,*1��&$'��DSSOLFDWLRQV�
7KH\�FDQ�SURGXFH�VROLG�REMHFWV�ZKLFK�DFWXDOO\�ZRUN��7KH�VROLG�REMHFW�LV�EXLOW�XS

OD\HU�E\�OD\HU��UHIHU�WR�6HFWLRQ�������IRU�PRUH�GHWDLOV��XVLQJ�PDWHULDOV�VXFK�DV
SRZGHUHG�UHVLQ��SRZGHUHG�PHWDO��SDSHU�RU�FHUDPLF�SRZGHU�
7KH�PRWRUF\FOH�LQ�)LJXUH������ZDV�PDGH�XVLQJ�DQ�LQGXVWULDO��'�SULQWHU��,W�ZDV

PDGH�IURP�PDQ\�OD\HUV������PP�WKLFN��RI�SRZGHUHG�PHWDO�XVLQJ�D�WHFKQRORJ\�NQRZQ
DV�%,1'(5��'�35,17,1*�
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)LJXUH�������'�SULQWHU

7KH�IROORZLQJ�GHVFULEHV�VRPH�RI�WKH�IHDWXUHV�RI��'�SULQWLQJ�
���9DULRXV�W\SHV�RI��'�SULQWHUV�H[LVW��WKH\�UDQJH�IURP�WKH�VL]H�RI�D�PLFURZDYH�RYHQ
XS�WR�WKH�VL]H�RI�D�VPDOO�FDU�

����'�SULQWHUV�XVH�$'',7,9(�PDQXIDFWXULQJ��L�H��WKH�REMHFW�LV�EXLOW�XS�OD\HU�E\�OD\HU��
WKLV�LV�LQ�VKDUS�FRQWUDVW�WR�WKH�PRUH�WUDGLWLRQDO�PHWKRG�RI�68%75$&7,9(
PDQXIDFWXULQJ��L�H��UHPRYDO�RI�PDWHULDO�WR�PDNH�WKH�REMHFW���)RU�H[DPSOH��PDNLQJ�D
VWDWXH�XVLQJ�D��'�SULQWHU�ZRXOG�LQYROYH�EXLOGLQJ�LW�XS�OD\HU�E\�OD\HU�XVLQJ
SRZGHUHG�VWRQH�XQWLO�WKH�ILQDO�REMHFW�ZDV�IRUPHG��7KH�VXEWUDFWLYH�PHWKRG�ZRXOG
LQYROYH�FDUYLQJ�WKH�VWDWXH�RXW�RI�VROLG�VWRQH��L�H��UHPRYLQJ�WKH�VWRQH�QRW�UHTXLUHG�
XQWLO�WKH�ILQDO�LWHP�ZDV�SURGXFHG��6LPLODUO\��&1&�PDFKLQLQJ�UHPRYHV�PHWDO�WR
IRUP�DQ�REMHFW���'�SULQWLQJ�ZRXOG�SURGXFH�WKH�VDPH�LWHP�E\�EXLOGLQJ�XS�WKH�REMHFW
IURP�OD\HUV�RI�SRZGHUHG�PHWDO�

���'LUHFW��'�SULQWLQJ�XVHV�LQNMHW�WHFKQRORJ\��D�SULQW�KHDG�FDQ�PRYH�OHIW�WR�ULJKW�DV�LQ
D�QRUPDO�SULQWHU��+RZHYHU��WKH�SULQW�KHDG�FDQ�DOVR�PRYH�XS�DQG�GRZQ�WR�EXLOG�XS
WKH�OD\HUV�RI�DQ�REMHFW�

���%LQGHU��'�SULQWLQJ�LV�VLPLODU�WR�GLUHFW��'�SULQWLQJ��+RZHYHU��WKLV�PHWKRG�XVHV
WZR�SDVVHV�IRU�HDFK�RI�WKH�OD\HUV��WKH�ILUVW�SDVV�VSUD\V�GU\�SRZGHU�DQG�WKHQ�RQ�WKH
VHFRQG�SDVV�D�ELQGHU��D�W\SH�RI�JOXH��LV�VSUD\HG�WR�IRUP�D�VROLG�OD\HU�

���1HZHU�WHFKQRORJLHV�DUH�XVLQJ�ODVHUV�DQG�89�OLJKW�WR�KDUGHQ�OLTXLG�SRO\PHUV��WKLV
IXUWKHU�LQFUHDVHV�WKH�GLYHUVLW\�RI�SURGXFWV�ZKLFK�FDQ�EH�PDGH�
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)LJXUH������0RWRUF\FOH

+RZ�WR�FUHDWH�D�VROLG�REMHFW�XVLQJ�D��'�SULQWHU
7KHUH�DUH�D�QXPEHU�RI�VWHSV�LQ�WKH�SURFHVV�RI�SURGXFLQJ�DQ�REMHFW�XVLQJ�WKHVH��'
SULQWHUV��7KH�VWHSV�DUH�VXPPDULVHG�LQ�)LJXUH������

)LJXUH�����

8VHV�RI��'�SULQWLQJ
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�'�SULQWLQJ�LV�UHJDUGHG�DV�EHLQJ�SRVVLEO\�WKH�QH[W�µLQGXVWULDO�UHYROXWLRQ¶�VLQFH�LW�ZLOO
FKDQJH�WKH�PDQXIDFWXULQJ�PHWKRGV�LQ�PDQ\�LQGXVWULHV��7KH�IROORZLQJ�OLVW�LV�MXVW�D
JOLPSVH�LQWR�ZKDW�ZH�NQRZ�FDQ�EH�PDGH�XVLQJ�WKHVH�SULQWHUV��LQ�WKH�\HDUV�WR�FRPH�
WKLV�OLVW�ZLOO�SUREDEO\�ILOO�DQ�HQWLUH�ERRN�
���SURVWKHWLF�OLPEV�PDGH�WR�H[DFWO\�ILW�WKH�UHFLSLHQW
���LWHPV�WR�DOORZ�SUHFLVLRQ�UHFRQVWUXFWLYH�VXUJHU\��H�J��IDFLDO�UHFRQVWUXFWLRQ
IROORZLQJ�DQ�DFFLGHQW���WKH�SDUWV�PDGH�E\�WKLV�WHFKQLTXH�DUH�PRUH�SUHFLVH�LQ�WKHLU
GHVLJQ�VLQFH�WKH\�DUH�PDGH�IURP�H[DFW�VFDQQLQJ�RI�WKH�VNXOO

���LQ�DHURVSDFH��PDQXIDFWXUHUV�DUH�ORRNLQJ�DW�PDNLQJ�ZLQJV�DQG�RWKHU�SDUWV�XVLQJ��'
WHFKQRORJ\��WKH�ERQXV�ZLOO�EH�OLJKWZHLJKW�SUHFLVLRQ�SDUWV

���LQ�IDVKLRQ�DQG�DUW�±��'�SULQWLQJ�DOORZV�QHZ�FUHDWLYH�LGHDV�WR�EH�GHYHORSHG
���PDNLQJ�SDUWV�IRU�LWHPV�QR�ORQJHU�LQ�SURGXFWLRQ��H�J��VXVSHQVLRQ�SDUWV�IRU�D�YLQWDJH
FDU�

7KHVH�DUH�MXVW�D�IHZ�RI�WKH�H[FLWLQJ�DSSOLFDWLRQV�ZKLFK�PDNH�XVH�RI�WKLV�QHZ
WHFKQRORJ\�

$FWLYLW\����
'R�D�VHDUFK�RQ�WKH�LQWHUQHW�WR�ILQG�QHZ�DQG�LQQRYDWLYH��'�SULQWHU
DSSOLFDWLRQV�
+DYH�D�FODVV�GLVFXVVLRQ�RQ�KRZ�WKHVH�SULQWHUV�FRXOG�KHUDOG�WKH�VWDUW�RI�D
QHZ�µLQGXVWULDO�UHYROXWLRQ¶�

�������'�DQG��'�FXWWHUV
$�WKUHH�GLPHQVLRQDO���'��ODVHU�FXWWHU�ZRUNV�LQ�D�VLPLODU�ZD\�WR�D�WZR�GLPHQVLRQDO
��'��FXWWHU��7KH�PDLQ�GLIIHUHQFH�LV�WKDW�WKH��'�FXWWHU�FDQ�UHFRJQLVH�DQ�REMHFW�LQ�WKH�[�
\�]�GLUHFWLRQ�UDWKHU�WKDQ�MXVW�[�\�
�'�ODVHU�FXWWHUV�FDQ�FXW�WKH�IROORZLQJ�PDWHULDOV�

���JODVV
���FU\VWDO
���PHWDO
���SRO\PHU
���ZRRG�
9HU\�FRPSOH[�GHVLJQV�FDQ�EH�FXW�VLQFH�WKH�FXWWHUV�DUH�FRQWUROOHG�E\�FRPSXWHUV�DQG
YHU\�VRSKLVWLFDWHG�VRIWZDUH�
$��'�FXWWHU�FDQ�FXW�EH\RQG�WKH�VXUIDFH�RI�WKH�PDWHULDO�DQG�SURGXFH�YHU\�LQWULFDWH

GHVLJQV�
,W�LV�LQWHUHVWLQJ�WR�FRQWUDVW�WKLV�PHWKRG�RI�VKDSLQJ�REMHFWV�ZLWK��'�SULQWHUV�

DOWKRXJK�LW�LV�WUXH�WR�VD\�WKDW�QRW�DOO�WKH�PDWHULDOV�ZKLFK�FDQ�XQGHUJR��'�FXWWLQJ�FDQ
EH�XVHG�LQ��'�SULQWLQJ�PHWKRGV�
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������$FWXDWRUV
7KHVH�DUH�FRYHUHG�LQ�GHWDLO�LQ�6HFWLRQ��������$&78$7256�DUH�XVHG�LQ�PDQ\�FRQWURO
DSSOLFDWLRQV�LQYROYLQJ�VHQVRUV�DQG�GHYLFHV�VXFK�DV�$'&�DQG�'$&�

������/RXGVSHDNHUV�KHDGSKRQHV
6RXQG�LV�SURGXFHG�IURP�D�FRPSXWHU�E\�SDVVLQJ�WKH�GLJLWDO�GDWD�WKURXJK�D�',*,7$/�72
$1$/2*8(�&219(57(5��'$&��DQG�WKHQ�WKURXJK�DQ�$03/,),(5��ILQDOO\�WKH�VRXQG
HPHUJHV�IURP�D��ORXG�63($.(5�
7KH�VRXQG�LV�SURGXFHG�E\�YROWDJH�GLIIHUHQFHV�YLEUDWLQJ�D�FRQH�LQ�WKH�VSHDNHU

KRXVLQJ�DW�GLIIHUHQW�IUHTXHQFLHV�DQG�DPSOLWXGHV�

)LJXUH�����

7KH�UDWH�DW�ZKLFK�WKH�'$&�FDQ�WUDQVODWH�WKH�GLJLWDO�RXWSXW�LQWR�DQDORJXH�YROWDJHV�LV
NQRZQ�DV�WKH�6$03/,1*�5$7(��,I�WKH�'$&�LV�D����ELW�GHYLFH��WKHQ�LW�FDQ�DFFHSW
QXPEHUV�EHWZHHQ��������������±����DQG�±��������������WKH�GLJLWDO�YDOXH�FRQWDLQLQJ
DOO�]HURV�LV�LJQRUHG��7KH�VSHHG�DW�ZKLFK�WKHVH�YDOXHV�FDQ�EH�FRQYHUWHG�LV�WKH
VDPSOLQJ�UDWH�
0RVW�WH[WERRNV�LQGLFDWH�WKDW�WKH�VWDQGDUG�VDPSOLQJ�UDWH�LV��������VDPSOHV�SHU

VHFRQG��7KLV�EDVLFDOO\�PHDQV�WKDW�WKH�WKH�'$&�FDQ�FRQYHUW��������YDOXHV�LQ�WKH�UDQJH
��������WR�±�������HYHU\�VHFRQG�
6XSSRVH�D�&'�LV�EHLQJ�SURGXFHG�WR�FRQWDLQ�D�QXPEHU�RI�PXVLF�WUDFNV��(DFK�SLHFH

RI�PXVLF�LV�VDPSOHG��������WLPHV�D�VHFRQG��(DFK�VDPSOH�LV����ELWV��6LQFH�WKH�PXVLF
LV�LQ�VWHUHR�WKLV�DOVR�QHHGV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�
7KH�DERYH�LQIRUPDWLRQ�PHDQV�WKDW��������î���î���� �����������ELWV�SHU�VHFRQG

VDPSOLQJ��WKH�QXPEHU�µ�¶�LV�XVHG�LQ�WKH�FDOFXODWLRQ�WR�DFFRXQW�IRU�WKH�VRXQG�EHLQJ�LQ
VWHUHR��
6LQFH���E\WH� ���ELWV��WKLV�HTXDWHV�WR�������������E\WHV�SHU�VHFRQG�
7KLV�ZRUNV�RXW�DW���������E\WHV�SHU�VHFRQG�

$FWLYLW\�����
D�&DOFXODWH�KRZ�PXFK�PHPRU\�LV�QHHGHG�WR�VWRUH�D�IRXU�PLQXWH�PXVLF�WUDFN
XVLQJ�WKH�QXPEHU�RI�E\WHV�QHHGHG�SHU�VHFRQG�IURP�DERYH�

����&RQYHUW�\RXU�DQVZHU�LQWR�PHJDE\WHV��XVLQJ�WKH�GDWD�IURP�&KDSWHU����
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E�,I�WKH�&'�KDV�D�FDSDFLW\�RI�����PHJDE\WHV��KRZ�PDQ\�IRXU�PLQXWH�VRQJV
FRXOG�EH�VWRUHG�RQ�WKH�&'"

������/&'�DQG�/('�PRQLWRUV
7KH�GD\V�RI�WKH�ROG�FDWKRGH�UD\�PRQLWRUV�DUH�DOPRVW�JRQH��0RVW�PRQLWRUV�DQG
WHOHYLVLRQ�VHWV�WKHVH�GD\V�DUH�PDGH�XVLQJ�/,48,'�&5<67$/�',63/$<�',2'(��/&'�
WHFKQRORJ\�
7KLV�PHDQV�WKDW�WKH�IURQW�OD\HU�RI�WKH�PRQLWRU�LV�PDGH�XS�OLTXLG�FU\VWDO�GLRGHV�

WKHVH�WLQ\�GLRGHV�DUH�JURXSHG�WRJHWKHU�LQ�WKUHHV�RU�IRXUV�ZKLFK�DUH�NQRZQ�DV�SL[HOV
�SLFWXUH�HOHPHQWV���7KH�WKUHH�FRORXUV�ZKLFK�DUH�JURXSHG�WRJHWKHU�XVH�UHG��JUHHQ�DQG
EOXH�GLRGHV��7KRVH�V\VWHPV�WKDW�XVH�JURXSV�RI�IRXU�LQFOXGH�D�\HOORZ�GLRGH�±�WKLV�LV
VDLG�WR�PDNH�WKH�FRORXUV�PRUH�YLYLG�
0RGHUQ�/&'�PRQLWRUV�DUH�EDFN�OLW�XVLQJ�/,*+7�(0,77,1*�',2'(��/('�

WHFKQRORJ\��7KLV�JLYHV�WKH�LPDJH�EHWWHU�FRQWUDVW�DQG�EULJKWQHVV��%HIRUH�WKH�XVH�RI
/('V��/&'�PRQLWRUV�XVHG�D�FROG�FDWKRGH�IOXRUHVFHQW�ODPS��&&)/��DV�WKH
EDFNOLJKWLQJ�PHWKRG�
(VVHQWLDOO\��&&)/�XVHV�WZR�IOXRUHVFHQW�WXEHV�EHKLQG�WKH�/&'�VFUHHQ�ZKLFK

VXSSOLHV�WKH�OLJKW�VRXUFH��:KHQ�/('V�DUH�XVHG��D�PDWUL[�RI�WLQ\�/('V�LV�XVHG�EHKLQG
WKH�/&'�VFUHHQ��%HFDXVH�/&'�GRHVQ¶W�HPLW�DQ\�OLJKW��VRPH�IRUP�RI�EDFN�OLW
WHFKQRORJ\�QHHGV�WR�EH�XVHG�
/('V�KDYH�EHFRPH�LQFUHDVLQJO\�PRUH�SRSXODU�EHFDXVH�RI�D�QXPEHU�RI�DGYDQWDJHV

RYHU�ROGHU�&&)/�WHFKQRORJ\�
���/('V�UHDFK�WKHLU�PD[LPXP�EULJKWQHVV�DOPRVW�LPPHGLDWHO\��WKHUH�LV�QR�QHHG�WR
µZDUP�XS¶�EHIRUH�UHDFKLQJ�IXOO�HIILFLHQF\�

���/('V�JLYH�D�ZKLWHU�OLJKW�ZKLFK�VKDUSHQV�WKH�LPDJH�DQG�PDNH�WKH�FRORXUV�DSSHDU
PRUH�YLYLG��&&)/�KDG�D�VOLJKWO\�\HOORZLVK�WLQW

���/('V�SURGXFH�D�EULJKWHU�OLJKW�ZKLFK�LPSURYHV�WKH�FRORXU�GHILQLWLRQ
���PRQLWRUV�XVLQJ�/('�WHFKQRORJ\�DUH�PXFK�WKLQQHU�WKDQ�PRQLWRUV�XVLQJ�&&)/
WHFKQRORJ\

���/('V�ODVW�DOPRVW�LQGHILQLWHO\��WKLV�PDNHV�WKH�WHFKQRORJ\�PRUH�UHOLDEOH�DQG�PHDQV�D
PRUH�FRQVLVWHQW�SURGXFW

���/('V�FRQVXPH�YHU\�OLWWOH�SRZHU�ZKLFK�PHDQV�WKH\�SURGXFH�OHVV�KHDW�DV�ZHOO�DV
XVLQJ�OHVV�HQHUJ\�

)XWXUH�/('�WHFKQRORJ\�LV�PDNLQJ�XVH�RI�25*$1,&�/,*+7�(0,77,1*�',2'(6
�2/('6���7KHVH�XVH�RUJDQLF�PDWHULDOV��PDGH�XS�RI�FDUERQ�FRPSRXQGV��WR�FUHDWH
VHPL�FRQGXFWRUV�ZKLFK�DUH�YHU\�IOH[LEOH��2UJDQLF�ILOPV�DUH�VDQGZLFKHG�EHWZHHQ�WZR
FKDUJHG�HOHFWURGHV��RQH�LV�D�PHWDOOLF�&$7+2'(�DQG�WKH�RWKHU�D�JODVV�$12'(���:KHQ
DQ�HOHFWULF�ILHOG�LV�DSSOLHG�WR�WKH�HOHFWURGHV�WKH\�JLYH�RII�OLJKW��7KLV�PHDQV�WKDW�QR
IRUP�RI�EDFNOLJKWLQJ�LV�UHTXLUHG��7KLV�DOORZV�IRU�YHU\�WKLQ�VFUHHQV�
,W�DOVR�PHDQV�WKDW�WKHUH�LV�QR�ORQJHU�D�QHHG�WR�XVH�/&'�WHFKQRORJ\��VLQFH�2/('�LV

D�VHOI�FRQWDLQHG�V\VWHP�
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$V�FDQ�EH�VHHQ�LQ�)LJXUH�������2/('V�DOORZ�WKH�VFUHHQ�WR�EH�FXUYHG��7KLV�HQVXUHV
D�JRRG�SLFWXUH�IURP�DQ\�DQJOH�

)LJXUH�����

%XW�WKH�LPSRUWDQW�DVSHFW�RI�WKH�WHFKQRORJ\�LV�KRZ�WKLQ�WKLV�PDNHV�WKH�VFUHHQ��,W�LV
QRZ�SRVVLEOH��XVLQJ�2/('�WHFKQRORJ\��WR�EHQG�VFUHHQV�WR�DQ\�VKDSH��,I�WKLV�LV
DGRSWHG�E\�PRELOH�SKRQH�PDQXIDFWXUHUV��LW�ZLOO�EH�SRVVLEOH�WR�GHYHORS�SKRQHV�ZKLFK
FDQ�ZUDS�DURXQG�\RXU�ZULVW�±�PXFK�OLNH�D�ZDWFK�VWUDS�
,PDJLQH�VFUHHQV�VR�WKLQ�WKDW�WKH\�FDQ�EH�IROGHG�XS�DQG�SODFHG�LQ�\RXU�SRFNHW�XQWLO

WKH\�DUH�QHHGHG��2U�KRZ�DERXW�XVLQJ�IROGLQJ�2/('�GLVSOD\V�DWWDFKHG�WR�IDEULFV
FUHDWLQJ�µVPDUW¶�FORWKLQJ��WKLV�FRXOG�EH�XVHG�RQ�RXWGRRU�VXUYLYDO�FORWKLQJ�ZKHUH�DQ
LQWHJUDWHG�FLUFXLW��PRELOH�SKRQH��*36�UHFHLYHU�DQG�2/('�GLVSOD\�FRXOG�DOO�EH�VHZQ
LQWR�WKH�FORWKLQJ�"
$GYDQWDJHV�RI�XVLQJ�2/('�FRPSDUHG�ZLWK�H[LVWLQJ�/('V�DQG�/&'V�LQFOXGH�

���WKH�SODVWLF��RUJDQLF�OD\HUV�RI�DQ�2/('�DUH�WKLQQHU��OLJKWHU�DQG�PRUH�IOH[LEOH�WKDQ
WKH�FU\VWDO�VWUXFWXUHV�XVHG�LQ�/('V�RU�/&'V

���WKH�OLJKW�HPLWWLQJ�OD\HUV�RI�DQ�2/('�DUH�OLJKWHU��2/('�OD\HUV�FDQ�EH�PDGH�IURP
SODVWLF�UDWKHU�WKDQ�WKH�JODVV�XVHG�LQ�/('�DQG�/&'�VFUHHQV

���2/('V�JLYH�D�EULJKWHU�OLJKW�WKDQ�/('V
���2/('V�GR�QRW�UHTXLUH�EDFNOLJKWLQJ�OLNH�/&'�VFUHHQV�±�2/('V�JHQHUDWH�WKHLU�RZQ
OLJKW

���VLQFH�2/('V�UHTXLUH�QR�EDFNOLJKWLQJ��WKH\�XVH�PXFK�OHVV�SRZHU�WKDQ�/&'�VFUHHQV
�PRVW�RI�WKH�/&'�SRZHU�LV�XVHG�WR�GR�WKH�EDFNOLJKWLQJ���WKLV�LV�YHU\�LPSRUWDQW�LQ
EDWWHU\�RSHUDWHG�GHYLFHV�VXFK�DV�PRELOH�SKRQHV

���VLQFH�2/('V�DUH�HVVHQWLDOO\�SODVWLFV��WKH\�FDQ�EH�PDGH�LQWR�ODUJH��WKLQ�VKHHWV��WKLV
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PHDQV�WKH\�FRXOG�EH�XVHG�RQ�ODUJH�DGYHUWLVLQJ�ERDUGV�LQ�DLUSRUWV��VXEZD\V��DQG�VR
RQ�

���2/('V�KDYH�D�YHU\�ODUJH�ILHOG�RI�YLHZ��DERXW�����GHJUHHV��ZKLFK�PDNHV�WKHP
LGHDO�IRU�XVH�LQ�WHOHYLVLRQ�VHWV�DQG�IRU�DGYHUWLVLQJ�VFUHHQV�

$FWLYLW\�����
&DUU\�RXW�VRPH�UHVHDUFK�LQWR�2/('�WHFKQRORJ\��WKHUH�DUH�QXPHURXV
LQWHUQHW�VLWHV�WR�KHOS�\RX��DQG�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�
D�:K\�DUH�LQNMHW�SULQWHUV�KHOSLQJ�WR�NHHS�GRZQ�WKH�FRVW�RI�2/('�VFUHHQV"
E�+RZ�DUH�GLIIHUHQW�FRORXUV�JHQHUDWHG�XVLQJ�2/('�WHFKQRORJ\"
F�+RZ�LV�WKH�EULJKWQHVV�RI�WKH�GLVSOD\�FRQWUROOHG"
G�2/('V�UHIUHVK������WLPHV�IDVWHU�WKDQ�/&'V��ZK\�ZRXOG�WKLV�EH�DQ
DGYDQWDJH"�:KHUH�FRXOG�LW�EH�XVHG�WR�JUHDW�HIIHFW"

/&'�/('�VFUHHQV�DUH�XVHG�RQ�PDQ\�KDQG�KHOG�GHYLFHV�ZLWK�WRXFKVFUHHQV��VXFK�DV
PRELOH�SKRQHV��WDEOHWV�DQG�JDPH�FRQVROHV��7KH�WHFKQRORJ\�EHKLQG�VXFK�VFUHHQV�ZDV
GLVFXVVHG�DW�JUHDW�OHQJWK�LQ�6HFWLRQ�������
0RGHUQ�/&'�VFUHHQV�DUH�YHU\�WKLQ�DQG�YHU\�OLJKWZHLJKW�DQG�DUH�YHU\�UHVSRQVLYH�WR

WRXFK��2EYLRXVO\��WKH�QHZ�WHFKQRORJLHV�GHVFULEHG�DERYH�ZLOO�FKDQJH�WKH�ZD\�ZH�XVH
WKHVH�KDQG�KHOG�GHYLFHV�LQ�WKH�YHU\�QHDU�IXWXUH�

������/LJKW�SURMHFWRUV
7KHUH�DUH�WZR�FRPPRQ�W\SHV�RI�OLJKW�SURMHFWRU�
���GLJLWDO�OLJKW�SURMHFWRUV��'/3�
���/&'�SURMHFWRUV�
3URMHFWRUV�DUH�XVHG�WR�SURMHFW�FRPSXWHU�RXWSXW�RQWR�ODUJHU�VFUHHQV�RU�HYHQ�RQWR
LQWHUDFWLYH�ZKLWHERDUGV��7KH\�DUH�RIWHQ�XVHG�LQ�SUHVHQWDWLRQV�DQG�LQ�PXOWLPHGLD
DSSOLFDWLRQV�
7KH�IROORZLQJ�WZR�VHFWLRQV�GHVFULEH�WKH�EDVLF�GLIIHUHQFHV�EHKLQG�WKHVH�SURMHFWRU

WHFKQRORJLHV�

'LJLWDO�/LJKW�3URMHFWRUV��'/3�
7KH�XVH�RI�PLOOLRQV�RI�PLFUR�PLUURUV�RQ�D�VPDOO�',*,7$/�/,*+7�352-(&725��'/3�
FKLS�LV�NH\�WR�KRZ�WKHVH�GHYLFHV�ZRUN�
7KH�QXPEHU�RI�PLFUR�PLUURUV�DQG�WKH�ZD\�WKH\�DUH�DUUDQJHG�RQ�WKH�'/3�FKLS

GHWHUPLQHV�WKH�UHVROXWLRQ�RI�WKH�GLJLWDO�LPDJH��:KHQ�WKH�PLFUR�PLUURUV�WLOW�WRZDUGV
WKH�OLJKW�VRXUFH��WKH\�DUH�21��:KHQ�WKH�PLFUR�PLUURUV�WLOW�DZD\�IURP�WKH�OLJKW�VRXUFH�
WKH\�DUH�2))��7KLV�FUHDWHV�D�OLJKW�RU�GDUN�SL[HO�RQ�WKH�SURMHFWLRQ�VFUHHQ��7KH�PLFUR
PLUURUV�FDQ�VZLWFK�RQ�RU�RII�VHYHUDO�WKRXVDQG�WLPHV�D�VHFRQG�FUHDWLQJ�YDULRXV�JUH\
VKDGHV�±�W\SLFDOO\������JUH\�VKDGHV�FDQ�EH�SURGXFHG��IRU�H[DPSOH��LI�WKH�PLUURU
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VZLWFKHV�RQ�PRUH�RIWHQ�WKDQ�LW�VZLWFKHV�RII��LW�ZLOO�SURGXFH�D�OLJKWHU�VKDGH�RI�JUH\��
7KLV�LV�NQRZQ�DV�WKH�JUH\�VFDOH�LPDJH�
$�EULJKW�ZKLWH�OLJKW�VRXUFH��H�J��IURP�D�[HQRQ�EXOE��SDVVHV�WKURXJK�D�FRORXU�ILOWHU

RQ�LWV�ZD\�WR�WKH�'/3�FKLS��7KH�ZKLWH�OLJKW�LV�VSOLW�LQWR�WKH�SULPDU\�FRORXUV��UHG�
JUHHQ�DQG�EOXH�±�WKH�'/3�SURMHFWRU�FDQ�FUHDWH�RYHU����PLOOLRQ�GLIIHUHQW�FRORXUV��7KH
21�DQG�2))�VWDWHV�RI�HDFK�PLFUR�PLUURU�DUH�OLQNHG�ZLWK�FRORXUV�IURP�WKH�ILOWHU�WR
SURGXFH�WKH�FRORXUHG�LPDJH�
7KH�ZKROH�FRQFHSW�LV�D�OLWWOH�OLNH�UHYHUVH�EODFN�DQG�ZKLWH�SKRWRJUDSK\��:LWK�'/3

WHFKQRORJ\��WKH�JUH\�VFDOHV�DUH�LQWHUSUHWHG�DV�FRORXUV�UDWKHU�WKDQ�JUH\�UHSUHVHQWLQJ
FRORXUV�DV�XVHG�LQ�SKRWRJUDSK\�

/&'�SURMHFWRUV
7KHVH�DUH�ROGHU�WHFKQRORJ\�WKDQ�'/3��(VVHQWLDOO\�D�KLJK�LQWHQVLW\�EHDP�RI�OLJKW
SDVVHV�WKURXJK�DQ�/&'�GLVSOD\�DQG�WKHQ�RQWR�D�VFUHHQ��+RZ�WKLV�ZRUNV�LQ�SULQFLSOH
LV�GHVFULEHG�EHORZ�
���$�SRZHUIXO�EHDP�RI�ZKLWH�OLJKW�LV�JHQHUDWHG�IURP�D�EXOE�RU�/('�LQVLGH�WKH
SURMHFWRU�ERG\�

���7KLV�EHDP�RI�OLJKW�LV�WKHQ�VHQW�WR�D�JURXS�RI�FKURPDWLF�FRDWHG�PLUURUV��WKHVH�UHIOHFW
WKH�OLJKW�EDFN�DW�GLIIHUHQW�ZDYHOHQJWKV�

���:KHQ�WKH�ZKLWH�OLJKW�KLWV�WKHVH�PLUURUV��WKH�UHIOHFWHG�OLJKW�KDV�ZDYHOHQJWKV
FRUUHVSRQGLQJ�WR�UHG��JUHHQ�DQG�EOXH�OLJKW�FRPSRQHQWV�

���7KHVH�WKUHH�GLIIHUHQW�FRORXUHG�OLJKW�FRPSRQHQWV�SDVV�WKURXJK�WKUHH�/&'�VFUHHQV�
WKHVH�VFUHHQV�VKRZ�WKH�LPDJH�WR�EH�SURMHFWHG�DV�PLOOLRQV�RI�SL[HOV�LQ�D�JUH\�VFDOH�

���:KHQ�WKH�FRORXUHG�OLJKW�SDVVHV�WKURXJK�WKH�/&'�VFUHHQV��D�UHG��JUHHQ�DQG�EOXH
YHUVLRQ�RI�WKH�JUH\�LPDJH�HPHUJHV�

���7KHVH�LPDJHV�DUH�WKHQ�FRPELQHG�XVLQJ�D�VSHFLDO�SULVP�WR�SURGXFH�D�IXOO�FRORXU
LPDJH�±�WKLV�ILQDO�LPDJH�FRQVLVWV�RI�PLOOLRQV�RI�FRORXUV��HDFK�VKDGH�RI�JUH\�LQ�WKH
RULJLQDO�LPDJH�SURGXFHV�D�GLIIHUHQW�VKDGH�LQ�HDFK�RI�WKH�FRORXU�LPDJHV��

���)LQDOO\�WKH�LPDJH�SDVVHV�WKURXJK�WKH�SURMHFWRU�OHQV�RQWR�D�VFUHHQ�
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��0HPRU\�DQG�GDWD�VWRUDJH
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���ILOH�IRUPDWV�VXFK�DV�0,',��03��DQG�MSHJ
���ILOH�FRPSUHVVLRQ�WHFKQLTXHV
���SULPDU\��VHFRQGDU\�DQG�RII�OLQH�VWRUDJH
���PDJQHWLF��RSWLFDO�DQG�VROLG�VWDWH�PHGLD�

����,QWURGXFWLRQ
7KHUH�DUH�PDQ\�ILOH�IRUPDWV�XVHG�WR�VWRUH�GDWD��EH�WKLV�WH[W��LPDJHV�RU�VRXQG��LQ
FRPSXWHU�V\VWHPV��7KLV�FKDSWHU�ZLOO�FRQVLGHU�KRZ�ILOH�FRPSUHVVLRQ�LV�XVHG�WR�VDYH
PHPRU\�ZKHQ�VWRULQJ�GLIIHUHQW�W\SHV�RI�ILOHV�
$OO�FRPSXWHU�V\VWHPV�KDYH�SULPDU\�PHPRU\�DQG�VHFRQGDU\�PHPRU\�VWRUDJH��7KH

PDLQ�WHFKQRORJLHV�XVHG�DUH�PDJQHWLF��RSWLFDO�DQG�VROLG�VWDWH��6WRUDJH�GHYLFHV�ZKLFK
XVH�HDFK�RI�WKHVH�WHFKQRORJLHV�ZLOO�EH�GHVFULEHG�ODWHU�LQ�WKLV�FKDSWHU��WRJHWKHU�ZLWK�D
QXPEHU�RI�DSSOLFDWLRQV�

����)LOH�IRUPDWV
$�QXPEHU�RI�GLIIHUHQW�ILOH�IRUPDWV�DUH�XVHG�LQ�FRPSXWHU�V\VWHPV��:H�ZLOO�ORRN�DW�WKH
IROORZLQJ�RQHV�
���0XVLFDO�,QVWUXPHQW�'LJLWDO�,QWHUIDFH��0,',�
���03�
���03�
���MSHJ
���WH[W�DQG�QXPEHU�IRUPDW�

������0XVLFDO�,QVWUXPHQW�'LJLWDO�,QWHUIDFH��0,',�
086,&$/�,167580(17�',*,7$/�,17(5)$&(��0,',��LV�DOZD\V�DVVRFLDWHG�ZLWK�WKH
VWRUDJH�RI�PXVLF�ILOHV��+RZHYHU��0,',�ILOHV�DUH�QRW�PXVLF�DQG�GRQ¶W�FRQWDLQ�DQ\
VRXQGV��WKH\�DUH�YHU\�GLIIHUHQW�WR��IRU�H[DPSOH��03��ILOHV��0,',�LV�HVVHQWLDOO\�D
FRPPXQLFDWLRQV�SURWRFRO�WKDW�DOORZV�HOHFWURQLF�PXVLFDO�LQVWUXPHQWV�WR�LQWHUDFW�ZLWK
HDFK�RWKHU��7KH�0,',�SURWRFRO�XVHV���ELW�VHULDO�WUDQVPLVVLRQ�ZLWK�RQH�VWDUW�ELW�DQG
RQH�VWRS�ELW��DQG�LV�WKHUHIRUH�DV\QFKURQRXV��VHH�6HFWLRQ��������
$�0,',�ILOH�FRQVLVWV�RI�D�OLVW�RI�FRPPDQGV�WKDW�LQVWUXFW�D�GHYLFH��IRU�H[DPSOH��DQ

HOHFWURQLF�RUJDQ��VRXQG�FDUG�LQ�D�FRPSXWHU�RU�LQ�D�PRELOH�SKRQH��KRZ�WR�SURGXFH�D
SDUWLFXODU�VRXQG�RU�PXVLFDO�QRWH��(DFK�0,',�FRPPDQG�KDV�D�VSHFLILF�VHTXHQFH�RI
E\WHV��7KH�ILUVW�E\WH�LV�WKH�VWDWXV�E\WH�±�WKLV�LQIRUPV�WKH�0,',�GHYLFH�ZKDW�IXQFWLRQ�WR
SHUIRUP��(QFRGHG�LQ�WKH�VWDWXV�E\WH�LV�WKH�0,',�FKDQQHO��0,',�RSHUDWHV�RQ���
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GLIIHUHQW�FKDQQHOV��ZKLFK�DUH�QXPEHUHG���WR����
([DPSOHV�RI�0,',�FRPPDQGV�LQFOXGH�

���QRWH�RQ�RII��WKLV�LQGLFDWHV�WKDW�D�NH\��RQ�DQ�HOHFWURQLF�NH\ERDUG��KDV�EHHQ
SUHVVHG�UHOHDVHG�WR�SURGXFH�VWRS�SURGXFLQJ�D�PXVLFDO�QRWH

���NH\�SUHVVXUH��WKLV�LQGLFDWHV�KRZ�KDUG�WKH�NH\�KDV�EHHQ�SUHVVHG��WKLV�FRXOG�LQGLFDWH
ORXGQHVV�RI�WKH�PXVLF�QRWH�RU�ZKHWKHU�DQ\�YLEUDWR�KDV�EHHQ�XVHG��DQG�VR�RQ��

7ZR�DGGLWLRQDO�E\WHV�DUH�UHTXLUHG��D�3,7&+�%<7(��ZKLFK�WHOOV�WKH�0,',�GHYLFH�ZKLFK
QRWH�WR�SOD\��DQG�D�9(/2&,7<�%<7(��ZKLFK�WHOOV�WKH�GHYLFH�KRZ�ORXG�WR�SOD\�WKH�QRWH�
:KHQ�PXVLF�RU�VRXQG�LV�UHFRUGHG�RQ�D�FRPSXWHU�V\VWHP��WKHVH�0,',�PHVVDJHV�DUH
VDYHG�LQ�D�ILOH�ZKLFK�LV�UHFRJQLVHG�E\�WKH�ILOH�H[WHQVLRQ��PLG�
,I�WKLV��PLG�ILOH�LV�SOD\HG�EDFN�WKURXJK�D�PXVLFDO�LQVWUXPHQW��VXFK�DV�DQ�HOHFWURQLF

NH\ERDUG��WKH�PXVLF�ZLOO�EH�SOD\HG�EDFN�LQ�DQ�LGHQWLFDO�ZD\�WR�WKH�RULJLQDO��7KH
ZKROH�SLHFH�RI�PXVLF�ZLOO�KDYH�EHHQ�VWRUHG�DV�D�VHULHV�RI�FRPPDQGV�EXW�QR�DFWXDO
PXVLFDO�QRWHV��7KLV�PDNHV�LW�D�YHU\�YHUVDWLOH�ILOH�VWUXFWXUH��VLQFH�WKH�VDPH�ILOH�FRXOG
EH�IHG�EDFN�WKURXJK�D�GLIIHUHQW�HOHFWURQLF�LQVWUXPHQW��VXFK�DV�DQ�HOHFWULF�JXLWDU��ZLWK
GLIIHUHQW�HIIHFWV�WR�WKH�RULJLQDO��+RZHYHU��WR�SOD\�EDFN�WKURXJK�DQ�LQVWUXPHQW�VXFK�DV
D�JXLWDU�ZRXOG�QHHG�WKH�XVH�RI�6(48(1&(5�62)7:$5(��VLQFH�WKH�0,',�ILOHV�ZRXOGQ¶W
EH�UHFRJQLVHG�LQ�WKHLU�µUDZ¶�IRUP�
%RWK�WKH�HOHFWURQLF�LQVWUXPHQWV�DQG�WKH�FRPSXWHU�QHHG�D�0,',�LQWHUIDFH�WR�DOORZ

WKHP�WR�µWDON¶�WR�HDFK�RWKHU��,W�ZDV�PHQWLRQHG�HDUOLHU�WKDW�WKH�0,',�RSHUDWHV�RQ���
FKDQQHOV��,Q�IDFW�WKH�FRPSXWHU�FDQ�VHQG�GDWD�RXW�RQ�DOO����0,',�FKDQQHOV�DW�WKH�VDPH
WLPH��)RU�H[DPSOH�����0,',�GHYLFHV��HDFK�VHW�XS�IRU�D�GLIIHUHQW�0,',�FKDQQHO��FRXOG
EH�FRQQHFWHG�WR�WKH�FRPSXWHU��(DFK�GHYLFH�FRXOG�EH�SOD\LQJ�D�VHSDUDWH�OLQH�LQ�D�VRQJ
IURP�WKH�VHTXHQFHU�VRIWZDUH��HIIHFWLYHO\�FUHDWLQJ�DQ�HOHFWURQLF�RUFKHVWUD��7KLV
LPSOHPHQWDWLRQ�LV�EHLQJ�XVHG�PRUH�DQG�PRUH�WRGD\�LQ�WKH�UHFRUGLQJ�VWXGLR��E\�PDMRU
RUFKHVWUDV�DQG�LQ�PXVLFDO�VFRUHV�XVHG�LQ�ILOPV�
%HFDXVH�0,',�ILOHV�GRQ¶W�FRQWDLQ�DQ\�DXGLR�WUDFNV��WKHLU�VL]H��FRPSDUHG�ZLWK�DQ

03��ILOH��LV�FRQVLGHUDEO\�VPDOOHU��)RU�H[DPSOH��D����PHJDE\WH�03��ILOH�RQO\
UHTXLUHV�DERXW����NLORE\WH�ILOH�VL]H�ZKHQ�XVLQJ�WKH�0,',�IRUPDW��7KLV�PDNHV�WKHP
LGHDO�IRU�GHYLFHV�ZKHUH�PHPRU\�LV�DQ�LVVXH��IRU�H[DPSOH��VWRULQJ�ULQJ�WRQHV�RQ�D
PRELOH�SKRQH�

������03(*����03���DQG�03(*����03��
03(*����03���XVHV�WHFKQRORJ\�NQRZQ�DV�$8',2�&2035(66,21�WR�FRQYHUW�PXVLF
DQG�RWKHU�VRXQGV�LQWR�DQ�03��ILOH�IRUPDW��(VVHQWLDOO\��WKLV�FRPSUHVVLRQ�WHFKQRORJ\
ZLOO�UHGXFH�WKH�VL]H�RI�D�QRUPDO�PXVLF�ILOH�E\�DERXW����SHU�FHQW��)RU�H[DPSOH��DQ���
PHJDE\WH�PXVLF�&'�FDQ�EH�UHGXFHG�WR���PHJDE\WHV�XVLQJ�03��WHFKQRORJ\�
03��ILOHV�DUH�XVHG�LQ�03��SOD\HUV��FRPSXWHUV�RU�PRELOH�SKRQHV��)LOHV�FDQ�EH

GRZQORDGHG�IURP�WKH�LQWHUQHW��RU�&'V�FDQ�EH�FRQYHUWHG�WR�03��IRUPDW��7KH�&'�ILOHV
DUH�FRQYHUWHG�XVLQJ�),/(�&2035(66,21�VRIWZDUH��:KLOVW�WKH�PXVLF�TXDOLW\�FDQ�QHYHU
PDWFK�WKH�µIXOO¶�YHUVLRQ�IRXQG�RQ�D�&'��WKH�TXDOLW\�LV�VDWLVIDFWRU\�IRU�PRVW�JHQHUDO
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SXUSRVHV�
%XW�KRZ�FDQ�WKH�RULJLQDO�PXVLF�ILOH�EH�UHGXFHG�E\����SHU�FHQW�ZKLOVW�VWLOO�UHWDLQLQJ

PRVW�RI�WKH�PXVLF�TXDOLW\"�7KLV�LV�GRQH�XVLQJ�ILOH�FRPSUHVVLRQ�DOJRULWKPV�ZKLFK�XVH
3(5&(378$/�086,&�6+$3,1*��WKLV�HVVHQWLDOO\�UHPRYHV�VRXQGV�WKDW�WKH�KXPDQ�HDU
FDQ¶W�KHDU�SURSHUO\��)RU�H[DPSOH��LI�WZR�VRXQGV�DUH�SOD\HG�DW�WKH�VDPH�WLPH��RQO\�WKH
ORXGHU�RQH�FDQ�EH�KHDUG�E\�WKH�HDU��VR�WKH�VRIWHU�VRXQG�LV�HOLPLQDWHG��7KLV�PHDQV�WKDW
FHUWDLQ�SDUWV�RI�WKH�PXVLF�FDQ�EH�UHPRYHG�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�WRR�PXFK�
03��ILOHV�XVH�ZKDW�LV�NQRZQ�DV�D�/266<�)250$7��VHH�6HFWLRQ��������VLQFH�SDUW�RI

WKH�RULJLQDO�ILOH�LV�ORVW�IROORZLQJ�WKH�FRPSUHVVLRQ�DOJRULWKP��7KLV�PHDQV�WKDW�WKH
RULJLQDO�ILOH�FDQ¶W�EH�SXW�EDFN�WRJHWKHU�DJDLQ��+RZHYHU��HYHQ�WKH�TXDOLW\�RI�03��ILOHV
FDQ�EH�GLIIHUHQW�VLQFH�LW�GHSHQGV�RQ�WKH�%,7�5$7(�±�WKLV�LV�WKH�QXPEHU�RI�ELWV�SHU
VHFRQG�XVHG�ZKHQ�FUHDWLQJ�WKH�ILOH��%LW�UDWHV�DUH�URXJKO\�EHWZHHQ����DQG�����NLORELWV
SHU�VHFRQG��XVXDOO\�����RU�KLJKHU�JLYHV�D�VRXQG�TXDOLW\�FORVH�WR�D�QRUPDO�&'�
03(*����03���ILOHV�DUH�VOLJKWO\�GLIIHUHQW�WR�03��ILOHV��7KLV�IRUPDW�DOORZV�WKH

VWRUDJH�RI�PXOWLPHGLD�ILOHV�UDWKHU�WKDQ�MXVW�VRXQG��0XVLF��YLGHRV��SKRWRV�DQG
DQLPDWLRQ�FDQ�DOO�EH�VWRUHG�LQ�WKH�03��IRUPDW��9LGHRV��IRU�H[DPSOH��FRXOG�EH
VWUHDPHG�RYHU�WKH�LQWHUQHW�XVLQJ�WKH�03��IRUPDW�ZLWKRXW�ORVLQJ�DQ\�UHDO�GLVFHUQDEOH
TXDOLW\�

$FWLYLW\����
$�&'�LV�EHLQJ�XVHG�WR�VWRUH�PXVLF��(DFK�PLQXWH¶V�ZRUWK�RI�UHFRUGLQJ�WDNHV
XS����PHJDE\WHV�
D�7KH�&'�FRQWDLQV�QLQH�WUDFNV�ZKLFK�DUH�WKH�IROORZLQJ�OHQJWK��LQ�PLQXWHV�����
������������������������+RZ�PXFK�PHPRU\�ZRXOG�WKHVH�QLQH�WUDFNV�RFFXS\
RQ�WKH�&'"

E�,I�WKH�&'�ZDV�GRZQORDGHG�WR�D�FRPSXWHU�DQG�WKHQ�DOO�WKH�WUDFNV�ZHUH�SXW
WKURXJK�DQ�03��FRPSUHVVLRQ�DOJRULWKP��KRZ�PXFK�PHPRU\�ZRXOG�WKH
QLQH�WUDFNV�QRZ�RFFXS\��\RX�PD\�DVVXPH�D����SHU�FHQW�ILOH�UHGXFWLRQ
VL]H�"

F�)LQG�WKH�DYHUDJH�VL]H�RI�HDFK�RI�WKH�03��WUDFNV��DQG�WKHQ�HVWLPDWH�KRZ
PDQ\�03��ILOHV�FRXOG�EH�VWRUHG�RQ�DQ�����PHJDE\WH�&'�

������-RLQW�3KRWRJUDSKLF�([SHUWV�*URXS��MSHJ�
ILOHV
/RRN�DW�WKH�IROORZLQJ�ILYH�SKRWRJUDSKV�RI�WKH�VDPH�FDU�ZKHHO�
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)LJXUH����

7KH�UHVROXWLRQ�RI�WKH�SKRWRJUDSKV�LV�UHGXFHG�IURP�$�WR�(��3KRWRJUDSKV�$�DQG�%�DUH
YHU\�VKDUS�ZKLOVW�SKRWRJUDSK�'�LV�YHU\�IX]]\�DQG�(�LV�DOPRVW�XQUHFRJQLVDEOH��7KLV�LV
WKH�UHVXOW�RI�FKDQJLQJ�WKH�QXPEHU�RI�3,;(/6�SHU�FHQWLPHWUH�XVHG�WR�VWRUH�WKH�LPDJH
�WKDW�LV��UHGXFLQJ�WKH�3,&785(�5(62/87,21��
:KHQ�D�SKRWRJUDSKLF�ILOH�XQGHUJRHV�ILOH�FRPSUHVVLRQ��WKH�VL]H�RI�WKH�ILOH�LV

UHGXFHG��7KH�WUDGH�RII�IRU�WKLV�UHGXFHG�ILOH�VL]H�LV�UHGXFHG�TXDOLW\�RI�WKH�LPDJH��2QH
RI�WKH�ILOH�IRUPDWV�XVHG�WR�UHGXFH�SKRWRJUDSKLF�ILOH�VL]HV�LV�NQRZQ�DV�-3(*��7KLV�LV
DQRWKHU�H[DPSOH�RI�ORVV\�ILOH�FRPSUHVVLRQ��$V�ZLWK�03��IRUPDW��RQFH�WKH�LPDJH�LV
VXEMHFWHG�WR�WKH�MSHJ�FRPSUHVVLRQ�DOJRULWKP��D�QHZ�ILOH�LV�IRUPHG�DQG�WKH�RULJLQDO
ILOH�FDQ�QR�ORQJHU�EH�FRQVWUXFWHG��-SHJ�ZLOO�UHGXFH�WKH�5$:�%,70$3�LPDJH�E\�D
IDFWRU�RI�EHWZHHQ���DQG����GHSHQGLQJ�RQ�WKH�TXDOLW\�RI�WKH�RULJLQDO�
$Q�LPDJH�WKDW�LV������SL[HOV�ZLGH�DQG������SL[HOV�KLJK�LV�HTXDO�WR������î�����

SL[HOV��LQ�RWKHU�ZRUGV������������SL[HOV��7KLV�LV�RIWHQ�UHIHUUHG�WR�DV�D���PHJDSL[HO
LPDJH��DOWKRXJK�LW�LV�REYLRXVO\�VOLJKWO\�ODUJHU���$�UDZ�ELWPDS�FDQ�RIWHQ�EH�UHIHUUHG�WR
DV�D�7,))�RU�%03�LPDJH��ILOH�H[WHQVLRQ��7,)�RU��%03���7KH�ILOH�VL]H�RI�WKLV�LPDJH�LV
GHWHUPLQHG�E\�WKH�QXPEHU�RI�SL[HOV��,Q�WKH�SUHYLRXV�H[DPSOH��D���PHJDSL[HO�LPDJH
ZRXOG�EH���PHJDSL[HOV�î���FRORXUV��,Q�RWKHU�ZRUGV����PHJDE\WHV��HDFK�SL[HO
RFFXSLHV���E\WHV�EHFDXVH�LW�LV�PDGH�XS�RI�WKH�WKUHH�PDLQ�FRORXUV��UHG��JUHHQ�DQG
EOXH���7,))�DQG�%03�DUH�WKH�KLJKHVW�LPDJH�TXDOLW\�EHFDXVH��XQOLNH�MSHJ��WKH\�DUH�QRW
LQ�D�FRPSUHVVHG�IRUPDW�
7KH�VDPH�LPDJH�VWRUHG�LQ�MSHJ�IRUPDW�ZRXOG�SUREDEO\�RFFXS\�EHWZHHQ����

PHJDE\WHV�DQG�����PHJDE\WHV�
-SHJ�UHOLHV�RQ�FHUWDLQ�SURSHUWLHV�RI�WKH�KXPDQ�H\H�DQG��XS�WR�D�SRLQW��D�FHUWDLQ

DPRXQW�RI�ILOH�FRPSUHVVLRQ�FDQ�WDNH�SODFH�ZLWKRXW�DQ\�UHDO�ORVV�RI�TXDOLW\��7KH
KXPDQ�H\H�LV�OLPLWHG�LQ�LWV�DELOLW\�WR�GHWHFW�YHU\�VOLJKW�GLIIHUHQFHV�LQ�EULJKWQHVV�DQG�LQ
FRORXU�KXHV��)RU�H[DPSOH��VRPH�FRPSXWHU�LPDJLQJ�VRIWZDUH�ERDVWV�WKDW�LW�FDQ
SURGXFH�RYHU����PLOOLRQ�GLIIHUHQW�FRORXUV�±�WKH�KXPDQ�H\H�LV�RQO\�DEOH�WR
GLIIHUHQWLDWH�DERXW����PLOOLRQ�FRORXUV�

$FWLYLW\����
D��$Q�LPDJH�LV������SL[HOV�E\������SL[HOV��&DOFXODWH�
����L�WKH�WRWDO�QXPEHU�RI�SL[HOV�LQ�WKH�RULJLQDO�LPDJH
����LL�WKH�QXPEHU�RI�E\WHV�RFFXSLHG�E\�WKLV�ILOH
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����LLL�WKH�ILOH�VL]H�RI�WKH�MSHJ�LPDJH��LQ�NLORE\WHV��LI�WKH�RULJLQDO�LPDJH�ZDV
UHGXFHG�E\�D�IDFWRU�RI���

E��$�VHFRQG�LPDJH�LV������SL[HOV�E\������SL[HOV��&DOFXODWH�
����L�WKH�WRWDO�QXPEHU�RI�SL[HOV�LQ�WKH�RULJLQDO�LPDJH
����LL�WKH�QXPEHU�RI�E\WHV�RFFXSLHG�E\�WKLV�ILOH
����LLL�WKH�ILOH�VL]H�RI�WKH�MSHJ�LPDJH��LQ�PHJDE\WHV��LI�WKH�RULJLQDO�LPDJH�ZDV

UHGXFHG�E\�D�IDFWRU�RI���
����LY�+RZ�PDQ\�XQFRPSUHVVHG�ILOHV�RI�WKH�VL]H�FDOFXODWHG�LQ�SDUW��LL��FRXOG

EH�VWRUHG�RQ�D���JLJDE\WH�PHPRU\�FDUG"
����Y�+RZ�PDQ\�FRPSUHVVHG�ILOHV�RI�WKH�VL]H�FDOFXODWHG�LQ�SDUW��LLL��FRXOG�EH

VWRUHG�RQ�WKH�VDPH���JLJDE\WH�PHPRU\�FDUG"

$FWLYLW\����
7KH�YHU\�VKDUS�LPDJH�$�LQ�)LJXUH�����ZDV�EORZQ�XS�WR�DERXW�VL[�WLPHV�LWV
VL]H�

)LJXUH����

)LQG�RXW�ZK\�WKLV�LQLWLDOO\�VKDUS�LPDJH�QRZ�DSSHDUV�IX]]\�DW�WKLV
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PDJQLILFDWLRQ�
+RZ�FDQ�WKLV�SUREOHP�EH�RYHUFRPH"

������7H[W�DQG�QXPEHU�ILOH�IRUPDWV
7H[W�DQG�QXPEHUV�FDQ�EH�VWRUHG�LQ�D�QXPEHU�RI�IRUPDWV��7H[W�LV�XVXDOO\�VWRUHG�LQ�DQ
$6&,,�IRUPDW��VHH�6HFWLRQ��������
:KHQ�XVLQJ�VSUHDGVKHHWV�RU�GDWDEDVHV��IRU�H[DPSOH��QXPEHUV�FDQ�EH�VWRUHG�LQ�D

QXPEHU�RI�GLIIHUHQW�IRUPDWV�
���UHDO��H�J���������
���LQWHJHU��H�J���
���GDWH��H�J������������
���WLPH��H�J����������
���FXUUHQF\��H�J��5�������
,W�LV�LPSRUWDQW�WKDW�WKH�FRUUHFW�IRUPDW�LV�FKRVHQ�LI�VRPH�IRUP�RI�SURFHVVLQJ�LV�WR�EH
GRQH��,I�QXPEHU�ILOHV�XQGHUJR�DQ\�IRUP�RI�ILOH�FRPSUHVVLRQ��WKHQ�LW�WHQGV�WR�EH
ORVVOHVV��6LQFH�LW�YHU\�LPSRUWDQW�WKDW�QRQH�RI�WKH�LQIRUPDWLRQ�GDWD�LV�ORVW��VHH�6HFWLRQ
�����
,I�$6&,,�IRUPDW�LV�XVHG�WR�VWRUH�WH[W�RQ�D�ILOH��WKHQ�WKH�WDEOH�LQ�)LJXUH�����LV�XVHG�WR

VWRUH�HDFK�RI�WKH�FKDUDFWHUV��)RU�H[DPSOH��WKH�ZRUG�&20387(5�ZRXOG�EH�VWRUHG�DV
HLWKHU�
�������������������������RU��������)���'��������������������

�WKH�ILUVW�FRGH�LV�LQ�GHQDU\�DQG�WKH�VHFRQG�LQ�KH[DGHFLPDO��
7H[W�ILOHV�FDQ�DOVR�XQGHUJR�ILOH�FRPSUHVVLRQ��7KHVH�XVH�FRPSOH[�DOJRULWKPV�WKDW

ZRUN�RQ�UHGXQGDQF\�RU�UHSHDWHG�VHFWLRQV�RI�ZRUGV��H�J��28�LQ�\28U��F28QWU\�RU
P28QWDLQ���7KH�IROORZLQJ�VHFWLRQ�VKRZV��LQ�YHU\�VLPSOH�WHUPV��KRZ�WKLV�FRXOG�ZRUN�
7KH�SKUDVH�µ7+,6�6(&7,21�6+2:6�<28�+2:�7+,6�:28/'�:25.¶

FRQVLVWV�RI����PHPRU\�XQLWV��LJQRULQJ�VSDFHV���5HSHDWHG�ZRUGV��VXFK�DV�µ7+,6¶
FRXOG�EH�SXW�LQWR�D�GDWD�GLFWLRQDU\�DQG�EH�UHSODFHG�E\�µ�¶��5HSHDWHG�ZRUG�VHFWLRQV�
VXFK�DV�µ+2:¶�DQG�µ28¶�FRXOG�EH�UHSODFHG�E\�WKH�QXPEHUV�µ�¶�DQG�µ�¶��2XU�SKUDVH
WKHQ�EHFRPHV�µ��6(&7,21�6�6�<������:�/'�:25.¶�
$JDLQ��LJQRULQJ�VSDFHV��WKLV�FRPSUHVVHG�IRUP�QRZ�XVHV�RQO\����PHPRU\�XQLWV�

7KLV�LV�DERXW�D�����VDYLQJ�LQ�ILOH�VL]H��2EYLRXVO\�LI�ZKROH�SDJHV�DUH�WR�EH�VWRUHG�
WKHQ�UHSHDWHG�ZRUGV�DQG�ZRUG�VHFWLRQV�EHFRPH�HYHQ�PRUH�QXPHURXV��&RPSUHVVLRQ
DOJRULWKPV�WDNH�PDQ\�WKLQJV�LQWR�DFFRXQW�ZKHQ�FUHDWLQJ�WKHVH�FRPSUHVVHG�ILOHV�±�EXW
WKLV�LV�RXWVLGH�WKH�VFRSH�RI�WKLV�WH[WERRN�
7KLV�LV�FOHDUO\�DQ�H[DPSOH�RI�ORVVOHVV�FRPSUHVVLRQ�VLQFH�WKH�RULJLQDO�SKUDVH�FDQ

EH�UHIRUPHG�LI�QHFHVVDU\�XVLQJ�WKH�GDWD�GLFWLRQDU\�DQG�FRPSUHVVHG�ILOH�

����/RVVOHVV�DQG�ORVV\�ILOH�FRPSUHVVLRQ
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������/RVVOHVV�ILOH�FRPSUHVVLRQ
:LWK�/266/(66�),/(�&2035(66,21��DOO�WKH�GDWD�ELWV�IURP�WKH�RULJLQDO�ILOH�DUH
UHFRQVWUXFWHG�ZKHQ�WKH�ILOH�LV�DJDLQ�XQFRPSUHVVHG��7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�IRU
ILOHV�ZKHUH�ORVV�RI�DQ\�GDWD�ZRXOG�EH�GLVDVWURXV�±�IRU�H[DPSOH��D�VSUHDGVKHHW�ILOH�

������/RVV\�ILOH�FRPSUHVVLRQ
/266<�),/(�&2035(66,21�LV�YHU\�GLIIHUHQW�WR�ORVVOHVV�ILOH�FRPSUHVVLRQ��:LWK�WKLV
WHFKQLTXH��WKH�ILOH�FRPSUHVVLRQ�DOJRULWKP�HOLPLQDWHV�XQQHFHVVDU\�ELWV�RI�GDWD�DV�VHHQ
LQ�03��DQG�MSHJ�IRUPDWV�
,W�LV�LPSRVVLEOH�WR�JHW�WKH�RULJLQDO�ILOH�EDFN�RQFH�LW�LV�FRPSUHVVHG��7KLV�LV�ZK\�LW�LV

FKRVHQ�IRU�ILOHV�ZKHUH�UHPRYLQJ�FHUWDLQ�ELWV�GRHVQ¶W�GHWUDFW�IURP�WKH�TXDOLW\�

����0HPRU\�DQG�VWRUDJH
0HPRU\�DQG�VWRUDJH�GHYLFHV�FDQ�EH�VSOLW�XS�LQWR�WKUHH�GLVWLQFW�JURXSV�
���SULPDU\�PHPRU\
���VHFRQGDU\�VWRUDJH
���RII�OLQH�VWRUDJH�
)LJXUH�����VKRZV�KRZ�WKHVH�DOO�OLQN�WRJHWKHU�

)LJXUH����

:H�ZLOO�QRZ�FRQVLGHU�HDFK�RI�WKH�WKUHH�SDUWV�LQ�WKH�GLDJUDP�

������3ULPDU\�PHPRU\
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5DQGRP�$FFHVV�0HPRU\��5$0�
7KH�IHDWXUHV�RI�5$1'20�$&&(66�0(025<��5$0��DUH�
���LW�LV�YRODWLOH�WHPSRUDU\�PHPRU\��WKH�FRQWHQWV�RI�WKH�PHPRU\�DUH�ORVW�ZKHQ�WKH
SRZHU�WR�WKH�5$0�LV�WXUQHG�RII�

���LW�LV�XVHG�WR�VWRUH�
�������GDWD�
�������ILOHV��RU
�������SDUW�RI�WKH�RSHUDWLQJ�V\VWHP�WKDW�DUH�FXUUHQWO\�LQ�XVH
���LW�FDQ�EH�ZULWWHQ�WR�RU�UHDG�IURP�DQG�WKH�FRQWHQWV�RI�WKH�PHPRU\�FDQ�EH�FKDQJHG�
,Q�JHQHUDO��WKH�ODUJHU�WKH�VL]H�RI�5$0�WKH�IDVWHU�WKH�FRPSXWHU�ZLOO�RSHUDWH��,Q�UHDOLW\�
WKH�5$0�QHYHU�UXQV�RXW�RI�PHPRU\��LW�FRQWLQXHV�WR�RSHUDWH�EXW�MXVW�JHWV�VORZHU�DQG
VORZHU��$V�WKH�5$0�EHFRPHV�IXOO��WKH�SURFHVVRU�KDV�WR�FRQWLQXDOO\�DFFHVV�WKH�KDUG
GLVN�GULYH�WR�RYHUZULWH�ROG�GDWD�RQ�5$0�ZLWK�QHZ�GDWD��%\�LQFUHDVLQJ�WKH�5$0
VL]H��WKH�QXPEHU�RI�WLPHV�WKLV�DFFHVV�RSHUDWLRQ�LV�FDUULHG�RXW�LV�UHGXFHG��PDNLQJ�WKH
FRPSXWHU�UXQ�IDVWHU�
5$0�LV�PXFK�IDVWHU�WR�ZULWH�WR�RU�UHDG�IURP�WKDQ�RWKHU�W\SHV�RI�PHPRU\��EXW�LWV

PDLQ�GUDZEDFN�LV�LWV�YRODWLOLW\�

)LJXUH�����5$0

%XIIHUV�ZHUH�LQWURGXFHG�LQ�&KDSWHU����VHH�6HFWLRQ�������7KHVH�RIWHQ�XVH�5$0
VLQFH�WKH\�QHHG�WR�EH�D�IDVW�PHPRU\�DQG�WKH�GDWD�RQO\�QHHGV�WR�EH�KHOG�WHPSRUDULO\�
$V�RXWOLQHG�HDUOLHU��EXIIHUV�DOORZ�WKH�SURFHVVRU�WR�GR�RWKHU�WDVNV�ZKLOH�VORZHU
SHULSKHUDO�GHYLFHV�VHQG�GDWD�WR�DQG�UHFHLYH�GDWD�IURP�WKH�FRPSXWHU�
7KHUH�DUH�FXUUHQWO\�WZR�W\SHV�RI�5$0�WHFKQRORJ\�

���G\QDPLF�UDP��'5$0�
���VWDWLF�5$0��65$0��

'\QDPLF�5$0��'5$0�
(DFK�'<1$0,&�5$0��'5$0��FKLS�FRQVLVWV�RI�D�QXPEHU�RI�WUDQVLVWRUV�DQG
FDSDFLWRUV��(DFK�RI�WKHVH�SDUWV�LV�WLQ\�VLQFH�D�VLQJOH�5$0�FKLS�ZLOO�FRQWDLQ�PLOOLRQV
RI�WUDQVLVWRUV�DQG�FDSDFLWRUV��7KH�IXQFWLRQ�RI�HDFK�SDUW�LV�
���FDSDFLWRU�±�WKLV�KROGV�WKH�ELWV�RI�LQIRUPDWLRQ����RU���
���WUDQVLVWRU�±�WKLV�DFWV�OLNH�D�VZLWFK��LW�DOORZV�WKH�FKLS�FRQWURO�FLUFXLWU\�WR�UHDG�WKH
FDSDFLWRU�RU�FKDQJH�WKH�FDSDFLWRU¶V�YDOXH�
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)LJXUH�����'5$0

7KLV�W\SH�RI�5$0�QHHGV�WR�EH�FRQVWDQWO\�5()5(6+('��WKDW�LV��WKH�FDSDFLWRU�QHHGV�WR
EH�UHFKDUJHG�HYHU\����PLFURVHFRQGV�RWKHUZLVH�LW�ZRXOG�ORVH�LWV�YDOXH���,I�LW�ZDVQ¶W
UHIUHVKHG��WKH�FDSDFLWRU¶V�FKDUJH�ZRXOG�OHDN�DZD\�YHU\�TXLFNO\��OHDYLQJ�HYHU\
FDSDFLWRU�ZLWK�WKH�YDOXH���
'5$0V�KDYH�D�QXPEHU�RI�DGYDQWDJHV�RYHU�65$0V�

���WKH\�DUH�PXFK�OHVV�H[SHQVLYH�WR�PDQXIDFWXUH�WKDQ�65$0
���WKH\�FRQVXPH�OHVV�SRZHU�WKDQ�65$0
���WKH\�KDYH�D�KLJKHU�VWRUDJH�FDSDFLW\�WKDQ�65$0�

6WDWLF�5$0��65$0�
$�ELJ�GLIIHUHQFH�EHWZHHQ�65$0�DQG�'5$0�LV�WKDW�WKLV�W\SH�RI�PHPRU\�GRHVQ¶W�QHHG
WR�EH�FRQVWDQWO\�UHIUHVKHG�
,W�PDNHV�XVH�RI�µIOLS�IORSV¶�ZKLFK�KROG�HDFK�ELW�RI�PHPRU\�
65$0�LV�PXFK�IDVWHU�WKDQ�'5$0�ZKHQ�LW�FRPHV�WR�GDWD�DFFHVV��W\SLFDOO\��DFFHVV

WLPH�IRU�65$0�LV����QDQRVHFRQGV�DQG�IRU�'5$0�LV����QDQRVHFRQGV��
'5$0�LV�WKH�PRVW�FRPPRQ�W\SH�RI�5$0�XVHG�LQ�FRPSXWHUV��EXW�ZKHUH�DEVROXWH

VSHHG�LV�HVVHQWLDO��WKHQ�65$0�LV�WKH�SUHIHUUHG�WHFKQRORJ\��)RU�H[DPSOH��WKH
SURFHVVRU¶V�0(025<�&$&+(�LV�WKH�KLJK�VSHHG�SRUWLRQ�RI�WKH�PHPRU\��LW�LV�HIIHFWLYH
EHFDXVH�PRVW�SURJUDPV�DFFHVV�WKH�VDPH�GDWD�RU�LQVWUXFWLRQV�PDQ\�WLPHV��%\�NHHSLQJ
DV�PXFK�RI�WKLV�LQIRUPDWLRQ�DV�SRVVLEOH�LQ�65$0��WKH�FRPSXWHU�DYRLGV�KDYLQJ�WR
DFFHVV�WKH�VORZHU�'5$0�
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)LJXUH�����65$0

5HDG�2QO\�0HPRU\��520�
7KH�PDLQ�IHDWXUHV�RI�5($'�21/<�0(025<��520��FDQ�EH�VXPPDULVHG�DV�IROORZV�
���WKH\�DUH�QRQ�YRODWLOH�SHUPDQHQW�PHPRULHV��WKH�FRQWHQWV�RI�WKH�PHPRU\�UHPDLQ�HYHQ
ZKHQ�WKH�SRZHU�WR�WKH�520�LV�WXUQHG�RII�

���WKH\�DUH�RIWHQ�XVHG�WR�VWRUH�WKH�VWDUW�XS�LQVWUXFWLRQV�ZKHQ�WKH�FRPSXWHU�LV�ILUVW
VZLWFKHG�RQ��IRU�H[DPSOH��520�PLJKW�VWRUH�WKH�EDVLF�LQSXW�RXWSXW�V\VWHP��%,26��

���WKH�GDWD�RU�FRQWHQWV�RI�D�520�FKLS�FDQ�RQO\�EH�UHDG��WKH\�FDQQRW�EH�FKDQJHG�

$SSOLFDWLRQ
:H�ZLOO�QRZ�FRQVLGHU�DQ�DSSOLFDWLRQ��RWKHU�WKDQ�D�FRPSXWHU��ZKHUH�ERWK�5$0�DQG
520�FKLSV�DUH�XVHG�
$�UHPRWH�FRQWUROOHG�WR\�FDU�KDV�D�FLUFXLWU\�ZKLFK�FRQWDLQV�ERWK�5$0�DQG�520

FKLSV��7KH�UHPRWH�FRQWURO�LV�D�KDQG�KHOG�GHYLFH�
:H�ZLOO�FRQVLGHU�WKH�IXQFWLRQ�RI�HDFK�W\SH�RI�PHPRU\�LQGHSHQGHQWO\�

���520
�������VWRUHV�WKH�IDFWRU\�VHWWLQJV�VXFK�DV�UHPRWH�FRQWURO�IUHTXHQFLHV
�������VWRUHV�WKH�µVWDUW�XS¶�URXWLQHV�ZKHQ�WKH�WR\�FDU�LV�ILUVW�VZLWFKHG�RQ
�������VWRUHV�WKH�VHW�URXWLQHV��IRU�H[DPSOH��KRZ�WKH�EXWWRQV�RQ�WKH�KDQG�KHOG�GHYLFH

FRQWURO�WXUQLQJ�OHIW��DFFHOHUDWLRQ��VWRSSLQJ��DQG�VR�RQ�
���5$0
�������WKH�XVHU�PD\�ZLVK�WR�SURJUDP�LQ�WKHLU�RZQ�URXWLQHV��WKHVH�QHZ�LQVWUXFWLRQV

ZRXOG�EH�VWRUHG�LQ�WKH�5$0�FKLS
�������WKH�5$0�FKLS�ZLOO�VWRUH�WKH�GDWD�LQVWUXFWLRQV�UHFHLYHG�IURP�WKH�UHPRWH�FRQWURO
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XQLW�

$FWLYLW\����
'HVFULEH�KRZ�520�DQG�5$0�FKLSV�FRXOG�EH�XVHG�LQ�WKH�IROORZLQJ�GHYLFHV�
D�D�PLFURZDYH�RYHQ
E�D�UHIULJHUDWRU
F�D�UHPRWH�FRQWUROOHG�PRGHO�DHURSODQH��WKH�PRYHPHQW�RI�WKH�DHURSODQH�LV
FRQWUROOHG�E\�D�KDQG�KHOG�GHYLFH�

������6HFRQGDU\�VWRUDJH
+DUG�'LVN�'ULYHV��+''�
+$5'�',6.�'5,9(6��+''��DUH�SUREDEO\�VWLOO�WKH�PRVW�FRPPRQ�PHWKRG�XVHG�WR�VWRUH
GDWD�RQ�D�FRPSXWHU�
'DWD�LV�VWRUHG�LQ�D�GLJLWDO�IRUPDW�RQ�WKH�PDJQHWLF�VXUIDFHV�RI�WKH�GLVNV��RU�SODWWHUV�

DV�WKH\�DUH�IUHTXHQWO\�FDOOHG���7KH�KDUG�GLVN�GULYH�ZLOO�KDYH�D�QXPEHU�RI�SODWWHUV
ZKLFK�FDQ�VSLQ�DW�DERXW������WLPHV�D�VHFRQG��$�QXPEHU�RI�UHDG±ZULWH�KHDGV�FDQ
DFFHVV�DOO�RI�WKH�VXUIDFHV�LQ�WKH�GLVN�GULYH��1RUPDOO\�HDFK�SODWWHU�ZLOO�KDYH�WZR
VXUIDFHV�ZKLFK�FDQ�EH�XVHG�WR�VWRUH�WKH�GDWD��7KHVH�UHDG±ZULWH�KHDGV�FDQ�PRYH�YHU\
TXLFNO\�±�W\SLFDOO\�WKH\�FDQ�PRYH�IURP�WKH�FHQWUH�RI�WKH�GLVN�WR�WKH�HGJH�RI�WKH�GLVN
�DQG�EDFN�DJDLQ�����WLPHV�D�VHFRQG�

)LJXUH����

'DWD�LV�VWRUHG�RQ�WKH�VXUIDFH�LQ�VHFWRUV�DQG�WUDFNV��VHH�)LJXUH�����RQ�QH[W�SDJH���$
VHFWRU�RQ�D�JLYHQ�WUDFN�ZLOO�FRQWDLQ�D�IL[HG�QXPEHU�RI�E\WHV�
8QIRUWXQDWHO\��KDUG�GLVN�GULYHV�KDYH�YHU\�VORZ�GDWD�DFFHVV�ZKHQ�FRPSDUHG�WR��IRU

H[DPSOH��5$0��0DQ\�DSSOLFDWLRQV�UHTXLUH�WKH�UHDG±ZULWH�KHDGV�WR�FRQVWDQWO\�VHHN
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IRU�WKH�FRUUHFW�EORFNV�RI�GDWD��WKLV�PHDQV�D�ODUJH�QXPEHU�RI�KHDG�PRYHPHQWV��7KH
HIIHFWV�RI�/$7(1&<�WKHQ�EHFRPH�YHU\�VLJQLILFDQW��/DWHQF\�LV�GHILQHG�DV�WKH�WLPH�LW
WDNHV�IRU�D�VSHFLILF�EORFN�RI�GDWD�RQ�D�GDWD�WUDFN�WR�URWDWH�DURXQG�WR�WKH�UHDG±ZULWH
KHDG�
8VHUV�ZLOO�VRPHWLPHV�QRWLFH�WKH�HIIHFW�RI�ODWHQF\�ZKHQ�WKH\�VHH�PHVVDJHV�VXFK�DV

µSOHDVH�ZDLW¶�RU��DW�LWV�ZRUVW��µQRW�UHVSRQGLQJ¶�

6ROLG�VWDWH�'ULYHV��66'�
/DWHQF\�LV�DQ�LVVXH�LQ�+''V�DV�GHVFULEHG�HDUOLHU��62/,'�67$7(�'5,9(6��66'�
UHPRYH�WKLV�LVVXH�FRQVLGHUDEO\��7KH\�KDYH�QR�PRYLQJ�SDUWV�DQG�DOO�GDWD�LV�UHWULHYHG
DW�WKH�VDPH�UDWH��7KH\�GRQ¶W�UHO\�RQ�PDJQHWLF�SURSHUWLHV��WKH�PRVW�FRPPRQ�W\SH�RI
VROLG�VWDWH�VWRUDJH�GHYLFHV�VWRUH�GDWD�E\�FRQWUROOLQJ�WKH�PRYHPHQW�RI�HOHFWURQV�ZLWKLQ
1$1'�FKLSV��7KH�GDWD�LV�VWRUHG�DV��V�DQG��V�LQ�PLOOLRQV�RI�WLQ\�WUDQVLVWRUV�ZLWKLQ�WKH
FKLS��7KLV�HIIHFWLYHO\�SURGXFHV�D�QRQ�YRODWLOH�UHZULWDEOH�PHPRU\�

)LJXUH����

+RZHYHU��D�QXPEHU�RI�VROLG�VWDWH�VWRUDJH�GHYLFHV�VRPHWLPHV�XVH
(/(&7521,&$//<�(5$6$%/(�352*5$00$%/(�5($'�21/<�0(025<��((3520�
WHFKQRORJ\��7KH�PDLQ�GLIIHUHQFH�LV�WKH�XVH�RI�125�FKLSV�UDWKHU�WKDQ�1$1'��7KLV
PDNHV�WKHP�IDVWHU�LQ�RSHUDWLRQ�EXW�GHYLFHV�XVLQJ�((3520�DUH�FRQVLGHUDEO\�PRUH
H[SHQVLYH�WKDQ�WKRVH�WKDW�XVH�1$1'�WHFKQRORJ\��((3520�DOVR�DOORZV�GDWD�WR�EH
UHDG�RU�HUDVHG�LQ�VLQJOH�E\WHV�DW�D�WLPH��8VH�RI�1$1'�RQO\�DOORZV�EORFNV�RI�GDWD�WR
EH�UHDG�RU�HUDVHG��7KLV�PDNHV�((3520�WHFKQRORJ\�PRUH�XVHIXO�LQ�FHUWDLQ
DSSOLFDWLRQV�ZKHUH�GDWD�QHHGV�WR�EH�DFFHVVHG�RU�HUDVHG�LQ�E\WH�VL]HG�FKXQNV�
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%HFDXVH�RI�WKH�FRVW�LPSOLFDWLRQV��WKH�PDMRULW\�RI�VROLG�VWDWH�VWRUDJH�GHYLFHV�XVH
1$1'�WHFKQRORJ\��7KH�WZR�W\SHV�DUH�XVXDOO\�GLVWLQJXLVKHG�E\�WKH�WHUPV�)/$6+��XVH
1$1'��DQG�((3520��XVH�125��
6R�ZKDW�DUH�WKH�PDLQ�EHQHILWV�RI�XVLQJ�66'�UDWKHU�WKDQ�+''"�7KH�PDLQ�EHQHILWV�RI

66'V�DUH�VXPPDULVHG�EHORZ�
���WKH\�DUH�PRUH�UHOLDEOH��QR�PRYLQJ�SDUWV�WR�JR�ZURQJ�
���WKH\�DUH�FRQVLGHUDEO\�OLJKWHU��ZKLFK�PDNHV�WKHP�VXLWDEOH�IRU�ODSWRSV�
���WKH\�GRQ¶W�KDYH�WR�µJHW�XS�WR�VSHHG¶�EHIRUH�WKH\�ZRUN�SURSHUO\
���WKH\�KDYH�D�ORZHU�SRZHU�FRQVXPSWLRQ
���WKH\�UXQ�PXFK�FRROHU�WKDQ�+''V��WKHVH�ODVW�WZR�SRLQWV�DJDLQ�PDNH�WKHP�YHU\
VXLWDEOH�IRU�ODSWRS�FRPSXWHUV�

���EHFDXVH�WKH\�KDYH�QR�PRYLQJ�SDUWV��WKH\�DUH�YHU\�WKLQ
���GDWD�DFFHVV�LV�FRQVLGHUDEO\�IDVWHU�WKDQ�+''�
7KH�PDLQ�GUDZEDFN�RI�66'�LV�WKH�TXHVWLRQDEOH�ORQJHYLW\�RI�WKH�WHFKQRORJ\��0RVW
VROLG�VWDWH�VWRUDJH�GHYLFHV�DUH�FRQVHUYDWLYHO\�UDWHG�DW�RQO\����*%�ZULWH�RSHUDWLRQV
SHU�GD\�RYHU�D�WKUHH�\HDU�SHULRG�±�WKLV�LV�NQRZQ�DV�66'�HQGXUDQFH��)RU�WKLV�UHDVRQ�
66'�WHFKQRORJ\�LV�QRW�XVHG�LQ�VHUYHUV��IRU�H[DPSOH��ZKHUH�D�KXJH�QXPEHU�RI�ZULWH
RSHUDWLRQV�WDNH�SODFH�HYHU\�GD\��+RZHYHU��WKLV�LVVXH�LV�EHLQJ�DGGUHVVHG�E\�D�QXPEHU
RI�PDQXIDFWXUHUV�WR�LPSURYH�WKH�GXUDELOLW\�RI�WKHVH�VROLG�VWDWH�V\VWHPV�

������2II�OLQH�VWRUDJH
2II�OLQH�VWRUDJH�LQFOXGHV�
���&'�'9'�'9'�5$0��RSWLFDO�VWRUDJH�V\VWHPV�
���%OX�UD\�GLVNV��RSWLFDO�VWRUDJH�V\VWHPV�
���86%�IODVK�PHPRU\�PHPRU\�VWLFNV�6'�;'�FDUGV��VROLG�VWDWH�VWRUDJH�V\VWHPV�
���UHPRYDEOH�H[WHUQDO�KDUG�GLVN�GULYHV��PDJQHWLF�VWRUDJH�V\VWHPV��

&'�'9'�GLVNV
&'6�DQG�'9'6�DUH�GHVFULEHG�DV�237,&$/�6725$*(�'(9,&(6��/DVHU�OLJKW�LV�XVHG�WR
UHDG�GDWD�DQG�WR�ZULWH�GDWD�LQ�WKH�VXUIDFH�RI�WKH�GLVN�
%RWK�&'V�DQG�'9'V�XVH�D�WKLQ�OD\HU�RI�PHWDO�DOOR\�RU�OLJKW�VHQVLWLYH�RUJDQLF�G\H

WR�VWRUH�WKH�GDWD��$V�FDQ�EH�VHHQ�LQ�)LJXUH������ERWK�V\VWHPV�XVH�D�VLQJOH��VSLUDO�WUDFN
ZKLFK�UXQV�IURP�WKH�FHQWUH�RI�WKH�GLVN�WR�WKH�HGJH�
7KH�GDWD�LV�VWRUHG�LQ�µSLWV¶�DQG�µEXPSV¶�RQ�WKH�VSLUDO�WUDFN��$�UHG�ODVHU�LV�XVHG�WR

UHDG�DQG�ZULWH�WKH�GDWD��&'V�DQG�'9'V�FDQ�EH�GHVLJQDWHG�5��ZULWH�RQFH�RQO\��RU
5:��FDQ�EH�ZULWWHQ�WR�RU�UHDG�IURP�PDQ\�WLPHV��
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)LJXUH����

'9'�WHFKQRORJ\�LV�VOLJKWO\�GLIIHUHQW�WR�WKDW�XVHG�LQ�&'V��2QH�RI�WKH�PDLQ
GLIIHUHQFHV�LV�WKH�XVH�RI�'8$/�/$<(5,1*�ZKLFK�FRQVLGHUDEO\�LQFUHDVHV�WKH�VWRUDJH
FDSDFLW\��%DVLFDOO\��WKLV�PHDQV�WKDW�WKHUH�DUH�WZR�LQGLYLGXDO�UHFRUGLQJ�OD\HUV��7ZR
OD\HUV�RI�D�VWDQGDUG�'9'�DUH�MRLQHG�WRJHWKHU�ZLWK�D�WUDQVSDUHQW��SRO\FDUERQDWH�
VSDFHU��DQG�D�YHU\�WKLQ�UHIOHFWRU�LV�DOVR�VDQGZLFKHG�EHWZHHQ�WKH�WZR�OD\HUV��5HDGLQJ
DQG�ZULWLQJ�RI�WKH�VHFRQG�OD\HU�LV�GRQH�E\�D�UHG�ODVHU�IRFXVLQJ�DW�D�IUDFWLRQ�RI�D
PLOOLPHWUH�GLIIHUHQFH�FRPSDUHG�WR�WKH�ILUVW�OD\HU�

)LJXUH�����

6WDQGDUG��VLQJOH�OD\HU�'9'V�VWLOO�KDYH�D�ODUJHU�VWRUDJH�FDSDFLW\�WKDQ�&'V�EHFDXVH
WKH�µSLW¶�VL]H�DQG�WUDFN�ZLGWK�DUH�ERWK�VPDOOHU��7KLV�PHDQV�WKDW�PRUH�GDWD�FDQ�EH
VWRUHG�RQ�WKH�'9'�VXUIDFH��'9'V�XVH�ODVHUV�ZLWK�D�ZDYHOHQJWK�RI�����QDQRPHWUHV�
&'V�XVH�ODVHUV�ZLWK�D�ZDYHOHQJWK�RI�����QDQRPHWUHV��7KH�VKRUWHU�WKH�ZDYHOHQJWK�RI
WKH�ODVHU�OLJKW��WKH�JUHDWHU�WKH�VWRUDJH�FDSDFLW\�RI�WKH�PHGLXP�

'9'�5$0
'9'�5$0�XVHV�D�YHU\�GLIIHUHQW�WHFKQRORJ\�WR�&'V�DQG�'9'V��7KH\�KDYH�WKH
IROORZLQJ�IHDWXUHV�
���,QVWHDG�RI�D�VLQJOH��VSLUDO�WUDFN��WKH\�XVH�D�QXPEHU�RI�FRQFHQWULF�WUDFNV��VHH�)LJXUH
������

���8VH�RI�FRQFHQWULF�WUDFNV�DOORZV�VLPXOWDQHRXV�UHDG�DQG�ZULWH�RSHUDWLRQV�WR�WDNH
SODFH�
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���7KH\�DOORZ�QXPHURXV�UHDG�DQG�ZULWH�RSHUDWLRQV��XS�WR���������WLPHV��DQG�KDYH
JUHDW�ORQJHYLW\��RYHU����\HDUV��ZKLFK�PDNHV�WKHP�LGHDO�IRU�DUFKLYLQJ�

)LJXUH�����

%OX�UD\�GLVNV
%/8�5$<�',6.6�DUH�DQRWKHU�H[DPSOH�RI�RSWLFDO�VWRUDJH�PHGLD��+RZHYHU��WKH\�DUH
IXQGDPHQWDOO\�GLIIHUHQW�WR�'9'V�LQ�WKHLU�FRQVWUXFWLRQ�DQG�LQ�WKH�ZD\�WKH\�FDUU\�RXW
UHDG±ZULWH�RSHUDWLRQV�

)LJXUH�����

7KH�PDLQ�GLIIHUHQFHV�DUH�
���D�EOXH�ODVHU��UDWKHU�WKDQ�D�UHG�ODVHU��LV�XVHG�WR�FDUU\�RXW�UHDG�DQG�ZULWH�RSHUDWLRQV�
WKH�ZDYHOHQJWK�RI�EOXH�OLJKW�LV�RQO\�����QDQRPHWUHV��FRPSDUHG�WR�����QP�IRU�UHG
OLJKW�

���XVLQJ�EOXH�ODVHU�OLJKW�PHDQV�WKDW�WKH�µSLWV¶�DQG�µEXPSV¶�FDQ�EH�PXFK�VPDOOHU�
FRQVHTXHQWO\��%OX�UD\�FDQ�VWRUH�XS�WR�ILYH�WLPHV�PRUH�GDWD�WKDQ�QRUPDO�'9'

���%OX�UD\�XVHV�D�VLQJOH�����PP�WKLFN�SRO\FDUERQDWH�GLVN��QRUPDO�'9'V�XVH�D
VDQGZLFK�RI�WZR�����PP�WKLFN�GLVNV

���XVLQJ�WZR�VDQGZLFKHG�OD\HUV�FDQ�FDXVH�%,5()5,1*(1&(��OLJKW�LV�UHIUDFWHG�LQWR�WZR
VHSDUDWH�EHDPV�FDXVLQJ�UHDGLQJ�HUURUV���EHFDXVH�%OX�UD\�XVHV�RQO\�RQH�OD\HU��WKH
GLVNV�GRQ¶W�VXIIHU�IURP�ELUHIULQJHQFH
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���%OX�UD\�GLVNV�DXWRPDWLFDOO\�FRPH�ZLWK�D�VHFXUH�HQFU\SWLRQ�V\VWHP�ZKLFK�KHOSV�WR
SUHYHQW�SLUDF\�DQG�FRS\ULJKW�LQIULQJHPHQW�

7DEOH�����VXPPDULVHV�WKH�PDLQ�GLIIHUHQFHV�EHWZHHQ�&'V��'9'V�DQG�%OX�UD\�

7DEOH����

�1RWH��QP� ���í��PHWUHV�DQG��P� ���í��PHWUHV��
$OO�WKHVH�RSWLFDO�VWRUDJH�PHGLD�DUH�XVHG�DV�EDFN�XS�V\VWHPV��IRU�SKRWRV��PXVLF�DQG

PXOWLPHGLD�ILOHV���7KLV�DOVR�PHDQV�WKDW�&'V�DQG�'9'V�FDQ�EH�XVHG�WR�WUDQVIHU�ILOHV
EHWZHHQ�FRPSXWHUV��0DQXIDFWXUHUV�RIWHQ�VXSSO\�WKHLU�VRIWZDUH�XVLQJ�&'V�DQG�'9'V�
:KHQ�WKH�VRIWZDUH�LV�VXSSOLHG�LQ�WKLV�ZD\��WKH�GLVN�LV�XVXDOO\�LQ�D�UHDG�RQO\�IRUPDW�
7KH�PRVW�FRPPRQ�XVH�RI�'9'�DQG�%OX�UD\�LV�WKH�VXSSO\�RI�PRYLHV�RU�JDPHV��7KH

PHPRU\�FDSDFLW\�RI�&'V�LVQ¶W�ELJ�HQRXJK�WR�VWRUH�PRVW�PRYLHV�

7KH�IXWXUH�RI�RSWLFDO�PHGLD
,Q�UHFHQW�WLPHV�ERWK�WKH�&'�DQG�'9'�DUH�VKRZLQJ�VLJQV�RI�EHFRPLQJ�REVROHWH��0DQ\
FRPSXWHU�V\VWHPV�QRZ�FRPH�ZLWK�86%�FRQQHFWRUV�RQO\�DQG�QR�'9'�RU�&'�GULYH�
7KH�PDLQ�PHWKRG�RI�WUDQVIHUULQJ�ILOHV�EHWZHHQ�GHYLFHV�KDV�EHFRPH�WKH�IODVK�PHPRU\�
0DQ\�SHRSOH�QRZ�VWRUH�DOO�WKHLU�PXVLF�LQ�WKH�IROORZLQJ�ZD\V�
���RQ�KDUG�GLVN�GULYH�V\VWHPV��VHW�XS�DV�VRXQG�V\VWHPV�DV�VKRZQ�LQ�)LJXUH������
���LQ�03��IRUPDW�RQ�
�������D�FRPSXWHU�WDEOHW
�������WKHLU�PRELOH�SKRQH
�������D�SRUWDEOH�PXVLF�SOD\HU��VXFK�DV�L3RG��
���XVLQJ�WKH�µFORXG¶�WR�VWRUH�DOO�WKHLU�ILOHV�VR�WKH\�FDQ�DFFHVV�WKHLU�PXVLF�IURP
DQ\ZKHUH�LQ�WKH�ZRUOG

���E\�µVWUHDPLQJ¶�WKHLU�PXVLF�IURP�WKH�LQWHUQHW��SURYLGHG�WKH�XVHU�KDV�DQ�LQWHUQHW
FRQQHFWLRQ��WKH\�FDQ�DFFHVV�PXVLF�WKURXJK�D�ODSWRS�FRPSXWHU��PRELOH�SKRQH��WDEOHW
RU�DQ\�RWKHU�UHFHLYLQJ�GHYLFH�
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)LJXUH�����

,W�LV�DOVR�D�VLPLODU�VWRU\�IRU�PRYLHV�ZKHUH�VWUHDPLQJ�LV�EHFRPLQJ�LQFUHDVLQJO\�PRUH
FRPPRQ��0DQ\�WHOHYLVLRQ�VHWV�DUH�QRZ�VHW�XS�DV�µVPDUW¶�79V�±�WKLV�PHDQV�LW�LV�QRZ
SRVVLEOH�WR�VWUHDP�PRYLHV�RU�WHOHYLVLRQ�SURJUDPPHV�21�'(0$1'�ZLWKRXW�WKH�QHHG
IRU�DQ\�'9'�RU�%OX�UD\�SOD\HUV��,Q�HIIHFW��WKH�WHOHYLVLRQ�VHW�KDV�EHFRPH�WKH�FHQWUDO
FRPSXWHU�ZLWK�D�OLQN�WR�WKH�LQWHUQHW�XVLQJ�ZLUHOHVV�FRQQHFWLRQ�
)ORSS\�GLVNV�PHW�WKH�VDPH�IDWH�LQ�WKH�HDUO\�WZHQW\�ILUVW�FHQWXU\��+RZ�RIWHQ�GR�\RX

VHH�IORSS\�GLVNV�QRZDGD\V"�,W�LV�YHU\�OLNHO\�WKDW�&'V�DQG�'9'V�ZLOO�PHHW�WKH�VDPH
IDWH�DQG�ZLOO�EH�UHSODFHG�E\�RQH�RI�WKH�V\VWHPV�GHVFULEHG�DERYH�RU�VRPHWKLQJ
HQWLUHO\�QHZ�

$FWLYLW\����
'R�VRPH�UHVHDUFK��XVLQJ�WKLV�ERRN�DQG�WKH�LQWHUQHW��WR�ILQG�RXW�DOO�WKH
GLIIHUHQW�ZD\V�WR�VWRUH�PXVLF�ILOHV�DQG�PRYLH�ILOHV�
'UDZ�D�WDEOH�DQG�VKRZ�DOO�WKH�EHQHILWV�DQG�GUDZEDFNV�RI�HDFK�RI�WKH
PHWKRGV�\RX�KDYH�LGHQWLILHG�

6WRUDJH�PHWKRG %HQHILWV 'UDZEDFNV
� � �

86%�IODVK�PHPRULHV
0(025<�67,&.6�)/$6+�0(025,(6��DOVR�NQRZQ�DV�SHQ�GULYHV��XVH�VROLG�VWDWH
WHFKQRORJ\��VHH�)LJXUH�������
7KH\�XVXDOO\�FRQQHFW�WR�D�FRPSXWHU�WKURXJK�WKH�86%�SRUW��VHH�6HFWLRQ��������
7KHLU�PDLQ�DGYDQWDJH�LV�WKDW�WKH\�DUH�YHU\�VPDOO��OLJKWZHLJKW�GHYLFHV�ZKLFK�PDNH

WKHP�VXLWDEOH�DV�D�PHWKRG�IRU�WUDQVIHUULQJ�ILOHV�EHWZHHQ�FRPSXWHUV��7KH\�FDQ�DOVR�EH
XVHG�DV�VPDOO�EDFN�XS�GHYLFHV�IRU�PXVLF�RU�SKRWR�ILOHV��IRU�H[DPSOH�
&RPSOH[�RU�H[SHQVLYH�VRIWZDUH��VXFK�DV�DQ�([SHUW�6\VWHP��RIWHQ�XVHV�PHPRU\
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VWLFNV�DV�D�'21*/(��7KH�GRQJOH�FRQWDLQV�DGGLWLRQDO�ILOHV�ZKLFK�DUH�QHHGHG�WR�UXQ�WKH
VRIWZDUH��:LWKRXW�WKLV�GRQJOH��WKH�VRIWZDUH�ZRQ¶W�ZRUN�SURSHUO\��,W�WKHUHIRUH
SUHYHQWV�LOOHJDO�RU�XQDXWKRULVHG�XVH�RI�WKH�VRIWZDUH��DQG�DOVR�SUHYHQWV�FRS\LQJ�RI�WKH
VRIWZDUH�VLQFH��ZLWKRXW�WKH�GRQJOH��LW�LV�XVHOHVV�

)LJXUH�����

'LJLWDO�FDPHUDV��VHH�6HFWLRQ��������XVH�D�VOLJKWO\�GLIIHUHQW�IRUP�RI�VROLG�VWDWH
PHPRU\��NQRZQ�DV�;'��H;WUHPH�'LJLWDO��RU�6'��6HFXUH�'LJLWDO��FDUGV��7KH
WHFKQRORJ\�LV�HVVHQWLDOO\�WKH�VDPH�DV�PHPRU\�VWLFNV��7KHVH�PHPRU\�FDUGV�DOORZ
SKRWRV�WR�EH�WUDQVIHUUHG�IURP�FDPHUD�WR�FRPSXWHU�YLD�WKH�86%�SRUW��0DQ\�SULQWHUV
DQG�FRPSXWHUV�DOVR�KDYH�FDUG�VORWV�DOORZLQJ�WKH�GHYLFH�WR�UHDG�WKH�PHPRU\�FDUG
GLUHFWO\�
(DFK�PHPRU\�FDUG�LV�PDGH�XS�RI�1$1'�FKLSV��VHH�6HFWLRQ��������DQG��DV�ZLWK�DOO

VROLG�VWDWH�PHPRULHV��WKHUH�DUH�QR�PRYLQJ�SDUWV�
$OO�VROLG�VWDWH�PHPRULHV�QHHG�WR�EH�WUHDWHG�ZLWK�VRPH�FDUH��,I�WKH\�DUH�UHPRYHG

IURP�D�GHYLFH�EHIRUH�EHLQJ�PDGH�VDIH��IRU�H[DPSOH��ZKLOH�VWLOO�LQ�WKH�PLGGOH�RI�D
UHDG±ZULWH�RSHUDWLRQ���GDWD�RQ�WKH�PHPRU\�FDUG�RU�VWLFN�FDQ�EH�FRUUXSWHG��,Q�H[WUHPH
FDVHV��WKH�PHPRU\�FDUG�RU�VWLFN�EHFRPH�WRWDOO\�XQXVDEOH��,W�LV�HVVHQWLDO�WR�ZDLW�IRU�WKH
PHVVDJH��µLW�LV�QRZ�VDIH�WR�UHPRYH�\RXU�GHYLFH¶�LI�SOXJJHG�LQWR�D�FRPSXWHU��:LWK
PRELOH�SKRQHV�RU�GLJLWDO�FDPHUDV��LW�LV�XVXDOO\�DGYLVDEOH�WR�VZLWFK�WKHP�RII�EHIRUH
UHPRYDO�RI�WKH�FDUG�

5HPRYDEOH�KDUG�GLVN�GULYHV
5(029$%/(�+$5'�',6.�'5,9(6�DUH�HVVHQWLDOO\�+''�EXW�FDQ�EH�FRQQHFWHG�WR�WKH
FRPSXWHU�XVLQJ�RQH�RI�WKH�86%�SRUWV��,Q�WKLV�ZD\��WKH\�FDQ�EH�XVHG�DV�D�EDFN�XS
GHYLFH�RU�DV�DQRWKHU�ZD\�RI�WUDQVIHUULQJ�ILOHV�EHWZHHQ�FRPSXWHUV�

����+RZ�WR�HVWLPDWH�WKH�VL]H�RI�D�ILOH
(VWLPDWLQJ�WKH�VL]H�RI�D�WH[W�ILOH�LV�UHODWLYHO\�VWUDLJKWIRUZDUG��,Q�&KDSWHU���ZH
LQWURGXFHG�WKH�LGHD�RI�$6&,,�FRGH��(DFK�FKDUDFWHU�IURP�WKH�NH\ERDUG�KDV�D�YDOXH�RI��
E\WH�
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6XSSRVH�ZH�W\SHG�LQ�WKH�IROORZLQJ�PHVVDJH�
7KLV�LV�WH[W�IURP�WKH�FRPSXWHU�VFLHQFH�WH[W�ERRN

DQG�WKHQ�VDYHG�LW�XQGHU�WKH�ILOHQDPH�µVDPSOHBWH[WBIRUBERRN¶��,I�ZH�WKHQ�ORRNHG�DW�WKH
SURSHUWLHV�RI�WKH�ILOH�MXVW�VDYHG��ZH�ZRXOG�VHH�

)LJXUH�����

,I�ZH�FRXQW�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�WH[W�W\SHG�LQ��ZH�JHW�WKH�QXPEHU�����7KLV
H[DFWO\�PDWFKHV�WKH�ILOH�VL]H�VKRZQ�LQ�WKH�VFUHHQVKRW�LQ�)LJXUH������±�VR�HDFK
FKDUDFWHU�HTXDOV���E\WH��:H�FDQ�WKHUHIRUH�XVH�WKLV�WR�HVWLPDWH�WKH�VL]H�RI�D�WH[W�ILOH�
2EYLRXVO\�WKHUH�DUH�RWKHU�FRGHV�VWRUHG�ZLWK�WKH�ILOH�ZKLFK�PDNH�LWV�UHDO�VL]H�VOLJKWO\
GLIIHUHQW��EXW�ZH�DUHQ¶W�FRQFHUQHG�DERXW�WKDW�LQ�WKLV�VHFWLRQ�RI�WKH�ERRN�
(DUOLHU�RQ�LQ�WKH�FKDSWHU�ZH�ORRNHG�DW�ILOH�VL]HV�IRU�SKRWRV�DQG�IRU�VRXQG��7KLV�LV

REYLRXVO\�D�OLWWOH�PRUH�FRPSOH[��EXW�ZH�VDZ�WKDW�RQH�SL[HO��IRU�H[DPSOH��RFFXSLHV��
E\WHV�RI�PHPRU\�
6XSSRVH�ZH�LPSRUWHG�WKH�SKRWRJUDSK�VKRZQ�LQ�)LJXUH������LQWR�D�GRFXPHQW�
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)LJXUH�����

/RRNLQJ�DW�WKH�SURSHUWLHV�RI�WKH�SKRWRJUDSK��ZH�ILQG�WKLV�

)LJXUH�����

7KH�SKRWRJUDSK�ZDV�����E\�����SL[HOV�ZKLFK�FRQILUPV�WKH�ILOH�VL]H�RI���������E\WHV
�����NLORE\WHV��

$FWLYLW\����
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D�8VLQJ�1RWHSDG��W\SH�LQ�WKH�IROORZLQJ�PHVVDJH�
7KLV�WH[W�VKRXOG�KDYH�D�ILOH�VL]H�RI�RYHU�����E\WHV��:H�FDQ�FKHFN�WKLV
E\�VDYLQJ�WKH�ILOH�DQG�WKHQ�ORRNLQJ�DW�WKH�ILOH�SURSHUWLHV�

����6DYH�\RXU�ILOH�DQG�WKHQ�ORRN�DW�LWV�SURSHUWLHV�DQG�ILQG�RXW�WKH�ILOH�VL]H�RI
WKH�WH[W�\RX�W\SHG�LQ��:DV�LW�WKH�YDOXH�\RX�H[SHFWHG"

E�,PSRUW�D�SKRWR�LQWR�D�ZRUG�SURFHVVRU�DQG�FKHFN�WKH�RULJLQDO�ILOH�VL]H
DJDLQVW�WKH�ILOH�VL]H�RI�WKH�GRFXPHQW��7KHQ�LPSRUW�DERXW��.�RI�WH[W�DQG
UHFKHFN�WKH�ILOH�VL]H�RI�WKH�QHZ�GRFXPHQW�

����:DV�WKH�ILOH�VL]H�DV�\RX�SUHGLFWHG"

$FWLYLW\����
(VWLPDWH�WKH�VL]H�RI�D�ILOH�IRU�HDFK�RI�WKH�IROORZLQJ�
D�7H[W�ILOH�FRQWDLQLQJ�����FKDUDFWHUV�
E�:RUG�SURFHVVRU�GRFXPHQW�FRQWDLQLQJ������FKDUDFWHUV�DQG�D�VPDOO�LPDJH
ZKLFK�LV�����î�����SL[HOV�LQ�VL]H��DVVXPH�DQ�H[WUD���.%�IRU�RWKHU
GRFXPHQW�IHDWXUHV��

F�$�GDWDEDVH�LV�WR�FRQWDLQ�D�SHUVRQ¶V�QDPH�DQG�WKHLU�DGGUHVV�
����L��'HFLGH�WKH�PD[LPXP�QXPEHU�RI�FKDUDFWHUV�\RX�ZRXOG�QHHG�WR�LQSXW�D

QDPH�DQG�DQ�DGGUHVV�
����LL�(VWLPDWH�WKH�PD[LPXP�VL]H�RI�ILOH�QHHGHG�WR�VWRUH�WKH�QDPH�DQG

DGGUHVV�
G�$�VHFXULW\�V\VWHP�FRQWDLQV�D�SDVVZRUG�����FKDUDFWHUV�ORQJ���D�XVHUQDPH
����FKDUDFWHUV�ORQJ���D�VPDOO�SKRWR������î�����SL[HOV�LQ�VL]H��DQG�D
VHFXULW\�TXHVWLRQ��XS�WR����FKDUDFWHUV�ORQJ���(VWLPDWH�WKH�ILOH�VL]H�QHHGHG
WR�VWRUH�DOO�WKLV�GDWD�
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��+LJK��DQG�ORZ�OHYHO�ODQJXDJHV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���SURJUDPPLQJ�ODQJXDJHV
�������KLJK�OHYHO�ODQJXDJHV
�������ORZ�OHYHO�ODQJXDJHV
���WUDQVODWRUV
�������FRPSLOHUV
�������LQWHUSUHWHUV
�������DVVHPEOHUV�

����,QWURGXFWLRQ
3HRSOH�XVH�PDQ\�GLIIHUHQW�ODQJXDJHV�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU��,Q�RUGHU�IRU
WZR�SHRSOH�WR�XQGHUVWDQG�HDFK�RWKHU�WKH\�QHHG�WR�VSHDN�WKH�VDPH�ODQJXDJH�RU�DQRWKHU
SHUVRQ��DQ�LQWHUSUHWHU��LV�QHHGHG�WR�WUDQVODWH�IURP�RQH�ODQJXDJH�WR�WKH�RWKHU�ODQJXDJH�
3URJUDPPHUV�XVH�PDQ\�GLIIHUHQW�SURJUDPPLQJ�ODQJXDJHV�WR�FRPPXQLFDWH�ZLWK
FRPSXWHUV��&RPSXWHUV�RQO\�µXQGHUVWDQG¶�WKHLU�RZQ�PDFKLQH�FRGH��$�SURJUDP�QHHGV
WR�EH�WUDQVODWHG�LQWR�PDFKLQH�FRGH�EHIRUH�LW�FDQ�EH�µXQGHUVWRRG¶�E\�D�FRPSXWHU�

����3URJUDPPLQJ�ODQJXDJHV

������:KDW�LV�D�SURJUDP"
3URJUDPV�DUH�RXU�ZD\�RI�WHOOLQJ�D�FRPSXWHU�ZKDW�WR�GR��KRZ�WR�GR�LW�DQG�ZKHQ�WR�GR
LW��7KLV�HQDEOHV�D�VLQJOH�FRPSXWHU�WR�SHUIRUP�PDQ\�GLIIHUHQW�W\SHV�RI�WDVN��$
FRPSXWHU�FDQ�EH�XVHG�WR�VWUHDP�YLGHRV��ZULWH�UHSRUWV��SURYLGH�ZHDWKHU�IRUHFDVWV�DQG
PDQ\��PDQ\�RWKHU�MREV�
$Q�H[DPSOH�RI�D�VLPSOH�WDVN�WKDW�FDQ�EH�SHUIRUPHG�E\�D�FRPSXWHU�LV�WKH�SURYLVLRQ

RI�D�PXOWLSOLFDWLRQ�WDEOHV�WHVW��)LJXUH�����VKRZV�D�VLPSOH�SURJUDP�WR�VHW�WKLV�XS�DQG
)LJXUH�����VKRZV�DQ�H[DPSOH�RI�WKH�WHVW�LQ�XVH�
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)LJXUH�����3URJUDP�ZULWWHQ�LQ�6FUDWFK

)LJXUH�����3URJUDP�LQ�XVH

$FWLYLW\����
)LQG�DW�OHDVW�WHQ�GLIIHUHQW�WDVNV�WKDW�FRPSXWHU�SURJUDPV�SHUIRUP�LQ�\RXU
VFKRRO�
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$�&20387(5�352*5$0�LV�D�OLVW�RI�LQVWUXFWLRQV�WKDW�HQDEOH�D�FRPSXWHU�WR�SHUIRUP�D
VSHFLILF�WDVN��&RPSXWHU�SURJUDPV�FDQ�EH�ZULWWHQ�LQ�KLJK�OHYHO�ODQJXDJHV�RU�ORZ�OHYHO
ODQJXDJHV��GHSHQGLQJ�RQ�WKH�WDVN�WR�EH�SHUIRUPHG�DQG�WKH�FRPSXWHU�WR�EH�XVHG��0RVW
SURJUDPPHUV�ZULWH�SURJUDPV�LQ�KLJK�OHYHO�ODQJXDJHV�

������+LJK�OHYHO�ODQJXDJHV
+LJK�OHYHO�ODQJXDJHV�HQDEOH�D�SURJUDPPHU�WR�IRFXV�RQ�WKH�SUREOHP�WR�EH�VROYHG�DQG
UHTXLUH�QR�NQRZOHGJH�RI�WKH�KDUGZDUH�DQG�LQVWUXFWLRQ�VHW�RI�WKH�FRPSXWHU�WKDW�ZLOO
XVH�WKH�SURJUDP��0DQ\�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJHV�DUH�SRUWDEOH�DQG�FDQ�EH
XVHG�RQ�GLIIHUHQW�W\SHV�RI�FRPSXWHU�
+LJK�OHYHO�ODQJXDJHV�DUH�GHVLJQHG�ZLWK�SURJUDPPHUV�LQ�PLQG��SURJUDPPLQJ

VWDWHPHQWV�DUH�HDVLHU�WR�XQGHUVWDQG�WKDQ�WKRVH�ZULWWHQ�LQ�D�ORZ�OHYHO�ODQJXDJH��7KLV
PHDQV�WKDW�SURJUDPV�ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH�DUH�HDVLHU�WR�
���UHDG�DQG�XQGHUVWDQG�DV�WKH�ODQJXDJH�XVHG�LV�FORVHU�WR�KXPDQ�ODQJXDJH
���ZULWH�LQ�D�VKRUWHU�WLPH
���GHEXJ�DW�WKH�GHYHORSPHQW�VWDJH
���PDLQWDLQ�RQFH�LQ�XVH�
7KH�IROORZLQJ�VQLSSHW�RI�SURJUDP�WR�DGG�WZR�QXPEHUV�WRJHWKHU�LV�D�VLQJOH�SURJUDP
VWDWHPHQW�ZULWWHQ�LQ�D�W\SLFDO�KLJK�OHYHO�ODQJXDJH��,W�VKRZV�KRZ�HDV\�LW�LV�WR
XQGHUVWDQG�ZKDW�LV�KDSSHQLQJ�LQ�D�KLJK�OHYHO�ODQJXDJH�SURJUDP�

6XP�� �)LUVW1XPEHU���6HFRQG1XPEHU

7KHUH�DUH�PDQ\�GLIIHUHQW�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJHV�LQ�XVH�WRGD\�LQFOXGLQJ
&����'HOSKL��-DYD��3DVFDO��3\WKRQ��9LVXDO�%DVLF�DQG�PDQ\�PRUH��2QFH�D�SURJUDPPHU
KDV�OHDUQW�WKH�WHFKQLTXHV�RI�SURJUDPPLQJ�LQ�DQ\�KLJK�OHYHO�ODQJXDJH��WKHVH�FDQ�EH
WUDQVIHUUHG�WR�ZRUNLQJ�LQ�RWKHU�KLJK�OHYHO�ODQJXDJHV�

$FWLYLW\����
+LJK�OHYHO�SURJUDPPLQJ�ODQJXDJHV�DUH�VDLG�WR�EH�SUREOHP�RULHQWHG��:KDW
W\SH�RI�SUREOHPV�DUH�WKH�ODQJXDJHV�QDPHG�DERYH�XVHG�IRU"�)LQG�RXW�DERXW
ILYH�PRUH�KLJK�OHYHO�ODQJXDJHV��1DPH�HDFK�SURJUDPPLQJ�ODQJXDJH�DQG�ILQG
RXW�ZKDW�LW�LV�XVHG�IRU�

������/RZ�OHYHO�ODQJXDJHV
/RZ�OHYHO�ODQJXDJHV�UHODWH�WR�WKH�VSHFLILF�DUFKLWHFWXUH�DQG�KDUGZDUH�RI�D�SDUWLFXODU
W\SH�RI�FRPSXWHU��/RZ�OHYHO�ODQJXDJHV�FDQ�UHIHU�WR�PDFKLQH�FRGH��WKH�ELQDU\
LQVWUXFWLRQV�WKDW�D�FRPSXWHU�XQGHUVWDQGV��RU�DQ�DVVHPEO\�ODQJXDJH�WKDW�QHHGV�WR�EH
WUDQVODWHG�LQWR�PDFKLQH�FRGH�
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$VVHPEO\�ODQJXDJHV
)HZ�SURJUDPPHUV�ZULWH�SURJUDPV�LQ�DQ�DVVHPEO\�ODQJXDJH��7KRVH�SURJUDPPHUV�ZKR
GR��GR�VR�IRU�WKH�IROORZLQJ�UHDVRQV�
���WR�PDNH�XVH�RI�VSHFLDO�KDUGZDUH
���WR�PDNH�XVH�RI�VSHFLDO�PDFKLQH�GHSHQGHQW�LQVWUXFWLRQV
���WR�ZULWH�FRGH�WKDW�GRHVQ¶W�WDNH�XS�PXFK�VSDFH�LQ�SULPDU\�PHPRU\
���WR�ZULWH�FRGH�WKDW�SHUIRUPV�D�WDVN�YHU\�TXLFNO\�
7KH�IROORZLQJ�VQLSSHW�RI�SURJUDP�WR�DGG�WZR�QXPEHUV�WRJHWKHU�LV�ZULWWHQ�LQ�D�W\SLFDO
DVVHPEO\�ODQJXDJH�DQG�FRQVLVWV�RI�WKUHH�VWDWHPHQWV�

/'$ )LUVW
$'' 6HFRQG
672 6XP

,Q�RUGHU�WR�XQGHUVWDQG�WKLV�SURJUDP�WKH�SURJUDPPHU�QHHGV�WR�NQRZ�WKDW
���/'$�PHDQV�ORDG�WKH�YDOXH�RI�WKH�YDULDEOH�LQWR�WKH�DFFXPXODWRU
���$''�PHDQV�DGG�WKH�YDOXH�RI�DQRWKHU�YDULDEOH�WR�WKH�YDOXH�VWRUHG�LQ�WKH
DFFXPXODWRU

���672�PHDQV�UHSODFH�WKH�YDOXH�RI�WKH�YDULDEOH�E\�WKH�YDOXH�VWRUHG�LQ�WKH
DFFXPXODWRU�

$FWLYLW\����
)LQG�RXW�DERXW�WZR�DVVHPEO\�ODQJXDJHV��1DPH�HDFK�DVVHPEO\�ODQJXDJH
DQG�ILQG�RXW�ZKDW�W\SH�RI�FRPSXWHU�LW�LV�XVHG�IRU�

0DFKLQH�FRGH
3URJUDPPHUV�GR�QRW�XVXDOO\�ZULWH�LQ�PDFKLQH�FRGH�DV�LW�LV�GLIILFXOW�WR�XQGHUVWDQG�DQG
LW�FDQ�EH�FRPSOLFDWHG�WR�PDQDJH�GDWD�PDQLSXODWLRQ�DQG�VWRUDJH�
7KH�IROORZLQJ�VQLSSHW�RI�SURJUDP�WR�DGG�WZR�QXPEHUV�WRJHWKHU�LV�ZULWWHQ�LQ�W\SLFDO

PDFKLQH�FRGH��VKRZQ�LQ�ERWK�KH[DGHFLPDO�DQG�ELQDU\��DQG�FRQVLVWV�RI�WKUHH
VWDWHPHQWV�
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)LJXUH����

$V�\RX�FDQ�VHH��WKLV�LV�QRW�HDV\�WR�XQGHUVWDQG�LQ�ELQDU\��0DFKLQH�FRGH�LV�XVXDOO\
VKRZQ�LQ�KH[DGHFLPDO��VHH�6HFWLRQ������

$FWLYLW\����
)LQG�RXW�DERXW�WZR�GLIIHUHQW�W\SHV�RI�PDFKLQH�FRGH��1DPH�HDFK�FKLS�VHW
WKH�PDFKLQH�FRGH�LV�XVHG�IRU�DQG�ILQG�WKH�FRGHV�IRU�ORDG��DGG�DQG�VWRUH�

����7UDQVODWRUV
&RPSXWHU�SURJUDPV�FDQ�H[LVW�LQ�VHYHUDO�IRUPV�
3URJUDPV�DUH�ZULWWHQ�E\�KXPDQV�LQ�D�IRUP�WKDW�SHRSOH�ZKR�DUH�WUDLQHG�DV�FRPSXWHU

SURJUDPPHUV�FDQ�XQGHUVWDQG��,Q�RUGHU�WR�EH�XVHG�E\�D�FRPSXWHU��SURJUDPV�QHHG�WR�EH
WUDQVODWHG�LQWR�WKH�ELQDU\�LQVWUXFWLRQV��RU�PDFKLQH�FRGH��WKDW�WKH�FRPSXWHU
XQGHUVWDQGV��+XPDQV�ILQG�LW�YHU\�GLIILFXOW�WR�UHDG�ELQDU\��KH[DGHFLPDO�LV�HDVLHU�WR
XQGHUVWDQG��DQG�FRPSXWHUV�FDQ�RQO\�SHUIRUP�RSHUDWLRQV�ZULWWHQ�LQ�ELQDU\�

)LJXUH�����7UDQVODWLRQ

$�SURJUDP�PXVW�EH�WUDQVODWHG�LQWR�ELQDU\�EHIRUH�D�FRPSXWHU�FDQ�XVH�LW��WKLV�LV�GRQH�E\
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D�XWLOLW\�SURJUDP�FDOOHG�D�WUDQVODWRU��7KHUH�DUH�VHYHUDO�W\SHV�RI�WUDQVODWRU�SURJUDP�LQ
XVH��HDFK�RQH�SHUIRUPV�D�GLIIHUHQW�WDVN�

&RPSLOHUV
$�&203,/(5�LV�D�FRPSXWHU�SURJUDP�WKDW�WUDQVODWHV�D�SURJUDP�ZULWWHQ�LQ�D�KLJK�OHYHO
ODQJXDJH��+//��LQWR�PDFKLQH�FRGH�VR�WKDW�LW�FDQ�EH�GLUHFWO\�XVHG�E\�D�FRPSXWHU�WR
SHUIRUP�D�UHTXLUHG�WDVN��2QFH�D�SURJUDP�LV�FRPSLOHG�WKH�PDFKLQH�FRGH�FDQ�EH�XVHG
DJDLQ�DQG�DJDLQ�WR�SHUIRUP�WKH�VDPH�WDVN�ZLWKRXW�UHFRPSLODWLRQ�
7KH�KLJK�OHYHO�SURJUDP�VWDWHPHQW

6XP�� �)LUVW1XPEHU���6HFRQG1XPEHU

EHFRPHV�WKH�IROORZLQJ�PDFKLQH�FRGH�LQVWUXFWLRQV�ZKHQ�WUDQVODWHG

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

,QWHUSUHWHUV
$Q�,17(535(7(5�LV�D�FRPSXWHU�SURJUDP�WKDW�UHDGV�D�VWDWHPHQW�IURP�D�SURJUDP
ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH��SHUIRUPV�WKH�DFWLRQ�VSHFLILHG�DQG�WKHQ�GRHV�WKH�VDPH
ZLWK�WKH�QH[W�VWDWHPHQW�DQG�VR�RQ�

$VVHPEOHUV
$Q�$66(0%/(5�LV�D�FRPSXWHU�SURJUDP�WKDW�WUDQVODWHV�D�SURJUDP�ZULWWHQ�LQ�DQ
DVVHPEO\�ODQJXDJH�LQWR�PDFKLQH�FRGH�VR�WKDW�LW�FDQ�EH�GLUHFWO\�XVHG�E\�D�FRPSXWHU�WR
SHUIRUP�D�UHTXLUHG�WDVN��2QFH�D�SURJUDP�LV�DVVHPEOHG�WKH�PDFKLQH�FRGH�FDQ�EH�XVHG
DJDLQ�DQG�DJDLQ�WR�SHUIRUP�WKH�VDPH�WDVN�ZLWKRXW�UH�DVVHPEO\�
7KH�DVVHPEO\�ODQJXDJH�SURJUDP�VWDWHPHQWV

/'$ )LUVW
$'' 6HFRQG
672 6XP

EHFRPH�WKH�IROORZLQJ�PDFKLQH�FRGH�LQVWUXFWLRQV�ZKHQ�WUDQVODWHG

���� ��������
���� ��������
���� ��������
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7DEOH�����6XPPDU\�RI�WUDQVODWLRQ�SURJUDPV

&RPSLOHU ,QWHUSUHWHU $VVHPEOHU
7UDQVODWHV�D�KLJK�OHYHO
ODQJXDJH�SURJUDP�LQWR
PDFKLQH�FRGH�

([HFXWHV�D�KLJK�OHYHO
ODQJXDJH�SURJUDP�D
VWDWHPHQW�DW�D�WLPH�

7UDQVODWHV�D�ORZ�OHYHO
ODQJXDJH�SURJUDP�LQWR
PDFKLQH�FRGH�

$Q�H[HFXWDEOH�ILOH�RI
PDFKLQH�FRGH�LV
SURGXFHG�

1R�H[HFXWDEOH�ILOH�RI
PDFKLQH�FRGH�LV�SURGXFHG�

$Q�H[HFXWDEOH�ILOH�RI
PDFKLQH�FRGH�LV
SURGXFHG�

2QH�KLJK�OHYHO
ODQJXDJH�VWDWHPHQW
FDQ�EH�WUDQVODWHG�LQWR
VHYHUDO�PDFKLQH�FRGH
LQVWUXFWLRQV�

2QH�KLJK�OHYHO�ODQJXDJH
SURJUDP�VWDWHPHQW�PD\
UHTXLUH�VHYHUDO�PDFKLQH
FRGH�LQVWUXFWLRQV�WR�EH
H[HFXWHG�

2QH�ORZ�OHYHO
ODQJXDJH�VWDWHPHQW�LV
XVXDOO\�WUDQVODWHG�LQWR
RQH�PDFKLQH�FRGH
LQVWUXFWLRQ�

&RPSLOHG�SURJUDPV
DUH�XVHG�ZLWKRXW�WKH
FRPSLOHU�

,QWHUSUHWHG�SURJUDPV
FDQQRW�EH�XVHG�ZLWKRXW�WKH
LQWHUSUHWHU�

$VVHPEOHG�SURJUDPV
FDQ�EH�XVHG�ZLWKRXW
WKH�DVVHPEOHU�

$�FRPSLOHG�SURJUDP�LV
XVXDOO\�GLVWULEXWHG�IRU
JHQHUDO�XVH�

$Q�LQWHUSUHWHU�LV�RIWHQ�XVHG
ZKHQ�D�SURJUDP�LV�EHLQJ
GHYHORSHG�

$Q�DVVHPEOHG
SURJUDP�LV�XVXDOO\
GLVWULEXWHG�IRU�JHQHUDO
XVH�

����:KDW�KDSSHQV�ZKHQ�WKLQJV�JR�ZURQJ"
$V�SURJUDPV�DUH�ZULWWHQ�E\�KXPDQV��WKH\�PD\�FRQWDLQ�HUURUV��7KHUH�DUH�VHYHUDO
GLIIHUHQW�W\SHV�RI�HUURU��$�6<17$;�(5525�LV�ZKHUH�D�SURJUDP�VWDWHPHQW�GRHVQ¶W�REH\
WKH�UXOHV�RI�WKH�SURJUDPPLQJ�ODQJXDJH��$�SURJUDP�FDQQRW�EH�WUDQVODWHG�LI�LW�FRQWDLQV
V\QWD[�HUURUV��$�/2*,&�(5525�LV�ZKHUH�WKH�SURJUDP�GRHVQ¶W�GR�ZKDW�WKH�SURJUDPPHU
ZDQWHG�LW�WR�GR��/RJLF�HUURUV�DUH�IRXQG�ZKHQ�D�SURJUDP�LV�EHLQJ�UXQ�

������6\QWD[�HUURUV
:KHQ�D�SURJUDP�LV�EHLQJ�FRPSLOHG��LI�DQ\�V\QWD[�HUURUV�DUH�IRXQG�QR�WUDQVODWHG
SURJUDP�LV�SURGXFHG��,QVWHDG��D�OLVW�RI�DOO�WKH�HUURUV�LQ�WKH�ZKROH�SURJUDP�LV
SURGXFHG��7KH�SURJUDPPHU�FRUUHFWV�WKHVH�HUURUV�DQG�UHFRPSLOHV�WKH�SURJUDP�
:KHQ�D�SURJUDP�LV�EHLQJ�LQWHUSUHWHG��WKH�LQWHUSUHWHU�SHUIRUPV�WKH�DFWLRQV�VSHFLILHG

E\�HDFK�VWDWHPHQW�XQWLO�D�V\QWD[�HUURU�LV�IRXQG��7KH�SURJUDPPHU�LV�WKHQ�DOHUWHG�WR�WKH
SODFH�LQ�WKH�SURJUDP�ZKHUH�WKH�HUURU�ZDV�IRXQG��7KH�HUURU�LV�FRUUHFWHG�E\�WKH
SURJUDPPHU�DQG�WKH�LQWHUSUHWDWLRQ�FRQWLQXHV�XQWLO�WKH�QH[W�HUURU�LV�IRXQG�RU�WKH�WDVN�LV
FRPSOHWHG�
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������/RJLF�HUURUV
:KHQ�D�SURJUDP�LV�EHLQJ�UXQ��LI�LW�GRHVQ¶W�GR�ZKDW�LW�VKRXOG�GR�WKHUH�LV�D�ORJLF�HUURU�
7KHVH�FDQ�EH�IRXQG�E\�WUDFLQJ�ZKDW�WKH�SURJUDP�GRHV�DQG�XVLQJ�WHVW�GDWD�ZLWK
H[SHFWHG�UHVXOWV�±�VHH�&KDSWHU���

������8VLQJ�DQ�,QWHJUDWHG�,QWHUDFWLYH�'HYHORSPHQW
(QYLURQPHQW��,'(�
0RVW�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJHV�RIIHU�WKH�XVH�RI�DQ�,'(�IRU�SURJUDP
GHYHORSPHQW��7KLV�FRQWDLQV�DQ�HGLWRU�ZLWK�DQ�LQWHUSUHWHU�DQG�RU�FRPSLOHU�WRJHWKHU
ZLWK�GHEXJJLQJ�WRROV��ZKLFK�FDQ�LPSURYH�WKH�VSHHG�RI�SURJUDP�GHYHORSPHQW�

)LJXUH�����3\WKRQ�,'(

$FWLYLW\����
+DYH�D�ORRN�DW�WKH�GHYHORSPHQW�HQYLURQPHQW�\RX�DUH�XVLQJ�IRU�SURJUDPPLQJ
±�LV�LW�DQ�,'("�:KDW�IDFLOLWLHV�DUH�RIIHUHG�WR�KHOS�ZLWK�SURJUDP
GHYHORSPHQW"
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(QG�RI�FKDSWHU�TXHVWLRQV
��8VH�WKH�ZRUGV�EHORZ�WR�FRPSOHWH�WKH�IROORZLQJ�VHQWHQFHV�

DVVHPEOHU���FRPSLOHU���LQWHUSUHWHU
7R�WUDQVODWH�D�SURJUDP�ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH��\RX�FDQ�XVH�D�BBBBBBBB
RU�DQ�BBBBBBBB��7R�WUDQVODWH�D�SURJUDP�ZULWWHQ�LQ�D�ORZ�OHYHO�ODQJXDJH�\RX�PXVW
XVH�DQ�BBBBBBBB�

�

7DEOH����

3URJUDP�$
%(*,1
��9$5�)LUVW��6HFRQG��,17(*(5
��5($'�)LUVW��6HFRQG
��)LUVW� �)LUVW���6HFRQG
��:5,7(�)LUVW
(1'

3URJUDP�%
,13
67$�),567

,13
67$�6(&21'
/'$�),567
$''�6(&21'
67$�),567
287
),567�'$7
6(&21'�'$7

����D�:KLFK�SURJUDP�LV�HDVLHU�WR�XQGHUVWDQG"
����E�:K\�LV�LW�HDVLHU�WR�XQGHUVWDQG"
����F�:KLFK�SURJUDP�LV�ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH"
��*LYH�WKUHH�DGYDQWDJHV�RI�ZULWLQJ�D�SURJUDP�LQ�D�KLJK�OHYHO�ODQJXDJH�UDWKHU�WKDQ
XVLQJ�D�ORZ�OHYHO�ODQJXDJH�

��*LYH�WKUHH�DGYDQWDJHV�RI�ZULWLQJ�D�SURJUDP�LQ�D�ORZ�OHYHO�ODQJXDJH�UDWKHU�WKDQ
XVLQJ�D�KLJK�OHYHO�ODQJXDJH�

��([SODLQ�ZKDW�D�FRPSLOHU�GRHV�DQG�ZKDW�DQ�LQWHUSUHWHU�GRHV��,Q�\RXU�H[SODQDWLRQ
LQFOXGH�D�GHVFULSWLRQ�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKHP�

��&KRRVH�ZKLFK�W\SH�RI�WUDQVODWRU�\RX�ZRXOG�XVH�WR�GHYHORS�D�SURJUDP�ZULWWHQ�LQ�D
KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH��*LYH�WKUHH�UHDVRQV�WR�VXSSRUW�\RXU�FKRLFH�

��/RRN�DW�WKHVH�WZR�SLHFHV�RI�FRGH�
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D�:KLFK�RI�WKHVH�SLHFHV�RI�FRGH�LV�ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH"
>�@

E�*LYH�RQH�EHQHILW�RI�ZULWLQJ�FRGH�LQ�D�KLJK�OHYHO�ODQJXDJH�
>�@

F�*LYH�RQH�EHQHILW�RI�ZULWLQJ�FRGH�LQ�D�ORZ�OHYHO�ODQJXDJH�
>�@

G�+LJK�OHYHO�ODQJXDJHV�FDQ�EH�FRPSLOHG�RU�LQWHUSUHWHG�
��*LYH�WZR�GLIIHUHQFHV�EHWZHHQ�D�FRPSLOHU�DQG�DQ�LQWHUSUHWHU�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4���-XQH�����
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��6HFXULW\�DQG�HWKLFV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���NHHSLQJ�GDWD�VDIH�IURP�DFFLGHQWDO�RU�PDOLFLRXV�GDPDJH
���NHHSLQJ�GDWD�VDIH�IURP�XQDXWKRULVHG�XVHUV
���XVH�RI�SDVVZRUGV��ILUHZDOOV��SUR[\�VHUYHUV��66/��7/6�DQG�HQFU\SWLRQ
���ULVNV�SRVHG�E\�SKLVKLQJ�DQG�SKDUPLQJ
���VHFXULW\�VDIHJXDUGV�ZKHQ�FDUU\LQJ�RXW�RQOLQH�WUDQVDFWLRQV
���FRPSXWHU�HWKLFV�

����,QWURGXFWLRQ
.HHSLQJ�GDWD�VDIH�LV�H[WUHPHO\�LPSRUWDQW�IRU�D�QXPEHU�RI�UHDVRQV��,W�PD\�EH�SHUVRQDO
GDWD�WKDW�\RX�ZDQW�WR�NHHS�ZLWKLQ�\RXU�IDPLO\�RU�\RXU�FORVH�IULHQGV��RU�FRPPHUFLDO
GDWD��VXFK�DV�SDVVZRUGV�DQG�EDQN�DFFRXQW�GHWDLOV��ZKLFK�QHHG�WR�EH�NHSW�VDIH�WR
SURWHFW�\RXU�PRQH\�
'DWD�FDQ�EH�FRUUXSWHG�RU�GHOHWHG�HLWKHU�WKURXJK�DFFLGHQWDO�GDPDJH�RU�WKURXJK�D

PDOLFLRXV�DFW��7KHUH�DUH�PDQ\�ZD\V�WR�NHHS�GDWD�VDIH�DQG�VRPH�RI�WKH�PHWKRGV
DYDLODEOH�ZLOO�EH�FRYHUHG�LQ�WKLV�FKDSWHU�
7KHUH�LV�DOVR�D�VKRUW�VHFWLRQ�RQ�FRPSXWHU�HWKLFV�VLQFH�WKLV�LV�EHFRPLQJ�DQ

LQFUHDVLQJO\�LPSRUWDQW�WRSLF�IRU�GLVFXVVLRQ�

����6HFXULW\�DQG�GDWD�LQWHJULW\
:KHWKHU�D�XVHU�LV�ZRUNLQJ�RQ�DQ�RII�OLQH�FRPSXWHU�RU�RQ�D�FRPSXWHU�FRQQHFWHG�WR�WKH
LQWHUQHW��NHHSLQJ�GDWD�VDIH�LV�YHU\�LPSRUWDQW�
'DWD�LV�WKUHDWHQHG�E\�PDOLFLRXV�VRIWZDUH��KDFNHUV�RU�DFFLGHQWDO�GDPDJH��7KLV

VHFWLRQ�FRYHUV�D�QXPEHU�RI�GLIIHUHQW�VHFXULW\�ULVNV�DQG�FRQVLGHUV�ZD\V�WR�RYHUFRPH
RU�PLQLPLVH�WKHP�
(DFK�VHFXULW\�ULVN��WRJHWKHU�ZLWK�LWV�GHVFULSWLRQ��SRVVLEOH�HIIHFWV�DQG�ULVN

PLWLJDWLRQ�ZLOO�EH�VHW�RXW�DV�IROORZV�
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)LJXUH����

������+DFNLQJ

)LJXUH����

1RWH�WKH�GLIIHUHQFH�EHWZHHQ�&5$&.,1*�DQG�+$&.,1*�
+DFNLQJ�LV�EUHDNLQJ�LQWR�D�FRPSXWHU�V\VWHP�WR�VWHDO�SHUVRQDO�GDWD�ZLWKRXW�WKH

RZQHU¶V�FRQVHQW�RU�NQRZOHGJH��H�J��WR�VWHDO�D�SDVVZRUG�ILOH��
&UDFNLQJ�LV�ZKHUH�VRPHRQH�HGLWV�D�SURJUDP�VRXUFH�FRGH��L�H��ORRNV�IRU�D�µEDFN

GRRU¶�LQ�WKH�VRIWZDUH�VR�WKDW�WKH�FRGH�FDQ�EH�H[SORLWHG�RU�FKDQJHG�IRU�D�VSHFLILF
SXUSRVH���7KLV�LV�XVXDOO\�GRQH�IRU�D�PDOLFLRXV�SXUSRVH��H�J��OHJLWLPDWH�VRIWZDUH
FRXOG�EH�DOWHUHG�E\�D�FUDFNHU�WR�SHUIRUP�D�GLIIHUHQW�WDVN�H�J��VHQG�D�XVHU�WR�D�VSHFLILF
ZHEVLWH��
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(VVHQWLDOO\��KDFNLQJ�LVQ¶W�QHFHVVDULO\�KDUPIXO�ZKLOVW�FUDFNLQJ�LV�$/:$<6�WRWDOO\
LOOHJDO�DQG�LV�SRWHQWLDOO\�YHU\�GDPDJLQJ�

������9LUXVHV

)LJXUH����

������3KLVKLQJ
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)LJXUH����

������3KDUPLQJ

)LJXUH����

������:DUGULYLQJ
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)LJXUH����

������6S\ZDUH�NH\�ORJJLQJ�VRIWZDUH
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)LJXUH����

����&RRNLHV
$�&22.,(�LV�D�SDFNHW�RI�LQIRUPDWLRQ�VHQW�E\�D�ZHE�VHUYHU�WR�D�ZHE�EURZVHU�
&RRNLHV�DUH�JHQHUDWHG�HDFK�WLPH�WKH�XVHU�YLVLWV�WKH�ZHEVLWH��$�PHVVDJH�LV�IUHTXHQWO\
GLVSOD\HG�VD\LQJ�µFRRNLHV�DUH�UHTXLUHG�WR�DFFHVV�WKLV�VLWH¶��RU�VRPH�HTXLYDOHQW
PHVVDJH���(YHU\�WLPH�D�XVHU�YLVLWV�WKH�ZHEVLWH��FRRNLHV�ZLOO�KDYH�FROOHFWHG�VRPH�NH\
LQIRUPDWLRQ�DERXW�WKH�XVHU��7KH\�DUH�DEOH�WR�FDUU\�RXW�XVHU�WUDFNLQJ�DQG�DOVR�PDLQWDLQ
XVHU�SUHIHUHQFHV��IRU�H[DPSOH��ZKHQ�D�XVHU�EX\V�D�&'�RQ�D�PXVLF�ZHEVLWH��WKH
FRRNLHV�ZLOO�KDYH�UHPHPEHUHG�WKH�XVHU¶V�SUHYLRXV�EX\LQJ�KDELWV�DQG�D�PHVVDJH�OLNH
WKLV�RIWHQ�IROORZV��µ&XVWRPHUV�ZKR�ERXJKW�LWHPV�LQ�\RXU�5HFHQW�+LVWRU\�DOVR�ERXJKW�
<<<<¶��
&RRNLHV�DUHQ¶W�SURJUDPV�EXW�DUH�VLPSO\�SLHFHV�RI�GDWD��7KH\�FDQ¶W�DFWXDOO\

SHUIRUP�DQ\�RSHUDWLRQV��7KH\�RQO\�DOORZ�WKH�GHWHFWLRQ�RI�ZHE�SDJHV�YLHZHG�E\�D
XVHU�RQ�D�SDUWLFXODU�ZHEVLWH�DQG�VWRUH�XVHU�SUHIHUHQFHV��DV�GHVFULEHG�DERYH�
7KH�LQIRUPDWLRQ�JDWKHUHG�E\�FRRNLHV�IRUPV�DQ�$121<0286�86(5�352),/(�DQG

GRHVQ¶W�FRQWDLQ�SHUVRQDO�LQIRUPDWLRQ��VXFK�DV�FUHGLW�FDUG�QXPEHUV�RU�SDVVZRUGV��
%HFDXVH�RI�WKH�LQIRUPDWLRQ�WKH\�GR�FROOHFW��KRZHYHU��WKH\�DUH�VXEMHFW�WR�SULYDF\�DQG
VHFXULW\�FRQFHUQV�
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����/RVV�RI�GDWD�DQG�GDWD�FRUUXSWLRQ
6HFWLRQ�����FRQVLGHUHG�D�QXPEHU�RI�VHFXULW\�LVVXHV�ZKLFK�FRXOG�OHDG�WR�ORVV�RI�GDWD
RU�WKH�FRUUXSWLRQ�RI�GDWD�
7KLV�VHFWLRQ�FRYHUV�WKH�SRWHQWLDO�LPSDFW�RQ�GDWD�FDXVHG�E\�

���DFFLGHQWDO�PDO�RSHUDWLRQ
���KDUGZDUH�PDOIXQFWLRQ
���VRIWZDUH�PDOIXQFWLRQ
RQ�D�FRPSXWHU�V\VWHP��,Q�HDFK�FDVH�
���VDIHJXDUGV
���UHFRYHU\�PHWKRGV
WR�SUHYHQW�WKH�ORVV�RU�FRUUXSWLRQ�RI�GDWD�DUH�FRQVLGHUHG�

)LJXUH����

����)LUHZDOOV�DQG�SUR[\�VHUYHUV
$�),5(:$//�FDQ�EH�HLWKHU�VRIWZDUH�RU�KDUGZDUH��,W�VLWV�EHWZHHQ�WKH�XVHU¶V�FRPSXWHU
DQG�DQ�H[WHUQDO�QHWZRUN��H�J��WKH�LQWHUQHW��DQG�ILOWHUV�LQIRUPDWLRQ�LQ�DQG�RXW�RI�WKH
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FRPSXWHU�

)LJXUH����

7DVNV�FDUULHG�RXW�E\�D�ILUHZDOO�LQFOXGH�
���H[DPLQLQJ�WKH�µWUDIILF¶�EHWZHHQ�WKH�XVHU¶V�FRPSXWHU��RU�LQWHUQDO�QHWZRUN��DQG�D
SXEOLF�QHWZRUN��H�J��WKH�LQWHUQHW�

���FKHFNLQJ�ZKHWKHU�LQFRPLQJ�RU�RXWJRLQJ�GDWD�PHHWV�D�JLYHQ�VHW�RI�FULWHULD
���LI�WKH�GDWD�IDLOV�WKH�FULWHULD��WKH�ILUHZDOO�ZLOO�EORFN�WKH�µWUDIILF¶�DQG�JLYH�WKH�XVHU
�RU�QHWZRUN�PDQDJHU��D�ZDUQLQJ�WKDW�WKHUH�PD\�EH�D�VHFXULW\�LVVXH

���ORJJLQJ�DOO�LQFRPLQJ�DQG�RXWJRLQJ�µWUDIILF¶�WR�DOORZ�ODWHU�LQWHUURJDWLRQ�E\�WKH�XVHU
�RU�QHWZRUN�PDQDJHU�

���FULWHULD�FDQ�EH�VHW�WR�SUHYHQW�DFFHVV�WR�FHUWDLQ�XQGHVLUDEOH�VLWHV��WKH�ILUHZDOO�FDQ
NHHS�D�OLVW�RI�DOO�XQGHVLUDEOH�,3�DGGUHVVHV

���KHOSLQJ�WR�SUHYHQW�YLUXVHV�RU�KDFNHUV�HQWHULQJ�WKH�XVHU¶V�FRPSXWHU��RU�LQWHUQDO
QHWZRUN�

���ZDUQLQJ�WKH�XVHU�LI�VRPH�VRIWZDUH�RQ�WKHLU�V\VWHP�LV�WU\LQJ�WR�DFFHVV�DQ�H[WHUQDO
GDWD�VRXUFH��H�J��DXWRPDWLF�VRIWZDUH�XSJUDGH���WKH�XVHU�LV�JLYHQ�WKH�RSWLRQ�RI
DOORZLQJ�LW�WR�JR�DKHDG�RU�UHTXHVWLQJ�WKDW�VXFK�DFFHVV�LV�GHQLHG�

7KH�ILUHZDOO�FDQ�EH�D�KDUGZDUH�LQWHUIDFH�ZKLFK�LV�ORFDWHG�VRPHZKHUH�EHWZHHQ�WKH
FRPSXWHU��RU�LQWHUQDO�QHWZRUN�H[WHUQDO�OLQN��DQG�WKH�LQWHUQHW�FRQQHFWLRQ��,W�LV�RIWHQ
UHIHUUHG�WR�LQ�WKLV�FDVH�DV�D�*$7(:$<��$OWHUQDWLYHO\��WKH�ILUHZDOO�FDQ�EH�VRIWZDUH
LQVWDOOHG�RQ�D�FRPSXWHU��LQ�VRPH�FDVHV��WKLV�LV�SDUW�RI�WKH�RSHUDWLQJ�V\VWHP�
+RZHYHU��WKHUH�DUH�FHUWDLQ�FLUFXPVWDQFHV�ZKHUH�WKH�ILUHZDOO�FDQ¶W�SUHYHQW

SRWHQWLDO�KDUPIXO�µWUDIILF¶�
���LW�FDQQRW�SUHYHQW�LQGLYLGXDOV��RQ�LQWHUQDO�QHWZRUNV��XVLQJ�WKHLU�RZQ�PRGHPV�WR
E\SDVV�WKH�ILUHZDOO

���HPSOR\HH�PLVFRQGXFW�RU�FDUHOHVVQHVV�FDQQRW�EH�FRQWUROOHG�E\�ILUHZDOOV��IRU
H[DPSOH��FRQWURO�RI�SDVVZRUGV�RU�XVH�RI�DFFRXQWV�

���XVHUV�RQ�VWDQG�DORQH�FRPSXWHUV�FDQ�FKRVH�WR�GLVDEOH�WKH�ILUHZDOO��OHDYLQJ�WKHLU
FRPSXWHU�RSHQ�WR�KDUPIXO�µWUDIILF¶�IURP�WKH�LQWHUQHW�

$OO�RI�WKHVH�LVVXHV�UHTXLUH�PDQDJHPHQW�FRQWURO�RU�SHUVRQDO�FRQWURO��RQ�D�VLQJOH
FRPSXWHU��WR�HQVXUH�WKDW�WKH�ILUHZDOO�LV�DOORZHG�WR�GR�LWV�MRE�HIIHFWLYHO\�
352;<�6(59(56�DFW�DV�DQ�LQWHUPHGLDU\�EHWZHHQ�WKH�XVHU�DQG�D�ZHE�VHUYHU�
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)LJXUH�����

)XQFWLRQV�RI�SUR[\�VHUYHUV�LQFOXGH�
���DOORZLQJ�WKH�LQWHUQHW�µWUDIILF¶�WR�EH�ILOWHUHG��WKH\�FDQ�EORFN�DFFHVV�WR�D�ZHEVLWH�LI
QHFHVVDU\��VLPLODU�W\SH�RU�UHDFWLRQ�DV�D�ILUHZDOO�

���E\�XVLQJ�WKH�IHDWXUH�NQRZQ�DV�D�&$&+(��WKH\�FDQ�VSHHG�XS�DFFHVV�WR�LQIRUPDWLRQ
IURP�D�ZHEVLWH��ZKHQ�WKH�ZHEVLWH�LV�ILUVW�YLVLWHG��WKH�KRPH�SDJH�LV�VWRUHG�RQ�WKH
SUR[\�VHUYHU��ZKHQ�WKH�XVHU�QH[W�YLVLWV�WKH�ZHEVLWH��LW�QRZ�JRHV�WKURXJK�WKH�SUR[\
VHUYHU�FDFKH�LQVWHDG��JLYLQJ�PXFK�IDVWHU�DFFHVV

���NHHSLQJ�WKH�XVHU¶V�,3�DGGUHVV�VHFUHW�±�WKLV�FOHDUO\�LPSURYHV�VHFXULW\
���DFWLQJ�DV�D�ILUHZDOO�

����6HFXULW\�SURWRFROV
:H�ZLOO�QRZ�FRQVLGHU�WZR�IRUPV�RI�VHFXULW\�SURWRFROV�ZKHQ�XVLQJ�WKH�LQWHUQHW�
���6HFXUH�6RFNHWV�/D\HU��66/�
���7UDQVSRUW�/D\HU�6HFXULW\��7/6��
6(&85(�62&.(76�/$<(5��66/��LV�D�W\SH�RI�SURWRFRO��D�VHW�RI�UXOHV�XVHG�E\
FRPSXWHUV�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�DFURVV�D�QHWZRUN���7KLV�DOORZV�GDWD�WR�EH
VHQW�DQG�UHFHLYHG�VHFXUHO\�RYHU�WKH�LQWHUQHW�
:KHQ�D�XVHU�ORJV�RQWR�D�ZHEVLWH��66/�HQFU\SWV�WKH�GDWD�±�RQO\�WKH�XVHU¶V�FRPSXWHU

DQG�WKH�ZHE�VHUYHU�DUH�DEOH�WR�PDNH�VHQVH�RI�ZKDW�LV�EHLQJ�WUDQVPLWWHG��$�XVHU�ZLOO
NQRZ�LI�66/�LV�EHLQJ�DSSOLHG�ZKHQ�WKH\�VHH�KWWSV�RU�WKH�VPDOO�SDGORFN� �LQ�WKH

VWDWXV�EDU�DW�WKH�WRS�RI�WKH�VFUHHQ��6R�ZKDW�KDSSHQV�ZKHQ�D�XVHU�ZDQWV�WR�DFFHVV�D
VHFXUH�ZHEVLWH�DQG�UHFHLYH�DQG�VHQG�GDWD�WR�LW"
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)LJXUH�����

75$163257�/$<(5�6(&85,7<��7/6��LV�VLPLODU�WR�66/�EXW�LV�D�PRUH�UHFHQW�VHFXULW\
V\VWHP��7/6�LV�D�IRUP�RI�SURWRFRO�WKDW�HQVXUHV�WKH�VHFXULW\�DQG�SULYDF\�RI�GDWD
EHWZHHQ�GHYLFHV�DQG�XVHUV�ZKHQ�FRPPXQLFDWLQJ�RYHU�WKH�LQWHUQHW��,W�LV�HVVHQWLDOO\
GHVLJQHG�WR�SURYLGH�HQFU\SWLRQ��DXWKHQWLFDWLRQ�DQG�GDWD�LQWHJULW\�LQ�D�PRUH�HIIHFWLYH
ZD\�WKDQ�LWV�SUHGHFHVVRU�66/�
:KHQ�D�ZHEVLWH�DQG�FOLHQW��XVHU��FRPPXQLFDWH�RYHU�WKH�LQWHUQHW��7/6�LV�GHVLJQHG

WR�SUHYHQW�D�WKLUG�SDUW\�KDFNLQJ�LQWR�WKLV�FRPPXQLFDWLRQ�FDXVLQJ�SUREOHPV�ZLWK�GDWD
VHFXULW\�
7/6�LV�IRUPHG�RI�WZR�OD\HUV�

���UHFRUG�SURWRFRO��WKLV�SDUW�RI�WKH�FRPPXQLFDWLRQ�FDQ�EH�XVHG�ZLWK�RU�ZLWKRXW
HQFU\SWLRQ��LW�FRQWDLQV�WKH�GDWD�EHLQJ�WUDQVIHUUHG�RYHU�WKH�LQWHUQHW��

���KDQGVKDNH�SURWRFRO��WKLV�SHUPLWV�WKH�ZHEVLWH�DQG�WKH�FOLHQW��XVHU��WR�DXWKHQWLFDWH
HDFK�RWKHU�DQG�WR�PDNH�XVH�RI�HQFU\SWLRQ�DOJRULWKPV��D�VHFXUH�VHVVLRQ�EHWZHHQ
FOLHQW�DQG�ZHEVLWH�LV�HVWDEOLVKHG��

2QO\�WKH�PRVW�UHFHQW�ZHE�EURZVHUV�VXSSRUW�ERWK�66/�DQG�7/6�ZKLFK�LV�ZK\�WKH
ROGHU�66/�LV�VWLOO�XVHG�LQ�PDQ\�FDVHV��%XW�ZKDW�DUH�WKH�PDLQ�GLIIHUHQFHV�EHWZHHQ�66/
DQG�7/6�VLQFH�WKH\�ERWK�HIIHFWLYHO\�GR�WKH�VDPH�WKLQJ"
���,W�LV�SRVVLEOH�WR�H[WHQG�7/6�E\�DGGLQJ�QHZ�DXWKHQWLFDWLRQ�PHWKRGV�
���7/6�FDQ�PDNH�XVH�RI�6(66,21�&$&+,1*�ZKLFK�LPSURYHV�WKH�RYHUDOO�SHUIRUPDQFH
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FRPSDUHG�WR�66/��VHH�6HFWLRQ��������
���7/6�VHSDUDWHV�WKH�KDQGVKDNLQJ�SURFHVV�IURP�WKH�UHFRUG�SURWRFRO��OD\HU��ZKLFK
KROGV�DOO�WKH�GDWD�

������6HVVLRQ�FDFKLQJ
:KHQ�RSHQLQJ�D�7/6�VHVVLRQ��LW�UHTXLUHV�D�ORW�RI�FRPSXWHU�WLPH��GXH�PDLQO\�WR�WKH
FRPSOH[�HQFU\SWLRQ�NH\V�EHLQJ�XVHG�±�VHH�6HFWLRQ�������7KH�XVH�RI�VHVVLRQ�FDFKLQJ
FDQ�DYRLG�WKH�QHHG�WR�XWLOLVH�VR�PXFK�FRPSXWHU�WLPH�IRU�HDFK�FRQQHFWLRQ��7/6�FDQ
HLWKHU�HVWDEOLVK�D�QHZ�VHVVLRQ�RU�DWWHPSW�WR�UHVXPH�DQ�H[LVWLQJ�VHVVLRQ��XVLQJ�WKH
ODWWHU�FDQ�FRQVLGHUDEO\�ERRVW�V\VWHP�SHUIRUPDQFH�

����(QFU\SWLRQ
(QFU\SWLRQ�LV�XVHG�SULPDULO\�WR�SURWHFW�GDWD�LQ�FDVH�LW�KDV�EHHQ�KDFNHG��:KLOVW
HQFU\SWLRQ�ZRQ¶W�SUHYHQW�KDFNLQJ��LW�PDNHV�WKH�GDWD�PHDQLQJOHVV�XQOHVV�WKH�UHFLSLHQW
KDV�WKH�QHFHVVDU\�GHFU\SWLRQ�WRROV�GHVFULEHG�EHORZ�
7KHUH�DUH�WZR�W\SHV�RI�HQFU\SWLRQ�

���V\PPHWULF
���DV\PPHWULF�RU�SXEOLF�NH\�

������6\PPHWULF�HQFU\SWLRQ
6<00(75,&�(1&5<37,21�LV�D�VHFUHW�NH\�ZKLFK�FDQ�EH�D�FRPELQDWLRQ�RI�FKDUDFWHUV�
,I�WKLV�NH\�LV�DSSOLHG�WR�D�PHVVDJH��LWV�FRQWHQW�LV�FKDQJHG�ZKLFK�PDNHV�LW�XQUHDGDEOH
XQOHVV�WKH�UHFLSLHQW�DOVR�KDV�WKH�GHFU\SWLRQ�NH\�
2QH�NH\�LV�QHHGHG�WR�HQFU\SW�D�PHVVDJH�DQG�DQRWKHU�NH\�LV�QHHGHG�WR�GHFU\SW�D

PHVVDJH�
,W�LV�REYLRXVO\�LPSRUWDQW�WKDW�WKH�VHQGHU�DQG�UHFHLYHU�KDYH�WKH�VDPH�HQFU\SWLRQ�DQG

GHFU\SWLRQ�NH\��7KHUH�LV�FOHDUO\�D�VHFXULW\�ULVN�KHUH��VLQFH�WKH�VHQGHU�KDV�WR�VXSSO\
WKH�NH\�WR�WKH�UHFLSLHQW��7KLV�NH\�FRXOG�EH�LQWHUFHSWHG�E\��IRU�H[DPSOH��D�KDFNHU
ZKLFK�SXWV�WKH�VHFXULW\�RI�WKH�HQFU\SWHG�PHVVDJH�DW�ULVN��7KLV�VLWXDWLRQ�LV�UHIHUUHG�WR
DV�WKH�.(<�',675,%87,21�352%/(0�
6R�WKH�TXHVWLRQ�LV��KRZ�FDQ�ERWK�VHQGHU�DQG�UHFHLYHU�KDYH�WKH�UHTXLUHG�NH\�ZLWKRXW

VHQGLQJ�LW�HOHFWURQLFDOO\�LQ�VRPH�ZD\"�7KH�IROORZLQJ�URXWLQH�VKRZV�KRZ�WKLV�LV�GRQH�
)ROORZ�LW�WKURXJK��DQG�\RX�ZLOO�VHH�WKDW�ERWK�VHQGHU�DQG�UHFLSLHQW�HQG�XS�ZLWK�D�NH\
ZKLFK�LV�HIIHFWLYHO\�VHFUHW��EXW�GLGQ¶W�LQYROYH�VHQGLQJ�WKH�DFWXDO�NH\�HOHFWURQLFDOO\�

7DEOH����

6WDJH 6HQGHU 5HFLSLHQW
� 7KH�VHQGHU�XVHV�DQ�HQFU\SWLRQ

DOJRULWKP��VHH�6HFWLRQ��������DQG
7KH�UHFLSLHQW�XVHV�WKH�VDPH
DOJRULWKP�DQG�DOVR�FKRRVHV�D
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FKRRVHV�D�YDOXH
H�J��;� ����WKLV�LV�NHSW�VHFUHW�

YDOXH
H�J��<� ����WKLV�LV�DOVR�NHSW
VHFUHW�

� 7KLV�YDOXH�RI�;�LV�SXW�LQWR�D�VLPSOH
DOJRULWKP�
�;��02'����
�02'�JLYHV�WKH�UHPDLQGHU�ZKHQ
GLYLGLQJ�D�QXPEHU�E\����
7KLV�JLYHV�
����02'����� �����02'����
ZKLFK�JLYHV�WKH�YDOXH�
���L�H����UHPDLQGHU���

7KH�YDOXH�RI�<�LV�SXW�LQWR�WKH
VDPH�DOJRULWKP�
�<��02'����
�02'�JLYHV�WKH�UHPDLQGHU�ZKHQ
GLYLGLQJ�D�QXPEHU�E\����
7KLV�JLYHV�
����02'����� �������02'����
ZKLFK�JLYHV�WKH�YDOXH�
���L�H������UHPDLQGHU���

� 7KH�VHQGHU�QRZ�VHQGV�WKH�YDOXH
MXVW�FDOFXODWHG��L�H�����WR�WKH
UHFLSLHQW

7KH�UHFLSLHQW�QRZ�VHQGV�WKH
YDOXH�MXVW�FDOFXODWHG��L�H�����WR
WKH�VHQGHU

� 7KLV�QHZ�YDOXH�LV�SXW�LQWR�WKH�VDPH
DOJRULWKP�±�WKH�QHZ�YDOXH�UHSODFHV
µ�¶�
�;��02'����
7KLV�JLYHV�
����02'����� ����02'����
ZKLFK�JLYHV�WKH�YDOXH�
���L�H����UHPDLQGHU���

7KLV�QHZ�YDOXH�LV�SXW�LQWR�WKH
VDPH�DOJRULWKP�±�WKH�QHZ�YDOXH
UHSODFHV�µ�¶�
�<��02'����
7KLV�JLYHV�
����02'����� ������02'����
ZKLFK�JLYHV�WKH�YDOXH�
���L�H�����UHPDLQGHU���

7KXV�ERWK�VHQGHU�DQG�UHFLSLHQW�HQG�XS�ZLWK�WKH�VDPH�HQFU\SWLRQ�DQG�GHFU\SWLRQ�NH\
RI����7KLV�JLYHV�XV�WKH�EDVLV�RI�KRZ�DQ�HQFU\SWLRQ�NH\�FDQ�EH�JHQHUDWHG�

$FWLYLW\����
8VH�WKH�IROORZLQJ�VHQGHU�DQG�UHFHLYHU�YDOXHV�WR�FKHFN�WKDW�WKH�V\VWHP
GHVFULEHG�LQ�7DEOH�����ZRUNV�
D�VHQGHU�XVHV�WKH�YDOXH�[� ���DQG�UHFHLYHU�XVHV�WKH�YDOXH�\� ��
E�VHQGHU�XVHV�WKH�YDOXH�[� ���DQG�UHFHLYHU�XVHV�WKH�YDOXH�\� ��

7DEOH�����UHIHUV�WR�DQ�(1&5<37,21�$/*25,7+0��$V�ZH�ZLOO�VHH�LQ�6HFWLRQ�������
PHVVDJHV�DUH�SXW�WKURXJK�DQ�HQFU\SWLRQ�DOJRULWKP�WR�SURGXFH�D�PHVVDJH�LQ�HQFU\SWHG
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IRUP��7KLV�DOJRULWKP�XVHV�DQ�HQFU\SWLRQ�NH\�WR�SURGXFH�D�PHVVDJH�ZKLFK�DSSHDUV
PHDQLQJOHVV�XQOHVV�WKH�VDPH�NH\�LV�DSSOLHG�WR�µXQORFN¶�WKH�RULJLQDO�PHVVDJH��7KH�NH\
LV�UHIHUUHG�WR�DV�DQ�HQFU\SWLRQ�NH\�RU�D�GHFU\SWLRQ�NH\�GHSHQGLQJ�ZKHWKHU�LW�LV�XVHG
WR�HQFU\SW�WKH�PHVVDJH�RU�WR�GHFU\SW�WKH�PHVVDJH�
7KH�QH[W�VHFWLRQ�GLVFXVVHV�WKH�W\SHV�RI�HQFU\SWLRQ�NH\V�

������$V\PPHWULF�HQFU\SWLRQ
7KH�ULVNV�VXUURXQGLQJ�V\PPHWULF�HQFU\SWLRQ�NH\V�KDYH�DOUHDG\�EHHQ�GLVFXVVHG��$
PRUH�VHFXUH�PHWKRG�LV�WR�XVH�$6<00(75,&�RU�38%/,&�.(<�HQFU\SWLRQ��$�35,9$7(
.(<�DQG�D�SXEOLF�NH\�DUH�ERWK�QHHGHG�
���SXEOLF�NH\�LV�PDGH�DYDLODEOH�WR�HYHU\ERG\
���SULYDWH�NH\�LV�RQO\�NQRZQ�E\�WKH�FRPSXWHU�XVHU�
%RWK�W\SHV�RI�NH\�DUH�QHHGHG�WR�HQFU\SW�DQG�GHFU\SW�PHVVDJHV��,PDJLQH�D�XVHU�RQ
FRPSXWHU�$�ZDQWV�WR�VHQG�D�SULYDWH�PHVVDJH�WR�D�XVHU�RQ�FRPSXWHU�%��KRZ�LV
DV\PPHWULF�HQFU\SWLRQ�XVHG"

)LJXUH�����

7KH�HQFU\SWLRQ�NH\V�DUH�RIWHQ�JHQHUDWHG�E\�XVLQJ�D�+$6+,1*�$/*25,7+0��7KLV�LV
DFWXDOO\�YHU\�GLIIHUHQW�WR�DQ�HQFU\SWLRQ�DOJRULWKP��7KH�KDVKLQJ�DOJRULWKP�WDNHV�D
PHVVDJH�RU�D�NH\�DQG�WUDQVODWHV�LW�LQWR�D�VWULQJ�RI�FKDUDFWHUV�XVXDOO\�VKRZQ�LQ�KH[
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QRWDWLRQ��WKH�OHQJWK�RI�WKH�VWULQJ�GHSHQGV�RQ�WKH�DOJRULWKP�EHLQJ�XVHG���7KLV
HVVHQWLDOO\�PDNHV�WKH�PHVVDJH�RU�NH\�DOPRVW�LPSRVVLEOH�WR�UHDG�LI�LW�LV�VRPHKRZ
LQWHUFHSWHG�E\��IRU�H[DPSOH��D�KDFNHU��7KH�VDPH�KDVKLQJ�DOJRULWKP�KDV�WR�EH�DSSOLHG
DW�ERWK�HQGV��VHQGHU�DQG�UHFHLYHU��IRU�WKH�PHVVDJH�RU�NH\�WR�EH�XQGHUVWRRG�
,Q�VXPPDU\��WKH�HQFU\SWLRQ�DOJRULWKP�FRQYHUWV�PHVVDJHV�XVLQJ�DQ�HQFU\SWLRQ�NH\

LQWR�µPHDQLQJOHVV¶�WH[W��WKH�VDPH�NH\�KDV�WR�EH�XVHG�WR�GHFU\SW�WKH�PHVVDJH��7KHVH
NH\V�FDQ��KRZHYHU��EH�LQWHUFHSWHG�ZKLFK�PDNHV�WKH�HQFU\SWLRQ�SURFHVV�OHVV�VHFXUH�
7R�RYHUFRPH�WKLV�SUREOHP��D�KDVKLQJ�DOJRULWKP�LV�DSSOLHG�WR�WKH�PHVVDJH�RU�NH\�
SURGXFLQJ�D�VWULQJ�RI�FKDUDFWHUV�ZKLFK�DUH�YLUWXDOO\�LPSRVVLEOH�WR�µEUHDN¶�LI
LQWHUFHSWHG��7KLV�FRQVLGHUDEO\�LQFUHDVHV�WKH�VHFXULW\�RI�WKH�ZKROH�SURFHVV�ZKHQ
VHQGLQJ�SHUVRQDO�RU�VHQVLWLYH�GDWD�DFURVV��IRU�H[DPSOH��WKH�LQWHUQHW��7KH�XVH�RI
KDVKLQJ�DQG�HQFU\SWLRQ�LV�IXUWKHU�GLVFXVVHG�LQ�6HFWLRQ�������
$Q�H[DPSOH�RI�D�ZHOO�NQRZQ�KDVKLQJ�DOJRULWKP�LV�0'��ZKLFK�JHQHUDWHV�D�����ELW

VWULQJ�ZKHQHYHU�D�YDOXH�LV�UXQ�WKURXJK�LW��)RU�H[DPSOH��WKH�IROORZLQJ����GLJLW�FRGH�
���������������������

ZRXOG�SURGXFH�WKH�IROORZLQJ�YDOXH�ZKHQ�SXW�WKURXJK�WKH�0'��KDVKLQJ�DOJRULWKP�
�����)&�''($�&)�($)�����&%$'&$���'

�1RWH��WKLV�FRQWDLQV����KH[DGHFLPDO�GLJLWV��L�H������ELWV��±�VHH�6HFWLRQ������
6WULQJV�ZKLFK�DUH�����ELWV�ORQJ�JLYH���î������SRVVLEOH�FRPELQDWLRQV�ZKLFK�PDNHV

WKHP�YHU\�VHFXUH��6RPH�QHZHU�V\VWHPV�XVH�����ELW�VWULQJV�ZKLFK�KDYH���î�����
SRVVLEOH�FRPELQDWLRQV��2OGHU�V\VWHPV�HPSOR\�VWULQJV�ZKLFK�DUH�RQO\����ELWV�LQ
OHQJWK��ZKLFK�JLYHV�WKHP�RQO\���î������SRVVLELOLWLHV�±�WKLV�KDV�EHFRPH�UHODWLYHO\�HDV\
WR�EUHDN�VLQFH�PRGHUQ�FRPSXWHUV�DUH�VR�IDVW�DW�QXPEHU�FUXQFKLQJ�
%XW�LW�LV�FOHDU�WKDW�WKH�ODUJHU�WKH�NH\�VL]H��WKH�PRUH�VHFXUH�WKH�HQFU\SWLRQ�ZLOO�EH�

$FWLYLW\����
8VLQJ�WKH�LQWHUQHW��FDUU\�RXW�D�VHDUFK�IRU�0'��DQG�0'��KDVKLQJ�DOJRULWKP
JHQHUDWRUV��H�J��KWWS���ZZZ�RQOLQH�FRQYHUW�FRP���
7KHQ�WU\�YDULRXV�QXPEHUV��OHWWHUV�DQG�PHVVDJHV�WR�VHH�KRZ�WKH�����ELW
FRGH�YDULHV��(YHQ�MXVW�FKDQJLQJ�D�IHZ�OHWWHUV�LQ�D�PHVVDJH�FDQ�KDYH�D
GUDPDWLF�HIIHFW�RQ�WKH�����ELW�YDOXH��)RU�H[DPSOH�
µ7KLV�LV�DQ�H[DPSOH¶���)���)���%������(��$�&������)�$�
µ7KLV�LV�DQRWKHU�H[DPSOH¶���($(%��(����)'�������&(������)��
7U\�RXW�D�QXPEHU�RI�H[DPSOHV�IRU�\RXUVHOI�

������3ODLQ�WH[W�DQG�F\SKHU�WH[W
3/$,1�7(;7��VRPHWLPHV�ZULWWHQ�DV�D�VLQJOH�ZRUG�µSODLQWH[W¶��LV�GHVFULEHG�DV�WKH�WH[W
RU�QRUPDO�UHSUHVHQWDWLRQ�RI�GDWD�EHIRUH�LW�JRHV�WKURXJK�DQ�HQFU\SWLRQ�DOJRULWKP�
&<3+(5�7(;7��VRPHWLPHV�ZULWWHQ�DV�µF\SKHUWH[W¶�RU�µFLSKHUWH[W¶��LV�WKH�RXWSXW

IURP�DQ�HQFU\SWLRQ�DOJRULWKP�
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)LJXUH�����

������$XWKHQWLFDWLRQ
$87+(17,&$7,21�LV�XVHG�WR�YHULI\�WKDW�GDWD�FRPHV�IURP�D�WUXVWHG�VRXUFH��,W�ZRUNV
ZLWK�HQFU\SWLRQ�WR�VWUHQJWKHQ�LQWHUQHW�VHFXULW\�
([DPSOHV�LQFOXGH�
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)LJXUH�����

������'HQLDO�RI�VHUYLFH�DWWDFNV
$�GHQLDO�RI�VHUYLFH�DWWDFN��'R6��LV�DQ�DWWHPSW�DW�SUHYHQWLQJ�XVHUV�IURP�DFFHVVLQJ
SDUW�RI�D�QHWZRUN��QRWDEO\�DQ�LQWHUQHW�VHUYHU��7KLV�LV�XVXDOO\�WHPSRUDU\�EXW�PD\�EH�D
YHU\�GDPDJLQJ�DFW�RU�D�ELJ�EUHDFK�RI�VHFXULW\��,W�GRHVQ¶W�MXVW�DIIHFW�QHWZRUNV��DQ
LQGLYLGXDO�FDQ�DOVR�EH�D�WDUJHW�IRU�VXFK�DQ�DWWDFN�
7KH�DWWDFNHU�PD\�EH�DEOH�WR�SUHYHQW�D�XVHU�IURP�

���DFFHVVLQJ�WKHLU�HPDLOV
���DFFHVVLQJ�ZHEVLWHV�ZHE�SDJHV
���DFFHVVLQJ�RQOLQH�VHUYLFHV��VXFK�DV�EDQNLQJ��
2QH�PHWKRG�RI�DWWDFN�LV�WR�IORRG�WKH�QHWZRUN�ZLWK�XVHOHVV�WUDIILF��+RZ�GRHV�WKLV

FDXVH�WKH�SUREOHP"
:KHQ�D�XVHU�W\SHV�LQ�RU�FOLFNV�RQ�D�85/�RI�D�ZHEVLWH��XVLQJ�WKHLU�ZHE�EURZVHU���D

UHTXHVW�LV�VHQW�WR�WKH�LQWHUQHW�VHUYHU�ZKLFK�FRQWDLQV�WKH�ZHEVLWH�RU�ZHE�SDJH�
2EYLRXVO\��WKH�VHUYHU�FDQ�RQO\�KDQGOH�D�ILQLWH�QXPEHU�RI�UHTXHVWV��6R�LI�LW�EHFRPHV
RYHUORDGHG�E\�DQ�DWWDFNHU�VHQGLQJ�RXW�WKRXVDQGV�RI�UHTXHVWV��LW�ZRQ¶W�EH�DEOH�WR
VHUYLFH�WKH�XVHU¶V�OHJLWLPDWH�UHTXHVW��7KLV�LV�HIIHFWLYHO\�D�GHQLDO�RI�VHUYLFH�
7KLV�FDQ�KDSSHQ�WR�D�XVHU¶V�HPDLO�DFFRXQW��IRU�H[DPSOH��E\�DQ�DWWDFNHU�VHQGLQJ�RXW

PDQ\�VSDP�PHVVDJHV�WR�WKHLU�HPDLO�DFFRXQW��,QWHUQHW�6HUYLFH�3URYLGHUV��,63V��RQO\
DOORZ�D�VSHFLILF�GDWD�TXRWD�IRU�HDFK�XVHU��&RQVHTXHQWO\��LI�WKH�DWWDFNHU�VHQGV�RXW�YHU\
ODUJH�RU�PDQ\�KXQGUHGV�RI�HPDLOV�WR�WKH�XVHU¶V�DFFRXQW��LW�ZLOO�TXLFNO\�JHW�FORJJHG�XS
DQG�WKH�XVHU�ZRQ¶W�EH�DEOH�WR�UHFHLYH�OHJLWLPDWH�HPDLOV�
$Q�LQGLYLGXDO�XVHU�RU�D�ZHEVLWH�FDQ�JXDUG�DJDLQVW�WKHVH�DWWDFNV�WR�VRPH�GHJUHH�E\�

���XVLQJ�DQ�XS�WR�GDWH�PDOZDUH�YLUXV�FKHFNHU
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���VHWWLQJ�XS�D�ILUHZDOO�WR�UHVWULFW�WUDIILF�WR�DQG�IURP�WKH�LQWHUQHW�VHUYHU�RU�XVHU¶V
FRPSXWHU

���DSSO\LQJ�HPDLO�ILOWHUV�WR�PDQDJH�RU�ILOWHU�RXW�XQZDQWHG�WUDIILF�RU�VSDP�HPDLOV�
6LJQV�WKDW�D�XVHU�FDQ�ORRN�RXW�IRU�WR�VHH�LI�WKH\�DUH�D�YLFWLP�RI�RQH�RI�WKHVH�DWWDFNV

LQFOXGH�
���VORZ�QHWZRUN�SHUIRUPDQFH��RSHQLQJ�ILOHV�RU�DFFHVVLQJ�FHUWDLQ�ZHEVLWHV�
���XQDYDLODELOLW\�RU�LQDELOLW\�WR�DFFHVV�SDUWLFXODU�ZHEVLWHV
���ODUJH�DPRXQWV�RI�VSDP�PDLO�UHDFKLQJ�WKH�XVHU¶V�HPDLO�DFFRXQW�

����$SSOLFDWLRQV
2QOLQH�EDQNLQJ�DQG�VKRSSLQJ�DUH�DOO�DW�ULVN�IURP�PDQ\�RI�WKH�VHFXULW\�LVVXHV
GHVFULEHG�HDUOLHU�RQ�
:H�ZLOO�QRZ�FRQVLGHU�VRPH�RI�WKH�ZD\V�EDQNV�SURWHFW�WKHLU�FXVWRPHUV�IURP�RQOLQH

IUDXG��7KH�IROORZLQJ�QRWHV�DUH�LQ�DGGLWLRQ�WR�VDIHJXDUGV�VXFK�DV�HQFU\SWLRQ��66/�
YLUXV�VFDQQHUV�DQG�PDQ\�RI�WKH�RWKHU�ZD\V�GHVFULEHG�LQ�WKH�HDUOLHU�SDUW�RI�WKLV�FKDSWHU
DQG�UHIHU�WR�DGGLWLRQDO�IHDWXUHV�\RX�PLJKW�VHH�DV�SDUW�RI�D�EDQN¶V�VHFXULW\�V\VWHP�
:KHQ�D�FXVWRPHU�ORJV�RQ�WR�D�EDQNLQJ�ZHEVLWH�DQG�FDUULHV�RXW�D�WUDQVDFWLRQ�

HQFU\SWLRQ�LV�XVHG�WR�SURWHFW�WKH�FXVWRPHU¶V�SHUVRQDO�GHWDLOV��+RZHYHU��EDQNV�FDUU\
RXW�D�QXPEHU�RI�RWKHU�SURFHGXUHV�WR�JLYH�DGGLWLRQDO�SURWHFWLRQ��1RW�DOO�RI�WKH�PHWKRGV
GHVFULEHG�ZRXOG�EH�XVHG�E\�RQH�EDQN��+RZHYHU��WKH�QRWHV�JLYH�VRPH�LGHD�RI�WKH�W\SH
RI�VDIHJXDUGV�WKDW�PLJKW�EH�HQFRXQWHUHG�ZKHQ�D�FXVWRPHU�ORJV�RQ�WR�D�EDQN¶V�ZHEVLWH�
��0DQ\�EDQNV�XVH�D�����RU����GLJLW�FRGH�XQLTXH�WR�WKH�FXVWRPHU�

)LJXUH�����

��<RX�PD\�WKHQ�EH�DVNHG�WR�LQSXW�WKUHH�UDQGRP�QXPEHUV�IURP�D�IRXU�GLJLW�3,1�DQG�RU
WKUHH�FKDUDFWHUV�IURP�D����FKDUDFWHU�SDVVZRUG��WKLV�ZLOO�YDU\�IURP�EDQN�WR�EDQN�
RI�FRXUVH��
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)LJXUH�����

��6RPH�V\VWHPV�XVH�D�KDQG�KHOG�GHYLFH�LQWR�ZKLFK�WKH�FXVWRPHU�LQVHUWV�WKHLU�FDUG�
7KH\�ZLOO�EH�DVNHG�WR�HQWHU�WKHLU�3,1��7KH�GHYLFH�ZLOO�WKHQ�JHQHUDWH�DQ�HLJKW�GLJLW
FRGH�ZKLFK�WKH�FXVWRPHU�W\SHV�LQWR�WKH�ZHE�SDJH�RI�WKH�EDQN�

��7KLV�HLJKW�GLJLW�FRGH�LV�JHQHUDWHG�IURP�DQ�LQWHUQDO�FORFN�DQG�3,1��7KH�EDQN¶V�VHUYHU
DQG�WKH�WLPH�DUH�ERWK�V\QFKURQLVHG�ZLWK�WKH�KDQG�KHOG�GHYLFH��WKH�VHUYHU�DOVR
VWRUHV�WKH�3,1��7KH�EDQN¶V�VHUYHU�ZLOO�WKHUHIRUH�NQRZ�LI�WKH�HLJKW�GLJLW�FRGH
HQWHUHG�LV�FRUUHFW��(DFK�HLJKW�GLJLW�FRGH�LV�RQO\�YDOLG�IRU�D�IHZ�PLQXWHV�EHIRUH�LW
KDV�WR�EH�UHGRQH�

��7KLV�V\VWHP�GHIHDWV�KDFNHUV�DQG�VS\ZDUH�VLQFH�WKH�FRGH�ZLOO�FKDQJH�HYHU\�WLPH�WKH
FXVWRPHU�ORJV�RQ�WR�WKH�EDQN¶V�ZHEVLWH�

)LJXUH�����
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��6RPH�EDQNLQJ�V\VWHPV�DVN�WKH�FXVWRPHU�WR�NH\�LQ�SDUWV�RI�WKHLU�SDVVZRUG�XVLQJ
GURS�GRZQ�ER[HV��7KLV�LV�DQ�DWWHPSW�WR�GHIHDW�VS\ZDUH�NH\�ORJJLQJ�VRIWZDUH��(DFK
RI�WKH�UHTXHVWHG�FKDUDFWHUV�IURP�WKH�SDVVZRUG�DUH�HQWHUHG�E\�VHOHFWLQJ�D�FKDUDFWHU
IURP�D�GURS�GRZQ�PHQX�XVLQJ�D�PRXVH��WKXV�HOLPLQDWLQJ�WKH�XVH�RI�D�NH\ERDUG�

)LJXUH�����

��2QFH�DOO�WKHVH�VWDJHV�KDYH�EHHQ�SDVVHG��VRPH�V\VWHPV�WKHQ�DVN�IRU�SHUVRQDO�GDWD�
VXFK�DV�

�������µ<RX�ODVW�ORJJHG�LQWR�WKH�V\VWHP�RQ���WK�6HSWHPEHU�������,V�WKDW�FRUUHFW"¶
�������µ<RXU�PRELOH�SKRQH�QXPEHU�LV�����������������,V�WKDW�FRUUHFW"¶
�������µ:KDW�LV�\RXU�PRWKHU¶V�PDLGHQ�QDPH"¶
��$VVXPLQJ�WKH�FXVWRPHU�VXFFHVVIXOO\�QHJRWLDWHV�DOO�RI�WKH�VHFXULW\�µKXUGOHV¶��WKH\
ZLOO�EH�VHQW�WR�D�KRPH�SDJH�RQ�WKH�ZHEVLWH��2QFH�\RX�DUH�WKHUH��LW�LV�LPSRUWDQW�WR
RQO\�XVH�WKH�EDQN¶V�QDYLJDWLRQ�WRROV�UDWKHU�WKDQ�WKH�RQHV�DW�WKH�WRS�RI�WKH�VFUHHQ�
2WKHUZLVH�\RX�ZLOO�EH�ORJJHG�RXW�RI�WKH�V\VWHP��DQG�\RX�ZLOO�QHHG�WR�JR�WKURXJK�DOO
WKH�HDUOLHU�VWHSV�DJDLQ�

����&RPSXWHU�HWKLFV
&20387(5�(7+,&6�LV�D�VHW�RI�SULQFLSOHV�VHW�RXW�WR�UHJXODWH�WKH�XVH�RI�FRPSXWHUV�
7KUHH�IDFWRUV�DUH�FRQVLGHUHG�
���,17(//(&78$/�3523(57<�5,*+76�±�WKLV�FRYHUV��IRU�H[DPSOH��FRS\LQJ�RI�VRIWZDUH
ZLWKRXW�WKH�SHUPLVVLRQ�RI�WKH�RZQHU

���35,9$&<�,668(6�±�WKLV�FRYHUV��IRU�H[DPSOH��KDFNLQJ�RU�DQ\�LOOHJDO�DFFHVV�WR�DQRWKHU
SHUVRQ¶V�SHUVRQDO�GDWD

���HIIHFW�RI�FRPSXWHUV�RQ�VRFLHW\�±�WKLV�FRYHUV�IDFWRUV�VXFK�DV�MRE�ORVVHV��VRFLDO
LPSDFWV�DQG�VR�RQ�

8VH�RI�WKH�LQWHUQHW�KDV�OHG�WR�DQ�LQFUHDVH�LQ�SODJLDULVP�±�WKLV�LV�ZKHQ�D�SHUVRQ�WDNHV
DQRWKHU�SHUVRQ¶V�LGHD�ZRUN�DQG�FODLPV�LW�DV�WKHLU�RZQ��:KLOVW�LW�LV�SHUIHFWO\�ILQH�WR
TXRWH�DQRWKHU�SHUVRQ¶V�LGHD��LW�LV�HVVHQWLDO�WKDW�VRPH�DFNQRZOHGJHPHQW�LV�PDGH�VR
WKDW�WKH�RULJLQDWRU�RI�WKH�LGHD�LV�NQRZQ�WR�RWKHUV��7KLV�FDQ�EH�GRQH�E\�D�VHULHV�RI
UHIHUHQFHV�DW�WKH�HQG�RI�D�GRFXPHQW�RU�IRRWQRWHV�RQ�HDFK�SDJH�ZKHUH�D�UHIHUHQFH
QHHGV�WR�EH�PDGH��6RIWZDUH�H[LVWV�WKDW�FDQ�VFDQ�WH[W�DQG�WKHQ�ORRN�IRU�H[DPSOHV�RI
SODJLDULVP�E\�VHDUFKLQJ�ZHE�SDJHV�RQ�WKH�LQWHUQHW�
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7KH�$&0��$VVRFLDWLRQ�IRU�&RPSXWHU�0DFKLQHU\��DQG�,(((��,QVWLWXWH�RI�(OHFWULFDO
DQG�(OHFWURQLFV�(QJLQHHUV��KDYH�SXEOLVKHG�WKH�IROORZLQJ�FRGH�RI�HWKLFV�
���WR�DFFHSW�UHVSRQVLELOLW\�LQ�PDNLQJ�GHFLVLRQV�FRQVLVWHQW�ZLWK�WKH�VDIHW\��KHDOWK�DQG
ZHOIDUH�RI�WKH�SXEOLF��DQG�WR�GLVFORVH�SURPSWO\�WKH�IDFWRUV�WKDW�PLJKW�HQGDQJHU�WKH
SXEOLF�RU�WKH�HQYLURQPHQW�

���WR�DYRLG�UHDO�RU�SHUFHLYHG�FRQIOLFWV�RI�LQWHUHVW�ZKHQHYHU�SRVVLEOH��DQG�WR�GLVFORVH
WKHP�WR�DIIHFWHG�SDUWLHV�ZKHQ�WKH\�GR�H[LVW�

���WR�EH�KRQHVW�DQG�UHDOLVWLF�LQ�VWDWLQJ�FODLPV�RU�HVWLPDWHV�EDVHG�RQ�DYDLODEOH�GDWD�
���WR�UHMHFW�EULEHU\�LQ�DOO�LWV�IRUPV�
���WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�WHFKQRORJ\��LWV�DSSURSULDWH�DSSOLFDWLRQ��DQG
SRWHQWLDO�FRQVHTXHQFHV�

���WR�PDLQWDLQ�DQG�LPSURYH�RXU�WHFKQLFDO�FRPSHWHQFH�DQG�WR�XQGHUWDNH�WHFKQRORJLFDO
WDVNV�IRU�RWKHUV�RQO\�LI�TXDOLILHG�E\�WUDLQLQJ�RU�H[SHULHQFH��RU�DIWHU�IXOO�GLVFORVXUH
RI�SHUWLQHQW�OLPLWDWLRQV�

���WR�VHHN��DFFHSW��DQG�RIIHU�KRQHVW�FULWLFLVP�RI�WHFKQLFDO�ZRUN��WR�DFNQRZOHGJH�DQG
FRUUHFW�HUURUV��DQG�WR�FUHGLW�SURSHUO\�WKH�FRQWULEXWLRQV�RI�RWKHUV�

���WR�WUHDW�IDLUO\�DOO�SHUVRQV�DQG�WR�QRW�HQJDJH�LQ�DFWV�RI�GLVFULPLQDWLRQ�EDVHG�RQ�UDFH�
UHOLJLRQ��JHQGHU��GLVDELOLW\��DJH��QDWLRQDO�RULJLQ��VH[XDO�RULHQWDWLRQ��JHQGHU�LGHQWLW\�
RU�JHQGHU�H[SUHVVLRQ�

���WR�DYRLG�LQMXULQJ�RWKHUV��WKHLU�SURSHUW\��UHSXWDWLRQ��RU�HPSOR\PHQW�E\�IDOVH�RU
PDOLFLRXV�DFWLRQ�

����WR�DVVLVW�FROOHDJXHV�DQG�FR�ZRUNHUV�LQ�WKHLU�SURIHVVLRQDO�GHYHORSPHQW�DQG�WR
VXSSRUW�WKHP�LQ�IROORZLQJ�WKLV�FRGH�RI�HWKLFV�

5HSURGXFHG�ZLWK�NLQG�SHUPLVVLRQ�RI�WKH�,((((

�����)UHH�VRIWZDUH��IUHHZDUH�DQG�VKDUHZDUH
$SDUW�IURP�WKH�XVXDO�FRPPHUFLDO�VRIWZDUH��VXFK�DV�VSUHDGVKHHWV�DQG�ZRUG
SURFHVVRUV��ZKLFK�DUH�DOO�VROG�LQ�VKRSV�IRU�D�SURILW��WKHUH�LV�D�JURXS�RI�VRIWZDUH
ZKLFK�FDXVHV�PXFK�FRQIXVLRQ�DPRQJ�PDQ\�XVHUV��7KLV�JURXS�FRQVLVWV�RI�
���IUHH�VRIWZDUH
���IUHHZDUH
���VKDUHZDUH�
7KH�ILQDO�SDUW�RI�WKLV�FKDSWHU�ZLOO�H[SODLQ�WKH�IXQGDPHQWDO�GLIIHUHQFHV�EHWZHHQ�WKHVH
W\SHV�RI�VRIWZDUH�

�������)UHH�VRIWZDUH
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8VHUV�KDYH�WKH�IUHHGRP�WR�UXQ��FRS\��FKDQJH�RU�DGDSW�IUHH�VRIWZDUH��([DPSOHV
LQFOXGH��)�VSRW��SKRWRJUDSK�PDQDJHU���6FULEXV��'73��DQG�$ELZRUG��ZRUG
SURFHVVRU��
7KH�RULJLQDWRUV�RI�WKLV�W\SH�RI�VRIWZDUH�VWUHVV�WKLV�LV�EDVHG�RQ�OLEHUW\�DQG�QRW

SULFH��7KLV�PHDQV�WKDW�D�XVHU�LV�JXDUDQWHHG�WKH�IUHHGRP�WR�VWXG\�DQG�PRGLI\�WKH
VRIWZDUH�VRXUFH�FRGH�LQ�DQ\�ZD\�WR�VXLW�WKHLU�UHTXLUHPHQWV�
(VVHQWLDOO\�D�XVHU�LV�DOORZHG�WR�GR�WKH�IROORZLQJ�

���UXQ�WKH�VRIWZDUH�IRU�DQ\�OHJDO�SXUSRVH�WKH\�ZLVK
���VWXG\�WKH�VRXUFH�FRGH�DQG�PRGLI\�LW�DV�QHFHVVDU\�WR�PHHW�WKHLU�QHHGV
���SDVV�WKH�VRIWZDUH��LQ�HLWKHU�RULJLQDO�RU�PRGLILHG�IRUP��RQ�WR�IULHQGV��IDPLO\�RU
FROOHDJXHV�

$�XVHU�RI�WKH�VRIWZDUH�GRHVQ¶W�QHHG�WR�VHHN�SHUPLVVLRQ�WR�GR�DQ\�RI�WKH�DERYH�DFWLRQV
VLQFH�LW�LVQ¶W�SURWHFWHG�E\�DQ\�FRS\ULJKW�UHVWULFWLRQV��+RZHYHU��LW�LV�LPSRUWDQW�WR
UHDOLVH�WKDW�WKHUH�DUH�FHUWDLQ�UXOHV�WKDW�QHHG�WR�EH�REH\HG��7KH�XVHU
���FDQQRW�DGG�VRXUFH�FRGH�IURP�DQRWKHU�SLHFH�RI�VRIWZDUH�XQOHVV�WKLV�LV�DOVR
GHVFULEHG�DV�IUHH�VRIWZDUH

���FDQQRW�SURGXFH�VRIWZDUH�ZKLFK�FRSLHV�H[LVWLQJ�VRIWZDUH�VXEMHFW�WR�FRS\ULJKW�ODZV
���FDQQRW�DGDSW�WKH�VRIWZDUH�LQ�VXFK�D�ZD\�WKDW�LW�LQIULQJHV�FRS\ULJKW�ODZV�SURWHFWLQJ
RWKHU�VRIWZDUH

���PD\�QRW�XVH�WKH�VRXUFH�FRGH�WR�SURGXFH�VRIWZDUH�ZKLFK�LV�GHHPHG�RIIHQVLYH�E\
WKLUG�SDUWLHV�

�������)UHHZDUH
)5((:$5(�LV�VRIWZDUH�D�XVHU�FDQ�GRZQORDG�IURP�WKH�LQWHUQHW�IUHH�RI�FKDUJH��2QFH�LW
KDV�EHHQ�GRZQORDGHG��WKHUH�DUH�QR�IHHV�DVVRFLDWHG�ZLWK�XVLQJ�WKH�VRIWZDUH��H[DPSOHV
LQFOXGH��$GREH��6N\SH�RU�PHGLD�SOD\HUV��
8QOLNH�IUHH�VRIWZDUH��IUHHZDUH�LV�VXEMHFW�WR�FRS\ULJKW�ODZV�DQG�XVHUV�DUH�RIWHQ

UHTXHVWHG�WR�WLFN�D�ER[�WR�VD\�WKH\�XQGHUVWDQG�DQG�DJUHH�WR�WKH�WHUPV�DQG�FRQGLWLRQV
JRYHUQLQJ�WKH�VRIWZDUH��7KLV�EDVLFDOO\�PHDQV�WKDW�D�XVHU�LV�QRW�DOORZHG�WR�VWXG\�RU
PRGLI\�WKH�VRXUFH�FRGH�LQ�DQ\�ZD\�

�������6KDUHZDUH
,Q�WKLV�FDVH��XVHUV�DUH�DOORZHG�WR�WU\�RXW�VRPH�VRIWZDUH�IUHH�RI�FKDUJH�IRU�D�WULDO
SHULRG��$W�WKH�HQG�RI�WKH�WULDO�SHULRG��WKH�DXWKRU�RI�WKH�VRIWZDUH�ZLOO�UHTXHVW�WKDW�\RX
SD\�D�IHH�LI�\RX�OLNH�LW��2QFH�WKH�IHH�LV�SDLG��D�XVHU�LV�UHJLVWHUHG�ZLWK�WKH�RULJLQDWRU�RI
WKH�VRIWZDUH�DQG�IUHH�XSGDWHV�DQG�KHOS�DUH�WKHQ�SURYLGHG��9HU\�RIWHQ��WKH�WULDO�YHUVLRQ
RI�WKH�VRIWZDUH�LV�PLVVLQJ�VRPH�RI�WKH�IHDWXUHV�IRXQG�LQ�WKH�IXOO�YHUVLRQ��DQG�WKHVH
GRQ¶W�EHFRPH�DYDLODEOH�XQWLO�WKH�IHH�LV�SDLG�
2EYLRXVO\��WKLV�W\SH�RI�VRIWZDUH�LV�IXOO\�SURWHFWHG�E\�FRS\ULJKW�ODZV�DQG�D�XVHU

PXVW�PDNH�VXUH�WKH\�GRQ¶W�XVH�WKH�VRXUFH�FRGH�LQ�DQ\�RI�WKHLU�RZQ�VRIWZDUH�
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3HUPLVVLRQ�QHHGV�WR�EH�REWDLQHG�EHIRUH�WKLV�VRIWZDUH�LV�FRSLHG�DQG�JLYHQ�WR�IULHQGV�
IDPLO\�RU�FROOHDJXHV�

$FWLYLW\����
$�VRIWZDUH�FRPSDQ\�RIIHUV�D�VXLWH�RI�VKDUHZDUH�SURJUDPV��FRQWDLQLQJ�D
VSUHDGVKHHW��ZRUG�SURFHVVRU��GDWDEDVH�DQG�GUDZLQJ�SDFNDJH��
:KDW�DUH�WKH�EHQHILWV�WR�
���WKH�FRPSDQ\
���WKH�FXVWRPHU
RI�RIIHULQJ�VRIWZDUH�SDFNDJHV�DV�VKDUHZDUH"

�1RWH��HWKLFDO�LVVXHV�DUH�UDLVHG�DV�HOHFWURQLF�FRPPXQLFDWLRQ�FRQWLQXHV�WR�JURZ�
(DUOLHU�LQ�WKLV�FKDSWHU��LVVXHV�VXFK�DV�KDFNLQJ��YLUXVHV�DQG�RWKHU�PDOZDUH�ZHUH
FRQVLGHUHG��$OO�RI�WKHVH�SXW�XVHUV�DW�ULVN�ZKHQ�XVLQJ�WKH�LQWHUQHW�RU�LQGHHG�DQ\
HOHFWURQLF�GHYLFH�ZKLFK�WUDQVPLWV�DQG�UHFHLYHV�GDWD�RYHU�D�OLYH�OLQN��H�J��PRELOH
SKRQHV��WDEOHWV�DQG�RWKHU�GHYLFHV��
0DQ\�XVHUV�DUH�DZDUH�WKDW�FRPSXWHUV�FDQ�XQGHUJR�KDFNLQJ�RU�YLUXV�DWWDFN��DQG�DQ\

RI�WKH�RWKHU�VHFXULW\�LVVXHV�RXWOLQHG�HDUOLHU��EXW�GRQ¶W�VHHP�WR�EH�DZDUH�WKDW�GHYLFHV
VXFK�DV�PRELOH�SKRQHV�DUH�DOVR�YXOQHUDEOH�WR�DWWDFN�E\�KDFNHUV�DQG�RWKHU�SHRSOH
LQWHQW�RQ�FDXVLQJ�KDUP�WR�XVHUV�RI�HOHFWURQLF�GHYLFHV��
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6HFWLRQ���3UDFWLFDO�SUREOHP�VROYLQJ�DQG
SURJUDPPLQJ

&KDSWHUV
��3UREOHP�VROYLQJ�DQG�GHVLJQ
���3VHXGRFRGH�DQG�IORZFKDUWV
���3URJUDPPLQJ�FRQFHSWV
���'DWD�VWUXFWXUHV��DUUD\V�DQG�XVLQJ�SUH�UHOHDVH�PDWHULDO
���'DWDEDVHV
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��3UREOHP�VROYLQJ�DQG�GHVLJQ
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���FRPSXWHU�V\VWHPV�DQG�VXE�V\VWHPV
�������WRS�GRZQ�GHVLJQ
�������VWUXFWXUH�GLDJUDPV
�������IORZFKDUWV
�������SVHXGRFRGH
�������OLEUDU\�URXWLQHV
�������VXE�URXWLQHV
���DOJRULWKPV
���VWDQGDUG�PHWKRGV�RI�VROXWLRQ
���WHVW�GDWD
���YDOLGDWLRQ�DQG�YHULILFDWLRQ
���XVLQJ�WUDFH�WDEOHV
���LGHQWLI\LQJ�DQG�FRUUHFWLQJ�HUURUV
���SURGXFLQJ�DOJRULWKPV
���WKH�HIIHFWLYHQHVV�RI�D�VROXWLRQ�

����,QWURGXFWLRQ
,Q�RUGHU�WR�EXLOG�D�FRPSXWHU�V\VWHP�WKDW�SHUIRUPV�D�VSHFLILF�WDVN�RU�VROYHV�D�JLYHQ
SUREOHP��WKH�WDVN�RU�SUREOHP�KDV�WR�EH�FOHDUO\�GHILQHG��VKRZLQJ�ZKDW�LV�JRLQJ�WR�EH
FRPSXWHG�DQG�KRZ�LW�LV�JRLQJ�WR�EH�FRPSXWHG��7KLV�FKDSWHU�LQWURGXFHV�WKH�WRROV�DQG
WHFKQLTXHV�WKDW�DUH�XVHG�WR�GHVLJQ�D�VRIWZDUH�VROXWLRQ�WKDW�WRJHWKHU�ZLWK�WKH
DVVRFLDWHG�FRPSXWHU�KDUGZDUH�ZLOO�IRUP�D�FRPSXWHU�V\VWHP�

������:KDW�LV�D�FRPSXWHU�V\VWHP"
$�&20387(5�6<67(0�LV�PDGH�XS�RI�VRIWZDUH��GDWD��KDUGZDUH��FRPPXQLFDWLRQV�DQG
SHRSOH��HDFK�FRPSXWHU�V\VWHP�FDQ�EH�GLYLGHG�XS�LQWR�D�VHW�RI�VXE�V\VWHPV��(DFK�VXE�
V\VWHP�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�VXE�V\VWHPV�DQG�VR�RQ�XQWLO�HDFK�VXE�V\VWHP�MXVW
SHUIRUPV�D�VLQJOH�DFWLRQ�
&RPSXWHU�V\VWHPV�FDQ�EH�YHU\�ODUJH�RU�YHU\�VPDOO�RU�DQ\�VL]H�LQ�EHWZHHQ��PRVW

SHRSOH�LQWHUDFW�ZLWK�PDQ\�GLIIHUHQW�FRPSXWHU�V\VWHPV�GXULQJ�WKHLU�GDLO\�OLIH�ZLWKRXW
UHDOLVLQJ�LW��)RU�H[DPSOH��ZKHQ�,�ZDNH�XS�LQ�WKH�PRUQLQJ�,�XVH�DQ�DSS�RQ�P\�VPDUW
SKRQH�IRU�P\�DODUP��,�WKHQ�FKHFN�WKH�ZHDWKHU�IRUHFDVW�RQ�P\�FRPSXWHU�EHIRUH�,�GULYH
WR�ZRUN��7KH�DODUP�SURJUDP�LV�D�YHU\�VPDOO�FRPSXWHU�V\VWHP��ZKHQ�,�FKHFN�WKH
ZHDWKHU�IRUHFDVW�,�REWDLQ�LQIRUPDWLRQ�IURP�RQH�RI�WKH�ODUJHVW�FRPSXWHU�V\VWHPV�LQ�WKH
ZRUOG�
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$FWLYLW\����
,GHQWLI\�DW�OHDVW�ILYH�FRPSXWHU�V\VWHPV�\RX�IUHTXHQWO\�XVH�LQ�\RXU�GDLO\�OLIH�
6HH�LI�\RX�FDQ�GHFLGH�WKH�VL]H�RI�HDFK�V\VWHP�

������7RROV�DQG�WHFKQLTXHV
,Q�RUGHU�WR�XQGHUVWDQG�KRZ�D�FRPSXWHU�V\VWHP�LV�EXLOW�XS�DQG�KRZ�LW�ZRUNV��LW�LV�RIWHQ
GLYLGHG�XS�LQWR�VXE�V\VWHPV��7KLV�GLYLVLRQ�FDQ�EH�VKRZQ�XVLQJ�WRS�GRZQ�GHVLJQ�WR
SURGXFH�VWUXFWXUH�GLDJUDPV�WKDW�GHPRQVWUDWH�WKH�PRGXODU�FRQVWUXFWLRQ�RI�WKH�V\VWHP�
(DFK�VXE�V\VWHP�FDQ�EH�GHYHORSHG�E\�D�SURJUDPPHU�DV�VXE�URXWLQH�RU�DQ�H[LVWLQJ
OLEUDU\�URXWLQH�PD\�EH�DOUHDG\�DYDLODEOH�IRU�XVH��+RZ�HDFK�VXE�URXWLQH�ZRUNV�FDQ�EH
VKRZQ�E\�XVLQJ�IORZFKDUWV�RU�SVHXGRFRGH�

7RS�GRZQ�GHVLJQ
723�'2:1�'(6,*1�LV�WKH�EUHDNLQJ�GRZQ�RI�D�FRPSXWHU�V\VWHP�LQWR�D�VHW�RI�VXE�
V\VWHPV��WKHQ�EUHDNLQJ�HDFK�VXE�V\VWHP�GRZQ�LQWR�D�VHW�RI�VPDOOHU�VXE�V\VWHPV��XQWLO
HDFK�VXE�V\VWHP�MXVW�SHUIRUPV�D�VLQJOH�DFWLRQ��7KLV�LV�DQ�HIIHFWLYH�ZD\�RI�GHVLJQLQJ�D
FRPSXWHU�V\VWHP�WR�SURYLGH�D�VROXWLRQ�WR�D�SUREOHP��VLQFH�HDFK�SDUW�RI�WKH�SUREOHP�LV
EURNHQ�GRZQ�LQWR�VPDOOHU�PRUH�PDQDJHDEOH�SUREOHPV��7KH�SURFHVV�RI�EUHDNLQJ�GRZQ
LQWR�VPDOOHU�VXE�V\VWHPV�LV�FDOOHG�µVWHSZLVH�UHILQHPHQW¶�
7KLV�VWUXFWXUHG�DSSURDFK�ZRUNV�IRU�WKH�GHYHORSPHQW�RI�ERWK�ODUJH�DQG�VPDOO

FRPSXWHU�V\VWHPV��:KHQ�ODUJH�FRPSXWHU�V\VWHPV�DUH�EHLQJ�GHYHORSHG�WKLV�PHDQV�WKDW
VHYHUDO�SURJUDPPHUV�FDQ�ZRUN�LQGHSHQGHQWO\�WR�GHYHORS�DQG�WHVW�GLIIHUHQW�VXE�
V\VWHPV�IRU�WKH�VDPH�V\VWHP�DW�WKH�VDPH�WLPH��7KLV�UHGXFHV�WKH�GHYHORSPHQW�DQG
WHVWLQJ�WLPH�

6WUXFWXUH�GLDJUDPV
,Q�RUGHU�WR�VKRZ�WRS�GRZQ�GHVLJQ�LQ�D�GLDJUDPPDWLF�IRUP��VWUXFWXUH�GLDJUDPV�FDQ�EH
XVHG��7KH�6758&785(�',$*5$0�VKRZV�WKH�GHVLJQ�RI�D�FRPSXWHU�V\VWHP�LQ�D
KLHUDUFKLFDO�ZD\��ZLWK�HDFK�OHYHO�JLYLQJ�D�PRUH�GHWDLOHG�EUHDNGRZQ�RI�WKH�V\VWHP
LQWR�VXE�V\VWHPV�

$ODUP�DSS�IRU�D�VPDUW�SKRQH
&RQVLGHU�WKH�DODUP�DSS�FRPSXWHU�V\VWHP�IRU�D�VPDUW�SKRQH��7KLV�FRXOG�EH�GLYLGHG
LQWR�WKUHH�VXE�V\VWHPV��VHWWLQJ�WKH�DODUP��FKHFNLQJ�IRU�WKH�DODUP�WLPH��VRXQGLQJ�WKH
DODUP��7KHVH�VXE�V\VWHPV�FRXOG�WKHQ�EH�IXUWKHU�VXE�GLYLGHG��WKH�VWUXFWXUH�GLDJUDP
PDNHV�WKH�SURFHVV�FOHDUHU�
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)LJXUH�����6WUXFWXUH�GLDJUDP�IRU�DODUP�DSS

$FWLYLW\����
%UHDN�GRZQ�WKH�µFKHFN�WLPH¶�VXE�V\VWHP�IURP�WKH�VPDUW�SKRQH�DODUP�DSS
LQWR�IXUWKHU�VXE�V\VWHPV�

$FWLYLW\����
'UDZ�D�VWUXFWXUH�GLDJUDP�IRU�FOHDQLQJ�\RXU�WHHWK�

)ORZFKDUWV
$�)/2:&+$57�VKRZV�GLDJUDPPDWLFDOO\�WKH�VWHSV�UHTXLUHG�IRU�D�WDVN��VXE�V\VWHP�
DQG�WKH�RUGHU�WKDW�WKH\�DUH�WR�EH�SHUIRUPHG��7KHVH�VWHSV�WRJHWKHU�ZLWK�WKH�RUGHU�DUH
FDOOHG�DQ�$/*25,7+0��)ORZFKDUWV�DUH�DQ�HIIHFWLYH�ZD\�WR�FRPPXQLFDWH�WKH
DOJRULWKP�WKDW�VKRZV�KRZ�D�V\VWHP�RU�VXE�V\VWHP�ZRUNV��+RZ�WR�FRQVWUXFW
IORZFKDUWV�LV�FRYHUHG�LQ�&KDSWHU����
+DYH�D�ORRN�DW�D�IORZFKDUW�IRU�WKH�FKHFNLQJ�IRU�WKH�DODUP�WLPH�VXE�V\VWHP�
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)LJXUH�����)ORZFKDUW�IRU�FKHFNLQJ�IRU�WKH�DODUP�WLPH�VXE�V\VWHP

3VHXGRFRGH
36(8'2&2'(�LV�D�VLPSOH�PHWKRG�RI�VKRZLQJ�DQ�DOJRULWKP��XVLQJ�(QJOLVK�OLNH�ZRUGV
DQG�PDWKHPDWLFDO�RSHUDWRUV�WKDW�DUH�VHW�RXW�WR�ORRN�OLNH�D�SURJUDP��+RZ�WR�ZULWH
DOJRULWKPV�LQ�SVHXGRFRGH�LV�FRYHUHG�LQ�&KDSWHU����
+DYH�D�ORRN�DW�WKH�SVHXGRFRGH�IRU�WKH�FKHFNLQJ�IRU�WKH�DODUP�WLPH�DOJRULWKP�
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)LJXUH�����3VHXGRFRGH�IRU�WKH�FKHFNLQJ�IRU�WKH�DODUP�WLPH�DOJRULWKP

/LEUDU\�URXWLQHV
$�/,%5$5<�5287,1(�LV�D�VHW�RI�SURJUDPPLQJ�LQVWUXFWLRQV�IRU�D�JLYHQ�WDVN�WKDW�LV
DOUHDG\�DYDLODEOH�IRU�XVH��,W�LV�SUH�WHVWHG�DQG�XVXDOO\�SHUIRUPV�D�WDVN�WKDW�LV
IUHTXHQWO\�UHTXLUHG��)RU�H[DPSOH��WKH�WDVN�µJHW�WLPH¶�LQ�WKH�FKHFNLQJ�IRU�WKH�DODUP�
WLPH�DOJRULWKP�ZRXOG�SUREDEO\�EH�UHDGLO\�DYDLODEOH�DV�D�OLEUDU\�URXWLQH�

6XE�URXWLQHV
$�68%�5287,1(�LV�D�VHW�RI�SURJUDPPLQJ�LQVWUXFWLRQV�IRU�D�JLYHQ�WDVN�WKDW�IRUPV�D�VXE�
V\VWHP��QRW�WKH�ZKROH�V\VWHP��6XE�URXWLQHV�ZULWWHQ�LQ�KLJK�OHYHO�SURJUDPPLQJ
ODQJXDJHV�DUH�FDOOHG�µSURFHGXUHV¶�RU�µIXQFWLRQV¶�GHSHQGLQJ�RQ�KRZ�WKH\�DUH�XVHG�
6HH�&KDSWHU����IRU�IXUWKHU�GHWDLOV�

����$OJRULWKPV
$Q�$/*25,7+0�VHWV�RXW�WKH�VWHSV�WR�FRPSOHWH�D�JLYHQ�WDVN��7KLV�LV�XVXDOO\�VKRZQ�DV
D�IORZFKDUW�RU�SVHXGRFRGH��$Q\RQH�ZKR�VWXGLHV�WKH�IORZFKDUW�RU�DOJRULWKP�VKRXOG�EH
DEOH�WR�ZRUN�RXW�WKH�SXUSRVH�RI�WKH�WDVN�

$FWLYLW\����
+DYH�D�ORRN�DW�WKH�IORZFKDUW�DQG�SVHXGRFRGH�EHORZ��:KDW�LV�WKH�SXUSRVH
RI�WKH�DOJRULWKP�WKDW�WKH\�ERWK�UHSUHVHQW"
:KDW�ZRXOG�EH�RXWSXW�LI�WKH�QXPEHUV���DQG����ZHUH�LQSXW"
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)LJXUH�����)ORZFKDUW

)LJXUH�����3VHXGRFRGH

)RU�PRUH�FRPSOLFDWHG�WDVNV�MXVW�LQVSHFWLQJ�WKH�IORZFKDUW�RU�SVHXGRFRGH�PD\�QRW�EH
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DQ�DFFXUDWH�ZD\�RI�GHWHUPLQLQJ�LWV�SXUSRVH��D�PRUH�VWUXFWXUHG�WKRURXJK�DSSURDFK�LV
UHTXLUHG��7KLV�ZLOO�UHTXLUH�WKH�XVH�RI�WHVW�GDWD�DQG�WUDFH�WDEOHV�
6RPH�WDVNV�DUH�UHTXLUHG�IUHTXHQWO\�DQG�WKHUH�DUH�VWDQGDUG�PHWKRGV�RI�FRPSOHWLQJ

WKHP��IRU�H[DPSOH��WDNLQJ�WKH�VTXDUH�URRW�RI�D�QXPEHU�RU�VRUWLQJ�D�OLVW�RI�QDPHV�LQWR
DOSKDEHWLFDO�RUGHU��7KHVH�VWDQGDUG�VROXWLRQV�FDQ�EH�SURYLGHG�E\�D�KLJK�OHYHO
SURJUDPPLQJ�ODQJXDJH�DV�D�VWDQGDUG�IXQFWLRQ�RU�SURFHGXUH��IRU�H[DPSOH�
PDWKHPDWLFDO�IXQFWLRQV�VXFK�DV�PD[�RU�PLQ��/LEUDU\�URXWLQHV�DUH�DOVR�DYDLODEOH�IRU
VWDQGDUG�PHWKRGV�VXFK�DV�VRUWLQJ�RU�VHDUFKLQJ�

����7HVW�GDWD
,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�D�VROXWLRQ�LV�ZRUNLQJ�DV�LW�VKRXOG��LW�QHHGV�WR�EH�WHVWHG�
8VXDOO\�EHIRUH�D�ZKROH�V\VWHP�LV�WHVWHG�HDFK�VXE�V\VWHP�LV�WHVWHG�VHSDUDWHO\�
$OJRULWKPV�FDQ�EH�WHVWHG�E\�D�SHUVRQ�ZRUNLQJ�WKURXJK�WKHP�XVLQJ�DQ\�GDWD�WKDW�LV

UHTXLUHG�DQG�VHHLQJ�ZKDW�WKH�UHVXOW�LV��FRPSXWHU�SURJUDPV�FDQ�EH�WHVWHG�E\�UXQQLQJ
WKHP�RQ�D�FRPSXWHU�XVLQJ�DQ\�GDWD�WKDW�LV�UHTXLUHG�DQG�VHHLQJ�ZKDW�UHVXOW�LV�RXWSXW��,Q
RUGHU�WR�WHVW�D�VROXWLRQ�WKRURXJKO\�LW�PD\�QHHG�WR�EH�ZRUNHG�WKURXJK�VHYHUDO�WLPHV
ZLWK�GLIIHUHQW�VHWV�RI�WHVW�GDWD�
$�6(7�2)�7(67�'$7$�LV�DOO�WKH�LWHPV�RI�GDWD�UHTXLUHG�WR�ZRUN�WKURXJK�D�VROXWLRQ�

7KH�VHW�RI�WHVW�GDWD�XVHG�LQ�WKH�DFWLYLW\�DERYH�ZDV���DQG����
7HVWLQJ�QHHGV�WR�EH�GRQH�WR�SURYH�WKDW�WKH�VROXWLRQ�ZRUNV�FRUUHFWO\��,Q�RUGHU�WR�GR

WKLV�D�VHW�RI�WHVW�GDWD�VKRXOG�EH�XVHG�WRJHWKHU�ZLWK�WKH�UHVXOW�V��WKDW�DUH�H[SHFWHG�IURP
WKDW�GDWD��7KH�W\SH�RI�WHVW�GDWD�XVHG�WR�GR�WKLV�LV�FDOOHG�1250$/�'$7$��WKLV�VKRXOG�EH
XVHG�WR�ZRUN�WKURXJK�WKH�VROXWLRQ�WR�ILQG�WKH�DFWXDO�UHVXOW�V��DQG�VHH�LI�WKHVH�DUH�WKH
VDPH�DV�WKH�H[SHFWHG�UHVXOW�V��
)RU�H[DPSOH��KHUH�LV�D�VHW�RI�QRUPDO�WHVW�GDWD�IRU�DQ�DOJRULWKP�WR�UHFRUG�WKH

SHUFHQWDJH�PDUNV�IURP����HQG�RI�WHUP�H[DPLQDWLRQV�IRU�D�VWXGHQW�DQG�ILQG�WKHLU
DYHUDJH�PDUN�
1RUPDO�WHVW�GDWD���������������������������������������
([SHFWHG�UHVXOW����

$FWLYLW\����
3URYLGH�DQRWKHU�VHW�RI�WHVW�GDWD�DQG�LWV�H[SHFWHG�UHVXOW�

7HVWLQJ�DOVR�QHHGV�WR�EH�GRQH�WR�SURYH�WKDW�WKH�VROXWLRQ�GRHV�QRW�JLYH�LQFRUUHFW
UHVXOWV��,Q�RUGHU�WR�GR�WKLV��WHVW�GDWD�VKRXOG�EH�XVHG�WKDW�ZLOO�EH�UHMHFWHG�DV�WKH�YDOXHV
DUH�QRW�VXLWDEOH��7KLV�W\SH�RI�WHVW�GDWD�LV�FDOOHG�(5521(286�RU�$%1250$/�7(67
'$7$��LW�VKRXOG�EH�UHMHFWHG�E\�WKH�VROXWLRQ�
)RU�H[DPSOH�HUURQHRXV�DEQRUPDO�GDWD�IRU�DQ�DOJRULWKP�WR�UHFRUG�WKH�SHUFHQWDJH

PDUNV�IURP����HQG�RI�WHUP�H[DPLQDWLRQV�IRU�D�VWXGHQW�DQG�ILQG�WKHLU�DYHUDJH�PDUN
FRXOG�EH�
(UURQHRXV�DEQRUPDO�GDWD��±����HOHYHQ
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([SHFWHG�UHVXOWV��WKHVH�YDOXHV�VKRXOG�EH�UHMHFWHG

$FWLYLW\����
3URYLGH�VRPH�PRUH�HUURQHRXV�DEQRUPDO�GDWD�IRU�WKLV�DOJRULWKP�DQG�LWV
H[SHFWHG�UHVXOWV�

:KHQ�WHVWLQJ�DOJRULWKPV�ZLWK�QXPHULFDO�YDOXHV��VRPHWLPHV�RQO\�D�JLYHQ�UDQJH�RI
YDOXHV�VKRXOG�EH�DOORZHG��)RU�H[DPSOH��SHUFHQWDJH�PDUNV�VKRXOG�RQO\�EH�LQ�WKH�UDQJH
��WR������7KH�DOJRULWKP�VKRXOG�EH�WHVWHG�ZLWK�(;75(0(�'$7$��ZKLFK��LQ�WKLV�FDVH�
DUH�WKH�ODUJHVW�DQG�VPDOOHVW�PDUNV�WKDW�VKRXOG�EH�DFFHSWHG��([WUHPH�GDWD�DUH�WKH
ODUJHVW�DQG�VPDOOHVW�YDOXHV�WKDW�QRUPDO�GDWD�FDQ�WDNH�
([WUHPH�GDWD��������
([SHFWHG�UHVXOWV��WKHVH�YDOXHV�VKRXOG�EH�DFFHSWHG

7KHUH�LV�DQRWKHU�W\SH�RI�WHVW�GDWD�FDOOHG�%281'$5<�'$7$��WKLV�LV�XVHG�WR�HVWDEOLVK
ZKHUH�WKH�ODUJHVW�DQG�VPDOOHVW�YDOXHV�RFFXU��)RU�H[DPSOH��IRU�SHUFHQWDJH�PDUNV�LQ
WKH�UDQJH���WR������WKH�DOJRULWKP�VKRXOG�EH�WHVWHG�ZLWK�WKH�IROORZLQJ�ERXQGDU\�GDWD�
DW�HDFK�ERXQGDU\�WZR�YDOXHV�DUH�UHTXLUHG��RQH�YDOXH�LV�DFFHSWHG�DQG�WKH�RWKHU�YDOXH
LV�UHMHFWHG�
%RXQGDU\�GDWD�IRU���LV�±����
([SHFWHG�UHVXOWV��±��LV�UHMHFWHG����LV�DFFHSWHG

$FWLYLW\����
3URYLGH�ERXQGDU\�GDWD�IRU�WKH�XSSHU�HQG�RI�WKH�UDQJH��DVVXPH�WKDW�WKH
SHUFHQWDJH�PDUNV�DUH�DOZD\V�ZKROH�QXPEHUV�

$FWLYLW\����
7KH�HQG�RI�WHUP�H[DPLQDWLRQV�DUH�QRZ�PDUNHG�RXW�RI�����3URYLGH�WKH
IROORZLQJ�
D�WZR�VHWV�RI�QRUPDO�GDWD�DQG�WKHLU�H[SHFWHG�UHVXOWV
E�VRPH�HUURQHRXV�DEQRUPDO�GDWD�DQG�WKHLU�H[SHFWHG�UHVXOWV
F�WZR�VHWV�RI�ERXQGDU\�GDWD�DQG�WKHLU�H[SHFWHG�UHVXOWV�

����9DOLGDWLRQ�DQG�YHULILFDWLRQ
,Q�RUGHU�IRU�FRPSXWHU�V\VWHPV�WR�RQO\�DFFHSW�GDWD�LQSXWV�WKDW�DUH�UHDVRQDEOH�DQG
DFFXUDWH��HYHU\�LWHP�RI�GDWD�QHHGV�WR�EH�H[DPLQHG�EHIRUH�LW�LV�DFFHSWHG�E\�WKH�V\VWHP�
7ZR�GLIIHUHQW�PHWKRGV��ZLWK�YHU\�VLPLODU�VRXQGLQJ�QDPHV��DUH�XVHG��)RU�GDWD�HQWU\�
9$/,'$7,21�LV�SHUIRUPHG�DXWRPDWLFDOO\�E\�WKH�FRPSXWHU�V\VWHP�WR�HQVXUH�WKDW�RQO\

180



GDWD�LV�WKDW�LV�UHDVRQDEOH�LV�DFFHSWHG�DQG�9(5,),&$7,21�LV�XVHG�WR�FKHFN�WKDW�WKH�GDWD
GRHV�QRW�FKDQJH�DV�LW�LV�EHLQJ�HQWHUHG�

������9DOLGDWLRQ
9DOLGDWLRQ�LV�WKH�DXWRPDWHG�FKHFNLQJ�E\�D�SURJUDP�WKDW�GDWD�LV�UHDVRQDEOH�EHIRUH�LW�LV
DFFHSWHG�LQWR�D�FRPSXWHU�V\VWHP��'LIIHUHQW�W\SHV�RI�FKHFN�PD\�EH�XVHG�RQ�WKH�VDPH
SLHFH�RI�GDWD��IRU�H[DPSOH�DQ�H[DPLQDWLRQ�PDUN�FRXOG�EH�FKHFNHG�IRU�UHDVRQDEOHQHVV
E\�XVLQJ�D�UDQJH�FKHFN��D�W\SH�FKHFN�DQG�D�SUHVHQFH�FKHFN��:KHQ�GDWD�LV�YDOLGDWHG�E\
D�FRPSXWHU�V\VWHP��LI�WKH�GDWD�LV�UHMHFWHG�D�PHVVDJH�VKRXOG�EH�RXWSXW�H[SODLQLQJ�ZK\
WKH�GDWD�ZDV�UHMHFWHG�DQG�DQRWKHU�RSSRUWXQLW\�JLYHQ�WR�HQWHU�WKH�GDWD�

)LJXUH�����'DWD�HQWU\�HUURU�PHVVDJH

7KHUH�DUH�PDQ\�GLIIHUHQW�W\SHV�RI�YDOLGDWLRQ�FKHFNV�LQFOXGLQJ�
���UDQJH�FKHFNV
���OHQJWK�FKHFNV
���W\SH�FKHFNV
���FKDUDFWHU�FKHFNV
���IRUPDW�FKHFNV
���SUHVHQFH�FKHFNV
���FKHFN�GLJLWV�
$�5$1*(�&+(&.�FKHFNV�WKDW�RQO\�QXPEHUV�ZLWKLQ�D�VSHFLILHG�UDQJH�DUH�DFFHSWHG��)RU
H[DPSOH�SHUFHQWDJH�PDUNV�EHWZHHQ���DQG�����LQFOXVLYH�
$�/(1*7+�&+(&.�FKHFNV�HLWKHU�

181



���WKDW�GDWD�FRQWDLQV�DQ�H[DFW�QXPEHU�RI�FKDUDFWHUV��IRU�H[DPSOH�WKDW�D�SDVVZRUG�PXVW
EH�H[DFWO\�HLJKW�FKDUDFWHUV�LQ�OHQJWK�VR�WKDW�SDVVZRUGV�ZLWK�VHYHQ�RU�IHZHU
FKDUDFWHUV�RU�QLQH�RU�PRUH�FKDUDFWHUV�ZRXOG�EH�UHMHFWHG

RU
���WKDW�WKH�GDWD�HQWHUHG�LV�D�UHDVRQDEOH�QXPEHU�RI�FKDUDFWHUV��IRU�H[DPSOH�D�IDPLO\
QDPH�FRXOG�EH�EHWZHHQ�WZR�DQG����FKDUDFWHUV�LQFOXVLYH�VR�WKDW�QDPHV�ZLWK�RQH
FKDUDFWHU�RU����RU�PRUH�FKDUDFWHUV�ZRXOG�EH�UHMHFWHG�

$�7<3(�&+(&.�FKHFNV�WKDW�WKH�GDWD�HQWHUHG�LV�RI�D�JLYHQ�GDWD�W\SH��IRU�H[DPSOH
QXPEHU�RI�EURWKHUV�RU�VLVWHUV�ZRXOG�EH�DQ�LQWHJHU��ZKROH�QXPEHU��
$�&+$5$&7(5�&+(&.�FKHFNV�WKDW�ZKHQ�D�VWULQJ�RI�FKDUDFWHUV�LV�HQWHUHG�LW�GRHV�QRW

FRQWDLQ�DQ\�LQYDOLG�FKDUDFWHUV�RU�V\PEROV��IRU�H[DPSOH�D�QDPH�ZRXOG�QRW�FRQWDLQ
FKDUDFWHUV�VXFK�DV����DQG�D�WHOHSKRQH�QXPEHU�ZRXOG�RQO\�FRQWDLQ�GLJLWV�RU�������DQG
��
$�)250$7�&+(&.�FKHFNV�WKDW�WKH�FKDUDFWHUV�HQWHUHG�FRQIRUP�WR�D�SUH�GHILQHG

SDWWHUQ��IRU�H[DPSOH�LQ�)LJXUH�����WKH�FXE�QXPEHU�PXVW�EH�LQ�WKH�IRUP�&8%�����
$�35(6(1&(�&+(&.�FKHFNV�WR�HQVXUH�WKDW�VRPH�GDWD�KDV�EHHQ�HQWHUHG�DQG�WKH

YDOXH�KDV�QRW�EHHQ�OHIW�EODQN��IRU�H[DPSOH�DQ�HPDLO�DGGUHVV�PXVW�EH�JLYHQ�IRU�DQ
RQOLQH�WUDQVDFWLRQ�
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)LJXUH�����3UHVHQFH�FKHFN�HUURU�PHVVDJH

$�&+(&.�',*,7�LV�WKH�ILQDO�GLJLW�LQFOXGHG�LQ�D�FRGH��LW�LV�FDOFXODWHG�IURP�DOO�WKH�RWKHU
GLJLWV�LQ�WKH�FRGH��&KHFN�GLJLWV�DUH�XVHG�IRU�EDUFRGHV��SURGXFW�FRGHV��,QWHUQDWLRQDO
6WDQGDUG�%RRN�1XPEHUV��,6%1��DQG�9HKLFOH�,GHQWLILFDWLRQ�1XPEHUV��9,1��
&KHFN�GLJLWV�DUH�XVHG�WR�LGHQWLI\�HUURUV�LQ�GDWD�HQWU\�FDXVHG�E\�PLV�W\SLQJ�RU�PLV�

VFDQQLQJ�D�EDUFRGH��7KH\�FDQ�XVXDOO\�GHWHFW�WKH�IROORZLQJ�W\SHV�RI�HUURU�
���DQ�LQFRUUHFW�GLJLW�HQWHUHG��IRU�H[DPSOH������HQWHUHG�LQVWHDG�RI�����
���WUDQVSRVLWLRQ�HUURUV�ZKHUH�WZR�QXPEHUV�KDYH�FKDQJHG�RUGHU��IRU�H[DPSOH�����
LQVWHDG�RI�����

���RPLWWHG�RU�H[WUD�GLJLWV��IRU�H[DPSOH�����LQVWHDG�RI������RU�������LQVWHDG�RI�����
���SKRQHWLF�HUURUV��IRU�H[DPSOH�����WKLUWHHQ��LQVWHDG�RI�����WKLUW\�
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)LJXUH�����,6%1����FRGH�ZLWK�FKHFN�GLJLW

$Q�H[DPSOH�RI�D�FKHFN�GLJLW�FDOFXODWLRQ�LV�,6%1�����ZKHUH�WKH���WK�GLJLW�RI�WKH�,6%1
FRGH�LV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�DOJRULWKP�
��$GG�DOO�WKH�RGG�QXPEHUHG�GLJLWV�WRJHWKHU��H[FOXGLQJ�WKH�FKHFN�GLJLW�
��$GG�DOO�WKH�HYHQ�QXPEHUHG�GLJLWV�WRJHWKHU�DQG�PXOWLSO\�WKH�UHVXOW�E\���
��$GG�WKH�UHVXOWV�IURP���DQG���WRJHWKHU�DQG�GLYLGH�E\����
��7DNH�WKH�UHPDLQGHU��LI�LW�LV�]HUR�XVH�WKLV�YDOXH��RWKHUZLVH�VXEWUDFW�WKH�UHPDLQGHU
IURP����WR�ILQG�WKH�FKHFN�GLJLW�

)LJXUH�����,6%1

8VLQJ�WKH�,6%1�DERYH�������������������������ZLWKRXW�LWV�FKHFN�GLJLW�
������������������������ ���
��������������������������� ���
��������������� ����UHPDLQGHU��
�����±��� ���WKH�FKHFN�GLJLW�
7R�FKHFN�WKDW�DQ�,6%1����GLJLW�FRGH�LV�FRUUHFW�D�VLPLODU�SURFHVV�LV�IROORZHG�
��$GG�DOO�WKH�RGG�QXPEHUHG�GLJLWV�WRJHWKHU��LQFOXGLQJ�WKH�FKHFN�GLJLW�
��$GG�DOO�WKH�HYHQ�QXPEHU�RI�GLJLWV�WRJHWKHU�DQG�PXOWLSO\�WKH�UHVXOW�E\���
��$GG�WKH�UHVXOWV�IURP���DQG���WRJHWKHU�DQG�GLYLGH�E\����
��7KH�QXPEHU�LV�FRUUHFW�LI�WKH�UHPDLQGHU�LV�]HUR�
8VLQJ�WKH�,6%1�DERYH���������������������������ZLWK�LWV�FKHFN�GLJLW�
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���������������������������� ���
��������������������������� ���
��������������� ����UHPDLQGHU��
��5HPDLQGHU�LV���WKHUHIRUH�QXPEHU�LV�FRUUHFW�

$FWLYLW\����
D�)LQG�WKH�FKHFN�GLJLW�IRU�WKH�,6%1��������������
E�$UH�WKHVH�,6%1V�FRUUHFW"
�����L��������������
����LL��������������

$FWLYLW\�����
���)LQG�DQ�,6%1��WKHQ�VKRZ�WKDW�LWV�FKHFN�GLJLW�LV�FRUUHFW�
���:RUNLQJ�LQ�SDLUV�ILQG�WZR�,6%1V�HDFK��FRS\�RQH�GRZQ�ZLWK�D�WUDQVSRVLWLRQ
HUURU�DQG�WKH�RWKHU�RQH�FRUUHFWO\��6ZDS�\RXU�,6%1V�DQG�VHH�LI�\RX�FDQ
ILQG�WKH�RQH�ZLWK�WKH�HUURU�

���/RRN�DW�D�FRUUHFW�,6%1��FDQ�\RX�WKLQN�RI�DQ�HUURU�WKDW�WKLV�V\VWHP�ZLOO�QRW
LGHQWLI\�DQG�H[SODLQ�ZLWK�DQ�H[DPSOH�ZK\�WKLV�LV�WKH�FDVH"

$FWLYLW\�����
)LQG�RXW�DERXW�WKH�PRGXOR����FKHFN�GLJLW�FDOFXODWLRQ�DQG�KRZ�LW�LV�XVHG�IRU
9,1V�

$FWLYLW\�����
)LQG�RXW�KRZ�OLPLW�FKHFNV�DQG�FRQVLVWHQF\�FKHFNV�DUH�XVHG�

$FWLYLW\�����
:KLFK�YDOLGDWLRQ�FKHFNV�FRXOG�\RX�XVH�IRU�WKH�IROORZLQJ"�<RX�PD\�GHFLGH
WKDW�PRUH�WKDQ�RQH�YDOLGDWLRQ�FKHFN�LV�UHTXLUHG�
D�(QWHULQJ�D�WHOHSKRQH�QXPEHU�
E�(QWHULQJ�D�VWXGHQW¶V�QDPH�
F�(QWHULQJ�D�SDUW�QXPEHU�LQ�WKH�IRUP�;;;�����ZKHUH�;�PXVW�EH�D�OHWWHU�DQG
��PXVW�EH�D�GLJLW�

������9HULILFDWLRQ
9HULILFDWLRQ�LV�FKHFNLQJ�WKDW�GDWD�KDV�EHHQ�DFFXUDWHO\�FRSLHG�RQWR�WKH�FRPSXWHU�RU
WUDQVIHUUHG�IURP�RQH�SDUW�RI�D�FRPSXWHU�V\VWHP�WR�DQRWKHU�
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9HULILFDWLRQ�PHWKRGV�LQFOXGH�
���GRXEOH�HQWU\
���VFUHHQ�YLVXDO�FKHFN
���SDULW\�FKHFN
���FKHFNVXP�
)RU�'28%/(�(175<�WKH�GDWD�LV�HQWHUHG�WZLFH��VRPHWLPHV�E\�GLIIHUHQW�RSHUDWRUV��WKH
FRPSXWHU�V\VWHP�FRPSDUHV�ERWK�HQWULHV�DQG�RXWSXWV�DQ�HUURU�PHVVDJH�UHTXHVWLQJ�WKDW
WKH�GDWD�LV�HQWHUHG�DJDLQ�LI�WKH\�DUH�GLIIHUHQW�

)LJXUH������'RXEOH�HQWU\

$�6&5((1�9,68$/�&+(&.�LV�D�PDQXDO�FKHFN�FRPSOHWHG�E\�WKH�XVHU�ZKR�LV�HQWHULQJ
WKH�GDWD��:KHQ�WKH�GDWD�HQWU\�LV�FRPSOHWH�WKH�GDWD�LV�GLVSOD\HG�RQ�WKH�VFUHHQ�DQG�WKH
XVHU�LV�DVNHG�WR�FRQILUP�WKDW�LW�LV�FRUUHFW�EHIRUH�FRQWLQXLQJ��7KH�XVHU�HLWKHU�FKHFNV�WKH
GDWD�RQ�WKH�VFUHHQ�DJDLQVW�D�SDSHU�GRFXPHQW�WKDW�LV�EHLQJ�XVHG�DV�DQ�LQSXW�IRUP�RU
FRQILUPV�IURP�WKHLU�RZQ�NQRZOHGJH�LI�WKH�GDWD�LV�DERXW�WKHP�
3DULW\�FKHFNV�DQG�FKHFNVXPV�DUH�GLVFXVVHG�LQ�6HFWLRQV�������DQG�������

����8VLQJ�WUDFH�WDEOHV
$�WKRURXJK��VWUXFWXUHG�DSSURDFK�LV�UHTXLUHG�WR�ILQG�RXW�WKH�SXUSRVH�RI�DQ�DOJRULWKP�
ZKLFK�LQYROYHV�UHFRUGLQJ�DQG�VWXG\LQJ�WKH�UHVXOWV�IURP�HDFK�VWHS�LQ�WKH�DOJRULWKP�
7KLV�ZLOO�UHTXLUH�WKH�XVH�RI�WHVW�GDWD�DQG�WUDFH�WDEOHV�
&RQVLGHU�WKH�DOJRULWKP�UHSUHVHQWHG�E\�WKH�IROORZLQJ�IORZFKDUW�
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)LJXUH������)ORZFKDUW�WR�WUDFH

$�75$&(�7$%/(�FDQ�EH�XVHG�WR�UHFRUG�WKH�UHVXOWV�IURP�HDFK�VWHS�LQ�DQ�DOJRULWKP��LW�LV
XVHG�WR�UHFRUG�WKH�YDOXH�RI�DQ�LWHP��YDULDEOH��HDFK�WLPH�WKDW�LW�FKDQJHV��7KLV�PDQXDO
H[HUFLVH�LV�FDOOHG�D�'5<�581��$�WUDFH�WDEOH�LV�VHW�XS�ZLWK�D�FROXPQ�IRU�HDFK�YDULDEOH
DQG�D�FROXPQ�IRU�DQ\�RXWSXW��)RU�H[DPSOH�
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7DEOH�����7UDFH�WDEOH

7HVW�GDWD�LV�WKHQ�XVHG�WR�GU\�UXQ�WKH�IORZFKDUW�DQG�UHFRUG�WKH�UHVXOWV�RQ�WKH�WUDFH
WDEOH�
7HVW�GDWD��������������������������������

7DEOH�����&RPSOHWHG�WUDFH�WDEOH�IRU�IORZFKDUW

,W�FDQ�EH�VHHQ�IURP�WKH�RXWSXW�WKDW�WKH�DOJRULWKP�VHOHFWV�WKH�ODUJHVW�DQG�WKH�VPDOOHVW
QXPEHUV�IURP�D�OLVW�RI����SRVLWLYH�QXPEHUV��7KH�VDPH�WUDFH�WDEOH�FRXOG�KDYH�EHHQ
XVHG�LI�WKH�DOJRULWKP�KDG�EHHQ�VKRZQ�XVLQJ�SVHXGRFRGH�
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)LJXUH������3VHXGRFRGH�IRU�WKH�VDPH�DOJRULWKP�WR�WUDFH

$FWLYLW\�����
8VH�WKH�WUDFH�WDEOH�EHORZ�DQG�WKH�WHVW�GDWD���������������������������������
WR�UHFRUG�D�GU\�UXQ�RI�WKH�SVHXGRFRGH�

7DEOH�����7UDFH�WDEOH�WR�FRPSOHWH�IRU�WKH�SVHXGRFRGH
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����,GHQWLI\LQJ�DQG�FRUUHFWLQJ�HUURUV

$FWLYLW\�����
8VH�D�WUDFH�WDEOH�DQG�WKH�WHVW�GDWD�����������������������������������
��������������WR�UHFRUG�DQRWKHU�GU\�UXQ�RI�WKH�SVHXGRFRGH�RU�IORZFKDUW�

<RXU�FRPSOHWHG�WUDFH�WDEOH�VKRXOG�ORRN�OLNH�WKLV�

7DEOH�����&RPSOHWHG�WUDFH�WDEOH
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7KHUH�LV�DQ�HUURU�DV�WKH�VPDOOHVW�QXPEHU�KDV�QRW�EHHQ�LGHQWLILHG�

$FWLYLW\�����
8VH�D�WUDFH�WDEOH�DQG�VRPH�QHJDWLYH�WHVW�GDWD�WR�UHFRUG�DQRWKHU�GU\�UXQ�RI
WKH�SVHXGRFRGH�RU�IORZFKDUW��:KDW�HUURU�KDYH�\RX�IRXQG"

7KH�DOJRULWKP�RQO\�ZRUNV�IRU�QXPEHUV�EHWZHHQ���DQG������D�EHWWHU�DOJRULWKP�FRXOG
ORRN�OLNH�WKLV�
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)LJXUH������$�EHWWHU�DOJRULWKP

7KLV�DOJRULWKP�LV�YHU\�VLPLODU�DQG�ZRUNV�IRU�D�PXFK�ODUJHU�UDQJH�RI�QXPEHUV�EXW�LW
VWLOO�GRHV�QRW�ZRUN�IRU�HYHU\�VHW�RI�QXPEHUV��,Q�RUGHU�WR�GR�WKLV�WKH�DOJRULWKP�QHHGV�WR
EH�UHZULWWHQ�WR�DOORZ�WKH�ODUJHVW�DQG�VPDOOHVW�QXPEHUV�WR�EH�WHVWHG�DJDLQVW�QXPEHUV
WKDW�DSSHDU�LQ�WKH�OLVW��)LJXUH������VKRZV�WKLV�
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)LJXUH������$�PXFK�EHWWHU�DOJRULWKP

$FWLYLW\�����
&KDQJH�WKH�SVHXGRFRGH�VR�LW�ZRUNV�IRU�HYHU\�VHW�RI�QXPEHUV�OLNH�WKH
IORZFKDUW�DERYH�

����3URGXFLQJ�DOJRULWKPV

������6WDJHV�LQ�SURGXFLQJ�DQ�DOJRULWKP
��0DNH�VXUH�WKDW�WKH�SUREOHP�LV�FOHDUO\�VSHFLILHG�
��%UHDN�WKH�SUREOHP�GRZQ�LQWR�VXE�SUREOHPV��LI�LW�LV�FRPSOH[��\RX�PD\�ZDQW�WR
FRQVLGHU�ZULWLQJ�DQ�DOJRULWKP�IRU�HDFK�VXE�SUREOHP��0RVW�SUREOHPV��HYHQ�WKH
VLPSOHVW�RQHV�FDQ�EH�GLYLGHG�LQWR�

�������VHW�XS
�������LQSXW
�������SURFHVVLQJ
�������RXWSXW�RI�UHVXOWV�
��'HFLGH�RQ�KRZ�DQ\�GDWD�LV�WR�EH�REWDLQHG�DQG�VWRUHG��ZKDW�LV�JRLQJ�WR�KDSSHQ�WR�WKH
GDWD�DQG�KRZ�DQ\�UHVXOWV�DUH�JRLQJ�WR�EH�GLVSOD\HG�

��'HFLGH�RQ�KRZ�\RX�DUH�JRLQJ�WR�FRQVWUXFW�\RXU�DOJRULWKP��XVLQJ�D�IORZFKDUW�RU
SVHXGRFRGH�

��&RQVWUXFW�\RXU�DOJRULWKP��PDNLQJ�VXUH�WKDW�LW�FDQ�EH�HDVLO\�UHDG�DQG�XQGHUVWRRG�E\
VRPHRQH�HOVH��7KLV�LQYROYHV�VHWWLQJ�LW�RXW�FOHDUO\�DQG�XVLQJ�PHDQLQJIXO�QDPHV�IRU
DQ\�GDWD�VWRUHV��7KH�DOJRULWKPV�WKDW�\RX�KDYH�ORRNHG�DW�VR�IDU�LQ�WKLV�FKDSWHU�ZHUH
QRW�GHVLJQHG�ZLWK�UHDGDELOLW\�LQ�PLQG�EHFDXVH�\RX�QHHGHG�WR�ZRUN�RXW�ZKDW�WKH
SUREOHP�EHLQJ�VROYHG�ZDV�

��8VH�VHYHUDO�VHWV�RI�WHVW�GDWD��QRUPDO��DEQRUPDO�DQG�ERXQGDU\��DQG�WUDFH�WDEOHV�WR
ILQG�DQ\�HUURUV�

��,I�DQ\�HUURUV�DUH�IRXQG��UHSHDW�WKH�SURFHVV�XQWLO�\RX�WKLQN�WKDW�\RXU�DOJRULWKP�ZRUNV
SHUIHFWO\�

+DYH�D�ORRN�DW�D�PRUH�UHDGDEOH�IORZFKDUW�VKRZLQJ�WKH�DOJRULWKP�WR�VHOHFW�WKH�ODUJHVW
DQG�VPDOOHVW�QXPEHUV�IURP�D�OLVW�RI����QXPEHUV�
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)LJXUH������$�UHDGDEOH�DOJRULWKP

0RUH�SUDFWLFH�RQ�SURGXFLQJ�DOJRULWKPV�LV�JLYHQ�LQ�&KDSWHU����

������7KH�HIIHFWLYHQHVV�RI�D�VROXWLRQ
7KHUH�DUH�PDQ\�GLIIHUHQW�VROXWLRQV�WR�WKH�VDPH�SUREOHP��,Q�RUGHU�WR�FRQVLGHU�WKH
HIIHFWLYHQHVV�RI�D�JLYHQ�VROXWLRQ�DVN�WKH�IROORZLQJ�TXHVWLRQV�
��'RHV�WKH�VROXWLRQ�ZRUN�IRU�DOO�VHWV�RI�GDWD"
��'RHV�WKH�VROXWLRQ�KDYH�DQ\�XQQHFHVVDU\�SURFHVVHV�WKDW�DUH�QHYHU�XVHG"
��$UH�DQ\�DFWLRQV�UHSHDWHG�PRUH�RIWHQ�WKDQ�QHFHVVDU\"
��&DQ�WKH�VROXWLRQ�EH�VLPSOLILHG�DQG�VWLOO�ZRUN�DV�ZHOO"

$FWLYLW\�����
&RQVLGHU�WKH�IROORZLQJ�DOJRULWKP�ZULWWHQ�LQ�SVHXGRFRGH�WR�FKHFN�LI�D�FKLOG�LV
ROG�HQRXJK�RU�WDOO�HQRXJK�WR�JR�RQ�D�WKHPH�SDUN�ULGH��&RPPHQW�RQ�LWV
HIIHFWLYHQHVV�

)LJXUH������3VHXGRFRGH�WR�FKHFN�WKH�KHLJKW�DQG�DJH�RI�D�FKLOG
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(QG�RI�FKDSWHU�TXHVWLRQV
��1DPH�DQG�GHVFULEH�WKH�FRPSRQHQWV�RI�D�FRPSXWHU�V\VWHP�
��$�FRPSXWHU�V\VWHP�LV�WR�EH�GHYHORSHG�WR�SURYLGH�D�PRGXOR����FKHFN�GLJLW�IRU
QXPEHUV�IURP�IRXU�WR����GLJLWV�LQ�OHQJWK��3URYLGH�D�VWUXFWXUH�GLDJUDP�IRU�WKLV
FRPSXWHU�V\VWHP�

��$�SKRQH�DSS�LV�EHLQJ�GHYHORSHG�WR�VSOLW�WKH�FRVW�RI�D�UHVWDXUDQW�ELOO�EHWZHHQ�D
JLYHQ�QXPEHU�RI�SHRSOH��,W�LV�EHLQJ�GHVLJQHG�WR�ZRUN�IRU�XS�WR����GLQHUV�DQG�IRU
ELOOV�IURP�����WR������

����D�:KDW�YDOLGDWLRQ�FKHFNV�VKRXOG�EH�XVHG�IRU�WKH�QXPEHU�RI�GLQHUV�DQG�WKH�VL]H�RI
WKH�ELOO"

����E�3URYLGH�WZR�VHWV�RI�QRUPDO�GDWD�DQG�WKHLU�H[SHFWHG�UHVXOWV�
����F�3URYLGH�VRPH�DEQRUPDO�HUURQHRXV�GDWD�
����G�,GHQWLI\�WKH�ERXQGDU\�GDWD�UHTXLUHG�DQG�WKH�H[SHFWHG�UHVXOWV�
��([SODLQ�ZKDW�LV�PHDQW�E\�YDOLGDWLRQ�DQG�YHULILFDWLRQ�
��7KH�IROORZLQJ�GDWD�LV�WR�EH�HQWHUHG�RQWR�DQ�RQOLQH�IRUP�
�������QDPH
�������GDWH�RI�ELUWK
�������SDVVZRUG
�������SKRQH�QXPEHU�
����)RU�HDFK�LWHP�VWDWH��ZLWK�UHDVRQV��WKH�YDOLGDWLRQ�DQG�YHULILFDWLRQ�FKHFNV�WKDW
VKRXOG�EH�XVHG�

��8VLQJ�,6%1����
����D�)LQG�WKH�FKHFN�GLJLW�IRU�,6%1�������������
����E�$UH�WKHVH�,6%1V�FRUUHFW"
��������������������
��������������������
��7KH�IROORZLQJ�DOJRULWKP�VKRZQ�DV�D�IORZFKDUW�FKHFNV�WKH�VL]HV�RI�D�FRQVLJQPHQW�RI
���SDUFHOV��7KH�GLPHQVLRQV�RI�HDFK�SDUFHO�DUH�LQSXW�LQ�FHQWLPHWUHV�
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)LJXUH������)ORZFKDUW

����D�8VH�WKLV�GDWD�DQG�WKH�WUDFH�WDEOH�WR�GU\�UXQ�WKH�DOJRULWKP�
������������������������������������������������������������������������������������

7DEOH�����7UDFH�WDEOH�WR�FRPSOHWH

����E�:KDW�DUH�WKH�UXOHV�UHTXLUHG�WR�DFFHSW�D�SDUFHO"
����F�&RPPHQW�RQ�WKH�HIIHFWLYHQHVV�RI�WKH�DOJRULWKP�
��7KLV�DOJRULWKP�ZULWWHQ�LQ�SVHXGRFRGH�DGGV�XS����SRVLWLYH�QXPEHUV��,W�FRQWDLQV
VHYHUDO�HUURUV�
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)LJXUH������3VHXGRFRGH�IRU�DOJRULWKP

����D�,GHQWLI\�DOO�WKH�HUURUV�LQ�WKH�DOJRULWKP�
����E�&RPPHQW�RQ�WKH�HIIHFWLYHQHVV�RI�WKH�DOJRULWKP�
����F�5HZULWH�WKH�DOJRULWKP�VR�WKDW�LW�LV�HIIHFWLYH�DQG�HUURU�IUHH�
����G�6HW�XS�D�WUDFH�WDEOH�DQG�VRPH�WHVW�GDWD�WR�GU\�UXQ�\RXU�UHZULWWHQ�DOJRULWKP�
����H�,GHQWLI\�ZKLFK�LWHPV�RI�\RXU�WHVW�GDWD�DUH�QRUPDO��HUURQHRXV�DQG�H[WUHPH�
��6WDWH�WZR�GLIIHUHQW�YDOLGDWLRQ�FKHFNV�DQG�JLYH�DQ�H[DPSOH�RI�WKHLU�XVH��(DFK
H[DPSOH�VKRXOG�EH�GLIIHUHQW�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4��E��-XQH�����

���1HZ�VRIWZDUH�LV�RIWHQ�GHYHORSHG�XVLQJ�WRS�GRZQ��PRGXODU��GHVLJQ�
����*LYH�WKUHH�EHQHILWV�RI�XVLQJ�WKLV�PHWKRG�RI�GHYHORSPHQW�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4��1RYHPEHU�����

���$�SURJUDP�UHTXLUHV�WKH�XVHU�WR�W\SH�LQ�D�XVHU�,'�ZKLFK�PXVW�EH�LQ�WKH�IRUP�
����;;������
����ZKHUH�;�VWDQGV�IRU�DQ\�OHWWHU��DQG���VWDQGV�IRU�DQ\�GLJLW�
����D�1DPH�WZR�SRVVLEOH�YDOLGDWLRQ�FKHFNV�WKDW�FRXOG�EH�DSSOLHG�WR�WKLV�XVHU�,'�

>�@
����E�1DPH�D�YDOLGDWLRQ�FKHFN�WKDW�FRXOG�QRW�EH�XVHG�RQ�WKLV�RFFDVLRQ��*LYH�D�UHDVRQ

IRU�\RXU�FKRLFH�
>�@
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&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4��1RYHPEHU�����

201



���3VHXGRFRGH�DQG�IORZFKDUWV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���WKH�SVHXGRFRGH�IRU�DVVLJQPHQW��XVLQJ�ĸ
���WKH�SVHXGRFRGH�IRU�FRQGLWLRQDO�VWDWHPHQWV
���,)�«�7+(1�«�(/6(�«�(1',)
���&$6(�«�2)�«�27+(5:,6(�«�(1'&$6(
���WKH�SVHXGRFRGH�IRU�ORRS�VWUXFWXUHV
���)25�«�72�«�1(;7
���5(3($7�«�817,/
���:+,/(�«�'2�«�(1':+,/(
���WKH�SVHXGRFRGH�IRU�LQSXW�DQG�RXWSXW�VWDWHPHQWV
���,1387�DQG�287387
����H�J��5($'�DQG�35,17�
���WKH�SVHXGRFRGH�IRU�VWDQGDUG�DFWLRQV
���WRWDOOLQJ��H�J��6XP�ĸ�6XP���1XPEHU�
���FRXQWLQJ��H�J��&RXQW�ĸ�&RXQW�����
���WKH�VWDQGDUG�IORZFKDUW�V\PEROV�IRU�WKH�DERYH�VWDWHPHQWV��FRPPDQGV�DQG
VWUXFWXUHV�

�����,QWURGXFWLRQ
8VLQJ�SVHXGRFRGH�LV�D�FOHDU�DQG�FRQFLVH�ZD\�WR�UHSUHVHQW�DQ�DOJRULWKP��'DWD�LWHPV�WR
EH�SURFHVVHG�E\�WKH�DOJRULWKP�DUH�JLYHQ�PHDQLQJIXO�QDPHV�LQ�WKH�VDPH�ZD\�WKDW
YDULDEOHV�DQG�FRQVWDQWV�DUH�LQ�D�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH��3VHXGRFRGH�LV�QRW
ERXQG�E\�WKH�VWULFW�V\QWD[�UXOHV�RI�D�SURJUDPPLQJ�ODQJXDJH��,W�GRHV�ZKDW�LWV�QDPH
VD\V��LW�SUHWHQGV�WR�EH�SURJUDPPLQJ�FRGH�
7R�HQVXUH�WKDW�SVHXGRFRGH�LV�HDVLO\�XQGHUVWDQGDEOH�E\�RWKHUV�LW�LV�XVHIXO�WR�EH

FRQVLVWHQW�LQ�WKH�ZD\�WKDW�LW�LV�ZULWWHQ��7KH�SVHXGRFRGH�LQ�WKLV�ERRN�LV�ZULWWHQ�LQ�WKH
IROORZLQJ�ZD\�WR�KHOS�\RX�XQGHUVWDQG�WKH�DOJRULWKPV�PRUH�HDVLO\�
���&RXULHU�1HZ�IRQW�LV�XVHG�WKURXJKRXW
���DOO�NH\ZRUGV��ZRUGV�XVHG�WR�GHVFULEH�D�VSHFLILF�DFWLRQ��H�J��,1387��DUH�ZULWWHQ�LQ
FDSLWDO�OHWWHUV

���DOO�QDPHV�JLYHQ�WR�GDWD�LWHPV�DQG�VXE�URXWLQHV�VWDUW�ZLWK�D�FDSLWDO�OHWWHU
���ZKHUH�FRQGLWLRQDO�DQG�ORRS�VWDWHPHQWV�DUH�XVHG��UHSHDWHG�RU�VHOHFWHG�VWDWHPHQWV
DUH�LQGHQWHG�E\�WZR�VSDFHV�

�����$VVLJQPHQW
9DOXHV�DUH�DVVLJQHG�WR�DQ�LWHP�YDULDEOH�XVLQJ�WKH�ĸ�RSHUDWRU��7KH�YDULDEOH�RQ�WKH
OHIW�RI�WKH�ĸ�LV�DVVLJQHG�WKH�YDOXH�RI�WKH�H[SUHVVLRQ�RQ�WKH�ULJKW��7KH�H[SUHVVLRQ�RQ
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WKH�ULJKW�FDQ�EH�D�VLQJOH�YDOXH�RU�VHYHUDO�YDOXHV�FRPELQHG�ZLWK�PDWKHPDWLFDO
RSHUDWRUV�

7DEOH������0DWKHPDWLFDO�RSHUDWRUV

2SHUDWRU $FWLRQ
� DGG
± VXEWUDFW

 PXOWLSO\
� GLYLGH
A UDLVH�WR�WKH�SRZHU
��� JURXS

([DPSOHV�RI�SVHXGRFRGH�DVVLJQPHQWV�

&RVW�ĸ��� &RVW�KDV�WKH�YDOXH���
3ULFH�ĸ�&RVW�
�� 3ULFH�KDV�WKH�YDOXH���
7D[�ĸ�3ULFH�
����� 7D[�KDV�WKH�YDOXH����
6HOOLQJ3ULFH�ĸ�3ULFH���7D[ 6HOOLQJ3ULFH�KDV�WKH�YDOXH�����
*HQGHU�ĸ�0� *HQGHU�KDV�WKH�YDOXH�0
&KRVHQ�ĸ�)DOVH &KRVHQ�KDV�WKH�YDOXH�)DOVH

$FWLYLW\�����
:KDW�YDOXHV�ZLOO�WKH�IROORZLQJ�YDULDEOHV�KDYH�DIWHU�WKH�DVVLJQPHQWV�KDYH
EHHQ�FRPSOHWHG"

$PRXQW�ĸ����
7RWDO3ULFH�ĸ�$PRXQW�
����
'LVFRXQW�ĸ����
)LQDO3ULFH�ĸ�7RWDO3ULFH�±�7RWDO3ULFH�
�'LVFRXQW
1DPH�ĸ�1LNNL�
0HVVDJH�ĸ�+HOOR����1DPH

�����&RQGLWLRQDO�VWDWHPHQWV
:KHQ�GLIIHUHQW�DFWLRQV�DUH�SHUIRUPHG�E\�DQ�DOJRULWKP�DFFRUGLQJ�WR�WKH�YDOXHV�RI�WKH
YDULDEOHV��FRQGLWLRQDO�VWDWHPHQWV�FDQ�EH�XVHG�WR�GHFLGH�ZKLFK�DFWLRQ�VKRXOG�EH�WDNHQ�
7KHUH�DUH�WZR�W\SHV�RI�FRQGLWLRQDO�VWDWHPHQW�DV�VKRZQ�EHORZ�ZLWK�DQ�H[DPSOH�RI
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HDFK�
���$�FRQGLWLRQ�WKDW�FDQ�EH�WUXH�RU�IDOVH��,)�«�7+(1�«�(/6(�«�(1',)��IRU�H[DPSOH

,)�$JH�����
7+(1�35,17��&KLOG�
(/6(�35,17��$GXOW�

(1',)

���$�FKRLFH�EHWZHHQ�VHYHUDO�GLIIHUHQW�YDOXHV��&$6(�«�2)�«�27+(5:,6(�«
(1'&$6(��IRU�H[DPSOH

&$6(�*UDGH�2)
�$����35,17��([FHOOHQW�
�%����35,17��*RRG�
�&����35,17��$YHUDJH�
27+(5:,6(�35,17��,PSURYHPHQW�LV�QHHGHG�

(1'&$6(

��������,)�«�7+(1�«�(/6(�«�(1',)
)RU�DQ�,)�FRQGLWLRQ�WKH�7+(1�SDWK�LV�IROORZHG�LI�WKH�FRQGLWLRQ�LV�WUXH�DQG�WKH�(/6(
SDWK�LV�IROORZHG�LI�WKH�FRQGLWLRQ�LV�IDOVH��7KHUH�PD\�RU�PD\�QRW�EH�DQ�(/6(�SDWK��7KH
HQG�RI�WKH�VWDWHPHQW�LV�VKRZQ�E\�(1',)�
$�FRQGLWLRQ�FDQ�EH�VHW�XS�LQ�GLIIHUHQW�ZD\V�

���8VLQJ�D�%RROHDQ�YDULDEOH�WKDW�FDQ�KDYH�WKH�YDOXH�758(�RU�)$/6(��VHH�6HFWLRQ
�����IRU�GHWDLOV�RI�%RROHDQ�YDULDEOHV���)RU�H[DPSOH

,)�)RXQG
7+(1�35,17��<RXU�VHDUFK�ZDV�VXFFHVVIXO�
(/6(�35,17��<RXU�VHDUFK�ZDV�XQVXFFHVVIXO�

(1',)

���8VLQJ�FRPSDULVRQ�RSHUDWRUV��DV�VKRZQ�LQ�7DEOH�������&RPSDULVRQV�DUH�PDGH�IURP
OHIW�WR�ULJKW��IRU�H[DPSOH�$�!�%�PHDQV�LV�$�JUHDWHU�WKDQ�%��&RPSDULVRQV�FDQ�EH
VLPSOH�RU�PRUH�FRPSOLFDWHG��)RU�H[DPSOH

,)���+HLJKW�!����25��:HLJKW�!�����25��$JH�!�����$1'��$JH������
7+(1�35,17��<RX�FDQ�ULGH�
(/6(�35,17��7RR�VPDOO��WRR�\RXQJ�RU�WRR�ROG�

(1',)
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7DEOH������&RPSDULVRQ�RSHUDWRUV

2SHUDWRU &RPSDULVRQ
! JUHDWHU�WKDQ
� OHVV�WKDQ
 HTXDO
! JUHDWHU�WKDQ�RU�HTXDO
� OHVV�WKDQ�RU�HTXDO
�! QRW�HTXDO
��� JURXS
$1' ERWK
25 HLWKHU
127 QRW

7KH�DOJRULWKP�EHORZ�FKHFNV�LI�D�SHUFHQWDJH�PDUN�LV�YDOLG�DQG�D�SDVV�RU�D�IDLO��7KLV
PDNHV�XVH�RI�WZR�,)�VWDWHPHQWV��7KH�VHFRQG�,)�VWDWHPHQW�LV�SDUW�RI�WKH�(/6(�SDWK�RI
WKH�ILUVW�,)�VWDWHPHQW��7KLV�LV�FDOOHG�D�QHVWHG�,)�

)LJXUH�����

$FWLYLW\�����
&KDQJH�WKH�DOJRULWKP�WR�FKHFN�IRU�D�PDUN�EHWZHHQ���DQG����DQG�D�SDVV
PDUN�RI�����'HFLGH�ZKDW�QRUPDO��ERXQGDU\�DQG�HUURQHRXV�GDWD�\RX�ZLOO
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QHHG�WR�IXOO\�WHVW�\RXU�DOJRULWKP�

��������&$6(�«�2)�«�27+(5:,6(�«�(1'&$6(
)RU�D�&$6(�FRQGLWLRQ�WKH�YDOXH�RI�WKH�YDULDEOH�GHFLGHV�WKH�SDWK�WR�EH�WDNHQ��6HYHUDO
YDOXHV�DUH�XVXDOO\�VSHFLILHG��27+(5:,6(�LV�WKH�SDWK�WDNHQ�IRU�DOO�RWKHU�YDOXHV��7KH
HQG�RI�WKH�VWDWHPHQW�LV�VKRZQ�E\�(1'&$6(�
7KH�DOJRULWKP�EHORZ�VSHFLILHV�ZKDW�KDSSHQV�LI�WKH�YDOXH�RI�&KRLFH�LV���������RU���

&$6(�&KRLFH�2)
����$QVZHU�ĸ�1XP����1XP�
����$QVZHU�ĸ�1XP����1XP�
����$QVZHU�ĸ�1XP��
�1XP�
����$QVZHU�ĸ�1XP����1XP�
27+(5:,6(�35,17��3OHDVH�HQWHU�D�YDOLG�FKRLFH�

(1'&$6(

$FWLYLW\�����
8VH�D�&$6(�VWDWHPHQW�WR�GLVSOD\�WKH�GD\�RI�WKH�ZHHN�LI�WKH�YDULDEOH�'$<�KDV
WKH�YDOXH���WR���DQG�DQ�HUURU�RWKHUZLVH�

�����/RRS�VWUXFWXUHV
:KHQ�VRPH�DFWLRQV�SHUIRUPHG�DV�SDUW�RI�DQ�DOJRULWKP�QHHG�UHSHDWLQJ��WKLV�LV�FDOOHG
µLWHUDWLRQ¶��/RRS�VWUXFWXUHV�DUH�XVHG�WR�SHUIRUP�WKH�LWHUDWLRQ�
7KHUH�DUH�WKUHH�GLIIHUHQW�W\SHV�RI�ORRS�VWUXFWXUH�

2SHUDWRU &RPSDULVRQ
$�VHW�QXPEHU�RI�UHSHWLWLRQV )25�«�72�«

1(;7

$�UHSHWLWLRQ��ZKHUH�WKH�QXPEHU�RI�UHSHDWV�LV�QRW�NQRZQ�
WKDW�LV�FRPSOHWHG�DW�OHDVW�RQFH

5(3($7�«�817,/

$�UHSHWLWLRQ��ZKHUH�WKH�QXPEHU�RI�UHSHDWV�LV�QRW�NQRZQ�
WKDW�PD\�QHYHU�EH�FRPSOHWHG

:+,/(�«�'2�«
(1':+,/(

7DEOH�����

$OO�W\SHV�RI�ORRSV�FDQ�SHUIRUP�WKH�VDPH�WDVN��IRU�H[DPSOH�SULQWLQJ����VWDUV�

)25�&RXQWHU�ĸ���72���
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35,17��
�
1(;7
&RXQWHU�ĸ��
5(3($7

35,17��
�
&RXQWHU�ĸ�&RXQWHU����

817,/�&RXQWHU�!���
&RXQWHU�ĸ��
:+,/(�&RXQWHU������'2

35,17��
�
&RXQWHU�ĸ�&RXQWHU����

(1':+,/(

7KH�)25�«�72�«�1(;7�ORRS�LV�WKH�PRVW�HIILFLHQW�IRU�WKLV�W\SH�RI�WDVN�

��������)25�«�72�«�1(;7
$�YDULDEOH�LV�VHW�XS�ZLWK�D�VWDUW�YDOXH�DQG�DQ�HQG�YDOXH�DQG�WKHQ�LQFUHPHQWHG�LQ�VWHSV
RI�RQH�XQWLO�WKH�HQG�YDOXH�LV�UHDFKHG�DQG�WKH�LWHUDWLRQ�ILQLVKHV��7KH�YDULDEOH�FDQ�EH
XVHG�ZLWKLQ�WKH�ORRS�VR�ORQJ�DV�LWV�YDOXH�LV�QRW�FKDQJHG��7KLV�W\SH�RI�ORRS�LV�YHU\
XVHIXO�IRU�UHDGLQJ�YDOXHV�LQWR�OLVWV�

)LJXUH�����

��������5(3($7�«�817,/
7KLV�ORRS�VWUXFWXUH�LV�XVHG�ZKHQ�WKH�QXPEHU�RI�UHSHWLWLRQV�LWHUDWLRQV�LV�QRW�NQRZQ
DQG�WKH�DFWLRQV�DUH�UHSHDWHG�817,/�D�JLYHQ�FRQGLWLRQ�EHFRPHV�WUXH��7KH�DFWLRQV�LQ
WKLV�ORRS�DUH�DOZD\V�FRPSOHWHG�DW�OHDVW�RQFH�
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)LJXUH�����

��������:+,/(�«�'2�«�(1':+,/(
7KLV�ORRS�VWUXFWXUH�LV�XVHG�ZKHQ�WKH�QXPEHU�RI�UHSHWLWLRQV�LWHUDWLRQV�LV�QRW�NQRZQ
DQG�WKH�DFWLRQV�DUH�RQO\�UHSHDWHG�:+,/(�D�JLYHQ�FRQGLWLRQ�LV�WUXH��,I�WKH�:+,/(
FRQGLWLRQ�LV�XQWUXH�ZKHQ�WKH�ORRS�LV�ILUVW�HQWHUHG�WKHQ�WKH�DFWLRQV�LQ�WKH�ORRS�DUH
QHYHU�SHUIRUPHG�

)LJXUH�����

$FWLYLW\�����
D�:ULWH�SVHXGRFRGH�WR�LQSXW����SRVLWLYH�QXPEHUV�DQG�ILQG�WKH�WRWDO�DQG�WKH
DYHUDJH�

E�:ULWH�SVHXGRFRGH�WR�LQSXW�SRVLWLYH�QXPEHUV��±��WR�ILQLVK��DQG�ILQG�WKH
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WRWDO�DQG�WKH�DYHUDJH�
F�([SODLQ�ZK\�\RX�FKRVH�WKH�ORRS�VWUXFWXUHV�IRU�HDFK�WDVN�

�����,QSXW�DQG�RXWSXW�VWDWHPHQWV
,1387�DQG�287387�DUH�XVHG�IRU�WKH�HQWU\�RI�GDWD�DQG�GLVSOD\�RI�LQIRUPDWLRQ�
6RPHWLPHV�5($'�FDQ�EH�XVHG�LQVWHDG�RI�,1387��WKLV�LV�XVXDOO\�XVHG�IRU�UHDGLQJ�IURP
ILOHV��ZKLFK�LV�QRW�FRYHUHG�LQ�WKLV�WH[WERRN��)UHTXHQWO\�35,17�LV�XVHG�LQVWHDG�RI
287387�

,1387�LV�XVHG�IRU�GDWD�HQWU\��,W�LV�XVXDOO\�IROORZHG�E\�D�YDULDEOH�ZKHUH�WKH�GDWD
LQSXW�LV�VWRUHG��IRU�H[DPSOH�

,1387�1DPH
,1387�6WXGHQW0DUN

28387�35,17�LV�XVHG�WR�GLVSOD\�LQIRUPDWLRQ�HLWKHU�RQ�D�VFUHHQ�RU�SULQWHG�RQ�SDSHU��,W
LV�XVXDOO\�IROORZHG�E\�D�VLQJOH�YDOXH�WKDW�LV�D�VWULQJ�RU�D�YDULDEOH�RU�D�OLVW�RI�YDOXHV
VHSDUDWHG�E\�FRPPDV��IRU�H[DPSOH�

35,17�1DPH
35,17��<RXU�QDPH�LV���1DPH
287387�1DPH���1DPH���1DPH�

�����6WDQGDUG�DFWLRQV
7KH�DELOLW\�WR�UHSHDW�DFWLRQV�LV�YHU\�LPSRUWDQW�LQ�WKH�GHVLJQ�RI�DOJRULWKPV��:KHQ�DQ
DOJRULWKP�LV�WXUQHG�LQWR�D�SURJUDP�WKH�VDPH�VHW�RI�DFWLRQV�PD\�EH�UHSHDWHG�PDQ\
WKRXVDQGV�RI�WLPHV��IRU�H[DPSOH��NHHSLQJ�D�UXQQLQJ�WRWDO�RI�WKH�YDOXH�RI�JRRGV�VROG�LQ
D�VXSHUPDUNHW�

5XQQLQJ7RWDO�ĸ�5XQQLQJ7RWDO���9DOXH

.HHSLQJ�D�FRXQW�RI�WKH�QXPEHU�RI�WLPHV�DQ�DFWLRQ�LV�SHUIRUPHG�LV�DQRWKHU�VWDQGDUG
DFWLRQ��IRU�H[DPSOH�

&RXQW�ĸ�&RXQW����

&RXQWLQJ�LV�DOVR�XVHG�WR�FRXQW�GRZQ�XQWLO�D�FHUWDLQ�YDOXH�LV�UHDFKHG��IRU�H[DPSOH�WKH
QXPEHU�RI�LWHPV�LQ�VWRFN�LQ�D�VXSHUPDUNHW�

1XPEHU,Q6WRFN�ĸ�1XPEHU,Q6WRFN����

�����([DPSOHV�RI�DOJRULWKPV�LQ�SVHXGRFRGH
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([DPSOH��
7LFNHWV�DUH�VROG�IRU�D�FRQFHUW�DW�����HDFK��,I����WLFNHWV�DUH�ERXJKW�WKHQ�WKH�GLVFRXQW�LV
�����LI����WLFNHWV�DUH�ERXJKW�WKH�GLVFRXQW�LV������1R�PRUH�WKDQ����WLFNHWV�FDQ�EH
ERXJKW�LQ�D�VLQJOH�WUDQVDFWLRQ�
D�8VH�SVHXGRFRGH�WR�ZULWH�DQ�DOJRULWKP�WR�FDOFXODWH�WKH�FRVW�RI�EX\LQJ�D�JLYHQ
QXPEHU�RI�WLFNHWV�

E�([SODLQ�KRZ�\RX�ZRXOG�WHVW�\RXU�DOJRULWKP�
D

5(3($7
35,17��+RZ�PDQ\�WLFNHWV�ZRXOG�\RX�OLNH�WR�EX\"�
,1387�1XPEHU2I7LFNHWV

817,/�1XPEHU2I7LFNHWV�!���$1'�1XPEHU2I7LFNHWV�����
,)�1XPEHU2I7LFNHWV�����

7+(1�'LVFRXQW�ĸ��
(/6(
,)�1XPEHU2I7LFNHWV�����
����7+(1�'LVFRXQW�ĸ����
����(/6(�'LVFRXQW�ĸ����
(1',)

(1',)
&RVW�ĸ�1XPEHU2I7LFNHWV�
����
����±�'LVFRXQW�
35,17��<RXU�WLFNHWV�FRVW���&RVW

E�:RXOG�XVH�WHVW�GDWD�ZLWK�YDOXHV�RI

����� ([SHFWHG�UHVXOW�UHMHFWHG
����� ([SHFWHG�UHVXOWV��������
����� ([SHFWHG�UHVXOWV���������
������ ([SHFWHG�UHVXOWV���������

$FWLYLW\�����
)RU�WKH�WHVW�GDWD�JLYHQ�LQ�([DPSOH����LGHQWLI\�WKH�W\SH�RI�WHVW�GDWD�XVHG�DQG
VXJJHVW�VRPH�PRUH�WHVW�GDWD�

([DPSOH��
$�VFKRRO�ZLWK�����VWXGHQWV�ZDQWV�WR�SURGXFH�VRPH�LQIRUPDWLRQ�IURP�WKH�UHVXOWV�RI�WKH
IRXU�VWDQGDUG�WHVWV�LQ�0DWKV��6FLHQFH��(QJOLVK�DQG�,7��(DFK�WHVW�LV�RXW�RI�����PDUNV�
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7KH�LQIRUPDWLRQ�RXWSXW�VKRXOG�EH�WKH�KLJKHVW��ORZHVW�DQG�DYHUDJH�PDUN�IRU�HDFK�WHVW
DQG�WKH�KLJKHVW��ORZHVW�DQG�DYHUDJH�PDUN�RYHUDOO��$OO�WKH�PDUNV�QHHG�WR�EH�LQSXW�

D�8VH�SVHXGRFRGH�WR�ZULWH�DQ�DOJRULWKP�WR�FRPSOHWH�WKLV�WDVN�
E�([SODLQ�KRZ�\RX�ZRXOG�WHVW�\RXU�DOJRULWKP�
D

2YHUDOO+LJKHVW�ĸ��
2YHUDOO/RZHVW�ĸ����
2YHUDOO7RWDO�ĸ��
)25�7HVW�ĸ���72��

6XEMHFW+LJKHVW�ĸ��
6XEMHFW/RZHVW�ĸ����
6XEMHFW7RWDO�ĸ��
&$6(�7HVW�2)
��������6XEMHFW1DPH�ĸ�0DWKV�
��������6XEMHFW1DPH�ĸ�6FLHQFH�
��������6XEMHFW1DPH�ĸ�(QJOLVK�
��������6XEMHFW1DPH�ĸ�,7�
����27+(5:,6(
(1'&$6(
)25�6WXGHQW1XPEHU�ĸ���72����
����5(3($7
������35,17��(QWHU�6WXGHQW���6WXGHQW1XPEHU���V�PDUN�IRU��

6XEMHFW1DPH
������,1387�0DUN
����817,/�0DUN�������$1'�0DUN�!���
����,)�0DUN���2YHUDOO/RZHVW�7+(1�2YHUDOO/RZHVW�ĸ�0DUN
����,)�0DUN���6XEMHFW/RZHVW�7+(1�6XEMHFW/RZHVW�ĸ�0DUN
����,)�0DUN�!�2YHUDOO+LJKHVW�7+(1�2YHUDOO+LJKHVW�ĸ�0DUN
����,)�0DUN�!�6XEMHFW+LJKHVW�7+(1�6XEMHFW+LJKHVW�ĸ�0DUN
����2YHUDOO7RWDO�ĸ�2YHUDOO7RWDO���0DUN
����6XEMHFW7RWDO�ĸ�6XEMHFW7RWDO���0DUN
1(;7
6XEMHFW$YHUDJH�ĸ�6XEMHFW7RWDO����
35,17�6XEMHFW1DPH
35,17��$YHUDJH�LV���6XEMHFW$YHUDJH
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35,17��+LJKHVW�0DUN�LV���6XEMHFW+LJKHVW
35,17��/RZHVW�0DUN�LV���6XEMHFW/RZHVW

1(;7
2YHUDOO$YHUDJH�ĸ�2YHUDOO7RWDO�����
35,17��2YHUDOO�$YHUDJH�LV���2YHUDOO$YHUDJH
35,17��2YHUDOO�+LJKHVW�0DUN�LV���2YHUDOO+LJKHVW
35,17��2YHUDOO�/RZHVW�0DUN�LV���2YHUDOO/RZHVW

E�)RU�WKH�DOJRULWKP�WR�EH�WHVWHG�E\�GU\�UXQQLQJ��LW�ZRXOG�EH�D�JRRG�LGHD�WR�UHGXFH�WKH
QXPEHU�RI�VWXGHQWV�WR���DQG�WKH�QXPEHU�RI�VXEMHFWV�WR���

$FWLYLW\�����
D�,GHQWLI\�WKH�FKDQJHV�\RX�ZRXOG�QHHG�WR�PDNH�WR�WKH�DOJRULWKP�IRU
([DPSOH���WR�UHGXFH�WKH�QXPEHU�RI�VWXGHQWV�WR���DQG�WKH�QXPEHU�RI
VXEMHFWV�WR���

E�,GHQWLI\�WKH�WHVW�GDWD�QHHGHG�WR�WHVW�([DPSOH���ZLWK�WKH�UHGXFHG�QXPEHU
RI�VWXGHQWV�DQG�VXEMHFWV�

F�:LWK�WKH�VHW�RI�GDWD�\RX�KDYH�FKRVHQ��VHW�XS�DQG�FRPSOHWH�D�WUDFH�WDEOH
VR�WKDW�\RX�FDQ�FRPSDUH�\RXU�H[SHFWHG�UHVXOWV�ZLWK�WKH�DFWXDO�UHVXOWV
ZKHQ�\RX�GU\�UXQ�WKH�DOJRULWKP�

�����6WDQGDUG�IORZFKDUW�V\PEROV
)ORZFKDUWV�DUH�GUDZQ�XVLQJ�VWDQGDUG�V\PEROV�

�������%HJLQ�(QG
7HUPLQDWRU�V\PEROV�DUH�XVHG�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�HDFK�IORZFKDUW�

)LJXUH������7HUPLQDWRU�V\PEROV

�������3URFHVV
3URFHVV�V\PEROV�DUH�XVHG�WR�VKRZ�ZKHQ�YDOXHV�DUH�DVVLJQHG�WR�DQ�LWHP�YDULDEOH�OLNH
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DQ�DVVLJQPHQW�LQ�SVHXGRFRGH�

)LJXUH������3URFHVV�V\PERO

�������,QSXW�2XWSXW
,QSXW�2XWSXW�V\PEROV�DUH�XVHG�VKRZ�LQSXW�RI�GDWD�DQG�RXWSXW�RI�LQIRUPDWLRQ�

)LJXUH������,QSXW�2XWSXW�V\PERO

�������'HFLVLRQ
'HFLVLRQ�V\PEROV�DUH�XVHG�WR�GHFLGH�ZKLFK�DFWLRQ�LV�WR�EH�WDNHQ�QH[W��7KHVH�FDQ�EH
XVHG�IRU�VHOHFWLRQ�DQG�UHSHWLWLRQ�LWHUDWLRQ�

)LJXUH������'HFLVLRQ�V\PERO

�������)ORZ�OLQHV
)ORZ�OLQHV�DUH�XVHG�WR�VKRZ�WKH�GLUHFWLRQ�RI�IORZ�ZKLFK�LV�XVXDOO\��EXW�QRW�DOZD\V�
WRS�WR�ERWWRP�DQG�OHIW�WR�ULJKW�

)LJXUH������)ORZ�OLQH

([DPSOH����FRQWLQXHG�
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7LFNHWV�DUH�VROG�IRU�D�FRQFHUW�DW�����HDFK��LI����WLFNHWV�DUH�ERXJKW�WKHQ�WKH�GLVFRXQW�LV
�����LI����WLFNHWV�DUH�ERXJKW�WKH�GLVFRXQW�LV������1R�PRUH�WKDQ����WLFNHWV�FDQ�EH
ERXJKW�LQ�D�VLQJOH�WUDQVDFWLRQ�
F�'UDZ�D�IORZFKDUW�IRU�WKH�DOJRULWKP�WR�FDOFXODWH�WKH�FRVW�RI�EX\LQJ�D�JLYHQ�QXPEHU
RI�WLFNHWV�

)LJXUH�������)ORZFKDUW�IRU�([DPSOH��
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$FWLYLW\�����
'UDZ�D�IORZFKDUW�IRU�WKH�DOJRULWKP�JLYHQ�LQ�([DPSOH���
&KRRVH�WKH�PHWKRG�\RX�WKLQN�LV�WKH�FOHDUHVW�ZD\�WR�VKRZ�WKLV�DOJRULWKP�DQG
H[SODLQ�ZK\�LW�LV�WKH�FOHDUHVW�
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(QG�RI�FKDSWHU�TXHVWLRQV
��6KRZ�WZR�ZD\V�RI�VHOHFWLQJ�GLIIHUHQW�DFWLRQV�XVLQJ�SVHXGRFRGH�
��<RX�KDYH�EHHQ�DVNHG�WR�ZULWH�WKH�SVHXGRFRGH�WR�FKRRVH�WKH�FRUUHFW�URXWLQH�IURP
WKH�PHQX�VKRZQ�EHORZ�

����D�'HFLGH�ZKLFK�W\SH�RI�FRQGLWLRQDO�VWDWHPHQW�\RX�DUH�JRLQJ�WR�XVH�
����E�([SODLQ�\RXU�FKRLFH�
����F�:ULWH�WKH�SVHXGRFRGH�
����G�6HOHFW�\RXU�WHVW�GDWD�DQG�H[SODLQ�ZK\�\RX�FKRVH�HDFK�YDOXH�

)LJXUH������

��6KRZ�WKUHH�ZD\V�D�ORRS�WR�DGG�XS�ILYH�QXPEHUV�DQG�SULQW�RXW�WKH�WRWDO�FDQ�EH�VHW
XS�XVLQJ�SVHXGRFRGH��([SODLQ�ZKLFK�ORRS�LV�WKH�PRVW�HIILFLHQW�WR�XVH�

��$�VZHHW�VKRS�VHOOV�����GLIIHUHQW�VRUWV�RI�VZHHWV��(DFK�VRUW�RI�VZHHW�LV�LGHQWLILHG�E\
D�XQLTXH�IRXU�GLJLW�FRGH��$OO�VZHHWV�WKDW�VWDUW�ZLWK�D�RQH�����DUH�FKRFRODWHV��DOO
VZHHWV�WKDW�VWDUW�ZLWK�D�WZR�����DUH�WRIIHHV��DOO�VZHHWV�WKDW�VWDUW�ZLWK�D�WKUHH�����DUH
MHOOLHV�DQG�DOO�RWKHU�VZHHWV�DUH�PLVFHOODQHRXV�DQG�FDQ�VWDUW�ZLWK�DQ\�RWKHU�GLJLW
H[FHSW�]HUR�

����D�:ULWH�DQ�DOJRULWKP��XVLQJ�D�IORZFKDUW��ZKLFK�LQSXWV�WKH�IRXU�GLJLW�FRGH�IRU�DOO
����LWHPV�DQG�RXWSXWV�WKH�QXPEHU�RI�FKRFRODWHV��WRIIHHV�DQG�MHOOLHV�

����E�([SODLQ�KRZ�\RX�ZRXOG�WHVW�\RXU�IORZFKDUW�
����F�'HFLGH�WKH�WHVW�GDWD�WR�XVH�DQG�FRPSOHWH�D�WUDFH�WDEOH�VKRZLQJ�D�GU\�UXQ�RI�\RXU

IORZFKDUW�
��7KH�WHPSHUDWXUH�LQ�DQ�DSDUWPHQW�PXVW�EH�NHSW�EHWZHHQ����&�DQG����&��,I�WKH
WHPSHUDWXUH�UHDFKHV����&�WKHQ�WKH�IDQ�LV�VZLWFKHG�RQ��LI�WKH�WHPSHUDWXUH�UHDFKHV
���&�WKHQ�WKH�KHDWHU�LV�VZLWFKHG�RQ��RWKHUZLVH�WKH�IDQ�DQG�WKH�KHDWHUV�DUH�VZLWFKHG
RII�

����7KH�IROORZLQJ�OLEUDU\�URXWLQHV�DUH�DYDLODEOH�
�������*HW7HPSHUDWXUH
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�������)DQ2Q
�������)DQ2II
�������+HDWHU2Q
�������+HDWHU2II
����:ULWH�DQ�DOJRULWKP��XVLQJ�SVHXGRFRGH�RU�D�IORZFKDUW��WR�NHHS�WKH�WHPSHUDWXUH�DW
WKH�ULJKW�OHYHO�

��'DQLHO�OLYHV�LQ�,WDO\�DQG�WUDYHOV�WR�0H[LFR��,QGLD�DQG�1HZ�=HDODQG��7KH�WLPH
GLIIHUHQFHV�DUH�

7DEOH�����

&RXQWU\ +RXUV 0LQXWHV
0H[LFR ±� �
,QGLD �� ���
1HZ�=HDODQG ��� �

����7KXV��LI�LW�LV�������LQ�,WDO\�LW�ZLOO�EH�������LQ�,QGLD�
����D�:ULWH�DQ�DOJRULWKP��XVLQJ�SVHXGRFRGH�RU�RWKHUZLVH��ZKLFK�
����������LQSXWV�WKH�QDPH�RI�WKH�FRXQWU\
����������LQSXWV�WKH�WLPH�LQ�,WDO\�LQ�KRXUV��+��DQG�PLQXWHV��0�
����������FDOFXODWHV�WKH�WLPH�LQ�WKH�FRXQWU\�LQSXW�XVLQJ�WKH�GDWD�IURP�WKH�WDEOH
����������RXWSXWV�WKH�FRXQWU\�DQG�WKH�WLPH�LQ�KRXUV�DQG�PLQXWHV�

>�@

����E�'HVFULEH��ZLWK�H[DPSOHV��WZR�VHWV�RI�WHVW�GDWD�\RX�ZRXOG�XVH�WR�WHVW�\RXU
DOJRULWKP�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4���-XQH�����

��$�VFKRRO�LV�GRLQJ�D�FKHFN�RQ�WKH�KHLJKWV�DQG�ZHLJKWV�RI�DOO�LWV�VWXGHQWV��7KH�VFKRRO
KDV������VWXGHQWV�

����:ULWH�DQ�DOJRULWKP��XVLQJ�SVHXGRFRGH�RU�D�IORZFKDUW��ZKLFK
�������LQSXWV�WKH�KHLJKW�DQG�ZHLJKW�RI�DOO������VWXGHQWV
�������RXWSXWV�WKH�DYHUDJH��PHDQ��KHLJKW�DQG�ZHLJKW
�������LQFOXGHV�DQ\�QHFHVVDU\�HUURU�WUDSV�IRU�WKH�LQSXW�RI�KHLJKW�DQG�ZHLJKW�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4���1RYHPEHU�����

��$�VPDOO�FDIp�VHOOV�ILYH�W\SHV�RI�LWHP�

���EXQ �����GROODUV
���FRIIHH �����GROODUV
���FDNH �����GROODUV
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���VDQGZLFK �����GROODUV
���GHVVHUW �����GROODUV

����:ULWH�DQ�DOJRULWKP��XVLQJ�SVHXGRFRGH�RU�D�SURJUDP�IORZFKDUW�RQO\��ZKLFK
�������LQSXWV�HYHU\�LWHP�VROG�GXULQJ�WKH�GD\
�������XVHV�DQ�LWHP�FDOOHG�µHQG¶�WR�ILQLVK�WKH�GD\¶V�LQSXW
�������DGGV�XS�WKH�GDLO\�DPRXQW�WDNHQ�IRU�HDFK�W\SH�RI�LWHP
�������RXWSXWV�WKH�WRWDO�WDNLQJV��IRU�DOO�LWHPV�DGGHG�WRJHWKHU��DW�WKH�HQG�RI�WKH�GD\
�������RXWSXWV�WKH�W\SH�RI�LWHP�WKDW�KDG�WKH�KLJKHVW�WDNLQJV�DW�WKH�HQG�RI�WKH�GD\�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4���1RYHPEHU�����

�������QXPEHUV�DUH�EHLQJ�LQSXW�ZKLFK�VKRXOG�KDYH�HLWKHU�RQH�GLJLW��H�J������WZR
GLJLWV��H�J�������WKUHH�GLJLWV��H�J�������RU�IRXU�GLJLWV��H�J��������

����:ULWH�DQ�DOJRULWKP��XVLQJ�SVHXGRFRGH�RU�D�IORZFKDUW�RQO\��ZKLFK
�������LQSXWV������QXPEHUV
�������RXWSXWV�KRZ�PDQ\�QXPEHUV�KDG�RQH�GLJLW��WZR�GLJLWV��WKUHH�GLJLWV�DQG�IRXU�GLJLWV
�������RXWSXWV�WKH�SHUFHQWDJH�RI�QXPEHUV�ZKLFK�ZHUH�RXWVLGH�WKH�UDQJH�

>�@
&DPEULGJH�,*&6(�&RPSXWHU�6WXGLHV�����������3DSHU����4���1RYHPEHU�����
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���3URJUDPPLQJ�FRQFHSWV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���SURJUDPPLQJ
���GHFODUDWLRQ�DQG�XVH�RI�
�������YDULDEOHV
�������FRQVWDQWV
���EDVLF�GDWD�W\SHV�
�������LQWHJHU
�������UHDO
�������FKDU
�������VWULQJ
�������%RROHDQ
���KRZ�WR�XVH�
�������VHTXHQFH
�������VHOHFWLRQ
�������UHSHWLWLRQ
�������WRWDOOLQJ
�������FRXQWLQJ
���XVH�RI�SUHGHILQHG�SURFHGXUHV�IXQFWLRQV�

�����,QWURGXFWLRQ
&KDSWHUV���DQG����KDYH�HQDEOHG�\RX�WR�GHYHORS�\RXU�FRPSXWDWLRQDO�WKLQNLQJ�E\
ZULWLQJ�DOJRULWKPV�WR�SHUIRUP�YDULRXV�WDVNV��7KLV�FKDSWHU�ZLOO�VKRZ�\RX�KRZ�WR�SXW
\RXU�FRPSXWDWLRQDO�WKLQNLQJ�WR�WKH�XOWLPDWH�WHVW�E\�ZULWLQJ�FRPSXWHU�SURJUDPV�WR
SHUIRUP�WDVNV�
6R�IDU�\RX�KDYH�WHVWHG�\RXU�DOJRULWKPV�E\�GU\�UXQQLQJ��2QFH�\RX�KDYH�ZULWWHQ�D

SURJUDP�IRU�\RXU�DOJRULWKP��DQG�ZKHQ�WKHUH�DUH�QR�V\QWD[�HUURUV��VHH�6HFWLRQ��������
\RX�VKRXOG�WKHQ�XVH�D�FRPSXWHU�WR�UXQ�WKH�SURJUDP�WR�FRPSOHWH�WKH�WDVN�\RX�KDYH
VSHFLILHG��7KH�FRPSXWHU�ZLOO�SHUIRUP�WKH�WDVN�H[DFWO\�DV�\RX�KDYH�ZULWWHQ�LW��\RX�PD\
QHHG�WR�PDNH�VRPH�FKDQJHV�EHIRUH�LW�ZRUNV�H[DFWO\�DV�\RX�LQWHQG�LW�WR�

�����3URJUDPPLQJ
,Q�&KDSWHU���\RX�OHDUQW�WKDW�SURJUDPV�FRXOG�EH�ZULWWHQ�LQ�KLJK��RU�ORZ�OHYHO
ODQJXDJHV�WKHQ�WUDQVODWHG�DQG�UXQ��7KLV�FKDSWHU�ZLOO�LQWURGXFH�\RX�WR�WKH�SURJUDPPLQJ
FRQFHSWV�UHTXLUHG�IRU�SUDFWLFDO�XVH�RI�D�KLJK�OHYHO�ODQJXDJH�
7KHUH�DUH�PDQ\�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJHV�WR�FKRRVH�IURP��)RU�&DPEULGJH

,*&6(�&RPSXWHU�6FLHQFH�DQ\�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�PD\�EH�XVHG�
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KRZHYHU�LI�\RX�SODQ�WR�FRQWLQXH�\RXU�VWXGLHV�ZLWK�$�/HYHO�&RPSXWHU�6FLHQFH�WKHQ
RQH�RI�9LVXDO�%DVLF��3DVFDO�'HOSKL�RU�3\WKRQ�LV�UHFRPPHQGHG�
0DQ\�SURJUDPPLQJ�ODQJXDJHV�DUH�IUHH�WR�GRZQORDG�DQG�XVH��7KLV�FKDSWHU�VKRZV

WKH�XVH�RI�SURJUDPPLQJ�DQG�VKRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�OHDUQLQJ�WKH�V\QWD[�RI
DQ�DSSURSULDWH�SURJUDPPLQJ�ODQJXDJH�
3URJUDPV�GHYHORSHG�LQ�WKLV�FKDSWHU�ZLOO�EH�LOOXVWUDWHG�XVLQJ�WKH�IROORZLQJ�IUHHO\

DYDLODEOH�ODQJXDJHV�
���6FUDWFK��D�JRRG�EDVLF�LQWURGXFWLRQ�WR�SURJUDPPLQJ�IRU�EHJLQQHUV�WKDW�LV�IUHHO\
DYDLODEOH�IURP�0,7��6FUDWFK�PDNHV�SURJUDPPLQJ�HDV\�DQG�IXQ�WR�OHDUQ�DV�LW�XVHV
YLVXDO�EXLOGLQJ�EORFNV��,W�LV�XVHIXO�DV�DQ�LQWURGXFWLRQ�

���-DYD6FULSW��D�VFULSWLQJ�ODQJXDJH�WKDW�ZRUNV�LQ�DQ\�EURZVHU��QR�GRZQORDG�QHHGHG�
-DYD6FULSW�ZRUNV�ZLWK�WKH�+70/��VHH�6HFWLRQ��������

���3\WKRQ��D�JHQHUDO�SXUSRVH��RSHQ�VRXUFH�SURJUDPPLQJ�ODQJXDJH�WKDW�SURPRWHV�UDSLG
SURJUDP�GHYHORSPHQW�DQG�UHDGDEOH�FRGH�

7KH�WUDGLWLRQDO�LQWURGXFWLRQ�WR�SURJUDPPLQJ�LQ�DQ\�ODQJXDJH�LV�WR�GLVSOD\�WKH�ZRUGV
µ+HOOR�:RUOG¶�RQ�D�FRPSXWHU�VFUHHQ��7KH�SURJUDPV�ORRN�YHU\�GLIIHUHQW�

)LJXUH������3URJUDPV�WR�GLVSOD\

$FWLYLW\�����
+DYH�D�ORRN�DW�DOO�WKUHH�SURJUDPV�DQG�GHFLGH�ZKLFK�SURJUDP�LV�WKH�HDVLHVW
WR�XQGHUVWDQG�

6FUDWFK�DQG�3\WKRQ�ZRUN�LQ�WKHLU�RZQ�,QWHJUDWHG�'HYHORSPHQW�(QYLURQPHQWV��,'(V��

220



)LJXUH������3\WKRQ�,'(

)LJXUH������6FUDWFK�SURJUDP�UXQQLQJ
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)LJXUH������6FUDWFK�,'(

-DYD6FULSW�ZRUNV�LQ�D�EURZVHU�

)LJXUH������-DYD6FULSW�ZRUNLQJ�LQ�D�EURZVHU

$FWLYLW\�����
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,Q�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR�XVH�
ZULWH�DQG�UXQ�\RXU�RZQ�SURJUDP�WKDW�GLVSOD\V�WKH�ZRUGV�µ+HOOR�&RPSXWHU
6FLHQWLVWV¶�

�����'HFODUDWLRQ�DQG�XVH�RI�YDULDEOHV�DQG
FRQVWDQWV
$�9$5,$%/(�LQ�D�FRPSXWHU�SURJUDP�LV�D�QDPHG�GDWD�VWRUH�WKDW�FRQWDLQV�D�YDOXH�WKDW
PD\�FKDQJH�GXULQJ�WKH�H[HFXWLRQ�RI�WKH�SURJUDP��,Q�RUGHU�WR�PDNH�SURJUDPV
XQGHUVWDQGDEOH�WR�RWKHUV��YDULDEOHV�VKRXOG�EH�JLYHQ�PHDQLQJIXO�QDPHV�
$�&2167$17�LQ�D�FRPSXWHU�SURJUDP�LV�D�QDPHG�GDWD�VWRUH�WKDW�FRQWDLQV�D�YDOXH

WKDW�GRHV�QRW�FKDQJH�GXULQJ�WKH�H[HFXWLRQ�RI�WKH�SURJUDP��,Q�RUGHU�WR�PDNH�SURJUDPV
XQGHUVWDQGDEOH�WR�RWKHUV��FRQVWDQWV�VKRXOG�EH�JLYHQ�PHDQLQJIXO�QDPHV�
1RW�DOO�SURJUDPPLQJ�ODQJXDJHV�H[SOLFLWO\�GLIIHUHQWLDWH�EHWZHHQ�FRQVWDQWV�DQG

YDULDEOHV�EXW�SURJUDPPHUV�VKRXOG�EH�FOHDU�ZKLFK�GDWD�VWRUHV�FDQ�EH�FKDQJHG�DQG
ZKLFK�FDQQRW�EH�FKDQJHG��7KHUH�DUH�VHYHUDO�ZD\V�RI�GRLQJ�WKLV��IRU�H[DPSOH�

���XVH�RI�FDSLWDO�OHWWHUV� 3,� ������

���PHDQLQJIXO�QDPHV�WKDW�EHJLQ�ZLWK�&RQVW� &RQVW3L� ������

,W�LV�FRQVLGHUHG�JRRG�SUDFWLFH�WR�GHFODUH�DW�WKH�VWDUW�RI�D�SURJUDP�WKH�FRQVWDQWV�DQG
YDULDEOHV�WR�EH�XVHG�LQ�WKDW�SURJUDP��'HFODUDWLRQV�DUH�H[SHFWHG�LQ�SURJUDPV�ZULWWHQ
IRU�WKH�WDVNV�VSHFLILHG�LQ�WKH�,*&6(�&RPSXWHU�6FLHQFH�SUH�UHOHDVH�PDWHULDO��VHH
6HFWLRQ��������
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)LJXUH������9DULDEOH�DQG�FRQVWDQW�GHFODUDWLRQV�LQ�6FUDWFK

)LJXUH������9DULDEOH�DQG�FRQVWDQW�GHFODUDWLRQV�LQ�-DYD6FULSW

)LJXUH������+RZ�WR�GHFODUH�YDULDEOHV�DQG�FRQVWDQWV�LQ�3\WKRQ

$FWLYLW\�����
,Q�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR�XVH�
GHFODUH�WKH�YDULDEOHV�DQG�FRQVWDQWV�\RX�ZRXOG�XVH�LQ�DQ�DOJRULWKP�WR�ILQG
WKH�YROXPH�RI�D�F\OLQGHU�

�����%DVLF�GDWD�W\SHV
,Q�RUGHU�IRU�D�FRPSXWHU�V\VWHP�WR�SURFHVV�DQG�VWRUH�GDWD�HIIHFWLYHO\��GLIIHUHQW�NLQGV
RI�GDWD�DUH�IRUPDOO\�JLYHQ�GLIIHUHQW�W\SHV��7KLV�HQDEOHV�
���GDWD�WR�EH�VWRUHG�LQ�DQ�DSSURSULDWH�ZD\��IRU�H[DPSOH��DV�QXPEHUV�RU�FKDUDFWHUV
���GDWD�WR�EH�PDQLSXODWHG�HIIHFWLYHO\��IRU�H[DPSOH�QXPEHUV�ZLWK�PDWKHPDWLFDO
RSHUDWRUV�DQG�FKDUDFWHUV�ZLWK�FRQFDWHQDWLRQ

���DXWRPDWLF�YDOLGDWLRQ�LQ�VRPH�FDVHV�
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,QWHJHU
$Q�,17(*(5�LV�D�SRVLWLYH�RU�QHJDWLYH�ZKROH�QXPEHU�WKDW�FDQ�EH�XVHG�ZLWK
PDWKHPDWLFDO�RSHUDWRUV�

5HDO
$�5($/�180%(5�LV�D�SRVLWLYH�RU�QHJDWLYH�QXPEHU�ZLWK�D�IUDFWLRQDO�SDUW��5HDO
QXPEHUV�FDQ�EH�XVHG�ZLWK�PDWKHPDWLFDO�RSHUDWRUV�
1RW�DOO�SURJUDPPLQJ�ODQJXDJHV�GLVWLQJXLVK�EHWZHHQ�UHDO�QXPEHUV�DQG�LQWHJHUV�

-DYD6FULSW�PDNHV�QR�GLVWLQFWLRQ��3\WKRQ�GRHV�ZLWK�WKH�XVH�RI�EXLOW�LQ�IXQFWLRQV�
)LUVW,QWHJHU� 
LQW����

VHWV�XS�DQ�LQWHJHU�YDULDEOH�ZLWK�WKH�YDOXH�RI����LQ
3\WKRQ

)LUVW5HDO� �IORDW���� VHWV�XS�D�UHDO�YDULDEOH�ZLWK�WKH�YDOXH�RI������LQ�3\WKRQ

&KDU
$�YDULDEOH�RU�FRQVWDQW�RI�W\SH�&+$5�LV�D�VLQJOH�FKDUDFWHU�
YDU�*HQGHU� �
)
 -DYD6FULSW
*HQGHU� �
)
�RU�*HQGHU� ��)� 3\WKRQ

6WULQJ
$�YDULDEOH�RU�FRQVWDQW�RI�W\SH�675,1*�LV�VHYHUDO�FKDUDFWHUV�LQ�OHQJWK��6WULQJV�YDU\�LQ
OHQJWK�DQG�PD\�HYHQ�KDYH�QR�FKDUDFWHUV��DQ�HPSW\�VWULQJ��7KH�FKDUDFWHUV�FDQ�EH
OHWWHUV�DQG�RU�GLJLWV�DQG�RU�DQ\�RWKHU�SULQWDEOH�V\PERO��)RU�H[DPSOH�
9DU�7HOHSKRQH1XPEHU� �
�����������
 -DYD6FULSW
9DU�)LUVW1DPH� �
(PPD
 -DYD6FULSW
9DU�8Q5HSHDWDEOH� �
#�		##���
 -DYD6FULSW
7HOHSKRQH1XPEHU� �
�����������
 3\WKRQ
)LUVW1DPH� �
(PPD
 3\WKRQ
8Q5HSHDWDEOH� �
#�		##���
 3\WKRQ

$FWLYLW\�����
,Q�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR�XVH�
ZULWH�DQG�UXQ�\RXU�RZQ�SURJUDP�WKDW�GLVSOD\V�WKH�ZRUGV�µ+HOOR
�<RXU1DPH!¶��8VH�D�VWULQJ�YDULDEOH�WR�VWRUH�<RXU1DPH�

%RROHDQ
$�%22/($1�YDULDEOH�FDQ�KDYH�RQO\�WZR�YDOXHV��758(�RU�)$/6(�
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9DU�$JH2YHU��� �WUXH -DYD6FULSW
$JH2YHU��� �WUXH 3\WKRQ

$FWLYLW\�����
$W�WKH�VWDUW�RI�D�SURJUDP�WR�VWRUH�VRPH�SHUVRQDO�LQIRUPDWLRQ�\RX�QHHG�WR
VHW�XS�YDULDEOHV�WR�VWRUH�WKH�IROORZLQJ�GDWD�
���QDPH
���DGGUHVV
���JHQGHU
���RYHU�XQGHU����\HDUV�RI�DJH
���FRORXU�RI�KDLU
���VKRH�VL]H
���ZHLJKW�LQ�NLORJUDPV�
<RX�DOVR�QHHG�WR�VHW�XS�FRQVWDQWV�IRU�PDOH�DQG�IHPDOH�
D�6HOHFW�PHDQLQJIXO�YDULDEOH�QDPHV�DQG�W\SHV�IRU�\RXU�FRQVWDQWV�DQG
YDULDEOHV�

E�,Q�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR
XVH��ZULWH�DQG�UXQ�\RXU�RZQ�SURJUDP�WKDW�GLVSOD\V�WKH�YDOXHV�\RX�KDYH
XVHG�WR�LQLWLDOLVH�\RXU�YDULDEOHV�DQG�FRQVWDQWV�

F�0DNH�VXUH�WKDW�\RX�FDQ�LQSXW�QHZ�YDOXHV�DQG�VHOHFW�VXLWDEOH�WHVW�GDWD�IRU
\RXU�SURJUDP�

�����+RZ�WR�PDNH�\RXU�SURJUDP�ZRUN
3URJUDPV�ZRUN�E\�DXWRPDWLFDOO\�IROORZLQJ�RQH�LQVWUXFWLRQ�DIWHU�DQRWKHU�LQ�VHTXHQFH�
/RRN�DW�WKH�IROORZLQJ�H[DPSOHV�

)LJXUH������3\WKRQ�SURJUDP
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)LJXUH�������3\WKRQ�SURJUDP�UXQQLQJ

)LJXUH�������-DYD6FULSW�SURJUDP
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)LJXUH�������-DYD6FULSW�SURJUDP�UXQQLQJ

6RPHWLPHV�WKH�QH[W�LQVWUXFWLRQ�WR�EH�REH\HG�ZLOO�GHSHQG�XSRQ�ZKDW�KDV�DOUHDG\
KDSSHQHG�EHIRUH�DQG�D�VHOHFWLRQ�KDV�WR�WDNH�SODFH��/RRN�DW�WKH�IROORZLQJ�H[DPSOHV�

)LJXUH�������3\WKRQ�SURJUDP�VKRZLQJ�VHOHFWLRQ
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)LJXUH�������3\WKRQ�VHOHFWLRQ�SURJUDP�UXQQLQJ

)LJXUH�������-DYD6FULSW�VHOHFWLRQ�SURJUDP
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)LJXUH�������-DYD6FULSW�VHOHFWLRQ�SURJUDP�UXQQLQJ

6RPHWLPHV�LQVWUXFWLRQV�QHHG�WR�EH�UHSHDWHG�VHYHUDO�WLPHV�VR�D�ILQDO�UHVXOW�FDQ�EH
REWDLQHG��WKLV�RIWHQ�LQYROYHV�WKH�XVH�RI�WRWDOOLQJ�DQG�FRXQWLQJ��/RRN�DW�WKH�IROORZLQJ
H[DPSOHV�
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)LJXUH�������3\WKRQ�UHSHWLWLRQ�SURJUDP

)LJXUH�������3\WKRQ�UHSHWLWLRQ�SURJUDP�UXQQLQJ
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)LJXUH�������-DYD6FULSW�UHSHWLWLRQ�SURJUDP
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)LJXUH�������-DYD6FULSW�UHSHWLWLRQ�SURJUDP�UXQQLQJ

�������6HTXHQFH
6WDWHPHQWV�DUH�IROORZHG�LQ�VHTXHQFH�VR�WKH�RUGHU�RI�WKH�VWDWHPHQWV�LQ�D�SURJUDP�LV
LPSRUWDQW��$VVLJQPHQW�VWDWHPHQWV�UHO\�RQ�WKH�YDULDEOHV�XVHG�LQ�WKH�H[SUHVVLRQ�RQ�WKH
ULJKW�KDQG�VLGH�RI�WKH�VWDWHPHQW�DOO�KDYLQJ�EHHQ�JLYHQ�YDOXHV��,QSXW�VWDWHPHQWV�RIWHQ
SURYLGH�YDOXHV�IRU�DVVLJQPHQW�VWDWHPHQWV��2XWSXW�VWDWHPHQWV�RIWHQ�XVH�WKH�UHVXOWV�IURP
DVVLJQPHQW�VWDWHPHQWV�

)LUVW1XPEHU� �LQW�LQSXW��
(QWHU�)LUVW�:KROH�1XPEHU��
��
6HFRQG1XPEHU� �LQW��LQSXW��
(QWHU�6HFRQG�:KROH�1XPEHU��
��
6XP� �)LUVW1XPEHU���6HFRQG1XPEHU
SULQW��
7KH�VXP�HTXDOV�
��6XP�

�������6HOHFWLRQ
6HOHFWLRQ�LV�D�YHU\�XVHIXO�WHFKQLTXH��DOORZLQJ�GDWD�LWHPV�WR�EH�SLFNHG�RXW�DFFRUGLQJ
WR�JLYHQ�FULWHULD��IRU�H[DPSOH�VHOHFWLQJ�WKH�ODUJHVW�YDOXH�RU�WKH�VPDOOHVW�YDOXH�
VHOHFWLQJ�LWHPV�RYHU�D�FHUWDLQ�SULFH��VHOHFWLQJ�HYHU\RQH�ZKR�LV�PDOH��7KLV�LV�GRQH
ZLWK�WKH�XVH�RI�LI�DQG�FDVH�VWDWHPHQWV�

)LJXUH�������6HOHFWLRQ

$FWLYLW\�����
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8VLQJ�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR
XVH��ILQG�RXW�DERXW�WKH�VWUXFWXUH�RI�LI«WKHQ«HOVH�DQG�FDVH�VWDWHPHQWV��1RW
DOO�SURJUDPPLQJ�ODQJXDJHV�LQFOXGH�WKH�XVH�RI�D�FDVH�VWDWHPHQW�

�������5HSHWLWLRQ
0RVW�SURJUDPPLQJ�ODQJXDJHV�VXSSRUW�WKUHH�W\SHV�RI�ORRS�
���D�IL[HG�QXPEHU�RI�UHSHWLWLRQV
���DQ�XQNQRZQ�QXPEHU�RI�UHSHWLWLRQV�ZLWK�DW�OHDVW�RQH�UHSHWLWLRQ��DV�WKH�FRQGLWLRQ�LV
WHVWHG�DW�WKH�HQG�RI�WKH�ORRS

���DQ�XQNQRZQ�QXPEHU�RI�UHSHWLWLRQV�ZKLFK�PD\�QRW�EH�FRPSOHWHG�DW�DOO��DV�WKH
FRQGLWLRQ�LV�WHVWHG�DW�WKH�EHJLQQLQJ�RI�WKH�ORRS�

)LJXUH�������)L[HG�QXPEHU�RI�UHSHWLWLRQV

)LJXUH�������8QNQRZQ�QXPEHU�RI�UHSHWLWLRQV��DW�OHDVW�RQH�FRPSOHWHG
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)LJXUH�������8QNQRZQ�QXPEHU�RI�UHSHWLWLRQV��VWDWHPHQWV�LQ�ORRS�PD\�QHYHU
EH�XVHG

�������7RWDOOLQJ
7RWDOOLQJ�LV�XVHG�ZLWK�UHSHWLWLRQ�ZLWK�WKH�WRWDO�XSGDWHG�HYHU\�WLPH�WKH�ORRS�LV
UHSHDWHG��.HHSLQJ�D�UXQQLQJ�WRWDO�LV�RQH�RI�WKH�PRVW�IUHTXHQWO\�XVHG�SURJUDPPLQJ
WHFKQLTXHV�LQ�PDQ\�FRPSXWHU�V\VWHPV��IRU�H[DPSOH��WKH�WRWDO�RQ�D�UHFHLSW�DW�D
VXSHUPDUNHW�FKHFNRXW�

5HFHLSW7RWDO� �5HFHLSW7RWDO���&RVW2I,WHP

�������&RXQWLQJ
&RXQWLQJ�LV�XVHG�ZLWK�UHSHWLWLRQ�ZLWK�WKH�FRXQWHU�LQFUHDVHG�E\���HYHU\�WLPH�WKH�ORRS
LV�UHSHDWHG��&RXQWLQJ�LWHPV�RU�HYHQWV�LV�DQRWKHU�RI�WKH�PRVW�IUHTXHQWO\�XVHG
SURJUDPPLQJ�WHFKQLTXHV��IRU�H[DPSOH��FRXQWLQJ�WKH�QXPEHU�RI�LWHPV�VROG�LQ�D�VLQJOH
WUDQVDFWLRQ�DW�D�VXSHUPDUNHW�

1XPEHU2I,WHPV� �1XPEHU2I,WHPV����

$V�ZHOO�DV�FRXQWLQJ�XSZDUGV��D�FRXQWHU�FDQ�EH�XVHG�WR�FRXQW�GRZQ�ZLWK�WKH�FRXQWHU
EHLQJ�GHFUHDVHG�E\���HYHU\�WLPH�WKH�ORRS�LV�UHSHDWHG��IRU�H[DPSOH��UHPRYLQJ�DQ�LWHP
IURP�VWRFN�HYHU\�WLPH�RQH�LV�VROG�
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1XPEHU,Q6WRFN� �1XPEHU,Q6WRFN����

�������:ULWLQJ�SURJUDPV
([DPSOH��
7LFNHWV�DUH�VROG�IRU�D�FRQFHUW�DW�����HDFK��LI����WLFNHWV�DUH�ERXJKW�WKHQ�WKH�GLVFRXQW�LV
�����LI����WLFNHWV�DUH�ERXJKW�WKH�GLVFRXQW�LV������1R�PRUH�WKDQ����WLFNHWV�FDQ�EH
ERXJKW�LQ�D�VLQJOH�WUDQVDFWLRQ�
D�:ULWH�D�SURJUDP�WR�FDOFXODWH�WKH�FRVW�RI�EX\LQJ�D�JLYHQ�QXPEHU�RI�WLFNHWV�
E�6KRZ�KRZ�\RX�ZRXOG�WHVW�\RXU�SURJUDP�

)LJXUH�������([DPSOH���LQ�3\WKRQ
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)LJXUH�������-DYD6FULSW�SURJUDP�IRU�([DPSOH��
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)LJXUH�������3URJUDP�WHVWLQJ�([DPSOH���LQ�3\WKRQ

)LJXUH�������3URJUDP�WHVWLQJ�([DPSOH���LQ�-DYD6FULSW

$FWLYLW\�����
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8VLQJ�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�WR
XVH��ZULWH�D�SURJUDP�IRU�([DPSOH����/RRN�DW�WKH�WHVW�GDWD�XVHG�ZLWK�WKH
3\WKRQ�DQG�-DYD6FULSW�VROXWLRQV��H[SODLQ�KRZ�\RX�ZRXOG�LPSURYH�WKLV�WHVW
GDWD�WR�HQVXUH�WKDW�\RXU�SURJUDP�ZDV�IXOO\�WHVWHG�

240



(QG�RI�FKDSWHU�TXHVWLRQV
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�YDULDEOH�DQG�D�FRQVWDQW�LQ�D�SURJUDP�
��6WDWH�IRXU�GLIIHUHQW�EDVLF�GDWD�W\SHV��,OOXVWUDWH�\RXU�DQVZHU�E\�GHFODULQJ�D�YDULDEOH
IRU�HDFK�RQH�DQG�DVVLJQLQJ�LW�D�YDOXH�

��$�VFKRRO�ZLWK�����VWXGHQWV�ZDQWV�WR�SURGXFH�VRPH�LQIRUPDWLRQ�IURP�WKH�UHVXOWV�RI
WKH�IRXU�VWDQGDUG�WHVWV�LQ�0DWKV��6FLHQFH��(QJOLVK�DQG�,7��(DFK�WHVW�LV�RXW�RI����
PDUNV��7KH�LQIRUPDWLRQ�RXWSXW�VKRXOG�EH�WKH�KLJKHVW��ORZHVW�DQG�DYHUDJH�PDUN�IRU
HDFK�WHVW�DQG�WKH�KLJKHVW��ORZHVW�DQG�DYHUDJH�PDUN�RYHUDOO��$OO�WKH�PDUNV�QHHG�WR
EH�LQSXW�

����D�:ULWH�D�SURJUDP�WR�FRPSOHWH�WKLV�WDVN�
����E�([SODLQ�KRZ�\RX�ZRXOG�WHVW�\RXU�SURJUDP�
��:ULWH�WKUHH�SURJUDPV�VKRZLQJ�WKH�GLIIHUHQW�ZD\V�WKDW�FDQ�EH�XVHG�WR�DGG�XS�ILYH
QXPEHUV�DQG�SULQW�RXW�WKH�WRWDO��([SODLQ�ZKLFK�ORRS�LV�WKH�PRVW�HIILFLHQW�WR�XVH�

��$�VZHHW�VKRS�VHOOV�����GLIIHUHQW�VRUWV�RI�VZHHWV��(DFK�VRUW�RI�VZHHW�LV�LGHQWLILHG�E\
D�XQLTXH�IRXU�GLJLW�FRGH��$OO�VZHHWV�WKDW�VWDUW�ZLWK�D�RQH�����DUH�FKRFRODWHV��DOO
VZHHWV�WKDW�VWDUW�ZLWK�D�WZR�����DUH�WRIIHHV��DOO�VZHHWV�WKDW�VWDUW�ZLWK�D�WKUHH�����DUH
MHOOLHV�DQG�DOO�RWKHU�VZHHWV�DUH�PLVFHOODQHRXV�DQG�FDQ�VWDUW�ZLWK�DQ\�RWKHU�GLJLW
H[FHSW�]HUR�

����D�:ULWH�D�SURJUDP��ZKLFK�LQSXWV�WKH�IRXU�GLJLW�FRGH�IRU�DOO�����LWHPV�DQG�RXWSXWV
WKH�QXPEHU�RI�FKRFRODWHV��WRIIHHV�DQG�MHOOLHV�

����E�([SODLQ�KRZ�\RX�ZRXOG�WHVW�\RXU�SURJUDP�
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���'DWD�VWUXFWXUHV��DUUD\V�DQG�XVLQJ
SUH�UHOHDVH�PDWHULDO
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���GHFODUDWLRQ�RI�RQH�GLPHQVLRQDO�DUUD\V
���WKH�XVH�RI�RQH�GLPHQVLRQDO�DUUD\V
���WKH�XVH�RI�D�YDULDEOH�DV�DQ�LQGH[�LQ�DQ�DUUD\
���UHDGLQJ�DQG�ZULWLQJ�YDOXHV�LQ�DQ�DUUD\�XVLQJ�D�)25�«�72�«�1(;7�ORRS
���XVLQJ�SUH�UHOHDVH�PDWHULDO�

�����,QWURGXFWLRQ
2QH�RI�WKH�DGYDQWDJHV�RI�XVLQJ�FRPSXWHU�V\VWHPV�LV�WKHLU�DELOLW\�WR�DFFXUDWHO\�UHSHDW
WKH�VDPH�WDVNV�PDQ\�WLPHV��IRU�H[DPSOH��SURGXFLQJ�HOHFWULFLW\�ELOOV�RU�FDOFXODWLQJ
H[DP�VFRUHV��,Q�RUGHU�WR�GR�WKLV��SURJUDPV�DUH�ZULWWHQ�ZLWK�ORRSV�IRU�UHSHWLWLRQV�WR
ZRUN�ZLWK�OLVWV�RI�VLPLODU�LWHPV�
7KHVH�OLVWV�DUH�LGHQWLILHG�E\�WKH�XVH�RI�D�VLQJOH�QDPH�DQG�HDFK�LWHP�LQ�WKH�OLVW�FDQ

EH�IRXQG�E\�DQ�LQGH[�QXPEHU�VKRZLQJ�WKH�SODFH�LQ�WKH�OLVW��7KLV�W\SH�RI�OLVW�LV�FDOOHG�D
RQH�GLPHQVLRQDO�DUUD\��7KH�LWHPV�LQ�WKH�OLVW�DUH�WKH�HOHPHQWV�RI�WKH�DUUD\�

)LJXUH������/LVW�RU�RQH�GLPHQVLRQDO�DUUD\
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�����$UUD\V

�������2QH�GLPHQVLRQDO�DUUD\V
,Q�RUGHU�WR�XVH�D�RQH�GLPHQVLRQDO�DUUD\�LQ�D�FRPSXWHU�SURJUDP��\RX�QHHG�WR�FRQVLGHU�
���ZKDW�WKH�DUUD\�LV�JRLQJ�WR�EH�XVHG�IRU��VR�LW�FDQ�EH�JLYHQ�D�PHDQLQJIXO�QDPH
���KRZ�PDQ\�LWHPV�DUH�JRLQJ�WR�EH�VWRUHG��VR�WKH�VL]H�RI�WKH�DUUD\�FDQ�EH�GHWHUPLQHG
���ZKDW�VRUW�RI�GDWD�LV�WR�EH�VWRUHG��VR�WKDW�WKH�DUUD\�FDQ�EH�WKH�DSSURSULDWH�GDWD�W\SH�
)RU�H[DPSOH��LI�D�RQH�GLPHQVLRQDO�DUUD\�IRU�DOO�WKH�VWXGHQWV¶�WHVW�PDUNV�LQ�D�FODVV�ZDV
WR�EH�VHW�XS�
���DUUD\�QDPH�6WXGHQW0DUN7HVW
���QXPEHU�RI�LWHPV� �QXPEHU�RI�VWXGHQWV�LQ�WKH�FODVV��WKLV�FRXOG�EH�D�FRQVWDQW
1R6WXGHQWV

���ZKROH�QXPEHUV�QHHG�WR�EH�VWRUHG��GDWD�W\SH�,QWHJHU�
$UUD\V�XVXDOO\�VWDUW�DW�HOHPHQW���RU�HOHPHQW����2IWHQ�LI�DQ�DUUD\�VWDUWV�DW�HOHPHQW���
WKH�VL]H�RI�WKH�DUUD\�LV�JLYHQ�DV�RQH�PRUH�WKDQ�UHTXLUHG�DQG�HOHPHQW���LV�QRW�XVHG�

)LJXUH������$UUD\�GHFODUDWLRQ�LQ�-DYD6FULSW

)LJXUH������'HFODUDWLRQ�RI�OLVWV�DQG�DUUD\V�LQ�3\WKRQ

243



$FWLYLW\�����
8VLQJ�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�
ILQG�RXW�DERXW�DUUD\V�
D�,V�WKH�ILUVW�HOHPHQW���RU��"
E�+RZ�GR�\RX�GHFODUH�WKH�VL]H�RI�DQ�DUUD\"
F�&DQ�\RX�GHFODUH�WKH�W\SH�RI�WKH�DUUD\"
G�'HFODUH�DQ�DUUD\�WR�VWRUH�WKH�WHVW�PDUNV�IRU�D�FODVV�RI����VWXGHQWV�

�������8VLQJ�D�YDULDEOH�DV�DQ�LQGH[�LQ�DQ�DUUD\
,Q�RUGHU�WR�UHSHDW�WKH�VDPH�WDVN�PDQ\�WLPHV�IRU�DOO�WKH�LWHPV�LQ�D�OLVW��HDFK�LWHP�QHHGV
WR�EH�UHIHUUHG�WR�LQ�WKH�VDPH�ZD\�XVLQJ�WKH�LQGH[�QXPEHU�IRU�HDFK�HOHPHQW�RI�WKH�RQH�
GLPHQVLRQDO�DUUD\��,I�D�YDULDEOH�LV�XVHG�IRU�WKLV�LQGH[�QXPEHU��WKHQ�WKH�VDPH�FRGH�FDQ
EH�UH�XVHG�IRU�HDFK�LWHP�

)LJXUH������8VLQJ�D�YDULDEOH�DV�DQ�LQGH[�LQ�DQ�DUUD\

7KLV�DOORZV�VHYHUDO�DUUD\V�WR�EH�XVHG�WRJHWKHU�ZLWK�WKH�VDPH�LQGH[�QXPEHU�WR�VKRZ
UHODWHG�LQIRUPDWLRQ��IRU�H[DPSOH��HDFK�VWXGHQW�FRXOG�VLW�PRUH�WKDQ�RQH�WHVW�DQG�WKH
QDPH�DQG�JHQGHU�RI�WKH�VWXGHQW�FRXOG�DOVR�EH�UHFRUGHG�
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)LJXUH������8VH�RI�PXOWLSOH�DUUD\V�ZLWK�WKH�VDPH�LQGH[

�������5HDG�RU�ZULWH�YDOXHV�LQ�DQ�DUUD\�XVLQJ�D
)25�«�72�«�1(;7�ORRS
$�)25�«�72�«�1(;7�ORRS�XVHV�D�IL[HG�QXPEHU�RI�UHSHDWV�VR�LW�LV�LGHDO�WR�XVH�ZLWK�DQ
DUUD\��ZKHQ�WKH�QXPEHU�RI�HOHPHQWV�LV�NQRZQ��DV�WKH�ORRS�FRXQWHU�FDQ�EH�XVHG�DV�WKH
DUUD\�LQGH[��)RU�H[DPSOH�D�)25�«�72�«�1(;7�ORRS�FRXOG�EH�XVHG�WR�UHDG�YDOXHV�LQWR
WZR�DUUD\V�WR�VWRUH�WZR�VHWV�RI�WHVW�PDUNV�IRU�D�FODVV�RI����VWXGHQWV�
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)LJXUH������5HDGLQJ�YDOXHV�LQWR�DQ�DUUD\

$QRWKHU�)25�«�72�«�1(;7�ORRS�FRXOG�EH�XVHG�WR�VKRZ�YDOXHV�LQ�WKH�DUUD\V�WKDW
VWRUH�WZR�VHWV�RI�WHVW�PDUNV�IRU�D�FODVV�RI����VWXGHQWV�

)LJXUH������2XWSXWWLQJ�YDOXHV�DOUHDG\�VWRUHG�LQ�DQ�DUUD\
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$FWLYLW\�����
8VLQJ�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH�WKDW�\RXU�VFKRRO�KDV�FKRVHQ�
GHFODUH�DUUD\V�WR�VWRUH�
���WKH�QDPHV�RI�D�FODVV�RI����VWXGHQWV
���WKH�JHQGHU�RI�HDFK�VWXGHQW�DV�0�RU�)
���WKH�PDUNV�IRU�WZR�WHVWV�IRU�D�FODVV�RI����VWXGHQWV�

:KHQ�VWRULQJ�YDOXHV�WKDW�DUH�LQSXW�LQ�DQ\�YDULDEOH�RU�DUUD\��YDOLGDWLRQ�FKHFNV�VKRXOG
EH�XVHG��VHH�6HFWLRQ���������)RU�H[DPSOH�ZKHQ�LQSXWWLQJ�WKH�JHQGHU�IRU�WKH�DFWLYLW\
DERYH�RQO\�0�RU�)�VKRXOG�EH�DOORZHG�

$FWLYLW\�����
7KH�H[DPSOHV�EHORZ�WHVW�IRU�0�

)LJXUH������&KHFNLQJ�IRU�JHQGHU�µ0¶

([WHQG�\RXU�SURJUDP�WR�WHVW�IRU�
���ERWK�0�DQG�)�LQ�\RXU�VWXGHQW�JHQGHU�DUUD\
���PDUNV�EHWZHHQ���DQG����IRU�WKH�ILUVW�WHVW
���PDUNV�EHWZHHQ���DQG�����IRU�WKH�VHFRQG�WHVW�

7KH�WZR�SUHYLRXV�DFWLYLWLHV�KDYH�HQDEOHG�\RX�WR�VWRUH�YDOLGDWHG�GDWD�LQ�IRXU�DUUD\V�
RQFH�WKLV�GDWD�LV�VWRUHG�\RX�FDQ�XVH�LW�WR�H[WUDFW�XVHIXO�LQIRUPDWLRQ��)RU�H[DPSOH�\RX
PD\�ZDQW�WR�ILQG�WKH�VWXGHQWV�ZLWK�WKH�KLJKHVW�DQG�ORZHVW�PDUN�IRU�HDFK�WHVW��WKH
DYHUDJH�PDUN�IRU�HDFK�WHVW��WKH�DYHUDJH�PDUN�RYHUDOO�DQG�WKH�QXPEHU�RI�PDOH�DQG
IHPDOH�VWXGHQWV�LQ�HDFK�FODVV�
<RX�FDQ�ILQG�D�VWXGHQW�ZLWK�WKH�KLJKHVW�PDUN�IRU�WHVW���OLNH�WKLV�
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)LJXUH������)LQGLQJ�WKH�VWXGHQW�ZLWK�WKH�KLJKHVW�PDUN�IRU�WHVW��

$FWLYLW\�����
1RZ�H[WHQG�\RXU�SURJUDP�DV�IROORZV�
D�)LQG�WKH�VWXGHQWV�ZLWK�WKH�KLJKHVW�PDUNV�IRU�WHVWV���DQG���
E�)LQG�WKH�VWXGHQWV�ZLWK�WKH�ORZHVW�PDUNV�IRU�WHVWV���DQG����+LQW��VHW�\RXU
ORZHVW�PDUN�YDULDEOHV�WR����DQG�����

F�)LQG�WKH�DYHUDJH�PDUN�IRU�HDFK�WHVW��+LQW��XVH�D�UXQQLQJ�WRWDO�DQG�GLYLGH
E\�WKH�QXPEHU�RI�VWXGHQWV�DW�WKH�HQG�

G�)LQG�WKH�QXPEHU�RI�PDOH�DQG�IHPDOH�VWXGHQWV��+LQW��FRXQW�HLWKHU�PDOHV�RU
IHPDOHV�DQG�FDOFXODWH�WKH�RWKHU�E\�WDNLQJ�DZD\�IURP����

�����8VLQJ�SUH�UHOHDVH�PDWHULDO
,Q�RUGHU�WR�DQVZHU�SUDFWLFDO�TXHVWLRQV�EDVHG�RQ�SUH�UHOHDVH�PDWHULDO��\RX�ZLOO�QHHG
WR�SUDFWLVH�WKH�VNLOOV�\RX�KDYH�OHDUQW�VR�IDU��7KH�SUH�UHOHDVH�PDWHULDO�ZLOO�DUULYH�D
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IHZ�PRQWKV�EHIRUH�\RXU�H[DPLQDWLRQ��\RX�FDQ�GLVFXVV�LW�ZLWK�\RXU�WHDFKHU�DQG�\RXU
IHOORZ�VWXGHQWV�
<RX�QHHG�WR�SUDFWLVH�DSSO\LQJ�\RXU�VNLOOV�WR�WKH�WDVNV�PHQWLRQHG�LQ�WKH�VFHQDULR�

ZKLFK�LV�GLIIHUHQW�IRU�HDFK�H[DPLQDWLRQ�VHULHV�
+HUH�LV�D�FKHFNOLVW�RI�XVHIXO�WKLQJV�WR�GR�

��5HDG�WKURXJK�WKH�SUH�UHOHDVH�PDWHULDO�VHYHUDO�WLPHV��&KHFN�ZLWK�\RXU�WHDFKHU�LI
WKHUH�LV�DQ\WKLQJ�DW�DOO�WKDW�\RX�GR�QRW�XQGHUVWDQG�

��)RU�HDFK�WDVN��ZULWH�DQ�DOJRULWKP�XVLQJ�ERWK�SVHXGRFRGH�DQG�D�IORZFKDUW�WR�VKRZ
ZKDW�LV�UHTXLUHG�

��&KRRVH�VHWV�RI�WHVW�GDWD�WKDW�\RX�ZLOO�QHHG�WR�XVH��DQG�ZRUN�RXW�WKH�H[SHFWHG
UHVXOWV��5HPHPEHU�WR�XVH�QRUPDO��ERXQGDU\�DQG�HUURQHRXV�GDWD��%H�DEOH�WR�JLYH
UHDVRQV�IRU�\RXU�FKRLFH�RI�WHVW�GDWD�

��&RPSOHWH�WUDFH�WDEOHV�WR�WHVW�\RXU�SVHXGRFRGH�DQG�IORZFKDUWV��7KLV�ZLOO�HQDEOH�\RX
WR�HQVXUH�WKDW�ERWK�WKH�SVHXGRFRGH�DQG�WKH�IORZFKDUWV�ZRUN�SURSHUO\��,W�LV�D�JRRG
LGHD�WR�JHW�DQRWKHU�VWXGHQW�WR�WUDFH�\RXU�DOJRULWKPV�DV�ZHOO�

��'HFLGH�ZKLFK�ZRUNV�EHVW�IRU�HDFK�WDVN��SVHXGRFRGH�RU�D�IORZFKDUW��DQG�ZK\�
��%HIRUH�VWDUWLQJ�WR�ZULWH�\RXU�SURJUDP�IRU�HDFK�WDVN�
�������GHFLGH�WKH�YDULDEOHV��LQFOXGLQJ�DQ\�DUUD\V��DQG�FRQVWDQWV�\RX�ZLOO�QHHG
�������GHFLGH�WKH�GDWD�W\SHV�UHTXLUHG�IRU�WKHVH
�������GHFLGH�WKH�PHDQLQJIXO�QDPHV�\RX�ZLOO�XVH
�������EH�DEOH�WR�H[SODLQ�\RXU�GHFLVLRQV�
��,I�\RX�DUH�DVNHG�WR�UHSHDW�WKH�VDPH�WKLQJ�PDQ\�WLPHV��IRU�H[DPSOH�DGGLQJ�XS�WRWDOV�
FRPSOHWH�WKH�WDVN�IRU�RQH�DQG�FKHFN�LW�ZRUNV�EHIRUH�UHSHDWLQJ�LW�PDQ\�WLPHV�

��:ULWH�DQG�WHVW�HDFK�WDVN��<RX�FDQ�XVH�WKH�VDPH�WHVW�GDWD�DV�\RX�XVHG�IRU�\RXU
SVHXGRFRGH�DQG�IORZFKDUWV�

$FWLYLW\�����
:RUN�WKURXJK�WKH�FKHFNOLVW�ZLWK�WKH�SUH�UHOHDVH�PDWHULDO�IRU�\RXU
H[DPLQDWLRQ�
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���'DWDEDVHV
,Q�WKLV�FKDSWHU�\RX�ZLOO�OHDUQ�DERXW�
���ZKDW�GDWDEDVHV�DUH�XVHG�IRU
���GDWDEDVH�VWUXFWXUH
���SUDFWLFDO�XVHV�RI�D�GDWDEDVH�

�����,QWURGXFWLRQ
$�'$7$%$6(�LV�D�VWUXFWXUHG�FROOHFWLRQ�RI�GDWD�WKDW�DOORZV�SHRSOH�WR�H[WUDFW
LQIRUPDWLRQ�LQ�D�ZD\�WKDW�PHHWV�WKHLU�QHHGV��7KH�GDWD�FDQ�LQFOXGH�WH[W��QXPEHUV�
SLFWXUHV��DQ\WKLQJ�WKDW�FDQ�EH�VWRUHG�LQ�D�FRPSXWHU�
'DWDEDVHV�DUH�YHU\�XVHIXO�LQ�SUHYHQWLQJ�GDWD�SUREOHPV�RFFXUULQJ�EHFDXVH�
���GDWD�LV�RQO\�VWRUHG�RQFH�±�QR�GDWD�GXSOLFDWLRQ
���LI�DQ\�FKDQJHV�RU�DGGLWLRQV�DUH�PDGH�LW�RQO\�KDV�WR�EH�GRQH�RQFH�±�WKH�GDWD�LV
FRQVLVWHQW

���WKH�VDPH�GDWD�LV�XVHG�E\�HYHU\RQH�

�����:KDW�DUH�GDWDEDVHV�XVHG�IRU"
7R�VWRUH�LQIRUPDWLRQ�DERXW�SHRSOH��IRU�H[DPSOH�
���SDWLHQWV�LQ�D�KRVSLWDO
���VWXGHQWV�DW�D�VFKRRO�
7R�VWRUH�LQIRUPDWLRQ�DERXW�WKLQJV��IRU�H[DPSOH�
���FDUV�WR�EH�VROG
���ERRNV�LQ�D�OLEUDU\�
7R�VWRUH�LQIRUPDWLRQ�DERXW�HYHQWV��IRU�H[DPSOH�
���KRWHO�ERRNLQJV
���UHVXOWV�RI�UDFHV�

$FWLYLW\�����
)LQG�ILYH�PRUH�XVHV�IRU�GDWDEDVHV��DQG�IRU�HDFK�RQH�GHFLGH�ZKDW�VRUW�RI
LQIRUPDWLRQ�LV�EHLQJ�VWRUHG�

�����7KH�VWUXFWXUH�RI�D�GDWDEDVH
,QVLGH�D�GDWDEDVH��GDWD�LV�VWRUHG�LQ�7$%/(6��ZKLFK�FRQVLVWV�RI�PDQ\�5(&25'6�DQG
HDFK�UHFRUG�FRQVLVWV�RI�VHYHUDO�),(/'6�
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)LJXUH������6WUXFWXUH�RI�D�GDWDEDVH�WDEOH

7DEOHV�FRQWDLQ�GDWD�DERXW�RQH�W\SH�RI�LWHP��SHUVRQ�RU�HYHQW��IRU�H[DPSOH�
���D�WDEOH�RI�SDWLHQWV
���D�WDEOH�RI�ERRNV
���D�WDEOH�RI�GRFWRU¶V�DSSRLQWPHQWV�
(DFK�UHFRUG�ZLWKLQ�D�WDEOH�FRQWDLQV�GDWD�DERXW�D�VLQJOH�LWHP��SHUVRQ�RU�HYHQW��IRU
H[DPSOH�
���:LQQLH�6LQJ��D�KRVSLWDO�SDWLHQW�
���,*&6(�&RPSXWHU�6FLHQFH��D�ERRN�
���WKH�������DSSRLQWPHQW�RQ����-DQXDU\������
(DFK�ILHOG�FRQWDLQV�RQH�VSHFLILF�SLHFH�RI�LQIRUPDWLRQ�DERXW�D�VLQJOH�LWHP��SHUVRQ�RU
HYHQW��IRU�H[DPSOH�
���)RU�D�KRVSLWDO�SDWLHQW�WKH�ILHOGV�FRXOG�LQFOXGH�
�������ILUVW�QDPH
�������IDPLO\�QDPH
�������GDWH�RI�DGPLVVLRQ
�������FRQVXOWDQW
�������ZDUG�QXPEHU
�������EHG�QXPEHU�
���)RU�D�ERRN�WKH�ILHOGV�FRXOG�LQFOXGH�
�������WLWOH
�������DXWKRU
�������,6%1�

$FWLYLW\�����
:KDW�ILHOGV�ZRXOG�\RX�H[SHFW�WR�ILQG�LQ�HDFK�UHFRUG�IRU�D�GRFWRU¶V
DSSRLQWPHQWV"

,Q�RUGHU�WR�EH�VXUH�WKDW�HDFK�UHFRUG�FDQ�EH�IRXQG�HDVLO\�DQG�WR�SUHYHQW�PRUH�WKDQ�RQH
FRS\�RI�WKH�VDPH�UHFRUG�EHLQJ�NHSW��HDFK�UHFRUG�LQFOXGHV�D�35,0$5<�.(<�ILHOG��(DFK
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SULPDU\�NH\�ILHOG�LQ�WKH�WDEOH�LV�XQLTXH�

)LJXUH������6WUXFWXUH�RI�D�GDWDEDVH�WDEOH�LQFOXGLQJ�D�SULPDU\�NH\

7KH�SULPDU\�NH\�FDQ�EH�D�ILHOG�WKDW�LV�DOUHDG\�XVHG��SURYLGHG�LW�LV�XQLTXH��IRU
H[DPSOH�WKH�,6%1�LQ�WKH�ERRN�WDEOH��RU�D�QHZ�ILHOG�DGGHG�WR�HDFK�UHFRUG��IRU
H[DPSOH��D�XQLTXH�KRVSLWDO�QXPEHU�FRXOG�EH�DGGHG�WR�HDFK�KRVSLWDO�SDWLHQW¶V�UHFRUG�
6RPHWLPHV��D�SULPDU\�NH\�FDQ�EH�IRUPHG�E\�XVLQJ�WZR�RU�PRUH�H[LVWLQJ�ILHOGV��IRU
H[DPSOH��WKH�GRFWRU¶V�DSSRLQWPHQWV�FRXOG�KDYH�D�SULPDU\�NH\�PDGH�IURP�WKH�GDWH�DQG
WKH�WLPH�RI�HDFK�DSSRLQWPHQW�

�����3UDFWLFDO�XVH�RI�D�GDWDEDVH
$V�D�&DPEULGJH�,*&6(�&RPSXWHU�6FLHQFH�VWXGHQW�\RX�QHHG�WR�EH�DEOH�WR�GR�WKH
IROORZLQJ�
���GHILQH�D�VLQJOH�WDEOH�GDWDEDVH�IURP�JLYHQ�GDWD�VWRUDJH�UHTXLUHPHQWV
���FKRRVH�D�VXLWDEOH�SULPDU\�NH\�IRU�D�GDWDEDVH�WDEOH
���SHUIRUP�D�TXHU\�E\�H[DPSOH�IURP�JLYHQ�VHDUFK�FULWHULD�
,Q�RUGHU�WR�GR�WKLV�\RX�ZLOO�QHHG�WR�XVH�D�UHODWLRQDO�GDWDEDVH�PDQDJHPHQW�V\VWHP��7KH
IROORZLQJ�FDVH�VWXG\�VKRZV�KRZ�WR�VHW�XS�D�GDWDEDVH�ZLWK�0LFURVRIW�$FFHVV�DQG
FRPSOHWH�WKH�WDVNV�GHVFULEHG�DERYH�

&DVH�VWXG\
%R\V�DQG�JLUOV�EHWZHHQ�WKH�DJHV�RI�VHYHQ�DQG�HOHYHQ�FDQ�MRLQ�D�FXE�VFRXW
JURXS���KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�&XEB6FRXW�
(DFK�FXE�VFRXW�JURXS�QHHGV�WR�NHHS�UHFRUGV�DERXW�LWV�PHPEHUV��0RVW

JURXSV�ZLOO�NHHS�WKH�IROORZLQJ�LQIRUPDWLRQ�DERXW�HDFK�FXE�LQ�WKHLU�JURXS�
3HUVRQDO�'HWDLOV�)RUP

7R�HQVXUH�RXU�UHFRUGV�DUH�XS�WR�GDWH��SOHDVH�ILOO�RXW�DOO�RI�WKH�LQIRUPDWLRQ
EHORZ��:LWKRXW�D�FRPSOHWHG�IRUP��\RXU�FKLOG�ZLOO�QRW�EH�DEOH�WR�SDUWLFLSDWH�LQ

PHHWLQJV�DFWLYLWLHV�
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3HUVRQDO�'HWDLOV
1DPH� �
'DWH�RI�%LUWK�� �
$GGUHVV� �
*HQGHU� �
6FKRRO� �
7HOHSKRQH�1XPEHU� �
'DWH�-RLQHG� �

)LJXUH������'DWD�FROOHFWLRQ�IRUP

�������'HILQLQJ�D�GDWDEDVH
7KLV�VHFWLRQ�VKRZV�\RX�KRZ�WR�GHILQH�D�VLQJOH�WDEOH�GDWDEDVH�IURP�JLYHQ�GDWD�VWRUDJH
UHTXLUHPHQWV�DQG�FKRRVH�D�VXLWDEOH�SULPDU\�NH\�

7R�FUHDWH�WKH�FXE�VFRXW�GDWDEDVH��RSHQ�$FFHVV��VHOHFW�WKH�%ODQN�GDWDEDVH
WHPSODWH

)LJXUH������%ODQN�GDWDEDVH

DQG�W\SH�WKH�ILOHQDPH�&XE6FRXW�DQG�FOLFN�WKH�&UHDWH�EXWWRQ�
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)LJXUH������&UHDWLQJ�WKH�FXE�VFRXW�GDWDEDVH

6HOHFW�WKH�WDEOH�GHVLJQ�YLHZ

)LJXUH������'HVLJQ�9LHZ
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DQG�QDPH�WKH�WDEOH�&XE�

)LJXUH������1DPLQJ�WKH�WDEOH

6HW�XS�WKH�ILHOGV�WR�PDWFK�WKH�GDWD�FROOHFWLRQ�IRUP�DQG�LQFOXGH�WKH�SULPDU\
NH\��(DFK�ILHOG�ZLOO�UHTXLUH�D�PHDQLQJIXO�QDPH�DQG�D�GDWD�W\SH�PXVW�EH
VHOHFWHG��7KH�EDVLF�GDWD�W\SHV�ZHUH�LQWURGXFHG�LQ�6HFWLRQ�������7KH\�DUH
DYDLODEOH�LQ�$FFHVV�EXW�WKH�QDPHV�DUH�GLIIHUHQW�

&RPSXWHU�SURJUDP $FFHVV
,QWHJHU 1XPEHU�,QWHJHU
5HDO 1XPEHU
&KDU 7H[W�ILHOG�OHQJWK��
6WULQJ 7H[W
%RROHDQ \HV�QR

7DEOH�����

$FFHVV�DOVR�KDV�RWKHU�GDWD�W\SHV�WKDW�ZLOO�EH�XVHIXO��'DWH�7LPH�DQG
&XUUHQF\�
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)LJXUH������&XE�WDEOH�ILHOGV

$FFHVV�DOORZV�YDOLGDWLRQ�FKHFNV�WR�EH�EXLOW�LQ�IRU�HDFK�ILHOG��IRU�H[DPSOH�WKH
JHQGHU�ILHOG�

)LJXUH������*HQGHU�ILHOG�YDOLGDWLRQ

$FWLYLW\�����
'HFLGH�ZKLFK�RWKHU�ILHOGV�VKRXOG�EH�YDOLGDWHG�

�������*HWWLQJ�LQIRUPDWLRQ�IURP�D�GDWDEDVH
7KLV�VHFWLRQ�VKRZV�\RX�KRZ�WR�SHUIRUP�D�TXHU\�E\�H[DPSOH��4%(��IURP�JLYHQ
VHDUFK�FULWHULD�

7KH�FXE�VFRXW�OHDGHU�ZDQWV�WR�EH�UHPLQGHG�EHIRUH�WKH�ILUVW�PHHWLQJ�LQ�WKH
PRQWK�RI�DQ\�FXE�VFRXWV�ZKR�ZLOO�KDYH�D�ELUWKGD\�WKDW�PRQWK�
7R�VHW�XS�D�TXHU\�E\�H[DPSOH�WR�SHUIRUP�WKLV�WDVN��RSHQ�WKH�GDWDEDVH

&XE6FRXW��VHOHFW�WKH�&UHDWH�WDE�IROORZHG�E\�4XHU\�'HVLJQ�
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)LJXUH������

7KHQ�DGG�WDEOH�&XE�

)LJXUH������
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