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%LRPHGLFDO� VLJQDO� DFTXLVLWLRQ� KDV� JUHDWO\� DGYDQFHG� RYHU� WKH� \HDUV�
HQFRPSDVVLQJ�PDQ\�GLIIHUHQW�WHFKQRORJLHV���:LWK�WKH�LQFUHDVLQJ�SHUIRUPDQFH�RI
WKH� SHUVRQDO� FRPSXWHU�� 3&� EDVHG� VLJQDO� SURFHVVLQJ� V\VWHPV� DUH� EHFRPLQJ� DQ
HIILFLHQW� DQG� FRVW�HIIHFWLYH�ZD\� RI� DFTXLULQJ� DQG� DQDO\]LQJ� WKHVH� VLJQDOV�� � 7KH
DGYDQFHG� DQDO\VLV� WHFKQLTXHV� DYDLODEOH� RQ� WKH�3&�DUH� EHFRPLQJ� LQYDOXDEOH� WR
WKH�SUDFWLFLQJ�SK\VLFLDQ�� �7KLV�SDSHU�GHVFULEHV� D�3&�EDVHG� VLJQDO� DFTXLVLWLRQ�
SURFHVVLQJ��DQG�DQDO\VLV�V\VWHP�XVLQJ�/DEYLHZ��D�JUDSKLFV�EDVHG�SURJUDPPLQJ
ODQJXDJH�IRU�HQJLQHHULQJ�DSSOLFDWLRQV�

,QWURGXFWLRQ

3HUVRQDO� &RPSXWHUV� �3&V�� DUH� EHFRPLQJ� HYHU� PRUH� SRSXODU� LQ� WKH� PHGLFDO
FRPPXQLW\�DV�SULFHV�GHFUHDVH�ZKLOH�SHUIRUPDQFH� LQFUHDVHV�� � ,Q� IDFW��PDQ\�SUDFWLWLRQHUV
XVH�3&V�IRU�SDWLHQW� UHFRUGV�DQG� LQIRUPDWLRQ�� � ,Q� OLJKW�RI� WKLV� IDFW�� LW� LV�REYLRXV� WKDW�3&
EDVHG�VLJQDO�DFTXLVLWLRQ��DQG�DQDO\VLV�LV�DQ�HIILFLHQW�DQG�FRVW�HIIHFWLYH�PHWKRG�RI�SDWLHQW
ELRPHGLFDO� VLJQDO� DFTXLVLWLRQ� DQG� PRQLWRULQJ�� � $� 3&� EDVHG� V\VWHP� FRQVLVWV� RI� D� IHZ
H[WHUQDO� KDUGZDUH� FRPSRQHQWV� IRU� LVRODWLRQ� DQG� DPSOLILFDWLRQ� RI� WKH� VLJQDOV�� D� GDWD
DFTXLVLWLRQ�FDUG��RU�SDUDOOHO�SRUW���DQG�D�VRIWZDUH�DQDO\VLV�SDFNDJH�DV�VKRZQ�LQ�)LJXUH���
3&�EDVHG� LQVWUXPHQWDWLRQ�FDQ�E\SDVV� WKH�QHHG�IRU�VWDQG�DORQH� LQVWUXPHQWV�E\�XVLQJ� WKH
3&V�FXUUHQWO\�DYDLODEOH�DQG�VRPH�LQH[SHQVLYH�DFTXLVLWLRQ�HTXLSPHQW�

7KHUH� DUH� PDQ\� VRIWZDUH� SDFNDJHV� DYDLODEOH� IRU� WKH� DFTXLVLWLRQ� DQG� GLVSOD\� RI
HOHFWULFDO�VLJQDOV�LQ�JHQHUDO���2I�WKHVH�SDFNDJHV�/DEYLHZ��E\�1DWLRQDO�,QVWUXPHQWV��LV�RQH
RI� WKH� PRVW� SRSXODU� DQG� SRZHUIXO� WRROV� DYDLODEOH�� � $FTXLVLWLRQ� RI� WKH� VLJQDO� FDQ� EH
KDQGOHG� WKURXJK� EXLOW�LQ� SURFHGXUHV�� DQG� /DEYLHZ¶V� DELOLW\� WR� HDVLO\� FUHDWH� D� XVHU
LQWHUIDFH�LV�VHFRQG�WR�QRQH���$QDO\VLV�RI�WKH�VLJQDO�UHFHLYHG�FDQ�EH�UHDGLO\�SHUIRUPHG�E\
UHDG\�PDGH�SURFHGXUHV�ZKLFK�FDQ�EH�REWDLQHG�IURP�1DWLRQDO�,QVWUXPHQWV�RU��IRU�WKH�PRUH
LQGXVWULRXV��D�LQWHUPHGLDWH�SURJUDPPHU���,Q�DOO��IRU�DQ�LQWHUPHGLDWH�SURJUDPPHU��/DEYLHZ
SURYLGHV� D� FOHDU� DQG� HDV\�WR�XVH� PHWKRG� IRU� REWDLQLQJ�� DQDO\]LQJ�� DQG� GLVSOD\LQJ� WKH
VLJQDO�GHVLUHG�



)LJXUH����3&�EDVHG�%LRPHGLFDO�6LJQDO�$FTXLVLWLRQ��DQG�$QDO\VLV�6\VWHP

'DWD�DFTXLVLWLRQ

/DEYLHZ� FDQ� DFTXLUH� %LRPHGLFDO� VLJQDOV� LQ� VHYHUDO�ZD\V�� LQFOXGLQJ� WKH� SDUDOOHO
SRUW� RU� WKH� XVH� RI� D� GDWD� DFTXLVLWLRQ� �'$4�FDUG�� � 3DUDOOHO� SRUW� DFTXLVLWLRQ� LV� HDVLO\
DFFRPSOLVKHG��EXW�WKH�SDUDOOHO�SRUW�LQSXW�FDQ�RQO\�GLUHFWO\�KDQGOH���ELW�GLJLWDO�VLJQDOV���,Q
RUGHU� WR�XVH� WKH�SDUDOOHO�SRUW�� WKH�DQDORJ�ELRPHGLFDO� VLJQDO�QHHGV� WR�EH�GLJLWL]HG�EHIRUH
VHQGLQJ� LW� WR� WKH� FRPSXWHU�� � $OVR�� IRU� SURIHVVLRQDO� XVH� D� QXPEHU� RI� GLIIHUHQW� W\SHV� RI
ELRPHGLFDO� VLJQDOV� PD\� QHHG� WR� EH� SURFHVVHG�� � 7KHVH� VLJQDOV� FRXOG� LQFOXGH
HOHFWURFDUGLRJUDSK\�� SKRQRFDUGLRJUDSK\�� SQHXPRJUDSK\�� EORRG� SUHVVXUH�� WHPSHUDWXUH�
DQG�R[LPHWU\���)RU�D�FRPSUHKHQVLYH�V\VWHP��WKH�SDUDOOHO�SRUW�LV�QRW�DV�HIIHFWLYH�DV��D�'$4
FDUG�

$�ZLGH� UDQJH� RI� GDWD� DFTXLVLWLRQ� FDUGV� LV� DYDLODEOH� IURP�1DWLRQDO� ,QVWUXPHQWV�
7KHVH�FDUGV�SURYLGH�IRU�PXOWLSOH��WZR�WR�VL[W\�IRXU��FKDQQHOV�RI�DQDORJ�GDWD�LQSXW�DV�ZHOO
DV�RXWSXW���7KHVH�FKDQQHOV�DFFHSW�WKH�DQDORJ�VLJQDOV�GLUHFWO\�WR�IDFLOLWDWH�WKH�DFTXLVLWLRQ�RI
VLJQDOV���,Q�DGGLWLRQ��/DEYLHZ�FRPHV�ZLWK�UHDG\�PDGH�OLEUDULHV�IRU�LQWHUIDFLQJ�ZLWK�WKHVH
'$4� FDUGV�� � 8VLQJ� WKHVH� OLEUDULHV�� SURJUDPV� IRU� WKH� GDWD� DFTXLVLWLRQ� DUH� TXLFNO\� DQG
HDVLO\�PDGH�DOORZLQJ�PRUH�WLPH�WR�EH�VSHQW�RQ�WKH�SURFHVVLQJ�DQG�DQDO\VLV�RI�WKH�DFTXLUHG
VLJQDOV�

6LJQDO�SURFHVVLQJ

7KH�ELRPHGLFDO�VLJQDOV�DFTXLUHG�IURP�WKH�KXPDQ�ERG\�DUH�IUHTXHQWO\�YHU\�VPDOO�
RIWHQ� LQ� WKH� PLOOLYROW� UDQJH�� DQG� HDFK� KDV� LWV� RZQ� SURFHVVLQJ� QHHGV�� � )RU� LQVWDQFH�
HOHFWURHQFHSKDORJUDSK\� VLJQDOV� DUH� LQ� WKH� PLFURYROW� UDQJH� DQG� KDYH� PDQ\� IUHTXHQF\
FRPSRQHQWV�� �2EYLRXVO\� WKHVH�ELRPHGLFDO�VLJQDOV� UHTXLUH�SURFHVVLQJ�EHIRUH� WKH\�FDQ�EH
DQDO\]HG�� � /DEYLHZ� FRQWDLQV� WKH� WRROV�� IURP� IDVW� )RXULHU� WUDQVIRUPV� �))7V�� WR� GLJLWDO
ILOWHUV��WR�GR�WKH�MRE�

,Q�RUGHU�WR�GR�IUHTXHQF\�DQDO\VLV�D�FRPSOH[�VLJQDO�PXVW�ILUVW�EH�EURNHQ�GRZQ�LQWR
LWV�IUHTXHQF\�FRPSRQHQWV���2QH�RI�WKH�PRVW�FRPPRQ�ZD\V�WR�GR�WKLV�LV�ZLWK�DQ�))7���,Q
RUGHU�WR�IDFLOLWDWH�WKLV�W\SH�RI�DQDO\VLV��/DEYLHZ�FRPHV�ZLWK�EXLOW�LQ�))7V�WKDW�PDNH�WKH
SURFHVV�RI�FRPSRQHQW�VHSDUDWLRQ�TXLFN�DQG�HDV\���,Q�DGGLWLRQ��ELRPHGLFDO�VLJQDOV��EHLQJ
H[WUHPHO\�VPDOO�LQ�DPSOLWXGH��DUH�SURQH�WR�EHLQJ�RYHUZKHOPHG�E\�QRLVH���7R�FRPEDW�WKLV�
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LW� LV� QHFHVVDU\� WR� UXQ� WKH� DFTXLUHG� VLJQDO� WKURXJK� D� VHW� RI� ILOWHUV�� � 7KLV� FDQ� EH� GRQH
H[WHUQDO� WR� WKH�FRPSXWHU�XVLQJ�VWDQGDUG�KDUGZDUH� ILOWHULQJ�GHYLFHV�� �+RZHYHU�� DIWHU� WKH
VLJQDO�UHDFKHV�WKH�FRPSXWHU�� LW�FDQ�VWLOO�FRQWDLQ� �QRLVH�� �$QRWKHU�ZD\� WR�VROYH� WKH�QRLVH
SUREOHP�LV�WR�XVH�WKH�GLJLWDO�ILOWHUV�SURYLGHG�ZLWK�/DEYLHZ���/DEYLHZ�RIIHUV�WKH�FKRLFH�RI
%XWWHUZRUWK�� %HVVHO�� &KHE\VKHY�� DQG� &KHE\VKHY� ,,� GLJLWDO� ILOWHUV�� � :LWK� D� IHZ
DGMXVWPHQWV��WKHVH�ILOWHUV�FDQ�EH�FRQILJXUHG�IRU�DOPRVW�DQ\�GHVLJQ�WKDW�LV�QHHGHG�

3&�EDVHG�DQDO\VLV�GLVSOD\

,Q�RUGHU�WR�E\SDVV�WKH�VWDQG�DORQH�PRQLWRULQJ�HTXLSPHQW�WKDW�LV�FXUUHQWO\�LQ�XVH��D
3&�EDVHG�V\VWHP�KDV�WR�SURYLGH�WKH�DELOLW\�WR�DQDO\]H�DQG�GLVSOD\�WKH�GHVLUHG�ELRPHGLFDO
VLJQDOV���7KLV�DELOLW\�LV�ZKHUH�/DEYLHZ�UHDOO\�VKLQHV���,W�LV�TXLFN�DQG�HDV\�WR�PDNH�D�XVHU
LQWHUIDFH� LQ�/DEYLHZ��/DEYLHZ¶V�SDQHO�GHVLJQ� LV� WRWDOO\�JUDSKLFDO��ZLWK� WKH�SURJUDPPHU
MXVW� XVLQJ� FRPPRQ� GUDJ� DQG� GURS� PHWKRGV� WR� SODFH� JUDSKV�� LQGLFDWRUV�� EXWWRQV�� HWF�
DQ\ZKHUH�RQ�WKH�VFUHHQ��,Q�IDFW��D�IURQW�SDQHO�WR�DFTXLUH���GLIIHUHQW�ELRPHGLFDO�VLJQDOV�DQG
GLVSOD\�WKHP��ZLWK�WKHLU�DQDO\VLV��FDQ�EH�GRQH�LQ�OHVV�WKDQ����PLQXWHV�E\�DQ�LQWHUPHGLDWH
/DEYLHZ� SURJUDPPHU�� $� VLPSOH� WZR�FKDQQHO� GDWD� DFTXLVLWLRQ� SURJUDP� LQ� /DEYLHZ� LV
VKRZQ�LQ�)LJXUH���

)LJXUH����7ZR�&KDQQHO�'DWD�$FTXLVLWLRQ�6\VWHP�3URJUDP



)RU� WKH� VLJQDO� GLVSOD\�� VHYHUDO� VLJQDOV� FDQ� EH� GLVSOD\HG� RQ� WKH� VDPH� FKDUW�� RU
VHSDUDWH�FKDUWV�FDQ�EH�FRQILJXUHG�IRU�HDFK�VLJQDO���$YDLODEOH�FKDUWV�DUH�VZHHS��VFRSH��DQG
VWULS���$�VZHHS�FKDUW�VHQGV�D�YHUWLFDO�OLQH�DORQJ�ZLWK�WKH�VLJQDO�IURP�OHIW�WR�ULJKW�VR�WKDW
WKH�QHZ�GDWD�LV�WR�WKH�OHIW�RI�WKH�OLQH��ZKLOH�WKH�ROG�LV�RQ�WKH�ULJKW���:LWK�D�VFRSH�FKDUW�WKH
VLJQDO� WUDYHOV� IURP� OHIW� WR� ULJKW� DQG�ZKHQ� LW� UHDFKHV� WKH� ULJKW� HGJH�� WKH� FKDUW� VFUHHQ� LV
UHIUHVKHG���3HUKDSV�WKH�PRVW�FRPPRQ�FKDUW�W\SH�IRU�ELRPHGLFDO�VLJQDOV��KRZHYHU�� LV� WKH
VWULS�FKDUW���6WULS�FKDUWV�EULQJ�WKH�QHZ�GDWD�LQ�RQ�WKH�ULJKW�VLGH�RI�WKH�VFUHHQ��ZKLOH�WKH�ROG
WUDYHOV�RII�WKH�OHIW���2QH�RI�WKH�JUHDWHVW�EHQHILWV�RI�WKLV�W\SH�RI�FKDUW�LV�WKH�DELOLW\�WR�YLHZ
SDVW�GDWD�XVLQJ�D�VFUROOEDU�DWWDFKHG�WR�WKH�FKDUW�

$QDO\VLV� RI� WKH� ELRPHGLFDO� VLJQDOV� FDQ� DOVR� EH� HDVLO\� GRQH� LQ� /DEYLHZ�� � 7KH
JUDSKLFDO� QDWXUH� RI� /DEYLHZ� DOORZV� HYHQ� WKH� EHJLQQLQJ� SURJUDPPHU� WR� HDVLO\� ZULWH
SURJUDPV�WR�DQDO\]H�GDWD�ZLWKRXW�KDYLQJ�WR�ZRUU\�DERXW� WKH�V\QWD[�SUREOHPV�DVVRFLDWHG
ZLWK�PRVW�SURJUDPPLQJ�ODQJXDJHV���2QFH�DJDLQ��WKH�XVHU�MXVW�GUDJV�SUHEXLOW�VXESURJUDPV
RQWR� WKH� GLDJUDP� VFUHHQ� WR� VHW� XS� D�ZRUNLQJ� SURJUDP�� �7KHVH� SUHEXLOW�PRGXOHV� FDQ� EH
FRQILJXUHG� WR� GR� DQ\� NLQG� RI�PDQLSXODWLRQ� UHTXLUHG�ZLWK� MXVW� D� IHZ� FOLFNV� RI� D�PRXVH
EXWWRQ�� � ,Q� DGGLWLRQ� WR� WKH� DQDO\VLV� PRGXOHV� WKDW� WKH� SURJUDPPHU� ZULWHV�� 1DWLRQDO
,QVWUXPHQWV� RIIHUV� D� ZLGH� YDULHW\� RI� DQDO\VLV� OLEUDULHV�� LQFOXGLQJ� RQHV� IRU� ELRPHGLFDO
VLJQDOV�� � $� VDPSOH� DFTXLUHG� VLJQDO� DQG� VLPSOH� DQDO\VLV� FDQ� EH� VHHQ� LQ� WKH
SKRQRFDUGLRJUDSK\�VLJQDO�VKRZQ�LQ�)LJXUH���

)LJXUH����6DPSOH�3KRQRFDUGLRJUDSK\�6LJQDO�$QDO\VLV

,Q�DGGLWLRQ�WR�WKH�FXUUHQW�ELRPHGLFDO�PHDVXUHPHQWV�EHLQJ�WDNHQ�IURP�WKH�SDWLHQW�
RIWHQ� SDVW� PHGLFDO� UHFRUGV� QHHG� WR� EH� FRPSDUHG� WR� WKH� GDWD� UHFHLYHG�� � )LOH� DFFHVV
FDSDELOLWLHV� DOORZ� /DEYLHZ� WR� DFFHVV� D� SDWLHQW¶V� SDVW� PHGLFDO� UHFRUG� DQG� SURYLGH� D
FRPSDULVRQ� WR� WKH� FXUUHQW�GDWD�� �7KLV� DOORZV� SK\VLFLDQV� WR� VHH�� IRU� H[DPSOH��ZKHWKHU� D
SHUVRQ¶V� KHDUW�PXUPXU� LV� JHWWLQJ�ZRUVH�� � 7KLV� FDQ� KHOS� SK\VLFLDQV� WR� GHYHORS� D� KHDOWK
WUHQG�DQDO\VLV�DQG�GHWHUPLQH�ZKHUH�WKHLU�SDWLHQW
V�KHDOWK�VWDWXV�OLHV�



&RQFOXVLRQ

$V�WKH�SHUIRUPDQFH�WR�FRVW�UDWLRV�IRU�3&V�FRQWLQXHV�WR�JURZ��WKHUH�ZLOO�EH�D�JUHDW
QHHG� IRU�3&�EDVHG� DFTXLVLWLRQ�DQDO\VLV� V\VWHPV�� � 7KHVH� V\VWHPV� FDQ� EH� DQ� LQH[SHQVLYH
UHSODFHPHQW� IRU� WKH� FRVWO\� VWDQG�DORQH�� VLJQDO� VSHFLILF�� V\VWHPV� FXUUHQWO\� LQ� XVH�� � 7KH
FRPSRQHQWV� QHFHVVDU\� IRU� D� /DEYLHZ� EDVHG� DFTXLVLWLRQ� DQG� DQDO\VLV� V\VWHP� DUH
LQH[SHQVLYH�� DQG� UHDGLO\� DYDLODEOH�� � 7KH� H[SHULHQFH� QHFHVVDU\� WR� SURJUDP� WKLV� W\SH� RI
V\VWHP� LQ� /DEYLHZ� LV� VPDOO�� DQG� WKH� QXPEHU� RI� OLEUDULHV� DYDLODEOH� IURP� 1DWLRQDO
,QVWUXPHQWV� LV� JURZLQJ�� � 7KHVH� GHYHORSPHQWV� VKRZ� WKDW� D� 3&� EDVHG� V\VWHP� XVLQJ
/DEYLHZ�FDQ�EH�DQ�HIILFLHQW�DOWHUQDWLYH� WR� VWDQG�DORQH�HTXLSPHQW�� DQG�DV� WKH� VSHHG�DQG
UHOLDELOLW\�RI�WKH�3&�LQFUHDVHV��WKHUH�ZLOO�EH�PRUH�DQG�PRUH�RI�WKHVH�V\VWHPV�DYDLODEOH�
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