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$EVWUDFW�
$OLJQHG� SDUDOOHO� FRUSRUD� FRQVWLWXWH� D� FULWLFDO� LQIRUPDWLRQ� UHVRXUFH� IRU� D� JUHDW� QXPEHU� RI� OLQJXLVWLF� DQG� WHFKQRORJLFDO� HQGHDYRUV��
$XWRPDWLF�VHQWHQFH�DOLJQPHQW�KDV�UHDFKHG�D� OHYHO�ZKHUHE\�ODUJH�SDUDOOHO�GRFXPHQWV�FDQ�EH�IXOO\�DOLJQHG�ZLWK� WKH�DLG�RI� LQWHUDFWLYH�
SRVW�HGLWLQJ�WRROV��:RUG�DOLJQPHQW�V\VWHPV�KDYH�QRW�\HW�UHDFKHG�WKH�VDPH�OHYHO�RI�SHUIRUPDQFH��EXW�DUH�JRRG�HQRXJK�WR�VXSSRUW�IXOO�
ZRUG� DOLJQPHQW� LI� HPEHGGHG� LQ� DQ� LQWHUDFWLYH� V\VWHP�� ,Q� WKLV� SDSHU� ZH� GHVFULEH� D� V\VWHP� IRU� IDVW� DQG� DFFXUDWH� ZRUG� DOLJQPHQW�
FXUUHQWO\�XQGHU�GHYHORSPHQW�DW�RXU�GHSDUWPHQW��ZKHUH� WKH�XVHU�FDQ�UHYLHZ�DQG�LPSURYH�WKH�RXWSXW�IURP�DQ�DXWRPDWLF�V\VWHP�LQ�DQ�
LQFUHPHQWDO�IDVKLRQ��
�

��� ,QWURGXFWLRQ��
3DUDOOHO� FRUSRUD� FRQVWLWXWH� D� FULWLFDO� LQIRUPDWLRQ�

UHVRXUFH�IRU�D�JUHDW�QXPEHU�RI�OLQJXLVWLF�DQG�WHFKQRORJLFDO�
HQGHDYRXUV�� VXFK� DV� FRQWUDVWLYH� ODQJXDJH� VWXGLHV��
WUDQVODWLRQ� VWXGLHV�� OH[LFRJUDSK\�� WHUPLQRORJ\�� PDFKLQH�
WUDQVODWLRQ�DQG�FURVV�OLQJXLVWLF�LQIRUPDWLRQ�UHWULHYDO��

,W�KDV�EHHQ�VKRZQ�WKDW�SDUDOOHO�FRUSRUD�DUH�XVHIXO�HYHQ�
LQ� UDZ� IRUP�� :LWK� PLQLPDO� SUHSDUDWRU\� VWHSV� VXFK� DV�
VHQWHQFH� DOLJQPHQW�� WKH\� FDQ� EH� EXLOW� LQWR� SDUDOOHO�
FRQFRUGDQFHV� WKDW� FDQ� EH� VHDUFKHG� IRU� D� QXPEHU� RI�
SXUSRVHV�E\�WKH�LQWHUHVWHG�OLQJXLVW��7KH\�FDQ�DOVR�EH�XVHG�
IRU�WUDLQLQJ�VWDWLVWLFDO�PRGHOV�RI�PDFKLQH�WUDQVODWLRQ�RU�IRU�
ILQGLQJ�ZRUG�DVVRFLDWLRQV��

,W�LV�JHQHUDOO\�WUXH�IRU�D�FRUSXV��KRZHYHU��WKDW�WKH�PRUH�
LQIRUPDWLRQ�\RX�SXW� LQWR� LW�� WKH�PRUH�\RX�DUH�DEOH� WR�JHW�
RXW� RI� LW� �/HHFK�� ������� 7KLV� LV� FHUWDLQO\� WUXH� DOVR� IRU�
SDUDOOHO�FRUSRUD��7KH�ZRUG�DOLJQPHQW�V\VWHP�ZH�GHVFULEH�
LQ� WKLV� SDSHU� ZRUNV� RQ� SDUDOOHO� WH[WV� WKDW� KDYH� EHHQ�
DQQRWDWHG�ZLWK� V\QWDFWLF� LQIRUPDWLRQ� DQG�SRWHQWLDO�PXOWL�
ZRUG� XQLWV� EHIRUH� ZRUG� DOLJQPHQW� LV� XQGHUWDNHQ��
0RUHRYHU�� WKH� V\VWHP� LV� LQWHUDFWLYH� DOORZLQJ� WKH� XVHU� WR�
SURYLGH� FRUUHFWLRQV� DQG� DGGLWLRQV� WKDW� WKH� V\VWHP�PDNHV�
XVH� RI� LQ� WKH� QH[W� LWHUDWLRQ�� ,Q� WKLV� ZD\� LW� LV� SRVVLEOH� WR�
EXLOG� WUDQVODWLRQ� GDWDEDVHV� ZLWK� YHU\� KLJK� SUHFLVLRQ� DQG�
UHFDOO�� ZKHUH� JUDPPDWLFDO� DQG� OH[LFDO� LQIRUPDWLRQ� LV�
HQFRGHG� IRU� HDFK� OLQN�� $OVR� LQFOXGHG� LV� LQIRUPDWLRQ� RQ�
XQLWV�RI�WKH�VRXUFH�WKDW�KDYH�QRW�EHHQ�WUDQVODWHG�DQG�XQLWV�
RI�WKH�WDUJHW�WKDW�KDYH�EHHQ�DGGHG��,Q�DGGLWLRQ��WUDQVODWLRQ�
VSHFLILF�LQIRUPDWLRQ�FRQFHUQLQJ�VKLIWV�RI�YDULRXV�NLQGV�FDQ�
EH� UHJLVWHUHG�� :H� ZLOO� UHIHU� WR� WKLV� UHVXOW� DV� IXOO� ZRUG�
DOLJQPHQW�LQ�WKH�VHTXHO���

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� 6HFWLRQ� �� ZH�
HODERUDWH�WKH�EDFNJURXQG�DQG�WKH�PRWLYDWLRQ�IRU�WKLV�ZRUN��
,Q�6HFWLRQ����ZKLFK�FRQVWLWXWHV�WKH�PDLQ�SDUW�RI�WKH�SDSHU��
ZH� GHVFULEH� WKH� V\VWHP� DQG� LWV� DUFKLWHFWXUH�� 6HFWLRQ� ��
SURYLGHV�GHWDLOV�DERXW�WKH�FXUUHQW�VWDWXV�DQG�GHYHORSPHQW�
RI�WKH�V\VWHP��

��� %DFNJURXQG�

����� 3UHYLRXV�ZRUN�
0RVW� ZRUG� DOLJQPHQW� V\VWHPV� WKDW� KDYH� EHHQ�

SUHVHQWHG� WR� GDWH� DUH� DXWRPDWLF�� H[SORULQJ� WKH� FR�
RFFXUUHQFHV�RI�WHUPV�LQ�ODUJH�SDUDOOHO�FRUSRUD�WR�JHQHUDWH�

WUDQVODWLRQDO� HTXLYDOHQFHV� DPRQJ� ZRUG� W\SHV�� 0DQXDO�
ZRUG� DOLJQPHQW� ZLWK� WKH� VXSSRUW� RI� LQWHUDFWLYH� WRROV� KDV�
EHHQ� XVHG� PDLQO\� IRU� WKH� FUHDWLRQ� RI� JROG� VWDQGDUGV� IRU�
HYDOXDWLRQ� SXUSRVHV� �H�J�� 0HODPHG�� ������ 9pURQLV� DQG�
/DQJODLV�� ������ $KUHQEHUJ� HW� DO��� ����D��� +RZHYHU�� WKH�
LGHD� RI� LPSURYLQJ� WKH� RXWFRPH� RI� DQ� DXWRPDWLF� V\VWHP��
WKRXJK� TXLWH� FRPPRQ� ZLWK� VHQWHQFH� DOLJQHUV� DQG� RWKHU�
1/3� WDVNV� VXFK� DV� WKH� FUHDWLRQ� RI� WUHH�EDQNV� �0DUFXV� HW�
DO����������VHHPV�QRW� WR�KDYH�EHHQ�DSSOLHG�V\VWHPDWLFDOO\�
WR�ZRUG�DOLJQPHQW��,VDKDUD�DQG�+DUXQR��������UHSRUW�RQ�D�
SRVW�HGLWLQJ� WRRO� IRU� VHQWHQFH� DOLJQPHQW� WKDW� KDV� EHHQ�
H[WHQGHG� ZLWK� IXQFWLRQV� IRU� DOLJQPHQW� RI� SKUDVHV� DQG�
SURSHU� QRXQV�� 7KH� &DLUR� V\VWHP� �6PLWK� DQG� -DKU�� ������
DOORZV� WKH� XVHU� WR� H[DPLQH� YLVXDOL]DWLRQV� RI� WKH� ZRUG�
DOLJQPHQWV�SURGXFHG�E\�D�ZRUG�DOLJQHU��EXW�GRHV�QRW�DOORZ�
WKH�XVHU�WR�PDNH�FKDQJHV�WR�WKHP���

����� 0RWLYDWLRQV�
$XWRPDWLF� ZRUG� DOLJQPHQW� V\VWHPV� DUH� QRW� \HW�

SRZHUIXO� HQRXJK� WR� \LHOG� DQ� DFFXUDWH� IXOO� DOLJQPHQW��
3UHFLVLRQ�UDWHV�DUH�RIWHQ�OHVV�WKDQ����SHU�FHQW�ZLWK�D�UHFDOO�
RI�DERXW������2Q�WKH�RWKHU�KDQG��PDQXDO�DOLJQPHQW�LV�WRR�
VORZ�DQG�H[SHQVLYH��)RU�WKLV�UHDVRQ�LW�VHHPV�D�JRRG�LGHD�
WR� WU\� WR� FRPELQH� WKH� DELOLWLHV� RI� PDQ� DQG� FRPSXWHU� LQ�
VXFK�D�ZD\�WKDW�WKH�VWUHQJWKV�RI�ERWK�RI�WKHP�FDQ�EH�XVHG�
WR� WKH� EHVW� DGYDQWDJH�� 7KLV� VSHDNV� IRU� DQ� LQWHUDFWLYH�
V\VWHP�� ZKHUH� WKH� XVHU� FDQ� VXSSO\� WKH� DFFXUDF\� DQG� WKH�
DXWRPDWLF�V\VWHP�VXSSO\�WKH�VSHHG��%\�XVLQJ�DQ�DXWRPDWLF�
V\VWHP� WKDW� LV� DEOH� WR� OHDUQ� IURP�� RU� GLUHFWO\� XVH� WKH�
DQQRWDWLRQV�RI�WKH�XVHU��WKLV�DUUDQJHPHQW�FRXOG�DOVR�PHDQ�
WKDW�WKH�DXWRPDWLF�DOLJQHU�EHFRPHV�PRUH�DFFXUDWH�DV�ZRUN�
SURFHHGV�� 7KLV� VSHDNV� IRU� DQ� LQFUHPHQWDO� ZRUN� SURFHVV��
ZKHUH� WKH� XVHU� DQG� WKH� DXWRPDWLF� V\VWHP� WDNH� WXUQV� LQ�
DOLJQLQJ�WKH�FRUSXV��

$QRWKHU� GLVDGYDQWDJH� ZLWK� DXWRPDWLF� DOLJQHUV� LV� WKDW�
WKH\� RQO\� UHFRUG� WKH� H[LVWHQFH� RI� OLQNV� EHWZHHQ� XQLWV� LQ�
WKH� VRXUFH� DQG� WDUJHW� ODQJXDJHV� DQG� JLYH� QR� LQIRUPDWLRQ�
RQ� WKH� VWUXFWXUDO� DQG� OH[LFDO� UHODWLRQVKLS� LQKHUHQW� LQ� WKH�
OLQNV�� )RU� WKLV� WR� EH� SRVVLEOH�� KRZHYHU�� DFFXUDWH� OH[LFDO�
DQG�V\QWDFWLF�DQDO\VLV�LV�QHFHVVDU\��

8QWLO� YHU\� UHFHQWO\� D� VHULRXV� SUREOHP� IRU� VPDOOHU�
ODQJXDJHV�� VXFK�DV� WKH�6FDQGLQDYLDQ� ODQJXDJHV��KDV�EHHQ�
WKH� ODFN� RI� JHQHUDO� OLQJXLVWLF� UHVRXUFHV� DQG� WRROV� IRU�
OH[LFDO�DQG�V\QWDFWLF�DQDO\VHV��7KLV�IRUFHG�ZRUG�DOLJQPHQW�
WRROV�IRU�VXFK�ODQJXDJHV�WR�XVH�NQRZOHGJH�OLWH�DSSURDFKHV�
ZLWK�VKDOORZ�SURFHVVLQJ��VLPSOH�PRGXOHV�IRU�VWULQJ�EDVHG�



PDQLSXODWLRQ� DQG� D� EDVLF� VWDWLVWLFDO� DSSURDFK� WR� ZRUG�
OLQNLQJ� �$KUHQEHUJ� HW� DO�� ����E��� :LWK� WKH� UHFHQW�
DYDLODELOLW\� RI� PRUH� JHQHUDO� DQDO\VLV� WRROV� IRU� YDULRXV�
ODQJXDJHV� LQFOXGLQJ� 6ZHGLVK�� WKH� VFHQH� KDV� FKDQJHG�� ,Q�
WKLV�SURMHFW�ZH�XVH� WKH�)XQFWLRQDO�'HSHQGHQF\�*UDPPDU�
SDUVHUV�RI�&RQH[RU�2\��7DSDQDLQHQ�	�-lUYLQHQ��������IRU�
V\QWDFWLF�DQDO\VHV�RI�ERWK�(QJOLVK�DQG�6ZHGLVK��

������� $SSOLFDWLRQV�
)XOO�KLJK�TXDOLW\�ZRUG�DOLJQPHQW�ZRXOG�EH�RI�XVH� IRU�

PRVW� WDVNV� WKDW�DUH�EDVHG�RQ�SDUDOOHO�FRUSRUD��$V�DOUHDG\�
PHQWLRQHG� WKH� FUHDWLRQ� RI� JROG� VWDQGDUGV� IRU� WKH�
HYDOXDWLRQ�RI�DXWRPDWLF�ZRUG�DOLJQPHQW�V\VWHPV�LV�RQH�RI�
WKHP�� :KLOH� QRW� DOO� HYDOXDWLRQV� XQGHUWDNHQ� VR� IDU� KDYH�
XVHG� IXOO�DOLJQPHQWV��D�JROG�VWDQGDUG�ZLWK� IXOO�DOLJQPHQW�
FDQ� VXSSRUW� PRUH� YDULHG� DQG� PRUH� FRPSUHKHQVLYH�
HYDOXDWLRQV��7KH�JROG�VWDQGDUG�JHQHUDWHG�ZLWK�WKH�%OLQNHU�
WRRO��0HODPHG��������LV�IXOO\�DOLJQHG��

7UDQVODWLRQ� VWXGLHV� LV� DQRWKHU� DUHD� ZKHUH� WKH� EHQHILW�
ZRXOG�EH�KLJK�� ,Q� WUDQVODWLRQ� VWXGLHV� WKH� LQWHUHVW� LV� RIWHQ�
ZLWK�FRPSOH[�SKHQRPHQD�WKDW�JR�XQQRWLFHG�RU�HYHQ�XSVHW�
DQ� DXWRPDWLF� ZRUG� DOLJQHU�� 6LPLODUO\�� FRQWUDVWLYH�
OLQJXLVWLFV�KDV�DQ�LQWHUHVW�LQ�VWXG\LQJ�KRZ�ODQJXDJHV�GLIIHU�
LQ� WKH� XVH� RI� VLPLODU� FRQVWUXFWLRQV�� ZKLFK� UHTXLUHV� WKDW�
FRUUHVSRQGHQFHV� DW� WKH� OHYHO�RI� V\QWDFWLF� IXQFWLRQ� FDQ�EH�
UHJLVWHUHG�DQG�VHDUFKHG��

)XOO\�DOLJQHG�WUDQVODWLRQ�FRUSRUD�ZRXOG�REYLRXVO\�DOVR�
EH� RI� LPSRUWDQFH� WR� PDFKLQH� WUDQVODWLRQ�� DV� WKH\� ZRXOG�
SURYLGH�D�ILUPHU�EDVLV�IRU�WKH�JHQHUDWLRQ�RI�ERWK�OLQJXLVWLF�
DQG�VWDWLVWLFDO�GDWD��

����� .LQGV�RI�DOLJQPHQW�
:KLOH�IXOO�ZRUG�DOLJQPHQW� LV�VRPHWKLQJ� WR�EH�GHVLUHG�

LW�GRHV�QRW�FRPH�HDVLO\��(YHQ�WKH�KXPDQ�H[SHUW�TXLWH�RIWHQ�
KDV� GLIILFXOWLHV� LQ� GHWHUPLQLQJ�ZKDW� FRUUHVSRQGV� WR� ZKDW�
LQ�D�VRXUFH�WH[W�DQG�D�WUDQVODWLRQ��FI��.D\���������)RU�WKLV�
UHDVRQ� LW� LV� QHFHVVDU\� WKDW� WKH� DOLJQPHQW� SURFHVV� LV�
VXSSRUWHG�E\�GHWDLOHG�JXLGHOLQHV��

:RUG�DOLJQPHQW�V\VWHPV�FDQ�EH�GHVLJQHG�IRU�GLIIHUHQW�
REMHFWLYHV�� KRZHYHU�� 2QH� REMHFWLYH�� DQG� VR� IDU� WKH�
GRPLQDWLQJ� RQH�� KDV� EHHQ� WR� SURGXFH� OH[LFDO� GDWD� IRU�
ELOLQJXDO�GLFWLRQDULHV��,Q� WKLV�FDVH�WKH�IRFXV�LV�RQ�FRQWHQW�
ZRUGV� VR� IXQFWLRQ� ZRUGV� FDQ� XVXDOO\� EH� LJQRUHG� �XQOHVV�
WKH\�DUH�SDUW�RI�PXOWL�ZRUG�XQLWV���

$QRWKHU�SXUSRVH�IRU�ZRUG�DOLJQPHQW�FDQ�EH�WR�SURYLGH�
GDWD�IRU�PDFKLQH�WUDQVODWLRQ�RU�FRQWUDVWLYH�VWXGLHV��,Q�WKLV�
FDVH� WKH� DOLJQPHQW� RI� IXQFWLRQ� ZRUGV� LV� HVVHQWLDO�� 7KHVH�
WZR� GLIIHUHQW� REMHFWLYHV� ZLOO� DIIHFW� WKH� FRQWHQW� RI�
JXLGHOLQHV� DQG� DOVR� WKH� ZRUNLQJ� RI� WKH� DXWRPDWLF� ZRUG�
DOLJQHU�� 7R� LOOXVWUDWH� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR�
DSSURDFKHV��FRQVLGHU�WKH�IROORZLQJ�H[DPSOH��

�
(1*/,6+��7KH�IRRWEDOO�JDPH�ZDV�SOD\HG�DW�:HPEOH\��
6:(',6+��)RWEROOVPDWFKHQ�VSHODGHV�Sn�:HPEOH\��
�
+HUH�WKH�VXEMHFW��WKH�IRRWEDOO�JDPH��LV�WUDQVODWHG�E\�WKH�

6ZHGLVK� IRWEROOVPDWFKHQ�� 0RVW� GLFWLRQDU\� DOLJQPHQW�
V\VWHPV�ZRXOG�LJQRUH�WKH�(QJOLVK�DUWLFOH�DQG�RQO\�SURGXFH�
WKH�W\SH�IRRWEDOO�JDPH���IRWEROOVPDWFKHQ�DV�DQ�HQWU\�LQ�WKH�
ELOLQJXDO� GLFWLRQDU\�� +RZHYHU�� ZKHQ� WKHVH� VHQWHQFHV� DUH�
DOLJQHG� RQ� WKH� WRNHQ� OHYHO�� ZH� ZRXOG� SUHIHU� WKH� GHILQLWH�
DUWLFOH� WR� EH� SDUW� RI� WKH� DOLJQPHQW� RI� WKH� VXEMHFWV� �WKH�

IRRWEDOO�JDPH���IRWEROOVPDWFKHQ��DQG�DOVR�WKDW�WKH�SDVVLYH�
FRQVWUXFWLRQ� ZDV� SOD\HG� ZDV� FRXSOHG� WR� WKH� 6ZHGLVK�
VSHODGHV���

,Q�DQ�HDUOLHU�SURMHFW�ZH�GHYHORSHG�D� VHW�RI�JXLGHOLQHV�
IRU�RXU�HYDOXDWLRQV��0HUNHO������E���7KHVH�JXLGHOLQHV��DV�
ZHOO�DV� WKH� LQWHUDFWLYH�V\VWHP��ZHUH�UHVWULFWHG� WR� WKH�FDVH�
RI�DOLJQLQJ�UDQGRPO\�VHOHFWHG�XQLWV�IURP�WKH�VRXUFH�KDOI�WR�
WKHLU�FRUUHVSRQGLQJ�XQLW�LQ�WKH�WDUJHW��VR�WKH�JXLGHOLQHV�DUH�
QRZ�LQ�WKH�SURFHVV�RI�EHLQJ�H[WHQGHG���

,W�PXVW�EH�SRLQWHG�RXW� DOVR� WKDW� JXLGHOLQHV�� QR�PDWWHU�
KRZ�GHWDLOHG��FDQQRW�VROYH�DOO�SUREOHPV��0HODPHG��������
UHSRUWV� LQWHU�DQQRWDWRU� DJUHHPHQWV� LQ� WKH� UDQJH� RI� ��� WR�
���� IRU� DOO� ZRUGV� DQG� ������� IRU� FRQWHQW� ZRUGV��
DOWKRXJK� KLV� DQQRWDWRUV� KDG� GHWDLOHG� JXLGHOLQHV� DQG�
HFRQRPLF�LQFHQWLYHV�WR�IROORZ�WKHP��2XU�H[SHULHQFH�VR�IDU�
LQGLFDWHV�WKDW�SHUIRUPDQFH�FRXOG�EH�EHWWHU�WKDQ�WKDW��EXW�LW�
PXVW� EH� NHSW� LQ� PLQG� WKDW� VRPH� SHUFHQWDJH� RI� WKH� GDWD�
UHVXOWLQJ�IURP�WKH�V\VWHP�ZLOO�DOZD\V�EH�VXEMHFW�WR�GRXEW�
DQG�DOWHUQDWLYH�DQDO\VHV��)RU�WKLV�UHDVRQ�WKH�V\VWHP�JLYHV�
WKH�XVHU�WKH�RSWLRQ�RI�PDUNLQJ�D�OLQN�DV�XQFHUWDLQ��

��� 7KH�V\VWHP�
7KLV� VHFWLRQ� FRQWDLQV� D� EDFNJURXQG� WR� WKH� FXUUHQW�

V\VWHP�� GHVFULELQJ� WKH� SUHYLRXV� DXWRPDWLF� ZRUG� DOLJQHU�
/:$��7KHQ�WKH�RYHUDOO�DUFKLWHFWXUH�RI�WKH�LQFUHPHQWDO�DQG�
LQWHUDFWLYH� DOLJQHU� LV� JLYHQ� IROORZHG� E\� D� GHVFULSWLRQ� RI�
WKH�XVHU�LQWHUIDFH�DQG�RI�WKH�DOLJQPHQW�SURFHVV���

����� %DFNJURXQG�
)URP������DQG�RQZDUGV��WKH�1/3�JURXS�LQ�/LQN|SLQJ�

KDV�FRRSHUDWHG�ZLWK�8SSVDOD�8QLYHUVLW\�DQG�WKLV�ZRUN�KDV�
UHVXOWHG�LQ�WKH�MRLQW�DOLJQPHQW�V\VWHP�3:$��3/8*�/LQN�
:RUG� $OLJQHU�� ZKLFK� LQFOXGHV� /LQN|SLQJ�:RUG� $OLJQHU�
�/:$��DQG�8SSVDOD�:RUG�$OLJQHU��8:$���

������� /:$�
7KH�/LQN|SLQJ�:RUG�$OLJQHU� �/:$�� LV�DQ�DXWRPDWLF�

ZRUG� DOLJQHU� ZKLFK� WDNHV� LQSXW� LQ� WKH� IRUP� RI� D� ELWH[W�
GLYLGHG� LQWR� VHJPHQWV� �$KUHQEHUJ� HW� DO��� ������ ����E���
7KH�REMHFWLYH�RI�/:$�LV�WR�ILQG�OLQN�LQVWDQFHV�LQ�D�ELWH[W�
DQG� WR� JHQHUDWH� D� QRQ�SUREDELOLVWLF� WUDQVODWLRQ� OH[LFRQ�
IURP� WKH� OLQN� LQVWDQFHV�� 7KH� V\VWHP� FRPELQHV� GLIIHUHQW�
NQRZOHGJH�OLWH� DSSURDFKHV� WR� ZRUG� DOLJQPHQW� �L�H��� QR�
OLQJXLVWLF� UHVRXUFHV� VXFK� DV� ELOLQJXDO� GLFWLRQDULHV��
OHPPDWLVHUV� RU� 326� WDJJHUV� DUH� XVHG��� LQFOXGLQJ� VXUIDFH�
SDWWHUQV�IRU�PRUSKRORJ\�DQG�IXQFWLRQ�ZRUG�OLVWV��/LQNV�DUH�
HVWDEOLVKHG� E\� PHDQV� RI� FR�RFFXUUHQFH� PHDVXUHV�� VWULQJ�
VLPLODULW\�FRPSDULVRQV�DQG�RWKHU�VLPSOH�KHXULVWLFV��7KHUH�
LV� DOVR� D�SUH�SURFHVVLQJ� VWDJH�ZKHUH� D�PRGXOH� IRU�PXOWL�
ZRUG� H[WUDFWLRQ� LV� XVHG� WR� LGHQWLI\� SRVVLEOH� PXOWL�ZRUG�
XQLWV�WKDW�DUH�WUHDWHG�DV�WRNHQV�LQ�WKH�DOLJQPHQW�SKDVH��VHH�
0HUNHO� 	� $QGHUVVRQ�� ������� 7KH� V\VWHP� LV� LWHUDWLYH��
UHSHDWLQJ�WKH�VDPH�SURFHVV�RI�JHQHUDWLQJ�WUDQVODWLRQ�SDLUV�
IURP�WKH�ELWH[W��DQG�WKHQ�UHGXFLQJ�WKH�ELWH[W�E\�UHPRYLQJ�
WKH� SDLUV� WKDW� KDYH� EHHQ� IRXQG� EHIRUH� WKH� QH[W� LWHUDWLRQ�
VWDUWV� �0HODPHG�� ������7LHGHPDQQ� �������7KH� DOJRULWKP�
ZLOO�VWRS�ZKHQ�QR�PRUH�SDLUV�FDQ�EH�JHQHUDWHG�RU�ZKHQ�D�
JLYHQ�QXPEHU�RI�LWHUDWLRQV�KDYH�EHHQ�FRPSOHWHG��/:$�LV�
LPSOHPHQWHG�LQ�3HUO�ZLWK�YHUVLRQV�IRU�/LQX[��6XQ�6RODULV�
DQG�:LQGRZV���

�



�

)LJXUH�����2YHUDOO�DUFKLWHFWXUH�RI�WKH�LQFUHPHQWDO�DQG�LQWHUDFWLYH�ZRUG�OLQNLQJ�V\VWHP�

�
����� $UFKLWHFWXUH� RI� WKH� LQFUHPHQWDO� DQG�

LQWHUDFWLYH�DOLJQHU�
$� JUDSKLFDO� GHVFULSWLRQ� RI� WKH� V\VWHP� DUFKLWHFWXUH� LV�

JLYHQ� LQ� )LJXUH� ��� 7KH� WZR� PDLQ� PRGXOHV� DUH� WKH�
DXWRPDWLF�ZRUG�DOLJQHU��IURP�QRZ�RQ�UHIHUUHG�WR�DV�/:$�
,,�� DQG� WKH� LQWHUDFWLYH� OLQNHU� ZKLFK� LV� FRQWUROOHG� E\� D�
KXPDQ� DQQRWDWRU�� 7KH� FRPELQHG� V\VWHP� WDNHV� WKUHH�
VRXUFHV�DV�LQSXW��

�� DQ�[PO�DQQRWDWHG�VRXUFH�ILOH�
�� DQ�[PO�DQQRWDWHG�WDUJHW�ILOH�
�� D� VHW� RI� WRNHQ� OLQNV� �LQLWLDOO\� RQO\� VHQWHQFH�

OLQNV��ZRUG� OLQNV� DUH� DGGHG�DW� ODWHU� VWDJHV�RI�
WKH�SURFHVV����

7KH�VRXUFH�DQG�WDUJHW� ILOHV�KDYH� ILUVW�EHHQ�DOLJQHG�RQ�
WKH� VHQWHQFH� OHYHO� DQG� WKHQ� DQQRWDWHG� DXWRPDWLFDOO\� DQG�
VHSDUDWHO\�E\� WKH�)XQFWLRQDO�'HSHQGHQF\�*UDPPDU� WRROV�
IRU� (QJOLVK� DQG� 6ZHGLVK� IURP� &RQH[RU� �7DSDQDLQHQ� 	�
-lUYLQHQ�� ������� 7KH� RXWSXW� IURP� WKH� )'*� DQDO\VHV� LV�
IXUWKHU� WUDQVIRUPHG� LQWR� ;0/� IRUPDW� �LQFOXGLQJ�
LQIRUPDWLRQ� RQ� EDVH� IRUP�� V\QWDFWLF� IXQFWLRQ�� SDUWV�RI�
VSHHFK� DQG� PRUSKRV\QWDFWLF� IHDWXUHV��� 7KH� NLQG� RI�
LQIRUPDWLRQ�UHFRUGHG�LQ�WKH�PRQROLQJXDO�;0/�ILOH�FDQ�EH�
LOOXVWUDWHG� ZLWK� WKH� IROORZLQJ� DQQRWDWLRQ� IRU� WKH� (QJOLVK�
VHQWHQFH�$�ELUG�FULHG�RXW�RQ�WKH�URRI������

������������������������������������������������������
��7KH�H[DPSOH� LV� WDNHQ� IURP� WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV�
�IRU�PRUH�GHWDLOV�RQ�WKH�FRUSXV��VHH�0HUNHO�����D���

�S�LG �S��!�

��V�LG �V��!�

�Z�LG �Z���UHOSRV �����EDVH �D���

IXQF �GHW��ID �	JW����SRV �'(7���

PVG �6*�!$��Z!�
�Z�LG �Z���UHOSRV �����EDVH �ELUG���

IXQF �VXEM��ID �	JW����SRV �1���
PVG �120�6*�!ELUG��Z!�

�Z�LG �Z���UHOSRV �����EDVH �FU\���
IXQF �PDLQ��ID �	JW����SRV �9���
PVG �3$67�!FULHG��Z!�

�Z�LG �Z���UHOSRV �����EDVH �RXW���
IXQF �ORF��ID �	JW����SRV �$'9����
PVG ��!RXW��Z!�

�Z�LG �Z���UHOSRV �����EDVH �RQ���
IXQF �KD��ID �	JW����SRV �35(3���
PVG ��!RQ��Z!�

�Z�LG �Z���UHOSRV �����EDVH �WKH���
IXQF �GHW��ID �	JW����SRV �'(7���
PVG �6*�3/�!WKH��Z!�

�Z�LG �Z���UHOSRV �����EDVH �URRI���
IXQF �SFRPS��ID �	JW����SRV �1���
PVG �120�6*�!URRI��Z!�

��V!��S!�

)LJXUH����)'*�DQQRWDWLRQ�RI�D�VRXUFH�VHQWHQFH��
�
(DFK�ZRUG� KDV� D� XQLTXH� ODEHO� �LG��� LQIRUPDWLRQ� RI� LWV�

UHODWLYH�SRVLWLRQ�LQ�WKH�VHQWHQFH��UHOSRV���D�IXQFWLRQDO�ODEHO�
�IXQF��� WKH� EDVH� IRUP� �EDVH��� WKH� GHSHQGHQF\� DUJXPHQW�
�ID��� SDUWV�RI�VSHHFK� ODEHO� DQG� PRUSKRV\QWDFWLF� IHDWXUHV�
�PVG���$OO� WKLV� LQIRUPDWLRQ� LV�GHULYHG�DXWRPDWLFDOO\� IURP�
WKH�)'*�DQDO\VLV��

/:$�
,,�

,QWHUDFWLYH�
/LQNHU�

$QQRWDWHG�
6RXUFH�

$QQRWDWHG�
7DUJHW�

%LOLQJXDO�GLFWLRQDU\�
7HUP�EDQNV�
����

/H[LFDO�W\SHV�
326�FRUUHVSRQGHQFHV�
'HSHQGHQF\�W\SHV�

6WDWLF�GDWD� ���������������'\QDPLF�GDWD�

7RNHQ�OLQNV�

([SRUW�
7UDQV�
ODWLRQ�
'%�



7KH�WRNHQ�OLQNV�DUH�EXLOW�XS�E\�LQIRUPDWLRQ�RQ�OLQNV�RQ�
GLIIHUHQW� OHYHOV�ZKLFK� DUH� UHSUHVHQWHG� DV� [PO� SRLQWHUV� WR�
WKH�VRXUFH�DQG�WDUJHW�ILOH�UHVSHFWLYHO\��$Q�H[WUDFW�IURP�WKH�
WRNHQ�OLQN�ILOH�LV�GHSLFWHG�LQ�)LJXUH����

�
�VHQW/LQN�LG �6/���[WDUJHWV �6��7��!�

�ZRUG/LQN�LG �:/�����[WDUJHWV �Z��Z����
OH[3DLU �D�HQ��
FDW3DLU �'(7��!�'(7���
IXQF3DLU �GHW�!�GHW���
PVG3DLU �6*��!�6*�120�!�

�ZRUG/LQN�LG �:/�����PHWKRG �DXW���
[WDUJHWV �Z��Z����
OH[3DLU �ELUG�InJHO��
FDW3DLU �1��!�1��IXQF3DLU �VXEM��!��
VXEM��PVG3DLU �120�6*��!�6*�120��!�

�ZRUG/LQN�LG �:/����[WDUJHWV �Z��Z��Z����
OH[3DLU �RQ�XSSH�Sn��
FDW3DLU �35(3��!�$'9�35(3���
IXQF3DLU �KD��!�DG�DGYO��!�

�������
��VHQW/LQN!�

)LJXUH����7RNHQ�OLQNV�LQ�;0/�RQ�GLIIHUHQW�OHYHOV��
�
7KH�WRNHQ�OLQNV�SLFWXUHG�LQ�)LJXUH���FRQWDLQ�WKH�ZRUG�

OLQN� WRNHQV� VXFK� DV�$�(Q�� ELUG�InJHO�� DQG�RQ�XSSH� Sn� DV�
ZHOO� DV� WKH� FRUUHVSRQGHQFHV� RQ� WKH� OHYHOV� RI� SDUWV�RI�
VSHHFK��V\QWDFWLF�IXQFWLRQ�DQG�PRUSKRV\QWDFWLF�IHDWXUHV��

$SDUW� IURP� XWLOLVLQJ� WKH� OLQJXLVWLF� LQIRUPDWLRQ�
FRQWDLQHG� LQ� WKH� DQQRWDWHG� VRXUFH� DQG� WDUJHW� WH[WV�� WKH�
V\VWHP� DOVR� PDNHV� XVH� RI� WZR� GLIIHUHQW� VHWV� RI� GDWD�
VRXUFHV�� QDPHO\� VWDWLF� GDWD� VRXUFHV� DQG� G\QDPLF� GDWD�
VRXUFHV�� 7KH� VWDWLF� GDWD� VRXUFHV� DUH� NQRZOHGJH� VRXUFHV�
VXFK� DV� ELOLQJXDO� GLFWLRQDULHV� DQG� WHUP� EDQNV�� 7KH�
G\QDPLF�GDWD�VRXUFHV�DUH�WKH�RQHV�WKDW�DUH�EHLQJ�EXLOW�XS�
GXULQJ� WKH� OLQNLQJ� SURFHVV�� ,Q� WKH� G\QDPLF� GDWD� VRXUFHV�
LQIRUPDWLRQ�RQ�OLQN�W\SHV�WKDW�DUH�FRQILUPHG�E\�WKH�KXPDQ�
DQQRWDWRU� DUH� UHFRUGHG� RQ� GLIIHUHQW� OHYHOV�� %\� NHHSLQJ�
WUDFN� RI� DOO� YHULILHG� OLQNV�� LQIRUPDWLRQ� RQ� OH[LFDO�
FRUUHVSRQGHQFHV�� SDUWV�RI�VSHHFK� PDSSLQJV� DQG�
GLVWULEXWLRQV� RI� V\QWDFWLF� IXQFWLRQV� LQ� WKH� OLQNV�� WKHVH�
G\QDPLF�GDWD�VRXUFHV�ZLOO�JUDGXDOO\�EH�EXLOW�XS��

����� 7KH�DOLJQPHQW�SURFHVV�
7KH� LQWHUDFWLYH� ZRUG� OLQNLQJ� V\VWHP� FDQ� EH� XVHG� LQ�

GLIIHUHQW� ZD\V�� HLWKHU� LQ� FRPELQDWLRQ�ZLWK� WKH� DXWRPDWLF�
DOLJQHU��EXW�DOVR�LQ�D�FRPSOHWHO\�PDQXDO�PRGH���

7KH� LQFUHPHQWDO�YDULDQW�RI� WKH�SURFHGXUH� LQYROYHV� WKH�
IROORZLQJ�VWHSV��

��� 7KH�DXWRPDWLF�SDUW�RI� WKH�ZRUG� OLQNHU��/:$�
,,�� DOLJQV� WKH� FXUUHQW� SDUDOOHO� FRUSXV� RQ�
ZRUG�SKUDVH�OHYHO��

��� 7KH�XVHU�VHOHFWV�DQ�LQLWLDO�VHW�RI�VHQWHQFH�SDLUV�
�H�J�� ��� SDLUV�� ZLWK� DOO� DXWRPDWLFDOO\� OLQNHG�
ZRUG�SDLUV���

��� 7KH�XVHU�UHYLHZV�WKH�SURSRVHG�OLQNV��FRUUHFWV�
HUURUV� DQG� OLQNV� DOO� WRNHQV� WKDW� DUH� FXUUHQWO\�
XQOLQNHG�� ZLWK� WKH� RSWLRQ� RI� XVLQJ� WKH� GDWD�
VRXUFHV� DYDLODEOH�� :KHQ� WKH� VHW� RI� VHQWHQFH�
SDLUV� DUH� FRQVLGHUHG� FRUUHFW�� WKH� XVHU� VDYHV�
WKH�WRNHQ�OLQN�GDWD��

��� 7KH� G\QDPLF� GDWD� VRXUFHV� FDQ� QRZ� EH�
UHYLHZHG� E\� WKH� XVHU� DQG� FKDQJHV� FDQ� EH�
PDGH���

��� 7KH�DXWRPDWLF� OLQNLQJ�SURFHVV� LV� UHVXPHG�RQ�
WKH� UHPDLQLQJ� VHQWHQFH� OLQNV�� /:$� ,,� ZLOO�
QRZ�KDYH�DFFHVV�WR�WKH�G\QDPLF�GDWD�VRXUFHV�
ZKLFK�KDYH�EHHQ�FUHDWHG�DQG�UHYLVHG�LQ�VWDJH�
��DQG����

��� $�QHZ� VHW�RI� VHQWHQFH�SDLUV� DUH� VHOHFWHG�DQG�
WKH�SURFHVV�UHVXPHV�IURP�VWHS����

�
$QG� VR� WKH� SURFHVV� FRQWLQXHV� XQWLO� DOO� WKH� VHQWHQFHV�

SDLUV� KDYH� EHHQ� SURFHVVHG�� :LWK� PRUH� DQG� PRUH�
LQIRUPDWLRQ� IURP� WKH� G\QDPLF� GDWD� VRXUFHV� WKH� V\VWHP�
SHUIRUPV�EHWWHU� DQG�EHWWHU� LQ� WKH� DXWRPDWLF�SKDVH��ZKLFK�
PHDQV�OHVV�ZRUN�IRU�WKH�KXPDQ�DQQRWDWRU���

����� 7KH�XVHU�LQWHUIDFH��
7KH� DQQRWDWRU� ZRUNV� LQ� D� JUDSKLFDO� HQYLURQPHQW� WKDW�

FRQVLVWV�RI�WKUHH�SDQHOV��VHH�)LJXUH������
��� $�FRORXU�FRGHG�/LQN�:LQGRZ�ZKHUH�VRXUFH�DQG�

WDUJHW� XQLWV� FDQ� EH� VHOHFWHG� DQG� OLQNHG�
JUDSKLFDOO\��

��� $� OLQN� WDEOH� LQFOXGLQJ� OLQN� LQIRUPDWLRQ�VXFK�DV�
SDUWV�RI�VSHHFK� VKLIWV� �H�J�� 1�WR�$��� IXQFWLRQDO�
VKLIWV��H�J��VXEM�WR�REM���06'�VKLIWV��SUHVHQW�WR�
SDVW��� OLQN� PHWKRG� �DXWRPDWLF� RU� PDQXDO���
VLQJOH�ZRUG� RU� PXOWL�ZRUG� OLQN�� GHOHWLRQV��
DGGLWLRQV��FRQYHUJHQFHV��HWF��

��� $� VRXUFH� DQG� WDUJHW� LQVSHFWLRQ� ZLQGRZ� ZKHUH�
OLQJXLVWLF�LQIRUPDWLRQ�IURP�WKH�LQSXW�ILOHV�FDQ�EH�
LQVSHFWHG�E\�WKH�XVHU��QRW�VKRZQ�LQ�)LJXUH�����

�



�

�

)LJXUH����7KH�XVHU�LQWHUIDFH�IRU�LQWHUDFWLYH�ZRUG�OLQNLQJ��7KH�WRNHQ�OLQNV�DUH�FRGHG�LQ�LGHQWLFDO�FRORXUV�LQ�WKH�LQWHUIDFH��

�
7KH� DFWXDO� FRXSOLQJ� RI� WUDQVODWLRQ� XQLWV� LV� ILUVW�

SHUIRUPHG� LQ� WKH� JUDSKLFDO� OLQN� ZLQGRZ� �LWHP� �� DERYH���
:KHQ� D� VRXUFH� XQLW� DQG� D� WDUJHW� XQLW� KDYH� EHHQ� VHOHFWHG�
DQG� WKH� OLQNLQJ� SURFHGXUH� LV� DSSOLHG� WKH� LQIRUPDWLRQ�
FRQFHUQLQJ� WKH� OLQN� LV� XSGDWHG� LQ� WKH� /LQN� 7DEOH��
$GGLWLRQV�DQG�GHOHWLRQV�FDQ�DOVR�EH�PDUNHG��)RU�VRPH�RI�
WKH� WUDQVODWLRQ� UHODWLRQV�� OLNH� 326�� IXQFWLRQDO� DQG� 06'�
VKLIWV��WKH�LQIRUPDWLRQ�LV�LQVHUWHG�DXWRPDWLFDOO\�LQ�WKH�/LQN�
7DEOH�� )RU�PRUH� FRPSOH[� UHODWLRQVKLSV�� OLNH� SDUDSKUDVHV��
WKH�DQQRWDWLRQ�LV�PDGH�E\�WKH�XVHU��

$SDUW� IURP� RQO\� UHYLVLQJ� WKH� DXWRPDWLFDOO\� SURGXFHG�
OLQNV��WKH�XVHU�FDQ�FKRRVH�WR�XWLOLVH�D�QXPEHU�RI�KHXULVWLF�
IXQFWLRQV�� 7KHVH� IXQFWLRQV� UDQJH� IURP� VLPSOH� VLPLODULW\�
LGHQWLILFDWLRQ� �FRJQDWHV�� WR� XVLQJ� WKH� VWDWLF� DQG� G\QDPLF�
GDWD�VRXUFHV�GHSLFWHG�LQ�)LJXUH����)RU�H[DPSOH��WKH�V\VWHP�
FDQ�LGHQWLI\�VXEMHFWV�LQ�ERWK�WKH�VRXUFH�DQG�WDUJHW�WH[WV�DV�
D� FDQGLGDWH� OLQN�� DOO� LQ� WKH� HIIRUW� WR� VSHHG� XS� WKH�
LQWHUDFWLYH�OLQNLQJ��

��� 'LVFXVVLRQ�DQG�VWDWXV�
7KH� V\VWHP� LV� ZULWWHQ� LQ� -DYD� �-DYD� ��� YHUVLRQ� �����

XVLQJ� 6ZLQJ� FRPSRQHQWV� IRU� LWV� *8,�� 7KH� /:$� ZRUG�
DOLJQHU��ZULWWHQ� LQ�3HUO�� LV� XVHG� IRU� WKH� DXWRPDWLF� OLQNLQJ�

SKDVH� EHWZHHQ� HDFK� DQQRWDWLRQ� LQWHUDFWLRQ�� 7KLV�
LQWHJUDWLRQ�LV�DW�SUHVHQW�QRW�LPSOHPHQWHG�LQ�IXOO��

7KH� LQWHUDFWLYH� SDUW� LV� FXUUHQWO\� UXQQLQJ� DV� D� VWDQG�
DORQH�V\VWHP��DOORZLQJ�WKH�XVHU�WR�XVH�DV�LQSXW�´EDUH´�WH[W�
ILOHV�ZLWK�QR�OLQNV�RU�OLQNHG�ILOHV��DV�SURGXFHG�E\�/:$���
7KH�QHZ�/:$�,,�� WKDW�ZLOO� XVH� OLQJXLVWLF� LQIRUPDWLRQ�� LV�
XQGHU�GHYHORSPHQW��

$V� GHVFULEHG� DERYH� /:$� LV� D� NQRZOHGJH�OLWH� ZRUG�
DOLJQPHQW�V\VWHP�XVLQJ�FR�RFFXUUHQFH�GDWD�DV�WKH�SULPDU\�
VRXUFH� IRU� GHFLGLQJ� WUDQVODWLRQ� FRUUHVSRQGHQFHV�� ,Q� HDFK�
LWHUDWLRQ�WKH�OLQN�ZLWK�WKH�KLJKHVW�VFRUH�IRU�D�JLYHQ�VRXUFH�
ZRUG��RU�PXOWL�ZRUG�XQLW��LV�VHOHFWHG��SURYLGHG�LW�H[FHHGV�
WKH�VHW�WKUHVKROGV�IRU�IUHTXHQF\�DQG�VFRUH��7KH�VFRUHV�FDQ�
EH� DIIHFWHG� E\� SDUDPHWHUV� VXFK� DV� ZLQGRZ� VL]H�� ZHLJKWV�
DQG� PRUSKRORJLFDO� HTXLYDOHQFHV�� 7KH� OLVW� RI� FDQGLGDWHV�
FDQ�EH�DIIHFWHG�DOVR�GLUHFWO\��H�J��LI�WKHUH�LV�D�FRJQDWH�SDLU�
RQ�WKH�OLVW�RI�FDQGLGDWHV�WKLV�SDLU�ZLOO�EH�PRYHG�WR�WKH�WRS�
RI�WKH�OLVW��:KHQ�D�OLQN�W\SH�LV�VHOHFWHG�DOO�LWV�LQVWDQFHV�LQ�
WKH�ELWH[W�DUH�FRQVLGHUHG�DV�OLQNHG�DQG�DUH�QRW�FRQVLGHUHG�
LQ�WKH�IROORZLQJ�LWHUDWLRQV��

/:$� ,,� LV� EDVHG� RQ� WKH� VDPH� JHQHUDO� SULQFLSOHV�� EXW�
WKH� DYDLODELOLW\� RI� QHZ� W\SHV� RI� OLQJXLVWLF� GDWD� DQG�
SDUWLDOO\� FRUUHFWHG� UHVXOWV� RFFDVLRQV� VRPH� FKDQJHV� DQG�
LPSURYHPHQWV��



)LUVW�RI�DOO�WKH�IDFW�WKDW�WKH�LQSXW�WH[WV�DUH�OHPPDWL]HG�
HQDEOHV� WKH� V\VWHP� WR� EDVH� LWV� FRXQWV� RQ� OHPPDV� UDWKHU�
WKDQ� ZRUG� IRUPV�� 7KH� SDUWV� RI� VSHHFK� PDUN�XS� IXUWKHU�
DOORZV� WKH� GLVDPELJXDWLRQ� RI� FRPPRQ� OHPPDV� WKDW� DUH�
NQRZQ� WR� LQWURGXFH� HUURUV� LQ� WKH� DOLJQPHQW�� $V� WKH�
DOJRULWKP�XVHG� LV� D�JUHHG\�RQH�� OLQNV� LQYROYLQJ� FRPPRQ�
IXQFWLRQ� ZRUGV� VXFK� DV� �WR�� DWW!� RU� �LW�� GHW!� WHQG� WR�
RYHUJHQHUDWH�� %\� GLVWLQJXLVKLQJ� RFFXUUHQFHV� RI� WR� DV�
LQILQLWLYH� PDUNHU� DQG� SUHSRVLWLRQ�� RI� DWW� DV� LQILQLWLYH�
PDUNHU�DQG�VXEMXQFWLRQ��RI�GHW�DV�SURQRXQ�RU�DUWLFOH�HWF���
WKHVH�HUURQHRXV�OLQNV�FDQ�EH�DYRLGHG��

7KH� XVHU
V� HGLWLQJ� RI� WKH� RXWSXW� IURP� WKH� DXWRPDWLF�
ZRUG� DOLJQHU� \LHOGV� ERWK� SRVLWLYH� DQG� QHJDWLYH� GDWD��
3RVLWLYH� GDWD� FRQFHUQ� OH[LFDO� DQG� JUDPPDWLFDO�
FRUUHVSRQGHQFHV�� H�J��� SDUWV�RI�VSHHFK� FRUUHVSRQGHQFHV�
WKDW�KDYH�EHHQ�IRXQG�LQ�WKH�ELWH[W��1HJDWLYH�GDWD�DUH�JLYHQ�
E\� OH[LFDO� DQG� SDUWV�RI�VSHHFK� FRUUHVSRQGHQFHV� WKDW� WKH�
XVHU�KDV�FKDQJHG��7KH�XVHU�FDQ�LQVSHFW�WKH�W\SH�OHYHO�GDWD�
JHQHUDWHG�IURP�KLV�HGLWLQJ�DQG�FKDQJH�LW�EHIRUH�LW�LV�JLYHQ�
WR�WKH�DXWRPDWLF�V\VWHP��

7KH�GLFWLRQDU\� LV�XVHG� LQ� WKH� V\VWHP�LQ� WKH�VDPH�ZD\�
DV� WKH�FRJQDWH� WHVW�� ,I�D�FDQGLGDWH�SDLU� LV�NQRZQ� WR�EH� LQ�
WKH�GLFWLRQDU\� LW� LV�PRYHG� WR� WKH� WRS�RI� WKH�FDQGLGDWH� OLVW�
SURYLGHG� LW� VDWLVILHV� WKH� WKUHVKROG� OLPLWV�� 7KH� OH[LFDO�
FRUUHVSRQGHQFHV� WKDW� DUH� JHQHUDWHG� G\QDPLFDOO\� DUH�
WUHDWHG� LQ� WKH� VDPH� ZD\�� $OVR� WKH� SDUWV�RI�VSHHFK�
FRUUHVSRQGHQFHV� DUH� XVHG� WR� DIIHFW� WKH� RUGHULQJ� RI�
FDQGLGDWHV�E\�HOLPLQDWLQJ�FDQGLGDWHV�WKDW�KDYH�D�SDUWV�RI�
VSHHFK� FRUUHVSRQGHQFH� MXGJHG� WR� EH� LPSRVVLEOH� E\� WKH�
XVHU��)XWXUH�YHUVLRQV�RI� WKH� V\VWHP�PD\�XVH�SUREDELOLWLHV�
DVVRFLDWHG�ZLWK�SDUWV�RI�VSHHFK�FRUUHVSRQGHQFHV� WR�DIIHFW�
WKH�VFRUH�LQ�D�PRUH�VXEWOH�PDQQHU��

7KH� XVHU
V� FKDQJHV� DOVR� DIIHFW� WKH� FR�RFFXUUHQFH�
FRXQWV�RI�WKH�DXWRPDWLF�V\VWHP��,I�D�VHQWHQFH�SDLU�KDV�EHHQ�
DOLJQHG� E\� WKH� XVHU� DQG� VLJQHG� RII� DV� FRUUHFW�� WKH�
FRQWULEXWLRQ�IURP�WKDW�VHQWHQFH�SDLU�WR�WKH�OLQN�FRXQWV�RI�D�
VSHFLILF� VRXUFH�ZRUG�ZRXOG� IDOO� MXVW� RQ� WKH� SDLU� WKDW� KDV�
EHHQ�OLQNHG�DQG�QRW�RQ�DQ\�RWKHU�SDLU��7KH�PRUH�OLQNV�WKDW�
DUH�PDUNHG� DV� FRUUHFW� IRU� D� JLYHQ�ZRUG�� WKH�PRUH� OLNHO\�
ZLOO�WKH�V\VWHP�EH�WR�VHOHFW�WUDQVODWLRQV�IRU�WKDW�ZRUG�WKDW�
LW�KDV�DOUHDG\�HQFRXQWHUHG�LQ�WKDW�ELWH[W��

7KH� GHSHQGHQF\� IXQFWLRQV� DUH� XVHG� LQ� WKH� VDPH�
PDQQHU�DV�WKH�SDUWV�RI�VSHHFK�ODEHOV��7KXV��WKH\�DUH�XVHG�
RQO\�WR�PDNH�FDWHJRUL]DWLRQ�RI�ZRUGV�PRUH�ILQH�JUDLQHG��,W�
ZLOO� EH� LQWHUHVWLQJ� WR� VWXG\� WKH� EHKDYLRXU� RI� GHSHQGHQF\�
UHODWLRQV�XQGHU�WUDQVODWLRQ�DQG�ORRN�IRU�ZD\V�WR�XWLOL]H�WKDW�
NQRZOHGJH�IRU� WKH�DXWRPDWLF�DOLJQPHQW��EXW� WKLV� LV� IXWXUH�
UHVHDUFK��

��� $FNQRZOHGJHPHQWV�
7KLV� ZRUN� KDV� EHHQ� VXSSRUWHG� E\� 7KH� 6ZHGLVK�

5HVHDUFK� &RXQFLO� ZLWKLQ� WKH� SURMHFW� ´)URP� SDUDOOHO�
FRUSRUD� WR� WUDQVODWLRQ� GDWDEDVHV´� DQG� E\� 7KH� 6ZHGLVK�
$JHQF\� IRU� ,QQRYDWLRQ� 6\VWHPV� ZLWKLQ� WKH� SURMHFW�
´&RUSXV�EDVHG�0DFKLQH�7UDQVODWLRQ´��:H�DUH�DOVR�JUDWHIXO�
WR� 0LFKDHO� 3HWWHUVWHGW� IRU� GLVFXVVLRQ� DQG� VHYHUDO�
VXJJHVWLRQV�RQ�KRZ�WR�LPSURYH�WKH�V\VWHP��

��� 5HIHUHQFHV�
$KUHQEHUJ�� /� $QGHUVVRQ� 0�� DQG� 0�� 0HUNHO�� ������ $�
VLPSOH� K\EULG� DOLJQHU� IRU� JHQHUDWLQJ� OH[LFDO�
FRUUHVSRQGHQFHV� IURP�SDUDOOHO� WH[WV�� ,Q�3URFHHGLQJV�RI�
&2/,1*�$&/¶����0RQWUHDO��&DQDGD��SS���������

$KUHQEHUJ� /��� 0HUNHO�� 0�� 6nJYDOO� +HLQ�� $�� 	� -��
7LHGHPDQQ�� ����D� (YDOXDWLQJ� :RUG� $OLJQPHQW�
6\VWHPV�� ,Q� 3URFHHGLQJV� RI� WKH� 6HFRQG� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� /LQJXLVWLF� 5HVRXUFHV� DQG� (YDOXDWLRQ�
�/5(&��������$WKHQV��*UHHFH�����0D\�����-XQH��������
9ROXPH�,,,�������������

$KUHQEHUJ�� /� $QGHUVVRQ� 0�� DQG� 0�� 0HUNHO�� ����E�� $�
NQRZOHGJH�OLWH� DSSURDFK� WR� ZRUG� DOLJQPHQW��� ,Q� -��
9pURQLV��HG������������������

*DXVVLHU�� (�� +XOO�� '�� 	� 6�� $wW�0RNKWDU�� ������ 7HUP�
DOLJQPHQW�LQ�XVH���0DFKLQH�DLGHG�KXPDQ�WUDQVODWLRQ��,Q�
-��9pURQLV��HG������������������

,VDKDUD�� +�� DQG� +DUXQR�� 0�� ������ -DSDQHVH�(QJOLVK�
DOLJQHG� ELOLQJXDO� FRUSRUD�� ,Q�9pURQLV� �HG��� ������ ����
�����

.D\��0��������3UHIDFH��,Q�9pURQLV��HG���������[Y���[[��
/HHFK�� *�� ������ � ,QWURGXFLQJ� FRUSXV� DQQRWDWLRQ�� ,Q�
*DUVLGH��/HHFK�DQG�0F(QHU\��HGV���&RUSXV�$QQRWDWLRQ��
/LQJXLVWLF� ,QIRUPDWLRQ� IURP� &RPSXWHU� 7H[W� &RUSRUD��
3S��������/RQJPDQ��

0DUFXV��0���%��6DQWRULQL�DQG�0��$��0DUFLQNLHZLF]��������
%XLOGLQJ� D� /DUJH� $QQRWDWHG� &RUSXV� IRU� (QJOLVK�� 7KH�
3HQQ�7UHHEDQN��&RPSXWDWLRQDO�/LQJXLVWLFV�������������
�����

0HODPHG�� ,�� '��� ������ $XWRPDWLF� 'LVFRYHU\� RI� 1RQ�
&RPSRVLWLRQDO� &RPSRXQGV� LQ� 3DUDOOHO� 'DWD�� ,Q�
3URFHHGLQJV� RI� WKH� �QG� &RQIHUHQFH� RQ� (PSLULFDO�
0HWKRGV� LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ��(01/3�����
3URYLGHQFH��

0HODPHG�� ,��'��� ������(PSLULFDO�0HWKRGV� IRU�([SORLWLQJ�
3DUDOOHO�7H[WV��&DPEULGJH��0$��7KH�0,7�3UHVV�������

0HUNHO�� 0�� 	� 0�� $QGHUVVRQ�� ������ .QRZOHGJH�OLWH�
H[WUDFWLRQ�RI�PXOWL�ZRUG�XQLWV�ZLWK�ODQJXDJH�ILOWHUV�DQG�
HQWURS\� WKUHVKROGV�� ,Q� WKH� 3URFHHGLQJV� IURP� 5,$2�
������$SULO��������������9ROXPH����SS������������

0HUNHO�� 0DJQXV�� ����D�� 8QGHUVWDQGLQJ� DQG� HQKDQFLQJ�
WUDQVODWLRQ�E\�SDUDOOHO�WH[W�SURFHVVLQJ��3K'�7KHVLV��1R��
�����'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��
/LQN|SLQJ�8QLYHUVLW\��

0HUNHO��0DJQXV�� ����E��$QQRWDWLRQ� 6W\OH� *XLGH� IRU� WKH�
3/8*� /LQN� $QQRWDWHU�� 3/8*� UHSRUW�� /LQN|SLQJ�
8QLYHUVLW\��

6PLWK��1��$��DQG�0��(��-DKU��������&DLUR��$Q�$OLJQPHQW�
9LVXDOL]DWLRQ� 7RRO�� 6HFRQG� &RQIHUHQFH� RQ� /DQJXDJH�
5HVRXUFHV�DQG�(YDOXDWLRQ��$WKHQV��*UHHFH�����0D\�±���
-XQH��������9RO�,�����������

7DSDQDLQHQ�� 3�� DQG� 7�� -lUYLQHQ�� ������ $� QRQ�SURMHFWLYH�
GHSHQGHQF\�SDUVHU��3URFHHGLQJV�RI� WKH��WK�&RQIHUHQFH�
RQ� $SSOLHG� 1DWXUDO� $VOLQ�� (�-��� ������ 3KRWRVWDW�
UHFRUGLQJ� LQ� OLEUDU\�ZRUN�� ,Q�$VOLE�3URFHHGLQJV�� �����
����

7LHGHPDQQ�� -��� ������ $XWRPDWLFDO� /H[LFRQ� ([WUDFWLRQ�
IURP� $OLJQHG� %LOLQJXDO� &RUSRUD�� 'LPSORPD� WKHVLV��
2WWR�YRQ�*XHULFNH�8QLYHUVLW\��0DJGHEXUJ��'HSDUWPHQW�
RI�&RPSXWHU�6FLHQFH��

9pURQLV�� -�� ������ �HG��� 3DUDOOHO� 7H[W� 3URFHVVLQJ��
$OLJQPHQW�DQG�8VH�RI�7UDQVODWLRQ�&RUSRUD��'RUGUHFKW��
.OXZHU�$FDGHPLF�3XEOLVKHUV��������
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